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Tlpu u3ydeHnu Kypca gu3nku BO BIY3e 6OsbIIOE 3HAUEHME HMeeT [pakTHHeC-
Koe NpUMEeHEHHE TeOPETHHECKHX 3HaHuil, MaBHOE 13 KOTOPEIX — YMEHME pemiark
sagaun. JaHHoe ydefHoe ocoGue MOMHOCTHIO cooTBeTCTRYeT “Kypcy Ousuky”
T, U. TpodumoBoii (3 4aTENLCTBO “Bpiciras wkoaa”, 5-¢ w3, 1998) u “COopHUKY
3aza4 1o Kypey tuzuxu” T. H. Tpodumoso# (137aTebeTBo “Bhiciuas mxona”, 1996).
o6pasys, TakuM 06pa3oM, C HUMH eMHELA MeTOIMIEe CKI KOMIUIEKT.

Jlns GOPMUpOBAHUA HABLIKOB PaGOTEI HAL 3aJaqaMu BCE PELICHHA otopmile-
KEI OTHOTUITHO: 3aIIMCh YCIOBHS, [IEPCBOA naunbix B CH, 3armch HEOOXOANMBIX YPaB-
jpenui, UX pelenne B o6meM BHjIe, TOACTAHOBKA YHCIOBHIX 3HAUEHNI B KOHEUHYIO
tpopMy.Ty, 3aIACh OTBETA. Penrenye 3aa4 IpHBORUTCS 663 Kakux-1ub0 MoACHEeHUH,
10CKOIIbKY CHauasa CIIe/yeT TIIATeIbHO H3YSHTS TeopeTHYECKUil MaTepnal 1o 1aH-
I4oii TeMe, 3aTeM IPOBECTH COOCTREHHDIH aHANIH3 3a/a%H, PEIHTE €€ 1 TOALKO TOTda
Ui CpABHEHHA PE3YIILTATOB 0GpaTHTECS K TOTOBOMY PELUCHHIO, KOTOPOE, KCTALH, HE
scerna ABIACTCH C/IMHCTBCHHBIM.
{  Bce3a1aun cHAGKeHpl OTBETAMH, KOTOpbIE aHbl C TOYHOCTBIO JI0 TPEX 3HATA-

)

“pux uudp. Taxum ke HUCIoM 3HAUAMIX AP BHIpAKEHb! BETMIHHBI B YCIOBUAN
ajiau 1 CIPABOYHKIX TalIMLAX, IPUBENIEHHLIX TI0 MEpE IPENCTABNCHI MATeCpHaa
3yavatiae IUdpsl — HyJH, CTOALLME B KOHLE yHcen, — JUIA yIIPOLIEHHSA 3alHCH

‘onyckaiorcs. B yCIOBHAX 3a/i@4 M B OTBETAX MCTIONL3YIOTCH KpATHRHIE 1 JOJIbHBIE
enuuunpl. o6pasoBannsie oT equuuy CH. B xonue cGopHHKa NpuUBe/el epedeHb

,&PBBJKHCVILHHX MCTIOIB3yEMBEX QOPMYIL,
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MeToauyeckKue YKa3aHusd

Peliast 3a1a4u, UEIecOo0pasHo HCTIONE30BATH CEAYOUIHE METOTUICCKHE yKA3aHHS.

BHUKHYB B yC/IOBUE 3aj[a4i, C/1eN1aTh KpaTKylo 3aMuch yCIOBHA, BbIPA3NTE BCE

nansbie B CH 1, Tae 5T0 TONBKO BO3MOKHO, 1aTh CXeMATHHECKHUHl epTex, Mo-

\ ﬂCHH}OH{I/Iﬁ CoJepKaHue 3ajavuH. ,

Bw{cmm, Kaknie M3MUEeCcKUe 3aKOHBI IEKAT B OCHOBE JaHHOH 331a4y. peilluTh

ee B 0BLIEM BUJE, T. €. BHIPA3UTh UCKOMYIO (PU3MUECKYIO BENUUHY 4epe3 3a-

] @HHble B 3ajaue BenMdHHb! (B GYKBEHHBIX 0603HaueHuax, 6e3 NoacTaHOBKH
G11CTIOBBIX 3HAYCHUIL B IPOMEKYTOUHbIE POPMYIibI).

TIpoBepuB NPaBUIBLHOCTS OOIUErO PelleHHUs, NOACTaBUTh 11Cd B OKOHYATENb-

1y10 OPMYITY It yKa3aTh eAMHHIY ACKOMOH (pu3nueckoil BeIMUUHbI, TPOBEPUB

NPaBUIILHOCTE €€ PaIMEPHOCTH.
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1. ®Pu3udecKkue 0CHOBLI MEXaHHUKH

1.1. DaeMeHTDI KHHEeMATHKH

CxopocTs Teuenns pexn v=3 kmfu, a CKOPOCTH ZBHIKEHHS JOIKH
OTHO CHTENIbHO BOMIB

HOCHTENbHO Gepera JIOJKHa NBUTaThCS JIOKA, YTOGE! NPOIUIBITH TIOTIEPEK PEKH,

=6 km/u. Onpenenure, nox Kaxum YTJIOM OT-

Jlea aBTOMOGMIIA, BEIEXAB OTHOBPEMEHHO H3 OXHOTO ITyHKTa, ABHKYT-
(s TIPAMOJIMHENHO B OJTHOM HaNpaBNeHHH, 3aBUCHMOCTD IPOHLEHHO-

2 2 3
O UMH TTYTH 3a7a€TCS YPAaBHEHUAMH § = AL + Bt™ u s, = Ct + Dt” + Ff’ Onpege-
JIMTE OTHOCHTEJILHY 10 CKOPOCTE aBTOMOOMAEH

Pewienue

Hano

= : ds
8 At + Bt u:Ul_UZ’ U]:-EI—ZA+ZBlu
!

sy = Ct+Dt* + F©’

Hano

v=3 xm/u=0,833 Mm/c
v, =6 xM/y=1,67 Mlc

Pewernue
v
—=cosa,
Uy
= arccos—.
Y

ds,
Uzz
U — 9 dr

u=A+2Bt—C-2Dt=3F = A-C+ 2B - D) - 3F1",

{ Omeem ) - 4-ci2B-Dy-3F7,

BesocuneucT TIpoexait nepaylo NONTOBMHY BPEMEHH CBOETO JBIKEHUS

=C+2Dt+3FF,

CO CKOPOCTBIO ) =16 KM/4, BTOpYIO NOJIOBHHY BPEMEHH — CO CRO-

pOCTBEO ¥5 =12 kM/4 Omnpeaenure CPesHIO CKOPOCTH ABHKEHHS BETOCHIIENCTA.

a=30°

) Kamns noxms mpu CkopoctH BeTpa vy =11 m/c mamaet nox yrimom

K BepTuKann. Ompenemdre, mpH kako#t CKOPOCTH BeTpa Uy

Kamis Boasl Gynet majate nox yrmoM f = 45°

e 5 Uy =Y ———.,
tga  tgf 2 ltga

Hano Pewienue

v =11 m/c W= =y K
1=y =u,

a=30° |

B =45° YU '
——tga, I
u a !

1

Uy — 9 Y2 _ o
» tgfs u

v _ Y tgp

( Omeem ) v, =19 wmc.

&

Hano Pewenue
—_ _[ A
tl——tz—E <U>::—», S-_-S]+S‘_), 51:‘”1’1-
t
v, =16 xM/a = 4,44 m/c ;
v, =12 kM =333mc | 27 vl h=h= 5’
s=u —t—+u t~(v + Uy )=
(v) —? ThpT Ry TR

Ui+ U ) U +U
<U>:( (TU U+
2t 2

( Omeem ) (v)=14 xws




Benocuneauct npoexan nepayio TONIOBUHY NIYTH CO CKOPOCTBI
vy =16 KM/d, BTOPYIO IIONOBHHY IyTH — CO CKOPOCTBIO U, =12 km/u

OHPCIIEJ'IPITC CPEOHIOK CKOPOCTh ABHXKECHUS BEIIOCHIICTHCTA.

1.7

B TeueHue BpEMEHU T CKOpOCTH Te€Jla 3aJacTCA ypaBHEHHEM BH.1d

0CTb 34
v=A+Bt+Ct* (0 << 7). OnpeienuTe CPeIHIO0 ChOP a

npoMeiy10K BpEMCHHA T

( Omsem ) (v)=13,7 mte.

Jlano Pewenue
T
2\ 4, —
| = A+ Bt+Cr? <U>=.S_, s:jydt: (A+Br+Crydt =
Crynent npoexan monopuHy myTt Ha BEIIOCHIIEJIE CO CKOPOCTHIO 0<I< 1 . J
v; =16 xm/u. [lanee nonopuHy OCTABILICrOCH BPEMEHH OH €XAJ CO CKOPO- b . ;
) v T i Bt Cr
CTBIO V5 =12 m/q,a:’.aTeMlIommlanymmenneun(omcocxopocmo Uy =5 KM/g <“>__,) :jAdt+jBtdt+th2dt=Af+ : +__3_,
OmpejiestiTe Cpe/THIo o CKOPOCTS ABIDKEHIA CTY/ICHTA HA BCeM Iy TH ‘ : ; :
i
‘ s Br C
Harno Pewernue N0 R P
: T 2 3
5 :g 51 »le 52 W 530 | Omeem Br C”Cz
‘ — 7 | W)=A7 43
=5 v AP V3
v =16 xw/a=4,44 /e 4 1, I ( 1.8 ) [Mpn naneHdn KaMHA B KOJO/IELL €T0 yAap O NOBEPXHOCTH BOJIbl IOHO~
vy =12 1w/ =3,33 w/c s . cutes wepes ¢ =35 c. [IpuuuMas ckopocTs 3syka v =330 m/c, onpe-
v3=35 km/a=1,39 m/c ' gennte nryOHHYy KOJIoAuR.
LR o 2Tl ano Peweriue
S3—U3t3, Sl=52+S3, — 2
<U>—“° t t=5c¢ h:ig_t_, h=uty, b=1—1y,
' 2716 ! =330 mic 2
T 2
! 2 -20t=0,
(v _S5itS T8 h— 2 %l—zv(t—t]), g+ 2ut,
LAty +ty 2
t
AY 2v -0 t]=—£+ (3} +.2.1)_:4,67 c,
(v)= 25 _ 2u(v; +uy) 11+?11——t— , 2 Wz 2
Sy 25y 20+ Uy + Uy
U Uy +U 2
b . 5_;_ =107 m

< Omgem ) (4)=11 xusa.

( Omeem )h:107M




&
‘ 1. 9 @5 Teno napaer ¢ BhICOTSE A =1 KM ¢ HyneBoil HauaIbHOI CROPOCTBI)

Ipene6peras compoTuBneHneM Bo3myxa, OTpenesiiTe, Kakou Iy Ib
nponmm Te:10" 1) 33 TepBy1O CeKyHAY NMajieans; 2) 3a NOCHenHIOn CeKYHIY NajeHus

) ) Hano Pewenue
=1 kM=10°Mm -
vy =
L-1c ‘ hl; 35“[1
LH=1¢ Ak
———— — t
]) \' s A
2) e — 2 : S
A W A7
1= Lg-, = ‘2—11' H
2 g
o 3
;7]~-"— 5 = hy sl-é’ﬁ—,
2 2
3 : ! |
_-g(l_lz)- _~_2J
Ir7: ~"_“‘2"‘”_9 52:h_h2’ qzzh_ g2
( Omeem ) s =49 M 2)s,=132m

1.10.°

Teno nanaeT ¢ BEICOTRI /=1 kM ¢ HyneBO# HauaNbHOI CKOPOCThIO
Ipenebperas conpoTuBIeHNeM BO3IyXa, ONPEIEIHTE, KAKOe Bpe-
s 10510011 Csl ey A1 NpOXoxaeHus: 1)

3 nepseix 10 M 1y TH; 2) noc
10 8 iy 11 e

( Omeem ) —

I} =143¢; )t =01¢

10D

TlepBoe Teno 6pomeHo BEPTHKANIBHO BBEPX C HayalpHOH CKOPOCTEHIO

vy =5 M/c. B TOT e MOMEHT BPeMEHH BEPTUKANBHO BHU3 C ToM XKe
HauaIbHOM CKOPOCTBIO H3 TOYKH, COOTBETCTBYIOIIEH MaKCHMAIBHOH BepXHel TOUKe
noneta h,,, NepBOro Teja, GpolIeHo BTOPOE Teo. Onpenenute: 1) B Kako# Mo-

MEHT BpEMEHH { Tella BCTPETATCS; 2) Ha KaKo#l BBICOTE A OT NOBEPXHOCTH 3eMIIH

Tpou30iineT 3Ta BCTpeYa; 3) CKOpOCTh ¥y NEpBOTO Tela B MOMEHT BCTpedH; 4) CKo-
{ pocTb v, BTOPOrO Tejla B MOMEHT BCTPEIH.
Hano Pewienue
Uy =5 M/c
° _ Y .
hmax_E_g_,
p + —? Vo
h—? vlzvo—gta hm.x
—x
v —? Y
Y
Uy —? vy = Vo + 8L, T °
7 5 7
2 2
t 4
s]—vot—g—-, §y = Vgt +=—,
2
2 2 2 2
t gt Up Uy
Sp+ 83 = Apax s Ut —=—+ Vgt +—— =" 2upt = —=,
! 1+ 82 = Moy of =75 o T g =g
' 2 2
b hes —vy - B gy Yo BTV
} 4g 2 4g 16g -2 32g
i V=Y~ gl=Y -8 -EU Uy = Uy + gt=Uy+ ﬂ~—5—u
’ 1= Vo 0 4 4000 2=Vt 8 0 84g PRt
)
! ( Omeem ’ 1) t=127 mc;  2) h=56 cu;
3) v, =3,75 Mle; v, =6,25 M/cC.

{1



Teno 6pourero nox yriom x TOpU3OHTY. OKa3a10Ch, YTO MAKCHMATE-
Hasl BHICOTA NOAbeMa A =

5/4 (s — namsHOCTE MoNeTa). IIpene6peras
COTPOTHBIICHUEM BO3yXa, OTIpEReUTE yroi 6pocka K TOPH30HTY.

Hano Pewenue

h=s/4 yﬁ

o — 9
Vo ko —— Yo
|k
a |
0 —>-
. = s
0r = Uy cosa , Ugy = Vpsma,
(f — Bpems nopgsema, 27 — BpeMs IoneTa),
2
t 2
h=5_, h=u, -8 gtz_ . g’
2 0y 2 s ‘Z——UOZSIHCZ———,
2 i 2 .
g™ =yptsine, t:M, h= 8t U% sin®a
g 2 28
h=- 203
Ty (moyemommio), s=yy .2r=2yycosg = <20 0SE SN
8
22 2
Vpsin“a  2vjcosasing
= ) sing =
2g 4g cosa ,
Sin¢ 1
=1, ga=1, =
cosa g a = arctgl,
a = 45°

( Omeem ’a:450_

B Teno 6pommeHo co ckopocTIo v, =15 M/cmoa yrmom a = 30° k ropu-

3ouTY. [IpeHeGperas CONPOTHRIEHHEM BO3/AYXa, onpeaenuTe: 1) Brico-
Ty A nogeeMa Tena; 2) JanbHOCTH IoseTa ([0 FOPH30HTANH) § Tena, 3) BpeMs ero
JBIDKEHHS.

( Omeem )1)h=2,87 M, 2)s=199 M 3)r=153c

Teno 6pomieHo ¢o CKOPOCTHIO vy = 20 M/c nox yrnom @ = 30° k ropu-
3oHTy. [Ipenedperas CONPOTHRIIEHUEM BO3IYXa, ONPENE/IUTe T MOMEH-
Ta BpeMeHH { = 1,5 ¢ noC/le Hauana ABIDKeHHN: 1) HOPMATBHOE YCKOPEHHE; 2) TaHTeH-
LHATBHOE YCKOPEHHE.

Hano Pewenue
v, =20 M/c v, =vg, -84, Y
a=30° Vg, = Vg SinQ. Yo,
t=15c¢
Tlpu :
1) a, —? i i 0
v, =0,
2Ya, —? /
i =g, a,
. v sina = gf ~¥ ag
f=200 o102 ¢ r=15c> 4 (enyek), £ =t-1f=15¢c~1,02¢c=048 c,
g
U)’
Uy = Vg, = Uy COST, v,=gt', -—==tgp,
vx
gt’ .
¢ = arctg—="——, a=g, a, = gsing, a,=gcosp,
vy COS

gtl R gtl
a, = g cos| arctg—=—— |, a, = g sin; arctg—=——
Uy cosq v, cosa

( Omeem ) 1)q =947 wer, 2)a =258 wi.

1D



‘ 1.15 ’ C Ganmu BbicoTol / = 40 M 6pomeHo TeNo co CKopOCTHIO vy =20 Mic

nop yrnom & = 45° x ropusonty. Ilpenebperas conpoTHBIIeHHEM BO3-
Ayxa, oTipesienuTe: 1) BpeMs / ABIDKEHHS Tella; 2) Ha KAKOM PACCTOSHHM § OT 0 CHOBAHIS
OalUHK TENO yNajeT Ha 3emmo; 3) CKOPOCTh U MAjeHus Tea Ha 3eminio, 4) yron ¢ |
ROTOPBIA COCTABHT TPACKTOPHS TeNa C TOPU3OHTOM B TOUKE €10 [1a/eHus.

C 6amsH BoicoToit 2 =30 M B rOPU3OHTAILHOM HalpapieHUH 6po-
IIeHO TENO C HAYATbHO# CKOpPOCThIO Uy =10 M/c. Onpenenute: 1) ypas-
HeHHe TpaekTopuM Tena y(x): 2) CKOpOCTh U Tella B MOMEHT NAaAeHUs Ha 3eMITI0;

3) yron ¢, KoTOphlii 06pasyeT 3Ta CKOPOCTh € FOPH3OHTOM B TOUKE €TI0 Ma/ICHUS.

Omeem 1) t=4,64 c; 2) s=657 M;

3)v=34,4 M/c; 4) ¢=657°.

Teno Gpoieno ropu3OHTANBHO CO CKOPOCTHIO vy =15 m/c. IIpene6-

peras CONpOTHBIIEHUEM BO3AYXa, OTIPeNeTUTe PaJHyC KPHBU3HBI TPa-
€KTOpPUY Tena Jepe3 [ =2 ¢ moclie Hadana JBIKEHAL,

Hano Pewenue
110:15 M/C 0 »x
=2
1=2c a, “
R —2 Sy l,
/
'
* a, - /
y g=2a
I =g, v, :gt’ U=\/U§ +vi =‘\/U(2)+g2f2 ,
- U v?
a=g, a, =gcosy, cosp=—, a, =—,
v R
Rziz 2 :U3’ R:(U§+g2f23/2.
a, gcosg gu, gv,

< Omeem ’R:mz M.

Hano Pewenue
X
h=30M 0 I
vy =10 m/c Y
¢ |
D yx) =7 |
O Y/
by AN
»Y
2 2
e _s zﬁ(i] __8 2
X =0 = vy r= 2 Y 2\ vy 2U8

g _2gh J2gh

2 = S = e——, = arct .
U=V +2gh- 8¢ Up v p=arce g
( Omgem )1 y=-2-g—2—x2; 2) v=262 mlc; 3) p=676°
Uy

Hexomopbie (puzuieckue nocmoannsie

CxopocCTh CBeTa B Bakyyme ¢ = 3 10® m/c
HopmansHoe yckopenue cBoGoaHOTO naienns & = 9.81 m/c?

[paBuralontas nocrosHyas G = 6,67 107" M(kr - ¢?)

{1<'\



3aBMCHMOCTE MIPOMZIEHHOro TENIOM ITyTH OT BPEMEHH 3a/1aeTCs YpaB-

_ a2
HenueM s= A— Bt +Ct* + D (A=6 M, B=3 wm/c; C=2 wm/c?

.

— 3
D=1 m/c’). OnpegenuTe 1 Tena B MHTEpBaNe BpEMEHH 0T 7, =1 cmo =4 ¢

Y
At LT o

Ty} WY

s=16 M 1 ero ckopoc1b v =3v,.

Teo ABMKETCA PaBHOYCKOPEIHO C HauanbHOH CKOPOCTRIO Vg . Onpe-

[euTe YCKOpPEHHE TeNna, eI 3a BpeMi t=2 ¢ oHO [poiIA0 My Th

1) CpeAHIONo CKOPOCTh, 2) CpejiHee yCKopeHue
ano P, Mano Pewienue
eHieHUue
2 t=2¢ ar
s=A-Bt+Ct +D[3 ~16 a = const , v g+ At s = Ugl += »
Sy~ 8 s=16M 3
t, — ’ v= 3U0
B=3 wm/c h — 3 3 [ -
= : - V=23V, Vo= U+ al, a=—
g f M//c:3 $ = s|[=[2 , 5=, 49 t
=1 M/C =t s .
2u4t”
H=1c ds _ o _ s
1 U:d_=~3+2Ct+3Dt2, §= Uyl + 2uyt, Uo—z,'
’2 =4 c t ;
s 5
<a):u, a=5 =
1) <v> —9 L -t 2
2) <a> —? 1)2 = v}/—lz . l)l = vl[:ll . ‘ Omeem ' a= 4 M/

‘ 1.22 ) MarepHaibHas TOUKa ABUACTCS B0 PAMOIT Tk, {1TO €C yCKOPEHHE
o A og ~ e
O JHHEHHO pacTeT U 3a nepsbie 10 € 10CTUraeT 3HAYCHUA 5 m/c* Onpe-

JleJIUTe B KOHIIE JeCATol CeKy /bl 1) CKOpOCTh TOUKH, 2) npoiij{c HHBIM TOYROH Iy b

3aBUCHMOCTS NPOHAEHHOTO TE/IOM ITYTH OT BPEMEHH 3a1aeTCs ypas-
, HendeM s = A+ Bt + Ct* + Dr* (C=0,1 m/c, D= 0,03 M/c*). Onpe- Aano Pewenue
aeTe. 1) yepes CKobKO BpeMeHH NoCie Hayana ABHXKEHNs yCKOPEHHe a Tena 6y- a=kt
: a a
1IeT paBHO 2 M/C%; 2) cpejnee yckopeHue (a) Tejia 3a 3TOT IPOMEKYTOK BPEMEHH h=10c¢ asi ‘= . l—l ’
_ !
a =5 m/c?
( Omeem ) 1) 1=10 ¢ |
1) t=10 ¢c; 2) {ay=1,1 m/c. f | il ki a
IJ:I(z(l)dlzjktdt=—, BWw=—7"= K
1y v, —°? 0 0 ? ’ :
DRIOER
3 %&E 90 "y OOGBACHHTE, MOKET U U3MEHATHCA HampaBieHue BeKTopa CKOPOCTH s —7 f ki ’ 3 -———2
B TO BPEM# KaK ero yCKOpeHHe N0 MOAYIIKO OCTAETCH NOCTOSHHBIM s=Judr= = dr= e ' ne T =%

( Omeem ) 1) v, =25 Mic,  2)5=833 M




KPIHEMEITH‘ICCK!«IE YPaBHCHHA JBHKEeHUA ABYX MaTe€pHaJIbHEIX TOYeK

UMEIT BUJ X, M Xy= At + By’ + Cyt?, rne

B =4 e, G =-3 M/C, B, =-2 m/c?, C, =1 M/c’. Onpeemure MoMeHT BpeMe-
HH, 15 KOTOPOrO yCKOPEHNA STHX TOUeK GyTyT PaBHbI.

( Omeem ) £=05 c.

e ) = ’
( % E%Zﬁi ?") HopmansHoe yCKopeHHe TOUKH, IBIKYIIEHCA 110 OKPYKHOCTH paHy-

com r =4 M, 3a7aeTcs ypaBHeHueM a, = A+ Bt + Cr* (A=1 m/c,

B=6 wm/c’, C=9 m/c*). Onpenenute: 1) TaHreHIMANBHOE YCKOPEHHE TOUKH; 2) Ty Th,
IIpOM/IeHHI /i TOUKOJ 32 BpeMa 1) =5 € MOCJIe Hadana ABIKEHUA; 3) NOJIHOe YCKope-

HUE V11 MOMEHTa BPeMEHH f, =1 cC.

- Hano Pewuenue
i HCHUA JBHXKCHHA ABYX MaTepHaNbHBIX TOYEK r=4m 2 U2
a :A+B[+Ct2 (1,1=A+BI+CI‘“, Ay =—>
UMEIOT BUIL X, = A4 + Bt + Ct? M X, = Ay + Byt + Cot*, e By = B,, " !
C =-2 m/c? _ 2 A=1 m/c? 5 P
1= 74 M/ G =1 M/c%. Onpentennte: 1) MOMEHT BpeMeHH, MUl KOTOPOTO CKO- B=6 m/c’ v=yr(4+Br+Ct7) = \/4(1+6f+9f )=
POCTH STHX o€k GyIyT PABHEI; 2) YCKOPEHUS d; M d, IS STOCO MOMEHTa, C=9 m/ct dv
o5 e =21+30)=2+6t, a = dI:—(Z 6t),
L=
Jfano | Pewenue e
‘ = t t
Xi = A4 +Bt+Cy* dx, B +2C — 5, = _"v df = j(2+6t)dt:2tl +387
V== + !,
Xy = Ay + Byt + Gy fF dr l 1 a —2? ’ 0
= dx 2) 8 —? 13 (2+68,)
B, = 8, v2=—2=82+2C2t, )4 a.,=4a,, anzz—)z—z( 2)
Y de 3) ar — 9 r b
G =-2 m/c? 2
Y =0, B =5, 4
C o 1 / 2 2 2 b) (2 + 6[2)
2= M Gy + 8y =4 + 2
B +2Ct =B, +2Cyt,
1 t’n,=u2 —? ‘ Omeem ’ Ya, =6 m/c;  2)5,=85m; 3)a,=171 m/ct.
2y a —2? _ B - 32 0
3ya, —? 2(C2 ) "5y *:;“ 3aBHCHMOCTS NPOHIEHHOTO TEIOM ITyTH § OT BPEMEHH ! BRIpaKaeTcs
i w
_dy dv, W ypaBHeHHeM § = Al — B+ Cr (A=2 mlc, B=3 wm/ct, C=4 m/cd).
a4 = Fr 2G, &= o 2G,. 3anuuInTe BeIPAXEHHS] JUIS CKOPOCTH 1 YCKopeHHs. Onpeeiure Ut MOMEHTa BpeMEeHH

{ — 2 ¢ Nocne Hadaa ABHKEHHA 1) npoilfeHHLIA my1h; 2) CKOPOCTs: 3) ycKopeHue

( Omeem )1)::0;' 2) ay=-4 M/, 3) a,=2 mlct.

( Omeem ) 1) -21n; 2)v=38wic, 3)a=42 wc

(18




3aBHCHMOCTb TIDOM/IEHHOTO TeJIOM Ty TH TIO OKpYXHOCTH painy-

COM r=3 M 3ajaeTcs ypaBHeHuem §= Ar> + Bt (A=0,4 m/c*

B=0.1 m/c) Onpenenure s MoMeHTa BpeMeHu 7 =1 c mocje Hayana JBmKe-
Hus ycKopenue: 1) HopManbHoe, 2) TaHreHIHANBHOE; 3) nonHoe.

Panuyc-BexTOp MaTepHabHON TOYKY M3MEHAETCS CO BPEMEHEM I10
. 2. [N "
3akoHy r = £i+ 3%, rae i, j — OpTH oceii x u y. Onpenenute L%

MOMeHTa BpeMeHy ! =1 c: 1) MOy CKOpPOCTH; 2) MOIY/Ib YCKOPEHHAL.

( Omsem ) |, a, =027 M/c%  2) a, =08 wm/ch;

3) a=10,84 m/c?

Touxa ABIDKETCH B ILIOCKOCTH Xy U3 NIOJIOKEHHA C KOOpauHaTaMu

X1 =)1=0 co ckopocTsio v =ai+bxj (a, b— TOCTOSHHBIE, i, j —
OPTHI OCeii x u y). Onpenenure: 1) ypaBuenue TPAEKTOPHH TOUKH J(x); 2) Gopmy

TPaeKTOPHH.
Hano Pewenue

xp =y =0 v=ai+ bxj,

V:(li+bxj v, =a, Uv:bx,

)y —? dx=v, dr, dy=wv, de,
dr=ads, dy = bx dt,
dy_gdx7

a

( Omeem ) b
1) y= EX2 ; 2) mapatona.

Hano Pewenue
2. ar d
r=i+34 v=t =S (Fi+3)) = 3%+ 61§,

dr dr
t=1c .

dv . 2.2
1y o —2 a=~a7:6t1+6], uz,/vv+v,,
2)ya-—2?

v\::3t2’ U)=6ts

=GP +(61)
a, =6t, a, =6, azw/(6t)2+62.

( Omeem ) 1) v=67 mlc; 2) a=8,48 m/ct.

Papiyc-BeKTOp MaTepHanbHOM TOYKH H3MEHSAETCS CO BPEMEHEM MO

3aKOHY I = 4%+ 3 j+ 2k . Onpenenure: 1) cxopocTsb v 2) ycxope-

HuE a; 3) MOXY/Ib CKOPOCTH B MOMEHT BpeMeHH [ =2 ¢.

Hano Pewenue
r=42+3+2k dr
V=_:8ﬁ+3j’
t=2c d
I)V'-—’> az‘c'lX'ZSiy
2) a—? dt
3) Uy —? v =81 +3%.

3) v, =16,3 M/c.

<0meem )1)v=8ti+3j; 2) a=8i;
21)




MBrwxeHne MaTepHansHOl Touky p IUIOCKOCTH X) ONTUCBHIBAETCH 32K0- « #7

HOM x = Af, y=A1(l1+ Bt) ,tne A ¥ B— nonoxurensupie TOCTOSH-

Hele. Onpenenute: 1) YPaBHeHHE TPAEKTOPHH MATEPHANBHON TOUKY Hx);
BEKTOD I TOYKH B 3aBUCHMOCTH OT BPEMEHH; 3) CKOPOCTE U TOYKH B 32
OT BpeMeHH; 4) yCKOpeHHe g TOuxH B 3aBHCHMOCTH OT BpeMeHH,

e asyer ¢
BPI)CSIM(I)?’II'H OnpenesuTe: 1) MOMEHT BPEMeHH, IPH KOTOPOM BEKTOp YCKOpeHH: a o6pa3sy

Harno Pewerniue
x:At x:At, t:i’
y= At(1+ Bt) P,
Dyx)—2 y=Ar(1+Bt):A£(1+BiJ:x+§x2,
2)r(H)—2 A A A
3) vty —7 2
4) a(t) — 2 IERE—

d
v:d~:=Ai+(A+2ABt)j,

d
a="_-24pj,
dr

r=xi+yj= Ari+ A1+ Br)j,
V=44 (A+ 24817 = a1 (15 2B1)?

a=2A4AB=const .

B2
‘ Omeem ’1)y=x+—;—;

2) r= Ati+ A1+ Br)j;

3) v=AYl+(1+28r) ; 4) a=2A4B=const .

Hexomopuie mamemamuyecrye dopmynn

sin(a + ) = sinct cos B+ cosa sin §

cos(a + ) = cosa cos B Fsina sin 8

Ma'repna.rxmax TOYka Ha4HHAET ABUTaTHCA [10 OKPYKHOCTH pa Ay COM

A2
r=12,5 cM ¢ IOCTOAHHBIM TAHNeHLMAILHBIM YCKopeHHeM a, = 0,5 cm/c’.

=452 iileHHBIi 32 9TO BpeMs JIBIKY-
BEKTOpOM CKOPOCTH v yron « = 45°; 2) myTh, IpOoiix

eics TOUKoM.

Hano

Peweriue

r=125cM=0,125m
a, = 0,5 em/c?=5-10" m/c?

a=45°

yr—"7
Ds—7?
“ ]
2 a;’t2 a.t”
tgr =— =——— = —-.
18 ra, ra, s

t / 2
a,t
s= Ivdtz Ia,tdl=
0 0

“~

!
U= Icz, di=a,.,
)

riga
{ = I._g__
al

‘ Omeem ) 1yr=5¢ 2)s=625cm

i ; #cs Ha obofe Bpamarouie-
JluHeitHas CROPOCTE V| TOUKH, HAXOASAIUEH p

roCs JMCKa, B TpH paia Gosisile, YeM JUHEHHas CKOPOCTE Uy TOUKH,

Haxopeiics Ha 6 ¢M Bmpke K ero ocu. OnpeAenuTe paaHyc IucKa,

( Omeem ) R=9 cM.




~~

Koneco Bpamaercs ¢ noctosHubM yrinossim yckopeHueMm € =3 pag/c

Onpenenute paauyc koneca, eciepes ¢ =1 ¢ nocye HauaJia ABHXKe
HHA TI0NIHOE YCKOPEHHE Koneca g = 7,5 M/c?

Kosieco apToMallMHE] BPALAeTCs PABHO3AMEIEHHO 3aBpeMs [ — 2 MUH
OHO W3MEHMNIO YacToTy BpameHus oT 240 no 60 mun ' Onpenenure
1) YIII0BOE yCKOPEHHE KOJIECa, 2) YHCTIO TIOJHBIX 000pOTOB, CAENAaHHBIX KOJIECOM 32

950 Bpems
HAano Pewenue ! Hano Pewenue
e=3 pan/cz 3 7=2 muH =120 ¢ Wy =, — &t , ‘U2=27mza 0)1:2.71'711,
=1 4 =eR, =240 e = 4 ¢° (- m)
a=75 m/c? 3 %:60 e =1 ¢! 27tny = 2mny — €t s:-—‘[———z—,
v
anZ—:szzngzR’ A
R —» R et?
2_ 2p2 4 2aN = 2amt ———, 2aN =2nnt —nlm —ny)t,
a =gR +814R2=82R2(1+3214), 2
R N:n|f__'“‘
evl+ et { 2
, 1) £=0,157 pan/c’, 2) N =300
( Omgem > R=79 cm \
\ §

Touka gBUXETCs MO OKPYXHOLTH paguycoM R=15 cM ¢ nocross-
#IKOpB 3MEKTPOIBHraTe/Is, MMeIOWHMii 4ACTOTy Bpamenus 7= 50 ¢ !

110C1€ BHIKIIOYEHHS TOKA, caenaB N = 628 06opoToB, ocTaHoBUICS

HBIM TAHICHIIUAJIBHBIM YCKOPEHUEM A, K KOHILY 4€TBEPTOTO 060p0-

Onpenenure yrmopoe YCKOpeHHe & sKops "Ta OCTIe Hauana JBIKEHMS JTUHEHAsA CKOPOCTh ToukM U, = 15 cm/c Ompenenute
EHopMaJILHOE YCKOpeHHe a,, TOUKH uepes f, = 16 ¢ nocne Hauana JBIxKeH]
Hano Pewenue
Jano Pewenue
n=350 ¢ er?
N =628 go=w0t—7, p=27N, R=15cM=0,15m a, =w’R=(et)* R, a,=21—=eR=consta (I:UI'Q,
a, = const h ¢
£ — ? 8t2 2
2 2N, =8, e=—L1 . 4= —1=1| R,
v; =15 em/c = 0,15 m/c 2 4nN R” 4nN,R
W=wy—-et, O=2nn-er,
2 2,2 2,2 =16 ¢ 2 2 4,2
zn 2
€ € 2e € N G 47N, R° 162°N{' R

( Omaee, > -
m  )c=125 pan/c:. Omeem a, =15 em/c’




Huck pamiycom R=10 cM BpaiaeTcs BOKpY T HENOIBHAKHO OCH 1aK.
YTO 3aBUCHMOCTS YIila NOBOPOTA TUCKa OT BPEMEHH 3aaeTCs ypaBHe-

HUEM ¢ = A+ Br + cr+DP (B=1 pai/c, C=1 pag/c’, D=1 paw/c®). Onpene-
JTe IS ToYeK Ha 0601e MUCKa K KOHILY BTOPOIt CEKy Hb! [TOC/IE HauaMd BIKEHHS
1) TaHTeHUHMATIBIOE YCKOPEHHE &, ; 2) HOPMAIBHOE YCKOPEHHE ¢, ; 3 ) IONHOE YCKO-
peuue a.

( Omeem ) D oa, =14 wcs 2)a,=289 m/c, 3)a=289 m/c.

J¥ick BpamaeTcs BOKPYT HeTIOIBIIKHOI OCH Tak, YTO 3aBUCHMOCTD YINa

TNOBOPOTA Pa/liyCca TUCKA OT BPEMEHH 3a02ETCs ypaBHEHHEM ¢ = Af°

(A=0,5 pan/c?). Onpenenure K KOHIY BTOPOH CEKYH/IbI I0C/IE HAYANA JBAKE HUS"
1) YIIOBY10 CKOPOCTH NMCKA; 2) YIYIOBOE YCKOPEHHE TUCKa; 3) UIN TOUKH, HAXOA-

Iefics Ha paccTosHuM 80 cM OT OCH BpallleHHs. TaHTCHLUMATBHOE @, , HOPMAILHOE

a, ¥ IIOJNHOE ¢ YCKODPEHMI.

o= At* (A= 0,1 paw/c?). OnpenenuTe MONTHOE YCKOPEHHE @ TOHKH Ha obone muc-
a K KOHL BTOpO# CEeKyHIBI IOCIE Hauala ABIDKCHNH, €CIHM JIMHEHHAS CKOPOCTH

Jlick BpamlaeTcs BOKDYT HEMOABIDKHOW OCH Tak, 4TO 3aBHCHMOCTH
yINa MOBOPOTa pajyyca NACKA OT BPEMEHH 3a/aeTCi ypaBHEHHEM

TOi TOUKH B 3TOT MOMEHT paBHa 0,4 M/c.

Hano Pewenue
= Ar° =241,

p=Ar p=At, w
A4 =01 pan/c? e=24, v,=wR=2A44R,
n=2c v
v, =04 Ml 2At

' v
a7 an=€R=2AR=ﬂ, a, = (2Av1tl,2+(t

1

4

(Omeem ) a, = 0,256 M/c.

Hano Petuenue
= Af* d
4 =A%, w=—£=2At~
A=05 pap/c? dr
t=2c¢ 5
=80 cv=08 M e-—at—— A= const,
Do —7? afzﬂ, v=wr,
e —2 dr
3)a, —7? 2
:7Ar a _—_-L—z 2 :4A2 :
u s a.r & L) n . w'r vtT,
. ?
a — 7 py
azwlaf-i—a,].

< Omeem , 1) w=2 pan/c; 2) e=1 pap/c’;
3) a, =08 m/c%;

a, =3,2 m/c?;

G5

a=373 Mm/c’.

ypaBHeHueM U= A! + Bf (4=03 wc?, B=0,1 m/c’). Onpegennte yron &, Ko-
TopsIii 06pasyeT BEKTOP TIOJIHOTO YCKOPEHHUA @ C PAyCOM KOJIECA HEpes 2cor

Hauaja JBMKECHNA,

Juck papuycom R =10 cM BpalllaeTCs TaK, 4TO 3aBUCHMOCTD JUHER-
HOM CKOPOCTH TOYEK, JIEKAImKX Ha 060a¢ ACKa, OT BpEMCHH 3/1a€TCs

Hano

Pewerue

R=10 cM=0,1u
U:At—}-Bt2
A=0,3 m/c
B=0,1 m/c
t=2¢

a —?

a
tga=—L,

a,

a, =

R R

(A+2Bt)R
A=
(At + Bt)

( Omsem ) «

€10

v? (A + Btz)2



P
‘ 1,42 f} HMuck pagycoM R=10 cM Bpamaercs Tax, 4TO 3aBUCHMOCTD yrna

nNoBOpOTa paguyca gucka oT BPEMEHU 3aliaeTcs YpPaBHEHUEM

p=A+Br (A=2 pan, B=4 pap/c’). Onpenenure as Touex Ha o6one koneca

1) HopmanbHOe ycxopeHue a, B MOMEHT BPEMEHH ! =2 C; 2) TaHreHUMANBHOE yC-

KOpEHHE LISt HTOTO JKe MOMEHTa; 3) YToll IOBOpOTa ¢, pu KOTOPOM TIONIHOE YCKO-

PCHIE COCTARNART C PAAMYCOM KoJIeca yroa a = 45°,

1.2. luHaMHUKa MaTepPUAJIbLHOH TOYKH
H NOCTYNATEebLHOI0 ABHKEHHA TBEPAOIo Tej1a

! s=A-Bi+Ct*-Df’ (C =2 wm/cl, D=0,4 w/c?). Onpenenure cuiy,
Jeiic1BylONIyIO Ha TENO B KOHLIE NEpBOi CEKYHAB! ABEXKEHU,

Hano Pewerue -
R=10 cM=0,1 M o= A+ B 035 Hano Pewenue
o= A+ Bt ’ _9 du
A=2 pan £=6Br, a,=w’R=(3B’)’R, meoe s 3 Fzma:mdt’
=A- =D
B=4 pan/c® a, =e¢R=6BtR, tga=1, oA t
i C =2 w/i? ds 2
r=2c¢ 4 D= 0.4 M/ v=d—:—B+2Ct—3Dt s
a=45° tga=—"F, a, =a,, 7 g
a, t=1c¢ dv
1 , 'l , a=—=2C-6Dt,
) a, — (3Br*Y'R=6BiR, 9B**R=6BIR, F_»o d
2)a, —° 2 5 5 F=m(2C-6Drt).
; ‘
7=, =A+B —=44+2.
3) 9 —2 4 *
) ® 3B 3B 3 ( Omeem ) r-32n

(Omsem ) 1), _230 .0 o a,=48 wct  3) p=267 pag

.
.........................................

5 7 ) - Y]
( 1. 4 &%\3) Teno maccoit m mBkeTCs Tak, YTO 3aBUCUMOCTH NPOAAEBHOIO ITyTH
& %;E

OT BpPEMEHU OTIICHIBAETCH YpaBHEHUEM S = A4 cOSw! Tnedu @ —
NOCTOAHHBIE 3aNUUIATE 3aKOH U3MEHEHUA CHIIHI OT BPEMEHM.

( Omesem ’F:—-mA([)Z COSWi .

K HuTu noasemen rpys maccoii m= 500 r. OnpeaenuTe cuity Hats-

¥EHUA HATH, €CIIY HUTB € TPy3oM: 1) nogHUMATh ¢ yckopeHneM 2 m/c?;
2) OIyCKaTh € yCKOpeHHeM 2 M/’

( Omeem ) DT=59H 2 7T=39H.

ﬂecnmulmbze RpUCMABKU K HA38AHUAM eOunuu

[ — tepa (10')
I' — rura (10%)
M — mera (109)
K — Kkuno (109

A— meuu (10 1)

¢ —cantu (10 %)
M — Miwiu (10 2)
MK — MHKpO (10 ¢)

H— HaHo (10 %)
n— nuko (10 '2)
¢ — demTo (10 %)

a— arto (10-'%)




é 1,48 )
1.46 ) Isarpysa (m =500 ru my = 700 T) CBA3aHBI HEBECOMON HUTHIO I W

JIeXKar Ha MIagKoW TOPU3OH-

rajpHOH nosepxxocty. K rpysy m; npmio-

A€Ha FOPHU3OHTAJILHO HallpaBJICHHad CHlla

F=6 H Ilpenebperas Tpennem, onmpege-
-Te 1) yckopenue rpy3os; 2) CuTy HaTs-
ACHUSL HUTH.

( Omesem )

1) a=5wm/ic};, 2)T=35H

Ha pucynne n3obpaxeHa cucreMa OJ0KOB. K KOTOPBIM TOJBEUICHbI

rpy3sl Maccamu my, = 200 TH m, =500 T CuMras, 4T0 Ipy3 my NOA-

HUMAETCs. d TIOABIKHLIN ONOK ¢ #1y' OIyCKaeTCs, HUTh U GJI0OKU HeBECOMBI, CHIIBI
TpeliMs OICY TCTBYIOT, olpenenute: 1) cuily HaTsxenus Hutd T, 2) yckopeHus, ¢
KOTOPBIMH JBUKYTCS PY3HI,

Hano

=200 r=02K

——

—

Pewterniue

s, =500 T=0,5 kr
'1

1..473;X Ipocreiinas mamuna ATByna, npUMeHseMas s U3YyHeHUS 3aKOHOR
PaBHOYCKOPCHHOTO ABHXKCHHUA, NIPEACTABNAET cobOi /BA IPy3a ¢ He

6

PaBHEIMH Maccamu my U m, (HanpUMep m, > m, ), KOTOpbIE TIO/JBELIEHB! HA JIc| -
ROT HUTH, NEPEKUHYTOM 4epe3 HeNOABIKHBIA 010k CHUTAZ HUTH U 60K HEBECO-
MBIMH U NpeHebperas TpenueM B ocu OI0KE, ONpeesuTe 1) yckopenue rpy3on
2) ety narskenusa uuth 7, 3) cuny F, DEACTBYIOIIYIO Ha 0Ch OnoKa.

Hano Pewenue
S 2
T=1=T,
1712
m o> m {mla:mlg_T’ T 1
ma=T—mg .
1ya —7 T
T4A
)T —2
3) F —2 T=mg-ma, l::, -
- meg
ma+ma=mg—ma-mg, az(’"l ’"2)8’, ‘ 1
m + my
/:m,g—mlm'—ngzw, F=2T.
my + my m + my
( Omeem )1) PG SR A NS LY
ml+m2 ml+n12 ml+m2

}TT——? Ty T T

a7

' a‘\_‘? mlg

& 2

w{zlzzhz, a~h, mg

.

:'alzza,z’

;{v ma =T-mg, 2may =T -mg, my _mg-2T H
mya, = myg = 2T ; 2m, T-mg

»3( ma, = mg-2T;

1

my T — mymyg = 2mmyg —4mT ,

[

m, T+ amT = 2mm,g + mmg ,
Al
b

ﬁvT(m2 +4m) =3mm,g ,

f
7= 3mm,g

ny + 4m,

T-mg 2Am-2m)g
| b m my + 4m '

myg—2T _ (my—2m)g

{ar =

my my + 4m,

((Omeem )\ r-2261 2)a-15we a=075 wict

GO



1.49 ) Bycraroske (cM puc.) yron ¢ HakIOHHOM IIOCKOCTIH C 1OPH3OHTON
pased 20°, maccbr 1€ my =200 T my =150 . Cusras inth 1 610k

TCBCCOMBIMII H npeHe6peraﬂ CHJIAMHU TpEeHHA, ONPEACAUTE YCKOpEHUE, ¢ KOTOPbIM

B ycTaHoBKe yriibl & u f HAaKJIOHHBIX

ILUIOCKOCTEH € ropu3OHTOM COOTBET- m,

(_W_\ YT ABHIATBCH Te€Na, €CJIA LeJo M, ONyCKACTCA.

g, = 0,5 k1. Cupras HUTH U 610K HEBECOMBIMH U TIpe- B a

efperas cHIaMu TpeHUA, olpenenuTe: 1) yckopeHue,

Hano Pewenue ‘
o | KOTOpBIM ABIKYTCS Tella; 2) CHITY HaTsKeHUs HUTH.

o =20° .

my =200 1 =0,2 kr

1) a=133 m/c% 2)T=28 H

ns =150 1 =0,15 kr

—

u —7 Teno Maccoit m aBHXKETCA B IUIOCKOCTH XY 110 3aKOHY Y = 4 cosw!,

m.g .
i =T - . ) ! y=Bsinwt e, Bu w — HeKOTOpHIE nocTosHEbIe. Onpenennie
ma = mgsmea, mg—mgsing  (my,—m sma)g v . "
_ g a= = mg OIyJb CHIIBI, JeHCTBYIOMIEH Ha 3TO TeJO.
mau =g =T my + nt, m + m -
( Omeem ) ,-229 wic Jano Pewienue
r F=ma, r=Acoswt-i+ Bsinwr j,
< 1.50 > Teno A smaccot M =2 xr Haxoagurcs Ha TOPH30HTAIBHOM CTOMNE 1 = Acoswt dr
COGIMHEHO HUTAMY NOCPEACTBOM 610KOB ¢ Tenamu B (my = 0,5 kr) st | Bsmwt Ve —Awsinwt-i+ Bwcoswi - j,
C (i, =0,3 kr). Cunrast HUTH U GIOKA HEBECOMBIMH K npeHedperas cunamy Tpe- A = const dv 2 2
= const - __ - i i
HIL, ONPEAIENHTB: 1) YCKOpeHHe, ¢ KOTOPbIM GyTyT HBUFaThCS 31K Tena; 2) pazHocrh B_ a= dr Aw” coswt-i— Bu” sinwt-j,
ClU1 HATSOKEHUs HHUTeH, @ = const
. 2 2 2 2 _ a2 2
a=\/ ~Aw’ coswtY +(—Bw” sinwt)" =w \x +y,
Hano Peuwienue F—2 ( R ) Y
M=2x T, T, 5 F=mw*x*+y?
my = 0,5 kr E
T 2 /2, 2
iy = 03 ke ! T, ( Omeem ) F=mo*x*+y* .
1y g —7 mg £ 00000000000 0000000000000000600c00000bBsooce
A m—n)g mg
D -T) —7? - m—m)g Hexomopbsie mamemamuuecxkue popmynnt
b a ma=mg—T. T=m(g-a). /4 popmy

M+m+m,

mya =1, ~ g, L=m(a+g), L=T=m(g-a)—m(g+ua) sn2a =2smnacosa

( Omeem M) a=07 wic 2L -T,=14H cos2a = cos’ a —sin® &
@ ;Cﬁopmm 3agan @

oy (B e e




YacTiua Maccoif m aBHXKeTCH Nox nefcTBUeM cuibl F = F, coswt

rae ¥, U @ — HeKotopele MOCTOAHHBIE. OMNpeNenTe noNoKEHH

HaCTHLbL, T. €. BRIPA3UTE €€ PajHyC-BEKTOP I Kak (QYHKLMIO BpeMeHH, eClIH B Ha:
YaNbHbIH MOMeHT BpeMenu ¢ =0, r(0)=0 u v(0)=0.

Teno mMaccoif m = 2 Kr 1aJaeT BEPTHKAILHO C YCKOpeHnem a =5 m/c.
OnpejieauTe CUTy COTIPOTHBACHHUSA NIPH ABHXXEHUH ITOTO TENA.

Hano Pewenue
m dv
F=F, s = = m—
F=F, cosor o Coswt F=ma mdt )
t=0 dv F
r(0)=0 mE?=Focoswt, dv=;°coswtdt,
v(0)=0 F t
v(t)—v(0)=——°jcoswtdt=—l—r°—sinwt =isinwt,
K1) — 9 m mw 0 Mw
- E
v(0)=0, v(t)=—=sinwt, dr =v(t)dt,
mw
E, ' K, ! F,
r(t)-r(0)=—°—'[sinwtdt=——Lcoswt =-—0 (coswt —1) =
2 2 )=
mo o mw 0 mw
F, F,
= 1-coswt), r(0)=0, H=—2 (]~
2 )»  x(0) ()= =27 (1~ coswr).
F,
< Omeem > r(t) = —5 (1= coswt).
mw
Ha teno maccoit m=10 kr, nexamee Ha HaKmOH- F

HOM 1wiockocti (yron @ paser 20°), peficTeyet
TOPH30HTANbHO HanpasieHHas cwia £ =8 H. TIpeneGperas
TPEHUEM, ONpeNieNInTe: 1) yckopeHue Tena; 2) ATy, ¢ KOTopoii a

C BepIHHB! KIHHA, JJTHHA KOTOPOTO I =2 Musbicora £=1 M, HauMHaeT
CKOIIB3KTH HeGombinoe Teno KoaddumenT TpeHus Mex Iy TeoM M Kilk-
joM f =0,15. Onpenenure: 1) ycKOPeHUE, C KOTOPBIM IBIDKETCS TENO, 2) BpeMs Npo-

03 e HUS TeJ1a BAOJIb KITMHA; 3) CKOPOCTH T¢TIA Y OCHOBAHMS KIIHHA.

r
Omeem ) 1) a=363 wic,

3) v =381 mlc

2y t =105 c;

{

50 g% o .
;!..57 [To HaKIOHHO#M [IOCKOCTH C YITIOM (¢ HAKJIOHA K FOPU3OHTY, PABHBIM
30°, ckonb3uT Teno. OnpenenuTe CKOpocTh Tena B KOHLE BTOPO# ce-

fyH/IEI OT Hauana CKOMbXEHNs, eci kodbduumeHt Tperns f = 0,15

Omeem v=7726 wml.

i

N
e £ A - % (v
;@l‘giﬁg ) Barod Maccoit m=1 T cryckaercs 10 KaHaTHOM JKeJle3Ho# Jopore ¢

ykioHom o =15° x ropusonry. [pu- v
gumas koadduument Tperna f = 0,05, ompenenu- 4
Ie CYUTY HATSKEHNS KAHATa IPH TOPMOKEHHH Baro-
HA B KOHUE CIYCKa, €ClH CKOPOCTh BArOHa llepej|

TOPMOKEHHEM Uy = 2,5 M/C, a BpeMs TOPMOXKEH s

t=6¢

TEJIO JABUT HA IUIOCKOCTS.

( Omeem ) 1) a=4]11 m/c};, 2) N=894 H.

Omeem ) 71-=248 \H.

{

- (35

~



NePEKUHYTH Yepes HeBECOMEBIH GII0K, YKpeIUIeHHBIA Ha KOHUE CTo

610ke, onpenenute: 1) ycKopeHHE, C KOTOPHIM ABUKYTCS IPy3bl; 2) CHIy HaTy
KEHHI HHTH.

Mano Pewenue
m =m, =0,5 xr f N \
£ =015 e T ]
1) a —? . ‘
N T —2 T M
m,
i mlg

{mla =mg- T;
ma =T~ f mg: ma+ma=mg-fmg,
gom—/m)g

my +nn ’
T=m(g~-a)= ml(g“ = _fmz)g) e

ny + Ny m +m

( Omeem ) 1) a=417 W%,  2) T=282 H.

Hexomopbie mamemamuueckue popmynnt

) 1
sin’a = E(l —cos2a)

1
cos’ @ = —2-(1 +cos2a)

Ipy3sr onunaxoso#t Macesl ( m, = my = 0,5 KI') COENUHEHB! HUTBIO | '@3“60 >
na. KoopduuueHt Tpenus rpysa m, o cron f =0,15. IlpeHebperas Tpenuen ;
¢

éoﬁ f:O,l .

——

Cucrema rpy3o8 Maccamu #y =05 wOu my = 0,6 Kr Haxoauics B
nudTe, ABUKYIEMCs BBEPX C YCROPEHUEM ¢ = 4,9 wm/c’. Onpejenure

JUTy HATSOKEHNS HATIL, €CTH k0d()ULIIEHT [PEHIA MEK,Ly IPy30M MACCHL /m 1 OTIO-

Pewnenue

Hano

PO

m, =05 xr

m,
my = 0,6 kU

a=49 m/c *
=01

B SaEEE——

T —

vY.g

ma=N—mg,

my(a' —a)=mg-T.

ma =T N
}(a' — YCKOPCHHE TPY30B OTHOCHT CIBHO cronaﬁ,
N=ma+mg.

T
m‘a’:T—f(m]avLm,g), a'=;l——f(a+g),

1
d T
| — — fla+g)—al=nmg -1,
X _\)711
T —mnnfa -y g - mihd = ayiung - m .
Ty + my) = myma( fu+ fe+a+t ¢,

e nym, (1+ f)a+g) .

m; - h,

( Omeem ) 7 =441 I

G7)
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l

Ha rnagkoit TOpU3OHTAIBHON NOBEPXHOCTH HAXOMUTCA TOCKA Maccol

M, , Ha KOTOPOH JeXUT 6pycok Maccoit m; . Kospdunuent tpenus

Opycka 0 IOBEpPXHOCTH JOoCKK paseH f . K nocke mpuioxena TOpH3OHTAJIBHAA cHiIa £,
3aBUCAIIAA OT BpEMEHHU 110 33KOHY F' = Af , Te A — HeKoTopas OCTOAHHAS, Onpe-

nenute: 1) MOMEHT BPEMEHH 1, KOTa [OCKa HaYHeT BBICKAIb3bIBATH u3-non opyc-

Ka; 2) yckopenHs Opycka @, ¥ HOCKH a, B mpoliecce IBIKEHHA.

B ycraHoBKe yrol @ Hak/oHa IUIOCKOCTH C TOPH3OHTOM paBeH 30°,

1.62

o)

Macchl Ten oguHakoBbl ( m = 1 k). CaHUTas HUTE
jt 670K HEBECOMBIMH 1 npeHeGperas TpeHMeM B ocH GIIoKa,
PIIpEIENHTE CHITY JABNEHUA HA OCh, ECIIH KOIDOUUMEHT Tpe-
Ul MezkJly HAKJIOHHO IUIOCKOCTBIO M JIEXAIIMM Ha Hef Te-

gom f =0,1.

Omeem

uE]

F 1+ f soc+s'noc)cos(]r a] 135 H
=mg(l+ f co i ——-—|=13,
Aano Pewerue 4 2
n, ma, = F —______’x iy A zo
17 %mw, m <§ ‘1.63;xg> Ha BaklIOHHYHX IUIOCKOCTb C YIJIOM HAKIOHA K FOPU3OHTY (=50
" myay=F=F,, I—:]’FW NoNokeHa H0CKa Maccoil m, =2 KI, a Ha J0cKy — Opycok Maccoit
£ iy Fromax =S Mg, ;Tp_ m, _’F i, =1 k1. Koo guuueHT Tpenus Mexy 6pyckom i gockoit fi = 0,1, a mexiy noc-
A = const xoit u nnockocThio f, = 0,2 . Onpeaenure: 1) yckopenue Gpycka; 2) yCKOpeHHe 10¢-
a = a a = At = Frp oo Klt, 3) kK02 QUUHUEHT TpeBHA f; , IPH KOTOPOM 10CKA He OyneT IBUraThC.
1) ¢y —2 msy ’
2) a —7? o= At - fmg . ‘ Omeem ) 1) a, = g(sina — f} cosa)= 4,82 m/c?;
az—? ] ’ m2 /fg' " (m+m)
2)ay = g(sina+ fi— cosa — f——2= cosa) =3,62 M/c,
m y
Aty — fmg
t=t, | 222 = mtm)fe. :
my 0 y ; 3 f 2 m, sina + fim cosa > 0,5.
(m + my)cosa
< ty a=a,= At ;
m]+m2 .........................................
At-f Hexomopble 6Hnecucmemuble eOURULbL
t 21| a = fg=const, a, = ThE
m
? | cyT = 86400 ¢ 1" =485 10° pan
= — . 7 —_ o
( Omeem > D _(m,+m2)fg’ 1 ron=36525¢cyr=3,16-10°c 1 pan 57,3
[V s
4 °=1,75-10*pag 1 MM pt. cT. = 133,3 1]a
At - fmg
2 ui > i = = . =_—]_
) 0 & = fg=consts ay=—— . I'=2.91- 10 * pax 15B=1,6 10" ik

S——




i

2 b . . . y i i =2 T CTOUT Ha peascax
£ “ﬁ{g CHapsj Maccolt m=S5 kr, BeiteTenmmmil u3 OpYAHA, B BEpXHeH TOUke Inatdopma ¢ neckoM obmedt Maccoll M P
}%& !

Ha ropH30HTAJIbHOM YYaCTKE IIYTH. B necok nonajgaer CHap#J Mac-

H m= 8 K H BaCI})EBaEI B HECM. H[JEHEG erasi TPCHHUEM OII[JEIIE [S] KOH
a) p T p Y JINT s C Ka
‘k p a HraTtbCH q) ] B MEHT [10IIaJIaHUA C!\OpOC

(o)
= K
éﬂapfma v =450 M/c, a ee HallpaBlIeHne — CBEpPXY BHU3 NOx yrioM « =30

G
&

TPaeKTOPHH MMEET CKOPOCTE ¥ =300 m/c. B 310l Touke on pasopsa.

C4 Ha JIBa OCKOKA, pu4eM GONbIIui 0CKONIOK Maccoii m =3 kT noneren B o6par-

HOM HalpaBIeHMH CO CKOPOCTHIO Uy =100 M/c. Onpenenute CKOpPOCTE U, BTOPOTIo,
MEHBIIIEro, OCKONKA.

_ fopusoHTy.
Hano Pewienue .
( Omeem ) v=155 m/c.
m=3 kr MY = mv, + myv,, \
v =300 m/c —
m =3 xr my = —muv, + myu,, Ha ene3HOA0POKHOM IaTgopMe, ABIKYILEHCH [10 HHEPLIUU CO
= ; OPMBIL C OpY-
v =100 M/ My =M=, POCTHIO Uy =3 KM/, yKperutero opyme. Macca niatr¢op Py
. CHa-
e — my + mu, ‘ muem M =10 T. CTBON Opyaus HalPaBJeH B CTOPOHY ABMKEHHA ““a'q’OpM“OC
Uy = ————L — 60O outy. Onpe-
Uy —? ? m, psit Maccoit m =10 Kr BeUIETAeT U3 CTBOJNA IO yIIOM & 60° K ropu3OHTY p

a CKo-
JIeTIMTE CKOPOCTh U CHapsja (OTHOCHTENBHO 3eMJH), €CHH MOCie BRICTPE!

((Omeem ) |, _o00 e POCTH IIATOPMBI YMEHBIINTACE B /1 = 2 pasa.

! Jano Pewenue

Jlonka Maccoit M =150 kr u mmuol / = 2,8 M CTOMT HenmoOABIKHO B
Vg =3 KM= 0,833 M/c MUO
0 (m+ M)vy=muvcosa+

cToseit Boge. Pri6ak Maccoit m =90 xrg JIO/IKE MIEPEXOAUT ¢ HOCA Ha

5

— LI n
xopmy. IlpeneGperas conporusnennem BOABI, OTIPEACIIHTE, HA KaKOE PACCTOSHHUE 4 M =10 1=10"kr
[IPH 3TOM CABHHETCS JIOAKA. ‘m=10 kr Mu,
a = 60° mu cosa = mug + Myg — 5
( Omeem ) 5 =1,05 m. ] Mu,
o my cosa = mvg + =
n=12
Crapsp, BbuieTeBIHif u3 OpYAHA CO CKOPOCTBIO Uy, pa3phlBaeTCs HA (m . 1 M)v
. = 0
/B2 OIMHAKOBBIX OCKONIKA B BEPXHEH TOuke TPaCKTOPHH Ha PaccTos- v—7? 2
Y =
Hin / (110 ropusontanu). OnuH U3 OCKONKOB noneTen B 00paTHOM HarparneHuu co mcosa

CKOPOCTBIO ABMKEHNS CHapsAia 10 paspeiBa. [IpeneGperas COTIPOTHBIIEHHEM BO3/LY-

Xa, OIIPENICIINTE, Ha KAKOM paccTosauuu (o TOPH3OHTAH) OT OpyIHus Yhapet BTopoit ( Om eem ) v =835 m/c.

OCKOJIOK.

( Omeem ) s=4l.

a {ar)



TN

/lBe nerkme Tenexku (Macchl COOTBETCTBEHHO muomy=2m) co

s CAMHEHRBI MeXTy OG0 CXaTol, CBA3aHHOM HHTHIO npyxunoi. ITepe.
HHUTH, d . % " ;

o Cqmaa, TIPY>XHHA PACTIPAMIAETCA U TEIEAKH PATheI AT B pa3HEle cTopo. § 471, B CTSYIOUINX CITy4asX: a) Iapb! PACTIONOKEHB! Ha ONHOH NPAMOH; 6) mapst

) K03 $ULHENT Tperns 11s oenx Tenexex ONMHAKOBHIM, ONIpefeNHTe PACTIONOKEHBI 10 BEPIIHAM KBA/PATa; B) LIApbi PACTIONIOKEHBI 110 HETEIPEM CMEXK-

M BepllinHaM Ky6a. Bo Beex Clyqasx pacCTOSHHE MEXIY COCETHUMH WapaMu
Ho 15 cM. HanpaBneHne koopIMHATHBIX OCEH NOKa3aHO Ha PHCYHKE.

BPEMEHH, B TEYEHHE KOTOPOTO TENIEKKU ABKyTcs; 3) s, /s, — orHOmeHue Iy Tell, $— : d —

3 31

OnpenenuTe NONOXKEHAE EHTPa Mace CHUCTEMBI, COCTOAMEH U3 ye-
THIpEX IIApOB, MACCH KOTOPBIX PaBHBI COOTBETCTBEHHO M, 2m, 3m

v — CTeH
) vi/v, OTHOWIEHHE CKOpOCTEH ABIDKEHHA TeTeKeK; 2) 4/t — otHOMmeHH:

NpOKASHHE
POMICHHEIX Tele)Kamu. Hano Pewienue
‘
Hano Pewenue ;"m e
m My =myv,, 3’"
m
my =2m ﬂ:ﬁ a=15cM=0,15Mm
f v om
—9
Pty = mu; o =fmg, ¥
1) v /v, —2 P Ye —1
L= =
2 1/, —2 w2l =myv; Fpo=fmg, e — 2
3) s]/SZ —7? i: mlvl FTPZ = mlvlmz =l '
7} Frpl myv, mmv, v, ’ thxl thyx Zmlzl
ro =2, yo= > o Sk
_ 4 vyt 5wyt | Zm, Zm, Zm,
Sn—(’h)ﬁ:—’ -‘2=(Uz)’2=#, L1 j
2 55 Uyly
Omeemn a) xo =30 cym;
1 Ui/, = 2; =7 —
( ) ) /v, 2 4/=2; 3)s5/s,=4. 6) xc =7,5 cM, yo = 4,5 eu;

B) Xc = 1,5 CM, Yo = 4,5 CM, Zp = 3 cM.

JlBe onMHAKOBEIE TeNeKKH Maccol M KaXKJas ABHXYTCA IO MHEPLHH

Ge3 Tpenus i
(6e3 p ) APYT 33 APYTOM C OZMHAKOBOM CKOPOCTEIO v, . B kaxoii-

Onpenenure NONOKEHUE LEHTPA Macc MOJIOBUHBI KPYTIIOTO AUCKA pa-

TO MOMEHT BpeMeHH YeIOBEK Maccoii m, HaXONAIIHICA Ha 3axHed TEJIeHkKKeE, MpPEIr-
JHYCOM R, CUMTas ero OAHOPOIHBIM.

HYJI Ha TIepe {HIOK0 TCJIEXKKY co CKOPDOCTBIO W OTHOCHTEJIBHO CBOEH TEJIEKKH. OIIpE'

ASIUTE CKOPOCTh V| NepenHei Tenexky.

mM
?

u.

D
ﬂ Omesem ) 4R
( Omesem ) 7 Yo gy oTHenPa
Vl =Vy +

(m+ M)?

43,




Ha xarepe Maccoil m=4,5 T HaXOIUTCS BOXOMET, BBIOPACHBAIOIIUA

3m

MAacC CHCTeMBL, COCTOsIIeH U3 ye-
TBIDEX IapOB MaccaMu 2m, 3m, 4m um, xo-
TOpbI¢ PACNIONOXKEHBI B BEPUIMHAX U B IEHTpE
PaBHOCTOPOHHEIO TPEYTONBHUKA CO CTOPOHOM

a =20 cm. HanpasjieHue x00pauHaTHEX Ocelt
N0Ka3aHO Ha pUCYHKE.

Onpenenute xoopauhare! nenTpa
’ a =25 xr/c
CO CKOPOCTBIO # =6 M/C OTHOCHTENBHO Karepa Hasaj M
gonsl. [Tpene6peras cONpOTHBIICHNEM IBIKEHHIO KaTepa, ONpeaenure: 1) ckopocTs
: Tepa yepe3 { =3 MMH NOCNiE HaYasla JBIDKEHN; 2) NPENENbHO BOSMOXHYIO CKO-
g;crb Karepa.

-

Omeem ) 1) y=38 wic; 2) v, =6 k.

max

PakeTa, Macca KOTOpOH B HayanbHbI#l MOMEHT BpeMeHH M =2 ki,
3aITy IeHa BepTHKAIBHO BRepX. OTHO CHTENbHAS CKOpOCTH BRIXOAA MPO-

4
A

ﬁyx'roa cropanns =150 M/c, pacxog roptovero 4 =0,2 xr/c. TIpeneGperas co-

( Omeem ) Xe=12 eM; yr =577 em.

HarpyxeHHas neckom HKEJICIHONOPOKHAA IWTaTPOpMa ¢ HauAILHOI!

OTHBICHYIEM BO3MyXa, OTpenelITe YCKOPEHHE a PakeTh yepes { =3 ¢ nocie Hava-
ja ce npivkerws. T10Me CHIIB! TAXKECTH CYMTATh ORHOPONHEIM.

Maccon my, HaYUHAeT ABHXKEHUE U3 COCTOSAHHA MOKOS 10J1 BO3AeHCTBH- fé

€M NOCTOAHHON citbi TATH F. Yepes oTreperue B mie IUIaTOPMBI BEICKINACTCS e~ ', ,ZIano Pewternnue
COK ¢ IIOCTOSHHOM CKOPOCTHIO U (KI/c). OnpenenuTe v({), T. €. 3aBUHCAMOCTE CKO- jw‘
POCTH ITaT(OPMEI OT BpeMeHH. M =2 xr ma=F,-mg,

=150 m/c

=02 xtf Fp =t

Hano Pewenue =02 wrie M
‘;: 3¢ m= M= ul,
my ma=F+F,, 3‘?=9,81 M/c? Fp o uu
F [} a=—- g =T g
m=my— ut, F =0, m M - ut
H P a—?
__F _dv

RL

¥

a ) a=—,
v(t) —? gy ~ 1t ds ‘ Omeem ’ a=116 m/c.
v(0)=0, ;

F F m, 9 0006060600000 0000000000000s000s0000s0ssssssoos
" fa J""O*”’ [ H nmo —ut Hexomopbsie mamemamuueckue popmynnst
Y B
Omsem V(’):‘F‘m‘ LR sin2a =2 sina cosa cos2q = cos‘ ¢ —sin“ @
Mooy -l | 2 |
'sm2a=~(1—cos2a) cos a=5(1+0052a)
' 2

|



M a Hy. i i BEPTHKANBHO
i i PakeTra nogHuMaeTcs ¢ HyJieBOH HaYanbHOH CKOPOCTRIO
Pakera, macca KOTOpOU B HaYa/IbHBIM MOMEHT BpeMeHBu paBHa 300, A

HaYMHaeT BHIOPACHIBATE NPOLYKTHI CrOPAHUA ¢ OTHOCHUTENBHOH Ckg

BBepX. Hauankuas Macca pakeThl gy, CKOPOCTh MCTEUEHHA ra3a 0THO-
THBIIEHHEM BO3JyXa
pocreio # =200 m/c. Pacxon roprodero 4 =100 r/c. penebperas conpotuBneHy guTebHO paKeTHl NOCTOsHNA U paBna . Ilpenebperas tczmpo e paxem,fr)trx ,
7 U B 3aBHCHMOCTH OT m U [ (m — Ma s E—
€M BO3IyXa M BHELUHHM CUIOBBIM IIOTIeM, OnpenenuTe: 1) 3a kakolt npoMesyTo; JHPA3HTE CKOPOCTE PAKETHl U B 0
i theMi ee nogbeMa). [Tone CHIBL TIDKECTH CIMTAHTe ORHOPOAHBIM.
BpPEMEHH CKOPOCTb PaKeThl CTaHeT paBHOR v, = 50 m/c; 2) CKOpPOCTh U, , KOTOPO; §

AOCTUTHET paKeTa, €CIU Macca 3apsana my = 0,2 k.

v=un(my/m)
Hano Peuienue
M=300r= PakeTa ¢ mauanbHolt Maccoil my = 1,5 Kr, HauMHaA JBIDKEHHE M3 CO-
_200 ;* e ma = Fy, m=M-pt, CTOSHHSA IIOKOA BEPTHKANLHO BBEPX, BRIOpAchIBAST HeNpEPHIBHYIO
u= C
100 r/c 0,1 kr/c d PYIO Ta30B C NOCTOAHHOI OTHOCHTENIEHO Hee CKOpOCTHio 1 = 600 m/c. Pacxon rasa
g = s ) '
“ Fy=pu, =4 - #=0,3 xr/c. Onpepesnnre, Kakylo CKOPOCTh IpuoOpeTeT pakera Yepe3 1 ¢ mocne
nim e fa1an1a BIDKEHNS, eCITH OHa NBIDKETCA: 1) IpH OTCYTCTBHH BHEIIHHX CHI; 2) B OQHO-
my =0,2 kr (M~ #“d_ = puu, §yTHOM TI0/1€ CHITRI TAKecTH. OleHHTe OTHOCHTENBHYIO MOTPEMHOCTE, CAENAHHYI0
d ¥ JAHHBIX yCIIOBHIT 32241 IIPU NpeHeOpeKeHMH BHEIMIHHM CIIIOBBIM LIOJIEM.
1y f, —? r
1 u(t)= pu | = uln , | Hano Pewenue
2) vy —7? o M- M — ut ™
=15 kr ma=F,+F, m=my—pt, a=_ = pu,
v =uln——— ln—M~—ﬂ _M 1 fu ‘
v -ty M-ut, u’ M—,utl_e ’ i dv wu
| | 1 F=0, (my — ut)— = uu, dv=——————tdt,
M M dt my—p
L =—(1—e‘”'/"), Uy =uln—wro )
- i | dr=uln—2—
— 0 [
O P my— my -
higéem 1) ,=0,66 m/c;  2) vy =220 mlc. 1 ) 2
2 — ¢ _
'B) e —2 v =uln—2— T, E, = pu, F=mg,
my ~ Wi

Pakera ¢ Ha4allbHOR MacCOM 1y, HAUHHAS JBIKEHHE U3 COCTOSHMA

d
TIOKOSl, K HEKOTOPOMY MOMEHTY BPEMEHH / U3PacXOJ0BaB 10MIUBO (mq _#t)%zﬂu—(mo ~ut)g, Q__AE g g, v(t)=uln——— ™

p— gt y
Macco# m, pa3BuBaeT ckopocTk v . IIpeHeGperas conpoTHeneHHeM BO3/yXa U BHe- dt my—put e
ILIHKUM CUJIOBBIM ToJjem, OIIPeACIUTE 3aBUCUMOCTL UV OT M , €CIIU CKOpOCTL HCTEeye- | - mo v‘ _ 'Uz gt|
HH3 TOIUTHBA OTHOCHUTENEHO PaKeTHl paBHa 1. vy =uln————gt,, e= = .
my — ity Y% oy

my — ki
((Omsem ) v = u In(my /(g — m)). (Omeem) )y =134 wc;  2) v =124 Wl 3) €=T73 %




1.3. PaGora u 3Heprus

Teno Maccoft m =3 Kr HOZHMMAIOT C ycKopeHneM @ = 2 M/c?. Ompe-
nenuTe paboTy CHITBI B TEYEHHE MEPBBIX MATH CEKYHIL.

Hano Pewienue
m=35 kr ma:F—mg, F=ma+mg=m(a+g)’
a=2 Mm/c?
s 2 at’
c a=Fh h=2,  A=ma+g)—.
5 2
A —7

‘ Omeem ' A =148 xx.

ApTOManIMHa Maccofl m = 1,8 T IBIDKETCS B ropy, YKIOH KOTopoii co-
craBmaeT 3 M wa kaxaele 100 M myTu. Onpeaenure: 1) paboty, cosep-
MIaEMYIO JBHTATeNIeM aBTOMAIITHHEI HA IyTH 5 kM, ecli¥ ko3 QUIMEHT TpeHHs pa-
Ben 0,1; 2) pa3BHBaeMyIO ABUTATENEM MOLIHOCTE, €CIH H3BECTHO, YTO 3TOT MyTh
OBIT PEONONEH 32 5 MHH.

Mano Pewienue
m=18 1=18 - 10° kr A=Fs+Fes, F =mgsina,
h=3 ™
=100 M F,=fN=fmgcosa,
s=5xm=35-10°m Sina—ﬁ
f=0l 1’
t=35 mun=300c¢ .2

cosa =vl-sin“‘ca,

1) 4 —2 A=mgs(sina + f cosa), F
2) P-—7 A A&

( Omeem )1) A=115 MIx; 2) P=383 xBr.

-

Omnpenenute paboTy, coBepliaeMylo NIpH NOZBEME Tpy3a Maccoii
m =50 Kr o HAKIOHHOH IIOCKOCTH C YIIIOM HakIoHa ¢ = 30° x ro-
PH30HTY Ha paccTosBMe §=4 M, eCi¥ Bpemd nogbema [ =2 ¢, a Koddpdument
tpenusa f = 0,06.

( Omeem ) A=1,48 kJx.

Tel0 CKOJTB3UT C HAKIIOHH O IUTOCKOCTH BRICOTOR /1 M YTTIOM HAKJIOHA X
K TOPU3OHTY U OBIDKETCA pajee Io FOpPH3OHTANBHOMY y4acTKy. I1pu-

HuMast Ko>QQHUIMEenT TPEHNA Ha BCeM MyTH OCTOSHHBIM M PaBHEIM f , onpeaenure

paccTosBHe S , IPOMACHHOE TEIOM Ha TOPH30HTANLHOM YYacTKe, X0 NONHOR 0CTa-
HOBKH.

Petuenue

Hano

mgh=F I + F;s,

k= fmgcosa,

™ FTPZ:fmg’

h
. >
sina

[=

h
mgh= fmgcosq——+ f mgs,
sina

s:?(l—fctga),

a
‘l,—\' F, ( Omeem ) szﬁ(l-fctga).
mg f




Hacoc MOIMIHOCTEIO NV HMCIIONE3YIOT VIS OTKA4YKH HehTH ¢ DIyOHHb A
Onpenendare MacCy KHAKOCTH, TOXHATOH 32 Bpems t, ecnn KITJ] Ha-
coca paBeH 7] .

ABTOMOOHIE Maccoii m=1,8 T cryckaercf MpH BRIKIIFOYEHHOM IBH-

rareJie ¢ IoCTOSHHOM CKOPOCThIO U = 54 KM/ 10 YKJIOHY ZOPOTH (YTO1
K ropusonTy @ = 3°). Onpenenure, kakoit no/DkHa GBITE MOHIHOCTH ABUrATENA aB-

ToMOOMIIA, 4TOBBI OH CMOT NOXHMMAThCH Ha TAKO# ke OXBEM C TOH JKe CKOPOCTBIO
Hano Pewernue
N ( Omeem ) N=27,7 «Br.
h '7 - AI'IO.HCZJN = mgh
/ Ay Nt —
1 4 @51% ‘i%; MarepHaneHast ToWka Maccoit m =1 KT IBHIanach 1oj neiicTBUEM HEKO-
Nt LSy
EEE—— = '7_}7 . TOpOii CWIIB COITIACHO YpaBHEHIZO § = A ~ Bf + Ct?—Dt* (B=3 wic,
m—7 g C =5 m/c?, D=1 m/c*) Onpenenure MOMIHOCTE N, 3aTPaYMBAEMYIO Ha NBHIKEHHE
TOUYKH 32 BpeMs, paBHoe 1 c.
( Omeem ) 1M
gh Mano Pewenue
. =1
1.8 %:} TToesn mMaccoit m = 600 T gBMXKeTCH oK ropy ¢ yioHoM & = 0,3° i M= , \ N dd dd=dT
o — _ < _ ] 1
— 33 BpeMs [ =1 MuH pasBHBaeT cKopocth ¥ =18 km/u. Kosdduumnedt “;_/; l/;H Ct” Dt dt
=3 m/c
= 2 2
tpenus f = 0,01. Onpenenurte cpexHION MOIHOCTD (N ) JOKOMOTHBA C=5 wict - mu ’ N i ( mu ) - 93 ’
D=1 wm/c? 2 - ds 2 dr
Hano Pewernue F o1 e
1= ds )
m=600 T=6-10°xr N =F - U=E=—B+2Ct—3Dt ,
a=03° (V)= Fran{0). N —2 '
(=1 wu=60c =2, Y _ac_6pr,
v =18 xmfu=5mic 2 d
f =001 v N =m(-B+2Ct -3Dt*)(2C - 6D1)
a=—,
VY o f \ ( Omeem ) y-16p:
(V) — ma=F,, +mgsina—F, L F
Frp-:fmgcosag I;lg ) .......................................'..

(N) = ﬂ)—(lt)— + Jg cosa — g sin (zj

v )
Flan = mT+fmg cosa —mgsina, 3

( Omeem )(N)=195 KBT.

Hexomopbie mamemamuueckue opmyist

stn2a =2 sma cosa

cos2a = cos® @ - sin @

&)



Berep fieficTBYeT Ha IapyC IWIomasio S ¢cunoit F = ASp(v, - v)* /2,

rme A — HEKOTOpas NOCTOsAAHHAsA, £ — IUIOTHOCTB BO3JyXa;, Uy —

CKOPOCTh BeTpa; U — CKOpOCTh JIoikH. OnpeneuTe ckopocThb JIOAKH [IPH MAKCH-
MaJIbHO#l MTHOBEHHO! MOMIHOCTH BETpA.

Te.1o Maccoll m HauMHAET JBRIATLCH (101 JCHCIBUEM CIJIbI

1.91

. 2. . .
F=2/i+317j, rae i 1 j — cooTBETCTBEHHO €AMHNUHLIC BEKTOPB! KO-

opaltia1HbIN oceit v 1 v. Onpegenite MolltHoc s N(f) , pa3sBUBAEMYIO CHIOM B MO-
MEHT BPCMCHM (.

Pewenue

Hano

2 ki
F = ASp(ug - v} /2 N=Fu, F = ASp(ug - v)/2,
N=N_,
max S
N:Ap(vgu~2u0u2+u3),
v —7?
dN_
Nszax —c_l—v_—o’
d¥  ASp

—a—zT(v%—4u0v+3v2)=0,
v

2
307 —4ugu+uy =0,

dug + 1602 ~ 1202 _dugt2uy

2 2 _
vy —dvgu+3v” =0,

Ul’z =

£l

6 6
v
U, = vy (He yIOoBIL), vy = £3Q , V=1V, = L
( Omeem ) U:%O.,

1,90 *) Teno maccoit m noprmmaetcs 6e3 HAYATBHOH CKOPOCTH € MOBEPXHO-
£y =%

E

cTy 3emMiin o, aercTereM cwibl F | wamenstonieiics ¢ BBICOTOH nojse-
Ma y o 3axony F = -2mg(1- Ay) (rne A — HeKoTopas MONOKUTEIbHASA TIOCTOSH-

Hag), ¥ CHIIBI TAxkecTH mg . Onpenesure: 1) Bech IyTh noasema; 2) paboty cuer F
Ha NEePBO# TPETH TIyTH [oxbeMa. [1o/1e Cilbl TAXE CTH CHUTATh OJHOPOJHBIM.

Omegem 2) A =5mg/(94).

{

1
) h=—;
) A

(52>

Pewuenue

Hano

n

F=20i+3]

N =Fv, F:7ri+312j:ma.

Ny -7

1 5 dV
a——(2i+3r))=—,
m dt

1’ 5 1,
v= j‘adzzw_((2(i+3('j)d(7——(r‘i+13j).
mo 124

L1, 1 .
M= (U300 —(Ci+ 0 = — 20 + 300,
m m

1
‘ Omeem >1\'(/)——(2r3+31q)
m

1.92

leno saccoit mr =35 Krnadaer ¢ BeicoTs! /= 20 M Oupenenime cym-
MYy HOICHIHAN IO B RIHETHYECKOH JHEPTHI TeNa B [OMKe. HAXO4-

nieiics o1 nosepxiociy 3emsit Ha Boicore /7, =5 M TpeHiteM Tena o Bo3ay \ npe-

HeOpetn CpaBHITIE ITy IHEPIHIO C NEPBOHAYA.[bIIOH JHEpTHel Tena

Hano Peruenue
moS E=11=mgh, E =11, +1, 11, = mgh, .
fr= 20\ R
o3 [,:":L]. vy =4 2g(h—h),
, n 2¢(h—h,
l L= mgh + 2—%~ " mgh
E = E=ngh

( Omeem )51;931 I

(3



Tes0, najnas ¢ HEXOTOPOH BLICOTBL, B MOMEHT COMPUKOCHOBEHMA C 3eM-

( 1.93,,)

T =500 Ixx Omnpenesnure: 1) ¢ kakoii HaYaIEHOM BBICOTHI TENO NAJIANI0, 2) MACCy Tefa

neit obnagaeT MMITYIECOM p =100 KT M/C 1 KHHETHHECKON BHepruen

ApTtomalumHa Maccoit m = 2000 kr ocraHarMBaeTcd 3a ! = 6 ¢, npoi-

as paccrogHue s =30 M, Onpeznenure: 1) HaYaTbHYIO CKOPOCTH aBTO-
alllMHbI; 2) CHITY TOPMOXEHHS.

( Omeem ) 1) n=51w2) m=10xx

< 1.9%%%) C Gawnu BeicoToll H = 20 M rOpU3OHTALHO CO CKOPOCTBIO Vg = 10 M/
» FlG

6pouren kameHb Maccoit m =400 1 Flpene6peras conpoOTUBIEHUEN!

BO3yXa, ONPENeNHUTe jjis MOMEHTa BpeMeHH { =1 ¢ mocje Hayasa ABUKEHMS
1) KMHETHIECKYIO JHEPTHIO; 2) MOTEHIIHATBHYIO JHEPIHIO.

Hano Pewernue
H=20wm
vy =10 M/c
m=400 r=0,4 kr
r=1lc
NT—?
)T —7
f:’—n;—, [1=mgh, v, = const ,
m
v, =gl v:,/vg+(gt)2, T:—z—(v§+g2t2),
2
gt~
/):H_hl, h]:Ta

gt?
1=mg H-—]|.
mg[ 5 }
( Omegem ) 1) T =392 JIxK;

2) =592 .

Hano Pewuenue
Lm=2000 KT azz—g, vy =at,
t=6c t
L}\S=3OM vo—g—s-’ m_v(z)—_—Fs,
1 t 2
1) Vg —?

2 2
Lz)F—.() F:va:”{’4s =2’gs,
2s t° 2s t

i"( Omsem )

MatepuanbHag Touka Maccoit m= 20T gBHKETCS 110 OKPYXKHOCTH

1) vy=10 M/c;  2) F=333 kH.

paguycoM R=10 cM ¢ MOCTOAHHBIM TaHI€HIHANBHEIM YCKOPEHH-
fev. K xoumy naroro o6oporta nocne Hayana nBIDKEHHS KHHETHYECKas SHEPIUs

[MaTepHanbHON TOYKM Okasanach paBHoO# 6,3 MJIx. Onpenenurte TaHTeHUMANb-
{HOE YCKOpEHHE.

Hano Peweriue
im=20r=2-107xr o o7
R:10 CM=0,1M T= 2 ) v= 7;
[N =5 .
b _ 5
= 6,3 MJ[x an:g_’ a,:B:SR,
F =63 107 Ix t
2
gar_? g:.l.)_, 2 =_vt_=v_t, t=4ﬂNR,
~ Rt 2Rt 2R v
(] v? T

{  4aNR  27mNR’

COmeem) a, =01 .




Anpo Maccoll m=5 xr 6pocaioT 1og ynioM @ = 60° K TOpH3OHTY,
coBepluas IIpu 3ToM paboty 500 k. [TpeHeGperas conpoTHBIEHHEM
BO3yXa, ompegeuTe: 1) depes kakoe BpeMs AApO yNajJeT Ha 3eMII0; 2) kKakoe pac-
CTOSIHYE N0 TOPU3OHTANIY OHO HPOJIETHT.

J Tenexxa mpoxonut pacctosHue s = 300 M nox ropy ¢ yxioHoM @ = 5°
¥ NPOJIOJKAET IBUTATECA B TOPY € TeM ke YKIIoHOM. [TpunnmMast ko3¢-
(ULHEHT TpeHys f TOCTOAHHLIM 1 paBHBIM (.05, OIpeaeNuTe PacCTOAHUE X, Ha KO-
TOpPOE MOXHMMAETCS TeJIeKKa.

Hano Pewternue
m=S5 xr : YA
a =60°
A=500 ik
v,
v, —— 0
1yt —2 i3 ,
2ys —7°? t
a .
0 »>
< Vex » X
s
5= Ug,l, Uy, = Uy COSA, Vg, = gf =g Sina s
. 2
sin my
t:2tl’ t1=v0 a, A=_0'9
g 2
24 sina
vo= 32, (=222,
m m g

. 2
Uy Sina vy . 24 .
0—=-—-9-31n2a, s=—s:in2a.

g g mg

( Omsem ’1)::2,5 ¢ 2)s=176 m

§=v, cosa-2

e

Teno maccolt m=0,5 xr 6pocaroT co ckopocThio vy =10 M/c mox

yroM « =30° x ropuzonTy. [IpeteGperas cOnpOTHBICHHEM BO3LY-
Xa, ONpEeNNTe KHEeTHIecKylo T , Ioresumansyio 11 nonHyio E sHeprud Tena:
1) uepes ¢ = 0,4 ¢ nocye Hayana ABIKERHS; 2) B BEICIIEH TOUKE TPAGKTOPHH.

( Omeem >1)T=19 ok, TI=59 Ix; E=249 [Ix;
2) T=18,7 Ox; M=62 Ix; E=249 JIk.

(56>

Hano Pewenue
§=300 M
Q= 50 /“ x »L §
==l
f=0,05 ) rTT !
e
a ‘ a
x—7?
mgh— F (s +Xx)=mgh, h=ssina h =xsina,

F, = fmgcosa, mgs sina ~ f mg cosa(s +x)=mgxsina ,

s(sina — f cosa)
X=——"—"
sina + f cosa

( Omeem ) x=818 M.

— —

a——

K HmkHeMy KoHIly Npy*UHBI XECTKOCTBIO £, NPUCOSIMHEHa apyras

TIPY)KHH XXECTKOCTBIO &y, K KOHUY KOTOPOW NpHKperyieHa rups. [ pexe6-
peras Macco# npy>KUHBI, OTIPe/IENHTe OTHOMIEHHE NOTEHIHAILHBIX SHEPIHIl IIPYKHH.

Hano Pewernue
k kx, = kyx;
k,
2 x Kk kyx ko x5
R H = [ =— s
mg "k 1= 73 I,
—_ 9 -
I1, L kx; koki hy




Teno maccoif m=0,4 Kr CKOJB3UT C HAKJTOHHOMH ILIOCKOCTH BBICO-

toit =10 cm u gnuHo# /=1 M. KodQduuuenr TpeHus Tena Ha
BceM MyTH f = 0,04. Onpenenure: 1) KMHETHYECKYIO SHEPTHIO Tela y OCHOBA-

HuA INIOCKOCTH; 2) MyTh, IpOHEHHLIA TEIOM HA FOPU3OHTANBHOM Y4aCTKE A0
OCTaHOBKH.

lloaBeeHHBIN Ha HUTH LIAPUK Maccoit m = 200 r OTKIOHIOT Ha Yol

—_ (%
@ = 45° . OnpenenuTe CWTy HATSXEHUS HUTH B MOMEHT NIPOXOXKAEHNMA
IapHKOM TNOJIOKEHHS PaBHOBECUA

( Omeem ) r_ =mg3-2cosa)=311 1.

( Omeem ) 1) T=024 Ox; 2) s=153 m.

Teno GpomweHO BepTHKANBHO BBEPX CO CKOPOCTBIO Uy =20 M/c

[TpeneBperas CONpOTUBIEHAEM BO3IyXa, ONPeNeNnTe, Ha KaKo# BbICO-
Te h KMHETHYeCKas 3Heprud Tena GyneT PaBHA ero NOTeHUMANLHON SHEPTHUN

( Omeem ) h=10,2 m.

Teno Maccoil m =70 KT ABHKETCA [0 neiCTBUEM NOCTOSHHON CHITBI

F =63 H. Onpenennure, Ha KakoM IIyTH § CKOPOCTh ITOTO TeNa BO3-
pacTaeT B #=3 pasa 1o CPaBHEHHIO ¢ MOMEHTOM BpeMeHH, Kora CKOpoCTh Tela

6hina paBHa v, = 1,5 m/c.

Hano Pewenue

m="T70 xr med mt

_ Fs= - —2,
F=63H 2 2
vy, =15 m/c _

v = ho,,
n=3
mUé 2

s —9 Fs = T - 1) .

[Ipu aGcomoTHO ynpyroM yaape [apoB OAMHAKOBOW MacChl BCETNa
OTCKaKMBAeT CTOJILKO IIAPOB, CKOJIBKO HajleTaeT JIOK®MKUTE 3TOT pe-
3YABTAT.

Hano Pewenue
N, ,
- \
N
Nymuy = Nymu, L ﬂl, x
v; N 7 =
muy mv% r
N, 5 =N, 2" ) |
NZ
,
v _N, N; N,
v2 VAR 2 =T
2 1 Nl 1
N =N,

Teno 6poweno nog yrmoMm a=45° k FOPU3OHTY CO CKOPOCTHIO

Uy =15 m/c Hcnons3ys 3akoH COXpaHeHUs SHEPTHH, ONpeRenuTe CKO-
POCTE v Tena B BRICIIEH TOUKE €r0 TPAEKTOPUM.

( Omeem )s=1o M.

QOmeem) v =1, cosa=10,6 M/c.

3




( 1 107 ’ [11ai16a Maccoil m ckoib3u1 Ge3 TPEeHHs ¢ BBICOTHI & 110 %eioly, nepe

xooAmeMy B nerio paguycoM R. Onpenennte 1) city faBneHus /
1:a{i0bl HA ONOpY B TOYKe, ONMpemcaseMol yroM « (CM. puc.); 2) y1oi «, Mnp
KOTOPOM [POH30HIET OTPHIB WAHOHL.

Hano Peuienue
n
h
R
1) F—9
D a —7?

) 4

22
mghz—’z%+mghl, hy = R(l+sina),

2
mgh = % + mgR(l +sina),

m'

my” = 2mgh—-2mgR(1+sina), F= = mg sina .

_ 2mgh-2mgR(1 +sina)
- R

{2(11—R(1+sm(1)) . }
—~ mg sina = mg B sina |,

F=0 4}—1—2 3sina=0,
R

, 2( h 20n Y]
sine=—|—-1], a=aresin| — —-111.
3\R 3\R

Omeem 2(h- RO+sma))
1) F=mg . siner |,

_J
2h ]
2) « = arcsin —(w—- 1)
3\R

o

p
1
4

MY B [IETAI0 paayCoM R=6 M, uHe OTOPBATLCA OT HEro B BerHeI/I TOYKE IeTIH.

Hano

R=6m my” m?
mgh:T+mgh|, hy=2R. mg= I

Q& Ipene6peras TpeHuEM, OIpeenHTe HANMEHBIIYIO BRICOTY #, C KOTOpOH
J0JDKHE CKATBIBATHLCA TEJEKRA C YEI0BEKOM N0 Kenoby, nepexossine-

’ Peweniue

R
—f—+ mg 2R,

s
mr” =mgR . mgh =

R 5
. SR <0m6em )h=15M,

CropremeH ¢ Beicoret /=12 M nagaet Ha ynpyryo ceTky. [Ipene6pe-
ras MaccoH CeTKH, OIIpeJenuTe, BO CKONBKO pa3 HauGonbuas cuna
JaBJIeHHs CTIOPTCMEHA Ha CeTKy 60nblIIe ero CHIIbl TXKECTH, eC/ii IPOrud CeTKH 1noj

AeHCTBUEM TOJBKO CHIIBL TSKECTH CNIOPTCMEHA Xp =15 oM.

Hano Pewenue
’ h = 12 M F;na\
p=im R mgl =k, (R |= ke
¥p=15em=0,15m mg ‘ I l i 0 ! m”| max
n_o All,,, = All 5 (B Toukax, rne AT =0),
er:’l-'n\
AIT, oy :T" AL, = mg(h+ p,,),
2
man ) o mg mg mg
?—\- mgh + MEX v » Xmax = 2"‘/:"’) + 2‘k_xma\ s T =Xp s

2 - _
Xinan ~ 2)‘Oxma\ - 2X0h =0, “ma

L= Xg +\(x§ +2xph 5
2
n=Jma g g xeh:1+ 1+2’—.
Xg Xg Xq
‘ Omeem ),7313’7_

o




C BepiuHHE HAEANEHO MaakoH chepsl pajuycoM R=1,2 M cockaib-

3p1BaeT HeGonbmoe Teno. OnpenenuTte BhICOTY A (OT BEPIMMHEL Che-
pel), ¢ KOTOpO#i Teno co cdephl COPBETCA.

I'npa maccot m=10 kr maxaer ¢ BbicOTH s =0,5 M Ha NOACTABKY,

CKPeTUIEHHYIO ¢ IpYXHHOI kectkocThio k =30 H/em. Onpenenute
MpH 3TOM CMEHIEHHE X NPYKUHEL.

Hano Pewernue
R=12m
hA
h—2 3
.
dil=TIIg -0, = -mgh, dT=TB-TA-——éA,
2
v, =0, dll+dT =0, -—2—Q=mgh,
mv? mv? 2
——R—=mgcosa—N, Ny =0, TB=mgcosa, mvy = 2mgh
mv% =mgRcosa, 2mgh=mgRcosa, cosa = 1—2 ,
R-h
2h= Reosa= R=== R~h, 3h=R, hz.‘;i,

Harno Pewenue
m=10 xr 2
& i

h:O,SM mg(h+x)=—2—-,

X
k=30 H/em=3 - 10° H/m s h
x—? o e, :

v
, 2 2 2
228, 28y, x=ZE, |(7E), 2meh

k k k k k

Ilyna maccoit m=15 1, netdmas ¢ ropH30HTaNBHOH CKOPOCTHIO
v=0,5 km/c, monapaer 8 GannucTHyeckuit MasTHUK M =6 Kr U 3a-

preBaeT B HEM. Onpezxenm"e BBICOTY h » Ha KOTOPY1O [IOOTHUMETCA MagTHHK, OTKau-
HYBLUNCH IIOCHE yaapa.
T

( Omeem ) h=04 M.

Jlsa umnuuapa Maccamu my; =150 T1 m, =300 T, coeiMHeHHbIE CXa-

To# PyXHHO#, pAa3OLUIHCE [P BHE3AHOM 0CBOOOKAEHNH IIPYKHUHb!
B pasHble CTOpOHEL. [IpeHebperas CHIaMH CONPOTHBIICHHS 1 yUHTbIBas, 4TO KMHETH-

yeckast sHeprua I ynpyroii xedopMaliii Opyxumb! cocrasnser 1,8 [0k, onpenenute

<« [ m www_m,

1) cKOpOCTH ¥; ABHXKEHWs epBOTO IAIHHADA; |
—p

2) CKOPOCTh V- JIBIDKEHMA BTOPOTO LIUTMH/PA.

COmeem) 1) v,=4 we; 2)v,=2 M

¢

" Mano Pewenue

EJp;=15 r=15-10"kr Agutiaig

R'=0.5 waw/c = 500 w/c mv=(m+ Mu, NN

WM =6 xr N

P m '-5 - =,

u= , m v ! L

h—9 m+ M =>—»|M--1--—F
m+ M’ 2 2
MR ot _om)

2 2g_2g(m+M)2'

(Omeem ) h=79 cm.

——— —




‘ 1.11;‘4‘ ’ Ilyns Maccod m=15 T, neTsmas
rOpM30HTANBHO, I0NAfaET B Garu-

CTHYECKUHA MasTHUK /UIMHOW /=1 M U Maccol

M =15 Kr 4 3acTpeBaer B HeM. MasdTHUK B pe- m v

>—p|M--
3)JIBTATE HTOTO OTKIOHMICA Ha yron ¢ =30°. y

IR
Il

OmnpenenuTe CKOPOCTD Ty

Omeem v=164 m/c.

{

T AT
1.115 4 Tlyns maccoit m=15 T, JeTAm@as TOPU3OHTANBHO CO CKOPOCThHIO
v =200 m/c, monazaeT B Ga/UIACTUYECKHI MAsTHUK JIHHON [ =1 M ¢l
maccoit M = 1,5 krusacTpeBaer B HeM. OnpesenuTe yroj OTKIOHEHNS ¢ MasTHUKA

ITyns Macco m=12 1, nerAmas ¢ TOPU3OHTAIbHOA CKOPOCTEIO
v=0,6 KM/, IONagaeT B MeIIOK ¢ eckoM Maccolt M =10 k1, BHcH-
Ha JUIMHHOM HUTH, U 3acTpepaeT B HeM. Onpexnenure: 1) BRICOTY, Ha KOTOPYIO

AT
) h=264 o 2) ——=999%.

3aBUCUMOCTh NOTEHIMANBHOH SHepruu 1 Tea B IEHTPaNbHOM CHITO-
BOM M0JI€ OT PACCTOAHHUS r IO LIEHTpa NOII 3ajaercs (PyHKUHel

' B
fir)=—- = (A =6 MxIx- M2, B=0,3 MJIx ' M). Onpenenure, Ip1 KakUX 3Ha-
! r

r MakCHMaNbHOE 3HaYCHUe IPHHUMAIOT: 1) NOTeHIHANBHAA JHEPTHA TeNa;

Hano Pewernue ) ciuna, neticryroman Ha Teno.
m=15r=15107kr mu=(m+ Mu,
v=200 m/c ‘ﬁ? Mano Peweriue
I=1mM u= mv R ; A B dIl
M =15 kr m+ M (ry=—3-— =1, | —-<0,
(m+ My _ d=6 mx]Jlx - M
¢ —2 S = (m+ Mgh, b =6 10° kM ﬂﬂzi(iz_§]=_2_f+£2,
k:0,3 MK - M drdrir”or ror
4 =3-10"Ix ™ 1 24
2 ‘ —~5(-24+Br)=0, 2A=Br ==
/7——L— (mU) 3 l—I:]'—Imax r3 ’ ' B
2g 2g(m+ M)
m oy F= Frp - dF _dm 24 B
L=k h = — FeFu | 37=0 F=rg =7
cosp=—-=]1—-—, dr r r
! )
2 2 d4F d A B 64 2B 2 34
COStp:I——'———(mv) 5 W:arccosl———'—(mv) 3 *—:—(2_3_ 2)_ T+ 5 = a(34+8r)=0, 34=Br, r=—-.
2gl(m+ M)* 2gl(m+ MY & dr\ 7 r r r B
24 34
( Omeem ) p=369°, ‘( Omeem ) 1)r=?=4 oM; 2)r=E=6 oM.
t—
. Céopioth sutau
@ Gllgdmmm



CTBCHHAA 3aBHCHUMOC

muansHoi# 3ueprum Il B3auMogeiicTeua nByX

Ha pucyHke npejicTasneHa kave- II A

Th IIOTECH-

3 N

2}% [MapwK H3 HEKOTOPOIO MaTepUaa, Najas BEPTHKAIBHO ¢ BBICOTBI 0,9 M,
b

. HECKOJIBKO Pa3 OTCKAKUBaET oT noja. Onpenenure ko3dunueHt Boc-
JaHOBJICHNS MaTepHaia Iapyka Npy yhape o MoJ, CI¥ ¢ MOMEHTa MnajeHus /0

B

YACTHL OT PAaCCTOSHUA ¥ MeX Ty HUMU. O6nac-

foporo ynapa npowuto Bpems =1 c.

HHTE, KAKOMY PACCTOSHHIO MEXIY YaCTHLIAMHU 4
COOTBETCTBYET pannonecnel IIpH KaKoM pac- . 3 /’\5 ‘ ,Zlano Perwuenue
CTOSTHHM OHO SBJISETCS YCTOHYHBBIM U TIPH Ka- .
KOM — HEYCTOHYMBEIM. W " i=09Mm v’ hy
‘ mghl = —l' Py
2 =1 ¢ 2 h,
9 mU% tl }73
0 _ o F’ ’ mgh2 = 4 tz tZ
meem Toasn =12 — YCTOHYHBOE PaBHOBECHE, 2 L
’ >
Toasn = ¥4 — HEYCTOIMNBOE paBHOBECHE. : -
§
L LT R ST =1 =2
= , h
Cuna, AeficTBYIOIAY HA TENIO B HEKOTOPOM I0€ KOHCEPBATHBHBIX CHJI, Ui !
onuceisaercs 3akoHoM F = A(yi + xj), rne A — Hekoropas nocroas- 2h, 2h,
Hast; i M j — COOTBETCTBEHHO &MHMYHEIE BEKTOPEI KOOPAMHATHEIX oceii x ny. On- = i + 242 nh= z L= z

peaenuTe NOTEHUKANBHYIO 3Heprio I1(x, y) Tena B 3ToM Hone.

TPy e

‘ Omeem ’H(x, y)= —Axy+ C, rne C — aiuTHBHASA NOCTOSHHAS. g g

e -5 -1].
2h,

MeTajuiHye cKMif [ApUK NajaeT BEPTHKANBHO HA MPaMODHBIi TOJ ¢

BBICOTBL /=80 CM M OTCKaKMBaeT OT Hero Ha BBICOTY h,=72 cM

&

2h,

+2&:\/2—h—l
g

=\/2—h—‘(1+28),
g

Onpegenute k03 PHIMEHT BOCCTAHOBAECHHA MaTepHaNa [HAPHKA,

Hano Pewenue _—

= = 2

h1—80 cM O,SM 8=‘U_2, mah =m‘ulz’ meh =mU2,

gy = —— 8h=—0

hy=72 cM=0,72 M vy 2

ﬁ_v_%_ ) A §~Tepa(10(‘2)
& —7 h —vz‘f ) e=_[—=. —rura (10%)
: ! h M— mera (10%

K — xuno (10%)

]
(: Omeem ) £=0,67.

A— jeun (107)

¢ — canuru (107%)
M~ MiJu (107%)
MK — MuKpo (10°F)

Hecamuyunsle npucmasKku K HQ36aAHUAM eOUHUY

H— Hano (10)
o — muko (1072)
b — demro (1077)
a—arro (107'%)

( Omeem ) £=0,95.

So——

.



< 1.122 ) Ipu uen1paibHOM YIPYTOM yaape IBMKYIIEEC TS0 Maccoil m yilu

PAETCS B MOKOAIIEECH TEJNO MacCOM M, B Pe3YNIBTATe Hero CKopoct,

NepRoTo Tesla yMeHsIaeTcs 8 2 paa Onpepenute: 1

10 1¢j1a 60nbIIe MACCEL BTOPOTO Teila; 2) KHHETUYECKYIO 3HEPIHI0 1, BTOpOIO Te I

HEMOCPEACTBEHIO NMOCJIE ylapa, €CJIH [IEPBOHAYA/IbHAad KUHETHYCCKAsA JHEPIuA

rieproro Tes1a pasHa 800 Ix

) BO CKOTIBKO pa3 Macca MepRc

] 1 123 Onpejenure, BO CKOJIBKO pa3 yMEHBIIMTCA CKOPOCTh LIapa, ABMKY-
E L
HIETOCH CO CKOPOCTBIO U, IIPH €T0 COYAApEHHH € MOKOAMMCS wla-

OM, Mdc(a Ko10polo B # pa3 OonbIIe Macchl HANIETAIOWIEro apa Yaap cinlarh
eH1palbHBIM a0COMIOTHO YIPY IHM

Hano

Pewiernnue

m = MU+ movs,

Pewienue 2 2 :
ﬂ(lHO muyy  omuyT U
= + —,
= ' ' 2 2 2
v = v mup = mup + Ry,
5 , , - ny — oy,
0 nllUl _ nllU1~ m2U2
7, =800 ik 5 "5 + 5 = U+ nus,
—— 22 2
1)y n—29 m myy M nEm e
n—=—, 1 .
2) [ —2 o ——@—*—&—— g_m' _.:' =
2 ’ - (UI—U;)Z e e e —_
. 17“:——~—-——
yot —QP—o— R
17 a0 v/ v, "‘"‘“‘0""“@*_
2 v’ v,
r—- ’ ! 1 2
v v (v + )
2 .2 = s
1 nu nvy v
v =n—t+vh, Ll 22 b " "
2 2 8 2 ,
v - (v = o)y +uy) U v ,
. S Ts ’ ShTh
R " —val’ n n n
- 2
1!1 x—l
~ = — —— — —
ﬁi’lu 2 M : R e -l
)7“4_:—;7[7, n:3, ) ]
4 4 ’
m v=-n-1, x(n=-1=-(n+1),
2
. . m v T,
H=T-T. T =mu? = [l W ! . n+1l l+n v _l+n
24 4 Fo s o=
n-1 1l-n vp l-n
T 3
e
4 4
( Omeem ) v, l+n
L=

( Omeem )1);1:3; 2) Ty = 600 JIx

&



Temo Maccoit m =3 Kr IBHKETCS CO CKOPOCTBIO Uy =2 M/C 1 ylaps Jlsa wiapa MaccaM# m, =3 KT'H m, = 2 KT [IOABELICHB] Ha BATAX [JId-
€TCs O HETIOABIKHOE TEJIO TaKO# Ke Macchl. CunTas yaap UeHTpay, | j Hoit [/ =1 M. [lepBOoHAYaNBHO MIAPE! COMPHUKACAKOTCA MEXTY CO60i,
HbIM 1 HCYIIPYTHM, OMPENEIUTe KONHYECTBO TEIVIOTEL, BhIACIHBLICECS DU yaape | fpem GOMBIIMI Map OTKIOHHIIA OT [ONOKEHHA PABHOBECHS Ha Yroj a = 60° u o1-
aycTi. CuuTas yap ynpyrum, onpeaeliTe CKopocTh BTOPOro apa Nocile yaapa.
( Omgem ) o- .
Q=3 Ix. :
; Jano Pewenue
; = !‘ 2
= r muv
JlBa mapa MaccaMi my =9 KT ¥ m, =12 KT NOABEIICHBI Ha HUTH '{j" 3K mgh= '2' , v, =42gh,
anaBoi [ =1,5 M. IlepBoHayanbHO MIApEl CONPHKACAIOTCA MEXIY Co- ’ﬂﬂ =2 Kr
[ ~ i = _ = — = —
Go#t, 3aTeM MEeHbIUMH IIap OTKIOHWIN Ha yron ¢ =30° uotnycrwwma, Cuuras yuap | §71 M h=1 l cosa=Il=cosa), v =y2gll-cosa),
— e}
Hey [IpYT¥M, OTIPE/IeTHTE BRICOTY /2, Ha KOTOPYIO IOJHHMYTCs 06a [apa noce yaapa g= 60 , , mi mlvf2 m, 1"32
- T mvy = M+ myvy, 5 = 5 e
Hano Pewienue vy —?
, 2 l7 I’
my(vy =)= m,ys, m(vr ~v* )= myvy
m="9 kr ~ mlvf (v =) Y2 (v 1/ 2U2
mlghl_ 2 ’ vl - 2gh| ’ ’ ’ 72 ' ' ’ ’
my =12 kr mv; + vy (v, ~vy)=myuy, v+ =03, myuy=m(vy — v+ myvs,
[=15M h=1-1lcosa=1(1-cosa), v, =+2gl(l-cosa) ' : m 2m,
a=30° ¥y = Ly, = 1/2gl(1~cosa) .
- muyy,={(m+ +
1y = Oy, Th iy ( Omeem ) vy=376 wre.
r
h —7? _ My = =
my+my’
JIBa mapa mMaccaMu my; = 200 T ¥4 m, =400 T noBeIIEHL! Ha BUTAX
P aE—— i/ = cM. TlepBoHayanpHO IIAPB! CONPUKACAIOTCS MEXK,
m2gi(1 - cos) pso# [ = 67,5 p pBI COnlp Iy
v= et m ; : o6oii, 3aTeM nepBblil LIap OTKIOHMIH OT NONOKEHHA PABHOBECHA HA Yrol @ = 60°
1 2 |
a ! ¥ otmycram. CynTas yaap ynpyraM, ONpEaeuTe, Ha KaKyio BBICOTY A HOTHHUMET-
V2 Lh' h ! CA BTOPOIt ITap IOCTE yaapa. ’
(m+ n22)~2—=(m|+ my)gh, o= [ =
2
s ) " < Omeem ’h:i@_lil_m_?f):w CM.
v m 1 m ' (my +my)
=o—=———5 2gll-cosa) —= . [(1-cosqa). o 1
2g  (mp+my) 28 \m+m,

( Omeem ) R=37 om.

I[fap cTankuBaeTcd ¢ APYTUM NOKOAIIMMCA IIAPOM TAKOH e Macchl.
JIoKaxKHTe, 4TO B ClTydae YIpyroro, HO He UEHTPANBHOTO yaapa yroil

MEeX Xy HanpapleHHAMHU cKOPOCTeH NOCNe yaapa cOCTaBiIseT /2 .

b

—

( Omeem ) P

—

€N



1.4. Mexannka TBepAOro Teja

Brisemure GopMyITy A1 MOMEHTa HHEPITHH NOJIOTO 11apa OTHOCHTENE-
HO OCH, IPOXofsAme yepe3 ero ueHTp. Macca mapa paBHa m, BHyT-
PEeHHUI paguyC 7, BHEIIHHH R.

BriBegute popMyiry [Uii MOMEHTa HHEpIMU TOHKOIO KOJIbLIA pajiy
cOM R 1 Maccoil m OTHOCUTEIEHO OCH CUMMETPUL

Brisegute dopMyiry 071 MOMEHTa MHEpPINK TOHKOTO CTEPXKHA Mac-
cOM m U JUIMHOH / OTHOCUTENBHO OCH, MpOXosiiel yepes LIEHTP Macc
NEepHeHANKYIIPHO €10 JUTHHE.

Briseaute popMyIry U1 MOMEHTa MHEPLHH CILIOMIHOTO [mapa pajuy-
coM R M MacCol m OTHOCHTENBHO 0CH, IPOXO/siei yepes IIeHTp Macc
tapa.

Pewmenue

Hano

R

J —9

d]_mrz =pmrr2dhr2 _ par dh.
2 2 2

=R K,

R
_ AP, 2 22 8 s
J_jcu_zojz(k WY dh=pn — R,

2
—mRZ,
5

2
J= ;(p inR’] R*=

4 3
m“pgyrR, 3

( ) 2
Omeem J:EmRz.

Hano Pewmenue
m
2 2 4
r J=—m1R2—-—m2r2, ml——ﬂpR3,
R 5 3
4
J—? my =< 7pr’, m=m—m=—np(R’~r*),
t 2 4 2 2 32 2 4 5 5
== —mpRR -Z.Zm =— —napR ——-—npr’ =
tf] 53 s 3T TS 3P P
24 (R-F R
=< cap S (R -rh)== =
5 3\ R- R-r

Omeem 2 R-r
J=om——.
5 R-r

Bripegure GopMyiry U MOMEHTa HEEPLIHE IFTHRApUY ecKOH My Th
OTHOCHTEIBHO OCH, COBHAjAOLIEN ¢ ee OCchro cummerpun. Macca
¢TI paBHa m, BHYTpEeHHUHN pagHyc 7, BHEINHUI R.

Hano Pewenue
;m dJ =r? dm, dm=pdV =p-2arhdr,
’-
?R R R r4 R
o J=[p 20r°hdr = 2mph [r* dr = 2mph’~| =
i 4
J _? r r r

h

m=m —m,=aph(R* - r*), J=%m(R2+r2).

1
J=Em(R2+r2),

(72>




Onpepenure MOMEHT HHEPIMH CIUIOIIHOTO OFHOPOJHOIO JHCKA Pa-

aaycoM R =40 cM 1 Maccoii m=1 KT OTHOCHMTENLHO OCH, poXons-
LI Yepe3 CepeHHy OXHOTO M3 PajInyCoB NEPNEHAMKYIIPHO IIOCKOCTH AHCKA.

( Omeem ) J=0,12 xr- M2

Onpenenure MOMEHT UHepLIMH J TOHKOTO OXHOPOJHOTO CTEPXKHA JUli-

Ho#t /=50 cM 1 Maccoit m =360 r OTHOCHTENEHO OCH, HepreHAUKY-
JAPHOH CTEPKHIO U HPOXOJSILIEH Yepes: 1) KoHel CTepxKHA; 2) TOUKY, OTCTOSIILYIO 0T
KOHIIa CTEPHKHS Ha Y, ero JUTHHEI

Hano Pewienue
/=50 cm=0,5m J=Jc +ma®, 1/
m=360 r=0,36 xr . > bl I
] Je=—ml*, ' - l
AB= ¢ 12 4B C
AR

JA—-—m12+m(—) =—ml?,

) J,—2? 12 2

2) Jg —? i PR A
J =——m12+m(———) =—mi*
712 276 36

( Omeem )1) Jy=3-10%kr-m5  2) J;=175 - 107 kr- M-

Momenm unepyuu men npasunvnoii 2eomempuyecrkosi opmut

Teno Monoxenue ocu MomeHT
BpameHHud HHEpUHH
IMonsfi TOHKOCTEHHBI A Ocs cuMMeTpHH 2
UMAMHAD pasuycom R mR
ConomHOH UHAMHAP MM To xe !
RHCK paguycom R —m

Illap ¥ CIUTOIIHOMN LIUIMBAD, M3TOTOBJNEHHBIE W3 OQHOTO H TOTO XKe
, MaTepuaia, ONMHAKOBOH MacChl KaTATCA 6€3 CKOBKEHUS C O/{HHAKO-
Boii ckopoCThi0. ONpeNeNuTe, BO CKOIBKO pa3 KMHETHUECKas SHEpTus [apa MeHb-
bie KHHETHUECKOH SHepPrid CINOIHHOro WIHHIpA.

Petuenue
mu? Jo® v
T:"_'}‘_._', w:—s
2 2 R
2 1
J = =mR, Jy=—mR*,
5 2
2 1 2 )
2 VT e, L="2 0 —mR -
2R2 10 2 2 2R 4

( Omeem ) 1 -107.

TMonnas xuBeTHYecKas SHeprua I TUCKa, KaTAWETOCs 0 TOPH3OHTaNb-
Holi IOBEPXHOCTH, paBHa 24 JIx. Onpenennre KUHeTHYeCKy10 SHep-

%srmo T, nocrynaTensHOro 1 7, BpPaIATeNbHOrO ABIDKEHM aHcKa
e

-

3
¥

g Omsem )71-16 x; T,=8 Jix
=

+3

k.

[ [ FEEERXEEEEERERENN NN NN NN N N NI N N NN NI NN NN NN

‘4 Npamoit TonkUii Och mepneHAMKyngpHa 1
CTepXeHb ANHHOM [ CTEPXKHK U MPOXOAHUT —ml?

yepes ero cepeauHy 12

To xe Ocy nmepneHAUXynsapHa 1
CTEPKHK H NMPOXOAHUT ~m12

yepes ero KoMen 3

| Wap panuycom R Och NPOXONHT Yepes )
HMeHT)p Hiapa ——mR2

5

{75



ITonbrit TOHKOCTEHHBIA UMIHHAP Maccod m = 0,5 xr, xkaTamuitcs 6er
CKONBXEHN, yIapsAercs o CTeHy U OTKaThIBaeTcs oT Hee. Ckopociy

LWAKMHpa JO yaapa o creHy v, = 1.4 wm/c, nocne ynapa v] =1 m/c. Onpegenme
BHIAENIMBIIEECS NIPU Yape KOJIM4eCTBO TeILIOTH.

Hano Pewienue
m=0,5 xr . R R ,
muy  Joy mu”  Jop”
u =14 m/c hi=—-+—>" L=——+—
vy =1 m/c
v )
I sz, J=mR", 0=L-T,,
Q—7
2 2 02 /2
mu, J(D] mu, JCU] m_ 2 .2 J 2 ,2
= + — — =—(V -V +—(Wwy —w =
Q=% 2 > T WimeiEg e el
2 2
m 2 2 1 2| U v 2 12 ' '
=E(v' ~ v )+EmR (R_IZ.‘R_I =m(v; —v7),  Q=m(v, +v)) v, -v))

< Omegem ) 0-048 jx.

K oGomy onsOpOIHOIO CILTOMIHOrO JIucKa Maccoi m =10 KT, Hacame!l-

HOIO Ha OCh, MIPUIOKEHA [TOCTOAHHAA KacarenbHas cina F =30 H. On-

Iap paguycom R =10 cm uMaccolt m =15 Kr BpallaeTcs BOKPYT 0CH

CHIMMETPHH COITIaCHO YPaBHEHHIO ¢ = A+ B +C® (B=2 pan/ct,

C = —0,5 pag/c’). Onpenenure MoMeHT cuT M i £ =3 c.

Hano Pewtenue
m=35 xr 5
?p—A+Bl‘ +Ct w=-‘-1£ e=gw~,
sz paII/CZ dt dt
b 3
F— 0,5 paw/c w=2Bt+3Ct*, e=2B+6Ct,
=3c 2 5

M:ng (2B+6Ct),

M=-0]1H- M

Bentunatop spamaetcs ¢ 4actotoil n= 600 o6/muH. [Tocse BBIK-
JAKOYEeHHs OH Hadaj BpamaThCs paBHO3aMENJEHHO H, CHENaB

N = 50 obopoTos, ocTaHoBHICS. PaboTa A cin Topmoxkenus pasHa 31,4 k. On-
denenute: 1) MOMeHT cUN M TopMOkeHHS,; 2) MOMEHT HHEpLIUH J BEHTHWIATOpA.

PENENNTE KMHETHYECKYIO SHEPTHIO 4EPE3 BpEMS / = 4 ¢ OCIE Hauaaa JAEHCTBUS CHIIb] J ﬂano Pewtenue
.
Hano Pewienue '«gf 600 ob/Mma =10 06/c| 4= My, @=2xN , w, =270,
— A =50
m=10 kr Juw? mR> ‘ =3 A A
E = = ht 1’4 e T —— =
F=30 H Ty =" M=FR=Je, J== #=314 A M= = MR
t=4c
— _fR_2F :EIZZ_FI ;)M_? oo % 27n , e’ wyt
» * _ ==, =t ———=—,
T, —2 J mR mR ) J —2 ; ; ¢ = Wl = 5
. _mRz(_Z_f_r)zl_thz L2 _ 227N 2N oM MN
o2 \mR) 2 m Cw, 2mm on e mn®

( Omeem ) T,p = 1,44 K

A\

‘ Omeem ) 1) M=0,1H-w; 2) J=1,59'10_2 KT« M2
=

@D,




MaxoBHK B BHJE CIUIODIHOTO JHCKa, MOMEHT HHEPUMH KOTOPOIo K o6oxy onHOpOZHOIO CILTOLIHOIO ZHCKA pajuycoM R = (0,5 M npu-

J =150 xr - M, Bpamaercs ¢ yactoroit 7 = 240 ob/mum. Yepes £ =1 mun JIOXKeHa NOCTOSHHAs KacaTelbHas cuia F =100 H. IIpu BpameHun

nocie Havana NeHCTBHA CHI TOPMOXEHHS OH OCTaHOBWICS. Ompermennre: 1) MO~ 1cv ya gero neficTayer MomenT cu TpeHua M, =2 H- M Onpenenute Maccy m
MEHT M CHJI TOpMOXKEHHS; 2) 9HcI0 000pOTOB MAXOBHKA OT Hauasia TOPMOXKEHUA /[0

[ONHOM 0CTAHOBKH.

( Omeem > 1) M=628 H-»  2) N=120. Hano Pewenue
R:O,SM M=FR"MTps M:_]g,

THCKa, ECITH H3BECTHO, YTO €r0 yIIOBOE YCKOPEHHE € IOCTOAHHO M paBHO 16 pan/c’.

F=100 H
Crutomso# onHOpOTHBIH THCK CKATBIBAETCs Oe3 CKONMBKEHHACHAKIOH- A =2 H- M J= mR’ Je=FR— M
HoH miockocTh, obpasylomeif yron o ¢ ropusoHToM. Omnpenenute B ) 2’ R
JIuHeHHOe YCKOpPEHHE @ IEHTPa JHCKA. £=16 pan/c’ , (FR- M. )
mR” 2(FR-
e=FR-M_, = P
Hano Pewenue m—? ™ m R
a ma=mgsina—F,p, { Omeem ) m=24 xT.
a—? J= mR? ,
2

YacroTa BpalleHHd 1y MAXOBHKA, MOMEHT HHEpIMH J KOTOPOTO pa-
BeH 120 xr - M2, cocraBnseT 240 o6/MuH. [Tocie npexpaineHus nei-
CTBUS HA HETO BPAIIAOIero MOMEeHTa MaX0BHK 0]l AEHCTBHEM CHJI TPEHHA B 101~
MMTHHKAX OCTAHOBUIICH 32 BpeMs { = 7 MuH. CudTas TpeHHE B NOAUITHIHEKAX N0~

_Je_mR?‘a_ma ., ma
Fm-?— TR ma=mgsina-—,

2
ia - gsina, a=>gsina. CTOSIHHEIM, OIpPEENTUTE MOMEHT M CIUT TPEHUA,
3
( ) 5 - Hano Pewenue
Omesem a=—gsina.
3 ny, =240 06/MuH = 4 06/c Jwl Ju?
= 220 _ M=
J =120 kr- M? 2 e %0
® 0 0000000000 0600060000606 0600600 0606000600000 0000 ‘p
t=x Mud= 607 c
Kunemuueckas Inepzus mena, Kamauwiezoca N0 R10CKOCMu Wyt o =2
=T, = anny,
6e3 CKobICeHUA M —9 2 0 "o
T:—l-mv%+-l_‘]cw2’ M=2.7[n0.j
2 2 t

e m — Macca Teja, UV, — CKOpOCThb LIEHTpa Macc Tella, JC’ — MOMEHT HHeplHH y
; ’ Omgem Ym=16 H-n.

Tena OTHOCHTENILHO OCH, NPOXOIAieli Yepe3 €ro HEeHTP MacC; @ — yIIIOBasA CKO-
pOCTE TeJa.

——
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MaxoBHK B BHAE CIUIONIHOTO gHCKa, MOMEHT MHEPIHH KOTOPOro
J =15 xr - M% Bpamasch Op¥ TOPMOKEHUH DPABHO3AMEICHHO, 33

BpeMs { =1 MHUH yYMEHLNIMI YaCcTOTY CBOEro BpAaieHHA ¢ #y = 240 of/MHUH mo

n, =120 ob6/muH. Onpenenure: 1) yrIoBoe yckOpeHHe £ MaxOBHKa; 2) MOMEHT A/
CWIEL TopMOXKeHus; 3) pabory TopmoxeHus 4.

Hano Pewiernue

J=15 kr- ™ w=w, —¢€t, wy =2mny, w=2nn,
r=1 MuH =060 C _wp-w  2x
ny=240 obmun=4o6/c| £, = (0=, M= Je.
n, =120 o6/Mun = 2 06/c 2 2

J J

a=220 20 :i(wg—w2)=2n2J(n§—n2).

2 2 2
)y ¢ —2
2) M —7? Omeem 1) ¢=021 payc?;
34 —2 2) M=0315H-M;  3) 4=355 Jix.

Koneco paguycom R =30 cm # maccoii m=3 kr ckateIBaeTcs 6e3
TPEHUS IO HAKIOHHO# IUTOCKOCTH JUIMHOM [ =5 M H YIJIOM HaKIOH4

a = 25° . Onpexnenure MOMEHT HHEPLHH KOJIECa, €CIH ero CKOPOCTH U B KOHIIE ABH-
KeHMA cocTapisuia 4,6 M/C.

Hano Pewernue
B 2 2
R=30 cM=03m mgh:mv +Jw ,
m=3 kr 2
I=5w™m v
a=25° h=[sina, w:E,
v=4,6 M/c
m’  Jo?
mgh — — =
J -2 2 2

2 2 .
2
J=[mgl sina-——n%)——] 2R mR2(ZM_1] )

v2
( Omeem )J=0,259 KT - M2,

C HaKJIOHHO IIOCKOCTH, cocTapmomed yron o =30° ¢ ropusoH-
TOM, ckaTwiBaeTcA 6e3 ckonpkenus mapHk. [Ipenebperas TpeHHeM,
ompegeuTe BpeMs ABIXKEHUs IHapHKa M0 HAKIOHHOM IJIOCKOCTH, €U H3BeCTHO,
4TO ero HEHTP MacC PH CKAThIBAHUM NOHM3WICA Ha 30 oM.

Jano Pewienue
a=30°
h=03 M
F'y
t —?
h
m?®  Jot
mgh=——+——, a
2 2 Y
2
J——mRZ, wz—v—,
5 R
2 2 2
2 7 10gh
mghzmv mR” vz, mgh=—mv2, v=,/-—~g—,
2 5 2R 10 7
2
t
I:i:}—)—’ t_—__2_l! l: .h s
2 2 v sina

o2k [T 2 [T
©usina \10gh sina sina|10g
( Omeem ) ;=o58s .

——

—

ITonpIfi TOHKOCTEHHBIH MWIHHAP KAaTUTCA BAONIL NOPH3OHTAIBHOIO

y4acTKa JOPOTH €O CKOpocTio U = 1,5 M/c. Ompepenure myTh, KOTo-
PBIii OH MpOMIET B rOpy 32 CUET KMHETHYECKOH HEpTHH, €CJIM YKIIOH rophl paBeH 5 M
Ha xaxaple 100 M myTH.

( Omeem ) 5=459 M.

——




Ha oZHOPOIHBI# CIVIONIHOMH IRUIMHAPHIeCKH Baj pagiycoM R =50 cM
HaMOTAaHa Jerkas HUThb, K KOHLY KOTOpOH NPHKpEIUIEH IPy3 MacCoi

m= 6,4 xr. I'py3, pa3MaTbIBas HATH, OIyCKAETCA C yckopeHneM a =2 M/c*. Onpe-

nenute: 1) MoMeHT HHepiw J Bana; 2) Maccy m; Bana.

Ha osopo/HBIi CTUIOMIHOH IMmMHApHIecKkuit Ba paguycoM R = 20 cwM,
MOMEHT HHepImMHU KoToporo .J = 0,15 Kr - M%, HaMOTaHa JIerkas HUTh, K
KOHITy KOTOpOH IpUKpeIieH rpy3 Maccoit m = 0,5 kr. Jlo Hauana Bpamesus 6apaba-
Ha BBICOTA A Ipy3a Haj MoJioM cocTaBjpuia 2,3 M. Onpezenute: 1) Bpems orrycka-

HHA Tpy3a 10 nona; 2) CHIy HaTsKeHHA HATH, 3) KMHETHYECKYIO SHeprHio Tpysa B
MOMEHT yapa o o

Mano Pewernue
R=50 cM=0,5M ma=mg-T,
m=64 Kkt T=m(g-a),
— 2
a=2 mlc M=TR=m(g-a)R,
nJ—=2 M=Je, s:—a-;
2) my —? R
~a)R?
J:_%:M:mﬁ(&_l),
-4 a a
J:m1R2 , m=£-
2 TR

Ha ogHOpoxHE# CILTONTHOM LIMITMHAPHIECKIH Ball pafuycoM R =35 cM
u mMaccofi M =10 kr HaMOTaHa Jierkas HUTh, K KOHIYY KOTOpoii mpi-

KperuieH rpy3 Maccolt m =1 kr. Onpegenute: 1) 3aBECHMOCTE s(¢), COITIACHO KOTO-
poit IBMXKeETCS Tpy3; 2) CUy HaTsKeHUs HUTH 7 ; 3) 3aBUCHMOCTE @(!), COTIIacCHO
KOTOpO1 BpamaeTcs Bai; 4) yIIoBYIO CKOPOCTE @ Bana yepes /=1 ¢ mocne Hagana
NBHKEHHs; 5) TaHTeHIMaNbHOE ( a, ) ¥ HOpMalbHOE ( g, ) YCKOPEHHs TOUeK, HaXOo/1A-

HIMXCs HA [IOBECPXHOCTH BaJia.

Omeem ) 1) s=082%; 2)T=82H;
3) p=16,41"; 4y w=3238 pawc;
5) a, =1,64 w/c’, a, =538 m/c’

&

Hano Pewenue
R=20cM=02wm 2 2
J=0,15 kr- M? mgh:—+'ji_’ w=_li’
2 2 R
m=10,5 kr
2
= at
h=23 ™ =2 v=at.
2
{ —
1)T ?? ma—tz—ﬁ(m+i)
AT =2 T MR
mg 2h
a= J’ E=,— TR=Je»
m+ — a
R
J
T:_87 8:"a" T=_Z/?_’
2 2.2
WK:r_nL:mat
2 2

( Omgem ) Di=2¢  DT=431H  3)F =132 Ix

——

Hexomopbie mamemamuueckue Qopmynot

sin(a + #) = sina cos f + cosa sin B

Cos(a £ ) = cosc cos f Fsina sin

S—




Yepes HeNOABWKHBIH GIIOK B BUAE ONHOPOLHOTO CIUIOLIHOTO [IMIHHA-
pa Maccoit m = 0,2 Kr NepeKHHyTa HeBecoMas BUTh, K KOHLIAM KOTO-

poii IpHKpeIUleHs! Tena MaccaMu my = 0,35 xr 0 my = 0,55 kr. IIpenebperas Tpe-

HHeM B OCH Gll0xa, olipenenure: 1) yckopeHne rpy3sa; 2) oTHomenue 7, /T, cun Ha-

TAXKCBUS BUTH.

Hano Pewuenue
m=0,2 KT may =T, - mg, ‘
mhy :0,35 Kr m2a:m2g_7‘2, /y
m, = 0,55 kr (T,- T)R= e,
1 a—2? J_mR2 - T T,
2) T[T, —? 2 R T
2
mR* a ma T
(h-TR="2-%,  h-T==, 1
2 R 2 l:
- =mg—-ma-ma-mg, ijlg Ymg
ma +2mya +2ma =2mg -2mg,
my — m
az(_z._i’gn—a T2=mz(8—0)a leml(g'*'a)a
m]+m2 + —
2
Z;: my(g —a)
L m(g+a)’

( Omeem ) 1) a=196 m/ct,  2) T,/T;=105.

00000 0000000000000 0 0060060600008 0000000s0000e?
Hexomopuie snecucmemmple eOunuybl

1" =4,85-10%pan

1 pag =57,3°

1 MM pT. cT. =133,3I1a

15B=1,6-10" Ik

1 eyt = 86400 ¢
1 ron=365,25cyr=3,16-10"c
1°=1,75- 10 pan

1"=291-10" pan

N
1,155% Teno maccoit m= 0,25 K, COeIMHEHHOE HEBECOMOT HHTBIO TOCPE/I-
CTBOM 6J10Ka (B BMJIE IOJIOTO TOHKOCTEHHOIO LIIHHPA) C TEJ0M MAc-
coit m, = 0,2 KI, CKOJIB3HT 110 TOBEPXHOCTH TOPH30HTAIBHOIO cToNa. Macca 6:10xa
m=0,15 kr Koa¢dpHumeHT Tpenna f Tena o nosepxHocTh pasen 0,2. [Ipenebpe-
rag TpeHUeM B NOJILIMIIHHKAX, OTIPeeIHTe: 1) yCKOpEeHHE a , C KOTOPBIM GYIy T ABiI-

TaTbCs 3TH Tejla; 2) CHIb HaTskeHus J; H T, HHTH N0 06e cTOpOHs! GIoka.

Hano Pewernue
m=0.25 xr
mlazrl-‘Frp’
=02
mz 0’_ “ m2a=m2g_7721
m=0,15 kr (T, -T)R=Je,
J=02
- - _ 2 _a
) a—2 Fp=fN=[fmg, J=mR", S_E,
DA - a
7:-’ —9 (TZ-]‘I)R= R 3 ng—T2=mza,
Ti'—fmlgzm]av Tz—ﬂ=ma, a:————g(%_‘fm]),
m+n,+m
T, = my(g-a), Na
m
L=7,-ma. l m [ T T
T,
mg
T,
m,
mg

( Omeem ) 1) a=245 wc, 2) T=11H; T,=147 H




Jl1s neMOHCTPALIHH 3aKOHOB COXPaHEHUA NPUMeEHSeTCA MaTTHHK Mak-
cBEJIa, npeacTaBomui cobolt MaccHBHBIN AuCK paguycoM R u
Maccoll m, TYro HacaXKEHHBIH Ha 0Ck paJHMyCOM #, KOTopas NOJBEIINBALTCS Ha IBYX
npexBapUTenbHO HAMOTAHHBIX HAa Hee HATAX. Korjla MasTHHK OTITYCKAIOT, TO OH CO-
BEpUIAET BO3BPATHO-IOCTYNATENLHOE ABHAKEHUE B BEPTHKANIbHOM IIOCKOCTH IIPH
OQHOBPEMEHHOM JBIDKEHHH JUCKA BOKPYT ocH. He YUHTHIBas CHIIBI CONIPOTUBNEHUA
H MOMEHT MHEpPIHH OCH, OIpeJenwTe: 1) yCKopeHHe MOCTYNaTeLHOIO ABHXEeHHS
MAasTHHKA; 2) CHTy HaTOKeHHA HHTH.

Hano Pewenue
R
m m?  Jo*
mgh=——+——,
r 2 2
- 2
l)a—? a)=£, J=ﬂs
2)T—2 £ 2
2 2 2 2 2 2
mRv R at
mgh="— + ——, h=—| 14—/, h="—, =at,
BTy T £ 2[ 2r2j 2 v=a
2 2,2 2
at a‘t g a
a 1 , = , 2Tr=Je, =—,
g 2 (* ,2) 1+ R*/(2r%) -
mR* g ngz
2Tr = Y PING =S o
2r (1+ R*/(2r%)) 2277 + RY)
2
( Omsem ) ) I T - S— 2_)T=__m§R__
1+ R?/(2r%) 20272+ R%)

———

Hecamuunsie npucmasku K HA36AHUAM eOUHUY

T — Tepa (10'%)
I — rura (109
M — mera (10%)
Kk — xuno (10%)

o — peuu (107)

¢ — canri (1072)
M — mumi (107%)
MK — MHKpo (107)

H— HaHo (10°)
o — nuxo (1071
¢ — demTo (107%)
a— arro (107'%)

Onuoponuerii map pagycom » =20 cM cKaThIBaeTci Ge3 CKobike-

HUA C BepIIHHEL ceprl panuycoM R=50 cM. Onpenenute yriopyio
CKOPOCTh @ 1apa MOCJIE OTPhIBA OT MIOBEPXHOCTH ChepEL.

Hano

r=20 cm=0,2m 2 4
my
R=50 cM=0,5m =mgcosa, 4

_— R+r h/*
w—? 2 ¢

Pewmenue

cosq = ———, a &
g(R+r) R G
mg
2 2
mv J )
vmgh=—2~+——(;)—, J=-§mr2, v=wr,
2.2 2 2
h=(R+r)-(R+r)cosa, mg(R+r)(1—cosa)=mﬂ)27‘ +§mr2w ’
2.2
wr 7 7
(R+r(1~——~— -_——-—a)2 2’ _ 22=_ 22
8 ) g(R+r) 10 r g(R+r)-w'r lowr ,

17 5, 1 [10
R+r)=—w ==
g(R+r) 0" @== 17g(R+r).
‘~ Omeem ) ®=10 pan/c.
P

——

:L

MaxoBHK HaUMHAET BPAIATbCA U3 COCTONHMA MOKOS C [IOCTOSHHBIM
yIoBbiM ycxkopeHueM € = 0,4 pan/c. Ompenenute KMHETHYECKYIO

YHEPTIIO MaXOBUKa Yepe3 BpeMs £, = 25 ¢ I0cIe Haualla ABHXEHHUS, eC/H Yepes

=10 c mocne HaYana JBIKEHHA MOMEHT HMIIyAbca L, maxoBuKa cocTtasisn
30 kr - MY/c.

p
Qmeem) T =750 [Ix.

_—
N

———

<H




lNopusoxTanLHag miardopMa Maccoit m = 25 xr u paquycom R = 0,8 m

BpalllaeTcq ¢ 4acToToit 7,;=18 MuH . B LeHTpe CTOUT yenoBex  Aep-

XKUT B PACCTaBICHHBIX pykax rupy. Cunras aTGopMy JHCKOM, OIpeeluTe YacTo-
Ty BpameHns wiaT$hopMsl, €CTH 4eNOBeK, OIyCTHR PyKH, YMeHBITHT CBOA MOMEHT

uepiuu ot J) =35 xr-M* go J, =1 kr- ML

Yenosek maccoit m = 60 Kr. CTO-
ALIIUA Ha Kparw ropu3oHTaNbHOMN

wraTdopmer Maccoit M =120 xrn.
IPALIAIOIICHLS 110 MHEPUHA BOKPYT HEMOABMA-

10H Bep1MKaJIBHON OCH C HacToroi », = 10 Mun !,

Ilepexom K ee ueHipy. Cunlas mwiatdhopmy Kpyr-

Hdano Pewenue IBIM OJHOPOJHEIM JHUCKOM, 8 YelIOBEKa — TOYed-
=25 Kr L = const 107t Maccoil, onpeaennie, ¢ KahoH 4ac10Tol 7
- - 3
R=08 M Jyaer Toraa Bpamarhcs mwiardopma.
3
L= =
n=18 mur'=0,3 ¢ Ja -
235 krad Omeem ) (M+2m) 0
= ‘M —_ s = ———— 1= LU MHH .
== i+ N, =(Jy+ Nw,, - v |
J2 =1 KI- M2
J= mR*
T ITnatdopMa, mMeromas GopMy CILIOLIHOFO OTHOPOZHOTO AMCKA, MO-
My —? 5 5 XeT BpallaThCs 10 MHEPLUH BOKPYT HEMOABIDKHOH BEPTHKAIBHOI 0CH
Wy =2y, Oy =27y, a Kparo ITaTopMBI CTOUT YeIOBEK, MAcCa KOTOpOIO B 3 pa3a MEHBbLIE MaCCH ILTAT-
opMel. OnpesieNnTe, Kak 1 BO CKOJIBKO pa3 H3MEHUTCH YIIOBAA CKOPOCTEH Bpaille-
s wiar¢opMEl, eCliM YeloBeK mepeiifieT Giike K LEHTPY Ha paccTOAHUE, PABHOE
mR? mR* 2J, + mR? NOOBUHE Pajiyca 1narhOopMBL
Jy+ n=| Syt ———|m, m=——n.
2 1 r
2 2J, + mR ;
1 ano Pewenue
L om
( Omeem ) ny =23 mMuH " m=3 L=const,
~— e ———— i
P R L=Jw,
Yenopexk, CTOAIMMAN Ha ckaMbe XKyKOBCKOT0, IePKUT B PYKaX CTePHKeHb {' 1= 5
amuHoil /=25 Mu Maccod m=8 K&, paclONOXKeHHBIH BepTHKAIbHO L Jw; = Jy0,,
BIIOJIb OCH BpallleHUs ckaMeiku. DTa cucTeMa (CKaMbs ¥ 4YelloBek) oblasaer MO- o J
N 2 o) 1
meHTOM uHepuud J =10 Kkr - M? § Bpamaerca ¢ yactotoit # =12 Mun . Onpexge- ™ — 92 PR
[ 1 2
JIMTE YAaCTOTY 7, BpallleHHS CHCTEME!, €CIIM CTePKeHb IOBEPHYTH B TOPU3OHTAb-
Hoe IONoXKeHHe. N
mR® m _, 5 5
- Ji=——+—R' =—mR",
2 3 6

Omeem

n2 = 8,5 MHH _l.

2
Wy _SmR 122 =E:1,43_ Omeem &=1,43.
w  6-TmR* 7 @




Yenosex Maccolt m= 60 K1, CTOAIRLE HA Kpal0 TOPH3OHTAJIBHOM TUIAT-
dopmsl pamycom R=1 M u maccolt M =120 kr, Bpamatometics no |

K mposonoxe u3 ymeponucto# cTany IHHO# [ = 1,5 M 4 1uaMeTpoM

d = 2,1 MM nopeleH rpy3 Maccoit m=110 xr. TlpuHuMasn g cTa-

HHEPIMH BOKPYT HENOABHXHON BEPTUKAJILHON OCH ¢ 1aCTOTOH n, = 10 MuH ', nepe- oy Mozxyns IOnra E =216 I'Tla 1 Opene OpONOPIHOHANLHOCTH 0, =330 MITa,

pripeenTe: 1) Kakyio 00 NEPBOHAYANBHON THHE! COCTaBIeT yTHHEHIE Npo-
BOJIOKH TIPH 3TOM Ipy3e; 2) [IpeBhIlTaeT IPWIOKEHHOe HANPsHKEHHE WM HET IIpesen
pPOTIOPLIMOHATBHOCTH.

XOAMT K ee 1eHTpy CuuTas WIaTHopMy KpYIIbIM OQHOPOIHEIM JUCKOM, A YeNio-
BEKa — TOUEYHOH MacCoH, onpeaennre paboTy, COBEPIIAEMYIO YENOBEKOM IIPH TIC-
pexofie oT Kpas IIaTdhOPMBI K €€ UEHTDY.

Hano Pewernue ano Pewuenue
=60 K =1 Al 1 F 1
m =60 kr Iy Jw? i 2o, S =—mnd?®,
V=120 xr A:—z“——z—'a 3 =21 MM=21-10%m ! ES 4
N ) fr =110 xr F = mg Al _ 4mg.
m=10 w1 =017 ¢t | MR A2, s, = MR F =216 [Tla=216-10°I1a ’ I = 2d’E
2 . =330 MIa=33-10"ITa s
mg
A_"} a)|=21'm1, J‘(DI=J2(02, 0=E=F-
( Omsem ) ), A71=0,14 %%;
W,

Jo, {MR2
=—=—34+m
J5 2 2) 0=312 Mlla, 0<0,,.

1} Mennas MpOBOTOKa cedeHneM S = 8 mMM? nox JeicTBHeM pacTATHBaO-
e CWIb! YJUTHHIIACH Ha CTONBKO, HA CKOJIBKO OHA YJUIMHAETCS IIPH Ha-

fpesatim 1a 30 K. Tpuonvas ais Memu momyns FOmra E =118 I'Tla u xosguument

2 2 I 2
4= ME( (M 2m) (4nn,)2]-1— [MR +mR2]-(27tn|)2} 1.
2 | M 2 || 2 2

va o (M+2m? (M
=27t‘R2n|‘ (—ﬂ—(—+m) .
2M 2

u ~5 o s
HefiHoro pacumperns ¢ = 1,710 K, onpenemite uuciiosoe 3HaYeHue 3TOH CIIbL

( Omsem ) 4=6s8 1x. Hano Pewenue
P =8 Mm2=8-10°m? _F A{_E_F 1
AT =30 K G—S’ I "E S E’
Jlaifte onpezenenne 1 0OBACHEHHE THPOCKOMHYECKOTO 3 deKTa. E =118 I['Tla=118-10°[1a Fl
_|B=17 107 K ANl=——, Al=alAT, F=aES AT .
} ’ ES
—

Omeem ) r-4381 1.

{90 (91>




" ?igs’«gx - N
**]f,ﬂg@ﬁf? Pe3suHOBBIN IIHYD MTHHOM 40 ¢M H BHYTpEHHHM nHaMeTpoM 8 MM Ha-
e’ THHYT TaK, 4TO yAMUHUWICS Ha 8 cM. [IpuHuMasn x03gduunent [Tyacco-
Ha /15t Pe3UHBI paBHBIM 0.5, onpeienTe BHy TPEHHHAM JUaMeTp HATAHYTOTO HIHypa.

Hano Pewieriue
[=40 cMm=04m eznAl, S'ZA_d’ e = ue,
d=8 MM=8-10"'M l d
Al=8cM=8 107m Ad Al Ad—ﬂdAl
/1:0_5 d =M ! » - ! s
Al
dy —? dl—d—Ad=d(1——/i—]

Onpepesute paBoTy, KOTOPYIO HEOOXOXHMO 3aTpaTUTh, YTOGH! CIKAThL
npyxdiy Ha 15 cM, eciiu H3BECTHO, YTO CHJIa NPONOPLHUOHAIBHA JIe-
(popmary u o peficteueM crisl 20 H npyxuHxa cixuMaeTtcs Ha 1 e,

( Omeem )

< 1(1%8 ) OnpenesuTe OTHOCUTENbHOE YITMHEHHE aJIIOMHHHEBOTO CTEPIKHSA
i "
oy gy e

€C/IM TIPH eT0 pacTskeHnH 3arpayeHa pabota A = 6,9 JIx. [inuua ctep

A=1225 x.

xHg [ =1 M, wWiomans nonepeyHoro cedenns S =1 Mm%, Moayis IOura mns amo-
Munusa E =69 I'Tla.

Hano

4=69 Ix Al
I=1wm 1’
S=1mMm=10 ™

E=69 TTla=69-10°I1a

Pewernnue

Fa—

< Omeem ) £=0,014

3 EVQR-
< 1.1 gghg ?’ Omnpenenure 06BeMHYIO IIOTHOCTH NOTEHIMANEHOMN SHEPIrUH YIIPYTo-

PacTAHYTOIO MEXHOIO CTEPXKHH, ECIIH OTHOCUTENEHOE U3MEHEHHE TH-
Hbl CTepkHA € = 0,01 u nas Menu Moayne Oura E =118 ITla.

( Omeem ) ,_ 5o Mipne.

Eyg
< 1".1&0% HBa Barowa (Macca kakaoro m =15 T) ABHKyTCH HABCTpedy JpyT
‘ - APYTY CO CKOPOCTBIO U =3 M/C ¥ CTalKUBAIOTCA MEXIY coboit. On-
peleniTe cxaTue NpyXHHB! 6y(epoB BaroHOB, €l U3BECTHO, YTO CHIA NPO-
NopuuoHasbHa aethopMauuuy, ¥ nox peiicteuem cunel F =50 xH NPYXKUHA CKUA-
ImaeTcst Ha Al =1 cm.

Hano Peweriue
m=15 1=15:10%kr 5 5
v=3 M/c IK:?JI_{I_’ k:i’
F=50xkH=5-10'H 2 2 Al
_ — 2
Al=1cmM=10%m - mngl_v\/m
V 2F 2F

I=116 cm.

Pexomendyeman numepamypa

popumora T H. Kypc dusuxu, M., 1998.
podumosa T. M. C6opuuk 3axay no Kypcy ¢pmsuxu, M., 1996.
Apodumora T. 1 Dusnka, 500 0CHOBHBIX 3aKOHOB U ¢opmyn. Crpasounnk, M., 1997

TpoquOBa T. M. OnTHka ¥ aTOMHas (H3MKA: 3aKOHEL, npo6semsl, 3a5a4H (cnpa-
BOYHUK /U1 CTyIEHTOB BY30B), M., 1998,

P—

P




1.5. Tarorenue. JneMeHTHI TEOPHH IOJIHA

Omnpenenute nepuoxn obpamenus Boxpyr ColHIA HCKYCCTBEHHOJ
ILT2HETHI, €CIIH H3BECTHO, YTO OONBLIAA MOTYOCH €€ JILTUITHECKOH
op6uthl 6ombie Ha 107 kM 60NBIION MOITyOCH 3eMHOM OPGUTEL

Hano Pewenue
R=R+R le_R? R?
L =1,49-10" ™ T—;_E’ Tl‘—'TZ\/—R_-g'
R=10" kM=10"m Brryucnenns:
7, =12 mec 3
T, =12 mec- (1’49'10”M:1010 MJ =13,2 Mec.
T, —2 149-10 ' M

( Omeem ) T, =13,2 Mec.

Cuyuras opGuTy 3eMIIH KPYroBOii, ONpeelIuTe JUHERHYIO CKOPOCTh U
AsKeHus 3eman Boxpyr Conuna.

Hano Pewenue
3
M=198-10° kr ’"UZ—G’"M _[om
R=1,4910" R R’ R

G =6,67-10""" M¥(xr - ?)

v—7?

( Omeem ) v=298 Kvc.

IMepuon obpanenus NCKYCCTBEHHOIO CITyTHHKA 3MITH COCTARIAET 3 4.
Cuauras ero opGuTy KpyroBoii, ONIpesielIuTe, Ha Kakol BBICOTe OT IO-
3€PXHOCTH 3eMJIM HAXOIUTCS CIyTHUK.

.

t
B Hano Pewienue
&=3 "I=1,08'104C mvz mM =R+h
ITepuon obpamenus xometsl [annes Boxpyr Conrna T =76 Jer. ‘R=637-105 M , =G 27 r=mX+n,
MunuMaNbHOE paccTOSHUE, HA KOTOPOM OHA NpoXomuT oT CoNHuA. ? ’
coctapiser 180 I'm. Ompenenute MAKCHMATBHOE PACCTOAHME, HA KOTOPOE KOME14 M =598 10 xr v=or w= 2n
lannes ynansercs ot Conxua. Pagiryc opGHTI 3eMIH IPHHATE paBHBIM Ry = 150 I’ G=6,67-10""" M/(xr - c2) T
| 3 2
Hano Pewernue p—2 o3l GMT h=3 GM]; -R.
; 47 4z
T =76 ner Y 4= Bon + R |
Run =180 TM=18-10"y 72 g3~ 2 ’ ! Omeem ) h=419 Mu.

Ry =150 TM=1,5-10" m =
T2 T2/3 toooooooooooooooooooooooooooooooooooooooo
) Ry =24-Ryns A=3R] [—T—) = RO[F) ; Hexomopsie acmponomuneckue eenununsi
7 0 0
R Pamuyc 3emnu 6,37-10° M
Y3
T Macca 3emmu 598-10%* k
Rmax = 2RO[F] - Rmm ’ r
0 Pfamdyc Conxua 6,95-10° m
( > 9
Omeem Riax =5,2:107 kM. Macca Consna 1,98-10°° xr
——

G5



I1naneTa Maccoit M pBmkeTcs o OKPYKHOCTH BOKPYT COSIHI@ CO CKO-
pOCTBIO UV (OTHOCHTEJIBHO TENHOLEHTPHYECKON CHCTEMEl OTCUeTa)

Omnpenenure nepuos obpalueHns 3Toi nnauers! Bokpyr ConHia

Hano Pewuenue
M 2R M? MM
T="o0, =G—*%,

M, U R R’

v

GM 2wGM,
T—7 R= 2C ’ T= 3
v U

( Omeem ) o 2GMc

3

v

ca 3emyH, a Macca Mapca — 0,11 macch 3emin.

OrmpenenuTe, BO CKOJIBKO pa3 CHITA IPUTSDKEHHA Ha 3emile GoJIbIIe CHITbI
OpuTDkeHUs Ha Mapce, ecnu paguyc Mapcea cocrasisier 0,53 paauy-

( Omeem ) n=255.

i £ ducd

najeHus Ha 3emie

"4 ¥) Onpefietute CpeHION0 IIOTHOCTh 3eMIIH, CUMTAsd U3BECTHBIMHU Tpa-
BUTALOHHYIO MOCTOAHHYIO, PafdyC 3eMJIH U YCKOPeHHe CBOGOIHOT 0

HBe MaTepyaibable 104KH MACCaMU /5 U M, PACLIOHOKEHBL APYI OI

OpyTa Ha paccTosHud R . OnpexenuTte yIIoByto CKOPOCTh BpalIeHus,
C KOTOPOM OHM NOJUKHBI BpamaThes BOKpyr obmero ueHrpa Macc, 4To6u paccTos-
HHE MEXIy HUMHU OCTaIOCh IOCTOSHHEIM.,

Hano Pewernue
2 2
i mY _ gt MY MMy =y
= 3 - 3 1 1»
my 4] R ) R
R = const m
Uy =0ny, retn =R, w2r1=G—§,
w—2? R
G ’G
2 I 2 - - L
=G—L, o (r+rn)=—(m+ , w= mp+my) .
w'r 22 (ri+n) R my) R3( r+my)
?( Omesem ) G
X w=,—(m+m)
R
=

JBa 0NMHAKOBEIX OXHOPORHSBIX Iapa U3 OAMHAKOBOIO MaTepHaa, co-
NPHKACasChk APYT C APYroM, NpUTATUBAIOTCA. OTpeseuTe, xax HaMe-
*HUTCS CHNA IPATAXKEHUS, €CIIM MacCy [IApoB yBENMYUTE B 7= 3 pa3sa 3a cuer yBe-
JIMYEHUA UX pa3MepoB.

Hano Pewenue
aHo Pewenue I 2
A =y = m FogMm 2R,F—Gm m pV:ﬂnR3p
G=6,67 107" m¥/(xr - c?) mM R=R =R r R 3
mg—G—z, 2
R=63710° m R PI=py=p 3m M3 IM
=9,81 /c? 4 M= R=3 ) F‘3=G"‘2_, 7'3:2R3, R3=3—’
g=9381 m/c M=pv, V=2 aR3, ‘M =nm 47p r 4rp
3 n=3
p o Gn*m? 2 F,
)_ﬂ_ng 3 _ 3g F }?3:—._:_%]«“:,,4/3]:, 3,9
Py G 4R’ P 47GR N Im). F
F 43 :
4mp
Omeem =551 r/em’.
C_) p COmeem) %=n4/3=4,33

4 Chopruts, 3azau



Onpenenure BBICOTY, Ha KOTOpOH ycKopeHHe CBOOGOIHOTO majeHus
cocTas/seT 25% 0T yCcKOpeHus cBo6OaHOTO NafieH!s Ha [IOBePXHOCTH
3emiay

< Omeem , h=R, R — pagayc 3emau

CuHTast IIOTHOCTH 3eMJIH IOCTOSHHOT, olpefenuTe nrybHHY, HA KO-
TOPOH ycKOpeHHe CBOGOZHOTO MageHus cocTasiseT 25% ot yCKOpe-
HHA CBOGO/THOTO NajIeHNs Ha IOBEPXHOCTH 3eMJIH

( Omeem ) h=0,75R, R — pamuyc 3emiu.

,«L *ka g% Ha xaxoii BeicoTe A YCKOpeHHe cBOGOIHOr0 nageHUA BABOE MeHbIIe
I €r0 3Ha4YeHUA Ha TIOBEPXHOCTH 3eMaH

HHK, HAXORAIHICSA IOCTOSHHO Hajl OXHOM ¥ TOMH ke TOYKOH 3KBaTopa.
OnpenenuTe paccTOsSHUE TAKOr0 CITyTHUKA JIO LIEHTPa 3eMIH

Mano Pewenue
mM
TI:T:24 g=86400c mg:G_”;_A;[’ mgl:G r2 >
R=637 10° m
r ng
‘g—Z*_i’ gl_ 2
r—2 & R r
5 2 2 ngT2
v 2 2” .2_ﬂ —gR r=3 5
g=—=eT,  es-o ) "TTA am

( Omeem } r=4,22 10° xm

Aano Pewenue Ha 7KBaTope HekOTOPO# IUIaHeTh! (IUIOTHOCT IUTaHeThl P =3 T/eM’)
g =g/2 mM , mM ; Tena BeCHT B JBa pasa Menmixe, 4yeM Ha nomoce Onpenenure nepHon
mg=G—-, mg'=G——, '06paleHNs [UIaHeThl BOKPYT COGCTBEHHOM 0CH
R=637 10 m R (R+h)
- £ _(Ren} £, Aano Pewenue —
— g, Rz s g, ’ p= 3 r/CM’": 3 108 kM3 mU2 mM
P, =mg, Pg=mg—7, mg=G—Er,
(R+h?=2R, K +2Rh-R*=0, h=RH2-1) p=lp
2" GM 4 27R
( ) 4 _uM 4 _ R
Omeem h=264 Mum M:Enp]{a, g= I 3.7ZPGR, v T’
T —»
......................................... ) 2 22 242R2 8ﬂ2R
Hexomopuie acmponomuneckue senuvuumst mg = 2(mg_ m; ) ’ %mg _ m; . g= _.;%. = T];R ==
Papuyc Jiyns 1,74 105 m
Macca JlyHsr 733 10 gr 4 87°R 2 _ 87°R 3 _6m T = L3
3POR=—m " 47mpGR pG’ pG
Paccrosiue ot uentpa 3emiu 1o uentpa ConHua 1,49 10" M 3 T P P
Paccrosuue ot nentpa 3emitn no UeHTpa JlyHs 3,84 10* m ‘ Omeem ’ T=274

(99>

4%



%

1%1 8%@5 [MpunuMasd, 4yTo paauyc 3eMIIM U3BeCTeH, OLpeieiTe, HA KAKOH BEI-
8 coTe h Haj MOBEPXHOCTBIO 3eMIM HANPSLKEHHOCT MO TATOTeHHs
paBua 4,9 H/xr.

HMeercs ToHKuH OJHOPOAHBIH CTEpIKEHb Maccoit m W anunou /. Js
TOYKH, HAXOAWEHACS Ha OHOM PAMO# cO cTep)KHeM Ha pacCTOSHUU ¢
OT ero OmwKaiiuero KOHUA, onpeeuTe: 1) MOTEHIAN IPaBHUTALMOHHOTO IO cTep-

anuo Pewenue XKHS, 2) HANPsKEHHOCTH €r0 IPaBUTAIMOHHOTO HIOJIA.
g, = 4,9 H/xr A__oM GM g (Rew) Hano Pewuenue
g2=9.81 H/xr gl_m_(R+h)2, g R gl_ R m &
R=637 10° m i X |
S, R+h: _g__, th( _g__l). . m . - —wﬂ—lA
h—2 R & V& 1) ¢ —o dm i,]
/ a
9 _ »
( Omeem ) p-264 Mu. R ) s
R dm:%dx, d(p:—G-dﬂz.-G-’lﬁﬁ,
‘%I;i%ﬁ%gj%’ OnpenenuTe, B KakoH TOUKe (CYMTAs OT 3eMIIM) HA IIPAMOA, COEAMHAIO- o o
- el HeHTPs 3eMIM ¥ JIyHEI, HAPSDKEHHOCTH NOJSL TATOTEHUS PaBHA m l+a dx m I+a
Hymo. Paccrostue mexy neHTpamu 3emmu # JlyHs! pasHo R , Macca 3emun B 81 pas ‘P:‘G“l‘ j“x_=‘G ] in P g=—grad<p=——agl,
6os1p1Ie Macesl JIyHEL a
Mano Pewenue g:__d_(_(;ﬁm’*“)izc; m_;
da I a (I+a)a
M=8lm M
m. I+a
R g +g,=0, g g M ( Omsem ) 1)90=‘G71n PR
4 -
¢ =2 fi=g:, ) m
2)g=G i.
R (I+a)a
glng, gzzG—————AiI*_z_, G—A;{:G—M*z, 0 0860000000000 00000800000000c00000s0000sssstos
x° 8I(R-x) x 81(R-x)
Csa3b MexcOy HOMEeHYUAIOM NOJLA MAZOMEHUA
U e2o HanpAdMICEHRHOCMbIO
x2:81(R—x)2, x=9(R-x), 10x =9R,
g=-gradp, wm gz_(@i+a_<pj+6_<pkj ,
L =09R dx dy 9z

Iae i, j, K — eZAUHHYHBIE BEKTOPH KOOPAUHATHBIX OCE.

‘ Omeem bx:0’9R‘

<100»



Touku#t ofHOpoAHBIH AMCK paguycoM R umeeT Maccy m. Ompene-
JIUTe B TOYKe A, PACTIOJIOXKEHHOR Ha OCH QUCKA HA PAaCCTOSHUMA h OT

Hero: 1) NoTeHnman rpaBUTALIMOHHOTO OIS, 2) HATPSKeHHOCTE IPaBUTALIIOHHOTO
NOJIA.

JIna Tena Maccoit m, HaXoIINerocs B IPaBUTALIOHHOM None 3eMIIH
Haj ee IIOBEPXHOCTHIO, BRIBEIUTE 3aBHCHMOCTh IIOTEHUMANbHOH 3Hep-

TUH TeJla OT PACCTOSIHUA 10 neHTpa 3eMiIn. CYUTAaTh H3BECTHBIMU PaIMyC 3eMin Ky H

ycKopeHHe cBOGOZHOrO NageHus § Ha NOBEPXHOCTH 3eMIIH.

Hano Pewernue
R
m
h
e —2
g —2

2mx dx

dm=—=27x dx =
7R

d
dp=-G—, r=vh’+x?, dw:—G—z’g &
r RE VR? 4 &2
R
2m'e xdx 2m R 2m
N L ] R N
Rz(')" h2+x2 R 0 R?

Omeem 2
(_) 1) p= —GR—';’[x/hz + R? —h:|;

Hdano Pewenue
m R
mM
RO n-ders F=G r2 [l
g o
Rdr 1 mM
I (R)—? I=GmM r—2——GmM:‘ =-—GT,
mg =G, GmM = mgR? =R
R R
Omeem 2
( ) n(R)=—i"51—eRi.

Kax #3BecTHO, HCKYCCTBEHHBIN CITYTHHK 3eMIIH ABHKETCA BOKPYT Hee
no xpyroBofi opbure. OnpezneinuTe, BO CKONBKO pa3 TPaBUTAIIHOHHANA
HOTeHIIHANbHAA JHEPrus CHyTHHUKA GoNbIle ero KHHETHYeCKod DHEPTHH.

Hano Pewenue
R my? _mM 7= my?
R R S
E—l —? mM
T |H| = G"""“ ’
R




;=5 CM COTIPHKACAIOTCS APYT C apyroM. OfpefenuTe noTeHIUATb-

HYI0 3HSPIHIO X I'paBHTaMOBHOIO B3aMMOJICHCTBUA.

JlBa amOMHHUEBBIX = 3
wapuka ( = 2,7 r/cM*) pagrycamu n=3cMmu

IMpuHuMasi, 910 atMOcQepa Ha JlyHe OTCYTCTBYET, ONpeieHTe CKO-
POCTb NNajIeHUs METEOPHTA Ha ee NIOBEPXHOCTh. CKOPOCTH METEOPHTA

BJiayH OT JIyHBI CYHTATh MAJIOH,

‘ Omeem ) v=237 km/c.

Hano Pewenue
p=27 r/lem® =
- mmy
=27 10" kr/m3 M=-G—>=, R=n+r,
H=3cM=3-10"n
I m:pV: ‘i]t:i o 4 3
n=5eM=5-10m ! ! P3 n, my == 'Eﬂrz’

— 16 33
I ? H:—G'—ﬂ2p2 nn .

h+n

( Omsem >H=-0,36HI[)K_

JiBa OIMHAKOBBIX OZHOPOIHEIX Iapa 13 OJIHHAKOBOIO MaTepHana co-
IIPHKACAKOTCA mPYT € ApyroM. Ompegenure, xak H3MEHUTCS NOTeH -

aJ1IbHas SHEPTUs UX IPABUTALHOHH i
Or'o B3aHMOJENCTBUA, eClIH Mac
YHTE B 3 pasa. ’ ¥ Hapon yeem

HAano Pewenue

m o= = 2 5
e H]:_Gﬁm_zz_(;m_ . = GJM-
h=n=r n+n 2w’ Y
PM=pr=p

M=nm, = pe—gpp — 3
M=nm m=p-zar, M—p-—3—71:R ,
n=3

R M R

ERral U
I, ’
I, I _ Mzr_ 2 1 573

=73 —-n'r-:n

1 mR n

CIyTHHK MOJHMMAIOT Ha BBICOTY A= 6370 kM H 3allycKaioT ero 1o
KpyroBoit op6HTe Ha Tol ke BbicoTe. Onpe/euTe OTHOIIEHHE pabot

Ha nopHaTHe ( A4, ) H Ha 3amyck ( 4, ) ClyTHHKA.

Hano Pewernue
= =6,37-10°
h=6370 KM6 M Al G mM _(— ﬂ}_
R3=6,3710 M 1 R3+h R3
R= R3+h
1 1
- GmM(——— ] _ GmMh ’
4 Ry, Ry+h Ry(R; + h)
L _ 9
4 mv? mv? mM
A2—___’ —=0 5
2 R R
.A7=GmM_ GmM ﬁ:h2(R3+h):2ﬁ.

2R 2AR+h) 4 R(R+h) R

OmnpeeliiTe YACIOBOE 3HaUeHHe NePBOH KOCMHYECKO#H CKOPOCTH, T. €.
FOpPU30HTANLHO HanpaBleHHOH MHHHUMAJIBHOH CKOPOCTH, KOTOpPYIO
Ha[0 cOOBIIMTE Telry, 4TGB! ero OpfuTa B MOJe TATOTEHUA 3eMJIHU CTalla KPyroBoH
(Tel10 MOIIIO [PEBPATHTECS B HCKYCCTBEHHBLA CITyTHHK 3eMITH).

( Omegem. ) v =79 xm/e.




Onpenenure yncnosoe 3HaveHMe BTOPOM KOCMHYECKOii CKOPOCTH, T. €.

HauMeHBIIeH CKOPOCTH, KOTOPYIO Haf0 COOGLIHTE Teury, YToOBI ero
OpOHTa B NONE TArOTeHUs 3eMIIM CTada napa6onudeckoli (Teno Moro IpeBpaTUTh-
¢ B cryTHHK ColHua).

K noronky Barona, AB¥KYIIErocs B TOPH3OHTAIbHOM HAIIPaBlieHUHU C
yckopenueM g=9,81 M/c’, noxsemeH Ha HUTH IAapHK Maccou

m =200 r. OnpenesmTe /i yCTAHOBHBINETOCS JBYDKEHUA: 1) CHITy HATSDKEHKA HUTY 7,
2) yronl ¢ OTKIOHEHHA HUTH OT BEPTHUKAIIH.

Omeem ) - 2k =112 e, Mano Pewenue
e p—
- - a=9381m/c } T
OnpepenuTe YuCIOBOE 3HaYeHHE BTOPOt KOCMIYECKOi CKOpPOCTH /I h
JI 2=9,81 m/c? a P F,
VHEI <« X .
m=200 r=0,2 xr : M
( Omsem ) 4 -237 . " 0 et
T — 1
— 2) p —2 O O
1 1% "’81%3 HICKyCCTBeHHEBI CITYTHHK 3eMIIHM JBIDKETCS Ho kpyroeoit opbute Ha

1.19

=/ Bricote =500 Kkm. Onpenennre ckopocTk ero ABHkeHNA.

Hano
h=500 kM=5-10°m o’ mM il Gl
R=637 10° M =G—5-, r=R+h, v= =
M =598 10* xr r r r R+h
< Omeem ’ v=7,62 KM/c.

Hpa cryTHHKA ¢ 0HAaKOBOI Maccoit ABHXYTCA BOKDYT 3eMJIH 110 Kpyro-

BBIM OpPGHTaM pa3HEIX pajHycoB Ry u Ry (R,> Ry). Onpenenure

1) oTHOIIEHME KuHeTHYEeCKOM SHEPTUH BTOPOrO CIYTHHUKA K NIEPBOMY, 2) KaK 3aBU-
CAT OT pajiHyca OpGUTH IOTEHIMANBHAS ¥ NOMHAL SHEepTUsA CITyTHUKOB,

Pewenue

L R,

Omeem 1y -L=20
T2 R2 ’

{

2) 1 u E Bo3pacTaioT ¢ yaameHueM oT 3emin

1] o
fi@ggﬁg Onpenenure pa6oty, K0Topyro HEOBXOAMMO COBEPINUTH, YTOOBI TeJI0
& R

- Maccolt m=1000 K1, HaxomAmeecs Ha 3emMie, cMoINIO IPEBPaTUTHCH
B cryTHHK CoJHIa (npH OTCYTCTBUM CONPOTHBJICHUA CPEAK).

Omeem

{

A=62,6 I'llx.

F,=-ma, F,+mg=F, T=-F,

|F,|=ma, F=(mg)* +(may , I71=|7,
ma a _ a

T=mjg*+a*, tg‘P=m—g=E, <p—arctgg.

< Omeem )1)T=2,77 H, 2)p=45°,

0000060080000 00000s0000s00n00ss00s00s0s0s0s000
Cunsl unepyuu

anan+Fu+FK’

e F“ — CHJIbI HHCPIINH, IIPOABLRCIIHECS IIPDH IIOCTYIIATENBHOM JBHXEHUHU CHC-

TeMEl OTCYeTa C YCKOpEHHEM a,: F, = —may; B, — nenTpoGexHbie CHIBI uHep-

1M (CWIH HHEpumMH, JeHCTBYIONIME BO BPANAIOIIENCH CUCTeMe OTCYeTa Ha Tea,
2p.

YIOaneHHbIC OT OCH BpalleHUs Ha KOHEYHOe paccrosume R). F, =-mwR; F, —

KOPHONNCOBA CHIIa HHEPLMK (CHIBI MHEPIMH, AeHCTBYIOME HA TEN0, ABHKY meecs

s
CO CKOPOCTRIO U’ BO Bpamaroueiics cucteme orcyeta). Fy = 2m[v w]




) Baron nopx eficTereM cHITBI TAKECTH KaTHTCA BJIOJIb AOPOTH, COCTaB-

nsrowei yron o =30° ¢ ropusoHToM. CHIa TPEHHs COCTABIAEeT
n=10% ot Beca Barona. K noToiky BaroHa Ha HHTH NOJBEIIeH LIAapUK Maccom

m=15 r. Onpenenute: 1) cury F, nefcTBYIONIYIO HA HUTB; 2) Yroi ¢ OTKIOHeHHS
HHTH OT BepTUKAIU

Hano

a =30°
7=10%
m=151r=15-10%«kr

Pewenue

L p—2?
2y —2

Ma= Mgsma-F,,

F,=nMg,

P Ma = Mg sina —yMg |

a=g(sina-n), F=F, +mg,

Fu =—ma,

F= \/FMZ +(mg)? - 2F,mg cos(90°-a) ,

F= J[mg(sina - 17)]2 +(mg)* ~ 2(mg ) (sin - 1) cos(90°~cx) =

= mg\/(sina — ) +1-2sina - nysina ,

£, F sinp = FaSINO0-)

sing  sin(90°-c)’ F

E)

mg(sina — i) cosa
7 .

< Omgem ) ) r-018 1, 2)p=235.

¢ = arcsin

BaroH noj feicTBUeM CHIIBI TSDKECTH KaTUTCS BJIOJb BOPOTH, COCTaR-

JUTOINel ¢ TOPH30HTOM yron a = 30°, a 3aTem nepexoliuieif B ropu-
30HTaJIbHBINA y4actok. CHIBI TpeHHA Ha 000UX ydacTkax cocTasmaoT 10% oT Beca

BaroHa. K noToJNKy BaroHa Ha HUTH NOJBEIIEH MIapHK Maccoil m =15 r. Onpexent-
Te cAITy F, 1efCTBYIONIYIO Ha HHTb, H YTOII ¢ OTKIOHEHHMS HHTH OT BEpTHKAIH Ha.
1) HakIOHHOM; 2) FOPU3OHTAIBHOM YUACTKAX JOPOTH.

( Omeem ) 1) F=0128 H; p=235; 2) F=0148 H; ¢=57°.

Ha HakNOHHOW IIOCKOCTH C YINIOM HakioHa @ =30° mexur Teio.
KoahpHUHEHT TpeHUA Mexay TENOM H HAaKIOHHOW IIIOCKOCTHIO

J =0,2. OnpenenuTe HauMeHblIee TOPH3OHTANBHO HallpaBIeHHOE YCKOPEHUe a ,

C ROTOPBIM JOJIKHA ABUIaThCs HAKJIOHHAA ILUTIOCKOCTB, 4TOOR! TeJlo, JTeXalulee Ha Hel,
MOZHHMAJIOCH 10 HAKJIOHHOH ITJTOCKO CTH.

Hano Pewenue
a =30° IFH|=ma,
f=02 a=ay,, mg sina + F,, — F, cosa=0,
a—?9 Fp=fN=f(mgcosa+F,sina),
a
>

mgsina + f(mg cosa + masina)—ma cosa =0,

ma cosa — fmasing = mg sina + fmg cosa,

. g(sina + f cosa)

cosa — f sina

(Omeem ) a=862 mlct.




Camorer, neTsmpmii co CKOPOCTBIO ¥ =360 KM/4, OIIICHIBAET BEPTH-
kaNbHy10 nerno HectepoBa pamuycoM R =360 m. Onpenenute cuy,

NPIKMMAIOLIYIO TeT4nka ( m = 80 kr) x cuaeHsio: 1) B HIDKHEH ToUKe 3roil neTnu;
2) B BepXHel TOUKe 3TOH HETAHU.

Hano Pewienue K.
v =360 xM/u=100m/c
R=360 m ="
m =80 kr R
2

R —2 R="mg,
2) Fy —? ,

Fz—m_;‘_mg

( Omsem )|y p-3.w 2)F=144

\
eMOro CHJION TATOTEeHUs Ha NOBEPXHOCTH 3eMIIH.

OrnpenenuTe, BO CKONBKO pa3 yCKOpeHHe a, , 00yCIOBIEHHOE LEHTPO-

6erxHOM CIUTOM Ha dKBaTope 3eMiIH, MEHBIIE YCKOPEHHA a; , BLI3BIBa-

Hano Pewuenue

T =24 y=86400c a,  Fy A _GmM
G=66710" Mixe | a  F "R
Ry =6,37-10° M

3 Fu:mszg, w:ﬁ’

M =598-10% xr T

a,  GmMI?  GMT’

4, a  Rim-4n’R 4]E2R§-

aq

Mopens HeHTpo6eKHOro perynsropa Bpama-

eTca cyacToTolt 1= 2 ¢'. YuuteiBas TONBKO
MacCy 1apoB, ONpefenuTe Yroll OTKIOHEHHs CTepKHEH, /

HeCyuMX wapbl JiuHa ctepxuedt /=15 cm. r

( Omsem ) ,-¢s55.

Hexomopuie enecucmemunie edunuypi

1 cyr=86400¢ 1" =4,85-10°% pag

1 ron=365,25cyr=3,16-10°c 1pan=57,3°

1°=1,75- 102 pan I MMpr et =133,311a

I'=2,91 10" pan 15B=1,6-10" [Ix

MOTOUMKIIUCT B LIAPKE efleT B0, BHYTPEHHEH T0OBEPXHOCTH BEPTH-

KaABHOTO UHJIUHApa pagHycoM r =15 m. LleHTp Macc MoTONMKNIA C
YeNOBEKOM OTCTOMT Ha A =1 M OT MecTa CONPHUKOCHOBEHHS KoJeC co cTeHKoM. Ko-
s puumenT TpeHns muH o crerku f = 0,5. Onpepenute: 1) MUHUMANBHYKO CKO-

pOCThb U, » C KOTOPOii JOMKEH €XaTh MOTOLHUKIIHCT; 2) YTOJl @ HAKJIOHA MOTOLMK-

JIUCTa K X‘OpI/I3OHT3JII:HOi;I NOBEPXHOCTH NIPU JIAHHOM MUHUMAJILHOH CKOpPOCTM.

( Omsem ) 1y, 171 i,

Hexomopusie mamemamuueckue opmynl

2) a=26,6°,

d - d(t 1 d(1 n
__(xn):nxn 1 | = e — — — | = ————
dx drx\x x2 dre \ x" X!




LN T h .
1 ,20§ %) Tenomaccoit m=1 kr, nanas ceo6oaHO B TeYeHue f = 4 ¢, nonagael
D!
Ha 3eMII0 B TOUKY ¢ reorpaduyeckoil IHPOTOM ¢ = 45° . YyuTpinas

BpanieHue 3eMIH, ONpEnennTe U HApUCYiiTe BCE CHITBI, NEHCTBYIOLIME HA Te
MOMEHT €70 NaJeHNs Ha 3eMIio,

Teno Maccoit m=1 KT, nagas cBo6oaHO B TEYEHHE T = 6 c, noNanaeT
-~ ~ p— O
Ha 3eMJIo B TOUKY ¢ reorpaduueckoii mupoTtoit ¢ =30°. Yyutsisan

o ':, eHue 3eMin, ONpenenuTe OTKIOHEHHE Tela MIPH €10 NAJEHMH OT BEPTHKAIM.
J10 B

= Mano Pewenue
Aano Pewernue :
— wm=1%xr ,

m=1 xr ‘ —6 ¢ FK=2m[v cx)],
t=4 i o

_4_(:0 1. Cwna Tarotenns Cesep F, p =30 oy ,
e F—GmM,R b — 24 v =86400 ¢ Fe =2mv'wsin(v', ®)=2mv'w cosp,
G=667-10" M/(xr-c?)| T R ¥ 27

U': [, (1)=""',
Ry =637-10° u mM : d
F=G—,
M =598-10%* kr Ry =f£:2gt2—]lr cosyp,
K T T

JO—

t t 2
3 4rg cosyp _ 2mgi” cosy
K:jaKdt=—T—'*jfd[——_T 3

2. UentpoGesknas cina uuepuu ' 0 °

i 3

F, =-nmwr, W= mw*r . _ 2mg cosp ]t2 ds = M .

=7 3T
2x m'471r2R3 COSp
w=— r=Rycosp, ko= 3
T r s=4,45 cm
3. Cuna K ;
> o Opuoqnca ........................................
=2y’ = ‘o sinl v’ ;
Fomanlvel,  Ro=2mrwsiny, o), ' Hexomopuie mamemamuuecxue gopmysi
. 2 ) g
n'=gr, w=—
T . d .
t»-d—(ex)—ex —d—(lnx)=l —(sinx)=cosx
sin(v’, W) = cos¢, 1dx N dx o dx
2 dmmngt cos
Py :2mu’icosq)=—m‘u. i 1
T T nd - _é_(tgx):
F(COSX): o v cos’ x

( Omeem ) 1) F=983 H;  2) F, =238 MH; 3) F = 4,04 mH.

—
| —
—

Q1 h Q13




1.6. D1eMeHTHI MEXaHMKH KHIKOCTEH

Honbiit menubiit map (p = 8,93 r/cM®) Becut B Bo3nyXe 3 H, a 8 Bojie

(p"=11/em*) — 2H TpeneBperas BHITANKHBAIONEH CHIT0M BO3ZYAA
onpezienuTe 06beM BHYTPEHHEH 110JI0CTH 1lapa

T
12 léi ITo tpy6e paguycoM r =1,5 cM reyer yrekucapii ras ( p = 7,5 ne/m)
Pl
Onpexnenute CKOPOCTD ero TeueHus, ec 3a £ = 20 MuH gepes notic-
peuHoe ceueHue Tpy6s npotekaer m =950 r raza.

( Omegem )

v=20,15 m/c.

1 p-p
= f - _f\ =68 o,
g 7 P/

( Omeem )

Ha cTone cTOMT MITMHAPWYE CKHIT COCYA, HANONHEHHbIH BOAOIH 10 ypoB-

Ha H =20 cM ot nHa. Ecv B Bogmy (p =1 r/cM®) omycTuThb 11asarts
TOHKOCTEHI" [il HUKeNeBbIH CcTakan (0" = 8,8 r/cM’), TO ypoBeHs BOJBI MOABIMAETCS

Ha h=22 cM. Onpeseic yposeHb H| BOIB! B COCYNE, €CTHM CTAKAH YTOMUTh.

1.%L4¥% B Gouky 3anuBaercs Boja co ckopocthto 200 em?/c Ha gue Gount
00pasnBAIOCH OTBEPCTHE ILTONA/ILIO ONepedHoro cedents 0,8 cv
[Tpenebperas BA3KOCTHEO BOKI, ONPEETUTE yPOBEHD ROABI B GOUKE

Hano

V=200 eM’=2-10"n | | _ 2gh,
t=1¢c¢ 2g
S=08 cM*=0,8- 107 m?

8

Pewerue

Peruenue

Hano

H=20 cM=02M
h=22 ecm=22-10%mM

p=1 r/em® = 10" kr/m? i
p =88 1/en’ = H
=38,8 10° /v’
Y —

Hl —? S

HS=HS-Vy, P'gV = Fy,

p'gV = pgSix, (H+h)S=HS+Sx, Sx=hS,

, hS

p'gVi = pghs , VN.=~p—,p, H=H+N=H hp

pf

( Omeem ) H, =202 cu

vV V-
vS=—, v=—, = I
h—? t St ZgS’l‘~
( Omeem ) h=319 oM.

-
@%1»2«
0

215 ) B cocya samiBaeTcs Bopa co ckopocTsio 0,5 n/c Tpenebperas si3no-
e’ CTHIO BOMIEL, OTIPENEIIATE JUAMETD OTBEPCTHS B COCYAE, IPH KOTOPOA

BOZA NOQNEPHKUBANACEH Obl B HeM HA NOCTOAHHOM ypoBHe /=20 cM

Omeem d=18 cm.

E.........................................

Dopmyna Toppuuenrnu

v=42gh,

iTne h — rIybuHa, Ha KOTOPOH HAXONUTCA OTBEPCTHE OTHOCUTETBHO YPOBILS JKHIAO-
'CTH B cOCyne.

s



w’o‘tg N
< 1.216: , Bax wamunapydeckoit hopmer miomansio ocHoBamug 10 M2 u 06be-

mom 100 M’ 3anomuen Bogoit, IIpenebperas BsA3x0CTHIO BOABI, onpene-
JIu1e BpeMs, Heo0X0aMMoe TS [OIHOro omycromeHus 6aka, ecau Ha gae 6aka 06-
pa3’oBanoCk Kpyriloe OTREPCTHE IUIOMAABIO 8 cMm2.

Hano Pewenue
S =10 m? dh S
V=100 m® g=-r, — — - — a
S =8 cm=8-10"m2 S i s 1
dV———SIUdt, :w_— \Z—— H
- h — = —
v=,/2¢gh, - = —
Y ——— — Yy
S, — S dh S
dh=%=—§'\/2gh dt, df = ——— !

0

[ S 1 ¢ dn S
=|dl=———= —_—_—e— 2.\/_];
T _(‘; Sl\/giﬁ Sl\/i( )H
1 S 12 1

= WH== |22
1 V28 Sl\Eg Sl g

(Omsem ) c=178.10° ¢

Cocyn & Buze momycoepn pamiycom
R=10 cm 10 xpaes HanonHen Boxoii.
Ha aue cocyna umeercs otBepctHe miomamsio mo-
NepeHoro ceuenna S =4 M’ Onpenenute Bpems,
33 KOTOpOE Yepes ITO OTBEPCTHE BHIIBETCA CTOIBKO
BOJIBI, 4TOGBI €¢ YPOREHD B COCY/IE IOHIBHIICA Ha 5 cM.

‘ Omeem ’ t=10 Mun.

[. 1 i 1 *8’%&) Onpenenure paboTy, KOTOpas 3aTPaYMBAETCA Ha IPEOOTIEHIE TPEHHS
.
I ”

oT cedenus ¢ pasnenueM p =40 xlla no ceyenud c pasnenueM p, =20 klla

Hano
'=15 M
p,=40 Kla=4-10'TIa
py =20 Kla=2-10'Tla

TIpH niepeMeeHHH Bogpl 00beMoM V = 1,5 M’ B TOpH3OHTANBHOM TpyOe

Petuenue

A=(p—-p V.

4 9

{ Omeem j A=30 xlx.

B mHe cocyna uMeeTcs 0TBepCTHe aMaMeTpoM d, . B cocyne Boja rmoa-

JepXuBaeTcA Ha NOCTOAHHOM YPOBHE, paBHOM /. CuuTas, 4To CTpy s
He pasbpeI3ruRaeTcs, 1 NpeHeOperas cHiaMy TPEHUA B KUAKOCTH, OTIPES/UTE [In-

AMETp CTPYH, BHITEKAIOLIEH U3 COCYNa HA PAaCCTOAHNH k= 2h OT ero jaHa.

Hano Pewenue

d, Sy = 8y, v =+2gh,
g ndlz
hy=2h vy =28+ k), S==r,
_ p
(11'7 — ? S‘) _—.——]r 2 ,

) 4
d_S v J28h _1
a2 S, vy, J2gh+h) Bh A3

1
[ 1
dl: dl-ﬁzdl‘{/—;
[ Omeem )d2=0,76d1.

a1



ITnomazs NOpUIHS, BCTARNEHHOTO B FOPH3OHTAILHO PACIIONOKEHHDI Ha-
JHTBIH BOIOA LImHHp, S) = 1,5 cM?, a Iulowazs oTRepeTs S, = 0,8 Mm?
IIpenedperast TpeHyeM 1 BAKOCTEIO, OLIPEENHTE BpeMA ! , 32 KOTOPOE BHITETET BOJIA 13

IMTMHApA, SCIH Ha [OPIIEHb NEHCTBOBATH OCTOSHHOM cuno#t F =5 H, a xon nop-
s /=35 cm. IInoTHOCT BOABI p = 1000 kr/me,

Hano

Si=L5 emM*=1,5-10*Mm

Pewienue

S, =08 MmM*=0,8- 104>
F=5H
I=5cM=5-102mM
£ =1000 xr/m?

2
pY; pU; F
—_— -— = —
t-——? 2 p 2 ) p Sl’
Q(SE ]p_F
Wl s =

( Omeem ) =115 c.

O6nsacHuTE, OYEMY JETKHi IHapHK, TOMeUleHHEIH B \
CTPYIO BO3TyXa, BRIXOMALILYIO ¢ O0NbIIoi CKOPOCTBIO U3
tpy6BI ¢ y3KHM OTBepCTHEM, CBOGOIHO NIAPHT B 3TOM CTpYe.

S
it
s %%3& O6bsicuute, Novevy OyMaxHbIfi KOHYC A BTSTHBaeTCH B
! BOPOHKY, a He BBITAIKUBAeTCA U3 Hee MPU MPOAYBaHHK
Hepe3 BOPOHKY BO3/lyXa B HarpapleHHH, YKa3aHHOM CTPEJNIKOM.

—

=@

JUis TOYHOTO H3MepEeHns MATBIX pasHocTell nasie- l
| HnA cityxkaT U-o6pa3Hbie MAHOMETPEI, KOTOPHIE 3a- -
NOJIHEHE! ABYMS PasiA4HBIMH KHAKOCTAMU. B O1HOM M3 HUX IIpH
hcnonbaonannu Hutpo6enszona ( p =1203 r/cM®) u BoAH
kp' =1,000 r/cM?) mody4nmH pasHOCTE ypoBHeR Ah =20 MM.
Onpenenute pasHOCTH naBJIeHUi.
{
(Omsem ) wp=s13 e A
L
—

[To ropusoHTaNbHOM TpyGe B HanpaB/IeHMH, YKA3aHHOM Ha pHCYHKe

CTpeNKOit, TeYeT KMAKOCTh. Pa3HOCTD ypoBHER Al XKHIKOCTH B MAHO-

Merpmecmx TpyOKax / U 2 ogMHAKOBOro nuamerpa cocrapiser 8 cM. Ompepennte
€KOPOCTD TeUeHUs XKUIKOCTH 10 TpyGe.

JU1a u3MepeHHs CTaTHHECKOTO naB- M P

JeHNs p HCHONB3YeTCA 30HJ, UL HAano cuienue
M3MEPEHIA THHAMIYECKOTO JABNEHHS pu° / 2 mc- h=d pu? ) Ah 1
nome3yetcs Tpybka ITuto. Hapucyfite, kaxk mon- 3on0 Ah=8 cu=8-107"m =pg Ah, N
KEeH BHINIANETH PHOOP, KOTOPHIH M3MEpAET T~ 2 A 4
POCTaTHYECKOE JaBieHHe, v—7 =yJ2gAh. e & -

> ="
( Omgem ) -
Tpy6ia Mumo v=125 m/c.




1{aH IOTIePEYHBIX CeYEeHHUH TPYOhI Ha PAasHEIX ee yyacTKaxX COOTBET-

creeHHo paBHB! S} =10 cM* 1 S, =20 cM” PasHoCTE yposHelt Ak BOIBI B BEP1H-
KaJIBHBIX TPYOKaX O/TMHAKOBOTO CeeHHA cocTaniet 20 cM. Onpenenure 06beM BOb!,

npoxosuieit 3a 1 ¢ yepes cedenne Tpy6hI.

Jano Pewenue AR
i 4
S, =10 eM*=10" M v? v3
! Pﬁu,pl:uﬂh
§;=20 eM?=2-10"m | 2 2
Ah=20 cM=02mMm U8y = U,8,,
— VU =0
v —9 5
2
— Py 1 2g An
Py—p=pgAh, —|1-=5|=pg Ah, vy = ,
2 2 ( 522) g 'y 1-82/s3

) Ilo ropmsoHTANLHOM TpyOe mepeMeHHOro cedeHus TedeT Boja. 11jio-

V=229-10° car,

2¢ A
V=S =8t 2"~ ( Omeem
1-51/8;

Onpepenute, Ha KaKyI0 BRICOTY 4 NOJHMMETCA BONA B BEPTHKAILHOII
Tpy0Ke, BNasHHOMH B y3KYIO YaCTh TOPH3OHTAIBHON TPY6HI THAMETPON!

dy =3 cM, ecln B IIMPOKO# YacTH TPY6E! nnameTpoM d; =9 CM CKOPOCTH Trasa

v, =25 emle,
Hano Pewenue

d=9 cM=9-102m ; ) di

1 S]v] - SZUZ’ Sl :ﬂ , S- = er2 s Uy = —l_,Ul
dy=3cM=3-107m 4 4 :
v, =25 em/c = 0,25 m/c pv? _ pv pvi [ d
. — A+ =""+p, PP = A
h—? i

P—py=pgh,

2 4

- v (d
p=P”Ph Y [—'4—1].( Omeem ) h=255 M

pg 28\ d,

Onpegenyre pa3HOCTh JaBJeHUHA B MIMPOKOM U y3koM (d) =9 cM,
d, = 6 cM) KolleHaX TOPI3OHTAIGHOMN TPyOB!, €ClTH B HIMPOKOM KOJIeHe

posayx (o = 1,29 xr/m®) mpoyBaeTcs co CkopoCTBio ¥y =6 M/c.

{ Omeem >Ap=94,3 Ia.

=

Bnonbs ocu ropu3oHTagbHOH TpyOKHM AuaMeTpoM 3 cM, IO KOTop o
TeueT yriuexucnsifl ras (o = 7,5xr/M), ycraHoBneHa Tpy6ka Iluro.
[IpeneGperas BA3KOCTEIO, oIpelesHTe 06beM rasa, IPOXOIMIEro 3a 1 ¢ yepes cedeHue
pyObl, €CIN pasHOCTD YPOBHeH B XKUAKOCTHOM MAHOMETpE CocTannseT A= (0,5 cM.

I110THOCTS KUAKOCTH IPHHATH PaBHOH p' = 1000 Kr/m’.

Harno Pewennue
=7,5kr/™M?
->
' =1000 xr/m3
-> N
=3 cmM=3-102M -» \
=05 ecM=5-10"u
. " pv? g Ah
=1cC =—, = -
el s
Ap=p'g Ah,
{ 2
v
'pT=pIgAh’
v= ngh'ﬂ's V=Svt’
p
2 2 '
g v=2 4 gl
4 4 P

( Omeem ) V =25510° o,

E
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Yepez Tpybky ceveHmem

12307

BO3IYX CO CKOPOCTBIO 2 M*/MuH. B TpyGxe
MMEETCS KOPOTKHH YUACTOK C MEHBIIIHM I10-

S, =100 cm® npopymaercs

nepeuHnIM ceueHueM S, = 20 cm®, Ompe-

nenure 1) CKOPOCTb U; BO3AYXa B LIHpPO-
KOH wacTu TpyOKH, 2) pa3sHOCTL ypOBHE#
Al BOZBI, HCIIOJIB3YEMO B [IOACOSIMHEH-

|
Sy

~

HOM K naHHO# cucTeMe MaHoMetpe [InmoTHocTe Bosgyxa p =13 kr/M®, Bo

p' =1000 xr/m’

1) vy =333 wm/c;

( Omeem )

2) Ah=1,8 oM.

Gard

HS JKMAKOCTH HaJl OTBEPCTHEM COCTABNAeT 1,5 M,

e
( _23[1%“) IIpeneGperas BA3KOCTHIO KUAKOCTH, OIPEASINTE CKOPOCTE HCTEUEHIIS
5

KUIKOCTH U3 MAJIOTO OTBEPCTHA B CTEHKE COCYHA, €CIIH BEICOTA / YPOB-

Jano l Pewernue
h=15M T —1 .
Dy — 9 I h

O
2 2 - - ho
pY; P L :X 2
Ly pgh=2"24 .
St Psh= pghs, X > Y
Sl >> Sz, UISI =U252,
2 2

v, << vy, P P

: 2 2

2

U,
pgh1=%+pghz, vi=2g(h—hy)=2gh,

v, =4/2gh

B 60K0BO# 10BepXHOCTH LWIIMHAPHYECKOrO COCYAA, CTOALIEN0 Ha ro-
PU3OHTAJIBHOM [IOBEPXHOCTH, UMEETCH OTBEPCTHE, IIONIEPEYHOE ceye-
jiie KOTOPOTo 3HAYUTEILHO MEHBLIIE IONEePEYHOro CeYeHNA camoro cocyaa. Otaep-

THE PACTIONOAKEHO HA PACCTOAHMU A =49 cM OT ypOBHS BOJIBI B COCYAE, KOTOPHII

OIAEPKUBACTCA IOCTOSHHBIM, H Ha PacCTOSHHUHN /4, = 25 cM OT aHa cocyaa. [pe-

ebperas Bs3KOCTLIO BOJEL, OTIPESIMTE PACCTOAHNUE [0 FOPH3OHTANN OT OTBEPCTUA
0 MecTa, Kya [onanaeT cTpys BOfbl.

rOmeem ’ s=70 cM.

3
3*23»_3%% Ha cTone CTOHT HaNOTHEHHBIH BOXOM IIMPOKIHA [FUIHHPHYECKEI COCY
— BbICOTOH % =40 cm. [IpeneOperas BA3KOCTHIO, ONpENENIATe, HA KaKOM
COTe OT IHA cocyaa JO/DKHO PACTIONAaraThes HeGoMbII0e OTBEPCTHE, YToGH pacCTos-
€ 110 FOPHU3OHTAIH OT OTBEPCTHS 30 MECTa, Kyna IIONANaeT CTPys BOIbL, OLLIO MaKcH-
HBIM.

] Omeem h=720 cMm.

IR
2 JUIsl BHITEKAHUS CTPYM XKMIKOCTH M3 COCYAA C OCTOSHHOM CKOpPOC-
THIO IPUMEHSIOT YCTPOHCTBO, IPHBEACHHOE Ha pUCYHKe (cocya Ma-
otTa). Onpenenure CKOPOCTh UCTEYEHUS CTPYH.

Hano Pewenue
H 2
h H 2 hy, pghlnghﬁ%’(ﬁL
v—2? v?
palh ~h)=E,

hy-hy=h,

u=./2gh =const.

( Omegem ) U, =5,42 wM/c.

(
Omeem ) v=2gh.
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1.235

S rUMEHT TUHAMHYECKOH BI3KOCTH KHIKOCTH 7 = 107 a ¢, aso.

HHRAMOLWAS CHIA TPEHHs Mex Ty ciosMu F' = 0,1 MH. Omnpenenure rpaauentr ckopocr

[LroLas CoNpUKOCHOBEHHS CIOEB TEKYLUEH KUAKOCTH § =10 CM’, ko

) CMech cBUHIOBBIX Apo6HHOK (InoTHOCTE p =113 r/em®) auamer-
poM 4 MM H 2 MM OJHOBpPEMEHHO ONyCKAIOT B INMPOKHH cocyn NTyOHu-
HO#t A =15 M ¢ DUnepHHOM (IIOTHOCTE £ = 1,26 I/cM’, nMHaMMYecKasd BA3KOCTh

7 =1,48 Ila - c). Onpenenute, Ha CKONBbKO GobIe BpeMeHH notpebyercs Apobun-

anno Peruernue KaM MeHBLIEro pa3Mepa, 4ToOk! 1OCTHYB JHA COCyaa.
S=10 eM* =10 *m?
, gradv="—1i, F=p%s, Hano Pewenue
n=10"11a ¢
i p =113 riem*=
F:O,I MH=10*H ﬂzi 211,3‘103KF/M3 v = const, t:;, r—;: ;_;__-ng_;
dx 7S’ - =4-103 - F4——
giadv —? " =4 MM=4"10"u mg=Fy+F, - |k
dy=2 MM=2-10" M A s
O mg=pgV=— pgnr3 owmg |
meem gradv =100 c . h=15M 3 ’
p' =126 r/em’ = 4 ;
2 =1,26 - 10° kr/»® Fy=p'gV=3pgn, F=tmpr,
1,2361«%» IHlapuk BCIUIBIBAET C [IOCTOSHHOM CKOPOCTBIO B KUIKOCTH, ILIOTHOCTE .+ 1.48 Tla -
KOTOpOii B TpH pa3a GOMbIIIe IIOTHOCTH MaTepuata mapuka Omnpese 377 oo ae 4 3 4
i€ OTHOIIEHHE CHIIbI TPEHUA, ASHCTBYIONIEH Ha BCILIBIBRIOLIMI IIAPHK, K €10 BeCy P& =P bmnrv,
At — 2
Aarno Pewenue =287 (p=p) _gd(p=p")
9 18
' = const F , 2 '
b =3p F,=mg+F_, 4 =gd12(p—p)’ vzzgdz(p—p)
N e ! 18y 18y
N Fy = Fy-mg, _:‘6} 14
i 25 D=4 h h 1 1 18 1 1
ilp _—" P=mg1 j‘:__‘— ;!‘:W Atztz“tl:_“_=h[___):_h”’ (_2__2J
F, = png P: R Tg Uy Y Uy Y g(P—P ) dz d]
A~ 1)
P=pglV, < Omeem )At =76, c.
F — 4 — r_
-ﬂ:FA mgngV ngzp p=3p_p:2 ® 0 000 0000000060000 0000000s00s0000000ss0sESGDSS
P
8 cid p P Hexomopbie mamemamuuecxue opmynt
Omeem Flp , £+ dx | Idx 1
C____,_) —_ dx = #1 —=Inx — ==
P Ix n+l (n#D) -[x x? x
124
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B 01mipokoM cocyie, HAaNIHEHHOM DIHLEpHHOM (TWI0THOCTS o = 1,26 rfeM’,

nvHAMHYE CKas Bs3xocTh: 1 = 1,48 Tla - ¢), majaer cBMHIOBBII OIapuK

mnotHocTh P = 11,3 r/cM?). Cuuras, yto rpu uucie Peitnonsaca Re < 0,5 spinon-
p

nseTcs 3akoH CTokca (Mpu BrUMCIEHMU Re B kadyecTBe XapaKTepHOIo pa3sMepa Ge-
peTcs iuaMeTp IIAapHKa), OIpeenuTe IPeaeIbHbIN JHAMETP UIapHKa.

( Omeem ) d =541 mm.

CransHo# Mmapuk (mwiotHocTs P =9 r/cm®) nuamerpom d =0,8 cm

Ma7a€T C NOCTOSHHOMU CKOpOCTBIO B KaCTOpPOBOM Macle (IUIOTHOCTI:

p' =096 r/cm®, muHamuyeckas Bs3kocts 7= 0,99 Tla - ¢). YuuThBas, 4T0 KPATH-

yeckoe 3HayeHue uncna Pefinonpaca Re,, = 0,5, onpenenute Xapakrep NBIOKEHNA

Macsia, 06y C/TOBTEHHBIN TaeHNEM B HEM [IJAPHKA.

Pewernue

Hano

p=9 r/em®=9 - 10° kr/v?
d=08 cM=8-10%m

mg=F,+F,

4
v = const mg=ng=Epgnr3,
p' = 0,96 r/cm® =960 kr/m? 4
7=099 Ma-c F, =p'gV=§p’ngr3,
Re, =05 F=6nnr,
Re —?

[Tpo6koBHiH Mapuk (1w10THOCTE 2 = 0,2 T/cM®) graMeTpoM d = 6 MM

BCIUTHIBAET B COCYNIE, HANOJIHEHHOM KaCTOPOBHIM MACJIOM (ILUIOTHOCTD
p' =096 1/ cM®), c noCcTOSHHOH CKOPOCTHIO v = 1,5 cM/c. OnpeneskTe W KacTo-

pOBOTO Macja: 1) AMHAMIYECKYIO BA3SKOCTh ¥ ; 2) KHHEMATHUECKYIO BSA3KOCTh V.

Hano
p =02 r/em®=2-10% kriv®
d=6MM=6-10"M 4 =

4
oty = 3 3
' =096 Tem =960 kr?| 3P =3P+ 6wy,

v=15cm/c=1,5-107mlc , , =
_2gr(p-p) _gdip-p) =¥
77_ - s
v 18v

Pewenue

Fy=mg+F,

MR
et
AT

i

V=—.
\ p’

meem )1)n=0,99 Ma-c; 2)v=103-10" m¥c.

B 60x0BYI0 HOBEPXHOCTB COCY/[a BCTABIEH FOPH3OHTAIBHBIN KaImI-
Jp C BHYTPEHHUM JHaMeTpoM d = 2 MM W utuHOH [ = 1,2 cM. Yepes

anWULLP BRITEKaeT KaCTOPOBOE Macno (IWIOTHOCTE £ = 0,96 r/cm®, auHamigeckas
sa3kocTh 7 = 0,99 Ila - ¢), ypoBeHb KOTOPOTrO B COCY/IE MOANEPKHBACTCH OCTOSH-

HEIM Ha BeICOTe /= 30 cM BBIIIE Kamwuiipa. OmpesenuTe Bpems, KOTopoe Tpebyer-
Cs Ul pOTeKaHus Yepes Kamuap 10 cM® Macna.

4 2Ap-pgr’ _(p-p)gd Omsem ) .- lfﬁ‘nV; =107
6anrv=—gur(p-p'), v= = , nd’ pg
== g (p-p") o 187 =
DO OGS COOOOOEOEOGIOEOEOOEOEOSIPOSEPOSEOSOESOSOOOOOOEOEOONEOOOREOEOEOES
' ' ' 3
Re= PV _P (p- Pz)gd ‘ Hexomopbsie mamemamuueckue popmynnt
n 18y
jsinxdx=—cosx Icosxdx=sinx Ie’dxze"
‘ Omeem ’ Re=22, Re> Rexp , IBIDKEHHE JKHAKOCTH TypOyIeHTHOE.
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B 6oxoBYI0 NOBEPXHOCTH UMIHHAPHIECKOTO cocyia D BCTaBNeH Ka.
AP ¢ BHYTPEHHUM AHaMeTpoM d u wutaxo#l /. B cocyn Hamura
KHAKOCTD C TUHAMMYECKOH BAIKOCTRIO 1] . OnpenenuTe 3aBUCHMOCTh CKOPOCTH 1

TIOHMDKCHUS YPOBHA JKHAKOCTHA B COCY/e OT BBICOTHI h 3roro YPOBHS Hal KAIMJUTAPOM

Hano Pewenue
D 4
d V= w_t s Ap=pgh,
. 8n! D
! « >
n r=— R:B’ e A
h 2 2 =1 A
S, =nr?, S==R*, |- - i
v(h) —? - - ﬁ%(
V=Sut= Jrrzult s =

4
ht 2
Er—gplg—:]rrzvlt s Y, :Qg_h, v S, =vS,
n 8nl
S S_d _d’pgh-d® _ pghd"
s s D’ 4 8yl D> 324ID°

pgd*

( Omeem ) o(h) = h
32niD”

B 60!\’OBy}O NOBEPXHOCTHL UHITMH/IPHYECKOIO COCyIa, YCTAaHORIIEHHOIO

Ha CTOJI¢, BCTARJICH Ha BBLICOTE h, =10 cM or ero JHa Kallmiip ¢

BHYTPEHHMM QUaMeTpoM d =2 MM u mtuHol / =1 cM. B cocyne nopaepxuaercs
TIOCTOAHHBIA YPOBeHb MAIUMHHOTO Macia (IWIoTHOCTh p = 0,9 r/cM3, guHaMHdec-

Kad pazxocthk 1 = 0,1 ITa- c) Ha BBIcOTE A, = 70 CM BHIILE KamMLIApa. Onpenenure

PacCToAHuE IO FTOPH3OHTAIU OT KOHUA Kalwpipa 10 MecTa, Ky/ia nonajaaet CTpYH
Maclna.

‘ Omeem ,$=110M.

Ompenenure HauBGONBLIYIO CKOPOCTh, KOTOPYIO MOKET npuobpectu
croBoaHo nanaromuii B rosayxe (o =1,29 KI/M>) CRUHLIOBEIH IapHUK

(p' =113 1/ cm’) Maccon m=12 r. KosdpuuumeHT conporusnenus C, NPUHATH

pagHBIM 0,5.
Mano Pewerniue
£=F 3 4mp!
p' =113 rlem’ =
=11,3 - 10? kr/™’ U= Upa, ME=R +Fy,
m=12r=12-10" xr psz
C.=05 Fy<<mg,p<<p, mg=R,, Rx=Cx—2— ;
2 Sp'gr

—9? , 4 3 pPU 2 _ .

Umax p g;”r - Cx énax ars, Upnax 3cxp

Mapammot ( 7 =32 Kr) maota (m, =65 KI) B pacKpHITOM COCTOA-

Hun HveeT GopMy noycheps anamerpoM d =12 M, obnanad xko3¢-
durmenToM conpotusnenns C, = 1,3 . Onpenenure MakCMMAIbHYIO CKOPOCTS, pas3-

3
BUBaeMYIO THJIOTOM, PV IJJOTHOCTH BO3AYXa 1,29 xr/m’.

Mano Pewiennue
v
m =32 xr (m +my)g = R+ Fy, R =C, s,
my = 65 KT ) 5
d=12m F, << pvmaX,Zriz( +my)
- y (m+m)g, C 5 m o+ )g s
C =13
p =129 xr/m’ _ (8 +my)g
Umax = C ]rd2 '
- X P

Vmax — ¢
" ‘ Omeem ’vmax =3,17 m/c.

~ Choptitk 31100
1O PR



ABTOMOOWIE C IIOMANBIO MHEAENA (HAHOOMBIIAA [UIOMIALD CEUCHHS B
HANPAB/ICHHH, NIEPIEHIMKYIIAPHOM CKOPOCTH) § = 2,2 M?, koa(dum-
EHTOM 11060B0r0 conpoTHRiIeHHs C, = 0,4 ¥ MaKCHMAIBHOM MOIIHOCTBIO P = 45 kBT
MOXET Ha FOPH3OHTJILHBIX YHaCTKaX JIOPOTH PasBHBATh CKOPOCTH 10 140 kv Tlpu
PEKOHCTPY KIH aBTOMOGHIA YMEHBLIAIOT IUTONIAE MUIENA /10 S) = 2 MZ, OCTARIAL C,

NpeXHUM. [IpuHUMas CUTy TPEHUA 0 IOBEPXHOCTb OPOTH IIOCTOSHHOM, Opeenu-
T€, KaKy1o MakCHMAJIbHYIO MOIHOCTb JOJKEH MMETh aBTOMOGHIIb, YTOGEI OH pasBu-
BaJl Ha TOPU3OHTANIBHBIX YYaCTKaX JOPOTH CKOPOCTh A0 160 kM/4. [LTOTHOCTS BO3-
IyXa MpHHATH paBHO# 1,29 kr/ivd,

ﬂauo Peule”ue
—_ 2
S§=22 ™ P:Fv, F=Rx+Frp=
C, =04
2
P=45 kBt =45 - 10° Br pv’? i
=C,t—5, P=|Ci—S§ ’
=140 a=380mc | 50 CF 5 [Cx 2 +Fm]v
S1 =2 M?
E_ = const P pvz pvlz
, ey mGS Re(GS R,
v, =160 xM/u =444 m/c
= 3 P 1
P =129 xrim R= vl[—+"CxP(SIU12 —sz)j‘.
v 2
P —9
( Omeem ) B =585 xBr.

—————

OOBsACHHTE, 3aBHCHT U PA3HOCTh NaBNEeHNH Ha HIDKHIOIO U BEPXHIOIO
NIOBEPXHOCTH KPBLIA CAMONETA OT BRICOTHI €TI0 IIOFbEMA.

( Omeem ) 1
AP“'E-

——— —

1.7. DeMeHThbI ClelHAILHON (YacCTHOH) TEOPHH
OTHOCHTEJIbHOCTH

[Mokaxure, 9TO COBBITHS, POUCXOAAINHE ONHOBPEMEHHO B Pa3iimd-
HEIX TOYKaX B OHOM MHEpIMANBHOH CHCTEME OTCYETa, He OOHOBpE-
MeHHE! B IPYToil HHepIMANLHOH CHCTEME OTCYeTa.

B na6opaTopHO#i CHCTeMe OTCYETa B TOYKaX C KOOPAMHATAMH X; M

X, = X; + 1y ONHOBPEMEHHO NPOMCXONAT cOObITHA [ U 2, IIPHYEM

Iy = 1,4 xm. Onpenenure: 1) paccTodHue !’ , puxcupyeMoe HabmoaTeNeM B CHCTe-

Me OTCUeTa, CBA3aHHOM C paKeTOM, KOTOpas ABIXKETCH CO CKOpOCTBIO U =0,6c B

OTPHLATENHHOM HAIIPaBIEHUH OCH X; 2) BPEMA MEXY STHMHU COOBITHAMH, GHKCH-
pyemoe Hab/moaTeneM B CHCTEME OTCYETa, CBA3AHHOH C PAKETOH.

Pewuernue

Mano

i Xp, Xa=X +lp, =0L=1;
xZ=xl+lo

X,

ly=14 kM=14-10°m

4, t.

t,=t X —vt

o xi=—= 2/ 2°

v=-0,6¢ 1-v%/c

nL—2 X = Xy — Ut ’

1- 2/c2
2y A —7? v
/2
=yt — ! Xp—vi=X +Vl  Xp—X Iy t{=ﬂ/—c—,
=X2—x1= = = 2, 2 3
\ﬁ—vz/c2 \/I—vz/cz \/I—vz/c 1-v*/e¢

!

/= t—vx2/02 v(xy — X)) Iy vl

v ___-
2 /l_vz/cz’ _czﬁ_vz/cz_ czﬁ_UZ/CZ ¢
( Omsem ) 1y -175m; 2) A =35 wxc.

A=t -t =

31y



( 1 .250 ’ e HecTabMNBHBIC YacTHIIbI IBIAYTCH B CHCTeMe orcueta K B o

HOM HANpaBNEHUH BIOIb OMHOH MPAMON C OAMHAKOBOI CKOPOCTBI(
1= 0,6c . PaccTosnue MCKIY HacTHIIaMH B cucTeMe K paBHO 64 M. Ofe HaCcTHL
pacniaTich OAHOBPEMEHHO B cUCTeMe K ', KOTOpas cBA3aHa ¢ HHMH. Onpegenure

TIPOMEXYTOK BPEMEHH MEx/Ty PacliajoM YacTHI B cHcTeMe K

Hano Pewenue
Ax =64 M
i 2
. _00 A=y -y =2 “vn/c ‘("‘”xl/cz):
v=0,6¢ \/l— vz//c2
A — 9 a(tz—tl)-kvAx/cz U Ax

N Y

( Omesem ) At'=016 mkc.

Hoxkaxure, 4T IHTEMLHOCTS COGBITHS, MPOUCXOIAMIETO B HEKOTO-

POH TOHKE, HAMMEHBIIAs B TOH HHEPLMAILHON CHCTeMe OTCHETa, OT-
HOCHUTE/ILHO KOTOPOIf 9Ta TOYKa HEMOABIKHA,

Co6cTBeHHOE BpeMst XKU3HH YaCTHILI OTIHYaeTCs Ha 1% oT BpeMeHH

JKH3HM TI0 HETIONBHXKHBIM YacaM. Onpegemire 8 =1v/c.

Mano Pewienue
- A v
: Y A,z_g_’o_ﬁ, =2,
At 1-v?/¢? ¢
-
k=1-—2 1 fi_p, =g =(1-kP,  B=+k2-K).

fo
S

‘ Omeem ’ﬁ=0,14l.

Kocmude ckuit kopabns JBIKeTCs ¢o ckopocteio v = 0,8¢ no Hanpas-
nermio k 3emte. Onpeaenure pacCTOAHME, IPOAACHHOE HM B CHUCTEME

thera, cBsI3aHHOM ¢ 3emieit (cucteme K), 3a {, = 0,5¢, OTCUNTAHHOE MO JacaM B

cMmueckoM kopabie (cucteme K').

Omeem) =200 Mwm.

IR

<
2 1

%@*3%5
ix\*g*gf("k

&5

)

Onvpezxenme, BO CKOJILKO pa3s yBelM4HBAeTCS BpeMS XHU3HH HeCTa6wh-
110M YaCTHIE! (110 YAaCaM HENORBUMNHOTO HabMmoarens), ecnu ona wa-
THHACT IBUTATBCA CO CKOPOCTHIO 0.9c .

HAano Pewenue
v=09¢
2 ’ VI il
At . V1-v /02 Aty /l_vz/cz
Ay
Omeem ) A
—- =229,
Aty

MIOOHEI, POX/AiCh B BEDXHUX CIOAX aTMOCQHEpBI, NpH CKOPOCTH
v=0,995¢ mponeraioT xo pacnaja /=6 k. Onpepenure: 1) cob-

CTBEHHYIO [UIHHY Iy TH, MPOHAEHHYI0 HMH 10 pacnana; 2) BpeMs XH3HH MIOOHa JULS
Habmonatens Ha 3emiie; 3) coGCTBEHHOE BpeMs JKH3HA MIOOHa.

1

Mano ‘ Pewenue
v=0,995¢
I=6 kM o, Bt LA
! I
=nf1-0?fc?, M=— Aty =2,
1 —2 Iy =IJ1-v2/c?, S 0="
— 9
2) At — 1 Omsem ) 1)1,=599 v, 2) Ar=20] mxc;
3) Aty —?
) Mo 3) Aty =2 Mxc.
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Omnpenenure cOGCTBEHHYIO IJIMHY CTEPXKHA, €C/id B naboparopHo#
cHCTeMe ero CKopocTs v = 0,6¢ , JIuHa { =1,5 M ¥ YIoi MeXry HIM

JlokaxuTe, 4TO JIMHelHbIe pa3Meps! Tela HauGoNbLIHe B TOH HHepuu-
AIBHOW CHCTEME OTCYETa, OTHOCUTENIHHO KOTOPOH TelI0 NOKOUTCS.

i HampaeneHueM mBixkenns U =30°.

OnpenenuTe OTHOCHTENLHYIO CKOPOCTD JBIXKEHHS, IIPH KOTOPOLT pensi- < Omeem ) I =179 M
0= .

THBHCTCKOE€ COKpaNEHNE THHEHHBIX pa3MepoB Tena coctabiiet 10%.

( Omeem ) v=131-10° xm/c.

B cucreme K' moxoutcs crepieHs (cofcTBenHas mmmua /= 1,5 M),

TTonb3ysck npeobpasoBarmaMu JlopeHa, BIBEAUTE pessATHBUCTCKII

3aKOH CNOXEHHA CKOpOCTCﬁ, €CJIH IIepexo] MPpOHCXoauT OT cucteMbl K

k cucteme K' .

OpHeHTHpOBAHHBL mox ymtom U =30° x ocu Ox'. Cucrema K' ﬂauo l Pewernue
ABUIKETCH OTHOCUTENBHO ccTeMbl K co ckopocThio v = 0,6¢ . Onpenenure B CHic- KK’  x—ut dr ) E"_’_
teme K : 1) gnuHy crepxua ! ; 2) cooTBercTBytomuit yron 9. S — x = ‘/'1—73; ) Uy TE ==
- o D
Mano Pewenue W) — y=y LY 9
Yo yoar
lhb=15M™m K K =z,
y dz , '
b=30° A v potzd Ty e
v=0,6¢ : B= p l-ﬂz s
|
I —? |
— , de-vds .
29 —2 v , dx' = ——, y=dy.
L L7y J1-8
o——— A ——————— »
0 > X dt-vdx/c
X dz'=dz dt' = =

le = IO COSI?' ’ on = 10 Sin??l H] ’ ‘1_ﬂ2

[ T
I, =1y 1—v2/(:2, 1,=Ipys I= lx+ly, &' de—vd ’1—-/32 de— v dt \idt]

u)" =—= . 3 = 3 1
. ' 2 _ —vdx dr
l=\/Ig(cosi?')z(l—1)2/02)+Ig(smi?')2 R dt \ll_ﬂ dt vdx/c dr-v /C
tgl?=l—y= lOy = tgﬂ’ . U =- U -v u' =ﬂ= dy 1—ﬂ2 =uy\41"ﬂ2 ul=uz‘\11“‘ﬂ2 .
L l()x\/li—uz/c2 \/l—vz/cz * l—vux/c2’ yoar dt—vd:::/c2 l—vux/c2 z 1--vux/c2

( Omsem ) 1)1=128 m;2) 9=358°. —
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Kocmigeckuii kopalilb yaangeTcs 0T 3eMIIM ¢ OTHOCHTENBHOMH CKOPO-

crtero v, = 0,8¢, a 3aTeM ¢ Hero crapTyeT pakera (B HalpasJIeHUH OT

3eMITi) CO CKOPOCTHIO v, = 0,8¢ oTHOCHTEeNBHO Kopabiis. OnpenentTe CKOpoCTh u
PaKeTEI OTHOCHTENBHO 3eMJIH.

( Omsem ) ,=o0976c

HoHM3npoBaHHbI aTOM, BELIETEB H3 YCKOPHTEIA CO CKOPOCTEIO (,8¢ ,

HCITYCTHI (JOTOH B HaIlpaBIEHHH CBOEro ABIKeHMs. OnpeaeTe cKo-
POCTs POTOHA OTHOCHTENBHO YCKOPHTEIIA.

Mano [ Pewienue
u':O’Sc "y = u+v2’ v=ec,
1+u’v/c
u —?
0,8¢c+c

U=———————==c.
1+0,80~c/c2

JBe pakeThl BIXKYTCA HaBCTPEUY APYT APYTY OTHOCHTENBHO HEIoJ-
BIDKHOTO HabJmopaTens ¢ OqMHakoBO# CKOpOCTHIO, paBHol 0,5¢ On-
penesiuTe ckopoCTh CONMKEHHA pakeT, HCXOAA H3 3aKOHa CJIOKEHHA ckopoctes
1) B KTaccHueckoi MexaHuke; 2) B celIHabHOMN TeOpHH OTHOCHTENBHOCTH.

Hano

v, =v, =0,5¢

Peuieriue

Uy =V +V;=0,5¢+05¢c=¢c,

Dou, —?
) U, + Uy c

u = =
S ERTRIN 2 P

( Omeem ) ) tg=c;  2) up, =08¢

2) gy —? =0,8¢c.

Pe/sTHBHCTCKAA YaCTAL@ IBHXKETCA B cucreMe K CO CKOPOCTHIO U
nox yriom ¥ k ocu x. Onpenenure COOTBETCTBYIOLIUM YIOM B CHCTE-
me K', ZBIKYweHcs cO CKOPOCTBI0 V OTHOCHUTENIBHO CHCTEMBI K B nonoxurens-

HOM HalpaBJCHHH OCH X, €CJId OCA X H x' obenx cuCTeM COBHAJIAOT.

Jano Pewenue
K K
u ’
? YVA
|
v !
| u
vl ?
!
!
| ——
’ x x
u :
tgd =, tgd =—,
X X
U —v u, l—vz/c2
urz X 5 s u;} 3 5
1-vu, /e 1-vu /e
2/ 2
tg’jr:u} ! U/c y u‘—UCOS'D, uy:usmﬁa
u, —v

I: t

b = arctg cos? — v/u

( Omgem )i} . sim‘}.,/l—vz/c2
':arcg .

cos? - vfu

JlokaxuTe, 4TO MHTEpBAJI MEXIY OBYMs COOBITHAMH SIBISAETCSH BEJIN-
4HHOIM MHBApWaHTHOM, T. €. MMECT ONHO U TO XKe 3HAUCHUC BO BceX

l/lHepL[PIaJILHLIX CUCTEeMax OTCYETa.
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Bocnons3oBasmuce TeM, 4To MHTEPBAN ABNAETCA MHBAPHAHTHOI Be-
JUHHHOMH 110 OTHOINEHHMIO K Mpeo6pa3oBaHHAM KOOPIHHAT, OIpeneiy-
T€ pacCTosHHe, KOTOPOE NPOJETEN ~ME30H C MOMEHTA POXIEHHA 10 pacnaza, eciau
BPEMi €0 XKU3HM B 3TOH CHCTeME 0TCueTa Af = 4,4 MKc, a coBCTBeHHOe BpEMS XKH3HH

Aty = 2,2 MKc.

Hano

Pewenue

lo=0
At=44 Mkc=4,4-10%¢
Atg=2,2 Mkc=2,2-10"*¢

5122 - C2t122 - 1]22 = inV s

FAR=Ar-P,

I=cAr* - AR .
| —9

( Omsem ) ;=114 . :

e e e ee————— e —

HacTHua mBIDKETCA CO CKOPOCTBIO Y = 0,8¢ . Onpenenure oTHOmEeHUE
NONHOH IHEPrHN PESATHBACTCKOMN YacTHIBI K ee IHEPTHH NOKOA,

Onpenenure pelaTHBUCTCKMI UMITYAbC IPOTOHA, €CAM CKOPOCTh €r0
merxenus v = 0,8c.

< Omeem ) ,-669.10° H-c.

Onpenenute CKOPOCTh, NPH KOTOPOH PENATUBUCTCKHIA MMITYIEC Yac-
THLBI IPeBIILAET € HPIOTOHOBCKUIT HMITYTIEC B 3 pasa.

Omeem 1
C___) v=cfl-— =0943c.
n

Onpepenwute 3aBHCHMOCTh CKOPOCTH YACTHIN (Macca YaCTHIIG M) OT
BPEMEHH, €CAH JBIKEHUE OJHOMEPHOE, CIJIA IIOCTOSHHA M ypaBHE-
HUe QBIDKEHUS peliTHBICTCKOE.

Omeem E
— =167.
E,

e ovm——

Mano Pewenue
m de_p’ dp=Fdt,
F = const ds
! mu
u(t) —? = |\Fd=Ft, p=—fF——,
i (')[ 1—1)2/(:2

Onpenemite, Ha CKONBKO POLIEHTOB MIONHANK SHEPTHA PeNATHBUCTC-
KOH 31EMEHTAPHOH YaCTHLBI, BELIETAIOMIEH 13 YCKOPHTENS CO CKOpo-
CTBiO ¥ =(),75¢, Gonblue ee IHEPTHH OKOSL.

( Omeem )Ha51,2%.

S

Onpepenure CKOPOCTS ABHXEHUS PEATHBUCTCKOM YJaCTHII, eCIH ee
TIOJIHAA 3UEPTHA B 1A pa3a GOMbINe SHEPTHH MOKOSL,

( Omeem ) v=0,866c.

i =rt, mv=Ft,/1—v2/c2 ,
\/l—v?'/c2
my = thz(l—vz/cz) , ot = P - P e,
F2t21)2/cz+m2v2=F2 2, vz(F212/02+m2)=F2t2,
2 thz v= Ft _ F[/m
- F2t2/c2+m2 ’

\[(Ft/c)z +m’ \/(Ft/mc)2 +1 .

( Omegem ,v(t)= Fijm

L+ (Fifme)

v

RS —
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[TonHas >Heprus PeNITHBUCTCKOM YacTHIL B § pa3 MpesbilIaeT ee
3HEPrHI0 Nnokost. ONpeeNuTe CKOPOCTh 3TOM YaCTULIbL.

OnpenenuTe KHHETHIECKYIO SHEPTHIO IEKTPOHa, eI NOMHAS SHEP-
T'Us JBWKYIIETOCS YIEKTPOHA BTPOe GOMBLIE ero SHEPTHH HOKOA. Ot

BET BHIPA3UTE B 3JIeKTpOH-BONBTAX.

( Omsem ) =298 M.

KuHetnueckas 3HEPI'vua YacTHlbl OKa3aach paBHOﬁ €€ 3HEPIruu mo-

Hano

Peweriue

m, =9,11-107" kr

T=E-Ey=3Ey—Ey=2E,,

2
Ey= myc” T=2m,c".

( Omsem ) r=102 MoB.

Ornpepenure, Kakylo yCKOPSIOMYIO PAasHOCTh NOTEHUMAIOB NOMKEH
TIPOMTH MPOTOH, YTOOEI Er0 CKOPOCTH COCTAaBHIIA 90% cxOpOCTH CBETA.

Pewenue

E=3E,
Kosl. OnpenenuTe CKOPOCTh YaCTHIbLI.
Mano Pewieriue T —?2
Fo=me’ T=E-E E me’
=L=Lyp, = 5 T=E,=mc",
T=E0 l_vz/cz 0
T ! 1 Hano
T=mc"| s 1/, 1= — 1.
l—v/c l—v/c mp=1,67-10_27 KT
3 —16.10719
1 =2, 1_U2/02:l, 2=, u=cJ:=O,866c. 1,6-107"° Kn
1._1,2/02 4 4 v=09¢
U—9

[

( Omeem )

U=122TB.

U ="C 1 -1].
e \ﬁ_UQ/CZ

OnpenesuTe, Kakylo yCKOPSIOTY!O PasHOCTb NIOTEHILMANIOB NOLKEH TPOH-
TH 3NIEKTPOH, YT06H! €ro POAOTBHBIE PasMephl yMEHBILIINCE B /B2 pa3a.

Hano Pewuenue
m,=167-107 kr __ M
p= 2/ 2°
v=0,75 l—v/c
2
m,c
p—2? R S mpcz ‘
T —2 1- ,UZ/CZ

( Omgem > p=56810"" H-c;

T=769-10" IOx.

e=16-10"" Ka
=h/2
U__.’>
T mc m

2 2
e (2-1)=——
e e

Pewerniue
1
f f_vife =L
I=1, l—vz/c2, 1=1/2, l—v/c =5
2 1
T=eU, T=mc -1,

1—v2/C2

( Omgem ) y=s12m.




Onpegenure paboTy, KOTOPYIO He0OXOZMMO COBEPIINTE, YTOOLI yBe-
NMYATE CKOPOCTh YacTULE! oT 0,5¢ xo 0,7¢.

Hano Pewenue
v, =0,5¢ A=T,-T,,
vy, =0,7¢ - mc2 . - me? o

[Jl_ )
( Omeem ) A=0,245mc”.

BriBepute B 06meM BHAE 3aBUCHMOCTD MEXKIY PEIATHBUCTCKAM HM-
TYABCOM, KHHeTH4Yeckol dHeprued pensTHBUCTCKON HacTHLLI U ee
Maccoil.

OHPEIKEHPITE pEJlHTPIBPICTCKPIﬁ UMIIYABC JNCKTPOHA, KHHCTHUCCKAA

3Heprus xoToporo 7 =1 I'3B.

Hano

Pewernnue

m,=16-10" Kn

T=1T3B=
=10°- 1,6 - 10" I

= T(T+2m,c),
JT(T +2m,c?)

c

p:
p—2

( Omeem ) p=534-100"" H- .

Iokaxure,

p=
c

YTO BBIpaXEHUE

,/T(T+2mc2)

paXeRHe KIaCCHYeCKOH MEXaHHKH.

PEAATUBUCTCKOTO HMIIyAbCa

mpy ¥ << ¢ IepeXOiT B COOTBETCTBYIOMIEE BbI-

Jano Pewenue
5 me?
T(T +2mc?) T=E-E,, = —_—
=_-—-c—— Y {l—vz/cz
v <<¢
E, = mc* & : -1
p=mv —9 0 ’ il_vz/cz
1

p:.l_ ch —-——-—-———1 -1 m62 +2mC

¢ 1-v2/c 1 v?/

1 me? 2
== || m——=—mc" ||
¢ 1-v2/c?

1-v

1—1+v2/c2
= me|—— 75 —MmC
1- /c

2
ST . sy B W
2/02 ¢ l—vz/cz

v 1
c \/I_U2

N1-v3/& =1, p=mv.
( Omeem ) p=my-
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JlokaxuTe, YTO T4 PENATHBHCTCKOR YACTHIbI BEJIMYHHA EY - p’c?

ABJACTCA mmapnamﬂoﬁ, T. €, MMECT OJHO M TO XK€ 3HA4YCHHUE BO BCEX 2.\ OCHOB bl MOJI eKyJIﬂpHOﬁ (l)“3“ KH
MHEpLHAaNIBHBIX CHCTEMAX OTCUETA
: H TeEPpMOAUHAMHUKHA

Mano Pewuenue
2 2 2
£y =me 2 2.1. Moaeky. 1pHO-KHHETHYECKAA TEOpHS
E2 _ p2C2 _ mc _ muv . c2 _
Pe mc* J1- v/ Ji-vy e HeaJbHBIX ra3oB
Ji- 1)2/ ¢ )
méct mivic? ) Haueprtute rpaguKi H30TEPMUMECKOrO, H300apHOTO U H3OXOPHOTO
= — = 7
pe m 1- vz/cz 1- vz/cz npoueccos B xoopiuHataxpu V,pu 7, Tu V.
1-0? / ¢
3 m*ct — mhvic? _ m’c?(c* - v*) 2.4
1- 2 / e - ( Jo Uz) / 2 =mc Onpegenure ancno N aToMOB B 1 KT BOOPOIa H MACCY OXHOTO aToMa
E? - p*c? = inv J BOOpOIa.
< Omesem ) E? - p*? =mPct =inv .
. Hano Pewenue
m=1xr
OnpeienuTe SHEPTHIO, KOTOPYIO HEOGXOAMMO 3aTPaTHTh, YTOOH! pas- 3 N=uN, = R
_ " . M=2.10"" xr/mons AT p A
IenuTh AApO AeHTpOHA Ha NPOTOH M HEATPOH. Maccy sapa aeTpoHa
IIPHHATS pasHOi 3,343 - 10 ¥ kr. OTBeT BBIPA3UTE B AIEKTPOH-BOJIBTAX. N, =6,02-10" monp ' m
mo = ‘]V .
Hano Pewenue N —?
-27 —?
md=3,343 10 Kr AE:(mp+m,,)cz—mdc2, Mgy

-27 = . 9 2
my = 1,672 107 xr 1B =16 107 I ((Omsem )y _50110%, m=33210"

m, = 1,675 1077 xr
90 0606000 8800000000800 0080800060000000000000s000
AE —? ( Omeem ) AE =225 MoB. Ocnosuble (puzuueckue nocnmoAHmble

Onpenesute 3ueprio cassu aapa '3 N . IlpumuTe Maccy aapa asora IoctosnHas ABorapo N, =6,02 107 mons '

pasHOi# 2,325 - 107% k1. OTBET BLIPA3UTE B JNEKTPOH-BOJIBTAX. Monsprast razosas noctosHHas R= 831 JLx/(K - Mons)

( Omeem ) g, =100 MsB.

IMocrosunas BonsiMana & =138 107> JIx/K
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B 3aKkpeITOM COCY/ie BMECTHMOCTBIO 20 21 HAXOAATCSA BOAOPOM Maccoit 6 1
u renuii Maccoit 12 r. Onpenenure: 1) naBnenue; 2) MOJAPHYIO MacCy

rasoBoi CMECH B COCyzie, ecnu TeMneparypa cMecu T =300 K.

B 6aL10HE BMECTHMOCTHIO 15 )T HaxomuTes a30T oy AasnenveM 100 kI 1a

npu Temuepartype t; = 27 °C. [Tocne Toro kak 13 6ann0Ha BEITYCTHIH

\
a30T Maccoll 14 1, TeMneparypa raza crana pasHoli f, =17 °C. Onpeaenure napie-

HHUE a30Ta, OCTABUICIOCA B famione.

Mano Pewieriue
V=20n=2-107»
P=p+ps, ( Omeem ) a
m=6r1=6-107%xr p=163 xlla,
_ ml RT _ msy RT
M, =2-107% kr/mons = =
v M, Vv
_ _3 bamioH BMecTUMOCTRIO V' = 20 5 copepiur cMech BOJOPOJA H a30Ta
my=121=12-107kr RT(m. m RT npu remnepatype 290 K 1 nasnenny 1 MIla. Onpegennre Maccy Bo-
il (i S 2 = .
M, =4-107 xr/monn P= v ( M, + M, ] ) M 7 (m+my). A0pOAa, ECH Macca cMecH paBHa 150 T
=300 K
m = .
R=831 /(K - Mons) ( Omee ) my, =63 T
me 1) p=0,75 Mlla;
p—7 % em )P 2 AsoT Maccoil 7 r HaxoaMTcs nop fasinenueM p = 0,1 MIla u Temnepa-
2y M —? 2) M =3-10"° xr/mons.

—

Onpenenme IUIOTHOCTE CMECH ra3oB BOAOpOAA Maccot m= 8rmu

Kucnopozaa mMaccoit m, = 64 r npu Temneparype 7 =290 Ku rfpu

type T; =290 K. Beneacteue u306apHOro HarpesaHus a3oT 3aHA

o6beM V, =10 1. Onpenenure: 1) o6vem V| raza no pacimupenis; 2) Temiepa-

Typy T, rasa nocie pacuIgpeHus; 3) IIOTHOCTb ra3a fo M MOCNE PaCIIUPEeHHs

nasneruu 0,1 MI1a. I'a3kl cuuTaTE MACATEHBIMU. ﬂ aHO Pewerniue
_ -3
m=7r=7-10"xr Y > 27 1 —Mp ,
m=8r=8-10%xkr p—m p=0,1 MIla=10°I1a
7 . MpV. m m
M =210 kr/moms 4 7,=290 K T2=#, P :7, P2 —V—
1, =64 =64 107 kr 1, =10 102 M° mR l ’
¥ = = . = =
2 m=m+m, pV=[ﬂ+&]RT, 2 g
M2 = 32 10_3 KI‘/MOJ’IL M| M2 R = 8,31 ﬂ)K/(K - MO.HB)
T=290 K -
m;  m |RT (m+my)
p=0, MIla=10°TIa V=[*—l+~i]—’ P s ) D=2 Omegem ) 1) ¥, =6,02107 w;
’ M M) p LINL NPy
R=8,31 Ix/(K - Mons) M M, )L —2? 2) T, =481 K;
—?‘—-—— 3Hp —7? 3) py =116 xr/M’%;
p —1 _
( Omsem ) ;- 0,498 i py —2 =07 KT,
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3 B cocyne sMecTHMOCTBIO | 71 HaXomuTes Kucnopon Maccoi ! . Ompe-
JENUTE KOHLEHTPALHIO MOJeKYII KUCIIOpOaa B COCYIE.

B cocyne BMeCTUMOCTEIO V' = 0,3 n npu remneparype T = 290 K na-
XOOWTCs HekoTophlil ra3. Ha ckonpxo MOHU3HUTCA paBlieHue rasa B Co-

ﬂan 0 Pewuenue CyZe, eClId W3 Hero M3-3a yTeuku Belifner N =10" Monekyn?
V=11=107w p= kT n:;”;, Mano Pewenue
M =32 10" xr/moms V=03n=3 10* m
m=1r1=10"xr v=T ey pP_mR — pV =ZLRT, pV =—2RT,
pV =" RT. vl T =290 K M M
" mR N =10" (m=my) RT AmRT
= AP=P1_P2= M = MV ’
Mkv v
b —7 Am N NRT  NkT
m
< Omgem ) ,=188-10% . MW, Ap:NAVz v

} B cocyne BMECTMMOCTEBIO 5 JI IpH HOPMANTBHEIX YCJIOBHSX HAXOIUTCH
a30T. Onpepenure: 1) KOIMYECTBO BeleCTBa V ; 2) MacCy a3o0Ta;
3) KOHILIGHTpAIMIO M eT0 MOJIEKYIl B COCYze.

(( Omsem ) 1)v=0233 moms; 2) m=6241; 3) n=2,69-10% u.

Cpennss xBagpaTHUHAA CKOPOCTE HEKOTOPOTO I'aza IPH HOPMaJbHBIX
ycaopusax pasHa 480 m/c. CKoIbKO MONIEKYJT copepkmT 1 r atoro raza?

Hano

() =480 m/c

Pewenue

f3RT 3RT
Vs ) =7, > M= ’
<) > M <‘UKB)2

T=273 K

m=1r=103«r

R=831 Jixd(voms K) | iV, v 4 (v)
- M 3RT
N —?

( Omsem ) y=204 102,

( Omeem ) Ap =133 Tla.

E, :\a R j
ij**? z%"‘g«?é% Onpezxenn‘re JAaBJICHHE, 0KA3bIBAEMOE ra3oM Ha CTCHKH COCYaa, €CJIH

ero IIOTHOCTE pasHa 0,01 xr/M?, a cpenHAS KBafpaTHUHAas CKOPOCTh
MOJeKya raza cocrasiser 480 m/c.

Hano Pewenue
p = 0,01 kr/v® (v )_ ’ﬂ
<l'k5>:480 M/C K M ’
m

l)__) PV=_RT, p=ﬂ7

mRT  RT RT (v )2
pE——r=p—— — =

v M M’ M 3

_ (v
P=—3
( Omeem >p=768 Ta.
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Omnpenennte Haubonee BEPOATHYIO CKOPOCTh MOJIEKYII I'a3a, UIOTHOCTh
koroporo mpu pabieHun 40 xIla cocrasmdger 0,35 xr/m3,

Ipu kakoii Temneparype cpenHsii KBaIPaTHYHAas CKOPOCTh MOJEKYI
Kucnopoaa 6onsiue uX HauGosee BePOATHOM ckopocTu Ha 100 M/c.

Harno Pewenue
0=035 xr/M o = 2RT _m y-""pr
p=40 la=4-10'Tla | » V m ’ Ty P
RT
U, —? =t b= 2.
M p P

J Onpenenute CPEHION KMHETHYECKYIO SHEPIHIO (£0> [OCTyIATE b~

HOI'0 IBHXKEHHA MOJIEKYJI raza, Haxoerocs nox gasienuem 0,1 Ia.
KonueHtpauys Monekyn rasa pasHa 10'3 cm.

Harno Pewenue

=0, IT
P : p=nkT, =L,

n=10" cM? = 10" M3
<80> —7?

‘ Omeem }(8()):1,5_10-20 IIx.

SE8) Orpenenure: 1) HauGonee BEPOATHYIO U, ; 2) CPERHIOO apH(MeETH-

Y P )
<£°>_2kT—2knk" 2’

Marno Pewenue

M =32-10"% xr/momb

—v. = 3RT ’ZRT
<UKB> Uy 100 M/c <vxn> = 7 s Vg = 7 ,

T —2?

ki G

{ Omeem ) T =381 K.

HCﬂOJ’IB?:yﬁ 3aKOH pacrIpeacICHus MOJCKYI HACAIIBEHOMO ra3a mo Cko-

pocTaM, HailauTe Gopmyity HauGonee BEPOITHOR CKOPOCTH U, .

Harno Pewenue
% —movz % —mov2
—dg 0|2 e T -4 (._.___”’0 ] 2 o UT
S 4n(2nkT] vie Sf(v)y=4n kT e .

T ‘ d

Hoooomet e’
£=4n(ﬂ—] cpe KT 4 yte 2T ,(_ﬂ.zv) =0,
2nkT 2kT

YEeCKYI0 (v); 3) cpenHIOKW KBaApaTHUHYIO (vn) CKOPOCTh MOJIEKYJI 3 ~mgu?
) af _ (&] 2vem—(l_ﬂ,vz]=0 PO T T
asota ( N, ) mpu 27 °C. du, 27kT 2kT ’ 27 0
Omeem - [P Omeem
1) v, =422 Mle;  2) (0)=476 wie;  3) (v, ) =517 wre. Ll v, = |
\ .
my
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Hcrione3ys 3aK0H pacnpe Telietins MollekKy T WIS VIBHOTO ra3a 110 CKo-
pOCTSM, HAWANTE 3aKOH, BBIPAKAIOUINA paciipeeneHnie MOJIEKYI 1o

OTHOCHTENBHBIM CKOPOCTAM # (1= /v, ).

Hano Pewenue
% mi {T—T
f(v)= 471( T ) vl e 24 v, - A , Ui, dv=v, du,
2nkT my
v dv dv,
u=-— —L = f(n)dv, —* = f(uw)du,
v, v fvydv ~ J ()
dv
f(u)_’? f(u)"f(v)gl;-f(v) Vg,
% =Myt %uz
my )72 Mgl Bl
f)= 4::(2 kT] vt e W oy =
2 our , L T 4
:4ﬂ( my ) 2 2kTm, -t e
27kT my my m

Hcnonesys 3akoH pacnpeneneHus MOJIEKYN HIEATBHOTO ra3a o CKo-

POCTIM, HAWTUTE CPEIHION KBAJPATUYHYIO CKOPOCTh (v“> .

Hano

Petuenue

f(v)=4n( “

(v“> —?

X=v

2nkT

2kT
{ f3kT

% —mov2
J v e UT

(o= (o).

“ e ol
2 d ( My ] 4 T )
<v> (_)[v fW)dv=4xn kT (_)[v e dv,

My

oo
Fabmpassiit maverpan: fx* 6% dx =%Ja?a"512 .
o

(v7)= 4”(—2%)% %‘/;( 2:2T)—% - % ’

( Omgem )

f3kT

Hcnone3ys ¢pyHKIMIO paclipefieNeHUs MONEKY)l MACATBHOIO rasa Io

SHEPTHAM, HalJITe CPETHIOI KUHETHYECKYIO HEPIHIO (8) MOJEKyN

HCI‘IOJ’IB?&YH 3aKOH pacnpeac/ICHUA MONEKYT UASAIBHOIO ra3a no CKopo-

CTSIM, HAWIUTE CPEAHIOIO ApH(METHIECKYIO CKOPOCT (V) MONeKy:

Hano

Peuwtenue

Vkazanue: cpennsas apudMeTyecKas CKopocTs onpenesseTcs o gpopmyne

o0

2
f(e)= T—(kT)_3/ze'/2 G
1

o0

(e) = je f(s)d4s=—\/—2;(kT)“3/2 _[83/2 e T gg.

0 0

U: 6[ vIw %%%%f:f ;\;;?;igf;y?:z 0 ‘”%% i %“z“ -
x=¢ a=kl—T, <8>="%r‘(kT)_3/2'%\/;(-;7)_5/2 =%kT.
( Omsem ) )= %Z ( Omeem ) = ar
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Hcnonb3ys QyHKUMIO pacmpeneleHus MONEKyl UAEalbHOIo rasa Io

JHepTMAM, HaiijuTe HauGonee BepOATHOE 3HAUEHUE DJHEPTUH £, MO-
TeKyIL

Hano

Pewtenue

3akoH pacnpeneicHus MOJIEKYJI ra3a 1o CKOpoCTsIM B HEKOTOPOM MO-

—mov? (2
NIEKy/ISpHOM IydKe uMeeT BUp f(v) = Avle ™" [(#1) Onpenenure:
1) HauGonee BEPOATHYIO CKOPOCTE U, , 2) HauGoJee BEPOSTHOE 3HAYEHIE dHEPTHA

£, MOJIEKYII B 7TOM IyuKe.

2 y22 —yary | 34 _ d ( 2 “32 12 (kT )J _ P,
=—=(kT) ""e'" e =0, —|-—=(T)""e'"e =0, aHo eulerue
- —morz df(U)
1/2 n U, —=0
e, — 7 2 (kry 2 D] Lo & 0, f(v)=4v’ e D dv
B N 2 kT R )
d ~mqr * —mgr? m ~mgt *
e 0 € —_l_kT D, —? W Av'e %7 | = 4 ve W7 _Zk—OT 20 vle W | =
e =V, 8 . v
2617 kT 2 2) e, —?
Omeem _1 —mg?
C_) £ =5 =Av2e21:T (3_..”1'122_]:0 ._”_"i=3 V= kT v = 3kT
= = kT kT my . o
Henoms3ys (yHKIIIO pacTIpe ie/IeHHs MOIEKYIT HESAABHOTO a3a 10 3Hep-
THAM, HaHIHTe 1% JAHHOM TeMIepaTyphl OTHOIIEHUE CpenHeil KHHETH- . df(e) o )= £@) d .
4eCKOH 3HEPIHH (8) MOIIEKYT K MX Hanbosee BEpOSTHOMY 3Ha4EHHMIO SHEPIHH &, . ’ de ’ de '
2
Hdano Pewenue e=T0, o= |2 8 ey 2
1 0 bl
2 My de
f(e)= ~2——(1:T)'3/25V2 e /T (e) = Ie f(e)de = ¥ - -
,\/.—7; 2¢ T -12 24
0 fle)y=4 | — el (2mye)” " =— eelT
T = const - "o o
2 32 (32 —e/kT) 3
= =Ty " | e de = kT . al24 =) 24 -t -t
(€) n 6[ 2 —| S5 gekT =_2i ¢ efT =3/Tlekr(1__€_):0,
9 de\ my my de g kT
€, Hcnone3ys pesyasrar 3aga4u 2.22, HaxoquM
1 €
e, =5 kT, (8—>=3. 1—%:0, e=kT, e, = kT.
Omeem (e) < Omeem ) 34T
AN A Dv,=|—3; 2)e,=kT.
£y g
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.
‘ 2.25;3;5" Ha kako#l BeIcOTE AaBneHUE Bo3gyXa cocraBnaseT 60% oT nasneHus
o Fe

Ha ypoBHe Mops? Cyuraiite, YTO TEMIEpaTypa BO3XyXa Be3Je Ofu-
HanoBa u pasHa 10 °C.

Onpepesnire oTHOIIEHHE NaBICHUS BO3TYXa Ha BBICOTE | KM K faBre-
HHIO Ha JIHE CKBAXHHBI IryGuHO# 1 kM. Bo3gyX y noBepxHocTH 3emu
HaXOQHTCs MPH HOPMANTBHEIX YCJIOBHAX, M €70 TEMIIEPATYPA He 3aBHCHT OT BEICOTH]

Mano Pewuenue
Mg(h—hy)
=0.6 B
Pe ook p=pe
t=10°C
Mgh
M =29 10 kr/monn 7= 0 L R
Po ’
h 9
T
Mgh_ b, BT, p
RT Po Mg Po

Hano Pewerniue
h=1xm=10m _ Mghy _ Mgh,
h=-1xM=10'm n=pye R, p=pe i,
=273 K Mgh [ Mgh, M,
—_— Pr_ o & ( RT ), ﬂze‘ﬁg(hrhz).
P P2 P2
T =7

KakoBo naBnaeHne Bo3gyxa B IIaXTe Ha ITyOHHe 1 KM, €CITM CUMTATS,
YTO TeMIIEpATypa 110 BCeH BbICOTE IOCTOSHHAA U paBHa 22 °C, a ycxo-
peHue cBo6OIHOTO MAafEHHA He 3aBHCHT OT BRICOTHI? [(aBneHne BO3IyXa y [OBEpX-

HOCTH 3eMIIH IPUMHTE PaBHBIM Py .

Hano

Pewuenue

P
(Omeem ) P_o778.
P2

Ha xaxo# BLICOTE IUIOTHOCTL BO3ITyXa B € pa3s (€ — OCHOBaHue HaTy-
PabHBIX JI0rapud)MOB) MEHBIIE IO CPABHEHHMIO C €TI0 IUIOTHOCTHIO HA

ypoBHe Mopsi? TemnepaTypy Bo3lyXa u yckOpeHue cBOGOIHOIO NaJeHns CunTaiiTe
HE 3aBHUCAIMMH OT BEICOTEL

h=1xM=10m -IART)

t=22°C, T=295K

pP=pye 1=—mygh,

P= 1o o~ Megh/(kT) _ o g~ MBRART)
M =29 107} xr/moms

g = const

Po

p—7?

( Omeem ) ,_112p,.

( Omsem ) ),_ 798 .

Pacnpeoenenue Bonvymana 6o enewnem HOMERYUWTIbHOM noe

1=y e MEHRT) _  o=mgh/(eT)
n=ny e V)

TAe 7 1 hy — KOHUEHTpalMA MOJEKYN Ha BhICOTE h u h=0; M=mygh —
NOTCHUMANIPHAA IHEPTUA MOMEKYIIBL B [1OJI€ TATOTeHMS,
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) 1icnons3ys unewo ycranosky [leppeHa L1s onpeeeHus NOCTOABHOR
ABOrajipo 1 IPHMEHUB K YACTH1IAM KpACKH, B3BELIEHHBIM B BOZE, GOIb-

LIMAHOBCKOE pacipeleneHHe, Haiiure 06beM JacTHL, €CIH IPH PACCTOABHH MeXTy
nByMs cloaMy 80 MKM YHCIO B3BEIICHHBIX YACTHLL B OJHOM CI0€ BABOE Oonble,
yem B apyrom. [LnoTHocTh pacTBOpeHHO#H kpacku 1700 kr/m’, a Temnepatypa okpy-

xaromeit cpexst 300 K.

Hano Pewenue
Ah=80 MkmMm=8- 10" M ~(m—m )g &h 4
n=mge K, m=Zmrp, m=_arp,
n 3
L -9
n2 nl ..... h[ R
k=,

p=1700 kr/v’ n ... h, )
py =1000 xr/nm

l 3RTIn L RTIn ™
T =300 K " i n

N, =6,02-102 mons™

v —1

N, = - ,
A 4 (p- pglth~ k) Velp—p) Ak

RTIn ( Omeem ) .
n

“N.gbhlp-p) v =522:107" ».

—

' ) Ornpenenvre CPETHIONO UTMHY csoGomHOro npobera (l) MOITEKYI KHCIIO-

poza, HaxoJAMIerocs npx Temneparype 0 °C, ecliv cpeaHee 9MCI0 {z)

CTONKHOBEHHUH, HCITBITBIBAEMBIX MONEKYNOH B 1 ¢, pasHo 3,7 - 10°.

Hano

M=32-107
T=273 K

(z)=3,710° ¢

KI/MOJb

Pewenue
o=, =y

Ipy xakoM naBneHUH CpeaHAs JUIHHA CBOBOIHOTO mpobera Momeky
BOZOpOZA paBHa 2,5 CM, €CJIH Temneparypa rasa paBHa 67 °C? [lua-
MeTp MOJIEKYJIBI BOJIOPOAA IPUMHTE paBHBIM 0,28 HM,

Hano
(1)=25 cm=2,5-102m 1

- nkT BNoem b
1=67°C, T=340K [P "> ) 2 -ndin’
d=028 aMm=2_8-10""m

Pewterniue

1

"Rl iy

kT

o Ry
" Omeem ) p=0,539 ITa.
}

Onpenennte CpeaHIOO NPOOMKATENLHOCTL (T) cBOGOAHOTO Npobe-

ra MoJIeKynn Bofopoja npu remneparype 27 °C u nasaenuu 0,5 xfla.
Iﬂamerp MOJIEKYJIBI BOJOPO/IA IPUMHTE paBHBIM 0,28 HM.

p—2

mp——

i Mano Pewenue
M =210 kr/mons 1
f=27 °C, T=300 K >=<*7
p:0,5 Kla=5-10IIa
d =028 =28 - 10-0 34| (2) = V2nd’n(u),
_ [8RT p
) —2 )=\ s e
)= KTVZM kM
2nd’pJSRT ~ aJaRdp
r
\Omgem ) (r) = 13,3 ne.

(1y —7
( Omeem ) (Iy=115 mm.
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( Uz 33 N ) Cpenusis qiuHa cBobosasoro npobera <l ) MONEKyR BOIOPOAA NPX HOP-

MaJIbHBIX YCoBUSX cocTapnseT 0,1 Mxm. Onpenenure Cpeanion i
Hy ux cBoGoanoro npobera npu aasnexux 0,1 mlla, eci Temneparypa rasa ocrae: -
Csl NOCTOSHHOH.

Hano Pewerue
() = O e =107 (/ S p=nkl
py =01 MITa=10""Ta V2nd*n
p=1,0110° Ta (h) =P ()= p(h) .
T = const <12> ) ’

(h) —2

( Omeem >(/2)=101 M.
((2:34%)

Hee YUCIIo <2> CTOI[KHOBCHMﬁ, HCIBLITBIBACMbIX MOJICKYJIAMH B 1c,ecnn COCya OTKadd1l

Ipx Temnepatype 300 K 1 HEKOTOPOM [JaBjieHNL CPEIHS JUTHHA CBODO 1

norotpo6era (!) mMonekys kucnopoa pasa 0,1 MxM, UeMy paBHO cpe. i+

1o 0,1 nepsonavanpHoro nanenus? TemnepaTypy ra3a cunTaiiTe MOCTOSHHOM.

Hano Pewenue
N () s
(1)=0] mxm=10"m <z>_<7)’ =7
M=3210"% kr/mons <z!> n <Z >:<:>£|_
n= 0,1p <:> p ? 1 D 5

(2) —2

( Omsem )(:)-44510° ¢,

Ompepenure: 1) IIOTHOCTE 2 BO3ZYXa B COCYAE; 2) KOHUEHTPAIMIO 7

€ro MONeKyl; 3) CpeaHIONW IMHY cBoGOaHOTO mpobera (l) MOJIeKy,

M cocyx oTKadaH no masienus 0,13 Ila. JlpuaMeTp MoNeKyn BO3ZyXa NPHMHTE
?anm,m 0,27 M. Temnepartypa Bozayxa 300 K.

=
' Hano Pewernue
p=013Tla
m m
_ —27.1010 I V =—RT,
d=027 m=27-10"u| p= PV =—
T=300 K y
= . -3 =-p—, =nkT,
M=29-10"" xr/MOIB P RT p
Vp—7 P 1
=£ ) Y —
2) n —?2 vy 0= s
3) (I) —
z
I Omeem > 1) p=151-10" e 2) n=314-10"" Mm% 3) (1)=0,1 w.
m oS —————

Onpepennute k03(pULMEHT TEILTONPOBOAHOCTH A a30Ta, HaxoAALle-
rocs B HEKOTOpOM obwreMe IIpU Temiteparype 280 K. Sddextusnniit
Imamerp MOJIEKYJI a30Ta MPUMKTE paBHBIM 0,38 HM.

Hano Pewuenue
M =28-10"° kr/mons 1 i R m
, A==—c, p(DN{(VY, = =5 =,
T=280 K p), =575 [ P=7
= = . ~10
d=038 mM=13,8-10"Mm e p—_-ﬁﬁ_/[_ <> ) -
P - s RT s -\/—ﬂdzn s P

A —9

p 8RT 1i R pM 8RT _
R=-", <v)= YR 2 2

kT aM 32MRTJ_nd aM 3er

‘ Omeem ) 4=8,25 MBt/(M - K).
S

6 Copiuin 311
e T A



Kucnopon HaXxonuTcs mpy HOPMAJIBHBIX yCIoBuaX. Onpenesnure Ko-

3¢ HUIMERT TeMIONPOBOAHOCTH A KuCnopona, ecnd 3¢ gexTurHslil
aMaMeTp ero momnekyl paseH 0,36 HM,

Onpenenute xo3bdunuent auddy3un D kuciopona pH HOPMaNb-
HBIX yCNOBUAX. ek THBHEIN QuaMeTp MONEKYII KHCIOpoaa IpUMHU-
fre paBHBIM 0,36 HM.

( Omeem ) A =8,49 MBT/(M - K).

IpocTpaHcTBO MEXIY IBYMS MApajUleNbHBIMH ILIACTUHAMH ILTOLIA-
mero 150 cM? Kaxpas, HAXONALMMUCS Ha PACCTOSHAA S MM JIpyr 01
ApYTa, 3anmoJHeHo kucnopoaoM. OxHa MTacTHHA NOAJEPKUBAETCS OPH TEeMIIepPaTy-
pe 17 °C, npyras — npu teMneparype 27 °C. Onpeaenute KOIMIeCTBO TEIUIOTE,
npolueamuee 3a 5 MHH NOCPEACTBOM TEILIONPOBOAHOCTH OT OAHOM IIACTHHEI K JpY-
roil. Kucnopoa HaXonuTes npH HOPMANBHEIX YCIOBMAX. D(QheKTHBHBIN aHaMerp
MOJIEKYJl KHCAOpOna CUUTaTh paBHEIM 0,36 HM.

p—

. Mano Pewenue

\

«M=32.10"" xr/monn 1 8RT
T=273 K Dz‘g(”xl)’ MZ\/W’

p=1013.10° Ia

1 p
- = . ~ = ——— = kT =
d=036 mM=3,6-10"m () o T n=-s
—9 T T
D —2 o1 [BRT &

“3VaM Jzmpd

" Omeem ) p-9138.10° wt.
1

Hano Pewenue .
—39.10°
M =32 102 kr/ MOJH; .| 0=l AT St AT =t - Onpepenure Maccy a3oTa, NpOMENEro BeaeacTsue auddysun ye-
§=150 em*=15-10" M Ax |’ RGN pe3 momanxy SO cM? 32 20 c, ecll IPagHeHT [UIOTHOCTH B Halpaslie-
Ax=5mm=5-10"M 1114, TIEPNIEHAMKYIAPHOM IUlomanke, paseH 1 kr/m*. Temnepatypa asora 290 K, a
t, =17 °C i k |RT penHss [UTHHA CBOGOAHOTO Mpobera ero MoaeKyll paBHa 1 MKM.
! - A =§—n—a—5 - (cM. 3amagy 2.36), P P P
12 - 27 M
(=5 muH=300c ik [RT -, Aano Pewenue
T=273K Q~3ﬂd2 M Ax ‘ §=50 cM*=35-10" M dp 1
d=036 mM=36-10"y =20 ¢ m=‘DESt, D=2 (1),
M =28-10" xr/mons
09 8RT | [8RT, dp
b =V "V e
Omeem =76,4 IIx. .
C_) Q fix T=29 K
R (I=1 mem=10%n
0 0000000000000 0000sOOOEEOSLEOSLESLEESESLEOSIEOSEOSESEOSIEOSOSEOSLOEOBSOEOLIES
3asucumocms Medxicdy KO3puyuenmamu menionpoeooHocmu, ”—?

ouggysuu u sHympennezo mpeHun

n=pD, Afmey =1.

( Omeem ) m=15,6 ML
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- .
( 2.41,@;) Onpenenute, BO CKONBKO Pa3 OTIMYAIOTCA KO3GGHUUMEHTH THHAMI)-

4eCKOM BA3KOCTH ¥ YINIEKHCIOTO ra3a ¥ a30Ta, eciM 06a rasa Haxo

AATCs [IPH O/IMHAKOBOK TeMIIEpaType ¥ OXHOM H TOM Xe pasjieHuH. DOdexTuBHble
JAHAMETPHI MOHEKYJ DTHX Ta30B PABHEL

Asot HaxomaTcs nox panienneM 100 xIla mpu Temnepatype 290 K.

Onpepenure ko3 grmenTrl auddysun D ¥ BHYTPEHHErO TpeHus 77 .
?_@bem}mmﬁ JMamMeTp MOJeKyJI a30Ta PUHATE paBHEIM 0,38 HM.

—
Hano Pewenue (Omeem) D=974.100 wifc;  p=113-107 Krfa - c).
b
M, =44.10 * xr/mons ! SRT =
M, =28-107° kr/MOIH "= Ep(v)(l) ’ (v) YoM Hike xakoro JasjeHHs MOXHO TOBODHUTE O BaKyyMe MEXKy CTeHKa-
) MH cocyna /Iproapa, eciny paccTOSHHE MeX Ty cTeHKaMHU cocyna pag-
=1 ()= . , p=nkT o 8 MM, a Temnepatypa 17 °C? D¢dexTHBHEIN qHaMeTp MONEKY BO3AYXa MpH-
- V2zd*n ’ 4T paBaeM 0,27 HM.
P=p —
= dj V=-2RT _m_M ano Pewenue
_— PPEu ™ PV =Rt A
=8 MmM=8-10"M 1
= Iy = s, = nkT
o, p=s it 8RG 1 =i7oe, = | O =
s 3 RL VM, 2xdin, d=027 m=27-10"m
kT o < kT
1 pyM, [8RT. 1 P="F 2\ bax S T aC
772:_p2 2 2' 3 3 p1=P2, 71=T2, dl=d2’ nl=n2, pnak_? Jiﬂd <I> ﬁﬂdl
3 RT, \aM, 2zd’n,

"k Sl )
YA Onpenennte k030 QUINEHT TeIUIOMPOBOTHOCTH A a30Ta, €CMIU KOdd-
L £ 008y P ’
e

(HLMEHT TMHAMMYECKOT BA3KOCTH ¥ 1N HETO IIPH TEX Xe yCIOBUAX
pasen 10 mxITa - c.

Hano
n=10 mxlla-c=10"Tla:c 1 1
A=teolo)),  1=toin,

Pewuenue

1=
M =28.10" kr/moms 3 3 v
i R iR
o ==, = ——, =D.
A—2 V= A=23" =3

( Omesem } A=7,42 MBr/(m- K).

( Omsem )p. <541

JlaBNieHne paspexeHHoOro ra3a B PEHTTEHOBCKOM TpyOke MpH TeMreparype
17 °C pagno 130 mxITa. MoHO JTM BECTH PasroBop O BRICOKOM BaKyyMe,

€CIM XapakTepHeIii pasMep [, (paccTosHie MeXTy KaTOIOM U aHOIOM TPYOKH) COCTABIIA-
i &1 50 MM? DddeKTHBHBI MaAMETP MONEKYT BO3TyXa NpuMuTe paBHbM 0,27 HM.

ano
p=130 mxITa=13-10>I]a
Iy=50 MM=5-107M
d=0,27 M=2,7-10""Mm
t=17 °C, T =290 K

() —2

Pewienue

kT

1
D= o = nkT N=——75".
( > (_2.7'Kd2n s P nk ’ ( ) 2ﬂd2p

( Omeem )(1)=95,1 M, (1) >> 1.

—

BaxyyM BeIcOkHiA.



2.2. OcHOBBI TEPMOAHHAMHKH

9 Asor Maccoit m=10 r naxomurcs npu TeMueparype 7 =290 K. On-
penenure: 1) CPEMHIOW KHHETHYECKYIO SHEPIHIO ONHOM MOJEKYIIhl
a30Ta; 2) CPEHIO KHHETHYECKYIO 3HEPTHIO BPAIIATENLHOTO JBHXEHHS BCEX MOJTe-
Ky asoTa. ['a3 cuuTaifTe HIeanbHEIM.

B 3aKpEITOM COCYZIe HaXOIHTCS CMECH a30Ta MAaccol m = 56 r H KuC-

nopofa Maccoll m, = 64 . OnpelenuTre H3MEHEHNE BHYTPEHHEH SHED-

M1 3TOH cMecH, ecii ee oxyagumi Ha 20 °C.

T‘

L, Omeem AU={ 2L "2 | L p AT =166 k]I
Ml M2 2

(i

Hano Pewenue

m=10 r=1072kr i
T=290 K (8>=§kT’ i=3,
M =28-107 xr/mons

kT .

(Enp) = <€Bp>N ) <8up> = in? R Iy = 2,
1 (e) —2
mN . kT mN

2) (Bp) —7 NS (Bl =t 55

( Omgem ) D {)=107 g 2) (E,,) =860 Ix

§ Kucnopon maccoit m =1 kr Haxonurces npu remnepatype T =320 K
Onpenenure: 1) BHYTPEHHIOW SHEPTHIO MOJIEKYN KHCTIOPOAa; 2) cpen-
HIOK KHHETHYECKYIO SHEPIHIO BPAI[aTeIpHOTO JBIDKEHHA MOJIEKYIT KUCIopoaa. ['as
cyuTaiiTe HIeaILHBIM.

Hano Peweriue
=1 ,
?=321(()FK U=%§RT’ i=3, (B) = (o) ¥
M =32 107 xrmomn T mN
Dy —? (wl=in M=
2) <E“P> —? <Eap)= inp%z' miV/IA » hp=2.

(Omeem ) 1)y sos aixc 2 (Eyp) =831 wllx

——

Cunras a30T HICANLHBIM I'a30M, OIIPENEIHUTE €10 YACIBHYIO TEIUIOEM-
KOCTb: 1) 1A H30XOpHOTO Ipoliecca; 2) A M306apHOIo npouecca

( Omeem ) 1)c, =742 mwixr Ky 2) ¢, =104 Kllaci(xr - K.

—

Onpenenme YIACNBHBIE TEIUIOEMKOCTH ¢ H Cp s ECJIM H3BECTHO, UTO

- HEKOTOPEIH ra3 IpH HOPMANIBHBIX YCIOBHAX MMeET yAenbHbIi 06neM
»v=0,7 M¥xr. UTo 3710 32 ra3?

i

[~

i Hano Pewenue

Iy ~

"b=0,7 M/xr U=K, pV=1RT,
jT=273 K m M

|

—_ 5 RT

P=1013.10° a m=FL i=s,

2& pv

G =72 L iR o _it2 R
fc, —2 Yam T2 M

‘ Omeem > kucnopom;, ¢, =649 Jlx/(xr- K); ¢, =909 Tn/(xr - K).

P eOBDOOSOGCOOLOOSEOOOSOOSNEOEDPCOSOOSOSEOOSNOTIPOSLOSEDPNOOIEOOESOSOLOLOOOOES
Csa3b Mexncoy monaproi C, U y0enbHol ¢ Mena10eMKoCMAMU 2a3a

Co=cM,

rae M — MospHas Macca rasa.

[
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O .
NPEaCINTE yaeabHBIE TEILIOEMKOCTH ¢, " C‘p CMECH YIJICKHCJIO! g

ra3a Macco#l my =3 I u a30Ta Maccoll m, =4 .

Hano Pewienue
m=3r=3-103kr AQ=¢,mAT, m=m+m,,
M, = 44-107* xr/mMons AQ=A0 +AQs, AQ = ¢ymy AT,

my,=4r=4-103kr

M, =28-10" xr/moms

AQs = ¢pymy AT,
cymAT = cyymy AT + ¢, ,m, AT,

_ Sy + Gy

v
¢y — 9 m + my
cp —? _§ R
v _EM 2= %
o :E(hml N izmz]_ 1 , o = CptMM i+ C oty
2 M, M, my+ m, m+my
Cplzil_"'z_i _h+2 R
2 M 72T M
) zg[(z'l+2)ml+(i2+2m 1
4 2 M] M2 m1+n12 )

( Omeem )cV =667 Iw/(xr-K); ¢, =917 [im/(xr - K).

Monapuaa mennoemrxocme

NPH NOCTOSHHOM 00beMe ¥ [MOCTOSHHOM OaBJICHUHN

Omnpenenure nokasarenb aguabaTsl ¥ WIS CMECH [a30B, CopepXKaillei

renuit Maccodt m, = 8 T ¥ BOZOPOX MacCoit m, =2 L.
| )

i Hano Petuenue
m=8 r=8-107kr .
-
M1:4'10_3 KI/MOJIb Y oy
S =2.107
=2r=2-10"¥r . Coi+ Cpyy ,
M, = 2-107 xr/mons ? m+ m,
?—._...__—
y —2 ¢y :M, (cm. 3amagy 2.51)
myt my
iy R i, R - :
3[/1:“21‘74_, C‘V2=’_22‘"A7, ll=3 12=5
1 2
i+2 R h+2 R
C =~ Cpp =
2 M, 2 M,
i+2 R i+2 R i, R R
= Mt IV —-—m1+ my =
2 M 2 M, 2 M " 2 M,
L§
(11+2)A+(lz+2)
M,
,1_1_,_,'2&
MM,

c,~cy=RIM.

[IpuMeHss NepBOe Hayalo TepMOIMHAMUKH W YpaBHEHUE COCTOSHHA
HIealbHOTO [a3a, IOKAKHTE, YTO Pa3HOCTh YaeIbHBIX TEIIOEMKOCTEH

l Omeem ’ c,—cy=RIM.
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Kucnopon Maccot 32 r HAXOZHTCSA B 3aKPBITOM COCYIE T0] JABIEHHU-
em 0,1 MITa npu Temneparype 290 K. ITocne HarpeBanus pasfieHye 8
cocyzne noBeICHIOCH B 4 pasa. Onpenenure: 1) o6bem cocyna; 2) Temneparypy, 10
KOTOPO¥ ra3 Barpeny; 3) KoJIM4eCcTBO TEILIOTE, COOGIIEHHOE ra3oM. '

< Omeem ) 1) V=241-102 5 2)T=116 «K; 3) Q=18 xflx. ,

Onpepenute KONMIECTBO TEIUIOTH, COOBIIEHHOE a3y, ECIIM B POLEC-

ce M30XOPHOTO0 HarpeBaHus Kucnopona o6bemoM V = 20 i1 ero gasne-
HHe USMEHWIOCE Ha Ap = 100 x[a.

Pewternue

Hano

V=20 n=2-1072M°
Ap =100 Ila=10°ITa

Q=AU+ 4, A=pavl,_ ... =0,

0=AU, AU=_LRAT,
Q —2 M2
m m
V =—RT, V =-—RI.
Iy VAL P2 YRR
m m
PV = pV = R =~ RT,,

m . .
ApV =—RAT _me =4 . -
P IY; ) o RAT 2VAp i=5

M2
( Omeem ) o-5 ux

S ———

HByXaroMHBIH MACATBHBIH ra3 (¥ = 2 MOJIb) HATPEBAIOT NPH NIOCTOAH-
HoM o6peme 1o Temnepatypsl 289 K. OnpenenuTe KomM4ecTBo TEWIOTHI,

KOTOpoe HeoGXOAMMO COOGUIUTS rasy, uro6bl YBEIHUUTS €10 JaBIEHUE B /1= 3 pasa.

‘ Omeem ’ QzévR(n_l)n:24 KJIx. .

; Tpy m300apHOM HaTpeBaHNH HEKOTOPOTO HEAbHOro ra3a (¥ = 2 Molb)
Ha AT =90 K eMy 65110 COOOIIEHO KONIMYECTBO TEILTOTEI 5,25 KIIX.
Onpenenure: 1) paboTy, coBepiliaeMyIo ra3oM; 2) H3MEHEHHE BHYTPEHHEH SHEPr UM

ra3a; 3) BENMUYUHY ¥ = p/Cy .

—

‘. Omeem ) 1) A=15 x[lx; 2) AU=0,6 kx; 3) y=14.

e —

Aot Maccoit m =280 r pacmmpsierca B pe3ynbraTe U306apHoro npo-
uecca npu aaenenuu p =1 MIla. Onpenennre: 1) paGoTy pacimpe-

s 2) KoHeuHb1i 06beM ra3sa, eClM Ha pacIIMpeHHe 3aTpadeHa Temwiora O =5 kJx,

a HauaTbHAL TeMIepatypa asota T, = 290 K.

Mano Pewenue
=280 r=0,28 m
MR TR ) -, 0="2C -1,
M =28-10" xr/mons M M
p = const A R
— = 6 =
p=1 Mlla=10°Tla Q0 C,
=5 =5-10°
Q=5 xkIx Mx 2 —
T, =290 K Cr=—"R -
) A7 OR-2 _ 20
2) ¥y — 2 A=— =T 50
2 (G+2)R i+2
=L RT;
A= pV,-V), PVx"ﬂ i

v, =14;+Vl =—1—(A+£RT;) .
p p M
‘ Omeem ) 1) A=143 xllx;  2) ¥, =0,026 M.
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Kucnopox obsemom 1 11 Haxonutes nox gasienrem 1 MITa. Onpeac-
JiTe, KaKoe KOJIM4YECTBO TeIUIOTHI HEOGXOMMMO COOBIMTE rasy, 410-
Owt: 1) yBenHuuTh ero 06beM BABOE B pe3ynbrare H306apHOro npouecca; 2) ype-
YUTh €ro AaBJICHUE BIBOE B Pe3yAbTaTe U30XOPHOrO Npollecca.

Hano Pewernue
Vi=1n=10" v iid
py = const o :—Cp AT,
M =32-10" kr/mons M
=1 MITa = 10° m i
D a 0°ITa prl :TJ.RTI’ pr2 :ﬁRT;’ R
1) p; = const
_ _m
VZ_2VI plAV—*A'ZRAT’ AV:Vz—Vl,
2) ¥, = const
_p AV _p AV ({+2)R (i+2)
Py =2p G="F G "R T T3 pA.
i=5
Do —? m
2) 0y —2 V| = const szﬂcl AT,
id m m
Pﬂ]zﬁRT, PlezﬂRTz,
I Ap=—— R AT
1AP*‘A7RA7, Ap=py-pi,
W Ap Viap i i
, = .C,: .-——R:—V f —
Q=T TR Rl =

( Omeem )1y 0 =35 xllx;  2) 0,=2.5 xlx.

HexoTopsi#t ra3 Maccoli m=35 r paclupseTcs U30TepMHYecKU 07

obseMa V) nmo obsema V, =2J). Pabora pacumpenus 4 =1 k/n
OnpenenuTe cpexHIO KBagpaTH4HYyIO CKOPOCTh MOJIEKY:T rasa.

‘ Omeem ) (Ue) =930 mlc.

A30T Maccoit m=14 T cKMMAIOT U30TEPMHYECKU NPU TEMIepaType

T =300 K ot naBnenus p, =100 Ila no nasneHns p, = 500 klla.

DAU=0; 2) A=-201 xllx;  3) 9=201 xllx.

Hexotopsiit ra3 maccoii 1 kr Haxomures npu Temnepatype 7 =300 K i
nop JasierveM py = 0,5 Mlla. B pesynerare ©20TepMUeCKOrO CKaTHA 1aB-

MeHHe ra3a YBEMIWIOCh B 1B pasa. Palora, sarpauennas Ha okarue, A = —432 klbk.
Dripenenure: 1) kaxoii 310 ras; 2) NepBOHAYANBHBIH yrenbHbIH 00beM rasa.

Harno Peweriue
m=1kr m
dA: dV’ VZ—RT,

T =300 K P Y

=0,5 MITa=5"-10°Ila .
P _ mRT v Az ijRT dV  mRT ln—Vl
P2 =2p MV ’ _V M v M v
A=-432 xllx = ‘

=_ - 105 R

4,32 -10° Ox o = pobs, P T In Jo) ,
M P2
1yraz —?
2) v, —? =R 20
P2 m
mRT RT )

V= Mp, v = Mp meem 1) remuit; 2) v, = 1,25 M¥xr.

AsoT maccoit m=50 r maxogutcs npu Temnepatype 7, = 280 K.

B pesynbTaTe M30XOPHOTO OXJIAN(IEHHUA €r0 HaBJIEHUE YMEeHbIIMIOCH

B n=2 pasa, a 3aTeM B pe3yabTare n300apHOro pacUIMpeHUs TeMIepaTypa rasa
B KOHEUHOM COCTOAHHM CTaja paBHOH nepsoHavanpHod. Ompenenure: 1) paborty,
COBEpLISHHYIO ra3om; 2) HiMeHeHHe BHYTPEHHEN 3Hepriy rasa.

( Omeem ) 1) 4=2,08 xJlx; 2) AU=0.
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Pabora pacummpesns HeKOTOPOTO ABYXATOMHOTO HieaIbHOrO ra3a co-
craBuier 4 =2 kJDx. Onpenenure KONHYECTBO MOABEACHHOR K Tasy

TCILI0TEI, €CIli Mponece MpoTeKan: 1) usorepMmiecky; 2) uzobapHo.

Harno

A=2 klx=2-10° Ix

Pewienue ? T

s Q=AU+A4, 1 2
1) T = const I'= const, .:
2) p=const AU=0, @=4, 5
p=const, 4=pAy,
pPAV =—RAT,
2) 0 —? M heoomo kY
o . :
A=— RAT, ar=M4 AU="c, ar=DLp MA_id
mR M M2 mR 2°
Q2=AU+A=EIA+A=A(—£+1).( Omeem > D =2 wllx;
2 2) Q=7 kllx.

N ——

i 11p1 anmabarroM pacimperym kucnopona (v =2 Momb), HaxOBALETOCH
TIpH HOPMAJIBHBIX YCNOBHAX, €10 00BEM YBESMYIICAB 7= 3 paza, Orpe-
Henute: 1) MSMEHEHNe BHyTPEHHEM SHepriH rasa; 2) paboty pacumpenus rasa.

Hano Pewenue
v =2 Monb PO=AU+ A4, =0, AU=-4
T,=273 K ’
Vy =n¥, AU=vCy AT, Cr=_R, i=5,
n=3
C, i -
TIK)'_I=T2V2)’_1’ y=-P=_Ii-—=l’ T =T 'V_l
1) AU —? G i s Ny
2) 4 —7?

. . y-1
i i |14
AU=v_R(T,-T)=v_RT, (—'] —1}, A=—AU-

( Omeem ) 1) AU =-4,03 xJlx;  2) A=4,03 xlIx.

Aszot Maccoit m =1 kr 3anmMaeT npu Temueparype T, =300 K ofrem

¥V, = 0,5 M. B pesynbTare aauabaTHOIO CXXaTHs JaBieHUE Ia3a yBeiu-

ochb B 3 pasa. Onpegenure: 1) koHeUHBIH 06bEM rasa; 2) ero KOHEHYIO TeMIIEpa-
py; 3) H3MeHeHUE BHYTPEHHEN JHEpTUHM raa.

1)V, = (—‘—)
P2

3) AU =

1-

Lini 4
=0,228 M 2) Tzz(ﬂ) Y =411 K;
)

= |-

Lz
2

R(T,-T))=82,4 x[x.

JE

AnoT, HaxouBLIMHCS pH TemnepaType 400 K, noxsepriu aguabarHo-
MY PACIIMPEHHIO, B Pe3yJIBTATE KOTOPOro Ero 06BeM YBEIMIWICAB 1 = 5
a3, a BHYTpEHHsAA HEPTHs yMeHbInack Ha 4 kJDk. Onpeenmre Maccy asora.

é& Mano Peutenue
r—v
W =28-107 kr/mons A=-aU,
2&25 y-1
T, = 400 K A= R 1—[5) :
t_ M'y—l V2
V,=nl,
in=>5 i+2 n_1
AU = -4 x]lx= A =L4, V n
=—4-10° Ix
y-1

m—2 —AU=-’Z'-—R-T'—1—(1] ;
‘ My-1 n

__ My-naUu

()]

( Omeem ) m=28r.

t— P—

ee—rerrererer—————
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HByXaToMHbI HeQTLHELT ra3 3aHHMaeT 00beM V1 = 1 nuuaxonmres y,
mapnenueM p; = 0,1 MITa. TTocne amMabarnoro cxaThs ras XapakTepi y,
ercs obbeMoM V, 1 1aBiieHueM p,. B PE3YJIBTaTE NOCTEAYFOMEro H30XO0PHOIO NPoLec:
23 OXTTKIACTCA 0 IEPBOHAYATBHOM TEMIIEPATYPEI, 4 €T0 AARIEHNE P31 =02 MIla. Oy

penemtre: 1) obvem V,; 2) nasnenue p,. Hawepture rpaHk 3TUX ITPOLECCOB.

Hano Pewenue

Vi=1a=103

i=5

7 =01 MIa=10°Ta
p3=02 MIla=2-10°I1a

1) ¥, —2
2) py —?
V,
nvy = pibs, Vs =m, P =pyy,
) 2 o
i+2 v 4

:——:1’4, = -1 .

Y : P> PI[V2]

Kucnopon, sanumaronmit npu napnennd p; =1 MIla obvem ¥, =51,

pacumMpserca B n=3 pasa. Onpexgenyte KOHEYHOE gaBleHHe U pabo-
COBEPIUEHHYIO ra3oM. PaccMoTpuTe cepyromue npolieccsl: 1) H3oGapubrii;
H30TEpMUYeCcKUil; 3) andabaTHBIM.

- Hano Pewenue
=32-10" xr/mons Q=AU+ 4, ,DA
=5 ’ nb--

=1 MIla=10°TIa A=pAV,

=51 =5-10"m

p = const
o | P~ cons |

( Omeem )1) V=051  2) p, =264 kla.

........................................0
Paboma 6 cnyuae aouasamnozo npoyecca

m
A=—C(5-T,
Y, v(h - Th)

£l

y—1 -1
4 RLm 1_[ﬁ] _pah 1_[ﬂjy
y-1M 1, y-11" \n

e 7y, T, 1 ¥, V) — COOTBETCTBEHHO HAYANbHbIE M KOHEUHDIE TeMIlepaTypa 1

obbeM raza.

":3 p:pl >I/
) p=const
;)T=const
A=p AV = p(V =V;)=pVi(n-1),
DQ=0 | | 1)= PN
214
P —? T = const ph=pv, P= ;/ ’
M—"? £ v v
} A=jpdV=p1V| I7=p1V|1n;la
Y v
0=0 A=-AU, pv?” =const,
)
- AU it
p=n(}) . -
1]

m m i m
AU =—C/T-T), A=—=R(-T), W=-—RI,

IY; v( 1) M2 L-T) 2 Mot

m i
V:—-—RT A="‘ V— V
pr=-rRE, 2(1’11 p )

-
Omsem ) 1) p=1 M, 4=10 «Iix;

2) p=033 MIla, 4=5,5 x[lx;
3) p=0,21 MITa, 4=4,63 xllx.
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Kucnopon maccoit 10 1, Haxogsmuiics mpu temnepatype 370 K, nons
BepIiy agdabaTHOMY paclIMpeHHIO, B pe3ylbTaTe KOTOpPOTo ero jias-
JieHHe YMeHBUIHIOCh B 1 = 4 pa3a. B pesynsrare nociueqyonero u30TepMimdeckoro
TIpoLiecca ra3 CKMMAETCH 10 NePBOHAYAIBHOTO nasieHud. Ompenemre 1) Temie-
parypy rasa B KOHIIe Ipoliecca; 2) KOIM4YecTBO TeIUIOThI, 0TAaHHOe Ia30M; 3) mpupa-
LIEHHEe BHYTPEHHEN SHepruy rasa; 4) paboTy, COBepPIIEHHYIO ra30M.

Hneanbueiii AByxaToMHBIif ra3 (v =3 Mons), 3aHuMaomuil o0nem

Vi =5 n u HaxopAuiicd moa aasnenueM p, =1 MIla, noxseprnu

u3oxopHoMy Harpesanmio a0 7, =500 K. Ilocne sToro ra3 mogseprmu uzotepmu-

9eCKOMY PaCUIMPEHHIO 10 HAYallbHOrO aB/eHus, a 3aTEM OH B peaynbTate u3obap-
HOTO CXKaTus BO3BpAlLEH B [IEpBOHaYanbHOe coctofnye. [locrpoiite rpaduk nukia
u onpenenute Tepmuaeckuit KI1/1 unxna.

PA
euie. 3 1
Aano Pewenue ° 4 Mdano Pewenue
m=10 =102 kr W =pVY, v =3 mMonb
M =32 107 xr/moms i=35 1>2 pA 2
- ph _ pVa =
1_33 K T 5 V=5 1=5-107 /= comt
=370 oV p, p, =1 MIla=10°Tla
= r272
.p_l:n T2_pl V]];’ - T2=500K A|2=0
P 4
- 1 ¥ —9 -
e Tzzzﬁ.]‘, O=-0 Q3= 0+ O, =" 0, =AU,
1) T, —? 2) Q0 —7 —wlper _
) 2 ) Q12=0 Q23=A23:£RT2 ln&, AUIZ _sz(TZ ];)’ pl[/l—v‘RTi’ >[/
3YAU —2  4) 4 -2 M P
m 1 m 1 _nh =t 27
QZ—Q23=—ERI‘2 ln‘;a AU=AU12+AU239 AU12=I4‘ER(T2_71); ]‘l'. 'VR ’ QIZ sz(Tz
i
23 T, = const AU,» =0
AUz =0 AU:%éR(Tz—T])’ A=Ay + Ay, Ay=-AUpj=-AU;, i : 2
V.
A=—AUI3+Q23=—AU,3+Q3.‘ Omesem ’1) T, =249 K; 2) Q=896 JIx; A33=VRT21I1—[}3—, 2=h, 3=y
2
3) AU=-786 Ix; 4) A=-110 Ix.
RT, V.
ph=uRT,  K=22R=MER g uRn it
MpeanpHelfi npyXaTOMHBIH ra3, 3aHMMaronuit obveMm V) =2 1, noa- Ps 14 !
Bepriy agpabaTHoMy paclmupenmo. [Ipu 3ToM ero 06weM Bo3poc B 5 21 ~ const 0 =v i+2 R -T) _0-0
pas. 3aTeM ra3 noABepriiv 1306apHOMY CXKaTHIO 10 HauanpHOro obreMa B pesynms- A 1 7 1742/ n= o
TaTe M30XOPHOTO HArpepaHus OH OBLI BO3BpalleH B IepBOHAYANEHOE COCTOSHUE !
TTocTpoiite rpaduk UMKIa U oTpenenuTe TepMudeckuit KITJT upkna. 0= 'le + QZJI , 0= |Q31| .
< Omeem ) n=341%. ( Omeem ) n=133%.
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T e
‘ 2;]%?@;’ Pabotuee Teno — uieansHbIl ra3 — TEILIOBOTO ABUIaTelld COBEpILiaeT
g idd

LMK, COCTOSLIMH 113 MOCTIEN0BATENbHEIX HPOLIECCOB H306apHOro
aguabaTHOTO U H3oTepMHdeckoro. B pesynsrare u3obapHOro npomuecca ras Harpe-

Baetcsa 01 1) =300 K go 7, = 600 K. Onpenenure repmuueckuii KITJT tenmosoro
ABUTATEIA

Mano Pewenue
T, =300 K
t ) PA
=600 [ .
Ty K B
n—2
77:Ql—Qz:Qu—Qal
o Qn
}73 ______________
h oL
T
d@=0 Ty =Ty
1+ 2 1+ 2
v=—", T =T, 0 =VC,R(T; -T))=v——R(I, - T)),
L
V. -1 T
Oy, =vRT 03 = vRT 10312 - yRT 1n [I%Jy 2
h nh 4 n

1+2

X e
T, \y-1 2 [+ 2
=vRT| ln[—zj e vRT, 1n[—]:2-J = yRT| e lni
T T 2 7

3

n-1

Asot Maccoit 500 1, HaxopsmMiics oy nasneHueM p =1 Mlla npu
Temneparype ¢, =127 °C, noseprin M30TepMUYecKOMY paclliipe HHIO,

B pesynbTaTe KOTOPOTO JaBjieHHe Ta3a YMEHBIMIIOCh B =3 pa3sa. [locne 3Toro ras
[OJBEpITIH aguabaTHOMY CKaTHIO OO0 Ha4aJbHOTO faBeHUSA, a 3aTeM OH ObLT H30-
6apHO cXaT 10 HavaneHoTo 06seMa. [TocTpoiite rpaduk 1mkIa u onpejenure pabo-
TYy. COBEPLIEHHY!O I'a30oM 3a LIAKIL.

( Omesem ) A=-115 xJIx.

W peansHelf ras, copeparonHil ikt Kapro, 70% xonuuecrsa Ten-
TOTHL, IIOTY4eHHOTO OT HarpeBaTeNs, OTAAET XOMOMIILHHKY. Konuve-
CTBO TEILUIOTHI, OMY9aeMO€ OT Harpesareis, pasHo 5 k/[x. Ompexennre: 1) TepMu-
veckuit KITJ{ muxna; 2) paboty, COBEPIIEHHYIO HPU IIOHOM LHKIIE,

Hano Pewerniue
.0, =0,7Q, _i_Ql_Q2
O=5Sx=5 100 | & @
| A=
1y —o no
2) 4 —9
( Omsem )1)1;:30%; 2) A=15 xlx.

S— —

) WneanvHeri ras copepmaet Ukl KapHo. a3 momy4un or Harpepare-
Ji KONMYECTBO TEIIOTH 5,5 kJhx 1 copeprumn pabory 1,1 x/Ix. Onpe-
Aenure: 1) tepmudeckuit KITJ{ umkia; 2) oTHOMEHHE TeMIIEpaTyp HarpeBaresis U
XOJOAMWIbHHKA.

Omeem T
1) n=20%; 2) F’=1,25.

2

( Omeem ) =30,7%.
Omee n=30,7
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) MuoroaroMHLIR MAeaNbHEIH ra3 coBepluaeT uuki KapHo, pu 310M B
. Iporecce aauabaTHOTo pacHMpeHHs ofbeM ra3a yBeMruUBAETCS B
I = 4 pa3a. Onpepenmte Tepmuaeckmit KIT)T muxna.

Hpeansreti ras cosepmaer mut Kapuo, repmmraeckmit KITJ{ KOTOpO-
ro paset 0,4. Onpenenure paboTy H30TEPMEYECKOrO CKATHS Ia3a, eCly
paboTa H30TepMHEIECKOIO pacIIMpeHns coctasiuseT 400 [[x.

Hano Pewenue Peweriue
7]=0,4 ”=L4_=Q1-Q2 pA 1 PA ]
A, =400 JIx 9 @ i
—_— 1
A=A+ Ay, .
A34 — 9 12 34 i
]
Aip + A4 =04, !
|
A3y =(n-1)4;. '
0 - -1 :
T~
14 ; 0 ” 7
( Omeem ) 4, =240 nx.
—— , [i=6] | y=133]

I [ncamsibiit ra3 cosepmaer maior Kapro. Temnepatypa Harpesarens
7, =500 K, xonopmmenmka T, =300 K. PaGora m3oTepmuueckoro

paclinpeHuA ra3a cocrapiser 2 kJ[x. Oupenenure: 1) Tepmugecknit KITJ[ ipkna;
2) KOJECTBO TEIVIOTHL, OTAAHHOE [a30M TIPH H30TEPMUYECKOM CHKATHH XONOMHILHHKY.

Jano Pewenue

Ti =300 K _8-0 _%-% ?A '

7. =300 K = F7) - T, ’ Bo ckosbk0 pa3 HEOGXOMMMO YBENTMYUTE 00beM (¥ = 5 MONb) HAEANb-

2 HOTO rasa IPU M30TEPMUYECKOM PACIIHPEHHH, €C/IH eF0 IHTPONHA
Ap=2¥k=2-10%x | 0, T, — ynennqmacsﬂaAS 57,6 Tw/K?

T T Ql = Alz
— & 1
Hn—2 r [ Omeem ) As
2) 0y —7? O = —Alsz n=eR =4,
L 1

( Omeaem )1)r,=40%; 2) 0, =1,2 x]lx.
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Ipu HarpeBaHMH ABYXaTOMHOTO MAEANBHOTO rasa (¥ =2 MOINB) erg
TepMOJMHAMHYeCKasd TeMIlepaTypa yBeIHdWiack B 1= 2 pasa. Onpe-
JeTUTe H3IMEHEeHHe DHTPOITHH, eCJIH HarpeBaHHe NPOHCXOAHT: 1) H30X0pHO; 2) H3o-
6apHo.

Aot Maccoif 28 r agua6aTHO paciuMpiId B n= 2 pasa, a 3aTeM H30-
fapHO cxalu 40 HayajipHOro obbeMa. OnpenesiuTe H3MEHEHUE SHT-
foIIHY ra3a B XoJe yKa3aHHBIX MPOIIECCOB.

= Mano Pewerniue
Mano Pewenue
28-107 xr/mons PA 7
i=3 ; =28 r=28 107 kr "™~
V=2 MOIb V=const| dQ=vC,dT, Cy =§R =3 !
!
! Z '
n=—-=2 T. *_:_2 ) 1
. : 2 dr T !
! as= [ £ 9_rt,c L =Gy In- 2 £ !
1) ¥ = const T ; i S — ]
2) p=const hs o ! .
2 3 72
AS,=v—2-Rln-]T—v—Rlnn, ' !
aS —7 ' 40 i v
AS, —? BS = AS), + AS,;, AS), = _Tz_
- 1
p = const dQ=vC, dT c,= 2R,
2 an2=0’ AS, =0,
2 T, T
dQ dT T mCpdl m  ¢dT m T
AS, = \— Cp —=v(C, In-> = _.._.__...___.._C —=—C. =2,
i o , P = M P-[ T M7? T,
1 A
2 i+ 2
ASy = l+ Rin ——: LRlnn. 'p = const —E’-:&:—Vl—:l—
o2 : L ¥, ¥ on
( Omsem )1y as =288 Juwk; 2) AS, =403 Jiw/K i+2 miv2 1
) AS, =288 TwK;  2) AS, =403 Jlw/K. C,=—-R, AS =ASy, = — L= pin—.
t. 2 M 2 n
kOmeem ) ==
WneansHsifl a3 (v =2 Mons) cHayaia U300apHO Harpei, Tak 4To AS =-202 Tw/K.
-1_: S— — — mcmeme——

00BbeM rasa yBeNHdIWICS B 1y = 2 pa3a, a 3aTeM W30XOPHO OXJIaIIH,

TaK 4YTO JABJICHHEC €I'0 YMEHBIIWIOCE B #1 = 2 pa3sa. OHPEIIEJ'IHTE NpAPaNICHAC 3HT-
pONHH B XOJ¢ yKa3aHHBIX MPOLIECCOB.

( Omeem >AS=11,5 Iox/K.
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H3menenue snmponuu npu pasnosecrom nepexode
u3 cocmoanun 1 e cocmoanue 2

dQ (dU+d4
ASi 2 =8,=5 = -
[
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2.3. Peaqibuble ra3sl, ;)KHAKOCTH
H TBepiblie Teja

Kucnopon (v =10 Mons) HaxofuTCcA B cocyle obfbeMoM ¥ =5 1. On-
penenute: 1) BHyTPEeHHee JaBAEHHUE ra3a; 2) COGCTBEHHBIN 06beM MO-
nexyin. [lonpaBku g ¥ b NpUHATE paBHEIMH cooTBeTCTBeHHO 0,136 H * MY/Monp® ‘"
3,17 - 107% M’ /Mo,

Hano Pewernue
=10 monse
- = o vza
V=51=5-10"m pvz_z_, vb=4y"
a=0,136 H- M/monp? 4

b=317-10" M/monb y vb

4
( Omeem ) 1) p' =544 I1a; 2) V' =793 c’.

1) p—2
)V —9

YrekHCIibIi ra3 Maccoi 2,2 Kr HaxoAHTCA npy TeMneparype 290 K B
». cocyne BMecTMOCTRIO 30 1. OnpenenuTe sasieHue rasa, eciu: 1) ras
peanbHbIi; 2) ra3 HAeIbHbIN, [Tonpasku a ¥ b MPUMUTE PABHEIMH COOTBETCTREHHO
£0,361 H - M*/mone? u 4,28 + 10~ M*/mons.

{ Omeem ) 1) p =332 MLy,
v‘;

InotHocts asota p = 140 kr/M, ero namenue p =10 MITa. Onpegem-
Te TEMIIEPATYpy rasa, eCIH: 1) ras peanbHeIif; 2) ra3s upeansusii. [lonpas-
KM a 1 b IpHMETE PaBHBIMH COOTBETCTBEHHO 0,135 H - M*/™Mons? 1 3,86 - 107 M*/Mons.

( Omeem ) 1) ;=260 K; 2)T,=241K.

2) p, =4,02 MIla.

AHATH3BPYs ypapHEHHE COCTOSHHA PeallbHBIX [a308, ONpeNeuTe Be-
JHYHHB] TOTIPaBOK @ U b uis azota. Kputideckue nanesne ¥ TeMne-
paIypa a30Ta COOTBETCTBEHHO paBHBI 3,39 MIla u 126 K.

EE‘ Hano Pewenue
Yrnexucsli ra3 Maccoi 6,6 xr npu sasnersm 0,1 MITa 3auumaer o6bem %TK =126 K 2
3,75 m’. OnpenenuTe TeMIEPaTypy rasa, eciu: 1) ra3 peanbHelii; 2) ra3 » _ ( p+ v_;’)([/ - vb) =wRT
wpeansHEt, [lonpasky a i b NPUMHTe PABHEIMH COOTBETCTBEHHO 0,361 H - m'/Mons?  Px = 3,39 Mlla= v ’
u 4,28 - 107 M3 /mons. =3,39-10%I1a s , \
pV° ~(vRT + pvbWV~ +v°aV —v’ab=0,
Aano Pewenue a—7 Vi, V3, V3 — XopHH ypaBHeHwus,
b —9
- -3 -
M =44. 107 xr/moms p+l’_2.a_ (K_ ):RT 'V=1 P= P> T=TK9V1:V2=V3=VK pK(V*VK)3:05
m= 6,6 Kr V2 v 5 M ) 3 5 5 =
p=01 MIla=10°Ia =3pV VP +3p VIV - p Vi =0,
V=375 a0 M( ma J( m ) V? - (VRT + pvbWW? +v2aV ~v’ab=0, 3pV,=vRT,+ pvb,
P+r—Va3
a=0,361 H- m'/monp? MYV M m v
’ Ii= , PV=E—RL, 3,y 2 Vi=ylab, X=vb, 3p -(ubY=va. a=2Tphb’
b=428-10" whioms mR M Pl =V P 3 per=va, P
22
BszV' 3pkl3vb=VR]:(+pKVbs SPKVb='VRTKy bzﬂ, a=_27_13.£(_.
DL —7 mR &p, 64 p,
)T, —? Omeem 1) T=302K; 2)T,=301K, ( Omeem ) a=0,136 H-mmoms%,  b=3,86-10" M/mos.

— —
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L0y

Kucnopon maccoii 100 r paciaupsiercs ot 06pema 5 1 10 06bema 10 11,
Onmnpenenure paboTy MEKXMOIEKYIAPHBIX CHJI NPUTAXKEHUS TIPU 3TOM

pacumpenun IMonpasky a npumute pasoii 0,136 H - M*/Mons?.

YrirexkucIibiii ra3 maccoi 88 r3anuMaer npu remneparype 290K o6bem
1000 cm®. OnpezenuTe BHYTPEHHIOW IHEPIHIO Ta3a, eciIu: 1) ra3 une-

‘anbHbIH; 2) ra3 peansHeii. [TonpasKy a npumute pasro#t 0,361 H  m%/Moms?.

Hano Pewerue
_ -3 2 m 2
M =32 10" xr/Mons p+1’__261 (___ )=RT, y=— dA=l—2€dV,
m=100 r=0,1 xr 14 M
V,=51=5-10%
vy oMt (11
Vy=10 1= 107 M A= Im—a—=m—a(———J'
M2 oME\R 1,

a=0,136 H- m*/mons?

4 =7

( Omeem ) .=133 nx.

Hexoropmit ra3 (v = 0,25 kmoib) 3anuMaer o6beM V) =1 M Ilpu

pacmupeHny raza go obvema V¥, =1,2 M® Gpuia coBepmena pabora

NpPOTHB CHJI MEXMOJIEKYASPHOTO NPHTAKEHUA, paBHas 1,42 k/x. Onpenenure no-
NpaBKy a, BXOJALIYIO B ypaBHeHUE Ban-aep-Baanrca.

( Omeem ’ a=0,136 H- M*/moms?,

R —

Asor (v =3 Monb) pacluHpseTca B BAKYYM, B pe3yNbTare 4ero ofeem

ra3a yBenuduBaerc or ¥} =1 110 V5 =5 n. Kaxoe xomudecTBo Ten-

70Tel O HEoBXoaUMO COOBIIUTE ra3y, YTo6Hl ero TeMIepaTypa OCTalach HEM3MEH-

Hoii? [lonpasky a npuMurte pasuo# 0,135 H - m*/monp?.

Hano

Pewerniue

v =3 MOIb
Fi=11=10"
V=53 n=5-10° M

a=0,135 H: m*/Mons?

o —?

2
v-a
d@=dU+dd, d=p'dV=—zdr,

via 2 {1 1)

= {—dV =v’a| ———|.
0 [;[Vz (V, v,

1

‘ Omeem > Q=972 Iix.

Marno Pewernue
m=88 r=88-107 kr m .
M=44 10" koivoms. | 01T 37 9T Cr =3k,
T=290 K
¥ =1000 cm* =103 »? Uz_ﬂ(c,,r-—“—], Vm=K=ﬂV,
a=0.361 H- m*Mons? M Va v.om
i=6 2
m a

Gty
U —?
2) U2 _?

‘ Omeem ’ 1) Uy=14,5 klix;  2) U, =13 xJIx.

————

\

Kucnopon (v =2 monb) 3a5MMaeT o6beM ¥; =1 1. Onpenenute wime-
HEHHE TeMmepaTypel KUCAOPONa, eCA OH aJuabaTHO pacimupsercs B

BaKyyM 110 o6vema ¥, =10 n. IonpaBky a npuMure pasHoi 0,136 H - M*/mors?.

Hano Pewenue
i=5 Q=AU+4, | 0=0, A=0| AU=U,-U,;=0,
v =2 MOIb
v =10 3 143 av av
H=1n=10"m Uy =0y, U1=V(CV7;"7]’ U2=V(CVT2_7J’
V,=10 1= 10238 ! ?
Q=0 av av 1 1
Ghi-5r=Gh=-17, L-f=-2r o),

a=0,136 H- m*mons? 1 V2 G\nh n
L-T, —9 Tz'”ﬂ—‘ggv‘(i‘iJ

R\V, 7,
(Omsem ) T,-T,=-118 K.
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B Asor (v = 2 Momb) axuabaTHO paCUIMpsETCs B BakyyM. TeMnepatypa
rasa npy sToM yMeHsmaetcs Ha 1 K. Onpenenure paGoty, coepimae-
MY10 ra30M OPOTHB MEXMONEKYAPHEIX CHII NIPUTSHKEHHS.

’

Jano Pewienue
v =2 Monb Q=AU+A4, erOI |A=0|
i=5 —_
AU=U,-U, =0, |U =U
AT=-1K 2 _
) » .
4 —? UI=V(CV71*“V]—)’ U2=V(CVT2——[;2—),
2
avl 1 1 1 C, AT , Va
=h=-f=-—|—=—|, -—=- , dd=p'dv, p ,
AT=P-h CV(V, VZJ vV, v P 2
Omeem
2 1 1 vi
Al= I""—z'dV—- za('—"—' =-VATCV ="'—RAT.
v £! A4 =831 Ik,

Kucnopon ( v =1 Monb) (peanbHEIi ra3), 3aHUMABUIMIA IPY 7,=400 K

o6beM ¥, =1 n, pacumpseTca H3OTEPMUYECKH 10 ¥, = 2V . Onpene-

nue: 1) paboTy NpH paciMpeHuy; 2) H3MEHEHHE BHYTpeHHeli sHeprun rasa. [lonpas-
kit a ¥ b npuMuTe paBHEIMH cooTBeTCTBEHHO 0,136 H - MY/Moms’ 13,17 - 107 M%/Mons.

Hano Pewenue
y=1 Monb v2a BT va
T = 400 K = const (P‘*FJ(V—vb):vRT, p= _va
V,=1a=10"w "
Vz_Vb
Vy=2W, A=VjpdV_vanVl_v N
a=0,136 H- M/Mons’ ! o N
b=317-10"° M*/monb U= V(CVT—_I}:) , U, = V(CVT_E.] ’
1 1
1) 4—7 AU=U2—U1=W2(7—7J_
2) AU —? A
Omeem ) 1) 4=229 xllx;  2) AU =68 xllx.

Moxaxute, 9o 3dPekr Txoyns — Tomcona Gynet Bceraa oTpuua-
TENBHBIM, €CIIH APOCCENMPYETCS ras3, UL KOTOPOro CHIaMU NPHTSKe-
HHA MOJIEKYJl MOXHO NpeHe6peds.

e

[ Hano Pewenue
a=0

U+ p=Uy+ pyly,

(L-1)>0—7?

: ) ,

. av ay

c:U =vC, T} ———, U =VCT——,
at vi Ty 2 ST
ta=0| U =vC, T, Uy, =vCy Ty,

2
(p +;—f)(V2 ~vb)=vRT;

2
{m%}(rfl —vb) = vRT;
} 2

! 1
m PV =vRT + pvb,
.CVTi +VRT + pvb=vCy T, + VRT, + pyvb,
¢ T (Cy + R)+ pvb=vT,(Cy, + R)+ pavb,
\ ?:z =T)v(ey + Ry=vb(p, - ps),

P2 =vRT, + pyvb,

%_le b(Pl—Pz)’
C,+R

P22 Py (L,-T1)>0.

Omeem (I, -T)> 0, apdext Ixoyns — ToMCOHa OTPULATETBHEIHA.

Ioxaxwurte, yto 3ddext Ixoynas — Tomcona Gyner Bcerna mogoxH-
TeJIBHBIM, €CAY APOCCEIHPYETCA ra3, I KOTOPOro MOXHO Ipened-
peds COGCTBEHHBIM 00BEMOM MOJIEKYIL

( Omeem ) [1 1)
2| ———
_\n h

<0 (V2 >> 1)
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HpPI ONpeRCICHUH CHIBI MOBEPXHOCTHOIO HATAXKCHUS KallelIbHbIy
METOAOM YHCIIO Kallelb INMUIEPHHA, BRITEKAOMICIO M3 KalliLIIpa, €o-

crapater n= 50. O6mas Macca muliepuHa m =1 T, a AuaMeTp eHKH KaIlTi B Mo-
MeHT otphiBa d =1 MM. OnpenemiTe NOBEPXHOCTHOE HATsXeHue ¢ DIHIEpUHA

JIBe Karuid BoZb! paJHycoM 7 =1 MM Kaxnas CIHIICh B OQHY 60mb-
1ryto kawno. CyuTas npoliecc H30TEpMUYECKHMM, ONPERENIHTE YMEHD-
jgeHle IOBEpXHOCTHOH SHEPTHH NPH 3TOM CINAHUH, €CJTH IOBEPXHOCTHOE HATsDKe-

bue ol 0 = 73 MH/M.

F
Hano Pewenue Hano Pewenue
n=350 F . =1 MmM=102Mm o = const ,
m=1r1=107«r o= F=—g, I=ad, =73 MH/M=
d=1mm=10"u ¢ =73-10°H/m S, = 4mr?, W=,
—_— mg
o —2 "= md ( Omsem ) o=625 mHim. 8 4
md ' Omeem Wy=—ar’, V==aR,
3 3
Onpepermite pajuyc R Kariu CIIMpTa, BHITEKAKOIIEH U3 Y3KOH BepTHKaIL- ¥ — W, = Emﬁ , R=Y2-r, S = 4nR* = 473f4 - 12,
3

Ho#t Tpy6xu pazuycoM # = 1 M. CuuTaiite, Y10 B MOMEHT OTPBIBA KAILIs
chepuueckas, [ToBepXHOCTHOE HaTKEHHe cUpTa O =22 MH/M, a ero IioTHoCT:
£ =08 r/lem’.

( Omeem )R=1,61 MM.

Cunras npoliecc 06pa3oBaHMA MBUIBHOTO My3LIPS H30TEPMUYECKHM,

onpenenure paboTy A, KOTOPYIO HaI0 COBEPIIUTE, YTOOI YBEIHUUTH
ero pasmep ¢ d; =6 MM 10 d, = 60 MM. TIOBEPXHOCTHO® HATKEHHE MBUILHOIO
pacTBopa npuMHTe paBHbIM 40 MH/M.

=2Sn—S=8ﬂr2—4ﬂW-r2 =4nr2(2—W),

E&E=oAS=a-4nr%2—%/Z).

AE =378 n]lx.

\ JlaBnieHue BO3ayxa BHYTpH MBUIBHOTO my3bips Ha Ap = 200 Tla 6071b-

me atMocgeproro. Ompenenure auameTp d my3sips. [ToBepXHOCT-
R0e HaTsKeHHe MBUIBHOTO pacTBopa ¢ = 40 MH/M.

Hano Pewerue =

T = const Az Mano Pewernue
d=6Mm=6-10°m |0=70r AE=d,  AS=25,-25, Ap =200 TTa pp=2.2 80

- =610 = =4-1072 Uy a4
dy=60MM=6107"M S2=er22, S1=er12, o=40 MHM=4-102H/™ ¥
=40 MHM=4"-102H/M , 8o
R T=comst | o=const, 4=0 2m(d; -d?). d —? d=-A;-
A—7

( Omeem ) 4=389 wxlx. ‘ Omeem ) d=16 MM
7 CoopHk 3a4a' 193



BoamymHeti my3sipek JuametpoM d = 0,02 MM HaXOAUTCS Ha Ty 6y-
He h=25 cMmmop NIOBEPXHOCTRIO Bogbl. Onpenenure AaBieHye Bo3-
RyXa B 3TOM IIy3BIpbKe. ATMOChEpHOE naBeHNe MPUMUTE HOPMATLHBIM. ITosepx-
HOCTHOE HaTsXkeHUe Bous! 0 =73 MH/M, a ee miiotHOCTs p=1 r/eM?.

Mano Pewenue
d= =2-10°
0302 MM=2-10" M p=p0+pl+Ap, pl=pgh’
h=25 cmM=0,25Mm 2 4
g 1

_ . 5 =—= —
Py =1,01-10° Tla Ap=—"=—,
=173 MHM=

= 73-10° H/™

40
p=po+pgh+—d—.
p=1 riemM® = 10° xr/v’

Karmwuistp, BHyTpeHHMI pajuy ¢ kotoporo 0,5 MM, OITylIeH B XXHUIKOCTb.
Onpegenure Maccy KHAKOCTH, NOAHABIICHCS B KANMMILIAPE, €CIH ee
JoBepxHOCTHOE HAaTsKeHHE paBHO 60 MH/M.

Hano Pewenue
b= 05 MM=5-10%M P=F, P=mg,
b= 60 MH/M=6-102H/M

F=dl, 1=2nr,
_2zro
g

Omeem ) m=192-10" xr

( Omeem ) p=118 Kla.

PTyTs Maccofi 3 r nomermeHa MeXxay 1BYMSA NapasulebHEIMHE CTEKIIAH-
HBIMH IUIaCTHHKaMu. ONpeneNnyTe CITy, KOTOpYI0 HeOGXOIUMO IPHITO-
*HTh, YTOOBI PaCIUTFOLHUTE KAILTO 10 TONHHE d = 0,1 MM. PryTs cTexu1o He cMayu-

pP—?

BaeT. [LIOTHOCTE pryTH o =13,6 I/cM’, a ee IoBepxHOCTHOE HaTsKeHUe ¢ = 0,5 H/m.

( Omesem ) F=22 H.

BepTukanbHBIA CTEINIAHHEIH KaWUIAp HOTPYKEH B BOLY. Ompenenu-
Te pajadyC KPHBH3HbI MEHHCKa, €CIIM BRICOTA CTONGa BOXBI B TpyGKe

k=20 MM. ILnotHOCTE BOmEl o =1 r/cM?, NIOBEPXHOCTHOE HaTsxkeHne 0 = 73 MH/M.

——

B crexnauHOM kamwuispe puaMeTpoM d =100 MrM BOza NoxHHMa-
ercs Ha BeICOTY A =30 cM. Onpenenure NoBEPXHOCTHOE HATAKEHKE O
BOZIBI, eC/H e€ IIOTHOCT: P =1 r/cM.

Harno Pewenue

=1 kM =10"M
;;11_3((;0 M_03 h=20005ﬁ, 5=0 cosH =1,
=30 cM=0,50M I2:44

p=1 r/em® = 10° kr/m’
t—‘—‘_‘ pgrh d pghd

. g = ==, r=-—, =

o —9 2 2 4

y( Omeem ) o =736 MH/M.
{

'

Hano

h=20MmM=2-107M

Pewenue

20 cost 20
=1 3= 103 3 h=—u, 9=0})]costt=1 R="
P r/em® = 10° kr/m pgR I l L j pgh
o=173 MHM=
=73-107° H/™m
N ( Omsem ) R=744 rm.

*.........................................
Ilosepxnocmnoe namaxcenue
o=F/l o=AE/AS,
roe F'— cwla NOBEPXHOCTHOIO HaTsukeHus, neACTBYIOWAsA Ha KOHTYp /, OTpaHu4H-

WIH

BAIOLIMIA MOBEPXHOCTh XUAKOCTH; AE — IOBEpXHOCTHAsA SHEprus, CBI3aHHAs C
wiow@anbilo AS MOBEpXHOCTH ILIEHKH.

7 195



HInpoxoe xoneno U-06pazHOro MaHOMETa HMeeT IuameTp d, = 2 M,

y3xoe — d, =1 mM. Onpenenure pasHocTs Ak ypoBreii pTyTu B 060-
HX KONIEHAX, €CIIA NOBEPXHOCTHOE HATshKEHME PTYTH 0 = 0,5 H/M, moTHOCTS pTy 1

p =13,6 r/cM?, a kpaesoit yron & =138° .

Omnpenenvite HauMEHbLIIEe PACCTOAHME MEXKIY 1IeHTPaMU HOHOB Ha-
TpuA ¥ XJ0pa B kpucrannax NaCl (ase opuHaKoBbI€ IPaHELEHTPUPO-
BaHHEIE KyOudeckue peneTky, BIOKEHHBIE OOHA B Apyryio). [lnoTHOCTE noBapen-

HOM conu p = 2,2 r/cm’,

- ano Pewienue
Hano Pewenue A
\ p= 2,2 rlem’ = , Vo= M
dl:2 MM=2-103m hl= 20 cos B =2,2'103KF/M1 Vm~2NAI/]’ m'—p >
_ =10- n
dy=1 MM=103 M P8&h M =58,5-10" kr/mons Y
0':0,5 H/v 20’0051? V|=a3, a=3
3 ho= _9 2N 4p
p=13,6 rler® = pPEN a—"71
. = 135,;6 - 10° kr/M? ) g d ‘ Omeem ' a=0,28 mM.
= ° =7, Fy=—-,
13 =7 75
Ah — 9 Ah = lh 2' - lh 1] » Hcnonsays 3akol Jirononra u [1TH, onpenenure yaelbHYO TEILTOEM-
KocTh; 1) HaTpus; 2) AMOMMHUA,
A= 40 cosﬁ(_}__i] '
pg dy, d Hano Pewiennue
( Omeem ) Ah=5,6 mm. 1) My, =23-10" xr/moms c,
5 G =, Cl, =3R N
2) My, =27-107 xr/mons M
H3o6pasure anemenTaphyio sqeliky HOHHOM KyGuueckoh 06beMHOIIeH- o = 3R .
TPHPOBAHHO peleTKH Xopucroro uesus (CsCl) u onpenenute COOT- 1) eyng —7? M
BETCTBYIOLIEE 3TOH pellreTke KOOPAUHAIHOHHOE YHCIIO. 2) cpa —?

‘ Omeem } KoopaunallmoHHOe 9HCI0 paBHO 8.

(( Omeem )1y ., =108 /e Ky, 2) o0, = 0,924 KI/(xr- K.

——

H306pasute sneMeHTapHYIO s4eiKy HOHHOH KybHdeckoit peLIeTKu
nosapennoi comi (NaCl) 1 onpenenute cooTBETCTBYIOMIEE ITOM pe-
IIETKE KOOPAHHALHOHHOE YHCIIO.

T —

[Tone3ysice 3axonom [rononra u ITTH, onpenendTe, BO CKOJIBKO pa3
yaenbHas TeIIoeMKOCTh xkeje3a Gonblle ynelbHON TEerI0eMKOCTH
30510Ta,

‘ Omeem . KoopauHansoHHOE YHCIO PABHO 6.

eerreeee—

( Omeem ) n=352.
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- JUts HarpeBaHuA MeTaiLTHYECKOTO Irapuka Maccoit 10 r o1 20 g0 50 °C

3aTPaTHIH KOMMIECTBO TEIUIOTH, paBHOe 62,8 [Tk IMone3yscey 3ako-
HoM [lrononra u [1Tu, onpenenure MaTepuall IIapuxa.

Hano Pewenue
m=10r=102xr —
t, =20 °C C, =3R, o =S
M

t2=50 DC

Q:ch(tZ_t])’ tz—t = At
Q=628 IIx : ’
R=2831 Ix/(Mons - K) Q=—‘j§mAt, M:M.

Q

3. D1eKTPUYeCTBO ¥ MATrHETH3M

3.1. DJeKTpocTATHKA

Cwiia rpaBHTALMOHHOTO IPHTKEBHA KBYX BOJASHBIX OMHHAK0BO 3api-
JKEHHBIX Kanenb pajuycamt 0,1 MM ypaBHOBEIIHMBAETCA KyJIOHOBCKOH
CHIOH oTTanxuBaHua. OnpeneiuTe 3apsaa Kanens [110THOCTH BoAB! paBHa 1 r/cm’.

< Omeem ) 0 =036 aKn.

M—7
‘ Omeem ’ M =0,119 xr/mons, onoso.

————

W3Menenue SHTponwH rmpy wiapieryH 1 Mo AbJA cocTaBwio 25 [Ix/K.
Ormpenenure, Ha CKONBKO M3MEHHTCS TEMIICpPATYpa IUTABIEHHS JIhaa

JlBa 3apsHkeHHBIX ITApHKA, TOXBEIIEHHBIX Ha HUTAX OJJMHAKOBOH JUIH-
HE, OITYCKAIOTCS B KEPOCHH IWIOTHOCTHIO 0,8 r/cm’. Kakoit noinkua 65ITH
IJIOTHOCTH MarepHalia IIapHKOB, YTOGH YTOI PacXOKNEHHA HUTEH B BO3LYXE U B

KepOcuHe 6bLT OXHMH 1 TOT Xe? J[H3IeKTpHdeckas IPOHUIIAEMOCTb KEPOCHHa € = 2.

TIpH yBENMEHMH BHEIIHETO Napnenus Ha 1 MIIa? I[TnoTaocts appa p; =09 r/em’
IUIOTHOCTB BOXHL py =1 r/em?, Hano Peuienue
p, =08 rieM=8-10krim’ | B
Hano Pewenue o F=mgigaf2,  F =(mg-Fy)tgaf2,
v=1 monp Ap L e=2 0
L _ AQ F= :
M=18-10"% xr/mons AT T(, -1’ A0=1, AS:T’ 0 Ameqrt
AS =25 JIw/K P —
2
Ap=1MIa=10°Tla | Vj=-2, v, =, m= v p-_2 F,=pJg N
1) K 2 b 1Y 3
£1=09 riem® = i P2 Ameeyr
= 9 10% kr/m® T vM wM
_ . AT:Z(V2—VI)AP=£r—_L : mg=pVg
P2 =1 rler® =10° kr/m® AS\p, p ’
AT —? AT=M(L_L) F__ K =P
AS \p, pJ)° mg mg—F, e-1

( Omeem ) AT =-0,08 K.

( Omeem ) p=16 riew.
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l B BEpIIHHAX PaBHOCTOPOHHEIO TPEYTONBHUKA HAXOAATCH OJHHAaKOBEI¢

nonoxuTenbHble 3apsaasl O = 2 HKI1. Kakoit oTpuiarebHbrii 3apan O,

HeOGX0MHMO [TOMECTHTE B HEHTP TPEYTroJbHUKA, YTOOR CHia IIPUTAXKEHHNS C €TI0 CTO-
POHBI YPaBHOBECHIA CHIIBI OTTATKMBaHHUS TIOJIOXKHUTEIILHBIX 3apﬂ11013?

AHano | Pewenue
Q=2 HKn=2-10"Kn F]+F2+F3=0,
2
Q] —7? Fi =F2: 1 Q—_’,
dme, re
F=-29_ 3 L =cosa,
dme R* 2R
202
F =2F cosa= 9 5 COsa 1:3=&2_=*Q%7.40052a, F=-F,
4rregr dmegR  Ameyr
F=-F, Q= Q . ‘ Omeem ’Q1=1,15 K,
2cosa

Ilza To9eHEIX 3apajga O =4 vKnu 0, = -2 HKJ1 HaxopATCS ApyT 0T
apyra Ha paccrosHum 60 cM. Omnpenenure HaﬁpﬂKEHHOCTX; fT :o;xnz
TogKe, Texalell MocepeuHe MEKIy 3apanamu. Hemy pasHa HaPKEHHOCTS,
BrOpoO# 3apAa TOOXKHTENBHBIA?

Hano Pewenue
Q‘=4H.KJ'I E1=E++E" Q1 E. El OQZ
E=E +E_, O’ ______ T
0, =2 5Kn 1 £
1=60 cM |
B = e (}/912—‘7 . R
ol//2) Y
k7 Lt 4-;;2 o
E, —? 1 lo) E
E_= PIRYE
4gre, 1/2)

fegelol-le). B=E-r=gslal-e).

4meg

COmeem) E = 0,6 xB/m; Ey =0,2 kB/m.

\ Caurmionrit mapyk ( o = 11,3 r/em’) mamerpoM 0,5 cM noMerneH B -

uepuH ( £ = 1,26 r/em*). Onpenenure 3apA/] IAPHKa, €C/TH B OTHOPOIHOM
STEXTPOCTATHHECKOM TIOJIE MIAPHK OKA32/ICA B3BEMICHHBIM B IHIIEPUHE. JileKTpocrary-
HECKOE NONTE HAIPARIIEHO BEPTHKAILHO BBEPX, U €10 HAIPSOKEHHOCT, £ = 4 KB/cM.

Hano Peuwierniue
p=113 rlem® =
= 11,3 10° ko F+F, =mg, F=QE,

d=05cM=5"103wm

4 (dy

4 21,26 r/ea’ = mg:p—n(;j g,
=1,26 - 10° xr/™® 3

E=4 xB/cM=4-10°B/m

0-T8p=p)
6E

( Omeem )Q=1,61 K1,

Q-7

S
——

JIEM C TEKT-
B\ OnpenenuTe HANPHKEHHOCT 10711, CO3aBAEMOT0 JIATIO
pUYECKHM MOMEHTOM P = 1 uKu1* M Ha pacCTOSHMH 7 = 25 CM OT LICH-

Tpa AUIONA B HanpaBJICHHUH, NepHeHANKY/BIpHOM OCH JHUINONA.

Hano
=1 uKn-mM=10"Ka-m 1 9 ! Q,
P E,=E= 4re ) 4meg r?
r=25cmM=0,25M 0 (rz

Pewterue

EA—_? l

Ba_ &
0 D
~—— E. ¥ 4

1o s
_4.7160 r3 4'7180 r3

L g,
r




Onpenenme HaNpsXKEHHOCTD 3JIEKTPOCTATHYIECKOTO 11071 B TOYKE A,

PacrioIoxeHHOH BAOJIb IPAMOH, coeauHsomesi 3apaas ) =10 aka

u () = -8 HKn ¥ HaxopsmIeHca Ha pacCTOAHMH 7 = 8 CM OT OTPHIIATENLHOTO 3aps-
na. Paccrosnue Mexay sapagamu [ =20 oum.

Omnpenenure 10Tok ®; BEKTOPa HATIPHKEHHOCTH MIEKTPOCTATHYLC-

KOTO I10J151 9epe3 cepHaecKyIO NIOBEPXHOCTh, OXBATBIBAIOLIYIO TOHRY-
nele 3apagel Q) =5 HKnu O, = -2 uKn.

( Omeem )¢E=339 B M.

Hano Pewenue
0 =10 nKn=10*Kn  |D) E=E/+Ey, ) o, 0, Paccrosuue [ Mexy 3apgaamu O = +2 uKn pasHo 20 cM. Onipene-
0, =-8 uKn=-8-10°Kn | E=E2 - Ey, o--- I - _"‘__. NUTE HATIPSOKEHHOCTH £ MO, CO3J]aHHOIO 3TUMH 3apsaaMH B TOUKE,
A

r=8 cM=8- 107 m lQ1 ' E HaxoJAIIeics Ha pacCTOAHMH 7 =15 cM ornepsoro u 7 =10 cM 0T BTOpOro 3apsza.
1=20 cm=0,2m "ameg4r)?’ 2 0, ;e 2

_— Q----- ) ( Omeem ) E =214 xB/M.

E —? ’Qz' A E

Ey=—""=.
4meqr
I Qll IQ | B BeplnMHAax KBaapaTa cO CTOPOHOH 5 CM HAXOMATCH OAMHAKORBIE NOJ10-
D) E=E+E,, E=E+E, E=—"1— = e sapstsl Q=2 Hor. Onpeenime HalPMKEHHOCTS JeKT-
srteg(l—7) Aneyr KHUTENbHbIE 3apsib :

( Omeem )1) E=101 xB/™; 2) E=175 kB/m.

Ha Hexo1opoM paccTosHu# 0T GecKOHEUHOH pPaBHOMEPHO 3apMKeH-

HOM IUIOCKOCTH C NOBEPXHOCTHOM IIOTHOCTEIO 0 = 0,1 HKi/cM? pac-
T0JI02k€Ha KpyIJlad IUacTHHKA. [LT0CKOCTD [UIACTHHKY COCTABAAET ¢ NHAMAMY Ha-

npsxeHHocTH yron 30°. Onpenenure notok $; BEKTOpa HATPSXKEHHOCTH Yepes
3Ty IUIaCTHHKY, €CJTH €€ pajiyc r paBeH 15 cM.

Harno Pewienue
o =0,1 uKn/cm? & = ES cosa, E:f_, S=Jtr2,
£
=30° 0
ﬁ +0
r=015m <I>E=21m2 cosa "

e=1 £0

S, B
“hp— i
Qp 7 Omeem .
O =346 kB M. > o

POCTATHHYECKOTO OJIA: 1) B LIEHTPE KBAJpaTa; 2) B CepeTHHE OTHOIM M3 CTOPOH KBa/IpaTa.

Harno Pewenue
a=5cmM=5-10%m
Q=2 uKn=2-10"Ka
1) £ —7? ) E=0,
2) E, —7 2) E, =2E cosa,
E= 9 -2

2~ 2>
dme,| ot + S7Eqa
0 4

2 g =22

a
COSQ = —prmmmmeme =
[, & 5
a“+ —
4
( Omeem ) 1y -o;

240
Smeoa2 Vs 5\/§n£0a2 '

2) E, =103 kB/m.

g.
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Konbuo panuycoM r =5 cM U3 TOHKOI IPOBONIOKH PaBHOMEPHO 3aps-
KEHO ¢ NHHEHHOA MnoTHOCTEI0 T =14 uKa/M. Onpenemvre nanps-
XKEHHOCTB NONA HA OCH, NPOXOALIECH Ye€PE3 LEHTP KONBLA, B TOUKE, yAaJeHHOH Ha
paccrosHuM @ =10 cM OT HeHTpa Konbua.

ITox AefCTBHEM SIEKTPOCTATHIECKOTO MO PABHOMEPHO 3apKEHHOH
feckoHeqHOM [UIOCKOCTH TogeqHpIi 3apsa O =1 HKn nepemectuics

Bl#OIIB CHUIOBO# JTHHMM Ha paccTosaue 7 =1 CM; IpH 3TOM coBepieHa pa6ota 5 MkJDk.
OnpeznenuTe nOBEPXHOCTHYIO IVIOTHOCTH 3apAJa Ha IUIOCKOCTH.

Hano

Pewernue

( Omsem ) 0 =885 MKK/ML.

r=5cM=5-10"m

=14 uK/m=
=1,4-10*Kn/m

a=10 cM=0.1 M

E, —?
_ _ d d
Q_de_r-an, dE = Q2= % , dE, =dE cosa,
e R’ 4mega? + 1
a adQ
cosa =— dE, = ———% - ; =
2 ' @ dE, = dE sina , ZdE;_—O.

Q

Ey=Y 5= |

0

( Omgem ) g, -283 wBm.

Onpegenure 110BEPXHOCTHYIO IVIOTHOCTH 3apAna, CO3AaIomero Boy-
34 NOBEPXHOCTH 3eMIIN HanpsxkeHHOCTs £ = 200 B/Mm.

adQ :

4.7[{:‘0(612 T i -

2mrar

4][80(02 + r2)3/2 .

Harno Petuenue
E =200 B/y .
e=1 E=a, o=¢g,kE.
g —7?

‘ Omeem , o =177 KM

3HCKIPOCT3TH'-ICCKOC Hoje CO34acTCA ABYMA 6eCKOHEIHBIMH Hapall-
JIENBHBIMH IVTOCKOCTAMH, 3apKEHHBIMH PaBHOMEPHO OJfHOMMCHHBI-

MH 3apSIaMH C TIOBEPXHOCTHOH IUIOTHOCTHIO COOTBETCTBEHHO O =2 HKn/M? 1

0, =4 uKn/M?. OnpeenuTe HanpsKEHROCTS HEKTPOCTATUIECKOTo Hois: 1) Mex-

Iy TUIOCKOCTAME; 2) 3a NpexeiaMH miockocteft. Iloctpoiite rpaduk H3sMeHEHHS
HaNpPsOKEHHOCTH BJOJB TMHHH, EPIEHANKYIIAPHO IO CKOCTAM.

( Omeem )1)113 Biv; 2) 339 B/m.

OcHoeHble uzuneckue nocmoaHHsle
DneMeHTapHLIA 3apan e = 1,6-107"° Kn
Macca nokosi anextpona m, = 9,11-107! xr
YnensHetit 3apsf NEKTPOHA e/ m, =1,76-10"" Kwxr

DneKTpuYeckas NOCTOSHHAA £, = 8,85-107'% ®/m

1/(4meg)=9-10° WO

MaruuTHas NOCTOSHHAS Mg = 47 - 1077 Tu/m




SJTCI(TPOCTaTH'-]eCKOC 1none cos3paercs ABYMA becKOHEUHBIMU Hapai-
JNEABHBI MUY IUTOCKOCTAMH, 3apKEHHBIMHU PABHOMEPHO Pa3HOUMEHHEI -

MH 3apA1aMH C IOBEPXHOCTHOH IIOTHOCTBIO 0y =1 HKI/M? 1 0, =2 KM On-

PENENUTE HATIPAXKEHHOCTh SNEKTPOCTATHIECKOro Mos: 1) MEeX ]y ILIOCKOCTAMH,
2) 3a pesieNtaMy TWIOCKOCTeiH, Hoctpoitte rpadux n3menenus HanpsSKEHHOCTH 110713
BIONb MHHWY, NEPNEHANKYNIAPHON [UIOCKOCTAM.

( Omeem )y g - 160 B/v; 2) E, =56,5 B/m.

Ha meTaiumiaeckoii cdepe pamaycom 15 cm maxomres 3apsag O =2 =KoL
Onpenenure Hanpsxensocts £ AMEKTPOCTATHYECKOr0 1O 1) Ha
paccrodnunt 1 =10 cM ot enTpa chepsr; 2) Ha NOBEPXHOCTH coepsr; 3) Ha paccro-

AHM 7y =20 M ot nentpa chepsl. [Toctpoiite rpaduk 3aBucumoctn E(r).

Harno

R=15 cMm=0,15m
0=2uKn=2-10°Kn

=10 cM=0,1 M

Pewienue

B=20cM=02M

E,E, Ey—7

E(ry—2

=

r=R E2-4nR2:2, E2=L2,
£q 4me,R

r2>R E3‘4.7T"22:g, E3= QZ'

E, =800 B/M, E, =450 B/m.

( Omgem ) g -o,

ITone co3nano OBYMA PaBHOMEPHO 3apsSKeHHBIMHM KOHUEHTPHYECKH-
MH cdepamil paguycaMn R =5 cMH R, =8 cm. 3apsaap! cdep cooT-
ppTcTBeHHO paBHbl O =2 HKnu @, = -1 #KiL. Onpenenute HaNPskKEHHOCTh MIEKT-
PPCTaTUIECKOrO MOJIA B TOYKAX, JIEKAMHX OT LHEHTPA CPep Ha pacCTORHUAX:
1) 7 =3 cM; 2) 1, =6 cm; 3) 13 =10 cm. TlocTpoiiTe rpaduK 3aBHCUMOCTH £(r).

Hano Pewernue
_ =5.102 E
R=5cM=5"10"m §Ends=g, KB/M‘
R,=8cm=8-107M |5 to
0 =2 uKn=2-10"Kn |E =0, )
Oy =-1 uKn=-10" Ku E = & //
)

rn=3cemM=3"107"M 4regrs lll
rp=6cM=6"107M E _9+0 \
=10 cM=0,1 M 47re ot '

E,E, E—2?
E(r)y—7?

( Omeem ) E =0, E;=5 xB/M, E; =09 xB/m.

Hlap paguycom R=10 cm 3aps- E
XKeH paBHOMEPHO ¢ 00beMHOMH *

mwiortnocThio P =10 aKn/M®. Ompenennte Ha-
HpSKEHHOCTD JNEKTPOCTaTHIECKOro not: 1) Ha

t
~

PAcCTOSHHMH /4 = 5 CM OT LIEHTpa [apa; 2) Ha pac-

CTOSHUH 7, = 15 cM oT nentpa mapa. IocTpoii-

SR it
~

Te 3aBHCHMOCTD E(r).

( Omeem ) £ -138 B, E, =167 Bim.




dapdopossiit map paadycoM R=10 cM 3apskKeH paBHOMEDHO C
obBeMHOM mIoTHOCTEIO p = 15 HKI/M®, OnpenenuTe HanpAKEHHOCTh

3IeKTPOCTATHIECKOTO NoNst: 1) Ha PacCTOSHHM # =5 CM OT LEHTpa [mapa; 2) Ha
NOBEPXHOCTH 1Iapa; 3) Ha PACCTOSHUHM r, = 15 oM or ueHTpa mapa. ITocTpoiTe rpa-

duk 3asucumMoctu E(r). Jlmnexkrpudeckas nponunaeMocts Gapdopa £=5.

JIMHHHBIH NpAMOI TIPOBOJI, PACHONOKEHHEIN B BAKYYME, HECET 3apaf,
pPaBHOMEPHO pacHpe/ieJIEHHbIA N0 BCeH UIMHE NPOBOJA ¢ IMHEHHOM!

IIOTHOCTHIO 2 HK/M. OnpeieniTe HANPSHKEHHOCTs £ 3IEKTPOCTATHIECKOTO MOJIs

Ha paccTOSHUH r =1 M OT [poOBOJaA.

(Omsem ) p__* _36ppm
2.7!7'60
Mano Pewenue
R=10 cM=Y,1 M ) BHyTpeHHuH UHINHAPHYECKUH NPOBOAHUK JUTMHHOTO NPAMOJIHHE!!-
p=15 uKn/m® = §Dn ds = S—J- pdv, HOTO KOAKCHAIIBHOTO IPOBO/JA PaiiycoM Ry = 1,5 MM 3apspKeH C JIMHeH-
= - s Oy
=15 10" K/’ HoH mwoTHocThIO T = 0,20 HKIU/M. BHenmHui tpmisIpraecKuii pOBOIHKMK 3TOTO IPO-
=5 4
¢ rn<R| D, -4m~12 = p—n:rl3 , D,= Pn , BOMa paadycoM R, =3 MM 3apkeH ¢ JIMHEHHOH IUIOTHOCTBIO T, =—0,15 BKa/Mm,
n=5emM=5107m 3 3 2
IIpocTpaHCTBO MekIy NMpOBOAHMKAMH 3anonHeHo pesuHoll (& =3 ). Onpenemure
rp=15cM=0,15m D, = &4, E = Dy P , HanpsmKEHHOCTh 3IEKTPOCTATHY €CKOTO N0 B TOUKaX, JEXKAIHX OT OCH POBO/A Ha
gof  3tgf paccToAHHAX: 1) ny=1 MM; 2) r, =2 MM; 3) 13 =5 Mm.
1) £, —? 4 R
= R . 2 = pn— , D =,
2) Ep —? r Dg-47R* = p 3nR3 R = Harno Pewenue
3) E, —? Dy = gotEp, R=15MM=15-10"m E =0,
4) E(r) —? R R =3mMM=3 -107wm
3egg 1,=0,2 uKn/m = 2= 2neger,
=2+10 "“Kn/m
rn>R D, 4m‘;_2=p R, 7, =-0,15 sKa/m = E=f|+fz| _hth
; =-15-10""Kn/m 2regen|,_,  2megn
3 i
D’):%, D2=£0E2, ' P £=3
T3 | LEM k=1 MM=10"M
R S=2MM=2-10"m
Ey= P 2 3
K n=5MMm=5-10"m
Omeem 1) E =5,65 B/m; 1) E, —? < Omeem ’ 1) E=0;
= <RY: Eo = = R):
2) Egp =113 B/M (@ r < R); Ep=56,5 B/m (ua r 2 R); 2) E, —? 2) E, =800 B/m;
3) E, = 25,1 B/m; 4) CM. PHCYHOK. 3) By —? 3) E, =180 B/.
B —— e — e e— E— e —————— i,




OMEeKTPOCTaTHIECKOE TI0JIE CO3AETCH HIONOKHUTENBHO 3apPSKEHHOMN ¢
HOCTOAHHOH NMOBEPXHOCTHOM INIOTHOCTRIO O = 10 HKn/M? 6eckoney-
HOM IW10cKOCTHI0. Kakyio paGoTy Halo COBEPILIHTH IS TOTO, YTOOKI [IEPEHECTH HIIeK-

TPOH BJ0JIb JIMHUU HAPSXKEHHOCTH C PACCTOSHUSA 1 =2 ¢M 10 r, =1 cM?

Hano Pewienue
o =10 uKn/m2=10 8 Kn/m3 AP dr + E
n=2cemM=2-10%y =&dr, . >
. £ —‘UE,
r2=ICM=10“M o 2 1
e=1,6-10" Kn B
A—2 ) 4

" es eo
A:IFdr:—E-[dr=Z(rl-rz).( Omeem ) 4-9.10" ix.

OnunaxoBsie 3apagsl O =100 K pacnonoxkeHsl B BEpIIMHAX KBal-

para co cropoHoH a =10 cm. OnpezienuTe NOTEHUHMATEHYIO SHEPTHI0
ITOM CHCTEMBI.

Pewienue

Hano

'Q =100 #HKa= 10" Kn

U=Up+Up+ Uy +Up +Usg + Uiy,

a=10 cM=0,1Mm 10 1 O a +
2= >
U —7? dmeg a
a
=Usy=Uy =U Uy = 1 Q—2
Uy =Up=Usy =Up, 13—471800\/5’ 4 C 0 3
1 407 1 200 1 @
Uy =Us, U= Q + g = 0 (4+‘E)‘
drney a 4re, a\[f dney a

BJ'ICKTpOCTaTH'-ICCKOC TI0JIE CO3MAacTCA IONOXKUTENBHO 3apXH(CHHOﬁ

OECKOHETHOH HHTBIO C NIOCTOSHHOMN JHHEMHOM IIOTHOCTHIO T = | HKGTeM.
Kakyio ckopocTs npnoGpeTer 3M1EKTpOH, NpubAH3HBIIACE 10N AeiicTBUEM oS K

HHUTH BIONE JTHHAH HANPIKEHHOCTH C PacCTOAHMA 7 =1,5 cM 10 r, =1 cM?

E Omeem ) U = 4,87 mlx.

B 6oponckoit Mozien¥ aToMa BOZOPOAA JNEKTPOH JBHKETCH 110 KPyro-

Boit opbure pagmycoM r=52,8 1M, B IIEHTPEe KOTOPOH HAXOAMTCA

npoToH. Onpeznenure: 1) CKOPOCTH NEKTPOHA Ha opbuTe; 2) NOTEHUHAIBHYIO JHEp-
HAano Pewenue [HIO SJIEKTPOHA B 1I0Ne SApa, BBIPA3UB €€ B JIEKTPOH-BONBTaX.
- =107
=1 sKn/cm = 107 Kn/m A_T_mvz "e 24 g T
e=16-10"° Kn ShETT N " 2wegr Hano Pewenue
m=91110" r - =528 10 Ml m? 1 &
Fe—eE=— er ’ dd=Fdr, r=528 mm=35.28 M _ L
n=L5cM=15"107m 2meyr e=16-10""° Kn r daeyr
rp=1cM=107M n " a1 3 )
dr m=911-10"" kr e 1 e
A:J‘Fdr:— e I—: il 1ni, V= , U=_4 —
v —9 b 2me, bl 2mey,  n oo 4me mr TEG ¥
v-—2
v= |-
TEGM Py

( Omeem ) v=16 Mmc.

( Omeem ) v=219 Mm/c, U =-27,3 3B.
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Kosnbuo panuycoM r =5 ¢M U3 TOHKOH NPOBOMOKH HECET PABHOMED-
Ho pacnpenenennnii 3apsan O =10 uKn. Onpenendre noteHmman ¢
BNEKTPOCTATHYECKOTO MOJIA: 1) B IEHTpE KOMbla; 2) Ha OCH, IPOXOASAIIEH 4epe3 IeHTp
KOJIbLI3, B TOYKE, yAaAeHHOH Ha paccTosHMe a =10 cM OT ueHTpa Koasla.

Harno Peweriue
r=5cM=5-10%mM d‘p 1 dQ dl’dQ
- — [ = —_—,
=10 iKn=10%Kn dme, r
a=10 cM=0,1 M r
_— Q 0
do Y .
= = , Py a
Po —? Po 6[ dmegr  dmegr Pa
P4 —7? Q
Y
do
Pa= _[ = g

0 47[60\/7‘2 +a? 4neo«/r2 +a

(Omsem ),pozlgoo B, ¢,=805B.

Ha xonsue ¢ BHyTpennuM panuycom 80 cM 1 BHEmHUM — 1 M pasHo-
MepHo pacupezenet sapan 10 nKn. Onpenennre HOTEHIMAT B LEHTpe
KOJIBIIA.

) ITonkiii map HeceT Ha ceGe paBHOMEPHO pacTpeneeHHsIH 3apsy. On-
penennTe paiuMyC Mapa, €ClH MOTEHIHal B IIEHTpE Mapa paBeH

v), =200 B, a B TouKe, NexaMEif OT €ro LEHTPa Ha PaCCTOAHMM + = 50 cM, ¢, =40 B.

e Hano Pewenue
-

1~ ’
Equ =40 B 47y R ?,
r=50 cM=0,5m N\~ ~+
! _ Q 1 r
——————— Pr= > .
1’R —9 TLE Y 1
, 0

R >

$_r r=?2.,
v R 121

rOmeem ) R=10 cm.

) DnexrpocraTHIeckoe IOJE CO3NAETCH MONOXKHTEILHBIM TOYEUHBIM
=" 3apsagoM. ONpeenuTe YHCIOBOE 3HAYEHHE H HANIPABIICHHE [PalHEHTa

<
1y

KOTeHLMATa FTOTO T0Ms, ECIIH Ha paccrosHud r =10 cM or 3apsna moTeHuyan pa-
ben ¢ =100 B.

( Omeem ) 9 =100 B.

Merajmimecknit map pagnycoM 5 cM wecer 3apsan Q =10 uKn. On-

pexnenuTe NOTEHIHMAN $ JIEKTPOCTATHYECKOTO MoJA: 1) Ha OBEpXHO-
CTH Iapa; 2) Ha pacCTOSHAN a =2 CM OT ero noBepxHocTH. ITocTpoiite rpaduk
3aBHCHMOCTH ¢(r).

( Omeem ) 1) o, =18 kB; 2) ¢, =129 «B.

L Mano Pewienue
,‘r=10 ceMm=0,1M E=—gradg,
| 'grad‘Pl = E ) ¥ A
gradp — 9 Q
E
Q __9
! , E= 7> E==, |grad(p|=£-

TEF dmeyr r
! Omeem > gradp =1 xB/M, Hanpassien k 3apamy.
= =
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3HCK’I’pOCTa'I"H'~ICCKOC none co3paerca 6eCKOHeuHOH IUTOCKOCTBLIO, 3a-

PKEHHON PABHOMEPHO € MOBEPXHOCTHOM IUIOTHOCTEI0 O = 5 HKI/M?
Onpenenute YuCnoBOE 3HAMCHYE M HAITPaBJICHIE IPaJIMEHTa OTEHLHAIIA YTOTO I10)1S

Harno Pewenue
o =5 gKi/m?= E:—gradtp’ E:L, grad¢>=i.
=5+10° Ki/m? 2 l l 2¢,

Rl
BHCKTPOCTHTH'-]CCKOC oJIE CO3JACTCA IOJIOXKUTENBHO 3ap;m<ermoﬁ

GeckoHewHOH HUTEIO [1pOTOH, IBHrasck OT HUTH 1o/ AEHCTBHEM MONS

.35

i
BI0JI5 THHUH HANPSHKEHHOCTH C PACCTOAHUA /=1 CM 10 #, =5 CM, M3BMEHHII CBOIO
£xopocTh oT 1 g0 10 Mum/c Oripenienure nuHeHy10 TIIOTHOCT 3apaja HUTU

s
\

‘ Omeem ) =178 MKkKwm

gradyp =282 B/wm,

gradgp — 2 HalpaBieH K WIOCKOCTH.

( Omeem )

DNEKTPOCTATHIECKOE MONE CO3/1aeTca GeCKOHEYHOM MPAMOH HUTBIO

3apmKEHHOH paBHOMEPHO ¢ MTHHeHHO#H IioTHocTeio T = 50 nKivem
Onpenenute 4uciaoBoe 3Ha4EHE ¥ HaNpaBIeHHe rpaueHTa oTeHHana B TouKe Ha
paccrosHuM r = 0,5 M OT HUTH

‘ Omeem ' grady = 180 B/m, HampaBneH K HATH

Onpenenure NMMHERHYIO IWIOTHOCTH 6ECKOHETHO ITMHHOM 3apsKeHHON
HHUTY, eciy paboTa cul nond 1o nepeMerernno sapsaa @ =1 uKn ¢

PacCTOAHUA 7; =5 CM JI0 #, = 2 CM B HalpaBieHuy, NEPIEHAUKYIAPHOM HUTH, paB-
Ha 50 mxJ{x

JnEKTPOCTATHYECKOE NONIE CO3AETCA GECKOHETHOH II0CKOCTRIO, PaB-

HOMEPHO 3apsKEHHOH ¢ NOBEPXHOCTHOM IWOTHOCTHIO 0 =1 HKI/M?
Pnpenenme Pa3HOCTH NOTEHHATIOB MEXTY JBYMS TOYKaMU 3TOTO OIS, AEKALIU-

MY Ha pacCTOsHUM Xx; = 20 cM ¥ x, = 50 M OT IDIOCKOCTH

[

Hano Pewenue
| X2
— 2 = -9 2 g
o =1 HK/m’ = 107 Kn/m ‘Px“Pzz_[de’ E=—o,
x=20ecmM=0,2 M Y 2¢g
tch:SOCm=O,5M . .
2 2
, o
! ‘Pl“‘Pzzj.de:_[zE dx=2- (%2 —x)
=Py —7 f 50

( Omesem ) ¢1~9,=169 B

=

SEEEY
ﬂan 0 Pewiernue . 3%&%@) Oripeienire NOBEPXHOCTHYIO TOTHOCTE 3apAJI0B Ha IUIACTUHAX IUIOC-
g % g
01 wkn= 107 Kn -0dp ’ KOIo CIROJIHOIO (& = 7) KOHAEHCATOpa, 3apsSKEHHOIO 10 pasHOCTH HO-
’ redumanos U = 200 B, ecimt paccTosHHE MEXTY €r0 IIaCTHHAMH paeHo d = 0,5 mm
rn=5cm=5 102m . ry —
n=2em=2 100m  |E=5— dp=-Edr, AZ‘QJEd' TMano Pewernue
= = s :
A=50 mxJlx=5 10°Ix , i =7 sk . E_g et
-, A__Q]Tdr _ Qr ‘z[g_ Qr lni U=200 B =EpEL =0, _dq U:—-d
J 2megr 2meg Y v 2mey  n ’ d=05mMm=0,5 10*m
e 2men A ' '
ont ( Omeem ’ T =3,03 MK/ g —? < Omsem ) 0 =248 MxKa/m?
£
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ANEKTPOCTATHIECKOE NOJIE CO3AETCA PAaBHOMEPHO 3apKEHHOH ce-
pHYECKOi [OBEPXHOCTHIO paadycoM R=10 cM ¢ ofmmuM 3apsaom
0 =15 sKn. Onpenenure pa3HOCTh NOTEHUMAIOB MEKTY ABYMSs TOYKaAMH 3TOrO MOJA,

JNIEXAIAMY Ha PACCTOSHHAX 7 =5 cM U 7, =15 CM OT MOBEPXHOCTH CHEpEL.

( Omeem ) Ap =360 B.

DIEeKTPOCTATHEECKOE TIONe CO3/aeTCs MapoM pamdycoM R=8 cm,
PaBHOMEPHO 3apsXKEHHBIM ¢ 00BEMHOM IUIOTHOCTEIO p = 10 HK/M®
OnpenenuTe pasHOCTb MOTEHUMANOR MEXY ABYMS TOYKaMH ITOTO MO, JeKAIH-
|

MW Ha pacCToAHMH 1 =10 CM M r, =15 cM OT ueHTpa mapa.

@meem ) Ap=0,64 B.

DekTpocTaTHYeckoe mnoje coigaercs cdepoit pagycom R=35 cm.

PaBHOMEPHO 3apKEHHON C HOBEPXHOCTHOM ILIOTHOCTHIO O = 1 HK/m’
Omnpezenure pasHOCTh MOTEHIMANOB MEXKTY ABYMS TOYKaMH MOIIA, JIEKAIIAMH Ha

paccTOAHHUAX 7, =10 cM M r, =15 cM OT UeHTpa Cdepsl.

Harno Pewernue
R=5cM=5-102m 'zEd Lo _
U:IHKH/M2=10—9KJI/MZ ‘Pl“‘PZ‘I r, E:4n£0—’§-, Q:U 4R s

n=10 eM=0,1 M

r=15 cM=0,15M toR?dr oR*( 1\* oR*(1 1
Ol e Y
Pl 0 o\t
Pr=¢2 —?
( Omeem >¢p1—¢p2=0,94 B.
— S

DIIEKTPOCTaTHIECKOE TI0JIE CO3TAETCS PABHOMEPHO 3apSKEHHBIM LId-
poM pazuycoM R=1 M c obmmmM 3apanom @ =50 uKn. Onpenenute
Pa3sHOCTH MOTEHHANIOB ANA TOYEK, EXAMHX OT LEHTPa Mapa Ha PacCTOTHUAX

Dr=5murn=2m2)=03 Mar=08 m

( Omeem )1) Ap;=75B; 2) Ap,=124 B,

— e————

OnexTpocTaruyeckoe Noje CO3NAETCA MapoM pamtycoM R=10 cw,
PAaBHOMEPHO 3apsKeHHBIM ¢ 0GBEMHOM IWIOTHOCTEIO p = 20 HK/M

anenenme Pa3HOCTH NOTCHIHATIOB MEX Y TOYKAMH, JIEXAIMMH BHYTPH Liapa Ha
)aCCTOSHUAX F

=2 CMH r, =8 CM OT ero LeHTpa.

Hano Pewenue
R=10 cM=0,1 M 0
p=20 uKuiw = §Ends=g’
b= 2-10% K’ §
r']=2 CM=2'102M r<R’ En=Es
F:SCMZS'IOZM E 4mr? ﬁinr3,
—_— g 3
Pl—‘Pz——? E ﬂ;
3e,
2
¢1—¢z=fEdr,
A
0 r]P’d, P =) P a
1~ = |, == ——(ry —1).
,|350 3e,-2 6, 2
 Omeem ) , _, 223,
E ———————h ——
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DIEKTPOCTATHIECKOE T107I€ CO3NAETCA HECKOHEYHBIM LIMHIPOM pa-
JIHycoM 8 MM, paBHOMEpHO 3apAKEHHBIM C IMHERHON IUIOTHOCTBIO

7 =10 nKi/m. Onpenenute pasHOCTh NOTEHUHMANIOB MEXIY ABYMS TOYKAMH 3TOTO

1011, JIeXANMMH Ha PACCTOSHHU ¥, =2 MM ¥ 7, =7 MM OT MOBEPXHOCTH 3TOrO

LIIHHpA.
Mano Pewerue
R=8 Mm=8-10"m Eo_ T
=10 sKw/m = 10" Ki/m 2mey r
r=2MM=2"10"M Rer, Rer,
r3=7MM=7']0’3M 01— Py = J‘E_dr: T fiL_ T R+ra’
Ron mey ot v 2mey R+
Pr=p2 —? | v, Ren
IS 2ney R+n

[IpocTpancTBO MEXY IUTACTUHAMM ILIOCKOTO KOHIEHCATOPA 3aIl0JIHE-
Ho napa@urom ( & = 2). PaccTosHIE MEXIY IUIACTHHAMH d = 8,85 MM.
Kakyio pasHocTs noTenuuanos Heo6x0MMO NOAATH HA [UIACTHHEI, 9TOBH! MOBEPX-
'HOCTHAasA IUIOTHOCTH CBA3aHHBIX 3apA/0B Ha NapaduHe cocrarngna 0,1 uKi/cm®?

f
I
t

|
t
"‘ Omeem ’ Ap =1 kB.

PaccrosHue MEXTY IUIACTUHAMM IUTOCKOI'0 KOHIEHCATOPA COCTARISNET

d =5 mm. Iocne 3apsaxu KOHAEHCATOPa 10 PA3HOCTH MNOTEHIMATIOR
U =500 B Mexmy IIaCTHHAMU KOHIEHCATOPa BABMHY/IM CTEKISHHYIO [UIACTHHKY

(&=7). Onpenenure: 1) MMINEKTPUIECKYIO BOCHPUAMIHBOCTD CTEKIIA; 2) IOBEDX-
HOCTHY!O IUIOTHOCTh CBA33aHHBIX 3apsJ0B Ha CTEKJIAHHOM [UIacTUHKE.

B ONHOPOIHOE 3ICKTPOCTATHYECKOC 110J1€ HANpAXKEHHOCTHIO

E, =700 B/v nepneHaukynspso Momo NoMemaeTes feckonedHas

IWI0CKONapasuienbHas CTeKIAHHAs IacThHa ( € = 7). Onpexnenure: 1) HanpsKeH-
HOCTb YIEKTPOCTATUYECKOTO ITONIA BHY TPH MNACTUHEL; 2) DAEKTPHIECKOE CMElle-
HUE BHYTPHU IIaCTHHBI; 3) NOTAPH3OBAHHOCTH CTEKIIA; 4) OBEPXHOCTHYIO ILIOT-
HOCTB CBA32HHBIX 3apA/IOB Ha CTEKIIE,

Harno Pewerniue
d=5MMm=5-10m
U=500 B n=e-1, E=Z
e=17 d
E, U
1) %—? E==r="7
o —2
U':P=XEOE: XEOU_
ed

( Omeem ) |y, . 2) o' =759 HKx/m.

r

Peweriue
,ZI aHO Onpenenute NOBEPXHOCTHYIO IVIOTHOCTH CBA3aHHBIX 3ap#;108 Ha CTiO-
E, =700 B/m E, . AAHOM IACTHHKE (& =7 ) TonmuHOR d =1 mm, cyxameit uzomnsto-
oo E= - D=geyE, POM IIIOCKOTO KOHIEHCATOPA, €C/IM Pa3HOCTH NOTEHLMATIOR MEXTY [UIACTHHAMH KOH-
Aencaropa U =300 B.
o D=¢eyE+ P, P=D-¢,E,
E —°
D—? o'=P. ( Omsem ) ;-159 sxxcune.
p—7?
o —9 ( Omeem ) 1) £=100 Bim; 2) D=6,19 uK/mX;

3) P =531 vHK/™; 4) ¢' =531 sKn/m~

218

219



Mexcny IUIaCTHHaMH TUTOCKOrO KOHACHCAaTopa NMOMCEIICHO /1Ba €104

IHMPNEKTPHKa — CIHOASHAA IUIACTHHKA ( £, = 7 ) TommMHOA d) =1 MM

u napaduH (&, =2 ) romunHo# d, = 0,5 Mm. Onpeznenure: 1) HAMPAKEHHOCTE HMEK-

1pOCTAaTHYECKHX MOJIeH B CIOAX AMAIEKTPHKE; 2) aNeKTPHYECKOe CMEISHUe, eCllH

Cro6ozaHble 3apasl PABHOMEPHO PACIIpPE/IENEeHbl ¢ 06beMHOM ILIOT-
HOCTBIO p =5 HKI/M® no mapy paguycom R=10 cM u3 ogHOpOHO-

,TO M30TPONHOTO MIIEKTPUKA C IPOHULAEMOCTBIO € =5 OnpenenuTe HampsKeH-

'HOCTB 3J1€KTPOCTAaTHYECKOTO 110714 HA PACCTOAHUAX #

=5cMu 1, =15 cM Or UEHT-

Pa3HOCTH IIOTEHIHANIOB MEXIY IUIacTHHaMH KoHIeHcaropa U = 500 B. pa mapa.
Hano Pewenue Mano Pewerue
d=1mMmMm=10"M E ¢ =5 uK/M®
! D=¢gye Ey = £46,F,, L= P §DndS=J‘pdV,
g =17 Ey g R=10 c™m 5 ;
£=5
y = = . -3 U
=05 mu=05-10"M ) _ g4+ Eyd,, =i, =5 oM
£ =2 €,d, +€\d, 4
2 rn=15cMm D, 4”"12 = —nrfp,
U=5008B & E 3
— By =—, D=¢gpe By .
&2 —9 i
2)D —29 Omeem ) 1) E =182 kBim, E, =637 kBiv = E» —?
r
2) D=11,3 MxKn/m Dy=¢epcE, E-= £
3egg
pR’
PaccTostHye Mex Ty IUIaCTHHAMH IUIOCKOTO KOH/IEHcaTopa cocTasnger |1 > R | Dy -4mry = —R D D, = PwaL
-
d =1 cwm, pa3HocTs noTeHuManor U = 200 B. Onpenenute nosepy- 2
HOCTHYIO IUIOTHOCTh O’ CBA3AHHBIX 3apAA0B Y0OHHUTOROM IWIaCTHHKH (&£ =3 ), 10~ D E E pR3
y = & . = .
MELIEHHON Ha HIKHION IUTACTHHY KOHAEeHcaropa. Tomuunaa nmnactiee! d, = 8 MM pTrem 2 3gor22
Hano Pewenue (Omsem ) E =188 B/m; E,=837 B/m.
d=1cm d=d-dy, %
U=2008B e rearere s ss: 2 PaccrosHue Mex Iy [1acTMHAMH IUIOCKOIO KOHJIeHcaTopa d =5 MM,
dy, =8 MM * ? pasHOCTh noTeHupanos U =1,2 xB. Onpenenure: 1) nosepXHOCTHYIO
e=3 TUIOTHOCTH 3apsijia Ha IVIACTHHAX KOHJIEHCATOPa; 2) IOBEPXHOCTHYIO IUIOTHOCTE CBA-
U L A5, Wi, Lhcu SaHHBIX 3aPANOB HA IU3NEKTPHKE, €CIIM H3BECTHO, YTO JHINEKTPUYECKAs BOCHPH-
o 9 E = m , HMYMBOCTE IUNIEKTPHKA, 3AMONHAOIMIETO IIPOCTPAHCTBO MEXTY IUIACTHHAMYM, X = 1.
/r_p_ _ (8 - 1)£0U
0'=P=nek; T d-d)+d, ( Omeem ) o' =253 uKn/v® ‘ Omeem )1 o= 424 wknivd;  2) 0" =212 Mk,

=
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Hpocrpchmo MEXOY TUIaCTHHAMH IUIOCKOTO KOHACHCATOpa 3anomi-

HEHO CTEKIOM (€ = 7). PaccTosHue MEXTY IaCTHHAMH d =5 MM,
pasuocts noreHuuanos U =1 xB. Onpenennre: 1) HanpAXEHHOCTH MOJIA B CTEKJIE,
2) nOBEPXHOCTHYIO IUIOTHOCTH 3apsia Ha ITaCTHHAX KOHAEHCATopa; 3) MOBEPXHOC-
THYIO IUIOTHOCTH CBS3aHHBIX 3apA/I0B Ha CTEKIIE.

K mactuHaM IUI0CKOTo BO3XYLIHOTO KOHAGHCATOpa NPHIOKEH] pas-
HOCTH noTeHuManos U, =500 B. Ilmomans mwiactuH S = 200 cM?,

aCCTOSHNE MEXY HUMH d = 1,5 mMm. [Tocne OTIHOMEHIA KOHIEHCATOPA OT HCTOY-
HHKa HaIPKCHHA B IPOCTPAHCTRO MEXAY IUIACTHHaMH BHecmdl napaduu (£=2).

TNIPEACTATE pa3HOCTL MOTCHUHATIOR UZ MEXIY IVTaCTHHAMH 110CJ/I€ BHECEHUS U3~

U

Hano Pewenue mexTpuka. Onpenenite Tawke eMkocTH kouaencaropa C; u C, 1o 1 nocre BHece-

e=7 HHA TUICKTpHKA.

d=5mMM=5-10"M U=Ed, E:%’ —

_ 1M
U=1xB=10°B . t Hano Pewenue
E=— o=¢g)F rU =

D g2 —. oE, U, =500 B 0 o

2) o —? ’ S=200 =210ty | &7 Q=@ =const, g=ig=const, BT

3) o —9 U:P:D—€0E=££0E—SOE=(£—1)80E. _d=1,5 MM=1,5'10‘3M o U
.&=2 E2=_’ U]=E]d, U2=E2d, U2=——‘-

< Omeem > 1) E=200 xB/™;  2) 0 =124 MxKn/m? 7

3) ¢’ =10,6 MxKn/m% &

OnpeseuTe paccTOTHHE MEXKTY IIACTHHAMH [UIOCKOTO KOHACHCATOPA,
€CIH MEXIYy HHMH MPHIOXKEHA PasHOCTh NOTCHIMANOB U =150 B,

npudeM IUioluas Kax ol wiactuusl S =100 oM, ee sapan Q@ =10 nKn. lusmexr-

£€4S

C]z‘-"’ C= =€C,
c, —2 d P d ]

ic, —2 ( Omeem ) U,=250 B, C =118 n®, C,=236 nd.

Pemnte npensiyiyo 3aga4y 114 Cydas, kora napaguH BHOCHTCS

PHKOM CITyKHT cmona (8 - 7) B IIpOCTPaHCTRO MC)KJ.Iy IUIaCTHHaAMHA IIpH BKIIKOYECHHOM HCTOYHHKC
NHTAaHNs.
Mano Pewienue .
—k Hano Pewenue
U=150 B
£,6S
S=100 cM* =107 M2 =——°d ’ C=%’ U, =500 B Uy =U, =U = const,
|
0 =10 uKn=10*Kn VS 200 oM =2-107 £S ££,S
d U o
d —2?
IJZ —9

( Omsem ) a=9,29 wm. ¢ —2
= ¢ (Omeem )U2=500B, C, =118 n®, C,=236 nd.
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Omnpenenure eMKOCTs KOakCHANIBHOro Kabens aiuHo# 10 M, eciu pa-

JIHYC ero LEHTPIBHOM KB 1 =1 M, panguyc 060modKky 5 = 1,5 ¢M,

a U3OJBILMOHHBIM MaTEPHAIIOM CIY)KHT pe3dHa (& = 2,5).

Mauno Peweriue

I=10 M CZQ, Q=tl,
r=lcmM=10%m U /
p=15cM=1,5-10%Mm U= T mIQ_’
£=25 2mwee, n
C—o C= 2mee ! . £

¥-

In-2
r‘ rz

Onpenenme HaNPsHXEHHOCTD IEKTPOCTATHHECKOIO O/ Ha paccTo-

aupM d =1 CM OT OCH KOaKCHAJIBHOTO Kabens, ecliy pajiuyc ero LeH -
pansro#i xmisl 1 = 0,5 cM, a paguyc obonouku # =1,5 ¢M. PasHOCTE noTeHLHa-

JI0B MeXY LEHTPANBHOM KIWIoH ¥ obonoukoit U =1 kB.

Hano Pewernue
d=1cecm=10"m
n=05M=0510"M | g .2 _Q_t_2meel
2me ed ! u u r
rpr=15cM=15-10%m In| =
.
U=1xB=10°B ’
E o = 2me,eU Ee 2me e U _ U
]n[ri) ln[r—z] 2meqed  dln Q]
4 A h

CdepHueckuit KOHIEHCATOP COCTOMT U3 IBYX KOHIEHTPHUECKUX Cep

pamdycaMu r, =5 CMH 1, = 5,5 cM. IIpocTpaHcTBO Mex Ty oBKkianka-

¥ KOHIEHCATOpa 3anoIHEHO MacaoM (& =2,2). Onpenenure: 1) eMKOCTL 3TOrO

OHIECHCATOpa; 2) Inap KAKoro paguyca, NOMEIeHHbIH B Maco, 0BlianaeT Takoi xe
MKOCTBIO.

E'Omeem ) 1) C=135 n®:  2) r=055 .

Onpenenme HalpsHKEHHOCTD 3JIEKTPOCTaTHHECKOro MMoOJg Ha pacCTo-

SHUM X = 2 CM OT LIEHTpa BO3JYLIHOrO CHEPUIECKOTO KOHIEHCATOPA,

! o e
Pﬁpa:!OBaHHOI‘O}IByMHHIapaMH (BHYTpeHHHA paguyc # = | oM, BHEIIHMI — ry = 3 cM),
¥

MEX Ty KOTOPBIMY IPHIIOKEHA Pa3HOCTh MoTeHImanos U =1 kB.
Hano Pewerue
x=2cM=2"10"M { 1 0
i =1 oM =107 m E:4nsoa§5’ 0=CU,
rn=3cmM=3-10"mM s
U=1xB=10'B C=dmgpe—=—,
h—h
E—? 1
E= a2y oY
4me e Bn=hn x° x° -y
!
E=375 kB/™m.

JIBa IUIOCKHX BO3IYIIHEIX KOHACHCATOPA OMHAKOBOH EMKOCTH COEIH-

HEHBI NAPALIETbHO M 3apsDKEeHB! 10 pa3HocTy noreHimanos U = 300 B.
fOnpenenyre pasHOCTh NOTEHIMATIOB 3TOH CHCTEMBI, €CIIM MPOCTPAHCTBO MEKTY

TWIACTHHAMY OZIHOTO M3 KOHIEHCATOPOR 3aMONIHEHO CINOAO0M (£ = 7).

( Omeem ) E =91 xB/Mm.

( Omsem ) i _s5p,

—
S

§ P
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Pa3HocTs NOTEHIMATOB Mexy ToukaMu A 1 B U =9 B. Emxocts
=3 Mx®u C, =6 mMxd

KOHACHCATOPOB COOTBETCTBEHHO paBHA C]

Onpenenure: 1) sapsmer Q) 1 O ; 2) pasHocTs notenyanoB Uy u U, Ha ofKiankax
KaXI0ro KOHJAEeHcaTopa.

Hano Peweriue
U=9B U=U]+U29 Cl CZ
—_ = ’ -6
C=3mMx@=3"10°0 0,= 0, = Q= const, 4 ” ” £
C,=6 Mk®=6"10°®
Clz.g’ C2=_'Q"5
U, U,
Q]a Qz—r)
C
Uy, Uy —2 ey
i 2 C1U1=C2U2’ % C2Ul’
_ G UcC.
U—U1+_(3U" U= C1+2C;_ U,=U-Up» & =0=Gl,

U=6B, U,=3B, @=0,=18 mxKn.

( Omeem )

Ompenenure eMkocts C 6aTaped KOHAEHCATOPOB, H306 paXKeHHOM Ha

pucyHke. EMKoCTE kakaoro konpeHcaropa C, =1 Mk®.

|

| Mano | Pewenue

1

G, =1 Mx® S 1 1

, — =t +=,
%—— C ¢ C G+C, C

¢ G

C=C=G=C,=Cs=C,.
——H He

( Omeem ) c-0286 wxo. G o | & | ¢

paxeHa o noreHmmana ¢ =1 xB. Onpexnenure 3Hepruio mois, 3ax-

YEHHYIO B CPEpHIECKOM Cr10e Mexny cepoif H KOHLEHTpHYecKol ¢ Heil cdepu-
HMECKOH MOBEPXHOCTHIO, PAIHyC KOTOpOH B 4 pasa Gonbllle pagHyca yequHEHHOM
@mpm.

Mano Pewerue
C=4nd=4-10"0 C

EMkocTh 6aTapen KOHAEHCATOPOB, 00pa30BaHHOM JByMs NOCTIEI0BA- p=1xB=10"B C=4me,R, R= ==

TENBHO COEIHHEHHBIMH KOHpmeHcaropamn, C =100 n®, a 3apan 0
Q=20 sKn. Onpepnenure eMKOCTh BTOPOro KOHACHCATOPE, 4 TakKe pasHOCTH HO- R =4r Ee (0] 0=Cp

- 20 - ’
TEHIINAIOB Ha 06KIaKaX Kaxaoro kKoHgeHcatopa, ecau C; =200 nd. W —2 4reegr
£otE? eE?
Hano Pewenue . S = 02 . dV =dmr’ dr,
C=100 n®=10" ¢ 11 e=l
_ =".10% O =0, =0=const, —=—+—, 2 2 2 2 2 2 R
Q=20 uKn=2"10*Kn c ¢ G szdezjsoE W= J-8C9024nrdr 22 " _2: C«;;(_lj _
C;=200 n®=2-10" @ 2 (4m)"e Buey 10 8meg\ r/jp
cG _9 Y
Cy=——, Ux-g, Uy=—-. 2 2 2 2 2 2 2
., C - 1 G, =C¢(L_L Clp(1_ 1) _C3-4me, _3Cp
2 T 8neg \R R 871:80 R 4R 8me, 4C 8 -
Uy —2 ( Omeem ) c,-200 v, U =100B, 0
Uy —? U, =100 B. ( Omegem ) W=15 mxlx.
=
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/e xoHNEHTpHIECKHE NPoBOAAIIHE chephl paguycamn R,= 20 cM i

R, =50 ¢M 3apsXeHBl COOTBETCTBEHHO OJMHAKOBBIMH 3apiiamu

Q=100 eKn. Onpenenure SHEPrHI0 3NEKTPOCTATHHECKOTO MO, 3AKTOYCHHOTO
MEKIY STHMH Cepami.

Hano

R=20cm=02M

Pewernue

w D an———
R,=50cm=0,5M 2
Q=100 sKn=10"Kn

w —"?

dV = 4mr dr,

( Omsem ) w-135 wix.

A S

CrutomHo# >60HKTOBKIH map (& =3 ) pamtycoM R=15 cm 3apsxen
paBHOMEpHO ¢ oGbeMHoM WioTHOCTEIO P =10 HKi/M’. Onpenennre
SHEPrUIO EKTPOCTATHIECKOTO M0, 3AKMOIEHHYIO BHYTPH IIapa.

Harno

Peweriue

e=3
R=5cm
p =10 sKn/v® = 10-8 Ko/m®

2
D
dw=wdV, w=-£°LE— E=—_ 4V =4 dr.
£

£

CIul0mHO map N3 AUPAEKTPUKA pauycoM R =15 cM 3ap:KeH pas-
HomepHoO ¢ ofpeMuoii rwioTHocTE0 o = 10 HKi/M®. Onpenenure uep-
HIO 3NIEKTPOCTATHIECKOTO FOIs, 3AKIFOYEHHYIO B OKPY KalOIeM IIap MPOCTPAHCTRE.

( Omeem ) W = 2,46 nllx.

Hlap, norpykeHHBIH B Macyo ( £ = 2,2 ), HMEET MOBEPXHOCTHYIO IUIOT-

HOCTE 3apafia ¢ =1 MKKiw/m? 1 norennman ¢ = 500 B. Onpenenure:
1) paguyc mapa; 2) 3apsf mapa; 3) eMKocTh Iapa; 4) SHEPrHIO Mapa.

Mauno Pewenue
£=22 5 1 O oR
o =1 mMxKwm? = 1076 Ki/m? Q=05=0-4nk", ¢=4neoe;_;(;’
¢ =500 B

R=2% C=4meeR, w=2

DR—2 2)0—2 g 2
o —2? ( Omeem )1) R=974 mmM; 2) Q=119 5K
Hhw—? 3) C=238 nd; 4) W =03 M]Ix.

B 0fHOPOAHOE 3IEKTPOCTATHYECKOE MONI€ HANPAKEHHOCTHIO
E, =700 B/M nepnesauKyIsapHO MO0 IOMECTIIH CTEKIIHHYIO ILa-

cTHHKY (€ =7 ) TommuHo# d = 1,5 MM u miomansio 200 cM?. Onpenenure: 1) no-

BEPXHOCTHYIO [UIOTHOCTH CBA3aHHBIX 3apAfOB HA CTEKJIE; 2) SHEPTHIO MIEKTpOCTa-
THYECKOTO MOJA, COCPENOTOIEHHYIO B IUTACTHHE,

§D,ds=[pav, D-am?= P§”r3’ D 335, Harno Pewenue
W —?
§ d E, =700 B/m E=—E—°,D=eOeE,D=£0E+P,
£
D? pzrz R 2 R e=7
== y — = 2 __p_-4_n 4 4y = — -
w 260 1820 W—jw dV—fw 4mr” dr = Se.c fr dr = d=15mMmM=1,510"M o= Pmtyls~)E= go(e —1)E, (  Omeem
0 0 §=200 cm*=2-107 M £
R , —_—
2mp” Pl 2mpt , goeE’ £oE o' =531 uKi/m?
=535 Tk ((Omsem ) w=oj64 nix. o' —2 W=—"—35d=—"""5d.
£o€ 0 EqE W —9 £ W=9,29 HJI)K.
228
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IMnockuil Bo3aymHbIH KoHAEHCaTOp eMKOCTEI0 C =10 nd 3apsaxen

Jo pasHocTH NoreHunanos U, = 500 B. [Tocne oTmOIeHNs KOHACH-

€aTopa OT HCTOYHHKA HalPsDKEHUS PacCTOSHUE MEX Iy IUIaCTHHAMH KOHAEHCaTopa
6510 yBENMu4YeHo B 3 pasa. Onpenennte: 1) pa3HOCTs NOTEHIMATIOB Ha OGKIIaAKax
KOH/IEHCATOpa [0Cle UX PasABMKEHNS; 2) paboTy BHEIIHMX CHIT 110 Pa3/IBHKEHUIO
IUTaCTHH.

Pa3nocTh MOTEHLIHAIOB MeXAY IUIaCTHHAMH IUIOCKOTO KOHIAEHCATOpa
U =100 B. Inomans kaxoit mwiactus S =200 cM?, pacCrosHue
MEXIY IUIaCTHHaMH d = 0,5 MM, IpOCTPaHCTBO MexXIy HHMH 3allofIHeHO Hapau-

HoM ( € = 2). Onpenenute CUy NPUTKEHUS IUIACTHH OPYT K APYTY.

‘ Omeem , HU,=15xB; 2) 4=25 Mx/x.

K mnactHHaM mwiockoro BO3QYIIHOIO KOHACHCATOPA IPUIOXKEHA pas-

HocTh noTeHmmanos U =500 B. ITnomans mractee S =200 oM™
paccTosHAE MeXTy HUMH d; =15 MM. IINacTHHBI pa3sgBHHYIH 70 pacCTOSHUS

d, =15 mm. Haiinure sueprimro W, u W, koHgeHcaropa x0 M HOCTIE pa3ABYKEHMs

I[LIACTHH, €CITH UCTOYHYK HalIPsKeHUs llepe]] pasaBmKeHneM: 1) oTmovaics; 2) He
OTKIIOYATICA.

Harno Pewenue
U, =500 B c =58 ¢, =505,
S=200 cM2=2 - 102 w2 @ @
!
d =15 MMm=1,5-107m 1) QU = CU,,
d, =15 =1,5-107
2 15 MM ,5 0im _— quZ B €OSU|2
1) O =const T2 7 24,
2) U = const 5
2
W=C2U2=eoSd,_U,2:Wﬁ_
2 2 1 ’
1) Wy, Wy, —2 2 2d,d; @)
2 W 0 o[U=em] @=cu.  e=cu,
. _ GUE _ 28U} . o QUL _eSUd o, 4y
Y 22 2dydy 'dy
; 24 2

( Omeem )1) W, =148 MkJlx, W, =148 MxJIx;

2) W, =148 MxJlx, W, =148 Mx[x.

230

Aano Peweriue

U=100 B 0

S§=200 cM*=2-10%m || 1:2 5 Q=CU,

d=05mMmM=0,5-10"M Eof

£=2 _£gES _(eoeSU)2 1 eeSU°
=Lt = = -

F_9 d d 2e0eS 2d

( Omeem ) r=7,08 mH.

Hpochch:TBo MEXIY IUIaCTHHAMH IUIOCKOTO KOHACHCATOpa 3atlojt-

HeHO cinofoit (&= 7). [Inomasas IWIacTHH KOHAEHCATOpa COCTaBNgeT
50 cm?. OnpenenuTe NOBEpXHOCTHYIO IUIOTHOCTD CBA3aHHBIX 3apA 108 Ha CIII0AE, €CNH
WIaCTHHBI KOHAEHCATOPa MPHTATHBAIOT ApYT apyra ¢ cunoii 1 mH.

Hano Peweriue
e=17 ? :
0 oS
= 1=5. 103 pm =08, F|= =—,
S=50 cm*=5-10"™m 0 d 26068 2¢e4e
F=1wmH=10"H
— 2e0eF g 2F
o' —7? = ’ E= e Vees
S g0e  \VgpeS

0'280(8—1)E=(£—1) _S
£

( Omeem ) o' =427 mxi/m,
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ITpocTpaHCTBO MEXIY IIACTHHAMH IUIOCKOTO KOHIEHCATOPA 3anol-
HEHO CTeKIOM (& = 7). Korja KOHAEHCAaTOp NPHCOEIMHILIA K UCTOU-
HUKY HanpsKeHus, IaBJICHHUE IUTACTHH Ha CTEKIO OKa3anock paBHeIM | ITa. Onpepe-
niTe: 1) nOBEPXHOCTHYIO IVIOTHOCTE 3apS/I0B Ha IUIACTHHAX KOHJEHCATOPA; 2) MeKT-
pPHMECKOE CMEMIEHHE; 3) HANPAKEHHOCTh EKTPOCTATHYECKOTO OIS B CTEKIE,
4) NOBEPXHOCTHYIO IUIOTHOCTE CBA3aHHBIX 3apAZOB Ha CTEKNE; 5) 06GheMHYIO 101~
HOCTB 3HEPTHM 3IEKTPOCTaTHIECKOIO 11014 B CTEKJIE.

Hano Pewenue
-’ Q° o’ |F|  o?
p=1Hne A=2—_=22,  p=Ll. 7
2e0eS  2g4¢ S 2g4e

1)o —7?
) D7 1) 0=,/2£08 s
3)E -7
4 g =7 2y D=0,

_ D
S w ? 3 E=2,

4) 0’ =neyE=¢gy(e-1)E,

_ ggeE?
5

( Omeem ) 1) 0 =111 MxK/n?;

2) D=11,1 mxKa/m?;
3) E=179 xB/m;

4) o' =9,5 mxKn/m?;
5) w=0,992 In/m.

Sy w

G0 6 0000006060000 000600 0600600060606 00600606060606006000¢00°
Cuna npumasicenun mexcoy 08yMA pa3sHOUMEHHO 3APANCEHHbIMU
00K1a0KaMu KOHOeHcamopa

|F|= Qo o’s _ e EXS
2e4,eS  2e4¢ 2
e
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3.2. IlocrosiHHbBIHA YIEKTPHYECKHH TOK

Cuna Toka B IIPOBOJTHUKE PaBHOMEPHO HapacTaeToT [, =0 g0 /=2 A

B TeueHue BpeMeru T =5 ¢. Onpegenure 3apa, IpOIIe i 1o po-
BO/HHKY.

Hano Pewerue
I,=0 do=1dt, I=kt,
I=2A -1, 1
0.z dQ = kt dt
T=5¢ k T 7’ Q ’
T 2
Q=7 = ktdt=E—=£
0= | ;

( Omeem ) Q=5 Kn

OrmpenenyTe IWIOTHOCTE TOKA, €CIIH 33 2 € 4epe3 IPOBOJHUK CeUeHHeM
1,6 Mm? mporwio 2 * 10'° 1eKTPOHOB.

Hano Pewerue
t=2c¢ __i 122
S=16 me=16-10°m| /" g° ¢’
N=2-10" N . Ne
- Q= Ne, J o
j—2?

‘ Omeem ’j"—‘lA/MMZ,

O 00 0000 OG OO0 000006000000 00000 0000000000000
ITnomnocms moka é npogodnuke

i= ne(v),
e (v) — CKOPOCTH YHOPAZOYCHHOIO BIKEHUS 3apsA10B B IPOBOHHKE; 11 — KOH-

Uenrpanus 3apaaos.

————
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Ilo MenHoMy mpoBoaHMKY ceuenueM 0,8 MM2 Teuer Tok 80 MA. Hail-
AHTE CPEHIO CKOPOCTH YHOPAZOYEHHOrO NBIDKEHHS JJIEKTPOHOB
BJI0/1b IIPOBO/IHHKA, TIPEANIONAras, YT Ha KAkl aTOM Me/li OPHXONHTCS OUH CBO-

Goaublit snextpoH. ITNoTHOCTE Menn o = 8,9 r/em’,

Hauo Pewienue
§=08 mm2=10,8 10 m? I
I=80 mA=8-102A | /=73 J=ne(v),
n=n N
p=89 r/em® = n=n’=V—A=NAp,
=8,9-10° kr/m® m M
M =635-10"3 kr/Mons l_ NAP_ ( )
Y v),
e=16-10" Kan
MI
_ 23 o V)=
N, =6,02 10 mons ( ) N, peS
(v) -7

< Omgem ) (v) =74 mxmlc.

A————

———

Onpeznenure CyMMapHLI HMITYJIEC SNEKTPOHOB B IPAMOM npoBofe
Ao /=500 M, no xoTopoMy Teder Tok I =20 A.

Onpegennte obmee cONPOTHBIEHNE MEXTY ToukaMH A 1 B e,

npejacraBieHHoif Ha pucyHke, ecnn R =1 OM, R, =3 Om,

Ry=R, =R;=2 Om, Rs=4 Om.

Hano Pewenue
R=10m PucyHok 6) — 3KBHBanEHTHAs cXeMa.
— R
R, =3 Ou Rys = R 1&& ) Ry = Ry + Ry,
3
R3=R4=R6=20M a) A R R, R B
R, =4 OMm —
R4 RS R6
R —?
R23 R5 A Rl RZ R3 B
Rysgs = === Riyyes = R+ Rysgs, 0) o1y p—o
Ryzs + Bs R,
__RixesRy ] Rs
Rizzes + Ry T ¥

R
( Omeem ) r-120m -

Onpenenure COMpOTHRIAEHHE MPOBOJIOYHOIO KAapKaca, HMerIero pop-
My Ky6a, ecJIM OH BKJIFOUEH B 11ENb Mex Ty ToukamH A u B. Comporus-

neHne kaxaoro pebpa kapkaca r =3 Om.

Hano Pewenue P,
1=500 m . Hano l euwienue
I1=20 A p=Nm{v), Jj=ne(v), n==s F=3 Om 2 B
m=911.10"" xr ; ; ; 1
P N R — ! 1
e=1,6-10"" Kn iy V=8, §=§e(v), !
- Pucynok 6) — JKBHBaJIEeHTHAsA cXeMa. L _
0 11 mll 4 |7
p—1 (v) = —, p=Nm(v)=— ror r 5r °
Ne e R=—t—t—=—.
3 6 3 6 6
)
Omeem 4 B
P=569-10" k- mc. ( Omeem ) r-250u




BonsTMETD, BKITIOYEHHDIH B CETh NIOCIENOBATENBHO ¢ COIPOTHBIEHHU-

eM Ry, nokasan nanpsxkenue U, =198 B, a npn sxmouenny nocne-

JIOBATEJIBHO C COMPOTHBIIEHMEM R; = 2R nokasan U, =180 B. Onpenenure co-

NpOTHBJICHHE R M HANPSDKEHHE B CETH, €CJIH CONPOTHBICHME BOIETMeTpa + = 900 Om.

Hano Peweriue
U,=198 B A T
R

U, =180 B Risr 2t

- Ui

r 900 OM Ul =Ilr= 4 3 U2 = 2r= Ur )

R, =2R, Ry+r Ry+r
U(Ry+1r)=Uy(Ry+r), U(R +r)=U,(2R,+7),

U—2?

R1=(U‘—U2)r, U=U‘(R’+r)=Ul(£‘—+1).

2U, -U, r r

( Omeem ) r=100 Ov, U=220B.

B nenw Ha pucyRKe aMniepmeTp MoKasbiBaeT cuity Toka [ = 1,5 A. Cuna

TOKa uepe3s conpoTusicHue R, paBHa [; = 0,5 A. ConpoTurienue

R, =2 OM, Ry =6 Om. Onpenenure conpoTusnenue R, a Takke CHIy TOKOR I,

¥ I3, IPOTEKAIOWMX YEPe3 CONPOTHBIACHUE R, H Ry. R

Hano Pewenue
I=15 A
L=05A I=L+5L+1;, U=const,
R,=20 R

2 " LR, =(I,+1y) Rk L+L=I-1,
Ry =6 Om Ry + Ry
- (I—I‘)R2R3 =£_= IlRl I - Ile

Ry —1 VU LhR+R) R R T R
I, —?

( Omeem ) r =30n, 15,0754, 1,=025A.

Yepes TaMITy HaKaIMBAHHA TEUET TOK, pasHblit 0,6 A. Temneparypa Bomb-
dpamonoii wute muamerpom 0,1 MM pasta 2200 °C. Tok nomBomuTCs

Me THBIM IIPOBOZIOM CederneM 6 MM2. OTpeeNTTe HANPSOKEHHOCTD JEKTPUHMECKOrO MO

1) B Bonbppame (yaensroe conporusienue npu 0 °C py =55 HOM * M, TemIeparyp-

HEIH K03(HmenT conpoTuBneHus « = 0,0045 °C™); 2) B memm (p =17 HOM - M).

Mano Peweriue

_ E
I=06 A j=yE=E,
d=01 Mm=10"m p
1 =2200 °C E,

iy = yE; =~ = po(1+at),

S =6 Mm? 1) ji=vE o py = po(l+at)
po =55 HOM M= ; 4l
a:0’0045 ot h Sl ﬂd2/4 ! bt .7'L'd2
p=17 OM M= . _E ,=i E = _=I£

=17-10°0M- m 2 = h=3> 2=Ph =g
NE —2 25— |( Oméem ) 1) B, = 458 B 2) E, =1,7 MBi.

[o amoOMHHHEBOMY MpoBOxy ceuenHeM S =0,2 MM’ TEYET TOK

I=0,2 A. Onpenemute cuy, AeHCTBYIONIYIO Ha OTAENBHEIE CBOGON-

HBIE NICKTPOHBI CO CTOPOHBI JIEKTPHIECCKOTO 110714, YaenbHoe CONPOTHBJICHUE aJIIO-

MuH#g p =26 HOM * M.

Hano Pewenue
S=O’2 MM2=0’2'10‘6M2 F=3E, ]=’)’E=—E‘, j=-:-;_a
I=02 A P
p =726 uOM - M i___g’ E=—B, F=e-I£
=2,6-10%0m M S p S
e=16 107" Kn
F —29

—

(Omsem ) r_sy6.10% 1



- Onexrprieckas INTKa MOBIHOCTHIO | kBT ¢ HHXPOMOBOI1 CIUpabio
. NPEeIHA3HAYCHA VI BRITIOYEHHS B CE€Th C Hanpaxeruem 220 B. Ckonp-

KO METPOB NPOBONOKH AHAaMETPOM 0,5 MM Hafio BIATh M1 H3TOTOBIEHHS COMPAITH,
€CIIM TeMIepaTypa HUTH pasHa 900 °C? Vaenrnoe conpoTHRIEHME HIXpoMa 1pH 0 °C

Po =1 MKOM * M, a TemnepaTypHBI K03GQHMIMEHT CONPOTHRICHNS @ = 0,4-107 K-,

Hano Pewenue

P=1xBr=10°Br ,
U=220 B p-L R=pL=py+ant
d=05 MM=0,5-10" M R s §
=900 °C o md’ [ US __ Ulad?
p0=11(1)\:1(gM'M= T4 Pp  4Ppy(1+at)’

= MM
a=04-107 K
o ( Omeem ) =699 m.

Cuia ToKa B TIPOBOJHHKE CONPOTUBIEHHEM R =120 Om paBHOMEPHO

pospacraer ot Iy =0 10 I, =5 Asaspems v=15 c. Onpenennre

3peIMBIIEECs 32 3TO BpEMA B IIPOBOAHHKE KOTHICCTBO TEIOTHI.

Mano Pewuernue

= I —1,
R=120 Om do=PPRdr, I=kt, f=max” %0
I,=0 4
Inx =3 A f 25,2 1 52,3

= [do = [K*R¢? dt=—K*R7>.
r=15¢ 0 fdQ .(’).k 3
Q —? ( Omsem ) 0 =15 k]lx.

Cuna Toka B IPOBOJHHKE conporuBreHdeM R =100 OM paBHOMEpHO

y6piraer ot I, =10 A no I=0 3aBpems t =30 c. Onpenenure BbI-
[eNUBIIEECs 32 3TO BpeMs B IIPOBOJHUKE KOJIMIECTBO TEILTOTHI.

—— P ———

/Ba LATHHIPHIECKHMX IPOBOJHHUKA OJMHAKOBOM AUTHHE U OLHHAKOBO-
IO CeqeHus, OJIHH U3 MM, a IPYIOi U3 Kene3a, CoeqHHEHb! Tapa-
neNsHO. ONpe/ieNHTs OTHOMEHHE MOIHOCTE!H TOKOB JTA 3THX IPOBOIHUKOB. Yiels-
HBIE COTIPOTHBICHHAA MEH H )KENIE3a PABHLL COOTBETCTBEHHO 17 1 98 HOM * M.

( Omeem )Q=100 KITK.

OmnpeennTe HaIPsHKEHHOCTh MEKTPHYECKOr0 NOA B AIOMHHHEBOM
npoBoaHuKe 06beMoM V=10 cM’, eciH NpH POXOXKIEHHH TI0 HEMY

Hano Pewenue TIOCTOSHHOTO TOKA 33 BPEMS { = 5 MHH BBIAETIIOCH KOMMYECTBO TeroThl O = 2,3 kJk.
=26 HOM * M.
h=hL=1 ViensHOe CONPOTURIEHHE ATOMUHAA P
5=58=8 5
U / P
=5 =Pz aHo euiernue
px=17 HOM - M= R Rl! RI p]Sy 1 ﬂs —
= V=10 eM*=10"M 2
=1,7-10%0M M E
Us U%s P t=5 mua=300c w=-Q-’ w=— E= /wpz @
Py =98 HOM M= B=——-ro, B=—, A _P2 0=23 Klx=23 10° i Vt p V't
=98-10%OM M pil pal B p g ;
p=26 HOM M=
=2,6-10%0M-M
r_, ( Omegem ) A s,
P B " . —1 ( Omsem ) E=0,141 Bim.

—




II10THOCTB SNEKTPUYECKOTO TOKA B MEAHOM NPOBOJIE paBHa 10 A/cm’.
Onpenenyte ynensHyio TEIIOBYIO MOLIHOCT TOKa, €CIIH YAETBHOE
conpoTuBieHNe Mean P =17 HOM - M.

) Ha pucynke R=R,=R;=100 Om. BonsrMerp NOKa3bBaeT

U, =200 B, cOnpoTHBIIEHHE BONBETMETPE R = 800 Om. Onpepenu-

te DJIC Garapen, npeHebperas ee CONMPOTHRICHUEM.

( Omeem ) w=170 Ix/(M - c).

Onpenenite TOK KOpPOTKOro 3aMbikaHus ucTounrka JJIC, ecin npn

BHEIIHEM CONPOTUBNIeHMN R, =50 OmTok B enu /; = 0,2 A, a npu

R =110 OM— I, =0} A.

Hano Pewernue

R, =50 Om P #

1 Io=—> = ’
L=02 A r Ry+r
R,=110 O &

2 M L= , L(R +7r)=L(R +r),
L=01A Ry+r

IZRZ_IIRX
p= 22T = (R4,

11<3—? 11_12 H l( t )

IK3=I](ﬁ+1)= I] M.}.l .
r LR, - IR,

B ners, cocrosiiyro 13 6atapen v pe3ucTopa conpoTHRIeHHem R = § Ow.

BKJIIOYAI0T BOJIETMETP, CONPOTHBIEHHE KOTOPOro R =800 Om, omun

pa3s nocnenoBaTeIbHO PE3NCTOPY, ApYToOi pas — napaaneasHo Onpenenute BHY I-
PeHHee CONpOTUBICHNE BaTapey, ecliu NOKa3aHus BOJABTMETPA B OBOMX CIyuas\
O/JMHAKOBEI.

( Omeem ) ,_ 03 om.

Mano Pewenue
R1=R2:R3=100 OmMm I[/:"(J_V, 12: UV , |
Ry Ry + Ry
R,=800 Om h=ly+h, R, 2
P &
& —2 b R (R R
! RV+ R2+R3 R3

R
R Ryt 3))- Omeem ) #=325B.
Ry+ Ry + Ry

Ha pucyHke conpoTUBieHue notenmmoMeTpa R = 2000 Om, BHYTpeH-

Hee ConmpoTHBNeHKe BonkT™MeTpa R, = 5000 Om, U, = 220 B. Omnpe-
nenuTe IOKa3aHue BOJAETMETPA, €CIIH NOJBIDKHBIA KOHTAKT HAXOAMTCA NOCEPEUHE

NOTEHIMOMETPa.
Mano Pewenue L
R=2000 Om R=Ry ==, .
Ry= 5000 Om 2 ‘_TF_R__‘
Uy =220 B R2_ Iy
R, I,-1
L=hL=1f2 v (V)
_— . __R2:1, AR —
V - 3
UV—-'7 R/2+RV R/2+£2/_22TRR_V_
Vv
_ R/ZUORV = RVUO .
Uy =1y Ry= R/2+2R,

R2-R,

R/2 (R/2+R,)
( / +R/2+RV) ( Omeem ) vy, =100 5.




HocTh 10 BT, a npu cue toka 2 A MommocTs 8 Br,

Ormpenenure OAC & u BHyTpeHHee CONPOTHUBJIEHHE 7 HCTOYHHKA
TOKa, €CIIH BO BHEMIHEH LEeNH npH Cuie Toka 4 A Pa3BUBAeTCH MOII-

Ha pucynke R;=R,=50 OM, R;=100 Om, C =50 u®. Onpenenn-
te DJIC ucrounnka, mpeHebperas ero BHYTPEHHHM CONPOTUBIEHHEM,

ecqy 3apa] Ha koHaeHcarope ¢ = 2,2 MK

Hano Pewenue

L=4A P=#1, &=IR+r),

B =10 Br &1 -P

: R=&h-Kr, r=—"_1  p_gp_p,

L=2A ki

P =8 Br 12 I? I?
B=&L-—5(¢L-R), PB=&L-#2.pL,

& —9 11 1] 1

r—7?

2 2
ff’=(1’z—1’n%) (%), rn
( Omeem )g:s,s B; =075 Om.

C
Hano Pewenue —
R
R\=R,=50 Om Q 4 1+ B R,
U=Uc==, 3
R,=100 Om C
C=50w0=510°0 | pp e
=22 107K éf1\2 +R)R
IZM, U3=1R3=QLL—_"2‘—'—39
o —2 CR R, CR\R,

R,+R)R ( )
Z‘=U+U3=%[1+£——’I‘Rl—R2;“—3]. Omegem & =220 B.

Haubt weTsipe anementa ¢ JIC #=1,5 Bu BHYTPEHHUM CONIPOTHBJIE-

HueM r = 0,2 OM. Kak HyXHoO COeHHUTE 7TH 3JIEMEHTBI, YTOGHI 110-
Jy4HTh OT CoBpanHOH Garapen HaNGONBIIYIO CHITY TOKA BO BHEIIHEH LENH, UMEeo-
me# conporusnenue R = 0,2 Om? Onpenenute MaKCUMAJIBHYIO CIJITY TOKa.

Hano Pewenue
= n
k=4 P=n&l-1*—r [n 1 m — cootsercTBeHHO UMCIO
#=15B m
r=02 Om TOC/Ie 1OBATE/IHHO H NAPAIVIEBHO COETMHEHHEIX 2IeMeH-
R=0,2 Om TOB], 1=Imax, £=O, E:ng_zlir:()’
al ol m
Imax_'? I= n& s n&“=I(R+£r),
n n R+Zy "
R+ 1—=r-21"7=0, m
m m
mR = nr ) ) I - n#
min=k[ "O0MTEH =T (Omsem ) 1,,=175 a.
R+—r
m

Ha pucynke R,=R, R,=2R, R3=3R, R;=4R. Onpenenure 3a-
P Ha KOHJIEHCATOope.

Jano Pewenue ¢
R=R Iy=h=hL+l1,
R, =2R L=1,
R, =3R Ry3= Ry + Ry=5R,
R, =4R o RuRi _20R y
=R vR 9 A
23

2 o 20R_9R Uy U

0 Ro= Rir Ry = RE=gm="07 0%, " 29%°
5 222 2, -2%

LRy = 1Ry, 14=212, 12"‘14—12"‘212—412—10, 412—29 R’

4 = - -cu.=Luy,c.

( Omgem ) %UOC.




B miockuit KoHIEHCATOP, PacCTOSHNE MeXIy IUIaCTHHAMH KOTOPOTO

d =5 MM, BIBHIAIOT CTEKIISTHHYIO IUIaCTHHY (£ = 7 ') ¢ MOCTOAHHOM CKO-
pocTBIO U = 50 Mw/c. LlInpuHa miacTise! b = 4,5 MM, SJIC 6arapen ¢ = 220 B. On-

Ha pucynke =& =&, R =48 Owm, R R,
R, =24 Owm, manenve HanpsokeHua U, Ha

R,
6 . conporuBlieHrM R, pasHo 12 B.Ipene6perad BRYTpeH-
peAesuTe CITY TOKa B LienH Garapey, OMKTIOYEHHON Kk KOHAEHCATOpY. HIM CONPOTHETEHHEM Y/IEMEHTOB, ompenerie: 1) iy _1}_ . T ’, Tfa
,ZI aHo Pewienue TOKa BO BCEX YJACTKaX LENH; 2) COMPOTHRIEHHE R; . —T" '[ T
d=5mM=5-10"u ;=92 ( Omgem ) 1)1 -025 A, 1,=05A, ,=0,75 A;2) R,=16 Om.
=7 dr’
= T — —
v=50 MM/c=5-107mc| o ¢ d y VLT
b=45mMM=4,5 107 M Q=owbdr, — Ha pucynke & =2 B, R =60 Om, Ry =40 Om, & = R, =20 Omu
=220 B 0'=gyn E, R; =100 Om. Onpenenure cuty Toka I; 9epes rajleBaHOMETD.
&
1 —9 n=g-1, Ezg, dO=¢,(e-1wbdt, ﬂauo Pewieriue a) R R,
g g=2B ’I=Il+.[3,
I= ~-1)—vb,
L =Ele )d R =60 Om Jh=htls, Rs R,
= L
( Omeem ) =55 ma, R, =40 Ou ?:f —;,- |
- Ry=R, =20 Om Us ¥ 6 =143 ﬁf
) Ava ucrourmka toka ¢ IAC & =2 B u & =1,5 B u pHyTpeHnnMy Rg =100 Om. LR+ LR, =&, 6) — I, — I
conpoTuBICHUAMH 7 = 0,5 OM U r; = 0,4 OM BKLIOYEHBI MapalLTeNs- R+ LR =4,
I —? LR+ I R;+ LR =&, I
HO conpotuBneHm0 R =2 OM. Onpenenure cuty Toxa 9epe3 3T0 CONPOTHUBIIEHHUE L G
P 6[‘+412=O’2, 6.[“"4(-[]_10):0’25 —’13 _’14
HAano cuienue 2L+21,=02, > ALy - 1g)+21,=02, '
4=18B I=h+1,, i 61, +1015 + 21, = 0,2; 64 +1016+21,=0.2; I: 7
[{2=1,5B _ 82 ~ 02+2I
_05 0 R+l =4, IxT 105, - 415 =02 — Il=93—2—+ﬂ0—, 41, -21;=02 - I4=—3——;—2,
=05 Om R+ Ly =, t=—1 10
ry=0,4 OM 2 & 0,2+ 41 0,2+ 215
R=2 Om I= &]r2+@r1 . IT R 6I|+10-[G+2I4=0,29 6(——10—-—0—-)1-1010""2 ‘-‘—'——4 =O,2:
RR +nry + Rr, —

I —2

( Omgem )1-0775 A

1,24+241; 410005 +1+101;=2, 134I;=-02, [,=-149-107 A.

< Omeem ) I; =1,49 MA, HanpaBleH B CTOPOHY, IPOTHBONONOXHYIO Tep-
BOHA9aJLHO BRIOpaHHOIL.

— —— —
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Ha pucynke & =10 B, & =20 B, & =40 B, a conporHneHus

Ry =R, = Ry= R=10 Om. Onpeznenure CIITy TOKOB, POTEKAIOMAX

uepes conpoTuBieHus (/) n aepes ucrounkxu JIC ( 1'). Baytpenuee COTIPOTHBIIE-
HHe HeTouHuKoB JJIC He yIUTHIBATE.

Harno Peweriue

#&=108B

4 =10 BriGepeM nanpasrenns )
% =208 TOKOB (pHCYHOK 6).

&£=40 B 13l=11+13’
Ri=Ry=R=R=10 Om| |L+I{=1,

1]7 12, 13_—.7 12'—‘1&"‘13’,

I, n, I —9

hR=4-4&,

LR+ LR, =&,

LR, =& +&;

,10=20, ,-10=30, L-10+3-10=40; 5
L=2 A, L=3A, L=1 A
=3 A, I=0, I=-2 A,

/{ HapaBJieH B CTOPOHY, MPOTHBOMONOXHYIO [IEPBOHAYATEHO BEIGPaHHOH.

Omeem ) L=1A, L=3A, L=2A,
I=2A, L=0, =3 A

3.3. JiiekTpH4ecKHil TOK B MeTaJLIAX,

B BaKyyMe H ra3ax

nopopa U, =13,6 B.

OnpegenuTe MUHUMATIBHYIO CKOPOCTH AIEKTPOHA, HEOGXOAUMYIO JUI
VOHHM3ALHH aTOMa BOLOPOJA, €CIIM NOTEHIMA HOHH3AIMH aTOMa BO-

Hano

Pewuenue

U =136 B
e=16-10"" Kn
m=911.1073" kr

2 ’
eU: = mv2mm i Unin= 2eU' :
m

( Omeem ) o, =219 Mwe.

OTHOmEHHE pa60T BbIXO01a 3JICKTPOHOB M3 IMJIAaTHHBI U IIE€3HA

Ap, [ Acs =1,58 . Onpenennre OTHOMEHME MUHUMAJIBHBIX CKOPOCTEl

TEIUIOBOro ABMKEHUA 3JIEKTPOHOB, BRUIETAIOIIKMX U3 3THX METAJLIOB.

( Omeem ) v, /v, =1,6.

S — w—

rueit W =107" Ix.

Pabora Brixoga snekTpona u3 meraina A = 2,5 3B. Ompenennre cko-
POCTE BEIIETAOIETO 13 METAJLNa SNEKTPOHA, ECIM OH 06/1agaeT 3Hep-

Hano

Pewenue

A=253B=4-10" Ix
w=10"" Ix

v —7?

M WA, ue A

( Omeem ) v=115 Mwm/c.
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TepMonapa XKEJI€30 — KOHCTAaHTaH, NOCTOAHHAA KOTOPOIi

a=53 10° B/K u conporuBiense R=15 OM, 3aMKHYTa Ha rajb-
BaHoMeTp. Oa¥H cliail TepMOIaphl HAXOAUTCA B COCY/E ¢ TAIOMMUM JILAOM, & BTOpOL
NOMELLEH B CpEfTy, TEMIIEparypa KOTOpoi He 3BecTHA. OIpeaenuTe 3Ty TeMriepary -
pY. €CIIH TOK, NPOTEKAIOINHA Yepe3 ranbBaHoMeTrp, /= 0,2 MA, a BHyTpeHHee Co-

HpOTHBIECHHE raibBaHOMeTpa # =150 OMm,

( Omeem ) T =896 K.

Tepmonapa # Xene3o—kOHCTAHTAH M COEAMHEHHBIH ¢ Helo mocne-

AOBAaTEIILHO rajibBaHOMETP BKJIIOYCHBI, KaK IT0Ka3aHO Ha PHUCYHKE, rae

# — 6arapes ¢ 3/IC, pasnoit 1,5 B. TlomHoe compoTHBieHre NOTEHIHOMETPA paBHO
15 kOM. XonoxHeiil Criait TepMoliaphl HAXOAKTCA B COCYAE C TalouM JibaoM. ITo-

cTosHHas TepMonapsl a = 5,3-107° B/K. Onpeaenure TeMieparypy ropsero cras

TepMOTIaphl, €CJIM NPH CONPOTHBAEHUH R,p =150 OM cuna Toxa B nenu raibpBaHo-
METpa paBHa HYMO. BHyTpeHHuM conpoTHBnenreM Gatapeu npeHeGpeys.

Hano

Pewenue

# =158 Ig=0 - & =p,;=1IRy
Ry =15 xOm = (1 - cuna T0Xa B IOTEHHUOMETpE),

=1,5-10°Om I=¢/R, ¢

- ’ i
a=53-10" BK g s T
T,=273K R,» R,
0 a8 e A‘_______':__,__ C
RAB—ISO OM ffT=a(T—T0), B
1(]:0 g'r
rotRo o @%
Ry a

T —9?

( Omeem ) ajuaczc(zﬂi]e—ft/(w)_
oT P

N\ Onpenenure paGoTy BEIX0a MEKTPOHOB U3 METAJLIA, €C/IH IUIOTHOCTb

TOKA HAaCHILICHUS JBYXD/IEKTPOAHOI IAMIILI IPU TeMniepatype I pas-

Ha j, , a IpH Temiepatype 7> paBHa j,.

Mano Peweriue
T, = C];ZC—A/(kT), h= CTzze—A/(kT),
J 411
T ili =@ By 2
J2 . 2 I T
A[L_LJ_II{ATL) IR )
4 —2 AV W) L-T,
( Omgem ) T.
kT;Tz In j] 22
A= 241
5L -T,

BhIBeMTE 3aBUCHMOCTE CKOPOCTH H3MEHEHHA IUIOTHOCTH TEPMO3IIEK-
TPOHHOTO TOKA HACHILUEHHS OT TEMIIEPaTyphl.

——

TOK HACHIIIEHHUSA IIPH HECAMOCTOATENbHOM paspane [,,. = 6,4 nA. Haii-

JHTe 9HCNO riap HOHOB, CO3/TaBaCMBIX 33 | ¢ BHEIIHNM HOHU3ATOPOM.

Marno Peweriue
_ —6 41012
Lo =64 TAS64-107A | ) , =L2_2Ne
t=1c ! !
Lot
N HaC .
N =7 2e

249



ITorenuman nonnsauun aroma Bogopona U, = 13,6 B. Onpenemnte

TEMUIEPATYPY, NIPH KOTOPOH aTOMEI HMEIOT CPEAHION KMHETHIECKY 10
SHEPTHUIO NOCTYIIATENEHOTO IBHAKEHUS, JOCTATOYHYIO Ul HOHH3AL(HH.

Hano

U =136 B

l Pewernue

_ 2eU,

Onpenenute TeMIiepaTypy, COOTBETCTRYIONIYIO CpefHel KMHETHYEC-
KOH JHEPTHH NOCTYIIATEIbHOr0 ABHXEHAS JIEKTPOHOB, paBHOM pabo-

Te BEIXONIA M3 BONB(PaMa, ecllH I0BEPXHOCTHBIH CKAYOK [TOTEHIMANA is Bonbhpa-
Mma 4,5 B.

Hano ) Pewenue
(e)=4 3
p=45 B (e) =247 Azer,
T —7? (e)=4, -;—kT=e¢p,
=2ep
T34

( Omeem ) r-s48

3.4. MarautHoe noJje

Eoig ~
fﬁ, B oaHOpOAHOE MarHUTHOE Nojte ¢ MEAyKuued B = 0,1 Ta nomeiena

"
o h L R

KBagpaTHas paMKa Iutowamsio S =25 cM’. Hopmans Kk IWI0CKOCTH
AMKY COCTAB/IAET C HANPABJIEHUEM MarHUTHOTO 110715 yron 60°. Onpenenure Bpa-

AIOIMH MOMEHT, ZEHCTRYIOIMH Ha paMKy, €C/IM No Hel TeueT TOK [ = 1 A

| Jano Pewernue
B=01T —*
; 5 a1 M:[pm,B]’ [
S =25 em?=25 107 M _ N
a = 60° M:meSHla’ 7 § 4
A 4 - ----
I=1A Pm =15, Nda B
M =1ISBsina. n
M —2? —>

( Omeem ) M =217 vkH - m.

B ogHOpOIHOM MarHUTHOM ITOJIE © uHIyKuueil B = 0,5 Ta HaxoauTcs

TIpAMOYTonbHAs paMKa JIMHON a =8 oM U wHpuHo#t b=15 cM, co-

mepxamas N =100 BuTKoB TOHKOH mpoBonoky. Tok B pamke /=1 A, a II0CKOCTH
PaMKu napaUlenbHa IMHUAM MaragTHOH muxykuud. Onpenenure. 1) MarHuTHbIHA
MOMEHT paMKy; 2) BpallaroMi MOMEHT, AeHCTBYIOMUM Ha PaMKy

< Omeem )1) P =04 A-M5 2) M=02H-m

OcHnoesHble (pmuuecwue HOCMOAHHbIE
IMocroannas Boneumana k = 1,38-1072 JIw/K

OnemeHTapHHIH 3apan e = 1,6 107"° Kn

Macca noxkos anekTpona m, =9,11- 1073 kr

AR EE X E R NN N NN I N N N A NN NN A N N A A A A AN AN NN BN B BN BN B B AN AN J
OcHosHble huzuecKkue NOCMOAHHbIE
DnekTpuuecKas NoCTOAHKas £, = 8,85 1072 ®/um

MarruTHas MOCTOARHAS =47 107 TH/m

Macca 1okos npoToHa m, = 1,627 1077 xr

251



B onHoponHOM MarHMTHOM Hoje ¢ HHaykunedl B=1 Tn HaxoguTcs

KBagpaTHasd paMKa co CTOpPOHOH a =10 cm, 1o KOTOpo# TeveT TOoK

I=4 A.TInockocTs paMKH NEpHEeHAHKYIAPHA IMHASAM MarHuTHOR HHgyKumny. On-
peaenute paboTy A, KOTOpPyIo HEOGXOMHMO 3aTPAaTHTE JUIS HOBOPOTA PAMKH OTHOCH-
TEIIBHO OCH, MPOXOAAIIEH 4€PE3 CEPEIMHY €€ MPOTUBONONOKHBIX CTOPOH: 1) Ha 90°;
2) na 180°; 3) na 360°.

( Omeem ) 1) 4=004 [ix; 2) 4,=008 [k, 3) 4 =0.

Toukoe xonb1o Maccoii 10 r 1 panuycoM R =8 cM Hecer 3apsn, pas-

HOMEPHO pacnpeeNeHH sl ¢ muHeltHoM WIoTHOCTE t =10 HKi/m.

Konbuo pasHoMepHO Bpamaercs ¢ sactoroit n=15 ¢’ oTHOCHTENBHO OCH, Nep-
NEHAMKYIAPHOH IUIOCKOCTH KOJbIA H IPOXOAsmei uepes ee ueHTp. Onpenennre:

1) MarHMTHBIH MOMEHT p,, KPYTOBOIO TOKA, CO312aBaEMOTO KOJNBIOM; 2) OTHOLIE-
HME€ MarHHTHOTO MOMEHTa K MOMEHTY HMITYNILCA KOJIbIIA,

Onpesienyre MarHNTHYIO HHAYKIHMIO B mons, cO37aBaeMoro OTpes-
KOM GECKOHEYHO IIMHHOTO MPOBOAA, B TOUKE, PABHOYNANEHHOH OT

KOHI(OB OTPE3Ka ¥ HAXOAAIIEHCA HA PacCTOAHUE R =4 cM OT ero cepenuHbl. [nuna
orpeska nposoga / =20 cM, a cuna Toka B iposone =10 A.

Pewternue

Hano

R=4 cMm =4-10%mM ol
=20 cM=0.2M B=ﬁ(cosal—cosa2),
I1=10 A
/2
cosq; =——,
B—? "
a, =180°-a.

( Omeem } B =464 MKTn

Hano Pewenue
m=10 r=10"kr pn=1S, 1=2-TTR_ ik, & p
R=38 cm=0,08 M T "
=10 sKa/m S=nR, T=1n,
n=135 ¢t P = 27ntR-7R> = 27 ntR?, @R
D p o L=mvR. v=wR=27nR, P
2 po /L —7 Pu/L=20ntR [(m-22nR?) = mTR/m .

( Omeem ) 1) p=1,52 HA - M%2) p_ /L =251 uKw/kr

ITpunuMas, YTo NEKTPOH B aTOME BOJOPOZA IBMAKETCA O KPYTroBOH

Op6PITe, ONMPEACTINTE OTHOMIEHNE MalrHUTHOIO MOMEHTA P, 3KBHBAJICH-

THOT'O KPYTOBOTO TOKA K MOMEHTY MMITY/I6Ca L OpOUTAILHOTO JBUAEHHA 3 IEKTPOHA.

( Omegem ) %"—‘-:87,8 Tk

Onpenendre MHIYKUUIO MArHWTHOTO IIOJIA B IIEHTPE MPOBONOYHOMN
KBAJPATHOM PAMKH CO CTOPOHOI g =15 CM, €CJIH IO PAMKE TEY€ET TOK
I=5A.

Mano Pewenue
a=15cmM=0,15m
S a, =180°—-q,
B=4B ¢ b
= 18] al "I
Ho
= COSQ; —COS5 ),
1 A (a/2)( 1 2) a
=42 -2-cosqy .
47 (a/2)

( Omeem ) B=37,7 MxTn.

252

283>



Ilo nBym 6€CKOHEYHO JIMHHBIM NPAMEIM NapajiieasHbIM POBOAAM,
HaxoAAMUMEs Ha paccTosHMH R=10 oM apyr ot apyra B Bakyyme,

TeKyT TokH [} =20 A nl, =30 A onunakoBoro Hampasieuus. OUpenennTe Mar-
HHTHY}O HHAYKUMIO B 1014, C031aBaeMOro TOKaMH B TOIKAX, JIEXKAIMX Ha IpAMOi,

coenuustomei 06a nposoaa, eciu: 1) Touka C NEXKHUT Ha PaCCTOAHHM 7 = 2 CM J1e-
BEE JIEBOTO MPOBOAR; 2) TOuKA D NEXHT Ha PAacCTOSHHH 7, =3 CM mpasee NpaBoro

npoBoza; 3) Touka G NEXHT HA PACCTOSHUM 73 = 4 CM MpaBee JeBoro MpoRoa.

Hano Pewenue
I]=20 A A.‘_____Ri . B
L=30 A
R=10 eM=0,1 M B=&2_1, rln r
47 r C G D

rn=2cm=0,02M

rn=3cmM=0,03mM
2 B - ﬂo 211 + ﬂo 212 11 F F N IZ

rn=4 cM=0,04 M 4n n  Am(R+n)’

B —? By=to 2L Ko2h
4.71(R+r2) 4 r2

2) B, —7?

3) B, —72 B =.“0211_.“o 21

dm ry  4m(R-n)’

( Omeem ) 1) B=025 mTm; 2) B,=0,23 MTm; 3) B,=0.

Tlo mBymM 6eCKOHEIHO THHHEIM MPSMEIM MAPAIUIEBHBIM IPOBOHUKAM,
paccTofsHHE MexXIy KoTopeiMH d =15 oM, TekyT Toxu [, =70 A u

I, =50 A B IpOTHBONONOXKHBIX HANPaBeHWIX. OmpeneuTe MarHHTHYI0 HHAYKIMIO B

B TOuKe 4, ynanenHoit Ha r; = 20 cM oTneproro 1 #, = 30 ¢M 0T BTOPOro POBOIHUKA.

Hano Pewenue
d=15 cM=0,15M g=tol
1~ L)
L=70 A 27 ry
LL=50 A

B,= mh g

r=20 cM=02m wry’

B=B, +B,,

=30 cM=03M

B—2 B=1 B+ B24+2B,B, cosf , Dy,
2 2 2
-d
p=180°-a, d2=r,2+r§+2r,r2cosa, cosag=—r‘+r2 ,
2rr,
2 g2
#o Iy 15 LL, 5 5
B=yB}+ B3-2B,B, cosa ==L | L+ 2 - ritry-do).
\/ i 2 122 2ﬂ\/r,2 rg rlzrg(l 2

( Omeem ) B=42,8 mxTn.

HanpsxeHHOCTs H MarHHTHOTO NOJIA B LEHTPE KPYTOBOTO BHTKa C

MAarHHTHBIM MOMEHTOM p,, =1,5 A - M? paBHa 150 A/m. Onpenenure:
1) pamuyc BUTKa; 2) CHIIy TOKAa B BUTKE.

i

B Tlo mBym 6eCKOHEUHO JIMHHBIM NPAMBIM NapajLTeNbHEIM TPOBOJHU-

KaM, PacCTOHNE MEXTY KoTopeiMH d = 20 oM, TexyT Toxn I = 40 A
1 I, = 80 A B ompom HanpapneHuH. Onpee/HTe MATHUTHYXO HHIYKIMIO B B Touke A4,

yZaNIeHHO# OT NEPBOro NPOBOJHUKA HA 73 =12 CM H OT BTOPOTO — Ha 1, =16 cM.

( Omeem ) B=120 MxTn

Hano Pewienue
H=150 A/m I
Pn =15 A M Y
pm=IS , R=3p—m, I=2RH .
1) R —2 2 i
S=nR
2) 1 —2

COmeem ) 1) R=117 eM;  2) 1=351 A.
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Onpenenute MarHUTHYI0 MHIYKLHIO B LEHTPE KPYTOBOrO MPOBONOY-
HOTO BUTKa paauycom R =10 cM. mo koTopoMmy Teger Tok /=1 A.

( Omeem ) B=6,28 mkTn.

Onpenenyte MarHUTHYI0 MHIYKLMIO HAa OCH TOHKOTO TIPOBONIOYHOIO
KonbI(@ pailycoOM R =35 cM, o xotopomy Teder 10k { =10 A, B TOU-
Ke A, pacronoxeHnol Ha paccTosuun d =10 M OT LeHTpa KONbI.

Harno Pewienue
R=5¢cM=0,05m o Idl py Idl
I=10 A dB= =

4 r AR +d”)

d=10eMm=0,1m
dB | =dBsing,

. R
sing = ———aer |
VR? + d?

B—?

27R
B,= oy IRA oy 127K

Lo = -
o A (R +d®y* An (R + a%y?

B,=) dB,=0, B=B,

( Omgem ) p_115 yura

) Onpenenure MarHUTHYIO HHOYKLMIO B, Ha OCH TOHKOTO MpPOBOJIOM-

HOTO KO/IbLA paguycoM R =10 cM, B TOUKe, pacioNoKeHHO Ha pac-
CcrosHuu d =20 CM OT LEHTPa KO/BI@, ECIH NPH NPOTEKAHHK TOKA N0 KONBILY B
HeHTpe konspa B =50 mMxTn.

( Omegem ) B, = 4,47 MKTn.

Kpyrosoii BuTOK pagnycomM R=15 cM pacnonoxeH OTHOCUTEIBHO
6eCKOHETHO JUIMHHOTO [POBOJA TaK, YTO €ro IUI0CKOCTE NapalienbHa
apoBony. [lepnennuKynsp, BOCCTaBICHHBIN Ha IPOBOI M3 LIEHTPA BUTKA, SBISEICS

HOPMAJIBIO K IUoCkocTH BuTka. CHia TOKa B npoBoae /, =1 A, cuia TOKa B BUTKE
I, =5 A. PaccrosHue OT 1eHTpa BHTKa 10 nposoga d =20 M. Onpenenure mar-
HHTHYI0 MHIYKLHIO B [IEHTPE BUTKA.

Harno Peweriue

R=15 cM=0,15mMm I

=1 A = Uy,
4 B=toa d
L=5A ®

— — Bzzlu i II
d=20cM=02M SR
— R
B—1 I,

——+

B=\B + B =
{ Omeem ) B=7212 MkTwL

B oaHOoponHOM MarHUTHOM nojte ¢ uHayKuued B = 0,2 Tn HaxoauTcs

(rdy (2R}

TIpAMO¥ TIPOBOHMK JVIMHOH [ = 15 ¢M, Ho KoTopoMy TeueT Tok /=5 A.
*

Ha npososauk nefictyer cina F = 0,13 H. Onpenenure yron @ Mesxry HanpasJe-

HMSMM TOKa M BEKTOPOM MarHUTHOM HHIYKLUH.

Harno Pewierniue
B=02 Tn F:][dl,B], F=1Bsina,
I=15cmM=0,15M
JI=5A . . F

sinag=—, a = arcsin— ,

JF =013 H IIB 1iB
"a —?
i Omeem ) a=60°.
%,
—
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Tlo npsAMOMy FOPH3OHTATIEHO PACNOJIOKEHHOMY [IPOBOJLY IPOITYCKAIOT TOk,

I, =10 A, ITox HuM Ha pacCTOAHMHM R =15 CM HAXOMWTCS MAPAILIENE-

HbIil eMy AFOMHHVEBBIA IIPOBOJL, 110 KOTOpOMY NponyckatoT Tok [, = 1.5 A. Onpene-
JHTE, KAKOH JOJDKHA GBITH [UIOMAAb HONEPEYHOrO CeYeH s AIOMUHMEBOTO IPOBOIA.
100! OH YAEPKHBAICS He3aKperUeHHbIM. [TI0THOCTE amomunms p = 2,7 r/em?,

Mano Peweriue
=10 A f_zﬂoﬂflfzi _ Mohd Ez___pngpSg
R=15cM=15-10%m | /  27R |_, 2zR I ’
L=15A

tohily
p=2,7 riem’ = F=mg, o P
=2,7"10° xr/m®
S= #0'[]'[2 .

§ —2 2nRog

( Omsem ) s-755.10% 2

JIBa 6eCKOHEUHBIX PAMOIMHEHHBIX NApaiUieIbHBIX POBOIHHKA C OH-
HAKOBBIMH TOKAMH, TEKYILIAMH B OIHOM HAIIPARIEHUH, HAXOMNICA JAPYT OT
Apyra Ha paccrostHiy R . Yto6b! HX pa3aBHHYTH 10 pacCTosHud 2 R , Ha KBl caHTH-

METP JIMHBI POBOIHHKA 3aTpaqmBaeTcs pabota 4 = 138 nJlx. Onpenesmre Cuty Toka b
TIPOBOJIHHUKAX.

Hano Pewenue
y posh 1 Il
2R dd4=Fdx, pototthly g Kol
27x -1 27X

A=138 ullx = u

=138 107 [lx 2R 2, 2R 2
I=1cM=10%m A_jpdx=“0“.Ji‘£‘_=ﬂof'““2,
L=hL=1I R 2w x 27
] —9 = 27mA

Uyl In2

( Omeem ) I=10 A.

T B}
%%@%& Kontyp n3 nmpoBona, H3orHyToro B (popMe Kpafpara €O CTOPOHOI

7

- a=0,5 M, pacronoxeH B OIHOH ITIOCKOCTH C HECKOHEYHBIM IPAMO-
THHEHHBIM IIPOBOZIOM C TOKOM [=35 A TaK, 4TO HBE €I0 CTOPOHBI NapajieIbHbl
nposoxy. Cuna Toxa B koutype [} =1 A. Onpenenure CiuTy, AeHCTBYIOIIYIO HA KOHTYD,

ecny Gmpkaiiias K npoBOoy CTOPOHA KOHTYpPa HAXOQMTCA Ha pacCTOsSHHH b =10 cMm.
HanpasneHnus TOkOB yKa3aHbI Ha PHCYHKE,

Pewernue

Hano

a=05m TFZ
a
I=5A 1‘ > I‘
Il:IA A F, B F

b Yya < @

¥
h
oy

b=10cMm=0,1 M

F—2

a) 6)
F=F+F+F+F,,
F2=_F4, F:Fx+F3,
11 I
F=F-F, =1, Jo L 3:__L‘_(>I_l__
27h 2n(b+a)

»
Fzﬂolll a[—l—— 1 ]: toll, a _
2 b b+a) 2n(a+bb

( Omeem ) F =417 mxH.

[ BN B BN BN BN BN BN BN NN NN BN NN NN NN BN BN BN BN NN NN NN NN NN NN NN B NN NN N BN BN B N N N N N N N W)
Hecamuyunvie npucmasKku K HA38aHUAM eOUHUY

T — tepa (10'%)
" — rura (10°)
M — mera (10°9)
kK — ko (10%)

a— neu (107"

¢ — cauru (107%)
M — muiui (107)
MK — Muxpo (107)

H — HaHo (107)
n— nuko (107'%)
b — demro (10°%)
a— arro (10 '%)




LA
z&3 133;@ [IpaMoyronsHas pamka co cropoHamMi @ = 40 cmu b= 30 cm pacno-

7I02KEHA B OIHO# IO CKOCTH ¢ 6ECKOHETHBIM NIPAMOTMHEAHBIM NPOBO-
JoM ¢ TokoM I =6 A Tak, 9T0 AIHMHHBIC CTOPOHEI PaMKH Iapajlle/IbHbI IPOBOI
Cwia toka B pamke I} =1 A. Onpenenure cHibl, IEHCTRYIOMKE HAa KAKIYIO U3 CTO-
POH paMKH, ecliH 6nuxaiinas k IpoBoXy CTOPOHA paMKH HaXOAHTCS HA pACCTOAHHI
¢ =10 cM, a TOK B Hell COHaNpaBneH ToKy

Harno Pewenue
a=40 cM=0,4 M dF:I[d],B], F,
b=30 cM=03 m 1k
I=6 A B:‘u_OI | “11 .
L=1A 2ar 41 b —,—>F3
c=10cm=0,1m [dlAB]—it— c‘ *_!a
4 2’ "
E —° I
! F:JdF:J[Bd’, F4
F—7
9 I
A jI,B di= jI,“" a=Helhe
E —2 2mce
c+b
I, ol c+b 11
Re Jagha=SRnTs RS F=F,
27 ¢ 2n(c+ b)
( Omgem ) F =48 uxH, Fy =166 MxH,
F; =12 mxH, F, =1,66 mxH.

00 0000000000000 0000000000000000000000000"°
3akon Amnepa
dF = 7[dl, B],

rne dF — cuua, aeicTByromas Ha snement dl mpoBogumKa ¢ Tokom [, Homernier
HEIH B MATHHTHOE TONE ¢ HHAYKuueH B.

) ITo ToHKOMY TPOBOJOYHOMY MOMYKONBIY paasycoM R =50 cm Teder
Tok =1 A. [TepnenmukyaspHO IIOCKOCTH NOMyKo/bla BO3GYXAeHO
OHOPOHOE MarHATHOE Mone ¢ HHAyKumed B= 0,01 Tn. Hafiaure cuny, pactaru-
BAIONIYIO NOMyKONbLO. JeACTBHE Ha MOMYKO/IBIO MArHUTHOTO IOJIS NOABOMAMIMX
NpOBOZIOB H B3aNMO/IEHCTBHE OTIENBHBIX SIEMEHTOR M0TyKO/bIIA HE YIHThIBAT.

Jano Peweriue
k=50 om=0,5u dF = I[d1, B}, y
I=1A o
- A X x dF, X X
B—0,0l Tﬂ (dl,B)=7L’/2, B Yy . |
\
F o9 dF = IBdI, R L «
— X x X o * .
d/=Rda, R4 dF
Q X
dF = IBRda,
X X X X X

dF, =dF cosa, dF, =dF sina,

x
F, = [ IBR cosa da = IBRGsina); =

k2
F,= JIBR sina da = IBR(~cosa)|; = 2IBR,

F=F,=2IBR.

( Omeem ) r=001H

TIprMerss 3ak0H AMIepa /1 CHJIBI B3auMOAeHCTBHS ABYX NapajLle/kb-

HBIX TOKOB, BRIBEIMTE YHC/IOBOC 3HAYEHNE MarHUTHOH NOCTOAHHOA Ky -

_ kot 24D o L=hL=1A, R=1rw, L2107 1w,
4r R di
ar ax
w=1, wo = ‘”212 =47 107 WA= 47 107 Twm
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ONEeKTPOH ABMXETCA MPAMOJHHEHHO ¢ NOCTOAHHOM CKOPOCTLy,
v=0,2 Mwm/c. Onpenennre MarH¥THy0 MHAYKIMIO B 1ous, co31g

J1eKTPOH [ABIDKETCH B OXHOPOJHOM MArHUTHOM IOJIE € MHIyKLHE
B =0,1 Tn no okpyxHocTH. OnpezenuTe YyroByio CKopoCTh Bpalle-

BAEMOT0 3IEKTPOHOM B TOYKE, HAXONAIEHCS HA PACCTORHHH 7 =2 HM OT JIEKTpoN ﬁanexrpom.
W nekaneli Ha NPAMOMH, IPOXOAAIIEH YePe3 MIHOBEHHOE [IONOXEHUE SNIEKTPOHa |, |
COCTAB/IIOIIEHA Yron & = 45° €O CKOPOCTBIO ABWXEHHS IEKTPOHA. ﬂ ano ‘ Pewernue
Hano Peweriue p=01T Fa= I3, ol
— 2
v=02 Mwe=02:10%e| . uou0lvr] p—2 =B -,
r=2mM=2-10"u T “=tls o=e ' .
a = 45° _2nr _ 2am w_gﬁ_f_ﬁ
— B=£ ging. v_ B r_m
B_ o amr ( Omsem ) p-ses wxti |
_ _ (Omeem) w=1,76-10'" pan/c.
E; P ———————— T

Onpezemnure HanpsokeHHOCTs H 10M4, C0312BaeMOro MPAMONUHE-
HO PaBHOMEPHO [BIKYIMMCHA CO CKOpocTsio U = 5000 km/c 3nent-

POHOM, B TO4KE, HAXONAMENCA OT HEFO Ha pacCToaHHU 7 =10 HM U nexameil Ha
NEPICHAMKYIIAPE K V, IPOXOASAMIEM 4€PE3 MrHOBEHHOE HONOXKEHHE 3/IEKTPOHA.

DekTpoH, 061aas CKOPOCTRI0 U = 10 Mm/c, Bieren B OJHOPOAHOE
MATHHTHOE T07e NEPNEHANKYIAPHO JHHUAM MarHATHOH MHIYKLHMH.

Muyrykuus MarauTHOro nona B = 0,1 mTn. Oupeaennre HOPMaJIHOE H TAHMEHIU-
aNbLHOE YCKOPEHHUS SNIeKTPOHa.

( Omeem ) H=637 Am.

(Omeem ’ a, = const = 1,76-10" m/c;,  a, =0.

CornacHo Teopuu bopa, 31eKTPOH B aTOME BOI0POJIA ABUKETCS BOKP) I
A7pa 10 KpyroBo# opbuTe pammycoM r = 52,8 mM. Onpenemure mai-
HUTHYIO HHIYKIMIO B 110/I%, CO3/1aBaéMOT0 MEKTPOHOM B LIEHTPE KPYTOBOi opbute

Hano |

Peuwtenue «

B 0ZHOPOZHOM MarHMTHOM HOJIE [IEPHEHANKYIAPHO JTHHHAM MArHuT-
HO# MH/IyKLHMH [BIDKETCA OPAMOil POBOIHUK wusof 40 oM. Onpe-
genure cuiy JlopeHua, AeHCTBYIONIYIO HA CBOBOHBIH 3TEKTPOH IPOBOTHUKA, ECITH
BO3HHKAIOMASA Ha ero KoHUaX pa3HOCTh NOTEHUHAIOB COCTABLACT 10 mxB.

( Omeem ) p _,i0%y

r=528 mm=528-10"wm ot Qv r A
B:O—4Q[_3_]’ (v’r)zz, ‘uzl’ |Q|___e.
R ig 2
B —7?
=t m?_ 1 & e e’
, 47 r r dmey P’ dregrm
B=—H

87ur? \Jmegrm

( Omeem ) B=125 10" Tn

.........................................
Mooyns cunvt Amnepa
dF = IBdlsina,
e @ — yron Mexay Bekropamu di u B.




ONEKTPOH, YCKOPEHHBIH Pa3HOCTHIO IOTEHIMANOB [/ = 0,5 xB, nBu-
KETCH MApANTIeNbHO NPAMONUHEHHOMY ITHHHOMY TPOBOJHUKY Ha
PACCTOAHMH 7 =] CM OT Hero. Onpesenure cuity, 1elCTBYIONIYIO Ha DNEKTPOH, eCity
qepes NPOBOXHHUK MPoIyckars Tok [ =10 A.

Hano Peuwienue
5 ]
U=05xB=500B ="
r=1cm=107%m 2
I=10 A
e p= ol
F—79 m 2mr

F=evB= HoeleU

ard2m

‘ Omeem ’F=4,24.10—16 H.

TIpoTOH, yCKOpPEHHBIH PA3HOCTBIO IOTEHINAIOB [/ = 0,5 xB, Bneras s

ONHOPOAHOE MarHUTHOE MOJIE ¢ MarHUTHOH MHRyknued B=2 mTn,
ABIKETCS 110 OKPYKHOCTH. OlpenenuTe paguyc 310k OKpYKHOCTH.

Hano Pewienue
V=05 kB=3008 m? 20U
0=16-10"" Kn QU =—-, v
m=167-107 xr my my _ \2mQU
B=2mTn=2-10"Ta | &B="F% - R= 5= o5
R —7?

( Omeem ) R=161 m.

DEKTPOH, BIETEB B OXHOPOJHOE MATHUTHOE TIONE C MarHuTHOHN UHIYK-
et B =2 MTh, gpuxercs o KpyroBoH opbure paguycom R=15 cm.

Onpenenute MarHATHBIA MOMEHT Py, SKBHBAJICHTHOIO KpYroBOro ToKa.

Hano Pewenue
B=2 MTn=2-10"Tn . , 1_£
R=15 cM=0,15m Pn =18, S=nR?, ==
2nR mvz eBR
—9 7= 2R g b
P o ev i __.m ,

2 pp?
ev e BR 0
=—= . — . 2
Pr R 2m ‘ meem }Pm =0,632 DA - M2,

IneKTpoH, o6nanas ckopocthio v =1 MM/c, Bretaer B OIHOPOAHOE

MarHUTHOE TI0JIE 10 YIIOM @ = 60° K HanpaBReHMIO I0JI% ¥ HadiHa-
eT XBHraThcs 110 Ciupaty. HanpskeHHOCTh MarHuTHOTO Tonst A = 1,5 kA/m. Ompe-
pemuare: 1) war coupany; 2) pagyC BUTKa CIIMpaITH.

Hano Pewenue
v=1 Mm/c = 10° M/c V=V +V,,
a=60°
H=15 xA = Ui T Ueosa,

=1,5-10° A/m v, = vsina ,
2nR  2aR
Hh—2 IT=——=—,
v, vsina
2) R —7?

2nR  2mvmcosa
h=uvT =vcosa———= ,
vsina eugH

2 -
muv Uzm vsina-m
eUzBZ _‘2, B:‘[toji, R:—:_—-

R eB euoH

( Omeem )1) h=949 MM; 2) R=2,62 mm.




ONEKTPOH ABMAKETCA B OAHOPOAHOM MATHUTHOM NONE C MarHUTHOI
MEIyKIMed B = 0,2 MTn no BUHTOBO!M MMHHH. OlpeieNuTe CKOPOCTH 1

3NEKTPOHA, €CIIM PAaJMyC BUHTOBOU by K =3 cM, amar #=9 cmM.

( Omsem ) =117 Mwrc.

H30TONMOB B MArHUTHOM IOJIE.

- -26
HoHb1 IBYX H30TONOB C Maccamu ¢ = 6,5 10 26 5 wumy,=68-107° Ky,
YCKOpEHHBIE Pa3HOCTRIO MOTEHIIHATIOB U =0,5 kB, BietawT B 0JHO-

JO[HOE MAarHUTHOE I10JIe ¢ MHAYKIMe#d B = 0,5 Tn nepreHauKyAspHO TUHUAM UH-
ki [IpunuMas 3aps KaX0ro HOHa PaBHBEIM 3JIEMEHTAPHOMY JJIEKTPHIECKO-
y 3apsTy, ONpeenuTe, Ha CKOIBKO ByIyT OTIMYaTECA pajyChl TPaeKTOpUH HOHOB

Onpenenure, npy Kakoi CKOPOCTH ITy40K 3aPMKEHHBIX YaCTHIL, JBH-
TasCh NEPUEHUKYNAPHO CKPEIEHHBIM MO IPAMBIM YIIOM OJHOPO]-
HbIM SneKkTpHueckoMy ( £'=100 kB/M) u MarnutHOMY ( B = 50 MTn) nonsm, He ot-
KIOHAeTCA

ﬂauo Peweriue
E=100 xBM=10°BM | F,=QE. F; = 0[v. B], F,=Fy.
B=50 MTn=5-102Tn E
— E = OuB v=""
— OF = uB, 5

( Omsem ) ,_; vy,

B 0nHOpORHOE MarHUTHOE NONe C MATHUTHOM MHTyKuMed 0,2 T nep-
NEHIHKYNAPHO TMHUAM MarHUTHOH MHIYKIMY C IOCTOSHHOM CKOPOC-
ThIO BICTACT 3apMKEHHAA YacTul@a. B Tedenue 5 MKC BKIIOYaeTCs 3NEXTpHUECKOE
1071€ HanpsLKeHHOCTHIO 0,5 XB/M B HaNpaBneHyy, napayuIeIbHOM MaPHUTHOMY TOSTIO
Onpenenure war BUHTOBOM TPAEKTOPUM 3APKEHHOMN FACTHLEL.

Hano Peweriue
B=02 Tn 3
mu 1 2nR  2am
[ZSMKCZS'lobc QuB:—R_—, Y:T:—QE, F;:QE,
E=0,5 xB/M =500 B/™m
Ft Et Et

F;,tzml)], Ul:—e:'g—, h:vszzn—

h—79 m m B

0 R__’ZmU ]
Rz—Rl_- _B e )

Mano Pewenue
m;=26,5 107 xr 02 o
evB=—— ’ R= —B s
my, =68 107 xr R ¢
U=05 xB o ye 22U
el =—) kY
B=05Tn 2 m

[{4XTOTpOHB! NO3BONAIOT YCKOPATH MPOTOHK 10 3Hepruil 20 MsB.
OnpenenuTe pagdyc JyaHTOB LMKJIOTPOHA, €CIIM MarHUTHAs MHITyK-

( Omeem ) h=1785 cm.

st B=2 Tn.
Hano Pewenue
7=20 MaB = 3
=3,2- 107 Ix rom ve |3
2 m
m=1,67 107 xr
B=2 Tn my? m®  N2Tm
evB=——+, R=—7>= .
R evB eB
R—2
COmeem) R> 1323 em
267



3} Onpenenure ynensHbl# 3apsjl 9aCTHL, YCKOPEHHBIX B HUKIOTPOHE B
OZHOPOHOM MarHUTHOM HOJNE ¢ HHAYKIMeH B=1,7 Tn npu gacrore
YCKODSIOINETO HAMpskerus v =259 Ml

Harno Pewenue
B=17Tn 2TR 1 (yena c
=— JIOBUC CUHXPOHH3IM
y=259 MI'p= v » poIMa),
=2,59- 107
’ ' T my?
[ —=(uB, v=27vR,
R
2_,
m Q_ v _2avR 2y
m RB RB B
( Omeem ) 0
==957-10" Ki/ke.
m

IIpOTOHBI yCKODPSAIOTCS B 1IMKJIOTPOHE B OAHOPOAHOM MATHUTHOM IOJIE
¢ wRgyKuned B =1,2 Tn. MaxcumansHEI# pafuyC KDUBU3HBI TPaeK-
TOPHH NIPOTOHOB COCTaBNAET R =40 cM. Onpenennte: 1) KHHETHYECKYIO IHEPTHIO
TPOTOHOB B KOHIE yCKOPEHNS; 2) MHHUMANIEHYIO YaCTOTY YCKOPAIOIIEr0 HANpsKe-
HHs, TIPY KOTOPOH IPOTOHBLI YCKOPAKOTCS 10 dHepruit T = 20 MbB,

Haro Pewenue
B=12 Tn 2
m eBR
R=40 cM=0,4M evB=—ro, v=—
R m
T, =20 MsB =
=3,210 2 [Ix rom _SBR 2T,
== R Uy = f—
2 2m m
T —7?
vy —7? vy =27 R, vxz__l__’ﬁ.
2ZRN m

( Omeem ) T=11 MsB, v, =24,6 My,

B cayuae >dhekra Xojuia 1 HATPUEROTO NPOBOAIHKKA [IPH ILIOTHOC-
THTOKA j =150 A/cM’ M MarHMTHOM HEIYKIMH B =2 Tu nanpsxen-
J0CTB NOTIEPEYHOTO HIIEKTPHYECKOTO MOIA Eg = 0,75 MB/M. Onpenenure KOHUEHT-
iaumo 31eKTPOHOB TIPOBOJAMMOCTH, 3 TAKXKe e OTHOMEHHE K KOHLEHTPALHH aTo-
oB B 3TOM IIpOBOAHMKE. [LNOTHOCTE HATPUA P = 0,97 r/em’.

! Jano Pewenue

" i E

:J=150 Alem?:= eEB=evB, 'U:?’
C=1,5-10° A/m?

B= i B
B=2Tn j=nev, n=L:———] ,
E‘EB:O’75 MB/M= ev eEB
b =0,75-10°B/M™

’

_jV_A Nay _Npp
v Mipp M

m

p =097 r/iem® =970 xr/m’

M=23-10" xr/mons
R n JjBM

n—? n " eEgNop'

n
_n_' — ‘ Omtiem ' n=2,5_1028 M'3, n/n’=0,984.

OnpeenuTe NOCTOAHHYO X012 JU1s HATPHs, €CJTH JULA HETO OTHOIIE-
HUE KOHLEHTPALMM EKTPOHOB POBOTUMOCTH K KORIIEHTPAIUH aTo-

moB cocrarnger 0,984, [Tnotaocts Harpust p = 0,97 /e’

Jano Pewenue
n/n' =0,984 R:»l— n’:—N—A= Np =lVAp,
p =097 rfem® =970 xr/v® en Vo Mip M
- 23.107 1 M
M =23-10"" xr/Monb n=0984r , R= = .
—_— 0984en’  0.984eN, p
R -7

( Omeem >R=2,5-1o"° MHA - ).




Onpenenute, BO CKONBKO pa3 NOCTOSHHAS Xojuia y Meau 6onbLie, yem
¥ aJIOMHHHA, €CITH H3BECTHO, YTO B ATIOMHHHH Ha OJHH aToOM B Cpejl-
HEM NPHXOAMTCS 1Ba CBOGOMHBIX SNEKTPOHa, 2 B Mean — 0,8 CBOGOMHBIX 3NEKTPO-
HOB. [I10THOCTH MeH ¥ AIOMUHHS COOTBETCTBEHHO paeHbl 8,93 1 2,7 r/cm’,

Hano Pewenue
Pcu = 8,93 r/em® = Re, = 1 R - 1
= 8,93 - 10° kr/m’ “ene, M eny
pAl = 2,7 I‘/CM3 = ncu = O,Sn'c“ N nAl = 0,8}7/’\1 )
=27 10 xr/m®
N N
-3 r = 4Pc r _Napai
Mc, =63,5-107 kr/mons | ney = Mcu“ , Hay = TA,’
My = 27-107% xr/moms ,
" Ry _ 1y _ 27y
(_n_) - 0,8 RAI Acy 0,8?1&”
n' Cu
Ry _ 20mMe,
(_"_) -2 Rai 08pc, My,
EON
R
Ry,

( Omeem )_@:178
RAI ’

Yepes cedeHHe MeIHOM IUIACTHHKH TONMUHONA d = 0,2 MM mporyc-
kaercsa Tok [ =6 A, IlmacTHHKa MOMeINAaeTcs B OMTHOPOAHOE MarHUT-

Hoe 1101e ¢ METyKimed B =1 T, nepneHAnKynapHoe peGpy rmacmﬂxnvn Harpas-
neHno Toka. CUNTas KOHLEHTPAIMIO 3IEKTPOHOB MPOBOJMMOCTH PABHOH KOHIEHT-
pauyH ATOMOB, ONpE/IENNTE BOHUKAIOMWYIO B IUIACTHHKE [ONEpEeaHYI0 (xons0BC-

3
Ky10) pa3HOCTh NOTEHUMANOB. | DIOTHOCTD MEAH P = 8,93 ricam’.

Hano Pewuenue
d=02 MmM=2-10"mM d
eBy =™ = vB, F, »
I=6 A a .
A
B=11Tx Ap=vBa, :
p=2893 rfem’ = _ 4 X ]
I=jS=nev-ad, a IR S J
= 8930 kr/M’ L a e Ny g T
n=n' S=ad, ////
3 IBa 1 1IB B
M=635-10"" kr/mMons = =
nead en d
Ap —? n=n'=EA=pNA, Ap = MIB
Va M epN, d

( Omeem ) Ap =221 MxB.

Onpenenute UPKyIALMIO BEKTOPa MArHUTHON HHITYKIMH 110 OKPYK-
HOCTH, 4epe3 LUeHTD KOTOPOH NEPIEHIHKYIAPHO €€ IT0CKOCTH IIPOXO-

T GeCKOHEYHO JUTMHHBIH MpAMOJIHHEHHBIH MPOBOL, MO KOTOPOMY TEHeT TOk /=5 A.

.........................................
Xonnosckas nonepeunan pasnocms nomenyuanog

IB
Ap=RZ,
=

rne B — MaruuTHag HHOYKIHs; | — cuna Toka; d — TonmuHa MIACTHHKH:
1

R=— — nocrosuHas Xomna (n — KOHIEHTPALKS NEKTPOHOR).
en

Pewiernue

Jano

I=5A §Bd|=§3,dz=u01.
L L

§Bd1 —9
L

( Omgem ) §B dl = 6,28 MkTn - m.
L

Q1



\ 4

OnpenenuTe (MPKYAAIITO BEKTO-
pa MarHATHON MHIYKUMHA I
3aMKHYTBIX KOHTYpOB, u300pa-
JKEHHBIX Ha PHCYHKE, €CJIH CHJla TOKA B 060ux

NpoBOgHMKax [ =2 A,

( Omsem )
1) §B dl =2,51 MxTn - m;
L

2) $Bdl =5,02 KT a;
! .

3) §Bd1 =0.
L

Io npsMomy Geckoretno puHREOMY NpOBOAHHUKY TedeT TOk [ =10 A

Ormpenenute, nonb3yscs Teopemoii o HUMDKYIALUNH BekTopa B, Mai-
HHT 2
HYI0 MHIYKIMIO B B TOUKe, PacrioOxeHHOH Ha pacCTosHuK 7 = 10 cM ot npo-

BOJHUKA.

Harno
I=10 A
r=10 eMm=0,1 m

Pewenue

§31 d’=u021,, B =B,
L !

B—29

gl

B.znr:.u()la .
2ar

( Omegem ) B=20 MkTn1

Hcn 7
OB3yst TEOPEMY O LUMPKYNIAIMH BexTopa B, paccunraiite maruur-
HYI0 MHIYKUHIO NOJIA BHYTPH CONEHOHNA (B BAaKyyMe), eCli HClio

BUTKOB COJICHON/a PaBHO N M JUIHHA CONEHOUNA paBHa [ .

Conenoun jumHol [ =05 M conepxur N =1000 surkos. Onpene-

JIMTE MATHUTHYIO MHIYKLHIO B 1ofis BHYTPH COJIEHOMIA. €CIH CO-

MPOTHBIIEHAE €10 obMoTki R =120 OM, a HAaNps>KEHHE Ha €€ KOHUax U =60 B.

Mano Pewenue
1=05 M §B, di=uy 31, Bl=u,IN,
N =1000 L :
R=120 Om
— 1:2 B:.‘u_ol!l.
U=60 B 2 7
B —7?

( Omeem ) B=126 mTIn.

\ B conenonne anunoii /= 0,4 M u amameTpom D =35 cM co3paeTcd

MarHUTHOE TOJI€, HAPSIKEHHOCTh KOTOporo H =1,5 kA/M. Onpene-

nuTe: 1) MarHUTORBIKYIULYIO CHITY F ; 2) Pa3HOCTh NOTEHUHAIIOB U Ha koHHAax

0BMOTKH, eC/Hl JUIS Hee UCTIONB3YeT sl ATFOMUEHEBAs NPOBOJIOKA (= 26 HOM * M)

auaMetrpoMm d =1 Mm.

Harno

Pewerniue

=04 M
D=5cM=5"10"M
H=15xAM=1,5-10° A/m
p=26 HOM M=
=26-10°0M"M
d=1Mm=10%m

1) E, —?
DU —2?

4pDHI
I=Hd, U=-%1—2~—~

szfHdl=fH, dl:z_“],, F =HI.

§H, dl=1I, N=t  R=BL
d S
L
D ! 2
I =2r—-N=nD—, S:ﬂ,
2 d 4
zDIl-4 4pDi
=p— 5> = p3 s I=UR, Hl':-]'i,
dnd” d d

( Omeem ) 1) F, =600 A; 2) U=312B.

Q2

= —



Onpegenure, none3yscs TeopeMoii o UMPKYA1nH BexTopa B, numyx-
IO | HANpXEHHOCTE MarHUTHONO MOIIA Ha OCH TOpow/a 6e3 cep-
JICIHHKA, TI0 0BMOTKE KOTOPOro, conepxameii 200 BHTKOB, HPOTEKAET TOK 2 A. Bre-
LIHUA THAMETp TOpowjia paBeH 60 cM, BHyTpEHHHI — 40 cM.

Hano Pewenue
N =200
I=2 A §Bz dl:ﬂozll,
L !
Dy =60 cM=0,61
B-2.7'[r=‘u0N1,
Dy, =40 cM=0,4 M
NI
B=y0———,
B —29 2y
H=—,
Ho

( Omsem ) p_032 wTn:  1=255 A

OnpenennTe MarHUTHBIH NOTOK CKBO3b TUIOINAND TIONEPEYHOro ceye-
Hust KaTymky (6e3 cepriedHNKa), HMEIOmEH Ha KakIoM CaHTHMETpe
ATHHBL 1= 8 BUTKOB. Panuyc conexonma r = 2 cM, cHita Toxa B HeMm [ = 2 A.

Hano Pewienue
n=8 cm! = 800 M ®, = BS, Szm,z,
r=2cM=2-10m ,
B=ponl, ®, = ponlar®.
1=2 A Ho 1= Mo
P, —2

( Omegem ) &, = 2,53 MxB6.

BHyTpu coneHouzaa ¢ aucioM BHTKOB N =200 ¢ HHKENEBbIM CepACT-
uuxoM ( 4 =200) HanpskeHHOCTh ONHOPOXHOr0 MAarHHTHOIO MOJA

- 2 -
H =10 xA/m. [Inoluans nofepeyHoro ceueHns cepaeunnka S =10 cM’. Onpese
nuTe: 1) MAPHUTHYIO MEHTYKUMIO 110714 BHYTPH CONIEHOMA; 2) NOTOKOCLEILICHHE .

Hano Pewenue
- ® = BSN .

H =10 xkA/M=10'A/M
S=10 cm? =107 »°

1) B—2?
2) P —2

((Omeem )1y p_251 1 2) ®=0502 B6.

B oaHOpoAHOE MAarHHTHOE MONE HANPXEHHOCTHIO H=100 xA/M

TOMeIeHa KBagpaTHas paMka co cTopoHoi a =10 cm. IInockocts

= 60° HTe
PaMKH COCTABIIAET C HAlpaBIeHHEM MAarHMTHOTO NOJIA yroil & 60° . Ompenen
MAarHUTHBI HOTOK, IPOHM3EIBAOIHIA PAMKY.

Hano Pewernue
H=100 KA/M (D:Bchsa’
=10 cM=0,1M N
‘;:600 B=1u0.u}{1ll=2_.u0H,
| s=a° B
o —2 ’

D= uoazH cosa .

( Omegem ><D=628 MxB6.

&5y



TToTok MarHMTHON HHAYKIMHK 4Yepes IIOMA/lb NONEPETHOTO CedeHus
conenousa (6e3 cepaeunnxa) pasen ® =1 mxB6. [[numa coneHouna

[=12,5 cM. Onpenenure MarHUTHBIA MOMEHT Pm 9TOTO CONEHOUAA.

Hano Pewerniue
® =1 MxB6 = 10° B6 N N
B= 1_ = = ——
1=125 cM=0,125 bl ©=BS = uol=-5,
&/ ol
1= 5 = [ pe———
P —2 NS Py = ISN .

( Omgem )pmzo,lA,Mz_

——— S ——

B onHoit miockocTn ¢ 6eCKOHeTHBIM NPAMONMHENHBIM TPOBOAOM C
TokoM [ =20 A pacHonoxeHa KBajpaTHas paMKa co CTOpPOHOH, K-
Ha KOTOpo# a =10 cM, IpHYEM [BE CTOPOHEI PaMKH NapaJUTeNibHEl IPOBOLY, a pac-

cTosHHe d OT MPoRoaa A0 Giikaiimeit CTOPOHBI PaMKH paBHO 5 cM. Onpenenure
MAarHATHEIA NOTOK @ , IPOHM3BIBAOIIHIA PaMKY.

Hano

I=20 A . 1‘ a

Pewenue

a=10 ecM=0,1 M Z
[
d=5cm=0,05m B—ﬂ)—i
T 2mr’ d a
o —7 Z
dr
d+a d+a
o= [Bas= [Lolgq _sla (A _pola) (d+a)
d 27y 27 M r 27 a

< Omeem ) ® = 0,44 MxBG.

TIpamoii npoBox WiuHOH [ = 20 cMc TokoM I =35 A, HaXoIAIHACS B
ONHOPOAHOM MarHHTHOM fone ¢ uaAykuue B = 0,1 Tn, pacnonoxen

NepreHANKYNSpHO INHAAM MarHUTHOH MHAyKimMH. Onpenenure paGoTy CHI 101,
101 IeHCTBHEM KOTOPBIX MPOBOJHHK NEPEMECTHIC Ha 2 CM.

( Omgem ) ,_; ix

—— — —

KBafipaTHblit IPOBOAAIHH KOHTYp Co cTOpoHO# /=20 cM H TOKOM
I=10 A cB060aHO NOJBEMEH B OAHOPOIHOM MArHUTHOM HOJNE € Mar-
HHTHOM HHOykume# B = 0,2 Tn. Onpenennre pabory, KOTOPYIO HEOGXOAMMO COREp-

IIHTH, YTO6HI IOREPHYTH KOHTYp Ha 180° BOKpYT OCH, IIEpPIEHANKY/IAPHOI HaNpag-
JIEHMIO MarHHUTHOTO MO,

Mano Pewenue
=20 cmM=0,2M
1210 A d4= Mda, M=[p,,B],
B=02 Tn M= p,Bsina, P =112,
a=180° ; .
2 2 ” 2
A=J'Mda=JIBl sine det = ~IBI cosa| =21IBI2.
47 0 0 0

( Omeem ) A=016 JIx.

B 0IIHOpOIHOM MATHMTHOM H0Je C MAarHUTHOH HEfykume#r B=0,2 Tn

HaXOJMTCA KBAJIpaTHbL NPOROMAIIMI KOHTYD cO cTOpoHOH [ =20 cM

ntoxom /=10 A, IlnockocTs kBajpara COCTABNAET C HANPABIECHUEM MO/ YTONI B
30°. Onpenenure paboTy yaaneHU KOHTYpa 3a [IPeAesl NOJI.

( Omeem ) A=0,04 Ix.
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Kpyrosoii mpoBoasMit KOHTYp paauycoM r =5 cMmuTokoM =1 A
HaXOJMTC B MATHUTHOM TIOJNIE, IPHYEM IUIOCKOCTh KOHTYPa HeprieH-
JMKYSIpHa HanpasieHuo nous. HanpsxenHocTs nons pasHa 10 kA/M. Onpenenure
paGoTy, KOTOPYIO HEOGXOAMMO COBEPIIHTE, YTOOK! IOBEpHYTh KOHTYD Ha 90° BOKpYT
OCH, COBafarolIeH ¢ TMaMETPOM KOHTYpa.

3.5. DIeKTPOMArHHTHAA HHAY KU HSA

ConeHou nuaMeTpoM d =4 cM, IMEIOIIHHA N =500 ButkoOB, HOMeE-

Harno Petuenue

r=5cM=5'10%m dd=Mda, M= p, Bsina,
I=1A g
H=10 xkAm=10'An | P77 7 B= pouH], = ol »

7 S=ar?,
a=—

2 a2 /2

A= jMda= Inr*ugH J-sina da= ugelr*H .

A -2 0 0

( Omeem ) A =987 MKIx.

€H B MardHTHOE T0JIe, HHAYKIHMA KOTOPOIro H3MEHAETCS CO CKOpOoC-
1610 | MT/e. Och CONeHOnaa COCTABISET ¢ BEKTOPOM MarHUTHOH MHIYKLMM YTOJ
a = 45° . Onpenenure O/1C MHITYKIHMH, BOSHHKAUIYIO B CONICHOUAE.

Mano Peweriue

d=4 cM=4-107Mm 2
do d

N =500 &’,=—?, @ = NBS cosa , SznT,

dB

— =1 MTiw/c =107 Ta/c d ﬂdz dB

dt 6| = —(~BS cosq)=N———~cosa,

g 45° dr 4 dt

& —2? ( Omsem ) ¢ - 104w,

B oaHOpOAHOM MarHUTHOM HOJNIE C MATHUTHO! uHaykumelt B=1 Tn
HaxoauTCs IUocKas xarymka us 100 ButkoB paguycoM r =10 cM,
IJIOCKOCTH KOTOPOH ¢ HalpaBIeHHEM IO cocTaBiseT yron = 60° . ITo karyuxe

teueT ToKk [ =10 A. Onpepnenure: 1) BpaIlaomuii MOMEHT, AEHCTBYIOMMIA Ha Ka-
TYHIKY; 2) paboTy 1S yaaneHus 3Toi kaTyIlK¥ U3 MarHUTHOTO 101,

B MarHuTHOE Hone, M3MeHsioImeecs no 3akoHy B=B; cosw!

(B, =0, Tn, =4 c), noMeIeHa KBaapaTHas paMKa co CTOPOHOH

a =50 cM, puueM HOpMarth K paMke o6pasyeT C HalpaBlIeHUeM Nosis yron @ = 457,
Onpenenute SC HEAYKIMH, BO3HAKAIOILYIO B PaMKe B MOMEHT BPEMEHH [ = 5c

( Omeem )1)M=15,7 H-m; 2) 4=272 Ix.

Kpyrnas pamxa ¢ TokoM (S =15 cM?) 3axpellIeHa HapaiebHO Mar-
HuTHOMY NOJO ( B= 0,1 Tn), ¥ Ha Hee AeHCTBYET BpamarOmMH MO-

MeHT M = 0,45 MH - M. Onpenenure cuy TOKa, TEKYIIEO 110 PaMKE.

( Omeem )1:3 A.
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ano Pewenue
- do
B= B, cosw! E?,=—-a;~, ® = BS cosa,,
B, =01 Tn
d
w=4c' S=a*, # = ——(Bya” coswt cosa) =
a=50 cnu=0,5u dt
a = 45° _ 2 d 2 .
125 ¢ =-Bya cosadt(coswt)—Boa w cosa-sinwt .
€« —79

: ?
‘ Omeem > ¥ =64 MB.
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Konsno #3 amomuHuEBOro nposoaa ( £ = 26 HOM - M) NOMEIEHO B
MAarHATHOE Mone NepNeHUKYIIpHO JIHHAAM MarHUTHOH MHOYKLUH
HMuamerp xonbua D =30 cm, gnamerp npoBona d =2 mm. Onpegenure ckopocts
U3MEHEHHA MarHUTHOro MO, €CJIM TOK B Konsie /=1 A.

Hano Pewenue
—_— . = 2
p=26 HOM M R=pi, I=nD, S_ﬂ, ¢ = IR
=2,6-10°0m- M S 4
D=30 cM=03 M 2
, do d dB _aD" dB
d=2 wa=2"10°m el == =5 (B =S—=—""—".
d&r A 4 d
I=1A ! t
9_@_ 44 4AIR _ 16lp
dB . dt| =D* mxD* md’D
-

< ] ’ dB
Omsem P 0,11 Ti/c.

B onHopoaHOE MarHHUTHOE 110ONE © uHaykuuei B =03 TnnoMenena

NpAMOYrONbHas paMKa C MOIBIKHOA CTOPOHOH, JMHA KOTOpOii

=15 cm, Onpenenute 3C HHIYKilHH, BO3HUKAIOWICH B paMKe, CIH €€ MOABIK-
4as CTOpOHA MepeMeImaeTcs NepNeHIuKyIIpHO MNHUAM MAarHUTHOH MHIYKIMM CO

skopocTeio v =10 M/cC.

Hano

Pewwenue ©

® ©
B=O,3 Tn Iv @ i \Y
[=15 cM=0,15M —.
v=10 M/c ' dt « - ,(

® = BS = Bix » ® ® ® B
& —7

!

dx
§ = —1(le) =-Bl—=-Blv,
dr dt

( Omsem ) ¢ =0458.

|E€,‘ =Bly.

ITnockocTs APOBONIOYHOrO BUTKA IUomanslo S =100 cM’ u conpo-

TuBjeHUEM R =5 OM, HAXORAMErOcs B OXHOPOIHOM MarHUTHOM O

HaNpHKEHHOCTEI0 A = 10 xA/M, nepneHUKynIpHa THHIAM MarHMTHO! MHIYKIIHH.
ITpu noBOpOTE BUTKA B MAarHHTHOM T0N€ OTCYET rajlbBaHOMETPA, 3aMKHYTOr0 Ha
BHTOK, cocTanigeT 12,6 MkKin. Onpenenute yron noBopora BUTKa.

JIBe ragxue 3aMKHyThIe METAJUIMIECKHE IIHHBI, paCCTOAHHE MEXIY
KOTOpbiMH paBHO 30 CM, CO CKONB3AIEH NIePEeMBIYKOH, KoTOpas MO-
kKeT JIRUraThca 6e3 TpeHuUs, HaXoaaTCA B ONHOPOIHOM MAarHUTHOM IOJIE ¢ MY KIi-

eit B=0,] Tn, nepneHIMKYIAPHOM IUIOCKOCTH KOHTypa. [lepeMbuka Maccoi 7 = 5r

CKOJB3UT BHH3 C HOCTOAHHOI ckopocThio v = 0,5 m/c. Ompenenure conpoTUBNeHUE
nepeMBIUKH, penebperas caMOMHIYKIHEH KOHTYpa H CONPOTHBNEHHEM OCTIILHOH

ﬂ ano Pewenue 4acTH KOHTYpa.
§=100 cm?= 1072 m? do dQ
=2 - — Jp= RE¥E euienue
R=5 On B T €= IR=R=Z, Hano P
H=10 xA/m= 10" A/m 0 a=30 cM=0,3 M g = 30 kfl:@z—@]:
dQ=12,6 mxKn= ﬂb—, RdQ=-d®, RAQ=~-(D,-D)), B=0,0 Tn o dr ! t
= s dr dt
=1,26-10°Kn m=5r=5"10"kr BS  Bavt
a —?
RdQ
= —-— = —— {‘
RdQ .uOIJS(1 COSC!), cosa =1 [,toHS R —7 R=7’ mg:FA:IBa, ]:%,
a

( Omeem ) ,_qp,

e—

BavBa B*a*v
R= =

mg mg

( Omgem ) R=92 MOM.
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B kaTymxe JIHHOA [ = 0,5 M, AMaMeTpoM d = 5 CM H 9HCIIOM BHTKOR
N =1500 ok paBHOMEpHO yBenuauBaeTcs Ha 0,2 A 32 0Z1Hy CeKyHTy,
Ha xarymxy HafieTo KoabHo u3 MeaHo# npoBoiokH ( 0 =17 HOM + M) IUIOmaabko

ceaenns S, =3 Mm% Onpenenute cuty Toka B KOJIBLIE,

B onHOponHoM MarHUTHOM nofie ( B = 0,1 Tn) Bpalaercs ¢ mocTosH-
HO# YIIOBO# cxopocThio @ =50 ¢! BOKPYT BEPTHKATBLHOH 0CH CTEP-
enb muHoM [ = 0,4 M. Onpenenure SC MHIyKIMH, BOSHAKAIOWEH B CTEPKHE,

€CJIM 0Ch BPAIIIEHNA IPOXOAHT Yepe3 KOHELl CTEPKHA NapajlIeNbHO THHUAM MATHUT-
HO¥ MHAYKLMH.

Hano Pewenue
I=05m™ & a7 1ot NS ( Omeem ) ¢=04B.
d=5 cm=0,05m =l L=
N =1500 i
Nizd® &I g, Nred? dJ B 0HOPOAHOM MarHUTHOM NONE ¢ HHAYKIueH B = 0,02 Tn paBHo-
o =02 Alc s = Mou 4 dr’ bl = N Kok Al dt’ MEPHO BpalAETCs BOKPYT BEPTHKANBHOR OCH TOPH3OHTANBHBIH CTEP-
d )eHb umHoH [ = 0,5 M. Ocb BpaleH!s MPOXOANT Yepe3 KOHELl CTEPXHA napat-
p=17 HOM M= I = lﬁl R= Pk I =md I - 6.5, JeNbHO MMHUAM MATHUTHOM HHZyKimM. OnpesiennTe 4HcIo 060pOTOB B CEKYHLY,
=1,7- 10 Om/m R S, X ’ K apd ’ PH KOTOPOM Ha KOHIAX CTEPXHA BO3HHKAET Pa3HOCTh MOTEHIHATIOB U=0,] B.
S, =3 MM =3-10°m
NS, d dI
I = pou—x=—. Mano Pewernue
dip dt Omeem I =1.66 MA
I, —7? B kv ' B=0,02 Tn do X
1=05 M &=
) Karymka nuamerpom d =2 cM, copepalnas ofuH ci1oi III0THO npu- U=01B & = BS cosa, X
neralomux apyr k apyry N =500 BHTKOB aIOMHHHMEBOTO MpOBOAA
cedeHneM S =1 MM, nomemeHa B MarHuTHOe noie. OCh KaTylIKy napasuieabHa n—7? a=0
NUHASM MHTYKUMH. MarHuTHas HEIYKLIKA N0 paBHOMEPHO H3MEHAETCS CO CKOPO- ’ X
ctei0 1 MTi/c. OnpesieNiTe TEWIOBYIO MOIHOCTS, BRIASIAIONUIYIOCH B KaTYLIKE, CH ds
€€ KOHLBI 3aMKHYTEl HAKOPOTKO. YAETLHOE COTIPOTHRIICHHE AIFOMHHMA 0 = 26 HOM/M. m =B dr dp=owdt,
aHo Peuwienue 2 2 I’
_Jano. o)l P,
=2 cM M 4 wd? / ds....de
N =500 |a,|=—dt~, ©=NBS, S=——, R=p_,
- 2= 1006 m2 ! d 12
S=1mmM’=10"m WZU’ U=B—d£=B——(—l—wdtJ=B—-w,
dB aB\? dt de\ 2 2
o =1 MTn/c = 107 Tr/c 5 NS(,,) S, ; "
=26 HOM - M = fmmaN PZ%Z dtaw =NndSl(iBi) o wmam=2Y a2 Y
p=26 HOM M= P 16p \dr B2’ 2Bl
=26-10°0M M
- ( Omeem ) p-o302 vuBr ( Omsem ) n-637 ¢,
: —




B onHoponHoM MarHuTHOM mone ( B= 0,2 Ti) paBHOMEPHO € 4acTo-

To#t n=600 MMH™ BpamaeTcs pamka, copepxamas N =1200 sur-

KOB, IUIOTHO MPHIETAIOMHX APYT K apyry. [Lnomans pamxu S =100 cM®. Ocs Bpa-
[IEHHUs IEKHT B IUIOCKOCTH PAMKH H NIEPIEHIMKYIAPHa THHHAM MarHUTHON HHIY k-
. Onpegenure MakcuMansHyo JJ1C, HHIyUHpYeMyio B paMKe.

Hano

Pewernue

B=02 Tn &z_g,
n=600 mua~' =10 ¢! dr
N =1200

S =100 eM?= 102 M? ® = NBS cosa ,

& =9 a=wt=2nnt,

max

d
# = ~NBS Et—(cos 2ant)= NBS -2xn-sin2nnt ,

( Omsem ) 5_ =151B.

MaruuTHas HEAYKIHS B nons Mexay noirocami JBYXTIONIOCHOTO
reHepatopa pasHa 1 Ti. Potop umeer 140 BUTKOB (IUromans Kaxaoro

sutka S =500 cm?). Onpeaenure 9acToTy BpalleHHMs AKOPS, €CIIH MaKCHMAIbHOC
sHagenue JC nagykumu pasHo 220 B.

( Omeem ) n=5 ol

B 0mHOPOAHOM MarHUTHOM TIOJ1€ PABHOMEPHO BpamaeTCs mpsAMOyrolb-
HAs paMKa C 9acToTol 1= 600 MuH ', AMIUTHTYIa MHTYurpyeMoi S/1C
& =3 B. Onpegenure MakCMMAaIbHbIH MarHUTHBIH TIOTOK YEPE3 paMKY.

( Omeem ) @, =477 MBG.

—

Karymka anpHoit /=50 cM M guaMeTpoM d =5 CM CONEPXKHUT
N =200 sutkoB. [1o kaTymke teuer Tok /=1 A. Onpenenure:
1) HHIYKTHBHOCTH KaTyIUKH; 2) MarHATHbIHA OTOK, HNPOHU3BIBAOIHA TUIOIIANE €€
HOTIEPEYHOTO CEIEHHA.

Hano Pewenue
Zi?fﬁfﬁzfs“; L=uouN;S, 5=
N =200
g (LD:Z ( Omeem ) 1) L=197 uxtu; 2) @ =985uBS.

JINHHHBIN CONEHOHMJ WHIYKTHBHOCTBI0 L=4 MI'H comepxut

N =600 Burtkos. [Inomans NONEPEYHOro CeueHHA COJNIEHOUIA

S =20 cM’. Onpepenure MarHUTHYIO MHIYKLMIO TIOJS BHYTPM COJIEHOMJA, €CId
CIJIa TOKa, POTEKAOIIETO TI0 ero 00MOTKe, paBHa 6 A.

B omsoponrom MarHuTHOM none ( B = 0,2 Tn) paBHOMEpHO Bpamae-

s TpAMOYTONBHAA paMKa, comepxamas N =200 BUTKOB, ILTIOTHO
npHAeraomux apyr K apyry. [lnomans pamkn S =100 cM?. Onpenenure 4acToTy

BpAwWEHHs PaMKH, ecii MakcuManbHas OJIC, HHAYLMpyeMas B HEH, ¢ . =12,6B

‘ OmBem ’ n=5 ¢,

Hano Pewenue
L=4 M[u=4-10TH
N =600 o=1LI, ® = NBS, B:%:L—;.
S=20 cm=2-10" NS A
I=6 A
B—7?

( Omeem ) B=0,02 Tn




8 /[Be UTHHHBIE KaTyINKM HAMOTAHB! Ha OOIIHHA CepeIHHK, IIPUYEM UH-

IOyKTHBHOCTH 3THX Karymek L, = 0,64 I's u L, = 0,04 I'u. Onpene-
JIUTE, BO CKOJIBKO Pa3 IHCIIO BUTKOB LIEPBOH KaTymKu 60/IbIIE, 9€M BTOPOH.

Hano Pewenue
L =0,64 Th
[= N_S L _N

L,=0,04 Tn Mokt Lo N
N Mo fﬁ

N, —7 N, L
( Omeem ) w,

: N, =4

OmnpesennTe, CKONBKO BHTKOB NPOBOJIOKH, BIUIOTHYIO MPHIETAIONIHX

ApYT K ApyTy, auaMeTpoM d = 0,5 MM ¢ H3omsiiueli HUITOXHOA TON-
IUHBI HaJI0 HAMOTATh Ha KAPTOHHBIA IPUTHHID AuaMeTpoM D =15 cM, 4T06H mo-
JIYYHUTH OMHOCIORHYIO KAaTYIIKy HHAYKTUBHOCTEIO L =100 MxI'H?

Onpegenvite HHAYKTUBHOCTE CONCHOMAA JTMHOMA [ M CONPOTUBICHH-
eM R, ecnn 0oOMOTKOH CONECHOUAA ABJIACTCA NPOBOJIOKA Maccoi m

(HpHHHTB IIOTHOCTB NPOBOJIOKH U €€ YACIIBHOC CONMPOTURICHUE COOTBETCTBEHHO 3a

pup)
Hano Pewenue
! NS NS
R L=uon ' ThoT
P u=l
P I
m I'=2nrN 5o ()t R= f;' S,zg'_l'
S = ar? 2aN? e R
m=pl'S
L —9
po |mR =MN_QH(I')Z o mR ( Omeem ) ,_ po mR
pp' o (2aNY  4ml pp drl pp’

Caepxnposoasaiuii conenoun wuHoA /=10 cM n wiomazasio norme-
pednoro cedeHus S =

3 cM?, cogepxanmit N = 1000 BHTKOB, MOXET

GrITh NoaknodeH k uctounmnky JC ¢ =12 B. Onpenenure cuty Toka depes 0,01 ¢
ﬂano Pewtenue 1oCle 3aMBIKaHNs KIHoYa.
d=05MM=5-10"M , . Hano Pewuenue
N-S D
D=1,5 CM=1’5'10'2M L ‘uo‘u-———l——- S:T, ]:10 CM=O,1M 5 5
L=100 mxlu=10"Tn S=3cm=3-10"m L=M0MNIS -uoNlS, £+ = IR,
p=l I=Nd, L = MophD” A =1000 #e!
4d #=12 B
- d7 df
N —? 1=001c = b= =—L— &=L
U k=0, ‘ dar dr
HoumD ;] —9 ( .
& & & £t
dI=—dt, I=|-dt=—1, = 5
( Omeem ) N =225 JL L 1oN’S




Yepes kaTy Ky, HHEYKTHBHOCTE L KoTopoii parHa 200 MI'H, npoTe-

KaeT TOK, U3MEHAROMMHCA 110 3aKk0Hy [ = 2¢0s3/ . Onpenenure: 1) 3a-
koH mMeHeHnd J3[IC caMouHaykiyH; 2) MakcumansHoe 3Havende DJIC caMouH-

Iy KLHH.

(Omeem )gs=1,2sin3t,B; ¢ =12 B.

B coneHonge 6e3 cepreunuxa, cogepxamem N =1000 BUTKOB, mpu
YBEIWYEHUH CUJIBI TOKA MarHUTHBIA TIOTOK yBeauuuics Ha | MBG.

Onpenenure cpeprroro 31C camMOUHIYKIHH <b‘s> ,» BOSHHKAIOLIYIO B CONIEHOH/IE, eClIu

Onpegennre, gepe3 CKONbKO BPEMEHH CHIIA TOKA 3aMbIKAHUA TOCTHI-
HeT 0,95 NpeneNsHOTO 3HaUeHUs, €ClIM UCTOYHHK TOKA 3aMBIKAIOT Ha

KATYIIKY conpoTHBIeHHeM R =12 OM u ungykTusHOCTEIO 0,5 I'H.

( Omeem ’ 1 =125 Mmc.

Karymky uugyktuBHOCTsI0 L= 0,6 I'H MoAKMOYAOT K HCTOYHUKY

ToKa. OnpenennuTe CONPOTUBICHAE KaTyIIKH, €C/IU 32 BpeMs [ =3 ¢
CHIa TOKa yepe3 KaTywky gocturaeT 80% mpenensHOro 3Ha9CHNS.

W3MEHEHHE CHIIBI TOKA NIPOH301LIIO0 33 lc. ﬂa”o Peme”ue
Hano Pewierue L=06TH R (
—_t —_——
N =1000 AD =3¢ I=Ill-e Ll |, 08/,=1I1-¢ L |,
A® =1 MB6 = 10° B6 (*"s>=NA—,- 1=80%],
At=1c¢ R, .
R —7 08=1-e L » 02=e L,
(&) —2 Oméem ) (o)=1s. R L1n0.2
: —zf=1ﬂ0,2, R=—"1"2=.
> t

HMeetcs KaTymka AHIYKTHBHOCTBIO [ =01 TH # conporurieHuem

R =08 Owm. Onpegenure, BO CKOJILKO pa3 YMEHBIIMTCA CHIIa TOKA B

Katywke gepe3 /=30 Mc, eciiil HCTO4YHHK TOKa OTKIIOWUThL M KATYIIKY 3aMKHYTh

HaKOPOTKO.
Hano Pewienue
L=01TH R R
2 1y o
R=0,8 Om I=1lye !, 7:&:4
t=30 Mc=3010"¢c
I Omeem ) ,;
- 9 = =127
I I
288

( Omeem ) R=322 MOM.

BeckoHEeYHO NIHMHHBIA colleHOUn anuHOH /=08 M wuMeeT ox-

HOCNO#HHYI0 06MOTKY M3 allOMHHHEBOTO TPOBOIA MacCoH
m =400 r. OnpexeinTe BpeMs pelakcauny T 1 9TOro coleHouna. IliotHocTs
H yIebHOE CONPOTHRIEHHE allOMHHAA PABHBI COOTBETCTBEHHO p = 2,7 r/cM’ ¥

p' =26 HOM - M.

Omeem r =712 MKc.

COOPIITR 30 14
1S B R e



ConeHonn muameTpoM d =3 cM uMeer ofHOCTOMHYIO 0OMOTKY W3
IUIOTHO MPHIIEraloNINX APYT K ApYTy BHTKOB AJIFOMHHHEROTO POBOMA

(p =26 HOM ' M) muameTpoM d; = 0,3 MM. ITo coneHommy Teder TOK I;=05A

Onpenenure KOMHUECTBO YIEKTPHIECTBA ) , POTEKAIOMES 11O COJIEHOHITY, € CITH ero

KOHIIBI 3aKOPOTHTb.

Hano Pewerue
d=3cM=3-102m _R,
p=26 HOM- M= I=Ie L,
=2,6-10%0M M

d=03MM=3-10"%M
1():0,5 A

Q —2?

4dp 4dN  16p

¢ 0
2 2
L= pou g S
! | !
p=l
g nd* I yoNzn:al2 _ yoNn:aI2
4 4Nd, 4d,
2
l‘ :ndN’ S‘ :ﬂ!._ ,
4
2 52
_ poNmd*dll,  ugmdd
0= =~ Iy .

( Omeem ) 0 = 42,7 mxKn.

Karymmka MHIyKTHBHOCTEIO L = 1,5 T'H s conpoTuBnenueM R, =15 OM
H Pe3UCTOP CONPOTUBIEHHEM R, =150 OM cOeHHEHBI IapaIIENBHO

H TIOXK/TIOYEHBI K HCTOYHHUKY, MMeKTPOABMAKYIIas ciia kotoporo & =60 B, uepes
oy K. Onpege/uTe HANPSHKEHME Ha 3axnMax katymku aepes 4 = 0,0lcu 1, =01 ¢

Nocjie pa3MbIKaHUA LENH.

ano Pewenue
L=15TH &
Ioz"'“,
R, =15 Om R,
R, =150 Om R
- L
#=60 B I=le*.
1, =001 ¢ R=R,+Ry,
L=0lc U=IR,,
¥
& !
U, —? Uy=—Rye L,
Rl
U, —2

( Omeem ) y _2008, U,=001B.

JlBe KaTyLIKK HAMOTaHbI Ha OfHH oOIHii cepreunnk. OnpeaenuTe ux
B3aMMHYIO HHY KTHBHOCTb, € CJTH [IPH CKOPOCTH H3MEHEHHS CHJIbt TORA

B nepeoii karymke dJ; /dt =3 A/c Bo Bropoii karylke unaymmpyetcs IUC &, = 0,3 B.

Mano Pewenue
......................................... dll/dt=3A/c
Ly =1Ly, ©yy = Ly,
Tox npu pazmeikanuu u 3ambikanuu yenu =038
- do di, &y
I=Ie{/f; (9' =_..J=_ _l, L =—l=
0 P 2 m Ly, & 27,
I=I(1-e™)y, . d
rie t=L/R — mpems penakcauun (L — MHIXYKTHBHOCTb, R —CONIPOTUBJICHHE). C Omeem ) L,=01Tn
591



3029?4:2 ,Z[Ba COJICHOU A ( Ll = 0’64 rH’ LZ =1TH ) OIHUHAKOBOJ JUTMHBI X IPAK-

THYECKH PaBHBIX CEYCHUI BCTaBleHBI ONMH B npyroit. Onpexemure
B3aHMHYI0 HHIYKTHBHOCTh COJIEHOMIOB.

Hano

L, =064 Tu N2g N2g

. L= pou ;x’ L= pupu—2, N, = L .
Ly=1Tn ! 5 KoltS,
L=l=1

i} Lyl N\N,S

. N, = |—22 _ H¥ao
§,=8,=8 2 \,uouSz’ Lo = mou— =JLL, .

( Omeem ) L,=08 Ik,

JIBe KaTyKH HAMOTaHb! Ha OJMH CEPIEHHUK. HEgyKTHBHOCTS NepRoii

xarymku L; = 0,12 TH, BTopoit — L, = 3 T'u. ConpoTnsictue BTOpPOH

Pewenue

KaTylwxH R, =300 Om. Onpenenute cuily Toka I, Bo BTOPOIi KATYIIKe, €C/M 33 Bpe-

Ma At = 0,01 ¢ cuny Toka B nepBo#t Katylike yMeHbLIHTH OT 1, = 0,5 A 5o HyJA.

‘ 0m8em '12 =01 A.

Tpancopmarop ¢ ko3bpuumenToM Tpanchopmaumu 0,15 noHwkaeT
Hanpsbxenue ¢ 220 B 1o 6 B. TIpu 3T0oM criia Toka BO BTOPHYHOI 06-
MOTKe paBHa 6 A. [IpeHe6peras noTepsMu SHEPTUA B NEPRAYHOIM 0GMOTKe, onpene-
JTHTE CONPOTHBNEHHE BTOPHIHOM 0GMOTKH TpaHCpopMaTopa.

ano Peuwienue
N,/N, =0, ;

2/ x' ’5 é"i:U” ézl\{la é:y_z'Ul, ;’f2=12R‘3+U2!
U, =220 B 4 N N -
0’2:6 B RZZC("Q—UZ’ R2=N2U‘/N]—U2
R, —? < Omeem )Rz =4,5 Om.

AsToTpaHc(opmarop, NOHIKaloIMi HanpskeHue ¢ Uy =6 kB 10
U, =220 B, copepxur B nepiiHoii obMotke Ny = 2000 BrtioB. Co-

TIPOTHRIIEHME BTOPUIHON 0GMOTKH R, =1 Om. ConpoTHBIleHNe BHEIIHEH LeTin (B CETH

IOHIDKEHHOTO Hanpskenus) R =12 Owm. [IpeHeGperasd compoTHRIEHUEM HNEPBHYHOMA
0OGMOTKH, ONPEETHTE TUCII0 BUTKOB BO BTOPHYHO# 06MOTKE TpaHC(popMaTopa.

Jauo Pewenue
& N &N
Ux=6 KB=6'103B U]:ﬁ], ——2-=~—Z-, N2=—-2—J-,
& N U
U,=220 B
Us
N]ZZOOO 6‘2:[2R2+U2’ 12:—Rf_’
RZZIOM \U
R=12 0 N :[——f-R +UJ——=—N[——+1 .
M 2 R 272 U, U R
Ny, —?

‘ Omeem , N, =79.

Tpancdopmarop, NOHIKAOLUHHA HanpskeHue ¢ 220 B po 12 B, co-

IEPXHT B NepBryHOH 06MoTke N; = 2000 BuTk0B. ConpoTHBICHMHE

BTOpHIHOH 06MOTKM R, = 0,15 Owm. IIpeHeGperas cONPOTHBIEHUEM NEPBHYHOH
06MOTKH, OMpEeeSIUTEe YUCIO BUTKOB BO BTOPUYHON O06MOTKE, €Clii BO BHEUIHIOO
Lenb (B CETH MOHIKEHHOTO HanpshKeHU ) NepenaioT MomHocts P =20 Bt

Jano Pewienue

U, =2208B &N

: Ny =21 P=1LU,,
U,=12B Ui
N, =2000 PR P

#=LR+Uy=—2+U,, N2=[ R2+U2Jﬂ‘

R,=015 Om U, U, U,
P=20 Br
N, —? ‘ Omeem ’ N, =111.




Cuna toka I B 06MOTKe coneHoHaa, coxepxaiero N =1500 sur-

KOB, paBHa 5 A. MaruuTHeI notoxk @ depes nonepeqHoe cedeHue
conenonna cocrasyaer 200 MxB6. Onpenenure sHEPri0 MarHUTHOTO NOJA B COJle-
HOHJAE.

Hano Pewenue
I=5A LI
N =1500 W==", © =N, = LI,
@ =200 MxB6=
=2-10"B6 Lo —
I’ 2
w—2

( Omeem ) W =0,75 x.

pt— - — —

Conenounx 6e3 cepneqHHKa ¢ ONHOCNOHHON 0GMOTKOM H3 IPOBONOKK
anamerpoM d = 0,5 MM HMeeT inHy [ = 0,4 M H nonepeyHoe cete-
e S =50 cM?. Kakoit Tok Teuet no obmoTke npy Hanpsokehnu U =10 B, eciu 3a
BpeMs t=0,5 MC B 06MOTKE BEIIENACTCA KONMIECTBO TEIUIOTHI, paBHOE SHEPTHH
noss BHyTpH coleHonaa? lome CYHTAHTE OTHOPOIHBIM.

O6MOTKa 3NEKTPOMArHUTa, HAXOMAACH MO/ TIOCTOAHHBIM HaNPSIKEHH-
€M, UMeeT conpoTusieHne R=15 OM u uHaykTHBHOCTE [ =0,3 Th

Ol’lpClICJIPITC BpEM1, 3a KOTOPOC B 0OMOTKE BBIAEAKUTCA KOJIUYECTRO TEIUIOTHL, paB-
HO€ 3HEPIrHH MAarHUTHOIO [10714 B CCPACYHHKE.

Hano Pewenue
d=05 MM=5"10"M o=1Ui. W B? v B’ v
:W’ = t, = = H
/=04 M 0 2uou et 2uq
S=50 cM’=5-103 M
U=10 B
= = N:———,
(=0 M= 5104 v==5I, I=Nd, p
=W I 21281 1S
B=,u0—]Y;[_=.u0—, W= .u20 =‘u0 3
! d d*-2u, 2d
I —2?
pol’S1 20td*
TUt = 3T = .
2d oS!

Harno Pewenue
L=03TH , ’ MHly KTHBHOCTB CONTEHOK/A NPH JUTHHE 1 M M II0Ma i ONePeqHOTo
o=W L? ceaenusa 20 cM? pasna 0,4 MI'n. Onpesienure CHITy TOKa B CONEHOUE,
U =const W= 2’ IIpM KOTOPO# 06BEMHAS TUIOTHOCTS SHEPTHH MarHUTHOTO TIOJA BHYTPH CONEHOHAA
pasHa 0,1 T/’
t —? LI I
——=IR, t=-—
2R Marno Pewenue
‘ Omeem , t=0,01 c. I=1wM 1, W
§=20 em?=2-10"m | W=ZLI%, wET
N = L=04 M[H=4"10*TH
G 6 00 60000000000 000¢ 00000000 GOCOONOSOEOSEOSEEOSEOOSEEOSTOSODS ILIZ
Ob6vemnan niomrocmo IHepzuu 00HOPOOHO20 MAZHUMHOZ0 HOJIA w=0]1 Tx/v V=5l w=—"—,
ONUHHO20 CONEHOUO S — 2 S

e B _ppH' _BH
2t 2 2

I —2
I= 2WTSI ( Omsem ) I=1A.




O6bemMuas IUIOTHOCTE SHEPIUH MarHUTHOTIO I10JI1 BHYTPH COJIEHOM 1A

amuHoit 50 cM M Matoro avametpa pasHa 0,7 Ix/M®, Omnpenenwte
MarHUTOIBV3KYILYIO CIJIYy 3TOTO COICHOU/IA.

Hano Pewernue
w=0,7 Hx/M® 2
Hox/a _ﬂoﬂH’ 2w
=50 cM=0,5m WETSTT H= PP
- 0
Py —7? Fm=§3H,dl, H=H,
L
szHl_ _2VLI = 2_W
Mol ) Ko

Topouy ¢ BO3MYIIHHM CepAEYHHKOM COAEP)UT 20 BUTKOB Ha | cM.

OnpenenuTe 065€MHYIO IUIOTHOCTS SHEPTHH B TOPOUIE, €CIH 110 €10
06MOTKe npoTekaeT Tok 3 A.

Hano Pewernue
l=2OCMI=2'103M' w 2 2
l w:—V_s W= B~ :i‘
I3 A Zuokt| L ZHy
W —9 $Bdi=uNI,  Bi=peM,

L
N 27242 2
B=puy—1, WZM(;N ! =&(ﬁj I?
! P, 2\1J -

( Omeem ) w=22,6 Tk,

3.6. MarauTHble CBOHCTBA BellleCTBA

Iloxaxcme, YTO OTHOIIECHHE YUCJIOBOr0 3HAYCHHA op6mam.ﬂoro Mmar-

HUTHOT'O MOMEHTa p,, IEKTPOHA K YHCIIOBOMY 3HAYECHHIO €r0 0p6ld-

T ATBHOTO MEXaHHIECKOro MOMEHTa L, (TMpOMarHUTHOE OTHOLIEHNE OPOHTANIBHBIX
MOMEHTOB) OJTHAKOBO U1s JII060# OpOHTSI, 110 KOTOPOH ABIKETCA HMEKTPOH.

( Omeem ) g=—.
2m

ITpuEHMAs, 4TO NIEKTPOH B HEBO3GYIK/IEHHOM aToME BOAOPOA ABIKET-

¢ TI0 KpyTOROH OpOHTE paAMycoM r = 52,8 M, ONPE/IEIIHTE: 1) MarauT-
HEI}t MOMEHT p,, SKBHBAIEHTHOIO KDYrOBOIo TOKa; 2) opOuTanpHeId MEXaHHYEC-

KMl MOMEHT L, 3NEKTpoHa; 3) UCXOAs U3 MOy ICHHBIX YUCIOBBIX 3HAYEHUH, THpO-

MaridTHOE OTHOILCHUE op6mam.m>1x MOMEHTOB, JO0Ka3aB, 4TO OHO COBIIAZACT CO
3HaYEeHUEM, ONPEACIIAEMBIM YHUBEPCAIBHBIMHA OCTOAHHBIMH.

Harno

n=1 mv* e €

_ = , V=
e=16-10"" Kn ro 4megr? JAmegmr

r=528 mM=528-10"m

Pewteriue

e
m=911.10"" xr Pm =15, 1=7’
27 2
1) py —? 7= s=m?, p =2L=Z | T,
v 2 4 \meggm
2) L, —7?
3 — 7 p €
)& Le=mvr=-e— o, 3=L—m=7-
TTE, e m

( Omsem ) 1) pp=925107 Ao

2) 1, =1,05-107* kr- M¥c;
3) g=87.8 TKwkr




B npocTpaHCcTBO MeX Ty NOIHOCaMU 31IEKTPOMArHyUTa [OABEIHBAKOT -
€4 [IOOYEPENHO BUCMYTOBBIN H aFOMUHHMEREIH CTePXHY. OKa3aI0Ch,
“ITO TIPH BKIIFOICHHH 3ICKTPOMArHHTa aJIFOM HHHEBEIH CTEPKEHE PACTIONAraeTest BIOML

MArHliTHOIQ 110714, a BHCM}ITOBBIﬁ —— IIONEPEK MATrHUTHOTIO [10J14, O6nacuure pa3iii-
9YHC B UX IIOBEIECHHHN.

B oxnoponnoe MarniTHOE MONIE BHOCUTCS UIHEHBII BONBLOPAMOBKIH
CTepxeHb (MarHUTHAS IPOHALAEMOCTE Bonbdpama 4 = 1,0176 ) On-

penennTe, Kakasa qons CYMMapHOr0 MarHUTHOIO 110718 B 3TOM CTEPKHE Onpenelisier-
€5 MOJICKYTIAPHBIMH TOKaMH,

Hano Pewienue
u=10176 B=puH B = u,J,
J=xH, x=pu-1,
E__? B' = py(u-1H,
B
B _pmou-HH _p-1
B popuH JZ

TTo KpyroBOMY KOHTYPY paguycoM r = 40 CM, IOrpyKeHHOMY B KU1~
KHii kHcnopon, TedeT Tok /=1 A. Onpenenyre HaMarlu4eHHOCTD B
LEeHTpe ITOr0 KOHTypa MarHHTHas BOCHPUMMIHBOCTE XU/KOTO KHCIIOpoaa

x=34-107.

Harno Pewenue
I
r=40 cM=0,4M _ H=-—
I=1A J= 2r’
=34 107 !
x=> J=%
2r
J—?

( Omeem ) J =425 MA/M.

1o 06MOTKE COEHOMIA HHAYKTUBHOCTBIO L = 3 MI'H, Haxonsmerocs

B THaMareHTRO} cpene, TedeT Tok [ = 0,4 A. ConeHoun MMEET NIHHY

[ = 45 M, TOmAnk Honepeunoro ceqerus § =10 cM’ ¥ 9HCI0 BUTKOB N = 1000.
OrnpefenuTe BHYTPH COJIEHOMa: 1) MArHATHYIO HHIYKLMIO, 2) HaMarHUYEHHOCTh

BI
( Omgem )§=0,0173.

Hanpmxermocn, ONHOPOXHOro MarHUTHOrO 110N B IUIaTHHE paBHa

5 A/M. Onpenenure MarfUTHYI0 HHIYKIHIO IIOJA, CO3JaBAEMOr0 MO-
JICKYJAPHBIMH TOKAMH, €CJIH MarHUTHAS BOCIPUUMYHMBOCTE ILUTaTHHBI paBHa 3,6 - 10 *

Harno Pewenue

H=5 AM B =uyJ, J=xH,
-4

x=36-10 B = uoxH

B -9

( Omeem )B'=2,26 HTn.

Hano Pewienue
L=3mMu=3 10°Tn 2 L
NS =
I=04 A L=pop—" NS,
]1=45 cM=045Mm
§ =10 em? =107 M’ = B=pouH ,
N =1000 !
B= L L]-—_li.]_ =u—1
B—2 NS 1 NS r=H
J —2
NH ( L IJNI
= H: — = - -
J=x (u-1) NZSMO !

( Omsem ) B=12 MTn, J=66 A




‘ 3.222 , Conenonft, HAXOAAUMNCS B AHAMATHHTHOIN cpene, UMeeT IUIHMHL

/=30 cM. I1ou1ans NONepedHoro cederns S =15 cM? M YHCIO BUT-
- -
xoB N =500 . VingyxrusHoCTE cosienonna 1 = 1.5 MIH. a cita TOKXa, NPOTEKAIONIE-

ro 11o Hemy, /=1 A. Onpenennre: 1) marauTHyio HHIYKLHIO BHYTPH COAEHOMIA:
2) HAMATHIMEHHOCTH BHY TPU CONEHOMA.

Tlo 06MOTKE CONEHOUIA, B KOTOPBIA BCTABRIIEH XENE3HbIH cepUetHIK
(rpadMK 3aBHCHMOCTH MHIYKIMH MATHUTHOTO NOJIA OT HAIPKEHHO-

cTH TIpeacTanieH B 3anade 3.223), reveT 10k [ =4 A. ConeHOMA MMEET ANHHY I=1m,
UIOmans nonepedHoro cevenns S =20 oM’ i uncno suTkoB N = 400. Onpeneny-

'Te 3HEPIHI0 MarHUTHOIO MOJIA COJIeHOM 1a.

( Omeem ) 1) B=2 MTn;  2) J=175 A/m.
(?.223 “i MIHIY KISt MATHUTHOTO OIS B JKENE3HOM CTEpIKHE B = 1,2 Tn. Onpe-

ACHNUTE U HEr0 HaMarHM4eHHOCTH, €CH 3aBUCHMOCTE B(H) nns
AanHoro copta heppoMarHeTUKa npeacTaBIeHA Ha PHUCYHEe.

Hano Pewieniue
B=12Tn
BH) B Tn * i
T
= i
— v T A

B=12 Tu, Lol i

s / B
H =800 A/m (cM. pucyHok),

0.8 H
J:XH=(;4—1)H=( H—I]H. I'1 iw)

Ko 0.6 0 400 800 1200 ‘

( Omeem ) J=954 kA,

" v§§ .
: 1224 ) Kenesnblii ceppeunnx winnoit = 0,5 m majioro ceuenus (d << /) co-
Aepxut 400 BuTKOB. Onipeenite MarHUTHY 10 NPOHUUAEMOCTS XKeJte-
3a mpu cune roka /=1 A. Mcnonssyiite rpaduk u3 sazauy 3.223

( Om )
gem u=119-10".

Hano Pewenue
I=4 A H BH
H=£, w:ﬂ—, W=wy=—05I
=1M ] 2
S§S=20 cm?*=2"107 M
N =400
W —9

( Omeem ) W =224 IIx.

OBGMOTKa TOPOUNIA C KENE3HBIM CepredHuKkoM umeeT N =151 BUTOK.

Cpenuuii paguyc r Topouaa cocrapnset 3 cM. Cwra toxa / uepe3
obmoTky parHa 1 A. Ompenenure s 3THX YCIOBMA: 1) MHIYKUMIO MAarHUTHOTO
110J14 BHYTPH TOPOU/A; 2) HAMarHHIEHHOCTH CEP/ICYHAKA; 3) MArHUTHYIO NIPOHALA-
emocTh cepaednvka. Mcnonssyiire rpaduk 3apucumoctd B ot H , NpUBEIEHHBIHA
B 3agaue 3.223.

COmeem) 1) B=12 Tm, 2) J=954 kAM; 3) u=119-10".

Ha xene3HoMm CepAeYHHKE B BHJAE TOP3 CO CPEAHMM IHaMETpPOM
d =70 mm HamoTaHa 06MOTKa ¢ 061EM uuciiom BuTkoB N =600. B
CepIevHHKE CHEIaHa y3Kas NONepeuHas npopesb MUPHHOH b=1,5 MM (DHCYHOK K

sagaue 3.228). [Ipu cuie Toka yepe3 06MoTKy /=4 A MarHHTHasA MHIYKUKA B IPO-
pesu By =1,5 Tn. IIpenebperas paccesHueMm noss Ha Kpasx IpOpe3y, ONpeenure

MarHuTHYIO NPOHUIAEMOCTH XeEJ€3a UiA TaHHbIX yCHOBMﬁ.

( Omeem ) =428,




Ha »enesHoM cepnedHuke B BHIe TOpa CO CPEIHHM IMAMETPOM
d =70 MM HaMoTaHa 0GMOTKa ¢ OGIINM qHciOM BHTKOB N = 600
B cepaeunHke clienana y3kas nonepeynas npope3s MUpHHOHK b =15 Mm. Maraut-

Hag MPOHUIAEMOCT JKENe3a A1 AaHHBIX yenouit 1 = 500 . Onpenemure mpu cune
TOKa yepe3s 06MoTKy /=4 A:1) HampseHHOCTs H MarHHTHOTO MO B Kenese,
2) HanpsbKeHHOCTh H;; MarHHTHOTO NOJIS B IIPOPE3H.

Hano
d=70 Mmm=7 102m
N =600
b=15MM=15-10%m
H=1500
I=4 A

Petuernue

1) H—2?
2) Hy —?

H(zwd - b)+ Hyb= NI ,

B=/"O/"H7
(md - bYH + buH = NI ,

By =uoHy, pouH =ugH,, Hy=uH,

NI
He M Hye M
(md ~ b)+ ub (md - b)Y+ ub
( Omeem ) 1) H=2,48 xA/M,  2) H,=1,24 MA/M

Ha pucynke xauecrsen- a) 6)

HO TIPEACTAB/IEHb! IHC- B A B *
TEPE3UCHBIE NETIH A
mByX deppoMarneTuxos. O0bacHMTE,
KaKO# H3 IPUBEIEHHBIX eppomarue-
TUKOB IIPUMEHAETCS JUIS M3TOTOBJIE-
HHA CEPICYHUKOB TPaHCHOPMAaTOpOB
W KaKo#l — 1 H3TOTOBJICHHA TOCTO-
SIHHBIX MarHUTOB.

3.7. OcuoBbl Teopnu Makcseyuia
JJISl 3JIEKTPOMATHHTHOIO MOJIA

} JMHHHLIA [MTHHAPUM ECKHHA KOHAEHCATOD 3apsKACTCA 0T HCTOTHUKA
3JIC. IMpenetperas xpaeBbIMU IPHEKTamMH, TOKAKUTE, YTO TOK CMe-
IIeHNA B JUIEKTPHKE, 3AMONHAONIEM IPOCTPAHCTBO MEXTy OGKIafkaMy KOH/IEH-
catopa, paBeH TOKy B uemu ucrounuka SIC.

Mano Peweriue
l>>d Icmzj-jcmds’
#=U s
£ §D,ds=0,
S
(ICMZI)——?
Dn=D, 2ﬂrlD=tl,
:—t—-— t=2,
27’ l
M
_ 9 D 1 99 I
" 2l at  2mrl at’
| 1 9 S o
o= | Q4o 1 0 gg S 9
3 2mrl ot 27rl at S 2mrl ot
d
w0_d0 o, __2mido_do_,
dar  dt 2url dt dt

( Omgem )i -1.

,asgiz‘ »&k . .
( 3,%3 % 3anymuTe NOJHYI0 CHCTEMY YpaBHEHUH MakcBellla B MHTErpatbHON
D

1 1uddepeHuanbHon GopMax H oGBACHHTE PH3UIECKUH CMBICIT KaK-
JI0TO M3 ypaBHeRuH. 3aueM BooGime HeoGxonmMa nuddepennuanstas Gopma ypas-
HeHuit?
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3anuwyTe NONHYIO CHCTEMY ypaBHeHHi Makcrelia anis cTanmoHap-

HbIX none (E = const u B = const ) B unterpansHoi u auddepen-
WHAILHOR GopMax M 0GBACHUTE QUIMIECKHI CMBICT KOXKAOTO M3 yYPaBHEHMHL.

Tok, npoxoasauuii 1o 06MOTKE IJIMHHOIO MPAMOTO COJICHOU/A PafMy-
COM R, ¥3MEHMOT TaK, 9TO MATHATHOE IIOJIE BHYTPHU COJNIEHOMAA pac-

TET CO BPEMEHEM 110 3aKOHy B = Ar* rne A — HekoTopas nocTosHHas. Onpeaenn-
T€ ILTOTHOCTE TOKAa CMENIeHNs KaK (YHKIMIO pacCIOfHMA 7 OT OCH COJEeHOHJA.

3anummuTe ypasHenns MakcBeLUIa qepe3 NOTOK BEKTOpa dIeKTpHYec- TlocTpoiiTe rpadiK 3aBUCUMOCTH e\ (7).

KOro cMelne (o} i -
menus D, noTok BeKTOpa MarHuTHON ungykuuu @4, 3a Jano Pewienue
paa O ucuny Toka /.
R
, . aD
B= At" Jem = E s
JloKaKuTe C IIOMOMBIO OHOTO U3 ypaBHeHHi Makceenna, 9To nepe- A = const
MEHHOE€ BO BPEMEHU MarHHTHOE MOJIE HE MOXET CYIECTBOBaTh Ge3 if) Edl=- I B ds,
31EKTPAYIECKOTO MOJIA. Jeg(r)y —2 L s o
aHo | Pewienue 9B
A B=Af*, — =24t
B =B(!) at
- B=B(1), B.o, rotE=— B0 rotEx0
= Sy =0, ot #U, ' r<R, 2arE = 7t 241, E=Am, Jow = —E0dr;
rotE —?
‘ Omeem ’ EcTb BHXpeBO€ 37eKTpHYECKOE TOIE. 2 R At . _EodR’
r>R, 2arE = nR” 24t E= ) M= )
r r
OKaKHUTE, YTO YPABHE M =- ivB =
Hokax ypaBHeHus Makceemia rotE dB/dt u divB=0 r=R, E= AR, Juu = £04R.
COBMECTHUMBI, T. €: IEPBOE U3 HHX HE IIPOTUROPEIUT BTOPOMY.
Hano Pewienue C )
: Omeem Jou = —€0Ar (r<R); . A
1) rotE=~ — 1) roth=— —, AR?
at ot o = 25 R);
. Jem = (r > )9 ~p
2) divB=0 . _( B a ' 1
div rotE = dlv(—a—[) = - (divB), Jow = £0AR (r = R). T
CoemecTuMer 1) u 2) — ?
div rotE = 0; divB = const ,
2) divB=0; 1) div B = const . >

( Omeem ) 1) 1 2) COBMECTHMEL.
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B ¢u3uke M3BECTHO TaK HA3bIBAEMOE yPAaBHEHHE HEIPEPHIBHOCTH

. d
§ jdS = ——a?— , BRIP@KAIOIIEE 3aKOH COXPAHEHHs 3apsina JIoKaxHTe,
s

4TO ypapHeHHs MaKCBelUia Colepar 310 ypasHeHue. Brisenure auddepeHLHAL-
Hy10 popMy ypaBHEHHS HENPEPhIBHOCTHL

Marno Peweriue

9 D
§de=———Q— éH, dl:j (j+a——-} dS (S — mobas momepx-
! at ) < at ),

HOCTb, OTIAPAIOIIAACS Ha 3aMKHYTHIA KOHTYp L ),
BripecTd U3 ypaBHEHHH
Maxkceenna, 3anucarb j j, 4S8 = § H, dl—_[ e dS . PaccmoTpumM GeckoHes-
nuddepeHImATBHYI0 Qop- | 5 L s

MY YpaBHEHUS HENPEPBIB-
HOCTH.

HO MBIl KOHTYD, CTSHYB €r0 B TOUKY, @ HOBEDPXHOCTh

ocTasuM koHeuHo#H, Torma § H di=0,

L
d

D,
TloBepXHOCTH 3aMKHYTa, [I03TOMY MOXEM 3aMMCaTh: § JjpdS= —§ L.dS.
at
s 5

Hcnons3yem 11 ypasHerue Makcpelia u npoaudpepeHIpyeM €ro no BpeMeHH:
aD, a ad
D dS=|pdlV, —hd4e = — ar i, j,odS=~-— dv |.

: aQ
§ jdS= o YpasHeHue HenpepLIGHOCIU 6 UHMEZPALLHOT opme
s

p

§ j, ds j aav 5 -
lim S = —lim *——. ( meem ) div j= -L
V ¢ V i
OmpeienTe CITy TOKa CMEIIEHHS MEX Ty KBAIPAaTHRIMH UIACTHHAMH

U T ko
T ke \‘(}:i
. KOHJICHCATOPA CO CTOPOHOIi 5 CM, €CITH HANPHKEHHOCTh NEKTPHYEC-
KOro TI0J1 H3MEHSAETCS €O CKOpocThio 4,52 MB/(M - ¢).

( Omsem ) I, =01 McA.

4. KoJsie0auusi 1 BOJIHbI

4.1. MexaHMUeCKHE U IeKTPOMATHHTHbIE KOJIebaHus

[apMOHHYECKHE KONeGaHNs BETMIHHBL § OMHCHIBAIOTCH yPABHEHHEM

s=0,02 cos (6711 + %) , M. Onpexenure: 1) aMIuIATY Ry KO1e6aHUH;

2) HMKIMIECKYIO YacToTy; 3) 4acToTy xone6anuit; 4) nepuoa xoneGaHuMi.

ano

Pewenue

s=Acostwyl + @),
s =0,02 cos(6m+%], M ( 0 <p)
1

A=002 M, wy=6x ¢,

1) A—2 v:;"—°=3ru,
2) wy —? B

1
v —2? T=—=033c.
4 T —2 v

Omeem ) 1) 4=002m; 2) wy=6x c¢'; 3) v=3Tw 4) T=033c.
0

3anmyumure ypaBHEHHE rapMOHHYECKOro KoJIe6aTeNBEHOrO ARMIKEHNA

TOYKH, CoBepinaioleil xonebanus ¢ aMIuMTYgol A =28 cM, ecid 3a
¢ =1 muH copepmaercs n = 120 xoneGaHHA ¥ HAYATbHAA daza xoneGanuii papHa 45°.

Harno Pewenue
A=8 cM=8-10mM ' 2
t=1 Mun=60c I'=—, woz‘T—,
n
n=120
o= 45° x = 4 cos{wyl + ) .
(1) 9 ( Omegem ) x=8cos(4m+%}’cM_




KECHUS TOYKH, €CJIHN €e JIBIKECHUE Ha4YMHAETCA U3 I10JI0KCHUSA Xy = 2 cMm

MarepuansHas Touka corepmaet rapMOBHYECKME KONIEGaHUs C amr-
Jurynoin A =4 cmuuepuonom T =2 ¢ Hanummre YpaBHEHUE IBU-

Harno Péwenue
A=4 eMm=4-102m
x = Acos(wyt +¢), = =
T2 e (wot + ) t=0, Xo = A cosgp,
x=2M=2-107m | oo Xo_ o _x 2
¢P A s~ ¢P—-3, wO Tncs

x(t) —?
2 x=0,04co&(:tt+%),m.

Omeem 7
x = 0,04 cos m+; J M.

Touxa corepuaer rapMoHITuecKue KoneGanus ¢ nepuogoM 7'=6 cu

HauanbHOH $a3oM, pasHOl Hymo. Onpenenyre, 3a Kakoe BpeM4, Cuy-
Tax 0T Hadana IBIDKEHUSA, TOUKA CMECTUTCS OT NIONOKEHHUS PABHOBECHS Ha [IONORH-
HY aMILTMTY/IEL

( Omeem )tzlc_

Hamuuiure ypaBHeHHe rapMOHHUECKOTO KONe6aHs TOYKH, €CIIH €ro
aMmIuaTyaa 4 =15 cM, MakcMMansHas CKOPOCTE KONeOmoIeics Tou-
KM V. =30 cM/c, HauansHas dasza ¢ =10°,

Hano Pewenue
A=15 cM=0,15m

Umax =30 cm/c=0,3 m/c
v

(p:]OO Uax :‘A(Uol, Wy :%.

Omeem 7
x=015cos 21+§ WM

x=Acos(wy +¢), U= —Aw, sin(wyt + @),

() —2?

Touka coBepwaer rapMoHHYecKHe KONeOGaHUA 1O 3aKOHY

x=3cos (Z[—t + %] .M. Onpenenure: 1) nepuon 7" xonebanuii, 2) Mak-

CHMAJIBHYIO CKOPOCTB Up.. TOYKH; 3) MAKCUMABHOE YCKOPEHHUE @, TOUKH.

(Omsem ) ) T=4c 2)v,, =471wc  3) apy =74 wic’.

-} Touxa coBepiaeT rapMoHHYecKHe KoneOaHus ¢ aMmnMTynoii A =10 cm

nnepuonoM I =35 c. Onpegenute st TOUKY: 1) MAKCHMANBHYIO CKO-
POCTE; 2) MaKCUMATIBHOE yCKOPEHHE,

Hano
A=10 cM=0,1 M
T=5¢

Pewenue

x=Acos(wyl + ), v =—Aw, sin(wy! + ¢),

£

‘ Omeem )1) Vmax = 12,6 cM/c;

2) @, =158 cv/c’,

5 27
a= —Aw() COS((A)OI + (p) . Wy = “T_’ s Vmax = |Aw0

1) Vmax ™ ?

2) Amax ?

2
Aax = ]AwO

CxopocTh MaTepuanbHOH TOUKH, COBEPINAIOIIEH rapMOHHYECKHE KO-

nebaHus, 3amaerca ypaBHeHueM v(f)= —6sin2x¢ . 3anuiuure 3anu-
CHMOCTb CMEMIEHHA 3TOH TOYKH OT BpEMEHH,

‘ Omeem , x(1)=3c052nt
7

Marepuanpnas TO4Ka COBEPIIAET KONEOAHMA CORTACHO YPaBHEHHIO

x = Asinw/! . B K4KOA-TO MOMEHT BPEMEHH CMeIlEHHE TOUKH x| =15 cm

TTpu Bo3pacranny Qasel honebaHys B 1Ba Pasa CMEIUCHHE X, OKA3AIO0Ch PABHBIM 24 oM
Ornpenenure aMITTHTYY A koiaedaHus

( Omeem ) A=25 cm.

309



MarepualibHas T04Ka COBEPINACT rapMOHHEECKHE KOAEGAHHUS COLaC-

T
HO ypaBHeHmO x = 0,02 cos (m + 3) » M. Onpenenure: 1) ammnury.xy

koneGanuit; 2) nepuon xonebanuii; 3) HavaLHYIO dasy xonebauuii; 4) MarcHma -
HY10 CKOPOCTB TOUKH; 5) MAKCUMATBHOE YCKOPEHUE TOUKH; 6) 4epes CKOMBKO BpCMe-
HY NoCe Havyala OTCYETa TOYKA 6yIICT HPOXOHHTB '-ICPCS MONOXKEHHE PaBHOBeECIHH

Hauo Pewenue
x x = Acos(wyt + ), A4=10,02 m,
x=0,02 cos (m + —) ' M
2 2
T=— » Wy =1,
wo
1) 4 —7?
7 —72? T=2c, <P:‘J7Z,
3 —2 -
4) Viax — ? V= —-0,02.7[ Siﬂ(ﬂ'[ +';£) s Ui = 0,027 ay/c.
5) Anax ™ ? )
6yt —° 5
) a =-0,027> cos(m +§) » Uy = 0,027 M'C

Tpn x =0 0,02cos(nt+—;£) =0, m+§=(2m+1)§ (m=0.1,2,3.. )

g
( Omeem ) DA=2cw; 2)T=2c¢ 3) P=7 0 4) i =628 cwe,

-

5) Unax = 19,7 cem/c?; 6) t=mc, tae m =0, 1, 2,3, ..

Onpenenure MakCuMansHbIe 3HAYEHUS CKOPOCTH 1 YCKOPEHIS 10U KIL
COBEPLIAIONIEH TAPMOHHYECKUE KONEOaHHs C aMILIMTYA0i 4 = 3 cv
u nepuogom 7 =4 ¢,

( Omeem > Unax = 471 eM/c; 2) ap.. =74 cm/ck

MarepuansHas TOYKa, COBEPILAIOIAS rapMOHMMECKHE KoJleOaHus ¢

gactoroll v =1 1’1, B MOMEHT BpeMeHH { = 0 pOXOAUT NONOKEHHUE,
onpesienseMoe KOOPIUHATOR Xy =5 €M, CO CKOpOCTBIO vy =15 cm/c, Ompenenute

AMIUIMTY/LY KOJIeOaHuUi.

( Omeem ) A=554 cm.

Teno maccoit m=10 r coBepiaeT rapMOHHIECKHe KojleOaHUA 1Mo 3a-

xoHy x = 0,1 cos(47nt +m/4), M. Onpenennre MakCHUMaNbHBIE 3HaYe-
Hus: 1) BO3Bpamaromei CIIsl; 2) KHHETHYECKOH SHEPI UL

Hano

m=10 r=102 kr

x = 0,1 cos(4xt + 7/4) M

Pewernue

4
x = A cos(wgt + ), x=0,1 cos(4m + 71-) s

A=01 M, w=4mx ¢,
1) IFmaxI —? v =—Aw, sin(wt + ¢), a= —Aa)g cos(wyt + ),
2) Tmax —7? amax=_‘4wg’ F=ma-,
2 2 A:'. 2
2 I = MUmgx _ M2 Wo
Fmax = Mdg,, = -mAwg T= 5 " T nax 2 2

( Omeem ) 1) |Foax] = 0158 H;  2) T, = 7,89 M]Dx.

MarepuansHas Touka Maccoit m=50 r cosepllaeT rapMOHHYECKUE

3n
xoneGaHus CormacHo ypaBHeHuo x = 0,1 cosTt » M. Onpegenure:

1) Bo3BpawAOILYIO CIiTy F 1S MOMEHTa BpeMeHH ¢ = 0,5 ¢; 2) noyHyro 3Hepruio £
TOYKHU.

( Omeem ) 1) F=785 MH;  2) E=555 M.

3i0
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MarepuansHas Touka Maccod m =20 r coBepiuaer rapMOHHYECkHe

xonebanus o 3akoHy » O, cos(4mr - 1/ 1) w1 Qupane e nomvio

sHeprmo £ 7To# ToUKH

Harno Pewenue
m=20r=2 10°xr R 2
= - o 2
x=01lcos(dnt+m/4),m | E=T + 11, :mzL :ﬂiﬁgsm (wo! + @),
- o o Lo . 2 2
E H:—;: n 2‘”0 cos™(wyt + ), E:ﬂ‘%@g

) IlonHas 3Heprus £ rapMouuueckM KONeGMIOMIeiiCs TOYKH paBHa

10 MxJ[X, a makcuMansHas cuna F, . meiicTByloILas Ha TOUKY, paB-
Ha—0.5 MH Hanumnre ypapHeHMe ABHKeHHS 3TON TOURH, el riepyox 7 koneba-
Huil paBeH 4 ¢, a HauanbHas Qaza ¢ = 7/6

Harno Pewuenue
E=10 mxJx =10 ° JIx 5 5
mA~wg _ 2
e =—0,5 MH E=—-t, | Frpn| = mAw},,
T=4c
v 2 2 v
x E =mAa)(’,:ﬁq 4=k
' _—g IFmax‘ 2mAa)5 2 F;na\
2
x(t) —? a)o—?, x = A cos(wyt + @)
Brruyucnenus
-6
A:M:O,M M. == x=0,04cos(£:+£],m
0510°H 2 2 6

( Omeem ) x=0,04c0s(%r+%] M

e 4,17 ’ Onpate tic i 1 3 eron Jneprun 7 rodnd cosephia

FOUIER taPMOHHYECRIe KO I3 IS & CC MOTEHUMAILHOM YHepruu 11
eciiv H3BecTHa (asa Kolebanus

%

Pewentue

Wl + ¢ ! v fcos(ant+ ),
r
t - HAw,smi{wyl + @),
T 2 2
- 9 = oy cos(oyt + ) — ~wih
- H ]

2

2 2
my”  mA w

T—”‘?— 0 smz(a)ol+¢p),
h ) A JAIGTA mA ’w; 2
H:—J'F dv = J'ma)ox dx = —— =-———=cos"(wy! + ),
0 0
T 51n2(w t+ ) 2
2= 200 62wyt + )

T cos’(wyt +9)
T 3
( Omeem > ‘ﬁ=tg“(wof+90)

Onpexenute NONHYIO HEPTHIO MATEPUAILHON TOUKM MAaccOH m , hO-

nefmoneiics no 3akoHy x = A cos(wy! + )

Haro

x = Acos(wyt + @)

Peuienue

E=T+II,

,
mt mA® a)g

smz(a)ol +¢),

E —9 2 2
kx2 Al 2
n==-= e 2“’0 cos*(wyt + 9),
E= mA‘a)(l,
2
< Omeem ’ £ mAza)()

G12y
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£
‘ 41,19{;{2} I'py3, NOABELIEHHBIH K CIIMPATILHOH MPYXHHE, KOJIEOIETCH 110 BEpTHKA-

Ju ¢ amrumTynoii A =8 oM. Onpenenyre XKeCTROCTE k TPy XKHHbI, e/

H3BECTHO, 4TO MAKCUMATIbHAS KHHETHYECKas 3neprus 7, . rpysacocrapmseT 0,8 ik

ano Pewenue
A=8 cM=8-102m . . n—kxz
Tma\ =0,8 H)i\ T Slfmax T fmaxo = > ,
h K’ 2T
k=7 Hmax:'_i", k= Anl_’ax

MarepuanbHas Touka KonebneTcs cornacHo ypaBHEHHIO X = A cosw! ,

rie A=5 eMu w=nf12 ¢'. Korna Bo3Bpamaromas cuna £ B nep-

BEIf pa3 JocTHraeT 3HaueHus —12 MH, noteHumansHas sueprus I1 ToYkn OKa3bIBa
ercsa paBHoit 0,15 mJ[x. Onpexenure: 1) 3TOT MOMEHT BPEMEHH /; 2) COOTBETCTBYIO-
LLIYIO 9TOMY MOMEHTY (azy w! .

Hano Peweriue

x = Acosw! F=—kx=-Akcoswt,

A=5cm=5 10im 2 2
I'Izkx—zﬁcoszwt

w=mnf12 c' 5 2 ’

F=-12MH=-1,2-107H} 4

[M=0,15mIx = —=—Ecoswt,

=1,5-10" Ix

—_— 1 ( 2n)
{=—arccos| ——— |,

1yt —7? w AF

2) wt —9

-
wt = arccos| ——— |,
AF

( Omeem )
1)t=4 ¢ 2)wt=%pan.

G4

I'pys, noaBemennslil K CIMPANBHOMN OpYXHHE, KoneOneTcs 1o BepTH-

Kanu ¢ aMiuuTynoi A =6 cM. Onpenenure nosiHyio 3Hepruo E xo-
neGaHuii rpy3a, eCIIN XKECTKOCTh k NpyxkuHbI cocTasnseT S00 H/M.

2
< Omeem ) Ez_"‘;_=o,9 o

ChoupansHas npyxuHa obangaer xecTkocTblo & =25 H/m. Onpene-
J¥TE, TENO KaKoii Maccoil m HODKHO OBITH NOABEWIEHO K NpyXuHe,

qTo6k 32 ¢ =1 MHH coBepmIanoch 25 xonebaHHi.

Hano Pewenue
k=25 Hm
t m
t=1mMua=60c T=—, T:Zn\/:,
N=25 N k
- , ,
m—"17 m= k(l) = —kt
27 47*N?

Ecnu yBenuuHTs Maccy Ipy3a, NOABEIEHHOTO K CIHpaIBHON NpyXH-
He, Ha 600 1, To nepHox xoneGaHui rpy3a Bo3pacraeT B 2 pa3a. Onpe-
JenyTe Maccy NepBOHAYABHO NO/BELIEHHOIO IPy3a.

Hano

Pewernue

Am= 600 r=0,6 kr lez,,\/_;_, T, =27 | AT
T,=7, ¢ ¢

7 m+ Am
m—9 = ——— =2, dm=m+ Am,

5 m

( Omeem ) m=200 r
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IIpu noasewyBanyuy rpy308 MaccaMu m, = 600 ru m, = 400 T K cBo-

GOAHBIM IIPY)KMHAM TIOCICAHUE YUTHHIIACE OfuHaKoBo ([ =10 cm).
IIpene6peras Maccol pyxuH, onpezeanTe: 1) nepuoms! koneGanuii rpy3oB; 2) Ka-
KO# M3 'PY30B [IPH OFHAKOBEIX aMILIHTYAX o0nafaeT GobIIeii 3Heprueit ¥ Bo CKOJIb-
Ko pa3s.

(Omsem ) 5 1 1 _o63 C;g)f_l=ﬂ=1,5.

2 M

— t—— ——

J Ha ropusoHTansHOM mpyknHe XeCTKOCTBIO & =900 H/m ykperien

ap Maccoit M =4 kr, Nexanuii Ha ITaKOM CToJIe, 10 KOTOPOMY OH
MOKET CKONB3HTH 6e3 TpeHus. ITyna Maccoit m=10 1, nersmas ¢ rOpH3OHTATBHON
CKOPOCTBIO U = 600 M/c H UMEIOmas B MOMEHT yapa CKOPOCTb, HaIPaBlEHHYIO

BJIOJIb OCH NPYHHH, NONaJia B Map u 3acTpaia B HeM. IIpene6peras maccoit mpy-
KMHBI H CONIPOTHBIICHHEM BO3/(yXa, ONpe/eNnuTe: 1) aMIUMTy Ty KoneGauHii mapa;
2) nepuon Konebanui mapa.

Hano Pewenue
I;;jgoKI:/M mug=(M+mpu,
m=10 r=10"kr _ myy v, m
=2 A
vy = 600 Mm/c M+m
177777 77777, P77 77 777
(M +mw?  k4?
D4~ 2 o
2T —2
A—’ m*v} _ my,
(M+mk J(M+m)k’
2.2 2 M
(M+mAd-w zﬁ, w= k , T=—2—{[-=2n +m
2 2 M+m W k

( Omeem ) 1) A=10 cM;  2) T=0,419 c.

Ha vamky BecoB Maccoil M , NoABEIEHHYIO Ha HPYXHHE XKECTKOC-

TBIO k , C BBICOTHI A najaet HeGONMbIOH IPy3 Maccoil m . Yaap rpysa
0 IHO HallKH aBjiseTcA abcomoTHO HeynpyruM. Yaika B pesynbrarte najeHus rpysa
Ha4MHaeT COBepmaTh koneGanus, Onpenenyre aMIuTyxy 4 3THX koneGaHui.

Hano Pewenue

M mv,z Ly
—-=mgh,

k 2 8

h

m Ulz‘\/@! ’/{4
myy=(m+ M), X

A —7? |
v=—2" v2gh. M

[Tpy HeHarpyX€HHOH JallKe:
‘

M; "
Mg =k, l:—-kﬁ, 1E(m+M)uz+(M+m)g(x0~Z)= jkxdx,
[
om0 LI (m+ M)g(xo —1) =~ k(x3 - 1)
= ——— +{m+ xg—l)=— -17)
2(m+ (s MY g g(xo 5 K%

PemiaeM ypaBHEHUE OTHOCHTENBHO X,

2 2 2
m+ M mg 2m"gh
= + + .
oETE \/ K (m+ Mk
ITpu HarpyxeHHO# "amkKe:
. (m+ M)
(m+ M)g="H"', ! = &
2,2 2
2m-gh
k- (m+ M)k

( Omeem ) mg®  2migh
A= e +

(m+ Mk
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®u3decKUil MAATHUK PECTaBIAET COOOH TOHKHIT OXHOPOAHDIII CTEp-
XKeHb JUIMHOK 35 cM. Ompenenure, Ha KakOM PAacCTOSHHH OT LEHTPa
MacCC JOJDKHA OBITh TOUKA OIBECA, YTOOR! YACTOTa KOIeHanHil GpLIA MaKCHMATBHOIA.

Hano

{=35cM=0,35M
wzwmax

Pewienue

’ J
=2 |—
mgx
o 2% _ |mex
T J

J=ﬁ£2—+mx2 e [ mex =( 12gx ]1/2
12 ’ mi? , \P+12¢%) 0
~17+mx

1?—12¢*=0 .
x(1? +12x%) , 243

( Omgem ) ;-101 cu,

:—-——-—-—————:O,

do 3 -12x%)
dx

Toukwmii 06pyd paauycoM R =50 cM moapemieH Ha BOUTEIA B CTEHY
rBO37k M Konebnercs B IIOCKOCTH, HapaLienksHoit crene. Onpeneni-
1e nepuoa 7 xonebanu# obpyyga.

( Omeem )Tzzc_

ToHkHE OMHOPORHEIH CTepXKeHb IUHHOMK | = 60 CM MOxeT CBOBORHO
BPAINATECA BOKPYT TOPH3IOHTAIEHOM OCH, MpOXOASAINEH 4epe3 BepX-

HUH koHen crepxHa. CrepxeHp OTKIOHIWIH Ha yron o, = 0,01 pagx u B MOMEHT

BpeMeHH #; = 0 ormycTiaH. Cuntas xone6aHU MaIBIMH, ONpPEneIHTe NEPHOA KO-

ne6aHMi CTEPKHA H 3anuinuTe QyHKINDO a(?).

( Omeem ) T=127¢ a(t)=0,01cosl,57xt pan.

Tonkuit oMHOPORHEBIH cTepXkeHs HHOA [ = 60 cM Moxer cROGOHO
BPAINAThECA BOKPYT TOPH3OHTAIRHOM OCH, OTCTOAINEH HA PACCTOSHHA
x=15 cM or ero cepeannsl. Onpeaenure NepuHos koneGaHM CTEPXKHS, eCIH OH
COBEpIIAeT Majlkle konebaHus.

— —— —

Onxoponubiit nuck pamycom R =20 cM KoneGaercs okosio TOpH3OH-
TaJIBHOM OCH, NpoxoAsAIeil Ha paccTosHuH | =15 cMoTnenTpa aucka.
Onpenemure nepron 7 koneSaHU AUCKA OTHOCHTENEHO 3TOH OCH.

Hano

R=20cM=02M
{I=15em=0,15Mm

Pewienue

2
T =2 }—J— 7= w2,
mgl 2
2 2 2 2
T=2m mR* +2ml = R +21 '
2mgl 2g]
( Omeem ) T=1,07 c.

T —2?

Hano Peweriue
1=60 cM=0,6 M
x=15 cM=0,15 M T=2m |-
—— e mgx ’
T —2 ,
J=f—l—+mx2,
12
" TS
T=2n 1_2_*—_:2” .l._ﬂ
mgx 12gx

‘ Omeem )T=1,19 c.

— — S—— A——




Mastank cocront u3 crepxHa (/=30 cM, m=350 r), Ha BepxHeM
KOHIIE KOTOpPOTO yKpeIUIEH MAICHBKHH MIapUK (MaTepUanbHas TOYKa

Mmaccoii m’' =40 r), Ha HUXHeM — mapuk ( R=5 cm, M =100 r). Onpenenure
nepyo/ xoJae6aHus 3TOr0 MasTHUKA OKOJIO FOPU3OHTAIBHOM OCH. NIPOXOAAIIE ve-
pe3 Touky O B 1[EHTpE CTePXKHS.

Hano Pewienue
1=30 cM=03m T =g —
m=50 r=0,05xr My &

m =40 r=0,04 xr
R=5¢e¢Mm=0,05M
M=100 r=0,1 kr

T o Mogy =m+m' + M, d=0C, m
? .
/ M| —-+R|-m'-— m
md+m( +dJ=M(——d R), d= 5
m+m + M 10
cvd
2 2 2
%1—;~+m’[ +§MR2+M(Z~+R) Y
T=2 2 M

( Omeem ) T=124 c

MaTeMaTHYeCKAA MasTHHK, COCTOAIMHA U3 HUTH JUIMHOH /=1 M U

CBMHIIOBOIO LIAPHKA PaAHyCoM r =2 CM, COBEpIIAET rapMOHHYEC-

xHe konebaHua ¢ aMwnTynod 4 =6 cM. Onpezmennre: 1) ckopocTh WApHKa NPH
IPOXOMKAEHHH MM I10JTOKEHUS PaBHOBECHS; 2) MaKCUMAIIbHOE 3HAYEHIE BO3BPAIIa-

tommeil cuisl, ILToTHOCTE CBHIAa p =113 r/em?.

( Omeem >1)vmax=A lg

+r

=0,186 wic;

4
2) Fo =§p7tr3Alfr =218 mH.

.
%4 34,g a’ IBa mMaTeMATHYEeCKUX MasTHHKA UMEIOT OJIMHAKOBYIO MACCY, JUTHHY.

oTAnuarolHecs B 1 =1 S pasa, u KoJebmoTCs ¢ OJMHAKOBOH )/UIOBOH
AMIUTHLY. JON O[Ipe,’lCJIHTC, KAKOH MasTHHK oondnaer Bossiuei mepmx.u 1 BO CKOJIBRO

pa3

Hano Pewienue
_:_ - - / S 2SS '/ ‘_—-> Y7 B
m = "11 = m \ |
i \ 5
a =, =a —\ L &y

E, A,
E=1,,. Mpax = M8 Hax =1 —1cosa = I(} - coso)
£ _4
F =mgl(1-cosa), Fs = mgl(1-cosa), - A
2

( Omeem ) K, 15

(& 4 ’35‘) ~Ba M.reMarH4cChHX MasTHHKA. JUIMHB! KOTOPBIX OTIHYAIOTCA 112
‘&f -
Al - 16 cM, (oEepuIaOr 3a OIHO M TO XKe BpeMA oMK 1y = 10 nosela-

HU}, ppy 10 — a1, - 6 noscGanuit Onpeaenure WiMHbl Masrnukos /; o 4

( Omeem >11 9 cM;

I, =25 o

MareMaTHYEeCKUH MAATHHR JuHoi [ =50 cM noxaselied B xaduue
cavoinela. Onpenensre nepuon 7' xodebaHUi MasTHUKA, €CIIH CaMO-

JIET ABUAETCR: 1) PADHOMEPHO; 1) TOPM3OHTAIBHO C YCKOPEHHEM ¢ = 2.5 M/cP.

( Omisem }1)_, 2¢2)l4c.
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§ Maremariaeckuii MasTHiK uHHON [ =1 M noxsemen k MIOTOJNKY Ka-
OHHBL, KOTOPas HAYMHAET OITYCKATHCSA BEPTHKATLHO BHU3 ¢ YCKOPEHH-

eM a; = g/4. Crycts Bpems ¢, =3 ¢ nOCNe Hayana JBIDKEHUS KabuHa HayuHaer
ABUraTLCH PABHOMEPHO, 2 3aTEM B TEUCHHE 3 C TOPMO3UTCA I0 OCTaHOBKH. Onpeie-

mure: 1) nepuonst T;, T,, T; rapMOMMMECKUX KoneGanuil MasTHHKA Ha KQXKIOM U3
Y4aCTHHKOB ITyTH; 2) nepHon 7, rapMOHHYECKHX KOTEe6aHMil MASTHHKA TIPY JIBIDKE-

HHH TOYKH MOABECA B rOPH3OHTANILHOM HANPABNEHHH C yCKOPEHUEM a, = g/4 .

Harno

Pewieiiue

I=1wMm ;

a =g/ T =2n ,

1 1 g-a ) Ta3

L=3c¢c ‘ . >
a

U2=Const 7’2:2”\/2, al 4

t2=3c g g

U3:O 73:2” I , UZ—U3

a,=g/4 ¥ 8+a b

f 2
2)7:‘_? g2+a4

<0msem )1)7,:2,32 ¢, Th=20lc, B=179c¢; 2)7T,=197c

===,y =ay,

T,=2xn

KonebarenpHEIA KOHTYP COCTOHT M3 KarTyIIKH HHIYKTHBHOCTBIO
— 2 _
L =0,2 M['H 1 KOHIEHCATOpa IUTOMaAbio IIacTHH § =155 cm?, pac

CTOAHME MEKIY KOTOPRIMH d =1,5 MM. 3Had, YTO KOHTYP PE3OHHpPYET Ha [UIMHY

ponHpl A = 630 M, onpenenure AUINEKTPHIECKYIO IPOHALAEMOCTb CPEAbI, 3an0il-
HEIONIIEH IPOCTPAHCTBO MEXTy IL1ACTHHAMH KOHJIEHCATOpa.

Hamno

L=02 MH=2"-10"TH C=£0;S, T=27JLC,
§=155 eM*=1,55-107M

= . -3 S
d=15mMmM=15"-10"mM A= cT = 2me ’Lgoj ’

£ .

Pewenue

g —7?

( Omeem >g=6,11_

KoneGaTensHpIH KOHTYP COREPXHT ConeHouy (JuikHa [ =5 cM, wio-

mazs nonepedHoro ceyenus S; =1,5 cM?, umcno ButkoB N =500) u
IVIOCKHI1 KOHIEHCATOp (PacCTOSHHE MEX Ty IUTacTHHaMu d = 1,5 MM, IWiomans mia-

I KOHTYpa.
cran S, =100 cM?). Ompenenute 4acToTy w, COGCTBEHHBIX KONEGaHHI KOHTY D

H konpencaropa emkoctsio C =2 u®. IpeneGperas conpoTusieHu-
€M KOHTYPa, ONPE/ICIUTE, Ha KAKYIO JJTHHY BOJHBI 3TOT KOHTYP HacTPOEH.

Hano
L=1mMu=10"Tn
C=2ud=2-10"@
R=0

Peweriue

A=cT,
A=2meLC .

( Omeem ’ A=2,67 xm.

T=2nJLC,

A—2

Hano Pewenue
2 NS
I=5cMm=0,05Mm 1 N7§; _ I
Konebare/HbIi KOHTYp COCTOMT KaTyIHKH UHIYKTHBHOCTHIO L = 1 ’ S p— L=pyp = Hy ,
iy " M S =15 em=15-10*m| °  JIC I !

N =500
d=15mMMm=1510"M

S, =100 cm?= 10" m?

Sal  _ %05 o= |— 14
dezl_ d’ ’ EokoN 5,5,

1 c | Ild

c= , Wy =— .
NE T NYSS,

( Omeem > wy =4,24-10° pagyc.

(UO——?

322

e 323



KonebarensHuit kOHTYp COCTOMT M3 KaTymku HHIYKTHBHOCTBIC
L =0, I'n u xouneHcaropa emrocteio C = 39,5 MK®. 3apsan KoHzeN-

DHeprus cBOGOTHBIX HE3aTYXalOIMX KoNebaHHi, IPOMCXOAAMMAX B
KojtefarensHOM KoHType, coctasnser 0,2 mJlx. TIpn MeiieHHOM pas-

i =2
mmraﬂmfl IAaCTUH KOHAOCHCATOPA 4acToTa KoneOaHu yBeHmHﬂaCB B n= .« pasa.

caropa =3 mxKn. [Ipene6peras conpoTUBIEHMEM KOHTYDA 3alULIUTE YpaBHe-
pa On peHEOp 1p TYpa, yp OnpenenuTe paGoTy, COREPIIEHHYIO NPOTHB CHJI JICKTPHIECKOTO 1104,

HUe: 1) U3MEHEHHA CHIIBI TOKA B LEIH B 3aBHCHMOCTH OT BPEMEHH; 2) H3IMEHEHMx

HalpsKEHHS Ha KOHAEHCATOPE B 3aBHCUMOCTH OT BPEMEHH. Jano Petuenue
Hano Pewenue W= 02 MIx=2-10"1  _ 1 7= 2:2J1C .
T
- 1 n=2
o Do = Jic’ Q= On cosiyt, v G _v
C =395 Mx®=3,95-10°® L LA oMy,
A b 7 VZ C:;_ V2
=3 MKn=3-10¢K
Om=3 idin g 1=£Q—= 0w sinwyt = -0, w, cos(w0t+ E), C
R=0 dt 2 .9_= 2 sz___;_’ Q =Cyp, = Cyp, = const,
0_0 G "
D 1 —2? Upr====Rcoswy! . . 2
O ““c ¢ 0 G 2 _ G} W 8y ,
2) Ue(t) —? th=’é‘<P1="<P1, W= 5 " 2 2 !
- 2

Omeem W W= 0 W —W = (=)W,
C_.__) 1)1=1,5005(160m+§),MA; 2) Uc =76 cos(160mr),mB. A=W =Wi=nW —W =(n" =,
— < Omeem ) A=0,6 Mk

Cina Toka B KoneGaTesnsHOM KOHTYpe, COZIEPXKAILEM KaTYIIKY HHITyK-

THBHOCTRIO L =01 T'H u KOHJEHCATOp, CO BPEMEHEM HM3MeHAeTCs Konpercarop emxoctsio C 3aps/mid 10 Hanpskerns Uy, 1 3aMKHYIH

HA KATyUIKy MHAYKTHBHOCTRIO L . [IpeneGperas cONpOTHBIEHHUEM KOH-
Typa, OpEIeNHTE AMILTMTYAHOE 3HAEHNE CHITh! TOK B JaHHOM KOMeaTe/IbHOM KOHTYPE.

cormacHo ypaBHeHmio I = —0,1sin 2007, A, Onpenenure: 1) nepuox KOJIEGaHuMIA,

2) eMKOCTh KOHZEHCATOPa; 3) MaKCHMANBHOE HanpshKeHUe Ha O6KIIakax KOHIeHca-
TOpa; 4) MAKCHMalbHYIO SHEPIHIO MATHUTHOTO NONS; 5) MaKCHMAaBHYIO SHEPIrHIO

DIIEKTPUIECKOTO TIONA. Mano Pewiernue
( Omsem ) ¢ ( ), wpme
T2 0 =0, cos(wy!+¢), 0~ 7
1) T=£7£=10 Mc; 2) C= 3 =253 MKD; Um Le
w, 4L I 0. =CU,, I = ~wyQ,, sin(wy! + @),
3) U =m__ 629 p. 4) W”-——Li—OS MITx; o 1 C
mT e C s m =TT ’ I, —? ] = :-——CUm=Um\[:'
o m = 00hn J’R? L

S5y w2 = CUy
"2

=0,5 mJlx. ( Omeem ) U \ﬁ
m m L ’
(B25)




Konebarenspiit kouTyp conepxur KaTyuKy c OOLIUM 9HCIOM BUTKOB
N =100 ungyxrussoctsio L =10 mxln u KOHJEHCATOP €MKOCTBIO
C =1 n®. MakcuManbHOE HanpsHKeHHe U,, Ha o6xiagxax KOHIEHCAaTOpa COCTaB-

nser 100 B. Onpenenure MakcuManbHbiii MarHUTHBIH MOTOK, NPOHHU3BIBAIOIINH Ka-
TYUIKY.

Hano Pewenue

AMILTHTYZIa PE3yNBTHPYIOIETrO KojlebaHus, NOMYYaioMerocs npH cio-
EHHH JBYX OJMHAKOBO HANPABJICHHBIX FapMOHMYECKUX KOTeGaHHH

OIMHAKOBOH 9aCTOTHI, 061a1aromuX PasHOCThI0 das 60°, pasHa 4 = 6 cm. Onpexe-

JIUTE aMILIUTYTy A, BTOpoOro koaeGanns, ecim 4,;=5 cM.

—

( Omegem ) 4,=165 cu.

N =100 1

= cos(wyt + s = —
T B 7
C=1uD=10°

I=-w sin(wt+ ), I =w ,
U, =100B on SOl +) - Ly = 0Oy
On =U,C, LI=N®_,
o, —7 . _ Ly LeoQ, _ wplCU, U, c
N N N N '

< Omeem ) ®_ = 0,1 MxB6.

/\Ba OIMHAKORO HAMPABIEHHBIX FAPMOHWYECKHX KOMEOAHMS OTHHAKO-

BOTO nepHona ¢ aMIMTynamMu 4, =4 cM U A, =8 oM UMeloT pa3-

HOCTH (az ¢ = 45° . Onpenenure AMILHTYLY PE3YABTUPYIOLIETO KOneOams,

Hano

Ai=4cM=4-107"M

Pewernue

X = A, cos(wt +¢,),
4, =8cmM=8-107m
o= 45°

xz = A2 COS(a)1+¢p2),
PP =9,

4o A =47+ 42 +24,4, cosp,

A=\/A12+A32+2A,A3 cos g -

( Omegem > A=11L2 em.

m—

OnpegenuTe pasHOCTH (a3 JBYX ONUHAKOBO HANPABJICHHBIX rapMOHM-
yeCKkHX Kontebauuil OAMHAKOBOH 9acTOTHI ¥ AMIUIMTYIBI, €CITH aMIUTUTY-
4 MX pe3yNETUPYIOLIETro KonefaHHs paBHA aMIUTHTYJaM CKIIAbIBAEMBIX KOJIeOaHUH.

( Omeem )

PazHocTh (has ABYX ONMHAKOBO HAIPABIEHHBIX FAPMOHUIECKIX Koteha-

p=120°.

— —

HMI oiMHaKoBoro neprona T = 4 ¢ 1 OXMHAKOBOM aMIUTHTY B! A =5 cM
coctapnseT 77/4 . Hanuiumrte ypaBHEHME ABIKEHNA, I0TYYAIOIIEroCs B pE3yIbTare
CIIOXKEHHS STHX KoeGaHHif, ecnu HadanbHas $a3a OJHOrO U3 HHX paBHa Hyio.

Haro

Pewtenue

T=4¢
A‘:—AZ:S CM_——S'IO‘ZM

xy= A, coswt,

X, = A, cos(wt +p,),

d 7 27
Ap=— = = s w=——,
$ 4 Ap k Py =Ap T
=0 A=y A2+ 42424 4, cosp = A, |J2(1 + cosAp) ,
x(t) —7? A, sing, + 4, sing,

b4
tgp= =0,414, =—,
e A cosp, + A, cosy, 4 8

x = Acos(wt+p).
( Omesem ) x=9,24 cos(%t + %) , CM.
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Touka OJHOBPEMEHHO y1ACTBY€T B 1 OJIMHAKOBO HallpABJIEHHEIN. rap-

< 4.50 ) CxmansiBalores nga TaPMOHHIECKUX KoJleGaHus 01HO o Haipa .

JACHUSA, ONMCHIBAEMbBIX YPABHEHHANMMU X =3¢0s271, enr

MOHHMYECKHX KOJIeOAHUAX OIUHAKOBON YACTOTHI: Ay cos(wt + ¢},

6 1I0/TL3Y A METO BPALIAIOMET OGS BEh1 opa
¥y =3 cos(2at + /4) | eom. Onpenenure s PE3YNBTHpYIOMero koneGanus: 1) o Ay COS(WI +p3) ...y A, cOS(w! +¢,). Hc y

nuTyny: 2) HavaneHyro ¢asy. 3anumure YPaBHCHHME pe3yNbTupyIoLie

ial
TV / N : TV IV, 2) Ha-
ro roitebarny, AMIUTATYIbI. OTIPENENUTE 118 pesynsTipylonlero kouebanus: 1) aMrun V.1
IEipegcTaBbTe BEKTOPHY10 AHAarpaMMy cioxxeuus aMILTHTY].

walbHy10 Gazy.

T - T -
HUe
Hano | Pewsenue Mano Pewe -
vy =3cos2nt, oM X =4y cos(wr + ;) n
A cos(wi + ;)
x5 =3 cos(2mt + 7/4), cM Xy =4, cos(wt + ¢, ), ) .
oS(w! + ¢
w= 27, 4y cos( - \-:ZA, cosg,
d—2 A =4, =3 cm, ' 1=1
2) ¢ —2 0 A, cos(w! +¢,) n
3) x(1) —? P=o y= 4 sing,
7z 1) A —? 1=1
P = 1° 2) p —2 ,,
z ' ZA, sin g,
AP =Py —py =, ¥ = A cos(wr + p), - n y T
4 AZ\/\'3+1~: ZAzAk COS((/),“(/);(), tg¢:;7 n
; . . . A=l ZA, cos ¢,
oy = 4 sing, + 4, Sip, _ sing, +singp, . -

b
A cosp, + 4, COSp,;  Cosp; + cosyp,

A=\4+ A7+ 244, cosAp = 4, \J2(1 + COsAp) ,

( 4.52 ) HacroTer konebanii 1By 0JHOBPEMEHHO 3BYUAIUX K4MCPIGHOB Hd-
A\

cTpoeHst Ha 560 1 560,5 I'u. Onpedenure riepuog GueHnii
sin0+sin ©
1 n -
Eia
8= = 0414, Y Hano Pewenue
cosO+ COSZ o

v, =560 I'n

Io=—0, Aw=21 Av |
a 7 vy =560.5 I'n "7 A
A=3. 2(1+cosz =554 cm, x=554 COS(2JTI+E).CM_
=V, -V, T = .
T =7 Av=v, —v, D
(Omeem )1)A=5,54 oM 2) p= .

( Omeem ) L-2c
3) x=554 cos( 27t + g) oM.
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¥ # g
‘ 4.535@%’ B pesynirate cnoxenns AByx koneGaHuit, epuos 0IHOTO U3 KOTOPBIX

1y = 0,02 ¢, nomyyatotT Guenns ¢ nepuonom 7y = 0,2 c. Onpenenure

nepuon 75 BTOPOTO CKJIaBIBAEMOTO KONEGaHHA.

( Omsem ) 1,-152 uc

Touka y4acTBYET OIHOBPEMEHHO B IBYX TADMOHMYECKHX KoneGaHusX,
TP OMCXOAAIIMX BO B3AMMHO NEPHEHUKYISPHBIX HAIPABICHHSAX 1 ONY-

pIBAEMBIX ypaBHeHusIMU X =3 cosw! , cM U y =4 cosw! , cM. Onpenenure ypas-
HeHUE TPAEKTOPHH TOYKH U BRIYEPTHTE €€ C HAHECEHHEM MacmTaba.

< Omeem 4x
y=—".

H
‘z mgﬁ@% % CxnafbiBaloTes 182 rapMOHMHECKIX KONeGaHNs OIHOTO HaTIPaB/ICHN,
A

HMEIOIIHE OJIMHAKOBBIE aMIUTHTY B M OIMHAKOBEIEC HAYANBHbIE a3kl
¢ nepHonamu 7, =2 cu 7, = 2,05 c. Onpenennure: 1) nepuon pesynsTUpyroLwero
konte6aHus; 2) riepuon GHeHus.

( Omesem )1)T=2,02 G D=8«

PesynsTupyiolee koneGanue, nomyqaomeecs npu CROXEHUU JBYX

3

—

To4ka y4acTBYeT OTHOBPEMEHHO B ABYX rapMOHMYECKHX KoJiebaHMAX,
TIPOMCXOAAIIMX BO BIAMMHO NEPIIEH/MKYIIAPHEIX HANPABIICHHSX ¥ OIH-

CHIBAEMBIX YPABHEHHAMH X = 3COS2w! ,cMHU y = 4 cos(2wt + ) , cMm. Onpenenure
YpaBHEHHE TPACKTOPHH TOUYKH U BEIYEPTHTE € C HaHECEHHEM Macmraba.

Hano

x=3cos2wt ,cMm

Pewernue

y =4 cos(Qwt + ) = —4 cos2wt ,

rapMOHHYECKHX KoJIeGaHHit 0OIHOrO HalPaB/IEHNA, ONMCHIBAETCS YPaB- y=4cos(2wt + 1), cM ot ¥ cos 201 = X
HEHHEM BuJla x = A cost cos45/ ({ — B cekynmax). Onpenenure: 1) LMKTHYECKHe — T cos sl = 4’ 3’
4aCTOTHI CKIIaBIBAEMBIX KoeGaHuH; 2) nepHo/i GUEHHIT pe3y/ETHPYIOIIEro KoneGaHus. ¥x) —? X y 4
—+==0 , y=-—7x
3 4 3
Harno Pewerniue
x = A cost cos45¢ *y, M
X=x+x,,
- 11
—?7 wy —7? - = =3 cM, y=—4 oM |
1) o Wy — x=2d4cos A" %2, s(w];w2t+tp), =0 * o Y : 2
2) Ty —? T +
) T t=z x=-3 cM, y=4 cMm; : 123
1 — .
— T T T T T 1
M;l, Wy —w,=2, w‘+w2=45, Wy +w,=90, T -3-2-1 ! X, CM
2 2 t=—] x=3c¢cM y=—4 cm; 20 '
2w, =92, W, =46 c', wy =44 ¢, 2 !
T '4.’.— - -
21 2m 314 t=§ x=0c¢cMm y=0 cm.
s—=—>7=3l4 ¢
*TAw 2¢
( Omsem ) 1y u =46, w,=a4c; 27-314c ( Omsem ) yz_i’é’i ,




Touxka ygacrByeT 01HOBPEMEHHO B IBYX TapMOHUYECKHX KoneGanusx,
[PONCXOAAIHUX BO B3aUMHO NEPTICHIHKYISPHBIX HANPABICHUAX U OH-
CEIBAEMBIX YPABHEHHAMH X = A sinwt u y = B coswt yTne A, Bu w — nonoxu-
TENBHBIE IOCTOAHHEIE. OnpenennTe ypaBHeHue TPAC€KTOPHH TOYKH, BEIUEPTHTE €€ ¢
HaHECEHHEM MacmiTabad, yKa3aB HANPABICHUE €€ TBHKEHUS 110 3TOi TPACKTOPHH.

Touka y4acTByeT B IBYX TADMOHUYECKHX KONEGAHUIX, IPOHCXOIAIIMX
BO B3aHMHO EPIEHAMKY/IPHBIX HANPABIEHHSX 1 ONUCHIBAEMBIX yPaB-

SHHAMH X = COS27Tt H Y = COS7t , OupenenuTe ypaBHEHHE TPACKTOPHH TOUKU U
phiuepTHTE €e ¢ HaHECEHHEeM MacmiTaGa.

—
Omeem 2% -x=1.
Hano Pewieriue \
. o
x = Asinwt X _ Y _ 6
— = snwt, = = coswt, Touka y4acTByeT OfHOBPEMEHHO B [IBYX FaPMOHMYECKHX KONEOaHIIX,
y = Bcoswt 4 B aBJIEHMSX H OITH-
, 5 5 , IPOMCXOANUIHX BO B3aHMHO NEpIIEH AUKYIAPHBIX HAIID:
A, B >0 4 = 48
f—z— + 2’—2— =sin*wr + cos’ wt 5—2—+ !—2- =1, CBIBAEMEBIX YPaBHEHHAMH X = Asinwt u y = Asin2w¢ . Onpenenure ypaBHEHHe
Y(x)— 2 4 B 4 \ B TPAeKTOPHH TOYKH H BEIYEPTHTE €€ C HAHECEHHEM MacITaba.
X )— y}
T
1=0]x=0, y=B t==lx=4, y=0, /’i—\\‘ Tano Pewenue
I = i wt .
Omeem x? y2 . 0 4y x=dsin x= Asinwt y=Asin2wt =2A4sinwt cosw! ,
= + ok 1, mo yacoBoii crpenke. y = Asin 2wt ’
. iz_._l__, i:ginwt, coswt =,{l-—,
y(x) —? y 2coswt A
Touka yqacTByeT olHOBPEMEHHO B TBYX rapMOHHUECKHMX KONeGAHMN 3 1
OMHAKOBOH YACTOTBHI, MPONCXOASMILMX BO B3AUMHO NEePHCHANUKYISPHBIN X2 1 1 x_z = 1 5N y2 =4x?1- -
HATpPABICHHAX H OMHCHIBAEMEIX YPABHEHIIMA X = A sin(wt + 7/2) u y = Asinwt y 2 1- ﬁ o4 (1 - %}
OnpeneniTe ypaBHEHHE TPACKTOPHH TOYKH H BEIYEPTHTE € C HAHECEHHEM MACIITA- A4? 4
ba, yka3aB HalpaBlieHHe ee IBHKEHWA 10 3T0H TPAaeKTOpHHL. Y A
‘ t=0 x=0, y=0; )
ano Pewenue 1 /\.
A ; =L x=054, y=08664;
= A Y 12
* = dsin(wt +7/2) x=A sin(wt+%) = A coswt , ‘\ '
y=Asinwt K [:I. x=0,7074, y=4; A>
: R=4 -A X
y=Asinot, 5 - 8
A
x)—? 2
y(x) yt= 4%, \_/ =X x=0,8664, y=08664.
6 ]
o T 4 -
t=0 x=A,J/—O, t_4 x:O,y—A,
( ) 2
meem X
T r x4l = A* . 0 2 g2
I:E x:-—A,y=O; IZT x=0, )’Z—A. Y y Ax A2

HPOTHUB 9aCOBOH CTpEJIKH.
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Iepron 3aryxaromux xoneGammii T =1 c, TIOTapHPMHIECKUIL IeKpe-
MEHT 3aTyxaHusi ® = 0,3, HavamsHas $asa paBHa Hymo. CMemeHme Tou-
KuTIpH / = 2T cocrasiaser 5 cM. 3ammmure YPaBHEHHE ABIDKEHHSA 3TOTO KoeGaHms,

Hano Pewenue
T=1¢
©-03 szoe"é'coswt, w:zTE, ®=0T,
=0 )
_ _ 2n
- 6——T—, x,=A0e“Tcos—T—-2T=A0e'2®,
X =5 cM=0,05Mm o &,
/%:x]ez , x=/4OCTCOS_£t.
x(t) —? -

< Omeem )
x=9,1 ¢ cos2mt , CM.

AMIUTMTY/Ia 3aTyXalomHXx konebaHHi MaTeMaTHYIECKOro MagTHUKA
3a | MHH yMeHbIInIach B 3 pasa. OnpenennTe, BO CKOJIBKO pa3 OHa
eHBIIMTCA 33 4 MHH.

HavansHas aMILTMTY/Ia 3aTYXAIOIHX koneGanui MasTHuka 4, =3 cM.

Tlo ucteuennu ¢, =10 ¢ A =1 cm. Ompegenure, I€pe3 cKOMBLKO BpE-

MEHH aMIUIATY/a Koyiebaunii cTaHeT paBHOH 4, = 0,3 cm.

( Omeem ’ 1=21c.

JIOKaXHTe , 4TO 1A 3aTyXAOMMX KONeGaHHMi, OMHCHIBAEMbIX ypaBHEHU-

_ -t
eM x(#) = 4, e coswt, BrnomHseTCH ycnoBHe x(t +7T)= x([)e‘” .

AMIUTHTY 2 3aTyXal0muX KoneGan i MASTHHKA 33 /= 2 MHH YMEHE-

LHIack B 2 pasa. Onpenemnre ko3 dumment 3atyxarus 6 .

——
—

Teno Maccoit m= 0,6 K, DOABEMICHHOE K CITHPATIbHOM MPYKHHE XKe-

crrocThio k = 30 H/M, coBepinaeT B HEKOTOPOH cpesie ynpyrue koie-
Bamns. Jlorapupmmdeckuii nexpement xonebanmin @ = 0,01. Onpenennte: 1) Bpe-
fMﬂ, 33 KOTOPOE aMILIUTY/a KONICGAHHI YMEHBIIATCA B 3 pasa; 2) YMCII0 MOJHBIX KO-
Jie6aHui, KOTOphIe JOJDKHA COBEPUINTE TMPA, YTOOBI NPOM30LILIO no00HOE YMEHB-
MeHue aMILTUTYABL.

Hano Peweriue
t=2 Mmua=120¢
ﬁL:z x= 4y e cos(wt+ ), fi:g"', 1nﬂ=(5,’
1. 4
O0==-In—. ")
5 o t A, meem 8=578-10" ¢ 1.

a—

Jlorapupmiraeckmii nexpement koneGanmii © MasTHyKa paeen 0,01
,01.

Onpenenure ancno N nonHLIX koneGauuit MAATHUKA J0 YMEHBIlIe-
HI €r0 aMILTUTY B! B 3 pasa.

( Omeem >N=110-

Jano Peweriue
m=0,6 xr -6t L e
x=A, e cos(wt +¢9p), —=e"",
k=30 H/™m & ( g 4
0 =001 y 1 A
,_A h‘l-—]:a[l, []:_ ln_x‘,
A _, Ay d 4
A
a:g, T:2_n=2n ﬂ)
1) 4 —? d ¢ ¢
—9 ! 4
D m = A R TV I TS
eVi 4 T 4

( Omegem ) 1), =976 ¢, 2) N,=110.




( 4.69 )HOKM”TE- “TO0 BLIPOKEHUs VLA Kovdrimenta 3ary ¥asusa O = r /(2m)
T

2

5

UMIIHYECKON YacTo1bt @ = - .
V‘Uo 6 V P ey e 0 CIHETYHOT U3 PeluenHst -

2m/

thepe
PCPCHLHAIBHONO YPABHCHHA JUTA 3AIYAQIOIIMX KOIeOaHI mx b Fx 4+ kv = 0 (m
\a - —

ccatena, k03 PULMEHT conpoTuBIeH s, £ KOs PHNHCHT yipy rocti,

Hano Pewenue

A+ + k.X -0 :r N —

o Dx=4ye cos(w! + ),
r
1) é - . -
o x=—4de o cos(wr +p)— {ye o sin(w? + ),

2 w= 2 a7 2

) \/wo o x= 4,07 e cos(wl + @)+ A, e” o) sin(w? + ) +

(
sIn(@! + )~ A,

S L) w0 | e

e[ 2
mAy e [é cos(w! + p) + 20w sin(wt + ) - w” cos(wt + tp)] -

-5
—rdy e [5 cos(w? + )+ w sin(wt + tp)] +kdy e cos{wr + p)=0,

(md* — mw?* - rd + k) cos(w! + ¢)+(2md - r)w sin(wt + p)=10.

§=-I_

2md—r=0
2m’

L]

2) méz—mu)2~ré+k=0, mu)?‘:m(sz—r(3+k,

K 6 o W] PR

W= ===t §” = [~ — =t [—-0°
m o m \}m § .

2m

a2
(u cos(wt + ).

Ipu HaONI0 e HAH 32Ty XAKONIMA KoleGaHNA BRISCHMIIOCH, YTO T ABYX
[OC/IeoBarebHBIX Koae0aHri aMILTUTYa BTOPOro MeHbIe aMIUIH-

\ 16 mepBoro na 60%. Iepnon saTyXaomux konedanuit 7 =10,5 ¢ Oupepemite:

1§ koo durnen 3ary XaHist O : 2) VIS TEX KE YCIIOBHI YaCTOTY ¥ He3aTyXatolux

mneoamm
= ————— —
Hano Pewenue
Ay =044, 4, =044, o= m%
T=05c¢ 2
 — 14
G):(ST, (3:—1n———),
né—2 r A4
2) vy -7 o

2 2 SIS
w=wg -6 . a)o-—'\/w‘ré‘,

i

2 { 7 A Y
vo=ﬂ='l-‘ (\ET_) +'—;:1an 5 T\((2n)"+(lnj—] .
2 T 2

Omeem ) 1)p=183c'; 2)v,=202Tm
0

Teno maccoit m = 100 1, coBepiuad 3aryxaiomye koebamms, 3a 7 = 1 Mur
norepsno 40% croel snepruy. Onpeaeaure K0P QULMEHT CONPOTHB-

JICHUA 1.
Hano Pewernue
m=100 r=0,1 xr 2
) ¥ md* w’
T=1Mun=60c =0 r=2mo,  E=—
E(t+7)=0,6E(1) N
—_— . E(t) e f 24
— -t — — 7
F—29 A= AO € > E(l+t) e—26(r+r) € 2
E(1 1 s 1 1
0 L e e b= —In—, r:2—ml L =2 €
E(t+1) 06 0,6 2t 0,6 2t 06 r 06
< Om“em) r=85110 % ke
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Muddepenumansroe ypasrenve s 3apsAza B NIEKTPHYECKOM KojieBa-

2
TETEHOM KOHTYPE 3a1a€TCA B BHJE LLZQ +R 0,0

==

dr dt ¢

ro ypaesHeHus. Omnpegenurte: 1) CoGCTBEHHYTO wacToTy KOHTYDA; 2) MINIHYECKYIO Ya-
CToTy W; 3) KodhdMIMEHT 3aTyxanus O .

0. Haitnure pemenye sro-

Yacrora cBOGOIHLIX KoneBGaHuil HekoTopoii cucTeMul @ = 65 pan/c, a

ee noGporHocTs O =2 . OmpenenuTe COBCTBEHHYIO YaCTOTY @, KO-
e6aHnii 3TOH CHCTEMBI.

Hano Pewenue
ﬂaHO Pemenue w =65 paJI/C a):."w(z)-—az s ®=46T, Q:%,
, 0=2
d*Q  do © QO RdQ . 27 ® 7 w
L——‘+R__+—': ¥+_—+—=O, - 2 _ = — = — = ——= —
ds? d C 0 d? L d LC Q+26Q+w0Q"O’ Wy —? w T’ 6 T OT 2Q’
R 2 1
6=—, o = — 6t 2
o) —2 Y3 (el Sel R CEE" () MU P SN A L
407 40> ( Omeem ) o, =67 pan.
1) @y —? Ilocne Haxoxenms npousBoAHBIX 1 noxcTaHOBKE:
2w —7? fi+ (w5 - 6" =0, 0? = o} — 82 =
= w? ,
Uu+wu=0,

u=Q, cos(wt +¢),
0=0, e cos(wt +¢).

( Omsem ) 0=0_ e cos(wt +¢) ;

1 2
1 woﬂ/r; 2) w=wi-8% = J__(ij
LC \2L

3) 6=,
2L

HOCTB () CHCTeMBl,

3a BpeM1, B TeueHue KOTOpOro cucrema corepmaer N =50 monHsix

KoNeGaHui, aMIUINTY A yMeHBmaeTCS B 2 pasa. Onpenenute no6pot-

Hano Peweriue
N =50 n
Q=—, O=4T,
AO/AN =2 ©
AN :/40 C-dr = ‘,40 e'dNT - ‘40 e—@N
0 —2 ’
A oN In2
—=e =2, ON=In2, 0="" =ﬂ
Ay N In2 Omegem Q=227

Kone6arenpHElH KOHTYD COCTOMT M3 KaTyIIKH HHIYKTHBHOCTBIO
L =10 mI'n, koHaeucaropa emkocteio C = 0,1 MK® u pesucropa co-

npotuBnerueM R =20 Om. Onpeznenure, 4€pe3 CKOTBKO NONHEIX KoneGanui am-
JATY/la TOKA B KOHTYPE YMEHBIUHTCA B € pas.

Hano Pewenue
L=10 M[u=107TH Ji )i
m0 _ &¢ m0 _ ]
C=01 mxd=10"0 PR 7 =, 8t=1,
mN mN
R=20 Om
1 2L
Iog 5= R {=NT.
—=e 2L 8 R
ImN
2 2 \[T
T=" e Wy = \|—
2 2
r=—=, NeloL L R
1 R T aR\IC 40
LC a7




KoneGarensumit KOHTYp COREpPXKHUT KaTyIIKy MHIYKTHBHOCTBIO
L=25 mIH, KOHZICHCATOp eMKOCTBIO C =10 My
OpoTuBneHueM R=1 Ou, KoupeHcarop sapsxen KONTHYECTBOM

H pesucrop co-
SNEKTpHYECTRA
On =1 MKn. Onpegenure: 1) nepuon koneGanuit KOHTYpa; 2) norapudmudeckuii
ACKPEMEHT 3aTyXaHUs Koje6anmit; 3) ypaBHenue 3

ABHCHMOCTH M3MEHEHHs Hallps-
KEHHs Ha OOKJIajikax KOHAHCATOpa ot BPEMEHH. °

Kone6arensHulif KOHTYp COACPXHT KaTYMKY MHAYKTHBHOCTBIO
L =6 Mxl'H, koHeHcaTop eMkocThio C =10 H® ¥ pe3ucTop conpo-

qusnerveM R =10 Owm. Onpenenure s Cydas MAKCHMYMa TOKa OTHOIIEHHE JHEp-
{HH MarHUTHOTO MOJIS KAaTyLiKH K YHEPTHH JNEKTPHIECKOrO OIS,

Hano Pewerniue
L=25 MFH=2,5.10—21"H R
C=10 Mx® =10 O0=—, Wy = !
R=10Owm 2L viIC”®
0., =1MKn=102K
T w= wé-—dz, T:-?Ez n

9 — -
Do —2 Le ar
Huy—-2 ©=4T,

U(t)= % e coswt .

( Omeem )1)T=3,14 MG 2) @=0,063;

3) U(1) =100 €™ ¢cos637x1 , B.

‘ Omeem) Ma .
W3J'l
o

Onpenenure o6poTHOCTE O K0J1€6aTENBHOIO KOHTYPA, COCTOSIETO

U3 KaTyIIK# HHAYKTUBHOCTRIO L =2 MIH, KOHZAEHCATOpa EMKOCTREO
C =0,2 Mx®d u pesuctopa conporuBiicHreM R =1 Om.

( Omeem ) 5109,

—

Yacrora v 3aryxaiomux Konebauuii B kosiebaTelbHOM KOHTYpe € 106-
potHocThI0 Q = 2500 papHa 550 xI'u. Onpenenute Bpems, 3a KOTo-
po€ aMILIUTY/Ia CUIIBI TOKA B 3TOM KOHTYpe YMEHBIIUTCS B 4 pasa.

Harno Pewenue
0 -
npzuenme TIoTapHGMUHECKHH NEKPEMENT, mpH KoTopom SHepriua y=550 KTx="5,5 - 10° Tu| Im0 e, Intm0. 57 = 1n4 ,
KONCOITENLHOTO KOHTYPa3a N =5 HONHAIX koMe6aHMH ymeHbmaeTes 0 = 2500 Law mi
B n=3§ pas.
P I, ; In4 n mr A
- 4 == =—=—=—,
0 ® o7 4
Aano Pewenue T
N=s 5= ; QOln4
= 2 = =
Wo W:%—, I= gz _ﬁ?_z _n/i__\/; r—17 Q id
-2y A S
o ==t In YWy ( Omgem ) -2y
I
©=0T,  In-L=0NT, InJn=ne,
0 -? N Onpenenute 3akoH yOpIBaHUs 3apafa KOHAEHCATOPA CO BpEMEHEM HpH

€ro paspsaje B anepUoOIMYECcKOM PEKHME, T. €. Koraa 6 = wy .

( Omeem ) 0=0, e
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Onpejennte MEHHMATIBHOE aKTUBHOE COTPOTUBIIEHHE TIPH Pasps/Ke
nefiieHcko# GaHKH, IPH KOTOpOM paspsn GyJAeT arepHOAWYECKUM,

Emxocts C nelizeHckoil Ganku paBHa 1,2 5D, a UHAYKTUBHOCTH IIPOBOLOE COCTAE-
JisteT 3 Mk[H.

Hano Peweriue
C=12 k®@=12-10°0 | T >, w—0,
— =13. 106
L=3mdu=3-10°Tn | _ (575 =4,
R —? ! R

Wy = §=—
" Ice 2L
R 21

OOGbsacHHTE, B YeM 3aKTI09aeTCA pasaHdie aBTOKOIeGa A 1 BBIHYX-
JEHHBIX KONleOaHuii.

Cob6cTBeHHas 4acToTa v konebaHHit HEKOTOpO#l CHCTEMBI COCTaBIA-

eT 500 I"'u. Onpexaennte 4aCToTy ¥ 3aryXarIMuX konebanui 310 cn-
CTEMBI, €CITH PE3OHAHCHAA YaCTOTa V, = 499 T'n.

Mano Pewerue
vo =500 T w=4Jwl-8%, wy =0’ +8%,
Vpes 499 T Wpey = W, wg = wfm +26°2 ,
y —1? w2+¢§2=wfm+262, &% = 2_w§ea,
w3=w2+62=w2+w2—w§e3=2w2—wfm’ v(2,=2v2—vfm,

2 2
p=y 2 e (" Omeem ) y=4995 T
2

INepnon 3atyxaromux xoneGaHui cucTeMsl coctaBmiet 0,2 ¢, a OTHO-
HmieHHe aMILTHTYZ IEpROro M mecToro kojiebannit pasuo 13. Onpepe-
JHTE Pe30HAHCHYIO 4acTOTy AaHHOH KonieGaTenbHOH CHCTEMEL

Hano Pewierue
Onpenenute pesoHaHCHYIO 4aCTOTy KoNeBGaTeNbHON CHCTEMSBI, eciH T=02c¢ A= 4, 0T Ag = 4 e 067 Ay _ &7 —13
coGcTBeHHast yacToTa Konebauuii v, =300 [, a norapugmmdeckuit A : , , A B o
!
JeKpeMeHT @ = (0,2 . 2B
P A 58T =Inl3, a:l’;;3, Wpey =5 - 287,
Mano Pewieriue o ‘[ﬁ - ()
_ pes — 7 w=4w;—0°, w=-—, wo=1—| +6°,
v =300 'y s 0 6w T T
@_02 (Upe!: wa—Za N a:———-: 0, 2 2 2
=0, T 2 2 2 ) 2 2 2 In13Y?
Opes =l = | +0°=20" = || — | =6 =| =—| —-|—| »
o? T T T 5T
Voes —? Wpe; = Wy 1—;,
, L (2_::)2_ ln13)2_ 1 ,4::2 In13
ey w, | O @> T 5T ) 2aT 25
T e (0 ) C )
7 1 meem Voes = 299,7 T, Omeem Ve = 498 Ty
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I'vps Maccoit m=0,5 Kr, NOJBEIMEHHAA Ha CIMPAILHOH MIPY:KHHE

KecTkocTeio k=50 H/M, coBepmaer koneGaHHs B. BA3KOH cpene €
k03¢ dunmenToM conpoTueneHns » = 0,5 kr/c. Ha Bepxuuii xoHel IpyXuHB neii-

CTBYET BHIHYXJAIOIIAS CHIIA, M3MEHMIOMascA 110 3akoHy F = 0,1 coswt , H. Ompepe-
AMTE 1711 HaHHOH KoneBdarenbHoii cucTeMbl: 1) ko3d)GumuenT 3aryxanus J ; 2) peso-

HAHCHYIO aMIUTHTYAY Apes .

I'ups maccolt m= 200 1, MOABEIIEHHAA Ha CIIMPaNbHO{T MPYKHHE Xe-
CTKOCTHIO k = 50 H/M, coBepmaeT koneGaHHA B BA3KOM cpefe ¢ Koad-
trunenTom conpotuBaeHus r = 0,2 kr/c. Ha nepxuuii KoHel npyXuHEI gefcTByeT

BBIHYXJIAMOMAs CHITa, H3MEHOMmMAnACs 1o 3akory F = 0,2 coswt, H. Onpenenure:
1) yactoty v, COGCTBEHHBIX kojebaHuil; 2) pE3OHAHCHYIO 9aCTOTY Vi, 5 3) pe3o-

HAHCHYIO aMIUTUTYIY A, 5 4) cTaTHYECKOE OTKIIOHEHHE.

Hano Pewenue
m=0,5 xr
k=50 Hm mx = —kx - rx + F, coswt ,
=0,5 xr/c ) . E ,
§ X+ 20x + u)(‘]x ==% coswt , a-_—LJ
F=0]lcoswt,H ‘ m 2m
FO ‘ 2 k
Aoy ==, wj=—, F=01H

—? ? 0 ’ 2 H
b — ™ e -5 m o
2) Apey —? |

Fq Fy

e 2( r ) \/k r? Jk r2

T my =y ey

2m m  4m m  4m°
(Omsem ) 1ys-05¢; 2)4,=2cm

I'aps maccoit m = 400 r, nonsemmenHas Ha CIMPAIILHON MPYXHHE XKe-

CTKOCTBIO & = 40 H/m, onymena B Macno. Koadduuunent conporus-
NIEHHs 7 U 3TOM cHCTeMB cocraBiseT 0.5 xr/c. Ha BEDXHHI1 KOHEL( IPYXKHHBI Jeii-
CTBYET BHIHYXKIAIOMAA CHIA, M3MEHAIOMAACA N0 3aK0Hy ' = cosw?, H. Onpenenn-
T€: 1) aMIUTMTYy BBIHYXIEHHBIX KOMeOaHHUI, ECIIN YaCTOTa BEIHYKAAIOMEH CHIIBI
BJIBO€ MEHbIE COOCTBEHHOI 4acTOThI koneGaHHil; 2) 4aCTOTY BBIHYKIAI0IMEH CHIBL,
TIPH KOTOPOi aMIUTHTY/Ia BBIHYKASHHBIX KO/Ie6aHuit MAKCHMATBHA; 3) pe3oHaHCHYIO
aMILIATYLY.

‘ Omeem ’ 1) A=33 o 2) 0y, =996¢Y;  3) Apea =20 cM.

‘ Omeem , D g =796 T 2) v, =788 1w 3) Ay, =2 oMy 4)4 M.

AMIUTATY Bl ABYX BEIHYKJIEHHBIX KOJIEOAHHNI CHCTEMEI C O{HHAKOBEI-
MH COOCTBEHHBIMY 9aCTOTAMHU IPY BCEX 3HAYCHNAX JACTOTHI BHIHYXK-
NAKOMEN CHIIEL pasIMdaTcs BABOE. Onpenenmé, KaKo# 0/1HOM (1 TONBKO OFHOI) U3
BeTHIHH (MAcCO, k03 hHUIMEHTOM CONpPOTHUBJICHUA CPERBI, KOG DHIHEHTOM YIIpY-
FOCTH, aMIUTHTYOM BEIHYKIAIOMEH CHIBI) OTIMYAIOTCS 3TH CHCTEMBI.

Hauo
- : k
g = Wo wm:,/wg_zaz , wy = I~

Peuienue

A
ke B ] 5
4, §=_"- _ |k
2m’ P Nm 2m?
m,r,k,FO—? A
L =2 118 BCeX @ , 3HAHT, ¥ WA W, :
A
# £
’ =2 A.p = =
1 3 €3
Hoes 2 26me%—62 kool
L2n s
m 4m

] . k] k2
JommiHa MEHATBCS TONBKO OJHA M3 BEIIMIHH: HU & , HU m (g = —=wg =[—%),
m L)

HH 7 (r BXOIUT B e, ABAXIEL B 3HAMEHATENE), H3MeHseTca Fy , ipudeM Fy, = 2F, .

‘ Omeem ’F01=2Foz-
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B uens koneGarensHoro KOHTYpa, CofepKallero HociaenoBaTenbHo
COC/IHMHEHHBIC PE3HCTOP CONPOTHBIEHHEM R =40 OM, KaTymky un-
RYKTHBHOCTEIO L = 0,36 I'm 1 KoHzeHcarop emkoctsio C = 28 MK®D, noakmoueHo

BHCIIHEE IEPEMEHHOE HANIPAKEHHE C aMILIMTYAHBIM 3HaYEHHEM U, =180 B uua-

cTotoit @ =314 pap/c. Onpesenute: 1) aMIIMTYAHOE 3HAYESHME CHIIBI TOKA I. B
LENH; 2) BT ¢ 110 hase MeXTy TOKOM H BHEIIHHM HanpsDKEHUEM.

Hano Pewenue
R=40 Om
L=036Tu 7 &2 (L 1 )2
C=28 mxd =28 1050 © " "\* "EJ ’ Un = InZ,
U, =180 B
U
=314 pag/c I = m =,
R2+(wL——‘1—J
)1, —? i)
2)p —2 1
(l)L—-*Cv
tgp = oL |
gy R
Brraucnenus:
I = 180B
= =45A;

m

40* OM2+(314pa,u/c-0,36I"H— 1 J
314 pan/c-28-107° @

1
314 pan/c-28-10° @

314 pag/c-0,36 T'u —

t = = -

g 20 Om 0,0175.
p=-1°, Tok onepexaer Hanpsxenue.
< Omeem )1) In=45A; 2)p=-I°,

S ——————e

B nenrs xoneGaTeNIbHOrO KOHTYPa, CONEPXKAIero KaTyIKy HHAYKTHB-
HOCTBIO [ = 0,2 't ¥ aKTHBHBIM conpoTHBIIeHHeM R=19,7 OM, a Tak-

e KoHneHcatop emkocteio C =40 Mx®, noaxmoueHo BHEMHee epeMEHHOE Ha-
OpKEHUE C aMIUIMTYAHBIM 3HaueHueM Uy =180 B u gacroroit w =314 pap/c.
Omnpepenure: 1) aMILIHTYAHOE 3HAUYEHHE CHIIBI TOKA [, B nenu; 2) pasHocTh a3 @
MEXITY TOKOM U BHEUIHMM HANpsXKEHMEM; 3) aMIUIMTYAHOE 3HAYEHUE HANpsKeHNsA

ULm Ha KaTyuike; 4) aMIUIMTYHOE 3HAYCHUE UCm Ha KOHJEHcaTope.,

Hano Pewienue
_ 1
L-—O,Z I'u U wL_)é
R=97 Om I, = = =, tgtp=——R£—-
C=40 Mx®=4-10° @ JR%(M-L)
U, =180 B C

Mp C >0 Uy =1, R? + (L) -

=314 pag/c

N1, —? - 1\ 1
_— Opu L0, R0 U, =1 J|-—| =1,—.

2 $ =17 P Ca ( wC) wC

»Hou, —?

D U, —7

( Omeem > 1) I, =927 A; 2) ¢=-60°, ToK onepexaeT HanpsKeHHUe,

3) U, =589 B;4) U~ =738 B.
Lm Cll‘l

[locnenosatensHO COeAMHEHHBIE PE3UCTOP C COMPOTHBIEHHEM
R=110 Om u KOHAEHCATOP MOAKTIOYEHB! K BHEIIHEMY NEPEMEHHO-

MY HalpsOKEHHIO C AMIUTUTYAHBIM 3HadenueM U =110 B. Oxkasanocs, 4To ammig-

TY[HOE 3HAYEHHe YCTAHOBUBILErOCS TOKa B nenH I, = 0,5 A. Onpezemute pasHOCTS
a3 MexIy TOKOM M BHELUHUM HANPSKEHUEM,

‘ Omeem ’ ¢ =—60° , Tok onepexkaeT HanpsKEHHUe,
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B xone6aresHelit KOHTYD, coziepxaumii ocneI0BaTE N HO COeUHEH-
HBIC KOHICHCATOP H KAaTYIIKy ¢ AKTHBHBIM CONPOTUBJIEHHEM, MOJ-
KMOYCHO BHELIHEE NEPEMEHHOE HANPSKEHHE, YACTOTY KOTOPOTO MOXKHO MEHST

HE MEHi4 er0 aMITMTYABL [Ipy yacToTax BHELIHETO HANpPAXKEHNs wy = 400 pan/c

U w, =600 paj/c aMILIMTY/B! CHILI TOKA B LelH 0Ka3aauch ONMHAKOBBIMH. Ornpe-
AENHTE PE3OHAHCHYIO YacTOTy TOKA.

KoneGarensHelfi KOHTYP COACPKHT KaTyKy HHIYyKTHBHOCTBIO
L=0,1 MI'H, pe3nctop compoTuBIeHueM R =3 OM, a TaxKe KOHACH-

carop eMxocthio C =10 H®. Onpenennre CPeAHIO MOIHOCTE, NOTPeGIIEMYIO
ROHTYPOM, HeOOXOMMMYIO JUUIA [IOIEPXKAHNA B HEM HE3ATyXAIOIIHX KojlebaHui ¢ aM-

QAIMTYHBIM 3HaYeHHEM HanpsOKeHHd Ha konjencarope U, =2 B.

) Mano Pewtenue
A reente - L=t =0 (P)= 1 ]IZR dr Q0 =0, coswt
wy = 400 pag/c 1 R=3 Om —,0 ’ m ’
©, = 600 pan/c I= Iy pu @pe, =~ C=10 1O = 10" ® .
U, = const Uy=2B C==n, On=CU,,
I, = Um Um
Im1=1m2 " 2’ (P) —? 1
R2+(w,L-—-) ' W= = ——,
W VLC
Wpey — ?
d .
I= a© =-wQ, sinwt ,
I Un dr
m2 >
2 t 22 p! 2,42 2y 72 2
2 _ b Py L rd e COR (g2 g e COnR _ CULR _1CULR
\/R +(“’2L wzC) )= J P 2 2C 2 1
Omeem
P)=0,6 MBt.
Iml 1m2 IIpn (UIL———-——zsz_._l_, wl___szz_ 1 , Q < > MDbT.
1 w,C o, LC w,LC ==
B nens nepemMerHoro Toka HanpsbkerueM 220 B 1 wactoroit 50 'y noc-
wiea wiea , w - JIeIOBATENBHO BKIIOYEHH! PE3UCTOp conmpoTusienueM R =100 Om, ka-
“ w, w, |’ Dper =177 11~ lwlwzl ) TyIIKa HHOYKTHBHOCTEIO L = 0,5 T'H 1 konzxeucarop emxocteio C =10 Mx®. Onpe-
};l_ - a; JenuTe aMIUTHTYIHOE 3HaueHHUe: 1) CHIIBI TOKa B [enH; 2) NajieHus HanpmKeHUs Ha
4KTUBHOM COTPOTHBIICHHH; 3) NajficHNs HaNpsDKECHUA Ha KOHACHCATOPE; 4) mageHus
Wpey = y 0105 HAaIpKEHAS Ha KaTyIIKe.
(Omsem Y11, =16 4 Uy =168
Omeem ) o, =490 pay. 3) U, =369 B, 4)U, =182 B.




B uens nepemenHoro Toxka wactotoit v =50 I'y BKoueHa KaTyIika
wnHOR /=20 cM u xuaMetpoM d =5 cm, coaepxamas N = 500
BUTKOB ME[IHOTO NMPOBO/A ILTOIIAABIO NONEPEUHOTO CeueHns S = 0,6 MMm?. Ornpene-
JIHTE, KaKkas 10M1s [ONHOTO CONPOTHBIEHNA KAaTyIKH MPUXOLUTCA Ha PEaKTHBHOe

COIIPOTHBJICHUE. YIENBbHOE CONPOTUBIEHNE MEIH o =17 HOM - M.
Hano Pewenue
=50 I'y
=20 cM=02mM Z=VR +x*, X=R-+R,,
d=5cM=0,05m R-=0, R =wL,
N =500 /
_ 2= £ .10 _
$=0,6 MM*=6" 107 m? R=p<, I'=aNd,
=17 HOM - M =
=1,7-10°0OM- M R___pnNd, ©=2my
S >
X 200 2 2
X _ NS NZs' 2
Z y L:ﬂo‘uT’ :ﬂ.l__, S!_ﬂ.’
u=t 4
nd?®  pam*vN3d?
X =R, = 2N I - Ho =0970M; R=2,22 Oum:

21

B 1enp NepeMeHHOro TOKa YacToTol ¥ = 50 T’y BKIIOYEHA KaTyllKa
anHoi =30 M H IUIOmA/HIo ONEepeYHoro cedeHus S = 10 oM?,

conepxamas N =1000 putkoB. OnpeseanTe akTuBHOE CONPOTUBIEHHE KaTyIIKH,
@CITM H3BECTHO, YTO CABMT (ha3 ¢ MEXTY HanpsHKEHHEM ¥ TOKOM COCTABIACT 30°.

———7

: Harno

Pewienue

P

v:SO Fu
T=30 cM=0,3 M
§=10 e’ =102 M?

1
wlL ———

tg¢:-—RwC , w=2av,

N =1000 1
o —=90
(p=30 RC (UC E]

R —7?

_wL _2mvpgN’S
~wr- lep

tgp
( Omeem ) R=2,28 Om.

S—

K 3axnmMam reHeparopa NpHCOEAHHEH KOHAEHCATOp EMKOCTBIO

X X
7 \/'—2* —— ~ 0,401 C =0,15 Mx®. Onpegemire aMIUIMTYHOE HANPDKEHHA HAa 3aKHUMaX,
R+ X €CJIH aMIUTHTY/THOE 3HAYEHME CHUIB! TOKA PaBHO 3,3 A, a 9aCTOTa TOKa COCTaBsAeT 5 KI'u.
Onmeem

X
—=0,401.
7 0

—— —

NaS—— e

—

.........................................
HHonnoe conpomuenenue Z uenu nePpeMerH020 mokKa,
conepxamed NoCae0BaTeNIEHO BKIKOYEHHbIE PE3HCTOp CONPOTHBIEHNEM R, KATYIIKY
HHIYKTUBHOCTBIO L M KOHAEHCATOP eMKOCTBIO C, Ha KOHLBI KOTOpO# HofaeTcs ne-

PeMeHHoe Hanpskenne U = U, coswt ,

( Omeem ) U, =07 B.
o ——

OnpenenuTe B cyuae nepeMeHHoro toka ( v = 50 I'u) nonxoe conpo-
THBJIEHHE Y4aCTKa LEllY, COCTOSMETO H3 NapajuIe/IkHO BKITIOYEHHOTO

Konpencaropa emkoctsio C =10 Mk® n pesnctopa conporuieHueM R =50 OM.

Omeem R
Z=——— =494 OMm.

1+ 482 RO C?

351



-

} llenn IIEpEMEHHOTO TOKA COCTOUT M3 [IO0C1e00BATENLHO COETMHEHH] {

B nens nepemeHHOro Toka ¢ 9acroroif v =50 I'm n aeficTByromum
KaTyuike, KOHIACHCATOpa M pe3ncTopa. AMIUTHTYIHOE 3HAYEHUE cy.

snagenueM Hampskedus U =300 B nocnenoBarenbHO BITIOUEHBI
HOHI = KTHBHOCTBIO
U encaTop, pe3ucTop conpoTurieHMeM R =50 O H kaTyIika HHIY
MapHOTO HAPHKEHHS HA KATYIIKE 1 KoHzeHcaTope Yy¢, =173 B, a aMmgTyaHO,

L=0,1 Tu. Tagenns nanpsxenua U,:U, =1:2. Onpenenure: 1) eMKOCTh KOHAEH-
3HAYEHHUC HAPSKEHUS Ha pesucTope [J &, =100 B. Onpegentire cumur das vex =0,

C8TOP3; 2) NEHCTBYIONEE 3HAYCHHE CIUIBI TOKA.
TOROM ¥ BHELITHUM HAPAKECHUEM. ~ —_—
Pewerue
Harno Pewienue Hano
——
_ B =50 T
Uie. =173 B G,L_;Ulc_ « Uam L Us, y-3008
{7g, =100 B o= | | R=50 Om =
- U U U -'_"’V\——H——:}— L=01Tn
(/)_,7 [ Iy~ Cp e Ul/U2=1/2
— 2, 021 [p? 2
Uy, =1L, Ue :1“"(‘7’ oo 1)C -2 U=IR+E = R +@L) ,
n m w !
N1 —2

2
1
1) Upedw  Upe U=I(—_—“R2+Ré=1/R2+(-——) ,
/ -1 [ - — .y § t =0 . n 2 C
Ui, = 1w (w oC) Ug, —InR, gy 1,Uy URm w

Omegem ¢ =60°, U1 R2+(wL)2 _(1)2
C ) — "3

_——,

U, 2 1Y)
z 2@
wC

B uens nepementoro Toka wacroroii v = 50 I'n nocnenosatensy 5
BKTIOYCHB! PE3UCIOP CONPOTHBAEHHEM R =100 OM 1 KOHJIGHCATO AR & L)z R +( 1 )

+4(wl)” = -
emKocTeio C =22 Mk®. Onpenenure, kakas A0.18 HalPsiKEHUA, TIPHIIOKEHHOTC

wC
3TOH LenH, NPHXOAUTCA Ha NMafeHHe HANPLKEHHS Ha KOHIEHCATOpE.

1

C=———,
Hano Pewernue O\BR + 4wl)
¥=50 I'y

— 1
[ o= ’ = : : U = » c= u
R=100 Om Un=InZs Z=yR +R, U, =1 R, R U _

w=2rv

w( I: 5 = >

_ = 2 - 5 1

C-2wx@=22:1070 ) U _ R 120 \[ R+ (wL - @] \/ R+ (Z”VL - 2m»c)
w=2v, ek (R A it

U Yo Z R+ (/2000)
FJL -7 U Omeem 1) =298 mx®; 2) =332 A.

( Omsem ) —$r 20823 ;:

g =08, ~

@ 12 Cooprun 510w 353
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“eH’e Hanpsxenns 120 B, skmogey g PE30HUPYIOIMYIO 1e1ih, eMKOCT],
koropoit C' =1 n®. Onpenenpre AMILTHTYIHOE 3HaYeHWe HANPSKEHHs Ha KOHJIEH-
Catope, eciu akTHBHOE CONPoTHRNIEHME nenu R=35 Om,

Hano Pewenue
v=32 Kn=3,2:10'Ty U
U,=120 B Z=R|((s ClTy4ae pesonanca), Im=7m=—R—"’,
C=1a®=10°®
R=50m U. =] =1 Uy 1
Cm mRC, RC (UC’ Ucm_“ R a)C’
U~ -7
Com (U=2.71,"V 18} = ! _(jﬂ
" 2mvC R
( Omeem )Ucm-119 kB.

3 B e HIEPEMEHHOTO0 TOKa C 9acTOTOR @ = 314 pan/c BOJILTMETP r10-
Ka3kIBaeT Hyne mpu L = 0,2 Iy, Onpenenure emxocts KOHJIEHCaTOpa.

Hano Pewrenue
® =314 pag/c U,=0, c
_ L
L=02Tu U, +U, =0, . R
Uy =0 U,=12,, I__gi
C'—’7 ZV:.“%"_RLZ" S
1
=— R =oL,
wC L=0
1 1
Z =O, "—‘Q)L = —
g wC ’ ¢ 0L
( Omeem )c:so MK,

B} I'eneparop, wacrora KOTOporo cocrapser 32 kI'y AMIUTHTYIHOE 3Ha.

B uenn nepemennoro toxa (cm. PHCYHOK k 3aaa4e 4.105) ¢ gacroroii

N v =50 I'u BOnETMeTp NoKaskiRaeT HyJb IIpH 3Hauenun C = 20 mx®.
QUpEenENnTe HHIYKTHBHOCTE KATyIIKH.

( Omeem )1 -o51rw,

O

e

B rnpuBenennoli Ha pucynke nemu [IEPEMEHHOI0 TOKA C 9aCTOTOI
v =50 I'u cia Toka BHemHei (HepasBeTBnenHo) nemu pasHa HYJIO.
Onpenemmre emxocts C KOHJICHCATOPA, €CIIH MHAYKTHBHOCTD L KaTymuku paBHa 1 I'n,

Hano

Pewenue

v=150 ru I=O, IL"IC’ L
I=0 ,
U, =U. =
L=1rﬂ L Cn " Lg C :.U

R, =R, =——, R =ol,
L =Re R oC L
1 1 1
= — =@l e T ———— |
w=2my, wC ’ ¢ 0’ An*L

AKTHBHOE COMpPOTHBNEHHE KoneGaTeNsHOro KouTypa R=0,4 Om.

Onpenenute cpeamoo Mommocts (P) » I0TpebrseMyIo koneGarens-
HBIM KOHTYpOM, IIPH IOJLIEPKAHUH B HeM He3aTyXalomHX rapMoOHMIEeCcKHX Kone6a-
Hulf ¢ aMIVTHTYAHBIM 3HaYeHMEM CHITH ToKa I, =30 MA,

( Omeem >(P)=18 MBr.

[
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Kak ¥ kaxumu wHIyKTUBHOCTBIO L M eMKoCThio C HaZI0 NOAKIOYH

- KaTyIlKy ¥ KOHNEHCATOp K pesHcTopy conpotusneHueM R =10 xQ
HTOOBI TOK Y€pe3 KaTyIIKY ¥ KOHEEHCaTop Gbiyt B 10 pa3 6onpme o6mero Toka? Y

CTOTa NEepeMEHHOTO HanpskeHas v =50 [

M

KoneGaTensHEIA KOHTYp COnepX AT KaTYHOIKy MHIYKTHBHOCTBIO
\ L =6 mxI'n ¥ xoHzencarop emxocrbio C =12 O, g noaaepxa-
3 g B KONEOATEILHOM KOHTYPE He3aTyXarIuX TapMOHMYECKHX konebanuii ¢ aMn-

_ JBTYIHBIM 3HaYeHNeM HaNPDKEHHA Ha Konaencatope U, =2 B HeobxoaumMo noz-

It

Hano Pewienue POAHTH CPENHION MomHocTh {(P)= 0,2 MBT. Cuntas 3aTyxaHue B KOHType I0CTa-
R=10 xOM= 10* Om I = I.=101. b F09HO MaJIBIM, ONpeAenuTe 10OpPOTHOCTE JaHHOTO KOHTYDA.
v=50T
A _“1 Pesonanc ToxoB. ITapannenshoe Brmouenye:
=1 =101 ., ; Jano Peweriue
U =U,= - =
L, L C UR, 1—;, C—E, L=6 MxTu=6-10%TH Wy 6—R _1 L
L c=12m0=12-10"0 | 2725" BEVANE 3 o
: U 1 1 1 1
==, —=—=]0=, = Un.=2 B u
RL RL RC R RC (UC, " <P>:}—IiR’ ]m=1'm( ? Im =— ’
R, =wl C:ﬂ L R (P)=0,2 MmBr=2-10"Br] 2 Ck
R’ T w=2mv, ) 1
. —_— ] = wCU s =Wy = —F7— 3
c:'zloR‘, =X Omeem Q—? Re=c: ™ " ‘L
- om” ) L=318 [ C=3 : .
18 Mx@ 2 S 2 2Py 2P)L _ CUn, \/Z_Umc \/E
me me s = 2 = 2 - B .
: L 2 cul, APLNC 2AP)
) KoneGatensubiii koHTyp conepxut Ko =
o D HIEHCATOP eMKOCThIO C = 5 g Omeem 0=141.
ATYMIKY MHIYKTHBHOCTEIO L = 5 MKI'H ¥ aKTHRHEIM COLPOTHBNEHH-
eM R=0,1 OM. Onpenenute cpenmioio Mommocts (P)

s IOTpebnteMyo xoneGa-

TEABLHBIM KOHTYPOM, IPH OANEPKaHUH B HeM HE3aTyXaloIHX rapMOHMYECKHX KO-

nebaHui ¢ aMIUIUTYIHBIM 3HauYe HUeM HaNpKCHIA Ha XOHAencatope U/ =10 B
m

B ceTh nepeMeHHOro TOKa ¢ AEHCTBYIONMM 3HAaYEHHEM HANpPSKeHNA
120 B nocnexoBaTensHO BKTIOUEHb! NPOBOAHUK C aKTHBHBIM COTIPO-
TuBnenneM 10 OM v xatymka uHgykTuBHOCTHIO 0,1 ['H. Onpegnenure gacToty v

TOKa, ec/ti aMIUTHTYAHOE 3HA9eHUE CHIIBI TOKA B [ie1H PaBHO 5 A,

Hano Pewienue =
C=5uP=5-10°@ | U Hano Pewernue
L=5md8=5-10°Ty | (P)=—I*R, I, =2 - L s U,
R=0,1 Om 2 TR e z::gooi Iy == Uy =UV2, Z=yRy+(wLl)’, =2,
U, =10 B 1 1 L=01T
14 Im :Um wC w=wy= <P>:_U2 w'.ZClR =Y H '\,/EU 2
wC, , 12U
LC me _ = - _p2 _
v 2 I,=5A I, - sv=o Ty R =516Tu
() -2 | RCU? .. Rromrf 2
P)=— e | —_
(== ((Omeem ) (P)=5ypr. »—? ( Omeem ) v =s1.6ru

G5



JidnexTpuK, mmonexrpraeckas POHMIIAEMOCTh KOTOPOIO paBHa 2,8
HCTIO/IB3YETCA B KOHACHCATOPE B KAIECTBE monaTopa. Kounencarop, Haxo.
JUICh TI011 HaTIPADKEHHUEM, TIOMIOMALT HEKOTOPYIO MOLHOCTE, mpudeM npu v = 50 Ty

KO =
3¢ dHuHEHT MOmHOCTH cosg = 0,1. Onpeznenure yrensHoe COTIPOTUBIIEHHE i
3IEKTPHKaA.

Llemb, cocTosMmas U3 MOCNEN0BATENEHO COENHHEHHBIX 6€3bIHIYKUM-
OHHOrO pe3ncropa conporuBieHHeM R=100 OM u KaTymky C ak-
HBIM COLPOTHBIEHHEM, BKIIOYEHA B CETh C AEHCTBYIOIHMM HalpSIKEHHEM
=300 B. Bocnoms30BaBIIMCE BEKTOPHOM IHArpaMMOH, oNpeneNnTe TeUIOBYIo
'Mbmnocn,, BHIZEIAEMYIO Ha KaTyIike, eclii AcHCTByIOomee 3HadeHe HANPKeHNA

L.

e

18 COTPOTHBJIEHHH H KaTyllIKe COOTBETCTBEHHO pasHo Up =150 Bn U, =250 B.

cos@

2mvee, Jl -cos?p

( Omesem )p=

=12,9 MOM - M,

B uens nepemennoro toka HanpsoxerueM U,

; =220 B u 9acToTOl
0 I'u BrUTIOweHa KaTyIuKa ¢ akTHBHBIM conporusiiennem. Cusur a3

MEXKTY HanNpAXXKEHHEM M TOKOM COCTABIfeT /6. Onpenenure HHIOYKTUBHOCTD Ka-
TYIUKH, €CJTH U3BECTHO, YTO OHa NOINomaeT MOMHOCTL 445 Br

Mano Pewenue
U,=220 B
U =1 _
1}:50 r'u m mZ’ Z'_ RZ""'((UL)Za
P=445 By wl
. t = — Y
¢p=30° &9 R’ P_ImRa
) tg¢7’ (UL ’
Pt (UZLZ
Un =ﬂ[—2+sz2 , w=2mny
wl \ tg )
U,ﬁ:Ptgsp-zm»L( = +1), L= U,
t;
B ¢ Pigyp 2m»L(~§~+1)
g7y

( Omsem ) L=0]15 I'n.

1 2 ;2 2
P =—(U*-Uz-=-U7).
i 2R( =UL)

e
Hano Pewenue

"R=100 Om 1 Us
;U:é3OOB P, =1U, cosp,, =2

=150 B
Ha U? =U2+U? - 20U, cosg;
U, =250 B

Ut-UL-U}

’ Cosp; = ———"—=,
PL — ? 2URUL

p-Ue

U Uz—U,’é—U,’f]
R ’

WU,

( Omsem > P, =25Br

0000000 0000000000000 0000000000a00000000DO0O0CDF

Jecamuyunsle npucmasKu K HA36AHUAM eOUHUY

T — tepa (10'%) 1 — pemu (107) H— HaHo (107%)

I’ — rura (10°) ¢ — caur (10%) n — mako (107%)

M — mera (10°) M — Mun (107) b — demro (1071%)

K — xuio (10°) a— arro (10°')

MK — Mukpo (107)




BouHa pacIpOCTPaHSETCS B YIPYTOi CPEnie CO CKOPOCTRIO U = 150 m/c.
OnpenernmyTe 4acToTy v konebaruii, €CT MUHMMABHOE PaCCTOAHHC Ax

4351 KoJ1e6aHMif KOTOPBIX MPOTHBOIOJIOXKHBI, PABHO 0,75 M.
Onpenenure pasHocts a3 Ap konebanuit IBYX TOUEK, NeXAIuIX 1, eIy TOUKAMH CPE/IEL, i) PEIX Ip
> W_’f

Jy9€ ¥ JIpyT OT Apyra Ha paccToAHHH Al =1 M, eciiu
s JUIHHA
1=05 m. RO c Omsem ) »=100 T

4.2. Yopyrue BonubI

——
Hano Pewenue ro
Onpenenure JUTHHY BONHB! A, €C/H YHCIOBOE 3HAYEHHE BOIHOBO
Al=1u 2 Bektopa k pasHo 0,02512 cM™
A=05m Mp==T A1
A
Ap — 2 Brruncne gus: ‘ Omeem > A=25M
2]{ A
Ap=——1M=47, 5
O5m 3ByKOBEIE KoneGaHws ¢ YacToTol v = 450 I'iin aMumTynon A=03mm
Omeem . 7 e. Jimnua sonusr A =80 cM. O
C_ ) Ap =4m , Toukn PacrpoCTPaHsIOTCs B yIpyroi cpene.
4 i Konebmores B gase. penenure: 1) CKOPOCTH PaCIIPOCTPAHEHHA BOJIH; 2) MaKCHMaJIBHYIO CKOPOCTB Hac-
—— THII CpeabL.
e
Hse TouKi NekaT Ra Mye M HAXONATCH OT HCTOYHHKA KoneGammy pa | Jlano Pewenue
PacCTOdHUN Xy =4 M x, =7 M. ITepuon koneSammit T =20 Mc
CKOPOCTh V' pacHpOCTpaHEHHd BOMHEI pasHa 300 m/c. O =
. . Unpenenure pazxHocrs =450 I'y
KoneOaHuit 3THX Toyek, P Bas A=03MM=3-10*M g:Acosw(t—--x—), A=vT,
’ v
Aano Pewenue A=80 cm =08 m 1
— T=—, w=2mvy,
4 =4uM Dv—? v
7 Ap = 2n Al Al =x, ~x,
X=7TM =—Al, =Xy - Xy, . x
2 A P 2) (ﬁ) —? v=Av ﬁ=—Awsmw([—-—],
T=20 Mmc=2-102¢ dr/ e ’ dt v
v=300 m/c A=vT, A¢,=2_”(x2_x1).
T (idé] =| Aw| = 2mvA.
A(p -9 dt max

Om
u@ Ap =7, TouKH KONEGMOTCH B pOTHBO (ha3e, Omeem 1) v=360 Mlc; 2) (%f_) = 0,848 M/c.

max

——
-




AHACTCA BIOH TOIO IIHYPa CO CKO-
ITnockas cnnju/coananmax BOJTHA PacnpOCTpaHAETCs BAOMb IpAMoj; ‘ ITonepegnas BOIHa pacpoCTp! 710JTb YIIPY. s .
COBNANAIOINEH C MOTOXKUTEITEHBIM HanpaBneHneM ocH X B cpepe, Hé h poctsio v =10 w/c. AMIIHTYR KONEGMH TOTCK WIHYPa £= 3 €M
e

TOIIOWAKMEH HEPTHIO, €O CKOPOCTHIO U =10 M/c. JIpe TOuKH, HaxomsUHecs K gepuoa xoneGanmit T =1 C. 3amuImuTe ypaBHeHHE BOJHEI M OTpeenuTe: 1) umHy
) qa ¥

H i it HHE TOYKHM, PACTIONOKEH-
3TOH MPAMOL _ _ - 2) dasy xonebaHmit, CMEEHUE, CKOPOCThL H YCKOPEHHE s
p Ha PacCTOstHHM X, =7 M H X, =10 M OT HcrouHHKa KoNebaHui, Ko. BOMHED ) bazy ’ ’

Hﬁ,ﬁ Ha PACCTOSHHH X; =9 M OT HCTOTHHKa KoneGaHHi B MOMEHT BpEMEHH /) = 25¢.

Ne6MOTCS ¢ PA3HOCTHIO $as Ap=3n/s, AMIIHTYN2 BoMHEL A =5 oM, Onpegeny. ———

T¢: 1) manHy BonHsL A ; 2) YPaBHEHHE BONHBI; 3) cMemeHne &, BTOpO# TOukn j | ,ZI(IHO Pewiernue
MOMEHT BpeMeHH 1, = 2 c.
=10 M/C 27 _
}_5 oM =0,05M §=Acosw(t——), w=-},—, A=T,
Hano Pewenue T:1 . ’
v=10mfe — 21 x
2m xn=9 M =4 os———(t—m),
xl=7M A(p:—(xz—xl), 3-=sz —x 1 § C T "
/1 ( 2 ])s
X, =10 Ap H=25¢ |
P 2n X
= —|lt, =—1,
Ap=3x/s §(X,f)=Acosw(t—£), wzz_T”, E(x,1) -2 Dy Tft‘ v\]
v - s
7o 00w Hi—7? 27 x
HL=2c¢ =i 2mv £ :Acos———-(t,——l\],
d v’ sz’ Do, & —? ! T v
DA 52'—'1‘“305((06—ﬁ . v §1=—A-Esin—7£(n—ﬁ >
2) §(x, 1) -2 2w T T v

e -2 ((Omgem )1 i=10; . 2amY 2w x
§l=-A-(—) cos—| ——1.
T T v

2) &(x,)=10,05 cos (Zm —Ex) , M;

5
eem
3)§,=5 oM LOm__J f(x,t)=5cos(2nt—1;—x\],CM; 1) A=10 m;

ooooooooooooooooooooooooooooooooooooooooo 2) ¢y =327, & =—4 oM, ..E]=18,SCM/C, é]=—160 em/c?,

Ypasnenue nnockoii gonnw, — ——
PacnpOCTPaHMOIENCS BIOIL MON0KUTEILHOTO HampasyIeHus OCH x
3
§(x, 1) = A cos(wt — ko + '—62 1e
g ; Po), Y6enurech, 9T0 BOJIHOBOMY YPaBHEHHIO % = T—f YROBNETBOPA-
rae &(x,!) — cMemeHHe Togek CPEABI C KOOPIHHATOH X B MOMEHT BpeMeHH f; 4 — e
am T .
TUITYAa BOTHBL 0 — LMIHMECKas 9aCToTa; & = 27/ A = 27/(uT) = wfv —Bon- 1 mockas sorka §(x, )= A cos|at — x/v)+ vol-
HOBOE 9HCIO ( A — pivna BOITHBL, U — (¢a3oBas CKkopocTth, T — nepuon koneba-

HHA), ¢, — HayaldbHas dasa KoneGammii.

|




3 Bris 7|
CAUTE CRA3b MEX Y IPYINOROH 1 ¢azosoii CKOpPOCTAMH.

Hano Petuenue
u
v v=2, u=ﬂ 122
k dk ’ ‘7,
u=f(v) d 2 2
e 2%

( Omeem ) dv
U=9yP—A—

TR

JIBa KOrepeHTHBIX MCTOYHMKA KONEGIIOTCA B OAMHAKOBBIX (a3ax ¢ va-
croroit v = 400 T'u. CxopocTs pacrpocTpaHeHus koneGaHui B cpeje

»=1 xm/c. OnpenenuTe, IPY KAk HAUMEHBLIEH PA3HOCTH X013, HE PaBHOM Hy/IO,
GyneT HaGmonaThCA: 1) MakcHMaIBEHOE YCIUIeHHE Kone6anui; 2) MAaKCHMANILHOE OC-

nabrenye KoneOaHHH.

Hano Pewenue
y=400r1[ A=UT:E,
v=1 km/c Y
v
Agmax Apax = 2m5 > m=1, A pax =-; ,
B = A A v
Amln=(2m+1)5, m=0, Am""zizz—v'

Hokaxwure, 4to n HEAHMCNEPTHPYIOMIEH ¢
CKOPOCTH paBHbL.

pene rpymnosas u $pazosas

€Cii

$baszoas ckopocts 33 v
aaetcs =
BBIDAXKEHHEM y = ao/ v+b, rae
Q=24 M-¢c-¥2 =100 I'u.

Onpenenure TPYMIOBYIO CKOPOCTH LIS 4acTOTH ¥ = 800 I'y

(ﬂ omeem) Amax = 2,5 M, Amin = 1,25 m.
=

JIBa KOTEpEeHTHBIX HCTOYHUKA [OCBHUIAIOT TIOTIEPEHEIE BOIHBI B O/LMHa-
KOBBIX (hazax. [Tepronst konebanuil 7' = 0,2 ¢, CKOPOCTh PacpOCTPaHe-

HHA BOJH B cpene v = 800 m/c. Onpenernate, pH Kakoi pa3sHOCTH XOa B CIIy4ae HaJIo-
XeHus BoMH GyneT Habmonarbes: 1) ocabnenue xonebanuil; 2) yCwieHue KoneGaHHil.

@meem ) 1) A=+802m+1),m (m=0,1,2,..);

2) A=2160m,m  (m=0,1,2,..).

TTo moBEpXHOCTH BOJBI PaCHPOCTPAHAIOTCA [IRE BOJHBI, BO3GYxK1ae-

MBI€ JBYMS TOUEYHBIMH KOTEPEHTHBIMH HicTouHMKaMH. Kaxyio popmy
HMEIOT TMHUH, HA KOTOPSIX JIEKAT TOYKY, HMEIOIHUE OOHY U Ty e IOCTOSHHYIO

Harno Pewienue
v=800 I'y
dw dv  dv
vzaO/VV‘l‘b u=—r=2r—= P A-:E: 99
a, =24 N * d(lj vomred
0o =24 M-c-32 A
b=100 I'y ( i LSy+ b PasnocTs xona?
-_— d —): 3 d’V ——
u — 2 A ao\/m ’

u=—__WaVvib _ avih

) LSv+b)ydy  15v+p < Omeem >u=055 m/c

Ypasuenue chepuueckoii sonnnt

E(x, t)=i cos(wt —kr +¢q),
r

Tne r — paccrosHue OT LECHTPA BONHEI /I0 PACCMATPHBAEMOM TOYKH CPE/IbL.




ra uB
150 OCHPOU3BOAAT ONMH M TOT e My3BIKATIbLHKI TOH Ha 9acTOTe
=1500 T'u. INpnemMuuK HaxoaUTCH Ha paccTosHnu / =

IpuHumas CKOpOCTE 3ByKa v =340 M/c, onpenenure, u
1

TPaNbHOM TMHHM NapaILIeNEHO THHAMUKAM HaJl0 OTonB

3aduKcHpoBan mepBbIi HHTepepeHUMOHHbIA MUK

( Omeem ) x=907 ou.

/Ba NHaMAKa pacronoxeHs! Ha paccrodHun d = 2,5 M apyr ot jpy -

4 MOT ueHTpa JUHAMUKOR,
4 KaKoe PacCTOSHHE 0T Lek-
HHYTb IPHEMHHK, 4TOOH! 0y
HMYM,

rau Boc
TPOM3BOJAT ONHH H TOT 3KE MY3bIKAILHEI TOH Ha onpeneney-

/1Ba AMHAMMKa pacnonoKeHs! Ha PaccToAHMA d = (0,5 M Apyr oT Apy. ¢

OGpa3oBaHHe CTOSTMX BOJH 0BKIMHO HAGMOAAIOT NpH HHTEPHEpPEH-
o wun Gerymeit i oTpaxenHoit BonHbl. OGpacHUTE, KOTNA H NOYEMY HA

gpaHHIIE DTPAKCHUA NONTYaeTCs y3ell WIH XIyIHOCTB.

T
}

1

—
=t
—
Pr'——

O6BACHITE, [/Ie YEIOBEK CIBIMHKT Gosiee TPOMKHI 3BYK: B ITyYHOCTH
WIH B y3II€ CTOSMEH BOJIHBL

Onpenenure WIMHY BoHEI A , ecii paccTosHue Al Mex Iy NEpBEIM H
4ETBEpTHIM y31aMH CTOsElH BOMHEI paBHO 30 cM.

Ho# i .
o tlla_c;ore, KOTOPKIN PETHCTPHPYETCS MPHEMHHKOM, HaXOAAIMMMCA Ha paccTos- ﬂ H Pewieriue
i =3,5 M OT neHTpa aMHamukos. Ecin TPHEMHHK NIEPESIBUHYTH OT LEHTpANL- T ano |
HOH THHNH
HapallleNkHO AMHAMHKaM Ha PaccTOSHME x = 1,55 m, 10 o dukcnpyer Mgy =30 cM=0,3M AL 232 1 2Al,
HCPBBII?I HHTCPQ)CPCHHHOHHH]‘;[ MHH . - 41 =T A =—
T€ 9aCTOTy 3ByKa. HMyM. CKopocTh 3Byka v = 340 /e, Onpenenu- & 2 3
A—2?
dano Pewenue ( Omgem ) i=20 cm
d:2’5 M Amm =8y~ :(2m+1)£ — — ———
I=35mM : o
x=155m m=0 A CBY-reHepaTop H3Iy4aeT B HONOXKHUTENBHOM HANPABICHHH OCH X
v =340 M/c ’ Amn = P IUTOCKHE 3MeKTPOMArHUTHBIE BONHBI, KOTOPHIE 3aTEM OTPAXAKTES 06-

patHo. Touk# M; u M, COOTBETCTBYIOT ONOKEHMAM JBYX COCENHHX MHHHMYMOB

MHTEHCHBHOCTH M OTCTOAT APYT OT Apyra Ha paccrosuuu /=35 cM. Omnpenenure
9acTOTy MHKPOBOJIHOBOTO IeéHEpPaTopa.

Mano Pewerue
I=5cM=5-107uM 1—-'1 e ¢
c=13-10° m/c T’ v—l-ZI'
v—9
( Omeem ) y=3TITu




060 Togke CTEPXKHS.

Omun xoHen ynpyroro CTEPXHA COEIHHEH ¢ HCTOYHHKOM rapMoHy.
HECKHIX KOJebaHHi, NOTIMHIIOMIXCS 3aK0

€I'o KOHEI[ KECTKO 3aKpeIUICH. Y'IHTSIBHJI, 9710
FKHA TIPOHCXOANUT OT MEHEE IUIOTHOH Cpensl

Hy &= A coswt, a gpyroj

Hano

Pewienue

&= Acoswt
Cpena Menee mwioTHas

_

§(x,0) —2

§(x,1)=¢, +£,=4 cos(wt—ﬂ)+ A cos(
v ‘

_ wx . . WX .
=A [COSC{)t' COS— + s wt - sin — + COS&)I-COS‘X
v v

wx
=24 cos—-coswt,
v

wzgf, A=vT,
T
&(x,0)=

=4 cosw(t——{
v

x
E,= A4 cosw(t+—
v

)
J

wx
W+ —— | =
v

v

—sin wr-sin—

wx]

Ypasnenue cmonueii sonnp

2n
&(x,1)=24 cosTx coswt =24 coskx coswi .

P ——

368

OjHMH KOHEI( YIIPYrOro CTEPXHA COSAHHEH C HCTOYHMKOM rapMOHH-

geckix xonebanuil, NOTINHMOMMXCH 3aKkoHy & = A cosw! , a Apyroi

OTp " 3aKpeIUICHHA CTep-
WKCHHC B MECTE 3AKPEILICHHS CTep. PO KOHEI| XKECTKO 3AKPEILIEH. Y9uTEIBas, 9TO OTPLKEHHE B :xi;:Tea KTI;p l«me6amﬁp}3
» OTIPEACIHTE XapaKTep KONCOaHMii j ggas IPOMCKOMHT OT GOMNee TUIOTHOH CpE/lbl, ONPENIENHTE XapaKTep

o060 TOYKE CTEPKHAL.

ano Pewienue

E= Acoswl
Cpena Gonee nuioTHas

E=A cosw([ —i},

v

x
£,=4 cos[w(u—%}.n}: -4 cosw(t+;j,

Ex,0)=§+&,=4 cos(wt——c%x)_ Acos(wt+ﬂ) =

v

e

Ex, 1) —?

wx . wx
©X i in L — +sinwt-sin— |=
= - COS— t - sin—— — COS Wt * CO8 +
—A[coswt cos . +sinw " " ’
. wx
=2A4sin—-sinw!
©= T’ v
in 2%y si el BOTHBI
E(x,1)=24 sanx-51nwl — ypaBHEHHE CTOSY .
(m=0,1,2,..)— y3asl.

A
IT =+m—
pH x m2

1 A
Ipn x=i(m+5)5 (m=0,1,2,..) — Oy4HOCTH.

BuIBEMTE YCIIOBHE 15 KOOPAMHAT ITyYHOCTEH H Y3/I0B CTOSeH BOIHBL.




e rpa-
Ans onpenenemus ckopoct 3BYKa B BO3/lyXe METONOM akycTHuE K. YenoBedeckoe YXO MOKET BOCTIPMHHMATH 3BYKH, COOTBETCTBYIOUIHE IP
- F0 PE30HAHCa HCTONB3yeTcs Tpy6a ¢ TIOPIIHEM 1 3BYKOBO# MeMGpa. HUHBIM FacToTaM v, =16 T i v, =20 Kl'u, [IpHHUMAs CKOPOCTH
HOH, 3aKpBIBAIOIEH OOUH U3 ea TOPLOB. Paccrogme
: MeX Ty Coc . OCTH 3BYKOBBIX BOJIH.
Ay COCERHIMHU nonoxenn.- JyKa B BO3IyXe PaBHoii 343 M/c, onpezenuTe 061aCTh CIBILINM By

AMH TIOPLIHA, 1IPH KOTOPOM HabmoaeTca pesonanc ua HactoTe v = 2500 I'y, co. _—

CcTaBnser / = 6,8 cM. Onpegenre CKOPOCTH 3ByKa B Bo3/yxe. Omeem 214
- e 17M+ 214M
 Jaw | Pememe ——— (O)

Pewenue —
-

E——————

————

v=2500 T OnpenennTe MHTEHCHBHOCTH 3ByKa (BT/M?), ypoBeHb HHTEHCHBHOCTH
/=68 ai=68 10%n ’ L KoToporo cocTaBisieT 67 Ab. MHTeHCHBHOCTB 3BYKA Ha IIOPOre Clibl-
v
v —7 ’ 2= . v=21y. muMoct 1, =107 B2, r
( Omeem ) =340 wre, ) Hano Pewenue
I
L=67 15=6,7B L=1gL, =10t
—~12 In? 10 Io
Crepixens ¢ 2akpernennsmy KOHUaMH umeeT iy / = 70 com., T - ‘IQ =10""" Br/m )
I=1,-10".

TPEHHH CTEpKEHD U3N1aeT 3BYK, OCHOBHas qacToTa (HaPlMCHBIHaH qac-

I —?

: 2) xakue 06epToms! (Bomms
5 I C KpaTHbBIMU
OCHOBHBIM 4acTOTaMH) MOXET UMeTh 3BYK, U3/1aBaeMBIif CTepyHem. ( Omesem ) 1= 5,01 wBrhe —
—

Onpenenure oTHOIIEHHE HHTEHCHBHOCTEH 3BYKOB, €CIIH OHHU OT/IMYa-
0TCH 10 YPOBHIO TPOMKOCTH Ha 2 (on.

Tpy6a, minna Kotopoit /=1 M, sanomuena BO3LYXOM H OTKpHITA ¢ ﬂauo Pewenue

OmHOTO KoHUa. IpyHuMas CKOpOCTS 3ByKa v = 340 m/c, onpeaenure,

TIPH KaKOH HaUMeMBb1Ielf YacToTe B Tpy6e GymeT Bo3sumKkaTs CTOAYas 3ByKOBAs Boina T'=2 ¢on I'=1 poH — eavHHUIIa YPOBHA IPOMKOCTH.

»=1000 I'y =1 ¢on,ecnn L=1 ab.

Hano , Pewenue I
;):13‘;0 e l=—4/1—, A=47, A:yfzf;_, 7, L=2 n5=02B5. ) I
vy —2 5= — L=te, L=k, AL=zq—Lz=1gf—;—lgI—z=lg7i=lgI—;,

Yo 4]
( Omesem ) vo =85 Iy AL:lg-—II—;-:O,Z B, %=100,2=1,58, < Omeem )%:1,58.
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Pa3srosop » cocennei KOMHate

KaK MENoT rpoMxocTsio 20 ¢o
CUBHOCTEH 3THX 3BYKOR.

Hano Pewenue
T, =40 don '
I',=20 ¢on
-
L
I

TPOMKOCTBI0 40 GoH cripimen Tag,
H. Onpenennre otHomenwe HHTEH.

Onpenenme, Ha cxoltsko ¢oHos
3BYKa, €CIH HH
2) B 10 000 pas.

e
)

nisem 1) Ha 30 dow; 2) ma 40 tomn.

YBEIHYHIICH YPOBEHD FPOMKOCTH
TEHCHBHOCTH 3BYKa yBENHYMIACK: 1) B 1000 pas,

TOMHOTO rasa
CpenHsa KBaIpaTHIHAsA CKOPOCTh (vn> MOTEKYI AByXa

OCTB ¥
EKOTOPHIX YCIIOBHAX cocTannAeT 480 m/c. OnpesenmTe CKOp

pH H

IPOCTPaHEHH A 3BYKa B Ia3e NPHU TeX XKe yCTIOBHAX.

Hano

F')Z 480 mic
KB

Pewernue

3RT _\/—’y__kz’ (—UK—B‘}‘= é,

5 A e A I
=

v—? < )

1+2 _ L‘_*‘_E(UKB .
: y=a””=T’ v_\[—i- V3
( Omeem ) v=328 m/c.

—

yRT

OCTh 3ByKa
= IpaXkaroIas Ckop

ma v s BBl

Hoxaxwure, 910 GopMy

B

€ 2 ]

HBIX TCILT y

P — ero IwioTHOCTb.

Cxopocts PaCrpoCTpaHeHyis 3ByKoBo# BoyHE B Tase ¢ MongpHOM Maccoii

M=29-10"% xrivons put ¢ =20 °C cocrarmser 343 w/c. Onpenemu-

M=2910"2 kr/mons

1=20°C, T=293 K
v =343 m/c

Pewtenue

Hano

YRT v_\/—‘ﬂ m=pV,
' R
— m RT_pV_»p
pV=T/[-RT, M m p
v=_ [
p

v=_ 12 , 9T0 K TpeboBAIOCH 10Ka3aTh,
v p

( Omeem ) ”=\/£'
p

G173



IMnotHocTs p HEKOTOPOro JByXaTOMHOIO rasa

fIEHAH pasHa 1,78 xr/m’. Omnp
3BYKa B rase IpH 3THX YCIIOBUAX.

TIPH HOPMAJILHOM Jap.
EACIHATE CKOPOCTh PacIpoOCTpaHeHy

Harno Pewenue
P =178 xrim® YRT m i+2
v=‘f~—, V=—RT, m=pVv, =
i=s IY; p I, p 4 ;
=1,01-10° Ta
p ve |12
. Vo ( Omeem ) v=282 mk.
MBIDKyitcs no peke TEIIOXON 1a€T CBHCTOK 9aCTOTOl Vo =400 I'y,

Habmoparens, crosmmit na Bepery, BocnpuriMaer 3BYK CBHCTKa Yac-

TOTOH v =395 Iy, IpurumMas cropocts 3ByKa V=340 m/c, onpenemure CKODOCTE
ABIKEHNAA Tertoxona. Tlpubmmkaercs wm yaanserc

A TeIoxon?

Harno Pewenue
Vg =400 'y v, g y

V= — » BEPXHUH 3HAK — cOmDKEnNE; HyK-
Y =1395 FL[ ‘U+‘U“"
U=340 m/ic HWHA 3HaK — ypanemme,
w

Uper — ? vnpzoaivucT:To_v-

. Iy K [IpoxXoaAmero
Ha6m0ﬂaleﬂb CTOXII.[Hﬁ HA CTaHIHH, CIIBIIIHUT 10 p
L]
6Iﬂ/lx(aeTcﬂ, yacToTa )ByKﬂBBIX
a 3neKTp01303 an
3HCKTpOBo3a. KO]II
mne a ]y y — as, 94TO CKOPOCIB v
6 HHH ﬂKa paBHa V‘ 5 a Korﬂa ﬂanﬂercﬂ 'Vz . HPHHW s
U3BECTHA OHpeﬂeJIHIe: 1)CKOPOCIB v 3J[eKTpOBO3a, 2) 9
SByKa 3 HCT

10Ty Vo KoneGaHui rymxa.

jpsanbs
Pewenue
ﬂa”o U'VO
—_— vEug W = =
'v =(_____"_P___, v“P_‘O’ U;UMCT
1 UF Upper
v Vi—Va
ip U‘V() ‘V2=_ﬂ_0___’ ch-r:v—l:v_v,
b Yy =, 1 2
R 1 V-V U+ Vyer
v,
Yyer vy, _ ‘VO(‘Vl + vz) , = ————v .
9 I e, T, Mt
Vo — ! _—l———g-‘l)
Omeem vy vo:iﬁ!z._
L
Her vy + vy v+ v,
—

HEIOBHAKHO-
DneKTponoe3 i MPOXOAHUT CO CKOPOCTHIO 72 xm/4 My:(v)lor i
ro OpueMHUKA M JaeT Iy0K, 4acToTa KOTOpOro 3 1. Lpurivas
BOCIIPH
CKOPOCTH 3ByKa paBHoil 340 M/C, OTIPENEIUTE CKATO0K 4acTOTHI, BOCHP.

( Omgem ) Yuer = 4,3 M/c, TemmIoxon ynansercs,

MPHUEMHHKOM.

Jano Pewuenue
Wy
- = c VY =
- vHCT = 72 KM/‘{ 20 M/ Un — O , Y= — 3 V‘ V- vHCT ’
B pexe, ckopocts Teqerms KOToporpaBHa v , ycTanosien Henommimkrs;ii " 300 I P Ut Uyer
Yn =
HCTOIHHK KoneGaHHi, cosfatonuii B Bosie koeBamis 4acToToH v, . ITo 0 340 v/ oy 20,V )
= M/C 0 = -V, =
Pa3HBIE CTOPOHEBI Ha PABHBIX PACCTOSHHAX OT HCTOHHKA YCTAHOBJIEHE! HEMOBIK- v Vv, = vrv. Ar=v =¥, (V= Ve XU+ V)
HCT
HBI€ NIPHEMHHKH KoneGanuit I, u II,. Onpenenure 1aCTOTH, PErHCTPHpYeMEle Ay —9
3TUMH MIPHEMHUKAMH.
( Omeem ) Av =354 T'n.
< Omeem ) vy =vy =y,
o e———— #

[¥3)
~1

G715



IToesn npoxomur co CKOPOCTEIO 54 KM/4 MuMoO
CMHUKR ¥l TIONAET 3BYKOBOM CHIHa, Tlpuemunk socnpunmMaer CKa.

H0K 9acToTolt Av = 53 Ty, Ipuuumas CKOpOCTE 3BYKa pasHoit 340 M/c, onpenenuTe
J4CTOTY TOH: SByKOBOTO CHIHAA IyAiKa noesza.

Hano Pewenue
= = vy
Uper = 54 xM/9 =15 M/c Vnp =0, v=—"__ v = Uy, ’
Av=53I'y L™ V= Uye,
v =340 m/c _wy, _ ~ 20,07,
v, = » A=y -y, = .
UVt Vyer (v- Vaer v+ UHCT)
v — 7

-y (v, Ay

2v,.v
( Omeem >v0=599 T,

HCT
————

e —

JlBa katepa gBwKyTCA HaBCTpedy npyr apyry. C nepsoro Karepa, -

KYWEroca Co CKOPOCTEIO vy =10 M/c, noceinaercy YABRTPa3BYKOBOI

CHrHal 4acToTol v; = 50 kIyy, KOTOpELif pacnipocTpansercs Boze. Ilocne otpaxe-

HHS 0T BTOPOTO KaTepa CHIHAN PHHSAT TIEPBLIM KATEPOM C 9acToTOM v, = 52 KTy, Ipu-

HHMMas CKOPOCTH PaCipocTpaneRus 3BYKOBBIX KOneGaHHit B Bone PaBHo# 1,54 km/c, op-
PenenuTe CKopocTh BrDKeHUS BIOPOIO Karepa.

Hano Pewenue
= +
v, =10 m/c v{=v Uzvl’ v2=U+v’ v,
v =50 kil =5-10'Ty v U=,

v, =52 Klu=52"10'Ty v, =2t U Yty

i»
v=154 xm/c = 1540 m/c V=7, v-vy U=V v+y vy
v-v v, _b-1
——==p, Uy = ——v
vy —? vty v 2 b1

< Omeem > v, =20,2 mlc.

HEMONBIXHOIO Tpy.

4.3. J1IeKTPOMATHHTHDbIE BOJIHbBI

KOTOpoi
CKOpOCTE PacIpOCTPaHEHNA SNEKTPOMATHUTHLIX BOJIH B HEKOTOD

3NEKT-
cpege coctaBmaeT v = 250 Mm/c. Onpenenure AIMHy BOMHBI

i vy =1 Ml
pOMATHUTHBIX BOJIH B TOH Cpe/ie, eClTH HX 4acToTa B BAKyyMe vo

T Hano Pewuenue

"y =250 Miwe=2,5-10°w/c —y A=vr=2=2
=1 Mu=10Tu |77

( Omeem ) A=250 M.

A—2?

.
—————
_—

H-
JIns neMOHCTpAIMK IPeTOMITEHHs 371eKTPOMATHUTHBIX BOIH I"epx(_’[ Kr:; *
MeHSJI IPU3MY, H3TOTOBJICHHYIO K3 Napa¢uHa. Onpenenure o

[ aeMOCTh £€=2 H
TéNE npeoMleHNs napaguHa, eClii ero AUSIEKTpUIeCKas P OHULL
MATHUTHAA POHULAEMOCTE 4 =1.

( Omeem ) n=141.

E—— =

it v= 3 He-
OnexTpoMarHUTHas BOJHA C 9acroToit v =5 MI'n nepexonur u

i =2 BBa-
MAarHUTHOH cpeasl ¢ AMAIEKTPHIeCKOH MpOHHIIAEMOCTEIO €
kKyyM. Onpenenurte OpupanieHye ee JHHbI BOTHBL

Hano Pewenue
[
= =5-10"I"u __E =E=_C_= [
::;Mru lo—v’ g v o nv \/a-v
“=1
p 1

A2=}.0—l=—1-—]

AL —29 v i

377



—

e Pagmonokarop oGHapyxun B Mope NIOABOJHYIO JIOAKY, OTPaKEHHEY);
CurHan oT KOTopoit Jomen 1o Hero 33 t=36 MKc. Vaursisas, qTq

AMdnexTpirieckas IpoHALEAEMOocTs Boaw € = 81, onpepenure PacCTosaHHe OT noKa.
TOpa [0 MOABOIHOM IOAKH,

Hano Pewenue
= = . -5
1=36 MKC=3,6- 10" ¢ 25= vt v=l-_¢
£=81 n 77
n=1
§= ct
s —9 2 e Omeem ) s=600 u.

Iocne Toro kak mexxy BHYTPEHHMM H BHEIIHHM MPOBOXHHKAMH Ka-
Bens momecTiwn AUBIEKTPHK, CKOPOCTH PACHPOCTPAHEHUS 3JIeKTpo-
MarHHTHBIX BOJIH B Kabesie yMeHbIImIacs ya 63%. Onpenennre AMIIEKTPHUECKYIO
BOCTIPHIMYHMBOCTS BellecTBa mpocnoiky,

Hano Pewenue
c—v v C C c
= 0,63 1-—=063, v=—14po =-2, v=—a,
c Jeu o Je Je
-
—
*— x=e-1, £= % +1, P =0,63,
,/x+1

2
w=l——| 1. ( Omeem %=623.
1-0,63 ,

KoneGarensupiii KOHTYP CONEPXHT KOHIEHCATOP eMKOCThIO ( = 0,5 v

H KaTyIIKy HHIYKTHBHOCTBIO [, = 0,4 MI'n. Onpenenure IIHHY BOJT-
HbI H3Ty9EHUS, TeHepHpyeMoro KOHTYpOM,

( Omeem )2=843 "

———

Onpenenure IHHY 3/IEKTPOMATHUTHOM BONHEI B BAKyyMe, Ha KOTO-

(. PyIO HACTpOeH KoneGaTeNbHBIA KOHTYP, €CIH MaKCUMAILHBIA 3apss

g o6KIajIKax koaencaropa O, =50 #Kn, a MakcHManpHas CHJIa TOKA B KOHTYpe

1. =15 A. AKTHBHBIM CONPOTHBIIEHUEM KOHTYpa NpeHeOpeyb.
m Ll

Hano Pewerue
0, =50 BKx=5-10Kx 0- 0. cosur. Izﬁif_z_wgm sinwt ,
{m_—_l,SA I =wQ,, w=2m,
A =7 il me 2meQn
v w I,
(: Omgem ) ;_cr3 .
L

—_—

Jlinna A 3neKTPOMArHMTHOM BOJHEI B BaKyyMe, Ha KOTOPYIO HACTPO-
eH konebaTebHbIi KOHTYD, paBHa 12 M. IIpeneGperas akTHBHEIM co-

7 aJKax KOH-
HOPOTUBIIEHUEM KOHTY DA, ONpEAEnrTe MAKCUMATBHEIA 3apan (J,, Ha OGKIIaAK

ACHCATOPA, €CN MAKCUMAJIBHAS CHIIA TOKA B KOHType [, =1 A,

Pewienue

Harno

}v=12 M Q2 L12

T=2nJLC,

Im=1A A=CT, %————-,
, On B
On —? LC‘sz_’ T=2x : , A=c2n I ,
A,
" ome
( Omsem ) 0, =637 ukn
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}i[)r:a TOHKHX H307MPOBAHHBIX CTEPXKHS [OTPYKEHBI B Tpancdopmarop.
¢ romear gg;n;a:;;?ymn%m c(v)emmem,x C FCHEPaTOPOM JIEKTPOMArHUT.
o, pen © KoJIe0aHuii 505 MI'L B cHcTEME BO3HMKAIOT CTOSYIe

R € MEX Ty COCETHUMM IMTYyYHOCTAMH KOTODBIX paBHO 20 cM. [Tpumy.

Mas MarHHTHYIO NPOHHIIA
€MOCTb Maclla paBHO# equHN
1€, ONIPEieTHTE
TPHYECKYIO NPOHALAEMOCT. o o e

Hano Pewenue
v =505 MI'y ]
‘u:I l:E’
=20 cM=02wm
e —? A=
ve € ¢ .
‘J__’ l— s E=
2 E‘H‘Z‘V 4121/2

( Omgem )522,2.

a na
JBa napamniensupix TIpOBO/Ia, ONHHU KOHIB! KOTOPBIX H30IMPOBaHEI, a

Cotnlt e YR TH;:IO ?qpnn coomerc;nyxomeM noa6ope 9acToTh Kojte-
Kaxo € BONHBL. Paccrosune Me
o XKLy ABYMS y3ramil
AIHX BOJH Ha MPOBOAaX paBHo 40 cM. [Tpunmvas nmnelcrpnqecxyxoyﬁpo);m a
ae-

MOCTB CIIHPTA ¢ =
p f 26, a ero MarHUTHyo TNIPOHMLE@EMOCTE 1 =1, onpepenure yac
TOTY KoneGaHuit reHeparopa.

( Omeem ) v =735 MIy

B Bakyyme BIONB OCH X paCpOCTPaHAETCS IUIOCKAS SNICKTPOMArHHUT-
Has BONHA. AMIUTHTY/Ia HalIPSKEHHOCTH SJIEKTPHYECKOTO 110115 BOJTHE}
pasua 10 B/M. Onpesenute aMILTUTY/Ty HAIPsKEHHOCTH MarHUTHOTO 1OJIST BOJIHBI.

B am—
. ano Pewerue
=1 ege B = Mot H ,
=1

# E = E, cos(wt - kx), H = H, cos(wt — kx).
£,=10 B/M

Mpu e=1u p=1 JeoEo = o Ho,
Hy —?

Ho=|-% - Ey.

Ko

(‘ Omeem ) Hy=26,5 MA/M
—

B BakyyMe BIOJb OCH X pacnpOCTPaHAETCH IUIOCKaA dI€KTPOMArHuT-
Has BONTHA. AMIDTHTY/ia HATPAXKEHHOCTH MarHUTHOTO 0L BOJTHB! PAB-
Ea 1 MA/M. OnpesenuTe aMIUTHTY XY HAPSKEHHOCTH SIE€KTPHYECKOr0 MO BOJIHEL.

E_=0377 Bm.

B Bakyyme BO/b OCH X PacnpOCTPaHAETCH IUIOCKas MOHOXpOMATH-
yeckas 3NEKTPOMATHUTHAS BOJIHA, OMUCHIBAEMAs YPaBHEHUIMHU

E = E, cos(w? - kx) n H = H, cos(w! — kx) . ITa BONHA OTPaxaeTCs OT IIOCKO-

CTH, NepeH/UKYIAPHOi OCH X. 3aMMILUKTE YPABHEHUS, OTMCHI BAIOLUHE OTPAXEHHYIO
BOJTHY, a TaKKe 0GBACHUTE X QH3HIECKUH CMBICIL

—

Hoxaxatre, 410 miockas MOHOXPOMHas BOJIHA E = Ey,, cos(wt —kx + @)

2 2
YHOBJIETBOPSET BONHOBOMY ypaBHEHHMIO ¥E, 1 9E,

e v —
wx® 02 9t ’ ae v (aszoras cko-

POCTb 3IEKTPOMAarHUTHBIX BOJIH,

........................................0
Ypasnenue niockoi 31eKMpoMazHUNHOU 60/IHbI

E = E, cos(wt — kx + ¢); H=H, cos(wt —kx +¢),
e E, u Hy — COOTBETCTBEHHO aMILTHTY/b} HATPSKEHHOCTEH JMEKTPHHECKOTO U
*
MarHUTHOTO MONeH BONHBI, ( — KPYroBas 4acToTa; & = wf/v — BOJIHOBOE YHCIIO;

¢ — HawansHbie (a3sl konebGaHMH B TOYKAX C xoopauHatoff x =0.




SNeKTPOMArHHTHBIX BOMH C ONHHAKOBEIMHY am
PACIPOCTPaHAIONNXCS BIOME OCH x
HY10 dasy npamoi u obparHoii Bony
HaThI yYHOCTEH H Y3708 [Iq: 1) 3ne
Topa H crosueit onmpr,

B TIPOTHBOIIONOXHEIX HAaNpaB/IeHusX. Hayan,.
TIpUMHTE paBHOH Hymo. OnpenenuTte KOOpu-
KTpuieckoro Bekropa E ; 2) Maruuraoro Bek.

1) E; = E, cos(ewt — kx) — npsaMas Bonma &

E; =E; cos(wt + kx) — OTpaKeHHas RONHa
—_—

— 9 —_
? X, —9

 _

E=E, +E,=Ej[cos(wt - kx)+ cos(wt + kx)| = 2E, cos—z? coswt .

2nx 2mx
ITyyroctn = tmnr Yanst = *(m+ .
A 1) A
=+mZ =
X, _m2, xy_i(erEJE’ m=0,1,2 ..
2) H, = H, cos(owf - kx) — npamas sonua

H, =H, cos(ws + kx + )
-_—

— OTpaxXeHHas BOjiHa

X, —? X, —2

H=H, +H,= Ho[cos(wt —kx)+cos(wt + kx + 7

)=

= Hy[cos(wr ~ kx) - cos(wt + kx)] = 2H,, sin% sinwt .

2mx

ITyunocrn T::t(m+1)yt Yangr —23x=im7t.
1)1 A
xn=i m+—1—, Xy =Zm— =
( 2)2 v m2, m=0,1,2 ..

Ilyusoctn E cosnamaror ¢ ysnamn H u HaoGopor.

PaCCMO'I'pI/ITC CYNepHo3nIo ABYX ILIOCKHX MOHOXpOMaTH‘ICCKHx

winTynamu Eq n H|

B BaxyyMe BIIONb OCH X paclipoCTpaHAeTCs INTOCKAs MEKTPOMarHU THAs
BOJTHA M 1aJaeT N0 HOPMaJH Ha NOBEPXHOCTE Tella, NONHOCTRIO €€ T10-
I;,;uuaxmuero. AMIUTHMTY/Ia HAUPSHKEHHOCTH MaTHITHOIO N10JIS BOJIHBI ?anﬂa 0,15 A/m.
OppenenuTe 1aBleHHe, OKa3kIBAEMOE BONHOM Ha Testo. Bocnons3aylireck pesynsra-
70M BRIBOJIOB TeOpuH MaKcBellia 0 TOM, 9T0 eCJlH TeNO NONHOCTHIO TIONIOMaeT nav-
mmmyro Ha HEro 3HEpruio, TO AABNEHHE PAaBHO CpefHeMY 3Ha4eHHIO 00beMHOMH
[IOTHOCTH SHEPI'HH B NMaJalomel 31eKTpOMarHMTHOH BOJIHE.

Hano Pewernue
=1 e =qJungH,
p=1 E = E; cos(wt - kx),
Hy =015 A H = H, cos(wt — kx),
P=(w) egE? _ pouH’®
p—2 AT S
w,=w,,

2,002
w=w, +w, =2w, =2w,, w=2w, = ﬂoﬂH2 = uouHy cos”(wt - kx),

(w)= <u0;¢H§ cos*(wt — kx)> , <cosz(wt - /OC)> = %,

_ RouHy

() = o
( Omeem ) p-14) ulla.

B BakyyMe BO/Ib OCH X PacpOCTPaHseTcs IUIOCKas NEKTPOMArHUT-
Hast BONHA 1 NajiaeT 110 HOpPMAJTH Ha nonéprmcn, Tela, TONTHOCTRIO €¢
Hormomaroinero. AMILIATYA HAPAXKEHHOCTH 31eKTPHYECKOI0 TI0JIst BOJTHBI PABHA
2 B/M. OnipenienuTe aBeHue, OKa3biRaeMOE BOHOH Ha Telo.

( Omeem ) p=17.7 nita,

——

P




‘10 1 1AM, [HFEHE'Hl]E E]IEIIH :’IIEFE] ccel )“ v OH 3 l a1 l“lH

CTH S =15 cM2 Ieproy romusr T << L,

Omeem 1

) I
- Hc;cxas MOHOXpoMaTHYECKas 3MeXTpOMarHuTHas BOJIHA pacHpocy
eTC X
# BIOIIb OCH X. AMIVIMTY 2 HampsxeHHOCTH MEKTPHYECKO

noyid BOJIHBl E, =5 MB
o ™, AMIUTHTYd HaNpPAXEHHOCTH MarHHTHOFO OJIA BOMy,
l

5, Ontuka. KBanroBasi mpupoaa H3J1yueHHsl

5.1. JneMeHTHI reOMeTpHIECKOH
H JJIeKTPOHHOH ONTHKH

Ha ropusoHTansHOM JHe 6acceifia nyOuHOR A =15 M JIEXHT IUI0CKOE

sepkasto. JIyu cBera BXOIHT B BONY Mox yrioM j = 45°. Onpenenure

"

pQCCTOXHHC § OT MecTa BXOXICHHUS JTyda B BOJLY OO MECTa BBIXOZa €r0 Ha MOBEPX-

HOCTE BOJIBI [10CTIE OTPaXEHUA OT 3epKana. [IokasaTens npenoMieHms Bos! n = 1,33.

B Bakyyme Brons o
. AI;{ o CH X pacTIpOCTPaHAETCs [UI0CKas SMEKTPOMAarumi- ﬂ AdHO Pewenue ]
coct . HTyNa HANPAXKEHHOC TH 3NEKTPHYECKOTO Mojs BOJTHE] 4 B
THIO a:pnz:; 30 MB/m. Onpegemire nrencuprocTs poms; J T. €. cpenHion smep- M- L5 m s=AB=2htgh, .
’ YO Yepe T -
PC3 IHHHLY NOBEepXHOCTH B eIMHHLY BpeMeny, n=133 sini,
=n,
Hano Pewenue i =45° sini,
e=1 ..
I=(S - sini
u=1 (s), S = EH = EgHy cos’(wt - kx), 5777 siniy = ——
’ n
- 1
Ey =50 MmB/M=5-102B/m (S):EEOHO, <cosz(wt~kx)>=l ' 2hsini,
2 ’ - 2 2.
I -9 Jnt =sin’i, ( Omeem ’s=1,88M.
Ve Ey = Vo Hy ,

En€
H, = ’_L,E(),
Hopt

JIyy creTa majaer Ha IUIOCKYIO IPaHHLY pas3neia ABYX Cpes, 4acTHUHO
OTpaXaeTCA M YaCTHIHO npesomietcs. OpenenuTe yroi NaJCHIA, IPH

KOTOpOM OTpaskeHHSIi Ty NepHeHMKYIAPEH PEOMICHHOMY JIyy.

Omeem
L.) 1=332 wiBrie. Hano Pewenue b
! 1
My .
. o0° sin j; p
B Ba I +i,= = Ny VAR 2 % Z
Has oo, :i,? 1B OCH X PaCTIPOCTPAHSAETCH IUI0CKAS INeKTPOMArHIT- e Sz , 7 i -7
BOJTHa.
eT 5 MAM. Ompo 8. AMIUIMTY 18 HANPAKEHHOCTH MAPHHTHOTO TIONA COCTARIIS. b K s N\ #% 7
- Unpenennre nuTencHBROCTS BOMTHEL B — 2 = 7 “ %
5 i, =90°- i =90°i,,  sini, =sin(90°~4) = cosi;
meem sini
= 2 1 . s .
L) I=471 mBriv, cosi, gh =m, i =arcigny,. ( Omeem iy = arctgny; .
1 ( )
, 13 Coopinik 3a1a4

no s ske



Ha IUIOCKONapaiLTe b Y10 CTEKIANHYIO (1 =1,5) TUTaCTHHKY TOMy,

HOM d=5 cMmamaern = 30°
an, O yrmoM i=30° myy cera, Onpenennre ¢

KOBOe CMEIeHHe y4qa, npomenuiero CKBO3b 3TY HIIaCTPIHKy.
Hano Pewenue

n=15 sin |
- . =n
d=5cM=5-102y sing = Y s
o %
;=30 . . _ Sinj d 7
sini, = , Z 4
n 2
X —29
X = ED = CDsin(90°-4),
CD=BD-BC BD=
’ - ) B = ’
g0’  CCTdteh,
_ d . '
g de o oy e
2.
n- —Ssin l]

Yenosek C JIOAKH pacCMaTpUBACT MPEIMET, JIEKaIHA Ha JHE BOIO-
ema ( n = 1,33 ). Onpenenure ero nTybHHY, €CITH PH ONPEIENEeHHH “Ha
183" 10 BEPTHKATBHOMY HalpaBIEHHIO rryGHHa BOJ0EMa KaXeTCst paBHOH 1,5 M.

Mano Pewenue
p=15M htga, = Higa,, «
|
n=133 t
th_.g(_z_‘_, y 'y 4
tga, ey
H-? - -
al,az—-MaJIBI, ‘*__h T e —-i"“
Ty JNa, T H
n — - 2 -
ma _, B4 H=hn. STy o R
Sinaz tga2 E— -

< Omegem > x=9,69 MM,

Mexny mByms crexmsnmsmvm IDTaCTHHKAMH € HOKa3aTesaMu
NEHHA m H n,

NpenoM-
HAXOMUTCA TOHKHIA CIOM KHAKOCTH, Jlyq cBera, pac-
t]

npoctpa i i y
pOCTpansiomuticss B nepsoit mactanke nog TOM j; (MeHbIe npenensHoro)
BBIX: |
O 113 CIOst KHMIKOCTH, BXOIHT BO BTOPYI0 IaCTHHKY NOX YoM i, , okaspe
2 g

9TO B
AGHHOM Cy4ae BEINOJIHAETCS 33 k0K NIPENOMIIEHUs sin i /sin L =n,/n Hesza
RROTAC a-
BHCHMO OT IPHCYTCTBHA cliog KHAKOCTH MEX LY ITaCTHHaMK

Aano

Pewernue

A\

GOmeem ) H=2m

UYenoBek ¢ I0AKH pacCMATPUBAET NIPEAMET, NeKaluit Ha aue. [ryou-
Ha BO0eMa Be3Je OMHAKoBa M paBHa H , MOKa3aTeNb NpeioMIIeHUs

BOZBI paBeH 1. ONpeeHTe 3aBHCHMOCTB KXKyIIEHCA NTyOMHBL /1 peiMeTa oTyra i ,
ofpa3zyeMoro Jy4oM 3peHHs ¢ HOpMAIBIO K IOBEPXHOCTH BOEL

( Omeem >h=

[IpenensHBIA yroi MOTHOr0 OTPAKEHUS Ha TPaHHIle CTEKIO—KHI-

Hn? cos® i
(n2 —sin® i)3/2

KOCTB Iy, = 65°. Onpenennte nokasarenk NPENOMICHHS KHULKOCTH,

eCIH MOKa3aTeNb npeloMIeHNs crekla n=15.

n ini
1 sini, n =~ -
n sina n,’ - T/—Q R
I <ij T 4 - - - ﬂaﬂo Pemeuue
(R sina  n, n, A/’zg LTt
I = 4 = = =z L
i — , i =65 i = = nsinj
> sini, n p sin iy, ==, e = 1S hnp
. .. smi, n n ’ "
SIna =sini, -—=, 1 =— n=15
‘ n sini, n n
2 Moon
[S}“ h :ﬁj o ( Omeem ) Sini _ m e =7 ( )
sini, =n ini o
L2 o Omeem ), 3.




arepua-
HHOE U3 TIPO3pagHoro M
Jlyu crera BbIxonuT M3 cTekna B BakyyM. ITpenensusiii yron fp =42 JLTHHHOE TOHKOE BOIOKHO, BHITIOTHE p

. Onpe-
71a ¢ ToKazareyeM npenomitenns n= 1735, obpasyer ceeronoa. Onp

Onpenenme CKOpOCTE CRETA B CTeKJIE,

M
1 c

cnﬂle M y 3 H ﬂyq (S04 (]

it aKCUMAJIBHBIN yToJ @ K OCH CBETOBOJA, noa KOTOPBIM CBETOBO

I Cﬂa6ﬂ .
nagarb Ha Topeu, qTOﬁBI HpOHTM CBETOBOJ ¢ MUHHUMAILHBLIM O CHUEM

MO)KC

. Pewenue
Inp =42° sin in = v=—=c¢sin inp . ﬂa”o ‘
P n n T .
v —9 n=135 V= Tup -
? ?./
—_" sin in = s
( Omsem ) v=201 Mwc. o '
sina iny=—,
— Sinazn, sin 8 = cosy, cosy:n’ siny n
Ha nue cocyna, HANOIHEHHOro BooM ( # = 1,33) no BeicoTst /1= 25 cM, sin

HAaXOMUTCA TOYCHHRI ] HCTOYHHUK CBeTa. Ha TIOBEDXHOCTH BOABI T1aBa-
€T HErpo3pauHas TJIaCTHUHKA Tak, 49TO HEHTD IUTACTUHKH HaXOAUTCA HA MCTOYHII-

Hano l

h=25 cm=0,25m

R
n=133 4—\1
d —?9 : )
h
N
. 1 . R R 1
sin? > — sin/ = 5 1
" W4 R m '
B’ 2 i+ R, R(n*=1) = 2, R>_I
n’ -
2h

= = ﬁ - ‘ = / ! =+ 2 a = arcsin n2 -1,
in? JE— -1, \,
sina=n Cosy =n 1—-sin y=n 1 3 n 1

( Omeem > o=65

b

Kajia
PaccrosHue a OT NpefMeTa A0 BOrHYTOro cepHdeckoro 3ep6 "
PaBHO IBYM pajuycaM KPUBH3HEL OTipenenure NofoxeHue n3odp

XEeHUA NpeaMeTa ¥ IIOCTPOHTE 3TO M300pAKEHHE.

Hano | Pewenue
1
a=28 121
a b R f
b— a=2R, 7 o
1 1 2 1 1(2_l)=_3_
—t ==, —_—= 2R, F C
2R b R b R\" 2
b=3R
3

388



Ha pucynxe riokasams: riono- S
KEHWI INIaBHOM ONTHYECKOl #*

ocu MN cdepnueckoro 3¢pKana, ceets- 4

CM. Ha
s T b CHHA. C OUTE

N

y TEX.

WERCA TO9KA S o ee m306paxenns S’ et
—

Onpegenure nocrpoennem HONIOXEHHE [1eH-

ne

Pewenue
HO
Tpa cepHueckoro 3epkana # ero dokyca. ’ZI a

YKaxm're BHI HCTIONB30BaHHOIO 3€pKana.

R=60 CM=0’6M __l+—-1—=£=-1_9
- B I — a=10 emMm=0,1M a b R f
Hano Pewenue

h=2 CM=0302M
S 1. 2.1
A/[N SS’—-} C, b . -b—— R a ’ h : H
S ab=bd 1) . " ; C
s’ (a—mobas M NH— - | R
a !
TO4ka Ha SS'),
g:,; Sd — P (3epxaio), h_ R+a thR—b a b
SK|| MN, kS’ F . H R-b R+a
( Omsem ’ C, F, 3epxano Boruyroe. ( Omeem , )b=75cem;  2) H=15cm
= Pokanenaa

Ha pucynke nokasans: nono- Hoctpolire mobpaiere HPOH::
KEHHA TABHOI OITUYECKol S ] BOIEHOR To“gﬁso’c];o:gg;;;o_
ocn MN cdepugeckoro 3€PKana, cBeTs- * S ST Ha TaBHOR OnTATecK - F.-
el NHH3HL, . |
IWeHcH To9kn S u ee mobpaxenns S’ M N |
Onpefenute noctpoermen TIONIOXKEHHUE IIey- I

‘ NAOCKOCMS

Tpa cdepudeckoro 3epKana # ero ¢okyca.
VikakuTe BU HCmons3oBanHoro 3epKaja.

DoxanvHaA
| nrockocme

[ocrtpoiire n3o6paxxeHne npo-
H3BONBHOM TOYKH S, KoTOpas
JIeXXUT Ha TJIABHOM ONTHYeCKOH oCH paccen-
Baroneit TUH3EL.

Borxytoe cepiyeckoe 3€pKajlo aeT feiicTBUTENbHOE H300paxkene.
XOTOpoe B Tpu pasa Gonbiue npejmera. Onpenenute goxycroe paccro-

AHUE 3€pKana, eclli paccTosHue MEXTY MPeIMETOM H H300paxeHneM pasao 20 cp.
‘ Omeem ’ =75 cm.




Ormpe,

n? AGITHTE TIOCTPOEHUEM XO/1 JTy4a TOCTE peOMITEHHS ero cobupa
el (puc. a) v paccensaromeii N
IIONOKEHME IMABHOH ONTHYECKOM ocy: ()

.

Ha puCyHKE NOKa3aHbl NONOXKEHHI [IaBHOH onTuueckol ocy MN
(puc. 6) numsamu. Ha pUCYHKax MN — P

TOHKO}i IIMH3bI, CBETAIElHcH Touku S u ee usoGpaxenus S' Ompe-

— ONTUYECKHH 1EH . ;
CBI JInH3EL. Cpenpl UCHTD JINH3EL; F — doxy,. .
PEIIBI 110 06 CTOPOHBI IMH3EI OZIHHAKOBEL ’ borg Wme IOCTPOEHHUEM ONITUYECKMIA LIEHTD TUH3bI U ee YOKYCHI. YKakKuTe B TUHIEL.
@penm 1o 06e cTOpOHB! TMH3bI OMHAKOREL
-
M
N M N S S
F O F F o 1‘: »*
M N M r N
a) 6) Fy O
Ha puc
PUCYHKe NOKa3aHb! MONOKEHHE IIaBHOM ONTHYECKOH ocu MM ¢ T
TOHKOI < . .
- KOH cobupaomeit tum3b!  xo1 0aHOTO nyda ABC gepes » S S
0 i THH-
3y 1locTponTe X0 npouseonsHoro nyua DE Cpenst o o6 Ty —
HAKOBKY, € CTODOHBI IMH3B O1-
Ha pucynke r1oxa3aHbl IOJIOKEHEA 5
poxanonan rnasHOM onTuveckoit ocu MN N
| HROCKOCTID . . *
B TOHKOH JIMH3BI, CBETAMIE HCS Touky S M ee u306-
M A4 N paxerns S'. Onpenenure NOCTPOEHHEM TONIO- M N

AEHUs OTTHHECKOTO HEHTpa IMH3H! H ee GoKycoB. Yikaxure Bull un3sl Cpenst o
06€ CTOPOHE! JTUH3BI OJUHAKOBBL.

Pm—

Ha pucyHKe N0Ka3aHsI [IOIOXKEHUS g
Ha pHcyHKe Nokasamb! nonox rnagHO{l onrTudeckoit ocu MN g *
TOHKOH paccenBaome nmun3g e::; mazﬂ;’“ OIITHYECKOH ocu MN TOHKO} JTUH3BI, CBETAIIEHCT TOUKH S u ee u306- .
’ Iy4a /, namaw
IIpEIOMIIEHHOr0 Jiy4a 2. Onpenenure NOCTpOEHH > AOWETO Ha itHsy, i paxennsa S’ . Onpenenure NOCTpOEHUeM noio- M N

€M ONTHYECKHH UEHTp u dokyc-

HOE pacc
paccTosaue 13kl Cpennl 1o o6e CTOpPOHBI JINH3BI OMHHAKOBEI

KeHHs ONTHYECKOTO [EHTPa NHH3BI H €€ (HoKy-
con. Vkaxute Byl unssl Cpepl N0 06€ cTOPOHBI IMH3H OHHAKOBEL

5 tﬁoxéan bHaR
NAGCKOC) t

v/

M N M _F,:__,__,. JIBOSKORBIITY KJIas TOHKAs JHH3a (II0Ka3aTeNs MPENOMIICHHs 1) € pajii-

. 7'»-;— 2) - N ycaMu KpUBI3HBI Ry M R, HaXOZMTCS B OHOPOIHOM CpEie ¢ noka3are-
I - .
h J JeM nmpenomieHus 7, . Beienure popMyity STOM THH3BL, MCTIONL3YA NMPHHLHI DepMa.
|
N\




BBIHyKJIO—BOPHyTaH TOHKas NHH3a (noKasarens IpenomMnenus n)
PamnycaMn KpuBH3HB R (nepenuss NIOBEPXHOCTH
TIOBEPXHOCTB) HaXOmHTCH B oftHO

(o

Ol’lpelIeJTHTe paCCTOﬂHHe a oT ZIBOﬂKOBBIHyKJIOH JIHH3EI 110 l'IpeLlM

T4, IpHU KOTOpOM paCCTOﬂHYIe oT Hpe,uM6Ta JI0 I€UCTBUTEIIEHOIO H306
)

) H R, (3apms,

€T MUHMMAJIEHBIM,
POZIHOH Cperie ¢ noxasarenem npenonnenus n Mﬂ

/}auo Peweriue
I/.:'I’- l=a+b,

“fmin

—? a b [’ . .
" APIRRRTIN
a+b=l’ b=l-a, If=d-d’,

ab f

a? l . ﬂ_Za(a—f)—azzo

I= py , -d—az 0 (ycrmoBue min): i ———————(a_f)z

la(a- f)-a*=0, a=2f.
( Omeem ) a=2f
e

JIBOAKOBEIIYKJIAs JIHH3a C IOKA3aTesleM npeno?meﬂm n=15 gegr
OIMHAKOBBIE PaJINy Chbl KDUBH3HBI [I0BEPXHOCTEH, pasréme 10 ec:M. . ; e:
PaKeHHe Ope/IMEeTa C TIOMOIIBIO 3TOH THH3B! OKA3HIBACTCS B 5 pa3 GonbIne Op

Ta. OnpeienuTe PacCTOSHAE OT MPEAMETA 0 M300paKEHHA.

Hano Pewernue
- 11 nz
ToHkas nnm3a ¢ nokasareneny npenoM- n=13 a " b ("= R’
= =0,1

JICHUA N ¥ panuyCaMH KpHBH3HEL R, ™ n R=10 cMm=0,1 M \ N F

H R, HaXomurcs Ha i & (i QT e TE b
) TPanuLe pasnena fByx cpep ¢ ' a L a” 4
NOKA3BTEIAMU NpesioMnenus n, n n. Ilycts o u | (a+b) —7 2 J
a+b=ab(n-1)—=,

b — cootBeTcTBEHHO PacCTOAHHA OT npeamMera o ’ | g

2
JIMH3BI U OT H306paskeHus o THHBL fi B f, — | 2 ) R e A
= a = =—
RO doryermie paccroma. Mowan L——L»L—\bJ adem=amn-lg. a=y oo 29(n—1)
h L
T€ CnpaBeNJIMBOCTE CoOTHOmEH s <L 4 42 _ 1. o
a b Omeem ) (a+b)




U3 Toukoi IWI0CKONapaIenbHOM ¢t
HBL TPH IHH3BL PokycHoe paccTosu
T€, PaBHO — 1 | okycHoe paccrosHue nuuz 2y 3
HOC paccTosaHue Kaxn0it p3 JINH3,

JloKaxuTe, 4TO OCBEIUEHHOCTE, CO3ABAEMAast M30TPOIHbIM (CHIA CRe-

CKIAHHON MNacTuHKy M3rOTOR
Ta MCTOYHHKA HE 3aBMCHT OT HANpPABNEHHA) TOYEYHBIM HCTOYHHKOM

HE€ IMH3 / y 2, CIIOXKEHHEIX B

ML\
paBHO ~_f'u OIIpe r v _
. OEIHUTe (‘xb()m,\ cpeTa I HeCcKOHeYHO MaJION IUIOINAKE, YIAIeHHOH Ha pacCTOgHHE » OT HCTOU

I .
~ mixa, pasHa E =—5cosi, e i — yroj MajeHus Jyda Ha IUIOMaKy.
r
Hano Pewenue
do
; =g
’ &
D |
ds dw
ds=—=, -y
I CcOS1
E=—5cosi —2 4o 4o
r? ds, =¥ do, E=—2cosi, [I=22,
re dw
ABosxosEIyKIas N33
a Y3 cTera (n=15) o6na
’ Jae .
CHtol B = 4 g T ONTHYECK) E= _13 cosi_
"

Ilpue
neﬁ.cmyer Kak paccennamma:?](a)np};ne;;(e’ﬁ})m;;i:z: oo o
; 2) hoxycroe PaccTosHme nHH3BI B ) uAKOCTH C
aBHOH ONTHYEeCKOH ocy
TMH3BI (a=3f) ng cobupajommneit ;1

=17 ) nuus;
; KYIO CHITY IUH3L] B KARO-* &
; 3) monoxeHue H306pakeHus To-

Ha KaKyIo BBICOTY Ha 1 4epTeXHOH TOCKo HeOOXOMHMO MOBE CHTE J1aM-
HouKy MOIHOCTE P =300 BT, 91065 OCBEMEHHOCTH AOCKH HOJ

HMH3BI U pacc = .
H306paXxkeHue TOuky A1 o6oux cnyqaen PacCenBarowet nuu3pl, IToctpoiire  Bammoukoit 65l1a pasHa E = 60 nx. Haknon gockn coctasmser 30°, a ceetonas O1-
- Zada 1aMnodky paBua 15 mM/Br. IIpaMHTe, 4TO NOAHBIA CBETOBOM MOTOK, HCMYCKa-

€MEIif H30TPONHEIM TOYEYHBIM HCTOIHHKOM cBeTa, Oy = 4mf .

Harno Pewenue
P =300 Br
\E=6OHK (I)O:LP, @0:4.711,
i=30° LP I . LP .
L=15 nu/Br J=—", E=—§c051= 5 COSI,
1) (D 9 2 4,7[ 4.7th
1 K b:i/‘___:;f 1 1 1 _(I>0=477:1
2) fi —2 M _f 20 Tor=e—, de;\f; _ [LPcosi
Hp—2 a b h al'*'ﬁq h—9 h= anE
b, — b,:ﬁ( Omsem )1) D, =~094 np;
hi+3f 2) fi=-106 u; ( Omsem ) p-227u.

3) b=375 cM, b,=44 cum
| B97>



Jlméaa 1103BONsAeT NpH II0CNe foBaTes
M300pakeHus OIHOrO H TOro e

SBIBAIOTCA PABHEIMH 77; = 5 1 71=2.0
BEICHHOCTS M306paxe i,

e
w0 | Powenme

Pewenue

HOM NPUMEHeHHH Moy uuTs, 1,
<
NPEAMETa, PHYEM YBeTHue ppg Oky

TIPENIEIHTE, KaK TIPY 3TOM H3MenseTcy oc

nm=5
1 (Dl = ICU], W, = S o
7, =2 I—ZF,
_ S [
; Y IUIomany npeamera u H300paxkeHns.
£, s/
: o f |
i I
E :&:ﬂ: IS‘ = I wl /
S8 ‘11251' ‘112’712 , S
11 b, 7 +1 S b |
—_— = —_ —_— l
PR 771_;, a = ‘m 7, %4 1 »
£ - In? _ I I E 2
D220 (g + 1272 ) vy
m+ DS B ey
R A TS
( Omeem ) E 1
E, 4

CBeTunsun
K B
BHIE paBHOMepHo CBETAIIErocs mapa Paguyconm

r=10 cm IS
_— HMeeT cuty cBeta /=100 ka. Onpenenure 3TOro
TH Ka: 1) nomnuelii ceeToBOj} I0TOK Dy ; 2) cBeTUMOCTE R o

Hano

r=10 cM=0,1 M

Pewienye

1=100 xg
) &y —2
Dk ( Omegem ) 1) @) =1,26 kam;

2) R=10 /M2

—

Orsepcrde B kopiyce GoHaps 3aKpEITO MAEATBHO MAaTOBEIM CTEKITOM
(T. e. ApPKOCTH MCTOYHMKA HE 3aBUCHT OT HANPABIECHHA) pasMEpoOM

7,5%X 10 c¥. Cuna cBeta I donaps B HanpaBlienuu, cocTaBsomeM yroa ¢ = 307,
pasHa 12 k4. Onpenenure spkocTh B crexa.
e
N
( Omgem ) ,_ 185 st
Scosy
—

JloKaXuTe, 9TO B TOM ClIy4ae, KOria SpKOCTh HCTOYHHKA HE 3aBU-
CHT OT HalpaBJeHHA, CBETHMOCTh R M ApKOCTh B CBA3aHBI COOT-

gomeHueM R=7nB.

Tano Pewenue
B# B(a) r=2 )
s’ dw
a
R=nB d(D=BaS COSCZd(U,
d% =sina da dp ,

¢ — a3uMyTaNbBHBIH YTOI,

>0 10 27, a— 0 x0 n/2,

2 /2 a2
‘b=_|-d<D= Sj-dtp J.B(Z sina cosada=2nSIBa sina cosa da =
o 0 0

af2
=27BS J’sina cosa da = 2BS % =nBS,
0

o=

B,=B . R=7B.
® = RS,

( Omeem ) R=7B.




Ha et 6enoiy Gymarnu pasMepom 10X 25 cm HOPMaJIkHO K TI0Bepxy,

CTH NaJaeT cBeTOBO moTok d = 5( M. IIpunimas k03 dumme,
Paccesnus GymaxHoro npcra p = 0,7, onpenenure q1s Hero: 1) OCBEINEeHHO Y,

2) cBeTHMOCTS; 3) APKOCTS,

Hano

Pewenye

5.2. Untepdepenuun ceera

CTOMBKO
Ornpenennte UIMHY OTPE3Ka /, Ha KOTOPOM YKJIaIbIBaeTCs
n

CKOMBKO MX
Xe JUTHH BOJH MOHOXPOMAaTHYECKOrO CBETa B BaKyyMe,

- e Ha O e3K 1 = ; cTEe T MJICH <
y “

8§ =250 cM?=25- 104 M2
® =50 n=ls.
= JIM —_—
_ =°
HE —9 m=1 v=Avs e
)R —2 m =15 Lo
—9 - =5-10°M _c L=o2
3) B9 h=5mm=5 A=—, PR
Omeem ) 1) £ gy ) R=14 mv%  3) B= 446 waurt h_h . "
;'l Ay lx:lz_l" 112127
1, 1
Ob6bschure, yem OTIHYaI0TCH NpOCBEYHBaOMmHe Y OTPasKaTeNsHbie I —9
3HeKTp0HHLIC MHKpOCKOHLI. !

O6msicaure, TIOIeMy B IEKTPOHHO-ONTHYecKux npeobpasoparensx
MOXHO TOJNYYHTh yBenmyennoe u3obpakenne npegmera Gonkmeit
MHTCHCHBHOCTH, YeM MHTEHCHBHOCTE, CaMoro npenMera.

Hexomopyie Mamemamuyeckye dopmyner

0 0 5
T xdr 2 3 dy 4
Jef—lz% 6";~]=% fudv=uv—jvdu

b )
Ba

HX
= 25° . OnpenenaTe ONTHYECKYRO PA3HOCTH X0xa A 3T
RAPeJTOMJUTIOILHM YIIOM O = .

IyYKOB Ha BRIXOIE HX H3 TIPHIMBL

Hano

Pewuenue

d=5 eMm=5-10%m

A=(12 —11)11=BC'na

A 4

n=149 BC=dtga,
a=25° A:ndtga.

d
A —7

( Omeem ) A=347 oM.

N
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B omzrre FOHra pacctosmme MEXIy wemiMu d =1 mu, apaccTosHue |
OT mieneH 10 3KpaHa paBHO 3 M. Onpenenure: 1) nonosxenue neprg,
CBETI0H MONOCKL; 2) HoNoXKeHue TpeTbeil TeMuoOlt NONOCE, ecyl mey OCBellay,

= MM
PaccTosHHe MexIy Byms liensmu B onsite FOHra d=0,5

(A=0,6 Mxm). Onpenenute paccTosHue ! OT melieit A0 9kpaHa, €CIH

pna Ax uHTEpdepeHLHOHHBIX MoNoc pasHa 1,2 M.
gHp

MOHOXPOMATHYECKHM CBETOM C [THHO BOIHBI A =(,5 MKkMm. e ———
/7Iano Pewenue
Hano Pewuenue 205 mm=5-10"m A=+mi ;

1d:31 10T [max] A= tm} 1=0,6 MKM=6-10"M (m=0,1,2..) g

= M i

_ - d E

_ _ 7 _— =12 MM=1,2-10"mM =x—,
/1-0,5 MKM 5 10 M () 05152,~--)’d Ax A ) dV I E
S . ; — A :
1) %y —? A=xCmen3 b=t o i, p

- : ! 3
2) x3mm ~? (m_O, 1,2’ “'), 3 l l l l dAx
ot Ax=—4, ==
A=s,~5, =flﬁ- J‘m"—imdl’ d A

xd ! !
—I--—-im/l, xmuzimg,l, X} max =i;,l (m=1). ( Omezm ’ I=1wm.
-1 xd 1)1 1Y/ TA!
~=1(2m+1),l, Xmn =i(m+—);/l, X3 =i(3+—);/l=i§

e-
! 2 2 B ompite KOHTa paccTosiHue [ 0T wielielt 30 3KpaHa paBHO 3 M. OI;I:‘a
, MH TIONIOCa-
Omeem 1) x =415 . 2 = +5.25 ' [elTHTe YIIOBOE PACCTOSHHE MEXAY COCCIHHMH cxaeTm,Iq)t o,
T ) Fimn = £525 row. MH, eCJIH TPeThs CBETOBAd NONI0Ca Ha IKpaHe OTCTOMT OT LieHTpa MHTepQEp
4
HOM KapTHHBI Ha 4,5 MM.
) B omurte ¢ sepanamy Dpenens paccrosuue d MEXIY MHUMEIMH H300- ﬂ ano Pewenue
PAXKEHHAMH HCTOYHUKA CBeTa PaBHO 0,5 MM, pacctosiame / o HHUX 110

7

OKpaHa paBHO 5 M. B xesrToM cpete LIMpHHa HHTePPEePeHIMOHHEX oNoc paBHA6MM ' [=3 M A=itmd, A

Onpegemure IUIMHY BOJHK EJITOTO CBeTa, m=3 xd S *
x=4,5MM=4,5-10"m A== d @ v

Aano l Pewernue —_— o DA/ !
e S
d=05MM=5-10%y A=+md (m:()’l’z’"-)’ Aa —? ml = ; 2
I=5m xd xd 1 (m=0,1,2,..),
Ax=6 MM=6"- 10" M A=—l-, T:im/l’ xmax=im;l, DL A
x_ﬂ_ AQ=—=—————=—=—,
A—2 ae=ty, oA axiga=T="7 d d d m
d !

1 d
= -10_4 al.
( Omesem ) 1=0,6 Min. (Omeem) Aa=5 paxn




TIOMECTUTD NeprieH IHKYApHO 3TOMY JIydy 1O
CTHH =

Ky (n=15), 10 UCHTpalIbHas CBETIas 1Mo0ca CMEIACTCS B MOJIOXKEHHe
BOHAYaIbHO 3aHHMaeMoe NATol cpeTo |

Onpeemmte TOJIHHY ILTaCTHHKH,

nep
H 0Nocoit. JnnHa BomHE A = 0,5 My

Hano Pewseniue h
n=15 -
’ A=nd—d=d -1, =
A=0,5 MKM=5-10"m mi=d(n-1), d:ﬂ_
n-1

Onpe,
HPENCTUTE, BO CKOBKO Pa3 H3MEHHTCs IIHpHHa UHTepdepenmo-

A HbIX [TOIOC HA KpaHeE B OMhITe ¢ 3epkalioM Gpenens, ectu huonero-
TOGHIBTD (0,4 MKM) 3aMeHHTE KpacHbIM (0,7 MkM), ,

Hano Pewenue
A = 0,4 MxM
A=tml  (m=0,1,2,.)
Ay = 0,7 MxkM p T mend
X xd
Ax - I 3 I —i”M,
|
— 9
Ax, ~° x=i£1d—ll, Ar="H_(m-1R R
d d 4’
My _ Ay
Ax, 4
( Omeem )ﬂ—ns
Ax,

HKYIO CTEKIISHHYIO IL7,,

Paccrosuue oT Gunpusmbi GpeHemst 10 y3xoH meJH B SKpaHa cooT-

, BETCTBEHHO paBHO a=30 cM M b=15 M. bUIpH3Ma CTEKITHHAs

(LJ” =1,5) ¢ npenomsiomuym yrtom = 20" . OnpeeuTe JTHHY BOJHBI CBETA, ECIIH
wpiHa HHTEPEPEHITMOHHBIX NoIoc Ax = 0,65 MM.

; Hano
—

ﬁ=30 eM=0,3M
b:l’s M

'”::1,5

#=20

Ax =0,65 MM=6,5-10"M

Peuwtennue

A—?

1= 2a(n—1)% Ax
N a+b )

d=2asing = 2ap =2a(n—-1)9,

BrrunciaeHns:

#=20"=20 2,91 10 pan =5,82-10"> pax;

2:30-1072 M-0,5-582-107 pax -0,65-107 M
(1,5+03)M

( Omeem ) A= 0,63 MKM.

Paccrosnne ot Gunpusmui @penenst Jo y3Koil menH H 3KpaHa CoOT-
BETCTBEHHO paBHO a=48 cM u b=6 M. Bunpusma creKknsHHas

A =63-107 M.

(n=1,5) c npenomnmomyM yrioM 9 =10". Ompenennre MakCHMAIBHOE YHCIIO

fonoc, HabMogaeMBIX Ha SKpaHe, €CIIH A =600 M.

COmeem ) _dab(n-1)'9* _

(a+b)A




Ha U0 CKoNapaLIensHylo IUIEHKY ¢ MoKa3zatene
n =133 nog yrmom i =
Ta. Onpegenute, npu kakoit Haumen

BIIEH TONIMHE ILICHKR
. 3E€PKAIBHO O
HEIH cBeT Haubonee cHIBHO OKpAacHT P TPaxe,

€A B ENTBLA 1BeT (A = 0,6 Mxm).

Hano Pewenue
n=133
I=45° A:”M” m=0a1’23---a
A=0,6 MKM=6" 10" A=(AB+BC)n—(AE_i)
- 2)’
) E
d—7 AB=Bc=-2_, ’
cosr D
AD=d1gr, AE=2d tgrsini,
2dn
A= _ LA
cosr 2dtgrsmz+5,
sin i i
=, tgr=s1nr
r cosr’
2d L A
cosr(n—-smrsmi)+5=,1, (m=1), 2d (n—smzr sini) 1
cosr sinr E’
2dn
(l-sinzr)=i’ 2dn 2
cosr 2 cosr r=—,
A
2dncosr== d= A
2 4ncosr’
cos? =1 —sin’r =lw/n2 —sin?;
n L]
de—
4Vn® —sin?;
‘ Omeem , d=133 um
406

” M TpenoMieny,
Ta71aeT napaJinesHbIR myqoK Gemoro CBg

Ha cTexnauHbl KIHH ( 7 = 1,5 ) HOpMAJIBHO NaaeT MOHOXpOMaTHYEC-

kuii ceer (A =698 um). Onupenenure yron Mexiay MOBePXHOCTIMH
mﬁm, eCM PAcCTOSHHE MeX Iy IByMS COCEHUMH MHTEP(ePEHUHMOHHEIMH MHHH-
MyMBMH B OTDaXEHHOM CBeTe paBHO 2 MM.

——
Hano

m——
nw 135

=698 1M =698 - 107 M
A=2MM=210°Mm

Pewenue

y
axtga=—
8 Ax

a—7? A=2yn,

A=[2(m+1)+1]%—[2m+1]—;-=}_

2yn=121,

y=_")

2n

Omeem o =24"

_—

Ha crexnsaHHbI KIHH ( 7 = 1,5 ) HOPMAJIBHO 1afaeT MOHOXpOMaTHYeC-

KHii cBet, Yron knuHa paseH 4' . OmpenennTe 4IUHY CBeTOBOH BOJ-
HEI, €C/IH PACCTOSHHE MEXKIY JBYMS COCeHHMH HHTep(epeHUMOHHBIMH MAKCHMY -
MBMH B 0TpaxxeHHOM cBeTe paBHO 0,2 MM.

v

Omeem

A =698 mM.

Ha ToHKy10 MBUIBHYIO TUIeHKY ( n=1,33) nox yrnom i =30° manaer
MOHOXPOMATHYe CKHii CBeT ¢ nHOM Bonse! A = 0,6 MkM. Ornpenenn-

T€ yros MekIy NOBEPXHOCTAMH ILTEHKH, eC/IH pacCTosHHe b Mexdy uarepdepeH-
IHOHHBIMH Y0TOCAMH B OTPAXKEHHOM CBETE PaBHO 4 MM,

Omeem a=125".

rnE u
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dhepeHumonH,, |
nonocamu Ax; M

HEI
MH IONIOCaMH, €CIIH IIPOCTPAHCTEO MEXNy TUIaCTHHKAMH, 06pasyIom My KJlpy|
3AIIONHHKT NPO3PAaYHOMN KUAKOCTHIO ¢ NOKA3aTENEM TIpEnoMieHus n = 1,33 I
,33.

= 0,4 MM. Onpenenure PAcCTOTHHE Axy Mexmy m{'rep(bepenmdgH H

Yeranoska 4 Habnmrozenus xoneu HeloToHa 0cBemaeTcs MOHOXpO-
MATHYECKHM CBETOM C [UTHHOMH BONHBI A = 0,6 MKM, NaalouiuM HOp-
A0, TIPOCTPaHCTBO MEXKIY IMH30H H CTEKISTHHOMN ILTACTHHKOMH 3aMONHEHO KA
, M HabmoneHne BEIETCs B MPOXONALIEM CBETE. PalHyc KpHBH3HBI JHH3BI
M. OrpenennTe MoKa3aTeNs MPETOMIICHHS XHIKOCTH, EC/TH PAJHyC BTOPOro

— 8
Hano Pewenue
Ax; =04 mm=4-104 j_ Aano Pewenue
1= Y e 2 M -
n] - 2nAx (CM' 3a11aqy5.52), Crl:az’ 1%‘0,6 MKM =6 - 10_7M p= ‘Rz—(R—d)z ~ ,2Rd,
R4 M o
ny =133 , 2 5
2 112125 -ﬁ—zfl—z, Ax =.n_2 mwz d:r-“9 A=2dn,
Av, ny 2T T B8 M =18-10"M | 2R .
Ax, — 7 ( ) Y
Omsem Ax, = 0,3 MM, Rl 9 n=—
> B 2d° R-d
x| A=mi, 2dn=mi, J

Hﬂ?cxoaunymaa JIHH32 PajIMyCOM KPUBH3HHI 4 M BRIIYKIIOH CTOpo ( mA-2R  mAR a

HOM JIOKHT Ha CTEKISHHOH IIacTuHke, Ornpenenure amuny Bosm n= 2,2 =73 n Y I .4
Ma1ar0IEr0 MOHOXPOMATHIECKOTO CBETA, eCiIK Palfyc NATOr0 CBETIIOr0 KONMbNa | :

OTPaXXCHHOM CBETE PaBeH 3 MM.

Pewernue

’fw’ lz(m_rin-

Hano

R=4 M
m=35

Fm=3MM=3-10"Mm

A—7

TLTOCKOBRITTYKNas JIHH3A C I0KA3aTeNeM IIPeNnoMIIEHHA 1 = 1,6 BBIITYK-
70 cTOPOHOH JEXHT HAa CTEKJIIHHON ruiacTHHKE. Paguyc TpeThero

TIOrO KOMBIA B OTpaXkeHHOM cBere (A = 0,6 mkm) pases 0,9 mm. Onpenennre

YcraHoBKa 1ist HaGmoneHus konen HetoToma ocBemaercs MOHOXPO-

MaTM4¢CKHIM CBETOM C JUTHHOM BOJIHEL A = 0,55 mxM, 11a[af0 MMM HOp-

InockoBriNMyKkiasg JMH3a C paguycoM cepHYecKoil MOBEPXHOCTH

b

R=12,5 cM npmwkara K cTeKIAHHOU IacTuHKe. [uaMeTp necaroro

MAJIBHO.
Hanbro Onpenenn'rf TOMLIKHY BO3Ty HOTO 3a30pa, 06pa3osaHHoro IIoCKOnapan-
1 IUTACTHHKOH M COTIpHKacalomelics ¢ Hel TUIOCKOBHIITY KJTOH JIMH305 B TOM

i
#Mﬂoro xonsna HeloToHa B oTpakeHHOM ceeTe paseH 1 mm. Onpenennte iuHy

MecTe, I1€ B 0
yi TPKEHHOM CBETE HAOIIONAETCS YETBEPTOE TeMHOe KOJIBIJO. JIHB} CBCTA.
_ 2
( Omeem ) d=11 mim. Omgem ) . Dy _., .
4m ’ '
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Vet

e aHOBKa 14 Habmonenus koner; Hurotona OCBEIMAETCA MOHON

— Tmecxpllw CBCTOM, NAJAKOIHM HOPMaJIEHO, Ilpu 3anonuenuy g

KLY THH3OH M CTEKNIAHHON [TACTHHKO TPO3PavYHOMR KHAKOCTDIO 1 |
Ha.

CHIT
ARYCBI TEMHBIX KOJIEL B OTPAXEHHOM CBETe YMCHBUITHCE B 1,21 paza. Onpere,
TIoKazaTe/b NMPENOMIEHIS KUIKOCTH, e

Hano | Pewenue .
i=1,21 ~ 3 A I
" e ®V2Rd , A=2dn+5, A=(2m+1)/t &

,)’

) 2
n—2 2afn+—=(2m+1)i d=—
2 2’ 2n’

/2Rm/1 ’mAR 2

=[S (AR Y mAR

£ 2n " ) rl_ ”YA.R’ B = f—, i:-\/n’ n:(riJ
\

n 10

Ha numsy ¢ moxazateneM npeaoMicHus »n = 1,58 HOpPMaibHO Najgaer

MOHOXPOMaTHIeCKHI CBeT ¢ AanHo# BomHel A = 0,55 mkm. Jlng yc1-

1) n, =126,

2) d=109 nm.

OrnpenenuTe JIHHY BOJHBI CBETA B OIBITE C HHTepdhepoMeTpoM Maii-
KeJILCOHa, €CJTH 1A cMeleHus naTepdepeHIIMOHHOM KapTHHBI Ha 112

0C 3ePKAJTO MPHUIIUIOCE NEPEMECTHTD Ha paccTossHMe [ = 33 MKM.

( Omeem }n=1,46.

e —————

ﬂ:m YMCHLIIEHHA TIOTEPL CBETA H3-3a OTpaXeHus OT NMoBepXHoCTe
&6,
4 OCYMECTBISIOT “NPOCBETIEHHE ONTHKI”: Ha CBOGOIHYIO No-

BEPXHOCTE TMH3 HAHOCAT TOH Y
KYI0 ILNEHKy C rloxasaresiem npenoMieHus y — n, . B

HOH BoHBI A 0T crexna B HAMPARICHMH HOPMAITH PaBHO HYJIIO

Hano Pewenue N P
2 ;2/ 2
n=\/-;_1c— A=2dn, H*—%—r“ —
Z
A @ A=(2m+l)§, Z

2dn=(2m+ 1)i ,
2 o
q (2m+1)/l: 2m+1A Z

4n 4\/;%— ' d,]
Omeem ) ,_Cm+DHi
( ) iy (m=0,1,2,.).

Jlna m3MepeHHs noka3aTens MpeIoMIEHUA aMMHaKa B OIHO M3 IUleq
unrephepomeTpa MaiikenscoHa oMeIeHa 3aKphITas ¢ 00eux CTOpoH
fricauanias 1o BRICOKOTO BAKYYMa CTEK/ISHHas TpyOka mimmoi =15 cm. Ipu 3a-
Ip/IHEHHH TPYOKH aMMHAKOM MHTepMEPEHIMOHHAS KAPTHHA JUIS JIMHBI BOJTHEI
B = 589 HmM cmecTmnachk Ha 192 rOOCHL Ornpenennre NoKa3aTens IpeoMICHNS

MHaKa,
Mano Pewenue

=15cmM=0,15mM A=ln—Iny=1I(n-1), (ny=1),

=589 .M =5,89-10"m 1

=192 A=m5, l(n——l)=m~2—,
n—7 mA
} n=7+1. " ]
i n
Brruncaenus: ‘ -

—1 —
-9

n:w+1:1,000377.

215102 ™

\ 4

[ Omeem ) n=1,000377.




MIPUMEHAEMOr0 Ui H3MEPEHMA TTOKazaTeNs IIpeIoOMIeHUSA nmpo3pay-
HBIX BellecTs. S — Y3Kas HI€JIb, OCBellaeMas MOHOXPOMATHYECKHM CBETOM C LTI

HOH BONHBI A =589 um; / n 2 — kioBeTH WwinHOM / =10 CM, KOTOPBIE 3aITOHEHL
BO3IYX0M (1 = 1,000277 ). T1pu 3aMeHe B OHOI H3 KIOBET BO3/lyXa Ha aMMHaK Uli-

TepdepeHUHOHHas KapTHHA Ha SKpaHe CMecTHIach Ha 7 =17 monoc, Ornpenenunre
TI0Ka3aTellb MpelIOMIeHUS aMMHAKa.

Hano Pewenue

A=589 mM=589-10"m 2
[=10 cM=0,1 M 4 1 s 4
1o =1,000277 P ——
m=17 _

IR S |
n—7? 4 2 JV

mA

A=ln~Iny=ln-ny)), A=mh, (n—ny)=mh, n__l_+n0

Brraucnenms:

= 17-589-107 u
0,1m

( Omeem ) n=1,000377.

+1,000277 =1,000377 .

Ha pucyHxe nokazana cxema uuTepdepenmonsoro pedpaxTomeTpa.

5.3. Indpakuus csera

TouedHBIH HCTOUHHMK CcBeTa ( A = 0,5 MKM) PacTolOXeH Ha paccros-

HuH a =1 M nepen auadparMoif ¢ KpymibiM OTBEPCTHEM NTHAMETpa

d = 2 mM. Onpenennte paccTostue b oT gHadparMbl 10 TOYKH HAGIONCHUA, €CITH
€pcTHe OTKPHIBAET TPH 30HBI PpeHens.

Hano

I =5-10"m | 2 2 2
‘.ﬁ:O’S MKM r =a“—(a——x) ’

=1m

Pewernue

A<<a,
d=2mMm=2-103M 1<<b,
i’b——? r =(b+m—2—) —(b+x), _2(a+b)’
! b? b’ 2
h2 = ab i — R ———— m" ¥ — npeneGpexumo Mao,
Y a+b 4(a + by 4(a+ by ,
; » ab ar’ _d b=_a_d‘_2_.
p =a+bm)-, b=“—'am_'—'r29 r—z’ 4am/1—d
Omeem ) p=2u.

{E

!

Onpegendre paguyc TpeTseii 30HeI OpeHens, ecld PaccTosHUE 0T

TOYEYHOTO HCTOUHHKA cBeTa ( A = 0,6 MKM) 10 BOTHOBOH MOBEPXHOC-
TH H OT BOJTHOBOH IIOBEPXHOCTH JI0 TOYKH HabmoneHns paBHo 1,5 M,

Ha nyTut nmy4eit uurepdepenumsontoro pedpakToMeTpa NOMemarTes
TPYOKH WIHHOM / = 2 cM ¢ ITIOCKONaPaLTe  bHBIMH CTeKI HEBIMH oc-
HOBAHIAMH, HAMOMTHEHHEIE BO3AYXOM (#, =1,000277 ). Omuy TPYOKY 3anojaHuIu
XJI0pOM, U 1IPH 3TOM HHTEep(epeHIMOHHAsA KApTHHA CMeCTHIach Ha m= 20 monoc
Onpenenute nokasatens npenomieHus XJ10pa, eC/TH Hab/oNeHUA IPOM3BOASTCA C
MOHOXPOMAaTU4eCKHM CBETOM C JUTHHOM BONHE! A = 589 HM.

1

Omeem ) , -116 um.

Ha guadparMy ¢ KpyrIsIM OTBEPCTHEM IHAMETPOM d = 5 MM IlajaeTr
HOPMAJTLHO MapALIeNbHbIH My40K CBETA C THHOH BOMHB! A = 0,6 MKM.

Onpee/HTE PACCTOAHUE OT TOYKH HaOMIOIEHHA 10 OTBEPCTHS, ECJIH OTBEPCTHE OT-
KpeiBaeT: 1) ngBe 30Hb! ®peHens; 2) TpH 30HbI QpeHen.

( Omeem >n=1,000866.

( Omeem ) 1)S21m;  2) 347m




Onpenennte papuyc TpeTheit 30151 DpeHens 474 cydas ILIOCKOH Bojy.
HBl. PaccTosuue ot BonHoBO MIOBEPXHOCTH A0 TOYKH HabmrogeHny

pasHo 1,5 M. JlnnHa BonHer A = 0,6 MkM.

Hano

Pewenue

m=3
b=15wM

A=0,6 MKM=6-10" M

N A
r2+b2=(b+m5) ) A

A

Ha 30HHYIO ITaCTHHKY NMajaer IIOCKast MOHOXpOMarHdecKas BOJIHa
(A= 0,5 Mxm). Onpenennte paauyc nepsoit 30ub1 DpeHens, ey pac-
JHHE OT 30HHOH ILTACTHHKH 00 MecTa HabmogeHus b=1 M.

. Omeem ) ;. =707 wxm.

3oHHasd ILIACTHHKA [1aeT H300paxeHHe HCTOYHUKA, YAAJIEHHOTO 0T Hee
Ha 2 M, Ha PaCCTOSHHM | M OT cBO€ll MoBepXHOCTH. ['Ie nomyuntcs

2.2 y
r2 = bmi + mA b+m2 00paskeHHe HCTOYHMKA, €CIIH €0 YAAUTHTE B 6eCKOHEYHOCTR?
r—7? 4’ r b
ano Pewienue
A <<b, r=+bmi, M ’ZI -
la=2 M 2__4
‘ Omeem ’ r =1,64 MM. b1 Y = e bm/l (cM. 3agady 5.68),
“@= ® 2 = mhA (cM. 3agady 5.71),
Omnpenemure panuyc geTBepToif 30HE! DpeHENs, eciH Pafuyc BTOpOi \ ab
30HbI PpeHeNs WA IIOCKOro BOJIHOBOTO (BpoHTa paBeH 2 MM. by —7? b= a+b’
Hano Pewenue ‘ Omeem ) b =667 cw.

m =2

r=vJbmi (cm. 3ajady 5.71),
m, =4 i:\/bml'lz m = 7
n o i \m, P m

n=2MM=2-107M

—

Judpakims nabmonaercs Ha paccTOSHHM 1 M 0T TO4€UHOTO HCTOYHH-

Ka MOHOXpoMaThueckoro cBeta (A = 0,5 mkm). [Tocepennne Mexay
HCTOYHHMKOM CBETA H DKpaHOM HaXoAHTCs nHadparMa ¢ KpyIiibiM oTBepcTHeM. Or-
penenuTe pajiiyc OTBEPCTHA, IPH KOTOPOM LEHTP AN paKiiHOHHBIX KOJell Ha 3Kpa-

Ty —2? He ABIAETCA HanGoJlee TEMHBIM.

( Omsem )y, =283 yx. Hano Pewernue
a+b=1wm 2= ab mA (cM. 3anady 5.68).
a=~h a+b

Onpenenure paauyc nepeoii 3ous1 Gpenens, eciu paccTosHue OT TO-

4EYHOTO HCTOYHHKa CBeta (A = 0,5 MKM) 0 30HHOM MIACTHHKY U OT
ILTaCTHHKH 10 MecTa HabmoneHud a=bh=1 M.

Llentp Hanbonee TeMHs1it npn m=2.

rz\/ ab mlz\/ZabA'
a+b a+b

A=05MM=5-10"M

r —?

( Omeem ) =05 Mu.

( Omeem ) r=05 mm.




Cdepudeckas BoJIHa, PacTIpOCTPAHSIOIIAACT H3 TOUEYHOTO MOHOXPO-

MATHYECKOrO HCTOYHHKa cBeTa (A = 0,6 MKM), BCTpe4aeT Ha CBOeM
IYTH 3KpaH C KpPYIMbIM OTBepCTHeM pagHycom r = 0,4 M. PaccrosHue a OT Hc-
TO4HHKA 0 JKkpaHa paeno 1 M. Onpenenure paccrosnue OT OTBEPCTHA IO TOYKH
3KpaHa, JIeXalled Ha THHHH, COeIMHAOmEH HCTOYHUK C NEHTPOM OTBEPCTHA, IMTe
HabJIFOaeTCS MAKCHMYM OCBELIIEHHOCTH,

( Omsem ) p=363 cm.

Ha 3xpaH ¢ Kpy[iBIM OTBEPCTHEM DAJHYCOM r = 1,5 MM HOpMaJIEHO
nanaer NapasulebHBIH M40k MOHOXPOMATHYeCKOro CBETa C JUIHHOM

ponEsl A = 0,5 MM, Touka Habmone HUS HAXOIHMTCS Ha OCH OTBEPCTUH Ha PAaCcCTOs-

HHH b =15 ™ oT Hero. Onpenemure: 1) uucyio 30H OpeHens, YKIaIbIBAIOIIUXCS B

OTBEPCTHH; 2) TEMHOe HIH CBEeTIOe KOAbLO HAbMonaeTcs B LeHTpe THPPAKIHOH-
HO}1 KapTHHBI, eCT B MecTe HaOJIoneHus IIOMELIEH JKpaH.

Hano

Fr=15MmM=15-10"mM
A=0,5 MkM=5-10"m

Pewenue

2
m=—.
b

r=+bmA (cM. pHCYHOK K 3amaue 5.71),

[TokaxHTe, 4TO 3a KpyrbiM 3kpaHoM C B TOYke B, L)
nexaiueil Ha TMHUH, COeTHHIOIeH TOYedHbIH HCTOY- \

fUK C LIEHTPOM IKpaKa, GyleT HaboNaThCs CBEeTNOE NATHO. Pazme- |

b1 YKpaHa MIpUMUTE T0CTATOYHO MAIBIMH. -
Hudpaxuus HabmonaeTcs Ha PACCTOSHHH [ OT TO- 777"
YeuyHOT0 HCTOYHUKA MOHOXPOMATHYECKOro CBeTa B

A =0,5 mxm). [TocepenHe MeX Ty HCTOYHHKOM CBETA H OKPAHOM

AXOIUTCA HETIPO3PAUHBIH HHCK gHameTpoM 5 MM. OTIpeseHTe pacCTOSHHeE [ , €CIH
HCK 3aKpHIBAeT TONLKO IEHTPAIbHYIO 30Hy PpeHels.
o

Ly

Hano Pewernue
A=05mMkM=5-10"M ) b%
a__— —
d=5 MmM=5-10"m Pt r T
— L TTme
b M

m=1 S

I —7 |

c12=(a—x)2+r2 2 2 2.2
’ a‘=a° -2ax+x 4+r°,

Ecin m — 4eTHoe — min.
b=15 u Eciu HeyeTHOE — ma AY ¥k
JIH m — HeY —_— X. 2 2 mA
b+m—| =(b+x) +r7; 2 _ 2 20,
TR ( 2) (h+x) b* + bmi + =b' 4+ 2bx + X" 477
Hym-=? (1,5-107) u?
2) min, max —?7 R TIVTYRTE IV s 2
’ -, ~ MpeHeGPeXHMO MahI
2) m — HedeTHOE€, CBETIIOE KONbLIO.
( Omeem ) 1) m=3;  2)cBemioe Kombuo. ) AP
a=0=—, r=—, =—=—,
2 2 2a 4]
Ha 3xpaH ¢ Kpy[VIBIM OTBEPCTHEM PAIHycoM r =12 MM HOPMATBHO gt — Jpby + 2 b = 2b i b = 22
NafaeT napainenbHbill My40K MOHOXPOMATHYECKOrO CBeTa C JUTHHOH 2a
pomHbl A = 0,6 MM. Onpenenure MakCHMaJILHOE PacCTOSHHE OT OTBEPCTHA Ha €ro / 4 42 d
OCH, FJI€ ellle MOXHO Habmogars Hanbollee TEMHOE MATHO. Eml = ZT ) /= PR m=1, I= T
( Omgem ) ;=12 w. ( Omsem ) =50 .
14 CHoprun sauau

o i e e



HOMY HaIrpaBJICHMIO CBETA).

Pewenue

Hano

a=0,05 MM=5-10"m

, A
A=694 1M =6,94" 107" M 051n¢=i(2m+1)5, m=2,
m=2
m=2
p—?
1+ T

vyy

_(2m+DA ﬂ__
4 2a 2a

( Omeem )¢=2°.

Ha y3ky1o mens nazaer HopMaisHO MOHOXpomarideckuit cset. Ero
HanpaBlICHHE Ha YETBEPTYIO TEMHYIO AM(PaKIMOHHYIO [10JI0CY COCTaB-

aser 2°12' | Ompefenure, CKOIBKO IUTHH BOIH YKIAABIBACTCs Ha IMUPUHE LIETH.

Mano Pewieriue
p=2°12 asingp=+mi m=0,1,2,..),
m=4 a m
min I - sing ’
a Brraucnenus:
E—? p=2°12'=22°;
a4 i,
A sin2,2°

( Omgem )%:104.

8\ Ha ysxyro mens mupuHoi g = 0,05 MM nafaeT HOPMATBHO MOHOXPo-

MaTHYecKHil CBET ¢ ITHHOM BONHEL A = 694 M. Onpenenure Hanpas.
JIEHHE CBETa Ha BTOPYI0 AH(PaKUHOHHYIO ONOCY (10 OTHOMEHHIO K NEPBOHAYA 1,

Ha mens mupuHoH g = 0,1 MM ragaer HOpMAJIBHO MOHOXpOMaTHYeC-
KHit cBeT ( A = 0,6 MKM). DKpaH, Ha KoTopoM Habynonaercs xudpax-

OHHas KapTHHA, PacrolokeH NapauieNbHO eny Ha paccTosHuH [ =1 M. Onpe-

HTE paccTosHUE b MEXIy NMEPBHIMH AH(PaKIMOHHBIMH MHHHMYMaMH, PacIio-
0)KEHHBIMH 110 00€ CTOPOHBI HEHTPANLHOTO QpayHrodeposa MaKCHMYMa.

Hano

=0,6 MKM=6"10"M

Pewuernue

CM. pHCYHOK K 3azaqe 5.85,

=1m asing =+mi, m=1,

=1

=0,1 MM=10"m sin(pzi, sing =~ tgyp,
a

b=2ltgp=~2 simp=21£.
a

b2
j

" Omeem ) b=12 cm.

Ha mens mupuno# a = 0,1 MM nagaet HOpMAIBHO MOHOXpOMaTHYEC-

Kuif cBeT ¢ miHHOH BoyHel A =0,5 mrM. JudpaKuuoHHas KapTHHa
HaGJFofaeTcs Ha HKpaHe, PacHONOKeHHOM MAPALISNbHO mead. OIpenennTe pac-
CTOSHHE [ OT UIETH 30 IKpaHa, CIIH IMUPHHA HEHTPATHHOIO AU(PaKIMOHHOIO Max-
‘uMyMa b=1 cm.

Hano Peweriue -
—Y vYVVY
a=0]1 mm=10"m —_—
A=05Mem=5-10"M asingp=1mi, 0
b=1cmM=10"m ) i
e m=1, sinp=—,
a

] —? /

b i )
b=2lt 1= - arcsin |

gp, 2tg(p’ 17 arcsma L , .]

{ Omeem >I=1M.




. Miﬁfg MonoxpoMaTidecKkHii CBeT ¢ UMHOA BOAHB! A = 0.6 MKM najaer Ha
<R Mty
ANMHHYIO APSAMOYTOJNBHYIO IIE/b WHPHHOH a =12 MKM nog yrioy
aqy =45 K ee HopMaan. OnpenelnTe ymoBoe NONOKEHHE NEePBLIX MHHHMYMOR
H

PACnoNOKeHHBIX 110 06¢ CTOPOHBI LUEHTPATBHOrO BpayHroeposa MakCHMyMa.

Hdano Pewuenue

A=06 MkM=6 107m | | )
a=12 Mmxm=12-10"°mM : ¢ %

ao :450 :

a, —7?

a_] ___? i i

A=A4B-CD, A =asina-asina, = a(sina -sina,),
A=xmh (m=1,2,3,.)

m=+1 a(sina,; —sing,)= 24, sina,, =sinq, +—,

e A
a, = arcsm(smoz0 +—.
a

m=-L a(sina_, —sinay)=~41, sina_, =sina, - —,

. A
a = arcsm[sma0 -—1.
a

Brrauciienns-
-6
. o 0,6 107 M
a,) = arcsin| sin45°+——————1=492°=49°2";
107° ™M
. 0,6 10° M
a_y = arcsin| sin45°—————— | = 411°= 41°6'
12.107 M
‘ Omesem > a, =49°12", a_; =41°6" .

MoHOXpOMATHYECKHH CBET NANAET Ha JUTHHHYO IIPSMOYTOJIBHYIO eTh
wHpHAOH a =12 MKM 1ox yrioM a =30° x ee HOpMaJIH Onpenenu-

Ha /udbpaKiutoHHYI0 PEIIETKY HOPMAIBHO 1aIaeT MOHOXPOMATHYECKHI
CBET ¢ JUIMHOi! BoyHEl A = 600 uM. OnpenesmTe HaUOOTBIIII MOpAIOK
&;exrpa, TOJTYYEHHbIH C MOMOMIBIO 3TON PELIETKIL, eCITH e¢ MOCTOSHHAS d =2 MKM,

!
5 Hano Pewuenue
zﬁ=600 HM=6-10"M dsing = mi d SN gy = Myay
=2 MxM=2-10"%m J
SinVJmale’ mmax:I
Max —7?
( Qmsem ) My =3

Ha audpakinoHHY0 pElIETKY MIHHOH /=15 MM, copepxailyro
N =3000 mrpuxoB, NagaeT HOPMAIEHO MOHOXPOMATHYECKHH CBET C
kmmoﬁ BOJHB! 4 = 550 nM. Onpenemire: 1) 9HCIO MAKCHMYMOB, HAOMIONAEMBIX B CIIEK-
Tpe MupPaKIMOHHO PELIETKY; 2) YIoJl, COOTBETCTBYIOLIHA NOCIEIHEMY MAKCHMYMY.

Hano Pewienue
I=15 MmM=1,5-10%m !
’ i = =0 1, v )s d=— y
N =3000 dsing = tml (m=0,1,2,..) N
A=550 mu=5,5-10"wm d _ I
m'““":—}._ npu sinp =1, mmax:ﬁ’
Dn—2
2) Pmax — 2 n= meax ’ dsin Pmax = mmax)' ?
N
R i A

( Omeem) 1) n=18; 2) p,,. =81°54.
_—— — ——




— [ A
yoy = 30 COOTBETCTBYET MAKCHMYM 4YETBEPTONO MOPAAKA Iy

MOHOXPOMATHYECKOTO CBETa ¢ IUTHHOH BONHE!I A = 0,5 MKM.

Hano Pewierue
p=30° [max ] dsingp = tmA (m=0,1,2,..),
m=4
mA .
/l=0,5 MKM=5-10"M d= - , d:—I—— n:—]\i:lzmn(p
singp N’ I d mh’
n—7?
( Omeem ) n=250 M.

‘ Ha pudpakituoHHyIo pelleTKy HOpMaIbHO naaaeT MOHOXPOMATHYIEC-
KMH CBET ¢ AInHOH BONHBI A = 0,5 MkM. Ha sKkpaH, HaXomsmmiicss o1
peleTKy Ha pacCToSHMH L =1 M, ¢ IOMOIIBIO JIMH3BI, PaCHoI0KeHHOH BOIH3H pe-

WeTKH, TpoenupyeTcs qudpakiuoHHas KapTHHA, IPHYEM Nepeblil NIABHBIH MaKCH-

MyM Ha0monaeTcs Ha paccTosAHNM [ =15 ¢M ot ueHTpansHoro. ONpenenuTe YHCI0
WTpUXoB Ha 1 cM gudpaKIMOHHOM peIeTKH.

Hano Pewenue
A=05 MkM=5-107M dsin(p=ml, m=1,
I=15 cM=0,15M sinp=~—,
n—2? I
d—=mh,
11
n=—=—-
d mllL

Omnpenennte YHCO ITPUXOB Ha 1 MM MOPAKIMOHHOH PEMETKH, eciy

MOHOXpOMATHUeCKAI CBET HOPMAIBHO NMajacT Ha IuPPaKIHOHHYIO
peuieTky. Onpee/uTe Yron IHppaKIiH, COOTBETCTBYIOIHH MaKCH-

YeTBepTOoro MOPIIKA, €CITH MAKC eThEro NopsIKa OTKIOHeH Ha ¢, = 18°.
1

Hano Pewenue
=3 . . . sing,  m
o min| d sinp, = mA, dsing, =mh, =1
Y o 4 1 P, =My sin "
1= 18 P2 M
b= 4
m singp, =-m—2sin(,p1 , Pr= arcsin[ﬁ sinwlj.

m m

( Omeem ) o, = 24220

——

—— —

Ha gu¢pakiuoHHyIO pemeTky HOpMIbHO NajaeT MOHOXpOMATHHEC-
kit cBeT. Orpe e IuTe Yrom MHuQPaKLIHHA UL TAHIH 0,55 MKM B 4eTBEp-
TOM TIOPSIKE, eCITH 3TOT YTOI A TAHHH 0,6 MKM B TpeTheM HOpsiike cocTasier 30°.

‘ Omeem ) ,=37°42'.

Ha 1udpaKIMOHHYIO pemeTky HOPMATBHO NajfaeT MOHOXpoMaruiec-
KHii CBET. B CleKTpe, MOMy4eHHOM C [IOMOIIbIO 3TOH IAQPaKIMOHHOH
PeIETKH, HeKoTopas CrieKTpanbHas JHHUA HaOmrogaeTca B MEPBOM HOPAIKE MO]

oM ¢ = 11°. OupeneauTe HaUBBICHIHH OPALOK CIIEKTPa, B KOTOPOM MOXET Ha-
Yy 2

6monareca 3Ta JHHUA.

Jano Pewienue
p=11 dsing=mi, m=0,1,2, .., Moy -
m=1 .
. sing m

d sin Pmax'= mmax)" s L = s
Mpax S P pax Mpax

. 1

singp,,, <1, m=1, My S

( Omgem ) u,, =5
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Onpeuenm‘e ATTHHY BOJIHBI MOHOXPOMAaTHYeCKOTO CBeTa fnanaroliyer,
g 8]

HOpMANLHO Ha TMPAKUMOHHYIO PeIeTKy, HMelomyko 300 WTPHXgp

Ha | MM. eClIM yron Mexly HanpaBIeHUAMM Ha MaKc

Nopsaxa cocrasiser 12°

MYMBI NIEPBOTO M BTOporg

Hano Pewenue
n=300 MM '=3-10°m ! -
A<p=12° d:l dSianl :ml'lﬂ
n’ dsng, = ma[ ML m=2
m =1 P2 =my4s
_ . A
my =2 Sm#’%:;’ sin<p2:7,
A—7 sing, = 2sing, ,

2=+ A, sin(p; + Ap) = 2sing, .
sing; cosAp + cosg, sin Ap = 2sin @

sin ¢, (2~ cos Ap) = cosg, sinAp

sin i
tgp, = sy __Sn Ap
cosp,  2-cosAp’
o = amg(_smév;J ,
2 CcosAp

sin Ap J
2-cosAp) |

. 1
A=dsing, = —Sin[:arctg[
n

( Omeem ) 1= 664 s

=0
Y

Kaxo#i nomkua 6s11a 651 661TE ToTIMEA IJIOCKOMNApaILTeNnsHOM CTek-

JHHOW INACTHHKH (7 =1,55), 4ToOBI B OTpaKeHHOM CBeTe MaxcH-

MYM =0,65
YM BTOPOTO riopsinka mis A = 0,65 mxm HaGmonancs oy Tem xe YITIOM, 4TO H )
5 )
IHPPAKUMOHHON PEIIETKH C MOCTOSHHON d =1 MKM

Ha 1udpaxiioHAyIo peleTKy C MOCTOAHHOH d =5 MKM IO YIIOM

# = 30° najaeT MOHOXPOMATHIECKHH CBET ¢ JUIMHOM BONHBI A = 0.5 MKM.

D efeIMTE Yroa ¢ Hnd)paxmm JUIS TJIAaBHOrO MakCHMyMa TPeThero nopsaxka

Pewenue

MKM=5-10°M '
B=30°
1=05 MkM=5-10"M

A= AB-CD=dsinp-dsint,

. mh .
dsinp—dsin?=mh, sm<p=7+smﬁ_

( Omeem ) ,-s33.
I—

Ha audpakiHOHHYIO PELIETKY MO YITOM ¥ napaeT MOHOXpoOMa-

THYeCKuii CBeT ¢ WVIMHOM BoMHE A . HalinuTe ycnoBue, onpenens-

I0lllee HApaBieHHs Ha [TaBHBle MaKCHMYMBI, €CJIH d >> mA (m — nopsjuoK
CrnexTpa).

( Omsem ) icost (p-0)=mi.

V3Kuif HapaJuIeNnbHBIH TyYOK PEHTICHOBCKOTO U3y IeHUA C IJIMHOH BOJI-

HBI A =245 1M nafaer Ha ecTeCTBeHHYIO I'DaHb MOHOKDHCTALIA Ka-

MeHHO#M coan. OnpefennTe paccTosHue d MexIy aTOMHBIMH ILTOCKOCTAMH MOHO-
KpHCTaUIa, ecmd AH(paKIMOHHBH MaKCHMYM BTOPOTO MOpAKA HabJnopaeTcs IpH

1afeHHH ATy IEHMS K IOBEPXHOCTH MOHOKPHCTAILIA IO/ YTIIOM CKOMIBXKEHHS & =61°

( Omeem ) X =577 am.

( Omeem ) d =028 Hm.
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V3aKHit My40K MOHOXPOMATHIECKOTO PEHTTEHOBCKOTO H3My4eHNs na-
V3KHH napasensHsli myuox MOHOXpOMATH€eCKOTO PEHTIeHOBCKOry

M3TyHeHNs NajaeT Ha PaHb KPHCTALIA ¢ PACCTOAHHEM MeXIy erq

aTOMHBIMH TUIOCKOCTAMH d = 0,3 HM. Onpenennre ATHUHY BOMHBI PEHTFEHOBCKO]

H3ITyieHNd, ecid o yrioM ¥ = 30° x mockocTa
OHHBIH MaKCHMYM I1EPBOTO MOPSIKA.

Aano Pewernue
d:0,3HM=3.10_|0M . .
¥ =30° 2dsintt = mi, l:2dsmﬁ.

m
m=1

=60° OHO-
[A€T 1101 YIIIoM cKompkeHns © = 60° Ha ecTECTBEHHYIO IPaHb M

ypcraia NaCl (M = 58,5-10‘3 KI/MOMB), ILIOTHOCTB KOTOporo o = 2,16 r/cm’.

‘ OT 2TOH
rpaHu HabionaeTcs mudpakiy AoeneniTe JIHHY BOJTHBI H3TYUEHHS, €CITH [DH 3€PKATLHOM OTPAKEHHH
- Y

eTuTe HaH-
Jlnamerp D ofbexrnBa Teneckona pasen 10 cm. Ompex

MeHbpIIee YIIoBO€ pacCTOSHHE © MEXIy AByMs 3BC3JaMy, IIPH KOTO-

A—2 ( Omgem ) A=300 . ;)OM B QoKL HOM ILIOCKOCTH 00BEKTHBA MOTyYaTCs HX pa3pelIHMBIe 1M (paKIHOH-

aele m3o6paxenus. Cuntalite, 4TO ITHHA BOJHBI CBETA A=0,55 MxMm.

N N HuUe
Y3KHH ITyHOK PEHTTeHOBCKOTO HTYICHUA C JUIHHOH BOHEL A = 245 rZI ano Pewe
NaJaeT noJ HEKOTOPBIM YIJIOM CKOMBXKEHUS Ha €CTECTBEHHYIO IPaHb

D=10 cM=0,1 M

A
MoHokpuctamia NaCl( M = 58,5-10™ kr/mons), miotHocTs KOTOporo p = 2,16 r/em’® A=055MxM=55-10"m o= 1,225 .

Ornpepennre yron cxonsxkenns, eciu TIDH 3€pKATIEHOM OTPaXEHHH OT 3TOH rpamn
HabIHOnaeTCs MAKCMMYM BTOPOFo NopsKa.

P — 9
Hano Pewienue ( Omeem ) o=14".
A=245 mi=2,45-10 " 2d sin® = mi, ﬁ:arcsm_m;_
M =585 10"% xr/moms 2 eleHHe pagHoHHTepdepomeT-
24 \ B sueijixe NaCl 4 Na* u 4 CI, Kax gpiit uon Bxogut B OnipeenuTe HanMeHbINEE YII0BOE P3P P 1=10 M
p=216 riem’ = 8 sraeex. Uncno sueex paBHO YHCITY HOHOB. pa, yCTaHOBJIEHHOTO Ha 3eMJie, IIpH paboTe Ha JUTHHE BOTHBL A = :
= . 3 3
21610 xr/m B 1 Monms — 2N styeex.
m=2 Jano Pewenue
v M
d=1 =_m_ ==
? —2 .o 2N, Y p’ A=10m i A
R, =637-10° M PToR,
M .
d=3 # = arcsin 10 M _6 P
4 _? :———————=0,78510 paﬂ 092 .
2PN 2; M dp W= 6a 10
2pN,

( Omeem ) & =60°18" . ( Omeem )d¢=o,2".




Ha mndpakimmonnyio pewetky HopMasHo nagaet MOHOXpOMaTHYEC-
KHH CBET ¢ [UTMHOM BOHE! A = 0,6 MkM. Yron IAu(paKUHy Ul I9TOro
MaKkcuMyma paseH 30°, a MHHMMallbHas paspelnaemas PeILETKOH pa3sHOCTs ATHN
BOMH COCTaRNIAET 04 = 0,2 BM. Onpenenure: 1) MOCTOSHHYIO NU(PAKUHOHHOM pe-
WETKH; 2) UMKy nubpakUHOHHOM pemeTky.

K Omeem R =

TokaxuTe, 4TO LA JaHHOM A MakcHMalbHad pa3speliaomas Cro-
cOBHOCT IM(PAKIMOHHBIX PEIETOK, HIMEIOIIUX PA3HBIC IEPHOMIbL, HO

i MHAKOBYIO [UTHHY, IMEET OIHO H TO JK€ 3HaYCHHE.

Mano Pewenue

A=0,6 Mkn=6-107u dsinpg=ml, d= m/l , R:i:mN,

m=35 sing 8

¢ =30°

= =2.10—|0 5

KOGl P U S B
04 m sing dAm Sdsing

1yd —?

=7 (Om“em ) 1) d=6 o 2) 1236 .

Cpapnute HanGobIIyIO Pa3pewaloiyro CriocoGHOCTE A1 KpacHoil

JHHAN Kagmus (A = 644 um) 1eyx IADPAKIHOHHBIX PEIIETOK OHHA-
KOBOH WIHHBI (/=5 MM), HO Pa3HBIX nepuonoB (dy = 4 MM, d, = 8 Mkm).

1
T

OnpenelmTe MOCTOAHHYI0 TH(PAKIMOHHOH PEIIETKH, €CII OHA B N1ep-
BOM ITOPS/IKE Pa3pelacT ABE CIIEKTPaNbHBIE THHHH KATUS (4, =578 am

'1;1 A, =580 Hm). [nuHa pewetky /=1 cm.

p—

Harno Pewienue

A=644 aM=6.44- 107 M| d, sinp = m4, dysing=mi,  sinpp, =1,
I=5MM=5-10%M d d

1 2
d=4 MxMm=4-10%m | ™M = m =0 ™. my — uensie uncra.
d,=8mMxM=8-10%M /

lez’ N2~_2-’ leax mlNI’

1

RIma‘c‘k? s
4-107 ™M
Ry may —2 Ry ax = myN; - ml:m=6, my=12;
5107 M

Nl:m:IZSO, N, =625, Ry =6:1250=7500. Ry, =7500.

: Omsem ) RI max — R2 max — 7500.

Hano Pewienue
m=1 _/ll— Nz_‘/ll ’ 61':/12_/11’
Ay =578 am=578- 107w R=57=mN> Am
"A,=580 mM=58"107 M 0 1sim
I=1cM=107m d-N———lX
d —2
(Omsem) d =34,6 MKM.
f-— —— B —

Mocrosunas d 1ndpaKUMOHHON pelleTky puaHol / = 2,5 cM paBHa
5 mMkM. OnpenendTe pa3HOCTh LIHH BOJIH, Pa3pelliaeMylo 3ToH pe-

IIETKO, VIS CBETA C AMHHOH BOMHBI A = 0,5 MKM B CIIEKTPE BTOPOro MOpAIKa.

HAano Pewenue
- =9 5.102 A 1
I=25cm=25-10"m L. N=L1, o a
d=5mkM=5-10"M | &7 d
A=05MEM=0,5-10%m id
m=2 6/l=-’;l‘.
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HMudpakumonnas pemerxa meer N
d
¢ =30°

PaKUHOHHOH PEIIETKH B CHEKTPe IATOTo MOpPAIKa.

i =1000 mrpHxoB 1 HOCTOSHHY
=10 mrm. Onpenenute YTIOBYIO NUCHEPCHIO LIl yTnia mudpaKiyy
B CNEKTPE TpeThero nopAnka. Haitaure Pa3pellaromyIo CiocoGHOCTS ud-

Hano Pewenue
N =1000
oA m,
d=10 MM = 10" M D =-t=-_" R=t _
p=30° ! by dcosp o
m=3
m, =5
‘ Omsem ’ D¢’ =3,46' 10° pan/M;
D¢, —9 R —»9

R=5000.

Ornpenenute muny BonHsL, g KOTOpOil rudpakunonHas pelterka ¢

TOCTOARHOH d =3 MKM B CHIEKTpe BTOPOro MOpska iMeer YFI0BY10
_ s
mucnepeuto D, =7 107 pag/m.

( Omsem ) A=457 .

Yrnosas nucniepenst audpaximonHoi pemmerky s A = 500 um B crek-

Tpe BTOPOro nopsxa pasua 4,08 - 10° pag/m. O
HYIO NA(PaKUMOHHOIM peleTky. paa/m. Omnpenenute mocrosn-

Mano Pewenue
D, =4,08 10° pay/m ?
. m :
sing =72 tgp = Sm¢=mAD¢d=AD
d —2 d cos¢g dm ®?

o= arctg(lD¢), d= si’;ﬂq; . < Omeem , d=35 MrMm.

5.4. BianMojgeiicTBHE JIEKTPOMATHATHLIX BOJIH
¢ BeleCTBOM

JlokaxHTe, 4T0 €CTH MOHOXPOMATHYECKMH IYYOK CBETa MajacT Ha
IpaHb IPHU3MBI C TOKA3ATEIEM TIPETOMICHHS. 1 N0 MATBIM YIIOM, TO

kou MatoM npenoMsIomeM yrie A TPU3MBI yToa OTKIOHEHNS § JTydeld He 3aBH-

qT yr71a NaeHHA W PaBeH A(n-1).

: Hano Petuenue
n
A Bi+Br=4,
a, — MaJI

a

X,
p=A(n-1) —2 A

ay=nf,=n(4-p))=nd-nf=nd-a,
p=a,+a,-A=a+nd-a- A= A(n-1).

( Omeem >¢=A(n—1).

Ha CTEeKIAHHYIO NPHU3MY C NPETOMIAIOMMM yrioM A =55° nagaer

Ty4 cBeTa o ymioM a; = 30°, OmipenenuTe yroa OTKIOHEHHS ¢ JTyya

[pU3MOIi, €CITH OKA3aTENb NPETOMIIEHHs 7 CTEKIIa PaBeH 1,5.

1

-
.

‘ Omeem ’ 0=35°40'.

i
Ha rpanb cTexIsHHO# MpmsMsl (7= 1,5) HOpMaJBHO Najaer xy4 cBe-

ta. OnpenenuTe yron orxnone‘mx ¢ My4a IpH3MOH, €CIH €€ IIPEIoM-
)

nsmommHit yron 4 =30°.

‘ Omeem ’¢;=18°36’.

|

-
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Ha pucyHxe npesicrasieH cuMMeTpHH-
HbI XOA Ty4a B paBHOOepeHHOI! IIpH-
3Me C IIPeTOMIBTOINM yIIoM A = 40° (BHYTpH IpH-
3MBI JIy4 PAclpoCTpaHAeTCs NapasielbHO OCHOBa-
HH0). OmpenenuTe yron OTKNOHeHHs ¢ JIyya IIpH-
3MOH, eCIIH [OKa3aTellb MpeTOMIeHHA N MaTepiia
JIHH3EI paBeH 1,75,

( Omsem ) ,_333>.

YEIOM, YTO H BXOJHUT B Hee. OnpeRendte yroa OTKIOHEHHS ¢ JydYa

IIPH3MOI, eCIIH ee IpeoMIsIomHi yron 4 =60°,

JIyu cBeTa BHIXOMHMT M3 CTEKIAHHOW npu3Mel ( n=15) nod TeM xe

Hano Pewenue
n=15
’ A
a=a,=a Bi=B=p==,
4=60° sing
— =1,
o —9 sinf8

. . (A
sina =nsing=nsin| —1,
2

o[
a = aresin| nsin| = |,

p=2a-4=2 arcsin(nsing) -4

I
( Omsem >¢,=3701y_ ’

Ompefie TTE MAKCHMANBHYIO CKOPOCTE BEIHY X IEHHBIX xoJebaHHii CBO-
GOZHOTO JJIEKTPOHA, €C/TH B TOYKE ero HAXOXJIEHMS pajHonepenar-
Ak, paGoraromuit Ha wactote 500 KI'11, CO3/aeT M071€ HIEKTPOMATHUTHOTO H3TTyHe-

E, =10 mMB/cm.

Hano Pewenue
b _ 141019 F
p=16-10"" K x+wix =2 coswt, w=2mv, ©;=0,
=9,11-107" xr ”

by = = ek, |
.v—500 u=5-10Tu Fo., = eEy, x:e_Eicosw[, x=v=—Csinws,
! Ep=10 MB/cm =1 B/M m mw
‘)} eEO eEO
: Vpax = =+~ -

—? mew  2mav

InEeKTpOMArHUTHas BOTHA C YaCTOTOH @ PacnpoCTpaHAETCs B paspe-
xeHnoft 1w1asme. KoHuentpauus cBOOOHBIX 371eKTPOHOB B IL1azMe

pasHa 1. OTpeJienuTe 3aBHCUMOCTD IHIEKTPHIECKOH MPOHHIAEMOCTH € ILa3-
MBI OT 4aCTOTH . B3auMoeHcTBHeM BOMHBI C HOHAMH ILTA3MBI NPeHeGpetb.

Hano Pewenue
P e
g e=1+n =14+4——, P =ngex , s=1+n0x,
g F ek
w
ek
E=Eycoswi, x=Acoswt, A= 20 5
&w) —? m(wy —w
. 2. ek, noe2 1
X + WX = ——COSW! » e=l+————7,
m Eogm Wy — W
2
nye
wy=0, g=1-—2"
80mw




Omnpenenire KOHUEHTPAMIO CBOGOIHBIX 3JIEKTPOHOB HOHOCOEPEI,

CCJIH /1A PAaTHOBOIH ¢ 4acTOTON v = 97 MI'l ee nmoxasareis MpEeoM-
JeHHd n=091.

Hano Pewienue
v=97 MI'u=97-10°T'y
}1:0,91 nENEH 'u:l’ }’l=\/;’
821,6-10_]9 Ki e=1+%x, P='X,€0E0, P:noexmax5
m=911-10"" xr nm=e=1+%=1+ =148
80E0 EoEO max *
ny —? 2,2 eoky E
m=(n =D, x+wéx=e—0coswt,
exmax m
=21y, x=Acoswt, A=-e—E0_. Wo =0 _
m(wé_w2)’ [V ’ xmax'_As
X . =— ek, 2 foEomw2 3 4r*v2e,m
max T w? oy =(1-n" )= ——=(1-n")——2—,
e Eo gz

( Omee >
m n0=2-107 cM 3.

( Omeem ) d, =693 cm; dy =161 cwm.

Ko3¢hHlIHeHT MOMIOLIEHHS HEKOTOPOTO BELIECTBa A MOHOXpOoMa-
THYECKOTO CBETA OTIPEETEHHOI UTHHBI BOMHBL @ = 0,1 cM™'. Onpenie-
i Te TOJIHHY CII0S BEMECTRA, KoTopas HeoOxo1uMa 1Lt ocJ1abnenus cBeTa B 2 pasza
# B 5 pa3. Ilorepu Ha OTPOXKEHHUE CBETA HE YIHTBIBATD.

— e ————————

Tlnockad MOHOXpOMATHIecKas CBETOBas BOJIHA PACIIPOCTPAHACTCS B
aexoropoit cpene. KoapHuMeHT Moromenus cpeast A1 OaHHOH

JUTHHB! BOHE o = 1,2 M. OnpenennTe, Ha CKONBKO MPOUCHTOB YMEHBIMUTCA HH-
TEHCHBHOCTh CBETA TIPH TIPOXOKACHHN 1aHHOH BOMHOM myTH: 1) 10 MM; 2) I m

Hano Pewenue
a=12 m! ; -
- - ~I e
1) x=10 u=102yn | I=1 &<, 011=10 Ioe e
2)x=1m 0 0

I,-1

- ( Omeem )1) 12%;  2)70%.
0

Ipy mpoxoxeHHH B HEKOTOPOM BEL(ECTBE IyTH X HHTEHCHBHOCTH
CBETAa YMCHBIIWIIACh B 3 pasa. OmpenennTe, BO CKOMBKO Pa3 yMEHb-
IIUTCH HHTCHCHBHOCT CBETA IIPH IPOXOXKIEHHH ITYTH 2X.

Hano Pewienue

Il - 10 e-llx , _1_0_ — 10 e-ax , e-ax = l
L_, 3 3
i

ax =1n3 , 12 — I() e-2ax — 10 e-2|n3 10 — e21n3
2x ’ '

2
1
7 =7 0
, meem ) 1, _,
L

Caer majgaeT HOPMAJILHO TO0YEPETHO Ha [ABE IUTACTHHKH, H3TOTOBJICH-
Hbie U3 0HOTO H TOTO XK€ BEIECTRA, MMEFOIIHE COOTBETCTBEHHO TO/I-

muHBl X, =5 MM H x, =10 MM. Ompenenure x03¢hPUIHEHT MOMMOMEHHA 3TOT0

BENIEeCTBa, eC/IH HHTEHCHBHOCTD IIPOUIENNIET0 CBETa 9€Pe3 MEPBYIO IUTACTHHKY CO-
crapnser 82%, a uepe3s BIOPYIO — 67% OT HaYanbHOH HHTCHCHBHOCTH.

Jano Pewienue
_ —& . 103
=5MM=5"10"M 11=Ioe‘“"', 12=Ioe'“"2,
x, =10 MM =107 M
i - ea(-‘z—xl) a= ln(Il/IZ) .
1,=0,82I, L P
; < Omeem ) a=0,404 oM.
o — ¢
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HcTOUHUMK MOHOXPOMATHYECKOTO CBETA C JUTHHOM BOTHEL Ay =0,5 Mxum

ABIDKETCA 110 HANPABICHHIO K HabmonaTemo co ckopoctsio 0,15¢ (¢ —
CKOPOCTH CBETa B BakyyMe). OfpeliennTe [LTHHY BOJIHBI, KOTOPYIO 3apPETHCTPHpYeE T

TIPHEMHHK Habmonarens.

H3BeCTHO, YTO TIPH YAAJIEHHH OT HAC HEKOTOPOH TYMAHHHOCTH JIHHUA
H3IyueHns Bogopona ( A = 656,3 HM) B ee CreKTpe cMeSmeHa B Kpac-

Hyt0 cm'poﬂy Ha Ad =25 am. OnpefesmTe CKOPOCTh YAANeHUA TYM&@HHOCTH.

‘ Omeem > v=114 Mwm/c.

| —

BriseauTe BEIpakeHne LIS YIIHpeHUs AL/A ceKTPa pHbIX JIMHHI B
crmyqae npoRonsHoro 3¢dekra Jomrepa npu v <<c.

Hano Pewenue
Ap=05 MkM=5-10"m ) v?
U=0,15C 1-,:1-"0 v C2 ’ l——’ L}
d=x 1+—cos? v
C
A—9

(cOSﬂ=_1)'( Omeem ,/1:430 HM.

Tpu xaxoli cxopocTH KpacHbIii cBeT (690 HM) OynmeT xasarscs 3edte-
HEIM (530 HM)?

( Omeem ) - 774 M.

——

———

I

Hcxons U3 obmeit popMynsl, ommcsiparomelt s¢pdext Tomnepa wis

~ 3NeKTPOMArHATHBIX BOJIH B BaKyyme, BeiBelHTe GOpMyy A nore-
peanoro >dexra omiepa. IloueMy nonepeurnii addext [loiepa spuseTca Ync-
T0 penATHBHCTCKUM b dekToM?

BsiseuTe BEIpaKeHHE U1 yIIMpeHnA AA/A CTIEKTPAN LHEIX JIMHHI B
cimydae nonepeynoro »¢dekra Jlomepa.

B crieKTpaipHBIX THHUAX, H3TYYaEMBIX ACTPOHOMIYECKIMH 0GhEKTa-
MM — KBa3apaMH, HaOMOJATOCH KpacHOe CMEIeHHe, OTBEYalomIee

TPEXKPAaTHOMY YMEHBIICHHIO 4acTOT5L. ONPENeHTe, ¢ KakOi CKOPOCTBIO TIPH 3TOM
RoDKeH GbLT 6b1 yIaIIThCS KBa3ap.

Hano Pewenue

Yo
v=— 2

3 l—v‘2
#=0 vEvo—— ¢, 9=0, cost=1, V=,

1+ — cos?d
v —7? ¢
v
- 2

_"_21’ cz(l) i 1+2=9[1_Y], 103—8, v=0,8¢c.
VO 3 1+E 3 [ C c

( Omeem >v=0,8c.

Hano Pewenue
17=n/2 . Y
-2
y=y-—+— cosﬁ=cos-72£=0, l=£,
AA ) 1+ cosd
- — C
A
' 2 _% U2 _yz 1 v2 3 ‘U4
l':-—c— i: 1—2— , 1—““2‘ =1+ 2|+ a Fos
v’ oA c? c 2\¢ 8
M P
Al 1{ v? , 2
7=1+—2-[";2‘), AM=A+AA- 7 202
( Omsem ) m_
A 2
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Onpezennte poreposckoe cmemenne AL s CHEXTPABHOMN TMHMY
aToMapHOTO Bofiopona (A = 486,1 HM), eclM ee HabMONATS Mox Tps-

MBIM yIIIOM K IIy4KY aTOMOB BOZOPOAa C KHHETHYECKOi sHeprueit T =100 xsB.

Hano Pewiernue
A=486,1 aM=486,1- 10" M v2 )
i 4 ¢ 2 2
9=5 Vi=v—— c costh=0, yp'=yp 1_32_,
1+ —cos? c
T=100 xvB = ¢
=1,6-10"
e N
m=167-10" xr v=2, V= l,_(l U) 2
A A’ I Y
c=3-10% mic A ¢
A — 9 1_U_2 %_ 1{v*) 3(v*
! 5 =+~ —=[+= Fores
c 2 ¢? 8\ ¢t
' 2
’i‘z“l(%‘)a M=+ A, M 12t
2\c A 2 (,'2 ’
M ? my? 2T
7_2—2’ T= 2 3 Uzzﬁ, lel_‘—T
m mc

OnpenennTe KHHETHUECKYIO SHEPIHIO APOTOHOB, KOTOPHIE B Cpee ¢

NOKa3aTesIeM PENOMIIEHUS 1 = 1,6 M3IyHaIoT cBeT Nog yrom 1 = 20°
K HAIIPABJIEHHMIO CBOEro ABIKCHUS. OTBET BEIPA3HTE B JIEKTPOH-BOIBTAX.

Hano Pewernue
m=167 1077 xr cosd =5, vo L
1.6 nv ¢ ncost
n=i,
§=20° i
T =mc = -1{,
T(:B) —? 1-v*/e?
T =mc L -1
1 2
(e
ncost

OnpenenuTe MAHHMAIBHBIA MMITY/IbC, KOTOPBIM NOJKEH 00manarh
anexTpoH, urodst 3pdekt Bapmwiosa—Yepenkona nabimonancs s cpe-

€ ¢ YIOKA3aTeNeM mpenoMiaeHus #= 15,

) Hano Pewenue
TMPENCTUTE CKOPOCTH SIIEKTPOHOB, TIPH KOTOPOM YEPEHKOBCKOE W3-
TTy<ieHye MPOACXOMUT B CPee C NoKa3aTeNeM MPENoMIeHUs 7 = 1,54 m=911107" yr cosd = — , y=— 5
nox yrioM ¥ =30° x HanpaBneHmo ux mpmxenns. Cxopo =15 " e
, b n 9
CKOPOCTH CBeTa. POCTL BEIpA3ITE B Romix
Voun (costt=1),
HMano Pewenue Poun —
= : me me me
n=1534 cosd = — , v=—2= . Pon = o L Poun =775 .
B =30° m ncost \/ (Umm) n-Jl——— n -l
n- - -0 2
- . c n
v —2 Omegem v=075.
Q (Omeem ) , 244102 - wrc.
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Orpenenure MUHUMANbHYIO KHHETHIECKYIO SHEPIHIO, KOTOPOH 11071
’KeH o0J1a/1aTh JMEKTPOH, 4TOOBI B cpeje ¢ oKa3aTeneM TIPeTOMIIEHUs
n=1,5 BOIHUKIIO YEPEHKOBCKOE HATydeHHe. OTBeT BRIpasuTe B MaB.

( Omeem )
T =mc*

min

n
—2——1 =0,175 M5B,
n -1

OrpenenTe MUHUMATBHYIO YCKOPSIOULYIO Pa3HOCTD TIOTEHIUATION

Utin » KOTOPYIO TO/DKEH TIPOHTH JIEKTPOH, 4TOGB! B cpefe ¢ nokKasa-

5.5. loasipA3anns cBeTa

OrunuTe noseseHse CeeTosoro Bekropa E B rannol Touke npocrpat-
CTBA B CIy4yae »UIHITHIeCKH MOIAPH30BAHHOTO CBETA.

i

OnpejenuTe CTeNeHb NONAPH3AIHI YACTHYHO NOJIAPH3IOBAHHOTO CBeE-
T4, eCJIH aMIUIUTY/ld CBETOBOIO BEKTOpa, COOTRETCTBYIOMIAs MaKCH-
MaJTbHOM HHTEHCHBHOCTH CBETa, B 3 pasa Gonblile aMILIHTY b, COOTRETCTBYIOIIEH
€ro MUHUMA/IbHOH MHTEHCHBHOCTH. )

Te/IeM NPENOMIEHAs 1 = 1,5 BO3HHKIO 4epeHKOBCKoe H3NydeHHe. ﬂauo ‘ Pewuenue
Hano Pewenue Eo e/ B =3 p=tmacImn 1~ E2,
_31 Imax + Imln
m=9]11-10"" kxr c ¢ p—2
n=15 cost =—, V=" 2
m n cost ) Egm — Egmm ~ (Egm / Egmm) -1
c T E? 2 2\
Upn —? Ymn = ;’ (cos? =1 ) EOW i EO"“" (Eoma‘ /Eomm) +1
( Omeem ) P=08.
Tpun = mC S S 1 T n
mm - B me’| ————-11,
VI=v5,/¢ o Jn? -1
CreneHs NONAPU3ALMM YACTUYHO TIOJISPH3IOBAHHOTO CBETA COCTaBIIS-
X et 0,75. OnpenenuTe OTHOUIEHHE MAKCHMAILHOH HHTEHCHBHOCTH CBe-
Ton = |e‘Umm , U, "IC‘ : _1 Ta, POy CKAaeMOT0 aHAJIM3ATOPOM, K MMHHMaTEHOH.
e
n -1

( Omsem )y, -175 3.

ano Pewenue
P=075 I
Jmax
P= Imax - Imm , P= Imm .
-Im—‘“ —9 Toan + Taun fmax 4 q
min min

Omsem ) In _,
( ) ; :

min
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coboit CMECHh €CTECTBEHHOIO CBeTa [ I'IHOCKOHOJDIpHBOBaHHLIM, €Ci
HHTCHCUBHOCTE NOJIAPHU30BAHHOIO CBETA PaBHa HHTE€HCHBHOCTH €CTECTBEHHOTO

Harno Pewenue
I = )
1 IQCT P= Imax - Imm ,
Imax+1mln
P —9
1 1 3 1 1

]max:1n+51fzcr=1n+51nZEIn, lmm:EIecT:_z—lnv

3 1

—1I I

: 12 =105,
En+51n L ( Omegem ,P=0,5.

Onpenenute crenens nonapusaymu P CBeTa. KOTOPHIi NpencTanise

HHTEHCHBHOCTD €CTECTBEHHOTO CBETa, MPOUIEAUIET0 Yepe3 iBa HUKO-

11, yMeHpmmIach B 8 pas. [Ipenebperas momoleHHeM CBeTa, Ompe-
i >

fenuTe yroa MeXIy DIaBHBIMH [ITOCKOCTIMH HHKOTEH.

Onpenendre, BO CKOMBKO pa3 0CTaONTCA UHTEHCHBHOCT CBETA, IPO-
IEIIero yepes ABa HHUKOMA, PACIONOKEHHBIE TAK, YTO yTOI MEX]Y
X [TABHBIMH IUTOCKOCTAMH ¢ = 60°, a B KaXxIoM U3 HUKonel Tepserca 8% uHTeH-
CHBHOCTH NMaJalOHIEro Ha Hero CBeTra

Omnpenenure creners noflspusanmu P ceera, KoToplit pencTapser

coboit cmech CCTECTBEHHOrO CBeTa ¢ [I.HOCKOHOIIﬂpPIB.OBaHHLIM, ecan
HHTCHCHBHOCTEH NOJIAPU30BAHHOTO CBETA B 5
HOIO

( Omsem ) p_ 533

Yron MeXy maBHBIMHM WIOCKOCTAMH MOJIAPH3ATOpa U aHaNH3aTOpa
cocrapnsier 30°. OnpenenuTe n3MeHe e HHTEHCHBHOCTH IPOILEAIEro
UEPE3 HUX CBETA, ECITU YTON MEXK/TY INIABHBIMH ILIOCKOCTIMH paBeH 45°

pa3 6oabuie HHTEHCHBHOCTH €CTECTBEH-

Hano Pewenue
a, =30° I =1 cos> a, L=1, cos2a2,
a, =45°
2 I cos2ozl
I cos2oz2 )
11
B

L ( Omesem )11_1:1’5
2

Hano Pewenue
z:g,%; 11=%10(1'k), I2=Il(l—k)cosza,
Iy 12=-;—10(1—k)2 cos’a, %zm
" ST 7 ST AL
‘ Omeem ) %=9,45_ T~/ p N7

OmnpedennTe, BO CKOMBKO pa3 yMEHBINUTCSH HHTEHCHBHOCTh €CTECTBEH-
HOTO CBETa, PO EAUIETo YE€Pe3 ABa HUKOISA, [JIaBHRIE IITOCKOCTH KO-
TophIx 00pasytoT yroa B 60°, ecu Kax Al M3 HMKOEH KaK NOTMOIAET, TaK 1 0TPa-
XaeT 5% najaroliero Ha HUX CBeTa,

Hano Pewienue
p— o 1 ]
“=60 ] :—(1—("1*"2))10:5 09 I,
k] = k2 = 0,05 2
1 > 2
L=1 09cos’a= 5 Iy 0.9% cos"a,
1
— =7

Hh_ 2
I 0,9% cos’a

I
( Omeem ) j_o =988
2
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Ecrectsennsiii cBer npoxour Hepe3 NONIPU3ATOP U aHAH3ATOP, yroy
MEXIy IMaBHBIMH IUIOCKOCTAMH KOTOPBIX paBeH « ITonspusarop 4
aHaIu3aTop Kak NomIomarT, Tak H OTpaxaroT 10% Najarolmero Ha Hix cBera. O
PCLENHTE YTON & , €CITH HHTEHCHBHOCTE CBETA, BEILIEAIIEr0 13 aHANM3ATOPA, paBH

12% uHTeHCHMBHOCTH cBeTa, najaromero Ha nonapusarop. ’ '

Hano Pewenue o
b=k =0,

_1 1
h=50-Ch+ k)l ==-08-1,

I, = 0,121,

L=1.08 cosla,

L =7 »-0,8% cosar

, a=arccos 0,612 =152,24°=52°14" .

Jloxaxute, 4TO NpH MaJECHHN CBETa Ha IPAHMIly Pa3fena ABYX cpex
nox yrioM BprocTepa OTpaxkeHHbIH | IIPENOMIIEHHBL Tyl B3aHMHO

4
H3BecTHO, YTO TPH MAZEHUH CBETa HA IPO3PAYHEIH IHIIEKTPHK MOX
yriioM BprocTepa oTpaxeHHBIH CBET ABIACTCS IUIOCKONOISIPU3OBAH-
. UeM HeobX0guMO BOCIIONE30BATLCA, YTOOBI MOMTYYUTE IpeIoMIeHHbL CBET

ITy40x eCTSCTBSHHOTO CBETA MaJaeT Ha CTCKILIHHYIO [IPH3MY C YIJIOM
a =30° . Omnpenenure Moka3arens IpeloMIeHHS CTEKNa, €CH OTpa-

*

Ecrtectn 7
CHHBIH CBET HHTSHCHBHOCTEIO 1, MpoxoxuT qaepes noaspusa-

TOp M aHANH3aTOP, YTOJX MEXIY HIABHBIMH ILIOCKOCTIMM KOTOpPbIX CO-
crapiser a . Ilocne npoxoxeHns cBera uepes 3Ty CHCTEMY OH IIa]{aeT Ha 3epKallo
H, OTPAIMBIINCK, TIPOXOAHT BHOBb Yepe3 Hee. Ipenebperas nornomennem cpeta

k4

OIPEIENTNTE HHTCHCUBHOCTSL | CBETa rmociie ero 00paTHOrO MpoxokReHUs

Hano Pewenue
I 1
a 1 =5‘ 0,
I —7 I =1 cos’a,

1
L =~2—10 cosza,

1
13 = 12 =510 COSZ(Z s

< > 1
Omegem I= 3 Iy cosa .

1
I=1 0052a=510 cos‘a.

€HHBLH Ty ABJIACTCS IUTOCKOMNOMAPH3IOBaHHBIM.
| Jano | Pewenue
a=30°
" tg jB = nzl =n,
n—?

n=t —Jz—-a)
g :
( Omeem )n=1,73.

OnpegenuTe nokasareis NpeJIOMIEHHS CTeKJIa, €C/H IIPH OTPaykeHUH
OT HEFO CBETA OTPAKEHHBIH Ty4 IOJHOCTHIO MOJAPH30BAH IIPH yIe
npenoMienns 35°.

Hano

Pewtennue

y=35 sina

e sin(90°-y) .

=n, a-:-'iB, "
siny

N J'B = 900—7l )
0 siny
n —:

( Omeem )n=1,43.




Onpenenure, nox kakum yrmom k TOPU3OHTY HOIKHO HaXomuTees Cox

HIte, 4To0b! JTyyuH, OTpaXXEHHBIE OT IMOBE
GBI MaxcHManbHO NOIAPH3OBAHEL,

PXHOCTH 03epa (n=133)

) [lapannenpHelii MydoK CBeTa MafiaeT HOPMAILHO HA IUIACTHHKY 3 HC-
JAHACKOTO MIIaTa TONMHHOM 50 MKM, BEIDE3aHHYIO MapaIIeILHO OIl-
riecko ocH. IIpHHMMan mokasaremu IpesioMIICHHS HCIAKICKOTO IINaTa I OGbIK-

Harno ' Pewenue OBEHHOTO H HEOOBIKHOBEHHOTO ITy4elf COOTBETCTBEHHO 1, = 1,66 u n, = 1,49, on-
n=133 gieneJINTE PA3HOCTH XOAA STHX Jydeif, Ipomenmux yepe3 MIaCTHHKY.
’ 8ig =my =n, 13 = arctg n,
P —7 Hano Pewenue
’ =—— iB .
=5.10°
0 50 MkM =5 10°™m A=dno—a’ne=d(no—ne)» O
m i, =1,66 i )
( sem ) s fro %
—— hne = 1,49 Y/e
1_[ ) > w ;;
PELCILHBIN YTONI OHOTO OTPaKeHUs s IyKa CBeTa Ha rpaHulie A —7 .
B KPHCTAILNA KAMEHHOH coMm C Bo3yXom pasen 40,5°. Onpegenrre yron :
PHOCTEpa MpH NajeHUH CBeTa U3 BO3XyXa Ha MOBEPXHOCTE 3TOTO KPUCTAILTA. ( Omeem } A =85 MKM. X o’
Hano | Pewenue = — = =
Inp = 40,5° sini, , . | TliockononApHU3OBaHHEIH CBeT, ITHHA BONHBI KOTOPOTO B BaKyyMme
Sin(r /pz) =-1, 2 —_— A=3589 HM, najaeT Ha IUIACTMHKY HCTAHACKOTO MINATA HEPIICHIHUKY-
iy —? " T S, JApHO ero onTHYeckol ocH. IIpHHUMAs nokasare/d IpenoOMAEHUS HCIaHACKOTO
1 mnara [ 0GHKHOBEHHOTO H HEOGRIKHOBEHHOTO ITyyeil COOTBETCTBEHHO n, = 1,66
tgin=—2 = ;o 1 .
&1 n sini Ip = arctg) ——|. " n, =1,49, onpenennte IIMHB! BOJIH STHX JIydelt B KPACTAILIE.
| Tnp sin g,

Caer, npoxoxs uepes AKHIKOCT, HANUTYIO B CTEKISHHBIH cocys
(n=1,5), orpaxaercs ot AHa, IpIMeM OTPaKEHHBIH CBET ILI0CKOMO-
JIPH30BaH NpH NaJEHHH €10 Ha IHO tocyna mox yrom 41°. Onpepenure: 1) moxasa-

- TCIb IPENOMIIEHUS JKUAKOCTH; 2) YrON MafeHys cBeTa Ha AHO cocyja, YTOGK Ha-
6monanocs nomnoe orpaxense.

( Omgem ) 1) n=173; 2) i=60°7",

—

et re—— T

Harno Pewenue

— ~ . 7
A=589 m=589-10"m| 1., A, =0T i,=vT,
n, =166

=5 =< 1= A

ne=1,49 vo‘no’ ve_ne’ o"noa
pp— A

o ¢ A, =— (Cm. pucyHOK K 3agaye 5.156).
A, —2 e

. —

( Omeem ) A,=355 mu, A, =395 mm.




Ilnockononspu3oBaHHbIR CBET, JTMHA BOTHBI KOTOPOIo B BaKyyMe

} A =530 HM, Maxaer Ha MNACTHHKY U3 KBaplia YepleHHKYIAPHO e
ONTHYECKOH ocH. OnpexenTe NOKA3aTENH MPETOMIEHHA KBAPUA A1 OOBIKHOBe ;.

HOTO (1, ) ¥ HEOOBIKHOBEHHOTO ( 1, ) Mydell, ecu ATHHBI BOIH 3THX Jyqeit B Kpuc.-

TaJUIE COOTBETCTBEHHO PaBHbl A, =344 BMu A, =341 uM.

( Omeem ) n,=154, n,=155.

Onpenenyte HANMEHBIIYIO TOMMHY KPHCTALTMYECKOH ILIACTHHKH B

4eTBEPTH BOMHBL g A =530 nuM, ecru Pa3HOCTS MOKasarenedt Ipe-
JoMmIleHHst OOBIKHOBEHHOTO U HEOGBLIKHOBEHHOTO Iydedt [ NaHHOM UTHHEBI BOMHD]

1, —~ 1, = 0,01. ILnaCTHHKOH B YeTBEPTH BONHEI HA3BIBACTCS KPACTAILINYECKAS TLTa-

CTHHKA, BRIpe3aHHast MapauieNbHO ONTHYeCKOR OCH, IIPH IPOXOXkK AEHHH Yepe3 KOTo-
gylo B HalTpaB/eHUH, NePIEHAMKYIIPHOM ONTHIECKOH OCH, OGRIKHOBEHHBIH 1 Heo-
bIKHOBEHHBIN JTydH, HE H3MEHAS CBOSTO HANpPaB/IeHH, [IPHOOPETAIOT PA3HOCTE X0ya,

paBHyI0 A/4.

Hano Pewenue
A=530 BM=53-10"m
; A=din - _A
n,—n, =001 4= o) A=y
A= A4 A
4(”8—}’10) '
d —7

( Oméem ) d =133 Mrm.

KpHCTaJUIH‘IeCKaﬂ IUTACTHHKA M3 MUCIAHICKOTO HIraTa ¢ HauMeHbuIe

TomuuHok d = 0,86 MKM CIYXHT IIaCTHHKOH B 4ETBEPTH BOTHBI (cM

3afady 5.159) mns 4= 0,59 mm. Onpepenure pasHocTs An nokasatenedt MpPENToM-
JNeHUs OOBIKHOBEHHOTO H HeOOEIKHOBEHHOTO JTyYeii.

Hcrions3ys 3amaqy 5.159, naiite onpefiesenre KpHCTA/UTMHECKOH 1LU1a-
CTHHKH B YOJBOMHH M OIPENe/HTe €€ HaMMEHBUIYK TONIHHY IS

B 530 1M, ecm pasHOCTE NoKazaTe/Iell IPeIOMIEHHS HEOObIKHOBEHHOTO H O0BIK-

b BeHHOTO JTyYeil Ui [AHHOM [UTHHBL BOJHBI 7, — 1, = 0,01

Hcnonssys 3agaqy 5 159, qaite onpenenenye KpHCTasIM4e CKOH Iuia-
CTHMHKH “B LEIYIO BOMHY™ M ONpENeNnTe e¢ HAaMMEeHbIUYI0 TOMUIHHY

A =530 HM, eclH pasHOCTS NoKa3aTe/lell IpeoMIIEHHS HEOOBIKHOBEHHOTO H

POLIKHOBEHHOTO JTyuelf Ul NaHHOH JUIMHB BOHE 1, — 1, = 0,01

Hano

WA =530 aM =53- 107 M

Pewienue

A:dmm(ne_no)7 A:A (an m:O)’

n,—n, = 0,01
A
A=1 dmm(ne_no)zﬂ" i =
n,—n,
Aoy —

‘ Omeem ) d, ., =53 MKM.
=

Q6BACHUTE, H3MEHHTCA JTH Hablofgaemast ONTHYECKas KapTHHa B CITy-
qae appexra Keppa, ecliu HanpaBleHHe HaPSIKEHHOCTH JNIEKTpHIEC-
KOro 10/ M3MEHHTE Ha YIPOTHBOIONIOKHOE.

OnpereTe TOMWMHY KBApUEBOH TIACTHHKH, VIS KOTOPOH yrox ro-
BOpOTA IUIOCKOCTH MOJIAPH3ALMK MOHOXPOMATHYECKOTO CBETa Olpe-

Henexnoit mTMHB BOMHBI ¢ =180° . VielsHoe BpalneHne B KBaplle Ui JaHHOH K-

HBI BOMHBI @ = 0,52 pai/mm.

( Omeem ) An=0171.

448

( Omeem >d=6,04 MM




- IlnacTHKa KBapla TOMNIHHOA d) =2 MM, BBIpE3aHHAs [IEPIIEHINKY-

JIAPHO ONTHYECKON OCH KPHUCTAILIA, MOBOPaYMBAET INIOCKOCTD MO~
pH3aUHUE MOHOXPOMATHYE€CKOTO CBETA ONPENCICHHON INMHUHE BOAHBI HA yro:
¢, =30°. Onpenennre TOMUMHY d, KBAapUEBOH ILIACTHHKH, TOMELIEHHON MeX Ty

apajllICIbHBIMA HHKOJISIMH, 4T100EI J@aHHBIH MOHOXpOMaTH‘{eCKPIﬁ CBCT racuiics
IOJHOCTEIO.

} PactBOp nmOKO3E! ¢ MaccoBo# koHUeHTpamwe#t C, = 0,21 r/cM®, Ha-
XoIAIMICA B CTEKIAHHOH TPYOKe, HOBOPAaUMBAET IIOCKOCTE IONSPH-
@1 MOHOXPOMATHYECKOTO CBETA, TIPOXOAAIIIETO Yepes PacTBOP, Ha yroa ¢, = 24°.

Jano Pewenue
d=2MM=2-107m o =ad,, Py =ad,,
P =30° ﬁzﬂ, dzziil"ﬁ_
P, =90° Py & P
4 7 ( Omeem ) dy= 6 nom

‘ Onpepenre MaccoBy1o KoHIEHTpauHio C caXxapHOTO pacTBopa, €Cu
TIpH NPOXOXKICHHM CBETa 9epe3 TpyOKy minHo [ =20 cM ¢ 3THM pa-
CTBOPOM IUIOCKOCTE NOAPH3ALNHE CBETA NOBOpAaYMBacTCA Ha yron ¢ = 10° . Yiens-

HOE BpallCHHE [a] caxapa pasHo 1,17 - 107 pag - M%/kr.

Hano

/=20 cM=02 M
p=10°

Pewenue

¢)=[a]Cl, C=—L.
1°=1,75-1072 paa.

( Omeem ) C=174,8 kriv.

000000000000 00000000000000000000000000000
Hekomopbte GHECUCMEMHDbIEC 6E/IUYIHDBI

[a] =1,17- 102 pag - M¥kr

¢ —?

1 cyr = 86400 ¢ 1°=1,75-107 paxn

1ron=3,16-10"¢c '=291-10" pax

1”=4,85.-107 pax

ITnockonoNApH30BaHHEIH MOHOXPOMATHYESCKHIL CBET, NMpoILe QML Ye-
pe3 MoMAPOU, OKa3EIBACTCA NOIHOCTHIO TOrallleHHbIM. ECIH ke Ha myTH
fBETA MOMECTHTE KBAPLIEBYIO IUIACTHHKY, TO MHTEHCHBHOCTB NIPOLIEAIIETO Yepe3 Mojid-
’Poym CBeTa yMeHbIaeTcs B 3 pasa (110 CpABHEHHIO C MHTEHCHBHOCTBIO CBETA, NAal0-

n;iem Ha nonsipoux). IlpuHUMan yneasHo€e BpalleHHe B KBaplie [a] =0,52 pap/mMM u

eHeOperas MOTEpPSMHA CBETA, ONPEAEIHTE MHHUMAILHYIO TONIMHY KBaplieBoii
pracTHHKY.

Jano Pewernue
1 I=1,cos’y,
[a] = 0,52 pan/mMm = .
= 520 pag/m 7’=3"‘P,
d —?

I=1 cosz(g —[a]d) ,

cos{ 2 [ = \g el arccos[\g] ., lal=2- arccos[@ ,

( Omeem ) 4-118 wm.
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5.6. KBanToBan npupoaa u3jiyyeHus:

O6wsacHuTe, N0YeMy B HEOTAIUTHBAEMOM IMOMEIIEHHH TeMIEpaTypa
BCeX Tell ONMHAKOBA,

Temnepatypa BHYTpeHHe!! TOBEpXHOCTH My(DeNbHOM NeYH IIpH OTKPHI-
TOM OTBepCTHH IUTomanbio 30 cM? paBHa 1,3 kK. IlpunuMast, uTo o1-
BEPCTHE NETH HITYHAET KAK YEPHOE TeNlO, ONPENENHUTE, Kakas HaCTh MOIIHOCTH pac-
CEHBACTCS CTEHKAMH, €/ NOTpebnseMas NMedsio MOIIHOCTS cocTarnser 1,5 kB,

Hano

Pewiernue

OO6bsacHuUTE, MOYEMY OTKPHITHIE OKHA JOMOB CO CTOPOHBI YIIHI[ KaXKyT-
€S YepHBIMH.

p— S—————

S=30 CM2=3'10-3M2 P"m’-:R‘,S=O'T4S,

Ppe=P~Fy = P-oT*s,
T=13xkK=1,3-10'K

Yaiihas dapdoposas yallixa Ha cBeTIOM (hoHe MMeeT TEMHEII pHCy-
HoK. EcnH 5Ty uariky GBICTpO BBIHYTE M3 YIEHH, IJI€ OHA HArPEBaNach
110 BBICOKOM TeMIIepaTyphl, 1 paccMaTpHBarh B TeMHOTE, TO HabOgaeTCa CBETIBIH
PHCYHOK Ha TeMHOM QoHe. OOBACHHUTE MOYEMY.

HmMeroTesd Ba 0JMHAKOBBIX AMIOMHHHEBBIX YaiiHUKa, B KOTOPBIX 10O
OZ{HOH H TOH ke TEMIIePaTyphl HarpeTo OqUHAKOBOE KOJIMIECTBO BOBI.
OnuH yaliHHK 3aKOIM4EH, a ApyToi 4ncThIi. OGBACHUTE, KAKOM M3 YaHHUKOB OCTHI-
HeT OBICTpee U nouemy.

P=15kBr=15-10'Br| B _, 0TS

P P
P g Omeem ) Bu _,
P P — M

DHepreririeckas CBETUMOCTB YePHOTO Tena R, =10 kBr/M2. Ompege-

JUTe JUTHHY BOJIHBI, COOTBETCTBYIONIYIO MAaKCHMYMY CHIEKTpaTBHOM
IUTOTHOCTH 3HEPreTHIecKkoll CBETHMO CTH 3TOTO Tela.

( Omeem )

A=4,47 MxMm.

OrmpezennTte, BO CKONBKO pa3 HEOGXOAMMO YMEHBLIHTE TEPMOAMHA-
MHYECKYIO TEMIEPATYPY UepHOTO Tena, YT00B! €ro 3HepreTHdecKkas

cBeTEMocTh R, ocnabunacs B 16 pa3.

Mano Pewernue
Ri _16 R, =0T}, R, =0T},
R,
j LR
T2 Re2
T
L _9
T

Onpenenm"e, KaK H BO CKOJIBKO pa3 H3IMEHUTCS MOIHOCTH H3JTY4YCHUA
YEPHOTIO TeJ1a, €CJIN JUTHHA BOJIHEI, COOTBETCTBYIOLIAS MaxkCUMyMy €ro

CHIEKTPTEHON TUIOTHOCTH SHEPTETUIECKOM CBETHMOCTH, CMECTHACH C Ay =720 mm

0 A, =400 Hm.

Hano

Pewernnue

- =79 10 b b
/ll~720HM-7’2 107 M 112—7:—’ /1'2:F1 })1=R€1S=UTI4Sa
Ay =400 EM=4-10 7 m ' 2
4 4
P, =R,S = 0TS, B L A4

})2 Pl T‘] 4 /14

P,
! Omeem B
']T =10,5.
1



UYepHoe TENI0 HAXOMUTCA MPH TEMIICPATYPe 7, =3 kK. Ilpn ocTsiBa-
HYMM TeJIa JUTMHA BOJHEI, COOTBETCTBYIOIAsA MaKCHMyMY CIICKTpallb-

i = . e-
Holl IVIOTHOCTH SHEPIreTHICCKOU CBETHMOCTH, I3MCHIWIACh Ha A =8 Mxm Oﬂp

nenute temneparypy 1 , 10 KOTOpO# TENO OXJIATHIOCK.

( Omeem ) 1,-323k.

————

B pesynbrare Harpesanus 9€pHOTO Tefla AVTMHA BOJHEI, COOTBETCTBY-
onrast MaKCHMYMY CIIEKTPaNbHOH IUTOTHOCTH S HEPreTHYECKOH CBeTH-
MOCTH, cMecThIach ¢ Ay = 2,7 MkM 10 4, = 0,9 MxmM. OnpenenuTe, B0 CKONBKO pas

YBEIMMHIAck: 1) SHEPreTHIeckas CBETUMOCTE Tela; 2) MAKCUMAaITbHAd CIIEKTPaib-
Has IUIOTHOCTh IHEPTETHUCCKOH CBETHMOCTH Tena. MaKCHMallbHas CrieKTpaibHas
IWIOTHOCTh SHEPTETHYECKOH CBETHMOCTH YEPHOTO TeNa BO3PACTAET MO 3aKOHY

(nr) _ =CT®.me €=13-107 Br/v - K9).

YepHoe TeN0 HArPEMy OT TEMIEPATy Pkl T, =600 K no T, = 2400 K. ,ZI ano Pewenue
Onperenure: 1) so CKONLKO Pas yRGTriLIach €10 SHEPTEMHETER 3 _, s g el 5 _ 4 _b
CBETHMOCTS, 2) Kak H3MEHIIACH [UIMHA BOJHEL, COOTBETCTBYIOMAs MAKCHMYMY CIICK- ) R =ol", A= T’
TpaJibHOM IVIOTHOCTH SHEpreTHIeCcKod CBETHMOCTH. Ay =09 MxM=0910"m ) )
- T Ra L _ A4 - T’
— . unach Ha 3,62 MKM. (r'l’T)max =CT RE - T4 - 14 ’ (r'l'T)max =T ?
Omeem 1) n=256; 2)ymeHsl ; x4 M
.C=1,3-10" Br/(m* - K%).
- | L _A
Tlnomans, OrpaIrieHHas PAgUKOM CTIEKTPATLHOR IWIOTHOCTI SHEP R, na) R H
TeTHUECKOH CBETUMOCTH *3 7 1€PHOTO TeNa, IPH MEPEXOAE OT TEPMO- D RTl —? -
2
JHHAMIEcKol Temepatypsl 1) K remmeparype T, yBeNMMHIach B 5 pas. Ompene- Omaom
‘ ’ ,
JIUTe, KAK H3MEHUTCA TIPH TOM JTHHA BOTHEI A, , COOTBETCTBYIOIIAM MAKCHMYMY 2) (f"_z_T_z.J —9 1) Ry _ 81;2) [.&12.] =243
CHeKTpAIBHOM IUIOTHOCTH JHEPIeTHYECKOH CBETUMOCTH HCPHOTO Te/Ia. na ) R, )
Br — —
ﬂa”O Peme"ue A .........................................
® ™7, Ocnosusie Qusuneckue nocmoanusie
S2 di |
—S—=5 SX_REI_ jrA'Tl ’ !
1
: 0 ! T, IMocrosunas Credana—bonsiMana 0=567-10" Br/(m?- K%
i
«Q 1
d [ IMocroaunas Buna b=290-10" M- K
’lmaxl 9 Sz = Rez - jrA,T di, )l. ,i A ﬂ
A nax2 0 mad e IMocrosaunas ITnanka h=6,63-10"* IIx - ¢
- oT? T = b , T, = b , IMocrosHHas B 3aKoHE, CBA3BIBAIOMEM
Ry=0ol;, R, =01y " Amaa Amax2 MaKCHMalbHYIO CTIEKTPAIBHYIO
1 IUIOTHOCTH YHEPreTHYECKO CBETHMOCTH
. ‘ Omeéem > Zmaxl - 1,49, HEPHOTO TENAa ¢ TePMOIMHAMUIECKO
;'mlxl__:z‘z_z RE2=4§2-. /lmax2 ¥ C—1310-5 3. K8
Amaz 5 YR Sy ymensImaTes B 1,49 pasa. TeMnepatypoit =1, Br/(m* - K°)
—

———

S ———————————"")




OnpezenuTe, KaKas JJTHHA BOJIHBI COOTBETCTBY €T MaKCHMAIBLHOH CIEK-

TPaNbHOH IVIOTHOCTH 3HEpreTHIECKOH CBETHMOCTH (ﬁ,r)max , paBHOH

1,3 10" B1/n.

Hano

Peuwternnue

[TpunrmMas ComHue 3a 4epHOe TeJ1O H yUHTBIBast, 4TO €10 MaKCHMallb-
HOJ CHEKTPaNLHON TUIOTHOCTH 3HePreTHYecKkoil CBEeTUMOCTH COOT-
BETCTBYET JUIMHa BOJIHEL 500 HM, ofipeieIuTe: 1) TeMIiepaTypy NOBEPXHOCTH ConHua;
2) 3Heprmo, H3Ty4aemyro CosHlleM B BHIe /IEKTPOMAr HUTHBIX BOJIH 32 10 muy;
3) maccy, Tepsemyro CoHueM 3a 3T0 BPEMS 33 CUCT H3TyHeHHs.

] b
= 5 —
(rA’T)max 1,3 * 10“ BT/M:" (rA,T)max =CT , ),max =—, T = )'max s

C=13-10° Br/(»* - K¥)

max

( Omsem ) ;. =183 wxu.

CuuTasd HMKelh YEPHBIM TeNOM, OTpejendTe MOIHOCTD, HeoOXonu-
MYIO ISl [OfACPKAHHA TeMIIepaTyPEl PacilaBIEHHOIO HUKe s
1453 °C HeusMeHHOM, €CIIH TUIOMaAL ero MOBEPXHOCTH PaBHa 0,5 cm?. TloTepsaMu
3Hepruu npenedpeys.

Hano {

t=1453 °C; T=1726 K P=ReS=O'T4S.

§=0,5 cM*=5"10°m
( Omeem ) P=252 Br.

Pewertue

pP—1

ano Peweriue
Ao =500 HM=5-10"M b 7.2
)"max =T - A ’
=10 muu= 600 ¢ r, max

=695 10 M w
ke W=R‘,SI:UT4 4nRit, m=—5.

( Omeem ) 1) T=58 kK,

m, =198 10°° kr

T —2
)W —2 2) W =234-10% Iix;
3)ym—1 3) m=2,6-10" xr

OrmpegenuTe TeMilepaTypy Tena, IpH KOTOPOM OHO MK TeMIlepaType

okpyxarolieii cpens! ¢y = 23 °C H3Ty4allo SHepruH B 10 pa3 6onsine,
4eM MOTTIOMANo.

MeTa/Mueckas OBEPXHOCTS ILIomanpo S =15 cM?, HarpeTtas .0

Temnepatypsl T =3 kK, u3my4yaeT B OIHY MHHYTY 100 xJIx. Onpene-
nuTe: 1) SHEPIHIO, H3MYUAEMYHO TOH MTOBEPXHOCTEIO, CHUTAA €€ 4epHoif; 2) 0THO-
IIeHUe SHepreTHYeCKHX CBeTHMOCTeH 3TOH M0BEPXHOCTH U HepPHOTO Te1a pH JaH-
Hoii TeMIiepaType.

‘ Omeem ’ 1) W =413 xJIx; 2) %:0,242.

ano Pewienue
tp=23°C; T,=280 K | W, 4ol'St T* W,
—-——:———-——4——-:-—;, T:TO 4 LE) I
W 1 Wi AroTySt Ty
WI’]OTH
o ( Omgem ) 7=533 K.

om——

Hexomopbte ACHMPOHOMUYHECKUE BESITUYUHDI

Panuyc 3emiu 6,37 - 10°m
Macca 3emnn 5,98 - 102 kr

Pamuyc Conmua 6,95 - 103 M
Macca Conna 1,98 - 10 kr




3 Cuuras, 4TO TEIUIOBBIE NMOTEPH OOYCIOBICHE TOMBKO H3TYYEHHEM,
onpenenure, Kakyio MOIMIHOCTE HEOOXOMMMO MOABOAUTE K MEXHOMY

IapuKy IHaMeTpoM d =2 cmM, 4ToOBI NpH TEMIEPATYPE OKPYXKAOMEN Ccpens!

ty =—13 °C nonmepxUBaTh €ro TeMIeparypy passoii f =17 °C. [Ipumure mnorno-

aTeIbHYI0 CHOCOOHOCTE MeIH A = 0,6.

Hano

Pewennue

d=2cmM=2-10?%m 1::,3“=ATGT4S, P

norn — ATGIZ)4St ’
ty=—13 °C; T, =260 K

2
t=17 °C; T=290 K s=4.7_ 22,
Ar=0,6
P=P. — P, = Arond (T* -T}).
P—2?

[Mpeobpasyiite popmyy Ilnanka mid CrieKTpaIEHOM’ ILIOTHOCTH SHEp-
TeTHYECKOH CBETUMOCTH YEPHOTO TeMa OT NMEPEMEHHOMN V K IepemMen-

HOH A.

2mv? h
2 M _y

[oas3ysce popmynoii ITnanka 7, r = , JOKXHUTE, 4TO

B obsacTi MTBIX yacTor ( Ay << kT ) ona cosnanaet ¢ hopmymnoii Panes— Drunca.

2m? h
—— 77~ , BRIBETHUTE U3
2 MR _y

[Mone3ysace dopmynoit [nanka 7, r =

Hee 3axoH Ctedana — BomsMana,

( Omeem ) P=0,107 BT,

Onpenenure CHIy TOKa, MPOTEKAIOUIETO 0 BOIL(PaMOBOi IIPOBOIIO-
xe auamerpom d = 0,8 MM, remIeparypa xoTopoit B BaKyyMe noauep-
KHBAETCs MOCTOSHHON 1 paBHOH 1 = 2800 °C. IToBepXHOCTH IMPOBOIOKH CYUTATE

cepoii ¢ nomomareasHOH ciocobHocTRI0 Ar = 0,343 . VaennHoe comporuBieHMe
NPOBOJIOKH IIPH JaHHOMH Temyepatype p =0,92- 107 Om - cm. Temnepatypa oxpy-
Xawmel mposoaoKy cpemsl £, =17 °C.

Hano

d=08 mm=8-10%*m
t=2800 °C; T=3073 K

Peuwteriue

P=I*R, P=40(T*-T})S (cm. samauy 5.186),

2
AT:0,343 S=ndl, R“—‘pi, S =.7'L'd i
Sce ceu 4

p=092-10" Om - cm =

=92-107Om " Iz‘/zz‘/Ara(T“—]}f)nzf '
t,=17 °C; T, =290 K R 4p

( Omeem ) I=488 A.

I —?

458

2w
5 " moikTs ., BBIBEOUTC U3
2 Py

[one3ysce dopmynoit [nanka 7, ¢ =

Hee 3aKOH cmemenus Buna.

Hcnons3ys Gopmyity Ilnanka, onpeaenure CeKTpaIbHYIO IDIOTHOCTE
MI0TOKa H3MTy4CHHs €HHULBI ITOBEPXHOCTH YEPHOTO TEJIa, NPHXOAT-

Ierocs Ha y3KHH MHTEPBaT JUIMH BOMH AA =35 HM OKOJ0 MakCHMyMa ClIEKTpaTb-

HO} TUIOTHOCTH PHEPreTHIECKoH CBETHMOCTH, €CIH TEMIIEpaTypa YE€PHOro Tela
T=2500 K.

Hano Pewenue
T=2500 K _2nhc2 1 - b
Al=5uM=5-10°m r= T K@y =T
2mhe*T® 1
(rA,T'A’l) —? (’Ar A'l)= B oMk A4

( Omsem ) (rur-84)=626 xBr/w,




O6psacHuUTe: 1) IPOHCXOKAEHHE PaNHALMOHHOM, IBETOBOMH 1 ApKo-

CTHOH TeMIieparyp; 2) MOXET M pafHalHOHHas TeMIIEpaTypa ObITh
60JbIe HCTHHHOM.

Ay

Hns BonsdpamoBoit HuTH ipu Temnepatype T = 3500 K momomarens-

Hast crocobHOCTE A4y = 0,35. OnpefennTe pagHALHOHHYIO TEMITepa-

TYPY HHTH.

Hano Pewenue
T =3500 K Ry = draT*, Ry =0Ty,
=035 ApoT = oTp4 ) Tp4 =4, T",
T, —2 T,=4d T
( Omegem ) T, = 2,69 KK.

OTHOMMEHHE YHEPreTHIECKO}i CBETHMOCTH R;. ceporo Tea K SHepre-

THYECKOH CBETHMOCTH R, 4€pHOTO Tena paBHO A, . BelBeaute cassb
MEXIY HCTMHHOM M PallMaLHOHHOM TeMIlepaTypaMH.

Omnpeze/iTe MAKCHMANBHYIO CKOPOCTH (POTOTEKTPOHOB, BRIPHIBAEMBIX
C MOBEPXHOCTH MeTAUIa, eCTH (POTOTOK NPEKPALIAETCA TIPH IPIIIONKE-

HuM 3aficpHBatollero HanpskeHms Uy = 3,7 B,

Hano

Pewtenue

Ocgelas moodepenHo ($poToKa-

TOA ABYMS Pa3HBIMH MOHOXPOMa- !
E'Tuqecxmn HCTOYHHKAMH, HAXOMAIIMMHCA Ha
‘pIMHAKOBBIX PACCTOTHMSX OT KAaTOMA, IOTY4H- 1
1 ABe 3aBucuMoctH (! u 2) $doToToKa oT Ha- Ve
;:‘Ipmxemm MEXIy KaToaoM 1 anogoM. O6bsc- 2
»ﬁq-mre, B YEM OTIMYHE ITUX HCTOYUHHKOB. g
| —
0 U

Kpacnas rpannua ¢porodddexra 1ns HEKOTOPOro MeTalla paBHa
500 M. Onpenenure MUHMMANbHOE 3HAYEHNE SHEPTMHU (POTOHA, BhI-
suiBatolero ¢poroddodekr.

i

Hano Pewienue
(
— =K. C
Ao =500 mM=5-10"Mm Emn = M0, Vo=
Ao
€ — ? hc
€mn = 'A_ :
0

‘ Omeem ) Emm = 249 3B.

Ha pucyHke cxeMaTHIeCKH Ipea- I f

CTABJIEHB! BOJBT-aMIIEpHBIE Xa-
paxrepucraxu (kpuesle /, 2 u 3) boroaddexra
A1d ogHOTO M TOrO e Merawia. O6pACHHTE

OPHUUHY OTIIHYMA 3TUX KPUBBIX. 3
UO = 3,7 B mui]ax Zer 2
—==cl, Umax T[T !
e=16-10""" Kn 2 m
m=911.10"" xr >,
0 U
VUmax —? =

( Omeem )umale,m Mw/c.

so—
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‘DOTOBJ’ICKTPOHBI, BBIPBIBACMBIC C ITOBCPXHOCTH METAILIA, ITOJTHOCThIO

3aepIKUBAIOTCS NP NMPIIOKEHAH 06paTHoro Hampsokerns Uy =3 B
Do103()DEKT [ FTOTO MeTaILIa HAHHACTCS [PH YACTOTE MANAI0INEr0 MOHOXpOMa-

14 -
THUECKOTO CBETA v, = 6-10"" c¢'. Onpenenure: 1) paboty BEIXOAA 3NEKTPOHOB M3
3TOro MeTalNa; 2) 4acToTy NPUMEHIEMOT0 HATydeHHU,

(Omsem )|y 4-2488; 2)v=13210" ¢

Onpegennre paboTy Brixoaa A 31€KTPOHOB 13 Bonbdpama, eciu “kpac-

Has rpaauua” Gorosddexta nna Hero A, =275 Hm.

) Kpacnas rpanuua dotosddekra Ang HEKOTOPOTO Meralia paBHa
500 um. Ompepenure; 1) paboTy BBIXOM NEKTPOHOB M3 3TOTO METall-
na; 2) MaKCHMaJIbHY0 CKOPOCTH 3MEKTPOHOB, BBIPBIBAEMBIX M3 9TOTO META/LIa CBE-
TOM ¢ ATMHOH BonHEI 400 HM.

Hano Petuenue
- =5. h 2
/lO—SOOHM 5 107M Azhv()':/l_cs hv=A+mv2max,
A=400 iM=4- 10" M 0
2
)4 —72 %=E+m—’;"ix—, Ve = &[%—%j
2) vy —? Yo " 0

Hano Pewienue
Ay =275 HM = A=hy,, Vo=£’
=2,75-10"m A
Lyt
4—7? Ay COmsem) A=4,52B.

Kannuii ocsemaercs MOHOXpOMaTHIECKIM CBETOM ¢ IIHHOMH BOJIHBL
400 mm. Onpenenure HaMMEHbIIES 3aAEPKHBAONICE HANPKEHHUE, TTPH
KOTOpPOM (DOTOTOK Hpekparurcs. PaboTa BRIXOa YNEKTPOHOB M3 Kajlus paBHa 2,2 3B.

( Omeem > 1) A=2,49 3B;  2) v, =468 kv/c.

BriGuBacMele cBEToM ApH GoTo3(dekTe MEKTPOHBI MPH 06Ty IeHUM
(hoToKaTona BHIMMBIM CBETOM MOTHOCTBIO 3a/1€PKHBAIOTCS OOpaTHBIM

manpskeHueM U, =12 B. CrienuaibHble H3IMEPEHHS [TOKA3a/H, YTO JIMHA BOTHBI

magaromero ceera A = 400 Hv. Onpenenure KpacHyio rpasuny Gorosddexra.

( Omeem ) Ay =652 HM.

Hano Pewenue

— — 4. 7 2

A=400 B =4-107M | MU

A=225B = 2

=3,52- 107" JIx )
muv (4

_ -19 — I = e, =—,

e=1,6-10"" Kn 2 0 V=7

= 6.63-10°%* I -

h=6,63-10"* Jlx-c e,
he 2

UO__? T—A"f“er, U(): P

( Omgem ) u, =091 B.

3anepxuUBarOINee HanpsKEHHE JUIA [UIaTHHOBOM ILIaCTHHKH (paborta
BeIX0Aa 6,3 3B) cocrasnser 3,7 B. Ilpu Tex e ycnoBuax s gpy! o
IUTACTHHKH 3aJepXKHBaloLIee HApskeHue pasHo 5,3 B. Onpenenure paboTy Bbixo-
1a 3eKTPOHOB M3 3TOH IUIACTHHKH,

Hano Pewienue
A=63 3B hv=A+eU;, =4, +eU,,
U1=3,7B AX+EUX=A2+8U27 A2=Al+eU1—eU2.
U,=53B
dy —? ( Omeem ) 4,=473B.

463



Onpenennre, 10 KaKOro NoTeHUHANa 3apAIMTCS yeIHMHEHHBIH cepes-
PSHBIA MIAPHK NTPH 06MY4eHHH ero YIETPaQHONETOBBIM CBETOM JUTH-

Hoit BonHb! A = 208 M. PaGoTa BHIXONa 21eKTPOHOB 3 cepebpa 4 = 4,7 9B

Hano Pewenue
A=473B~=
c he
=7,52-10 ' [Ix hv=A+ep, VZE’ 7=A+‘3V”
A=208 M =2,08"10"m
S — _he A
o —9

p=—-—.
ke e ( Omeem ) ,=128 B

sizgyiw HpH OCBELIEHNH BAKYYMHOI O Q)omanemema MOHOXpOMaTH‘-IeCKI/[M CBe-
it

(ﬁ; e D

i

TOM C [UIMHOM BOMHBI A) = 0,4 MKM OH 3apsuKaeTcst 10 pa3sHOCTH NOTeH-

anoB ¢, = 2 B Onpenenurte, 10 kako# pasHOCTH NOTEHLMANOB 3apsaurcs GOTodTe-

MEHT HPH OCBELIEHHH eT0 MOHOXPOMATHUYECKHM CBETOM C [UTHHOH BOHEI A, = 0,3 MKM

‘ Omeem ’ ¢,=3,04 B

IInockuii cepeGpAHBIH 371eKTPON OCBEmAeTCS MOHOXPOMATHUECKUM

H3ITyyeHHeM ¢ JUIMHOM BOnHB! A =83 HM Omnpenennte, Ha Kakoe Mak-
CHMaJIbHOE PaccTOsHHe OT OBEPAHOCTH IEKTPOLIa MOKET YAATHTECH POTONEKTPOH.
€C/IM BHE IEKTPOJa UMeeTCs 3aepKHBAIOLIee JIEKTPHUECKOE 0N HANPHKEHHOC-

10 E =10 B/cm. Kpacuas rpanyma dotoaddexta qs cepebpa A, = 264 um

Hano Pewienue
A=83 HM=83:10%m
he  he hel 1 1
Ay =264 HM=2,64 107 M| — =—+eEs, PR P
Ay eE\ A A,
E=10 B/cm=10’B/m
e=16 107" Kn
s — 9

( Omeem );:1,03 M.

464

DOTOHB! ¢ 3Heprueii € =5 3B BHIPHIBAIOT YOTONIEKTPOHDI H3 METAJI-
na ¢ paboroii Beixona A =4,7 3B Onpelenure MaKCHMAaNbHBIH UM-
IyJIEC, TlepeaBaemblii NOBEPXHOCTH ITOTO MeTaJlIa Npu BhUIETE JJIEKTPOHA

Jano Pewenue
-
5:53B:8'10|9II)K — __.A+_’_n£;ﬂ
A=4,79B= Pmax = M man ‘ 2
= 7’52 10 19 ,[I)K 2
Umax = V;(E—A)’ DPmax = VZm(s—A) '
DPmax —— 7

‘ Omeem ’ pma\=2,96,10'25 kr M/c.

{?E@)\ &,
B2

: eCKIM CBETOM ¢ [UnHoil BomHs A =310 HM (GOTOTOK npeKparnaercs
NPH HEKOTOPOM 3a/IePXKHBAIONIEM HANpskeHuu [1pu yBenn1eHuH JUNHE! BONHbI Ha
25% 3aepXKHMBAIOLIEE HAlPsKEHUE OKa3hiBAETCA MEHbLIC HA 0,8 B. OnpexnenuTte no
3THM SKCIEPUMEHTAIBHBIM JaHHEIM MOCTOsSHHYIO [Tnanka.

HpH OCBeleHHH KaTtola BaKyyMHOI'0 (.’poroanemema MOHOXpOMaTH-

Jano Pewienue
-_— = 7
A4 =310 mm =31 10 u E:A+eU|, %:A“Uz,
A, =1254, A 2
U’):l/rl—AU 1 1
- h —_———=e U _(j )a
AU=038 B C(l, 1, (=%
h—9 1 1
i he| = ————|=e AU,
C(Al 1,25/1,]
h:5e/11 AU
C

(( Omsem ) ;_66110% x c




Onpenenure MaKCUMANBLHYIO CKOPOCTB VU, (DOTO3MEKTPOHOB, Bhi-

PHIBAEMBIX C TIOBEPXHOCTH HMHKA (pabora Brixona A4 =4 3B), upu
00IyqeHuH Y -H3IIy9eHHeM C JTHHOM BOMHBL A = 2,47 IM.

Hano Pewenue

A=43B= 5 34 g

—4.16-10" c (663107 310

4:1,6-10" Ix gz_z[ /1,6 107" | 3B =
A=2,47 M= A 2,47 10

=2,47-10 w =0,503 10°5B = 0,503 MB.

e > A=4 5B.

v ?

)
me” 1
— - 2 2
E—EnonH—EO_ 3 2_mc =mc —“‘—_"——1 s
1_vmax/(" l—vr-nax/c2

1 € €+ mc? r—-—
[ 2 2 -l= 2+1= 2 max/c
1- Umax/c me me €+ mc?
2 4
V2 /2_1_m—c m*c*
max/ € = 22 » Vpax = C 4|l =——————=
(e+mc”) (e +mc*)?

( Omesem )U

Onpeznenute a1 GOTOHA ¢ WIMHOM BOMHBI A = 0,5 MKM 1) ero aHep-
r'HI0; 2) HMITYILC; 3) Maccy.

( Omeem ) 1) £ =2,48 3B;

2) p=133-10" xr- m/,

ax = 259 Mwm/c.

3) m=4,43 1073 xr

(%@m %) Onpeenute FHepruro HOTOHA, PH KOTOPOH ero SKBHBAICHTHAA Macca

L paBHa Macce IOKOs JIEKTPOHA. OTtgeT BBIPA3HTE B JIEKTPOH-BOILTAX

Hano | Pewienue
2
£=m,C & (JIx)
¢ S:mec2, 8(3B)=1’Tl—0_‘13.
£ (3B)—?
=512 1B

( Omegem )

( g \j
5@%&‘4‘ Onpeﬂenme ¢ Kaxo# CKOPOCTBIO NOJDKEH JBHraThCs JIEKTPOH, YTO-

GBI £r0 MMITYJIEC ObUT PaBEH HMITY1bCY (OTOHA, ATHHA BOIHEI KOTOPO-

ro A=0,5 Mxm,

Hano Petuenue
(.: p h
P p l)e:-—e’ pe—p:;’
A=05 Mmxm=35-10"m e
o h
v, —7? c im,

Onpeeure [UIHHY BOTHBI OTOHA, HMITYIIBC KOTOPOTO PaBeH MMITYIb-

Cy 3NeKTPOHa, TIPolle IIero pasHocTs noteHumanos U =9,8 B.

Hano Petuenue
e=16 107" Ka I 20U —
l]:“e ) v= ] e:meU: zmelj’
U=988B ¢ 2 m, P ¢
pe = p h p p 3 h
- P=% < J2meU

( Omsem ) ;-39 u.
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Onperienure Temnepatypy. pH KOTOpOH Cpe/Hss SHeprus MOJIEK}. I
TPEXaTOMHOIO raza paBHa SHEPrUH (OTOHOB, COOTBETCTBYIOUINX H3-

Jy4enmo A = 600 um.

I[OKa)KPITB, 4TO CBETOBOC JABJICHHE, OKA3bIBACMOE Ha IMOBEPXHOCTH
TEJIA MIOTOKOM MOHOXPOMATHYIECKOT0 H3TYyYEHWA, [TaJaI0UIEr0 EPIeH-

IMKYJISPHO MOBEPXHOCTH, B CTyuae HIEANbHOFO 3epkaia paBHO 2w, a B Ciryuae

0 MOMTHOCTHIO MOFIOIAIOIIEH MOBEPXHOCTH PaBHO w, e w — oBbeMHas IUIoT-
meem T'=8 kK. HOCTB SHEPTHU H3TY4EHHS.

o — — a——

JlaBIeHHE MOHOXPOMATHYECKOTO CBETA C JTHHOMN BoHBl A =500 HM
Ha 3a4EPHEHHYIO [OBEPXHOCTB, PACIIONOKEHHYIO NMEPIeHIHKYIAPHO
najalomuM ayuam, paBro 0,12 milla. Onpenennre 4uc/io QOTOHOB, MALAKOIIAX
eXeCeKYH/IHO Ha 1 M? MOBEepXHOCTH.

Onpepenure, ¢ Kakoif CKOPOCTBIO JOIKEH JIBHTATECA MEKTPOH, HTO-
6b1 ero KHHeTHYeCKas JHeprus Gbula paBHa JHeprHy (GOTOHA. ANMHA

BOJIHBI KOTOpOro A= 0,5 mxm.

‘ Omeem > v=935 xm/c. ,ZIHHO Pewenue
A=500 mu=5-10"m |, Beq, =V
’ ¢ ’
Onpegennte, ¢ KaKOH CKOPOCTBIO 10/KEH JBHIATECS 3IEKTPOH, YTO- p=0 ¢ St
OBl €ro MMITYZIBC GBI paBeH HMITY/IBCY (JOTOHA, ATMHA BOJHB! KO- p=012 mxlla= W = Niw = Nh< - Ne (1+p)
Toporo A=2 mnm. =1,2-107Tla S P s TP
t=1c
Mano Pewienue Gl NP
s p ) e h(l+p)
A=2mM=2-10"um e=—/{—c, E0=mc2. N —? < Omgem ) N =9,05-10".

—9
v —1
Ha upeansHO OTpaXkalollylo MOBEPXHOCTH IUIOMALb0 S =35 cM’ 33
10 =99 10" Ik = 0,62 MaB ; BpeMs ! =3 MHH HOPMAJBHO NaJaeT MOHOXPOMaTHUECKHIT CBET, SHEP-
. M
rus xotoporo W =9 JIx. Onpenenure: 1) 06ny4eHHOCTE MOBEPXHOCTH; 2) CBETO-
BOE J[ABJICHHE, OKa3pIBaEMOE Ha MOBEPXHOCTb.

, 2663107 Ix-c -3 10° m/c

Eg=911 107" kr (3 10° m/c)* =82 107" JIx = 0,51 MaB;

e~E, . R - N Hano Pewenue
’ T S A R R - ~z.
)- 1_1| !¢ 1_“-/0- A' S—5 CN]2 5 10-.4 Nl2 _ W Ee 2Ee
p=1 E =2 p=—20+p) ==*.
23 h2 2/ 2 J St ¢ p=l ¢
mu” :—/{_7-(1 —v'/c“), Wt = 1)2(}712/126‘: . h:)’ v= cn t=3 Mmuu=180c¢

ATyl W =9 I

Omeem Y v=077c. Iy E —9 Omeem ) 1) E, =100 Brim?;
2) p=667 ulla.

2)p—17
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Ompenenute naBlieHne CBeTa Ha CTEHKH MEKTPHYeckoil 1 50-BaTTHOil
JaMIIOUKH, IPHHUMa, 4TO BCS NMoTpebaseMas MOIHOCTE HAET Ha H3-
JTyYeHHE H CTEHKH JIaMITOYKH oTpaaroT 15% nagaromero Ha Hux ceera. CunTaiite
naMIiouKy cpepuaecKuM CoCynoM paguyca 4 cM.

Hano Pewienue
P=150 Br —ﬂ(n) o W _ 0 P
qu)e 14 c p ’ (4 St— S _S’
p=0,15 P
= = S=4.7'[R2, = 1+ N
R=4 cM=0,04 m p=1+p)
p—2

( Omsem ) ,_ 256 .

JlaBreHre MOHOXPOMATHYECKOTO CBETa C JUTHHOM BoNHE! A = 500 1M
Ha 324€PHEHHYIO NOBEPXHOCTE, PACIONOKEHHYIO NEPIEHAHKYISPHO
najaromeMy u3my4eHmio, pasHo 0,15 mxlla. Onpenemite uucno GoToHOB, Majar0-
KX Ha MOBEPXHOCTH Iomanpo 40 cM? 3a OfHY CeKyHIY.

§ llannenne P MOHOXPOMATHUECKOTO CBETA C JyIMHOM BonHb! A = 600 Hm

Ha 3a4€pHEHHYIO MOBEPXHOCTH, PACHOIOKEHHYIO MEPIEHAHKYIAPHO
majarommeMy usiydeHno, coctasser 0,1 MxlTa. Onpenenure: 1) KOHUESHTPALIIO 7
(hOTOHOB B CBETOBOM IIy4Ke; 2) 4uc10 N (OTOHOB, MAJAIONIHX EXECEKYH/IHO Ha 1 M
TIOBEPXHOCTH.

Hano Pewenue

p=Olwdla=107Ta | ) _Fey, )iy p), n= W:1fp’
A=600 ;M=6"10"M ¢
= A h
p=0 el =P p_pa=" N,
i1=1c¢ A he(l+ p) A
S=1m

. pc _ESStA_ pcStA _ pStd
1) n—2 C (l+p) " ke (4 pdhe  h(1+p)
) N —2? N =ncSt .

( Omeem ) 1) n=302-10"" v  2) N=9,06-10".

Ha upeansHo OTPAKANILYIO [TOBEPXHOCTh HOPMAIBHO IAJaET MOHO-

Hano Pewenue XPOMATHIECKHH CBET ¢ IMUHON BOMHE! A = 0,55 MkM. IToTok m3mydenns
A=500 mM=5-10"M E, 1+p) 5 /4 ®, cocrasnser 0,45 BT. Onpenenure: 1) 4ncio GoTOHOB N , NajalomuX Ha NoBepX-
— = =—+ , =—, o
p= 01’155 “:;Ifan P c P ‘St HOCTH 3a BpeMs ¢ =3 c; 2) Cuily 1aBJIEHHA, HCIIHITBIBAEMYIO STOH MOBEPXHOCTEIO.
= . . |~ a
=0 = ——W 1
o PSP, p=0, Jano Pewenue
§=40 cM*=4-103 m?
t=1c¢ h A1=0,55 Mkm=55-10"m woh
W=pStc, W_gNz_CN, W:gN:—h—C:N, cDe=—=—CN,
I —— A p=1 A t At
N —? Wi pS ®, =045 Br E.S o
t =y,
:-—:p (4 € NZCDEA‘I, F:pS: (4 (1+p):_e(1+p)
he h t=3c¢c he ¢ ¢
Omegem - 17 HN —2?
( > N =4,52.10". ) - ( Omeem ) |y y_373.10%; 2) F=3uil
_ 2) F —2
470,
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ILnockast cBeTOBas BONHA MHTeHCHBHOCTEIO [ = 0,1 B1/cM? nanaer nojy

yrmom ¢ =30° Ha IJIOCKYIO OTP@KAOUIYIO TIOBEPXHOCTE C koaddu-
uneHToM oTpakenns £ = 0,7 . Hcrons3sys kBaHTOBbIe IPe/ICTABIEHNS, ONpeeTUTe
HOpMANIbLHOE 1aB/IeHHe, OKA3bIBAEMOE CBETOM HA 3TY MOBEPXHOCTS.

‘ Omsem ’ Py = M 0052 o= 4,25 Mxl]a.
C

€ 5.233 ’ Y3Kuit IIY40K MOHOXpOMAaTH4eCKOro peHTI‘eHOBCKOI‘C U3TYy4YCHUA T1a-
i
SRR

IaeT HA pacceuBarolice pemecTso. OKa3bIBAETCA, YTO JUIMHBI BOTH
paccesHHoro nog yrnamu ) = 60° u 9, =120° namyuenus ommuarores s 1.5 pasa.

OrnpejienuTe IHHY BOMHBI MfAIOIMEro U3MYYEHHUs, NIPETIONaras, 4ro paccesHue
NPOHCXOIUT Ha CBOGOIHBIX INEKTPOHAX.

Hano

Pewenue

PaccmarpiBast 0CcoGeHHOCTH MEXaHH3Ma KOMITTOHOBCKOTO PACCesHuA,
oGbsicHUTE: 1)TI0YeMY [LTHHA BOMHBI PACCETHHOIO HITYUEHUS GOMb-
WI€, 1eM JUTHHA BOJIHBI NaJAI0IIEro H3TyYeHus; 2) HATHUHe B COCTaBe PACcCETHHOTO
H3TY4EHUs “HecMeleHHON” THHHH,

OnpeienuTe UTHHY BOJIHBI PEHTIEHOBCKOTO H3/Ty4eHU, eCIH TIpH KOM-

ITOHOBCKOM pacCesHHM 3TOTO M3TYHeHUs o1 YrnoM §f = 60° gauna
BOJIHBI PACCEeSHHOTO H3Ty4EHNs OKA3aIack PaBHOH 57 mM.

1, = 60° A=A+ Ac(1-cosd)), b= A+ Ac(1-cost,),
A A A+Ac(l-cost)) T

=15

A

At Ao — A cost, =154+ 154c —1,54 cosd,.
A=Ac(3cos? —2cost, - 1).

A—7
( Omeem ) ;_364 m.

( Omeem ) A=558 mM.

e aa——

®otoH ¢ sHepruel €= 1,025 M>sB paccessics Ha nepBOHAYATBHO Mo~

KxouBIIeMcs cBoGoIHOM sniekTpoHe. OlpesienHTe yroa paccesHus do-
TOHA, eCJTH [UTHHA BOJIHBI PACCETHHOTO QOTOHA OKAa3aIach PaBHOH KOMITOHOBCKOH

LUTHHE BOJIHBI A = 2,43 M.

Hano Pewernue
£=1025 MsB =
s h h
=1,64-10" Ix SZhV=—C, }_=~£. A=4+A2(1-cosd),
s ). P
A= Ac
¢ he
A =243 M = )-C:_"‘FAC(I‘-COSl?), cosﬁ:-—’
Cc= 4% e -
=2,43-10"m
0 = arccos[ﬁ) .
ﬂ ——. ACS ‘ Omsem ' 172600,

<y 5 k) - -
éfg‘%gjf 1‘7) ®OTOH C [UTMHOMN BOMHBI A =5 IIM MCTIBITAN KOMIITOHOBCKOE pacces
v P

HHe 1ox yrioMm ¥ =90° Ha repBoHa4aIbHO NOKOMBIIEMcH CBODOII-
HOM aneKTpoHe, Onpesienure: 1) H3MeHeHUe [UTHHbI BOJHEI [IPH PacCesHuu; 2) 3Hep-
U0 3JeKTpoHa OTAa4H; 3) MMIYJIbC 3MeKTPOHA OTHauM.

Hano Pewenue
A=5mmM=5-10"m M=l -A=A(1-cos?)=A; (cos?=0),
= Wop gt R, M
1) Ak —2 e AoAAAeAh P
)W, —2
3) p, —?

e
= — o+ :
Pe =1 AJ A+ A

< Omgem ) 1) M =243 mw; 2) W, =813 10B; 3) p, =16-10 7 kr-wc.




@otoH ¢ sxepryedt € = 0,25 MaB paccesics Ha n1epeoHaYaIbHO HOKO-

uBUIEMCA cBOGONHOM 3MeKTpoHe. OTIpesteHTe KHHETHIECKYEO IHEPIHIO
3JIEKTPOHA OTHA4H, €CIIH AJTHHA BOMHBI PACCeHHOTO (hOoToHa H3MeHwIach Ha 20%,

Hano Pewienue
£=0,25 MbB = T ce_g e a=te
=410 [Ix eTETE T e’
A'=124 gl _he e T,=e-—=2
122 12 1260

T, —?
( Omeem ) T, = 41,7 ©B.

6. Ji1eMeHTbI KBAHTOBOM (PU3UKH
ATOMOB, MOJIEKYJI H TBEP/bIX TeJl

6.1. Teopus atoma Bogopoaa no bopy

Orpegenute 3Hepruo (JOTOHA, HCITYCKAEMOTO IPH NEPEXOe 3MeKTpo-
Ha B aTOME BOZOPO/A C TPEThETO IHEPIETHUECKOTO YPOBHS Ha BTOPOIl.

®oton ¢ 3neprueit 0,3 MaB paccesuics nox yriom & =180° na cso-
Bomiom sexTpone. Onpenennte 100 dHEPrHH (OTOHA, MPUXOI-
uIylocs Ha paccestHHbIH QOTOH,

( Omgem ) £_o461.
€

DotoH ¢ sHeprueii 100 k3B B pesy/sTaTe KOMITOHOBCKOTO 3dhdhekTa
paccesica fIpH COYAAPEHHH CO CBOOOXHEIM 3MEKTPOHOM Ha Yroa

% = /2. Onpenennte sHepruio GOTOHA NMOCTE PACCESTHH.

Mano Pewienue
Z=1 P R(1 1)
= . vy, =Rl —-—=1,

m="2 3,2 32 32 PR
n=3

s ol L1 a1
R=329-10" ¢ Ey, = ST E;,=hR ?*3—2 .
Ey, —7 2

Orpe geTnTe MaKCHMANBHYIO M MUHUMANBHYIO 9HEPrHH QOTOHA B BH-
VMO CEpHH CrIEKTpa Bopopoxna (cepuu banbmepa).

Hano

( Omeem > ¢ =837 oB.

DotoH ¢ 3Hepruedt ¢ = 0,25 MaB paccesics nog yrom ¥ =120° ga
NIEPBOHAYATLHO MTOKOHBUIEMCS JeKTpoHe. Omnpenennte xuHeTHYEC-
KYI0 3HEPIHIO 3JEKTPOHA OTIAYH.

( Omeem > T, =106 KB.

Z=1
m=2
Emax —7?
Emm -
1 1
Emm = hR(?_‘é_f

)

=3
36

Pewienue "
00 2444 LI {Y
11 4
v= R(_z‘_z)’
2° n 3
n = 37 47 5’ 9
2 y y
Emm Em“
1 1) 1
hR, Emax=hR(?—?)= ZhR

( Omeem ) Ep =3413B, E, =189 sB.
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Onpenenure oy BOTHBI A, COOTBETCTBYIOLIYIO BTOPO CIIEKTPAIL-
HOM MHKH B cepun [Tamena.

‘ Omsem ' A= 1,28 MKM.

) Onpenenvrte LIHHB BOTH, COOTBETCTBYIOMIHE: 1) rpaHuue cepuu Jlait-
MaHa, 2) rpaHuue cepuu bansMmepa; 3) rpannue cepuu Iawena. Ipo-
aHAIM3HPYIiTE Pe3y/IBTaThl,

Hano

Pewenue

MaxcHMaiIbHas THHA BOMHBI CIIEKTPAlIBHOM BOLOPORHOM MHHMH Ce-
piu Jlakimana pasHa 0,12 mxm. IIpenronaras, 4o nocrosHras Puabep-
I'a HEH3BECTH, OTIPE/ICTUTe MAKCHMAIBHYIO JTHHY BOJIHBI JIMHHH CepHH BanbMepa

Hano

Pewienue

z=1 or(-d), o
Ap =012 mM=12-10"Mm A 2 20 ool //‘/// 7

L)

q--J-+4-H

¢ - -} -} 4

L - - -

i~ - 4 —

]
R
myg =2 A w2 2 : Eg l
EREE
A5 —” TZZR(ZL__;_) S |
(17__1’_) 1 f&*#
by =An—Ec. &
(?_3_2) ( Omeem ) ;. - 0,648 wiu

Onpeflente HHY BOTHEI CIEKTPANBHOM JHHHH, COOTBETCTBYIOLEI]
Tepexojy 3MEKTPOHA B aToMe BOAOPOAa ¢ tiecToif 60pOBCKOi opOuThI
Ha BTOpYR K Kakoif cepHH OTHOCHTCS 5Ta THHNA H KaKasi OHa 110 CYeTy?

1) cepus Jlailimana
2) cepns bansmepa
3) cepna Hamena

|m=1, n=2,3,.., o | %zR’(l——-l—;),

n=ow,
DA —? A
2) Ay —7 1 1
1= % = 3 _1= 1uM.
3) Ay —? R 1110
- = 1 1 1 1 o1
m=2, n=3,4,.., © IZR(?‘V,Z)’ l__R 2
n=00, /12=—'=364HM
1 1 1 1 1
_3’ —455s , O 'R'( -_)5 —=FR )
i ! /l 32 n2 13 9
n=co, Ay =— =820 um
Omeem 1) 4, =91 nm, obnacrs yasrpaduonera,

2) A, =364 uM, BONH3H BHAHMOTO (HHOIETOBOTO M3YUEHHMH,

3) 4, =820 HM, oOnacTs HHQPPAKPACHOrO H3TYUEHHAL.

n
[ano Petuenue P
6 e
5
VY= - 3
n:6 (m2 n2 3
1 1 c 2 '
A —9 y= (z—z—g), l—"v‘

‘ Omeem ) A= 0,41 MkM, uersepras
JIHHHA cepHH banbmepa. 1

Obobuennan popmyna banosmepa

1 1
v=Rl —-—1,
(m2 nz)

e v — 4acToTa CNEKTPANbHBIX THHHI B CHEKTPe aToMa BOAOpOoAa; R — MOCTOSH-
Haa Punbepra; m ompenenser cepuio (m = 1, 2, 3, ...), n onpeneliser orAelbHbIE
JTMHHMH COOTBETCTBYOIIEH cepuH (n=m + 1, m+ 2, ...): m = 1 (cepus Jlaiimana),
m = 2 (cepns bansmepa), m = 3 (cepua ITawmena), m = 4 (cepus Bpakera), m = 5
(cepus Idpynna), m = 6 (cepus Xambpwu).

)

477



ATOM BOIIOPO/ia HAXOMTCS B BO3GYKIEHHOM COCTOSHUM, XapaKTepH-

3Y€MOM INaBHBIM KBAHTOBBIM YHCIIOM n=4 . Onpeﬂeﬂm‘e BO3MOX-
HBIE CIIEKTPATILHBIE IHHHH B CICKTPE BOLOPOIA. MOABIIAIOIITHECSH TIPK fIepexoJie aTo-
Ma M3 BO36)’)KJICHHOI'O COCTOSHUA B OCHOBHOE.

B un¢pakpacHoii 001acTH CHEKTpa HITydeHHs BOAOpoaa oOHapykKe-
HO 4eThIpe cepun ~— Ilamena, bpakera, [1dyHaa u Xomdpu. 3anumu-
Te CHEKTpanbHEE GOPMYJIBL AT HHX H ONpefelUTe CaMylo JUTHHHOBOJIHOBYHO JIH-
muio: 1) B cepuu Iamena; 2) B cepunt XomppH.

Hano Pewiernue
=1 1 11 4 1
teefid) et
n=4 Ao\ 22) Ty g
r . 7 -1
R'=1110" m I_R,(l i) _gi
- Ve A N T
1 11 16 1 n
_:R’(T_T)' /13—— —,, 4 ;
As 1?4 15 R 3
6
1 (11 L2361 2 e
2R EE) AT
Ay 2 3 5 R
L“R,(l J_j a6 1
As 22 )7 T3 R
1 11 144 1 ) v
—_— =R , = — 1
A¢ R(32 42) A6 7 R 123

( Omeem >xl=1,21-10“7 My A, =102:107 M A;=0,97-107 u

Ag=654-107 M A=485107 M; A, =187-107 m.

.........................................
Ocnosnvie pusuueckue nocmosnnvie

IocTtosnnas Punbepra R=329 10" ¢
R'=110 107

IMoctosnnas [Tnanka h=6,63-107* Ik - ¢
h=105 107" IIx- ¢

Mano Pewierue
Z=1 1 _ R;( 1 _L) n
m=3,4,5,6 2 UR A 8 ——
R =11-107 w' $ T o
S Cepus Iawmena 4 :
1) A3 pay — 7 1 1 1 3
) 3 max ;(_=R(_3T—;2— . a],mlx
2) ’16,max —? 3 2
1 (1 1
Cepus Bpaxera Z=R ?—? .
— 1 R,( 1 1)
a —=R|5-—].
epi (by}m ;‘,5 52 n
1 (1 1 :
Cepusa Xsmdpn Z=R —6—2—-;2— .
1 P !
A3 max 771 1y bmax ™ 1 1Y)
Rl=-= Rlg-23
32 42 6 7

( Omeem ) 1) A3 ey = 187 MRM;  2) A iy =12,3 Mo,

— _—

Onpenenure YUC/IO CIEKTPATBHEIX THHAH, HCITyCKAEMBIX ATOMAPHbIM
BOAOPO10M, BO30Y/KNEHHEIM HA R-H SHEPIETHYECKHI YPOBEHE.

( Omeem >N=n(n—1)/2.




Ha nudpaxumonHyio pemerxy ¢ epHOIOM d HOPMANBHO Iajaer my-
HOK CBeTa OT paspaHoH TPYOKH, HANIOIHEHHOH aTOMapPHbIM BOLOPO-
moM. OKa3a0ce, YT0 B CHEKTpe IM(PaKUHOHHDIH MakcHMyM k -ro, nmopsiixa, Ha-
OmonaeMu1ll 10X YIIOM @, COOTBETCTBOBAIT 01HOM 13 JuHHA cepur Jlafimana. On-

\

A Onpezennre, Ha CKOJTBEKO H3IMEHIIACh YHEPIHA JIEKTPOHA B aTOME BO-
Aopoja NpH HM3IYUYeHHHM aToMOM (OTOHa C IJIHHOHK BOJHBEI

A=4386 107 m.

PELEMTE [TaBHOE KBAHTOBOE YHC/I0, COOTBETCTRYIOLIEE JHEPIE THIECKOMY YpoBHIO, Hano Pewenue
€ KOTOPOTO IIPOH3ONIEN 11 . =
ree Spexon Z=1 AE=E,~E, =,
Hano Pewenue A=4,86 107 M
c he
Z=1 { . — V= I ) AE = T .
- —rl2_ ¢ E —9
d V= R(lz 2 ) ’ V= I . A
k ( Omeem ) AE =2,56 3B.
4 dsinp=H, dsin(p=—-—kc ,
{3
n* Oupe genuTe UTHHY BOJIHEL A CIIEKTPAILHOM IHHHHE, H3Ty4aeMoi pH
n—7? nepexoze MeXTpoHa ¢ Oosiee BBICOKOTO YPOBHA 3HeprHu Ha Ooree
(1 1 J ck ck -51 HM3KHH ypOBEHb, eC/TH IPH 3TOM SHEPTHs aToMa yMeHbIIINack Ha AE =10 3B,
n*) " Rdsinp’ nz(l—Rdsm(p) '
: ( Omsem ) ;-124 su.
( Omsem ) -
( ck j 2
n=|l-—=—| "
Rdsinp \ HMcnoarsys Teopuro Bopa, onpenienire opOUTANEHBIA MATHHTHEI MO-

Hcenoneays Teopmio bopa s atoma BOZOpo/a, onpejenute: 1) paiu-
yc 6nmxkaiimieit  sapy op6HTH (mepBEIt GopoBcKHil pamuyc), 2) cxo-
POCTE ABIKEHHSA dNIEKTPOHA 110 3T0it OpOuTe.

Hano Pewernue

Z=1 m?  Ze?

n=1 —_— = 5 mur = nh
r dmeyr

Dr —2 Z=1, n=1, h=hi2r.

v —1? dmegh?

myi _ ¢ D= me*

rl 47!807‘1

N ( Omeem ) 1) r=528 um;
2) V=,

MEHT 3IeKTPOHa, IBHIKyIIerocs no TpeTheit opbute aroma Bogopona

Hano Pewuenue
Z=1
4
n=3 Pm=1S, I=—,
T L
h=1,05 107 JIx-c )
T= nr, S:nrz, v
(3
pm—'? e
-
evr nkh enh Pm
Pnw=—7"> mur=nh, yr=-—, Pm =7
2 m 2m

(Omsem ) , _2510% 4.

mr, 2) v, =219 Mwm/c.

16 Cooproin sat1a s
1o (O UKL



Orpenenure H3MeHeHMe OpGUTATEHONO MEXAHHIECKOTO MOMEHT SMTEK-
TPOHa YIPH NIEPEXOAE ero u3 Bo30YKIEHHOTO COCTOSHHMA B 0CHOBHOE ¢

HcrmyckaHueM GoTOHa ¢ ITHHOM BoaHEl A =1,02-1077 M.

Hano Pewenue
A=102-107" m muyr=nh, L=nh, AL=nh—-mh=(n-mh,
m=l i_R{L _1_) L_1 1
R'=11-10" M A m* n/’ n” md AR
AL —?

2 t 2 ’
ne | AR - /ﬂﬂz._ "
AR - m? AR'—m

N 12.1,02-107 M-1,1-107 ™' _1]_ 6,63-107 Ik ¢

=21.107% ¢ =2h.
1,02:1077 m-1,1.107 m~' =12 27 Fox

Ilpenanonarasd, uto B onbite Ppanka u ['epua BakyyMHas TpyOka Ha-
MOMTHEH? HE N1apaMH PTYTH, a pa3peXEHHBIM aTOMapHEIM BOJOPOIOM,
foripeieTuTe, Yepe3 KaKHe MHTEPBabl yCKOPSFOLIETO MOTEHUHaNa  BO3HHKHYT

IMaKCUMyME! Ha rpadHKe 3aBHCHMOCTH CHIIBI aHOIHOTO TOK2 OT YCKopAtouero 11o-
TCHIMATIA.

¢=10,2 B.

Hcrionb3ys nocToAHHY10 [TnaHka /i , 3MEKTPHYECKYIO MOCTOSHEYIO g,

Maccy m M 3apsji e 31E€KTPOHA, COCTAaBETE GOPMYIy IS BETUIHHBI,
XapaKkTEpHU3YIOMEH aToM Bogoposa 1o bopy 1 uMmeloIei pasMepHOCTs AIHHBL. YKa-
KHUTE, YTO 3TO 32 BETUYHHA.

|
1

— —

Hloxa)xuTe, YTO 3HEPreTIIECKHUe YPOBHH aTOMa BOJIOPOIa MOTYT GHITH
2nh

OMMCaHE! BhIpakenneM E, = ———— R, rne R — nocrosnuas PunGepra.
(Omsem ) sr-op-2110% gx.c n
Hano Pewernue ‘
Tlo3uTpoHmit — atoMonono6Has CHCTeMa, COCTOSMIAA H3 NTO3HTPOHA 7=1 X X
H 3ICKTPOHA, BPAIHAIOINETOCT OTHOCHTEMRHO OOIIEro IEHTpa Macc. - mur = nh my __ €
Hprmensst reoprio Bopa, onpenenite MuHIMaNbHbIe pasMepsl TOT0GHOM CHCTEMBI. ¢ ’ r 4m30r2
27xh
E,=——R
Hano Pewuenue " n? _ 2h-dme, -1 ¢ B mye’
e (mvr), +(mur)_ = nh, " meez ’ " 2 ey, " 8k (2) ’
+ —
4 2mur = nh V_En—Em_ m,é* (i_L) . 1 i
J my* _ ¢ R h-8H*i\n? m*)’ V= PR
min " r 47[80(21‘)2 4 4 4
m,e 2mth 2nh mye 1 me
2,22 232 2.4, =2 — —_— E =-~ = — = ¢
dm-vr° = nh-, dregmu”-4r = e, n=1, 8h3£(2) " n? n? 8h3e(2) n? 8h2£%
h2£0 260k
r= s d mn = r=——.
ne’m e me’ (0msem ) E, = _2_”2_hR

( Omeem ) dyyn =106 M.
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&
6.20 Ornpenenure ckopocTs ' HMEKTPoHa Ha TpeTheii opbite aroma Ro

nepsoi 60poBckoit opduTe, 2) 3IKBHBAJICHTHBIH TOK

Eﬁﬁ 2& ) Onpegenure 1) 9acToTy f BpallleHus 3NE€KTPOHa, HAXOMAUIErocs Ha
-

7 nopona
Hano Pewienue
Z=1 my? e’ e’
n=3 - 20 r="—"—-.
r ey dmegmr”
v, — ? 2
3 mur = nft | L
2 >
1 e 12 dmeqnm
n 4megh B 4megh

‘ Omeem ’ v3=0,731 Mm/c

Hano Pewenue
n=1 vr = nh 1 i
= nh, = g = —>
I, =52,8 1M " § Y mr,
——
) £ —o T=271:rI ol y v, A
v T 2, 2mmrt
b) [ 1 1
e
J=—=¢
= s

[0"13@’”) 1)f =6,58 10" 'y, 2) 1=1,05 MA

Ornpenenure ans anexTpona 1) MoTeHUHATEHYIO aueprmo £, ,2) ku
< [

HETHYECKYIO 3Heprmo E, . 3) nonnyio sueprmo E

( Omegem ) ) E,=-2725B 2) E =136 3B, 3) E=-13,6 2B

OnpenenuTe 4acToTy CBETA, H3Ty4aEMOro aroMOM BOIOPOAE, [P ne-
PEXOJ(E NEKTPOHA Ha YPOBEHb C [JIaBHBIM KBAHTOBEIM YHCIIOM 1= 2,
€CITH pafyC OpOHTHL JMEKTPOHA HIMECHINCA B &k =9 pa3

Jano Pewenue
2 Onpenenute wactory f BpaureHHs IMEKTPOHA M0 TpeTheH opbure 7~ 2 yv=R —I——L In k LI ﬂz—
aToMa Boopoaa B Teopuu Bopa k=9 wom ) ot
Hano Pewenue v =7 w1 y= R(l 1)
_2 =—, = —2 _

=1 my? 1 €2 5 " ¢ - ‘

_ —_—= -, mur = n
n=1 r dmey . ( Omsem ), _073110% 14

—_" 2
s ro=n? 4n€2h ’ " =_1_ e ,

4 nie n dmesh [one3ysick TeopHeii bopa, HaliMTe YHCIOBOE 3HAYEHHE [IOCTOSHHOM

/- v, me me Punbepra

T 930133 43
27r,  32meih’n®  4elhn’

‘ Omsem )f:2-42 1014 ru

( Omeem )R_ m
8he;

4
[

~=32710" ¢
0

3
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OIIpCJlCJlPITC MOTEHIINATT HOHU3ALUH aToMa BOZIOpOAA.

Harno Pewenue
Z =
E=e _ o1 1
R=329.10" ¢ R E‘"h”‘v““hR(FNF)”R’
_hk
o, —7? ¥ = e )

( Omeem ) , -136 5.

e e ——
P ————

—

‘OCHOBHB&HCL Ha TOM, 4YTO JHCpPrHUi HOHH3AIINH aToMa BoOoOpoda
E
1

=13,6 3B, onpenennTe nepsbIif MOTEHIMAT Bo36YKAEHHS i, 3TO-

) QcHOBBIBasCH Ha TOM, 4YTO JHEPrHUi HOHH3AUHH aToOMa BOAOpOAa

E, =13,6 3B, onpenenute B 3MeKTPOH-BONBTaX IHEPriI0 doToHa, CO-

YTBETCTBYIOLLYIO CaMO#t JUTMHHOBONHOBOM THHHMH cephH balbmepa.

Hano Pewuernue
E =136 5B 11
: K El=h1ll,,=hR =3 =hR,
, 7w
B — 1 11
Es,lm =E3‘2=h1v’3,2=hR —27—‘3'5' ’
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Hano Pewenue -
Omeem ) g . =189 3B.
E, =136 3B 1) 3 o 1
E =ep =hR, e‘P1=hV1,2=hR(_2"_2_]=_E' -
) =2 4 B OCHOBBIBAACH Ha TOM, UTO TePBRI MOTEHIIHAN BO30YXIEHHS aTOMA
? o= 3 _E_I BLIuHCICHAS: soopona ¢, =10,2 B, onpefenute B 3I€KTPOH-BOJBTAX SHEPrHIO
4 ¢’ (hoTOHa, COOTBETCTBYIOLIYIO BTOPO# JIMHHH CEPHA bancMepa.
O 3-13,6-1,6-107"° JIx
meem ¢, =10,2B. = 416100 =10,2 B.
14,6107 Kn Mano ‘ Pewenue

— — ¢, =102 B n
Onpenenure neppbIi MOTEHUMAT BO3OYKICHHI aTOMA Bonopoaa. ep = hvy, 65/4/[//”4//”4/#4/#%4//#&///4

20 4

Eyp —? 3

( Omeem ) ¢, =102 B. {1 3 3 2 vy
3 ]
— hv,,=hR| ——— |==hR, ep, =—hR, p
— — 1,2 (12 22) 4 4 3 ", 42

Hepesbiit nomenyuan 6036yxucoenun

Tepspiii MOTERIHUAT BO3GYKIEHU ¢, — 9TO yCKOpSIOIee HanpsDKEHHe, COOTBET-
CTBYIOLIEE NEPEXOQY HEBO3OYHACHHOTO aTOMa B NIEPBOE BO36YKNEHHOE COCTOSHHE.
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11
27

3 1 1
- =—hR=—¢
4_) P1.

16 4

( Omsem ) E,,=255 8.
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Onpenenute paboty, KOTOPYIO HeoOXOIUMO COBEPIIMTE, YTO0H Yia-
JIMTS ANEKTPOH CO Bropoif 60poBcKoit opOHTEI aTOMa BOA0POIa 3a Ipe-
IENBI IPHTKEHUS €70 AIPOM.

Onpenenure, KakKAE CIIEKTPAILHBIC THHHH HOABATCA B BUIMOI 06ma-
CTH CYIeKTpa H3Tyu€eHVs aTOMapHOTO BOIOPO/a 10 JeHCTBHEM YIbT-

)a(pHONETOBOTO H3TYYEHHSA C TMHOH BOTHBI A=95 um.

( Omeem > A=545-10"" Tk ﬂano Peuierniue
Z:I g:ﬁg, E2=E1+8,
A=95mM=95-10%M A
OneKTpoH BBIOUT U3 aTOMa BOLOPOAA, HAXOMAMETOCA B OCHOBHOM Co- i
CTOSAHMM, POTOHOM, SHeprus koToporo ¢ = 17,7 3B. Onpenenvre cko- A, —7 E =-13,6 3B, Ey = ? E,
POCTH U 3NEKTPOHA 3a MPEfeNaMH aTOMa.
E, ¢ =n, n—-1 3
Hano Pewernue n= 7 In=— T n=n, s 3.
2 ? R('z - _2‘}
z=1 e=E+"™_,  E=1365B=21810" [x, 2> n
n=1 2 BeruncneHus:
£=17,7 3B =
’ (2eE 107 .3.10°
=28,3 - 10 Ik v= .__(_8_____._1_). = 6,63-107" -3 129 B =13, 3B;
_— " 95.107° 1,6-10 n .
o 2
i E,=-13,6 3B + 13,1 3B =-0,5 3B; 4
( Omegem ) v=12 Mk SEY: 3
n=_|——=5;
= —— -05
DotoH ¢ 3Hepruedl €=12,12 3B, NOrMOWEHHEIH aTOMOM BOIOPOZaA, 310% M/ c Py 2 I ‘)' k
HaXONAIMMCA B OCHOBHOM COCTOSHHH, IEPEBOIUT aTOM B BO30yxneH-  As = R 0,434-10 " m; 5 &3
HO€ cocTosHue. OnpenenuTe MaBHOE KBAHTOBOE YHCIIO 3TOTO COCTOSHU. 3,29.10" ¢ (53 - 5—2]
Hano Pewernue 8
A= 310 M/lc 1 =0,486-107 u;
€=1212 5B e= E, — E, (cM. pucyHok K 3agaue 5.34), 3,29.10'° ¢! (? _4—2) el A
n—="2 El = —13,6 3B, 1 E
108 M/ ¢ _
B _[E_[=E hy= 2065610
2Tt E, VE +¢ 3,29-10% ¢ (—27—3—2)
( Omeem > ne3 ((Omsem ) ; - 0434 wxw; 0,486 wiow; 0,656 miow.
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B manyuennn 3sesmn obHapyskeH BONOpOxRonono6Hsit CIIEKTp, Rau-
HBL BOIH KOTOPOro B 9 pa3 MeHbmme, yeM y aTOMAapHOTO BOLOPOJA.
Onpenennre snemenr, KOTOPOMY MPHHA/IEXHUT NaHHBLH CHeKTp.

< Omeem ) Z =3, naTHii.

6.2. Dj1eMeHTbI KBAHTOBOH MEXaHHKH

Ornpenenure HIMIYILC H S3HEPTHIO: 1) peHTTeHOBCKOTO Szomﬂa; 2)anex-
TPOHA, €C/TH AJMHA BOTHBI TOTO U APYTOro pasHa 107'° M.

Mano Pewienue
Ipumenss reopmo Bopa x me3oaromy BONOpona (B ME30aTOMe BOJo- 410710 h E =pe
P04 S1EKTPOH 3aMEHEH MIOOHOM, 3aPS I KOTOPOTO paBeH 3apsIy Nek- - M Py=" y =B
TpoHa, a Macca B 207 pa3s Gonsie Maccr 3EKTPOHa), orpenesnTe: 1) panmyc nep- Y )
Boil OpOUTEI Me30aTOMa; 2) SHEPIHIO HOHHM3AIMH MEe30aTOMA. e=16-10""Y Ka h E =2Le
E pe——i-zpy’ e—2m-
Hano Pewienue ,
2 2 D Py, By —1
Z—=] muy - ZQ , m’Ur:nh’ 2) pe’Ee____? \
n=1 r 4t
=e =16-10"Kx
Q0 , a2, dme Omgem 1 p, = 6,63 ,10-24 KT * M/C, Ey =12,4 K3B;
m=207m, r=n"——2_90 n=1,2,..,
mZQ2 2) p. = 6,63-107%* kr- M/c, E, =151 3B,
1) A —2 S h? dme, —
n= N = n = N -
2) Ez —7? : mQ2 OIIpCJICHHTC JUTHHY BOJHBI 1€ BpopUIﬂ IUIA 3JICKTPOHA, HAXOMAIIEroCs
B aTOM€ BOJ(OpOJa Ha TpeThei OopoBcKoit opbure.
E=E,-E g =-ZmQ’ z=1,5,-0, E="2
e YRR ST g Hano Pewenue
-19
(Omsem ) 1y, 0254 i 2) E, =28 1B, e=16-10"" Kn =kt mur = nh,
n=3 p mv
m _ e’ _ 1 &
Omnpenenure, kakas SHEprust Tpefyercs mIa romHoro OTPEIBA 3NEKT- A= P 4m0r2 ’ v= n 2e,h ’
POHa OT A/Ipa OIHOKPATHO HOHH3OBAHHOIO ATOMA renus, ecmu: 1) anex-
TPOH HaXO/MTCSA B OCHOBHOM COCTOSHHH; 2) JIEKTPOH HAXOUTCS B COCTOTHHH, CO- 20 ne,
OTBETCTBYIOUIEM [IABHOMY KBAHTOBOMY YHCITy n=3 . A= me?
( Omgem ) ,, E, =542 3B;2) E, = 6,02 5B. ( Omsem ) 1=1mu.
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Ornpenennte Amuny BONHE! e Bpotins nis ueitrpona, IBHKYIIETOCs
CO CPeIIHeH KBaapaTHuHOM cKopocTsio mpr T = 290 K.

3apsKeHHast 4aCTHIR, YCKOPEHHAdA Pa3HOCTHIO oTeHupanos UJ = 500 B,
UMeET JIHHY BoJHBL 1€ Bpoiing A = 1,282 M. IlpusumMas 3apsx aToi

4aCTHLBI PaBHBIM 3apARY 3JCKTPOHA, OIIPEICIUTE €€ MaccCy.

Hano Pewienue

(v20) = Hano Pewenue
Usp 34T

(v == U =500 B )
m=1,675 107" xr " A=1282 nm= eU=2’;, p=~2melU ,
T=290 K P A =1,28210 "2 m "

=2 - , ,
k=138 107 JIx/K P mve) 3imT e=16 107" Kx a=ho__h m=—h—2-.
— P N2meU 2e8°U

A—2 m—7

( Omeem ),l=148 M.

HY BOJHBI 1€ Bpoiina s npotona.

Ilpoton nBHXeTcs B 0gHOPOTHOM MarHHTHOM 10M1€ ¢ HHIYKUHMeld
B=15 MTnno OKpYXHOCTH paguycoM R =1,4 m. Onpenennte mau-

BhiBeTe 3aBHCUMOCTB MEXRY JUTHHOH BoIHEI ¢ Bpoita A penstu-
BHCTCKOH 4aCTHIIB H €¢ KMHETHYecKoi 3Heprueii.

Hano

Peuwtenue

( Omsem ) ;_0197

AT

ATy —=

Orpentenure, xakyro yckopsousyio Pa3HOCTE NOTEHIMANOB [OMKEH

NMPOKTH TIPOTOH, 4TOGH! JyIMHA BOMHES 1€ Bpoitis A ans Hero 6buta

( Omesem ) ;_

paBHa 1 HM.
Hano Pewierue
A=1mM=10°m 2
P h

el = . =4/ —_

m=1675 107 m 2m pri2meU ’ r’
h n
Uu—2? A= R U=
N2melU 2mel*

hc

JT(T+2mc?y

—

BriBeguTe 3aBHCHMOCTE MEXILY JITHHOM BOMTHEI e Bpoitng A penaru-
BHCTCKOTO JIEKTPOHA H YCKOPSIOMUM noTeHImatom U .

he

( Omeem ) U=0,822 uB.

( Omeem ) Az‘/

eU(2mc* + eU) .

&
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KnHeruueckas sHeprus snekTpoHa paBHa | k3B. Onpenenure amuay
BOJHB! Ae bpoits.

Hano Pewenue
T=1xB =1,6-10" Ix h h mv? 2T
-31 )":_:—_; T=_~" U=,
m=91110"" 1 p m 2 Vm
h
l _? l: .
VamT ( Omeem ) A=388 mv.

So——

Kuneriueckas sHeprus aexkrpoHa pasHa 0,6 MaB. Onpenennre mm-
Hy BonHb! e bpoiits,

Hano

T=06 MaB= h
=9,6- 10" Ix "
m= 9,11-10'31 Kr

p
A7
((Omeem ) ;-126 o

Pewienue

pzc2 =T(T + 2mc2) ,

Onpenenure, NP KakoM YHCIOBOM 3HAYEHHH CKOPOCTH JUTHHA BOJHEl
Ie Bpoiina mid s1eKTpoHa paBHa ero KOMITOHOBCKOM [UTHHE BOJHEL.

Omeem

{

v=212-10° wmrc.

Omnpenenure, MpH KAKOM YHCIOBOM 3HA4EHHH KHHETUYECKOM SHEPTHH
T pnwHa BoHE fe Bpoilig aneXTpoHa paBHa ero KOMITOHOBCKOH [UTH-
He BOJHEI.

BriBennTe CBS3b MEXIY JUIMHOH KpYyroBol aMexTpoHHOH OpOHTHI
JUIMHOH BomHE! fe bpoitns.

( Omeem ) 27— .

Onpenennte, Kak H3MEHHTCA JUIHHA BOJHEI Jie bpoiins amexTpona B
aToMe BOJIOPOJI2 NPH MePeXo/ie ero ¢ YeTsepTol GopoBckol op6UTEI
Ha BTODYIO.

ano Pewienue

‘m=2 2ar=nk, 2mr,=4k,, 2ar,=2hk, r=4r,
n=4

g, ka2 2 n &n
iy 2 I Ay 4 2mn 2 2221”1
=9
As ( Omgem ) 4 _,

=2,

i
m“gg k3
%‘ ?ﬁ?ﬁ% e’ B onmite JlpBHccona u [xepmepa, 06Hapy*MBLIKMX IH(PPaKLMOHHYIO Kap-
i i ~
- THHY PH OTPaXKeHIH ITy4YKa 3IeKTPOHOB OT eCTeCTBeHHOH nudpakimon-
HOM pelleTKn — MOHOKpHCTAILTAa HUKeJIA, OKA3aloch, YTO B HAIIPABIIEHHH, COCTARIISIO-

mem yron @ =55° ¢ HanpaBneHvem MaJAoIUX MeKTPOHOB, HabMonaeTes MakCHMyM

OTpaxeHHs YeTBEPTOro MOPs/IKA MPH KHHETHHECKOH 3HeprHH aeKTpoHoB T =180 3B.
Onpeenute paccTosHHUE MEXIY KPHCTALTOrpa(HIecKUMH IITOCKOCTAMH HUKEJIS.

Hano Pewenue

m=9,11-10"" xr 2dsin® = K4, g=90-2, 1:_}1’
a=55° 2 p
k=4 2
T=180 3B = T= 5 ., p=+2mT, sin(90°wg—) = cos%,

=2,88-10 7 ik i

a h kh
2d cos—=k -

d—? ol d

Omeem ) 1-0212 MsB.

{

2 cos @ 2mT
2

( Omsem ) ;0206 uu




Monoaijeprermecxuﬁ Ty4OK HEHTPOHOB, OTy4aeMblil B Pe3y/ILTaTe
¢ SNEPHOH Peaxuny, NajaeT Ha KPUCTALI ¢ nepuoioM d =015 Hm
Onpenenute ckOPOCTH HEATPOHOB, €CIH GPITTOBCKOE OTPaKEHHE 11epBoTO r;opﬂﬂxa
HabnIogaeTcs, Kora yroi ckombxenus 9 = 30°

Mano Pewenue
d=015m=15-10"0
M 2dsind =K, PR
m=1,675 1077 xr my’
?l;il o ’U:L’ ’U:_Lh___
=30 ma 2dmsind
v —7?

< Omeem > v=2,64 KM/C.

[TapamTensHBI My40K MOHO3HEPreTHYECKHX 3JIEKTPOHOB HaIlpaBieH
HOPMAJTLHO Ha y3KY10 ek WHPHHOH a = 1 MKM. OmpesiennTe CKOPOCTh
3THX 3IEKTPOHOB, €CJM Ha JKpaHe, OTCTOALEM Ha paccTosHud [ = 20 cM OT mienH
IIMpHHA UEHTPAILHOTO AHQPAKIMOHHOIO MAKCHMYMa COCTABIIET Ax = 48 MKM ,

Hano

m=9,11-107" xr
a=1 MxmM=10"%pm
[=20 cM=0.2M
Ax =48 MxM=4,8- 107 M

Pewenue

v —?

asimp=irlol, k=1, sin(p=£,
a

€
a Ax h 21h
—_—, v

Ax=2ltgp, tgp=xsme (yron ¢ Man), A=
/ my

( Omeem ) 606 Mur.

[MapamnensHpiii Ty40K 3MEKTPOHOB, YCKOPEHHbI /i pasHOCTBIO MTOTEH-
tmanos U = 50 B. uanpasiieH HOPMILHO HA JIBE NapaiLieibHbIE, J1€-

JKall[He B OXHOM ILIOCKOCTH IHENH, PacCTOSHHE d Mexay KoTOPbIMH paBHO 10 MKXM
OripejienTe PACCTOSHHE MEXY IEHTPAIBHEIM H NEPBLIM MaKCHMYMOM IH(paKiy-

OMHON KapTHHEL Ha 3KPaHE, KOTOPBIH PACIONOKEH OT meneit Ha paccrostiuu [ = 0,6 M
( Omeem ) . M _ 104 .
d~2melU

HPexons w3 obiueit popmyisl uis $asoBod CKOPOCTH (Vgar = wfk),

ompenenute GazoByro CKOPOCTH BOTHbI € Bpoiins cBoGOaHO JBHXY-
Lefics ¢ MOCTOSHHOM CKOPOCTBIO ¥ 4aCTHIIb! B HEPEIATHBHCTCKOM H peNSTHBHCT-

CKOM CITyyasX.

” Jano Pewenue
_ 2 h E
Ud)aj‘w/k w=2mav, k:—;T—, v(ba;lz—;i;()':—-
v <<c i p
Dou=c 3 2 v
v << <, E—p ’ vd)ﬁ}l :-—p—:—-——=—.
2m 2mp 2m 2m 2
UQ)azl —?
. E  me? 2
U¢a32—‘r) VREC, E—mC, Ud)ajz:—:mvzf__
P v

v
( Omgem ) ,, Vg =5

MoskHO BHIBECTH, 4TO Ul PENATMBUCTCKOTO CITy4as (asopas CKOPOCTh

Vgpay = cl/ v (cM. 3amady 6.56), T.e. pasosas CKOPOCTh BOH ¢ Bpoins

Gonbile CKOPOCTH cBeTa B Bakyyme OOGBACHHTE IPaBOMEPHOCTE 3TOMO pe3y/bIara.

O6BACHUTE, MTOYeMy NpejcTaBieHHe 0 GOPOBCKHX opbuTax He coBMe-
CTHMO C TIPHUHITHIIOM HeOIpeIeNIeHHOCTH.




gl

jg Hoxaxwure, uto rpynnosas CKOPOCTE BOJH 1ie bpotins pasHa ckopocn
cBOGOAHO ABMIKY WIeHiCS YaCTHIILL, Paccmotpure vepensitusucrexuii 1

PENATHBUCTCKHMI Cityuau

‘ Omeem ’ U=1.

HNoxaxwute, uro ans csoGoxuo ABMXKYIIENCS C OCTOAHHOM CKOpocC-

ThIO U YaCTHIIbI BRUIOIHAETCS COOTHOIIEHHe Upa U = . (# —rpyn-

110Bas CKOPOCTBH),

( Omeem )vqmuzcz

DNeKTPOHHBIH My40K yCKOPACTCA B 3NeKTPOHHO-IydeBOit TpyOKe pas-
Hoctbio notennmanop U =1 kB. U3BecrHo, 9T0 Heonpeneneﬂﬂoc::
CKOPOCTH COCTABJIAET 0,1% ot ee YUCIOBOTO 3HAYECHH. Onpeﬁe};tl:e é{;;);{):flegzﬂ-
HOCTb KOOP/IMHATH! MIEKTPOHA. SBIAOTCA M JICKTPOHEL B Ja yeu

TOBOI MK KIacCHUECKOH yacTaLen?

Beiseanre 3akon AMCnepcHu BOH Jie bpoiins, T.e. 3aBucumocts bazo-
BOH CKOpOCTU BOMH 2e Bpoills oT ux minHb BOMHEL PaccMotpure
HEPEIATUBUCTCKHI H PEIATHBHCTCKUEL cTydan,

lnpuna cnena anexrpona (obmanaromero KuneTHYeCKoi 2Hepruek

T'=15 xB) na dorommactumre, MOTY1EHHOrO ¢ MIOMOIIBIO KaMephl
Bunscona, cocrasnser Ax =1 mxm. Ornpenennre, MoxHO U 1o JaHHOMY Clexy 06-
HapYKUTh OTKIIOHEHHE B IBHXKEHHM MIEKTPOHA OT 3aKOHOB KTaCCHYECKOR MEXaHHKH.

Hano Pewenue

B 31 2 2
m=911-10""" xr T:ﬂ:&, p.=2mT , AxAp, Z h,
T=15B=24-10 " Ix 2 2m
Ax=1MkM=10°"mM A h

Ax Ap =h. Apxzi, RN —
P Ax2mT

Ap

., A
i Omgem ) /. __

Jano Pewenue
2 2eU
m=9,11-10"" xr szs - eU, v=y =,
e=16-10" Kn .
\
Av
——U-—=0,001 h B h _ h
Ax 2 Ap_ mAv  0,001y2melU
Ax —?

Ormnpegenure OTHOWIEHHE HeolpeAeIeHHOCTER cxopocrsu JNEKTPOHaA,
€CI¥ ero KOOPAUHATA YCTAHOBIICHa C TOYHOCTHIO 10 10 ° M, u TIBUTUH

i CTBIO.
xut Maccoit m =107 kr, eciu ee KOOpAMHATa YCTAHOBIEHA C TaKOH Jke TOYHO

Tano Pewenue

my=9.11-107" xr AxAp, Z h,  Axgm Av,=h,

Ax, =107 M Av, hm Ax, _my
m"A‘UnAx"=h, —hmAx —m

m, =10""% xr Avy £ ‘

n
Ax" :10_5 M
A,

Avn Omeem ) Ve _yy ¢
Av,




6.65

INEKTPOHHBII Ty 4Ok BLIXOAHT H3 CKTPOHHOM MY LIKHA 101 eHCTRI
€M pa3HOCTH noTeHuuanos U =200 B. Ornpenennre, Moxno mu o,
HOBPEMEHHO H3MEPHTD TPAEKTODHIO JIEKTPOHA C TOYHOCTBIO 10 100 1M (¢ Touno.
THIO TOPANIKA THAMETPA atoMa) H ero CKOPOCTE € 104HOCTBIO 10 1 0%

Mano Pewenue
U=200 B 0 ot fw
Ax =100 mm =10 "y p =el/, = ot
Av=0,lv
2elU —
Axme Ay — 9 Av=0, - , Axme Av=0] zme()U Ax

(4

‘ Omeem ’ mme AU=7,64-10 335 II)K_C< h.

B
‘ 6.66’“ ’ JNIEKTPOH JBIKETCS B aToMe BOZopona 1o neproii 6oposckoii opbure

Hpnrmmas, uro somy ckaemas HEONIPENEICHHOCTL CKOPOCTH COCTAB.15-
et 10% ot ee uncnoBoro 3uadenus, ONPENENHTE HEOTPENEIEHHOC b KOOPAHHATHI AMeh-
Tpota [IpuMeHnMo ik B janHOM cityuae s Y1EKTPOHA MOHSATHE TPACKTOPUU?

Hano Pewenue
m=91110"" kr mur = nh, n=1, mor = 1,
= = " :52,8 M, =—,
A =0,1n e o M, B —

A bp, = b,

Ax — 9
( Omeem >Ar:3,34m4>> .

< 6&67 > HpHMCH}IH COOTHOUIEHHE HEOIIPEICICHHOCTEN, MOKaxKure, 4To JIs

ﬂBH)KyuIGﬁCH Yac ruusL, HEOIIPC/IEIEHHOCTD KOOpPAUHATE! KOTOpOM pas-

Ha 1nuHe BONHEI ie bpoltns, Heonpexenennocts CROPOCTH PaBHa 110 NOPS/IKY BeNU-
YHHBI CaMOH CKOPOCTH YaCTHIIE!

éé i Y €O e ICJIEHHOCTE, (l) 2 h
pM Ax AI)\ =
636§‘ IICHOJIL3 1 COOTHOINCHHEC H “p TEU B (PO e

QLIEHUTE HUMQJIBHO B()EM())KHyK) "()J[HyK) )Hepl““) 3J[CKIpOHa B
MUHH
aT

Mano Petuenue
h kA
MAPA}h AxAPx>77, _A_’ix‘zl’ px=Ap-‘=E_:,
Px
Ax=r
2 2
n:1 pz E= h _ e ,
z=1 E:T“anzrf - 4meyr ’ 2mr®  dmegr
- GE_ ¥ & 1 [ ¢ J’i):o
Tin %E“: 0> -217 - mr3 + 4.71.’601'2 ’ r2 4ne, mr
) 2 4
47150”’2 __h ¢ S 3730
o =T Emn = 2mrl,  Amighn.,  2dmeg)h
h me*
h:—z’;s Epn = 8]’126%

4
( Omeem ) . = _~-_136 3B.
min 8h'£6

e e e o]

44
O6BscHUTE PUIMUECKHIt CMBICT COOTHOIIEHHS HEOTIPEACICHHOCTH V1A
AEAt Z h.

sneprud E W BpeMeHH [ :

v—
——
——

o0
000000000000 000000000000000000000000000
OcnoeHble d)usuuecxue ROCMORILHbIE

h=663 107 Jix-c
h=1,05107* Ik ¢

Hocrosunas [naxka

—12

JnexTpuueckas MOCTOsHHaA £, =8.85 107~ ®/m

501



Bocrons

MHcrg 3OBABLIHCE COOTHOMICHHEM HeOlPEIeNeHHOCTe . OLeHITe pas-

o Coomomm CTb JHEPreTHIECKOTO YPOBHA B aTOME Bonopoza 1) nis ocHosHO-
3 2) g BO30YXKIIEHHOTO COCTOSHHS (Bpems ero xwusau passo 10 c)

O6BacHuTe, NoYeMy DH3MUESCKHH cMBICT MMeeT He cama ‘¥ -QyHK-

2
1w, a kagpar ee Momyns |F| 2

Hano Pewenue
1) n=1
2) n>1 AEAt 2 h, AE At=h.
Ar=10"8 ¢ n=1| Ar=w, AE=0;
n>1 =_h_
1) AE —2? Ak At
2) AE —9

2) AE =414 u3B,

( Omgem ) 1) AE =0

6B CHATE, 104eMy BOTHOBasA QYHKIMA TOMKHA OBITH KOHEUHOH, of1-
HO3HAYHOIH U HEMPEPEIBHOM.

JamuIuTe BHIPaXeHHe U1 BEPOATHOCTH W OGHapyKEHMS HaCTALB!
B KOHEYHOM 00beMe ¥ , eClM H3BECTHA KOOPIHHATHAA NICH-Qy HKIMS

qacTel Y(x, ¥,2).

—

—— —

HHa
Hﬂ BOJTHBI A H3.Iy9aeMoro aToMoOM (bOTOHa coctasiser 0 6 MKM
s .

IIp HICHH! CTECTBEHHOH meH 1 JHe €THYeC yp a K( )—’
[e) ele[P]le“lH“ e ee (¢ Hb! H pl KO

Hano Pewenue
Al=06 MkM=6-10" | AEA 2 h AL
At=10"% ¢ AE At=h, Mv
AR aE= g ke ’ En
— _ 9 At Pl E
E AE h 2 2 y

I
PHHHMA, YTO 371eKTPOH HAXO JUTCS BHYTpH aToMa auameTpoM 0,3 um
b

onpenenHte (B 3NeKIpoH
-BONIETAX) He
HOTO 31EKTPOHa., ) HeonpeneneHHOCTS HEPrHH NaH-

Omeem W
2m(Ax)
<502

—

BonHoBas (QyHKIMS, OIHCHBAKOLIAS HEKOTOPYIO YaCTHULLY, MOXET OBITh

~ £t
ApeCTABNCHA B BHIE W(x,)=y(x) e " Tlokaxure, 4TO IVIOTHOCTH BEPOATHO-

CTH HAXOXKIEHNs YACTHUIIbI OTPENeNAeTcs TONLKO KOOp IMHATHOH ¥ -dyHKumed.

Hano

‘i’(x, t):]/)(x).e_zEf W=“‘P(x, 0

Pewenue

2, [z, O =¥, 0 ¥(x0,

!

wegr) 6 i) e =iy ) =lpf .

————

Hexomopbie mamemamuieckue opmysl

sin(a + B) =sina cos B+ cosa sin §

cos(a* )= cosa cos BF sina sin §

. . 2
sin2a = 2sina cosa cos2a = cos> & — s’ a
2 1 2 1
sin a=—2-(1—c052a) cos a=5(1+c052a)

503



¥ -QyHKIMA HEKOTOPO YaCTHLEI HMeeT BHJ Y= 4 e’/
Id

paccrosiHHe 3To# YacTHIBI J0 CHJIOBOro LOE€HTpa; a — HEKOTOpAas MOCTOSHHASN.

Hcnonesys ycnoswe HopMuposku BEPOATHOCTEH, OMpeneuTe HOPMHPOBOYHKIf
xodbdunmenr 4.

, rae r —

\ Hcnonbiys ycnoBue HOPMUPOBKH BEPOATHOCTEH, ONpe/ie/iiTe HOPMU-

= =A —rl/(Zaz)
poBouHBIH k03 GHIIMEHT BONHOBOH QyHKUMM Y(r)=Ae .

DITMCHIBAIONIEH MOBeeHHE Hexoropoﬁ YacTHUlbl, e +r — PacCTosHME YaCTUIhI OT
CHJIOBOI'O LIEHTpa; ¢ — HekoTopas NOCTOsTHHAs.

Hano Pewenue
2
p=2era 1 av =1,
r 4
@ = const dV =dmr? dr |
A —2 ©

£
[5e amr? ar =1,
or

47ed? J'e-zr/a dr = _4_7TA2a L
2 0
0
1 ( Omesem ) ]
2ndla=1, A= —. A= J—0.
2na 2na

Hcnione3ys yciosne HOPMHPOB KM BepOSTHOCTeH, OTpefeHTe HOPMH-

POBOUHBIi xO3(puunenT A BoHOBOH dyHKIMH Y= 4e "/ , OlH-

CBIBAOMIEH OCHOBHOE COCTOSHHE 3MIEKTPOHaA B aToMe BOZOpOAa, Ie » — paccTos-
HHE S1eKTPOHA OT A1pa, a — HepBklil GopoBckHil pamyc.

Hano Pewerue
Yr)=Ae’" J'ly;]de=1, dV =dmr? dr | l'/’(’)|2 = 42 e
v
A — 9 w0 ©
IAZ €% 412 dr = 474> J.r2 e g =1,
0 0
T ! 3 3
J'rzedr/a - 2.3=£_, 4nA2-a—=1, A =1, A= 1 '
T e
a Omeem ) ,._!
Vaa®

(04

Omgem ) , 1
[ 32 3
T a

———
—

BonHosas dyHKums 1y = A sin(27rx/1) olpeseneHa TOABKO B 001aCTH

0 € x < [.Hcnonsiys ycji08He HOPMUPOBKH, ONpPe/IeMTe HOPMU-

poBOUHBIH MHOXKHTENL A .

Hano Pewuenue
., 2Tx ! 5
'P(x)=A5m“l— j]w(x)‘ dr=1,
0
0 x £/
2 2 . 22.7rx
l‘([)(x)l = A sin ——l—‘—a
4 -7

X

’ {2 o22mx 2f . 22mx
JIW(X)'deZ'([Az Slnz-I—dX'—‘A j;sm —I—dx—
0

! 2!
A? A dax |,
=A2J.—(1—cosini)dx— > ——2- cos——dx =
0 ! 0 0
A? 2 . dnx A2
=—x| ———sin— :71,
2 o 2 4x ! o
2 2
2




Y ~-DyHKIUHS HEKOTOPOH YaCTHLBI MIMEeT BHL Y= 4 e re r —
¥

PacCcToOAHME 3TOH YACTHIRI 0 CHJIOBOTO LeHTpa;, a — HekoTopas rmocrosaHasd. Or-

penennre cpejHee paccTogHUe <r> HacTHUbBI A0 CHIIOBOTO LHEHTpA.

Hano Pewenue
A v Tl a7 = o
y="e (r)=[rlyl W=y dv,  av=am’dr,
a = const " "
e
<r> . = o (cm. 3anady 6.77),

g

o0 1 ) s0
(r) = -([ 2nar2 e 2rfa .47”2 dr = _;21_J'r e-Zr/a dr =§
0

a
2

BonHoBas yHKUMA, OMHCHBAIOMAN HEKOTOPYIO YACTHLLY, HMeeT BHJ

pe gl
, TAC r ~—— paccroane 3roit YaCTHUBI 0 CHIOBOIO

UeHTpa; @ — HexOTOpa# nocrosHHai. OnpesieniTe cpefHee paccTosHHe (r) gac-
THLB! IO CHJIOBOTO [ieHTpa.

Hano Pewenue
=4 e-rz/(za’) 1
Y A=———  (om3ana1y 6.79), 0V = 4r’ dr |
a = const a

(r)= [l av = [ra? /" amr® 4r =
0 0

{r) —2

T 1 2 2
= [4nr —— e g =
'0[ ala’

i
R
]
ot
1l
s‘a
]
-
i
s
S
3
3
[;
T
qx

Bonnosas (py}{l(l.llflﬂ, OIMMCHIBAIONIAA OCHOBHOE COCTOAHHE INEKTPOHA

B aTOME BOOPONA, MMeeT BHA Y = A e , Tlle r — pacCTOAHHE JJIeK-

TpOHa OT A/pa, @ — NepBbIK Goporckuil pagdyc. OnpefenuTe cpelHce 3HaUeHHE

. 2
KBagpaTa pacCTOSHHA (r > 3NEKTpOHA A0 Apa B OCHOBHOM COCTOAHHH.

Mano Pewernue

_ -r/a -
» w - A (<] <r2> = J-rz‘lp(rjz dV , dV = 4”?'2 dr ,
a = const !
<r2> —? A= 1 (o, sazavy 6.78),

na
(r2>= J'r2_1_3e /a4y d,=.‘_‘§._ﬂ5=3az'
, na 212
(a) ‘ Omeem ) <r2> 3g2

Bonzopas QyHKIHs, ONHMCHIBAIOINAA HEKOTOPYIO TaCTHIY, HMEET BHI

1

A g . .
Y(ry=—e ,rie A ~— HOPpMHPOBOYHBIN MHOKWTENb, PABHBIM L —
- wadon

paccrosiHHe YacTHLBI OT CHJIOBOTO UEHTpA, g — HeKOoTOpad MMOCTOAHHASA. Onpene-

2
NHUTE CpelHee 3HAUeHNe KBagpaTa PacCTOsHNA <r > YAaCcTHULIBI IO CHIIOBOTO LEHTPA.

Mano Pewernue
w(r) = ﬁ e—r‘z/a2 <r2> = j‘r2|w(rj2 dV , dV - 4”"2 dr ,
r 0
A = _1._.__ s A2 o
) wa2m <r2> = Jrz—z- &2 1e 4 dr = 4JIA2j-r2 e2rle g =
r
a = const 0 2

a

_4,,A2_*@.(_2_)_3/2_ﬁ ( Omgem )
- 4 T4 2

2 )%

—————




d 10
( , 63&5“) BonHoBad ¢yHKuHA. OMHCHIBAIOWAT OCHOBHOE COCTOAHHE YIEKTPOHA
3 kg

B aTOM =A4e "
€ BOIOpONa, MMEETBUA = 4 e "' rne r — paccrosuue ex-

TPOH2 OT Anpa, @ — nepseiit Goposckuit panuyc. Onpenennte Hanbonee BepoAT-
HOE PaCCTOSHUE 7, JICKTPOHA 0 Anpa.

g 6 88 ) JamammTe onHoMepHoe ypasHeHne LlIpenuarepa (s CTaHOHAPHBIX
* -

COCTOSHHMIT) [UTA YaCTHLBL, ABWKYyINelics mon nectBHeM KBa3UyInpy-
roi CWIbI

,ZI Januummte obuiee ypasHenue LlIpenuirepa s cBoOOMHOM YaCTHUIIbI,
ano Pewenue . v
%0 0/ BIKYLeHCs BTk OCH X, H PELINTE 3TO yPaBHEHHE.
w = A C—r/a 2
= 2
a = const dW—]zp(r)l v. dV =dar” dr, ey
= £ Ld b
é‘ 690 y«;’ HcXos M3 NPHHLMIA KIIACCHYECKOr0 IETEPMUHH3MA H IPHMHHHOCTH
s i .
0 dW = and%? eV dr, w= aw = dg A e 21 i B KBAHTOBOI MexaHuke, 00bICHHTE TOIKOBaHHE MPHYHHHOCTH B KJIac-
To — dr ’ CHYECKOiT M KBAHTOBOH TEOPHAX .
dw -
2 —2r/

a @%f"‘“ HagecTHO, 4T0 CBOOOIHAS KBAHTOBas YaCTULA OMHCHIBAETCS IWIOCKOH
aw MOHOXpOMATIeCKol BonHo# ne bpoiins. TLIOTHOCTE BEPOSTHOCTH
o 0 8Ad2 e—Zr/a(l _ LJ -0 (BepOATHOCTH, OTHECCHHAS K elluHHLE 00beMa) 0OHApyKeHHs cBOOOAHOH YACTHLIBI

Id - L)
a 2 * 2 "
]‘{’I =YY = \A] = const QOBICHUTE, UTO 03HAYAET MOCTOSHC [BO 3TOH BEJTHYMHDI
-
-L= 0, h=a.

a

3anuiuure ypasuenne LlIpenuarepa s CTaUMOHAPHBIX COCTOTHU 11

( Omeem ’ n=a CBOGOIHOMN YACTHIIB, ABHKYILEHCS BIOME OCH X, @ TAKKE ONpENeNHTe

NOCPE/ICTBOM €ro pelleHHs cOGCTBEHHble 3HAUEHMA SHePIHH. UTO MOXHO CKa3aTh

e ———— -
= e —— 06 JHepreTHUECKOM CriekTpe CBOOOAHOH YaCTHIIBI?

BonHoBas dyHKums, OMHCHBAIOWAS HEKOTOPYIO YACTHILY, MMEET BHIL

Y=A e /e
, 1€ 7 — PacCTOSHHE YACTHIBI OT CHIOBOTO NEHT-

Pa; @ — HeKoTopas MocToANHas. Onpernenute RanGoee BEPOSTHOE PaCCTOSHHE
B
Y9aCTHLB JI0 CHIIOBOTO LEHTpA.

( Omeem ),Bza.

3anumure ypapxeHne IHpenuurepa ana CTaLHOHAPHBIN COCTOAHMIT
ANeXTPOHA, HAXOAAILETOCA B aTOMe BOOPONA.

N —————
P ———
e~ R—

( Omgem ) ,_r°E .
E= 5 , CIIEKTP HellpephIBHbIH
m

e .
eﬁm%}% BonnoBas (yHKINA, ONUCHIBAIONIAS YACTHILY B MOMEHT Bpemenn { =0,

LAY

2/ 2
ameet BH WP(x,0)=Ae™” fa * e @ Mk — HEKOTOpBIE [ONO-

KUTeabHble MOCTOSHHbIE Onpexesute 1) HOPMUPOBOUHBIH K03 HUMEHT A,
2) o0nacTh, B KOTOPOJt YacTHUA JIOKAIH30BAHA.

(Omsem )1),4 ’22 2) O<x<
= N x<a.
an

509




AMe” WHPHHOH [ ¢ GECKOHEUHO BRICOKMMH “CTEHKaMH”. 3allHImmTe
ypasHenue llIpenunnrepa B npenenax “amu” (0 € x <D u pemure ero.

Hano Pewenue
0< x <L U=0 Py 2m
—+ = (E-U)y= ' '
<0, U w ox? hz( U =0. ' ‘
x>, U—>w 0sx </ U=0, | |
———— -0 >0
621/) 2m
P(x) — 2 — D Ey=0
ax?  n v=0,
~0
2_2mE 621/) b) :
k _-—-hz y 5,\;_2+k v=0, 0 { T x
Y(x)=Asinkx + Bcoskx , w0)=0, B=0, P(x)= Asinkx,
— H — = m
Y(l)= Asinkl =0, d=mi, k=TT, zp(x):Asinif—x
< Omegem )1/)(x)=Asin%x.

YacTHiia HaXOIUTCS B ONHOMEPHOH “NOTEHIMATLHOM AMe” IMUpHHO¥H /
¢ 6ECKOHETHO BHICOKHMH “CTCHKaMK”, BIBEUTE BHIp@KEHHE IS COO-
CTBCHHBIX 3HAYEHUMH SHEPprm E, .

Mano Pewenue
(Li:s’ %’éi+k2¢=o, k2=2—;”2£,
E, —? k= % (cM. 3amagy 6.94),
2
nlfz=2;n—zE’ E, = 2727;";2 n=1,2,3, ..
( Omeem ) ;. _ . ;’2”2 . on=1,2,3,.
m

YacTala HaXoAUTCS B OXHOMEPHOI IPAMOYrOIBHOM “IIOTEHIMATBHO

BonHopas QyHKUMS, ONMACHIBAIOMAS COCTOSHNE JaCTHLBI B OJHOMEP-
HO IPAMOYTOABHOM “IOTEHIMANLHOH IME” ¢ OECKOHEUHO BBICOKMMH

“cTenxamm’”, mMeeT BHR Y(x) = A sinkx . Onpenenute: 1) Bin coGCTBEHHOH BOJIHO-

Bo# pyHxumu ¥, (x); 2) xoadduuHeHT A , MCXOIA U3 YCI0BUS HOPMUPOBKM BEPO-

ATHOCTEHH.
Hano Pewenue
w(x)= Asinkx PwO0)y=yp()=0, yY(l)=Asinkl=0,
.ont
D yu(x) —? kl=nm k=-nl—n, 1/),,(X)=Asme,
2) A4 —?

l [
£|¢n(x)|2 dx =1, £A2 sinzgx dxz-i—A21=1 _

( Omsem )l)w,,(x)=Asin%x; 2)A=\E.

H3BeCTHO, 4TO HOpMUPOBAHHAA COGCTBEHHAsA BOHOBaA (yHKLIAA, OIHCEI-
BAIOILAsA COCTOSHHE WIEKTPOHA B OTHOMEPHOMN MPAMOYTOIBHOHN “TIOTEHIM-
aapHOM sme” ¢ 6eCKOHEYHO BHICOKMMH ‘‘CTEHKaMM’, UMeeT BH]

2 H nn % 3%
P.(x)= 7 sm-—l—x, rie | ~— mupHHa “ampl”. Onpenenure cpenHee 3HauYeHUE

KOOPAHMHATHL {X) IEKTPOHa.

Hano Pewenue
pin= Fne | ()= [ oF de ()= [rsint P an-
n l l : n s - I ) l =
!
2 1 2nn I
(x) —2 =7j.x —(l—cos—x)dx:-z—.




Hoxaxure, 4T0 COOCTBEHHBIE BONMHOBEIE (DYHKIIMH, ONHACHIBAIOMIME CO-

CTOSHHE YaCTHIIBI B OHOMEPHOH “TOTEHIHAILHOM siMe” ¢ Beck

BRICOKIMH “CTEHKaMH”, TBIISIOT eomts
) Csl OPTOTOHAJIBHBIMH, T. €. YAOBJICTBOPSIOT YCIOBHIO

/
f’/’n(x)wm(x)dx =0,ecma nz2m.3 - gy
: . 3nech | — mmpuHa “SMEC, 7 M M — Uense

qucna.

DNeKTpOH HaXOIUTCA B OIHOMEPHOM NPAMOYTOJBHON “IOTEHIHAIE-
Hoii ame” mupHHO | ¢ 6eCKOHEUHO BHICOKMMH “crenxamu”. Qupe-

pfenuTe BeposTHoCTh W obHapyxeHNs JICKTPOHA B cpenHel TpeTH “AMBL”, €CITH

SMEKTPOH HAXOJUTCH B BO36YXIEHHOM COCTOAHHH (1= 3). [oscHute GH3MuECKHI
CMBICI TOTy4eHHOTO PE3yIIbTaTa, H300paskB rpadH4€ecKH IWIOTHOCTh BEPOATHOCTH
o6HApyXKeHHs MEKTPOHA B JaHHOM COCTOAHHH.

Mano Pewenue
qafTPIIua 86 OHOMEPHOM MPAMOYTONEHON “OTEHUMATBHOM AME” WMPH- . ) \1/’312 n
HOM [ C DECKOHEYHO BBICOKHMH “‘CTEHKaMH” Haxo AX) =7 ST
!
cocrosHuu. OfnpenenTe BEpOSTHOCTE 06Ha ATeR B OC?OBHOM
aHo 1 2
A Pewenue Lisx <3 /\%—/\ .
2 . 2 -
Yu(0)= [~ sin Pi(x)= = sinZx, ol L, %2, W o x
l 11 W2 3¢ 3
n=1 i3 i 21/3 21/3 2103
2 2. 23.7I 2 (%4
W= 2ar= [26n2® 4o W= |[|g| de= | —sin®—xde== —(1—cos——x)dx=
0<x<-§— _!).|1/’1, _!;Ism Ide_ I./[3 ,J/;l ! II./[32 !
- /3 21/3 21/3 2143 273
W —7 =3jl 1—0052—nx dx = :l d.x—l I cos—6—]—t—xdx=lxl —l—l—sin——x =
[d2 ! l[/3 I,/3 / I i 67 3
/3 I3
IJ' 1 2 1 17 /3
=[x [ cosErxdrmatl gnZr 1 1 27 1 1 (. 6m2 o 6nly_1 1 . o1
10 I-([ ! 3 12x 1, 3 2x S1 T=0,195' —g—a; sm—l——3——sm—l—§ —g—g;z—(sm4n—sm2n)—§-

YacTtuua B i
uu OIHOMEPHOM MPAMOYFONBHON * NOTEHUNANEHOM aMe” TIu-
pHuoii I ¢ 6eckoHEUHO BBICOKHMH “CTEHKaMK” HAXOIHTCH B BO36Yyx-

eH. =
AeHHOM cocTosHHH ( n=2). Onpenendre BeposSTHOCTE 00HapyKeHUS YACTHLL! B
obnactn %! < x < ¥%I.

( Omeem ) p— o091

G12y

YacrHua B ONHOMEPHOH NIPAMOYTONEHOA “rroTeHIMANLHOM AME” mH-
puHoii / ¢ 6eckoHEYHO BRICOKIMH “cTeHKaMH” HaxOIUTCA B BO30YX-

EHHOM cocTofAHHH ( n=3). ONpenennTe, B KakUX To4kax “aMmpl” (0 S x < 1)

[UTOTHOCTh BEPOATHOCTH 0OHApYx)eHWS YaCTHLIBI: 1) MakcHManbHa; 2) MHHHMAIlb-
ta. [TOSCHHTE MOTydeHH BN Pe3y/bTaT rpaQHIeCKH.

( I 1 3 12
Omsem) 1)w=maxnpnx=g,5,—g; 2) w=min npnx=§,—3-.

13

17 COopHuk 321"

cres s e



TEHLH H ”
UNATIBHOH AMBI" ¢ OECKOHEYHO BBICOKUMH “CTEHKAMK" OUCKpeT

il p 4 ~
Ollpe CIIuTE Hp" KaxkoHu Hu HE OTHOMEPHO MOYTOJIbBHOH O
N K 434 p" H H ]'lpS{ JIbH n

!

UacTHIIa HAXOMUTCS B OMHOMEPHOI PAMOYTOILHOM “II0TeHUNABHOM
ame” ¢ GeCKOHeYHO BEICOKHMH “‘CTeHKamH”. Onpenenure, BO cxom;xo

HOCTE 3HBpIeIH‘l€:CKOlO CHeKlpa JJIeKT [)OHa C[)aBHHMZi C €ero pe He qec- a3 U3IMCHACT C ]
C it H KHHETH C p

Ko oHeprHeit npu Temneparype T .

Hano Pewienue
AE =E 2.2
n K h a
AE, =(2n+1 ,
T )2ml2
l -'? EI\ :}'kTa
2
22
(2n+1)h”2=3k7*, I= 2n+1
2ml ImkT

2n+1

( Omeem )
I =hn

Hoxaxure, 4to 3Heprus cBoOOIHBIX JIEKTPOHOB B META/LIE HEe KBaHTy-

etcs. Ipum i
PHMUTE, 4TO IHPHHA [ NPAMOYTOABHOMN “IIOTe HIMANLHOM SMB!"™

¢ GeckoHEUHO BBICOKIM »
¥ * CTeHkaMH” IS IEKTPOHA B MeTallle cocTanister 10 cm.

AE,1+1 n / E, wacTuipl NpH nepexone o1 n= 3 x ' =8. O6biacHUTe QUIHYECKYIO

yUIHOCTH TOTYYEHHOTO PE3yIbTaTa.

Hano Pewenue
n=3 2.2 -
} 2 h xh
i‘n':s En=n _~2m12 s AEH+1,H=EH+I_EH=(2n+1)2m12
AE, i, o o AE, 1 n _ 2n+1 AE _ 20 +1
En " g E”’ n2 ’ En' (n1)2
BrruucieHus
AE
n=3 43 --=0,78.
E;

AEy 16

E, 64
(Omﬂem) YMeHbaeTcs B 3 pasa.

Jano Pewenue
m=911.107>"
Kr E 2]I2h2
=10 cM=0,1 M n zmlz,
AE, —7? 2,2
" AE,=E,, =[(n+1)2_n2]_”i=
2ml?
2 232
—(2n+l) il e nZ
mi?

( Omeem ) ap ~075n.10% 58

YacTuua ¢ Hepruedl E JBUKEICH B MOJIOKUTEJEHOM HaIpaBlIeHHU
OCH X ¥ BCTpedaeT Ha CBOeM IyTH HpAMOYTOJTHHELH MOTeHIMANEHBIR

6aphep BHICOTOH U M KOHEYHOH mupuHo#l [ , npuuem £ <U . 3anmuumuTe ypapHe-
Hue llpeuHrepa wis obmactedt 1, 24 3.

, : )
6' ) m
1) 1/;‘““klh‘/’lzo, kl2=—h§“E-
’(/} 2 2m
253 +q Y, = CI:}T(E—U). E<UY __ L.
1
e . , 2
3) L34 By =0 KB="3E o2l
ox h
0 l x




s A%
W T ‘?@ s yenosua 3a
naqu i
Lﬁﬁlgﬁﬁ o p " 6 106 sanumure pemenus ypasuenuit Hlpenun-
1a obnacrert / 2 u 3 Y -@yHKims 06bI19HO HOPMHPYETCS Tak

aro 4, =1
| Ilpencrasbre rpadudecky KauecTBeH b B ¥ -(yHKImi

1) Y, = e1k|x +B] e«rk,t' w
2) ¢2=A2 e—ﬂerBz eﬂx_

1
¥,
3) wS =A3 ezk,x )

I

:
2y o IU-B) \/0
h- ’ - H >

B,=0.

Anek i E=
o TpoH ¢ 3Hepruelt £ =5 3B ABIKETCA B IONOKUTETHHOM Hanpas-
e HH OCH X, BCTPEUast Ha CBOEM ITYTH IPAMOYTOJIBHBIR NoTeHIHAIL
1H 6apee; i U= i -
psep BeicoTod U =10 3B u mmpusoit / = 0,1 vM. Onpegenure ko3 duru-
eur D 1po3paiHOCTH NOTeHIMaNbHOro Gaphepa

Harno

m=911.10" kr

E=553B=8 10 IIx
U=10 3B=1,6- 107'* JIx
[=0,] aMm=10""pm

Pewuenue

Dp[%m}

TIpsMoyroneHeli oTeHIMANEHBIH Gapbep UMeeT mupuHy / =0,1 M

)
IOpO“ BCPOS{IHOC Th IIPOXO)'KIICHH-H JJIEKT pOHa CKBO3b 6apbep COCTaBUT 0,5.

( Omsem ) _gy-04s4 3B,

E=53B=8-10" Ik

[IpoToH ¢ 3HEPrHeH E =5 5B nsuwkercs B TIOJIOXKUTEIBHOM HallpaB-
eqas Ha CBOEM ITyTH [IPAMOYTO/bHBIH NOTEHIHAIE-
aplit Gapbep BeicoTolt U = 10 »B u mupuHoit / = 0,1 aM. Onpexnenire BEPOATHOCTE

[POXOXIEHUA POTOHOM 3TOr0 apbepa. Bo ckollbKo pa3 Hazo Cy3uTh Baprep, 4TO-
MPOXOXAEHHS €0 NMPOTOHOM Gpila Takol xe, Kak Ul 3JICKTPOoHA

JIEHUH OCH X, BCTP

G5l BepOATHOCTE
{IpH BBIMIETIPHBEIEHHBIX YCIOBHAX.

Jano

m,= 1,67-10_27 KT

Pewenue

21
WP =D= exp[——;}—,meP(U - E)] ,
W, = exp[—%l—JZme(U - E)] ,
2
W, =W, = exp[——h—\/m}

U=10 sB=1,6-10* ik
[=01 aM=10"m™

m,=9,11-107" xr

W
P
20 - 21
[ ——h—JZmP(U -E)= ——h—,IZme(U— E),
l’
L 2
I m,

TIpsaMOYTOJIBHBIH [oTeHLHANBHEIH 6apbep HMeeT MUpUHy / = 0,1 um.
Pa3HOCTE MEKIY BBICOTOH OTEHIMAIBHOTO Gapbepa u Hepriel 1BH-
eHHH ocH x mekTpoHa U~ E =5 3B. Onpe-

XYLIETrocs B [10JIOUTETBHOM HalpasJl
[euTe, BO CKOJIBKO pa3 H3MEHUTCA K03 PHINMEHT NPO3PAYHOCTH [ NOTCHIMAIL

Horo Gaphepa JUIA HNIEKTPOHA, ecii PasHoCTh U - E Bospacracr B 4 pasa.

D _yo.

( Omeem >_
D2




Yactuua c sneprueit £ npmwkercs s NOTOXUTENBHOM HallpaBIIeHHY

OCH

- X H BCTPEYACT HA CBOEM ITyTH GeCKOHEYHO HIHPOKHH IPSMOYIOIp-
U ¥ ¥

o OTeHUHaNBHBIA Gapbep BrICOTOMN [V, npudem E > U. 3anummire ypapHenu
penuHrepa ms o6nacreit / u 2. P )

JIEHHH OCH

Yacruna ¢ sneprueit £ =10 3B nsrwkercs B 1ONOXKHTENEHOM Halpas-

Y. BCTpeyas Ha CBoeM HyTH GeCKOHEYHO IHPOKHHA NPAMO-

yrO/IBHbIH NOTeHUHATBHbIH 6apeep BeICOTON U = 5 3B. Onpenenute kodpuuinens

yIpenoMaeHus n BONH e Bpoilid Ha rpaHKue NOTEeHIHAIBHOTO 6apsepa.
[

( Omeem >

—

-

9 U
1) avél-i-klzl/Jl:O, k12=£’ZE A
X hz ? T—-——— —————
o’y 2 ——
2y =2 2, 2 _ <l
) o2 +hy, =0, kz_h—2(E_U)_ .
U
Y. 1 2 y o
x

4To Al

Anst ycnosus 3anauu 6.112 sanpmmre pemenne ypasHennii Ilpequn-
re i
Pa as obnacredt I u 2 -Oyuxuus o6pruHo HOPMMpPYeTCs Tak

=1. Ilpencrassre rpapmaecku Ka4CCTBCHHBIA BHA ¥ -y HKimit

( Omeem )

D) yi(x)= ehv 4 B e ,

k = : Yl
1 4 ’ ’4 1 »” )-2
2) Yy(x)= 4, ek, B,=0,
= L2E-U)
: : v
h I ¥,
1 2
—
x

Mano Pewenue
E=10 3B v, . 2mE
U=5 3B Do kv =0, b=
n—? 821/’2 2 J2m(E-U)
2) axz + k2w2 =0 » k2 = '—'——“h .

neh [E-U
A Kk E

JN1eKTPOH C [UTHHO BonHb! e Bpoiins A =100 mM, ABHrasch B I0J0-

Omeem ) n=0,707.

JKUTEIbHOM HanpaB/IeHHH OCH X, BCTPCUACT HA CBOEM ITYTH 6eckoHey-

HO IHPOKHI NPAMOYTOIBHEI NOTeHMaNbHbIi Gapsep BeicoToli U =100 3B. On-
penenuTe LTHHY BOIHBI e Bpoiiis nocine npoxoxneHus Gapbepa

( Omeem hzz\/T_ilU)—/‘E:m .

Yacruua ¢ sHeprueit £ =50 3B, ABHradch B OJI0XKHTETBHOM HallpaB-
NEHHH OCH X, BCTPEYaeT Ha CBOEM ITyTH 0€ CKOHETHO IUMPOKHH PsAMO-

YroMBHBI noTeHuMAansHp1i 6apsep BeicoToli U = 20 3B. Onpenenire BepOSTHOCTH
OTpaXKeHHs1 YAaCTHIIBI OT 3TOTO Gapbepa.

Mano Pewenue
E=50 sB bk 2
=R=|1" V2 2 _
U =20 3B W—R__k‘_:r_kl,kl= mE,kzzw[ m(E U)’
1 2 h h
W—2 E>U,  k>k,

(JE-JE-UY
(VE+JE-UY’

( Omeem >W=0,016.




Yactuua maccoit m=10"1°

KI, ABUTasiCh B [TOJIOKHUTETLHOM Harnpas-

IEHHH OCH x CO cKopocThio =20 M/C, BCTpeuaeT Ha CBoem oyTn

GeCKOHeYHO IMPOKIit TIPSMOYTOMLHEIH NOTeHIMALHBIH 6aphep BeicoTol U/ = 100 3B,

Onpenennte xosdpunmenr OoTpakeHua R BoaH ne b

POJIS Ha rpaHuLe NOTeHNY-
JILHOro Gapbepa.

Aano Pewenue
2
m=10—[9 KT E:szv ,
v =20 m/c 2

U =100 »B

R—9 h ’ oo

2 2
_kh-k| _|VE-VEZU|
h+k| |VE+JE-U| -
Brraucnenus:
10720 m/cy
E=—‘(2—L):2-10*”11»< =1255B. E>U
po V125425

~——7—=| =0,146 ( )
125 + 725 Omeem. ) r=o0,146.

Yactuua c oneprveit E msimkertcs B TIO/TOXKUTEILHOM HATIPABI/IEHHH
OCH X H BCTpeYaeT Ha CBoeM I1yTH feCKkoHedHo HMIHPOKHHA NIPIMOYI0JIk-
HBIH NOTeHUMaNLHBIA Gapbep BEICOTOMH [/ .
pensrepa nia obnacreii [ u 2.

npriem E <U. 3anumute ypasHenne

52
N ’/;| Tk, =0, k = 2mE;

ox h —
2) —2 4+ k59, =0 L e St N
) ax_ -¢2 3 k2 ,_7 2 U

- l
bep pe D) —-
X

st yenosus 3afaun 6.118 3anuuinTe pemeHne ypasHeHui Llpenus-

repa s obnacreit / 1 2. ¥ -@yHKuMT OObIMHO HODMHpPYETCH Tak,

ito 4, =1. [Ipexcrasbre rpadHIecKH Ka4ecTBEHHMIH BUR ¥ -QyHKIHH.

U
J2mE A

L” '/’2 = A2 e_ﬂ"’ ? \./\_/\

™
1]
[
5
S
|
!
o
Il
<

DNeKTPoH ¢ TiHOM BomHb A 1ie Bpoiins, pasHoii 120 M, IBIDKeTCS B
MIONOXKUTENILHOM HAMpPAaBIeHHH OCH X H BCTpeyaeT Ha CBOeM ITyTH Oec-

KOHeuHO WIHPOKHI IPIMOYTONBHEIH MoTeHUMAaNbHEL Gaphep BricoToil U = 200 3B.

PripefenuTe ko3 $UnHeHT oTpaxkeHs R BonH ne bpoitns Ha rpaHHme noTeHH-
pbHOTO Gapbepa.

Hano Pewienue

~911.10° k[ h

=911-107" kr R= k =k , sz’
=120 ma=1,2-10 " m i+
7 = 200 sB 5 ,

P _ > (cM. pHCYHOK X 3a/iaue 6.118),
R — 9 2m  2mk
2 2

L _N2miE o _2mE=0) eli—k| _WE-VE-T|
TR 2 h ’ |k1+k2l l«/E+JE—U|
Boruncnenus:

_ (6,63-107* Ik ¢y
T 2911107 kr-(1.2:107° M)

J100 - 100-200[ _[1-if
V100 +100-200]  [1+4] ( Omgem ) g1

=1,67-107" Jx ~1003B. E<U
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YacTuua c 3Heprueil £ [BIKETCS B MOJNOKHTETLHOM HarpaBIIeHuk
OCH X M BCTPEYAET Ha CBOEM ITyTH 0 CKOHEUHO IMHPOKHUIT IPIMOYTOJTE-

ub1# Gapeep BeicoTol U, mpuuem E < U | Tlpunmmasd 4, =1 (xax 310 00BI4HO 1e-

JaeTcA) M UCIONB3Ysl YCIOBUA HENPEephIBHOCTH BOMHOBOH QyHKIUMH H €e YepBoii
NpoM3BOJHON Ha rpaduue obnacteil / u 2, ONPENENNTE IUIOTHOCTE BEPOSTHOCTH

lz/;z(O)l2 obHapyxeHns 4acTHUE! B Touke x = 0 obnactu 2.

Yacruna c sHepruedt E 1BIKETCA B TOIOKMTENBHOM HANpAaBIeHUH
OCH X H BCTPEYALT Ha CBOEM ITy TH GECKOHEUHO LIMPOKHIA IIPSAMOYTOb-

HBIH NOTeHUMANBHBIA Gaphep BoicoTo#t U, npiem E <U . TipunnMas A =1 (xak
7m."o OOBIYHO €128 TC) U HCIONB3YS YCAOBHS HENMPEPHIBHOCTH BOJIHOBOM ¢$yHK-
iy 1 ee niepBoit npou3BONHON Ha rpaHune obnacTeit / U 2, onpegenuTe WIoT-

HOCTB BEPOATHOCTH 0GHAPYKEHHA YACTHILI HA PACCTOSHHH X OT MOTEHIUHATBHO-
ro 6aprepa.
-

Hano Pewenue
E<U kyx 1k, x 2mE
x)=e"+Be ", k= ,
4, =1 Yi(x) B, 1 P
P1(0)=,(0) pa() = Ay A J2m(E-U)
2 X)= Ay , 2T
Yi(0)=y4(0) h
S wi(x)z ikl ezk,x+ B,(—ikl)e_lk'x ,
2 9 | tkyx
() —? | (x) = Ay(ihy) e, uk
P (0)=1+ B, Y,(0)=4,, —
. . E<U
(0= 1k, — ik, R 5(0)= 1k, A ,
Yi(0)= ik — ik B, ¥3(0)=tky4, —
1+ B =4,, k—kB =k4,, U
B =4,-1, ki — (4, — Dk = k4, i 5
2k, —

2k =(k + k)4, A2=kl+k2’

2 2 2
a0 =l |2 J2E P _aE

2 P btk |VE+VE-U| VE+iJU-E|
4E 4E 4E

T WNE+NU-EYNE-iNU—-E) E+WNU-E-iNU-E+U-E U

4E
( Omeem )lwz(o)}2=7-

522

.
4 ano Pewenue
L
'E<U 5 5
‘ d 2m

A=l =0, T Mgy

X X 1
¥1(0)=v,(0)
w{(o): 1/’5,(0) 1/’1(")'—' ezk|x+ B] e—tklx , k] _ \/2;71E i
, )
2 N2m(E-U
l’/’z(x)| —7? Pa(x) = A, ek, ky = _m('h*) )
U
Y1(0)=1,(0) 1+ B= 4,, A
Y1(0) = y3(0) k =Bk = k4,
—
2 E<U
P kk >
q U
2 | o [
2 [LoRY K4 X
aof = [y e = | 2 1] 2
| kl + k2 Y o
X

’ \/* 2k, ?
! . _2m(U - E) 2_ =M o

1 =1, ﬂ_—};—’ |1p2(x)| k + 1B °
” Omeem 2 I

o) =7 e,

. kl +Iﬂ

E e k= «/2;lnE = ,/Zm((;'-—E)-

£




_\/mkxz

Jokaxwute, uTo BoMHOBasA QyHKIUS P(x)= Axe 2h

MOXeT OBITh
pemedneM ypapHeans Llpeguarepa st rapMOHHYECKOTO OCHHIIATOPA, MACCa KO-

TOPOroO M W LUCTORHHAS KBA3HYINpPYTroi ciiel &k . Onpenenure coOCTBEHHOE 3HaUE-
HHE IMOJIHOH IHEPTHH OCLIILIATOPA,

Hano Petuenue
_mk 2.2 —
Y(x)=Axe 2 61/) Zm[E_m_aLx_ =0 mk
2 1/’ — =4a-
ax h 2 2h
k
m, ka wo =l s aw
m Px)=Axe™ | L=de™ _2adxie™™
ox
E —2?
a 1/’ —ax? —ax? 2 3 —ax? —ax? 2 3 _—ax?
=2adxe™ —dadxe™ +4a°dx’ e ¥ =—6adxe™ +4adx’ e,
2
~ 6adx + 4a’Ax> + ZmLzAx 7 woAx =0,
] n
3\/ 2mk 2 m_E_ m°k e mE 3/ mk
PO T ye ’ o o2n

E=

o 4
3hdm
2m

_3h‘/? 30
2" 2% ( Omeem >E=%hw0.

O6bsacHATE GU3UYECKUHA CMEBICT CYIMECTBOBaHHA JHEPTHH HYJIEBBIX
KoneOaHMi IS KBQHTOBOTO FapMOHHYECKOrO OCUMLIATOPA. 3aBHCHT
g1 BATUYHE HYAEBhIX KoneGanuil oT GopMBI “NoTeHIMATBHOR AMBL™?

MaTeMarrHecKyi MasTHHK MOXHO PacCMATpPHUBATh B KAYECTBE FapMo-
HHUYecKoro ocruuistopa. OmpejeIuTe B JIEKTPOH-BOIBTAX SHEPIHIO
eBHIX KoneGaHHi A7 MasTHHKA JUIMHOM / =1 M, HaXofgmerocs B IOJIe TATOTe-
g 3eMIIH.

Hano Pewenue
f=1m 1 2
b =981 w/c? By =< hwo “o =

[
T=2n\/:,
g
V} 1 g
E :—h —_
f 07 \/7

Ey=103-10"" 5B

PaccMarpuBad MareMarHdeckuif MadrHHK mMaccoii m =100 r u mmn-
Ho#t /=0,5 M B BHZe FapMOHHYECKOTO OCLMILINTOPA, ONpPEETHTE

K1aCCHIECKYHO aMIUTUTYRY 4 MasATHHKa, COOTBETCTBYIOIIYIO SHEPIUH HYJ1EBbIX KO-
nebGanuil 9TOr0 MaATHHKA.

YacTuiia Maccoli m IBIDKETCS B OXHOMEPHOM MOTEHIMATIBEHOM I10J1E

U(x)= loc2/2 (rapMoBHvecKuil ocuisTop). BonnoBas ¢yHKuyA,

OIIUCHIBAaOIasg NOBEACHHE YaCTHUR B OCHOBHOM COCTOssHHH, HMEeT BH/

- 2 a~
Y(x)=4e ™ ,rme A — HOPMHUPOBOUHBIHA KOIQHIMEHT, @ — NMOTOKUTENBHAS

nocrosnHas. Mcnonssys ypasaenue lllpeaunrepa, onpeaenure: 1) nocrosuuyio a.,
2) 3HEprUIO YacTHULE! B 3TOM COCTOAHUU,

‘ Omsem ’l)az%c;g; Z)E:h—az)o,rﬂea)oz,fk/m.
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6.3. DjieMeHThI cOBpPeMeHHOH (PHIHKH
aTOMOB H MOJIeKY.JI

Ipencrasste: 1) ypapHeHue Ilpenunrepa i CTalMOHAPHBIX COCTO-
SHUI 371eKTPOHA, HaXOMALIEr0Cs B aTOMe BOJIOPO/A; 2) cobcTBeHHBIE
3HaYeHMs IHePrHH, yIOBJIETBOPSIONIHE YPaBHEHUIO; 3) rpadHx noTeHIMAIBHOM SHep-
UM B3auMolelicTBHA 37eKTPOoHA C AapoM; 4) BOIMOXKHbIE JHCKpeTHBIE 3Ha4eHU:
SHEprHH Ha 3TOM rpaduxe.

( Omeem ) .

2 ¢’ / >
m e
Z(E- =0, U=- . E
1) Azp+h2 (E-Uyy dmgr 3
Etl-
1 me?
DE =—5——, n=1,2,3,..
) En n 8h2£g
3), 4) cM. pHCYHOK.
E,

Kak m3secTHo, ypasHeHmo Hlpeauarepa, onuCkIBalOlleMy aTOM BO-

0pO/Ia, YIOBIETBOPSIOT COGCTBEHHbIe GYHKUMH Yy, (7, 2, ), on-

penensieMble TPeMs KBaHTOBBIMH YHCIaMH: [IaBHBIM 77, opOutansHEIM [ H Mal-
HUTHEIM 1, . O6bscHATE GHUIMMECKAN CMBICH YKa3aHHBIX KBAHTOBBIX YACEN H 3aITH-

HIMTEe UX BO3MOXKHbBIE 3HAYCHHA,

3amnnuTe BO3SMOXHEIE 3HaYeHUs OPOHTAILHOTO KBAHTOBOTO YHCHA | H

MAarHMTHOTO KBAHTOBOI'O YHCNA 7 JIJId IIABHOIO KBAHTOBOTO YHCIIA N = 4,

n=4,1=0, m=0. I=1, m=0, %1.

1=2,m=0,%1,42. 1=3,m=0,+l, 42, +3

Ormpenennte, CKOMbKO PA3THYHBIX BONHOBBIX (DYHKLHI COOTBETCTBY-
€T IMaBHOMY KBaHTOBOMY YHCIy n=73 .

n=3; 9 pasmMYHBIX BOJHOBLIX QyHKuuit (Ge3 ydeTa cluHa).

YYHTEIBas YHCIO BOSMOXHBIX COCTOAHUI, COOTBETCTBYIOLIMX HaHHO-
f - My IMaBHOMY KBaHTOBOMY YHCITy 1, a Takoke IIpasuna orbopa, npep-
CTaBbTe Ha 3HEPreTHYECKOW JHArpaMMe cIieKTpalbHble THHHH aroMa BOZOpoOIa,
1 o

1vﬁpaaylmm«xe cepun Jlaitvana u bansMepa.

IMoxaxuTe BO3MOXHBIE SHepreTHyeCkKHe YPOBHH aToMa C ANIeKTPOHOM
B COCTOAHHH C IMTaBHBIM KBAHTOBBIM YHCJIOM 11 =6 , €CJIH aTOM IoMe-

Hoctpoiite M 06BACHATE THArPaMMy, WLTHOCTPHPYIOILYIO pacIeryie-

\ HHE SHepreTHYeCKHX YPOBHEH M CIIeKTPaIbHBIX JTHHHUIA (C y2eToM npa-
hﬂ 0160pa) IpH Mepexogax MeXy COCToasHuAMUC /=2 u [=1.
it

)

BonHoBas QYHKIHS Y, (7, #, ), ONHUCHBAIOMAA aTOM BOZOPOIA,

olpeneAeICs NIaBHbIM KBAHTOBBIM 4YHMCIIOM 11, OPGI«ITBJILHLIM KBaH-
TOBBIM YHCIOM | H MArHHTHBIM KBAHTOBBIM YHCIIOM m . Onpeﬂenn’re, 4eMy paBHO

YHCI0 pa3aIHYHbIX COCTOﬂHHﬁ, COOTBETCTBYIOIIHX JaHHOMY 7.

( Omeem ) "

—

Omeem m,
, +2
= /’:’ i T +1
I=1, m=0,%l. dlzg\:_:_ - 0
1=2, m=0, %1, £2. T -1
~— -2

4 ) 4 v
- ' ! T 1
I:1 - L 4 v v +
<:-- 0

p S A 4 v A 4

526

527



TMocTpoiite H OOBICHHTE AHATPAMMY, WUTOCTPHPYIOILYIO pacleILIe-
HHE JHepreTHYECKHX YPOBHel H CHeKTPalbHbIX JUHUH MPH repexo-

aX MEXAY cocTosiHuamu c /=1 u /=0

BonHosas GyHKUHSA, ONMHCEIBAIOMAA 15-COCTOAHHE JIEKTPOHA B aTOMe

BoJopona, uMeeT BUI y(r)=C e, tne r — paccTosHue 3IeKTpo-
Ha OT A1pa, a —— Mepsblit OopoBckHil paguyc. OnpexenuTe HOPMHUPOBAHHYIO BON-

HOBYIO (DYHKIMIO, OTBEYAIONIYIO 3TOMY COCTOSHHIO,

HopmupoBaHnas BoJHOBas (yHKIMs, oruchiBatowas 1s-cocTosHue

1
7EKTPOHA B aToMe BOTOpO/a, iMeeT BUx Yioo(r) = *“—'\/——3 e ", e

na
ia — nepsbiit Goporckuii paniyc. Onpenennte: 1) BEPOATHOCTh dW obHapyxenus

pnexrpoua HA PacCTOARMH OT » 10 r+dr or s1pa; 2) PacCcTOAHHA OT A1pa, Ha
;xoropmx IEKTPOH MOXKET ObITh 00HApy)eH ¢ Hanbonb1IeH BEPOS 1 HOCTHIO.

Dr=a.

Hano Pewenue
Y(r)=Ce™ 2
av=1,
a = const
Yioo(r) — 2 d¥ = 4zr? dr

j|w| v = jC e 7 4mr? dr—4nC2jr e 4y = 4?21

° el

47?24} 1 N B
Bt | - Pioo(r) = €
2 ’ ¢ I N
( Omgem ) Yoo(r) ==z ¢
aa

[Tpexnonaras, 470 HOPMUPOBaHHAA BOMHOBAA QYHKIHSA, ONMHCHIBAIO-
mwast 1s-cocTosHHe IMEeKTPOHA B aTOME BOIOPO/Ia, H3BECTHa (CM. 3313~

yy 6.137), onpenenure cpenHee 3Hadenue GyHkmyu 1/, nputHuMas

BO BHUMaHHe, ‘no< > j— "wdv .

( Omeem ’<1>:1.

(Omsem ) 1) dW = _4_3_rz e—Zr/a dr,
. a

HopmupoBatHas BosHoBag QyHKIHMA, ofuckiBaiomas 1s-cocrosHue

| S
3eKTPOHA B 4TOMe BOJXOPOA, HMEET BHI Y0p(r) = e "% e
aa

a — nepsblil 6opoBcKuit paguyc. Onpefenure CPeHIO MOTEHIMANIBHYI0 JHEP-
THIO 3JIeKTPOHA B 10J1€ AIpa.

Hano Pewuenue
1 Ha e-
N . U=— ,
Wino(7) — € e,
a = const = jUw*lp dar, dv =4xr’ dr,
'
(U) —

dmegr |ma’ dney a
_e241!_ezigi_ ezl
dme 03(2)2 C dmgd® 4 dmega
a
( Omeem )<U‘_ e’ 1
)= 4me, a
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Hopmuposannas BosHOBas (yHKuMs, OMmIcHBaOmas s -cocrosuue i

e—r/a r
; JTle a — MepBblii

aToMe BOIOPONIR, UMEET BHI Yyqo(r) =
na

bopoBckuit pamuyc. Onpenennte cpenee 3HaYeHHe MOAYIA KyTOHOBCKOH CHIIbL.

¥

.

i i neca L
Ds. éw&? OrnipeniennTe, BO CKOJILKO pa3 opOUTANTBHBIH MOMEHT HMITY. ’
— s IEeKT-
9JIeKTPOHA, HAXOMAILErocs B f~cocTosHHH, 60bIIe, YSM LT }

>0Ha B p-COCTOSHHH.

NeHCTBYIOILEH Ha INeKTp OH. Mano Pewenue
( Omsem ) E fo1=3 L =nid+ D), 1 =n33+1) =12
Fy= ~
< > 2meqa’ pr1=1 » 2 Qf_—_——\[l—i: 6
p=nfileD=m2,  p=g
f
DNeKTPOH B aTOME HAXO/HMTCA B f-cOCTORHUM. OnpesienuTe BosMok- L
2,45,

Hble 3HAYEHUA (B eIHHHMUAX /) MPOEKUMH MOMEHTAa MMITY/IECA L,

OpﬁPlTaJ'ILHOI'O NBIDKEHUA 3NCKTPOHA B aTOME Ha HaIIpaBlIeHHE BHEHIHEIO MarHUT-
HOTO 1ons.

(( Omgem )1, -0, :h 20, +3n.

‘% DNEXTPOH B aTOMe HaXomuTcs B d-cocTosnuu. Omnpeneute: 1) Mo-

257—? ( Omeem )ﬁz
Ly

1s anexTpOH aTOMa BOAOPO/IA, HOTIOTHB doTon ¢ sneprueii £ =121 3B,
repelien B BO30YK/IEHHOE COCTOSHHE C MaKCHMATBLHO BO3MOXKHBIM Op-

Gura/IBHBIM KBAHTOBEIM YHCIOM. ONpENeNHTe HIMeHEHHe MOMeHTa mMIylhea AL

OpOUTAIBHOTO IBHKEHHA 3JIEKTPOHA.

MeHT UMITy/bca (OpOHTaNbHEI) L, 3neKTpOHa; 2) MAKCHMAILHOE 3Ha- ,ZIano Pewienue
YeHHe IPOEKITMH MOMeHTa UMITY/IbCa (le)ma\ Ha Hallpas/le Hle BHEUIHEro MarauT- Iy, =0 =0, L=mfii+1), L,=0,
HOTO MO, F=121 3B = O n
= 1,94+ 10" [k E=h4€*—ﬂ’ "NWR-E”
Hano Pewenue - 12 n
d - 1=0,1,2,0 (n=1),  D=lpu=n-1,
-COCTOs HHE
Ly=hJIil+1), =2, = = hyJ(n-
[=2 ! (+D AL —7? L :h,f(n—l)n, AL/—LIM‘Ln*h (n-Dn.
leh'\/ga m[:()s ilaizy
1 —? < > = 107 - C.
) LI My may = 2, L/z = hml s Omsem AL’ - 2’57 10 II)K ¢
2) le max — ? =2
lema\ =2h. — X 6
6%§i46‘¥”§' O6bscHuTe, 1oduemy B orbiTe LlITepra u ['epraxa 1o 0GHApy KeHHIO COO-
Omesem 1 L,=245h,2) L =2h bk CTBEHHOTO MeXaHHMeCcKoro MOMEHTA UMITY/IbCa (CIUHA) deKTPOHa He-
( ) ) = 2,450, 1z max . NONE30BAIICA MyHOK aTOMOB BOJIOPOJIa, 3aBE/IOMO HaXoAsIHUXCA B 15-COCTORHHH.
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9 OOGbscHuTe, noyemy B onsite [lltepua u I epnaxa 1o obHapy) eHHr,)
COOCTBEHHOIO MeXaHHYECKOrO MOMEHTA UMITYA6Ca (CIHHA) 3NeKTPO-
Ha HCIMOIB30BAIOCH HEOAHOPOAHOE MATHHTHOE M0JTe.

X,

Omnpenenmie yucnoBoe 3Hauenue: 1) coGCTBEHHOrO MEXaHHYECKOT0

MOMEHTA MMITynIbCa (CTMHA) L, ; 2) NpoeKimK CiMHa L, Ha Hanpas-
TeHHe BHEIIHErO MaTrlMTHOTO TOJIA.

1 [11 3
s=—, L=h 1(—”]:;5\/::9,09 107° x - c.
2 2\2 4

1
mo=t—, L
2 S,

6.14

1) L =hs(s+1),

2) L, =hm,, =1h —=+52510"% IIx - c.

!
2

OGBACHHTeE, YTO TEXHUT B OCHOBE KIaCCHDHKALMH YacTHy Ha dbepmuo-

HBI H 6030HE!, & TAK)Ke KOTOBIE H3 HUX ONHCHIBAIOTCA CHMMETPHYHbI-
MH BOIHOBBIMH QyHKUMAMH.

Hcxons 13 NPpHHIMNA HEPA3THYUMO CTH TOXKIECTEEHHDBIX qacTHiy, Jail-
T€ OMpENCICHHEe CHMMETPHYHON H aHTHCHMMETPHUHON BOTHOBOI
Gynxuuit. O6BACHHTE, 109eMy H3MEHEHHE 3HAKA BOTHOBOM byHKuMY He Breder 3a
coboil u3MeHEHHE COCTOAHUS,

3ar0nHeHHOH 21eKTPOHHOH 060n04Ke COOTBETCTBYET [NIaBHOE KBAH-
ToBOE UHCnO0 7 =3 . OUpeeNuTe YHCIO HIeKTPOHOB Ha ITOl 060104-

ke KOTOPHIE HMEIOT OHHAKOBBIE KBaHTOBbIC Wucna: 1) m, = -1/2:2) m=0;
bl

D) m[:—l,mY:VZ.
Hano Pewierue
1.
n=3 [=0,m=0, msziz,
N m = — —9 1,
Dom=-y2. N I=1, m=0, %1, M=ty
Q) m=0, N —7?
; 1
!3) m,:—l,ms=1/2, 122’ m,=0,:t1,i2, ms:;tE_
N —?
‘ Omgem ’1) m‘:—%.N=9;
2y m=0, N=6;
1 —
3) m,=—1,ms=;,N"2

3ar107HeHHON MNIEKTPOHHOI 0605104Ke COOTBETCTBYET [JIaBHOE KBaH-

TR
3acs

HBIM KBAHTOBBLIM YHCJIOM

YunteiBas npuuimn Iayiu, ONpeenTe MAaKCHMATBHOE YHCIO Sek-
TPOHOB, HAXOAAIMXCA B COCTOAHUAX, OIPEIenaeMbiX HaHHBIM IIIAB-

ToBOE UncI0 7 = 4. OnpeenuTe YHCIO HNEKTPOHOB Ha ITOH 060104~

= - = 1]
Ke I(Olopble HMEKT OJMHHaKOBbIE KBAHTOBbIE UHCA. 1) m[ 3, 2) ms 1/_ N
,

[=2;3)ym =-1/2, m=1.

1=0,1,2,3,...(n-1),
m=0, 41, 42, +3, .. %l

( Omeem )

3

N=Y202+1)=2n",

( Omeem )1)2; 2)5, 3)3.

Olpe/ienuTe CyMMapHOE MaKCUMATBHOE YHCIO S =, p-, d - f-H g~

31EKTPOHOB, KOTOPbIE MOTYT HAXOHThes Ha N- M O-060n04Kax aroma.

( Omeem ) 82,
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3anMIINTEe KBAHTOBLIE YHCa, OIIPENSILIONINE BHEMIHMIA, IWIH BaJIEHT-
HBIH, 5/IEKTPOH B OCHOBHOM COCTOSTHHH aTOMa HATpHs.

( Omeem )1s2 252 2p%3s.

BanentHeiit anextpon: n=3,1=0, m=0,m==

!
2

O6wbscunTe; 1) moyeMy TOPMO3HOH PEHTTEHOBCKHUI CIEKTp SBJAETCA
CITTOMHBIM, 2) TIOHEMY CTUIOLIHOM peHITEHOBCKHUH CIIeKTP UMECT Pe3-
KYIO TPaHHILy CO CTOPOHB! KOPOTKHX BOJIH H 4€M ONPE/CIACTCS ¢ MONOKCHHE.

6,163+ Onpenenure HAUMEHBILYIO ATTMHY BOJIHb! PEHTTEHOBCKOTO H3ITyYCHHUA,

3y~

Hone3ysice nepronuaeckoii cuctemoit snementos JI. M. Menneneesa
ki

3aNMUIHATE CHMBO/IHIECKH 3MEKTPOHHYIO KOHOHIYPALMIO ClEYFOILMX
aTOMOB B OCHOBHOM COCTOSHHM: 1) HEOH; 2) aproH; 3) KpHITOH.

COmsem ) 1s? 25% 2.

18 Ar

1s? 257 2p% 357 3p°.

36 Kr| 157 257 2p5 352 3p%34"° 45 4p°.

Honp3ysics nepronurieckoit cucremoii snementos JI, U. Menneneesa

3alUIHTE CUMBOJTHYECKH JEKTPOHHYIO0 KOHQHIypario aToMa Meau
B OCHOBHOM COCTOSHMH.

ecii peHTreHoBCKas Tpy6ka paGoTaeT MpH HANPSDKEHUM U =150 xB

ano

U=150 kB=1,5

Pewenue

10°B E =h__ =eU,

max max min ™
v elU

—
A = ( Omeem ) Amn = 8,29 mM.

MuHHMaNBHAS IJIHHA BOIHB PEHTTCHOBCKHX JIyqei, nony4e HHbX OT

Tpy6KH, paboTaroei npu Hanpsokennn U = 60 xB, pasna 20,7 M.
Orpe/ienuTe 10 3TUM JaHHBM MTOCTOAHHYI0 Inanka.

( Omeem ) h=6,62 107 IIx - c.

Honp3ysicr nepuonyaeckoit cuctemolt anemenTos [, . Menneneesa

3aNHIIMTE CHMBOJIM ECKH 3IEKTPOHHYIO KOHQHIypaLMIO aToMa 11e3ust
B OCHOBHOM COCTOSHHH.

i 53 %%s: -
@ OrnpenenuTe AJMHY BOJHBI KOPOTKOBONHOBOH IDaHHLB! CIJIOHIHOTO

PEHTIEHOBCKOTO CIIEKTPa, €CIH CKOPOCTh U 3JIEKTPOHOR, Hombapmu-
PYIOUIMX aHOJ PEHTTeHOBCKOI TpYOKH, COCTaBAsET 0,8¢

J1exTpoHHas KOHQHUTYpauus HEKOTOPOTO 3leMeHTA P,
Y m a6 aHo ewlenue
157 25" 2p° 35” 3p . Onpenennte, 4TO 3TO 32 ITEMEHT. A 2 !
v=08¢c eU=T, T'=me 2 2 |
N 1- U'/c
DNeKTpOHHAS KOHQHIypauus HEKOTOPOTO 3IEMEHTA o = 91110 xr
2424 61.27,6
1s* 25% 2p® 35% 3p° 34" 4s . Onpenennre, uto 510 32 3neMeHT eU he he 2 ! 1
pR— =T =me S
min Amm Amm 1- Uz/C_
— h
Ormpezenure B nepHOIUIECKO CHCTEME INEMEHTOB . Y. Mennenee- An = he = O
B4 NOPATKOBEIA HOMED, Y KoToporo 3anonensl K , L, M -oGonou- met 1 -1 mc L -1 mer
KH, a TakKe 4s-nogo6omouka. 1-v/¢c* 1-v2/c? A 3,64 nM
mmn T
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Ormpesienute JIHHY BOMHBI KOPOTKOBOJHOBOR IPaHHIb! CIUIOWHOTO

_ PEHTIEHOBCKOTO CIEKTPA, €C/IH IIPH YBENMYEHHH HANpSIKEHMS HA PEH-
TreHoBCKoH TPyOKe B JiBa pa3a oHa M3MEHHRach Ha 50 M.

Onpenenunre NOPAAKOBBIHR HOMED 3/EMEHTA B MIEpHOANYECKOH CHCTE-

Me atementoB J1. . Menneneesa, €c/iit [UIMHA BOTHBI A maamu K,
XapaKTepHCTHUECKOrO PEHTTEHOBCKOTO HATY4€H!s COCTaBIACT 72 M.

Hano Pewenue
U2:2U1
N AZ:AI—M, eU]:E, erz_.h.c_‘
AM=50m=5-10"m A ) /12’
L —2 U, =20, e _Zhe
' A-AL A
204 -My=1,, A =2A.

( Omeem ) 3 _100 ma.

OnpenenuTe NOPANKOBEI HOMED /IEMEHTA B TIEPHOAMYECKOH CHCTe-
me anemeHToB JI. M. Menneneesa, ecnu rpaHiyHas yactora K-cepun

XapaKTePHCTHYECKOr0 PEHTTEHOBCKOrO H3ITyUeHHs COCTaBIgeT 5,55 - 10'8 'y

Hano

Pewenue

v, =555-10" Iy

K-cepus
o=1
Z —?

1 1
V=R(Z—U)2(‘_72“—_-,)s n=o0uo, m=1,
m n-

14
:RZ—IZ, Z= —i'i'l
- (Z-1) \JR :

v, = R(Z- 1)2l2
m

( Omeem ) 7 = 42, MomuGyien.

OnpenenuTe UTHHY BOJHEL CAaMOit JTIMHHOBOTHOBOM TMHHA K-cepuu
XapaKTEPUCTHIECKOr0 PEHTIEHOBCKOrO CIEKTPa, €CIH aHON PEHTre-

HOBCKO¥ TPYOKH H3roTOBNEH U3 IiaTHHBL. [TocToAHHYIO 3KpaHHpPOBa-
HHs TIPHHATE paBHOK eHHHUIIE.

( Omeem ) A=204 mm.

536

Hano Pewenue
K“ -JIHHNA }_: R'(Z—U)z(—l—q.——l_z_) . R = 1,1107 M la
o=1 A m.n
A=72mm =72-10" M 1 (1 1)
m=1, n=2, —=R’(Z—1)“(—r_z :
Z—2 4 b
, 4 4
Z-1=——r =
-0 =37 Z=\rat!

‘ Omeem > Z =42, monubpeH.

OrnpenenuTe NoCTOSHHYI0 SKpaHHPOBaHWA 0 U1 L-cepuH peHTreHo-
BCKOTO M3ITydeHH s, €CITH TIPH YIEpeXofie SEKTPOHa B aToMe BoJb(pa-

Ma ¢ M-06010UKH Ha L-060n04Ky [UIHHA BOTHBl A HCITyIIEHHOro ¢doToHa cocTaBas-
er 140 mm.

Mano Pewenue
Z=74 M 3
L{( L” -JITHHMUA: L l L" 2
A=140mM =1,4-10°M | m=2, n=3,
L, -munus Ka 1 K
A
g —7 K 1
1 36
—=R Z—Uz(—__'—'\)’ ._0'2= ’ =4 )
(Z-oF 577 (2= =3r7 5RA

537



¥ %

6:1;?;“‘ B arome Bonsdpama anekTpos nepeien ¢ M-o6onouxu Ha L-06onou
e £ ~r

xy TlpuHUMas MOCTOSHHYIO SKpaHHPOBAaHMA ¢ = 5,63, ompenemuic 6.4. JJjieMeHThl KBAHTOBOH CTATHCTHKH
YHEPIHIO UCITYLIEHHOTO GOTOHA

( Omeem ) E=8388 B

U3BecTHO. 4TO B cnexTpe KOMOMHAIMOHHOIO PACCESHUA TOMUMO HE
CMEILEHHOH CHEKTPATbHON JTHHHM BO3HHKAKOT CTOKCOBBI (MIM KpAC-

O6wscuuTe OTIMYHME Go3e-ra3a oT (GepMH-rasa, a Takke 060MX 3THX
ra3os OT KIacCHYeCkoro rasa

[MoxaxxuTe, 4TO NPH OUeHb MAJIOM MapaMeTpe BHIPOKACHHMS pacnpe-
genenns Boze—IiHmreiHa 1 @epMu—]lupaka NepexoasT B pacnpe-

HBI€) H AHTHCTOKCOBHI (I GHONETOBRIE) crryTHHKH OOBACHHTE MEXAHU3M UX BO3 neneHue Makcsenna—bonsimMana
HHKHOBEHHUS U UX CBOMCTBA
< Omeem ) A= et/ <<
N 1
OO6BsACHUTE MeXaHu3M BO3HHKHOBEHMA, CBOMCTBA M 0COBEHHOCTH BbI- ( N ) _ 1 - ! = i =
b= — - kT —_
HYXJIEHHOTO (MHXY [HPOBAHHOTO) H3/TyqeHHs U B (kT) g g [RT) gmu/(kT) 1 eE /Y 44

O6bscHuTe, MOYeMy IS CO3MAHMSA COCTOSHHI C HHBEpCHeH Iacenen- _ __g__. =Ade &/UD
9 E
HOCTeli HeoOXoaMMa HaKayKa ef /D) 1 4

Tonk3ysick pactpenenenusiMu Bose—Diinmreiina u Gepmu—/lupa-
Ka, IONTy4HTe paclipegenedne Maxcseia—boss1MaHa

OGbscHuTe, NOYEMy aKTHBHbIE CPEMIbI, HCIIOIB3YEMBIE B ONITHYECKIN
KBAHTOBBIX T€HEPATOPaX, PACCMaTPUBAIOTC B KAYeCTBE CPEMl ¢ OTPH
UaTeNbHBIM K0 Q(HIMENTOM ONTOLEH S

OO6BACHHTE, IPH KAKKMX YCIOBHAX K WIEKTPOHAM B MeTallle NPHMEHH-
Ma 1) KiaccHUecKas CTaTMCTHKA, 2) KBAHTOBas CTATUCTHKA

OfbacHuTE, KaKHe TPH KOMIIOHEHTa 0053aTeNBHO CONepXKIIT ONTHYeC -
KM KBAHTOBBIH reHeparop (J1asep) M kaKOBO HX HazHAueHHe

QObsCHNTE, NPH KaKUX YCJIOBHAX MOXHO NPHUMEHATH CTATHCTHKY
Maxceenna—boisMaHa K aMekTpoHaM B MeTaiie [lonkaysck pac-

Ilepeuncante n NpOKOMMEHTHPYIITE OCHOBHBIE CBOHCTBA JIa3epHOI O

H3Ty4eHUs npenenenrem Gepmu—Jlupaxa, MoTyunTe pacnpeneieHue Makcsea—bonbimana
COmeem } [(£-w > 41 £ WD) >> 1,

1 1 _ o (E ~m/(KT) _ uf(KT) ~E,JRT) _ 4 o~E JUIT)
(V)= E =0 ]~ B iy~ € e e
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Omnpenenure QyHKIUMIO pacTIpe AEIEHNs LI SNEKTPOHOB, HAXOAAIIU -
Csl Ha JHEpreTIieckoM ypoBHe E nnacmydad E — Ep << kT, niombay-
Ack: 1) cratncTuxoit ®epmu — J[Hpaxa; 2) cTaTHCTHKOM Makcsesia — BobliMata

Hano

E—-E; << kT

\ Pewuenue

Crarucruka Gepmu—upaxa

i

E—Eg J(kT) =
€ TR N (popy <ckr

(N(E)) —2 (N(E))=

t | —

[C'ramcmxa Maxkcpenna—BonsiMana ]

E B _E  _(E-E) _(E-E)

(N(EY)=Ade H =l .e T =g K =g &

(E-Eg)<<kT

Onpenemure dymuro pacpenenerms Gepmu — dupaxa mpu T % 0 K

- ANS BIEKTPOHOB, HAXOAAIIIXCA Ha ypoBHE PepmHu. OObACHHUTE TONY -
YEHHBIH pey/bTar.

( Omegem ) 1
E=E, (N(E)= L

e EERUD 1 0y 20

O6bscanTe QU3MMECKHH CMEICT HEPrUA BepMH.

'ﬂ&ﬂCHme Ha OCHOBE KBaHTOBOM TEOPHH OTCYTCTBHE 3aMETHOTO OT-
JIM4MS B TEIUIOEMKOCTAX METAIUIOB H THAICKTPUKOB.
(= —

O6pAcHHTE 1eTecoobpasHOCTh BBEAEHHA QOHOHOB, a TAKKE NEPEIHC-
JIUTE MX CBOHCTBA.

Kaxasl cTaTHCTHKa ONHckiBaeT (GoHOHHBI ra3? ITouemy?

OnpezieTUTe B ANEKTPOH-BOAETAX MAKCHMANBHYIO SHEPTHIO E ¢ono-
Ha, KOTOpAIH MOXET BO30YKIaThCH B KpHCTAILIC NaCl, xapakrepHaye-

MoM TeMnepatypoit lebas Ty, =320 K. PoroH Kako#l JMHBI BOMHBL A obmaman
651 TaKOH dHEprucH?

Hano Pewienue
NaCl E=AkT,,
he
E=hv=—
E —? A
A —" )'zbf_
E

Obbsicuute, noueMy pa6oTa BEIXOJa MEKTPOHA M3 METAILIA Clleaye]

OTCUHTHIBATE OT ypoBHA PepMH, a He 0T IHa “NOTEHIHANILHOMH M1,
KaK 9T0 1eN1aeTCs B KIIaCCHYECKOH TeopHH.

C Omeem ) E=0,028 B, A=45 mxm.

CpaBHUTE BhIPaXKEHHS Ul yIeAsHOH NEKTPHIECKON NPOBOAUMOCTH
MeTaUla Mo KIACCHYECKo# M KBaHTOBOH TEOPHH H OOBACHHTE, YeM
OUIHHANOTCA OHH Mo (PH3HUECKOMY COIEPKAHHIO.

Oripe remuTe YHCI0 CBOGOIHBIX MMEKTPOHOB, 3aHHMAOIIHX B CPEHEM
YPOBEHE SHEPTHH, PaBHOM 3HEprian Oepmu.

( Omeem )nzl_

340

O6BSICHATE MPHYHMHY TEKTPHUECKOTO CONMPOTHBICHHS METAIOB €
TOYKH 3PEHHsA KBaHTOBOH TEOPHH 31EKTPOIPOBOIHOCTH METAILIOB.
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6.5. dnemenThbI pu3MKH TBepIOrO TENA

OO6bsacHUTE pa3IHYHe IHEPTeTHYECKUX COCTOSHHIL SJIEKTPOHOB B KpH-
CTalUle ¥ B M30JIEPOBAHHOM aTOME.

OGbsicauTe 06pa3zoBaHie 30HHOTO SHEPreTHYECKOFO CIIEKTPa B KpHc-
Tajle, foKa3as, YTo 3T0T 3Q(PEKT — KBAHTOBO-MEXaHHUECKHIl U Bhi-
TEKaCT U3 COOTHOUIEHHS HEOTIpeeNleHHOCTH [ elfseHGepra.

————

OO6bsCHHTE, KaK H3MEHHUTCS SHEPTETHIECKHH CIIEKTD BANCHTHBIX 3/1eK-
TPOHOB, €CIIH YHCJI0 00PA3YIOIIIX KPHCTAILI ATOMOB YBEHUTHTD B 3 pasa,

S ————————

OG6BscHUTE pazniine B INEKTPUYECKHX CBORCTBAX MEeTaJI0B, Iu-

3/IEKTPHKOB H MONYTIPOBOIHHUKOB C TOUKH 3PEHHS 30HHOH Teopun
TBEPAOTO Tena.

O6bsacHuTe pasnuuHe MeXIy IMINEKTPHKAMH U HOTYIIPOBOIHUKAM U
C TOKH 3PeHHs 30HHOH TEOPHH TBEPIOTO Tena.

OO6bsacHATe pasnudaue MEXIy MeTalllaMH | OU3NIEKTPHKAMH C TOYKH
3pEHHs 30HHOK TEOPHH TBEPIOro TeNa.

|
|

O6psicHUTe MeXaHW3M ABIPOYHOM MPOBOAMMOCTH COOCTBEHHBIX IO-
JyTIPOBOHUKOB.

B

OGBsCHHTE 3MeKTpHYecKHe CBOMCTEA NOYIPOBOIHUKOB C TOYKH 3pe-
HMS 30HHOH TeopuM TBepnoro Tena. Kak Mensercs ¢ TeMIIEPaTypoi
COTIPOTHBIICHHE IOJTYTIPOBOLHIKA — YBEJIHYHBACTCS WM YMEHbIIAETCS? Mouemy?

542

JIOK@)KHTE, 4TOo YpoBeHs DEpMH B COOCTBEHHOM MOTYTIPOBOHHIKE ICH-
CTBUTENBHO PACIIONOKEH B CEPeHHe 3aTPEIICHHOH 30HEL.

T'epManueBslii oGpazel HarpesaroT ot 0 1o 17 °C. TlpunuMas IMHPUHY
3amIpelneHHoi 30Hb! repmanus AE = 0,72 3B, onpeje11Te, BO CKOJb-
|

(0 Pa3 BO3pacTaeT €ro yenbHas MpoBOJUMOCTE.

N

14

Oripe geTUTe MUPHHY 3alpelleHHOH 30HBI COOCTBEHHOTO MOTYTIPOBOL-

e
HUKa, ecri nipu Temnepatype I; u T, (T, >T)) ero coNpoTHBICHH

COOTBETCTBEHHO paBHO R n R, .

Hano Pewenue
AE

-= 1
,>T y=yge *, },:;, R~p,
R]’RZ R

1 Y2 1
=138-1073 /K ~—, ==
k=138-107 I Y~z " R
AE —7?

},2__exp[—AE/(Zsz)]_ex AEfT 1 R

—_ = 3

2%\ L) R

v, exp[- AE/2KE)]

T.T. R
= 2k——iln——
AL L-T K

Omeem nn o R
:2k‘———ln .
(Omsem ) s - T B
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Hapucylite 30HHEe cxeMBI NONYNPOBOXHMKOB n-THIA U p-THNA
OOBSACHHTE MEXAHH3M X NIPOBOIUMOCTH

KakHe 11puzHaKH eXaT B OCHOBe [ejleHHs TIOMUHECLHEHTHOrO H2TY-
JeHHUst Ha pazHble ero BHAK?

B wHcTHI repManuii BBestena neGonpias npuMech Mbiibska TTomesy
$ICE NIEPHONMECKOH crucTemoit 31ementos JI U Menpeneesa, onpe
HENHTe ¥ OGBICHHTE THIT POBOIUMOCTH NPHAMECHOro repMaHms

B 4mcThIi kpemAuit BBesena neGonpas npuMecs Gopa Tloassyscs
NCPHOAHYIECKOH CHCTEMOI 2NleMeHToR Il 1 Mengeneesa, onpegenu-
Te ¥ 00BACHUTE THII MPOBOUMOCTH IPHMECHOTO KPEMHHA

OObsicHuTE M HAPHCYIITE Ha 30HHOMN CXeMe TonoXkeHHe ypoBHs ®ep-
MH JUISL 37IEKTPOHHOTO H JBIPOYHOTO 10Ty IPOBOJHUKOB 1) mpu 0 K
2) NIpH NOBBIME HUK TEMITEPATYPhI

Homezyscs nepuonmreckoii cucteMoit aneMerTon I U Mengeneesa,
o0BsACHUT e, KaKoil NPOBOIMMOCTLIO ByleT 001a7aTh repMaHuil, ecmy
B HEro BBECTH HeGoMbuIyIO MpiMech 1) amoMunu, 2) docdop

OOGBACHATE C NOMOIIBIO 30HHOH TEOPHH MEXAHM3MBI COOCTBEHHO U
npuMecHoii GoTonposogIMoCcTU

ﬁ:ﬁg‘f O6BscHATE ¢ MTOMOLIBIO 30HHOH TEOPHH MeXaHW3M BOIHHMKHOBEHMA
i
dbayopecneHuuy U hochopeCHeHIMH

O6hICcHHTE HA OCHOBE 30HHOH TEOPHU KOHTAKT [JBYX METAJLIOB C pas-
JTIMHBIMU PAGOTAMH BBIAOIR

) Yem 06bACHAETCS MPH KOHTAKTE NBYX METALI0B 1) BOIHMKHOBE-
# \iMe BHeMHeH KOHTAKTHON PazHOCTH TOTeHUUAIOB? 2) BOIHUKHOBE-

N R 5
HUe BHYTpeHHel KOHTaKTHOH PazHOCTH MOTEHIUAIIOB

:%%i?% Hcnone3ys 30HHYIO CXeMy OOBSCHUTE MEXAHU3M (QUIUMECKHX NPO-

HECCOB, MPOUCXOMAIIMX TIPU KOHTAKTE MeTaJLa C MONYTIPOBOIHMKOM

n-Tuna s caydaes 1) 4, > 4,2) 4, <A (A, — paboTa BeiXona u3 MeTaLIa,
A — pabora BBIX0A U3 MOTYITPOBOIHHKE)

Hcronbzys 30HHYIO CaeMy, 00BSCHUTE MeXaHu3M (QU3HIECKHX [pPO-

— LECCOB NMPOHCXOAALINN ITPU KOHTAKTE MeTajlTa C NONyNPOBOAHHKOM

p-THOA s caydaes 1) 4, > 4,2) A, <A (A, — paboTa BeIXxona U3 MeTalsa
A — pabora BBIX02 H3 NOJXYNPOBONHIKA)

O6nsicHuTE, KakuM 06pazom YIANOCh yCTaHOBHTS, YTO JIFOMHHECLIeH-
THO€ U3/Ty4eHHE HE ABISETCS TeILIOBEIM

Ob6wbscuure, no Kakomy MPH3HAKY yNanoCk yCTaHOBHT, YTO M3Tyde-
Hue BasunoBa—Yepenxosa ue spnsercs JIOMUHeECUEH el

OObsCHHATE, [10YEMY BOIHMKAET 3arUPaoIHi KOHTaKTHBIH cIOH IIpH
KOHTaKTe 1) 10HOPHOrO MOIYNPOBOAHUKA C METAJIOM, €CITH A < A4,, ,
2) aKHeNTOpHOTO [OMYIIPOBOAHHKA ¢ MeTATTOM, eciM A > A, (4, — pabora BbI-
xona u3 MeTaiia, 4 — paboTa BeIXOna U3 [10TYIPOBOIHUKA)

é“ﬂfz OO6pACHATE MEXaHU3M BOZHHKHOBEHUS 1% KOHTAKTa MeTaJT—II0Ty-
-

TIpOBOIHHK TIPOITY CKHOIO Y 3aII0pHOTO HaTlpaieHuit (419 ToKa)
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Kaxoe HamnpagiieHue (M ouemy) IpH KOHTaKTe MeTaUl—IIOMyPOBO,1-
HHK ABJIAETCS JJI TOKa IPOITYCKHBIM, ec/IH: 1) BHEIIHee 1 KOHTAKTHOC
OIS Y10 HANPABIEHHIO COBNAJANOT; 2) BHEIIHEE M KOHTAKTHOE MO MO HAIPaB:le-
HMIO TTPOTHBOIOTOXHBI?

Hcronsays 30HHYIO cxeMy, O0BSICHATE MEXaHH3M (QH3MYECKHX MpOo-
11€CCOB, MMPOUCXOIAIIUX B p-N-TIEPEX0NE.

7. Di1eMeHThI (PU3HKH ATOMHOTO SIApa
M DJIEMEHTAPHbIX YaCTHIY

7.1. DaeMeHTHI PHIHKH ATOMHOIO AApa

" 54
Onpenenure Maccy HelfTpansHoro aroma 5, Cr.

Kaxoe HanpagneHHe (1 04eMY) B p-n-IIEPEXOIE ABIAETCS I TOKA ITPO-
ITYCKHBIM, ec1H: 1) BHELIHEES H KOHTAKTHOE OIS MPOTHBOIIOIOXKHEI 110
HanpaBJIeHMIO; 2) BHELIHEE i KOHTAKTHOE MO MO HAMPaB/IeHHIO COBNANAT?

m=8,64-10% xr.

i~
IE
Q
.3

O6BSICHUTE OTITHYHE HIOTONOB H H300apOB.

OOGBsicHHUTE, B KAKOM HallpaB/IeHHH HE MOTYT NMPOXOANTH Yepes 3allH-
paroLMi ciof KOHTaKTa NMOXYIPOBOAHHKOB n- U p-Thna: 1) ceobon-
HBIE SJIEKTPOHEI; 2) OBIPKH.

o 12
OnpenennTte, Kakyld 4acTh Macchl HeHTpaibHoro aroma C

(m=19,9272-10727 KI) COCTARIACT MACCA €10 HMEKTPOHHOH 050OUKH.

OO6BACHITE MEXaHU3M OJHOCTOPOHHEH (BEeHTWILHOM) POBOXUMOCTH
P-n-TIEPEXOAaA.

OOBsAcHUTE NPHHIMI YCTPOHCTBa H AeHCTBUS MOy IPOBOIHHKOBO-
ro TpHoga (Tpan3ucTopa). CpaBHUTE paboTy TPaH3UCTOPa U JaM-
ITOBOTO TPHOAA.

Pewennue

ano

12 _
2C Z=6,

~31
m=199272-10"2 kr Zm, _ 6-911:10" xr
m 199272107 xr

=2,74-107*,
m,=9,11-107" xr

Zm,
-9
m ( Omeem ) Zme 574107

m

OmnpenenuTe 4MciI0 IPOTOHOB M HEHTPOHOB, BXOAIIMX B COCTaB Saep

Tpex msotorion Gopa 1) IB;2) '9B;3) iB.

OmnpenenuTe 9KC/I0 IPOTOHOB H HEHTPOHOB, BXONAIINX B COCTAB SAEp

Tpex u3oTonos kuctopona: 1) 180 ;2) 70,3) 80.
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Onpenennte, nos3ysck Tabmuueit MeHneneesa, 4McaI0 HERTPOHOR 1y
IIPOTOHOB B aTOMaXx IUIaTHHBI H YpaHa.

Hano Pewienue
Pt B
U 9P| Z=78, N=A-Z=117.
Ul z=92, N=146.
Z—2
N —7

m—

Onpeﬂenvrre 3apsAJ0BbIe YHCIA aiep, MacCoBble YHC1a U CUMBOJIBI /e,

KOTOpBIE MOTy4aTCs, eCIH B A1pax ZBe , lgN , ﬁ Na HeHTpOHEI 1ame-
HHTB IIPOTOHAMH, @ IIPOTOHB! — HEHATPOHAMH.

OI‘[pCJlCJIHTC IUIOTHOCTH AJAepHOTO BellleCTBa, BRIpAKAEMYK) YHCIIOM

HYKJIOHOB B 1 CM?, eCJTH B fipe C MAaCCOBBIM YHCIOM A BCE HYKIOHE!
IUIOTHO YIIaKOBaHH! B IIpefielIaX ero pajuyca.

Hano Pewienue
I//i—1 3=10% M N=2 y=2ar
=1 cM M V, 3 N
R,=14-10" u
i3 A 3
R=R,4V3, N= =

‘ Omeem ’N:g,7.1037 oM,

gs ?%i’?g‘ ) Onpe}leHHTe, Kakas 3Heprusi B 3JIEKTPOH-BOIBTAX COOTBeTCTBYET Je-
¢ f o s
4

dexry Maccel Am=3- 107 .

( Omeem ) E=169 IMB.

—

W Fee 4 oo
é@%}%@%&) Onpene/uTe SHEPruio CBA3M AIpa aToMa remus ;He. Macca HelT
i/ m«s‘hﬁ

paNBHOTO aTOMa IeHs paBHa 6,6467 - 10 ¥ kr.

Mano

Peuienue

2He E, =[th. +(A-Z)m, —m]c2 ,

mHe=6,§467'10'27 Kr Z=2’ A=45 A-Z=2.
my =1,6736-1077" xr
m, =1,675-10""" xr

£ 9 ( Omeem ) g 284 MoB.

w——
p—

ee—

OnpezenMre yIenbHY 0 SHEPIUIO CBATH OF,, (3HeprHio CBS3H, OTHeCeH-

HyI0 K OIHOMY HyKJIOHY) uis snep: 1) 4He;2) '3 C . Macch! HeHTparbHBIX
ATOMOB NeJIUA H YITIEPO/A COOTBETCTBEHHO PaBHEI 6,6467 - 107 1 19,9272 - 107 k.

O6bacHNTe, nOYeMy TUIOTHOCTH SAEPHOTO BellleCcTBa IPHMEPHO OH-
HaKoBa JJI1 Bcex Afep.

y Ompegenure, 4T0 60MBIIe — Macca aTOMHOTO AIpa HIIM Macca CBO-
OOIHEIX HYKIOHOB (IIPOTOHOB H HefTPOHOB), BXOAAIMX B @r0 COCTAR

Jano Pewenue
1) ‘z‘He E,= Amc?,
2) '3C E,, =[2Zmy+(4~Zym, - m]c*,
Zmy +(A—-Zym, ~m ¢
OE, —? éEcnz[ +( )

A4

)
My e = 6,6467-10'27 KT. iz = 19,9272-10 L

m, =1,675-10" xr. my, =1,6736-1077 k.

(Omsem) 1) 8E,, =71 MoB/uywion;  2) OE,, = 7,7 MaB/uykion.
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Hcnons3ys naHHsle 3aaa44 7.13, olipedennre, kakas HeoOXoAuMa JHep-

THsL, 4TO6BI PasNeuTh AApo '2C Ha Tpy anbda-4acTHImL

Dueprus cBasH K, 10pa, COCTOAILErO U3 TPEX NPOTOHOB H YETHIPEX

HeiiTponos, pasHa 39,3 MoB. Onpenenure Maccy m HEHTPaTbHOTO
yroma, 0013 JatoIero ITHM AIpOM.

( Omeem ) E =726 MasB.

Omnpenenure Maccy H30TONA lgN , €CITH H3MEHEeHHe Macch! IpH o6pa-

3oBammy sapa 3N cocrasaser 0,2058 - 107 kr.

Hano

I;N Am=Zmy+(A-Z)m,—m,
m=Zmy+(A-Z)m,~Am,

Pewenue

Am=0,2058-107%7 xr
m, =1,675-10777 kr,
Z=1, A=15.

( Omeem } m=2,4909-10" xr.

my =1,6736-10777 x,

m—7?

Jano Pewenue
E, =393 MoB= E,, =[2Zmy + (4~ Z)m, —m]*,
=6,288 10 2 [Ix £
Z=3 L = Zmy + (A~ Zym, —m,
N=4 ¢
- E
m, =1,675-10"" xr = Zmy +(4=2ym, ==

my =1,6736-107%7 xr

m—"1

( Omesem ) m=1165 107 xr.

OnpenienuTe, KaKylo TOMIO KHHETHECKOH SHEPruM TepseT HeHTPOH

TIpH YNPYTOM CTOJKHOBEHHH C NIOKOSUIMMCS SAPOM YTIIepojia 2¢,ecm

110c/Ie CTOMKHOBEHMS YACTHIIE! ABIXKYTCS BROIb OAHOH HpaMoil. Maccy He#fTpais-
HOTO aToMa yIVepo/a pHHSATh pasHo#t 19,9272 + 1077 k.

Ipu oTpeiBe HelTPOHA OT Afpa reyms ;He ofpasyercs 41po gHe . Or-
pelesMTe SHEPruio CBA3M, KOTOPYIO HEOOXOMMMO WA 3TOTO 3aTPATUTh

Macca HeHTpanBHBIX aTOMOB ;He H gHe COOTBETCTBEHHO paBHa 6,6467 - 1077 xr
5.0084 - 10%" kr.

Pewuenue

Hano

n m,, = m,U, + meUc ,
12
sC

mvy _ ma(vi) | me(v)’
m, =1,675-107% xr 2 2 2

Aaro Pewenue me =19,9272-107 kr =, _(my—mcp,  _ 2mpy,
4HC 2 2 ynap ynpyrHH Un = m, +m > e m, +m ’
2 ) E,=Amc" = Mype + M = May 1€ n +Mc n + Me
m;He =6,6467 10 KI __A__Z _9 AT o (mCUEZ')z mnvi

T T= —_2__ ’ T= 2 ]
e = 50084 1077 xr
2 2
ar_ &[_U_g) _ _’_’_’g[ 2, ) _ _dmme
E, —? T m\v, m, \m, +me (m, + mc)2
AT
COmsem ) E, =03303-107"" Jx = 20,64 MsB. Omeem — = 0,286.
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Onpenenm'e YHCIO0 HYKJIOHOB, KCTOPBIC MOT'YT HAXOIUTECA B AIPE Hd
HHU3LIEM KBAHTOBOM YPOBile€.

( Omegern ’N=4.

Omnpeacnure, B¢ CKOAb.. PA3 .. FE TOL pa (€qn<HIA MAarHHTHOIO
MOMEH1a 371ek’ b 4ha) 60.3bLi.L ANEPRO1 O MAT fiLT0HA (CANHMIA MATHIY 1~
HOro MOMeHTa A/1pa).

ano Peuw.cnue
eh eh m
ﬁ.’s_ ,7 HB:Z_—, Hg=T—> E'E—=—P
Uy R m, Zmp g m,
( Omesem )ﬁﬁ—:ms.
Hq

OnpeenuTe MOCIOHHYIO PaI0aKTHBHOIO paciajia A mis u30TONOB:

1) Topus *31h . 2) ypana 238U ; 3) noza '3}1 . Ilepwon nonypacnana

YTUX H3O0TOIOB COOIBETC8erHo pasey 1) 7 - 10° net; 2) 4,5 10° er; 3) 8 cyT.

I Omeem ’ 1) A=3131¢; 2 A=487 ac; 3) 1 Mxc.

Onpenennre, 4To (M BO CKOJIBKO Pa3) HPOLOIKUTENbHEE — TpH NEPH-
oJia Noypaciiajga Wiy [8a cpeHHX BpeMeHH JKH3HH PaIHOaKTHBHOTO
anpa.

ano Pewenue
2
3Ty _In2 _1 ELLE I S
/ Tx/z— T T_l’ 3Ty i T 2
27
31n2> 2, cnegosarensHo, 37 2> 2r.

Oxapaxrepu3syiite cBolcTBa 1 0cO0HHOCTH CIUT, JeHCTBYIOIIMX MeX-
Jly COCTaBILTIOMIMMH PO HYKIOHAMH.

Omnpeenute, BO CKONBKO Pa3 HAYAILHOE KOMHYECTBO A/IEP pagHoaK-
THBHOIO H30TONa YMEHBINMTCA 3a TPH roja, €ClIH 3a OJHH Ioj OHO
yMeHbIIHIOCH B 4 pasa.

O6BACHHTE MPUHIMIBI NOCTPOEHHA KalleNbHOH H 000104euHOR Mo-
neneit spa. ano Pewenue
= - —At — —/.-f'_v
> f =1 ron N=Nye®, N =Noe™  Ny=Nye™,
O6psacHuTE, MOYEMY PagHOaKTHBHBIE CBOHCTBa AMeMeHTOB 00yci108- 1 =3 rox
N , =
JI€HBI TOJIBKO CTPYKTYPOIt X AI€p. No o = 4 - In4
_—= —_ ) 3
NO =4 N] Il
N
. ! Indt,

CuuTast NOCTOSHHYI0 A PajMOAKTHBHOIO Paciiajia H3BECTHOH H Hc- No _ N AInd
NOJB3YA 3aKOH PaJHOaKTHBHOIO Pacraja, BEIBEIHTE BhiPaXeHHe: N—z_ er=e e .

N

1) mns neprona nomypacrnaza 7, /2 PA/MOAKTHBHOTO S1pa; 2) JULA CPELIHETO BpEMeHN =0 __9
Ny

KH3HHM T PaJHOAaKTHBHOIO AIpa.

Omeem In2 1
( )1)7}/2=T; D=7
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Omnpenennte, Kakasd 4acTh (%) Ha4aNbHOTO KOMHYECTRA AIEP PAIUO
aKTHBHOTO M30TOIa OCTaHeTCs HepaclapIielics 110 HeTeHeHHH BpeM.

HH !, PaBHOTO JBYM CPEIHHM BPeMEHaM KH3HH T PaJHOaKTHBHOTO Sxpa

Hano Pewierue
- 1 )
t—zr N:NOe‘Ary T=_’ I=2T=2l:g
—_— A Ao
N e N
(% — 9 - -2
NO(A:) - N=Nye +=N,e2, A =0,135.

N

< Omeem )N—=13,5%.

0

Ornpenenmte, Kakad 4acTh Ha4aJIbHOTO KOIHYECTRA A1€p PaIHOAKTHR-
HOTO H30TOXIa PacrajeTcs 3a BpeMs / , PaBHOE [BYM EPHOIAM [0 -

pacnana Ty, .

( ) AN
Omeem A 075,

Teproz NMoTypaciaia paIuoakTHBHOTO H30TONA aKTHHUS 253 Ac Co-

crasisger 10 cyt. Onpenenure Bpems, 3a KoTopoe pachajgercs 1/3 na-
qanpHOTO KOJMYECTRa SI€P aKTHHHSL.

( Omeem >t=5,85 CYT.
210

HocTosHAaA pagMoaKTHBHOTO pacriaja H30Tona “g, Pb paBHa 10° ¢,

OrnpeyenuTe BpeMs, B Te4€HHe KOTOPOTO paciiajercs 2/5 HayaBHOTO
KOJTMYECTRa AIEp HTOTO PATHOAKTHBHOTO H30TOMA.

Marno Pewernue
=107 ¢ N=N0e'“, -A—]—V—=N—°_—N—=1—e"’u=—,
20p}, Ny No
Mzz 3 5 ln—g—
Ny 5 —lt=lng, lt:lns, f:T-
t —? ( Omeem ) t =16,2 ron.

Onpenenure iepuo NoMypacajia pagHoaKTHBHOTO H30ToNa, ecitd 5/8
HayaJBHOTO KONHYECTBA AJEP 3TOI0 W30TONA PAcHanoch 3a BpeMs

=849 c.
Hano Pewenue
ﬂ=§ N=N0e_)‘l’ ANZNO_N:]—C_Arz—é, e_h:—3--‘
Ny, 8 Ny Ny 8 8
f=8490 ] 8
3 n3 In2 In2.

-Aft=ln—, ),:—3’ E/Zzn_: n 8t

Ty —2 8 t A nd

( Omgem >T,/2=10 MHH.,

A\ Brisegure QopMyly IS CKOPOCTH (aKTHBHOCTH) PalHOaKTHBHOTO

pacriaja uepes nepHoz ronypacmaga 7y, H HaYalpHOE YHMCIO N,

pagHoaKTHBHBIX aTOMOB.

Mano Pewenue
dN
No dN:—),th’ A=)E—=).N, N=NOC~AI,
T2
In2 -
1112 n T
A —2 A=—=, A=T—Noe "
Tl/2 12
Omeem o)
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[MepsonauanbHasg Macca palHOaKTUBHOTO H30TOMA HOa ‘231 (meptro,y

nomypacrnaza 7,,, = 8 cyT) pasHa 1 . Onipenesnre: 1) HAUAIbHYIO ak-

THBHOCTD H30TOTA, 2) Er0 aKTHBHOCTDb Yepes 3 cyT

Hano Peuienue

M=131-10"3 KI/Monb Ay = ANy, /l:l_n_g’
m=1r=103xkr 7i/2

T,=8 cyr=691 10%¢

Y2 o N _mN, 4y In2 mN

= = 105 0= ; = ' ;
r=3cyr=2,59-10°c M T, M

b dy—2 dh a2
2)4—2? Tp M

‘ Omeem ’ 1) 4y =4,61-10" Bx;

2) 4=3%5-10" Bk

AXTHBHOCTB HEKOTOPOIO PaJHOAKTHBHOIO H30TOMNAa B HAUAIBHBIH MO-
MEHT BpeMeHH cocrasnsia 100 Bx. Onpenenute akTHBHOCTE HTOTO

H30T10Ma 110 HCTCUEHHH TPOMEXYTKA BPEMEHH, PABHOIO IOJOBHHE EpHOa 11011y -

226
HauanpsHasd akTHBHOCTB 1 T H3oTona panust “3, Ra pasHa | Ku Ormpe-

[leTUTE IEPHOJ NoTypaciaa 7y, 3TOro H3oTona.

Jano Pewenue
M =226 107 imons | 4y = AN, , Ny = A
—1n3 M
m=1r=10°xr
Ay=1Ku=3,7 10"°bx In2 In2 mN,
,l:-—, = — .
Ty T M
Typ =7 mN , In2
2 g,

( Omeem ) T, =1582 rox:

( 31 -
TIpHHHMast, 4TO BCE aTOMBI H30TONA HOAA (T 2 =8 CyT) Maccoid

m=1 MKT paaMOaKTHBHEI, ONPEAEIHTE: 1) Ha4anbHYylO0 aKTHBHOCTD

A, 3TOro U30TONA; 2) €r0 AKTMBHOCTH A uepe3 3 cyT.

( Omeem )1) A, =4,61 Tbx;  2) A=355 Thk.

pacnana.
Hano Pewienue
45 =100 Bx A= dge j 2
{ Ty
=30 _n2;
A=dge ¥ 1 )
A — 7}/2 2
In2
A=Aye *

( Omeem ) A=170,7 Bx.

556

OnpepeniTe NepHOR norypacniana Ty, HEKOTOPOTO PaiHOAKTHBHOTO

H30TOlAa, €CIIH €r0 aKTHBHOCTS 32 5 CYTOK YMEHBIIHIACH B 2,2 paza

Jano Pewenue
In2 In2 _

—A'Q—=2,2 = —, 71/2.:—/1-, A:Aoe"t,
% Ty
t=5 ¢yt 4 2

e ey
7—;/7 ] ! A >
( Omeem ) T =44 oL
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Onpenenute ynebHyI0 akTHBHOCTb @ (4UCI0 paciafoB B 1 ¢ Ha 1 kr

BemecTsa) M3oTona 25U, €ClMH NepHoAd ero noxypacmazna

Ty =45-10° ner.

(Omeem )  _Nam2_ .. 0
MT,

1)

————e— ———

OOBsACHHTE, KaK M3MEHHTCA [OI0KEHNE XHMIUECKOTO HIEMEHTA B TaG-
mae Menzeneesa moce @ - U § -pacmagoB SAEp €ro aToMos.

232 .
Sinpa panHoaKTHBHOTO H30TOMa TOpUs “goTh MpeTepresaoT 1nocae

JOBATEIILHO ¢ -pacHajn, ABa 3 -pacfiaja ¥ o -pacra. OrmnpegenHre

KOHEYHBIH MPOYKT Ne/ICHHS.

‘ Omeem ’%’;Ra.

Onpeenute, CKOIBKO 7 - M ¢ ~4acTHIL BEIOPACHIBAETCSA DU NpeBpa-

206
menuu apa Tantas 2Tl B Aapo ceHuua “3Pb.

e e————— e —

Honeayscs Tabmauei Menneneesa i NpasmIaMi cMEIEHNs, OMpee-

JIMTE, B KaKOH 3JIEMEHT NpeBpalnaercs 23Z'IU [OCNe TpEX & - U ABYX

( Omeem >Na=1, Ng =3.

PaJiHoaKTHBHBIN H30TOM pajis 23 Ra IpeTeprieBaeT YeThIpe & -pac-

b neraaon naja 4 isa 3 - pacnaja. Ornpe e HTE 11 KOHEYHOTO s/pa: 1) 3aps-
Hano Pewenue N0Boe YHea0 Z ;) 2) MaccoBoe YHeo A .
23§U 233 234Th 23°Ra _) 226Rn i 226Fr i; 226Ra < Omeem ’ 1) Z=82; 2) A=209.
3a /
# TP pamiRt panon - Gpamtuili - pazi 3anMuIkTe ¢ - pacnajl pagaus “6Ra
X —7?
OrmpenennTe BBICOTY KYTOHOBCKOTO MOTCHUHATLHOTO 6apeepa 1A
Omeem = 2R, . 206
t - 9aCTHIB] B Ape CBHHuA “g, Pb .

Hons3ysce Tabnaneii Menneneesa U npaBuiIaMn cMemeH s, onpene-
238

JIUTE, B KaKOH 3N1EMEHT npespamaercs “3, U nocie WecTH & - 1 Tpex

B~ -pacnanos.

( Omeem >2§§Bi.
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Jano Pewenue
1 OO
206 Pb xex _
wPb Ui = 4me, R Ono = Zmlel,  Qu=Zlel,
4
He /3
’ 15 R= pr + er ’ RPb - ROAPb ’ R“ = ROA”/ i
Ry=1,410" u
U ZpZ, | Omeem
) Ky = 173, 443y -
Upgn —? dmeq Ro(Apy + A7), Uyys = 22,5 MoB.




TNoxousmeecs 1Apo pagoHa 222Rn HCITYCKaeT a -4aCTHILY, IMEFOLLY 10

ckopocTh 16 Mm/c. 3Has, uTo Macca ouepHero Aapa CocTaBier
3,62 - 10°* xr, onpenennTe: 1) UMIYNLC ¢ -4acTHIIBL 2) KHHETHYECKYIO SHEPTHIO
(t -4aCTHIILL; 3) HMITY/TBC OTAA4H JOUEPHETO A1Pa; 4) KHHETHIECKYIO DHEPIHIO OT-
[a4H IOYePHero supa.

‘@? 3 Onpeﬂenme 3HepI‘PIIO BBIIENSIOIYIOCH B pe3ynAnpTaTe peakuny

s

ZMg— 1iNa+ Je+ %% . Macce!l HEHTPaIbHBIX aTOMOB MarHus u Ha-

TPUS COOTBETCTBEHHO paBHbl 3,8184 + 1072 kru 3,8177 - 10 * kr

Pewernue

2) 5,35 MB;
4) 9,89 x3B.

( Omeem >1)1,07-10"9Kr~M/c,
3) 1,07 - 10 " xr - M/c;

IToxouBImeecs apo MoMoHus >

00
g4 PO HCIYCKaeT (@ - 4acTHILY C KHHe-

TIMeCKoi 9Hepruedt T, = 5,77 MbaB. Onpenenure: 1) ckopocTs 0Taa-

9H JOYEPHEro A1pa; 2) KaKyio JOJE0 KHHe THIECKOH SHEPTHH « -4aCTHIBI COCTABA-
€T SHEPTHA OTAa4H JOUEPHEro Aapa.

Jano Pewenue
200 196 2
PO‘—) Pb+ 2He m“,Ua — mnvn , Ta — mﬂUII s
T,=577 MoB = ?
- L1015 o
92310 oo Pale AT mat mT
— A m, m, a 2 m, '
1) Up — ?
, L_m
) A 9 T, m
) Ta « A

~

( Omeem ) 1) v, =339 xu/c; 2)T_ﬂ=0,02.

Ilpasuna cmewenun

s« - pactajga X = YA + dHe;

- A A
mis B -pacmaga 24X ,Av 4 %

ma B*-pacmaga  §X - ,Av+
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Hano
0

M — BNa+ e+ gv 5 A
g 11 1€+ o Mg = Mg —12m, i, =My, —1im,
-6
My, = 3,8184 1077 xr 2_ .3 2 2
& c=mpe + Ty tm.c”+T. +T,,

iy, =3,8177 107 xr

=911-107¥
e N Q = TNa + 719+ + Tv = (mltflg - m;la —m,. )Cz »

0 —?

—mNa+11me—me)c2,

Qz(mMg =12m,

Q = (mMg — My _zme)cz .

< Omeem ) 0 =291 MsB.

3amammte B - pacniaj Marums -3 Mg

< ) B
Omeem Mg—) 13Al —19 + gv

U3BecTHO, 4TO - aKTHBHBIE f1pa 001a1a10T 10 pacriaja u rocne

HEro BIIOJIHE ONMPEAENICHHBIMH 3HEPrHsAMH, B TO XK€ BpEMs HEPreTH-

yeckuit CIIeKTp [ - YaCTHIL ABIAETCS HENPEPHIBHEIM. OOBSCHUTE HENPEPEIBHOCTE

3HePreTHYECKOr0 CIIEKTPA HCIYCKAEMBIX JIEKTPOHOB.

OO6BACHUTE, MI04EMY CYLIECTBOBAHHE AHTHHEITPHHO MONMHOCTEIO 110~

3ponseT 0OBACHUTE BCE 0coOEHHOCTH 3™ - pacraja.




3anuumuTe NpEBpalleHHe HEHTPOHA B NIPOTOH C YKa3aHHEM 4acTHi,
KOTOpEIE TIPH 3TOM HcryckatoTes. OObsicHUTe, NoYeMy 3TOT Ypouece
SIBJLIETCS SHEPTETHYECKH BO3MOKHBIM.

O6BsICHUTE, TOYEMY TPEKH ¢ - HACTHIL IPEACTABAIOT CILIOMIHYHO TOMT-

CTYIO JIHHHIO, @ TPEKH 7 - YACTHU — TOHKYIO Iy HKTHPHYIO JIHHIO.

OObacHHTE, NOYEMy NP « - PACNafe OJHHAKOBLIX AAED JHEDPTTI

@ - YaCTHL OAMHAKOBBL, & NIPU (3™ - Pacra/ie OIXMHAKOBEIX Aep IHep-

TUH 3TEKTPOHOB PA3INUHEI

HpuMensas noHATHA KBAHTOBOH CTATUCTUKH, OOBACHHTE, IOYEMY He-
BO3MOHO NMPHHIHKITHAIBHO CO3IATh ‘“HEHTPHHHBIM Na3ep’.

OnHmHTE OCHOBHEBIE IPOLIECCH, TPOUCXOAIINE TIPH B3aMMOIEHCTBUM
Y - M3IyUEHHUS C BEIIECTBOM.

CaoGonnoe noxonsuweecs sapo '5iIr (m=317,10953 107 xr) ¢

sHepruei o30yxaenns E =129 k3B nepemio B 0CHOBHOE COCTON-
Hue, HCIYCTHB Y - kBaHT. OTpeienure U3MeHeHHE SHEPTHH Y - KBAaHTA, BO3HUKAIO-
Hiee B pe3ynbrare oTIauH spa.

Hano Pewienue

191

Ir _ Ee E
7 mv=myc, p=mu=—=—,
m=317,10953-10"" xr ©
E=12910B=206"10"1x| ~_ m’ p* _ B’
—_— T2 2m 2md?
Ag —7?

( Omeem >A£=0,047 3B.

Hazosure Ba BAXHBIX MEXaHU3Md, KOTOPEIMH MOXHO OOBACHUTE OC-

nmabneHue noroxa QoroHos ¢ 3Heprueii E =500 k3B mpu ero npo-
XOXICHUU Yepe3 BEIIeCTBO.

4 ‘g _
%ng; O6BLACHUTE, [JI€ M 1T0YeMy JIyUlIe HCITOMB30BATE UTHHHBIE LEIH POXK
i’ 1enyii ¥ pacnIazoB YACTHI BRICOKHX Hepruil — B kamepe Buiiscona

WIH B ITy3BIpBKOBOJ Kamepe.

7.1 7 1
Omnpenemute, sBasercs i peakimd ;Li+ (H— 4Be+ on sx3oTepMu-
yecKoil 1M FHAoTepMudecKoi. OTIpeeuTe IHEPrHIO si/IepHOM peaKIm.

Pewenue

Hano

my, =11.65079 107 xr

71 ) 7 1
sLi+ H— Be+ ¢n,

my =1,6736 10777 K AE = (my, + my —mg, —m, )e*
mg, =11,65231 1077 xr

m, =1,675 1077 kr

AE =-1,64 MsB,

( Omeem )
peaklus JHI0TepMHYECKast

Onpezlenme. [IOIOHIACTCA WIH BBIIENICTCH IHEPIUA IPH AJICPHOH

AE —?

1
peakupn JH+ 1H — 3He + o7 Onpenenure 5Ty 3Hepruio

( Omeem ) AE =17.6 M3B.

Ornpenennte, BBAEMIETCS WM NMODIOWAETCS JHEPIUA NPH sepHOH

peaxLyu %Ca + }H - gK + gHe . Maccsl sep, yqacTByIOUIHX B pe-

= -2
aKIH: My, =7,2992-107 xr, my,, =1,6736 10 7 xr, ma =6,8021 1077 i,

=6.6467 1077 xr.

Iz
n'_flle




Ornpenenute, BpIIENAETCS HIH MOTIONIAETCS SHEPrUs IPH SIAEPHOIT

peakimu ‘3N + 3He — |H + '70 . Maccsi siep, yaacTByiouux B pe-

akmmun: myy, =2,3253-107° kr, my, =6,6467-10"7 xr, m  =1,6736-10"" i,
7 2 He H

my o =2,8229-107 kr,
8

Onpenennte 3apsa0BO€ YHCA0 Z M MaccoBoe 4Hciao A 4acTH-
1pl, 0603HaYeHHOH OyKBO X, B CHMBOIMYeCKO 3alIHCH PEeaKLHH:

1) N+ $He - 70+ x;2) Be + 3He— '2C+x:3) SLi+x — JH+ 3He.

" 2 3 1
B spepHoil peakuun 21H + 1H— 5He+ (» Brimensercs sHeprus

AE = 3,27 M>3B. Oupenenure Maccy aroma ;He , CITH Macca aToMa %H
paBHa 3,34461 - 10 kr.

Hano

2 2
H+ JH— 3He+ jn

Pewuenue

2]H+ %H—) gHe+ (])n+AE,
AE =327 MaB = AR
=1,0032 IO_IBH}K m;HeZZmle_mn__c_Zl
my, =3,34461-107" xr
1

((Omeem ) 1)vnitHe, 70+ x5 221, 41, ps

2) IBe+ jHe - '3C+x; Z=0, A=1, {n:

3) §Li+x > jH+ 3He; Z=0, A=1, ¢n.

3anumure HepoCTAOMHe 0003HAYEHHS X B CIIEAYIOUIMX SAEPHEIX pe-

2) ?gAr(a, nx; 3) x(p, n)?;Ar;

axumsix: 1) "9B(n, a)x;

4) 3He(x, p)iH; 5) x(n, a)’H.

000000000000 0000000 000O08C0O0O0OCKC00OROROOIIOERAOEERTORIESREYS

Cumeonuueckan 3anuch A0epHol peakquu

iX+ao LY +b,
HNIH
2X(a, bYLY

rae Y — Hex es SOBb YHUC ‘un
éX PIAZY HCXORHOE H KOHEUHoe sApa ¢ 3apSAOBRIMH uHclaMu Z U Z

MaccOBBIMH THCTaMH A 1A ' a ¥ b— cooTBercTBeHHO GoMOapaAMpyIomas 1 UCIyc-
Kaemas (MIH HcIycKaeMbie) B SIEPHOR peakUMH YaCTHLIBL.

Omeem - 107
e — ( ) e = 5,00841-10™ xr

Ilepsast B HCTOPHH HCKyCCTBEHHas f/icpHas peakLs OCylleCTBIeHa
PeseptoproM. 3anumure 3Ty peakuuio H oObACHHTE ee OrpoMHOe
3HaueHHe I pa3BUTHA AiepHOR DH3HKY.

< Omegem >1’;N+§He—>1§0+{p.

Yomno-KropH o6rydany amoMusnit 1Al & - 4aCTHUAMH, B Pe3yllb-

TaTe 4ero WCIMyckajcs HedTpoH M 00pa3oBBIBAIOCH HCKYCCTBEHHO-

pagHoaKTHBHOE AAPO, HCIBITEIBAIOIEE ﬂ" - pactiaj. 3almHIINTE ITY peaKiuio.

( Omeem ) %A1 +iHe > 3P+ {n,

-

30 30¢; 0 0
3P 1Si+ e+ ov,.

w2
HKomo-KropH 06my4any marumit 3Mg ¢ - YacTHUAMH, B pe3yibTaTe

yero UeIycKalics HeHTPOH H 06Pa30BLIBANIOCE HCKYCCTBEHHO-PANHO-

aKTHBHOE 5po, HCMbIThIBaOEE B* - pacnaj. 3anumuTe 3Ty peakuHio.

564

—

565




—

3anuumiTe NpeBpailleHne POTOHA B HEHTPOH ¢ YKa3aHHEM YacTHL,
KOTOpBIE IIPH 3TOM HenyckaroTes. OOBACHATE, oYeMy 3TO IIpeBpaNie-
Hyle SHePreTHYEeCKH BO3MOXHO TONBKO JUIA IPOTOHA, CBA3aHHOYTO B A/pe.

B npouiecce ocymecTsnenus peakinym y — _?e + +?e sHeprua E; ¢o-

ToHa cocraBnana 2,02 MsB. Onpenentre nofHY10 KHHETHYECKYI0
JHEPIUIO NMO3UTPOHA H 3NIEKTPOHA B MOMEHT NX BO3HHKHOBEHM.

Hano Pewenue
};__)_?e++(l)e E0=2mc2+T,
Ey=2,02 MaB = T=E,-2mc.

=3,23-10"3B
T —?

( Omeem ) T =1 MsB.

Ipy CTOJIKHOBEHHH HO3UTPOHA H HNEKTPOHA IIPOHCXOINT UX aHHHMTH-
JA1Ms, B IPOLIECCe KOTOPOH 3JIEKTPOHHO-TIO3UTPOHHAS 1apa npespa-
HIAeTCA B [{Ba Y - KBAHTA, 2 SHEPIHA NAPEI MEPeX0IHT B 3Heprio (orodoB. Ormpe je-
JHTE JHEPTUIO KaXIOro M3 BOSHMKIIMX (DOTOHOB, MPHHHMAA, YTO KHHETHYECKAS
SHEPTHA JJIEKTPOHA H MTO3UTPOHA JO UX CTOIKHOBEHMS NipeHeOpekuMo Mana.

3anUIINTe CXeMy 3JEKTPOHHOTO 3aXBaTa (e-3axBara) H 0OBACHUTE €r0

3axBara.
oTmiyus o1 B - pacniagoB. IIpuseauTe IpHMED 3NeKTPOHHOTO

( > Ay, 0 0
Omeem e-3axBat: QX + _?e - 24Y + gv, , BBUICTACT v, .

.(0,,0 0,, 0
Ipu B* - pacniage BEUIETAIOT BE YACTHUEL: (Je+ Qv)mm (e + ov).

Hono.ﬂlme HeJOCTaloIIHE o6o3HaYeHHI X B CICAYIOIIHX SAIEPHBIX
peaKLsX:

145 L.
1) U+ gn- 'Gla+x +4on;

35 L

2) U+ - BZr+ HTe+ xqn;
140 L.
3) 2Th + = x+ ' Xe + 3003

4) *Pu+ gn— 05e + 1IN + 3on-

——

o neficTBHEM KaK¥X YaCTHI| — HEHTPOHOB WA & - 4aCTHI — A1Ep-
HBIE PeaKIHH OCYIeCTRILOTCA Gonee sbpexTiBHO? OOBACHUTE OTBET.

O6BACHHTE, IoUeMY Ha MEUIEHHBIX HEHTPOHAX B OCHOBHOM HIYT pe-
akpud THIA (M R H (MY ), a HA OBICTPEIX HelTpoHaX — peakInu

ina (1, pYu(ma).

Mano Pewenue

T=0 Se+ Je=2y,  2mc?+T=2E,,
m=911-10"" xr reo. E, = mc?

E, —?

/4

( Omeem > E,=0,51 M3B.

Jins ofHapyxeHus HeHTPOHa HCIONB3YIOTCH pEaKIi 3axBaTa TeiuIo-

3 10 }
BBIX HEUTPOHOB JIETKHMH SIpaMH (5He, 'sBe ), B pe3ynsTare KOTO

pHX HCITyCKAOTCA 3apsOKeHHbBIE YaCTHIBL. JAMUIINTE BO3MOXKHBIC peaxkum.

Ome_em 3He +on—> H+ p-

-, 4
9B +gn—> 3Li+ 3He.




[1pH 38epruu HelitpoHoB =10 MbaB craHoBHTCS BO3MOKHOM Ha SIpy

ypaHa -92 U sanepnad peaxuus THna ( », 2n ), B pe3ylsTare 4ero o6pa-

3yeTCsl HCKYCCTBEHHO-DAIHOAKTHBHOE AP0, HCMBITHIBalOMee B - pacmai. 3aru-
UIMTE 3TY PEaKLHIo.

( Omeem ) 28U 4 by B0 4200,

27
U — 237Np + le+ gv

Sinpo ypaHa 233U , 3axBarbiBas TEIUIOBOA HEHTPOH, NEUTCS HA H30-

TOIIBI CTPOHIUIS M KCEHOHA C MACCOBBIMH YHCIAMH 95 u 139, BTOpOi#

H3 KOTOPBIX, BISIACH paaHoaKTHBHBIM, NPETEPICBAET TPH [3_ - pacnaja. 3anmmure

PeakIlio JiejleHHs, & Takoke UenouKy - - pacnaos.

< Omeem > BBY 4 gn— "3Xe+ 581 +24n,

B B B
139Xe - 139CS N 139Ba - 139La

233
Snpo ypana “; U, 3axBarkeiBad GHICTpBII HEHTPOH, NpeBpaIaeTcs B

PaNMOAKTHBHBIH H30TOIN ypaHa, KOTOPBIH nperepresaer 3 -pacnafg,
H [pPEBPANIAETCS B TPAHCYPaHOBRIM 3/IEMEHT, KOTOPHLI B CBOIO ouepeshb TAKKe npe-

TepriesaeT 3 -pacliafl, B pe3ylbTare uero obpasyercs IWTyTOHHHA. 3animuTe Bee sTu
MPONECCH! B BUAE SNEPHOH PEAKIHH.

35 .
TTpu 3axsaTe TEILIOBOTO HEHTPOHA APOM ypaHa 29,U 06p7 3y10TCH

1iBa OCKOJIKA JEJIEHNs W 1Ba HEHTpoHa. ONpeneTnTe NOpSKOBLIf HO-
mep Z H MacCOBOE YHCTIO A 0[HOTO M3 OCKONKOB, €CJIH IPYTHM OCKOJIKOM SBIJCT-

cs PO CTPOHIMSA 33ST

‘ Omeem » 23§U+(}n—> 239U—> 239Np 4 19’

139N N 239Pu +_16’

Onpenennre KAHETHYECKYIO 3HEPTUIO £ M CKOPOCTE U TEIUIOBOTO Heii-
TpOHa IIPH TEMIIEPATYPE OKPYXalomie# cpexnbl, paBHoi 17 °C.

Hano Pewienue
. :1,675-10_27 Kr 3 2
E==4T, g=""_
1=17 °C; T=290 K 2 2
E ___f) V= E .
v —7? m,

( Omeem ) E=6 10" JIx; v=2,68 xmlc.

O6BACHHTE, MOYEMY JENEHHE SIEP NOMKHO COMPOBOX/ATECH BHIE-
neareM GonbIIoro KONMMYECTBA 3HEPTHH.

OmnpenenuTe 3HEPrio (B 3MEKTPOH-BOJLTAX ). KOTOPYIO MOXHO IOy~

YMTH PH PACILSIUIEHHH 1 T ypaHa ) 23 5U , ecilv IpH pacileIIeHHH Kax-

[oro spa ypana seiensercs sneprus 200 M3B.

( Omeem ) AE =512 102 MsB.

CKopocmb HapacmanuA YenHoi peakyuu
AN _ NG-1)
d T

e N, — 4MCno HEHTPOHOB B HAYANBHLIH MOMEHT BPEMEHH; N — 4uciI0 HelTpo-

,otkyza N = N, RE

HOB B MOMEHT BpeMeHH {; T— cpeHee BpeMs XH3HH OJIHOTO HOKOMCHHS, k— xo3d-
duieHT pa3MHOXKEHHS HEHTPOHOB.




Ornpenenure cyTouHbi 2
mp YTOYHBIH PACXOJl YHCTOrO YpaHa ‘32 U aTomHOi 31eKt-

POCTaHUMEH TeII0BOH MOMHOCTEIO P = 300 MBT, eciu JHeprua E
BBLICNIAIONAACS ITPH OHOM aKTE JeMeHHA, cocTaBnger 200 MaB. .

Mano Pewienue

235
02U N = Pt
P=300 MBT=3-10*Br| £
E=200 MaB =

=3,2-10" Ix m___M: PtM
t=24 4w=86400c Ny ENy
M =235-10" kr/mons

m—7?

B s1epHOM PEAKTOPE Ha TEIUIOBBIX HEHTPOHAX CPEAHEE BPEMS JKU3HH T
OI(HOTO TOKONEHHA HEUTPOHOB cocTaBiseT 90 Mc. [IpHaMMast K03¢-

(pHImMEHT PA3MHOKEHHA HEHTPOHOB & = 1,002 , onpeneaHTe MEPHOL T PEAKTopa,
T.€. BpeMs, B TEUeHHE KOTOPOTO ITOTOK TETLIOBBIX HEHTPOHOB B peakTope BO3pacraer
B € pas.

( Omeem ),=45 c

OrnpeenuTe YHCI0 HEHTPOHOB, BOZHHKAIOIIX 32 1 ¢ B anepHOM pe-
aKTOpE TEIUIOBOI MOLIHOCTRIO P = 200 MBT, ec/IH H3BECTHO, 4TO ITPU

OHOM aKTe AeeHus Bbinensercs oneprui £ = 200 MoB, a cpezinee 4uc1o HelTpo-
HOB Ha O[VH aKT JEEHHUS COCTaBIAeT 2,5,

( Omeem )n=1,56-10‘9 ¢l

Ornperermire, Bo CKOMLKO Pa3 YBEJHIHTCS YHCIIO HEHTPOHOB B LIEITHOM siftep-
HOM peaximy 32 Bpems ¢ =10 ¢, ecm CpenHee BpeMa kw3l I oxgHoro
TNOKOCHHs cocTaRNgeT 80 Mc, a KO3 GHIMEHT PasMHOXKEHNS HEHTPOHOB k = 1,002 .

Q6bacHATE 0COBEHHOCTH PEAKTOPa-PasMHOXKHTEA H 3alMILIATe $1Cp-
Hble PEAKIIHH, 32 CUET KOTOPBIX MOXKET B HUX HITH IPOLECC BOCIIPO-
H3BOJICTBA s IEPHOTO rOpIOYero.

Hano Pewenue
=10 ¢
T=8 =K. -2 dN N k—l ﬁk_‘i)ﬁ
0 Mc=8"1072¢ av _ M )’ NeN. o T
k =1,002 d T 0
(k-1)t
N oo
l_? NO
NO

N
( Omeem ) X _ 5,
NO

OGBsIcHATE, KakoH XapaKTep HOCHT NENHAS PEaKLHs HeJIeHNs, ECiIH
k03 PHmentT pasMaokenus: 1) k>1;2) k=1; 3) k<1

B BogopoaHoit 6ombe BMECTO peakiMH le + 21H - gHe + on Mc-

10Jb3yeTcs peakuus 21H +H - He + én . OGBACHHTE NOUYEMY.

OOBICHHUTE, [109EMY PEaKLMs CHHTE3a aTOMHBIX Ajep — 06pa3oBaHHe
M3 NETKHX saep 6omee TAKEBIX — ABISIETCA KONOCCANBHBIM HCTOY-
HHKOM 3HEPTHH.

O6BACHUTE, TO4EMY IS NPOTEKAHUS TEPMOAIEPHON peakuun Heob-
XO[MMa OUeHE BBICOKas TEMITIEPATypa.

<y



7.2. dDneMenTnl Ppu3HKH 3/IeMEHTAPHBIX YACTHI|

i\h Y
)
71,?? ). H3zBecTHO, uTO B YUIEPOAHO-a30THOM, MM YITIEPOSHOM, [UKIIE YHCII0
ANEP yIneposia 0C1aeTCs HeM3MEHHBIM, B pesynsTaTte 3Toro nukia ye-

1
ThIpe Axpa Bogoposa |H (fporoHa) npespalnarorcs B PO remus gHe, a TaKxe

~
00pa3yIOTCH TPM ) -KBAHTA, /Ba NIO3UTPOHA 1 /IBA HEHTPUHO. 3anucan 3TY PeaKIHIO
ONPECNTE BBIIEASIOULYIOCS B 3TOM MPOECCE IHEPIHIO.

Hano

my, =1,6736 1077

Pewtenue

4H - jHe+2% + 20y, +3y 4+ 0,
My, =6,6467 1077 yp | Am=dmy —(my +2m ),

Q= Ame? .

( Omsem ) o_ 158 o,

Hakite onpenenenye u 0GBsICHUTE NPOMCXOKTEHHE NEPBUYHOTO M BTO-
PHYHOTO KOCMHIECKOTO H3TYYEHHUS.

m. =911 107

ObbscHnTe ITPOUCXOXKIAECHUE MATKOTO U KECTKOIO KOMIIOHEHTOB BTO-
PHYHOIO KOCMHYMECKOTO U3TYYCHUS.

[IpencraBrTe cxemaTuuecku ¥ o6BICHATE TIPOHCXOKAEHUE SMEKTPOH-
HO-NO3UTPOHHO-(POTOHHOTO, HIH KACKARHOTO, JIMBHA

3alMImUTe CXeMBI pactiaja mojJIoKUTEIEHOTO 1 OTPUNATENBHOIO MO0~
HOB.

+ 0 0 0~
‘ Omeem ’ Ho= e+ gV + oV,

0 0~ , 0
= et gy, + 01"/4

(512

Tpu coynapeHuu BEICOKOIHEPFETHYECKOIO MONOKUTELHOTO MIOOHA
B 3MeKTpoHa 00pa3yloTcsa ABa HEHTPUHO. 3alMIIUTE 3TY PEAKIHIO H

.
o0nsicunTe, KaKkoi THI HEHTpHHO ofpa3syercs.

I1pu 3axBare MPOTOHOM OTPULIATENBHOTO MIOOHa 00pasyercs HeHTpon
U €IlE O/IHA YaCcTHIIA, 3aMUIINTE 3TY PeaKIMIo U OYIpEAeNnTe, 4To 3T0
3a YacTHIa.

( Omeem )H—+}P—’3"+gvﬂ'

Hpuuiman, 4T0 SHEPIUA PEIATHUBHCTCKMX MIOOHOB B KOCMHYECKOM
u3Ty4eHmn cocrabser 3 I 3B, onpenenuTe paccTosHUE, IPOXONAMOe
MIOOHAMH 33 BPEMS] HX JKH3HH, €C/TH cOOGCTBEHHOE BpeMs XKU3HH MIOOHA

ty = 2,2 MKc, a 3Heprus nokos £y =100 MaB.

Hano
E=3T13B=3:10°5B
th=22 Mxc=22-10%¢

E, =100 MaB = 10°5B

Pewuenue

I/I3BCCTHO, YTO NPOXYKTHI pacriajad 3apsHDKEHHBIX THOHOB UCIIBITHIBA-

10T JaIBHEMIME pacniaj. 3anyIMTe UEoYKy peaKuui 1s at-un -

ME30HOB.

(Omeem ) 2+ 04 0, 1o few by, + 07,

- - 0~ - 0 0.~ 0
T — U + 01‘,/( s M ——)—le + Ove + Ov,u M
— e

G713



JIO - ME30H pacniajiaeTcs B COCTOSHUH TOKOS Ha Ba Y - KBaHTa. Hpr

HUMas Maccy rokost NHOHa paBHO# 264,lm, , ompenennte IHEpPriio

KaXKIOro H3 BO3HHUKUIHX Y -KBAHTOB.

Hano Pewenue
My = 264,1m, 7’ — 2y, E,=m.",
=9,11.107
me ] Kr P &: mnCZ
"2 2
E, —7

( Omsem ) E, =67,7 MoB.

H3BectHo, 4To pacnan HeifTpansHoro KOPOTKOXHBYIIErO KaoHa Mpo-

HCXORHT 10 cxeme K — n* +717 . TpuHmmas, uto K0 MOMeHTa pac-

flaja kaoH MOKOWICA H €ro Macca MOKOS COCTARIAeT 974m, , ompexennte Macecy

TOKOS 00Pa30BaBIIMXCS 3aPSKEHHBIX T - ME3OHOB, €C/TH H3BECTHO, YTO Macca Kaxk-
Aoro obpasosaBuierocs nuoua g 1,783 pasa GoNblIe ero Macch! MOKos.

( Omeem ) =2731m, .

K" - Me30H pacnamaercs (B COCTOSHMM HOKOA) Ha JIBA ITHOHA. Ipunu-

Mad Maccy mokos KaoHa paHO# 966,2m, u npeHebperas pa3zsocThio

Macc 3apsKCHHOIO U HBfITpﬂIILHOI‘O ITHOHOB, ONPEaEIUTE SHEPTHIO XAX/I0T0 H3 BO3-
HHUKIIHX ITIUOHOBR.

( Omeem ) E=2475 MsB.

Hasosure u oxapaxrepusyiite YeThIpe THra QPyHIAMEHTANBHBIX B3aH-
MONCHCTBHI, a TakoKe CpaBHHUTE pafiyChl X aeitcTens. Kakoe M3 B3a-
MMOJCHCTBHIA SBJIAETCS yHUBEPCATBHBIM.

Yro HazplBaeTCd HIOTONHYECKHAM MYIBTHIUIETOM M H3OTOIMHYECKHM
CIHHOM?

B03MOKHO JTH BEIHYXKIEHHOE H3TyueHHe, €ciu GporoHs! 6eutH 681 dep-
muoHaMu? Jaiite oObsicHeHuME,

O6BSICHHTE, B YEM 3aKIIOMAETCS [IPHHLIHI 3apS0BOTO COIPSIKECHHA,

3anmHmMTE NPOLYKTHI pacliafa aHTHHEHTPOHA.

( Omeem ) o i+ e+ By,

ITpH CTONKHOBEHMI HEHTPOHA M AHTHHEHTPOHA MIPOUCXOAHT HX AHHH-
TWIALNS, B PE3YIBTATE Yero BOIHMKAIOT iBa Y - KBaHTa, a SHEPIus

YACTHII NIEPEXONUT B SHEPTHIO ¥ - KBaHTOB. ONpenenuTe SHEPriio Kak JOro M3 BO3-
HUKIDUX ) - KBaHTOB, APHHUMAS, 4TO KHHETHIECKAsd SHEPTHs HENTPOHA H IO3UTPo-
Ha JI0 MX CTOJKHOBEHMS MpeHeOpeXuMo MaJa,

Jano Pewenue
~ _ 2
m,,=1,675~10'27 KT 3n+ (}n -2y, E=2mc",
E 2
=— E,=mc".
E)/ —9 Ey 2 k) y mn
( Omeem ) E, =942 MsB,

I[lepeyncauTe OCHOBHbIE CBOMCTBAa HEHTPHHO M aHTHHEHTPHHO H
0OBACHHTE, YEM OHH OTIMMAIOTCS MO COBPEMEHHBIM MPEACTaBIIEHH-

M- OpYT OT ApyTa.
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BriOpas u3 ueThIpex THIIOB HEATPHHO ( Vo, V,, ¥ o 7,, ) IpaBsuIbHOE,

HalMIIHTe HEIOCTAIOWHE 0003HaYeHNA (X) B KaXIOH H3 NPUBELCH-
HBIX PEaKIIHA:

Dx+gn— p+ Ve ;

2) x+gn—> p+u;

HNx+pogn+ e

( Omesem )1) 0ve+ an— p+ le;

0 I I -.
2) 01-"“ +0n_) lp+,u

b

3) 0¥, + p— gn+ le.

——

Hazosure snemeHTapHyi0 YacTHILy, 0612 a0 HanMeHb el Mac-
coif roxos. UeMy paBeH 3MeKTPHYECKH 3aps L 3TOH YaCTHIEH!?

DneMEHTAPHBIM YacTHLAM IIPHITHCHIBAFOT KBaHTOBO-MEXaHHYECKYHO
BENMHHY — Y€THOCTD. UTo OHa XapakTepusyer? B ueM 3akmouaercs
3aKOH COXPaHEHUA YETHOCTH H IIPH KaKHX B3aUMOJECHCTBIAX OH BEIIOJIHAETCS?

OGbscHUTE, KaKas XapaKTEPHCTHKA 3IeMeHTAPHEIX YACTHIL OJOKeHA
B OCHOBY [€/ICHUS AIPOHOB Ha ME30HBI H GAPHOHBI

‘ Omeem > bapuoHHOe uncno B:

ME30HBI: B=0;

Gapronsl: B=1.

OObBsicHHTe, K KaKOH IPyINe 3EMEHTaPHBIX YacTHII H [104eMy OTHO-

cHTCs: 1) Al THNepoH; 2) npoToH; 3) Tay-nenton; 4) 7° - Me3oH.

OO6BACHATE, K KaKoil IpyIne 3MeMEeHTapHbIX YacTHI H NOYEMY OTHO-

" . 0
curcs. 1) MIOOHHOE HEHTPHHO; 2) HeliTpoH; 3) GoToH; 4) K" -Me30H.

[epeduciuTe, KaKHe BETHYHHBI COXPAHAIOTCS J1s APOLECCOB B3au-
MOIIPEBPAIIAEMOCTH HIeMEHTapHBIX YaCTHIL, 00y CIOBIIEHHBIX CIIa0bIM
H CIIBHBIM B3aHMOJEHCTBHAMH.

( Omeem )

1. DHeprus.

2. Mmnynsc.

3. MoMeHT MMITyJIBsCa.
4. 3apsanoBoe 4HCIIO.
5. MaccoBoe 4HCTI0.
6. CrinH.

7. JlemrroHHOE YHCIIO.

8. BapHOHHOE YHCIIO.

9. MzoTonuyeckuii CuH (TONLKO CHIIBHOE B3aUMOLEHCTBHE).
10. CTpaHHOCTD (TONBKO CHIILHOE B3aMMONeCTBHE).

11. YeTHOCTB (TONBLKO CHIBHOE B3aMMOIEHCTBHE).

12. OuapoBaHHe (TONBKO CHIBHOE B3aMMOAEHCTBHE).

Omnpenenure, Kakke M3 MPUBEIEHHBIX HHKE MPOLECCOB paspeime-

. + .
Hbl 3aKOHOM COXPaHeHHs NENTOHHOTO UMcna: 1) p o n+e” +v,;

2) KT +v,33) atoutre +e 3 4) Ktset+a’+v,.

( Omeem > D pon+e +v,;

(0)=(0)+ (-1)+(+1) paspelleH;

)K" s u +v,;

(0)=(+1)+(-1) paspelieHx;
Nt s utre +e’;

(0) # (-1} + (+1) +(~1) 3anpeieH;
H K et +a’+v,;

(0)=(~1)+(0) +(+1) paspelneH.
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Onpenennte, Kakne U3 NPHUBENEHHBIX HUKE NpONECcoB 3afpe-
IICHEL 3aKOHOM COXPaHeHHS CTPaHHOCTH: 1) p+x~ — AY 4 K.

) p+n DI 4K ) prnosA+254) pra s K 4Kt an.

(Omsem > Dp+a A +KO,

(0)+(0) = (1) + (+1), paspewes;
2) praT 5 XV 4K,

(0)+(0) % (1) +(~1), 3anpemer;
3) p+n—>A"+35*,

(0)+(0)# (-1 +(-1), 3anpemex;
) p+ra” > K +K* +n,

O+ () =(-D+(+D)+ (0), paspemen.

Hmxe mpusenens: 3aNpelIeHHbIE Crioco0k! pacnaza. Tepeuncaure pna
KaXnoro M3 HUX 3aKOHHl COXpPaHEHHS, KOTOPHIE OH HapyilaeT:

Da” > u +v,2) K +n>Q +K +K%3) prno A+ 5t

( Omeem )

Da” - u + V3 TEHTOHHOE YHCN0: (0) 3 (+1) +(+1);

2) K™ +n > Q7+ K* + K°; 3apsnooe wncao: (~1)+(0) % (~1)+ (+1) + (0);
3) p+n— A’ +X*; cIpanmocts: (0)+(0)= (-1)+(=1).

Huke npusenens! 3anpemneHusie criocobsr pacnana. Ilepeuncnu-
T€ A4 KAKAOr0 M3 HHX 3aKOHBI COXPAHEHHS, KOTOPHIE B HEM Ha-

pymawtes: 1) p+psp+a’i2) A +p>K +5%;,3) w +no AP+ K

4w S>u et +e,

HccreqosaHHe B3aUMOIIPEBPAILAEMOCTH TEMEHTAPHBIX YaCTHI IIPH-
BEJIO K OTKPBITHIO HOBOTO CBOHCTBA CMMMETPHH — OTIEPAIIMH 32psiN0-
BOTO CONpSKEHUs, 3AKTIOYAOIIEECS B TOM, 4TO TIPH 3aMEHE YaCTHLIB! Ha AHTHIACTH-
Ly B yPaBHEHHH JaHHOH peaKlUMH NONYYaeTCs HOBAs PEaKIH. IIpumeHHTe orne-

PALHIO 3aPSNOBOrO CONPKEHHS K CASRYIOMHNM IponeccaM: It p+:t0 ;

2) p+p>E + N +K 4K,

TIpUMEHITE OTIEPALIFIO 32PSXOBOTO coTpsDkeHnA (CM. 3axaTy 7. 126) x

CleyIoMmuM Iporieccam: 1) 7’ 52y;2) p+K > IR A

‘ Omeem , 1) 7° = 2y;

2) p+K 5 +a +at.

—

Oxapakrepu3yiiTe 0OCHOBHEIE CBOHCTBa KBAPKOB (aHTHKBapKoB) — 3a-
PSAAOBBIC UHCNa (3MEKTPOHHOE H 6aprOHHOE), CIIAH, CTPaHHOCTS, LIBCT,
04apoBaHKe, IPETIECTE.

OGBACHHTE, MOUEMY NMOHANO0HIOCH BBEICHHE BHYTPEHHUX XapaKTe-
PHCTHK KBapKOB — LIBETA H OYaPOBaHHA.

3anumnTe, Kakue KOMOHHAIIHN H3BECTHBIX B HACTOAIICE BPEMS KBap-

KOB BOCIIPOM3BOJAT cBoiicTBa: 1) HEHTPOHa; 2) POTOHa; 3) ' - Me-

- 0
30Ha; 4) 7T - Me30Ha; 5) L - 'MIEpOHa.

‘ Omeem ’ 1) n- nefipoH (udd );

2) p- npotoH ( uud );

3) @* - Me3oH ( ud );
4) 7" - meson (ud);

5) £°- runepon (uds ).




Baxueiimue ¢opmy.ini, ucnos3yemele B 3anaunuKe

1. ®u3nueckue 0CHOBLI
MeXaHHKH

CpenHsas CkopocTe M cpefiHee ycKope-
HHE

Ar v
<V>='Kt‘; (a)=%.

MrHoBeHHasA CKOpOCT M MTHOBEHHOE
YCKOPEHHE

Ar Av

v=—, a=—,

At At
TanremmantHas U HopManbHAafA COCTaB-
JIAI0Mas Y CKOpeHHA

a dv vz
= — ; a, = ——
'ode " r

ITonnoe ycxopenne
a= \/ al+a?.

Kunemarimecxue ypaBHerus paBHore-
PEMEHHOTO MTOCTYNATEIBHOTO [ABIKEHHA
v=v,tat,
2

a
S=U0ti—2—.

a=a . +a,;

Vr/10Bast CKOPOCTb H YIIIOBOE YCKOPEHHE
. _dp . do
a=-2 ; E=—.
d¢ ds
KnHemariieckue ypaBHeHHS paBHome-
PEMEHHOTO BPAIIaTENbHOTO ABWKEHUSA
w=w,tet,
2
£
P = wot £—.
2

CBA3b MEXTY NTMHEHHBIMH H YrIOBBIMU
BETHYHHAMH [IPH BPAIUATENLHOM IBHU-
KEHUH

$=Rp; v=Rw;

=2
a,=w"R.

HMnynsc (kodectso ABIDKEHUA )
p=mv.

Bropoit 3akon Helorona

F=ma=—d—ll

dt
Cuia TpeHHUA CKONMBXKEHHS
Fo=fN.

3aKoH COXpaHEHHA MMITYNBCA (IUA 3aMK-
HyTol# cHCTEMbI)

n
p= Em,v, = const

PaGota nepemeHHoO# cwbt Ha yuacTke
TPaexTopuH /—2

2
Aszcosa ds
1

MrHoBeHHas MOIHOCTE

d4
N=Z_py.
ar

Kunermmeckas sneprus
2
mu
T'=—8H0
2
IoTeHnuansHas sHeprus Tena, nomHs-
TOTO HaJ NOBEPXHOCTHIO 3eMIIU

M=mgh.

[oTeHatsHas Heprus ynpyroaedop-
MUDPOBAHHOrO TeNa

2
n=%"
2

[NonHas MexaHHJYECKas SHEPIrus CHCTEMBI

E=T+II.

3aKoH COXPaHEHHs MeXAHHIECKo# 3Hep-
MM (VI KOHCEPBATHBHO! CHCTEMD!)
T+I1=E=const.
CxopocTh mapoB MacCaMH n1; H M
nocse aBCOMOTHO YIPYTOro LEHTpaib-

HOTO yapa
V) = (1 = vy & 2y,
myt+my
o = (my=m vy +2m vy
2 myt+my '

CkopocTs mapos Tocie alCcomoTHO
HEeynpyroro yaapa
y= Vit mVy
mnt;,

MOMeHT HHEPLIHH CHCTEMBI (Telia)
X 2
J= Zm,r, .
=1

MoOMeHTB! HMHEPLUHMH [OJOT0 H CIUIOW-
HOrO HMIMHAPOB (WM JHCKa) OTHOCH-
T€NEHO OCH CMMMETPHH

1
J=mR?; J=5mR2.

MoMEHT MHEPIHH apa OTHOCHTENBHO
OCH, NpOXOASIIEH Yepes LEeHTp Liapa
2
J==mR*.
5

MOMEHT HHEPLUHH TOHKOI0 CTEpPXKHI
OTHOCHUTENRHO OCH, NEPIEHIMKYJIAPHOH

CTEPXKHIO M MpoXoifmed dYepes ero

cepeanHy

J=-1—mlz.
12

MoMEHT HHEPIMH TOHKOTO CTEpKHA
OTHOCHTENLHO OCH, MEPNEHIHKYIIAPHOH
CTEPKHIO M TPOXOJslleH uepel ero
KOHEI

J=lm12.
3

Teopema lllteiiHepa
J=J c + mc12 .
Kunerpueckas >HEpPrus Bpallaiollerocs
TEJIa OTHOCHTESIBHO HETIOZIBIDKHOM OCU
2
T o= Jw
Bp T
2

MoOMEHT CHIBl OTHOCHTEIRHO Hernoa-
BIDKHOH TOUKH
M =[rF].

MoOMEHT CHJIBI OTHOCHTEIBHO HEMNoJ-
BHXKHO OCH
M=[rF]z.

MoMeHT HMIYJhCa MaTepHAlILHOH
TOYKH OTHOCHTENBHO HEIOIBMXHON
TOYKHU

L=[rp]=[r,mv].

MOMEHT HMIYabCa TBEPLOro TeNla OT-
HOCHTENBHO HEMOABHXHOH OCH

n
LZ =2m,‘v,r, = sz .

=1

YPaBHCHHe JAMHAMHKHA BPalaTeJIbHOTO
JBWKEHUA TBEpAOTro TC/1a
dL
MZ = Jze N M= .d-t—



3aKOH COXpaHEHUs MOMEHTa HMITYJIhCa
L =const.

3aKOH BCEMMPHOTO TATOTEHUS
mm
. 117
F=G—*.
r

Cuna taxectu
P=mg.

HarnpsxeHHOCTh 0N TATOTEHHS
g=F/m.

[ToTeHunan nons TAroTEHUS
M
=—=uG—,

R

Baaumocssis MEXIOYy NOTEHIHAIOM
[10JI4 TACOTEHUA H €ro HaIPsAOKCHHO-
CTBhK)

g=—gradp.

YpaBHEeHHe HEpa3pLIBHOCTH
Sv = const .
YpasHenne beprym
2
v

-92—+pgh+ p = const,
PenatuBHCTCKOE 3aMe/IEANE X012 yacon

T

’

Penstusuctckoe (openuoBo) cokpa-
UIIEHHE JUTHHBI CTEPIKHSA

Iy= d

-

PensTuBucTCKHi 3aK0H CTOXKEHMS CKO-
pocreit
W+v
u=

o, u-v
_—_’
1+vu’/c2

v l—vu/c2 '

ey

58

Pensatusucrekuit nmmy e
m

p=———=v.
,/1—(v/c)2

3aKoH B3aHMOCBS3H MACCH! U 3HEepruu

mc2

,/1—(1}/0)2 .

Cea3p MeXay nonHO# 3Heprueit u um-
ITYJIBCOM PEISATHBHCTCKOM YacTHIBE

E=\m’c* + p*c* |

2. OcHOBBI MOJIEKY AAPHOIT
GU3HKH ¥ TepMOAHHAMUKH

E=

3axou boins—Mapuorra

pV =const 1pu T, m=const.
3akonn! I'efi-Tioccaxa
V=Vy(1+at) npu p, m=const,
p=po(l+at) npu V, m=const.

3axoH JlaneToHa
P=ED+py+ pyt+atp,.

Ypaenenue Krnaneiipona — Menge-
JIECBa U1 IPOU3BONBLHOK MACCHI raza

pV=%RT=vRT.

OcHoBHOe ypaBHEHHME MOJIEKY I PHO-
KHHETHUECKOR TEOpHH

1
pP= 5”’”0(“.(5)2-

CpenHas xBagpatMuHas cKOpoCTh Mo-
JIEKY b1

Cpennsas  apHdMeTHUECKas CKOPOCTh
MOJIEKYJIBI

(v) = 8kT ISRT
v= b aM
Hanbonee BeposTHAS CKOPOCTH MOJIEKYJIEHI

_ [akT _ [2RT
Uy = o _‘M .

Bapometpuveckas fopmyna
— Mgh/(RT
p=poe M f(RT)

Cpenusis  onuna ceobopHoro mnobera
MONEKyI

__ 1
(l> N (z) " \/En:dzn .
CpelnHee 4MCI0 CTOJIKHOBEHMH MoJe-
Kynbi3alc

(z) = \/En:dzn(v> .
3aKoH TemronposogHOCTH Pypre

ar 1
Je) =—-AE; ).=—3—c,,p(v>(l).

3akoH nuddy3un OHKaA
d 1
Jomy == —d—?; D=2()h)-

3axkod Herorona Julss BHYTPEHHEr0O Tpe-
Hus (BA3KOCTH)
dv

1
v =—plo)i).
FCE 3P
Cpenusist 3HEPrys MOEKYJIBI

(e) =247

Iipy=-1

BHyTpeHHsst 3HEPTHs IMPOH3BOIBHOH
Macchl rasa

i m i
=v—RT =——RT .
v 1j2 M?2

IlepBroe Hauano TEPMOIHHAMUKH
6Q=dU+04.

MonsipHas TEIUI0EMKOCTb Ta3a MPH 110CTO-
STHHOM 00BEME H ITOCTOAHHOM JIaBIEeHHH

i
C,=—R;
Y7o

C,=—"R

2

Pabora raza npu H3MeHeHHH ero o6bema
0Ad=pdV .

Pa6ota raza rnpy H306apHOM PacuIMpeHH!]
m
=p(Vo-V))=—R(T, -T)).
A=p(y-N) Y (I;-T))
Pabota raza nOpd H30TEPMHUECROM
paciupeHHnn

A=Q= M RTIn Y2 = P Rr 1 2

M " I

YpaBHenus axuabarHOro
(ypaeHeune [lyaccona)

TV ! = const ,

mpoliecca

pV? =const;
T p'™? = const .

Pabota raza npu aguabarHom pacili-
!

peHuIu

m
A=—C/(T -T).
M V( 1

Tepmuueckuit KIIJI ans  Kpyrosoro
Imporecca

Q-0
o)
Tepmprdeckwit KIT[T unkna Kapho
_h-h
= T .

0_
YpasHenue Ban-gep-Baansca ansa M
5 PEaNBHOro rasa

(p+ %}(Vm ~b)=RT.

m



3. JnexTpuyecTBoO
U 3JIEKTPOMATrHEeTH3M

3axon Kynora

Fat |Q12Q2|.
dne, r

HanpsikeHHOCTB 3J1exTpocTaTHYecKOro
(o) ]

E=F/Q,.

[ToTox BexTopa HampskeHHoCTH 27ek-
TPOCTATHYECKOTO Y0NS CKBO3E 3aMKHY-
TYI0 HOBEPXHOCTE S

®E=§Eds=§&ds.
S S

[Tpunimn cyneprnosumum
n

E=)E,.
=1

DnexTpHYeckuil MOMEHT AMNONS
p=[di1.
Teopema I'aycca mma snextpoctarime-
CKOTO 110715 B BaKyyMe
n
fEdS=§z,ds=LY0;
K S 1

€90 1=

$Eds=§E, ds=ijpdV.
s s Eoy

Ob6bemHas, oBepXHOCTHAS | JHHeliHas
IWIOTHOCTH 3apsAja

_42 Yy

dQ
Py’ ~ds’

dl
HarnpsxeHHocTh 1M0ns, CO3aBaeMoro
PaBHOMEPHO 3aPxeHHOH GeckoHeuHOH
ILIOCKOCTEIO,

o

E=—0o:.
2¢,

Hampsxensocts nons, cospasaemoro
ABYMS GeCKOHeUHBIMH NapaIIeNEHbIMIT
Pa3HOUMEHHO 3aPSHKEHHBIMH {LIOCKO-
CTAMH,

E=—,
&

Hanpmxentocts nons, cospasaemoro
PaBHOMEPHO  3apsiKeHHOH cdepHue-
CKOH NOBEPXHOCTBIO,

1
E= —Q2- (r 2 R);
dmey r

E=0

(r<R).

Horemman 3JIEKTPOCTATHICCKOTO 11015

CBa3b Mexly NOTEHIHanoMm IEKTPO-
CTaTHYECKOTO 1011 M €ero HalpsxcH-
HOCTBIO

E=—gradyp.

Cas3b Mexny Bektopamu P u E
P =% £0E .

CBa3b MeXKIY £ u %
=142

CBML MeXITy BEKTOPaMH 3ieKTpHte-
CKOFO CMEIIEHHS H HanpsKeHHOCTHIO
3JIEKTPOCTATHIECKOTO MO

D=¢uE.
ONeKTpHYECKas eMKOCTh Ve MHCHHOTO
NPOBOHHKA

c=£2.
14

JnexTpHvecKas eMKOCTh mapa
C = 4.7'[808R .

DneKTpUYECcKas eMKOCTh ILIOCKOFO KOH-
AeHcartopa
£p€S

c
d

DNeKTpUYEcKas eMKOCTh IIHHApUIE-
CKOI0 KOHJEHCATOpa
2megl
In(r,/n)

DnekTpHYecKas eMKOcTh cepnyecko-
ro KoHjeHcaTopa
hry
C=4meye .
P —ry

3nexrpmecxaa EMKOCTh 1apaJUIeIbHO

H MocjaeJ0BaTEJIbHO COE€IHHEHHBIX
KOHJIEHCATOPOB

" 1 &1

=26 T2

=1 1=
OHeprus  3apsKEHHOIO  YeIMHEHHOro
MMPOBOJHHKA

w oGO _Qe O
2 2 2C

DHeprus 3apsKeHHOro KOHISHcaTopa

W C(A(P)2 = —Qﬂ = —Qi

2 2 20

ObbeMHasA IUIOTHOCTE JHEPIHMH 3JIek-
TPOCTAaTHYECKOFO NOJIs

W _egE’ _ED

v 2 2

Cuna toka

[lnoTHOCTE TOXKA
j=1s.

OnekTpoABWKylIas cHRa, JEHCTBYIO-
mas B Uerd

€=4[0;

3axoH OMa Ing OXHOPOIHOrO y4acTka
uend

& =§E, dl

I1=U/R.

3akoH Oma B puddeperimanbHoi Gopme
j=7E.

MouHOCTE TOKa

P=%ﬁ=LU:ﬁR=UVR.
!

3akoH [Ixoyns — Jlenua
U2

dQ:IUdt=ﬁRdt=7;dL
3axon [Ixoyns—JleHua B Auddepen-
UManbHONH Gopme

w=jE=yE*.
3axoH OMa 1 HEOTHOPOIHOIO y4acT-
Ka uenH (0606uieHHBIH 3ak0oH OMa)
j=PzPot P .
R

MarugTHbI MOMEHT PaMKH C TOKOM
p,=15n.

CeA3p MEXTy MHIYKUMeH H HallpsKeH-
HOCTBIO MarHHTHOTO OIS

B=puH.
3akoH brno — Casapa — Jlannaca s
3JIEMEHTA TIPOBOJHHUKA C TOKOM

MarmmrHas HHIOYKILMA TOJIA PAMOro roka
p= tott 21
4t R
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MaruuTHas HHIYKUUA IONs B LUEHTPE
KpYIioro npoBOJAHHKa C TOKOM

I
B=pou—.
Hol >R
3axoH Amriepa
dF = 1[d1, B].
MaruuTHOE n071e CBOGOIHO ABHGKYIIEro-
s 3apania

) Pladtlad Q_[;"']
dr

Cuna Jlopenua

F=Q[vB].

Xomnosckad  nomepeyHas  pa3HOCTH
IO TEHI[HATIOB
1 /B B
Ap=——=R—,
en d d

3aK0H HOJHOrO TOKa IUI1 MAardMTHOTO

nojst B BakyyMme (Teopema o IHpKyJIs-
uuH Bextopa B)

§B d1= $B di= uoi@ .
L L k=1

MarHuTHat MHIYKUMS 100 BHYTPH
coneHoHAa (B BaKyyMe), mMeromero N
BHTKOB,

NI
B= Ho——.
1
IloTox BeKTOpa MarHMTHOM WHTYKIMH
(MarHUTHBIH YIOTOK) CKBO3b HpPOM3-
BOJIBHYIO MIOBEPXHOCTh

¢B=§Bds=§>3,,ds.
M M

3axoH dapages

t=-—.
ds

3/IC camonHxyKUHK
¢ =-14L
d¢

HHIyKTHBHOCTE GECKOHEYHO LIHHIOI(
ConeHoula, HMEKOWEero N BUTKOB,
NS

LZHO#T-

Tox npu pasMeIkasxu uenu
_ ~tjt
I=1e™".

Tox npu 3ameikanny genu
I=1f1-e).

DHeprus MarHHTHOTO II0JIsl, CBA3aHHO-
O ¢ KOHTYPOM,

w=L1r/2.
O0BbeMHAA IUIOTHOCTE 3HEPIUM  Mar-
HHATHOFO 11015
_W _puH® BH

w —
V 2 2
HaMmarauuennocTs
i o,
V

Cas3b Mexay Bexropamu J u H
J=yH.

Casizp Mexay y u y

HW=1+x.
3aKOH MOJTHOIO TOKA JUIf MArHWTHOTO
TOJIA B BEWIECTBE (TEOPEMaA O LUPKYJIs-
LM BexTopa B)

§Bdl=§B di=puy(1+1).
L L

Teopema o nupxynsuuu sexropa H
fHdI=1.
L

4. Konedanua 1 BOJHBI

Y paBHeHye TAPMOHUYECKOT0 KoeOarus
s= Acos(wyt +p);
wy=2n[T =2y .
Hepuon xoneGanuil (GH3HIECKOrO Ma-
ATHUKA

T =2m(J](mgly = 2m,[L]g .

[epuon xoneGaHHii MaTeMaTHIECKOTO
MasiTHUKA

T=2nllg.

dopmyna Tomcona

T=2aJLC .

Jlorapndmudeckiii AEKPEMEHT 3aTyXaHuA
A(t)
=ln———=
A(t+T)

HWHnyxTBHOE COMPOTHBICHUE
R, =wl.

EMKOCTHOE COTIPOTHBIICHHE
1
Re= wC’
[Tonxoe conpoTHBICHUE LEIH
Z=|R*+| oL+ LT
- @ wC)

Jlnuna BOTHBI

A=vT.

Y paBHEHHE IUIOCKOH BOTHEI
E(x,t)= Acos(wt —kx+pq) -

Y paBHeHHE cHEPHIECKOH BOTHBI

E(r )= 20

—cos(wt - kx+pq).
-

P

(dazoBas U rPyHNOBas CKOPOCTH
w dw

v=-1:; H=E;-

VpapHeHHe cTos4uEH BOMHBI

E=24 cosg{—{coswt .

Dddexr Jomrepa B aKycTHKE
(vvg, v
VFVUyer
CkopoCTh paclpOCTpaHEHUS BJIEKTPO
MarHUTHEIX BONH B Cpene
(4

v=\/—£—u-.

5. Onruxka. KBanroBas
NPHPOJA H3TYy4eHHs

3aKOH OTPAXKEHHUS CBETA
i{ = il .

3aKkoH NpeNOMIIEHHS CBETa
sinj

- M-
sinzn

dopMyna TOHKOH THH3BI
1 1 1)1 N 1
W=D R R a b
Ilokazarens NPeToMiICHS CBETA

n=—.
c

QnrHyeckas JUIHHA 1Ty T
L=ns.

Ornruueckas pasHOCTh X0Ja

A=L-L.

f



Ycnosus HUHTepepeHIIMOHHBIX Mak-
CUMYMOB M MHHUMYMOB
A=+mi, (m=0,1,2 ..);

A=+(2m+ 1)% (m=0,1,2,..).

Onrtnueckas Pa3HOCTh XOJa B TOHKHX
[JIEHKAX B OTPaXXEHHOM CBETE

A=2d n2—sm2iii2°-.

YcnoBus  1MQPaKUMOHHBIX MaKCHMY-
MOB 1 MHHHMYMOB OT OJHOM ILeaH

A
asing = i(2m+1)5 m=1,2,3,..)

A
asinq;ziZmE (m=1,2,3,..).
YCnoBHE TNaBHBIX MaKCHMYMOB JH-
(bpaxkIMOHHOH pelneTkn

dsinp=xmdl (m=0,1,2,.).

Ycinosue  DONMONHMTENBHBIX MHHMMY-
MOB JH(PAaKLMOHHON pelmeTky

‘A
dsinq;:iﬁN— (nf # O,N, 2N, ..).
®opmyna Bynsda — Bparros
2dsind=ml  (m=1,2,3,..)
Paspewaromas  criocoBHocts  chiek-

TpaJibHOro mpubopa u TudpaxHoHHOM
pereTKy
A
R= -a ; R=mN .
[pononeneiit 3¢pdexr Jomnepa
_ J1-v/c
"o 1/1 +vlc

TMonepeunsrit 3¢ ekt Nomrepa

v=voyl-(vfc) .

Crenens nonsipusanmu
P= Imax i Imm i
1

max + Imm

3akon Mamoca
I=1Iycos’a.

3axon Bprocrepa
tg iB =Ny

VYToJl BpallleHHs IUOCKOCTH Holdpu3a-
LI¥H B KPHCTAILIAX H PacTBOpax

p=ad; p=[a]Cd.

3axoH Credata — Bonblmana
R, =oT*.

3akoH cMemenns Buna
Amax =BT .

®opmyna Inanxa

, _ 2av h
wT o2 ehv/(kT)_l'

VYpasHeHHe DHHINTEHHA 171 BHEMIHErO

dotordderra

mv2

= A4 —max
2
DHeprus 0 MMIynse GoToHa
hc &,
8=hl’=——; =-——0:—_
CETTI AT

HaBlicHre cBeTa IpH HOPMAILHOM Tla-
JeHHM Ha NOBEPXHOCTS

E
p=-j-(1+p)=W(1+p)-

H3meHeHue THHE! BOJIHBL npH >ddek-
Te KoMnroHna

AL =L(l —cose)=ih—sin2—6—.
myc myc 2

6. Dj1eMeHThI KBAHTOBOMH
$U3MKH ATOMOB, MOJIEKYJI
d TBEpPIBIX TeJ

O6o6mennas popmyia banemepa
R( 1 1)
v=R|—-—|.
R

DHeprus 3JEKTPOHa B BOAOPOAOINO-
nobHom aToMe

1 Z’me*
E =—— 2=t

n=1,2,3,..).
n* 8he} (

Jlnuna BoNHL! Ae bpoitns

CooTHOIEHHE HEONpeAeTeHHOCTEH
AxAp, > b,
AxAp, 2 h, AEAtZh.
AxAp, > h,

O6uee ypasrenue lpeaunrepa

A\

A\

h ., 0¥
-—— 2V =ih—.
o AY + U(x,y,z) i Py

Ypasuenue lllpemnnrepa mid CTanmo-
HapHBIX COCTOSHHH

Azp+il—';1(E~U)1p=0.

Koa¢duumeHT npo3paddHocTH IIpAMO-
YIOMBHOTO NOTEHIMAIBHOrO Gapbepa

2
D=D, exp[—; 2m(U - E)I] .

DHEeprus KBaHTOBOTO OCUHILIATOpA
1
En = (n + _Z‘)ha)o .

3axon Moz

of 1 1
v=R(Z-0) (m2 nzj.

7. dnemeHTHI PUIHKH
aTOMHOIO siApa
H 3JIEMEHTAPHBIX YaCTHL

BHeprIIIﬂ CBSI3H HYKJIOHOB B S1p¢
Eoy = [2Zm, +(4=2Zym, ~m,|c*.

Hedext Macc! sapa
Am=(Zm, +(A=Zm,]| = m, .

3akon pagHOaKTHBHOFO pacnaza
—-Ar
N=Nye ™.

Ilepuon momypacnana
: In2
T,,=—.
172 )
Cpensiee BpeMsl KH3HM PaJHOAKTHUBHO-

ro Aapa
1
T=—.

A
[paBwio cMeleHnd IS ¢ -pacraia
4 A-dxr 4
ZX——) Z__2Y+2He .
[Tpapmwno cmemenus il - -pacnana

0
X0+ 3.

TpaBuio cMellenus s B* -pacnazna

4 Ay, 0
7 X0+, e

589;



NEPUOJUYECKASL CHUCTEMA 3JEMEHTOB JI.W. MEHJIEJIEEBA

b |
TIEPHOIM | PARM - r P ynomH 3 1N EMEHTOH®S
1. 1 m v v VI VIl VI
H ! H 2 He .
I | oomss | 4,00260
. Is
BOJAOPOA ! 2 rENHA
Li 3(Be 4|35 B|®& C|7 N 8 0| ? F 0 Ne
2 O} 6%, | 9,01218 15999 18,998403 2017
Lo I I pr 1201 P 14,0067 . 2t 1, . 9
NHTHA 2| sEPMANMHA 212 50P |2 YINEPOA | 2 A30T 2 KHCnorPoR | 2 $TOP 2 HEOH
Na 1 [Mg 12 | B A1l 4 Si| b P 16 S| ¥ Cl 18 Ar
3206 35453 3994
3 m | 2987 : 305 i s 2698154 § 80855 | W 30,97376 § 1 4 _ Y 8
HATPHH 1] MArHMH 117 amommrmn |3 xeeminn | ©0Co0P : CEPA | xaoe 2 APrOH
K B {Ca 2 [Se 2 |Ti 2 |V 3 Cr 24 [ Mn 25 | Fe 26 | Co 27 | Ni 28
39,098 | 4008 2| 449559 11 4790 2 2 51996 1 54,9380 1 5584 2 589332 2 58,70 2
v T B st} sdla? §| 7 aest 03413 atas? 1} safest LT gt g " satest Wt g whaat 1
4 KATHA 2| kanbuma_ 2| ckanamr 2| THTAR 1) BAHADHH 2 Xeom 1] MAPPAHEN 1| WENEQ 1] XOBATLT | HUKEM® 2
2 Cu} 30 Zn| 31 Ga| 32 Ge| 3 As 34 Se| ¥ . Br : ¥ Kr
\Y/ 6354, |2 6538 |3 0,72 |4 7256 | .3 4 6 1894 |7 79,904 8 8380
'R 3at0ag 6 ‘§ as ‘: apt - S ® L e E ST i 48 'g 4pt
2 MEAb | 2 UHHK | 2 TAMHA TEPMAHMA | I MBmBSK : CETEH |2 5POM : KPHIITOH
vl IS Py X, PalZr € Nb o, (M #a i Te, BB Wi Rh, By P4 @
K R 1. 92,9064 12 . A d | 106
P s I ad'ss? 8 ad?ss? BT a1 salsd ad’ss? 1y T s} wlss' g 42550 §
5 PYEHIHH 2 CTPOHUHA 2| MTTPHRA 2{ BHPKOHMH 2] HHOEHH 2 MONUBIEH 2| TEXHEUMH 2| PYTEMHK 2 | POJHA 2 { NANNAZHA 2
Vi . 47 Ag . 48 Cd 349 In . 50 Sn ; 51 Sh P 52 Te g 53 1 f 54 Xe
107,8682 |18 ma |8 n482 | 1869 |18 ; 127,60 126.9045 31,
18 LR 1 sy 1§ sp? gy 11 s 12175 g 0 B s . B s 13129
2 CEPEEPO | 2 kaamna | 2 HHaHA | 2 0mnoBo | 2 CYPBMA ! TEnve | 2 Hon : 2 KCEHOH
Cs 5 [Ba 5 |SLa—Lu”|Hf 72 [Ta 7 w “,JRe #,|0s T, 1Ir 7, Pt Ly
VII| 1329054 §| B3 18 * 1784, ;§ 180947, ] 18385 3] 186207 31 102 Bl w22 51 19508 ,'7
" 652 lg sdtes? 18 sa%s® B sd*6s? 18 5d’6s? 18 5d%6s? 1 sa6s? 18 5d%s' l§
6 LEIMA 2| BAPHR 2 TAGHHA 21 TAHTARN g BO/Ib®PAM 5 PEHHRA 2] ocMHRA 2 | npaanA 5 NAATHHA 1
7 Aul,® Hgl,® TI|,%2 Pb|,® Bi Rz Po |, 8 At , 86 Rn
IX ;g 196,9665 |18 2005, {18 20438318 w72 (1 208,9804 18 208,9824 | 13 209,9871 ] 22,0176
lg 510! g lg 632 g 1 6pl it 2 i Sp:‘ it 6p° ] 6p®
2 ongro | 2 PIYTh TANIHY | 2 camten | | BUCMYT 1 nomncHuy | 2 ACTAT 2 PAJIOH
87 - A Mexay
Fr g Ra 88 g 39Ac (Ll‘)103 Ku 104 ) Ns 105 ) ATomma aces U 92]~Aromubm wowep r:TGZ:n:'TG:;?m no Mexa,
10 1 P i
7 X 223,0097 ' ;g 26,0254 ;g ** {261) %5 (262} Jll Pacnpenencune pn_emnnou\"ﬁs 0289 )} 21T~Pacnpeneneune 13‘".."3;? ::;:::::“Mxt::’:lﬁrp;‘;?gz. .
1s l: 7t lg 6a’7s? l: 64’15 H 2:‘:;:?”.'0’;:':“;:‘;;‘0;;%'" s 61757 14 3 i’;‘;;g‘::::l Bngmpamux cKofKax NpHBENENbI MICCOBbIE YHCHR
H3IHDONEE YCTOHYHMBLIX HIOTONQOE,
SPAHLIMHA 2 PALMHA 2 KYPYATOBHUA 2| HHILCEOPHH 2 __noRypoeHaM YPAH 1 HaJBaHHR M CHMBONE! IMEMEHTOR, NPUSE/EHHAIC
B KPYFrAbiX CKOGKaX, HE ABIRIOTCA OBLICAPHMSTRIMN,
. *I A H T A H O M A &l
La 5 |Ce 8 |Pr % INd © [Pm 6 [Sm & [Eu & [Gd &, Th 65g Dy ¢, ﬁ Er ¢, Tm &, Yb 7,Lu 7,
1389055 8|Modz  8]1409077  B|MA2, - [145) Al 1504 -2§ 15196 81572 ) 1589254 ar| 162,59 53 1649304 23] 1672, | esss2 | mo, oyl e @
sates? 18] affest 1 4f'6s? 1§ artes? 18] affes? Bl afs? 1] aed T arsdles? I; AT 411%;7 § afVes? $ af'%s? g af1%s? 8 afMest g sdles? g
NAHTAH 3| uspun NPAIEOAHM 2 [HEOOMM 2| nPOMETHA 2} CaMAPHA 2|EBPORMA 2|radoimHun TEPBMH ! | oMcnpoMi © | ronbMuu 3PEMA 2| rvaun uTTEPSHA 2| moTEuma 2
= A K T H H 0 U O bHl
Ac ® [Th %0, JPa 51 JU % [Np 9 [Pu % [Am % [Cm 5% Bk 97,/Cf % ;]Es % ;/Fm 10 ,/Md 101 ,/(No) 02, |(Lr) 103,
227,0278 4. 2320381 if| 210399 923802 3| o 3 | 244 0642 52 243,0614 ,3 | 247,0703 §§ 270703 8(251,0796  3#1252,0828 231 2570951 30| 258,097 ii 259,1009 33| 260,1054 ﬁ
6d'15? E 6?75 Wl sf36d'7s? g sfsd'1st '§| srtealne? B sphas 'E sr71s? 1] sffealt4? § sfeatns? 18| sf0u? R) spilas? '§ sf12 7 '§ sfP7s? '; s 152 {g sfM6atys lg
AKTHHMA “| ToPMR MTPOTAKTHHUA| yPAR HEMTYHMA { nAyToHRA |AMErPAmMA” | ioPwa © BEPKIMA | xafnoopui | srnmTEARMA] oEPMIR MEHZENEBHA | (HOBEAMi * | (oY PEHCHRA)




Vuebnoe uzdanue

Tpojpumosa Taucus HpanopHa
ITasaosa 30 I'pUTOpBEBHA

COopHEK 32729 N0 KypCy (pH3HKH

¢ pemeHHAMH

Penaxrop I. H. Yepuniuesa
XymoxecTseHHEI penakTop K. 5. Heanoaa
Koppexrop I. H. Ilemposa
KommsiorepHan sepctka C. Y. Coxonoeckui

NP Ne 010146 or 25.12.96. U3n. Ne ®M-179. Cnano B Habop 17.03.98. [oan. B newars
12.10.98. ®opmar 60x88/16. Bymara rasetnas. Tapuutypa «Taiimes, TlevaTs odcerTHan
O6ben: 36,26 yoi. med. .; 36,51 yen. kp.-oTt; 23,49 yu.-u3a. A Tupax 10000 aks. 3ak. Ne1718

Hsnatenberso «Bricurad mxonar, 101430, Mocksa, ['CI1-4. HermunHad yi., 1. 29/14

Otnevarano B TYT] HUITK «VabsHoBckuii [IoM [1e4aThy,
432601, . YipaHoECK, yi. [oH4apoBa, 14



