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Wccnenyrores mockne MOTeHNMATBHBIE HECTAIIMOHAPHBIE TEYEHUS UICATHHON HECZKIMMAEMOHN KUIKOCTU CO

CBODOTHON MMOBEPXHOCTBHIO B OTCYTCTBHE BHEITHUX CHJI U KanWIsSpHOCTH. [Ipemmoxken anropurm mocrpoenust

TOYHBIX PELICHUN I TaKUX TE€YCHUN, OCHOBAHHBIN Ha aHaJINA3€ yCJIOBUUA COBMECTHOCTU yPaBHECHUI JBUZKE-

HHUA U BCIIOMOT'aTEJIbHOI'O KOMILJIEKCHOTO ypaBHEHUSA II€pEeHOoCa. Ero mcnonbzoBanne mo3BoJImiIo paguKaJIbHO

PacHIUPUTh CHUCOK U3BECTHBIX TOYHBIX HETPUBHUAJIbHBIX DEIIeHUM paccMaTpUBaeMOil KJIaCCHYecKOoi 3ajadu,

ele HeCKOJIbKO JIET Ha3aJ[ CBOAUBIINNCS K HECKOJBKHAM pemreHusM Jlupuxse: TedeHus, i KOTOPBIX T'pa-

HUIA KUIKOCTH MPEIACTABIsieT coboil mapaboity, s/aumnc uwim runepbory. B pamkax aaropurMa ymaeTcs Kak

BOCIIPOM3BECTU HEIABHO HAMIEHHDIN KJIACC PENIeHnil, 3a/1aBaeMblil ypaBHeHneM Xomda Ha KOMIJIEKCHYIO CKO-

POCTh, TaK U HalTH IIPUHIUIINAJIBHO HOBBII IJ_II/IpOKI/IfI KJ1acc pemeHHﬁ, JJIgl KOTOPOr'o Te4YeHUs OIINMCBIBAIOTCA

ypaBHeHreM Xorda Ha 00paTHY KOMIIJIEKCHON CKOPOCTH BEJTUYUHY.
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1. BBenenme. PaccmarpuBaeTcst KjacCuyecKas 3a-
Jlad9a O MOTEHIMAJbHOM HECTAIIMOHAPHOM TEYEHUU UIe-
aJIbHOM HECXKUMAEMON YKUJIKOCTH CO CBOOOMHOI rpaHu-
nett. Teyenne canTaeTcs MJIOCKUM; BHEITHUE CUJIBI U Ka-
MIWLISIPHOCTD HE YIUTHIBAIOTCs. /{0 HEaBHErO BpeMeHu
OBbLI M3BECTEH €IMHCTBEHHBIN KJIACC TOYHBIX DPEITeHui
9TOU 3aJIa4U — HECTAIMOHAPHBIE TEUYCHUS C JIMHEHHBIM
HOJIEM CKOPOCTEl (KOMIIOHEHTBI CKOPOCTH U U U SIBJIs-
I0TCsl JIMHEHHBIME (DYHKIUAMA KOODIUHAT T U Y), OT-
kpeIThi Jupuxie GoJsiee 1em mosropa Beka Hazasn [1].

B psane uccnenoBanuit fMHAMUKN TPAHUIIBI YKUJIKO-
CTeill, MPOBOIMMBIX B PAMKAX MAJIOYTJIOBOTO TPUOJIZKE-
HUsI (CUATAJIOCH, UTO MPAHUIA JIUIIb HE3HAYUTEIHHO OT-
KJIOHSIETCS OT IIJIOCKOI ), 38/1a9a OIIUCAHUSI €€ SBOJIIOIAN
CBOIUJIACH K YPaBHEHUIO XOrmda Ha KOMILUIEKCHYIO CKO-
poctb (U = u — 1v) XKUAKOCTH, KOTOPAs sIBJISETCS aHA~
JIMTUIECKON (hyHKIIMEH TPOCTPAHCTBEHHON ITePEMEHHON
z = x + 1y. Tax, ypaBuenue Xomda

U +UU, = O(a?)

(31eCh (v — MaJIBIil TapaMeTp — XapaKTepHbIH yroJ Ha-
KJIOH& DAHUIIbI) BO3HUKAET [IPH AHAJIU3E JIUHAMUKN

De-mail: nick@iep.uran.ru
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CBOOOIHON rpaHUIbl HIeaJbHON HECKUMAEMOH »KHIKO-
CTU B NpeHEOPEsKeHNN TTOBEPXHOCTHBIMY CUJIAMHA WU CH-
Jsoit rszkecru |2, 3]. Kommutekcrnoe ypasuenus Xornda B
dopme

Ui +iU, + UU, = O(a?)

[IOJIy9aJI0Ch [PU IMOCTPOEHUU CJIADOHEIUHENHOH Teo-
pun pasBuTud HeycroiumBocTu Torkca-PpeHkesis
(HeyCTOMIMBOCTH IPAHMIBI [POBOJSAINEH KUJIKOCTH
BO BHEIHEM 3JieKTpuueckoM mose) [4, 5|. Hakowren, B
pabore [6] O6bLI0 BBIBEIEHO YpaBHEHUE

Uy +1U, + ei’yUUZ = O(ag)a

OTIMCHIBAIOIIEE IBOJIONHUIO ITOBEPXHOCTU PAa3esa JIBYX
HECMEIIMBAOIINXCS KUJIKOCTEH IIPU PA3BUTUU HEYCTOI-
quoctu Kesbsuna—TejpMrosnbua (31ech v — Bele-
CTBEHHBIU IapaMeTp, 3aBUCAINMUII OT OTHOIICHUA ILIOT-
HOCTel KuaKocreit). Bo Becex yKasaHHBIX CIIydasiX ypas-
Henune Xorda B pa3jIndHbIX MOIUMUKAIMAX OIMACHIBAJIO
TeYeHre KUIKOCTUA TPUOJIMAKEHHO: YINTHIBAJINACH JIUIIH
KBa/JI[pATUYIHO HEJIMHENHbIE C/IaraeMble B pAMKaX TEOPUU
BO3MYIIIEHUIT 110 MAJIOMY [IapaMerpy «.

[TosBirenne ypasBuenus Xomnda Ha KOMILUIEKCHYIO
CKOPOCTB KUJKOCTU B IEJIOM DPsiJie 33129 TOOYIUI0 aB-
TOPOB HEJABHUX paboT [7-9| meseHapaBIeHHO HCCe-
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JI0BaTh BO3MOYKHOCTBH €r0 HCIIOJIb30BAHUS /I TOCTPO-
€HMsI TOYHBIX peIllleHuii (T.e. BHE PaMOK MAaJOyTrJIOBO-
ro npubJInyKeHNs!) YPABHEHUH JIBUXKEHUsI YKUJKOCTH CO
cBOoboHOM Tpanurieil. B urore OBLIO IPOIEMOHCTPUPO-
BAHO, YTO PEIIeHUs KOMIIJIEKCHOTO ypaBHeHus Xomda

U, +UU, =0 (1)

OIMCBHIBAIOT IIJIOCKHE HECTAIIMOHAPHBIE TCUYCHUS UJ€aJIb-
HOI KUIKOCTH, OCOOEHHOCTHIO KOTOPBIX ABJISIETCS HYJIe-
BO€ 3HAYEHUE YCKOPEHUS KUIKOCTU Ha CBOOOJIHON Tpa-
aune: du/dt = 0 u dv/dt = 0. IIpu sTom yckopenue
OTJIMYHO OT HYJIS BHYTPH YKUJKOCTH.

B nacrosimeit pabore mpeIoXKeH aJropuTM IIOCTPO-
€HMUs TOYHBIX pelleHul IIJIOCKO HeCTallMOHAPHOH 3a/1a-
91 O JBUKEHUN YKUIKOCTH CO CBODOIHON IpaHUIEi, 0C-
HOBAHHBIN Ha PEJIIOJIOXKEHUN O TOM, YTO T€UYEHUE KU~
KOCTHU YJOBJIETBOPsieT KOMIIJIEKCHOMY YPaBHEHUIO IIepe-
HOCa, O0IIEero BUIA

U, + C(U U =0, 2)

rae C(U,t) — mekoropas GyHKIus (B YACTHOM CJLytdae
C(U,t) = U »sro ypasrenue csogurcs K (1)). Ucnons-
30BaHUe AJITOPUTMA IO3BOJIMIIO HAM OTKPLITH HOBBIIL
KJIACC TOYHBIX PENIeHUI PacCMaTPUBAEMON 3a1axH, 3a-
JlaBaeMblil HeJIMHEHBIM yPaBHEHHEM IIepeHoCa

U+ U./U =0.

[IpemyioKeHHbBI B paboTe IMOIXOJ MOXKET UMETh BarK-
HOe 3HaveHwue Jijisi O0IIeil MpobJIeMbl HHTErPUPYEMOCTH
ypaBHEHU{ IBUKEHNST KUIKOCTH CO CBOOOIHON T'paHU-
neit [10-12].

2. IlocranoBka 3azadm. Breinuinem ypaBHeHHs
JUI  TUIOCKOTO TIOTEHIUAJIBLHOIO TEYEHUS WIeATbHOM
HEC’KUMAaeMOI ZKUJKOCTH, IIOTHOCTH KOTOPOH paBHA
enunure. [Ipeamnonaraem, 9T0 KUJIKOCTh 3aHUMAET U3-
MEHSIOIYT0CsT 00J1acTh )y, TpaHuIia KOTopoit JS); saBJs-
ercsa cpobomnoii. B obimactu €); JOJXKHBI BBIIOJJIHITHCS
ypaBHEHUs Jijiepa:

Ut + Ulg + VUy = —Pg, (3)

vy 4 uve + Vv, = —py, (4)
rie u(z,y,t) u v(z,y,t) — z- ¥ Y-KOMIIOHEHTHI BEKTOPa
ckopocru, p(z,y,t) — nasiaenue. s 6e3BUXPEBOro Te-
YeHHs HECKUMAEMOH »KUJIKOCTH KOMIOHEHTE! CKOPOCTH
CBSI3aHBI COOTHOIEHUSMUI

Uy = —Vy, Uy = Uy, (5)

KOTOpBIE SIBJISIOTCA cooTHomennamun Komm—Pumana
JUIsi KOMILIeKCHO# ckopocrtu U(z,t) = wu(z,y,t) —

iv(z,y,t). B orcyrcrBre BHENIHUX CHJI U KAIUJLISPHO-
CTHU, HE Tepsist ODIIHOCTH, MOXKHO IOJIOXKUTH JABJICHUE
Ha cBOGOMHOM rpanuie O} PABHBIM HYJIO (IUHAMUIE-
CKOe TPAHUYHOE YCJIOBUE):

p|6Qt =0. (6)

Kunemarudueckoe rpanudsoe ycjaosue (ycJOBHE TOTO,
9TO I'DAHUIIA JIBUXKETCS CO CKOPOCTBHIO, COBIIaIAIONIE C
HOPMAaJIbHOI KOMIIOHEHTOII CKOPOCTU HAXOIAIIUIXCA Ha
Hell KUAKUX 9acTuil) cogurcsi, ¢ yaerom (6), K Tpe-
6OBAHMIO PABEHCTBA HyJIO Ha OS); MOJHON MPOU3BOTHOMN
JTaBJICHUS:

dp

7 = Pt + upz + vpyly, = 0. (7)
CIoN

KiroueBas upest HacTosimeit pabOThI 3aKJII0IAETCS B
TOM, 9TOOBI B34Th KOMILIEKCHYIO CKOPOCTh U He Ipous-
BOJIBHO, a OTPeGOBATh, YTOOBI OHA YA0BIETBOPSLIA KOM-
JIEKCHOMY ypaBHeHuio nepenoca (2). B paszmenax 3 u 4
Mbl chOPMyYJIHpyeM aJropuTM BbiGopa Bxozdreil B (2)
dyuxun C(U, t), nossossiromuii 06ecriednuTb COBMECT-
HOCTb MHTETrPUPYEMOTO ypaBHEHUs (2) ¢ ypaBHEHUSIME
JBiekernst (3)—(7) u, TeM CaMBIM, CTPOUTH MX TOYHBIE
PpelleHusl.

3. YcioBusi coBmecTtHOCTH. PaccMoTpuM cHava-
JIa YCJIOBUSI COBMECTHOCTH TIEPEOTIPEIETIEHHON CHCTEMBI
ypasHenuii (2)—(5). BymeMm uconb30BaTh 1151 1ABIEHUSI
CJIEIIyIOIIEe IIPEICTABJICHHE:

Pasbusas Gynkuo C(U) Ha BeleCTBEHHYIO U MHUMYO
JaCTH

C(U,t) = a(u,v,t) + ib(u, v, 1), (9)

IIOJIyYuM COOTHOIIIECHU A I{OI_HI/I*IDI/II\IaHa7
JOJI2KHBI  YJIOBJIETBOPATDH BeEIIECTBEHHbIE (l)yHKLLI/II/I a

ub:

KOTOPBIM

Ay = —by, ay = by. (10)

VYpaBHeHUEe MepeHoca (2) Ipu pa3/ieJIeHuU BEIIeCTBEH-
HOII 1 MHIMON 9acTel IaeT:

v = buy — avg. (11)

U = —auz — bug,

Hckinovast IpOM3BO/IHBIE [0 BPEMEHU U3 ypaBHeHuit Dii-
sepa (3) u (4) upu nomornu (11), mcnosp3ys npeJcTas-
Jsienue (8) Jisl TaBJIEHUs], & TAKKe U30ABIISISCH OT IPOU3-
BOJIHBIX 110 Y IIpK oMoty coorHomenuii Komu—Pumana
(5), HaxOMUM

— aug — bvy + uug + vy, = —Pyugy — Pyug,

buy, — avy +uv, — vu, = —Pyvg + Pyug.
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Ecsz Teneps crpynnmpoBaTh 9I€HBI IPU TPOU3BOIHBIX
Uy U Vg, TTOJIYIUM:

uz(—a+u+ P,)+v,(=b+v+P,) =0,
Ug(b—v—Py) +vz(—a+u+ P,) =0.

Hecaoxno 3aMETUTDb, YTO 3TU YPaBHEHUA IIPpEBPallatOT-
Cd B TO2KIECTBa, €CJIN CIIpaBEOJINBO:

a=P,+u, b=P, +v. (12)

IloscraBnss stu Beipaxkenus B ycaoBus Komu—Pumana
st byakuunit @ u b (10), Haxoaum, uro jaBieHune P
JIOJIPKHO yJIOBJIETBOPSATH ypaBHeHuto [lyaccona B Tepmu-
HaXx MEepeMEeHHBbIX U U ¥, T.€. B IJIOCKOCTH rojorpada:

Py + Py = —2. (13)

Ero koHkpeTHOe pelienue 11o380Jiser upu nomoru (12)
Haiitu dbyskimu a u b u 3arem, ucnosbdys (9), oupee-
JIUTh:

C =P, +iP, +u+iv. (14)

Pemas snuneitnoe ypasuenue (13), HaxouM Jis 1aB-
sennst P u myis uckomoit dynknun C:

Pu, v, t) = 7# YReAWU),  (15)
C(Uﬂ t) = AU(Ua t)ﬂ (16)

rje A — HEKOTOpast aHAJIUTUIECKAs (DYHKIMST KOMILIEKC-
HOIT cKopocTH B obstacTu §);.

VYpasuenus (13) u (14), a Takke ux pemenns (15) u
(16) obecrieanBaOT COBMECTHOCTD yPABHEHHUS IIEPEHOCA
(2) ¢ ypasaenusimu gpuxkenusi (3)—(5). Ionsarno, aro
Tpebyerca Tak:Ke NPOBEPUTH COBMECTHOCTDH OIUCHIBAEC-
MBbIX (2) TeueHmit ¢ quHaMudeckuM (6) ¥ KHHeMaTHde-
ckuM (7) TPAHUIHBIME YCJIOBHUSIMUA. DTOT BOIIPOC Gyer
PACCMOTPEH B CJICILYIOIEM pa3Jesie i JIByX IIPOCTeii-
MIIX — OJHOMEPHBIX — pelIeHHil ypaBHeHHs Ilyaccona
(13).

4. Touynsble penteHus. PaccMoTpuM B IEPBYIO OUe-
pelpb ciydvaii, KOrja JaBJjIeHUE 3aBUCUT JIMIIb OT OTHON
KOMIIOHEHTBI ckopoctd, P = P(v) (ciyuait I). Ypasue-
uue ITyaccona (13) npunumaer torzma Bug P, = —2,
oTKyza nosydaeM jgist P (eM. takxe [13]):

P(v) = —v°. (17)

Jpyro#t omHOMEpPHBIH Cydaii COOTBETCTBYET CHUTY-
aIuy, KOTJIa paclpejiesieHne JaBJIeHUS B IUIOCKOCTH U
u v gBiserca ocecummerpudnbiM: P = P(q), rue ¢ =
= Vu? + v2 — abCOMOTHOE 3HAYEHNE CKOPOCTH KHIKO-
cru (cayuaii IT). Torma ypasaenune Ilyaccona npunuMa-
er Bun Pyq + P;/q = —2, oTxyna Haxozum st P:

P(q) =Ing—q*/2+1/2. (18)
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dP/do=0

Puc. 1. OnuceiBaemast popmysioit (17) 3aBucuMOCTDb naBie-
uHus P or y-kommonenTsl ckopoctu v (cayqait I). B aroit
3aBUCHMOCTH HMMEETCsl SKCTpeMyM (MaKCHMyM) B TOUYKE
v = 0; emy coorBercTByeTr P =0

dPldg =0

Puc. 2. OnuceiBaemast opmysoit (18) saBucumocTs naB-
seanst P oT abCcoJTIOTHOTO 3HAYEHUsI CKOPOCTHU YKUIKOCTH
q = |U| (cnyuait II). B aroif 3aBucHMOCTH MMEeTCsT SKC-
TpeMyM (MaKCHMyM) B TOYKe ¢ = 1; eMy COOTBETICTByeT

P=0

BasucumMocTr nasiieHus oT ckopoctu (17) u (18) mo-
Ka3aHbl Ha puc. 1 U 2, COOTBETCTBEHHO. BuiHo, 4TO B
000MX CJIy9asix 3aBUCHUMOCTH UMEET €AMHCTBEHHDIH IKC-
TpeMyM (MaKCUMYyM ), OTHOCSINUCS K HYJIEBOMY 3HAYE-
HUIO JIABJICHU:

dP
Ply=o =0, T - =0 (cayuaii I),
dP
Ply=1 =0, — =0 (cayuait II).
a dq =1
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st cnyaas I or coorBercrByer ycsoButo v = 0, a 11
ciaydas Il — yemosuio ¢ = 1. B aTux Toukax aBTOMaTH-
YECKU BBIIIOJIHAIOTCS KaK JUHAMIIECKOE, TaK 1 KHHEMa~
THYECKOE IPAHUYIHBIE YCI0BUs. JleficTBUTEIbHO, IOTHAS
[IPOM3BO/IHAS JABJICHUS AT B HAX HYJIH:

@ _ dP dv dv

——:—2 _— =
dt  dv dt va Y

dpP dq

(coyuait I),

dp 1 du  dv
dt ~ dq dt (q2 ) (“ a v dt) (caysat 1T)

Takum obpazom, MBI JOKa3aau, 9TO 00a OIHOMEPHBIX
pemmenust (17) u (18) ypasuenus Ilyaccona (13) obecne-
YUBAIOT BBIIIOJHEHNE BCEX TPEOYEMBIX yCJIOBUI HA JIBU-
XKyTIeiicst cBOOOIHON rpaHutre.

Hast cnyqas I dopmyana (14) naer C = U u, coor-
BETCTBEHHO, TEUEHHUE OIPEJIE/IAeTCd ypasHeHueM Xorda
(1). I'panuna kujakocru 3agaerca yciaosueM v = 0, T.e.
JTs1 OIMCBIBaeMbIX (1) TeueHuit 0/{HA 13 KOMIIOHEHT CKO-
POCTH Ha I'PAHUIE KUJAKOCTH paBHa HyJ0. TakumM obpa-
30M, Mbl BOCIIPOM3BeJU pe3ysbrar pador |7, 8).

Ormerum, 9o ecau B3arb P = P(v,t), 10 pelienue
(13) nmaer Bmecto (17) P = —v? + ¢(t)v + d(t), u Toraa
BXO/Idllag B ypaBHenue nepenoca (2) dyukuusa C Gyger
zaBucers oT Bpemenn: C(U,t) = U + ic(t). Onnako sto
He IPUBOJUT K MOCTPOCHHUIO HOBOT'O KJIACCA DPEIICHUIA.
ITosrygaemMble peNIeHUsT OTIMIAIOTCS OT PENIeHuid, COOT-
BETCTBYIOIUX CJIy4aio I, mepexo oM B JBUKYIIYIOCS C
YCKOPEHHUEM CUCTEMY KOODJIUHAT.

Paccvorpenne ciryvas I mpuBoauT K HOBOMY KJiac-
cy TOYHBIX pemenuii 3anaun. ds nasnenus (18) dop-
myisa (14) maer C' = 1/U u, COOTBETCTBEHHO, T€YEHUE
3a/1a€TCA HeJIMHeHHBIM ypaBHeHIEeM

Uy +U./U=0. (19)

I'paHuma KUJKOCTH ONpe/iessieTcs ycaopueM g = |U| =
= 1, r.e. Jyia onuceiBaeMbix (19) Tedenuii abcosmorHoe
3HAYEHNE CKOPOCTU HA CBODOJHONM MOBEPXHOCTH HE Me-
HSIETCSI [TPU €€ JIBUZKEHUU — OHO PABHO €JIMHMUIIE JIJIsi BCEX
KuaKux gacrar Ha rpasune. Orvernm, uro (19) mpe-
BpallaeTcss B ypaBHeHne Xomda MIpu BBEICHHN HOBOMN
dbyHKIIN — 06paTHOH KOMILIeKCHOH ckopocTr U 1.

5. InaamMukKa cBoOosiHOU rpaHunmbl. g ciy-
qas | pacnpesesenne moJisi CKOPOCTeil JaeTCs PelreHneM

ypasuenust Xouda (1) [7, 8, 13]:
2= F(U) + U, (20)

Ky/Ia BXOJUT IIPOU3BOJIbHAS KOMILJIEKCHAs GyHKIns F.
DBOJIIOINS [PAHUIIBI, KOTOPAsi TAPAMETPU3IYETCS YCJIO-
BueM U = u, rjie —00 < v < 00 (T.e. KUJKOCTH 3aHUMa~
eT IOJLyIUIOCKOCTh B Iiockoctu rojgorpada U), 3amaer-
cd TOrJa IrapaMeTPUYeCKUMU BbIPaXKeHUAMA

x = Re F(u) + tu, y = Im F(u). (21)

CooTrBeTcTByIONIe TeYeHUsT MOT'YT ObITh MHTEPIPETH-
POBaHbI KAK BO3MYIIEHUS UCXOAHOIO TEUEHUs C JIMHEMH-
HBIM T10J1eM cKopocteit U = z/t, 11t KOTOpOro 3aHuMa-
eMasl JKUJIKOCTBIO ODJIACTH IMPEICTABJSAeT CODOH mMOJTy-
IJIOCKOCTDb B UCXOJHBIX IIEPEMEHHbIX & 1 Y (ciaydait F' =
0). Pemenus (21) npu pasiuarom BeiGope F' MoryT omm-
cuIBaTh (POPMUPOBAHKE HA TPAHUIE TOUYEK 3a0CTPEHUSI,
Iy3bIpeil 1 Kamesb (M. npuMeps! Tedenuii B [13]). Orme-
THM, 4TO B JOKJaJe “Are equations of deep water with a
free surface integrable?” [14] (Russian-French Workshop
“Mathematical Hydrodynamics”, HoBocubupck, 2016, B
coaBr. ¢ A.U. Ipsauenko) ak. B.E.3axapos ykasbiBas
HA TO, YTO yPaBHEHUsI HA BO3MYIIEHUs] ABTOMOJIEITbHO-
ro reyenus U = z/t, paccmarpuBaeMbie B KOHMDOPMHBIX
[IEPEMEHHBIX, JOMYCKAIOT MUPOKUN KJIaCC TOYHBIX pe-
mennit. ITo Beeit BUAMMOCTH, 3T PEIIEHUS UMEIOT CBA3b
¢ pemenueM (20) ypasaenus Xornda 1 20T aHAJIOIHY-
HbIe TIPUMEPBI TeUeHUIA.

s ciiyaas 11, korza HectannoHapHOe TeIeHUe OIn-
coiBaeTcs ypasHenueM (19), pacupejiesieHue 1moJis CKO-
pocTeil JaeTcd BbhIparKeHUueM

2= F(U)+t/U, (22)

KyJIa TAK¥Ke BXOJUT IIPOU3BOJIbHAS KOMILJIEKCHAS (DYHK-
ust F. CBoOoiHAsT TPAHUTIA COOTBETCTBYET €IMHUTHOM
okpyxuoctu |U| = 1 B mmockocru U (obmacts € B
mwrockocTu U cooTBeTCTBYeT OO KPYTY €IMHUIHOTO
pajmyca, b0 BHEIIHOCTH TAKOIO KPyra), Tak 4ro ee
MOYKHO TIapaMeTpu30BaTh Bhipaxkenuem U = e rie 6
— BelecTBeHHbBIH napaMerp. Torga mckoMast 9BOJIONNS
rpaHutpl 0F); 3aaeTcsd TapaMeTPUIeCKUMU BhIPAsKeHU-
AMUI

z =Re F(e") + tcosb, (23)

y =Im F(e) — tsinb. (24)

OmnuceiBaemble (22)—(24) TedeHUs] MOXKHO MHTEPIIPETU-
pOBaTh KaK JABYMEPHbBIE BO3MYIIEHUS HUCXOJHOTO OJIHO-
MEPHOIr0 OCecUMMeTpuuHOro TedeHus U = t/z (mis
HEBO3MYIIEHHOro TedeHuss F© = (0; OHO COOTBETCTByeT
CKATHIO, JTUOO PACIIUPEHUIO C MOCTOSHHON CKOPOCTHIO
KPYTJIOH IIOJIOCTH B XKUIKOCTH ). Pasiundublii BBIGOD 1Ipo-
U3BOJILHOI (pyHKIMK F I03BOJISIET CTPOUTEL CaMbIe pas-
HBIE IByMEPHBIE T€YEHNUsI, TIOJAPOOHDII aHAI3 KOTOPBIX
BBIXOJIUT 38 PAMKHU HACTOSINEH paboTHI.

Ilpusenem 31ech B KadecTBe IpHMepa TOJLKO JIBa
pemmenusi. Ilepsoe — coorsercreyer F(U) = VU. Do
O3HAYAeT, 9TO HAYAJBHOE IIOJIE CKOPOCTEH SBJISAETCS
kBajpaTuaneiM: Ul;—g = z2. Torma, cornmacuo (23) u
(24), B HaganpHbl MOMeHT t = 0 cBOGOJHAS IPAHU-
na npeiacraBisier coboil okpyzkuocThb |z| = 1. Ucexonno
KpyIJIas MOJIOCTh B JKHJIKOCTH CO BpPeMeHeM aeOpMu-
pyerca — cM. puc. 3. Pemienue paspymaerca B MOMEHT
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Puc. 3. OuucsiBaemas: dopmymnamu (23) u (24) sBosmonust
nosnoctu B xuakocru g F(U) = v/ U. Ceoboauast rpa-
HHIA TIOKA3aHa B IIOCJIEOBATE/ILHBIE MOMEHTBI BPEMEHH

t1 =0,t2=0.25, t3 = 0.5

t = 1/2, Korja Ha rpaHule OJHOBPEMEHHO 0Opasyer-
cs TPU TOYKU 3a0CTpeHusi. VIX IosiBjIeHHe CBSI3aHO C
BBIXOJIOM OCOOEHHOCTEH KOMILIEKCHOM CKODOCTH H3BHE
JKHJKOCTH Ha ee rpaxuiyy (cM. takxke [13]). Ormernm,
YTO, O-BUIUMOMY, Ha BaXHOCTh HU3yYeHWs CUHIYJISIP-
HOCTel BHE KUWJJIKOCTU JJIsi HECTAI[HOHAPHOIO CJIydasi
6buto BrepBble ykazano B pabore [15]. Korma ocobas
TOYKa MPUOJINKAETCS K CBOOOIHOI IPAHUIIE, STO BBI3bI-
BaeT ee 3HAUYUTENbHYIO fedopMmariuio. [logobnas curya-
[[UsI PEATU3YETCS, B YACTHOCTH, JIJIsi OKOJIOTPEIETHHBIX
BosH Crokca [16].

Bropoe perenne mpojgeMoHCTpUPOBaHO Ha puc. 4.
OHO COOTBETCTBYET CJIE/YIONEMY BBIPAYKEHUIO JIJIsT BXO-
nameit B (22)—(24) byuaxnuu F:

3
1
FU) = - ; U — 1.5 exp(2ikm/3)’

(25)

cojJlepKalleMy TPH CUMMETPUYHO PACIIOJIOKEHHBIX OT-
HOCHUTEJIbHO Hadaja KOOpAWHAT moJiroca. [Ipu Gosbimmx
|t| dopma rpanuipl 6iu3Ka K OKPYKHOCTH C PAIIYCOM
~ |t|. Kak BUHO, IPU CXKATHUM TIOJIOCTH BO3MYIIEHUSI €€
TPAHUIIBI CTAHOBATCS 0OJIee BBIPAXKEHHBIMA, U B MOMEHT
t. = —1.53 pelienne pa3pyniaeTcs — MPOUCXOIUT CTOJIK-
HOBEHUE CBODOOHBIX I'PAHUIL, B PE3YJIBTATE YETO HOJIOCTD
paciajiaercsi Ha HECKOJIBKO OTJIEJIbHBIX ITOJIOCTEI.

Takum obpazom, puc.3 u 4 IeMOHCTPUPYIOT 00pa-
30BaHUe Pa3JIMYHBbIX TUIIOB OCODEHHOCTENl — OCTpUil u
IIy3bIpeit.

6. 3akmiouenue. [Ipemroxken aaropurm mocrpoe-
HUsl TOYHBIX PEINeHUH 3aJa9i O ABYMEDHOM TEYEHUU
2KUJIKOCTU CO CBOOOIHOM rpaHuUIiei, CTapTyIomuil ¢ pe-

ITucbma B 2KOTP Tom 110 BRm.7-8 2019

Puc. 4. OuncoiBaemas: dhopmynamu (23) u (24) sBosmonust
[OJIOCTU B KUJKOCTH JIJIsl 33/1aBAeMOii BbIpazkenueM (25)
dbyuknun F. CBobomHasg rpaHUIa IIOKA3aHA B IIOCJIEI0-
BaTeJbHbIE MOMEHTBI BpeMeHU 11 = —3, lo = —2.25,

t3 = —1.53

IIeHNs JIUHEHHOro ypaBHenusa 1lyaccona Ha maBcHHE B
mnockocru rogorpada Py, + Py, = —2 u 3asepmaio-
Iuiics aHaIM30M 3aBUCUMOCTEil BHUIA

2= F(U)+ / C(U,t) dt,

BBITEKAIONINX U3 ypaBHeHUs IepeHoca (2). Dror ajuro-
PHUTM [O3BOJIAII BOCIIPOU3BECTHU HafijeHHble B [7, 8, 13]
pellleHns, & TaKKe [MOCTPOUTH HOBBIA IMUPOKUI KJIACC
peIIeHNl, ONUCBHIBAIOIINN IIPON3BOJIbHBIC BO3MYIICHUA
HeBO3MyIIeHHOro Tevenus: U = t/z. Ecan pemenus Iu-
pUXJIE COOTBETCTBYIOT TEUYEHHSIM C JIMHEHHBIM II0JIEM
ckopocru U ~ z, a pemenus u3 pador [7, 8, 13] umeror
AHAJIOTUIHYIO JIMHEHHYIO ACUMIITOTHKY, TO HOCTPOEH-
HBIIl B HACTOSIIEN paboTe HOBBIH KJIACC PEIIeHUil IMeeT
HMHYIO — 3aTyXaloIyio Ha OECKOHEYHOCTH — ACAMIITOTHU-
Ky U ~ 27!, xapaKTepHyIo I IPOIecCOB CXKATUS M
pacHIupeHusl MOJIOCTEN B HECKUMAEMOU JKUJIKOCTH JIJIsT
Iockux Tevdennit. Baskno, aro pemenue (22) cogep:kur
[IPOM3BOJIBHYIO KOMILIEKCHYIO GYyHKIUO F', 94T0 1M03BO-
JISIET UCCJIeJI0BATh HAYAJbHBIE YCJIOBUS CAMOIO Pa3HO-
ro Buja. BosHukaromue u3 TpeboBaHus AaHAJIUTHIHOCTH
KOMILJIEKCHOI CKOPOCTH B obJtacTu §); yciioBus Ha DyHK-
muio F' HOcAT caMblil 00IIMit XapaKTep U JIETKO BBIMIOJI-
HSIOTCS TIPU COOTBETCTBYIONIEM BBIOODE TIOJIOXKEHUS €€
0CcOOEHHOCTEIA.

Pabora BbIIOIHEHA IIPU YACTHUIHON IOJJIEPXKKE
Poccniickoro donma byHmaMeHTATBHBIX HCCIEI0BAHAIN
(mpoekTer 19-01-00096 u 19-08-00098), IIpesumumyma
PAH (mporpamma 2) u YpO PAH (mpoexr 18-2-2-15).
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