Bureock, 2003r. Pemenust 3axau.

9 knacc.
3aoaua 1.

OcHoBHas omuOKa, JOMyIIeHHast «M300peTaTenemM», 3aKII04anach B TOM, YTO OH He
y4eJl 3JIEKTPUUYECKOT0 COMPOTUBIICHUSI KOHTaKTa MEXY TpyOKaMH.

Ecnu npeneOpeys 3TUM CONPOTUBIIEHNUEM, TO O0OLIEE CONPOTUBIEHUE PE3UCTOPA
paccumThIBaeTcs o popmyIie

L, —x x L,—x
Rmeo.:p + + =
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rae L, L,- nauHel Tpy6oOK, S,,S, - IUIOMAaU UX TOPLOB, O - YAEIbHOE AIEKTPUUECKOE
COIIPOTHBIIEHHE Marepuana TpyOok. Kak BuAHO, 3Ta 3aBUCHUMOCTb JI€HCTBHUTENBHO
JIMHEHHA.
Ecnu ke conpoTHBIIEHHE KOHTAaKTa 3HAYUTEIHHO IPEBBIIIAET CONPOTHUBICHUS CaMHX
TpyOOK, TO 3aBUCUMOCTh CONPOTHUBIICHHUS OT BEIMUYMHBI X OyJeT WHOU (IIEKTPUUCCKUN
TOK 10 CMa3Ke MPOTEKAeT NePIEHANKYISIPHO IOBEPXHOCTH TPYOOK)
R i 2

wen. = Pi )

rje /- mUpHHA 3a30pa MEXIy TpyOKamu, » - BHELUIHUHN pajinyc BHYTpeHHEN TpyOKku, o

- yHIeNbHOE 3JIEKTPHUUECKOE COIMPOTHBIEHHE CMa3Kh. OTa 3aBUCUMOCTh OOpaTHO
IIPONOPLUUOHAIIBHASL.

3aoaua 2.

3anuiieM OCHOBHOM 3aKOH JAMHAMHUKHU JJIS KaXKJIOTO MX TPYy30B B MPOEKIIMH Ha
BEPTUKAIBHYIO OCh C YYETOM YCJIOBHMA HEBECOMOCTH HHUTH M OJIOKOB, a TaKkxke
OTCYTCTBHS TPEHUS B OCAX OJIOKOB:
ml a] —Vii
myay =T , (1)
moay =myg — 2T
Bce 0603HaueHus cTaHgapTHRIC U 04eBUIHBIC. [I0CKOIBKY TpeHue TPy30B O
IJIOCKOCTH OTCYTCTBYET, TO B TOPU30HTAILHOM HAIMPaBJICHUU CUCTEMA SIBIIICTCS
3aMKHYTOM, T.€. MOJOKEHUE €€ [IEHTPa MAaCC HE MOKET U3MEHUTHCS 10 ropu3oHTaIn. C
YYETOM 3TOr0 MOJIyYaeM CIEAYIOIIEe YpaBHEHUE
m1a1=m2a2. (2)
Kpome Toro, yureM KMHEMaTHYECKYIO CBS3b MEXAY YCKOPEHUSIMU I'PY30B IS
IMOJABUKHOTO OJIOKA
a] +02:200. (3)
2m 2m
BeipazuB u3 (2) - (3) 3HaueHus a; = —Za() ; oap;= —Jao u
m] + mZ m] + m2

nojactaBuB ux B (1) Haligem



2m1m2

T ag
m; +m2
+
ay = mg (m +m;) 9=016g=16"L
mo(ml +m2)+4m1m2 cZ
2
a) = MM g=019g=19";
mo(m] +m2)+4m]m2 CZ
2
a, = o™ g=013g=13".
mo(m] +m2)+4m]m2 CZ

3Hasg yCKOpPEHMs BCeX IPy30B, HalJIeM HX CKOPOCTH 4epe3 Bpems 7 IOocie
Hayasa JBUKEHUS] CUCTEMBbI

vy =ay - T=0,352 =352,
C C

v, =a; r=0422 =42,
Cc C

v, =a, =028 =282
C C

Jlisi HaxOoXIEHHsS YTIOBOM CKOPOCTH @ BpaileHus Olloka 3 3aMeTHM, 4TO
IIOCKOJIBKY BEpEBKa HEPACTSKHMMA, TO CKOPOCTH IBIKEHUS U; U U, MOTYT OBITh
MIPEJICTABJICHBI B BUJIC

V; =0y +w-r
; “4)
Uy =y —w-r
rjae » — panuyc osoka. U3 (4) Haxoaum
v; -V ao
ey oY) 28
2r c

a) =
3aoaua 3.

[IycTh B HEKOTOpPBI MOMEHT BpeMeHI/I1 T JUJIMHA OTBEPJICBIIEH YacCTH paBHA X = VT .
3a nocieayromui Majiblii IPOMEXYTOK BpEMEHH Af B XOZ€ KpUCTaJNIM3alun
BBIJICJIUTCS] KOJIMYECTBO TEIIOTHI

Aq = ApahAx = ApahvAt , (1)
rie o - IUIOTHOCTh BEILIECTBA B TpelKe. JTa TEIJIoTa MOWIeT Ha HarpeBaHHE Kak
YKUJIKOM, TaK U OTBEPAECBIIECH YaCTU COAEPKUMOTO Ipesiku Ha At rpagycos. [loatomy
3TO K€ KOJIMYECTBO TEIJIOTHI MOYKHO BBIPA3UTh C MTOMOUIbIO U3BECTHBIX (POPMYII

Aq = (Cypah(l = x) + C,(1- 1) pahx)Ar )
O6paTI/ITe BHHUMAHHUE, YTO CYMMapHaH TCIIJIIOEMKOCTh FpeJ'IKI/I 3aBUCUT OT COOTHOIIICHUA

YKUJIKOW M OTBEPJEBILIECH YacTH BEIIECTBA, CIE0BATEIIbHO, U OT BpeMeHHU. 13 ypaBHeHUs
TEILIOBOro Oalanca

(Copah(i - x) + C,(1- n)pahx)At = pahvAz 3)
CJICAYyCT, 4YTO CKOPOCTb H3MCHCHHUA TCMIICPATYPhI CJIOKHBIM 06p330M 3aBUCUT OT
BpEMEHH (OUYEBHUJIHO, YTO X = VT ):
At Av

At C(1-mvr)’ @

! Mzer HCHOJIB3YEM I 0003HaYEHHUS BPEMCHMU CUMBOJI T , YTO OBl HE myTaThb C TeMHepaTypoﬁ t.



JUis ynpoleHus! MOCIEIHEro BBIPAKEHUs BOCIIONB3yeMCsl MPUOIMKEHHON (OopMYyJIOH,
IIPUBEICHHON B YCJIOBUHU 33]1a4H,

At Av Av Av ( nvr) Av ﬂvzry
—= = ~ T.
2
Az C,(1-nve) Cl(l— nvrj C,l / cl C,l
0 /
Takum 006pa3om, CKOPOCTh U3MEHEHHUS TEMIIEPATYPhI IUHEHHO 3aBHCUT OT BpeMEHH. JTa
3aBHCHMOCTH MMOJHOCTHIO QHATIOTHYHA 3aBUCHMOCTH CKOPOCTH JABUKCHHS TIPH
PaBHOYCKOPEHHOM JIBIKECHHHU. VICTIONB3ys 3Ty MATEMATHYECKY IO aHATIOTUIO, MOYKEM
3amucaTh 3aKOH U3MEHEHUS TEMIIEPATYPhl CO BpEMEHEM
. Av W ©)
ot T+ —
C,/ Cl> 2
Ewe paz ommemum, umo nenuneinas (K6a0pamuinas) 3a8Ucumocms memMnepamypol on
BPEMEHU CE53AHA C USMEHEHUEM MENI0eMKOCMU CUCTEMb.
MakcuManbHash TEMIIEpaTypa MOXET OBITh OIpEACiCHa M3 IMOCIIEIHETO BBIPAKCHUS,
/

mojiarasi B HEM 7 = —,

)

A
s =l + —(1 + Q) . @)

3aoaua 4.

1. YPaBHeHI/IC BTOpPOT'O 3aKOHa Herorona JIA ABUXXCHHUA B BA3KOH cpeac UMeCT B
JTAaHHOM CJIy4ae BUJL
Av
Al A (1)
N3 sTOro ypaBHEHHUs CIEAYET, YTO YCKOPEHHE H3MEHSIETCA C TEYCHUEM BPEMEHH,
npuieM € poCTOM CKOPOCTH YCKOPCHUC YMCHBIIACTCA. HpI/I AOCTUIKCHUU PABCHCTBA

CUJIBI COIPOTUBJIEHUS M CUJIBI [, yCKOpeHHe obOpamaercss B Hyib. Clie0BaTeNbHO,

CKOpPOCTb  YCTAHOBHUBILETOCS  JABUKCHUS * V
V' onpenensieTcs COOTHOMIEHUEM el
F, Vv 5 | ; 5
Vi = (2) ; ; : ;
i
KauecTBeHHBIN BU]T 3aBUCHMOCTH CKOPOCTH
OT BPEMEHHM MOKa3aH Ha PUCYHKE. f
She-

JIns OeHKU BpEMEHU JOCTUKEHUS
YCTAaHOBUBILEHUCS CKOPOCTH, MOJ0KHUM, YTO TEJIO ABUKETCS C TOCTOSSHHBIM YCKOPEHUEM

(paBHBIM YCKOPEHHIO B HAYAJIbHBI MOMEHT & vV /

F.
2

BPEMEHU @, = — ) JI0 T€X MOp, II0Ka
m

CKOpPOCTh HE JOCTUTHET 3HaueHUs (2):

. (3)
a, B f
3toT crnoco0 MOy YSHHUS OLICHKHU E E : .
NPOUJUTIOCTPUPOBAH Ha CIIe Y IOIIEM 2

PHUCYHKE.



OmMemuM, umo paccmampueaemas 3a6UCUMOCNb NMOYHO onucovleaemcs qbyﬂm;ueﬁ

F

V= E(l)(l - exp(— ,Blt)) )

2. PaccmoTpeHue 3Toi YacTu 3a/1a4 MOJTHOCTHIO AaHAJIOTMYHO TIPEABITYIIICH:
- YpaBHEHHE JBUKECHHUS

Av
2,

m =B = Ay 4) bv
- CKOPOCTb YCTaHOBHUBILETOCS JABHKEHHS Vo

_[F,

7= o 5)

B,

- rpaduKa 3aBUCHMOCTH CKOPOCTH OT ¢
BPEMEHH KAuYECTBEHHO HE OTIMYAETCS OT -

PacCMOTPEHHOTO PAHEE;
- BpeMsl IOCTHKCHHUSI YCTAHOBHUBILEHCS CKOPOCTH (00paTuTe BHUMAHHUE - B 3TOM Cllydae
3TO BpeMsl 3aBHCHT OT JICHCTBYIOIICH CHIIBI)

v m

t_:aoz—m. (6)

Ommemum, 4mo 6 OAHHOM 3ABUCUMOCTb CKOPOCHIU O 8PEMEHU MOYHO ONUCHIBACMCS]
Gynxyuet

F, 1-exp(t—at) £B,
v =i —),eaea:2—.

5 . 1+ exp(—at m

3. Cuna COIIPOTUBJICHHUA BO3HHUKACT H3-3ad CTOJIKHOBEHHUU MopHmHg C ABHXYLIUMUCH
JaCcTUI[AMH, KOTOPbIE COOOIIAIOT MOPIIHIO UMITYJIBC.

PaccmoTpuMm ciydait manoit ckopoctu mopiiHs V <u. O mepegHiow TpaHb
MOPUIHS YAApPATCS YaCTHUIbI, KOTOPBIE MABIKYTCS HaBCTpEUy MOPIIHIO, YHUCIO AITHX
CTOJIKHOBEHHH 32 MPOMEKYTOK BpeMEHU Af pacCUUTHIBACTCS MO GopMyie

a

1
Y :EnS(V+u)At. (7)

B pesynbraTe CTOJIKHOBEHUS IPOEKIUS
CKOPOCTh YAaCTHIIBI Ha HalpaBJICHUE
JBIDKCHUS TIOPIIHS U3MEHSETCS OT — U JI0
(u+2V) - »5T0 YyTBepXKIEHHE JIETKO
J0Ka3aTh MEpelas B CHUCTEMY OTCYeTa,
CBA3aHHYI0 ¢ mnopmHem. Hrak, B
pe3yibTare OJTHOTO CTOJIKHOBEHHSI
MOPIIEHB MOJYYHUT UMITYJIbC
p=mlu+2V+u)=2mu+V). (8)

CremoBateNbHO, OTHBINA UMITYJIBC, IOJTyYCHHBIN TIEPEIHEH IPaHbIO TIOPILHS, PABCH

P =v.p=mnS(u+V) At . 9)
AHAJOrMYHO, MOXHO TMOJICYUTATh MMITYJIbC, KOTOPBIH MOJYYHUT TMOPIICHb, OT YaCTHII,
KOTOPBIC YAAPSIOTCS O 3a/IHIOI0 TPaHb MOPIIHS (Pa3yMeeTCsi, TO YACTHIIBI, JOTOHSIOIINE
MOPIICHbD)

P =mnS(u—V)*Art. (10)

Taxum 00pa3oM, TMONHBIA UMITYJIBC, TOJTYUYCHHBIH MTOPITHEM PaBEH Pa3HOCTH



P=P —P =mnSA((u+V)" —(u=V¥)") = dmnSAwV . (11)

VYuutbiBas, 4TO JEHCTBYIOIIAs CUJa paBHA HMITYJbCY, MOJYYEHHOMY B EIUHHILY
BPEMEHH, MOJIYYHM BBIPAKEHUE JISI CUIIBI COMTPOTUBIICHHUS

P
F,., = As dmnSuV . (12)

Kak BuaHO, B pacCCMOTPEHHOM MOJENN CUJIa CONPOTHUBIICHUS MPSIMO MPONOPLHUOHAIbHA
CKOPOCTH JIBUKEHHUS OPILHS.

B cnydae Oompmmx ckopocteit V >u, criemgyer P
y4ecTb, YTO TNEpeAHssi TpaHb MOpIIHA Oyjaer
CTAJIKUBATbCsl HE TOJIBKO C YaCTULAMH, KOTOpbIE
IBIXKYTCSA €My HaBCTpedy, HO M YacTHLAMHU
JBIKYILUMHUCST B TOM € HAIpaBJI€HHUU, UYTO U

nopiieHb (KOTopbiii ux Aorousier). CTOIKHOBEHUIA T—— —
F_ X (2V-%)
P

—_

Ke ¢ 3aaHed rpaHplo He Oyner. B ocrambHOM ke
pacuer mnepegaHHOro MMITyJIbCa OCTAETCS MPEKHUM
Y TIPUBOJNT K PE3YJbTATy

P=P +P =mnSA((u+V) +(u-V)") = 2mnSAt(u® + 7). (13)
A cuima COIIPOTUBJICHHUA B 3TOM CJIy4Yac paBHA
E,, =2mnS(u* +7?) (14)

Y 3aBUCHT OT KBaj[paTa CKOPOCTH.

3amemum, umo MOEKYIbl PEATbHBIX 2A308 UMEION PA3IUYHbIE CKOPOCMU, HOIMOMY
VKA3amv 015 HUX MOYHYIO SPAHUYY MEHCOY «MATOU» U «OOIbULOU» CKOPOCTbIO
HeB03MOMCHO.

I'paduk 3aBuCHMOCTH CHITBI
COTPOTUBIIEHUSI OT CKOPOCTH
MIPEJICTaBISIET coboit
Y4acTOK IPSAMOM u
CONPHUKACAIOIIYIOCA C HEW
napabouy.




10 knacc.

3aoaua 1.

Cuna TpeHust CKONbXeHUs F),, , NEUCTBYIOLIas Ha a0y B

HavyaabHBIN MOMCHT BPCMCHHU, HalipaBJICHa  MPOTUB

OTHOCUTEIILHOM  CKOPOCTH  CKOJBKCHHS  IMAHOBl M0 —
TpaHCHOpTepy U), KOTOpas MOXKeT ObITh HaiijieHa U3 ‘F?;!P
npeoOpazoBanmii ["ammnes ‘h\\

Oy =0y —ii = U =+lUF +u’ . (1)

Takum 00pa3om, B HHEPIMAILHON CHCTEME OTCYETA,
CBA3aHHOM C JICHTOM TpaHcmopTepa, Imaiba Oyner
IBUTATbCS PABHOYCKOPEHHO IO MpsMOW 10 IIOJHON
OCTaHOBKH C OTPHUILATEIbHBIM YCKOPEHUEM

Fop — umg _

a=\==u= =-Hg. (2)
m m

Kak crnexyer u3 oOpatHbIX mpeoOpa3zoBaHuit
lanmnes, cKopocTh MIAHOBI OTHOCHUTEIHHO 3EMITH
OyZeT U3MEHSTHCS C TEUCHUEM BPEMEHH OT Uy 10 U

TaKUM 00pa3oM, YTO KOHIIBI BEKTOPOB MI'HOBEHHBIX
CKOpOCTell U; OyAyT CKOJIB3UTH BIOJb OTpe3Ka AB,

o0pasyst Tak HazbIBaeMbIil codozpagh ckopocteid. 13
aHamm3a rojorpada CKOpPOCTEH IOHSATHO, YTO
MHHUMaJIbHOE  3Ha4eHHWE  CKOPOCTH  IIaiiObI
OTHOCUTENBHO 3€MJIH U,,;,, IOCTUraeTcs B MOMEHT

BPEMEHHU, KOTJa BEKTOpP MIHOBEHHOW CKOpOCTH
HOpMajieH oTpe3ky AB. U3 mnpsamMoyroiabHOro

u
TpeyrosnbHuka AOB HaxoouM v,,;, = U
2 2
o +u
3aoaua 2.
Pewenue: HauMEHbIIIEE 3HAYCHHUE YCKOpEHUS

CBOOOJHOrO majaeHus g, =0,938 gy Ha TOBEPXHOCTH

acTepomia JOCTHTaeTcsi B TOYKEe, Tie BEPXHUU Kpail MOJOCTH
MOAXOMUT K  TOBEPXHOCTH  acTepouga  OmMKe  BCEro.
CnenoBarenbHo, UeHTp mosiocTH (Touka C Ha pPHUCYHKE)
pacroyioxxeH Ha oTpe3ke A(O Ha HEKOTOpPOW HEW3BECTHOMN
rnyoune AC=a, tae Touka O — TEHTP OJHOPOIHOTO
acTepoua.

Macca u3bBATON M3 acTepouaa B Mpollecce pa3padoTKu

4
nopoanr m = ,O§7Z'I”3 , '€ oo — IINIOTHOCTb BCIICCTBA




acTepousia, » — MCKOMBIM paauyc NOJOCTH. s pelieHus 3anadyd  MBICIECHHO
«106aBuM» BBIpaOOTaHHYIO TOpoay oOpaTtHO. Toraa Ha Bcel MOBEPXHOCTHU acTepouja
JOJDKHO «BOCCTAHOBUTCS» NPEXKHEE 3HAUe€HHE YCKOPEHUS CBOOOTHOIO MajeHus — g .
Ho ¢ npyro#t cTopoHs! 17151 TOUKH A MOYKEM 3arnucaTh

80 = min +AgA>

rne Ag, — YCKOpeHue, cosgaBaemoe 100aBieHHOM Maccod. C ydeToM 3akoHa
rpasuTanuu HeroToHa nosmyyaem
3
4/37r’ p
Agy = G—z'
a

AHajornysoe PaBE€HCTBO MOXHO 3aIluCaTh U JJIs1 TOUKHU B acTépounaa
80 = &max +AgBa

4/3xr°
rne Agp=G /—ﬂ’ﬂZ . Takum oOpa3zom, A HaXOXKACHUS TIIyOWHBI 3ajieraHus
(2R—a)
LIEHTpa MIOJIOCTH @ U €€ paJuyca 7 IMEEM CUCTEMY YPaBHEHUN
4 3
gminngz_Gﬂ-p(R__Z) (1)
3 a
4 3
Emax =83 == G p(R———) @)
S (2R—a)
BeIpakast n3 nepBoro ypaBHEHHs
3 5 13
4G 0 (g 0 ~ min )

" IOACTABJIAA MMOJIYUYCHHOC 3HAYCHUEC BO BTOPOC YPABHCHUC, HaﬁﬂeM

VE0 ~ Emax —OJR \/E ]
\/gO_gmax+\/g0_gmin \/Z-"\/E

COOTBETCTBEHHO, ISl PAJINYCa MOJTOCTH HMEEeM
4(g()_gmax)(g()_gmin) =R3 4772771
2 i
80(Ng0 — Emax + /80 — &min ) (N2 +~/1;1)

[Toxcranss B (3) u (4) yncnoBbIe JaHHBIE, HAXOIUM

a=2R 3)

r=R3 4)

a=0503R z£ r=0250R z£
2 4

3aodaua 3.

[Ipy W3MEHEHMHM MATHUTHOTO IIOTOKA dYepe3 MPOBOMSAMIMNA KOHTYp B HeEM
Bo3HuKaeT JJIC MHIYKIMM, TIPHBOAAIIAS K TOSBICHUIO SIEKTPUUYECKOTO TOKA. DTH
TOKH CO3JAl0T CBOE MATHHTHOE IIONE, KOTOPOE B3aMMOJEHCTBYET C IBHKYIIHMCS
MAarHuTOM, BCJEICTBHE YEro M TOSIBIISIOTCS CHIIBI
«BA3KOTO TpeHHs». CyIEeCTBYeT JOCTATOYHO TIPOCTOMH
METOJ pacyeTa JTHX CHI: paboTa CHJ TpeHHS B
TOYHOCTH paBHA KOJNMYECTBY J[KOYJIEBOH TEILIOTHI
MHIYKIMOHHEIX TOKOB. I109TOMY pellleHHe JaHHOI
3a/@9M  CBOJUTCS K  BBHMUCICHHIO MOIIHOCTH —eniiiid
MHIYKIMOHHOTO TOKA B KONBIE C MOCTEAyIONHM
PAcYeTOM CHIIBI BA3KOCTH.

z



BbruncinuM MarHuTHbBIN HOTOK Yepe3 KOJIbI0. DTOT NOTOK YI0OHO pacCUUTHIBATH
Yyepe3 ydyacToK cepuueckoil moBepxHoctu (2, onuparoieiicss Ha KOJBIO, C LEHTPOM,
HaxXOJAIIMMCS B LIEHTpe MarHuTa. Ha 3TON NOBEpXHOCTH pajualibHas COCTaBIISIOLIAS
MarHuTHOTO MOJIS SABJSAETCS HOPMaJbHOHM, MOATOMY MarHUTHBIM MOTOK 4Yepe3 Mallylo
wiomanky AS paseH A® = B AS. IloTok 4epe3 KOHTYp BBIUHCISETCS KaK CyMMa

MTOTOKOB Yepe3 BCE MaJjIble IUIOMIAKA Ha pacCMaTPUBAEMOM ydacTKe cepsl
2cos 6 2b
D= E B _AS = E b———AS. =— E AS, cos0, . 1
i ri i . r3 i r3 . i cosl i ( )

MoskHO 3aMeTuTh, uTo AS; cos 6, ABIAETCS IUIOLIAIbI0 IPOSKIMY IUIomanku AS, Ha
mIomass Komibia. [loatomy cymma, crosimas B popmysie (1), paBHa miomaam KoJibiia
7a” . Tlo Teopeme ITudaropa pamuyc cdepsl paBeH » = va’ +z° . ClienoBaTensHO,
MOTOK Yepe3 KOJBI0 onpenensercs Gopmyaon
27ba’
D= ) ) 7 3)

(a®+z
CornacHo 3aKOHY JIEKTPOMAarHuTHOW HHAYKIMH, DJC HHAYKIIMU paBHA POU3BOIHOM
OT MarHuTHOT'O IMOTOKA 110 BpEMCHU

67ma’bzV
-

(a2 +z° )A
[Tpu BBIBOIE MOCTICTHETO COOTHOIICHUS YUTCHO, YTO IIPOM3BOIHAS OT z PaBHA CKOPOCTH

nerokeHus marauta V . [1o 3akony [[xoyis-JIeHia BBIMUCIUM MOIIHOCTD TEIIOTHI,
BBIJICTISIIOLIEICS B CTEPIKHE

T=" 0 (4)

2
E? 1| 6ma’bzV 367°a’h’Z? .
R R (a2+22)é R(a2+22)
aBHast €l MOIIHOCTD a3BUBacMas CWJIAMH BS3KOCTHU ACCUUTBHIBACTCA  «IIO
P b v

onpexaeneHuto» P = FV . 3 paBeHCTBa HallJICHHBIX MOITHOCTEN MOJIy4ae€M BhIpaKEHUE
JUISI MArHUTHOM CHJTBI

367%a'b?z?

R

)

(6)
3aoaua 4.

1) JIs1st HaXOXKACHHUS TIOBEPXHOCTHOM IJIOTHOCTH ¢ MOJISIPU3AIIMOHHBIX 3apsI0B
Ha JICHTE TpPHU BBIXOJE M3 KOHJEHcaTopa OyJeM CYuTaTh, YTO BCIEJCTBUE MaJIOCTH
CKOPOCTH JABM)KEHHUS JIGHTHI T€HEpaTopa paclpeseieHre 3apsaoB Ha Heil OyJaeT Takum
ke, KaK M Ha HETOABM)KHOM IMJIACTHHE TaKOH K€ TONIIMHBI U3 TAKOTO K€ UAJIEKTPUKA,
BHECEHHOUW B KoHJeHcaTop. IlycTh Hamps>KeHHOCTh MOJIE BHYTPH KOHJEHCATOpa BHE

E
IUIACTHUHBI E, TOrga BHYTpU IacTUHbl — FE; =—. Toraa s pasHOCTH IOTEHLIUAIOB

&
MEKIy 0OKJIaJKaMu (OHA B JAHHOM CITy4ae paBHA HAIPSHKECHHUIO) MOXKEM 3aIicaTh
E U
U=E(d-h)+2h = E=—*"7 (1)
£ (d—h)e+h

COOTBETCTBEHHO B AUBJICKTPUKE MOAYJIb HAIPSKCHHOCTH 3JICKTPOCTATHYCCKOI'O
IIoJI1 MCHBIIC B & pas
U

Ej=—— |
(d—h)e+h



C ,Z[perI;'I CTOPOHBI, COTJIACHO IMPUHIUITY CYIICPIIO3ULIUU IIOJIC B OUIJICKTPHUKE
MOKHO pacCMaTrpuBaTb KaK CyYMMY BHCIOHCIO I10JIA E u mons UHAYHUPOBAHHBIX

(TOSIPU3ALIMOHHBIX) 3apPsIIOB E'
E-fopip = p-—pfZLl ()
£ £

3Hak «-» B (1) ykaspiBaeT Ha MPOTUBOMOJOKHOCTH HAMpaBICHHWA TMoJei (a
3HAYUT W 3HAKOB IIOBEPXHOCTHBIX IUIOTHOCTEH 3apsaoB) KOHACHCATOpa U
MOJISIPU3AIMOHHBIX 3apsoB. [I0CKONIBKY JIeHTa BHYTPH KOH/ICHCATOPA TOXKE MMEET JIBE
TUTOCKHUE TMTOBEPXHOCTH, TO OKOHYATEIILHO UMEEM

O_,:_g—laz_g—] gpelU _ ¢, (e-1)U . @)
& e &(d-h)+h e(d—-h)+h

[TockonbKy INETKHM KyIojla TeHeparopa pacCIONOXKEHbl CO  CTOPOHBI
OTpHUIATeNFHON 00KIaAKu KoHaeHcaTtopa (U <0 ), To kak BUAUM u3 (2) 3apsia JeHTHI (1
KyToJsa) OyAeT MOJOKUTEIBLHBIM U 3HaK «-» B (2) 1anee MOKHO OIyCTHTh.

2) Kak BHOHO M3 CXEMBI TeHepaTopa MOJSIPU3AIMOHHBIC 3apsiibl, CHSITHIC C
MTOMOIIIBIO IIETOK C JICHTHI, MOJAIOTCS Ha BHYTPEHHIOIO MOBEPXHOCTh Kymnoja. OmgHako
HAa TIPOBOJHHMKE CTAaTHYECKHE 3apsibl MOTYT pacIojiaraTbCsl TOJBKO Ha  €ro
noBepxHocTH. ClieZIoBaTeNIbHO, B TEUEHHUE JOCTATOYHO MAajoro MPOMEKYTKa BPEMEHHU
BCE 3apsAlbpl B TEHepaTrope «mepedepyTcs» Ha BHENIHIOK IMOBEPXHOCTh KYIIOJA,
OCBOOOXKIasi «MECTO» JJIsi HOBOW MOPIUH 3apsifa ¢ JeHTHl. [lockombKy MOTeph 3apsaa
HET, TO 3a BpeMs ¢ Ha cdepe TreHeparopa OKaXeTcs CYMMAapHbBIA 3apsa ¢(t),

IPUHECEHHBIN» JICHTOW JJIMHOU [(t)=v-t, 3apsHKEHHOM C TIOBEPXHOCTHOM
IUIOTHOCTBIO &'
e-1)U
S W) M AR ey W ¢
e(d—h)+h

Kaxk Bunum u3 (3) B oTCyTCTBHE IOTEPD 3apsi]] reHepaTopa Ban-nep-I'paada npsmo
IIPOTIOPIIOHATIEH BpEMEHH ero padoTsl. Ha nmpakTuke 3T0 03Hayano Obl, 4TO C €ro MOMOIIBI0 MOKHO
Ob1I0 OBI MOTy4aTh OECKOHEUHBIC HANPSHKEHHS M HAIIPSDKCHHOCTH MOJIEH, Yero, KOHEYHO JKe, He
MIPOUCXOAUT BCIEACTBHE PA3IMIHOIO POJA MOTEPb.

3) 3apsapl IPOTUBOMOIOKHOTO 3HaKa (C BHYTPEHHEH CTOPOHBI JICHTHI) HO TaKUE
K€ 110 BCIIMYNHEC (COFHaCHO 3aKOHY COXpaHCHUA 3apsma) CTCKAIOT I10 IINHE 3a3€MJICHHA.
CrnenoBarenbHO, CUJIa TOKA 3a3eMJIeHUs [,

]3:M:—goau—(g_1)U . 4)
t e(d—h)+h

4) PaccmoTpuM noapoOHee MEXaHU3M MOTeph 3apsaaa ¢ Kynona reaeparopa. I1o
Mepe pocTa 3apsja reHeparopa ¢(¢) YBEJIMYMBACTCS MOJYJb HAIMPSKEHHOCTH
3IeKTpOCTaTHYeCKOro moytst E (¢)B Bosayxe (&~ 1) BOKpyT Kyrona. [TockombKy BO3IyX
MOXKHO CYHMTaTh CJla0OMpoBOAALICH cpemoil, To cornacHo 3akoHy Owma B
nuddepeHIMaNbHOi (hopMe yBEITHYHBACTCS U MOLYJb INIOTHOCTH TOKA YTEUKH J(f)
gyepe3 Bo3ayX. Eciu panuyc kynomna R , TO JJIsl CHIIBI TOKA YTEUKH HAXOUM

100)= j(0)4xR’ = {j(t)= LB By =S LT 400 4 p2_d(1),
P 4mgy R pirey R o)
5)

3apsa Kymosa mepecTaHeT MEHSAThCS, KOrja CHila TOKa 3apsiikKk Kymona (paBHas IO
MOJyJIF0O CHJIE TOKa 3a3eMJIeHUs [,) CTaHET paBHOW cuie TOKa yTeduku [(t) depes

BO31yX. TakuM 00pa3zoM, IS yCTaHOBUBILETOCA 3apsaa Kynoia g * umeem



* e-1)U e-1)U
9 =£0az)¥ = q*zeépavi. (6)
PEY e(d—h)+h e(d—h)+h
[TomyepkHeM, 9TO Ha MPAKTHKE YCTAHOBWBILEECS 3HAYCHHE 3apsijia Kyroia TeHeparopa
g * nocTHraeTcs JOCTaTOYHO OBICTPO — UMEHHO Mo3TOMY reHeparop Ban-nep-I'paada

ABJISICTCS UCTOYHUKOM CHUJIBHBIX 271eKMPOCMamuyecKux MOoJeH.
5) nOpuM 3aKUraHUM KOPOHHOro paspana ((paHTacTHyeckoe 3pelnulie,
cJ1aOOHEPBHBIX MPOCUM HE CMOTPETH!) U3MEHUTCS 3HaYCHHUE TOKA YTEUKH (5)

2 2
1(t)=j(t)4xR? =| L1 q@)+ ]2 -4 (f) 4z’ =4 | p 4 gt)z.
p4zey R 16n°¢; R PEy  4dmejR
(7)

CoOTBETCTBEHHO B JTOM Clly4ae YCTAHOBHUBIIEECS 3HAUEHUE 3apsja Ha KyIoJie
reHepaTopa ¢ * * HalJileM U3 KBaJ[paTHOTO YpaBHEHUS

2
t , — 1)U
Mg 9 (1) g _ gy (E=1U et
PE; drel R’ &(d=h)+h

2 2 .2 p4 2 p?
Q**:—zﬂgoR is I e R +47750R ' )

2 52
pp p° B B
Kak Buaum u3 (9) o/1MH M3 KOPHEN OTPULIATENBHBIH (HE UMEET (PU3UYECKOTO CMBICIIA, TOCKOJIBKY

IIpH 3TOM 3apsAAbl JOJDKHBI CaMH «CTEKATBCI» K KYIIOIIy U «CaMOIIPOU3BOJIBHO» 3apsHKaTh CFO).
CHCZ[OBaTCHBHO, OKOHYATEIbHBINA OTBET

4r’ s R? +477503R2 av(e-=1)U 2zeyR’
02 B2 B e(d-h)+h  pB

q**:
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11 kaacc.

3aoaua 1.
VYpaBHeHue BToporo 3akoHa HeloTOHA J1s IBUKYIIIErOCs [IapuKa UMEET BUJL
ma=qE—pv, (1)
rne gE- cwma, JCWCTBYMOIIAs Ha IMAPUK CO CTOPOHBI AJIGKTPHUECKOTO ITOJIS,

HaIpPsHKEHHOCTh KOTOPOTO ompenensercs Gpopmynon
=Y 2
= ()
y‘-II/ITLIBaSI, qTOo I_I_IapI/IK HCFKHﬁ, a XUIKOCTh BsA3Kasi, MOXHO CUHUTAaTh, UYTO B
M000if MOMEHT BPEMEHHU CyMMa CHJI, JCHCTBYIOLIMX Ha MIAPUK paBHA HYJIO, TO €CTb,
BBITIOJIHACTCA COOTHOIICHUC
qgE = pv . (3)
[Tomyyum ypaBHEHHE, ONMKUCHIBAIOIIECE, M3MEHEHHE 3apsa MapruKa ¢ TCUCHUEM BPEMEHH.
O‘IGBI/II[HO, qTO 38.[)5{,[[ y'MCHBIJ_IaeTCSI BCJICACTBUC HAJINYUA

q
caboro Toka, CTEKAOIIETO ¢ IMapuKa " —1 . CymmapHas

CHJIa TOKa, CTEKAIOIIEro C NIapHKa, paBHA MOTOKY BEKTOpa
TUIOTHOCTH TOKA |

I[=®,=) j-iiAS, 4)

yepe3 JHOOYI0 3aMKHYTYIO TOBEPXHOCTb, OKPYXKAlOIIyIO
mapuk. Ilo 3akoHy OwMa IUIOTHOCTH TOKa CBS3aHAa C HAMPSHKECHHOCTHIO TIOJIS
COOTHOIIICHUEM

AN
J=F. (5
Yo
CrnenoBaTebHO, TIOTOK BEKTOpPA j , BRIPAKAETCSA Yepe3 MOTOK BEKTOpa HANPSHKEHHOCTH
COOTHOIICHUEM
1 q
O, =—0, =——, (6)
p pEs,

B KOTOPOM OKOHYATEIbHOE BRIPAKEHHE MOIYYEHO C MMOMOIIBIO TeopeMbl [aycca.
3amemum, umo 6 evipasxcenue (2) OUdINEKMPUHEeCcKdas NPOHUYAEMOCHb HCUOKOCMU He
gxooum, a npu 6vigooe ¢hopmyavl (6) credyem yuecmv HOIAPUIAYUOHHBIE 3APAObI,
BO3HUKAIOWUE ) NOBEPXHOCMU UAPUKA.

Takum 00pa3oM, ©3MEHEHUE 3apsija apuKa OMUCHIBACTCS yPaBHEHHEM

Ag__a Rl
At peg,
A
BeIpasum U3 3TOro ypaBHEHH 3aps] LIApUKA g = —PEE, Ict] U II0JICTaBUM B YPaBHEHUE
(3) (B xOoTOpOM 3amuIIeM v = m ):
X peg, L. ®)

TP
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MaxkcuMaabHOMY CMEIIEHHUIO IAapUKa COOTBETCTBYET €ro IoJiHas paspsika (B 3TOM
ciyuyae Ag =—q,). Takum oOpasoM, u3 ypaBHeHUs (8) cledyeT, YTO MAaKCUMAalbHOE

pegyq U
CMCIHICHHUC IIapHUKa paBHO X, = — _— .

ph
3aoaua 2.

1. PaccmoTpuM Mpou3BOJIBHYIO YaCTHILy 00J1aKa, HaXOSAIIYIOCS Ha PACCTOSIHUU 7 JI0
ero nentpa. Kak 0bu10 nokazano emie M.HproToHOM, rpaBUTAIIMOHHOE TTOJIE BHYTPH
OJTHOPOJHOTO CEPUUECKOTO CIIOSI OTCYTCTBYET, MIOATOMY CHJIA TPABUTAI[HIOHHOTO
MIPUTSDKEHUS. pPacCMaTPUBAEMON YaCTUIIBI MIOJTHOCTHIO 00YCIIOBIICHA YaCTHIIAMH,
HaXOoIAIINUMHUCA HA paCCTOSIHI/ISIX K HGHpr MCHBIIIUX 7 . y‘II/ITI)IBaSI C(bepI/I'-IeCKYIO
CUMMETPHIO 00J1aKa, CHITY TPaBUTAIIMOHHOTO MPUTSHKEHUS PaCCMaTPUBAEMON YaCTHIIBI K
LEHTpY o0J1aKa MOXHO 3aMucaTh B BUIE

mM' m P GM
= Gr_2 M— =

F=G mr, (D)

7"2
3
r
rne M'=M Iy Macca JacTd o0JIaka HaxXoAsIascss BHyTpu cdepsl paauyca », M,R -

Macca U pajuyc 00Jiaka, COOTBETCTBEHHO, 71 - Macca PacCMaTPUBACMOMN YaCTHIIBI.
3anuiieM ypaBHEHHE BTOPOTO 3aK0Ha HbIOTOHA JIJ1s1 4aCTHIIBI
dv GM

a=—"—"=—

2
dt R3 r’ ()

U3 KOTOPOTO CIEAYET, UTO YCKOPEHHUE YaCTUIIBI MPOTIOPIIHOHATBHO €€ PACCTOSHUIO JI0
ueHtpa. Tak B HaYaJIbHbIA MOMEHT BPEMEHHU YaCTHUIIbI CJIEYET CUUTATh HETIOABUKHBIMH,
TO UX CKOPOCTh, U, CIIEOBATEIIHLHO, CMEIIIEHNE TAK)Ke MPOTIOPIIMOHATBHBI HAYaIbHOMY
paccTosiHuIo 110 HeHTpa. M3 3THX paccykaeHue ClenyeT, YTO PaCCTOSIHUS 10 LIEHTpa JUIs
BCEX YacTHI] OyAyT YMEHbBIIATHCS B OJJHO U TOXKE YHCIIO Pa3 - CIeI0BaTENbHO, 00IaKO
OCTaHETCSI OJJTHOPOJIHBIM B JIF000 MOMEHT BpeMeHu. DopmanuzyeM 3TH pacCcyKACHHUS,

r(1)
JUTSL 4eTo BBeJeM 0e3pa3sMepHYIo MepeMeHHy0 &(f) = —, paBHYI0 OTHOIICHHIO
"y

PacCCTOSAHNA YaCTHLBI 10 ICHTPA o0Jraka B HpOH3BOJ’ILHBIﬁ MOMCHT BPEMCHH K €C

HavyaJlbHOMY paccTosiHuI0. CKOPOCTh M YCKOPEHHE ABM)KEHUS YaCTHUIIBI MOTYT OBITh

dr  dé
BBIPAKCHBI YCPE3 OTY HICPEMCHHYIO V = E = 7"0 E = 7’0\/5, a = roag, rac V{;,af 2
nepBas U BTopas IPpOU3BOJAHBIC OT f (CKOpOCTB H YCKOPCHHC, USMCPCHHBIC B CAUHULIAX

7, ). IllogcraBisist 3TH 3HaYeHUs B ypaBHEHHE (2), MOIy4aeM ypaBHEHHE
GM

HE cojieprKalliee HayallbHOTO paccTosiHus. Kpome Toro, B HayaJlbHBII MOMEHT BpEMEHU

U1 Bcex yacTull obsaka & =1. CrnemoBaTenbHO, NMepeMeHHas & Ui BCEX YacTHUIL

a§=

OJIMHAKOBAa B JIIOOOM MOMEHT BpPEMEHH, YTO €IIe pa3 MOATBEPKIAaeT BBIBOA O
COXPaHEHUHU OJTHOPOJHOCTH O0JIaKa.

2. Tak Kak Mmpu JBMKEHUH JII0O0H YaCTHIIBI Macca 4acTH 00Jlaka, HaxoJsIeics OmmKe K
LEHTPY, OCTAETCs MOCTOSIHHOM, TO JBM)KEHUE YaCTULbI SKBUBAJIEHTHO JBM)KEHUIO B I10JIE
TOYEYHOW Macchl M', cocpeloTOYeHHON B ILIeHTpe oOiaka. B »ToM cimyudae 3akoH
COXpaHEHMS MEXaHUYECKOM SHEPTHH IS ABMXKYIIEHCS YacTUIb OyAeT UMETh BUJ
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mv’ (1l o1
=mGM'| ———|=mGM —5| ———| =
2 ror, R \r r,
2 . )
ry (1
=mGM—5| —-1
R°\¢

Brrancium Terepbh KHHETHYECKYIO SHEPTHIO BCETo 001aka B MOMEHT BPEMEHH, KOTIa
panuyc obiaka ctai paBHbIM R&. JIiist 3T0ro HE0OXO0AUMO MPOCYMMHUPOBAThH
BBIpakeHHE (4) M0 BceM yacTuilaMm obaka. Tak kak BBeIeHHAs iepeMeHHast &

OJIMHAKOBA ISl BCEX YACTHII, TO YKA3aHHOE CYMMHUPOBAHUE MOKHO BBIITOJIHUTD,
UCIOJIBb3YS HaYaJIbHOE PACIOJI0KEHUE YaCTUIl (MHBIMH CJIOBaMH MPOUHTETPUPOBATD
BbIpakeHHE (4) 10 HaYaIbHBIM MOJIOKEHUSIM). BbienuM B Ha4ansHOM 00JIake TOHKUH
cepuueckuii cioit paiuycoMm 7, U TONMUHON dr,. Macca 3Toro cios

IM
dM = ——4m]dr, = ?rozdro . B mporecce cxarus 3ToT cioit Oyaer obsanaTh
KUHETHYECKON SHEPTUEH, ONpeessieMoi BeIpaxeHueM (4), B KOTOPOM CIIEAyeT

3aMEeHUTb m Ha dM . BBIOTHUB 3JIeMEHTApHOE MHTErPUPOBAHUE, MOTYUUM
KUHETHYECKYIO SHEPTHIO 00J1aKa

R R
1l , 3M , . GM (1 3GM? (1
=& vidM = I ryd e = = — i %)
0 0

(o s i G

Omo orce 6blpAJNCERUE MONCHO NOTYHUUMb KAK pA3HOCNIb Me.?fC()y HauanbHOU U KOHEYHOU
2pasUMayUOHHOL dHepauell 00HOPOOHO20 wapa.

Tenepb creayeT MOAYYEHHYIO HSHEPrUI0 TOJIOKUTh PABHOM BHYTPEHHEH SHEpPruu
OJTHOATOMHOTO HJEaNbHOr0 ra3a ((akTHuecku MBI CUHMTAEM, YTO TpaBUTAIMOHHAsS
SHEPrus nepelnia B KWHETHYECKYI0, a 3aTeM BO BHYTPEHHIOIO)

3IM
=—-—RT, (6)
2 u
~ Lie
rae 0003HaueHo R = §———— - yHUBepcallbHas ra3oBasi IOCTOSIHHAS,
monb - K
3 Ke o
u=1-10 - MOJISIpHAsA Macca aTOMapHOro BojopoAa. M3 paBeHCTBa BbIpaKeHUN
MOTb

(5) u (6) onpenensieM cTeneHb cxaTusl 00J1aKka, MPU KOTOPOM HAYMHAIOTCS
TEPMOSIICPHBIC PEAKITHH:

1 5 RRT ’

——-1== ~2-10",

& 2 GMu

.

CIIEZIOBATENBHO, 3BE3/la «3arOPUTCS» KOTJA ee paauyc CTaHeT paBHBIM R ~1-10°m,
YTO NPUOTH3UTENLHO COOTBETCTBYET pa3MepaM Hairero ComHIa.

3. Jlns OLIEHKHM BpEMEHHU CxkaTusi o0saka BOCIHOJIb3yeMCsS Te€M OOCTOSTENBCTBOM, YTO
HayvalbHbIM paguyc o0Jlaka 3HAUUTENBHO MPEBBIIIACT pa3Mepbl 00pasyroleiics 3Be3 bl
[TosTOMYy MOXHO CYHMTaTh, YTO OOJIAKO COKMMAeTcs B TOUKY. B 3TOM ciyyae MOXHO
CUMUTATh, YTO TPACKTOPHS IBHUKEHHUS YACTHIbI (T.€. OTPE30K IMpPSIMOM) SIBISIETCS OYEHb
BBITAHYTHIM 3juiunicoM. CornacHo TpeTbeMy 3akoHy Kemsepa mepuoj oOpaiieHust mo
IIMIITUYECKON opOuTe ompenensercss OONbLIONW IMOJIyOChlO, U OIMHAKOB Ul BCEX
AIIIMIICOB C OJMHAKOBOHM AMMHON 0ojbmoi momyocu. CienoBarenbHO, BpeMs MaJeHUs
t, ¢ paccTosiHMA R B NPUTATHBAIOMIMN IIEHTp OyAeT paBHO MOJOBHHE MEpHOAA

13



R
oOpamenuss 7, BOKpPYr 3TOro K€ IIEHTpa IO KpyroBoil opbOute paamyca R, =5
IlocnenHuii BBIYUCIUTD HE cOCTaBiseT Tpyaa. M3 3akona HeroToHa ciienyer ypaBHeHME

mM — mv* m(27Z'RC )2

R> R, RIT
KOTOpO€ U MO3BOJIIET HATHU BpeMs aJCHUS
Tl‘ Rc3 14 6
t :?zﬂ oM ~1-10"c~4-10"em.

ITo xocmuyeckum Macmtabam 4 MWIIHOHA JIET, HE TaKOW yX M OOJBIION
MIPOMEXKYTOK BPEMEHH.

3aoaua 3.

IlepBas yacTh JAaHHOM 3a7a4U IIUPOKO U3BECTHA, IIOITOMY €€ PELICHHUE
IIPUBEEM KOHCIIEKTUBHO.
1. Cuna naBieHue CBETa Ha 3a4EPHEHHYI0 CTOPOHY JIENIECTKA IIPU HOPMaJIbHOM IaJCHUH

F = —a* =0,40-10~° H , Ha 3epKaJIbHYIO CTOPOHY B 1Ba pa3a GoJIbIIe
c

=/

I
F,=2—"a’=080-10"H.
C

F
—
2. IIpu moBOpOTE NENECTKOB HA YTOJI ¢ CHJIA AABJICHUS d
YMEHBIIAETCS, TAK YMEHBIIAETCS KOJIMYECTBO CBETA,

NaJAr0IIEro Ha JienecToK. Ha 3auepHeHHYI0 TOBEPXHOCTD CUJIa JABICHHSI paBHA
1

FE ?Oaz cos @ (D)
Y HaIlpaBJICHA [0 HAIIPABJICHUIO MA/IAI0IIETO CBETA.
[Tpu najeHnn cBeTa Ha 3epPKAIbHYO MOBEPXHOCTh CHJIA
HampaBlieHa EPIICHANKYISIPHO MJIACTUHKE U PaBHA

=11

IO 2
F, :2761 cos Q. (2)

3. Tak Kak cujbl CBETOBOIO AABJIEHHSI PABHOMEPHO
pacnpeeseHbl 10 IOBEPXHOCTH MIACTUHKY, TO AJIs
BBIUYHCJICHUSI UX MOMEHTAa MOYKHO CUMTATh, YTO
CyMMapHas Cujia IPUWIOKEHa K LIEHTPY MJIACTUHKU.
[1ne4o cuiel, AEHCTBYIOLIMM HA 3aU€PHEHHYIO CTOPOHY

a
paBeH Ecos @, €e MOMEHT (TI0JIOKUTEITbHBIN )

o Rl

)
@
/ a 1
M, =4’ cos -7 cosQp =—"a’cos’p. (3)
c

2¢

)
o x‘ml - v 1)

[Ineqo cuibl, IEHCTBYIOIIEH HA 3€PKAJIbHYIO IIOBEPXHOCTh PABHO b CIE0BATEIbHO €€
MOMEHT (OTPHUIATEIbHBII)
M. = 21_0 2 a_ 1_0 3 4
, = Cacosgp-z—cacosgo. 4)

CyMMapHbIil MOMEHT CHJI, IEUCTBYIOLINI Ha BEPTYLLIKY PaBEH
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M=M M—[—°3( 2 p—2cos ) 5
=M, - M, = _a’\cos” p—2cosp 5)

Jlnst nanbHEHIINX pacueToB 3aMETHM, YTO IPH IMOBOPOTE HA MOJI 000pOTa 3epKaJIbHAsS U
3auepHEHHAas CTOPOHBI JIETIECTKOB MEHSIOTCS MECTaMH, I03TOMY JI0CTATOYHO

T

V2
pPaccMOTpPETh IHUANa30H U3MEHEHHUs yIJIa B IIpeesax (— E,+ 5) . I'paduxu

3aBHCHUMOCTEI1 MOMEHTOB CHJI OT yrjia IOBOpOTa MOKa3aHbl HA PUCYHKE.

Taxum 00pa3oM, pH JIFOOOM TTOJI0KEHUH JIETIECTKA MOMEHT CHJI CBETOBOT'O JIaBJICHUS
OTpHIIATEIBHBIN, TO €CTh BEPTYIIKA J0JYKHA BPAIIATHCA YEPHON CTOPOHOU BIEPE.
J11s BBIYMCTICHUS] CPEAHETO MOMEHTA CHUJI TIPOBEAEM YCPEIHEHUE YIIIOBOI 3aBUCUMOCTH

N =

il i 4
(cos (p—2cos¢)d(p=———~0,77
i
E

Takum 00pa3oM, cpeHUit MOMEHT CHIIBI PaBEH

I
<M>=0,772—°ca3 ~15-107" H m (5)

4. [InoTHOCTH NTOTOKA TEIUIOTHI, IPU TOBOPOTE JIETIECTKA HA YTOJI (9 PaBEH

2
q =1, cos @, ero cpenHee 3Ha4YEHUE g, = ;I 0-

1
5. B equnuiy BpeMeHH Ha IJIOMIAIKY €MHUYHOM IIIOMAAH MONaIaloT Vv = Zn(v}

3
MOJIEKYJI. B cpeiHeM Kaxast MOJIEKyJla IEPEHOCUT SHEPTUI0 <E 0> = Ek% , 4 YHOCHUT

<E > = EkT . Tloatomy sHeprusi, KOTOpass YHOCUTCS Ta30M C €IMHUUbI IUIOIIAJH B
€IUHHULLY BPDEMEHH PaBEH
1 3
q:vA<E>:Zn<v>‘5k(T—7:)). (6)

CrnenoBaTenbHO, KOA(DPHUITMEHT TEIIOOTAAYH PABEH
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1 3 3 p |8RI, Bm
ﬁzZ”ME zg?o 7T 8OM2.K'
6. O603Ha4UNM TeMIIepaTypy 3a4€pHEHHOH CTOpOHbI 7,
a Temmeparypy 3epkaibHoii 7,. Toraa B q,
YCTaHOBHBIIIEMCS PEKUME MMOTOK TEIIOTHI, AIA0IIHIA 9, g" |
Ha IIACTHKY (CBET) ¢, , AOJDKEH OBITh PABEH CyMMe - [
MOTOKOB TEIUIOTHI YHOCHMBIX C 3a4EPHCHHON ¢, U 4,
3€pKaJIbHOU ¢, CTOPOH ¢, = ¢, + ¢, , WIH
T
gy = AT +1,-2T,). (7) ! 1

Kpome Toro, moToK TeruoThl Yepe3 MIACTHHKY ¢’ paBeH MOTOKY, ¢, :

I, -T,

AL -T)=r——=. ®)

OTH IBa ypaBHEHUS MTO3BOJISIIOT HANTH TEMIIEPATYPhI CTOPOH. Tak pa3HOCTh TEMIIEPATyp
3a4E€pPHEHHOM U 3€pKaAJIbHOM CTOPOH

2
T 3 — 90 _~2_ 9
T

i I/
27— 2
gr2,  f+2y

TeMnepaTypy IUTACTUHKHA MOKHO HAlTH U3 yCJIOBUS PABCHCTBA IIOTOKOB na):(alomeﬁ u

~19-10°K.

YHOCHMOM I'a30M TEIUIOTHI ¢, = 2 ﬂ(T — ]})) , OTKyJa

70 . ~ 3008 )

2p
7. Pa3HOCTH HNABJIEHUM MOHO OLICHUTb, CUMTas II0-IIPEKHEMY, YTO MOJIEKYJIbI
OTPaKCHHBIC IOBEPXHOCTBIO HMMEIOT PACHPEIEICHHE CKOPOCTEH, COOTBETCTBYIOLIEE

TeMreparype noepxHocTu. [loaTomy umnyibc, mepeiaHHbIM IUIACTUHKE HPU OJHOM
yaape MOJNeKyJbl Ap' = m(vn0 + vn), rae v,,,v, - HOpMaJbHble KOMIIOHEHTBI CKOPOCTEN

MOJIEKYJ 10 yJapa u nocie yjaapa. CyMMapHOe JaBJI€HHE MOYKHO MOJIY4YUThb, YMHOKHUB
MOJIy4eHHOE 3HAUCHHUE UMITYJIbCca Ha CpeHee YUCIIO y1apoB. Pa3HOCTh 1aBieHUil MOXKHO
OTIPEEISACTCS PA3HOCTBIO CPETHUX CKOPOCTEH MOJIEKYJ, OTPaXXEHHBIX OT pa3HBIX
CTOPOH JIENECTKOB, @& A3TH CKOPOCTU IPOIOPLUOHAIBHBI KOPHIO KBaJApaTHOMY W3

TEMIIEPaTyPbl, TOITOMY
AP = wn(vnl

1) =BT T )

VYuuTeiBas, 4TO pa3HOCTb TEMIIEPATYP CTOPOH JICNIECTKOB MaJla, IIOCJICIHEE BBIPAKCHUE
MOXHO YIIPOCTHUTH

\/—(«/T+A ~JT)=~ p—~1610 Ma.

Cunbl gaBieHus ra3a HalpaBJeHbl NEPIEHIUKYIISIPHO IOBEPXHOCTH, IO3TOMY MOMEHT
CHWJI, ICUCTBYIOLIMX HA BEPTYLIKY CO CTOPOHBI ra3a paBeH

_ 2 4 3 10
M =2AP-a -2—AP-a ~1,6-100" H-mu

Yto Ha JBa NnopsaaKa IpeBbIIIacT MOMCHT CHJI JaBJICHUS ra3a.

IO 3
8. Jl11st OlileHKH MOMEHTA CHJI CBETOBOTO JIaBJICHHS (M > ~ —2 a’.
c

MOMEHT CHJI TaBJICHHUS Ta3a TaKKe MOKET OBITh OLI€CHCH JOCTAaTO4YHO 6BICTp02
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AT
apryMeHTalus IS BEIBOJIA PA3HOCTH JaBJICHUH ObLIa MpUBeACHA paHee AP ~ pﬁ ;

21,h

OIIEHKa pa3HocTU Temnepatyp AT = CIEYET U3 TAKUX PACCYHKIACHUI:

HpI/I6J'II/I31/ITeJ'IBHO IIOJIOBHMHA IMOTOKA TCIJIOTHI, MaJaromero Ha INIaCTUHKY, JOJI2KHA OBITE
MEPCHCCCHA Ha €€ ITPOTHUBOIIOJIOKHYIO CTOPOHY.

I,hPa’ M, 7T
Taxum obpazom M, ~————, aUX OTHOLICHUE ~ .
Ty M, 2chP
CnenoBatenbHO, IaBIECHHUE I'a3a B COCYE AOJKHO OBbITh MEHbIIE, YeM (U3
yT

yenosuas M, = M

easa

P~—=0]1/la.
) 2ch a4

3aoaua 4.

B nannom ciyuae cororpadupoBanbl HHTEPPEPEHIIMOHHBIE TTOJIOCHI, BO3HUKAIOIIINE
IIpU UHTEPPEPEHIINU BOJIH, OTPAKEHHBIX OT HUYKHEW IpaHU BEpXHEH IUIaCTUKU U
BEPXHEH I'PaHU HUKHEH IUIACTUHKHU.

Pa3zHocTh X012 MEXy STHMU BOJTHAMH

2
a=2h+2, (1)

rae /- BelIMYMHA 3a30pa MEXIY IJIACTUHKAMHU B TOYKE C KOOPAMHATOM X . YUuThIBas
MaJoCTh YIJ1a, MOKHO 3aIUcaTh

h = x¢. Ilepexox ot omHOW WHTEP(HEPEHIIMOHHON IMOJIOCH K APYTrOil COOTBETCTBYET
M3MEHEHMIO Pa3HOCTH XO/a Ha JUIMHY BOJIHBL [lo3TOMy mmpHrHa nHTEphEpEeHIMOHHON

A

MIOJIOCHI BBIpaXkaeTcs popmysion Ax = b A

&
Jlerko moacuWTaTh, YTO HA OJAHOM CAHTHUMETPE (L = l,OCM) ykiaabiBaercas N =15
. L
MOJIOC, TMOXTOMY  IIMpUHA  UHTEp(EpPEHIIMOHHON  TOJOCHl  paBHA ZW'

CrnenmoBarenbHO, JJIMHA BOJIHBI AJIAIOIIETO CBETA
L
A=2—=580HMm. 2)
N

2. Bupano, 4TO B JI€BOH 4acTH MHTEPPEPEHIIMOHHBIE MOJIOCHI CTYIIAIOTCS, BHITUOAsCh
BJIEBO, CJIEJIOBATENILHO, 3/1€Ch PA3HOCTh X0/1a YBEJIIMYUBACTCS 110 CPABHEHUIO C MJIOCKON
MMOBEPXHOCTHIO (TO €CTh 3/1eCh Ha MJIACTUHKE BIA/IMHA).

Paccyxxnas aHalorM4HO, MPUXOJUMM K BBIBOJY, YTO MPAaBbIM KOJIbI[AM COOTBETCTBYET
BoicTyn. [lpumepnbiii npoduip mokazaH Ha pucyHKe. JleBas BHaguHa HaxOAMTCS B
MeCTe, COOTBETCTBYIOIEMY 16 MHTEp()EPEHIIMOHHON MOI0Cce IS TUIOCKUX TUTACTHHOK,
Ha MaKCUMaJbHOW riyOouHe HaxoauTcs 38 moJioca, ClieoBaTeIbHO, 9Ta TIIyOMHA paBHA

A
(38-16) 5 6,4 MKM . MakcuMaabHOMY BBICTYITY COOTBETCTBYET 19
uHTepdepeHonHas mojoca (a Ha O3TOM MecTe JOobKHa ObiTh 27 moisoca),

CJIeI0BATEIbHO, BBICOTA BBICTYIA (27 - 19)5 ~ 2,3mKMm .
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