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HPI/IBJ'II/DKEHHBIE (DYHKI.II/IOHAJIIJI TFAMHUJIBTOHA
¢+ B SAHA‘IAX 0 HU3KOYACTOTHBIX T
U BBICOKOYACTOTHBIX CBOBOJTHBIX
KOJIEBPAHUSIX TIJIACTUHBI PEIICCHEPA

HasecTHo, uto npu peméuvm HEKOTOPBIX 3a7a4 O BbIHYXAEHHBIX KONEOAHMSAX TIACTHMH, B HACTHOCTH
NpU PEIIEHUM 3a7a4 O KoJeGaHMSIX MIACTMH NOA ASHCTBMEM YAADHBIX M APYrUX ObICTPO MEHSIOWHXCE BO .
BDEMEHM HATPY3OK, HEOGXOAMMO YUMTBIBATD MHEPUMIO BpalleHusi v AedOopMauMI0 NMONEPEUHOro COBMIa.
ToaTomy BaskHOE 3HaueHMe MPUOGPETAET PelIEHHE 3a1aUH O HAXOKIEHUM COBCTBEHHBIX YACTOT M COGCTBEHHDIX
dopM koneGammit nuactvmel B Teopuu Tvna PeiiccHepa. Peienye 5Toit 3ajauM OCYMIECTBASETCH, Kak
TNPABIIIO, YMCIEHHLIMH METOAAMM, MOCKONIbKY TOUHOE AHAIMTHUECKOE PEIEHUE YAAETCA NOCTPOWTD TOMLKO
B I0CTATOMHO PEAKMX CIyYasix. BOIBIMHCTBO YMCIEHHBIX METOZIOB OCHOBAHO HA MCTIOIB30OBAHMM BAPHMALIMOHHBIX
npuHuMnos. Pyuxkumonan I'aMWIbTOHa B TEOPMM IIAacTMH Tuna Peiiccnepa Bkuouaer B ceba GyHKLMHM,
ObICTPO MEHSUIOIIMECS MO MPOCTPAHCTBEHHBIM KOODAMHATAM, UTO 3aTPYMHSET MCMOJBL30BAHWE 3TOTO (DYHK-
LMOHAJIA B UMCJIEHHBIX NpoueRypax. Lesibio paboTsr asasercs GopMyIMpoBKa NprbAMMKEHHbIX (YHKLIMOHANOB
T'amibTOH2 B TEODMM MIACTMH TMNA 'Peﬁccuepa, 13 KOTOPbIX MCKJIIOUEHbI BCE ObICTPO MEHSIIOWMECS MO
NPOCTPAHCTBEHHBIM KOOPAMHATaM (YHKLMHM. . .

B ny6amkyemoit paGote NpoBOIMTCS aCMMITOTUYECKOE nccne)losanue 3amaun 0 CBOGOMHBIX KoneGaHmax -
TUIACTMHBI M NOKA3bIBAETCH, WTO NPH HM3KOYACTOTHbIX M’ BBICOKOWACTOTHBIX KOAEOaHMsX . DyHKUMH,
OMpEJIEASIOMME HANPAKEHHO-KEDOPMUPOBAHHOE COCTOSHUE MIACTMHBI, MMEIOT COBEPLIEHHO paanwmbm
XapakTep M3MEHEHMs MO MPOCTPAHCTBEHHbIM KOOPAMHATaM. OLHAKO, KAK NMPH HHM3KOUACTOTHBIX, TaK M NpH
BbICOKOUYACTOTHBIX cﬁo6onublx konebanusax, PeweHms  BKIIOYAIOT B cebs ObicTpo  MeHsIowMecs 1o
TIPOCTPAHCTBEHHBIM KOOPAMHATAM (DYHKLIMM: IPH HHBKOUACTOTHBIX KoNeGaHmsx 310 GYHKLMM THNA NOrPaHCIIOs,
4 NP BbICOKOYACTOTHBIX KONEOAHMSX 9TO (PYHKUMM, MPOHMKAIOUIME BO BCIO 06sacTb riacTHHbel. Hudke
Bynyr cdopmymmposansl nBa ¢dyHxumoHana IamMwibToHa, He 3aBMCAIME OT GBICTPO MEHSIOUIMXCS MO
TIPOCTPAHCTBEHHBIM KOOpAMHATaM (yHKUMI, OguH M3 KOTOpbIX MPEAHA3HAYEH A/ pEelleHUs 3ajadu o
HM3KOUYACTOTHBIX CBOGOMHBIX KONEOAHMAX, @ APYTOi — [A% PEWEHNS 3a1aUK O BBICOKOYACTOTHBIX CBOGOAHDBIX
kosebaumnsx. JanHble GyHKUMOHAbLI CHOPMYJIMPOBAHBI C OMPEAENEHHON ACHMIITOTHYECKOH TOUHOCTBIO, 4
MMEHHO: HM3KOUACTOTHBI (DYHKIMOHA NO03BOJISIET HAXOAUTL COBCTBEHHDIE HACTOThI U COOCTBEHHBIE Cboprl
¢ acMMNTOTMUECKOH omubkoit nopaaka O (h) B CDABHEHMHM C EAMHMUEH, @ BHICOKOUACTOTHBIA épyu-

KUMOHAJI MO3BOJSET HAXONMTh COOCTBEHHBIE UACTOTHI C ACMMNTOTHHECKOM OwmMOKOM mopsaka O (/1 ) B
CPaBHEHWM C EAMHMLIEN M MIABHbIE WieHbl COOCTBEHHBIX GOpM. v /

3apnaua 0 HU3KOUACTOTHBIX CBOGONHBIX KONEGAHUIX MCCAENOBANACE MHOTUMIM aBTOPaMH. Hogoit apnsercs
BapuauuonHas (GopmyanpoBka paHHoM sapaud. Clenyer OTMETHTBb, uTO cbopmynuponxa dyHkumonana
T'aMMIbTOHA B 3aflaye O HU3KOYACTOTHBIX Kone6aumx anasiornuna GopMynupoBke (GYHKUMOHANA SHEPruu
B 3a5aye O CTaTMueckoM uarvbe nuactuubl Peitccrepa . TT05TOMY Npy M3NOKEHMM 33RAUM O HUSKOUACTOTHBIX
K0/1E6AHMSIX OrPaHUUMBAEMCS TOJLKO OCHOBHBIMM PE3YJ/bTATAMM.

3ajiaua 0 BbICOKOYACTOTHBIX CBOGOMHBIX KONEGAHMSX MIACTHMH UCCAEAOBAHA HEAOCTATOUHO. 34eCh CaeLyeT
ormetuTb paboty [1], B KOTOPOI1, MCxOAs M3 TPEXMEPHOi TEOPHH YMPYroCTH, NpU HOMOLLH. BAPUALMOHHO-
acummomqecxoro METOZA NOJY4EHb! YPABHEHMs CBOOOAHBIX KOJIE0aH I IACTUH IS PA3NMUHBIX YaCTOTHBIX
crnexrpos. B ormmane or {11, B nyGamkyemoit pabore npeanpuHsTa NONbITKa TakuM 06pazoM copMyIMpoBaTs

3azavyy O BbICOKOUACTOTHbBIX KOJle6aHM$lX, uto0bl OHA CTana yn06HOM A1 NPOBEACHMA YMCJICHHDBIX PACYETOB

| Pe3yabTatbl UCCAEROBAHMIT MO HTOM 3apave OyRyT CKOpo ony6amMKoBaHbI COBMECTHO ¢ I1. A. KnmHbiM.
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M
M OXBATHIBANA '~ BCE. 'BOSMOXHBIE TWMBI TPAHMUHBIX YCJOBHIL, Cn’enycf OTMETUTb TAK¥XKE, UTO
-COPMYIMPOBAHHBIE HIXKE ypaBHeHmi As abxcoxoqacmmhxx cao6o;1bex KONEGaHMIt OTJINUAIOTCA  OT
ypaBHeHuu u3 [1]. |

B ,

, 1. CBOJKa OCHOBHBIX ypaBHeHnu TEOPUH IJIACTHH TMNAa Panccuepa. PaCCMOTpHM
3ajauy o cBOGOZHBIX KosieOaHMsX . IVIACTHHEL C yYyeToM UHEPUMY BpAIICHWS W JAe-
¢opManuy mOnEpeyHOro CABUra. Y paBHCHHS, onncmBalomne CBoﬁomere KosieOaHus

 IUIACTHHEL UMEIOT BUI [2] ‘
h3

DAA(D+phd)- (1+1,(1 u)) A(T)+12Gl.. =0 o ,»_“(1.1)
AF——h2 F ﬂGF—_o LRI R ¢ 2

ITonepeunsiit mporu6 w, BeKTop YIJIOB nosopo'ra 1[), BEKTOP nonepelmmx cut N
M TEH30p- MOMEHTOB M BLancnmoTcsx TI0 (bopmynaM ’

+6I‘(1'; )Ad)'.' nGFd) b= V(D+VF><n o /

N = DVAcD—(phs/lz)v<b+Gh1“VFxn;. e ad
M= D[(l—u)VV(D+pA(Da+(1/2)(1—u)(VVFxn——nxVVF)] R

3nech h— Tommuma” wiactars, D = ER/[12 (1'= p?) ] — xecTkocTh Ha -M3rub,
GhI’ — xecTkocTh Ha caosur, G = 1./2E/(1 + p) T — koadpduuuenT monepeysoro cAsu-
ra, p — Koadduunent Ilyaccona, p — obbeMHast IIOTHOCTb MAacCCH, N — BEKTOpD E€RH-
: HWYHON HOPMAJIH K TLIOCKOCTHM ILIACTHHBI, @ = E-~ nn, E — eInHAUHELA TEH30.

Tonepeunsrii nporu6, BEKTOp YIVIOB TOBOPOTA, BEKTOD IONEPEUHBIX CWJI ¥ TEH30p
"MOMEHTOB CBSI3aHBI € NEPEMEIICHASMA. U HANPSKEHHIMH B TpexmepHon Teoppm
' ynpyrocm CAERYIOLIM 06p330M 31 -

hw= (u-n), h’«p—(uz) ={a-tn) - : IO ,(»1(.4_)‘

hl2 T o -

M= (ot 2 0= T s

: -h/2 v . . _
rae UM T— ~ BEKTOD ‘TEPEMELICHIA U TCHSOp Hanpsvxe}mn B TPEXMEDHON TEOPHH.
Knnemamqeexne TPaHUYHEIE YC/IOBHS MIMEIOT BUX o .
. =0, vqn_o tpl=0 ' S (LS
'Cnﬂonme rpalmtmbxe ycnomvm 3aHHCbIBaIOTCSl B cpopme

vNI, =0, vM-l =0, vMtl =0 : R 1.6)

3mech v, T — BEKTOPH E€AMHWYHOM BHEIUHEH HOPMAIH M EXMHHUHOM Kaca'reJIbHoﬁ
K KOHTYpY IUIACTHHBI, IIPHYEM BEKTODH V, T, N 00pasyioT mpaByI TPOMKY.

Ussectro [4], uro B Teopun miaaciud tuma PeiiccHepa CYIECTBYET TPH CHEKTpa
COOCTBEHHBIX ‘{aCTOT, JUIS. KOTOPHIX . cnpaBemmBm CERYIOINE. achnTomqecxne
ouenxx«r s -

=h2m<‘)+h3u)(')+ | o ,(1-_7),

120F/(ph2)+m<2> toos o= 12GF/(ph2)+m(3) +.

B v: (3 nepshm CHEKTp M3 (1.7) xapakrepuayer HHU3KOYACTOTHBIE n3m6Hme KoneGaHmI,
BTOpOIt U TpeTuilt criekTpu u3 . (1.7) xapakrepusyior Bmcoxouacromme CHBMTOBBIE M
nsmﬁnme Koneﬁamm . :

\
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2. HN3KO4YACTOTHbE CBOBGOMHbe KoseGaHus. IIpH HMBKOYACTOTHEIX CBOGONHBIX
xoneGanusx dpyuxmun @O u F 061aaa10T TAKUME XK€ CBOMCTBAMH, KaK M IIPU CTATHUCCKOM
warube wracTHb.  OyHKnus O OMMCHBAET NPOHMKAKMME BO BCIO 0014CTh PCIICHUS
¥ SIBJISETCS MEIUICHHO MEHSIOWEHCS MO MPOCTPAHCTBEHHBIM KOODAMHATAM (YHKIMEH. -
C acummroTHueckoi ommbxoir nopspxa O (AY) B CpaBHEHUM C IVIABHBIM WICHOM .
ypasuenue (1.1) coBmamaer ¢ ypaBHEHHEM VISl TONEPEUHOrO nporuba B TEOPHH
Kupxroda: , : ’ PR

DAA® + phd =0 2.1

Oyrknug F npencrasiser co00it (hyHKITHIO THIIA TIOrPaHC/ION, 6BICTPO "yOBIBAOIIYIO
npA yAQJIEHHA OT rPaHUIBl ¥ MEJIEHHO MEHSIOIIYIOCS BIOJb KOHTYDa IJIACTHHBL
Ioxa3ago 2, uTo MOrpaHCIONHEI oTeHIMAT F c'acumnromqecxoﬁ omuOKoi HOPSAKA
O (h*) B CpaBHEHMH C IVIABHBIM UJIEHOM MOXET ObITH MPEACTABJICH B BHAE

F(v,t)=f(r\)’[l—%] ‘exp (%v), 6§V1_2—l:'(v<0)" B V . (2.2)

3nech v, T — JOKaJbHAS CHCTeMa KOODIWHAT, BBEACHHAs HAa KOHTYPE IUIACTHHEL
R — pajguyc KDWMBH3HBI KOHTYpa B JAHHOH TOuKE. 3aMETHM, YTO dopmyna (2.2)
cripaBeaamBa, korna A/R << 1. lng dynxunidt F u @ npu HU3KOUACTOTHBIX CBOGOMHEIX
KOJIEOAHMSAX CIPABEIMBO ACHMIITOTHUECKOE COOTHOLICHME: F ~ )

Be/IMUMHbL, XapAKTCPU3YIOMHE HATPSKCHHO-AePOPMUPOBAHHOC COCTOSHUE IUIA-
CTHHBI IPH HU3KOYACTOTHHIX KOJICOAHUAX, UMEIOT aCHMITOTHUECKAE IIPENCTABICHNU,
B TOUHOCTH COBMNAJAIONIME C TEMH, KOTOPHIE MMEIOT MECTO IPH CTATHYECKOM usrubde
MLJIACTHUHEI

w=—O,P =,/V® - %f(‘t) gxp (%v) T

h 2R} T 2R

'

N = DVA® + GHT | (—9 (1-3%) +*L>f(1)t+
+ ( (,1 —-2";) f (&) +—;%f(r)) v] exlp (%v) o 2.3)
M =D [(1 - p) YVO + pAda] + [D (1 - p)%f’ (v (V»V\—ltt) -

_GhF'<l_—ﬁ;—%)f(r)(vr+w)]exp‘(%v) - } .

KuHeMaTHUECKHE TPAHMYHBIE YCIOBHsS OyRyT
o o o0
—0L=0, 55| =0 T
CuoBEE TPAHHYHEIC YCOBHS WMEIOT BHX
0AD
av

92, 2 -
D 9_@..{..&_6_(24.”9_2 +D(1—}L)§f’(t)=0 ) 2.5)
¢ T h ' , ' ' :

_3 _ .
c—-zf('t)—o | 2.4

D

| + GhIf' (v) =0

WV R v v/
D 24
_D(I—P)W-C—Ghl“(lv—ﬁ)f(f)=0

I'pasuunbe ycnosust. (2.4), (2.5) uMEIOT TaKo# Xe (pu3nuecKu# CMBICA, KaK H
ycaosus (1.5), (1.6) COOTBETCTBEHHO. Cn

2 Cwm. npumeuanue Ha c. 181.
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Ypasrenus (2.1), (2.2) B coBOKymHOCTH ¢ rpaHuyHEIMK ycaoBuaMu (2.4), (2.5)
HPEACTABJISIOT cO00# NpHGINKEHHYI0 (GOPMYIUPOBKY 33AAUM O HH3KOUACTOTHBIX CEO-
GORHEIX KOMEOAHMSAX, MO3BOJISIONIYI0 HAXOXHTH COOCTBEHHBIC YACTOTH, a TAKXE BCE
usnueckne BeMUMHEL, XaPAKTEPA3YIOIINE HATIPSKEHHO-IEOPMIPOBAHHOE COCTOSHNE
TLTACTHHEL, C ACHMNTOTHYECKO# omubkoit nopsmka O (A%) B CPaBHEHMH C IVIABHBIM
YWICHOM. . : :

3. BrlcokouacToTHbie cBODOAHEIE KOeGanys. TIpi BHCOKOMACTOTHEIX CBOGONHEIX
xoneGanusx ceoiicrea pynkuuit @ u F CymecTBeHHBIM 06pasoM OTIHYAIOTCS OT TeX,
KOTODHE HMEIH MECTO IIPH HM3KOYACTOTHHIX KOJEOAHWSIX M CTATHYECKOM wu3rmbe.
Oyukuug F‘ yXe He o0afgaer cBOMCTBOM TIOTPAHCHOMHOCTH, a SBJSETCS MEIVIEHHO
MEHSIOWEHCS N0 NPOCTPAHCTBEHHAIM KOOPHMHATAM (DyHKIHEH. DTO ‘CBA3AHO C TeM,
YTO IJIABHHIC WICHH BTOPOrO ¥ TPETHETO CIATAEMBIX B ypaBHeHHH (1.2) B3aMMHO
yHuyTOXaloTCA. B npubmmxennoil nocranoeke samaun ypassenue (1.2) ocraercs 6e3
M3MCHEHHMI. BaXXHOH 0COGEHHOCTBIO BHICOKOUACTOTHBIX CBOBORHBIX KOICOAHMIT ABISETCH
T0 06CTOATENBCTBO, uTO (yHKmuE  F 1 O MMEIOT OXMHAKOBHI ACHMITOTHUECKHI
nopsmok: F ~ @. Tlponukaromuit noreHnuan O Ipu BHICOKOYACTOTHBIX KOJIEOAHUIX
HMEET HECKONBbKO MHYIO CTPYKTYpYy, U€M IIDH HUWSKOYACTOTHEIX, a4 MMEHHO: KPOME
MEVIEHHO MCHSIIOIEHCH [0 HPOCTPAHCTBEHHBIM KOOPAMHATAM (DYHKIMHM OH BKJIIOUAET
B ce0g eme u GEICTPO MEHSIOMmYOCs (PYHKLMIO, KOTOPOH HE GbLIO NPH HH3KOUACTOTHEIX
KoneGaHMAX W cratmdyeckoMm marube. [lanee, s GBICTPO MEHSIOMIEHCS JacTH
TIPOHVKAIOMEr0 NMOTCHUMANA OyHeT BBENCHO 00O3HAUEHME @, A JUIS MEVIEHHO MEHS-
IOMEACS YacTH OYyHeT MCIOIB30BATBCA .TO Xe OOO3HAUCHHE, UTO M IS CAMOIO
TNPOHUKAIOWIETO IOTEHUAANA. JTO NPEACTABIAETCS YAOOHHIM, OCKOMBbKY A/ (DyHKIMI
¢ u @ crpaBenIMBO CICAYIOWEE ACAMITOTHUECKOE COOTHOLICHHUE, ¢ ~ B*®. Ha nepsoiit
B3LJIAA MOXET IMOKAsaThCsl, YTO (PYHKLIMIO (¢ BOOOIIE MOXHO HE YUHMTHBATH, TaK KaK

~©OHa Masa no cpasHeHu©o ¢ O, oanaxo 910 He coBCEM Tak. [leno B ToM, uto hyHKLma

¢ MOXET OKa3hIBATH BJIMSHHC HA IVIABHBIEC WICHBI HEKOTOPHIX (PM3MUYECKHUX BEJIMYMH,
XapaKkTepPU3YIOIAX HATPSKCHHO-AeOPMUPOBAHHOE COCTOSIHUE ILIACTUHDI, TIOCKOIBKY
5TH (YM3MUECKHE BEMUKHEL 3aBHCAT HE TOJIBKO OT CAMOTO IIPOHMKAIOIETO TOTEHLUAa,

- HO M OT €0 MPOY3BOAHEIX JI0 TPETHETO MOPSAAKA BKIIOUKTEIBHO. IIpoBenem paccyxnenus,
n03Bosomue 13 ypasrenis (1.1) moayyuts npubimKeHHbIE ypABHEHA [UIS MEIJIEHHO
MEHSIOMIEHCS COCTaBJISAIOEN TPOHMKAomero norexurana O u A GBICTPO MEHSIOEHCS
COCTABJIAIOMEH MPOHMKAMOWErND MIOTEHIMANa ¢. ByxeM MCXOOUTh M3 MPEIONOXEHNS,
uro uig ¢yuxmmit O u @ cnpaBeRIMBLL CAESKYIOMME ACHMITOTHYECKHE OIMEHKI:

0D/ dx GCD/Qy ©.®, " 9¢/dx a(p[ay o A7l

&= [-12GT/(pF) + O (1@, § = [~12GI/(p?) + O ()] ¢

Ioacrasus B ypasaenue (1.1) BEIDAXXEHUE VI NPOHHKAIOIIETO IMNOTEHUMAJIA B
BHIE CYMMBI D+ (p M COXPAaHMB B HEM TOJIBKO aCHMHTOTH‘IeCKH TJIABHBIC YJICHHI,
TIOYyMHM ' : :

GhA (®) + DB () =0

2
I—p

O e L

~ 3ameTnM, uro ypaBHeHme (3.1) comepxuT B cebe OUEBMAHOE NMPOTUBOPEUHE.
C onuo¥ cTOpOHE, (yHKIuS A (D) sBasieTct MENICHHO MEHSIOMEHCS dbyHKIUEH,
TAK KK OHA 3ABHCHT OT MEVIEHHO MeHsomeics dynkuma @, a dyskmus B (¢)
ABISETCs OHCTPO MeHsIomeics (yHKUMeR, TaKk Kak OHA 3aBHCHT OT GRICTPO MEHSI-
omeics ¢yaknun ¢. C. Ipyroil CTOPOHH, COIMIACHO YPABHEHHIO (3.1), dysxuun
A (O) u B (¢) paBHH ApYr ApPYry ¢ TOYHOCTBIO A0 IOCTOSHHOTO MHOXHTENSA. Takmm
obpasoM moayuaercd, uto GyHKIHUM A (D) u B (¢) mOMXKHB OHITH OQHOBPEMEHHO M

[

,_Lrg o, | A
) A0 -0 - L0 o 3.1

A@)=(T+
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GHICTPO M MEIEHHO MEHSIOmUMUCS (yHKuuamu. ExuncTBeHHOM (yHKUMEH, obnana-
jOHIEt: TAKMM CBOMCTBOM, SBJISETCS (DYHKUHMS, TOXIACCTBEHHO PaBHAs HYJIO. TlosToMy .
MOXHO' YTBEPXAaTb, YTO YPaBHEHHE (3.1) haxTHuecKH. TPENCTABAAET coboit mBa -
- ypaBHECHHS B C. o K o A

;o r

A@)=0, B(@®=0" e 3D
Ilepeoe ypaBHEeHHe U3 CHCTEMH (3.2) ‘HMée.T‘ 3 N _' N
_.(F,+1;p).Aq>—.h, c’DV-GCD._o‘“ o R € X

Vpaeuenue (3.3) mO3BOJSIET HAXOAUTH ACHMITOTHUECKH. IVIABHBIA WIEH MEICHHO
MEHSIIOIEHCS YaCTH NPOHMKAIOMErO MOTEHnHaNa, 3aMernM, uto ypasHenue (3.3) s

¢ynxumn O copnanaer ¢ ypasuenuem (1.2) wist ¢ysKuua F ¢ TOYHOCTBHIO JIO UHCIOBOTO .-

k03¢dunmeHTa NP NMEPBOM CIaracMoM, M I03TOMY VI dyukuaun @, cipaBeniuBo
BCE, MTO GbUIO CKAa3aHO PaHee OTHOCHUTENHHO OCOGEHHOCTEH NOBENCHHUS dyuxkuun F
“TIpH BHICOKOYACTOTHHIX KOJEOAHMSX, o o B : ' o
Bropoe ypasHenue u3 cucTems (3.2) uMeer BuX -

o 12, T =y :

i . . -
Pemenuem ypasHeHus Buia Az'= ( sBS€TCS ‘MCIJICHHO MEHSIOWAsiCS QYHKIMA.
IockombKy 3mECh z (@) M3MeHseTcs ObiCTPO, MOXHO MCKJIIOUATH M3 paccMOTpEHHS .
‘Bce pemeHnsi ypasuenms Az = 0, kpome oxmoro: z =0. B oTom ciyuae ypaBHEHUE
OAS @ NPUHAMAET BURX L ) ‘ ' ' B
Vpasuenue (3.5) NO3BONSET HAXOGWTH ACHMIOTOTHYECKH IVIABHBUA UWIEH GHICTPO-
MEHSIOMENCS YacTH IMPOHMKAIMETO NOTEHIMata. 3aMeTHM; YTO B OTJIMYHE OT HH3-
KOYACTOTHHIX Ko/IeGaHMi, IpH BBHICOKOYACTOTHHIX KoseGaHMAX OHICTPO MEHSIOWAsICS
¢dyskimg He . sBagercs (PyHKIMEH THNA NOrpaHCIOs, a IPOHHKAET BO BCIO -001acTh
IUIaCTUHBL o f ST S
~ Beanunnm, XapaKTEpU3yIOmue . HATPSXEHHO-RE(HOPMIPOBAHHOE coCTOsHME IUIa- =
 CIMHH TIpH BBICOKOYACTOTHBIX KOMEOAHMAX HMMEIT CJIEAYIOmHEe ACHMITOTAYECKHAS
IIPEACTAB/ICHAS: o Sy T

w= —ViZ?AD— (1 +2/[T (1 —who
- =VO+VFxn, N=Gi (VO +VFxn)
M=D[(1l-p)VVW(@+¢) +pA(@+g)a+
+1A(Q =) (VVFXxn=nxVVF)] =~ o ‘
! Tlpexne ueM mepefiT K (OPMYIMPOBKE TPAHMYHBIX YCJIOBHiA, CIEXYeT OOPaTHTH. -
BHHMAHHE Ha €I OJHO BaXHOE CBOMCTBO. (YHKIMH ¢. PaccMOTpIM. Kakoe-HuOyIb -
IPaHHYHOE, YCIOBUE, 3aBUCSmee OT ¢, Hanpumep w | .= 0. Ouesnano, yHKuus HE

MOXET GHICTPO W3MEHATHCA HA TPAHWLE IUTACTHHHI, OCKOIbKY OCTAaJIbHEIE CIAraeMble
B 06CYXOAaEMOM TDaHMYHOM YCIOBUM M3MCHSIOTCS MEVIEHHO. AnajiornyHoe

3.6

y

paccyXeHHe MOXHO IPOBECTHU | JJIsl IOGOro APYroro TPAHNYHOTO YC/IOBHS, 3aBUCALICTO
or- ¢.-Kpome Toro, oueBuaHO, uTo $yHKIMS ¢, B ofmeM Ciyuae, HE PABHA HYJIO -
Ha KOHTYDE IUIACTHHEI, [IOCKOJIbKY. TOTAa OHA 00paTiiach 66 B HOJIb BO ECed obaacTu.
B co3faBIIeiics CATYAL¥H NPECTABISETCS HANBOIEE €CTECTBEHHBIM CIIEAYIOMMH BHIBOA:
Ha TPAHHLE IUIACTHHH (YHKIMS ¢ TEpIeT CBOMCTBO. GHICTPOM WM3MEHAEMOCTH IIO
NPOCTPAHCTBEHHHBM KOOPAMHATAM U CTAHOBUTCS MEIJIEHHO MEHSIOIIENCS BIOJIb KOHTYPA,
rwiacruae pynknmeit. TlopuepkueM, uto pyHKuus @ MEIVIEHHO MEHSETCS TOJBKO Ha
rpaHMIE [TITACTHHH; BO BHYTPEHHMX TOUKAaX. o67acTu, CKOIb Yromso GIM3KHX K
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rpaHMIE, 3TO yXe OHCTPO MEHSIOmAscd BO BCeX HampasieHusx ¢ysxuums., Taxkum
o6pasoM, CIpaBeq/IMBO CJAEAyIOmEe yTsepxaeHue: npu AuddepeHnnpoBaHnn mo Ka-
CaTeJbHOH K KOHTYpPY Ha IpaHuLe 0baacTi d)yHKIms{ (9 HE MEHSET CBOEro acHMIITO-
THUECKOro mopszka d¢/atl, © @. :

Kunemarnueckne TPAHAYHBIC YCIOBUA HMCIQT BUO
—Vi2RPAD — (1 +2/[T A = W] ¢l =0 | | \

a0/ av + 0F/9tl_ =0, . o®/ot — 9F/ovl, =0 ' EK)
CwioBue rpaﬁnqﬂhie YCJIOBHS 3aMMIIEM TakK | _

'GHT (3®/dv + 3F/ 1)1, = 0 ( 3.8)
- P L T 12 D=y 1y _
D= 3w~ (& avf«arz)]ﬂLD[A(D"hz(lJ“ 2 )‘P.]f"o

R v~ 97 12

I'pannunsie ycaosusa (3.7), (3.8) umeror takoit xe u3MUECKMH CMBICH, KaK U
yeaosua (1.5), (1.6) cooTBETCTBEHHO.

Ypasuerus (1.2), (3.3), (3.5) B COBOKYNHOCTH C rDaHHUHBIMH YCJIOBHSME (3. D,
(3.8) mpeacraBasLOT co6oi’1 npn6.rm>x<eHHyfo (hopMyIMPOBKY 3amauy O BEHICOKOYACTOTHEIX
CBOGOIHBIX KOJIEGAHMSIX, MO3BOISIONYIO HAXONUTh IJIABHBIC WIEHBl BCEX (DU3MUCCKIAX
BEJIMYMH, XapPAKTEPU3YIOMMUX Hal'IpSI)KeHHO-I(ed)OpMI/IpOBaHHOC COCTOSIHME TLIACTHHEL,
a Takxe COOCTBEHHBIE YACTOTH C aCHMOTOTHYECKOH ommbkoit O (h*) B cpaBHeHMn: ¢
IIABHBIM WIEHOM (HAMOMHMM, YTO aCHMIITOTHYECKH IVIABHBIC WICHBI BCEX COOCTBEHHBIX
YACTOT ORMHAKOBBL M paBHH V 12GI'/(ph?)).

Kax yxe orMeuanoch Bolue, PyHKIMS ¢ npencrasiser codoit 6pcTpo MeHmomylocsI
Y10 IIPOCTPAHCTBEHHBIM KOOPIMHATAM (DyHKIHIO, TIPOHMKAIOLLYIO BO BCIO 00/1aCTb IUIACTHHBL.
‘OTO 03HAYAET, YTO TPEACTABJEHHAS 3[€Ch IIOCTAHOBKA 3aJa4YM O BBHICOKOYACTOTHHIX

"KoneOaHMaX MPaKTHYECKH HE MPUTOXHA JUIS YNC/ICHHON peanusaunuu. B .cBasm c.oTHM
CTAHOBHUTCS AKTYaJbHBIM BOIPOC O TOM, MOXHO JH chopMy/mMpoBaTh 3afadyy O BHI-
COKOUACTOTHBIX Kosefanuax Oe3 yuera (bym(nmx ¢? Ilpexne ueM OTBETHTh HA 3TOT
BOIPOC, 0OpaTHM BHMMAHHWE Ha CJAeRymolee OOCTOSTEJBCTBO: BEKTOP YIVIOB IIOBOPOTA
Y} U BEKTOP-~IIONEPEYHBIX. CHa N, KOTOpHE, KaK BUIHO U3 (popmyn (3.6), HE 3aBUCAT
‘0T (yHKIME ¢, HA [ABa TOpsaKka OoJble, YeMm Tnonepey b nporu0 w H TEH30p
MOMEHTOB M COOTBETCTBEHHO. DTOT (HaKT MO3BOJISET YTBEPXKAATh, UTO HAMPSKEHHO-
neOpPMUPOBAHHOE COCTOSIHME IUIACTHHBI XapaKTepu3yeTcs, IVIaBHBIM 00pa3oM, BEK-
TOPOM YIJIOB NMOBOPOTA ¥ BEKTOPOM IOIEPEYHBIX CHJI, a NONEPEYHBIN Nporud 1 TEH30p
MOMEHTOB MIPAKOT BTOPOCTENEHHYIO posib. [103TOoMy (hopMysIMpoBKa 3agaur O BBICO-
KOYACTOTHHIX KOJEOAHHIX MpPU MCKIIOUCHHOW QDYHKUUHM ¢ B NMPUHINIIE MMEET CMBICI.

Wtak, HCKJIIOYMM M3 CHCTEMBl YDABHEHMH /i1 BBICOKOUYACTOTHBEIX KOJeOaHUMI
ypasuenue (3.5). Ilpu srtoM mopsmok cucreMmsl Aud@epeHINaNbHEX yPABHEHHH IO
MPOCTPAHCTBEHHLIM KOOPAMHATAM IOHUXAETCS ¢ 0-ro A0 4-T0, M C/IEROBATEILHO, TPH
IPAHMYHBEIX YC/IOBMS MCXONHOM IOCTAHOBKM 3aHa4y¥ HEOOXOMMMO 3aMEHHUTBH ABYMS, HE
‘sapucamumMu 0T Qyakuuu ¢. IIpexne Bcero oTMETHM, YTO OOHMM M3 TPEX FPAHMUYHBIX
YCJIOBHMIA MCXOJHOU IOCTAHOBKM 3ajaud dasisercs subo Tperbe yciosue u3 (3.7),
aubo Tperbe ycaosue u3 (3.8); 3THM yCJIOBHS HE 3aBUCAT OT ¢ W' IIOITOMY BCETAA
ocrarorcs 0e3 m3MeHeHud. I[Ba APYrHX TPAaHHYHBIX YC/IOBHMS MCXOMHOH ITOCTAHOBKHU
3aauy 3aMEHAIOTCS OOHMM B COOTBETCTBHH CO CICAYIOIIAM NMPAaBMJIOM: BTOPOE YCJIOBUE
u3 (3.7) u nepsoe yciosue u3 (3.8) TOXAECTBEHHBI APYr APYrY U IOJITOMY B CiIyuae
OXHOBPEMEHHOTO 3aNdHHS 3THUX YCJIOBHI HET HEOOXOAUMOCTH BEIOMpATh OXHO M3 HIHX,
3aMETUM, YTO NpPH HAHHBIX IPAHMYHBIX YCJIOBHIX (DYHKLHMS ¢ TOXIAECTBCHHO DABHA
HYJIIO;

B CJIyyae OJHOBDEMEHHOIO 3aJaHMs IEpBOro M BTOpOro yciaosus u3 (3.7) ciexyer
BHIOPAThH BTopoe YC/IOBHE, TAK KaK OHO HE 3aBUCHT OT (), 4 TEPBOE — 3ABUCHT;

’D(i p)[avatn+(l£+az—F)] (LF+GhFF)l'=0
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B CIyYae ONHOBPEMEHHOIO 3a[aHHS IIEPBOTO K.BTOPOIO YC/IOBMIA M3 (3.8) caenpyer
- BHOpaTh, MEPBOE YCAOBHE, TaK Kak OHO HE 3aBHCHT OT ¢, @ BTODOE — 3aBHCHT;
nepsoe ycosue w3 (3.7) u Bropoe ycosue u3 (3.8) 00a 3aBUCAT, OT @, ¥ IMOITOMY
B C/Iyuae, ONHOBPEMEHHOTO 3ajaHMsi STHX YC/JIOBWH, HE3ABUCSIEE OT @ TPAHMMHOC
yCIOBME NpencTabjiser coboif KomMOuHaumio mepsoro ycnosus u3 (3.7) u BTOpOro
ycaosus n3 (3.8) ' E . . ‘

I

=0 G

\ °F 100 &0 Cph
D=1 [0~ (gav * 5e)] * (T &+ 6A0)
** TpaHWYHHE YCIOBAS B 3ajaue 6e3 yuera (yHKUME ¢ HMERT CJEAyIomumi ¢usn-
yeckuit cMuica. Tperse ycaosue u3 (3.7) BbIpaXaer PaBEHCTBO HYJIO YI/a IOBOpOTa
_ BOKPYr HOpMaJM K KOHTYpy IUIACTHHH T-.. Bropoe ycioBme u3- (3.7 w mepsoe.
ycnosue u3 (3.8) S9KBMBANCHTHEI M BHIPAXAKOT PABEHCTBO HYJIIO YI/Ia IOBOPOTAa BOKPYT
KAaCaTesIbHOM K KOHTYpY miactunsl v-). Tperbe yenosue us (3.8) Boipaxaer PaBEHCTBO
HYMO KpyTsmero Momenta v-M-tv. Yciaosume (3.9) Belpaxaer PABEHCTBO HYJIO -
npuBeNcHHOTO Marubaromero Momenta v-M-v — GhI'w. : o
"4, COOTHOLIGHNS OPTOrOHANBLHOCTU. B pesysbrate NMPOBEAECHHOIO MCC/ICAOBAHHS
NpuG/IMKCHHBX yPABHEHWH W IPAaHWYHBIX YCJIOBMA B 3ajayax O HU3KOYACTOTHBIX U
BEICOKOYACTOTHBIX KOIEGAHMSX- GbUIN JOKA3AHH COOTHOLIEHMS - OPTOrOHAJIBHOCTH .COGCT-
" BeHHHIX (popM KoneGammii miactuuel. Huskouactotasie ¢opmbl Koneanuit ynoBiaeT- -
BOPSIOT COOTHOIIECHHIO opx\OrOHaJIbHoc-Tn N ' o L - o
[ ph®®AS =0 (i=)) S o B R ¢ B )

@as) - .

BHCOKOWACTOTHHE ~ (JOpMBl  KoneGammii  YHOBJETBODSIOT COOTHOLIEHMIO
OpTOrOHAJBHOCTH ' - o o

~

oD, OF om, = 9F, -, oD, OF, -
(4 '

pk* 0D, 9F,. 00, oFy 00,  0F 3D, 9F,\4.
12[(ax+ay)(lax+6y)+<,ay _ ax) (ay ax>]x 4
xdS=0 (=) . T @Y
© " Cobersermas (opMa, COOTBETCTBYIOMAS HUSKOM COGCTBEHHOM 4acToTe, (C MHIEKCOM i)
# cobcreennas (hOpMa, COOTBETCTBYIOIIAst BBICOKOM COOCTBEHHOM uacToTe, (C\MHIEKCOM )

. YOOBJIETBOPSIIOT CJIEAYIOMEMY COOTHOILIEHUIO OPTOTOHATBHOCTH:
. t

[T oag + 20 (20, 3y 00 OB OFg gy
(Afa 12 [(D‘A(D’+ o (ox +,,_6y).+.6y'_‘( oy ax)]ffS—O' o (4.3)

5. BapuaumoHHsie GOpMYIMPOBKH 33134 O HUBKOYACTOTHBIX 1 BBICOKOYACTOTHBIX -*
cBoOozHbix KoseOanusax. Huxe GynyT TpuBENeHB BapHalUOHHBIE (bopMyTHPOBKU
. NpPEeAJIOKEHHBIX B MyOaukyemoil paboTe - OCTAHOBOK 3ajau o HI3KOUACTOTHBIX U
'BHICOKOYACTOTHHIX. CBOOOAHBIX Konebanusx. Dynkunonan TammieTona, _OTBEUATOIINIA
3aa4e O HM3KOYACTOTHHIX KosIeOaHusIXx IO CBOEH CTPYKTYpe c'ymeCTBéH_Ho OTJIMYAETCH
OT M3BECTHHIX PyHKUMOHANOB [aMM/IbTOHA B TeopuH ILIAcTUH. OTIMUYME 3aKII0YAETCS
B TOM, 'uro,nexoropiﬂe cnaraeMple BXORST B (DYHKLMOHAJI HE B BHAE MHTErpaaa Io
' IUTOMaAM, KaK 3TO OOLIUHO GBIBAET, a B BMAE MHTErpaja Io KOHTypy. MmenHO, sTOT
npreM IpeoOpasoBaHMs WMHTErpajJa MO IUIOMAZU OT (YHKIWMil THIA HOrPAHCIOS B
KOHTYDHBI MHTErpaj ¢ AajbHeHeil MOACTAHOBKOW B HEro BblpaxeHus (2.2) s
IOrPaHCIOMHOIO MOTEHUHMAIA O3B0/ MCK/IIOUHTD W3 HU3KOYACTOTHOIO (OYHKIMOHAIA
TaMmIBTOHA OBICTPO MEHSIOLIMECS NMO MPOCTPAHCTBEHHBIM KOOpAHMHATAM (DyHKIUY.
CreRyer OTMETHTb, UTO NPUBENCHHBIA 3MeCh HU3KOYACTOTHEIA (pyHKumoHAN [aMuib- -
- TOHA TIO 'CBOEH CTPYKType aHAJOTMYeH (DYHKIHMOHATY IOTEHIMAJIbHOH OSHEPrMH B

3a/lau€.0 CTATMYECKOM H3rube IUIACTUHE, M NMO3TOMY 31ech He OymyT Gosee moppoGHO T

o6CyXnaThCd MAeW, JieXalpe' B OCHOBE CO3NAHMS HM3KOYACTOTHOrO (DYHKIMOHAIA
-Tammibrona. Oynkumonan [aMIUIBTOHA, OTBEUAIOMMH 3a7aye O BBHICOKOYACTOTHBIX
KonebaHusX, COOTBETCTBYET IOCTAHOBKE 3amaud . Ge3 yuera OBICTPO MEHSIOMENCS IO -
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IPOCTPAHCTBEHHBIM KoopAnHaTaM (ymknmm ¢. Bricokouacrorssii ¢ymkuuonan Ia-
MIVIBTOHa ¥MeeT OOHuYHYI0 AT (DYHKIUMOHANOB I'aMiIbTOHA cTtpykrypy. Caenyer
OTMETHTb, YTO NPHBEACHHBIE HUXE (DYHKIHMOHAIBI HE SIBJISIOTCS CTPOTMM AaCHMIITO-
THYECKAM CJIEACTBUEM (yHKIMOHAIA [aMIIBTOHA, MMEIOLIErO: MECTO B TEOPHH ILIACTUH
tuna PeliccHepa, B TOM CMBICJE, YTO. B HMX COXPAHEHBI HEKOTODBIE' WIEHHI IOPSAKA
O (A*) B CpaBHEHMHM C €IMHMLEH, B TO BpEMS KaK JpYrue CIaraeMble TaKOIo Xe
" ACHMIITOTHYECKOIO IMOPSAKA -OTOPOIIECHBI, ~

HuskouacroTseii ¢ynkumonan IaMmwibToHa 3agaH "HAa MHOXECTBE (DYyHKIMIA
O(x, ¥), f (Y), YOOBAESTBOPSIOMNX CAESAYIOIIHM . YCIOBUSIM: ) .

¢ynkuua O (x, y) OHpENENCHB!, HEUPEPHIBHEI M HBAXKAH HENPEPHIBHO auch-
cbepenunpyemm B 3aMKHYTOI objacta S =S + C;

d)yHKmm (v onpeneneﬂm HETIPEPHIBHEI n HenpepuiBHO auddepeHnupyeMsl Ha
xpusolt C;

(bymcmm d)(x, W, f (‘t) y).IOBJIeTBOpS{}OT KnHeMaaneCKnM r‘paHnuHMM YCJIOBUAM
(2.4), ecnin TAKOBHIE MMEIOTCS :

‘ f .(K M dt = LAS) 5 ph®? —~ D (% (AD)? + (.i - [ ( ;;g;y

az(D PR . d ;9D 1 o
- (=) (== - -w+ (== +
(ax2> (@) ])]¢s {[D(l, Wy (v O+ x5/ )
+ GHT (55 8 )f‘(t)] acl ar . \ | G.D)
2h " R N o :
YpaBHeHnsmn Dilepa IS HU3KOUACTOTHOTO <byn1<nnona.na Famunbrona (5.1)
aBasioTca puddepernuatbaoe YPaBHEHHE JUISl NPOHMKAIOIIErO NOTEHIHANA Q.1) u
CWIOBHIE TPAHMYHHE yCaoBHS (2.5). .
- BeicokouacroTHet  pyHkumoHan laMuabTOHA 3amaH Ha MHOKECTBE cbyHKu,pm
(3] (x, ¥), F (x,y), yROBJIETBOPAIOIINX . CJIEAYIOMIAM yCIOBHSIM:
¢yakumn O (x, y), F(x, y) ONPENENCHE, HENPEPHIBHBL U }IB&)K}IBI HETIPEPBIBHO

- nuddepeHuupyemsl B 3aMKHYTOH obsacté S = S + C;

bynxunu O (x, y), F (x, y) YAOBJIETBODSIIOT KMHEMATHYECKUM IPAHUYHBIM ycnosust
(BTOpOMy U TpeTheMy ycioBusaM u3 (3. 7)) €CJIM TAKOBBIE MMEIOTCS

‘ ab oD 9F\ 2
{(K_n).dt rf.gs[zlz[(a(x*éy)+<6—y—§)]_ ’

Lar [ (2, (@-éf-)]-l [(1+—(—El) (A(D)Z

2 dy dy  ox 2

l1—p n2 D\ 2 F 8D 9D
T AP =D - | (.axay) + (axay> (72) ( ayz) -
*F\ / 9*F *D\ ,*F &*F O*F\ 9D PO '

- <6x2) ( af) (6x6y>. ( 0y 6x2> (6x6y> ( dx? 6y2>:|] dsdt (5.2)

YpaBuennsamu Jiiepa mns BHCOKOUACTOTHOro (byHKuMOHana ammibroma (5.2)
asagiorcs auddepeHnuaneusie ypasaenus (1.2) ‘u (3 3) W TpaHWYHBIE YCJIOBHS:
Tpetbe ycmoBue u3 (3.8) u ycuosne (3.9).

6. OOcyxaeHMe (PU3MYECKOr0 CMbICAA MOJTYYEHHBIX pesyanaTos C dusuueckoi
‘TOYKH 3PEHUS MPEACTABIIETCS JOCTATOUHO OYEBHAHBIM TOT (DAKT, UTO BHICOKOUYACTOTHEIE
Kose6anus 00yClOBIEHH CABUIOBHIMA dpdektamu. O TOM XK€ CBUAETENBCTBYIOT U
HpUBEAEHHBIC B PA6OTE ACHMITOTHYECKHE OLEHKH. B caMoM fiesie, IIpi HU3KOUACTOTHBIX
KoJiebanmsx BEKTOD YIVIOB moBopota P = —Vw + y dakTuuecku OIIpENeadeTcd Io-
NEPEUHBIM TIPOTMOOM W, a BEKTOp AeOPMAauMM MOMEPEYHOTO CHABMIa Y BHOCHT He-
3HAYMTE/IBHBIE TIONPABKM: Y ~ A BOJM3M rpaHuusl U y ~ AP BHYTpu obmactu. Ilpu
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BBEICOKOUACTOTHBEIX KoneGaHme CHTYamus MEHSETCS Ha npo'mnononoxnylo. "BEKTOP .
YIJIOB TOBOPOTA P akTHuECKH COBHAmAeT C BEKTOPOM . netbopmanym MONEPEYHOTO
CZIBHITA Y, @ TIOTIEPEYHEIA IIPOrud W BHOCHT HE3HAUMTEHHEIE IIONPABKM: P ~ ¥, Vw ~ h.

. INockonbKy NPUpPOAa BOSHUKHOBEHMS BRICOKOYACTOTHEIX CIIBUTOBHIX 1 BHICOKOYACTOTHEIX
' 'M3rMOHBIX K0yeGaHMil ONMHAKOBA, YTO HOATBEPXAAETCS B YACTHOCTH TEM, UTO [JIABHBIE
WIEHH ACHMITOTIYECKHX PA3JIOXCHMHA COGCTBEHHBIX YaCTOT B, CABUIOBOM d V3THOHOM
' CIIEKTPAX COBIAAAIOT,. NPEACTAB/ISETCS ECTECTBEHHSIM; YTO YDABHCHMS CABHIOBHIX U

M3rUOHEIX  KoyieOaHmit HOJXHBL OBITh IOXOXH. .AMenso Tak obCTOMT AETO B
TpenaraeMoi MOCTAHOBKE 3aauM O BHICOKOUACTOTHHIX KOJEOaHMAX: ypaBHefme 3.3,
XapakTepusyiomee m3ruOHble KOneGanms, npaxmqecxn COBNANaeT C ypaBHelmeM‘
(1.2), xapaxrepnsyronmm ‘CABUTOBHIE Koneﬁannsx. ] '

WTak, eC/m OCTAHOBATECS HA NPEIONOXEHMH, YTO ypaBHEHHE n3m6nmx KoneGaHpm .

HoX0Xe HAa YPABHEHMC CHBHTOBHIX KOJ€OAHWI, MOMYYHTCS, UTO TOPSIOK cnccremm
YpaBHEHUH 10 IIpOCTpaHCTBCHHbIM KOODJMHATAM IOHMXAETCd. JTO O3HAYaer, 4ro
ocTanack HE yq'rennon eme onHa Kaxas-To QyHKnps. HOCKOJIbe yXe eCTh ypaBHEHHS
IS COBMTOBHIX M namﬁnmx KoneOaHni, ypaBHEHME WIS ITOH TPETbEH (YHKIWH,
BHJIVIMO, TOJIXHO TIPEACTABIISTE COO0H ypaBHEHNE CTATHKY. B IIpeUIaraeMoi IOCTAHOBKE
3ajauyM. 5TO KEHUCTBUTENHHO TAK: - YPABHEHHE. (3.5 mis ¢dyHEKUEM @ HE COAEPXHT
TPOM3BORHEIX No BpeMend. M3 dusmueckwx . coobpaxenuii SCHO, UTO 3Ta TPeThSL
(yHKIMS XapakTepusyeT n3rubupe 3(dEKTH ¥ MOITOMY HE JOJKHA MIrpaTh BaXKHOU
poNH B:3ajaye O BBICOKOYACTOTHHX KOne0aHmsx. B mosb3y MOCAENHETO YTBEDXACHAS -
TOBOPUT H TOT ¢axr, uTO, KaK BMAHO W3 ypapHeHus (3.5), obcyxpmaemas ¢yHKuHUS
"BBICTPO. M3MEHSIETCS 110 MPOCTPAHCTBEHHEIM KOOPIHH aTaM M IpH S5TOM NPOHHMKAET BO
BCIO - 00/1aCTh mractuER. Ecmi Gw OKasanock, -uTo TOpoCHAs dysKIMg < HMeeT

HepBOCTeIICHHOC .3HaUE€HNE B 3aJaUc O BEHICOKOUACTOTHBIX KOHCG&HHﬁX, 3TO noc'ranpmo o

65l O COMHEHWME NpPHMMEHMMOCTh TEOPHM IUIACTHH /IS PEMEHMS AaHHOM 3ajfiaum.
" Utak, TO o6c'rosrrenbcmo, YTO 3a7a4a Q BHICOKOYACTOTHHIX KOJNEOAHMSIX MOIYCKAET
d)opmymxponxy 6e3 yuera ObicTpo MeHaomuxcs QyBKOuA, C (bnanqecxon TOUKHA
3pEHHS IPEACTAB/ISETCS BIOMHE 3aKOHOMEPHBIM. ['paHMYHEE YC/IOBAS B npeaIaraeMon

HOCTAHOBKE 3ajaud 663 yuyeTa GHICTPO MEHSIOMUXCS (DYHKIHMN TaKXKe 3aciyXuBawT .

TOro, uTOOBI CKa3aTh O HUX HECKOJBHKO Ci10B. IIpexae BCEro, CIENYET OTMETHTS,: UTO
B JaHHOM 3ajaue CyIECTBYET YETHPE BO3MOXHEX IPAHMYHBIX YCIOBHS, IPHYEM, UTO
OUYEHB BaXHO C (bnanecxon TOYKM 3PEHHS, ABA M3 HUX MMEIOT CMBICJ KHHEMATHYCCKUX:
1. =0 (yron nonopo'ra BOKpYT' KacatensHoi), P |, =0 (yroa IIOBOpOTa BOKDYT

Hopmann) a niBa apyrue MMEIOT CMBICT CHJTOBHIX: M* =0 (npmsenennmn nsméalonmn
momenT); M|, = 0 (xpyTstmmit MOMCHT) 3o xopomo comacyerc;x C TeM, KaK oﬁuquA

GhBaeT B 3ajauax TEOPHM YTPYTOCTH, o ‘

3ameTuM, UTO NPH NEPEXOAE OT HCXONHOMA ° OCTAHOBKH 3a7aHl B TeopHH THIA
Peliccuepa x chyxmaeMon NpUGIVKEHBOM TOCTAHOBKE, CMBICH KnHeMa'mqecmx " .
CHJIOBHIX TPAHMUHBIX YCJOBMI HECKONBKO H3MeHseTcs. B npmbmmxeHHOH TIOCTaHOBKE

sapaum ycnosust Pl =0m N, =0 SKBHBAJICHTHBI, TAK KaK MMEET MECTO paBeHCTBO

N = GhI'{p, ¥ nosToMy CHJIOBOE IDAHMYHOE YCJIOBUE N, I =0 B oécymaeMon sajaue

NproGpeTaeT CMBIC KMHEMATAYECKOTO, M3HAUATbHO KHHEMATHYECKOE: TPAHMYHOE YCIIOBHE
wl_ =08 npnﬁnmxeunon TOCTAHOBKE 33/auH MCUE3AET, a nonepet{m.m nporu® monagaer

B ycnonne MF_ =0, TaK KaK. M'=M, - Gth, T. €. CTAHOBHTCS YACTHIO CHUIOBOIO

rPAHIYHONO YCIOBHS. 3aAMETHM, UTO onpene.nennas{ CHMMETDHS 3371a1H O BHICOKOUYACTOTHEIX

KoneGaHusx Ge3 yuera GICTPO MEHSIOUMXCS (YHKIHA HE OTPAHMUMBACTCS CXOICTBOM )
ypasaermit (1.2) m (3.3). .CXOICTBO HAOMIONAETCS, TAKXE, U CPEAM IPAHAYHEIX ycnomm.
B camom gere, ycnosue. ¥l = 0 NOMYYaETCH W3 YCIOBAS \I)t .= 0,. a. ycnosme.

MM _ =0 nosmyyaercs u3 ycuosust M| = 0 myrem 3amenn @ Ha F u F Ha —O.
Ham«rtme I00GHO# CHMMETPHH . TAKXKE TOBODHT B TIOJb3Y TIPABIWIBHOCTH IPENVIATAEMOM
- TIOCTAHOBKM 3a/1au¥, . xo'ra TOCJICTHEE YTBEPXIAECHHE OCHOBAHO YXE HE CTONIBKO Ha -
(bnanecxnx, CKOBKO Ha CTETHUECKHX MPEACTABICHAAX. t
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7. PesyabraThl pelleHHs] TeCTOBBIX 3aja4. B CBA3M ¢ TeM, UTO CTPOrO [OKA3aThb
NpUBOAMMEIE B IyOsmukyeMoit paGore ¢opmyssl B o0mwEM Cayuae HE yHAJ0Ch, XOTS
B YACTHHIX CHTYaIHsX TaKWe NOKA3ATEAbCTBA BO3MOXHBI, ECTECTBEHHO BO3HHKAET
BONPOC O HAAEXHOCTH MONYUYEHHHIX PE3yJbTaToOB. B IOmOOHOM CHTyamuy CymecTByeT
TOJBKO ONWH BECOMBI APryMEHT B IOJb3Y IOJIYYEHHHX YPaBHEHWI — ITO DEIIEHHE
TECTOBHIX 334a4. DEUIM IOCTPOEHH TOYHHIE PEIICHHMS 33aAay O CBOGOMHEIX KoJeGaHMax
KPYIJION IUIACTHHBI IIDU BCEX BO3MOXHHX THOAX TIPAHMYHBIX YCaoBuit. ITokasaHo,
YTO PEIICHUS AAHHBIX 3343y B NPHOIMKEHHEX MOCTAHOBKAX ACHMIOTOTHYECKH CAEAYIOT
U3 PEMICHHUI IO TOYHOM TeOpuH (CPaBHUBAJINCH KAK YACTOTHI, TaK U (POPMBI KOTeOaHMIA) .
Beuti, TakXxe, NOCTPOEHH TOYHBIE pEmIeHHs 3ajay o CBOGOMHBIX KOJE6aHUSIX
IPSIMOYIOJIbHOA ILIACTHHBI, ABE MPOTHBONOJOXHBIE CTOPOHE KOTOPOW IIAPHMPHO
ONEpPThi, @ HA ABYX APYTHX 3aJAaHH JIOOHE IPaHHUHBIE YCIOBHS (DPaCCMOTDEHEI BCE
BO3MOXHBIE THIB TPAHUYHEIX YciaoBui). I[loxkasaHO, UYTO YACTOTHHIE YpaBHEHMH,
NOJYYEHHBIE B HPUONMKEHHBIX IOCTAHOBKAX 3afay, aCHMITOTHYECKH CJIEAYIOT- U3
YACTOTHBIX yPaBHEHWI, OJIYUEHHBIX 110 TOUHOM Teopuu. KpoMe Toro, M1 yKa3aHHBIX
BBHIIIEC HPSIMOYTOJBHBIX IUIACTMH IPOBOAWINCH BHIUMC/AEHHS nepsbix 10 coGcTBEHHBIX
YacTOT B HM3KOUACTOTHOM CHEKTPE W mepBeiX 10 cOOCTBEHHBIX UYACTOT B BHICOKOYA-
CTOTHHIX CIIEKTPax (M BCEX TUIIOB MPAHWMHBIX YCJIOBMIH), a TaKXe coomercmyromux
9THM uvacToTaM (opM KoseOGaHWM i HEKOTOPBIX THUIOB' TPAHMYHBIX YCIOBWMiA. Paé-
CMATPUBAIMCh ILIACTHHB OTHOCHTENbHOM rtomumesl A = 0,04 u A = 0,1, CpaBHerme
PE3Y/IbTATOB BHIYMC/IECHMIA 110 NPUOIMXEHHBIM M TOYHON TEOPUSIM NOKA3aJIM, YTO IpH
BCEX TUNAX TPAHMYHHEIX YCJOBHM AOCTHUTaeTCs MOCTATOUHO BBICOKAS TOUYHOCTb.

Astop 6aaromaput I1. A. XXKunnna 3a o6cyxaeHns paGoThl ¥ IONE3HHIE 3aMEUaHMS.
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