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ITycts MexaHMUecKas CHCTeMa COCTOMT M3 OTHENIbHBIX YacTed, CBA3AHHBIX MEXY
co6oil MOTeHUMATBHBIMU CWwIaMH. OTHOCUTEIBHOE [IBUXKEHHE YacTeHd NPOUCXOMUT B OUEHb
BA3KON >KHOKOCTH, TaK 4YTO cOOGCTBeHHble KOJNeGaHUA B HMEIOLIMXCA IOTEHIMATbHBIX
Amax mnepememndupoBansl, Takas Monenb HCNONIb3yeTcsa B (PU3MKO-XUMUUECKON GHOIIO-
TMH [OJI ONMCAaHUA MeXaHWYeCKMX CBOKCIB rioOynsapHbix GenkoB [1]. IIpu 3tom coso-
KYIIHOCTh JIOKAJIBHBIX MHHHMYMOB NOTEHUMAIbHOM (GYHKUMH (Ha3biBaeMbIX KOH(OpP-
MAalMOHHBIMU COCTOSIHUAMH) M CHOCOOHOCTb CHCTEMBI IIEPEXO/IMTh M3 OJHOTO MHHHUMY-
Ma B [IpPYroil ABIAITCA BaXKHEWIIMMM XapaKTePUCTHKAMH, ONpPEeNAIIUMA PYHKIHMO-
HUpoBaHue rnobynsapHoro Oenka. TpeOyercss BBIACHUTb, KaK MOTYT H3MEHMTbCA KOH-
¢dopMalioOHHbIE CBOMCTBa (MOJIOXEHHE MUHUMYMOB U MX OTHOCHTENIbHAsS [NIyOMHa), €U
MPWIOXHUTh K YaCTH CHCTEMbI IIEPUOJUYECKYI0 CHITy MAJIOrO IepUofa, He UMEKINyIo II0C-
TOAHHOM COCTaBisiolied. 3a/jaya TaKOro poja BO3HUKAET NPU TEOPETHUUECKOM OMMCAHHU
MeXaHu3Ma BO3JEHCTBUA NEPUOAMYECKUX IEKTPUUECKHUX IOJIeH Ha riioOynspHbie Genku
U Ipyrue GHOTONTUMEpBI.

B Hacrosimieit paboTe maeTcs KaueCTBEHHBIN OTBET Ha IIOCTaBJIeHHBIH Bompoc. C
3TOM LENBI0 PaCCMOTPEHa MpOCTeHllas CUTyalMs, KOIJa MMEeTCs TOJIBKO OJHA CTEreHb
cBoOOMpI. YpaBHEHHE OBM)KEHUA COBIIA/Ia®T TOTHA C YPaBHEHHEM IS aHTapMOHHYECKOTO
OCHMJIIATOPa B MOTEHUMAEe C HECKOIPKHMU MHHHUMYMaMHM, IOMELIEHHOTO B BA3KYIO
XHIKOCTb, KOTOpasfg He fABIAETCA HHIOTOHOBCKOH (HEHBIOTOHOBOCTb OHONIOrHYECKHX
XHUOKOCTEH — M3BECTHbIH B peosiorud GakT), T.e. CWIA TPEHHWsl 3dBUCHT OT CKOPOCTH
HENUHEHHbIM 00Opa3om. [loBemeHHe TpaeKTOpHMH YKa3aHHOH CHCTEMBI MCCIEAyeTcs B
pabote. IIpu 3TOM yCTaHOBIIEHO, YTO KaXfas TpaeKTOpus MO0 yXomur Ha GeckoHeu-
HOCTBb, JTM00 BBIXOAMT Ha (DMHAITBHBIN PEXXUM JIBWXKEHUsI, KOTAd KOOPOMHATA W3MEHAETCS
BHYTpH (UKCHPOBaHHOM Majioi 00IacTH NMPOCTPaHCTBA, MOJIOXKEHHE KOTOPOi MOXET 3Ha-
YUTEJIBHO OTIIMYATBCA OT IOJIOXKEHMA JIOKATPHOTO MMHMMYyMa HCXOOHOW NMOTEHLMATIbHOM
¢dynkuun. [Ipu paccMOTpeHuH OBMXKeHUA B rpyGom macintabe (Hanwuue MepapXuu mac-
1mTaboB U BpEMEH XapaKTepHO /Ui BHYTPEHHUX BIDKEHHM B rioOynsapHsix Genkax [1]),
KOrja pasmMep yKa3aHHOW 00iacTé npeHeOpexuMo Mall, MOXXHO TOBOPUTh O HOBOM JIO-
KaJIbHOM MHHMMYyMe NOTeHUManbHOH (yHKuuu. [TocmenoBarenibHoe pacCMOTpPEHHE MO3BO-
JIfeT 3aKJII0YUTh, YTO BHEIIHEeE MepUOJMYECKOE BO3[IEHCTBHE MPUBOOUT K MOAMGbHKALMU
NMOTEHIMANbHON QYHKIMI, COCTOALIEH B NMpUGABIIeHNM K He# JIMHEHHOTrO IO KOOpAMHATE
cnaraemoro, HaGop KoH(OPMAUMOHHBIX COCTOSHHN MOXET IPH 3TOM KakK 1e(opMHpO-
BaThCsA (M3MEHEHHE MNOJIOXEHHs W IIyOMHbI MMHHMYMOB), TaK M KauyeCTBEHHO Iepe-
CTPOUThCA (OTHENbHBIE MUHAMYMBI MOTYT MCY€3HYTh H/WIM TOSBUTHCA HOBBIE MUHH-
MYMBI) .

1. B pa3MepHbIX nepeMeHHBIX ypaBHEHUe IBMXKEHHA aHraPMOHHUUYECKOTO OCLMILISA-
TOPa C HEJTMHEHHBIM TPEHHEM U NEePUOUYECKON BhIHYXIAIOIIEH CHIOH UMeeT BUJT

A mE Ve AV - E (V(T)>-Ff(1— ® X(T))
de () () - Eg Vs =l T)- 090< X, /)

L xwy=v
- X(0)=V ),

1341




roe X, V, m — xkoopaMHaTa, CKOPOCTh M Macca OCHMIUIATOpa; A XapaKTepu3yeT JMHEHHOe
Tpenue; E, Vo u GespazmepHasas GyHKIMsA & — HenuHeiHoe TpeHue; Po, Xo u 6e3pasmep-
Hasi (yHKUHMA ¢ — CWIY CO CTOPOHBI aHTaPMOHUYECKOro noteHuuana; Fo, T u 6e3pa3mep-
Has ¢yHKuus [ — BeHyXmatouyto cwiy (mepuoma T') . Koncrantsl Fy, o = 0 BbiGpaHbI
TaK, 4T0 QYHKUHUHM [, ¢ He MPEBOCXOMAT O MOAYII0 enuHuIbl. OyHKINA & U3 Pu3nIecKux

- coobpaxkeHu#t OOJKHA ObITh HeueTHOM. [Ipeanonaraercs, 4To g€ ¥ ¢ YHOOBIIETBOPAIOT yCIIO-
Buio Jlunmumua ¢ nocrosHHbiMu £* U ¢ * cootBercTBeHHO. [Ipennonaraercss TakXe crpa-
BE[IJIMBOCTh HEPABEHCTB

(2 Eg'l(AVo)<'h,
B) ATm<1,

4  me*®e/(A*Xo) < 1.

HepaBeHctBo (2) 03HayaeT MajoOCTh HENUHEHHOW KOMIIOHEHTHI TPEHHUs 10 CPaBHEHHIO C
nuHeiHoi, (4) — mepemeMiguUpPOBaHHOCTh COOCTBeHHBIX KosebGanuit. HepaBencrso (3)
BBINOJIHAETCA, €CIIM NEepUOJ, BBIHY)KIAWOIIEH CHITbI [OCTaTOYHO Majl. B Gespa3amepHBIX
nepemenssix t =7/T, x =X/ (Vo T), v = V[V, ypaBuenue (1) umeer Bup

(&) VO +tN@-eg®) =fof (D) —vovkox(®), x(D)=v().
2. PaccMoTpuM BcniomMorarebHOe YpaBHEHHE :
(6) v+iv-eg)=h(),

rae |All = sup |A(2)| < oo. BnusHue BO3MyLUEHUI MPaBO¥ YaCTH HAa EIUHCTBEHHOE
t>0

(cm. [2, 3]) peuuenne ypaBHenus (6) oueHUBaeTCA
7 lsvlI<@A—eg®) ! L8Rl

PaccmoTpumM ypaBHeHHE
8) v+Av—eg)=/fof (1) +d,

rae fof(t) — l-mepmommueckas GyHKUHMA, He MMeIoIIAs MOCTOSHHOM COCTABIIAIOLIEH:
1
(fre= f f()dt = 0. YpaBHenne (8) MMeeT eIUHCTBEHHOE IEPHOMMYECKOE peLICHHE

vg (t) Pemelme vy (2) ACUMITOTHYECKH yCTOHYMBO, TPHYEM BCE DEIICHHS CTPEMSTCS
K Uy (¢) mpu ¢ = oo, CKOPOCTb BBIXO/Ia Ha YCTAHOBHMBILHMIACS PEXUM ABHKEHHA (Ha MepHo-
OMYECKOE PEeLeHHe) MOXeT ObITh OlleHeHa

© v (+én - V(t+5t)|<exp((eg‘ AL IR GETGIR

rae v (¢) — mpou3BOJIBHOE pelieHne ypaBHeHus (8).

Onpeneneunue, OcTaHaBIUBaIOLIed CWIOW NIA He HMEIOIIEH IOCTOAHHOM
COCTaBJIAIOLIEH Bbmyxmalomeu cwibl fof(¢) Ha3piBaeTcsi MOCTOAHHAsA do, YHOBJIETBO-
pAIOIIAA COOTHOIIEHMIO { U3¢ ) = 0.

Teopema. Ocranasausaowas cuna Cywecreyer, eOUHCT8eHHa U yOosaer-
eopsAer oyenke

(10) |do|§fo- : ]

JHoka3aTenbCTBO IPOU3BOAUTCS IIEPEXOOM K HHTErpaIbHOMY YpaB-
Henuio i v} (¢). HeBoamoxHOCTs yimyuumts oueHky (10) creflyeT M3 pacCMOTpEHMS .
KOHKPETHBIX CUTYAL|il, HAIPUMeEP KOT/Ia HMeeTCs TONbKO CyX0e TPeHHe.

U3 onpenenenus U Teopemsl ciemyer, uto eciu B (8) d =do + b, b # 0, 10 cKo-
POCTh B YCTAaHOBHUBILEMCS PeXHMe ABMXEHUsA OyHeT UMeTh MOCTOAHHYIO COCTaBIIAIOLLYIO,
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YHAOBJIETBOPAOLIYI0 COOTHOLLICHUIO

(A1) (W), , ) =b (1 +w@EIA,

(12) Iw(®)I< eg"/(\ —eg"),
PaccmoTpum ypaBHeHue
(13) vtlv—eg@)=fof(6)*+h(1),
rae fo f(t) — nepuonuueckas pyHkuus, a b (¢) — HenmepuonuIecKas, IpHIeM
(14) ts;x;(; | (d/dt) b(t)| < b*

Ypasuenne (13) obnamaer eqMHCTBEHHBIM pelieHHEeM U (f) is IPOM3BOJIBHOTO Hayasb-
HOro ycioBus. By/eM roBOpHTB, UTO [IBM)XKEHHE CO CKOPOCTBIO U(?)HUCHBITHIBACT ApeHd
BnpaBo (BNeBO) Ha WHTepBane [to; ;] (f1—to < 1), ecnu mna Bcex n € [to; t]
1

fo( + n)dt > 0(<0). Mo pyuxuun b(r) onpene'nnM KYCOYHO-IIOCTOSHHYI0 (yHK-
0

uuo b~ () cnemyrommm obpasom: t € [n; n+ 1[ = b™ (¢t) = b(n). Paccmorpum ypap-
HeHMe

(15) o7+ T —eg@T)=fo f(D)+b7 ().
Uz (7), (14) cnepyer ouenka
(16) llv—v I<b*/(A —eg*),

roe v, v~ — peutenns ypasHeHuit (13), (15) COOTBETCTBEHHO C pPaBHBIMH HaYaTbHBIMHU
YCIIOBHAMH,
Ins mpousBonbHOU pyHKIMK d (¢) ompenenum (bymcumo vd(t) (t) KaK 3Haqe1me
B MOMEHT ! NepHOIMYECKOro pemlenus ypaBHenus (8) c d = d(t), t — “3aMOpoxkeHO”.
Ha xaxmom untepBasie ¢ € [n; n + 1[ (15) coBmapaer mo ¢opme ¢ (8). IToato-
My u3 oneHok (3), (7), (9), (16) cinenyer ouenka

a7 lv@ vy, O1<b* /- eg")’,

roe v(t) — peuwenue ypaBHenus (13), crpaBemyiuBas Ha BpEMeHax, KOTZa NMPOH3OLUIO
”3abbIBaHME’’ HAYAIPHOM CKOPOCTH (KOrjAa BIMAHWUEM HAYaIbHOM CKOPOCTH MOJXKHO IIpe-
Hebpeus) . [lepexon K pa3MepHbIM BeJIMYHHAM IO3BOJIAET 3aKIIIOUHTH, YTO OXapaKTepH-
30BaHHasA HepaBeHCTBOM (17) TOYHOCTb amMmpOKCHMMauuy pelleHuss ypaBHeHus (13)
CeMEHCTBOM IMEPHOAMYECKHUX pellleHui ypaBHenuil (8) Tem Bbile, yeM Gombiue Ko3d-
dunmeHT TpeHus A,

3. VpaBuenusa (1), (5) o6naganT eOMHCTBEHHbIM pellleHWeM mjiA Bcex ¢ > 0
(cm. [2]). Hanuume Gomsuioro Tpenus A B (1) mo3Bonser 3aKiiOYHTh U3 3HEPreTH-
YeCKHX cooOpaxkeHMit, yTo OOnbllMe HayaJbHbIe CKOpOCTH OymyT ObICTpO 3aTyXaTh M
HauMHasA C HEKOTOPOTO MOMEHTA !y BIIMAHHEM HaYaJIbHOW CKOPOCTH MOJXHO IpeHeOpeub.
JIIBiwkeHue Ha 3TOM 3Tame OynmeMm Ha3bIBaTh YCTaHOBUBIIUMCS. IIns ycraHOBMBIIErocs
nBwxenus u3 (7) UMeeM OLEHKY

(18) sup lv(@®)I<(fo +vo)/(\ —eg*),
13

roe v () — peutenue ypaBHenus (5).PaccmotpeB (5) kak ypasHenue Buma (13) cb(t) =
=—pov (kox(t)), nmeem u3 (17), (18) oueHky

(19)  [0(8) = vy~ ) 1< (fo +00) 9o 9" ko/(X —€g*)°,

rae v-(t) — peuenue ypaBHeHust (5), CIpaBemIUBYI0 B YCTAHOBUBLIEMCS PEXHME [IBH-
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XeHus. 3anucaB pa3MepHbiid BapuaHT (19), MOXHO BHOETH, UYTO TOUHOCThH aIIIPOKCHMA-
wm (19) obecneunBaercss GONBIIMM TpeHHeM A U “MATKOCTbIO” NMOTEHUMATHHON ByHK-
uuy (MaJTbIMU 3HaYEeHUsIMU €€ NIEPBbIX IBYX IPOU3BOMHBIX) .

4. Hanmmuue Gonburoro tpenusi B (1) mMO3BONAET NPEIIONIONKUTh, YTO HAUMHASA C
HEKOTOPOrO MOMEHTa BPEMEHU BIIMAHMEM HauyaJIbHOW KOOPHOUHATBI MOXHO INpeHeGpeub
(B manom”). JIBmeHue Ha 3TOM 3Tame GyleM Has3biBaThb (DUHATBHBIM (pELIEHHEM) .
3amuiem ypaBHeHue (5) B Bume

(200 v+tAv—eg)=fo f()+do — (o (ko(x(?)) +do—d), x=v,

roe do — ocraHaBnMBaiowas cwia mis fof (¢), a d — HekoTopas nocrosHHasA. Eciu 6b1
nepuopuyeckas cuna orcyrcroBana (fo = do = 0), To GuUHATBHOE pellIeHHe XapaKTepU30-
BaJIoCh Obl HYJIEBOH CKOPOCTBI0O M KOOPHOWHATON X, YHOOBJIETBOPAKIUEH yPaBHEHHUIO
Yo (kox)—d=0. Jlna pemenus v(¢) ypaBHenus (20) B yCTaHOBHBLIEMCS peXHMe
cripaBemMBa onenka (19) ¢

(21) b= —(vo ¢ (ko x (1)) +do - d):
(22) lv(@®- U;~(,) (D 1<(potldo—d|) p*ko(fo+do+po+Ido—di)/(A —eg*)>.

U3z nn. 2, 3 u u3 (22) cmenyer, uto ecnu 3amanHas dopmynoi (21) dyuxkuus b(f) B
OOCTaTOYHOH Mepe OTIMYHA OT HyJIA B TEUEHHE BPEMEHH, JOCTaTOUYHOrO I BBIXO/A Ha
YCTaHOBMBILIMICA PEXHUM OBIKEHWA, TO ABUXKEHHE CO CKOPOCTBIO U (), yHOBJIETBOPSIIO-
weit (20), Gyner ucnbiThiBath Apeid. deicrButensho, cormacko (11), (12), (22) musa
HTHYHS TOCTOSIHHOM COCTABJIAIOIIEH Y CKOPOCTH v (#) [OCTATOYHO BBINOJIHEHUS HEpa-
BEHCTBa

I o p(kox(2)) —d +do|> 8,
8§=(pot|do—d ) (fo tvotdo+|do—dl) p*ko/(1—2eg* M)\ —eg*)?.

Onpepenum Touky (TOuKH) X* ciemyromuM 06pa3om:
(23) wov(kox*)+do—d=0, ¢ (kox*)>0.

Ha oCHOBaHMM BBIILIECKa3aHHOTO MOXHO YTBEPXHaTh, YTO B GUHAIBHOM peXHMeE [BHXKe-
HUsi ypoBnerBopsiomiast (20) Tpaektopus x (f) OyHer cocpemoToueHa B OKPECTHOCTH
OfIHO¥ U3 TOYEeK X *, OIpeIeNnsieMOil HepaBEeHCTBOM

(24) 190 @ (kox) +do—d|<5.

5. OusMyecKu MHTEPECHBIH ClIyyail XapaKTepu3yeIcs HepaBeHCTBaMHU fo < o,
|d—dy| < ¢o. BamicaB B 3TOM Cilyuae pa3MepHblii BapuaHt (24), MOXXHO yCTaHOBHTD,
yro & umeer nopamok A~ u manocts 8 obecriedena (4). B 10 xe Bpems do MMeeT HyJle-
Boit mopsamok mo A. [fo3ToMy ecTecTBEHHO# sBNseTcs curyauus, korga 6 <do. B:atom
cnyyae u3 (24) cnemyer, 4TO €CliM K aHTapMOHUUYECKOMY OCLMIUIATOPY, MOABEPKEHHOMY
OEeHCTBHI0 TEPUOOUYECKOH CWIbI MAJIOTO IepHoja, NMpWiIoXeHa MOCTOSAHHAsA cuia d, TOo
TpaeKTopus (UHATBHOTO JABWXKeHHs OyneT cocpemoToyeHa B 00IacTH, yAaJleHHOH OT Mo-
JIOXKEHHH PaBHOBECHS X, KOTOPbIE ONPENIENAITCA COOTHOLIEHUAMH

(25) wop(koxo)—d=0, ¢ (koxo)>0.

[Ipu HaGmiomenuu 3a ABMXKeHMEM B Macuitabe, Korga pasmep oGnactu (24) npeneGpesxu-
MO MaJl, JBONIOUMA B (QUHATBHOM peXHMe [BI)KEHHs MOXHO CUMTaTh PaBHOBECHEM B
nonoxenun x*, onpenenennom (23). CpaBuuBasa (23) u (25), MOXHO yTBEpXHaTh, YTO
C TOYKM 3PeHHs KPYITHOMACIUTaGHOro HaGIIIOfeHUsA OCLWUIATOP, NMOABEPKEHHbIH NeHCT-
BUI0 TIEpHOIMYECKOH CHITBI, BeJIeT ce6st TaK (B CMBICIIE YCTOHUMBLIX MOJIOXEHUH paBHOBECH ),
kak Oyaro cunosoe none ®g ¢ (X/X,) 3aMeHeHO Ha HOBOe cwioBoe moie Pp ¢ (X/X,) +
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+ Dy (roe Do =domV,y/T). UcxoaHast MOTEeHUMATbHAS bynxuusa ©o P (X/X,) npu stom
TEpPEeXO/IUT B MOAMQHUKMPOBaHHYI0 NOTEeHIMaTbHYI0 GyHiKIH0 ¥ (X) :

(260) Y (X)=®,P(X/Xo) - Do X.

6. Ilna Toro 4to6s1 omucaHue 3ddeKxTa OeHCTBUS TEPHOAMIECKON CHITBI B TepMH-
HaX MOJM(UUMPOBAHHON NOTEHUMANBHON (YHKIMM GbUIO aJeKBAaTHBIM, HeoBXOIUMO
cornacHo (4), uToGbl cBs3b GbUla MATKOH, a BA3KOCTh GOJNBIIOIL. Heobxomuma Taxoke
¢usnyecku 060CHOBaHHAA BO3MOXKHOCTb NpeHeGpeub MenKoMacIuTaBHBIMK HOBYOKEHUAMU
Ha ¢oHe KpymHOMaciuTabGHbIX. Bce 3T TpeGOBaHUs BBUIOMHANTCA Wi BHYTPEHHUX [IBH-
XeHu# B rnobynapHeIx Genkax [1].

Bennunna Monudummpymomero spdexra onpenensercs cornacHo (26) BenuuuHOl
OCTaHaB/MBalowe#d cwibl Do, KOTOpass B PaCCMOTPEHHOH MOJIENH MOXET OBITh OTIMYHON
OT HyJIsA, €CIIH 3aKOH TPEHUs HeJIMHEeeH. (APTyMeHThI B I0JIb3y HE/IMHEHHOCTH 3aKOHA Tpe-
HUA B ro0ynspHbIx Genkax umelorcs B [4]) . [Tpu aToM abCconoTHOE 3HaYeHHMe D, moxer
ObITh GIU3KUM K aMIUTUTYIE BBIHYX/Iatowed cwibl Fo. B oGuiem cutyauuu Benuumna D,
CIIOXHBIM 00pa3som 3aBUCHT OT Qopmsl curHana Fo f(7/T). ®opma curHana, B CBOIO
OYE€pE/Ib, ONPENIENACTCA COOTHOLICHHEM aMIUIUTYN U (a3 OTMENIbHBIX €ro TapMOHHK, T.€.
MHPOPMaUMOHHBIM cocTaBoM. Takum 06pazoM, 3/1ech UMeeT MecTo XapakTepHasi Ijist
HEJIMHEHHBIX CHCTEM UyBCTBHTENBHOCTb K HH(OPMAUHOHHOMY COCTaBy BO3[EHUCTBHUA.

Asrop Gnaronaput B.I'. CamoiisieHKo, clieaBIIero ps/ eHHbIX 3aMeYaHHil.

HucturyTt Teopemqecxbﬁ busuxku IMocTynuno
Axanemuu Hayk YCCP ; 5 I11986
Kues
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