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NPEJAMCJ/IOBUE PEJAKTOPA INEPEBOJA

TipepcTaBasisi CIPaBOYHMK COBETCKOMY UYHTATeNlo, Mbl XoteqaH Opi obpas
THTE BHHMaHHe Ha JBa OGCTOSTENECTBA, KOTODHIE MOIYT OKa3aThCs IO«
JIE3EBIMH IIPH IIPAKTHHECKOl paGoTte ¢ HHUM.

B ksure B KOHLeHTpHpOBAaHHOH (DOpPMe H3JIOXKEHE OCHOBHBIE CBCe
Jlegusi 10 (H3EKe, BKJIOYAas MHOTOYHCJEHHDIE MPHJOKEHHSI 32KOHOB
¢uznkE ¥ ux crenctBul. Opmako Geuio bl ONIMGOYHO AyMath, UTO 1O
aTOll KHHMTe MOXHO H3yuarb (uauky. CHpaBOUHHK afipecoBaH TeM, KTO
yxke 3HagoM ¢ Gmuaukoii m ofpamiaercss K Helf B cBOefl IoBCegHeBHOM
npagThie. BMecTe € TeM OH [OCTATOYHO YHHBepcaseH H MOXer OblTh
O HHAKOBO II0Je3eH Kak TeM, AJA KOro ofuleHHe C (QH3NKON Orpagm-
YHBaeTcsl LIKOJbHEIM KYpPCOM, TaK H CIelHAJHCTAM IO €CTeCTBEeHHBIM
K TexXHHUeCKMM HaykaM. CrnpaBoummk ofecreunBaer CHEUMAJNHCTY [poO-
croff MOCTYn KO BCEMY apCeHasly COBpeMeBHOH HayKm, ITO3BONAS eMy
TpH 3TOM He Ieperpy:xathb CBOI0 NaMsTh HM3OBITKOM (AKTHUYECKHX naH-
Hox. C fApyrofl CTOpPOHm, cCIpaBOYHHK Oe3YCJIOBHO INPHHECET TONB3Y
¥ TeM, KTO emie TOJNBKO TOTOBHTCA CTATh CIICUHAJHCTOM, T. €. Yua-
mefict Mosnozexu. Ho HMeHHO mOSTOMY CRGAYeT emie pas mpeaocie-
peyb: CIPaBOYEHK He MOMET 3aMeHHTh YueOHHKH, H HE CJenyer Ay-
MaTh, YTO C €ro IOMOUIBI0O MOMKHO COKOHOMHTR BpeMsl Ha H3yueH:de
¢uzukn. TOUHO TaK 3Ke CNPABOUHMK He pellaeT 3a7ad IPOCBETHTENb
HOTO T/afa — 5T0 JAENO SHIMKJONENHH, H B TOM Cjy4ae, KOrga Yy 4H-
TaTels BO3HHKAIT BONPOCH IIO3HABATENLHONO  XapakTepa, Jyduie
ncero  O0pamathCd HMEHHO K 2HUHKJONEAHYECKHM H3NAHHAM.

Crenyer Takike OTMETHTbL elie OfHO OGCTOSITENBCTBO, KOTODOE CBsl-
330 C NOArOTOBKOK K H3JAHHWIO PYCCKOTO TepeBoAa ClPaBOYHHKA.
B upouecce 9TOH NOArOTOBKH B TEKCT KHUIH ObLiH BHECEHB H3MeH2-
HEsi C LeJbi0 IIPHBECTH TEPMHHOJIOTHIO CIpaBOYHHKA B COOTBETCTBHE
€ npusSiTOfl B COBETCKOH HAyuHOHl M TeXHHUeCKOH JjuTepartype. Ira
paGora mpoBesena B COOTBETCTBHE C pekoMenpanusaMu Komuccuu Mex-
BYHapOJHOrO COI03a YHMCTON H UPHKAAgHON (QH3HKH OTHOCHTENBHO
CTAHAAPTH3AIMA TEPMUHOJOrHH, 0003Hadenut W eauuun HaMeperus. ITo-
Jofuan crappapTH3aussi, BooOme roeops, nMeer GONbIIOE 3HaueHHe H
cnocobeTByer  Oonee  yenmeutHoMy ofMeRy Hayumofi  mugopmariheil.



6 Il peducrosue pedarropa nepesoda

B npepsaraeMoM TepeBOfe YUTEHHI COBpeMenHbie TpeGOBamMsi K CTaH-
JAPTH3AUMM M YHH(HUKAUHH TEPMHHOJOIHH, OGO3HAYEHHAM U EAHHHIAM
u3Mepenys. (Gu3NYeCKHX BefuYnH. B 9aCTHOCTH, HCROAB3YIOTCS eXHHHLLI
nsMepenns, ycranosnennsie CT COB 1052-78 «Metposorust. Epnaunst
¢uspteckux sesmunn», sBenennsie B CCCP ¢ 1 anpaps 1980 r. Onnako
X0TeNOCh OH INpEnyHpeluTb YHTATENs, Y4TO NOJHAS YHHQHKauwus, B 4a-
CTHOCTH CHCTeMbl €JMHHH, He Bcerna ueniecoobpasma. (B stoli cesszm
MH peKOMenfyeM NO3HAKOMHTBCS C PenakuMOHEOH cTaThell B mypHate:
VYOH, 1979, 1. 129, Bour. 2.)

Mw mapeeMmcs, uTO npensaraeMasi Keura Oyzaer HOJNe€sHa MHOrO-
9HCJEHHEM COBETCKHM YHTATENAM — KaK H3yyalomuM (USHKY, Tak H
crreuHaiucTaM. )

IepeBon kuwmru Boutonumiu: Kanp. ¢ws.-mat. mayk J. X. AGppa-
waroBa (pazg. 1—4; 19—24, 35—41, tabimunl), KaHA, TexH. HAYK
B. F. Kaprawes (pasz. 25—34) H kagp. ¢us.-MaT- Hayk E. B. Mo3-«
XyxuH (pasp. 5—18). .
: i E. M. Jleidrun



TIPEIUCJIOBUE

®uzuka, GeccropHo, urpaetT CoOMBWIYI0 POJb Ha BCeX STanax Halmedk
COLUANHCTHYECKOH cucTeMsl 00pasoOBaHMS H BO BCeX  OGNACTAX HAYKU
u TexpukH. IlostoMy meobxopumo, utolbl JifoGoH CrenuasncT MOFr BOC-
[ONB30BATECS YCTAHOBJIEHHBIMHM (DM3HKOH 3aKOHAMH H pesyJbTaTaMu.
TlpepsiaraeMass KHHra, BBIXOAAIIAA B CEPHH CIPABOYHHKOB NO OCHOB-
HBIM IIpeAMeTaM, MOJXKHA [OMO4Yb HYHTATENO OLICTPO NOJNYyYHTH [OJ-
HYIO MH(OPMAIHIO.

DTOT CUpaBOYHHK He siBJsercs y4eOHHKOM, HO BMECTEe C TEM Ja-
JEKO BHIXOJHT 38 PaMKu IPOCTOrO COOpHHKA (OPMYIL Tag, 3nech npu-
BOAWTCS BHIBOX OOJBUIMHCTBA 3a8KOHOMEPHOCTEH H COOTHOLIGHHE
KPaTKO pacCMaTpHBaeTcsl uX npHMeneHue. Jlns kampofl dopMysw mo-
SICHAIOTCS HCIIOJb3yemble OGO3HaueHHs! M NPHBOASITCA ©NHHHIIEL H3Mepe-
HHA BXOJAIIHX B Hee BejmUuH. DTO NO3BOJHT UHTATENO CIKOHOMHTL
BpeMa, KOTopoe mnorpeGoBanock Obl JJIA I[OHCKOB COOTBETCTBYIOLIHMX
JaHHHX 10 APYIUM HCTOYHHKAM. MHOrOUHC/eHHBlE HJIIOCTPAUHH [IPH3-
BaHH [OACHSTb TeKcT. B rtalsmuax, cofepxamux IpHMEHAeMblE Ha
IpaKkTHKe BeJMUHEH, yuTaTte]b HalimeT Bce Barkpeliline WHCIEHHBIE 3Ha-
YeHusl.

Urobur ofecredsts AOCTATOYHO BHICOKHE YpOBeHL KHHTH, DEIEHO
Obi10 He OTKa3LIBATBCS OT BLICHIEH MaTeMaTHKH H BEKTODHOTO CIo-
coba samucu. Oxwaxo wmapany ¢ nubdepenunanbHLIMKH YDapHenHsIMH
BCErfa INPHBOJMATCS COOTBETCTBYOIIHe OOJee NpOCTHIE YpaBHEHHs, ne
cozepiKaliyie ITPOH3BOAHBIX, MOSTOMY Y uyHTaTess, MeHee CBeAYIIEro
B MaTeMaTHKE, HE JOJMHO BO3HHKAaTb 3aTpylHeHHil upu pabote ¢
KHHrofl.

14-e uznaHmue Kpurd ObWIO NOJNHOCTHIO mepepaGortano. Bee pas-
Jjenst OblTH KPHTHUECKH MepecMOTPeHH M YaCTHYHO HATMCAHE! 3aHOBO.
MrorounciieHEblE [ONPABKH H JIOIOJHEHHSl CYHIECTBEHHO YBEJAWYHIA
ob6bem uRpOpMAanHH, cOfepKaneHcs B KHHTE.

B npennaraeMom W3gaHHM COXpaHeHa mpollenilias HCNBITAHHE BpE-
MeHeM (OpMa H3NOXEHHS, HO YAyYlleHo rpaduueckoe odopmieHye
KHHTH.

Ilyets ke Halw cnpaBOYHMK 10 (DH3MKE ITPOJOMIKAET CIYXMHTE Bep-
HBIM NMOMONIHHMKOM B yue(e u Ha ITPAKTHKE.

Muzeaiida, 1980 e. Xoper Kyxaune



O NMNOJIb30OBAHUU KHUTOMA

Bee ¢opmynbr mpenctaBasiior cofol ypapHemust LJisl BeJHYPH, T. €,
e 3aBHCAT OT BHIGOpa cucTeMbl enwHHN, Ecam B nopsjke HCKJO-
YeHHsl NAIOTCA UPHUBENEHHBIE K ONpeJeleHHOll CHCTEMe > eAuMnL ypas-
HeHH#, TO 5T0 CNENHAJBHO OrOBaPHBAETCH.

IpeumymiecrBo orpaercst CH. Ilpu HeoGXOIEMOCTH [ONOJHKTENHHO
YKA3bIBAIOTCS JIECSTHUHLIC KPATHBIE M [AOJBHLIE ©HHMHIL, a TaKie
JpYrHe HEKOTeDeHTHHIE EQHHHUDLL, ©CJH OHH NONYCKAIOTCS HJH IO~
Iyckanuch K npuMenenmio. IlosicHeHme cokpamesmil cM. B pasg. 3.6.

-(DusHyeckue NOCTOAMHBE B Taln. 47 npuBejeHsl C CoBpeMeHHOH

TOYHOCTBIO (OfHAKO G§e3 YKasaHMsi IpefenoB OWHOKH). -AHaJIOrHY-
HHIM 0OpasoM KoabdHINEHTH nepecdera HEKOTEDEHTHBIX  €JIMHHIL
YKa3bIBalOTCA € TOYHOCTBRIO, YCTAHOBJEHHON oQHURaNBHHIME HOp-
MaTHBaMH.

3a 9THM HCKJIOYEHHEM TOYHOCTH IIOCTOSHHBIX H KO3(DO)HUIHEHTOB Mg«
pecuyeTa OrpaHHUMBAeTCsl TPeMsl 3HauamuMn Undpamu (He3aBHCHMO
0T IONOXEHHS] 3alATOH), NOCKOJEKY, KaK [PAaBHJIO, SKCIEpHMEH-
TajbHble M Tabsmubpie paHAabie He obnaapmarot Gonblel TOYHOCTHYO.
Takast TOYHOCTL COOTBETCTBYET TaKKe IPaKTHKe pacyetoB C HO-
Mollpto JiorapuduMuueckoil JHHefkH. Ilpu HCIONBE30BaHHH JIEKTPOH-
HBIX KaJbKYJSTOpOB, KOTOpHEe HaXomuaT Bce OoJiee IIHPOKOE pacs
IIPOCTpPAHEHHE, B. pe3yJbrate Cjepyer Opatb TakOe Ke UHCJIO 3HA-
Yamux uudp, CKONBKO HX OBINO Y HCXOAHBIX BEJHYHH.

IlpouspopErie 1o BpeMenu o0003HayaioTcs, Kak OOLIMHO, TOYKAMM
HaJ\ CHMBOJIAMH, HapuMep, v = ds/df = §.

@ Ccbyke Ha JpyrHe paspenibl KHHTH fJAIOTCSl CHERYIOmHM O6pasoMi

oM. pasn. 12.4; cepuiku Ha QopMyne: cM. (M 4.13).

@ Talununpie fapHble B3ATH H3 CAenYIOUINX HCTOYHHKOB:

Kohirausch: Praktische Physik, Bd. 3., Stutigart: B. G. Teubner.

Tabellenbuch Chemie. Leipzig, VEB Deutscher Verlag fiir Grund-
stoffindustrie,

Wissensspeicher fiir Technologen. Leipzig, VEB Fachbuchverlag.

Ebert: Physikalisches Taschenbuch., Berlin: VEB Deutscher Verlag
der Wissenschaften.



P PU3SHUYECKHUE BEJIHYHUHDI
U EJUWHUILbI UBMEPEHUS

1. PU3HYeCKHe BEJIHIHHDI

@u3nYeCKHe 3a2KOHb BHPAXKAIOTCS B BHJE MAaTeMaTH9eCKHX COOTHOIIE-
HHH MeXRAY (QusuueCKHMH BeAuunHaMu. Iloj DociejHMME IOHHMAIOT
H3MEPsEMble XapakTepHCTHKH (cBoOficTBa) (u3HYeckux ofbeKTOB {mpen-
MeTOB, COCTOSIHHH, 1pOLECcCoB).
Kaxpas ¢uspueckass BeanunHa upeficTasisier cololl nponsBeneHHe
TYHCJICHHOTO 3HaueHHS HA eHHHLY H3MepeHHsl.
QPuspueckasi penniuHa = YucnenHoe sHauenne X Enunnna muames<
peHusL.

Takum o6pa3oM, BHpakeHne
Bpemsi =5 cexynz,
t=5¢
03H2YaeT, 9T0 H3MEPEHHOE BpEeMsl COCTABJSET NATHKPATHOE IOBTOPEHHO
CEKYH/IHL.
TosbkO OXHOrO YHCHAEHHOTO 3HaUeHHsl HEZOCTATOYHO [JIfl XapaK-

TEpUCTHKH ¢u3KMYecKoll Beanunubl [105TOMY HEKOrJa HeNb3si ONYyCKaThb
COOTBETCTBYIOLIYIO eAHHHIY naMepenust!

1.1. OcHOBHBIE BeJIMYMHB

B ¢dusuke NPHMEHSIOTCH CIEAYIOUINE 7 OCHOBHBIX BENHUHH:
AJyHA, BpeMs, Macca, TeMIepartypa, CHJIa TOKa, KOJHUECTBO BellecTBay
CHJ2 CBeTa.

1.2 Hpoussonusie BeNHIUHDI

C IOMOWIPI0 OCHOBHEIX BelMYHH MOXKHO [NOJYYHTb ADYTHE BeJHYHHEL
aub0 " HCIONB3ysl BLIPAXKEHHS JJS 3aKOHOB INpHPOAE, JHOO nyTeM
HesnecooOpa3HOro Oupe/ieNieHns! depe3 YMHOMKEHHe HNH JeJieHHe OCHOBH
HBIX BesmuMH. Hanpuwmep,
Ckopocte = [Tyr/Bpems, Pa6ora = Cuna - ITy1s, .
ITnorrocts = Macca/OG6bem, 3apsin== Cmna Toka - Bpewms,
H T. L

1.3. 06o3nauenvs BeAWIUH

Inst npencransenns QusnuecKux Bejmumd, ocobeHHo B (opMydax, 1aG+
JHIAX MIM Ha rpadHKax, HCHOJB3YIOTCS CHEUHafibHbie CHMBOJL —i
0Go3Hayenud BeJUuUH, B corjiachi ¢ MeXJAYHAPOAHBIMH COTJALIEHHSIMI



10 1. dusuneckue seruuurst

BBEJIEHH COOTBETCTBYIOUIHE CTaHAapThl ua o0003HayepHs1 (U3HIECKHUX
pennunH. To e caMoe OTHOCHTCA # K OCO3HAYEHHSIM, UPHMEHAEMDHIM
He B (H3HKE, a, HALIPHMED, B TEXHHKE.

IMpunaTto nabupate o6GO3naueHHs] (QH3HYECKHX BeJUUUH KYPCUBOM
(naxnonneim wpugrom). KypcuBom o0003HaUAIOTCR M UHJEKCH, €C/ad
OHM NpEencTaBJsiOT coOGOH OGO3HAUEHHS, T. €. CHMBOJH (PH3HIECKHX
BEJHYHH, 2 He COKpalleHHsl.

Kpanpatueie ckoGku [ ], comepmamme o0003HaveHne BeJAHTIHHBL,
O3HayalQT EAMHHLY H3MepeHHs BeJHYMHH ..., HAIDHMep, BHparxeHHe
[U] =B wuwutaetcs crenywouins ob6pazoM: <«Epununa waMepeHHst Ha-
OpsizKeHHsl paBHA BOJBTYY. .

HenpaBunbHo 3aksouaTh B KBajpartHble CKOOKM eAMHHMLY H3Mepe-
Hust (Hauphmep, [B]), xota Takas sanuce BeTpeuaercss BechMa 4acto.

@urypaste .ckobku { }, conepxkauine 0603HaYeHHA BENMYHMHBL, O3HA-
G9al0T «UHCTieHHOE 3HAdeHHe BeJMHYHHEL..», HAUPHMED BhipaXKeHHe

{U} = 220 uutaetcs caeaywowuM o0pa30M: <«UHCJEHHOE 3HAYeHHe
HanpsizKenust paBro 220».

TTockosbky Kaykpmoe 3HaueHHe BeJHUMHL NPelCTaBiseT co0Ofi mpo-
H3BECHHE YHCJEHHOrO 3Hauemisl HA EUHKMIY H3MepeHu#, LJs mpuUBe-
JEHHOrO BRIIIE MPHMepa NONydaérca:

Hatpaxenue U= {U}-[U]==220 B.
Mexay gucieHHHMM 35ayeHHeMm M efRHUUEH u3Mepenus ¢u3uueckod
BeNUUHHI IIPH HAIHCAHHHM HEOGXOIMMO OCTABJATH HHTEpBAJ, HANPHMEp:
A=5 mm?, r=12 cm, ¢=02 pan, I=10A,
{=—5°C, T==300K, =22°30/, B=90°

Hcrmouenne coctapasior o0O3Hawenust enndmy: rpanycos (°), MHEHYT
(') u cexynn (”).

14. PasmepHOCTD

- PasmepHOCTe H3MYECKOH BEAHUUEB YCTAHABAMBAET ee CBA3b C OCHOB-
HpiME  BeyuuuHaMu. Ona fipencTasiser Cco0OH NpousBenenue cTeneHed
pasmepHOCTeH OCHOBHBIX BE/AWWHH.

. Q6o3uaueure
QOcuoBHasI BEA(UUHA Obo3unaicuue Pas3NepHOCTH
Jlauua l L
Bpewms ¢ T
Macea ) m M
CuAa 37eKTPUIecKoro ToKa 1 I
Temnepatypa no wmxane Keasnsnua T e T
KosunuecTso BemecTsa n N
Cuna ceera I J, I




1.6. Bexroptsie seauuunot @ 11

TakeM o©Opa3cMm, pasmepnocTh, (dim) CKOpPOCTH onpefeiasercss Kak
ITyts
Bpewmst

dimo=LT"],

OGpatTHTe BHHManue:

@ Heobxomumo cTporo passnuath NOHATHS Pa3MEPAOCTL M CARHMHR
n3Mepenus., Uacto enmmuuy uavepeHHsi Ouim0OYHO HasbIBAIOT pas-
MEPHOCTBIO.

1.5. CkansipHbie BeAMUYHbI

Heo0Ox0oMMO pasanyath CKajfpHBle I BEKTOPHbIe BeJMUHHLL.

Ckansipyble BeandYHNBl TOJHOCTHIC XapaKTePHIYIOTCH  HHCIEHHHIM
3HaYCHYeM u EAMHMLElH u3mepesus.

Mpumep: spema ¢, temnepatypa 7T, saekTpudecknil sapsn Q, macca .

Jas o0o3HayeHMsi CKaJSAPHLIX BeAMYHMH HCIOJB3YIOTCH CTPOYHLIE U
fIpOMUCHBEIe GYKBH JaTUHCKOTO H TPeYeckoro andabBuTob.

B pacyetax cCxajsipuble BeJinYUBEl BHIPAMKAIOTCH HEHCTBHTEJILHEIMH
YHCJIAMHM H C MHMM MOXKHO IIPOM3BOIHTEH BCe Ge3 MCKJioueHHs JeficTBHs,
KOTOpPHI€ BHINOJHAIOTCH C JACHCTBATENBHEIMU UHCJAMA.

CkraJisipuble BEJMYUHEI MOTYT HMETb IOJIOXKHTENbHOE HJHW OTpHLIA-
TebHOe YHCAEHHNe 3HayeuHe (MCKJIOYEHHE COCTaBJsieT TeMIeparypa
no mxane KesnpBuna).

1.6. BeKTODHEIE BeJIHYMHEL

BexkTopnas BeJMYMHA [OJHOCTBIO XADAKTEPH3YETCs UYMCJIEHHBIM 3HA-
YeHHeM, eruHHIel n3MepeHusl y HanpaBJaeHueM.

l]pnmep: CKOPOCTh, CHJIa, HAlpAKeHHOCTbh 3INEKTPHYECKOro IMoJid.

Jasi o60spauennst BEKTOPHON BEJNMYHHE TAKXKE MCIOJAB3YIOT CTPO'T-
Hple M IponHCHeie OYKBBI JIATMHCKOTO H rpeyeckoro andaButoB. as
yKazapius Ha BeKTOpHBIA Xapakrep (#sHUeCKOH BesuuuHbl Haf oObid-

> > >

ghIM ee 0003HAYEHHEM CTABUTCH CTpeJiKa: v, .F, Eur .

C6paTtnTe BHHMAaHHE:

@ Uacto BexTODH 0003HAUAIOTCA TaKkKe KIOPHBIM mpudToM: o, F,
Ewnr g
® linorna Bektophl o0o3pauaior rotuueckuMH Oykeamd 9, §, € ... .

Ecnn HallpaBJienne BBKTOpHOfI BEJHUBHB! HE CyLIeCTBCHHO, a BaiK-
HbI JIHU.UJ '-IHCJIeHHOQ 3padYeHue H eiIunHIia H3MepeHHd, Ha3biBaeMble BE-
>

JHYUHOH BeKTOpA A 70 numyT JA| nam npocro A.
BerTopnas BesnYHHa FEOMETPHYECKH H300paKaercs BeKTOpOM, T.oC.
OTPE3KOM, HMEIOIHM ofipeieieHuble Nanpabfeline R ;mey
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L

CeoGopHLIEe BEKTOPHI MOXKHO [epeMeliaTh Napajsesbio CaMuM - cebg
B IVIOCKOCTH MJH [poCTpaHcTBe. B ¢usHKe BEKTOpH! Yale BCErO CBfi«
3apbl C UX JHHUel JefiCTBHST W MOTYT nepeMelaThCs TOJBKO BHOJb
Bee (KONMHeapHbie BEKTOPH). BeKTopbl, KOTOpHIE HCXOAAT H3 CTPOTO
ompenenennoll Toyku (HampriMep, K3 Hayaja KoOpJHHaT), BooOLle He
MOTYT [IepeMeIIaThC B HA3LIBAIOTCA OPT-BEKTOpamu.

MareMaTudeckue ofepalyy HaJ BEKTOPHBIMH BENMYHHAMH [OAYH*
HAIOTCH 0COCBIM 3aKOHOMEPHOCTAM.

Hacto BCTPEHAKOTCH clAeLYyIoUlHe BeJHYHHbI}

@ CYMMa BEKTOPHLIX BEAHYRH,

@ pasHOCTb BEKTOPHBIX BEJUYUH,

® npomsBelienre BeKTOPHOH M cKansnpHOH BesHYHH,

@ cKanspHoe Npou3Be/ieHHe ABYX BEKTODHHIX BEJHYHH,
@ BEKTOpHOE NPOH3BENEHHE ABYX BEKTOPHBIX BEJUYHH.

COOTBeTCTByIOLU.He npaeBnda MOXKHO HaﬁTHBY‘{eﬁHHKaX no MaTeMaTUugey

2, VYpaEBHeHns ANy PH3HUECKHX BEJIHYHH

Cpase MeXUy Qu3NUECKHMM BENHYMHAMH BHIPAXKAETCH MaTeMaTHyes
CKUMH ypaBHeHusiMH. Crnefyer passudaTe TpU BO3MONKHBIX crnoco6a
3anMCH ypaBHEHMH:

@ ypaBHeHMs AJisi BEJIMYHH,
© [npubeleHHbie YPABHEHMS AJIs BeJIMYUH,
© YypaBHeHHUS /i1 QACJICHHBIX 3HAYEHUE.

2.1, VpaBHCHHE AN BEMIMH

B npuHUHDE CliefyeT WCHOJb30BATH TONBKO YPABHEHHR JJS BENMYHH.
B Hux kaxpoe ofosmavepue (cM. pasa. 1.3) mpeacTaBJseT CUMBOJ
¢usuueckoll BeJHYHHL ¥ MOXKeT NPUHUMATh passuiHble 3nadeuns (pas-
HBI€ IPOH3BEJICHHI0 YHUCJEHHOTO 3HAaYeHus Ha eJuHHly usMmepenus). Ilo-
9TOMY YypaBHEHHMR JJisi BEJUYHH HE 3aBMCHT OT BLIGpaHHOH cHCTeMbi
eflyiull H3MepeHusi u TNpPHHIMNMANbHO cnpagenysbl. Crenosatesnsio,
yPaBHEHHe [ BEJIMYMH OCTaeTCsl CHpaBeAsuBBIM HE3aBHCHMO OT BHI-
Gopa emuunn. B paHHOH KHure BCEG YPABHEHHH NPeACTaBASWOT coGoii
VPaBHEHHH HIAA BEJMYuH.

2.2, «IlpuBeeHHBICY YPABHEHUH RIS BEIHUHH

- Ecou mpm pacyerax 4acto HOJB3YIOTCS OMHUM M TEM 3Ke YPaBHEHHEM
-M €C/M OHO COAEPXKHT KOHCTAHTH H MAaTepUANBHBIC [IOCTOSIHHEIE, TO
nenecoobpasto, Bbi6paB COOTBETCTBYIOLIME ©IMEHIBL, 3apaHee MOACYH«
TaTh MOBTOPAIOLIHECH YHCIEHHBE 3ijayeHus. PasyMeercs, Torga enst-
HAIB U3MEpEHHs OCTABINHXCH BEJHMYMH He MoTYT Obith BLIOpanbl mpo-
H3BoJbHO, IloMyqaloT ypaBHGHHE pJSl BeJHYRH, KOTOPOE B JaHHOM
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KOHEDETHOM CJjyuae fIBJSETCH <IPHBEIEHHBIM». TOra emUHHUIL - H3Me-
penHsl yKasLBaloTCs nocsie GopMyJibl, HANpUMep:

U — uanpskeHne B BOJbTaX,
U — CKOPOCTh B KUJIOMETpax B 4ac,
P — MounocTs B BaTTax H T. A.

B npuBeleHnLIX ypaBHeHMHRX JJifi BEJIHYHH Kaxjoe oOGO3HayeHue
TaKKe MOpeJCTaBiieT (U3HYECKYIO BEJHYHHY, 3HAaYeHHE KOTOPOH #B-
JineTcsl TMpPOH3BeleHHEeM YHCJIEHHOrO 3HAYeHH# M eIMHULB H3MepeHus.
Ongako Inocle NOACTAHOBKR 3HayeHHs €IUHMIY H3MepeHus MOXKHO
COKpaTHTE.

Hpumep:
CKOpOCTH  3JIEKTPOHA -B  2JEKTPHYECKOM IIOJIE ONpPEAeNseTCs BhIpa-
JKEHUEeM ) -
2eU
v= 5
Me

rae e = 1,602-10-1% K1 u me == 9,11-10-31 xr. Bripas emunuip H3-
MepeHHsi OCTABLUMXCH BeJHYHH H [OJCTABUB W3BECTHHE MOCTOSHHEIS
[OAYIUM .

v= ,\/0,352 Jee XL g
Kr

rge U —CKOpOCTb B MeTpaX B Cekyrny, U -——HampsiKeHue B BOJibe
) . Br-c KT * M
tax, Ilopgcranopka Kn=A.c= 5 ="=.B" 1 kv =10° m naer

— otz KoM B
v—/\/0,352 107 g U
B pesysprate npeobpasoBapuii MONyyaeM NPHBENEHHOE ypabHEHHe AJA

BCJIKYHH,
v=594 4/ T,

THE CKOpPOCTb BHIpaXkeHa B KHJOMETPaX B CEKYHIY, & HalpRiKeHHE —=
B BosibTax. Ilogcraeman HanpsiXKenue U B Boabrax, € NOMOLIBIO STOrO
NpHBEJIEHHOr0 YPABHEHHS [JIf BEeNMYHH MOXHO Cpasy HOJYYHMThb CKO<
pOCTb U B KRJIOMETpPax B CEKYHAY. i

2.2.1. TaGauupl

Upesennpie Jammbie B Tabnupax EMecTe ¢ TOJOBKaMH TaGlull TaKxe
o6pasyloT MpHBefeHible YpaBHeHHH [JiR BEHYHIL Ilpu >TOM, KOHEYHO,
YMCseHHbIe SHAYEHUs MMeIoT CMEIC] TOJNBKO IIpH OBHOBDEMCHHOM 3a<

JLaHup €AHHHL H3MePCeHHA. =y
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Tprmep:
CkopOcTh 3BYKa

BeurecTtBO ¢, Mfc
Boznyx (0 °C) 331
Caunen © 1300
Cranb 5100
H T. I
2.2.2. Ocu kooppuHat

YpaBuenust AJi# BeJMYHH MOFYT OHTH npeAcTanseHbl rpadudecku. ¥Ypas-
HEHUsl JOJKEB OBITh NPUBEACHHBIMH, IIOCKOJIbKY YHCJIEHHOC 3HAueHHe,
yraspiBaeMoe Ha rpaduxe, Tak:Ke
HMEeT CMBICA JIMIUb IIpH OJHOEBpPe-
MEeHHOM Ofpe/leSieHHH €AHHINBl H3- U Mf,
MepeHuUs.

Hpumep: 1

4
Touxa wa xpusofi (cM. PucCyHoK)
onpefieNisieTCs  CIEAyIOLIEH  Napof 8
spayennii: v = 5 M/c u f = 3 c, 2

7

2.3. YpaBHeHus 18 WMCACHHLIX
SHayeHuik 1
: - ! 2
YpaBuenus AJs YHCJEHHHX 3Haye-
HUil ClIpaBefJIHBE JUIIL B TOM CJy-
yae, KOIja HUCHOJL3YIOTCA onpejeliedHble, CIPOrQ 3azallible CAHHIUN
H3MepeHus.
IocgosbKy ypaBHeHHs JBJsi UNC/AEHHBIX 3HAYCHHH HAXOHATCH B Ipo-
THBOPEYHH C NpeJCTaBJeHneM, COrlacuo KOTOpoMY

[ R

¢
~
©

3nauenne  BeNHYHHB = Uncaeunoe 3swuawenye X Epunnna usmepenns,

OnM Be wucnonp3yiorcs B Qusitieckofl JsMTeparype. Mspemka Taxme
ypaBHEnus, K COXaNeHHio, eule BCTPEYAIOTCH B ycrapesmeu TeXHHYECKOH
JquTepartype. .

3. MempynaponHas cuctema epunug, (CH)

Hsmepenue npencrtasssier cofoli Baxmeliluyo 3agayy (QU3HKM H TEXHH-
Kd. Jlns ocymieCTBNEHHST u3MepeHus HeOoOXOAUMO "HE TONBLKO pacriofii-
ratp HYXnbIMH H3MepHTEJbHBIMU npuﬁopamu, HO H' YCTaHOBHTbL COOT-
BeTCTBYIOLIHE €IVEMI(LI HSMepeHHsi, KOTOpble OCBCAMHAIOTCH B HEKOTU-
PYIO CHCTemy. . .
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B Bactosilee BpeMsi [OBCEMECTHO IpuMensiercs npuHAras 8 1960 r.
envnas Mexnysapofinas cucteMa epuuuil. Ha Bcex s3blKax Mupa 374
cHcTeéMa nosnyymna cokpamienHoe Haspanve CH, a ee enuHuUB Ha3H-
paoTcn epunnuamu CH.

3.1. OCHOBHbIE €RMHULBI

B Mexnynaponunolt cucreme emuuuy (CH) B KaueCTBe OCHOBHLIX HCe
NOJb3YIOTCA CNEAYIOUIRe 7 eIuHHIL:

@ enunMua JJHIb METp (M),

@ €AHHERA BpeMeHd CeKyHaa (©),

@ elluHulia Macchl KRJOrpaMm (xr),
@ C/JUHHHA CHJIBI SJIERTPUIECKOTO TOKA amMnep (A),

@ e[uHHna TeMnepaTypHl KeJbBUH (K),
@ e€[MHMIA KOJMYecTBa BeulecTba MOJIb (monb),
@ eIuHuna CUJHl CBeTa Kanpeaa (xn).
3.2 lpoussontse egununs CH

Bce ocrtanpnble emuHugpl MeXAYHAPOLHOH CHCTEMBI NPEACTABJAIOT CO-
Oofi npouseefieHHn cTenexell OCHOBHBIX ©IMEML, HE COREprKaillue 9HC-
JNIERHBIX KO3 (QUUEENTOB, HJM, HHAYe roBOps, OOpa3yIOTCH KOrepeHTHO
¥3 OCHOBmBIX efuHMi. Jpyrrne efuHuHuB! sIBJISIOTCH HEKOIEpPEHTHHIMH H
noromy ue Bxoast B CH.

Hpumep:
Barr (B1)— KOrepenTHas GAMHMLUA MOLIBOCTH, TOCKOJBKY

I Br=1 xr-vM%c% 1. e. oha BoiBegeHa 6e3 uHCNeHHOro Koaddh-
HHeHTa. .

Kunoearr (kBT)— HekorepeHTHasi €mMHULA MOIIHOCTH, NOCKONBKY
-1 kBt == 10® kr-m%/c%, T. e. OHa BBIBEeHa C NOMOLILIO HQHCIEHHOTO
KO3 duIuenTa.

3.3. JlecaTriuHble KpaTHbIe U HOJBHLIE eAyHMIIL

Eppiune  MeXIynapoaHoit CHCTEMBI [pH MPAaKTHYECKOM HCIO/b30Ba-
HUM YacTO OKasuBalTCH CIHIIKOM GOJDIUMMH HAH CHHIIKOM MaJbiMi,
NO3TOMy € NOMOLIBI0 OCoSBIX OpPHUCTaBOE MoryT Ouith 0OpasoBaHH Je-
CATuaHble KPaTHHiE W JOJbHBIE €AMHHLLL, ecliM 9TO He 3anpeuieHo B
oTnespHBX cnyyasx. CBOZka sTHX mprctaBox fawa B Taba Il

CyIlleCTBYIOT HEKOTOpHE NpaBHI2 UCOO/L30BAHMA npucTabok. Ilpw-
Be/ieM BarKHEHIIMe M3 HUX:

® Enuunua uaMepeuus He MoXeT CofiepykaTth CoJsiee OAMOH NPHCTAaBKA.

® KoMOuHallus CokpapieHHOro 0GO3HA4YeHUst NPHCTABKH Y e[MNKUBL H3-
. MEDEHMN COCTABJINET eNMHbIH CHMBOJ, KOTOPHIE MOXHO BO3BOAUTH
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B CTelleHb; [P STOM CKOOKHM He NPHMEHAIOTCA. VIHBIME CloBaMd,
eC/ii €IHHKLA BO3BOAMTCS B Kagyio-JuOo CTelleHb, TO B Ty e CTe-
renb BO3SBOAMTCS B JecATHYnas NpUCTABKa.

® JKenatenbno OTAABATh NPEANOYTEHHE NPUCTABKAM, KOTOpbie COOT-
BeTCTBYIOT Iesioyuc/ennbiM crenensM 103 (10%7): IpucraBku rekTo-,
neKa-, NEenH-, CauTH- cliefyet NpHMEHAThH TOJBKO B TeX HaMMEHOBa-
HMSX efMHUL, KOTOpbie CTalH TpafAHHHOHHBIMH.

© B cocraBHBIX efUHHUAX KaXXJas eIHHMIA MOMKET comepykath Jecs-
THYITY}0 [pPHCTABKY (€CJIM Opa JONYCTHMAa JJsl SToll  €NHHHIE).
Opnako HeOGXOAMMO CTApaTthbcs NO BO3MOXKHOCTH WCIONBL3OBATD NpH
pacyeTaX TONbKG OJHY [PHCTABKY, CTOSULYlc B yucautese. [lpn-

. CTaBKM e[uunl u3Mepenus cJefyetT Bubppats TakuM o6pasom,
yTOGE  YHCIEHHOE 3HAYGHHE pesynbrata Jexano B o6nactd
0,1 ... 1000.

Emnnnne ¢ pecstuunoii xpaTHOfl WiM pofbHoll npucTaBkofi Hassl-
BaloTCsi HeKOTepeHTyhIMH H He BxofsaT B Cl. Onmmako omm TakXe fB-
ASI0TCSl 3aKOHMEBIMH €funnlaMu, nanpuMep ! kujomerp (ku)= 10% ..

34. Enuupnsl, ve exonginue B CH

S1tu €IUNHLIBb BBIBOAATCH HEKOI€pEHTHO. W3-3a Baxwuoh podu, Kakyio
urparoT Takue €JuHHUbl B HayKke, TEXHUKE H I3SKOHOMHKE, HX paspe-
uraeTcs IMpUMENsiTb B OlpeaesieHHbIX obnacTaX B TEYeHHE orpanuyeH-
HOro, a B pafe Cly4ya€B B HEOrpaHUYEHHOI'C BpPEMEHH. HeKOTOpHe u3
HHX HUCHOJIbL3YIOTCH TOJMBKO B CrehaJibHbIX o6JacTax,

3.5 Enmnnunes, ponyckaembie F'OCTom 1)

Corntacno nocranobsennio Focynapcrsennoro komuteta CCCP no cran-
paptam of 25 uwwomsi 1979 r. Ne 2242 ¢ 1 smeaps 1980 r. 5 CCCP
B KaiecTBe FOCYRapCTBENHOrO CTAapmapTa BBOAMTCS cTangapT Cobera
Sxonomnyeckoii Bsaumonomonm CT C3B 1062-78 «Merponorus. Epu-
Huib GH3UYECKHX BeJUuun». B COOTBETCTBMM € 3THM CTanfapToM MAO-
NYCKAlOTCs K NpUMeNeHnio CleyiOuiHe efRHHIbL:

® ocHosuble enununsl CH (cM. pasp. 3.1),
® npouzsoinbie enpnunbst CU (cm. pasz. 3.2),
@ /eCATHYHLlE KpaTHbie H JAoibibie enppuan CH (cM. pasp. 3.3).

Kpome Toro, momyckaercs K IpuMeHemmio psf Be Bxogsuiux B CH
eaMHHL, KOTOPHE MOAPA3AesioTCs ClenyioumM obpasoM:

— €HNNIL], JOMNyCKaeMble K IIDHMeHeHHIO BO BCEX obnacrax Ge3
orpannueHusl Cpoka,

‘

1) Pazgen nepepaGoTaH B COOTBETCTBHH ¢ l’IpHHﬂTbIMH B CCCP,
nonoxeHusiMit, — Ilpun, peds e e
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— €[IMHHIOE], JIONYCKAaeMbie K IPUMEHEHHIO B CICUHMAJIBHBIX 06NacTsx
6e3 orpanuyeHUs CpoKa;
—— e[IMHUIB, KOTOpLIe JONYcKaJuCh K [OpuMeHenMic go 1 samBaps

1980 r.;
~— €AUHMIE, CPOK JefcTEUR KOTOPbIX Oyner yCTAaHOEJEH JMONOJHu-
TeJbHO.
3.6. Eppinunt m3MepeHus BaXKHeHUMX (GU3HUECKMX BeJHYMH

B numecnenywoiieli tabiuue Ans Kampaoll BeJUYMEB YKa3aHH CHadana
enunuita CH # ee cBSb C OCHOBHBIMHM €[HHMNAMH. 3aTeM CJICAYIGT
enuHunyl, He Bxogsuime B CH, u ycrapeBmne emHHMUBI € yKasaHueM
cBasy ¢ equAunamu CH.

B rpage «Ilpsmeuannes KCIOJb30BAHB! CAELYIOUHE COKpPAIIEHHS:

~— OCHOBHBIE €IHHHULIEL,
CH  — epunug CH,

KO — pecatuyntle KpaTHLE U AOJbHLE enuuunn Cl,

H — €[MHUIE C HeorpaHuyenHol oONACTBI0 H HEOTPaHHUEHUBLIM CpO-
KOM [pHMEHeHusl,

() — enumMHNB C HeOrpPaHHUEHHHIM CPOKOM, HO ClelluainHoll o6na-
€TLIO NPHMEHEHNs,

Orp — e[MHHIBI C OTPAHHYEHHHIM CPOKOM NPUMEHECHHS,

(orp) — enMHHUE C OTpaHHYEHHBIM CPOKOM M CleHHafdbHOH OGJACTHIO
pHMeHeHH ST,

80 —emuHMUE C OTpaHMYEHHBIM CPOKOM [IDHUMEHENHS, KOTOpEie JO-
nycKanucs kK npuMenenuio go 1 smeapsa 1980 r.,

(80) — emmpunE C oOrpanuyeHHHIM CpPOKOM M OIPAaBHYeHHOL Chiend-

agbHOl 00JACTHI0 NPHMCHEHHS, KOTOpHE JONYCKallich K MpH-
menenuio g0 1 gusaps 1980 r.,

O — e/lNHUlla, He ompegenseman & CH.

B rpade KI (o6pasoBaHne KpaTHBIX ¥ MOJBbHEIX €IMHHI) HCIOJB30=

BaHB! Cliefylolye 06o3naueHus:

+  — kpaTtnue u moabubie epunmiet CH npumensiorcs,

—  — Kpathule U posbHbe egununsl CH He npumensioTes.

/ — COCTaBpas CAHHHLA, CM. COOTBETCTBYIOHLYIO €NMHHAY.

Buumanpe! D1H e coRpauienus HCMOJB3OEaHE BO Beefi KHure s
XapaKTepHCTHKY eMHHIL



O6oszsa-

Enwsuna usMepesus, Kpatkoe ofo3vaueHye, COOTHOIMEHHE

Mpume-

QusnuecKan BenHuUANA genne MeHAY eNMEHHAMH "aHue KR
Jlomna I, s, r MeTp, M OE -+
- acTpoHoMuuecKass elumuna, a. e ==1,49588. () —

= 149,598 I'm
CBETOBOH TrOfi, CB. TON==8,4605-10" M (6) —
napeex, OK==3,0857 - 1016 m ) 4+
anrcrpeM, A == 107" &) -
yKC-eNuBHIIa, uKe-ex, == 1,00206- 107" u 80y —
MOpPCRasl Mmiist, M. Muas== 1852 M (orp) —
Inomaznn A Ccu +
ap, a==107 m? (80) -
rextap, ra==10* m® (n) —_
6apH, 6==10"" u" = 100 @m’ (80) +
Otmnem vV e . cu +
r AUTP, JI= 1078 m® =1 nu H +
Tlrockuit yron 0, @ pamuad, pag=mm==1 CH1 1+
rpapye, 1°==1,745329- 10" pan 33 —_
munyTta, 17 ==1°/60 == 2,908882 - 10~* pan H =
cerynna, 17 = 17§60 == 1°/3600 =0,484814 - 10™ B —_
Tenecuriii yron Q  crepamual, cp =M% MZ== Ccu 3
Bpeus t  cexyHpa, © OE -+
MEHYTa, MHH ==060 ¢ H —
yace, y==60 mur=3600 c H —
CyTRH, CyT=24 u==1 440 Mun == 86400 c H -
Yacrora repy, I'n==1/c CHU +-

81

(HD) hnHnga DwaLand ¥UHEOADHAQWAIW °§



YactoTa BpameHns

Yraosasn 4actora

Ckopocts

Yeropenne
Yraoeas cxopocts
YriioBoE yCKOpeHHE

Macca

TnotsOCTE

CuJia
Bec

[l

oBopot/cekynna, o6/c==1/c

06/xun = 1,666667 - 10™% 1/c

/e

M/c

BM/u=1/3,6 m/c==0,277778 mjc

y3els, y3 = l M. Mwm/'-x = 0,514444 wm/c
M/C2

Tanm Fan==1 cmfc® = 1072 m/c’

pan/c=l/c
°Jc =1,745329 . 102 pas/c

panfc? = 1/c2
°fc? = 1,745329 - 10~ pan/<:2

KUJIOTPAMM, KT

; -3

rpamm, r=10"" gr

TOHHa, T == 10% kr

aTOMHas enuHuIla MacCei, a. €, M. == 1,66057 .1
—4

KapaT, kKap==0,2 r==2.107" &r

0—27

Kr/m®

. kr/ov® = 1/m® = 10 gr/m®

rfeM® = kr/aM® = T/M3 == 10 kr/u®

HbI0TOH, H == Kr - M/c?
KUJIorpaMM-cuiia, Kre==9,80665 H
pvna, pun == 10-% H

(orp)
(orp)

cH
cH
H
(orp)

CU
(80)

CH

CH

OE

KT (8)

(orp)
cH

KI
CH

80

b~ I~ +~ ]I~ +

b+ |

1 ~——

()

HOBNYIS ¥NIMPOHICDS 10MNHNQg '9'e

61



I podorxenue

N —. Oqﬁeo::ea- Enxnnuna Hamepex—mﬁ&el«;l;();;ugzﬂglﬁutils:;:eﬂﬂe. coo'momeﬂue l:gx:lrgz- KI
MomenT cuan M  upioron-merp, H- M = Kr - u%/c? (01 -
Mowment napsl cui ' xre - m==9,80665 H-m 80 —
JKecTrocTh b H/m==xr/c2 CHU /
K osddunment ynpyrocta k  xrcfem = 980,665 Him 80 /

o gre/m == 9,80665 H/m 80 /
VYrioBas KECTKOCTD D* H-w/pan=H-m=xr-m2[c? CH /

grc - M/pag = 9,80665 H- m/pan 80 !/
Koabdumuent saryxanus ) l/c cu +
Kosthdunuent Tpenns B Xrfc CUu /
Paéota . W, A mxoyis, Hx=—H-m=Br-c=xr-mn?c? CH -+
Dueprust . W, E grc-m==9_80665 {x 80 -
KoanyecTBo TEHNOTH @  KuJoBarT-yac, KBT cy==36-10% Jlx H —
spr, spr==10" " Ox 80 +
KaJiopusi, Kajl==4,1868 Jlx 80 +
3JeKTPoR-BONBT, 5B == 1,60219 - 10" fix i (H) +
J. ¢+ q==0,73549875 kBT u==2,6477955.10% JIxx (80) -
MontHocTs P part, Bt = Ix/c =xr - M%[c? cUu +
Kre - Mfc = 9,80665 Bt 80 /
Jiomaauban cuia, J. ¢.==735,49875 Bt (80) -
xan/c==4,1868 Br /

xKaafu==1,163 Br 80

02

( D) hnunpa vwalond ¥oNpOdDHAP IR ¥y




JlaBnenne

Hopmanenoe Hanpsixenue
Monyae ynpyroctu
Monyae casura

TloBepxHocTHOE HaTAKeE-
Hue

Juramuyeckast BASKOCTE

Kunemartiueckasn BSI3=
KOCTb

Qma

Q

nackann, ITa = H/m? = xkr/(c2 - M)

6ap, Gap=0,1 Mlla =105 []a

Topp, Topp=133,3224 Ila

Kre/m? = 9,80665 I1a

Texnuyeckas atmocepa, at==1 krcfem?==98,0665 xlla =
= 0,980665 - 10° IIa

tdusuueckan atmocdepa, atm ==760 Topp == 101,325 xIla =
= 1,01325- 105 TIa

MeTp BOLSIHOTO cTON6a, M BOLL. cT. == 0,1 aT = 9,80665 xIla =
= 0,980665 - 10* ITa

1'Ia----H/M2 kr/(c? - m)
kre/mm? == 9,80665 - 106 ITa
Kre/em? = 9,80665 - 10* Ila

H/m = xr/c?
musfem =1 mH/m=10"° H/m

nacKanb-cekyHaa, Ila-c=H-¢/m? ==xr/(M-c)
nyas, [T=0,1 ITa-c
cantunyas, cflI=1 mITa-c=10""a ¢

M¥e
2 —1 2
croke, Cr=cmfe=10"" u*/c
—6 .
CaHTHCTOKC, cC'r = um’fe=10"° u’/c

cu
orp

80
80

80
80
CHh
80
80
CH

CH
80

80

CH
80
80

I I~

M+ +

| 44 ~~

P+~
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N podonsenue
) O6ozna- Efunnia UsMepeHus, KpaTkoe 0003HauerHe, COOTHOLIEHNHE IMpuwme- -
Pu3nuecKas BenuunHa yeHHe MY eIHHHIAMY uanne KA
Hmnyasc p H-c=xr-mfc CH /
Mowment koaHuectTBa IBY~ L H-m-c==kr-mic cn ]
YKEHHS], YIJAOBON. MOMEHT
CH1 /
MowmenT uuepinu J KT - M2
Temnepatrypa .mo mkane 7  xensemy, K Ogg i
KenpBuua rpanyc Keappuna, °K = K
TemnepaTtypa mno IWKane t rpanpyc llehbcuﬁ, °Ct==T—Ty Ty=273,15 K " -
Lenpecusn :
Pastocts TeMmepatyp AT  xensemnd, K OE -+
At rpanye Uenncus, °C==K H -
°K 80 —
KONBueCTRO TEMAOTH Q Jx=—xr-wm¥c? cH -+
xan = 4,1868 Jx 30 -+
TennoemkxocTs C  JOx/K=Br-c/K=H-M/K=xr- u?(c?-K) CH /
Surponus S kxan/K = 4186,8 Mx/K gIO/I 5
VY nenbHas TEIJIOEMKOCTE c Jag/(xr - K) = m?/(c2- K) 80 /
kkan/(kr - K) = 4186,8 Tx/(kr - K)
cu /
4 Brf(m-K)==xr-u/{c?-K) 80 /

TennonpoBoJlHOCTE

rranf{m - y - K) = 1,163 Br/(m - K)

44

(1) hnunps vwarona wpnpodvufioucay '



Koaddunuenr  remnood-
MeHna

Kosdduument Tternonepe-
ayn

_ Tennora cropauns
Ynenvnass rtemnora cro-
paHus

Jarsenne 3ByKa

Cuna 3eyka

CHJia 5JIeKTPHYECKOr0 TOKa

Konuuectso SJEKTpHYe-
CTBa, 3apsl

IInoTHOCTH BJIeKT pUYe-
CKOI'O TOK2
ITosepxuoctyas oY~

HOCTBL 3apsfia
DNieKTpHYeCKoe cMmelle-
HHE

ONEKTPHUECKOE HanpsiKe-
Hue
Snempnqecxnu NoTeHHAN

kan/(cm - ¢ - K) = 418,68 Br/(m: K)

B1/(m? - K) == xr/(c®*- K

kkan/(m?-q-K) = 1,163 Ba/(m?-K)
kanf(em? - ¢ - K) = 4,1868 - 10* Br/(m? - K)
Jsk/xr = m2/c?

I fkr = m?/c2
BKaqfxr = 4186,8 Jx/xr

[a == H/m2 = kr/{m- c2)
mK6ap =0,1 [ia

Br/m? = Jx/(c - Mi)-—-xr/c”’
amnep, A

kynon, Kn=A.c
Afm?

Ka/m? == A - ¢/m?

Bonbt, B = Br/A ==kr . m¥/(c?: A)

80
CH
80
80
cHu

CH
80

CH
orp

CH

OE
CH

CH

CHu

CH

i S Y

| ~

+ 4~
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I podoascertie
O6osna- Enununa uaMepenus, KpaTKoe o06o3HaueHHe, COOTHOLUEHHE IIpume~
QusHICCKAS BEIUTHHA yeHue MEXAY €THHUIaMH uanue KL,
DJNIeKTPHYECKOE COMPOTHB- R Owm, Om=B/A=xr-m¥(c*- A2%) CcU -+
JeHue
DJIeKTpHYECKAS] IIPOBOMIH- G cumenc, Cvm==1/Om = A/B = c?. A%/(xr - m?) cu +4-
MOCTE
YnenpHoe 9MEKTpHUECKOE [ I om-Merp, OM-m =B - M/A == gr- m3f(c?- A?) CU 4
CONPOTHBJICHHE Om - MMZIM =10"° OM- M= MxOm - m KO /
Om-cm=10"2 Om- m K /
YpenbHast 3MeKTPHYECKAS] c CM/M'= 1/OM - m == c? - A%/(xr - M) CH /
NPOBOLHMOCTE )
DAEKTPHYECKAs CMKOCTD C  dapan, ® =Kn/B=1c?- A¥/(xr-m? CHU -
Hanpsi:kenHoCTs 2JIeRTPH- E Blu= K.I‘ -m/(c®- A) CH /
yecKoro MoJis Blem==102 B/m K ]
H/Kn=B/m CH /
DNekTpHYeCKasi TOCTOSH= gy @/m=A-c/(B-m)=c" A% (xr-m®) CH /
Has
Hanpsiskennoets: Maruui- H  Afm CHU Ni
HOr'O noJst speren, O ==79,5775 A/m 89 —
MarsutTapiil nOTOX ®  BeBep, B6=DB-c=xr-M?/(c?- A) CcHu -+
makcpes, Mie = 10~° B6 80 —
MarsuTHas HHAYRIHS B rtecna, Tn== B6/m? = B - ¢/m® =xrf(c*- A) CcUu +

¥a

(1D) hmungs vwalong voHpodvufiowapy '



FlnoTHOCTE  MarsHMTHOrO
NnoTOKa

MaruutonBuxymas cuna
Hupyrrusnocts

Marnutras NOCTOSIH-
Has

ITotox wmanyuenus

SuepreTuieckasi 9KCHOSH~
HS

SDHEPreTHYeCKasi OCBEUICH-
HOCTE

!
DHepreTHYECKas] CHJA CBETA
OHepreTHyeckasi PKOCTh

Cuna cBera

ﬂpkoeu

CpeToBOii NOTOK
OcBeliennocTs

CeeToBasi 9HEPrus

F
L

Ho

rayee, Fe=10""* Tx

ammep, A
reupH, I'n == B6/A == xr - m?/(c?- A2)
Tafm=Bc¢/(A-m)=xr-mf(c?- A?)

Br=kr - m?/c?

Jsxfm2 = krfc?
Br/m? ==xgr/c?

Br/ep = xr - M%/(c? - cp)

Br/(cp - M%) =grrf(c? - cp)
Kanpena, KI,

K fm?

CcTHNEG, ¢6 =Kafcm? = 10* xn/m2
anocTuied, ac == 0,318310 kn/m?
MIOMEH, JIM == KJi - Cp

JIOKC, JK == aM/M2 = K1 - cp/m?

JIIOMEH-CEKYHJIa, JIM » C==C+KJ *Cp

OE
CH
CH

cu
CH

CH

cu
cHu
OE

cHu
(80)
cu
cu
cH

4+~ + —~ ~ ~ + +

+ 4+

HNBNY9 XNMUHICYS 19hnunpg ‘9'¢




Il poOosncenne
O6o3ua- Exnunua H3MepeHus, KpaTkoe ofo3Haueune, COOTHOUIEHHE Tpuwme-
DusuuecKan BEIHYHHA geHHe MEKIY eXMHHIAMH yaHHe KA
Oxcnosuuust  (Konmuecteo M nlOKc-cef(yHna, JIK - € ==« KL * ¢p/m? CcH +
OCBEIICHHS) R
DKCNOSHUHOHHAS rosa X Kafxr=A-c/kr CHu /
PEHTIEHOBCKOTO H y-H3- peutres, P ==2,58.10* Kn/gr 80 +
JyYeHH S ’
Tloraomennas nosa wany- D rpeii, Tp == Hxfxr = m2/c? cn +
YEHHS pan, pan == 1077 Jis/kr == 10— Tp 80 +
MOImHOCTE  SKCHOSHOHOH- X Afkr CH /
HOHl J[O3BI  PEHTIEHOB- Plc=258. 1007 A Jxr 80 /
.CKOTO M Y-H3JyUCHHS ’
Mowsocts normomessofi  pH  Ipfe == Br/xr == m?/c? CU /
LOSbl H3NYYCHHS panfc == 10~2 Br/xkr = 10~2 I'ple 80 /
DKBHBANIGHTHAS J03a H3- Ds  6ap, 6sp = pan = 102 JLag/Kr == 1072 Tp O -+
NYYEHHS]
AxtEROCTS A gexkepens, Bx=1/c cH -+
o xopn, Ku==3,7.10'° Bx 80 +
KonuuectBo Bemecrsa 7 MOJb, MOJB OE +4-
Monsipiass macca M xr/mone (941 /
Monspustii 06rem Vm wm3/mons CHU !
Cm  Jx/(Monb - K) == kr - M2/(c2 - mosp - K) cu /

Monsipuasi TENJICEMKOCTh

9%

(HD) hnungs vwalons vUHPOdDHAPHIW ¢



M MEXAHHKA

4. OcroRHBIE eLHHKIBE H3MEpeHMS MEXAaHHYCCKHX BCIAWHUMH

ar EnyHuNbI H3MepeHHs JMMHb

IlepeLiM 3TasnoOHOM AJHHBI CIYXKHJA [POTOTHN  METPa — Xpansilafcs
B ITapmike crepikeHb H3 NJATHHO-HpHAHMeBOYro ciiasa. [amsa 3TOrO
CTepxKH] JOJHR Oblla COCTABASITL ORHY RECATHMHUJMIAOHHYIO 4acTh
YeTBePTH 3EMHOTO MEpHIHaHa (AJAMHLI AYTH OT NOJIOCA N0 3KBATOPA).
Ornnrako Gofee TOYHLIE u3MepeHHs1 OOHADPYIKHJH OTKJICHEHHS OT STOrO
SHAYCHHS.

B uacvosiiee Bpemsi MeTp onpefensiercss kax | 650 763,73 aaundsl
BOTHLL B BaKyyMe HIAYuEHHs, OTBCHAIOUIEro NEPEXONy Meky ypos-
HAME 2pgo B 5ds atoma KpunTona-86.

CooTHOMIEHHE MEXAY eAMHMUAMH NJIHHEI

107° xm=1 m=10 yu=10" cv=10° mm=10° mgm (mmxpo-

merp) == 10° v (nasomerp) == 10'2 mu (iiKomeTp)

Exunniet, He sxopaumue B CH:

MopeKast MuAs (M) == 1852 u = 1,852 xm
ACTPOHOMHYECKAS €AUKHUA (a. e.) ==1,49598 - 101 ==149598 u
cBeTOBON 104 (CB. TOR) =9,4605- 10’ m ==9,4605 v
napcex (nk) ==3,0857 .10 m ==30,857 [Im
anrerpem (A) =10""m == 100 nw-
X-enuunna (ukc-en.) = 1,00206 - 10" 3 = 100,206 ¢t
Muast == 1760 sipr == 1609,344 ™ = 1,609344 kM
apn =3 oyT =0,9144 ™ =01,44 cu
Gyt == 12 mrofim ==(0,3048 ™ == 30,48 cMm
oM =0,0254 ™ ==254 MM

S e e ]

Of6paTtuTe BHHMAaHHE:

@ OGosuyauesre MEHKPOH (M, mk) aas 10~ m He ponyckaetcst. Cre-
. IyeT NPHMEHsTh CJMHHELY MHKPOMETP {(MKM).

411 KHimepenue nJHHE

Ilns ussepenus AsMH NOMBSYIOTCA TJIaBHLIM OOGpasoM JHHeHKaMH, py-
RETKAMH, MEPHBIMH JERTaMH, KOHLEBLIMH MepaMmu, MHKPOMeTpam¥ R
MHHUMETPAMH, OPYMMHHLIMHM HHIHKATODaMH, & TakKiKe ONTHYCCKHMH
MeTosaMH, OCHOBAHHEIMH ya HHTepepeHIHn cBeTa.
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4.1.2. Hamepenne niomapeit

Enmmuna CU nnowanu: [A] = keappatmii Merp (M2), KpOMe TOro:
ap (a) (80), rextap (ra) ana nuiollamy IONER K SeMENBHEIX YYACTKOB.

CoorHowenne MEKLY CHHHHIAMH IUIOMAaRH

107 ke = 1 2= 10% pe® == 10* em® = 10° mnd?

1 ap (a) =100 m2

1 rexrap (ra) =100 a == 10* m2

Enunnnsi, ve sxopsimue 8 CH: )

1 keappatnas muis (Muis®) ==3,0976 - 10° apn? =2,589988 - 10 M2
1 keagpatusift apn (spn?) =9 Oyr?==1296 moiim2=0,836]1 M2

1 xpapparheil gyt (Qyt?) ==144 moiim? = 0,0929 m%=9,29 nm?

1 KBanparHe KoM (ofim?) ==0,6452 « 10™° M2 ==6,452 cm?

O6parure Buumaunde: .
@ Ilo BosMompocTH ciefyeT H36eraTv CJERYIOIIHX COKpalieHut:

KB. M psisi M2 (KBazpaTublii Merp),

KB. KM JJisl kM? (KBafpaTHbl KHJIOMETp),
KB. IM M5t 1M? (KBapgpaTHBIl HeluMerp),
EB. cM JJisl M2 (KBanpaTHEIH CAHTHMETP),
KB. MM it MM2 (RKBajpaTHbll MEJIUMETp).

TInomanu nnockux Quryp ¢ umeperyasipeofi Tpanuiell ONpegensioTa
Cst ¢ NOMOIIEBIO JIONSIPHOTO MIAHHMETpPA.

4.1.8. Hamepenne 06meMOB

Eaunmna CH ofmema; [V] = kyOuueckmiéi merp (M%), Kpome TOros
anrp (7).

OCbem TBepAbIX T HeNnpaBHAbHOH (POPMBI MoXKeT OHITH H3MepeH
aubo no ofbeMy BHITECHEHHON IKHNKOCTH, JHOO HYTeM H3MEpEeHHS
BLITAJIKHBAOLIEH CHIBI B OIPENEIEHHOH KHIKOCTH.

CoorHolen e MEKAY eXMHHIaAMH oﬁbema

1 M3 =10% pm® = 106 em® = 10° mm®
1 nurp (M) =1 pgm3

Epunnusi, He Bxonsmue B CH:

1 xyGuueckuit sipp (sipn®) =27 @yr® =46656 pofin®=0,7646 w3
1 xyOuueckuit ¢yt (Qpyr®)  ==1728 profim® =2832 im®
1 xySuueckuii mrofim (pionim®) ==16,39 cm®
1 perucrpoBasi TOHHA =100 ¢yr® =2832 M
1 Gyuwens =8 ran (6pur.) == 36,37 nm?
1 ransnon (ran) GpuT. == 4546 nm®
1 rasnow (ran) CILA . == 3,785 nm®

N
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O6parute BHHMaHHE

. @ Tlo BosmOXHOCTH clenyer H30erath CHELYIOIHMX COKpalieHH;
Ky6. M o M3 (kyGuueckufl merp),

Ky6. oM nas amS (kyOuyeckuii menHMerIp),

Ky0. cm g cM® (kyOHYCCKHE CAHTHMETp),

Ky0. MM Anst MM (KyOHueCKHH MHJITHMETD).

4.1.4. Hamepenue yrace

Epumuna CU yraa: [@] = papuan (pan), Kpome TOFo:
rpanyc (°), (yrnoeasi) mumyra ('), (yryiosas) cexyH-
na ("),

1 nomupii yron == 2m pan = 360°.

Yros oflpefieNsieTCsi KaK OTHOIIEHHE OXBaThl-
BaeMOR YIMIOM HYrH OKDYRHOCTH K PajuyCy:

=L
¢ = — pai.

CootHomenne MECHKNY CNHHMIIAMKM yraa

1 rpanyc (°) ==60 munyr (')=360(1 cekysz (7)
57

360° =6,28 pan 3°=1 pan
180° = 3,14 pan 1°=17,45 mpan,
90° == 1,57 pan 1/ == 291 Mxpan

- JHna u3Mepenuil YIJIOB CayKaT YIVIOMephl, 4YacTo CHaOxeHHEHe
sputensHoi TpyOofl (TeononuT).

O6patute BHHMaHHE:

@ HauMenoBanme efMHHUBI pajuan (pan) OOHIUHO YKa3bsaercs B (ob+
MyJax - TOJBKO TOTAA, KOTAZ ee MOXHO cIyTath ¢ rpagycom. [Io-
CKOJPKY 5T2 eNMHHIA ONpEfeJisieTcs KAK OTHOIIeHHe JHHeAmsiX
pasMepoB, OTHOIUEHHE pasMepHOCTell PABHO EHMHHIE, T. €. PajfudH
He UMeeT pa3MepHOCTH.

@ B xavecTee eNMHUIEI YIJIOB B TCONE3MH  HCNOJB3yeTCH  IOMHL.
100 ron = 90°.

@ TlpucraBku ans O0CpasoBaHHS EPAaTHRIX H JOJBHBIX EAMHMIL IIpH-
MeusioTCs TOJBKO € GAHHMIAMH PafiHaH H IOH.

“4.2. Enununa uaMepesus BpeMEHH

Ennnuna CU spement: [f] = cexyHna (c). Cexyupna paesna 9 192 631 770
nepHoAaM H3NYYeHHdsl, OTBEUAIOIIETO MNePeXOAY MEXAY JBYMS CBEPX=
TOHRHMH YPOBHSIMH OCHOBHOIO COCTOSIHHs aT0M4 He3uns-133.
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CootHoweyne MEXNY CnHHHIAaMHU Bpemeﬂn

1 cytku (cyv) == 24 uaca (u) =1 440 MHHYT (vun) = 86 400 ceryHu (c)
1 wac =60 mun=3600 c

O6parturte BHEHMAaHHE:

© [lpucrapky AJst o0pasoBamusi KPATHLIX H AOJbHLIX EAHIHI MpPHM2-
HAIOTCSL TONBKO € enuuuiel cekyuma (c).

@ Cokpaulenue cek (sec) mwe poityckaercsi. Cheayer nmcate: c. [Jas
H3MEPEHHs! WNH NOBEPKH BPEMEHH CJY¥KaT NEpHOSHYECKHE TPOLECCH,
HanpuMmep Kone6aHHsi (MasTHHKOBHIE Yachi, aTOMHBIE YACH).

4.3. Epunnua usmepenust Maccs

Epnnuna CH maccer: [m] = wumorpamm (kr}.

KunorpamM onperessiercss Kag Macca MemAyHapPOAHOTO npo-romna K-
JlorpaMMa — Xpausierocss B [lapuxXe IJIaTHHO-HPHIHEBOTO UMJHHAPA
BHICOTOM 39 MM M muaMeTpom 39 MM.

CooTHOIEHHE MEXJIY €AHHHIIAMA MACCHI

1 ®r==10% r==10% mr = 10° mxr
i pexkarpamm (par) *=10r
1 touna (1) ==1 merarpamm (Mr) = 10 penmtonu (at) = 10° kr

Epunnupl, e pxopsume B CH:
1 pamumas touHa == 2240 dyur (toproewil) ==1016,05 xr= 1,01605 T

1 xopotkas ToHHa == 2000 ¢yur CIIIA =907,2 xr =09072 7
1 ciar = 32,174 ¢y=T = 14,594 xr

1 ¢yur==16 yHumi ==0,4536 xr ==453,6 r
1 yunns ==0,02835 kr = 28,35 r

¥ Penonpayercs B ocHoeuoM B ITonbine, Beurpud, Accrpuin 1 YeXocAoBaKiH.

O6patuTe BHHMAaLHe:

® Epuumna maccw kapar (xap) npHMeHseTCs TOJLKO JJiS  BHpaxe-
HHsI MacCHl NParoucHHblX kamHefl u' xkemuyra: 1 kap = 0,2 r.

Macca ompezedsiercsi CpaBHEHHEM Ha pLiuaxnbeX (a4 He NPYKuA-
HBX) BecaX.

5. CTaTHKa, DABHOBECHE TBEPABIX T€A

Epnsuna CU cunt: [F] == netoton (H) =kr- ?M-

Enunnna, nomyckaBllasics K NpHMEHeHMo no 1980 r.: xunorpamm-
cuaa (kre).
CooTnolesre MeXAy equHHnaMu CHIB CM. B Tabn. T14.
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5.1, Cunnt

Cuanl — BekTOpuLe Beqwupnb. OmM  xapakrepuywTcs @eawiunod n,!
nanpaeseriuem Oedicreus. Ecnn cnam u3o6parkent) BeKTOpaMu, TO OHM

KWMeIOT BHJL CTPENIOK, OCTPUS KOTOPHIX YKASLIBAIOT HampaBJjenve, 8 ANUHA

Xapaxktepu3yeT BeNHuMHY crin. Cuny, npHAOKEHHY) K TBEPAOMY TeY,

MOXKHO nepeMelath TOJLKO BAOJb JuHHH ee feiicteha (KoanuHeap-

HOCTH BEKTOPOB).

Ecnn sa Teno AefiCTBYeT HECKONLKO CHJ, HX MOKHO CBeCTH K
ontoft pogrolelcrayioweld. OTaejbHBE CHALI HA3LIBAIOT (OCTABAAD-
wumy. O6beannesie COCTABJAIOIIHX B DPaBHOACHCTBYWOIYIO HPEACTaB.
JseT Co6ofi OmepaunMio reoMerpruecKoro cioxennn. Crocol 3anucy seg-
TOPHBIX BenuukH cM. B paza. 1.5.

O6paTuTe BuuMaHne:

© B nanewefiiem BexkTOproe O603mavenne LA CHA  UCNIOJB3YeTCA
TOMBKO B Tex ClydasX, KOTN2 CYLiEeCTBEHHO MX Hanpasjenne. Bo
BCeX OCTafbHHIX CJyd9asfiXx WMeeTcs B BHAY TOJBbKO BEJNHYNHA CRJIL.

“5.LL Cuabl, nelcTBYIGIIME O OfHOH NPAMOH

;
Ecan weckoJbkO CHA AERCTBYIOT BAONb ONHOR | o
nWHKKM, TO HMX paBROAEHCTBYWOINAas paBHa cyMMe
WIH PasHOCTH BeAMYHMH STHX cuA (B 3aBHCHMO- “

CTH OT WX HanpasjeHus), T. €. CHAH CKJafbiBas ,E-z‘ ;—;’
0Tca aarebpanyeckn:

M 51) | Fy=F+F | P

5.1.2. Cunpl, npusoXeHusie € oAHOH TOUKe

Eciu nBe cuinl NpUJoXeHbl K ORHON TOUKe, TO
¥X paBHoleficTByOlan oNpefeNseTcd OPaBHJIOM
napajnesorpavMMa, Jnarowasb napannesorpam-
#a, [OCTPOEHHOro Ha A2HABIX CHAAX, onpeAecssaer
BeJUURHY H . HallpasjeHne paBHoleificTByOmell.
Cunbl CKAANHIBAIOTCA TeOMeTPHYECKH?
> > >

Fp=F +F.

Besnuuny pasrogeficTByOmefi CHIH  MOXHO
BBIYHCAHTD.
Ecani
F, — peimauua pasuoneficTyiolefi Cunb,
F, — pennynua cocraBasomed 1,
F, — pemmmuna cocTapasioned 2,

v = o+ p— yron Mexpy cunaMu, TO WO TeopeMe KOCHHYCOB fiOJye
yaem

(M 62) | F =AfF}+ Fi+2FF, cos .
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Ecnn cunnl B3auMHO nepneHAMKYJNAPHH, TO Bopaxenue (M5.2)
yoporaeres, Tak kak cos 90° = 0:

(M 5.2a) | F, ==/\/ Fi+ FL l (reopema TTudaropa).

< Hanpapaenne pasronecTByrowell onpenelseTcs - COOTHOLICHHMH

. Fy NPT il T
(M 5.26) sma——F—psmv u smB_—F—p sin y.

Ecnu K TOUKe [NpUJIOXKEHO HECKONLKO CHA, TO Add OnNpele/ieHus
paBHOJJ.eﬁCTBYIOIL[eI':I CJelyeT COOTBETCTBYIOLee UuCno pas nocTpourn

napaasenorpamMmsl cudt. OJHaKo npoiue Boc- - ~
HOJB30BATECS  MHOTOYTOJBHHKOM chi. s F £

€ro moCTpoeHHsl HAZO MOMECTHTL Hawalo Bek- = [

TOpa mNochenyiollefl CHAB B KOHeL, BeKTopa '8 > 2
UpeAryILell, 8 3aTeM COERUHATb HAYAJO BEK- Fp N

'ropa nepBon CHJIBl ¢ KOHIIOM BeKTOpa locnen-

-He#i. Ecan MHOI‘OYFO.HBHPIK OKaeTCs 3aMkKHy-

TBIM, TO paBHoneucmonmaﬂ BCEX CHJI paBHa HYJO, T.€. BCe CHJIBL
HaXOIATCH B PaBHOBECHM, HX neficTBre B3amMHO YPaBHOBEUINBACTC S,
Cuan CKJI2ILIBAIOTCST TeOMeTPHUeCKH:

> > > >
Fp=F| 4} Fz + Fa.

5.1.3. Cunpt, NpHNOKEHHbIE K Pa3HbIM TOYKAM

Jna cloxkenus CuJl, NPHUNOKEHHBHIX K DAa3HBIM TOUKaM, CleLyeT nepe-
MECTHTb CHJHL BIOAb KX JHEHE JAeHcTBuA 1O TOUYKH DEpecedeHust I
sateM onpefieadTh paBHOAeHCTBYOULY0 IO mnpa-
Buwly napaJjuiesorpaMMa. lTaxkoe noctpoeHHe Mo3-
BOJISIET oNpefeNinTh BeNMMHHY H HANpaBlieHHe
paBHOIEHCTRYIOWLEH, HO He TOUKY €€ NPHJOKEHHS, 2 w——

“ %5
5.14. IapannessHele CHIB \

Jlunwm neficTBus papasiesbHEIX CH We nepecekaiTes. D sToM cay-
uae no6aBuM K KaxJoli cocTaBJsiollefl BCnoOMOTaTeNbEYIO CHAY, TAK
utO6Bl 9TH CHABI OLIIE PaBHH N[O BEJIHWYHHE K OPOTHBONOJOXHEL 0O
HalpaBJeHuio, T. €. HX paBHONeficTByIOIas 6bna paBHa HYymo. 3atem
HalileM pPaBHOMeMCTBYIOILYI0 BCeX HETHpPEX CHJ; OHA W NPEICTaBJsIeT
Ccoboél  MCKOMYIO - paBHOJeACTBYIowy0. Jlunns JeficTBra  STOH  CHABL



5.2. Pasnodicenue tun Ho coCTOBAROWUE M a3

IeJUT paccTosiive MeXHy ABYMS NPWIOKEHHBIMH CHJIAMH B OTHOLle-
HuH, 06paTHOM OTHOUIGHHIO CHJI:

\522
>
) s>
574 VAN
s ~
VA, 4 oo~
) // - v ~
- - '
CFag/A U AC Iz
i
il Lol
AR >
Peamh 'Fp

Oryollene paccTosHull OT napajenbublX CHJ IO JUHAH neficTBus
KX paBHOzeRCTBYIOIefl O6paTHO NPONOPLHOHANLEO OTHOIMICHHIO Bes
JRYuH 9THX CHA (DpaBHJO polyara):

M53) | FriFo=1l:in |

O6patnTe BuHMaHHue:

©® Ecy cnnpl napamnensnbl, mo HANpaBleHH B UPOTHBONOJOIKHLIE
CTOpOHB! (2RTHIAPAJLIeNbHE), TO PaBHOXEHCTBYIOL1As! onpeneNsercs
TeM Xe . coocoboM. Ho Touka npunoxenns -

PaBHONEHCTBYIOINEH B 5TOM Clly4ae HAXOLWT- _Vé
€Sl He MeXIY TOUKaMH NPHJIOKEHHS RaHHBIX ) g
CHJ, 2 N0 OJIHY CTOPOHY OT HHX. T

5.2, Pas.nq}xeﬂue CH/ HA COCTABJISOIHE

Uro6L pasmomKTh CRAL Ha COCTABIAIOLIKE, HE-
06XONBMO 3HATH HANpaBlleHne WKW BeJHURHY :
nocsennux. Hanpasnenme cocrapisiommx o6by- T
HO sajaerca. B 31oM ciyuae uepes Touxkm npu-
NOXKeHust cusl  OPOBOAAT JMHEE HX JeHCTBHS B
H CTPOST HA HHX mOapanjejnorpaMM. Moxso "*‘1','
TaKXe BLIYKCHHTD BEJNUHHY COCT2BJSIOLIHX, Che

Ecmn

F — Bennuuna cnam, pasnaraemofl Ha COCTaBAAIONINE,
Fy — Besuunna nepBoil coctasasiometi,
F3 — Bemunna BTOpOfl cocTasmomed,

> >

O — yron Mexny cunaMu F u Fa,
> >
B — yroa Mexny cnnamu F u Fy,
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TO
sina

™ f54) Fi= sin (@3- B) ’

' F,e=fp__SINB__

: sin (@ + 6) -

Yacto BO3gHKaeT 3afaya pa3NOXKEHW HAAHHOR CHJIB

B32UMHO NepneninkynapHue cocrapasioline.

Ha [QEe

Tax kak B a1oM Ccayyae o -4 P ==90° u sin p = cos &, BHpaxe:

nug (M 5.4) ynpowasotca:

(M 5.42) ' F, = F sin a=F_cosB, .
Fo == F cos o== Fsin p.

O6patuTe BuuMaHHe:

® Ecmn cocrasasiiommve F5 u Fs, Ba KoTOpHe
napanafenbssl OCAM MPSMOYTOJbHOH CHCTEMBI

F3 yacto obosuauaior Fy u Fy.

5.3. MomeHT crJb

o

iy

FI =Fs

F,=Feosa

pasnaraetcs cuna F,
koopnuuat, ¢ Fy #

«

Cuaa, npuslokeHnas g TBEPIOMY TeJly, KOTOpOe MOXeT BpallaThCs BOK-
pYr HEeKOTOpoli TOUKH, CO3MaeT MOMeHT cunn. JleficTBHe MOMeHTa CHJIH

AHANOTHYHO MACHCTBHIO napsl cun.

MomenToM cHITE OTHOCHTENILEO HEKOTOPOi
TOYKM Ha3LIBAeTCR BEKTOPHOe [poH3Bejle-
HHe CHJH Ha Kpatuaiillee pacCTOfHKe OT
oTOfl TOYKH [0 JMgUH NefiCTBUS CHABL

_ Enpumna CH momenta cumbi: [M] = H-m.
" Epununml, nomycKaBllnecsd K NPHMEHEHHIO N[O
* 1980 r.:¥re-m @ AuE-CM.

Ecan
- M — momeHT cuabl,
F — ppunoxennas cuna,
- I, — pacCTOfHMe OT UWeHTpa BpalleHus Ko
MeCTa NPUJIOKEHHA CHIL,
! — naupa  nepnemiuMKyJNspa,  ONYLIEHHOTO
H3 UeHTpa BpalleHns Ha JRHHIO Jel-

CTBHUS CHJIBI,
>
o— yroa mexpy cmioi F w Bextopom mo-
>

| loXeHus r, TO

i
i
| A
(M 55 | M=Fl=Frsin o,
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HJii B BHAE BEKTOPHOIO NPOHIBEIEHUNA

(M 55a) | M=7XF.

>

Moment cunm M paBes BEeKTOPHOMY NDOH3BEAEHHIO BEKTOpa [0-
> >

noxenust r "a cuny F.

MoMeHT CRJIE — aKCHaJbHLlF BeKTOp, OH llanpapjieH BAOAL OCH
spawienns. Hanpassjenne BexTOpa MOMenta CHIBI onpenemercsi npasu-
Jaom OypaBumKa, a BelnuuHa ero pasda M.
AxcnafbHele BEKTOPH He CBA3AHB! C ONpesc-
JNeHHOR JnHEef] HeficTBHf, WX MOMKHO [epeMe-
marb B NPOCTPAHCTBe NapasJieNbHO CaMHM
cebe (cBOOOAHBIE BEKTOPH).

Ecimn ma Teno, KOTOpOe wOXKeET Bpa-
HiaThCA BOKPYr KaKofl-nubo Toukn, aeHCTByeT
ONHOBPEMEHHO HECKOJIbKO CHJI, TO M ¢Jo-
JHEHHS MOMEHTOB STHX CHJl CJEIYET BOCMOJNb30BATHLCH NPaBHAGM CJO-~
KEHHA MOMEHTOB:

PesysbTupyiomnii MOMEHT CHJBl PaBeH CYMMe COCTaBJSIOLIHX MoO-
MEHTOB CHJL

‘O6paTrnTe BHHMaHHE:

Heobxonumo pasiauyath OBa cayyan:

® MowmenTs cua JexaT B oaHoi naockoctH. Hx cymma onpepeasercs
nyTeM aiare6panyeckoro CJOXEesHs: NPABOBHHTOBBiE MOMEHTH BXO-
IAT B CYMMY €O 3HAKOM MHHYC, 2 JIEBOBHHTOBHE — CO 3HAKOM
JIOC. '

® Fcin MOMeHTH CHJl JEXKAT B PasHHX IJOCKOCTAX, TO OCH Bpaile-
Hust He napamiesbun. CyMMa MOMEHTOB ONpelenaeTcst MyTeMm reo-
METPHYECKOTO CJIOXKEHHS.

54. Yc.nomm paBHOBECHS

Cuisi, neucmyfoume Ha TBeplOoe TeJO, MOTYT BhLI3BATL KaK NOCTylia-
TeJbHOE, TAK W BpallaTeJbHOE [IBHXKEHHe TeJa. Hto6b Teno Haxoan-
JIOCk B paBHOBECHH, HeoOXONUMO BHIIOJHEHHE ClelYOoLINX yc.nosmr

paBHOIleHCTBYIOKLlaﬂ BCEX lleHLTBleIL[,PIX Ha TEeJIO CHJ paBHa HYJIO.
CyMMa BCEX MOMEHTOB CHJI paBHa HYJIO.

Ecin cuisl jlexaT B ONHOH MNJOCKOCTH, odlyuaeM CAeayroouee
YCAOBHE PABHOBECHH:

M5 | Y F=0 YF=0 Y i=0o

T. €..

n n n
3 Fising;=0; ) Ficosa;=0; Y. Fil;=0.

i—1 i=} i=1}
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5.5. INMpocthie MamuHbY

TlpocTete MaImBEl CayXaT A TOrO, YTOOH H3MEHATh BENHUMHY HIH
"HanpaB/ieHHe NPHJIOKEHHLIX CHJl OpH Hew3MeHHOH 3atpate paboril. Pa-
6oToli HasHBaeTCsA TpOM3BeLeHWe CHAL Ha nepemetnerne. [Ipocrhie ma-
IIMHE HE MOTYT M3MEHWTb BeqwynHy pacots. Ecinm yMerbliaeTcs NpH-
JIOXKEeHHAS! CHNa, TO AONKHO YBeJHYuThCA NepeMeillenme. B cmay Bety-
. MAET «30J10TOC MPaBIIO MEXAHMKHU»:

To, uto ynaerca BelurpaTh B cuije, IPHXOAWTCA NpPOHIPHIBATE B MNes
peMeineHn .

5.5.1. Pomar

PuivaromM HaselBaercst TBephoe TeN0, Bpallalomeecs BOKPYT HEKOTOPOH
OCH.

Y o0nonseunoeo pruara OCh pacnonoxkeHa Ha ONHOM K3 KOHIIOB
H cuib, AeficTBYolne Ha Hero, anTUnapajiesvint (cm. pasa. 5.4.4).

Y

Y deynaeurnoeo pruara oCh pacnonoXena MEXAY TOUKAMH IPHIOe
JKeHHS CU1 ¥ CHJH napajsiedabHH (cM. pasp. 5.1.4).

Econ

Fy — cuna, ypaBHoBelumBaman Harpysky Fz,

Fy — narpyska,

1) —mnneuo CHJB, paBHOe PACCTOSHEIO N0 OEPHEHNMKYIAPY OT TOUKH |
ONOPH [0 JuHHM AcHicTBHA cuant Fi,

Iy — nneyo Harpyskm, paBHOE pACCTOSHHIO 0O NEPNEHINKYJSpY OT
TOYKM OIOPH [0 NuHHM AeficTBHS Harpyskm Fa,

TO, COTNaCHO MPaBuJy peiyara,

(M 5.7) | Fyly=Fal,.

Cuna X Tlnedo cunpt = Harpysaka X Tlnevo Harpyskh.

O6GpaTuTe BHHMaHHue:

® Ecin naeun puwara obpasyior yros, Mempuinfi 180° To Takofi pmi-
Yar HasoiBaercs yeaoguin podazosm. B atom cnyuae i w Iz Takme
0603HaYal0T PACCTOSHKE HO NepneHOuKyAspYy RO JHEWE JefcTBHS
CHJ OT TOYKH OHOPHI,
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5.5.2. Henonpnxubifi 610K

Henonsuxnblii 610K JeficTByeT aHalOrHYHO DaBHONJEYHOMY pHEHAry.
MowmenTsl cHdl, peficTByiomue ¢ ofenx  cTOpOH 6J0Ka, ONMHAKOBE, CO=
OTBETCTBEHHO OJNHHAKOBH W CHJIH, CO3Ja10LUMe 5TH MO-
MEeHTH. ¥ HENOABHXKHOTO 6JI0Ka

(M 5.8) I Cuna paBua Harpyske; Fy==Fj,

O6paTuTe BHHMAaHHE:

® Henopsuxuniii 60K H3MEHS€T TOJBKO HANPaBJeHHE
neficTBusl CHJIBL

5.5.3. TNoasuxubtii 610K

TlonBHKELE O6J0K JefiCTBYeT aHAJOTHYHO OfHOIJIEYHOMY |
peuary. OTHocwTesbHO NeHTpa BpameHus O relictByior
MOMEHTH CHJl, KOTOPbie NpH paBHOBECHH IOJNKHE ObITh
. paBHbL

F\2r = For Otciona

F
(M 5.9) Cusia paBHA OJOBHHE HArpyskw; Fi== TZ

O6paTtuTe BHHMauHE:
® Tloaemxnnifi 6510k H3MEHAET TOJLKO BEJHUYKHY CHJHL

5.54. CreneHuoil nonucnact )

Crelennoil  NMOJKCNAacT COCTOHT H3 N 6/710KOB, TaK YTO

Harpy3ka pacnpefiefifercs Mexny n BepeBkamu. IlpH
-paBHOBECHN ° 1

Harpyska

(M 5.10) | Crna =g = e or

=
I
=]
of

5.5.5. Juddepenumanbhbiii 6a0K

Ecnu AR

R — panuyc GonbLIOro HENOABHXHOTO 6JI0Ka,
r — pajuyc Majioro HenofiBHHOro Gokd,
F\, — npunoxentan CHia,
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Fg — parpyska,
TO

."" R—r Fy r
(M 5.11) F,=F2——EI-?—-_——2—-(1—.R_)_I

5.5.6. Hakaonnas nnockocTs

Haknonnast njiockoCTh — 370 TJIOCKOCT®, pacnoJso-
KEHHAA [oJ yryiioM K ropusonty, Cumiy Tsxectw,
NeiCTBYIOINYIO Ha Te/10, HAaXOJALICeCH Ha HAKJIOHHON
TJIOCKOCTH, MOXHO Pa3foXKUTh Ha ABe COCTaBJflo-
ue:

() CKaTbIBAIOILYIG CHJY, HanpaeBJeHHYI BAOJL HAKJIOHHOH NJOCKOCTH, H

@ HOpPMAJbHYIO CWy, HaNpaBJEHHYI0 DEPNCHANKYJSIPHO HAKAOHHOH
UJOCKOCTH. :

Ecau -
G -- cuna TsectH, AefCTBYIONIAs Ha Teno (Bec Tesa),
F¢o — ckaruiBatomas cuna,

7y — nopMasnbaas Ccmia,

b — #nvHa OCHOBAHWS HAKJOHHOH NJIOCKOCTH,

I — naviHa HAKJOHHOH MJOCKOCTH,

h — BHICOTA HAKJIOHHOH IJOCKOCTH,

o -— YroJ HaKJOHHOH MJIOCKOCTH,

170 Fe: G =h:l, nau

(M 5.12) Fc=§l£=G sin q,
a' Fu:G=0b:l win
(M 5.13) FH=—Gli=Gcosoc.

5.5.7. Kann

K-HPIH COCTOHT H3 JIABYX HAKAOHHBIX HﬂOCKOCTCﬁ, OCHOB&HNs1 KOTOprX
conpukacaiorcs. CuAbi peaknuuy NEpreHauKyJsapHel GOKOBHIM TpPaHM
KJuHa. J ; -

Ecmn

F — cuna, peficTBymollias H3 OCHOBAHHE KJHHA,
Fy—- canpl, pedicTBylolde Ha GOKoBHE TpaHu
KJNHA,

¥ — [IMPHHA OCHOBAaHMA KJHHA,
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§ — juuHa GOKOBOHl rpanu sKiuna, r
€ — [0OJIOBUHA YTJIa TIPH BepUInHE KJHHA,

TO

[
¢

s F

M 5.14) | Fym F— =

5.5.8. Buut

BrET MOXKHO NpEJCT2BIATb KaK HAKIOHHYIO [JOCKOCTb, HABHTYIO Ha
och. .

Ecnu

F1— cuna, peficTeylomas Ha paccros-
HHH 7 OT OCH BHHTZ H HEOOXo-
AuMas ans NOBOPOTa BHHTA,

Fz—cuna, peficTByollasi B Hanpablie-
HHR OCH BHHTA,

h — war suaTa,

r — cpenaufl paauyc pe3nbn,

0 - yrosl HakjJona pe3bbel (HAKJIOH-
HOH ITOCKOCTH), :

TO Fi:Fe=h:b=1{ga, win

(M 5.15) | F,=Fatga. |

Ecng cuna F; npwioxena Ha He-
KOTOPOM * paccTositid R OT ocH BHHTA,
10 Fi:Fo==h:b =h:2nR, wau

Faqh

5. S b
(M 5.16) | Fy onp
5.6. PasHosecue

5.6.1. Ilentp mace

Cuna tsa:xecTn, JefCTBYOlUAs Ha TEJO, PABHA CYMMe CHJ TFIKECTH,
ACHCTBYIOMMX Ha SJEMEHTH €ro Macch. PaBHONGHCTBYIOIasd STHX 3ie-
MEHTAPHBIX CHA TIPHJIOXKEHA K LeHTPy Macce TeJa.

Ins skcneprMeHTaNbHONO oONpeleieRus NOJOMEHHS IIEHTPa Mace
AOCTATOYHO NOOYEPeJHO [MOABECHTh TeJl0 3a [iBe pasliiuHble TOYKH
Ha ero NOBEepXHOCTH H [POBecTH Uepe3 TOWKH TOABECA BEpTHKAaJ.
Hepecevenne stux smmuii (nnHwil [eficTBuS CHA TAXECTH) M AAeT MO
JIoXeHne HeHTpa MacC Tena. '
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Llentp Macc Tena npencraBnser cob60fi TOUKY NpPHIOMEHHS PABHO<
IeficTBYIOLIeH 3JeMeHTapHEX CHl TaXecTH. llewtp Macc Tena mo-
ET pacrmoJjaraTbCs BHE CAMOTO TeNa. ’

TosoxKekne LenTpa Mace MOXHO BHIUHCJHTB, BOCIOMB3OBABIIHCE
NpaBUIOM CJOXeHusi MOMeHTOB (cM. pasp. 5.3). Corsacto stomy npa-
BHUJlYy, MOMEHT CHJL TAXKECTH, MPHIOXKEHHOH K NeHTpy Mace, OTHOCH-
TEJILHO NPOH3BOJLHOK OCH JOJKeH OBITh PaBEH CyMME MOMEHTOB BCEX
SEMENTAPHLIX CHJ TAXECTH OTHOCHTENLHO 3TOH OCH.

Ecan
G . ~— CHJla TAKECTH, peficTBylollas Ha Tefo (Bec Tena),
m - Macca TeJna,

— 00BeM, ,
AG, Am, AV — Bec, macca ® oObeM OTHeMbHMX SJeMCHTOB  TeJa,
X, Y. 2 - KOOPAMHATH! LleHTpa Macc sjeMeHTa TeJa,

TO, COrJlacHo IpaBuJly CJOXKeHH MOMEHTOB,
mG=) %xAG;, yuG=) yAG; 2,G=) zAG.

Tockosery G = mg (M7.2), BHpamKenus#i MOXHO COKpaTHTh Ha
BellnyuHy g:

S Xpin = Z xAm wn 1. o

Jns onmopopmbix Ten (T. e. Tedl, MAOTHOCTL P KOTOPHX HE 3aBH-
CHT OT KOODIHHAT) ypaBHEHHst YIPOIMAIOTCHA, TaK Kak m = Vp
(M7.3); Torna

2wV =Y xAV; V=Y yAV; @V =3 zAV.

OTCIOJJ,Z! noJiyuaeM KOOpIHHATH LeHTpa Macc ORHOPONHOTO Tena

v 74 Vv
(M 5.17) xu=-—z—;—A——; yu=2._y_A_.- — ZZA

V H zll 'V -

AnasornuHo onpenensioOTCs KOOPJMHATH LEHTPa Macc IIOCKOH (e
rypo:

x AA y AA
(M 5.18) xu=——ZA : yu=——ZT—-

H JHHHM:

: Al
(M 5.19) Z’.‘ﬁl. Z ya . l
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5

Tpumep

KoopaueHATH IeHTpPa Mace MJAOCKOR ¢urypel, H3obparkeHHoil ma pu-
CYHKE, MOXKHO ONpeleflNTh 10 KOOPAHHATAM IIEHTPOB MacCC ee HacTtedl;
BOCNOJL30BABUINCH opmysamu (M 5.18):

o — %141 - %243 4 %243
t At 4+4; 7

_ Y1l yaAe ¥ yads

Yu= .
A Az A4s
Y
\ Y,
/
\\ /
\ \ ’
\/ N/
Y K0 \ /
- —— e e N e A S
-8s //LlA\ ‘\\ /7/' ;}R\O S
\ 7 !
o 5~ =Y d——— 3¢ 0. \
¥ FARERN /5?(.\2\ /{ i
AR R N AT
€ Iz &g X

Ob6paTuTe BHHUHMaHHE:

® [lns BhiuHcneHus nenTpa Mace HeOOXOANMO B8HATH INOJONEHHE IEHT<
poB macc sjiemeHToB AV Tesna. Ecnn me yznaercss pa36uth Teso Ha
9JIEMEHTE € M3BECTHEIMM- MOJIOXEHHSIMH IEeHTPOB MacC, TO mpube-
TalT K NOMOIH AubGdepeHIHaNbHOTO HCYHCIEHHS H MEPeXOAsT K
GecKOHeYHO MaJjbiM sneMenTaM o0BeMa UpPH YCJIOBHH, 4YTO (HOpMY
TeNa MOXKHO ONHCATB HEKOTOpOH MareMmaTHueckofi Qymkumeil. Torma

1 i i
(M 5.20) xu=-[—/-gde; yu=T,-Sde; zu=—V-S?dV.|

AnanOrvYHLIME BLIPAMKEHHSIME OMNPEJeAAl0TCA KOODAHHATH UEHTPa
Mace naocKoii (pHUryphL.

5.6.2. HMonoxenve paBHOBECHS
B 3aBHCHMOCTH OT TOr0, Kak IepeMeIlaeTcsi LEHTP Macc Teia, Koraa

Tel0 NMPUBONAT B JBMIKEHHE, OHO MOXeT HaXOAHTBCS B YCTOAYMBOM
HEYCTOYNBOM M GE3Pa3NHyHOM PaBHOBECHH,
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CnpaBounas taéauua

YcroityuBoe paBHO-

Ilpn cmeimenun Tema LEHTP
Beciie

Macc nooHuUMAaeTCH

Heyctoituusoe pag- IMpr cMewenun Tena meHTP

Dy (6

_Hopecne Mace OnycKaercs
Bespasnuuroe pas- IMpr cMmemenuu Tela LEHTP
HOBECHE ‘ Mace OCTaeTcss Ha TOM IKe
ypOBHe i
5.6.3. YeroitunsocTb

Honoxenne Tena ycToliunBO, ecM OnyuleHHas M3 €ro LEHTpa Macc
BEPTHKAJb NPOXOAUT BHYTPH KOHTYpa, OOPa3sOBAHHOIO TOYKAMY OROPBL
Ecau e sTa BepTHRajb NPOXORUT BHE YKA3aHHOMO KOHTypa, TO pas-
HOBecue HEYCTOUYuBO ¥ HOpH MajeHIleM TOJNYKE TeNO ONPOKHHETCH.
Mepoii  yeTofluupOcTH Tesia CAYKUT BeJHYMHA MOMEHTA, (PHBOJSIIErO
K ONpOKHABIBAHUIO, KOTOpHIE nomkeH ObiTh 1o Kpaiineli Mepe papeu
MOMEHTY CHIB TSXecTH, NPeNsTCTBYIOL{eMY ONpPOKHIBIBARHUIO.

Ecan F
-
h — paccTosiHue TOYKM NPWJIOXKEeHHs ONPOKHIEIBAIO-
meil CHJBL OT NJOCKOCTH ONOpSI, 0
!l — paccTosiKe OT DPOEKUUH [leHTpa Macc ga IJio- Q <
CKOCTb OTOPH! JI0 OCH ONpPOKM/LIBAHH, G
G — Bec Tena,
F — onpokunbiBaiomas cuJa, - 1

TO [PENATCTBYIOMHKE ONPOKUABIBAHMIC MOMEHT PpaBeH ONpOKHIBIBAIO«
memy. momenty, Gl = Fh, 1. e.

M521) | F= ﬁh‘—

VerofunBocTh Tesa TeM BHILUE,

@ ueM Goabule Bec tena (F ~ G),
@ ueM Gonbwe mnowans onopel (F ~ [y,

1

@ ueM HMKe NpuJoXKeHa ONPOKHABIBAIOMAS CHJA (F ~ —h—).

6. KntemaTtuka

Kunematukoil naseiBaeTcs pasges MeXaHHKH, B KOTOpOM H3Yy4aioTCs
3aKOHB! JABHXEHHs 0e30THOCHTENbHO K OprYuHaM 3TOro ,U,BPI)KelfI_PIﬁ.
Paznnyasor ABa THnA ABHXEHHH:

nocTynaTesHOe [BUKEHHE M BpaluaTenbHOe JBHXKEHHE
(eM. pasn. 6.1) (cM. pasp. 6.3) 7/
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O6patutre BHUMauHeE:

HlayyaeMble B KHHemaTuKe BeJMYHHBD :
© — nepeMeilienye (0yThb) S, CKOPOCTH ¥, YCKOpelue 4,

— YraoBasi CKOpPOCTH ) H YIJOBOE YCKOPEHHe O

ABAAIOTCA BelMYHMHAaMM BeKTOPHEIMH. OfHaKo npH JHanbuefilieM pac-
CMOTPEHHH OHH 3alHCHIBAIOTCS B BeKTOPHOH (opMe TOJBKO B TOM
cnyyae, KOrfla BaXKHO HX Hanpapienne. Bo BCex oOCTalbMBIX CJydasx
paccMaTpuBaeTcs TOJNBKO BeJIMYHHA COOTBETCTBYIOUUX BEKTOPOB.

.
6.1. Moctynatensnoe psuxenne

Cnpasoynas taGantia

Bz ‘;‘;ff;ﬁg;j;im’“°'° Cxopoctb Yexopenne pg;;:e 1

PasnomepHoe Ilocrosuna Pasxo Hy.io 6.1.1

PaeHomepro yckopernoe Hamenseresn INocrosinuo 6.1.2
paBHOMEPHO

HepaBnoMepHO yCKOPEHHOE Vismensieres Hsmensietes 6.1.3
HEPABHOMEPHO

- CoOTHOIIEHHs] MeXAY CKOPOCTBIO, nepeMelledueM H BpeMeHeM st
BCEX BHJOB INOCTYNATEABHOIO JABHXKEHUA MOXKHO OUDPEHL/HTH, HCHOJL=
8ya rpaduk ckopoerH (3aBHCHMOCTH ¥ OT [).

T'paduk no3poJsier onpefeluTs BeaWsHHY CKOpO- U
cTH B Mo6oH MOMEHT BpEMeHH H HepeMelleHHe

Tefla K 3TOMYy MOMeHTy (OHO paBHO RNJOWALH I

NnoJ Kpusoit). . N
Kpome TOro, mas ycraHOBJeHHs 3aKOHOB | [

JBHIKEHHSA, T. €. COOTHOIUEHHA MeXAy HasBaH- f T

HHIMH  BEJIHYHHAMH, yAOOHO BOCHOJB30BATHCS
rpadguKoM nepemelllenns (nytH) (3aBHcHMOcTs § oT f) W rpadukom
ycKoperusi (3aBHCHMOCTE a Ot f).

6.1.1. PagrHomepuoe nocryna're.nbﬂoé EBIDKEHHE

TlocTypaTgnblioe NBHKEHHE Ha3biBaeTCs PABHOMEPHBIM, €CJIH OHO Npo-
HCXOAHT C MOCTOSIHHOPR CKOPOCTBIO U, T. €. TefO NMPOXOAMT OJHHAKOBile
pacCTOsiHUS 32 paBHLIE NPOMEIKYTKH BPEMEHH,

Ecnn v ;
o " s U=const
U — CKOPOCTL Tela, NOCTOAHHAs k - T
B TeYeHHe BpeMeHH f, s s
§ = NepeMelleHHe Tela . 3a 3TO ,
BpeMsI, g7 e Lo

¢ — BpeMs ABUKEHHS, . AT S Z
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TO, NOCKOJIBKY INE€pPEMCINEHHe § pABHO IJIOMALH npﬁmoyronmmxa Ha
rpa(buke CKOPOCTH, HMEEM § == vf, UK

(M 6.1) v=it.

CKOpOCTb[O’ paBHOMEPHOI'0 ABHXKEHHAA ¢ Ha3bIBAETCsI OTHOLUEHHE
nepeMelnenns K 3aTpayeHHOMY Ha Hero BpeMEHH.

Enpnnuna CH ckopoctu: [v] = m/c.

CooTHolEeHne MeXAY €ANHHUAMK CKOPOCTH

1 m/e=23,6 gmfu; 1 xM/u=0,278 m/c
Epynnnuel, ve pxopsmue B CU:
MOpCKasi MHJsS

1 y3en (ya) =1 s

= 1,852 km/u=0,514 m/c

1 muna B yac (Muis/uac = muns/y) = 1,609 rM/u=0,477 m/c
{ apn B cexkyuny (apn/c) =3294 kMfu=09144 mfe
1 ¢yt B cexynny (dyr/c) =1 0973 KM/u=0,3048 m/c

6.1.2. PadpsioMepHO yCKOpeHHoe INBHMKEHHE

Tlocrynatenbpoe ABHIKEHHE HA3bIBAETCS PABHOMEDHO YCKOPEHHEIM, ECH

@ YyckopeHHe a == const, uau
® cropocte v ~ /L.

Ecan

Q@ — YCKOpeHHe,

Av — n3Menenne ckopocTH (YBeNHYCHHE HAM YMeHbIIeHHE),

Af — BpeMms, 32 KOTOpOe NPOUCXOLHT H3MeHeHHe
CKOpOCTH,

T0

Av
Av

(M 6.2) a= —At—. i

¢ z

Ha rpaduge CKOpPOCTH YycKOpeHHe XapaKTEpH3YETCS TaHFeHCOM
yria MeXJy KacartejbHOM K CKOPOCTH H OChI3 BpeMeHH:

a=lg

B cayuae paBHOYCKOPEHHOTO ABHXKEHHSI YCKOpEHHE HAeTCsi OTHOWe-
HHEM M3MeHeHHs CKOPOCTH K MOTpeGoBaBmieMYCs JJf 3TOFO BPeMeHils

Epusuna CU ycropenus: [a] = m/c,
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O6paTHTe BHUMAaHHE:
@ 3aMenjense OTJHYaeTCs OT YCKOPEHHSl TOJNBKO SHaKOM (OTpHua-
TeJIbHbIM) 4YHCJEHHOTO 3HAYCHHS.

Yckopenne: a > 0. 3amengenne: a << 0.
Ilpy paBHOMepHO YCKOpDEHHOM HABHXEHHH HAA0 pasjudarth [Ba

ciyyasi: JBHXKeHHe 0e3 HayaJbHOH CKODOCTH M JBHXEHHE C HadafdbHOH
CKOPOCThIC. -

JAsnixenne 6e3 HauaabHoOl CKOPOCTH
Teno HauMmaeT ABHTaTbcs pABHOYCKOPEHHO H3 COCTOSIHHSI HOKOS.

i

Ecnu s

U — CKODOCTb Teja 4Yepe3 NMPOMEeXYyTOK BpeMeHu I,
§ — nepeMenlenye Tesa 3a BpeMs I,

1 — Bpems, R
a — YCKOpeHHe, NOCTOsSIHHOE B TEUEHHE BpeMeHH I,

S~z

TO, NMOCKOJBKY HA TIpadHKe CKOPOCTH NepeMele- -
HHE DPABHO NJOIAJH TPEYTONbHHKA, HMeeM

<

uf
M 6.3) s=r7 '

HJH, yuuteieas (M 6.5), Y

at?
5

M 6.4) s

)

(AN
H
Hocxo.nbxy JABHIKECHHE HAYNHACTCS K3 COCTOAHHA IIOKOs, U3MEHEHHe

CKOPOCTH DaBHO BeJHYMHE CKOPOCTH, MOCTHTHYTOH K MOMEHTY Bpes
MeHu f, u pasetictBo (M 6.2) npummMmaer Bup,

‘™ 6.5) l v = af, I AR gwconst

Hs ¢dopmyan (M6.5) cnenyer ¢= v/a. z,/
Honcraeue 510 paBenctso B Qopmydy (M 6.3),‘ y
HONYYHM |

M 66) | v=1/Zas. | ty

Cpennss CKOPOCTL U [BHXKEHHMsl DaBHa cpenmeMy apudumernues
CKOMy HayaJbHOH M KOHeYyHOB cKROpocTed

- 040 v v
U= 5 =7 WM

™

(M 6.7) U=
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JipuxeHne ¢ HAYAJLHON CKOPOCTBIO

HauaJbeast CKOPOCTb ©p, T. €. CKOpOCTh, KOTOPOH Tej0 06Aajajo B
MOMeHT BpeMeHu { = 0, H3MensieTcf pDaBHOMEPHO Ha sejuunny Av
(yCKOpeHHe IpH 3TOM IOCTOSHHO).

Ecnu v
Up — HayasubHas ckopocTh B moment £=0, 0 ________ __
0 — KOHEeUHasi CKOPOCTh TeJa, _ ___-r-"" _I-Av
S — mepeMelleHye Tena 3a BpeMmd i, v”l [
t — BpeMmsi, NPOAO/IKHTENBHOCTH PaBHOYCKO- ) SI
PEeHHOrO JBH¥KeHHS, { 7
a ~ YCKOpeHHe, [OCTOSHHOE B TedeHHe Bpe-
MeHH 1,

TO, NOCKOJIbKY NPOfijleHHH#l MyTh COOTBETCTBYET NJIOL(aZH TPameunH Ha
rpayKe ckOPOCTH, HMeeM

(M 6.8) s=ﬂ—;t3 . i

Janee, naoijaip TpaneluM MOXKHO [PEACTaBUTE KaK CymMy [Joila-
Jiell OpsAMOYTOMBHHKA W TPeyrojbHuKa, § = vof +

+ (—U:Ez—)?li, OTKyna cllenyer

2
M 69) | 5= 0ot + %—

U3 rpadura ckopoctu caefyer v = vo -+ Av, Tak yro B COOTBET-
cTeHH ¢ BHpaxenpeM (M 6.2) nonyuaem

M 6.10) | v=0o+at. |. lljf

2

Pemns ypasrnenne (M 6.10) otHocHTe/BEHO
H TOAcTAaBHB pesyibrar B (M 6.8), HaiieM Up
2

’ 02 - 00 S
Tlocae HpeoﬁpaSOBaHl/Iﬂ 00Jayylm

§= |

2a 7
BHIPaXKeHHE, He CONEPIKaee BPEMEHH: )

I s
]2
(M 6.11) | 0=A/c} +2as. N S
Cpennsisi ckopocts U B AaHHOM Clyuae paBHA 4s
sif———pfmm
. _©otu at s AT 5

M 6,12 f=———=yy + o=—, 1 (-
( ) 2 2 t i 2 t




6.1. Hocrynareastoe dsunenue M &7

HJIH 84 MPOMEXYTOK BpeMeHH A! PaBBOYCKOPEHHOIO ABHMKEHHS

s
At

(M 6.13) | 0=

Ecju 00 ycnOBHSM Sapaud cjefyeT YYecTb nepeMelleHHE Tesa So
E MoMeHTY fo, TO B3 dopmya (M 6.8) u (M 6.9) nonyuum

vo-l-v

(M 6.14) S"—'—‘So+ t—So+Uot+——

v

O6paTuTe BHHMaHuHeE:
- @ ®opmyart (M6.3)—(M6.7) npencrapasior 0
€060l 4acTHEe caydau dopmya (M 6.8)—
(M6.12). Eciu gBmeHHe HaYHHaeTCH S

M3 COCTOSIHHA NOKOfA, TO vy == 0.

©® [Ipm papHO3aMexpdeHHOM [ABHKeHHH (3a-
MelJeHne fpefictaBiasieT coGoll OTpHua- -
TeJBHOE YCKOpDeHHe) BenHYMpa @ OTpHua- - |
resbia. CKOPOCTL © B STOM ciyuae yMeHb- - |
maeres (0 < Ug) 4 Teno MOMKET OCTaHO-
BUTECs (0 = 0) wuau HauaTe [BHUCATHCS
¢ OTPHLATEeAbHONH CKOPOCTHIO.

- ————

6.1.3. HepaBHOMepHO yCKOpEHHOe NOCTYNATENbHOE JBHIKEHHE

INocTynaTensHoe ABHMKeHHe HASHIBAETCS HEPABHOMEPHO YCKODEHHEIM,
€ClH H3MEHEeHHe CKOPOCTH NPOHCXOAMT He NPOLOPIHOHANBHO BpeMEHH,
T. €. YCKODEHHE Hé pocTosiBHO. B 3TOM cayuae B CKOpOCTb H YCKOpes
uHe sBASIOTCR GYUKuusivu BpeMerH: v == v (f); a == a(f).

CefAab BeUYHE §, U B @ UpeACTaBJeHa HA TPpapuKax.

MrHaosenHasa CKOPOCTh

' g . a a=5(t)
[No rpabuky nepeMeuienHsi MOXKHO OnpesenHThb
paccTosHHe, OPOHACHHOE TelloM 3a AaHHLE OPO- “
MeRYTKH BpeMend. Yem Kpyue rpaduk nepe- ," Ul ..h
MeLleHHs], TeM Goabule B A2HHL MOMEHT BpeMe- [ HES

HE MTHOBEHHas CKOPOCTh.
Ecan

o — yroJ MexILy KacaTeJbHOH H OCLIO BpeMeHH,
U ~<x MTHOBEHHASi CKOPOCTb B MOMEHT BpemeHH £,
s —nepeMemeHue Tejga K MOMEHTY BpeMeHH {,

10 {v} = {g o, uan

W68 |v="15—s
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MryoBeHHOI CKOPOCTSI0 HA3LIBAETCH [ePBas NPOMABOAHAA (GYHKUUH
s = s(f) no BpeMenu (v = §).

O6paTtvTe BHHMaHHE

©® /17 BbUMC/eHHS MTHOBeHHOH -CKOPOCTH U He- O
OBXOOHMO 3HATHL 3aBHCHMOCTB IlepeMellleHus

OT BpeMeHH. . ds
® Oopuysner (M6.1) u (M6.3) ssasiorcs yact- dt

HeIMH cJay4aaMe ¢Gopmynas (M 6.15) coot- o

BETCTREHHO 7yisi a = { u a = const. f 7

W3 ¢opuyisr (M6.15) caepyer ds = vdt. IlpounTterpuposab obe
9aCTH BHIPAXKEHHs], [ONYIUM )

S ds== S vdt, win

M 6.18) | s =S v di.

l I'Iepemeule}me €CTh HHTerpaJ 1o BpeMeHH OT CKOPOCTH.

O6patHTe BHUMAaHHE:

® /lyisi BHYHC/eHHST S HeOOXOIMMO 3HATh SaBHCHMOCTH CKOPOCTH OT
BpeMeHKH.

Cpepnsiga cKOPOCTb

Tlo onpenenenuio

C ITepemeinenue
eIHASA CKOPOCTh == -
pea P "~ Bpems nBHXKeHHs

M 6.17) | b= %;

JJi HeKOTOPOro HHTEpBajla BpeMend

S — 81 As

M618) | 6= F =gt =37

MrHogeHHOe YCKopenne

IMo rpadUKy CKOPOCTH MOMHO ONpPENENHTb CKOPOCTh B JOCOH MOMEHT
ppemenH. YeM Kpyue KpHBas CKOPOCTH, Tem OoJiblie MTHOBCHHOE YCKO=
pende B AaHHbIA MOMEHT BPeMEHH.
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Ecan

P — yron MexIy KacaTeJbHO{i H OCbIO BpEMeHH, v
4 — MTHOBEHHOE YCKOpeHHWe B MOMEHT BpeMeHH I, dv
U — MTHOBEHHAas CKOPOCTb B MOMEHT BpeMeHH [,

10 {0} = tg B, nmm . dt

(M 6.19)

pPOCTH 1O BpeMeHH (@ == 0) HJH BTOpas MNPOH3BOJHAST HepeMeLieHHs

l MrHOBEHHHIM YCKOpEHHEM HAasbBaeTcsl pepsas IPOM3BOAMAS CKO-
110 Bpemenu (a == §).

O6paTuTe BHHMAHHUE:

@ [na ornpenesieHUs1 MIHOBEHHOTO YCKOPEHHS HEOOX0[MMO S3HATh 34-
BHCHMOCTE CKOPOCTH WJIH hepeMellleHue OT BpeMeHH.

® Popmyna (M6.2) saeasiercs yacTHbM cayuaem Gopmyasr (M 6.19)
ona a == const.

Us dopmyast (M 6.19) crenyer dv == adf. Ilpomnterpuposae o6e
YacTH BEHIPAXKEHHd, NOAYIHM

S dv=gadt HIH

2]
M 6.20) } U=S adt.
ty

B CkOpOCTb eCTh MHTErPaJ O BPEMEHH OT YCKOpEHHsL.
O6paTtuTe BHHMAaHHUE:

® /lns BHIYHCJEHHS U HEOOXOAHMO 3HAThH 3aBHCHMOCTb YCKOPEHHS OF
BpeMeHH.

@ ®opmysa (M65) npencrapaser co6of wacTHB cayuadi opMysst
(M6.20).
‘CpepHee yckopeHHe
Hamenenne ckopocTH
Bpemsa pBuxenns

Cpennee yckopenne == ,

uu axanoruuno dopmyne (M 6.2)
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JJ19 HEKOTOpOTO MHTEepBaJjia BpPEMeHH

™62 |a==22=

6.2. Tlanenue Ten

6.2.1. CroGoasoe majenue

CeobonHoe najesde npeAcTaBAsieT co6Of YaCTHHI Clydadi paBHOMEPHO
YCKOPEHHOro IBMXeHHs 6es HayaibHoli ckopocrn (cM. pasg. 6.1.2).
YcKkopeHHe STOro MABHXKEHHSI PaBHO YCKOPEHHIO CBOCOLHOrO NafeHHs
(HaskHBAeMOro TAKKe YCKOpeHHeM Cuibl Tsxectd). Jns storo nphxe-
HuS crpasensusl Gopmynst (M 6.3)—(M 6.6).

Ecau

© - CKOPOCTb MajieHHs Tejia CIycTs Bpems I,

g = 9,81 m/c2 — yckopenrne cBOGONHOrO Najenys,

h — BHICOTA, ¢ KOTOpPOH mnanaerT Teno (paccTOsHHE, ApOiiLenHoe 32
BpeMs f),

! — BpeMs, B TedeHHe KOTOPOro INpPOLOJXKAJOCH najeHue,

10 u3 Qopmyn (M6.3)—{(M 6.6) caenyer

™ 623) | n="L,
2
2
(M 6.24) h=§2?—,

M 6.25) | o=gt, |

(M 6.26) | v=+/2gk. |

O6paTtute BHUMAaHHE:

® ConpoTuBneHHe BO3AyXa B MaHHRX (QOpMYynax He yuursigoercs.
@ Yckopenne cBOGOAHOrO NajieHHs HMMeEeT NpHBeAECHHOEe 3HAYEHHE
(g = 9,81 wm/c?) BO6JM3H 3eMHOH [OBEPXHOCTH. 3HAUEHHE g Ha
JpYraX pacCTOAHHSX OT moBepxHocTH 3eman: cM. Gopmyay (M7.71).

6.2.2. D srxenne tesia, 6POUIEHHOTO BBEPX

Tene, Gpowennoe BepTHKAMBHO BBEPX, ABHIKETCH paBHOMEPHO 3aMel-
JIEHHO ¢ HauanbEOll CKOPOCTBIO Uo H YCKOpemHeM a == —g. Ilepemelue-
HHMe Tena 3a BpeMs ! npenctapjaeT cofofi BHicOTy noibema k. Jlas
olr\rlflcaﬂnﬁ 9TOT0 gBMXKeHHsi Bocnojb3yemcs ¢opmynamn (M 6.8)—
(M 6.12). .
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Ecnn

0o — HayasbHasl CKOPOCTb IBMKEHMSA TeJsa,

¥ -~ CKOPOCTb TeJla 110 MCTEYEHHH Bpemenu f,

g = 9,81 M/c? — yckopenue cBoGOAHOTO Na/eHHs,

h — BBICOTa, HA KOTOPYIO MOAHMMAETCS TEJO 3a BpeMms f,
t — BpeMs,

To U3 dopmyn (M 6.8)—(M 6.12) cnepyer

M 6.27) | h= % f,

2
M 6.28) | #— oot — %,

(M 6.29) | v=100—gt, |

(M 630) | v= /\/ vi — 2gh.

O6paTuHTe BHHEMaHuE:

@ !Ipuxkenne Tena, OpOIIEHHOTO BEPTUKAJHHO BHMS3, TPEACTaBJSIET CO-
6ol paBHOMEPHO YCKOpEHHOE IBHXKEHHe C ycKopeHHeM a = g. Has
€ro OMHCAHHMA MOXKHO BOCHOJb30BaThes  Gopmynamu (M 6.28)—
(M 6.30), moMensiB B HHX 3HAK <—>» Ha «-{-».

@ CompoTupJieHHe BO3AyXa B AaHHBIX (GOpMYJAX He YUUTbIBOETCH. .

‘Teno, OpollepHOE BepTHKANBHO BBepX, JHOCTHraeT MaKCHMManbHOL
BLICOTHI B TOT MOMEHT, KOrJla €T0 CKOpPOCTb OOpallaercsi B HYJb.

Ecnu

hy — MakcHMalbHasi BHICOTA NMOABEMA TeJa,

vy - HauaJpHas CKOPOCTb Tesia, OpOMIEHHOTO BepTHKANBHO BBEpX,
tpy — BpeMsl, 3@ KOTOpPOE TENO IOCTHTaeT BBICOTH Hy (BpeMst MombenMa),
g =981 M/c2— yckopeHHe cBOGOLHOrO MAAEHUST,

70 u3 Bolpamenns (M 6.30) nas v =0 crenyer

M 631) | hy = —,

a n3 peipaxenua (M6.29) ana v =0 —

U,
M 6.32) | tru =—g°—.
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6.2.3. Caoxenne JBibxeHni, HANPaBAENHLIX [OA YIAOM APYT K APYry

Teno MOXeET ONHOBPEMEGHHO YYacTBOBATh B HECKONBLKHX MOCTYHaTelbe
HbIX npHXKeHHUsX. Ilockoneky yckOpenne, CKOPOCTbB H NEPEMElleHHe 5B+
NAIOTCH  BEKTOPHBIMH  BEeNWYMHAMH, HX
MOXKHO CKnaJpBath MO 3aKOHAM Bek-
TOPHOrO (rEOMETPHYECKOr0) CNOKEHNS,
T. € IO NpaBuny Dapajjenorpamma,
COOTBETCTBEHHO MMEeM

> >
Ssp=S1-+ 83 Up=0v1-}0s OCp=0ar+} 0

> > > > > > >

BenmunHy pesynbrupyiouteli mofofi XAPAKTEPHCTHKY ABHIKEHHS He-
CNOXKHO BHYHC/HTE. [Tokaxem 9T0 Ha mMpuMepe CKOpOCTH.

Ecnu

Up — BeJIHYUHA DesyNbTHPYIOLIeH MTHOBEHHOI CKOPOCTH,
U1 — BEJHYHHA MIHOBEHHOH CKODOCTH JABHIKeHusl 1,

Us — BEJNYHHA MIHOBEHHOH CKOpPOCTH IBHIKEHus 2,

o — yroJ, o6pasyeMellf BekTOpamH ckopoctet 1 n 2,

TO N0 TeOpeMe KOCHHYCOB TOJYUYHM

v, = r\/vf + v_g -+ 20,0, cos a.

(M 6.33).

Ecmm npuxennss | W 2 npoucxonsT mnoj mpAMEIM  YIOM  JIPVP
K apyry, 10 ¢dopMmyaa (M 6.33) ynpomaercs, nockonbky cos90° = 0z

(M 634) | v, =Afv? + 0.

OGpaTnTe BHUManue:

@ AKajOTHYHO BLIYHCASIOTCS BEJHYHHBl DPE3YJbTHPYIOLIETO YCKODEHHS
H nepeMelleHus.

@ Jlpnxente Tena, GPOLIEHHOTO BEPTHKAJBHO, IBNRETCA YACTHBIM CJY-
gaeM JBHXEHHS, OmuchiBaemoro Qopmyaoli (M 6.33); anf  Hero
o =0 unu o = 180°,

6.2.4. JBmmenne tena, GpoLIeHHOTO TOPH3OHTANBHO

Iswxenue Tena, GpOmeHHOTO TOPH3OHTANBHO, NpPEACTABAAeT CcOGOH
KOMOVHANMIO ABYX IBHIKEHWI, B3AHMHO NEPIEHAUKYNSPHLIX APYT APYryl
~- FOPH3OHTANBHOTO (paBHOMepHOTo) ammkenus (cm. pasa. 6.1.1),

— pepTHKaJbHOro (cBOGOAHOrO mafienns) (cM. pasa. 6.2.1).

Ecny nOCTpONTh TPaeKTOpHIO ABHIKEHHS Tena, OpOINEHHOro TIOpil+
30HTANBHO, B CHCTeME KOOPAMHAT Xy, TO KOOPAMHATH Kamuofl Touxu P
TpAeKTOPHH [OpencTaBifAoT coOOH nepeMelleHHs TeJla B TOPU3OHTa/b=
ROM HampaBieHHH (JBHX<eHWe C TIOCTOSHHOH CKOPOCTBIO Ug) H B Bep<
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THKaJbHOM HanpaBrieHHH (papHOMEPHO YCKODEHHOE ABMIKCHHE € YCKO-
penreM g):

t2
X == Ugl; = _g?_
Tlopcrapupg £ = xfvy, BO BTO-
poe ypaBHeHHE, MOJYYHM YpaBHEHHE
TpaeKTOpPUM Tena, OpoLIeHHOro To-

b
PYBOHTANBHO: %t_
pe
M 6.35 === x2
( ) | ¥ P y

Tak Kak g W Ug — NOCTOSIHHbIE BEJHUHHBL, TO ¥ ~ X2, T. €. Tpack-
TOpHsl JBHKEHMs IpencTasnsieT coboii napaGoay.
TTonoxenne kamaofd TOUKH TPAEKTOPHH MOXKHO 3ajath BEKTOPOM
>

DONOXKEHHSI 7, KOTOpHfi mpeacTapngeT coGofi pesysnbTHpYIOliee mepe-
> > >
Melienue: r = S - A, uan

> > Zﬂ
(M 6.36) r=uol 4 ——2—.

AHANOTHYHO B8EKTOpP MIHOBEHHO! CKO-
POCTH B Kauo# TOYKE TPAEKTOPUH sBAsl-
eTCsl Pe3yJbTHPYIOHIeH MIHOBEHHBIX CKO-
poctell OGeHX IBHIKEHMM:

M 637) | 0p = 1o + 2t. l

Hanpapnenne MrHOBeHHOH CKOPOCTH

Up COBMAjaeT ¢ HampapsieHHeM KACATENbe
HOH B naHHO# TOUKE TPaeKTOpHH:

(M 6.38) | tga =--g—t-,
Yo

y

4 penuyHHa MTHOBEHHOH CKOpPOCTH Up onpenensercss no (opMmyne
(M 6.34):

M 639) | o, =/} + &P |

Ecnmu

'S — nepeMellienne Tena 3a BpeMfA | B TOPH3OHTAJILHOM HAaNPaBJCHHH,

k - pHicoTa Tapnenms, T. e. IEpeMelieHNe Tena 3a ppeMs [ N0 Bep-
THKAJH,

Up — HayanbHas CKOPOCTb B TOPH3CHTAJbHOM HAIPABICHUH,;

t — ppeMsl, NPOAONKHTENLHOCTD NAAEHNS, '

g =981 M/c? — yckopenne ceofofHoro majeHus,
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70 u3 dopmyn (M6.1) u (M 6.24) crenyer:

oh
s=vol =19 _—

(M 6.40) 7

2
M 641) | =L

O6paTnTe BHdUMaHme:

©® ConpoTubneHne Bo3nyxa B (opMynax

(M640) n (M6.4l1)
YHUUTLIBAETCA. :

6.2.5. Jenxenne tena, GPOmEHHOro MOA YINOM K FOPHSOHTY

HE

[AsmKenne Tena, OpOLIEHROrO MOJ YIJOM K TOPH3ONTY, MpEACTABMISET

€o00il KOMOHHALMIO ABYX NOCTYNMATENbHLIX ABHIKEHH:
-— CBOOOAHOrO MaficHHR B BepTHKAJIbHOM HANDABJICHHH M

— PABHOMEPHOTO NPAMONHMHEHHOTO JABHMXKEHMS IO YrioM O K TOpH-

30HTY.

Keoopnnuatel npousBosbnofi TouRM P TpaeKTOpHH JBUIKEHHS OIpe-

HEARIOTCH YPABHEHHAMMU:

R Xx == vl cos @,

. 12 x
y == ol sin g — g Orciona f=——-
2 Ug COS @,
VoX Sin o ox2
y= ——
U COS O 2ugcos” a

YpaBrenue ABMKeHMSI Tena, GPOLUEHHOrO IOA YIJIOM K FOPHM3OHTY:

g x2,

= xtga —
Y & 2v%c052a

(M 6.42)

TMockombky vo, € u g~ MOCTOSHHBEIE BEJHUMHE, TPAEKTOpHH NaH<

HOTO ABHXKEHHS mpeJicTapaseT coGoli napaboay,

Ecin
Uy - TOPHM3OHTAaNBHASL  COCTABASIO-
mas cKopocTH Tena B Mo-
MEHT BpeMeHH f, ° - vglsina
Uy - BeDPTHKANbHAs cocTapisiomast .
CKOPOCTH Tena B MOMEHT Bpe- 3 2siniy
MeHy £, 4
U — MTHOBEHHas CKODOCTb Tena B =

MOMEHT BpeMeHHU f,

§ -~ TllepeMellleHHe Teda B TopH- ! V
<, BOHTANRHOM HampaBNeHEH K | .
\\ MOMEHTY BpeMenu f, &

Upteoses

&
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h — BBICOTA TIOLBEMA K MOMEHTY Bpe-
MeHH f,

$y — TepeMellieniie Tena 0O TOPH3OH-
TanM 3a Bce BpeMst LBUIKEHUS [sy,

hy — MakcuMmaJibHas BHICOTa [OLBEMA
3a BpeMd fnw,

- {pm — BpEMSI, B TeUCHHE KOTOPOTO TENO
NMOLHANOCE Ha MaKCHMAaJbHYIO
BBLICOTY Hu (Bpemsi moabema),

fsu — BpeEMS, B TeYEHHe KOTOPOTO Teno

MPOMINO PACCTOSIHHE Sq, B
f -~ Bpems, g
G ~— Yrol, ToA KOTOpHIM OpoLIeHO S

TeJo, "

. By

TO, TOCKOJBKY HauYallbHy1l0 CKODOCTh
>

Up MO3KHO PA3JIOXKHTL Ha Up=Up COS 0%

~— BEPTHKANBHYIO COCTABASIOILYIO CKO-

poCTH ¥ sino u

—_ I‘OpH3OHTa.ﬂbHYIO COCTaBJ'IHIOI.U,YIO CKOpOCTH PpCOS O, B MOMEHT Bpe-
MeHUu I uMeeM

Uy == -%’;— =ygcosa M, coriacHo ¢opmyne (M 6.29),

vy =—-:%{- = vp sina — gt.

Bocnonbzopagiiines  gopmynoii (M 6.34), onpesennm  BeauyuHy
MPHOBEHHO#H CKOPOCTH:

0= /\/ vhcos?a 4 (v0 sine — gt)z,

v=A/vZcos? a -+ of sin® & — 2gtuy sin a + g*F,

B t2
v= ,\/v% (cos® a -+ sin’a) — 2g (vot sin o — g2 ),

2
v=/\/vﬁ—2g (votsina— g; ),

win ¢ yuerom opmyne (M 6.45)

(M 6.43) | v=A/v} —2gh.
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Tlepemeruennst TeJa K MOMEMTY BPeMeHH f{ B TOPH3OHTANbHOM H
BepTHKANLHOM HanpapieHusx HaiizeM no dopmynam (M6.1) n (M 6.28)1

(M 6.44) | s=uvofcosa | K

2
(M 6.45) | h=rvot sina— é’é—.

BpeMss noabema ompenenwM n3  yejoBusi Uy = 0. Torpa 0 =
= g Sin @ — Glpm ¥

Up sin a

(M 646) |ty =~

Tlockonbky ofluee BpeMs ABHMeHWs B fABa pasa OOJbilie BpPeMeHH
MakCHMAaJbHOTO ToAbeMa (Bpemsi MOAbeMa papHO BPeMEHH INaneHws),
HMEEM

(M 6.47) | foy ——220SME
g
MakcumanbHasi  BBHICOTa ;lop:bema onpeneaurcs BO  Gopmyne
. Elh

(M 6.45) hy = volpy sina — 2’” . lTlopcrapus cioma BHPaAXKEHHE
(M 6.46),, nonyunm
M 68y | e 5
(M 6.48) =y

JPanenocts Opocka (paamyc nopaxénna) onpefenseTcss 1mo  Hop-
Myne (M6.44) sy = vofsu cOs . [loncrasup ciopa Bupaxeune (M 6.47),

Aony4YuM §. = 902 sin @ cos afg, UaM mocne ynpoOuieHHs :
M 0 Yy

! v%sin'Qa |
(M 6.49) | su= —g———

O6paTnTe BHUMAaHHE:

@ ConporupjicHre BO3LYXa NPHN pacyeTax He y4uTbLBAAOCH.

@ Ilpn MOCTOSHHOH HAYANBHOM CKOPOCTH Ue HANBHOCTH 6pocka (pa-
NUyC MopaceHust) Sy 3aBHCHT OT yraia 0. V3 Bepakenus (M 6.49)
CleAyeT, YTO OHAa MakcuManbHa npH O == 45°, MOCKOMBKY Sin 200 ==
= 1. [lpn snavennsax o > 46°, a Takke O << 45° panpHOCTE Gpocxa
Oyner MeHbIIE.

@ Dopmynn (M627)—(M6.32) n (M6.39)—(M 6.41) npencrasasiior
coboit wacTHee caydan dopmya (M 6.43)—(M 6.49) cooTBETCTBEHHO
e o =90 u o = 0° "
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6.3. Jeuxenve Tena mo OkpyxMocTH (BpaulaTeabHOe JBUMKEHHE)

3aKoHbl, OTMpeAeasiollne JBUMKEHHe TeJla IO OKPYKHOCTH, aHAJOIMUMBL
3aKOMAM NOCTYIATENBHOTO ABHIKEHMSI.

YpaBHeHHs, ONMKCHIBAIOIIME BpamaTenbHOe JBHMKEHHE, MOMHO Bbl=
BECTH H3 YpaBHEHH{] IOCTYNaTeNbHOrO JBHIMKEHHS, NPOH3BERS B IO+
CJIEJIHHX Celyioline 3aMeHH:

nepeMenienne S — YrJaoBoe mepemellieHne (yron mopopota) ¢,
CKOPOCTDL ¥ — YraoBasi CKOPOCThb O,
YCKOPEHHe @  — YIJIOBOE YCKOpeHHE Cl.

CrpapovHas Tabsuna

Bux Kpyrosoro ¥Yraoeas cKOPOCTh Yraosoe P
JBHIKCHHS - © YCKOpEHHE ¢ asnen
PasnoMepHoe TTocTosinnasn Pasno Hymio 6.3.1
PaBHoMepHO yCKOpeH- Hamensiercs  pas- IlocTosiHHOE 6.3.2
Hoe HOMEPHO
Hepasnomepno ycko- Hamensierca nepas- Ilepesennoe 6.3.3
peHHoe HOMEDPHO

¥roa noeepoTa .
‘Bo Bcex ypapHeHuSiX * BpAIATENbHOTO JBWIKEHHS YINBl 3aal0TcH
B pagmanax {pan); cm. pasn. 4.1.4

Ecnu §
@ - yriopoe NepeMellieHHe B pajuaHax,
8§ =— INHHA JYTH, 33KJIOYCHHOM MEXJy CTOPOHAaMH yria

MOBOPOTA,
r - panmyc,
TO NO ONpeleNneHHIo r r

(M 6.50) <p=—f- pan.

CooTHolienue MEM Yy €fUHUNAMU yraa

%:—% I pan=157,3% 1°=17,45 mpan; 1 =291 mrpag

OGpaTuTe BHEMAaHHE:

@ Haumenopanue enunuubl pagHan (pan) oOLIYHO YKa3mpBaeTcs B
$OpMynax TONBKO B TeX CJYYasX, KOTAA ee MOXKHO CIyTaTb C rpa:
nycoM. TTockonbKy pasnan papeH OTHOLIGHMIO JJIMH ABYX OTPE3KOB
{1 pan =1 M/l m = 1), OH He uMeeT pasMepHOCTH,
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Cnpapounas Tabinua

o 30 45 60 90 120 150 180 270 360
. ir'. i _T_C_ _T_C_ -_2-{‘:— éﬂ. i ﬂ 231
@ pali e 3 2 3 6 2

0,524 0,785 1,06 1,57 209 262 314 471 628

CooTHoOllieHHST MENIY VIVIOBOH CKOpOCTBIO, YTJIOBbIM IllepemelienneM
W BpeMeHeM [IJs BCeX BWIOB [ABHXKEHHS N0 OKPYXHOCTH HarJsiaHoO
BHIAHb Ha rpadHke yrioBofi CKOPOCTH (3aBH-
cuMoctk @ Of [). [lo sToMy rpaduky MoxKHO
ONpenenuTh, Kakoil yIJopo#d CKOPOCThIO OOna-
JlaeT Teno B TOT HJH HHOI MOMEHT BpeMeHH 14

M Ha Kakofi yron ¢ MOMeHTa Hayaja [BHXKe- [

HHSI OHO HOBEPHYNOCH (OH XAapakTepHaYeTcs i 7
NJOLIAABIO TOJ KPHBOH).

Kpome Toro, AJisi NpENCTABNCHHsI COOTHOLIEHWI MEXLY Haspail-
HBIMH BeJIHYMHAMH HCMONB3YIOT TIpadHK YIJOBOTO nepeMellleHust (3a-
BHCHMOCTE @ OT !} H rpaduk YrjioBOro YyCKOpeHHs (3aBHCHMOCTb €%
ot 1).

ow

Yucno oGoporos

XapaxTepHCTHKOl BCEX BHAOB BpallleHusl ABJseTcs YHCAo oGopeToB 7
HNH  paBHONEHHasi effi XapakTepuCTHKa — 4actora f. O6Ge penuumHbl
XapakTepusyioT 4Hcio OCOpOTOB B €AMHHLY BpemeHH.

06
Epununa CH wactoThl (wsm wucna oboporop) [n]=[f]= Cex?i:;:
=0 __1
T ¢ ¢’

B Texuuxe yucno o60pOTOB OOLIYHO u3MepsieTca B 000OpPOTAX B MHHYTY
(06/mMun) = 1/Mun.

Taxum ofpasom, BelNHYHHa, obpaTHas YHUCTY 060p0'rOB €CThb IIpO-
JIOMKHTENBHOCTb OJHOrO oﬁopora

Ecnn

f — uncno 0GOpOTOR,

f — uacrora,

T — npononxuTesbHOCTL onHoro obopoTa, nepuos,
@ — YInopoe NepeMellleHHe,

N — nonnoe umcno o6oporos,

t -~ Bpemsi, IPOAOJKUTENBHOCTE BpALICHH,

@ — yranopas 4acrorTa,

TO

Pt
T nc

M651) | T=

T
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VYraosoe nepemeliicHHe DABHO HPOH3BEHEHHIO TOJHOrO Yucna obo-
poTOB Ha 27

(M 652) | p=2aN. |

Ha dopmysnl (M 6.54) nnst 00r020 06opoTa Cnepyer

27

(M 653) | ©=2n] =7

O6GpaTuTe BHHMAaHEE:

@ ©opmysn (M 651)—(M 6.53) conpaBenmusy LJs BCeX BHMIOB Bpa-
L{ATE/IbIOrO JIBHYKEHHSI — KaK [JI  paBHOMEPHOTO JBHXKGHHA, TaK
H IJIf yCKOpeHHoro. B HHMX MOryT BXOZHTB NOCTOSIHHbE BGJIHYMHE,
cpenune 3HAYeHHs, HaualbHblE 1 KOHEUHblE 3HAYEHHS, a TakxkKe JIo-
Oble MTHOBEHHbIE 3HAYEHHS.

® Bomnpekd cBoeMy HA3BaHHIO YHCIO OGOPOTOB N -—3T0 HE 4lUCAO, &
(pu3nYecKas BeNHYHHA.

® CuaenyeT pasiuyaTh yuCJO OGOPOTOB N W MOJHOE ymcnO o6oporos N.

6.3.1. PaBHOMepHOE JIBHIKERVE TeNld O OKPYKHOCTH

rOBOPﬂT, YTO TeNO MABWUIKETCH MO OKPYIKHOCTH paBHOMEPHO, €CJau el
yraosasi CKOpOCTh MOCTOAAHHA, T. €. TEJNO 3a paBHble OPOMEXYTKH Bpe-
MeHU NOBOPayHBaeTCst HA OAMH H TOT KE yron.

Ecau

® — yryioBas CKopocTb (1OCTOsIHHAsL B TeyeHHe Bpemenu f),
¢ - Yriopoe nepemellieHne,

t <= BpeMsl IOBOPOTA HA yroJs @,

TO, TOCKOJBKY Ha rpaduke yriopoli CKOPOCTH MAOWALL MNPSAMOYTOJib-
HHKa COOTBETCTBYET YrJIOBOMY II€DeMELieHHIO, HMeeM @ = ®f, WK

So w
M 654) | 0= |
a . lt - %

i
t i
IlocTosIHOH Yra0BoO# CKOPOCTHIO © HA3HBAETCS OTHOLIEHHE YIJIO-

poro nepemellenusi (yraa mopopoTa) KO BpeMEHH, S3aTPaYeHHOMY
Ha 9TO NepeMenienwe.

Ennpnpna CH yrmoooll ckopoctu: [w]== pan/c = 1/c.

6.3.2. PaBHOMEPHO YCKOPEHHOE NBHIKEHHE Tena M0 OKPYIKHOCTH

IpuskeHrde MO OKPYNKHOCTIl HA3LIBAETCS PABHOMEPHO YCKOpEHHBIM, eCJH

@ yriopoe yckopeHue ¢ = const, HAH
@ yruosast CKOpocTE © ~ L.
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Ecnu

G — YTNOBOE YCKOpEHHe,
A® — H3MEHeHHE CKOPOCTH BpAL{eHHsl (YBEIHYeHHE HJIH yMeHBIIEHHR),
Al — Bpems, 3a KOTOpOE€ IPOHCXONMT 9TO H3MEHEHHE YTJIOBOH CKO-

pocT,
TO w
Aw Aw
(M 6,55) {a== Y
CorzlacHo 2TOMy BBIPAKEHHIO, YIVOBOE 4t t

yCKopeHHe Ha rpaduke CKOPOCTH Xapakteph-
3YCTCsl TAHTEHCOM YINIa MeXJy KACAaTeNbHOH K KPHBOil CKODOCTH H OCHIO
ppemenm: {a} = tge.

TMocrosiHHEIM YrJOBBIM YCKOpPEHHEM HAa3bIBAETCHA OTHOLIEHHE H3MEe-
HEHHNs yr.nosoii CKOPOCTH K MNPONOJKHTENBHOCTH 3STOr0 H3MEHEHHS.

Epupnna CU yraoeoro yckopenns: o] == pan/c? = 1/c2,

O6paTHTe BHUMAaHUE
© Vrnopoe 3amelsieHHe OT/NMYAGTCH OT YIAOBOIO YCKOPEHHS TOJBKO
3HAaKOM (OTPHUATEJbHBIM )

¥YTnoBoe yckopeHue: ¥rnopoe saMennieHHe;
a>0 a<0

Tlpn nBHXeHMM Tena NO OKPYXKHOCTH C INOCTOSHHEIM YINOBBIM yC-
KOpeHHEM CjelyeT pasnnyath [Ba C/lydasd: /[BHXGHHE C HAaYaJbHOH
yIJIOBOH CKOPOCTHIO M 6e3 Hee.

Jemxenue 6e3 HavanbHOH YrAOBOH CKOPOCTH

Teno HauMHaeT HBHIATbCSL M3 COCTOSIHHA MOKOSA, M €ro Yraopast CKo-
pOCTH pABHOMEPHO BO3PACTaET.

Ecau ¢

® — MTHOBEHHas YTJOBas CKOPOCTH Tena B MO-
MeHT BpemeHd f,

O — yrioBOe YCKOpeHHe, NMOCTOSHHOE B TeYeHHE
BDEMEHN 1,

¢ -~ YraOBOe IepeMellieHve Teja 34 Bpems i,
t — ppewmi,

70, TOCKOMEKY Ha TIpad¥Ke CKOPOCTH YIJOBOE
mepeMelileHHe DABHO OJOIIANK TPEYTOJbHEKA, hMeeM

(M 656) | o=

ml@_

, | (¢ B paanamax)
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pan no ¢gopmyne (M 6.58)

al?
{M 6.57) P=—. (¢ B panmanax)

Tlockonebky BpallieHwe Tena HaupHaeTcs
B3 COCTOSIHHSI TOKOSl, M3MeHEHHe VIJIOBOH CKO-
pocTH A® paBHO HOCTHTRYTOR B pesyfieTate ©
YCKOpeREsi YrJoBO# cxopocTs o. [losTomy
¢dopmysa (M 6.55) npuHEMaeT ciemyiompit ”
BHI: w
t

(M 6.58) | o =df; |
¢opmyny (M 6.56),

orciona ¢ = o/fca. [oacrapans sToT pesyabrar B
TIOCKE TIePEeCTAaHOBKH MOJYYHM

M 659) | 0= +/Tag. |

Cpenusisi yrnopas ckopocts & paBHA cpeiHeMY apH(METHIECKOMY
HayanbHOH M KOHEUHOH CKopocTeii:

w
cﬁ=——otm =—(;-, pHayze 0 [T T T T T T i
7 @ I
(M 6.60) | 6="p =, g {
4 z

Ob6paTHTe BREMaHme:

Dopmyntt (M 6.51)—(M 6.53) cnpaBesEBH B IR CIYYam yCKOpeH-
HOFO ABHIKEHHS IO OKDPYXHOCTH.
_ JIBMxenne ¢ HayanbHON CKOPOCTHIO

HauanbHas CKOpOCTH Tenia, paBHas (g B MOMEHT f == 0, H3MeHsETCH
paBHOMEepHO Ha BeMuuRry A, (VIJOBOe YCKOpEHHe NPH STOM HO-
CTOSIHHO.) '

Ecau

w
'y — HavajibHasi YIJIOBasi CKOPOCTb, wh——————=
-~ KOHEeYHas YIJIOBasi CKOPOCTD, g ~rTT] I IACQ
@ — yrjioBoe NepeMellenye TeJia 32 Bpems [, wpl T
t — Bpems, 14
o -~ YIJIOBOE YCKODEHHE, MOCTORHHOE B TEye- :

4
HHe BpeMeln [,

TO, NOCKOJBKY Ha TIpaHKe CKOPOCTH YIJIOBOE MEPEMELIEHHE COOTBERY
CTBYeT NJIOLIaJlM TpamelpH noll KPHBOH CKOPOCTH, HMEEM

W+ o

(M 6.61) | = —5—t|(@s paluanax),
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Tax kak nJjoliank Tpaneswu paBHAa CyMME mnJomagel 0Opasyromux
€€ TpeyrosbHHKa H [IPAMOYTOJIbHUKE, [10J1yYaeM

== + ———(’t OTRyZa

2
(M 6.62) | =0t 4 _o;t_ (9 B panuanax).

Janee M3 rpamka CKOpOCTH CAGAYET ® =
= o} Aw, OoTKyla B coorBercTBHH C (op- 4

mynofi (M 6.55) mmeem T _ ::f'
— 2 2=, 7]
(M 663) | 0=+ o. | el |
A
Paspemius . ypaBHenre (M 6.63) orHOCHTENBHO : Cf

{ u noAcraBuB pesyapTar B (MG6.61), Haii-
2 2
JeM @ == (m —coo)/2a. ITocne mpeoGpasosa-

HMSi NOJydYaeM BHIpaXKeHHe, HE COJAepIKaluee
BpEMEHHU:

(M 6.64) co=/\/co§+ 2a¢ | (¢ B panma-

Hax).

Cpepusia yrioBas CKOPOCTb COOTBETCTBEHHO pasua

M6ss) | o=t g 29

32 NpOMEXYTOK BpemeHH Af

_ Ag w
(M 6.66) o == 'Kt— w,p

O6patuTre BHEMaHHE:

@ Popmynn (M656)—(M660) npef- (4
cTaBasioT cobofi uYacTHBI cayuafi dop- |
myn (M6.61)—(M6.65), B KOTOpHIX )
@¢ HaLO AOJOXKHTb PaBHBIM HYJIO, HO-
CKOMbKY JIBIDKCHHE HAUMHaeTcs Hs Co- ¢
crosHus mokos. =

® I[lpu 3ameniecHHOM JBHXKEHHH TO OK-
PYKHOCTH YCKODEHHE O OTPHLATEJIBHO.
Yrnopas cKOpoCTP ® B STOM Chyuae
ymenbmaercs (® << wp), BO3MOXKHO, IO
HyJisi (cocTosipue MOKOSI) WM faxe IO
OTPHLATENbHEIX 3HaYeHHUi, A
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6.3.3. HepaBnomMepHO YCKOPEHHOE HABMIKEHME Tejla M0 OKPYIKHOCTH

JIsuenre Tena no OKPYXuocTH OYAeT HepaBHOMEPHO YCKODEHHBIM,
€C/M H3MeHeHHE VYIJIOBOR CKOPOCTH NPOHCXONHWT HE MPONOPLHOHANLHO
BPEMEHH, T. €, €CJE YIJOBOe yCKOpe-

HEE He OCTAaeTcs HOCTOSIHHEIM. B 3ToM
ciyuae W yrioBas CKOPOCTh M YIJIO a .
BOE YCKODEHHE HBJSIOTCA (DYHKIMSMH o=g(t)
BpEMEHH: :

o=0({), a=a().

i
CHs3b BENMUEH @, @ W o APEACTaBJe-
Ha Ha COOTBETCTBYIOLMX rpadhHKax.

‘Mruogennas yraopas CKOpocTh

Tlosuei yrosi moBopora Ttefia B JOGOM
MOMEHT BPEMEHH MOXMO ONpPeJe/HTD
0o rpaduky YIJoBOrO NepeMeleHns,
Yem kpyue rpacmk, TeM Gonbuie B faH-
HBli MOMEHT BPEMEHH  MTHOBEHHAs]
yrjioBasi CKOpPoCTb. |4

Ecnn -

0 — yron Mewny KacaTeJBHOH M OCBIO
speMerH f, )

® — MTHOBEHHasi YIJIOBas CKOPOCTh, : |

@ - YrJioBoe mnepeMelllEHHe K MOMEH-
Ty BpeMeHH {,

o {w) = tg 8, unm

; dq):_.'
(M 6.67) | ©'== =0

< : )
i '

_Mruobennofl  yrJoBofi CKOPOCTBIO Ha-
SHBaeTCA Mepeas NDOH3BOAHAS (YHK-
‘uuB @ == @(f) 0O BpeMeHH (® = ¢),

OfpaTHTe BuuMaahe:

@® Uro6n BHUMCIHTL MIHOBEHHYIO YIJIOBYK CKOPOCTh @, HEOOXOAHMO
3HaTb S32BHCHMOCTL ' YIVIOBOIO HEPEMELIEHHs OT BpPEMEHH.

@ Qopmyns (M6.54) u (M6.56) sBAAIOTCA YaCTHEIME CAyYaaMmy

dopmyan (M 6.67) coorBercTBeHHO Asn o = 0 ‘B o == const,
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Wz ¢opmysast (M 6.67) ecnenyer dg = wdf. IlpownterpupoBas o6e

YacTH BhbIpaxKeuHsi, NOJYUIUM do=\ odt wu

ty
(M 6.68) | o= S o dt.
i

Yrnosoe nepemeineHHe eCTb HHTETPaJ HO
BPEMEHM OT yIJIOBOH CKOPOCTH.

O6paTutTe BHHMaHHe:

® Jlns BoiuECienHs YrJOBOrC nepeMelleHuss ¢ uneoGXOAHMO 3HaTh 3a-
BHCHMOCTb YIJIOBOH CKODOCTH OT BPEMEHH.

Cpenussi yriosasi CKOPOCTh

YrioBoe nepeMereHue
Bpems

I Cpenusist yryiopas CKopoCth ==

l

(M 669) | &

&
f

)

—_— sﬂz ______
Cpepnnsist  yrjioBasi CKOpOCTb JiJii HEKOTOPOTO -4
HHTepBaJla BpPeMecHH

(M 6.7_0) (0=-t—2—__—t1~=‘A—t' -

(M671) |A=f=

MrHOBEUHOE YTrOBOE YCKOpeRHe

CkopocTh BpanieHus Tena B J000fi MOMEHT BpeMeHH MOXKHO Onpejie-
NuTb 0O TrpadUKy YIrJoBoil CROpoctH. Uem Kpyde rpaduk YrJiOBOH CKO-
poctu, TeM Oosblile MIHOBEHHOE YCKOpEHHE B J2HHBIL MOMEHT Bpe-
MEHH.

Ecnu

€ — yroJ MexJy KacaTe/IbHOH M OCBIO BpEMEHH I,

0. — MrHOBEHHOE YrJIOBOE YCKOPEHHE B MOMEHT BPEMEHH 1,
© — MI'HOBeHHAs YIVIOBasi CKOpOCTb B MOMEHT BpEeMEHH f, |
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70 {at}) = tg & nam w

dw

de
M 6.72) | g =" = & = §. di

dt

MruoBeHHHM yrJOBEIM YCKOPEHHEM Ha3H-
BAaETCs Meppasl NPOH3BOAMAs YIJIOBOIl CKO-
POCTH Mo BpeMeHH (o == ®) WJIH BTopas ] t
OPOHSBOJIHASL YrJOBOTO [EDPEMEIeHHs] 110

BpeMeHH (o0 = ).

O6paTuTe BHHMaHHE:

® Ilna onpenenenusi Yr/ioBOIO YCKOpPEHHsi ¢ HeOOXOAMMO 3HATb 3aBH-
CHMOCTb yIMIOBOK CKOPOCTH HJIM YIJIOBOTO NepeMellleHHsi OT Bpe-
MEHH.

® Qopmyna (M6.55) npencramiser co6oft uactHbifi caydaft (o =
= const) ¢opmyan (M 6.72).

W3 ¢opmyan (M 6.72) ans MmrHOBemHoOfi yr/oBofi CKODOCTH Cne-
nyer' do = adt; npouHTerpHpoBaB o6e 4aCTH BbLIPAXKEHHS, NOJNYUHM

do)=Sadt HJTH

t,
M673) | 0= S-a dt.
t

Yrnosas CKOPOCTb €CTb HHTerpas INC Bpe-
MEHH OT YIJIOBOTO YCKOPCHHS.

Of6paTuTe BHUMaHUE:
® Jlns BHuHCAEHHS YIJOBOH CKOPOCTH  Hajo 3HATh 3aBHCHMOCTH
YrJIOBOTO YCKOPEHHS OT BPEMEHH.
® Qopmyna (M6.58) npencrasnger cobofi waCTHHE cayyai (o ==
== const) ¢opmyssr (M 6.73).
Cpentee yrnosoe yckopeune
Hsmenenne YTJAOBOH CKODOCTH
Bpems

Cpeinee yriopoe ycKODEHHE ==

Tlo ananoruu ¢ Qopmynoit (M 6.55) umeem

(M 6.74)

A® W — g . ‘
At t

Cpenuee yryiopoe yCKOPEHHE 3a HEKOTOPbIH
HHTEPBaJl BPEMEHH
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6.3.4. Bpaulatesbioe ABMKEHHE TeNa

Tlpu BpamiaTesbnoM ABHIKEHHHM TBEPIOTO TEJia BCE SJEMEHTH €ro Mace
CH, HE JieXalmpe Ha OCH BpAalleHHs, COBepLIalOT JIBHXKeHHe IO OK-
PYXHOCTH. AHANOTHUHO M MAaTepHaibHas TOUKA, HAXOMAINASCS Ha pac-
crosHuE r >0 oT ocH Bpalllenusi, Tak¥Ke COBepLIaeT IBHIKEHHE UO
OKPYXKHOCTH, KaK H Jio6oe 7eso, NOCTATOUHO YlaJjeHHoe OT OCH Bpa-
IEHHA.

Jlpnefinoe mnepemernenue S, JHHeBHAs CKOPOCTb U, M JIHHEHHOR
YCKODEHHE @, IPH TAaKOM [BHIXEHHH CBS3aHB MeXAy €oGofl OOBIMHEIME
JUIsE TTOCTYNHATENBHOrO JIBHYKEHHsl COOTHOMIEHHsiME (CM. pasf. 6.1).

Kpome Toro, 3TH Besnuuupbl CBsi3anbl onpeneiieHHelM o6pasoM €
YIJIOBHIM MepeMellieHHeM @, YrJoBoll CKODOCTBI) ® H YIJIOBBIM YCKO-
PEHUEM Ci.

EC.;'IH

— MepeMelleHre TeJia 0 TPAeKTOPHH,
-— CKOpOCTb TeJla IIPH IBHKEHHH IO TPaeKTOpHH,
— YCKODEHHe JIaHHOTO TeJla NpH JBHIKEHMH NO 'Ipaemopm{,
r— pPaiuyc TPaeKTOPHH,
d — nmaMeTp TpaeKTOPHH,
¢ — yIJIoBoe MepeMelleHUe Tena,
@ — yryoBas CKOPOCTb TeJa,

o -~ YIJIOBOe YCKOpeHHE TeJa,
f — uacTora,
TO

(M 6.76) | sy=gr, |
(M 6.77) | on=or, |

(M 6.78) | ax=or, |

(M 6.79) | vy=dsf. |

O6paTtrTe BHEMaHuE:

@ GQopMyan (M 6.76)—(M 6.79) chnpaBensMBbH 1 TOCTOSIHHEIX,
MrHOBEHHBIX H CPEIHHX BEJHYHH, BO BCeX C/yYadx JBHIKEHHS Tena
. IO OKPY2KHOCTH.

6.3.5. BekTopHble BEJMUMHBI, XapaKTepH3ywllde  BpailarenbHOE
IBHKEHAE TeJia

YrnoBas CROpOCTb W YLJOBOE YCKODEHHE TeJa fABJSIOTCS BEKTOPHHIMA
BEIMYMHAMH. JTH BEKTOPH HanpaB/eHbl BAOAL OCH BpameHus (aKcH<
anbHble BERTOPH), & HX [JMHA . ONpencsseT BEHUHHY COOTBETCTBYIO-
DX XapakTeDHCTUK BpamaTtesbHoro aphxenus. Hanpaesemne BexTO=
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poB onpejefseTcst To mpaBuly OypaBukKa, 1. €. COBOafaer C Hanpas-
JedreM MOCTYNaTeNbHOrO ABUxKenusi OypapuMKa, PYKOSTKa KOTOpOro
JBHIKETCS B TOM K€ HANpaBJIeHHH, .

YTO H TENO.

Ecnu Tesio yuacTeyer onHOBpe-
MEHHO B HECKOJbKHX BpalLlaTeNb~
HEIX JIBHXKCHHSX, TO Pe3YJIbTHPYIO-
mas yrioBasi CKOPOCTb ONpenens-
ercsi o NpaBHJy BeKTOPHOIO (reo-
METPHUECKOTO) CJIOYKEHHs:

> > >
Op == ©f -} Oz,

Besmuuna pesynbTupywoiell yrjoBOH CKOPOCTH ONpenefsercss Mo

ananoruu ¢ (M 6.33) nnn (M 6.34):

(M 6.80) 0, = /\/mf -+ mg —+ 20,0, cos a,

UJIH, €CJIM OCH BpAILEHHS NEepHeHAUKYJISIPHLL APYT APYTY,

(M 6.81) cop=4/m§+ OF.

O6paTtuTe BHUMAaHHE:

® PesysbTUpyoliee YrJOBOE YCKODEHHE °ONPEAENAeTCs  ANalOTHYHBIM
obpasom.

® I'paduuecku pesysBTHPYIOLIYID MOXHO HaBTH Kak JuaroHalb na-
pajsienorpaMMa CKOpOCTel HJH YCKOPEHHI.

6.4. KpusosuHefiHOe pBHIKEHHE

> . o
CKOpOCTh U SIBJASETCS BEKTOPOM, T. €. XapaKTePH3yeTCs BENHUHHOH H
HanpasneHneM. Jlio6oe -M3MEHeHHe BeKTopa CKOpOCTH BO BpeMeHH no

>
ONpeNeNIEHHI0 O3HauaeT YCKOpeHHe: a——Av/At ITpu sToM Av MOXKET
03HauaTh M3MEHECHHE KaK BeJHYHHbl CKODOCTH, TaK M €€ HampaBJjeHHs.

® Eciu u3aMeHsETCSl TOJMBKO BEJIMUMHA CKOPO- o
CTH, TO NPOHCXOAUT NPSIMOJHHEHHOE ycxo- o
pednoe pgBuxeHuwe (cM. pasg. 5.1.2. u 4v
5.1.3):
>
o _dv %
a=Ta M= 5ol =7,

® Eciau u3MeHsieTcst TOJIBKO HanpapJ/ieHde CKOpOCTH, TO MPOHCXOLHT
pasHOMEpHOE KpMBoJuuefimoe npuskeHne. Ec/au BeqMUHHLL U3, T2 H
>

U, paBHBl Mexuy coGoli, TO 32 BpeMs At ckopoCTh U; H3MEHFETCH

> >
Ha Ay u CTaHOBHTICS paBHOK vUg IIpyW sToM mpHpalieHuE CKOPOCTH



68 6. Kunemoruro

>

Ay Bcerza manpaBlienO NePNeHAMKYJSIPHO K HKCXOAHOR  CKopo-
>

ctr.  OtHowlemne AvfA? Ha3nBaeTcss paiHaNbHbLIM, HOPMaJbHBIM

HJH LECHTPOCTPEMHUTENbHEIM YCKOpEHHEM H 0O003Hauaercst Qp, Ou, Qu.

ECJIP_I BeJIHiYHHa Eaﬂl/la.ﬂbHOI‘O YCKOpEeHHsT NOCTOAHHA, TO TENO ABH-
KeTCH M0 OKpYKHOCTH.

Ecnu usMeHsIOTCH @ BEJHUMHAa M HANpaBjieHHe CKOPOCTH, TO TE€10
[BHXETCA [0 KPHUBOJMHERHOM TpaekTopHM. B 3ToM ciyuae MOMHMO
PanuanbHOTO YCKOPEHHS Op Teno o6JafaeT TaHreHIHaJbHbIM YCKO-
PEHHEM (@r, HaNpaBNEHHHIM HO KacaTesJbHOA K TpaeKTOpHH.

6.4.1. Papuaastoe (HopMasibioe) ycKopeHHE

Tlpy JBHXXeHWH Tena MO KPHMBOJMHEHON TpaeKTODHM BO3HHKAeT pa-
Juanbuoe yckKopeuune, OHO BCerpa NEpNEHIMKYJAPHO HaNpaBJEHHIO
MIHOBEHHOH CKOPOCTH.

Ilnsi moCTaToupo Manoro NpoMexkyTka BpeMenn Af CIpaBefJHBR
CIeIYIoUHe COOTHOLICHHS:

A

——s-=—A£. Tak kak As=u, Af, uMeem
r Uy

Av v, Af Av vf]

o M AT

Orciona nosyuaeTcsi PainaibHOE YCKOPEHHE

(M 6.82) | ap= == @,

~ I_L_FN,

Of6patuTe BHUMaHHE: »

n v
©® PajuanbHoe yckopenue MeHsieT TOJILKC Ha- A
npapieHHe, HO He BeJIHHHHY CKOPOCTH. Ak SN,

Tor e pe3yJbTaT MOMKHO NOJY4YHTh, PaccMOT-
peB  KOOpAMHATH Jiexallefl Ha OKpPYMKHOCTH
Toukd P, B KOTOopoit B JaHHEI# MOMEHT Haxo- v
JUATCS TENO: P

=t COS . Yy ==r sin Q.

~

I"SLHSO
f 2PN

2y

Vs Boipaxkenuss (M 6.49) clenyer ¢ = of.
Cornacuo dopmyne (M6.18), a = §, 1. e. ycko-
peHne MpencTapjser co6ofi BTOPYI0 MPOU3BON-
Hyl0 nepemeilenyss no BpemenH. IIpomuddepen-
LHpOBae LBax{ bl KOOPAKHATHL TOUKH P,
HahijeM YCKOPeHMs1 B HampabJeHMH ocell Koop-

recosy £
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JHHAT:
X = — or sin of. § == or cos of,

¥ = — &% cos v, §=— o’ sin of.
3HAKH MHHYC YKA3LBRIOT HA TO, UTO YCKOPEHHE HAalpaBJeHo K
Hauany KoopaumaT. OTCIof@ AJsi pe3y/ILTHPYIOLLEro YCKODEHHs HMeew
ai = (— &% cos 0t + (— o?r sin 0t)?,

af) = wl” (cos wt - sin cot)

a, ~'\/cor = o’r,

gTo CoBnapaer ¢ QopMmynol (M 6.82).

7. RuHamuka
JunamMuka paccMaTpuBaeT CHsbl B KaueCTBe NPHYMHLI JBHIKEHHS Tell
Tlpu sToM ciepyer pasnuyathb:

@ nURaMEKY NOCTYNaTeJNbHOTO JBHXKEHHSA, HWJIM [HHAMHKY MaTepHalbe
HOfi TOUKH, H

[ ] JAHHEZMHEKY BpamllaTe/IbHOTO JBHXKEHHS, /AW JHUHAMHKY TBEPAOIroO
Tena.

7.1. Janamuxa nocTynaTeNbHOro [BHKEHHS
7.1.1. Macca n cnna

Hepsoiit 3akon HbtoTona:

Ecau Ha Teno He JHefiCTBYyeT BRELIHSS CHAA, TO OHO HAaXOMUTCH
B COCTOSIHUM MOKOSI HJiH DPABHOMEDHOrO NPAMOJNHHEHHOIO JIBHKEHusl.

3T0 cBONCTBO Ha3LIBAETCS MHEpUMER TeJL

Vs nepeoro zakouna Hewtona caenyer:

Jlio6oe mH3MeneHue COCTOSIHMSI [BHiKeHusi OO6yCJoBJeno JeiicTBreM
CHUL

CpAsb MexJy nefcTBYIEH CHIOH U BHI3BAHHEIM €10 HM3MeHEeHHeM
COCTOSIHHSI JIBHIKEHHS (YCKO[)EHHEM) ycTanapJ/pBaeT
Bropo# 3akon Hetorona:

Yckopenne Tesla MPONOPUEOHANBHO CHJle, AEHCTBYIOIIER Ha TENO:
F ~ a.
113 Broporo 3akona HuloToHa caenyer:

OTHollepne BesMUYMHLL CUJbl, paeficTBylollefi Ha Teao, K TnpHOGpee
TEHHOMY TeJIOM YCKOPEHHIO MOCTOSIHHO IJISi JI@HHOIO Tesd. 3TO OT-
HOLIEHKE MpPEJCTABAACT cOo60i MacCy Tena.

Craa

Macea = 5
Yckopenue *
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Macca Tena ABJASETCS HEM3MEHHOI XapaKTEPHCTHKOH JaHHOrO TeJja, He
3aBuCsMER OT ero MecroloJioxkenusi. Macca xapakrepusyer jBa CBO#-
CTBa Tena:

© VHepumio: TEJNIO H3MEHSET COCTOSIHHE CBOErO JABHIKEHHS TOJBKO MOX
BO3/IEACTBHEM BHEUIHEH CHUJIBL

@ TsroTenne: MexIy TefaMu NeHCTBYIOT CHJIbI TPABHTAHOHHOTO MPH~
THIKCHHUS.

3tu csoficTBa NPHCYIM HE TOJBKO TeJaM, T.€. BEwmecTBy, HO U Jpy-
FUM (opmMaM CYIeCTBOBRHHA Martephu (HANpHMEp, H3JyYeHHIO, MOJsM).
CI‘IpaBeJ_IJII/IBO cienywilee ofiiee yrbepKieHune:

Macca xapakyepasyeT csoficTBO Ni0GOro Buja martepuB GbITH MHEPT-
4o ¥ TAXKENOH, T. €. NPHHAMATL ydacTde B IPABHTALMOHHBIX B3au-~
MOJEACTBUSIX.

O6paTuTe BHENMAaHHE:

@ Macca rtena saBmeuT oT ero ckopoctd (cM. pasn. 41.4.1).
-Onnako peNsTHBHCTCKOE YBe/JMYeHHE MacChl 3aMeTHO TOJBbKO Mp#
oueHb GOJILIIMX CKOPOCTSIX, T. €. NPEXJe BCEero y 3JEMEHTAPHBLIX
uyacTul. HauMeHbllee sHauenue macck Tesla, T. €. €ro Mmacca B CO-
CTOSIHMM NOKOs, HasblBaeTCsi Maccod MOKOS.

Hcnonvayst monsitue MacCel, MOXKHO OpPELCTaBUTH COOTHOIIEHMHE
MeAy Cuioll (npuyuHOil) M yCKOpeHHeM (CNeLCTBHEM).

Ecnu

F — cuna, BhI3BIBaKOIIAas YCKOPEHHE TeJa,

m — Macca Tena,

4 — npuHoOpeTeHHOE TEJIOM YCKOPEHHE,

TO OCHOBHOE ypaBHEUwe AHHAMHKM BHIJISIHT CJAEAYIOWHM 06pasoM:
F m a

M 7.1) | F=ma, I CHU lH Kr mfc?

WK B BEKTOpHOR (opme

> >

M 79 | F=ma.

Enunuua CY cusmbr: [F] = wetoton (H) = kr-m/c2

Envuuua, nonyckaBiiasicss K npuMesenuio ao 1980 r.: kmaorpaMm-Cuia
(xrc).

CooTHOIIeHHE MEXJy €eIHHHLAMM CHJAH B pasHbHX CHCTeMax CM.
B Tabn. I14.

Onpenenenue:

B Cusofi B ONMH HBIOTOH Ha3LIBAETCS CUNA, KOTOpas coobulaeT Temy
| maccoit 1 kr yckopenne 1 m/c2
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COOTHOIIEHHE MENIY €IHHHIAMM CHALI

Enunnupt, ve sxoasmue 8 CH:

1 kunorpamm-cuna (xrc) = 9,80665 H
1 nuna (nmn) =10""H

1 Tonna-cuna (InuHHAaf) _ .

1 Tomna meca (wimBHas) == 1016,047 krc == 9964,015 H
1 Tonna-cuna (Koportkas) . _

1 ToHHa Beca (KopoTkas) =907,2 gre = 8806 H

1 pyuT-cana . .
i } =0,45359 xrc == 4,448 H

1 nayupann =0,0141 xre¢ =0,138255 H

Ha kaxnoe Tteno HEHCTBYIOT rpaBHTALHOHHBIE CHJbl HPHTSKEHHS
€O CTOPOHH 3eMJH u APYTHX HeGecHBIX Tes.

Hedictayromiefi Ha Teno cunoil TsxecTH (MIH MPOCTO BECOM Tena) Ha-
3pIBAETCH CWMJla DPHTSIIKEHHS B TPABHTAIHOHHOM MoJie HeGeCHBIX TeJ.

B cootsercrBum ¢ ¢opuyaoit (M 7.1) rpaBuTaumoHHas cmna Iph-
Tskennsi (cmna TAXecTH) coobumwaer Teny yckopewue. ITC YCKOpeHHE
HasHIBAETCA YCKOPeHHeM CBOGONHOTO najfieHust (yCKOpeHmeM CHAbL Ti-
KECTH WM FPABHTALNOHHBIM YCKOPeHHEM).

Ecan

G ~ cuna TamecTty, NefcTBYwOLas Ha Teso (Bec Tena),
m -~ Macca Tena,

g — yckopenme cBOOONHOIO NajeHus,

T0 H3 ¢opmyan (M 7.1) caenyet
- G m g
M 7.3) l G=mg. l CH | H xr wm/c?

O6paTuTe BHUMALHE:

© Bennuuna nopmansuoro yckopennsi cpo6ofHoro naferus ge (T, €. Ha
ypohHe mops Ha 45° cepepHoil mupotsl) coctapaser 9,80665 w/c2
Ha nosmocax yckopentie cBofosnoro napenus Ooabine (9,832 m/c?),
a ma sgsaTope Mehnwie {9,780 m/c?). [lpu pacuerax OOHYHO HOAb- -
3YIOTCA cpeflHuM SHAYeHweM, paBHbiM 9,81 m/c

©® Us ¢opuyam (M73) u cootHOLIeHHST MEXJY HBIOTOHOM H KHJO-
rpamMy-cujoil cAeiyeT: Ha YpOBHe MOpS HA «HOPMAJbBHON» [umpoTe
Macca Teja B KMJOFpPaMMax UYWC/GHHO paBHa AeHCTBYIOWIell Ha Hero
cHJe TAXKeCTH, BHPAXKEIHON B KHJOrPAMMax CHJbL.

Tpetuii 3akon HbroTOHZ

Ecau onpo Teno HeHCTBYeT ¢ HEKOTopoil cunofi Ha ApYyroe Teno, To Ha
HErO €O CTOPOHH MOCHENHEro Tak:Ke AeHCTBYET Cmsa, paBHas NepBoi
10 BeJHUEHe, HO NPOTHBONOJONHASA No HanpaslenHlo. Takum o6pasow,
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CHNBL [efCTBYXOT BCerda DapaMu, T. €. HOCAT XapaKTep B3aHMOIeH-
>
crBus. Kaxpo#t peficTByioweli Ha Teno cune F cooTBeTCTBYeT NpOTHBO-
>
nefictsne [/, NpUNOKEHHOE K APYroMy Teay.

3axon paBeHCTBA MelicTBHA H npoTHEOneiicTBUs (Tpetuil sakon Hbro-
TOHA)

> >

Kaxpo#t cune F cooTeeTcTByer cuaa nporuBofeficTBus [ (cmna

peakuwy), paBHas 0O BeJHUHHE, HO IPOTHBOMOJOKHO HalpaBjel-
> > > -

= >
nag: F'=—F. Cunnl F u — F’ OpHAOKEHH ¥ pasHBIM Teslam
(neiicTBHe paBHO .NPOTHBOAEGHCTBHIO).

[Npumepn: cua B3auMoneiicTBUSA

— CHJla rpaBUTALMOHHOrO NPHTAXKEHUA ABYX T€J,

~— CHWJIbl NPHTAXEHHUS NI OTTaJKHBAHHUA IBYX MarneTOB;

-— CWJIBI OpHTANKEeHVs HJIH OTTaJKHBAHHSA ABYX S.HEKTpH‘IeCKH 3apsizKeH-
HBIX T€J,

-— CHJIBI OPHTSKEHYS HYKJIOHOB B aTOMHOM fIpE;

~— CHJIBI, BO3HHKAIWOLIHE NPH yOpyroii redopmauum;

~— CHJEl B3aMMOIEHCTBHS MOJNEKYJ ® T. H.

O6paTuTe BEUMAaHHE:

© Ecam mBe cuibl NPHIOXKEHH K OQHOMY Tely (paBHbie HiM HepaBHBIE
N0 Be/MYMHE, HO HPOTHBONONOXKHEIE [0 HampaBJEHMIO), TO OHH He
SIBJAIOTCS CcusaMu AefiCTBHS M NPOTHBOLEHCTBHS (CHIAMH pEaKUHH)
B cMBIcne TpeTbero 3akoHa HeloTona.

7.1.2. MaoTiocThb

Tena, umewuwme onuHaKoBHEe oObeMbl, HO COCTOSIIiHE H3 pPA3HBIX Be-
LeCTB, 00/1afa0T pas3NuUHOH Maccoil.

OTHomlenHe MaccH Teqa K €ro 06'b€My HasbIBaeTC INJIOTHOCTEIO.

IlnotHOCTB Macca
5 O6peM ~
Ecnu
p — OJNOTHOCTHL TeJna,

m — Macca Tena,
V — obnem Tena,
TO

m
M 74 | p=-7-.

0 m V

Ilna tBepnniX m wupxux ten: KI | kr/amv® &r pwd
KO | rfem® 1 cmd

Jina rasoobpasunix Tem: CH | kr/m®  kr m®



!
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PRSSSRS AL

Q6paTunTe BHMMaHHUE

©® UucneHHBIC 3HAYEHHs OJIOTHocTeldt cM. B Taba. 1.

© Il710THOCTL TBEPIBIX H KMAKHX BelleCTB 32BHCHT OT HX TeMHOepaTy«
pH. 3HayeHHe MJOTHOCTH NpPH MAPYrux TeMmOepaTypax ONpelelsercs
no gopmyae (T 13.10).

© [lsotHOCTb rasoB 3aBHCHT OT QOaBjeHusl W TeMnepatypsl. B 1a6-
Junax HpHBOIATCA 3HadYeHMs, COOTBeTCIBYIOuime Temnepatype 0°C
u paspenmio 101,325 kI1a (760 mm pr. cr.), T. €. HOpManbHas MJOT-
HOCTb Py 3HaueHue TIUJIOTHOCTH TNpH APYrHX YCJAOBHAX ONpELesis-
erca no ¢opmyae (T 13.22).

® VYaeJbHLIM BeCOM Y HasbiBaeTcsi OTHOLIGHHE Beca Tejaa, T. €. CHIbi
TSIKECTH, NEHCTBYwUie# Ha Teno, K ero obbeMy. B caydasix xoria
yleJbHEIR Bec HamepsieTcss B krc/nm® (unm kre/m® mnst rasos), uHc-
JIeHHBIC 3Hauenun NJOTHOCTH M YAEJBHOTO Beca COBIAaNaloT.

7.1.3. ¥Ynpyrue cumst

CorsacHo mnepsoMy u BropoMy 3akoHy HbloToHa, Bce uaMeHeHusi €O-
CTOSIHEA [QBHXKEHHS TeJia BHI3BIBAlOTCH cunaMu. Kpose Toro, cmiw,
co3naBasi naBjeHMe JHOO pAacTsikeHHe, MOTYT M3MeHATb (opMmy Tena,
HalpuMep JMJIHHY NPYXKHHBL

Cusbi cyxaT npuunHol Jmbo yckopeHus Tena (AHmammueckoe aefi-
cTeue), nu60 HSMEHeHus ero GopMbi (CTaTHUecKoe peiicTBHE).

B rnipepenax ympyroctu BemecTBa Cuja H Je-
(opManusl OPONOPLHOHANBHL HPYr APyry. B sTOM
cnydae cupasemauB sakon I'yka (M 12.1). Ko-
a(¢unrenT nponopiuuonaneHocTy D HasbiBaercs
KeCTKOCTHIO  (RO3¢(QHLEEeHTOM YHpPYrocTH).

Ecan

-D — xecTKOCTS,

F — cuna, sobisbiBamolliag wu3MeHeHWe .AJmHW Tena (Hamnpumep npy-
HUHB), ’

S§ — u3MeHeHME JJHNb Teaa noj HeficTsuem cuabi F,

M

T0

D F s
CH | H/m H =~
KO |Hev H oM
80 Krc/eM  Kre oM

M75 | D= _SF_

HeficTeyiomeii Ha Teno (OpyKmHY) cuie OpOTHBOHEHCTBYeT CHJA,
Haspipaemass ynpyrof cusoit. C yyeToM Hanpapienusi NeHCTBHA MOJYYHM
Baa yopyroii cunbl GOpMyay, aHajormueyl ¢opmyne (M7.5):

M76) |F=—Ds Enmsuue: cM. (M 7.5).
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O6paTuTe BHUMaHHeE:

©® UYem xectye Teno (ueM TpyIHee pacTAHYTb HpPY2KHHY), TeM Bolllie
xecTkoeTh D (ko3dunuenT ynpyrocty k).

© /[lns usMepenusi cuj IPUMEHACTCH NPY:KHUHUBI AuHaAMOMETp, B KO-
TOPOM H3MEHEHHe MJIHHBEl NPYKHHBE XapaKTepusyeT BeJHUYUHY IpH-
JNOKEHHOH cmnbl. [Ipy:kuHHEH guHaMOMeTp, HCOOJNb3YeMBH A
ONpENENCHNs] CHJIB TAXKECTH, HadbiBaeTcsl NPYKUHHBIMH BecaMH.

7.14.  Cuna tpenus

Jleuxyuieecss Teno TepseT CBOIO SHEPrHIO, He TOJNBKO IpeoflojieBasi CO-
NpoTHBNEHHE OKpYMKAIolell cpefibl, HO W u3-3a Hanmuds Tpenus. CuHia
TpeHusl JeHCTBYeT HA NOBEPXHOCTH CONPUKOCHOBEHHS TE€J M 3aTPYMHSET
HX fepeMellenle OTHOCHTEJBHO APYT Apyra.

Cuna TPCHHS BCerjfia nanpasjieHa BAOJIb INOBEPXHOCTH COIIPHKOCHO-
BEHHS! B CTOPOHY, HPOTHBOHOJONXHYIY JBHIKEHHIO. Ouna Bcerna
MEHBIIC CHJIbI HOPMAJBHOIO flaBJeHUS,

Ecan

Frp — cuna tpenns,

B — KO3(QQHUHEHT TpeHus, IF“

Fy — cuna HOpMaJbHOTO HaBJAEHHS, KOTOpas . t F
NpHXXHMAeT TeJO K ofope, i p;P-——l?-

TO T 77

(M 7.7) | Prp=pFy. |

O6paTnTe BHEHMAaHHE:
© Tpeune He 3aBHCHT OT NJIOLLANH CONPHKOCHOBEHHS TeJl.

@ OpreHTHPOBOYHHE 3HA4YeHHR KOs(QHUHEHTAa TpEHHA npuBeleHb
B Tabl 2.

PaznuuaioT cnefywouiye BHIE TPeHHS:

@ Tpenwe nokos OposiBAfeTCA B TOM cJaydae, KOTAAa Tesno, HAXOAuB-
[ieecsl B COCTOSIHMM NOKOR, TIPHBOIHTCS B ABHIKEHHE.
Kosdguuuent Tpenns nokos o6o3HauaeTcs po.

© Tpenue crosbXeumusi NPOABJSETCA IMpHM HAJHYMM JBHXEHHA TeJa,
OHO 3HAYMTENLHO MEHbIIe TPeHHs Hokos (W << Ho)-

® Tpenme Kayennst nposiBAsieTcss B TOM CJydae, KOTHA TEJO KaTHTCS
[0 ONOpe; OHO 3HAYHTENLHO MeHbIle TpeHus CKoabkeHua (p < p).

Cuna TpeHusi KaueHmsl BaBHCHT OT pajuyca KaTsLierocs npeaMera.
B Tummusbix cayuasix (0pH pacueTax TpeHWs KaieHHs Kojlec NOe3Aa,
aBTOMAIINHE), KOfa PAlHyC KOJeca M3BECTel u NOCTOfIHeH, €ro yuu-
THIBAIOT HEHNOCPEACTBEHHO B Ko3(dwmiHeHTe TpeHHs Kkavenus p'.

Kos¢pduunent TpeHHst MOKHO OnpeleiHTh SKcriepuMeHTanbHo. Jas
9TOr0 HOMEIAT TelO Ha HAKJIOHHYK NJOCKOCTb M ONPele/IIoT Yrol
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HaKJIOHA, TPH KOTOPOM Tejo HauumHAeT OBHTaThbCst (koddduiment Tpe-
Hus TOKOS [lg), a TaKXKe yrosi HaKJIOHA, NPH KOTOpPOM TeJo ABuXKeTCs
¢ INOCTOSIHHO# CKOPOCTLIO (KO3GDOIHUIHEHT TPEHHS CKONbKEHHs Li).

Ecan
) — MCKOMBIE kKo3bdHuueHT TpenHs,
0 — YroJ HaKJOHHOH NJIOCKOCTH,

TO NPN YKA3AHHLIX yCOIOBHAX HMeeM: v;CQ“S’('

cuia TpeHHsi paBlia CkaTHBaiowell cuie
nFy=F,
pGeosa=GCsina,
sin @

~Tcosar MM

(M 7.8) I p=tga.

ConpoTHBiesye ABHKEHHIO

Oueprusi  IBHIKYWETOCS TpPaHCNOPTHOTO CpeicTBa pacxolyeTcs He
TOJLKO Ha IpeojlofieHHe TpeHHs KOJeC O INOKpHTHE moporm (TpeHme
KaueHusi), HO H Ha MpeOJOJEHWe TpeHus B HoLUMnEEKax oceh. O6a
KO9(ipurnenHTa TpellHs Y4YHTBIBAWOTCSl BMecTe B Kosddmuuuente coupo-
TEBJienns ABHKeuunto. [ns BLIUHCJEHHS CONPOTHBIEHHSA [BHYKEHHIO Clle«
AyeT mosb3oBaThest QopMydoit (M 7.7). 3uavenns Koa(d(uLHEHTOB Tpe-
HYS OpuBelleHH B Tabi. 2.

7.1.5. Cunpt vuepuun (Caydyail HOCTYHATENHHOTO ABHIXEHHS)

Cunyl 9BASIOTCS NPUYMHON M1060r0 M3MEHEHHS COCTOSIHEA JIBHMKEHHd,
T. €. moforo ycKopeHusi. ¥YCKOpeHuwe BOSHHKAE€T B HanpaBieHun Jeii-
cTBuA cujn. Kpome Toro, CymiecTBYIOT Tak HasbiBaeMble CHJILI HHep-
U#H, KOTOPHe BO3HHKAIOT Kak cJelctshe yckopeHumii., OHH HampaBieHLI
B CTOPOHY, NPOTHBONOJOXHYKX yckopeHHO. Cuabl wHEpUHH BO3SHHKAIOT
TOJBKO B CHCTeMe OTcueTa, NBHXyllelics ¢ yCcKOpeHHeM, T. €. 5TO Ka-
KYIIHecs CHIbL.

Cuabl, BHI3HIBAWOIIME YCKOPEHHE LAHHOTO TeJa, W CHJBl HHEPIHH,.
BO3HHKAWII#Ee BCJIEACTBHE YCKOPEHHs, BCerJa paBHH 00 BeJHUHHE
Y OPOTHBONOJONKHO HANpPABJEHH.
Ecnu a
F  — cuna, coofmaroian Teny yckope- -
HHe,
Fy — cuna mrepuwn,
m  — macca TeJa,
4 — yckopeHwue,

> >
T0 Fy=—F, unu

f—:-—-—_ _—-——-?-
- me F

> > > Fm a .
> . >
(M 7.9 Fy=—ma, nan F — ma==0. CU |H xr w/c?
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UTo6L YCTAHOBHTB, KAK JBHIKETCA TEJo, Ha KoTopoe JeficTByer cpasy
HECKOJILKO CHJI, YaCTO MNOJB3YIOTCA NDIHUMIOM AWHAMHYECKOTO PaBHO-

BecHsa (Z F=0). npygeM B 3ITOM cJaydae Kpome MefiCTBYIOHMIHX CHJ

W CHJ TPeHHs clefyeT TaKKe YUHTHIBATH KaKYI¥ecs CuJbl HHEpPHHH
(npurnun JI'Asnambepa).

7.2. Pagora, sHeprua © MOUIHOCTH

7.2.1. PaGorta

Ecnu cnna nepemeinlaeT Teno Ha HEKOTOpOE pAacCTONHHE, TO OHa coBep-
LIaeT Hal TeaoM padoTy.

PatGoroit W wasbiBaeTcs NpOU3BelleHHWE CHJBI Ha HepeMelieHye.
Pabora = Cuaa X IlepeMeinenne.
Enzprmua CIK pabore:  [W] = [F] - [s] = H:m = I == Br-c ==
= kr-u?/c2
EnvenuH, nonyckaeiimecs k npuMeHenuio o 1980 r.: kmnorpamm-cuia
Ha MeTp (Krc-M) M 3pr

CooTHowenne MEXY enpuMLiaMu PaGoThl

Enusnuw, we pxopsiiue B CH:

1 ¥kBr-u4 =36-108 Ix
=3,6 MIx
1 ¥rc-m = §,806656 JIx
1 spr =10"" Ix
1a c-9 == 2,737 - 105 krc.m = 2,684 MJIx
1 dyur-cuna-byr ==0,1383 krc-m ==1,3558 Jlx
1 Qynur-cuna-noim == 0,01152 krc*m  =0,11298 Jix
1 naynpane-pyr ==4,297 rc-m = 4214 mJlx
4 ¢yur-cuna-~aps ==0,4148 krc.m ==4,06745 Ix

O6patnTe BHUMAaHueE:
® CooTHollekine MexXy eIuHULaMi paGotl cM. B taba. 15.

Ecan FRA F=const
W — cosepinennas pa6oTa, ’ | |
F — pocrosiinasi cmia, coBiapamoiiasg no Ha- W

npapJieHHIo ¢ nepeMenieHyem, L
§ — nepemeilleHue Teaa, S
TO

i4 F 8

(M 7.10) | W =Fs. cu | ax H ™

80 KIC*M Kfc M
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O6paTuTe BHEMAaHHUeE:

©® Cusa nosxHa coBlalaTh NO HaNpaBJeHHIO ¢ nepemelllenneM. B npo-
THBHOM cJlyuyae cjelyeT Hosb3oBaTbesi (opmynosn (M7.11).

® BesmumHa cuabl JOJXKHA OCTaBaThCH MNOCTOSHHOH BO BpeMa nepe-
melleHusn. Ecnm cusa MeHsieTcsl 0O JuHeHHOMY 3aKOHY, Kak, Halph-
Mep, OpH pacTsKeHMH OPYXKHHB, CcJaefyer
[OJB30BATLCH CpefHUM 3HAYEHWeM CHJBI, B
HHEIX cayyaax — ¢opmyaoir (M 7.13).

Eciu cuna ® nepeMelleHHe COCTaBISIOT MEXIY
coboit yron o << 90°, To mepemellenne cienyeT
yMHOXATb Ha COCTaBJSIOLIYI0 CuJbl B Halpas-
JeHNH OepeMellleRuss (HAR cujy yMHOXKaThb Ha
COCTABJAIOILYIO NCPEMEILEHnst B HANDABNeHuH
IelCTBHA CHIH).

Ecan
o - yroj MexJLy HanpabBleHHAME LEeHCTBHA CHJAB M epemelieHueM,

TO B COOTBETCTBHH C BhlpaxeHuem (M 7.10)

(M 7.11) | W=Fscosa, | F
L 1 |
HJH B BeKTOPHOH dopme 9 |
> > Feos ¢ 5

M712) | W=F.5

OGpaTuTe BHUMAHHeE:
® Pabora — Beswuvia ckaasipHasi.

Ecin cuna ve nocTosinHa 1O BEJMUMHE, a sBnfeTcs (QyHKuUuel ne-
pemeltennsn, F = F(s), n nanpassena noj yrioM o K fOepeMelleHHIO, TO

dW = F cos a ds, uan

F F(s)
82 q
. 711
(M 7.13) W=SFcosads, H (W
S H

N '5, ds & &
HJ¥ B BeKTOPHO# (opme

8
‘>
(M 7.4) | W= S Fds.

S

8 Pab6ora ecTb mHTErpas oT CHAB N0 HEpeMelleHHIO.

O6paTtnTe BHUMAHUE:

@ 13 s10r0 ompeneneHHs cielyeT, YTO IJOmalb 004 Kpmaou Ha rpa-
(ke 8aBHCHMOCTH F or s paema pa6oTe, NponsBeiCHHON JaHHOH
CUJIOH,
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Pa6Gota NpOTHB CHJBI THIKECTH

Fcan Tesno paBHOMEPHO INOJHHMAETCS, T. €. JBHIKETCH C HOCTOSIHHOH
CKOPOCTBIO B HAOpPABJEHHH, NPOTHBOMONOXKHOM HANPABNEHHIO NEHCTBHSA
cubl THAMKECTH, TO, cornacHo Gopmyne (M7.10), nag TejoM cosepiua-
ercsi pabora W = Fs, rne F— cuila; OHa COBMaJacT IO HanpaBjeHHIO
¢ HepemelleHreM S ¥ paBHa N0 BeJmyuHe Becy tena G.

Ecou
Wy — pa6ota no mopHATHIO Teda, W,
G — pec Tena (cuia TaxecTH, AeHcTBylow@s 1 :
Ha TeJo), A o
m -— Macca Tela,
g =981 m/c?2— ycKopenne cBoGomgHoro mar
Henus, 1
§ = h — mnepeMeilleHle, T.e. BLICOT4, HA KOTO- h
Py HofnuMaeTcs Teno,
70

v G h m g

(M 7.15) | Wy = Gh=mgh. CU | Ix H m xr wmfc?
80 Krc'M Kre M kv M/c?

O6paTuTe BHEAMAHHE:

©® Cosepuiennas Hajp TegoM paboTa 3anacaeTcst B Bulleé SHepram, CBs-
3aHHOB C UOOJOXeHmeM TejJa ((OTeHUMAJbHOH BSHEprum); CM.
pasn. 7.2.2.

©® Qopuysna (M7.15) onpenensier Takke paboTy, 3aTpauHBaeMyn Ha
nonbeM Tena Ge3 TpeHuss mo JoOoMy nyTu (BKaOYas HaKJIOHHYIO
IJIOCKOCTL); B STOM clydYae BhCOTa MozbemMa B paBHA cocTaBas-
fomeil nepeMenieldsi B HANPABJNEHHU NECTBHS CHJB TAXECTH.

PaGota npOTHB CHJ TPEHHS

Ecin Teno mBueTcss ¢ nOCTOSIHHOR CKOPOCTHIO (paBHOMEPHO) MNpOTHB
CHJ TpeHus, TO, cornacuo ¢opmyne (M7.10), wag HEM coBepllaercs
paGora W = Fs. Ilpu stoM cuna F coBnagaer 0O HanpaBJieHHio ¢ He-
peMelieHreM § ¥ PaBHA N0 BeJHYHHE CHJe TpeHHst Frp.

Ecim

Wazp — paboTa npoTuB cus TPeHHS,
Frp — cuaa Tpenns,

B~ Ko3QdunuesT TpeHus,

Fy = cana HOpMaJbLHOTO NABJAEHHS,
§  — nmepemelleHue,

TO
W F s p

(M 7.16) | Wrp = Frps = pFys. ¢l ox H m —
80 | Kr¢'M Kre M~
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QO6paTHTe BHuUMAaHue:

© Pa6ora npoTuB cun Tpenus MpeBpamiaeTcst B TEWIOBYH 3Hepruio.
[lpn IBUXKEHMH Tena BBepX NO HAKJOHHOH MJOCKOCTH COBEpHIAETCs
pabora NPOTHB CHJIBl THAXKECTH M CHJ Tpenus. B sToM ciydae cmia,
pefilcPBYIOllas B HanpaBJeHMH [epPeMeIleHHs, CKialblB2ETCd H3 CKaThl-
palomteit cmabl Fe u cunet Tpemus Fgp. B cooTeereTBHm C Qopmy-

noit (M 7.10)
W= (F.+ Frp) s=(F¢+ pFy) s= (G sina + pG cosa) s,
OTKYNA
V m g s p
CU| JIx xr w/c2 m —

(M 7.17). | W = mgs (sin ¢ + p.cos a). |

PaGorta, 3aTpaYvBaeMas HA YCKOPEHHE Tesla

Ecin non nefictBrem noctosiHuoH cunibl Fy Teno paBHOMEPHO YCKOPEHHO
nepeMellaeTcss Ha pacCTosiHHMe S, TO, corjacHo Qopmyne (M 7.10), pan
HUM coBepuiaetcst pabora W = Fys. Ilpu stom cuna Fy, yckopenue a
u nepeMellienre S HMEIOT OJHHAKOBOE HampasJieHue.,

Ecm

Wy — paGota, 3aTpaunpaeMan Ha yCKOpEHHE TeJa,

m - wMacca Tesa,

¥ -~ CKOPOCTb, KOTODYH IOCTHIAET TeJo,

a — YCKOpeH¥ue,

10 Wy=Fys = mas. Ecan yckopeHme coobmiaercsi Tejy, Haxonsiies
2

MYCfl B COCTOSIHHHM NOKOf, TO, COryacHo gopmyne (M 6.6), Wy=m—;? S,

1. €.

m a s v W
CU|kr m/c2 m mfc Jx

(M T7.18) | Wy =rmas ==% mo?,

Ecnu ycxopenne coofumaetes 7Teity, yxe obnalamlleMy CKOPOCTBIO
vo# 0, To B (M7.18) a crenyer maiitu u3 Qopmyant (M6.11):

0% — v% -
a === T . orna
(M 7.19) W, =mas = -122- (02 - vg). Enunpub: cm. (M 7.18)

OGpaTntTe BHEMAHHKE: .

© Cosepuienyas Haj Telom pabora 3amacaerca B (OpMe KHHETHYC:
ckoil sHeprun Tena Wy
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® Uz gopuyn (M7.18) u (M7.19) Bunro, uto pabora, 3aTpaunBaemMas
Ha yCKOpeHme Tejla, He 3aBHCHT OT XapakTepa NPHJIOKEHHOl K Teay
cunni. IlosToMy JHeficTBywomas wHa Teso
ciia He OOS3ATENBHO JOJKHA ObTh To- Wy
CTOSIHHOH, & MOXeT 3aBHCeTb OT HepeMe-
Ienysi WIH BpemeHu:

Fy=Fy(s) wmm -
Fy="Fy(f).

Pabota, sarpaunBaeMan Ha ynpyryio nedopMauno Tesa

Ecin npyxuna pactsiruBaeTcst Ha HJHHY S, TO [eACTBYIollas Ha fpy-
JKHHY CHJ1a B COOTBETCTBHMH ¢ Bhipaskenumem (M 7.5) Bospacraetr upo-
nopuuoHaJbHO § OT O 10 Fuaxe. Torma B ¢dop-
Myay (M7.10) nans pabort W = Fs cnenyer
MOACTaBHThL CPeJiHee 3HAYEHHE CHJILI

F —_ FmaKc

5 -

Ecnn
Wy — paboTa npotee yopyro#l cuaw, -patora no LedopManMH 0pPYKHUHEI
D — xecTKOCTb NpPy:KUHH,

§ -~ pacTsiKeHHe,
T0, cornacHo gopmyne (M75), Wy== 2s 5, T. e

" 14 D 5
(M 7.20) W,I=?Ds2 I CU| Ox H/m ™

80 | grc:M Rre/M M

O6paTtuTe BHEMAHYE!

© PaGota, saTpaunBaeMass Ha HAedopMauumio (pactsiKeHue) NpPYIKHHH,
3anacaeTcs B BHe NoTeHnmanbHoil sneprum W, pacTaHyTofl mnpy-
FKHHEL

©® Qopmyny (M720) MOMKHO BLIBECTH, BOCHOJL30BABIIHCE (POpPMY-
Sz

no#t (M 7.14) W=8Fds npu 8, =0u F = Ds.

81

722. Suepria

Jlw6as pabora, coBepliaemas HaJi TeJOM, YBeJHUHBAET €ro 3HEPruio
U JiesiaeT ero CriocoOHBIM B CBOIO odepellb coBepuiaTh paboty.

Onepruedt W HasbiBaeTcsi c¢nocoOHOCTb Tesla coBepulaTh paboTy.
OHeprusi = CnocoOHOCTb Tesa copepluath paboTy pam 3afdac pa-
GOTHL. .
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7.2. Pabota, 3Hepausn u MOWHOCTb ' M 8t

DHeprust H3MepsieTcsl B TEX Ke efHHHLax uTo  pabota.

" Emmenua  CH sweprun: [W] = oxoyne  (Hx)=H-u = Br-c =
= gr-m%/c% ‘
Enuruusl, ponyckasiuecs K npuverenuo no 1980 r.: xre-m H spr.

O6paTHTe BHEMAHHYE:

® CooTHOlleHHe MEXIY eIMHULAMH SHEpPruH B pPasHBIX CHCTeMax
cM. B Taba. 6.

lMoTenuuanonan osHeprua (9Heprua MOJOMEHUA M IHEPTHA YNpyroi ne-
fopmauun)

YT00L! YBEJHUNTD PACCTOSIHME TeJaa OT UEeHTpa 3eMaH (MOOHATH TENO),
Hal HUM CAENYET COBEpIUMTL pabGoTy. 3DTa palboTa sanacaeTcs B BHAC
NOTEHUHUAJbHON SHEPTHH Tena.

Ecnu
Wgo — noTeHuwasbHasi SHEPTHA Teja, SHeprus mg=G
MOJIOYKEHHS], [
m — macca Tedna, Wy
k  — BBHICOTA, HA KOTOPYIO MOILHSITO TEJO, H ]
g =981 m/c?— ycropeHue cBo6GORHOTO na-
JEeHHs, h

TO, TOCKOJbKY, corjiacHo ¢opmynie (M7.18), pabora, 3aTpauennas
Ha nogeem Tefla Wn = Gl = mgh, noTenuuajbian SHeprust Teja paBHa

w G h m g
(M 7.21) | Wy=Gh==mgh. | CI/II Jk  H n xr wm/c?
80 | krc'm KIrc M

O6paTuTe BHUMAHHE:

® llorexyuanbuas 3Keprus, onpenensemas no ¢opmyae (M7.21), ue
ABJISIETCA MOMHON IOTEHUMAJBHON 3Hepruefl Tesna, a TpPelCTaBASCT
coBof JMulp npupalleHHe NOTEHUHA/JbHON SHEPTMH NpH [oNbeMe
Tena Ha BbIcOTY /i, NMOCKOJNBKY Hadajo OTcueTa BbIGHpaercs npous-
BOJIBHO.

Qopmyra {M7.21) BepHa npH YCIOBHM, YTO YCKOpeHue cBobGon-
HOIO NaJeHHf g MOCTOSINHO MO BCeH BEICOTE NOABEMAE, T. € B Caydae
NOIBEMA HA OTHOCHTENBHO He6OsByK BLICOTY. B rpaBHTanUMOHHOM
nojie m06oro HeGecHOro TeNa CHIa THXKECTH H COOTBETCTBEHHO YCKOpe-
HHe cBoGODHOro NAJEHHS Tesia YOLIBAIOT NPONPOLHMOHAIBHO KBanpaTy
PacCTOSHHA OT meHTpa dToro Tena; cu. (M 7.69). [Nostomy npu momneme
Ha GOMbIIYIO BLICOTY CCAYET YUMTLIBATD, YTO  rp-G
g = g(h) u, crenosateybro G = G(h):

ks -
(M 722) | Wp=m S g dh.
fu hy dhhy, A
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Q6paTuTe BEHMaHHE:

@ Ecin Teno onyckaeTcst ¢ BBICOTH F, TO BBIIESIETCS ONpeiesseMast
dopmyname (M721) u (M722) sueprug Wi, sapucdinas oT
paccTosuys, Ea KOTOPOEe OMYCTH/IOCH TEJO.

® Ecnn Teno nazaer ¢ BHCOTH h, TO €ro noTeHUHaJjbHas sHeprus Wy
UEJHKOM MpEBpallaeTcss B KHHETHUYECKYH0 sHepruio Wy (3Hepruio
IBHKEHHT) .

PaGoTa, 3aTpauHBaeMan na neoOpMALHI0 YNpYrux Tes, TAKXKe Ha-
KalIHBaeTcsl B 3THX Tel1aX B BHJIe NOTEHUHAaNbHOH 3HEPTHH.

Ecnu
Wu — notenunanbuasy SHeprus, pafoTa, saTpaueHHas Ha YOPYTYIO Je<
¢opmManuIo,

D — xecTKOCTb Tesia WM MPYIKHHLI,
§ — penuunHa sedopMaluy,
TO aHajornuuo (M 7.20) umeeMm
w D s
Ds?
M72) | Wy = 5 - CU|Ox Hm M

80 jxrc+MKrc/M M

KrueTnueckan sueprusa (sueprun ABMIKEHMA)

Y1o6s! COOCHIHTL TENy YCKOPEHHE H 3aCTABHTb €r0 ABMIaThbCsi C Ompe-
HeNeHHONR CKOPOCTBIO, HYIKHO cosepumTh pabory. 3Tta pabora samas
caeTcs B BHIE KHHETHUECKOH SHepruM Tena.

Ecnn

Wy — kuHeTHYecKasi SHEpTHA TeJa,
m — Macca Tena,

¥ — CKOPOCThb Tefna,

TO, NOCKOJIBKY paGoTa, 3aTpaueHHasi Ha YCKOPEHHe TeJaa, COLJIacHO
cdopmyne (M7.18), papua Wy = mas=—2—-mv KHHeTHYeCKan SHEepPrHs

Tena lamuiercs B BHIAL

m v 14

M 7.24 W= ————
¢ ) b CI/I!Kr /e JIx

HaMeHeHye BesMUHHB! CKOPOCTH OT vy IO
U2 OpPHUBOAMT K  H3MeHEHHIO KHHETHYECKOT
SHEPruH, KOTOpPOe 3aNnuChHIBaAeTC B BHIE

(M 7.25) | AW, ~-— (02— }).
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OGpaTuTe BHUMAaHUE:

® Ecmn vy << v), To Bupaxenme B cKoGkax oTpHuatesbro, AWy < 0,
T. €. T&JIO OTAAeT CBOK KHHETHYECKYIO SHEPTHIO.

7.23. 3akou coxpauenusi sHepruy

3TOT 3aKOH IJIaCHT, UYTO 3SHEprHsi He MOXeT HCHesaTh GeccnepHo HAM
BO3HHKaTh U3 HHUErO.

Tlonuas sHeprua 2aMKHYTOl CHCTEMB, KOTOpasi He OTZI&aeT cBoell
SHEPrHH H He MOJyYaeT SHepPrHH H3BHE, OCTAeTCH HEH3MEeHHOH.

370T oGImuil 3aKOH B npUMEHEeHHH K MEXaHHKe O3HadaeT clefywliee:

3aKoH cOXpaHeHHn MEXaHHUYECKOH SHepruu

B samxuHyTOoli MeXaHuuecKO#l CHCTeMe CyMMa MEeXaHHUYCCKHX BHIOB
SHepruM (NOTEHUHAJbHON M KHHETHUYECKO! SHEPrHH, BKJIOUas sHep-
THIO BPAIIATENBHONO INBHIKEHHS) OCTAeTCS HEH3MEHHOMH.

(M 7.26) | Wy -+ Wi+ Wap = Wrom = const.

O6paTuTe BHEMAaHHUE:

@ 3Heprusl BPALLATENBHOTO TBHIKEHHS ONpefensercs B pasd. 7.4.7.

® TlorennuancHas SHeprHsi BKJIOUAET SHEPTHIO NMOJOXKEHHR H 9HEPrHIO
ynpyrofl pedopmanHH.

® Ha npagkrixke He OHIBAaeT YHCTO MEXaHHUYECKHX IIPONECCOB, TaK Kak
BCJAENCTBHE TPEHHS 4YacTh MeXaHHuecKOM 3HEPrHH TNpeBpamaercs
B TEMJIOBYI0 SHEPIHIO.

7.24. MolugocTh

MormpocThio P Ha3BIBa€TCH OTHOUIEHHE IPOUSBENEHHOHN paboTunl K
BpeMEHH, B TeYeHHE KOTOPOro cosepllleHa paborta.

) Pa6ora

MomuocTp = ————

Bpemsa
Enuuana CU mowgocrs: [P] = sart (Br) = Jx/c = xr-m?/cd.
Enuunnn, fomyckapluluecs K npuMeHenuio no 1980 r.. kmjorpaMm-cusia-
MeTp B CeKyHAY (krc-m/c) ® (IJ8 Malln# ¥ MeXaHu3MOB) JOllaJHHbIE
cunel (. C.).
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Cootnowienue MEXKAY eauHnHaMu MOIMHOCTH

Enyumer, ne sxopsiuke 8 CU:

1 xrc-m/c =9,80665 BTt

1 noc == 735,49875 Br

1 spr/c =0, MxBr=10"" Br
1 n. c. (6put.) ==745,7 Bt

1 ¢ysT-cuna-¢gyrt B cekynny == 1,356 Br

1 dyur-cuna-poim B cexyuny ==0,11298 Bt

! nayupanb-$yT B cerynny == 42,14 mBr

| ¢yur-cuna-apn B cexynpy = 4,06745 Br

Cpennnn MOLHOCTD

Ecnu
P — cpegnsas MOIHOCTD,
W — pa6ora,
# -— Bpems, 8aTpaueHHOe Ha COBepLieHHE pa-
GOTHI,
TO
P W t
- W U —
(M 7.27) P=T' | CH | Br Jdx ¢

80 |xrc-m/c Kreem ¢

O6patuTe BRUMAUHE:

® Fcnu paoTa nponopuMoOHa/bHA BPEMEHH,
W ~ t, T0o MOLWHOCTb NOCTOSIHHA,

MrHoBeHHan MOHIHOCTb

B OGosbunHCTBE ClyuaeB MOMHOCTH 38BHCHT
oT spemenn, P = P(f). B 10 BpeMst KaK cpel-
HAA  MOWMHOCTL BHUHCAAETC] 1o dopmye
(M 7.27), mrHoBeHHas MOLIHOCTb OILpefeisi-
€TCsT KaK

aw :
(M 7.28) P=—¢7t—= w.

MrHoBeHHas MOIIHOCTD €CTHb HPOH3BOAHAST
pa6oTr no Bpemern: P = W,

P=const
[l
W
I
z
WE
K
‘p
W
|l
dt
w

sy
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Nockoabky dW = Fds (M7.13), us ¢opmynst (M 7.28) caenryer
P = Fds/dt. Tak rak ds/dl = § == v, umeeM

p F v
(M 7.29) | P=Fu. | CU| Br H wm/c
80 | xrc-m/c Kre M/c

Mruogennas MOLIHOCTL PaBHa MPOHIBENCHHIO MFHOBEHHON CHJIBL
Ha MrHOBEHHYIO CKOPOCTD.

O6paTuTe BHUMAaHHKE:

® Qopvyna (M7.29) cnpasennupa B TOM cayuae, Korpa F uau v
noctosiHuel. Ecnu xe F M © OCTAIOTCS MOCTOSIHHHIMH, TOo P npen-
cTaBiiferT cofoil MOCTOAHHYIO MOILHOCTD.

Ilpu paBHOMepHO ycKoperHoM aBuxeHuH (F = const)

Pyage == FUyares P == F0.

7.2.5. Koatppmumenr nonesporo peiicteua (KI1JL)

Kaxpan mawmHa notpeGasier GOJBINYI0 MOILHOCTb, 4€M OTHAeT, MO-
CKOMbKY B Hell DPOMCXORAT HOTEPH MOLHOCTM (3a cuer Tpehusn, co-
TPOTHBJIEHHS BO3LYX4, HArpeBaHua ¥ T. I.).

Kosdpunuent nosesHoro neficTus mnpelicTasiasieT coboil OTHOMHIEHHE
OTAaBaeMOH MOIUHOCTH K NOABOAMMOH MOLIHOCTH.

Ecau

n — KI1H,

Porg — oTHaHHAas MOWHOCTB, T. €. nojesHas M a(GhexkTHBHAas MO~
HOCTb, DaBHAH NOILBELEHHOH MOIIHOCTH MHHYC MOIMHOCTb NO-
Tepk,

Propg — nopBeneHHas MOUIHOCTB, HaspiBaeMast TakKke HOMHHaJbHOM,
NPHBORHON HJIH HHAHKATOPHOI MOILHOCTBIO,

T0

P P J2

Pno)J.B " "notepe ___ 1 — moTepe __ __ OTA

M730) |n=

PI'KOD.B PHOAB PHOD.B

Yacro -GbiBaeT nenecooGpasto onpenensits KI[ He kak oTHOLieHRe
MOLIHOCTEl, & KaK OTHOWEHHe pafoT, OocOOEHHO B TeX Clyuanx, KOrha
paboTa Hal TelioM COBEPINAETCR HE ONHOBPEMEHHO ¢ paloTol, npom3-
BOOMMON CcaMHM TeJOM, H C IPYTOH CKOpOCTbio (HanmpuMep, pacTsike-
HHe H cykatHe npyxuubl). Tostomy KIIJ ompenensiior takie cruemy-
IOHM o6pazomM:

Tlonesuasi paGora
O6uas paGota

a Kos¢duiuent nonesHoro AeHCTBHSA ==
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O6paTuTe BHHMAaHHE:

® KITA no mommocty Me H KIIJ] no paGoTe WMy cOBMafaloT TOJIBKO
B TOM CJydYae, KOria NpOROIKHTENbHOCTb MONBOAA H BHICJEHHS
SHEpruH OJHHAKOBA.

® BcrenctBue Hewsbexnubix noteps KIIJl Bcerma meHbiie eOHHHIEL
n<<li.

P
@ Uacro KIIJI BLpaskaioT B NpONLEHTAX, T. €. 1) = ——2—+100%, wm
noAB

= 9T 1009,

O6wuil KoaduMEHT nose3Horo ReicTBHA

[TpH MHOFOKPaTHOM npeBpAllleHHH HJH Nepefaue SHEPrHH OOGWEi K03(Q-
(UuNEeHT nonesHoro peiicteust paseH npousBefennio KILJ na Bcex cry-
NeHAX npeo6pa3oBaBysl SHEpPrHu:

(M 7.31) | Nosm =M1 - - - |

7.3. Hwmnyabe  coynapeuue (CTOJNKHOBEHUE) TN

7.3.1. HUmMnyase (KONHYECTRO ABHIKEHUA)

I/IMﬂyﬂbCOM Tejla Has3HBaeTCs NpoH3BeIeHHe MacChl Teaa Ha ero
CKOpPOCTD.

Umnynbe — BekTOpHas Besqnuuea. Ero uanpasienme coBnafiaeT ©
HaNpaBJeHHEM CKOPOCTH.
Enununa CH umnyasca: [p] = rr-m/c = H-c.

Ecau

P -~ UMNYJbC Tena,
m — macca Tena,

¥ - CKOpPOCTb TeJja,

TO

> > p m 0
M 7.32) | o= md! |
| CU | H-c=xgr-M/c xr wMfc
VisMeHeHHE HMIYJLCA Tela TIOCTOSHHOE MaCCH MOMKET IIPOHCXONHTB

TOJBKO B PE3yNbTATE H3MEHEHHs CKOPOCTH W Bcerfa 0GYCNOBJEHO Lelf-
CTBHEM CHJIBL.

F& F=const
Ecnu
Ap - wsMmeHeuue uMNyJabca TeJsa, l H
m — Macca Tedna, 4
Av = vy — v; — H3MeHEHHE CKOPOCTH, lﬁ
F— yckopsamoas Teso NOCTOSHHASA CHIA,

Al — npofionxuTenbHOCTh ACHCTBHA CHIIH, at €



7.3, Hmnyavc u coylaperue ren M 87

70, cornacko (M 7.2) u (M 6.2), umeem

) > > A—>
v
F—ma—m—A?,
~ N P Fitm v
(M 7.33) Ap=mAv=FAt., CU | H-c=xr-m/c H ¢ &r M/c

ITpounzsemense FAf HasbiBaeTcs umnynbcoMm cuiel, OH paBeH H3-
MEHeHHIO HMIYJbca (KOJMYECTBA ABHIKEHHS) Teaa.

Enutinna CU umnymbea cune: [FAf] = H.c = gr-mjc.

O6GpaTnTe BHHMAHHE:

® dopmyna (M7.33) cnpaBepsiuBa TOJABKO B TOM ¢jAyuae, KOrAa CHJA
NOCTOSIHHA B TedeHHe BpemeHu Af.

N Ecnzx cujia MEHSieTC CO BpPEMEHEM, T. €.
F=F (), 10

ty
.>
(M7.34) | Ap—m Ao — S F dt.
i

Vsmenienne wuMnysabca (KoJuyecTBa JBHIKEHHS) TeJa pABHO HITe-
rpajsy OT CHJIBl IO BPEMEHH.

> >
Hs (M 7.32) BHiTekaer ciefyiolliee ollpefeneHne cuabl: dp = F di,
OTKYEa

> d_) d o) 5
M7.35) | F==dp_dlm) >

MrHOBeHHOE SHAUeHHE CHJLl PaBHO NMEpBOH IPOU3BOIHON HMIYJBLCA
TesMa 0 BPEMEHH,

O6paTuTe BHHEMaHUE:

©® Qopmyna (M7.35) cnpaBemynBa W B TOM CJ/ly4ae, Korga macca Tena
MeHsieTcH B NPONECcce YCKOpeHHs (peIsTHBHCTCKOE YBEJNYeHHEe Mac-
Chl YCKOPEHHHRIX 3JIEMEHTRPHBLIX 4aCTHIl, 32MYyCK PaKeTHl H T. [I.).

7.3.2.  3akou coxpaHeHHa HMIOYJbCa

DT0T 3aKOH WrpaeT B (HIUKE CTOJb K€ OCHOBONOJAraKILYId POJib, KaK
F 33KOH COXPaHeHHs SHepPruH.
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3aKon coxpaHenua MMIOYJbca

Tonubtit uMMy/ibc 3aMKHYTOR CHCTEMBE! (Ha KOTOpYIo He AEHCTBYIOT
BHEUIHHE CHJIBI) OCTEeTCH IOCTOSIHHBIM,

> > > > no>
M736) [p,+potpst oo =ppon= Z p, = coust.
i

=1

O6paTuTe BHUMAHUE

>
& TloaHBIl WMIYJbC CHCTEMBl Promy €CTh BEKTOPHAS CYMMa OTHAEb-
HBIX HMIYJIbCOB.

>
@ Tak KaK MOJHBIH MMOYJBC CHCTEMBl Promn HE MEHSleTCsl, BEKTODHAS

CyMMa BCEX HSMeHeHIil HMNYJBLCOB OOJKHA O6pamartbcss B HYJb:

> o>
Apno.rm:: _ZlApi=0'
i—

7.33. ¥Yupyroe coypapentie (JoGoBOe HEHTPAJLHOE)

Coynapetisie — 3TO CTOJKHOBEHHE IBYX Tes. IIpH CONpHKOCHOBEHHHM Tena
o6menuBaTca sHepruell w umnyabcoMm. Ilocne coynapenwsi OHH IBHIa-
1I0TCSL CO CKOPOCTSIMM, KOTOpPHlE OTJ/IMYAIOTCS [0 HanpaBJeHHIO M BeJ-
YyHe OT WX CKOpOcTell 10 CTOJKHOBEHHS.

[pu fn0GOBOM ILEHTPA/IBHOM COYNApEHHMH LeHTPH Macc OCOHX TeJ
IBUTA0TCA BHOJL OAHOH JjuHHy. CHJB B3aHMOLEHCTBHA, BOSHHKAKILHE
HOpH COyLapeHHd, Napa/JIeJIbHBl HanpasfeHHo Apuikenus. Ecnu npu-
MEHHTb K TAKOH CHCTeMe IBYX Te/l 3aKOH COXPaHeHHsl HMIYJbca, TO
NOJHEI HMNYJbC CHCTEME! 6YmeT paBeH anreGpaudeckoll cyMMme HMITYyJb-’
coB OCOHX Te.

Ilpe ynpyroM coyZapeHHH Ha HPOTSXKEHHH KpaTKOBPEMEHHOIO CO-
NpHKOCHOBEHHS TeJla IBHFAIOTCS ¢ OOLiell CKOPOCTEHIO, 3aTeM OHH pasie-
TAIOTCA M NMPONOJIKAKT ABHIATbCS C PASHBHIMH CKOPOCTSIMH,

Ecnu
m; — Macca epBOro Tena,
my — macca BTOPOro Tena,

U; — CKOpOCTb MEPBOro Tea AO CO-
yAapeHHs.,

Uz - CKOpPOCTB BTOpOro TeJia Jo
coyrnapeHus,

¥ ~— ofllas CKOpocTb OCOHX Tes B
MOMEHT coynapeHHus,

U

¥ — CKOpOCTb MNepBOTO Tesla MOoCTe
COyRapeuHs.

Uy — CKOPOCTb BTOPOro TeNia mocje
COYAapeHHs,
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TO M3 32KOHa coxpaneHus umnysasca (M 7.36) cnenyer
m vy -~ Mgty == mlvf -+ mz”z,) HAH
m, (vl - v{) ==my (v; — 02).

Vi3 33KOH& COXPAHEHWA SHEPrHH NOfydaem

2 2 r9 9
myuy Mgly Moy " nigvy -
2 2 2 2

m (vf — v?) =, (v;2 — vg), OTKyZ2a
my (vl —_ v{) (”1 + v;) =, (v; —_ 02) (v; + 02), OTKY1a,

BOCIOJIB30BABIINCH 32KOHOM COXPaHeHNs HMITYJILCA, HAXOOHM

I'4 V4 v
M7.37) | v+ o] =0y + 05, ] o
Ué ————— e T —
Cymma ckopocTefi [O H nocie
COYLapeHHsi OfLHMHAaKOBa NPH Jio- U f-———~ =S
Gom coynapeHHH Tea. :E
U “
Vs gopmynn (M7.37) crenyer vjjf———=1r s
’ gl Wap ~o i o Omieie z
v;=vl+vl—-v2, N |

Comuaerue Tpuroc- Hoanewnve

’ ’
V=10 + 0y — 0y HOBeHuE

ToncraBuB st BBIDAIKEHHA B BHIOH3MECHEHHDLIH 3aKOH COXpaHeHHq
HMITyJIbCa, NOJYUYHM

y (Ul - U;) =My (v; ‘v —uv— U;)

my (vl — g — v; -+ U[) =, (v; — 02),

7 '4 -
OTKypa, paspetinB OTHOCHTEJILHO Uy H Uy, Havuzem

s (my — mg) vy 4 2myvy
Uy == T e s m 0 v’
(M 7.38) s (mp—m) 02+ 2mivy cUu I K Mfc mjc
2= my + m )

O6paTuTe BHUMAaHHUE:

® Tllpy npOTHBOMOJIONKHOM HANPABJEHHM IBHIKEHHS CKOPOCTb CUHTa-
eTcs OTPHLATENbHOM.
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@ Ilockonbky nosHas sHepPrusf [0 H NOCAE COYNAPeHHs OCTAETCR HEH3-

MeHHOH, mnoc/ie CTOJKHOBEHHSl Tela NPHOOPETAKT CBOX NepBOHA-
y  YaJbHYI (OpPMY; BOSHHKAIMLIHE B MOMEHT COyhapeHus nedopmaluu
| HCuesawT.

7.34. Heynpyroe coynapenue (n06080e NEHTPANBHOE)

Ecan NpoOHCXONHMT Heynpyroe coymapeHue Ted, TO OHH Ae(QOPMHPYIOTCSH
B MECTe CONPHKOCHOBEHHSI H 23aTeM [BHIaKwTcs ¢ oOIlell CKOPOCTBIO.

Ecnu

nm; -— Macca nepsoro TteJia,

my ~— Macca BTOPOrO TeNa,

U1 — CKOPOCTb MEPBOTO Tejla O COynapeHHs,

Vg — CKOPOCTb BTOpPOTo TeNa ao coynapemzﬂ,

v —_ O6lllaﬂ CKGPOCTDb o60oUX TeN Tnocne coy,u,apemm,

To, corsiacHo dopuyse (M 7.36),
oy -+ mets = (M, -+ ms) v;

oTcIona

(M 7.39) | pom 10+ Mol2
my4+me

CornacHo 3aKOHY COXpamellusi SHEpTHH KUHETHUYECKas SHEeprust CH-
CTEMB! IIOCJ€ COyAapeHHsl MeHbllle, YeM N0 HEro, Tak KaK uacTb 3Hep-
THH pacxofyercd Ha HeYNpyryio AReGOpManuio Tell.

Ecnu

W — CyMMa KHHETHUYECKHX sHepruil oOOHX TeJ O cOyIapeHus,

W2 =~— CYMM&a KHHETHUYECKINX SHEPFHﬁ ofoux Ten nocne coynapeﬂﬂﬂ,
AW — noreps swepruu, paBuas paboTe, 3aTpaueHHOl Ha JAeOpMAIHMIO,

TO, corniacio (M 7.25),

mlvf myva
Vi=——+—5—a

2

Wy = (1 +2’712)U )

Tloncrapus B 310 pasencTBo BHpamenne (M7.39) nns v u npeob-
pasoBaB €ro, NOJNyUHM BBHIpaeHHe A5 paboThl, 3aTpadyeHHoOH Ha Je-
fopmanuo: .

HiyfMtg

2 (rmy 4+ mo)

(hl 7.40) ‘ AW = W{ —_ Wg = (Ul _ 02)2-
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—
©O6paTHTe BHUMAaHHUE:

b ITp¥ TPOTHBOMNOJIOKHOM HANPABJCHUM JBHXKEHHS CKOPOCTh CUHTa-
eTCs OTPULIATEJILHOH.

7.3.5. Hactnuno ynpyroe coyaapeHue (JoGoBoe LEHTPAJbHOE)

Ilpu ynpyroM COyAapeHHH CyMMa SHEPrull COymapsIOLINXCs TeJl HE U3~
MEHSETCSl, & TP HEYNPYroM COYA4pPeHHH, AJS KOTOPOTO BBLINOJIHSETCS
YCAOBHE Uy == Uy ==10, GONblIas YaCTh TOJHOH SHEPrHH 3aTpPayHBactTCs
na npedpopmanuo tes. O6a sTHX Tpolecca MpeAcTaBasior cofoil upea-
JIM3UPOBAHHDIE YACTHBIE CAYYaH.

B peamHepix mpoueccax Gojee MM MeHee 3HAYMTENbHast YacThb
SHEPrMH pPACTPAYHBAETCA HA CO3AaHue HeGOAbLIMX HedpopMauuii u Ha
npeofloNicHYe CHJ BHYTPEHHEro TpeHus.

Uactb paloThi, 3aTpaueBHOH Ha pedopMauMIO Tes LOpPH HEYIpYroM
coynapetnn, AW = W, — W, (M7.40), cHoBa mnpespaiiaercs B Kuke-
THYECKYIO SHepruio, a uMeHHo (W, — W2)k%

Ecau
W — notepst sHepruH mpu YaCTHYHO YOPYrOM COymapeHHH,
M1, — Macca NepBoro Tena,
ms* — Macca BTOpOro Tena,
U) - CKOPOCTb MEPBOro Tefia A0 COYAapeHHus,
Uz ~ CKOPOCTb BTOPOrO TeJia 0 COYAapeHus,
U; — CKOPOCTb IEPBOrO TeJa Moc/ie COYAapeHus,
!
Uy = CKOpOCTb BTOPOro TeJa Mocje COyHapeHHs,
k  — xosdduuMEeHT BOCCTAHOBJEHHS,
TO

W= (W[ -_ Wz) — (‘V[ -_ Wz) k2 unm
= (W, — W2 (1 —&?).

C yuerom dopmyan (M 7.40) monyuum

nt iy

e T )

(Z)l - v2)2 (1 — kz).

WV mo &k

CHU l Jx kr Mfc —

Bcenenctsne mOTEpM 3HEPrHM CKOPOCTH TeJl TOCAE YAaCTHYHO Yrpy-
roro coypapeHusi 6ynyT MeHbule, YeM nocjie aGCOMIOTHO yNpyroro co-

Voapeuus. Qopmysa (M7.37) mns paHHOTO CJayyasi NpPHHHMaeT Cle-
AYIOL Uil BHA:

4 7
(o1 — ) k=10, — ).
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Tlocae HEKOTOpHIX MpeoGpa30OBaHUil HAXOMHM

U, vy & mety — (Ul — vz) IﬂQk
- my -+ ms
of = 01+ Mt 4 (vy — vg) mik
2 my -+ my ’

(M 7.42)

O6paTuTe BHUMAHHUE:

@ VYnpyroe coyidapeHue {(cM. pazn. 7.3.3) u Heynpyroe coyldapeHshe
(cM. pasd. 7.3.4) siBaAslOTCA UYACTHBIMH CAYHAsME YaCTHYHO ynpyroro

coylapeHusi. Bepamenuss nas W, v; u v, OTAWYAIOTCA BO BCEX

TpeX caydasix TOJNbKO 3paueHHeM xos(dduuueHTa BOCCTAHOBJCHMS “k:
Heyfnpyroe coynapenue k = 0,

YaCTHUHO ynpyroe coynapenre 0 << k << I,

a6conoTHO ynpyroe coyfapeune k = 1.

Koaduurent BoccTanoBaerUst k aBJsieTcss B ONpelej]eHHOM CMLICHE
Mepoll ynpyrocTH Tesna, ¥ €ro MOMHO OlpelesHTh SKCIepHMEHTAJbHO.
Jas storo mocTaTouHO GpPOCHTD IAPHK HA TIJIACTHHKY H3 TOrO K€ Ma-
TepHala M ONpefieMTh BHICOTY MOACKOKA.

Ecau

k —xosdpuurenT BOCCTAHOBJEHHS,

hy — BHICOTa, C KOTOPOH najaeT IapHK,

Fi2 — BBICOT2 NMOLCKOKA IapHKa,

TO, NOCKONLKY U2 = 0 u ma 2> m,, corjacHo dop-

Myae (M7.42), umeem k=-—v{/vl. . Tag xaxk

v=4/2gh, noayuaem k= 4/2gh.fA/2gk,, u,
HaKOHel,

M743) | b= /2.

ﬁ‘Oﬁpa'ru're BHUMaHue

@ KoadduuuentT BOCCTAHOBJAEHHS! HE SBASIETCS [POCTO XAPAKTEPHCTH-
KOH BeLleCTBa, 4 34BHCHT OT CKOPOCTH ¥ YUHCNEHHbIE 3HAUEHHS
cM. B Taba. 3.

74. JuvaMuka Bpal{aTeNbHoro ABUIKEHHS.
JlunaMuKka TBEpPHOro Teda

74.1. LenTpocTpeMHTENBHAA CHAA

Ecan ToueynHas Macca HiM LEHTP Macc TBEPAOTO Teja IBHIKETCH IO
OKPYHOCTH, TO CYIRECTBYET yCKOpeHHe, HaNpaBJieHHOE 1O pamdycy
K LeHTpPy BpalleHHs — LEHTPOCTpEMHTEJLHOE YCKOopehue @y  (CM-
pasp. 6.4.1). MubiMu cnoBaMH, NpH ABHIKEHHH NO OKPYMXKHOCTH BCelna
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CYMECTBYET CHJia, HanpapjeHHast K LeHTPY Bpauienus. Ee uasmsaior
ueHTpocrpeMH'reJleon cHiofl. DTy CUJIy MOKHO paccuuTaTe Ho ¢op-

myne (M7.2) F = ma.
Ecan

Fy — UeHTpOCTpeMUTeABHAs! CHJA, T. €. CHJA,
HanpasJeHHast K LEeHTpy,

¥ — CKOPOCTb TeJa,

@ — YrJoBasi CKOpOCTb Tejia,
r — pamuyc OKPYKHOCTH,

m = Macca Teja,

p — HMIOYJBC Tena,

70 B COOTBETCTBHM ¢ BhlpameHneM (M 7.1) Fy = may, und ¢ yucTom
dopmyant (M 6.82) nns ay

2
M7.44) | Fy= ”f’ = me?r = po.

Fm v r o) p
CHU | H xr mfc M panfe=1jc H-c

O6paTHTe BHHMaHHUeE:

@ lenTpocTpemnTesnpHas cuiga OGECHEUHBAET MABHIKEHHE 10 OKpYy¥XK-
. HOCTH.

@ llenTpoGexnan cuna—5TO CHUJa HHEPLHUM; OHA TNPOTHBOACHCTBYET
H3MEHEHUIO COCTOSIHHSl JIBHMIKEHHs1 M HalpapsieHa OT LEHTpa Bpalle-
uHusa (cMm. pasp. 7.4.2).

E LenTpobexkuas YU LEHTPOCTPEMHTENbHAs CHUALl PaBHE NO BeJAYHHE,
HO TNIPOTHBOMNOJIOKHBI N0 HANpaBJAEHHUIO.

7.4.2. Cuap MHEepPUMH NPH BPALIATENbHOM ABUXKEHHM

IlenTpoGexnan cuaa

LlenTpocTpemutenvhasn cuia (cM. pasg. 7.4.1) sactaBisieT TeJO OBH-
raThCs [0 OKPYSHOCTH W HE TNOSBOJISET TeAy MABHrathCA MO MHEpUHH
no nmpsiMoft (KacaTeAbrof K OKp)’)KHOCTPI) Cuna uHeply, NpoTHBONEil-
CTBYIOHIAs HEHTPOCTPEMHTEJBHOM, HA3LIBAETCS LeHTPOGEXHO CHJIOH
4 o6o3Hayaercs Fue. 06_e) CHJIHL [;aBHbl 10 BeJHYHIIE H [POTHBOIO-

JIOXKAbL 0 Hanpasaeruo: Fye = — Fy.
Ecau

Fe — uentpoGexknast chnia, cuna uHepUMH, JeHCTBYIOWias 00 pamuycy
OT UEHTPa NpH OBUKEHHH N0 OKPYKHOCTH,
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TO, COraacHo dopmyie (M7.44),

2
(M 7.45) | Fug= -’% = me?r = po.

Fm v r ® p
CHU lHKr mfc M papfe==1/c H-c

OG6paTuTe BHUMAHHE:

@ Tax xax Ha Teno, OBUIKYLIEECS TIO OKPYMKHOCTH, NEACTBYET TakKiKe
CHJa TSIXKECTH, TO MNpPH pPacCMOTPEHMHM TAKOrO IBHKCHHS TeJa K
HEHTPOGEKHOH cuiie caenyeT AOGaBUTL BeC Teja (MO MpaBHiIaM
TeOMETPHYECKOro C/IOMKEHHs, ¢M. pasi. 5.1).

Cuna Kopuoauca

Ecau Bo Bpalnaoueiics CHCTEME OTCYETa HEKOE TeJO IBHMKETCA I10
pamuycy OT LU€HTpa HJIH K LEHTPY BpallieHus, TO €ro CKOpOCTb H3Me-
HsieTcst. Tesnio mpuoGpeTaeT TaHreHUMAJbHOE YCKOPEHHE, KOTOPOE BhI3bl-
Baercs cujioll Kopuosmca.

Ecau

U — NOCTOSIHHASl TI0 BEJWUYUHE CKOpPOCTb Tela,
HanpaBJeHHas] MO pajHycy,

® -— yrjopass CKOPOCTb BpallaloHielcst CHCTeME
OTCUEeTA,

m — Macca Tena,

ax — ycxopenue Kopuoswmca,
Fyx — cuna Kopuoawca,

TO MepeMellieHHe TeJla B pamHaJbHOM Hampas-
JIeHHH papHo r = vf. 3a TO e BpeMs TOUKa,
ylajeHHAss OT UEeWTpa BpAIIEHHA Ha paccTos-
HHe r, TIPORAET MO Oyre OKPYXHOCTH NyTh § == rwf. Iloncrasus ciona
BbIpaXKeHHEe AJsl r, NoayuuM s = vfwl = vwf?. Orciona caenyer, 4o
§~ 1% T. e [BHUIKEHHE TIPOMCXONMT YCKOpeHHO, 2 3

s = at?f2. Takum o6pasoMm, vel? = af?f2, caegosa- 2
TedbHO, yckopeHne Kopuosnca pasHoO K,

a 14 (0]
CU | m/c® mfc panfc=1/c

(M 7.46) | ax = 2v0. |

w

Tlpumenus poipamenue (M 7.1), Hajinem sesuuuny cuab Kopuosuca
Fy = may uam
Fm v 0]

cU l H xr mfc pap/e=1/c

B BeKTopHO# ¢opme cuna Kopuonuca samnuierci B BUAE

(M747) | Frx=2moe; |

M7.48) | Fe=2m (@ X @). |
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I

O6paTHTe BHUMAaHHE:

@® Qopmyan (M 7.46)—(M7.48) cnpasenauBel ¥ B TOM cilyyae, KO-
rAa U 4 © He MOCTOsHHBL. Torpa sty (GOpMysbl MO3BOJSIOT ONperc-
JIMTH MEHOSEHHble 3HAYEHHS YCKOpeHHss W CHAB KopHodaHca.

7.4.3. OcHOBHO/ 3aKOH AUHAMHUKE BPaiLATeNbHOTO JBHIKEHHUSI

Tlom neficTBHEM MOMEHTa CHJB 3aKpelyleHHOe Ha OCH TBeploe TeJo
npuoGpeTaeT YIiOBOE YCXOpPEHHE.

Ecom

M= M, 4 My Mz} ... —noaneit mo-
MEHT AeHCTByIOlleH Ha JaHHOE TeNO
CHJIbL, pABHBIH CyMME MOMEHTOB BCEX
cuJl, HeRCTBYIOM{NX Ha OTAEJABLHEE
sJaeMeHTH. Am Maccel Teaa,

m = Any + Amy + Amz+ ... — Macca
TeJa, paBHAas CYMME OTHEIbHHX sJe-
MEHTOB MAaccHl,

r; = pacCTOsiHMe SJjeMeHTa Maccel A oT
oCH BpalieHus,

O -~ YrJOBO€ YCKOpeHHe, C KOTOpbIM BpAILAETCH TBEPAOE TENO, OLHHA<
KOBOE Y BCEX ZNMCMEHTOB MaccChl,

J — MOMEHT mHepuMH NAHHOro Tena,

T0

n
M=Mi+My+ ... +Mp= 3 My

i=1

1n
M=Fyr +Fypot oo +Fr,=3 Fr,

i=1

Tax xax
Fr-—mar—m"Avr—mrAmr—mrz(x TO
At At *

n
M=ar} Amy 4 ocrg Amg+ ... + ar Am,, = Z arf Amyg,

i=1

HOCKOJIbe VIJOBOE YCKOpeHHe OJHMHAKOBO Yy BCEX 3JE€MEHTOB Mac-
n

€ol, To M==g¢g Z r‘:‘Ami. Boipaxkenne mnoi 3HAKOM CyMMBl 32aBHCHT,
i=1
OYeBH/IHO, OT paclpeleseHHs] MacChl Tela OTHOCHTENLHO OCH BpAIEHHS.
Ono nasmiBaeTcs momentoM HuepumM J tena. OTCioma MOMEHT CHJ,
IeficTeyioluil Ha TBepOe TeJO H COOGLialoliiil eMy YyIMIOBOe YCKOpeHHe
«, pasen
M T [+

CU |H-m xr-m2 pan/c® = 1/c2

M 749) | M=Ja,
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UM B BEKTOpHOH (opme
1750 | = s |

O6paTuTtTe BHUMAaHueE:

® Qopuynnr (M749) u (M750) ans BpallaTeIbHOrO NBUXKERHS CO-
oTBeTCTBYIOT (opmynam (M7.1) u (M7.2) aaa nocTynaresbHOro
IBUXKEHNS (OCHOBHOH 32KOH AHHAMUKH).

744, Moment unepuun Tena

Ha dopmynu (M 7.49) caemyert:

MOMEHTOM HHEpUHHM [2HHOrO Tejia Ha3biBaeTcs OTHOLICHHe MOMEHTa
CHUJIE K BBI3LIBAEMOMY HM YIJIOBOMY YCKOpEHHIO.
MOMEHT CHJIIBL

¥YraoBoe yckopenue

MomMeHT HMuHepLHH =

TaxuM 06pazoM, MOMEHT HHEpIHH sBJASETCs Mepoll UHEPTHOCTH
TENa NO OTHCOHIEHMIO X BpAI{aTeJbHOMY ABHKEHHIO; OH MIpaeT Ty Ke
pOJIb. YTO M MaccCa NPH MOCTYNATeJLHOM ABHIKEHHH.

Egununa CH momenTa ubepuuu: [J] = xr-m2
Ha mpaxTuke 49acTO HCNONL3YIOTCS LOJbHEE ENHHHLBL Kr-Ch?
. 2
4 r-cmz
MoMeHT mmepuun aJeMeHTa Macchl Ami, IBHKYLIETOCS MO OKPYHi-
HOCTH PalHMycOM r, pABEH

J r m
CU | gr:M2 M Xr I
KO | xr-cm® cm ®r
KO |r-cvM? eMmr A

(M751) | J=r>Am. |

MomeHT MHEpLUHH Tejd, COLEPKAUIETO f TaKMX 3/JEMEHTOB Macchl
Amy;, pasen

(M 7.52)

Jlist Tena ¢ HempepHIBHBIM pacmpellefieHHeM MACCH CNEAYET BoC-
TIOIB30BATECH HHTErPAJbHEIM HpeACTABACHHEM

m

oJH

(M753) | J= 2 dm.

Rt O
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Orciona CACAYET, YTO MOMEHT HHEPUHH T€Ja 3aBHCHUT OT

@ ero macce
@ pacnpefleneHds MacCH OTHOCHTENBHO JaHHOH ocH.

BHYHCAHTL MOMEHT MHEpPUUH TeJa MOXKHO TOJBKO B TOM CJjyuas,
KOrla M3BECTHH Macca Tela U ee pachpeleleHHE OTHOCHTEJLHO OCH
ppallelus. DTO JIETKO CHENaTb, €CJH BCE 3JEMEH-
TH. MacCcH Am pacnofiaralorTcst Ha ONMHAKOBOM
paccTosilud OT OCH, HalpHMep - AJst TOHKOro 06-
pyua.

Ecnu
m — Macca o6pyya,

r —paguyc o6pyya (paccTosiHHe BCeX SJIeMeH-
TOB MacCHl OT OCH BpallleHHs), ’
— MOMeHT uHepllun of6pyYa OTHOCHTEJLHO
OCH, MpOXOifilell Yepe3 ero HEHTP NepreH-

IUKYJSIPHO OJ0CKOCTH 06pyua,

1o mo Qopmysne (M7.52) (MOCKONBKY ZAm=m) TONYyYHM

o

J m r

CU | kr-M2 Xr M
KI | gr-cm® Kr cm
KO tr-cM?2 r cm

M 17549 | 1,=mr|

Of6paTHTe BHUMaHHE:

© MoMeHTH HHepUMH [PYIHX T NPaBUJIbHOH (OpMBl NpPEACTaBJEHB!
B cnpasouHofl TaGauue. OHu Boaucnensl no dopmyne (M 7.53).

® MoMEHT HHEpPUMH TeJla HeNpaBHJbHOH (ODMBI MOMKHO OIpelesHTb
sKcnepuMenTanbHO (cM. pa3fd. 19.2.3).

® MoMEeHT MHEpPLUMH COCTABHOrO Te&Ja pPaBEH CYMME MOMEHTOB MHEp-
IMH OTHENbHEIX YacTeil OTHOCHTEJBHO TOH 3Ke OCH BpaljeHHs.

CeoGoaHsle OCH

Uepes ueHTp Mace JIOGOTO Tesla MOXHO NPOBECTH CKOJb YFOLHO MHOrO
oceil BpalleHus. MOMEHT HHEDUHH HNAHHOrO TeAa HMeeT HaubONBIUYIO
(Jomexe) ¥ HamMeHBWYIO (Jo mun)
BEJIMIMHY OTHOCHTENLHO [BYX B3aHM-

HO TlepneHAUKYJISpHEX Ocel. YCroii-

yUBOe BpAalieHWe He3aKpemyieHHOro

TeNa BO3MOMKHO TOJEKO BOKPYT ABYX  JOwmun
aTtux oceil. Ycrofudpoe BpaileHde —
TeJaa BOKpDYT ocHy, HepHEHﬂ,I/II(y-

JsipHOH IBYM NepBHIM, HEBO3MOMKHO.

Bce TpH ocH, Ha3HIBAIOTCS TAABHbI- -/
MM OCAMH HMHEpPHHM [AHHOrO TeJja.

TTockoMbKY MpH BpallleHWH TeJia BO- -

Kpyr Jo60f H3 TIiapHBIX oceil MHepuUUH BCe CHJIH] B32HMHO ypaBloOBes
IMBAIOTCS, STH OCH HA3LIBAIQTCS TAKKe CBOGOJHBIMU OCSMH.

-70 MORC
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Cnpasoutan TaGadna

MOMEHT MHEPUMH HEKOTOPHIX Tell, BLIYHCAEHHDBIH OTHOCHTENBHO
OCH EP2IUEHHs, NPoXoIRLIeH Yepe3 HEHTP Macc

Touxoe xosnbuo

TTosrit

Crnsonsofl nuaMHIp

[Tonetli  TOJCTOCTEHHBIN
OUIUHAD

Juck

Huck

Iflap
TTonasn

chepa

TOHKOCTECHHA A

Toukuil crepxenp Ajau-
Ho#l [

UeTnlpexyrosbHasa nJja-

CTHHa

iy

TOHKOCTEHIBIH
DHJIMHAD
dar

a 2
&
%
L

AT~

m .z
2 7
m .z
Z
Zm
m 2
57
zm
m 2
5T
m
oz
7Zl
m
m .z
1z L
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Tlapanaedabsble ocH

IMapannenblHoe CMelleHHe OCH BpalleHHs, IPOXOAAlIeH uepe3 UEHTp
Macc, NMPHBOAHT X YBENHYEHHIO MOMEHTA HHEPLMH JAHHOIO TeJla.

Ecau

Jo— MOMEHT HHepLHH LaHHOrO Tela OTHOCHTEJb-
HO OCH, mpoxofsiilell 4epe3 HeHTp Macc O,

J 4— MOMEHT HHEPLHM Teia OTHOCHTENBHO OCH,
Npoxosiiell Yepes TOUKY A,

5 — pacCTosiiMe MexAy [AByMS napajuiefibHbMH
ocAMH,

m— mMacca Tea,

TO SHEPrus Tesa, Bpalialierocs BOKpyr ocH O, npoxoisiiedi yepes
MIEHTp Macc, ompegenutcs no ¢opmyne (M 7.62)

W= Joo)2/2.

Ecnu cMecTHTH oCb BpalleHus Tax, YTOGH OHA TPOXOAUJA uYepe3
Touky A, TO Teno 6yIeT OLHOBPEMEHHO YYacTBOBaTb B IBYX HOBHXKE-
Husax. Kak u panbiune, oHO 6yZeT BpamaTbCsi OTHOCHTENBHO LEHTPASb-
uolt oc O w momoJHuTENbHO BOKpYr ocu A. O6a BpamieHHs NPOHUCXO-
ST ¢ OLHHAKOBOH YrJIOBO# CKOpOCTBIO.

TTosnas sHeprusi Teia CKJA2ibBA€TCs M3 3IHEPrHll BpallleHHst BO-
KpYI' LEHTpaJibHOl OCH M OCH A:

W =1, 0%2 mu?/2.

O6a BpalleHHsi NPOUCKOAAT C ONMHAKOBOR
YraoBoil CKOPOCTBIO, CJIEIOBATEJBIO, s

W o= J0m2/2 + ms20?[2 =
= (]O -+ msz) ®3/2.

Taxum 06pasoM, SHEPrusi BpalleHus BOKPyr ocH A
paBHa

= 2/
W=7 4@ 2.
Cesizp Mexay J o X I, naetcs TeopeMoli Dofirenca — Ulreiinepa

I m s

CU | xr-m? Kr m
KI | gr-cM? Xr cm
KO |r-em® r cM

(M 7.55) l J =1+ ms*

O6paTtHTe BHUMAaHHE:

@ Ocu, npoxopsimue yepes TOUKy A M yepes HEHTD Macc, AONMHEL
6HTDb napasneybHb.

@ MoMeHT KHepUMHM Tejla MHHMMaJjeH, €CJH OCk BpalieHds NpOXOJUT
uepes neHTp Macc: ms? = 0.
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IlpuBenennan Macca

Tlpusenennolt Maccoll Mmnpus Ha3BIBAE€TCH TOUeUHast Macca, KOTOpas,
HaXOJsICb Ha PACCTOSIHME 7 OT OCH BpAILEHHMSs, CO3N3ae€T MOMEHT HHEp-
LMY, PaBHBII MOMEHTY HHepLMH BCEro Teja OTHOCHTEABbHO TOH 3Ke OCH.

Ecmun

Mppus — NPUBENEHHAS Macca,

J — MOMEHT HHEepPLHM HaHHOro TeJa,

r ~— PaCCTOSHHE MPHBEAEHHOIl MAaCCH OT OCH BPAIIECHHS,

TO coraacro Gopmysne (M 7.54)
J = Mppupr?, HAK
m J r

————

)
(M 7.56) Mppus == _J__.. CcHu KI' KI'* M M
d KI | kr kr-cm? oM

KI |r recM® cm

Paguyc usepuuu

[pencraeum cebe, uTo 8Cs Macca QaHHOTO Tesa COCpenoTOdeHa B Ofl-

HOIi TOYKE, 2 MOMEHT HMHEepLHM Teja OTHOCHTEJBbHO HEKOTOPOH oCH pa-

BeH MOMEHTY WHEpLUMM TOUYeYHOH MacChl OTHOCHTESbHO TOH XK€ OCH.

Tornma pacctosiHHe 5TOH TOYEUHOH MAacCH OT OCM BpAaIUEHHs! HA3biBaeTcH

PaguycoM HHEPLUH i.

Ecau )

i - pajuyc HMHEpLMH, DaBHHI pPaCCTOSHHIO TOUEYHOH MacCCH OT OCR
BpAaLIEHHS],

J — MomeHnT uBepuud Tesa,

m — Macca Tena, .

70, corniacho opmyse (M 7.54),

J = mi? wmn

i I m
M 757 X /\/T CU |m gr-m? xr
M757) | 1= m KO | cM kr-cm? kr

KO fem t-cM?2 1T

MaxoBoii MoMeHT
B texHHKe YacTO HCNONMBL3YETCH NOHATHE MAXOBOrO MOMEHTA.

Ecau

mD? — maxoBoll MOMeHT Tena,
m — Macca Tena,

D = 2{ — guamerp Bmepuuy,
J  — MOMeRT mHepUHH TEJa,
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70, corsiacto ¢dopmyne (M 7.57),
J = mi? == mD?/4, unu
m D J
CH {xr M Kr-m?

KO | kr ¢M Er-cm?
KI |r ecm r-cm?

(M 7.58) | mD? =44 |

74.5. PaGota, conepwaemast npH BpaiaTelbHOM HBHIKEHUM

Corsiacuo Gopmyae (M 7.10), paGora paBHa NPOU3BCLAEHHIO CHAB Ha
nepeMeulerne. JT0 COPaBefJIHRO M B Clydae BPAATENbHONO NBHIKCHHS.

Ecm .

W ~— coBepiessias pabora,

F — poctosinHag no BeJudHHE cuja, OEHCTBYIOAd [0 KAacaTenbHof
K BpaILaoeMycs Teay,

§ — mepeMellleHHE TOYKH Ha neputepun BpaIyaiollerocs tena,

M — mowment cuawt F,

@ — YIJIOBOE HepeMelleHue Tefa,

TO

W =Fs, rne

F = M/r (Mb5) us= pr (M6.76), oTkyna

W = Mor/r, 1. e.

v M P

CHU l,llm H-M pag=1

M 759 | W= M. |

Pabota npu BpaulaTejbHOM JABHIKEGHHH paBHA TPOU3BENEHHIO MO-
MeHTa cuJbl Ha YrjoBoe fepeMelleHHne,

O6patnte BHHMaHHE:

@ Qopuysa (M7.59) cnpapennwBa Aiis csyyas NOCTOSSHHONO MOMEHTa
cunol. [1py M3MeHeHuH MOMeHTa O JHHEHHOMY 3aKOHy (Hampumep,
B pe3yAbTaTe 3aKpyYHBaHHUS CMHPAJBHON NPYXHHE) CcHellyeT BoC-
flOJIL30BATECH CPEOHUM 3HayvewueM. B ocranbhbix caydasix caepyer
nonb3osatbes Qopuysioit (M 7.60).

Enuunupr pabotw, ne pxoasuue B CH, cm. B pasn. 7.2.1,

CooTHolliesine MexJy enuHnuamu paborel cm. B Tabn. I15.

Ecan MOMEHT CHjibl 338BHCHT OT YL fOBOpPOTE, T. e. M = M(y),
To pabota BuuncaseTcs 10 opimyne

& v oM @

M7.60) | W= S M do.
( ) . o CH | Ox H.m pag=1
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74.6. MownocTh B cilyuae BpamaTeJbHOTO NBHKEHHS

Mraoeesnast mowsocts P, corsacio (M 7.28), eolumcinercs no ¢op-

myae P=W. Ta xe dopMysa cuopaseljuBa W B CIVyae Bpallartesb-
HOIO [BHKEHHUS.

Eciu

P — MomHOCTS,

M — MoMeHT cuawt,

® — yrioBas CKOpoOCTb Tena,

10 P = dW/dt unu ¢ yuerom (M 7.59)
poMdy o

at
Ortciona caenyer

P M o
M 761) | P=Mo. CcH Br  H-u pan/c—=l/c

80 | krc-wM/c kre-Mm panpfe=l/c

MrHopeHHasn MOINHOCTE papHa MNpPOU3BEAECHHIO MIHOBEHHONO MO-
MEHTa CHJIBl Ha MCHOBEHHYIO YIJIOBYIO CKOpPOCTb.

OGpaTuTe BHUMAHHE:

® Oopuysa (M7.6]) copaeenimsa Takke M B TOM clyyae, korna M
“Au 3 OCTAlOTCA HOCTOSIHHBIMH; TOrA4a MOWMHOCTL TaKXKe I0CTOo-
SIHHA.

Enusnoe MomBoOCTH, He BXomsinne B CU,
cM. B pasg. 7.2.4.
CooTHollleHHe MeXJy eNHHMLAMH MOLIHOCTH
cm. B Taba. I16.

Ecnu B selpaxenne (M7.61) noxacrasuth
M = Fr v ® = vu/r, To nOcjie cOKpallleHns: N0JaY-
ynm P = Fu, uto coBnagaer c¢ ¢opmyJoi
(M 7.29). Ypasnenus nas cjaydas NOCTYNATEAbHOTO IBHXEHUS MOXKHO
HCNOJb30BaTH B TOM clyyae, korpa F— Tanrenumadrnas cmnaa, heil-
crByiomas Ha Hepuepud Tena, @ U-— CKOPOCTb [BHIKEHHS] TOYKH Ha
nepudepun Teqa.

7.4.7. SHeprus BpalaTeNbHOTO ABHMKEHHS

Bpawaionieecs BOKPYT OCH Teso objianaeT KHHETHYECKOH 3HEprued, rno-
CKOALKY BCe SJAEMEHTH €ro Macchl JBHTAlOTCs € ONpesieieMHoH CKo-
pOCTBIO. 3Ta sHeprusi Ha3blBaeTcs sHeprueli ppaiienns. [lonnas sHep-
riisi Teja papHa CyMMC 3Heprufl OTZeNBHBIX 3JEMEHTOB TeJa.

Ecan
W ap — SHeprus BpaigeHus Teia,

J — MOMEHT WHePUWH TeNa OTHOCHTENBHO OCH Bpalletus,
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® — YIJIOBas CKOPOCTH Teja,
m; - Macca i-TO 3AeMeHTa TeJna,
v; — CKOpOCTDb i-TO SJeMEHTa TeJa,
r; — PaccTOsiHue {-ro 3JEMEHTA Teja OT OCH BPAIUCHHS,
TO
Wap=Wl>+ W2+ sen + Wn,
r? Am [m? rg AmQ(D% ri Amnm,?z
Wep = Ao R
Bp 2 2 2 ’
° 2
(.2 2 2 Y
Wsp = (r1 Amy +rohmg+ .00 + rnAmn) 5
n
§ ° ®?
Wop= Z r; AmiT u, cornacuo ¢opmyne (M7.52),
. i=1
Jo? W J o
(M762) { Wgp = 5
CHU l Jx kr-m? panjc==1/c
P

CrezoBaTespHO, H3MEHEHHe CKOPOCTH BpAlIeHHs OT ®; 710 Gy BJje-
uer 3a cobofi uaMEeHeHHe 3Hepruy Bpalienus Teqa, KonmdecTBeHHO u3-
MEHEHHE BhbipaxkaeTcs (popmysol

!
M 7.63) | AWy ="5 (0F —0)).

O6paruTe BHEMAaHUE:

® MoMenT HHEpUMH Tena, Bxoasuuil B $popmyast (M 7.62) u (M 7.63),—
5TO MOMEHT HHEpLUMH OTHOCHTEeJbHO OCH BpalileHusi, a uMetHo Jo,
ecau TeJo BpallaeTcsi BOKPYT OCH, MPOXojsililell yepe3 LEHTP macc,
u Ja, eciiu Tesi0 BpalaeTcst BOKpYr Apyroil ocu A.

@ CooTHOIIEHHE MEXAY eAHHHIAMH SHEpPrum cM. B T1abm IIb.

74.8. MomelnT KONHYECTBA BBHIKEHHS

MoMeHTOM KOAMYECTBA JBUIKEHMS (YrJOBBIM MOMEHTOM, MOMEHTOM
HMIyAbCa) Tela Has3hlBaercsl IHpOHM3BEIEHUE €ro MOMEHTa HHEpPLHH
Ha YFJOBYIO CKOPOCTb.

¥rnosoli MOMEHT — BeKTopHas seluyMHa. Ero Hampaegerue coBfia-
J@eT ¢ HanpaBMEHHEM BEKTOpa YIJIOBOH CKOPOCTH.
Enununa CH yraosoro Momenta [L] = kr-mM¥c = H-m-c.

e

Ecaun

L — yriosoit MoMenT Tesa,
J — MOMeHT MHEpLHH Teqa,
© — yraoBasi CKOpocTb Tena,
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TO
L I ©

CH | kr-m¥fc=H-m-c kr-m? papjc=1l/c

VisMenenne yrioBoro MomeHTta (OpH WEHSMEHHOM MOMEHTE uHep-
LHH TeJla) MOXKET NPOHM3OHTH TOJBKO BCHEACTBUE H3MEHeHHsl YrJOBOR
CKOpOCTH M BCerjia oOyC/NOBJEHO feficTBHEM MOMEHTa CHJIBL.

M764) | T =10,

Ecan
AL — y3zMeHeHue yrioBOro MOMEHTa TeJa,
M — momeHT cunbl, cooblialiuil TENY JOHNOJNHHTEJNBHOE YFJIOBOE
yCKOpeHue,
— BpeMsl AeHCTBUS CUJIHI,
J  — MOMEHT mHepuuM TeJa OTHOCHTEJBHO OCH BpalleHHs],

A® — u3MeHenne Yrnopoil cKopoctd Tena,
TO, coraacHo popmyaam (M 7.50) u (M 6.55),
>

(M 7.65) | AL =7 A6 =M AL

L J © Mt
CH | kr-m2fc=H-M-c kr-m? pagfc=1Jc H-M ¢

>
Tlpoussenerine MA! HaspiBaeTcsi HMNYJABCOM MOMEHTA CHJIbI HJH
perkywum momeHTOM. OH. paBeH H3MEHEHHIO YIJIOBOIO MOMEHTA.

Ennnuua CU gsmkyiero Momesra: [MAf] = H-M-c = rr-m?/c.

O6paTuTe BHUMaHuE:

® Oopmyna (M7.65) cnpapesnuBa OpH YCNOBHH, 9TO MOMEHT CHJIBI
He MeHsieTcsl B TeueHue BpeMeHu AL

> >
Ecan Xe MOMEHT cuJbl sasucm ot Bpemetd, T. e M=M (), To

> d > >
u3 Qopuynst M= Ja-— 752 caenyer M dt = J do. Tlpouxterpupo-

dt
Bap, NOLYYUM
t, 2
> >
S Mdt=17 S do, oTkyna
| [0)]

i
(M766) | AL =TAo> = S M at.
oA

HaMeHeHue Yraoporo MOMeHTa (IBHXKYIHH MOMEHT). paBHO HHTE--
rpany no BPeMEHH OT MOMEHTa CHJIEL ~ ;
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W3z dopmyant (M 7.66) caenyer ompelesieHHe MOMEHTa CHJBL
> >
dL =M dt, orxyna

waon | =2l _dud _3
M7 == a

MrHOBEHHBIH MOMEHT CuJBl NpeicTapaseT coboil nepsByio NPOH3BOIL-
Hy!0 YIrAOBOrO MOMEHTa MO BPeMeHH.

O6paTHTe BHUMAaHHE:

@® ©Copuysa (M7.67) cupaBessuBa M B TOM cjydae, KOTHa Macca B
npouecce YCKOPEHHs He OCTaeTcsl NOCTORHHOM.

3aK0H COXPAHEHHS! YIJIOBOTO MOMEHTA

Ecay Ha cHCTeMY He NeHCTBYIOT MOMEHTH BHEIIHUX cui (3aMKHyTas
cucTeMa), TO ee MOJHBI YrJAOBOH MOMEHT OCTaeTcss NOCTOSIHHBIM [0
BEJHYHHE U HalpaBJeHHIO

> > > LIS
(M768) | Li+ Lo+ ... +Lyp==Lnom=p L;=—const.
: i=1

O6paTuTe BHHMAaHHE:

e
@ Tlosanblit yriosoli moMeHT cHcteMBl Lposw paBeH BEKTOpHOH cymme
YTMOBHIX MOMEHTOB OTHEJBHLIX 9acTell CHCTeMBbl.
© 3aKOHOMEPHOCTH JBHKEHHS BOJYKA ONPeNeNsioTCsi 3aKOHOM CoXpa-
HeHuUs! yIJI0BOTO MOMEHTA.

7.5. Ipasutauus (TaAroTenue)

Kak uspectHo, Jofne aBa Tejga TPUTACHBAOTCS HpYT K IApyry. 3710
cBoficTRo Tesl o6ycnopseHo ux Maccod. Ilockoneky apyrue ¢opmbl Ma-
Tepuy (OO, K3NMydeHusi) TAKiKe oGnaparor maccol, OWH TakKike NOAYH-
HsloTCst 8aKoHY rpasmtanud. Camoe H3BeCTHOe TIposiBNieHHEe MNpPHTSKe-
HHS] Mace — 5TO CYLIECTBOBAHHE CHJBI TSIKECTH, ¢ KOTOpoH 3em.js Aefi-
CTByeT Ha BCe TeJa.

75.1. 3aKoH BCEMUPHOro TArOTEHHS

Cuna, ¢ KOTOpOil iBa Tena NPUTATHBAIOTCA LpT K NpYTY. Ha3biBaeTcs
rpapHTalHOHMON CHAol (cuiofl TaroTenus). Benynuuna 57Ol Cuitbl Olfpe-
JeaseTcsi SaKOHOM BCEMHPHOTO TsAroredins, chopmynupobanubiy Hbio-
TOHOM. Aty - .
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Ecau
F — rpasnTausoHuast cuaa, ¢ XOTOPOH NBa Teja NpUTSITHBAIOTCS ADYD
K IpyTY,
m; — Macca nepBOro Tena, my .
My, — Macca BTODOro Tena, i 4
r — paccTosiHHe MEXAY NEHTPaMH Macc B r
Ted, o
y == 6,67-10-1 w¥ (kr-c?) — rpapuTau-
OHHas NOCTOsIHHAS,
70
F v mr
nam
M7.69) |F=y 272,
r CU | H m¥(kr-c?) xr M

OfpaTuTe BHUMAHUE:

@ He crepyer cMelinsaTth B3auMHOE NPUTSDKEHHE MAacC ¢ CHJAAMH Mar-
HHTHOTO MJM 3JEKTPHYECKOrO HPUTSXKEHHS. IJTO CHAB COBEpILEHHO
pasHOH NPHPOAHI.

Cuapl rpapuTaunn He MOryT OblThb OTTa’nkuBanueM. Kpome 7oro, rpa-
BUTalUMOHHOEe B3auMoJielicTBHe HEJb3ss OcAabHTb WIH YCTpaHUTb ¢ TO-
MOILBIO KaKoro-aubo skpana.

o d¢opmyse (M7.69) MOXKHO oOmNpemesuTb CHNY 3€MHOIO TNpHTS-
JeHusd, NOACTaBMB B UYMCJHTEdb Maccy 3emau Maccy paccMmatpubac-
MOTO TeJa, a B 3HAMEHATeJb — DACCTOsIHUE r Tejda N0 UEHTPa 3eMJu:

L
(M 7.70) G=1~—?°—“m, T. e G~—r'—

r2

i Cuna Taxecrn yOwBaer o6paTHO NPONOPLHMOHAABHO KBRAPATY pace
CTOSIHUS OT LEHTpa 3eMJIH.

O6paTuTe BHUMAaHHUE:

@ Cuna Taxectn G He obpamaeTcs B HyJb Ha KOHEYHBIX PaccTosi-
HURX 7, OHA CTPEMHUTCH K HYJIO JHIIb fpH GeCKOHEUHOM YIANEHMH
Tedl.

® Oopmyna (MT7.70) cnpaBenanpa w B CAyuae APYrHX HebecHblX Ten,

7.5.2. YcKopenre ¢BOGONHOrO napeHus

Ilo dopuyse (M7.70) MOXHO ONpeleAWTb BEJIHYHHY YCKOpEHHsI CBO-
GopHoro nazeHus Ha JoOOM paccTosiiny OT 3eMau.

Ecnu

g ~— ycxopeHHe cBODOJIHOTO MazieHHsl Ha PacCTOSHUH r OT LeHTpa
3eman,

83ey = YCKOpeHHe CcBOOOHHOrO maleHus Ha NOBEPXHOCTH 3eMJH,

r ~ PaccTosiHie OT LeHTpa 3emiy,
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= 6,37-10° m — cpennuii papuyc 3emay,

T3em

m — Macca Tena,

Mzey — Macca 3eman,

v =6,67-10~" u3/(kr-c?)— rpapuTauuoOHHas] NOCTOSIHHASR,

7O CUAQ TAXECTH papha I‘paBl/ITaU.HOHHOI‘;I CcHde, T. e.

Y gey
Mmggey =—35——— (Ha noeepxHocts 3emun),
T3em
L YMMg.y
mg=-——5— (na paccrosiHHE r OT nentpa 3emau).

Pasnmesus fIepBOE BBIPAXEHHUE -Ha BTOpOE, HNOJYYHUM

2/ .2
E3enfE=T /rSeM'

nan
]

. T3en 1 g r

M7 | g=83en—z |- & &8~z CH | m/c2m

YckopeHve cBOGORHOrO nafieHust yGuiBaeT 0OpaTHO HpONOPUNOHAABHO
KBagpaTy pacCTOsiRHS OT LEeHTpa 3eMJu,

O6paTuTe BHUMAaHueE:
B ®opuyaa (M 7.71) copapemsusa u pas Apyrux HeGeCHBIX TeJ.
VMM gey.

CoKpaTHB BHIDaXKEHHE mg == =

Ha m,

noJayuuM Cleaylollee Buipar{eHne AN YCKOpPEHUs CBOOOIHOro NMajgeHHss

m m r
M772) | gmtden £ v
r CH I m/c® m3{xr-c?®) Kr m

753. I'paBuTauyontoe nose {roJqe TAIOTEHUN)

Kaxknoe Teno (manpumep, 3emisisi) co3zaer BOKpYr cefsi CHJIOBOE MO-
JAe — noie TAroTenusi. HanpsienHocTb 3TOro noss B JioOGoH ero touke
XapakTepu3yeT CHAy, KOTOpas AHCTBYeT Ha Haxoaslleecs B 5TOH Touke
Ipyroe Teq0.

Ecnu
= .
£ — HanpsKEHHOCTH rPABHTAIMOHHOrO NOJs,

F — rpaeuranuonnas cuna, geficTsyiollas Ha TeJNO Maccod m,
m — Macca Teaa B rpaBHTAUHOHHOM HOJE,
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TO
g Fm
: CHU | H/kr=m/c® H xr

M7.73) | g =

3|y

O6patute BHUMAaRueE:

- >
@ HanpsixenHocTb fons g mpenctaBsier coGofl BEKTOPHYIO BEJHYHHY,
HanpaBjieHHe KOTOPOH oflpefiesisieTCsl HanpaBJjeHneM IPaBHTANHOHHON

>

cuasl F, a uncaentioe snayenue — popmynoit (M 7.72).

@ HanpsikennocTb TpaBHTAUMOHHOTO [OJisi COBNAlaeT §o BejJHYHHE,
HanpapJieHulo ¥ eQuHHOAM H3MEepeHHs € YCKOpeHHeM ¢BOGORHOTO
nageHusl, X0Ts N0 CBOEMy (HU3HUECKOMY CMBICIY 3TO COBEpHIEHHO
passvle (¢usuyeckue peJHYHHB. B TO
BpeMsi KaK HanpsuKEHHOCTb [0J% Xapak- g
TEpU3yeT COCTOSIHHE MPOCTPAHCTBA B
JAuHON TOYKe, CHJla B YCKOpeHHe IfO- g=g(r)
SIBJIAIOTCS TOJBKO TOr/la, KOrja B JaH-

HOIl TOYKe HAXOJAUTCSH n_goﬁﬂ_ge TE0.

VI3 rpagura ¢yuruun g = g (r) Ha- r
[JIIAHO BHORO, YTO HANPSXKeHHOCTL Fpa-
>

BHTAUHOHHOrO NOJA £ CTPEMHUTCA K HYJIO,
KOTAa pacctosHHe r CTPeMHTCH K GecKo-
HEYHOCTH.

TosTomy yTeepmienns Tuna <«chmyT-
HPK [OKHMUYJl IPABHTALMOHHOE noJe 3eM-
JIU» HEBePHHL

I'paeutanuosHble Mods HeGeCHHIX Tell
nepekpuisatores. Ecam  gsurathes  Brosb
npsiMofl, coeluHRIOWEH NEHTPH Semau u
Jlyuul, To, Haymmas ¢ ompeneseRHOro
Mecra, OyneT npeobnafaTh HanpsIKEHHOCTb TPABUTAUMOHHOFO OJsS
JlyHbl =

Semns r Jlyra

7.54. Pa6ota B rpasuTanyuonHom nodie

Ecan Teno mepemelilaeTcR B TPABUTANMOMORM NoMe HAa 3HAYHTE/BHOE
paccTofitye, TO COBEPIIAEMYIO NPOTHB CHJI TPABHTALHOHHOTO MPHTs-
XKetust paboty (Hanpumep, paGoTy LA BHBOLA paKeTbl B KOCMOC)
Hesib3si BLIYHCAATE N0 Qopmynae W = Fh, nockosapky F~ 1/r2

Fean

w — pa6oTa no nepeMelleHHio Teana B rPABHTALHOHHOM IOJE,
Mlge, — Macca 3eMJH, )

m — macca Tena,

r — paccrosiHpe Io UeHTpa 3eMJH,

Y == 6,67-10~1 m¥/(xr-c?)— rpaButanuousas nocrosuyas,
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T0 paGota, cosepiiaeMas HpH fEpeMELleHHH 7TeNa BAOJb paANyCa,
onpeneasercs xak dW = Fdr. TlpousiterpupoBap obe uacTu paBeHCTRa,
NONYYHUM

- ra ra T2

Mg, M 1
W= S Fdr= S v—i:;“—-dr=ym3emm S =r7-dr,
r ry 4]
OTKyZA
1 1 i v mr
(M7.74) | W =vymgy,,,m (—— —_——1.
r r CH | Iz M¥/(xr-c?) kr o

O6paTuTe BHHMAaHUE:

® Beanunda paGort W ne sasucu? oT GOpMBI HYTH OT TOUKH 7| K 7,
Tak Kak B GopMyay BXOAAT TOABKO panualbHble COCTaBJAIOI(ne dr
nepeMellleHys, COBNAZaiollHe ¢ HaNpaBJjeHUEM CHJbl [PHTSIKEHUA
3eman.

@ Odopmyna (M7.74) cnpasennuea H B ciyyae apyrux HeOeCHBIX Tes.

7.5.5. Kocmuueckne ckopocta
NMepBas kocMmuueckas (0pOuTaJbHAR) CKOPOCTH

C nomoukio dopuyrst (M7.71) MoxHO ompelenuTb ckopocTb ofpallie-
HHR HCKYCCTBEHHOro CHYTHHKA 3eMid Ha Jj06o# BhicOTe HAl ee Mmosepx-
HOCTDIO.

Ecau

vy  — opbuTasbHasi CKOPOCTB HCKYCCTBEHHOrO
CrnyTHHKa 3eMH,

h — paccTosHHe CHOYTHHKAZ OT HOBEPXHOCTH
3eman,

F3ey =6,37-10° M — panuyc 3eman,

30 = 9.81 m/c? — yckopenue ceoGoatioro ma-

LeHHS Ha NOBEPXHOCTH 3eMJIH,
Mge, — Macca 3eman,
v = §,67-10-1' Mm%/ (Kr-c?) — rpaBHTalHOH~
nas nocrosmnas,
To neHcTRYIOLIAs HA CHYTHHK CUJIA TSXKECTH paBHA HEHTROGEXHON cune,
T. €

G=mg=F 5= mv2K/(r3eM + h), otkyna
U= ,\/g (r3em + h).
NMopcrasus clopa snayenune g (M 7.71), noayuum
2
K '\/gSeMrBQM/(rSeM ~+ &), nnn

gSem v g r ,i
T3em T cHu I mjc Mjc? M M

M 7.75) | v, =rae,
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Bripaxenne nas CKOpOCTH [BHXKEHHS HCKYCCTBEHHOTO CHYTHHKA
1{¢] opﬁme (BepHoe Takke AN ApYrux HeOeCHBIX TeN) MOXKHO BBIBECTH,
IpocTO NPHUPABHAB BeC CHYTHHKA CHJIE TPABHTALHOHHOrQ NpPHTAMEHHS:

mmSeM

mgSeM =Y .
SeM

ViipocTue Bulpaxetine, NOLydHM

2
gSeMrSeM = YM3en-

Tlocne noncratiopku B (M 7.75) noayuum

Y 3em v v mr h

M 7.76 Ug = ——
¢ )| v raem T B CH | m/c M3/(kr-c?) Kr M M

O6paTuTe BHUMAHUE:

@ Qopuynnt (M7.75) u (M7.76) no3pojsioT onpeleluTb CKOPOCTh
IBUXEHHSl COYTHAKOB mo opbute. OnHako KOHeYHas CKOpOCTh  pa-
KeTbI-HOCHTENIs] B MOMEHT mpeKpalleHusi paGoThl IBUraTesNell NOJMIKHA
6LiTe Gosiblite, YTOOH BLIBECTH CNYTHHK HA HYMHYI0 BHICOTY.

©® Jlna TpaeKTopuH, pacroNOKeHHOR Ha OTHOCHTENbHO HeOOoJbIIOM pac-

CTOSIHEM OT NOBEPXHOCTH 3eMiad, OpOHTajpHAs CKOPOCTb U, ==

= 7,9 Km/c.

Qopmyast (M7.75) u (M7.76) cupaBeanuesl u nas apyrux uebec-

HBIX Tl

YkasaHsele (OpPMYJH CNPaBefJHBbl W LJs Cjydas JABUIKeHHs] JIyHBI

BOKpYT 3emsn. BepHbl OHH TaKe M B CJyYyae ABHKEHHs MJaHET

pokpyr ConHua, ecju ABHIKEHHE NPOHCXOAMT HO TPAGKTOPHH, He3Ha-

YUTEAbHO OT/HYaioliefics OT KpyroBOH, T. e. No TPAGKTOpPHI C Ma-

JIBIM 3KCUEHTPHCHTETOM.

Bropas XOCMHYECKAst CKOPOCTL (CKOPOCTh yGerauus )

Bropasi KocMudeckasi CKOPOCTb — 3TO MHHMMaJbHAst CKOPOCTB, € KOTO-
poll NMOJIKHO ABHMraThCsA TeaO, 4TOOHl OHO Morsio 6e3 3aTpaT AOINOMHH-
TensHol paboThl TpeoJONeTh BAMSHHE fOAf TArOTEHAs 3eMiH, T. e.
yraautbesi Ha GeckoHedHo GoJibLioe pacCTOsiHAE OT 3eMJH.

Ecan

m -— Macca Tteda,

Mg, — Macca 3emad,

r — paccTOsiHHE OT MECTa CTapTa A0 LeHTpa 3emJH,

v ==6,67-10—11 M3/(xr-c?)— rpaBUTalMOHHAs MNOCTOSIHHAS,
¥og  — BTOpasi KOCMHYECKasi CKOPOCTh,

TO KHHETHUecKkas 3Heprus teaa AoJKHaA OHITH pasHa paﬁo're 10 npeosio-
2
JICHHIO BJHsAHHSA I'paBHTALUOHHOIO MO m02x/2= YMSern/f cornacHo
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(M 7.74). Tlocne ynpouleHns u nepecTalloBKR nMeeM

I-

2ym —
(M7.77) v2x=/\/.l?§ﬂ.=vxq/2.

v v mr

CH l M/c M3f(kr-c?) Kr M

O6paTuTe BHUMaHRE:

@ Jlns TOUKM, HaXoNsUlefics HAa MOBEPXHOCTH 3eMJiH, BTOpasi KocMuue-
cKasi CKOPOCTh Vg, = 11,2 Km/c.

@ Oopmyna (M 7.77) cnpaBemnuBa m Anf Opyrux BebecHbix Teqa. Cko-
pocTb, HeobxoamMast O TOTO, WTOGHl TEJIO MOIVIO IpeojiosieTh Trpa-
puTaunnontoe node ConHua, T. e, cTaptyst ¢ 3eMaH, NOKHEYTb Tpe-
nensl ConHeunofi cucteMbl (TpeThst KOCMRYECKash CKOPOCTb) Ugg ==
= 16 rm/c.

7.5.6. JBHaKeHYe MnaHeT

Bce naauetrbl CosHEUHOM CHCTEMBI JIBHXKYTCSI TON HeHCTBHEM CHJIBE
nprtsxerns Convna nono6GHo ToMy, Kak JlyHa W HCKYCCTBEHHBlE CRYT-
HYKM 3eMsm ABrKYyTcs BOKpyr 3emyn. IlomoGroe IByXeHHe Ha3biBa-
erca HeHTpanbHeIM. Jlis Hero cnpabeasnnBel 3akomn Kennepa.

|. TlnaneTw HBHXKYTCA 0[O 3JJAUNTHYCCKHM TPAEKTOPHAM, B OIHOM
n3 (okycoB koTopuix Haxoantes Conmie.

O6paTnTe BHRMAaBMeE:

@ Crporo roeops, Cosmue u NjaHeTht BpamaloTcs BOKpYr o0fLiero
uentpa Mace. Ho 31oT LeHTp pacnosorxedr srytpn Conuua, ne-
ckoqibky mMacca CovsiHlla MHOTO GOJIbLIE MACCHI
QN aHeT. '

2. Orpesok, coenmnsioiinii Cosmue ¢ mJiaHe-
Tol, 3aMeTaeT 3a PaBHBIE NPOMEXYTKH Bpe-
MeHH paBHBle OJIOIANN.

O6paTnTe BHHUMaHKAE!

@ Bropoit 3akon Kennepa BBIBOINTCR M3 3aKOHa COXpaHeHHs YTJIOBOTrO
MOMEHTA. g

B 3. Oreowenne r3/T2 NOCTOSIHHO IJISi BCEX IIAHETHHIX OPOHT.

O6paTnTe BHRMaHme:

@® Tlocnenuuil 3aKoH CJEAYeT M3 TOrO, YTO NEHTPOCTPEMWUTENbHAS CHNa
J0/OKH2 GHITh PaBHa CHJi€ I'DABHTALMOHHOTO NPATSIKCHAR: fgn@’r =

VM Con 4mr  Yymegn r3 _ ¥Mconu
=——-—F——, OTKyHAa '?————r?—' H 7z = AnZ e
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B BbipakeHue, CTOfIlICE CNOpaBa, BXOLAT TOJMbKO MNOCTOSIHHbLIE BEJH-
YWHBL, OHO paBHO 3,36-10—18 M3/c2

® Ilpn ynanenpm -or CosHNA CKOpOCTb NBHIKEHWS NJ@HET YMEHBIIA-
eTcs, a NpH NpubNNIKEHNH — yBeJrunBaeTcst (CIEACTBHE BTODOro
3akona Kennepa).

@ DTy Xe 3aKOHLI ONUCHIBAIOT JBMIKCHYE HCKYCCTBEHHEIX T€N BOKDYT
CosHua, WCKYCCTBEHHBIX CNYTHHKOB 3eMAM M COYTHUKOB JDYCHX
nJiaHer.

CnpaBounas Tabauua
Inanetnt ConneuHoONM CHCTEMBI

Cpepuee OTHowenue
- paccrosiHue Tleproxn SKCUEHTPH- Maces
Mnanera or Conmua, Obpauernus, cuter K Macce
I'm TOLb! Semau
Mepkypuit 58 0,24 0,21 0,053
Benepa- 108 0,62 0,01 0,8149
3emJsy 150 1,00 0,02 1,000
Mapc 228 1,88 0 09 0,107
I0Onurep 778 11,86 0,05 318,00
CarypH 1428 29,46 0, 06 95,22
¥Ypar 2872 84,02 0,05 14,55
Hearyn 4498 164,78 0,01 17,23

TlnyTon 5910 248,4 0,256 0,9

O6paTuTe BEHHEMAHKHRE:

© OSKCHEeHTPUCHTETOM HAa3bIBA€TCSl OTHOLUCHNE pPACCTOSIHUA MEXIy (1)0-
KycaMy 3JUTHICA K JJinHe ero Gofbliofl ocH.
Macca 3emsm: Mge,, = 5,97-10%¢ kr.

Macca Conmua: in gopy= 3,334-10° maq,,
Macca Jlynb: my, = 0,0123m,,,. Cpennee paccrosune ot JIynss

no 3emim 384400 kM, 3KcuenTpuchTeT ee OpOUTHI BOKpYr 3eman
0,0549.

® Cpemnuii 9KBATOpHAJLEBI! pafnyC 3eMMH: ey = (6378,169
=4 0,008) km.
8. IuppocTaTika (NOKOSIMECs MEAKOCTH)

BeslencTBHE TONBRIKHOCTH MOJIEKYJN KUJIKOCTb He obnafgaeT coGCTBEH-
Hoil ¢opmoii, a mpuxEMaeT dopMy TOrO COCYAa, B KOTOPHIA OHA 3aK/IO-
vena. [lo Toft e NpuuMHe MOBePXHOCTb MKMIKOCTH BCEIna TepnesanKy-
nsipHE INEeHCTBYIOUIEH Ha XUIKOCTb CHIE.

Ilon ILEHCTBPIEM CHJIBI THIKECTH MOBEPXHOCTR MOKOSIIEACH MXHIKOCTH
BCeraa ropnsoma.ubﬂa, T. €. pacnoJaracTcsa Ha OOHOM yposue.
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3To yTBepXIEHHe COpaBedJiINBO W B CJydae COCYIOB CJOXHOU
OpMbl, @ TaKKe HEeCKONBKAX COENWHEHHBIX MexXIy cobofi cocynos
coofuiatoLnxcst COCYIOB).

B coofmaiomuxesi cocyAax KHIKOCTb YCTAHABNYBAETCH HA ONHOM
ypOBHe.

BHYTpH UAKOCTH MOBCIONY NEHCTBYIOT CHJibl J@BJCHHUS.

JlaBnenneM Has3bIBAaeTCsl OTHOLIEHME CHJHL, IleﬁCTBYIOLU.eII;I lieprieHnn-
KyJisipHO l'IOBeg_XHOCTH, K MJouain 3Toi NOBEPXHOCTH.

JHapneune = Cuana/Ilnouae.

JlaBJiienye — BeANURHA CKaJSIpHAas.
Enunnna CU paenenns: [p] = H/m® = IMackass (Tla) = xr/(m-c?),
Enunnnua, we pxonsiast 8 CH: 6ap = 10° [a.

Enuenne;, AOnycKaBuipecs K mnpHMeBermio go 1980 r. wmuanuMmerp
pTyTHOro croaba (MM pT. cT.), ¢H3pYecKasn afmocq)epa (atm) =
= 760 MM pT. CT.; TexHHYecKas atmocepa (atr) = | xrc/em2

CoOTHOILIEEHE MEXAY €ANHNIAMH [aBJEeHAH

Ennunne, we Bxoasmpe B CH:

I0AM BoAstHOro croniGa = 2,4908 mGap =249,08 Ila
JuoliM pTyTHoOro croiba = 33,864 mGap = 3,3864 xllia

1 ar == 0,980665 Gap = 98,0665 klla
1 m Bog. ct.=0,1 at == 98,0665 mGap == 9,80665 klla
1 MM Box. cr.=10"" ar = 98,0665 MKGap = 9,80665 ITa
1 Gap = 105 Jla = 100 «lla

1 mm pr. ct. = 1,333224 m6ap = 133,3224 [la
1 atm = 1,01325 6ap ==101,325 «lia
1 ¢yur-cuna/KB. ApA. =B3,2 MKGap ==5,320 I7a

1 dyur-cuna/ke. ¢yT. =478,8 mxGap = 47,88 Ila

1 dyur-cunafxe. nwoiim = 68,95 mGap =6, 805 klla

I nayapans/KB. QyT == 14,88 mr6ap =1 488 Ia

1 Touma-cuna/ks. GyT = 1,07252 6ap = 107 252 &lla
1

1

Ecnu

p — LaBnenue,

A — nnowazpb NOBEPXHOCTH,

F — cuna, neficTByomas Ha STy NOBEPXHOCTh.

TO
p ' A

M 8.1 =F CU[Ma=HmM H w2
& N ) p= A’ 80 aT=Kl'C/CM2 KIe CMZ

80 | xrc/m? Kkre m2
-OfpaTHTEe BHUMARRE:
© CooTHOlIenKE MEMILY €LMBHLAME JABJCHHS CM. B Ta6.n H 3.



114 8. I'udpocratura (noxosuyuecs #udKOcTU)

8.1. JlaBJieHHe B JKHAKOCTAX

8.1.1. JlaBJieHEE NOPIIHA

Ecmi Ha xuakocTs jeficTByeT BHeliHee [AdBJeHHE, TO BCJlEICTBHE THO-
IBUXHOCTH MOJIEKYJ 3TO AABJCHWE NEPeNAEeTCH OJIMHAKOBO BO BCE CTO-
POHBL
B runpasinueckom npecce Ha BCe A ?\ Y

MOPLIHR feficTByeT OAHHAKOBoE JaBJie- F 4 ( z F
Hpe. OnRako BClEACTBHE TOro, YTO TUIO- f z
fany NopitHedl passMuHBL, CHAB, Lefi-
CTBYIOllne Ha HUX, He opuHakoBel. Co-
rnaeno gopmyste (M8.1): .

fi Cuusbl oTHOCSTCS Apyr K DYy Kak MIOUIadn NOpiuBHeH, T. e. Kak
KBaJipaThl IRaMeTpOB HOpIIHEH:

Fy  F, F, A &
p=—= 3 nim — =..——=_—2_..
A, A, Fy A, di

3To COOTHOLIEHHE JIEKUT B OCHOBE JIEHCTBHSR pa3JMUUHBIX NOIBEM-
HBLIX MEXaHN3MOB (JOMKpaT, NOLBEMHMK), THAPABJIHYECKHX TOpPMO30B,
npeoGpasopateaell gaBneHust U T. A.

8.1.2, JaBnene cTosi6a KHIKOCTH

B kammoll KHAKOCTH CyLlecTBYeT aasfenne, obycloBieHnoe ee cob-
cTBeHHLIM BecoM. Tak, HanpuMmep, JaBieHHe Ha ocvoBaume cTONGA
BOLWL BbICOTON 10 M cocraBaser okoqo 10° [a.

Ecmn

p — HapjeHue B KUIKOCTH Ha raybmue h,

h — BLicoTa cTon6a XKUAKOCTH,

p — [JIOTHOCTH YKHAKOCTI,

g =981 m/c?2— yckopenne cBOGOMHOrO
napeHus, ———]

TO JaBjieHHe B JKHAKOCTH PaBHO ee BeCY, h
JelieBEOMy Ha mjowagb, p = G/A n mo .
¢dopmyne (M7.3) p = mg/A. Tockosery, cornacho (M74), m = pV,
umeem p = pVg/A. Tak kax Ah = V, noayuaem

p o g k
CI/III'Ia'————-I-I/M2 kr/m® mfc? M

(M 8.2) | p=pgh. |

O6paTtnuTe BHHEMaHHE:

@ IlnoTHOCTS MWIKOCTH O 3aBHCAT OT TeMmnepaTyphl. Ilid ouenb TOY-
HHX BEIUHCJICHRI IJIOTHOCTB CJIELYET DAacCUMTHIBATE 0[O (QOpMYJe
(T 13.10).

© Eqpnnna usMepeRHs NAOTHOCTY MOMET OT/IMYUATBCH OT yKa3aHHOH
B Tabavue,
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® JlaBacEpe Ha nanHON ryy6MHE OLMHAKOBO BO BCEX HallpaBaCHHSX.
@ CoOTHOLIeHnE MEXAY eARHRuAMA Labliennst cM. B Tabm. I13.

@® CyvMapHoe pnapseune, oOYCJAOBIEHHOE BECOM CTON0A IKUAKOCTH H
JaBJeHHeM TIOPLIHSI, HA3BIBAIOT THAPOCTATHYCCKEM [ABJCHHEM.

8.2. CKuMaeMoCTh

HecMOTpsT Ha TO YTO NOLBHMIKHOCTL MOJIEKYN B KHEKOCTAX BeJNKA,
JKUIKOCTH YA&eTcs 3aMETHO CXKaTh TOJNBKO C MOMOIUBK OYeHb GOJb-
mpx nasieunit. Kugxoctu obaapaioT HuuToscrol cucumaemocterol Ot-
HOCHTENbHOE n3MeHeHne ofbheMa MpsMO IPONOPHHOHANLEO H3MEHEHHIO
pasaenns: dV/V~—dp.

CUMAaeMOCThI) JKHUIKOCTH » HAa3blBaeTCst OTHOLIEHHE OTHOCHTENb-

HOro M3MeHeHnsl oObeMa K W3MEHeHRIO JaBJieHnus, BBI3BABLIEMY 3TO

M3MEeHEHHe:
st e 2V
- Vdp-®

Ecim

% — CXMMaeMOCThb JKRIKOCTH,

V — o6pem mumxoctn,

AV — usmeneHne o6beMa npn U3MEHEHHMM NaBJICHHS,
Ap — n3Menenne IaBJEHHS,

TO IO OllpefesieHNIo CUMaeMOCTR

(M 83) | AV =—xApV, |

H B Inddepernuansuoil popme
. p %
M84) |av=—xdpV. | CH | Ma=H/u® 1/T1a =m?/H
80 | at em?/kre = 1/at

O6paTuTe BHHMAaHUE:
©® B GosblipecTBE CyyaeB M3MCHCHHE o0beMa KMIOKOCTH HACTOJBKO
HHUYTOMKHO, YTO MM MOIKHO TpeHeOpedb.

© 3unak mmeyc B Qopmynax (M83) u (M8.4) noxaswiBaer, uto yse-
JHYERME JABJCHHS CONMPOBONKAAETCS YMeHbIUIEHREM O6beéMa W Ha-
o6opoT.

@ CXKHMaeMOCTb NMOYTH HE 3aBHCHT OT TEMOepaTypH M JLaBJieHHS.
© 3HaueHus CKHMAeMOCTH % cM. B Tabs. 4.

8.3. TNoppemuasn (BHITAJKHUBAIOLIAA) CHAA

I'Iorpymem-loe B KHAKOCTB TeJIO Kak Obl TEpHET 4acCTb CBOEro Beca.
Cnny, HanpasJienHy0 UPOTHBOUOJIO)KHO ILeHCTBy}OU.IEH Ha Teno cHne
TsKeCTH, HasblBaioT HOJI"beMHOP], nin BbITaJTKHBalOUJ.EH cphiol, OHa
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paBHA CHJIE TAKECTH, ACHCTBYOILEH Ha BBITECHEHHYIO TEJOM MHAKOCTH,
¥ B clyyae Tena NpaBufibHOH (GOpMbl paBHA pA3HOCTH AaBJeHMil cTOsba
JKPATKOCTH HENOCPEACTBEHHO HAl K TOL TENOM. DTO TNONOXKEHHEe HAa3ble
BaeTcst 3aKOHOM Apxumerna.

Ha Teno, norpymeHHoe B KWIAKOCTb, HEHCTBYET
nopweMHast (BbITaJKMBawllian) cuJaa, Hanpas-
nenHan BeepX. Ee BesnunHa paBHa Becy BHITEC-
HEHHOH TENOM YXHUIKOCTH,

Eciu

Fy— nonpemuan (BblTaJIKHBalOU.IaH) cuna,

V — o6bem BhiTecHeHHOR TesOM JXMAKOCTH,

0 — IJIOTHOCTb 3KHMAKOCTH,

g == 9,81 m/c? — yckopehne CBOGOLHOrO najeHns,
v = G/V — yaeanunil Bec,

TO
-Fg V 0 g

M 85) | Fo=Vpg. | culH w xo/m® we?

Ui

Fs V v

80 | kre' nm®  krcfam®

TRy ]

O6paruTe BHUMaHne:

® Enunuia uM3MepeHHst IJIOTHOCTH MOMKET OTJNHUAThCS OT YyKa3aHHOH
B TabJmue.

B szaBucuMocTH OT BesinuMHbl NONBEMHOM CHJIBI TEJNO MOXET Haxo-
IHUTBCA B TPEX IIOJNOKEHHUAX:

® (G << Fu: Ten0 TNONHMMaeTcsi Ha NOBEPXHOCTh M (JABAeT, JHLIb
YaCTHYHO MOTPY3HBHIMCH B 3KHAKOCTb;

® G = F,: Tesio MOJHOCTBIO TMOTPYIKEHO B MHUAKOCTH M HAXOAHTCS
B Hefl BO B3BELIEHHOM COCTORHRE;

® G > F.: Teno TOHET.

8.3.1. OnpenesnieHre NJIOTHOCTH TBEPABIX Ted

ﬂ.ﬂﬂ olnpefesieHusT MJOTHOCTR TBepJjoro Telsla NCNOJBL3VIOTCH ryjpocta-
THUYECKHE BECHl, KOTOpHIE MO3BOJAIOT B3BeUINBATh TeEJO Kak B BO3/AYXeE,
TaK U B KUIOKOCTH.

Ecimm

0 — IWIOTHOCTb TBEPJOro TeNa,

‘O — MJAOTHOCTb HMIKOCTH, B KOTOpOH TeJO B3BelJHBaeTcs,

G -— Bec Tena B BO3ZYXe,

Gy = G — Fy— Bec Tena B XKMAKOCTH, M3MEDEHHBIN TpH TIOAHOM €10
TOrPYyEHNH B KHUAKOCTh,
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TO

(M 8.6)

O0paTnTe BHUMAHBHUE:

© Takne paMepelHsi MOXKHO NPOBOAHTL TOJIBKO LDH YCJOBIHH, YTO TEJIO
He NJdBacT Ha [OBEPXHOCTH KMAKOCTH.

8.3.2. OnpenenieEde NMAOTHOCTH XUAKOCTH

ﬂﬂH.OHpeﬂE.ﬂeHHﬂ MJIOTHOCTY JKKUIKOCTH TakK¥Ke NprMEHIOTCa ruipocta-
THYECKHE BeChl.

Ecnu

p1  ~— onpepensieMasi MJIOTHOCTH KHUIAKOCTH 1,

Q2 — M3BeCTHAS IUIOTHOCTB JKHAKOCTH 2 (HaOpuMep, BOXHI),
G  — Bec TBepjOro Teja B BO3LYXE,

Gy — BeC TBEPHOTO TEJA B KHUIKOCTHU 1,

Gy — BEC TBEPAOrO TEJi& B KHAKOCTH 2,

TO

G"‘G)Kl

(M 87) [o1=p2 T —Cra

O0paTtuTe BEHRMAaHUueE

® Jlns usMepenpil MOMKHO HCMONB30BaTh Jioboe TBepLoOe Teso, He Iia-
paloillee Ha MOBEPXHOCTH OJHON M3 KulkocTeH, 3HaTh ero 00beM
1 NJOTHOCTb He 00fA3aTesbHO.

9. AspocTaTuKa

Mosekynbl raszoB NpakTHYECKH He B3aNMOLEHCTBYIOT IPYr € LpYyrom.
TlosToMy rasbl He MMEIOT OIpelesieHHOH GopMbl m 06beMa W neNnKOM
3AMOJHAIOT cOCYN, B KOTOPOM HaxolsTcs. B rase cyllecTsyer onpelie-
JIeHHOE flaBJieHHe, JlefiCTBYiOlee PABHOMEPHO BO BCe CTOPOHBIL.

9.1. JlasaeHue U 0GbeMm rasa

JlaBnenue rasa npu TOCTOSHHON TeMOepaTtype IpOTOPLHUOHANLHO URCAY
MOJIEKYJl rasa, Haxo[flUXcs B NaHHOM oGbeme, T. € Macce rasa. Co-
CTOSTHHE ra3oB ONHCHIBaeTcs 3akoHOM Doiins — MapuorTta:

Mpu noctosunofl TemmepaType o6beM HEXOMSIUETOCR B 3aMKHYTOM
cocyzie raza o6paThHo nmpoNoOpLnoHasieH AaBJEHNIO,
WK ) ; TE. o wl )
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Ipr nocrosuuoll TeMnepaType NpOM3BEJ€HHE NABJCHAS [a3a, HaXo-
JAIlerocst B 8aMKHYTOM COCyZAe, HAa €ro ofbeM ecTb NOCTOSIHHAs
BEJINYHHA,

Haun

Ilpu mnocrosiBHOl TeMmepaType IaBJieHHE W TJIOTHOCTb HAXOASIle-
rocs B 3aMKHYTOM COCYJleé rasza TpONOPIHOHANBHE XADYr HDYLY:
p~p.

Ecnu
p1 — HauaJibHOE JABJIEHPE rasa,
P2 — KOHEUHoe NaBJieHHe rasa, P

V) — sauasnbeblil o6beMm rasa,
V3 — xoueuHnii o6beM rasa,

TO

7 T=const
P Ve - L : —
(M 9.1) TV nium  pV ==const. 7

O6paTuTe BEEMaAHHE

@ CooTHOIIEHHE MEXAY e[NBHNAMK AaBJenns cM. B Tabm. I13.

@ Ilpu pacueTax csenyeT BCerna MNOJb30BAaThC MOJHLIM JAaBJEHHEM
(a6conoTHEIM JaBJjenveM); cM. pasni. 9.1.1.

9.1.1. H36niTOUHOE NaBJenne

B texuuke wacrto YKasbiBaeTcs n30BITOYBOE JlaBJieHue rasa.

W36LITOURbBIM OaBJEHHEM HA3bIBAeTCH PAa3HOCTb MEXKAY BHYTPEHHHM
(co6CTBEHHEIM) JaBJEHHEM ra3a u aTMOC(EpHEIM NABJEHNCM.

=

Ecmn

p -— [OJHOE naBjieHue rasa,
pa — aTMmocdepHoe AaBJICHUE,
Pu — W30EITOUHOE JlaBJeHUE,

TO
92 | pa=p—pa |

O6paTuTe BHHMAaHMKE:

@ FEcimu Tounoe 3HaueHme aTMOCQeDHOTO [NaBJCHHSI HE H3BECTHO, TO
€ro NPHENMaKT paBHHM npuMepno 1 Gap == 100 kila (mo 1980 r.
npuMepHo | ar).

@ He Oonyckaercs npumeHeHMe €JHHHUBI aTH, WCIOJb3OBABIUEACH pa-
Hee 4715t H3OHTOYHOrO JaBJECHMS.

@ Ecim B dopmyne (M9.2) p << pa, TO peub ulleT O pa3pemeHnH
rasa ppaa.
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9.1.2. HamMepenne paeieHus rasa

,H.Hﬂ H3MepeHnd JaBjcHust rasa HCOoAL3YyloTcs CAedyiouine MaHOMETpHL

— oTkpHTHE ManoMerp (U-ofpasuasi Tpy6ka, OTKpHTas ¢ obeux CTo-
pon),

»— 3akpuThili Manomerp (U-obpasnag TpyOKa, 3anasueas ¢ ONHOW
CTOpOHH!),

*— MeTa/JJIMueCKpe MaHOMETPH (TpyGuaTo-NpYKWHHBIA ManOMETp, TpyO-
kn Bypnona).

9.2. AtmocdiepHoe nashenne

Cob6cTBeBRbI  Bec cToJ16a BO3AYXa CO3JlaeT aTMocepHoe nabnedne,
KOTOpOE YMEeHBUIaeTcs M0 Mepe yJafleHuss OT TOBEPXHOCTH 3eMJid.
B6ausu 3emroil nosepxnocry:

Ilpn mombeme BHa Kaxawle 8 M aTMocepHOE JaBjeHME najfaer ua
100 I'la = 1 wmbap.

Ecan npennofiokuTh, 4TO TeMOEpaTypa BO3JIyXa € BEICOTOIl He Me-
BsieTcs, To atmocepHoe NaBJjieEne yMeHbUIaeTcss € BLICOTOH IO 39KCHO-
HEHIMaJbHOMY 3aKOHY.

Ecan

po — aTMOCEpHOE HaBJEHRE Y NMOBEPXHOCTH 3eMJn,
pr — aTMocdepHOe NaBJieuHe Ha BhicoTe fi,

/i — BHICOTA Haj NOBEPXHOCTHIO 3EMIH,

Po — MJIOTHOCTb BO3AYXa Y NOBEPXHOCTH 3eMJH,

£ — yCKOopeHue CBOGONHOro majeHus,

e =2,71828,

To Ans BhicoT npuMepHo no 100 kM pasienme (0pm TNOCTOSIHEON TeM-
niepaType) PacCuMTHBAETCA [O dopMmyJe

—0ogh . p o g h
—_ Po H
(M 9.3) Py == D4 . CH | Ma=H/m® xr/m® wm/c? ©
Fr
Po 10
05
025
0126

Z 455 &8 wWni it 165 hsx
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Ecin naBnenHne y NOBEPXHOCTH 3eMyH po == pu = 101,325 «lla (a0
1980 r.— 760 MM pr. CT.) ¥ TeMOepaTypa Bo3NlyXxa Ha Ji06vll BLiCOTE
pasua 0°C, To n3 dopmys (M 9.3) caenyer:

-4
(M 9.4 | p,=pe™™,
- RIAU
M 95) | h=1841g L% |,
plz

rjie BbicOTa h BhipajkeHa B KUJIOMETpaX.

®opmysa (M 9.3) wuaswsaercst Oapomerpuyeckoit ¢opmynoit BhI-
cotH. Ilpu TOYHLIX BHMHCJEHUSX aTMOC)EpPHOrO AABJEHH§ CAEAYET yum-
THIBATb NOHM)KEHHE TEMIEPATYpEl BO3AYXa MO Mepe YBeJu4YeHHsi Bbl-
cotel. [lpu ps == 101,325 klla (cpenuerolloeoe 3HaUeHHe ATMOC(EPHOTO
napneups Ha ypoeue Mmops). u { == 15°C (cpemserofioBoe 3HAUEHHE TEM-
nepaTypel Ha yposHe Mopsi) Asst seicoT jo 11000 M (Tpomocdepa)
CHE/LYET MOJb3OBATECH MeAyHaponuo#t dropmyJioi:

6,5k 5255
ph—101,3(l——28—8— ,

(M 9.6)

r'He AaBJieHpEe BLIDAXEHO B KHJONAaCKalsifX, BLICOTA h—B KHJaoMeTpax,
nin

6,5/ 4255

(M 9.7) =

p, = 12255 (1 -

rfie NJOTHOCTH BHIpa)keHa B Kr/m3, BbICOTa — B KHJIOMETpax.

O6paTnTe BEUMAaHHE:

® ATmochepuoe NaBjeHHE 3aBHCHT OT MECTa M3MepeHus, TeMIepaTyphl
BO3JIyXa M TOTORHL

® Ha ypoBHe MOps CpenHErogoBoe aTMocepHOE HapjeHne COCTaB-
asier pu = 1013,25 mbGap = 101,325 kfla (HopmasibHoe naBJenye)
npu cpenuerojosoil Temnepatype 15°C. ’

© 3aBHCHMOCTb CpeNHErO[0BOTO LABJEHHR OT BHICOTHI cM. B Tabn. 5.

92.1. Hamepenne atMocdiepHOTO NaBleHHs

JlaBneHne BO3AYXA M3MEPSIETCS € NOMOLIBIO CJEAYIOUWHNX 6apomeTpOB:
~— GapoMmeTpa-aneponja,
— pTyTHOro GapomeTpa.

Ilokasanun pTyTHOrOo GapoMeTpa 3aBUCAT OT TEMIepaTypel PTYTH,
TIOCKOIbKY PTYTh UpH HarpeBaHmm pacumpsiercd. Ilostomy nss TOUHBIX
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p3MepeHuil NOKasapust pTyTHOro Gapomerpa  CJeRyeT
HEPECYNTHIBATDL MO cliefyioliell ¢opmyie:

Ecan

p, — armocdeproe napienne, npusefennoe ¥ 0°C,

p; — nokagakusi Gapomerpa_ (BBICOTA2 PTYTHOIO cronba)

npu Temmneparype £,
t — Temnepatypa pPTyTH,

I

TO

(M 9.8) | py=p, (1 —0,0001812),

rie ¢ — remnepatypa (°C).

9.2.2, Ponb atvocepHOTro JABJEHHUS

Muorue ycTpoicTsa JeHCTBYIOT TOJbKO Gsarofapsi HamwuMmio aTmocdep-
HOro fapJjenusi. B xauecTse NpHMEpa MOYKHO HA3BaThb NUNETKH, NOpLiHe-
BLIE BAKyyMHBle N HarHeTATEJbHEE HACOCH], HEHTPOGEIKHble HACOCHL

MakcumasbHas BLHICOTA NOLAYH BaKYYMHBIX HacOCOB ONpPENEsIeTCs
K3 YCIOBHS,, YTO [aBJehnue, CO3LaBaemMoe BecoM crosba KUIKOCTH,
HONHO OHITH ParHo atTMochepHOMY [aBJICHHMIO.

Tak Kak aTMocepHOe AaBjeHue coctasisieT okoio 10° Ila =1 Gap,
BBICOTZ TIOABEMA BOJbl He MOKeT npesBuinath 10 M.

10. Fuppo- W aspoguHamMHka

Tunpo- u aspOIMHaMMKA — pasfies (GU3KKH, 3aHMMAIOWMHACS H3YUCHHEM
32KOHOB IBWIKVIIHXCS! JKMAKOCTEH W rasoB, 3aKOHbl JBHIKEHMsl KHIKO-
cTell cHpaBefJIUBH M [Jsi Fa30B, €CJH CKOPOCTH NOTOKA OKAa3bIBAIOTCS
Melbile CKOPOCTH 3BYKa, TOCKOJIbKY B STOM CJlydae rasbl MOXKHO CYH-
TaTh NPAKTHYECKH HeckKuMmaeMbiMu. JBHIKeHHE KHIKOCTEHl NPOHUCXONHUT
Ton JeficTBYEM CHJbl TSRECTH, pasHocTn LasieHuit u 1. I. Ckopocth
KaxAOl UACTHLE B TOTOKE MXHIKOCTH WAM rasa B Kax[Ibll MOMEHT
BpEMEHH WMEeT ONpelCJICRHYI0 BEJWYHHY U HamnpaBjenue. ITpoctpan-
CTBO, 3aTI0JIHEHHOE YACTHLAME JBHXKYINeHCs1 KUAKOCTH, Ha3blBAGTCs NO-
TokoM. JLJsi ompeflefienusi HANPABJICHHSI CKOPOCTEH YacTHI| HCIOJB3YIOT
JuEpE TokKa. KacartesbHble K HHM B JI00OH TOYKE [ayx0T Hampaeije-
HHe TeueHHsl B [aHHOH Touke. DTO OCOGEHHO HAINSAHO, KOTAa TPack-
TOpMM YACTHL, COBNAJAIOT C JIMRHMSIME TOKa. Tak OOGCTOMT J€JO B TOM
cayuae, KOra JMHWKM TOKA COXPAHSIOT CBOIO KOHOETYpPAlLKIO B TedeHne
JUIUTEJILHOTO BPEMEHH, T. € B CJly4yae CTAHOHAPHOTO HOTOKA.

10.1. Teuenne Ge3 BHYTPEHHEIrO TPEHUsI

Mnealbnoil XHMAKOCTBbIO WK HEAJbHHIM UOTOKOM HasblBa€TCH Takas
JKEIKOCTb WJM TOTOK, NPH PacCMOTPEHHH KOTOPBIX MOXHO npedebpeun
CYLUECTBOBAHHEM B MXUJAKOCTH BHYTpeHHero TDeHHs K o6pasoBannem
BUXpEH.
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10.1.1.  Hcreuenue MAKOCTH M3 cocylia

CKOpOCTb BBHITEKAIONIIEH JKMIKOCTH 3ABHCHT TOJbLKO OT BBICOTEI CTONOA

KUIAKOCTH B CoCynhe.

Ecm

U — CKOPOCTb HCTCUEHHS KUAKOCTH,

h — BLicoTa cTON6a KUIOKOCTH,

£ =9,81 M/c2— ycropenune cBOGOIHOrO nafieHus:,

TO
4 10.0) | o=/2gF. |

O6paTuTe BHUMAaHUE:

® CropocTh HCTEYEHHSi PaBHA TO BEJUYHHE CKO-

PoCcTH CBOOGOJHOrO NafleHHst C BLHICOTHI, paB-

HOW BBLICOTE CTONGa IKHIKOCTH.

B nelCTBRTENBHOCTE K€ CKOPOCTb HCTEUEHHst
pealbHbIX KUAKOCTEH ropasfo MeHblie, ocofeR-
HO eC/ld OTBEPCTHE uMeeT HeoOTeKaeMmbie Kpas.

Koadduiuent, xapaxrepusyomuii  dopmy
OTBEPCTHs, Ha3bBaeTCs KOIPOUUHMEHTOM HCTeYe-
HUST Yo

(M 10.2) ' v=n 4/ 2gh.

- TR ) h
CU | Me — m/c2 u

10.1.2.  Teuenne no Tpydam

__;=0,62
=08 .

W
rHm=0%

W
p=097

3uavenusi k03pPUIMEHTa KCTEYCHHS ) TPHBEJEHH Ha PHUCYHKE.

Ecau

V — ob6peM ®HAOKOCTH, NPOTEKAOLIEH uepe3 cevenne A,

1 —ppewms;, 3a KOTOpPOE NPOTEKAeT AaHHHI 00BbEM KULKOCTH,
A — nnowans ceveHus TpyGH,

0 ~— CKOPOCTb TCUCHHS KHIKOCTH,

T0 06BEM DDOTGKILIefI KHAKQCTHU OUpEAeeTCH COOTHOLICHHEM

(M 103) | V = Aot. |

Vv A v ¢

CU | m® M2 wmfc ¢

Ipousseneune Av uasbiBaeTcss 00bEMHEBIM pacxojoM Q.

(M 10.4) Q=Au=TV.

Q A v
CU | m3fc m2 wmjc
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M .

MrhoBenHoe 3HaueHue OOBEMHOro pacxolla ONpeleseTCs no ¢op-

MyJie
av. -
(M 105) | Q= =V.

Enpuuuna CH pacxona: [Q] = [V] = m¥/c.

Hs ¢opmyan (M 10.4) cnenyer, uto uepez nioboe ceuenue TPyGbt
3a paBHBIE TIDOMEXYTKH BpeMeHHM I J[OJKHH TIPOTEKATb ONKHAKOBBHIG
ofbeMbl V, TIOCKOIBKY MKHIOKOCTh NPaKTHYECKH HecxuMmaema. [lostomy
yepes ceuelile C MEHbLIEH NJOWA/BIO KUAKOCTb TedeT GuicTpee U HaoGopoT.

Ecan

A; — nnowaip cevenuda 1,

Ap — naomialib ceyenus 2,

T — CKOpOCTb NOTOKa B ceyeHuu |,
Uy — CKOPOCTH TIOTOKA B CEGUEHHH 2,

Af

TO YPABHEHHE MOTOKA (ypaBHEHHE HENPEPLIBHOCTH) MMEET BHI

(M 10.6) A]Ul == AzUz,

KK A~ —,

Av = const.

10.1.3. Jlagnenne B nNOTOKE

v

Uz

Ilontioe pamiexHne B JI060M TOTOKE CKAAIbIBAECTCH H3 CTATHUECKOro

KW NHMHaMHYECKOro naBJICHHSA.

® CraTuueckoe pasaenne obyc-
JIOBJIEHO 1OTEHUHANbLHOI sHep-
ruefi JXUAKOCTH, HAXOLSUICH-
cst NOJZ LaBJlenkem.

® Jlunamuueckoe IABJNEHEKE
(naeneHue Hanopa) oGycsiOB-
JIEHO KUHETHYECKOH ?»Heprueit
JBHXKYIIEHCS XRUIKOCTH.

IIpu yBenuyenuH CKOPOCTH
NOTOKA JHMHAMUUYECKAast COCTAB-
Jsionlasi JLaBneHnsi BO3PACTAET,
a craTuyeckas  YMEHBIIAETCH.
B noxosimiefics XuIKOCTH IKHa-
MHYeCKOe LABJIGHHE PABHO HYJIO,
4 mOJHOE [ABJNEHKHE DABHO CTa-
THYECKOMY, T. €. TIHBIpoCTaTHie-
CKOMY [1aBJICHHIO, KOTOPOE CKJa-
LLIBAEGTCS U3 JlaBJIGHUS, CO3Za-
BaeMoro mnopmiHeM (cM. pasf.
8.1.1), u naeneuns, co3LaBaeMo-
.ro  BecoM CToqb6a  KHJAKOCTH
(cu. pasz. 8.1.2).

L

| Do pisecitoe

Crmamuecroe
ORGREHNE Doy

!
AHUECROE

greneHie

EHIZE Digest

s
RREHUE Doy

Tanroe danerze by

1l

Crmamy
aa

Py

¢

Cmamyecioe
dasreHue

Oasnenue
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Sakon bepuysnm raacur:

B cranuoHapHOM NOTOKE CYMMa CTAaTHYECKOro M JAHHAMEUECKOrO
JABJIEHKI OCTaeTCsl NOCTOSIHHOH. 3Ta CyMMa COOTBETCTBYET THHAPO-
CTATHYECKOMY [ABJCHUIO B [OKOSAILEHCH HUIKOCTH.

Ecan RUOKOCTB TeYeT B RAKJOHHOR TpPyGe, TO CJEAyerT YYUTHIBATHL
CBSI32HHOE C HAKJOHOM H3MEHEHHE DHEepPrum.

Ecm p
P1 — craTuuecKoe NaBjeHHe B ceve-
Hum 1, Aunamuvecroe
P2 — CTaTHYECKoe HABJIGHKE B Ceue- dageriie o
Huu 2, 3|8
U1 — CKOPOCTL mOToKa B ceuenuu 1, &R
U3 — CKOPOCTb MOTOKA B CEYEHHH 2, Cmamueciioe =18
hy = BricoTa ceueHust | OTHOCHTENB- onsrneHwe °
HO TPOU3BOJILHO BBLIGPAHHOIO 2 Z
ypOBHS, 1
hy — BHICOTA cedeHHs 2 OTHOCHTENb-
HO TOr0 K€ ypOBHS, Vg
Po — NoONHOE AaBlEHHE, y

P — IIOTHOCTH ¥UIAKOCTH,

T0 pabora W, pacxomyemasi Ha H3-
MEHEHHST CKOPOCTH U U BHICOTH! h
JUOKOCTH, paBHa CyMMe H3MeHe- =
Hisi MOTeHIMasbaol sHeprin AWa u A7 F=t»
M3MCHEHUS] KWHETHYECKOH! 3HEPruu
AWy, 1. €. <

W=AWg 4 AWk

| [inz sneventa o6vema AV umeem W = FAs = pAAs=pAV otkyna
m ¢ 2 )
(py— P2) AV = mg (hy — b)) + = (05 — o)-

Pasnenus na AV, 970 MOXKHO CIEe/aTh, TaK Kak oObeM oOCTaercs
HeH3MEHHBIM BCJEACTRHE HECKHMMAEMOCTH KUJIAKOCTEH, NOJNYUHM

b 2 e .2
Py — Py =pghy — pghy +5 U

Tlepesecs B o#HY CTOpOHY cjaraeMble ¢ OIHHAKOBLIMHM KHIEKCAMH,
noayuuM ypasnenue bepuysau

p, +pgh + %Uf———pz + pghy + %vi
(M 10.7)
p+egh+ -%-02 == p, = const.

P p g h
cu | [la=H/m?® krfmu® m/c* u
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CymMa CTaTHYECKOTO HNaBJieHps p, Aabijlenus, 00yCJOBJIEGHHOIO BECOM
cron6a MuAKOCTH pgh, W AMHAMUYECKOro NaBneHust pov?/2 ocraercs
TIOCTOSIHHON BJIOJb JIMHUM TOKA. -

O6paTnTe BHUMAaHHE:

©® ©Qopmyna (M 10.7) sepua auiib Js MOEaNbHBIX JKUIKOCTeHl, B KO-
TOpHIX OTCYTCTBYET TPEHHE.

Ecan XUIKOCTL TEYeT NPUMEPHO Ha OLHOH BLICOTE, TO (OPMYJEI
(M 10.7) ynpouiaxwrcs:

PG =pt

2
(M 10.8)
p -+ i2)— vP= Py = conist.
10.1.4. H3mepenne pamjeHusi B MOTOKax

© CraTuueckoe namieHdHe u3MepsETCH MaHO-
METPOM, yCTAHOBJAEHHEM NepNeHIuKyASPHO
HanpaBJeHHI0 NOTOKA. B mpocreiiiem ciy-
Yyae MOIKHO HOTINNB30BATH OTKPLITHI KUJL-
KOCTHBIfI MaHOMeTp.

© [Ilosroe paBaeHue U3MEPSIETCsI MAHOMETPOM,
YCTQHOBJIEHHBIM [1apauieIbHO

HalpaBJEHUIO noroka (Tpyo- iQ

ka Nuro). IlpeBviiuaer cra- = V7

THYECKOE JABJECHHE Ha BeJU- E %
YUHY AaBJIellusg Hamnopa. — Y[/[/}E

-@® Hanop. Passocts nosnore u
cTaTHYECKOro JNaBjenHii n3Me-
psieTcst KomOuHauue# cooTse-
TcTByIOWUX  npubopoB, KO-
Topasl HA3HBaeTcs HanopHol TPyOkoit Ipannras.
Ocobexno 4acto 3TOT npubop npuMe-
HfeTcsl HLNsT H3MEpeHHst CKOpOCTH Fas3oBOTO HO-
TOKA.

@ PaznocTs ABYX cTaTHUeCKMX Hasjiemmil, Ilna on-
pezeneHust CKOPOCTell TeUeHMsi MKHAKOCTH MpuMe-
Hsetcss TPyO6xa Bentypn. 3toT nmpubop nos-
BOJIIET M3MEPUTb Pa3HOCTb CTAaTHYCCKHX JaB-
JleHufl B Pa3NMUHLIX CeueHHsix moroka. [lo us-
MepeHHOH pa3HOCTH LABJEGHMI MOXKHO ompe-
ACJHTL CKOPOCTL IOTOKA.

- Ecan

pL. 9y, A1 — naBneHue, CKOPOCTb  TOTOKA H
mioulab NOMEPEYHOrO CeyeHus B
NMJICCKOCTH 1,
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P2, Uz, Ap — maBneHme, CKOpPOCTH NOTOKA M TJOWANbL MONEpevHOoro

e

ceyenusi B NMJOCKOCTH -2,
~— IJIOTHOCTb KU IKOCTH,

T0 no ¢opuyae (M 10.8)

. b 2 0.2 .0
Ap—pl——p2=-2—02——-§-vl=_—2~(v§-—vf.

Cornacso dopmyse (M 10.6), vy = Av/A, H, CJENOBATEIbHO,

2 2

e A o 2) e 2[ A ]

Ap =m=—f ——pf — ¢ —_——— —_— —~11.
P 2 AZ ! ! 2 . (A2)

2

IMocne npeo6pa3zosanust NONYyYUM

M

2Ap v p p

109) | = [ 2P

A

p[(—%;—)z— 1]. CU | mfc Ta=H/u? kr/m® m?

10.2. JlamMuuapHOe TeueHHe JKHMAKOCTEM

TeueHue KupkocTeh TIPK HaJKYKK BHYTPEHHErO TpEHHSA, HO He COHpPO-
BoxKawlleecs OﬁpaSOBaHI/IeM BHXpeﬁ, Ha3bIBAETCH JAMUHADHDBIM. BHyT-
pennee TpPeHHE BO3HUKaeT B KHJAKOCTH BCJIEACTBHE B3aUMOLECHCTBUST MO-
JIEKYJl. P otinmune oT BHELIHEro TPEHHH, BO3HHKAIONIEro B MECTE CO-

NIPUKOCHOBEHUSA [BYX T7T6J,

BHYTpEHHEE TPEHHE HMEET MECTO BHYTpH

IBUKYIIEHCS Cpefbl MEXLY CJIOSIMM C pPA3jIHUHBIME CKOPOCTSMH JBM-

CHUA.

10.2.1. JrnaMuyeckas B3KOCTh

Vo

BuyTpenHee Tpenne CTaHOBUTCA 3aMET- : N

HEIM, HaNpHMEp, NOPH TepeMelleHHH
B MKMAKOCTH TWIACTHHKH TNapajileibHO
nnockoli  ctemke. Jlas  Taxkoro mnepe-
menieHust TpeGyercst NPUIOKHTL CHJIY,
paBHYI0O NO BEJHYHHE CHJIE TPeHHs.

Econ
F1p — cuna BHYTpEHHEro TPEHHs,

A

v

a

1

— mJollazb CONPUKOCHOBEHHS, 4 77777 i

— OTHOCHTEJbLHAs 'CKOPOCTb T'PaHHu- et
HBHIX NJIOCKOCTEH CpefH,

— pacCTosiHHe MeXny TpPaHHYHEIMH
MJIOCKOCTSIMH,

— JIMHaMMyYecKasi BA3KOCTb, KO3P-
QulyeHT BHYTPEHHEr0 TpPEHHS,

ﬁi
[
i

N
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TO cujia TPeHHsi onpefessiercs Gopmynoil

: F A v a
(M 10.10) | Frp = 14Z 1

a CU |HH-c/u2=Tla-c u% Mfc M

Emunnna CH pusamiveckodl  BsiskocTH:  [1)] == nackajb-ceKyHAa
(TMa-c) = H-c¢/m2 = &rf(m-c).

Epunnne, HonmyckaBiiuecss K npumenenmo go 1980 r.: nyaz (IT)
u cantunyas (cll).

CooTtHolueHne MEXAYy eInHHIaMU AMHAMHYECKOH BA3SKOCTH

1nyas () =0,1Tla-¢c=0,1 H-¢/u% 1 cll=1 mlla.c=1 MH-c/M?

Gopmyna (M 10.10) cnpasemnuBa Takxke s NPOMEXRYTOUHBIX
CTOeB, HaXOAsLMXcsi JAPYyr OT Apyra Ha paccrosinum Aa << @, eciu B
HEE MOACTABUTb COOTBETCTBYIOLIHE 3HAYEHHS OTHOCKHTE/bHOE CKOPOCTH
Av:

- Av
M1 | Fop= nA—E—.

OtHowenue v/a wunn AvfAa HaspiBaeTcs rpajMeHTOM CKOPOCTH.
Ecan e 3TO OTHOLIGHHE HENOCTORHHO, €ro CJAeRYeT 3aMEHHTb IPOK3=
ponHo# dvfda.

(M10.12) | Frp=nA—=.

O6paTtuTe BHUMAHHE:

© JluHavuuecKasi BA3KOCTb 1] KHIKOCTEN DE3KO YMEHLILACTCS € 110-
BHILIEHHEM TeMneparyphl: 7= Ae?/7, tie A u b — sMnupuveckue
TIOCTOSIHHEE.

JlMHamMuYecKas BASKOCTH 1) ras3pB YBEJIMYUBAETCS C MOBLILICHHEM
TEMOEpaTypEHL. *

YycneHHB® 3HAuYeHHs - OMHAMHYECKOHW BssSKocTHw ¢M. B Tabn. 6.
Kpome mnonsiTHs NHHAMUYECKON BSISKOCTH OPHMEHSIOTCS MOHSTHS
TEKYYeCTH 1 KHHEeMaTHYeCKoil EBf3KICTH.

Teky4ecThIO Ha3HIBAGTCS BEJAMUMHA, OOpaTHAsi NHHAMHYCCKOH B53-
KOCTH. {

: Junamuyeckas BSI3KOCTb 7} &
Enunnta CH texyuecrn: [@] = m?/(H-c)= 1/(ITa-c).

KiHEeMAaTHYECKOl BASKOCTBIO Vv HA3LIBAGTCH OTHOLIGHME JNHHAMHYECKOH

BfI3KOCTH K TJIOTHOCTH Cpejibl. =
Junamuueckas BASKOCTb 1)

Ilnoruocty o

Texkyuects @ ==

KuneMaTuueckass BIBKOCTb V = .
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Emunnua CY kunematnieckoit ssaskocTh: [v] = M?/c.

Epunnns, fonyckasimiuecs K npuMereHuio jo 1980 r.. croke (Cr) wm
cautuctokc (cCr).

CooTHoWEHHE MeXAy eduHuLaMHU KHHEMATHYECKOH BA3KOCTH

1 crore (Ct)=10"" wle: 1 eCr=10"° M2/C=1 mm’fc

102.2.  Jiamunaproe TeueHye XHAKOCTH mo TpyGe

Ilpn naMunapHOM TeEUEHHM OTHENbHEIE CJIOM JKHMAKOCTH JABHIKYTCS C
pasau4HBIME cKopocTsiMu. HenocpelcTBeHHO Y CTEHKHM CKOpPOCTb TEYEHHS
JKEJIKOCTH PaBHA HYJIO, a4 Ha OCH TpyObl MaKCHMaJlbHA.

TlostoMy pnsi BouMCICHusi OObeMa KULKOCTH, NPOTEKAIOIIErO TO
Tpybe 3a Bpems f, Heab3s ToMb3OBaThCs opmysoli (M 10.3).

Ecau
V — of6beM XuAKOCTH, OPOTeKaIOWMil o TpyGe 32 BpeMs 1,
R — papuyc tpy6H (¢ rnalxuMu cTEHKaAMu),
Ap — pasnocTb faBieHuil Ha KOHLIAX TPYOHL,
! — ODpONOMKHUTEJNLHOCTb NPOTEKAHUS KHUAKOCTH,
{ — nmmua Tpy6ul,
7 — OUHAMHYECKasi BA3KOCTb,
70 06BeM xulikoctu V onpenesnsercs dopmyaoit Iyaszeiins:
1 AptR*
(M10.13) | V= T2
8yl

%4 p t RI !
CU | w®Ma=H/m%c mm [la-c=H-c/m2
O6paTuTe BHEMaHUE:

@ O6bem mporekawuell no tpybe mxuakocru (V~ApRY) MoxHO yBe-
: JMYETL B HEpBYIO OUepelb 32 CYeT YBE/IMYCHHs cedeHHs (panmyca)
TpyOHL, a He 3a CYeT NOBLILEHHsE Pa3HOCTH AABJIEHHH.

U3 ¢opuynet (M 10.13) crenyer, 9To —
onsg TpyOul € INOCTOSIHHBEIM  CEUEHHEM
Ap ~ L

INanenne naBnenusi BLOAb TPYGH € HO-
CTOSIHHBIM ~ CCUEHHEM NPONOPLHORAJIb-
HO JJiiRe TPYOHi.

10.2.3. 1Hap B namurapHOM NOTOKE
Korpa teno mapoo6pasuoll GpOpMBbl [BHKETCA B KHIKOCTH, €My IpPHXO-
JIATCA NPeONlOJIEBATh CHAY TPERHS.

Ecau
Fip -— cuna TpeHusi B XEAKOCTH,
U - — CKOpOCTb IIapa OTHOCHTENBHO XKMIKOCTH,
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r — pajauyc mapa,
k5] — OHHaMHBYCCKasi BSI3KOCTb,

TO B NPCANONOKEHHH, YTO HKHIKOCTb obTekaer map JaMurapro, nBH-
KeHue 1apa MOXHO OHHKCATh 3aKOHOM Croxkca:

F ] r v
cd |HMa-c=H-¢/M2 m mjc

(M 10.14) | Frp=6mnrv.

O6paTuTe BHUMaHHE:

©® Ha sakore CTOKCa OCHOBAaHO ONpENe]CHHE BASKOCTH MUIKOCTH BHC-
kosumerpom I'énnnepa. B tpyGy onpenenessoro nuamerpd, 3anod-
HEHHYIO KHIKOCTBIO, BA3KOCThL KOTOpOIl HAaJO ONpPeNEsHTh, ONYCKaloT
HIapHK K H3MepsiloT CKOpOCTb €ro NaleHusl, KoTopas M SIBJSIETCH
Mepoll BH3KOCTH KMAKOCTH.

10.3. Typbynentroe Teuenue

Korza CKOPOCTb TEYCHHsI NPEBLICUT ONPENCJCHHOE KPUTHUYECKOE 3Have-
HUe, XUJKOCTb WJM ras3 Ha4yHHaAIOT ABUraTbCst Typﬁy.ﬂeHTHO. Bozarukaiot
BHXpH, & CJelOBATEJbHO, K CHJB, NPCNSATCTBYIOHIME TCYEHHIO. COﬂpO-
THBJICHKE NOTOKY, T. €. CHia, ﬂ,eﬁCTBy}Oﬂlaﬂ Ha noMellleHHOe B TOTOK
T€MNO, CKAANLIBACTCHA U3 PAa3sHOCTH ﬂ,aBJ‘leHHﬁ nepen W 3a TEIOM H CHIBL
TpeHHs Ha NOBECDXHOCTH TeNA.

10.3.1. Fuppasinyeckoe cOnpoTURICHHE

Ecau

F — rufpaBiauyecKO€e CONPOTHEBJIEHHE,

¢ — ko3pPunnenT, 3apucaluil oT Qopmbl Tesa,

A — pnomane HanrbOJBIIErO CeyeHMs Tela B TNOCKOCTH, NEPHNEHINKY-
JIIPHOH HampapJeHKI0 NOTOKA,

P — IMJIOTHOCTBL TEKyllel xuIkocTu (rasaj,

¥ — OTHOCHTEJbHAsi CKOPOCTb JIBHMKEHUS TEJa B cpele,

TO, TOCKOJIBKY CHIa paBHA MpPOM3BENEHHIO JaBJERHs Ha IJowaib
(F = pA), nmeem

FcA p v
CU | H — v? kr/m® mfc

(M10.15) | F=1cA -g— o2

O6paTuTe BEUMAaHHE:

€© Kosdbduuuenr ¢— GespasMephoe uucno. Ero- sHaveHus npuBelgHe!
B tabn. 7.

® Koshduuuent ¢ onpelensieTcst SKCHEPUMEHTAJBHO M 3aBHCHT OT
CKOPOCTH.

® TujapaBnuyecKoe CONPOTHBJCHWE YBEJHYMBAETCH MPONOPIHOHAIHHO
KBaApaTy CKOPOCTH NOTOKA:

F ~v2,
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16.3.2. MowHoCTe NPH ABHKEHUN B NOTOKe

MonisocTb, nHeo6xOfMMas ISl ABHJKEHMs Teia NPOTMB IOTOKA, OfIpe-
nensiercs: o dopmyae P = Fv (M 7.29): B

P ¢ A p v

(M 10.16)
CU | Br — m? Kr/u® wm/e

AL 3
P_CAQU.

O6paTtutTe BHUMaHue:

© MomHocTe yaemqusae'rcs{ NpONIOPUNOHANEHO TpeThell CTENGHH CKO-
poctu: P ~ ¢3,

10.3.3. 3akon nopo6usi Peiinosbaca

Kosdbdunuent ¢, Heo6XOOMMHE N5t BLIUMC/EHHS THADPABJKYECKOrO CO-
NPOTUBJIEHHS, 3aBHCUT HE TOJNBKO OT (OpMH TeJa, HO H OT CBONCTB
€penbl, B KOTOpON INPOHCXOAUT ILBHUIKEHHE. Koad)qmunem ¢ fBASIETCSE
¢yuruuedl uncna Peiironbnca Re.

Ecin
Re — uncno Peuﬂo.nb,uca
! — xapakrtepHbe pasmep Tena (pagmyc mapa, pajuyCc TpyGut

uT L),
£ — IJOTHOCTL TEKYIIEH Cperbl,
U — CKOPOCTb TeJa OTHOCHTE/BHO CpelH,
1 — IuHaMuYeckast BSI3KOCTh,
Vv — KHHeMaTtuyeckas BSi3KocTb (cM. pash. 10.2.1),
TO

lpv ly

(M10.17) | Re L=T.

Rel o ] M v
CH | — m rr/m® mjc Ma-c==H-c/M2 mYc

TIpu manoft ckopoctu, T. €. npu Manom yucie PellHonbAca, TedeHue
mo6ol XUIKOCTH WIH rasa GOyJeT JaMurapHbM. EcCiM CKOpOCTb BO3-
pacTaeT W JOCTUraeT KPUTHYECKOTO 3HAYCHUS Uxp (COOTBETCTBYIOLLEE
unucio PefiHosenca Rep), TO JaMupapHOe Teuehue cMensiercsi TypOy-
JIEHTHBIM, THAPABJAMYECKOE CONPOTHBJIEHUE 3HAYMTENBHO YBEJIHYHBAETCH.

Kputnyeckoe 3snavenre uyucna PefiHonbAca mnsi notoka B raalkux
Tpybax coctrapnsier Rexp=¥ 1160. Onrako 3TO 3HaYCHME CHJBHO 3aBUCHUT
OT COCTOSIHHSI NOBEPXHOCTH Tpy6 W ycjaOBHH BTGKAHHS M HpH ONpele-
JIeHHBIX ycloBusix MoxeT nocturars 20 000.

Uz dopMyant (M 10.17) caenyer, yro gucno Peiimonviica we u3sme-
HHUTCS, €C/M YMEHBIUIUTb DA3MEPHl T&Na K COOTBETCTBEHHO YBENHULTE
CKOPOCTE MOTOKA WJK YMEHBILIHTH BSISKOCTb CPELHL.
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3aKoH NOJA00USA TIJIACHT:

KoathduiueHTE ¢ reOMeTpuIecKd MOAOOHEBIX TeJl paBubl, €CAW pPaBHB
cooTBeTCTBYIOIMe uncna Peiinonpaca. B 3tom cayvyae o6a noroka
noJ0GHEL

3TOT 3aKOH [HaeT BO3MOKHOCTb NpOBOAKTb ISKCIEpHUMEHTAJIbHOS
HCCICAOBAHYE CJOXKHBIX MPOUECCOB, HCHOJb3yfl MOIEAH o0TeKaeMbix
Te.

11. - Mounexyant

11.1. Cuiibl MeXMOJIEKYJISIPHOTO B3auMOAEHCTBHS

Mexny MosneKynaMu (a TaKKe aTOMaMH H HOHAMH) HEHCTBYIOT CHJIBI,
BeAHTMHA KOTOPHIX 3aBHCHT OT arperaTHOr0 COCTOSIHHS ~BeIleCTBa.
B ciysae TeBepABX Tel H XUAKOCTEHl 5TH cuabl 3alaioT obbem Tesa.
OGremM Tena MOKET H3MEHHTBCH (YMEHDBIUHTBbCH HIH  YBEJHYHUTHCS)
TONBKO TIOA, BO3AEHCTBHEM BHEINHeH
CHJBL. IJTO 03HAYaeT, UTO MOJEKyJIEl
pacnonaraloTcsi Ha HEKOTOpPOM paBHO-
BECHOM DaCCTOSIHMH ApYT OT HApyra.

Ecnu paccTosiEHe MexLy MOJIEKY-
JJaMH OKasHIBA€TCS MEHbILe paABHOBEC-
HOrO 3HAYCHHSA, MEXAY MOJIeKyJaMI
BO3HUK2I0T CMJIBL OTTA/JKHBAHAR, IIpU
GofblileM PACCTOSHUH — CHIIBL IPUTHIKE-
Hust. CHiIbl MERMOJEKYASPHOTO B3auMo-
JelCTBUS] IPENCTaBJASIOT COBOH pABHO-
HefiCTBYIOINYI0O CHJI OTTajiKWBaHHA H
NPUTHAXKEHNS, KOMIEHCHPYIOUIMX Apyr
Jpyra npy¥ HOPMalbHOM paBHOBECHOM
paccrosuuy MeXAY MONEKYJaMH. )

Mexmonekynsipubie CHJIB AEHCTBYIOT Ha OYeHb MalbiX paccTosi-
HESIX MEXAY MOJEKYNaMy, NPHUeM CHJBI OTTAJKWBAHHS yMEHbLIIAIOTCH -
NPy YBEJMYEHNH PACCTOSIHES OHICTpee CHal NpHTsKeHus, Paiuyc peii-
CTBUSL MEXKMOJIEKYJSIPHLIX CHJ He npessiuiaer 10 Hu.

s

Fy

4
Curma ommenueasts

Pesymsnspionyea
ouni

——

ry -7

Quna npumsascenus

Toumsancane  Ommumesnnue

o

11.1.1. Koresus n agresus

Bsanmogefictpie MexZy NOBEPXHOCTHBIMA CJOSMH OAMHAKOBHIX TEn
HagreipaeTcst Koresueit (cuemseHueM); B3aMMOJICHCTBME MeXIy TOBEpX-
HOCTHEIMH CJOSIMH pa3JH9HBIX TeJ — ajresueit (IpuiaMnaHueMm).

l Koresuss — 370 -cuensenre MOsEKys OHOTO Tena Mexny coGoi, BEi-
3BAHHOE B3AMUMHBEIM TIPHTHKEHHEM.

Koresusi na6sonaercs y TBepAbix u mulkux Ted [lpu odvenp Hits-
KHX TemnepaTypax wid GOJBIIEX AABJIEHHAX, T. € KOLJIa PAaCCTOSIHUE
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MEXAY MOJICKYJiaMH rasa cTatlOBHTCs AOCTATOYHO BlaJjibiM, KOTE3Uf BO3-
‘HHKaeT U B rasax.

AI[FESPIH——STO npujunanye MOJIEKYJ JABYX pas.iuibiX TEJ, BbI3Bak-
; HOE€ B3aWMHLIM NPUTAXEHHEM.

Anresusi BO3HUKAET MEXKAY TBEpALIMM, TBEPALIMH H XHUIKHMI, a.
TakKe MeXAY TBEPALIME M razoo0pasHbIMM TedaMil. B nocaefHem cay-
yae 3TO SIBJCHHE HA3LIBAETCHA anmcopbuueit.

11.1.2. TloBepXHOCTHOE HATSXKEHHE

[NopepxHocTHOE HaTAXKeHyue OCYCJOBJEHO CMJIAMH INDHTSKEHHS MEKAY
MOJieKkyJaMy. BHYTPM KUAKOCTY CHJIBL NPHTSKCHUS MEXIY MOJICKYJaaAil
B3aMMHO KOMIEHCHPYIOTCS, & Ha MOJIeKYJbl, HaXoAsiuecs BOMu3u 10-
BEPXHOCTH, JHAeHCTBYET HECKOMIEHCHpOBaHHAS pe3yJbTHpYIOas CHJa,
HanpasJieHHasi BHYTPb OT IOBEPXHOCTH

HUAROCTH. [losTOMYy, UuTOGH mDepeme- mg»

CTUTH MOJIEKYIy ¥3 TayOuMHH Ha T1oO- ’

BECPXHOCTb MAKOCTH, HAAO COBEPIIMIDb -

=) =V
paboTy NpOTHUB 9TOH pe3yabTHPYIOLied ,%Q % - Hiurdracme
—-

cuin. B pesymsTare MoJeKysmw ua IO-

BEPXHOCTH IKUAKOCTH 006JIafaioT ofpe-

LefleqHOR  IOTeHUSlasbHON — SHeprues,

HasbBaeMOl 1WOBEPXHOCTHON 9Heprueil.

Ecin Ha Tesi0 He geReTBYOT BHEIIHFe CWNIH, TO 3HAYCHHE NOBEPXHOCT-
HOJl 3HEPrMHM OKasbBaeTCsl MHHMMAJBHHM; NP 3TOM MHHHManpHa |
Ionass cavoil nosépxHocTH. Kamgu xHAKOCTH B HEBECOMOCTH HMEIT
(OpMy IApUKOB (MHHHMaJbHas IVIOI{aAb HOBEPXHOCTH).

[120THOCTBIO NMOBEPXHOCTHOR SHepTHHM (MOBEPXHOCTHBIM HATSIKEHHEM)
HasbpiBaeTcsl OTHOIeHHe paGoThl, Tpebylomelcs Mas  yBeJuUYeHNS
MIOIIAZH IOBE€PXHOCTH, K BeJHUMHE 3TOIO MpHpalleHus IUIOM{aAH:

AWV
AA T

‘Frununa CH  nopepxuocteoro Hatskenusi: [0] = Jx/m? = H/m =
= xr/c2 -

TMoBepxHoCTHOE HATHKEHHE MOXKHO OUDENENHTb, HIMEpss CHIY,
KOTOPYIO HYIKHO TPHJOXKHTb, YTOCH yBEJMUHTb IJIOMAJb NOBEpXHOCTH
WUAKOCTH; AJS 3TOT0 HCIOAB3YETCA MHPOBO-

g=

JIoYpasi pamka, KOTOPYIO ONyCKalT B XKHK- F
KOCTb.

Ecm 1

G — noBepXHOCTHOE HaTsiKeHue,

F — cuna, neo6xoaumas Jjist yBeJUUYEHHs ILJIO- ds

LIafy MOBEPXHOCTH,
I — pmHa OCHOBAaHHS DPAMKHU,

'.TO, MOCKOJBKY paboTa paBHa NPOH3BENeHHIO
cuanl ga nepeMeilleiue, AW = FAs, a H3Me-
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HeHHe IIOINANH MOBEPXHOCTH NO 0o0e CTOPONEI pamku pasHo AA = 2Asl,
MOBEPXHOCTHOE HaTSXKeHHe MOXKHO BBLUMCJIATD IO (hopmyJe:

o = F As/2 Asl,

YJTH

c F _ l
MILY) | o==—"Fr CH | H/m H ™
80 | mumfcM mHH cM

O6paTuTe BHHMAaHHUE:
©® UYncieHHLIE 3HAYEHHS NOBEPXHOCTHOTO HATsKEHHs O cM. B Taba. 8.

ITo ¢opmyne (M11.]1) moxHO onpeleauTh naejeHHe BHYTpH Iia-
poobpasHofi xanyuy awudxkocTu WM JaBJeHHe BHYTPHM 7Yy3bipbra 2a3d
B HMAKOCTH.

. P Bemiina]

Ecim
p — KapJleHue BHyTpY mapoobpasHoll Kam-
B XKUAKOCTH WK BHYTPH NY3BIPbKA
raza, /
G — MOBEPXHOCTHOE HATsKeHME KUIKOCTH, |
r — pamHycC INapHKa,
TO FJIS yBedwueHHsl pajmuwyca r miapuga Ha
peiuunHy Ar WIH yBeJMUEHUS IJIOLIafK
ero noeepxHoctd A Ha AA Hajmo saTpa- ~—— Ar
TaTb  paGoTy, DPaBHyl0  NPUPAIIEHHIO :
NoBepXHOCTHOH sHepru: AW = 0AA = o[4n(r + Ar)2 — 45v?], a no-<
ckonbKy Ar? & 2rAr, umeem

AW =g - 8nr Ar.
C ppyrofi cropoHH, 3aTpadeHHast paboTa paBHa
AW = F Ar=p AV == pA Ar =p - 4r’n Ar.
TlpupaBusie 06a BEIpajKeHus, MOJYYMM '
o p G r

M1l =
R r CH | Ila=H/u® H/m u

O6paTuTe BHEMAaHHuE:

@ [llockonbky p~1fr, nasmeHwe Tem OoJsblue, dYeM MEHBIIE panuyc
mapooGpasHoil Kamw.

11.1.3. KanuaaspHbie siBjaeHus

Mexny mMonexynamMu CTEHOK COCylla H MOJEKyJlaMH MOBEPXHOCTH KUAKO-
CTH JeHCTBYIOT CHJIH HpuTHiKeHusl (amresuu) Fa. CoBMeCTHO C Mexmone-
KYASpHEIME CHAZMH OHH HPHBOLST K BOSHHKHOBCHHMIO KPAEBOro yraa o
MEXIY CTEHKAMH COCYAa B NOBEPXHOCTBI0 KHAKOCTH. PasnoneficTey-
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ollias cui Koresun u anreaun Fx w Fa Bcerna nepneHAwKyAsipHa nno-
BEPXHUOCTH KUIKOCTH.

Ecmn
@ o << 90°: KMAKOCTH CMauMBaeT CTEHKY,
@ o > 90° XuIKocTb HE CMAUHBAET CTEHKY.

3710 fBJeHNe OCOGEHHO 3aMETHO B TOHKHX
TpyOOIKax — Kanuuispax.

B kammanspe muOKOCT CTOWT BHINE WIH
HHXE TOro ypoBHS, H2 KOTOpOM OHa MIOsKHA
Obijla OBl HAXOAMTHCH MO 3aKOHY COOGIiao-
LUXCS COCYyMoB. B yKasaHHBIX CAy4Yasx MH
uMeeM JAeJ0 C KanWAApHHIMH SIBJEeHUAMH.

i

Ecmu
h — BHICOTA XUAKOCTH B KAIWILISIPE,
G — MOBEPXHOCTHOE HaTsKEHHE  KHBIKOCTH s
E b
(cm. Taba. 8),
=981 wM/c?— ycKopeHue CcBOGOmHOrO maze-
HHES,

0 — IVIOTHOCTL XKUOKOCTH {cM. Taba. 1},
r — paxuyc TpyGouKY,
M — Paguyc WmapooGpasHOro MeHHCKa E Kamui-

Jasipe,
- - =
T‘.'a Fu o
S Fi
NE———

TO, TOCKOABKY NaBjieHHE B XHJKOCTH, OOYCAOBJEHHOE Me)KMO.ﬂeKy.IXHp-
HEIMM CHAAMH, ROMXHO OLITh DABHO fiaB-
JeHmo cron6a IKWIKOCTH BHICOTOR h, mo-
aydaem p = 20/r, = hpg, a TaK Kak

cosa==r/ry,

Jilsi BEICOTH! NMORBEMA MHAKOCTH B KaIlHJ-
Jspe HMeeM

h o© g p r
(M 11.3) h=%- CH |m Hwm w/e xrjv®wm
- 80 | cm guu/cm cmfc? rfcmd cm

O6paTtuTe BHuMaHueE:

@ Odopmysa (M 11.3) naer BOZMOKHOCTb ONpENEJHTh NMOBEPXHOCTHOE
HaTs2KeHHE JKMIKOCTH IO BHICOTE NMOABEMa KUAKOCTH B KaluJjJispe
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U BeJHUYHHE KpPaesoro yma MEXAY MEHHCKOM KHIKOCTH H CTeH-
KaMH COCYZa.

@ Kpaesofi yron o Ha rpaHuue BOJa — CTeKzo OAH30K K 0° a Ha
rpaHyulie PTYTh — CTEKJ/IO COCTAaBJIsieT MpumepHo 140°

@ Bricora nmogkema NaHHOH XKUMKOCTH B KANWANSPE 3aBHCHT TOJBKO
oT pajpuyca Kamwisspa: h~I[r (ocraibHuie peiudHHL B (opMmyJie
(M 11.3)— nocrosiuame) .,

11.2. JiBMIKeHHe MOJEKYJ

MoJseky/Bl BCeX TeJl HAXOMAATCH B NOCTOSHHOM IBMKeHMM M BCIEACTBHE
g1oro 06/1aKaloT KUHeTudeckoH SHeprued.

B Teepmmx Tesmax oHH KojeGmoTCH OTHOCHTEJILHO OMNPE/IeIeHHOr0
MOJIOKEHUST B KPUCTAJJIMUECKOIl pelneTKe.

B XHAKOCTSX MOJEKYJH KOAeOJIOTCH OTHOCHTENbHO MIHOBEHHOrO
MO0XKEHHS, MEHAIOLUETOCA CO BPEMEHEM.

B raszax MexAy MOJEKyNaMmMH HeT B3aMMOAEHCTBHS, MOSTOMY OHH
JBUT2IOTCS € IOBOJBHO OOJBIIMME CKOpPOCTAMH. B mpOMEKYTKE Mexny
CTOJIKHOBEHHSIMH JpPYT € OPYIOM HJH C IPENsTCTBHEM MOJEKYJbl JBH-
raiTca NPpSMOJHHEHHO (cM. pasn. 17.3.6).

JipmakeHHe MOJIEKYs B KMAKOCTSX H rasax MOxHO Habmonarb
KOCBEHHHIM METOIOM C [OMOLIbI0 MEKpockona. MaseHpkue wuacTuusl
B3REILIEHHOIO BelectBa (caxku, Kpacku) HOA AefiCTBHeM yJlapoB MoJe-
KYJl KHAKOCTY JBHTAIOTCSI XaOTHYHO IO 3HraarooGpasHOoil TpaeKTOPHH.
Taxoe mBHKEHME Ha3blBaercs GPOYHOBCKHM JBYXKEHHEM.

11.2.1. Duddysun

JlBurasice, MOJEKYJAbl NOCTOSHHO MEHSIOT CBOE NONOXKeHHe. DTO siBje-
HHe HasuiBaeTcs muddysueil. [lpu camomnddysnu npoucxonuT nepeme-
myBaH¥e MOJIEKYJa OAHOro BuZa, a B Ipouecce coOCTBeHHO nuddysna
CMEILIHNBAIOTCS MOJIEKYJIH PasHBIX BUIAOB.

Juddyauell HazuBaeTcs CAMOCTOSITENBHOE IlepeMelIMBaHue MOJeKyd,
00yCJIOBACHHOE X TEILIOBLIM ABHKEHUEM.

Jubddysna umeer MeCTo KakK B rasax ¥ KHIKOCTHX, TaK H B TBEp-
meix tenax. Ompako B rasax nuddyausi nporekaer ¢ Hauboablueil cko-
pocTbIO BesleficTene GOJIBINON MONBHXKHOCTH MOJEKYJ rasa. CKOpocTb
Iudhy3ud BO BCEX ArperaTHHX COCTOSIHMSIX BELIECTBA CHJIBHO 32BHCHT
OT TeMIepaTyphL

11.22.  OcmMoTHueckue ABIEHUs 4%

Ecmu pacteop ornemmts oT pacTBopuTeNs |- -——— =
NojynpouuiaeMoit  Ieperopofkol, TO B f_’_“””ﬂ”"”’e”b! —
ONHO} Hu3 yacTell cocyla BO3HHKAeT M30Hl- [|— —
TOuHOe JaBlieHHe (OCMOTHYeCcKOe Hapje- |— — ——

HHe), NOCKONBbKY Neperopoika HpOnycKaeT
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TOJBKO MOJEKYJbl PACTBOPUTENS. B CHJY TEHIEHIMM K BHIPABHUBAHHIO
KOHLEHTpALMii OYIET MPOHCXONHTH ONHOCTOPORHAS IHU(DQYIHS MOJEKYJ
PacTBOPUTEJIS.

11.3. Pactroph

Ecan wmenpyaiilupe dacTMlibl OfHOTO BEIECTBA pPAaBHOMEPHO paclpefie- .
JIEHH B JPYrOM BelllecTBe, TO TOBOPHT O JAHUCINepCHoit cucreme. B 3aeu-
CUMOCTH OT BeNUUMHBI YACTHL 3TH CHCTEMbI HMCIOT pPa3JHyHEIEC CBO<
CTBA ¥ HOCSIT PA3J/IMYHLIE HAa3BaHMS,

11.3.1.  UctunHple pacTBopsl (MOJEKYJSIPHO-AMCIEPCHBIE CHCTEMDI)

B MCTUHHHIX pacTBOPax HacTHLBL pPACTBOPEHHOIO BelIECTBA HMEIOT MO+
JekyJsipbie pasMepel. OHE NE€peMEILMBAIOTCS C MOJEKyJdaMH pacTBo-
pHTeas B pesysibraTe Anddysuu.

Heraugeiii pacteop ofpasyercs, KOrda MOJEKYJbl OBYX DPasjHYHLIX
BeILECTE IIOJHOCTLIO HEepeMeluHBaoTes Mexny coboil. VcTuHHBI pac-
TBOP BCErAa npospadeH.

TeepArie BelllecTBA PACTBOPAIOTCH B KUAKOCTAX TOJNbKO MO OIpe-
JieleHHOH KOHUEHTpAalWH, 3aBHCAIEH OT TeMIOEpaTypel ¥ Ha3HBalo:
1eficsl KOHUEHTpauyel HachillleHHs. -

Mosiekynbl ABYX KBIOKOCTEll TakxKe MOTYT CMEIIHBATHCH MEXAY
co6ofi, o6pasys pactsop. OmHAKO He BCE XKUAKOCTH PAacCTBOPHMBL ADYT
B ApYre H He CMCUIMBAIOTCH APYT ¢ JIPYroM HeOr PAHWIEHHO.

Ilpouecc pacTBopenusi Ta30B B IKUAKOCTAX HaseiaeTcs abcopl-
nyed.

Mepoil KojiHYecTBA PACTBOPEHHOTO BEUIECTBA CIYXKHT KOHLEHs
Tpauus:

o

Macca pacTBOPEHHOrO BeileCTBA
O6wem pacTeopa

Macca pacTBOPEHHOrO BEHLECTBA 1009,
Macca pacrsopa o

1 Mone pacTBOPEHHOrO BEUIECTBA

1 & pacteBOpa

©® Maccopasi koHUEHTpaUUs =

® Maccosas poas =

© MonsnpHb#i pacTBOp =

11.3.2. KoJsiommbie pactBOPH (KOJJIOMIHO-AUCIIEPCHEE CHCTEMBI)

3
s

Konnounamy HasHBAXOTCH BHICOROMMCIEPCHBIE CHCTEMB! € YacTHLAMH
p
pasmepom 10-6— 10— M.

Tagpm 06pazoM, B KOJNJOHAHLIX PACTBOpAX C MOJIEKYJIAMH pacTBO=
puTesnst cMellapbl HE MOJIEKYAbl DacTBOPEHHOrO BEIECTBA, & €ro MeJbe
gajiupe yacTuupl, cocrosimue us 102 — 10° atomos.

11.3.3.  JlucnepcHbie CHCTEMBI

Tpu panbuefimeM yBeTHYEHHH PasMepoB 9YacTHll (KOTAa MX MOMKHO BH-
NeTh 00K MMKPOCKONOM) pPAacTBOp CTaHOBMTCH HecTaOHJIbHEIM, MPOUCE
XORUT pasfielienye cMech (B OCHOBHOM NOJ JAEfICTBHEM CHJIbI THKeCTH)
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Tarue cucTeMB! Ha3HBAIOTCst NMO-PA3HOMY B 3aBHCHMOCTH OT arpe-
FAaTHOT'0 COCTOSIHMS! DACTBOPEHHOTO BEHIECTBA H DPAcTBODMUTENS, MpPHUCM
329acTyio OBIBAET TPYNHO pa3auuath KOJIOHWAHY M IHCHEPCHYIO CHs
CTEMBEL

Copasounas tabautia

PacTtsopennoe

BCIIECTBO Pactsopntens Haspanne
Teeproe Teepawtit Teeparlil 304b, HaNpHMED CTEKIO
Teepnoe Kunkuit CycneHausi, 30Jb
‘Teepnoe 1" a3006pasurbiit Je1v, asposoib
Kunkroe Teepnblil Teepras smynscust (macta), reds
unkoe JKunxuit Aumynbcus
JKunxoe I"'azoo6pazubiit Tymal, asposose
T'azoo6passoe  Teepawit Tlopucroe Teno, Hanpumep memsa
Tazoo6pasuoe  Xunkuii Ilena
12. Ynpyrve cBoficTBa TBEpIbiX Te

B paspenax «CraTuka», «Kusematuka» u «JlyHamuka» paccMaTpupa«
Juch alCTpakTEHE MOHHTHS TOYEUHOH Macchl W TBeproro Tena. Ha cas
MOM Jielle BHeWIgMe CHJIBl H3MEeHSIOT
¢opMy u ofbem peasbHOrO Teja, ¢
T. €. nedopmupylor ero. Ilpu medopma- Op
LHA NPOHCXOAMT OTHOCHTENBHOE CMe-
LII€HYE 3JIeMeHTOB -TeJla (ero MOAEKYJ).

Hedopmanun, ucuesaplie ¢ mpe-
Kpaulenuem AEHCTBHSI CHITb], HA3LIBAIOTCH .
yopyruMu, TIpy @npeBbllleHHH Ipemena £
YOPYTOCTH B KpPHCTajNIMUECKOH peluer- . T
Ke BO3HHKAIOT HeoOpaTHMELie M3MEHEHHs!, NPOHCXOMT NIacTHYecKasl Je-
dopManns Tesa. Teso He BOsBpamaercsi K HCXOJAHON ¢opme Haxe
nocjie mpekpailieHysl MefiCTBHS BHEHIHMX CHJL

Buemune cuibl MOTryT BHISHBATh PasiudHble H3MEHEHHS.

B Paspsic
flpedern mernyuecme
A fpeden mporopyuoHTBHoCTTIL

Odneems yrpyeuz Jegopraii:

CnpzaBoynas Tabautta

Hedopmanna Wamerenne Popmbt lameHeHue o6bhema Paspen
Pacrsxenue Ilpoucxoaut Ipoucxoaut 12.1
Bceecroponree cxxa- He npoucxoaur ITpoucxonut -

THE
Crsur ITpoucxomut He npoucxonur 12.2

Kpyuenue ITpoucxopur He npoucxoput
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12.1. PacTaxenue

Cuna pacTsizKeHWsI WM cxaTHsl, NPHJOKEHHAs! K Tely B (popMme CTEpK-
Hf, BHI3HIBAaeT HaMeHeHme mmmHbl Tena Al BenHumHa Al 3aBuCHT 0T
pa3MepoB CTEp:KHS, MaTepuasa, M3 KOTODOTO OH M3rOTOQBJEH, M BeJH-
YyHpl caMOM CHUJILL

Ecnn o
! — HavasbHaf [iuHa CTEpKHS, o
Al — uaveHeHue JMHEl [OX JeiCTBHeM g
BHEILUHEeH CHJILL, 8
€ = Al/l — oTHOCHTesbHOE yAMHEHYMe, JH- '§
Heltnas nedopmauus, Cocamue 8
A — maomans NONEPeYHoro cedeHust Vimmenue €
CTEPKHS,
F —cuna, %
¢ == F[A — HanpsixkeHne, g
E — monyap ynpyrocta (Mozymsb IOura) 8
(cm. Taba. 9), ©
TO cornacuo sakony [yka
F A F Iy
F. l ‘M2 H/m?= H/m2 =
M12.1) ',T=E A i CHU |H / IMa H/ Ila
l KO |H w2 Himm? Hfmm2
o = Fe. 80 | xkrc Mm% Krc/mm2 Kre/mm?

1 gre/mm? =9,81 - 108 H/m2=29,81 MIla

Hanpsixesye nponopnuoHaibHO OTHOCHTEIbHOMY Y/IJMHEHHUIO.

Monyab YNpyrocTH paBeH OTHOLIEHMIO TPHUJIOMKEHHOLO HaNpsKeHHs
K BHI3BAHHOMY MM OTHOCHTEJBHOMY YAJMHEHKIO:

o .
E=—.

e

O6paTuTe BHHMAHHUE:

©® 3axoH ['yka BumosHsiercs TONBKO B 0OJacTH ynpyrux JAehopmaumit
(B npepesiax ynpyrocty).

© M3z dopmyam (M12.1) crepyeT, 4TO M3MEHEHME AJMHB NPONOPUMO-
HajbHO NpuJoxeHHol cuye: F~ Al

@ Besuunea o, ofpathasi MOLYJ/IO yNPYrOCTH, HA3HBAETCH ‘xo3dhHIMEH-
TOM yﬁpyrocm (xoapdmumentom pacrsikenus): 1/E = a; [e] =
= M
Hs /cpopmy.nbx (M 12.1}) nosyyaeMm BbIpaKEHHE 1A H3MEHEHH:A

BMHEL: .

Mi129) | Al="-
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O6paTuTe BHUMAaHRE:

©® Cunnl cxaTusd BLISHBAIOT YMEHbIIEHME [UMHBI Teja; HampsxeHne
¥ u3MeHeHue INHHB Al B 5TOM Ciyyae OTPHUATENBHEL

Mexauugeckoe HalpsmxeHye B MNpPOAOJBHOM HanpaBJIEHHH KpOoMe
YAJHHEHUA BLISHIBACT IIONEPEUHOE cKaTHe Tena, T. € € H3MeHenneM
JLJIMHB TeJla -U3MEHACTCS U €ro NnollepedyHOoe CEeYeHHUe.

Ecnu P
d — nonepednrlii pasmep Tena (guaMeTp, TOJIIMHA Aad
CTEP:KHA U T. L.), 2 3
Ad — uaMeHeHNEe NONEPEYHOrO CEYenis, 1
| - pyuna rena,
Al — u3MeHeHHe NJHHBL | |
p — Koapduurenr Iyaccona (cm. tatz. 9), l |
TO 5TH BEJAWYMHBI CBS3aHH CJAEAYIOUIHM COOTHOLIE- : : -~
HyueM: I I
I |
Ad Al
—— = b5, =3
™m123) | @ ] @ 2
€ == — LE. a

Kosdduunent IlyaccoHa mnpencrapsster co60il OTHOCHTENbHOE U3Me-
HeHMe €; [ONepEeYHOro pasaMepa TeNa, JAEJEeHHOE Ha OTHOCHTEeNLlIoe
H3MeHeHUe ero AJIMHBL

O6paTuTe BHUMAaHHE:

@ Kosgpduunenr IlyaccoHa npunmmaer 3nauvenus oT 0,2 mo 05 (cMm.
Ttaba. 9).

12.2. Crneur

TlycTe K NapasepHBIM ILIOCKOCTAM TeNld MPWIOKEHH NapalyienbHule
cuJibl, HalpaBJeHnble B pasieie cTopoHbl. Toria 3TH TJIOCKOCTH CMe-
1A10TCA OTHOCHTENbHO JPYyr HpYyra. - N
Takas pedopManus CHBHra Xxapak- :
TepusyeTcsi yLJIOM CABUra.

Ecnu

Fy— cana, napaanenpHas IJIOCKO-
ctu A,

A — naowmanb N0BEPXHOCTH,

T — KacareqbHoe HampsiKeHHe,

y - caBuroeas Aegopmanus,

G — mopyap cpsura (cM. Taba. 10,
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To no aHajaoruu ¢ 3akoHom I'yka (M 12.1)

T G Y
i 2 2. -
(M 12.4) t-.:.’i.:G'y.' CH | Hpe® - Hiw'=Tla  pax=1
A KO | Hvm? H/mm2=MIla pag=1

80 | rre/mm? Ere/mMm2 pag =1

O6GpaTtuTe BEUMaHHE:

@ BeinumHa, oOpaTHas MOIYJII0 CHBHra, HasblBaercs Ko3(OhHIEEHTOM
casura: 1/G = f; [B] = m2/H.

Mozyne cpBHra MOXHO OIpENENHTb H3 JDPYCHX YIOPYIHX IOCTO-
SIHHBIX, ’

Ecim

G — monyns caBura,

E — monyns yupyroctu,

p — xosdduuuent Ilyaccona,

T0

E

M125) | 6 =5




T TEPMOIKHAMUKA
(TEOPUS TEMJIOTHY)

B ocuoBe yuenus o Tenaore (TepMORMIIAMMKY) JEXKAaT 3aKOHB MEXa<
wukn. Caenyer pasimyaTe TeNJOBOE cOCTOsIHEE (TemIepatypy) Tena
M ero TelsIoByio snepruto. [lsisi TENOBoH SHEpruH, KaK W Aas moGoro
BHIa SHEPrHH, COpaBel/HB B2KOH COXpaHeHus IHepruu. lismenenwe
'remnepa;rypu ¥ TNOMBOX HJH OTBOAL TCIIOBOH SHEPTrHU — TO HE OLHO
» 10 XKel

13. Temneparypa

TemnepaTypa Tesia XapaKTE€pH3YET SHEPrHio, ¢ KOTOPOH ABUIKYTCH €ro
MOJIEKY/E (CM. KMHETHUECKYIO TEOpHIO TasoB, pasf. 17).

B Teepmbix Telax NPOHCXOAST KOJEGAHHS MOMEKYJ OTHOCHTENBHO
HEeNOJABHKHBX TOJIOKEHH!I paBHOBecHs, JIBUMIKEHHI0O MOJEKYJ BO BCEX
TpeX HanpapjeHHAX B NPOCTPAHCTBE OTBEYAIOT NOTEHUMAJNbHASA W KHHE-
THYECKASA SHEPTHH. ]

Monekynbl KUAKOCTEH TakiKe COBepIlaioT KojeGanus, WCHHITHBAA
NpU STOM MHOTOUYHCJEHHEIE COYZapPeHuUsl.

Mosnekyabl NBMKYTCS ¢ OTPOMHBIMH crkOpocTsiMU (Topsazka 10° m/c).

Muorue (usuueckiue cBOHCTBa SABHCHT OT TEMIlEpPaTyphl:

O6rem Tena (a, caemopaTefbHO, M €ro pasMepel), KaK HNpPaBUIO,
YBEJINUMBAETCS C MOBBILIEHHEM TeMIEpaTyphl.

Ilpn noBHIIeHHM TeMIEPATYpH BEIIECTBO NEPEXOOHT B IKUIAKOE, a
3aTeM B rasooGpasHoe arperaTHoe COCTOSIHHUE.

Y Meraaniop yaespHoe SAEKTPUIECKOE CONPOTHBJAEHHWE BO3PACTAET
C [OOBHILEHHEM TeMIeparyphl, a8 y TOJYNPOBOAHKKOB nallaer.
ChnekTp TENJIOBOrO M3JAYUEHHs, WUCIYCKAeMOro TBEpPAbIM TEJIO0M, TIpH
NOBLILIEHUK TEMIEPATYPH cMellaercs B GoJiee  KOPOTKOBOMHOBYIO
0061aCTh.

DASKTPUYECKOe HaNpsxKeHHe TEPMOSJeMEHTa YBEJUYHBACTCA C TIO=
BLILICHUEM TEMIEPATYPHL. ’
MHOTHe <«KOHCTaHTBI» BelllecTBa (CKOpPOCTH 3BYKA, YIEJNbHAS TEILIo-
eMKOCTDb, Koa((QHINeHT TElJIOBOI'O pacllupeHHMss ¥ Ap.) TaKKe 3a«
BHCAT OT TeMNEpaTyphl.

BOABIIKMHCTBO (DHSHUECKHX BEJANWYMH, SaBUCSLIUK OT TEMIEpaTypEl,
UCIIOAB3YETCH A WSMEPEHUsl TeMIepaTyphl.

TemnepaTypa XapakTepu3yeT COCTOSHHe Tena HEe3aBHCHMO OT €ro
Macce H XHMHMYECKoro coctama, [1o?TOMYy TeMNepaTypy HASHIBAIOT mNa-
PaMETPOM COCTOSIHHSA.
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13.1. HamepeHne TemnepaTypsl

13.1.1. Hlkanel TempepaTypbt

Temneparypa mupencrasaser coGol OAHY M3 OCHOBHEIX BeJHuMH Mexk-
nyuaponuon cucrembl eaunnu (CH); enumHuna HsMmepeHHsi TeMnepaTyphl
sIBAsleTCA OOHOH M3 OCHOBHBIX €JHHHL B STOH CHCTeMe.

Epnunna CH remneparypui; [T] = xenssun (K).

Hapsny ¢ stum Temneparypa H3MEPSIeTCs TIO MeXIAyHapo#Ho#l cTo-
rpanycHoir mxajse B rpagycax Llenscusi (°C). B BeaukoGpuranuu H
Ceneproli Amepuxe ynorpeGasercsi TaKme Tpanyc (Dapeﬂrema

OnpeneneHne eIUHHIL KEJbBHH CM. B pash. 15.3.4.

Ins rpadyHpOBKM TeMIepPaTYpPHHX MIKal CAyXKar peneprIe TOUKH,
YCTaHOBJICHHBIE MEXKIYHAPOAHLIM COTJALIEHUEM.

Crnpagpounas TaGaulla
PenepHble ToYkH

BeuiecTso Penepnas Touka 7,°C T K T,°F

Kucnopon, Touka kunenus —182,97 90,18
Bona Touka saTeepaeBaHrA 0,00 273,15 31
Bona Touxa kunenus 100,00 373,15 212
Cepa Touka kuneHms 444,60 717,75
Cepebpo Touka naaBAeHUsA 960,80 1233,95
3onoTo Touka TAaBHEHRA 1063,00 1336,15

Bee npuBeleHHble 3HAYEHUS] COOTBETCTBYIOT HOPMAABHOMY JaBJCHHUIO
pu = 101,325 klla.

Hynepass touxa no mxane KenbBHHa COOTBETCTBYET HaHHH3MIEH
TEOPETHYECKH BO3MOXKHOIH TeMnepatype (aGComOTHBIM HYyJB TeMNepa-
Typbl}. Hyneasm Touka no wkane Lleabcus coorsercTsyer TOUKe 3a-
TBepAcBaHus BOAH. Dosee- HH3Kue TeMNEpaTypsl MO 3TOH mIKase — OT-
puuatesasHb. OfMH KedbBHH paBeH 0O CBOEH BelMuHHe OfROMY TIpa-
aycy Uenscus.

Taxum o6pasom, mkanel Keaunpuua u LlesibcHs NpocTO CMEIIEHB!
IPYr OTHOCHTENBHO JIPYra.

Ecan

7 — remnepatypa B kembBuHax (K), wam aGcomoTHas Temmepatypa,
t — remnepatypa B rpanycax Ileascus (°C),

To=273,15 K nyneBas Touka no wxazie Llenbcus (Touxa 3aTBep11eBa-
. HUSA BOJIBI),

TO
(T18Y) |t=T—T, wm T:t+Tg.|
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O6paTture BHUEMAHHE:

@ Tewmmnepatypa -— ennHcTBeHHAs (DU3KYECKas BEJIHYNHA, HMEIOLAn JIBA
obosnaverns (T mam f) B 34BHCHMOCTH OT NPHMEHFEMbIX CIHHHIL
Ecnn 06a o6o3HaueHksi BCTPEYAIOTCA B OINHOM YPaBHEHHH, TO COKpa-
U1aTh BX HeNbasa!

Pasnoctn temnepatyp AT u Af Bulpamaiores B keipBuHax (K).
Pasnoctb Temnepatyp: no mxaie Llesbeusi Af Takke BhpaKaeTcs
B rpanycax Leascus (°C).

Keabsrn ¥ rpanyc lleabcusi MOMKHO COKpailaTh, €CAH OHH NpHMEHs-
I0TCAl 17151 OGO3HAYEHHSI Pa3HOCTH TeMmepatyp. .
B coueranun’ c¢. rpaaycom Lleabcusi He HCIOJAb3YIOTCH MHOKHTETH
Y NPHCTABKH Jaf OOPA3CBaHHS NECATHUHLIX KPATHLIX M AOJbHEIX
eAMHHL, Nepeynciennuie B taba. [11.

13.1.2.  TepmomeTpbl

TepMoMeTpH Bcerfa NOKA3LIBAIOT COGCTBEHHYIO TeMnepaTypy. Tosnbko
4epes OnpejiejCHHOE BPEMS 3Ta TEMIepaTypa CTAHOBHTCS DABHOH TEM-
Tlepatype Okpyxamile#i cpenul. HHade roBops, TepMOMeTpaM CBOil-
CTBEHHA omNpeflefieHdasl MHEPUUOHHOCTh. KpoMe TOro, OHM MOryT mn3me-
HSTb M3MEPSIEMYIO TeMIIePaTypy Cpefbl.

JKHIKOCTHBIE TEPMOMETPbI

Jnuna cronfmka OKHMOKOCTH, PTYTH, COHPTa, TONYOda, TeHTaHa
M T. L) CAyXHT Mepo#t Temneparypel. MHTepean u3aMepenuil orpaHnueH
TeMllepaTypaMy KHWIEHHss M 3aMep3aHusi faHHOH xujakoctH. Ecian tem-
NepaTypa HEOJHHAKOBA 00 AJHHE CTOJAOHKA JKHAKOCTH, TO BO3MOMHBL
HE3HAYNTE bHbe OMINOKH M3MepeHHUSI.

MeTtaninyecKHe TepMOMETPbI

Merannudecknit TepMOMETP mpexncTaBiaser Co00i OCHMeTaMInuecKyo
NIACTHHKY, T. €. TJIACTHHKY, CBAPEHHYIO WJIH CKJENAHHYIO M3 MOJIOCOK
JBYX pPA3JMUHBIX METAJJIOB. BeaefcTBHe pasHHLB B TENJOBOM paciiy-
PEHUH MeTa/JIoB NNAaCTUMKA TpH HarpepauuH Oyfer usrubarscs. M3
IJAMHHOH TNJaCTUHKH Cru6aior cnupadab. Hapymublii KOHEN cliupann 3a-
KPEIJISIOT, 4 KO BHYTPEHHEMy NPHUKPEIJIFIOT CTPEJKY, KOTOPas YKashi-
BaeT Mo UKaje COOTBETCTBYIOLYIO TeMIepaTypy.

TepMoMeTpbl COTPOTHRJICHHS

ConpoTHBACHHE METalIOB MeHseTcss ¢ Temneparypofi. Cmia Toka B
enyu 3aBHCUT OT CONPOTHBJEHHS TPOBOAHHKA, a CAEAOBATENIBHO U OT
ero Temnepatypel. [lpemmyiiecTBo TepMOMETpPa CONPOTHBJCHHS COCTOHT
B TOM, YTO HM3MePUTEJbHBIH npuGop M MecTo, rhe U3MEpsieTCst Temlepa-
Typa, MOryr OHTb pDA3HECEHH Ha 3HaUMTEJbHOE paccrosmne. B xave-
CTBE CONpPOTUBJEGHHS] B OCHOBHOM TIPUMEHSIETC TOHKasl OTOXiKeHas
nJaTUHOBas TIPOBOJOKA. :
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13.2. Pacuiupenve TepabIX Ted

Ilpe narpeBamnn amngutyna kojaeGapusi MOSCKYJ yBEJHUYHBAETCS, pac-
CTOsIHHE MEIKAY HHMH BO3DACTAET, K TEJIO 3aNOJHsieT GoAbLiHA 0GDheM.
Teepinie Tesla pacllUpSOTCs IpU HarpeBaHHH. BO BCEX HAlpaBJICHHUAX.
CTepxHH K TIPOBOJOKA PACHIHPSIOTCA B OCHOBHOM B [JIHHY.

13.2.1. JlunefiHoe TemyoBOe pacHIHpeHHe

Ecau

1y — wavanbHasl IaMHa Tena NpH TeMIeparype i,

l; — KoHeyHas IJBEA Teia NPH TeMNepatype fa,

Al =1, — || — ynapuenne teaa,

At = f, — f, — pasuocTs TEMNEpatyp,

¢ — xoo(hOHUMENT JHHERHOro paciiupenuss (aAuHeiiHBE Ko3dhHUMEHT
Tenjaoeoro paciuuperus) B 1/K (cm. taba. 11),

T0 B XOpoHiem r1pn6md}1{emm CcIIpaBeJauBbl paBEHCTB2
(T 13.2) | Al=1a AL |

ly=1 + A =1 + Lo A,
(T 183) |L=1,(1+and). |

Kosduuuent JnHEHHOrO pacll¥peHss ¢ PaBeH OTHOMICHHIO OTHO-
cuTeNbHOrO yasaunenHs Al/l; K pasHoctu temepatyp At

e A
T LA

O6GpaTtHTe BHHMAaHUE:

©® Kaxanili Matepuan xapakTepusyercsi COGCTBEHHBIM 3uaueHHEM KO-
s(ppuLMenHTa JHHEHHOrO PacHIUPEHUs ol
3HaueHusl o CM. B Taba. 11

@ KosdpduuuenT juHelHOro paciiupeHuss o; cnabo 3aBHCHT OT TeMlle-
patypbl. TaGnuuynbie sHauenuss OGAAAIOT HOCTATOUHOH TOYHOCTBIO
B nuteppane temneparyp or0 no 100°C.

@ Ilpn oxnaxpenun BesnupHa Af OTpHIIATENEBHA.

d3.22. JsymepHoe paciuinpenue

TIpu BBMHECACHESAX OBYMEPHOE PACIIHPEHHE MOXKHO paccMaTpuBaTh Kak
“{iMnefiHoe paclIBpeHne B ABYX HalpaBJieHHSIX.

Ecan .

1 — nnomwans tesa npu Temneparype-f),.

Ay — nnoliaie Tena Npy-TeMIeparype fo,

AA = A; — A, — u3MeHeHHe MIOMAIH Teja,

At ={y—{, — pazHocTb TEMIEPATYP,

¢ — Ko3(pOUNHEHT JHMHEHHOro pacliupenus. (JUHeHHBLT Ko3(huilneHT
Temaoporo pactuupenua) B /K (cm. Tabd. 11),
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TO
AM=fAy— A =B ~B=L(1+art)—1}.

A= E[1 420 At 4 2 (81)] — 1.

H3-32 ManocTs UHCAEHHOrO 3HAYEHHs O CjAaraeMblM BTOpOro no-
psifKa MOXHO npene6peus. Tornma

AA =B (1420 At) — B =120 A,
OTKYyAa
(T 134) [AA=A200r, ]

Ay = Ay + A=A, + A, 20,
(T 135) | Ae= 4 (1 + 20 Ad). |

OGpaTHTe BHUMAaHHUE:
@ [Ilpu oxmaxxnennw senunuuna Al orpunarensua.

13.23. OGneMHoe pacuuperne

TIpn BBIUHCICHUAX OOBEMHOE pacCliHpeHHe MOXKHO paccMaTpHBaTh KakK
JIMHEHHOE pacllyperie B TPEX HaIpaBJeHHfX.

Ecan

Vi — HauaabHbl 0OBREM Tesa TipH TeMiepatype [,

Vs — koneuHrifi oGbeM Tena NpU Temieparype fo,

AV = Vy— V| — namenenue o6peMa,

At = {3 —{; — pasHOCTE TeMNepaTyp, .

€ —K05(Q(HUIHEHT JnHEHHOTC paciIHpeHHs (AMHelHbH KO3 QHULMEHT
Tensosoro pacuupennst) B 1/K (cm. tabn. 11),

TO
AV =V, —V, =B —B=B(1+anrtp—F
AV = B[1 +3a 0t + 3a* (AP + o (20)°] — £,

Ha-3a ManeCTH UHCNEHHOTO SHAYUEHHS O CIATAeMbiMH BTOPOrO H
Tperhero NopsAKa MoxkHo npeHeGpeun. Torna

AV =B (1 +3aAf) — B=1530At,
(T 136) | AV =V3aAY, |

Vo=Vi+ AV =V; + V30t
(T 13.7) | Va=V, (1 + 30 A). |
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O6paTuTe BHUMAaHHUE:

@ Tlpu oxnamneHHn BeanurHa Af OTpHUATENBHA.
©® PacmippeHre noablx T€A NPOHCXOIUT TI0 TEM XKe 3aKOHAM.

13.3. Pacwmvpenrne XMIKocTel

JKUAKOCTH pacHIMpsiOTCs 3HAUWTETHHO CHAbHEE TBEPABX Tea1. Onm
TaKke PpaCIIUPAIOTCS BO BCeX HalpapieHufAx. Beaemctsne OGOMBLIOH
TIOXBHIKHOCTH MOJIEKYJ KHIAKOCTE NPHHEMaeT GopMy COCyZa, B KOTOPOM
OHAa HaXOAWTCS, NpPHYEM CJeNyeT YUIUTHBATL K TEIJIOBOE pACHINpeHHe
cocyna. Pacimupenne ®ufxocty B TPyOKax Takike NpencTaBiaser coboit
?G’beMHOe paciippenne. CrepopatesbHo, pepHbi Qopmyast (T 13.6) u
T 13.7).

Ecnu

Vi1 — ofbem xuEKOCTH NpPH Temuepatype fi,

Vo — 06beM KUIKOCTH TIpH TeMIepatype fz,

AV = V5~ V) — namenenne o6beMa MULKOCTH,

§ — xosdduuuenT obbemHoro paciiupeHust (oGBeMHbII Kos(duument
TemoBoro paciuvpenus) e /K (em. taba. 12),

TO

(T 138) | AV=Vpat, |

(T 139) | Vo=V, (1+p ). |

Koah¢unuenr obneMHoro pacmupesus [ paBeH  OTHOIICHHIO
OTHOCHTeJIBHOrO oGbeMHOro paciimpenus AV/V, x pasunoctu Temne-
patyp At:
p— AV

Viat’®

O6paTuTe BHUMAHHE:

@ Kaxpulii Marepuas xapakrepusyercsi cOOCTBeHUMBIM 3HAYEHHEM KO-
a¢g@uIMentTa 06beMHOTO. pacmiupenus .  3HayeHus P cM. Tabn 12.

® Kosdduunest obbemHoro paciinpennst f cnafo 3aBUCUT OT TeMne-
paryphel. Ilpupenennsle B TaGnune 3HaueHHs o6NafAOT HOCTATOYHOH
. TOUHOCTHIO B HHTepBaje Temieparyp ot 0 no 40°C.

@ [lpu oxnaxIeHUH pasHOCTb TeMepaTyp Af oTpHLATENDbHA.

@ Bona sBasetcs uckaouenuem. Kosd¢duuuent o06beMHOrO pacmupe-
HWS BOA CHJIBHO SaBHCHT OT TeMIEpaTypsl, a B uuTepsaje oT 0
Io 4°C npuHHMAaeT OTpHNATEJbHOE 3HAYEHHe, 3HAUCHHS NJOTHOCTH
BOfE cM. B Tabn. 13.
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13.3.1. M3meHenHe NAOTHOCTH
[Npy HATPEBAHHH M3MEHSIETCS HE TOABKO OGBEM, HO U IMIOTHOCTB MKHIKO-
cti. Tak Kak o0beM H IUIOTHOCTH ©6paTHO TIPOMOPLHOHAABHK Ipyr
HPYTY,

o Ve

o2 Vi’

qo smecto (T 13.9) MoXHO Takxe HalUCATb
o1 =pz (1 4P A%);

nocne NEepeCTaHOBKH NoJydaeM

S o S
(T 13.10) | ps ==

O6GpaTHTe BHUMAaAHHKE:

@ Dopmyna (T 13.10) cnpasemauBa W Aas TBepHbIX Tes. B ztom eay-
yae Kosduuyent ofwemMHOro paciiupenuss f chaeAyer 3aMeHHUTH
Ha 30

® Ilpu oxnaxpaennu passocts Temnepatyp Al oTpHnartennHa.

13.4 PaciinpeHye razos

Ilpn unarpeBasum CKOPOCTH MOJEKYN Bospactaer. Ilpy NoBblieHUd Tem-
NepaTyphl TPOU3BENIEHHE AaBJeHHs Ha o0beM (pV) Takke BOspacTaer.
- Haraisinable COOTHOLIEHUS MOMKHO NOAYYHTh, €CAM OCTABUTH IIOCTOSHHBIM
OfIUH U3 CcOMHOMKUTENeH. ['a3pl pacHIMPAIOTCSl 3HAYUTENBHO CHJbHEE, YeM
TBEPAHE W KUIKHE Tena.

13.4.1. Hameneune o0beMa npu RarpeBannu

Ilycte ras sarpepaercsl NpH NOCTOSHHOM JaBieHuu. Torpa crpaeen-
muBa dopmyaa (T 13.9). Kosddunuent obneMuoro paclinpeHuss uMeer
NPU6IMSHTENBEEO ONHY W TY K€ BEJHUHHY [Nl BCEX rasos. B xoporiem
NpUGIHKEHHK MOXKHO CYHUTATb €ro papHbiM Kosdduuuenry o6beMHOro
PacCIlypeHns WJeajbHOTO rasa:

1
=~ F73,15K °

KosQuuuent o6beMHOTO pACIIMDEHHs rasa fi paBeH OTHOMICHHIO OT-
HocuTeNbHOro obbemuoro pacluppenus AV/Vy k temmeparype &:

AV
,ﬁ,—.w.

B =0,003661K !
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O6paTUTe BHUMaHHE:

©® B onpepenenue Kod(hdunuenta OO6LEMHOr0 pacliMpenHa f Bxonur
Vo — o6mem npu 0°C.

@ ['az cumraercss MOEAJBLHLIM, €CAH IJS HEro NpH NOCTOSIHHOM TeMIle-
paType BHINOJHAETC paBeHcTBo pV == const (3akom Boiaa — Ma-
pUOTTa); CM. Takxe pasf. 9.1.1.

Ecan
Vi — ob6bem rasa npu npoussoJbHON TeMneparype I,
Vo — o6nem rasa npr temnepatype 0°C,

¥ — remnepatypa,
P — xoaduument o6reMHOTO pacHIKpeHus rasa,
T0

(T13.11) | V=V, (1+Bi). |

O6paTvTe BHHMAHHE:

® Koabdunrenrs: o6heMHOro pacHINpeHHsi HHEPTHHX rasoB, BOAOPONa
U KHCAOPOZKA papHbl k03(BPHUMEHTY OGBeMHOro pacilupeHUs uie-
ansHoro rasa B = 1/(273,15 K). 3nauenus kosddunuentTor obbem-
HOTO pactlHpeHust OPYrUX rasop OTJHYAIOTCS OT 3TOro 3HAUECHUSL.

© Tounble unc/ieHHBle 3HaueHua KosQ@uuueHTOR O6BEMHOrO PpACHINpe-
HHs] BajKHEMWHX rasos cM. B taba. 14.

™ Hs gpopmyms (T 13.11) caemyer, uto mpH TeMnepatype #
! -1
Vi=Va (i + Bt = Vo( 1+ etz ) =V (14 4-)
. Ty -1
”V"( )
a npm ppyrofi Temneparype f; COOTBETCTBEHHO

1 1
Va=Volt bt =Vo (1 -+ 7' ) =V (1 +7

- To+1f2

=V (———TO )-

Pasfeaus NePEOE PABEHCTBO Ha BTOPOE, MOMYUHM
Vi _Tott
Ve Totf’

s ¢ yuerom Qopmyast (T'13:1)

N , Wi Y comst.

(Tis.12) | ph=0 7
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[py TOCTOSHHOM N@BJEHHH OGBEM rasa npONOpLHOHAIEH abCcomoT-
HOi1 TeMmnepaType rasa T (nepssbiii 3axkon Teii-Jlioccaka):

V ~ T (p= const).
O6paTHTEe BHUMAHUE:

@ Qopmyna (T 13.12) copasemsHpa TOJNBKO JIJs1 HAEAJBHBIX [a30B,
7. PEANBHLIX Ta30B OHA SIBJAfAETCS] XOPOHIMM mnpHOuMKEeHHeM M He-
npHMEeuHMa B enyyae napa.

13.4.2. HameHenHe pasaeHNs NIpH HarpeBaHHH

IMycts ofbem rasa NP HATpeBaHWH ocTaeTcs mocrosuubiM. Tornma nas-
JIEHWe rasa yBeauuHBacTCA MO TOMY e saKony, uto u ob6mem [dop-
myna (T13.11)]. OrHocurenpueifi KoO(GQUUUEHT [aBJjeHHs TpakTHUe-
CKH OIVMHAKOB Y BCEX TasoB H C XOpOIUHM NpHOIHIKEHHEM paBed OTHO-
cUTEeNbHOMY KO3 QHUUHEHTY haBjeHHst wAeanbHoro rasza. O coBllaiaer
¢ KOos(OhHIHEHTOM o6beMHOro pacumpennss = 0,003661 K-! =
== 1/(273,15 K).
OTHOCHTENBHBIE Ko3(h()HUMEHT HABJEHHs [a3a npeacTaBaser coboft
OTHOULIEHHE OTHOCHTENBHOTO HSMEHEHHs] HaBleHus Ap/p, K Temne-
patype t:
_Ap
- pot ”
OGpaTtuTe BHUMAaHUE:
© B onpenenenue OTHOCHTEJBHOTO KO3Gh(dHIHEHTa NaBigHHA B sxonut
HOpManbHOe mapaenue pp (npu 0°C).
® OtHocuTesBlIbE XKos(hhUuINEeHT AaBICHHs HASBIBAIOT TaKkKe TepMuue-
CKUM K03} (QUIKEHTOM HaBACHHA.
-Ecnu - )
P; — KaBjeHue rasa IpH TIpousBOALHON TemIlepatype f,
Po — napaenue rasa npu 0°C,
—~ TeMNIepaTypa, NPH KOTOPOl NaBJEHHE ['a3a PABHO Pi,.
B — othOcuTenbHbIE KO3(pHUMeHT naBneHHst (Kos(yueHT 06bEM-
HOT'O paciiEpeHus),
T0

(T13.13) | p,=py (L +B1). |

O6paTtuTe BHUMAaHHE:
® Cu. sameuanusa Kk Gopmyne (T 13.11).
Hs dopmynsr (T13.13) cmenyer, 4To st TemiepaTypbl i

t 4
px=ﬂo(l+ﬁt1)=po(1'+'2‘7“g_l,ﬁ)=l70(l+ﬁ -

T t
= Po OT-I.: L )l
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a IJA TeMNepaTyphl f; COOTBETCTBEHHO:

_ _ ) g (14-22) o (T 1)
Pz—P0(1+Bt2)—po(1+273,15)—170 -+ 72) =ro (252)-
. Pasfenus mepeoe paBeHCTRO HA. BTOPOE, NONYUHM

o _Totty

= WIH € YYeTOM P
P2 Tyt y

dopmyaer (T 13.1)

(T 13.14) —ﬁ—;—=-—;—;, WIH 7’3-=const.

Ilapienne rasa B 3aMKHYTOM OGBEME TpONOpUMOHANBHO abconior-
HO# Temmepatype (BTOpoii 3akoH Ieii-Jlroccana):

p~T (V = const).
C6paThTe BHUMAHHE:

@ Dopmyna (T 13.14) ToUHO BLIIOJHAETC AJAA MICAAGbLHOIO rasa, #AB-
JfeTCsl XOpoliMM TIpuG/MIKeHHeM hds peasbHBX rasos M Henpu-
MeHHUMa B Caydae napa.

13.5. Fazoprie saKotbl

Npumennmocts 3akonos (T 13.11)— (T 13.14) orpaunuyusaetcs LOBOJBHO
PENKUMU CAYYaIMH [OCTOSIHCTBa NaBJeHMs HiH ofbeMa rasa NpU usMe-
Heunn temneparypn. [lostomy 3akon lefi-Jlioccaka n saxon Bolins —
MaproTTa Oblin CBEICHH B ONHH OOMMH 3aKOH.

13.5.1. ¥Ypasnenue cocTosHNs MAEAALHOrO Fasa

Ecan

p1, Ty, Vi — vauaneHele LaBaesne, TeMnepatypa M obbem rasa (co-
croauue 1),

p2 T, Vo — Koneuunle nasiienue, TeMiepatypa U o6beM rasa (cocros-
Hue 2), ’

Vip — NpOMEIKYTOUHBIH ofBEM Ta3a NpPH HarpeBaHuY,

10 coraacHo cootnowennto (T 13.12) Vip = V,To/T), a u3 coOTHOMIEHN
(MO.1) caenyer, uto mOCAE M3MEHEHHs! AABJCHHUS

Vo VPt - ViTop,

' P2 Tipe

HEDEHECﬂ B OIHY CTOpPOHY BENHYHHBI ¢ ONHHAKOBRIM HHAEKCOM, NOAYyURM

ypaBHelHe COCTOsIEHA HAeanbHOro rasa

- nV; - peVa _P_Y_= -
(T 13.15) I S P W const.
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[as maHHOrO KoJuuecTBa (KAHHON MACCHI) HIEAJbHOrO rasa OTHO-
fieHHe TPOM3BEAEHHsl NaBjeHHs Ha o0beM Kk abCOJIOTHOH Temnepa-
TYpe €CcTb BeJIMYHHA HOCTOSIHHAS.

O6paTuTe BHUMAHHE:

@ YpaBHEHHE COCTOSHHS CTPOrO BBHITIOJHSETCH TOABKO HAJf HAEaNbHOro
rasa, siBJISIETCS XOpOLUHM TNpPUOIMIKEHHEM [Jjsi peajbHLIX Tas0B U
HEMPHUMEHHMO B Cjyuae Hapa.

@ VYpaBHEHHE COCTOSIHHSI MIEajbHOro rasa o6begunsier B cebe TpHU
4aCTHBIX CJiydasi, CM. crpaBounyio tabmuny u pasn. 16.2—16.4.

CnpaBoyHas Tabaula
YacTHblE CNYyYaH ypaBHEHHSI COCTOSIHHSA

ITpouecc Usobapuueckuii  Msoxopuuecknit UsorepMuue-
CKHH
Ilpusuak: p = const V =coust T = const
. Vy T, [ Ty P Vz
3ammce: i S . BLASELE by V2
Va Ty Dz Ty P2 Vi
Hassanue I'efi-Jlioccaka Boiing — Mapu-
34KOHAa: oTTa

CornacHo ¢opmysne (T 13.15) pV/T = const; BeanunHa nOCTOSH-
HO#i UpPONOPLMOHAjbHA Macce HJAHHOro rasa, T. e. pV/(T~m wum
pVIT = mR, roe R -—rasoBasm NOCTOsHHAS, 3aBHCHIlasi OT HPHPOIAB
‘rasa. IlyreMm npeoGpasoaHust NOJyuaeM HOBYK) 3amHcCh YpPaBHEHHs CO-
CTOsIHUSA MA€ajIbHOro rasa:

(T 13.16) | pV = mRT. |
p - V m R T
CHU |Ila=H/m? mM®  xr  Jx/(xr-K) K

Kre/m’ == 107%ar u® xr wre-mfrr-K) K

O6paruTe BHUMAKHE:

@® ©opmynst (T 13.15) u (T 13.16) npencraBasior cofoil nee pasjui-
Hble 3aHHCH YpaBHEHHS COCTOSIHMSI WA€ajbHoro rasa. Bui6op Jio0oi
u3 HHX 3aBHCHT OT YCJOBHH 3aLauu.

@ UucnenHnle 3HayeHus rasoBoit nocrosiHHOR R cm. B tabna. 15.
CooTtHOflIEHHE  MEXAY eNHHHUAMH H3MEpeHHs  NABJEHHA. CM.
B Taba. I13. )

® O6e wactu ¢opmyan (T13.16) umeior pasmeprocTh pabotul. Pop-

© wmyay (T13.16) moxuo 3anucath B elle Goace obuleM BHIE, €CJIH
Maccy M 3aMEHHTb KOJHYECTBOM BELLECTBA f,
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Enpnuna CU xonmuectBa BelllectBa: [n] == (Mosib) (OCHOBHas efiis
HUIA).
OfuH KIJIOMOJbL moGOro rasa 3aHMMEET IPH HOPMAJNLHBIX YCIOBHSX
(pn=101,325 xIla, Tx=273,15 K) o6beM Vpmy=22,41383 m?/xmosb,
HasblBAEMBlHl HOPMAJBHBIM MOJSPHLIM 0GbeMOM.

Ecm

M — Monspuas macca (B Kr/MmoJb), paBHasi OTHOIIEHHIO MACCH 1 K KO«
JIMYECTRBY BellecTBa .

pu =101,3 kIla, (no 1980 r.: 760 MM pT. cT.)— HOpMaJIbHOE JZBJIEHHE,

Ty == 273,15 K — HopManbHas TeMneparypa,

TO TMOCAE TOACTAHOBKA 3THX 3HaueHuit B ¢opmyay (T 13.16) momyunm

101,325 xIla-22,41383 M3 = nMR - 273,15K,

nn
. 101,325 «Ila- 22,413 M3 _ 831441 Ix
T 1 xvomn - M- 273,15 K~ M kmoab - K °
Orciona
. Rm
(T 13.17) R = '—IW—, rne Rm -

‘YHHBepcanbias {MoJisipHas) rasoBas TNOCTOAHHAN

Hx

R =8314 KMOJb - K °

R Rm M
KO | Jox/(xr-K) Dx/(kMoms-K) xr/kMoab

O6paTuTe BHHMAaHHE:

® Moaspuas macca M uuC/ieHHO paBHa OTHOCHTENIBHON Macce MoJjes
KYJEL.

@ Tlo ¢opmyne (T 13.17), 3Has OTHOCHTENBHYIO MAcCCy MOJIEKYJH],
MOKHO BBIULCIMTb Ta30BYI0 MOCTOsHHYI0. OXHAaKe NOCKOJAbKY ypaB-
HEHHe COCTOSIHHSI TOYHO BBINQJHSIETCS TOJMBKO AJs1 HIEAJbHOrO rasa,
TIPM TOUHBIX pacyeTax CJefyeT MOMb30BATbCs SKCIEPUMEHTaLHBIMI
HAaHHBIMH H3 Tabd. 15.

13.5.2. KonuuecTBO BEHIECTBA

- KonuuecTBo BelleCTBA K XapaKTepuayeT WYHC/AO CTPYKTYPHBIX 3JieMell
TOB, COREPKAUIMXCH B HaHHOM chcTeMe. ITO MOryr ObITb aTOMEL, MOJE-
KyJIH, & TAKE HOHBI, 3JEKTPOHLI M APYTHE HacTHUb. EAuHHIA KOJHUE:
CTBa BelleCTBA 1 SIBASETCA OfHOH M3 OCHOBHBIX enuunn, CH.
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Enununia CH xeosnmuectBa Beluectsa: [n] =={(mMoab) (ocnoBHAs enn-
HHIla) .

1 Mosb — Takoe KOJHuecTBO BeILeCTBA, B KOTOPOM COLEPIKHUTCS
CTONBKO K€ CIPYKTYPHBIX 3JEMEHTOB, CKOJbKO aToMoB B 12 r
H30TOnA yreposa-12. B xoaHuecTBe EBelllecTBa, paBHOM 1 Moab,
conepxutcs 6,022-1028 cTpyKTYpHBIX 3J€MEHTOB.

Yacto 6biBaeT yROOHO OTHOCHTL OODBEM H MacCy rasa K KOJHYECTBY
BEILleCTBA.

Ecnu
m — Macca rasa,
V -~ o6bem rasa, o
1 — gRONHYECTBO BelllecTBa (rasa),
M — monspuas (oTHeceHmHasm K KOJHYECTBY BeLECTBa) Macca,
Vm — MoaspBbifi (oTHECeHHBIH K KOJMYECTBY BelllecTBa) oODEM,
v == V[m — ynenvubii 0GbeM rasa,
f ~— MJOTHOCTH rasa,
TO
M m n
m
(T13.18) | M =5 KJI | xr/xMone xr xmoas
174 o Vm V 1
(T 13.19) Vn1=_.
n KI  |w¥/xmoap w3 kmomb

Paspenus (T 13.19) na (T 13.18), nosyuum

(T1320) | o=t = 2

KO | w3/kr m3xmons M®  kr/kmonn  Kr Krfm®

13.5.3. IioTHOCTL ra3en

TIOTHOCTE rasa 3aBHCHT OT COCTOSIHHSI, B KOTODOM OH HAXORHUTCH, T. €,
OT QNaBJCHHS W TeMuepatypsl. [IpuBelenHble B TaOAHIAX 3HAYCHHS
COOTBETCTBYIOT HODMajbHBIM yenoBuaM py = 101,325 xIla n Tw =
= 273,15 K =.0°C (uopmamsHas mneThoctb). Mcnoabsys obe (dopMsl
3amuCH YDABHEHHs COCTOSIHHMsI WEEAJIbHOTO rasa, MOXHO BBEIYHC/HTB
MJIOTHOCTb JAHHOrO rasa HpH JioOHX ycaOBHsX.

IMepecuer NAGTHOCTH

Ecnu
p1, Ty, p1 = WJIOTHOCTb, TEMIEpATypa M JaBjieHHe rasa B COCTOSIHHH 1,
P2, T2, Pz — MJOTHOCTb, TEMTIepaTypa M LaBJCHHE rasa B COCTOSHHH 2,
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Pu -~ HOPMAJbHAA MINOTHOCTb rasa (Npu HaBj€HHH Pu YU TeMne-
patype Tx),
= 101,325 klla — HopmaJ/bHOe [LaBJeHHE,
Ty = T = 273,15 K — HopManbHast TeMnepartypa,

TO, TOCKOJbKY 06beM W MJIOTHOCTb O6paTHO TNPONOPHHOHANBHLEL ApYr
apyry, Vi/Ve = psfp;, corsacHo ¢opmyne (T 13.158) piTop = polipn
nosnyyaeM

. Tips
T 13.21 =pf —,
( ) | o2=0p1 Tapr l

— Tup
(T1322) | p=opu Ton |

Briunchienye TJOTHOCTH

Ecan

P — IJIOTHOCTL ra3a MpH AaBieHuH p W Temnepatypa I,
p — [IaBieHHUE Ta3a,

T — temneparypa rasa,

R — rasoBast noctosiuuas (cM. taba. 15),

70, nockoabky p = m/V, us dpopmyas (T 13.16) caenyer

<|3

p_.
RT’

__p_.
(T1323) | p =7

p p R T
CH | kr/m® Ila = H/m? I/ (xr - K) K

80 | xr/m® kr¢/m2= 10~% at xre - m/(gkr-K) K

Aas HOpMaJIbHOﬁ IWIOTHOCTH MME€EM COOTBETCTBCHHO

=' Pu
(T 13.24) | pu RT,"

QO6paTuTe BHUMAaHHE:

@ UncneHnble 3HaueHHsl HOpPMAajbHBIX DJAOTHOCTER rasa cM. B Taba. 1.

@® UYncsnednble 3HAYEHWs TVIOTHOCTH BO3LYyXa B 3aBHCHMOCTH OT HaBjie-
HHUS1 H TeMOepatypel cM. B Tabs. 16.

@® CooTHolleHHe MeKAY €AHHUNaMH [AaBJeHHs B pasHbiX CHCTEMaxX
cu. 8 Taba. T3, .
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13.5.4. O6Gwbem rasa npH HOpPMAaJbHBIX YCHOBUSX (HOpManbhblit o6beM)

CpaenuBaTh OGBEMEl pasjMuHBX [a30B MOXKHO JHIIb B TOM Clyuae,
KOrna OHH HMEIOT OZHHAKOBYIO TeMIlepaTypy H ONHHAKOBOE JiaBJEHHE.
HopManbHEIM 06heMOM HasblBaeTcss o6beM NPH HABJAEHHH P == Py ==
= 101,325 «Ila (=760 mm pr. ct.) u Temneparype I = Tu=
= 273,15 K= 0°C. C noMoIlbi0 YpaBHEHHS COCTOSHHS O0DBeM Ji0-
6oro rasa MOMHO NPHBECTH K OGBEMY NpH HOPMAJIBHBIX YCJIOBHSX.

Ecnu
V —o6beM rasa upH nNpoM3BOMBHOM [aBACHHH p W DPOH3BOJbHON
Temnepatype 7,
Va — HopMaJbHEIR O6BEM, T. €. 06DBEM MpH HOPMAJbHBLIX YCJIOBHSIX,
pr =101,3256 klla (= 760 MM pT. CT.)— HOpPManbHOE JIABJEHHE,
m = To = 273,15 K = 0°C — HopmasbHas TeMneparypa,

TO B cooTBerTcTBHH ¢ ypaBueHHem (T 13.15)
pV — puVy
T Ty °

Orcrona

. Tup
(T13.28) | Vu=V —= pHT

O6paTuTe BHHMAaHKHE:

® CooTHOUIeHHE MEXAY eNHHuIAMH HaBJAeHHsT B pasHbIX CHCTEMax
cM. B Tabn. [13.

13.5.5. CmecH rasoB

Jlas BRIMC/CHUS [APAMETPOB COCTONHHR CMeceH FasoB NOJb3YIOTCS
CPE/IHHM 3HAUEHHEM TJIOTHOCTH CMECH Pcp U cpentefi ra3oBOfl NOCTOSH-
HO# Rcp. OGe BesJMUMHBI 3aBHCSIT OT MAacC KOMIOHEHTOB CMECH, MO3TOMY
HIX pacyeT MPOHM3BOJAHTCS CJAEXYIOLHM o6pasom:

Ecnu ¥
f1 — IJIOTHOCTb |-TO KOMIOHEHTa CMECH,
R, —rasoeas NoCTOsIHHast 1-ro KOMNOHEHTA CMECH,
my — macca 1-ro KOMOOHeHTa ¥ T. H.,

TO CpeaHsasl ILVIOTHOCTb CMeCH Ta3oB onpenensiercsa no (I)OpMyJJe

p1m -+ pama +
my 4 me +

(T13.26) | pep =

Cpensisl ra30Basi MOCTOSTHHAS  CMECH rasoB paccuHThIBAETC TG
dopmyne:
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O6paTuTe BHUMAHHE:
® Yucnenubie 3RayeHus P cM. B Tabn 1.

® Uncnennble 3HayeHHs rasoBBIX NOCTOSHHBIX R cM. B Tabn. 15; HX
MOXHO Takxe BHuucautb no ¢opmyne (T 13.17).

14, TensnoBag sHeprus

TennoBast 5HEPrus, HasbiBAEMasA TaKXKE KOJHYECTBOM TEIUIOTHI, MOAOGHO
MEXAHHYECKOH HJM 3JICKTPHUECKON 3SHEPrHM npeficTaBaser coGoit ofuH
us BunoB sueprun. [lomoGHo APYrMM BHEZAM 5SHEprHH, TEIUIOBAas ZHEpP-
THsl TOAYHHSETCS 3aKOHY COXpaHeHHst sHeprud. Bce Buibl sHepruu MoO-
TYT 9ACTHYHO HpeBpallaTbesi ApYr B Apyra. Jlias uaMenenus Temnepa-
TYPbl HJH arperaTHoro COCTOSIHHs Teja HeOOXOZHM NOKBOL HJH OTBOJ
TenJsa.

Epunnua CH rennosoit sneprun: [Q] = mxoyns (k) ==
I== HbioToH -Metp (H-m).

Enununel, nonyckasmuecs K npumedenuto po 1980 r.: xanopus (xan) u
KujiokaJjopus (kxan).

CooTHomeHue MeXAY eANHUIAMH TENNOBOI JHEepruu

1 xan=4,1868 Ix; | kxaa==10% xan=—4186,8 Ix ==4,1868 x/lx

QO6paTHTe BHHMAHUE:

® CoOoTHOHIEHHE MEXAY €IVHHIAMH SHEeprMH B pa3HLIX CHCTEMAax
cM. B Tab6n I15.

14.1. Kosnvuectso Tennothbt

KomugecTro TENJIOTH, HeOOXOAWMOe JJisl HarpesaHusi HNaHHOro Teaa,
TIpONOPLHOHANBHO €ro Macce ¥ H3MEHEHHIO TeMIepaTypbl.

‘Ecm

Q ‘— KOJAMYECTBO TEnMoTH,

¢ — Ko3PQUIHEHT nNpPONOPUHOHAJLHOCTH — YIE/NbHAs TEMJIOEMKOCTb Bes
mectBa (cM. pasp. 14.2),

7m — Macca Tena,

At =1y -~ {; — n3MeneHue TeMIepaTyphl, NpOHCXoAsllee B pe3ylbTare
NOABONA K TENY KOJAHYECTBA TEMJOTH

To

(T141) | Q=cma,

—_—
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niai b audoepeHnuasbioil Gopme

Q KA m ¢
(T142) | dQ=cmdt. | CHU | Dx Ix/(xr-K) xr K
80 | xkan kkan/(xr-K) xr K

O6paTuTe BHEMAKHE:

@ 'uciennbie 3HaueHmst yHeIbLHLIX TEITOEMKOCTCH 51 pas/ulyHLIX Be-
mecTB ¢M. B Tabs. 17 u 18.

© TennoeMKOCTb €. HE MOCTOSIHHA H 3aBHCHT OT TEMIEpaTypLi.

© llpn oxnaxneHuw Beswuu#a Af oTpunaTenbHa.
3uax MHHYC Depel KOJMYecTBOM TelJIOTH O3HAYaeT, 4TO TeIJIo OT-
BOIMTCA OT TeJa, 4 He NOABOLHTCA K HeMY.

14.1.1.  Tennoconepiante

TenioconepKanneM HAsBIBAETCsI KOJIHYECTBO TeNNOTHl, KOTOPHM 00-
nagaer Teao npu AauuHoil Temuepatype. Cuprtaercsi, ¥TO TEIJIOCOAEp-
xaHue Tesia tipu § = 0°C paBHO HYJIO.

Epununa CH tennoconepxanns [Qr] = mxoyab (Ix).

Enuedua, gonycKaBmascs XK npuMerenumo no 1980 r.: kamopus (xasn)
¥ KHJIOKaJopus (KKaJf).

Ecau
Q, — TEIIOCOmEpXaHue Tena,
¢ - yoeJbHas TemJoeMKocTb (cM. pasn. 14.2),
m - Macca Tena,
t - TemnepaTypa Tesia B rpafgycax Lleabcus,
To ne axagoruu ¢ dopmyaoir (T 14.1)
Q, c m ¢
(T143) | Q, =omt.| cu | A IOx/(xr-K) xr °C
. 80 | kxan kanf/(gr-K) gr °C

O6paTHTE BHHMAaHHE:

@ Teunoconepanne Tena NOMOKHTENbHO TIpH £ > 0°C, oTpuuaTenbHO
npu t << 0°C u pasio nymo upu £ = 0°C.

14.1.2. Teni0eMKOCTh

TennoeMxocTbio € Ha3bIBAETCH OTHOUIEHHe NOJABEAEHHOrO K TEIY KO-
. IMMecTBa TEIIOTH K AOCTUTHYTOH PasHOCTH TeMueparyp:
dQ

=9 i .
C—E’ unn B puddepennnanbroit popue C i
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Ecau

C — tennoeMxoCTb Tena,

€ — ynmenbHAas TEMIOEMKOCTH BelllecTBa (CM. pash. 14.2)
m — macca Tena,

10 C = Q/Af u us dopmym (T 14.1) cnenyer € = cmAt/AL, uwn

C c m
(T144) | C=em. | cn | Ix/K IOx/(gr-K) &r
80

kkan/K kkan/(xrK) kr

O6paTuTte BHUMAaHUeE:

® Tennoemxoctb € — 9T0 KOAMYECTBO TeNJIOTH, HEOOXOAMMOR MJs Ha-
rpepa tena Ha 1 K. )

® Ilnis neopHOpOmHBIX Ten Temsaoemxkocts C onpenesseTcss no ¢opMyde

(145 |c= A% — Z cim;. l

14.13. Tennosoe 3HaueHHe KanopHMeTpa

B Tex ciyuasX, KOTIA HYXKHO NOGHTbCS YCTAHOBJCHHS TEIVIOBOTO pas-
HOBeCHs! MEXIY MUIKMMH H TBEPHBIMH Telamu (cM. pasnm. 14.3), ux
NOMEINAIT B KajopuMeTp. YTOGHEl YCTPAHHTL TEIJIOBhle NOTEpH NpPH
Temwioo6Mene, KaJOPHMeTPn OOLIMHO H3FOTABJAMBAIOTCS €  ABOMHBIMH
CTEHKaMH, NPOCTPAHCTBO MeXAY KOTOPHIMH BaKyyMHpoBaHO. Tak Kak
TeMnepaTypa CaMoro KaJiOpHMerpa TaKKe H3MeHSieTcsi OpH Temyool-
MEHE, ero TemIoeMKOoCcTh Ckx == Cufflx HeOOXOAMMO YUHTBIBATL TpH pac-
yetaX. Has 9TOr0 HCnosb3yeTcsl TEMJIOBOE 3HAYEHHE HMJM BOLHBIA SKBH-
BaJEeHT KaJOpHMETpa, T. €. KOJAHYEeCTBO BOADI, TEIJIOEMKOCTb KOTOPO#R
paBHa TEMJIOEMKOCTH KajopuMerpa. DTa Macca BOAb npubaBasiercs
npy pacueTaX K Macce BOABI B KajJopHMeTpE. TemioBoe sHaYeHHe KaJjlo-
pHMeTpa H3MepsieTCs B KHJlorpaMmas.

TennoBbIM 3HAUEHHEM KaJOPHMETpa Ha3biBaeTcs Macca BOABI, Tel-
JOEMKOCTb KOTOpOﬁ paBHa TEIVIOEMKOCTH AaHHOI'O KajlOpHMeTpa.

O6paTuTe BHUMAaHUE:

© TensoBoe 3HaueHHe KaJOPUMeTPHUeCKHX COCYHOB M3 MaTepHajIoB
¢ MIOXOH TENJONpPOBOAHOCTBIO (CTEKJIO H T. [.) 3ABUCHT OT CTENEHH
HX HANOJHEHHs, T. € He SBJSIeTCS TOCTOSHHOH [Ji JAAHHBIX npu-
6opoB. )

© B Tennopoe sHaueHHe KaJOPHMETpa BXONAT TAKXKE TEILIOBBIE 3HA-
YeHHfl TEPMOMETPa H MelHaJKK, y
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142, ¥Yaensnan TennoeMKoCTb

OTHOILIEHHE TEIJIOeMKOCTH Teja K €rg macce HasbiBaeTCs yﬂeJIbHOl:l
TEHJIOEMKOCTBIO BellecTBa, H3 KOTOPOro H3roToBJEHO Aa”HHOEe Teno:

WM, YUHTLIBAsT ONpenesi€eHHEe TelJIOEMKOCTH:

YaensHON TeNJIOEMKOCTBHIO HA3BIBAETCS OTHOIIEeHHe TMONBEIECHHOTO
K Tejny KoJHMuyecTBa TenJOThl K NPOH3BEAECHHIO MAaCChi HAHHOIO Teaa
Hd H3MEHEHHE €ro TEMUEpaTyphi:

_9_
mAt”

Tockonbky yHmenbHas TEMVIOEMKOCTb € 32BHCHT OT TEMNEpaTyph, B
anddepedunanbuoil  dopMe oOnpeneneHHe YAENbHOH TEIIOEMKOCTH
d

C =

HMEET BUA C ==

mdt*®
Enununa CH ymembnofi temnoemxoctu: [¢] = JIx/(xr-K).
Eninunia, nonyckaBmasncs K npumeHenuo ao 1980 r.: wkxas/(xr-K).

Teepabie Tena H KHAKOCTH

¥oenbHble TENMOEMKOCTH TBEPABIX TeJi H IKHAROCTeH 3aBHCAT OT HX

Temnepatyphbl. [lpuBefennbie B Tabn. 17 3HaueHHsT OTHOCATCH K TeM-

neparype 20°C, HO MX MOMKHO C NOCTaTOUHOfi TOYHOCTLIO NPHMEHATh

Dpy pacueTax [Jjis TBEPAbIX Ten B WHTEpBane Temneparyp or — 40°C

,11}5) -}o— 100°C, a mas xuaxoctell B uuTepsane remuepatyp ot 0°C mo
40°C,

Fasnl
Ins rasoB Hamo pasnHuaTh nBa BUAA YOGALHOH TEHJIOEMKOCTH.

® TlonBenenHoe KOJMYECTBO TEMNOTH () HarpeBaeT ras, H AaBJCHHE
rasa Bo3pacTaeT Npd HeusmeHHoM ob6beme. B 3toM cayuae peusn
HOeT O TEWIOEMKOCTH 0pH TNOCTOSIHHOM 06beMe C». KosuuecTBo
TennoTE onpeneserca Gopmynoii Q = comAL.

@ [lopBeneHHoe KOJHYECTBO TenaoTH { wWarpeBaer ras, npHueM JaB-
JIeHHe Tas3a OCTaeTcsl HeumsMeHHbIM, 2 00beM YBeJaHuuBaeTcs, TaK
YTO ras CcoBeplaeT MeXxanudyeckylo paboty. B sToM cayuae nmeercs
B BHAY TEIJIOEMKOCTb NpH MNOCTOSTHHOM HABJNEHHH Cp. KO/MMwecTRO
TEINIOTH onpenesnserca gopMyiolt Q = ¢mAt = comAt 4 pAV,

Ecnn
€p  — yoenbHas TeIJIOEMKOCTh NPH NOCTOSIHHOM HABNEHHUH, .
€y  — yhenbHas TEIJOEMKOCTb IPH MOCTOSTHEOM O0beme.

R — rasoBasi NOCTOSHHAS,
p AV ~ paBoTa, coBepmiaeMasi ra3oM NPH pacCIlHPEHHH,

TO
epm At = cym At + p AV.
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Wa ypasneuns coctosmua (T 13.16) cnenyer, uro
pA7=mRAtL 1. e
cpm At = com At 4 mR AL

Paspenne ofe cToponbl ypaBHewust Ha mAf, MofyuyuM €, = C, 4 R
HITH

(T146) [cp—co—=R. |

OTHomlenne ymesbHBLIX TEIVIOEMKOCTEH Cp/C, HA3bIBAeTCsi NOKasaTe-
JeM agnabarel ® (cM. pasg. 16.5):

c R
¢y cU | mwf(xr-K)  Tow/(xr - K)
(T14.7) T 80 | kxan/(xr-K) kkan/(kr-K)

80 | xrc-m/(xr-K) xrc-m/(xr-K)
O6paTuTe BHUMAHUE

® Uuncnennble sHAaYeHHSs Cp U Cy CM. B Tabs. 18.

@ Iloxasatens apuabartht % IBYXaTOMHBIX rasos pased ~ 14. TouHele
3HaveHHs cM. B Tabsm. 18.

O M3 dopmyasr (T 14.6) caepyeT wuarasiiHOe oNOpejesieHHe [a30BoH
HOCTOSIHHOH: T'a3oBas NOCTOsHHAan R paBHa Mexanuueckoit padore,
KOTOPYIO MOXET cOBepUINTh | Kr rasa npu Harpesanun ero Ha 1 K.

14.3. Tennoobmen

Ecau HeCKONBKO T€J € pasiUYHLBIMK TeMNEpaTypaMu NPHBECTH B COTIPH-
KOCHOBEHHE, TO MEXJAY HUMH HPOHCXOAMT TemynooOGMeH, KOTOpPBIX mpu-
BOIOMT K BRIpaBHMBaHMIO TeMnepaTyp Tes. Ilo 3akonmy coxpaHeHus sHep-
THH KOJIMYECTBO TEIJIOTH, OTHABAEMOe TeJOM ¢ GoJjiee BHICOKOH TeMIie-
patypeil, paBHO KOJH4ECTBY TeNJIOTH, IIPHOOGPeTaeMoMy TesoM € Gosee
HU3KOI TeMnepaTypoil.

Ecan

¢y, My, §y  § ynenbHbie TENJOEMKOCTH, Macchl W HagafibHble
Co, My, iy TeMnepaTypbl Tea1 1 B 2 .

fo6m -- KOHeyHas TeMnepaTypa oboux Ter,

T0 10.3aKoHy Puxmana

(T14.8) | cxmu (t1 ~ toom) = camtz (fopm — 1). |

O6paTHTe BHHMAaHHE:

©® B gopmyay (T 14.8) Bmecro temnepatypst £ (B °C) MOxHO NOHL-
crasute Temnepatypy I (B K).
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® Ecan B tennooGuene yuactByer Gosiee JIBYX TeJ WY €CAH IIPH STOM
MPOUCXOMNT TEPeXofi U3 OJHOrQ AarperaTHOTO COCTOSHHS B JApYroe,
T0 BMecTO 3aKoHa (T 14.8) cmpamenaus ciaefyiomuil 3aKoH.

I CyMMa Temnjocofepxanni KOMIOHEHTOB L0 TEINIOOGMEHA DaBHA KO«
HEYHOMY TENJIOCOMEePIKAHUIO CUCTEMBL:

(T 14.9) I ity + camats - ... =ty (Crmn Feame - ... ), I

HJH, TOCKoJbKY C = cm,

(T1410) [ City + Cafy & .. = fogm €1+ Cat --1). |

QO6paTuTe BHUMAaHUE:

® B dopmynm (T14.9) u (T 14.10) emecro Temmepatyput ¢ (8 °C)
MOXHO NojctaButh TeMueparypy I (8 K).

® Heo6xonymMo yumTHBaTL BCe Tena, ydYacTBylomme B TtemiooGMene,
BKJIIOYasl COCYZbl (Hampumep, KaJiopUMETp).

@® Ecnn B mnpollecce TemsooGMeHa H3MeEHsSIeTCs arperaTHoe COCTOsIHHuE
OJIHOTO K3 KOMIOHEHTOB, TO BHICBOGOJIMBILEECS TpPY STOM KOJHue-
CTBO TEeMJOTHI C/IeflyeT OTHECTH B JIEBYIO UacTb (GOpMyJan: (Wiy OT-
HATH TIOIJIOIEHHOE KOJHYECTBO TEMJIOTH).

@® C nomvompio dopmya (T 14.9) u (T 14.10) MoxHO onpelesuTh yiesb-
Hble TENJIOEMKOCTH, KOHEUHYIO TEeMIIepaTypy CHCTEMBI u TEMNJOBLIE
3HaUeHMs KaJiopUMETpPOB.

144, HcTounuky Tensa

CoI/iacHO 33KOHY COXpaHeHHsl SHepPryd, TeIJioBasi HHEPTHsi MOXKET BO3-
HUKAThb TOJBKO B pe3yJbTare IpeBpallieHuss APYTHX BuJOB SHEPrHY,
. KaK, HanpuMep, MeXaHMYeCKOll, 3JieKTpyYeCcKoll, X¥MuueCKol, SHepruu
H3JyYeHHs, AlepHol 2Hepruy ¥ T. .

Dueprusi He MoXer ucuesaTh GeccsieflHO WY BOSHUKATh M3 HHUYero.
Tennota npeacraBiseT  co60ff OXHY ¥3 (OPM 3HEPrUH H MOXKeT
OpeBpalliaThCsl B HPYTHE BHALI »Heprud (He BCeria LEJVKOM).
B sToM ¥ 3akniouaeTcs 3aKOH COXDaHEHHs SHEPrHH.

i44.1. Coaneunas sHeprust

Connne HempepbiBHO uanyuaerT »Hepruio (cM. pasid. 18.3). Ouenrp mHe-
Gosblias uacTh STOTO HU3JyYeHus nomajgaer Ha 3emumo. MoniHocTs
COJIHEYUHOFO M3JIyUeHHsl, NONajaloillero Ha eIMHMIy IJIOHajin 3EMHON
MOBEPXHOCTY, HA3LIBAECTCH COJIHEYHOJ HOCTOAHHOM.

KBT
M2

KKal Kan ;
Cosneunas nocrosHaas = 1,4 2= i

= 0,33
( T e M2 *" MHH - CM?

6 Sax. 413
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O6GpaTuTe BHuMaHue:

@ JlanHoe 3HaueHHe COJIHEWHOH INOCTOSIHHON COOTBETCTBYET NEPNEHIH«
. KyJNSIpHOMY. majeHuio Jydedl Ha- moBepxHocth. OcnabneHuem wuanyues
WSl TpH DpPOXOKIEHHy 3eMHOH atMocdephbl MLl mpexeGperaen.

14.4.2.  OHeprus ropeHus

Ilpr ropenuy (OKuciieHME) BEICBOGOMAETC TEIJIOBAsh SHEPrusl.

Tensnotoll cropanusi H HaseBaeTcs OTHOIIEHNE KOJHYECTBA TENJOTHI,
BLINENISAIOINEroCs NPH FOPEHHH, K MacCe CrOpeBIIero TOIJMBA (KHIs
KOFO MJI¥ TBEpLOro):

Ecny

H — rennora cropanssi NAHEOIO TBEPHOFO WJHM IKHIKOFO TOTJIHEBA
(cm. Tabn. 19),

m — macca TNOJHOCTRIO CFOPeBlIero TOMNJMUBA,

Q — KonuuecTBO TEIJIOTH, BhUIENUBIIeficA IHpu cropanun (BKiIwouas
TeNJIOTY, SaTPauyeHHYI0 Ha HCIapeHne BOMH),

T0
Q m H
(T 14.11) I Q=mH. I CH | Iz xr Ix/kr

80 KKaJl KI KKaJ/KT

OGpaTuTe BHHMAaHuE:

® Cnengyer pasnuuaTh HUSLIYIO TEINOTY cropanusi [y u BEICIIYKO Ters
qaory cropanvsi H. Bemuuuna H. Gonbwie [y HA KonuuecTBO Tem-
JIOTH, HeOOXOINMOE HA WCIapeHMe BOBHHKAIOWIEH INpy ropeHuy BOJBL
B (@usnke u TexHrke OGLIYHO WCTOMBL3YIOT 3HAYeHVe My, a B XuMuM
B
Jins rasooGpasubix. BHAOB TOIVIMBA MCTIOMB3YETCA TEINIOTA Cropa-
* Husi H Tasa npn HOpMANbHLIX YCJIOBYSIX, T. €. NpH JaBJeHHH Py ==
= 101,325 xlla (= 760 MM p1. c1.) u Ty = To'== 273,15 K = (°C.
Ecm
H’—vennora cropamua rasoo6pasHoro TtommBa (cM. TaGn. 20), -
Vy—o06beM NONHOCTHIO CTOPEBIIErO rasa Npd HOPMaJbHLIX YCJIOBUAX,
Q —— KOJAMYECTBO TEIVIOTHI, BHILEHWBINEECH NpH TFOpeHuH (BKAIOUas Tell-
JIOTY, 3aTpadeHHyI0 Ha MClapeHue BOAHI),

0

: QV H
(T14.12) | Q=VyuH". | CH | Ix w3 Iix/m®
] 80 | kxan m® Kxan/m®
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14.4.3. DaeKTpuueckas IHeprus

SﬁéprutieCKHﬁ TOK B mpoBOmHYKe Harpepaer ero. IlpeBpamenue sJjek-
TpHUECKOH SHEPruM B TEIUIOBYI) fIBJAETCH MHOJNHEIM, T. €. nponcxozm'r
6e3 norepb (06paTHOe YTBEpPIKIEHHE HeBepHO!).

Ecmn

Q — BHUIEJHBIIEECST B NPOBOLHKKE KOJNMYECTBO TEILIOTHI,

U — sJekTpHUeCKOe HaNpsXKeHre Ha KOHLUAX NPOBOMIHMKE,

I — cusia TOKa B MPOBOJHUKE,

R — conpOTUBJAeHHE NPOBOJIHYKA,

{ — NpONONXKMTEJIbHOCTh IPOXOXKJEHUS TOKa Uepe3 IIPOBOJIHIUK,

TO

Uzt UIlI Rt Q
T 14.13 =Ult = I?Rt =——.
( )| @ R CHU IBAOMCLL)K=BT-c

OGparTyuTe BHUMAHUE:

® Ilockonbky Bce BUAB 3Hepruy paHouenHb, B CH oHH umeroT
OMMAKOBYIO pasMepHOCTB: Jukoyab (k). Takum o6pasowm,
oTilazaeT HeoGXOAUMOCThL B HCIOJb3OBABIIEMCS pauiee 3JeKTpHues
CKOM 3KBHBaJIEHTE TEIIOTHI:

1 xan = 4,1868 Br-c
1 xBr-u = 860 kkaxn
® CooTHOIleHWe MeXIY eNHHMIaMy SHepruM # paGoOTEl B pasHLIX
cycreMax cM. e taba. 15

14.4.4. MexanuuecKkas IHeprus

Mexanyueckan SHEPrUsi MOMKET NOJHOCTHIO 6e3 moTeph NepeliTy B Tell-
JIOBYIO SHepruio (HampuMeép, B pesyibTaTe TpeHusi), Ho obpaTHoe yT-
BepKJEHUE HEBEPHO.

Eca.
AWy -— yMeHbIlleHre KMHETHUECKOH SHeprum TeJa,
AW, — ymeHblneHye ero NOTEHLUAJIBLHON SHEPruy,

Q -— BHIIEJISIIIeeCH KOJHUYECTBO TEIJIOTHI,

fo

T 14.14 AW + AW L
(T14.14) | Q=AW + AWq, | i TIEAE

OGpaTuTe BHEMAaHUE

® Tennoeass ¥ MexanWuecKas BSHepruy paBHOLEHHH M HSMepﬂlOTCH
B ONMHAKOBHIX €IVHULAX — JUKOyssX. [lostomy oTnajpaer HeoGxd-
AYMOCTL B HCIOJL3OBABIIEMCH paHee MeXaHHYeCKOM 9KBHBAJEHTE
- TETJIOTHI:
1 Ran==4,1868 [Ix =
'=0.42693 Krc- ™

6*
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15. ArperaTHele cOCTOSIHHSA BelllecTBa

BemecTea MOryT HaxolUTCA B TPeX arperaTHHIX COCTOSIHUSIX: TBEPIOM,
JKMAOKOM ¥ rasoo6pasHoM. Kampoe arperatHoe cocTofiHHE XapaKTepH-
8yeTcsi ompejieieHHONW BHYTpPEeHHeH CTPYKTypoll BelllecTBa H COOTEET-
CTBEHHO ONpENeJieHHbIMH CBOHCTBAMH.

Copasoynas taGanna

CeoficTBa BeUleCTB B PA3JHUYHBIX ArperaTHLIX COCTOSIHESX

Cocrosnue
Tseproe JKapxoe T'asoo6pasHoe

K puctannyueckas pemeTka eCTh HeT HET
TloctostHeTBO (hOPMBI €cTh HET HeT
MexwMonexynsipHoe B3aWMOLENHCTBHE  €CTh ecTh HeT
ITocrosiucteo obbema ecTh ecThb Her

Tlepexon B arperaTHoe COCTOsiHHe, OTBeuawolee 004e€ BbICOKOL
TeMnepatype, TpeGyer nodeoda suepautl.

Tlepexon B arperaTHoe COCTOSIHHE, OTBEYaIOMee 00AE€ HUBKOL Tei-
nepaType, CONPOBOXKAAETCH 8bl0CNCHUEM SHEP2ULL.

Bo3mMOXKHB ClenyolLiye NMEpeXOfbl U3 ONHOTO arperaTHOTQ COCTOS-
HUSL B JIpyroe: P

N3Menenus arperaTHOrO cOCTOSIHUSA

NaBJIEHNE ucnapeHue —>
TBEPJIOE | I JKUJIKOE I’A300BPA3HOE
<-— 3aTBEpAEBaNYEe —|<——— KOHLEHCANHd 4
cyGaumManus >
(Bo3roHKa)
15.Il. HNaaBaenve U 3aTBep/icBaHHe

B TBepmom Tene MoJEKyAbI BellleCTBA KOJCOMOTCA OTHOCHTEJIBHO CBOHX
NOJI0IKeHuil pABHOBeCHs] B KpHCTasuiuueckoli pewerke. Ecnu kpucramny
COOGHINThL SHEPrHIo, KosieGanus ~ yCUNMBAKOTC M KpuCTanivieckas peé-
1leTKa MOXKET PaspylluThCa.



15.1. rasrenue u sarsepdesonud » T 164

15.1.1.  Touka nyaBJeHuUa

@az0BHll Tepexos M3 TBEPJIOrO COCTOSHNSA B KHAKOe B 0GpaTHO NPO-
HCXOINT IIPH ONpellesieHHOI 3aBucAlllell OT naBieHUs TeMueparype sl

i Touka niaBreHws COBNANAET ¢ TOUKOH 3aTBepleBAHU.

Q6paTHTe BHHMaHHE:

@® Touxky (remmeparypul) miaBieHHA cM. B Ttaba. 22. Bce 3nauenus
cootBeTcTBYIOT jaBnenmio 101,325 kIla (=760 MM pT. cr.).

® O6biuHO TeMIepaTypa INJABJEHHs IOBHILIAETCS ¢ BO3pPaCTaHMEM MaB<
snenyn. Vckmouenue cocraBiasier BoJa (TNOHMIKEHHE TeMIepaTypoi
mnasJenus coctasaser 7,60 MK ma 100 kIla).

® B rnpouecce miamsneHus uiM 3aTBepAEBaHHA TeMOepaTypa Tejla HE
MeHsieTcs.

15.1.2, 'I'elvmepa'rypzi MJIABJEHHUSA pPAcTBOPOB

Eciu B onlHOM Bel{€CTBE€ DACTBODPUTEL ApPYroe, TO TeMuHepaTypa 3aTBeps
J€Banud pacTeOpa IOHH2KAETCH C YBEJHYCHHEM KOHMICHTpalHu pacTBO«
PEHHOrO BEIlECTEA.

Ecnn

Al — noHuIKeHue TOUKH 3aTBepHeBaHMS,

m -- Macca pacTBOPEHHOTO BellecTBd,

Momg — oTHOcuTEJbHAA MOJEKYJNspHAs Macca pacTBOPEHHOrO BELIECTBA,

My -~ Macca pacTBOPHUTENs (KUJIKOTO),

K — K02()QUIMEHT INPONOPUUOHAILHOCTYE, HA3HBAEMBII KpPMOCKOIH-
YyecKoli IoCTOsHHON (3HaveHus cM. B Tabn. 21),

To
- MK m

T | A=K —T oo

My Mo CH | K K mnponss,

Cnpasounas taGauua
CnnaBbl ¢ 0060 HHM3KOH TeMNepaTypo# nJaBlleHud

Cnaas tp °C

Cmnap Posa (50% BucmyTta, 2569 ceunna, 2569 ososa) 94

Cmnas Jlunosuna (50% eucmyra, 26,79% ceumna, 13,3% onoBa, 70
109% xanmus)

Cnnae Byna (50% Bucmyta, 25% cBuena, 12,6% onoBa, 60
12,59, xagmus)
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O6paTiuTe BHEMAHHE:

® [loHHKeHHEe TOUKH. SaTBepJIeBaHI/Iﬂ NPONOPUYOHANLHO YHCHY PacTBO-,
. PeHHHIX MOJIEKYIL.

TeMmepaTyphl hnaBieHns CiIaBOB OCGLMHO HYKE TeMIepaTyphl
TJIaBIENY €aMOTO JIETKOJIABKOrO KOMIOHEHTA.

15.1.3. Hameunenve oObema

BONbIHHCTBO BeHleCTB BauyMaer , B TBEDHOM COCTOSIHHH MEHbHIHi
o6beM (7. e. obnanaer Gosbumiell IVIOTHOCTBIO), UeM B XKUIKOM: MeTal~
Jibl, IApauHbl, CT€APHUHH, XKUPH ¥ T. 1.

TlosTOMy Hpu OOBBIIEHHH IABJACHUA MX TeMIepaTypa NaaBJeHHS
BO3pACTaeT, T. €. HX HeJb37 IEpeBECTH B KHJIKOE COCTOAHKHE TOJbKO
33 CUET TOBLILIEHYS [aABNEHUSL.

) Hcrmouenne cocraBnfier BOHA: Paen << Peoma. 1IPH 3aTBEpHEBAHUK
ee ob6beM ypenuuupaercs na 9%. Jlen nnaBaer Ha NOBEPXHOCTH BOXBL
Ov naaeyurcs Npu NOBHIUEHYH [aBJEHHS, TAK KakK TeMIepaTypa ijiaB-
JIEHHS JbJA NPY STOM HNOHHKAETCH.

Iocrosmpky BCce MeTaquyibl TpH JuThe (3aTBepl€BaHMM) yMeHbIUa-
oTcs B o6beme, (GOPMBl fAsl JIUThS JOJXKHBL OBITh GoOJbll€ rOTOBOro
H3[le U Ha BEJNMUUHY YCAIKH.

Cnpagounas TaGiuna
Bemgunna ycagku (no nanuee)

Merann Ycanka Meraan Ycapka
Uyrys 1/96 Msirras cranb 1/64
Ceuren 1/92 auk 1762
JlatyHb 1/65 CranbHoe nuTHE 1/50

.15.1.4. Tennora naasieHus

1 -~

(Dasosbm nepexon H3 TBEPIOFO B
X)unkoe (M3 KHJAKOTO B TBepaoe)  Tounz
COCTOSIHHe CONPOBOKAAETCH MOLJIO- ””“"é”””” | Tospie |
meHuen  (Bhinesensem) onpefieneH- = | menog | Hudsocms
HOI TENA0TH NuiaBJleHHS Qn.n- , Vez wnaitwoemsl

. Teepdoe i

v men | [
TensoTa ‘nn2pieHAs paBHA TeN- . - = o oo L8

JIoTE. 3aTRepAERANNA. neneHust Qny
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o

TennoTra nnaesJeduss NAaHHOTO TeJa, OTHECEHHast K €ro Macce, Ha-
3BIBACTCH Yﬂ.e.ﬂbHOH TEIJIOTOf1 NJaBJeHHUS q.

YnenbHasi ‘TeMnOTa nNaBieHUss ¢ npefcTapnsier cobofl KONMYECTBO
TEIVIOTH, HeobOxomyMoe, 4yTOGHI mepeBecTH | Kr TBEpLOTO GelllecTBa
B KHJIKOE COCTOfIHHE INPH IOCTOAHHOL TeMIllepaType:

. CQna
q o
o Hx
Epunnua CH yrenbHofl Tennothl nniaBneus: [g] = el

Envnyita, 1oNycKaBuiasicss K npumeHeHuo 1o 1980 r.: kkasa/kr.

Eean
Qua ~— KOJMUECTBO TEIJIOTH, HeOBXOAYMOe JINif ILIABJCHHS,
m — Macca Naaesllerocs Teia,
— yIOeJbHas TenyoTa mnaBneHust (cM. Tabn. 22),
O
Q g m
(T 152) | Quu=gm. CU | Ax I/xr ke

80 | xkan xxan/kr Kr

1
15.1.5. TennoTa pacTeOpeHHs
UTo6H pacTBOPUTb TBEPIOE TEJO B KHIKOCTH, HeOGXOMUMO OmNpeleniel-
HOE KOJIHYECTBO TEMJOTH. IDTO KOJIMYECTBO TeNJIOTH OTHUMAETCsH Y Kua-
KOCTH, TaK 4YTO [M[OC/TEJHAs B pesyJbTaTe pacTBOPeHHs OXJarxAaercs.

Ilpn of6pasoBaHyy pacTBOPOB YKasaHHLIX B Tabiylie BEIIeCTB MOKHO
JOCTHYBL CJEAVIOUINX TeMIepaTyp:

CnpaBouHas TaGnuna
OxnaxpaI0mMe cCMecH

Cnece t, °C
Jlen (100 r) 4 nosapennas coas (31 r) —21
Jlen (100 r) 4 xaopun xkaneuus (143 r) —~—55
Teepras nByOKuCH yriiepofa - CIHPT —78
Jlen (100 r) 4- cynndar ammonus (100 r) -30
15.2. Hcnapense u KonneHcanus

MoJsiekyaEl B XKUIOKOCTAX CBASAHE MEXIY CcOoGO MOMEKYJNAPHBIMM Cli=
Jamy cuemnedus. [Ipy noRBole 3HEPruM K XMAKOCTH TCOJOBOE JBH-
MeHye MONEKYJl YCHIMBAeTCA M S5TH CWILL yHe He MOryT ylepiars
MOJ‘IeKy.TIbI B 1KUIKOCTH.
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15.2.1. Touka Kunenus

$asoBblil Nepexoy M3 KUAKOFO B rasoobpasHoe cocTosiHue (¥ H3 Ta30-
00pasHOr0 B XKHUIKOE) TPOHCXONUT TPH ONpeNleJCHHOI (CHJIBHO 3aBy-
coalel! OT NaBJieHust) TEMIepaType fxun ’

TemnepaTypa Kunerust paBHa TeMOepaType KOHIEHCALMH.

O6paTiTe BHUMAHYE:

@ 3xauenus ToueK (TeMIepaTyp) KurneHus cM. B Tabn. 23.
DTy 3HayYeHHs cOOTBETCTRYIOT Aabienuio 101,325 k[la
(= 760 mm pt. ct.).

© TemmepaTypa KemeHHs TOBLINAETCS € YBEJIHUCHHEM BHEIIHETO JHaB-
nenusi. [Ipuvep — soma (cm. Tabn. 24).

© Bo Bpemsa KuNeHHS Mi¥ KOHJIEHCALMY TeMIEpaTypa He MeHseTcH,

152.2. Tewmmepatypa KuileuHsi pacTBODOB

TemnepaTypa KuneHus DACTBOPOB IOBHILAETCS C YBEJMUEHHEM KOHIEH-
Tpaluuy PacTBOPEHHOTO BeLiecTBa.

Ecin .
At — noebluleHue TeMIEpaTypHl KUICHHS,
m — Maccad pacTBOPEHHOIO BEIIEeCTBa,
Mory — OTHOCHTENbHASI MONEKYJSipHASi MAcca PACTBOPEHHONO BelleCTEBa,
MMy — Macca pacteopuTenst (KUAKOCTH),
E ~ KO3 OHIHEHT NPONOpUHOHANBHOCTH — 26YINOCKONNYECKAass HO-
crosinHas (cM. 1aba. 21),
TO
m AtE m
(T 15.3) MN=FE—nv— —_—
MyMorn CH | K K mpouse.

O6paTuTe BHUMAaHYeE:

® IloBrunmenye TemnepaTyphi KHNEHHs NPONOPLMOHANBHO YHCIY PacTBO-
PEHHHIX MOJIEKYJI.

15.2.3. N3meneHne o6bema

Bce BelllecTBa B rasoo6pasHOM COCTOSIHUY OGJAAX0T TOPASAO GOJBIIMM
06peMOM (¥ COOTBETCTBEHHO TOPAsfo MEHBIUIEH IUIOTHOCTHIO), YEM B
JKUIKOM COCTOSIHHH.

Ilpumep: u3 1 xr (&1 1) Bomw mnoaydaercs 1700 5 BoO#sIHOLO
napa (npu naeneduy okoao 10° Tla).

152.4. Tenuora napooGpasoBanus

Yro6rl IIepeBECTH BeLIECTBO M3 XKUAKOIO B rasooﬁpasaoe COCTOAHUE,
K neMy Hajo [MONBECTH OIIpeLeJieHHOE KOJIHUECTBO TEIJIOTHI Qnap-
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E Temnorta napoo6pa3013a1-ma paBHa TemJioTe KOHAeHCauwuu.

TensiotTa napoo6pasoBaHhs HNAHHOTO BELIECTBA, OTHECEHHAsi K €ro
Macce, HASHIBACTCS YEIbHOH TemsoTol napooGpasosannug ¢.

YrnenvHas Tensota mnapoo6paso- 2] 7
BaHusi Inpeicraeisier coGoft Ko- )
JIMYECTBO TEMJIOTH, HeoGxonumoe, Toure
yroOLl nepeeecTd | K- 3KHIKO- I{utnE’Huﬂ \Heudsooms|
¢t B rasoo6pasHoe COCTOSIHEE wun Al { fep
)7 : JHud- \  ng
npy TOCTOAHHOH TeMHOepaType mmll p |I
erap fe——+ Q
= ———, Tennore
m nopoodpessanist Quyp
Enuusna CH ynenbHoli Tenaorsl nmapooGpasopanus: [¢] = Ilx/gr.
Envnnla, fonyckapuiasics K hnpuMeHeHuio no 1980 r.. Kxan/xr.
Ecmu
Quap — KONMYECTBO TEIJIOTHl, 3aTpaueHHOE Ha NapooGpasoBammue,-
m — Macca KHUAKOCTH,
q — yIhenbHasi TenaoTa napooGpasceanus (cm. Tabn. 23),
70
Q q n
(T154) | Quap=gm cu | HOx  Hx/xr kr

80 KKaJl KKaJifKr Kr

O6paTuTe BHEMAaHUue:

@ VienbHasi TensiorTa napooGpas3oBaHus § 3aBUCHT OT NABJEHUSA ¥ TE€M«
epaTypbl; OHA YMEHBIIAETCS C MOBHILEHHEM AaBJEHWs.

15.2.5. Hcnapentie

JKunKoCTh MOXKeT NEpPeXOLUTh B Fa3000pPASHOE COCTOSHHE W LpH TeM-
nepaTypax HMXKe TOUKH KumeHusi. Taxoil mpouecc HasblBaeTcs uchidpe-
nyem. HeoGxopmumas misi 2TOTO TeNJoOBas 3Heprus (TemyoTa wHcmape-
HHS) COOTBETCTBYET TemnoTe mapooGpasopanusi. lcrounrkom ee oOGBHUHO
CTYJKUT BHYTPEHHSiSI SHEPTHsi CAMOH MKMJAKOCTH, KOTOpasl B pesyJbTaTe
HCTapEHNs] OXJIaXkJaeTcsl.

15.2.6. Cy6aumaiusg

CyGnumanpeli HaspBaeTCsi MpOLecC TPsSMOro mnepexofla BellecTBa H3
TBEpIOTO B rasco6pasHoe COCTOsiHHE, MHHys XUHAKYy0 ¢asy. Tenaota
cy6nAmMaluy papHAa CYyMMe TEIOT INaBJCHHT H napoobpasoBaHusl.

K cy6apMauuy CHOCOGHH, HanpuMep, Cepa, KpHCTAMIE! JibAa,
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15.3. Iap ¢ oy » i

Ciieflyer pasjudath 'uieanbfblii ras; peanbHbll raz u nap. Jlasienue
¥ -00beM HIEANbHOTO rasd B TOYHOCTH OOPaTHO IIPONOPLHOHANEHLE
npyr npyry. IS peanbHEIX rasos STO cNpasefym- N deawri

BO JiMIIb B XoOpolleM npubiurkeHud. JlaBnienve mapa I

HesHAuUTeNbHO (B 33BHCHMOCTH OT CTENEHH HAChi- i

1eHHsI) MeHHEeTCA WIM  OCT2eTcs  [OCTOSIHHBIM o —
npy H3MeHeHKM Oofbema. Pasnnume MeXJy rasom s

¥ TApoM OIpeJieNisieTcsi - TeM, HACKOJbKO TemMiepa-

Typa BHIIE TOUKHM KUNEHHsi JLAHHOTO BeLlecTRa.

Temnepatypa uRealbHOrO rasa OGeCKOHEHHO BeJdKa Henaesnyennsit
IO OTHOWIEHHI0 K TOUKE KHUNeHYsi (INOHSTHE TOYKH nop
KUIeHUs OpPOCTO He HUMeeT CMBICIA JIin MIeajbHOre

rasa). Temmepatypa ! HachIlEeHHOro napa npu Jio-

OoM pnaBJieHMM COBIafiaeT C TeMIepaTypoll Kume- Heosyensens
Hust fnap. tunt  T2P

15.3.1. HacbImense nap

Han noBepXHOCTBIO KaKIOK MHUAKOCTH BCJIENCTBHE MCNAPEHHS HAXO-
JINTCA Nap, NaBjeHHe KOTOPOTO MOIKET BO3PACTATh IO ONpelesieHHOro
npefiesia, 3aBUCAILETO OT TEMIepaTypH Y HA3LHIBAEMOrO JaBJeHHeM Ha~
ChillieHHoro napa. Ilpy sToM pnapneHue mapa ¥ XKUIKOCTH OyIeT oiM-
HAKOBHIM, Map ¥ XHUJIKOCTh OKa3bIBAIOTCS B PABHOBECHH ¥ Nap CTAHO-
BUTCA HachilleHHEIM. CofiepxKailleecss B 1 M® KoamuectBo mapa (macca
napa) HasHIBAETCS Maccoll HachilleHus. BenwuyHa Macchl HACHIIEHHS
B3aBHUCHT OT TeMuepartypsl. Msuepsietcs oHa B Kr/md. .

O6paTuTe BHUMAaHHNE:

® 3HaueHus naeJieHus HacHIEHHOro mapa ci. B Tabu. 25.

@ 3apucuMoCTh JaBjEHUS HACHIIEHHOIO BOJISIHOTO Hapa OT TeMIepa-
TypH ¢M. B Taba. 26. B arofl xe taGiuue nada 3aBUCHMOCTL TOYKM
KUINeHUs BOIBI OT JaBjenusi. [Toc/eHIOn 3aBUCHMOCTE MOXKHO TakxKe
NpEeACTABUTL B BHOE KPHBOH JaBJeHHA mnapa.

@ Hachimennele naphi He NOAYHHAIOTCH rasoBbiM 3akoHam. Hanpuwmep,
yMeHbIleHUe O6beMa Napa He DpUBONMT K NOBBILICHHIO IaBJiCHUS
(naBnenrie He MoxxeT OBITh BHIIE JZBJIEHHs HAacHILEHHOTO mapa),
a BRHISEIBAET KOHIEHCALWIO 4acTd Hapa.

1532, HenacpiueHHEN nap

Eciy XHAKOCTH HeNOCTaTOYHO IJisfi NOJYuYeHHs HAaCHILEHHOro [apa, TO
BO3HYKaeT HEHaCHIIIEHHBI nap.

HacenlensElfl nap MoxeT CTaTh HeHACBHINIEHHEIM, €CAH €r0 H30JH-
pOBaThH M YBeNHMUMTH OGBEM MM TOBHICHTL TemnepaTypy. Takol map
HAa3HBBAIOT NEpPeepeTviiM.

T'asn npencraeasiioT CoOOfl CUALHO nepezpeTble MU CUABHO HEHO-
cowennbie napsl. VX TemnepaTypa MHOTO BHILE TOUKH KHIIEHHS, COOT-
BETCTBYIOILEH JaHHOMY [aBlERHIO,
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OG6paTHTe BHEMAHME:
@ Jlnn HeHACHILEHHBIX TApoB TrasoBbie 3aKOHB BEIOJHSIOTCH JHMLIb
. .pecbMa OpnOJIMXKEHHO, a AJiA CHAbHO HENACBHILEHHBIX Napos (pealibs:
HBIX TA30B) BBHIMOJHSIOTCH HOBOJBHO TOYHO.

15.3.3. IMapoobpazosaune

Ha npouecc ofpasopaHnsi napa HaJA [OBEPXHOCTbIO IKMAKOCTH HE
BANSET HaJnupe XPYrMx [ApoB Wi rasos. JlapjieHEHe napa HaHHOTO
pelllecTBA HA3BIBAETCH NApUMAaJbHbIM JNaBJeHMeM; €ro MaKCHMaJbHOe
spageHne DPABHO JABJEHHIO WaCHILEHHOTO Napa COOTBETCTBYIOINEH Kui-
koctH. JIis cMecy rasoB BHINOJIHAETCH 3akKoH JlanabToMa:

OfIuee JHapjeHVe rasoBoii CMeCH PaBHO CyMME€ TNapuMaJibMBIX Jlae
JieHnf, T. €. cyMMe IapJjieHMH IasoBbiX KOMIIOMEHTOB.

15.3.4. Tpoiinas Touka

Temnepatypbl (TOYKH) TJaBJeHHs W KHIEHWHA JIaHHOrO BellecTBa 3a-
pHcAT OT naenemus (cM. pasa. 156.1.1 n 1562.1). D™ dyeruuonanLuLie
3aBHCHMOCTH MOXHO mnpeictaBurh rpadmueckn. Ilockosbky Thepibie
pelliecTBa Takike o00xanalT c¢nocoGHOCTLIO ucnapaTbhes  (Cy6anmmupo-
Batbcsl), a DamJeHne obpasy-

wIileroca Napa 3aBHCHT OT  plin
TeMmepaTyphl, Ha IHarpaMme 1 :
p—1 nalHOTO BelllecTBa IO~ 08—\ J Fpumuzecsag
. JIy9aKTCA TpH KpHBLIE: 107 Bodu mouna
&
~— KpHBasi 3aBACHMOCTH TeM- ]05 7~
nepaTypbl KHIICHHS OT LaB- ”74 Vi .
JeHnst (KpuBas JA3BJIEHNS 10%1ted 7 Bodanoit nap  —|
3 : |
napa), Y .
~— KpHUBas 33BHCHMOCTH TeM- 07 7},’,‘;‘,‘”’;'3”
nepaTypbl IJABJEHHA OT '
' JLaBJIEHUS, 7 / H;0
~— KpMBas 3aBUCHMOCTH OaB-
. Jennst napa Teepioll (a- .=l00 0 100 200 300 ¢%,°C
. -abl OT TeMNepaTypH. ' ,
i p,lf-ﬂut
z2-1% \ 7
1 \p R “np
1013 !
0,606
l'x| -
e . D Bot e . 100 SBEC.. ..

{ve 6 mecimade)



172 I5. Azpezarnvie coctonnus

Bce TpH KpMBHIE CXOHNATCA B OXHOH TOuKe, HasbiBaeMol TPOHNOH
TOUKO#.

Koopannatet Tpoiimoli Touxkn Boun: T = 273,16 K, (~001°Cy
p==610,6 Mla (= 4,58 MM pr. c1.). DTH 3HAYEHUnA HCHIONBL3YIOTCSH IS
onpelieNieHNsl OCHOBHOH E€XNHHSAUBI H3MEpPEHMs TEMNEpPaTypnl KKeJNbBHHY,

1 xenbeun pasen 1/273,16 uwactu TeMnepaTypbi TpoiiHoll TOUKH Y=
CTOl BOILBL

15.3.5. BaaxHocTsh Boznyxa

B armocdepHOM BO3JNyXe BCera NPHCYTCTBYET HEKOTOPOE KOJHMYECTBO
Boxsinoro mnapa. Copepranme BOASHOrO mnapa B arMochepe 3aBHCHT
OT MecTa H BpeMEHM N Ha3blBaeTCsl BJIAXKHOCTBI0 Bo3Nyxa (WA NpOCTO
BJiaxHoCTbIO). [lapunanbHoe NaB/jeHne BOOSHOTO Napa HE MOXeT npes
BHILATL ONPELESEHHOr0 B3aBHCAILEre OT TEMIEPaTyphl 3HAUYEHHs — JaBs
JIeHsif HACBILEHHOTO BONSHOTO napa. B nanmoM ofwmeme Bo3myxa IipH
JauHo# TeMmneparype MOXET COIEepKaTbCsl JMIIL BrOJIHE ONpeleneHHOe
MaKcHMaJlbioe KOJIHUeCTBO BONSHOIO napa.

MaxkcuMasbHOe KOJHYECTBO BOASIHOTO mapa, KOTOpoe MOMKEeT HAXO0-

muteen B 1 m? posgyxa npH KamkIoR onperesieHHOR TeMnepatype,

HA3BIBAETCS MAKCHMaJbHOH BJaXKHOCTBIO, WM KOJMYECTBOM HAChl~

IEHHOTO Napa fuaxc:

MaxkcuMa/bHO BO3MOMKHAA Macca BOJSHOrO napa B Boszxyxe
O6beM BAAXKHOTO BO3AYXa :

f MaKe =

Envanga CY MakcnMamibHol BiaXHOCTH: [fuwaxe] == Kr/m’.
O6buHO MCHONb3yeMas eRUHHIA: Ifm3,

O6buHO KOJHYECTBO Napa, COAEPIKAINETOCH B BO3NYXe, MeHbllle MAK-
CHMAJILHO BO3MOXKHOTO 3HAYeHus.

KonnuectBo BopsiHOrO napa, (akTHuecku cojiepkamieecs B 1 M,
Ha3sbiBaeTcs aGCoMOTHONR BJAXKHOCTBIO [:

f=

O6LIun0 HcnoJdbayemas eluHHnA adcosioTnoll BraxnocTd f: r/me

Macca conmepxatiierocsi B BO3LYXe BONSHOLO f1apa
O6pem BHAXHOTO BO3RyXa

OtHollerne a6cOMMOTHON BJIAMHOCTH BO3LYXa K MaKCHMaJbHO BO3s
MOXKHOH Ha3blBaeTCsi OTHOCHTEJILHON BJAXKHOCTBLIO BO3AYXa Q. i

AGcomoTHasi BJIAYXKHOCTh
MakcnmanbHas BAAXKHOCTD

(p=

OrTHocnTenbHan BJAXKHOCTE OOLIUHO BbIpaxKaercss B NpOLEHTax.

Ecau
— OTHOCHTEJIbHAS BJIaKHOCTD,
I — aGCOMIOTHAA BJIAXKHOCTD,
Fuake — MaxcuMadbnas BHAXKHOCTh (KoJMuecTBO HACHUEHHOTO napa),
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TO OHH CBfI3AHBI MEXNY co0oH CJEAYIOLHM COOTHOLIEHHEM:

@155 | ¢ =-L—. 1009,

fMaKC

OGpatTuTe BHNMAaHNE:

© 3uauenns MaKCHMaJbHOH BJ2XKHOCTH [uaxc CM. B Taba. 26.

N -] Tak KaK MakcHMaJbHafA BJIAXKHOCTb fmaxb 32BHCUT OT TeMnepaTtyphl,
OTHOCHTEJIbHAR BJ]_a)KHOCTb MCEHAeTCA NpH H3MEHEHHn TeMmnepaTtyphl,
naxe e€cin a6COJﬂOTHaﬂ BJAXKHOCTh OCTaercs HEH3MEHHOH, l_[pu
OXS;}KI(CHHH A0 TOYKH pOCHI OTHOCHUTeJIbHAA BJAAXKHOCTb HOCTUTaeT
1009%.

Toukoil pochl Ha3biBaeTCs Takas TeMIEpPaTypa, NPH OXJaXKIEHWH X0
KOTOPO# HauMHaeTcsi KOHIEHCAllMsl BOJbI, CONEpXKameHcs BO BJaX=
HoM Bo3nyxe (o6pasoeampe pochl).

Konjiencapyoluiicss nap BHICTYNaeT B BHOE POChl HA TIOBEPXHOCTH
TBEPILIX TeJl. EciiM TAKOBHIX HEROCTATOYHO, TO B NPHCYTCTBHH LEHTPOB
KoHneHcauun (nbun) ofpasyercs TymMad. B OTCYTCTBHE NEHTPOB KOH=
IEHCAIMK BOJSHOH Tap MOMET MepeoXJiaXJaThCA HHXKE TOYKH POChl,

Mamepenne BJIa2KNOCTH BO3yXa

© /[lis n3MepeHxsi OTHOCHTENbHON BJAXKHOCTH BO3LYXa NOJb3YIOTCS BO¢
JIOCHLIMH THTpOMETpaMH. B HaX npuMensiorcs o0esxupeHHbE BO<
Jocky (THrpocKonmdeckne), JJIHHA KOTOPHIX MEHSeTCA ¢ M3MeHeHHeM
BJIAXKHOCTH.

© [pyroit npabop JJisi M3MEpeHHs BJAaXXHOCTH BO3IyXa, TNCHXPOMETP,
COCTOHT M3 JIBYX OJWHAKOBHIX TEPMOMETPOB. ¥ OJHOTO M3 HHX CTeKs
JAHHBIE IIapHK ¢ pPTyThio ofeprbiBaeTcs MoOKpoB Tpanko#. Bona,
Henapsifch, OXJaxJaer STOT TepMOMeTp, M OH TNoKashiBaeT OoJjee
HH3KYI0 TEMIEpaTypy, dYeM cyxofl. PasHocTb TeMneparyp CHYXHT
Mepoll OTHOCHTENBLHOH BaaxHoctd. Ecim @ = 100%, ro AT =0.

15.4. Peasibybie rasbl

T'a3oBHe 3aKOHH, paccMoTpeHHbie B pasn. 13.4 m 135, TouHO BBHIMOJ4
HSIIOTCS TOJBKO JUIsi MOeajbHLIX ras3os, T. €. TAKMX TasoB, KOTOpbiE He
KOHIEHCHPYIOTCA NpH OXJaXJeHH# HX BNJAOTb Ji0 abCOJIOTHOTC HYJR
TeMnepaTypal.
~ CeoficvBa OGOJBIIMHCTBA Ta3oB Oin3km K CBOHCTBaM HAEANbHOrC
rasa, korja OHM HAXOASATCA TpH TeMNeparypax, JIOCTATOYHO HasieKHX
OT TOUKM KOHAEHCAUHMH, T. € KOTAA MeXJAy MOJEKYJaMH OTCYTCTByeT
B3auMofeiicTBre (ACKJIIOUAs MOMEHT coynapemsil) n xoraa coGcreen-
HEHi 06eM MOJIEKYJ rasa Maj N0 CPaBHEHHI0 ¢ o0BeMOM rasa.

B6anay TOUKH KOHJEHCAIME (TpH BHICOKOM JABJEHHH W HH3KOH
TeMnepaTtype) CBOHCTBa Ta30B 3HAUATENbHO OTJIMYIOTCHE OT CBOHCTB
WIeasbHOrO rasa. B sTux cayuasx ropopaT o peasbHBIX rasax.
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154.1. VYpaeKeHHe cOCTOSIMNA PeaJbHLIX rasoB

VpabueHue coctosuus mieanbHoro raza pV = mRT (T 13.16) suzomns-
MEHsieTCH B C/lyyae peaJdbHbiX rasob. Jlapjienrie ciefyer yBeJWuHTh HA
BEJIHUNHY TaK HasblEAEMOro BHYTpEHHero NaBjeHMsl, KOTOpOe BO3HHKAET
BCJIENCTBHE MEXMOJIEKYJAPHOTO B3aWMOAEHCTBUS W TNPONOPLHOHAJILHO
KBagpaty mjotHoctn rasa. O6weMm V ciefyer yMeHBIINTh HA BeJHUYHHY
coGcTBEHHOTO 00beMa MOJeKyJ — TOr0 MHHUMaJbHOTO o6beMma, KOTO-
pblil MOTyT 3aunMarb MoJekyJabl Hamwoil maccel m rasa. Co6crBeHHBL
o6peM MOJeKysn npubsinauTesbHO B UeThipe pa3a GoJbllie peajibHOrC
o0beMa MOJIEKYJL.

Ecnn

p — LaBjeHWe rasa,

V  — oObem rasa,

m — Macca rasa,

R — raszomas nocrosinHas,

T — temmeparypa, .

a, b — noctosiiEbie Ban-nep-Baasnbca (xosthGuurenTh NponopHAOHANIb-
HOCTH),

TO BHYTpeHHee napiyenne rasa paBHo a(m?/V?), a coGcTeeHHH# 06BbeM
MOJIEKYJ paBeH bm. i

B pesynbrate mnosyuaem ypasuenve Ban-nep-Baasnca (ypasumenne
COCTOSIHMSL peasibHbIX FasoB):

(T 15.6) (p + %2—) (V — bm) = mRT.

p Vm R T a b
CH | Ma=H/m? »® xr Hx/(xr-K) K He-mt/xr? m/xr

OGpaTuTe BHAMAaHHE:

® Kpnrene 3aBucumocty o0b€Ma peajbHOTO rasa 0T HNABJEHHs 1Jis 1o-
CTOfIHHOI TemmepaTypbl (H30TepMbl) TNpencTaBJsIOrT coboii KyOuue-
ckne napaGosnl. HaGop n3o7TepM npy pasnHyHbIX TEMHEPaTypax nJiist
JAHHOTO Tasa HasbiBaetcs AMarpaMmoit dmpuptoca (cum. pasn. 154.2)).

P
154.2. Kpurnueckas TeMnepaTtypa T pacmem

Ha nnarpamme Duzuproca noi IUTPHXO-
poil KpUBOH pacnojiokeHa o6nacThb Ga-
S0BOTO NEPEXORA M3 XKHAKOTO B raso-
o6pasHoe cocrosiHue ¥ o6partHo. Tax kax
npu TakoM nepexoyie RaBJeHHE p ocTa- -Prp[
eTcA NOCTOSIHHBIM, B 3T0#l 06NACTH na-
_ paGony TpeThero nNopsiAKa HyXKHO 3aMe-
HUThL OTPE3KOM FOpHI—!OHTaJ’IbHOPl HpﬁMOﬁ. 3

CiseBa oT WITpHXOBOH KPHBOH Be-
LLeCTBO HAXORWTCH B KHAKOM, a
cOpasa — B Ta3000pasHOM COCTOSHMH.
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Hapx sTo#i 00JacThio Hesib3sn [iepeBeCTH Ta3 B KHAKOE COCTOsHNE
TOJMLKO TIyTeM CKaTHsi (yMesbllenns o0beMa U yBeJHUEHUs HaBaeuusi),
Briclias  TGuKa- IITPHXoBOH KpHBOK TpefcTaBiseT coboil  TOURY
nepemﬁa 130TePMbl, KOTOPOH COOTBETCTBYET KDHTHHECKAas “Temmepa-
Typa Tup. Kacatenbiast K H30TepMe B '9TOH Touke MapasuiesnHa ocu V.
Touxe mepernGa OTBEYAlOT KPHTHUeCKOe JAABJEHHE pPxp W KPUTHUECKHI
ob6bem Vip.

a3 moxknuo rxepesecm B JKUIKOE: COCTOSIHHE NyTeM CIKathsl. TOJIBEO
NpH TEMNEPATYPE HIKE KPUTHYECKOH,

O6GpaTtrnTe BHUMaHME:

© 3uaucHHA KPUTHYECKOH TeMmnepaTypbi M KpHUTHUYECKOrO- IABACHHH
cM. B Tadu. 27.

15.4.3. CxuxeHMe Ta3oB

TeXHUUECKOE CXKMIKEHMe Tra30B NpOU3BONUTCA no Merody Jlunse.
B ocHOBY MeTOJla NOJIOKEHO CBOACTBO Ta30B OXJAXAATbCA UPH OPOC-
CENUPOBaHUN.

OxsiaxAeHHbH Ta3 CHOBa NOLBEPraeTcsl CxaTHIO, a BO3HHKaloulee -
OpH 3TOM TENJIO OTBORHTCH B XoJomunbiek., Iluks mopropserca A0 Tex
nop, NoKa ra3 He OXJajMTCA JOo TeMIepaTypHl HIXKe KPHTHYECKOil.

CpoHCTBO Ta30B OXJAXHATbCA NpH paciuypeHus HaabiBaetcst ad- .
dexrom xoyias — Tomcona.

¥ Peanbnbie rasbl 0XjaxIalOTCA NPA IPOCCENPOBAHUN.

Ecan

AT =Ty, — T — pasnocTb TEMNEparyp, INOCTUTHYTaaA 3a CYeT pacliy-
penus,

Ap == p,— py — n3MeHeHHe AaBJEHUS NpH pacillipeHny,

p  — xosbhduuuent Hxoyns — Tomcona,

TO
TN p T p

(T 16.7) p=—-— CH K/TTa K 114 ==H/m?

’ 80 K/ar K aT = kre/cm?

O6paTnTe BHUMaHUE:
© Kos(pduuuenT . 3aBuCHT OT BHAA [a3a M HaUaJbHHIX 3HAYenpi
naBjeHdst W TeMNepatypbl. 3HaueHHs | NpUBENEHB B COOTBETCTBY-
el cnenyanbhofl uTeparype. Jlin koMHATHO{ TeMIEPaTypLl KO«
sthouument Jxoyns — Tomcona umeer crieflylonle 3HaYCHHA:
Boanyx
Kucaopon (Og) ¢p = -+ 0,25 K/100 xlla
Asor (Ny)
Jeyokich yruepona (COz) i =~ + 0,75" K/ 100 klla
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Oxnaxnenne (W >> 0) mMOXer TNpPOH3OITH TONBKC B TOM Chyuae,
Xorla HadajnHas TeMmlleparypa ras3a HHXE TeMNepaTyph HHBepCHHU.
Tipn remnepatypax Bbille 3tofl TeMneparypet (p << 0) paciunpenve
raza (Ap << 0) npuBoanT K TOBHINEHHIO Temnepatypul (AT > 0).

O6patiTe BHUMAaHHBeE:

© 3uauenne TemrepaTyph WHBEDCHH 32BHCHT OT BHAa rasa. Hanpu-
Mep, TeMIepaTypa MHBepcHM IJis Bo3nyxa pasHa 490°C, a ans Bo-
|\ Jnopona pasna — 80°C.

16. VismeHenne TepMONHHAMHUECKOIO COCTONMMSA HIEAJBLHOTO rasa

Tepmonnnamsyeckoe COCTOsIHME Ka¥KIOTO rasa oONpelessiercs TPeMs
BeHUNHAMH: AABJEHNEM, 00bEMOM W TEMIEPaTypol, HasLBaeMbIMK Ka-~
paMeTpamn cocrosiivsi. lamenenne jgBYX MiM cpasy Bcex Tpex mnapa-
METPOB COCTOSIHHA CHCTeMbi Ha3BBAeTCA TEepMOJHHAMHUECKAM Mpo-
HEeCcoM.

Kpome yxazauwHbix B pasg. 13.5.1 uacTHLIX cay4aeB H3MeHEHHS
TEPMOJHHAMAYECKOrO COCTOSIHMSl Ta3a, NOJNy4YWBLINX Haspauus #3o6a-
PHYECKOro, H30XOPHUECKOr0 M H30TEPMHYECKOro NpOLeCCOB, BO3MOMKUBL
TaKxKe aprnabaTiuecknii U NOJUTPONHLI Nponecchl.

Bee repmoavHaMuueckne NPONECCH CONPOBOKAAIOTCS OOMEHOM HJIH °
npeppailennem sueprud. Ilpy 5TOM BCerjia BHINOJHSETCS NEpBbil 3aKOH
TepMOaUNaMUKH.

i6.1, [MepBolii 3aKon TepMONUHAMNKYI

3akoH cOXpaHeHWsl SHepruu npHobpeTaer B TEPMONMHAMMKE CIENHANb-
ubifl Bus. Ilpu ero nprMeneHusn HeoOXOAMMO YHHTHIBATb TaK Ha3kiBae-
+y¥0 BHYTPEHHIOIO SHEPrHIO TeJla, T. €. KHHeTHYeCKyI0 ¥ NOTEHLHAJIbHYIO
SHEPTHIO ero MoneKyJd (cM. pask. 16.1.2 u 17.4.3).

B npumeHenny K 3aMKHYTOH CHCTEME OH IVIACHT:

TensioBas 3HEpPrusi, NOABENEHHAs K 3aMKHYTON CHCTEME, pacXoLyercst
HA TNOBLILEH#E €e BHYTpeHHeH sHeprurm n paboTy, NPOH3BOIHMYIO
CHCTeMOM MPOTUB BHEIIHUX CHJL

Ecim
Q — noJjBeJleHHan K CHCTeMe TEIWIOBas SHeprus,
— COBepIUeHHass cucTeMoll paboTa,
U — BHyTpeHHsin 5Heprus cHCTeMB (KOTOpasi 3aBHCHUT OT arperatrHoro
COCTOSIHHS H TEMIEpaTyphl CHCTEMB),

TO
(T161) | Q=AU+W, |

uan B anddepennnansroli hopme

(T162) | dQ=dU+aw.| DepBbiii 30KOH TEPMORMHAMMKH
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Dm—— e

O6paTuTe BHUMaHUe:

© Ecm pabora cosepiuaercs Haj CUCTEMOH, TO cueTeMa npuolperaer
COOTBETCTBYIOILEE KOJNMYECTBO TEMNOTH M 3Hayenus Q u W oTpnnas
TeJbHBL JTO onpellesieNde 3MAaKOB NpHHATC B TepMopuHamuke. Ilpe
YBeJMYeHHH BHYTpDEHHEH SHEprunm CH-
f cremsl AU >0, npu ymMeHblleHHH

02 b= >0
AU < 0. g Cucmene. | W
<D < <f
16.1.1.  Pabora, coBepwaeMasi ra3aom npu
pacunpenny
TipuMenuM nepBeill 3aKOH TEPMOJIHHAMHKH | 7, ///J
K unpeansHoMmy raszy. CoBepllieHHass ra- 3
soM paGora npencraBaseT coboil pabory - s
no pacumepennto. CornacHo  dopmydie

(M7.10), W= Fs. Tagk xagk F = pA
(M81) u V = As, umeem P

(T163) | W=pav, |

WY, echd JaBJieHHe p TpH yBeJaudeHHH oObema Ha AV He ocraercst
TIOCTOSIHHBIM, TO

N — P
dW = p dV, 7 Ffpav(v)
V2 N
(T 16.4) S _ ps
W= av. ]
P i
Vi Vi oV

Iepebtii 3aKOM TepMONMHAMUKH XSl cJyuas HAeasibHOrO rasa wumeer
CJeyIomui BUA:

(T165) | Q=aU-+pav, |

wiH B nuddepenHanbuoll hopme
dQ=4dU - pdV,
Ve

Q="nU+ S pdv.
v,

(T 16.6)

16.1.2. Buyrpennss aneprus

Tlon enyTpenseil smepruefl cucTeMbi U NoHMMaeTcs ee TOJHAs SHEPHS.
Onnako WHTepec NPENCTABJSET HE caMa BHYTDEHHfll SHEprus, a ee
usmenenve AU nam dU.

BuyTperkss SHeprHsi CHCTEMbl sBJseTcs (YHKUMEH COCTOSHUSA CH-
CTEMH, T. €. 3aBHCHT TOJBKO OT napaMerpoB coctosinus p, V, T u ne
BapucUT OT Ciioco6a, KOTOPHM 3TO CocTofHMe ObUIO AOCTHIHYTO.
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Kaxpnomy TepMomnuamuueckoMy COCTOSIHHIO CHCTEMbI COOTBETCTBYeT
onpenesieHHOe_3HAUEHWe BUYTpPEHHEH sHepruu. :

WNamenenre BHyTpeHHEH SHEPrHM CHCTEMBl 32BHCHT TOJBKO OT Ha-
YAbHOTO W KOHEYHOT'O COCTOSIHHF CHCTEMDL.

BuyTpeHUIo0 aHeprulo uJeaJbHOT0 rasa MOJKHO ONpENe/nTh C 1o-
MOUIbIO NEPBOro 3aKOHA TEPMOJMHAMUKY.

HaMenenne BHyTpeHHell sHepruy .rasa paBHO KOJHYECTBY TeNJOTH,
noJyYeHHOMY B pe3y/bTare TemioofMeHa, ecsiy ras He 3aTpauynBaer
paboTet Ha paciiupenne. Ecau ¢, = const, To, corsnaco pasu. 14.2,
HuMeeM &

AQ =AU = comAT, wnu
U ¢ m T

(T167) | U=cymT. CHU | Ax IOx/(kr-K) kr K
80 kkan kkan/(xr-K) kr K

BHYTpeHHSIT 3Heprus ONpeleNeHHOT0 KOJM4YecTBa (Macchl) wnpeasbe
HOTO T'a3a 3aBHCHT TOJBKO OT €ro TeMIEepaTypbL

16.2 Hzoxopuuecxnil npouecc P

Ilycth K HReajbHOMY Tra3y mnpH TIOCTOSHHOM
ofbeMe NOJBOOUTCH TenjoBas sueprus Q. Tornma
M3MEHeHHE TepMOXNMHAMUYECKOTO COCTORHUsS Trasa
NPONCXOIUT B COOTBETCTBUH CO BTOPHIM 3aKOHOM
Teéi-Jlioccaka:  p/T = const (T 13.14). Ha
p— V-puarpamme cocTosiHHA u3OXopa fapad- v
JenpHa ocu p. Tak kak V = const, raa Be copepiiaer paGory. Ilepsuiit
83aKOH TEPMONVHAMUKY 3aMHCHIBAETCS] TOTAA B CJENYIOWUEM BHJE:

Q U~ c m T
CH | Ox Jx Jox/(xr-K) kr K

80 | kran kkan kkai/(xr-K) kr K

Hsoxopa

dQ=dU ==cym dT,

T 16.8
( ) Q=AU =1c,mAT.

[pe M30XOpWYECKOM TNIpOLECCce NoIBeleHHAs K CHCTEMe TellioBas
SHEpPr¥sl PACXONYETCS TOJbKO Ha NOBLILIEHHe BHYTPEHHEH sHEpruu
CUCTEMEL

16.3. Hzobapuueckuii npouecc A
Haodopa

Ilycte X mpeanbHOMY ras3y Npy NOCTOSIHHOM JaB-
JEHHH P TOABOLMTCA KOJHMYECTBO Temorhl Q.
HaMerienne TepMOANHAMHYECKOTO COCTOSIHHS Ta-
32 TPOHCXOGAWT B COOTBETCTBUH C NepBHM 3a-
konom [Feii-Jlioccaka: V/T = const (T 13.12). “Vb
Ha -p— V-nnarpamme - cocroduun usobapa na-

pajnenvna ocu V. Pabora pAV, cosepluaemas rasoMm OpM Harpepa-
HHH, cOOTBETCTBYET MUIOIIany Ha p — V-Iuarpamme, - - S i
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EC-HH FE T g b

@ — NOOBENEHHOE K rasy KOJMYecTBO TENJOTH,

Cp — YLeNIbHAA TEIJIOEMKOCTb rasa IpH NOCTOSHHOM JaBjieHnu (cM.
taban. 18),

m ~—mMacca rasa,

AT =T, — Ty — usmenetne TeMneparyphi,

p — lLaBjenue rasa (NOCTOSIHHOE), :

AV = Vy— V, — n3menenre oGnema,

R —rasopan nocrosunasa (cm. Tabn. 15),

TO JMJA NOJABEHEHHOTO K rasdy KOJHYECTBA TEIJIOTH! CnpapelJBO CJhie-
pymliee COOTHOLIeHKe:

. - P

(T169) | Q=com AT, | i
) h n N

uin B auddepennunannuoit popme ,

(T 16.10) | dQ ==cpm dT.

CosepllleHHas NpH pacliipeHnd rasa pabora [c y4etom ypaBHeHHMH cO-
cronrun pV = mRT (T 13.16)] pasna -

V2 : V_z
W= S p dV, mm, nockonbKy p ==const, W=p S dv u,
V| . Vi
CleJl0BaTENbHO,
(T16.11) |.W.==p AV =mRAT. |
W p V.m ~ R T
CH JHox ITa = H/m? M3 kr Jx/(kr-K) K
80 KIC*M KFC/M2= 107 %ar v® xr krc-M/(kr-K) K
16.4. Haorepmuyeckuii npoluecc

Ilpn nocTosHHON TeMOEpaType NPOHCXOOHT p
H3oTepMHYecKOe K3MEHEHHEe COCTOSIHMS, KOTO-
poe onnchiBaeTcs 3akoHoM Bofis — Mapuot-

Ta (M9.1):

pV = const

(T 16.12) |
p= v

Ha. p— V-guarpamme cocTOsiHs H30TepMa TpEACTaBJAET coboii
rEnepGody, NOJOXKeHHe KOTOPOi 32BUCHT OT TeMNEpaTyphl ra3a.
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Tax kax T == const, BuyTpeHnsis sneprus rasa U = comI ocra«
e€TcAl NOCTOSIHHOM, W NepBbli 3aKOH TEPMOIVHZMUKM CBOOHTCA K COOT-
nottennio dQ = pdV.

INpu H30TEpMINECKOM DAaCLIHPeHHH NoJBefeHHOe TeIuio HeJHKOM Ie:

pexonuT B pabory.

PaGoTa npy K30TEPMUYECKOM PACIIMPEHHH ra3a

Herpyzavo Buupcante pabory, KOTOPYI0 NpPOHM3BONUT HIEasbEBI ras

NPy H30TEPMUYECKOM pacilupeHuH.

Ecom

W — paGora, npounsBonwmas ra3soM IIpH H30TEpMHUYECKOM pacIlupeHHH,
paBHasi KOJIMYECTBY TeTuioThi ), KoTopoe HeOOXONHMO MOJMBECTH
rasy nJjis coBeplieHus 5Tofi paGoTH,

m — mMacca raasa, P

— rasoBasi nocrosinHas (cum. Tabmn 15),

7 — temneparypa rasa (mocrosHuas), P
V' — navanuuuili 06beM rasa,
V2 — xoneunnii o6bem rasa,
p1 — HauajbHOe nasjeHxHe rasa, Pz (TR [T
P2 — KOHEuyHOe 1 aBJiEHHE ra3sa, i av ¥ v
V2
T0, nockosbky dQ = dW = pdV, umeem W = S p dV v usBbpaxenns
Vi
V2
(T 13.16) caenyer W=mRTS (dV/V). TlpounterpupoBas, MOJYIHM
Vi
V m R T Vv
) Vs cHu Ik kr Jix/(r-K) K
T 16.13) | W = mRT ln ~—.
( ) Vi 80 xre - xr kre- m/(kr-K) K m®

80 kkan kr kxan/(kr-K) K m®

Janee, cornacho ¢opmyse (T 13.16), nmeem

W= pViln T2, W 4 v
(T 16.14) V‘ CU | Hx  HMa=Hm* od
W =p:V2In 'V?‘ . 80 | krc-m xre/m?=10""ar 1

B cooteetctBue ¢ (opmysoii (M 9.1) ornouenne o6neMOB MOXHO 3a-
MEHHTb OTHOIIEHHEM JaBJIEHUN:

V m R T
ch | Ik sr JOx/(xr-K) K

\ = mRT In 2L
(T16.15) | W= mR " pe 80 | xrc-m xr kre- M/(kr-K) K

80 kxan kr kxan/(gr-K) K
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Torna, Bocnonb3oeasuuch ypaeHenueM (T 13.16), noayaum

W = prl In ..p_ll w p v

(T 16.16) ”; 2 cu | Ix  Ma=Hp?
_ t

W==paVzIn s’ 80 | krc+m xre/m®=10"%ar v®

O6paTHTEe BHEHMAHHE:

'@ Ecm V1>V, mnm p) << ps;, TO TPOMCXOAHMT HE paclmpense, a
cxarne rasa. Ilpm stom paGota orpuuartenvia (W << 0), 7. e. me
ras npou3eofuT paboTy, a paboTa COBEpLIAETCH HaML [a30M.

® CooTHoleHUe MeXOY €NMHHUAMH paCoTH M SHEPTMH B Pa3HBIX CH-
cTeMax cM. B TaGa. I15.

® Qopmynsl (T 16.13)—(T 16.16) cnpasesnHesl M B cnysae Koria
K CHCTeMe MOLBOLHMTCH TersoBasi sHeprus Q.

® Vcnosue T = const npakTudecksm He OCYLIECTBHMO, Tak Kak s
€10 peann3alliy H3MEHeHWe HaBneHust p m o0beMa V momxHo mpo-
HCXOAMTh GECKOHEYHO MennenHo. Kpome TOro, ras pomked Haxo-
UTLCA B Cpelle ¢ O9eHb GOMBLION TENN0eMKOCTHIO.

® Ecm TepMOIIHHaMH'IECKH!‘(II NpoHECC MPOTEKAET HACTOJbKO MEeMNICHHo,
qyTo ras ycneeaer nepei’rm K3 ONHOrO pPAaBHOBECHOrO COCTOSIHHA B
Apyroe, TO €ro nasbpaloT KBasHCTaTHYECKNM.

. 16.5. AnnaGaTHuecKHit nponecc

Anuabarnyeckufi mpouecc mpoTekaeT Ge3 TenaooGMeHA € OKpymKarouleh
cpefmofi, T. €. TpH monHO# TennomsonsAumy, dQ = 0. B stom cnydae
MepBBl 3aKOH TEpPMOAMHAMMKA 3anmuiercs B Bufe: 0= dU |- pdV.
Tlockombky dU = mc.,dT n p = mRT|V, B pesysbTate NOACTAHOBKH
pogyuuM — me.dl = mRTdV/V.

Toncrasnsss R = ¢p— € (T 14.6), nocne npeoGpasoBanus mnoay-
HaeMm .

dT dv
— Cy—p— == (cp — cv) —jj~ ¥ HHTerpupoBaine naer
2 Ve
ar av
- Cp T=(Dp-—0y) T' HIH
Ty Vi

Tg V2
—cyln 'Tl"——-(l?p—cv) In -Vl-’

Hnn

(I (L)~
T:) —\v !
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HIH
ep—cy

(%)
Ecan

P1,-T1, Vi — Havanbube naBnenue, TeMneparypa u o6ben rasa,
p2. Ts, Vo — roneunme maBienwe, TeMuepatypa M ofbeM rasa,
% == Cp/Cy — nokaszartens apnabate (cm. Tabn 18),

TC B COOTBETCTBHM € NPHBEAEHHBIMEH BhlEe BHIKJIAAKaMH HOJYyYaeM
ypastenune Ilyaccona 1

I (e
T2 2

4—1
(T 16.17) )-" . wm TV*!— const.

Cornacro ¢opuyne (T 13.15), otHomenne V,/V, MOXHO 3aMeBuMTH
Ba pTs/p,T). O1crona cnepyer

T, T2 )"“l
—_— alniee
T P2T| na

“
(T 16.18) —T‘—=(—p—‘—) * . mm T¥p!~%=const.

Ilpupaenss (T 16.17) u (T 16.18), nonyuum

(T 16.19) —’;L_—_(—K‘i)”, wan  pV* = const.
2 1

O6paTnTe BHEMAaHMNE:

@ VYcnoeue dQ =0, T. e nNosnHas TENNOHIONSLHUA, Ua NPAKTHKE He
-ocyutectsuMo. TombkO ANA OdeHb GEICTPHIX NPOLIECCOB 3TO YCNOBHE
HpHONHIKEHHO BLINOSHSCTCH.

Bropas ¢opma sanucu ypastenns (T 16.19)
HASLBAeTCs ypaBHeHmeM ajnabaTHYecKo- Hsomepaez
ro mpollecca, unu 3akonom [lyaccona.

Ha p— V-guarpamMme agvabarta nme- Aduetimet
er Gonblipl HAKNOH, 9eM M30TepMa, NO-
CKONBKY TeILIo, BO3HMKAMINee INpH afHa-
GaTuueckoM CXKaTHH, BHIBBIBA€T TOBHINe- p |
HHe TeMnepaTypbl rasa, 4TO NPHBOIHT B { ]

CBOIO * OUepellb K -JIONONHHTENLAOMY yBe- Vi Vv
.mmeﬂmd naB;neHnﬂ L

Paﬁo'ra npH-apHataTHyeckoM pacliuperny rasa

Moxxtio paccunTath paGoTy, KOTOPYIO -NPOM3BOANT nneanbnbm ras DR
-aARabaTHYECKOM pacllHpeHHME,
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Ecan
— paGora, npoussomuman P
rasomMm npy apuabaTuye-
CKOM DACLIHPEHHH, F 2
m — Macca JAHHOTO rasa,
R - ;2%?31% ) nocrosinHan  (CM. Haomepme Ty
7 ~— mavajgbHasg ~ TeMmepaTypa W Hoomepme:- Ty,
rasa, Pzl
T — KOHEYHAs! TeMneparypa 173 1 v
o +: Tasa,
== Cp/Cy — MOKa3ATEIb anmaGatsl (cm.
tadn. 18),

70, nockoabky W = —AU u AU = c.n(To — T)), umeem
We=—com Ta—T))=com (Ty =Tj) =

c,— ¢
P oom (T~ To),
v

cp—c¢
a Tak Kak & — Cp = R ¥ ¢,/Co = %, mosyuaeM

W= R—S2 0 (T) — Ts) = R —
Cp—Cy

9~ 1

m (T —T5)
H, CNIEOBATENLHO,
W m R » T

(Tv—T). | CA | Ix xr Jdw/(r-K) —K
80 | xrc-m xr xrc-m/(kr-K) — K

mR
(T1620) | W =T

O6paTtuTe BHHMAHHUE:

® PaGora W, npomssogmMasi NOCTOSIHHOA Maccoil rasa mpy agnaGaT-
YeCKOM pacllupeHHH, B3aBHCHT TONBKO OT PpAasHOCTH TEMIEPATYp
(AT). :

@® Ilpu T, > T, nponcXoAuT He pacluikpenne, a cixaTue rasa. Ilpm
stoM pabora orpuuatenbHa (W << 0), 1. e. He ra3 npoH3BOAHT pa-
Goty, a paoTa coBepLIaeTCA HAJ rasom.

® CooTHollcHMe MEXJY eAMHWLAMM pabOoThl M SHEPruM B PasHBIX CH-
cremax cm. B ta6n. I15.

16.6. TMoanTponubiii npouecc

Ecan BosMoxeHn GecnpensiTCTBEHHELI TEINIOOOMEeH CHCTEMBI € OKpY2Kaio-
meit cpemoi, 1. e. AT = 0, To npoTexaloluii NpH TaKHX YCIOBHAX
npouecc Hasbipaercst usorepmudeckur. Ecam Tennoo6MeH € OKpymKaro-
nefi cpeltoii orcyTcTByeT, T. €. AQ = 0, To mporecc HasbiBaeTcs adua-
b6aruuecxunm. Tlpoueccs, saHEMAOLIHE NPOMEXYTOUHOE MOJOXKEHHE MEX-
LY STHMH KpaBHHMH CAyYasiMM, He OCYUleCTEBHMBIMH HA NpaKTHKE, Ha-
3HBAIOTCA NOJMTPONHEIMM, IJTO mpouecchl, NpH KOTOPEIX NPOHCXOUHT
HacTHUHL Temoo6MeR €O cpenoii.
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Ha p— V-gparpamMe monuMTpona 3aHHMaeT NpOMEXYTOUHOE NOZO-
JKEHHe MeXIy M30TepMoH u aanabaToil.
Econ
P — nasneHue rasa, P
V — o6bem rasa,

A~ NOKa3aTellb NMOJMTPONE,

TO 32KOH MOAUTPONHOrO W3MEHEeHHA COo-
CTOSIHHS Ta3a UMeeT BHI

;Ifaommmd
(T 16.21) ’ pV" = const, \A%Z%?x
rae ) 14
I<n<n

O6paTuTe BHEMAaHHUE:

© Hsorepmmdecknit u amuaGaTHUECKH NpOLECCH MOXKHO paccMaTpue
BaTb KaK YaCTHHIE CJiydap MNONHTPONHOrO MpOLEcca (ANs KOTOPBIX
=lun=u). .
@ Uasoxopnyecknii u m306apHUECKHil MPOUECCH TaKKe ABISIOTCH 9ACT-
HEIMH CY4anMM¥ TOJMTPONHOTO Tpouecca (ANs KOTOPHIX f == oc
u n=0).

OcranbHbie 3aKOHOMEPHOCTH JIeTKo BhiBecTH us Gopmynst (T 16.21);
onn anasorudss ¢opmynam (T 16.17)—(T 16.20).
Ecnn
pi, 71, V| — navanvuvie nasnenwe, TemnepaTypa n o6beM rasa,
p2. Ty, Va — koneunsie nasnenue, Temneparypa n ofbeM rasa,
n — NOKa3aTeNb NOJHTPOIH,

w ~— pa6ota, comeplIaeMast rasoM NpH TNOJMTPONHOM PACIIH<
: PEHHH,

m — Macca rasa,

R ~- rasoBasi nocTosiaHas (cm. Taban. 15),

TO

-1
(T 16.22) -%—=(-%2-)n » Hm TV" = const,
2 1
n—1
(T 16.23) -%—=(—:;—l ", mam T"p'™" = const,
2 2

n
(T 16.24) —:% = (—‘—‘;—T—) ,» um  pV"=const.

Bripaskenne ansi paGoTh, KOTOPYH NMPOM3BOAHT a3 MPH HOJHUTPOIN=
HOM paCIUHPEHHH, HMEEeT BL
WV m R n T

Ox wr Ox/(kr-K) — K
Kre- M Kr kre - M/(kr - K) — K

(T 16.25)

=R (772 | cu
80
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O6GpaTuTe BHHMAHMYe:

® Ecmm Ty > T;, 10 ras me pacuupsiercs, a HaoGOpOT, CIKHMAETCH.
IMpr sTom pabora oTpuuateaHa (W << 0), T. €. ras He NPOMSBONUT
pa6oThi, a paGoTa COBEpIIAETCA HAl, ra3oM.

Uncnennsie sHaYCHNR 1 OnpeaensiioTes 3KCNnepuMeHTanbHO.

-]
© CooTHolleHHe MeXIy eNmHuIaMu SHepruM ¥ paboThl B pA3HLIX CH-
cremMax cMm. B Ta6n. I15.

16.7. Kpyrosbte npolieccol (UHKAb)

CoBOKYRHOCTb TPOLECCOB, B pe3yNbTaTe KOTOPHX CHCTEMa BO3Bpallas
€Tcsl B HWCXOIHOE COCTOSIHME, H&3LIBAETCR KPYFOBHIM NPOLECCOM  (IHK-
noMm). B ocHoBe paGoThl Bcex UMRAMYECKHX TENNOBLIX MallHH JE€XKAT
KPYTLOBH€ NPOLECCHL.

Ha p— V-guarpammMe puKIHYECKHH p
npouece H300pa)kaeTcss 3aMKHYTOH Kpu-
gol. Touxkm I B 2 coefuusiloTcs AByMs 2
pasaudHbIME KpHBEIMH. IlponsBoaumas cu- 7
creMoli paGoTa NMpH NEPEXOAax H3 OJHOTrO
COCTOSIHHR B JOpPYroe H3Mepsercss ILio-
IWagbl0 ION COOTBETCTBYIOUlEH KPHBOIL
Ecnm nukawmdeckuil mpouece NpPOHCXOLMT
Y10 HANDPaBACHHIO 4YaCOBOH CTPENKH, TO 14
nnollanb, OrpaHHYEHHAsT KPHBLIME, COOT-
BeTcTBYyeT paboTe, NPOM3BOAMMON CHCTe-
mofi (TemnoBofi ABHraTesb), a ecnH Npo- p
THB 4acOBOIl CTpeNKH, TO BO BpeMsl Ipo- w
uecca pabora cOBEpPUIAETCH HAN CHCTEMOIl
(XONONUNBHEKY H TENNOBHIE HACOCH), \

B rnpouecce, NPOHCXOAAUIEM DO Ha- . i
YPABNEHHIO 4YacOBOH CTPENKH, TenaoBas v
SHEpPruf NPeBpallaeTcs B MeXAHHYECKYIO: o

N QW

B npoitecce, HPOUCXOAsIlEM NPOTHB
YacoBOH CTPENKH, MeXaHHUeCKas SHEprus
TIpeBpalllaeTcs 8 TENNOBYIO: — — -

T W—>Q.

16.7.1.  Uuxa Kapuo

B TennoBbIX ABHraTeNfX CTPEMATCH HO-
cTHUb HauOosee NOJHOTO TNpPEBpalleHHs
TeIJIOROH 5HeprHH B MexaHumdecKyro. Kap-
HO oGHapyxusn, 49to HauGonee OGnaronph-
SITHHIE COOTHOLIEHHS TNOAYYAIOTCR B TOM
cayuae, KOrja ra3 COBepLIaeT OnpeleneH-
HBIH HEKJA. ITOT LMKI COCTOMT H3 YEThHi-
pex NOCJAeOBATENbHBIX TepMOJHHAMHYE"
CKHX IPOLECCOB. -
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—

Msorepmuueckoe pacummpenne (1—2):

Ty==const, Vo> Vi, pa<<pr

HMonpenennas tennota Qpogs == Qiz=mRT In %.
) 1

[MpousBerennas cucremoit paGora Wiy = Q2.

2. ApmaGaThdeckoe pacuinpenne (2—3):

To<<T), Vs>V, p<<pa

INongenennas tennora Qg = 0.

ﬁponsseneﬂﬂaﬂ CHCTEMOF péﬁdTa Was =—uﬂ—-1% Ty —Ty).
3. Maotepmuueckoe cxatue (3—4):
To=const, V<< Vs, ps> pa v
OrtsegenHas TennoTa Qops = Qa4 =mRTsIn -74-.
3
Cospepuietnass Hafl.cucreMol pa6ota Was = Qsg
4. Apnabatuueckoe cxkatue (4—1):

T/ >Ty Vi< Vs pii>ps
Oteenennasi tennora Qg = 0.

m
' CopeplueHnasi Haji cucTeMoll paGoTa W41=”—__£l- (Te—Ty)=— Wy

Tlnomane, 3axnodenHas Mexny xpusbiMu J—2—3 # ocwio abeuuce,
COOTBETCTBYET MeXaHmdeckoii pa6oTe, MpOH3BENECHHOH rasoOM NpH pace
JIYpEHHH, a4 oAb, 3AKJAIOYEHHAR MeXK-

LY KpuBBIMH 8—4—I u ocbio abcnmce, Co-

OTBETCTBYET MexaHmueckol pabore, 3aTpa- P 1
yeHHOH Ha cxaTtme rasa. Pasmocth ofeux N
nnomanmeli jgaer MeXaHudeckyw = pabory, 2

Npou3BeIeHHYK BO BpeMsa Lukna. Otciona
cnenyet, 9T6 ‘KONH4YeCTBO TENnOTH Quons,
NONyYeHHOE rasoM OT HarpesaTens mnpu
nepexoge u3 coctosiuuda ! B COCTOsIHME 2, N3
ROMXKHO ObiThb GOnbllie KOJHYECTBA TEINO-
Tol Qors, OTJAHHOTO [A30M XOJNOMLHNBHHKY v
TpH Dlepexofe M3 COCTOHHA & B 'COCTOfI-
Hue 4: |Qno)J.BI > lQOTBI'

UacTh NOAYYEHHOrO rasoM TeIJia pacxojyercs TOrla Ha NpOHM3Be-
IeHHe MeXaHHYecKol paloThi.

[NpeBpauierne TennoTs! B MEXAHHYECKYI0 SHEPrHIO NPOHCXOIUT He
MONHOCTBIO, & AHLIL YACTHYHO.

16.7.2. Kosti),dmunen'r nonesnoro peficreus (KNJ) unkna Kapuo

KII[l noxaskiael, kaxasi 4acTb TENNOTH, NOJNYIEHHOH rasoM OT Harpe-
BaTes, NPEBPAIAETCS B MEXaHHUYECKYo palboty.

Ecmn 3
Qroze — KONMYECTBO TENNIOTH, NMONYYEHHOE rasoM OT HarpeBaTeas TpU
6onee pricokoii TeMnepatype 71 (Quons = 0),

)
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Qors — KOJMUCCTBO TEMNOTH,  OTAAHHOE rasom xo.nommbxmxy npn 60-
nee uuskofi remnepatype Te (Qors < 0),
Ipousnenennas Mexaﬂmecxaﬂ ‘pa6ota W

INoneenennoe KONMMYECTBO TENNOThHI Qnonn i

7 — repuudecknii KIN =

W
Ql‘lO,’.lB ’

‘70, nocxo.nbxy Q= Qnona + Qors (Qors << 0), nonyunm KIJ TennoBbix
mmra'reneu L

,n — Ql‘lOlIB + QOTB

nogs

(T 16.26).

B caydae umkna KaphHo 370 oflnee paBeHCTBO MOIKHO COOTBET-
cTByRomuM 06pasoM npeobpasoBaTh.

Tlockonbky mpoitecchl 2—38 u 4—1 mpeacTapnsior coﬁou anunabartu-
yeckne npoleccH, aAnst uux u3 dopmynel (T 16.17). cnenyer

(LY Do (L)
_(Vz) T, 7)) -

Takum oﬁp_aaoM,
Ve Vs Va Vs

V.=V, ! VT

- -Tepmuueckuit KI1Il sanmmetcs Tora B BHIE
o Quogs + Qors - mRT1In (V3/Vi) —mRT2 In (V3/V4)

QOTB mRTl In (Vz/Vl)
Iocne ynp-omeumﬂ HONYYHM Tepmnqecmﬁ' KO unkna Kapuo:
T —T, . Ty '
(T 16.27) = =1 -

O6paTuTe BHUMAaHHE:

® U3 Bcex UMKIMYECKHX rlpoueccos uukan Kapuo o6nanmaer Hanﬁo.nb-

P wam KILH. Bosbuwee shaderne KII, xoTs u He NpOTHBOPEYHT
MepBOMY 3aKOHy, HO HEBO3MOXHO B CHNY OrpaHHYEHHE, HaKnaLs-
BaeMHX BTOpPHIM -3aKOHOM TepMORWHamuku (cM. pasd. 16.8).

@ KIII uwkna Kapro He saBucuT OT npHpofsl pafouero Tena u siBAf-
ercs (yHKNuell TONBLKO TEMNEPaTyphl XOJONHJbHHKA H HarpeBaTeJm d

® MakcnMansroe snauceme KITJ| (umeanwHeid cnyuai) HoBEx Ténno-
BLIX IBHraTefeil Bcerja MEHblUe eAHHHIBl M ONpelensercs no ¢op-
myse (T:16.27). B neficreurenvuecrn: KILI Bcerna .MeHoile 3TQrO..
sHadYeHHs. BCIEACTBHE NOTEpb M Opouux. mpuvnd. Takmm oGpasom,
dopuyaa (T 1627) onperensier -sepxunii npeaen KILI: Nugean.
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16.7.3.

Tennossic ABMraTesin

Tennoprie MaliMuHBI

1lukn KapHO, npoucxonsiufi mo YacosoH
CTpeJike, Ha3biBACTCH MpsiMEIM LukaoM KapHo.
OH JexuT B OCHOBEe paGoOTH TEMNOBBIX Ma-
mpuH, JIns Hero THOHYHO TO, 4T0 K paGodeMy
TeJy, HaxonsiueMycs npu Oojiee BBHICOKOH
TeMnepaType, NONBOAMTCST TEMJIOTa OT Harpe-
BaTens. JTa TENNOTa YaCTHYHO MNpeppaulaeT-
Csl 3aTeM B MexaHHueckyro sHepruwo. OcraTok
ornaerca xojomuabHeky. KIIJ] seiuncnsiercs

no dopmyne mn= 0 (T16.26) m
(T 16.27)].

XonoaunbHble MalBiHHbI

[em.

Ipxa Kapeo, mpomcxopsiufi NpoTHB Yaco-
BoH cTpeakn (o6paTtunifl umkn Kapwo), ne-
JHT B OCHOBe palOThl XONOMHABHLIX MallyH.
B obparuom uukae Kapro paGouee Teno or-
6upaer TemaoTy y XONOMHOTO Tena. 3Ta Tem-
JIOTa BMECT€ C TEenJoTOoH, BOSHHKAWOMEHR mo-
MONHHTENLHO TNPH COBEpIIEHHH HeOOXOmHUMON
MeXanuyeckoii paGotel (paGota KOMIpecco-
pa), oTsommTCs, T. €. nepemaercss Gonee ro-
psiveMy Teny (okpyaxaroiieii cpene).

Xapaktepucrukoii, ananornguoii KITH, B
IAHHOM cJaydae siBaseTcss Kod(pduiMeHT mpe-
ofpa3osaHns €; OH OOBIYHO NpEBbILAET ellH-
Huny. Ilockosbky nonesHoe peficTBHE XONO-
IMNbHEKA 3AKJIOYACTCsl B OTBENEHHH TEnNOTH
M3 XONONHMJbHOH Kamephi, BHIpaXKeHHWe IJNs
KosthdunrenTa npeo6pasoBaHusl € uMeeT cJje-
nyounkt BHA: €xon = |Quone/W|. Ilo amano-
TMM ¢ BEIKnagkamum B pasfa. 16.7.2 nonygaem
Il XOJNIOLHUNbHYKA

Ty

Exon = T =15

(T 16.28)

Tensnosoit Hacoc

B ocuose peficTBHSl TEMnoOBOTO Hacoca Tak-
Xe JexurT obGparusifi muka Kapeo, B otam-
94€ OT XOMONHAbHOM MAUIMHBl TEIJOBOH Ha-
CcOC JIONKEH OTHaBaTb KAk MOXHO Gosblie
TEINOBO SHEeprum ropsyeMy Teny (Hampumep,
cucreMe oronsienusi). HacTb 5TOR 3HEprum ofT-
Oupaercst y oxpyxamwollleii cpenbl (03epa, pes

Tennosoit
dbrieamens

Onpyrcaronyos
cpein
A 7

i iomna
Xonodunewur C—-:IW

Tz.
Xanoduswuesd
HOMEPA

Omonnenue
Ty

.

QDIHB

Tennogors
Hetcoe

@rose

| =
Orpyscaroning
cpede
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X# B T. 1.) ¢ Gosee Huakofl TeMnepaTypoll, a OCTANbHAS IHEPrHsi BO3-
HHUKA€T 3a CYeT MexaHuyeckoll paGoTet (TNpOM3BORMMON, HaNpHMeEp,
xomnpeccopoM). KosgduurenT npeoGpazoBaHHs TENNOBOIO Hacoca
onpenensiercst nO GopMysie €xac == Qore/W. IlprMeHHB BHKIANKM K3
paan. 16.7.2, nonyunm

Koa(hunHeHT npeoGpa3o BaHHS TENNOBOTO HACOCA

T,
Tl - T2

(T16.29) | epae =

BennunHa Euac Bceraa Gonblie eIMHHIIBL

16.8. Bropoiil 3aKoH TepMOOHHAMYKH

CornacHO NEpBOMY 3aKOHY TEPMOAMHAMEKH, MOIYT NPOTEKaTb TOJIBKO
TaKy€ TPOLECCH, MPH KOTOPLIX NOJNHAs 3HEPrHs CHCTEMbl OCTAETCH He-
uamedHolt (cm. pasn. 16.1). Hanpumep, npempailleHHe TeNnoBOil 3HEp-
I'HM LEeNHKOM B MEXaHMYECKYIO He CBf3aHO ¢ HapylieHHeM MepBoro 3a-
KOHZ; TEM HE MeHEee OHO HEeBO3MOXKHO. BTOpoll 3aKOH TepMOAMHAMHKH
elue Gonblle OrpaHNYMBaeT BO3MOXKHBIC TMPOLECCH TPEBPALEHNf.

TensioTy MOXHO mNpeBpaTHTL B paboTy TONMBKO HPH YCIOBHH, uTO
4acTb STOH TENJOTE OAHOBPEMEHHO TepefleT OT TOps4ero Tena K
XONOAHOMY (TIpHHUMI AEHACTBHS TEIUIOBHIX ABHTaTenei).

YeTpoicTBO, KOTOpOEe BONPEKH STOMY 3aKOHy moaydano 6bl Temso-
BYIO SHEPTUI0 OT HAarpeBaTenss M NPOMIBOLHNO PaBHOE KOJMYECTBO Me-
XAHHYECKO! 3SHEPIMH, HA3LIBAE€TCR BEYHBIM [BHraTeslieM BTOPOro poja.
(T1pumMep: xameHb, KOTOpLII OXnaxfasich nofHuMancst Gbl Beepx!).

HTo6si TENNOTa MOrga NepPefiTH OT XONOAHOro Tela K ropsiveMy, He-
00XORHMO 3aTPATHTbL MEXaHHUYECKYI0 paboTy (DNpHHUHN REHCTBHS XO-
JIOZNJbHBIX MALTHH).

O1cropa cnenyer, 4To B 3aMKHYTON CHCTEME B OTCYTCTBHE KaKKX-
nu6Go MpoLeccoB He MoxkeT camMa no cefe BO3HHKHYTb M PasHOCTb TEM-
nepaTtyp, T. €. TeNJOTa He MOXKET CaMONpPOH3BONBLHO NepefiTH oT Gonee
XONOAHBIX HacTell cucTeMbl K GoJiee rOpsuuM.

16.8.1. OﬁpaTﬁMble ¥ HeoOpaTHMbIE NPOUECCH

Bcee TePpMOAHHaMHUYECKHE€ TPOLECCH, NpOTEKarIlne B 3aMKHYTOﬁ CHCTC~
M€, MOJXHO NOpasie/uTh HA oﬁpa'meIe " Heoﬁpa'mele.

TepmopvHaMudeckull mpouecc of6paTum, ecnu, npotekast B o6paTHoM
HAMpPaBJIEHNH, OH BO3BpAIlAeT CHCTEMY B MCXOMHOE COCTOsIHHe 6e3
3aTpaT SHEPruH.

B nporuBHOM cnyuae TepMOmMHAMHYECKHE MPOLECCH HA3HBAIOTCH
neo6paTnMbiMH. OHM NPOTEKAIOT CaMONPOU3BONBHO TONMBKO B ONHOM
HanpaBJieHuy.

Tlpuviepsl OGpaTHMEIX NpOLECCOB: [BHIKCHHE NAAHET, Heaa'ryxalo-
e xoneGaHus MadTHHKA, YOPYru# ynap, nakn Kapso, :
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“TlpuMeps HeOGPaTHMHIX : [IPOLECCOB: 3aTyxarouue xonebanust mMasnt-
HHKa, HEyNpyrufi ymap, nponecchl ¢ TpeHueMm, Hu(gpysus, rennonepe-
nada, TenNOOOMEH.

O6paTtuTe BHHMAHHE:

® DOoJbIIHHCTEO NPOIECCOB B TEXHMKE NPEACTABJSIOT co6oft HeoGpa-
TUMble TPOLECCH HJIH MO KpalHell Mepe cOZep:kar 9Tambl, ABNSA-
IoUMecst HeoOpaTHMEIME MPONECCAMA.

16.8.2.  durpomms

Mz ypaerennsi (T 16.26) u (T 16.27) nna umkna Kapuo (o6paTmmoro)
cnepyer

Q+Q Thi—T,
Q T
Q& _,_ T

o=t

Q2 T2
= — —= H, HaKOHEL,

—Q—l— T
Qz
Tl 4 == =0,

370 ypaBHeHUe 03HAYAET, YTO KOJNMYECTBO TEJIOTHI, TMOJYYEHHOE MM
OTHAaHHOE TeJioM IpH OGpaTHMMOM TpOLECCE, MPONOPLHOHANLHO TeMIe-

paType.
OTHolleHne Q/T HasBIBAETCH NPHBEHAEHHBIM KOJHMYECTBOM TEMJIOTHL

CyvMma NpHBENCHHBIX KOJHMYCCTB TENUIOTH NpH JIOGOM 06paTHMOM
npouecce paBHa HYJIO: B

D

uny B pudbepenunanmsnoit Gopme

R

O6paTHTe BHHMAaHHE:

® 3Hax(§ 03HAYAET, YTO HHTerpaj Gepercs MO 3aMKHYTOMY xon'rypy
(xpyroeoii npouecc).

B kaxJoM uHKIe OﬁpaTHMOFO npoliecca BCe TEpMOANHAMHYECKNE
napaMerpsl MPHHHMAKT HCXOJIHBlE 3HAYCHHH, T. €. HX H3MEHCHHE paBHO:
HYyAL0. HOCKOJIbe CyMMa DNpHBENEHHBIX KONHYCCTB TEMNOTH TaKKe
paBHa HYJIO,” MOJKHO OUpeReuTh Tepmommamﬂqecmn napaMmerp co-
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c-ro;muﬂ—smponmo S. kak dyurnmo, nm‘ptpepenuua.n Koropou paBen

onGp
T

i

(T16.30) | dS=

. Ennnnna CU-surponun: [S] = Ix/K.
Enwunnia, Aonyckapemasics K -TIPHMEHEHHIO ARG 1980 I.: KKa.n/K

OGpaTntTe BHNMAaHHE:

@ Ilockoneky B ypasHenns OOBIMHO BXONHT HE CaMa 9SHTPONHSR, @ ce

H3MEHEHHe, 32 HYJeBoe 3HAYCHHE SHTPONHN B TeXHHKe OOLIYHO npo-

., N3BOJIBHO TIDHENMAIOT €€ 3HaYeHye, 'COOTBETCTBYIOllee TEMIeparype
Ty = 273,15 K = 0°C.

- BocnonbzoBaeumcet ypapreanem (T 16.30), noayunm crenyioliee BEI-
paXkeHne AJ1S W3MEHEHHs 3IHTPONHM 1PN NEpexofe M3 coctosuns [ B
coCcTosiENe 2:

2
d
(T 16.31) AS=52_SI=S Q;tip'

TlpH o6paTHMOM Tipoilecce M3MeHeHHne s3urponun AS = 0,

Tlpn neoOpaTiMOM mpoLecce M3MEHEHHE IHTponnn AS > 0.

TloHATHE SHTPONHH BaXXHO HE TOJNLKO AJS LMKJIHYECKHX TIPOLECCOB.
Surponns Wrpaer BaxHYIO posib B JIIOOLIX TepMOAMHAMHYECKHX MpoO-
eccax.

CnpasouHas tabauua

Hamenenue I
SHTPOIHI pouece
AS=0 OGpaTHMEIl, MOKET NPOTEKATh Kag B NPAMOM, TaK ¥ B af-;
paTHOM HanpaBJEeHHAX
AS>0 Heo6paTtuMeiii, caMONpOU3BONBHO NPOTEXAET - TOJBKQ B Ofi-
HOM HANPaBJIEHHH
AS<D He Moxer npoTekarb CaMOMPOM3BOJLHO, HEOGXOMMM TOX~

BOZA 3HEPrHH H3BHE

Bce mponeccs 8 npHpone NPOTEKAIOT B HalpabBleHiH YBENMMEHHS
smponun.

' Hcnonb3oBanue NORSTHA SHTDPOTHH N03BOJISET ouenp npOCTo c(})op-
My.H]'lpOBaTb BTOPOH 3aKOH TEPMOJAHHAMHKH. 1 .

(T 16.32) I AS 0. BTOpOH 3aKOH . 'repmozmnammm

- OHTPONHE. ..-3aMKHyT-on CHETEMEl HE 'MOMKET yMeHbamhegl . . o .
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OuTponns WIeaabHOTO rasa

Havenenne 3SHTpPONHE, NpPOHCXOASAIEE TipH TEpPMOJHHAMHYECKHX IIpO-

LleccaX B HMIEAJLHOM rase, MOXKHO HafiTH, MCXOAR W3 MEPBOro 3aKOHA

tepmopunamurn (T 16.16) m onpenenenns antponun (T 16.30).

Ecnn

AS = 8§y — S| — H3MeHeHHe SHTPOMHY,

in — Macca rasa,

Cy — yAelbHasi TeMJIOEMKOCTB Tasa IpH INOCTOSHHOM o6beMe (cM.
tabn. 18), :

Ty — navaspHas TeMmeparypa rasa,

Ty — KoHeunas Temmeparypa rasa,

R —rasosas nocrosinnasi (cM. ra6m. 15),

V1 — wavaneneii o6neMm rasa,

Vs — koneunbifi o6beM rasa,

70
d
48 = -—%?ﬂ n dQ=dU+4 pdV, oxyna
]
4S = dU-+pdV )
T

Tag Rak dU = comdT (T167) u p=mRT/V (T13.16), wumeem
dS =cym d;,‘ + mR —-‘—117]/— BHIIOJHHB HHTEPHPOBaHHE

¥ ¢ ar ¢ av

S dS = cym S —T——l—mR S 7+ DonyunM

Sl T| Vl

H3MEHEHHEe 3HTPONNHN MACAJLHOTO rasa

(r 16'33) AS =8, — S =cym ln ‘%2‘ 4+ mR In %‘ l
1

AS m ¢ T R 14
CU 7 Hx/xr kr JOx/(xkr-K) K Hx/(xr-K) w?

80 gkag/kr kr kxkaa/(kr-K) K kgasi/(kr-K) m®

O6paTuTe BHEMAHHE:

@ OTHOlIEHHS O] 3HAKOM Jorapu(Ma onpefeNdioT SHAKH CJaraeMbiX.

® Ilpu anmaGarnueckom npouecce AS == 0, NOCKOJIBKY dQosp = 0.

® Ilpn msorepmuueckom mpouecce (Ty = Ts) us opmyne (T 16.33)
caenyer, uto AS = mR In (Va/V1).

® IIpn msoxopuueckoM nponecce (Vi = V) ms dopmymst (T 16.33)
caenyer, uto AS = cum In (T2/Ty).
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AUTPONNs N BEPOSITHOCTD

VBenuueune SHTPONNH CHCTEMBl 03HAYAET NEPEXOA B COCTOSIHHE, HMEIO-
. Hiee GONLIEYIO BEPOSITHOCTD.

Ecin

S — sHTpONHS,

W — BEPOSTHOCTL TEPMOAMHAMHYECKOTD COCTOSIHNS,

k = 1,38-10—% Jx/K — nocrosinnas Boseumana (cM. pasa. 17.1.3),

TO

(T 16.34) l S=kFkIn w. I dopmyaa Boasumana

O6LiuHO wHTEpeC NpPeACTaBJACT TOJNBKO H3MeHeHHe suTpomuH. Ilpn
nepexoie M3 COCTOsHHS 1, KOTOpPOMY OTBe4YaeT BEPOSITHOCTE Wi, B
cocTosliHe 2, KOTOPOMY OTBEUACT BEPOATHOCTL Wy, SHTPOMHS H3MCEHSIETCS
oT S; mo Sp. Torma u3z dopmyasl (T 16.34) caenyer

(T1635) | AS=S, — S;—E1n :g?.
1

HeoOpateMbie npoueccH NpOTEKAOT CaMONpPOH3BOJBHO 70 TeX NOp,
NoKa CHCTeMa He JOCTHTHET COCTOSIHHSA, KOTOPOMY OTBEUAET HAHGOJbe
l1as BEPOSTHOCTb; SHTPOTHA HNPH 3TOM JOCTHraeT CBOEr0 MaKCHMyMa.

ITpuwmepsr:

~— MOJHOE MNEPEMCIIUBAHHE MOJEKYJl [BYX Tas3oB B pesyjerate IH(-
dyanmy;

= BbipaBHHBaHHE TEMICPATYP ABYX Tell ¢ pasJHYHLIMH HCXOOHBIMH
TeMIepaTypaMu.

3HTponus XapaKTEepPHU3YeT BEPOSITHOCTh, ¢ KOTOPOH YCTaHaBJIHBaeTCs
TO HJH HHOe cocTosinpe. Kpome Toro, SHTpONHs SABASETCA Mepok
XaOTHYHOCTH HJIH HEOOGPATHMOCTH.

17. Kunerndyeckas Teopusi rasoB

Tennorasn 3HEPrud — 3TO HEe 4YTO HHOe, KaK 3HEePrus [ABHKEHHSA MOJie-
KyJ. Hoa’romy B OCHOBE YY€HHSI O TemnJoTe JieXar 3aKOHbl MEXaHHKH.

17.1. Ynedio ¥ macca MOJEeKyR

17.1.1. Yucno Jlommugra

B  HopmanbHoM cocrosuuH (Ty = T = 273,15 K= (0°C, py =
= 101,325 kIla) B 1 % moGoro rasa COHEpPXHTCH OLHHAKOBOE
YHCJIO MOJIEKYJL.

Uncmo Moaerysn B | M3 HasbiBaeTcs yucaom JlommMHATA

(T17.1) | Ny =2,6868 - 10% u—2 |
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O6paTuTe BHHMAaHHE:

@ Ecny ras paxolmTcs B COCTOSIHMH, OTJIHYHOM OT HOPMAJbHOTO, TO
ero o06beM CJefyeT NEpecYuTaTe Ha HOpManbHHE oGbeM MO Gop-
myse (T 13.25).

17.1.2. Nocrosnnan Asoraapo

B onHoM Moae JioGoro BeLieCTBa CONEPIKUTCH OJHO H TO K€ HHCJIO
MOJIEKYJT (HJIH aTOMOB).

3710 uHCAO HaswiBaeTcs MOCTORSHHOM ABoraipo

(T 17.2) N, =6,022045 - 10% momp—! = —%[—,
roe
N — uncno MoJexyd,

77 — KOJIHYeCTBO BCILECTBA B MOJRX.

O6paTuTe BHHMAHHUE
@ He cnenyer mytaTe noctosHHylo Aporazpo c uncaom Jlowmnira.

17.13. Nocrosnnas bonbuMaHa

Mounsipuas rasosas nocrosiuHast R, [¢opmyna (T 13.17)] u nocrosn-
Hast Asoranpo [dopmyna (T 17.2)] oTHocaTcst K ONpENENEHHOMY KO-
guuecTBY Berectsa. CleloBaTesbHO, WX OTHOUICHHE NPEICTaBJSET CO-
6ol yHEBepcanbHylo (PH3HYECKYIO MOCTORHHYI. 3TO OTHONIeHHe

Rm 831441 Jix - wosn
N, moap-K-6,022045- 10%

Ha3HBACTCs MOCTOSHHOE DBoJbUMaHa

(T 17.3) = 7’51 = 1,380662 - 10~ 3 J{x/K.
A

17.1.4. Macea OTRENBbHOH MOJIEKYJIEI

Macca oTnenbuoit MOJERYJIH My J0GOTO BelleCTBa ONpEHesisieTcs W3
Macca Berectsa 1m
Uucno momekya N
Mouasipuast macca M
Toctosiunas Aporafpo Na’

OTHOHIEHHSI uan, nocKoabKy m = Mn (T 13.18), a

N = Nan, u3 OTHOIIEHHS

M M xmom My M
(T17.4) | 7w =5 "= " 029045 - 10%° -

KO | kr kr/kmonn
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QO6paTHTE BHUMAHHE:

@ UncieHHoe 3HAYCHHE MOJSPHON Macchi M paBHO OTHOCHTEJBHON MO-
JeKyqaspHoll Macce Mo, -T. €. {M} = Moow.

@ Tlo dopmyse (T 17.4) momxno onpenesnTh TaKiKe MacCy OTAELHOTO
aToMa.

17.2. JlaBneHue rasa

PaccMoTpeHHe OCHOBAHO Ha MOJRNH, B KOTOPOH MOJIEKYNH rasa mpef-
CTaBJAKT cOGOH KpouleyHbie yNpyrue IapHKH. B mpoMeyTKax Mexay
aBCOJIOTHO YAPYTHMH COYNApEHHSMH ADPYr C OpPYrOM HJIH CO CTeHKaMy
£OCya MOJIEKYJLl JBHraloTCSl paBHOMEPHO M INpSIMOJIMHEHHO, MOCKOJBKY
HHKaKHe CHJBI Ha HHX He JebicTeyioT. CoyLapeHHsi MOJeKYJ €O CTeH-
KaMH coCyJla H CO3[al0T AaBJieHHe rasa.

Ecan
p - IaBJieHHe rasa,
V — o6wem rasa,

= myuyN — macca rasa,
My —Macca MOJEKYAb,

p =m/V — anoTHocto rasa,

N — upcsio MOJIERYI,

n == N/V — mioraocty, auciIa monekyJ,

k. =1,38-10-% Nxk/K — nocrosinnas Bosbumana,
T — reMnepatypa rasa,

T0 B Kyb6e obbeMoM V = [3 cogpepxkurcs N MoseKyJ rasa, OpuueM
MOXHO CYHTaTh, YTG B HalpapJeHHH KaxKAol#i M3 TpCX oceH npo-
CTPAHCTBEHHON CHCTEMBI KOOpDAMHAT MOBH-
xercst N/3 mMoserys. y

[IpennonoxuM, YTO MOJIEKyJa IIpoJje-
TaeT CO CKOPOCTBIO U MYTb OT OJHOH CTeH-
KH COCyJla O MPOTHBOMOJOKHOI 1 obpar-
HO, paBHEil 2/ Bpems Mexnpy coynape-
HUSMH C OfHOll M TOH iKe CTeHKO# olpe-
Aequtcs Torma no Gopmyne Al = 2lfv.
CnenoBaTenrHo, B €IMHHLY BpeMeHH Mpo-
uexoput /Al = vf2l ypapoB o cremky. -
Ilpn KaxIoM ym@ape CKOPOCTh MOJIEKYJbl
MeHsIeT 3HAaK, T. €. -} U 3aMeHseTcss Ha 1 x
—¥; CJAENOBATEJILHO, HMOYJBC | MU
3aMeHsieTcss Ha — M0, TakuM 06pasoM, IpH Ka)XIOM COYHapeHHH MO-
JIEKYJIBI CO CTEHKOfl MocJefHell NepetaeTcs HMITYILC 2/Y.

3a npomexyrok BpeMeHH At co creHkofi coymapsercs N/3 MoJeryd,
KOTOpEIE MEPeNaInT i HMNYJBC

‘v N
Ag = 2myv - 57 Al ‘3
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CornacHo ¢opmyse (M 7.33), cuna, neficTBywoiiass Ha CTEHKY,
paeHa
Ag Nmy2?

F=Zr="3

B kauectse KBanpara cKopocTH cilenyer Gpate cpennufl KBallpaT CKO-
POCTH ¥2, DOCKOJBKY MOJEKYJE 06JafaloT pasHBIMH CKOPOCTSIMH. YuH-
THBas, uto p = F[I?, naxogum p = Nmv?/3[3. Tloncrasug m == Ny,
u I* = V, nonyunm nasjeHue rasa )

mv? pv? p mV v p
3V 3 CH | INa=H/m® xr ¥ m/c kr/m?

(T175) |p=

Wz gopmyau pV = mRT (T 13.16) nmonyyaem naBjeHue rasa p =
= mRT/V. Hopcrasus ciona m = mulN, R = Rn/M u n = N/V, naii-
neM p == nmuRyTIM, win, nockoibky mu/M = 1/Na 0 Ru/Na =k,

p n kT
CH | Ma=H/m?> 1/ Hx/K K

B saMKHYTOH CHCTeMG maBJieHHe raza HOPOIOPIHOHANLHO CPelHEMY
KBapaTy CKODOCTH, HJIH TEeMIEpaType.

(T17.6) | p=nkT |

O6paTuTe BHUMaHHeE:

® C nomorkio Gopmynu (T 17.5) no Jerko H3MepHMBIM BeJIMYHHAM
p, M H V MOXKHO HABTH CPENHIOI0 KBALpaTHUHYIO CKOPOCTb MOJIEKYJ

(KopeHb KBaIpaTHBIH B3 CpeIHEro Kealpara CKOPOCTH R

17.3. CropocTs MOJIEKYA

Jleuxenue MOJEKYJ rasa MONUMAAETCH 3aKOHAM CTATHCTHYECKOH (-
3nKH. B cpemHeM CKOpOCTH H SHepruM BCEX MOJIEKYJ ONMHaKOBH. Ol
HAKO B Ka)KALl MOMeHT BpeMeHH 3HEpPr#s K CKOpOCTH OTAEJbHDLIX
MOJIEKYJl MOTYT 3HAUHTEIBHO OTJIMUATBHCS OT CPEIHEro 3HaueHHs.

17.3.1.  3axon pacnpefeseHHs MOJEKYJ MO CKOPOCTHM

C noMOmIBIC TEOPHHM BEPOSTHOCTH MakcBeqny yaajock BEiBecTH Gop-
MyJy JIJIi OTHOCHTEJNBHOH YacToThl, C KOTOpoH B rase MNpH JaHHOH
TeMnepaType BCTPEYAIOTCS MOJEKYJbl CO CKOPOCTSMH B ONpPELEJEHHOM
BHTEpBaJe 3HaueHHH.

Ecan
N — ofIee uncsa0 MoJieKyJ ra3a,
dN — 4HCA0 MOJIeKYJ, CKOPOCTEH KOTOPBIX 3aKJIOYEHH! B ONpefeJieHHoM

HHTEpBAJE,
© e~ puXKHAS [PaHHL2 HHTEpBasa CKOPOCTEeH,
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17.8. Cropocre monexys

dv — BeNMYHHA HHTEpBaja CKopocTeil,

R -~ rasopas nocrosiHpas (cM. Taba. 15),

T — TemnepaTypa rasa,

e =2,718.. — oCHOBaHHWe HATYpANBLHLIX JIOrapHGMOB,
k. =1,38-107% IOx/K — nocrosinnas BoJsbiimaHa,

My ~= Macca MOJIEKYJIBI,
TO 3aKOH paclpenesenns Maxcseana sanumercss B BHAC

3 2
dN 402 My \2 — ‘nfliv“
) e 2T gy,

TI17.7) | ——=—— (%
( ) N A \2kT

3amenus ¢ nomoliblo Beipameunil (T17.3) u (T17.4) mu/k na
M{Rm = 1/R, dopmyny (T 17.7) moxHO NpHBECTH K BHLY, B KOTOPOM
CLELU(HYCCKHE CBOHCTBA [AHHOrO [asa BEIDAKEHH HE UYEepes MOJeKY-
JIFPHYIO Maccy, a Yepe3 rasoByIi0 [OCTOSHHYIO R:

v v R T

3
dN _ 4° I N "R
(T 17.8) N A= 2RT) € do. cH | m/e Jlx/(xr - K) K

Pacnpeneneune Marceesna mokasmipaet, Kakas nons dN/N ofuero
UHCJa MOJIEKYJl Lauuoro rasa o6nafaer CKOpOCTRIO B HHTEpBaje
or v g0 v+ do.

Fpadur  Gymrumn  pacrpenenenus gy
acuMmerpuyel. [lojoxemne MakcHmMymMa N
Xapakrepusyer HauGosiee ¥acTo Berpeua- T
TOUIYIOCH CKOPOCTb, KOTOPYI0 HA3HBAIOT
HauGosee BePOATHON CKOPOCTBIO Um. CKo-

POCTH, MpEBBIIAIIHE Um, BCTPEYAIOTCH
4alge, YeM MeHBIIle CKOpOCTH.
C nopnilieHHeM TeMmnepaTypn MaKCH-
MyM paclpenesielns CABHTaeTCsi B Halpap-
JeHud 60abImEX cKopocredi. OpgHoBpeMeH- v
HO KpHBasi CTaHOBHTCS GOJIe€ TJIOCKOf
(nnomany, 3aKMOueHHas NON KpHBOH, HE MOMET HSMEHHTHCH, TaK Kak
HHCI0 MOJIEKYN N OCTaeTcsi MOCTOSIHHLIM).

7Ty

O6paturte BEHUMaHHE

@® Bouncnennss no Qopmyse (T 17.8) pesecoo6passo HAuMHATL C HAa-
X0oxneHns BennynHer 2RT.

17.3.2, Han6osnee Bepositnas CKopocThb

Hns ompenernenns HauGonee BeposTHON CKOPOCTH HYXHO HCCJCLOBATH
Ha MaKcumym (yHKUMIO pacnpellefienuss MaxcBessa (npdpaBHATL nep-
BYIO Npou3BOAHYI0 HYMO K pEIHTE OTHOCHTEJRHO U). B pesysbrarte
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NoJIyYaeM

! —
179 | om= /2L —A3RT .
. ¥ mM

v kT m R
CU | mje I/K K wr Jix/(xr - K)

17.3.3. CpenHnas KBaPaTHYHAS CKOPOCTH

Ilpn pacuerax wcnoneayercss He MrHOBeHHasi CKOPOCTh OTAENbHOH MO-
JIEKYJibl, & HEKOTOpOe cpefiHee 3HaueHHe. Ecniu olipefeNHTh IOMIO BHYT-
peHHel 3HeprHH rasa, NPHXONSLIYIOCs Ha ONHY MOJIEKYJy (CYHTas, YTO
BCE MOJIGKYJLl 06JajaloT ONHHAKOBOH 3Heprueft), 10 OHa OKasblBaercs
TPONOpHHOHANEHON KBafpaTy ckopocTH Monekyasl (W ~uv?). Ksampat-
HBIl KOPEHb K3 CPeNHEro KBaapaTa CKOPOCTH Has3biBaeTcsi CpenHeil
KBAJPaTHUHOR CKOPOCTHIO.

Ecan
Yep. kB == 1/; — cpelHas KBalpaTHuHas AN
CKOPOCTh, e
k, =1,38-10-28 Ji/K — nocrosiHnas N
Bosarimana,
T — TeMmrepaTtypa raaa, | -
My — Macca MOJIEKYJIbl, . -
R — rasopas AOCTOSHHAS (cm. om <0 <Ucp. k.
Taba. 15),

10, npupaedsis Beipamenus (T 17.5) n (T 17.6), nonyunm mﬁ/S_L/:
= nkT = (N/V)ET, nmu mv¥3 = NET, u nocie nepecraHoBKH v =
= 3NkET/m = 3kT{mw. Us dopmyan (T17.3) wun (T174) crenyer
k/my = R; oTclona HoJyyaeM, YTO CpERHsf KBaAPaTHUHAs CKOPOCTDH

(T 17.10) | vep. xo =V 02 = A/8RT = 1,290, I

v R T
ch | mfe Ox/(xr-K) K

17.34. Cpepnaa cKopocTb

Ene ofHO cpefnee 3HayeHHe MBI NOJYYHMM, ONpPENCJHE CpenHIow apudi
METHUECKYIO CKOPOCTE MOJIEKYJ rasa :

. v R T
(T 17.11) =,\/—8§—T — 1,198 o,

CH | mfe Hxf(xr-K) K
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17.4. Sneprus MoJeKyn

17.4.3. Knnernueckas sueprus OTHEJIBHON MOJIEKYJbI

B cooreercrend ¢ tGopmyaoit (M7.24) xuHernueckas sHEprusi OTAENb-
HOH MOJIEKYJIb onpefiensiercs Kak Wy = myv?/2, npuueM B Kadectse uv?

GepeTcs cpepree 3HaueHue v? = 3RT.

Ecan

Wy — cpennss KHHeTHYeCKast SHEPrHsi OTHEJLHOR MOJEKYABI,
k =1,38-10-2 [x/K — nocrosiunas Bosapumana,

T — temneparypa rasa,

T0 va_"’/2=—g—mMRT, a nockoarky u3 opmyasl (T 17.3) u (T 17.4)

cacnyetT m.R == k, moayuaeM, 9To cpelsns KMHETHYECKas IHEPrus of-
ICAbHON MOJIEKYJibl HIeasbHOro rasa paBHa

w kT

. = 1 — 3
(T17.12) | Wy =— myo® =< kT. —_—
T 2 cy | Ik Ox/K K

C nmomowelo ¢opmyast (T 17.9) Haxomum HanGodee BEPOATHYIO
HEPIHI0 OTAEJLHON MOJIEKYJIBI

(T17.13) | W ~ ok = kT, T
B =—Mm_ U, = . ————————————
mi = 5 Myl cr | I Ja/K K

TemnepaTypa rasa npoONOpLHOHANbHA CpelHel KHHETHYeCKOfl SHep-
[HH €ro MOJeKya
T~ W

OC6paTHTe BHEMAaHHE!

@ 321a 3aKOHOMEPHOCTL CIpaBeninBa Takxe JLifl KHOKOCTEN W TBEp-
IAblX TeJ.

B ofwem cayuae MOXKHO yTRepKmaTh:

AGcosoThas TeMnepaTypa SBJIAETCH Mepoli KHHETHYECKOH SHepruu
MOJIEKYJI;

abcomoruomy HyJuo temacparypel (0K) oTbeyaer paBHas HYJIO KH-
HETHYeCKasi SHEPrus MOJEKYIL.

17.42. 3aKoH PaBHOMEPHOrO paclpefelienusl IHepriu

@opmyna (T 17.12) suiBenieHa [as ciydYass ONHOATOMHOIO HIEANLHOIO
rasa. Kaxknas Mosekysa Takoro rasa objafiaer TPeMs CTENEHSMH CBO-
00fb, T. € MOIKET COBEpIIATH NOCTYNATENBHOE JBHIKEHHE BO BCEX Tpex
HafpaB/ieHHsiX B [POCTPaHCTBEHHON CHCTEMe KOOPHHHAT.

Yneao crenenell ceo6onbl | onpemensieTcss YHCAOM KOODAMHAT, OAHO-
3HAYHO 3ajaloliHX COcTOsHHE JBHMKEHHS.
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Cornacio Ksayseycy # MakcBesy, SHeprusi MoJEKYJIBI  paBHO-
MEPHO pacnpefiefsercs MeXIy BCEeMH CTeNeHsMH CBoGoabl (MpHHILHN
paBHOpacnpepesienns ).

Ha xaxayo crenesb cBOGOXB ONHOATOMHON MOJEKYJE NPHXOANTCS
B cpeniHeM 3neprust W == kT/2.
Y

Cnpaeounan ta6aunna

Uncno crenenedl cso6onbt

Tun npeuxxeHHs

BeuwectBo Beero
TMocryna- Bpamarear- Konebareinb-
TeJBHOE Hoe Hoe

OnpoatoMHEIl Ta3 3 — — 3
JAByxaToMHEIll ra3s 3 2 — 5
Tpexaromneifi ras® 3 3 — 6
Teepnoe teso — —_ 6 6
JKugkocrs He onpe-

TeNIEHO

* Vckonouenue: CO: pMeeT CTOJNBKO XKe CTereHell CBOGOAL, KAK H JIBYXaTOM®
MR ras.

17.4.3. BryTpeHHAS 3HEPTHA M YIeJbHa# TENI0eMKOCTb

Tlon enyrpenueit asHepruefl Tesna NOHEMAaeTcs CyMMapHAs SHEPrHsl €ro
MOJICKYJI.

Ecan

U — BHyTpeHHSS SHEPruf,

M — Macca,

R — rasoBas nocrosinpas (cm. Tabéa. 15),
T — temneparypa,

eff — yueno crenehell cROGOLEI,

70 U= N[kT/2. W3 Gopmya (T173) u (T17.4) caenyer, uto k=
=R u U=[fNmyRTJ2. Tak kak Nm, = m, BHYTPeHHnsl 3HepIrus
rasa onpeessiercsa no Gopmyde

.T . —--°—-f—-—;?-;— U §f m ‘ R T
(T17.19) =g m CM | Ox — ko Joxf(xr-K) K
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Ilpupasuse puipazenna (T 17.14) u U = cymT (T 16.7), nonyynm

comT = -2— mRT,
OTC}OJ] 2 HaxoluM YAEAbHYI0 TeNnNOeMKOCTh:

R.

(\3[\'.

(T 17.15) | cp==

Ha dopmyasr (T 14.6) caenyer ¢, = ¢, + R, 1. €.

2

o R

(TI7.16) | cp= 1

Tak Kak % = ¢p/ce, ¥3 Gopuya (T 17.16) k¥ (T 17.15) noayuaem

(T 17.17) w=,———';—2 i

CnpaBoynas raCauna

Bewectso U €» Kx/(xr+K) Cp ®KOxf(kr-K) %=c¢ pl%o

3

3 5
i - T —_— == — == —_— l
OnuoatoMubil ras 5 mR 5 R Mo 3 R o 3 667
5 5 20,79 7 20,1 7
i —_— _— = 2 — == d =]
JByxatoMumil ras 5 mRT 2 R Mo 2 R Y7 ,400
TpexaToMBBIH 24,94 33,26 4
u muoroarompii  OMRT  3R= Moma AR= Mom 3 1,833
razsl
24,94
Tseproe Teso 3mRT 3R =7'— (=2 3R) (~ 1)
OTH

.O6parnte BruManue:

® Jlaunbte, nOpHBElCHHBE B Tabadie, HMMEIOT TOJbKO TeOPETHUECKOe
auauepne. JIid DPAKTHYECKHX BBHIUHACJAECHHH PEKOMEHAYETCA MOJb30-
BaTbCSl SKCTIEPHMEHTAJBHBIMM NAHHBIMH, NPHBOAHMBIMH B CTPaBods

HHKaX.



202 17. Runeruueckas teopus 2a3086

17.5. Yucno coypapeuuti U Ayiuna ceoonHoro npoGera

17.5.1. Cpepnee 9HCIO cOynapeHHi

Monekyna ra3a OBHractTCcs npaMonuHeliHo, MOKa He npousoiifer co-
yHAaperne ¢ Apyrofi MoMeKyJof.

PaccuntaeM cpelHIOK0 yactoTy coydapenuit (CcpepHee uMcsno coyla-
peHnit).

Ecnn

Z — cpeAHee YHCAO COYRAPEHHH == dneao coynapennil
yrap Bpems ’

d — nuamerp Mosexya,

U ~— CpelHSsl CKOpOCTb MOJERY,

n  ==N[V — aicio moJekya B enuHuue o6beMa,

N p = 6,02-10% monb—! — nocrosuuas Aporaznpo,

¢ ~— MJIOTHOCTH rasa,

M — moasnpHan Macca,
I — temneparypa rasa,
p — BaBJIEHHE raasa, F

TO YHMCJIO cOyRapenuii MOMeRYdE], obsanaromell ckopoctsio ¥ (8 mpepno-
JIOXKEHHUH, YTO BCE OCTAMbHBIE MOAEKYJBl B 3TO BpEMSl MOKOATCA), Onpe-
AEJSIETCA UHCAOM MOJEKYJ, UEHTPH KOTOPBIX
HaxopaTca B OObeMe, IpOJEeTaeMOM MOJEKy-
ot 32 speMa Al Dt1oT ofbeM HpeAcTasaseT
co6Goll UMAMHOP € OCHOBAHHEM IJIOIIANKLIO
d’n u pauuwoll TAL. Umcno monekyn B 3TOM
ofbeMe, HAM UHCAO COyHapeHuéi 3a BpeMs
At, pasuo N = nV == nd?nuvAf. Orciona wma-
XohuM Z = nd2nd. YuuTeiBas, YToO OCTaJbHBIE
MOJNEKYJE Ha caMOM peje gBHranuch, noJy-
yaeM Cpepriee YHCI0 COyAapeHui

(T17.18) | 2 =n+/Z d%n, |

HAH, TOCKONBKY

N m mN o,
T Ty VM M’
N
(T17.19) | 5=n4/2 d2p Aj

d v o Ny = M

KO | m m/c ke/M® 1/gmonnb 1/c Kr/kmons
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Tak kak Na = Rm/k (T 17.3), Rn/M = R (T13.17) u p = p/RT
(T 13.23), us Buipaxenns (T 17.19) crenyer

/2 d%op
kT

d v P £ T
CU | m m/c Tla=H/m® Ix/K K

z

I

(T 17.20)

O6paTHTe BHHMAHWHE:

® Cpennee uncno coypapesuafi 2 Ayis OOnblUMHCTBAZ ra30B MOpH HOP-
MaJbHEIX YCa0BusAX coctaBasier ot 10° po 1010 ¢ 1,

® Monsipsasi macca M uHC/EeHHO paBHa OTHOCHTENBHOI Macce MOJEeKYJ,
T. €. {M} == MOTH-

© Bripaxenue 114/2 Np/M MOKHO YNpOCTHTH ¥ NpPHBECTH K BHAY
26,8
— . 1026 gp—1,
Morn

@ Beamunna m4/2 /k ypcaeHso pasHa 3,22- 1028 K/,

175.2. Cpelusas pauHa cBG60AHOFG npobera

PaccTosiiie, NPOXOXHMOE MOJCKYMOH B CpeiHeM MEXIy HABYMs COyAa-
peHvsivH, HasblBaeTcs cpemHed mauHO# cBoGomHoro npobera. OHO paBHO
OTHOILEHWIO NpoitieHHOro 3a BpeMmsi Al nyTu K 4YHCAYy cOyHapeHHH 3a
3TO BpeMsl.

Ecau
I — cpemnsisn mauma cBoGomuoro mpobera,

~— AHAMETD MOJEKYJHI,
n = N/V —uncno Moiekys B efpuule o6peMa,
N, =6,02-10% mons—1! — nocrosnnas Asoranpo,
0 — nJAOTHOCTDH rasa,
M — monspuan mMacca,
k  ==1,38-10~2 JIxk/K — noctosuuas bonpumana,
p — #apjeHHE rasa,

— TeMmneparypa rasa,

10 [ =0 A}z At =02, 1 n3 dopmynsl (T 17.18) mosyuaeMm crexymouyio
dopMyny nns cpeimedl pakubl cBOGOAHOro npobera MOJEKYJIBL:

1

(Ti7en | il =———
! 7 4/2 d2n

wa, yunthipas Bhipaxenue (T 17.19),

- ! d N M
(T1729) | 1= M P Ta

nA/2 d*Npp KO | m M kr/M® 1/KMOMB Kr/KMOB
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Hanee, us dopmyasr (T 17.20) crepyer

kT Id & T p
n4/2 d2p CU | m m Hx/K K Ha==H/m?

(T17.23) | [ =

O6paTite BEEMAaHHE:

® Cpepusifi inHHa cBOGOREOro npoGera I AAsi GOJBIIHECTRA ra3oB HPH
HOPMaJbHLIX YCIOBHAX cocTasaser ~ 10~7 m.

® Monspras Macca M umcnenno paBHZ OTHOCHTENBbHOL WMOSEKY/sPHOLN
macee Mo, 7. €. {M}= Moy,

©® Bupaxenne M/m 4/2 N, MOXKHO YIpOCTHT H NpLBECTI K BHLY
3,74-10~%8- Moy, re macca Morw Biipakena B KHAOrpaMmasx,

® k[4/2 1=2311.10"% /K.

18. MNpoueccw nepepasn tenad

Bee BuAB nepefiaus Temna NONUAHSIOTCS OLHOMY OCHOBHOMY IpaBHIY:
Teno NepefaeTcs OT ropfAYEro Tefla XOJAOLHOMY.

18.1. KouBekuus (nepenoc Tenna notorom)

Y TensbiX MKHAKOCTE! M rasoB MAOTHOCTH O MEHBIIE, YeM Y XOJMOMHBIX,
OHMH OK23BIBaI0TcA Aerve M noxuumaroTcs HaBepX. [lpm sTOM JABHKY-
Luficsl MOTOK XUAKOCTH MAM rasa NepeHocHT ¢ coboil Temno (csobon-
Hag XoHBekuus). MBorma, onmmako, npuynHOl nBHkKepHsi MOXeT OHITB
BHellHee Bo3jeficTBHE (MPHHYAMTENbHAS KOHBEKUHSA).

C koHBeKumeH MBl CTaNKHBAEMCsl, KOTH& PACCMATPHBAEM, HANpH-
Mep, CAeLYIUHE sBJIEHHS.

JreM 13 TpyGhI.
JIBrrKenne BOOb B NaPOBOM OTOMNEHHH.
Bocxonsniye 1OTOKH BO3AYXd, HCIONB3YEMBIE MJIAHEPHCTAMIL

ﬂBH)KeHHe BOJbl B CHCTEMEe BOLSIHOrO OXJaKAEHHS aBTOMOOUJIBHCIC
ILBurareds.,

Tenantit cyxoil Berep (Gén).
Teuenne Ionsderpum.

Tlpr w©H3KOM JapneHuy MNEPeHOC Temna KOHBEKHueHd OTCYTCTBYET
BCNENCTRUE MaJsoH IJIOTHOCTH rasa. Ilo aTofl npravY¥He TiLaTesJabHO Ba-
KyyMHEpYeTcsl NpOCTpHCTBO MEXAY CTEHKaMM COCYAOB B TepMocax {co-
cyrnax Ilstoapa).

18.2. TenaonposonnocTh

TennonpoBogHOCTb TENa O3HAUAET €r0 CIOCOGHOCTD APOBOMMTHL TEIJIO.
Mognekyabl yuacTKOp Tena, TIe TeMneparypa Bbiue, o6nafaloT Gosabiueh
sHepruefi n nepepdloT ee COCEAHHM MONEKYnaM, obnafaroiiuM MeHbllel
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sueproefi. DTO BelleT K BBHIPABHHBAHHMIO pPa3HOCTH TEMINEPATyp BHYTPH
Tena. B OTaMYME OT KOHMBEeKUME nepefiaya Telfia BHeCh He CBA3aHa
¢ NEpEeHOCOM YaCTHIL.

18.2.1. CrauuoHapHag TenJIonpoBORHOCTD

TensONPOBOAHOCTb HA3LIBAETCRE CTALHOHAPHON, €c BLIBBIBAIOINAR ee
pazHoctb temnepatyp AT coxpausercs uensmeuHoil. B npotHBEHOM Cny-
yge peub HJET O HeCTALHOHApHOH TerNONpOBOLHOCTH.

Ecnu:
J ~— nepefapaeMoOe KOMHYECTBO TEOTH,
A — nonepeuynoe CeYeHHE MPpOBOLHMKA TeMna, 7 ) Tz
f — OPOROMKHTENBEOCTH MNpollecca TEMNONpo-

BOIHOCTH, . 4
AT — pasHoctp TeMIlepaTyp Ha KOHLAX IPOBOX= 7

HHKZ Temn.na,

! — gnvHa NpOBOAHHKA TeNJia,
A — gosdduuHeHT  TEMIONPOBOMHOCTH MarepHasna POBONHKKA
(cu. Taba. 28), :

T0
Q A At T 1!
. 2 °
(T 18.1) Q= AAL AT . (0151 Ox Br/(m-K) wu2cK,°C M
{ 80 | kxan xkaa/(m-u-K) M2 u K, °C u
80 kan kan/{em-c+K) M2 ¢ K, °C e
KKaA Br Kafa Br
L : = 4187 — .
Moy K 188 M-K lCM-C-K HE MK
B
Ennnnua CH koadduuuenta tennonposonuocts: [A] =—E[—TK—

Epupmiib, fonyckasmpecs K npumenenmio 1o 1980 r.: kxan/(M-u-K) n
Kan/(cm-c-K).

Ornomenve Q/f naspiBaercd TeNJIoBHM NOTOKOM O,

Emmuna CU rennoporo notoxa: [@] = Barr (BT).
Enupnna, nonyckasmascs K NpaMeHenssio 1o 1980 r.: Kkaa/d.

O6paTtuTe BHUMaHHuE:

@ B ¢opmyqe (T 18.1) n nocienymomux sepaKeHHsiX AT MOXKeT HaMe-
pATbCA B KeabBHHAX aM rpapycax llesbcus, nOCKOJbKy peub. HOeT
O pasHOCTH TEMIEpaTyp M HeoGXOIMMOCTb B M€pecyere OTnanaet.

SIBnenus TENJONPOBOAHOCTH H  3IEKTPONDOBROLHOCTH Q)opmammo

aHANOrYKK ApYr APYTY.

DAEKTpHUECKOE COMpOTHBAEHHE MPOBOAHMKA BEIHCAAETCA 1O (op-
Mysle R = pl/A = IfoA [cu. Beipaxkenue (D28.6)], rne p— yremsnoe
BNEKTPHUeCKOe  CONpOTHBJeHHe, & O-— yJeibHad  MPOBOJMMOCTD.
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COOTBETCTBEHHO TENJIOBOE COMPOTHBIEHHE HMEET BUA
RT ) A A
K/Br M Br/(m-K) M
(u-K)/xkan v kkanf(m-u-K) m?

1
Re=-3z" cH

80

(T18.2)

BeauynRa 3/€KTPHYECKOTO H TENMOBOrO CONPOTHB/EHHA NMPOBORHHKA
33BHCHT OT €ro IJHHBL, MMAOLIAAH MONEPEeNHOro CedeHHs H MaTepHasia,
H3 KOTOPOTO NPpOBOAHUK H3rOTOBJEH.

Ilo amanorun c 3akomom Oma [ = U/R u3 ¢opmyn (T18.1) u
(T 18.2) cnenyer sakoH Oma pas yuacTKa Tenjonposoipsumiedl uenu:

AT ® r Ry
(T 18.3) D= B CHU Br K, °C K/BTt
T 80 kkaafu K, °C u- K/kkan

O6paTdTe BHUMAaHHE:

® Tenaosoe conporusnenne B dopmyne (T 18.3) moxer cocrosiTy U3
pana oTpennHuLX COHpOTHBJIeHHI':I, BKJIIOUEHHBIX HapanfiesibHo HAR [0~
cnenoBatenvuo. JIas BbMUMc/eHHs [OJSHOrO CONPOTHBNEHHS CAEAYET
110nb30BATHCA npasugaMn BBIUMC/ICHHA MOJMHOrO0  CONDOTHBJICHHTL
3JIEKTPHYECKOH e,

1822, Tennootnaua

JKunkpe mau rasoobpasuble Tena, BCTYNAKLHE B KOHTAKT € TBEpPHBIM
TEJOM, HAXOOAUUMC HApH HOpyroit TeMinepatype, auGo OTHAIOT €My
Tenno, Ju6o NOJYy4aI0T TENJIO OT HEro. [akoe fIBMeHHE
nepenauy Tenna HasLiBaeTcs TenyooTAaued.

Ecan

Q — KOJHYeCTBO TEMJIOTH], MPOXOHsillee uepe3 NOBepx-
HOCTH CONPHKOCHOBEHHS,

0 — KO3((QHIMEHT TENNOOTAAYH,

A — nnouags NOBERXHOCTH, Uepe3 KOTOPYIO NPOHCXOAHT TEINOOTHAYA,

i — OpOHOMKHUTENHHOCTE NPOHECCa TenJIOOTIAauH,

AT — paguocTb TeMmepaTyp TOBEPXHOCTH TBEPIOTO Tefa H MKHEKOCTH

HAH rasa,
TO
Q o At T
(T184) | Q=o0AtAT. | cu | mx  Br/m®-K) M c K °C
80 kKaa Kkaa/(M%-u-K) m? 4 K, °C
i Br

Enupuna CU rosQ@uuuenta temmoornaun: [o] = FT

Enununel, ponyckaswsecs K npumenenmio no 1980 r.. kxana/(m2-¢-K)
u ganf(cm2-c-K). 4

/
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O6paTHTe BHEMAaRHE:

® Uucnennble 3Hauepnst kosd(PHUHEHTa TENNOOTAAUH ¢ cM. B Tabm 29.
. Onn 3aBHCAT OT COCT2B2 KUAKOCTH HAM ra3a ¥ CKOPOCTH KX LEBH-
JKEHHfl, a Tak¥ke OT 06pabOTKH MOBEPXHO-

CTH TBEPAOTO Tena, HO He OT €ro cocraba. V.
Paasocts Temnepatyp AT ocraercs mocTo- g - /
sAHHOH B Npolecce TeNIOOTAAYH. < X

B MecTe TEMNOOTIAuu BOSHUKAET CKAUOK

TEMIEpaTyphl.

Benpunna 1/aA npencrasaser cofoit Ten-

JOBOE COMPOTHBMEHHE, =

18.23. Tennonepenaua

EcaH nBa XuOKHX HAH ra3006pasHblX Teja, HMEIONIHEe pasfHiHYyI TeM-
nepatypy, pasieseHbl TBepAblM TenoM (NOCKOfi meperopomkofi), TO
NpOHece nepepayy TENJOTH IPOHCXORHT B 3 CTALHM:

@ Tennoornaua u3 nepBOil cpelli! K MOBePXHOCTH MEPEropOfKH, OnW-
ceizaemast popmynoit (T 18.4);

@ TenfloNpPOBOAHOCTD 4epe3 NEperoponky, OMk-
coipaemas dopmyqaoi (T 18.1);

@ TensooTraya ¢ NOBEPXHOCTH MNEPErOPOOKH K
pTOpoll  cpene, onucbigaeMast  (GOpMysOH
(T 184).

COBOKYNHOCTb TPeX TaKHX [MPOLECCOB Ha3bi-
BaeTcsl Tenjonepeaaveii.

Ecan
— KOJIRUECTBO TENNOTEL, MEPeHOCHMOE Yepes ILIOCKYID MNEPerOPOLKY,
k  — gosddumuent Ternonepenayd,
~— MOLaAb MOBEPXHOCTH, Yepe3 KOTOPYIO COBepuIaeTcs TenJonepes
naya,
§ " TOJUNEA FEepErOpONKH MAM TEMMONPOBOXSIUIEro C/0s TBEPAOro
Tea,

?  — mpoposskETENsHOCTS MpoLecca,
T — pasnoctb Temnepatyp ABYX cpen,
@; — gosddumment TeMMOOTH2YH Ha nepBoli rpaHHUHON MOBEPXHOCTH,
Oy — ko3(@UUHEHT TENAOOTNau#l Ha BTOpOli TpauuyHOH NOBEPXHOCTH,
— TeMAONpPOBOLHOCTS TBEPJIOro Tena (meperopofiki) (cM. taba. 28),

TO ¢ y4eToM TOrO, 4TO TEMJOBO#l NOTOK HA BCEX yyacTrax Tenyoo6-
Mepa poJIzKeH OCTaBaThCsl NMOCTOSIHHBIM, HMeeM

(i) =-?—‘=(11A AT[ =‘—?—AAT2=(1244 ATB.

Tlpu sTom cymma BCeX pa3HOCTeli TeMnepatyp papHa ofiued pas-
Bocty Temneparyp: AT = ATy ATy 4 AT, VI3 stux IBYX BblpaykeHuH
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cjienyer

Q Ql

e _
ot T aar T ar.

(12/” -

Buinecem Q/A? 3a ckobkH:

Q (1 , L, 1Y_
At a,+'f+'a;)—”-

o~

Besnunpa, ofpateHas BBIpa)KeHHIO 7
B CKOOKaX, HasbBaeTcd Koatpuuue-
TOM Tennonepenauu k:

1 1 1 1 [ ﬁ;’”_—l
—— —— ——— <N Zl— — —
(T 18.5) A ” + o + 5 s T /2
e

Taxum oO6pa3oM, npouecc Temo-

nepenayy onuchbipaercs (GOPMYJoi 14
Q E At T
(T186) | Q=~rALAT. | CH | Ix  Br/(®-K) m2c K,°C
80 kkaa granf/(m?-u-K) Mm% u K, °C
Envuyna CU xosdgmunerta rensnonepefaun: [k] = M.ET .

Eppnunel, ponyckasmpecs K mpumesenmio mo 1980 r.. kxada/{x?-u-K)
¥ xaa/(cu?-c-K).

Of6paTtHTe BENMAaHHE:

® Besmunna 1/EA npepcraBnsier co6ofl TemsoBoe CONPOTHB/CHHE,

® UYucsennoe spavenve Kosdguuyenta k cM. B Taba. 30.

® Kosdduupent Temonepenadu k 3aBHCUT OT TOJHHLL [FEPErOPONKH [.

® Ha kaxaom p3 06OHX YYaCcTKOB TENJIONepelauy BO3HMKAET CKAYOK
TEMIEPATYPbl.

18.3. Tennosoe H3nytdeHie

Tlpy TennoBOM uH3NYUEHHH TEIJIOBasi SHeprust NEPeHOCHTCS OT OMHOro
TeA2 K JIpyromMy GJaropaps HCOYCKaHHIO H OOrMOHIEHHIO 3JEeKTpomMar-
HHTHBIX BOJIH.

18.3.1. Hornowenne

Ilapaoniee Ha Teno HaAydeH#e JHIUb YacTHYHO [OrJOLIAETCH MM,
YacTh MBJAYUEHHS] OTPaXKaeTCs MK NPOXONUT CKBO3b TeNO,

Ecan
@y - DOTOK (MOLIHOCTD) MAaHAIOUWEro H3NyYeHHS,
@orp — NOTOK OTPAIKEHHOrO H3NYUCHHS, -



18.8. Tenaosoe usayuetitie P§1 209

(Dnom — [TOTOK MOIMACIIEHHOro u3JaydeHus,
np — NOTOK NpOIENinero us/iaydeHusd,

TO MO ONpPEIECHHIO
KO HLKEHT OTpaMmeHusa Tena

(T18.7) | p=Dorp/ Dy, |
ko2 GHLHENT NOrNOWeH s
(T188) | &= Dror/®y, |
KO3 )HLHEHT NPONYCKaHHUS
(T189) | ©=Dpp/Da |

O6paTATe BHEMAHUE:

@® Bennuunel p, & ¥ T 3aBHCAT OT CBOHCTB
CcaMOrO TeNia ¢ [JHHB BOJH Naarouiero
H3NYUCHHS.

CoraacHO 32KOHY COXpPAHEHHS SHEPruH,

Doip + Dropn + Dup = @y, Paspemie  00e

CTOpOHBI paBeHCTBa Ha By, momyuum

(T18.10) [ p+a+v=1L |

Teno, pas xoroporo P =0, T =0, a0 =
=1 (ur0 ue peanuzyercs Ha MNpakKTHKE),
Ha3LiBaeTcsl a0CONIOTHO YepPHBLIM TEIOoM.

AGCOMIOTHO UepHOe Teno MOTACLIZeT BCe Hafaiollie Ha HEro Jyud
HE3aBHCHMO OT LJIHHEI BOMHBI HSMYYCHHS M TEMIEPATyphL

18.3.2.  Usznyuenue

TMioGoe Tesio ¢ Temmepatypoil, otauyuo#l ot 0 K, ucnyckaer usayuenue.
Takoe H3NyueHawe HA3LIBAETCA TEMICPATYpHHM, HAx TEIVIOBBIM H3JIY-
YeHHueM.

Wanyuenue a6COMOTHO YEPHOTO Teda MpEBBILAET H3NYUEHHE MIGOBIX
JpYTEX Ten DpM HaHHOH JjurHe BOAHEL M Temneparype. Ero msnyua-
TeAbHAs CHOCOGHOCTL (NONOBHO KOSMQHLHEHTY MNOMMOLIEHHS) paBHa
eEpHULC.

VanyuaTenbhast cmocoBHOCTE & noGoro Teja pasla ero xospu-
‘IpeHTy MOrJOIWEHHs © IpPH 3afaHHON Temnepatype H IJAHHE BOJHEBL
S0 — 3akou msayuerna Kupxroda;

(T1811) | e(a, T) =0 (2, 7). |
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Ecnn
~— IOTOK H3AYUeHHsl, HCOYCKaeMblil HeuepHBIM (CephbiM) TeEJOM
¢ ONpemeneHHoll TeMieparypot,
& (= a) — uanyuatenbHas CNOCOGHOCTL €EPOro Tena,
Quepr — NOTOK H3NYUEHHS] YEPHOTO Tela C TOH ke TeMieparypoi,

70 13 3akoua Kupxroda caenyer

(T18.12) | @ = eDuepn. |

Mowpocrs (noTor) P maayuenusi Jo6oro ceporo Teia paBHA MOLL-
HOCTH H3JIyYe€HHs1 YepHOro Tena ¢ Tofl JKe TeMIepaTypoil, YMHOXKeH-
HOH Ha M3Ny4aTesabHy0 cMOCOGHOCTD AAHHOTO TENa.

18.3.3. 3axox Credana — bonsumana

Meoumocts P y3nydeHHsl, HCIYCKAeMOrO HarpeThlM TeaOM, MpONopUHo-
HajpHa MMolafy M3NyUYalolero tena A @ 4eTBepTOft CTeMely TeMIle-
patypy tena: P~ AT Kos¢pduimeHT nponopuuoHaNbHOCTE HA3HIBAETCA
nocroauHoli Credana — bonbliMana:

o =5,67032- 1078 Br/(m*- K?)

(T 18.13)
= 4,87559 - 108 KKan/(q oM. K4).

(o 1980 r.)

Ecau

P — moumocTs n3nyuenss,

o ==5,67-10~% Bt/(m?-K*) — nocrosnnas Credana — Boabnmana,
& == y3JyyaTedbHasn cnocobHOCTh Tena (cM. Tabn. 31),

A — naowanbk B3nyuanoue noBepxHOCTH,

T, — TeMuepatypa Haayualollero 7eJa,

T, = TeMiepatypa OKpy2KamoLlefl cpenwi,

TO ¢ Y4YeTOM HanydaTenbroil cnocobuoctu ceporo Tesa sakow Creda-
Ha — DonbuMana 3anuiiercs B BHIE

) P c ATe
(T18.14) | P =oceAT", cH Br  Br/(x®-K%) m2K —
' 80 | kkanfu xkan/(a-m®-K*¥) m® K —

OpuoBpeMEHHO H3IYYalolllee TeNO MOMNIOLAeT H3nydeHHe, HCIycKaes
Moe OKDyKatonleii cpemoli u HMeollee MOLIHOCTb P=08AT§. Ecau

H3Ayuarollas M NOrMOMAoLas NOBEpXHOCTH HMEIOT ORHHAKOBYI) IIOe
manp (uto ObBaer e Bcermal), saxon Credana — Donblimana samu<
wercs B Bule

P o AT g
Br Br/(m2:-K%) w2 K ==
Kkanfd kxaaf(u-m?-KH) M2 K ~

(T 18.15) | P=oeA (7}—T3). | CH
80
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Q6paTuTe BHUMAaHHE:

@ llpouseenenne Ge B TexHMueCKoH JHTepaType YaCTO HA3LIBAIOT KO-
G GuIHEHTOM H3NyueHnsi (3aBuCALlEM OT CBOUCTB BellecTBa).

© MollHocTs ussyueHusi, BomucasieMas no ¢opuynam (T 18.14) u
(T 18.15), npuxommrcss Ha Becb CNEKTpP H3NyyeHHs, T. € Ha BCe
ANHHBL BOJIH.

Pacnpenenedve MOIMHOCTH MO AJIHHAM BOJIH HEPaBHOMEPHO. MOIMHOCTD
H3JyuUeHusl, NPUXOASLIASICS HAa OTAEIbHLIE HUHTEpBalbl AAMH BOJH dA,
onpenensiercsi 3akoHoM [lnauka (cM. pasn. 18.3.4).

18.3.4. 3akon Inanka

3akon [laaHka onuceiBaeT MOWHOCT HSJYHEHHMsT UYEPHOrO Tena Kak
(PYHKIHIO TeMnepaTyphl 1 u IJHHB BOJHB A.

Ecnu
dPj — MOUlHOCTb, H3sydaemMas B HHTepBaste IJWH BOJH OT A JIO
A dh,
h =6,63-10—3¢ J>& .c — nocrosiunas P
flnanka (xBauT peficreus) (cm.
pasn. At 35.1),
¢ =3-10% m/c — cropocTh cBeTa B Ba-
Kyywme,
A — IAHHA BOJIHBI H3JYUCHHA,
d) — mupuHa CnekTpaJbHOro HHTEpBana,
k. =1,38-10—28 /K — nocroanHas
bonwiiMaua,
T — TeMmeparypa H3;yHaIOLIErO TeJa,
A  — nnomanp  Wasywaiolle#i  NoBepx-
HOCTH,
e == 2,718... —~ OCHOBaHHe HAaTYPAJbHBLIX
oraprhMOB, YR 1 2 8 4 &5 Aomu

TO MOUIHOCTb M3JYuYeHHSI B juanasoHe AJHH BoJH ot A mo A - da,
ACyCKaeMoro ¢ mioians A aGCo/oTHO 4epHOro Tesa, paBHA

]
2hc? A
(T 18.16) | dPp= a5 GhelAT _ | da.

P h ¢ k Th
CH | Br Ix-c w/c Ox/K K M

O6paTuTe BHHUMaHHE:

® Ecnm npounterpuposath Brpaxedue (T18.16) no A B umrepsasne
or 0 mo oo, To Mn noayuum Beipaxenue (T 18.14) nns nonHoi
MOUIHOCTH M3 YUEHHSI.

® Ilps nNOBHIEHHE TEMNEPATYPHl MOIUIHOCTbL H3JIYYeHMs BO3pacTraer
(MOUIHOCTb M3NYUeHHsi COOTBETCTBYET IJIOUWanM Noj KpuBoit), a ee

- MaKCHMYM C/BHTAETCH B CTOPOHY MEHbLINX IJIHH BOJH.
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18.3.5. 3akou cmemenun Buna

[lonoxkenne MaKCHMYMa MOLIHOCTHM H3JAYYEHHS] MOXKHO OIPENEAHTL H3
puipaxerun (T 18.16) oCpgHBIM 06pa3oM, NPHPABHAB HYJAI0 MEPBYIO
TPOU3BOIHYIO.

Ecnn

Ajare — IJIMHA BOJIHB, 0pH XOTOPOH MOLIHOCTb H3NYyuYeHlsy MaKCH-
Ma/fbHa,

T — TeMIlepaTypa H3JY4aloLero Tea,

TO

2 1 ke
Mare == ‘4‘_'@7 ET?

NAH Toc]e NOACTAHOBKH YHCAEHHBLIX 3HaueHHH

2808107 m-K _ 2898 mxm-K

(T 18-17) lmaxc = T T .

O6paTnTe BHUMAHUE:

©® C NOoBHIIGHHEM TEMNEpPaTypbl IO KOPOTKOBOJHOBOTO H3NYIeHHUs
B CIEKTPE YBeJIMYNBAeTCA. 1105TOMY LIBET H3NyYEHHS MOMET CNyXHTb
XapakTEPUCTHKOH TeMmneparypbl H3jydeHus (UBETOBaA TeMIepa-~
Typa).

©® [lpubopbl nas oNpeHeleHHs TEMINEPATYpPH H3AyuaTesls Nno Haayda-
TeAbHOR CnocOGHOCTH HA3HBAKTCH NHPOMETpaMU.



K KOJIEBAHHUSA U BOJiHbI

19. Mexaunueckue koseGadus

Jliobuie KoneGaHmsi npenctasisioT cofolf HBHXEHHE C TEpPeMEHHBIM
YCKOPEHHEM; OTKJIOHEHHe, CKOPOCTh M YCKODEHHe B 3TOM Ciyuae siBJisi-
oTca QyHKuusiMy BpeMmerd. Jnia mobblx koneGaHuil XapakTepHa ne-
PHORHYHOCTD, T. €. JBUXKEHHE NOBTOPAETCS NO HCTEYeHuH BpeMeHH T,
Ha3LIBAGMOro JLIHTEJNbHOCTBIO, MM nNepuopoM KosieGaHusi. Kone6aHus
BO3HHKAIOT B TEX ciaydasX, KOa cHCTeMe, CNOCOGHON coseplaTb Ko-
Jebanus, coobllaercs sHeprusl. Heo6xonnMo pas3inyarhb:

Hesartyxawuine koneGauus, KOTOpPHIE NPOHCKOAAT C NOCTOSHHOM
amnantynoli Yo. Ilpennonaraercs, uTo B 2TOM caydae NOABOOMMAS
BHeprus coxpansietcs. [IpnOarKeHHO TaKHe YCIOBHSI HMEIOT MECTo NpPH
MasgblX NOTEPAX SHECPrEHM W ManoMm BpeMeHn HaGmomenas. Ins noayde-
BHfA JefiCTBHTENIbHO He3aTyXalomHX RoJjebannii HeoOXOOHMO PpErysasipHO
BOCIIOJIHATb TEPSAEMYI0 SHEPIHIO.

3atyxawiine Koirebaunst ¢ yObBawomeil aMnauTyRo#t Ym. Bes Boc-
noJHeHNn sHeprun Jiobnle KolebaHns 3aTyXaloT.

HauGonee Baxunie BeNHYHHBI, XapakTephayiouine KoseGaHus:

Orxnonenne y == (t) — MTHOBEHHO€ NEpeMelieHHe OTHOCHTEJBHO
NOJIOXEHHS PABHOBECHS.

Aunnurypa Yo ~— MakcHMasbHOe OTK/JIOHEHHE, PasMax KoJje-
Ganui.

Tlepuor T = 1ff — IJIMTENLHOCTb MNoJiHoro KojaeGaHHs.

Yacrora f=1/T — uypcno KoNeGaHuil B €NVHMIYy BPeMeHH.

¥raoeas uacrota o = 2xf = 2mn/T.
Daza @ =of 4 .

Hayanbuaa ¢asa @ — 3Hadenlie (aswl npu £ =0 (Haguano Kone-
GaHuii).

Bpems ¢ —— OTCYUHTHIBAETCS] OT MOMEHTA Hayaja KoJes
Ganuil.

B panbHefiieM ucnosneayercsi noustue dasbl. $asa xapakrepusyel
MFHOBGHHOE COCTOSHHE KoJe0aTeJbHOH CHCTEMBI M OIpedelsieTcsi AByMs
napamerpamu (HanpHMep, OTKJIOHEHHEM H BpEMEHEM).

) .

19.1. HesaTtyxamine rapMoHHYeCKHe KoJdeGaHHs

T'apMoHnuecKne Ko/MeGaHHsi MOMKHO TNpeNCcTaBuUTb B BHOE INPOEKUUU
PAaBHOMEPHOTO JBHIKEHHS IO OKpyKHocTH. Ecim psoGpa3utk rpadu-
YecKH KoJieGaHus Ha OUarpaMMe OTKJIOHEHHE — BpeMsi, TO NONYIHTCS
cuHyconlasabhas Kpupas. [109TOMy wacTo rapMORHYeCKHe KojeGaunns
Ha3LBAIOTCS TaKkKe CHHYCOMNANbHHME KOJcCaHHsMH.
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Tlpr npoxownenuu NOJNOXKEHHS pPABHOBECHS, T. €. NOJOXKEHHA, KO-
TOPOE 3aHHMAET MOKOfALIAsiCs CHCTEMa, KoJeOnoueecs TeJlo HMEeT Hau-
GOsblilyl CKOPOCTb; B TOYKE MAKCHMA/bHOTO OTRAOHEHHsi (TOYKE NOBO-
poTa) CKOPOCTh paBHA HYJIIO.

19.1.1. ¥YpaBHenue KoseOanuii

Tpu smo6Lix KoNeGaHHAX OTKJOHEHHE CHCTEMBl BHISLIBACT MOSIBJAEHNE
BOCCTaHABJIMBAMLIEH CHJLL, KOTOpas CTPEMHTCH BEDHYTb CHCTEMY B IO-
Jo¥XKeHue paBHoBecusi. JINHeANnB 3aKOH CHAbL:

TapMounueckne KoneGauusi XapakTepU3YIOTCs CJAeAyIOmHM COOTHO-
UIEHUEM:
Boccranapaupamumas cusa Fy NponopnyuoHaibHa OTKJIOHEHHIO Y.

OTKIOHEHHIO Y OTBeuaer cuja F, onpenensieMasi XKeCTKOCTbIO ChCTe-
upl D = Fly (K 19.8), 1. e. F = Dy. TlpoTHBONONOXKHO HallpaBJieHHas
BoccTaHapjuBalolllas cujaa pabHa [y = — Dy. CoriacHo OCHOBHOMY
sakoHy nunamukn (M7.1),

BoccranasnuBatomas cmaa = Macca X YcropeHne:
— Dy = mij.

Orciofia Toche MepecTaHoBKH Cleiyer
D
j 4 — y=0.
g+ Y

Tonaras D/m = % noayuaem ypaBHeHHe HE3aTYXaIOLIHX TapMo-
HHUeCKHX KoJeGaHuii:

(K19.1) | j+ o*y=0. |

Pelenie storo Inu(pepeHunanbHoro ypabBHeHHs paercsa (HOpPMYsoi
(K 19.3), yro mOMHO HOKasarth, HBaxAH npoanpdepenuuposas (K 19.3),
no £
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19.1.2. Paza kosebaunii y
g=wt; =0
Jlna s06bIX KoseGaHKi OTKJIOHEHHe /.
Y, MIHOBEHHAsi CKOPOCTb U H MIHO- 7w 7 ox A zn ad
BEHHOE YCKOpeHMe @ fBJAIOTCSH 1z | | ¥ P

GYHKUMAME BpeMeHM f, a Taxkke | ] | i
dasol @, nockonbky @ == of y
(M 6.54).

T T N
= I
Tipu ompenenenns ¢ase Heo6- d‘(y’ |wi+5f’” /
XOEMMO YUHTHIBATb HAuaNbHYIO (a- 7 7 3z
[ ?! \ﬂ\z_‘y I'Z”%pm;

3y @, T. €. 3HaueHue ¢asnt B Ha- 7]
yanbHblil MoMeHT (f = 0). I ] | i

Ecnn % |
Q — (paga’ T S”‘wt‘%!
@o — HaudaNbHas ¢aaa, . 1 L ¢
==2nf — yrnosas uwacrtora, V| Z = 9% 2/, pad
-— ¥acToTa, g
t — BpewMs, e
TO BHINOJHAETCS COOTHOLICHHE.
9 o f t o

(K192) | p=o0t +qo=2nft + g0 |

CHU | pan 1jec Tn=l/c ¢ pan

O6paTuTe BHEMaHHE:

©® @asza B (K19.2) Bcerna nonyuaercsa B papnanax. Ilepecuer paaunau
B rpafycH cM. B pasn. 6.3.

19.1.3. OtxJioHeHe

Ecnu

Y — OTKJIOHEHHE CIYCTs BpeMms I,

Y — avnsiutyna (MaxcuMaljbHOE OTK/JIOHEHHE),

@ — daza,

TO pelilenne YypaBueHus Kosebaumit (K 19.1) umeer
BHI

(K193) | y=VYnsing.

3ITO e COOTHOLICHHE nojiyuaeTcsi B H3 reoMeTpHUYeChOro MNOCTpoeHHs,
TNOCKOJIbKY TapMOHHYECKHE KojiefaHnst MOIKHO paccMaTpHBaTb Kak IMpo-
€KIHI0 PABHOMEPHOTC IABHIKEHHS IO OKpYIKHOCTH.

O6paTHTe BHHUMAaHUE!

€ dasa, onpenensgeman ¢opmynofr (K 19.2), nepectuTbBacICa B rpa-
Jych caenytoutum obpasom: (%) = ¢ (pag)-57,3%
H .
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19.1.4. Ckopoctb

Ecsn

¥ — MrHOBEHHa#i CKOpOCTb CNyCTs Bpems £,

Vm — marcumanbhas CROPOCTb MpPH TNPOXOXKJIEHHH
CPENHEro TOJOMKEeHHs (aMIUIUTYHA CKOpOCTH),

o == 2uf — yriosas yYacrora,
Q@ = of + Po— anSa,
i — Bpews,

TO, NOCKOJBKY MIHOBeHHAsi CKOpDOCTb KoJeGaTelbHOH CHCTEMBl Beerna
paBHa BeDTHKAJILHON COCTABAAIOLICH CKOPOCTH NBHIKEHHS MO OKPYXHO-
¢t Y@, B COOTBETCTBHU C PHCYHKOM I0JyYaeMm

cos = —2—.  Cornacso (M6.15),

Yo
_dy _ .
v="gr =¥
Vs ofoux BHpawennit crepyer
(K194) |v=Ypecsg= v oy o
==V, cos Q. CH I Mfc M L/c

) B nosoxeHun pasHosecksi @ = 0° man 180° H cos ¢ = = 1; Torna
(K 19.4) npuHuMaeT BHO

(K 19.5) I Vim=Yno. Epunnner: cm. (K 19.4)

LI |
19.1.5.  Ycropenue 4 by {/i\

Tapvonngeckne KoneGaHusi NPeACTABISIIOT
coGo¥l nmBHKEHHe C NepeMeHHBIM YCKope-
HHEM, T. €. YCKOpCHHe He IOCTOfIHHO, &
sipNisierca ¢yHRuuel Bpemenn: a = a(f).

77

Ecnu
¢ — MIHOBEHHOe YCKOpeHHe,
Am — MaxKcHMasbHOe YCKOPDGHHE B TOYKe

|
noBopotra (aAMIINTYNA YCKOpeHHs), | | ¢
® = 2mf — yrioBas yacToTa, ol
@ = f | @g— dasa, T T3 T
t — Bpems, T 7T L c

70, TIOCKONBKY MTHOBEIIHOE YCKOPeHHe KoJeGaTeNbHOl CHCTeMbl Beeria
PABHO BEPTHKAJbHON COCTABJAIONIEH NEHTPOCTPEMHUTE/IHOTO YCKOpPeHHs
ay = Y62, B COOTBETCT BUH C PHCYHKOM MNOJYYaeM

sin ¢ == -—035%,—;1—. Cornacie (M6.i9), a=—F1=
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Wz o6Gonx BblpaxKeHHil CllefyeT

a=—Yn0? sin ¢ ==
L)
(K196) | = Ay sing= — D RS
=— @¥y. CcH I M/c?® M L/e

B Touke nosopora @ = 90° uam 270°% Torma sing =-4-1 n dopmyna
(K 19.6) npunnMaer sup

(K 19.7) I Am = — Y02 Erunuus: cu. (K 19.6)

O6paTnTe BHEMAaHUeE:

@ 3HAK MUHYC CBHJIETEJbCTBYeT O TOM, YTO YCKOPEHHE HalpaBJeHO
NPOTHBONONOXKHO OTKJIOHEHHIO, T. €. HAlpaBJieHO BCerda K MNOJoXKe-
HHIO paBHOBECHSI.

19.2. CofcTBeHHan uacTOTa
HE3aTYXAUINX rAPMOHMYECKHX KodeGaHuit

OTnnuuTENbHBIM INIPH3HAKOM TaPMOHHMYECKHX KosebGaHHil fBAAETCsT Npo-
NOPUHNOHAIBHOCTL BOCCTAHABAWBAIOWIEH CHAB OTKJIOHEHHIO (JHHEeiHbIE
3aKoH cuint). OTHOLIeHHE BOCCTAHABMHBAOLLENl CHJIB K OTK/AOHEHHIO Ha-
psany ¢ mMaccofl KoneGaTesbHOH CHCTEMBl OnpelleNiieT COOCTBEHHYIO dac-
TOTY.

Ecan

D — xecrxocetn,

F — cuna, BbiabiBaloniast OTKAOHEHVE y M paBHas TO BeJudHHe BOCCTa-
HaBJUBAOUIEHR CHie,

Y ~— OTKJIOHEHHE,

To aHasoruyHo (M 7.5) nmonyuaem

F D y
K198 |p=2L. CH | H Hum wu
y KI | H H/em em

3 80 | xrc xrc/em cm

YacToTa rapMOHHYECKHX KojeGaHmil Irosyvyaercss M3  (QOPMYIH
D/m=?, ncnogbzoBanHo¥ Npm BHBOIe ypaBueHusi roseGanuii (K 19.1).

Ecnn

o = 2nf = 2n/T — yrnopas uacrtorTa,

f =1/T —uactora,

T = 1ff — nepuon, ONHTEALHOCTD MOJHOrO KoJeGaHus,
m — Macca KoaeGaTenbHOH CHCTEME,

D — xecTroCTb,
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TO CIpaBeNJHBL CAeAYIOLIHE COOTHOILNEHHS:

—A/D

- m
(K199) | f=mob ,\/E ©o t TDm
2m m’ CH | 1/c Tu=1/c ¢ H/m &r

W
T=2xn —I')—

O6paTuTtTe BHUMAaHHE:

® UYro6n pazsvuaTh 3aTyxalolipe H Hesaryxawulue KoaebaHus
(cm. pazp. K 19.3), senuunnsi o, f u T mias nocaelnux gacto cuad-
#alorcsi uunexcom O.

® Dopmvan (K 19.9) cropasemnusm o5 nio0bIX Hesatyxaiollix rap-
MoHndeckux Xonebauuil. JXectxocts D onpenensiercs KOHKPETHBIMU
CBOHICTBAMH CHCTEMDI.

19.2.1.  Jiuuefiubte KoJieOGanus npyIKUNLI

Tlpn Kone6GaHusX NPYXKHHL BoCCTaHABAWBAawllas cula ofycnoBnieHa
ee ynpyroctbl. B onpeneseHHEX Tnpenenax, coriacHo sakony I'yka,
BLI3BaKHas pedopmaiuell chnia nponopilHoHanbHa BeJMuYMHe Aedopma-
uua. IlozToMy ynpyrue koneGauusi siBAAIOTCSE rapMoHHueckuMu. B cay-
dae NpYxHUH BeJHYMHA XECTKOCTH o0biuHo ofo3Ha-

yaercsa 4yepes k m uMeHyeTcs Ko3hQHUHEHTOM YIIpy- (L1000 L
TOCTH NPYKHUHBL

Ecnu
F — ko>3QPHUMEHT yNPYrOCTH MPYKHHLI,
F — cuna, BuisbiBaiouwlas Aedopmauuo Al, -
Al — ynnunenwe, nporn6 HAH APYroe H3MeEHEHHE %—L
HOpMBL, —Y
© = 25f = 2;t/T — yrnopas HactoTa,
| == 1/T — gacTora,
T = /f — nepron, pIATENHHOCTb NONHOrOC —KoJje-
BaHus,
m — Macca KOAeGATeNbHOR cHCTEMBl, OOBIYHO Tena, YKpPElJIGHHOTO Ha
NPYIKHHE,
T .
7 kR F L
(K19.10) | k=7 cu | Hm H u

K Hfem H om
80 KTC/CM KI¢ cM
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s

u B cootBercTBhE ¢ (K 19.9)

Tk
= =,
®i1oan | j=-L A/ o POT E om
2 n cu ’ t/c Ty =1/c ¢ H/m Er
m
T =27 e

O6paTuTe BHHMAaHHNE:

©® Macca camoft npyxuunt B (K 19.11) be yunmtmizacrcs. [lps TouHmX
pacueTax Maccy /M cielyeT YBEeJANYHTb NPUGIH3HTENBHO HA Figp/3
(Mnp — Macca NpyXHHbLI).

©® Bennunnsl ©, f u T #He 3aBHCHAT OT aMIABTYARL.

19.2.2. KpyrunbHble KozeGaHus

Jins kpyTHAbHLIX KoneGanufl B NpHANHIE CNpaBeAsHBbl TE XK€ 3aKOHO-
MepHOCTH, YTO ¥ IJsl JHHEeHHBIX KoJeGaHui. Bmecto oOTKiOHEHHs ¥,
CKODOCTH ¥ H YCKOPEHHSI @ MHCIOJb3YIOTCS COOTBETCTBYIOLIHE YIJIOBLIE
BEeJHUMHBL: YroJ noeopotra ¢ (He nyTatb ¢ ¢a3oiil), yriosas cKopocTb
@ = ¢ (He n0ytatb C YyrJA0Boil dactoTofll) m yrioBoe YCKopeiine
o = §. Kpyrwsibnble xosieGauusi 0GyCNIOBAMBAIOTCS

BOBHMKHOBEHHEM MOMEHTAa cWibl M, Kortopulfi mon- 7
JKeH OBITb NPONOpPIHOHANEH YLy nosoporta (yray -
OTKJIOREHHS ) .
Ecsm

~— Yrj0Basi MECTKOCTD, 1
M — momeHT cusaml, 4y

¢ — yros noBopOTa, 06YCIOBAeHHBIH MOMeHTOM M,
© = 2qf = 2n/T — yraoeas yacToTa,
f =1/T —uacrora,
T = 1/f — nepuon, RARTEABHOCTb MOJHOTO KoJseGaHud,
— MOMEHT MHEepIHH TeJd, COBeplialoulero KpyTu/bHEle Kollebanusn
OTHOCHTEIBHO CBOeH OCH,

TO BBHINOJHAOTCH clienylollipe COOTHOUIEHHS:

D M Q@
CH |H-vmH-m pap=1

—
(K19.12)‘ D=
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“‘=’\/1'

1 D

f“’ﬁ’\/T
J

T = —_—

Qﬂ/\/D*'

a3 f T D* I
CU | 1/c Tu=1fc c H-M Kr-m?

(K19.13)

19.2.3. Koaebanus masTHUKA

MasTHHK COBepLIAET IBIIKEHHE MO Oyre OKPYMHOCTH, NpH KOTOpOM MO-
MeHT CH/IH CO31AeTCs CHIOH THAYKECTH.

MareMaTHYECKHIT MaATHHK

MasaTHEK, NpefcTaBAsfioNiHil coboli TOUeUHyro Maccy Ha HeBeCcoMoit
HUTH, HeNlb3fi peanu3oBath B REHACTBHUTEJIBHOCTH. QOpHaxko ecim mMacca
HETH npeHeGpeREMO Maja 1o CpaBHEHHIO C maccoil m Teja B LJIHHA
HUTH BeJMKa 0O CcpaBHEHHIO C pasMepaMu Tena, To C LOCTATOUHOH
TOUHOCTHIO BHIOJHseTcst ¢popmyna (K 19.14). MaTteMaTnyecKnE MasiTHHK
coBepliaer rapMOHMUECKHE roneBanus, eClH YroJl OTK/IOHEHHs He Tpe-
BbIllaeT NpuMepHO 8°

Ecan

T = 1/f —nepuon, KAMTEABHOCTb TOAHOTO
ronebanus,

| — gauHa MasTHHKa, PACCTOSHHE OT TOYKH
nogBeca [0 ileHTpa Macc,

g =09,8] m/c® (na 3ewmae) — yCKOpenne CBO-
60IHOTO NaneHus,

to F/G = yfl, n, NOCKONBKY BeIMYHHY Y
IIpy MaJioM yr/e OTKJOHEHHS ¢ MOMHO IpH-
paBHaATb AJMEe ayr#, aHanormuHo (K 19.8)
Toayuaem

noncranoBka B (K 19.9) maer

T=2mn /\/-n]—l—, WId
mg
T g

3
(K 19.14) | T==2n/\/ é—; _ CH | cm mfc?
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OGpaTtHTe BHHMAaHHeE:

@ TIlepron T He 3aBHCHT OT MacCH TeJsa.
@ B yrazanmeix npefienax (@ << 8°) NepHON -HE 34BHCHT OT AMIJH<
TYEBL

PUSHYECKHI MaSTHHK

MasiTHHK, IJIsi KOTOPOrO He BHIIOJHSIIOTCS YCJOBHS, ONPENE/ISIONHE Ma«
TEeMATHYECKHH MasiTHHK, HA3BIBAETCS (DU3HUECKHM MASATHHEKOM (T. €.
MAasiTHHKOM C paclpeleseHHOH MaccCoi).

Ecan

T = 1/f — nepuon,

J 4— MOMERT HHePUHH Tejia OTHOCHTEJBHO OCH,
NpoXonsiilell uYepes TOUKY nomseca A,

m — macea TteJa,

§ — paccrosipe OT TOUKH NOOBeca A TeJsa
L0 ero neutpa macc O,

10 anasornuHo (K 19.12)
D =l\_4_=££= Gs sin @
v @ ¢ '’
WY, [OCKOJIbKY [pHM MajblX yrnax sino @/e=s1,

D* = Gs = mgs

u asajoruyno dopmyzne (K 19.13)

/\/ T, r 4 m g s
(R | T=2n mgs’ CU |ckr-m? gr mfc® M

O6patuTte BHHMAHHE:
® Bupaxeune (K 19.15) crnpaBeniuBo TONBKO MM AMIVIHTYZ MeHBIIE
~8°.
@ J, ompepensietcss ¢ MoMoOIUbIO TeopeMHl I'tofirenca — lllteiiepa.
® [pu J4s = ms? u [ = s nosydaerca (OpMyna NJsi [EPHOLA Mare-
matuueckoro mastnmka (K 19.14).

TlpuBepensHan panHa mMasiTHHKA

B TlpuBefenHol pJaHnoll (U3HUECKOrOo MAasITHHKa HA3LIBAETCs HJHHA
MaTEMATHUECKOTO MasATHIKA C TEM e NepHonoM KojebaHmil.

1;:(:.}'11/1 '
!’ — npuBeneHHasi nJuHa MasITHHKA,
-J 4~ MOMEHT HHEPUHH OTHOCHTENLHO OCH, NpoXopsitliell Yepe3 TOUKY

noaseca A,
m — macca pu3nYecKoro MasiTHHKa,
8 ~— paccrosume OT LeHTpa Macc O £o TOuKH moipeca A,

!
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o B coorserctsul ¢ (K 19.14) u (K 19.15)

AL o nf
21 g = 27t mgs

I

rJ m s
(K19.16) {1/ =—4, -
ms CU | mxe-M2kr M

O6parturte BEHUMAaHHUE:

® Ha paccrosinmm ! no BepTHkaJu [ON TOYKON NOHEBECA Bparyaiomie-
rocsi Teja HaXOmHTCsl UEHTP KadaHuil. Ycunue, BO3CyKmawilee KO-
neGauns MasfiTHUKA, CJAELYeT MPHJIATaTh K 3TOH TOuke, yToOHl H30be-
KaTh pPeaklluu B TOYKE MOABECA.

® Ilepuon xonebauuit (HUIHYECKOTO MAasITHHKA He H3MEHHTCH, €CJH
NOMEHSITb MeCTaMH TOUKY IOABECZ H LEHTP KauaHmil. DTOT NpPHH-
UMD HCHONb3YeTcsl B OGOPOTHOM MasiTHHKe, HANpHUMeD, HJs ONpele-
JIEHHs1 YCKOPEHHsI CBOGOILHOrO NameHHsl.

Onpepenerne MOMeHTa HHEPUHH -

C momomibio ¢opmyast (K 19.15) mMoxuo skcnme- @

PUMEHTANLHO OlpefelHTb MOMEHT MHEDPUHH JIO- Y

6oro Tesa myTeM u3MepeHHsl BequuuH S, m H T,
N3 popmyn (K 19.15) u (M 7.55) caenyer

2
JO——=-'—n%ig——-ms2, HJH
: T2 J m g sT
19.07) | J_ = (é— — s). -
& ) 0= M g2 CU | xr-m? xr M/c® M C

O6partuTe BHRMAaHHuE:

® [ns onpepenenus /o HEOGXOAHMO IOLBECHTL TeJO B TOUKe, HE CO-
pnapawomel ¢ O, H BO3CYLHTb €ro koaeGaHus ¢ MajoH aMmIIUTYLOE.

19.24.  Sueprus KoneGanunii

SHepruu cHCTeMEl, KoneGaomefics Ge3 3aTyxaHms, OCTAETCH MNOCTOSH-

noh. OHa cknajuiBaercss H3 noTeHuuaneHoH sueprum Wn m KuHeruye-

cxoft sueprun Wy. Beanumuol oGeux SHEpruil MEHSIIOTCS: HePHOLHYECKH,

HO B KamAei MoMent W = W, + W, Hcnombays (M7.23) m (M 724),
noJgyvyaem i
Dy? mu?

W= 5 -+ 5
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Ecan
W — sueprus xo;ge6aTeNbHON CHCTEMH,
D — KecTKoCTh,

Y, — aMminTyna, MakcHMaJibHOE OTKJIOHEHHE,
¢ =&t + @— dasza,
10, Henonpaya (K 19.3) u (K 19.4), nonyuaem

D
W= 5> Y?u sin® ¢+ .’;i Y,anl)? cos® Q.
[Mockonbky &2 = D/m, uMeem

D _. D
=-?Y3nsin2q> -I-'? anCOSQ(p

H OKOHUYATEJbHO

D
=5 an (sin® @ + cos® @) =

(K 19.18) ,
v mvh
=g ="
W Dy v m
CHU I,[[}K=H-M H/m M m/fc xr
}l Wy Wn
WL /
r r 3 T 5. 3p 1t
* z &7 PR L

O6paTHTe BHHMAaHHE:

©® B npouecce koneGanni NOTEHuHalbHAas SHEPrus npespamaercs &
,;KuHeTHueckyo u wuaoGopor. Ilpm sToM mnosHas sHeprHs OCTAETCH
{:nocrosiunoil. Tlpouecc nepexoHa 3HEPrHH H3 ONHOFO BHA2 B JPYroil
HOCHT NEPHOLMYECKHN XaPAKTEp.
® B touke nosopora H IPH TNPOXOXMIEHHH TMOJO¥XEHHA pPaBHOBECHS
SHeprun ONHOrO BHIA DaBHZ HYJIO, B TO BPeMA Kax 3Heprua JIpy-
fOro BHZAa IOCTHraeT MakCHMYyMa.
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19.3. CroGoaHbie 3aTyxalolire KoneGaHus

BeseicrBue  BHYTPEHHErO TPeHMs, CONpPOTHBJEHHSI BO3LYXa M T. I
sHeprusi W koneGarenpHoll cHCTeMBl NOCTENEHHO YMeHbllaercs. []o-

ckoneky W~ er,n (K19.19), ammmmryna Y yMeHpmaercst 5O HyJIs.

3atyxaHHeM HaSBIBAeTCS I[OCTEICHHOE yMEHbIUEHHE aMMJIHTYAL B
npotiecce KoneGaHHIL,

19.3.1. YpaBnenne koneGaumii

3aryxanne BLI3BIBAGTCS CHJOf, KOTOpas [pPOHOPUHOHAJNBHA CKODOCTH
H HalpaBjeHa NpoTusononoxuo ei: F~—uv. Kosthohuunent nponop-
LHOHAJEHOCTII Ha3LpaloT Ko2d)QHuHeHToM Bsg3Koro tpehus f, T. e.
F = —pv = — fg.

Epunnua CH xoaddmiuenra tpenns: [f]= —Kc—r
Ecnu

Y — OTKIIOHMeHMe,

Y — CKOpOCTb,

Ij — ycxopenune,

B — xo=(punmentT TpeHus,

6 = B/2m — roaddunuedT 3aTyXaHNA,

&g = 2mfp — cobcTBeHHas YriIOBasg YACTOTa He3aTyXaIoWHX KonaeGauui,
TO OCHOBHOe ypaBHenne RunaMukz (M7.1) B 3TOM cnydae raacur:

BoceranaBauBatomias cuna--Cuna, BH3HBAWOILAS 3aTyXAUHe ==,
= Macca X ¥Yeropenne,

— Dy — g = m.
Orclona caenyer

. p ., D

g+ m g+ m ¢=0.
O6oznauas

£ =20 wu L] == @g,

m m
noayuasm

AaddepeHunalbHoe ypaBHeHHe

.. - 2
(K19.19) | g+ 26 + wgy =0. saTyxamouux KoJsebGaHwuit,

O6paTuTe BHHMAHHE:

® B cnyuae BHyTpeHHero (BSI3KOro) TPEHHS CHJA, BLI3HIBAIOMAS 3aTy-
Xauye, OKA3LIBAETCA C LOCTATOUHOH TOUHOCTHIO HPOMNOpHHEOHANBHOH
CKOpPOCTH.

® Buewnee (cyXoe) TpeHHE He 3aBHCHT OT CKOPOCTH M NPHUBOAHT
K HHOMY 33KOHY 3aTYXauHfl, KOTOPbIH HE ONHCHIBAETCA ypaBHEHHEM
(K 15.19).
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19.3.2. OTKnoHeHHe

Ecan

Y — OTKJIOHeHHE,

Yo — HavaJbHAs aMINIUTYZAA,

€ ==2,718... — 0ocHOBaHHE HaTypaJbHHX JIOrapH$MOB,
8 =p/om— KO3 OULHERT 3aTYXaHHT,

t — Bpems,

@ == @sarf + Qo — Pasa,

v
Yo y:yoe'&"sinsﬂ

Yt
sz

t0 pemtenne Auddepennnanproro ypasuerns (K 19.19) mmeer sunm
Yyyo & ¢
CU |mmljce

ot

(K 1920) | y=yoe™% sin q.

O6patutTe BHHMAaHHE:

® AMDAETyZa 9KCTIOHEHIMAJbHO YMEHBLIAETCS CO BDEMEHEM.
® YrioBas 4HACTOTZ sar B ONpelleNieHHH (Pashl BHUHCASIETCS 10 QOPe
myne (K 19.25).
OrHolenre IBYX TMOCIeNOBATENbHEX 3SHAYEHHH aMIVIATYLL OCTa-
ercsl MOCTOSIHEBIM. DTH UHCJEHHblE 3HAUEHHs aMIyuTyn ofpasyior yObls
BAIOIYIO TEOMETPHUECKYIO IIPOrPECCHIO.

Ecin
k — oTHOLIERHe aMIIUTYLH,

= [3/2in — ko2 uuKenT saTyxanls,
T — nepuon 3aTyXawWHX KoneGauHif,
A — norapudMuueckuil IeKPEMEHT,
n — moboe Uenoe YHCIo,

0 Ym, if¥m, i+1 == k. CrnepoBatenpHo, n-g AaMIAHTYAA ONPENEAsCTCH
thopuyok :

m, i -

(K192 | Y syn= —r
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[TOCKOIbKY MPOMEKYTOK BPEMEHH MEXKNY ABYMs MNOCJAELOBATENbHBIMH
ammauTynamu pased nepuony T, uz (K 19.20) nonyuaewm

Y .
K1922) | ¥ o= 22 |
m, i+1
HAH
Y .
(K19.23) | "7 — M- _or
Yo, i4n cu |1ce

Tloxkasatemy sxcnomentel 87 nasniBaercss JorapH@MHYECKHM JeKpeMeH-
wom A. Jlorapudmuposanue dopmynel (K 19.22) maer

Y_ . A ST

m, 2

Yo iv1 cu | —1/cc

(K19.24) | A=6T =1n

O6paTiHTe BHUMAaAHHE:

® Jlorapudmuyeckuii lekpemeHT A npercraBaser cofofl HaTypalbHBIA
norapudM OTHOHIEHNS aMIAATYH K.

19.3.3. CobcTBenHas 4YactoTa

Ecin

@agq = 2Rfaar = 2m/Tsar — yrmoBast HaCTOTA 3aTYXaOWHX KoJeGanmuil,

wy = 2xfo = 2n/T = '\/D/m — YrJOBasi YacToTa He3aTyXawluux Ko-
neGauuii,

& = [/2m — xoathduLHEHT 3aTyxaHus,

to soipazkenne (K 19.20) Gynmer pewenrem auepeHyuasbHoro ypas-
pennsg (K 19.19) 7oabK0 IpH yCIOBHE

I . o 6
N oy _°°
@0y = A 6} — & cu [1/cije

B moboil koneGaTenbHOH CHCTEME
3aTYXaHHE [PHBOLHT K YMeHblle-
HHIO YacTOTBl H  COOTBETCTBEHHO
yBEJHUEHHIO tie;Hola KosaeGanuil. 50 P~

(K 19.25)

O6patnTe BHUMaHHE: a8

@ UYactora 3artyxawmux kgoaeGaHHiH
MeHBHIE UACTOTBl  HE3ATYXAMILHX
konebanmil. Ona He 3aBHCHT OT aM- N
NARTYAL H IO3TOMY He maMensietcst 04 \
B mponecce koneGaHui.

® B GonplIuHCTBE NMPAKTHYECKHX CJIY-
4aeB BEIHYHHB Gsar H (g H COOT-
BercTBeHHO Taar B Ty pasmmuarorcss . 02 Q% 06 (8 10wy,
JIHILIb Ha AONH IPOUEHTA. @y

=
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19.3.4. Anepuopuyeckoe aBHIKEHHE

Konebannst 6ynyT 3aTyxawiiumy, ecmd B Qopmyse (K 18.25) @ > 6.
Ecin ke @y << 6, T0 KonebaTenbuas cHCTEMA [OCJE OLHOKPATHOrO BO3-
MYIUEHHs] aCHMITOTHUECKH BO3BDAIIAETCS B COCTOSHHE MOKOA (&CHMITO-
THYECKOE 3aTyXaHHe); OnicTpee BCEr0 3TO NPOHCXOOHT NpPH o = O
(npenenbHbii cayvail anepnoLHYECKOTro ABHKEHMHS ).

y Tpedensnstiz  cyvait
0 aneproGRNecres CBLICEHLLA

Aeumnimonmivesoe
3amyxae

-~

{ m\f\/\?-v
1 \j.?&.,/_k- ——= 2

-
- Bamyacalomue
P RONEOCLHIL S
%
Cnpasounasi Tabanua
Hesaryxaiomne Kojuedanus 6=0 =0 )
3atyxaoiue KoneGauus d<w, PB<24/mD ® < wg
TlpenenvHHil cryyalt anepnonu- =wy Pp=24/mD o=0
YECKOro JBHIKEHHS o
AcuMrITOoTHYCCKOE 3aTyXaHHe 6>w P>24/mD  ©— munuas

BEJIHYHHA

O6paTHTEe BHHMAHHE:

@ B rtexHmke dacto OblBaeT HeOGXORHMO IIpEROTBPATHTH NOSIBJECHHE
xoneGaHuil cucTeMbl (HALIDHMED, B 3JEKTPHUECKHX H3MEDHTEIbHHX
yerpoiictBax). insl 2TOr0 clenyer NpeAyCMOTPeTh TaKOe AEMI(H-
poBanHe (HanpuMep, neMiQuPOBaHHE BHXPEBOrO TOKa), 4TOOBI HMesn
MeCTO TIpEReJbHHIH Cnyuall anepHOIHYECKOrO JBHIKEHHS.

Buumanue! Jlnosi moCTHMKEHHS Takoro AeMIQuPOBaHHS HENb3s
HCIIONb30BATE BHEMIHee (CyXOe) TpeHne (HanpuMep, B ONOpax), mno-
CKOJBbKY nocJiellHee He 3aBHCHT OT CKOpOCTH: KosebGaTenbHasi CHCTeMa
Gyner «3aMupaTb» BOJH3H [OJIOXKENHs paBHOBECHS. ITO HMeeT
MECTO Y BECOB, IPYXHH aMODTH3aTOPOB M T. 0.

19.4. Briny xpenubie Kogebanns

B tom cnyuae, xorza rosmebaTenbmas cucTeMa IOchAe TOFO, Kak e
coofiuuan OTKJIOHeHHe, Konebhercss B JAadbHelinleM caMa no cebe, ro-
BOPSAT O CBOGOAMBIX KOJIeGaHusIX.
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Ecam e Ha cucTeMy C NOMOLIBIO CBfi3y LeHCTByeT HM3BHE MEpPHO-
Iuveckasl CHNa, KOTOPAsl BLI3HIBaeT KOJNeGAHHS CHCTEMBl, TO FOBOPAT O
BBIHYKAEHHBIX KoJeGaHHaX.

194.1. ¥Ypapurenne koneGaunit

Ha xoneBarensHyo cucteMy HeHCTBYIOT TPH CHJBL

@® BoccrapaBauBawIlas CHna Feocor = — Dy,
©® cuia, BH3bIBAWOINas 3aTyXaHue Fsar = — B,
@ BosMymaomas cuida Feosw = Fm sosu COS 0.

OcHosHO{1 34KOH JIMHAMHKH B 3TOM cJlyuae rjiacurt:
Fyocam + Frocer + Faar = ma = mjj.

m
Ie)
=5
=

= OTKJIOHEHHE,

= CKODPOCTb,

—— YCKODEHHE,

— Macca KonebaTenpHOH CHCTEME,

== F/y — }KEeCTKOCTh,

— KO3PHUHEHT TpeHHS,

== [}/2m — KO3DdULIEHT 3aTYXAHHS,

m noay— MAKCHMATBbHOE 3HAUEHHE BO3MYIUAIOLIEH CHIH,

— yrnoBas yacrora xoneGaHmil BO3MYIUAIOLIEH CHAbI,
— yraoBag yacTOTa He3aryxawluuxX KoneGaHHH CHCTeMbl,
— BpeMs,

LI e

=]
(=}

F ) noaw cos of — Dy — By = mjj,

HJIH TOCHe MOLCTAHOBKY PBfm = 28 u Dfm = co%

F
(K 19.26) , i -+ 265 ++ ofy = —“‘”-‘1‘23-“1 cos of.

19.4.2. OTKN0oHEHUE

Tlocne Hauaja peficTBHs BosMyilawluell cusbl (KOTOPYIO YacTO HA3bl-
BAlOT TakxKe BO3CYXKAAIINEH CHAON) HEOOXOZMMO  HEKOTOpOE BpeMs,
npexpe 4eM KoyjeGaHHS YCTAHOBsITCS. [Orfa roBOpAT, UTO CHCTeMa
HAXOONHUTCSI B YCTAHOBHUBLIEMCH COCTOSIHHH, KOTOpDO€ OIHMCHIBaeTCs Clie-
LYIOIHMH yPaBHeHUsAMH:

Ecnn
y —— OTKJIOHEHHE B MOMEHT BpeMeHH f,
Ym — aMIJIHTYla KOJieGaHuil CHCTEMBI,

F 1 posy — MAKCHMAJIDHOE 3HAYEHHE BOSMYILAIOMEH CHIEL,
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Wo ~— yrnoBasi uacrora co6crBeHHbIX KosebaHMil cuCTEMB  (pe3o-
HaTopa) B OTCYTCTBHE 3aTYXaHHs,

— yrioBasi Yactora KoneGaMHH BO3MyIUAKOUleH CHIB B ycTas
HOBUBIIHMXCA KONeGaHME CHUCTEMH,

— Macca KonebaTensHoil cucreMbl (pe3oHaTopa),

— (a3oBHl CHBHr pe30HATOpAa OTHOCHTENBHO BO3MYIIatorelt
CHJIBL,

— K02 OULKEHT TpeHHs,

== [3/2m — KO3} DHUIMENT IATYXAHUS,

— BpEMS,

o Q¥ 8

70 pewenne auddepenunanvuoro ypasuenus (K 19.26), orseuaiouiee
yCTAHOBHBIUHMCS KONEGAHHAM CHCTEMH, MMEET BHI

yFmo B

(K 19.27) , Y=Y cos (ot — a); | I T
C M kr l/c kr/c

TpI 3TOM
F
(K19.28) | ¥Viy = S, 2 = BOZMQ 2 3
/\/m (mo — ) + fw
| 74
(K 19.29) | a = arctg --——§3§—2— - arctg_ﬁﬁ_?__
m ((00 el (3) ) (DO —

O6paTuTe BHUMAaHHE:

@ Avmmryna Y, xojeGanmil B cayyae pe3oHaTOpa C 3aTYXaHHeM
CHIbHO 3aBHCHT OT 4acCTOTH KoJeOaHMH BO3Myllamwiiell CHIAM o #
KosthguuneHTa TpeHus f H, ecim @ —>wy H §— 0, MOXKeT eme IO
yctaHoBJieHHs KodebGaHuil okasaTbest GoJible 3HATEHHS, HONYyCKAaes
MOro MeXaHHUeCKHMH YCJIOBHSAMH.

® Hamnupe paszHocTH (as yrasweiBaer Ha TO, 4TO KoJeOaHmsa pe3OHa-
TOpa OTCTAIT Mo (hase OT KoNebGaHuil BO3MYyINAOIUEH CHJH, NO-
ckonpky P =% 0 (cnyuail f§ = 0 BO3MOXKEH JIHIIb TEOpDETHUECKH).

@ Yactora BHHYXAEHHHX KoJeOGaHuil coOBIaZaeT C 4acToTofl BO3MYy-
matorell CHITHL :

19.4.3. Pesounanc

Mpu zapaunbix Bosmymialomielt cusie Fu nosw B KO3(uUMeHTE TPeHHS
ammnuryga Ym aBnsiercs QyHkuueH TOJBKO YIJIOBOH 4YaCTOTHl BO3MY-
maiomel cuibl. [IpH @~ @y OHA NOCTHraeT OCOGEMHO OGOJBLUIOTO 3Ha-
uenns (pesowanc). Ha pucyuke nokasana saBuCcHMOCTE Ym OT @ (pe-
80HaHcHas kpuBas). IlapaMerpoM cnyXHT KO3(HLUEHT 3aTyxadus §.
Ipn cambix MazblX suaueHHsx 6 pennunua Ym pesko Bospactaer. Ecum
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6 > 0, 70 B cayuae pesoHAHCA ® < Wo; BEJHYWHA Y cr DpencTaBiseT
CcoGOH CTATHUECKOE OTKJIOHEHHE CHCTEMBl ION HEHCTBHEM IOCTOSTHHOH
cHabl Fi gosw (@ = 0).

v

' Ymcm

G5y Wy 15wy w

Jlas ompeneseHus pe3OHAHCHON YACTOTH HeOOXONHMO HalTH Mak-
cumyM  QysRiEE Y = Ym(®) # OpHpaBHATE NepPBYIO NPOH3BOLHYIO
HYJMO;, TOTIa, eclH

Opes — pe30HaHCHAS YAcTOTA, NPH KOTODOH aMINMTYNA MAaKCHMAMbHE,

@Wg— — YacTOTa COOCTBEHHBIX HE3ATYXAWIHX KOJeGaHME CHCTEMHEE,
m — macca KonebaTesbHOH CHCTEME,

f — KOs GULMEHT TPEHHS,

& = (/2m — goadduurenT 3aryxaHus,

TO ISl PE30HAHCHOH YacTOTHl MOJYYHUM

7 Bz PUN—
(K 19.30) | 0y, = ,\/mg - Q_Bﬁ = Afof — 255

om $ &
CH l 1/c xr xr/e 1fc.

O6patuTe BHHMAaHHE:
@ Pe30naHCHas YacTOTa Mpes HECKOJBKO MeHBIUE YACTOTH & COGCTBEH-
HHIX koJeGanmufi cucreMbl € 3atyxaunem (K 19.25).

® Ilpu 6}(00/'\/2 SIBJEHHE pe30HaHCa COBEPILEHHO mcyesaer. B atom
cayyae npH JiIOGOf HACTOTE BO3MYIIAWLIEH CHJIBI AMIMIATYLA KOJE-
GaHpil MeHblIE CTATHUECKOIO OTKJIOHEHHS.

Uro6H HalTH BeNMUHHY AMINIATYAH B PE30HAHCHOM C/yyde, HYXKHO
nopcrasuth (K 19.30) B (K 19.28).
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Ecau
Y pes — PESOHAHCHAR aMIIHTYIA,
F i posy — MAKCHMAJIbHOE 3HAYEHHE BOSMYILLAOIISH CHJIH,
m — Macca KoJeGATeIbHOH CHCTEMDI,
Wo — 4acToTa cOGCTBEHHBIX He3aTyXallinx KoJeGarufl CHCTEMSI,
@ =/\/(03 — 8% — uacrora Kosebanuil cuCTEMH C 3aTyxaHuem,
) — K03 (PpuLMEHT TpeHHS,
) ==B/2m — kosPPHUIHEHT 3aTyXaHuS,
A ~— jlorapuMHYECKHH NEKpeMEeHT,
TO HMeeM
(I( 19 31) Y — F[Tl BO3M — Fl’n BO3M —_— Fm BO3M
’ m pes 2 B2 Bo 28me
0) —
B 0 4m2

Ennruubt: em. (K 19.28) u (K 19.30)

Cornacio dopmyne (K19.29), pasHocts ¢as ¢ Takxke 3aBHCHT
OT ¥acToThl Bo3mywiawmeh cmiabl. Ha pucyHke npeicraBiieHa 3aBHCH-
MOCTb ¢ OT uactothl. [lapamerpom
CayxuT Koadduinest 8. &
HesasueuMo oT BeNHYMHL 3a- 6
TyXaHHfl [IPE w == Wp pasuocTb $as
cocraanser o == (1/2)pan == 90°.
Slanenne  pesonanca  Hrpaer
GoNBIIYIO pOJib B TEXHHKE U IOBCe-
nHeBHOR XuH3HH. B  OOJbLIHHCTBe
MEXaHHYECKHX YCTpoficTB IOX nefi-
CTBHEM  BHEIIHHX IepHOAHYECKHX
CHJI MOTYT BO3HEKaTb KoJeOaHus. tp 2wy
[Ipn pesonance mnpomexonut sHapa-
CTaHHe aMIMIHTYIOB KoJie6GaHufl, 0 5TO MOMXeT NPHBECTH K paspyulleHHsM
(«pesonancHan Katacrpoda»). B ciyuae spamiatenbHOro NBHXKEHHA pe-
30HAHCHYIO 4ACTOTY HA3LIBAIOT KPUTHYECKMM €YHCJIOM 060pOTOB.
Utobul npelOTBpaTHTb BOSHHKHOBEHHE KOJeOaHHE CO CJAHUIKOM
OoJNBIION AMINIHTYAOH, CJIENYeT:
® 1[0 BO3MOXKHOCTH YCTPaHSTb INEpHOJIMYECKH HEHCTBYIOLIME CHJLI,
@ nobuBatbesl GOJbLIOH pPa3HOCTH COOCTBEHHOW YACTOTHL W 4acTOTHhE
B030yKIAIOIIER CHIILY,

® no6uBathca TOrO, 4TOOLI YACTOTA NPHHHMAJA PE30OHAHCHOE 3HAYEHHE
JIHILIb HA BpEMsl, MEHbIEe OJHOrO IepHoaa KojeGanuf,

® npeMeHsaTh NeMnGHPYIOIHE SJEMEHTDI.

& pacmem

=

19.5. Chnoxenue KoneGanuii

Jlio6as koneGatenbHas CHCTEMa MOXKET OLNHOBPEMEHHO COBEpLIATbL He-
CKoJIbko KoJeGanuii. OToesbHble KoJeGanHs NpH 3TOM CRJANBIBAIOTCSA
B pesyabrupyollee koneGanme. Cnomxenne koaeOasuil OCHOBAHO Ha



232 19. Mexanuuecxue xonrebatiusn

DPHHLMOE CYRepNo3HLKK

Ecnu Teno coepllaeT HECKOJbKO KosneGaHuil, TO 3TH KoJeCaHHs
CKkAAALIBAIOTCA HE3aBHCHMO JIpYr OT ApYyra, T. €. He BAuas ApYyr
pa apyra.

TTocKOMBKY OTKJIOHEHHMSI M AMIMIMTYAbl HpeAcTaBasior coboil Bek-
TOpHl, WX PE3YILTHPYIOIHE MOXHO BBIYHCJIAATb H3BECTHDIMM METOAAMI
Kak rpacguyeckn, Tak u anrebpanueckn. CrellyeT pasmuuars:

® cnoxenue XxoseOanmil, NPOHCXOAfIIHX B OAHOM HallpaBJENiH,

® cioxenue xoseGaHHE, NPOHCXOASINHX BO B3aUMHO HepleHAHKY.fp-
HBIX HANpAaBJIEHHSIX.

19.5.1. KonebGanusi, npoucxonsiiue B OLHOM HanpaBJesuu
¢ OIMHAKOBOH YaCTOTOM

HDH HaJOKEHHH JABYX TrapMOHHYE-
ckux  KoaeGappl, TPOHCXOLALUHX
B OJHOM HalpaBJe€HWH C OIVHAKO-
BOH 4acTOTOH, BO3HHKAET rapMOHU-
geckoe koJeGaHHe C TOl‘:l 2Ke H9acto-
TOH, & €ero aMIVIUTYHa S3aBHCHT OT
aMoJIHTYR H HayaJbHBIX (})33 oT-
JebHLIX KoJaebaHuil.

PesyabTHpyIOlU€e OTKJIOHEHHE B
Kaxgblli MOMEHT EpeMeHH paBHO aJre-
OpanyeckOl CyMMe COCTaBJAIOLIHX OT-

KJIOHEHHHN

Ecan

le, Y1, 9o — aMIAMTYIa, OTKJIOHEHHe H Hadajbias ¢asa Ko-
neGanni 1,

Y 0 Yo Do ~— aMIUVIATY[a, OTKJIOHEHHE H  Ha lajblias (asa ko-
nebGagHi 2,

[0} — YacToTa KoJieGanuil,

H — [pOAOIKHTENLHOCTh XonebaHui,

Yrn pes Ypesr @0 pes — AMIVTTYAQ, OTKIOHEHHE N HayaJpHas ¢gasa pe-

SYJbTHPYIOIIHUX KOJEOanKH,
70
Ypes = Y1+ Y= Y,y sin (of 4 @) + Y g sin (0F - @gg)-

MHOTOKpaTHO NPHMeHNs TEOpPEMY CJOXKEHHSH, nojydaeM

K 1932) | Ypes = ¥ pes 5i7 (0F + Qpel |

IIpH 3TOM

K19.83) | Yy pes= AJYE + Vi 42 Y 1o cos (901 — P2)
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Y 1 singg Y, 5 sin g
34 — ml 01 m2 2
(K19.34) | ¢, pes = arctg Yy o8 Gy & Vg 605 Gy

OGpaTHTe BEHUMAHHE:

® Ha pucyske aMmimtyAn npefcrasiensl BekTopaMu. VX Hampasse-

HHfl COOTBETCTBYIOT HA4YajbHbiM (pasaM. B Teuenne Bpemenunu ! OHH
NOBOpAYHBAIOTCS H5& OAHH M TOT e YroJ »f, NOCKOJBKY KoJeGauus
UMEIOT ONHHAKOBYIO YacToTy. [Ipencrasnenne koaeGaHHH ¢ NOMOILLIO
BpaLLAIOLHXCsA BEKTOPO2 Ha3LIBaeTCsi BEKTOPHOH puarpammoit. Orxo
fI03BOJIIET HAXOAWTb AMIVIHTYILY H OTKJOHeHHe, He npuberas X Ma-
TeMaTHYeCKHM BLIKJalKaM.

B uactHoM cayuae paBeBIx aMiMTYL (Ymi = Ymg) BbIpameins

(K 19.33) u (K 19.34) ynpomaroTcs:

(K19.35) | ¥

(K 19.36) | @g pes =

= 2le cos &;ﬂ

m pes

Qo1 + Poz
—

Jnsa passHocTH nauaJbHEX a3z A@ = 0 WM N noJyyaeMm Cle-

ILyioiue

YacTHBle cayyan

Ycnoens Pesynstat
Yur=Yue Ap=0 OTkioHenus yIBaHsaloTCAd
Y=Y me Ap=0 OTRAOHEHHS CYyMMHPYIOTCs
m1==Ymo Ap=mx O6a xosneGaHus B3aHMHO YHHYTOMKAIOTCH
Y1 5%=Y s Ap=mx OTKNOHEHHS BHYUTAIOTCA

O6GpaTuTe BHUMAHHE:
9 A9 = Qo; — Qo

19.5.2, Kouse6annsi, npouCXofsiiye B OXHOM HanpaBJeHUK

€ PAa3sHbBIMH 4acTOTaMH

Tlpyw caoxesnn [A8yX rapMOHHYECKHX KosieOaHHH, NPOMCXOLAIHX
2 OIIHOM HAUpAaBJEHWH C PasHbIMH HACTOTaMH, BO3HHKAET HErapMo-
HuyecKoe KoJeGaHue.
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O6GpaTtuTe BHHMAHHE:

@ B paccMaTpHBaeMOM C/Yy4Yae pe3yJbTHPYIOILEE OTK/IOHEHHE B KaiK-
OB MOMEHT BpeMEeHH TaKXKe pasHO anreGpanyecKoll CyMME OTKJIO-
HEHHE  COCTABJAIOIIHX  KoOJe-
Gaunii. N

® C ppyroit cropousl, mo€sie ne- y
rapMoHHYECKHE KOJieGaHHS MOK-

HO pACCMATPHBATb KAK pe3yJib-
'mpyfﬁomee“ pfAla rapMOHHYECKHX ;
KoJie6aHuil W pasJyioOKUTh €ro Ha 7

st cocrasnsmoune. CooTBer- W \t
CTBYIOLHH MaTeMaTHYECKH T

npueM HOCHT HA3BaHHe aHaJaH3a

Qypbe.

Pesymmupyrowue wonefiang
Roresarus 1
Renebarus 2

[lpn ynpoluaouleM NpeANOJONKeHHH Ymi == Ymg B Qo1 = Qo2 B pe-
8yJbTaTe CJOKEHHS ABYX XojebaHuii ¢ GAM3KUMHK YACTOTAMH BO3HK-
KaloT Guenus.

Ecin

®, - gacrora KoneGanmii 1, L wy-wy Toe

®; - uyacToTa Koaebamui 2, of N b 005 t P

Yoo — aMILINTY A obonx  Ko.e- T nﬂnﬂnf\n NI

| Gawuh, TV TV T

Ypes — OTKJIOHEHHE, OTEEeYalollee Ts
pesyJIbTAPYIOIHM Koneba-
HHSIM,

t — BpeMs,

TO

Upes = Y1 + Y2 = Y (sin @i -} sin @yf).

OTcrofa ¢ NOMOIIbIO TEOpeMbl CJIOMKEHHA MoJyYaeMm

' - ®; — O . @+ ©
(K 1937) | gpes = 2Vm cos(—'-?it) St (—‘-7-1 t). l

O6patuTe BHHMAHHE:

® DBuennss npefcrasasioT coboil koneGaHHsi ¢ YCpelHEeHHOR YacToTofl
(f1 4 f2) /2. AuniuTyna Guesdl NepHOAHYECKH H3MEHAETCH OT Mak-
cuManbHOro 3mauesnsl 2Y¥m IO MuHHMajbsore 3xaueHHs O.

@ llpu gaxnom obpamenus aMINIHTYAL 8 HyJb (asa CKauykoM MeHs-
eTcsl Ha .

Mepuonom Guerkit T¢ HA3LIBAIOT NPOMEKYTOK MEXAY COCENHHMH
MOMEHTAMH BpEMeHH, B KOTOpble amiuinTyla obpamaercst 8 Hysb. Ilo-
CKONIbKY TpH apryMeste, pasHoM /2, 3m/2., KOCHHYC oOpatiaercs. B
HYJb, UMeeM

W — Mg

5 Tg==m.
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Orciona npu ® = 2af caenyer
9tfy —
7y . 2nifs — fem.

Pemasi 370 ypaBHEHII€ OTHOCHTE/IbHO 4acTOThi OHeHufi, noJydaem
(K1938) | fo =1 — fa |

. Uncso MHHHMYMOB &MIUJIHTY B!
Yactotra Onenmii = Y yi
Bpemsa
CTH YacTOT COCTABJSIIOLLHX KoJeGaxuf.

Nz (K 19.38) npu Te = 1/fe momyuaem
1

paBHa pa3sHo-

i
Ty Ty
u mocae npeobpasoBaHHsl HMeEEM
7Ty
(K 19.39) | Te =7

UactoTa pe3yJyTHpYKOLINx KoneGanufi noJyvaercs H3 (K 19.37);

(K 19.40) | fpes = ﬂ—"—g—h— =f.

Orciona 1axoAnM nepHOi Pe3yJbTHPYIOLIHX xone6auil Tpes = 1/fpea

. _ 2N
Pes T Ty

(B 19.41)

19.5.3. KoneGauus, IPOHCXOAsilUHE B 1
pasHBIX HanpaBJeHHAX 14

Ilycrs cuctema ysacrByer B KoJeGaHHfAX, | ¥n )
KOTOpble IpOHCXOAfT B ABYX Halpasne- -~
HHMSIX, @ HMEHHO BJIOJbL OCeH X u Y Ipf-
MOYFOJIbHOH CHCTeMbl KOOPAMHAT: y

x =X sin (0xt + Pox)

y = Yy sin (0yf + Qoy).

z Xmlx
PesynbTupyiomee OTKIOHEHHe B MOMeEHT £
onpefesieTcsl KaK BeKTOpHAas CyMMa.

Ecnn
r — pesyJibTHpYKOllee  OTKIOHEHHE B
MOMesT BpeMeHn f,
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X, Y — OTKJIOHEHHSI COCTaBJISUOLINX KoJebaHHH B MOMEHT BpeMeHH I,
€ — YroJ MexAY pe3yJbTHPYIOIIHM OTKJIOHEHHEM H IOJI0KHTENbHLIM
HalpaBJIEHHEM OCH X,

T0
(K1942) | r=/F |

Hu

y

(K 19.43) = arctg =,

®

OG6paTHTe BHEMaHHe:
©® Besuunsbl 7 u & npedcTasisior coGoil mONSpHLE KOOPIHHATHL pes
SYJLTHPYIOLUEFO OTKJOHEHHUS.

Ecnn coepnuuth pe3ynbTHRYIOLHE OTKJIOHEHHA y
B pas/HYHLIE MOMEHTHl BpeMeHH JHHHEH, TO MoJay-

YHTCS TPaEKTOPHS Ppe3yJbTHPYWOLNX KoJyiebanuit (2 Q

II0CKOCTH X, Y). llpw 3TOM BOSHHKAKT CJOXKHBIE
KPUBLIE, KOTOphie HaswbiBaloTcs (Purypamm Jluccaxy.
Jlmme B ciyuae OOHHAKOBBIX HACTOT HOJYYaOTCs =
SJUIHIICHI C PAasJIiuHbIM SKCHEeHTPHCHTeTOM (BKJIOuas
OpSAMYIO H OKPYIKHOCTB).

Yacruble ciyuau (aas f; = f,)

YenoBisa PeaynsTar
Ap==0 ITpaman 3 Lo
g™ N7 50
0<Ap < i;—- Harjonnwii ssumne
7 |
D=3 Dnaunc f
Ap=2 o # =z
Q=3 KDYHOCTB |
Yi=Xp I
Ei -
5 <AM<Ln HagnoHBEIR saunc
\
Ly XSy &
Ap = ITpsaman L .4'% " Zn 4”
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O6partuTe BHUMAaHHE:

® Ilpu passoctu ¢as 5t << A@ <C 2% BO3HHKAIOT aHAJOTHYHDLIE (PHTYPBL,
HO Hanpasnenue o6x0na MeHSeTCs HA IMPOTHBOINOJOKHOE.

@ duprypa Jlnccaky ocraeTcsl HeM3MEHHO!, €CJH OTHOLIEHHe YacTOT
npefcTaBisier co6ofi panHOHa/JbHOE YHC/IO0; 2 I[POTHBHOM CJydae
TPaeKTOPHY He MOBTOPSOTCA H GHrypa Jluccaxxy HenpepHIBHO H3-
MeHAeTCsl.

@ Qopma o¢urypnt Jluccaxy 3aBHCHT OT OTHOLIEHHsI YaCTOT H pas3HO-
CTH HayaJbHBIX (as.

19.6. Ceasaunbie KoJebanus

Cansannble KosebaTtenblibie CHCTEMB! BJHAIOT Apyr Ha apyra. Kosaeba-
HHSI TAKUX CucTeM Yxke He OynyT He3aBHCHMDI, NOCKOJbKY CHCTEMLI 06-
mennsalores: SHeprueil. CBa3b MoXeT ObTh 00yCJOBieHa

@® ynpyrocrbio,
@ TpeHHEN,
@ unepuuei.

Ecan opnoii u3 cHereM cOOOLUMJIH 3HEPrHI0 W OHA COBepllaer KO-
snebaTeslbHOE [IBHIKEHHE, TO [IOCTEIIEHHO OHAa IepefldeT CBOI0 3HEPIHIO
Bropolt cucreme. CKOpOCTb Nepelayl 3HEPrHH 3aBHCHT OT TOFO, Ha-
CKOJIbKO CHJbHA CBf3b, T. €. OT CTeneHH cBsi3H %. Ecyin y oGeux cucrem
onuHakosas cobcTaeHHas YacroTa, TO
focyie TOro, Kak cucremMa 1 OpHier B
cocrosinne 1nokos (ee 3Heprus obpa-
THTCS B HYJb), H3MEHHUTCS] HallpapJicHHe
noroxa sHepruu. O6e cucreMbl OYRyT
cosepuiath OHenHsi, CABHHYThIE IIO
Bpemesn Ha T6/2.

Buennusi BO3HHKAIOT B pesyJbTaTe
COMKEHNsT COBCTBEHHBIX (HOPMAJbHBIX)
xosebanuit o6enx CHCTEM.

Wietores 1Ba BO3MOMKHBIX THIA KOJeOaHHH CBA3AHHBIX CHCTEM, IpH
KOTOpbIX yCTaHasJuBaeTcl OOMeH SHepruei:

@ Cueremnt kosebniorest B Gase (cuxdasHo). Hannune cBasu He we-
HSIeT uACTOTHI, M O6e cucTeMbl KoneGmiores ¢ uactoroft fi = fo.

/
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® Cucrembl xoneGaotess B npotuBoaze (A@ = ;). Ms-3a ponoanu-

TeabHOH kecTROCTH Dcg, 0GYC/AOBJEHHOH Hanu4yueM CBA3H, YacToTa

- xoyieGaHuit yMmenbinaercs. O6e cHereMBb! KoJeOsnloTCA B 3TOM CJyyae
¢ 4actoToit [s.

Ecan

D — kectKocTh cHCTEMBI |, paBHas KeCTKOCTH CHCTEMBI 2,
D¢y — nononsuTesbHan HECTKOCTb, OGYCJIOBIEHHAS CBASbIO,
m =— Macca cucreMbl 1, paBHas Macce CHCTEMEH 2,

10 nnst yacror fi u fe coberBenntix Konebanufi nosydaeM

' 1 D
h=l=sy ’\/H' f D m

1 D 2Dcs CU | My H/m xr
=3z A/ —m

(K 19.44)

JXectroctn cucteM wan nepHoLbl 7 == 1/f coGcrBennblx koJeGarui
ONPENeNsOT CTeNeHb CBA3K

2 2

D 1% —13

2 2"

D+D,, 1?4 T2

(K 19.45) | %=

O6paTuTe BHHMAHHUE:

® Bupaxenuss (K19.44) u (K1945) cnpasefnHsbl TOJNBKO AAs CJIy-
yasi, KOrfla Macchl, COGCTBEHHDLIE YaCTOTHI H MKECTKOCTH CHCTEM
OIMHAKOBHI,

20. Mexanuueckue BOJHBI

Mexanuyeckass BonHa mNpedcTaaiser co6oll  koJsebaTempHBIH Mpollece
B ynpyroil cperne. Takas cpefia cocTOHT H3 OOJIBIIOTO YHCAA CBA3AHHBIX
IpYr ¢ IpyroM uacTull, cosepiiamoliux kojebanusa. Ecim Bos6yxuaroTcs
kKosiebannsa OMHOH M3 HACTHI, TO OHA CTAHOBHTCS UEHTPOM pacnpocTpa-
#amouelicss BosHBL. KuHeMaTHYECKHM IPHSHAKOM BOJHOBOTO JBHXXEHMA
CAYXHT pacnpocTpaHekHe ¢(asbl KoJebauuil, JHHAMHYECKHM — IepeHoe
speprun. Cxopocth 0OOHX STHX NpOLECCOB NpeacraBiasier cobodl ¢aso-
BYIO CKOPOCTb, WIH CKOPOCTb PACIPOCTPAHEHHS BOJIHBL.

20.1. Pacnpocrpanesue BOMH

20.1.1. l]pmxuxm l‘wi’«reuca

PacnpOLTpaHel{Me BOH JIETKO MOHATH M OODBSICHHUTB, €CJIH oﬁpamuca
K npusuuny [ofirenca. 8
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Kaxas TOUKa cpenbl, BOBJIEYEHHAS B
BOJIHOBOE JHBHMIKEHHe, CTAHOBHTCA HC-
TOUYHHKOM HOBOH BOJIHDL], Ha3bIBaeMOH
3JIeMeHTaPHOH BOJIHOI.

Ha6nonaembiii BOJHOBOH (HpOHT npel-
cragnser coGOH  pe3yabTAT  CJIOXKEHHS
MHOXeCTBa 5JIeMeHTapHBIX Bosd. [Ipus-
uun I'rofirenca cnpasendiMB il BCeX BH-
[03 BOJH, B TOM 4YHCIe H [N 3JeKTPO-
MAarHUTHBIX.

20.1.2. Tunw BOAH

Bouibl, Y KOTOPHIX HalpasleHHe CKOPOCTH ABHXKEHHs HACTHIL NepleH-
IUKYASpHO HanpasJeHuio (pasoBOH CKOPOCTH, Ha3blBAIOTCS NONEPEUHbIMU

Tops
P

- ) . Bnaduna

Ynnomrerue
e e e e 4o >—0

\
Paspescerue

ponuamu. Y STHX BONH TIPOHCXOAMT wYepelnosaHne rop6os m Bnapus,
Fciu HanpaBJjeHHsl CKOPOCTH KojeGaHME H (pasoBoil CKoOpocTd coemna-
[AI0T, TO BOJHDI HA3LIBANOTCS I[POROJBLHBIMH. ¥ STHX BOJH YepedyloTcA
o6sacTH Cryllesnsi ¥ paspexenusi. B coOTBeTCTBHH C XapaKTepom pac-
NpOCTPAHEHKs Pa3JHYAIOT JMHeltble, NOBEPXHOCTHbIC H NPOCTPAHCTBEH-
uble, WJIH OOHO-, LBYX- H TPEXMEpHble BOJ-
mel. Hanpa®esenne pacnpocrpaHeHHs BOJI-
HLI HasbeaoT JyyoMm. BoJHOBO# ()pOHT
fepnenauKyiapes Jaydy. Bosnosoil ¢pout
npepcrasniger cobOf reoMeTpHuecKoe Me-
CTO BCEX YacTHll, KoJeOmollHXca ¢ OdH-
Hakosoll dasofi. Y IOBEPXHOCTHBIX H
NIPOCTPAHCTBEHHLIX BOJH, PaclpOCTpaHsiio-
HHXCs M3 TOYEYHOro leHTpa BO30yxIe-
Hus, Jy4YW HAIpasJieHbl pajMalibto, a
BOJHOBHE (QPOHTH NpeAcTasasT co6oi
COOTBETCTBEHHO OKPYXHOCTH H  cepbl.
B cnyyae DnJsiocKOro  HJM  YIAJIEHHOrO Bosmoesie gponmmst
HCTOYHMKA BO3HHKAKT INIOCKHE  BOJIHBIL.

B Hux Jyuyd papajiJienbHbl, a8 BOJHOBBIE

¢pouTHl pencTaBasiorT co6ofi nyockoctH. PaccTosiue MEXAY CocenHuMH
BOJHOBLIMH (PPOHTAMH HA3bIBAETCA AJIMHOH BOJHbI A

Jywu
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JliuHa BOJHBL €CTh PACCTOSHHE MEXKAY YaCTHUEMH, KOJeGMIoUHMHCS
¢ OZHHAKOBOH (hasoil. JlJam#Ha BOJHLL HE 3aBHCHT HH OT KOOPAH-
HUATHL, HH OT BPEMEHH. -

YN Lnuna eonmer A -

Sy

\Z

\lmna gomsr A

Bonrossie gaponme

Ecnn

¢ — (asoBasi CKOPOCTb, HJH CKOPOCTb DPaclpOCTPAHEHHs BOJHEL,

| —uacrota, ¢ kotopoll Konebrnerca Kaxias YacTHLA B BOJHE,

T == 1/f — neproA, NpONOJIKATENLHOCTE NONHOro KojebaHus 4YacTHI,

A — DAMHA BOJIHBI, pAacCTOAHHE MEXKAY 9YacTHLAMH, KOJeCJIowmMHCs
¢ OnHHaKoBOM (Gas3oH,

70 B coorBercTBEE ¢ (M 6.1) ¢ = MT, nan
c A f

U | mfc M Tu=1/c

K20.) | c=Aaf |

Of6paTuTe BHHMaHHE:
® Buipaxenne (K20.1) cnpaBeimBO AJisi BCEX BOJH, B TOM YHCIE H
31EKTPOMATHUTHBIX.

Chelmanbible  YpaBHEHHsi LJisi  OnpepenieHus $asosofi CKODOCTH
B pasaMuHbiX cpeflaX cM. B pasi. 20.2.3.

20.2. JInnHelinpie CHHYCONANbHBIE BOAHb!

[lpennosoxuM, 4TO BOJHBL BO3CYKAAKTCS TApMOHUYECKHMH xoneba-
HUSMH H TpH DACUPOCTPAHEHHH BOJNH B CPefie OTCYTCTBYXOT NOTEpH
SHEPruH.

20.2.1. BosHoBoe ypaBHEHHE

Ilpi HCMONB30BAHHH Psilla HMCXONHBIX NpEeANONOKEHHE, KOTOPLHIE MbI
ajiech He YNOMEHAEM, AJs s0CHIX MEeXaHHYECKHX BOJH MOAYHAETCA Ciie-
LyIOlllee BOJIHOBOE YpaBHEHHE B HACTHEIX MPOH3BOIHLIX:

2
(K202) | =5 —— 5 =0
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O6paTtuTe BHUMaHHE:

® Cornacno ypasmesmio (K 20.2), BTOpasi NPOH3BOJHASL OTKICHEHHS
N0 BpeMeHH NpONOPUHOHANBHA BTOPOH NMPOMSBOAHON MO KoOpAMHATE,

® Kosdduunent ¢ xapakrepusyer CBOACTBa cpefibl (yNpyrocte, MnaoT-
HocTh u 2p.). On coBnapaer ¢ $a3oBol CKOPOCTHIO.

20.2.2. OTKIOHEHHE

Yro6bl Hafitn pemesne ypaswenus (K 20.2), neiaor nofcraHOBKY
x
y=y (t + -?-)

Ecnn

Y — OTKJNOHEHME YACTHIBl B TOUKE X B MOMEHT BpeMeHy f,

Y m — aunantyna Bo30ykaaoilero KoneGaHus H BOJHL,

o = 2naf = 2x/T — yrnoBas yacTora,

f ~— Bpewms,

X — DaccTosHHe OT HCTOYHHKA, NpPOHAeHHOe BOJHOH DacCTOsIHEE,
¢ — (hasoBasi CKOPOCTB,

T — nepuopn koneGauui, y

A — InuHa BOJHBI, Y. b=

TO x /

A
(K 20.3) Iy:)’m sinm(t—%—). l W x

Jannas ¢aza xoaefaHus NOCTHraeT TOUKH, HaXOoXsineHcs Ha paccTof-
flyme x
Cropoctn ¢
HHM OTKJIOHEHHS H3 BpeMeHM { CliefyeT BBIUECTE BENHYHHY X/C.

Tpu f = /T u f/c = 1/h n3 (K 20.3) caepyet

HHH X, 3a BpeMs, paBHOE . Cnenosa"renbﬂo, Opy BbIYHCIIE-

. f X0
(K20.4) l y = Yp, sin 2n )

O6paTHTe BHUMAHHE:

® Buipaxenus (K20.3) n (K204) cnpaBepnuBbi [Jin pacnpocTpaHe-
HHSl BOJNHBI B MOJOXKHTEJILHOM HampaBieHnd ocu X. Ilpu pacnpo-
cTpaHeHHH B OOpaTHOM HanpaB/eHWHM 3HAYEHHA X OTDHIATENbHBI
'H B CKOOKaX GyHeT CTOsITh CyMMa.

Bblpa)xenﬂe (K20.4) nosBonser onpelesHTh BaXXHbii NpPH3HAK
BOJIHBL:

B Bonuna — 310 nepuonuuecKknil npomecc BO BPEMEHH H DPOCTPAHCTBE.
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20.23. PasoBan CKOPOCTH

$a30Bag CKOPOCTb 3aBHCHT OT MEXaHHYECKHX CBONCTB Cpeabl.

Ecimu

[ — (asoBas CKOpPOCTE,

F — CHJia HATSXKEHHS] CTPYHEL, NPOBOJIOKH HJH AP.,

A ~— TONepeyHoe CeYeHHe CTPYHb, POBOJIOKK WM Ap.,

E ~ MOpysb ynpyroctu (moaynb IOuwra, cm. Tabn. 9),

K = 1{»% — Monysb BCECTOPOHHEIO CXAarTug,

% — CKHMAaEMOCTb IJa KHAKocTelr (cMm. Taba. 4), nokasatenb

apuabGathl nJs ra3os (cm. taba. 18),
— niotHocTh (cM. Taba. 1),

=

‘70 nis ynpyroli MomepeyHOR BOJHBL B TBEPHBIX TeJax

F e F p A
(K205) |e=nA/—; AL S
_ pA CU | m/c H kr/m® M2
aqsl YOpyro#t NPoROALHOR BONHBI & TBEPAMIX Tenax
- i'E ¢c E p
(K206) |e= A/ I fho s 0
Y CcHU IM/c H/m? kr/m®

AJist l'lpOIlOJleOi;l BOJiHbI B KHIAKOCTAX

K 1
(K 20.7) C=/\/_p_=/\/—%?' 7
c K ® o

cU | m/c MMa =H/m® m2H kr/m?

pJsl MPOOABHON BOJIHBI B Tasax

(K 20.8 XP i P e
. c= A [ =1
) P CU | mfc — IMa=Hfm? gr/m’

.20.24. Otpaxxenue

[lpy NOJMHOM M/AM YACTHUHOM OTPAXKEHHH ONHOMEPHOU BOJHBL (Hanpu-
Mep, KoJeGaHuit CTpyHbi) HA rpammie cpefia 1—cpena 2 dasa cxad-
KOM H3MEHSIeTCsl Ha T, eciM cpela 2 aBiseTcs GoJee «IJIOTHOR», T. €.
et oTBeyaerT Menbilas asoBasi CKOPOCTh.

Crauok (asel Ha U O3HAyaeT, uTo rop6 NpuXOosuleli BOJHBI nocie
OTpaeHus MpeBpaliaercss Bo Brajuny (u HaoGoport). .
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20.2.,5. Crosuue BOJIHB

Jlse EBOMHE), pacnpoCTpaHMAIOIlHeCcH OINHOBPEMEHHO B OOHON H TOH Xe
cpele B TNPOTHBONOJOXKHBIX HaNpaBieHMsX, NpPH CJIOXKeHuH o0pasyioT
crosuyio BonHy. Ilpennosaraercs, uro ofe BOAHBL MMEIOT OEHHAKOBbiE
aMIVIHTYAbI, YaCTOThl W JUIMHGI BoJH, Yaine Bcero crosune BoJHbl BO3-
HHUKAWT MNpPH CJIOXKeHHH nanawoilefi ONHOMEDHON BOJAHEI ¢ BOJIHO#H, MC-
TBITABLIEH OTpalKeHHe.

Ecm

Ypes — OTKJOHEHHE B pPe3yJbTHpYIOLlel BoJMeE,

Y — aMnnmTyns: cknaisiBaoniuxcs BOJH,

@  ==2nf = 2n/T — yrnoBas 4acTOTa CKJAapbIBAIOILEXCSA BOJH,

14 — Bpewmd,
A — nnuma BOJIHHL,
X  — KOOpAUHATA,

TO ypaBHeHue najaiollell BOJHbl HMeeT BHJ,
. t
y.=Ymsm2n(—T—-——}—v-
YDABHEHHE OTDa>XEHHOH BOJHBI:
t X
=Y, sin 25 (—— ——).
n T + A’

Orciona 1 Pe3YAbTHPYIOUEN BOJHBI no.nyqaeM
Ypes= U1+ ya=7VYn [sm 2n = ——) ~}-sin 27 ( 7 —:-)].

TMpuMensia TeopeMy criOKeHHS, HAXOLNM

t
Ypes == 2Y 1, cos 2x —;’- sin 25 —,

wim npa /T =fu 2nf = o

sin of.

(K 20.9) | ypes =2Yimcos 22"

D10 GopMysna pas CHHYCOHAAJNBHOrO KoOJeGaHuA € aMIMIHTYHOMN
2Ym cos(2m/A) X, koTODAsi 3aBHUCHT OT KoOpmHEaTel. IlpH onpeneJeHHbIX
3HAUEHHAX X, T. €. B HEKOTOPLIX TOUKAX, aMIIKTYAA paBHa 2Ym, mpu
JIDYTHX ONpenenieHHbIX 3HAYEHHAX X OHA DaBHA HYM0. DTH TOUKH OCTa-
107c] (PMKCHPOBaMHLIMH HAa OCH X H HaxoAsTca APYr oT APyra Ha pacs
crosinum, paBeEoM AJ2.

O6paTHTe BHUMAHYE:

@ Crosuke BOJMHB BOSHHKAIOT MpDH OTPaXKEHHH KaK OT MEHee ILIOTHOM,
TaK B oT Oosnee IIOTHOH CPEAblL
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® Toukm, B KOTODBIX aMINHTYAA BCE= ¥ Yansr
T2 paBHa HYJI0, HAa3piBaOTCA Y3~ ZF|-— %
NaMH BOAHLI; TOUKH, B KOTODHIX
aMIVIHTya BCerpa pasHa 2V, Ha-
3LIBAIOTCA NYYHOCTSIMH BOJIHBL

® B cpene, umeooweld orpaHHYeHHEBI
pasmep [, crosuas BOJHA MOXKET
o6pasoBathcs TONBKO B TOM caydae, KOrna BeJuuuHa [ KpaTHa Le-
“JIOMY YACHY TOJiyBosin A/2.

T

=N
=

Zi Tlyumoermu

20.3. HNopepxHOCTHLIE H NPOCTPAHCTBEHHBIE BOAHBI

20.3.1. CnozeHre BOAH

Ecnn B cpeme pacnpOCTpaHAeTCs HECKOAbKO BOJH, TO NPOHCXOOHT HX
cnoxenue (MHTepdepenuns). B 3ToM ciyuae Takke HefiCTBYeT NMpHHIHI
CyNepno3HLHH.

PesyabTupyiollee OTKJAOHEHHe B MOMEHT BpeMeHH [ B TOUKe X
NpH CHOXEHHH ABYX NOBEPXHOCTHBIX BOJH ¢ OAHHBAKOBBIMH YaCTOTAMH
H aMIVINTYJaMH ONpefesifeTcs BhIpaXKeHHeM

Ypes =Yy sin o (t - ?x_) + Y sin [0) (t - %—) + Atp],

HIH
Ypes==Ym sin © (t — %) +Ypsine (t — iicéi)
Ecnu
k  —uence uncno (0, =1, +2, =3, . ),
Ap - pashocrs (a3 nByx BosH B oOnactu cyneprnosanun (¢asoBerit

CIBUT),

Ax — passocTb x0Ha OGeHX BOJH, pasHOCTb NyTell, NPOXONHMLIX obeHMH
BosnaMH B O6JacTH CynepnosulHy,

A — OHHA BOJHH,

TO YCJOBHE€ MAKCHMAALHOrO YCHUJCHHA BOJIH NMEET BHI

(K20.10) | Ap=4k-2x |

WA | Ax = kA, I

a ycJoBHE ramieHusa BOJIH

(K20.11) | Ag= (2K + D) = |

HIH Ax = (2 4+ 1) %-
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20.3.2.  Otpaxkenue

Ilpu najeruH BOJHB HA IPAHHNY pasfesia JBYX Cpel NPOHCXONHT NOJi-
HOe HJH WYaCcTHYHOe OTpakemne. [{NfAi NOCTpOeHHs OTpaiKeHHBIX Jy-
yeit 1/ m 2’ HCnoab3yercs TpHHLEN
Tofirenca, cornacHo KOTOPOMY B TOY-
Ke A BO3HHKaeT sjeMeHTapHasi BOJHA.
B ToT MOMeHT, KOrma Jsyd 2 mOCTH-
raer rpaHHLBl pasfena B Ttouke D,
DPaiuyc_37MEMEHTAPHOR BOMHHEL paBeH

AC = BD. [Nocrpous oGimul BOJHOBOE

¢pout, npoxomsauwmii uepes C u D,

NOJyUM HOBOE HATpAaBJEHHe BOJHBL,

Eenn

¢~ yroi Dajedds, T. € Yroi MexXny
NagaolEM JyuOM H TOephneHni-
KyZsipOM K TOBEPXHOCTH B TOYKE
napeHus,

P — yron oTpaxenus, T. €. yrosi MeEx-
Iy OTpa’keHHBIM Jiy4OM M OEpHeH-
AUKYJSPOM K TNOBEPXHOCTH,

o Tleprendurynap

TO 3aKOH OTPAMKECHHA HAMEET BHI

(K 20.12) | a=p. | O6a ayua H NEepRCHAHKYJSIp

JiexaT B ORHOH NJAOCKOCTH.

O6paTtuTe BHHUMAaHHE:

@& 3axou (K 20.12) copaBensiuB TakXke H B Cly4ae 3J€KTPOMArHHTHBIX
BOJH, HampHMep g cBera (cM. pa3f. 25.2.1).

20.3.3. Ipenomaenune

Ecan nyd mepeXoAWT H3 OMROIl cpellsl B IpPYyFyl0 4depes TpaHuiy pas-
ena, TO H3MEHSAETCH HEe TOJbKO CKOPOCTh DACMpOCTpaHeHnsd, HO W HA-
NpaBjiedie pacnpocTpaHeHus — Jy4 NPenoMAAeTcs. Ilpn nocrpoenus
npejoMieHELX syuell ' m 2' npumensercs npuauun Iofiresca, co-
THacHO KOTOPOMY B TOUKe A BOSHHKAET 3JIEMCHTApHas BOJHA. B Tot

1 2
} g Cpedat /)%

)Iepneyﬁuxynﬂp
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MOMeHT, KOTHA .Jyd 2 HOcTHraeT MOBEPXHOCTH -paspeiia B Touke D, pa-
. —_— == D,

IHYC (POHTA SAEMEHTAPHON BOJHL DaBEH AC=BD?2—. [Tocrpous
1

o6luli BOMHOBOH ¢rout, npoxonsimii wyepes D m C, nonyuyuMm HOBOE
HalpaBleHHe BOJHbL.

Ecan

Q@ — yroJ naneHus, T. € Yrosi Mexpy NaiainilHM JIY9OM H nepneH-
AHKYAsIpOM,

f — yron npesomnenus, T. €. YroJi MeXAY TNPEJOMJCHHLIM JYy4OM E
nepneHAnKyJispoM,

v — CKOpOCTh pacmpocTpanesus B cpene 1,
¥2 — CKOPOCTDb pAacnpOCTpaHeHust B cpelle 2

TO 3aKOH MPEJOMACHHA HMeeT BUI

(K 20.13) sino ¢ O6a ayya W nepneHanKyJIsp

sin P 0y JIEXAT B ONHON TNJOCKOCTH,

O6paTHTe BHHEMAaHue:

@ 3akon (K 20.13) copaBemsinB H Ans 9JAEKTPOMAFHHTHBIX BOJH, HA-
npumep nJs ceetra; cM. (O 25.5).

20.34. JAudpaxuus

FcnH BOJIH2 napaeT Ha SKpaH ¢ Y3KOH UIeNbo, TO 338 3KPAHOM JAyuH
pacxoisiTca BeepoofpasHo; 3T0 TaK HasblpaeMasi NHQPAKLEA BOJH.
Jdudpakupi0 MOXKHO OOBACHHTH, HCNOAB3YH
npuenmEn [ofiredca. Yron MexAy nepsBoHa-
yaJbHEIM HAlpaBjedseM napaiomleil BOJMb H
HOBLIM HANpPABNEHHEM Jyua HaskiBaeTcss yr-
A0M gudpakuug.

Dueprusi Nag2w0ulefl BOJHbB HepaBHOMED-
HO pacnpenenisieTcsi M0 OTAeJbHLIM Hanpabje-
vusim. OHa TeM MEHbIle, yem OGoJblle yroj
-pud paKiing.

O6paTuTe BEHHMAHHE:
® Jlugpaxuusi cBeta: cM. pasn. 26.2.

20.4. XapaxkTepHCTHKH BOAHOBOrO Nojf

20.4.1. MAaoTHOCTb dHEPTHH
JlGan BOSHA NEPEHOCHT JHEPIHIO, KOTOpAs MNEpefdercs B BHAE SHeEp-
[HH KoJleGaTeJnHOro NBHIKEHHsT OT OAHOR YaCTHibl CPeAbl K APYrok.

KoMHyecTBO SHEprHM, TPHXOAsilefics Ha enuHnuy OCbeMa cpenibl
HasniBaeTcs [HIOTHOCTBIO SHEPTHM W.
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Hx
Enusnna CH nootsoctn sHeprunm: [w] = v
Ecnu
W — NAOTHOCTb 3MEPTHH,

0 — MJOTHOCTL CPENH,

V m — MakcuMannHOe 3HaUeHue CKOPOCTH KOJeGaHHil uacTHiibi,
© =2xnf = 2x/T — uacrora,

Y m — amMnauryna,

dV — ofpem cDenbl, B KOTOPOM 3axsioueHa macca dm = pdV,
7o, corsacio (K 19.18), sueprus roneGanuit

2
_pVLdv

W = —5—,

I ana miotHoetn sieprud w £ dW/dV nonyuaem BHpaiXenHe

2
oV HAH, TOCKOMAEKY, coracko (K 19.5),
(K2014) | w=—5, | Pty
pmszn i p v @y
(K20.15) | w= 2 cu | Jlx/m® xr/u® mjc ljc M

20.4.2. IMoTOK 9HepPruu

Ecan
W — sueprus, npoxopsiulasi depe3 NMOBepXHOCTH NAoILafnio A 3a Bpe-
ms £,
¢ — (pasopas CKOPOCTH BOJIHHI,
W ~— IJOTHOCTb SHEPTHH,
t — ppems,
A — nnowags NOBEpXHOCTH,
0 ~— NJIOTHOCTDL CPEnbi,
Vm — MakcuManoHoe 3HaueHHE CKOPOCTH KoJe-
" Gauufl, [
Y — amnamTyna,
® — "acToTa,

to W= wV. 310 sseprus, xoTopas colepxurcs B o6peMe V = Acf,
T.e. W = wAct. Ilpunuman o pammanme (K 20.14) u (K 20.15), no-
Jyuaem

2 2p2
oV, Act oYy Act
(K20.16) | W= mepr— = ) .

WV o v A ¢ ty @

cHUu l Jx rr/m® mfc M2 mfc ¢ M Lfc




20.4. Xaparkrepuctury 60AHOBO20 NOAR K 249

20.4.3. Mowmneocts
Haa momsocty P = W/t uz (K 20.16) umeem

V2 Ae Y2 A
(K 20.17) P=wAc=p'; L 2‘“ :

P w A ¢ o v Q g
CHU | Br Ix/v® M2 mfc kr/u® mfc tfe M

20.4.4. HurencusHocTh

Buipaxenue nas ubrencuBHocT I = P[A Bbitekaer ns (K20.17):

2 21,2
pV e __pa Ve

2 2 :

(K20.18) | | =we=

1 w c P v y
CHU | Br/m? Lix/m® mjc Kr/M® mle M

O6patTuTe BHHMAHHE:

@ Benuunnn, onpefiensemble Qopumysamu (K 20.14)—(K 20.18), a
HMEHHO TLIOTHOCTh IHeprHM @, sHeprusi W, Momuocts P B HHTEH-
cHBHOCTE [, He 3aBHCAT OT KOODIMHAT, T. €. MOCTOSIHHEL BO BCEX
TOYKAX BOJHOBOTO NOJA TOABKO B C/y4ae OJHO-, IBYX- HJH TpEX-
MEPHBIX BOJIH € MJOCKUM BOJIHOBHIM ()POHTOM.

@ [lns KpyroBeiX BOJMH w~1/r, a pmaa cdepuueckux @~ 1/r%, rhe
I — paccTosinge 0T TOUKM BO3GYXJEHHS BOJHBL,



A AKYCTHKA

21. Fenepauun 3ByKa

21.1. Ipupona 3sByka

3BYKOBBIE BOJIHbI NpPEACTABASIOT COGOH TNpPOROJLHLIE MEeXaHHUECKHe
posbl, OHH  HCNYCKAIOTCA WCTOYHHKOM 3BYKa — KOMeGRIoEMes  Te-
JIOM — H DPACOpOCTPAHAIOTCS B TBEpPABX TeJaX, KHIKOCTAX H rasax
B BHAE KoseOaHuii napienus (BOJH HABJIEHHS).

YesoBeueckoe yxo, Kak MpaBUiO, BOCIpPHHHMAaeT 4dacToTel ot 16 o
20000 Tu (cm. pasno. 23.2.1). KoneGauua GoJsiee BBICOKOH uacToThi
Ha3bIBAKOTCA YALTPA3BYKOM, 0osiee HH3IKONK — HH(PPa3SBYKOM.

Pazauuaior: MyselkadbHbifl TOH, Co3ByuHe (My3bKansHBbU 3BYK), tiym

K B3pPBIB.

@ MysuikagbHblil (YHCTBIH) TOH — 3TO CHHYCOHAANBHOE KoneGaHHe.

@ Co3Byusie — pe3ysbTaT ORHOBPEMEHHOTO 3BYYAHHSI HECKOJNBKHX MY-
3HIKAJbHLIX TOHOB, T. €. HECHHYCOHAaabHOe KoJjebaHue, BO3HHKa-
(IOLlee B pe3yspTaTe CJ0XKeHUA
HECKONBKHX CHHYCOHIAJBHBIX KO-
neGauuii. Tow camofi Huskofi ¥

YacTOTH OMnpefiesisieT OOLULYIO Bbi- %BUBUDUDOOU—’ Tor
COTY 3BYKa, OCTajbHble TOHA t B
(0GepTOHE!) ONpEAeAAIOT «OKpac- WMAGOQ\LLQ_,W%"%MHW
Ky» (TeMOp) 3Byka. 4 4

@ Illym — ueperynsputie  Koneba- M‘-W*?wym
HHsl, CMeCh MHOrOYHCJ/eHHBIX KO-
nebadull TpUMEpPHO ORHHAKOBOH " Bapete
AMNJAHTYALl B C CAMBIMH pa3Ho-
06pa3HbIMH YacTOTAMH.

® BapsiB — KpPaTKOBpEMEEHOE H  CHJIbHOE 3BYKOBOE  BO3EEfiCTBHE.
Mexay EKoneGaHusiMH HCTOYHHKA 3BYKa M 3BYKOBBIM OlmYLIEHHEM
CYLIECTBYET CHAERYIOMAs B32HMOCBA3b.

Cnpapousan tabanuna

XapakTepucTHKa KoaeGanuii 3pyKoBOE Omyumenue
Amnnwryna ' poMKkocThb
Yacrota BricoTa

Dopma Tem6p
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21.2. Hcrounuky 3Byka

Hcrounnkamy 3BYka HasbiBaloT kodeGmoluyecst tena (B molwBx arpe-
TaTHBIX COCTOSIHHSIX), H3Jy4alolle 3BYKOBBIE BOJHBL JTO MOXKeT OHITh
CTpyHa, CTepiKeHb, IJIAacTHHA, cToNG BO3AyXxa B TpyOe, membpana u T. I

21.2.1.  Kone6Gauusi crpynst

B Qoprennano, CKpHIKe M JAPYCHX MyaBIKaJbHBIX HHCTPYMEHTAX SBYK
BOSHHKaeT B pesyJjbrare KonaeGaHusi CTpyH. 3TH KosebaHuss MOryr
BO30YKIAThCS ULHIKOM, CMBIYKOM HJIH YI2pOM.

Ecnn

{ — uacrora xone6auuil,

— JTAHA CTPYHLL,

— CHJIa HATSYKEHHs CTPYHLI,

-— NJIOTHOCTH MaTepuasa CTPYHH,

— IJIOLLA L TIOTIEPEYHOTO CeUeHHs] CTPYHBI,

WO

T10, cornacuo (K20.1), f=c/A. 3pece A =2l, tak Kak Ha CTpyHe
BO3HHKAeT CTOf4Yas BOJHA ¢ YyajnamMu Ha KoHuax. Takum ofpasom,
J == ¢/2], npuyeM cxopocTk € BOJNHBI HA CTPYHE MOXKHO CUHTATh PaBHOM

A/FJoA. B peayibrare nomyuaem

F I F A
(a2l | - ,\/L f e
21 pA CU | Tu m H rr/m® m?

O6paTtuTe BHUMAHHUeE:

® Qopmyna (A21.1) onpemensier uacToTy OCHOBHBIX xoseGammii (oc-
HOBHOTO TOHA) c¢TpyHbl. Kpome Toro, Bo3MmMOkHBE koaebaHust ¢ 6o-
niee BBICOKMMH vactoramu (oGeproHbl). OGepTOHB! BAUSIOT Ha TeMOp
3BYK&, HO HE MEeHI0T YacToThl BOCIPHHHMAEMOIO TOHA.

21.2.2. KoueGanus cTonfa Bosmyxa e R

B cronfe sosiyxa, 3akmoyeHHoM B Tpybax myxo- Az
BLiX MYSHIKAJBHBIX UBCTPYMEHTOB, BO3SHHKAIOT CTOSI-
4ye BOJIHBEL, TIpUYEM Ha MYHOIUTYK HHCTPYMEHTa IpH-

\
XOIUTCA TYy4HOCTH BOJHBL TpyGni Moryr ObiThb OT- ,I
KPHITEIMH M 3aKDPBITHIMH.

Crnpapounasl Ta6anua

TpyGa Ha konue Hnuua 1pyon

OtgpuiTas IMyunocTh ITosoBrHA JJIHUHB BOJHBL
3axpuTas ¥Y3en YerpepTh HNJHHLL BOJHLL
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Ecau

[ — uacrora koneGanuit Bospyxa B TpyGe,

€ ~— CKOPOCTb 3BYKa B BO3IYXE,

{ — gauHa KONeGAIomerocsi BO3AYUIHOrO cronda,

TO0 ] oTkpbitoli TPYOul ! == A/2. Ilockoabky, cormacuo (K 20.1),
¢ = MAf, nonyuaem

¢ F e I
(A212) |f==..
21 CU | I'u mfc m
Jans 3akpeiTolt TpyGel I = A/4. Tak kag ¢ == Af, uMeey
c 1
(A213) |f=-=2. !
4l CH | Tuwmfcu

O6paTtuTe BHHMAHHKE:

® Yacrora MysLIKasbHOTO TOHA OTKpLITONl TPYGH BIBOoe GoJiblile dac-
TOTLl TOHA B CNy3ae 3aKpuiToil TpyOHl TOH Ke ANHHBL

22. Pacnpocrpatienue 3ByKa

3BYK pacnpocTpausiercss B BuIE NPOJOJbHBIX MEXaHHYECKHX BosH. da-
30Basi CKOPOCTb 3THX BOJH (HAa3biBaeMasl CKOPOCTHIO 3BYKa €) 3aBHCUT
(npy noOCTaTOYHO MaJbIX AaMIVIMTYOAX) TOJABKO OT MEXaHHYeCKHX
CBOIICTB CPellbl U He 3aBUCHT OT HAaCTOTHL

22.1. CxopocTb 3ByKa

22.1.1. CKopocTb 3BYKa B TBEPLBIX TeAax

Ecnu

€ — CKOPOCTb 3BYKA B JJIMHHOM CTepiKHe,
E —wvonpynb ynpyroctu (cm. tabi. 9),

@ — [JIOTHOCTE cTepxHsa (cM. Tabn. 1),

TO

'E c E P
(A220) |ec= /\/——.
P CU | mfc Ia=H/m? kr/n?

O6partuTte BHUMAHHuE:

© [lockonbky ckopoctb 3Byka C Brlpakaercsi depe3 mJAOTHOCTE p,
OHa 3aBHCHT OT TeMmepaTyphl.

® Uncneunbie 3HaueHHs! CKOPOCTH 3BYKa € CM. B Tabm. 32.
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22.1.2. CxopocTb 3Byxa B MUIKOCTAX

Ecan

€ -— CKOPOCTb 3BYKA B XHIKOCTH,

K = 1/# — Monynb BCecTOpORHero cxatusi; % — Ko3@QUUMEHT CKiMae-
moctH (cm. Tabn. 4),

Q@ — IJOTHOCTH XuAKocru (cM. Tabn. 1),

TO

(A 22.2)

K ,\/ 1 ‘ ¢ K % P
C == — —
0 *p CH | M/fc ITa =H/m? M2/H kr/uM3?

O6paTuTe BHHUMAaHUE:

® [JocKOJMBbKY CKOPOCTB 3BYKA C BBIparkaercsl 4epe3 IWIOTHOCTb P, OHA
32BHCUT OT TeMIIepaTyphl.

©® YucienHble 3BaueHHs CKOPOCTH 3ByKa € CM. B Tabm. 32.

22.1.3. CxopocTb 3ByKa B rasax

Uepenosanue TIPOLECCOB CXKATHA M paspeXkenuss H oOlpeleseniioy
yuacTke rasa IPOHCXOART CTOJE OBICTPO, YTC 3TH TIPOLECCH! MOKHO
cuuTaTh amuabaTnuecKuMHy.

¢ — CKOPOCTb 3BYKa B rase (cM. Taba. 32),

% == (,/C, — noKa3aTens aanabate (cm. tabn. 18),
Q@ — IJIOTHOCTH r'asa,

p — IaBieHue rasa,

R — rasomas nocrosinyas (cm. tabn. 15),

T — remneparypa rasa,

oy c %
(A 22.3) c=/\/3‘-’i. P o
e CHU | Mfc — INa=H/m? gr/n®

Ecnu 8 coorercreum ¢ (T 13.23) npunsite p = p/RT, 10
c % R T

CHU | m/e — Hx/(xr-K) K

(A224) | e=+/xET. |

O6paturTe BHEMAHHUE:

@ CkopocTh 3ByKa B razax B IIHPOKUX TNpeleNlax 3aBHCHT TOJBKO OT
TeMIIepaTyphl U HE 3aBUCHT OT NaBJEHHS rasa.

22.14. CkopocTb 3ByKa B BO3Jyxe

Tloncrasus B gopmyny (A 22.4) uncsensble 3HAYEHHs] BEJWYMH sl CY-
xoro Bosnyxa npu 0°C, naimem

co = ,‘/1’4 - 287 - 273 = 331,2 m/c.
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3xcnepuMenTalibHo moaydero suadenme 331,6 wm/c. Ilpm apyrofi Tem-
TiepaType BO3IYXa CKOPOCTb 3BYKa MOXKHO TaKXKe OIpelesHTh no ¢op-
myne (A22.4).

Ecnu
¢ — cKkopocTh 3Byka npu temnepartype { (8 °C),
t — temneparypa sosgyxa (B °C),

T — afconoTHasl TeMneparypa BO3NyXa,
TO

¢ A/xRT
3316  A/xR-273

Orcioia caepyer

¢=2331,6 /\/2/3,

u, nockoabky I =t 4 Ty, rne To = 273 K, umeenm

¢ ==3316 ,\/1+—2§—3.

310 BBIpAXKCHHE MO2XKHO YIPOCTHTE H C xopomeﬂ TOYHOCTLIO 3alliCaTh
B CJIENYIOLIECM BUIE:

(A 22.5) | = (331,6 4 0,61) %

O6paTuTe BHUMAHUE:

© [lpucyrcrBrHe NapoB BOMH JIHIbL HE3HAUMTEJIbHO H3MEHAeT BEeNHUHHY
CKOPOCTH 3BYKa II0 CPABHEHHIO ¢ CYXHM BO3IYXOM.

22.2. 3d¢ext Honnepa

Ecnv uerounHuK (uaiyyaTelh) H TUpPHEMHHK 3ByKa JBHKYTCSL OTHOCH-
TeJBHO JPYF ApPYra, T. €. PacCTOsIHHE MeXJY HHUMH YBeJIHYHBAETCH HJH
yMenbllaercs, To npuemHuk E Gyzer BocupMHHMATh Yacrotry, OTJIHY-
HYIO OT YacTOTH HCTOYHUKA S

Ecnn

¢ - CKOpPOCTb 3BYKa,

Uy — CKOPOCTh [BH3KEHHS HCTOYHHKA,

Ug — CKOPOCTh JIBHIKEHHs] TIpUeMHHKA,

fu — dacrora H3JydYeHHs HCTOYHHKA,

fa — yacrora, BOCIpUHEMAaeMas NPHEMHHKOM,

A - nyvWa BOJIHBI 3BYKa, HCITyCKaeMOTo HCTOYHUKOM,

10 B cooteercTaun ¢ (K 20.1) J« = ¢/A. Tlpu omnpenesnenun [y ueoﬁm—
JIEMO UMETb B BUAy, YTO ABHMEHUE HCTOYHHKA M ABHIKeHHe NPHEMHHKa
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NpUBOOMT K pasnuuubiM addexram, T. €. cielyeT pasiudaTth 3TM LBa

cnyqas.

® Vianenre npuemumka E or ucrouHmKa S COOTBETCTBYET YMeHbilie-
HHI0 CKOPOCTH C 3BYKOBOH BOJIHbI OTHOCHTEJBRHO NpHEMHHKA. B npu-
BEIEHHLIX BHILE BHPAMKEHHAX HEOOXOIMMO BMECTO € MOACTABHTH
C~— Up.

© [lpubarikeHre NCTOYHUKA K [PHEMHHMKY COOTBETCTBYET YMEHbIIe-
HHIO JIJIHHB BOJIBB Ha BEJUYMHY, PABHYIO NYTH, KOTOPHI TIPOXOIUT
netounvk S B TeueHue nepuoja koseGanuda. B npHBeleHHBIX BHIIE
BBIpaXKEHUAX A HEOOXOJUMO 3aMEeHHTh Ha

A —oyffy
[MoxcTasnsisi mosmyueHHble Bbipamenusi B fu == ¢fA, nonydaem

c—vy _ C—uy

f n= A . ﬁl_l_ - ¢ — Uy H
f Hu f u
oTkyna cieayer dopmyaa nis aexta onaepa:
(A 22.6) fnsfu C——'Uu U >0 Un >0
Tlepexoms X O/MHaM BOJH A, NoJgyYaeM c

c— Uy

. un<l0 un< 0
¢ — vg

(A227) | Adu=Ay

O6paTuTe BHHMAaHHE:

@ [lpun BHUMCIEHUM Us H Un HAJO HMEThb B BHIY, YTO JBHXKEHWEe B
HAIpABJIEHHUN PacnpOCTPaHeHHsi 3BYKOBOl BOJIHBI OTBEYaeT ITOJIOKH-
TenpHOH CKOPOCTH, B INPOTHBONOJIOKHOM HalpaBJleHHH — OTpHIla-
TeJNbHOU.

©® /lsis1 moxoslerocsi HCTOYHEKA vy == 0, JJisl MOKOSerocst NpHeMHHKA
=10

@ Cxopocrb 3ByKa B BO3LyXe Jaercs qopmynoll (A 22.5).

B GOJBIIMHCTBE CHIYy4aeB Uu, ¢n K C; Torma dopmyny (A 22.6)
MOKHO YIPOCTUTb H C XOpOLIeHl TOYHOCTBIO 3anncaTk B BuAeE

a228) |fa=f 1+

O6paTutTe BHUMAaHHUE:

©® Av — oTHOCHTesbHAsL CKOPOCTb HCTOYHHKA ‘n npuemuuka, C. yHeToM
BHAKOB 3THX cKopocTell Av == Uy — Up.
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Ecnm  exopocTh MCTOYUHMKE BO3pAcTaeT [0 BEJHYHHH ¢, TO
B Qopmyne (A227) Ax= 0. B Touke, roe B 3TOT MOMEHT BpeMeHY
HAXOJUTCA HMCTOYHUK, CXOHATCHA TIOKOAIIHecs OTHOCHTENhHO NCTOYHHKA
(POHTH BceX BOMH, HBJIYyYEHHHIX B NPEJIUECTBYIOLINE MOMEHTH Bpe<
menr. Ilpm sTtOM JHaBieHus BCex
BOJMH CKJIAJBIBAIOTCSI M BO3HHKAeT
TaK HasblBacMEBIl «3BYKOBOll 6apb-
ep».

ITpu ewe Gosblell cKOpOCTH
IBHXEHR MCTOYHHKa (Korja OH
JIBUXKETCS] CO CBEPX3BYKOBOH CKOPO-
CTBIO U >> () u3NyueHHble B pas-
JHYHbLIE MOMEHTH BDEMEHH BOJHbI
CKJIAJIBIBAIOTCA B DE3YJBTHPYIOLIYIO
BOJAHY C KOHYcoOOpasHHIM BOJHO-
BbIM (poHTOM. Bech KOoHyC ABHIKET-
€ CO CKODOCTBIO HCTOYHMKE U.
IpuemMHyK, xorZa €ro JHOCTHraer
BOJIHOBOM  (POHT,  perucTpupyer
B3pblB, TaK Ha3blBaeMBI!l CBEPX3BY- Urc
KoBoll B3pbiB. CaM KOHyYC OOLYIBO
HAasBIBAIOT KOHycom Maxa.

Kak BumHO M3 pHCYHKA, yroa
pacTteopa KOHYcCa OIpefessieTcs Bbi-
paxerueM

(A229) | sins= Py T

3nece M — tak uasbiBaeMoe YHUCHO
Maxa. Hanpumep, uuncmo Maxa,
paBHOE 2, O3Hauaer, YTO TEJO MIBH-
KeTCsl CO CKOpOCTBIO, BIBOE TIIpe-
BBIIIZIONLEH CKOPOCTh 3BYKa.

QObpaTtuTe BRUMAHHUE:

® Konyc Maxa obpasyercsi Take W B TOM CJydae, KOrZa HeT HHKa-
KOO HCTOUHMKA 3BYKa. ECIH cKopocTh NBHXKEHHs TeJia Oosblile
CKOpOCTH 3ByKa B JaHHOH cpeze, TO NomofHas «ylapHasl BOJIHA»
BO3HUKAET BCACHCTBHE VIJIOTHERUS CPeALL.

22.3. CroxXeHue 3BYKOBBIX BOJIR

Ilpy caomenun (uHTepdepeHHUH) 3BYKOBBIX BOAH CIPaBEINMBE Te Ke
3aKOHOMEPHOCTH, 4TO M B ciIydae BOJAH JApYroH OprpoAb  (CM.
pasn. 20.3.1), Me paccmMoTpuM 34ieCh JHLIL HanOOMee BAXHLIE YaCTHDLIE
cryuamn.
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22.3.1. Tauievue 3ByKa

I[Be paciipocTpaHAriiuecss B OJHOM HaMNpPaBJICHHK 3BYKOBHIE BOJHBI C
ONUHAKOBBIMHI HacTOTaM¥ H aMINIATYAa&MH Facsit Bpyr Apysa, €CaHn

Paznoern xopa = (2k -} l)% (=0, 1,2 ...).

Ecnu amMnnuTynbl BOMH HEONHHAKOBE!, TO HPH TeX KE YCAOBHAX MpO=
HCXOJHT oclabjeHue 3ByKa.

22.3.2. Ycuneune 3Byka

JBe pacnpocTpassiioiiyecss B OJHOM HANPABJIEGHHH SBYKOBLIC BOJHBIL
C OIMHAKOBHIMH YacTOTAMH M aMIUIHTYHaMp YCHAWBAIOT Ipyr Epyra,
ecau

PasnocTs xofa = kA (=0, 1, 2...)%;

[pH 9TOM aMIVIHTYHA Ppe3yJAbTHPYIOLIEeH BOMHB BiABoe GoJblile aMIJM-~
TYOBl Ka)k1el H3 BoJH. EcIM aMIiUTyZR BOJAH HEONHHAKOBLL, TO MpH
TeX e YCJIOBUSX IPOHCXOJIHT CJOMKEeHHe OTKJIOHEHHH.

223.3. Buerins

Ilpr croxeHun IBYX pacnpocTpaHfIOMIMXCsl B OJHOM HAalpaBJCHHH 3BY-
KOBHX BOJIH C Mafl0 DA3JHYAIOULHMHMCS YACTOFAMH BO3HMKAIOT OHEHHS.
Avnnuryna pesyabTHpyiOmiell  BOJIHBY

TIePHOMIMYECKH H3MEHseTCs. 4
Ecan %ﬂmﬂﬁ%

f1  — uacrora mepBoil 3BYKOBO¥ BOMHEL, Ts
2 = 4acToTa BTOPOH 3BYKOBOH BOJIHHI, = >
fé —uacrora Guenuft, T. €. UYHCNO MAKCHMYMOB HJIH MHHHMYMOB I'pOM-
KOCTH B eJIMHHIY BPEMEHH,
Te = 1ffc — nepuon Gmennii,

0

(A22.10) | fo=fi—fs n Tg=-— |

TN

O6paTuTe BHFHMaHHE:

© Ilpe uacrore Gmennil, Menbuleli npumepro 16 I'u, Yenosegecxkoe yxo
fe BOCIpHHEMAaeT kojeGauuii TPOMKOCTH, & Jullb PETHCTPHPYET Bbi+
COTY TOHA, COOTBETCTBYIOIIETO 3TOH pasHOCTH 4acToT.

23. 3BYKOBBIE H3MepeRust
23.1. XapakTepucTHKH 3BYKOBOLO HOJIS

DHeprusi, uH3NyyaeMasi HCTOYHHKOM 3BYKA, IIEpEHOCHTCH 3BYKOBLIMH
BonHaMu, ofpasys apykosoe moJe. Jina XapaxkrepHCTHKH 3BYKOBOIO
TONs] KCTOJb3YIOTCS BEJHUKHBI, OTJIHYalOUecs: OT XapakTepuHCTHK BOJ:
HOBHIX moJiell ofLiero THIA.



258 2.5‘. 3ayrosvte 'usmepemm

23.1.1. Konebarensnas ckopoctb

KoneGareneHoft CKOPOCTBIO HMJIM CKOPOCTLID YACTHI, HA3BLIBAIOT CKO-
pocTh Kose6aTesIbHOr0 NBUKEHHs 9acTHIl CPEeMdbl.

Ecnn

U — MFHOBeHHOe 3HaueHHe KoseGaTenbHOf CKOpOCTH,
{ —wuacrora sByxoBoll BOnHHI,

Y — aMnauTyna KoneGaHHH yacTHUEL,

© ==2xuf — yrjosas gacrota,

©f — ¢asa,

10 ananoruyno (K 19.4)

(A 23.1) l U ==Y ;0 cos ol I

Orciona nosydaeM MaKCHMANbUYI0 KOAeOaTe/bHyl0 CKOpOCTb (amriii-
TYLY)

(A232) | Vip= 0V =255V |

1 addekTBHOE 3Havenne koaebaTeNbloli CKOPOCTH

(A233) | o= %‘;j-: V2 Yoy

O6paTuTe BHUMAaHHE:

@ OObuHO KOoseGaTenbHYID CKOpPOCTE YACTHIL He H3MEpsiioT, a4 BAIIC-
JFT @0 BeJNHYKHe S8BYKOBOro jasieHuss (cM. pasn. 23.1.2).

23.1.2.  3pyKoBoe paBienue

[Non 3BykoBHM NapfieHHeM p TOHHEMAIOT MPOUCXOMSLIHE B 3BYKOBOM
BOJIHE IEPHOAMYECKHE H3MeHeh:isl NaBlieHHst (CKaTui H paspeme-
Hus).

B rasoeoil cpele 3ByKOBOE [aBJCHHE p HajaraeTcs lia cymie-
CTBYIOLlee faBJeHHe rasa pr.

H KT

Ennunua CH sBykosoro masneunsi: [p] = nackann (I1a) ==

Buecucremnas enunnua: mukpobap (mx6ap)= 10—8 Gap.

COOTH_OIHEHHE MEXAYy ennuunaMu A2BiaeHun

1 6ap=10° mxbap=10° Ila 1 mxGap=10"° 6ap=0,1 Ia
1 Ma =10 Mx6ap = 10" 6ap.
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Ecim ]
P ~— NJOTHOCTR cpelbl (cM. Taba. 1),
¢ — CKOpOCTb 3ByKa B cpeme (cm. Tabm. 32),

@ ==2nf— ytnosas dYacrora,

Ym — avnnmrryna xoneGannii,

Vin — aMmiutyna cxopoctH, Maxkcumasibuasi KoseGaTenbHasi CKOPOCTb
YacTHI,

TO JHJIff MPHOBEHHOrO 3Hau€HHS 3BYKOBOIO HaBJEHUsI B onpe,ueneﬂnoﬂ
TOUKE 3BYKOBOIO IOJIfl NIoaydaeM

(A 23.4) I p = pceY m cos of. I Epunnuni: ca. (A 23.5)

IMockombky, cormacHo (A 23.2), oYm = V.. Makcumasnbnoe 3BYKoBo€
pasaenve (aMIVIMTYAA AaBjendf) COCTABJACT

(A235) | pm=pco¥n=pcVm, |

p o c v ®
cY [Ta=H/m? xr/M® wmfc wm/c lfc
Orp | mrbap riem® cmfe emfe /e

a 2thdexTHBHOE 3HaueHHe 3BYKOBOrO NABJCHHA

~ Vi
(A 236 =_Pm _ P . Ennmuus: cu. (A 23.5)
B
23.1.3. WpnreucuBnoctb (cHna) sBykKa

MHurteHcuBHOCTLIO 3BYKa /| Ha3mIBAiOT OTHOLleHHMEe Iafjaiollel Ha IO-
BEPXHOCTb 3BYKOBOI MOUIHOCTH P k IioIagy 3ToH NOBEPXHOCTH A:

P

[=71—'

Br
Emununa CU unteHcuBHocTH 3Byka: [/ =3

Ecnu

I — pnTeHCHBHOCTL 3BYKA,

@ — IJIOTHOCTB CPENH,

€ — CKOpPOCTb 3BYKa B Cpene,

v — goseBaresbHas CKOpOCTb 9acThL,

P —— 3BYKOBOE€ LABJICHHE,

70 [ = PJA = W/tA, rne W — sueprus, mapawooulasi Ha NOBEPXHOCThH A
3a ppemsi £. Ona paBHa sHeprum, cofiepxaweficsd B obbeMe V = Al,
roe ! — nyTh, KOTOpHIE NPOXOAMT BOJHA 32 BpeMf t. Takum obpasowm,

|14 Wi ¢ W :
I=+7 - BUpH p=C (K )

&
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oV,
2

YyaeMm H

.pc[/'fn _ I o ¢ v
g Y CH | Br/m2 xr/m® m/c mfe

I3

umeem I == wc. TlopcraBnss w= » N7 HHTCHCHBHOCTH NOAY+

(A237) { 1=

nuin, yauthiBast (A 235), pm = pcVm,

2 =2
_Pu PV B 0.
(A28 |1= 2pC —T—"pv——p-c_‘ CH | Na==H/u?

23.1.4. YpoBenr BHTEHCHBHOCTH

I[Jlﬂ CPaBHEHHAl HHTEHCHBHOCTEH 3BYKa HJH 3BYKOBOro JaBJICHHS HCs
NOJNb3YIOT YpOBEHL HHTEHCHBHOCTH HJH YpOBeHb 3BYKOBOI'O JHARJEHHS.

YpoBuem mHTEeHCMBHOCTH Lp HaskBaeTcss yMHOXKeHHBH Ha 10 jora<
pudM (HecATHUHLHI) OTHOWIEHHS ABYX HHTEHCHBHOCTell 3BYKa, YpOB-
HeM 3BYKOBOro japnienHsi [, Ha3wiBaercsi ymHoXenHbilt ma 20 0«
rapudm OTHOLIeHMS] 3BYKOBLIX JaBieiHi.

B npunprne Benmumpa I kax jorapudM oTHOUleHnsi 6espasmcpia
¥ MOTOMY He MMeeT eIMHHU H3Mepehus. Tem He MeHee JJIsi YHCJIEHHOro
snadeHust Jorapudma npHMERsioT Haspaume neunbesn (nb). Henumben
HCIIOJIB3YIOT KAaK eHNHHLY H3MepeHusl.

Jana yxazaHnsi aGCOMOTHOO YPOBHS HHTEHCHBROCTH BBOIAT CTAH-
IapTREH Mopor CasLiuMocTH I YenoBedeckoro yxa Ha yactore [ =)
=1 k1, Do OTHOLIEHHIO K KOTOPOMY YKa3HBAETCS HWHTEHCHBHOCTh,
TNopor cablwiumocty Iy = 1012 Br/m2,

Ecau

L p " YPOBeHb HHTEHCHBHOCTH 3BYKA,

4 — uHTeHCHBHOCTbL 3BYKAQ,

Iy =1 nBt/m? — cTannapTHb nopor cIBIIAMOCTH, ¢

TO B COOTBETCTBHH C ONpEeAeJsIeHHEeM YPOBHs MHTECHCHBHOCTH 3BYKa

1
(A239) | Lp=10lg-~xb.

AnanoryuHo oNpenessioT aGCOMOTHHEL ypOBeHb SBYKOBOTO JaBs
JIeHHS], HCNOMNB3Yysl CTaHIAPTHOE NOPOroBOE 3BYKOBOe HNABAEHHE p~0,==1
== 2-10-5 Ia u dopmyny (A 23.8). )
Ecnu :

L, — yposenr 3BYKOBOTO JaBJICHUS,
P — 3BYKOBOE laBJieHHE, YPOBeHL KOTODOro AOMXKeH ObiTh onpefesneH,
Po =20 mklla — AoporoBoe 3ByKOBOE NABJEHHE,
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TO

(A23.10) | L =20 1g—f’— nb=201g—2m_ ;5.
Po 2 po

O6paTuTe BEHUMAaHuE:

® CornaCHO COOTHOLUIEHKIO (A238), Iy un ﬁg B3aKMHO [IPOIOPLKO-

HaabHel.  Koa(duluueHT npomopuuoHadbHocTH Ifpc  3aBucuT o1
~ CBOHMCTB cpefb. IlOCKOJBKY 3HaueHue fo YCTAHOBJEHO, BeJNYHHA
v . Iy~ 10-12 Br/mM® npencraBnsier coGoll mopor CHABIUAMOCTH IJIf
v «HOpMaJIbHOTO» BO3Zyxa. s Ipyrux cpern BeanunsHy lo nHeoGxo-
JIUMO BHUHCHATHL ¢ nomoibio (A 23.8).

#® 3HaueHus YpPOBHA MWHTEHCHBHOCTH OGBEKTHBHLI, OHH IO3BOJSIOT He

NpuUAMAaTh BO BHHMAHNE 32BHCHMOCTb UYBCTBHTEJIDHOCTH uegoBeue-
;1 CKOTO yXa OT YacTOTHL.

CyMMapHH# YpoBeHb HHTEHCHBHOCTH HECKOJBKHX HCTOYHHKOB BBl<
MHCIACTCH UEpe3s CyMMY MHTEHCHBHOCTEH 3BYKa MIH Yepe3 KOPCHb KBaj-

PaTHBI H3 CyMMBl KBAAPATOB 3BYKOBOTO IA@BJEHHS ( p% -+ pg + .. .).

PacueTHl NOKasblBAIOT, YTO TPH CAOXEHHH ABYX BOJH, HMEIOUX
ONHHAKOBYIO HHTEHCHBHUCTH, YPOBEHb WHTEHCHBHQCTH YBEeIUUMBACTCH
na 3 nb. B caoyuae n mCTOUHEKOB
8BYKa DABHOI HHTEHCHBHOCTR L BHI- 3R

paKeHue AJs MOJHOTD YPOBHA HUH- L,LL[e—-lL,lﬂ
TEHCHBHOCTH MMEeT BHL n Z T
§ 1
(A23.11) | Lyomu=L + 101g n. 31 S~ :
[P \
0

VpoBeHL HHTEHCHBHOCTH IIBYX 123456789 0NIZ13K
MCTOYHHUKOB pa3HOil HHTEHCHBHOCTH L,-L,, aF :
MOXKHO ONPENeNuTh DpH MOMOIIM
guarpamye. ORa MOKasHBaeT, Ha CKOJBKO Henulen BospactaeT Gosb=
Juuit ypoBerb L, B 3aBucuMOCTH OT pastoctH AL oGomx ypoBHeil

B CBY-texuuke ypoOBHH MOILHOCTH M HANpSIKEHHS TaKxKe 3aJalOTCs
® neuutenax (nb). B sTom cmyuae

A23.12) | L, =10 lg—f—nB, rpe P,=1 BT
P P, 0

U
Mg LU =20 1g o nB, | rne U0 =Q,775 B

£3.1.,5. OTHOCHTeJBHBI ypOBeHb HHTEHCHBHOCTH

OTHOCUTENBHBIM ypOBHEM VHTEHCHBHOCTY Ha3bIBAlOT Pa3HOCTh OBYX
26c0moTHBIX yporHeil: ALp ==, Lp; — Leg,
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Ilpu sToM, yuuteiBas (A 23.9), nosyuaem

I I
Lp, — L,,2=10(1g—17—1,<g,1—0 1

(A 23.13) ==101g %-

aHajorvuHeIM o6pasoM u3 (A 23.10) mas OTHOCHTENBHOrO YpOBHSl 3BY-
KOBOTO IAaBJICHHS HMEEM

(A 23.19) AL—201g nb-—-20]g Lm g,
m2

O6paTHTe BEHMAaHMHE:

Ananoryuno o6pasyloTcit pPA3HOCTH YpOBHEH 3JEKTpHYECKOl MOIL-
HOCTH M Hanpsi:KeHusi. Tak CpaBHHBAIOT BXOIHBIE M BLIXOHHLIE Xa-
PaKTEPHCTHKU YcunuTeNei, NUHUN Nepelaun U T. A.

Hcenoabayemble B CTpOMTENBbHON TexHHKe KO((HiieHTsl 3BYKOMNO-
TNOLUEHHSI ABJSIOTCS Mepoli ocyabieHHsi 3BYKOBbHIX BOJIH TpH NPOXOHK-
IEHHH YEepe3 CTPOMTENbHblE H 3BYKOH3ONSLHOHHBIE MaTephainl. Kosd-
(HLUHCHTOM 3BYKOH30JIsILIMM HA3HBAIOT pa3BOCTh YpOBHEH MHTEHCHBHO-
CTH 3BYKa [0 ¥ NOCJIEe NPOXOXKJEHHsI 3BYKOU3OJNALHONHOTO MaTepualal
D = Lp, — Lps. Otcrona cnenyer ananorauso (A 23.13) -

(A23.15) | D=101g L.
Tz

O6paTtuTe BHHMAaYHe:

@ Uncnennule 3vauenns Ko3(dHuHeHT2 3BYKOH3OJAsuHH D cM. B
Tabmn. 33.

23.2. Cayx
23.2.1. narpamma cayxa

JuarpamMma, ua KOTOpOH mNpenctTaBseHH 00JacTH YacTOT H HUHTEHCHB-
HocTed, BOCIPHHHMAaEMbie YeNOoBeYecKHM YXOM, HAa3LIBAETCA JHarpans
mofl cnyxa. HopmanbHoe yXoO C/BHUNT TOJBKO 3BYKH, XapaKTepUCTHKH
KOTOpHIX NexKat BHYTpH yKasamHoil obsactu. Hnikusas rpanHumas kpu-
Bas XapaKkTepH3yeT NOPOr CHLIMHMOCTM B 3aBHCHMOCTH OT HacCTOTHI,
EepXuss Kpupas — Gonepoil mopor B 3aBuCHMOCTH OT 4acrortHl. llzBecTt-
HO, YTO TPH OJIMHAKOBOM 3BYKOBOM JaBJEHHH H ONPHAKOBOH HMTeH-
CHBHOETH IDOMKOCTB 3BVKOB D&3JHUHON YaCTOTH II0-pa3HOMY BOCIPHHH-
maercn yxoM. Ilockoabky Ha uactore 1000 Fu yxo BocnpuuuMaer nau-
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6okl Ananasom uHTeHcwBHOcTed (mpu 1000 Iy muarpamMa enyxa
uMeeT HauOoJiblilee BEpPTHKANBHOE MOIEpeyHoe ceueHHe), B onpefede-
HHH TPOMKOCTH HCIOJIb3YeTCH 3Ta 4acrtoTa.

BT Ly, gon
200 7 e
2015 ﬂg@? P 14y
1oL, NN
2 00
[~
02 o~ 80 //:
R =
2-107 \QQ\ & A
20 2 2 A
2 \\ z0
2.]0-4 /@4,\ — i
- 4,0%4. 0\%
2:10 , - ] v

16 51,8 645 125 250 500 1000 2000 400080001600 §, I'ty

2322, I'pomKocTh

IlpupenenHple B pasn. 23.1 XapakTepHCTHKH 3BYKOBOTO INOJS NIPEXs
CTaBJAOT co00H GuU3HUECKUE BENHUHHB,, KOTOpPHE OGBEKTHBHO Cylie-
CTBYIOT H, CJEROBaTesJbHO, MOryT ObITL u3MepeHbl. Hanpotus, rpom-
KOCTb — 3T0 CHJIa 3BYKa, BOCODHHHMAEMasl YEeJOBEKOM Cy6’beKTHBHO,
OHa 3aBHMCHT OT CJayxa W aBJsfercd (PHUIHOJOruyecKoil xapakTepHCTHKOM.
I'pomkoctb H3MepHeTCs B donax. ®oy, Tak me kKax u peuuben, He fAB-
JfeTca elHHHNE!l H3MepeHHs, a MNpeactapyser coGofl yMHOMKEHHHH Ha
20 norapu¢)M OTHOLIEHHS 3BYKOBEIX NABJEHHI.

Ecnu

Lz — rpoMKocTs,

P —— 3BYKOBOEe JaBiieHHE, KOTOpO€ OTBEUaeT 3BYKOBOMY TOHY C 4ac-
roroit 1000 T'u, BocmpuHEMAaEMOMY KaK 3BYK C IPOMKOCTBIO, paB-
HOH rPOMKOCTH H3MEpSIeMOro 3BYKa,

Po==20 mxlla — crannaprTHoe MOpOroBoOe 3BYKOBOE [aBJEHHE,

To anamoruuno (A 23.10)

(A 23.16) Ln-—QOIg—QJOH—QOIg —— (hoH.
Po '\/ 2 fo

Of6paTiTe BHUMAHUE: :

@ [lnsa tona ¢ uwacroroii 1000 I't ypoBenb uHTeHCHBHOCTH Lp coBma-
JaeT ¢ rpOMKOCTEIO Ly

® TI'pomkocTb TOHA mO0OH UACTOTHI BLIYHCJASETCS N0 3BYKOBOMY [aB=
neHn0 ToHa c wacroro# 1000 I'i, BOCIpHHEMAEMOTO Kak 3BYK
TOll #e rpoMKOCTH.

© YycsenHue 3uauenus rpoMKocTd Ly cM. B Ta6u. 34..
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@ Cootnowenne (A 23.16) oTpaxaer TOT (MakT, YTO 4yBCTBHTEIHHOCTE
K 3BYKY (BOCIIpHHMUYEBOCTb YyXa) MEHAeTCE KaK Jorapudy HHTEH-
CHBHOCTH 3BYKa (3aKoH BeGepa — Pexuepa).

@ Tlpy HasMuMK HECKOJBKHX 3BYKOBHIX HCTOUHHMKOB 00llasg TPOMKOCTE
omperenseTca KaKk KOpeHb KpaJpaTHBIl H3 CYMMBl KBaApaTop 3BY=
KOBLIX NaBJICHHH,

Ha nvarpaMme nOpenctaBieHbl KDHBHE pPaBHOH rpoMxoctd». Ounu
TO3BOJAIOT ONPENENHTh, KAKYK  BEMMYAHY HOJKHEI WMETb NpH A=
HOMi YacTOTe YPOBEHb HHTEHCHBHOCTH 3BYKa M S3BYKOBOE IlaBJEHHE,
uytoOEl BOCHpHHHMAanach oONpeneleHHas T'pOMKocTh. «Kpupee paBHOM
TPOMKOCTH® TIO3BOJASIOT 0€3 BHENCIEHHH ONpenejaTh TPOMKOCTh Ly
Il KaXkKaoro TOHA N0 YacTOTe H 3BYKOBOMY AABJEHHIO HJIH 10 4Hac-
TOTE M YPOBHIO MHTEHCHBHOCTH 3BYKa.

3Bu?] Pl _ Ly, thom L,65
7 E {ped _720 B bl PP
© Tt e g
-2 EES E100 L]
. 13 ] = P ] 4 ]gg
P E .::":n.-., E 80 r}/ - pos
. a7= WG E L
. ERNA =20 ZU .
V/k W E Il 50
-8, % N \k MLt [E 40 %0
i 0 E = ko
Pras 3 i e Pl 20 /| 70
0% B 1E et L/
3 MUIE 0 0
01 i : <A T 0 -

20 &0 190 Z00 SO0 1000 2000 S000 70008 20000 f,Ty

23.2.3. OueHxa ypoBHSI HHTEHCHBHOCTH 3BYyKA

C nomompbio gparpaMMEl MOMKHO OLPELENATH TOJNBKO TPOMKOCTH GHCTHIX
TOHOB, T. €. CHHYCOWAANBLHBIX 3BYKOBHIX BoJiH. Ecyii Ke mmeercs cMeck
YacrtoT, T. €. 3BYKOBLIE BOJIHLI HEeCHHYCOHIANbHOH (JOpMBl, TO CpaBHH-
TeNbHEIE H3MEPEHHA W BbIUHCIEHHe € NOMOLIbto dopmynnl (A 23.16)
CHJIBHO BaTPYAHAIOTCA. Torga BMecto TPOMKOCTH OUPENENsIOT Tax Ha-
3LIBAEMBIEl OUEHOUHBIH YPOBEHL WHTEHCHBHOCTH 3Byka. OH onpenens-
ercsl C TIOMOLUbIK) H3MEPUTENS YDOBHS HHTEHCHBHOCTH, COCTOSILIIETO H3
MHEKPOGORa, ycHANTeNE W EEAukaropa. Ilpm stom 6narogaps monos-
HATENBHOMY KOPPEKTHPYIOIEMY SNEMEHTY 4YacTOTHAfl XapaKTepHCTHKE
npufopa NpuGNHKAETCS K YYBCTBHTEIBHOCTH UEJIOBEYECKOTO yXa. Pase
paboTaHbl ¥ YTBEpKIEHH MEXIyHApOIHbie OUEHOURbe KpHBLIE, 0060-
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3pauennsi KOTOPHIX YKasepaloTcsl B ckobkax, mamnpumep Lar == 60 1B
(Al) osuHauaeT ypoBeHb BEYKOBOTrO JapsieHns B 60 nB, onpenesieHHE# no
OLCHOUHON KpuBoil A [/l UMOYJILCHOTO 3BYKA.

24, Ynprpassyk

24.1. CroiictBa

-~ 3BYKOBHIE YacTOTH, JieXKaluye BEIUE [OPOra CHHIIMMOCTH, Ha3LIBAIOTCS
yAbTPa3BYKOBbL:MH. B KauecTse rpanulbl NPHHEMAKT YacTOTy DpH=
mepHo 20 kI'u, XOTA 3Ty 4acToTy Y:Ke He BOCIPHHHMAIOT JIOAH HOXKH-
noro BospacTa. Ocofble CBOACTBA YabLTPA3BYKa OOYCROBAGHDBI BLICOKOH
HacTOTOH ¥ CBA32HHOH € Heil MaJofl JUIHHOH BOJHEL

24.1.1.  HurencusuocTh

Tockomery [ = pcV:fll2 (A237) 8 Vin=25fYm (A232), 10 I=

= 9n’pcY fnfz, 7. e [~ % TlosTOMy BLICOKMM 9ACTOTaM yJILTPASBYKA €O<

OTBETCTBYIOT OUeHb OOJbliime nuTeHcusHoCTH (no 20 Bt/cm?), uto npus<

BONUT K HarPeRy TeJ, MONBEpralollfAxcsi BO3AEHCTBHIO YJLTPa3ByKa.
3BYKOBOE LABJCHHE MOMET NOCTHIAaThb HECKONBKHX 6ap. IJTO MOo<

SEOJIsSileT HCHOJb30BaTh YJBTPA3BYK IJisi 32METHOTO MEXAHWYECKOTO BO3<

IeficToug Ha Matepuad. DBO3MOXKHE Cliefylollne MpPHMEHEHHS YJabTpas

3BYyKa:

YnrrpasBykosoil Maccax,

PazpyiueHue KJIETOK,

Cospanne 3MyJbedil (3SMyJbrUpoBaHKe) BOLH, Macha u Lp.,

OGesrakHBalKe METANJNYCCKUX PACILUIaBOB B XKUIKOCTel,

Kapntauusa (o6pasoBanue IYCTOT) B cpene,

YiorpaseykoBas naiika anlomuuus (paspylleHHe OKHCHOrO Cnios),

YabTpasByKOBOE CBepJieHHe.

2000009

24.12. Pacnpocrpanenne

TockonbKy yJbTpasBYKOBHE BONHDI 06afaloT Majofl HauHOE BOXNHEL,
OHH, KAK M CBet, MOFyT oOpasoBHIBATL CTPOTO HAaNpABJEHHblE MYukH.
Jlns HMX TaKKe cIpaBeAJHBLl 38KOHE! ofpaMennsi. C NOMOLIBIO BOIHY="
TOrO 3epKanbHOro pedJieKTopa YJLTPA3BYKOEbIE BOJNHE! MOXKHO HAIpaBs !
JAATh K3 HCTOUHHKA B CTPOTO ONpENEJEHHOM HalpaBJeHHH. YJbTpaspyl
nouTH He IMparkpyer U pacmpocTpamsiercs npsamomumefino. Ilpuve-
HEHHA:

@ !smepenme ryiyOMHE C TIOMOIIBIO 2XOJIOTA, & TaKkKe MOHMCK KOCAKOB
pui0,

© JedbexTockonus MaTepuana: YILTPa3syKOBble BOJHDLI OTPAMaIOTCH
OT BUYTPEHHHX TPeMHH U JNEQEKTOB,
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242, lenepauus ynbrpasByka

Mexanyueckan reHepalusi

Ilpn noMmoOIlM RaMEpPTOHA C HOXKEAMM IJIMHONH B HECKONbKO MHJIJIMMET-
DPOB, CBHCTKOB H CHPEH NOJY4alOT YJNbTPasBYKOBble KoJsieGaHus BIJIOTh
no 200 xI'm. ¥Ynbrpaseyx 6Gosiee BBICOKOH 4acTOTH u 60Jeé BBHICOKOMH |
WHTEHCHBHOCTH MONYYalT 3JEKTPHYECKNMH M MAaATHUTHBIMH CIOCOGAMM,

MarHuTHbie METOIb!

Hcnonbsys fBNEHHE MArHWTOCTPHKIMH, MOKHO T[EHEPHPOBATH YJbTpa-
3BYKOBble BOJHM ¢ uwactoramu o 50 xI'u. ¥ ¢eppoMarHMTHHX MaTe-
puanok (HMKeJb, KE€JE30 W Jp.) NOA AeHCTBHEM MAarHMTHOTO IOJS INPO-
HCXONUT HESHAUNMTEJbHOE H3MCHeHue JuHefiHbX pasMepoB. Tak, Hanpu-
Mep, HHMKeNeBH CTep:KeHb, IOMELIeHHHfl B IlepeMEHHOEe MAarHHTHOE
njoJie, cOBEpIIacT NPOJO/bHEE KoJeGaHHa ¢ COOTBETCTBYIOME 4acTOTOMH.
Amnnuryna roseGaBuil MakcuManbHa B CJydae pe3OHaHCA.

BneKTpUYeCcKHe METORB!

DJeKTpHUECKHe METONH TeHepannu yJbTpasByKa OCHOBAHL! HA ABJICHHU
SNMEKTPOCTPUKIMA {0OpaTHBIM NbesoaseKkTpudeckhnit sddert). Ecnm
KBaplieBoil ILIACTHHE IPUJIOKWThL NEPEMEHHOE HAMpsKEeHHe BEICOKOH
YacToTH, TO IacTuHa OyIer CoBepmaTh KOJeGaHHs cOOTBETCTBYIOMIEH
4aCcTOTH, OCOGEHHO WHTEHCHBHLE B pe3oHauce. Taknm cnocofoM MOMKHO
nosyuath uacrotst 1o 10¢ kFi.

B nocnenHee BpeMs BMECTO KBapua yCIOellHO HPUMEHSIETCsi THTaHat
Gapus.
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26. l'eoMeTpuueckan ONTUKA

25.1. Pacnpoctpanenue cBeTa

25.1.1. ﬂpﬂmpnnueﬁuocn pacnpocTpaneHis ceera

Jloxa3aTenbCTBOM INPAMOJHHEHHOCTH pAaclpoCTPaHeHHs CBeTa CJYIKHT
ob6pasosanne Tend. OT TOUEUHOTO WCTOYHHKA CBeTa BO3HHKAeT N0JNad
Tepb (K). Or nByXx # Oosee HCTOUHHKOB, @ TaKXe OT NpOTH-
EHHOTO MCTOYHHKA CBeTa BOS3-
HUKaeT noanas Temv (K) u no-
aytens (H).

Jlyuu, ucxonsipe w3 ONHOH
TOUuKY, 00pa3yT pacxodsujuli-
¢a mydox (ceueHHe NydYKa yBe-
JINUABAETCR ).

Jlyun, cxomsmuecs B ONHY
Touky, o00pasywr cxodawutics
nyuok (CeueHHe NYYKa YMEHb:
waerca).

Vanyuenue, He BLIXOLsllee M3 ONHOK TOUKM M He CXORSHIEECS B
TOUKY, Ra3biBaercd OuhyatolLit.

AN
¢

N

iilf
|
~ TRHITTRIITRER

fmxnﬁﬁu;u&cﬂ Cxodsupuiies L ugshyeros
nyyor nguor U HERUE

25.1.2. CropocTh cCBETA

Tlepsble H3MEpPEHHS CKOPOCTH CBETAd}
® 1676 r. Pemep (acTpoHoMuuecKuil MeTOX),
® 1849 r. ®uso (mepsoe uzMepeHue B npeseaax 3eman),

-] l892 r. ®yko (mepBoe H3MepEHHe CKOPOCTH CBeTa B npymx cpenax,
. €. He B BO3LYXe).

Haubosee TouHOE 3HAYEHHE [0 LaHHbIM uamepenuil 1972 r.
B Ckopocrb crera B Bakyyme ¢ == (2997924562 = 1,1) wm/c.

CkopocTe cBeTa B BaKyyMe fIBJIfIeTCS YHHBEDCAIBHON KOHCTRHTOR
KW He 3aBMCAT OT YacToTbl, B BelllectBe CKOPOCTb CBETa MEHbilie, dem
B BaKyyMe.
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Cnpagounas tabanua
CxopocTn cpeTa B pasiMuHBIX cpenax (QKpYIJIEHHO)

Bemec;l-so v, KM/c BemecTBO v, KM/C
Baryywum 300 000 Onuurraac 186 000
Bosnyx 300 000 Cepoyraepon, 184 000
Bona 225 000 Aamaz 124 000
KpoHrnac 198 000 Kananckaii Ganbsam 198 000
25.2, Orpamenre ceera

25.2.1.  3akoH oTpameHHus

3axoH oOTpaiXeHus, chopmynupoBarue B ra. 20 Ang MeXaHMuecKix
(akycruveckux) soms [Qopmyna (K 20.12)], cnpaeemsms u nas cee-
TOBHIX JIyuel, T. e.

B V¥ron napenus ¢ pasen yray ortpaxenus B.

O6partuTe BHUMAHHE:

® VYriul panemMst ¥ OTpaNMeHUS U3MEPAIOTCA MeWly HAlpaBJcHHent
Jiyua ¥ NepueHNHKYJASpOM K MOBEPXHOCTH.

© Tlaparomuii Jyy, oTpaeHHEI} JyY ¥ NEpUEHIMRYJISp feXAT B OHHOM

OJIOCKOCTH.
bt 77 7

3aKOH OTpaMeHust CIpape/UIHB W B Cayuae LIEPOXOBATOfl OFpa-
xKapollel nosepxHoctH. TlapajiesbHEN! NyYOK OTpamaeTca oF Hee Oughs
¢y3to, ONHAKO KAXRAHI JYY NONUHHSETCA 3aROHY OTPa’KeHHS.

§ 69 Zepreniiynap

(4

2522, Ilnockoe sepkaJio

Ilnocxoe 3epkanc mpelctaBasier co6oil raan-

KYIO TOBEPXHOCTh, [pPH OTPAMEHHH OT KOTO-  »rrmrrr3f >
pofi TapaJsuleNbHLIM NYYOK OCTAeTCS napad- s
gempbiM.  Tlnockum  sepkasioM  mosb3yioTcH o
I8 monyueHns u3o0pakeHud, g
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Tlnockoe sepkasno cospaer MHHMoe (Kaxxyuicecs) HaoOpameHne,
Tpenmer u ero usobpakeHHe pPaCONOKEHH CHMMETPHYHO IO OTHO=
HIEHHIO K NOBEPXHOCTH 3epKana.

Ha6monartenio Kaxercsd, 4TO JIYYH HCXOHST M3 TOUKH 33 3€pPKaJloM.

252.3. Boraytoe sepKaJio

3akoH OTpa)eHnsi COPAaBENJMB TaKXKe A7 HCKPHBJIEHHBIX NOBEPXHO=
cTed, ONHAKO B 5TOM CJyuae B pasHHX TOUKAX NOBEPXHOCTH 3epKalka
TIepMeHAHKYAD WMEeT pa3NuuHblec HanpabBieHus. DBoruytoe 3sepka’o
mpeficTasisieT cofoll HAK uyactb cdephl (cdepHuecKOe 3epxano) HIH
wyactb napabosioufia Bpamenns (napaGosndeckoe 3epkado).

Jlyun, napaoniye Ha NOBepXHOCTH BOTHYTOIO 3epKasna NapaliieNbHO
ONTHYECKO OCH, NocNe OTpaxeHHs coCupatres B (okyce F.

Paccrosinue ot ¢okyca F no BepuluHH 3epkajia S Ha3HBaeTCH
(hOKYCHBIM paccTofHueM f.

Econ .
f — doxycroe paccrosiiie  BOCHYTOrO-
3epxana,
r — panuyc KpHBU3HEL NOBEPXHOCTH 3
3epKaJia, Onmvvecina M- Y 3
: 00 a
o = N,
(025.1) | f= 5 4 )

DoxasibHas TOUKA NENHT MONONaM OTPe3OK, COEHHMHSAIO(HME LEHTD
kpuBusHbl M u Bepumupy sepkana S.

QOO6patuTe BHUMAKHE:

©® Codepuueckue sepkana coOupaOT TOUHO B (IOKAILHOM TOUKE TOJBKO
6nuskue K oc Jydd. Urobsl B oxyce cobupanwch ynajieHHme OT
ocu Jyuu, clefyeT NPUMEHSTH NapaboJHyecKue 3epkana,

TlocTpoeHne u3o0paikeHus B 3epKaJie
Hana noctpoeHns u3006paKeHHA HYKHO

. BOCTIONB30BATbCS! MO MEHbIUEH Mepe IABy- 2
. M$ H3 CAELYIOWIMX TPEX JyuyeH: 7

» 7

® ayu I, napassenbHBIH ocH; mocne OT- G- Z_p 7

pamenns B 3epkaje OH MPOXONHT Ues 7 2

pes (oxyc; 4

® dokanpuuit ayu 2; nocne OTpaskeHHs
OH HJIeT mapajJesibHO OCH; )4
@ nyu 8, npoxonsiuil gepes HEHTp KpH-
BH3HBI 3€pKaJia; IpH OTPaXKeHHWH OH CO= g
BMelaerca ¢ caMuM coGoil, =

0y
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Popmyna sepkana

Ecnu
f — dokycHOe paccTosHHE BOTHY-

TOTO 3epKaJja, g 1
& — pacctosHMe — Mpelmera  JIO

3epkana,
b — paccronHue wu300paxeHus KO G

3epKasa,
{ — pasmep mpenmera,
B — pasmep u3o6pakenns, g-f B F
TO B COOTBETCTBHH € DPHCYHKOM

b

(0252) |G:B=g:b. | /’

Taree W3 pUCYHKa CJeLyeT, YTO

G g—f

B i

STESS
|
]
*ll‘n

=£
b'

HWIM, NocJie LeNeHHMs Ha g U COOTBETCTBYIOLLeH mepectaHOBKH,

1

oo |~
G'l—-

O6paTtute BHUMAaHUE:

© Qopmynn (0252) n (025.3) cnpaBeinuBel TONBKO IyA  JyUeH,
6AM3KHX K OCH, TaK KaK Npu BEIBOAE 3THX (OPMYJ HCKpHBIEHHAS
NIOBEPXHOCTb 3epKasia 3aMEeHseTCs IIOCKOH.

® [eiictsntenblitle H306pakeHHs NEPEBEPHYTLl B OTJMUMe OT MHHMEIX
usobpaxennil, KOTOpHle He MepeBepPHYTH (Tpsimble).

@ JlehcrButenbioe u3o0parkeHHE MOKHO HaGNIONaTh HA SKpaHe, MHH-
MO€ — HEeJb3sl.

@ DB n. 5 npusenevnoi nuike TaCamubl pesuunna b orpuyaresvHa.

@ Boruytee 3epkaja HCNOJB3YIOTCA B 3€PKAJILHLIX TENECKONAX B Ka-
yectBe 0OBEKTHBOB.

® Ecm B doxyce sepxana pacnonoxes TOYEUHHIE HCTOUHHK CBeTa,

: CO3AMMNN pacXoAAUNHCA NYUYOK, TO MOCJE OTPAKEHUS OT 3epKana
BO3HMKAET MOYTH MNapasieNbHLI NyyoK (370 crefiyer u3 olpaTnmo-
CTH Xo4a Jyueit).
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CnpaBoynasa tabavina

Vi3obpamenve B BOPHYTOM 3epxane

Paccrosan
Paccronnue ne

1o npenvera A%Kl;?‘(aﬁﬂpa- H:—;o%?%fifepﬂnﬂ VYeennuenne nsoﬁl;?;;(ennn

l.g>r r>b6>Ff B<@G [l | Heticrsurensuoe,
nepeBepHyTOE
2, g=r b=r B=G =1 To xe
3r>g>fF b>r B>G p>1 »
4. g =f b= o0 B=oo B = 00 >
5. g<f b<0 B>G B>1 Muumoe, npsavoe
4

Vizob6paxkenue B BLINYKAOM 3€pkase

6. g npousponbHoe b <0 B<gG <1

Munmoe, npsimoe

25.24. Buinyknoe sepxano

oCH, OTpaxaloTcsl TaKHM OﬁpaBOM, Kak ecan Obl OHHM H3Jyuadnuch

E Jlyun, naparmolliie Ha BLINYKNIOE 3epPKalio Napalie]bHO ONTHYECKOH

B Touke F.

1
G V3
\\\
Onniiecias 5y M
) acs //:7”'].‘ g

BbIHYKJIOQ 3epxaJsio co3naeT MHMMOE, NPpAMOe H YMEHbIIeHHOe n30+

GpaxkeHue.

O6paTruTe BEUMAHHE:

@ Qopuynst (0 25.1)—(025.3) cnpaBedaHBLI
3epxral.

H  AJf"  BLIDYKILIX
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® @ORycHOe paccrosiipe BLINYKIOro 3epKasdd OTPHUATENbHO, TaK Kak
(doxyc pacnonoxen 3a zepranom (f << 0).

® Paccrosnye O H300payKeHrsi B TAKOM 3€pKa.e TAKIKE OTPHHATEILHO
(b < 0).

® Ina nocrpoeHnsi n200pakeBnsi B BHIYKIOM 3epKale HYXHO, Kak
M B CiyYae BOTHYTOTO 3epKasja, PacCMOTPeTb XOA fi0 KpaiflHel mepe
IBYX u3 Tpex u300paKeHHbIX HA PHCYHKE Jyyeil.

25.3. Mpenomnenne cBeta

Ha rpaunue paspena IBYX cpell CBeTOBON Jlyd M€ TOJBKO OTpaiKkaercs,
HO M TpEJOMASCTCS, T. € UYacTbh €r0 SHEPrul nepexChuT U3 OXHOH
cpens! B APYTYIO.

25.3.1.  3axon npenomMaerkq

DNns coetoBbix Jsyuell cnpaBennus zaxoH Bpenomnerns (K 20.13), cdop-
MynmpoBasHH@t B Ti. 20 Ans chyyas MexaHmyeckmX (aKyCTHYeCKHX)
BOJH.

Ecau

. [
0. — yroJjl nagenust (OTCUHTHIBAeMHIH ©T fiep- g
NCHAVKYNSpa), g
P — yron npemomsenust (OTCUMTHIBaeMblt OT '§
NepHeHaHKyAsipa), E
€ — CKOpOCTb CBeTa B BaKyyMe, & Cpede 1
¥, — CKOpOCTH CBeTa B cpene 1, o v
¥y — CKOpOCTb CBera B cpeze 2,
# — noxasarenb npelloMIeHNs,
TO NpHM NajeHHH CeeTa H3 BaxyyMa Ha rpa- LS
HHLY CO cpenoi X
y p =Cpedn 2 <+t —=—
’ : = v ==
sin o c T =
{0 25.4) - — = [, 3
sin Uy

Tlpy najledmH csera M3 LPOH3BONBHON cpeabl I Ha rpaudny co cpe-
Hoi 2

(O 255) _______Sll’l i == —ﬂl'= ig-'—‘—" Mg,
)]

O6paTutTe BHHMaHHEe:

® Ecim cser pacnpocTpaHsiercs B HPOTHBONONOMHOM HalpaBJieHHH
(r. e. w3 cperst 2 B cpeny I), To B gopmyny (O 25.5) sxonnr ob-
paTHOe OTHOLIEHNE NOKA3aTeNell NpeJOMIeHH . -

® Tax xak CKOpOCTH CBETd B BaKyyMe € H B BO3JYXE Ugosp pa3nHya-
orest Bcero Ha (0,03%, npH nageHun cBETAa M3 BO3LYXd Ha HEKOTO-
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PY1O Cpemy MOMKHO INOJB3OBATLCH TEM K€ NOKazaredeM IPenoMJe-
HHS, YTO H NPH NafeHHU H3 BakyyMa Ha 8Ty e cpeny.

® Cpena, B X0TOPOH CKOPOCTL CBETa MeHblUe, HA3BIBAETCA ONTHYECKH
Gonee MAOTHOR, a cpena, B XOTOpoll CKopocTb cpera GoJblie, —
ONTHYECKH MEeHee NJIOTHOI.

@ 3naueHHs nokazaTensl npenoMJseHus n cM. B8 T7abi 35.

Tlepexon cBeta M3 onTHYECKM MeHee NAOTHOH B onTHyecku GoJee HNOT-
HYI0 CpeRy

Ilpr nepexonie m3 cpeln ¢ Oonbllefl CKOPOCTEIO CBeTa B Cpely ¢ Menb-
meil CKOpocThi0 CcBeta (# >> 1) yron npenoMiIenHs MeHblle yija mna-
jpennsi. [TpenoMnenHbl nyd npubnnKaercss K HOpMaJH.

Tlepexon cBeTa H3 ONTHMUECKH Oosee TUIOTHOR B ONTHYECKH MeHee
DAOTHYIO CPefy

Tlpu mepexonme u3 cpembl ¢ MeHbllefl CKOpOCTLIO cBeta B cpeny ¢ Gonb-
el ckopocTbio csera (12 << 1) yron npenomienust Sonblle yria naje-
Husi. [IpenoMieHHbIH IyY OTKJIOHAETCA OT HOpMAJH.

25.3.2. Monnoe BHyTpeHHee OTpaxkeHHE CBeTA

Ilpu nepexone uz ontudecku Gofiee NIOTHOH B ONTHYECKH MEHEE nnoT-
HYIO cpely Yrol TajfeHuss He MOMKET IpPEBBIIATH NPEAEILHOre 3Hase-

HHfl Qnp, TAK KAK CHHYC Yrlia IpesoM- .
JEeHHs He MoXer OpiTh OoJbllie eu- ‘i
HHIBL £
S
Ecimu g
Opp — NMpeNefbHOE 2HAaYeHHe Yyrna mna- 8 Onmuverni MeHee
neuns, = AnamIROS CPEHL
# — noxasatenb mnpenomieHus  (cm. 5/.90" SN S—
Tabn. 35), : | RACITHASA €
) — CKOPOCTb CBeéTa B GOJee MIOTHOH Lo .
cpele, .
U2 — CKOPOCThL €BETA B MEHee NJIOTHOH
cpezs, OrirmIueoRi MEHEE
o 7 ¥a7=d
TO, TIOCKOJBKY FIOTINGT CD!
$ 3 Onmweciil 0o7ee
SO, SiflGg, TIIOEAST Cpeda
g 5 ’ =0
sin 80 1 >, np,ﬁ
[y
¥MEeM §
s 01 g
(0256) | sinogp=——=~n. g
Vg 5N
&

Ecau yrosl naneHusi ¢ = CGinp, NPOHCXOINHT TOJHOE BHyTpEHHee OT-
paxkenne. [1pm SToM BCs SHEDrHsl CBeTa OTpAxaeTcs B HEPBYIO, Gosiee

HNOTHYIO cpeny-
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25.33.. InocxonapannenbHas naacTHHA

ITpn npOXOXKIEHMH CBera Yepea IMJIOCKONApanlNeNbHyI0 NJIACTHHY - npe-
JoMNeHHe TPOMCXORHT Ha ABYX mapanjelbHHX rpanunax. Ilostomy mpH

NpOXOXIEHHH vepe3 NNACTHHY CBeTO- o
BOli Ny4 He MeHsieT HanpapleHHe pac- \\d

NpOCTPAHERHS, a TONbKO CMEIaeTcs

napajeibHo caMoMy cebe, 8 \\ .

Ecmmn ~N

0 — BeNWYHMHA CMelleHHs nyya,

d — ToNMHA NAACTHHH, « &

O — yron najeHus Ha NepByl rpaHuny ~
paspena,

f —vyronm npejomJeHHs Ha TEpBOfi rpapiue pasiena, paBHBI Yray

najieHHsl HA BTOPYIO TpaHHIy pasiena,

TO CNpaBeiNuBO paBelCTBO

o= d sin (o — B)

(025.7) oD

(npennonaraercsi, Yro cpefa NO oOe CTOPOHBl OT NNACTHHE OIHa H
Ta XKe).

25.3.4. Mpusma

B npHaMe cBETOBOH JAyd4 ABAXKIM WCOBITLIBAGT NpENOMIEHWE HA Mpe-
JOMJISIOLIHX TpausX M usMeHser cBoe HamnpasneHue. llosnoe orkione-
HHe Jy4a 3aBHCHT OT yraa NayieHHss cBeTd Ha NpH3MY H OT mpenoM-
JISIONIEro Vraa BPU3Mbl ©.

Ecnn

& — yron oTknosenus Nyya NPHIMOM, .
y Tlpesom

@ — Yron NajeHHsi HA NEPBYIO TpaHb, A 8 yew/;ﬂmu;uu

B: — yron npenomnenuss Ha BTOpOH
rpany,

© — NpEJOMARIOWYE Yo npU3Mbl, Bz

£ — NoKasaTejb NpPeNOMIEHHS, P

TO

(025.8) |8=a+p—o. |

Fcau yrom @ Man, TO MOXKHO IOJB3UBATbCA NpuOmiXeHHol (op-
Myaol / . .

0259 |s=@r—Nao.|
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Of6paTtnTe BHHMAHHE:

@ i3 reomeTpmueckmx COOTHOIUEHmH clelyeT, 4To © = f; - Os.

@ Ilpu cummerpuunoM xofe- Jyuefl, xorza oy = e .z P = O, aYyu
. B TIPU3ME pAaCHpOCTPAHSeTCs napansie/bHO €€ OCHOBAHHI0O H Yroj
OTKJIOHEHHUS] MEHHMalleH.

25:4. JIuH3L!

JIHH3B H3rOTOBAAIOTCS M3 CTEKa, [J1acTMacChl H IPYFUX TPO3PAUHBIX
Matepnanos. B chepuueckMx JHMH3aX BHeUIHHe NOBEPXHOCTH OOCpasylot
4actb CHEpEL.

[Mpoxonsiiye uepes JWH2Y Jyum npexomasiorcss neaxabl. [Ipm no-
CTPOGHHH XoHa Jyyedl NpejoMJeHHe Ha obenx rpaHuHax 3aMeHsoT Of
HHM TpeJOMJEHHEM B TAK Ha3blBaeMOIl FNABHOH NJIOCKOCTH JIMH3BL

Bce paccrosiHus (QOKYCHOE paccrosiHue, pacCTOsiHMS A0 NpeaMera
H n300paenHsi) OTCYMTBIBAIOTCS OT INIABHOH IJIOCKOCTH JIHH3HL.

25.4.1. Bupst aun3

Bunykauie (coGHpaoliue) JANH3s OrpaHHYeHBl JBYMs CQepHIeCKHMH

TOBCPXHOCTSIME, NpPHYEM TOJIIMHA NKFH3L Y cepeAnubl Oonbile, YeM Y

kpaes. CoGHparomlye JHHSH MOTYT OLlTh

@ IBOSKOBHINYENBIME (@),

© nnocko-senykabiMu (6),

a 0 @

Cobuparnnon JLHIE
A .

@ BOFHYTO-BLINYKIHIMH (8).

Jlyun, mapanienbHble ONTHYECKOH OCH, NO-

clie TpOXOKAEHHs Yepe3 COOHPAIOLLYIo Eomm—
npH3y cobupatorcss B ¢oryce F. Paccros- B
HEe OT (OKyca Ho TJIaBHOH NIOCKOCTH —— A
)
NPH3EL HasbiBaercss (OKYCHBIM  DPACCTOR  Oumrmecigs |
HHeM f. o =
g F
- ——
BoruyTole (pacceuBaiolilie) JHH3LI orpa- -
HHYeHb JBYMS CQEpPHUECKHMH IOBEPXHOCTS-
MH, TpHYUEM TOJIMHA JMH3L y CEepEeIHHBE

MeHble, 4eM Y Kpaes. PaccewBaioimiie JHHSEI

MoryT OBlTh

® IBOAKOBOrHYTHMH (4),

@ mocko-orayteivu (0),

@ BLINYK/JIO-BOTHYTEIMH (6). a 6 @
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Jlyuw, nmapamienbHele ONTHYECKON OCH, No- Fac.c,’,ellllaamu;aﬂ
clle NpPOXOMKAEHUS Yepe3 pacCeHBaIoNlyIo L

JIMH3Y TPeNOMISIIOTCS TakuM o0pa3oM, 4To //
KayyTcs BLIXOAMILIAME U3 ¢oxyca F, pac- s
NIOJIOXKEHHOTe Tieped JuH30#., PaccrosHue A /
or (@Qoryca L0 TJaBHOA  MIOCKOCTH . /ff/ —
JMH3H  HasbiBaercss  POKyCHBIM  pace é//
crositieM f. ¥ BOrayToH /AMHSEI OHO BbI- FY&~~_1
paxaercss OTpHHATENbHLIM  YHCIOM U . \\5\3\'
onpeliefifieT ee pacceHBaOMYI0 CNOCOG- N \
HOCTb. \s*

25.4.2, TNocTpoenne u3oGpakeHus B JMH3E

Ins mocrpoenmst H30OpaiKeHmst HYKHO BOCHONLAGBATbCS MO KpaiiHefl
MEpE ABYMS M3 CJAeNVIOHLAX TpeX Jyyeil:

@ Jlyu I, napannenbHsiii ocwm; mociae NpeJoMAEHHS B JIMH3e On npos
XonuT 4yepes QoKyc; :

7
s
3 / e r
B
F B F 640 f
£ ad . . <0 <
g’ 3 g

@ dokanbeRil xyw 2; nocse mnpefomieHHs B JIHH3e OH Tnapanielier
ocH;

@ nyu 3, npoxonAuuil Yepes HEeHTP JAMH3BI; STOT NYY HE MEHSIET IOCHE
JEH3E CBOEFO HANpabjeHHs. .

25.4.3. <@opmyna JuH3LL

4
Ecrm
p — yeenmuenue JAHMH3EL, IR
y ¢ X X550
G — pasmep npenmera, 1% ""’*“3'2_3:_{:?;3;,::;‘_ N

B — pasmep n3o6paKenns,

£ —— pacCTosiHHE N0 npenmMera,

b — paccrosiEne 10 H306parkenus,
f = Qoxycnce paccrosupe,

TO B COOTBETCTBHH C PUCYHKOM HMeeM CJelyloulyio (opMmyny Ajsi yBe=.
JHYeH!s JIEH3HL:

B b
(02510 | b=z =
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Hanee, H3 PHCYHRa CNenyer, yTo

G _e—F__ &, £_f_&g
- : L=t

TTocne peneHnss HA g W nNEpEecTAHOBKH NOJNyYaeM OCHOBHYIO HopMyny
JIMH3I:

1
0%.11) | =

sl=

B

7 |-

O6paTHTe BHHMAaHHE:

©® Ecnmun npenmer M H3o0paxeHHMe pPACNOJOIKEHH C ONHOR CTOPOHBI
JUH3B, TO PAcCTOsiHHe IO H206paiXKeHrsl OTPHIATENLHO..DTO MHHMOE
H306paxkenue.

@ Y pacceBalomux nuHZ (POKYCHOE pAacCTOSIHHE H pPAaCcCTOSHHE [0
H300paKeHus] OTPHUATENbHEL

Cnpagoynas Tabauua

H3zoGpakenne, obfpasyemoe coGupaloweit auusoi (f > 0)

Paccrosnme Pacc“rosg;m:. [éasmep VBeJnuerie Bun,
AC YIpenmMeTra g ng{;ls:ap; H30 paBmemm B u306paxKeHns
Lg>2f 2f>b>f B<LG B<i JelicTBuTeNB=
HOe, mepeBep-
HyTOE
2, g=29f b==2f B=aG =1 To xe
3 2f>g>f b > 2f B>aG B>1 »
4, g=] b=o00 B = f==co ~ »
B.g<f b<0 B>a B>1 Munmoe, nps-
Moe

W3o6pamenne, o6pasyeMoe pacceusaromedi sunsoi (f << 0)

6. g uponseonpEce b <0 B<«G B<1 Mhunwmoe,- npsivMoe

254.4. Onpepenenne QOKyCHOIe PacCTORHNS

DorycHoe paccTOsSHWE JIMH3H 3ABHCHT OT MatepHasa JIHH3Bl H KDHBH3« -
HEl oBepXHOCTEH.
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Ecan

I — ¢oxycuoe paccrosHpe NHMH3D,

n — noKasaTelb NpeJOMJIeHHsi MaTephana,

7} — pajuyC KpHBH3HDLI GOJiee HCKPHBJEHHON NOBEPXHOCTH,

Ig ~— paguyc KPHBH3HbLI MeHee HCKpHBJIeHHOﬁ NIOBEPXHOCTH,
TO B Jiyyae TOHKHX JHUH3

D]

(095.12)

Cnpasoynast Tadjuua

Bupm auns
f I T
CoGupaiomue IBOSIKOBBITYKJIBIE - +
TIIOCKO-BLITTYKJIBIE -+ - co
BOTHYTO-BBUTY KALIE + —
Pacceuparmuine JBOSIKOBOTHYTHIE — —
- TJIGCKO~BOTHYTHIE — — oo
BLINYKAO-BOTHY THIE - +

O6paTuTe BHHMaHHE:

© Papmuyckl KpHBH3HLI BBINYKNBIX NOBEPXHOCTe!l NONOKMTENDbHLI, a pa-
NYyChl KPHBH3HbLI BOTHYTHIX TOBEPXHOCTEH OTPHIATE/BLHEL

@ VY nnockoil NMOBepPXHOCTH pafHyC KpUBH3HBI OECKOHEUYHO BeNHXK.

® dopmyna (O 25.12) cnpapennrpa AN TOHKHX JMH3, TONHIMHA KOTO-
phiX MaJja N0 CPaBHEHHIO C AHAMETPOM JHH3LI H (POKYCHBbIM pac-
CTOSIHUEM. q

25.4.5.  AGeppauun

Ecan HeT wuckaxkeHuH, TO KaxJAOH Touke H300pakeHHsi ONHO3BAYHO
COOTBETCTBYeT TOYKa mpenMera. [Ipw 31O0M reoMerpHueckoe pacnonoKe-
HHe TOYeK H300paKenusi JOKHO Oblth NoJoOHO reoMeTpHYeCKOMY pac-
MONOXkeHnI0 ToueX oObekra. Cdepuueckme JHH3L JHIIL NpuONHKeHHO
YHOBAeTBOPRIOT 3TOMY Tpebopaumio. llcxamenns H300parKeHHs Ha3bl-
paiorcsl abeppanusiMu. i

Abeppaunn MOXHO 3HAYHTENbHO YMEHLIIHTL NPHMEHCHUEM CHCTEMBI
JKN3 M, 8 4acTHOCTH, HeCHEPHYECKHX JIHH3.
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Xpomatnueckan aGeppaums

TTockosbky npenomienne creta JipH3Of 3dBHCHT OT €r0 IJIHHH BONHH
(cunuii cBeT mpenomAsiercs cuNbHee, YeM KpacHHM), usobpaxeHue npH-
ofperaer UBETHYW Ka#My. Jlis ocnaGneHns XpOMaTHYeCKOH abeppanin
TIPHMEHSIOT KOMOHHALMIO BLINYKJOH JIHH3M .+
H3 KpOHIJlaca C BOFHYTOH JMH3OH M3 (QIHHT- Bemmnz 43
rnaca (axpomaTnueckasi Tapa JIMH3, HIH "453,?;
axpomar). [Tosnas koMUencaumsi XpoMaTuye- .- ) g
CKOll abeppanuy BO3MOXEA JHIIB IS LOBYX oy
3HayeHHH JJIHH BOJH. B —

[
U
Fow Tp

Cdepryecxas aGeppauis

Teputepns nUH3L NpellOMASET NY4H CHIb-
Hee, ueM peHTpanbHasi YacTb, INO3TOMY H30-
Opaxenre OkasmBaeTCs HepesKHM. JINA 1o- —Semeee
BbLILIEHUS] PE3KOCTH H300paKeHHsl JHH3L fua-
GdparMupyior. ¥YKazaHsas NOrpellHOCTE HOCHT —  — 14—
HazpaHne cdepuueckoli abeppanuu. Cohepuye- !
CKYI0 afeppalmi0 MOKHO CKOMIECHCHUPOBATD, w3 | E F
NPHMEHSIS COOTEETCTBYIOWNM oGpa3oM nojo- noH
OpanHBle Naps JHHI.

KpHEH3HA nonst M3006paxKeHAs

Hzo6pazxkenne, cosnapaeMoe NpoCcTofi JIHH30H, He JEXKHT B ONHOM nnoc-
Kocty; nojie H3o0pamKeHWsl HMeeT BHA BEIIYKJIOW NOBEpXHOCTH. Besen-
CTBHEe STOTO Kpasi H300pameHhsi OKAa3blBAIOTCH HepeaKHMH. s KOM-
neHcanwH Ttakoli abeppaumy NpPUMEHSIOT CllenWalibHble JHH30BLIE CH-
creMul (anaanoTol).

Hucropcns

Hzobpaxenne NpsMOYronbHOH CETKH HCKamaeTcs, npuobperas nOMYUI-
xooOpasHylo Hau GoukooOpashyioo d¢opmy. Ilpn 5ToM npsmble JHHHM
VCKPHUBISIOTCST HApyXKy HAH BHYTPD, :
OcoOesBO HA Kpasx H300pazKeHHsl.

K npyruM aGeppanusM OTHOCSITCS:
© acrurMarHsm,
@ xoma. . -

JAns ux KOppEeKUHH NpHMEHSIOT
CIIOXHBIE ONTHYECKHE CHCTEMBI, COCTOSI-
uie B3 Tpex H Oonee JiWH3. B coBpeMeHHBIX oOBbeKkTHBAax (poroanmapa-
TOB ¥ XKHHOKAMEp BCe YyKa3aHHbe aleppauiH CBENEHH K MHEHHMYMY.

25.5. Ontnyeckue npuGopol

Onrugeckne npuGopb! NpefliasHaydeHH NS pellieHHs] OBYX 3ajau:

@ nonyuennss wusobpaxenuil ((poroanmapar, nNpOEKUHOHHLIH annapart
HT L); )

e ynennq)eﬂﬂs yrna 3speHus (Jynd, MHKpOCKON, ToA30pHas Tpyba
T A). o
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25.5.1. TNpoexuHoHHbIA annapat

JIlns nonyueHus HMSO6paKewws B NPOEKIHONHOM annapate HCIONB3YerTcs
cobuparoiiass JunsoBasi cucreMa — oObexTHs. Ilpemmer pacnonaraercs
nepesil O6BHEKTHBOM Ha DPAaCcCTOSHHH, COCTABJSIOMEM OT OLHOTO L0 NBYX
dokycHbix paccrosauit  (f << g << 2f). Usobpamenue BOsHHKaer 34
OGBEKTHBOM HA pPACCTOSIHHH, [PEBHILIAILIEM

yIpoeHHOe (oKycHoe paccrosHne (b > 2f),

H SBNAETCH NeHCTBHTENbHBIM, YBEIHUYEHHBIM +

# mnepepepHYTHM (cM. n. 3 B CIOPaBOYHOI

Tabnuie B pasn. 25.4.3). na perylnposKu f
Pe3KOCTH H300paxeHuss OObEKTHB MepeMella- L= B
10T TaK, 4rofbl paccrosiHge O NpenMeTd COo-

OTBETCTBOBANIO PACCTOSHHIO [0 H3obpaixe-

HUS

Onpeneanm pasMep npoenupyeMoro Hso6pakeHHs.

Ecan

p = B/G — yBequuenue,

b — paccrosiane 00 U300paKeHHs,
f — doxycHoe paccrositue,

70, npeobpasys Gopmyasl (O 25.10), (O 25.11), nonyuaen

(025.13) | B —~1.

t

JIlnst Tonyuenns H300parkeHHil HENpO3pauHBX npeaMeroB (KYp-
HANbHBIX CTPAHHI, PHCYHKOB H T. Il.) HENONb3yIoT anujHackonui. Ocee-
LIeHHE NpELMeTa B TAKOM NpockTope TpeCyer NpHMEHEHHS OYeHb MOML-
HBIX JaMIL.

Jlas noxyuennss H200paKeHHH npo- Seprano  Rondercop
3pauHbx  OGBEXTOB  (IMATIOSBUTHBOB)
IpHMEHsIOTCA AManpoextopul. K stomy
e Kaaccy npuGOpPOB OTHOCATCS KH-
HONMpPOEKTOpH..  Uro6bl  palHOHAJBHO
HCIONb30BATh CBETOBOH MOTOK, €O3Ma-
BaeMblli HCTOYHHKOM €BE€Td B MPOEKTO- Ofsenmue
pe, NPHMERSAIOTCS CHelHalbHBIE [pH- Tipedier
cnocobnenus. Jlamny HaxalHBanus pac-
nonaraloT B HEHTPe KPHBH2HE! cdepryeckoro 3epkana. bnaronaps sto-
My SHauuTenbHas YacTb H3Ny4yaeMOro Hasal, CBeTa HamnpasJ/sercs Ble-
pel ua npenveT. [lepef JAamnoll HAXOAWTCS KOHIEHCOP, COCTOSLLUH
OGBUHO H3 nBYX JHHS. JlaMna pacnonaraeTcsi B (hOKyce mepBoli JHH3HIL,
TaK YTO JVUH, BHXOASILUHE H3 NepBOH JHMH3L, 00pasyioT NapasiesbHbIH
nyuox. Bropas NuH3a npeBpallaeT 3TOT NYYOK B cXunsiiuiics. OGbek-
THB pAaCNOnaraiT HpHOAH3UTENbHO B (POKYCEe BTOPOfl JHH3bI KOHIEH=
copa,
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25.5.2.  doroanmapar

i.Mso6paxkenne B doroannapare cosnaercs OGHEKTHBOM, KOTOPH Npel-
cTaBiisieT coGOH cobupaTenbHylo JjuH30BYIO cucTemy. Paccrosnue 1O
npeAMeTa, Kak Mpapujio, MpeBbIlaeT YyABOEHHOe (OKyCHOe PpacCTOfHHE
- (g > 2f). Usobpaxenne neficTBUTENHbHOE, yMeHbIIEHHOe H MepeBepHy-
Toe (cM. m. 1 crnpasouHoll Tabuuubl B

pazn. 25.4.3). HaBsogka Ha peskoctb HpO-

H3BOAMTCA McpeMellleHHeM 00beKtTHBa; Ta- -+

KHM 06pasomM HOGHMBaloTCss TOro, urobel O
paccrosiBie IO MpefMeTa COOTBETCTBOBAJNO
PacCTOSTHUO 10 M306paKeHus.

Jasi HOpMAaALHOrO  SKCMIOHHPOBAHMS
nieHKd Heo6xopuMo, YTOOH Ha eIMHHIY
IJIolail TPHXOIHAaCh ONpellesleHHad CBe- ,
Topas sueprus. OHa onpelnensieTcst NPONOMIKHTENLHOCTHIO OCBEILEHNT
(BbUIepKKOW) B OMaMETPOM OTBEpCTHS OGBEKTHBE, KOTOpbIH perysu-
pyetcsa ouadparmoil.

Ecan
d — nnaverp oGbektnsa (orBepcTus AMadrparmel),
[ — doxycHoe paccrosHue OGBEKTHBA,

To OTHOCHMTEALHoe orBepcTe 1/F oGBeKTHBa OnpellesieTcss BBIpames:
. HHeM

(0 25.14)

dl_4
F e

O6GpaTHTe BEUMaHKHUE:

@ HaunGoabinee OTHOCATENBHOE OTBepCTHE O6BeKTHBA (MpH TOMHOCTHIO
OTKPLITOH mHadyparve) Ha3bBaeTcs CBETOCHMOI.

@ 3paueHne OTHOCHTEJBHOrO OTBepCTHs OGBERTHBA, OfpelenfeMoe
dopmynoi (O 25.14), crnpaBelqHBO JMIIbL NP QOTOTpadupoBaHNH
6ecKOHeYHO YAAJCHHOTO OOBEKTa, KOrja g = 00 N COOTBETCTBEHHO
b=f Tlpu cwremre Gonee Gauskux obvexror b > f. Torma oTHO-
CHTesbHOE OTBEpCTHE CJenyeT ofipenensiTh Xax 1/F = d/b, T. e. npu
HEH3MEHHOM [HaMeTpe CBETOBOTO MNYYKA OTHOCHTENbHOE OTBEpCTHE

- cTaHOBHTCH MeHblle. IlocsienHee 0COGEHHO BaXKHO MIPH CHEMKE OYEHB
6nusKkux IPEeIMeTOB. '

Tlockoabky umcantens B popuyne (O 25.14) Bcerma paseH
enunuie, Ha OGBEKTHBAX OCHLIYHO YKa3LIBAIOT TOJLKO 3HAYEHHf 3HAMe-=
HaTelsl OTHOCHTENLHOrO OTBEPCTHH, 3TH YHCJa JJs KPaTKOCTH Hasbi-
BaloT fpocto «xuadparmoit». MexxaynapoAHEM corfallleHueM yCT2HOB+
JieHa NOC/enOBATEIbHOCTh 3HAYECHHUE nuadparm:

B 14-2—-28—-4—56—8—11—16—22—32
Sty upcna nomo6passl TakuM o6pasoM, UTO MIpH Nepexone X cie<.

IyOLIeMy 3WAYeHHIO MOLIANb OTBEpCTHA Inadparmbi yMEHbLIAeTCs B
2" pasa.” AHajormullo COCTaBJeH PAL SHAYeHHN NPOACAKHTESNHHOCTH
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skcnonupoBanna (Boijepkku). Ha xa)pom wmare speMsi BbIIEPIKKH
VIBAUBAETCH:

1/1000 — 1/500 — 1/250 — 1/125 — 1/60 — 1/30 — 1/15 —
1/8—1/4—1/2—1.

ol

25.5.3. Iaas

Xon ayuelt B rnasy auasorumuen xony Jaydeii B oroannapare, npuuem
pos OGBeKTHB2 WIPaeT BHIMYKnas JuH32a — Xpyctasuk. OnHAKO B OT-
sguune oT (oToannapata YCTAHOBKA HA DE3KOCTh MPOU3BOLMTCA He 3a
cYeT nepeMelleHus OOBEeKTHBa, a [yTeM H3MEHEHHs (JOKYCHOrO paccrosi-
HHSI Xpycranuka. Taxoil npouece npoucxoiut peduiekTopro 6es yyacTus
CO3HaHMS ¥ Ha3HBAeTCs aKKOMoIalHel.

MaxkcuManbHOE pACCTOSIHUE JO Pe3Ko BUAMMOro oGbekTa OOGLIYHO
paBHO GECKOHEeYHOCTH; MUHMMAaJbHOE paccrosnue oxoso 8—I10 cM. Mnm-
HHMaJbHO® DPACCTOSIHME pe3KOro 3pPeHHS YBEJMYHBAEeTCs € BO3pacTOM
YeJIOBEKA.

MuinMasbHOE paccTosinke, Ha KOTOpOe rJyia3 MOXeT aKKOMOIWpO-
BaTtbcs 6e3 yTOMJIEHHS, HA3LIBACTCA PACCTOSIHHEM HAH/YYILErc 3pexnHs S,
Jlas HopmasbmoOro raasa s = 25 cm.

Ipu daspHO30pKOCTH MHHHMAJBHOE PACCTOSHHE BO3PACTaeT H3-32
HEeNOCTATOUHON NpefoMAsIotel cuybl XpycTanuka. JlajgbHO30DKOCTL MO-
XKeT ObiTb CKOMIMEHCHPOBaHA OYKaMH C BBIMYKJbIMH JHH3aMH.

Tpu 6ausopyrocri. rnazHoe s6IO0KO OKasbiBaeTCsl YAJMHEHHBIM U
ynajieHnble NpeiMeTnt BHIOHBI He pe3ko. Jlias xomnencanuu Giansopy-
KOCTH YMEHBIIAIOT NPeSIOMJSIONIYI0 CHAY XpYCTaJHKa ¢ MOMOIIBIO O4-
KOB C DACCEHBAIOLIMMHU JIH3aMH.

Jlnsl xapakTepPHCTHKU OYKOBHIX CTEKOJI BMECTO (hOKYCHOrD paccros-
Hus [ npumensiercs ofpaTHasi eMy BejvwuuHa — oRTHYecKas cwiaa D,
Kotopan usMepsercsi B puonTpuax (1 muontpus = 1/m). OnTuueckas
cuna coGupaIoWUX JIHH3 HOJAOMKHTeNbHA, PACCEHBAIOIIHX JIMH3 — OTPH-
LaTebHa.

¥Yrea 3penHs Y
VrsjoM 3peHnsl HasbiBaeTCsi YroJ, Moj KOTOpsIM BHIOew npeamer. O
ofpasoBaH Jy4yaMy, HUEYLIMMH OT KpaBHHX BHIUMBIX TOYeK npell-
MeTa, W XapakTepuayeT pasMep H300paiKeHMs Ha CeTyaTKe [iasa.

Ecomn

G — pasmep mpenmera, 6 )
& — paccTosinue A0 NpeAMera,
Oo. — yron 3peHnud, g
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TO

(O 25.15) I tg o =

|

Paspewaionias cnocodHOCTH Taza

OnThueckas cHCTeMa rJa3a CO3faeT H300pakeHWe NpelMeTa HA CCT-
yatke. K ceTuaTtke NOOXONMT SPUTENbHBLIE HEpB, pa3BETBAAIOMIMICH HA
MHOXXECTBO HEPBHLIX BOJIOKOH, OKAHYHBAIOMIMXCH KOJAOOUKaMH, KOTOpPHIE
ofecrieunBaloT LIBETHOE 3pEHHE [HEM, W [aJOYKaMH, KOTOpHe obecre-
unBalOT uepHo-Gesoe SpeHHe B CyMepkax. [Jas crocofer pasiHuath
IBe TOUKM NpeiMeTa B TOM CJiy¥ae, KOraa Hx Haobpakenns nonamalot
H& pasmiydbie KOJAGOYKM (il najioukH). JT0 COOTBETCTBYET MHHH-
mMaJbHeMy Yray 3penHa oKodo 17,

Ypeanyenue

Vron 3peHHsi MOMHO YBEJHUHTL C MOMOWIBIO ONTHYECKHX MpHGOpCB.

Eemm
B — pasmep MumMoro mso6paskenus B ONTHYECKOM npuOpe,
b — paccrosnne B0 37TOro H3oOpasKeHus,

& — yroa spenus npubopa,
TO

(025.16) | tg d =

£zl
b

Gopuyast (0 25.18) u (O 25.16) nosponsioT ONpenesMTb yBennue-
nue npubopa.

Ecan

V — ypemuuenne npubopa,

& — yroa speyus MpH RaJMYMH NpH- +
6opa,

8¢ ~— yron 3penusi B OTCYTCTBHE IpH~. b
60pa, G

ks : o S

(025.17) | V=_§_.
0

¢

O6paTuTe BHUMAaHHUE:

@ . CorstacHo TOUHOP ¢hOpMysie, yBeJHueHue ONpenenseTcss Kak OTHomle
HMe TaHIEHCOB YIJ0B 3peHus. BerencrBue MaJjioCTh YLIOB 3peHus
3HAYEHHsT TAHTEHCOB MOXKHO 3aMEHHTh 3HAYEHHAMR apryMeHTOB.

s
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2554. Jlyna

Jlyna npejcraBasier co6ofi coGupamommyr munsy. [Ipenmer pacnosara-

ercsi nmepel Jynofl Ha pacCTOSIHMM, MeHblleM (OKYCHOFO paccTOSHUA

(g <0). Jlyna cosnaer MuHMOe, NpAMOe M yBenwuenHoe usoCpaikeHue

(cm. 1. 5 B cupaBourofi taGmuue B pasn. 25.4.3). HsoGpamxenbe Haxos

JIITCSL Liepes, Jayuofi, T. €. CO CTOpoHH npeamera (b << 0).

Ecau

V — yeenuuenne aynbi,

f = dorycHoe paccrosiHue mynbi,

8 = ggccm;mne HAWJTYYlUIEr0 SPEHMS, PABHOE JJsi HOPMANBHOTO I71a3d
5 cm,

TO, NOCKOJBKY Ge3 Jynel paccTOsiHHe HAWAyUllero 3peHHs A0 npeaMeTa
paBHO S, a IPH HCIIOJB30BAHMHM Jylbl H HeaKKOMOXHPOBAHHOM (HA%
CTPOEHHOM Ha GeCKOHEUHOCTb) I'iase paBHO f, nosmydaen

’ 8

V=,

e Oxtgd=G/f n By~tgd = G/s. Orciona creayer GopMym=
LJ151 HOPMAJIbHOrO YBenHueuusi Jjynbl (UIpH pacCMOTPeHHMH H300parkeHns

HeakKOMONHPOBAHHBIM F420M): +
Fsso
0 s Bl \\\\\
25.18) | V=—. === 17
( ) 7 FG .“:G,‘, \:‘:/
F|ug
Qacto nmpH paccMarpuBanuy TNpen- s=-&

MeTOB uepes NyMy rjas aKKOMORMpPYeT-
Cf ua pacCTOsiHMe Haunyumiero spenus 8. Ilpu 3ToM H300paKeHsy
HaxomuTca He B GeCKOHeYMOCTH, @ Ha paccroauun s = — b. TorAa

v 6 __ tgd Bfs B s

-t

=% g GC)s G g’
rae g Bomuucnsercs no gopmyne 1/f = 1/g — 1fs, ny

r_ 1,1 s+f
g*s+f sf °

B wurore monyuaem ¢opmydy nss ysenuueHHs JYNRL upY aKKOMOAAIEH
rJasa Ha pacCTOfiHHE HaUNYYllero 3peHHs e

y=3561h

sf ?

HIH

@%w)v=%+n
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OGpaTuTe BHEMAaHHE:

@ Uem Menblle QokycHOe paccTosinke, TeM Godbllle yBeJHYEHHE JYMbL:

@® MakcuManbHOE YBesHMYeHHe, KOTOPOE peanbHO MOXKHO IOJYYHTh €
NOMOLIBI0 synbt, coctabasier 10—I5. Ilpu Gospmem yBesMueHUM Ka-
YeCTBO H306PaXkeHusi CTAHOBUTCS HEYJOBJIETBOPUTENHHBIM,

25.5.5.  Mukpocken

MUKpPOCKOH COCTOMT M8 JBYX COGMpAION[HX JAH30BHX CHCTEM: 00BEK+
THBA ¢ (OKYCHBIM pACCTOAHHEM [j, PABHBIM HECKOJLKHM MHJUIHMETpaM,
H OKyJaspa ¢ QOKYCHBIM paccTos-

HEeM [;, paBHBIM HECKOJNBLKHM CaH- (Bsenmuze Orynap
THMerpaM. Ilpenmer mnowmemaercs + +
HETMOCpPe/ICTBEHHO Tiepen ¢GoOKycoM Fy
obberTisa. 3a 0GbEKTHBOM Ha pac- Gﬁ
CTOSIHHH, MpeBbHIalOmeM 2f;, BO3- Fy
HEKaeT [EHCTBHTENLHOE YBEJIHYEH«

Hoe NpOMEeXyTouHoe u3oGpakenue.

Ono pacriosiaraetcsl HenocpejaCcTBeH-

Ho 3a {doxycom Fs oxynapa. Oxon-
yateJbHOE H30Opaxeive, BO3HURAKOIIEe Iepel, OKYJNApoM, OyneT YBeJHd
‘UepHbIM, MHAMBIM H repeBepHYTHIM (CM. n. 3 u & cnpasounofi TaGnuisl
B pasn. 25.4.3).

Ecan
I — ontuueckasi nauna ty6yca (paccrosnue Mexny GokKasbHbIMI TOT{

e
xamun Fy n Fz),
f1 = dokycHoe paccrofinve OGbeKTHBa,

fo — doxycnoe paccrosinne okymspa,
§ — paccrosinme Hamgydinero spemua (25 cmM  Ang HOpMaJsIbHOrQ
raasa),

V1 — ysemuuenue oGbextusa, pasnoe p = b/g=1/fi,
Vs — ypenuuenue okyJspa, paBroe sffa (Kak y nynsl),
V  — ofliee ypesmuenye MUKPOCKOIa,

TO

Is
Wiz~

©2520) | V=V Vo=

OfpaTuTe BHUMaHUE:

© BcaencTBue BONHOBOH NpupoAm csera (cM. paspi. 26.2.4) mMaxcud
" MaJbHOe YBENHYEHME MHKDOCKONA He MOXKET NpeBHIIATb [PUMEPHO
2000.

é5.5.6. . Tesneckonbl ¥ OMHOKIH

TenecKONbl, GUHOKAA ¥ HON30PHBE TpYOBl NpelHasHAYEHH! JUfl YBEAH<
Genus yrna 3pedus UpH HaGmioneénun COJBLIHX, HO OYeHb YNaJEHHBIY
TIpe/IMETOB,
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Te seckolt

Tereckon COCTOMT M3 IBYX COGMpaiOllMX JHMH30BLIX CHCTEM — OObOHI
Tt2a ¥ okyasipa. IlpeAMeT HaxXomuTCH Ha OueHb GOMLLIOM pACCTOAHHH
or obbekTusa. Henocpemcrsenro 3a ¢oxycom oGbexTHBa uepesl OKY-

Obzerrmie Onynsip
Gl + + P i
R :
Fr 4B Fz
B » /////

JIIpOM  BOSRUKaeT MpPOMENKYTOYHOe u30GpaKeHHe; ero paccrofiHne OT
okyaspa MeHbille (OKYCHOTO paccrosfinus nocdenmero. Ilepen oxynspom
06pasyercs YEEAUUEHHOR, MHUMOe U NEePesepHyToe OKOHYATEesNBbHOE H30-
6paxkenue (cM. n. 1 u 5 B cnpasounoil TaGsnune pasih. 25.4.3).

Ecnu
V — ysenuuenne Teneckona,

* «f1 — thokycnoe paccrosnne 0GbEKTHBA,
J2 — Gokyciloe paccTosinue OKymsipa,

] - nJnHa TeJieCKona, T. €. pacCTosiHue OT ofGbeKTHBa JI0 OKYyJfipa,

TO

©%5.21) | v =1t
I2

n
(02522) | [=fi+]a |

OGpaTuTe BHHMAHHE:

© OQokychl OGBEKTHBE M OKYARpa BHYTDPH TeJeCKOla (F: " F2) npak-
THYECKH COBMAAIOT.

® OGbuHO TesecKON HACTPaMBAIOT TakuM OGpasoM, YTO MPaKTHYeCKH
napajyiefbHbLie JYYH OT YHAJA€HROr0 npelIMeTa M[ocje OKyJsasipa
CHOBA OKasLIBAIOTCH MNapajiejbHbiMi. Tak BO3HMKAaeT MHHMOE H30-
OpakeHne, BOCHPUHHMAEMOE HEAKKOMOIHPOBAHHLIM TJ1a30M.

MoxscpHaa TpyGa (nosesocit GHHOKAL)

Tlpunnun neficTeust Nof30pHOH TpyGsl amaJiorMyeH MpPHHUUIY JeHCTBUA
Teneckona. UToOB NOAYYuThL RpaAMoe us3obpascerue nperMmera, Ha HYTH
Jiydell BHYTPH TOR30PHON TPYGHl pacnonaraiT o60pauusaroujyto AUH3Y.
Paccrosrue oT ofopaunsarowell guusbl JO NPOMEXKYTOYHOrO u3o6pa-
" sxenmus, cospmabaeMOro OGDBEKTHBOM, DABHO €€ YUBOEHHOMY (OKYCROMY
pacctosnno. Ha 7akoM e pacCTOfHMH 1O JPYryw CTOpoHy ot ©0G0-
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paunBaomiell JMH3BI BO3HHKAeT BTOpOe HpOMeXKYTO4WHoe H3oGpaKeHue
(em. n. 2 cnipaBouHoll Tabauubt B pasy. 25.4.3). Bcoencrsre mpuMeunenus
ofopaunBaomlell JuH3H [JHMHA MOM30pHON TpyGH BO3pacTae€T Ha Be-
JIHYMHY, PABHYIO yueTBEpeHHOMY (OKYCHO-
MY PaACCTOSIHUIO STOH JHH3BL o

Lns wepesopaunpanust H306pa)kenus m oGsermusn
B MpH3MenfioM (meseBoM) OMHOKIE Hc- ~— =
TIONL3YIOTCS LBE OpPH3Mbl, B KamIoil u3
KOTOpLIX HanpaBfieHuWe pacnpoCTpaneHus
qyya usMeHsietcsi Ha 180° 3a cuer mosHOro
BHYTpPeHHero otpaxeHusi. [leppaa mnpusma ——
u3MeHsleT Hanpab/ieHue Jy4a B BEPTHKAJb- X orynapy
HOll, a BTOpas NpHUaMa-— B TOPH3OHTAMb-
HOH TIIOCKOCTH.

YBeanuenne nof3opHoll TPYOLl M TOJEBOTO GHMHOKIS OfpelenseTcs
dopuynoir (O 25.21).

TpyGa Fanunen (TeaTpaJabHbiii GHHOK.b)

INonsopnas tpy6a Tanuness COCTOHT M3 NBYX CHCTEM JIMH3 — cOCnpa-
jomei! (o6beKTHB) B pacceuBawlledl (OKysasp). B orauyne ot 06bMHOMN
NOA30PHOH TpyObl MeXxNy OOGBEKTHBOM U OKYJSPOM He CO3HAETCH NpO-
MeXYTOYHOe u3obparkenue. Cxoxus-

MHACA TYUOK Jydell w3 o6beKTHBA Osenmus  Ongrsp
nonajaer Ha OKy/isp ¥ BHOBbL CTa- + -

HOBHTCH pPaCKONSLUKMCS. - 6 \TB;\%\ 7
Tpy6a Tamunen naer muumoe, ?\N\Fz\&

HEeMHO20 yGenuueHHoe, Rpamoe W
Apxoe usobpaxenue. YBeJuueHHe
MOXHO OfpenejuTb Ino Gopmyse
(0 2521). Nsmuxa nomzopHof TpyGnl Tamuses (paccTosinMe OT 0GBCKs
TUBA O OKY/apa) ONpelleNifieTCsi BhIPaKeHHEM -1

©025.23) | I=fr =2} |

O6paTuTe BHHMaHKHeE:

7
® [lonoxenne sannux (GOKaJbHBIX ToYeK OGBEKTHBA H OKyhsipa (Fl
7
u F2) npaKkTHYeCKH cOBNanaet.

25.6. CnekTpadbysblii COCTaB CBETA

25.6.1. HeTounnku cBeta

Hsnyuenue HarpeTuix Ted

Kamaoe HArpeToe Ten0 WBJAYYEeT S/eKTpOMArsuTHbie BOAHHL J[lnana-
30H HajyuaeMbX IMH BOJH 3aBHCHT OT TemnepaTypbl Ilpu nosbumenun
“Yemneparypn AHanasoH AsuH BOAH (cM. pasm 18.3.8) pacumpserca
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¥ CMewaercss B CTOpOHY Oonee KOpOTKHX BosH. [lpu onpedesenHo
TeMIiepaType Tela €ro H3JyYeHue NPHUXOJUTCS Ha BHANMBIN JHANASOH
(ot 390 no 770 um).

JlroMuHecHEeHI HS

CeeueHne, He BLISBIBAEMOE HAIPEBAHHEM TE/a, HASLIBAETCA AIOMHHECLEH-
uueil. JlioMunecneHnus BO3HMKaeT HPH UepeXOfie J4EKTPOHA B aToMe
¢ Gonee ypnanennoll opGuTsl na Gosee Gnuskylo K aapy opbury (cm.
pasn. 374). CnekTp JMOMHHECLEHIHH COLEPIKUT JHEAN C OfpeleneHHOH
- BJMHOH BOJIHBE H 3aBHCHT OT CTPYKTYPbI LAWHOTO aTtoma. ATOM MOKer
HCNYCKaTh H3JyuYeHHe TOJLKO B TOM Clyude, €CJiM OH HAaXOJIHTCA B BO3-
6YKUEHHOM COCTOSIHHH, T. €. €CJH SJEKTPOHBI [PEIBapUTEJBHO lepe-
BeJleHsl Ha Gojiee BhicOkue opGuTh. CyIeCTBYeT HECKOJBKO BHAOB JI0-
MHHECHEHIINH, PasnuuaeMHX Mo crnoco6y ee po3byikaenus.

® DsexTPOSIOMUHECHEeHINs, BOSHHKAIOI(ASI NpH SJeKTPUYECKOM BO3-
6y} enum.

@ XemOJIOMHHECLEHLHS, CONPOBOXKAAIOIAsl, HANpHMEp, [POLECCH
CHHEHHUSL.

® OQayopecueHnus, Bosbymxlaemas Gomee KOPOTKOBOJHOBBLIM 3JEKTPO-
MardHTHBIM H3JyYeHHEM WM NOTOKOM YacTuil (3JeKTPOHOB, mnpoTo-
HOB, Q-4aCTHI M IP.).

& Qochopectieniiusa — ¢uyopecleniys B BHIE 3aBHCALIETO OT TeMIe-
PaTyphl ToCnecBedyerHsl, BO3HUKAIOIIETO NOCTE MpeKkpailelns ofay-
qeHHsI.

25.6.2. Jucnepcusi cBeTa

Tlpi HpOXOXKIEHMH CBeTa Yepe3 NpPUSMY OH pasjaraeTcsi Ha COCTaB-
JIAIOMIME C PasiHYHBIMM AJMHAMM BOJH. [lpuympa 5TOrO sIBJEHUS CO-
CTOMT B TOM, YTO CKOPOCTh CBeTd B BeIleCTBe HPH3MbI 3aBHCHT OT
Inunbt Bosnel. Kak caepyer
u3 dopmyset (O 25.4), noxa-
saTesb TIpeJIOMIEHMS M CO-
OTBETCTBEHHO  Yrom  OTKJO-
HeHHS CBETOBOTO ayda
upusMoil 3aBHCAT OT HANHHBL
BOJIHBL.

Tlpn pasaoxenun Geso-
To CBeTa, T. €. CBeTa B BHIM-
MOM AHanasocHe, copepiKaiie-
ro BCe IJHHBI BOJH, BO3SHH-
KaeT MBETOBasi TOJOCA, KOTOPYIO Ha3wlBaioT cnekrpom. OtienbHbE BeTa
8TOI NOMOCH HA3BIBAIOTCH CNEKTPAJbHBIMK IBETaMH.

Kpacueil — opankeBblil ~— XKe/Tbill — 3€JeHbiH ~— rosy6oi — CHHHE ~—

(uosNeTOBHIE,
O6paTunTe BHUMAaHuE!

® Cwmena useta NpPOHCXONUT HelpepbiBHO H COAEPXKHT MHOXKECTBO Mo~
JIYTOHOB. Pa311e.neHHe CNieKTpa Ha YKasaHHBIE BBHILIC LBCTa fABJsAETCH
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YCJIOBHBIMH, Ka){(ﬂ,omy LBETY COOTBETCTBYET onpezeseHHEI]l AHANIa30H
JuH BosH {CM. COpPaBOYHYIO Tabauuy).

Copasounas TaGaupa
Oﬁ.nacm AJAUH BGJH, OTBEYAOIME CﬂeKTpaJIbelM HBETAM

Yabtpaduon, — duos. — Caf. — Ses,—Keat, — Opamx, — Kpacs. — Undpagp.
890 — 435 — 495 — 570 — 59 — 639 p—- 770 (El?l ?

25.6.3. JlonoaHwuTte/bHbIE BBETA

CwMeluBsas Bce CNexTpasbHble LBeTa, Mbl CHOBA IOjyuaes Gesblil CBeT.
Ecam ke w3 NOJHOTO CHEKTpa MCKJIOYHTH OIMH M3 IBETOB, TO OCTaB-
lMecs nBeta B KoMOmHaLxu ne Hanyr Gejoro cBeTa; LBET TAKOH KOM«
OHHANEM HasLIBAETCSl JIONOJHHTENbHLIM 110 OTHOLUEHHIO X HCKJIOUEH-
HOMY IBeTy. Ecau K JIONONHHTEJBHOMY UBeTy KOGaBUTb PaHee HCKJIO-
_UEHHHIH, TO ONSThL BO3HEKAET Gesblif CBeT.

B JlOMOJHMTEILHLIMII HA3HIBAIOTCSL CMELTAHHLIE MM  CHEKTPAsbHBIE
1BETA, B3aHMHO NOMCJHANMINE APy Ipyra o Genoro.

Cnpasoutas raGauma
JHonoanuurensybie UBeTa

Hekaio- Opzx- 3 @
yepHpi  Kpacumit PRE: SKRearmiy ©OC7Te Cunufi  HMapuro HoJie-

1ger JKERbIH Bl TOBMIT
Liser Cune-se- Cummuit  Puose- Ilyp- Opau- JXesatmit earto-
ocTaTKa JeHnlil TOBLIT  OypHBIH WEB B 3eJICHEIH

O6paTtutTe BHUMAaHHE:

@ CmellasHble IBeTa B HEXKieM paLy Tabauile, 3a HCKIIOUeHneM
TYpIypHOIO, NPeJCcTaBAAIOT co6oll CEKTPasNbHBLIE UBeTa.

25.6.4, Cnexrphbl

le/l pasfoKEHHH CBeTa, H3AyYaeMoro HarpeTbiMH TBEPAbIMU TE/JaiH,
MMUAKOCTAME M ra3aMy, BO3UMKACT CIIeKTP HCIIYCKaHHSA.

Henpepoisusil (conowHo#) COEKTp

Hsnyuenre, ucnyckaemoe HarpeTHMy TBepAbIMH TeJaMH H MHIKOCTAMY,
o6aanaeT HenpephBHLIM CHEKTPOM, T. €. CONEPXHT BCe AJIMHBI BOJI
BULMMOTO Iuanasona 6e3 HCKJIOUEHHs. .
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Juneiiuateii criekTp

CriexTp CBeueHHs1 aTOMApHHX Tas0B M HapOB mpelcTasaseT coGofi Ha-
60p OTHEJBHLIX JIMAHH C XapakTepHbIMH 3HAYEHHAMH JUIHH BOJH, o6yc-
JIOBNEHHBIMH CTpPYKTYpPOH 3JeKTPOHHBIX 060JI0YeK aTOMOB HAHHOTO 3Je-
MeHTa. ’

Ilpu cBeyeHHu MOJIEKYARPHLIX Ta30B M NapOB BO3SHHKAIOT TaK Ha-
auBaEMble TEJOCATHIE CHEKTPBI — CrPYNNHPOBAHHbIE O ONpENesEHHOMY
3aKOHY COBOKYIHOCTH CNEKTPAJbHBIX JHMHH.

Koauuectso m pacrojIOKEeHUEe JIHHHE b CTMIeKTpe H3JAYYEHHA Trasa
AN 1apa 3saBHCAT OT CTPYKTYpbl XHMHYECKOro 3JAeMeHTa HAHW ¢O-
enunennsn. [lo CINIEKTPY H3JAYYEHHSI C NOMOIUBLIO CIEKTPAJNbHOTG aHa-
JM3a MOXKHO BBMIBJIITE HaJHYHE OTIEJbHbLIX 3JEMEHTOB B COE€INHe-
HHU U ONpefessiTh XUMHUYECKHH COCTaB BELieCTBA.

CnekTp norjcuiesus

B omsmune OT cHeKTpa HCIYCKaHMS, KOTOPHE MOJIyd4aeTcs NPH pasnoxe-
HHH H3JIYYEHHOTO TeJNOM CBeTa, CNMeKTp MOrJOLIEeHHs BOSHHKaeT, Koria
BEILECTBO MAOrJOLIaeT U3 Gesoro CBeTa OTHENbHBIE CEKTPASbHBbIE JH-
run. Tlpr sTomM nosyyaercs wenpepbBHBLIN (CIMIOLIHOM) CIEKTP, B KO-
TOPOM OTCYTCTBYIOT OTHEJbHLIE CIIEKTPAJLHbIE JHHHH.

Teepnble Tedga UM XKUIAKOCTH HMEIOT LIMPOKHE OGJNACTH NOrAOuIeHHS.
Tassl m papel NOLOWIAIOT TONBKO HSAYYEHHE ¢ TEMH IJHHAMH BOJH,
KOTOPOE OHM CaM{ H3JIYyYalT. JTO Tak HasbBaeMbe JHHHH NOrJoLie-
nus. Kak ¥ crexTp HCMyCKaHHS, COEKTP MOIJOIUEHHsT HCHOJMBLSYETCA MpH
CHERTPaJIbHOM anaJjmse #Jjsi oCHapykeHUsi ¥ MASHTHOHKALMK BeILeCTB.

Haubonee u3yuyeHHLIM CHEKTPOM TMOLJIOIUEHMS SBJASETCS COJSHEYHBII
cnextp. Flpu mnpoxoXkieHMH cCBeTa dYepe3 rasoByi o6Gosoury Cosanua
BO3HHUKAIOT MHOIOYHCJICHHbLIE JIMHHM TIOIVIOIIEHUS,, KOTOphie RasHBaloTCA
¢paynrodeposbivu aunugMu. Baxcnefimue w3 HuX, o€osiavaemble Gyk-
Bamu 0T A no K, npusenens B cipasounofi tabaune.

Cnpanounas Taganua
dpayrrodeposbl JUKHHA

Jlunins A B C D E F G H K

A, HM  760,8 686,7 656,83 5893 527,0 486,1 4308 3968 3934

Ilper Tem- Kpac- Kpac- JKen- 3esme- Cune- Cu- Ouo- Ouo-

HO- Hbli  HBHEI  THIH Hblfl 3ese- Hull JeTo- JeTo-~
Kpac- HBbli BHIHl BB
HuI

O6partuTe BHUMAHHUE:

©® Hexoroprie ns ¢paynrodepoBbix junuit (Hanpumep, A u B) BO3-
HHKAIOT, BOSMOMHO, TPH MOIJOLIEHHH COMHEYHOTO CBETa B aTMO-
chepe 3eMin.,
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@ [iuHpl BOJH, OTBEYAIOIIHE JHHHMAM HCIYCKaHHS HEKOTOPBLIX ra3on
B BuOuMOH oGnactH, npupeineHs B tabma. 30.

26. BoJiHoBas onTHKa

Bo MHormx 3sKcmepuMeHTaxX cBeT mnposiBnsier cebs KakK 3JE€KTPOMAarHuT-
gast BosnpHa. JlMHBI BOAH BHAMMOTO CBera B BaKyyMe JieaT B Impelle-
nax ot 390 po 770 Hm.

Yacrora (umcno koseGaHmH) H3JydeHHsT ONpPENENEHHOro Buia
Bcerna MNOCTOSIHHA, TOTA& KaK COOTBETCTBYIOLUAs el INHHAa BOJIILI 3a-
BHCHT OT (ha30BO¥ CKOPOCTH CBeTa B IaMHOH cperne.

26.1. Untepdepenuns

ITon wunrep(epeHuHell NOHMMAEIOT Pe3Y/NbTAT HANOXKEHHs Kojebanuit M
posi. CBETOBBIE BOJIHBI TaKXKE HHTEP(EPHPYIOT, €CJH OHH KOr€PeHTHBE,
T. €. €CAM OHH BO3HHKAIOT M3 OXHOTO M TOTO JKE€ BOJHOBOIO Lyra B
pe3yJETaTe OTPAXKEHHS, NPENIOMJICHUST HIH OHGPaKUMH.

Vntepgepupytolie Jyun NPOXOAAT PA3NHYHYIO OJHHY nyTH. Ecnn
paspocTb XOfa JyuyeH paBHa UETHOMY YHCHY MOJYBOJH, TO NPOHCXOAHT
CNOXKEHHE BOJH H HHTEHCHBHOCTb YBEJHUHBAETCH, €CJIH XK€ pPasHOCTh
X0/l paBHA HEUETHOMY YHCNY IOJYBOJIH, TO NPOMCXOAMT B3aHMHas
KOMIIEHCAITHS] BOJH M HHTEHCHBHOCTb YMEHDLIIAeTCS.

26.1.1. IlBeTa TOHKUX INJEHOK

[Magas Ha TOHKYIO MJIEHKY, CBETOBOH Jyd YAaCTHUHO OTpaaercs OT
BepxHefl, a YacTHUHO OT HHXKHeH NMOBEPXHOCTEH NJEHKH. Pasnocte ¢as
OTpaKeHHBbIX BOJIH 38BHCHT OT PAa3HOCTH XOAa JyueH, KOTopasi B CBOK
ouepenb ONMpPENeNsiercss pPasauuneM NyTefl H JONOJHHTENBHOH PasHOCTBHIO
xoma A2, B3BaHHOH MaMeHenmeM assl Ha [80° ODpH OTpaXKeHHH OT
mepelfell NOBEPXHOCTH IJeHKH (onTuueckun OGosjee ONOTHOH cpenbl).
OnTHueckas pasHocTb xo0Xa Jnyuell (mpH HOpPMaJbHOM MNaIeHHH) paBHa
9dn, TaK KaK CKOpPOCTb CBETa B Cpene paBHa Cffl.

Ecau
— pAasHOCTh XOJla TIPH HOPMOALHOM TALEHHH,

d — TOMLKHA MJEHKH,

A — MOKazaTesb NPEJIOMJEHHST NJIEHKH,

A — IJHHA BOJHBI,

TO - Q)
A

(0 26.1) =2dn—7.

Vs ycnopusi 8 = kA (=0, 1, 2, ...) cnefyeT BblpaxkeHue nasi
[JINHBI BOJHEI, KOTOPOH OTBeuaeT YCUNEHHE HHTEHCHBHOCTH BOJIH:

(0262) 7\,=2—;€1d?n'l". (k=01112a ---)

10%
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Ws yenosua & =2k+ )A/2 (B==0, 1, 2, ...) cirenyer BhipakeHHe
Isl AJAMEB BOJHBL, KOTOPOR OTBedaeT BIaHMHOE ocjabneHue BOJH:

(026.3) | A=

__Zdn
k

. (k=1,2,3, as.)

O6paTtuTe BHHMaHHeE:

Ecnm TOJIINHA IJIEHKH U3BECTHA, MOXKHO OHDEeAeNHTb JJIMHY BOJHEL,
npY- KOTOPOH BOJIHBL racaT ApPYr Apyra.

Ecnn m3pecTHa A/nHa  BOJHEl, IPH KOTOpOH BOJHEL TacsT JAPYT
pYyra, MOJKHO OIpeNeNnTh TOJLIMHY IJIEHKY.

TMonoGusie vHTEpdepeHivonHble 3dQ(eKTH pabuonanTess H B TOHKHR
CNOSIX BO3NYXA MEXKINY TBEPNBIMH TejJaMy (HanpuMep, MEXIY CTeK=-
JSHABIMH [1aCTUHKaMM). B 3TOM caydae Ttakxke CnpaBelIHBH (Hop-
myas (026.2) u (026.3).

Apanoruupsie HHTephEpPEHLIHOHHBIE SBAEHUS NPOUCXOAST B TOHKHX
NJIEHKAX Ha MOBEPXHOCTH IIPO3PA4HbIX H HENPO3pauHLIX TBEPIBIX
Tes. TlockonbKy oba Jyua OTpaxkawTcs or onthdecku Oosiee mJOT-
goil cpenst ¢ norepeft ¢asm 180°, pasnocte xoma 6 = 2dn. Creno-
pateabHo, yeaospe (026.2) ortBeuaer ocnabnenmio, & YCAOBHe
(O 26.3) — ycunenuio BOJH.

26.2. Hudpaxuns

TlogoGHO MexaHHYeckuM BojnaM (cM. pa3ll. 20.3.4) cBeTOBHe BOJHBI
MoryT ucnbithbiBaTh nuépakuuio. Hanpumep, nmpu nanemum cpeta Ra
Kpait nnacTuHel Habmiofaetcss IM(pakIHs M CBET pacnpoCTPaHAETCs
B ob6sactb TeHH. HauGonee paxHyi0 posib Hrpaer AMQpakius H& Mpo-
BOJIOKE, ey M nuadparme.

262.1. ndpakuns na mwesnu

Ha kpasix pieau B COOTBeTCTBMY €' MPHH-
nunoM Tioitrefica 06pa3yioTcst BTOPHYHBIC
3JIeMEHTapHBEEe BOJIHBIL. ﬂ.ﬂﬁ ONPEnCJAECHHBIX
HanpasJieHHil pPacnpocTpaHenHs pa3HoCTb
XOIa SAEMEHTADHHIX BOJH OKasHBaeTCs
TaKoil, 4TO BOJHL IpM HaJOKeHHH JnGO
ycunuBaiotess  (MakCHManbHas UHTEHCHB-
Hocrb), Jmubo ocnabnsiioTesi  (MUHHMANb-
Hasi MHTEHCHBHOCTB).

Ecan

A

Omun — YTOJ4, ONpenensiolinii HampasJje-

Cpaxe ~ YTOJ, ONpEAeNAIOEi Hanpaenesue Ha An(pPakuUMOHHEIA. Mag-

— WypHuHa e,
— OimHa BOJIHE,

Hue Ha nuGpakUKMOHHHH MHHU-
MYM,

-

CHMYM,



< 26.2. Huippaxyus @ 293

7O HaNpaBJICHHE Ha AMGPAKHMOHHBI MHHMMYM ONpenessieTesl Bhbipas
IKEeHHEM

AW

{0 26,4) \ Sin Gyyuy = k %—
(k=1,23,...)

CoOTBETCTBEHHO MJifl HANPAaBJEHHS
Ha IUQPaKkuMOHHBIE MAKCHMMYM HMEeM

(0 26.5) 8in Oaxc == (k + '15‘) %.

(k=123 ...)

B nanpaeneHuu napaiolliefi BOJSHbLI (o == 0) o6pasyerca raasuui
MaKCUMYM; AMIJHTYLB BTOPHUUHGIX MAKCHMYMOB CYL(ECTBEHHO MeHbule
AMDANTYIBl [I4BHOTO MAKCHUMyMa H YOLIBAIOT ¢ pocTomM mopanxa A

26.2.2, JuppaxuyoHnas peiurerra

Judpakupss na pellieTke NPOHCXONHT AHANOTMYHO INMPPAKIIK HA Ive-
Ju. OnHako npu GonbiuoM YHChe GJH3KO PAaCiOJIOMKEHHBIX napasnieib-
HbIX iiejteft nHQPAKUHOHHBIE MAKCHMYMbl SHAYHTENLHO CYMKAIOTCs. Pac-
CTORiHHE MEeXAy COOTBETCTBYIOIMMU TOYKAMH COCENHHX Lienell (mam
CyMMa MHMPHHLL IWIeAH ¥ [POMEXYTKa MeXAy LUeJAMH) HA3IBAeTCs
HOCTOAHNON, HAM NEPHONOM £ AUMPAKITMOHHON pellerkH. ¥ XOpOILIIX
JUGPAKIMOHHLIX DELIETOK YHCO Iie- .

Jel ua 1 MM pocruraer 1700, — +
'
Ecmn G
Opaxe = YTOd, ONpeAeNsIONivil Hanpas- 3 _{
JeHue Ra  IudpaKUHOHHLI S
MAKCHUMY M, 5
g ~— MOCTOSIHHAs pellieTKH,
A — IJKBHA BOJIHLI, B
~— PAacCcToOsiHHE OT pelieTKH 10
3Kpaua,
@ . — pacCTosiHHE 1O MakKCHMyMa
k-ro nopsnka,

T0 B COOTBSTCTBHH C PHCYHKOM

(026.6) | sinopaxe=*% %, (=01, 2, ...}

rne o ompenensiercsi us yciosus tg o = afl,

OGparnte BEUMAaBYE:

® Cuayc nHQPakuUHOHHOrO Yryia OPONODPHHOHANEH IyuHe BOAHR. [lo-
. 5TOMY pelreTka B OTJHYME OT INpu3Mbl NpEJOMJIfieT KpacHbili CBet
L. cmabHEEe BCero.
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©® UeM weubille DOCTOAHHAR peineTky, Tem Oosblle yroJ AMPpaxuun
ApH (PUKCHPOBAHHON AJ1HE BOJHBL

@ Ecau noctosiHRas nudpakuuORHON pellleTKH HM3BECTHE, TO MO [OJO-
KEHHIO AH(PAKLIHOHHBIX MAKCHMYMOB MOXKHO ONpelelHTb [LJHHY
BOJIHD! CBETA.

262.3. Jludpaxuuonsniii cnektp

Ecnn na pudpakiuonnyio peliieTky najaer He MOHOXpPOMAaTHYeCKHM,
a OGenbld cBeT, TO OH(PAKIMOHHEIE MAKCHMYMB, COOTBETCTBYIOHIHE pa3s-
JYYHBIM 3HAYEHWAM [JFHbl BOJIHLL, pacnoJjiaralorTcsi B DAasyHYHbIX Mec-
Tax sKkpana. Takmm o6pasom Bo3HMKaer Au(pakunosnbil crexTp. OH
HAa3bIBAETCSl HOPMAaJbHbIM CIEKTPOM, TAaK Kak NPOTHXKEHHOCTb WBETOBHX
30H COOTBETCTBYET NmanazoHam HX IjauH BodH. [1pum pasnoxenuu cpera,
RanpuMep, NPuU3MOfl (HHCNIEPCHOHHBII CHEKTP) KpacHas 00iacTe oKa-
3HIBAETCS] PACTSIHYTOM 0O CpaBHeHMio ¢ cHHelt # ¢uonerosoii. Ilpn
k=1, 2, ... BO3HHKAWOT CNeKTpHl -, 2-r0, ... mOpANKA.

26.2.4. Paspematowan cnocoGHoCTh
ONTHYECKHX MPUGOPOB

B kamaoM ontHuyeckoM npubope (B TOM HH(JIe B rJasy) Ha Kpasx
nuadgparM, onpaB W T. L OPOUCXOAuT RA(ppakuus cBeTa. Besnencreue
3TOro TOUKM mpelaMera 0TOGpAaXKAKOTCS He KAK TOYUKH, 4 B BHOE Ma-
JieHbKHX KpYJKKOB, [PHYEM COCELHHE KPYXKKU CJAHMBAIOTCH, TaK YTO MX
HEBOSMOXHO pazymuuth. Kaxawii npuGop xapaxTepusyerca MaxcH-
MaJabHOH paapeiatomeil cniocobuocThio (OperenbHEM  pa3peilenneM).
Ona onpeessieTcss MEUHHMAJLHBIM yrioM (MHHMMAJBHBIM DPACCTOSIHHEM),
1O KOTOpbIM PA3JHYMMBI IBE COCEAHHE TOYKH NpeAMeTa. JTO TaKoe
paccTosiipe, MPU KOTOPOM T/aBHBNT NupPAKIHOHHKA MAKCUMYM OIHOH
TOUKH u300pakenusi coBnajgaer € MCPBLIM NMOGOUHBIM MAKCHMYMOM CO-
cenHell TOUKY.

Ecan
0 — mpenenbroe  paspelleHue,
MUHHMAaJbHBIE yroJi 3penus,
d — MuHEManeHOe  pacCTOSTHHE . 2r

MexIy TOYKaMH MpenMeTa, d
Ha KOTOPOM OHM pasJm-
YKMBL,

A — Zjauna BOJIHHL CBETA, 7 5

r — paauyc HefiCTBYIOWIEH nha- 1 !
dhparmel oGbekTHBAE,

I — [OKazaTeldb NPEJOMJEHHSI CPefibl MEXINY NpeIMETOM M OObeKTH-
BOM MHKPOCKONa,

0 — yryiopasi aneprypa, T. €. yroj, mOL KOTODHIM BHIEH pajuyc BB
XOHROTO oTBepcTusi O6BEKTHBA B3 TOYKI NpenMeTa,

A == nsin o — yncienHas anepTypa o0heKTUBa,
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TO AN paspewaromiell cnoco6GHocTH Ivasa H OOA30PHOR TPyGel copa-
peanuBa hopMyna

(026.7) | 6= 0,61

»

A
r

a nnisl paspeiualollell ciocoGHOCTH MHKpockona — dopmynaa

A A
wene 08l

(026.8) | d= 061

O6paTHTe BHEMAHHE:

@ UroOL! MOBLICHUTL OLHOBPEMEHHO pa3pemlalolyld cnocoGHOCTL U CBe-
TOCHJIy moa3opHofi TPyOul (Teseckona), HEOOXOAUMO YBEJIHMYHThL OUA-
Merp OOGBLeKTHBA.

Paspewaioniass CrocoGHOCT: 4YeJIOBEYECKOro IJyia3a COCTABJIAET OKO-
no 1’

Muxkpockonet ¢ Gonbioll gHcjaeHHOH aneprypoit A = nsin @ moseo-
JIAIOT paspeliaTh TOYKH Ha PACCTOSIHMM mopsiaka d = A2
Benuunna A/n npepcraeasier co0ofl ONHHY CBETOBOI BOJHEL B Cpele
(MMMEPCHOHHOH JKHAKOCTH) MeXAY NpeAMeToM H OOLeKTHBOM MH-
KPOCKOMNa; OHa MEHBINE IJMHBLI BOJIHLl B BO3IYXE.

26.3. Honsipusauns 1

TMonsipu3oBapHOil Has3kiBaeTCsl BOJHME, B KOTOPOH CYIIeCTBYeT MpeAnou-
TUTENbHOE RanpasjerHe KoJgeGanuil. Pasznuuant csaenyollne BHABL MO+
JSpH3aluMHU:

©@ Jaunefinas (nyockast) mosisipH3aLug,
@ kpyroBas {UMpKYJsipHasi) noJspu3auHs,
@ >aaunTHUECKas NoJsSpH3arus.

IMonsipmaanus BO3MOXKHA TOJABKO Y MOMEpeuHblX Bosu. BosHy ¢ kpy-
FOBOH MJH S/UIMITHYECKOH NOASPU3ANMEeH MOXKHO pAasioXUTh Ha [Be
THHEHHO-TIONSIPHSOBAHHEIE BOJIHBL.

CBeT HasblBaercsl JuHeliHO-IO-
JISIPH3OBAHHLIM, €CJIM B HEM
OpOUCXOAAT KoJeGaHUs TOJNBLKO B

t ;
OINHOM HanpapJjieHHH, NOeplneHAH- § $ $
\:{{; I

KYJISIPHOM HanpaBJIEeHHIO paciipo-
CTpaHCHHA. HOHHPHSOBaHHbIMI/l

MOryT ObITB TOJIBKO MONEPEYHB | fhrppopnsosanmss; — Jlomipusoeanmsiis
BOJIHBL

EctecTBeHHHI CBET HENOJSIPH3OBAaH, TaXK KaK OH M31y4yaercss arto-
MaMH € COBepllEHHO APOH3BOJILHON opmeHTalued B npocTpadcrBe. 3a
HanpasJieHne koJjeGaguil B JMHEHHO-NONSPH30BAaHHOH CBETOBOIl BOJIHG
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TpUEHMAIOT HanpameHHe KonieGaHull BEKTOpa HAaNpPsI)KeHHOCTH 3JieKs<
TPHUYECKOTO MOJisl E HanpasgenueM 1nonsipu3atium  BOJHBL Ha3DIBaIOT

HampaBfiefiie BEKTOpa HaNpsXKeHHoCTH MAarHHTHOTO MoJs H (oM.
pasn. 34.2.2).

CylecTBYIOT pa3fuuHble  cnocoCbl  TTOJYYUEHHS  110JisIPU3CBAHHOrG
ceera. CeeT npelcraBnsier co6oil MoNepeuyHwle BOJIHEL YCTpolicrBa, ¢
IIOMOLIBIO KOTOPHIX K3 €CTECTBEHHOTO MOJY4aloT
noNsIPH30BaHHLIH CBeT, Ha3bIBAIOTCS MONAPU3ATO-
pamu. Jlgsi oGrapy:keHHs] noOJisipU3alHM CAYHAT
ARAM3ATOPH, KOTOPbE MO CBOEMY NPUHUHIY
ACHCTBHST HACHTHYHEL! NOJSPH3ATOPAM.

ITonsiprsaTop mnpomyckaer TOABKO KOMIIO-
UeHTY C ONpeLesNleHHbIM HanpabieEueM Kojeba-
HMil, BbIICASS €€ M3 ecTeCTBeHHOro cpera. B 3a-
BUCUMOCTH OT OpPHEHTALMM AHAJIM3ATOPA MOJIPH30OBAHHAR KOMIOHEHTA
subo mpoxomut, auGo He TipoxomuT uepe3 wero. IIpw cxpelleHHOM mo-
JIOKEHHK MONApU3aTopa M aumalu3aTopd, KOraa OHH NOBEPHYTH IPYyr

° oraocuTesbHo npyra pa 90° cBeTOBHE BOJHBI CKBO3b HHX HE NPOXONSIT.

26.3.1. Hloaspusaumst NpyU OTPaIKeRnU

Ha rpannue pasiejqa NBYX Cpei YacTb CBETOBLIX Jiyueli UCILITHIBaET
oTpaxeHue, a oOcTajbhbie nyyn npenomisiores. OTpaxenmbill u npes
_ JOMJEHHEIH JIy9H OKAa3bIBAIOTCSl YAacTHYHO JHHeH-
HO-MONISIPU3OBAHIBLIME, B oTpamenHom Jiyue Ko- ;
JebaHusi TPOHCXONAT NPEMMYLIECTBEHHO mepieH- :"‘5;

JHUKYJSIDHO MJOCKOCTH MNafeHus, B MpejoMJieH~
HOM — B MJIOCKOCTH NageHns. IlpH ompeneneHHOM

Yyroie nHDaneHuns (Yl‘pa}KeHHbIH Jyu OKaSI:IBaETCH- %
TOJIHOCTBIO JIMHENHO- -[1OJIAPH30BAHHBIM. =

3axon Bpiocrepa:

Ecnu yron namepysi CBeTOBOrO. Jyua Ha TpaHuLy pasiena paBeH
noaspusaunonHomMy yray (yray Bproctepa), TO OTpaskeHHLIl Jiy4
NOJHOCTBIO JIMHEHHO NOAspE3OBaH. B 3Tom ciiydyae OTpaKemHHH n
OpeNoOMIeHHbIH Jiyun 06pasyioT MpsiMOH yrodt.

Ecan 0,
n - [okasartejb MNpeJIOMJIEHHS, §->
o — yroa bpioctepa, T. €. yron maleHHs, IpY S I
KOTOPOM TDPOMCXOAHT MOJHAS UOJSIPH- 5 i
3anmsi =,
M, & l
TO B COOTBETCTBRHU C PUCYHKOM 8L % .
A
=90° ~ ag,. j .
ﬁ U’B /.900
Cornacao 3akoHY NpeaoMJEHUs], i
sin ag |
- =
sin * |



26.3 Moaapusayus @ 207

oTkyRa :
sin ag sin g

sin (0° — ag) = Cos ag i

B, HaKoHerr,

(0 26.9) l! tgag =n. |

O6paTtuTe BHEHMAaHHE:
® s crekna yron Bpiocrepa o = 57°

26.3.2. lMoasipyzauus Npyu KBOHHOM Ay4enpesioMAeHHn

JlBofinbiM  nyuenpenovWIEHHEM HAa3LIBAETCH CNIOCOGHOCTH HEKOTOPHIX
BELLECTB pacIlensATh NAaJalolHil CBETOBOH Jiy4 Ha [Ba JYyYa ~
OoOLIKHOBeHHBIH (0) M HeoObikHOBEHHBIH (@), KOTOpble pacmpocTpa-
HAIOTCSI B PA3JMUHBIX HANPABJEHMAX ¢ pasjuuHoli (azoBOH Cxo-
pOCTbIO ¥ TMOJSAPH30BAUH. BO B3aHMHO NEPIEHIHKYJSAPHLIX HAaNpabe
NeHHsX.

BemectBa, B KOTODbIX )a30Basg CKOPOCTH 97€KTPOMArHHTHBIX BOIH
B3ABHCUT OT HaMpasJeHHs pPaclpoCTPaHeHksl, HA3bLIBAIOTCH aHHIOTPOT=
HolvM. B Martepuanax ¢ pBOHHBIM JyuYeNpenOMJSIEHHEM AHU3OTPONHS 3a-
BUCHT TAKXKE€ OT MOJIsIPU3aLMH.

B 10 Bpemsi Kax oOuIKHOBEHHBIH JYY MONUMHSETCH OOLMHOMY 3a-
KOHY OpeioMJIeHHs, HEOOBIKHOBERHBIH Y4 NPEJOMJSAETCH IO HHOMY 3a-
Kony {(naxe mpu yrae DageHus o = Q).

JIBosiKOn peJOMASIOUIHMH CBOHCTBAMH OGJaNaIoT:

©® wnuorme KpHCTaMIb!  (HCHAHACKHA ILUNAT, KBapi, CAIOO&8, TYPMAJIHIE
W Ip.),

@ wHorne Mpo3paudbie BelllecTBa (CTEKJIO, HCKYCCTBEHHBIE CMOJIb), Ha-
XOnSHIHeCA TOL AefCTBHEM BHYTPEHHMX UJIH BHEHIHHX CHJ,

@ HexkoTOpble H3OTPONHBIE BelleCTBA MON LeHCTBHEM 3JEKTPUYECKOrO
noasi (3¢dext Keppa).

Buigenss OIMH K3 ABYX TPEJIOMJCHHBIX Jyueil, MOMKHO TNOJYUHTB
nonspusoBanHuli cBeT. Ero sueprusi coctapasier He Gonee 509 suep-
TUM napalolero ayua.

B nopusme Hukoss, Korto-
pasi mpencrasasier coGoii cremn-
anbHbiM 06pasoM o6paGoraHHbIH
KDHCTA/W  MCAGHACKOro:  lflara
(nepennue rpanu otwLIHdOBaHEL
Lon ompeniesleHHBIM YIJIOM, KpPH-
CTajyi pacOHjeH M CKJIeeH Ka-
HagckuM OasbzaMoM), OOBIKHO-
BEeHHBI JYY4 OTBONMTCS 34 CueT MOJIHOTO BHYTPEHHETO OTpaxKeHHs oT
HJAOCKOCTH CKJIEHKH. :

B npyrux mnosspUsaToOpax ONMH M3 JiyueH NOTNOWaeres 8 Belles
crBe. 2707 sQdekT Ha3nBaercst AUXpoM3moM. Hanpumep, B TypMannue
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npy Toallimpe 1| MM OOBIKHOBEHHBI! Jiyd [OrJIOIiaeTcss IOUTH IoJ-
HOCTBIO.

Tloasipuaarophbl, EMeONIHe GONBUIYIO MIONIAAbL NPH He3HAUHTENbHOR
TOJIIKEE, HA3LIBAIOTCs nodaspoupamvu. Ionspounsl npencraBnsior co6oi
HCKYCCTBEHHBE MJeHKH, obJjajaiolnyue CHJAbHBIM LHXPOH3MOM; OHH CO-
CTOSIT M3 DACHOJIOKEHHBIX NAPajsenbHo APYT HPYry HIONBYATLIX KpH-
CTaJII0B repanaTteETa (CepHOKMCJIOTO HONXMHHHA).

CYIuecTBYIOT TaKxe NOJNSIPOMALL, B KOTOPHIX T'HTAHTCKHE MOJIEKYJILE
OpHeHTHpOBaHbl Gnarofapsi CHNBHOMY HANPSIKEHHIO, B PE3yJbTATE Hero
COXPAHSIETCH OCTATOYHOE NBOHHOE syuelpesioMieHHe.

26.3.3. JpoiiHoe ayuenpesoMJende, BbI3BAHHOE HANPSKEAUSIMHE

Muorne npospauHbieé H30TPONHBIE BEIIECTBA CTAHOBSITCS ABOSIKOIPEJOM-
JISIOMIMMM B pe3ysbTare ynpyrux nedopmauuil (cxaThs, pacTaXeHus,
naruba, KpyueHusi). Ecam Taxkoe BellecTBO NOMECTUTb MeXAY CKpe-
[MeHHLIME MOJSIPOHNAMHE, TO B TE€X MeCTax, rne noa HeficrBueM anedop-
Mau¥ii MeHsieTC MOKas3aTesb MpeJoMJeHHs, OYLYT BHAHBI OPOCBETJEHMUSL.

Onucannblil 3((peKT HCHONB3yeTCsl s HCCAeloBaHHs pachpene-
JIEHUS] HanNpsiKeHH# B CJOXKHBIX WM TPOMO3AKHX y3/daxXx ¥ KOHCTpYK-
misix. Ha nyrun gydell MexXAy CKpelleHHHIMH NOJSIPOMIaMH MOMEINAIoT
BLIIOJIHEHHYI0O B Maciwitabe Momenb KoHCeTpykumu. Ilpm cooTmerctBy-
olel HarpysKe B MECTaX HaNpsXKeHHM BO3SHMKAIOT IpocBersienus. Jln-
HEHM WaH o6JacTy OMMHAKOBOR SIPDKOCTH uaM uBeTa (H30XpPOMBI) COOT-
BETCTBYIOT JMHHAM HAM 00JaCTSIM ONHHAKOBBIX HanpskeHHH. B xawe-
CcTBE MaTepHana IJisi MOHeJell B ONTHYECKOM MeTOEe ONpenesieHus Ha-
ApPsIREHui DPUMEHSIOT NpO3paunbie CHHTETHYeCKHe MaTepHaJibl, Halp-
Mep (PeHOJIOBLIE CMOJIBL.

26.3.4. BpaeHne NAOCKOCTH NOAKPHIALUN

Hexkortoprie BentecTBa (MX HAE3LIBAIOT ONTHUSCKH AKTMBHLIMM) CTIOCOGHBI
HOBOPAuMBATh [IOCKOCTE MOJSIPH3AIMH PAaclpoOCTPAHSAIOUIETOCs] Yepes
HHX JIMHEIHO-TIOJASIPH3OBAHHOIO CBETA. YTOJ I[OBOPOTA MJOCKOCTH IO-
JNApH3alMH TPONOPLHOHAJEH HJHHE NYTH CBeTa B BeIIECTBE, a NpH
HCMOJB30BAHHH DPACTBOPOB AKTHBHOTO BEIUECTBA [PONOPUHOHAJICH HX
KOHLIEHTPaLIHH.

Ecmu

O == yroj NOBOPOTA MJIOCKOCTH MOJISIPH3AUMH,

Op — YIENbHOE BpALIEHHE,

| — nnuEa KoOBeTH C JHIKOCTbIO (NYTh CBeTa B aKTHBHOA cpefe),
i — Macca ONTHYECKH aKTHBHOTO BellecTBa,

V — ob6bem pacrsopa,

TO

Im o Go Im V
(026.10) | a=1=0 A I rpas rpaa-cmdf(am-r) oM I cm?
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Q6paTure BHUMAaAHNE:

@ Uncnopeie 3nadeHusi YAEALHOTO BpallieHHs HEKOTOPLIX BEllecTs,
| mpHUBEHEHHBE B CNpaBoYHOll TabJiie, HaHL [Jii BOJAHLIX PacTBOpPOB
mpu == 20°C u gnvHH BoJEL ceeta A == 589,3 um (D-nuHus).
© [lockosbKy yrosi mOBOPOTa IJIOCKOCTH MOJSAPU3AIMH JETKO U3MEpHTD,
dopmyny (O 26.10) MoxHO MCnosib30BaTh NJsi ONpENeNieHNa KOHIEH=

TpaumM pacTBOPOB, HANpUMep PacTBOPa Caxapa.

Copazounas Tabmuua
YnennHOE BpauieHve HEKOTOPHIX BOAHHIX PACTBOPOB

Hanpasnenue

o, Tpap-cMf(ma-r) Bparmenss
TpPOCTHHKOBEI caxap --66,44 TlpaBoe
Bunorpaiuuii caxap 52,50 TlpaBoe
®pykroBhIil caxap -—91,90 Jleeoe

O6paTuTe BHUMAHHE:

® Hanpasnewne ppamesusi (nmpasoe uau JieBoe) oTeedaer Habjones
HHIO HaBCTPEUy HanpaBieHHio pacnpoCTpaHeHmsl CBeTa.

27. dotomeTpun

Jlnana3oH 3JeKTPOMATHUTHBIX BOJIH OxBathiBaer OKojio 50 okTas!l),
M3 KOTOPHX Ha BUAMMBIH CBET NPUXONMTCS TOJILKO OJHA OKTaBa. 3TOT
Inana3on AaMH BonH Ot 390 o 770 Hv M Ha3LHIBAIOT CBETOM B Y3KOM
CMbIcsie ¢JI0BA.

© Cnenyer pa3snuuaTh o0lMe BesMuMHBI, XapakTepH3yollve Jilo6oe
3/IEKTPOMATHUTHOE H3Jy4YeHHe, H crenH@uueckue QoToMeTpHUECKME Be-
JsMyMHbl. B TO BpeMs Kak NepBble M3 HMX OOBEKTHBHO XaPaKTEPUSYIOT .
oflure SHepreTHYECKHe CBONCTBA Mu3NYYeHus, BTOPble BHIPAXKAOT CYGb-
€KTHBHOE BOCIPHSATHE CBETA Y€JIOBEKOM.

27.1. O6ume BenMuMHBL, XapaXTepHayloimne n3jayyeHue

Sueprusi naaydeuusi tena obosnauaercs yepes W mam Q.. Mommocts
uzsyuenust (MAH TOTJIONMIEHYS) Ha3biBaeTcsl TAKXKE NOTOKOM H3AYYEHMs:

0 % o Wt
©21.1) | Qe =— CU | Br IIx ¢

!) OxTaBa — WHTepBaJ YacTOT (WIH JAJIHH BOMH), ¥ KOTOPOro OTHOLIEHHE rpas
HHYHBIX wacTOoT paBHO 1 : 2. . E
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Ecnu MouiocTh He IOCTOSIHHA BO BpPEMEHH, BBOJHTCS INOHSATHE MIHO-
BEHHOH MOILHOCTH

(0272)

D == ——n,

dat

DHeprusl H3JyYeHMsl, NPHXORAMIASCH HA ENEHALY IOAJH [OBEPX-
HOCTH NpHEMHHKA, HA3LIBACTCS IHEPreTHYeCKOR IKCno3niveii:

|4 | H W A
©97.3) | o= R A
Anp | CU | Hax/m? Lx m?
UM TR HCPABIIOMEPHOM PACHPeNencHEH SHeprHH
aw
0274 Hos=—",
( ) Sl 77

Molunocth usayyenusi, NpHXOMAILASACA Ha eQMHANY NJOMALM IO~
BEPXHOCTH [pPHEeMHHKA, HA3BLIBAETCS JHePreTHUeCKoH OCBELiCHHOCTHIO
{110BepXHOCTHOIl NJCTHOCTHIO NOTOKA H3AYUEHHSI):

e ! E [
Arp * I CU | Br/m? Bt w?

(0975) | Ee=

TTpu HepaBHOMEDHOM pacrmpefieNieHHH H3JYYeHHs, Najatolero Ha Mo~
BEPXHOCTD,

1. _ dog |
(027.6) | Eem=- Anp'l

MomHocTh MCTOUHIKA H3JAYYEHHS, TPHXOAAMIESCS H2 eJUHHIY Te-
JIECHOTO YTNIa, HAa3LBaeTCst SHepreTHueckofl cuioil csera (cmaoii uaay-
nueHns) U obo3Hauaetcs le:

De
0

I © Q
CU | Br/ep Br cp

©217) | le =

HLJH, eC/H H3JyYeHue HEepaBHOMEPHO paCOpelesieHO MO TEJIECHOMY YIay:

(027.8) | Io =S¢

Haxonern, BeompTcs TOHSTHE WMOTHOCTH W3JyueHHsi (3HepreTnue-
€XOM APKOCTH MaM KYSMCTOCTH) Be, KOTOpas ODPEAENACTCA KaK MOTOK
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N3NYYEHHs, DpHXOASIKACT Ha eQMUHYHELT TeAeCHHIR yroa a eannmpny
TIOBEPXHOCTH H3Jy4daTess:

A B O Q A

021.9) | Be= =le_
( ) T QAyan Ayan CHU ' Br/{cp- M?) Br cp #2

mIH B Luddepennuansuoll opme

__ade. dle
T dQdAusy | dAgen

(027.10) | B,

O6patTutTe BHUMAaHueE:

® Bo Bcex sHipamenmax, rue ¢urypupyer mnowans Aap i Aasg,
npelnoJsaraeres, 4ro H3/yYeHHe NafA€T HA NOBEPXHOCTb HJIH H3JIY-
daercst nepnenAmkymspuo efl. Ecnu 5To He Tax, mnomans nosepx-
HOCTH Hal0 YMHOXHTL Ha COS @, THE O -— YroM MexIy Hafpasiies
HHEM PaCHpOCTpaHEHH: H3JYUeHHs! H HOPMAasbIO K NOBEPXHOCTH.

® lupexc «e» BBOLUTCA 4415 TOrO, YTOGH OT/IHYATH OGUIHE SHEpreTH«
YECKHE BeNMYHHBI OT ()OTOMETPHUECKHX BEJHYHH; B OCTAMbHOM 000=
SHAYCHMS! B NPHBEAEHHBIX Bhiliie (GOPMYJIAX M COOTHOLICHHS CNpPaBeds
JIHBEL H /11 (POTOMETPHUECKHX BEJHYHB.

Cnpasounasa Tabanua

CpaBHenne BenMuMH, XapaKTEPH3YIOUIX U3SyYeHHe,
1 QoToMeTpUYECKHMX BEJMYHH

DoToveTpHYecKHe Enus

Ofmue BeMUHHE! Eppnnnm BEJHYHH HATR
Oueprua usnyuesns W, Qe Jx CeeToBasi 5HEPIUS JIM - ¢
(xosuyecTBO
. cBeta) W
Torok usayuenns (Mom- (Mg Bt CeetoBoil notor ©@ s
HOCTb H3JTYYEHHS)
Ouepreruyeckan skcrnosu- Hg Jix/m?  Ceerosas sKCHO3H- 1K - ¢
uns uust H
Oueprernueckasn ocee- Eg Br/M®  Ocsemennocrs F k24

LieHHOCTh  (NOBEPXHO-
CTHas IUIOTHOCTR IHO-
TOKa W3JYYeHHst)

Cuna usnyuenns (suepres [Ig Br/fcp  Cuaa ceera [ K1
THYECKas CHJIR CBETA)

Suepretnyeckan sapkoctb Be Br/{cp.m?) Spkocrs B ka/m3 ¢
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27.2. PoToMeTpHUUECKUE BeSIHUHHDI
27.2.1. CnektpanbHasi BULHOCTD

B ¢ortomerpun mnelcTBHE cBeTAa XapaKTepH3yeTCt He SHeprueil HiH
MOIHOCTHIO H3dgYYeHHs, a IO €erc BOCIDHATHIO HeJOBeYeCKUM I[J1a30M,
KOTOpOE 3aBMCHT OT AMuubl Bosausl. Ot-

HOIIEeHHe CBETOBOTO NOTOKa  (KOTOPLIH V(A)
SBISIeTC  (PU3HONOTHUECKOH  BesHYH-  T[A).d
HOH) K TMOTOKY H3NYy4eHH 3aBHCHT

OT IJHHB BOJHE ¥ HA3LIBAETCH CIeK- 1Loo
TpanbHofi BHpHOCTRIO V(A). Ha pu- a7
CYHKE TIpeICTaBNeH TpadHK OTHOCH-  pep
TeNbHOH CNEKTpaNbHOH BUIHOCTH, T. €. € e
MaKCHMaNbHOE 3HaueHne NpuHATO pap- G4

HbIM enHHHUe. MarcHMyM cheKkTpasb-

HOH BHUOHOCTH COOTBETCTBYET HIJIUHE

Bosinbi 555 HM M cocrasasier 680 sm/Br.
Ilpy BceX NpYrHX 3HAYEHHSIX IJiAHB BOJNHBI NOTOK k3aydesust | Br

CCOTBETCTBYET CBeTOBOMY moToky mewee 680 siM. Tak kak y Bcex HcTou-

HHKOB CBeTa OO0nbluasi 4acTbh SHEPruu

TIPUXONUTCS] Ha IJINHB BOJH, Jexkaliye

BHE [uanasoHa BUAMMOro ceera (390—

770 umM), KX <«CBETOOTHAUA® COCTaB-

Jifer Beero Juiub 10—50 am/Br.

Led 1 1 1
400 &S00 600 700 A,Hm

7
27.22. Cuna ceeta (¢4
/00
Cuiia cBera — OfHA M3 OCHOBHHIX Be- ey
JIHUMH MEXTYHAPONHOM CHCTEMDI elH-
uun CH; oHa usmepsieTcss B KaHAeJaX
(xa) v oBosHauaercs uepes I.

Onpenejenye OCHOBHOH  eIlHHHIIbL

CHJEB! CBETa — KaHAeJbl. 180° 170° 160° 130° 140°
100 °
KaHpela — sT0 CHJI2 CBeTa, HU3JYy- 50
YAEMOrO YepHbIM TCJAOM MNepleHin- &0 .
KYJIIPHO NOBEPXHOCTH IJIOWANBIO 60 20

1/60 cm? npn Temnepatype 2042,5 K 20 .

(TeMnepaTypa 3aTBepHEBaHHs Iaa- ' m

THHEL 0pPH HOpMaJbHOM  JaBJE- 20 Wi Leant 00°

HuH). i

| o et
T \

Cusa cBera OOBMHO 3aBHCHT OT 20 R a0°
HanpaBJeHUs; 5T4 3aBHCUMOCTb Xapak- a0 )
TepH3yeTcs AUArpaMMmofl HanpasJeHHO- o°
CTH n3ayuartesas. & .

HauGonee npaBmibHYIO Auarpam- & &0
My HanpaB/iedHOCTH HMEeT IUTOCKas,
naddysHo uaayuaomas nosepxHocts. U a0°

Tax kak B HanpasJeHHH, COCTABJAIO- 0° 10° 20° 30° #0°
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mweM yroa ¢ ¢ HOpMaJbi0O K NOBepXHOCTH, CHia cseTa paena [ cos a,
IHATPAMMA HANPABJEHHOCTH UpENCTaBJsieT cO0OH OokpykHOCTh. Takast
MHANYdalouas NOBEPXHOCTh HasblBaeTcsi uamysatenem JlamGepra.

JnarpaMmbl HAMpaBAeHHOCTH APYruX uajyuarenefl, nanpumep, Jami
paKaquBanus, UMEIOT MeHee perynspabiil xapaxtep. Ha pucynke uso-
OpaxxeHa nuarpamma HanpabBfieHHOCTH OOBLIYHOM JIAMNB HaKaJwBaHHs CO
CBETOBbIM NOTOKOM Dponn = 1000 sam (cM. pasm. 27.2.4). Huarpammst
PaNpaBleHHOCTH JlaMll C OPYFHM CBETOBBIM NOTOKOM (cM. taba. 37),
MOXKHO HAHTH ¢ NOMOLIBIO nepecyera.

272.3. Slpreets

SIpkoctolo B HaswiBaercst OTHOIUIeHHe CHALI CBeTa K MJiollaly coe-
TAMeHc NOBEPXHOCTH.

K
Enusnua CH sprocru: [Bl = TI;"

Enunuia, HONyCKaBnascs K npuMeHenuio no 1980 r.: crnmn6 (c6 =

RA

T emt )T

Ecau

B — aprocts HeTOUHNKA WJIH OTparkatoulefi NoBepxXHOCTH,
I — cuna ceera, :

A — owaflb CBETSILIENCS NOBEPXHOCTH,

TO
— e B I A
I TP
(027.11) | B = CHU kn/m? ko M2
80 c6 Ko cm?
Coornowenye mMexay enunuuamu: 1 c¢6=1 —é%nz— = 10¢ % .

OGpaTtute BHEMAanHE:

© B cryyae HAKJOHHOI WJH WCKPUBJEHHOH H3JydYaioulell noBepXHOCTH
BMecto nnolnamuy A BBOLMTCS Tak HasbiBaeMmas Kamyuascs no-
BEeDXHOCTb, pABHAA NPOEKUHH HATyualollefl NOBEPXHOCTH Ha naoC-
KOCTb, NEpNeHNUKYIAPHYIO HANDABJEHHIO PACTPOCTPAHERHUS,

@® [nn manyuatens Jlambepra (cM. pasf. 27.22) ApKOCTb HE 32BUCHT
OT nanpaBAaeHHS.

©® Tpu spkocth, OpepHualouweli npumepro 0,75 gA/cm%, TPOHCXOIHT
cyKeilHe 3pauka rjasa. .



304 27. Poromerpus

Crnpaeounas Tabmmua -
SIpKrOCTS HEKOTOPHIX HCTOHHHKOB CBETa

Herounnk B, xnlem?
Hounoe wedo o
QO6naunoe webo no 0,3
Tony6oe neso a0 1
Jlyna 0,25
ConHUe y TOpH30HT 666
CoJsHne B NOALEHB no i50 000
JIIOMHIICCIEB T a5 navna 0,2—0,4
Tlnausn coeun no 1
Boabdpavopas Jjauna HaKaJkBaills, MaToBas 5—40
Bonb@panoras Javna HaKanHBaHUsA, NPO3pauHas 200—3 000
2JeKkTprueckas yroibHas Iyra zo 18000
PryTHan naMna BECOKOIO LaBIEHHS 25 000—150 0600
KcenonoBas JaMna BBHICOROTO LABACHHNSI 50 0060—1 000 000

272.4. Cserezeli norex

i CperopuiM mnotoxkor @ wHaswmBaercst NpousBelenue CHALI CBETa Ha
{4 BeJHYUHY TEJeCHOro yraa.

Enunnua CH ceeroBoro noroka: [@] = mowmen (M) = kn-cp.

TesiecHnlt yron XapaKTepH3yeTCs OTHOLieHHEM MJIOIAnn Mo-
BEPXHOCTH, BHIpe3aeMmoil Ha cépepe KOHYCOM ¢ BepIIHHOH B uLenTpe
cdheprl, K KBaLparty ee pa)myca Alrz,

2
"
Enunuiia CH tenecHoro yrna: [Q] == crepazuan (cp) = — = 1.

C6patute BHUMAauu#eE:

@ Tlonubii TenecHBI yros coCTaBasieT
45 Cp.

€ TenecHblt yrom | cp cOOTBETCTBYST
KpYTOBOMY KOHyCy C yriioM pac-
Kpuitust 85,6

Ecan

@ — ceTopofl HOTOK,

I - cuna cBera, OCTOSTHHASL BHYTPH TenecHOro yria €,
— TeJecHbl yroda,

QI Q
CH I AM KA cf
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B TomM cnyuze, KOrZa cunma CBeTa We NOCTOSIHHA B TpCHeax Tejec-
HOTO YrJyia, uMeem

(027.13) l O = S 1 4.

Hs (027.13) caenyer ¢opuyaa mast TNOSHOTO CEETOBOTO MOTOKA
HCTOYHIKA CBeTa:

(027.14) | Qo= \ I dQ. |

OC6paTiTe BRuUMaHHuE:

¢ 3HaueHIiA NONHOr0 CBETOBOro NOTOKA BaIEANiNX HCTOYHHKOBR CBETA
cw. B tada. 37.

27.2.5. Ceerozan sueprusi {KOJUeCTBO cBera)

®  CperoBoil sneprucii Q HA3LIBAETCS! NPOH3BEAECHHE CBSTOEOTO NOTOKA
i 1A Bpensi-ero peiicTBusl.

Enuunna CH cpercBoil sueprum: [Q} = mowen-cexynna (am-c)

Ecnu

Q — cBETOBasl SHEpIUs,
@ — cBeToBOH NOTOK,

¢ — Bpemst,

T0

(027.15) | Q= |

Q Dt
CH1 IJIM-C JM C

Fean cBeropoii notok @ HE NOCTOSHEH BO BpeMeHH, TO

{027.16) | Q= S  dt. l

27.2.6. OCcBeluentocTh

Ocpemienieoctbio £ Ha3bHBAETCH OTHOUICHHE CBETOBOrO NOTOKA K [140-
WAk OCBeL1acMo NOBEPXHOCTH.

Enumuua CH ocsemennoctu: [EYl = moke (k) = ani/m2

Ecnu

E — ocpemennocts,

@ — cpeToBO MOTOX, N2JAKNME HA NOBEPXHOCTH A,
A — nnowmans ocssilaeMoil NOBEPXHOCTII,
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€ — yroJ Mexjy HanpabJicHHEM pacnpocTpaHeHH: CBETa M HODMAJbBIO
K [IOBEPXHOCTH,

r — paccTostiye MeXKAY WCTOYHHKOM CBeTa ‘M OcBeilaemoii nosepx-
HOCTBIO,

TC

E @ A

cu l.nK o M2

@
©2117) | E =—,

WY NDH HEPABHOMEPHOM pacCIpelesIeHUH CBETOBOTO MOTOKa

' 4o
©2118) | E==C1.

3amensiss B (027.17) @ wa IQ, rne npu na-
RJIOHHOM nanenuu £ = A cos a/r?, ponyuaeM Bax-
HOE COOTHOIUEHHE
__Jcosa ET r

E==—1F7—, —_—
CH | n& xam

lepnendurynap

(027.19)

72

O6paTure BHUMAHHE:

@ Ilpu yBenuyeHHH DacCTOfMMsI OCBELLEHHOCTb YOhBaeT 06paTHO mnpo-
NOPLUOHANBHO €r0 KBanpary.

@ Cuny ceera | MOXHO ONpeAEJHTb IO NOJHOMY CBETOBOMY NOTOKY
HCTOYHMKA € TNOMOWbIO JHATpAaMMBl HAaNpaBJeHHOCTH. YHCIEHHBIE
3HayeHus cM. B Tabs. 37.

Cupapounas Tabsunta

Ocaememqocn,, co3napaemMad €CTeCTBEHHBIMH MCTOYHMKaMU

Hcrounuk E, ax
Conneynnifi ¢BeT JeTOM 100 000
Conneynril CBET 3UMOI 10 000
O6aaunoe HEGO JIETOM 5 000—20 000
O6naudoe uebo 3uMOl 1 000—2 000
Hosuas nyna Houbwo 0,2

BeaoGnaunoe HouHOE HeBo (Gea syHRL) 0,0003
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Cnpasounast Tabauna

HopmasbHas ocBellleHHOCTh (B JI0KCaX)

Tpeboparus

¥ OCHEMERRIO Huskue Cpepue  Bricokue
O6BEKT
JKusibie ~nomeileHusr, ofmee 40 80 150
ocBemeHue
Bun paBortt T'pydasn Cpenusiz  Tonkast ?;ﬁ:g’a
I1poN3BOICTBEHHEIE NIOMEMLEHHUS,
KON
Toubko o6ilee OCBEHIEHHE 40 80 150 300
Ofiee ocpBenieHne 20 30 40 50
Y MeCTHOE OCBEIlleHHE 100 300 1000 5000
VRTEHCHBHOCTH
OueHp

IBHKCHASE
Huskas  Cpepuss BulcoXaia gppeokas

OODbeKT

Ilepexont M JeCTHHIEL 15 30
Yaune B njomany 3 8 i5 30
3aBoackue IBOPH 3 15

27.2.7. CpeToBaf 5KCIHO3HLMHS

CretoBofl sxcnosuuyedl [ Ha3biBaeTCsi NPOH3BEINEHUE OCBELIEHHOCTH
HA OPOJOJIKUTENHHOCTL OCBEIIEHHS.

Ennsuna CH ceetosofi skcnosumuu: [H] == jiokc-cexynpa (Jik-c).

Ecnu

H — cperoBasi 3Kcnoauuys,

E — ocBeueHHOCTD,

— Bpemst,

— cBeTOBAast SHEPTHs,

— [OLLaflb OCBEIlaeMoi NMOBEPXHOCTR,

O ™
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70 ¢ ydetom Toro, yro £ = M/A (027.17) n ®f = Q (O 27.15), umeeym
H E§f Q A

CU | k- nx cam-c M2

(027.20) | H=Ef=

|0

Ecnn ocBellleHHOCTh HE NOCTOAHHA BO BpeMEHH, TO

©O221) | H= S E dt.

OGpatTHuTe BHUMAaHHE:

©® 3Ixkcnonomerpu anst ¢ororpadui NO3BOJSIOT ONpEledsiTh Mo OCBed
UIEHHOCTH BpPeMs SKCNOHMpOBaHust (BHUIEDIKKY), HeoOxomuMoe IR
MONYUYEHHS CBETOBOH 3KCNO3HUKMM, of0eClleuuBamoiilefl KeJarejbHOE
NoYepHEeHKHE MJIEHKH. |

27.3. doTomeTpsl

Jlnst uamepennsi HOTOMETPHYECKHX BeJJHUHH CJyxXKar (OT MeTpbl, B KO-
TOpbIX MOXET HMCHOJb3OBATHCA Kak <CYOBEKTHBHOE CpaBHeHHe CHJB
cBeTa, TaK M OObeKTHBHLIC M3MepeHHsl.

27.3.1. Uamepenue cuabl cBeTa

Cuna ceeta onpeledsercst myteM cpaBHeHus. Ecne nBa HCTOUHHKE CBET3

€0314I0T H2 OJUHAKOBLIX NOBEPXHOCTAX OAMHAKOBYIO OCBELIEHHOCTb, TR
B cootBerctBul ¢ (O 27.19) e

E=I[fr}=1[r}
HIH

11/12=rf/r§.

Orciona Asa HeuspecTHON bt cpera Iy HMeeM

(O 27.22) 12= Il—

O6paTuTe BHEMaHHE! K

® Qopuyna (027.22) cunpabemmpa TOABEO B TOM cCiyyae, KOrAd
062 HCTOUHHKA CBETa CO3Jal0T OAMHAKOBYI0 OCBEIGHHOCTH HA IOe
BEPXHOCTAX H HMEIOT NPHOAHSHTENAPHO ONHHAKOBBIN CIICKTpaJbHBIA
€oCcTas, -
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YpaBHHBAHKE OCBELIEHHOCTEH, cO3faBaemoe OBGOHME HCTOYHMKAMY,
NOCTHrAeTCst NYTEM H3MEHEHHsl pacCTOsHHUS OT HCTOYHUKOB CBETa [0
nosepxHOcTH. Kax BcpoMoratenpHbie cpefCTBa WCNOJB3YIOTCA, HAlpUMEp,

® Qoromerp ByHseHa ¢ MacHsiMBIM MSITHOM,
® doromerpudeckuil xky6 Jliommepa n Bponxyna.

27.3.2, liamepeHue MOJHOTC cBETOZOrO INCTOKA

Jlnst HaMepeHHst NOJHOTO CBeTOBOTQ IOTOKa Kakoro-AuGo HCTOYHHKA
CBeTa, HanpyuMep JAMNbl HAKANMBAHHS, NPHMEHSIETCSt (OTOMETPHYECKH:
map YabGpuxra. D10 mojaast chepa, BHYTPEHHSsI NOBEPXHOCTL KOTOpOIX
HMEeT BHICOKME KOS((QULUEHT OTpameHus. BcjescTBHE MHOTOKPATHOrO
OTPaKEHMst OT CTEHOK HePaBHOMEDHOCTb DaclpefeNieHHst CBeTa CIyiaXKu-
Baetcs. VIaMepsieTcss OCBEIIEHHOCTb OLHONO M3 YYACTKOB CTEHKU. YMHO-
¥ast ee Ha NuOWAIb NOBEPXHOCTH 1uapa 45r% HaXoHAT NOJHLIA CBETO-
Boil NOTOK @pomn (€ TOYHOCTELID [0 KOI(DGUIHEHT OTPAKEHHS CTEHKH).

27.3.3. Vamepenue OCBEHICHHOCTH

Jins usMepeHHsl OCBELEHHOCTH HCIOJb3YIOTCSl JIOKCMETPEL JllokeMerp
TpefcTasaser co6oll MHKPOaMNepMeTp, NMOAKIIOYEHHDH i GOTO3NEMEeHTY
(xak npaBumo, ceneHoBOMY). Jlnst cornacoBaHysi CHeKTPaNbHOH yyB-
crBuTesbHOCTH (hoTodnemenTta Vj ¢ KPHBOH BHIHOCTH Trjiasa HCIIOJb-
3YIOTC QUILTPEL

B nocnennee BpemMst mif m3Mepenns OCBEUIEHHOCTH CTAMU NPUMEHATH
doroconpoTuBneHs (rIaBHbM 06pa3oM B SKCIOHOMETpAax Ins ¢oTorpa-
¢un). Hemocratox taxkux npuBopoB cocTOUT B TOM, YTO [JJig HX Da-
GoTel HEOGXOAUM HCTOYHUK NHUTAHUSL
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28. Lenu nocrosnnoro toka

28.1. AneKkTpHuecKHil TOK

DnexTpHueckull TOK B NPOBOAHMKE CO3NAETCS TAK HA3SLIBAEMHIMH CBO-
GORHLIMM  3NEeKTPOHAMH, NBHXXYUIMMUCS € OTHOCUTEJNbHO MAJIOH CKO=
POCTHIO.

InekTpruIecKuil TOK CroCoGeH OKASHBAThY

® Tennionoe HeACTBHE,

® xumuueckoe peficTBue,
® wMarsuTHoe HelicTBHE.

28.1.1. Cusa TOKa

Cuna Toka npeAcTaBJasteT coGOH OOHY H3 OCHOBHEIX BEJNUYHH MeXIy-
naponyofi cucreMu eaununi (CH); ona usmepsiercs B amnepax (4),
Onpenenenve equHHLB CUJBI TOKA — amnep:

AMnep — 9T0 cBJIa TAKOro SJeKTPUYECKOrO TOKa, KOTOpHl npoxons
O HBYM NPSMOJUHENHHIM NapajsieJbHEM BeCKOHEUHHM NPOBONHU-
KaM, PAcnOJIOXKEHHHM HA paccTosiiuy | M APYr OT Npyra, BRIBBIBAET
Ha KaXAOM ydYacTke JsHHOH 1| M cuny BsaumopefictBus 2-10-7 H.

28.1.2. KoshuecTeo aseKTpiyecTBa (3sekTpHyeckuii 3apna)

B DuexTpuYeCKHM 3apsiioM HA3HBA2ETCs NPOH3BENCHHE CHABL TOKa Ha

[f BpeMst npoTeKaHus TOKa.

Epumuna CHY sapsina: [Q] = amnep-cekynga (A-c) = kynon (Ku).

Ecau

Q — 3apsin, npotekanoumuil 3a BpeMst { 4Yepe3 mollepeyHoe CeyeHme npo-
BOJIHUKA, -

t - [POMOIKHTENBHOCTh NDOTEKAHHS TOKA,

I — cuna nocrosusoro Toka (He H3MeHsKOUancH 3a BpeMs f),

TO
Q It

@221) |Q=1i | i [Ki—A-c4ac



i
28.2. Hanpamenue (pasnocts nOTEHLUAN0B) a 311

R Ecim cmaa Toka He MOCTOsSIHHZ BO BpeMeHH, T. €. i == I(f), rme
i(f)— MTHOBEHHOE 3HAYeHHE CHJILl M3MEHSIOLIEroCsi BO BPEMEHH TOKZ, TO

iz
®22 |o= S i (t) dt.
#

CoOTHOIEHHE MEXKIY eIHHHLAMY 3apaia

1 amnep-vac (A-u) = 3600 Kn

HaumvensllluM 3JeKTpuYeCKHM 3apsilioM 00safaloT sJjeMeHTapHLIe qac-
THUB! — 3JIEKTPOH (OTPULIATENBHBIH 3apsil) M NpOTOH (INOJOXKHTeNbHBI
3apsif). 3TOT HAWMEHBLINHH 3apsi Ha3BIBAETCHA 3JNeMeHTAPHBIM 2JeKTPH-
YecKUM 3apfaoM

(®283) | e=1,6021892.107" Ka.

O6patuTe BanManue:

©® Jloboli snekTphYecKnit 3apsii TpencTaBisieT cOOOH liesloe KpatHoe
3JIEMEHTAPHOTO 3JEeKTPHYECKOTO 3apsiia e.

® 3apsin | Ka coorBercreyer 3apsiny npubnnauntenbro 6,24-10'8 sjex-
TPOHOB. .

28.2. Hanpsamxenne (pasHOCTb MOTEHIMAJTIOB)

28.2.1. Hanpsixenne (2JLC) ucTouHHKA

IMosipjienne 3JEKTPUYECKOrQ TOKa OOYCJOBJEHO Halpsxenuem (pas-
HOCTBLIO MOTEHUMaNOB) MexOy moswcamu ucrounuka. Hanpsixenme wc-
TOUHHKA 44CTO Ha3LBaIOT anekTpomeuxylei cuioll (3IC).

B pesyabTaTe NpOIECCOB, MPOHCXOAAIMX B HCTOYHEKE HanpsxKe-
HUSI, ¥ OTPHLATEJ]LHOrO MOJIOCA BO3HHKaET N3OBITOK, 28 Y NONOMKHTEdb-
HOFO MOJII0Ca — HENOCTATOK 3JEeKTPOHOB. Bo BHeIlHe# Ienn 3JeKTPOHLI
TepeMellal0TCsl OT YYaCTKOB € MX HM3OBITKOM K yYacTKaMm € HMX HeHo-
CTATKOM, T. €. OT OTPHLATENHHOrO TOJKCa K TNoJoxKuTensHoMy. OnHako
eife 0 TOTO, KaKk Oblia YCTaHOBJIEHa 3T@ 38KOHOMEPHOCTb, YCJIOBHJINCH
TaK ONpellesisTh HallpapJieHue TOKa:

ToK BO BHeIIHeH LENH TeYeT OT MOJOXKHTENbHOIO IIOJKCa K OTpH-
HATEJbHOMY.
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Cnpasounas Taéauua’
HexoTopbie vcnonssyeMeie HA NPAKTHKE HANPsIKEHHs

U, B
JKese30HnKeNeBEIH aKKYMYJISITOp (OLHH SJ€MenT) 1,2
CBHHUOBH aKKyMyJasiTOp (OLMH 3/€MeHT)
dnexTpHueckasl ceTb aBTOMOORIIA 6 nan 12
OceeTurensHas CeTh 127 nam 220
Tpampaii 550
SJKTPOBO3 no 15000
Jlunpsi aneKTponepenayn BHCOKOTO HaNPSAKEHHS 380 0V0

¥ BEHIlIE

28.2.2. Tanenue manpsikeHud

Hanpsxenne MexXAy NBYMA NPOM3BOJbLHBIMH TOYKaMp MPOBONHHKA C
TOKOM HAIbIBaercsl nageHueM nanpsikeHHd. Owo coctaBiaser yacts 3JC
HCTOYHHKA,

Haan}KGHHeM MEXOYy OBYyMHS TOUKAMM IPOBOAHHKA HA3LIBAETCH OT=<
HOIIEHHe MOLLHOCTH, BBIENHAIOIIeHca Ha IaHHOM yyacike IPOBOXK-
HHK2, K CHJIe TOKa, TEKYLIEro B NMPOBOLHHUKE.

Enumnna CU nanpsaxenps: [U]l= %T——“:BOJIBT (B).

Onpeneneﬁue CIOHHKILI HalPsSIZKeHNH ~— BOJbT:

BoasT — Hanpsizende (pasHOCTb NOTEHLMANOB) MEXKAY NBYMs TOY-
KaMH [POBOJHHKA, NIDH KOTOPOM H2 3TOM Y4acTKe NpOBOLHMKA OpH
Toke 1 A Boimensercss molilnoctb 1 Br.

28.3. SneKTpHueCcKoe CONMPOTHBIIEHNE

SJIEKTPH‘IQCKOG‘ CONpOTHUBJEHHE ONpenendacT Cuay TOKa, TeKyllero Io
LENE IpY 3a1aHHOM HalpsAMKEeHHH.

Ton COnpOTHBJIEHHEM R nonmmalor oTHOIIeHRe HANpsi?KEHHA Ha KOH=
IaX NPOosOOHUKE K CHJ€ TOK3, TEKYIUero No npoBOLHEKY.

Emnrava CH conporuenenna: [R]== —E—-= Om.

-Onpene.neﬁne CAHHNLLI CONPOTUBJACHUA — OM:

Om mpefcraBasier coGofl  seKTPHYECKOE CONPOTHBJEHHE YUACTKA
NPOBOJIHKKa, MO KOTOPOMY DNpH Hanpsixkesun | B mperekaer tok 1 A,
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Ecim
R — conpotusnienne MpOBOILHHKA,
U — nanpsixenue,

I

-~ CuJa ToKa,

TO B COOTBETCTBHE C 3akoHom Oma

(2 28.4)

U | RU I

[ CHh | Om B A

Cuna Toxa B NPOBOAHMPKE  MpSMO [NPONOPLUACHANbHAE HanpAmMeHUIo H

06paTHO NPONOPLHOHANLHA COMPOTHBIECHHUIO,

O6paTuTe BHUMAaHHE:

® 3axoH Oma crnpaBelJIHB B 7T yIacTKa IeMn.

@ BosbT-amnepHast XapaxkTepHCTHKa (CBA3b MEXKAY HANPAXKCHMEM K
TOKOM) HMEET BHI NMPAMO# TOJIbKO LS MOCTOSTHHOTO CONPOTHBJEHHS.

OnHako COTMPOTUBJEHUE I[IPOBOJHHKOB 3ABHCHT
oT TemnepaTypbl (cM. pasn. 28.3.2).

B rasopaspsiiHbIX JaMnax HanpsizkeHue sIBJAS-
erca Gyukumned Toka U = f(I). Ha Hexoropowm
yuacTKe BOJbT-aMIepHasi xapaxrepueruka U ([)
CTAHOBHTCS mNapjawllefl, T. €. [pH YBEJUYEHUH
TOKa Hampsikcuue youlBaeT.

Ecap  umcio Hocutenell 3apsiia  OrpaHHYeHo
(kaK, HanpeMep, B 3JEKTPOHHBIX JaMmnax), TO
npy YBEJMUYEHWH HANpAXKEHHsl CKNa TOKa CTpe-
MUTCSl K OINpele/IeHHOMY MaKCHMaJbHOMY 3Haue-~

nuio  (Toxky Hacoimennst), Kpueas [(U) umeer -

00s1acTh HachIeHusI.
Benpuwna, ofpaTHas CONPOTHUBJEHHIO R, Hasu-

BaeTcsl 3JEKTPUYecKoil nposogumMoctbio G.

(0285 |G=

L
=

i \\\
D e
U
i
A -
G R
cu | Cn Om

Enprnna CH nposommmoctn: [G] =-O—1M-= cumenc (Cwu).

283.1. VieawHoe CONPOTHUBJIECHUE

Ecmu

R — conpoTuBiieHHe NPOBONHUKA, X
© — VIeJbHOe CONPOTHBJEHHE Marepuana mpoBoinuka {cm. Tali. 3_9),-[

1

— ILJi1iHa npOBOIHHKA,

A — ceyeHre NPOBOJHPKE;
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TO
R e [ A
(26 | rR=2L. CU |On Om-m ™ w?
A KIO | Om Om-Mm2/m m mMm2

K1 Om OM-cM cm cm?

OGpaTrnTe BHUMaHEeE:
® YiemnHOe CONpOTHBJEHWE © SaBHCHT OT  TeMheparypi  (cM.
pasn. 28.3.2).

BennunHa, 0o6paTHas ymeabHOMY CONPOTHBAEHHI O, H23bIBaeTCs
yIeJbHOH NMPOBOLHMOCTBIO O:

¢ o

. CH Cwm/mM Om: M
KO | Cwm.m/um® Om - MM

@287 |o=

2]=

28.3.2. 3aBuCHMMOCTL CONPOTHBJIEHUS OT TEMIEPATYPSHI

YneJapHoe COMPOTHB/EHHE TNPOBOIHUKOB M HENPOBOLHHUKOB 3aBHCHT OT
TEMIIEPATY L.

ConpoTrBiieHre MeTaNJHYeCKHX NPOBOJHPKOB YBEJHUHBAeTCs C HO-
BbIIEHHEM TeMIepaTyphL.
! Y NOJSYNPOBOLHHKOB COTNPOTHBJICHRE CHJBHO YMeHbI.LIae’I‘Cﬂ npH 0o-
BLILUEHUH TeMIlepaTyphl.

~ Y HeKOTOPHX MeTasJIoB NPy TeMneparype, GJH3KOH K aBGCOMIOTHOMY
HYZIO, CONpOTHBJCHHE CKAYKOM YMeHbINAeTCsi [0 HYyJfl (sIBJIEHHE CBepX-
FPOBOAMMOCTH),

ConpotuBnienne kouctantana (60% Cu, 40% Ni) u wmanranpna
(86% Cu, 2% Ni, 129% Mn) ouenp cnao 3aBECHT OT TEMIEpATYpHL
B rabnuuax 3HayeHus! YIEJHLHOIO CONPOTMBJIEHHS MPOBOLHMKOB OObLIY-
HO mpupoAsTca Jasi Temnepatype 20°C. ConpotuBieHHe map YIEALHOe
CONPOTMBJIEHHE NpH NPYTuX 3HAUEHHAX Temrnepatypbl MOXKHO HalTH
N€pecyerom.

Ecnu

p; — YIeJbHOE CONPOTHBAEHHE Npp TeMiepaType f,

020 ~— YIOeJIbHOE CONpOTHBJEHHe Npu TeMuepaType 20°C (TaGnpuHoe sHa-
yeHHe),

Ry — conpoTuBiIeHre NPOBOLHMKA MpH TeMoepatype I,

Rzo—conpomsneﬁne TOrO K€ IpoBONHHKa npu temneparype 20°C,

a -TemnepaTyprm k053G dRIHeHT CONPOTHBJEHHS (3HAUEHUS O IpH
20°C npuBefleHsl E Ta6u. 40),

t — temmeparypa,
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TO

(D 28.8) l 0, == 0y [1 4 a(t —20°C)},

p R o ¢
uin CHu kagk B 1/K °C
KIL | (2286)

(3289) | Ry==Ru [l +a(t— 20°C)]. [

TemnepaTypHEIM KO3((HLUMEHTOM CONPOTHBJEHHS Ha3HBAeTCH OTHO~
IIEHHE OTHOCHTEJIbHOIO H3MEHEHHs] CONPOTHBJCHHS (WJIH YIEJBHONO
CONPOTHBJIEHAS]) K H3MEHNEHHIO TeMIepaTyphl:

- AR _ Ap
T RAM T oAT
284, AnekTpruecKasn Helb

B SHGKTDH‘XBCKOI‘/’I Heny SJEKTPOHBI ABAXKYTCA BHE HWCTOYHMKA OT OTpH-
HaTeJLHOTO K MNOJOXKUTENLHOMY IMOJIOCY, @ BHYTDH HCTOYHHKE — OT O~
JOAHUTEJbHOTO II0JI0CA K OTPHIATC/ABHOMY.

Bo Bcex TOYKAX HEPA3BETB/EHHON 3JIEKTPHUYECKOIl LENH cHJIA TOKa
ocTaeTcsl ONUHAKOBOH.

BTES

Victrounuk Hampsikenust o6Jjalaer BHYTPEHHHM COMNPOTHBIEHVEM
Runyrp. 3HAUeHUS] BHYTPEHHETO M BHEIIHETO (Rppew) COMpOTHBIEHHH ONpe-
IensitoT cuiy Toka. B cnysae samxuyroil nenm s3akoH Oma (D 28.4)
TpuHHMaeT BHI

11U R
(3 28.10) f= o Uner
Rpuyrp + Renew CH I A B Om

-O6paTuTe BHEUMAaHBeE:
® [lamenus wanpsikenwsi BHYTpH HCTOUYHRKA M BO BHeIlHel pemw
MOYKHO BEIUHCJHTH ¢ noMouiplo 3akona Oma (D 28.4).

© Ecip Renen—> 0, TO cusia TOKa B LEMM ONDEAENSCTCS TOJBKO BHYT-
PEHHUM COIPOTHBJEHHEM KCTOYHHKA Rpayrp, KOTOpPOe OOHYHO OueHb
masio. Uto6s m3bexarb apapun B pesyJbTare KOPOTKOrO 3ambiKamuHs,
MaKCHMAaJbHYI0 CUJYy TOKa OTPAHWYMBAIOT [pPEHNOXPAHHTEJNSIMH.

B 3aMKHYTOIl 570eKTPHYECKOH Lenm pasnuyanT CIeLYKLiue Hanpss
. IKeHmusl:
Hanpsixenve ncrounnka User, uan 3JC:

HANPSIKEHHE Ha NOJIOCAX HCTOYHHKA NpH PasOMKHYTOH BHEMIHEl Leny
(HanpsirkeHpe X0JI0CTOro X0/a).
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INagenne HanpsxeHns BHYTPH MCTOURMKA Usayrp:

vacte DJIC, napamoumas va BHYTPEHHeM CONPOTHBJIEHHH NCTOYHAKE npu
saMgHYTOH nenn; Ussyrp = IRguyrp.

Lémymp 74

Hanpamenne na knemmax U,: p— ﬁ"w'" .
Han Rl?li‘ylﬂp~

PSUKCHME Ha [OJIOCAX MCTOYHHKA IpH 3a- | ;
MKHYTOR BHeEIUHCH Lelld wiM najeHwe Hanpske- Renew
Hpsl Ha BHeulnell nenn. Omno menbite DOC wuc-
TOYHHKA Ha BeJUUMHY [aI€HPA HanpsXKeHus UIUI = U;fHeIu
BHYTPH HCTOYHHKA.

" 3DOC ncroyHMKa PaBHA HANPAYKEHHIO HA KJAEMMaxX HCTOYHHMKA MJIOC
4 TajeHHe HANPSIIKEHHUs! BHYTPH HCTOUHHKA.

Ecmn
Uyy = ganpsixenne Ha KNEMMaxX KCTOYHHKA,
Uger =—3IC wuerourpxa,
puyTp —— BHYTDEHHEE CONpOTHBJEHHE HCTOUHHUKA,
puemy ~— OOlllee CONPOTHBNEHNE BHeLIHeH Lenw,

TO
U R .
Ugn = Uyger—U, wuyrp=Uner—I Renyrp=Un CT__RBH;I:; _;_HZ Br:em’
NI
U R UKIK UHCT R
3 28.11 Uy = s HCT BHOW _Uin Uner R
( ) KX RBHYTD + RBHem cu I B B Om

Tlpp saMKHyTOi BHeIIHel IeNH MOXHO H3MEDHTb TOJBKO Hampsiike-
HHE Ha KJeMMax HcTouHuka. OHO COOTBETCTBYET CyMMapHOMY MaLEHHIO
HANPSAKEeHHsT BO BHEIIHeH IenH.

:Haﬂpﬂ)KeHHe Ha KJEeMMaxX KCTOYHHK& DapBHO cyMMe namgeHui Hanpf=
EHHsI BO BHELIHeR nellp.

(228.12) | Uen=U+ Uz + Us+ ... |

- Bropoe npasuno Kupxroda (npasuio koHTYpoz)
Yz 3akowa Owma nnst Beefl et (2 28.10) caenyert:

(3 28-13) ' UH(_:T= 1 (Rmxy-rp + Resew) = UBHy-rp + Usnew- I

-

%; B cnyyae saMkHyroli saektprueckofl nenn 3JIC HCTOUHEKA paBHA
cyMMe Bcex najeHull HanpAMEHHA,
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4

Ecau nenb coep®uUT HECKONBKO BCTOYHMKOB, TO BHX DJIC anrebpan+
yecky CriAagbiBalorcs.. Ecim  uMCTOYNMPKH BKJIOYEHBl HaBCTpedy JpyR
ApYry (T. €. MX NOJSPHOCTH NpPOTHBO-

RONOXHH), To ux SC BLUMTAIOTCH. Ry Uit I
Jinsa saMKHYTOro KOHTYpa clpaBeln-

B2 caenywmlas obmas dopmyna (Ha- v, )

npasieHde o0xona KoHTypa BLIOupa- Hem, m Fy

eTcsi [IPOU3BOJIBHO).: Ussem3
R; F ’

02819 | Y Ve =20. |

B HepaspeTBJEHHON IlelM wWIn B KaXAOM KOHTYpe DPasBeTBJICHHOH
neny anarebpaudeckas cyMma IJC BceX HCTOUHHKOB pABHA CYMME
BCeX TameHHll HaNpsIXKEHHS! BO BHYTPEHHEHI M BHelIHeH IlemH.

MOXKHO RaTh M nPYIylo 3KBHBANEHTHYIO (GOpPMYJMPOBKY STOro 3aKoHai

(2 28.15) Z Ugn= Z Usnem

B mHepaspeTBJEHHOH [eNH HJIM B KamJAOM KOHType DasBETBJIEHHOH
leny ajrefpauyeckasi cyMMa BCeX Hamnpsi’KeHmH ua KJemmax pasua
cyMMe BCeX NajeHHil HanpsXeHpus BO BHellHefl Ilemm.

28.5. PaspeTBnieHue TOKa
Nepeoe npasuio Kupxroda (ODpasuio
y3Jq10B)

B pasBeTB/eHHOI LEHNH CyMMa TOKOB
B OTHeJbHLHIX BETBSIX pPaBHA NOJHOMY
TOKY:

(228.16) | Inom =11+ Iz +la+ ... .|

Orciona cjaenyer:

B xaxnom yajie Lieny CyMMa BTeKAIOIHX TOKOB DABHA CYMME BBITE<
KAIOLMX TOKOB.

Ianee, nockoasky I = UJR, 1o

B cayuae pasBeTBJeHHOH Ilenu TOKH B BETBfX 00paTHO MPONOPLHOL
HaJbHLI CONPOTHBJICHHSM BeTBel:

I _ R

£ Sl 2
(398.17) | - =¢’
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28.6. CoepyHenve conpoTHBAEHUH

28.6.1. TNocaenosatenbHoe CoenHHEHNE CONPOTHUBJIEHUH

an HOCJeNOBaTe/IbHOM COCOPHEHHNM CONDPOTHBJICHHS BKJIIOUYEHH ONHO
8a IpYyruM, Tak 4YTO Yepe3 KaixKAo€ CONpOTHUBJICHHWE MpOTEKaeT [ONHDBIH

TOK. Rrocn

TIpp nocnenoBaTesbHOM COeIUHEHWH
CONpOTHUBJICHNH MOJIHOE CONMpOTHBIE- Ry R, R

HHOE€ paBHO CyM'i€ OTHEJbHbLIX CO- o——:]__mo

MPOTHBAEHUH:

(328.18) | Ruoen—Ri + Ro+ Rs + .- .|

Tak xak yepe3 BCE CONPOTHBJACHHA MNPOTEKAET OONH W TOT XKe TOK,
najgeHusi HanpsAKeHusi Ha CONPOTHBJEHURX IMPONOPUUOHAJNDBHBI BEJNYII-
HaM 3TuX COHpOTHBﬂeHI/II‘f‘IZ

Ul R
U, Ry’
28.6.2, TlapaaneabHoe cOeaVHEHHE CONPOTHBAECHUH

Ws zaxona Oma u npasmn Knpxroda cremyer:

[Mpr mapaJjnensuoM cOelWMHEHHH BeJHyuna, oOpaTHas IOJHOMY CoO-
NPOTHEBJEHKIO, PaBHAa CYMMe BeJHUMH, OOpaTHHX CONPOTHBJEHUSIM
BETBeH.

1 1 1 1
(9 28.19) R_n;,__—RT_'-—RT"'—R?"' ‘

Tlpp mapasjenbHOM COEJIHHEHHE JBYX CONPOTRBJAeHHi Qopmyna
(D 28.19) ynpowaetcs:

R(R,

(9 2820) Rnap == m.

O6paTtnuTe BHOUMAHHE:

© [llpe napanneJbHOM COEIMHEHHH NOJIHOE CONDOTHBJEHHE IENM MeHb-
Ile CaMOr0 MaJoro U3 CONPOTHBJECHMI BeTBEH,

IMockonbry 1/R = G (D 28.5), n3 (D 28.19) crnenpyer:

H an/I napaJsJieflbHoM COELHHEHUM 3JIEKTDHYECKHe I[POBOAMMOCTU OT-
NeJJbHBIX 3JIEMEHTOB CKJIAalblBAKOTCH:

(®2821) | Grap=Gi+ G2+ Gs+ .... |
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28.6.3. JleauTenh HANpsKeHus

Ecsd Ha COonpoTHBIAeHpn NanaeT HanpsaxXeHae U, TO € 4acCTH CONPOTHB=
JICHHA MOXHO CHATH 4acTh NOJHOI0 HanpsizKeHps,

-Ecnu

U — naneHne nanpsiKeHHsi Ha yuacTKe ¢ CONPOTHEJeHEemM R,
— NafeHHe HamnpsKEHHs HA BCEM compoTmejeHmM R,

Ry — uactb conpoTupaenus, U

R — nonnoe conpoTuBJeHbE,

TO

(22822 | Uy=U -’;;—‘.

O6paTnTe BHEMaHHE:

©® Dopmyna (D 2822) sgmasieTcss CTPOrofl TOMBKO B TOM cjyyae, Koria

K JIeJINTENII0 HalpsiKEHHA HE MONKJIOYeHa NOMOJHUTENbHAS HATPY3Ka,

HWIH COTPOTHBJIEHHEe Harpysknm OeckoHeuHo Benmko. IlpH Komeunow,

HO GosbllOM MO cpaBHEHHIO ¢ R; CONpOTHRJIEHWm HArpy3kum ¢op-

© myna (228.22) sepna Jmiup nppOmixkenHo. B cayuae masoro co-

! TPOTHBJEHHS] HATPYSKHM Yepe3 CONpOTHBJEHHE R; TeueT TOJbKO YacTthb
MOJHOTO TOKA u nafeHme HanpsiKeHps: U; 3HAYNTENbHO MeHblue
onpefenseMoro popmyJon (D 2822).

28.6.4. Moct ¥Ywrcrona

Mocr YurcroHa mnpenHasHadeH IS H3MepeHust comportusnennfl. Tlpmm-
uun ero JelicTeusi ocHopaH Ha npaBuie Kupxroda. IMosoxkenne mneusx-
ka D ma conpoThBneHpn noa6upaercs TAKHM, YTOOH TOK B rajbBalio-
MeTpe, BKJIOUEHHOM B IHArOHANb MOCTAa,
ObT paBeH HYJIO B COOTBETCTBEHHO Ha-
npsixenre Ucp Obiio paBHO Hymo. B stom
caydae

Rx Rl

R, Ry”
Otciofa IJsi H3MEpsSeMOro CONPOTHBJICHHUA
Ry nmonyuaem:

(328.23) | Ry=Rs LU Ry L
R, ls

O6paTuTe BHpMaHue:

@ Conporusnernss R, 1 R, MokHO 3aMenuTh mnuuamm ! # Il mipos
Rom2 TONBKO B TOM caydae, Korfla HCHOJb3YyeTcsl OLHOPOXHBI

NIpoOBOL.
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28.7. -UamepeHue TOKa M HANpsIKEHNUs

B siexkTpousMepHTeNbHLIX nprOOpax HCOONb3YIOTCSl pasJHYHble peli-
CTBHSl 3JEKTPHUYECKOTO TOKa. D TeMJOBHX NPnOOpax nporekaioniHii TOK
yvarpeBaeT NPOBOJ, B pe3yJbTaTe Yero €ro JJKHa yBeausubaercs. Cre-
IeHb YIJUHEHHA NPOBOAA 3aBHCHT OT CHJH TOKa.

2
7

p BDneKTPoMarHuTHHE NPUGOPLL cofieprKaT Bpalialolyificss Ha Ocu mno-
' CTOSIHHBIH Maript H JKeCTKO 3aKpeluieHHblli 3jexTpoMarnuT. Ecad mpo-
TYCTHTH Hepe3 KaTYLIKY SJeKTpPOMarHuTa TOK, NOCTOSHHEH Marugr or-
KJOHsIeTcsl. Denpuuna OTKJIOHeHusl xapakTepH3yeT cuiy Toka. B mar~
HUTO3MEKTPHYECKUX ApROOPAX B Tose MNOCTOSHIONO MarHMTa pacroJo-
3KeHa KaTyilxa, Bpallaioliascst BOKpYP CROEH OCIL Ecan wepes kaTyuiky
OponycTHTL TOK, TO B pe3ysibTaTe B3aHMOJeHCTBHs TONs KaTYIUKH C
noJieM MarHuTa BOSHAKAET MOMEHT CHJIB H KaTylIKa NOBOPAYHBACTCS
Ha YTOJ, NPONOPUHOHAIbLHEH CHJle TOKA.

Oco6o 4yBCTBHTENBHbBlEe NPuOOPEl MarHETOSJCKTPHUYECKOrQ THNA Ha-
SLIBAIOTCS raJibBaHOMeTpaMH. B OOJBUIRHCTBE H3MEDETCJLHHX nNprbo-
POB IJisl BO3BpATa CTPEJKH B HCXOJHOE IOJIOXKEHHE MCIOJb3YeTCs CIn-
paJbHasl IDYXKHHA.

28.7.1.  HpuGop nns uaMepenHs Toka (aMnepMmerp)

Amnepverp BrmouaeTcss B HeNmb MOCAENO-
BaTe/bHO, TAK KaK Becb uaMepsieMblH TOK
JOJYKeH IpoTeKaTb dYepes HprGop. UToOLI o
aMmepMeTp He H3MEHAJ Hampsi)KeHHe Ha
vccieiyeMonM oOBbeKTe, NalcHHe Hampsixke-
HHS H2 HeM JIOJKHO OBTb MHHMMAaJbHBIM,
T. €. DHYTPEHHee CONpPOTHBJICHHe JLOJXKHO
GEITH-KaK MO2KXHO MeHbille.

Eci nHeoOXOOHMO HM3MEpPHTb TOK, lIpe-
BBIIAKMAN [InanasoH H3Mepedull ammnep-
MeTpa, TO apaJieslbHO aMIepMeTpPy BKJIIO-
YyawT IIYHTHPYIOLLee CONpOTHBJSHAUE, UYe-
pes IOYHT MOPOXOAHT Taxkas dYacTb TOKa,
yTo TOK Yepes npubop He INpeBblllacT A0-
NYCTHMOH BeJIMYMHBL

Ecnu
Ryap — Tpebyemoe  cONpOTHBIECHME ILIYH-
Ta,
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RBHYTI) — BHYTPEHHEE COIpOTHBJIEHHE aMIlepMeTpa,

I, — HOBHLIH Ananazox npubopa,
I, — OpexHHd muanasoH npubopa,

TO, YUHTHIBA#, YTO IpH NapasliiejibHOM COE€AMHEHHH CHJIA TOKa 06paTHO
HPONOPUHOHANEHA CONPOTHBJICHHIO, NOJYYaeM °

Il — Rnap
12"'11 RBHyTp ’

WK TIOC)ie peoGpasoBaHuit

R

BHYTD

(328.24) | Ruap = {7775

28.7.2. IfpubGop Ans HaMepeHWs HanpsxKenHs (BOALTMETD)

BoabTMerp BKJIIOYAETCS NapalJefbHO H3MEepSeMOMY  HalpsikeHHIo,
BHyTpeHHee CONPOTHBIIEHHE BOJLTMETpA HOJIXKHO GEITH [0 BO3MOMKHOCTH
6oJbUINM, YTOGH TOK 4epe3 NpHOop He mpH-

BOAHJ K 3aMETHEOMY YBENHYUCHIAIO NIOJIHOTO . Qe v 0
TOKa ¥ YMEHBHICHHIO H3MEDPSIEMOTO Harlpsizke-
HHSA. i
Ecnr nyxuo H3MepHT: HanpsixKeHHe, mpe- 0__@____‘,
BOCXOiSillee JIHATIA30H HKSMEDERHEl  [JANHOro
BOJIBTMETPA, TO TMOCHAENOBATENBHO! €  BOJBT- R
METPOM BRJIIOYAETCH AOTOJHHTENBHOE COIPO- 1
THBJIEHHE, Ha KOTOPOM CO3[aeTCsi HyXKHOe Ta- ——
JleHHe NanpsiKeHHs. 1
D=0
Eenn
Rpon — [ONOJHUTENbHOE CONMPOTHBICHHE, - Ram
Reuyrp — BHYTpEHHEE CONPOTHBJICHHE BOJBT- .,_:,_@_"
Metpa,
Us — HOBHII Tpefes H3MepeHHil, R
U, — npexHHil mpeles HaMepeHHH BOJLT- —_
MeTpa, .

TO, YUNTHIBasi, UTO €Ye€pe3 BOJLTMETD H JIONIOAHUTENIBHOE CONpOTHBJIECHHE
IIporekaeT OMHH K TOT Xe€ TOK, IoJy4YaeM

U, Us—U,

= =
R BHYTP Riyon !

OTRyZnAa

U
(3 28.25) Ruon = Rm-zy-rp —(7?' — l) .
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28.8. Pa6ora U MOMHOCTH JIEKTPHUECKOTO TOKa

28.8.1. PaGora a/eKTPHYECKOr0 TOKa

DNEKTPHIECKYI0 SHEPTHI0 MOXKHO IONYIaTh W3 JAPYTHX BHAOB SHEPTHH
U TpeoGpasOBLHIBATL B ApYrMe BHABl SHepruH. nis Hee clpaBeiynB
3aKOH COXPaHEHHS1 SHEprHuH. B I'IpOBOILHHKe HOCHTEJM 3apsija IBHXKYTCHA
noz JieficTBHEM 3JeKTPHUIECKOTo nonis (cM. pasz. 29.2).

Ecnn

W — paboTa saeKTPHUECKOTO TOK4,

U — nanpsixenue,

! — cuaa Toxa,

1 — NpPOMONKHTENBHOCTD NMPOTEKAHHS TOKA,
Q -— mepeneceHHBIl TOKOM 3aps,

TO, MOCKOJIBKY IIpH TepeHoce sapsiia Q comepiuaercsi paGora W = UQ,
a Q = It, nony1aem

U2t w Urt R
(228.26) | W=Ult = —— = I’Rt.
R CHu I,E[}x=BT-c B A ¢ Om

CooTHOwIEHNE MeXnY eANHUILAMH PaGoThl

1 kBt u=238,6+ 108 JI:x =860 kxai; 1 kan==4,19 JIx; 1 grc-M=9_81 JIx

O6paTuTe BHUMAaAHHE:

® CooTHolleHMe MeXAY eAHHHLAMH paboThl B pDASAHYHHIX CHCTEMax
cM. B ta6a. IL5.

® Dopmyna (D 28.26) crnpapeisuBa NpH YCJIOBHH, UTO CHJIA TOKA [0
CTOfHHA BO BpeMeHd. B 3TOM csydae HOCHTeNH 3apsiia JABHIKYTCS
C TIOCTOSIHHOH CKOPOCTBIO H BCS 3JeKTpHUECKash SHEPTHS IpeBpania-
eTcAl B TEMJOBYIO (HIKOYJEBO TeNso).

28.8.2. MOMHOCTbL BAEKTPHUECKOTO TOKa

Ecan

P — MOMHOCTH 3JIEKTPHUIECKOro TOKa,
U — nanpsaxenne,

J — cuna Toka,

To B coorBercTBun ¢ Gopmynamu P = W/t (M7.27) r (228.26) no-
Jaydaem

PUI R

U2
D28,27) | P= Ul =— = I*R. —_
( ) R CHU | Br B A Om
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O6paTrHTe BHEMaHHe:

@ CooTHOIICHHE MeXIY eIMHHNAMH MOINHOCTH B DA3/MIHHIX CHCTEMAR
cM. B taba. I16.

CnpaBounag Ta6Ganua
MomrnocTh HEKOTOPHIX 2JeKTPHUECKUX TPHGOPOB

P, Br
JlamMnouka KapManHoro (hoHaps 0,5—3
OcBeTHTeABHEE JIaMOB HAKaJHBAHUS 15—200
JlioMHHEeCHEHTHEIE JIAMITH] 20—80
DNeRTpOMIHTRA 500—1 500
Orpaxarensuas neas (pedaexrop) 500—1 000
CTupajbpHas Mauinna 500—1 000
DJeKTpUYECKHl YTIOT mo 1000
DNEKTPOKHIATHILEHK no 1000
ANexTpoKaMIH 2000
DnekTprueckasl IIHTa Zo 8000
JlBuratens TpamBas 150 000
JlBuratens 31eKTpOBO3a 5 000 000

29, DyieKTpHUECKOe ToJie

B OKpecTHOCTH 3JMEKTPHUECKH 3apSKEHHHIX Tes, HANpHMEp MexkIy ABY-
M5 3apFAKEHHEIMH TeNaMH, CYWIECTBYET 3JeKTputecKoe nose, T. €. Ha
BapsiKeHHble Teja JEfICTBYIOT CHJIBL

29.1. 3apan,

Ha noBepxHOCTH MHOTHX MAH3JIEKTPHKOB (SIHTApS, CTEKna, 30OHHTA) HpH
TpeHHH BO3HHKaeT 3JerTpuueckufi sapsai. Ilpu sToM noBepxHocTh JHOO
TepseT, JM00 NpuoOpeTaeT 3JIEKTPOHHL.

Tlpn HejocTaTKe 3JIEKTPOHOB TEJO 3apsiKaeTcs NOJICKUTERbHO.
TIpn H3OEITRE SJEKTPOHOB TEJIO 3apPSIKAETCH OTPHUATEALHO.

Mesxay snekTpHuecKH 3apsiKeHHBIME TeJaMyl JeHCTBYIOT CHIIBL

OnHOMMEHHO 3apsKeHHBle TeJa OTTAJKHBAIOTCS, pasHOHMEHHO 3a-
DSIXKEHHEIE Tejia NPHTATHBAIOTCS.

Tlo stofi mprumEe Yy NPOBOJHMKOB 3apsj PACHOJAraeTcsl TOJNBKO
Ha TOBEpPXHOCTH. BHYTpH NpOBOAHHKOB HEeT HH 3apsiioB, HH Hojf. 3a-
PAL pacnpefiessieTcsi MO TOBEPXHOCTH TeJida HepaBHOMEpHO. B cmmbHoO
HCKpHBJIEHHEIX ~MecTax ILIoTHOCTH Sapsipa Ooabiie. Ha  ocrpusx
H KPOMKAaX IUIOTHOCTb 3apsila ObIBaeT HACTOJBKO GOJBUIOH, 4TO Npowc-

11*
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XOOHT HOHM3AlMf BO3AYX2 M 3apsffl CTeKaeT — «3(heKT OCTpus»
(cM. Takxke pasn. 20.2.4).

Ha HesapsizkeHHOM TPOBOJAHHKE 3JEKTPOHH pacrpefiesieHEl paBHO=
MepHO, HO TOA HeHCTBHEM SJEKTPHIECKOTO IOJs OHHM COOHpaioTes ¢
OJHOU CTOPOHHI TeNa (fIBJieHHe SJAeKTPHYECKOi uH-

RYKIHK) .

Benefietere  storo  Heiirpannnple  (He3apsikeH-
HLE) TeNla MPHTATUBAIOTCSH 3aPSKEHHBIMY, U YCTaHo-
EUTH HaJIHYMe 3apafa MOXKHO TOJBKO N0 OTTANRMBA-
HUIO Tedl.

Jans obHapyxeHus ¥ umsMepeHHs BEJMIHHLI 3a-
paga cnyxar saekipomerpd. Onu cogepXaT oObI- o —
HO IBeE JlerKHe MeTaJlJIHYeCKHE TOJIOCKH; OXHA K3 HHX
SaKpenjieHa HeNOABMIKHO, a BTOpas — NOABUKHAs.
Lemt DPHKOCHYTBCSI K 3JIEKTPOMETPY :3apAIKEHHBIM
TeJloM, Ha 0GeuX TOJOCKAX BO3HUKHYT OJHOHMMEHHBbIE
3aps/ibl, KOTOpPHE OTTAJKMBAIOTCA APYT OT APyra, U
MOABIZKHAA MOJOCKA OTKIOHSAETCS.

Bee serTpuueckue 3apsimbl COCTOAT H3 SJeMeHs
TaprIX 3apﬂ,u013; HX BeJHUHHA U3MEPACTCH B KYJO-
Hax (Kn = A-c).

DneKTpHYeCKOoe HoJie U3006parkaloT ¢ NOMOINLIO
CHJIOBBIX JIMHUIA,

JIunpn ykaseiBatoT HanpaslleHre CUIIBI, HefiCTBYIO-
IeHd HAa IOJIOXKHTENbHBI 3apsfi B AAHHOR Tou-
Ke TOJIf.

1 = %k

CeoficTBa CHJIOBBIX JIMHMIAS

@ CuiioBHe JIMHEH HMeIT Hadasjo K KOHell; OHH HaUHHAITCS Ha TNojo-
HTENIBHHIX 3apafiaX K 3aKAHYKBAIOTCS HA OTPHLATENbHBIX.

@ CusioBble JMHHK BCerZA NEprieHAHKYJAPHL NMOBEPXHOCTH INPOBOLHKKA.

@ Pacnpenenenne CHIOBHIX JHHHE omnpejieisger xapaktep noas. Iose
MoxKeT OLiTh pPaZMaJbHBIM, OLHOPOAHBIM (ec/qM CHJNOBHE JHMHHHM na-
pasieslbHbl) K HeopHOpoAHBIM (eC/ii CHJOBBle JIKHHH He mapan-
JNEJIBHB) .

29.2, ‘HanpsxennocTh 9aeKTpUUECKOTO TIOAH

HanpsxeHHocTh 3MEKTPHUECKOTO TOJSl XapakTepusyercd Culofl, KOTO-
pas pmelicTByer Ha Toueunblil s;mekTpuueckHit sapap (npoGHHE aapsanm),
NMOMELIEHHHI B 3TO TOJNE.

HanmeeHHochm SJIEKTPHUECKOTO Ti0Jsi HashiBaeTcH OTHOIUEHHEe
CHJIB], IeficTBYIOIell Ha 3apsfi, K BeJIHYHHE 3apslia.
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Enunnna CH HANPsIKEHHOCTH 3JEKTPHYECKOro TOJS:
B-H B
" Brec/ M
HanpsisxkeHHOCTb 5MEKTPUIECKOTO T0JA — BEKTOpDHAA BeJHIHHA; Ha-
. > .
npaBnieHre BekTopa E coBmamaer ¢ HampaBieHneM HefiCTBHsS cHJEL 3a-
psil — ckansipHasi BenuuuHa. Ecau sapsg oTpHLATeNeH, TO HalipaBie-
upe fAeficTBHS CHAR H HATPABJIEHHE BEKTOPA HAMpPSIKEHHOCTH SJIEKTpH-
9eCKOro MOJisl TPOTHBOIIOJIOKHH.
Ecnn
E — panpsizKenHOCTb SJIEKTPHUECKOTO MOJs,
F — cuna, neiictByromas ua sapsig Q,

Q — zapsg,

TO

299 E F Fr Qe
(®29.1) Q- CU |BMHEKi=A-c

O6GpaTuTe BHHMAaHHe:

® B HeonHOpPOAHOM TONE CHNA, AEHCTBYIOIIAs] HA 3apsil B PasjHYHHX
TOYKaX [OJfA, HEOZHHAKOBA,

INpy nepeMemenry 3apsiaa Q B OXZHOPOAHOM IOJie
MeXZy ABYMsl 3apsiXkeHHBIMH NaPAJJeSbHLIMH 113 CTHH-
Kamy, cormacso (M7.10), cosepuraercs paGora W =
= Fd = Ult = UQ. Jlna XapakTepHCTHKH BEJHIHHH
BTOH paboTHl MCIONB3YeTCH CHENHAJbHAH eIHHAL —
-ANEKTPOU-BONLT (3B). Yrto6m noayunts paGoty B 3J€k- ——3]
TPOH-BOJIBTAX, HYIKHO BHIDA3UTh 3apsi B eAmHHnax L+ =
5JIeMEHTApHOTO § 3apsifia, a HanpsXkeHHe B BOJBTAaX.
U3 pumienpuBeneHnoro Bhpaxenus caepyer Uld =
= F/Q = E. C nomonmio 37o#i HOpMYyIL MOXHO RaTh
ApYyroe OlNpelleNieHHe HATPAKEHHOCTH 3JIeKTPHUECKOTO d
HOJIsL

U
—0 00—

Ecnu

E — panpsikerHoCTh OJHOPOAHOTO SJIEKTPHYECKOTO MO,
d — pacecTossHHEe Me}KI[y SapH}KeHHBIMH JiacTHHaAMH,

U — nanpsikenne MexIy IJIACTHHAME,

TO
E Ud
(2 29.2) E=—g—. CHUu B/M B M
K B/cm B eM

2021, BaexTpuuecKoe CMeHleHHE

Hanpsixennocts snekTprueckoro IONs SaBuCHT OT BeJHUHHLI 3apsiia
H KOH(HIypauuK 3apsiikeHHOro Teja. .
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HoBepxHocTHO! NJIOTHOCTHIO 3apsja HashHIBAETCA OTHOIIEHHE 3a-
psifa K MJIOMANH 3apsKeHHOI MOBEPXHOCTH.

Ennnnna CUl moBepXHOCTHOH MIOTHOCTH 3apsifa:
[o]= kyaon __ Knx
KB, METp M2 °
Eciu

O — NOBEPXHOCTHAS IWIOTHOCTH 34psifia,
Q — 3apsa NOBePXHOCTH NPOBOLHHKA,
A — nnoliann MoBepXHOCTH MPOBOLHHKA,

T0

Q c Q A
D 20.3 = —, -
(9293) | o= cU | Kapt Ka o

Hasmune 3apsiioB TPHBOAHT K BO3HHKHOBEHHIO CHJ, KOTOpHE B
CBOI0 Ouepefib NEHCTBYIOT Ha 3apsiiibl, NMOMEINIEHHbE B 3JEKTPHIECKOe
none. ITppuvna u caencTBhe 3[ech B3AHMHO NEpeIlIeTaloTcs.

Ecnn
O ~ NOBePXHOCTHas IJIOTHOCTH 3apsfa,
— HanpsAXeHHOCT: JEKTPHIECKOTO NOJA
&0 = 8,85-10-12 Ka/(B-m) — snekTprueckast OCTOAHHAS,

T0

. c &p E
(329.9) | o=-¢.k. |

CU | Kafm® Ka/(B-m) B/u

C nomomnro Gopmynsl (3 29.2) MOKHO ONDEeNINTE TOJBKO BeJH-
unHy, HO He HArnpaBjieHHe 9SJeKTPHUECKOTO Mosf, TaK KakK CHJIOBHIE
JIHHHE TEpreHAHKYJsipHEL [OBEpXHOCTH NPOBOAHHKA, Jiafl ONpelEseHHs
HATIPABJICHHs! 0Jig HAJAO MOCTPOHTH HOPMajab K MOBEPXHOCTH.

BBesieM BeKTOpHYIO BeJHUHIY — 9JeKTpHueckoe cMemtenue D, mo-
Ayib KoTopoit D paBen mOBepXXOCTHOM IJIOTHOCTH 3apsifia o.
Ecan
-
D — pBerTOp 55€KTPUIECKOTO CMeIIeHHs,

-
E — pextop HanpsiReHHOCTH 3JEKTPHUECKOro NoJd,

go = 8,85. 1012 Ki/(B - M) — a/ekTpHuecKasi TOCTOSHHAS,

TO
D €p E

CU | Kn/m? Ka/(B-m) B/m

(3205) | D= eokE.

O6paTuTe BHEMaHHE:

>
@ BexTtop snekTpmueckoro cmeuiennsi D manpapjeH OT TNOJOXKHTENb<
“  HOTO 3apsifia K OTPHUATENBHOMY. -
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20.2.2.  JIusNeKTPHKH

Ecian B 3nekTprueckoe 1OJie TIOMECTHTb HENpOBOLHHK (HHIJEKTPHK), TO
q9acTh SJAEKTPHUECKOro cmellennst OyRer oOGyCJOBJEHA mOJsipU3anHeit
J_IHSJIe'(TpHKa HaI‘IpH}KeHHOCTb SJICKTPHYECKOr0 TMOJsi YMEHBIIHTCH OT

BEJIHYHHE Eo hile) E (snekTpHuecKoe

CMeleHre D oCTaeTcsi HeH3MeH- @ @ e %
HEIM). OTHOUIEHHE 3THX SHaYeHHi
HalpsiXKeHHOCTH SJIEKTPHIECKOrO OJIst @ ® @ 3

HA3HLIBAETCHA OTHOCHTEJBHON [H3JeK-
TPHUYECKOH TIp OHHIIAEMOCTBIO: O O @

> >
&= E,/E.

Ecin HanpsiseHHOCTH SJAEKTPHUECKOTO IIOJIS E NOANEPKHBATE MO~
CTOSIHHOH, TO TpPH BHECEHHH B TOJE JHMSJIEKTPHKA S/IEKTPHIECKOE CMe-

IIeHHe BO3PacTeT OT .D(] IO D B stom cnyvae pmamektpuueckas mpo-
HHIIAEMOCTD O peIeNIseT s CILeRYIOMHM o6Gpasom:

I £ == D/Do.

Ecnu

D — szerTpuueckoe cMeluexue,

E — panpsiykeHHOCTDb SJEKTPUYECKOTO TIOJS,

8o — SJIEKTPUYeCKasl HOCTOsSHHAS,

& — OTHOCHTeJBHAsl JHSJAEKTPHIECKAs IIPOHHIIAeMOCTh (cM. Taba. 41),

TO

D £ e E
cu | Ka/m? Kn/(B-v) — B/m

IIpoussenerne epe 9acTO HASHIBAIOT aGCOJIOTHON AHAAEKTPHUUECKORH
NPOHULLAEMOCTLIO;

(229.7) | ea=see. |

(3 29.6) | D = soek. |

O6paTHTe BHUMAaHHeE:
© UYucsieHHble SHAYEHHS OTHOCHTENHHOH JIMSJEKTPHUECKOH NpOHHIAe-
MOCTHU Pa3jJMYHEIX JMIJIEKTPUKOB NPHUBEeHH B Ta6n. 41.

© OTHOCHMTeNbHBEIE IHIIEKTPHIECKHE TIPOHHIAEMOCTH BaKyyMa M BO3-
LyXa paBHB e[MHHIE.

29.2.3. HanpsxenHocTh Mois HA TMOBEPXHOCTH 1Mapa

C nomomsio dopuyn (D29.3), (329.6) u (329.7) MOKHO ONpeAeHTD
HaNpsiKeHHOCTL TIOJS Ha TOBepXHOCTH NpoBOAHHKA. Ecim sapsn pac-
IpefeseH PABHOMEPHO MO IIOBEPXHOCTH TPOBOAHHKA, TO E = Dfgye=
= Q/Ae.. 31a dopmyna cupaBefiKBa TOJLKO JJifi LUapa; M3 Tesl APYrofi
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dopvs ykasanHas ¢opMysa HpHMeHHMa TOJNBKO K Y4YacTXaM paBHo-
MEpHO 3apsiKeHHOH nosepxHocTu AA ¢ sapsmom AQ.

Ecn

E — nanpsieHHOCTb SJEKTPHIECKOro o,

Q' — sapsil NOBEPXHOCTH HIApa,

€2 = Ep& — aGCOMOTHAS HSJEKTPHUECKAS TPOHHUAEMOCTb.

€ = 8,85-10~'2 Kun/(B-M) — asiektpudeckas NMOCTOAHHAS,

€ — OTHOCHTEJBHAA NUIJEKTpHUeckas NpoHHuaemocts (cM. taba. 41),
r — pazmyc Hapa,

TO, YIATHIBas1, 4To A = 431r?, uMeeM
_ Q I E Q@ €a r
4rear® cy | B/m Ka Ka/(B-m) M

TTockonbky, corsacuo (3 29.15), C = 4g:ear, a, cornacko (2 29.10)
Q = CU, u3 dopmyant (D 29.8) crenyer BelpaeHne AJisi HANpsXKEHHO-
CTH TI0JiA Ha MOBEPXHOCTH Liapa:

Q_U E Q CrU
Cr r’ CU |BMKai®uB

@28 |E

@209 |E=

O6paTutTe BHUMAaHHeE:
® OQopmyan (D29.8) u (D29.9) maoT TakiKe HANPMKEHHOCTB MNOJS
HA PACCTOSIHHH 7 OT TOYEYHOTO 3apsiia.

® Hanpaxennocts mnojast yOeBaeT oOpaTHO NPONOPIHOHAJNBHO KBaX-
paTy pacCTOSIHHS OT UEHTpa HIapa.
E

i
43‘530

@ =8,99-10° B m/Kua.

¥V ten ¢ npousBosmnoil ¢dopmoil moBepx-
HOCTH HANPSIZKEHHOCTD I0J OCOGEHHO BeJHKa
B MecTax ¢ GoJplIOf KPHBHSHOIL. 3Jeck MO-
¥KeT MPOUCXOAUTh CaMONPON3BOJIBHOE cTeKaHHe r
sapsnoe (paspsim ¢ octpus). C  wmerannn-
YeCKOro OCTPHS, HMEIOIero Pafuyc KpHBUSHEI OKOJO 1 MKM, 37MeKTpOHH!
CTEKaIOT Y¥Ke NpH HaNpsiKeHHH B HECKOJBKO COTEH BOJBT.

29.3. EMKOCTB

Ecmu coofiaTe Teny 3JeKTPHUECKHil 3apsii, TO €ro MOTEHLHAJ] OTHO-
CHTEJBHO KaKoi-in6o TOUKH (HampuMep, 3emnn) OGyneT BO3pacTaTh
nponopuroHaneio 3apsny: U ~ Q. Kosbdunuenr nponopuuoHalsHOCTH
HA3LIBAETCHA 5JEKTPUUYECKON eMKocThio Tenta. Ewu-

 KOCTb XapakTepHsyeT cHocoOHOCT: Tesa HaKaIuIkd- v

BaTh 3apsabl.

ro sapsjfa @ K BOSHHKAIOIEMy B pesyJbTare 3TO-

I Emxocthio C HaswiBaeTcs OTHOMIEHHE COOCINEHHO-
ro noteHuuany U, q
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Epuauna CH emxocrn: [C] = —I]<3n—= dapag (D).

Ecnn
C — eMKOCTB Tena,
@ — nOABeNeHHHI 3apsf,
U —norennna.
TO
(o U

e0.10 | c=2. 9

U CH | ®Ka B

CooTHollleHHe MEeXAYy eauHUnaMu e€MKOCTH

I @& =10°% mukpodapan (Mx®P) == 10!2 nukodapan (nd)

20.3.1. KoHpencarop

Konpercarop npercrapnisier coGoit Ba pasHOMMEHHO 3apsAXKeHHHIX TENa,
HAXOASMIHXCS Ha HeGOJBHIOM PacCTOSIHMH ApYT oT apyra. B 6oabuin-
CTBE CJVYIaeB 5TO MapasileNbHBlEe NAACTHHE., EMKOCTB TAKOrO ILIOCKOTO
KOHAEHCATOPa 3aBHCHT OT IUIOIHAKH TUIACTHH, PACCTOAHHS MEXKAY HHMH
¥ MarepHasa (IH3JEKTPHKA), 3alOJHAIOIIErO
MPOCTPAHCTBO MEXKAY IJIAaCTHHAMH.

Ecnn + A9 o
C — eMKOCTH INIOCKOTO KOHZEHCATOPA,

A — nyomagb IIACTHH KOHZEHCATODA,

d — paccrosinie MexIy IJIACTHHAMH, 3

€0 =28,85-10—12 ®/M — snekTpHUECKas NOCTOSH+

Has,
£ — OTHOCHTENLHAS nHSJeKTDPHIecKas MpOoHHNaeMocTb (cM. Tabm 41),
€5 = £9€ — abGCOMIOTHAS HHSJEKTpHUECKas MPOHHIAEMOCTS,

To TOrAa B cootBercrBun ¢ (2 29.10) nmeeM

DA DA 8,DA

=70 T Ed~ Dd

%

-9
=T

Orciona nis IIOCKOro KOHgEHCaTopa

- C e, Ad

| a
. C= ] S
4920.11) d CU | ©® O/m m2 u

KoHeHCATOPH], TpPHMEHSIONIHECST B TeXHHKe, -OOLMHO COLepKaT
Gonbllioe uHCAO TMJacTHH. EMKocThb B 3TOM CJIy4Yae ollpefenfeTca
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dopumynoi

2egA

(329.12) | €=,

rjie 2 —4YHCI0 TNPOMEXKYTKOB MEXAY IJIACTHHAMH KOHIeHCaTOpAa.

Ctpeprnueckuii KonpencaTop

Coeprueckril KOHJICGHCATOP COCTOHT M3 JBYX KOHUEHTpHYECKHX TOJBIX
cep. Ecimm paccrosinne mexRy cthepamu Ar odens Majo, Tak UTO IUIO-
manp o6eHX CepHIecKHX MOBEPXHOCTell NpakTu-
GEeCKH OjHHAKOBA, TO MOIKHO TMOJB3OBATHCS BHI-
paxkeHHeM J[JISI €MKOCTH INIOCKOro KOHJieHcaTopa.
IMonaras A = 4anr2, nonyyaeM

et
(2 29.13) ' C=—.

Ilpr GosmilleM paccTOSHHE MeXAY NOBepX-
'HOCTIMH HYXHO YYHTHBATH pasjHuHe IUIOINAfef:
coep.

Ecm

C — emrocTs cheprueckoro KOHLEHCATOPA,

71 — pajnpyc BHyTpeHnel coeph,

Fg — panuyc BHeHIHeH cepH,

€4 == £0€ — aGCONIOTHAS [HIIEKTPHIECKAS] TPOHHIIAEMOCTD,

g9 == 8,85-10—12 ®/M — anexTpHIECKas NOCTOSHHALA,

£ — OTHOCHTENBHAS IHSJEKTPHYECKAs NpoHHUAeMocTh (cm. Taba. 41),

TO

rirs C e, r

(3 29.14) | € = 4qe, — 2. —
ra—ri” | cu | o d/mu

O6GpaTHTe BHHMAaHHE:
®e dseo=1,113-10"10 ®/m.

Emrocts yeauHeHnnoro umwapa

EMKOCTL VENHMHEHHOTO MIapa oOrnpefiessieTcsi BoipaxkenreM (D 29.14)
MpH 79 == 00 H I'{ = I

C e, r

i C= . s
(229.15) | 45tg,r cu [@ om

O6paTuTe BEHUMAHHE:
® Ewmxocers 3emsm cocTaBisieT okoso 700 MKD,.
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29.3.2. MapaagenbHoe coefuHeHNe KOHAEHCATOPOB

HpI/I napajeJbHOM CcOeIHHeHn¥ KOHAEHCATOPOB HanpsiXKeHWsi Ha HHX
onuHakoBH. IlosHEL 3apsaAn paBen CyMMe 3apsiioB OTAEJIBHBIX KOHIECHe

caTopoB.
Ilpu mapannenbHOM COENHMHEHHH KOHJEHCaTO- l C 2
POB moJiHasi eMKOCTb PaBHa cyMMe eMKOcTelt v 1 2|
OTHEJbHBIX KOHJIEHCATOPOB: -[ -
(329.16) | Crap=C1+Ca+Cs+ .... | I

29.3.3. IMocaenosatenbHOe COeAUHEHHE KOHACHCATOPOB

M

3apsanbl HA MOCNENOBATENBHO COeIHHEHHBIX KOHJIEHCATOPaX ONHHAKOBHL
IlosHoe HampsikeHue pPaBHO CyMMe HanpsikeHudl Ha OTHEJbHBIX KOH<
JeHcaTopax:

v=2_2 48,9 g
G TG TG HH
Hpﬂ oce0BaTeNbilOM COeAHHEHHH KOHaeH- :
CaTopOB BeJIWYHHA, O6paTHaﬂ BEJIHYHHE I110JI- U

HOH eMKOCTH, paBHa CYMMe BEJHYHH, 0GpaT-
HBIX €MKOCTSIM OTJeJbHHX KOHJEHCaTOpOB: N

1

CI'IOCJ'I

1 1 1
(3 20.17) =ttt

Tlpy nocnenoBaTeNbHOM COEJMHEHMH JBYX KOHAEHCATOPOB (opmyna
(2 29.17) ympomaercs:

CiC»
Cl + C2 '

(329.18) | Crioen=

O6GpaTture BHHMAaAHUE:

® [Ipn nmocnenoBaTebHOM COEIHHEHHH KOHIEHCATOPOB TOJIHASI €MKOCTh
MeHbllIe camMOl Masnofl €MKOCTH HCIOJIB3YeMBIX KOHJIEHCATOPOB. -

29.4. Cuna u 3uneprus
294.1. Cuna, peiicTByIomas B 3JeKTPUYECKOM ToOJe

ToueyHnie 3apsnbt

Ecau

F — cuna BsauMofelicTBHS ABYX TOYEUHbIX 3aDPS/OB,
Q) — BesMUWHA OJHOrO TOYEYHOTO 3apsna,

Qs — BeqyumHA APYTOTO TOUEYHOTO 3apsiiad,
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r — DacCTOSIHHE MeXJly 3apsilaMH,
€2 = €p& — abCoMOTHAs IHAJIEKTPUYECKAsl NPOHULAEMOCTh,

g = 8,85-10~12 ®/M — snekTpHyecKasl NOCTOSIHHAS,

€ — OTHOCHTEJIbHASI JHSJEKTPHYECKass NpoHunaemocts (cMm. Ttabm 41),

T0 CI/I.TI?i_B?aﬁI’IMOlICﬁCTBHH 3apsAA0B ONUCHBAETCsd 3aKOHOM Ky.nona:

F
@20.19) | Fem L Qs F e Qr
i dnea 1 CH I H ©/m Kn m

O6GpaTHTe BHUMAaAHHE:

@ Qopmyna (D 29.19) ¢ xopouieil TOYHOCTBIO CHpaBellIHBA K B ciyuae
3apKEHHBIX [IapPOB, €C/NH pacCTOSHHE MEeXAY HHMH BeJHKO MO
CpaBHeHHI0 ¢ pajuycamu. B 9TOM ciyyae 7~ pacCTOsSIHHE MeXKILY
IIEHTPaMH 11apOB.

1

——— . 9
° s = 8.99-10° /0.

3apsikeHHblE MIACTUHB

B cootsetctBHM C dopmysoft (D 20.1) sapsikeHHas NAACTHHA JAeHCTByeT
Ha sneMenT sapana dQ coceadedi maactuiy ¢ cunolt dF = EdQ. Ilo-
ckonbky, corsacHo (D 29.10), dQ = CdU, a, cornacHo (229.2), E =
= Ufd, nonyyaem dF = (Uld)CdU wusnu dF = (C[d)UdU.

Ecnu

F — cuna esauMojeficTBus,

A — nuomans niacTH,

E — HanpsieHHOCTb 3J1€KTPHYECKOTo IO,

D — snexTpHueckoe cMelleHue,

C — eMKOCTb,

d — paccTosiHHe MeXAY TUIacTHHaMM,

U — uanpsikenye Mexay TUIaCTHHAMH,

£, = g€ — aOCONIOTHAS MHINEKTPHYECKasl NMPOHHLAEMOCTD,

TO CHJa B3aHMOJEHCTBUSl OMNpellesisieTcs: HHTEerpasom:

U
C C U2
r=g\va=5-.
0

Honcrasnss Bhpaxere Ons €MKOCTH MJIOCKOro KouZencatopa (D 29.11),
MoJIyyaeM

2 F ga AUd
@ 20.20) | F= 2240 | - a f "

‘ 2d CU |H ®/u m2 B u
C yuerom cootHoiuenuss Ufd = E umeeM

F g E A
(3 29.21) F=-8—3Eﬂ-.l —
2 CH | H ®/u B/m u?
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Tockonbky €.E = D u D = Q/A, waxoium

FE D A
©2029) | F=2LPA __QE Q

2 27 CH | H B/u Ka/m? m? Ka

29.4.2.  OHeprus 3JeKTPUYECKOr0 o

B snexTpHueckOoM mnoJyie Bcerna samaceHa sHeprusi. OHa cOOTBETCTBYeET
paGoTe, 3aTpauHBaeMOH Ha cO3[aHHe HOJsSI (Ha pasfeneHHe 3apPslOB),
¥ BHOBbL mpeBpaliaerca B paGoTy, KOrAa IOJe MCYE3aerT.

- [peAnonoxuM, YTO B NpoLecce 3apsAfkH TOK I ocraercs NMOCTOfH-
HBIM, & MFHOBEHHOE HampsiKenne u(f) JmHEAHO 3aBHCUT OT BpeMeHH.
IpennonoxuM pasee, YTO HANpaiKeHWe B TMpoLecce 3apsfikH yBeaHYd-
Baercsi ot 0 no U. Torma eciu
W — sHeprusi 3apsXKeHHOT0 KOHIGHCATOPA,

C — eMKOCTb KOHIEHCATODA,
U — nanpsxenHe MexNy TUIACTHHAMH KOHZEHCATOpA,

TO SHEPrus 3apsiXK€HHOr0 KOHJAEHCATOpa Onpelelsiercs BbipaiKeHHeM
t

W——-—Su(t)ldt,

0
HJIH OKOHYATEeJNBHO
_unr UQ
T2 2
Tax xak, cornacHo (3 29.9), Q = CU, umeem
2 2 W CcCU Q
(2 29.23) W=C_U_=_Q_. - <
2 2€ CU | IIx @ B Ka

O6parture BHEMAaHHE:

@ Bripaxenue (D 29.23) cnpaBeldJHBO AJs SJEKTPHYECKOTO TNOJS JIIO-
6o¥ KOH(QUrypalHu.

IMonaras B (229.23) C = gAld u U = Ed, nonyyaem ansi mioc-
KOro HOHJCHCATOPA

|4 €a E Ad

E2Ad
99994) | w =22 25
(929:29) 2 CH | ox Kn/(B-m) B/m M2

clyuae OJHODORHOFO SNEKTPHYECKOFO TONsS, YYHTHIBAS, YTO
Ad = V — o6pem monsi u &.E = D, MOXHO HanHCcaTh

__saE"’V__DEV‘ |14 £, D E V
~ 2~ 2 | cu|Jox Ka/(B-m) Ka/u® Bjw

(32025) | W
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O6paTuTe BHUMaHuE:

® Qopmysa (D 29.25) cupapennmea Ias Manbix obsacTell HeoJHOPON-
HOrO 3JIEKTPHYECKOTO MOJISL, eCiM B npelenax 9THX obnacTell moJe
MO¥HO paccCMarTpHBATb KAK OIXHOPOJHOE.

30. MarHHTHOe Toxe

30.1. MocTosHHBIC MAFHUTH

Kaxnaeil MarHHT HMMeeT JBa noJioca: CeBepHblil i W0XHbH. [1o oTHens-
HOCTH MarHUTHBIE TIONMIOCH! He CYIIeCTBYWOT. Mexay nomocaMu ABYX
MAarHUTOB JIEACTBYIOT CHJIBI,

OHOUMEHHBE TOJOCH OTTaJIKUBAIOTCsl, Pa3HOMMEHHBIE TOJIKOCHI NMpH-
TATHBAITCSH.

CunoBoe neiicTBHE MArHHTOB 06YC.TIOB.TIeHO CylmecTBsoBanueM Mar-
HHTHOIO TOJs.

MarsHTHBIE CHUNOBBIE JIHHUH YKa3bIBAlOT
HanpaBneHHe CHN, JeHCTBYIOLIHX B
3TOM ROJe.

Ecim cunoprle nHEMM napaluiebub, TO
nojie opHopoxHo. Manenpkuii  NpoGHLBI
MarHuT TIOBOPAYHBAETCsl BJOJbL Hampasle-
HHsI CHJIOBBIX JIHHHH.

MarHuTHEE CHIOBHE JIHHHH 3aMKHYTEL Bue wmareEuTa OHH Haimpape-
JICHB! OT CEBEpHOrO TNOJIICa K HIKHOMY.

30.2. ANeKTPOMATHETH3M

B OKPeCTHOCTH HPOBOJHHKA € TOKOM Bcerjla cyIUeCTByeT MarHHTHOE
noJe.

MarHuTHEle CHIOBLIE JIHHWH HPOBOAHHKA ¢ TOKOM TPEACTaBNSIOT
cOGOH KOHIEHTPHUECKHE OKPYXKHOCTH.

Jnsi  onpeneneHHst HanpapJeHMsi CHJIOBBIX JIMHHfl HCNOJMB3YeTCs
npaBuno GypaBuMKa:




s
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:

Ecmn 6ypaB'-II/IK BBEPTHIBAETCSI B HamnpaBJe€HHH TOKa, TO HallpaBle-
HHE ero BpalleHHsl OIIpeiessieT HallpaBJieHHe CHJIOBHIX JHHHH.

MarnutHoe TOJe KaTYIIKH B3HHKaeT B pe-
8yJbTaTe CJOKeHHs! (CyIepHO3HIMH) IOJed, co-
3MaBacMbIX OTAEeJNbHBIMH BHTKaMHU.

BHYTPH OTHOCHTENHHO JHHHON NHJHHIPHYE-
CKOl KATYIUKU MAarHHTHOE MNOJie OAHOPOIHO.

YV TopounanbHOR (cBepHYTOl B KOJBLO) Ka-
TYIIKH OTCYTCTBYeT XKpaeBOe HeOJHOPOJHOe
noJe.

BHyTpH TOpOHIaNLHOR KATYIIKM MarHHTHBIE
CHJIOBHIE JIMHHH 3aMKHYTHL

30.2.1. HanpsixkeHHOCTb MArHHTHOFO HOJS

HaupsizeHHOCTs MarHATHOrO NOJST MOXKHO OHPEIENHMTb C HOMOIKBI
CHJIB, KOTOpasi HeHCTBYeT Ha NOMELIeHHH B moje TpOGHBIE MarHHT.
Tak xak MarHUTHHE NOJIIOCHl He CYILECTBYIOT MO OTACJIBHOCTH, Ha Ce-
BEPHHH M I0XKHHH HOJIOCH NMpPOGHOrO MarHuTa [AefCTBYIOT IPOTHBOMO-
JIOXXHO HanpaBJieHHEIE CHJIB, ¥ BOSHHKAeT MOMEHT Napk CHJI. 3TOT
MOMEHT XapaKkTepusyeT BeJNWYHHY HanpsXeHHOCTH MNOJS B JaHHOM
mecte. B marmutHoM mojie UMJAMHApPHYECKOH KaTyINKU OH MPSMO NpO-
MOpLUKOHANeH YHCTy BHTKOB H CHJEe TOKa M 06paTHO NMpOMOPIHOHaJjeH
IJIHHE KaTYIUKH. -

Hanpasnenne BexTOpa HaNpsKEHHOCTH MAarHHTHOTO NOJNS B Kaxe
Jlodl TOYKe cOBmajaerT ¢ HanpaBleHHEM CHJIOBHX JHHHE. BHyTpm Ka»
TymKH (MarHHTa) OH HampaBJieH OT I0XKHOFO NOJca K CeBepPHOMY}
BHE KaTYILIKH ~— OT CEBEPHOTO X HKHOMY.

Hunuuapuyeckaa xaryilKa

Ecmu

H — yanpskeHHOCTH MATHUTHOTO NOJS BHYTpHM LMJHHIPHYECKOH Ka-
TYILKH,

I — cuna Toka B KaTyllKe,

N — yncno BuTkoB (uacTo 0603HayaeTcs Yepes H HIH @),

! — pomHa KaTymke (T. €. CHJIOBHX JIHHHH B O6JacTH ONHOPOJHOrO
NoJisl), TO HaNpsXKEHHOCTh MarHHTHOro Ioxns onpepeisiercs (OpMyJoi

N | H I NI
230.1 H=——- —
( ) ! CU | A« A —u

amuep ( A
Enuuuna CU HanpskeHHOCTH MaruutHoro moasi: [H] = erp - )

O6paTnTe BHEMaHHE:
® Ilpouspesenre [N yacTO HasHBaiOT YHCIOM aMIlep-BHTKOB,
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® Envsnua sanpsikeHHOCTH MarHHTHOrO NoJs aperes, (D) He npuHaji-
sexut kK CU u ¢ 1980 r. He momyckaeTcs K IpHMeHeHHo.

4n
g 13 =796 A 1A/ =-[o0e O —0,01257 3.

IpsaMonyHelinblii TPOBOAHUK

Hs (230.1) cnepyer, uto Hl = IN. Hanpsizxeuvocts H MarHWTHOrO
NOJsT TPSMONMHEHHOTO TNpPOBOAHMKA IOCTOSIHHA BOJNb KpPYTOBOH CHUJIO-
BO¥ JIMHHH.

Ecnu

H — yanpsikeHHOCT MAarHHTHOTO TOJS HNPSMOJHHeHHOro mpOBOJAHHKA
Ha DPacCTOSIHHM F OT HEro,

I — cuna Toka B NPOBOIHHKE,

r — paccrosiuMe OT TpOBOAHHMKA B IUIOCKOCTH, IepIeHAHKYJISPHOR
NPOBOAHUKY,

10 pu N = 1 u | = 27r umeem

I H I r
(2302 | H=-—. —
cu | AmAm

. Butox ¢ toxem

Ecimn

H — yanpsaKeHHOCTb MATHHTHOTO NOJS B UEHTPEe BHTKA C TOKOM,
I — cuna Toka B NPOBOMHHKE,

r — pajuyc BHUTKA,

TO

H I
@303 | #=-L. -7
2r CU | A/mAnM

30.2.2, MarnutopBuyllas CHIa

] MarnuTonBiKyliel CHIOH MexIy KOHUAMH UHJIMHADHYECKOH Ka-
# TYIIKM HasLIBAETCS NpPOH3BENeHHe HANPSAKeHHOCTH MarHHTHOTO I0Jf
Ha IJIHHY KaTYIIKH.

Enuunna CU marsutoppmkymed: cunsl: [F] = amnep (4).

Ecmu

F — MarHHTOZBMIKYINAA CHJIA MeXIOY KOHIAaMH UMIHHIpHYecKoil Ka-
TYILIKH,

H — HanpsieHHOCTL MArHHTHOIO MNOJIS BHYTPH KaTYIUKH,

! — nnuHa KaTyniky,

10, cornacHo (3 30.1),

—_—— F HIIN
(2804) | F=HI=IN. |

CH |AAMmMA—



)
80.2. JaexTpomasHeTUIM @ 337

dopmyna (D 30.4) cnpaBeismBa TakiKe AJs TNOJHOH MAarHHTONBH-
KYIeHl Culbl TODPOHAANBHOM KaTyiukH., Eciu HanpsiKeHHOCTh MarHuT-
HOTO TOJIST BJAOJIb CHJIOBBEIX JIMHHH HE OCTaeTCsi IIOCTOHHHOI';I, HanpumMep,
¥3-3a HAJNWYHs BO3AYIIHOrO 3a30pa, TO HYXKHO
OIIPECNINTE MAarHMTOABHIKYINYIO CHIY MIJs KaixK-
AOr0 y4acTKa H NOTOM CJIOXKHTb.

y b

Ecnu
— MarHHTOIBMIKYLIAs CHJIE,
H; — vanps:xeHHOCT MArHUTHOTO TMOJS HA y4acT-
Ke CHJIOBOI JIMHWH JIJIHHOH [;,

l; — pnuna yyacTka CHJIOBOM JIMHHM, Ha KOTO-
POM HamnpsKeHHOCTh MAarHHTHOTO IOJsI TO-
CTOsIHHa, 14

"

TO

(B305) | F=IN=H + Hly+ ... =) Hj,

O6paTHTe BHEMAaHHE:

@ Tlpomssenenne IN B (2 30.5) uacTo HaspBalOT TNOJHOH MAarHUTONBH-
xywell cunoii.

I INosnasi MarHUTOABHXKYIUAsI cHJa paBHA CyMMe BCeX MarHHTOABH-
HYIEX CHJI BAOJbL 3aMKHYTOH CHJIOBOH JIMHUH.

30.2.3. MarHuTHAas HHAYKIHSA
(NAOTHOCTL MATHHTHOTO TOTOKA)

MaruutHoe noJjie MOXKHO KOJHYECTBECHHO Xa-
pakTepus3oBaTh JHOO BEJWYHHOH CHIBI, JAel-
cTpywollefi Ha HOpoCGHHH MarHuT, JHOO BeJH-
YHHO! HMHOYJbCa HaNpsKeHHs, HHAYUHPYEeMOro
B TNpoGHOH XxaTyilKe IpH HaJOXKEHHH HIH
CHSITHH HOJISL.

MaruuTHON WHAyKUHeli B ha3biBaeTcst DPHXOASIlieeCs Ha OOWH BH-
TOK OTHOIIEHHE TJONlan¥ NOA KpHBOHM HampsiakKeHHs, HHAYLHPOBAaH-
HOTO B KaTyIIKe, K CedeHHI0 A KaTyLIKH.

Ennnnna CY marunTHOH MHAVKIIHE:

___BOJBT-CEKyHIa B-c ) _ T
[B]= prec 2 Tecna (Tua).

Ecau
— MarHuTHas HHAYKLHS,

B
0
Su(t) dif — nnomaip MOJ KPHBOH HHIYHKPOB@HHOrO HampsikeHHs (Ci .
0

PHCYHOK),
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u (1) — MTHOBeHHOe Hallpsiikenue,
A — oomans npo6HOH KaTyIKHE B  ce-
UeHHH, NEPHEHAMKYNSIPHOM  CHJIOBBIM

JIMHHAM,

N -~ YHCJIO BUTKOB NMPOGHOH KaTYIIKH,

o ==1,257-10—¢ B-c/(A-M) -— MaruuTHas Mo
CTOsIHHasl,

H — HAOPSKEHHOCTh MarHMTHOrO MOJis,

S u (f) di =pNAH.

W3 onpenenenuss B cienyer
B o H

CU | Ta=B-c/u® B-c/(A-mM) Au

(2306) | B=uofl. |

>
MaruutHag uMHAYKUMS B — BexTOpHas BesuuHHaA. B Bakyyme ee
Hanpagileﬂne cOBrafiaeT ¢ HamnpapjeHHeM HalpSXKEeHHOCTH MarHHTHOFO
nonst H

>

(3307) | B=poh.

O6paTuTe BHUMaHHE!

® OQopmyna (D 380.7) ¢ MOCTATOYHOH TOYHOCTHIO CrpaBeljuBa u JJjd
BO3MIyXa.

@ EnwnMna MarHuTHoH wmHaykuuy raycc (Fc) He npuHapgmeXut K
CH u c 1980 r. He monmycKaeTcs K NPHMEHEHHIO,

1Fe=10"% Tm 11ecna (Tm) = 10t rayce (I'c).

30.24. MaruurHeiil MOTOK

MaruuTH®M NOTOKOM HasbiBaeTCsl NMPOW3BEJleHHe MAarHuTHOH HHAYK-
UM Ha OJIOILAflb NMONEPeYHOT'O CeyeHHMs IIOJsL.

Enumpna CU  marmmruoro mnotoka: [@] — Boswr-cekynza (B-c) =3
= BeGep (B6).

Ecmu

@ — MarguTHHIH NOTOK,

B — maruuTHas MHAYKUHA,

By; — nopManbHasi coCTaB/sIOUIAS MarHHTHON HHAYKIHH,
A — nuoliajs NONEepeYHoro cedyeHHsi MoJs,

TO JUist OJHOPOIHOTO TOJISI S
)] B A

cH| B6=B-c Tn=B-c/u? M3

(230.8) | ®=Bu4,
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TnpHYeM

o

> >
(2 30.9) By =B cos (B, n) =B cos ¢,

S

¥Jie #1 ~ HanpaBJieHne HOpPMaJH K roiiaake A.
cllydae HEOJHOPOAMOrO Hons (KOrma HHAYK-

IHsT MEHsIeTCsI TI0 CeyeHHIO MOJsl) o«

(330.10) | ® = S B, dA. ~T A

O6GpaTuTe BHEMAHHE: .

@ B coorBerctBuu ¢ (D 30.8) wmHaykumio B wacto Ha3wBalT MIOT-
HOCTBI0O MAFHHTHOrO NOTOKA.

@ Ejunnna MarHMTHOrO mnoTOKa Makceean (Mkc) He npuHazmexur
K CH u ¢ 1980 r. He monyckaercss K NpUMEHEHHIO.

B 1 Mkc==10"% B6; | Bebep (B6)== 108 Mxkec.

30.2.5. MarsuTHoe mnoJe B BelLlecTBe

Ecny B MarHuTHOE mnoJie NMOMECTHTE BEIIECTBO, TO MATHHTHA® HHIAYKIUS
¥ MarHuTHHH TNOTOK H3MeHATCS (IPH HEM3MEHHOH HanpsAxeHHOCTH
‘MarHuTHOoro mnossi). Ilonm peficTBreM - MarHHTHOrO HOJS coAep¥aliHecs
B BellleCTBE MATHHTHEIE AMIONH OPHEHTHPYIOTCS B HampaBieHHH MNOJs
¥ YBEJIWYHBANT MarHHTHYI HHEYKLIHIO OT By no B ¥ MarHuTHBI DOTOK
or ®, no @. Ilpupamenne uHAYKuHM AB HasBBAlOT HaMarHHYeH-
HOCTBIO J.

Bo Bcex BellecTBax, KpOMe (eppOMarHeTHKOB, HaMarHHYeHHOCTh
NpomopUnOHanbHa HanpsiKeHHocTH monst. KosdhdmuumeHt npomopnmo-
HaNbHOCTH Ha3blBaeTcss MATHUTHON BOCIPHHMYMBOCTBIO X.

Ecmu

J — HaMaruuyeHHOCTD,

H — uanpsi:keHHOCTh MarHHTHOTO TOJIS,

% —— MaruMTHasi BOCTIPHHMYHBOCTD,

Bo==1,257-10—6 B-c/(A-M)— MaruuTHas NOCTOsIHHA,

TO
J Uo H

CU | Tn=B-¢/m® B-c/(A-m) Aln

(@30.11) | 7 =muoH. |

BenuuuHa, NokashBawoollias, BO CKOJBKO pa3 yBeJHYHBaeTCs (}’MeHb:
nraercs]) MarHuTHas MHIYKLMs B BelleCTBe, Ha3bIBAETCS OTHOCHTEJBHOM
MArHUTHON MPOHHIAEMOCTBIO 1.

8 u= B/B..
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Ecan

B — marHuTHas MHOYKUHS B BellecTBe,

H — Hanpsi)KeHHOCTb MArHHTHOTO TIOJ,

Po==1,257-10-6 B.c/(A M)— MaruuTHas DOCTOSIHHAS,

B — OTHOCHTEJILHAsI MArHMTHasi HPOHALAEMOCTh BeuecTBa (cM. Tabu. 42),
TO

B Mo H
CU | Tn=B-.c¢/u? B-c/(A-m) Alu

(980.12) | B=popH. |

ITpousBeneHye WMol YACTO HAIHIBAIOT AGCOJNIOTHONi MATHHTHOf MpoHHLAe-
MOCTBIO BELeCTBa: .

(®30.13) | pa=popt. |

C nomompio (280.11), nmonaras J = AB, nosyyaeM BEHpa)keHHe
JUIsi MATHUTHOH BOCTIPMMMYHBOCTH:
J _B—=By B—B

H== = —
MOH 'JOH = Bo

'H, HAKOHEI],

(380.14) | x=p—1|

O6paTuTe BHUMAaHHE:

® BewectBa ¢ p>>» 1, x>0 (uanpumep, ¥ene3o, KOGaNbT, HHUKENb)
HasblBaloTcsi GeppoMarHeTHKAMM; TOJie B HHX 3HAYHTENBHO YCHIH-
BaeTCs.

@ Bemectsa ¢ p > 1, ® > 0 (ganpuMep, ONATHHE, ANIOMHHES, BO3AYX),
Ha3LBalOTCs NapaMarHeTVKaMK; 1ojie B HHX JMIUL O4eHb HesHaqd-
TEJIBHO BO3PACTAET.

® Bemecrea ¢ p<<1, %<0 (mampumep, cepe6po, Memb, BHCMYT),
Ha3blBalOTCA NHAMATHETHKAMM; OHH HE3HAYMTENbHO OcnabasioT mars
HUTHOE MoJie.

@ Buiue ompefieneHHOl TemNepartypbl, 3aBHCAIlieH OT BHAA BellleCTBA
(tak HaswiBaemOl TOYKM KiopH), ¢eppomarHervxu CTAHOBATCH Mas
paMarHeTHKaMH.

30.2.6. deppomarHeTHxH

Hamaruuyennocrs J ¢eppomMarHeTHKOB He NPONOPLHOHANBHA HanpsiXKeHs
HOCTH TONsl, a4 NpPH GOMBIIOH HANPSKEHHOCTH TOJS CTPEMHTCA K Make
cuManpHoMy suavenuio. @opmyna (D 30.11) ans QeppoMarHHTHBIX Bes
IIECTB He CIOpaBefJiMBa, TAK KAK B 3TOM clyuae MAarHHTHAS BOCIPHHMe
guBOocTh He mocTosuHA. B coorBerctBuu ¢ (D 30.14) p TaKkkKe usMenss
ercsi; dopmyaa (3 30.12) recmpaBelaHBa.
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3aBHCUMOCTb MarHWTHOH MHAYKUMA B ot Ha- B
NPsKEHHOCTH MargMTHOro NoJst / OHHCHIBAacTCs
KpHBofi Hamarnmuusapus. C ee MOMOLIBIO MOX-

HO JJif  KaXkAOro 3SHAUEHHS  HaNpPsKEBHOCTH

noJil ONpefieIHTh 3HaueHWe MAaruMTHOH NPOHH-
uaeMoctd M. Tak Kak p = BfpueH (2 30.12),

NPH BO3PACTAaHHH HANPsHKEHHOCTH HONst W CcHa-

uajia yBeNMYMBAETCA, 3aTeM yMeHbiiaetcs B 1ag-
JIHIAaX TNPHMBOLSITCSt OOBIMHO MakCHMaJbHble 3Ha-
YeHds MarHuTHOH NPOHMLAEMOCTH, OTBeYalolliHe
onpefieNleHHLIM 3HAUEHHSM HamnpsixeHHOCTH Mar-
HHUTHOTO TOJIst.

1Y

a
Y
I'ncrepesnc —*HJ-
Tletnst ricTepesrca mpe/cTaBisieT coGOH KPHMBYIO
HaMarHMuKMBauus QeppomarseTnko. Ecnx mep-
BOHAUAJILBHO HeHaMarHWdeHHOE BELIECTBO HAMAarHUTHTb [0 HaCLILCHHS
(Bavanpnas KpuBas), a 3areM yMeHbIIATh ¥ TOTOM CHOBA YBEJHYH-
a
BaThb HAaNPSIKEHHOCTh MAarHUTHOrO MOJIs, JER———
TO H3MeHeHWe HMBAYKUHH Be OYAeT Cliefo- B RpUSaS
BaTb HagaJpHOH KpUBOM: KaiXKAOMY 3Ha-
YeHHI0 HAUpsI3KeHHOCTH MAarHHTHOrO HOJst

COOTBETCTBYIOT ~ABa 3HAUeHMsl MAarHUT- +Bg

HOH MHAYKUMM B 3aBHCHMOCTH OT TOrO, /
YBENHUMBAECTCSH MJIM YMEHBIIAETCS HANps- :
XeHHOCTh TosiA. Bejmuuba woRykuuu Bpg, ~He _/ +He #
coxpansomiasics npu fH = 0, naspiBaercs ~Br

octarouHoii wmHaykuuent. Hanpsokennocrs
MaruuTHoro mnojas H., Opu KOTOpOH HH-
nykuusi B ob6pamaercs B HyJb, HasHBa-
erca KoapuuTHBHOH cuaoil. BelectRa c AL
Manofl KOSPLUMTHMBHOH CHJIOH HasHBAOTCE 7 /
MarBuTHO-MsirkuMu. Onu 06GNajaloT y3KOH
nemtefi rucrepesuca. MarnuTHO-XKeCTKHe
BellecTBa, Hao0opOT, XapakTepusywTcs
60nbIIoONH KOSPUHTHBHO! CHIION U LIMPOKOH
TeTJell THCTepesuca.

03 2.10%

MarnutocTphKuya

MarsuTHOe mONE BJHMsET Ha pa3Mepbl (QeppoMarHeTHKOB (HalpHMep,
Ha pimuy crepxus). Ilpy BaMarsHuUMBafuy NPOHCXOLMT HEKOTOpPOE H3-
MeHEHHE pacCTOSHHE MeXXIy atoMamu. OTHOCHTENBHOE H3MCHeHHe pas-
MepOB MOMeT ObITh KaK NONOKUTENHHEIM, TAK M OTPHUATENbHEIM. DTOT
spdeKT MCTOJB3YETCS [Is NONYuCHHs YAbTPasByka (cM. pasi. 24).

AN
30.3. DaeKTpoMaTHUTHAS MHAYKIMS

Tpy u3MeHEHHH MATHHTHOTO TOTOKA, TPOHMSHIBAIOUIErO KATYIIKY, B Hel
HHAyIEpyercs HampsiKkerue. Anajoruunoe sBJCHHE MNPOUCKOIMT M TpY
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BT

= [T T e SR

212 1 me'ﬂum -

a1 mi N

20 /C)/ /gzupqﬁ-f’",

; 1 L]

j’-g'b LD D [SEE 00 SO S
%QQ%%QQ%%%%QQ%%%Q%Qggg H,Am
QQQ%QQQQ%QQQQQQ%QQ%QQ ;
SSES8SSSSESSSSS888R8SE

JBHIKEHHH INPOBONHHKA B MATHHTHOM ITOJIe¢ MEPHEHAHKYJ/SIPHO CHJIOBBIM
JHHEESM. DTO siBJeHHe HasblBaeTcs SJeKTPOMArHHTHOR HHAYKUHeH.

30.3.1. 3aKoH MHAYKLUU

[/IHIIYKL[HH BCcerfia BO3HHKAaeT BCJEOCTBHE WM3MeHEHHsT MarsHTHOro no-
TOKa.

Ecu

U — uHayuupoBanHOoe B KATyUiKe HampsiKeHHe,

AD — paspoMepHOe npHpallleBHe MarHKTHOrO NOTOKA,

At — npomoJKHTENbHOCTh H3MEHEHHSt MarHHTHOrO MOTOKa,

N ~— 4uHCJIO BHTKOB B KaTYILKE,

TO B COOTBETCTBHH C 3aKOHOM SJIEKTDOMaFHHTHOﬁ HHAYKUHH d)aparleﬂ

UN O t

AD
930.15) | U=— N ——. —
( ) At cl |B—B:.ce

- Ilpy HepaBHOMEPHOM K3MEHEHKH MAarHHTHOIO IOTOKA M2HOGEHHOB
SHOYente WHLYNHPOBAHHOrO HampsixKeHHs faercs (opMynoi

dd

(2 30.16) | u=—N—Jt_'

O6patuTe BHHMaHHE:

® 3pak Munyc O3HayaeT, YTO NPH YBEJHYEHHH MariuTHOrO TNOTOKa
HanpapJeHHEe HHLYUHPOBAHHOIO TOKa MPOTHBONOJIOXRKHO ONpENesisie-
MoMy npaBusioM 6ypaBuHKa,

® Heofxomumoro u3MeHeHHs MArHHTHOTO NOTOK2 MOXHO JOCTHUb, H3-
MeHSS CHJY TOKA MJIM MeHsist TOJIOXKeHHe KaTyWK{ OTHOCATEIBHO
noToKa.
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30.3.2. Huoyxkuus B ABHIKYIIEMCS TPOBOAHHKE

Ecan NPOBOMHUK JBHIKETCS B MarvuTHOM IIOJIC NepIeHAUKYJIADHO CH-
JIOBLIM JIMHHSM, H& KOHLAX TNPOBOAHHKA HHAYUHPYCTCsS HaﬂpH}KeHI/IE.

Bosurkaer HHAYKIHOHHEI TOK, Kalpaslie-
HEEe KOTOpPOTO ONpEeAEJSCTCs NPaBUJIOM ITpa~
RO pyKu:

Ecnmi pacnonio:ute NpaByio PYKY Tak,
49TO6L! MarHUTHEIE CHJIOBEE JIHHHMEM BXO-

4

S,

Auiid B JaJioHb, @ OTOTBYTHIH GONMpILOH

WA}

Hanpasnenue

najiell ykaspiBaJ HanpauJeHue ABHKe-
HAA TPOBONHHKA, TO OCTaJbHEIEC BHI-
psiMiieHHBIC TaNbUe GYLYT NOKAa3LBaTh
HampaeJicHue TOKa,

Haripaanenue

—t>

il

3~ OBUIAEHIS

N

Eciu TNpoBOAHHK [ABHXKETCS C IIOCTOSIHHOHM CKOpOCTbIO ¥, TO 334
BpeMst Al om mMokpeiBaeT mnomans [As, Tak H4to MArHUTHBIE IOTOK

usmMensiercs Ha A® = BlAs.
Ecnmu

U — uanpsixenue, HHAYUEPOBAHHOE B HABIKYIIEMCS IMPOBOLHEKE,
U — CKOpOCTb TPOBOANKKA, DaBHOMEPHO JBHAKYLIErOCs TCPHCHAHKY-

JISIPHO CHJIOBBIM JIMHHSIM,
1 — pjuHa NpOBONHEKA,
B — marHuTHas WHAYKLHES,

70 B coorBerctBur ¢ {2 30.15) mpu N = 1 umeem

U A®D _ BlAs
— At At ?

As
WM, TOCKOJIBKY —~ == 10,

(230.17) | =~ Bl.

-CH

U

B I v

| B B-c/m? M mMfc
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30.3.3. CaMOMHpYKIMs

WsmeHenne MarHMTHOIO NOTOKA MHAYUHpYET HANPsDKEHHE HE TOJBKO
B ADYIWX NPOBOJHMKAX, HO M B caMoOH KaTyIiKe, cosjajolilefi 570 Mar-
HUTHOE nosle. DTO sIBNEHNe HASBBAeTCst camoundyryuer.

Tlog caMoOMHAYKUME!l NOHMMAIOT BOSHUKHOBEHHE [ONOJHUTEIBHOTO |
HanpsKeHWst HHOYKOUM B BUTKax KaTYWKH, Yepez KOTOPYIO NpoTe-
KaeT U3MeHSIONUACS BO BPeMEHH TOK.

- . Jlns ompenenenus HampaBielns HalpsXKeHHs HHAYKUHH TOJb3Y-
10TCst mpaBuaoM JleHua:

Bosuukarillee B pesyJbpTaTe CaAMOHMHAYKIHH HaNpsKeHHe npoOTHBO-
NOJIOKHO TOPOXAANIEMY €r0 H3MEHeHHIO TOKa.

O6paTuTe BHUMAaHHE:

® CaMOHHLYKUMS OCOOEHHO CHJIBHO NMPOSIBNSCTCS TNPH 3aMblKaHHHM MM
pasmbikanun uenn. OHa NpensiTCTBYeT CKAuKOOGPASHOMY H3MEHEHHIO
TOKa, OOYCJIOBJIHBACT MeAJIEHHOE HapacTaHHWe TOKa IPH 3aMblKaHHH
Uend M BO3HUKHOBeHHMe OGOJBIIMX HANpsKCHHH TPH pasMblKaHuM
Henu.

Ins xatymwku (¥ Jmo6oro IOpyroro NpOBOLEHKA) HanpsKeHWe HH-
ayKuud onpenensiercs ¢opmysoin (2 30.15). MsMeHeHne MarHuTHOro mno-
Toka AQ Beerma IpONOPUHOHANBHO H3MeHeHMIo Toka Al B Uemu.

Ecnn

U — panps:xeHue WHAYKIAH,

Al — paBHOMEDHOE H3MEHEHHE TOKa B IPOBOINHHKE,
At — NpOAOMKUTENBHOCTD H3MEHEHHsl TOKa,

L — yupykTHBHOCTD NPOBOAHHKA,

Pia == pop — aBCOMIOTHASE MArHUTHAS TPOHULIAEMOCTS,

TO HAIpSIKEHHE HHAYKIUMH, OGYCNOBNEEHOEe H3MeHCHHEM TOKa B TOH XKe
nemny, Kaercs BLIpaKeHHeM

A,, U L It

(®30.18) | U=—1L

AT Cl |Bra=B.c/A A ¢

Ecir TOK M3MEHSeTcsl He PaBHOMEPHO, MCHOBEHHOE HamnpsiKeHHe
onpegensiercs GopMyanofi

dl

(38019) | u=—L 5

Kosdh¢uuuenT nponOpLHOHANLHOCTH B 3THX (OPMyJax HA3LIBAETCA
MRAYKTHBHOCTBIO L Uenu # 3aBHCUT TOJBKO OT Kouqmrypaunn Lenu
u MaTepHasa, HaxXOAsllerocss B MarHUTHOM IOJIE.

Enununa CY nunykrassoctu: [L] = B-c/A == renpu (I's).
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O6paTuTe BHUMAHHE:

® Hunyxtuenocts L HasbiBaloT Takke KO(GOHUYEHTOM caMouHAYK-
UHH.

HUHAYKTUBHOCTL TOPOMAANBHOS
M AJIMHHOH UMJAMHADPHYECKOH Katyuiek

Mz (230.15) ¢ yuerom ewipamenuit H = IN/l u @ = paHA nonyuaem

- waAAH NAI AN
U= N == V=g ="M =—L5,

OTKyna
(330.20) | L= Pall*4 L ba N A 1
l CHU |[Tu=B-.c/A B-c/(A M) — M M

30.3.4. Coenunenue MHAYKTHBHOCTEH

Ilpn nocrepoBaTeNbBHOM COEAHHEHHU IONHAs MHAYKTHBHOCTBD Lioca
paBHA CyMMe OTHAEJIBHBIX HBAYKTHBHOCTEH:

(3 30.21) | Looen=Li+ Lo+ Ls+ ....|

THUBHOCTH, paBHa CYMMC BeJHYHH, OﬁpaTHHX OTACNBEHBIM HHAYKTHB-

IIpn nmapannenbHOM COENWHEHMH BeJIMUMHA, OOpaTHas MOMHOH HHIYK-
HOCTSIM:

1
Lnap

(3 80.22)

1 1 1
—TI'+T2'+Ta'

ITpu mnapanynenbHOM COEAMHCHHMM JBYX WHAYKTHBHOCTeH dopmyna
(3 30.22) ympomaercs:

LiL, !

(2 30.23) | Lyap = T+ L

O6patuTe BHHMaHHE:

@ [lpu mapannensHOM cOCAHHEHMM TONHAS HHAYKTHBHOCTb OKa3HIBAETCS
Mepbilie, Y4eM HapMEHbIIasi W3 OTHReNbHBIX MBAYKTHBHOCTEH.
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30.4, Cuna, peiicTByIOIan B MarHUTHOM NOJIE,
H SHEeprust MarHUTHOrO NoJis

30.4.1. Cuna, peficTByiouiass B MarHuTHOM ToJie

Tlpy BanoXKenuy (Cynepno3HIEE) HECKOJb- e
KUX MarduTHBIX noJjeii (HampEMep, moJeit

MOCTOSIHHOTO MarHuta ¥ NPOBOLHHKA C TO- +
KOM MM ABYX TNPOBOLHHKOB € TOKOM)
cua, HREHCTBYOLAsE B 1Pe3yJbTHPYICLIEM
noJie, ONPeReNsieTCss NMOBeeHUEM €ro CHJIO= Js

BBIX JIMHHIL Cunet’
” —

“pOBO)IHHK ¢ TOKOM B MaruMTHOM 0oJie

B

s onpepeflenus HANPABJCHUS  CHJHI, N
IeficTBYIOIlell cO CTOPOHH MATHUTHOIO
MoJist Ha MPOBOAHHUK € TOKOM, HCIOJB3YETCA
NPABUJO NEBOH PYKH:

Ecnu  pacnosiosuTe JieByIO DPYKy Tak,
4yTOOBl MATrHUTHBIC CHJIOBBIE JIMHHM BXO-
JAIH B JIafoHb, 2 BHIIPSIMJIEHHBlE Hes
THIpe majeplia COBHAZANM ¢ HamnpasJe-
HHUeM TOKa, TO OTOrHYTHIA OOJIbLIOH ma-
Jiel,  yKa)keT HanpaeJicHHe peficTBusi
CHJIBL.

Benuuuny cuint OnpenesfioT, npHpass
HHBas MexaHH4YecKylo padoTy mepeMelleHus
SJIEKTPHICCKOH padoTe, T. €. NPOH3BELEHUIO
HanpsKeHUss MHAYKUUH Ha 3apsi.

Ecan

F — cuna, peficTByiollas Ha NPOBOAHHK ¢ TOKOM, HAXOAAILIHHCH B Mare
HHTHOM IIOJIE,

B — marvwtHas MBAYKUES,

! — pnupa npoBOAHMKA,

I — cuyna TOKa B NpOBONHEKE,

10 W=Fs=UlIt,
miu B cuny (3 30.17) Fs = Blvlt,
1

t
W, HOCKOJBKY — ==,

F B 17
CU |HTo=B-c/u® M A

(3024) | F=8Il. |

O6paTuTe BHEMaHHuE:

@® HanpasjieHus TOKa, MarHUTHOH MHAYKIMH M CHJE B3aUMHO nepreHs
_ RUKYJSiPHBL, e — o=y A=
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ONeKTpHYeCKMi 3apsy B MarHUTHOM IoJie

Hocurenn sapsinma, HBEXKYyLIMecs: B MardHTHOM IIOJie, CO3AAIOT B HEM
SJIEKTPHUECKHl TOK, Ha KOTOPH OyneT AcHcTBOBAaTb CHIA.

Ecnn .

F —cuna, pefictByiomas Ha sapsl, NBWKYIIMACS TepUeHARKYJSPHO
CHJIOBBLIM JIMHMSIM MarHHTHOTO MOJIS,

B — marepTHas WHLYKUMS,

¥ — CKOpOCTh OBMIKEHHS HOCHTENS 3apsifa,

Q — sapan,
TO, Hcnonb3ys dopmynst F == BII (23024) u I = Q/f, umeem
-5l
F=1BI T

rne [ —nyTh, KOTOpHE 3sapsn @, ABHRYUIHHCS CO CKOPOCTHIO ¥, TIPO-
xomut 3a Bpems £ Orciona monyuaeM AJisi BENUYHEH CHJIH

F Q v B
CU | H Kn m/c Tn=B-c/m?

(930.25) | F=QuB. |

Hanpaenenne ¥ BenmuuHEa Cwibl, KOTOpas B
"HeHCTBYeT Ha 3apsijl, ABUXKYLUIMACH B MarbHTHOM
fioJie 1I0f IPOH3BOJIBELIM YIVIOM K HANpAaBJEHHIO ,
10JIs1, AaeTCst BEIPakeHueM

(30.26) | F= Qo x B,

> > > J
rae v, B u F ofpasyior npaeyio cucremy. IM i
F

Cuna Jlopenna

>
v

B uacrtnom cayuae HOcuTeleM sapsiia SBJSETCS SJeKTpoH. Toraa B
dopmyny (230.26) B kauectBe @ cneAyeT TOACTABHTL € ==
= —1,602-10~1° Ka. Ilpu onpenenenry HanpapjienHsi LBUMKEHHS 3JCK-
.TPOHOB C TOMOIIBIO IPABHJIA JIEBOH DYKH CJCAYET YUHTHIBATh, UTO Ha-
npaeJieHe IBHKEHHsi SJIEKTPOHOB INpPOTHBOIOJOXHO TEXHMUECKOMY Ha-
HpPaBJEHHI0 TOKA.
Bemmuuna w BanpaBnenue cunbl JIopeHNA OIIPEReNsioTcss COOTHO-
LreHueM

> > F e v B

=
93027) | F, = B, —
( ),_L__evi_ cU | H Kn mfe Tn

> > >
rie v, B u F o0pasyioT npaByio cucTeMmy.

Jlnss  3MEKTPOHOB, JMBIGKYIUMXCS NEPIeHAHKYJAAPHO MArHHTHOMY
noJio, dopmyna (3 30.27) ynpoliaercs:

(930.28) | Fy —evB.
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Tak kax cuia JeHCTBYeT nepIeHIMKYJsp-
HO CKOPOCTH ¥ HampaB/JeHHIO IIOJs, OHa
CO3A2eT UEHTPOCTPEMUTENLHOE YCKOpEHHe,
T. €. H3MeHsIeT HamnpasJieHHe CKOPOCTH, He
MEHSiT ee¢ BeJMUMHEL I1l09TOMY 3JeKTpOH
IBHKETCl B MarHuTHOM IOJle N0 OKPYK-
HOCTH.

Jlas onpepenesus pagmyca Kpyroboil
TPAEKTOPHH 3JICKTPOHA NPHPaABHsIEM CHITY
Jlopesia ¥ UEHTPOCTPEMHUTENBLEYIO cHIY.

Ecmu

r — pajumyc KPYroBoil TPAaeKTOPHH SJIEKT-
poHa,

Mme = 9,11-10~% gkr — macca saextpona,

® 000 0 ofe e
e 000 ofev e
e o e/o e e
s 0w
se0s e

e =1,602-10-1° Kn— sfleMeHTapELH SJEKTPHUCCKUE 3apsk,

¥ — CKOPOCTb 3JIGKTPOHA,
B — maruuTHas uHAYKLES,

TO, MpEpaBHUBAsl 00€ cuJbl, NOJydaeM

2
el

evB = ——,
r

", CJCLOBaTENBHO,

(230.29) | r = 2l

Of6patuTe BHUMaBHE:

rme v e B

eB - CH |m &r M/c Kn Tn=B-c/u?

@ Ilpn Gomplimx sHaueHMsX cKopoct (BHe npumeprno 2-107 m/c)
B pacdeTax HEJb3st HCTOJb30BATb Maccy MNOKOS SJEKTPOHOB #ie, a
BeOOXORMMO YUHTLIBATL DEJIATHBMCTCKOE yBeJIHueHHE Macchl (CM.

pasn. 41.4.1).

JiBa napaaneNbHEIX NPOBOZHHKA C TOKOM

JlBa mpOBONHEKA C TOKOM B3aHMOIEHCTBYIOT APYT C ADYrOM, HOCKOJIBLKY
KaXXpbifl B3 HUX HaXOAHTCS B MarHEMTHOM IIoJe APYroro.

Ecau HanpaBlieHHsi TOKOB ONHHA-
KOBH, TO [apaJijiesibHble TPOBOL-
HUKM HPUTATHBAIOTCH, €CHAH IKe
HanpaBJieHdst TOKOB IPOTHBOINO-
JIOXHE! — OTTAJKHBAIOTCA.

Ecom
F — cuna, peficteyomas MexAy na-
paJVieNbHLIMY IPOBOAHMKAMH,

+ +

Ma == pou — abcosoTHas MarEMTHast IPOBHLIAEMOCTb,

Po = [,257-10—6¢ TH/M — MarHuTHas NOCTOSHHASH,

L — oTHOCHTENbHAst MarHHTHas TpopunaeMocts (CM. Tadm 42),

Iy .— cuna Toka B mepBOM POBORHEKE,



350 30. Mazuurnoe rone

I, — cuna T0Ka BO BTOPOM IPOBOJIHUKE,
l — nnuyBa IpOBOJHHKOB,
7 ~— paccrosiuHe MeIY IPOBOLHHKAMH,

TO Ha BTOPOii NPOBOAHHUK, HaxONSIIMACA B TOJie NepBOTO NpOBOAHUKA,
B cooteerctBuM c (D 30.24) mefictByer cuna F = Bill, rne By = ypH,.
YTockosbKy HampsisXeHHOCTh MarHHTHOrO noJis Hy-Ha paccTOsHWH r OT
NPOBOAHUKA [aeTcss BhIpaxeBueM [, = [/2nr, nonyyaeM CchACLYIOLLYIO
¢opMyNly Ins cufbl, HeHCTBYIOUlEH MeXIY NPOBOAUHKAMHE: ’

F 1 1r
(®3030) | F— Balilsl -
2mir Cu | H Tu/vm A MM

OGpaTurte BHUMaHUeE:

@ s svoil opMynn creiyeT ompenesieHHe eIMHHILI CHJAB TOKa aM-
nep (A). Tlpp I1=L=1 A p=1, r=Il=1 M w=
= 4n-10-7 B-c/(A-M) wimeem F = 2-10-7 H.

304.2. Oueprus MarHUTHOI'O MOJS

B marmrTHOM mToOJe Bcerna samaceHa sHeprusi, Oma COOTBETCTBYeT pa-
6oTe, 3aTpauWBaeMOM Ha CO3[aHHE TOJS, ¥ BHICBOOOMKMAAECTCS, KOrAa
TOJI€ MCUE3AET.

Ecan

W — smeprus MarHUTHOTO NOJS, CO3AABAEMOrO NPOBOIHHKOM C TOKOM,
L — yunykTHBHOCTD NPOBOAHHKA,

I — cuna Toka B NPOBOLHMKE,

TO paGora, Npou3BonuMasi TokoM 3a Bpemst df (U u I He mocTosHHEL),
OonpenensicTCs BBIpaxeHneM

aW = ui dt,
rae u = L(di/dt)— npotuBo-3JIC, BosBHKaKINas B pe3yJLTaTe CaMo-

unaykuuy. Otciona mnonyuaeM, uro dW = Lidi, w nopsas sHeprusi
paBHa

I
W=Sum
0
30054
: 1 Izl v L I
93031) | W=—LI% —
( ) 2 CU | ox I'm A

O6paTtuTe BHUMAaBUE:

® 3T0 BLIpajKCHHE CHpaBEJIMBO HJisi MArHETHOrO nojs JHoGofi KoHGu-
rypaluH.
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Sﬂeprm[ MArHUTHOrO MoJisT KaTYUIKH

Ecmn

W — sHeprusi ONHOPOANHOTG MATHUTHOTO MOAS TOPOULAJIBHON WM AJHH-
HOH UMJIMHAPHYECKOH KATYIIKH,

Pa= Mol — abcooTHas MarHuTHas NPOHULAEMOCTD,

Mo ==1,257-10—¢ I'n/M — MarHuTHas NOCTOSIHHAS,

P — OTHOCUTeJbHAs MarHuTHas NMpOHHMIAeMOCTD,

H — HanpspKEHHOCTb MarHuTHOrO noJs,

A — njowans ceyeHys Nojsg BHYTPH KaTyIIKH,

[- — pAvHa KaTylKy,

To B cootercTeud ¢ (3 30.31), yunteisas ¢opmyntt L = pop (ANZI)
(230.20) u H = IN/l (3 30.1), nosnydaem

__ MaAN 2]2
W= 21
WIH

W w p H Al
CU | Ox Ta/m — A/ v2 m

(330.32) | W= -'*2-3- H2AL

Vuuteigag, yto Al = V— o6beM OIHOPORHOro MarHUTHOTO HOJS,
mpeobpasyeM (3 30.32) K BULY

W pe w HYV
CH | Ox T'u/m — Afm m®

(230.33) | W= %a- H2V,

Wi, NOCKOJbKY B = paH,

W B H V
©30.34) | w=LH4V
- 2 CU | Ox Tn=B-c/u® A/m

O6paTnuTe BHUMaHue:

® 3Ty GopMyJH CUpaBeLnMBH K B CAydae Manmbix ofmacrefi HEONHO-
PONHOTO TOJIS, €CJAM TOJe B HMX MOXKHO CYHTATh OLHODOAHBIM.
304.3. XapaKTepHCTHKH 3JTEKTPHYECKOr0 M MATHHTHOTO moJjef

B umxecnenyiomeit Tabiuue KaHa CBOEKa BEJHTIHH, ypaBHeHuH H eJiH-
HHU, ONUCHIBAIOIMX 3JEKTPHYECKNE W MATHHUTHBIC ITOJfA,



Snel(’rpuqecnue ¥ MAarHWTHbiE BEJWYIHBI

DNEeKTPHUECKHE BEJHUHHE

MaruiTHHE BEJHYHHBL

Besnuyuna YpaeHeHue EnuHrIa Benuunaua VYpasHnense Epnnnna
d 4o .
Cujia Toka =—d-(tg- A Hanpsxenue MHAYKIMH U =_\NW B
Sapsan Q=It Ka=A-¢ MarnaTHs#l OTOK ®=BA B6=B-c
Hanpsaxenue U=Ed B MarunTopevxymias cHia F=HI A
1% IN
HanpsmXeHAOCTS NOJH, = B/m HanpsxeHHoeTb T0JA H =7 A/m
; [
BReRTPHYECKOE CMEMEHHE D=—%— Kafm? MarnuToas HHAYKLHA B=71- Ta=B-c/m?
1 1
DJeKTpUYecKas NOCTOSSHHAS 8D=TL—F- ®/m MarsuTHas nocTosTHHAS u*=-a':7 Tu/m
0
OTHOCHTENbHAS AH3JIEKTPHYe~ e - OTHOCHTENbHAS MATHHTHAsA uw -
CKasl MPOHHIAEMOCTD TIPOHHHAEMOCTE
A6conOTHAA  OHBJEKTpHYE- g, =g 2 DM A6comoTHas MArHuTHasa By ==l TH/M
CKasi NPpOHHIEAEMOCTE NPOHHIAEMOCTE
ON
Emxoctb Cc =%~ & =Kiu/B UnnyKTHEHOCTD L = I'a=B-c/A
EMKOCTE MJIOCKOrO KOHAEH- eaA i3 HBAYKTHEBHOCTE TOPOHAAJNB- u,aAN 2 Tu
caropa C= 5 HOW KATYUIKH L=—l_—
cuz Li?
DHepruH NoJist W= 2 Jx=Bt-c | Dueprusa noas = Jx=DBTt-c
SHEePrHSl INJIOCKOro KOHACH« e, BV Hx=B1-c | DHEpruA TOPOHAANLHON Ka- w,H2 v Hm=BT-c
catopa W= TYIMKH = .
2 2
\ ) L f*  BH
IInoTHOCTH SHEPTHU W= 32 =-—2E- Jx/v? IIJoTHOCTE SREPTHMH w= 32 =" Tox/w?

%98

2VOU JOHINHRDIY "0
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3l. AnekTpuyecKne MAIUMHbI

K 3JeKTpuYeCKHM MAIVHAM OTHOCSTCS TeHepaTOpsl (LMHAMOMAIUHHELY,
npeAHa3HAYeHHBIE [J1 Ipeo6pasoBantsi MeXaHW4YecKOH SHEpPruum B SJieK-
TPUUECKY0, U 3NEeKTPOOBHUraTeny, Npeofpasymouue 3JIeKTPHYeCKY 3Hep-
rI0 B MexaHmuecKyw. PaGoTa reHepaTOpPOB OCHOBaua Ha 3aKOHE 3JeK-
TPOMaruuTHoll WMHAyKUME, paGoTa BieKTpoABuraTesell — Ha B3aUMOAEH-
CTBUM MarHUTHBIX TIOJIEH,

81.1. I'enepatopnt

81.1.1. I'eHepaTopwb! NepemMEHHOT0 TOKa

Ecin nas mosyueHusl 5/eKTPHYECKOrO HANPAXKEHus UCTIOAbL3YEeTCs Npo-
BONOYHAs pamka, Bpaujamoliascs B MarHHTHOM [oJle, TO HampseHue
VHAYKUME He INOCTOSIHHO, 2 3aBHCHT OT MrHOBEHHOro IOJIOXKEHHS paMKH
B MarHuTHOM mose. B coorBeTcTBUM
c dopmyaolr (D30.15) nanpaxenue

ettt B

MPONOPIHOHANBHO CKOPOCTH M3MEHeHMs 7 i
MarHMTHOro mnotoka. CoryiacHo Bblpa- 7 4 Py
wennio @ = BA (3 30.8), marHuTHbIA ~ !7 \
MOTOK MPOMOPUMCHaJen MJOWAMH Ce- . ,/ !

YeHus MaTHMTHOTO TNOJS, IepeceKar-

Diero paMky, T. e ® == BA cosq. £ ¥
AnajormuHoe  BEIpaXkeHme  chpasefi- X—- t /
JIUBO ons Bpamaromeiics Ka- \\L/f
TYUIKH. -
Ecomu

YU — MrHOBEHHOE 3HauyeHWe HaIpsKeHus MHIYKIHH,

U — aMmnvTyna HanpsiKeHusl, T. €. MaKCHMAJILHOE HailpsiKeHHe, BO3-

HuKamnee ABaXJH 38 060poT KaTYLIKH,

@ = @f—yrog NOBOpOTA KAaTYIIK{, OTCYUTHIBAEMEIl OT HAYaJLHOTO
NOJIOKEHYS, NEPHEHANKYNSPHOrO HANpaBJEHUI0 MATHHTHOTO MOJS,
A — mromann BUTKa,
N — ulcsio BUTKOB KATYIIKY,
T — mepwon BpameHus KaTYIIKH,
f — uacrora BpauieHus,
t — Bpems,
TO
dd d (NBA cos @) d (NBA cos wt)
U==— — — = ’
af N= dt di
OTKyHa

u = NBAw sin of.

Hanpsixkenye HHAYKNMM MEHSIETCS, BO BPeMEHM MO CHHYCOMAAJLHOMY
3akony. B TeueHue nepumoma OHD ABaXKIbl MeHsieT 3Hak. [lostomy
€ro Ha3blBAOT MePEMEHULIM HamnpaKeHneM.
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AmmmTyna, wam MaKcuMasbHOe SHAueHne HaNpsiKeHUs MHIYKIWH,
onpenensiercs hopmynoit
u N B A o

CH | B — Tn=B-c¢/M? m /e

Torna OJisi MTHOBEHHOTI'O HallpAXXeHusl nMeeM

(33L1) | Uy==NBAe.

u = Up, sin of =
= Uy, sin 2nft = v @ t T
CH |BljccIuea

(331.9)

. t
== Up, sin 251 - -

O6paTuTe BHUMAHuE:

® Bemmunna o == 2nf HaspiBaerTcs yraoBoli wactoroil. YactoTa mepe«
MEHHOTO TOKa NpOMBUUJEHHOH cetu f==50 I', H cooTBETCTBEHHO
o = 1007 1/c.

Econ K knemMMaMm Bpamamoumeicss KaTYIIKA MPUCOENMHUTL BHELIHIOW
9JEKTPHUECKYIO lenb, TO B Hell BO3HHKaeT SJEKTpPHUECKull TOK, cuna
KOTOpOT'O H3MEHSIETCS NO CHHYCOMJajbHOMY 3daKOHY BO BpPEMEHH M Me-
HseT cBofl sHakK (HampapJeHWe) HBaXOH 3a Nepuof. Takofl TOK HAasHl-
BaeTCsl MEPEMEHHBIM TOKOM.

Ecnu

i -~ MIHOBEHHOE SHAUEHNE CHJIBI TOKa,
Iy — amMniumTyna Toka,

® =27f — yrnosas 4acToTa,

T0 N0 apanoruu ¢ (3 31.2) nmomyuaem

(231.3) | i==Iy sin @t = Iy sin 25t = I, sin 2% _TL

O6GpaTuTe BHUMAHHUE:

® Ecm uenb TOKa CONEPKHUT PeaKTUBHBE 5JeMEHTH (CM. pasm. 322),
TO MEXIY HampsKeHHeM H TOKOM BO3HHKaeT pasHOCTb (has.

I'paduk saBucuMocTu Hampsikenmss ¥ OT BpeMeHm { (uam or @ =
== wf) npefcTaBasger coboi CHHYCOMIY.

B mo6oM renepatope nepeMEHHOrO TOKa MMEKTCs MAarHuT, coafa-
oyl TpebyeMoe MarHuTHOe mosie (ualle BCETO BJIEKTPOMATHUT; B Te=

u
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Heparopax MaJioH MOHIHOCTH HCHOJL3YIOTCS HNOCTOSIHHblE MarHuTH), Bpa-
mawmiyecd OOMOTKM ¥ KOHTakTHele Kosbla. JIlnsi mosyueHus JaocTa-
TOYHO BEICOKOTO HATNpPSIKEHUs mpuMe-

HSI0T OOMOTKY C GOJBILINM YHCIOM BHT- B
KOB H XeJlesHble cepZeuHuku, Bpamao- l
ascst 4acTn TreHepaTopa HasblBaeTCs
POTOPOM, HENOABMXKHAS 4YacTbh — CTa-
TopoM. B remepartopax Gosmbluof MoLI-
HOCTH OOMOTKY, B KOTOPBIX HMHAYLHPY-
€Tcs HanpsKeHHe, pacnojiaraloTcs Ha
cTaTope, a MarHuTHl — Ha potope (Ma-
IIVHA ¢ BHYTPeHHMMu mosmocaMu). Ilpy 3ToM KOHTakTHBIE KOJbla Ciy-
KaT Jmilb A9 [oJABoHa HeOOoJbLIOH MOIMHOCTH K BJeKTpomar-
HuTaM.

Q
>

31.1.2. I'enepaTop NMOCTOSIHHOIO TOKA

T'enepaTop HOCTOSHHOrO TOKA OCHOBAaH MOYTH Ha TOM K€ IPHHIHNE,
YTO W reHepaTop MepeMeHHOro TOKa, TONLKO BMECTO IBYX KOHTAKTHBIX
KOJell HCNOJL3YIOTCS f[Ba H3OJHPOBAHHEIX JApYr OT ZApyra IOJyKoJbha
(xommyTaTophl). OHH npenHasHaueHbl
L. TOro, YTOOH NMPOUSBOLUTL NEPeKJIo-
YyepHde B TOT MOMEHT, Korfa MeHSIeT
DOJAPHOCTL HanpsiXeHwe poropa. Ilpu 4L I
STOM BO3HMKaeT MyJncupymomee mno- (¥ _
CTosiHnoe Hanpsokenne, OHO He MeHser I-
cBoeil NONAPHOCTH, HO €ro BeJMuKHA

xonebneTcsl Mo CHHYCOMOAJbHOMY 3a-
KOHY.

Ilpy ucnodb3oBaHuM BMECTO TIPO- B
BOJIOUHOH PaMKu OOMOTKH C JKeJe3ubM Un
CepHEYHMKOM H GOJBIIMM YHCJIOM BHT-
KoB (mBofinoii T-sikopp) ymaercss mo- T t
JyunTb OGo0jlee BLICOKOE HampsKeHHUe.
Ilympcanmm ToKa MOXKHO YMEHBIIHTB
NyTeM NpHUMeHeHust OapabaHHOro sKO-
ps. OH cocrouT u3 GOJBIIOTO YHCIA
CMEUEHHBIX OTHOCHTENBHO HPYr npyra
©00MOTOK, COEHWHEHHHIX C COOTBET-
CTBYIOIUMMH CETMEHTaMH KOJIJIEKTOPA.
Jns Bo3OyXAeHHSI MariHTOB WCIIOJb-
8yeTcs TOK, HMHAYHUPOBAHHBIR B SKOpE
(npurmun CuMeHca). B cepuecHbIX SMEKTpHYeCKMX Maminpax (HasklBae-
MHIX TaKXe€ MAIIMHAMH NOCIeOBATeNbHOTO THNA) Boabyxnawowas o6-
MOTKa u OOMOTK2 AKOps BKJIOYEHB! DOCJAENOBATEbHO, T. € 4Yepe3 mar-
HUTBl TeueT NOJHBEI TOK. B 'IIYHTOBHLIX S/EKTPHYECKHR MAINHHAX ofe
OOMOTKH BKJIIOYEHB! IapasieJbHO M Yepe3 MArHUTHl TE€YET TOJBKO YaCTb
TONHOrO TOKa. 3amnyck ofecneumBaeTcss TOALKO 3a CYET OCTATOYHOTO
MarueruaMa.

B

1%

12%
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31.1.3.  Tpexdazuwnii renepatop

B TpexdasnoM reHepaTope HMEKOTCS TPH ONMHAKOBHle OGMOTKH, pacmo-
noxennble noA yraom 120° npyr ¥ npyry. B o6MOTKax BO3HHKAIOT CHIBH-
uyTeie Ha [20° mepemMeHHBle HanpsiKeHHA. JT0 — Tpexdasnbiii TOK.

Ha cooTHOWEHYs

Um [sin of 4- sin (of -}~ 120°) -+ sin (of — 120°)] =0

ClieiyeT:

Anre6panueckas cyMMa Tpex HampsKeHuil (TOKOB) B KaXKAblii MO-
MEHT BpeMeHM paBHA HYJIO.

Yro6bl COKPATHTL WYMCJO NPOBOLOB, HEOOXONMMHIX AJsi IEpejaun
TpexdagHoro Tosa, o6MOTKH remepaTopa (ux HasbBaT (asHeivu 06-
MOTKaMH) COeNMHSIIOT ocoGbiM 0GpasoM.

Coefnnenne TPeyroJbHHKOM

Tpy ¢asHbEX OOMOTKH COENMHSIOTCS NOCICHO-
BaTeibHO, TaK 4TO 06pasyeTcss 3aMKHYTHIH
KOHTYp. Jlns HanpspkeHHsT MexXAy OOMOTKa-
My (nMuHERHOro HanpsiKeHusl) U TOKa B Mpo- 3
BOJHMKAX CIPaBEIJJHBLEl COOTHOLIEHMS

@ 31.4) JluneliHoe HampsiKeHune:
) Upg == U3 = Uspz = PazHoe Hamnpsixkenne rexepartopa

H

Jluneinnlil TOK: 1
(2 3L.5) > o

Iy == Iy = I3 ==4/3 « (Qasnoiit TOK).

4

CoenviHeHHe 3Be3/10it
TIpu coenuHenun 3sesfiofi BCe Tpu (hasHele 06- 3
MOTKH COC[MHSIOTCSI B ORHOR TOYKE — HEHTpe
3pesfibl. S3Ta TOYKA 3asemisercs, M MNPOBOL, —00

COPNVHSIIOUMH LEHTP 3BE3JBI € 3eMaeH, CIyXHuT
YeTBepTHIM, TaK HasblBaeMBIM HYJEBEIM mpoBomnmkoM. Ilpr coenfuHe-
MU 3Be3/0fl HANPSKEHUS W TOKM CBSI3aHHI CNCAYIOLIMMH COOTHOIMECHUAMH:
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Jluneiinoe wanpsixenue:

Uiz = U3 = Uz;=1+/3 - (Pasnoe HanpsikeHue reHeparopa).
PasHoe HAIpPSKeHue:

Uio=Usz0=Uso

(3 31.6)

JIunefiupiit TOK:
(331.7) Iy =1I;=I; = (Pasnuii Tox).
Tox B nynesoM MpoBOHHKE:

Io=0.

OGpaTuTe BHUMAaHHEE:

® B ocseTuTenbHOR cern_(pasHoe Hanpsixenue paBxo 220 B, sunefinoe
Hanps>KeHWe paBHO 1/3 - 220 B =380 B.

® Cootnomenns (3 31.7) copaBemymBel TONBKO TPH ONMHAKOBOH HAas
rpyske Bcex Tpex ¢as.

31.2. DneKTpopBHraTeu

danexTporBUraTeN M WMET B OOGWMX YEpTax TO K€ YCTPOHCTBO, YTO
M TeHepaTophl, HO OCHOBaHH Ha ofpaTHoM mnpuHnune nelctBus. Ilpu-
JIOXKEHHOe K OOMOTKE SKOps HanpsiXeHue BBISBIBA€T TOK, KOTOpHIE B
CBOIO ouYepelb co3faeT MarHuUTHOE [ofe, B3auMOIeHCTBYIOLlee ¢ Mar-
HHTHHIM TloneM Bo3OyxaeHus. Ilpm 5TOM BO3HHKAeT cujia, Bpaumamnias
poTOp.

SamuiieM BhIpajeHHe AJS MOMEHTa cwuisl (Bpaiamoliero mMovenTa).

Ecan

M — vowmeHT cusipl, Bpaamoumull SKops,

N — uucno BuTKOB OOMOTKH SIKOPS,

— TOK, TEKYIUUH B 9KOpe,

— MarHuTHas MHIYKIUS,

— JIolanb BHTKA,

= 2nf — yrnosasi CKOpOCTb BpalIEnysI,

— BpeMsi, OTCUMTHIBAEMOE OT TOre MOMEHTa, Koria oOMOTKa 3aHH-
Majla MOJIOXKEHNe, HEePNeHONKYJIpHOe HAalpaBJeHHI0 MaTrHUTHOTO
mons,

S8 aty~

TO
(31.8) | M= NIBAsin ot. |

M NI B At o
CU |HMm — A Ta=B-.c/m?2 M? ¢ 1/
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Jloa MomHoetn P uMeeM

(931.9) | P=NIBAo sin of.

3l.2.1, DeKTPOABHTATENM TepeMEHHOI0 TOKa
CHHXpOHHBIH - 3JEKTPOABUTATEID

CHUHXPOHHBIH SJE€KTPOJIBUraTe/ib aHaJOTHYEeH TreHepaTopy NEPEMEHHOro
TOK4, ¥ KOTOPOTO YacToTa TEHEPHPYEMOTO HamlpsXeHWs ONpelessieTcs
ypcsIoM 06OpOTOB poTopa. B cilyuae CHHXPOHHOTO 3JEKTPOHBUTATENS
-ACTOTA MEPEMEHHOTO HaNpsiXKeHus ONpelessieT CKOpOCTb BpaileHus po-
opa. CHHXDOHHBIH [BWraTeJb He PasrOHSeTCs CaMOCTOSATENBHO; OPH
sanycke NpPUXONuTcsl cooblaTh €My OT BHEIIHEro MCTOYHMKA HYXKHYIO
CKOpocTh Bpaulenus. [Ipum yBeJnueHMM HATPYsKé NPOHCXOMUT HE yMEHb-
HieHne umcsaa oGOpOTOB, a ocTaHoBka pnsuratedns. CHHXPOHHBIL 3JeK-
TpONBUraTeNlb MOYKET OBITb BHIIOJHEH KOHCTPYKTHBHO € BHYTPEHHHMH
WAM BHEIIHHME IOJII0CaMy.

'ACHHXPOHHBI 3JEKTPOABHIATEND

'ACHHXDOHHEIH 3JIEKTPOIBHTaTeNb AHAJOTHUEH rEHEepPaTopy HOCTOSHHOTO
T0Ka M TNOSTOMY MOXeT pafGoTaTb OT MNOCTOSIHHOTO HANpsiKeHus Kax
aNEKTPOIBUTaTENbh NOCTOSIHHOro Toka (cM. pas;. 31.22). Omn moxer
pa6oTaTe OT MNePeMEHHOro TOKA, €C/IM H3MeHeHWe HANpaBieHusi TOKA
B 06MOTKAX MAaruuTa U SKOPs NPOMCXONHT ONHOBpemeHHO. CKOpOCTBb
BpallieHus He 3aBUCHT OT YacTOThl. JIBHraTesb BPaILaeTcs ACHHXPOHHO
M 4acTO Ha3blBACTCH YHHBepCAJLHBLIM 9JeKTpPONBHraTeneM '),

31.2.2 DneKTpoaBUraTesM NOCTOSHHOIO TOKA

DJEKTPOLBUraTeNH TIOCTOSTHHOTO TOKa aHaJOrM4Hbl TEHepaTopaM fiDs
croguHOro ToKa. Kak um reHepaTophl, oHM MOTYT OBITb CEPHECHOTO H
IIYHTOBOrO THMA.

CepuecHbie 2JIEKTPONBHIATENH

O6MOTKN 3JEKTpPOMATMMTA ¥ SKODPSl TaKWX J(BUrarefell COELMHEHH IO-
caenoBaTenbuo. [Ipy BKJIOYEHHH 3JIEKTPOABMraTessi B OOMOTKax sKOps
A SJEKTPOMATHHTA TeyeT CHJIBHEIM TOK, 4TO Co3fael OOJbIIOR MOMEHT
cupl. Umeno o6opOTOB HBHraTensl cusibHO 3aBHCHMT OT Harpysku. [lpm
HeOCTATOUHOH Harpyske cKOpOCTb BpallleHHst CHALHO BO3pacTaer, H
JBUTaTeNb MIET «BPa3HOC.

) B oredecTEEHHOH JHTEPATYDE ONHCAHHBIM BHIIE ABHIATENb HA3LIBAETCH KOJ=
JIERTODHBIM. ACHHXDOHHEIM HasHBAETCA JNBHIaTellb € BDAILAONIHMCH MAarHHTHHEM
nonem (rpexcdasHbili wAH OfHODASHHM; CM., HAlPHMep, pasi. 31.2.3).— Ipunm;
nepes,
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myHTOBble JEeKTPOABHIaTeu

O6MOTKY 9NEKTPOJBUIATENS ¥ SKOPS Yy LIYHTOBBIX JABHraTened BKJIO-
uenbl DapasenbHo. Jlas orpaHmueHus Toka B oOMOTKE sIKOpsi Ipu 3a-
IOyCKe HBHUTATeNs NOCACHOBATENBHO C SIKOPEM BKJIIOUAETCA JONOJHUTENb-
HOE MYCKOBOE COIpOTHBJEHHE, KOTOPOE CTaHOBUTCS HEHYKHBIM, KOrIa
CKOpoCTb Bpalllenus ¥ MHAYHupyemass B sikope npotuso-C mocT-
TanT HYXHOH pejuuuHBl. Tak Kak TOK sSKOps He Nonajaer B OOGMOTKY
MarHuTa, BO30YyXKIeHWe NOCTOSHHO ¥ 4HCiIO O6OpOTOB mBuratens caabo
8aBHCHT OT Harpysku.

31.23. DJieKTpoABHUraTesld € BPanIAMOIMMCH MATHMTHBIM ITOJIEM

Ilo cBoemy ycrpolicTBY HBHraTesu ¢ Bpal(@OLIUMCA MATHUTHBIM 10JIEM
aHAJIOTMYHEl Tpex(asHOMY TeHepaTopy ¢ BHYTPeHHMMu mnostocamu. Ilpu
noxaye Ha TpH OOGMOTKH Tpex¢asHOro TOKAa BO3HHKAET Bpallawouieecs
MATHUTHOE NOJie, TAK KaK MakCUMYMBE TOKOB B OTHEJbHBIX KaTYLIKax
cMelieHH BO BpeMenu. IlosToMy poTop OBuratenss He uMeeT OOMOTOK;
BMecTo OOMOTOK WCIOJb3YeTCs IMJMHAD H3 MERHBIX cTepxHeH (Tak
HasbIBAEMBIH poTop-KJeTKa). Bpamaroineecs MaruuTHOe noJsie COSHAET
B KOPOTKO3aMKHYTHIX CTEPKHAX SKOpS TOK, MarHMTHOE moje KOTOPOro
ofycnoBiuBaeT Bpamenue fAKopA. Uucno 06OpOTOB SAKOPS HECKOJNBKO
Menplie umcna o6opoToB moad. PasHocTh MexAy HuMum HasblBaeTcs
CKOJIbIKEHHEM.

Ecmn
fip— uyuca0 060pOTOB POTOPA,

Ay — uncao o6opoToB MO,
TO

Ry — Ry
(2 31.10) | Cromnbxenne = —————.

p

OGpaTuTe BHUMAHUE:

® CxoJsbxeHne yacTo M3MepsieTcs B POHEHTaX.

® Jlns orpanudenus IIYCKOBOrO TOKAa 3JIEKTPOJBHTaTeNsi yacto o6-
MOTKM BO3OYKIEHUSI [BUraTess, BKJKOUEHHBlEe TPEYroJLHUKOM, 110
MOCTHKEHUH HYIKHOTO u4mcia oGOpoTOB € IOMOHIBI0 CHENHAaJbHOrO
fepeKIouAaTeNs] BKJIOYAIOTCA 3BE3NOMH,

32. Llenu nepeMeHHOro TOKa

Leny nepeMeHHOro TOKa OTAMYAIOTCH OT Lenell TOCTOSHHOTO TOKa
Npexae BCETO TeM, YTO TOKH M HaNpsiXKeHMs B HUX HEepHOLHYECKH
MeHs0Tc BO BpeMenu. Ecsm B Ilemu DepeMeHHOro TOKa, KpoMe aKTHB-
HBIX (OMMYECKHX) COTMPOTHBJEHNH, HMEIOTCS €MKOCTH HJH HHAYKTHBHO-
CTH, TO MaKCHManbible 3HAueHWsl TOKA u HanpsoxeHusi He GyAyT copmas
IaTh 10 BpeMeHH. BblukcieHHs paGoThl M MOLWHOCTH TIPH STOM YCHOXK=
HAIOTCH.
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32.1. S¢ppeKTHBHBIE 3HAYEHMST TOKA M HANPSKEHHs

Tlpu sBouucnenyu paGoTHl W MOImHOCTH o ¢opmynam (3 2826) wu
(9 2827) Henb3s NOML30OBATLCS HHM MrHOBEHHBIMH, HH aMIUIHTYILHbIMH
sHayeHusIMH ToKa M HampsikeHusl. IlepeMeHHBII TOK CYMTAOT 3KBHBA-
JICHTHbIM HOCTOSIHHOMY TOKY TaKOil e
MOLIHOCTH, M TakuM ofpa3oM ompene-
JIIOT  3(QQeKTHBHBle  (JlefiCTRYONINE)
3HayeHMsl HaNpsKeHusl ¥ CHibl TOKA.
Tak kak mpM MNOCTOAHHOM COMpO-
THBJIEHNY MOLIHOCTH HPONOpPHHOHAMLHA
KBafpaTy CuJbl TOKa MWJM Hampsixe-
Hug (P~ 12 u P ~ V?), sddekrus-
HOe 3HayeHHe BBHIpaXKaeTCss  uepes
KBaJpaThl MrHOBEHHHX 3Hauenmil. BosBonsl B KBaipar CHHYCOMIaNbHYIO
dymkomo i{t), nmonyuaeMm mepuonmyeckylo Kpusywo i(f). Sd@erTusHOE
BHaueHve onpenessieTcs CpPefHHM 1O BpeMeHM OT 3TOH (PYHKIHH:

2
pop_ln
2
Ecmu
I — sddexTuBHan cuna Toka,

J — aMimTyna cuiel TOKa,
U — sdhdekTuBHOE HampsiKeHNE,
U — aMmunTyna HanpsikeHHS,

TO nMeeM

@31 |I1= —I"—;_- = 0,707 3

v

noc/ie YMHOXKEHUSI HAa CONPOTHBJIEHHE NoOJayYaeM

U
(232.2) =2 = 0,707V
/2 "

J

DddeKTuBHEE 3HAYEHWs CHJBl TOKA M HaNpsXKeHHs OTHOCATCH K
aManuTyne (MakcMMaJbHOMY 3HaueHHIO) Kak 1: 1/ 2. ’

O6paTuTe BHUMaHHUE:
® Popmyne (3321) u (D 322) cnpaBefyuBE TOMBKO B Cly43e Iiepe-
MEHHOTO TOKA4 CHHYCOMNaJbHOH (hOPMHL.

@® O¢dexTuBHble 3HAYCHHs TOKA M HaNpsiXeHns o003HAYalOTCA B dop-
mynax 6yksamu [ u U.

32.2. ConpoTuBiienHe NepeMEeHHOMY TOKY

ConpoTuBiesne IpOBOJHUKOB, BhunCaseMoe mo ¢opmyse (3 286),
OIMHAKOBO Kak Ul NOCTORHHOTO, Tak W HJs mepemennoro toka. Ero
H23bIBAIOT OMMYECKHM MJM AKTMBHBIM COMpPOTHBNeMMeM. Bemmyuna ak-
THBHOTO CONPOTMRJEHUS ONpeRejseTcss CBOMCTBAMYM NpPOBOAHHKA. .
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Kpome akTHBHEIX CONPOTHBJEHHH, B LeNfX NepeMEHHOTO TOKA BCTpe-
4alOTCSl TaK HasblBaeMble peakTuBHbie conpotuBjenus. OHM OTAMYAIOTCS
OT AaKTHBHEIX TeM, 49T0 He TpeoGpasyloT 3JIEKTpHUECKYIO SHEPruio
B TEIIO. -

Teomerpuueckas cyMMa aKTHBHOTO H DPEAKTHBHOTO COINpOTHBJEHHUE
Ha3HBAETCS TOJHBIM COUPOTHBJICHUEM,

32.2.1. HNuaykTuBHOE CONPOTHUBJICHHE

WupyktuBHocts L B 3JeKTpHUECKOH IeNH BHBHBAaeT 3anasibiBaHHe
roka (cm. pasn. 30.3.5). BerencTBue 3TOTO TOK JMOCTHraeT MaKCHMAalb-
Horo 3uaueHusi Iy mo3xe upanpsxenus. Ecnu R = 0, mpusoxeHHoe
HaNpsiKeHHe TPOTHBOIOJIORHO HHAYHHPOBAHHOMY HAMPSIKEHHIO:

di d - .
u =L~Et— = (LI sin otf);
OTCIONA
u = oLl cos o, ~ L
HIH

1 == LIy sin ((ot-{—%).

Mexny HaIpsiXKCINeM H TOKOM BO3HHKaeT pasHoctb das (cosur das),
paBHas - /2.

l‘, u Um Im (- Um

@ . ot

In

B IemH TNepeMEeHHOTO TOKa, COAepIKalled TOJBKO HHIYKTHBHOCTD,
HampsizKeHue omeperkaer Tok Ha 7i/2 (mmm T/4).

O6patuTe BHHMaHHE:

©® Ha BexTOpHOM aHarpaMMe TOK — HallpsiKeHHe BEKTOPHl BpaIialoTCs
[pOTHB HUACOBOH CTPEJKH C YIVIOBOH CKOPOCTBIO @. ¥Yrom Mexny
BEKTOpaMH HANpsKEHHsT H TOKa cooTBerctByer chapury ¢has @;
@ = Qu—qu
Vi3 HanHCaHHOTO BHIIIE PABEHCTBA CJIENYeT, 4TO AMIUIMTYAa Hanps-
swenusi Um — oLln. Cornocrabnsis 310 Bhpaxenne ¢ 3akonom Owma
Um = Rln, MB BHEEM, 9TO BelHwdHa ®L Hrpaer poJb CONPOTHBJICHHS.

Ilenmr mepeMeHHOTo TOKa, ConepiKallasi WHIYKTHBHOCTD L, oﬁ.nanag'
CONPOTHBJCHHEM TEPEMEHHOMY TOKY; OHO' Ha3HBaE€TCs MHAYKTHBHBIM
conporusienveM Xj. :
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Enununa CH mnpykruBHOro conpotuBienus: [X ] == Om.

Ecau
X ;. — VHIYKTHEHOE CONpOTHBJEHHE LIENH NepeMEeHHOTO TOKa,

@ = 271f — gpyroBasi 4acToTa NEPEMEHHOr0 TOKa,
L — UHIyKTHBHOCTH IIeNH,

TO UMeeM o

X o L
CU | Om 1jc Tu=B-c/A

(3 32.3) | X, =oL.

O6paTute BHUMaHHE:

® Unnyktuenoe conpoTwsiende X, pacreT € yBeqHYEHHEM YacCTOTHL
A5 TOCTOSIHHOTO ToKa (f == 0) oHO paBHO HyJIO.

HDI/I HaJIMuiy B LEeNH TOJbKO HHIAYKTHBHOI'O COIPOTHBJICHHS CHJA
TOK& OIIpeQie/isieTCsi BhIpa*KeHHeM

I1U o L
- l CU [AB1jcTu=B-¢/A

(3 32.4)

32.2.2. EMKocTHOe CONPOTHBJICHUE

Kounencatop eMKocTblo C ¥MeeT B HeNH HOCTOSHHOTO TOKA GECKOHETHO
GoJsibiioe CONpOTHBJEHHe. Ecny e NpHJIOXKHTE K KOHAEHCATOpPY nepe-
MEHHOe HampsiKeHHe, TO OH OyZleT INepHORHUECKH Ilepe3apakarses,
¥ B IeNH INoTeder TOK. HanpsiKeHHe Ha

ROHJIEHCATOPE JIOCTHTAET MAKCHMAaJIbHOTO
BHAaueHHs B T€ MOMEHTH, KOrja TOK pa-
BeH Hymo. Ecin R = 0, To wampsimeHne ¢
Ha KOHJAeHCaTope coplliazaet C NpHIOIKEH
HEIM HanpsikeHWeM H ¢ == ¢[/C. MruoBeH-

Hoe SHAUEHHE TOKA ONPENENIETCH BHPas
FKEHHEM L,

dq du ]
= =Cw= ' /-
=C ar (Um sin ©f).

, In
Ortciona cnenyer . (D—>.7r 3
Wy

i ==@CUp cos @f ==

t~,

= oOCUy, sin (cot -+ g-)

Mexiy manpsokenvem W TOKOM HMeercss Um
pasHoCTs (as = /2. /
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B uncro eMKOCTHON Lel NEpeMEHHOTO TOKa TOK olepelkaer Halpsi<
xenve ua n/2 (wm T/4).

B COOTBETCTBHE C TUpHUBEJEHHBIM BHILE ypaBHEHHEM aMILIUTYLa TOKa
Iy = 0CUy,. Cpabsenne c¢ sakomom Oma U = RI mnokaskBaer, 91O
enimupHa 1/OC urpaer posib CONPOTUBIIEHHS.

Ilens nepemennoro ToKa, comepxKaimas eMxocts C, o6namaer compo-
THBJIGHHEM IIEPEMEHHOMY TOKY; OHO HAa3BIBAETCH E€MKOCTHBIM COMpO=
THBNeHHeM X. '

Enmpuuna CH emxoctHoro conpotuBnenus: [Xc¢] = Owm.

Ecnu
XC ~— eMKOCTHOE CONMpPOTHBJIEHHE LelH NEepeMeHHOTO TOKa,
® = 25f — KpyroBas yacrora NepeMeHHOro ToKa,
C — emxocTh,
TO

1 X o C
(3 32.5) X c=%c"

CU | Om lje ®=A-¢/B

O6partuTe BHUMaHHeE!

® TIlpu yBeJuuEHHH YaCTOTHI E€MKOCTHOE CONpPOTHBJEHHE YMEHBIIAeTcs.
Jns nocrosingoro Toxa (f = 0) oHo GecKOHEUHO BEJHKO.

Tox B mend, o6iafaomeil TONBKO EMKOCTHHM CONPOTHBICHHEM,
OTpefieIseTesi BEpaXReHueM i
11U o c

cU |AB1/c®=A-¢/B

(3326) | I="UaC. |

32.2.3, PeakTHBHOE CONPOTHBJEHHE

IHenu NepeMEGHHOTO TOKA 4acTO COJIepKaT KaK eMKOCTHBIE, TaK H HHY
LYKTHBHBe CONpoTuBieHHs. MX clloKeHHe NONYHHSETCH ONPeleleHHbIM
TpaBuaaM.

Ecnu
U -~ monmoe Hanpsxkenue (3d¢ekTHBHOE 3HAUCHHE),
I  — nonunii Tox (3ddexTHBHOE 3HATUEHUE),

U, — HanpsieHne Ha eMKOCTHOM COTIPOTHBIEHHH,
U, — HanpspKenie H4 MHAYKTHBHOM COTIPOTHBJIEHHH,
I, — TOK "epes eMKOCTHOE COTpPOTHBJIEHIE,

I, — TOK yepes HHIYKTUBHO® CONIPOTHBICHHE,

X, — eMKoCTHOE CONPOTHBJICHHE,

X, — WHIYKTHBHOE CONPOTHBICHHE,

X~ — nonHOoe peakTHBHOE CONPOTHBIIEHHE,
B = 1/X — peakTuBHaR OPOBOIHMOCTE,
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TO TIpH nocaemopatensuom coepunednd L u C umeem

1
(2 32.7) X=XL—XC=(°L—ZE" o O
H
)
(9328) | U=U, —U,=1IX, —IX;=IX. | ]
Ue U
Ilpu napanneabuom coesunenun L u C 3 '
1 1 1
B=B, —B, = = C e ——
c L~ X : 1
(3932.9) c oL ~ o—
ol
X=—pri—— c
w?LC — 1 Ir I
H
U u U L
(D 32.10) I=IC—1L=—X—C—'XZ=T=UB" 1

32.24. Toanoe conpoTusicHe

B mo6oi melH NepeMEeHHOTO TOKa Hapslly ¢ YHCTO peaKTHBHEIM CONpo-
TUBJIEHHEM [PUCYTCTBYeT OMHUECKOe (aKTHBHOE) CONpOTHBJIEHHE, KOTO-
poe HYKHO YYHTHBATH [OPH ONPEJleNEeHHH IOJHOTO CONpPOTHBJIEHHS.

Ecnu
Z — TI0JHOe COMPOTHBJEHHE,
R —oMuiecKoe (aKTHBHOE) CONPOTHB- U

JIEHHE,

X — peakTHBHOE CONPOTHBISHHE,

Y = 1/Z — nonuas npoBonuMocCTh, (
G -~ axtuBHasi IPOBOXHMOCTD, w

B — peaktHBHasi NPOBOJHMOCTS,
U — nonHoe Hampsixenue (3(QeKTHBHOEe 3HAYeHHE),
1 ~— ToNHEH TOK (3((eKTHBHOE 3HAYEHHE),

TO HMeeM:

HocaenoBateannoe coenutenne R u X

TIlpn nocaenoBarenbHOM COEAMHEHHH AaKTHUBHOe H peakTHBHOe CO-
NPOTHBJEHHUST CKJAOBIBAIOTCSI TeOMETPHICCKHU:

o | z=vF TR
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"

(932.12)

U=AJUs+4 U%=12,
AU+ Uy =12. | o

O6GpaTuTe BHHMaHHE:

® X onpenensierest no dopuynam (D 32.7)

u (D329). Bemnunna Uy onpepensercs

KakK npoussenemne IX.

@ ConporusieHve Z He 3aBHCHT OT BpeMeHH. Bektop, msoGpamxaomuil
CONPOTHBJIEHHE HA BEKTOPHO AuarpaMMe, He Bpalllaercs.

TMapannensroe coenuuenne R u X

Ilpu mapansenbHOM COEIMHEHHH aK-
THBHasi H peaKTHBHasi TPOBOJH-
MOCTH  CKJAJHIBalOTCSE TeOMerpH-
YeCKH

@313 | ¥ =VEF B |

"

3214 | 1= 4/@ + 1% = UY.

O6paTHTe BHHMaHHE:

® Bemmuna B = 1/X onpenensercs
no dopmynam (D 32.7) mim (D 32.9).
Iy onpepensiercsi KakK NpoH3BeJieHHe
UB.

® Beqmuuna Y ue saBHCHT OT BpemeHu. Bekrop, msobpakawomuil na
BEKTODHOH JuarpaMmve NPOBOJHMOCTb, He Bpallaercs.

32.2.5. ®a3zoBbiil cABHT

Ilpn Hamuuuu B UENH MHAYKTMBHOTO MM €MKOCTHOTO CONpPOTHBIEHHI

CHBHT TIo hase MEXKAY TOKOM H HANPSIKEHHeM COCTaBiReT — 7/2 uam

— /2. Ecim TLenb CONEPKHT elie H AKTHBHOE COMPOTHBIeHHe (TOJ-

HOCTBLIO YCTPAaHHTH KOTOpPOE  HEBO3MOIKHO),

TO (a3oBEil CABUT JIEXKHT B Npepenax /2 >

> ¢ > —m/2. Pasnocte (as ¢ Mexupy TO- X

KoM W wanpsixenneM HaoOpaikaercsi Ha BeK- |

TOPHOM pHarpaMme IS 9THX BEJNMUMH. i z Xy,
Ha pexropHoili nmarpamme comporusie- |

HHH @ — 5TO YToJl MeXAY AKTHBHbHIM H peak- [

THEHHM CONPOTHBJCHHSMHM HJH TIPOBOIHMO~

CTSIMH,
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B cayuae nocaenoBatensHoro coeaubenusi R, C u L us dopmyns
(D 32.7) caenyer

1
°LT%c
y
© L Cc R ¢
CH | 1/c Tu=B-¢/A ®=A-c/B Ou pan

(9382.15) | tg o=

B cnyuae napannensporo coegmpesds R, C u L ua Qopmyisl
(2 32.9) crnenyer

(232.16) | tgpe=R (mC — EI_L—) ‘ Enunmnpi: cm. (D 32.15)

Bo wHorux« cayuasx (HampHmep, IpH
NapaJuielbHOM COeHHeHHH OoJ/bIlof €MKOCTH
U GOJBIIOrO AKTHBHOTO CONPOTHBJIEHHA WIH
TOCJIEOBATEILHOM COeUHEHHH OoNbllol HH-
AYKTHBHOCTH H OU€Hb MaJoro aKTHBHOTO
conporubiennsi) (asoBBil CABHF OKa3bIBaETCH
6nmskpM K /2 = 90°. Us-sa TpymHocTH
OMpelieNeHHst @ B STHX CAY9asiX NOJB3YIOTCs YIIOM ToTepb O:

(932.17) | 6=90"—¢, |

OTKYILa
tg 6=1/tg p=rctgq.

32.2.6. Pesonanc

Ecmn B nenn nepeveHHoro Toka X; u Xc¢ paBHB, TO OHH B3aHMHO KOM-
TIeHCHpPYIOTCS, U OOlllee peaKTHBHOE CONpPOTHBJIEHHE X llelH PaBHO HYNIO.

Ecnu

L — UHEYKTHBHOCTDb TIENIH, }coe,zm}rennble NOCAeAOBATEJIBHO

C — eMKOCTH LenH, HJIH [APaliesIbHO,

® = 27f — yraosasi 7acToTa,

f ~— uacToTa mepeMeHHOrO HANPSIKEHHS,

T — nepwuoxn,

TO B [ENH IepeMEHHOT0 TOKA BO3HKKAET PE30HAHC NP BHIIOJHEHHY
yerosust

1 2.1
mL—-mC 70301 co—-LC.
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Orcona caenyet opmyna Tomcona

1
e
o f T L c
(@32.18) | j__!
onA/LC CU |1fcTucTu=B-c/A ®=A-c/B

T =29n +/LC.

Pasnuualor ABa BHA& Pe30HaHcas

® [llocienoBaTensHelll pe3oHaHC, KOTNA eMKOCTh M HHAYKTHBHOCTB

COEIMHEHEl TIOCEI0BATEILHO.

@ IlapannennyHii pesoHaHC, KOIZia €MKOCTb M HHAYKTHBHOCTb COEIYs
Heflbl TapaJliesbHO.

Tlpy TnocnepoBaTesbHOM pe3oHauce HaGJIOKAeTCs MaKCHMyM TOKE,
Hanpskenus Ha peakTHBHEIX conpotuBiennsix (L m C) Ooabiue
TIOJIHOTO HalpsiKenHst (Pe30OHAHC HaNpsIKeHMil).

TMonuoe cONpOTHBJEHHe TOCHENOBATEGHOR LieNH (KOHTypa) Ha pe-
somancuoil gacrore | (D 32.18) mumuumambno (Z == R). IlosTomy raxas
Lens NPHMEHSeTCs: KaK (PHIBTPYILias nenb ((QuiabTp).

Tlpu napanjelbHOM pE3OHaHCe BO3HHKAeT MHHHMYM TOKa. Tokn
uepes peaKTHBHHE CONPOTHBJEHHs OCojblle nNojHOTO TOKa (peso:
HaHC TOKOB).

Tlo/moe coNpoTHBACHHE TapajuielbHOll lemd (KOHTYpa) Ha pesos
pancHofi uacrore | (D 32.18) mmeer makcumym. Ilostomy napaiennt
HBl KOHTYP NpPHMEHSIOT KaK 3arpamjaroimui Quibtp.

323. MOILHOCTD NEPEMEHHOFO TOKa

32.3.1. AKTHBHass MOLLHOCTH

PeakTupHHE CONPOTHBACHHS CO3NAOT B LENH PasHOCTL (a3 Mexny
HaNpsixenHeM H TokoM. Ha BexropHOH AuarpamMe U n I oGpasyor
mexay co6oit yron ¢. Tlpn BHUHCIEHHH aKTHBHOH MOILIHOCTH paccMar+

PHBAIOT TONBKO IpouaBeiehne 3beXTHBHOro 3HaueHHus _}'_'xaﬂp:g}xeﬁnﬂ HG.
3((peKTHBHOE 3HAUEHHE COCTABJIOIIEH TOKa, COBNERaiOllek ng ¢ase
¢ HampsKEHHeM, T, €, KTHBHOK COCTEBJAIONIEH TOXa, .
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Ecau

P — aKTHBHas1 MOIUIHOCTb,

{ — sddexTuBHAs CHIA TOKa,
U — stdexturHOE HanpsiKeHue,
@ — $asoBbli CIBHT,

0
P UI

CU |BrBA

(982.19) | P=Ul cos ¢ |

Besnunua cos @ HasniBaercs KO3QGUUMEHTOM MOLIMOCTH.
SOGeKTHBHYI0 MOIIHOCTE MOXKHO HaliTH Kak CcpefHee 3a TePHOX
BHayeHHe MTHOBEHHOH MOILHOCTH, KOTOpas paBHa

= [, sin ®f - Up, sin (of -} ¢).

TIpounTerpupoBaB 570 BHIpAXKEHHE 32 NEPHORX H NOAEJHB Ha BEAHUHHY
Meprojia, NONYYHM

T
P=-%—SImsin(ot-Umsin(mt+(p)dt=

0
=ULmzc03$=U,cow,

YTO COOTBETCTBYET BHlpaxkeHuio (D 32.19).

O6paruTe BHHMaHHE:

©® KosddunuenT MOIIHOCTH COS @ JOCTHTEET MaKCHMAJbHOTO 3Haue-
HH$l, paBHOro efuHulle, Npy @ = 0° TogbKO B TOM CJydae, KoOrja
Lellb He COIEPXKHUT PEaKTHBHEIX CONPOTHBIEHHIL.

@ B nemnm, colepiKallell TOJBLKO DEaKkTHBHEHE CONPOTHBJIEHHA, ¢ = 9(0°
H KosbQuiueHT MoLHOCTH €OS @ = 0. AKTHBHasi MOUIHOCTb paBui
HyJo («Ge3BaTTHBIH» TOK).

32.3.2. PeakTHBHaA MOILHOCTH

PeakTyiBnasi MOLIHOCTE paBHa HpOHM3BelieHHIO 3dder- U
THBHOTO HAOPSIKEHUs Ha PeakTHWBHEIH TOK  (CO-
CTaBJAILYI0 TOKa, NePNEeHABKYJNAPHYI0O Hanpsixe-
HHIO).

Ecau

P, — peaxTHBHas MOLLHOCTb, HacTo 0003HauaeMast 14
uepes @,

I — spdexTuBHas cuna TOKa,

U — sddektuBHOe HaNPsiKEHHE, L

@ — (a30Bblii CABHI,

Isin 4
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TO

— P, U
(282.20) | Py= Ul sin q. |

CH |»map B A
Emunutia CH peaxtuproit momuocrn: [Pg] = Bap = B-A.

O6paTiHTe BHHMAaHHE:

@ /[Insi cHEXKeHMSE PeaKTHBHON MOIUHOCTH (peakTuBHBIE TOKH TIPHBOISAT
K IONOJHHTEJbHOH Harpyske ceTH) HyXXHO YMeHbIIaTh (DasoBHI
CABHT. DTO [OCTHraeTCsl IIPHMEHEHHEM JOMNOJHHTEJbHBIX €MKOCTHBIX
SJIEMEUTOB, KOTOpPBIE YaCTHYHO KOMIEHCHDYWT peakTHBHBHIH TOK, CO-
snaBaeMbll TpancdopmaTopaMH, oOMOTKaMH SJeKTpoaBurareneli u
IPYTHME HHIYKTHBHBIMH SJ€MEHTaMH.

32.3.3. TNonnaa (xaxylwascs) MOLHOCTb

TlosHast MOLIHOCTH PaBHA reOMeTPHYECKOH CymMMe akTHBHOH H peakTHB-
HO# MOIIHOCTEI.

Ecnu

Pg — monHas MOLIHOCTH, YacTo 0603HavYaeMas
yepes S,

P, — peaxTuBHas MONIHOCTb, YacT0 o6o3Haua-
emas uepes Q,

P — agTHBHAs MOILIHOCTB,

U — sbdexTuBHOE HaNpsiKeHne,

I —s(dexTHBHAS CHJIa TOKa,

TO

®3221) | Py;—=A/P*+ P? l

H

— Ps U I
(332.22) | Ps=UL |

Cu |B-ABA

Epmuuna CU nosmoit mompoctu: [Ps] = somst-ammep (B-A) = Br.
Q6patHTe BHHMaHHE:

® UVauvepennnie B Iend 5GQeKTHBHLIC 3HAYeHHs TOKA H HampsiKeHus
ONPEEeNsIoT MOMHYI0 MOIIHOCT.

324. TpaHcdopmarop

TpaucdopMaTop COCTOHT U3 IBYX 0OMOTOK C PAa3HBIM YHCJIOM BHTKOB,
WHIYKTHBHO CBSI3@HHHIX JIPYT C JpYroM GJaroLapsi HANHTUI0 KeJes-
HOTO ceplleyHHKa. :

Kosddunuentom TpancopManuy HaspiBaercsi OTHOIICHHE YHC/I8
BHTKOB BTOPHUHON M TepBHUHOi 06MOTOK Tpancdopmartopa,
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TpancopMaTop HCIOJB3YeTCs 1Jisl NpeobpasoBaHusl BEeJIHYHHEL Med
peMeHHOro HampsikeHus. [lepHOAHUECKHE H3MEHEHHSI TOKa B NEPBHUHOMH
06MOTKe BBISBIBAIOT COOTBETCTBYIOLIWE H3MEHEHHs] MarHHTHOTO HOTOKd,
KOTOpEIe BO BTOPUMHOH OOMOTKE MHIYIHPYIOT NEepeMeHHOe HampsiyKeHEE.
Hanpsixkenusi Ha TIepBUYHON W BTOPUUHOM OOMOTKAX DA3jHYAIOTCs H3-32
pPa3HOro YHCja BHTKOB 5THX OOMOTOK.

Ecnu

N; — uhcio BUTKOB  NepBHUHOR  06- 7, | o
MOTKH, i 1, L.

Ng —uucno BHTKOB  BTOPHUHOH 06- L [ Sy l ad

" MotkH, A ) Nz‘*a_av,g

&y — nanpsxkewme Ha NEPBHYHOH 06- ‘i orp i o

- 1

MOTKE, ] |

Us = panpsixenwe Ha BTOPHUHOK 06- I 4
MOTKE,

k  — xosddunuent Tpauncbopmaliyy,

TO B CIyuae HEHAepYIeHHOz0 TpaHC(opmartopa, T. €. Ge3 Teperaun
MOIIHOCTH, HMeeM

U N
(®32.23) Tf = _N_‘Ll’ =k,

Ecau npeneGpeus NOTEpSIMH MOILIHOCTH, KOTOpHE B TpaHCHOpMAaTO-
pax He3HauHTeNbHB, TO P; = P, 0TKyHLa, YUHTHBAaA COOTHOUIEHHE
P = Ul, nonyuum )

UII 1= UZI 25
@822 | U _ L _,
U 1 - 12 -
33. YnexTpuyecKas HPOBOLHMOCTD

[TpoBOAMMOCTb ONpefelsieTcs HanpuneM TIOJBHKHLIX HOCHTENEH sapsaa.
Paznnuator

@ 5JCKTPOHHYIO NPOBOAMMOCTH (HamphMeEp, B TBEPABX Tejax, Bas
Kyyme),

@ LOHHYIO TpPOBONMMOCTb (HANPHMEp, B MKHAKOTTAX H rasax),
MexapH3MBl nepeHoca 3apsila NMpH PasJUUHBIX arpPeratHblX CoCTosi-

HUSIX BeIleCcTBA CHMbHO pasnuualorcs. ONHAKO BeJHYHHA [EePEHOCHMOTO

sapsia BCerZ@ paBHA LENOMY WUHCAY SJAEMEHTAPHEIX  SJEKTPHYECKHX

sapsgoe (D 28.3).

B cayuae snekTpuuecKOH NpOBOJHMOCTH JIOOOr0 BuIa HOCHTEIH 8a<

psiZia IBHXKYTCS TOA ACHCTBHEM SJIEKTPHYECKOTO MOJIL:

© oTpuHULaTe/bHble 3aPSAbl ABHXKYTCS OT OTPHLATEJBHOTO HOJIOCA K MO«
JaoxutensHomy: I_,

@ I0JOKHTENBHBE 32pslbl ABHIKYTC OT FMOJOMHTENBHOrO Hojioca K
orpunatenbHoMy: Iy - - - .

e
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Tlonuelli TOK paBeH CyMMe TOKOB, OOYCJIOBIEHHBIX OGOMMH BHIAMH BO-
cuTesiell sapana:

(®33.1) [I=I_+1_.

B samkEyTO# Denmu moOx JeHCTBHEM BJIEKTPHYECKOTO HOJS HOCH-
Tend 3apsaia HAYHHAKOT [ABUTaThes yCKOpeHHO. MX ckopocTe yBenH4H-
BaeTcs N0 TeX Iop, NOKa YCKOPAWILas CHJa 3JIEKTPHYECKOro IoJjs He
YpaBHOBECATCS TOPMO3SiUIEH CcHJIOK, OOYCAOBJEHHON CONPOTHBJIEHHEM
NPOBOAHHKA.

T1I0THOCTBIO 7 HOCHTEJIEH 3apsifa HA3LIBAETCS OTHOLIEHHE YHCHa IO-
IBUXKHBIX HOcHTeJeH sapsma N k o6bemy V:

3a ppeMsi Af yepes InollepeuHoe CeueHHE NPOBOOHUKA A TNPOXOAHT
CTOJIBKO 38PSJIOB, CKOJNBKO HX COIepKHTC B obveme AUAL, Tme 7 —
CKOpPOCTb IBHIKEHHSI Uepe3 IIONepeuHoe CeueHHe NpoBOAHHKA (Hpefido-
pasi ckopocth). Cuenosatensko, N = nAvAf. Ecin y xaxzporo HoOCH-
TeJis HMeeTCsl eQUHCTBEHHEIH 3jieMeHTapHBlil 3apan (YTo He 06s3aTeNbHO
[l HOHOB), TO TNepeHOCHMHIl 3apsay paBeH

Q= Ne=neAv At
¥, nockosbpKy I = AQ/Af, umMeem
I = neAv. Tak rak I/A==j, 1 NJIOTHOCTH TOKa no.nyr'xaeM
j=nen,
“HIH, TaK Kak
U UA ocUA

I=—§-=—p-l—-=—l——=()’EA'

1MeeM
j=ockE.
T1I0THOCTD TOKa IpONOpLHOHAJBHA HANPAMXKEHHOCTH 3JIEKTPHYECKOTO
noasi: j~ E.
Wz shipaxkenusi j = ned = oE nosyuaeM HpefipOBYIO CKOPOCTh:
5]

_ oU
(2 33.2) b= =

v o E =n e U 1
CU | w/c Cu/m B/m I/v® Kn=A-c Bm

3jiech

¢ — npeiidoBas CKOPOCTE, T.€. CKOPOCTb HaNpaBJIEHHOro JBHIKEHHA HO-
cuTeliell 3apana,

¢ = l/p — ynenpHas DPOBOAHUMOCTD,
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E — HanpsiKeHHOCTh 3JIEKTPHUECKOTO INOJS,

KN — IVIOTHOCTH HOcHTenell 3apsana,

e =1,602- 10~ Ky — s/ieMeHTapHblil 3JEKTPHICCKUH 3aps,
U — panpsikenne Ha KOHIAX NPOBOJIHHKA,

| - pnuna NPOBOHHUKA.

lNMopsKHOCTLI0 4 HoOcuTenell sapsiga Ha3blBaeTCH OTHOIIEHHE HX
CKOpOCTH Apefiha K HaNpsKEHHOCTH JIEKTPHYECKOTO NOJIA.

Ha (3 33.2) crenyer

_ o

(@ 33.3) 2

U=

n’idl

u v E n e o
CU | m*(B-¢c) Mfc Bfm 1/u® Kn=A-c Cu/m

Jng yneapnofi NpoBOXMMOCTH BellecTEa B OGIIeM BHAE MOIKHO
3anucaTb

(3 33.4) I o=n,eu, +n_e_u_ l Enperne: o, (D 33.3)

O6paTHTe BHHMaHHKE:

©® 3HauemHsi © W 4 Y pasHbX BHIOB HOCHTenell 3apAfa MOTYT OLITH
pasyyunbiMu. Qopmyna (D 33.4) cnpaBenskBa M B TOM (Jaydae, KO-
I7la NPOBOAMMOCTL OGeCHEYHBAETCH TOJNBKO ONHWM H2 BHOOE HOCH-
Tenell 3apsna (HanpuMmep, SJEKTPOHHAs IPOBOIHMOCTD).
©® CMBICA NpOH3BENEHHSA M@ MOXKHO NOHATH, obpamtasicb K COOTHOILe-
_Ne Q Ero maswmaoT NPOCTPAHCTBEMHON  nAOT<
BUIO e v v

HOCTBIO 3apA7oB.

@ [lng noHOB, 3apsfi KOTOPHIX PaBeH HECKOAbKUAM DIEeMEHTapHBIM 3a-
psimaM, COOTBeTcTBYWILHE wieH B cymMe (D 33.4) coenyer ymHO-
KHTE Ha 3aPA0BO€ YHC/IO HOHA 2.

33.1. MposonuMOCTb TBEPABIX TEN

B 3aBHCHMOCTH OT BENHYHHBI NPOBOAUMOCTH TBEpALIE Teéjda HEeAdATCs Ha

© 1npoBOAHUKH (MeTaJsuibl),
@ nonyupOBOOHHKHY,
© HENpOBOIOHHKH (IHSJEKTPHKH).

O6wuM 08 TBEPALIX Tea dABjsieTcd KPHCTaLIHYeCKOe CTPOEHHE
(uCcKIOYEHHe COCTAaBJSIOT HEKOTOpEle aMOpQHBIE BeEIMECTEE, HampHMEp
cTeKs0). ATOMBHl B KpHcTaAnax 00pasylT peryasipHYIO HpOCTpaHCTHEH-
HYI0 pelleTKy ¢ xapaxrepnou INf KaxKIOro BeUlecTBa CTPYKTYpORL.

DnexTpHYIECKHE CBOYCTBA TBEPIBIX TeJ onpene.nmowcn pacnosoxe-
HYeM SHEpreTHYECKHX YPOBHEH 5J/IeKTPOHOB.
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88.1. IIposodumocre Toepduix Ter

I s

33.1.1. 30HHAg MOAEIL

DJekTpOHEl B aToMe o6jazaioT pasnuunofl sueprmeli. HaGop BceBoz-
MOXHBIX 3HaYeHHY SHEpruf 5JEKTPOHOB JIAHHOIC aTOMa INPEICTABJISAIT

¢ MOMOIIBID TaK HA3HBAEMOH CXEMbl, HJIH
AHArpaMmel SHEPreTHYeCKuX  YPOBHEH
(cm. pasp. 37.4.1). B wmonekynax Bchen-
CTBHE B3aHMOJEICTBHA MEXAY aTOMaMH
OTHE/IbHLIE JHEePreTHUeCKHE YPOBHH pac-
meniswoTes. B KpHctamnax BsauMonecT-
BHe MeXIYy AaTOMaMH OKasLBaeTCs Ha-
CTONBKO CHJBHBIM, 9TO YpOBHH BRIPOXK-
namoress B 30HBL OGnacts Mexny 30HaMH
COOTBETCTBYIOT 3HauE€HHSM OHEPLHH, KOTO-
PEIME 3JIEKTPOHBL 06/1ajaTh He MOTyT, H
HA3LIBAIOTCS 3aNpeliCHHbLIMH 30HAMH.

w

=

Amom

Monexymer  Kpucmasn
2-x 3x
amoNHEIEe

Jlo6as paspellieHHasi sHeEpreTHYeCckKas 30Ha COCTOHT M3 60JIBLIOrO
yucaa 6J'IH3KODHC1'IOJ'IO)K€HHHX SHEPreTHUYCCKUX ypOBHEﬁ, Ha KaxKJIoM
H3 KOTOPBIX MOXKET HaXOHHMTLCS IO J(Ba 3JIEKTPOHa C NIPOTHBOIIOJIOXK-

HEIMH CIITHHaMH.
B SHEPreTUYECKHX 30HaxX € noJ-

HOCTBI) 3aHATHIMH YPOBHAMH 3JIEK- wi

TPOHH He MOTYT CROGOIEO Tiepe- Sona
MeIIaTbCs, COSAABAs NMPOBOIHMOCTD. 4 ROGSSROGOCO0R0. mpusodimocrs -
Tlocniennsis M3 3aNOJHEHHEIX SHepre- W°

THUCCKHX 30H HAsHIBAETCA BAJEHT- 'V [RITSTTSTITTTTS. )

noft somoii. Oma npocTHpaeTcs IO Natolele%etstolste's: Bafa%” e

sHeprHE Wy.
daerTpHIeCKas HPOBOILHMOCTD

PO

ST

0TS,

ofyconieHa cBOGOJIHO JIBHXKY-
LHMHECS 3JIeKTpoHaMu. Mx smep-
reTHueCKHe ypOBHH pacnoJjara-
I0TCA B Hes3anoJHeHHOH pa3zpe-
LIeHHOH 30He, KOTOpasi Ha3blBaeT-
csl 30HOH NPOBOAMMOCTH. I3Ta

30Ha HauHHaeTcsl ¢ sHepruu We. %

Pasmuune MeXLy HpOBOIHHKA-

MH, HOJYNPOBOOHHKAMH H JHUYJIEK- w m 9%

TPHKaMH OGYCJIOBJIEHO IUIHPHHON 3a-

%

W Soxee
Z Z TpOsodamMoCiLL

X _Banchmeag
NXXK SOHO

Mpelulenncil 30HB MEXIY BaJleHTHOH Memann flonynpo- Juanenmpun
GofRuK

30HOI K 30HOH mposBopuMOcTH. IIln-
PHHa 3alpelleHHON 3SOHBl MOXKeT

6LITL fJaxke paBHO Hymo. B sToM cayyae BajieHTHas 30Ha H 30HA

NPOBOAUMOCTH NEPeKphIBAIOTCS.

33.1.2. IlpoBoguMOCTb B METaJIAX

B Merannax HMeeTcsi OueHb MHOTO cBOGONHBIX 3/eKTpoHOB. Ha Kam-
nple 1—10 aToOMOB KpHCTaJ/LTHUECKOW pEUIeTKH IIPHXOAWTCS OIHH CBO-
Gopublii 5MEKTPOH, KOTOPERIE MoOxeT cBOOOJHO mepeMellaTeCd MEXAY
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aroMaMH. COBOKYNHOCTh CBOGOLHEIX 5JIEKTPOHOB HaSHIBAETCH 3IJEKTPOH=
HbIM Ta30M. HpHJ'IO}KEHHOG K IIPOBOJHHKY HaIlpsiXKeHHe CO3JaeT 3JICK-
TpHYECKOE II0JIe, MO JeHCTBHEM KOTOPOTO BOSHHKAET HAIPABJEHHOE
IBHXKeHHe 37ekTPoHOB. VX npeiiioBas CKOpPOCTb (CKOPOCTH HAMpaBJieH«
HOrO IBHKEHHs) oueHb Majsia. B coorserctsum ¢ (D 33.2) oma cocras<
JIeT MHJUTHMETPEl B CEKYHAY.

ConpoTHBNeHHEe META/VIOB 3ABHCHT OT TEMIEPATYpH, TAK Kak ¢ pocs
TOM TeMneparyphl kKoneGaHHs aTOMOB pEIIeTKH BCe CHJIBHEE H CHJIbHEe
TPENsiTCTBYIOT JBHKEHHIO 3JeKTpOHOB. IlpH »ToM 4HQIC CBROGOAHBEIX
3JIEKTPOHOB HE 3aBHCHT OT TeMIlepaTyphl.

Tpn oxnakpeHHM METANJIOB HX COTIPOTHBJICHWE IOCTENIEHHO YMEHbo
jHaeTcs, a y HEKOTOPHIX METa/VIOB IIpH TeMIeparypax, ONH3KUX K
a6COMIOTHOMY HYJIO, CONPOTHBJIEHHE CKAYKOM yMEHBLIAETCH JHO HYJs
(aBNeHUe CBepXNPOBONMMOCTH); TeMIlepaTypa, IpH KOTOpoH Habsmona-
€TCA BHE3alHOe HCYe3HOBEHHE CONpPOTHBJIEHHS, HA3BIBAETCS KPHTHYeCKOH
TemnepaTypoii.

33.1.3.  TepmoaneKTpuiecTBO

HexoToprie cBOGOZHBIE SJMEKTPOHEI MOTYT INOKHHYTH NOBEPXHOCTb Me<
Tajia, eCNH HX SHEprHA OKaXeTCs PaBHON HiM [pEBBICHT paGoTy Bbie
Xona (cM. pas;. 33.4.3). PaGora Bhixoma 3aBHCHT OT THIIAa MaTepHaJia.
Ilpun nnoTHOM cOemHHeHHMu (KOHTaKTe) LBYX METAJIHYECKHX HOBEPXHO-
€Teli SJIEKTPOHB H3 MeTajla ¢ MeHbllell paGoTofi BEIXoa GYLYT nepe-
XOHUTh B MeTasll ¢ 6oNbliell paGoToll BEIXO-
Fa. Tlpu >TOM BO3HHKaeT KOHTaKTHa#d pas-
HOCTb NOTEHIHAJIOB, BEJIHYHHA KOTOpOH 3aBH<
CHT OT TEMIEpaTyphL

TepMoasleMeHT COCTOMT H3 JBYX TaKHX
coelllHenHuil (CBapeHHBIX WIH cnasHubX). Ecin
HX TeMmepaTyps OJIHHAKOBH, TO KOHTAKTHEHIE
HanpsizkeHHs KOMIEHCHpYIOTcA. FEcaAM KoH-
TaKTHEIE COEJIHHEHHS HMeIoT PasjHIHYyI0 TeM-«
nepaTtypy, TC BO3HEKaeT 1epMo-dJC, BHI3BIBaoliag TepMOTOK. Ero Bes
JIMYHHA 3aBHCUT OT CONPOTHBJIEHHs LENH, MaTepHaslOB H Pa3sHOCTH TeMs
nepatyp. B sasucuMOCTH OT BeJHuMHEL Tepmo-2JIC MeTasnsl o6pasyor
TEPMO3JIEKTPHYECCKHH DSl HANPsKEHUH.

Cnpasounas TabsHna

Tepro-9JIC HEeKOTOPEIX METaJUIOB II0 OTHOWIEHHI0 K MEAH
pas pasHoctn temmepatyp 100 K (remuepatypa memu 0°C)

Merann Bi Ni Pt Hg Al Pb Ag Cu Cd Fe Sb
U, uB/[K —8 —2,2 —0,7 —0,7 —0,3 —0,3 —0,05 0 0,1 41,0 44,0
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O6paTHTe BHHMAaHHE:

@ Tepmo-2/JIC mo6oii KOMOHHaANHH
METaJIOB OIpejieNiieTcs Kak pas- —
HOCTh NPHBEJIEHHEIX BHIILIE TEPMO-
aJIC. - Ty Memann

® Ha pucyHxe nokasaHO Hamnpas« Ompuyem,
JieHHe TOKa TepMo3anementa. Ilo-
JIOKHTeNbHEIM DOTEHIHANOM 06-
JlagaeT MeTais, CTOAINHE B DALY
Epazee.

DIC uamfonee ynoTpeGuUTENbHLIY TEPMO3JEMEHTOB IpPHBEJleHEl B Clle-
nywome# Tabauue.

CnpaBounasa tabnuna
TepMo-3/C HEKOTOPHIX TepMonap pJisi pasHocTH Temnepatyp 100 K

Tepmoniapa U, uB TepMomnapa U, MB
Mens — KOHCTaHTaH 4,25 HuxpoM — KOHCTaHTaH 6,21
JKeneszo — KOHCTaHTaH 5,37 [Ilnatvna — mnatuHopommit 0,643
Huxpom — HHKeJBb 4,1 JKeneso — Menb 1,05

Temrepatypa xoJogHoro cuas 0 °C.

OGpaTuTe BHUMaHHE:

® Tepmo-DJIC npubnuauteNbHO TPONOPHHOHANBHA pasHOCTH TeMIlepa-
TYP TOJBKC B ONpelle/ieHHOM JHala3oHe TeMrnepatyp.

@ Ocofeuno Goapliume TepMo-DJIC o6sazanwT nOJYNpOBOAHHKOBEIE
TepMO3JIEMEHTHI.

SIpnenue, O6paTHOE TEePMOSJIEKTpHIECKOMY 3hGeKTy, HasbBBaeTcs
adpextom Ilenvthe. Ecan mponyckath TOK Yepe3 COeJIHHEHHe MeTaJnos,
AHAJOTHYHOE TEPMOSJIEMEHTY, TO MeXIYy KOHTAKTAMH BO3HHKaeT pas-
HocTh TeMmepaTyp. IIpH 5TOM OxnamnaeTcsi KOHTAKT, KOTODHIH clenyer
HarpeBaTh JUIfl NOJYUEHHs TOTO JKe HanpapJeHHs TepMOTOKa.

83.1.4. HoayHpoBOAHUKM

Tlpu 0 K HOMynpoOBOJHHKH He COfepiKaT CBOOONHBIX 3MEKTPCHOB H NO-
3TOMY HpencTaBisiioT coboit juosekTpHkH. OIHak0 B OTIHYHE OT IA-
BJIEKTPUKOE Y HOJYNPOBOAHHUKOB NPH HOBLILEHHH TeMIlepaTyphl BO3HH-
KaeT npoBomEMocTb. OHa 3aBHCHT OT WHPHHB 3anpellleHHCH 30HH, T. €.
OT pa3HOCTH SHepruil

.WC_ WV = AW-
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ConpoTHBJeHHE IOJYIPOBOLHHEKOB YMEHBIIAETCA € pOCTOM TeMIle-
paTyphl.

. Ydemeroe conpormuenenue moeepdeix men

lposodruru /Iaﬂ_ynpoao.ﬁm'uf}z Ausnermpuri
R .Ollffu[?t r!reﬁtz
Pmyrme
JE’EJ:I;D
L N
Capetipo Tepma g

wéwt w?w? 1 w? wt 0° w0 oY o? % e P*
Ydersnoe conpomusnenue p, O -cm

TexHUYeCKOE NpHMEHEHHE: TEPMHCTOPH H CONPOTHBJIEHHS C OTpH-
HaTeJBHLIM TeMIlepaTypPHBIM KOS (HIHEHTOM.

33.1.5. CofcTReEHas NpPOBOAUMOCTD

BaxueHIHHME [OJYIPOBOJHAKOBRIMU MaTepHajiaMii SIBJSIOTCA TepManui
H KpeMHHH. ATOMBI 3THX S/IE€MEHTOB HMEIT Mo 4 3JMEKTPOHA BO BHEII.
Hell 9JEKTPOHHOM 06O0JI0UKe, KOTOpBle O6pasyioT BaJEHTHYHO CBA3b G
SJICKTPOHAMH COCEAHHX aToMOB. IlpH nonse-
JICHUH SHePrHH (TeIVIOTH HJIM CBeTa) MeX-
aTOMHEIE CBSI3H B pEIUETKe TEpSIT SJIEKTpO~
HbI; HpH 5TOM 0o6pasyercs MOMOXKHUTEJBHBIN 3a-
psao. To MecTo, rue B pelieTKe He XBaTaer
3JIEKTpOHa, HaswmBapT Ablpkofi. ITon mefier-
BHEM Halpsi?KeHHs1 3JeKTPOHBl ApeHdyIoT K Io-
JIOXKUTeNBHOMY mojiocy. JIBIpKH JBHXKYTCH K
OTpHLATeIBHOMY NOJIOCY, HpHYeM HX MeCTo
3aHHMAaIOT CBOGOJHEIE SJEKTPOHBL.

B uHCTOM HOJynpOBOJHHKE, NMPOBOIHMOCThH
KOTOPOro OOyC/OBJieHa TEIIOBEIM BO36Y-
JKJeHHeM, OJHHAKOBOE YHCJO 3JIEKTPOHOB
H JBIPOK IEHIKETCS B NpOTHBOIOJOXKHBIX
Hanpasfenusx. IlpOBONHMOCTE BO3pacTaeT
IpH NOBBIIEHHH TeMNepaTyphl.

TloTepsiBliiHe 4acTh CBOeH SHEPrHH SJIEK-
TPOHBl 3aXBATEIBAIOTCA JBIPKaMH: MNPOHCXO-
ouT pekombunanusa. [Ip® HenaMeHHOH TeMIle-
paType UHCIO SJEKTPOHHO-IBIPOYHBEIX Nap IO-
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CTOSIHHO, TaK K&K CKOPOCTH PeKOMOHHAaLHH H CKOpPOCTb OOpasoBamnHs
SJICKTPOHOB H HOBIPOK OOHHAKOBEL

Ecau

n_ == N[V — KouneHTpauus 3JeKTPOHOB,

B, - KOHLEHTPauus OBIPOK,

Ho ~ — KO3 HUIHEHT INpONOPIHOHAJNBHOCTH, XapaKTePHIYIOMIHI YHCJIO

aTOMOB peUIeTKH B €OHHHIE 00bheMa,
AW = W¢— Wy — paccrTosiuHe MeXJly BaJEHTHOH B0HOH H 30HOH HpO-

BOJIHMOCTH,
k= 1,38-102 JIx/K — nocrosnuas BosabliMaHa,
T — TeMmepaTypa NOJYIpPOBOLHHKA,

TO

_ i;y ) n W kT
(9335) |n_n, ' =ne . cu | 1w Ik Ox/K K

+
TlpousselieHne KOHUEHTpPALHH SJIEKTPOHOE H IHIPOK IIpH 3alaHHOR
TeMIepaType NoCTOSAHHO.

O6paTHTe BEHHMaHHUE:

® B repManun npH KoMHaTHOR TeMnepatype K+ = 2,5-1018 cM—3, a
IIOTHOCTb aToMmOB paiHa 4,4-1022 cv—8. TakuM o6pasoM, oxHa napa
HOCHTeJIEH 3apsifia NPHKOAUTCA npuMepro Ha 10° aToMoB.

Briyrpernnil dotosddexr

DJERTPOH MOXeT NepeHiTH M3 BaJleHT- W
HOl 30MBl B 30HY IPOBOJNHMOCTH IOA
OeficTBHEM CBeTd. OHEPIHA CBETOBHIX
KBaHTOB Jaercsi BEpaxkeHneM W =

= hf (At 35.1). DTa sHeprusi MOAXKHa z W

. IpeBHILAThH [HPHHY 3anpellleHHON 30HHI, Waratz,
OIHAKO HE JIOJI?KHa NPeBOCXOJHTH HH- W =4W -
TepBaNa MEKAY BEePXHHM KpaeM SOHBI

o

NPOBOJIMMOCTH H HHXKHHM KpaeM Ba- X Wy

JNIEHTHOH 3OHBL . .
Tlpr yBesHYeHHH YHCJa KBaHTOB C Winarr < HF< Wy,

nopXoxsAned JJIHHOK BOJHBEI MM 9aCTO-

TOfl IIPOBOJHMOCTE NOJNYIPOBOLHHKOBEX MaTepHasnoB Bo3pactaer. Tex-

HHYeCKOe NpuMeHeHHe: (OTOCONPOTHBIEHH .

33.1.6. daekTporHas NPOBORHMOCTHL

[TpoBOMMMOCTb TOMYNPOBOAHHKA MOXHO YBENHYHTH HOOABJCHHEM aTO:
MOB LpYrHX sJeMeHToB (neruposanme). Ilpy BBefeMEH B PEIIETKY NO-
JIYNpOBONHKKA TpHMecell BO3HHKAeT MPHMECHAs NPOBOAHMOCTDL (s or-
nmuge oT cOGeTBeHHON mpopomHMocTu). Hampemep, HpH JleTHPOBAHHK
YeTHIpEXBANEHTHOrO TepMaHusl NSTHBAleHTHHIM MEILBLAKOM (WIH Cypb-

Mo, ¢ochOpoM) B MecTe HAXOKIEHHH aroMa HpHMecH HOABJISETCH
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JIMLIIHEYE CBOGONHBIA 5JeKTpoH. OnHH aToM
TipuMecH NpHXoxMTcsa Ha 10°%—108 aro-
MOB pellleTKH MNOJYNpoBOAHHKA. Ilpumect,
NpPHBOJSIIME K TOSIBJIEHHIO  CBOGOHHEIX
DJICKTPOHOB,  Ha3HLIBAIOTCS  JOHOPHBIMH.
OHepreTHYecKHe YDOBHH JIOHODHEIX 3JIEK-
TpohoB Wp nexaT HHiKe 30HBI IPOBOLN-
MOCTH.

B nammoM ciyuae clpaselJiHBC BHI-
paxenue (3 38.5). ITockOMBRY uHamHuue
NPHUMECH HPHBOIHT K YBeJHYEHHIO IIpH-
Gmusutespo B 10 pas KOHLEHTPALHH
5JIEKTPOHOB, BO CTOJILKO e pa3 joMkHa W
YMEeHBINHTBCH KOHIIEHTpAaIHs JILIpOK:
f- =~ 10504 We

TTockonERy £ 5> N4, BIEKTPOHB HAa- Wy pm———m—————
BLIBAIOTCS OCHOBHBIMM HOCHTENfMH, & IbIp-
KH — HEOCHOBHBIMH HOCHTEJAMH; repMaduit
B 3TOM cJyYae Ha3BlBAIOT HONYIIPOBONKH-
KOM C 3JIEKTPOHHOH NPOBOIHMOCTBIO, HJIH
NONYIIPOBOJHHKOM A-THIIA.

IIpososuMocTs B MONYNpOBOAHEKE h- Wy z
THIIA O6YCJIOBJIEHa OYTH HCKIMOYHTEN b iz
HO SJIEKTPOHAME.

$3.1.7.  Jpipoynag mpoBOAMMOCTB

TTpoBOAUMOCTE TNOJYIPOBOMHHKA MOXKHO YBEJNHYHTR, JIEFHPYSl €ro aJse-
MEeHTAaMH ¢ MeHbllell BaJleHTHOCTBIO. ECJH, HanpHMep, JIETHPOBAaThb Fep-
MagH#l TpeXBaJleHTHHIM HHIMeM (JIHGO Gopom,
rajjMeM), TO B MecTe HaxoOXJIEHHA aTOMa
TipEMeCH BO3HMKAaeT JIHUIHSAS JBIpKa. Takue
TIpHMECH, YMEHBIUAKNIHE YHCJIO CBOGOIMHBIX
BJIEKTPOHOB, HasbBalOTCsi aKnentopepiMu, Co-
OTBETCTBYIOIIME HM BSHEpPreTHUECKUl YpOBeHb
JIEXKHT HEMHOrO BHINE BaJIEHTHOH 30HH.
Ilpy yBeNHUeHHM KOHLEHTPALMH JEIPOK, CO-
raacHo (D 33.5), KOHLEHTpALHS 3JIEKTPOHOB
YMeHbIHAETCS,

Tlockonmbky fy 5> 1., HBIPKH GyAyT oOC-
HOBHBIMH HOCHTEJISIMH, @ 3JIEKTPOHBI — Heoc-
HOBHBIMH. Taxofi THR [OJYNPOBOXHVKA Ha-
BEIBAIOT ABIPOYHBIM HOJYNPOBORHHKOM, HIIH
NONYNnPOBOLHUKOM p-THNA.

[lposonuMocTs B MONYNPOBOAHMKE p-THHA
OCYyIIeCTBJIieTcH HOYTH  HMCKMIOWMTENEHO  Wpp——————--

JBIPKAMH, T WA
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83.1.8. p— n-niepexop,

B ommoM u TOM Xe oOfpasie MHOJYNPOBOAHHKOBOIO MaTepHajla OIHH
Y4acToK MOKeT o06JanaTh p-NpOBOIMMOCTBIO, a HAPYFOH —— A-TIPOBOHH-
mocThio. Mexny TakuMu o6nactamu
BO3HHKAET IOTpaHHYHBI CJIOH, dYepe3
KOTOpHl  AHGOYHAHPYIOT  OCHOBHEIE
HOCHTEJIH, CTPEMACb YpaBHATh 3Haue-
HHfl KOHLEHTPamHH M0 06e CTOPOHEBL
oT cnos. B pesysbrate nmo o6e cTO-
pOHBI OT 'rPaHHObl BO3HHKAaET TOHKUH
cnofl, B KOTOPOM TIOYTH OTCYTCTBYIOT
cBOGOIHbIE HOCHTEeNH 3apsifa. DBHell-
Hee HanpsXKeHHE H3MeHsieT TOJILHHY
aTor0 cJiosl. Ecii NOJOXKHTENBHEIE MO-
JIOC HCTOYHHKA HaNPSIKEHHS COEJH=
HeH ¢ p-06J1acTbio, a OTPHIATEeNbHBIH — '
¢ n-00JacTbio, TO GOJBIIOE YHCIO OC- d i Ee«——e- 4

HOBHBIX HocHTeNell [AHbOYHAEpPYeT B —_— _)—ge e@e S

—3n( Oe—o a

NOTpAaHHYHBIR CJIofl, Tle OHH peKoM-
6unnpyor. IIpH 5TOM BO3HHKaeT OT-
HOCUTeJIbHO OONBINOY — nPpAMOfl 3JEKT-
pnueckuit Tok. Ilpm o6paThHON mnoasip~
HOCTH OCHOBHBIE HOCHTEJH TNOKHIal0T NOTpaHHYHBIR cjod. B  pexom-
GHHaLUH YYacTBYeT JIHIUL HeGOJBIIOE YHCJIO HEOCHOBHBIX HOCHTENEH #

Tl-lJ
':"(
\ rleszo| S5 |n
\ =1 == o+
\ : B o
) © ofw ©
d)_) . gt
BO3HHKAaeT OdeHb CJaabpifi obpaTHbi# I
TOK,
§.
p— n-nepexof, paboTtaeT Kak BH- ,§
NPAMHUTENb, NPONYCKas TOK TOJBKO §
n3 p-o6aactH B H-00JacTb. ég
TlosnynpoBOXHEKOBRII npubop a v U
P — n-NepexojioM HasblBaeTca AHOLOM. Odpamsiz ) 4
OH CIy:KHT [AJisT BRINPAMJEHHS IEpes ”{qu
MEHHOTO TOKa. 4
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Doronnon,

Ecnu ga 3anepThlt O0GpaTHHIM Hanpsike-
HueM JHOJ NajaerT cBeT, TO YHCIO Heoc-
HOBHBIX HOCHTelNlell BO3pacTaeT, BCIEACTBHE
4ero yBeJHUHBaeTcsi OCpaTHBIH TOK.

[Tpn ucnose3osammn ¢oromnonma Ang
H3MEpHTeJIbHEIX HeJieli BaxKHO, 4TOOH 06-
paTHhil TOK OBVI HPONOpPHHOHAJEH OCBe-
ILEHHOCTH.

$oTO3NEMENT

Qdoronnon, He NoTpebisOmIME TOKA
OT BHEIIHETO HCTOYHMKA, Npepcras- Uil
nser coboit Qotosmement. Ha pu-
CYHKe NMOKa3aHbl rpadHKH 3aBHCHMO-
CTH HamnpsiXKeHHsl XOJIOCTOTO XOJia
H TOKA KOPOTKOIO 3aMBIKaHHs OT
ocgellleHHOCTH. IlpH Hanmuuuy BrelH-
HEr0 COMPOTHBJEHHUSA Ripem > 0 TOK
HEé NpPOHOPUHOHAJEH OCBEIIEHHOCTH.

33.1.9.  Tpamsucrop

Tparesucrop npeacrawnseT coGofi p— 1 — p- WIH B — p — H-CTPYKTYDPY,

HJH CO€AHHEHHE NPOTHBONOJIOXKHO BKJIIOYEHHBIX JHOJIOB.

TpaH3ucTOpel p— N — p- U H— p— K-THHA PABHOHEHHH! O CBOUM
napaMerpaM. TpaH3HCTOPHE p — 1 — p-THlla NPUMEHAIOTCH dYallle, NOTOMY

9TO OHH HpOLIE B H3rOTOBJEHUH.

Heiprr (B p— n — p-TpansucTope), CO3AAW0OMHE OSMHTTEDHBIH TOK,
u3 o6nacTH 3MUTTePa MONafaloT B O4eHb y3kyio (10—50 mkm) n-06-
JlacTe Gaskl, oTTyfla GOabllias ux dacte (95—99%) npoxoput H p-00-
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JNAcTh K KOJJIEKTOPY, 00pasysi KoanekTopHbiii TOK Ix. OcTalbHble NHIPKH
ofpasyior ToK 6a3nl I, TeKyiHil uepes Gazy B.

Jns cyMMBI BCeX TOKOB € Y4Y€TOM WX HAUPABJEHHH CHpaBelJIHBO
paBeHCTBO

@336) | Is-+ I+ I =0. |

O6paTHTe BHUMAaHUue:

® Tox, HanpaBaeHHEH K TPaH3WCTOpY, CYNTAETCS HOJNOKHUTENBHBIM, OT
TPaH3UCTOPA — OTPHLATENLHEIM, NphYeM HamnpaBleHHe TOKa oOIpele-
JisieTcsl HApABJeHHEM ABUIKEHMS TONOXKUTEJNLHBIX 3apsiioB.

Cxema ¢ oOueit Gasoit

B cxeme ¢ oOweii 6asoii, n3o6paXeHHOH HA pHCYyHKe, Gaza sBJas-
ercst OOLIMM BEIBOLOM IIJIsI BXOJHOH M BHIXOZHON HENU.

Ecan ~Iy
Iy — TOK KoaJyekTOpa,

Iy — TOK smuTTEDA,

A — kosdhduuueHT yCuneHuss 0O TOKY,

TO

(@87 | Ik=AI,,

rre A = 0,95—0,995.

XoTs KOANEKTOPHHH TOK MeHbllle SMHT-
TepHoro, ycuserue ofycioBieso OGosee
BHICOKMM BBIXOAHLIM HAUDSIKEHUEM IO CPABHEHMIO € BXOAHBIM; Uys >
> Use. Hockonwxy I« = I, umeem

IsUyg ~ IaUaﬁ-

ITosTomy TpaHaucTop B cxeMe ¢ 0Olueii Gasoll paGoTaeT ¥Kak yCUIAUTEND
MOILHOCTH.

HeGonniline na3MeHeHUSI BXOXHOH MOIIHOCTH BBISHIBAIOT GOJsblInE U3«
MEHEHUS! BHIXOEHOM MOIIHOCTH.

CxeMa ¢ 00IYM 3MHTTEPOM

Cxema ¢ oOluM 3MHTTepOM NpuMeHsiercs Haubojiee 9acTo. DMHTTEp

sBNsieTcs1 o6Mell Touko# BXOjHOH n BhixonHoH nenefi. Bo BXopHo#l nenu

TedeT OYeH: MaJiblii Tok 6aser

1 6 =— 1 3 —.I Ke

Ecan

Iy — TOK KOJIEKTODA,

I — tok Gaszwi,

. B — gosddunyent ycuneHusi U0 TOKY B
cxeMe ¢ OOIUM SMHTTEPOM,

TO

(®3838) | Ix=Bls.
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Hcexons us paeescts B =IK/15 v Is = I,— I, noayuaem ¢op-
Myay Zsisi onpelenesust B:

B= =TI
Tlonenum na I ¢ yuetom, uto % == A; TOrma nosyunm
2
A

O6paTtuTe BHUMaHue:

® Jlockosmbky A == 0,95—0,995, uz ¢opmynas (3 33.9) crnenyer, wrto
B = 20—200.

XapaKTepHCTHKH TPAH3UCTOPOB

OyHKIMOHANbHAST 3ABUCHMOCTL BAYKHEHIUMX BEeJMYMH ompelessercs Xa-
pAKTEPHCTHKAMN TPAH3WCTOPA, KOTOpble 9acTo H3obpaxkaiorcs Ha Of-
HoM 4Yeprexe. B xampom KBalpaHTe HpUBONUTCS CBOSI XaPAKTEPHCTHKA

CxemMa ¢ o6meit 0asol CxeMa ¢ o6uuM 3METTEPOM
1-# KBajpaHT (BEIXOAHEIE XA~

PARTEPUCTHKH)

— Ix=f (— Uxg) — Ix=—f (Uxs)

PN pasiHYHBIX 3HAYEHMSX TOKAa INPH DPAasJINYHBIX 3HAUCHHSAX TOKa
smuTTepa I 3uauenuro I,=0 co- 6a3w lg. 3rHavennmo Ig=0 cooT-
_OTBeTCTBYET OOpaTHblii TOK Ixgo. BETCTBYET OCTATOUHEH TOK fgs0.

| ¢ obweir| - Cxema ¢ oowium | .
s o I
\

[

Uat_!
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2-i  ‘weajpaHT (MePEXONHBIC XapPaKTePUCTHKH WIH XapaKTEePHCTUKH
YCHJEUHsl TOKa)

—'1K=f(13) _1K=f(—16)

npu — Ugg=1B. npu — Ugs==1B.

3-ii kBaprant (BXOHLHEIE XAPAKTEPUCTHUKN)

Ia=f(Ua6) "16=f('—U63)

npu — Ugg = 1B (xapaktepuctika npu — Ugs=1 B,

OTKPLITOTO 3MUTTEPHOTO HePExXona).

4-ii KkBafipaHT (XAPaKTepUCTHKH OGPATHON CBS3H N0 HAIPSIKEHMIO)

DTy XapaKTEePUCTHKY YaCTO HE M300pakaioT, TAK KaK €€ MOXKHO Nony+
YUTL U3 APYTUX XAPAKTEPHCTHK.

_UK6=f(U36) — Uxs = [ (— Uss)

OpY PA3JMYHBIX 3HAUEHHSX TOKAa [pH pasJMYHBIX SHAUEHHSX TOK4
smutrepa Is. 6aspl — Ig.

33.2. AAEKTPHYECKHl TOK B IKHUIKOCTSX.

HocureasiMH  3Jek1pHYecKoTO TOKa B + -

KULKOCTAX SBJISIIOTCSI HOHBI, KOTOpbLIE
o6pasytorcst mpu pacnape (HHcConpa-~
UUH) MOJIEKYJL.

TTonoxuTenbHEle HOHB (KaTHOHbI)' e 7= 3
=) =5

JIBUIKYTCA K OTPULATENBHOMY 5JeR- & =~ E

Tporty  (RaTomy); OTpHLATENb. & Aruon Ramuo S

Hble HOHBI  (QHHOHBI) JHBUIKYTCH ——
K  TOJIOXKMTeNEBHOMY  SJIEKTPOAY
(anony).

332.1.  DqeKTponus

JKupnKoCcTH PASZensIoTcsl Ha NPOBOASIe M HENPOBOASIIME, MJIH JNCCO-
nuEpyiolre H Hepuccoumupyionwe. Ilposopsampue XEAKOCTH HaSEBa-
jores snextponuTamy. OHE pasjaraiotcss IpH IPOXOXKZEHHH HEPE3 HUX
Toka. K SmeKTposuTaM OTHOCSTCS TNaBHBIM 00pasoM BOXHEIE PACTBOPHI
coneft, kucaoT u menouell. Ilpu sirekTposnuse Ha KaTone (oTpHUATENL-
HOM TOMIOCE) BHIENsieTcsl MeTars unn 6000pol. Morexynaphbill 0CTGA
TOK BLICISETCS HA aHofe (IOJOKUTENLHOM TOJIOCE),

Ecau

m — macca BHIENUBLIETOCS BeIlecTEd,

I — cuna TOKAa B SJCKTPOJHTE,

t — NpOLONHKHTENLHOCTb NPOTEKAHUS TOKA, .
B — 576KTPOXMMUYECKN]I SKBUBANEHT SJMeKTpOMHTA (CM, Tabn, 38),
Q — mepeHOCHMBIH 3apaf, s
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Cnparouynas Ta0auua
SneKTPONN3 HEKOTOPBIX BEILECTB

DJIEKTPOJNHT Annon Katuon
Consnas kucnora (HCI) Clg H.
Cepuasn gucnotra (HeSO,) Og (us SO,) H,
Cynpdar mepu (CuSO,) O, (us SO,) Cu
Xnopup nusra (ZnCly) Cl; Zn
Engnit vatp (NaOH) O, (us OH) H,

TO COpaBelJiWB IePBbil 3akoH Papapess
m k It Q

(933.10) | m=kIt =FkQ. | CH | kr wr/Ka A ¢ Ka
KI | mr mr/Ka A ¢ Kxn

Ecau

k — aneKTpoXuMHYecKHi SKBHBaneHT (cM. Taba. 38),

m — Macca BHIXEUBIIErocsl BEHIECTBa,

M — Monsipgasi Macca (Kr/KMOJb), paBHAsi OTHOLIEHMI0 Macchl K KO-
JIN4eCTBY BelllecTBa,

2 — BaJIEHTHOCTb,

TO NPY OOMHAKOBHIX KOJHYECTBAX 3JEKTPHUECTBA Macca BbIAENMBIIErocs
BelllecTBA NOAYMHSIETCS] BTOPOMY 3akoHy Papapes:

(D3311) | my:mo==ky: kg =—~1—=.

JeNUBIIEroCsl B PESYNLTATE IJEKTPONH3a pasyNYdHBIX 3JCKTPOJIUTOB,

an/I ONNMNAKOBOM KOJIMYECTBC 3JICKTPHYCCTBA Macca BeilecTBa, Bbl-
nponopunoHaNibia OTHOILEHNIO MOJIﬂpHOﬁ MacChl K BaJICHTHOCTH.

3apsap Q, HeoGxomumelii ONg BeZejaeHusi 1| Moss BeluecTBa, ANS
BCEX SJEKTPOJHUTOB oONMnakoB. OH paBeH IPOM3BELEHHIO TOCTOSIHHOM
Aporanpo Na = 6,022045-102 mosb—! ¥ 3JIEMEHTapHOTO 3JEKTpuue-
ckoro sapsifa e = 1,6021892-10—1° Kn u uasuiBaetrcs umciiom Papapes:

(333.12) | F = N e ==9,648456 - 10* Ka/uou.

SJleKTpOXHMH‘IECKHﬁ SKBUBAJIEHT W YHCJIO <I>apaneﬂ CBA3aHb! COOTHO-
HedueM

[ M k M =z F
(233.13) | E=—.
2F KO | xo/Kn xr/emons — Ka/xmons
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O6paTuTe BHUMAHUE:

® MouasipHana Macca M YMCNEHHO paBHA OTHOCHTENHHON MOJIEKYIApHOIL
macce Morq.

33.2.2. FanbBapuueCcKuit 3AEMEHT

B raspbBaHHYECKHX SJIeMEHTAX NPONCXOAUT NpeobpasoBaHHe XHMHYECKOM
SHepruM B 3JeKTpuueckyio. Tak Kak 9TOT Npouecc HeoOpaTHM, TOBOPAT
O [MEPEMYHBIX 3JEeMeHTax.

Ecu onmycTuTh MeTasn B 3JEKTPOJHNT, BOSHHKAET 3JEKTPHYECKHI
TOTeHIpAN, BEJNMYHMHA KOTOPOTO B3aBHCHT OT BellecTsa. [Ipum mnorpyxe-
HUM B SJEKTPOJUT ABYX PA3NHYHHIX METaJJIOB MeXAy HUMH BOBHUKAeT
pPASHOCTh MOTEHNUAJOB, KOTODAs B3ABHCUT OT MOJIOMEHHs METasnioB B
PARLY 3NeKTPOXMMHUYECKHX MOTEHIUAJOB.

CnpaBounasn Taénuua
ANeKTPOXUMHUCCKUE TOTEHUHAb! (B BOJBTAX) HEKOTOPHX METANJIOB

Au Hg Ag Cu H Pb Ni Cd Fe Zn Mg Li
U,B 14 086 0,80 03¢ 00 0,13 0,24 0,40 0,44 0,76 2,34 3,02

B —_—

Tok, mporekapomuéi yepes rasJbBaHUYECKHHl 3JIEMEHT, NPUBOJUT K
XUMHYECKUM H3MEHeHUSIM B SJIeKTPOAAX, B PE3YJLTATE Yero BO3HUKAaET
npoTUBOHATpsiXKeHHe (nmosnsapmsauus). Ilpy 3ToM HampsiKenwe Ha aJe-
MeHTe CTAHOBMTCS MeHbIIe 3Ha4YeHHS, YKA3AHHOIO B TabumMie; COOTBET-
CTBEHHO YMeHBINIAETCH U CUJA TOKA.

33.2.3. AxkkymyasaTop

B akgymyssTOpax HaKONJIEHHE 3JieKTPHUYECKOH SHEPTHH HPOUCXOJUT 32
CueT ee MNpeBpalleHxsi B XUMUYeCKyIO SHepTmo. B oTJiHune OT rajb-
BaHMUeCKHX 3JIeMeHTOB, KOTODHe Ccpasy iKe TOTOBH K pafoTe, aKKyMy-
JIATOpH HAAO NpPefBapuTeNbHO 8apsaauTtb. [losToMy HX HHOTZA HasBI-
BAlOT BTOPHYHBIMM 3J€MEHTAMH.

CeHHIOBBI aKKYMYJSITOP

CBUHUOBHI ARKYMYJASITOD COCTOMT U3 JBYX CBHHUOBHX IVIacTHH, IO-
FPYEeHHHIX B SJNEKTPOJNT, HpPEeICTABISIOMUE coboit 28-r£poueHTHylo
CepHYI0 KHCNOTY. B pesysnbTarte peakuuu CBUHIA C CePHOH KHCIOTOH
Ha [OBEPXHOCTH NJNACTHH o€pasyercsl cy/ib(aT CBHHLA (PbSQ,). 3a-
pPARHED TOK mNpeoGpasyeT CyibdaT CBUHLIA B OKCHI CBUHLA (PbOs)
Ha aHoze M B cBuHern (Pb) Ha karone. DTOT IpomecC CONPOBOXKJaercs
o6paszoBaHkMeM cepHOfi KHCIOTb. Bo Bpemst 3apAfgM KOHLEHTpanus
cepHOfl KHCTIOTH H €€ INIOTHOCTh BOspacTaioT, Bo Bpema paspaixh
Tlpouecc NPOTEKAET B 0OpATHOM HalpaBJeHUH.
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Ilpoecclt B aKKyMyJfiTOpe ONMCHBAIOTCH CIEXYIOIMMM  ypab-
HeHHeM:

3apsanka
2PbSO, 4 2H,0 7> PbO, -} 2H;SO, -} Ph.
(D 33.14) Paspsanxa
Anon Anop, Katon,

Katop

CpeniHuil TOTeHUHaNl OfHOTO 3SJNEMEHTAa CBUHIOBOTO aKKyMyJsTopa
ApH HOpMaJibHOH Harpyake coctabjsier 2 B.

T110THOCTD 3JeKTPOJINTA CAYKUT XAPAKTEPHCTUKOH CTemeHH 3apsis
JKeHHOCTH aKKyMyJfTopa.

JKenesonukenesrit akkyMyaaTop

Anop xenesouureseporo akkymyastopa cocrout uz Ni(OH)z (ruppor-
cun HEkens), katox uz Fe(OH)s (rumporcmp xejlesa), B KauecTBe
SNEKTPOJUTA HCNOJB3yeTcss 20-HPOUEHTHLI pacTBOp efkoro kamm. Ilpo-
LeCCH 3apsiKH U pas3psOKy OMUCHBAIOTCS CJEAYIOIIMM YpaBHCHHeM!

3apsinka
2Ni(OH), -+ Fe(OH); -~ 2Ni(OH); -+ Fe.

(D 33.15) *‘—paap p—
Aworn Katop, Anon Karton

Cpezuufi NOTeHIKMAaJ ONHOTO 3JEMEHTA IKEJC30HHKEJEBOTO AKKyMy-+
JiSTOpa IPH HOPMasbHOW HArpyske cocraBiaser oxoso 1,2 B.

O6paTuTe BHUMAaHHE:

® B nukeneBo-KapMreBHX AKKYMYJSTOPax BMECTO ¥KeJjleda HCIONb3Y<
ercss KagMuil. Peaxkipy poTeKaioT aHAJOTHYHO.

33.3. DAEKTPONPOBOIHOCTL Ta30B

Hocutensimy sapspa B rasax Moryr GHTb HOHB M SJEKTPOHHL TOK
B rase mpeficTaBisieT co6oil MeKTPUUECKUH paspsip.

33.3.1.  HecaMocrosiTeRBHEIH pa3psy

Honb B rase BO3HMKAOT B OCHOBHOM HOJ JeficTBUEM BHEIUHUX areHTOB
(DEHTTeHOBCKOTO H3JIyUeHHs, TOpSYero Tra3oBOTO IJIaMeHM, pafHOaK-
THUBHOTO H3NyueHusi). ECAH DPUJIOXKHTH HaNps-

JHeHME, HOHB HauHYr ABHFAThCS, T. €. BO3HMKHeT I

Tok. OH Bo3pacTaeT NPONOPIMOHANLHO HANPsiKe-

HUIO, TOKa He ROCTHTHET HEKOTOPOro HOCTOSIH-

HOTO 3HAYeHHS, HA3LIBAEMOTO TOKOM HACBIILEHMSI,

IIpu 3ToM Bce O6pasyioliHecsi HMOHEI Y4ACTBYIOT

B TIPOBOJMMOCTH, . N7
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33.3.2. CaMocTosTeNbHbIN paspsay

Ecan npopgosixaTe HOBBIIATL HANPSKEHHE, TO TOK CHOBA4 HAUHET pa-
CTH, TaK KakK NPOUCXOXUT HOHU3ALMS MOJeKyJ Ipu WX COyAapeHHH
C VOHaMM, MMeOH[MME GOJBbINYIO SHEPrHIO (yHapHas HOHM3ALHA) M YH-
CJ0 HocuTenedl 3apsiia CWJIbHO BO3pacTaeT. Takofl paspfiz HasbBaeTcsl
CaMOCTOSATEJIBHBIM, MOTOMY 4YTO OH He Tpel€yeT HOHHM3auuM rasa BHellls
HEM BozzeiicTBreM. [Ipu yMeHbleHHn RaBJeHHs raza TpefyeMoe Ha<
npsokedre cHuzKaercsl. C yBeJHueHMeM TOKa M YHCJAa HOCHTesed 3apspa
CONpPOTHBJIeHHE YMeHbIUAETC .

Hast OrpaHHYeHusl TOKa B rasoBOM paspfle HYXHO BKJIOYATb 10+
TIOJIHUTEJIbHOE COINTpOTHBJIEHHE.

B LENsIX NEPEeMEHHOr0 TOKa IJsl 3TOr0 4aCcTO HPHMEHSIOT JPOCCEdb,
T. €. BHILYKTHBHOE COIIPOTUBJEHUE.

33.3.8.  Tneromuit paspsy

IIpy cuipHO TOHMKEHHOM JaBJeHHM Ta3a caMOCTOSITENbHBI paspaf,
COMPOBOKEAETCS CBeueHHMeM. IToNOXKMTeNbHEle HOHBI, yHapssch B Kas
TOJi, BBI3BIBAIOT NIEKTPOHHYIO 3MHccHIO., PekoMOHHAmUs HOHOB COIIPO+
BOXKJIAeTCsI TAK HA3BIBAEMEIM OTDH-
uarenpHEIM CBedMeHHCM BOJM3A Ka- - B:
Topa. [TonoxurenpHri cTon6 coxep- 'g

MUT ORMHAKOBOE UMCIO TOJIOXKHU-
TeJLHBIX M OTPHUATENbHEX HOCHTE- v
Jleil 3apsiia U ABJAfETCS MNOITOMY
KBa3uHeATpaJbHLIM (niasma). ITou-

TH BCe INajieHue HaNpsiKEHHs IPO-
HcxonuT BGM3u Karona. Ha pucyn-

Ke IOKa3aHO paclpefiejeHHe Maje- E
HUSl Hanpsi:KeHUS, HaNOpSKeHHOCTH

noJisi ¥ TPOCTPAHCTBEHHOTO 3apsla

B paspsianoil TpyOke. ‘5
=
IlpuMepbl NPHMEHEHHs] TJIEIOIEro EQ
paspsapa 58 M
TI'azocserrsie Tpybru. 1seT cBe- §S — = =
yeHMsi 3aBUCHT OT NPUPOJH 3amod- =

HSIIOILErO ee rasa.

Jlamne, Oneeno20 cbeTa (JMIOMHHECUEHTHHE JaMIb). STH JaMOB
3anoJiHeHbl pTYTHHIME NapaMy HU3KOTO HaBJeHHs! HJN HHepTHBHIM TasoM
H mpeo6pasylT € NOMOMBIO HAHECEHHOrO HA BHYTPEHHIO TOBEpX«
HOCTh JIAMIET JIIOMHHOGOpPA HEBHIMMOE YJbTpa(UONeToBOe H3NyYeHHe
B BuUnmuMHE cBeT ((ayOpecleHIHs).

Pryrnvie aomno.. OHH 3ANOJHSIOTCA PTYTHHMH HapaMi. HeM Beilie
JlaBNGHHe TIApOB, TeM WHTEHCHBHee CBedeHMe. «[ODHBIM COJHIEM» Ha
aEIBatoTcsT PTYTHHE JaMIbi ¢ GanjoHoM WS KBapla, KOTOpBIH HPOnyCs
KaeT yabTpadHoJeToBoe H3JIyUCHUE.
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Heonoseie namne: (naMnel Theomero paspsiga). OHH  ncnosbsys
10TCsl B OCHOBMOM AJiSl OCHAPYKeHHS HANPSIKEHUS, a TaKke IS CTa-
6unusanuy Hanpsixenusl. Hanpsixenue samkuranusi GoJbllle HampsiiKes
HIs ralleHus.

Hwunyaocrote aamnpt  (aMu-BCIBIUKH). OHYM [PERCTABISIOT CO-
Goft TpyOky u3 TBeDAOrO CTeKJ/a, 34NOJIHEHHYIO HHepTHHIM TIas3oM, Ha-
npuMep kceHoHoM. (JlaBnenme rasa 40—130 wmGap, NpPOROJIKHTENb«
HocThb paspsaxa 0,1—1 mc.)

33.34. Karognuie ayun

Karonpbie JIyur BO3HHKAIOT B CHJIBHO OTKAuYaHHBIX TpyCKax (naBJe-
Hue MeHee 10—2 mMGap), ecnM K 3NEKTpofiaM IpHJIONKEHO IIOCTOSIHHOE
BLICOKOE HanpfXenHe. KaTOIHEIE AYUH COCTOAT W8 34EKTPOHOB, JIETH«
HEX ¢ GONbIIOH CKOPOCTHIO.

CBOICTBA KATOAHBIX JyYeli:

© OHuE pacnpocTpaHSIOTCS NPSIMOJMHENHO.
® BribiBarotr nouepHeHne GOTOIMYILCHI.

® BuisbiBaoT CBeYenHe CTeKsa, JIOMHEO(OPOB H HEKOTOPHX LPYTHX
MaTepuasoB.

® O7TKIOHAIOTCS MarsMTHHIM U SJNEKTPUYECKUM ITOJISAMH.

OTkIOHeHHe SAEKTPOHHOrO Jy-
4Ya HCIOJb3YeTCs! B IEKTPOHHO-IY-
4yeBoll TpyOKe: WHTEHCHBHHI NOTOK
3JEKTPOHOB U3 KaToHa NpOoJieTaeT
aHOX W TomajaeT Ka dJiiyopeciu-
pyrommit skpan, [lpunaras wmanps-
Keule K CHelHaNbHEIM 3JEKTPOLAM,
MOXHO YNpaBASTh JyYoM. Takas
Tpy6ka ¢ NOZOTPEBHBIM KATOLOM HC- L. oeug
NOJb3yeTcsl B SACKTPOHUOM OCIHII-

Jnorpade.

33.3.5. Kananosrie ayun

KananoBre NyUd— 5TO HOTOK HOAOHUTEAbHBLY HOHO8, IBHIKYIUHXCSH
[0 HampaBJeHMIO K KaTomy co ckopoctsimu oT 300 zmo 3000 km/c.

33.3.6. PeHTreHOBCKOE H3AyuCHHE

PeHTreHOBCKOE HM3JyYEHHe BO3HHKAeT NPH COYAApEHNH KaTONHBIX Jrydeit
Cc Merajumueckofl ToBepxHocThlo. OHo mnpeficTabiseT co6oil 3JEKTPO-
MATHUTHOE H3JIyUeHME C AJHHOR BOJHH B pnHanasoHe 10—2-—10 HM,
JKOpPOTKOBOJIHOBOE PEHTTEHOBCKOE H3JyYCHHE HaSHIBA€TCsl IKeCTKHM,
AJFHHOBOJIHOBOE — MATKMM. HasyucHue mMeeT IBe KOMIOHEHTH. [Ipu
TOPMOXXEHHH 3JeKTPOHOB BO3HHKAeT TOPMO3HOE H3JyueHue, HMeiolllee
CIJIOIIHOM CIEKTP, MPOCTHPAIOMIMHCSA BINIOTH LO ONpENENIeHHOHM MakCH«
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ManbHON IJMHBI BOJMHEL (cM. pasp. 37.4.4). Yactb 3MEKTPOHOB mepe-
BOLHMT aTOMH! MeTaJula B-Bo36yiKZeHHOe COCTOSIHHE, B PE3yJbTate 4ero
BO3HHKAeT T2K Ha3HBaeMOE XapaKTEPHCTHUECKOE W3NYyYeHVWEe ¢ ompefe-
JIeHHEIMHE JIINHAMY BOJIH.

CaoficTBa peHTIeHOBCKUX Jyueits

Ouu pacnpoctpassiotesl IpAMOJUEEHHO.

TTponuKalOT CKBOSL Helpospaydbie N CBeTA BEIHIeCTBA, Takue, Kak
MBILIH, AEPEeBo H T. .

BLiBHBaOT (GayOpecueHHIo HEKOTOPHX BEIlECTB.
BriseBaoT nouepHerne GOTOIMYNLCHH.

BrisbiBaroT Guonoruvyeckue H3MEHEHHS B 3KUBEIX
TRKaHAX.

He otxnousores SNEKTPUYCCKMM H MAaTrHUTHBIM
noJsiMu.

VIHTeHCHBHOCTD PeHTTEHOBCKHX Jydell H3MepseTcss B
KyJIoHax Ha kuaorpamm (Ki/xr),

Jns moNyyeHHs PeHTTeHOBCKOTO H3Iy4YeHus MpH-
MeHSIOTCS! Cllenyanburle TPYCKY, B KOTOPHIX HJIsSl JO-
CTHKeHHs1 GOJBIIOH MOIMHOCTH HCIOJNB3YIOTCA NOJO-
TPEBHHE KATOJAH H aHOJAB € BOASIHBIM OXJaiKHe-
HHEeM. +

33.4. AuexTpuyecKuii TOK B Bakyyme
83.4.1.  Smeprust U CKOPOCTb CBOGOAHBIX SNEKTPOHOB

DrleKTpHYecKOE 10Jle YCKOPSIT SJEKTPOHE B UANPABICHHH aHOJA
Onaronaps pmeHicrsuo cusbl F = Ee (2 29.1). BenuunHa yCKOPEHHS OIl-
penexnsieTcsi BhipaxenneM a = F/m = Ee/m.. CKOPoCTb M KuHETHuYECKAS
SHEPIrHs 3JEKTPOHA B I0Jie HENPepHIBUO BO3PACTAIOT.

Oneprusi SneKTPOHOB U3MepsieTcsl B 3JEKTpoH-Bosibrax (3B).

DNeKTPOH-BONLTOM HASHBAETCS SHEPTHS, KOTOPYI0 mpuobperaer
3NEKTPOH, IPOXOJisl pasHOCThL moTeHnuanos 1 B.

DNeKTPOH-BONLT — BHECHCTEMHAS] eJIMHUIA, NpHMeHseMasih B aTOM-
HOH M silepHO#l Qu3KKe.

CoOTHOHICHNE MEKAY elHHUIAMH SHEPIUH

1 snekTpon-BosbT (9B) = 1,60219-10-1% Ik

Ecnu
U — yckopsiiomee HanpsikeHve, .
e ==1,602.-10-15 Kn— 3apsi >JAeKTpOHA, paBHHIl 3JeMEHTAPHOMY 3a<

pazny,
me =9,11-10~3 kr — mMacca MOKOS 3JeKTPOHA,
¥ — CKOPOCTb 3JIEKTPOHA,
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TO, HOCKOJIEKY 3HEpTHsl SJEKTPOHOB MeU%/2 paBua paGorte, 3aTpayeHHOH
Ha YCKOpeHHe, HMeeM

2
MV —eU wm ve= /\/2BU .
2 Me

[Tocne noxcTaHOBKM BeeX KOHCTAHT HOJyYdeM CJAEAYIOMEE BHPAMKEHUER

(333.16) | v="5944/T ru/e,

rze Hanpsixedrie U BHpamkeHno B BoJbTAax.

dta dopmyna copaBefiJiuBa NpY He OYeHb GOJBIIME CKOPOCTAX.
Tlpr cxopocTfix 97€KTPOHOB, HpPEBHILAOMMX NpuMepHO 20% CKopocTH
CBeTA B BaKyyMe, CJefyeT YYHTHIBATbL DEeNSITHBHUCTCKOE YBeJHUYEHHe
macch (cM. pasg. 41.4.1). @opmyna (3 33.16) pmaer B 3ToM chydae
3aBHIIEeHHBIE 3HAYCHUS.

Ecnn

U — yckopsiomee HanpszkenHe,

e =1,602-10-19 Ksi — sapsin 37eKTpOHA,

meo = 9,11:10-31 gr — Macca MOKOS IMEKTPOHA,

Me -— Macca JEKTPOHA, ABUIKYIIEToCs CO CKOPOCTHIO Uy
¢ =2968-10% M/c — ckopocTh cBeTa B BaKyyMe,

L — CKOPOCTL 3JEKTPOHA,

TO, TIOCKOJbKY KHHETHUeCKAs SHEPrHsl paBHa NOJHONH SHeprim 3a Bhlv
YeTOM SHEPTHH NOKOS, corylacHo (AT 35.2), umeem

1

02
Vi E

OTCEO}Ia cliefilyeT BEIpaxKeHHE 1Sl CKOPOCTH SJEKTpPOHOB

v=cC l-—————l—-—
= U +1)2.
MeoC2

TMocne nojcTaHOBKY uMCNEHHBIX 3HAYCHHMH NOJyYaeM

1
- 2,998 . 10° 1— KM/C;
(233.17) ’\/ 1+ 1,057- 10U

¢ HanpfAKeHne U BBIpAZXE€HO B BOJbTaX.

eU = (me — mep) €% = meyc?

O6paTuTe BHUMAaHHE:

® 3aBHCHMOCTD MAacCChl 3JEKTPOHZ OT CKOPOCTH LPH pA3JHUHEIX SHAUEY
HUSIX YCKOPSIOLIeTo HANpsiKeHUs IpuBelieHa B TabJuue, .
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I

CnpaBouHasi TaGauna

3aBUCHMOCTb MaCChi JJEKTPOHA OT CKOpPOCTH

CxopocTs 3JAEKTPOHA

Macca 3JeKTpOHEa

VYexopsiotijee
HANpsIKEHHE o — Me -
v, B ¢ ’ Mag ’
1 1,95-107° 584 1,000 0911.107%
10 6,24-10~ 1872 1,000 0091l
102 0,0198 5929 1,000 091}
10° 0,0625 18728 1,002 0,913
10 0,195 58 455 1,020 0,92
108 0,548 174 352 1,096 1,089
1-108 0,941 282 128 2,057 2,694
2108 0,979 293519 4914 4,476
3.10° 0,989 296 600 6,870 6,258
5 - 106 0,996 208 501 10,78 9,824 2
8.10° 0,998 299 252 16,66 1,517.10°
1-107 0,999 299 438 20,57 1,874
2-10 1-3,1 «1077 299699 40,14 3,656
3.107 1—14 -107; 299750 59,71 5,439
5. 107 1—5,i2- 10~ 299 777 97,85 8,913
810 1-202-107° 299786 157,6 1,435 1072
1-10° 1—1,3 <10” 200 789 196,7 1,792
1-10 1—2  .1077 209792 1958 1,784- 10~
33.4.2. JiBHKeHHe 9JEKTPOHOB B NOMEPEYHONM IJIEKTPHUYECKOM MNoJe

JBHxXeHHe SJNEKTPOHOB HEPNEHAMKYJSPHO HANPABJNEHMIO 3JICKTPHUCCKOTrO

nosss  TONOGHO  IBUKEHHIO  TeJa,

(cm. pasn. 6.2.4). TpaekTopus HMeeT
BHL Dapabospl. Bwmecto ycropeHwus
CBOGOJHOTO TaleHus SNEKTPOH He-
UBITHIBAET  YCKOPEHME, - BHISBAHHOE
BJEKTPHICCKHM TIOJIEM:

OpPOLIEHHOTO

eE
Q=—,

Me
Ecan
¥ — CKOPOCTb 3JIGKTPOHOB Ha BXoJE€ B I0Je,
E — HanpsXeHHOCTb SJEKTPHYECKOTQ TOJS,
U — manpsixeHHe MEXAY IJIacTHHaMH,
I — jJMHA NNACTHH,
d — pacctosiHHE MEXAY HNAaCTHHAMH,

110

TOPH30OHTAJHM
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Me — MAacca 3JeKTPOHA,
S — paccTosiHHe OT CepellHHEl KOHACHCATOpa /0 3KpaHa,
b — OTKJOHEHHE Ha 3KPaHe,

TO Ha BEIXOE M3 TOJS JABHKEHHE SJEKTPOHA XapaKTePH3YeTCs CJes
IYIOWAME TapaMeTpaMu:

; eEt at? eEt? i v, eEt
Uy =at= me ’ YT T2 T omg’ g(p—-;;-— mev *

OtraoneHye b nactcs BHIpaIKEHHEM
b=sy+ (s—%) tg @.

Ilocsie mOACTAHOBKH TIOJyYHM

eEt? eEt
b= 2me +(s——2 mev !
Ine
PR S
vy v
Orcrona

eE[? eEl
T omet® + (s T2 ) T me?

HJIH, noce mpeo6pazoBaHmit
b— ( ‘fj s _ 1y ekl

2] me “mev?
Ionaras E = Ufd, aaxopuM 0KOHYATENBHO: 9
eUls
333.18) | b == ——-.
( ) me dov?
33.4.3. DaeKTPOHHAN IMHUCCHS H3 METAJJNOB

Vneanbuelii BakyyM He cODEpIKHT HOCHTENEH 3apsila M sBJSETCA H30+
NATOPOM. B TeXHHMUYECKH MOCTHXXMMOM BaKyyMe HaIpsiKeHue, NpHJIO=
JFEeHHOe K JIBYM 3JIeKTPOZaM, camo 70 ceGe He BEISHBAET 3JIEKTPHYEs
CKOTO TOKA.

DJeKTpHYECKHH TOK B BaKyyMe MOXKET IpOTeKaTh JHIIbL TOIIA, Ko-
IZla B HEro BBeJEHBl HOCATENH 3apsifia (3J€KTPOHEL).

U100k 5MEKTPOH TOKHHYJ METAJJHYECKYIO NOBEPXHOCTb, HEOGXO=
JEMO 3aTpaTHTb OIPElENEHHYI, 3aBHCAILYI0 OT BEUIECTBA SHEPIHIO,
KOTOpasi JOJIKHa HOPEBBHIIATH TaK HASHBAeMy paboTy BHIXOAd,
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Cnpaeounasi TaGauna
Pa6oTa BLIXOA HEKOTOPHIX METAJJIOB

esnit MacTa
Mertann: Bonedpam Monubuex Mens Ha Bonbd- H3 OKCHAA
pame Gapusa
A, 3B 4,53 4,43 4,39 1,36 0,99
A
B, m 60 55 3.2 1,18

TepmosnekTpoHHas aMHUCCHS

Ilpr TepMOSIeRTPOHHON SMUCCHH SJEKTPOHE BEUIETAIOT 32 CUYET Tell+
JoBol sHeprud. TepMOsAeKTpOHHAS SMHCCHS IpeICTaBiaseT cob0fi BaxKd
HeHUINHA BHJL 3JIEKTPOHHOH 3MHCCHH.

Uncno BEUIETAOLINX 3JEKTPOHOB 3aBHCHT TVIABHLIM 00pPasoM oT TeMs«
MepaTyphl, a TaKie CBOMCTB MaTepHana.

Ecan

j — DAOTHOCTD BJEKTPOHHOTO TOK4, SMHTTHPOBAHHOIO TOPAYHM Ka<
TOJOM,

B — nocrosiumas Pruapncoua,

T — remneparypa KaTona,

A — paGota BEIXOLa MaTepHasNa KaTold,

k =1,38-10-2 Nx/K — nocrosiuuas Bosbimana,

TO COPaBeVIBO ypaenenue Puuappcona

= i B T A B
(@33.19) | j=BT?%2 © cu | A A/(m2-K2 YK I /K

O6paTHTe BHUMAHUE:

@ 3Havenus paGoThl BEIX0JA, IIPHBeAEHHLle B TaOJHLE, MOMKHO IIE€pe<
cuutarh B Axoyau: 1 3B = 1,602-10-1° Ox.

@® Qopmyaa (D33.19) copaBelluBa TOJNbKO B TOM CJyuae, KOTAa aHOMs
Hoe HalpsKeHHe JOCTATOUHO BEJHKO H BCE 3JIEKTPOHBl «OTCACHI4
BalOTCA» U3 06JacTH Karoja. -

® Tlocrosunas Puuappcona npejcTaBaser c060H 3KCIEPHMEHTANBHYK)
XapakTepHCTHKY Marepuasa. Ee snauemus /s HEKOTOPHIX METaJIOB
CM. B CIIpaBOYHOH TabJ/uIie,

ABTO3JEKTPOHHAS IMUCCHS

[Tpu nampsxennoctn monsi Gosee 109 Bfm cosjaBaeMoil IoJieM CHJIE
HOCTATOYHO Jaf BHPHIBAHHS 3JEKTPOHOB € MOBEPXHOCTH BEILECTBA.
Uro6Ll cHESHTD HaIpskenue, HeoOXOOUMoe A CO3JaHus TAKOTo IO,
Katoly mpuAanT (GopMy TOHKOTO OCTpHSL.
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Poroagektponnas smuccus (BHewmul dorosddext)

Oueprun hv Naf20IEro KBaHTa WSIyYEHHs (cM. pasj. 35) mMOXKeT
OKa3aTbCsl JIOCTATOYHO JNs BHCBOOOKAEHHS siextpoua. Ecau sta sHep-
THsl DpeBbluaerT paboTy BHX0AE, TO e€e H3OEITOK IpeBpamiaercss B KH-
HETHYECKYIO SHEPTHIO SJEKTPOHA.

Ecan

e ==9,11-10—3 Kr — Macca aseKTpoHa,

¥ -— CKOPOCTb BLUIETEBILErQ 31EKTPOHA,

b = 6,63-10~% J)-c — nocrosnHas liuanka,
Y — YacTOTa MSAYYCHHS,

A — pabora BHXO0ZA,

\o)

h Am v v
CHU Iﬂ,}x-cﬂmxr mfe 'm=1/c

2
(®33.20) | hv=A+ i;’i—

DHeprusi BBUICTAIOILHX SJEKTPOHOB YBEIHYHBAETCH € POCTOM wYac-
TOTH W3JIVUEHHSL

Uuneno BHIGHTHIX 3JEKTPOHOB PACTET € YBEJIHYEHHEM WHTEHCHBHOCTH
u3JyyeHHs (C yBEJMMEHHEM YHCJIA KBAHTOB, HaJalOHIHX Ha HOBEPX-
HOCTb B €JHHHIY BPEMEHH).

Wz (23320) caenyer, urto (POTOSMHCCHS BO3MOXKHA TOJBKO B TOM
cayyae, KOrJa 4YacToTa M3JyUeHHsl TIPEBHIIAET HEKQTOPOE TPaHHYHOe
BHaueHMe V.p, 3aBHcsnlee oT A. DTO rpaHNYHOe 3HAUEHHME DPaBHO

(23321) i Y a_h
’ _lvrp—h’ CU lFu=1/c Ix Ox-c

Hcnoabayss ¢opMyay ¢ == Av, MOXKHO HaHTH MaKCHMajbHOE 3Ha-
HeHHe JJHMHB BONHBL, COOTBETCTBYMOIIee 3TOH TPaHHYHOH dYacToTe Vpp:

A ¢ h A
CU ] M M/c Ix-c Ox

(93322) | Arp=—.

Ilocne HOACTAHOBKH UYHCJEHHBIX SHAYEHHH IOJIYYaeM CJEAYIOILyIo
dopMyay pans AAHHBL BOJMEL H3AYYEHHS, CIOCOOHOTO BH3BaTh (HOTO-
OMHUCCHIO; .

1240
A

(®383.23) | A < HM,

e pabota BHxoma A BEIpaiKeHa B 3J€KTPOH-BOJIBTAX.

Bropuuliasi aJeKTPORHAS IMHCCHSI

BJ’IGKTpOHbI M HOHBL, JBHXYILHECHA € HOCTATOYHO BBICOKO#H CKOPOCTBIO,
TpH yAape 0 MeTa/UIHJeCKYI0 IIOBEPXHOCTb MOTYT BEIBBIBATH BTOPHUHYIO
BAEKTPOHHYIO SMHCCHIO,
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d7oT 30dekT NpuMensieTcss B 2NEKTPOHHLIX YMHOXKHTENAX, a TaKKe
(POTO3MEKTPOHHEIX YMHOMKHTENSX, TIle TepBHUHEE 3JEKTPOHH TOSABJA-
TCS B peayJbTate (OTO3MHCCHM.

33.44. DNEKTPOHHbIE JaMIb

DNEKTPOMHEIC JTAMIHB TPEACTABJASIOT COG0H BaKyyMHEE NPHGOPH ¢ [O-
JIOTPEeBHEIM KaTofoM u3 okcuja Oapus (f == 700—800°C), oTkauaHHBIE
o paejends p << 0,1 mITa. Mexay aHOZOM M KaTolOM NPHKJIAABIBA«
€TCsl AaHOHOe HampsiZKeHME.

Huop (aByxanekTpoaHas JaMna)

DNeKTPUUECKOE IIONE, CO3/ABa€MOe AHOIHEIM HalpsKeHHEM, BBIHYXK<
JlaeT SMHTTHPOBZaHHLIE KaTOJOM 9JIeKTPOHH Jieteth K anony. Cuaa
avOAHOTO TOKA pacTeT C YBeJsiHde-
HHEM AHOIHMOTO HAMNpPSKEHHs, noka Ja
He JOCTHIHET Hachllenusi. Xapak-
TePUCTHKA AMOJla HeJuHefiHa, a ero
BHyTpeHHee CcOIpOTHBJIEHHE He TIo-
CTOSIHHO B B Pa3HEIX TOYKAX Xapak-
TEPUCTHKH I[PUHMMAET pa3JIHYHBE

3HAYEHMS.
Eciu
R; — BuyTpeHHee CONpOTHENEHHE AHOLA,

AU, — nmpupaienve anofHOTO HanPsXKEHHS,
Al, — npupamenue aHOLHOTO TOKE,

TO R U 1_ .
(@ 33.29) Ri=ATl1]1. cu | ouB A
a

KO { kOm B MA

Vopapasiomee jeficTBHe AHOAHOTO HANPAXKEHUSA HA AHOAHBIE TOR
XapakTepu3yercs KpyTusHoil S.

Ecan

S  — KpyTH3HA XAPaKTEPUCTUKH IHOAA,
Al, — mpupallenne aHOLHEOTO TOKa,

AU, — npupaniesye aHOJHOTO HaIpsXeHHs,

. s 11U
(@33.25) | S= f{; . cH A/B AB
a

KO |MA/BMAB

Hpumetienne gHOROB:
@ s BHIOpSAMJEHHS TEPEeMEHHOTO HATpsKEHMS,
® [ya AeMOLYIALMH,
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® 1na DoJyYeHHs PeryJIMPOBOYHEIX Ha-
Tp siKeHHH.

Tpuon, (TpexsnekTponHas Jgamna)

B nonmonmenne k IBYM 3J€KTpolaM, HMeEO-
IMMcs B JHOJe, TPHOX CONEPHKUT YIpas-
JIFOILYI0 CETKY, NPeACTaBJsIomyio coGol
MPOBOJIOUHYK  CHHpajb, PaclofiOXeHHyIo
MexJy KaTtofloM u anopoM. K cetke oGoM-
HO FpPMKNaJLIBaeTCsi OTPHIATENbHOE OT-
HOCHTEJIbHO KaTojla HamnpsiKeHNde CMe-
wenud. [loaoxenre BOJALTAMIEpHOH Xa-
paxtepuctiku [.(U.) 3aBHCHT oOT ceTou-
Horo Hanpsiwennss Ue. B cBow ouepenb
TIOJIOIKEHHE CETOYHOH  XapaKTePHCTHKH
I.(U:) saBHCHAT OT aHOAHMOTO HampsiKe-
uus U..

Yopaenswoiee gefiCTBHE CETOUHOrO Ha-
NpAIKEHHS Ha aHONHLII TOK XapaKTepH-
syercs KpyTH3HOH S.

Ecmu

S  —kpyrMsHa aHoOMHO-CETOYmON XapaK-
TEPHCTHKH TPHOJA,

Al, —ppupamerne aHOIHOTO TOKa,

AU, — nprpauieiue. CETOUHOIO Halpsike-

HES,

T0 NpH (PHKCHpOBaHHOM aHOZHOM HampsiKeHHH HMeeM

i Ala
(@3326) | S = X

In
I_c _IUi-
T
Ue
L
ompuyem
Ug
Ua,
I
T, DO
' Ue
S I U
CU AB A B
K MA/B MA B

pouumaemocts samnbl D onpesensieTcs CBA3bI0 MEXAY CETOUHBIM
HanpsmeHueM M AHOAMBIM HATpsiIK€HWEM IIpH TOCTOSHHOM aHOmHOM

TOKe.

!Ec.rm

_ - NPOHHIIAEMOCTE TPHOJA,
‘AU — nprpailenye CeTouHOro HanpsixkeHns,
‘AU, — npupaitelne aHoJHOTO HalpsiKeHus,

TO P TIOCTOSAHHOM aHOJHOM TOKe

@3327) | D=

nponunaeMocts D uallle BceTo n3Mepsiercsi B MpPOLEHTaX.



L
838.4. Jaexrpuueckull TOK 6 saxkyyme 3 397

O6paTHTe BHUMAaHHE:
® Manoe 3HaueHwe TpomnuaemocTH D COOTBETCTBYET —XOpoLIEMY
YIpaBnsonleMy HEHCTBHIO CETKH.

BuyTpexnee conpoTHBJEHHE JaMIBl OIPENENSETCH B COOTBETCTBHH
¢ 3akoHoM Owma.

Ecom

R; — BHyTpeHHee COMpOTHBJIEHHE TpHOJA,
AU, — npupaiuenye aHOIHOIO HAMDAMKEHHS,
Al, — npupallenne aHOJHOTO TOKA,

TO IPHA NOCTOAHHOM CETOUHOM HaNPAMXCHHH

RU I
(3 33.28) Ri=—%l,]—a. cu | ouB A
a

KO | xOu B MA

Wz dopmya (D 33.26)— (2 33.28) npu mocrosuubix la, Ua u Uc cne-
nyet ypasHenHe Daprraysena:

(233.29) | SDRi=1. |

Benuuuna, ofpaTHas mpomunaemocTd D, HasbipaeTcd MakCUMalb-
HEIM Koabdunuentom ycunenuss p. Coraacho (2 33.27), umeem

(933.30) | p = =-"% — SRy
c

MagcumanpHeli Ko3dOUIHEHT YCUNEHHS 10 HalpaXeHHIO peanusy=
etcsi TpH Ra =oco, Ecym compoTHBaeHMe avOnHOH LenH Ra << oo, TO
goa(dunneHT ycuiieHUuss MO HANpPSIXKEHHIO olpefensercs GopMysoi

— Ra =S RiRa
bR+ Ri Ri+R,"

(@3331) | &
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Tpuroy valle BCETO HCMOJb3YeTCs B KAYECTBE YCUJHTENBHON JIaMIBL,
TaKk KaK He3HauHTeNbHOE H3MEHEHWE HalpsSKeHHs Ha CeTKe BEISBIBAET
6onblloe H3MEHCHHE HalPsKCHUS Ha aHOME ¥ COMPOTHBIGHHH R. B
aHo#HOM Hemu. Jas ycTpaHeHMsi HCKaXKeHuii HANpSIKEHHE CMELEHHS
noxfupaercsd ¢ TakHM pacyetoM, uto0b pabodasi TOYKa Jexana Ha
npsMonuHeHHOM yuacTke xapaktepucTHrH la(Uc).

34. BaekTpoMarauTHbie KONeGaHUs U BOJHDL
34.1. SaeKTpoMarHuTHbe KOJeGaHus

Ilpu MexaHuyeckHX KoNeGaHMSX TPOHMCXOLHT TEPHOLHYECKOE H3MEHE-
HHE MOTEHHHANbHON M KHHMETHUECKON sHeprud. AMANOrHYHO TIpH 5MeK-
TPOMETrHHTHLIX KOJeOAHHAX NEPHOJMUYECKH KONEOMIOTCS SHEPTUH SJieK-
TPHYECKOI'O M MarHuTHOro noJefl. MarteMaTuueckoe omnHcaHue 0GQUX
TIPOLECCOB OJIMHAKOBO. ¢

34.1.1.  KoseGaTenbHEIl KOHTYp

DNeKTPOMATHHTHEIE KONEGaHHs BOZHHKAIOT B KoNeGa-

TEJbHBIX KOHTYPaxX, COCTOSIIHX W3 KOHIEHCATOpa M Ka-

TYUIKH HHAYKTHBHOCTH. Ecam xompercatopy coofmmth 3apsf, To OH
OyneT paspsaThCsl Uepe3 KATYIIKY HHAYKTHBHOCTH.; TOK paspsiiku
CO3JIa€T MAarHHTHOE TIOJe, KO-
TOpPoe B CBOK oYepelb obecre-
YHT 3apsfi KOHIEHCATOPa, HMEI0-
Iuf TPOTHBONONOXKHYK TOJsp-
Hocth. Cuna 7TOKa u Hamps-
MeHne OyAyT H3MEHSATHCH BO
BpeMeny 0 NepUOJHIECKOMY 3a-

kony. KoneGanusi He saTyxarmot TB- — -
TOJBKO TIPH YCJOBHH, YTO KOJe- @ @ @J‘L ‘f@
GaTenbHLIE  KOHTYP He COfep- = = o
JKHT ~ aKTHBHBIX  COIPOTHEJIE- v
HUiL

PucyHox nossosnser warnspi- % /
HO 1DpeAcTaBHTh cefe apantio- -
THI0O MEXIy MEeXaHHUCCKHMH H i
SNEKTPOMaTrHHTHEIMY Koneb6a-
HHSIMH.

84.1.2.  Hesaryxawlue ajieKTpoMarHMTHble KoJeGanus

Iina BHBOJA ypaBHEHHS BJEKTPOMATHHTHEIX KoJje6amui LesecooGpasHo
paccMaTpuBath KonmeGaHus 3apsfa, MCHOBeHHOE SHAYEHHE KOTOPOLO §
Ha KOHJlEHCaTope ¢ eMKocTbio C ompefiesisieT MTHOBEHHOe 3HAUEHHE Ha-
npsikeuns uc. Ilpomseopnas sapspga no BpeMeHH dg/dt onpepenset
MrHOBeHHOe 3HayeHHE TOKa Yepe3 KaTylIKy MEHIYKTHBHOCTH L,
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B KaxnLii MOMEHT BpeMeHM HalpsXeHHs Ha KaTylIKe H KOHIeH-
€aTope JIOJIKHE! OBITh paBHE! JPYT ApYyIY, T. €.

uc+uL=0,
di ,
rae up=gq/C u uL=L-Et—=L¢.

Ortcona cnenyer
. q _ A

nocne fenedvs Ha L nonyvaem muddepeHnuanbhoe ypaBheHHe He3aTys
XaIHX 9JIEKTPOMATHATHHEX KoJe6aHui

59
@341) | §+&=0.

Pemenne storo nutdepeHIHaIbHOr0 ypaBHEHHA HUMEeT BHJ,

(®342) | g =Qmsin (0f + go) = Qmsin @,

T7ie COGCTBEHHAs 4acTOTa KOJe6aTeNbHOTO KOHTYpa

| I L Q
(3 34.3) (o=/\/ L @ I
LC CU | 1fe TH=B-c/A <D=Aic/g

Paspenus Bupamenve (D 34.2) Ha Bemupny emxoctH C, monyuuM .
MPHOBEHHOE HanpsiIKenye:

(®344) | u="Ugsin (6 + @) = U sin . |

Iponuddepeutupoas (D 34.2) 1m0 Bpemeun, HalizeM

d
d—f = Qo cos (0f - @o), .

OTKYyJla IIONyJaeM BEIpAZKCHHE [/ MIHOBEHHOrO 3HAYEHHS TOKag

(@345) | i=1Iysin (mt+¢0—%)=lm sin (qa——-g—).

Gopmyny (D 34.3) MOXKHO NOJYYHTH TAKIKE, NPHPABHAB EMKOCTe
HOE H HWHAYKTHBHOE CONPOTHBICHHS, TOCKOJBKY 9THM YCJIOBHEM OIlpes
lensiercss  yactota Koaebamuiti B KoneGaTenbHOM — KOHTYpe (€M
paszn. 32.2.6). Takum obpaszoM, umeem 1/0C = oL, oTKyAa @ = 1//\/L—C§
ITockompky © = 2mv = 2m/T, nepuon xoneGamuii onpefensieTcs (ops
myaoit Tomcona
T L C

CU | cTu=B-c/A ©=A-¢B

(@316) | T =2n VIC. |
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34.1.3. Bo36yxpaeHue He3aTyxaloIMX
3JeKTPOMATrHUTHLIX KoJebanuii

YV kaxnoro KoneGaTeNbHOIO KOHTYPa HEHM30eKHO HMEETCs aKTHBHAs
COCTaBJSIIOILAA conpoTuBnenusi. [103ToMy KoneGaHHST B KOHTYpe 3aTy-
XalT, eClH TONbKO K HeMy H3BHe He IOIBOJHTCH
9HEPrHs, KOMIIEHCHPYIOLas OMHYECKHE [OTEPH.
Jnsi monyueHHs Me3aTYXaOIPX BHICOKOYACTOT-
HHIX KOJe6GaHMil YacTo NPHUMEHSIOT 3JEKTPOH-
HEle JaMmie. YTOGB KOMIIEHCHPOBATh 3aTyXaHHe
KosneGauufi B KOHTYPE, BKJIOYEHHOM B aHO/I-
HYH Hemb JaMmibl, HaUPsKEHHEe C 3TOTO KOH-
Typa 4epes KaTyUIKy CBSI3M NOJaeTcsl Ha CeTKy
JiaMIbl [Nl yOpaBJieHHsi aHOAHBIM TOKoM. B oc-
HOBY TakKOro MeTofa HONyYeHHs He3aTyXarouiux
KoJseGanuli MOJOKeH TPHMHUHN, HOCAUIME Ha3pa-
HUe o6paTHON cBa3H.

Taxk e paboTalOT H TpPaHIUCTOpHBIE YCTPOHCTBE, NpeIHa3HAaYeH-
HBIE JIJI TIONYYeHHs] HEe3aTYXaromux Konebauuil.

34.1.4.  OTKPHITHIH KoaeGaTeNnbublii KOHTYD

Ha Bblcokux uacToTax eMKOCTb KOHJEHCATOPa M MHAYKTHBHOCTH Ka-
TYLUIKH KoJie6aTeNbHOro KOHTYpa JOMMHLL Obrth Manbivu. IlostoMy B
KauecTBe KonebareJbHOr0 KOHTYPa Ha BHICOKHX YacTOTax MOXET HC-
TOJIb30BATECS] MPOCTO OTPE30K NPOBOZA. ITomoGHEN OTKPHITHE KoJse-
6aTeNbHHE KOHMTYP HasHIBAeTC SJAEKTPUUECKHM BHGPATOpPOM. Me}KJIY

531 04 (V-

Harpsocene Tore Hanpascerue

KoHIAMH BHOpaTopa Teuer cumycompaabmbifi Tok. IlomoGHbii BMGpaTOp
HCTIONB3YIOT B KAUeCcTBE HSJIyuaTelNst SJEKTPOMAarHHTHEIX Bond. Hame
BCETO ITPHMEHFETCH IONYBOJIHOBHIE BHOpAaTtop, B KOTOPOM BO3HHKAET
CTOSas BOJHA € Y3JO0M TOKA MO KOHLUEM H Y3NIOM HaIpsierus B ce-
penutte. TIpuMensioT Takye YETBEPTLBONHOBEIT BHOpaTop AMMHOE A4,
OfIMH KoHell KOTOPOro 3a3eMJisieTcs.

34.1.5.  3aryxawiue 2j4eKTPOMArHUTHbie KOJeGaHHUsI

B Kone6aTenbHOM KOHTYDE € 3aTyXaHHEM cyMMa BcexX HampsimeHui
FOJMKHA GEHITh papHa Hydalo (¢ y4eTOM NajieHHs HanpsAXKeHHs Ha aKTHB-
HOM COIPOTHBJEHHH R), T. e. uR = Ri, ur 4 uc -+ ugr = 0, e ur = L§

H tic = ¢g/C. Orcioga L§ +-E-+ Rg=0
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Tlocne penenus wma L mosyunm puddepeHlHalbHOe yPaABHEHHE LIS
eJiyuas 3aTyXaloUluX 9JEKTPOMAaTHHTHBIX KoJeOaHuii:

(3 34.7)

= R q
I+ ate="

Ero pemenve uMmeer BH,

©348) | ¢=Qume™" sin (ot + q0),
r7e 0 — KoadpuuMenT saTyxaHnus:

R
2L

(2349) | 6=

U @ — cOOCTBEHHAA YacToTa 3aryXaloluX KoJebanvii:

@310 | 0 =A/eE—0 = TIC——(2—’£—)2.

Jis ciyuaeB pesomaHca, BHIHYKAEHHHIX KoJeOamufi M anepHoii-
YeCKOro Ipolecca CHPaBeIJIMBH Te K€ 3AKOHOMEPHOCTH, 4YTO H IIPH
onvcapny MeXaHHYECKHX KoJebGanwuil.

34.2. DyeKTPOMArHUTHbIE BOJIHBI
34.2.1. DneKTPOMATHUTHBIE BOJHEI B JHMHHAX NE€pPERAYH

ITopcraBuM B ;:LH(p(bepeHuHaanoe ypaesesne (K 20.2) B xauectBe KO-
JeGmolefics BEJIHYHHE BMECTO  OTKJIOHEHHS! § HANPSIKEHHE 4 HIH TOK
H BBeZeM CreAyolive 0603HaUeHHs:

Uy — aMIuryfa HanpsizKenns,

I, — aMIUIMTYZAa CHJIBI TOKZ,

o =2nv = 2x/T — yryioBas 4acrora,
t -—BpeMs,

X — mpoiiieEnoe BOJIHOHN pacCTOAHHE,
T — nepwon,

A — gJiVHA BOJIHEL,

¢ — (a3oBas CKOPOCTL SJEKTPOMArHUTHON BOJHEL

Ilo amanorsu c (K20.3) m (K20.4) sammem peiienne Hugbepeniis
ANBHOIO YDABHEHHS B BHAE:

(®34.11) u=Umsinm(t——’c£)=Umsin2n T——)I

u

t X
(23412) | i=Ipsino (t -—-%)=Imsin2n (—7—;——7\7—)
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Ecin
C/l — eMKOCTb €IHHHIE! [JIVHBL JIHHHY,
L/l — uHAYKTHBHOCTL €OVHMIB! AJIMHB! JINHUH,

TO ans HasoBOil CKOPOCTH MOJYYHM

(93413) | v= ClL ) 4 c L l
T7T CH IM/c O=A.c/[BTe=B-c/A u

34.2.2. DAeKTPOMArHMTHBIE BOJHLI B CBOGOAHOM HPOCTPAHCTBE

Jinst 3aMEHYTBIX KOJeGATENBHBIX KOHTYPOB XAPAKTEPHO HEBHAUHTE]b<
HOEe 3aryXaHMe, IJIsl OTKPHITHIX — OOJBIIOE, TAK KAK 4YacThk 3allaceHHOH
B HHX SHEDruM H3JyuaeTc B CBOGOAHOE IpocTpamcTBo. Ha mpoTske-
HMHM TiepHoza Kosebamnuil
SJeKTPHIECKOe M MATHHT-
HOE MOJIl NPOXOHAT LIHKJI
usmenenuil. Bospacranue
OIHOTO IIOJIAl COMPOBOYKAA~
€TCA OJIHOBpPEMEHHBIM YOI~
BAHHEM JIPYroro; 3JIeKT-
pHUECKOE M MAarHHTHOE
nossa BeAyT ce6s  MpsaMOo
NpoTuBONOJIOXHO. IIpH y6HBaHNE MOJS CHIIOBEIE JIMHHH HE BOSBPAIIAIOTCH
o6paTHO K BHGDATOpy, a BaMBIKAaIOTCA camu Ha cebs. Mexay ssierTpu-
HeCKHM H MAarHUTHBIM [OJAME BOJM3M TNepefaTyWka CYIECTBYET
paSHOCTb xona Af4. Ha Goaenmimx paccrosimusix 06a HOnsi CHH(GA3HEL

DJIEKTPOMATHUTHEIE BOJIHEL B CBOGOAHOM IIPOCTPAHCTBE PACIIPOCTPa«
HSIOTCSI €O CKOPOCTBIO CBeTa. JJIEKTPHUECKOE ¥ MATHWTHOE II0JIS
H3MEHSIOTCA CHH(a3Ho. BeKTopsl HANPSIKEHHOCTH SJIEKTPHUECKOrO
KW MarEuTHOro IoJiefl HepneHAHKYJISPHEL APYT APYLY ¥ HAMNpPABJIEHHIO
pacHpOCTPAHEHUS] BOJIHEL.

CKOpOCTE  pacmpOCTPAHEHMSI SJIGKTPOMATHHTHEIX BOJH (daszopag
CKOPOCTE) COBIAJ@€T CO CKOPOCTBIO CBETA W 3ABHCHT OT CBOICTB Cpenbl,
Ecom

v — (hazoBas cKOpOCTE (CKOPOCTE CBeTa) B Cpene,

Pa == Mol — a6COJIOTHAS MarHUTHAS HPOHULAEMOCTH CPELH,

€3 = go& — A0COJIOTHAA [HJIEKTPHUECKAS IPOHUIAEMOCTh CpPeLE,

T0
1
D 34.14 = /\/
( ) Ealla
/] €a Ma

CHU | mjc ®/m=A-c/(B-m) Tu/u=B-c/(A -m)
HIH 1S Bakyyma — =

1
D 34.15 c==/\/ ~3-108
( ) Ealt Mfc.
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D w

O6paTutTe BEHUMAaHHUE:

@ TouHoe 3HAUEHHE CKOPOCTH CBeTa cM. B pasi. 25.12.

Hz dopmyn (3 34.14) u (D 34.15) cnenyer

(34.16) | v—=—"—r,
VER
34.2.3. CrnieKTp 9JIEKTPOMArHHTHHIX BOJH

Crnpasoynas tabiupa
SJeKTPOMarHMTHEE BOJIHBY

JavuHa BOJHBL Bup BoaH

._ 108 m = 1000 KM
105 m =100 KM Ceepxnnugnbe

10* M= 10 M

'|—' 2

— 10 Mm=1 guM Homunsie
gl—- 102 m PanyoBosuer Cpenune

- 10 M
l Kopotkue

- 1 M .

s

I—— 107" ' M=10 cu YapTpakopoTkue
! 2 CBY-Bosns: Tenepnnenue

— 107" M=1 cm

107 M=1 mm Panunonoxanus

= i 10_: M==0,1 MM =100 MmxM 4 ViedpaxpacHbie
l—— 107" M = 0,01 MM == 10 MKM BOJIHEBL

r 107% =1 wkm - _ 770 um
E_ 10~7 — 100 ru | Bummmeit cser 390 HM

I Yanbrpaduosero-

I 10 g = 10 mm BOE H3JIyUECHHE
I— 107" Mm=1 mm yy

1072 =100 ru—1 4 '

L 10" m—10 m Pentrenosckoe Msrkoe
l — H3JIyueHue

i 10_:2 M==1 M
l— 107" Mm==1 wukc-ex Y-HsTyUeHHES JKectroe

__ n—14 |

10 M v
Kocmuyeckue
Jayunt




Ar ATOMHASl ®U3UKA

35. Keanrhi

Cornacto Tlnapgy, mo6Goe uanyusesue (B TOM 4YHMcyie M CBeT) CO«
CTONT W3 OT[EJbHEIX KBaHTOB. BCJEICTBHE STOrO0 SHEPrUS HNyUCHHS
BCErNla paBHA SHEPTHH LEJOr0 4Hesia KBaHTOB, OfHAKO SHEPTHA OT»
JAEJbHOTO KBAHTA 3ABHCHT OT YACTOTHL

Ecau

W — sneprus xpanTa, WM KBAHT SHEPTHH,

¥ — 4acToTa MBJYUEHHS,

h =6,626176-10-** JIx.c — nocrosmaas Ilmamka (keamt peficrsus),

70
|14 h v

CU | Ix Jx-c Tp=1/e

(Ar35.0) | W= hv. |

O6paTtuTe BHEMAaHRHE:

© Kpanth uanyuennusi, 4acTOTH (WIM JJEHBI BOJH) KOTODPEIX COOTBETS
CTBYIOT OOJNACTH BHANMOrO CBETd, HASHBAIOTCA CBETOBBIMH KBamd
TamMu.

35.1. Ces3b MEXKAY 2HEprueit H Maccoil

Mexny suepruefi u Maccoll mo6oro BemecTBa cyLLeCTBYET CBssb, KO«
TOpas Jaercs yparHeHueM DiiHIITefina.

Eciu
. W — smeprus (tena, ussyueHHs, moaf H T. 1),
m — macca, oTBeuaioas sHepruy W,

¢ 72 3-10% M/c — CKOpOCTD CBETA B BakyyMe,

70
WV m ¢

(At 35.2) l W = mc?. I cu m

O6paTuTe BHEMAaHHE: :

® Kaxnoft macce cooTsercTByer ompeneneHHas spepruast u HaoGOpOT:

O KaxnoMy H3MeHEHHIO MAacCHl COOTBETCTBYET ONpEENeHHOe H3MEHed
HUE SHEePru# H HaoO0pPOT.,

©® Cu. Taxxe pasn. 41.4.4,
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352.  doTon

KeanroBanve sHeprum OsHauaeT, UTO H3JNyYeHHE NPEACTABJIAET COOOH
MOTOK YaCTHIL, DTH YACTHIH Ha3HBaTcsd (HOTOHAMH, OLHAKO OHH He
SABJSAIOTCA YAaCTHLIAMH B CMBICJE KJIACCHYECKOH (PHU3MKM.

35.2.1. Macca dorona

Beymuuny maccel (pOoTOHA MOIKHO BBHUHCIWTE no ¢opmyne (ATt 35.2).

Ecnu

m ~—mMacca $oToHa,

h = 6,626-10—3* I1x.c — nocrosunas Ilnauka,
Y — 4acTOTa HBJYUYEHMS,

A — mmipa BOJHBI MBNIYUYEHHS,

¢ —CKOpOCTb CBET2 B BAKyyMe,

TO, wucnoNL3ys oXuoBpemerno (AT35.1) wu (AT352), noayuaem
hv = mc2
Ortcrona

hv m h v 4
(A13b.3) | m =—5.
¢ CU | xr Ox-c Tu=1/c mfc

Iockonery ¢ = Av (K 20.1), umeem

7 m h A e
(Ar35.4) | m=-t. Tt e
ch CH | xr Jx-c M mfc

O6paTuTe BHHUMAaHHe:

® ®ortoHH Beeria JBHKYTCA CO CKOPOCTHIO CBETa; OHH HE Cyile-
CTBYIOT B COCTOSIHMHM TIOKOS, MX Macca MOKOf paBHa HYJIo. .

35.2.2. Hwmnyasc ¢orosa

Hcnonesya dopmysst (A135.3) m (AT 35.4), MOXKHO MOJNYYHTH BHIpa~
¥KeHHe i UMIyJeca $oTona p(= mc).

Ecom

p — uMiysec (OTOHA,

h ==6,626-10—3¢ JIx-c — noctosuuasn Ilnanxa,
V — yacTOTa UBJIYYECHHS,

A — [JMEA BOJIHE! H3JIYYEHHS B BaKyyMe,

¢ = 3-10® M/c — CKOPOCTEL CBETa B BakyyMe

TO n

pr— p h Vv c A
AT 35, =R .
(AT 35.5) | p z A cu l (gr-m)fe Jx-c Tu==1/c m/c M
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O6GpaTuTe BHUMAaAHHE:

©® Ilpu nOIVIOUIEHHM HJIE OTPaXKeHWM H3JydeHHs (POTOHL OGiaromaps
HAJIMYUI0O Y HHX HMMIYJbCa CO3LAIOT JaBJesue (AaBJEHHE M3JYy-
YeHHs).

DKCIepHMEHTANBHbIE J[0KA3aTeJIbCTBA KBAHTOBHIX CBOHCTB HB3Jyde-
HHA H KOPIyCKYJAPHO!H npuposinl (OTOHA OCHOBHIBAIOTCS Ha:

® QoTosnekTpuyeckoM dthekTe (cM. Takke pasa. 33.4.3): cxopocTb
HCITyCKAEMBIX (JOTOSJIEKTPOHOB HE 32BHCHUT OT HMHTEHCHBHOCTH CBETA,
HO 3aBHCHT OT €r0 YacToThl. ECJIHM 4acTOTa OKAa3eBAGTCA HHIKE Ipa~
HHYHOTO 3HAUEHHS, TO SJEKTPOHH He HCHYCKAIOTCS.

® 3bdexre Komnrona: mpu cronkHOBeHuH (JOTOHA € 3JEKTPOHOM YacThb
SHEPTHH M HMMIyJbca (oToHA mepenaercs siexTpoy. Iloteps ¢oro-
HOM SHEPTHH NPWBOAHT X YMEHBUIEHHIO €r0 4YacTOTH; CKOpOCThb
SJIEKTPOHA TOCJIE COYAAPEHHS OmpefelisieTcss Ha OCHOBE 34KOHA CO-
XPaHeHHs MMNYJbCA.

35.3. Boaunl MaTepuu

XapakTepHuifi IJil  HBJIyYeHHs KOPIYCKYJAPHO-BOJHOBOH  Iyasusm
ze Bpoiuie nepepec Taxyke Ha dacTHLEL, ofnajatomue Maccol mokos, OT-
Beqalollasg YaCTHIE TaK  HasbiBaeMas Ae6poildeBcKast AJUHA BOJHBI 32«
BHCHT OT €e Macchl ¥ CKOPOCTH.

Bripakenve <«BOJIHA MATEPHM» HYXHO NOHMMAaTh B 000OLIEHHOM
CMEICJIE, MTOCKOJIbKY HBJIYUEHHE NpeficTaByser coGoil omHy H3 (opM cy+
LIeCTBOBAHUS MaTEpHH.

Eciu

A — ne6poieBckas mJIMEA BOJIHEL

h = 6,626-10—3¢ JIxk-c — nocrosuHas Ilnanga

m — peJIATHBHCTCKAs Macca yacTHUpl (cM. pasp. 41.4.1); ecam ckopocTb
He npeBmluaer npuMepHo 20% CKOpOCTH cBeTa B BakyyMe,
ec B XOpOUIeM MNpPHOGMMIKEHHH MOXKHO CYHTATB paBHOH Macce
OK04,

U — CKOpOCTB YaCTHIEBL,

P — UMIIYJBLC YACTHIBL,

70, ucnosbsys (AT 35.4), nonyuaeM

A kB mov p
CH1 IMH)K-C Kr M/c (Kr-M)/é

b

(AT 35.6) | A== o

—k
=

TToToKy JoGbIX OJMHAKOBHIX WaCTHL, IBHIKYLIEXCA C OLHOH H TO&k
JK€ CKOPOCTEIO, MOXHO COIOCTABHTbL OINPEAEJICHHYIO JeGpPOHIICBCKY
LJHMHY BOJHBL Ay - ) -
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36. ATombl

Bce TBepable, ®upgKite B rasoo6pasHLIe BEMieCTBA COCTOAT U3 ATOMOB KM
Mostekys. CTpoeHue BCEX aTOMOB OCHOBAHO Ha OOUIMX 8aKOHOMEPHOCTHX.
36.1. CTpoeune aToMa u 0503HAYEHHUS

Kaxnplif atoM coctowt u3 siapa ® oGomoukm (cM. pasp. 37), B cocTasb
KOTOPHIX BXOAAT pasiHuYgbie SJeMEHTaPHble YacTumbl (cM. pasm. 40).

Cnpasounas raGauua
Crtpoenune aTomMa

Atom
AToMHOe sApO Atomuas o6odaouka
Hyxnonst
DireMenTApHEIE ITpoTosEl Hefitporut DJIeKTPOHH
YaCTHIE
3apsn Q 41,6107 Ka 0 —1,6-107"° Ku
Macca noxos m, 1836m2¢ 18391m¢ 91110~ kr= e
OGosuauenue P n e
O6menpuHaTH cleayoline o603HadeHns:
I éCHMBOJ‘I 2JIeMeHTa, HallpHuMep, ngl, QSSU H Ip.

3neck
Z — aroMyLIH HOMep 3IeMeHTa; OH PAaBEH HHCJAY IPOTOHOB
B s7pe, YHCJY B3JEKTPOHOB B OOCOJIOYKE H 3JIeKTPHYe-
CKOMY 3apsfly anpa,
= Z --- N — maccoBoe HHCJIO; OHO DaBHO HHCJIY HYKJIOHOB B sApe
(4ucsty NPOTOHOB W HeHTPOHOB).

O6paTuTe BHEMAHHE:

@ UacTo aTOMHBI HOMEpP ONYCKAIOT H 3alHCHBAIOT, HANPHMEpP, MPOCTO
27AL

© TepMiHOM HYKAMZ OGO3HAYAIOT ONPE/ENCHHOE ATOMHOE SAPO,
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36.1.1.  Hsoronnt (M30TOMHBIE HYKJAMJEI)

ATomHuble sApa OJHOTO M TOTO XK€ SJIEMEHTA MOIYT COLEP¥KaTh pasJnd-
Hoe uucso HefiTpOHOB. TakHe pa3SHOBHIHOCTH HA3LIBAIOTCS M30TOMAMM
(MB0TOMHBIME HYKJIHLAMHE) NAHHOTO SJIEMEHTA.

HsoTOmel naHHOTrO 39JIEMEHTa OTJHYalTCA APYr OT APYra TOJBKO
YuCJIOM HefiTPOHOB.

Taxkum 06pasoM, M30TONEl MMEIOT:

@ OnvHAKOBHI aTOMHEH noMep Z (OZMHAKOBOE HHCJIO TIPOTOHOR)y
@ passHyHble MaccoBEle uHcJa A (pasymunOe YMCIO HYKJIOHOB).

BoJbInMHCTBO XMMHUYECKHX 3JE€MEHTOB MpPEencTaBJsieT coboil cmech
pa3IHIHBIX H30TOMHOB.

TNpumep
H3oronu ypana

HucJo Uneao Qucno Pacnpoctpa~
Atom TIPOTOHOB HEHTPOHOB 9JEKTPOHOB HEHHOCTD
#U 92 142 92 0,0057 %
U 92 143 92 0,729
25U 92 146 92 99,27 %)

86.1.2.  HM3o06apwl (n306apurie HyKaumn)

AToMHBlE fpa pASNHMYHEIX SJIEMEHTOB MOTYT HMETh OIHHAKOBOE Macs
cosoe wucno A. Taxue pasHOBHIHOCTY Ha3HBAKT usoGapamu (u306ap~
HEIMHM HYKJIHIAMH).

TaxuM o6pazoM, nzobapbl HMEIOT:

® pazipuHbBle aTOMHEIE HOMepa Z (passiMuHOE YHCJO TPOTOHOB),
@ onvHAKOBOE MaccoBoe YHCIO A (OAMHAKOBOE HHCJIO HYKJIOHOB).

Hpumep
VizoGaphnt

Yucao Hieno Yueno
ATom NPOTOHOB HEHTPOHOB 3JEKTPOHOB dneMeHt
2011 81 129 81 Tanmit
2ioPb 82 128 82 Caurer,
2%Bi 83 127 83 BueuyT

APo 84 126 84 Tonosmit
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36.2. Macca

36.2.1.  Aromuaa mMacca

JIna XapakTepHCTMKH Macchl aTOMOB M MOJIEKYJl HCIIOJB3YIOT HOHATHE
aroMHOft Maccet M. ATomMmasi Macca — OTHOCHTEJBHAS BeJIHIHHA; OHA
onpezeNifeTcss IO OTHOMIGHMIO K Macce aToMa yruiepoxa '3C, xoTopas
npusEMaetcs pasuoit 12,000 000.

XoTsi B XHMHH Tagme HCIIOJB3YIOTCA OTHOCHTEJBHBEIE ATOMHBIE HJIIH
MOJIEKYJIAPHEE MACCH Aorn B Mors, OTHeCeHBEIE K Macce aToMa '2C, ux
HEJL3Sl CUHTATh HIEHTHHYHBIMM aTOMHOE macce M, MOCKOJIEKY OHM OTHO-
cATCS K €CTECTBEHHOHl CMEcH H30TOIOB COOTBETCTBYIOLIETO 3JIEMEHTA.
TaxuM o0pasoM, OHH ONpefessiOT CPEAHIOI0 ATOMHYKI) MAccy JeMeHTa.
OnHako NOCKOJIBKY HMB0TONE! OJHOTO 3ieMeHTa 06JamaioT PasHbIME (H-
3HUECKHMH CBOJCTBAMH, B aTOMHOH (PHSHEE NPHHATO YKasHBATh ATOM-
Hyl0 Maccy M Kaknoro H30TONa.

Jna aGcoymoTHOTO OmpelelieHusi aTOMHOH Macchl Oblyia BBeAeHa
aToMHan efMHHLA MacCht (a. e M.).

Atommas epununa Maccel (a. e. M.) paBHa !/ Maccel atoma yrie-
12
pona ¢C.

OTciopa ciiefyet, 4T0 yIyepoha o06JafdaeT OTHOCHTENbHON aTOMHOH Macs
cot M = 12,000 u abconmoruofi aroMuo#t Maccolt m = 12,000 a. e. M.
AToMEYIO enWHHIy MacChl MOXKHO IepeBecTH B exunHHny Maccel CH —
KHJIOTpaMM. :

la.e. M.=—l-lnc —1,66057 - 10~ xr,
(AT 36.1) 12 "Cr

1 kr==6,022045-10% a e m.

Wz (At.36.1) caepyer mnisg Maccel aToMa

(A1 36.2) l Ma=M-1a.e m=M:1,66057-10"% xr.

O6paTuTe BHHMAHUE:

® dopmyna (At 36.2) ucnonbsyercs Takxke IJiA AAEp, SJIEMEHTAP-
HEIX WaCTHI, WYaCTHL -— NPOLYKTOB PpAJHOZKTHBHEIX TPEBPalleHHH
" T A o
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Crnpasounan TaGnuna

Maccnl HEKOTOPbLIX 3JEMeHTAaPHBIX YACTHH, U aTOMOB

Yucao
HaumenoBanue O6o3na-~ Macca m,
YACTHLBL yenHe HPOTOROB He:gf& 3,1:,2?0_ a, e. M.
DnekTpoH _Je — - 1 0,00054858
ITporon (smpo L 1 - — 1,00727647
aToMa BoZopoa) 1
Hefirpor ln —_ 1 —  1,00866501
Atom BoZopoaa {H 1 — 1 1,00782504
JlefiTpon (smpo 24 1 1 —_ 2,01354
aToMa HeHTepus) 1
Atom nefitepus H 1 1 1 2,01410179
g-yactuna  (sA4po 4a 2 2 — 4,001488
aToMa reJms) 2
Ao reaus 2He 2 2 2 4,00260327

Cpenuve aToMHEBIE MaccH (OTHOCHTEJbHEIE ATOMHEIE MacChl) BCEX
5JleMEHTOB cM. B Tabn. 43.

36.2.2. Yucno aTomos

3nas Maccy aToMma ffla, MOXKHO BBUHCIHTE THCJO aToOMOB B JIIOGOH Macce
BeLIeCTBA.

Ecnu

N -—4ucno aroMOB ONpPENEJEHHOr0 BEILECTBE,

m = Macca 3TOro BeNIeCTBa,
M — aToMmas macca,

TO, TOCKOJIBKY N = mima,, nonyuaeM

m -__ m m
M-la.e.m.  M-1,66057-10" % kr* cu |=r

(A136.3) | N=

O6paTHTe BHEMAHHUE:

@ B GosbuimHCTBE CJAyu4€B JOCTATOYHO BMECTO TOYHON aTOMHOH Mac-
cel M B (AT 36.3) ucmosb3oBaTh maccosoe umcso A (cM. pasg. 36.1).



86.3. Snepeusn ceasu aA0pa AT 411

36.2.3. JedekT Macchbl

Maccsl siiep MOXHO H3MEPHTB C BHICOKOH TOYHOCTBIO NpH NOMOLIH
Macc-clieKTpoMeTpa. Macca aTOMHOIO fiipa BCErja OKasbiBaeTcsl MeHbw
e CYMMH MacC HYKJIOHOB, DTO fIBJIeHHe Ha3uBaloT JedieKTOM MacCHl
Am. .

Tox nedexToM Macchl NMOHHMAIOT PasHHLY MeXAy CyMMOH MacG
BCEX HYKJIOHOB, CONepIKallluxcd B fAAPE, H Maccod szpa. ’

rd
Ecnu
Am — pedexT maccw,
Mqp — Macca MpoToHa,
my -— Macca HeHTpOHa,
Z  — yucno IpOTOHOB,
N =A-— Z —uncno HelTpOHOB,
mg -— Macca fgpa,

0
(At 36.4) I Am = Zmy 4+ Nmy — mg.

O6paTHTe BHUMaHHE:

1

©® Jledext wmaccel o6ycnobneH sHeprueir cBasH sapa Wes (CM;

pasa. 36.3), KoTOpas BbiflesifieTcsl B Pe3yJbTaTe COENHHEHHS] HYKJIOX

HOR B sapa. Maccy, COOTBETCTBYIOLIYIO SHEpFMH CBfi3H sapa (I- e,

JedeKT MacChl), MOXHO HalTH € [OMOILIO COOTHOLWIEHHS ORH¢
mreliHa MeXAY sHepruefi B Maccoit (AT35.2) W = mc2

36.3. OHeprus cBA3H AApa

Hyxnouel . cBsisanbl B Afpe 6narofapst siiepHLHIM CHJaM, KOTOpHE 3Ha<
YMTENBHO TPEBOCXOAAT CHJIB 3JIEKTPOCTATHUECKOIO OTTAJKHBaHHs, Ael<
CTBYIOLIME MeXAy npotoHamu. JInis pacllenienns sifpa HeoGXORMMQ
NPe0JIONIETh 3TH CHJIEL, T. €. 3aTPATHTH SHepruio. CoefHHEHHe HYKJOHOB
¢ 06pa3oBaHueM SAApa, HaNpPOTHB, CONMPOBOIKAAETCS BHICBOGOXKIEHHEM
SHEPTHH, KOTOPYIO Ha3bBaIOT dHeprueii cBsisH anpa Wes.

Tlon smeprueil cBasu supa Wep NOHMMZIOT sHepruio, KOTOpas BEI<
cpo6oxkpaercsi B mpouecce 06pasoOBaHHs M3 HyKJIOHOB ATOMHOIG
anpa.

Y pasnuumbix smep OHa HMMeeT pasHoe 3HaueHHe. OCOGEHHO BaXKHYIO
XapakTepPUCTHKY [PEACTaBJAeT cO6O0il SHEprHs CBf3H, NPHXOASLIAsCH
Ha opuH HyKJIOH. Kak BHIHO u3
PHCYHKa, HauGOJbllell 3HeprHei

CBsI3H Ha HYKJIOH YBEJHUHBAETCS.

CBfI3M Ha HYKJOH o6jaajanT Wee MsB I Cunmes Jernerue
H30TONH € MaccOpbiM uHcioM A 7 )] s
okono 50. QOueBHAHO, YTO BHI- 8l U
HIpHIN B SIIEpHOH SHEpPTHH ypaa< 6 { =
€Tcs  AOCTHUBR TOJBEO B TeX 4, "
Cllyyasix, Koraga B pesyJibTate Z )25

H SHEprH: 3
MpeBpalleHusl CpefHas prus 0 7 100__.750\_ 200 7R
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SlnepHast SHeprusi MOXKeT BHUIEJIATHCSE TpPH CJIHAHMM JIETKHX siflep
(peakuus cHHTE3a $ep) HJIH pacCllelVIeHHH TsKeJBIX (LesieHHe
a7ep), TOCKOJBKY B STHX NPOLECCAX YBeJHUMBAEeTCHl CpefHsisi SHep-
TUS CBSI3H HAa HYKJIOH.

BsaumocBsisp sHepruM CBsisH sfpa ¥ fAedeKTa MacCH BHTEKAET H3
COOTHOLIEHUS] MeKAY SHeprueil u maccoit (At 35.2).
Ecan
Wep — sHeprus cBs3u anpa,
Am — pedexr MaccH 3TOro finpa,
¢ = 3-10® M/c — cKOPOCTE CcBeTa B BaKyyMe,

TO
(AT 36.5)

Wep = Amec? = W m ¢
= (Zmy -+ Nmy — mg) c* CU I Jix kr Mfc

Hcnonssyst mpHEsTHE B aTOMHOH (u3HKe eIMHHUH (aTOMHYIO €IHHHLY
MaccHl, a. €. M., H eAMHHLY 3Heprun MsB), mociie EoACTaHOBKH uHC/IEH-
HOTO 3HAUYEHHH JJIsl ¢ MOJyYaeM:

Hedexry Macch, paBHoMy | a. e. M., OTBEUAET 3HEPTHs CBA3H fAPA,
paBHas 931,5037 MaB.

WCB
Am

(A7 36.6)

= ¢? = B,9876 - 106 i:[}z’r‘—‘ MsB

=931, ———no-.
a.e, M,

36.4. Pasmeprl

36.4.1. Pamuyc anerrponal)

KndccHUECKHM pagHycOM 3JleKTpOHA Ha3bIBAIOT PAAMYC L1apa, 3JIEeKTpH«
HyecKoe MoJie KOTOPOro, OOYCJOBJIEHHOE €ro 3JleMEHTapHbIM 3apsiioM e,
obnapaeT 3HeprHed, paBHOH MO NOPAAKY BEJHYHHH 3HEPTHH TOKOs
JIEKTPOHA,

Ecnn
Te - KJIAaCCHUECKHIl PajiHyC 3JIEKTPOHA,
e = 1,6021892-10—1° Kua — sjieMeHTapHHl sJeKTpHYECKHI 3apsj,

me = 0,9109534-10—-30 kr — Macca MOKOS SJEKTPOHA,
Po = 1,256637-10—6 'i/M — MarHuTHas NOCTOSIHHAS,

TO

: _ Bee? L1n—15
(Ar36.7) |rom=fo— —=2,817938- 107" .

) BTO0 YCJOBHOe MOHATHE, SAHMCTBOBAHHOE H3 NpeACTaBjaeHHMH KaaccHIecKo#
SIEKTPOAHHAMYUKY, B mefiCTBHTEJIBHOCTH JXe 3KCIepHMEHTAJIEHO NOKAa He YAAJOCh
OOGHAPYKHTH <«PasMepoB» Y 3JEKTPOHA, XOTA TOYHOCTb HBMepenuii JioBe/eHa [0
10—18 M. CkasannHoe He MMeeT OTHOIIEHHS K APYIHM SVIEMEHTapPHLIM dYacTmLaMs

HanpuMep, nporouaM, —ITpus. ped.
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Ob6paTHuTe BHHMAaHHE:

® Yacto ans o6osHauenus BeJuuuHbl 10~ M HCmOJB3yeTCs He BXO<
asmass B CHU emumnna Qepmu (§); npaBusbro: deMmtoMmerp (Pm),

36.42. Pagnyc aapa

Paanyc sigpa MOXKHO ONPEAENUTb SKCIEPHMEHTANBHO,

Ecnu
rq = pamuyc sinpa,
A — MaccoBoe uucyo fiApa,

TO CIpaBelJIHBa SMIUpHuecKas GopMmyna

(A1368) | rom 1A/ pu—1,4-10"5 YT u. |

O6paTuTe BHHMAaHHE:

® B sanpe CKOHLEHTPHPOBAaHa MOYTH BCs Macca aroMa. 3Has MacCy
H PaflyC s4pa, MOMHO BHUHMCIHTH IJOTHOCTH S/IEPHOTO BELLECTBA:
oHa cocraBaser 2108 1/cmB,

36.4.3. Pamuyc atoma

PasMep atoMa omnpemesieTcsl pagMycoM Hau6oJsiee yrajieHHOH OT szpa
sjertponnoit opbuter. OH uMeer BennunHy mnopsiaka 0,1 HaHOMeTpa
(um) = 10-1© u. TIpHGiHIKEHHO €ro MOXHO BEUHCIKTB, WCHOJB3YH
ATOMHYIO Maccy.

Ecsn
ra — paguyc atoMa,
@ — IJIOTHOCTb BellleCTBa,
m, — Macca aToMa, BeuUKCJeHHas no gopmysne (At 36.2),
TO -
3/m r [ ma
(Ar36.9) | ra=~05 v 2., —_
P CH | Kkr/mM® Kr
37. AtomHag oGoJiouka

Yto6sl HATJISAHO TPENCTABUTH CTPOEHHe aTOMHOI o6oJouxH, paspabo<
TaHbl Pas/IMYHBIE MOJENH, KOTOPHE COBEpIUIEHCTBOBAMNHCh CO BpeMeHeM.
B mopenn Peszepdopra sJexTpoHBI ABMIKYTCS BOKPYT aTOMHOTO siApa
nopo6ro mianeram Bokpyr Connna. Heo6xomnMasi IJisi 2TOTO IIEHTPO-
CTpEMHTENBHAA CHJIa O0eCleyHBaeTcst 3SJEKTPOCTATHUECKHM TpUTSIKed
HHeM MEXZAY TOJIOKHTEJBHO 3apSXKeHHHIM AAPOM M OTPHIATENbHO 3a<
PAXKEHHBIMH 3JIGKTPOHAMH.

Onuako 3JeKTPOH, ABMXKYIIMECA B TaKOM aroMe C TOCTOSH<
HBIM IeHTPOCTPEMHTeNIbHEIM YCKOPEHHeM, JOJIKEH COIVIACHO 3aKOHaM
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3JleKPOIUHaMHUKH (K2K JIoGof ABHIKYIIMICSA ¢ YCKODeHHEM 3apsil) H3Jy-
yaTb sHepruw. Bop pactidpus 3Ty MOme/b, NONOJHYB ee MOCTYJaTaMmi,
o0ecnieuyBaoNMH CYLIECTBOBAHKE ONpeIeNeHHEX OpOMT, Ha KOTOPHIX
8JIKTpOHbl He uajyuarnT. Hakonen, 3omMepdenpn B AONOJNHEHHE K
KpYroBeIM OpOMTaM BEEN B MOJeNb 3JJIMUTHYeCKHE OpOHTH pasiHuHON
¢$OpPMEl ¥ OPHEHTaIUH.

HecMoTps Ha oOTHesbHEIE HemOCTATKY, MOAENb 3JEKTPOHHHIX 06O-
JIOUEK COXpaHHlla CBOe S3HaueHuWe a0 Haumx Axell. Oanako TNOJHOe
O0bsiCHEHHEe TpOLECCOB, UPOMCXOASIIMX B aTOMHOR 0GOJNOUKe, AaeT
JIMIB BOJIHOBAs (KBAHTOBAs) MEXAHWKA.

37.1. INocrynate Bepa

37.1.1. Ilepehiii moctynar

ONEKTPOHE MOTYT ABHIraThCsi BOKPYT ATOMHOrO sApa, He H3Jyuas,
TOJBKO MO OIpefejeHHEM opfuTaM, oOupenensieMBIM M3 YCJIOBHs

KBaHTOBaHHSI.

Ecau

r — pammyc 3JeKTPOHHOH OpGHUTHI,

me =9,11-10—3! kr — Macca anexTpona,

® — YrJoBas CKOpOCTb 3JEeKTpOHA Ha OpOuTe,

U — op6uTaJibHasi CKOPOCTh 3JIEKTPOHA

h =6,626-10—3* Ix-.-c —nocrosHHas I[liaHka,

h = h{2n = 1,065-10—3¢ Iix-c,

L — MOMEHT KOJMUeCTBA NBHXKEHHsi (YIJIOBOH MOMEHT) 3JEeKTpPOHa,
o — NOJIOXHTEJBHOE IEJIoe YHCIIO,

TO yCJIOBHE KBaHTOBaHuf, coorBerciBywollee (M 7.64), umeer Bup

(A1 37.1) | L =J0 = mer?n = merv = = nh.

RO
21

MoMeHT KOJHYeCTBA JBHMIKEHHS 9JIEKTPOHA, MNBUIKYILErOCsl BOKPYT
aapa, kpateH fi — neJleHHOH Ha 25 moctosiHHON [Inawka.

37.1.2.  Bropoili moctynar

Kaxpofi paspeiieHHOH ycJOBHEM KBaHTOBaHHsl 3JIEKTPOHHOH op6ute
COOTBETCTBYET OTpEAesieHHbl sHepreTHUecKHii ypoBenb. Ilepexon
c GoJee ypajleHHOR oOT simpa opbGHTE Ha OGoJee OJMSKYID OpGHUTY
IPOMCXOJHT CKauK006pa3HO H CONMPOBOXAAETCH HCIYCKAHHEM KBaH-
Ta U3JYUEHHUS.

Ecnu

W — sHeprus sniekTpoHa Ha opbute 1,

W1 — sHeprusl aJIeKTpOHa Ha OpGHTE F,

kA =6,626-10"3 JIx-c — mocrosuHas [lnanxa,
¥  — HacToTa H3JIyueHHs,
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”
TO T[pH TEpexone 3sJeKTpoHa ¢ op6uTHL #1 Ha OpOHTY 1 BEEnss

€TC sHeprHsi W; uacToTa MCIyCKaeMOro HSNyYeHHS B COOTBETCTBHH
¢ (At 35.1) ompenensieTcs cOOTHOMEHHEM

v h v
CU | Jx Ix-c Mu=1/e

(A137.2) | W =W, — W,, = hv.

Ilpu nepexone 9JIEKTPOHa Ha GoJiee HH3KHIT SHEPreTHUeCKHI YpOBEHb
HCIYCKaeTCsl KB&HT H3JIyueHH#, 4YacToTa KOTOpPOIO XapakTepHa JAJist
JI2HHOTO BHZ2 aTOMOB.

87.2. Atom BopOpona

C nomompro nocrysnatoB Bopa MoxHO ompenenHTh OpGHTaJbHYIO CKO=
pOCTh, pannyC OpOMTH JEKTPOHZ, @ TAKKE JHEPTHI0 M YacTOTy KBaHTa
usnyyenns. Jlns atoMa BOAOpoAa 3TO MOMKHO CHAENaTh CPaBHHTEJIBHO
NpPOCTO ¥ TOYHO, MOCKOJNBKY BOKPYT sApa ABHIKETCH eIHHCTBEHHEIH
SJIEKTPOH.

37.2.1. CkopocTh gBHXKEHHA N0 OpOHTE

CraunonapHasi 3/MeKTPOHHas Op6HTa TpeacraBiseT co6oil yCTOHUKBOE
COCTORHUE H ONpEJIeJIsIeTCsl TeM, YTO0 HEHTPOCTPEMHTEJLHAs CHJa paBHa
CHJIE 3JIEKTPOCTATHUECKOFO NPHTANKEHHS MeXIy SNEKTPOHOM H SApPOM,

mev? e?
T. €. = —,
r 4ger?
Ecnn
M — MOpAAKOBLIE HOMep 3JeKTPOHHOR Op6HTH (N0 Mepe yRaneHHs
oT sEpa),
Un — CKOPOCTH JIEKTPOHA Ha M-i cTarHOHapHOH opbHTe,
e = ,602-10~'° Ki — sneMeHTapHE 3J€KTpHUECKME 3apsiy,

€9 = §,854-10-12 ®/m — aJexTpuucCKasi NOCTOSHHAS,
h =6,626-10—2¢ IIxx-c — nocrosiuHas Ilnaunka,

2 2
TO u3 3alHCAHHOIO BpIue YCJOBHS CJEAyeT U, =@ /4nmern90;

Hcnosb3yst BeIpaXKeHHe A48 paguyca rp = nh/2mm.v,, BHTEKAIOIIEE H3
GopoBCKOTO yCJioBHsl KBanToBauusi (At 37.1), mosnyuaem

v e n g h

CHU l mfc Kn— @fm ,E[)KG

e2
— 2’7—90 he

(A137.3) | vy,

Ilocne MOJCTAHOBKH UYHCJIEHHBIX 3HAUEHHH MOCTOAHHBIX HMEEeM

106
(Ar37.4) | op = w(%_lo_ Xz,

CKOPOCTH 2JIeKTPOHZ Ha DasJuuHbx opbuTax 06paTHO HPOMOPLHO4
HAJBHEL TOPSIIKOBOMY HOMepY OpPOHTEL vp,~ 1/1.
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37.2.2. Panuyc opOutn

C noMoOLIpI0 TNPUBEfEHHBIX B pasf. 37.2.1 ycnoBuil ycTOfUMBOCTH
KBaHTOBaHHS ONPEAeNSIOTCs OpGUTaNbHas CKOPOCTB M PamgHyc AONyCTH-
Mofi 2JekTpoHHOH op6uThl. IloacTaBHM B BrIpaxkenue rn = nh/27MeUns
opbutalbHyio ckopocts (AT 37.3).

Ecsn
R — NOPAAKOBHH HOMEp 3JIEKTPOHHOH OpGHTHI,
ry — papuyc n-# opOWTHI,
e = [,602-10—'% Kn — sjeMeHTapHbIl 3JIeKTPHUECKHI] 3apsn,
me = 9,11-10~3! kr — Macca anexTpona,
€y = 8,854-10—12 @/u — aNeKTpHUECKAST TOCTOSIHHAS,
h = 6,626-10-3¢ JIx-c — nocrosiuuas Ilnanka,
TO
20 2 rn h € Mme €
(A1 37.5) | rp = 28O0 A
Tiee CU | Mm— JIx-c ®/m kr Ka

ITocne TIOACTAHOBKH YHCJIEHHBIX 3HAUEHMI MOCTOSHHEBIX HMeeM

(Ar37.6) | rp=rn2-520177-107" . |

Papnycnl fonmycTHMbIX OpGHT aTOMa BOJOpOAA OTHOCATCH Kak
KeBaJpaThl TOPSAKOBHIX HOomepoB  opbut: 1:4:9:16:25:,,.,
T. €. r~n2

37.2.3.  OuepreTHYECKHe YPOBHH

Kamxpo#i nonycTHMo#l asexTponHOii opGHTe OTBeuaeT ONpefesIeHHBIH
SHEPIreTHUECKH YpOBEHb, SHEPrHI0 KOTOPDOTO MOXKHO, IpeACTaBHThb
B BHIE CyMMB! noteHuHansHoi Wp w kubermueckoii Wy sHepruii sijex-
TPOHA.

INotennuaneuas sHepruss Wy IOpH 7 = oo NpPHHHEMAeTCs paBHOM
HyJio. [losToMy Ha KOHEUHOM pPacCTOfIHHH OT sifpa (r << ©0) 3SHEeprus
Oyner MeHbille, T. e. oTpuuarenpHoit. OHa cooTBercTBYeT paboTe, KO-
TOPYI0 HEOGXOZUMO 3aTpaTHTh IJif IepeMellleHHsl 3JEeKTpOHa ¢ pac-
CTOSIHHS r Ha GEeCKOHEYHOCTb TNPOTHB MeHCTBHA 3JIEKTPOCTaTHUECKOM
CHJIB! IIPHTSIKEHH (3aBHCALLEH OT PaCCTOSIHHSA).

Ecan

n  — NOPAAKOBEI HOMEP 3JIEKTPOHHOH OpGHTHL,

Wy — NoTeHUHAJBHAS SHEPIHS SJEKTPOHA Ha STOH OpGHTE,
me == 9,11-10—3! kr — Macca 3/eKTpOHA,

e ==1,602-10-1° Kn — ssieMeHTapHLI 2JEKTPHUECKHE 3apsl,
g9 ==8,854.10—12 O/M — sseKTpHUECKas MOCTOSHHAS,
h =6,626-10—3¢ J[x-c — nocrosinHan Ilnanka,
TO
- r r r

e? e? S dr e%

Wy = S Fdr= S 4mveor? dr= Tee ) 72 Amegr *
[+-] o (o)
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C nomompro Buipaxkenus (At 37.5) nis moTeHUHAJBHOH SHEPTMH 10-
ayuyaeM

meet 174 e n ¢ h
(At 37.7) W,,=_?2e_2h§. m 0
T €g CU | Ix gr Kn — ®/m Ox-¢

Tlocre [O/ICTAHOBKH HYHCJIEHHBIX 3HaYeHHH TOCTOfIHHLIX HMeeM

435081 - 10~ 18 I 97,2116 3B
——— n2 E—X= nz -

(A137.8) | Wy =

IotesnpanpHas 3HeprHsl sJeKTPOHa Ha opbure 00paTHO MpOINOps
LMOHANbHA KBa&ipaTy UOPALKOBOrO HOMepa opbute:: Wi~ 1/n2

Jna wusernyecKoil sHEPrHM 3JeKTpOHA crpaBeiJsuBa GopMyna (M 7.24):
Wi = mv?/2, rne v onpepensercs mno ¢opmyle (At37.3). Kpome
TOro, KUHETHYECKAs IHEPrusl Moxker OHITB paccuMTaHa 1o dopmyne

mee*
(A137.9) | W= —5—. Epuunner: cm. (At 37.7)
8n2eoh

Yuursigas (At 37.7), us (At 37.9) moayuaem

(AT37.10) | Wy =— =L =151L,

KuneTuueckass SHEPrHsi 3JEKTpPOHa Ha JuoGOH OpGHTE COCTaBJIsAET
MOJIOBHHY €0 MOTEHUHMaJbHOH SHEeprHH.

Ilonnas sHeprus 3JeKIpOHA Ha n-it opbute W, 3B
W. = Wi+ W. xapaktepusyer naHHbI IHEpre- Fotomod
THYECKHII ypOBEHD. 13,2533 oo
' T —— 4
1z —3
4
ATSTAN| W, = — el nr
( NWn 8n’eZh? ° L —2
g+
8 -
Wmen g 13 A
CU | Ix xr Kn — O/m Jx-c g:
(u) sB z
l -3 b
19B ==1,60219- 10719 11, z|
l f—
1 [Tk =6,24146 - 108 5B. 0 1
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Tlocrne NOACTaHOBKH YHCJIEHHBIX 3HAUEHHI HMeeM

.10—18 1
(Ar37.12)| Wy — — 2L O M 13605658 I

Tlonuaa sHeprus ajekTpoHa Ha OpOuTe 06paTHO NPONOPUHOHANEHE
KBaJpaTy NOPSAKOBOrO HOMepa OpOHMTHI

1
Y~ g

Ilo ¢gopmysne (At 37.12) MOXKHO OIpenesIHTL SHEPTUM yDOBHeH, O
BEYALIKX OTAEJBHEIM OpOuTaM. DTH SHEDTHM TDEACTABJAIOT B BHI
cxeMbl ypoBHeii. ITojioxenne HyJseBOH TOUKH TIpOH3BOJibHO. Ee Bblﬁlff
parct Jubo mpu n = oo, jub0 (KaKk B LAHHOM CJyuYae) IpH 7 =

87.2.4. YactoTa H3JNy4eHHs

Ipu mepexose sneKTpoHa ¢ Op6HTHl M, GOJee yhaleHHOR OT sAPA, it:|
fosiee OJH3KYI0 K AAPY OPOHTY # B COOTBETCTBHH ¢ ycsoBuéM Dopa it
OycKaeTcsl SHeprus

TakuM o6pasoM, npuuuMas BO BHEManue ¢opmyny (At 37.11), umeem

4
h={— ——5 __”EET H ¢ nomomeio (AT 37.12) mosyuaem,
860h

hv= (-— ———-) .2,17991 » 10~ '8 I, Orciona Haxonum

YacToTy

(A1 37.13)| v—= (;'2— — 7;7) .3,980842 - 1015 T,

Crosnag 3a CKOGKAMH MOCTOSHHAS BEJHUMHA HA3LIBAeTCs NOCTOSHHOMN
Pupbepra R:

(A1 37.14)| R= 3,289842- 10" Ty |

Hs (At 37.13) crenyer

(Ar37.15)| v = (7%2‘ _77117) R. i
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37.2.5. CrekTp aToMa BOAOpPOAA

Tloncrapnas nns m W n 3Hauedus 1, 2, 8 ..., ¢ nomomeo (At 37.13)
MOXKHO TIONYYHTH BCe UYaCTOTH, BO3MOXHHIE B CJlyuae BOAOPOAR,
T. €. CneKTp BOjopoaa.

CnpaBoyHasa Tabnuua
CnekTp aToMa BORCPOAA

O6aacTe Inuna

n CepHn creKkTpa BONHBI* A, HM

-3

Jlafimana Yasrpaduoserobas 94
97

103

122

Basemepa Bunnmas 397
410

434

486

656

IMamena Undpakpacuas 1005
1094

1282

1875

Bpeketa Hndpakpacuas 2165
2625

4051

I¢pyuna HudpaxpacHas 4652
7458

ONTO A NDNCWH GO =N WA
I R N R R N N

* OKpyrieHHbIE SKCIEePHMEUTAbRbE SHaYeHHs],
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Haumenbillag aJMHa BOJHEL A (H COOTBETCTBEHHO HAHGOJBLIAN
yacToTa v) B CHEeKTpe Boaopoaa orBeyaer n=1 u m = co. B 3TOM
ciyuae sHeprHs kBaumTa paBHa 2,18.-10~18 JIxx = 13,6 sB — ato Haws
Gosipliasi SHEPTHS, KOTOPYIO HM3JyYyaeT atoM Bojopoaa. EciH aJieKTpoHy,
HaxoasueMycss Ha opbure ¢ # = |, cOOOIMTE TaKyl® SHepruio, To OH
nepefiier Ha Op6GHTY ¢ M == oo, T. €. OCBOGOAMTCS M3 aToOMa; HHBLIMH
CJIOBaMH, TIPOH3O0MNET MOHH3AIKSA aTOMa.

Jlns momnsaumu atoMa Bojopofia HeoGxoamMa sneprus 13,6 sB.

37.3. KBaHToBLIE yHCNA

CrneKTpPOCKONHYECKHE H3MEPEHHsI TOKA3HBAIOT, UTO SHEPTHH 3JEKTPOHOB
Ha opHoit o6osourke (K, L, M, ...) cnerka pasimuaiorcs; 3TO 06yCJOB»
JIEHO Dpas3JiuyveM (pOpMBl M DACHOJOXKEHHS HX OpOUT. DJEKTPOHHEIE Op*
6HTH MOXKHO KJIacCHGUIMPOBATE € IIOMOIUBIO KBAHTOBBIX UHCEJL

37.3.1. I'naBHOE KBaHTCBOE YHCJO

| [naBHOe KBaHTOBOE WYHMCJIO 1 COOTBETCTBYeT NOPSIKOBOMY HOMEpPY
B kpyroBo# opbutei: n =1, 2,3, ... .

37.3.2. OpOuTalibHOE KBAHTOBOE YHCJIIO
(XBaHTOBOE 4HCJI0 MOMEHTA KOJIHYECTBA [BUXEHHA)

_ Hapsany ¢ KpyroBelMH OpGHTaMH BO3MOXXHBl 3JJMITHYECKHe OpOHTH
¢ pasJHYHBIM SKCHeHTPHcuTeTOM. OHHM  YIOBJETBOPSIOT —CJELYIOLIHM
YCJIOBHAM:

@® Ha kaxnoii op6ute 3JeKTpOH 06JafaeT OnpeResieHHOH sHEpTHel.
@ Moment KONMYeCTBa ABHIKEHHUSI 3JIEKTPOHa Ha OpOUTE BCErna paBeH

uenoMy uMcly, h/2m =fi (6OpOBCKOe  ycIOBHE KBAHTOBAHHS)}
L=1In

OpGurajbHoe XBaHTOBOe 4HCHO [ Xapaktepusyer (GopMy OpOHTHL
T'7aBHOMY KBaHTOBOMY YHCJY # OTBEYaeT 1 OpOMT passnyHOil ¢ops
Mbl: ofH& KpyroBass H (n-—1) sjnunTHueckux OpOHMT € Pa3JIHUHBIM-
SKCUEHTPHCUTETOM.

KsauToBoe yucso | MoXeT npuHEMaTth 3Havenns 0, 1, 2, 3 ... (n—1),
Ilpu stoM ! = n—1 CoOOTBETCTBYET KpYrOBOi op6n're, a l=0—>m
JIHICY ¢ HaHGOJIBIIHM SKCIEHTPHCHTETOM.
Jlns o6osHauenusi opOHT
yHcna 01234567..,
samensaoT OykBamu sp d f ghik ,...

B cnyuae snnunca

© Conburas MONYOCh @ == Fypuronol opGuTH!

® wanas noayoeh b=a(l+1)/n . -



387.8. Keanrossle uucaa

O6paTuTe BHHMaHHe:

® Ilpu rmBuxenum [0 SJJIHHATHYE-
CKOH OpOHTe CKOpOCTh 3JIeKTpPOHA
MeHsieTCs, a TOTOMY MeHseTcs
¥ ero macca (o pensiTHBHCTCKOH
macce cM. pasn. 41.4.1). Dtum
ofycnoBneHa HeOosbLiasi pas-
HHIA 2Hepruffi 57eKTPOHOB Ha
PasfHUHEIX SJUIHOTHYECKHX Op6H-
Tax.

® Ksautosasi MexauWka TPHBOBUT K 6OJiee TOYHOMY BLIDAXKEHHIO AMA
Op6HTAILHOrO MOMEHTa KOJHYECTBA ABHKeHus L = AT 4-1)A.

87.3.3. MaruutHOE KBAaHTOBOE YHCJO M.

MarguTHOe KBaHTOBOE YHCJIO /1 XapaKTepU3yeT OpHEHTALHIO IJ0CKO-
CTH SJIEKTPOHHOH OPOHTLI B NPOCTPAHCTBE., ITO YHCIO HPHHHMEET
(21 + 1) pasnuyHbBIX 3HAYEHUSL

ILBPI_}KYUJ.HHCH Ho SaMKHyTOH 0p6HTe 9JICKTPOH 3KBHBAJEHTEH Kpy-
rOBOMY TOKY, MarHHTHO€ [OJie KOTOPOro BSaHMOReﬁCTBYET C BHEUIHUM

MarsuTHEIM mojieM. I1NOCKOCTL 27MEKTPOHHOE Op- =
6UTH 3aHHMAST ONpefeNeHHble NMOJIOXKEHHMs, KOTO- H
pBE XAPAKTEPHIYIOTCS MArHHTHEIM KBAHTOBLIM Iy
YHCJIOM. s

OpuenTanusi opGurkl  3apaercs yriom O
MEXAyY HampapjieHHeM MAarHHTHOrO HOJSE ¥ OChIO, ]
NEeprieHAHKYASPHOHN MIIOCKOCTH OPOHTHL. N

MaruuTHOe KBAaHTOROE HHCJIO M MOXKeET
npHHEMaTh SHawepws 0, X1, £2, &3, ...
... =1, roe ! — op6uTanbHOE KBaMTOBOE YHCJIO.

® Yron HaksOHa OpPOHTH ONpeAeNsieTcs yCno-
BHeM cos & = mfl.

® KeaHtoBasi Mexawnka pnaer Gosee TouHOe BHIpaXkeHHe I S5TOrO
yrna: cos 8 == mf~+/T ( + 1).
__ Mpumep:

AnmnTrdeckast opbuta 4d, Haxopsinascs B wersepTolt 0GOJNOUKE, MO
¢opme HanGosee GnHsKa X OKpyXHOocTH. OpGHTanbHOe KBAHTOBOE YH-
cno [ = 2. MaruuTHoe KBAaHTOBOE YHCIO M MOXKET npnnnmaﬂ, 2. 2+
-4 1 = 5 pasnuuuex 3HaYeHmi. :
B urore nonyuaem:

m: —2 —1 0 41 -2
m, =2 oZtoo 4L 42
1’ .2 2 2 2 2
cosd:  —1 —035 0 405 +1

& 180° 120° 90° 60° 0°
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Of6paTuTe BHEMAaHUe: m=2
@® Ecim paccMaTpHRaTh OpGUTAaNbHOE KBAHTO-
>

- BOe YHCIO Kak BeKTOp [ (xapakrepHzyio- -1
WHf HanpaBleHHe OPOHTANBHOTO MOMeEH-
>

Ta L), TO BO3MOKHEL TOJMLKO TAKHE OPUEH-

Tanud OpGHTH B MPOCTPAHCTBE, KOTOPHIM m=0

OTBe4aeT [eOYHCTIeHHOe 3HdUeHde /1 Tpo-
>

€KUM BeKTOpa [ Ha HanpaBieHWe MarHuT-
HOTO HOJSL.

37.3.4. CrvHOBoe KBAaHTOROE YMCIIO S m=-Z

CruHOBOE KBaHTOBOE YHCJIO S XapaKTepHusyeT OPHEHTAlHK COOCTBEH-
HOTO BpaUleHHs B3JIGKTPOHA OTHOCHTENHHO HANpaBJeHHsi ero OpOu-
TaJIbHOrO BPamIeHHs.. DTO KBAHTOBOE YHCJIO MOXET HPUHUMATH [Ba
PasAUUHBIX 3HAYCHUS.

BosMoxHEIe 3HaYeHHsI § paBHH -+1/2 1 —1/2, HpHyeM HOJNOXKHUTENbs
HOe 3HAYEHHE COOTBETCTBYET OJMHAKOROMY HAIPABJIEHHIO COOCTBEHHOTO
¥ OpOHTANBLHOIO BpauleHHs,, OTPHIATeNbHOE — NPOTHBOMNOJNIOXHOMY HX
HanpaBJeHHUIO. 1

3HayeHHsT MOMEHTa KOJHUYECTBa HBMXKEHHS Y 3JEKTPONOB, Bpallaio<
IIKXCS BIEBO H BHpPaBo, oTaMuaroTcsi Ha AL, = h/2w = h [Goposckoe
ycnosue kBantosanusi (AT 37.1)]. Taxum obpasoM, Ansi COGCTBEHHOTO
MOMEHTa KOJIHYeCTBa [BHMKeHHs (CnuHa) 3JEKTpoHa nonyyaeM Le=

1
=—_I——-2-ﬁ-—sh.

37.3.5. 3anoaHeHue 00oJ04YEK

CylecTByIOT JBa OCHOBHHX NPaBHAAL

© Kaxppifi saeKTpoH 3aHHMaeT KdK MOXKHO 6ojee HHSKOe SHEpPreTH4
qecKoe COCTOSIHUE. ’

® JlBa 5nekTpoHa B OAHOM H TOM e aTOMe JNOJIKHEI PasyHyaThCs
0 KpaiiHefi Mepe OfHHM KBautoBHIM wHcioM (npunuun Mayam).

MaxkcuManpHoe 3anoJHeHHe KaXAOH OCOJIOUKH ONpefensiercs TEM,
CKOJILKO Pa3fINYHBIX 3HAUeHMH MOryT nmpHHUMaTh KBAHTOBHIe YHCJA,

Ecnu
Z - MaKCHMaJbHO BO3MOXKHOE HYHCJO oJIeKTPOHOB Ha JAHHOH 0COJIOTKE,
. = r7IaBHOE KBaHTOBOE YHCJIO, -

TO

(Ar 37.16)] z=2n? |



37.4. Haryuenue AT 4123

CripaBoyHasi TabJauna
DJIEKTPOHHBIE COCTOAHUA AJid n =1, 2, 3 u 4

Hueno
OGonoyka n L O,?g:::. m s cotggggxlgnﬁ Bc [;g}?(;)[llgilfxﬁ
obosouke
K 1 0 1s 0 +1/2 . 2 2
L 2 0 2s 0 +1/2 2 8
1. 2 0 172 2
*1 +1/2 4
M 3 0 3s 0 +1/2 2 - 18
1 3p 0 +1/2 2 a
=1 +1/2 4
2 3d 0 +1/2 2
=1 +1/2 4
+2 +1/2 4
N 4 4s 0 x1/2 2 32
1 4p 0 ==1/2 2
+1 +=1/2 4
2 44 0 +1/2 2
=*1 +1/2 4
=2 +1/2 4
3 4t 0 =12 2
=*1 +1/2 4
+2 x1/2 4
£3 =12 4
HT. B

374. Hsayuenue

flpu nepexome Ha Gosnee HM3KHii SHEpreTHYeCKMH YPOBEHb 3JICKTPOH
HCTIyCKaeT HafiyueHHe B BHAe OTHENBHOTO KBAHTA, Yacrora (AJHHA
BOJIHB) KOTOPOIO ONPejeNfiioTCsl PasHOCTBIO sHepruft AW = hv snex-
TPOHHEIX OpOHT. JlonycTHMBle YPOBHH SHEPTHH H300paxanTcd B BHAE
cxeMbt YPOBHEH.

374.1. CxeMa SHepreTuueCKux ypopHeil

Kaxppift sneMeHT XapakTepHsyeTcst cBOeH coOCTBEHHOH CxeMoll 3SHep<
reTHueckux ypopuei. Ha npusenenHofi B kKauecTBe MpHMepa CxeMe yKa-
3aHBl JMIb 3HEPreTHUECKHe YPOBHH, 3aMETHO OTJMYaloulneci OT CO-

CCLHHUX,
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CxeMa sHepreTHueckHx ypopmei ¥} 3B

NpencKaskBaeT GOJbllee YHCNIO dHa-
.CTOT W3Jyueuusi, 4eM HaGJI0naercs
B Ie#cTBuTeNbHOCTH. CYHIECTBYIOT
npapuna oT6opa, COrNIacHO KOTOPHIM
«pazpelleHsl» JIMIIL  ONpeneNeHHEe
T€PeXOJb! BJIEKTPOHOB.

B cnydae paspenieHHHIX Nepexo-
JI0B OpOUTaNIbHOE KBaHTOROE YHC-
70 ! uny CAWHOBOE KB&HTOBOE
YHCJIO S U3MeHsieTcsl Ha €AHHHULLY.

® Ilpasuno ot6opa: Al=1 umm
As = 1.

37.4.2. Bosbymxpenve

Ilpu nepexone anexTpoHa Ha Gomee
Huskylo (Gomee OMHSKYI0 K sipy)
OpOHTY aTOM H3Ny4YaeT 3HEPrHic.
Oanako JJst TOr0 4TOGH MOTJIO

432
4

6

0

—=2p; ~— 2Zp,

NPOU3CHTH H3NyYeHWe, 3JEKTPOHY HEOOGXOAHMO COOGLIUTL SHEPTHI0 ¢
TeM, 4ToCHl OH Tiepelles: Ha opOuTy ¢ Gosee BhiCOKO¥ 3Hepruelr (u Go-
Jiee yoaJleHHYIO OT simpa). B 3TOM cayyae roBopaT O BO3GYKAEHHH
aroMa. Kak TnokaskBaeT cXeMa SHepreTHUeCKUX YpPOBHeH, pasHOCTH
SHeprufl, OTBEYAIONIMX OPOHTAM, DPAClONOXKEHHEM BOJM3Y SIApa, O4YeHb
Be/IMKa, MOITOMY H3JlyyeHHe He JIeXUT B BHEUMOH obnactu. HMemycka-
HUe BHIMMOrO CBEeTa CBS3aHO C I[E€PeXOjaMH JUIlhb BHEUIHHX 3JEKTPO+
HOB aToMa. Bo36ymuTh aTOMBl MOKHO Pa3NMUHEIMH CHOCOGaMH,

® Tennosoe Bo3Oyxpenne. Doaropapsi HarpeBy YCHJIHBAETCSI MOJIEKY=
JISIpHOE ABHXKEHWE; NPH COYAAPEHHWAX aTOMOB 3JIEKTPOHH IepeXonsit

Ha 6oJiee BHICOKHE YPORHU.

@ <QoroB0o30yXKueHME. INEKTPOBH NEPEXOAAT Ha GoJiee BLICOKHE YPOB+
HM 32 CYeT NOTJIOICHHsI SHepTHH majaiomux (otoHoB ((iyopecuens

uus, docdopecieniys).

® 3aekTpuyeckoe Bo3OyxpeHue.B ra3opaspsiHeix NaMOax 3JeKTPOHEL
¥ VOHHl [BHTAIOTCSI C BLICOKHMH CKODOCTSIMH H, COYAapssiCh ¢ ato-
MaMH, HepeBORAT HX B Bo3byXpueHHoe cocrosisme. [Ipm aocraTouHO
GombIION mepefade SHEPTMH 3JEKTpOHBI MEPEXORSiT BHJAOTH KO 0GO»
JIOUKH # == 00, T. €. IPOHCXOAHT HOHM3auUsl aToMa.

BupMMEIH cBeT HCMyCKaeTcsi TOJBKO BHEIIHHMH 3JEKTPOHAMH aToMa,
BO30YAEHHOTO TENJIOBLIM, (POTO- MMM 3JIEKTPHUIECKHM CHOCOGOM.

37.4.3. MeTacTabunbHEIE COCTOSTHUS

B cuny mpaBunm ot6opa Y aTOMOB MHOIHX S7EMEHTOB HMCIOTCA 3Hep-
TeTHUeCKHe YPOBHH, C KOTODHIX 3JIEKTPOH He MOMKET HENOCPEACTBEHHO
nepefity Ha 6oJiee HH3KUH YPOBeHb. DTH YPOBHH HAa3HBANOTCS MeTACTas



374. Haayuenue AT 425

OUNbHEIME COCTOSTHHSIMM. DJEKTPOH MoXKeT mnepefiTH Ha TAaKOH YPOBEHB
OpH COyAapeuyy C fApyrdM 3JeKTPDOHOM WJM OPH KacKajgHoM Iepexois
¢ Gonee BEICOKOI'O YPOBHSI.

— TlpopomxurenbHocts mnpeCHEBavHs aTOMa B METACTAOUIBHOM CO¥
CTOSIHHY uMeeT mniopsimox 103 c. 5

— IlposomxutenbHOCT TPeCBIBANHS aTOMa B BO3GYXKIEHHOM COCTOSH
HHY MMeer nopsiiok 108 c.

Heo6xonumo pasnuuath:

® CroHTanHoe u3Jyuenue, NMpH KOTOPOM mepexoj H3 BO3CyXKAEHHOrQ
COCTOSIHUS! B OCHORHOe IPOHCXOAHT (e3 BCSIKOTO BHEIUHCTO BO3zeif%
CTBUS.

@ BuHyXpeunoe H3NyuYeHHe, NPH KOTOPOM Tiepexos H3 MmeTacTabHib=
HOTO COCTOSIHHMSI B OCHOBHOE BELISBIBAETCS SIEKTPOMArHUTHBIM H3JIY4
yeHHeM COOTBETCTBYIOLIEH 4acTOTHL

IIpy pocTaTOYHO HHTEHCHB- WA Bostpicdenue
HoM BO36YXIeHunm (Tak Ha3H- -/ CronmecsHoe LTyReRue
BaeMOH HaKauke) MOXHO OJHO- W (

BPEMEHHO NepeBecTH Ha MeTracTa-
6unpHEIT  ypoBeHb  GOJBHIYIO
4acTh aTOMOB; TaK¥UM o6pazoM W
NPOUCXONHUT HaKOMJleHne SHePTHH. ! i
Ha stoM ocHOBaH NpHHOMI JeH- i1 ;
CTBUSL Jasepa. .

Ilpy nepexoze  GonbILIOro

ava s d

Cronmanroe
YMCia 4TOMOB M3  METAcTabHilb- W A usngeenue Bosdyscdensve coompstus
HOTO COCTOSIHHSI B OCHOBHOE HC- W;
NyCKaeTC HHTEHCUBHBIH  y3KO- W \\l’”"mm”’“d“”l’”“’ COCTIOAHUR
KOJNTIMHPOBAHHEIY IYy40K MOHO- d I‘
XpOMAaTHYECKOTO KOrePeHTHOTO H3- I f\/\/\m““"‘
nydesus. JlBa  napasuleNbHEIX { | Bsmymicdensoe
8epKaNia, B KOTOPHIX OTPaXKAETCH 1, | US/TYHCHLE
uanyuenne, o0Opasysl  CTOsYHE ! I
?i)o.rmm, TO3BOJSIIOT YCHIHTh 3¢~ At At~ 107% z

€KT.

37.4.4.  PeHTreHoBCKoe HanyueHue

PenTreHOBCKOE H3JiyueHHe BO3HUKAET B Pe3ysbTate BO3CYXKNEHHsI aTo-
MOB 3NEKTPOHAMY BBICOKHX 3HEprHi, KOTOpHE IpOHMKaloT B TNy6b
atoMa Y NepeBOiSiT OJMsKHe K SIAPY 2JNeKTPOHEI Ha Coyiee BEICOKME
sHepreTHueckHe ypoBHH. [lpu mocnesymomeM Tepexone yAaleHHHX OT
SIApa BJEKTPOHOB Ha OCBOGOAMBLUMIICS YypOBeHb HCIyCKalOTCSl KB2HTEI,
AJUHE BOMH KOTOPBIX JeXaT B pEHTTeHOBCKOX o00JacTH W cnyxkKar
XaDaKTEpHCTHKOR MaTepHana 4aHOZA (XapaKTepHCTUYECKOE H3NYYeHHe).

Kpome ToOrOo, Haneraioumye 3JEKTPOHEl TOPMO3STCS!, MPOHHKAs B
060NI0uKy, H TEpSIOT 4acTb CBOeH sHepruH B (OpMe 3JECKTPOMArHHTHOrO
H3JIyueHHs € LIHPOKHM CHEKTPOM YacTOT. DTO TOPMO3HOE H3AYUCHHE
o6nanaer HeMpPEpHRHEIM CHEKTPOM C BepXHel rpaHHLed Viaxe. I paHHuHAA
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e

YyacyoTa COOTBETCTBYET CJAy4Yal, KOrLa SMEKTPOH H3IyuYaeT BClO
BHEPTHIO.

Ecnn
Nnake — BEpXHSsl TPaHHNA TOPMO3HOTO H3JIyYeHus,
U — Pa3HOCTb MNOTEHMHAJOB, B KOTOPOH ABHIKETCS 3JIEKTPOH.
e = 1,602-10—1® Kn — sneMeHTapHHE 3NeKTPUUECKUI 3apsim,
n == 6,626-10~3 IIx-c — nocrosinaas Ilnanka

£

.70, TIOCKONbKY KHHETHUeCKasi SHEPrusi 3JEKTPOHA [OJIKHA OHTH paBHa
TPaHHYHOH SHEPTHH HCMYIIEHHOrO KBauTd, el == AVyaxc, TONyuaeMm

‘ U v e U h
AT 37.17)| Vyare = — - - 7
( )| Vwaxe =" CU | Tu Kan B IOx-c
87.5. KBanTOBOMeXaHuyecKass Mojpesb aToMa

HecmoTpss Ha ycmex artomHbix Mopeneft Dopa u 3oMMepdesbna, oHH
©O6napanT psAOM HeJOCTATKOB. KpoMe TOro, B HHX cOmepKarcs He-
KOTOpEE TPOUSBOJILHEIE MOJIOXKEHYsI, KOTOpble TPHILNOC: BBECTH AJIS
' pGDbACHEHHST KCHepUMeHTaNbHHIX pe3ysbraToB. Homasi Mopemp aroMa
_Bwuia paspaGorana lllpenunrepoM Ha OCHOBe KBaHTOBOH Mexanuku. Co-
nacto fe Bpoiso, 3MEKTPOHY OTBeuaeT AWHa BOJNHEL A = h/mev. Ilo-
CKOJIbKY NBHXKYIIEMYCS BOKDYT fpa 2JIeKTPOHY OTBEYaeT Crosuas
BOJIHA, AAMHA SJEKTpOHHOY OpOWTEl AOMKHA OLITb KPaTHA HENIOMYy 4YH-
tny AMUH BOJH, T. €.

(At 37.18)| 25try, =1k = .

D70 ycaoBHE TOYHO COBHNAjdeT C ycloBHeM KpaHToBamusi (AT 37.1)
B nepeoM nocrynare Bopa.

B xBanTOBOMexaHWUeCcKOfl MOZenw aToMa Ha CMeHy GOpPOBCKHM Op-
fuTaM npHIM HPOCTPAHCTBEHHEIE CTOSluME BOJHLL Kaxkmoft w3 Takmx
BOJIH OTBeuyaeT ONpefefeHHasi sHeprusi (coGcrTBeHHOe 3Hauenue W) u
co6cTBeHHast yacToTa. BMecto nepexopa ¢ opHOR
OpOUTEl Ha npYTyi0 HPOHCXOBHT NEPEXOf H3 ORHOIO
docTosinusi (KOTOPOMY COOTBETCTBYeT ONpefefieHHasi
fipocTpancTBenHasi crosiuasi BojHa) B Jpyroe. Iu-

TeHCHBHOCTL BOJHE B Pal/IHYHBIX TOYKaxX HPOCTPaH-
{TBa oOmpesensieT BEPOSTHOCTb TOTO, 4TO SNEKTPOH
HAXOOUTCS B HAHHOH TOYKe.

Ha yanoBo#t noBepXHOCTH HHTEHCHBHOCTH BOJIHEL ’
¥ COOTBETETBYIOLIAS. BePOSITHOCTD HAWTH TaM 3JieK-
fpon paBHR HyJIO.

DnexTpon 06pasyeT BOKPYT SADA CBOETO DOA@ 3apsiKeHHOe «obna-
#0», MPOCTPAHCTBEHHAS IJIOTHOCTb KOTOPOTO B HEKOTOPOH TOYKe COOT-
BETCTBYeT HHTEHCHBHOCTH BOJIHEI B 3TOM MECTe,
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38. PapyoaKTHBHOCTD

Paay0akTUBHOCTLI0 HA3HBAIOT CHOCOBHOCTh ATOMOB K TipeBpailetinIoy
KOTOpO€ CONIPOBOXKAAeTCs HCHYCKaHUEM H3NyueHHSs. Ha npouecc Ta-
KOTO TpeBpamieHusi HEJb3Sl NHOBJMSATL BHELIHMM BO3AEHCTBHUEM. Ero
HasBEBaKT PajHOaKTUBHHIM PacnajioM.

an/I PapyoakKTHBHOM pacnafie HCHYCKaeTcs H3JNyueHHe TPeX BHAOB.

@ o-usnyyenue, OHo mpefcraBiisier cOOOH O-yacTHLB! (2(1), 1. e. Anpa
renusi. DBellencTBHe HANHYHS HOJOXHTENBHOTO 3apHfa  i-YACTHILEL
OTKJIOHSIIOTCS. SJIEKTPHYECKHM H MAarHHTHHM nonsiMd. Cropoctb, @
KOTOPOHl BHIIETAIOT G-4aCTHIE, cocTasjasier okosio 107 m/c.

@ f-usnyuenue. Ono npepcraBisieT COGOM 3NEKTPO-
HE, ofjapamompe crkopoctbio oT 108 wm/c gmo
0,999 c. BcrepctBHe HaJgMY¥s OTPULATENHHOTO
3apsifia SNEKTPOHH OTKNOHSIIOTCS SJEKTPUYECKUMH
W MardUTHEIMM = IOJSIMA B HPOTHBOHOMOXXHYIO
CTOPOHY IO CPABHEHMIO C C-YaCTHIIAMH.

@ Yy-M3jayueHue, DTO SAEKTPOMArHUTHOE H3JIyyYeHHe
¢ JJMHOE BOJHEl NpuHOnuspTenpHo 1012 M u
COOTBETCTREHHO YacToTo# okoyio 1020 I'm. OHo He
OTKJIOHSAIETCH 3JIGKTPUYeCKHMH H MArHUTHBIMH IO-
JAMH,

TIpH HCKYCCTBEHHBIX TpPEBpPAIUEHHSIX SAEP MOTYT BO3HHKATL H3GH
TONHI, HCHYCKAOIIHe PafHOaKTHBHOE H3JyYeHHe HYeTBEPTOro THIIA,

@® fpr-usnyuenne, OHo mpeacTaBnsieT COGOH NMOSUTPOHLL, T. €. YACTHILHI,
KOTOpHIE OTAMYAIOTCS OT SJIEKTPOHOB TOJNBKO 3HAKOM 3apsina («mo<
JIOKHTENBHEE BJIEKTPOHBI).

38.1. PapyoakTuBHLIH pacnap,

38.1.1.  CraluabHocTb sigpa

OTHolwesne 4dcna HefTpoHOB N K HHCy NPOTOHOB Z YBEJMYMBAETCH
¢ pocToM MaccoBoro uvciia A. Bruo yeTaHorNeHO, YyTO fhpa CTACHNBHEL
TONBKO NpPH ONPEAEJIEHHOM COOTHOUICHWH MEXAY 4YHCIaMHM HEHTPOHOB H
TPOTOHOB.

Ecan

N ~— yueno ue#TpoHOB B. IApE,

Z — 4ucno NPOTOHOB B SIADE,

A =N <~ Z — MaccoBoe 4HCIIO,

TO CT26HJBLHOH CBfISH HYKJOHOB B Sifipe OTBeyaeT COOTHOLICHUC

(At 38.1) —2’— A~ 11001547 u A< 250.
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Vi3 paBecTHEIX K HacTosilleMy BpeMeHu npumepHo 1700 Bupos simep
‘oxosio 270 mnpepcTaBAsIOT COGOE CcTACHIBHBIE HYKJIHMAE H  OKOJO
1430 — gectabunpueie. B mnpupone mnpeoOnapal0T YeTHO-YeTHLle fAApa
{c "erselM YMCNOM MPOTOHOB H HEHTPOHOB); OHH OKAa3BIBAIOTCA OCO-
OenHo cTabUNbHBEIMH,

38.1.2.  «-pachmap,

C HCnycKanueM o-YACTHIL PACHAZAlOTCS TONMbKO fifpa ¢ Gonplimy Mac-
coBeiM unciom A (A > 200). Tlpu «-pacname MaccoBoe HHCIO O4Ye-
BUIHO, yMeHblIaeTcss Ha 4, a 3apsip

ALpa HA 2 eEUHUIIHL:
(Ar382) | 4K, —> 473K, + jo.
A
ITpumep: A-1 /
o
® 226R —_— zszan +‘§a, Az /
° %P0 —» Z0pb -+ o A-s v
A-§

Z-8 Z-2Z-1
38.1.3. P—-pacnan z “

B—-u3nyyeHHe HCOyCKAIOT $APA C OTHOCHTENBHHIM HSGLITKOM HEATPOHOB
[cm. (AT 38.1)]. DnexTpoH BO3HHKaeT B Pe3ysbTate NpeBpaileHHs HeH-
TpoHA B NPOTOH:

Heirrpon —> [1poton - Dnextpon -- AnTHHEHTPHHO
(A1 38.8) 1 1 o _
ol > 1P + e + v

O6patuTe BHUMAaHHE:

@ AnTuHeiitpuno (Tax e, Kak H Hed-
TPUHO) He WMeeT HM Macch MOKOS,
HY 3apsina. OHO YHOCHT YacTh SHEPrHM
pacnaja. BesieficTeHe STOFO BO3HHKAL- i
IMe mpu pacnafe [~-4acTHUB HMEKT i
HEOAMHAKOBYIO 3Hepruio. B Tabnuuax :

B GONBIIMHCTBE CJIYYACB YKa3HIBAETCS i
MakcHManbuasg sHeprus Wp. HauGo- W Vi W
3

Jlee BEPOSITHass SHEPTHS  COCTABJISIET =

okono Wu/3. Tlockonbky mpu f—-pac-

Haje MCHYCKAeTCsi SNEKTPOH, 3apsif, Aipa BO3pacTaeT Ha ©JMHAMLY,
a MaccoBOe YHCJIO He MEHsieTCs:

(Ar38.4) | §K\—>4, Ko+ _fe.
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Mpumep: A
@ ggS r—>ggY -+ _(l)e, e
214 214p: 0 A
o g Pb—>g3"Bi - e
A-1
38.1.4. p+-pacnan
N z z+1 Z

pt-usnmyuenne yenyckaetcss SiipaMM C OTHO-
CHTENbHEIM H36BTKOM HPOTOHOB. IlosuTpon
BO3HHKAeT B peaylbTaTe HpeBpallleHusi HPOTOHA B HEHTPOH:

ITporon —> Hei#rpon 4 IMosutpor + Hefitpuno

At 385
e e T

O6patTuTe BHHMaHHE:

® Hefitpudo He mMeeT HH MacChl TIOKOS, HH 3apsina. OHo yHOCH1
gacTh 3UePrUM pacnajsa. Bospwkamone npH pacoaze Pt-uyacTHmer
HUMEIOT HEOAWHAKOBYIO SHEPIHIO.

TlockonbKy nipm P+-pacnaje HCKYCKaeTCsi TO3HTPOH, HOBoe siapo Ka
HMeeT Ha eNWHWIly MeHbIIMH 3apsii ¥ TO JKe camMoe MacCoBoe HYHCIQ.

(A386) | 2K, —> 4K, + (% " A
J . -
Ipumep: A £
° P — Usi+ e A-1
22 22 0 N
© Na —> oNet e '
l. ! + T z-1 Z Z

88.1.5.  y-uanyueuve

VicnyekaHue y-KBaHTOB CONMYTeTByeT O- MyH f-pacnany, mocsie KOTOpPOro
B Sipe OCYHIECTBJSIeTCS! MEPECTPORKA: SAPO TEPeXOZHT u3 BOOYXAEH-
HOIO COCTOSIHMSI B COCTOsiHME C Memnbluedt sHeprueit. [lpu sTom 3apsaj
sIEpa W MacCOBOE YHCJIO OCTAIOTCSI HEM3MEHHBIMH.

38.2. 3aKoH paguoaKTUBHOrO paclajga
Pacnap simep OpOMCXOAUT TO 3aKOHY caydasi. Ho TnOCKOJNBKY 4YHCIO

4TOMOB, COZEP3XallUXcsi B ONpeleNeHloM KONHYECTBE BellleCTBa, OUCHb
BEJIMKO, MOXHO C(POpPMyIHPOBaTh 34KOH pacmajia. g e
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38.2.1. TlocTosntiHas pacnaza

Ilycte Ha npoTsXeHuH BpeMenu di pacnapmaercsi dN sipep. Benduuna
dN TiponmopunHOHANbHA YHCJY MMEIOUIHXCS CIOCOOHEIX K pacnany shep:
dN ~— Ndf. Kostbh¢$punuedT nponopuHOHANTEHOCTH HasLIBAETCS NOCTOSIH-

HO#l pacmapa A.
TlocTosiHHas pacmapa xapakrtepusyer poso dN/N WCXOBHBIX pajHo-
AKTHBHEIX aTOMOB, KOTODasi pacnamaercsi 3a BpeMs di.

38.2.2. 3aKoH pacnaga

Ecmu
No — uMcno sigep B HaualbHEIE MOMEHT BpeMEHH,

N — vyueno simep, He paclaBIIUXCS IO HPOIIECTBHM BpEMeHH I,
t — BpeMs, N
A — mocrosiHHas pacnaza, N
o
¢ = 2,71828 — ocHOBauye HaTyPaIbHBEIX
norapudMoE,
TO HOCNe MHTerpHPOBaHHs YPaBHCHHS Mo
dN 2
== ) d! HMeeM
N R
4

(A1 38.7) ‘ N = Noe™M,

Ecmy nopcraBuTh 3Hauenve A us dopmynst (Ar38.9), To momyuum
- n2T1/
N = Noe 2, WM YOPOMIEHHO

pu— NO
(AT 388) ‘ N ——?Tl—lz .

88.2.3. [Ilepuon noaypacnana

Tlepromom momypacmana Ty, H4sblBaeTcsi BPEMs, B TEYeHHe KOTO-
poro pacnafaeTcsi MOJIOBHHA CIOCOGHBIX K pacnany siuep.

—=AT
Hs (AT 38.7) cnenyer —%0— =DNee ', orgyna
' n2 0,693
(Ar389) | T, =22 =

O6paTuTe BHUMAaHHE:

® Ilepuosel modypacnaja psfia PagHOaKTHBUHIE fA/EP CM. B 7a6i. 44,
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38.3. PapuoakTHEHBIE CeMENCTBA

Ilpy panmuoakTHBHOM pacmafe sApa yalle BCErO BHOBb BO3HHKAeT pa¥
AWOAKTHBHO® -_SPO. CyIecTBYIOT UEJble pPafMOAKTHBHBIEC CEeMEHCTBA;
Y Tpex M3 HMX WCKOLHHIMM SIPaMH SIBJIFIOTCH BCTPEUAIOLIHECT B IPHE
pome H3OTONE ypaHa umM Topus. YeTBepToe ceMeHCTBO HAYHHAETCH
¢ HCKYCCTBEHHO CO3LAHHOTO M30TONa HENTyHHs. Ilomumo pammoaxTuel
HBIX CEMEHCTB B NPHPOMAE BCTPEUAETCS JIHIIB HECKOJBKO PANHOAKTHBHBIX
HM30TOIOB,

CnpaBoynast TaGauua

YeThIpe pafHOAKTHUBHLIX CeMeHCTEa
P

KoHeuHnoe simpo

CenmeticTBO Hcxonunoe aapo (cTaGHALHOE)
Vpan — panuit 28U (U *%5Pb
¥Ypan — akTHHuH 25U (AcU) *5Pb
Toputs 25Th 283Pb
Hemryumit %INp gl

238
25%
£30
2z6
22
218
2z
210

205

| “o

B [l-"uﬂuoamnuenae cemeiiciner “5U 5 1,142
[
L}

B ST

!

W earn

[ 132mmn Lob)~ 504

ety " 5048

L L L O S

TH bz & & & & &7 8 & X0 9 % Z
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38.4. AXTHBHOCTD

AxTHBHOCTRIO A PajlOaKTHUBHOI'O BelleCTBa HASLIBAETCH UWHCJIO pac-
ManoB B CEKYHAY.

Epunnua CU axrusHoctn: [A] = Gexxepens (Bx)= l/c.

EpuHnia, pomyckaeiiascs k npumenenvio go 1980 r.: kiopu (Ku) ==
= 3,7-10° Bx.

CooTHoIEHNst MEKIY €AMHHLAMK aKTHBHOCTH

1 Ku ==37-101° Bx =37 ['BK
1 mKu =3,7-10" bx =37 Mbx
1 mkKu=3,7-10* Bx =237 kbx
I Bk =27-10"" Ku=27 nKu
1 xBx =27-10"° Ku =27 uKu
1 MBg =—9,7-107° Ku =27 mxKn
1 TBk =297-10"2Kn =97 yKu
1 TBbx =27 Ku

AxTtuBHOCTE A siBASETCS BaXXHHIM MapaMeTpoM pPaZHOAKTHBHOIO Bellles
crea. OHa JIerKo BHLUHCJHAETC.

Ecau

A -~ aKTHBHOCTL PALMOAKTHBHOI'O BELIECTEA,

A — IoCTOsIHHAs pacnarna,

T y, — TlepHoz mojypacrnana,

N — uucno simep maHHOTO BEILECTBA, CMOCOGHEIXK K pacnamy,

to npu A == dN/df u A = dN/Ndf nonyuaem
6!

(Ar38.10)| 4=an =258 4 T
T‘lz CH |Brx=1Hc ¢

Ynceno cnocoGHBIX K pacmany siiep onpefiedsiercss Qopmysoin (At 36.3).
B ciyuae XMMHYECKHX COEJAMHEHME CYIECTBEHHO YHCJO aKTHBHLIX SAEP,
NPUXONALIMXCH Ha KaXXAYI0 MoJeKysay. Eciu B BellecTBE MMEIOTCA HC-
MHITABIIKE paclaj $fpa, TO €ro AKTHBHOCTH GYZeT MEHbIE BEJHYHMHBIL,
onpenensieMoli  Qopmysioli (At 38.10). Ucnosmsys ¢opmynsr (At 38.7)
unu (At 38.8) m yuuthBas, yto A~ N, nosyuaem

Ao

—_ -M _
A= Aoe = 2t/T1/2 )

rae Ay u A — aktuBuocTH (IepROHAyaJbHAS ¥ MO MPOIIECTBHM Bpe-
MeHH f). ~

(A138.11)

38.5. IpoxoxpeHrne pagHOaKTHBHOIO M3JYYEHHH
yepe3 BEIECTBO )

38.5.1.  y-H3nyueHHe

VnrencuBHoCTh Y-M3JyUeHnst YOHEaeT oO6paTHO MPOMOPUHOHAJIBHO
KBafpaTy paccTOSiHNS, €C/IM MOXHO mpeHeGpeyb MOIJIONIEHHEM,
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O6paTtuTe BHUMAaHUE: g

[ J Jns ofecneueHuss 3alIHTH OT H3JIyueHHst BAXHO coGJII0IaTh yCJ0=
BHE «MAKCHMAaJbHOrO yAaJjieHud OT HCTOYHHKA».

Ocnabnenne Y-H3/IyueHusi B BEIECTBE OCHOBAHO Ha CaAeAyIOLIHX 3(¢-

exTax:

® @oToahpexT. y-kpant NPOHHKAET B 00OJIOYKY atoMa W BHOHBAeT
3JIEKTpOHEI, uaiie Bcero u3 K-obosyouxu. DT0T 5hdexT npeobianaer
IpH 3Hepruu y-kBantoB HuXKe 0,5 MaB.

® Oddext KomnroHa. y-KBAHT CTANKHBAETCS C 3JIEKTPOHOM BO BHell-
Heii o6oJiouke M Iepegaer eMy YacTh CBoefi suepruu. Bcenenctsue
9TOr0 M3MEHFETCS HAIpaBJieHHe OBHXKEHHS Y-KBaHTa (KOMITOHOB-
CKOe pacCesiHue) M yMEHBIIAIOTCH €ro SHEeprusi U YacToTa.

® OGpasosaHue mnadp. Y-KBaHT IPOJIETAET HENOCPENCTBEHHO BOJIM3H
anpa. Ecnu ero sHeprus npessiaer 1,02 MaB, 10 oH Moxer obpa-
30BaTh 3JIEKTPOH-IIO3HTPOHHYIO Iapy.

Ocna6nenve y-u3Jjyuenusi (yMeHblUeHHE €ro MHTEHCHBHOCTH) B Be-
piecTBe MOKHO HU3MEDHUTH, HOIL UHTEHCHBHOCTBIO MOHHMAaKT I[IPOH3BE=
JleHHE SHEPTHH Y-KBAHTA HA WYHCJO Y-KBAHTOB, MAafaroNMX CXECEKYHIHO
Ha MOIJIOTHTEb.

Ecimu

Jo =~ HHTEHCUBHOCTD Y-KBaHTOB [0 NPOXOKIEHUS MOIJIOTHUTEJIS,
I~ UHTEHCHBHOCTH IIOCJie TIPOXOXKAEHWS IOTJIOTHTENS,

d — ToNUMHA [OTNIOTHTENS,

P~ JUHEeHHHEH K03 OUINeHT ocinabienHs,

TO 32KOH MOTJIOINCHHSE UMeeT BH]

— pod
(At 38.12) | 1 =1,e™04, | cu [ w
KO | 1jem em
Ucnonbsys Gopmysy (Ar 38. 14) nns p, nonyyaem
|
(AT 38.13) I—W.

O6paTHTe BHUMAaHUE:

® JluneiHell ko3(duupenT ocnabnenns P 3aBHCHT OT SHEPTHH H3JY-
YeHHs] M CBOHCTE MOIVIONIAOINEro martepuana. UNCJEHHple 3Haye-
Hust B cM, B TaGa. 45 n 46.

ToJuUHY cCJosl, HeOOXONMMYI0 pAJist YMEHbIIeHHst WHTEHCHEBHOCTH
H3JyueHHst B JBa pasa, HA3HBaOT noxyrosmpHofi dy. Hs saxona mo-

rioienrs (At 38.12) mosyuaem

v d
9 —
(Ar 38.14) | 4y, = 1‘;2 =£’E—3—. cn [im w

KI | l/cm cu
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38.5.2,  P-usayuenne

3agon nornoulenusi (At 38.12) B xopoureM NpHGIMIKEHHH BHIIOJHAETCS
u nns , B-usiydenus. OpHaxo IHedecooOpasuo mpeobpasoBaTh SKCIHO
wernty: Md == (u/p)dp = p'f. Tlpeumymiectso Taxoro npeoBpasoBanus B
TOM, UTO MAacCoBbili Ko3(hGUIHEHT ociabienuss |/ yuMTHIBAET NMIOTHOCTS
MOTJIOTHTEN .

Ecau
{p — HMHTEHCHBHOCTH [3-M3JIYYEHHS NO IOTJIOTHTENS,
I — UHTEHCHBHOCTH ITIOCJE TIOTJIOTUTENS,

== dp — ToNKHa CJiod,
p’ — MaccoBuil KoshduipeHT ocyabienus,

TO -
woof
(Ar 38.15) | 1= Ioe™¥T. e | wfxr wrjnd

KI | em®/r r/cm:2

O6paruTe BHHUMAaHHE!

® Maccopuit kKO3hQuIMeHT ociabieHus U’ 3aBUCHT OT 3Hepruu [P-yac
i, Ho [NOCKONbKY sHeprus Jio6oro [-MCTOUHHKA HEONHOPOLHA
0GBbIUHO HCIONb3YeTcs MakCHManbHOe 3HaueHue W,

Besmunnty p’ = W (W) mMoxHO ompe- )
nenuTh Mo HpuBeJeHHOf auarpamme, 1000
Besmuuny W MOMXHO BBYHCIHTL TaK~ v eml
Xe C MOMOIBK SMIOMpHuecKod dop- fh 7z [N
myse. Tlpy Wpn > 05 MsB B xopo- .

ulem NpHOJMKEHMH CIPaBEeNJiHBA Clles

Lywomas bopmyna; 100 g s
29 - - |B-nyque |
(AT 38.16) ”’=-_lﬁ’
L
L0k N
roe sHeprust Wp BHIpaXkeHa B Mera- - E M, -

S7eXTPOH-BOJBTAX M P’ — B CMZ/T.
Toymuuny clos f, HeoB6XonMMyio
Ins ocnablieHHss WHTEHCHBHOCTH H3Jy- iy m Py
ueHust BIBOE, HA3HBAKOT  TOJIIMHOH .
¢nos mojoBuHHOro ocnadnenust fy - 010z 51 2 510

Aranormyno (At 38.14) nosmyuaem W » MoB
n2 0,693 wf
(A1 38.17) | fy=— == CU | w2/xr xr/u?
W W
KO | cv?/r rfem?

Tockosbry B-uacTHib 06NAKAIT HENMPEPLIBHEIM IHEPIETHUCCKMM CIIEKT-
pom, Olim HE HMEWOT onpefesieHHOM ryryCHHEL MPOHHKHOBEHHS. Magcu=
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MajpHast ryGHHA MPOHMKHOBEHHS Ry, onpenensieTcs CJeLyIOLINMH MpH-
BJIDKEHHBIME COOTHOLLEHUIMH.

Ecsu

4
Ry, — makcumanbHasi riy6HHA MPOHMKHOBEHMs P-uacTum B r/cM2,

— 7
Rp= Rm/p — MakcHMaJibHas [JyOHHA POHHUKHOBEHUSA B CM,
P — TJIOTHOCTh NMOTJIOTHTEJ ],
W — MakCHMaNbHAS 3HEprHsi B-uacTHL; SHAUEHHMS CM. B Tabj. 55,
TO

Rl =011 (2/1+224W% —1) | ana W,, <3 MsB,

(At 38.18)
W= (/369 (R + 081K, | nnn R, <15 r/en?,

R =0,542W,_ —0,183 | znms W_ > 0,8 MsB,
(At 38.19)| m "

W, =185k, 40245 | nos R >03 rjen

B 3tHX ¢opmysiax sHeprisi Wn Boipaxena B MaB, rny6usa npoHMKHO-
's
Benna R, — B r/ov’.

38.5.3. O-H3JIy4EHnE

W, MsB
BerencTBHe CHIBLHOTO HOHMSYIOMEro mel- 15
cTBHSL TNyOHHA TPOHUKHOBEHHA O-H3Jyde- //
HUs B TBepOble Tena oObmMHO npesebpe- 10 s
KMo Mana. [Jiy6uHa IIpOHMKHOBEHMs 3a- / oo Ty
BHCHT IJiaBHBIM o00pasoM oT HayalpHOH & / 8 6o3dyxe
BHEpPrHM O-9acTHil M OT CBOWCTB IOIJIO- Lf_]j
Tutens. Jlna Bo3ayxa ee MOXHO omnperne-

JUTb TO TNpUBEeHHOMY rpaduxy. Kpome ¢ & 10 15 Z0Rew
TOFO, €€ MOXHO BHUHCIHTE C TOMOLIBIO

smmupuueckoft ¢opmyssl IIpu 15°C u 101,83 xIla  (mo 1980 r.: 760
MM pT. CT.) CNIpaBENJMBA clemyomas GopMmyJia:

(At 38.20) | Reosy ==10,476W 15,

roe seprust W Bripaxkesa B MaB, a Rgosn~— B CM.

38.6. Wzmepenne MHTEHCHBHOCTH H3JYYEHHS (p,osnme'rpnﬂ)

IleficTBie pALMOAKTHBHOTO M3JyueHHs XapaKTepH3yerTCs SHEprueil, KOz
fopasi BHIENSETCH B obJyuaeMoM BellecTBe. DTY XapaKTEPHCTHKY pacs
NpPOCTPAHSIOT HA BCE BHAB HOHM3YIOWETo M3JYYEeHHs, B TOM 4HCIE
PEeHTTEeHOBCKOe, HEeHTPOHHOE U T. I.
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38.6.1.  NMoryomennas po3a H3JyYeHHA

TTornonienno#t no3oft D Ha3biBaercsi OTHOLIEHHE MOTJIONICHHOH SHep«
rud K Macce o6JiyuaeMoro BeIIecTBa.

Emumiia CU nornomesrofi poset: [D] = rpatt (Ip) = Jlx/xr.
EnuHuna, monyckabluasics K NpuMeHeHHIO Lo 1980 r.:pan=1072 JIx/kr.
T Ecom
+D — noryiomesHas 1034,
“W — sHeprus, NMorviolleHnast O6yuaEMEIM BEIIECTBOM,
m —Macca obJyuaeMoro BellecTBa,

TO NPH OOHOPOOHOM PAaCHpenesieHHH MacCH W SHEPrHuH

D |4
(Ar 3821 [ D=L _ W =
7 m oV Ccu | I'p=Ox/kr JIx kr

OGpaTuTe BHUMAaHHE:

® B xauectBe €IMHMIE 9KcmosHuMonHo#t no3wl J o 1980 r. mmpoko
npuMersisics penirel (P). SxcmosunHorHAR 1034, paBHA OTHOLIEHHIO
sapsna Q, o6pasoBaBIlerocs BCJICACTBHE HOHM3ANIMH NOI [LEHCTBHEM
MSJIYUEHHS, K MACCe HOHM30BAHHOTO BO3IYyXa:

1 P =2,58-10~* Kn/kr.
TlockosbKy M3BECTHA SHEPTHs, HEOGXOAMMAs [JiA WOHH3AIMM BO3+

JlyXa, SKCNO3HIMOHHYIO H03y MOXHO BHPAasHTh YEPe3 IOIJIOLICHHYIO
nosy: 1 P = 8,77 mJIx/xr.

38.6.2. MonHocTh R03BI
B MolHOCTEI0 03K D HAa3HBAGTCH OTHOUleHHe ITOMIOMIECHHOH O3Bl D
£ x BpeMmenu L.
"Emumma CU MOLHOCTH TO3H: [D] = rps#i/cexynna (T'p/c) = Br/kr,
Ecnu )
D — mollHOCTh A03D,
D — norJyonieHHan A033a,
{ — Bpems,

. D D Dt
(At 3822) D=—

¢ CU | Tp/eTpec

TO

38.6.3. Honnsanponuas NGCTORHHAS

Jlna BHuMCHEHHS] NOLJIONIEHHOR MO3H ‘y-H3JlyueHHs MHCIONB3YIOT HOHH-
samuoHHy0 Noctosuuyld K (HasHBaeMylo TakXe y-NOCTOSHHOMN).

P UDlouHsauMoHHasi TOCTOSHHAS DABHA MOL(HOCTH [HO3H, CO3[LABaEMOMR
HCTOUHHKOM Y-H3JlyueHusi akTHBHoCTBIO 1 Bx Ha paccrosmmm 1 m.
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Ecnn

D~ MOILHOCTL [03HI,

K — HoHH3alMOHHAS MOCTOSHHAN HCTOYHHKA Y-M3JIyUeHHs],
A — aKTHBHOCTL HCTOUHHKA Y-H3JYUEHHS

r = pacctosinde OT (TOUEUHOI'0) HCTOUHMKA M3JIYYCHHS,
T0
. b A
(At 38.23) | D= K4 K .
r cU | Bi/xr (Ox-m*)/xr Bek=1/c M

O6GpaTtute BEHUMaHuE:

® MowuocTs [o3b yOHBaeT 06paTHO MpPONOPLHOHANLHO KBaApaTy
PacCTOTHHUS.

CnpaBounas Tadmiua

HoHH3auHoHHBIE MOCTOSHHbIE

K, Ox-w?fer K, IIx-wM%Kr
Harpuii 22 9,95 . 10" Plon 131 1711071
Harpaii 24 1,47 -107"° Lleauti 134 6,82- 107"
Keneso 59 4,08-10~"7 Pamuii 226 6,35-10""7
Ko6aasT 60 1,01-10™"° Vpan 238 6,89-107"°

38.6.4. OxpuBaJsieHTHas po3a

Ins samuThl OT M3JYYEHHs BaXXHO 3HATH BO3NEHCTBHE PanHOAKTHB:
HOTO HSJIyYyeHMsl Ha IHUBYIO TKaHb. DuoJiormyeckas Jo3a, KOTOpas He
ABNACTCS (DH3MUECKOW BEJMYMHOH, OMpeessieTcl MyTeM YMHOXKEeHHst IO-
TVIOLIEHHOH No3bl HA MepeBoaHoi Kosbduuuent Q.

Ecan
D, - skBuUBaneHTHas [03a HU3JYUEHMS,
Q — nepeBoguoft ko3 duIMEHT,

D - norJsioniensas Josa,
TO

D, @ D
(At 38.24)| D>=QD. | O | 6sp 6ep/Tp Tp

80 | Gsp Gap/pan pax
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O6partuTe BHUMAaHHUE:

® OxsuBasentHas go3a D, He saBJfeTcH (M3NUECKOH BEJHUHHOH, IO+
S5TOMYy €€ eOMHMIAa H3MepeHHst 63D He BXOOWT B CHCTEMY EINHHHI.

Cnparoynas TaGauna

TepeeonHo#t kKoadduuyeHt Q

. 6ap/l'p  Goplpan, Gap/Tp  6ap/pan
PenrreHoeckue 100 1 Mennenupe HeliT- 300 3
Jyuu POHEI .
Y-ayun 100 1 Buictpre  meiir- 1000 10
B-nyun 100 1 POHH
a-ayun 1000 10 Buerpuenporonst 1000 10
Ockonku penennst 2000 20

O6paTHTe BHHMAHHUE:

® TlepepomHoil xo3(ppuIMEHT @ mNpeXOe HAasLIBAJCS OTHOCHTEJBHOM
Brogioriueckoit addexrienoctoio (ObB3).

38.7. SamuTa oT H3AYYEHHS

TlocKkoJBKY JI060€ HOHM3YIONIEE H3JyUeHHe MNPEICTABIAeT OoMbIIyIO _
ONacHoCTb, B 3aKOHOLATENLHOM TOPSIKE RPERIHCHBAIOTCS LIHPOKHE
Mepel mpenocTopoxkHocTH. [Ipexknme BCEro, yCTaHOBJEHB MaKCHMaJbHO
JIOIIYCTHMBIE SKBHBAJIEHTHHIE O3B

B MakcuManpuas SxBUBaNeHTHas po3a D, cocrasnser 5 Gep B roz,

Sro 3HaueHHe [NONYCTHMO JMINb B TOM CJyyae, ecjH, KpoMme TOTO,
coG6JI0AA0TCH CACAYIOMHE NPENENbHEE 3HAYEHHs:

3 63p sa 13 mepenb Ipu cymmapHOlt pose 5 63p B rof mAs Juomei
crapite 18 Jer.,

OGpaTHTe BHHMAaHHE:

@ DTH BeJMUMHBI YCTAHOBJEHBI [JIfAl JIHL, KOTOpblE NOIBEPrarTcs 006«
JIVUEHWIO B Cuiy cBoell npodeccur H JJia  KOTOPHX MPOBOLMTCH
* NepCOHANLHDLIN J03HMETPHUECKHHt KOHTPONb. Jlyia Jmn, paboTalonux
{ C WOHHBYIOIIMM H3JYYCHHEM BPeMs OT BPEMEHHM, JOMyCTHMas n03a
' cocraBiisieT lfy¢ ykasaHHON BeNMUMHEL JINsi BCEro OCTaJBHOTO Ha-
ceNeHHst Ho3a He HOJXKHA IMpeBbINaTh !fjp YKa3aHHOH BeJIHYHHBL

@ DBce ykaszannble SHAQUEHWS OTHOCATCA K OO/NyYeHMio TeJa B KEIOMs

/
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38.8. JleTekTOphEl pafHOAKTHBHOIO H3JyYyeHVst

Ins oOHapyXenusi PaIHOAKTHBHOTO H3JYUEHHS MNPHUMEHSIOTCA CJEOY-
onirie Npubopul.

® Honusamyonnbie Kameprl, y KOTOPHIX B [IPOCTPAHCTBE MEXLY ABYMf
BJIEKTPONAMH CO3IaeTCs 3JeKkTpHueckoe mone. [lomaparmomue B Ka-
Mepy uacTHpbl H H3JIYUEHHE BBIZHIBAIOT IIOSBNEHHE HOCHUTEJIeH 3a-
Psilia;, TOK HACBHIIIEHMA XapakKTepHayeT WHTEHCHBHOCTHL HOHH3YIOLIETOo
H3JIYUEHHS,

® Cuerunkn Teirepa — Mionnepa, B KOTOPHIX MOHM3aHHs, co3[aBae-
Mas NONAafarlliMMH B HHX YaCTHIAMH, BHIBHBAET KpaTKOBPEeMEHHEHIH
paspsig. OTH pPa3psObl MOIKHO YCHANTh W 3aperHCTpHPOBATh.

® Kamepsl Busbcona, B KOTOPHIX ¢- M [-UacTHUE OCTaBJNAIOT CJIEIHI
6riarofaps KOHAEHCAIIMM HaXONMIUErocss B BO3LyXe IepeHAaChIIeH-
HOTO BOSTHOTO mapa.

® CuHHTHANALMOHHBIE CYETYNKH: B HEKOTOPHX BellleCTBAX H3JyUCHHE
Bo36yxnaer BCNHIIKM CBeTa. JTH BCNBIUKH MOXHO PErHCTpHPOBATH,
HabJomass MX uepe3 YBeJIMUHTENbHOE CTekso JMbGo HanpaBifs HX
Ha (GOTOKATOL H PerMcrpupysi BHIOMTHE SJERTPOHE C MOMOLIBIO
SJIEKTPOHHOTO YMHOXHTEeAR. Takoll CUMHTHIIAMHOHHGLIH CueTuuk
npencraejisier cobo#l HauGoJiee YYBCTBHUTONBHEBIE M 3¢h(PeKTUBHEI
npubop [IJis PETHCTPAIHY H3JIYUEHHH.

® SnepHble sMYJBCHM, B CBETOUYBCTBHUTENBHOM CJI0€ KOTOpBLIX M3Jyye-
HHe BBISHIBAET MOYEPHEHHE B BUJAE OTIeJbHHX CJIEIOB.

39. HckyccTBenHoe MpeBpalienne suep

IIpeepauienus spep (32 HCKJIOYEHHEM paJHOAKTHBHOIO pacmaja) Bhl-
SLBAIOTCH BHEIUHMMH NpuynHamu. Yactuns! BHCOXoH sHepruu (o, B,
n, p), CTaNKMBasch C SOPOM, CIOCOOHE! BBI3BATH CaMble pPAasJHUHEE
npeBpaiienust. SIAEPHEIMM «CHApAXAMH» MOTYT OHThL TPOAYKTH pajHo-
aKTHBHOTO pacnajga, a TakiKe BbICOKOSHEPIrHMUHbIE YACTHLEL, MOJydYeH-
HBle ¢ MOMOIIBI0 PA3JIMYHOrO POAA YCKOPHTENeH.

39.1. YCcKopHTeNM YacTHI

Hapsany c sblcOKogoabTHbLMY yeTpolicTeamy  (kackaOwelll ecreparop,
BLICOKOBONLTHOU ecHepaTop. BaH ne [paadba M .p.)s U AUHelHetMu
YCKOpUTEeAAMY DIHPOKO NPUMEHSIOTCH YUKAUECKUE YCKOPUTEAM.

B HHMX wuCNOJB3YETCs MAarHuTHOE MoJie, KOTOPOE 3acTaBJsfET yac-
TUIIBI OBUTATBCA TO KpYroBodl oplHuTE, a yCKOpsuiee 2aJCKTPHYECKOe
noJie coobLiaeT YACTHIAM NpHpalieHHe CKopocTH. HuXe mepeuHcyeHEH
HEKOTODLIE THIME LHKJIHUECKMX YCKOpHMTEJNeH:

® Unxnorpon. VcTouHux TsDKEJEIX UacTHII HaxXOOMTCA B IEHTPE, OT-
KyJla OHH IBHXKYTCS MO CMHMPaJIbHOH OGpuTE C Bo3pacTaromel Ckopo-
CTBIO.

® Chuxpoupkaorpod (dasorpon). Ilpu oyeHb BLICOKOH CKODOCTH CTa-
HOBHTCSl 3aMETHBIM DEJATHBHCTCKOE YBEJIHYEHHE MacChl YacTHIL
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B pesysnbTaTe OHH IIONANalT B YCKOPsKOIlee IofNe C 3aNM03HaHHEM
I TakuM o6pasoM BHIXOAAT M3 cuHXpoHM3Ma. Jlnsi ycTpaxenus
3TOr0O 4aCTOTa YCKOPEHHS MOLYJHpDYeTCs.

® Cunxpodasotpon (cuuxporTpoH). IlpenBapuTenpHO YCKOPEHHEE Hacs
THIE BBOLSATCH IO KacaTeJibHOH K OpOUTe B TOPOHIAJBHYIO KaMepys
Cunxpo(asoTpoH WCIOIb3YeTCsi B OCHOBHOM JJisi YCKODEHHS THAXKE+
JILIX YaCTHIL

@ bBeratpon — ycTpoficTBO, INpefHA3sHAUeHHOE JJII YCKOPEHHA SJIE€K=
TPOHOB.
39.2. SinepHLIE peaKiuH
Tlpu crosikHOBeHUM uacTHUB, obyamarmoliedl BHICOKON SHeprHell, ¢ i«
POM-MHLIEHBI0 TPOUCXOAMT NpeBpallieHHe sOpa, COMPOBOXKIAEMOE HC
nycKasyueM APYTOoH YacTHIHI:
a+ X, — Kg-+b, mmm xopoue K; (g, b)Ka.
Tlpumep:
@ [lepBoe mabmoxapmeecs mpespaiienre simpa (Pesepdoprm, 1919 r.):
UNdso — T0+1p N14 (q, p) O17.
® OrkpriTue Hefitpona (1932 r.):
Bet2a — 2C+in Be9 (g, n) CI2,
® [lepBoe wucmosb30BaHHME HCKYCCTBEHHO YCKODEHHBIX — «CHApALOBY»
(mpoTOHOB) H OLHOBpeMEHHO IepBoe pacilemieHne supa (1932 1)
Ti4lp —> jHe+JHe Li7 (p, o) Hed. -
@ IlepBoe mosyueHHe MCKYCCTBEHHOrO palIHOAKTHBHOTO HYK/IHIA H OT-
Kpuitue nosurpora (PKomuo-Kropu, 1932 r.): 2
AL do —> 3P*+in Al27 (a, m) P30*.

® P npexcraBisier co6oit mCTOUHHK Pt-manyuenus, sBeagmouka (*)
03HAuaeT PafMOaKTHBHOCTD.

® Tloayuenue xo6anbra-60:

BCo+in — $Co"+y C059 (1, ¥) Co60%,
® llonyuenue yraepopa-14:

Betln — BC'+y C13 (n, ) C14*

KJTH
UN4in — G+ 0p N14 (n, p) C14%,
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39.3. Hesenne ypana

npo ypaHa OTHOCHTCS K TSKEJHM sfpaM. B ceerserctBHH ¢ Tpadu-
koM B pazj. 36.6 cpepuss sHePTHs CBS3M HA HYKJIOH y ypaHa MeHblIle,
yeM V silep CO CpPeflHHM MAaCCOBHIM 4HCIOM. [losToMy HeseHuio sifpa
ypara Ha IBa MEHBLIHX SAPa OTBEYACT YECJHMYEHHE SHEPIHH CBS3H ua!
HykAoH. Takoll Iponecc CONPOBOXKIAETCS BBICBOGOMHACHHEM SHEPTHH.
Jlenenuio siilep ypaHa oTBedaeT yBeJiWueHpe nedekTa MAaccH, 1. €. 006+
nasg Macca HeCKOJNLKO YMEHBIIAeTCS.

B 1938 r. T'an, IlltpaccMan n MefitHep BepBEE OCYLIECTBHIH J€v
JleHue ypaHna-235 HeHTpOHAMH: !

235 1 145 88
WU+ —> '5Ba* 4 5Kr* 4 3,

HIn —> 18Xe* + 1S+ 2ln,
unH —> 10Cst 4 gfl,Rb* -+ 2ln,
HITH —_— lgf,’La* 4 ggBr* 4 4%,11.

QO6paTtuTe BHUMAaHHUE:

©® Kpome INepeuncieHHBIX Hap, [IPOAYKTAMH JIeJIeHHs] ypaHa MOTYT
6Lt M ApYTHe NapH sjep. CyMMa o6OHX aTOMHBIX HOMEPOB BCEr[a
pasHa 92

® Bce NPOAYKTH JeJIeHHUs PafHoaKTHBHEL

39.3.1. Lennas peakuns

Ilpu genewwH siipa ypaHa HA KaXXAbil HEHTPOH, BHI3BABIIHE INesenue,
BHOBb 00pasylorcs 2 Wim 3 HeHTpoma, KOTOphle MOTYT BH3BATh MOs
coelyiomee fesieHHe sizep. BosHHKaeT LeNHas peakuusi, IPH KOTopol
YyHCIo HEeHTPOHOB OBHICTPO BO3pACTaeT.

Uennoit peakusefl HASHIBAGTCS MNPOLECC, B KOTOPOM ONpeleJeHHast
peaKnHs BEISHIBAET HOCJe/yiollfe PeaKUHH TaKOIo ¥Ke THIA.

VenoBuS MpOTEKaHKs LENHOH peakuuH B ypaHe-235:

© JlomxHbl OTCYTCTBOBATh MPHMECH, NOTHOLIAIOINHE HEHTPOHEL

© KosHuecTBO BELIeCTBAa, CHOCOGHOTO JAENHThCS, AOJBKHO OBITh JoCTa-
TOUHBIM JJIsT TOro, ¥To0B ofpasyioruuecss HEHTPOHE MOIJIH cOyZa-
pATbCS C OPYTHMH SiipaMi, @ He TOKHjaiv oOObeM, He UCHb-
TaB B3AHMOJEHCTBHS. MUHHMAJBHOE KOJHYECTBO BeUIECTBA, Heobxo-
IuMOe [Jf OCYILECTBJieHHs! HENHOH peakluH, HasHBAeTCsl KpMTHYe=
CKOIi Maccoii.

. ® CropoCTb HEHTPOHOB JOMXHA OHITH J0CTATOYHOH, uYTOOE EH3BATH
LeJieHue sifep.

He Bce w3 IBYX-TpeX HEHTPOHOB, OCBOCOX/AIOUIMXCS B KaXIOM 2KTe

NleJeHnsi, BHOBb COyHapmoTcs ¢ sapamu ypaHa-235. Uucio ofpasoBaes
mImscs B OONHOM &KTe JleJeHHs] HelTPOHOB, YYACTBYIOIIHX B IIOCJKes
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AVIOIIMX AKTAaX JeJeHHs sifep, HasHBaloT Ko((HIUEHTOM pasMHOMKe~
uus k. Cnenyer pasyuuath TPH Cyydasi:

©® k= 1; unucjio aKkTOB jieJieHHsI B eAMHHLy BpeMeHH MOCTOSIHHO, peak-
T0p paboTaer ¢ MOCTOSTHHOW MOIMHOCTBIO;

©® k<< 1; upcsyio aKTOB IeJieHHs] B €IHHHLY BpemeH yOLIBAeT, uenHas
Deaklus 3aTyXaer. .

® k> 1; uncsio akTOB jesieHHs B €IHHHIY BpeMeHH BO3PacTaeTr, MOI-
HOCTb peaxkTopa Bo3pacraer 3KCIOHEHUMAJBbHO; B pe3yJlibTarte, €CJIH
CBOEBPEMEHHO He YMEHBIIHTh KOo3hQPHIHEHT PasMHOKEHHs, MpOHC-
XOILHT B3PHIB.

B Tex ciyuasx, Korma CTPeMsITCS HONYYHTb B3pHB (6OMOEL, B3pHIBHEE
paboThl), nobuBalOTCs TOrO, YT00H KOGhQHLHEHT pASMHOXEHHS Fk
HMeJI 110 BO3MOXHOCTH GoJibliioe 3HAUCHHE.

IlpuponubBli ypaH COCTOHT B OCHOBHOM H3 ypaHa-238, KoTopbifi
3aXBaThiBaer OHICTPHIE HeHTPOHE, Kak HPABHJIO, He WCOLITHIBAS Jefe-
HES.. 34 cueT DACCEsHHS Ha AApax 3aMeajsiuTesisi HeATPOHB TOPMO3ATCS
IO TEHJOBLIX CKopocTel, T. €. O CKopocTeH, IO NOPSAKY BeJHYHHEBL
pPaBHEIX CKOpOCTH Ta30BBIX MOJIEKYJ MpH HOpMaJbHOH TeMIepartype.
B xauectBe saMensHTesell NPHMEHSIIOT yriepon (rpaddr), TIKeNYIO
pony (D2O) u Bony (Hz0). MenseHurle (T€NJIOBBIE) HEHTPOHB NpH-
BOIST K [eJIEHHIO ToJbKO ypaHa-235. Ecim HeliTpoHH! B Hpollecce 3a-
MejJIeHUs 3aXBaTHBAIOTCS ypaHoM-238, 70 TNpPOHCROAAT CJeAYIOIHe
DPeakuin:

25U (n, y) Z9U* (e, v) ZaNp* (e=, ¥) BePuts

B pesynbTaTe 9T0r0 Hpouecca obpasyercs miyToHHH-239, xotophill, KaKk
u ypaH-235, MOXeT IeJHTbcs Moj AeHCTBHEM TelJoBhix HelrpoHos. Ta-
KHM 06pasoM IpPOHCXOAMT INpeBpalleHre ypaHa-238 B nensmmiics- Ma-
TepHajL.

Vrpasnenue LENHOH peakuuell OCYLIECTBJISIOT, PETYJHPYs IOIJIO-
1eHEe HefTpoHoB. JLJIsl 5TOro NpHMEHSIOT ClelHANbHble PeryJMpyouiie
tTepuu, BBOAMMEE B aKTHBHYIO 30HY peaktopa. CTepmHH H3IOTABSH-
Bator uyamie Bcero u3 OoOpHCTON CTand WIH KagMHs (OHH H3MEHSIOT
Ko3(GuLEeHT Pa3MHOMXKEHHS k),

39.3.2. BaJsianc aHeprum

B kaxkjaoM akte IeJieHHs snpa ypaHa-235 BHCBOOGOXIAETCS 3IHEpIus
fopsigka 200 MaB. Ilpu sToM:

KHHeTHYeCKasi SHePrHs npopywTob pacnazna 168 MsB,

KHHeTHuecKasl sHeprus obpasywmuxcs Helitponor 5 MaB,

SHeprus Yy-usayuenns: 5 MsB,

SHeprus Y- U P-H3JiydeHHs NPOAYKTOB pacnafa 13 MaB,

sHeprus nelirpuno 9 MsB, | "'
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Tlpu neneHun sgep, coctapigomwmx 1 kr 28U, geekT MacCH JHOCTH=
raer 1 T. D70 NIPEMEPHO COOTBETCTBYET SHEPTHH:

9-108 I, mym 2500 T kamMenHoro yris,

25-108 kBr-y, wiu 20 000 T B3pEIBUATOTO BEMECTBA TpPIHPITpOE]
ToJyosNa,

394. Cunres suep

Tlpu cunTese siep BEICBoOOXKIaercsi ewle GOJBIIEE KOJIHYECTBO SHEPTHY,
B TepMosifiepHOM peakTope OYAYLIETO MOTYT HCHOJb30OBATECS CJAEAY<
IoLiHe PeaKLHN: .

DD — 3T 4 1p+40 MsB,
DLID _» 3Het In-325 MsB,
DT 5 fHe-+ In-+17,7 MsB.
Onu NPOTEKAKT OJHOBPEMEHHO, # HX MOXHO CBECTH B OJHYY
5:D —» aHe3He 4 2ln--1p.

Tlpu obpazoBanum TprMepHO 1 r refms BeiCBOGoXK/JaeTcs SHeprusi 104
psnka 200 MBt-u.

39.5. HpumeneHue pajlOaAKTHBHBIX HYKJHMIOB

B OCHOBHOM HKCHOJb3YIOTCS HCTOUHHKH (- u y-ussyueHmit. Meroiwm ux
nIpEMeHenHsT MOTYT OblTh PA3JIHYHBIMH.

MeTozp! NPOCBEYUHBAHKSA

® Kourposs sanosmenust 0 T, I

® DeckoHTaKTHOE H3MEPEHHE TOJIIHHLL H ILJIOTHOCTH.

© Hepaspyllawmuil KOHTpOJb KauecTBa HSjeNlufl Ha INPOH3BOACTBQ
(ramma-pedextockonus).

Metoap! 00syyuenns

©® Coszanme HoHH3aUEH B rasaX (BAKYYMMETPH, HpeJOTBpamieHHE Hag
KOIsieHHs 3J1eKTPOCTATHYECKOTO 3apsAfa | T. m.).

©® Cosnanre AedeKTOB B pPellieTKAX TBEPABIX Tel (cTpyKTYpHHEE Hn3Med
HEHHsI B IJ1aCTMACCax).

©® O6nyuenue (nyuepas Tepamust) IPH ONyXojeBHX 3aofepanusx (Ko<
6as67-60).

MeTofb <MeyeHBIX aToMOB» (METONB! HHIMKALKK)

® licnosmsoBanue «MeueHHX aTOMOB» B GHOMOTHYCCKHX M MeAHLHHS
CKMX HCCIeJIOBAHHSAX, -

® Koutposp usHoca,
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DneMeHTapHbIe YACTHIBI

Cumeon M
acea C
Haspanue 9acTHHE Anmae  poaod 328”’“‘ B%%J;aﬂ; [
YacTHIA gaorpna e IKHUSHH, ¢
Doton v v 0 0 —_
[ He#iTpuno v 0 0  crabusbHasi
_ | Auruneirrpuno Y 0 0 "
Fe
=
£ { Drnextpon e— 1 —e  crabmibHas
5 | Iosurpon et 1 +-e "
=
. Moo p pt 207 Te 2,2 - 10~°
[ 710 a® 264 0 08-107%°
fmeson n- @+ 273  Fe 26-107°
o
g 1 m-Meson 70 1° 1074 0 <10~
= Ko Ko 974 0 1071
Kepeson K* K~ 96 e 12.10°
Tiporon pt _ {836 ] CTaﬁHJH:Haﬁ
AutvnpoToH p 1836 —e "
Heiitpor n - 1839 0 108
AntpnefiTpon n
= 0 'y —10
& | A-Tuepon A A0 2183 0 2,610
]
=Y —
2 s+ S— 2328 e 08-10~%°
S-runepos 3 30 2334 0 <107
= Ft 2343 e 15-107"°
e B BY 2573 0 3-107"°
\ P g~ BY o586 e 1,7-107°

Q-runep o Q- Q+ 3278 +e 1,3.10-10
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—
A0. sieMEHTAPHBIE YaACTHIBL

KpoMe 3JleMEHTAPHLIX 4YACTHI, BXOAAIHX B COCTAB a4TOMOB, & HMEHHO
HpPOTOHOB, HeliTDOHOB U 3KEKTPOHOB, B HACTOsIiee BpEMsi H3BECTHO
cpbittie 200 syeMeHTapHEIX yacTHl. MHOTHE H3 HUX BO3HHKAKT B pe-
ayJbTaTe B3aHMOIEHCTBHSI KOCMHYECKOTO H3JiyueHHsi ¢ aTMocdepoh
Zemsin. B skcnepuMenTax MmO paciuenieHHIo sifiep, HPOBOAHBIIMXCS C
HCIIONB30BAHKEM YCKopHTenell, Takke OB OTKPHIT psil HOBBIX YaCTHIL
DyeMeHTapHble YaCTHIE AeAATCH Ha

@ JIeNTOHE — CJ1a6oB3auMOoICHCTBYIOIINE YACTHILH],

@ zaipomsl (Me30HE, 6apHOHB)— CHJIbHOB3AHMOLEHCTBYIOIHE  4Yac+
THIIGL

CyuiecTByeT THIOTE3a, COIJIACHO KOTOpOH CHJILHOB3aHMOJEHCTBY-
onpe yactTHusl (aIpoHB) cocTosT H3 enle Oodlee NeMEHTAPHBIX YaCTHIL
(TaK HasLiBaeMHIX KBAapKOB).

Y Beex JIEMEHTAPHBEIX YACTHN, CYLIECTBYKT TAK HA3EBIBAECMLle aHTH=
yacTHLB!, KOTOPHE OBJManNAI0T TMPOTHBOMNOJOXKHEIMK 3JEKTPHUECKHM 3a-
pSOOM M MATHHTHBEIM MOMEHTOM IO CPABHEHHIO € CCOTBETCTBYyoLied
yacTalell; AHTHYACTHLOE 0003HAYAIOTCS YEPTOUKOH HaJ CHMBOJIOM.

HpPI CTOJIKHOBEHHH 4YacTHUBI C aHanacmueﬁ HpOHCXO,I[HT WX AHHH«
riisigusl:  ofe YacTHHB NPeBpamarTcss B Y-M3JyYeHMe HJH  Gosee
Jlerkve qacTHuel Apyrux TunoB. OCparHbA Npolecc HAsHBAIOT NpoLecs
coM o6pasoBanusi map (cm. pasm. 38.5.1.).

Xorss ¢oTOH, WIH Y-KBAHT, KAaK <«YaCcTHLUA CBeTa» K He HMeeT
Macchl NOKosl, OH INpejcTapisier coOoll ONHY M3 3JIeMEeHTAPHBIX YaCTHIL.

CepolicTBa BaXHEHIIHX SJeMEeHTaPHBIX YaCTHL, NpHBeJEeHHl B TabsHs
ne Ha crp. 444. o
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41. PeJisiTBHCTCKAas MeXaHHKA

JlauHEe O NepeMelleHrH, CKOPOCTH H YCKODEHHH HMEIOT CMEIC] TOJBKO
B TOM CJydae, KOrfia 3afaHa cucteMa orcyera. IIpu nepexope H3 ofi-
Hofl cucTeMBbl OTCYeTa B APYIYIO HEOGXOAHMO IepecudTath (mpeobpa-
B0BaTb) H KHHEMATHYECKHE XAPAKTEPHCTHKH.

Ecnm fBe CHCTEME! OTCUETA HOKOSNTCS OTHOCHTEJBHO APYT LPYTa,
TO OpH Hepexofie OT OAHOHE CHCTEMBl K APYIOM H3MEHSIOTCS Jullb Ipo-
CTPaHCTBEHHBIE KOOPIMHATEL, TOTLA KAK NOYTh, CKOPOCTH H YCKOPEHHs:
OCTalOTCS] HeH3MEHHBIMHE MO BeJIMYHHE H HANpaBJieHHIo.

Hnaue o6crour meno, ecnu obe CHCTEMBl NBHKYTCH OTHOCHTENHHO
JApYyr Lpyra OpSMOJIHHEHHO ¥ paBHOMEpHO, T. €. C NOCTOSIHHOH N0 Be:
JYYHHe M HANpaBJEHHIO CKOpOCTbIO. Takue cHcTeMbl HA3BIBAIOTCS HHEP-
LMalibHbIMH.

Heo6XoauMo NpHHUHIHANBHO PA3J/IHYATH:

©® BuXeHHe cuCTeM C Majiofi OTHOCHTEJBHOR CKopocthlo (v < €):
B 3TOM CJiyyde CHPaBeIJHBE 3aKOHBI KJACCHYECKOH MEXaHMKH;

© BHXKeHHe cHcTeM € GOMBIIOR OTHOCHTENBHOH CKROpoCThIO (v & €)@
B 5TOM Cllyude CApABELJHBE SAKOHB! PESSITMBHCTCKOH MeXaHHKH.

O6patiHTe BHEMAaHHE:

©® Bce dopmysbl pelsTHBHCTCKOH MEXAaHHKH COBNAJAIOT C (hopMynamMu
KJIACCHYECKOH MEXaHHKH B YACTHOM cayuade ¢ < C.

41.1. HMpeoGpazosanus [anmses

Ilpeo6pasosannsi [anusest CBA3LIBAIOT [BHUXEHHE B ABYX HHEPLH-
aJbHBIX CHCTEMAaX, ABHXYIIHXCH C MaJoH OTHOCHTENBHOH CKOPOCTBIO.

Ecou

X, Y, 2 - KOODAHHATEl OTHOCHTEJLHO
CHCTEMHEL S,

x', Y/, 2’ — KOODIMHATH OTHOCHTEJHHO
cucreMel S’,

t — BpeMsl, V3MEDEHHOe B CH-

) creme S,

t — BpeMsl, H3MepeHHoe B CH-
creme S,

v — cKopoCTh cHCTeMbl S’ B Ha-

npaplleHHH OCH X, H3Me-
peHHas B CcHCTEMe S,
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s i)
>

u =— CKOPOCTb TeJia B cHcTeMe S,

Z’ ~— CKOpocTh Tesa B cHcTeMe S/,

t—Z) =— YCKOpeHHe TeJia B CHCTeMe S,

:1)' — yCKopeHHe Tejla B cucreme S’,

TO KHHEMATHYECKHE BeJWYHHEI CBSI3aHbBl npeobpasoBanmamu [anuies,

41.1.1,  TpeoGpasosanue BpeMeHn

B o6enx cucTeMax OTCYETA BPEMS TeueT OAHMHAKOBO, T. €,

wun|ﬂ=tl

41.1.2,  NlpeoOpasopaHue NPOCTPAHCTBEHHBIX KOOPAHHAT

TIpocTpancTBeHHEE KOOPAMHATH TOYKH B 00EHX CHCTeMax pasjmyaiored
Ha BeJMYHHY NyTH Uf, NPOHIEHHOro CHereMoH S’ B HanmpaBJeHHM ocH X
8a Bpems f1

=x—vo y=y; 2=z

pag | ¥
(P41.2) ’ x=x" 4 vl

41.1.3. MipeoGpazomanue cKopocTeit

.)
Cxopoctu Tesa ¢ pasauuaoTcsa B ofeHX cHCTeMaX Ha BeJHYHHY CKOS
pocTE cHCTeMbl S’ B HANpPABICHHH OCH X3

’ x’ x — vt ’ . ’
- ux _"—-—t = —t—==ux U; uy=uy, uz = uz,
(P 41.3)
X
ux—————t = u;—l— o,

7

> z
The iy, Uy H Uz — COCTABJASIIOLIHE CKOPOCTH U, H Uy, u,

I =
" Hl:lzT' COC.; akd

>
JSIONIHe CKOPOCTH U’y
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41.1.4. TlpeoOpasoBanue yCKOpeHHil

YcropeHust TeJl B HampaBJeHHH OCH X B 00eHX crHCTeMax OAMHAKOBEHL,
MOCKOJIBKY NpH © == const:
r

du, — d(uy+v) du

=gz o dt’
du” du
(P 41.4) a;-—_ dtx = dtx = x; a;= y; a;=az!
9
TJe Oy, Oy K Oz — COCTABJSIOIINE O

7 ? 4 —)I
H ax, ay H IZZ'—‘ COoCTaBJISIIOIUHE &\

OGpaTiTe BHEMAaHHe:

©® Ilpu nepexose K MHEpUHANBbHOH CHCTEME, ABHIKYyIUEHCS ¢ Maloil CKo-
POCTBIO OTHOCHTEJBHO APYIOH CHCTEMEBl, OCTAIOTCS HMHBAPHAHTHBIMU
(HensMeHHBIMH) CJEAYIOImEe BeJHYHHEB! JUIHHLL, BpeMEHa H YCKope-
uusg. CKOpOCTH, HANPOTHB, H3MEHSIOTCS HO BESHYHHE M HAINpABJe-
Huo (ec/lH OHE He COBNANAKT C HANpaBieHHEM OCH X).

41.2. IpeoGpazosanusa JlopeHua

ITpeoGpazoBanust JlopeHua OMHCHBAIOT Mepexofi OT ONHOW HHEPLH-
A5bHOH CHCTEMBl OTCYeTa K JAPYTOH NPH Ouenb OOJLIIHX CKOPOCTSIX
HX OTHOCHTEJbHOTO NBHIKCHHSL

Ws cnenmanbHoil TeopHH OTHOCHTESBHOCTH DiHlITefima U COOTBer-
CTBYIOIIHX SKCIIEPHMEHTOB CHELYeT: -

B mo6oit unepuuannbHOil cHCTEMe OTCYeTa CKOPOCTh CBeTa B BaKyyMme
MMeeT OfHY M Ty e BeiM4MHY AJsisi moGoro Hampapienust. Ciejo-
BaTeJBHO, CKOPOCTH CBeTa He 3ABHCHT TAKKE OT JIBHXKEHHS HCTOY-
HHKa CBeTa.

YpaBneHHs, onuchBalonHe NpeoOpasoBanHe KOOPAHHAT H BpPEeMEHH
cobLiTHsI NpH NepexOfe H3 OJNHOH HHEPUHAJBHOH CHCTEMB! OTCYeTa B
JAPYTYIO, NOJIXKHE YYHTHBATE HOCTOSIHCTBEO CKOPOCTH CBeTa.

Ecin
X, Y, 2 — NPOCTPAHCTBEHHBIE KOOPILHHATLI OTHOCHTEJBHO CHCTEMB! S,
x’, 4", 2’ — npocTPAHCTBEHHBIE KOOPAHHATH OTHOCHTEJbHO CHCTEME! S,
t — BpeMs], H3MEPEHHOe B CHCTEMe S,
t — BpeMs, H3MEepeHHOE B cucTeMe S,
v — CKOPOCTH CHCTEMB! S’ B HAnpaBheHHH OCH X, H3MEpPEHHAst
B cHCTEMe S,
g A 3-108 M/c — cEOpOCTh €BeTa B BaKyyMe.
= g/c,

TO CHpaBeJJIHBE CheAYOLIHe COOTHOIeHMS (Tak MaspiBaeMble npeobpa-
soBaHus Jlopenna):
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41.2.1. IIpeoGpazopanre NPOCTPAHCTBEHHBIX KOOPAMHAT

r_ x—uvt | , L
_——f\/l_j :

I+vtl
V=
O6paTHTe BHUMAHHE:
O lpr K1, 1. e v «c dopmysa (P 41.5) nepexopnr B (P 41.2).

(P 41.5)
X =

41.2.2. Ipeo6pasoBanue BpeMeHn
B

t_BTx_ t=t'+ -
Vieg T Vi=p

O6GpaTuTe BuMManue:

O [Mpu <K 1, 1. e. v « ¢ (P41.6) mepexonur B (P 41.1),

® I[lockoJibKY NpOCTPAHCTBEHHEIE KOOPDAHHATHL M BpeMs! JOJXKHEL OBIT:
JeHCTBHTENIBHEIMH BE/IMYHHAMHE, OTHOCHTEJbHASE CKOPOCTh IBYX HHEp
OHATBHEIX CHCTEM OTCYeTAa HE MOXKET INpPEBHINATL CKOPOCTb CBET:
B BaKyyMe.

(P41.6) | =

41.3. PesisTHBHCTCKas KMHEMaTHKA

Kax BupgHO U3 QopMys, BpeMs H KOOPAHHATH He HHBAPHAHTHH OTHO
cuTellbHO Npeo6pasopanmii Jlopenna (B NPOTHBONONOXHOCTE Npeobpaso-
Banusm Tasnnest).

41.3.1. 3amMengienne BpeMeHH
Ecim nBa co6nTHS B cHCTeMe S NPOHCXOAST B OJHOH W TOH 3Xe TOYKe
He OIHOBPEMEHHO, 2 pasneﬂel{m HHTEPBAJIOM BpeMeHH Af = f3— 1y,
T0 HHTepBaK At —t2—t1 B cucreme S’ B coorsercrsuu ¢ (P 41.6)
6yner ompenessitees GopMysoH

@47y |ar=—2L S

VT —p?

CoorBercTBenno Lasi Af moJiyuaeMm -

A

VI—P

> A

(P418) | At=
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Eciu onHa cucreMa oTcueTa ABHXKETCSi OTHOCKTEJBHO LpYrofl, To
BPEMEHHO!l HMHTEPBaN MeXAy IBYMS COOHTHSAMH B <«ABHXKyueifics»
CHCTEME OTCYeTa OKasLBaercsi OOJbIlle, UM B <«HENOLBHIKHOH» CH-
creMe (MapajioKC YACOB).

41.3.2. CoxkpaieHne AjinHb

Corsacuo dopmyse (P 41.5), x'=(x — vt)/4/T = B2 u cornacuo (P 41.6),

# AT —p*—=¢—PBxfc. Ecmm waitth { u3 TOCHEIHEr0 ypaBHeHHS H
NOACTABHTL B MepBoe, TO MOJyIHM

x,=x~v(t"\/l—(32+6x/c) x-—(vt"\/l—ﬁz-l-ﬂzx)
= VisP

210 BbIpaiKeHHe MOXKHO YHpOCTHTh H HPHUBECTH K BHLY

r__ x___62x

=vice

OKOHUYATEJbHO HMeeM
x = x4/ 1 — 62 — ot

Ecan
¥ — CKOPOCTb CHCTeMH S’ B HampaBJIEHHH OCH X,

X = KOOPJHHATA OTHOCHTEJBHO CHCTEMEl S,

x" — KOOPZHHATA OTHOCHTENLHO CHCTEMH S,

| — 1JymHa oTpeska (B HANPABJEHHH OCH x) B cucteMe S,

I' — nnuua storo orpeska B cucreMe S,

¢ =2 3-108 M/c — CKOpPOCTHL CBeTa B BaKyyMe,

B =ulc,

TO .
’ I4 ’ T2 ’ 2 ’
l =x2——x,—(x2/\/l —p"—ut )—(xl/\/l — B —ut ),

3817

®41.9) | 1r=(—2) VI—F |

COOTBETCTBEeHHO [ [ moJsyuaeMm

l=(x;—x:)«\/1—-(32.

B uHepUHANHLHOH CHCTEME OTCYeTd, ABHXKYIIeHCSs OTHOCHTENBHO JAH-
HOH CHCTEMH, pPasMepHl Teja B HANpPABJEHHH JBHXEHHS HMEIOT
MeHBIIYIO BeSHUHHY, YeM B jaHHOoH cmcTeMe. Pasmephl B nepueHf-.
KyJiSPHOM HANPABJIEHHH OCTAIOTCH HEH3MEHHBIMH.

(P 41.10)
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41.3.8. CaoxeHne ckopocreii

BCJle,U.CTBHe‘ 3aMe/iJieHnss BpPEMEHH H COKpallleHus JUJIHHE CKOPOCTb
B HHEPIMANbHOH CHCTEME, ABIXYIlefic OTHOCHTENILHO NAHHOH CHCTEME,
TaKXe H3MEHSeTCH O BEJHYHHE W HaNpaBJIEHHIO.

Ecan

> ror I4

1! — CKOpPOCTb Tena (c COCTABMSICIMME Uy, Uy, uz) OTHOCHTEJLHO CH-
cTemu S/,

>

# — CKOpOCTh Tesa (C COCTABJSIOIIMMHE Uy, Uy, Uz) OTHOCHTENHLHO CH-
cTeMHel S,

U — CKOPOCTL CHCTeMH S’ OTHOCHMTENBHO CHCTEMHE § B HalpaBJeHHH
. OCH X,

t - BpeMs, H3MEPEHHOE B CHCTEME S,

# — Bpems, H3MEPEHHOE B CHCTEME S’

TO JJIsi COCTABJISIOLUHX CKOPOCTH HMEEM
=dx/dt; uy=dy/dt; u,=dz/di.

ITpuMeras ¥ mnpOCTPaHCTBEHHHIM XOOpAMHAaTaM npeoGpasoBanve Jlo-
peHna, nojydaem

dx’ dt’ dat’ dt’ dt’
B e Tt P o
r—p w/l—fi” w/l—fi"’
unu =u’ d—t, 4HAJIOTHYHO U, -—u' ar’
4 v dt zdt’
Hs (P 41.6) cnenyer
B dx Bu,

- 1
dt dat’ + c di’ +

o _ c
at AT Tk

Hocne NMOACTAHOBKH B BHIp@XeHHE JJIA CKOPOCTH TMOJYYHM

’ 1 — ’ Y 7
(PALIL) | uy= ux+v; 3 Uy= /\/ ﬁ Uy = m
: Bu, Bu Pu,
+—= e

V3 anasormyHHx cooGpaxenuil cnemyer

Uy — 0 uy A1 —p? U 1/1—[32

(P 41.12) u;=—i——; U, = oV ; z .

l_f_‘f&_ v 1____6£"_ ]_%.
c




452 4]. PerarusucTcKkan MexaruKa

O6paTuTe BHHMAaHHE:

@ CKopoCTH, NepHeHJUKYJsipHEE HANPABNEHUMIO ABHKEHHS CHCTeMH S,
TaKXe He MHBADHAHTHHI [O OTHONIEHHMI0O K mpeofpasoBaHusm Jlo-
peria (B NpPOTHBONOJIOXKHOCThL HpeobpazoBanusiv [anuies).

@ M3z (P41.11) caenyeT, 4T0 CKOPOCTh Tejaa OTHOCHTEJLHO MHEpLHAJb-
HOM CHCTEMBI HE MOXKeT [IpeBbILIATL CKOPOCTL CBETA B BAKYYME.

41.4. PensiTHBHCTCKAS AMHAMUKA

ITockonbky F = ma, u3 KJSCCHYECKOH MEXAHUKH CHELyeT, 4YTO B TOM
cillyyae, KOrjla TeJIO B TeYeHHe MOCTATOYHO IJHTEJLHOTO BpEMEHH WHC-
MEITHRAET YCKOPEHHE, OHO MOXeT npHoGpecTn JIOOyI0 CKOPOCTD, faxe'
NPeBHINAIOLIYI0 CKOPOCTb CBETa. IT0 NPOTHBOPEYHE Da3pEIlaeTCs, €CAH
Y4ECTb, YTO YCKOpPEHHE He WHBAPHAHTHO OTHOCHTENbHO NpeolpasoBaHHil
Jlopenna, mockosbky Macca (Hapsily C© AJWHOH M BpeMeHEM) TakkKe
HCHHTHBACT PEJIATHBHCTCKHE M3MEHEHHS.

41.4.1.  HpeoGpa3oBanue MaccH

Ecnu

M — macca IOKOs Tena, )

m — macca Tesa, IBHXKYIIEFOCS CO CKOPOCTBIO U OTHOCHTENBHO CH-
CTeMBl OTCYETA,

U — CKOPOCTb TeNa OTHOCHTENILHO CHCTEMBHl OTCYET,

¢ = 3-10% M/c — cKOpOCTbh CBeT2 B BaKyyMe,

B =uvlc,

TO mO aHAJOTHE C TpeofpasoBaHESME JIOpeHHA /A JUIHHBL M BpeMEHM
UMeeM A peAsTHBHCTCKOH Macchl

-
m ucl
P4113) | m= «/1—??2' g
y2
O6GpaTuTe BHUMaHHE: 3 /
@ YacTunH C Maccoii ToKosi Mg > 0 2
MOTYT [OCTHYb TONLKO CKOPOCTH, LA
MeHbILel CKOpOCTH cBeTa (v << (). P il
YacTHyb! C HYJEBOR Maccod INOKOA
(mo = 0) BCeraa IBHXYTCH €O CKO- L=
pocteio v = ¢. Tipy v << ¢ oHu He 0 0z G% 06 08 1Y/

CYyLIECTBYIOT.

41.4.2. TMpeoGpa3oBaHue uMNyJabca

> >

MMockoneky p = mv (M7.32), pensTHBHCTCKOE H3MEHEHHE MacCHl mpu-

BOIINT K M3MEHEHHIO HMIIYJbCA.

Ecau

> >

P — MMIYJbC TeJa, OBHXYIErocs CO CKOPOCTHIO © OTHOCHTENbHO CH-
CTeMHl OTCHETA,
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mg - Macca MoKos Tefd,
=

¥ = CKODOCTh Te€JIA OTIOCHTENBHO CHCTEMBI OTCUETE,
¢ = 3-10% M/c — CKOPOCTh CBETA B BaKYYMe,

B =o/,

TO 1J1f PENSTHBHCTCKOrO UMAYJLCA NOJNYHaeM

9
> Mo 0
p == ——

AVT—=p"

f

(P 41.14)

41.4.3. Upeoﬁpaaosaﬂue CHJL

Cunaa onpenensercs (bopMy-noi’x (M 7.35):

> >
2> > dp d (mv)
== = —— ——
dt dt
TIpy BHICOKHMX CKOPOCTSIX B 9TO BHpa)eHHe BMECTO M1 ClEAYET Topcta-
BHTb PEJATHBHCICKYIO Maccy. Torma, ucnosbsys ¢opuyny (P 41.13),
NoJIyyaeM peNSITHBHCTCKYI0 chily (ypaBHeHHe NBHIXEHHS):

' > d(moo)
VI—pat

"4144. MpeoGpasosanue HEpryun

Tlon nefictenem cuapt F nokousuieecss teso (vg = 0) mo mpomwectsuu
BpeMenn ! npHoOpeTaer CKOPOCTh U H KHHETHYeCKYo sHeprmio We.-
Jlmmb B yacTHOM Ciyyae kxiaccuyeckoii Mexammy (v < ¢) CnpaBenuBa
- opmyna W, = mv®2. Cneflyer umerb B BHy, 4TO B PEJSTHBHCTCKOH
MeXanuke m = n(v).

Ecmu
my —— Macca MoKos Tesa,
m — PeAATHBHCTCKAasi Macca Tesa, JBIKYIIETOCH €O CKO-

POCTBIO ¥. OTHOCHTEILHO CHCTEME! OTCHETa,
Am = m — mg — PeJSTHEHCTCKOE YBeJHUEHHE MACChl,

v — CKOPOCTh TeJla OTHOCHTEJIBHO CHCTEMH OTCYeTa B Ha-
npaBaenuH fefictBylomledl cubt F,

z 2 3-10® m/c ~— cKOpOCTL CBeTa B BaKyyMe,

B =1/,

F — YCKOPAIOIAS CHJA,

Wo — HEpPTHs MOKOS TeJa,

Wx — KHHETHYeCKAas SHeprusl TeNa, HBHXYIIErocs CO CKOo-

pocThIO U,
Wanau — ToJNas IHePrus TeJa, JBHKYIHETOCA CO CKOPOCTBIO U,
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TO AJ1f H3MCHEHHS guHeTHHeCcKOft SHCPIrHK W.‘ nmeeM

AWy = Frdx =X om0 dv,
X x B (l — l’j?)-“/z (l _ l-jz):(h dt

= T ﬁz)%v du.

WuterpupoBanve naer
v

~ 2
Moy . myc
Wy = S ——— U = ——— — mcE

(1—py" V=P

0

Ortciona cnenyet

(P 41.16) | Wy == mc? — noc” == Ame” = Wgomm — Wo.

Ob6paTuTe BHUMAHIE:

© Macce noxosi Tena 1, COOTBEICTByeT SHeprus mokos Wy = noc?
IKBHBANEHTHOCTL 2HEPrHH M MACChl CIPaBelJIHBa s JOGoro Bafa
3IHEPruu

(P 41.17) | W=mc?% m=-‘zz. M_C_
¢ (0151 lﬂ)x Kr Mm/c

Rampoft macce (miiM H3MEHEHHIO MAacChl) COOTBETCTBYET ONIpeleieH-
Has sHeprus (M3MeHenue sneprun): W ~ m.
O6patuTe BHUManue:

@ 3aK0oH COXpalleHHs] SHEPTHE MOXKHO TaKXe (OPMyJUpOBATH B BHIE
32KOHA COXpaHeHHst MacChl.

@ CMm. tagxe pasn. 35.1.



T  TABJHLibl

Tab6suna 1

{ly0THOCTL TBEpAbIX BEMECTE

BemwecTtso 0. ®r/m® Bengec o o, Krfnm®
Amovuimi 271 | Maruni 1,74
Berton ~ 22 Menb =~ 89
Bosbdpam 19,1 Mensoe JuThe =~ 8,7
I pasut 2,8 OKOHHOE CTeKJIO 2,5
Heneport L1 [TeprHAAKC 1,35
Iy6 =~ 0,8 [Mecuanuk 2,4
JopanioMunuit 2,79 TnaTuna 21,5
JKeneso 7.8 Tnexcuraac 1,2
3onoto 19,3 [poGkoBast Kopa 6,15
Hueap 87 Ceuren 11,34
Hpunu 22,4 Cepebpo 10,5
Kamenuwlii yronn 1,4 Cocha ~ 0,5
Koxc 0,6 Tutan 45
Jlatyup 8,6 JEAZEIS 7,1
Jlen 0.9 DJeKT poH 1.8
flnetHocTs wunkoctedt (npu 20°C)

Aneron 0.8 PryTs 13,5

Beunaun (erkuit) 0,7 CepHasa  KucjoOTa 1,83

Benzoa 0,88 (Kox;ueu'rpnposau-

I'nunepn 1,26 Has

L[usle}nir:)e TOILIHBO 1,0 Canpr (p N KTHduKar) 083

Kepocan 0.8 DTHAOBLI COUPT 0,79
0,72

Monoko 103 | 2%up g

Mopckas Boza 1,02




456 Tabauyst

Tabauua 1 (nporonxxenue)

HopManpHasl RJIOTHOCTb F23000Pa3HBIX BeleCTB
{npu 0°C u 101,3 ulla %)

BefiecTBO @, kr/m® BeniecTgo 0, kr/m®
Aszor 1,25 JIByOKHCH yraepoja 1,98
Ammuak 0,77 Kucioporn 1,47
Bonopox 0,09 Oxuer yraepopa 1,25
Bopsmo#t map (100°C) 0,88 [ponan 2,2
Bosnyx 1,29 CaeTuJbHEI ras 0,55
Feansi 0,179 Xaop 3,22

® Ho 1980 r.: 760 mm pr. cT.

Tabsuua 2

Koa¢uuneHTH TPeHust OKOS! W TPEHHA CKOJAbLKEHHSt Yo H [t
(npubankennbie 3naveHKn)

TpeHHe cKoJBKEHHS {b

Tpeune
nNoxKo# it
By cyxoe o cuaTKOl  prameeg
CraiabfcTaib 0,15 0,1 0,01
Meramn/nepeso 0,5...06 04...05 0,03...0,08 0,25
JHepeso/nepeso 0,65 0,3 0,1
Koxafcepwil uyryi 0,56 0,28 0,12 0,28
Koxa/nepeso 0,47 027
Craan/aen 0,014
AprtoMoBuabRas wHHa/Mo~ 0,55 0,5 0,2
cTOBas
AsrToMo6unbuas wunajac- 055 0,3 0,15
daabT
KosthdhrumenT conpoTuBIeHHN IBHIKEHHIO Wr
Tpampait 0,006
JKenesnast jopora 0,002
JlerkoBoii aBTOMOOHJIbL Ha XOpoiueil rpyHTOBOfl jopore 0,06
JlerkoBofi aBTOMOGHJbL Ha acdanbTe 0,015
I'pysoBoii aBTOMOGH/IB Ha MOCTOBOI 0,04

I'pysoBoit aBTOMOGHIL Ha acdainTe 0:025




Tabauyor

T =

Tabanua 3

Koapduuyent BOCCTAHOBJEHHS NPH ynape
(npubJnskenHbIe 3HAYEHHS Bas v < 3 M/c)

Bewec o k Bemecino 3
Jepeso 1/2 Cranp 5/9
TIpodka 5/9 Crekno 15/16
CyoitoBasi KOCTB 8/9
Tabauna 4 s
CxumaemocTh wupkocteit ® (npn 20°C)
#
1/TMa 10~5 cm¥kre
Aneton 1,27 12,5
Bensoxn 0,97 9,5
Bona 0,47 4,6
Tauuepun 0,22 2,2
Kepocun 0,82 8,0
Pryts 0,038 0,37
ODTHJIOBLIH CHEPT 1,17 it .
BDimp 1,43 14
Tabavuua 5
JlaBneHne BO3AYX2 B 3ABHCHMOCTH OT BBICOTHI
- P P
B, M - B, M
klla MM P1. CT. klla MM PT. CT.
0 101,3 760 1000 89,9 674
100 100,1 751 1200 87,7 658
200 99,0 742 1400 85,6 642
300 97,8 733 1600 83,5 627
400 96,6 725 1800 81,5 611
500 95,5 716 2000 79,6 596
600 94,3 708 2200 77,5 582
700 93,2 699 2400 75,6 567
800 92,1 601 2600 73,8 5563
900 91,0 682 2800 71,9 539




458 Ta6auyst

Tabauua 6
JunaMuueckas BA3KOCTH

Kunkocra (npu 20°C), n, mlla-c Tasw (mpu 20°C n 101,3 xI1a) m, mllacc
AnetoH 0,322 Asor 06,0175
Benson 0,648 Awumuar 0,00095
Boaa 1,002 Boznopon 0,0088
I'nunepur 1480 Bosnyx 0,0182
P1yTh 1,554 Tenuit 0,0196
Cmona 3- 100 JiByokuch yraepopa 0,0147
Cwmasouroe Macio ot 30 mo 5000 Kucnopon Y 0,0202
STHJNOBHIA CHIHPT 1,20 Meran 0,0108

Oxuce yriepola 0,0177
Tabauva 7

3uayenve kKoadipuunenta B opmyse
LASl THAPABJIHYECKOrO CONDOTHBJEHHUS

Tonrasi mAOCKasi nacTHHA, nepHeHIHKYJIsapHas 0O0- 1,11
TORY

OrkpuiTast mnoaycdpepa, oOTBEpCTHE OOpalleHo Ha- 1,33
BCTPEuY HOTORY

OtkpoiTast nojycgepa, OTBEpcTHE OGpalieHO IO HO- 0,35
TOKY

Iilap 0,1...0,4

Teno of6TekaemOl (HOpMBI 0,05

ABToMOGHIL . oxoso 0,4

Tabauua 8

Kosgmuuent noeepXHoCTHOro HaTaXeHua ¢ (npu 20°C)

o
Him IuH/cM
Aueron 0,0233 23,3
Benson 0,0289 28,9
Bona 0,0727 72,7
Tannepur 0,0657 65,7
Kepocun (0°C) 0,0289 28,9
DPryrs 0,465 465
Toayon 0,0285 28,6
DTHAOBHI CIHPT 0,0223 22,3

Ddup 0,0171 17,1




Tabauypt T 45

Tadomiua 9
Monyab ynpyroct E u xosthduunuenr Tlyaccona p

Bemectso E, 10 H/m? E, 10° kre/em? 7!
Anomunni 7t 7.1 0,34
Boasdpam 39 40 0,29
TepmaBui 8,1 8,3 0,31
JlopadioMURRT 7,3 74 0,34
Wpuauit 52,8 53,8 0,26
KBapleBoe CTeKJo 75 7,6 0,17
Koncrantan 16,3 16,6 0,33
Jlatyns 9,8 10 0,35
MaHraaus 12,4 126 0,33
Menb 12,3 125 0,35
Inekcurnac 0,32 0,33 0,35
TonucTHpON 0,32 0,33 0,35
Caunel 1,6 1,6 0,44
Cepebpo 7.9 8,1 0,37
Cepeifi uyryn 10,8 11 0,22
Cransb 20,6 21 0,28
Crtexno =7 a7 = (0,25
Dapdop 5,8 59 0,23
Tabauuna 10

Mopynb cisura G

G
10" H/m? 10 krefem®

Amomuaui 2,6 2,7
Tepmannii 3,1 3,2
JliopanioMuHi 2,7 2,8
KBapuesoe crexo 3,2 3,3
Koncranran 6,2 6,3
JlatyHs 3,6 3,7
Manranny 4,6 - 4,7
Mensn 455 4,64
Cauner 0,57 0,58 S
Cepebpo 2,8 2,9
Cepuiit uyryd 44 45

Cranb 8,0 8,2




460 Tabauyot

TaGauna 11

KoshduuuenT SMHeRiHOTO TENJIOBOTO PaciiHpeRust TBEPABIX Tek .

B untepsaae (0 ... 100°C)

a, 10—6 K" a, 10-0 g~

Anmas 1,3 Huxpom 18
Asromuuag 23,8 Onoso 26,7
Beron 12 IMnatuna 9,0
Bpouaa 17,5 [laaTHHO-HPHIHEBLIH 83
Boabdpam 4,5 conaB (0,2 Ir)
BaICOKOErHPORARTAR 16,0 Tonuamun (zemepon) 110

cTafb - TonnBHRUAXIOPHL 80
Keneso 12,2 [onuetupos 75
3onotro 14,2 Monustunen 200
Husap 1,5 Caunen 29,0
Vipunuii 6,5 CepeGpo 19,5
Kanpmuit 31,6 Cepuldi uyryn 10,0
Kpapuesoe crexno 0,6 Cranb 11,7
Koneranrtad 152 Crane BHCOKOJET. 16,0
Jlaryup 18,4 Crexno (Mena 106111) 8,1
Mapraren 23 Cynpa-uuBap 0,5
Menn 16,5 dappop 3,0
Monu6aen 5,2 XpoMmucras cTalb 10,0
He#isunb6ep 18,0 LIunk 29,0
Huxkenn 13,0 DyexTpoH 24,0
TaGauua 12
KosdduureHT 06beMHOr0 TeNJI0BOTO paciiiipeHus KHAKOCTER
(upu 20°C)

B, 10—3g~1 g,10—3g—1

AsoTHas KHCJAOTa 1,24 Cepuasi Kuca0Ta 0,65
Aneron 1,43 TepneHTHHOBOE MacJ0 0,97
Benaun 1,00 Toayon 1,08
Benson 1,06 PryTs 0,181
Bona 0,18 Pryrb B unemckom cre- 0,157
Tomnepus 0,59 xae 16111 ’
Kepocnd 0,96 Pryrse 8 kBapuesom 0,179
MeTunoBHi cnupT 1,19 CcTeKIIE
[ledtan B HenckoM cre- 0,161 | DrunosBu# cnupr 1,10

xae 16111 Bpup 1,62
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Tabaugel
Ta6auua 13
. TI7OTHOCTb AMCTHINIMPOBAHHOH BOALI O

t, °C 0, KT/aM? £, °C 0, RO/
0 0,999841 16 0,998943
1 0,999900 17 0,998775
2 0,999941 18 0,998596
3 0,999965 19 0,998406
4 0,999973 20 0,998205
5 ° 0,999965 21 0,997994
6 0,999941 22 0,997772
7 .0,999902 23 0,997540
8 0,999849 24 0,997299
9 0,999782 25 0,997047
10 0,999701 26 0,996785
11 0,999606 27 0,996515
12 0,999498 28 0,996235
13 0,999377 29 0,995946
14 0,999244 30 0,995649

iB 0,909099 .

Taomma 14

KosdduuuenT 06peMHOr0 pacIinpenus rasos

(s untepsase 0 ... 100°C npn Aasiaenuu 1013 xlla *

8, 10—2K—? B, 10—3k~*

Asor 3,672 | JdByokuch yraepoja 3,726
Aumuar 3,770 | Kucaopon - 3,672
Apron 3,676 | Meran 3,678
Anetunen 3,726 | Heou 3,661
Bozopor 3,661 | Oxuch yraepona 3,667
Boanyx 3,665 | Dram 3,750
Tennit 3,66

* Ho 1980 1.t 760 MM PT. €T
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\
Tabsuna 15
T'asosasn mocrosnHan R
. A
R R
Jxf(ke-K)  wre-mf(sr-K) Jac/(xkr«K) xrec-mf(kr-K)
Asor 297 30,26 Kuenopon 260 26,49
Ammuak 488 49,78 Meran 519 52,89
Aprou 208 21,23 Heou 412 42,01 .
Averunen 320 32,58 Oxucyp yr- 297 30,28
Byran . 143 14,6 nepona
Bonopon 4125 4206 Iponan 189 19,24
Bopasino# nap 461 47,05 TTponunen 198- 20,16
Boznyx 287 29,27 Dpeon 12 68,7 7,01
Teanit 2078 2119 Dran 277 28,21
Heyokucn 189 19,27 Druaey 297 30,25
yraepona
‘Tagauua 16
[inorsocty Besnyxa © (kr/M3) B 3aBUCUMOCTH OT AABJCHUR
¥ TeMIEPaTYPbi
p, &lla -
t,°C ;
96 a7 a8 99 100 10t 101,83 102 163

0 1,224 1,237 1,250 1,263 1,275 1,288 1,203 1,301
2 1,216 1,228 1,240 1,253 1,266 1,279 1,283 1,201
4 1,207 1,219 1,232 1,244 1,257 1,270 1,274 1,282
6 1,198 1,211 1,223 1,236 1,248 1,260 1,265 1,273
8 1,190 1,202 1,214 1,227 1,239 1,252 1,256 1,264
10 1,181 1,193 1,206 1,218 1,230 1,243 1,247 1,255
12 1,173 1,185 1,197 1,210 1,222 1,234 1,238 1,246
14 1,165 1,177 1,189 1,201 1,213 1,225 1,229 1,238
16 1,157 1,169 1,181 1,193 1,205 1,217 1,221 1,229
18 1,149. 1,161 1,173 1,185 1,200 1,209 1,212 1,221

0 20 1,141 1,153 1,165 1177 1,188 1,200 1,204 1,212
22 1,133 1,145 1,157 1,169 1,180 1,192 1,196 1,204

T 24 1,126 1,137 1,149 1,161 1,172 1,184 1,188 1,196
. 26 1,118 1,130 1,141 1,153 1,165 1,176 1,180 1,188
28 1,111 1,122 1,134 1,145 1,157 1,168 1,172 1,180
30 1,108 1,115 1,126 1,138 1,149 1,161 1,164 1,172
1, 1,107 1,119 1,130 1,142 1,163 1,157 1,165

34 1,185 1.198 1,210 1,222 1,235 1,247 1,251 1,259




per)

Tabauybt 63
Tabauua 17
VyneabHas TenaoeMxocts ¢ (opu 20°C)

c
M 4 = 4

Teepluvie sewecrsq: Caunernt 0,13 0,031

o - CepeSpo 0,234 0,056
gg':?)ﬁ“mm 8’330 8’3%4 Cepslit yyrys 0,540 0,129
Boicokosteriporan- 0,481 0,115 C’rleé{?(l)[ ) (Mena 0,779 0,186

Has ctadb (V2A)

Boabhpam 0,134 0,032 ﬁap?op 8’229 g’(l)gg
Jiepeso 2,39 0,57 LU“H - 0,8 4 0’90
2eseso, YHCTOE 0,485 0,111 aMo ’ ¥
3051070 0,130 0,031 .
Vipunuii 0134 0,032 JKudxne sewecrsa:
Kgapueroe crexno 0,729 0,174 | Aueron 2,16 0516
Kupnuy 0,92 0,22 benanu serxuii 2,09 0,5
Kosucranran 0,410 0,098 | Boaa 419 - 1,0
Jlatyup 0,385 0,092 | I'nmuepun 2,39 0,57
Jlen (°C) 2,09 0,50 Mamunnoe Macno 1,67 04
Menp 0,385 0,092 { Metunopmift coupt 2,47 0,59
Moavsnen 0,251 0,060 | Tlentan 2,18 0,52
Huxesn 0,448 0,107 | Prytp 0,138 0,033
OJ1080 0,218 0,052 | Toayor 1,72 0,41
{TsaTuna 0,134 0,032 | Drunoewmii comptr 2,39 0,57

Taamuna 18

YneabHan TenJ0eMKOCTh Ta30B €

°p

[

v

kAx/i(xkr-K) kgan/(gr-K)

iJhui(kr-K) kranf(xr-K)

Asor

Bonopon

Bosnyx

Tennii

JiByokucsy yraepona
Kucaopon

Oxxer yraepona

1,038
14,27
1,009
5,238
0,846
0,917
1,047

0,248
3,408
0,241
1,251
0,202
0,219
0,250

0,745
10,13
0,720
3,161
0,653
0,653
0,754

0,178
2,420
0,172
0,755
0,156
0,156
0,180

e o o e e
i O O il B
SO OO
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Tabauua 19
TennoTa CropaHMa TBEPALIX M MHAKUX BelyecTB

H H N
MJLxfer  xKaA/Kr MIaxfer Kranfic
Awnrpauar 31 7400 | Bensun 42 10 000
Bypsiii yroas, 6pu- 21 5000 | Benaoan 40 9 600
KeTHl - HuseabHoe . Tom- 42,7 10203
Bypui#i yroab 14,7 3500 JHBO
HeoOpadoTanshii 84 2000 | Kepocun 40,8 9750
HepeBo cBewee | 8 1900 | Masyr 41 9,800
JepeBo cyxoe 15 3600 | Mermnanoseit cngpr 19,6 4660
JIpeBecHH yrosib 31 7300 | Harypaabuas 41 9800
KaveHunifi yroan 29,3 7000 nedrn
Koxke- 29 7600 | Cunpr 25 5983
Topd cyxoit 15 3600 | drusoewifi cnupr 27 6500
. : Sup 34 8200

Tadnunua 20

TenaoTBOpHan crocobHOCTL FA3000pasHbX Beutects Hy
(npu 0°C u 101,3 gla)

H H

MIx/M®  kran/m® MIx/M®  kKanw®

AMmuax 14,2 3390 | Oxucb yraeposa 12,6 3020

Anetusen 56,9 13600 | Ilponan 93,4 22300

Byran 124 29500 | Iponuaen 88,3 21109

BriTopoil ras 15,9 3800 | Ceposonopon 23,7 5 660

20,1 4800 | Dran 64,5 15400

Bozopon 10,8 2580 | Druiaen 60,0 1437
Konownukosslit raz 3,98 950
Meran 35,9 8580

Tabauna 21
Kpuockonmueckue ¥ 90yAHOCKONHUESCKHE NOCTONHHBIE

PacraopRTesib K, 10° K E, 10° K

BeHzoa 5,07 2,64
Bonra 1,86 0,521
JlusTuasgup 1,79 L83
Cepoyraiepos, 2,20
VYKcycHas KHCAOTA 3,9 3,07
Xnopoopm 4,90 3.80

YeTHPeXXJOPUCTIEL YIJIEpOd 29,8 4,88




Tabauyo ' [ 465

Ta6auna 22
TemnepaTypa IUiaBnenus £, M YACIbHAS TENNOTa NJaBIEHUR §

PSS

q
Eom °C
®AR/RT * RKadfRr
Aszor ~-210,0 )
Amomuiit 660,1 397 948 .
Aummuar 77,7
Aneton —94, 9 98 234
Bewnzoa 5, ,53 128 30,6
Bucmyr 2713 52,2 12,5
Bona 0 333,7 79,7
Bogopon —250,2 58,6 14
Boardpam 3380 192 459
Tanuepun 18,4 201 48
Jisyoxrucey yriepoza —56,6
Justuasdup —116,3 98,4 23,5
Kereao uncroe 1835 277 66,2
3oa010 1063 65,7 15,7
WMpupsit 2454 117 27,9
Kucaopon -2188
Kpemunit 1420 164 39
Jlatyun 920
Mensp 1083 205 49
MeTun0BBIE cOnpT 97,7 92 22
Hukedn 14563 303 72,4
Oxuce yriepoia —3205,1
Onoso 231,9 59,6 14,2
ITapadun 34
Tnatnna 1769,3 111 26,5
Pryrme —38,87 11,8 28
Cenuen 327,4 23,0 5,5
Cepedpo 960,8 104, 5 25
Cepuast KrCIOTa 10,5 109 26,0
Cepeolil uyryn 1200
Craap anran 1500
Yraepon 3650
1leanit 28,64 16,4 39
1laag '419,5 111 26,6

SfuaoBHIl CONPT —114,5 108 25,8




466 TaGruyb

TaGauna 23

Temnepatypa kupeums fx M yHenabHaa 7enjora napeofpasosaHun r %

{upy pasaennu 101,3 klla #)

t. °C
sJLK/ERE KKaJ/Kr

Asot —195,82 198 473
AmoMuunii 2 450 10 500 2603
Ammpak —33,4 1 370 327
Aueron 58,25 521 125
Benson 80,1 304 64,1
Bona 100 2 956 538,9
Bonopoxn —252,77 454 108
Tenui —268,94 20,6 4,92
Tapuepun 290,5
JIByOKHCH cepbl —10,02 390 93,1
Jumetnnadup —24.8 467 {12
Justunsdup 34,5 384 91,7
JXeseao uucroe 2738 6 340 1514
3osoTto 2700 1850 394
‘Kucaopon —182,97 213 50,9
Kpunton ~—153,4 108 25,8
Mennp 2 590 479 11490
MeTan —181,5 510 122
MeTunoBbifl cMpT 64,6 1100 263 -
Huxenn 2800 6480 1550
Ounoeo 2 430 2450 585
Tleatan 36,1 360 86
IMponuaoBuI# COUPT 97,2 750 179
Prytp 356,58 285 88,1
Cauuen 1750 8600 2054
Cepa 4446 290 69,3
Toayon 110,62 364 86,9
Yraepon 4 350 5.10¢ 12000 -
Docdop 280 400 96
®peon 12 (CCILF9) —24.9 162 38,7
Xnopodopu 61.3 279 66,6
Tlunk 907 1755 419
YeTplpeXxJI0pHCTHE yIepol 76,6 195 46,6
OTHAORHIH COUPT 78,33 840 201"

* Jlo 1980 r,: 760 MM pT. €T,
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Ta6auna 24a
TemnepaTypa Kulesus 50bl NpH ONpEJeeHHOM P aBJCHHH

P P
t, °C t, °C
klla ar Kklla art
0,981 0,01 6,698 1471 I,B 110,79
1,961 0,02 17,20 196,1 2,0 119,62
3,923 0,04 28,64 245,2 25 126,79
9,807 0,1 45,45 294,2 3.0 132,88
19,61 0,2 59,67 392,33 4,0 142,92
29,42 0.3 68,68 490,3 5,0 151,11
39,23 0,4 75,42 588,4 6,0 158,08
49,03 0,5 80,86 686,5 7.0 164,17
58,84 0,6 85,45 7845 8,0 169,61
68,65 0,7 89,45 8826 9,0 174,53
78,45 0,8 92,99 980,7 10,0 179,04
88,26 0,9 96,18 1961 20,0 211,38 -
98,07 1,0 99,09 2452 25,0 222,90
101,3 1,033 100,00 4903 50, 262,70 H
9807 100,0 309,53
Tatsuua 246
3asucUMOCTh TEMIEPATYPLI KHIEHUA BOAL! OT AaBleHus *
mosp O 1 2 3 4 5 6 7 8 9
940 979 9 o0+ o+ o0+ 1+ i+ 1+ 1+ oF
9%50] 982 2 3 3 3 4 4 4 4 5
960 | 985 5 6 6 6 B 7 7 7 8
970 | 988 B8 B8 9 9 9 ot ot oF oF
980 | 99,1 1 1 2 92 2 2 3 3 3
990 | 994 A4 4 4 B 5 5 6 6 6
10001 996 7 7 7 7 8 8 8 9 9
1016 999 9 o+ o+ ot o+ 1+ 1+ 4+ 2F
10201002 2 2 3 3 3 A A 4 4
1030 {1005 5 5 5 6 6 6 B 7 7
10401 1007 8 8 8 8 9 9 9 9D 0t
1050 | 1010 0 .1 )1 | R | 2 2 2,2

* Kpectuk (+) 03Hagaer, uto mepepn 3ansroll ¢ToAT UHGPH, YKA3aHHLIE B cies
Rywoutelt cTpoKe,
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Taganua 25

Jlassenne HACHIUICHAA
{pu 20°C})

gt

p r
xlta MM PT. CT. Mlla art
Axneron 24,0 180 Amwvnrax 857 - 8,74i
Beusoa 10,0 75,2 Byran 209 2,13
Boaa 2,34 17,54 Jieyoguce cepel 330 3,37
Hustrnsgup 58,4 438 MeTunenxao- 46,1 0,470
MerunoBBI# 129 97 P :
COEpT Merunxnopun 489 4,633
Tentan 56,5 4241 FHpona#n 837 8,54
PryTh 1,63-10™* 1,22.107%| Ppeon 12 567 5,779
Cepoyraepos, 40,0 299,7 Cpeont 22 097 9,35
Toayoa 2,93 22,0 Xaopueroii 4217 430
TpusaopaTHIeH 7,20 54 BOJODOA
XnopobopmM 21,3 160
teTepexxaopu- 12,1 91
CEBL yrulepox
2FHAOBBIA CHHPT 5,87 44,0
Tabanpa 26
Hasnenne u NBOTHOCTE HACHIUIEHHBIX NAPOE BOAbI
z,°C £ Ppaxer | 1,°C F Ortane
Klla MM PF. €T, o/m? kIla MM pT. CT. rfpac-
-5 0,401 3,01 3,25 12 1,401 10,51 10,67
—4 0,437 3,28 3,563 i3 1,497 11,23 11,36
-3 0,463 3,47 3,83 14 1,597 11,98 12,08,
—2 0,517 3,88 4,14 15 1,704 12,78 12,84
o] 0,563 4,22 4,49 16 1,817 13,63 13,65
0 0,611 4,58 4,85 17 1,937 14,53 14,50
1 0,656 4,92 5,20 18 2,062 15,47 15,39
2 0,705 5,59 5,537 19 2,196 16,47 16,3%
3 0,757 5,68 5,95 20 2,337 17,53 17,32
4 0,813 6,10 6,37 21 2,486 18,65 18,35
5 0,872 6,54 6,80 22 2,642 19,82 19,44
6 0,935 7,01 727 23 2,809 21,07 20,60
7 1,005 7,54 7,79 24 2,984 22,38 21,8t
8 1,072 8,04 8,28 25 3,168 23,76 23,07 -
9 1,148 861 8,83 26 3,361 25,21 24,40
10 1,227 9,20 9,41 27 3,565 26,74 25,79
11 1,312 9,84 10,02 28 3,780 28,35 27,26




Tabauyor

Tabanua 27

KpurHueckan temMneparypa u

KpUuTuiUeCKOe AABJILHHE

Pg
te °C
MIla art
Asot —146.9 3,39 34,6
AumHEaK 132,4 11,30 115,2
Ancruaed 35,94 6,26 63,8
Aueron 235,06 4,72 48,1
Boaopon —239,91 1,30 13,23
Boasinoii nap 374,2 22,11 225,5
Bosayx —140,73 3,78 38,5
Teanii --267,95 0,229 2,34
JiByokucs yraepoaa 75,27 3,04 31,0
Kucjopon —118,38 5,08 51,8
Meran —82,3 4,64 47.3
Okucb yriepona —140,1 3,50 35,65
Tlponan 96,8 4,26 43,4
DTRACBLIH CHHPT 243 6,38 65,1

'-Taﬁ.nuua' 28

TennonpoBonHoeCTb. %, Br/(u-K)

Xopouuse npoBOIHAKH

Ils0xHe RPOBOIHHKH

Tenaou30J8TOPE

Telfa TEAa

CepeGpo 407 Prytb 8,2 Actect 0,4—0,8

Megan 384 Korteabuas =3 {TosuBnuuA- = 0,17

3oxo0To 308 HAKMIIb RJAOPHL

Antomuuuit 209 Mpamop 2,8 | Koxa ~ 0,15

JlatyHe 33! Jlen (0°C) 2,23 | HepeBo 0,1—0,2

Tlnatuna 70 . { Tlecuaumx ~ 2 - Apesecunit  0,1—0,(7

QsioB0 65 Paphop =~ 1,4 yroJip

Cepelfi uyryH 50 Ksapuesoe 1,36 | ITpoGka == 0,05

Bpousa 4758 CTeKJ0 Crexnopara & 0,05

Cranb 47 Bertou 0,7—1,2 | Illamor 0,04

Crutien 35 Crexao ~ 0,7 | [enonsact 0,04
Kupnpy =~~~ 0,7 Boanyx 0,034
Boaa 0,58 | Hepo 0,02

Baryym 0,00

1 kxaa/(a+u-K)==1,163 Brpn-K); 1 Brj{m-K)==0,860 kranj{m-9-K),~
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TaGnuna 29
Kosdduuuent tenacotnauu

o, Br/(M2-K)

Croxofinad Boja — MeTajulHueckasi cTeHKa
Terymas Bofa — MeTaLJH4ecKas CTEHKA
Kunsiias Bona — MeTasIMuyecKas CTeHKa
Kounencupyonuiics BofsHoll nap
Bosayx — ryajkas NOBEPXHOCTH

350 ... 580

350 4+ 2100 4/v*
3500 ... 5800

5,6 40*

10500

# Y—(CKOPOCTL B METPaX B CCKYHIY.

Tabauua 30

KoasuniuweHT Tennonepepaud CTPOMTENbHHIX Matepuasos R, Br/(m?- i)

Tomuuua CTeHKH, ¢M 0,3 1 2 5 10 12 13 20 25
Beron ¢ rpasueMm 4.1 3,5 3,1 2,8
JepeBngHas cTeHa 3,8 2,4 1,7
JKenezoberTon 4,2 3,7 3,3 2,9
Kupmiy 2,9 2,0
CUNBKATHLIE KHPOHY b 2,2
Crersno 58 56
1nakoBbiii KHpnHY 2,7 1,7
Uepennyuas Kpenua 0e3 YHJOTHEHHS l‘g
Hepentynas KPeinla ¢ YNJOTHCHREM 6
HapyxnBoe oKHO, OfHHapHOE 7
HapyxuHoe okHo, nsoiinoe 3,3
HapyXHasa nBepb, LePEBAHHASA 4,1
Tabamuna 31
HaayuatenbHas cnoco0HOCTB

Matepuan € Marepual &
Amomunuii, otsiega B necke 0,3 Macasinaa Kpacka 0,78
AgnoMunnf, noaupopanpit 0,051 | Mens, nonupopannas 0,04
AuroMuuuff, IpoKaTaHHbL 0,081 | Mexap, uepsan 0,78
Bonaa « 0,92 TlnatuHa, noaMpoBanHAA <0,05
JKeneso, nonuporaHHOE 0,29 | IMecox 0,76
Kupnnunast Kiagka 0,93 | Caxa 0,95
Jlncrosas crane, uHEeanpo- 0,06 | Cehuen, oKcrAHpOBaHHBIN 0,23

BaHHas Cepulfi uyryd, HeoOpabo- 0,94
Jluctosasi craam, ouuHko-~ 0,25 TaHHEL

BaAHHAsn IlJamor (1000°C}) 0,55
JluctoBas cTanb, npokar 0,67




Tabauypt

T w

TaGauua 32

CKOpPOCTH 3BYKA B Pa3JMuHbIX cpepax

Boaepofi nopor

e, e | ¢, mic
Crane 5100 Crerio 5000
I'pasur 3950 Ceunell 1300
Kapnuduas Knajika 3480 Bona (0°C) 1485
JHepeso 4006 JByoKHCE yraepona 258
TTpobka 500 (0°C)
Pesuna 54 Bonopon (0°C) 1286
Bosnyx (0°C) 331,8
Tabauua 33
Koa@@uunenT sBykousonnuun D cTpOMTEbHBIX MATEPNANOB
Toguwsa 1, g
Kdpnuugaa creHa, oIiTysaTypennas 1/4 wuprmuua 9 42
1/2 kuprnuya 15 44
1/1 xupuyua 27 50
JipeBecHO-BOJIOKHHCTASA TIHTA 2,5 35
Berounas nnura 15 ... 18 48
Kneenan ¢anepa 0,5 19
Tonactoe Crexno 06 ... 07 29
OpuHapHoe OKHO 15
Jeo#iHoe oKHO 30
OpuHapuas nsepo no 20
JBofiHan JBepb 40
Tabauua 34
I'peMkoctb 3Byka L
L, L.
box don
Hoéo‘r CHBIIIHMOCTH 0 | Tpomkuil yamyHbl HIyM 70
Tukaupe yacos 10 | Kpux 80
Tlenor 20 | IesMaTnueckoe CBepJo 90
. Tuxas yauna 30 | KysHeussll uex 100
ITpurnywensni pasrosop 40 | KnenaneHetii MONOT 110
Pasrosop 50 | Camonerssiit npurateap 120
Iamyimas MawnHga 60 Ha paccTosiHuM 4 M 130
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TaGauua 35

Moka3zarens NpesoOMIEHEA R

(orHocuTebHo Boszyxa npu 20°C un 101,3 xIla aas A = 5893 uwm)
BeugecTno n I BemecTso 13
Aamas 2,4173 | Kopuunoe macio 1,604
AmMmuarg 1,325 Kpouraac FK 3 1,46441
Amiaun 1,586 BK 1,61002
Bensoa 1,5014 BK 7 1,51626
Bona 1,33299 K 3 1,51814
Tnuuepun 1,4695 SK 1 1,61016
Junstaasdup 1,3829 | [lnexcuraac 1,491
Venagnckuit  umiat, se- 1,48643 | Ioancrnpod 1,588
OGBIKHOBEHHBIH JIyu Cepoyraepox, 1,6277
Vicaagpcknil winar, obmx-  1,66836 | ®aunrraac F 3 1,61279
HOBENHHH AyY SF 4 1,75496
Kamennas conb 1,5443 | Yermpexxaopnersil yr- 1,4607
Kanajcruii 6aninzam 1,542 Jaepoj
KpaplieBoe CTEKJIO 1,4584 | DTusoBnili CHEpT 1,3617
Kenposoe Macio 1,505 :
TaGanua 36 ]
Jinvsbl BOJH HEKOTOPLIX BAMHLIX CNEKTPANRBHEIX JHHMIL
A, BN A, M
393,3666 Kaneumnii Ca- 535,046 Taaauit Ti
306,8468 Kaapunit Ca 546,0740 Pryts Hg
404,6561 PryTh Hg 576,9596 P1yTh Hg
410,1735 Bozopoxn H 579,0654 Pryre Hg
429 6728 Kaawiuiii Ca 587,5618 Te:mit He
430,7905 Kedeso Fe 588,9953 Harpusi Na
4340465 Bozopoz H 589,6923 Harpuit Na
435,8343 Pry1b Hg 610,3642 Jurnit Li
438,3547 JKezaeso Fe 636,2347 1Inux Zn
441,463 Kazanmii Cd 643,84696  Kapmmii Cd
4471477 Teanii He 656,2725 Boznopoa H
460,7331 Crpontuit Sr 667,8149 Teauii He
468,02983 JKeaeso Fe 670,7844 JluTuit Li
479,9914 Kazmuii Cd 686,72 Kucitopoz, O
486,1327 Bojopoz H 706,5188 Teanit He
492,1929 Teanit He 760,82 Kueaopoa O
508,5824 Kaamnii Cd 766,4907 Kaauit K
~ B27,03602 JKeaeso Fe 769,8079 Kaanit K
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TaGnuna 37

Q6w cseroBoil notok M u cseroornaua M/P
HEKOTOPBIX OCBETHTENBLHBIX Aamn

P, Br D, ;u Q/P, am/Br

BritoBoie namnel (220 B) 15 110 7,33 .

{opospaunwie, uokodbo E 27) 25 220 8,8 -
D asofinas crnmpals 40D 415 104 .
60D 715 11,9 .
75D 950 12,7 .

100D 1350 135

. 150 2000 139

% . 200 2920 146

(nipoapaunrte, Hokoas E 40) 300 4900 16,3
500 8 700 17,4 .

1000 20000 20,0

1500 31800 21,2

Goronamnul (220 B)

PR 250 (50 uacos) 230 3420 13,7 .
PR 500 (100 uaco) 500 6750 13,56 .
K 200 (8 uacos) 200 4800 24,0
B 500 (100 uacos) 500 10200 204
Jlavnel pis npoekropos (15 uacos) 650 20000 308
Jlamnsl fna npoektopoB (15 wacob) 1000 33000 330

Jlamnpl pasn npoektopoB (15 wacoB) 1250 42 000 33,6

TaGa. 37 (upoponixenue)
Fasopaspadnsie samine. 8biICOKOZ0 O0BAECHUS

LA P, Br @, i D/P, nv/Br

Pryraan Jgamna BHCOKOIO AaB-

aenns (Ges aiomHHobOpa)

HQA 80 0,8 90 3000 333

HQA 125 1,15 138 5250 38,0

HQA 250 2,13 268 11 500 429

HQA 400 3,25 426 20 500 48,1

HQA 1000 {c momunodopom) 7,6 1055 52000 48,3

HQLiS 80 (cepebpucro-Genmlil 0,8 20 3100 344

CBET

HQLS 125 1,15 138 5600 40,6

HQLS 250 2,13 268 12 200 455

HQLS 400 3,25 426 21500 - 505

HQLS 1000 7,5 1055 55 000 52,1 -

HQLS 2000 > 8,0 2080 115000 55,3 =
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Ta6a. 37 (npopoaxeHue)

Jliomunecyenrnoe pamnne (¢ a0 MUHODOPOM)

P, Bt D, am @/P, am/Bt
LS 20 Br, Tennmii ToH, 31 975 31,4
Genplii, 950 30,6
! JHeBHO#l cBeT 820 26,5
LS 40 Br, Ttemunii Tom, 50 2600 52,0
Genmli, 2800 56.0
JAHEBHOH CBET 2100 4290
LS 68 Br, tensamit ToH, 78 4000 513
Gensli, 4300 55,1
: IHEBHOH CBCT 3340 42,8
LS 120 Br, Genui, 144 5400 37,56
LUn 40 Br, tennwil ToH, 0efnii 50 2200 440
LUn 65 Brt, temnmii ToH, Geanlii 78 3400 43,6
Creua 5... 15
KepocuHopas namna 150
I'azopasi Jiamna 200 ... 1000
S3MeKTpoHHAs  MMIyNbCHAs — Jlamia- no 40.108
BCHHIIKa
TaGauna 38
ANEKTPOXUMAYECKHUT} IKBUBANEHT K
BaxenTt- BaseuTt-

Benlecrso * ROCTB k, mMr/Ka Beiectso HOCTD k., nc/Ka
AsmoMuunil 3 0,0932 | Hugens 3 0,2027
Bpom 1 0,8282 | Onomo 2 0,6150
Bonopon 1 0,01045 | OH-rpynna 1 0,1763
JKeneso 3 0,1929 | IIaaruua 4 0,5058
30070 3 0,6812 | Pryms 1 2,0789
Kucnopon 2 0,0829 | Cpugen 2 1,0736
Menp 1 0,6588 Cepa 2 0,1661
Menp 2 0,3294 | CepeGpo 1 1,1179
Harpnit 1 0,2383 | Xaop 1 0,3674
Hukenr 2 0,3041 uuk 2 10,3388




T =

Tabautjpt
TaGauua 39 .
VYpeasHoe ajekTpuuecwoe conpotusneHue o (upu 20°C)
e Hsonatopst
[poponsnmy Om-mu¥m Omem (2Eg’3§ﬁ’ﬁgf 0, Ot
AnoMuHHR 0,027 2,7- 10‘: DBakenur 1016
MpPOBOL 0,0287 2,87 10‘B bBenzon 1015 . 1018
Boaedpam 0,055 5,6.107 | Bymara 1018
I'padur 8,0 80-107" | Bona mmeruamm- 104
JKeseso, uueroe 0,1 1,0- 10‘B poBaHHas
3os010 0,022 2,2, 10‘3 Bona mopckas 0,3
Hpunuti 0,0474 4,74.107 | Hepeso, cyxoe 109 ... 1018
KoHcrauTan 0,50 5,0. 107 1 3emns,wnamuas 10
Jluras crane 0,13 1,3.10" | Kpapuesoe cre- 10'6
Marsuit 0,044 44 . 10‘7 KJIO
Manrauns 0,43 4,3-10" | Kepocnu 100, ., 102
Menn 0,0172 . 1,72. 10—, | Mpamop 108
HpoBOx, 0,0178 1,78.10” | Ilapapuu 104 .., 1016
Monudpeu 0,054 54- 10_7 TMapadpunosoe 1ot
Hefisunsbep 0,33 3,3- 10"6 Macso
Huxens 0,087 8,7- 10'6 Ilnexcurnac 1018
Huxpom 1,12 1,12.107. | Honuctupon 106
Onoso 0,12 1,2-107 | NMosmxnopeusmn 102
Ilnaruua 0,107 1,07-10” | Ionnatunen 1010 ., 1018
Pryte 0,96 96- 10—7 CuiimKoHOBOR 103
Csusern, 0,208  2,08.10", macno
Cepe6po - 0,016 1,6-107, | Caona 1014
Cepsiit yyryH 1,0 1,0-107 | Crexno 1ot
VYroapHble 40 4,0.107 Tpauncpopmatop- 10t¢ .., 1518
UIETKM . Hoe Macno
Linuk 0,059 5,9.107 Dapodop 1014
Mudep 106
S6ounT 106
" Hurapn 10!8
TaGauua 40 .
Temneparypustii kKostgunueny ¢ (npu 20°C)
Metan o, 103K~} MeTadn a, 10=3g—1
Amovuputft 43 Pryrh 0,92
TIpoBORA 3,7 Cepe6po 3,8
Bonedpam 4,1 Koucranran 0,03
3onoro 3,9 MaurasuH 0,02
Mennb . 3,8 Heitaunebep 0,33
Huxeas 6,5 Hugenus 0,23
TnaruHa 3,9 Huxpowm 0.25
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Tabma 41
JuanexTpuieckas NPOHUAEMOCT &

Benjectso ) Beniectro e
Baxyywm 1,0 Tleprunare 4,,.6
Bosnyx 1,000594 Caropa 4,..10
Tlapajuu 2,2 dapdop 45...68
TlonusTHneH 22 Hrenur 5
CHJINKOHOBOE MACIo 2,2...28 | IlonuxaopBrHMI 5
SluTaps 22...29 | Crexao 5...18
TonmzTuaen 23 Iugep 6...10
Hoanctupon 23...25 | Auerton 21,4
Kayuyk 25...30 | DtunosHit cnupT 25,1
B6ounT 25...4,0 | MeruaoBuil ciHpT 33,6
Ilnexkcuranac 3...4 Boza pucruanuposan- 31
DPaxenut 3...5 Has
Hepero 35...50 | Cnennaabnan xepa- xo 10000
Hleanax 36...4 MHKa
I'eTuHaxe 35...6
TaGauna 42
MarnutHas HPOHHLAEMOCTD: b

BeugecTro »
Tlepmadoit deppoMarneTny no 50000
AamasHas CTaslp » 15 000
CynepManiofi » 10000
Tlonocosoe 3Keieso » 5000
YyrynHoe AUTbE » 600
Huxenn » 300
Tpepnas CTalb » 200
TTnatuna ITapaMargeTnx 1,00026
Amomunnit » 1,000021
D6ouuT » 1,000014
Bos, AYX > 1 ,0000004
Menp IuaMarueTng 0,9999904
Crexso > 0,999987

» 0,999843

Bucmyt

—
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Tabauiia 43
XupMudeckue aneMeHTH

¢ ——————

Z — aToMHB{H HOMep, Z — BaJIEHTHOCTb,

Arp. COCT, — arperaTHoe COCTOSHHE NPH Hopma:mﬂu\ YCAOBHAX:

(0 °C; 101,3 xfla),

T — TBEPHOE, X — XKu[KOe, I — raszoofpasHoe

# — DAEMEHT LIONYUYeH WCKYCCTBEHHLIM NYTeM

* _ papHOAaKTHBHEIA 3NEeMeHT

Agmy — OTHOCHTE/IbHAS aTOMHasl Macca NPMPORHOH CMecH M3OTONOB HJIM
MaccoBOE WHCJIQ HanfoJiee CTAGHABHOrO H30TONA PafHoaKTHBELIX

SNEMEHTOR
Cuupoa z Agru E gg‘%
Asor N 7 14,0067 12345 r
AxTHHni * Ac 89 227 3 T
AmonvmHHi Al i3 26,9815 3 T
Awmepuliui * Am 95 243 23456 TH
Apron Ar 18 39,948 0 T
Acrarun ® At 85 210 1357 T
Bapuii Ba 56 137,34 2 T
Be pranuit Be 4 9,0122 2 T
Bepxanii * Bk 97 247 34 TH
Bop B -5 10,811 3 T
Bpont Br 35 79,909 135 ®
Bananwii v 23 50,942 2345 T
Bucmyr Bi 83- 208,980 235 T
Bojopon, H 1 1,00797 1 r
Boansdpan w 74 183,85 23456 T
Taposmmunii Gd 64 157,25 3 T
-Tannui Ga 31 69,72 123 T
Iadunit Hi 72 178,49 4 T
Teanit He 2 4,0026 0 r
I'epManni Ge 32 72,59 24 T
ToabMuit Ho 67 164,930 3 T
Jucnposuit Dy 66 162,50 3 T
EBponuit Eu 63 151,96 23 T
Yeneso Fe 26 55,847 234 T
Soa0T0 Au 79 196,967 13 T
Unmu In 49 114,82 123 T
Von I 53 126,9044 1357 T
Wpunnii Ir 77 192,2 12346 T
Vrrepouii Yb 70 173,04 23 T
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Fa6a. 43 (npoponmenue)

CHunBon z Aom z (:Aoré)T
Wrrpnmit Y 39 88,905 3 T
Kanmuit Cd 48 112,40 2 T
Kaanit K 19 39,102 i T
Kanudopuuii* Ct o8 251 3 TH
Kanpuumii Ca 20 40,08 2 T
Kucnopon (6] 8 15,9994 2 r
KoGanbt Co 27 58,0332 234 T
Kpemnui Si 14 28,086 24 T
Kpunron Kr 36 83,80 0 r
Keenou Xe 54 131,30 0 r.
Kiopuii * Cm 96 247 3 Tu
Jlavras La 57 138,91 3 T
Jlutuiz Li 3 6,939 i T
Jloypencuii® Lr 103 260 u
Jhorenuin® Lu 71 174,97 3 T
Marumnit Mg 12 24312 2 T
Maprauen Mn 25 54,0381 123467 T
Mene Cu 29 63,54 123 T
Megpenepuit* Md 101 258 TH
Moanb nen Mo 42 95,94 23456 T
MBIILbIK As 33 74,9216 35 T
Hatpnit Na 11 22,9898 1 T
HeopuM Nd 60 14424 3 T
Heon Ne 10 20,183 0 T
Hentyuuit® Np 93 237 23456 T
Hukeab Ni 28 58,71 1234 T
Huobui Nb 41 92,906 2345 T
Hobenmii * No 102 259 TH
Onoso Sn 50 118,70 24 T
Ocmuii Os 76 190,2 23468 T
Maanannii Pd 46 106,4 234 T
Tinatuna Pt 78 195,09 12346 T
Iryronnit™ Pu 94 244 23456 TH-
IToaonu#™ Po 84 200 246 T
Ylpaseomnm Pr 59 140,907 345 T
llpomeTnit * Pm 61 145 3 TH
MMporaktuanit® Pa 91 231 345 TH
Pannit® Ra 88 225 2 T
Papon* Rn 86 2292 0 Tl
Peunit Re 75 186,2 1234567 ~7ur
Ponuii Rh 45 . 102,905 123456 T
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Ta6a. 43 (npopoamenue)

ﬂ,:n‘ Cunpoa z Ay z &r crf‘.‘_
PryTrs Hg 80 200,59 12 K
Pyounui® Rb 37 86,47 1 T
Pyreunit Ru 44 101,07 2345678 T
Camapuir® Sm 62 150,35 23 T
CsuHen Ph - 82 207,19 24 T
Cesie” Se 34 78,96 246 T
Cepa S 16 32,064 246 T
Cepetpo Ag 47 107,870 12 T
Cranaumii Se 21 44,956 3 T
Crponumit Sr 38 87,62 2 T
Cypbnma &b 51 121,75 345 T
Tanmit T 81 204,37 13 T
Tasran Ta 73 180,948 2345 T
Teaayp Te 52 127,60 246 T
Tep6uis Th 65 158,924 34 T
Texueuni* Te 43 97 467 T
Turany Ti 22 47,90 236 T
Topuit* Th 90 232,038 34 T
Tyamit Tm 69 168,934 3 T
Yranepon, C 6 12,01115 234 T
Ypan® U 92 238,03 23456 T
Qepunii* Fm 100 257 ™
Qocdop P 15 30,9738 1345 T
Dpanpuii* Fr 87 223 T

- ®rop F 9 18,9084 i N
Xaop Cl 17 35,453 13457 £
Xpom Cr 24 51,996 23456 T
Ilesnit Cs 55 132,905 1 T

" Llepuix Ce 58 140,12 34 T
Llnuk 7n 30 65,38 2 T
Unpxonuii Zr 40 91,22 234 T

- DR mTelHNH* Es 99 254 Ty
Spbui Er 68 167,26 3 T




480

" Tabauyst

Ta6nuna 44

Itepuon nosypacnana m 3umeprust pacnapa
HEKOTOPBIX PanMOAKTHBHBIX H3OTONOB (BLIGOPOUHO)

W, MsB
Z A Ty
B~ gt v
1 H Boznopon 3 123r 0,018
6 C Yraepon, 14 5730 r 0,158
7 N Asor 18 10 mun 1,19
8 O Kucnopon, 15 124 ¢ 1,73
1l Harpuit 22 26r 054 1,274
24 15w 1,39 1,368
2,758
15 P Docdop 32 14,3 cyr 1,71
16 S Cepa 35 87 cyr 0,167
17 Cl  Xnop 36 3.10°¢ 071
38 38 mun 48 2,2: 1,6
19 K Kanni 42 124 4 3,55 1,62
20 Ca Kaaeuuit 45 164 cyr 0,254
21  Sc¢  Crauamit 46 84 cyr 0,36 1,12; 0,89
24 Cr Xpom 5t 278 cyr 0,32
2 V Banappii 48 16,1 cyr 0,69 1,3; 0,99
25 Mn Maprazen 52 57 cyr 0575 1,434
. 0,938
0,744
54 314 cyr 0,835
26 Fe JKeneso 59 45 ¢yt 0,46 1,29
0,27 1,10
27 Co KoGanbt 60 526 r 0,31 1,??3
1173
29 Cu Meap 64 128 u 057 066 1,34
30 Zn llusx 65 246 cyr 0,326 1,12
33 As  Mumbsg 76 268 cyr 2,97 0,559
2,41 0,657
1,76 _
77 388 cyr 0,68 0,52 0,25
35 Br Bpom 82 355 u 0,44 1,47; 1,31
1,04; 0,83
0,70

0,61; 0,55




Faba. 44 (nponoskenue)

Tabauyot

T 481

e

5,13

W, MsB
z A Tii2
a B~ K
36 Kr Kpunron 85 106 0,67 051
38 Sr Crponnuit 89 54 cyr 1,5
9 29 r 0,51
39 Y Irrpnit 9 64 uq 2,27
47 Ag Cepedpo 11 75 cyr 1,06 0,34
- 51 Sb CypbMa 124 60 cyr 23 0,60
0,62 1,69
0,2 2,09
53 1 Hoa 131 8,08 cyr 0,61 0,364
0,33 0,639
54 Xe Kcenou 133 5,3 cyr 0,34 0,081
55 Cs Ileanfi 137 30 r 0,52 0,662
58 Ce llepnit 144 284 cyr 0,32 0,134 ...
0,18
61 Pm IIpomernii 147 25 ¢ 0,22
69 Tm Tymmit © 170 125 oyt 097 0084
0,88
74 W  Boabdhpam 185 74 cyt 0,43 0,i25
77 It Vipuani 192 74 cyr 0,67 0316
0,54 0,468 ..,
0,24
79 Au 3oaoto 198 2,7 eyt 096 0412
84 Po Tlogound 210 1384 cyr 531 0.80
86 Rn Panon 922 3,83 cyr 5,49 051
88 Ra Paanit 226 1601 r 2’28 0,186
90 Th Topnit 232 141-100r 4,01 0,039
91 Pa Tlporaktummit 231 325-10'r 505... 0,36 ...
233 27,4 cyr 0,26 0,42...
0,15
92 U ¥pan 234 25-10°r 477 0,12
4,72 0,05
235 7,1-108 r 4,35 0,18
5 4,56 0,14
B 238 45-10° r 4,19 0,048
-9 Np Henrynut 239 23 ¢yt 0,72 ... 033...
84 Pu Tlayromuit 239 244-10*r 515 0,42




482 Tabaybt

Tadanua 45

Kospduuuent ocnabaenns y-uanyuenus Co-60

0, xr/am® W, em™
Cauuen 11,34 0,53
Craab 77 0,34
Uyt yu 74 0,3
Beron 3.2 0,14
2,7 0,12
2,1 0,09
Kupuny 1,7 0,075
1,5 0,065
Taémuua 46

Kosduunent ocnabaenns y-usayuenus

1

W, eMmT
VW, MsB
Ceunen Ropa Amovuai#t  JKeaeso  Tpaduar Bozayx
0,10 650 0,171 0,455 291 0,32  2,00-10~*
015 228 0,151 0,371 1,55 0,304 1,76 10~*
020 11,1 0,137 0,328 1.15 0,277 1,59 10—¢
030 4,43 0,119 0,280 0,865 0,241 1,38-10*
040 262 0,105 0,249 0,740 0214  1,23-107*
050 1,80  0,0966 0,227 0661 0,195  1,12-107*
0.80 0,999 00786 0,184 0526 0,159  913.107°
10 0798 00279 0,165 0471 0,143  82t-107°
1,5 0,591 0,0575 0,135 0382 0,117 6,68-107°
2,0 0,518  0,0493 0,116 0,334 00999 574-107°
30 0,475 0,0396 0,0950 0,284 00801 463-107°
40 0,472  0,0340 0,0834 0,260 0,0684 398° 10_.‘§
50 0,480 0,0302 0,0761 0,247 00603 354107
80 0519 00242 0,0651 0,233 00482 2871077
19 0,552  0,0220 0,0619 0,233 00439 2,62-10,
13 0,628 0,0193 0,0584 0,241 00380 2,31-10G;
20 0,694 00180 0,0578 0,250 00351 2,19-10
30 0,792 0,0170 0,0584 . 0269 00329 2,08-10_;
40 0,863 0,0166 0,0603 0,285 00320 2,06-10,
50 0,915 0299 00320 2,08-10

0,0166

0,0616




Tobauypt

T 483

TaGanva 47

HexoTopbie OCHOBHBIE (H31UeCKue NOCTOAHHbIE

CropOCTb CBET2 B Bakyyme
VcropeHHe CBOSOAHOrO MafeHusl

T paBHTALHOHHA NOCTOSHHAR
Ta3opas OCTOAHHARA
HopManbHblii MOJSIPHBEIE 061L.eM
Ioctosiunan Aporaapo

Uyeno JlommMuara
TTocrosinnast Bonvumana
TloctosiHHAA HSIYUEHHS
DnekTpHUCCKan IHOCTOSIHHAN
- MarHaTHas NOCTOAHHASA
Yucno Papazes
DanevieHTapubii

sapan
Tlocroauuas Ilnanga

DAEKTPHUYCCKAS

Macca 1noxos 3JeKTpoHa
Macca 1okost npoToHa
Macea nokoss Hefitpona

AtoMHas eamHNLA Maccol

b=

¢ = 2,99792458 - 108 w/c
gy = 9,80665 m/c?
vy =6,672- 1071 y¥(kr- &)
R =2831441 Ix/(K - moab)
V== 22,41383 m?/moab
N 5 = 6,022045 - 10%* moap—!
Ny =2,686754 - 10 u~3
k= 1,380662 - 106™2% /K
¢ =5,67032- 1078 Brf(u” - K)
e, = 8,85418782- 10" 2 @/
o = 1,25663706144 - 1076 Tufm
F = 9,648456 - 10* Kn/vosp
e=— 16021892 10~'° Ka

B =6,626176-10~3* M - c
B/27 = 1,0545887 - 103 Qe
Me = 9,100534 - 10731 kr

= 5,4858026- 107 % a. e. m.
mp = 1,6726485 - 107 xr

== 1,007276470 a. e. m.
g == 1,6749543 - 10~ % xr

= 1,008665012 a. e. M.

a. e; M. == 1,6605655 - 10~ kr

Tabanna 48
Bykenl rpeueckoro asngarura

Ao  ampda I

BB Gera Ko
Ty rauma AA
Ad gpeabra Mp
Ee sncwion N
Zt nsera Bt

Hy a7a Oo
L) Ix

TCTa

flota Pp po
Kanna 2o  curma
naMbaa T+ ray

MIO Yv uuchiaon
HIO Q¢ ¢u

KCH Xy xu
OMMKPOH W+ ncu

1 Qo oumera
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Tas auet

Ta6auna 49

Tpuronomerpuueckue QyuKuun # yrabl, BLIPAMWEHHbIE B rpagycax

a arc o sin a ' ig o cig o cos o
e 00000 | 0,0000 ‘ 0.0000 ! o ’ Loo00 | 1sros | oo
g1’ 10,0029 0,9029 0,0029 343,8 1,0000 1,5679 89°50"
e 04,0083 06,0058 0,0058 171,9 1,0000 1,5650 BG4V
630’ 0.0087 0,0087 0,0087 114,6 1,0000 1,5621 89°30
o407 0,0116 0,0116 0,016 85,94 0,9999 1,5592 899207
0°30/ 0,0145 00145 0,0145 63,75 0,9999 1,5562 89°10"
1° 0,0175 0,0175 0,0175 57,29 i 0.9948 15533 | 89°
o1 0,0204 0,0204 0,0204 49,10 0,9908 1,5504 88°517
1020 0,0233 0,0233 0,0233 42,96 0,9997 1,5475 8840’
1930/ 0,0262 0,0262 0,0262 38,19 0,9097 1,5446 88°30"
12407 0,0201 0,0291 0,0291 34,37 0,9996 5417 88990”
19507 0,0320 0,0320 0,0320 31,24 0,9995 1.5388 88°1(Y
2° 0,0349 0,0349 0,0349 98,64 l 0,9994 1,5359 | 88°
20107 0,0378 0,0378 0,0378 26,43 0,9993 1,5330 879507
20207 0,0407 0,0407 0,0407 24,54 0,9992 1,5301 87°40¢
2930/ 0,0436 0,0436 0,0437 292,90 06,9990 1,5272 87°30"
2040/ 0,0465 0,0465 0,0466 21,47 0,9989 1,5243 §7°20"
293¢/ 0,0495 0,0494 0,0495 20,21 10,9988 1,5213 87°10
3° 0,0524 .§ 0,0523 0,0524 19,08 0,9986 1,5184 | &7°
30107 0,0553 0,0552 0,0533 18,07 0,9985 1,515 86°50°
3030 0,0382 0,0581 0,0582 17,17 0,9983 15126 86°40
3°30/ 0,0611 0,0610 0,0612 16,35 0,9981 1,5097 86°307
3090/ 0,0640 0,0640 0,0641 15,60 0,9980 1,5068 86°20"
3°50" 0,0669 0,0669 0,0670 14,92 0,9978 1,5039 6o10”
2 0,0698 0,0698 0,0699 14,30 0,9976 1,5010 | 86°
40107 0,0727 0,0727 0,0729 13,73 0,9974 1,4981 85°50"
49907 0,0756 0,0756 0,0758 13,20 0,9971 1,4952 85°40°
4530/ 0,0785 0,0785 0,0787 12,71 0,9969 1,4923 85°30°
42407 0,0814 0,0814 0,0816 12,95 6,9967 1,4893 85020/
430" 0,0844 0,0843 0,0846 11,83 0,9964 1,4864 85°107
50 0,0873 0,0872 0,0875 11,43 0,9962 1,4835 | 85°
6° 0,1047 0,1045 0,1051 9,514 0,9945 1,4661 84°
7° 0,1292 0,1219 0,1228 8,144 0,9925 1,4486 83°
3 0,1396 0,1352 0,1405 7,115 0,9903 1,4312 89
9 0,1571 0,1364 0,1584 6.314 0.9877 1,4137 81°
10° 0,1745 0,1736 0,1763 5,671 0,9848 1,3963 | 80°
' oS G ciga tg a sing arca G




Tatauyer

Ta6a. 49 (npojoJkenue)

o arc a sina fg a ctg a cos
it° 0,1920 0,1908 0,1944 5,140 0,9816 1,3788 79°
[e° 0,2094 0,2079 0,2126 4,705 0,9781 1,36i4 78°
13° 0,2269 0,2260 0,2309 4,331 0,9744 1,3439 77°
14° 0,2443 0,2419 0,2493 4,011 0,9703 1,3265 76°
I5° 0,2618 0,2588 0,2679 3,732 0,9659 1,3090 75°
i6° 0,2793 0,2756 0,2867 3,487 0,9613 [,2015 74°
17° 0,2967 0,2924 0,3057 3,271 0,9563 1,2741 73°
18° 0,3142 0,3000 0,3249 3,078 9,9511 1,2566 72°
[9° 0,3316 0,3256 0,3443 2,904 0,9455 1,2392 71°
20° 0,3491 0.3420 0,3640 2,747 0,9397 1,2217 70°
21° 0,3665 0,3584 0,3839 2,605 0,9336 1,2043 69°
22° 0,3840 0,3746 0,4040 2,475 0,9272 I,1868 68°
23° 04014 | 0,3907 0,4245 2,356 0,9206 i,1694 67°
- 94° 0,4189 0,4067 0,4452 2,246 0,9135 11519 66°
25° 0,4363 0,4220 0,4663 2,145 0,9063 I,1345 65°
26 0,4538 0,4384 0,4877 2,050 0,8988 1,1170 64°
27° 0,4712 0,4540 0,5095 1,963 0,8910 1,0996 63°
28° 0,4887 0,4695 0,5317 1,881 0,8829 1,0821 62°
29 0,506 0,4848 0,5543 1,804 0,8746 1,0647 6I°
30° ) 0,6236 0,5000 0,6772 1,732 0,8660 1,0472 60°
31 0,541 1 0,6150 0,6000 1,664 0,8572 1,0207 59°
32° 0,5585 0.5299 0,6249 1,600 0,8480 1,0123 58°
33° 0,5760 0,5446 0,6494 1,540 0,8387 0,9948 57°
34° 0,5934 0,6592 0,6745 1,483 0,8290 0,9774 56°
35° 0,6109 0,5736 0,7002 1,428 0,8192 0,9599 55°
36° 0,6283 0,5878 0,7265 1,376 0,809) 0,9425 54°
37° 0,6458 0,60§8 0,7536 1,327 0,7986 0,9250 63°
38° 0,6632 0,6157 0,7813 1,280 0,7889 0,9076 52°
39° 0,6807 0,6293 0,8098 1,235 0,7771 0,8901 51°
40° 0,6981 0,6428 0,8391 1,192 0,7660 0,8727 a0°
41° 0,7156 0,6561 0,8693 1,150 0,7547 0,8552 49°
42° 0,7330 0,6691 0,9004 1,111 0,7431 0,8378 48°
43° 0,7505 0,6820 0,9325 1,072 0,7314 0,8203 47°
44° 0,7679 0,6947 0,9657 1,036 0,7193 0,8029 46°
45° 0,7854 0,7071 1,0000 1,000 0,7071 0,7854 45°
cos ¢ clg o tg o sina are o o




T 487

486 Ta6auyet 3 Tafauyst
TaGauna 50 f
IepuonruecKas CHCTEMA 3JE€MEHTOB }
. .
5 pynna i 'pynna 2 Cpynna 3 pymna 4 pynna 5 rpynna 6 I'pynna 7 [pynna 8
@
=
I H ’ 2 He
1 | Bogopon [ Teantt
1,008 ] ) 4,003
r
3 L 4 Be 5 B 6 c 7 N (8 © D : Ne
2 | JInrud Bepuamni Bop Yryepon Asot - ‘ Kucgiopon drop €OH
6,941 9,0i2 10,8 i2,01 14,01 16,00 19,00 20,18
11 Na 12 Mg 15 Al 14 Si 15 P 6 S ;{7 ct f Ar
3 | Harpui Maruuii AnoMAHEI Kpesmuuit docdop Cepa JIOp Pron
92,99 24,31 26,98 28,09 30,97 32,06 35,45 39,95
19 K 20 . cCa se 2 T 22 v s @ 2 A’V/;" i ;(e % ;°6 7 :‘ 3
Kammi Kanpuut CKaugui TuTtan Banaauft £pom mapramel FAEIE30 0VaJILT,, SARCHD
39,10 y 44,96 47,90 0,94 52,00 54,94 55,83 58,70
4 - )
cu 29 Zn 30|t Ga 32 Ge 33 As i‘* i Se 3]‘35 MBT ‘:’f Kr
Meap LiuHK I'anmit T'epManui MEBINIBSIK peten DO DRIZOH
63,55 65,38 69,72 72,59 74,9 % 799 5
Mo 42 Tc 3 Ru 44 Rh 45 pd 6
8 3¢] 0 4
s Rb 3 Sr N Y 8 Zr N 4 Nb N 4 Monu6nen Texuermi Pyrennit Poani Hannapuit
Py6upni Crponnuit Hrrpuit D vipkouuni Huo6ui 05,04 [97] 1611 102.9
_ ] 85, y 88,91 s 92,91 1 : .
5 - - 52 5 54
A @ cd 8|4 In 50  sn 51 sb Tem;pe ;On ! ;ceﬂo’f{"
Cepe6po Kaamuit Hupuh OusnoBO Cypema ' 196.9 131.3
107,9 12,4 114,8 1i8,7 1218 ' . i
= E3 w 74 Re 75 Os 76 ir 77 Pt 78
8  Cs 5  Ba La 57 Hi 7 Ta 7| Bosnedpam Peunnii Ocnmni Hpumpnh IlnaTtuua
L eanii Baputi Jlantan I'aduui Tanran i 83, 186,2 190,2 192.9
6 132,9 137,3 138,9 178,5 80,9 | = 4 ’
I 18 Po 85 At 8 Ra
Au 79 Hg 80 ] 8I Tl 82 Pb 83 Bi Tonousii AcTaTHH Panon
3osot0 Pryte Tannut Ceunen BrcmyT [209] [210] [222]
197,0 200,6 2044 207.2 )
o o 106 107 [MaccoBoe uHeno nan6osee cTaGHNBHOrO H30TONA]
87 Fr 88 Ra Ac 89 Ku 104 Ns 105,
7 | ®panunit Papuii AxTHHHN KypuaTtoBurl HunbcGophil [263] 2611
[223] 2261 [227] [261] [26i]
. - - - o 65 Tb | 66 Dy | 67 Ho | 68 Er | 69 Tm | 70 yb | 71 Lu
Jlauraunpn | 58 Ce | 59 Pr{60 Nd|6i Pm|[62 Sm {63 En|6s G Tep6ut: Iucripo- — Sp6ui Tymat Wrrep6ut | Jiorewst
Llepnit IMpaaeo- | Heogum | Ilpome- Cama- Eeponuii | T'agos¥- | 3k
M THit puit ~ Hul 158,9 162,5 164,9 167,3 168,9 173,0 175,0
140,1 140,9 [44,2 [145] 150,4 152,0 157,3
« " 97 Bk | 98 ci| 9 Es| 100 Fm|10f md|I02 No|io3 Lr
* AKTHHH B 0 ThiS Pajo U9 Np|9% Pul9 Am /9% Bepknuti Kanudop- | BDhuumrrel- | depunit Mexpene- | (Hobe- (Jloypen-
Topuit ITporax- | ¥Ypas Henry- ITayro- AmepH- Kiopuil uui HMEH BH i) cnfi)
THHHH aul nufi i’ l 1247) [251] [252] [257] 1258] 1259] [260]
239,0 [231] 238 [2371 [244] [243] [247] |




T 487

486 Ta6auyet 3 Tafauyst
TaGauna 50 f
IepuonruecKas CHCTEMA 3JE€MEHTOB }
. .
5 Cpynna i Cpynna 2 Cpynna 3 pynna 4 pynna 5 rpymna 6 I'pynna 7 Cpynna 8
@
=
I H ’ 2 He
Tennit
1 { Bogopon [
1,008 ] ) 4,003
r
3 L 4 Be 5 B 6 c 7 N (8 © i F : Ne
2 | JIurui Bepuasini Bop Yryepon, Asot - ‘ Kucgiopon TOp €OH
6,941 9,0i2 10,81 i2,01 14,01 16,00 19,00 20,18
11  Na 12 Mg 13 Al 14 si 15 P 6 S ;{7 ct f Ar
3 | Harpsit Maruui AnoMBaHu Kpesuuit docdop Cepa JIOp Pron
92,99 24,31 26,98 : 30,97 82,06 35,45 39,95
9 K 2 . ca sc 2 i 22 v s @ 2 A’V/;" . ;(e % ;°6 a :‘ 3
Kagmit Kanpumit Cranpnuii TuTan Banaputi Lpom Aapranren 2AE1E30 00AJIBT, SARCHD
39,10 y 44,96 47,90 0,94 52,00 54,94 55,83 58,70
4 - )
cu 29 Zn 30| Ga 32 Ge 33 As i‘*ene:e 3]‘35D0M Br ‘:’f ;(f
Menp LIuEK Tannmit I'epManuii MHEIbSK 2 PHIIION
63,55 65,38 69,72 72,59 74,9 % e 83,80
Mo 42 Tc 3 Ru 44 Rh 45 Pd 6
8 3¢] 4
s Rb 3 Sr N Y 8 Zr N 4 Nb N 4 Monu6nen Texuermi Pyrenunft Poani Hannapuit
Py6upni Crponnuit Hrrpuit L vipronuii Huo6nix 05,04 1971 0.1 102.9
_ ] 85, y 88,91 s 92,91 1 : .
2 3y = 62 63 1 54
A @ cd 8|4 In 50  sn 51 sb Tem;pe . ;ceﬂo’f{"
Cepe6po Kapgmuit Unpuft OnoBO Cyppma t 1 126,9 131,3
107,9 i12,4 1148 1i8,7 1218 i
= E3 w 74 Re 75 Os 76 ir 77 Pt 78
8 s 5%  Ba La 57 Hf 72 Ta B Bosbdpam Peunii Ocmuit Hpunn ITnatuna
Lleaui Bapuii JlanTau I‘aqlﬂnﬁ TaHTaJI i 183,9 186,2 190,2 192,2 195,1
6 132,9 137,3 138,9 178,5 80,9 ' i
- | [8¢ o 8 At 86 Ra
Au 79 Hg 80 ] 8I Tl 82 Pb 83 Bi Tonousii AcTaTHH Panon
3osot0 Pryte Tannut Ceunen BrucmyT [209] 12101 [222]
197,0 200,6 2044 207.2 ,
o o 106 107 [MaccoBoe uHeno nan6osee cTaGHNBHOrO H30TONA]
87 Fr 88 Ra Ac 89 Ku 104 Ns 105,
7 | Opanuui Paauii AgTraMb KypuaTtoBuit Hnglbc6opnﬁ [263] [261]
[223] 12261 12271 [261] [26i]
. - - - o 65 Tb | 66 Dy | 67 Ho | 68 Er | 69 Tm | 70 Yb | 71 Lu
Jlauraunpn | 58 Ce | 59 Pr{60 Nd|6i Pm|[62 Sm {63 En|6s G Tep6ut: Iucripo- — Sp6ui Tymat Wrrep6uti | JTiorewst
Llepui ITpaaeo- | Heogum | Ilpome- CaMma- Esponuii | TagoaH | anti
M THii puit Hul 158,9 162,5 164,9 167,3 168,9 173,0 175,0
140,9 [44,2 [145] 150,4 152,0 157,3
* " 97 Bk | 98 ci| 9 Es| 100 Fm|10f md|I02 No|io3 Lr
* AKTHHH B 0 ThiS Pajo U9 Np|9% Pul9 Am /9% Bepknuti Kanudop- | BDhumrret- | depunit Mexpene- | (Hobe- (Jloypen-
) Topuit ITporax- | ¥Ypas Henry- ITayro- AmepH- Kiopuil uui HMEH BH i) cuti)
THHHH aul nufi i’ l 1247) [251] [252] [257] 1258] 1259] [260]
239,0 [231] 238 [2371 [244] [243] [247] |




N NPUJOXEHUE

Tatauua 111

MNMpucraeku K epununam CH

Kpartkoe Kpatkoe
Ilpucraeka obosHaue- 3uanenue IlpHcTaBKa o6osHAYer 3uauenue
. HHE HHE
Ieka na 10! Zenu il IO_;
reKTo r 102 CaHTH c 1077
K1ao K 102 MHRJH M 10~ o
Mera M 106 MHKDO MK 107,
rura r 10° HAHO H 107,
Tepa T 1012 MHKO n 10~ -
nera 1 1015 hemro ¢ 10~
BKCa 2 108 aTTo a 107
TaGauia N2
Enuuyel BpeMenu
[ MITH q CcyT r
1 167-107° 278107,  L16-107;  3,17-107%

60 1 1,67 - 10 6,94 - 10-2 1,9- 10_4

3,6-10° 60 1 4,17 107 1,14 - 10'—3

8,64 - 104 1,44+ 108 24 - 1 . 2,74-107

3,15 107 5,26 - 10° 8,76- 107 365 1



I punosiceriie n 489

Ta6anua M3
Epusnil gaBACHUS

MM BOA. CT.==

IMa=H/M?* ar=krc/cmM? aT™ Gap MM PT. cT. =FKre/m?
1 1,02-107° 9,87.107° 107° 75-107° 0,102
9,81-10* 1 0,968 0,981 736 104
1,013-105 1,033 1 1,013 760 1,033 -10*
10° 1,02 0,987 1 750 1,02 - 10
133 1,36-10~° 1,82.107° 1,33.107° 1 13,6
9,81 t0™* 9,68-10~° 981-10"° 7,36-107% 1
Ta6anua 14
Enusuub cHab

H Kre MKIr'e e pitie:]

1 0,102 102-107" 102 10°

9,81 1 107° 10 9,81 . 10°

9.8l - 103 108 1 106 9,81 - 108

9,81-107° 1072 10—° 1 981

10~° 1,02-107° 1,02-107° 102-107° 1
Ya6auua 115
E_Jmmium sueprun 1 padoTbl

Hw KreceM KBT-4 KKaj apr sB

1 0,102 2781077 239107, 107 6,24 - 10'8
9,81 1 2.72.-107°% 234-107° 9,81-107 6,12-1019
36-105 3,67-10° 1 860 3.6+10!3 295.10%
4,19.10° 427 1,16-107° | 4,19-10' 2,61 1022
10~’ 1,02-107° 278.107"* 239.107" , B.24-101
1,6-107" 1,63-107° 445.107% 3383-107% 1,6-107"% 1




490

Hpurogcenue

TaGauua 116
Eppsisiypl MOHIHOCTH

Br Bt Krcem/c J. ¢ Kalnlc KKadfg _
1 1078 0,02  1,36-10"° 0,239 0,86
108 1 102 1,36 239 860
o8]  981.10"° 1 1,33.1072 2,34 8,43
736 0,736 75 1 176 632
419 419-107° 0427  569-1073 1 “36
116 1,06-10" 0,419 158-10~ 0278 1




NPEAMETHbLIN YKA3ATEJDb

AGeppanusi chepnueckas 279

— xpomaTtuueckas 279

A6conoTHo yepHoe Teso 209

Aeozalbpo mnoctrosuuas 194

ArperaTHble COCTOSIHHSI BeINECTBa
164

Ajresus 131

Apmabara 182

Anpa6ate noxaszareas 160

Anponn 445

Ancopbuus 132

AxxomMonanus 282

ARKYMYJASTOP  3KeJIe30HHKe/eBhIi
386

— HHKeNeBO-KaaMUEeBHI 386

— cBUHLOBRIT 385

AxrtusHOCTE 432

Awmmep 15, 23, 310

Amnep-suTkoB uHCIO 335

Amnepmerp 320

Ammanryna 213

— nanpsixenns 360

— CHAB TOKa 360

Auanusartop 296

Anrcrpem 18

AnvoHn 383

AntnHelTpuHO 428

AntHuactuun 445

Aneprypa umcnennas 295

- Amnanar 279

Ap 18

Apxumeda 3agon 116

Acturvartuam 279
ActponoMuyeckan enuunna 18
ATtmochepa Texumueckas 21
— ¢usnueckasn 21

Atom 407

— Bonopona 415

Atomuas emmHuua maccn 19, 409
Asposons 137

o-u3syyenne 427

o-paciian 428

o-yactHna 410

Banomepa cepun 419

Bap 113

Bapuonm 444

Bapu 18

Bapomerp 121
Bapomerpuueckast dopmyna 120
Bekxepens 432 ’
Bepryaau 3axon 124 .

— ypasuenue 124

Beratpon 440

Buenns 234

Buroxne nonepoft 287

— Tearpanbhnili 287
Bausopykocte 282

Baok muddepennuanbubit 37
— HenoABHKHBIH 37

-— ToABMXHE 37

botiaa — Mapuorra sakon 117
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Boasymana nocrosunas 194
— ¢opmyna 193

Bopa noctynatn 414
Bpexera cepus 419
Bprocrepa sakon 296

— yroJ 296

Bynsena doromerp 309
Bypapuwka npaemno 334
Bypdona Tpybka 119
Bywens 28

B-uznyuenne 427
P-pacnanm 429

Ban-6ep-Baaasvca ypaenenne 174

Bart 20, 83

Bebepa — Pexnepa saxon 264

Benwuune BekTOpHHE 11

— OCHOBHBIE 9

~— IIpOH3BOAHBIE 9

—- cxanspuuie 11

— thusnyeckye 9

— (oTomeTpryeckue 299

Benrypu Tpybxa 125

Bec 19

BemecTtea anuzorponHme 297

BaanmogeificTBHe  MeXMOJIEKYJNADP-
noe 131

- —- NPOBOAHHKOE C TOKOM 350

Bapne 250

-—— CBepX3BYKOBOl 256

Buascona xamepa 439

Buna 3akou cMemenns 212

Bunr 39

BanaxHocth Bo3nyxa 172

— — abcomotnas 172

— — MaKCcHMaJbHast 172

— — orHOCHTeNBHas 172

Bos6yxaenne atoma 424

— Temnosoe 424

— 3jIeRTpHYecKoe 424

:

BonHa
205

Bonnosoe ypaenenne 241

Bonnp asykossie 250

— wmartepun 406

— MmexaHmyeckue 239

— nonepeynne 240

— NpofosbHBe 240

— croaune 244

— — InpocTpaHcTBeHHEe 426

-— sJyekTpoMaruuTHee 401

— — B JuHHEAX Nepefaun 401

-— — B CBOGOJHOM TPOCTPaHCTBE
402

Bouabr 23, 312

Bonermerp 321

BocnpunvunBocTe MarHuTHas 339

Bpamenwe 1ocKocTH —TNoJisipyusa-
unu 298

Bpems 18

— nopbema b6

Beemuphoro Tsirorenust sakon (05

Brinepxka 282 )

BricoTa nonera MakcuMmadbHas 51

Bsskocrb IuHampyeckas 126

— KuneMmartmnyeckas 127

JUHEHHO-NOAA PU3OBaHHAS

Ias upeancHuf 148

— — ypapHeHue cocTosHust 150
— 9JIEeKTpOHHEI 374

Tasopas noctosiHHas 151

— —- yHuBepcanbHag 152
Tazoenie 3axoHn 150

Tasm peanpHole 173

—- — ypaeuenpe coctognus 174
Taaunes npeobpazopanus 446
Tanaon 28

YaauBanomerp 310
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e

Taycc 25, 338
Tetizepa — Mioasepa cyetunk 439
Teii-JTioccaka 3axon 150

Texktap 18

Tens 137

Tenepatop nepemeHHoro toka 353
— NOCTOSHHOrO TOKa 355

— Tpex(asznniii 356

Tenpn 25, 345

Tepu 18

Ténnaepa suckosumetp 129
Turpomerp 173

Tunpocratuka 112

T'unepoun 444
" Tuctepesnc 341

Taaz 282

Tny6pHa NpPONMKHOBEHMSI MAaKcH-

vanpHas 435

Tpapurauus 105

Tpanyc 18

I'pamm 19

I'pomxocte 263

T'yxa 3axon 138

Totdizerca npunnun 239

Twoiieenca — [l telinepa  Teopema
99
y-nusnyuenue 427 S

Hasnenue 20, 113

— atMocteproe 119

— B Xxupxoctax 114

— BHyTpeHHee 174

— B notoke 123

- raza 117, 195

— — gputHueckoe 175

— nuHaMuueckoe (Hamopa) 123
— 3BykoBOe 258

= — noporoeoe 260

— u36pTounoe 118
— Hu3nyuenus 406

— HacwlmeHHOTo napa 170
— HopMaJgbtoe 120

— mnapryajeHoe 171

— nonuoe 118

— mnopiuHst 114

— cTaTHueckoe 123
— cronba wupkocra 114

[’Asranbepa npunnan 76

JanbHozopkocts 282

Hanesocts 6pocka 56

Hanvrona saxon 171

Heurarenn tennopbie 188

Jeuxenne anepuopyueckoe 227

— 6poyHoeckoe 135

— BpamaresbHoe 57, 66

— KpHBOJHHeliHOe 67

— moJexyJ 135

— mnanet 111

-— mocrymnaTespHoe 43

—- —— HepaBHOMEpPHO
47

—- — papHOMepHoe 43

— — paBHOMEPHC ycKOpeHHoe 44

— Tena, Gpoumensoro Beepx 50

-~ — — TrOpH30HTaJNbHO 52

— — — [O# YIMOM K rOPH30HTY
54

— — mo OKpyHoCTH H7

—- — - — HepaBHOMEpPHO YCKO-
peHHoe 63

— — — — pagHoMepHoe 59

—- — — -— DaBHOMEpHO YCKOpeH-
Hoe 59

—- 3JeXTPHYECKOro sapsia B mar-
HHTHOM ToJie 348

—- 3JIEKTPOHOR B HOONEpPeYHOM
anerTpHYeckoM none 391

— — B YCKOPAIOLEM 3JeKTpHie-
ckoM mode 389

YCKOpEeHHO:
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Heiitpon 410

Hexpement Jorapudpmuueckuii 226

Jenutens Hanpsxenns 319

Hedext maccer 411

Hedpopmanusa 137

— JuHelHast 138

— capura 139

— ynpyras 137

HeunGen 260

Axoyae 20, 81

Zacoyan — Tomcorna xospdunuent
175

— — atpexr 175

Jisarpamma BekTopHas 233

— HamnpaeJeHHocTH 302

— cilyxa 262

— JHepreTHYeCcKux yposHeil 373

HNuamarnetuxrn 340

Juanpoexrtop 280

Hnadpparma 281

Jirua 19

Hunamuka 69

— BpamaresbHoro ApHxkenus 92

~— —— — OCHOBHOW 3aKoH 95

«— [OCTYNATENBHOTO ABHAKEHHA 69

— peasTHBHCTCKas 452

— TBepaoro Tena 92

JlunaMHKH OCHOBHoe ypaBHeHHe

70

Tlon 379

JHuontpus 282

Jucnepcus ceera 288

Ilndpaknyonuas peumerka 293

JindpaxnpnoHHON pewleTky  Mo-
crosHHaa 293

JadpakuyonHmit MakcuMym 293

. — MuHEMYyM 203

Hndpakuus 247

— ceeTta 292

— — Ha weju 292

JHugpdysuna 135

Huxpouszm 297

Lusnextpuk 327

Hauna 18

— BOJHBL 240

— — ne6poiinesckan 406

— cBoGonHoro dpobera 203

Jlo3a nmorsomenHast 436

— skpHBaNeHTHas 437

-—— DKCNO3HIHOHHas 436

Hosumerpust 435

Jonsa maccosas 136

Honaepa adderr 254

Ayasausm  KOpHycky/AsipPHO-BOJIHO-
BO# 406 '

Jripra 376

Tlwofim 27

Envanne Bpemenn 29

— paenenns 113

—- DeCATHYHEIE KpaTHHE M J0idb-
Huie 15

— pauHe 27.

— Maccu 30

—- MouHocTH 84

— ofbema 28

—- OCHOBHHE 15

— miouany 28

—- npon3BOAHLE 15

—- paboru 76

—- cuant 71

—- cKopocTH 44

—- yrna 29

—- (u3pueckux BeTHunH 17

— 3Hepruu 8l

EMrocTh TJIOCKOTO KOHJEHcaTopa
329

— ctheprueckoro
330

— yemyeexrHoro uapa 330

— ajiegTpHYecKas 328

KomjeHcaTopa
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yKectrocte 20
— yraoBas 20 «
JKuxkocTe HpeanpHas 121

3aMmeAlenre BPeMEeHR PelsTHBHCT-
ckoe 449

3amenauTeNb HefiTpoOHOB 442

3apsan 310, 323

— Toyeynn# 331

— 3JIEKTPHYECKUH
311

— ajextpoHa 311

3aryxaHue acuMnToTHYecKoe 227

3amura oT u3nydenus 438

3eyk 250

3eykoBoll Gapbep 256

3epkana popmyna 270

3epxano Borsytue 269

— BHIOyKJoe 271

— napaGonyueckoe 269

— mockoe 268

— ctepuueckoe 269

3oab 137

3ona BaneHTHast 373

— sanpeilieHHan 373

— nposomuMocTH 373

3NeMeHTapHHH

Hznyuenue BuiHy:kAeHuoe 425
— nudgysuoe 267

— wuounsupyiomee 435

— peHTTeHOBCKOE 388, 425
— cnoHTaHHOe 425

— Temsosoe 209

— TopmosHoe 425

— xapaxTepucTHueckoe 425
Hsobapa 178, 408
Hao6paxeHne B 3epkane 269

— MBuMoe 269, 277

— cospnaBaemoe JAuu3ol 276

Hzorepma 174, 179

Hzorons 408

Hsoxopa 178

HMsoxpoma 298

Hxc-enpuuna 18

HNmnynse 22

— cuawl 87

— tena 86

— ¢orona 405

HunyxtuBHOCTL 345

— TopouzaanuHOil xaTyIIKH 346

— LHJIHHAPHYECKOH KaTtywku 346

HMHAYKUMHM SJMeKTPOMATHHTHOH 3a-
KOH 343

HMunykuus marHuTnas 337

— ocTaTo4yHas 341

— 3eKTpOMaruuTHasl 343

Vivepuust ten 69

HureHcnBHOCTE 249

— 3Byka 259

— uanyueHus 300

Hurepgpepennus 291

Hndpaseyk 250

Wounzanus ynapHas 387

Wonuzanuonnas kaMepa 439

— nocrosinnas 436

Hcnapenne 169

Hereyenne 3XUAKOCTH
122

H3 cocyla

Kanopumerp 158
Kanopust 20
Kangena 15, 25, 302
Kanunnsp 134
Kapat 19

- Kapro uuka 185

Kartnonn 383
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Katymxa toponpansuas 335

— HUIMHApHYeckas 335

KBanto 404

— cBeTa 404

Kenvsun 15, 22, 172

Kenvouna mxana 142

Kenaepa 3akoun 111

Keppa sddexr 297

Kunopatr-uac 20

Kunorpamm 19, 30

Kunorpamm-cmia 19

Kunenne 168

Kupxeoga wropoe mpasuno 316

~— BaKOH u3nyuenus 209

~— nuepBoe npasuno 317

Knun 38

Koresus 131

Kone6anns puHykznennwe 227

—- TapMOHHYecKHe He3aTyxatollne
213

— KPyTHJBHBIE 219

-— MasTHuka 220

— MexaHudeckue 213

— npyxuHn 218

— ceobonupe 3atyxaiomue 224

—- CBu3aHHble 238

— cTonba Bosnyxa 251

— cTpyHn 251

— 3JeKkTpoMarHuTunie 398

— — 3aryxamwmue 400

— — Hesatyxawompue 398

Konuyectso Bemecrsa 26

— BBHXKeHus1 86

—- cBeta 305

—- Tennors 20, 156

~— — npuBeneHHoe 190

— aJiekTpHyecTBa 310

Konnureapsocte BextopoE 31

Koma 279

Komnrona addext 406, 433

Konsekuus 204

Konpencarop 329

— Iockuii 329

— cepuyeckuil 330

Kontyp roneGareibunii 398

— — OTKpHTHE 400

KoHnenrpanus 136

— wMaccopas 136

Kopuoauca cuna 94

— ycxopenue 94

Koatdhdument poccranopnenns 92

—- BfI3KOI'O Tpenust 224

—- gatyxanus 20, 224

— — mMmaccoBHl 434

—- 3ByKOHOIMOUIcHNsn 262

— ncreuenns 122

— MolHoCTH 368

— orpaxenus 209

— norJioweHus 209

—- monesHoro neficteust 85

~— — — TEMJIOBEIX nBurareneit
187

— — — pukna Kapuro 186

————— Tepmuueckuit 187

—- npomyckauug 209

~— pasMHOXeHus: 442

—- cpeura 140 -

~—— COTPOTHBJIEHHSI JBHIKEHHIO 75

— TenonepenauH 208

— TemnonposonHocTH 206

— tpaHchopmanun 369

— Tperus 20

—- ympyroctu 20, 138

— ycunenus 397

— — MaxcHManbHui 397

—- — 1o Hanpsikenmio 397

— — o ToKy 381

Kpyrtusua 396

Kpyuenne 137

. Kyanon 23, 310

Kiopu 26, 432
Kropu Touxa 340
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Jaiivara cepusi 419
Jlambepra uanyuateas 303
JlaMiu-BCOLIIIKH 388
Jlamilel pHeBHOrO cBeTa 387

— HUMIyJbCHEIE 388
— HeoHople 388 .
— pTryTHRe 387

— 32JleKTpoHuble 395
Jlerya mpaBuno 345
JlenrroHn 444
JInusw 275

— BRINYKJAO-BOrHyTHE 275

— BOTHYTO-BHIYKiIHE 275

—- BOTHYTHE 275

. — BHIIYKIEBE 275

— NBOSIKOBOTHYTHIe 275

— IBOSIKOBHINYKIEE 275

— ocHoBHas ¢opmyna 277

— IIOCKO-BOTHYTHiE 275

—- IJIOCKO-BLIMYKJble 275

—- pacceuBatonue 275

- cobupatwmue 275

JluHuM CHJNIOBBHIE MarBuTHBlE 334
- — asiekTpuyeckue 324
Jluccascy Guryprr 236

Jintp 18

Jlopernya npeoGpazoBaHust 448
— cuna 348

JlowanuHas cuna 20
Jlowmudra uyncno 193

Jlyna 284

Jlyuenpenomnenne ApoiiHoe 297
Jlyuu kaHanosnie 388

— karofuuie 388

Jlyuncrocte 300

Jlya dokaneuuil 276

Jhioxe 25, 305

JliokemeTpsr 309

Jliomen 25, 304
JliomuHecneHnus 288

Jwommepa u Bpodxyna doromets
puyeckuil ky6 309 -

MarautHas nocrosiHHas 340

Marnutoctpuxims 343

MarHuTH oCTOstHHEE 334

Maxceesnn 24, 339

Maxkcsesrna sakoH pacnpefeneHus
197

Manowmerp 3akpuTHiH 119

— OTKphITHIT [19

— tpy6uarto-npyxuHuni 119

Macca 19, 70

—- atomuas 409

— 3emin 112

— KpuTHueckast 441

— Jlyuw 112

— Monexyyn 194

— nokost 4562

— npurenenHas 100

—- pessTuBHCTCKas 452

—- Connna 112

— ¢orona 405

—- ajexTpoHa 391

Maxa xonyc 256

—- upcao 266

MaupHs Tennossle 188

— xonopunbHee 188

— anexrpuueckue 353

— — cepuechsie 355

— — wyHToBHE 355

ManTHHK MaTemaTuyeckuii 220

— tuzpyecknii 221

Me3zonw 444

Mertp 18, 27

— Bonauoro cronba 21

Muxkpomerp 27

Muxpockon 285

Munnumerp prytioro cronba 113

Muns mopckas 18



498 Ipeduerneni yrasaress

Mmunyra 18

Mopens atoma KBaHTOBOMEXaHKye-
ckast 426 '

Monyae cpeura 21, 139

— ynpyroctu 21, 138

Moab 26, 153

MowmeHT perxkymmit 104

— uuepuun teaa 96

— KkoJinyecTBa pABHkeHHs 103

— wmaxogoft 100

— cuanr 20, 34, 357

— — MruoeentHsit 105

Moitoets 20, 83

— axTHBHAs 367

— nosbl 436

— MrHOBeHHas 84

— mepeneHHoro Toxka 367

— TOTAOLIEHHOM IO3bI H3JyYEeHHsE
26

" — noauas 369

— OpH BpAIATE/bHOM NBHIKEHHE
102

-— peaxTHEHas 368

— cpenusg 84

— 3KCIO3MIHOHHOH [O03Bl H3Nyue-
s 26

— 3JEKTPHUECKOrO TOKa 322

Mioon 444

Hamaruuyennoctb 339
Hamnop 125
Hanpsxenne 311

— auoiﬂoe 395

-— Hcrounnka 311

. — suHefinoe 356

— wMexanyueckoe 138
~— Ha kJaemmax 316
— HopmadneHoe 20

— nyabcupywomee 355
— t¢azHoe 356

— stpexTBHOE 360

HanpsikeHHOCTh MarHuTHOIO [OJIs
335

— — — BHTKa ¢ TokoM 336

— — — NpAMOJHHEAHOrO NMPOBOJK-
Hpka 336 /

— — — UHIHHAPHYECKOH KaTylu-
K1 335

— 3jeKTpHYECKOro nmods 324

~—- — — Ha TUOBEPXHOCTH Hiapa

327

Hacoc remniopofi 188

Harsxenve mnoBepxHOCTHOE 21,
132 ’

Hefitpuno 429

Heiirpon 410

Hukoan npusma 297
Hocurenu HeocHoBHblEe 378
— ocHoBItEE 378
Hyxaunger 407

— wu3obapure 408

— wm3oTonHee 408
Heioton 19, 30

Huworona 3axons 69, 71

O6moTku (aznbie 356
O6pasoBanue nap 433
Otpem 18

— rasa wprThueckud 175
— — HopmaneHE# 155
— MoJspubti 26

— — nopmanbHbli 152
Owm 24, 312

Oma 3axoH 313
Oceemennocts 305

— sueprernyeckas 300
Ocu unepuun 97

— — rnapupie 97

— — cBoGogHee 97
OtBepere oTHOCHTENBHOE 281
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Orxrnovenne 215, 225, 242
OTpaxenne sonH 246
“~'nonnoe puytpenuee 273
— cBeta 268
l_()Tpamel-u-m 3aKOH 246, 268

‘Tlagenne HampsiakeHHst 316
— Tesl ceoGonuoe 50
ITap 170
"‘TlapaMarueTHsM 340
Tlapa cun 34
Tlap nacounenHn# 170
— menaceenun# 170
IMapooGpasoBanue 171
Tlapcek 18
Tackans 21, 113
Hayau npuruun 422
“[lawena cepusi 419
Heavrve sddert 375
Ilena 137
Tlepemewenue 43
— yraosoe 57
Ilepron 58
— oueHnlt 234
— xoae6auuit 213
— nonypacnafa 430
IMupowmerp 212
Iuro Tpy6ra 125
Ilaagnenve 164
Tinavern 112
Il aarka 3axon 211
— nocrosigHas 211, 404
[lnockocTh HakMOHHAs 38
[Maotnocty 19, 72
— rasos 153
— — HopMmasbnan 153
— 3apajga moeepxHocTHas 326
— 3apsAaoB npocTpancTBennasn
372
— mu3ayueuns 300

— MarHuTHOrO notoxa 337, 339

— NOBepxHocTHOH 3Hepruu 132

— [OTOKA H3NMYYEHHsI MOBEPXHOCT-
Hasg 300

— Ttoka 371

— aneprun 247

ITnomans 18

TlonBUKHOCTS HOcHTEnRSH
372

Iono6ust zakoun 131

ITosutpon 427

ITose rpaBuTamonnoe 107

— MaruuTHoe 334

— taroteHusa 107

— aJlekTpHuecKoe 323

Hoawcnact crenennoli 37

lNonnrpona 184

MoaynpoBonnuku 375

[Tomoes mMaruutTHHE 334

[Toasipuzarop 296

Monsipuzanus 295, 327

— Kpyrosas 295

— nudefinas 295

— npu apofinoM JyyempesioMnes
uuy 297

— NpH oTpaxeHnn 296

— aaauntHyeckas 295

[onsipoun 298

[Topor Gonegoil 262

— CJBIIEMOCTH 262

TTotok 121

— upeasbHui 121

— nanyuenuss 299

— MaruutHpi 338

— ceeToRoft 304

— Ttennosod 205

— sxepruu 248

Ilpapusio niepolt pyxH 347

— npago#l pykn 344

Ipandran Tpy6ra 125

Ipenomienne 246

3apsaga
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IIpenomnenne crera 272

Ilpenomnenus 3axkon 247, 272

ITpeoGpaszosanue pensTrBHCTCKOE

Bpemenn 449

— uMmnyneca 452

— koopauHat 449

— MaccH 452

— cunn 453

— — suepruy 453

TIpuGoprr  anextpomsMepuTenbHLIE
320

— — MarLuToasexTpuyeckne 320

— — reinosle 320

~— — 3JleKTpoMaruuTHeie 320

Tlpuzma 274

Ilpnvecn axuentopHsle 378

— JIOHOpHEIE 378

TlpoBomumocts merassios 373

— MONYHIPOBOILHHUKOB  AHLIPOYHAS
378

— — mpumMecHas 377

— — co6cTBeHHas 376

~— —— anextponHag 377

— TBepablx Ten 372

— ynenvHas 314 )

— asextpuueckas 313, 370

TTpoexnuonnnii annapart 280

TIpoHuLaeMoCTE  TH3JEKTPHYECKAs
327

— — abcontoTHas 327

~— —— oTHocHTeNbHast 327

— namns 396

~— wmaruuTHas 339

— — abcomoTtHaa 340

— — oTHOCHTeJNbHas 339

Tlpoton 410

Tlpounece apuaGatuueckuit 181

— n3obapuueckuil 151, 178

— wsoTepmuyeckuii 1561, 179

— uzoxopuueckuii 151, 178

— KkBazHcraTHyeckuil 181 +

LTI

— nomuTponunit 183
Ilponeccn weoGpatumbe 189
—- obpatumblie 189
Ieuxpoumerp 173

Ilyas 21, 127

Nyaseiizn popmyna 128
ITyaccona 3axon 182

— xoabpuument 139

— ypasBuénne 182

Ilyuok pacxomsisiics 267
— cxonsuumiicss 267
IIpyrda cepust 419

p — n-nepexon 379

Pagorta 20, 76

— B rpaBuTanyonnom mnose 109

— pHIXOza 374, 393

— 3aTpau¥BaeMast Ha YIpYIyio e«
¢popmanuio Tena 80

— -—— — ycKopenue Tena 79

- Tipnr azuabaTHYecKoM paciinpe-

nuy rasa 182
— — BpallaTe/bHOM
101

— — H30TepMHYECKOM
HuH rasa 180

— — pacuipenu rasa 177

— TUPOTHB CHJ Tpeuus 78

-— CHABl THAXecTH 78

— BJIEKTPHYYECKOTo TOKa 322

Pasuosecre 39

— puHaMpueckoe 76

PaproBecus ycioBust 35

Pagnopeficreyiomas cut 31

Pasuopacnipenenenus npunnpn 200

Panuan 18, 29, 2156

PannoaktheHoCTE 427

Pannoaktupuue cemefictea 431

Pammyc atoma 413

— udepunu 100

JIBUXCHUH

pacuiape-
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— 3jieKTpoHa 412

— 3JIeKTPOHHOH oplOuthl 416

— #znpa 413

Paanoxenue cun 33

~— - Ha cocTapJisioniue 33

Pasmeprocts 10

PasHocTs NOTEHLHAJOB KOHTaKT+
Hast 374

Paspewaionias cnocoGHOCTE ryiasa
283, 295

— — MakcHMajgbHas 295

~— — MBKpOcKoOna 295

— - ontHyeckux npubopos 295

— — nogsopuoil Tpy6er 295

- Pagpsin, necaMoCToRTeNbHLE 386

- caMocrofTenpHuil 387

— tJeonHit 387

© — snektTpHYeckui 386

Pacniapa sagou 430

- nocrosiHuan 430

Pacnap, papHoartuBHBI 427

PaccrosiHHe HaHyumero 3peHusl
282

Pacreop mossipueit 136

Pacreopur 13

— ncruaueie 136

— gosnounuee 136

Pactsixenne 138

Paciuupesne Temiopoe rasop 147

~— — nByMeprOe 144

— — xHAKocTel 146

— — gunedinoe 144

— — o0bemHoe 145

Peakuus Lennas 441

— npepnas 440

Pezonanc 229, 366

-— BanpsixenHil 367

- TOKOB 367

Pefinonvdca sakon nopobus 130

— yueqio 130

Pudbepza nocrosiunas 418

Puxmana 3akon 160
Puuapdcona nocrontnas 393
-— ypaeHenne 393

Poca 173

Potop 355

Puiyar 36

— yriaoeoit 36

Camonnddysus 135

Camonunykuna 345

Canrunyas 21

CantHcToKe 21

Ceepxnposopumocts 314, 374

CgeroBoil rog 18

Ceerocuna 281

Caeuepre oTpHUATENBbHOE 317

Casiap MexxJy SHeprHeil H Maccoil
404

Cueur 139

Casura xosdpunuent 140

— monyss 139

CekyHpna 18, 29

CxumMaeMoctb ®uaKOCTH 115

Crxnxennde rasos 175

Cuna 31, 70

— p3auMogeticTBHA 3apanoR 332

—- - 3APFIKEHHBIX OUIACTHH 332

- BoITadkusaioman 115

— pelicTByonlas B MarHHTHLIX MC-
nax 347

— gospuuTHBHAS 341

— MarsuToiBHXYLlasn 336G

— — noauas 337

— popmManpHas 38

— onrtHyeckan 282

— nopbemuast 115

— pacTaxenns 138
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Cuna ceera 302

‘— cxarua 139

~— craThBalomas 38

— toka 310

— — s(pdextuBras 360

— Tpenus 74

— TsRecTH 71

— menrpobexHas 93

— HeHTpocTpeMHTENbHAS 92
— anekrpoasuxyman (SLAC) 311
Cuner nueptnn 75

— Mexmosexyasapure 131
— yopyrue 73

Cuwmeric 313

Cunres appa 443
Cunxpotpon 440
Cubxpodasorpon 440
Cunxpounkjaorpor 439
Cucremur aucnepcueie 136
Cxoibixenne 359

Cxopoctu rpapuent 127
Cxopocts 19, 43

— ppefipoBasi 371

— 3ByKa 2562

~— — B BO3ayxe 253

— — B rasax 253

— — B RHAKOCTAX 2563

— — B TBEPJHIX TeJax 252
-— goaebatenbran 258

— — MakcumastHas 258
— — apberTueHoe 3HaueHne 258
— KocMmHueckast BTopas 110
— ~ pepBas 109

— MraoseHHas 47

— Moneryas 196

— — HaunGoaee BepositHas 197
— — cpennekBanpatuyuan 198
— — cpenuss 198

— HauanbHan 46

- cBeta 267

»— — B Bakyyme 267

— cpepusas 45, 46

- yryopas 19

~ -~ MrHoBeHHas 63

— —— HavyanbHas 61

— — cpenussa 61, 64

-~ (asopast 243

— 9JIeKTPOHOB Ha opbute 415

Caar 30

Chnoxenre BosH 245

-~ — BBYROBBLIX 2506

- nBHeHuil 52

-- — Moj yraoM ApYr K Apyry 52

— cua 31

— cKopocreil penATHBHCTCKOe 451

Coepnnenne 3eesfoil 356

— uupykTHBHOCTER 346

— KOHJEeHCATOpOB  HapalfesbHoe
331

— — nocnefoBateabHoe 331

-—- OMHYECKOTO H PeaKTHBHOIO CO-

NPOTHBJEHHI napalyiebHoe
365

————— . DOCTIEIOBATENIbHOE
364

— COMPOTHBJeHHH  NapalJesbHoe
318

— — pociiefiopaTtebioe 318

— Tpeyrojbuukom 356

Coxpariesne RJIAHE PeNSTHBHCT-
ckoe 450

ConpoTtupienne axTHBHOe 360

— BHyTpeuHee 315

— —— snexTpoHHOlN Jamubl 397

— ruapasaudeckoe 129

— JBHIKEHHIO 75

— eMKOocTHOE 362

— uupyxTHBHOE 361

— ponnoe 361, 364

— peaxtiBHOe 3063

— yneabroe 313

— sJlekTpHYeCKoe 312
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~— — 33aBHCUMOCTb OT TemHepa-
Typu 314

CoctosiHHe rasa TepMOJHHAMHYE-
croe 176

Coynapenne Ten 88

— — Heynpyroe 90

— — ynpyroe 88

— -— gactHyHo ynpyroe 91

Coxpanennss umnynbca 3akoH 88

-— Macchl 3axkon 454

~— MEXAHHYCCKOH SHeprHH
83

— MOMENTa KONMYECTBA IBHIKENHS
3agox 105

-— SHepPrHH 3axoH 83

Crextp 288

CrniextpalibHast BigHocts 302

CriexTpanbueil aganus 290

Crnextp atoMa sopopona 419

— wucnyckanua 289

— suHeituaTLii 290

2~ HopManbuuil 294

— mnornoutenus 290

‘- nonocarwit 290

- cojiomuoit 289, 290

Crarop 355

Crenenu cBoGopn 199

Crenenb cpasu 239

Crepanuan 18, 304

Crepana — Boavymana saxon 210

— — mnocroansan 210

Cruns6 303

Croxc 21

Croxca sakon 129

Croné nonoxurensunit 387

Crpoenne atoma 407

Cy6aumanusa 169

Cynepnozutun ppuunnun 232

Cycnensust 137

Cytxu 18

Cxema ¢ obuefi 6asofi 381

3aKOH

— ¢ o6lmHM sMHTTEpPOM 381
-~ SHepPreTHYECKHX ypobHell 424
CyeTynR CLMHTHJISUHOHHBIH 439

Tekyuyects 127

Teneckon 286

Temnepatypa 141

— abcomoTHast 142

- rasa KpHTHYecKas 174

— uamepenne 142, 143

— uuBepcuu 176

— kunenust 168

— KpHTHYecKasl 374

— 1nnasnedds 165

Tennoemkocts 157

— MoJisipHas 26

— yrenvHasi 156, 159

— — rasoB 201

Tennoobmen 160

Tenncornaya 206

Tennonepenaua 207

Tennonpopoanocts 205

— cramioHapsas 205

Tennocopepxanne 157

Tensora napoobpasopaHus 168

— — yneabHas 169

— nnasneHus 166

~— — ypenbHas 167

— pacteopenns 167

— cropanHs 162

TépmoanHaMuRy
189

— — mnepBHIT 176

Tepmomerpnr 143

Tepmotor 374

Tepmo-20C 374

TepmosnekTpHUECTBO 374

3aKOH  BTOpofl
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Tepmosaement 374

Teyenme 06e3 BHYTpeHHEIO TpeHHs
121

—- naMmuHapHoe 126

— 1o Tpybam 122

— TypOynentnoe 129

Tox anonxbii 395

- Gasnr 381

— KoJJekTopHel 381

— JHHeiinbH 356

— obpatHuii 379

— mepevcHBENT 354

— Tpexdasunii 356

— (asnruil 356

— smutTepa 381

Tomcona dopuyna 367, 399

Tonna 19

- perucrTpoBas 28

Topp 21

Touxka niaBienns 165

— pocu 173

— Tpoimasn 171

Tpanzucrop 380

— XapaRTepHCTHKH 382

Tpaucthopmartop 369

Tpenne kauenns 74

— nokos 74

— CKOMbXKeHHsT T4

Tpuop 396

TpyOku rasocsernsie 387

Tyman 173

Tsirorenne 105

Vpeauuenne JauH3b 276

— nyne 284

— MuKpockona 285

— onTHueckux nputopor 283
— Teneckona 286

Yron spenus 282

— — MHHHMAaJbHBIH 283

— Kpaeeoit 133

— nnockuit 18

— noBopoTa 57

— noAaspusalloHubi 296

— Tenecnsiii 18, 304

Yaenbueii sec 73

Yaen 44

Yurcrora moct 319

Yabtpassyxk 250, 265

YMHOKHTEH (pOTO3IeKTPOHHBIE
395

Yuuus 30

YpapHenue BoanoBoe 241

— xoJebannit 214

— notoxka 123

— COCTOSIHIIS
150

— - peanbHoro rasa 174

Ypaua neaerue 441

Ypopenb milTeHcHBHOCTH 260

— — oTHocHTE bHBI 261

YpoBHR aHeprertiyeckue 373

— -— atoMa 416

Yexopenue 19, 44

— MrHoBenHoe 48

— HopmanbHoe 68

— papuaabHoe 68

— cpobouoro maperns 71, 106

— cpeatee 49

— yraoeoe 19, 57

— — wruosennoe 64

— — cpeiee 65

VYekoputean yactuil 439

VYcioers paBuoBecas 35

¥YcroiiunBocts Ten 42

uaeaibuoroe rasa

dasza 213, 215
— nauajsuas 213
dazoTpoH 439
Gapan 24, 329
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@apodes saxoHnr 384

— uncno 384

Qaperzeiira mxana 142
deppomarneTuku 340
@ayopecuennus 288
dokryc 269

doxycroe paccrosinne 269
don 263
docdopectiennua 288
doroanmapat 281
doTor036Y i enne 424
doropuoz 380
doromerpus 299
doromerprr 308

doron 405

dorosaement 380
®oroshdext Bremnnii 394
- BHyTpenHHil 377
@paynrodepoBu JHHEH 290
@poHT BoJHOBOR 240
dynt 30

@yt 27

XemomomuHecnenus 288

Upera pomosuuTensubie 289
_ — cnekTpanbane 288

~— TOHKHX ITeHoK 291
Leavcus mrana 142

Uenrp macc 39

— — Jaunnn 40

~— — oaHoponuoro Tesa 40
— — naockofl ¢urypu 40
Uensb snextprueckas 315
Unknorpon 439 )
Linknn 185

Yac 18 -

Yactuus! aaementTapsie 445

Yacrora 18, 213

— Bpamienust 19

-— pesoHancHast 230

— co6creenuas 217, 226

— — 3aryxalomux xonebannit 401

— — KoJieGaTeJbHOTo KOoHTypa
399

— yraoBasn 19, 213, 354

Yncno KBauTOBOE riiapHoe 420

— — MaruuTHoe 421

— — op6araibyoe 420

— — cmuuoBoe 422

— oboporoB 58

— — cpemiee 64

— coypapennit 202

o crenenell ceobonnr 199

H

IxBHUBANEHT TEOIOTH
ckuii 163

— — anexTpuueckuil 163

— 3jleKTpoXUMuYecKuil 384

Ikcno3unns ceetoBas 307

— sueprerudeckas 300

JKCNOHHPOBaHHA  NPOLONKHTE b=
soctb 281

DnexrTpuueckas noctosunas 327

Anextponsuratenn 357

— pepeMeHHOro Toka 358

— nocrosinpore Toxa 358

DexTpoABHTATENb  ACMHXPOHHEIR
358

— goanexTopuuit 358

— ¢ BpaammaMcs
noJjem 359

— cepuecHeti 358

— myuToBoil 359

Snextpoins 383

SnexTpomomMutecuenius 288

MeXaunye-

MATHHTHBIM
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AnexTpomarnetusm 334
3nerTpomerp 324

SaerTpon 410

DnerTpoH-BoseT 325, 389
SnemeHT ranbBauuueckuit 385
JMHCCHSI aBTO3JeKTpoHHasT 393
— BTOpHYHAR 3JeKTpoHHas 394
-— TepMOaJexTpoHHas 393

— ¢oToanerrponnan 394

— 3JexTpoHHas 392

3uynbcHR spepHble 439
3umynvcus 137

Sudproca pnarpamma 174
Sueprus 20, 80

— pHyTpennsist 200

— — HpeajpHoro rasa 177, 178
— BpalllaTeNpHOTO JABMKERHS 102
— ropennst 162

— KHHeTHueckas 82

— gosiebanun 222

— marHaTHOTO noss 350

— — — karyumxn 351

— monexkyast 199

— — xunernueckas 199

— — — panGosaee Bepositnasi 199
— — — cpepuan 199

-— TJIOCKOTO KoHzeHcaropa 333
— MoBepxHOCcTHadA 132

— noTenunanbuas 81

— cBeToBas 305

— cBsi3u aapa 411

— coJnneyHas 161

— TemnJjioBasi 156

— ynpyroi! pegopmanun 81

— 3jexTpHUeckoro noas 333

_ 3urponus 190

— wujeajbHoro rasa 192
Idmuauackon 280

3pr 20

3pcren 24, 336

FOnea vonmysb 138

flpnenns xanuaasipusie 133
— ocmoTtuyeckue 135
fIxopn GapabauHelii 355
fApn 27

$Iprocte 303

— 3HepreTHyeckan 300
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