YcioBue

3adanue 10-1. «Kaaetidockony»

el

h l h k

Puc. 1

1.1 «Macaenura» MajbunkK MeJJIeHHO BTaCKHBAeT HeOOJIbINNE CaHKM Maccoir m = 5,0 Kr Ha
ropku 1, 2 u 3 (puc. 1) oguuakoBoit BeicoTbl h = 10 M, HO pasaudHbIX npoduseil. B kakom u3
CIyYaeB CHUJIA TSXKECTH COBEPITAT MaKCHUMAJIbHYIO paboTy An..! Uemy ona paBHa?

Yckopenue cBoboiHoro naaenns g = 9,83.

1.2 «IlapoBoit kmanan» /[lj1g BbIBOJA «U30BITOYHOrO» Tapa M3 CKOPO-

BapKM NpUMeHseTCd KJallaH B BuJie Iapuka pajumyca R = 1,0 cm, nepe-
KpbIBaloIiero orgepcrue pajuyca r = 7,0 mm (puc. 2). Jlasienue napa B R
CKOpOBapKe IOCTOAHHO U paBHO p = 2,5pg, Tae py = 1,0 - 10° ITa — nop- o P
MaJTbHOE aTi\IOC(bepHoe p2,5p0p01,010I1a aBiaenune. Haitniure MuHUMAIIBL- v
HYIO CHJIIY Finin, € MOMOIIBIO KOTOPOH MOXKHO OTKPBITH (BJaBHUTB) KJlalaH b 2,
JIJIS BBIXOJIa M30BITOYHOIO Iapa U3 CKOPOBapKu. VI3aMeHnuTcs i OTBeT, eciu .
KJIallaH OyJieT uMeTb (hopMy, OTJIIMIHYIO OT chepuuecKoir? FJ«:‘«T

Puc. 2

1.3 «lo>xkaeBoe conpotruBjeHue» OreHnuTe CHUIy CONMPOTUBIEHUS, KO-

TOPYIO OKa3bIBaeT JOXKb Ha JBMXKYIIANACA aBTOMOOW/Ib, MMOKa3aHHBIN Ha ¢oTorpadun psaoM ¢
pouresieM. CumTaiiTe, UTO KaljM JIOXKJA HaJalOT BEPTUKAJILHO, MHTEHCUBHOCTDL JIOXKAsg 3077,
CKOpoCTh aBroMobmist 602, poct Boaurens — 180 cm.

1.4 «MarHuTHbIii orpaHm4uTes] b TOKa» /[l pasmbl-

KaHUs JIEKTPUYECKON Ienu MPU YBEJIUYEHUU CHUJIbl TOKa
IPUMEHSIETCS O/IBIZKHOE TOHKOE ToIyKosbio OA (puc. 12) el
Macchl m = 3,0 1 pagmyca R = 1,0 cM, KOTOpOe MOXKET CBO- I B
GoyHo (6e3 TpeHus ) BpaIlaThCsd B BEPTUKAJBHON MIOCKOCTH Lorfeis A Dpax
| _ 3; i
- - — — — [
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orHocuTesibHO Touku (. CrucremMa HaXOIUTCH B OJIHOPOHOM
FOPU30HTAJILHOM MArHUTHOM Tojie nHayKmuu B = 1.5 m'Ti,
HEPIEHIMKY/ISIPHOM TIJIOCKOCTU pucyHKa. Haiijure makcu-
MaJIbHYIO CUJIy TOKa

I1az, TPM KOTOPOI OrpaHUIMTEh PA3OMKHET IIelb. YCKOPEHUe CBOOOIHOrO najienns g = 9,873.

1.5 «MarauTHbIil TOoJKaTeJ by Ha ropu3oHTa/bHON ILJIOCKOCTU

JIEZKUT TOHKWH OJTHOPOIHBIN JIncK Macchl m = 3,0 T pajuyca R = 3,5
cM, KoddduImenT Tpenusi kKoroporo o miaockoctb — pu = 0,20. K
OOKOBOI1 ITOBEPXHOCTU JIMCKA MPUIIAgHbI TUOKUE JIETKNE KOHTAKThI

A (+) u B (-), Tak, aro yron AOB = a = 90° (puc. 5).

Cucrema HaXOMUTCs B OJHOPOJIHOM BEPTHKAILHOM MATHUTHOM II0JIE
nnpyknun B = 1,5 mTur. [lpu Kakoit MuHnMaIbHON cuyte TOKa [y
yepe3 KOHTAKThI JMCK CABHHETCS ¢ MecTa?! B KakoM HalpaB/IeHHN
5TO NPOM30iieT? YeKopenne cBoOOHOTO najienus g = 9,873,
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Pemenune

3adanue 10-1. «Kaaetidockon»

1.1 «Macsenuna» [locko/bKy rpaBUTAIlMOHHBIE CHJIBI ABJISIOTCA MOTEHIIMAIbHBIMEI, TO UX Pa-
O60Ta He 3aBUCHAT OT TPACKTOPHUHU, & OIPEIE/IsAeTCs TOJHBKO KOHEUHBIM U HAYAJIBHBIM IOJIOKEHUEM
MaTepI/IaﬂbHOﬁ TOYKMU. C.He,Z[OBaTe.HbHO, BO BCEX TpPEX CJIydasdAX CUJIa TA2KECTHU COBEPIIUT OJMHAKO-
BYIO pabory

Ay = Ay = Ay = Appas = mgh = 4,9 -10% JTxx = 0,49 xJIx.

1.2 «IlapoBoii kiamam» Ha 10cTaToqHO MAJIBI 9JIeMEHT MOBEPXHOCTH MMAapuKa Maomapio AS;,
KOTOPBIIl MOKHO CIMTATh YIaCTKOM IJIOCKOCTH, CO CTOPOHBI CILIOIIHOM Cpesibl (B JaHHOM CJIydae
napa) JeicTByeT HopMaJibHasl 9JIeMEHTapHas CUjia JaBjieHus Fj, MOIy/b KOTOPOii

rJie p — JlaBJIEHUE CILIONIHON CPe/ibl BOJIM3K PACCMaTPUBAEMOTr0 YIaCTKa IIOBEPXHOCTH. [[1s Haxoxk-
JIeHUd Pe3yIbTUPYIoleil cuibl JapjeHua [ co CTOpOHBI Iapa cjiejlyeT BEKTOPHO IIPOCYMMUPOBATh
3JIeMeHTapHble CUJIbI daBenus F;

o0

Fyr=S"F 2)

=1

B cuny cuMmmerpun 3ajadm MOXKEM 3aMeTHTb, YTO BeKTOp [ HalpaB/jeH HOPMaJbHO I'DaHHIIe
paszjiesia cpeji, TOITOMY JIJIsl HaXOXKJIEHUsT €r0 MOJIYJIS JJOCTATOYHO IPOCYMMUPOBATH TOJIBKO HOP-
MaJIbHbIe KOMIIOHEHTBI BEKTOPOB F} |, KOTOpbIE IEePIEeHINKYJIAPHbI TPAHUIE pas/iesa

o

Fﬂ:iFicosai:ZpASicosai:piASicosai. (3)
; i=1

=1 =1

Bamernm, 9To cymMma (3) mpejcraBiisier coboii CyMMy TLIOMA/E TTPOEKIHil dJIeMeHTaPHBIX IO~
1ok AS; Ha rpanuiy paszesna cpel. CiegoBare/bHO, HE3ABUCHMO OT (pOPMBI TOBEPXHOCTH ITPOOKI
OHa Bcerja OyJIeT paBHa ILJIOMAIN OTBEPCTHS S,

Z AS;cosa; = S, = mr?. (4)
i=1

WMubivu ciioBaMu cuJia JIaBJIeHUs, JIEHCTBYIONIast Ha PacCMaTPUBAEMYIO IIOBEPXHOCTH ITPOU3BOJILHOI
¢dopMBI paBHa IO MOJYJIIO M IIPOTUBOIIOJIOXKHA TI0 HAIIPABJIEHUIO CUJIE JIABJIEHUSA TOW K€ CILIOIII-
HO#l CpeJIbl Ha IJIOCKYIO TTOBEPXHOCTH OTBEpCTHA. /lanHoe 006CTOATe/IbCTBO TIO3BOJIAET JIEFKO HAWTH
ACKOMYIO CUJIY ﬁmm

Fopin = prr® — porr? = (p — po)mr? = 1,5perr? = 23 H. (5)
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Kak cieqyer u3z (5), orBeT He 3aBUCUT OT pajmyca Imapuka R, riaaBHOe, 9To0bl OH OBbLI «J0CTATO-
YeH» JIJIs IIePEKPBbITUSA OTBEPCTHUs, MHAaYe MapuK OyIeT MPOCTO BHIOPOIIEH U3 CKOPOBAPKH CUJIAMU
JaBaeHns napa. Pesynbrar (5) He M3MEHHTCs, ecyid KjamnaH OyJerT uMerb (hOpMY, OTJIHIHYIO OT
cdepuaeckoit.

1.3 «loxkaeBoe corrporuBJieHne» Cujia CONMPOTUB/IEHN BOSHUKAET BCJIEJICTBHE TOTO, YTO MIPU
JBUZKEHUN CO CKOPOCThIO U = 16,6% aBTOMOOMIIL «3aMeTaeT» HeKOTopoe KosmydecTso AN Kalesb
3a IIPOMEKYTOK BpeMeHnn At, IpudeM KazKas Kalljls «HeceT» ¢ coDOM OIpejiesIeHHbII UMITYJIbC .

Bynem cunrarh, uTOo coyiapenue Kaliu ¢ aBTOMOOWMJIEM HOCHT HEYHPYTHil XapakTep, T.e. MOIaB
HA ABTOMOOWJIb, Jajiee Kalljlsd JBUZKETCS BMecTe ¢ HUM (IIOKOUTCsl OTHOCHTEIBHO Hero). B cucre-
M€ OTCYeTa, CBA3AHHON ¢ aBTOMOOUIIEM, KAIIU JBUZKYTCA BEPTUKAILHO CO CKOPOCThIO U = 10% 1
FOPU30HTAJIBHO (HABCTPETY aBTOMOOMIIIO) €O CKOPOCThIO v. IIycTh KOHIIEHTpaIus Kareib B JI0K-
JIEBOM TIOTOKE — M, Macca OJHON KaIlIu — Mg, ILIOMA (b HOMEPEYHOrO CeYeHrsl aBToMoOuIst (B
HarpasJieHnn jpuzkenns) — S. Torma KomaecTBo Karesib, MOMaBIInX Ha aBTOMOOUTE 3a Bpems At

N =nV =nSvAt. (1)

COOTBETCTBEHHO MOPU30HTAJBHBINA MMITY/IbC STHX Kalesb (B CHCTEMEe OTCYETa, CBS3AHHOI ¢ aBTO-
MoGmIEM )

pe = mov - N = monSv2At. (2)

Corntacto Bropomy 3akony HbioTona B mMirysibcHoit hopme cuiia mpejicTaBiser coboil «CKOPOCTh
U3MEHEHUA UMILYIbCay

Apac Pz — 0 Dz
F, = =L~ —LI% —{(2)} = mynSv>. 3
I/IHTeHCHBHOCTb JO2K I I = % TaK2KE MOzKET 6bIT]:> BbIpazK€Ha N3 3JIEMECHTaPHBIX COO6pa>KeHI/Iﬁ.

JeiicrBuresibHO, 3a BpeMsa At B HEIIOABUXKHOE BEPTUKAIBLHOE METEOPOJIOINIECKOE MEPHOE BEJIEPKO
ILJTOIIA/IBIO TIOIIEPETHOr0 CeUeHns S™ MOMaIeT KOJIUIECTBO Kalle/Ih

N =nV =nS"uAt. (4)
DTO BBI30BET HOIbEM YPOBH: JKUJAKOCTH B BeJIEPKE Ha BEIUIUHY

m  moN  monS*uAt  monuAt

Ah = ,
pS*  pS* pS* p

rae p — IJNIOTHOCTDL BO/IBI. COOTBeTCTBeHHO7 JJId THTEHCUBHOCTHU JO02K4 I10JIydaeM

_Ah mgnu pl

=" — = 6
A7 ; =  mon ” (6)

Taxum ob6pa3omM, OKOHYATEILHOE BhIPAXKEHUE JIJI CHJIbI JI0¥KJIEBOTO COIPOTHUBJIEHUS TPUOOpETaeT
BU/T,
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I
F, = 22502, (7)
u

Benuuuny miomaau S 1OMEpedHoro ceueHnsi aBTOMOOU/ISI B HAIIPABICHUN JBUKEHUS OICHUM U3
pucyHKa (J1JIs 9TOro 10 IePUMEeTpPy PUCYHKa HaHeCeHa ClelralbHas IPalyupoOBOUHAs MIKaja) S A
1,5M2. OKoHYATEJILHO

pl
F, = = Sv* = 0,35H. (8)
u
Crosb HEOXKUIAHHO MAJIOe 3HAUEHUE OIeHKN Tt F, 0ObsICHAETCS MaJIOil MHTEHCUBHOCTDIO JTOK JIst
(T.H. «TpHOHOIT> JT0K/Tb) U CPABHUTEIHHO HEOOIIBINOH CKOPOCTHIO aBTOMOOHIIS.

1.4 «MarauTHblii orpaHnYnuTeIb TOKay» Ha J0cTaTouHo MaJIblil 9JIeMEHT MOJTYKOJIbIA JTUHO
Al;, KOTOPBIiT MOYKHO CIATATH OTPE3KOM, JieficTByer custa Amiepa F;

F, = IBAI,. (1)

Cuna Ammnepa Fj, neiicTByroliasd Ha CHMMETPHYHBII 3jeMeHT Kosbla Alj, IMeeT Takylo XKe Be-
JIMYUHY, OCKOJIbKY B cumity cummMerpun Al; = Al;. Mowment sToit napst cui M;y; OTHOCHTEILHO
Touku O

M;; =2F,Rcosa; = 2I BAl;R cos o; = (2l BR)Al,; cos (2)

CoOTBETCTBEHHO, CyMMapHbBIi MOMEHT BCeX 3JIeMEHTapHbIX cul Amiepa F; OTHOCHTEIHLHO TOYKU
O, TOTHUMATOIIHI OTYKOJIBIIO BBEPX, HafijleM cymMMupoBaHueM (2) 1o BceM napam (i + j)

M =) (2IBR)Al;cosa; = IBR»  2Al; cos a;. (3)
i+J i+J

Cymma B (3) mpejicrasiisier coboit CyMMY JIJTHH ITPOEKIINIT TTap 3JIeMEHTapHBIX YIACTKOB Ha JIHAMETP

OA, te.

M =1IBRY 2Al;cosa; = IBR(2R) = 21 BR”. (4)
i+J

Orpanuunresb «cpaboraers (T.e. PA3OMKHET IIEllb) [P TaKON CHJie TOKA [,q,, KOTJIA MOMEHT CHJI
Amrrepa cpaBHSIETCS ¢ MOMEHTOM CHJIBI TSI?KECTU OTHOCHUTETbHO TOUKn (O

m
mgR = 21,0z BR*> = Lo = L - 9,8 -10* A = 0,98 kKA. (5)
2BR
1.5 «MaruuTtHblii ToJKaTeJby Kak cieayer m3 mpeabIyIiero myHKTa, cuia Amiepa, aeii-
CTBYyIOIAs Ha IPOBOJL ITPOU3BOILHON (OPMBI paBHA IO MOIY/IIO cuie Amiepa, JeficTByomeil Ha
OTPE30K, COEIMHAIONINI ero HaYaJIbHYI0 U KOHeYHYI0 TouKu. [locTponTh KapTuHy pacupe/ieieHns
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dJIeMEHTapHbIX TOKOB [Z 110 JUCKY OO0CTaTO4YHO CJIO2KHO, OJHAKO B CHUJIY IIPEAbILAYIIEro 3aMedaHund
JIJIsl OTBEeTa Ha BOIIPOC 3aJadl 3TOr0 W He Tpebyercsl, HOCKOJILKY BCe OHM HAYUMHAIOTCH B TO4ukKe A
u 3aKaHInBaOTCI B Touke B. CrieoBaTesibHO, JIJIsT HAXOXKIEHUS Pe3y/IbTUPYIONieil cribl AMirepa
MOYKHO CHYHATATh, YTO OT TOYKH A K B Touke B TedeT npamoii ToK I,,;,. Ternepb IOHATHO, 9TO JIUCK
CIBUHETCS C MECTa 10 HAIIPABJICHHUIO JIeHCTBUA CUIbl AMIepa, T.e. II0 HOpMaJn K oTpe3ky AB B
HAIIPABJICHNU K IIEHTPY OKPYKHOCTH. DTO MPOU30IAET Moc/ae TOro, Kak cujaa AMIepa IpeBLICUT
0 MOJLYJIIO CHJIY TpeHus ToKos (Ha puc. o = 80°)

e wmg 56
LninB (2Rsin 5) = pmg = Lin = I 2 _(A)=T9A.
min 2) — 1M "= I BRsng  smds )
Pemenne 10.2. *«Cwmemenne u 3aryxanues ***
**2.1. Boipazure yacTory 1y KojaebaHuil MIapuKa 4epe3 Maccy MapuKa U KECTKOCTD IIPY2KUHbL **
VpaBHenue JBUKCHUsI MIAPUKA UMEET BHL
ma = —kzx, (1)
13 KOTOPOIr'O HEIOCPEJACTBEHHO cieayeT popMyJIa I 9acTOThI
1 |k
Vg = —1\/—. 2
"otV m 2)

*%2.2. [Tomyunre Bbipazkerue st cuiibl Fp(z), neficTBytoleil Ha HEMOABUKHBII APUK CO CTOPOHBI
JIICKa, KaK (DYHKIMIO €ro PACCTOSIHUS JIO TIEHTPA JINCKa 2 (st z 3> r).**
DJIEKTPUYECKOE 10JIe BHYTPU HPOBOJISINETrO IUCKA JOJIXKHO OTCYTCTBOBATD.
Ton nefictsueM nost Ey TOYEIHOro 3apsiia ¢ Ha TOBEPXHOCTH JHCKA GYIyT n
UHIYIAPOBATHCA 3aPAIbl ¢ MOBEPXHOCTHON IJIOTHOCTLIO $=0, KOTOpPbIE OyIyT o
coznasath mose E', paBHOE M0 BESMTHHE U TPOTHBONOIOKHOE 10 HATPABIIE- —
HUIO 110/ TOYEYHOrO 3ap/ia. Y UNTBIBas, 9TO pa3Mephbl JUCKA MaJIbl 110 CPaB- 1 - E

|

[ —

=

HEHUIO C PACCTOSHUEM JIO 3apsijia, MOZKHO npenedpedb U3MEHEHNEM BEKTOPa
HAITPSAYKEHHOCTH E’o B 1pejiesiax jucka. [lostomy u mose E cJIelyeT CUUTaTh
OJTHOPO/IHBIM, & ITOBEPXHOCTHYIO IIJIOTHOCTb MH/LYITUPOBAHHBIX 3aPs1/I0B IIOCTO-
SHHOM.

i
u — _4a

HanpszkennocTs moJsisg TO9eHOro 3apsijia orpe;iessiercs hopMmysioit By = Tregs

a HalpsAKEHHOCTb 110JIs UHJIYIIMPOBAHHBIX 3apPsA/I0B CBA3aHa C UX HOBEPXHOCTHOH IIJIOTHOCTBIO CO-

orHoIeHuem ' = % [IpupaBHuBas 3T BEJUYIUHDI, ONPEJIE/IMM TOBEPXHOCTHYIO IIJIOTHOCTD WHJTY-

HHpOBaHHbIX sapﬂ;LOB o' = =L, ¥ BeJIMUMHY WHIyIIUPOBAHHOTO 3apsijia HA OJHOW CTOPOHE JINCKa

T A4mz2o
=05 = (roe S = 7r? - mwoma L JAUCKa).

47rz2 ’

I/IHTepeCHo OTMETHUTD, YTO MHLYIIMPOBAHHDIN JUIIOJILHBIH MOMEHT JincKa pased p' = ¢'h = ff—z}; =

47rz2 V. U3 CpaBHEHUA C TPAJIUITUOHHBIM BbIpazK€HUEM J1JI 9TON BEeJINYUHDI P = O./EQEO CJIeAyeT, 9TO
MOJIAPU3YEMOCTD JUCKa B TOYHOCTU PpaBHa €I'0 061)eMy.

Tenepnb ¢ momorpio 3akona Kymona jierko naiiTu cuty, JIeifCTBYIONIYIO HA TOYEUHDIN 3aps] CO CTO-
POHBI JIByX WHJIYIIMPOBAHHBIX 3aps/I0B (KOTOPBIN Ha OOJIBIIOM PACCTOSHUM TAKKe MOYKHO CUYUTATH
TOYETHBIMN )

10 knacc. Teoperudeckuit Typ. 6



o q¢ (1 1 q¢ (24 h)P -2
©dmeg \ 22 (2+h)2)  4dmey  22(z+ h)?

VuauTbiBas, 9To h < 2, OKOHYATE/ILHO MOy IUM

o qq' .(z+h)2—z§% 'h 4 qa ¢V
© dmey  22(z+h)? 2mepzd  2mepzd  Amz? 8m2e02°

(3)

rne V = 7r?h - o0beM JTHCKA.

2.3. Ilonyunte popmyity JiJisi onipeaesieHUsi MAKCUMAJIbHOTO 3apsijia MIapuKa, Ipu Ko-
TOPOM OH MOXKET COBepIIaTh KoJiebaTe/ibHOE JIBUXKEHUE.

HeobxomMbIM 1 JTOCTATOYHBIM YCJIOBHEM BO3MOXKHOCTH KOJIEOAHUI ABJISIETCS HAJTUYINE TTOJIOKEHU S
YCTOMYMBOIO PaBHOBECUL.

Ycs10BuI0 paBHOBECHA COOTBETCTBYET PaBEHCTBO CUJI YIIPDY-
I'OCTHU U SJIEKTPOCTATUICCKOI'O B3&HMO,ZL€I>1CTBHH (3), TO €CThb
JJIgd KOOP/JIMHATBI TOYKMW PaBHOBECHA CIIPpABE/JINBO yYpaBHE-
Hue

2

4q
kx = . 4
‘ 8m2eg(z9 — x)? )

DTO ypaBHEHUE sIBJIsIeTCs ajaredpanvecKu ypaBHEHUEM IECTONH CTEIEHHU, II09TOMY He MOXKET ObITh
pereHo sjeMeHTapubiMu MeTogamu. [Ipeobpasyem ypaBHenue K BULY

2y/
ijOZE = a 5
0 8m2g02] (1 — 1)

20

obozHaunM & = % u BBeJieM 0e3pa3sMepHBbI TapaMeTp PacCMATPUBAEMON CUCTEMBbI

__ @V
= 87T2802’8(k2’0) .

B srux obosHauenusx ypasHenue (4) umeer mpocToii Bui

7
§= a—er (6)

Konebanns mapruka BO3MOKHBI JI0 T€X IO, MTOKa CYIIECTBYET IO~
JIO?KEeHMEe YCTONYnBOro paBHoBecus. VIHBIMU cjioBaMu, IOKa ypaB-
uenne (6) mmeer perrenusi Ha uHTepBase 0 < & < 1. OyHKusd
F(¢&) = ﬁ PE3KO BO3PACTAET MPU NPUOIUKEHUNA apryMeHTa
K equnuiie. [Ipy MasbIx 3HadeHUdx mapamerpa 7y 3Ta (QyHKIHI
MMeeT J[Be TOYKHU Tepecedenust ¢ IpsaMoii F' = £ (To ecTh nMeeTcst
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JIBa KOPHsI YpaBHEHUs), TIPU OOJIBINNX 3HAYCHUSIX Y KOPHEl HeT
— Ha PUCYHKE Y1 > Y.

W3 anammsa 3aBUCHMOCTENl CHJI YIPYTOCTH W SJIEKTPUIECKO-

ro TPUTSKEHUs CJIeJlyeT, UTO MEHBIINiIl KOPEeHb COOTBETCTBY-

€T TOJIOZKEHUIO YCTONYIMBOIO TOJIOXKEHUs PaBHOBecusi, a 00JIb-

il HeycToanBoro. «Kpurtnyeckums» 3HaUE€HUEM sIBIFETCH Ta-

KOe 3HaueHue y*, mpu Koropom mpsivas F = £ kacaercsa rpaduka dbysxmun F(£) B onHO ToUKe
&, Taxkum

o6pa3oM, B 9TOI TOUYKe POU3BO/IHAsI OT 3TON (GyHKIUM J0/KHA paBHATbea F'(§) = 1. Urak, st
olpesie/IeHNs 3TOT0 3HAYEHUSI UMEEM JIBa yPaBHEHU T

*

e A 0
CSaey Taoew

*

Pasesns mepsoe U3 HUX Ha BTOpoe, HotydnM & = 125 orkyna cieqyer £ =

1
5 6’

a UCKOMO€ 3Ha4Y€HUE ITapaMeTPa BbIpazKa€TCdAd «OY€Hb KpaCUBO»

N = ~(1—§)5:@z0,067.

Ucnosnb3yst BeIpazkenue jjis napamerpa (5), HAXOAUM MaKCHMAaJbHOE 3HAUYEHHE 3apsi/ia

55 877'28028(]{320)
max = | g 7
q P T (7)

Bosmozken erre onH criocob orpejiesieHnsi YCJIOBUST CYIIeCTBOBaHus KopHeit ypasaenus (6). IIpe-
obpa3yeM 5TO ypaBHEHHE K BHULY

5 _
§1-¢)"=1.
Scno, wmo amo ypasnenue Gydem umemv Kophu, ecau maxcumym dymxyuu f(E) = (1 — €)°
NPESHIUULAETN, BHAYEHUE NAPAMEMPA Y. DTOT METOJ IPUBOIUT K MOMY KOHEYHOMY DE3YALMANY.
**2.4. Yemy paBHO OTHOCHTEILHOE CMEINEHHE MOJIOZKEHUsT PABHOBECHUS IapuKa & = %?**

SaMeTI/IM, 9TO IIpHUBEJACHHOE B YCJIOBUU YUCJIEHHOE€ 3HAYECHUE IMapaMeTpa Y MeHbIIe KPUTUYIECKOI'O
x _ 5%

7" = g ~ 0,067, mosTomMy 1pu TakoM 3apsijie CYIIEeCTBYET IOJIOKEeHUE YCTOHIMBOrO PABHOBECHSI
mapuka. Fro koopjuHaTa siBIsSIeTCsl MEHBIITNM KOpHs ypaBHeHus (6).

C TOYHOCTBIO JI0 MAJIBIX BEJIMYUH IIEPBOIO MOPSIKA, €TI0 PEIleHne 3JIeMEeHTAPHO
X _
f="~y=10-10"2 (8)
<0

Ay 9%k

*%2.5. HeMy paBHO OTHOCHTEILHO U3MEHEHHE YaCTOTBI KOJeOaHWi mapuka o
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O6o3HAYUM PACCTOSIHUE OT JIUCKA JIO TIOJIOXKEHUsI PABHOBECHsI 3apPszKEHHOTO Iapuka z1. llepeme-
CTHM Ha4aJlO OTCYETa B 9Ty TOYKY. ypaBHeHI/Ie JABU2KEHN A ITapuKa IIPpU MaJIOM OTKJIOHEHUU T OT
IOJIO?KEHUST pABHOBeCHsI MMeeT BUJL (1Ipu npeobpasoBaniu (DyHKIUIT OISTh UCIOIB3YeTCsT MAJIOCTh
OTKJIOHeHWi T < z1):

2V 2V

ma = —k(z +x) + a = —kz — kx + a = R

8m2ep(21 — x)? T

8m2ep2y (1 — —

21

2 2 2

qV x qV 5¢°V
~—kz —k — | 14+5— | = -k — k- ———

21— kT 8m2eq2) ( * 21> at 8m2e(2? ( 8m2g( 28 o

[lepsble aBa ciaraeMbIX B3aUMHO YHHUYTOXKAIOTCSI, TaK KaK TOYKA 2] - HOJIOKEHHE PaBHOBECHI.
Takum obpazom, moydaeM ypaBHEHUE TapMOHUYIECKUX KOJIeOaHuUit

2
k 1 5¢°V

m 8m2egkz?

Hw= ]2 (1= 32V _\_ [,2(1— 52V )\ _ _5¢°V
cqaCTOTOHw—\/m (1 8W250Z?k>—\/wo <1 8n2eo0k ) > WO 1 16722025k )

CJIG,HOB&TGJH:)HO, OTHOCHUTEJILHOE U3MEHEHIE YACTOTHI KOJIeOa it PaBHO

Av  Aw 5¢*V 5
Vo wo 1672020k 2! 5% (8)

*%2.6. Onennre, 3a CKOJILKO TIEPUOJOB KOJEOAHUI 3apsAKEHHOrO IMApUKa UX aMIUIATY/Ia yMEHb-
mmrest n = 1,0% *<*

Tax Kak WHJIyIIUPOBAHHbIE HA ITOBEPXHOCTHU JIUCKA 3aPSA/Ibl 3aBUCAT OT TOJIOYKEHUS 3apPsAzKEHHOTO
MapuKa, TO IPU €ro JIBUXKEHUN BEJIMIUHBI 3TUX 3aPAJI0B OYIyT U3MEHITHCSH, TO €CTh 10 JIUCKY Oy-
JIyT MPOTEKaTh dJIeKTpudecKkre Toku. [Ipuannoit 3aTyxanns KoJieOaHuil siBJISIETC TOTepsi SHEPTUU
Ha BbIJIeJIEHNE JIZKOYJIEBOM TENJIOTHI TIPU MPOTEKAHUHN JIEKTPUIECKOTO TOKA TPU «Ilepe3apsiiKe»
nucka. [Ipu MajioM coOnpoTUBIICHUN JIMCKA MOXKHO ITOJIb30BATHCS «KBA3UCTAIIMOHAPHBIMY TPUOJIN-
2KeHUEeM, TO eCTh CUATaTh, YTO 3apPsJl JJUCKA COOTBETCTBYET PABHOBECHOMY 3HAUYEHUIO IIPU 3aJaHHOM
MIOJIOYKEHUN TTapuKa. Bemanaa paBHOBECHOTO WHLYIIMPOBAHHOIO 3aps/ia ObLIa MOJICYIUTAHA PaHee

u paBHa ¢ = 4‘7152. Cuta TOKa MMPOTEKAIONIETO MOTEPEK JINCKA JIETKO BBIUUC/IACTCS
dg dq dz qS (9)
= —— — = —U
dt — dzdt 2723
e v = —z—f - CKOpPOCTH MmIapuka. Tak Kak KojebaHus IMapuKa MaJjibl, TO MOXKHO IpeHeOpedb

M3MeHEHNeM DACCTOsiHUsS z B 3HaMeHarese (opmyibl (9) u monoxkurh z(t) ~ z;. B arom ciyuae
MOIITHOCTD TEIJIOTHI, BhIJEsIONelics B aucke 1o 3akony /lxoysra-Jlenma pasna

¢S\’ QUQNqQShp 9
onzs ) Ps’ 47228

P=1’R =
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Ecsin ckopoctsb mapuka u3aMensiercs 1o 3akony v(t) = vg cos(wt + ), To cpejiHee 3a nepuoj 3Hade-
HIe KBaJpara ckopoctH pasHO (v%(t)) = $v3. Ilorepu sHepruu 3a oquH nepHos KoieOaHuil paBHbL

2 2
q“Shp / , q°Shp 1 , 2m
(P) 47r2z?< > 47228 20" (10)

sz [IpedblAYIIEro pacCMOTpPEeHUA CJACAYET, 9YTO USMEHCHUA IIOJIOKEHUA PaBHOBECHUA U 9aCTOTHI Ma-
JIbI, IIO9TOMY B ,ZLaHHOfI (bopMyﬂe MOZKHO IIOJIOZKHUTBb 27 ~ Z2p , W =~ Wy . Havasmmaas QHEPIrud

2
kosiebanuit Wy = 52 | nosromy dopmysy (10) MoxKHO 3amucaTh B Bujie

2

2 2
qgShp 1 , 27 q°Shp
AW = FQZS . 577’“)0 .

1 4 k
—muj - 2t K _ AmpeqwoyWy . (10a)
2 wWo m

mwy  8m2eozSk
Kaxk ciielyeT U3 9TOro BbIpayKeHHs, IOTepH SHEPTUH 3a [epUoj IPOHOPIHOHAILHBI HAYAILHOI

SHEPI'UH, CJIEJOBATE/ILHO, SHEPIrUus KaK (DYHKIUS Ynucaa Kojebanuil OyaeT yObIBATb B TeOMETpUte-
CKOIi IIporpeccu, JieficTBUTEIbHO, 38 OJ/IUH 1IePUOJ] SHEPI'Usl YMEHBIIUTCA 10 BEJIMUUHBI

AW = Wo—Wi = 47Tp80w0’}/W0 = W;= (1 — 471',080&)07) Wy ,
nocJjie n KojebaHuii SHEPTUsi CTaHeT PABHOI

W, = (1 —dmpeowoy)” Wo .- (11)

Tak Kak 3Heprust KojebaHuii MpornopIHoHaAIbHA KBaIpaTy aMILTHTY/bl, T0o u3 dopmysl (11) cie-
JIyeT, 9TO aMILIATY/Ia KOJebaHnui 3aBUCUT OT YMCJIa KOJeOaHUi 110 3aKOHY

0|3

Ay = Ao (1 — dmpeowo)® -

V4auThiBas, 9TO paccMaTpuBaeMoe U3MEHEHHE aMILIUTYIbl KoJeOaHuil MaJsio, TO o4depejHoil pas
MOXKHO BOCIIOJIb30BaThCA NPUOINZKEHIEM

Ay = Ao (1 — 4dmpeowoy)? = Ao (1 — 2mpegwoy - n),
WUJIn OTHOCUTE/IbHOE YMEHbIIECHNE aMILJINTYIbI

Ao — Ay

A =1 = 2mTpeowoy - N -

Takum 0Opazom, KCKOMOE YHCJIO KOJIeOaHuit PABHO

Ui

n=_———
2T pegwoy

~29-107, (12)

9TO COOTBETCTBYET BpeMEHU boJtee OJHOI'O MecdIla.
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2.7. OneanTe, Npu KAaKOM Yy/I€JIHHOM 3JIEKTPUYECKOM CONMPOTUBJIEHUN MaTepuaja JucKa
3aTyxaHue KoJjiebaHuii mapuka O0yJeT MaKCUMaJIbHBIM.

HpOBe,ZLeHHOQ BbIII€ OIIMCaHUE 3aTyXaHHe Kosiebanmii e MMoJIHO.

OHO crupaBeIJInBO TOJIBKO JIJIST MAJIBIX Y/EIbHBIX COTPOTUBIeHU. /leiicTBUTEIbHO, U3 MOy Y€HHBIX
BBIPDAYKEHUIT CJIeJIyeT, UTO JIJIs HEIPOBOJISIIEH IACTUHKY (p — 00), KOJIeDaHUs 3aTyXar0T MIHO-
BEHHO, XOTsI B 9TOM CJIydae OTCYTCTBYIOT MEXaHU3MbI IIOTEPH SHEPTHH, CJIeI0BATEILHO, KOJIeDaHUs
JIOJIZKHBI OBITH BOODIIE HE3ATYXAIONTUMH.

s Gojiee TOIHOrO ONMUCAHWS 3aTyXaHUs HEOOXOJIUMO 0oJiee TOIHO Pac-

CMOTPETH JUHAMUKY M3MEHEHUsI - e
IIOBEPXHOCTHON IJIOTHOCTH HHJIYIIMPOBAHHBIX 3apda/0B Ha IIOBEPXHOCTU —_—
mucka. Jljis sToro Bocmonmb3yemMces 3akonoMm Omal j = %E U CBA3BIO ILIOT- E

HOCTHU TOK& C U3MEHEHUEM ITOBEPXHOCTHON IJIOTHOCTH 3apsjia | = ‘fi—‘t’. Vau- q-'—--"
ThIBasI, 9TO T0JI€ BHYTPHU JINCKA CO3AETCA KaK IOJIeM 3apsijia IapuKa, TaKk J

7 MHAYIIMPOBAHHBIMU 3apdaJaMy, 3allilleM YpaBHEeHNe JIJId N3MEHEHUd 110-
BEPXHOCTHOU TJIOTHOCTW WHIYIIMPOBAHHBIX 3aPSAJI0B

do 1 o 1 q
— = |E-—) = — ) 13
dat p ( 50) PEo (47r(21 —1x)? U) (13)

Obo3HauuM T = pgg U YIPOCTUM STO yPaBHEHHE, UCIOJIL3Ys CTAHIAPTHYIO METOIUKY

do q q 2\ 2 q T
Tt 4r(z — x)? ? 422 ( zl> 7 422 i Z

_q q
4z 2mz

r—0

[LoTHOCTH TOKA IHepe3apsiiKu (CJIeJJ0BATEJIBHO, U II0OTEPH SHEPIUH) OLPEJIE/ISAI0TCs IIePEeMEeHHOi
COCTABJIAIOTIE TITIOTHOCTH 3apsA/Ia, TOITOMY HPEJICTABUM 0 = -5 +5(t), rye s(t) - n3Menaromasics
1

JaCTb IMOBEPXHOCTHOM TJI0THOCTH 3apsja. s mocienaeit cripaBe/jinBo ypaBHEeHUE

ds
T— = ——I —
dt  2nz}

Kak MbI mOKazajm BbIIIE, 3aTyXaHUe KOJICOAHUN SIBJISETCS KpaifHe MaJIbIM, IIO9TOMY KOOP/IMHATY
MapHKa ¢ BBICOKOH TOYHOCTBHIO MOXKHO IIPEJICTABATE B BHJIE?

xr = Acoswt,

Toryia Jiisi onpejiesieHus (1) MoydnM ypaBHEHUe

r 8 s= 1 Acos wt, (14)
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KOTOPOE IIPOIIE BCETO PEIIUTh METOJOM BEKTOPHBIX juarpaMM. Tak, npu s = B cos(wt + )

ds . T
T = —Bwsin(wt + ¢) = Bw cos (wt + o+ §> .
Torma
BEKTOpPHAs JarpamMMa, ONUChiBaioliee ypapuenue (14) mmeer Buj, SR _ A
NoKa3aHHbIl Ha pucynke (rje obosnadeno A, = 15 A). Vs nannoit
Tz
JInarpaMMbl CJIeyeT
— 1 Moxno ncronbzosaTh 3ak0H OMa 1 B «0OBIMHOI» (hopMe — «JJIs il B

y4acTKa 1enuy. 2 Konedno, B KauecTBe 9acTOTHI KOJeOGAHUI MOMKHO
B34Th COOCTBEHHYIO YacCTOTy KoJiebaHUil w

B (14 (wr)*) = 42,
tgp = —wT

A
[IIIT s = q 5 cos(wt + ).

/14 (wr)? 2m 2

Hasee, anasornano BbIBOLY coorHomerust (10), MOXKHO yTBEPXK/IATh, ITO HOTEPU SHEPIUA 3a Ie-
PHOJT, TIPOIIOPITHOHATIBHBI (OCTABIEHBI TOJBKO COMHOKUTEIHN, 3aBUCSIIIE OT YAETHHOIO SJIEKTPHte-
CKOT'O COIPOTUBJICHIS )

wT

AW x Bl oc —
1+ (wr)

Hannast GyHKIAA JOCTUTAECT MaKCUMyMa, IIPH WT = 1, CJIeJIOBaTE/ILHO, DU 9TOM YCJIOBUM 3aTyXa-
Hue u Oy/IeT MaKCUMaJIbHBIM. TakuMm obpa3oM, moJydaeM 2mypey = 1, WM OKOHYATEJIHLHO

1
= ——~18-10° OM - m. (15)
271'1/050

2.8. KavecTBeHHO omnuiure, KaKue WMEHHO CBONCTBA MHIAYIHPOBAHHBIX 3apsifoB (A
X W3MEeHEeHHsi) 0DecIieYyMBaIOT MOSIBJIEHWE CHUJI, JEefCTBYIOIIMX HA IIAPUK, IIPUBOIs-
IMUX K 4) CMEIIEHNIO MOJIOYKEeHUsI paBHOBeCHsi; 6) M3MEHEHUI0 9acTOThl KOJIeGaHmil; B)
3aTyXaHUIO KOJieOaHmii.

Ha ocHOBaHMM MpeJBIIYNINX PACCYZKIEHUIT CJIE/IyeT, YTO a) IIOCTOSTHHASI COCTABJISIONIAs TOBEPX-
HOCTHO}i TJIOTHOCTH 3apsijia IPUBOAUT K CMEIIEHUIO MOJIOKEHNs PaBHOBeCHsT; 0) M3MEHEeHUe I10-
BEPXHOCTHOM TIJIOTHOCTU B «KBa3UCTAITMOHAPHOM NPUOINZKEHUNY TTPUBOIUT K M3MEHEHUIO YaCTOTHI
KoJieOaHmil; B) 3aMeTuM, 9TO €CJIM BCe CHJIbI, JIHCTBYIOIINE Ha IMAPUK, 3aBUCAT TOJBKO OT KOOD-
JIMHAT, TO 3aTyxXaHue Kojedanuit orcyrcrByeT. [losToMy ciemayer ncKaTh MPUIUHBI, ITPUBOISIIIE
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K TOSIBJIEHUIO COCTABJIAIONINX CUJI, 3aBUCSIINX OT CKOPOCTH JIBUKEHUS Iapuka. |[puianHoii mosis-
JIEHUSI TaKUX CJIaraeMbIX SIBJISIETCS «3ala3/IbIBaHUey - paclpejie/ieHne WHIYITUPOBAHHBIX 3aPsJIOB
OTCTaeT OT PABHOBECHOTO PACIpPEIe/IeHNsI, COOTBETCTBYIOIIETO ITOJIOKEHUIO IMapPUKa B <« TaHHBIN
MOMEHT BpeMmeHns». Hajmdame «3amas3/ibiBaHusgy pacipeeseHns 3apsoB, 10 OTHOIIEHUIO K TI0JI0-
JKEHUIO 3apsJia MPUBOJISAT K 3aTyXaHUIO KOJICOAHMIA.

Zlonoanenue, He srodauiee 8 OUEHUBAEMOE PEULEHUE. DTU YTBEPAKJICHUS MOYKHO CTPOTO I10/I-
TBEPAUTh Ha <«A3bIKE ypaBHeHI/II'?'I» JABHU2KEHUA ITapuKa W U3MEHCHHA HOBerHOCTHOﬁ IIJIOTHOCTU
NMHAYITUPOBAHHBIX 3apPAI0B.

q¢’h  _ _qV

Cua sekTpuaeckoro szanmozeficrsus F'~ oG = 51— - o
VpaBuenune KojieOaHuii Mapuka
Ko+ )+ 1 b4+ 20 (1= )
ma=—k(z1+2)+—"—  0=—k(z1+2)+ ——— - [1 - = —
! 2meg(z1 — x)3 ! 2meg 2} 2
qV 3qV

= —k(Zl + .17) +

o+ ox
2meg2s 2meg2]

ypaBHeHI/Ie IJId M3MEHCHUA IIOBerHOCTHOfI IIJIOTHOCTHU MHAYIUPOBaHHBIX 3apPAI0B

do _1(p oN_1( ¢«
dt  p c0)  peo \4m(z — )2 ’

WM, ¢ YIEeTOM HCIIOJIb30BAHHBIX 0003HAYEHUI,

do q q
T— =
dt  4rz? 27z}

Tr—0

U3 sTOro ypaBHeHus BBIDa3UM 0 = iy + 5lzr — 792 u noxcraBuM B ypaBHeHne KoseGaHmit
MIApUKa ' '
qV 3qV
ma = —k(z; +x) + o+ or =
(21 +7) 2meg 2} 2meg2]
qV q q do 3qV q q do
= —k(z1 +2x)+ + T — T— | + x + rT—T7— | =
(1 ) 2megzd <47rz% 2123 dt) 2megzt \4mzd  2m2d dt
% % 3¢*V qV  do 3qV q do
=—kn+ 55— (k- G 5 — T 1T ST — T—
8m2e02] Am2e92y  8m2eg92Y 2megzy dt  2megzi \ 27z dt
[TepBbie gBa craraeMbIX B3aUMHO YHHUTOXKAOTCA —kz1 + 87:122# = 0 (ypaBHeHWUe JIJIsT OLPEICTICHUST
1

CMEIIECHHOI'O ITOJIOZKCHM A paBHOBeCI/IH) .

Muozxurein IIpu TpeThbeM cCjlaracMOM OIIpeae/ideT NSMEHEHNE YaCTOThI
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2 2 2
(- qV 3qV6 e 5qV6

2. .6 Q-2 2
dm2egz) 8mPepz] 8m2en2]

T = —mwiT

Cﬂeﬂy}omee, coJgepzKaliee CKOpOCTb U3MEHEHU A HOBerHOCTHOﬁ IIJIOTHOCTH, OTBETCTBEHHO 3a 3a-
TyXaHue. OcrajibHBEIMI cieayer HpeHe6peqb, KaK HUMeEIoue boJtee BLICOKMIt IIOPAJOK MaJIOCTH.

Nroro nmeem ypaBHenue KojaeOaHMil.

9 qV  do

ma = —mw;T — T—.
2megz}  dit

B ncmonbzoBanmom HpI/I6JH/I}KeHI/II/I, ypaBHeHne OJjid IIJIOTHOCTH 3aps/a MO2KHO DeEIlllaTb METOIO0M
I1ocJjie 10BaTeJIbHBbIX HpH6JIH)KeHHfI. HpeHe6peraﬂ «3alla3IbIBAaHUEM» 110JIy9Ia€M

bl

q
N
70 4z 2z

do . ~990) _ _q _dz
roria TG A Tt = gLy TloneTania B ypaBHeHHe JIBUZKEHNS IAPUKA, Oy ACM yPABHEHHe
) qV  do ) qV q dx ) ¢?Vp dx
ma = —Mmwit — ———T— R —WiT — — - —— = —MWiT — —— -

Imegzd dt 2meg2} 2m§75 Am228 dt

B KOTOPOM B 4IBHOM BHUJI€ IIPUCYTCTBYET CJlal'a€MO€, «OTBETCTBEHHOE» 3a 3aTyXaHHE.

Peurenne 10.3

3.1 Cujta Tsrm aBTOMOOMIIS CBsI3aHa C €70 MOIHOCTBIO Fiyn, = Pv, Mo3TOMY HA OCHOBAHHH BTOPOTO
3akoHa HbroToHa MOXKHO 3aIncaTh

Av P
2V R Bl 1
ma; =y oA (1)

Hepexozx K YpPaBHEHUIO JIJId M3MEHEHUW A KHUHETHYIECKON SQHEPIr'ur OCYHIECTBJIAETCA TPaJUIIMOHHBIM
METOAOM: YMHO2Ka€M ypaBHEHHE Ha CKOPOCTDL

A
vaZ =P - (F() + ﬁv2) v,

va

5 ) = muAv, 1 oJIydaemMm

zameuaeM, 9To AE = A (

AFE

Vi P — (Fo + pv*) v, (2)

3.2 IIpu MaJIbIX CKOPOCTSAX JBHUXKEHHS aBTOMOOUJIA U MOXKHO IIpeHeOpedh CHUJION CONPOTUBJICHUS

2
muv o
BO3/lyXa, TOI/la Ha OCHOBAHUM yPaBHEHUs —* ~ F(S, IOIyunM 3aBUCUMOCTD IIyTH IPOHIEHHOIO

o MV
aBTOMOOMIEM S ~ 9 OT CKOPOCTH.
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[To npuBeIeHHBIM SKCIIEPUMEHTAJILHBIM JTAHHBIM
IIOCTPONM rpadUK 3aBHCHMOCTH IIyTH OT KBaj- @ 't

paTa HadaJbHOIl cKopocTu. JleficTBUTeIbHO IpH PY| IR
MAaJIBIX CKOPOCTSIX 9Ta 3aBUCUMOCTD JIMHeiiHa. V3 200 oo
HaKJ/IOHa 150 L
100 [+
AS m c? 50 |- fremmmmeennaeieeeend
k= = S |
A(vg)  2F, M

20 40 60 80 100 120 140 >
Vi o)

rpaduka omnpejessieM CUJIY IMOCTOSHHOTO COIIPO-
TUBJIEHUS

m
Fop=—~ H
0= 57 0,38k

KOQ(b(bI/IHHGHT IPOIIOPHIUOHAJIBHOCTHU B BbIPpazK€HUU JIJIdd CUJIbI COIIPOTUBJIEHUA BO3AYyXa OIIPpEIe-
JIMM, 3Had MaKCUMaJlIbHbl€ CKOPOCTbL M MOIIHOCTDL aBTOMOOMJIA. HpI/I PaBHOMEPDHOM JAIBHZKEHUU C

MAaKCUMAaJIbHOW CKOPOCTBIO BBIOJIHACTCA COOTHOIICHUE f max i) — ﬁ’u?nax = 0, U3 KOTOpPOro omupe-
max
Pmax _FO
— VYme ~ KI'
JessteM [ = ma— ] 85,

max

2
Tpebyemblit TapaMeTp TakKe pacCIUTBIBACTCH Y = B 11;(’)“ ~ 3,6.

3.3 B yCTaHOBUBIIEMCHA PEZKUME BBLIIIOJIHACTCA COOTHOIIECHUE

P= (Fo + 51}2) v,

AHaJIOTUYIHO — IIPpU JABU2KCHUU C MaKCUMaJIbHON CKOPOCTBIO

Pmax = (FO + ngnax) VUmax-

x ornomenne

1 ﬂvgnax U2

P (B+ B _( +77“@;> v

Pmax (FO + BU?nax) Umax (1 + ﬁ%ax) Vmax
0

Ja€T CBA3b MEXKJ/1y OTHOCHUTE/IbHBIMHU XapaKTEPUCTUKaMN

(1 +7?)
T (11 ®)

BroipasuTth B SBHOM BHJI€ 3aBUCUMOCTH CKOPOCTH OT MOIIHOCTH CJIOYKHO, 3aTO JIEMKO IOCTPOUTD
rpaduK 3aBUCUMOCTH MOITHOCTHA OT CKOPOCTH, & 3aTEM €0 MOBEPHYTh.
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L
v

max

3.4 llpu jBM>KeHUU B TOPY aBTOMOOWJIBL JIOJIZKEH TAKKe IPEO0JI0JIEBATEH MTPOEKIINIO CHUJIbI TAXKECTU
PaBHYIO Mg sin av. DTa cujia MOCTOsTHHA, TIO9TOMY MOXKHO CUUTATH, UTO OHA YBEJIUYIUBACT [IapPaAMET]P
Fy B paccmaTpuBaeMbIX ypaBHEHHUSAX.

AHaJIOru9IHO, COMPOTHUB/IEHNE BO3/AyXa M3MeHseT mapamerp (. B oboux ciaydasix n3meHsieTcs Be-
JUYnHA napaMerpa 7y B ypasHenun (3). Takum obpazom, Ham ciefyer pa3paboTaTb MeTOIUKY
UCIIOJIb30BaHUsI TPAUIECKOr0 PEIIeHns 9TOr0 YPaBHEHUS IIPU U3MEHEHUHN apaMeTpa .

ﬂﬂﬂ olpegesjeHnsd CKOPOCTU YCTaHOBUBIIETI'OCA ABU2KCHU A HeO6XO,ZLI/IMO PEIINTL YpaBHEHUE

P=v (FO + BUQ) , (4)

KOTOPO€E MOZKHO IIPe00Pa3oBaTh K By (3) U HCIIOIb30BATh yrKe HOCTpoeHHbI rpaduk. Obo3nadnmm
Y0 = 3,5 u nepemucuieM (4) B Buze

2
B8 P 1 o] o] 1
YoFo Fo 1+ YoFo YoFo 1+

Mpbr nmeeMm YpaBHEHUE, COBlIa/laloliee C PEHICHHbIM, TOJIbBKO B HEM BMECTO 7) CTOUT HEU3BECTHaA

g_ P _1_
YoFo Fo 1470

( b v), a BMeCTO K - . Tenrepp MOKHO TTPOBECTH HEOOXOUMBIE PACUETHI.

Y0 Fo

[Ipu gBuKeHnum B ropy:

8 P 1

' = Iy + mgsina = 1320H; — R~
‘ ’ YoFo Fo 1+

ITo rpaduky Haxoaum ( v/ %v) ~ 0,3. CiemoBaresbHO,
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E
= 0,3,/ 20 150 55 10
15} c qac
[Ipn pBukenun ¢ H6arazkKHUKOM
p P 1 B
— - = 0,85, u3 rpacduKa HAXOIUM v | = 0,92, Hakonerr,
YoFo Fo 1+ YoFo
F
v =0,92 Joto o M _ goﬂ.
15} ¢ Tac

3.5 Paccmorpum nmHaMuveckoe ypasHeHue JBrzkenust (1) B TeUeHHN MAJOro BPEMEHHOTO MHTEP-
Bajla. B TedyeHme 3TOro MpoOMEKYTKa CKOPOCTH BO3PACTAET MPUOJIU3UTEHHO ITPOIOPIMOHATIBHO
BpeMEeHN v = at, a MOITHOCTHh W3MEHSEeTCs 110 3aKOHY P = @t, a CHJION COIIPOTHUBJIEHUS BO3/TyXa
MOXKHO IpeHeOpeYb.

[ToscraBum 511 BhIpazkeHus B ypasuernue (1)

Prnax
TA

— [, (4)

ma =

Mgzr IIOJIy49rJId KBaJApaTHOE YpaBHEHNE OTHOCUTE/IbHO HEM3BECTHOI'O YCKOPEHUA A, PEIIUTH KOTOPOE
HE CJIOZKHO

2 FO Pmax
a”+ —a — =0 =
m ™
FE\® P F,
0 max 0
— —2 R 5
“ 2m ™ 2m ( )

[Toscrapisist YncaeHHbIe 3HAYEHUS, TTIOJIYIUM HEOOXOUMbIe PEe3YJ/IbTaThl:
npu 7 = 10c  a = 1,97

— ~ M
upu 7 =1,0c a=6,6--.

3.6 OreHKy BpeMeHHM pa3roHa MOYKHO IOJIYIUTh KAaK OTHOIIEHHe M3MeHeHusi ckopoctu Av =
Umax — MVmax = Umax(1l — 7)) K YCKOPEHUIO B HAYAJIBHBII MOMEHT Pa3roHa, KOTOPOE OIpeJesiser-
cst u3 ypashenus (1)

Pmax

1
m \ Umax

ap = - (FO + ﬁvﬁqax) )

Takum obpazom, oIyIUM
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MUmax (1 — 1)
Dmax _ (FO + 51}12113,)()

Umax

At ~

~ 6,5C.

3.7 OmnmcanHoe yipasjeHue JAefiCTBUTE/IbHO BO3MOXKHO IIPHU ITOJIO2KUTEJIbHBIX 3HAYEHUIX KO-
durmenta C. Tak ecim aBTOMOOWIb ABHXKETCA ¢ TPeOyeMOil CKOPOCTHIO, TO MOIIHOCTH OCTAETCs
MIOCTOSIHHOM, €CJIM 110 KAKUM-TO ITPUYUHAM CKOPOCTDb CTaJia MeHbIIe TpebyeMoil, TO MOIHOCTD JIBH-
rare/isd Ha9HET BO3PACTaTh, U, HAOOOPOT, ¢ POCTOM CKOPOCTH MOIIHOCTL OyJIeT yObIBATD.

3.8 KavecTBeHHO JUHAMUKA U3MEHEHUsI CKODOCTH M MOIITHOCTH OyjieT uMeThb BuI: MOIHOCTH Had-
HET BO3PACTaTh, CKOPOCTh TaKxKe Oy/JeT pacTH, KOTJa CKOPOCTb CTAHET paBHON TpebyeMoil, MOII-
HOCTb JIOCTUTHET MaKCUMAJIBHOI'O 3HAYEHWUsl, MOC/e Yero HadHeT yObIBaTh, a CKOPOCTb IIPOJIOJI-
JKaTh PacTU, BOZMOXKHO HECKOJILKO MEPHUOJIOB TAKMX 3aTyXalolmux Kojebanuii. Hem OoJibIle 3Ha-
JyeHne napamMerpa yupasienus C, TeM pesde OyyT 9T KojeOaHus, IIPU YMEHbIIEHUH [1apaMeTpa
yIpaB/IeHUsT BIPABHUBAHME CKOPOCTH OYIEeT MPOXOJIUTL MeJjIeHHee, HO 3aT0 6e3 pe3Kux Kojeda-
auit. OnTUMaJIbHBIN BHIOOD NapaMeTpa YIpaBIeHUs ONPEeIeIsIeTCs YCIOBHEM: MUHUMAIBHOE BPEMs
YCTaHOBJIEHHsT CKOPOCTH 63 ee KoJeOaHuii (KPUTUICCKUT PEXKIM ).

Pewenue 3adavwu 11.1 «Iloxazamenavras pazmunKra»

1.1 Ilo Bropomy 3akony Hbiorona yckopeHme TOYKHU IMOCTOSIHHO W PABHO @ = %, IIPU PaBHOYCKO-

at?

PEHHOM JIBUZKEHUM HPOMJIeHHBII Iy Th 3aBUCAT OT BPEeMeHM IO 3aKoHy S = -

[TosTomy .

1.2 Tak Kak »KHJIKOCTb «BsSI3Kasi», TO MOXKHO CUUTATh, YTO B JIIO0OI
MOMEHT BPEMEHHU JIBUKEHUE YKUJIKOCTHU SIBJIFETCA «yCTAHOBHBIIEM-
CsI», JIJIsI KOTOPOT'O CIIPABEJIJINBO ypaBHEHHE (JIAHHOE B IPUMEYaHNH )

V= — = Kk—, (1)
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N3 storo ypasuenusi cieiyer ldl = kAPdt, mociie HHTErpUpOBa-
HUS TI0JTy9aeM %l2 = kAPt, okoruarenpbHo tostydaeM | = /2kAPt. Takum obpa3om, UCKOMBIit

1
MOKa3aTeJIb CTEIEeH! | A = — |.

2

Jlpyroii criocob pelienus 3a1a4u 3aKjiodaercs B nojcranoske dbynxuun | = Ct*, npusejienHoit
ycsioBuu B ypasaenue (1)

AP
ONM = p—t.
C
[TpupaBHuBas moKazaTesn crerneHeil mepemMeHuoii t (A — 1 = —\), mojiygaeM HCKOMOE 3HAYEHHEe

_ 1
napamerpa A = ;. Takum o6pasoM, IIpu 9TOM 3HaUYEHUHU IIpUBEJCHHAA (DYHKIHs yJIOBIETBOPSET
ypasHenuio (1).

1.3 B ycranoBuBIieMcs pexKuMe BCA TEILIOTA, BLIJICIUBINIAACT BHYTPHU IL1a-
HETBI, IIEPEHOCHUTCS K ee TOBEPXHOCTH. TakK Kak cucreMa objiajaer cdepu-
YeCcKOW CUMMETPHeil, TO 1 pacipe/ie/IeHre TeMIIEPATyP, U TeILJIOBbIe IIOTOKN
Tak:kKe chepuaecKn CUMMETPUYHbI. BhigeuM BHYTpHU ILIaHEThI cdepy pa-
guyca r. VI3 ypaBHeHUsT TEIJIOBOroO OaJiaHCa, CJIe/IyeT, UTO CyMMAapHbBIi I10-
TOK TEILTIOTHI Uepe3 3Ty chepy paBeH KOJUIECTBY TEILIOTHI, BbIIETHBIIECsT
BHYTpU cepbl, 9T0 MOXKeT ObITh 3aIlCAHO B BHJE yPaBHEHHU (C ydIeToM
3aKOHA, CPOPMYINPOBAHHOTO B IIPIJIOKEHNN )

ar
—mriw = —4nriy—. (1)
3 dr
ar __ w
OTO ypaBHEHHE JIETKO NPHUBOJUTCA K IIPOCTOMY BUJY &- = —3, 7, DEIIeHIe KOTOPOro C y9eTOM

IPAHIYIHOrO yCJIOBHsl Ha noBepxHocTu (nipu r = R Temneparypa T = Tj) umeer Buj

T-T,= —%(72—32) =T = (TO—I—%RQ) —%ﬁ (2)

MPUBEJICHHDIN B YCJIOBUU, IIPUYEM UCKOMBIN TTOKa3aTe/ b CTEIIeHN paBeH \ = 2.

Kro He yMeeT MHTerpupoBaTh, MOKET PENIUTh 33141y, MOJICTa-
Bue ynkumo 7' = A+ Br* B ypasnenne (1) 4& = B) A1 =

—%r. U3 sToro paBeHcTBa CIEAYET, YTO MPUBEJCHHAS B YCJIO- 7 ‘i: z A =
BUM (PYHKIUS YJIOBJIETBOPSIET YPABHEHUIO TEILJIOBOrO OajiaHca 1 E —3

npu A\ = 2 u JjioboM 3HaveHnn napamerpa A, KOTOPBIil MOXKeT a. a

OBITH HallJIeH U3 IPAHUYIHOIO YCJIOBHsI HA IIOBEPXHOCTH ILUIAHE- - -+ I g +q 3;:;

THhI.

1.4 CoBmecTnM OCh Z € OCBIO JIAIOJIA, a €€ HAa4daao OIPEeIeuM B TOYKE HAXOXKIEHUS JIUIOJIS.
Torma B Touke A, HaxXOJdIIecs Ha PACCTOAHAN Z, HAIIPAXKEHHOCTD I10JIsI MOYKET OBLITH 3allucaHa B
BUJIE

dETO‘{.
E/:LHH.(Z) = ETO‘L(Z) - ETO‘{.(’Z + CL) = —76% (1)
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rie Froa (2) = 4m?0z2 HAIIPSZKEHHOCTh TI0JIsl, CO3/IABAEMOr0 TOYEUHBIM 3apsiJioM, pu BbiBoje (1)

ydTeHa MaJjOCTh PACCTOSHUA ¢ MEYKJIY 3apsiaMu JUOJd. BhIauc/ass MpOon3BOIHYIO, IOy IUM

AdFE o, qa
a= )
dz Az

B (2) = = (2)
[Iycts BTOpOIT /UIIOJIb HAXOJNUTCA HA PACCTOSHUM 2 B II0JIE, HAIPSKEHHOCTH KOTOPOT'O 3aBUCHUT
oT KoopauHaThl 110 3aKoHy F(z). Torma, cuia, jeficTByromas Ha 9TOT JIUIOJb, MOXKET B TOM JKe
NPUOJINZKEHNN TIPEJICTaB/IeHA B BUJIE

dE 3(qa)?
F=qE(z4+a) —qFE(2) =qga— = ————, 3
4B+ )~ gB() = qa'y =~ 1 Q
YTO COOTBETCTBYET IPUBEJIEHHON B ycaoBun dopmysie ipu A = —4. 3adawa moorcem 6vimob pewe-

HA U MPAOUYUOHHBIM CTOCOOOM: 3ANUCAND MOYHOE GUPANCEHUE OAL CUNDL 83AUMOICTICMEUSs NAP
3apados, a 3amem NPOBECNU PA3AONHCEHUE NO MAAOMY NAPAMEMPY —Pa3Mepy OUNOAA.

1.5 Tak kaK Macchl IMAPUKOB PABHBI IO YCJIOBUIO, a CUJIbL,
JICHCTBYIONIME HA HUX PAaBHBI 10 TpeTheMy 3akony HbroTo-

+
Ha, TO MAPHUKHN OYIYyT JBUTATHCS HABCTPEUY JPYT JAPYTY C E E
PaBHBLIMH 110

MOJIYJTIIO CKOPOCTSIMU U CTOJIKHYThCA B cpejiHeit Touke. Ko-
rJla MIAPUKH HAXOJAWUTCI HA PACCTOSTHUWM T° JIPYT OT JpyTra,
CKOPOCTH KazKJI0I'0 MOXKeT OBbITh HalijleHa U3 3aKOHa COXPAHEHUS SHEPIUN

2 2 1 1
I B (1)
2 dreg \ 7 h

Haiitu u3 sroro ypasHeHus: BpeMsi COJIMMKEHUsI CJIOKHO (XOTsl U BO3MOXKHO), OJHAKO HAM ¥ HET
HEOOXOIMMOCTH PeIlaTh 3TO ypaBHEHUE — HaM HEOOXOJUM BHUJI 3aBUCUMOCTU BPEMEHU JIBUZKEHUS
OT HAYAJIBLHOI'O PAcCTOSAHUsA. BBejieM cOOCTBEHHYIO CHCTEMY €JUHUIL U3MEPEHUA: PACCTOAHUSA — Ha-
JaJbHOE PaccTogHue h; eJIMHUIYY U3MepeHus BpeMeHu 1’ ompejiesinM 1mo3jHee. Paccrosnme MexK Ty
JACTUIIAMU U BPEMsI, I3MEPEHHbIE «B HOBBIX €JIUHUIIAX» 0DO3HATNM

&=

[Tepexosist K HOBBIM IlepeMeHHBIM B ypaBHeHuu (1), mosryanm

g
Cdt Tdr’ 5
hdf 2_ q2 1 ()

= -—1
Tdr dmegh \ &

Hcnonb3yeM Tenepnb «IpOu3BOJI» B BHIOOPE €IMHUITHI M3MEPEHUST BPEMEHH TaKUM 00pa30M, 4TOOBI
B 9TOM yPaBHEHUU HE OCTAJIOCH MAapaMeTPOB, TO €CTh CJEIAeM ero «0e3pasMepHBbIM», JIJId Yero
JOCTATOYHO TIOJIOXKUTH
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A\ q*
T N 47T60h7 (3)

m

WJIk OIIpEIC/INTh €JUHUIY U3MEPEHUA BPEMEHU KaK

3
T dmmegh . (@)
e

B srom ciryuae ypasuenue (1) mpuobperaer Bu/x

2
d§ 1
o =-—1 (5)
dr 13
B KOTOPOM HET HUKAKUX UCXOJIHBIX ITapamMeTpoB. Kpome Toro, mpejesbl n3MeHeHnsl IeEPEMEHHON &
TaKzKe SBISIOTC «yHUBepcaabHbiMuy & € [1,0]. CieoBaTesibHO, U €ro peleHne — 3aBUCHMOCTh
&(7) TakkKe «yHHBEpCAJbHA», IOITOMY U BpeMsl JBUKeHUsI (M3MepeHHoe B eJuHuIax 1) siBjsiercst

HEKOTOpOIT KoHcTaHTo#. Obo3HaYUM ee Ty, TOT/a BpeMs JBUKEHHUS, U3MEPEHHON B «OOBIYHBIX»
€JIMHATIAX OITPeJIessieTcs Kak

dmmegh

ek Che. (6)

t() = T()T =170

Taxum obpasomM, npuBeaeHHas HOpPMYyJIa JTO0Ka3aHa, a HCKOMBII MOKa3aTe/b CTEIIEHN PaBeH A = %

Boamootcror u dpyaue 6apuanmol peweHUA: NPAMOE UHMepuposanue ypasuenus (1); nepexod x
be3pasmepHuLM napamempam 6 ypasreruu 2 aaxona Hotomona; nposedenue anarozuu ¢ 3 3aK0HOM
Kenaepa u m.o.

Pemienne 3amaun 11-2.

Yacts 1.

[TocTpouMm auarpaMmy IpOIECCa M3MEHEHUsT COCTOAHIS Pab0dIero ra-
3a. O0O3HAYNM ILIOIIA/Ib MTOTIEPETHOTO CeUeHnsT PabOUIero MUInHIpa  p
S, a KEeCTKOCTDb TPYKUHBI k. 5

HOCJIG,ZLOB&TGJH:)HO PacCMOTPpUM BCE y3JIOBbIE COCTOAHNA U IIPOIECCHI 4
pa6oqero ra3sa. KOHG‘IHO, KOSCb(i)I/IHI/IGHT IIOJIE3HOI'O ,ZLGIU/ICTBI/IH Mallln- 3 1
2
1

HBI MOZXKHO TIOJICYUTATh KAaK OTHOIIEHHE paboThl (YHUCJIAEHHO DaBHOM
ITOIIA/TH [IUKJIa) K KOJIMIECTBY MOJIYYeHHO TeroThl. OIHAKO, Y-
ThIBas, YTO HAM HEOOXOJMMO HAHTU U CPEJIHIOI0 MOIIHOCTD, BBITHC-
JIUM Cpa3y 4 TEeMJIOThI, MOJydaeMble OT HarpeBaTeJid U OTJIaHHbIE XO- I 2
JIOMUIBHUKY Ha KarKJO0M 3JTalle.

c"f
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Cocrognue 0.

B HagabHOM COCTOSIHUU IapaMeTphbl ra3a CJieLyolme:
- obbeM Vo =[S

- JTaBJleHnEe OOYCJIOBJIEHO CHJION YIPYTOCTU TPYKIHBI

kly, Fj
Py= -9 29,
0 S Sa

- TeMIIepaTypa HAXOIUTCA U3 YPaBHEHHs COCTOSHUS MICATBHOIO ras3a (I - KOJIMIecTBO MOJeil pa-
6ouero raza)

_ AV kG R

To = ) 1
vR vS vR (1)
CocrogHue 1.

[Tocsie BKJIIOYEHUsI HarpeBaTesd TeMIEpaTypa U JaBJIEHAs ra3a HAYHyT PacTU JIO TeX IOP, HOKa

CHJIa JTABJICHUs Ta3a Ha HOPIIEHb OKAXKETC B COCTOSHHUU CABUHYTDH MOPIIEHb BIPABO (COCTOSTHUE
1). B aror MOMeHT 06beM ellie OCTaHETC s TPEeKHIM

‘/1:‘/0:[057

JaBJIeHHE Ira3a CTaHeT paBHBLIM

klg+F  (n+1)F Fy
P = = =34
! S S S’

a TeMIeparypa

. Pl‘/o o (l{?lo —f-Fl)l[) o (n+ 1)F0l0 o 3F0l0

T

vR vS vR vR
IIpomecc 0 — 1.

Taxkum obpaszom, mporece (0 — 1) sgBageTcs M30XOPHBIM, B €10 XOJIE ra3 MOJIYIUT KOJIUIECTBO
TETJIOTHI, PaBHOE

5 5)
Qo1 =0y (T — Tp) = VQR = §nFolo = 5Fpl,. (3)

[Ipu mocTosHHOI MOITHOCTU HAI'PEBATE ST STOT IPOIECC OYAET MPOTEKATh B Te€UEHUE ITPOMEKYTKA
BpEMEHU

_ QO—)l
1

F F
T = gnLlO = 5Ll0. (4)

q1 a1
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[Ipu nanpHeiineM Harpese IOpIIEHb Oyier cmernarbes BipaBo. Cocrosinme 2. B koHeuHO# TOY-
Ke pacIIipeHns, Korga obbeM craHeT paBHBIM Vo = [1.S = mlyS = 2yS, naBierue HOCTUTHET
3HAYEHU

kb +Fy Emly+nFy  (mAn)Fy 4& (©)

P s S - S S’

a TeMmIieparypa CTaHeT paBHOI

BV (m + n)mFoly B 8F0l0
- vR vR vR~

T (7)
[Ipomiecc 1 — 2. [lycTh nopIeHb HAXOJUTCA B HEKOTOPOI ITPOMEXKYTOYHOM TOUKE ¢ KOOPJAUHATOMN X,
B 9TOM COCTOsiHMM 0ObeM rasa Oyzer paen V(x) = xS. Cumras mporecc paBHOBECHBIM U IIPEHE-
Operasi THEPIIMOHHOCTBHIO CUCTEMBI, JIABJICHUE T'a3a MOXKHO 3allicaThb B BUJIC

Py =10 ()

TO €CTh 3aBUCUMOCTD JIABJICHUS OT oObeMa sBJdgeTcd JimHeiiHoi. Pabora, coBepiieHHas razom B
IIPOIIecCe PACIINPEHNUs], YHCJIEHHO PaBHA IIJIOMAIN M0/ TpadUKOM MpOoTecca Ha PACCMaTPUBAEMOM
yuaactke (1 — 2)

P+ P 1 +n) + 1) F
A1ﬁ2:¥.(v2_vl>:§((m Sn) 0+(n S) 0>(m—1)105’:

2

2 + 1) (m — 1
_ (m+ ”J; o =1) 1 — 3550 (9)

N3menenne BHyTpeHHEH SHEPTUU PACCUUTHIBACTCS 110 (hOpMyIe

5 ((m4+n)mFyly (n+1)Fl
AU,y = vCy(Ty — T}) = v _
1—2 I/Cv( 2 1) VQR( I/R VR

5

KosmdecTBo TemioTe!, mostydeHHoi B xose mnporecca (1 — 2), paccanThIBAETCS ¢ TIOMOIIIBIO [IEPBOTO
3aKOHa TCPMOJIUHAMUKHA

1
Q1_>2 = AU1_>2 + Al_)Q = §F0l0(6m + ™ + 6)(m - ].) == ]_6F0l0 (11)
COOTBGTCTBGHHO7 BpeMd 3TOro I1Ipoiecca

Q1a2 Fyly Fylo
= = —6m+Mm+6)(m-—1)=16——. 12
o1 )om—1) = 162 (12)

T2
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COCTOﬂHHe 3 HOC.HG OTKJIIOYEHHNA Hal'PeBaTeJid W BKJIIOYCHHA XOJIOJUJIbHUKA I'a3 HAYHET OXJia-
JKJIAThCS TP Hem3MeHHOM obbeMe V3 = mlyS, 1o Tex mop, cujia JaBaeHns ra3a He CTaHeT MEHbIIIe
CWJIBL YIIPYIOCTU BO3BPAIAIONICH IPY>KUHBI, TO €CTh 10 3HAYCHUA

TemmepaTrypa npu 3TOM cTaHeT paBHOI

PV Foly  Fyl
— 30 2200y T00 (14)

T3 — .
VR vR VR

ITpouecc 2-3. Ilporecc ocThIBaHUS SIBJISIETCST H30XOPHBIM (IIPU 9TOM paboTa paBHa HYJI0 Ay 3 =
0), KOJIMYECTBO OTJAHHON TEIIOTHI PABHO YMEHBINEHUIO BHY TPEHHEH SHEPrun

) )
AU2_>3 = Q2_>3 = 5VCv(T2 - Tg) = §F0l0mn = 10F0l0 (15)
U IIPOHIET 3a BpeMs

5Fpl Fyl
_ Qs 5Py, g Folo (16)

q 2q q

T3

IIpomecc 3-4. Tak kKak ra3 c:KMMaeTcsd 10T JICHCTBUEM MPYKUHBI, TO €r0 JaBJICHUE OIPE/Ie/IAeTCs
CHJION yIIPYTOCTH IIPYZKWHBI

ke

P=-c. (17)

XapaKTepUCTUKU ITOTO IIPOIECCA PACCUUTHIBAIOTC CTAHIAPTHBIM METO/IOM: - U3MEHEHNe BHYTPEeH-
HEl SHeprun

5 5
AUs_o = 5uov(To —T3) = —§F010(m2 —1) = =7,5Flo; (18)

- pabora, coBepIlIeHHas ra30M,

P+ B 1 /' mF F m?—1
- KOJINYECTBO OTHAHHOM TEILJIOTHI
m?—1 5
Q3_>0 = %Fglo —+ §(m2 — 1)F0l0 = 3(m2 — 1)F0l0 = 9F0l0, (20)

- BpeMd IIPpOTEKaHUsA IIpoIecca
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Foly Ryl
7= 3(m?—1)—22 =922 (21)
q q

Kosdbdunuent monesnoro geiicTBus gBuraresis paccauTaeM mno popmysie

Ay, 2n(m — 1) 2
7 Qo1+ Q12 Hn+ (6m+Tn+6)(m—1) 21 ’ (22)

SameTnM, 9TO B JAHHOM CjIydae paboTa Trasa HaJl MOPITHEM paBHa paboTe pabOvIero yCTpoicTBa,
KOTOpas B CBOIO OYEPEIb JIETKO MOYKeT ObITh pacCInuTaHa KakK IIPON3BEIeHUe TIePEMEIEHUST TIOPIITHS
Ha CIJIY, KOTOpas JeHCTBYeT CO CTOPOHBI MOPIITHS Ha pabodee yCTPOHCTBO

A= nFo(m — 1)[0 = n(m — 1)Folo = 2F0l0 . (23)
Bo Bcex ocTabHBIX CIydasdx «I0JIe3Hasi» paboTa TaKKe OYIET OIlpeIe/IaThes 3Toit (hopmyJioit, HO
He OyzieT paBHa paboTe ra3a 3a UK.

Cpe/IHIOI0 MOIIHOCTD JIBUTATEJs] PACCUNTAEM KaK OTHOIIEHUE MTOJIe3HONH PabOThI K IIEPUOJLY ITUKJIA

A
N = =€, (24)
T1+T2+T3+T4 20

g ynobcTBa mpeicTaBUM apaMeTPOB Ta3a BO BCEX Y3JIOBLIX COCTOSHUAX B TabsuIie 1, a xapak-
TEePUCTUKH IIPOIECCOB B TabJmre 2.

Tabsuna 1.
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JdaBjieHue Temneparypa
p o _F - G I
vR vR
hVi (n +1)F _3 Foly
vR vR T WR
_ BV, _ (m+”)mFolo i Foly
VR VR VR
= P3V1 — T?Iz F[}!U s 4 F;]!ﬂ

vR R vR

Tun
rpouecca

V = const

O6bem aBienue Temneparypa
0| V=S [A-%-% _|7,-m-
]_ ‘/1:[05 Pl:(n—i_T;::%% leljljgl:(n+yz_30;l:3io—]?
3| Vs=mlpS | P3=mg =272 Ty = =258 = m~~00 = 4200
Tabauma 2.

Tun nponecca | AU A Q Bpems
0-1 V = const 5Fyly 0 5Fl, 5FoTlo
1-2 P(QT) — kx_‘gFl 12,5F0l0 375F010 16F0l0 16%
2-3 V = const —1OFOZO 0 —10F(]l() 1OFOTZO
30 [ Pla)=7% —75Foly | —LbFoly | —9Fply | 95k
Bcero 0 2Fplo 2Fylg 40%
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Yacts 2.

C yueroMm arMocdepHOro JaBjeHus «KapTHHKA IIUKJIa» IOIHIMETCS
Ha eJMHUIY BBEpPX 110 IIKaJje (P%), YTO NPUBEJET K YBEeJIMIEHUIO

TEIJIOThI, KOTOPYIO COODIaeT ra3y HarpeBarTesb. ['a3, mo-rnpexuemy,

[OJIy9IaeT TEIUIOTY OT HAarpeBaTelis Ha ydacTKaX H30XOPUIECKOIro
nporiecca (0 — 1) u uporecca pacmupenns (1 — 2).

Pacder mapameTpoB raza B y3JIOBBIX TOYKAX IPOIECCa AHAJIOTTYIEH
IIPOBEJIEHHOMY BBIIIIE, MTO3TOMY IPUBEJIEM ero 6e3 KOMMEHTAPUEB U
JTaJIIM B BUJIe TAOJIHIIBI 3.

Tabsauna 3.
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JlaB/jieHue

Temneparypa

P = k'{ﬂ * amu 2&

¢ S S

s R] Vt] Fﬂ !0
vR VR

=2

P _(n+2)F, _45
S S

_ A _(n+2)Folo _4F0!0
VR vR VR

P, =

S

(m+n+1)Fﬂ _ ik,

PV, (m+n+UmF,,
2= fi VR

FOIO
VR

=10

CoraacHo IICPBOMY 3dKOHY TCPMOIHHAMHKH 2TO KOJIMYCCTBO TCIIIIOTEL paBHO

Qy,, =AU, ,, +4,,, = gVR(TJ B To)+ : +Pz'(V2 - V])z 24,5F 1, (25)
CooTBEeTCTBEHHO, KOADPUIIMEHT N0JIE3HOr0 ICUCTBUS paBeH
el _ B nhsl (26)
Q[]—-}Z 24’5
YTO MECHBIIIE, YEM B «HACATHEHOMY CITydae.
Ob61bem aBnenune Temneparypa
klo + Paru Fo PV Folo
0| Vo=10S Ph=——=2— Ty = =2—
— 0 R — T
1 vi=ts | p=0T20 5 r,= B _ [nF Dbk Foly
(TESTESY e AV (TR T y Ty o P 07
m-.n 0 0 2Va2 m-n miiglo olo
2 | Vo=mlyS | P, = =5— | Th = = =10
2= Mo 2 S S 2 VR VR vR
COFH&CHO II€PBOMY 3aKOHY TEPMOAMHAMHUKHN 3TO KOJIMYIECTBO TEILJIOTHI paBHO
) P+ P
Quz = Aoz + Aisg = SvR(Ty = To) + ——— (Vo = Vi) = 24.5Folo (25)
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CoorBercrBeHHO, KOI(DDUIUEHT TT0I€3HOr0 JEHCTBHUS PABEH

A 2
= = —— =~ 0,082 26
QOHZ 2475 ’ ’ ( )

9TO MEHbIIE, YeM B «HJICaJIbHOM» CJIyYdae.

n

Yactb 3. [Ipu ydere cuibl TpeHusd K pacCMOTPEHHOMY ITUKJTY
JI00ABATCS JIBE Y3KHUE <«IOJIOCKU», WJLIIOCTPUPYIOIINE TPEOI0-
JIEHHE 9TUX CHJI, 9TO IIPUBEAET K yBEIMUCHUIO TEILUIOTHI, c006- £
maeMoit Harpesaresiem. Cjeyer 0cob0 OTMETUTD, 9TO HA JTAIIE |
pacIIuperns CUjia TPEHUSA MPUBOJIAT K YBEJTUIEHUIO JTaB/ICHUS y 1
rasa, a Ha yJacTKe CKaTUs K €ro yMeHbITeHU0. SHaYeHns Xa- k
PAKTEPUCTHUK ras3a Jijisd JIAHHOTO IUKJIa IIPeICTaBIeHbI B TaO 1~ 3

2

1

CEREES

e 3. Tabauma 3.

O6bem JlaBinenue Temnepatypa
klo+Parn—TFrp
0 ‘/0 = loS PO = 7( :)I§+F b= 179% TO — LoVo %,372%]Fl
_ G w4 1R — PV (nr2, — 1R
1| Vi=4S |[p=020e _y B Ty = BW th — 415k =V

vR
. — (mnt+DFofFop Fo — PV, _ (mtn+LUmEolo _ Folo I 2
2 ‘/Q—ITLZUS Pg—i—f)./ls T2—7—7V1{ _10"2713 i]

I

Pacuer kommuecTsa HOqueHHOﬁ TEIJIOTBL UMeeT BUJL

P+ P )

5 1
Q0_>2 == AUO_>2+A1_>2 - §VR(T2—T0)+ 2 (‘/2—‘/1) - = §F0l08,3+ §Folo'9,2 - 25,35F0l0
(28)

CrenoBarebHO, KOI(MMUIIMEHT TTOJIE3HOTO JIeCTBUs

B A B 2
 Qose 25,35

n ~ 0,079 (29)

Kak Bujsno, snavuenune K.I1. /1. mouru coBnaiaer ¢ mpeablayiuM 3HaderueM. [loaromy MOKHO 1Ipo-
BecTH HpuOJIMXKeHHbIN pacdeT. Haiiiem, HaCKOJIBKO yBEJIUUUTCS KOJUYIECTBO IOJIYUEHHON Tra3oM
TeIIOThl 0()y_,o M3-3a HaJWM9Ius TpeHus. VMeercs JiBe NMPUYUNHBI YBEeJMYEHUs ITOW TEIJIOTHI: BO-
[EPBBIX, YBeJIMYEHIEe U3MEHEHHsI TEMIIEPATYPbI (Hada/lbHas TeMIepaTypa IyTh HUKE HA BEJIUUUHY

0Ty = FZ‘;O, a KOHEYHAs IyTb BbIle 1) = %% BO-BTOPBIX, HE3HAYUTETHHO YBEJIMINBACTCS
JIaBJIEHUE B IIPOIECCe pacIIuperus 0P o = FTglO. [TosTomy
5 Fip Fip Fip
(5Q0_>2 = Cv(5T0+5T2)+5P1_>2AV = E(’ITL"‘].) E F()lo—l-(m—]_) £ F(]l() = = 7,5 E F()lo = 0,75F0l0
0 0 0

Teneps namenenue K.II./1. MoxkHO paccauTaTh 110 dpopMyaam

bt A A <1_6QM)

5QO—>2 + 5Q8—(>)282N ()Q$5>2 Qo2
Qovz _ 0082-075 —0,0025 = —0,2%

T 00se | 245

on =
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YacTs 4

4.1 OcHOBHO# TPUYMHONW TOTO, UTO IOPIIEHb IEPECTAHET YCKOPSATCS, SIBISETCS TO OOCTOATE b-
CTBO, 9TO JaBJIEHNE ra3a Ha JIBUXKYIIHUNCS MOPIIeHb OTJINYAaeTCsd OT JIaBJIeHUs Ha HENOJIBUXKHYIO
nperpajry. Haiijiem, kakoe jgaB/jieHHe OKa3bIBaeT ra3 Ha IOPIIEHb,

ﬂBH}KYIHHﬁCH C IOCTOSTHHOI CKOPOCTBIO V7 HCIIOJIB3Yy<d TPpaJIUuIIMOHHBbIE MeE-

togapl MKT. Bynem cunrarh, 9T0 CKOPOCTH JABUKEHUA TMOPITHA V', 3HAYN- | G-Vat
TeJIbHO MEHBIIe CPeTHell CKOPOCT! TEIJIOBOTIO JIBUKEHHS MoJieKyJl. Mose- S
KyJIa, UMEIOIas MPOEKIMI0 CKOPOCTH v, (HOPMAJbHYIO K MOBEPXHOCTH), \\ fﬁ}()‘fi
PN yJape IepejiaeT MOPITHIO IMITYIIbC G
/Ir. /
Ap, =2m(v, — V). (1)

Yucesto MOJIEKyYJT, IMEIOIINX CKOPOCTh OJTU3KYIO K U, W JIOCTUTTINX HOPIIHS 3a BpeMms At, paBHO

An =n(v, — V)SAL. (2)

IL.HH BbIYUCJICHUA JTaBJICHUA H€O6XO,ZLHMO IIpoBECTU yCpeJHECHUEC 110 BO3MO2KHBIM 3HaAYCHUAM CKOPO-
CTeil MOJIEKY.JI

Ap,An
P=\"sat

@) n -8

IpuvIeM yCpeJiHeHrne HeoOXO/IMMO MPOBOJUTH MO MOJIEKYJIAaM, HOPMAJIbHBIE COCTABJISIONINE CKOPO-
creil KOTOPBIX Jiekar B uHTepBase v, € [V,400|. s ONEeHKU CpeHUX BETUYHMH, CTOSIIUX B
BbIpasKeHUN (3), MPUMEM, 9TO CPeJIHssl TPOEKIUU CKOPOCTU MPUMEPHO PABHA CPEJIHEKBAIPATUY-
HOMY, a CPeJHUI KBaJpaT IPOEKINHU JIETKO OIpejiesisieTcss u3 (hopMyJIbl JJIsi CPEeJTHEro KBaJjpaTa

Moyt cKopocTH. [losTomy
1,, 1 kT
(5 <U >) T 2m

RPN Ry L

TaKNM O6p8430M7 JaBJICHHUE TI'a3a Ha ,ILBI/I}KYIIH/II'/JICH HHOpIIEHDb OIIPpEIEJIAECTCA BbIPpazKEHNEM

=2mn (v, — V)?) = 2mn ((v2) — 2V (v,)) =

xT

2M
RT

V (vz)
(vz)

P%Po(l—Q )zPo 1—2V = Py(1 = BV), (4)

r/1e KO3 PUITUEHT MPOMOPIINOHAIHLHOCTU PABEH

2M
5%2“ﬁ' (5)
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BamerumM, 4T0 060JI€€ TOIHBII pacdeT ¢ KOPPEKTHBIM BBIUYUC/ICHIEM CPEIHUX IIPUBOIUT K PE3YIbTaTy

_ ofve) _ 2v2 /M M .
g = 2@3) = T\ wr & 1,64/ #7- [opmens Oyner ABUTATHCA C MOCTOAHHON CKOPOCTBIO, KOTJA

CHJIBI JaBJICHMS I'a3a Ha obe CTOPOHBI ITIOPHUIHA CPaBHAIOTCA. B srom CJIy4dae CIIpaBeIJ/INBO YPaBHECHUE

(P + AP)(1 — B7) = P(1 + 87), (6)
s AP _AP1 |RT  gial (7)
2P P 4\2M c

N3 KOTOPOr'o olpeaesdeM CKOPOCTb JABU2KEHUA ITOPIITHA

AP APl [RT M
"=osp - paVan S0P (7)

4.2 Mpl 110Ka3a/1, 9T0 CHJa JIABJIeHHs HA <«yOeraioluii> MOPIIeHb MEHbIIe CPEJIHEro JABIeHUs
raza. CiejoBaTesbHO, JUIst TOrO YTOOBI B PACCMATPHBAEMOM JIBHIATeJIe MOPIIEHb IIePeMeIalics,
HEOOXO/IMMO YBeJIMUUTh CPejlHee JlaBjeHne raza. TpefyeMoe yBesnyeHne JIaBIeHuUs! Olpe/IessieTcs
u3 dopmyist (4)
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0P ~ BPuv. (1)

Takoe yBenuyenne nmorpedyeT yBeJUMYeHU KOJIUIECTBA TEIIOTHI, MTOTPEO/IsseMOoii OT HarpeBaTe/Isd,
9TO YBEJMYCHUC OICHUBACTCA TaKzKe, KaK W IIPU y4eTe CUJIbl TPCHUA

20y SOP oP
0Qo—2 = 2uR OUR +0P(m —1)lpS ~ QOHQ?. (2)

CooTBeTCTBEHHO yYMeHbIIaeTCA KOSCbeI/IHI/IeHT IIOJIESHOI'O ,H‘GIL/'ICTBI/IH JABUT'aTEJIA

on = — 5Q0_*2 = —775—P npv ~ —0,005 = —0,5%. (3)

Q0—>2 P

Zlobasaerue, He srodauee 8 ochosHoe pewerue. Boraucienne kodddunuenta (5. Pacuer
IIPOBEJICH ¢ TOYHOCTBIO JI0 MIEPBOIl CTEIIEHN CKOPOCTH JIBUKEHUS TIOPIITHS

(9] \4
(v2) = / o(vg)dv, = / V2o (v, )du, —/ V20 (vy)dv, ~
0 0

~ g [ e - 3 ()], + [Rew)],) V =

Ly 1oy m 1kT
= 3N e e

[e’e) oo 1% k’T
(g) = / V(v )dv, = / V(v )dvy, —/ Ve (Vg )dvy = ) ——
0 0

2rm
) 2V2 M M
P=2y = e Ve Y R

| | <}2>_ s [_m 1 kT

N ——

7 27T 2 m

..-"““H-
"“-,.-“’

)= [onolo v, = ool Yo, = ot i, = 2

27m
L 2(1;\ ' 2V2 /M %16/£
(v}) r VRT ~ TNRT

Pemnenne 11-3

Yacmov 1. «Mazrnummnoe noaes
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1.1 /Ijis onpejiesieHus: MHAYKIIMA HA OCH KOJIbIA (0003HAYMM OCb Z )

cJeyeT BOCHOJIb30BaThes 3akoHoM Buo-Casappa-J/lamiaca. Breije- et A B,
JINM Ha KOJIbIle HEOObINON 3aemMeHT jmumHoi Al, KOTOpBIA COo31aeT ﬁE
B TOuKe A mMarautHoe noje naaykinnn AB. VI3 cuMMerpun CucTeMbl A

cjejayer, 4Tro CYMMaprlf/'I BEKTOp MHAYKIHUHN HallpaBJIEH BIOJIb OCHU
CHUCTEMDBI. HOSTOMy IJId €e1ro

z
BbIYUCJICHUA ,ZLOCT&TO“IHO HpOCyMMI/IpOBaTb HpOeKL[I/II/I BeKTOpOB NH-
J_LYKU;I/H/I, CO3ILaBa€MbIe OTZLGJIBHBIMI/I dJIEMEHTAMM TOKa KOHBH&
CTEL ™
AB, maog= ————— A I

:47T(R2+Z2) _47T(R2+Z2)%'

Takoe CYMMMHPOBaHME BbIIIOJIHAETCA IJIEMEHTAPHO (SaMeHOﬁ JJINHDBI BbI6paHHOI'O QJIEMEHTa KOJIbIla
Ha ero IIOJIHYIO ,ZLJII/IHy), OTKYyda H CJedyeT IIpuBe/ieHHasd B YCJIOBUU (bopMyﬂa

R? 1
B. = pIN———= =By —, (1)
2(R?+2%) (14¢2)>

rje obo3HaueHo £ = %, MHOXKHUTEIb By UMeeT CMBIC UHJIYKIIUKA B IIEHTPE KOJIbIA U PaBEH

_ wIN 4w -1077-1,0-100
2R 2-1,0-10°2

By ~ 6,28 - 107 To. (2)

1.2. JIng BbIYuc/Ienns pajuaIbHON COCTABIIAIONIEH BEKTOPA MarHuT-
HOMt NHAYKINU MO2KHO BOCIIOJIB30BAaTbhCA TeopeMoﬁ O MarHUTHOM IIO-
TOKe, KOTOPbIII paBeH HYJIIO Yepe3 JII00YI0 3aMKHYTYIO ITOBEPXHOCTb.
B kagecTBe TaKOBOI BHIOEPEM TOHKUI ITAJIMHIP MaJIOi TOIIITHON Az
1 pajimyca r, 0Cb KOTOPOT'O COBIAJIAET C OChIO KATYIKH. I3 TeopeMbr
O MarHUTHOM IIOTOKE CJIe/yeT BbIpazKeHUe

B.(z + Az) - 7r® — B.(2) - 7r* + B, - 2mr = 0,

N3 KOTOPOro oupenejdeM padlaJIibHYIO0 COCTAaBJIAIONIYIO I10JILA

rdB,

B o 2¢ 1 3 13 r
2 dz 2

3
B .——5-—:—B —5:—. 3
0 21+¢)2: R 2 0(1+£2)§ R )

B, =

YQacms 2. «Onuakuy 2.1 Tak gacTunpl OMMJIOK MaJjibl, TO OCEJATh OHU OYIYT PaBHOMEPHO C
YCTAHOBUBITIENCA CKOPOCTBHIO U KOTOPas ONpeeIdeTcs U3 YCJAOBAS PABHOBECHUS CHJT

mg — F4 = po.

Bblpa}KaH CUJIy THA2KECTH U CUJIY ApXI/IMe,ILa gepes IJIOTHOCTH 2KeJie3a U MacJla, II0JIy9YUM PaBEeHCTBO
4

§7ra3 (p — po)g = PU, U3 KOTOPOTO OIPEJIETIMM HEM3BECTHBI KOI(DMUIUEHT CUITBI COTPOTUBIICHST
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Arad(p—po)g 4w (1,0-1074).7,0-10%- 9,8 Kr
= = ’ ’ = =287-107% —. 4
b 30 3.10-* ’ c )

2.2 Cuia BSaI/IMOILefICTBI/IH MarHUTHOI'O JUIIOJIA ¢ MalrHUTHBIM I1I0JIEM IIPOITOPIIMOHAJIbHA ITPOU3BE-
JAEHNIO MHYKIUW I10JIgd MaTlr'HUTHOI'O MOMEHTA. KpOMe

TOro, I/IH,ILyHI/IpOBaHHI)Iﬂ MOMEHT IIPOIIOpHHMOHAJJIeH MHIAYKIIUKU I1I0JIAd. Drux paccymﬂeHI/Iﬁ J0CcTaTo4-
HO OJIsI 000CHOBaHUSA YTBEP2KJCHUA O TOM, 9YTO CUJIa IIPOIIOPpIUOHaJIbHA KBaApaTy MHIAYKIUU I10JIA.

2.3 [Ins1 onpejiesieHus CUJIBL, JIefiCTBYIONIEH Ha IacTHUILy, 00JIaIa0ILy 0

MarHUTHBIM MOMEHTOM, IIPEJICTABUM €€ B BHUJIe KPYT'OBOI'O TOKa CHJION
i ¥ HEKOTOPOro pajuyca a (He 00S3aTeTHHO COBHAIAIONINM C PA3MEPOM

gacruibl). Custa AMiepa onpeie/nsercs pajnaabHON COCTABIAIONIEH BEeK- oF
TOpa MHIYKIWHU, U paBHA (¢ yaeToM (opmysst (3)) . ;zg
B, .
adB, dB dB
F,=—1-21a-B,=1-2ma - = =10’ —= = pp——0
" " 2 dz dz ™z

CyIecTBeHHO, YTO paccMaTpuBaeMasi CUJIa 3aBUCAT TOJBKO OT MarHUTHOIO MOMeHTa (a He OT
«IIPUJYMAHHBIX» [IAPAMETPOB i, @), MPOJ0JIKAs MEMOUKY IIPpeoOpa30BaHUIl, Oy IMM OKOHIATE b
HO€E BbIparkeHune

dB, B. dB, d ( B? 382
Fm_pmd ZXV_d = d_( ):_V_O;“:
Ho dz z \ 2po pol (1 + &%) (5)
_ §
"1+
rie 0603HaYeHO
382 4 3(6,28 - 1073)2
Fy = V220 — 800 —7(1074)3 ’ ~3,16-107° H.
b =XV = 800 S0 ) T g < 31610
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o s s s . [ s et e e e e A T et et =t o atetat= ST T=T=T=

;A T B B ; (AT A: - - D

;A N ; AN - B B
g : . T I I I R N
R ETT I I

O D R N = . ] ;B A - R
' ' ' ' ' A ' ' ' ' ' ' ' '

;A T A D N R _R
T N . T 5y u L L e e L S I S ke S S L}

/R T A - A R (O - -

/R T A - A R (O - -
= e e e e e e T e AT et At et = ATt S = = te =R M - B e e e e e A T e et ==t o atetat= TaT=T=T= ]

/R T A - A R /R T A - A R

i f H B H e R R i f H B HEE e R
L T ] R L e |

Anamus dyskimn (5) MoxkeT GbITh IPOBEJIEH CTaHIAPTHBIMI MeTogaMu. Tak, Harpumep, byHKIHsT
AHTUCUMMETPUYHA. BBIMHUCIsIs TPOU3BOIHYIO U TIoJIaras ee PaBHON HYJIIO

¢ 4T - A1+ 2326 (142 — 8¢
(1+&)*) (1+¢2)8 (14

=0,

OIIpeIe UM TIOJIOZKEHNE SKCTPEMYMOB &£ = :i:% ~ 0,38; 1 3KCcTpeMa/IbHble 3HAYEHUS (DYHKIIUH

B 9TO# TOYKE F}, max = iFo%g—i ~ +0,222F, = £7,02 - 1079 H. Tem caMbIM MOKHO OIPEICTIM

napaMeTphbl IpejiaracMoil alpoKCUMAaIuu
2R ~ _
lo = N 75610 ™;  fo=3,56-10"°H. (6)

Ha pucynke nokasan rpaduk 3Toit (pyHKINE U ee IpejiaraeMasi allpoKCHMAId. 3aMeTHM, ITO
k03 PUITIEAT TPONOPIIOHATLHOCTH B 3aBUCHMOCTH fo = AI?, qHUCIeHHO paBeH Hail/leHHOMY 3Ha-

venus (6), TaK Kak 3Ta BeJIMUMHA PACCINTAHA TP CHJIe ToKa B 1 ammep, mostomy A = 3,56-107° ek

Yacmov 3. «Teuenue u pacrods

B sT0it ocHOBHO#T WacTu 3ajja9u OTMETHM, UTO BJIUSHUE YKeJe3HBIX OMUJIOK Ha JIBUYKEHHE MAC/a
BO3MOKHO JIMIIb TOTJIA, KOTJIa OHU JIBUXKYTCsA OTHOCHTEIbHO Macsa! [leficTBUTE/IbHO, ec/ii OIIIKA
JKECTKO «CKPeIJIeHbI» C JBUKYIIEcs XKUJIKOCTbIO 1 PABHOMEPHO B HEll pacIpejieieHbl, TO CyMMap-
Hasl CHUJa, JEHCTBYIOAs HA TAKYIO XKECTKYIO CMECh PaBHA HYJIIO — CHJIBI, JCHCTBYIONINE C PA3HDBIX
CTOPOH KOJIbIIA, YPABHOBENINBAIOT JAPYT JApyra. OUeBUIHON TPUINHON PA3/ININsT CKOPOCTEN STBJIs-
eTcs «MarHUTHas CUJIa, JICHCTBYIONIAs Ha ONMUJIKMA, HO HE Ha Macjo. TakuM obpa3oM, HEOOXOIMMO
pPacCMOTPETD JIBUYKEHUE OIHJIOK, ¢ YIETOM TOTO, 9TO UX CKOPOCTU MOTYT OTJIUYATHCS OT CKOPOCTH
MacJia, KoTopas B
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CBOIO OYepeib MOCTOSTHHA 110 BCeil JiyimHe TPyOKU, BCJIEJICTBUE II0O-
CTOSTHCTBA, IOTOKa. Kpome Toro, B paMKax CHAeJaHHOI'O IPUOJINKe- )
HUA MbI CIUTacM CKOPOCTDLb 2KHIKOCTH IIOCTOSIHHOU U B IIOIIePpEIHOM "[&.ﬁ'

ceyenun Tpyoku. tak, 0003HaYMM TOCTOSHHYIO CKOPOCTD JIBUKE- conp. T z
HUsd Macja u. PaceMoTpuM JBUKeHUE OTAEIbHOMN »KeJIe3HON JacTu-
IIbI, CKOPOCTh KOTOPOit 0603HaunM v. Ha ocHOBaHHM BTOPOTO 3aKOHA
HrroTona, ypaBHeHUE ee JBUKEHUsT UMEET BU/I

ma = f(u —v) + F,(2). (1)

rJie IepBoe cjaaraeMoe OIMChIBaeT CUJIY CONPOTUBJIEHUS, a BTOPOE — CUJLY CO CTOPOHBI MArHUTHOT'O
M0JIsI, BBIYUC/IEHEM KOTOPOI MbI TaK JIOJI0 3aHUMAJIUCH. TakK KakK YacTUIa MaJia, TO MOXKHO B
odYepeTHON pa3 MCIOJIb30BaTh KBa3UCTAIIMOHAPHOE NMPUOJIMKEHNe, cYuTasd, 9TO B JIIOOOH MOMEHT
BpPEMEHH CyMMapHasl CHJIA, JefCTBYIOIAas Ha YacTUIly paBHa Hy/To (T.e. mojaras ma = 0). B
9TOM BIIOJIHE OOOCHOBAHHOM TPUOJIMZKEHUN MOYKHO BBIPA3UTh CKOPOCTH YACTHIHI KaK (DYHKIIUIO
KOOD/IMHATHI

(2)

B ycranoBuBIeMcs JIBUKEHUN CPEJIHEE UHUCJIO OIHUJIOK, ITPOXOIee depes JIroboe MOoMepedaHoe ce-
YeHre TPYOKH TIOCTOAHHO (BBIIOJIHAETCS «3aKOH

COXpaHeHnud ducjia OHI/IIIOK»), 9TO MOKET OBLITH BbIpa2K€HO O4Y€BUAHBIM yYpaBHEHHUEM

nou = n(z)v, (3)

KOTOpOE C UCIIOJIb30BAHMEM BbIPayKeHus (2) M03BOJIsieT HAfiTH KOHIEHTPAIMIO OITMJIOK KaK (DyHK-
IUIO KOOPAWHATEI

nou nou Un

- . (4)
v(z) ufzE g L2l

JLnist mcroib3yeMoit HaMy 3aBUCUMOCTHU CHJIBI OT KOOPJIMHATHI,
9Ta 3aBUCUMOCTb KaueCTBEHHO IIPeJ/ICTaB/IeHa Ha PUCYHKE: IIPU
NpUOIMZKEHNN K KaTYIIKe CKOPOCTH OIMJIOK BO3PACTAET, a UX
KOHIIEHTpAIIUs 11aJaeT, 38 KaTYIIKOIi cuTyarus ooparrasi. Ciie- o
J0BaTEJbHO, 38 KATYIIKOI cO3/IaeTCd MOBbITIEHHASd KOHIIEHTPA- e __ el ______ —
s MEJJIEHHO JIBUKYIIUXCA ONMUJIOK, KOTOPbIE TOPMO3AT JIBU- .
Kenme Mmacia. 3.2 IIpexiae dem repexoanTb K pacCMOTPEHUIO
JIOBOJIBHO CJIOYKHOTO BbIpasKeHust (4) OIeHUM OTHOIIIEHIEe MOy~
JIeH cuJ1, AefCTBYIONIUX Ha OTAE/IbHYIO YACTUILy. /I OTleHKM CUJIbI BA3KOTO TPEHUS, JIENCTBYIONIEH
Ha ITOKOSITILYIOCST 9aCTHIKY [, HAXOISIIYIOCA B IIOTOKE MacCja, BBIPA3UM CKOPOCTD JIBUKEHUsT Mac-
Jla B OTCYTCTBUM MATHUTHOI'O IO/ U3 U3BECTHOI'O 3HAYEHUS PacXoja Macja

qo 10 - 10_6 _9M
= S 53110720
YT 2 T Gor 100 7 ¢’
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B 9TOM CJIydae cujia BA3Koro tpenus Sug = 1,5 - 1074 H smaunresbno 60/ible BLIYUCICHHOMN paHee
MarauTHOH cuibl fo. [losromy mobaBka K equHuIe B 3HaMeHaTese DyHKImN (4) Masa, MOTOMY
9TO BbIPAXKEHUE MOYKHO YIIPOCTHUTD

Fn(2)\
Bu

Fn(2)
Bu

n(z) =ng | 1+ ~ng|l—

Ecan xxugkocTs JieficTByeT Ha 9aCTHUILY ¢ CUJION 5(u—v), TO C TAKOM Ke 110 MOJLYJIIO CUJIOA 9aCTUIKA
JIEHCTBYeT Ha JKUJKOCTh. BbIIeSMM B IBUKYINEHCT KUJIKOCTH CJIOH TomuHON Az, cymMMapHast
CI/IJIEL?’, JIEMCTBYIONIAs Ha YKUJIKOCTH CO CTOPOHBI OIMJIOK B 9TOM cJioe, OyJ/IeT paBHa

0 (AP,) =nAzB(v —u) = nAzF,(2). (5)

371ech NAz - YUCI0 ONUJIOK B CJIOE €MHUYIHON ILIOMIA N, KPOME TOTO YITEHO KBAa3WCTAIMOHAPHOE
puOJINKEHNEe YPaBHUBAIOIIEE CUJTY BI3KOCTH C MArHUTHOM cuJIoi. {1t Toro 4Tobbl HAliTH cymMMap-
HOE JIaBJIeHHEe HEOOXOIMMO MPOCYMMUPOBATH Bhipaxkenue (5) 1o Beeil jymnHe TPYOKH, TAKOe CyM-
MHUPOBaHUE B PACCMATPUBAEMOM CJIy4ae IMPOBOJIUTCS TPUBUAJIBHO (HEOOXOJAUMO IPOCYMMUPOBATH
JIBA CJIAraeMbIX, COOTBETCTBYIOIINX JIBYM OOJIACTAM, TJie CKOPOCTb OIMJIOK OTIMYHA OT CKOPOCTH
Macjaa

33

AP, =ng —ﬁ folo — 1o 14‘& folo = —2

Bu bu

B coorBercTBUM ¢ HAIIMMU KA9eCTBEHHBIMU PACCyKICHUSIMHU 3TO JOTOJHUTEIbHOE JIaBJIEHIE OKa-
3aJI0Ch OTPHUIATEbHBIM, TO €CTh JEHCTBUTEILHO, MArHUTHOE II0JIe, JEHCTBYS HEIOCPEICTBEHHO
TOJTBKO Ha OMUJIKHU, OTIOCPETIOBAHO TOPMO3UT MacJIo.

nofozlo

- (6

3.3 OTHocuTe/IbHOE U3MEHEHNE PACX0/la BBU/LY MAJIOCTH JOMOJHATEILHOIO JaBICHUs TaKKe OyaeT
MaJjIo, MO3TOMY MOKeT ObITh HalIeHO MPUOJIMKEHHBIMIA METOMAMU. 3AITUIIeM BbIPAXKEHUS JIJIs
pacxojia MacJia B JIByX CJOydasxX B IPUCYTCTBHUU 110JIs U 6€3 Hero

q = CAP,

= C(AP, + AP,) 0

n Haﬁ,ﬂeM X OTHOLICHUE

q AP,
4o AF,

nofglo

Her HeO6XO,ZLI/IMOCTI/I pemaTb 9TO YpaBHEHUE TOIHO (O6paTI/IT€ BHUMaHNE - CIIpaBa B YPaBHECHUU IIPpU-
CYTCTBYET HEU3BECTHaAsA CKOPOCTD U, IIPOIIOPpIUOHAJIbHAA PaCXOIy Ma(ma), TaK KaK CaMO YpaBHEHUE
ABJIACTCA HpI/I6JH/I}KeHHbIM, II0O3TOMY, HE Tepdd CTEIIE€HU TOYHOCTU, MOXKHO CUYHUTATh, YTO U ~ Ug U
3allnucaTb
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OTKYyla CJIeJIyeT

@ _ _9 no.fglo ~ 9 no.flo
qo B(UO -+ 5U)APO BUOAPQ.

(10)

. oq - -2
[ToncTanoBKa YuCIEHHBIX 3HAYEHUN JlaeT pe3yabrar — ~ —1,3 - 107",
do

Kaxk ciemyer uz dbopmysbt (10) oTHOCHTEILHOE U3MEHEHHE PACXOJIA TIPOHOPIHOHATBLHO KBAJPATY
CUJIBI, JIEUCTBYIOIIEN Ha OMUJIKU, KOTOPas B CBOIO OYepe b IIPOMOPIMOHAIBHA KBAIPATY CUJIbI TOKA
B KOJIbIIE, CJIEJIOBATEIHLHO, YMEHBIIIEHNE PAcXo/ia MPOIOPIIMOHAILHO YeTBEPTO#l CTEIIeHN CUJTbI TOKa
q
B KOJIbIlE, —— o I%.
do

3.4 ITosyaum TOYHOE ypaBHEHUE, OIIPEICISIONee CKOPOCTh YCTaHO-
BUBIIETOCS JIBUXKEHUS MacJa.

AL
Sanumem ycJI0BHE CTallMOHApPpHOCTH IIOTOKa MacCJjia JJId TOHKOI'O CJIOA (‘j‘-P «I—)E‘Fm
oP

TOJIIUHON Az

EHIR.
P + 0P, — 6Py = 0, (1)

B KOTOPOM 0P, 0 P,,,, 0 Pyysi. - JABJICHNUSI BHEITHEE, MAPHUTHOE U BSI3KOE, COOTBETCTBEHHO.

[IpocymmupyeMm 310 BhIpazkeHue 1o Beeii jymmae Tpyoku. OTaeabuble caaraeMble OYIyT UMeTh BUT:

E A
Sy
F
-
Y 5
VA
S B
1 | o
'Ia Ia z
1@ A
nﬂ
_g:'_
! |
] T %

XL: 0P = AP, - npujioxkeHHasi K KOHIIAaM TPYOKM pa3HOCTH JIABJIEHUIA; XL: OPyys. = Cul = APO%
- TIaJIeHNe JIABJIeHUs] BCJIEJICTBIE CUJI BA3KOCTH; Y 0P, = > n(2)AzF,,(z) - cymMapHOe JlaB/ieHue
L

L
CO CTOPOHLI OIIMJIOK Ha MacJIo.
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[Tocnenior0 cyMMy JIETKO BBIYUCUTE JIJIsI PACCMaTPUBAEMOl HaMU MOJEIN PACIPE/Ie/IEHUS CUJT
o JiymmHe TpyOku. Ha prcyHke mokaszaHbl 3aBUCHMOCTU OT KOOPJIWHATHI CHJIBI, JIEHCTBYIONIENH Ha
YaCTHUILY, CKOPOCTH YaCTHUIl U UX KOHIICHTPAIWN, C IIOMOIIBIO 3TOTO PACYHKa HAXOIUM

ST SR R
L L ~ Bu

To
1+ 5 Bu
bu
= o flly
O (Bu)? + f3
Takum oOpa3oM, MoJIydaeM ypaBHEHHE, OIpeje-
.HHIOH_Lee CKOpOCTb u yCTaHOBI/IBH_[eFOCH LLBI/I}KeHI/IH
MacCJia. P
APy = ARt omof2lo— L0 —0. () -
i O (Bu)? — f2 ! I

[Ipoanaymm3upyemM BO3MOXKHBIE PEIICHUS 9TOrO AP :
ypaBHeHud. J[jig 9T0T0 MOCTpOMM IpUMepHBIE T'Pa- '
duKN 3aBUCUMOCTEHl JaB/JI€HUI OT CKOPOCTH JIBH-
JKeHnd Maciaa. Kak cieayer m3 rpaduka, JaHHOE N
ypaBHEHHE MOXKET MMETh JIBa KOPHS, OOJIBLINNI U3 [
HUX JIa€T UHTEPECYIoIee HAC 3HaYeHNE YCTAHOBUB-
1elicsi CKOPOCTH, MEHBINUii HeyCTONYnB (U410 JIErKo
nokas3arh). [Ipu yBemueHnn CUIbI TOKa BO3pacTa-

eT MarHuTHOE JIaBJIeHHe W IIPU HEKOTOPOM 3Hade-

HUHU TOCJIe/IHEr0 ypaBHeHue (2) He OyleT MMeTh KOPHEH, 9TO COOTBETCTBYET OCTAHOBKE Macia.
Taxum 0oOpa3zoM, OTBET Ha IMOCTABJEHHBII BOIPOC MaTeMAaTUIeCKU (POPMYIUPYETCS Tak: IPU Ka-
KUX yCJIOBUSIX ypaBHeHue (2) KopHeil He umeer. [[jis yjo6cTBa aHAIN3a €Ille Pa3 MePEeruIieM TO
ypaBHeHUe

u

2
APO = AIDOE + 2n0106U0 ( fO ) 40
Bug <

2
Uo u fo
> + (5)

 BBEJCM ODOBHAUCHHUI: 1= = T, 4 = %, b= %, OKOHYATE/ILHO TOJIYINM yPABHEHHE B «IIPH-
BEJIEHHOM» BH/JIE
x
x+2ab2ﬁ =1. (3)
x?—b
1o ypaBHeHHE He OyJeT MMeTh KOPHEi, ecju MUHUMaJbHOe 3HadeHue dyHkmmn F(xr) = x +
2ab® %7 upesbicuT eauHuy. OLEHEM YHCIEHHBIE 3HAYCHHS IAPAMETPOB STOIO YPABHEHILS

noloBuy 101 -7.56-1073 - 1,5- 1074
a= = ~ 11,3
AP, 103
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fo 356107

b == ~
BUO 175 -10—4

~24-1072

2
Tax kak BeqmunHa b MaJia, TO paccMarpuBaeMyio (YHKIIHIO MOXKHO ynpocTuth F(z) ~ x + %.

MuHuMaIbHOrO 3HaYEHUs 9Ta (PYyHKIM JocTuraeT npu x = v 2ab? u pasuo Fp;, = 2bv/2a. Takum
obpazoM, ycaoBUe MpeKpalleHnsd TeIeHNs Macja UMeeT BUL

20v2a > 1, unn

AR (@)

BUO 2\ noloBuo’
HaxoHer BCIIOMHEM, YTO BeJIMYHHA fo TaK ABJIAeTCH KOSPMUIMEHTOM IIPOIOPIOHATBHOCTH MEK-

JIy CWJIOH, JIeUCTBYIOINIEN HA YACTUILy W KBaJIPATOM CHJIBI TOKA, ITO9TOMY OKOHYATEbHOE BhIpasKe-
HUS JIJISI CUJIBI TOKa, IIPU KOTOPOM ITPOU30MJIET OCTAHOBKA Macja MMeeT BU/

Bug APO
1> ~25A.
o \/2f0 noloﬁuo

I Moxxno menonbzosaTh 3ak0H OMa 1 B «0OBIIHOIT hopMe — «JIJIs y9acTKa renn». 2 Konedno, B
Ka4uecTBE 9aCTOThI KOJIeOaHU MOXKHO B3ATh COOCTBEHHYIO YaCTOTy KOJeOaHUN w

3 By,LLGM CHUTaTb, 9TO BbI,ZLeJIeHHbeI CJION nMmeeT CAMHUYIHYIO IIJIOIIa/db IIOIIEPEIHOr0 CEYEHMA, TOT I
MbI C IIOJTHBIM OCHOBaHHWEM MO2KEM I'OBOPHUTBH O JaBJIEHHUHU OIIMJIOK Ha 2KHUJIKOCTb.
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