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[MpepnoxeHa nHTerpupyemasi Mogens ABYXYPOBHEBOW Cpefbl C MOCTOSIHHbLIM AWMOJIbHBIM MOMEHTOM, OMUCHLIBatO-
LLasi SBOJIOLMIO UMMYSILCOB 3/IEKTPOMArHUTHOro noss 6es orubaroLeidl ¢ y4eTom Annosnb-ANnosbHOro B3anmMo-
neincteus. B npubnmxennn banxaliwmnx cocegeil 3To B3aWMOZENCTBME YUNTLIBAETCA B BUAE KBaLpaTUYHON
ancnepcun. HaiigeHo, 4To Takoe obobuiermne pegyumpoBaHHbix ypaBHeHuii Makceenna—Bnoxa coxpaHsier nos-
HYtO MHTerpupyemocTs. Ha npumepax nonydeHHbIX TOYHbIX COJIMTOHHbIX PELUEHU MOKAa3aHO, YTO COBMECTHOE
BAUSIHNE KBAaAPaTUYHOW SUCMEPCUMN U NOCTOSAHHOrO AUMOJILHOrO MOMEHTa obfiafaeT PsigOM YHUKANbHbBIX OCO-
beHHOCTeli 1 [aeT HOBble BO3MOXXHOCTU KOHTPOAsi hopMbl MMNYNbCOB nonsi. B yacTtHocTu, obHapy»keHo, 4To
dhopma 1 aMnANTyga UMNyNbCa NOAs 3aBUCAT Kak OT 3HAKOB ANNO/b-ANNOALHOrO B3aMMOAECTBIUS, TaK 1 3HaKa

NOCTOAHHOIro ANNOJIbHOrO MOMEHTaA.

DOI: 10.31857,/50044451020100028

1. BBEAEHUE

Hennneiinble siBjIeHHsI, CBSI3aHHBIE C 3BOJIIOIUEN
YILTPAKOPOTKUX UMITYJILCOB CBETA B CPEJIaX, COJEpIKa-
IUX PE30HAHCHBIE ATOMBI HJIM MOJIEKYJIBbI, UCCJIETyTOT-
cs B paMKax ypasHenunit Makcsesia— Bioxa aanrennsb-
HOe BpeMd, ¢M., Hanpumep, [1-7]. Ocobennoe 3uavenue
UMEIOT [OJIHOCTBIO MHTErpupyeMble Mojenn [7], B pam-
KaxX KOTOPBIX MOYKHO HAWTH MHOTOCOJIMTOHHBIE U JIPY-
rUe peIleHns, MCCJIEOBATh B3aUMOJIEHICTBIE WMILYIh-
coB 1o, i ommcaHus COMUTOHHONW IUHAMUKH ObI-
JIN HANJICHBI PA3JINIHBIE CHCTEMBI BOJIHOBBIX U MATEDHU-
AJIbHBIX YPABHEHUIl, NHTEIPUPYEMbIe METOJOM 0OpaT-
HOIT 3a/1a49u paccesHust [7], B TOM IHCIIe MOJEJIH HEJIN-
HeifHO! onTwkw u akycruku [5,8-19]. MaTepec K mm-
yJIbcaM ToJieit 6e3 orudaromnieit CTUMYINPOBAJT HaX0XK-
JIeHWe W U3y4YeHUe WHTETPUPYEMBIX DPeIyIUpPOBaHHBIX
ypasaernit Makcpesia—Biaoxa (PYMB), onunceiBato-
IUX $IBJIEHUE CAMOWH/YIIMPOBAHHOW IMTPO3PAYHOCTU B
nByxyposuesoii cpege (JIVC) s 0JHOKOMIIOHEHTHO-
ro [1,5,6,8-10,20-22] u JABYXKOMIOHEHTHOIO MHOJIEf
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[10-13] BHEe paMOK NPUOJIMMKEHUS MEJJIEHHO MEHSIIO-
mieiicss orubaroIei.

[IpuMeHUMOCTD JBYXYPOBHEBOU MOJIEJIM K TaKUM
UMIyIbcaM TpebyeT, YTOOBI PEe30HAHCHAsT YaCTOTa
ObLIa XOPOIIO OTJeJeHa OT JAPYyrux dactor [23-25].
Jns  KBa3WMOHOXPOMATHYIECKUX  HMILYJIHCOB
yCJIOBHE, KaK IPABUJIO, BBIMOJIHSAETCA. JlJist MMITyib-
COB C JIIMTEJILHOCTHIO ITOpsiJIKa OOpPaTHON YaCTOTHI
yCJIOBUE TPUMEHUMOCTH TAKUX MOJIEJIeH CTAHOBUTCS

9TO

MeHee peasucTuaHbM. OHAKO 9TO MOXKHO YaCTUIHO
KOMIIEHCUPOBATh CUTyaIlWel, KOTJa JUIOJBHBIA MO-
MEHT, COOTBETCTBYIOIIUH SHEPreTHIECKOMY IIEPEXO/TY,
Gosblie, deM y GumzKaiimmx nepexoos [26].

st HECUMMETPUYHBIX MOJIEKYJI U KBAHTOBBIX TO-
Y€K U CIUIOIIHBIX CpeJi 0e3 3epKaIbHOW CHMMETPUH Xa-
PaKTEpPHO HAJIMYWE TOCTOSHHOTO JUIOJBHOTO MOMEHTA
(ITIIM). B sTOM ciyuae raMusIbTOHHAH B3aUMOJEHCT-
BHUS ONTUYIECKUX IJEKTPOHOB, BCJIEICTBUAE B3aUMOJIEli-
CTBUS C sIIPAMU MOJIEKYJI, HENHBAPUAHTEH OTHOCUTEIb-
HO TIOJIHON rpymibl BparieHuii. CTaluoHapHble cOCTO-
SAHUsT TAKUX MOJIEKYJ HE WMEIOT OIPEeJIeHHON YeT-
HOCTH, B Pe3yJIbTaTe Yero CTAHOBSATCS OTJIIMYHBIMH OT
HYJISI TAArOHAJIBHBIE SJIEMEHTHI OIIePaTOPa JIUIIOIBLHOTO
MoMeHTa. {1 HU3KUX 9acTOT, HAIIPUMED, JJIsi MIKDPO-
BOJIH WJIA TepareprieBbIx dacTor BiausHue 11/IM moxer
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6b1Th cymiecrBenHbiM. Hamuaue IT/IM xkBanTOBOTO 1€~
pPex07ia BBI3BIBAET IIPU PACIPOCTPAHEHIH UMITYJIHCA U~
HaMUYeCKUl MITAPKOBCKUI CABUI YaCTOTHI IEepexo/a,
KOTODBIIl IIPOIOPIIMOHAJIEH HAIPS2KEHHOCTH JIEKTPU-
9ecKoro moJjist uMmnyiabca. Baugaaue IIJIM ma pacrpo-
CTpaHEeHUe UMITYJIbCOB JIOCTATOYHO MCCJIEIOBAHO B CJIy-
qae (acdbdexTuBHO) MBYXypOBHEBBIX cpen [23,24]. Oco-
6yro posib IIJIM MoxkeT urparh npu mepeHoce SHePruu
MEXKAy aCUMMETPUYHON KBAHTOBON TOYKONA U IPOTH-
JKEeHHOI MOJIeKyioi, Hampumep, mosekynoit JITHK nmm
Gesnka. BzamMopeiicTBre MOCTOSIHHBIX JIUIOJIEH MOJIE-
KyJI U KBAHTOBO} TOYKM IPUBOJUT K JIOKAIM3AIMN (11e-
JIOKAJIN3AIIUK) SKCUTOHOB U yCUJIeHUIO (YMEHbIIEHHIO)
sabdexTusHOCTH TIepeHOCa dHeprun [27-29]. B mpoTs-
JKEHHBIX MOJIEKYJISIDHBIX CPeaxX, TaKUX KaK MOJIEKY-
aer JTHK, Genka [30] m MOmeKysIsipHBIE arperaThl Kpa-
cureneii [31, 32|, mUMOIH-IUNONBHOE B3aMMOJIEHCTBHE
UT'PAeT OIPEJIEISIONLYI0 POJIb IPU (POPMUPOBAHUU DK-
CHTOHHBIX UMIIYJIECOB U MIEPEHOCE SHEPIUU. DBOJIIOIHS
BO30Y2K/I€HUI B MOJIEKYJISIPHBIX IIEITOYKAX MOYKET ObITH
OIKMCAaHA B IPHUOJMXKEHUH, B KOTOPOM KazKJas MOJIe-
kysa upeacrapiera IYC. B npubsimkenun Osmzkaii-
MIUX cocesleit TUIO0JIb-IUIOJIbHOE B3anMOAeiCTBIE CBO-
JIUTCS K TPOCTPAHCTBEHHOMN TUCIIEPCUU BTOPOTO IIOPSIJI-
Ka. JIjist cCuIbHOTO M3MeHeHUs HaceJleHHOCTell ypoBHE
9Ta JUCIIEpCUs HOCUT HEJTMHEHHbII XapakTep. B padbore
[33] mokazano, 4TO BO3MOXKHO UHTErpupyemoe 06001Ie-
Hue ypasaenuit Makcsesuia— Biroxa st JIYC ¢ yuerom
HEeJIMHEHHON TUCIIePCHUN.

e cBepXCHIIBHOTO 1OJA, T. €. ¢ 3Heprueil U,,, Muo-
ro OoJbllielt HEPruUu mnepexoya hwie, u Jisd pdek-
TUBHOTO OJHOKOMIIOHEHTHOT'O II0JISI COOTBETCTBYIOIIHE
ypasuenus Maxkcsesiia— Bitoxa MoryT 6bITH CBEJIEHDBI K
MosubUIMPOBAHHOMY ypaBHeHuo cuHyc-Iopsona [34]
u ero obobmenusam [17,18]. Oxguaxo, 910 g Takux
roJiell IByXypOBHEBOE IIPUOJIMKEHNE B PEAJbHBIX Cpe-
Jax Kak mpaBujio He mpuMmerHnMo. [losromy 6ostee pea-
JIICTHYHBIM sBJIserce npudmmxenne Uy, S fuwia. Mo-
JIeJib, TpecTaBsionas coboit nenouky AYC ¢ IIJIM
U HeJIMHEHHO KBaIpATUYHON JUCIIepCueil, MOXKeT IIPpU-
MEHSITHCS JJIs 9BOJIIOIANA YIBTPAKOPOTKUX SKCHUTOH-
HBIX BO30YXKIEHUU B JIMHHON MOJIEKYJISPHOI cpeJe.
B muTnpoBaHHBIX BBIINIE pabOTax U3ydaJOCh BIIUSHUE
TIIM u nHesivHEHOM AUCTIEPCUN HA IBOJIIOIIUN UMITY/Th-
coB 1oJjisi. OIHAKO COBMECTHOE CHHEPTreTUYIEecKoe Jeii-
cTBHE 3TUX (PAKTOPOB HA (POPMHUPOBAHUE BO30OY 2K TCHIIT
B IPOTS2KEHHBIX CACTEMAaX He HCCJIEOBAJIOCH, TeM 0O-
see B ycsoBusx U, S Awia. B To ke Bpems usydenue
TaKOrO BJIUSTHUS MPEICTABJISETCA UPE3BBIUATHO BaK-
HBIM JIJIsI aHAJIA3A IIPOIECCOB [IEPEHOCA SHEPIUU B BUJIE
KOPOTKHX UMILYJIbCOB B MOJIEKYJISPHBIX IEITOIKAX.

B macrosmieit pabore mpuBOIUTCS WHTEPUPYEMOE
0000ITIeHre  peynMpOBaHHbIX ypaBHeHmit Makcseli-
jga—buoxa giusa JIYC, xoropoe Brirogaer ITJIM u
HEJIMHEHHYIO KBAJIPATUIHYIO JUCIIEPCHIO TP BBIIOJ-
HEHUU DPsifia CTAHIAPTHBIX HMPUOJIMKEHUN U yCJIOBUSI
Up S hwiz. HecMorpst Ha JOCTATOYHYIO OYEBHIHOCTH
TAKoro oOOOINEeHNsI, 3Ta CHCTeMa He ObLaa HaMHU 00-
HapyxkeHa B Jmreparype. lleabo paboThl siBjisteTCst
[TOJTy9€HUEe TOYHBIX PENIeHU U JEMOHCTPAIINS C UX IO~
MOIIBIO CUHEPTHIECKOTO 3P deKTa, MPOSBIIAIONIETOCST
B KPUTHUYECKOM YCHUJIEHUW WJIU TOJABJIEHUH UMITYJIbCa
[OJIsT  BCJIEJICTBAE COBMECTHOTO JIEHCTBUS JIAIIOJIb-
JanopHoro Blammoelicteus un dddexrta I[lTapka,
BbizBanHOro Hasmanem [1JIM B IVC.

2. BBIBOJI MOJIEJIN

[IpuBesieM BBIBOJ, PELyIUPOBAHHLIX YPaBHEHMIA
Makcpesia—BJyoxa s memouku JIYC ¢ IIJM wu
JIATIOJb-JTUIOJIBHBIM — BanMojieiictBuem. Duszmaeckoe
[IPOUCXOXKJICHNE U BBIBOJI AHAJOTUIHBIX yDPaBHEHMI
9BOJIIOIUN UMITYJILCOB Oe3 orubaromeii B JIYC ¢ I[TJIM
MOKHO HaiiTu, Hanpumep, B paborax [1,8,16,20-22],
a ypasHenust Maxkcpesia — Bioxa ¢ yaeToMm aucnepcnn
BTOpOTrO TIopsizika — B |18, 33]. Ypasuenne Makcresuta
I OJTHOMEPHOI OJHOPOJHON IPOTSAXKEHHON Ccpeabl U
OJITHOKOMITOHEHTHOTO IT0JIsI, PACIIPOCTPAHSIIOIIEr0OCsT B
AYC, nmeer Bug [3]

O°E, 0°B, A4nd, 0°P, "
022 2ot2 2 o2
3/1ech KOMIIOHEHTA TIOJISPH3AINE CPeabl P, IMeeT BuL
OH
P, =-—n,Tr< p—— 2
. m T h e (2)
U N, — IUIOTHOCTH cpeibl. CUUTaeM, d9TO Cpea

COCTOUT M3 IPSIMOIl IEINOYKH JIBYXyPOBHEBBIX &TO-
MOB C JIUIIOJIbHBIM MOMEHTOM B TOYKe z = In, e
I — paccrosiuue Mexkjay HUMEU. B TJI0THOH cpene Ha
nonspusarmio JIYC B Touke nl OKa3bIBAIOT BIUSHHE
mosist gmmnosteit Bcex JAVC B Toukax ml,m # n.
s yoporeHust  3a/1ad9d  UCIIOJIb3yeM  IIPUOJInKe-
HHe OJMKaMIIMX cocelieil, KOTOpOe ITPUMEHSIOCH
J7IST  ONUCAHUS IOJOOHBIX CpeJ, Halpumep, OeaKo-
Bble MOJEKyabl [30] WM MOJIEKyJISIDHBIE AarperaThl
kpacuresieii [31]. B srom npubimkeHun BKIAJ B
[TOJITPU3AIUIO aTOMa, HAXOJSIIErocs B TOUKe z = nl,
BHOCSIT IIOJIIPU3AIMA B 9TON TOYKE M IOJISIPU3aIlUH,
BBI3BAHHBIE JUIOJBLHBIMEA TOJSIMEU  OJIMKANRIIIX  CO-
cemeit B roukax (n £ 1), DTOT HOAXOI ITO3BOJIKLI
OIKMCATh Psij BaXKHBIX 3KCIEPUMEHTAIBHBIX (DAKTOB,

2*



A. A. 3abosoTckuii

MITP, vom 158, Boim. 4 (10), 2020

B YACTHOCTH, SBOJIIOIIIO CJIA0OBIX BO30Y K ICHMIT B MOJIE-
kysnax JHK [30,32]. C yuerom moseii qunoseii Tosib-
KO OIMKAMIIIX cocesel moisipu3alius B IpaBoil JacTu
ypasrenus (1), rae nose 6epercst B Touke nl, IPUHU-
MaeT BU/I

Py~ P 4 qqa (PO 4+ PO (3)
31ech ng") — TMOJIIpPU3aIlUsi ATOMa B TOYKE N, Yiq —
KO DUIMEHT  JTUTOJIB-TUTOIBHOTO  B3aUMO/ICHCTBUS
COCEJIHUX JUMOJIel. B KOHTHHYAJIBHOM TPUOJIMKEHIH
pmY 4 P & 9P (2) + 1202P,(2), e P —
— P(2),nl = z upu | — 0. B urore u3 ypasaenus (3)
HAXOJIUM

(1 4 27y4qe)?

(02 — ¢7207) Ey(2,t) = —4md, > D2 x
C
2'7dail2 a2
X [Pm(z,t)—i— 1+27ddG82P1(z,t) .4

VYpasuenus: Bioxa nmeror sux [3]

_ 1
" 4h

~

]

~

op (5)

co cieaytomuM B caydae JIYC raMuiabToHHaHOM:

(e

rie hwiz — dHEprus mepexona u d;j,t,j = 1,2, — age-

-1 0
0 1

Tiw12
2

di1
day

di2
daa

H:

MEHTBI TUOJbHON MaTpuisl. [lonxsgpusanun p s on-
noit IYC umeer Bug,

1
p=trpd= 3 (d11 + da2) +
1
+ 5 (d11 — da2) (p11 — p22) + p12da1 + p21dia, (7)

LJIE P;j — 9JIEMEHTBI MATPHUIIBI IFIOTHOCTH, p11+p22 = 1,
do1 T9. Hunamuka JIYC B 3/€KTPHIECKOM I10-
Jie ONUChIBAETCA BpalnenueM BekTopa Bioxa S(t, z) =

= {S.,5y,5.} = {51, 52, S3} ¢ Komnonenramu

Sy = P12+P217 Sy = P12 —.lej
P11 — P22
S3 = —

YacTo MI0THOCTh AKTHUBHBIX ATOMOB HJIM MOJIEKYJT
B peaJIbHOIl cpeJie JOCTATOYHO MaJja, YTO ITO03BOJISIET,
cnenysa pabore [1], BBecTn masbiii mapamerp. Hopma-
Jm3oBaHHas WIOTHOCTH JIYC mMmeer TOT ke MOPSIIOK
BEJINYMHBI, YTO U MPOU3BOAHASA O, + ng/cOp OT aMIum-
Tyl noJiA. 37ech ¢/ng — daszoBag CKOPOCTb CBETa,
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Ng — HOCTOSIHHAS JTUIIEKTPHIECKOI BOCIPHAMIMNBOCTH
cpesibl. DTO 03HAYAET, uTo [1]

OF,
cot

OF, _
9z

(9)

¢ Tpebyemoit TouHOCTBIO. COOTBETCTBEHHO, BKJIAJIOM
BCTPEYHOU BOJIHBI MOXKHO TpeHeOpednb. Ilosyaaemast
B UTOTE CHCTEMa YPABHEHUI ONMUCHIBAECT IBOJIONUK U
PACIIPOCTPAHEHNE UMITYJIBCOB C TPYIIIOBOI CKOPOCTHIO,
GJIM3KOI ¢ CKOPOCThIO cBeTa B cpege [1].

Jl1st OJTHOKOMITOHEHTHOTO TOJIsI, WUCIOJb3ys IIPU-
6mzkenne (9), HaxomuM u3 ypashenust (4) u (5) cie-
aytomryto cucteMy PYMB c IIJIM n mesimueitnoit KBaI-
paTuYHO nucnepcueit:

08

o = (W= pE) S, (10)
T

%:(w—uf)Sl—ESg, (11)

or

9% _ ¢g,, (12)

or

o0& 02

8_X = SQ + aWSQ, (13)

rje T = wot, Wy — IPOU3BOJIbHAL YaCTOTA, W = W1a/wo,
= (di1 — da2)/(2d12) — npuBeneHHBIH K Ge3pazmMep-
HOMY BHLy IIOCTOSIHHBIN JMIOJIBHBIA MOMEHT,

272
c_ 2dew7 _ 2wil* e 7 (14)
hwo (14 2v.)
9 - chwo . <i 9 2) . (15)
OX  Ard2ny, (14 2v.)* \wo 0z~ 0T

IIpu BBIBOje ypabHeHust (13) yunTBIBAIOCH, UTO MO-
Jgpuzaiysa (2) BKIIOYAET KAK HEJIUATOHAJBHYIO [IPO-
HOPIMOHAIBHYIO S1, TAK U JUATOHAJIBHYIO TIPOTIOPITH-
OHAJIBHYIO S3 YacTU. Bbranciss nepsble IPOU3BOLHLIE
1o t OT 9TUX YacTell 1 UCIob3yst ypasaerns (10)—(12),
HAXOJIAM, ITO YJIEHBI, IIPOMOPIAOHAJIBHBIE £S5, COKpa-
I[IAIOTCH U B IPABOH Y9aCTU OCTAETCA TOABKO KOMIIOHEH-
ta Sg. s ciayuas a = 0 aHAJIOMMYIHBL BHIBOJ, CHCTEMBI
ypasaennii (10)—(13) Buepsble npuseeH B pabore [8].

Cucrema (10)—(13) sBisiercsd HEOOXOIUMBIM YCJIO-
BUEM /IS KOMMYTATHBHOCTH CJIELYIONAX JIMHEHHBIX
cucreM:

0:®

—i)
— (14+bA) (F—m)

(1-bA) (F—m)
i\

)
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Baecs b= 2+/a, a € R,

= A1+ (1-2N), fi=pfs,  (18)
hl = —gw (1 — bz)\Q) 5 hB =—N h’lv (19)
= —gw (1 =622, hg = —phs, (20)
ha = 2ig\ (1 N wQa) , (21)
ho = —2igA (1 + 42 — w?a), (22)
14 p42) (1 =0bA
. (1+4°)( )7 (23)
2y/1+ p? —w?a
B 1+ p?) (14 b
2¢/1+ p? —w?a
W) =w? =40 (1 +42), (25)
1 2
po_(Fw)E (26)
2¢/1+4 u? —w?a
m = e (27)

2/1+ 12 —w?a
Hast w = 0 cucrema (10)—(13) npuBogurest K 0600611Ee-
HUIO ypaBHeHust cunyc-l'opyoHa [34] Buja

0,0, U = (1 4+ v0})sin(U). (28)

Perennst ypasuenus (28) naitnenst B paborax [34, 35]
JIg pasHbIx 3HakoB v. Marcyno [35] mpeoGpasosas
ypasHeHue (28) K m3BecTHOl npocroii Bepenn PYMB.
K TaxoMy ke ypaBHEHMIO IPUBOATCA ypapHenns [1la-
depa—Beiina [36] u mHekoTopblie ero 0600eHAA. DTUM

_iNH
0, ® = ‘

—(1+bN)(R—mH)

3. CUMMETPUN

N3 ceoticts cummerpun JmHeiHbIX cucreMm (16),
(17) wmm (17), (30) u, COOTBETCTBEHHO, MATPUIHBIX
dbynxumit Mocra ®, npuBeIeHHBIX HIEKE B STOM pas-
Jiese, cefyeT, 9YTO KarKIbIH MoJIIOC \; B BepXHeH UK
HIKHEH KOMIIJIEKCHOH IMOJTYIIJIOCKOCTH TTpeodpa3yeTcs
B Tpu crepyormmx: {—Af, —\;j, A7}, ¢ momompio mpe-
obpazoBanuii cummerpun. llepeducanmm sTH cBoiicTBa
cumMeTpun it Matpuiiel L. s Bropoit marpunbr A
CBOIICTBA CUMMETPHUHU Te K€ U MBI UX HE ITPUBOIUM.

3
iflSl + ifgSg g (Z hij + CL&,-SQ)
j=1

3 .
g (Z hij + aa7—52>
j=1

. (17)

—1f151 — 1353
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yPaBHEHUSIM COOTBETCTBYET CIIEKTPajbHas MpobieMa
(CII) Banaru—Komno - Munkasst [37], koTopas orin-
gaercs or (16) HepmaroHaJbHLIMU YjieHaMU. Perenus
9TUX ypaBHEHHUI ObLIN HaAJEHLI paHee Pa3HBIMHU CIIO-
cobamu [37—40].

Cucrema ypaBHEHUil, TaKxKe OIMCHIBAIOIIAS JIH-
HAMUKY OJJHOKOMITOHEHTHOTr'O ToJIsI 0e3 orumbarorieii ¢
ITOM, BoiBenena B pabote [18]. ABrops! paGorsi [18]
MPUMEHIINA TPUOJIMKEHNS, TO3BOJISIONINE CBECTU TI0-
JIVIEHHYIO cucTeMy ypaBHeHuit kK TeM PYMB, uto u B
paborax Marcyno [35]. OgHAKO ITOT TOIXOM HETPUME-
HUM K cucreMe (10)—(13) Ge3 mckirouenusi Gespasmep-
HOM 9acToThl w. [locKOMBKY B HacTOsiIEl paboTe pac-
cmarpuBaercs cayvait Uy = dFE, < hwig, nogaxon Mat-
cyHo HenpuMeHnM. [losToMy GyjieM HAXOIUTH PEIIEHIe
npyrum crocobom. Cuenyst pabore [33], mpeobpasyem
cucremy ypasaenuit (16) x CII, koTopast paHee UCIIOTb-
30BaJIach NIPU HAXOXKJIEHUU PEIIEHU U3BECTHBIX MOJIE-
Jieit, Takux Kak ypaBuenus Jlanmay — Jludmuna, nByx-
U 4eThIPEXBOJHOBOI'O B3aUMOJCHCTBUI, CM., HAIIpUMED,
paborsl [41-43] u cepiku B HuX. jis 9T0r0 BBEAEM HO-
By10 nepemennyio v u gyukiuu R(u) = F/v/1+ b2F?,
H(u) =1/v1+b2F? umu

dr = H(u)du, F(u)= ﬁ((z)) )
H(u) =+/1—b2R(u)?.
Torna CII (16) npuHEMaeT BHT
(1=bX) (R —mH) | o (30)
iNH ‘
I)
L*(\*) = My LO)(M) ™ (31)
Baech &*(A\*) = MI®(N),
Aﬁz<f%@>, (32)
f+ () = zgi :L 1 a>0, (33)
fo(A)=-1, a<0, (34)

bzb()ER.
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1) no ussectHoMy perternio ®[0], L[0], A[0] xkammuGposou-
L¥(=\*) = MFF L) (MF) L (35)  mbIM npeobpasosanueM. Hosoe pemenne G[1], H[1] na-
xomures w3 «Hysesoro» G[0], H[0] nocpencrsom ypas-

Buecs O*(—\*) = MO (), -
ME ( Lo ) | (36) LUP) - 0-P[1] = PIL),  (40)
0 —f+(A) A[1]P[1] — 8, P[1] = P[1]AJ0], (41)
iy rae L[N],A[N],N = 0,1, — marpunst (30) u (17) c
L(=\) = ML) (M)~ (37) G = G[N], H = H[N] u S;[N],j = 1,2,3, coorser-

cTBeHHO. P B 0011IeM BHUIE U POU3BOJILHOTO [N Ompe-

— — +
Brecy &(=4) = Mz=0(A), JleJisieTcs U3 ycsioBust, cM. [45,46],

0 1
ME = ( ) | (38) P70, T)g; = 0. (42)
-1 0
IIe ¢j — HETPHUBHAJBbHBIA IIOCTOSHHBIA BEKTOpP, J =
Oynxrus Mocra ¢ ygerom ceoiicTs cummerpun mve- = 0,...,2N. Veosue (42) MozKeT OBITH IPEICTABICHO
€T BH/I B BUJIE
a;(7)
. P\, T J =0, 43
wz<%1 F20%) ) ) o )< ! ) "
J * '
(P () re
P2 — 02
() = ma (44)
4. IPEOBPA3OBAHIUE JAPBY . .
¢ = (p1,02)", o = (¢1,p2)" — aBa pemenus auHei-
Hcnomp3yeM MeTOZ IIOCTPOEHNS COJUTOHIBIX pele-  HBIX cucTeM (17), (30); o; — mpousBosIbHas KOHCTAHTA.
uuii npeobpazosanuem lapOy [44-46]. Hosoe pemienue CaoiicTBy cummeTpun | y10BI€TBOPSIET CIIEMY OIS

®[1] = PP[0], oreeuatomee norernuany L[1], crpourcss  dbopma oneparopa:
|

N . N-1
N po+ 22 piN (1=0bX) > 5N
=1 i=0
P= ZPJ-(A) = T N . (45)
7=0 —(14+bN) X 5N po+ 2 N
7=0 Jj=1
U3 ypasuennii (43), (44) u Boipaxkenust (45) Haxo- Ba(=A3) = 1=
JIUM JIMHEHHYIO CHCTEMY YDaBHEHU ¢ ar(A) (50)

N N-1 Ba(=Aa) = = (bAa + 1) a(N).
> X+ Ba Y s = —po, (46)
j=1 =0

Takum o6pa3oM, IHpocreiilliee HEBBIPOXK/IEHHOE COJIU-
N N1 TOHHOE pelreHne orBedaeT 4N 1osocaM B KOMILJIEKC-
E \I* * } : NIE HO¥ IJIOCKOCTH.

pj /\a + Y Sj /\a = —Po- (47) .
et = W3 ypaprenwnii (30) u Boipakenns (40), cpaBHuBast

ko3 bumnuentst mepes AV T, Haiinem cBa3b MeK Iy pe-

3aecs mreareM ¢ N = 0 u N-COJIUTOHHBIM pENIeHNEeM B MaT-
1 -5, i .
B = — Yo = —(1 4 bAg) v, (48) puaHoit hopme
‘ _ -1
a =1,...,N. Ucnosb3ysa caoiicrBa cummerpun [-111 L[N] = PyL[0]Py . (51)
HAXOJIUM
Us (51) maxomum
Balha) = 1—5b\,
ECVIN (49) [G0] (31283 _,) +2iH[O]pnsn—1]

GIN] =

, (52)

Ba(Az) = — (b"A5 +1) ™ (), lpn |2 — b2[sy_1 2
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HIN]

_ ib*G[0] (piysn—1 —pnsiy_y) + H[0] (Ipn[* +0%|sn—1]?)

3aece G[N] = R[N] — mH[N] u G[0] = R[0] — mH]I0]
R(u)/H(u),

OTBEYAET WCXOMHOMY perenuo F(7)
dr = H(u)du.

3aBUCHMOCTE PYHKIAN (¢ OT X HAXOANM U3 BTOPOit
cucTeMbl ypaBHeHHi (17) U COOTBETCTBYIOMIETO IPeot-
pasosanusi Jlap6y. Cucrema ypasnennii (17) obmama-
€T TAKMMU YKe CBOWCTBAME CUMMETPUU, KAK U CUCTEMA
(30), u qyisa paccMaTpUBaeMbIX B paboTe MPOCTHIX Ha-
YaJIbHO-KPAEBBIX YCJIOBUI 3aBUCHMOCTD OT Y IPOSIBJIs-
€TCs B BHJE CIBHUIA U — U — VX, The v; — dasoBas
CKOPOCTb.

5. PEINEHNA MOJEJIN

5.1. ComuTOHHBIE pEIIeHUsT

Hna acumororuk F(r) — 0, S — 0, So — 0
npu 7 — oo wm R — 0 mia v — 200 MaTpHUIsI
B 1paBbiX dacTax ypasaenuil (30) u (17) pasnuuarorcs
TOJIBKO OBIINM MHOYKHUTEJIEM U OJHOBPEMEHHO IIPHBO-
JATCs K auaroHasbHoMy Buy. Hafiiem jpa pemnieHust
o, ypasuenuii (30) u (17) mng mysnesoro ¢GboHOBOrO
pemenns R[0] = 0, H[0] = 1, 51[0] = S2[0] = 0 u na-
wanbaex yeaosuit ¢ = (1,0)7, ¢ = (0,1)T. dns o; =
= /bX\j —1/4/b); + 1 maxomum u3 (44)

2(u—v;x)Q;+g;5+ih;

aj = — ;2 TUY = ¢ (54)

- 232m2 — A2 — m2. .. hs — el
3aece () = \/b Aim? — X5 —m?, g;, h; — neficrsu-
TeJIbHbIE KOHCTAHTBHI I Uj — CKOPOCTB COJIUTOHA. JIjIst
b=1d, \; =1in;, d,n; € R mveem

(w? +1) (L - d*n7)

j = —sign(Ss[0 55
Uj lgn( 3[ ]) 477? (M2+1)+w2 ( )
naiab=d, \; =in;, d,n; e R —
2 2,2
. (12 +1) (d®n? +1)
= — S50 / 56
Vj Slgn( 3[ ]) 47772 (‘LLQ + 1) T2 ( )
Nurerpupys pasencrso 7(u) — 79 = [ H(u)du, na-

XOJIUM COJTUTOHHBIE DEIIEeHUs B BUJE HEsIBHOW 3aBUCH-
moctn F' = G/H + m or 7(u). Beumy rpomosakocTu
9TU BbIpaXKeHus BbiHeceHbl B [Ipuioxkenne. AnaauTu-
veckue Bbrancierns dhopmyd (52), (53) MOryT GbITH BbI-
TOJTHEHBI ¢ ToMoIbio maketa Mathematica. I'pacduku
COJINTOHHOT'O peIlleHus T0Ka3aHbl HA puc. 1, 2 juisd 3Ha-
ka sign(a) < 0 u na puc. 3, 4 ma sign(a) > 0. Anams
pelreHuil BbIsIBUJI KPUTHYECKOE M3MEHEHUEe 3aBUCHMO-
cru popMbl mMITyIbca oT b = i d, d € R ¢ pocrom m jjist
m > 0. CoBmecrnoe neiicrue [TJIM o< p n numosis-au-
[TOJILHOT'O B3AUMO/IEICTBUS IPOSIBIISIETCS B KDUTHIECKH

PN |? = 02lsn 1]
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. (53)

6oJtee OBICTPOM POCTE AMILIATYJIbI UMIYJIbCA, YeM B
caygae orcyrcrBud [IJIM. s mapamerpos 11 ~ 0.5,
d = 0.5 perenne MeJIJIEHHO BO3PACTAET C POCTOM M U
st m ~ 0.5-1 CTAaHOBUTCS CUHTYJISIPHBIM. AMIUIATY 1A
AMITyJIbCA PACTET KaK C POCTOM m st m > 0, Tak u
¢ pocroM |d|. Ona m < 0 ¢ pocrom |m| npoucxoaur
YMEeHBITIeHNe aMIIATY/IbI UMIIYJIbca, cM. puc. 2. O6Ha-
pPYyZKeHO, 9T0 (pOopMa UMITY/IBCA B IIPUCYTCTBUU JTUTIOb-
JITIOJIBHOTO B3AUMOJIECTBIS KPUTUYECKU 3aBUCUT OT
snaka [IJIM. 1o cBsazano ¢ addexrom Ilrapka u ¢
TeM, YTO BLIBEJCHHAS BHE PAMOK IPUOJIUIKEHUS M-
JIEHHBIX ormbaromux cucrema ypasuennii (10)—(13) me
CUMMETPUYHA OTHOCUTEJIHHO M3MEHEHMs! 3HAKa IOJIs
€& — —& B oramume ot ypaBuenuit Makceesia— Bito-
xa JIYC [3] st MeIeHHBIX Orubaromyx.

Hna sign(a) > 0 ¢ pocToM @ IPOUCXOAUT YMEHb-
IIleHne AMIUTUTYAbI COJUTOHA ¥ €ro yimpeHwe. B
9TOM CJIy4Yae C POCTOM [/ TaKxKe HABJIONAETCS yCHU-
JIEHWE JEeACTBUS JIUIIOIb-TUIIOJBHOTO B3aUMOIEHCTBUS.
Yucrennoe pemenne cucreMs! (10)—(13) s mpocTsix
HAYAJILHO-KPAEBBIX YCJIOBU, IIPUBEICHHBIX BBIIIE, 10~
Ka3bIBaeT TaKyIo ke 3aBucuMocTh oT IIJIM, kak u mo-
JIy9€eHHBIE COJTMTOHHBIE pentenus. Ha puc. 5 npuseieHs
pe3yJIbTaThl YuCJIeHHOro pernernst cucrembl (10)—(13)
ayst b = 0.5 u pa3HbIX 3HAYEHUN M.

5.2. BpusepHble penieHus

BpusepHble perieHnst HAXOAUM JJIs ACUMITOTHKI
R—mH — 0, re. H— (1+ b2m2)_1/2. Kazxnoe pe-
IIEHNe OTBEYAET YeThipeM mosocam { A, —A1, \*, —A; }
B cucreme ypasuenuii (46), (47), pemeHus KOTODOii
npuBenensl B [Ipunoxkenun. [Tomocy A; orBewaer pe-
menne o = exp(—iA10(A1) + it + 6p), eMm. moapobHee
B IIpunoxennn. 3uadenus 3; B ypasuenusx (46), (47)
HaxonuM u3 (48) m coitcrs cummerpun (49) u (50).
COBMECTHOE BIUSHHE JUIOJIb-TUIIOJLHOIO B3aNMOIEI-
crBug u IIJIM nns b = id, d € R, npuBonuT K pe3koMy
YCHJIEHUTIO 60JIee BHICOKIX aMILTATYIHBIX TUKOB Gpu3e-
pa. C pocrom napamerpos m > 0, Im Ay, |d| pemenne
cranoBuTCs cuaryapubiM. C yBenmaenueM m > 0, Kak
U B CIydae COJIUTOHHOIO PEINeHUs, IPUBEJIEHHOIO BbI-
IIe, CUHTYJISPHOCTh BO3HUKAET JIJIs MEHBIINX 3HAYCHII
||, Im A;. Jost HpopMUpOBaHUST MOIIHOTO KOPOTKOTO
HMITY/IbCA TI0JIT TPEOYIOTCA MEHBIINE 3HAYEHUSA KO-
pUIEEeHTa UNOJIL-TUIIONBLHOrO B3aunMoaeiicTeud. s
m < 0 ¢ pocToM |m/, TaK JKe KaK U BblIe, HAGJIIOAAeT-
¢S CIVIA’KUBAHNE U YMEHBIICHAE aMILTATY/L IIYJIbCAITAI
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Puc. 1. ConutorHoe pewienne gns n1 = 1, b = 0.6¢, m > 0.

LLITpuxoBoii (cuHeii), WTpuxnyHKTUpHOI (3en1€Hoii) 1 cnaow-

Holi (KpacHoii) auHusm oteevaet napametp NAM m = 0, 0.5,
0.6 cooTBeTCTBEHHO

F
7
6F N
5 -
4 lll “‘
3t / \ N
3 ’ J N
% ] ,,/ \\\ /'! \\
0 == Ssd ~ ,
10 -5 0 5 10

wt

Puc. 2. To xe, 4to Ha puc. 1, Ho gas m < 0. LLtpuxosoii (cu-

Hell), WTPUXNyHKTUPHON (3eneHoil) n cnnowHoli (KpacHoii)

nuHnsamM oteedaet napametp MNAM |m| = 0,0.5,0.6 cooTset-
CTBEHHO

6pusepa. B ciyuae b = d € R yBesmmuenue napamerpa
M, KOTOPBIA HEeJUHENHO pacTeT ¢ POCTOM [, CM. BbIpa-
kerwue (27), IPUBOJUT K YIIMPEHUIO UMILYJIbCA, T10JIs €3
u3MeHeHus ero aMInTyabl. Ha puc. 6 u 7 moka3ano u3-
MeHeHue (pOPMbI UMITYIHCA ¢ U3MEHEeHUEM K03 DUIn-
eHTa b, XapaKTepU3yIOIIero AUI0/Ib-IAITOJIFHOE B3aU-
mogeiicrsue g m = 0.01. Anajormysast JUHAMUKA

HabTIoOMaeTCs It (PUKCUPOBAHHOTO Kodddurimenta b
U C POCTOM M.

6. SAKJIFOYEHUNE

Pemennst npeacrasieHHONl B paboTe mHTErpupye-
moit moges (10)—(13) ucnosnb30Banb! 1iIst aHATA3a 3D~
eKTOB, BBI3BAHHBIX OJHOBDEMEHHBIM JEHCTBUEM [IH-
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wt

Puc. 3. ConnToHHoe pewenne gns 1 = 1, b = 0.5, m > 0.

CnnowHoili (CuHeid), WTpUXnyHKTUPHONR (HepHOIA) n NyHKTUp-

HOl (KpacHoi) nuHusim oteedaeT napametp MNAM m = 0.01,
1, 1.5 cooTBeTCTBEHHO

2 4 -9 0 2 4

wt

Puc. 4. To xe, 4to Ha puc. 3, Ho ansi m < 0. Cnnowroii (cu-

Hell), WTPUXNYHKTUPHON (4epHON) n NyHKTUpPHON (KpacHoiA)

nuHnsM oteedaet napamerp MNAM |m| = 0.01,1,1.5 coot-
BETCTBEHHO

[TOJTb-IUTIOJIBHOTO B3amMoteiictBus u 3ddexra [IlTap-
Ka, obyciosienHoro naaumuueMm [IJIM B nByxyposme-
Boit cpeme. Obuapy:xkeHo, aro Biausaue [IJIM B m3y-
JaeMoil cucreMe 0e3 yueTa JIMIOJIb-TUIOILHOIO B3au-
MOJIeICTBUS HECYIIIECTBEHHO IIPU TeX Ke IPOYNX Iapa-
Merpax. B gacTHOCTH, [JjIs TApaMETPOB, OTBEYAIOIINX
puc. 1, Te xxe uamenenus [IJIM 6e3 1umoJib- TUIoILHOTO
B3aMMO/IECTBUS IPUBEJI K M3MEHEHUIO aMILIATY/IbI Ha
menee ueM 1 %. Bes ITJIM ycioBusa ¢popMupoBanus y3-
KOI'0 MOIITHOT'O UMITYJIbCA TPEeOYIOT 3HaYeHuiT KO3 du-
[UEHTA JIUIOJIb-TAIOIFHOTO B3aNMOIEHCTBUS B HOPMU-
posanuoM Buze =~ 0.5-1. B npucyrcrsun 1I/IM, koTo-
DBIil MOYKET COCTaBIATEH 1—3 IUMOJILHBIX MOMEHTOB ITe-
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0
Puc. 5. Yucnentoe pewenue gns F(0) = 0.01, S3(0) = —1, I i
b = 0.5 gns nepuogmMyeckux rpaHuyHbix ycnosuii. Cnaow- I i
HOWA, LUTPNUXOBOW U LUTPUXMNYHKTUPHOW IMHAAM COOTBETCTBYET 057 i
m=1,0,-1 I 1
F L -
F -1.0r 8
10
[ I E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
sk ! -10 -5 0 5
r : wt
L 1
6; H Puc. 7. BpusepHoe pewenune gnsa 1 = 0.7, n1 = 0.6. LLtpux-
4F t i nyHkTUpHON (cpuonetosoii), cnoWwHONA (KpacHOM) U WTPUXO-
X 1
L lil ' BOii (cuHell) nuHmsim oTeedaer napametp b = 0.1,0.3,0.47
2r " n
i it COOTBETCTBEHHO
[ Lot _1'/‘/\ ) ,;’I‘\ II"\\
Or N pT > ===
C \ v
of !t,
74£ €J1abOr0 B3aMMOJEHCTBUsI, IPUBOJIAIIETO K YPaBHEHU-
10 5 0 5 10 M THIa HeJuHeiiHoro ypasHenus IIIpemunrepa, sTor
wt 3ddeKT He yaaeTcs 00bICHUTD, XOTsI COJTMTOHHDBIE pe-

Puc. 6. BpusepHoe pewenune gna 1 = 0.7, n1 = 0.6. LLtpux-

nyHKTUpHON (cpronetosoii), cnNNOWHONA (KpacHOM) U WTPUXO-

BOii (cuHeii) nuHusm oTeedaet napametp b = 0.14,0.3¢,0.47:
COOTBETCTBEHHO

pexoza [32], dopMupoBaHUe KOPOTKOIO UMILYJIbCA BO3-
MOXKHO W JIJIsI OTHOCHTEIHHO MAaJbIX KO3(DOUIUEHTOB
JIATIOJb-IUIOJIBHOTO B3anMoielicTeus (<& 1).

Mopenb BBIBOIUIACH IS OITMCAHUST SBOJIIOIAN NM-
yJTHCOB 3JIEKTPOMArHUTHOTO T0JIst. IIpy 3TOM cucrema
ypasrenuit (10)—(13) mMoxkeT GBITH MCIONB30BAHA JJIsI
00bsicHEeHNsT OCOOEHHOCTEN U pasndus ycaoBuit ¢pop-
MHUPOBaHUSI 3KCUTOHHBIX MMITYJILCOB B IIPOTSKEHHDBIX
HEMOYKaxX MOJIEKY/ISPHBIX arperaToB PA3HbIX TUAHIHO-
BBIX Kpacureseil. Tak, Hampumep, B IelOoYkax J-ar-
peraToB IPOUCXOAUT (POPMHUPOBAHUE YIbTPAKOPOTKUX
9KCUTOHHBIX MMIY/IbcoB [31,47,48]. B 1o ke Bpewms
s H-arperaTos IIpu IPOYUX OJUHAKOBBIX yCIOBUAX
TaKhe HMIIYJIbCHl He HabIIoNa/uch. B mpubImKeHun

601

IIEHUST UMEIOTCsT B CJIydasix, aCCOIMUPOBAHHBIX C 00e-
nvu dopmamu arperatos [31, 47, 48]. B pamkax BbI-
BesieHHOI cucrembl ypasaenuii (10)—(13) sTor pesymb-
TaT MOXKHO OObSICHUTD PA3JIMYNEM 3HAKOB JUIIOJIb- 1~
[TOJIBHOT'O B3amMo/ieiicTBus /it J- u H-arperaTos Kpa-
cureneii [32]. B upubimkenun ssaunmozeiicrsus GJiu-
Kalmux cocenieil J-arperar oTrBedaeT MHUMOHN KOHC-
tauTe b, a H-arperar — neiicrBuresnbHO. Moseky-
JIBI IUAHUHOBBIX KPACHUTeJIell, COCTABJISIIOIINE arPerar,
Kak mpaBuiio, uMmeroT [IJIM, cpaBHUMBII ¢ JIUTOJIBHBIM
MOMEHTOM SHEPTeTUYIECKOTO IEePexXojia WU OOJIbIui
Hero [32]. JIMTeqsHOCTh 9KCUTOHHBIX MMITYJIBCOB MO-
JKeT OBITH JOCTATOYHO MAJIA JIJIsl OMPABIAHHOCTH MPHU-
OJIMKEHU, UCIIOJb30BAHHBIX BBIIIE. DT (PAKThI yKa-
3BIBAIOT HA IPUMEHUMOCTH TOJYIE€HHBIX COJTUTOHHBIX
perrennit 111 00bACHEHUST HADTIOAAEMBIX 3D PEKTOB B
JUIMHHBIX MOJIEKYJISIDHBIX I[EIIOYKAX U JUHAMUKUA BO3-
Oyxkyennii B GejkoBeix mojiekynax u B JIHK. SaBu-
crnMocTh OT 3HaKOB IIJIM m KOHCTAHTBI WIOJIb-IIU-
[TOJIBHOTO B3aMMOJIEHCTBUSI MOXKET OBITH HCIIOJIb30Ba~
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Ha JIJIs BJIASIHUST HA TIEPEHOC SHEPTUH B CUCTEME MOJIE-
KYJIIDHBII arperaT —KBaHTOBasi TOo4YKa. 3BecTHO, 9TO
HECUMMEeTPHUYHblE KBAHTOBbIE TOYKH MOTYT 00OJIaJaTh
otHOcuTebHO OosbitiuM ITJIM. Jlnnamuka Bo30yXKIe-
HUs B cpejie, CDOPMUPOBAHHON B BUJIE JIJIMHHON IErOv-
KI KBAaHTOBBIX TOYEK, TOMEIEHHBIX BOJIN3U BOJTHOBOA,
MOKeT ObITb OLMCAaHA AHAJIOIMYHON Mojesbio [28,29).
N3menenne nanpasienus [1/IM KBaHTOBBIX TOYEK B Ta-
KOM CHCTeMe MOXKeT ObITh HCIIOJIH30BAHO JIJIsi KOHTPOJIS
9BOJIIOIUN TI0JIsI B BOJTHOBOJIE.

BasucumocTh m(jL) MMeeT HeJIMHEHHBIA B, Kak
BUJHO W3 BbIpakeHust (27). JluHaMuKa COJUTOHA
KPUTHYECKAM O0Pa3oM 3aBHUCHT OT 3HAYEHU [i.
Hanpuwmep, conmuronnoe pemenune misg a < 0, m >
> me, tae m? (d’n? + 1) > n?, Tpancdopmupyercs b
[IEPHO/IECKOE.

BaBHCUMOCTD aMILIATYALI uMItyJibca oT IIJIM o p
uwe MoHOTOHHA 1 b = d € R u 3navenuit [T/IM, Takux
qro 1442 ~ w?d? /4. Taxum 06pazoM, TPUBEIEHHBIE De-
[eHnsl JEeMOHCTPUPYIOT MHOI0OOpa3ue MOBE/ICHIs, 3a-
Bucsiee ot kodddurnmenton I1JIM u aumob- 1umosb-
HOI'O B3aMMOJIEACTBUS.

B saxinouenue ormerum, uro mozenb (10)—(13)
JIOTIyCKaeT 0000IIeHne Ha CIydail By XKOMIIOHEHTHOTO
noJisi. IluTerpupyemasi MOZIENb PEyIIUPOBAHHBIX yPaB-
nenunit Makcsesuta —Bitoxa, onmchiBaoniast 3BOJIIOIHIIO
nosisipusanuu tosist B JAIVC ¢ TIJIM, HO 6Ge3 yuera
JIATIOJIb-TUIIOJIBHOTO B3AUMOIEHCTBUSI, IPEJICTABJICHA B
pab6ote [13]. Kpurnueckoe BIusiHEE IOJISPU3AIMOHHBIX
3bderToB HA HGOPMUPOBAHNIE UMITYILCOB MOYKET OBITH
pesysbTaToM Kpydenus rernodkn [19]. 3 storo moxkuo
c/leJIaTh BBIBOJI, YTO YYET JBYX KOMIIOHEHT IOJIsIPU-
3alli MOYKET IMPUBECTU K PsJIy HOBBIX HHTEPECHBIX

3bPeKTOoB.

®dunancupoBanue. Pabora BBINOJHEHA IIpU
nogepxkke Poccuiickoro donma GyHIaMeHTAIbHBIX
uccienosanuit  (rpanr  Ne18-02-00379)
crepctBa Hayku Poccuiickoit  ®eneparuu

Ne AAAA-A17-117060810014-9).

u  Munn-

(rpanT

IMPNJIO>2KEHUE

1.N=1

BcenencrBue cBolicTB cMMETPHUN MPOCTENIIIEMY CO-
JIMTOHHOMY DEIIeHUIO OTBevYaeT IOJIIOC, JIeXKaIluili Ha
romIiekcHoit ocu. st b =d, d € R, A\ = inm oy =
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= exp(0 + ithg) umeem

ictho
p1= ) (A1)
n
eWocsch
= A-2
S0 1— Zdn ) ( )

rae 0= GST - 907 007 1/}0

JEJIAI0TCA U3 paBEHCTBa

— KOHCTaHTBI, KOTOPBIE OIIpe-

— [ =00 A3
Vor +1 - ¢ ’ (A.3)
Osr = 24/12 — m2 (212 + 1) x
(12 +1) (d?*n? +1)
X |u+ex TEGE+T) T (A4)

3necy u Huxke € = sign(S3(0)). dust b = id, d € R,
A1 =in u ay(f) = efTivo

i(dnsh@ — ch#)

= A.
p1 n(dnchf —shh)’ (A-5)
eWo A
%0 T dnchd —she’ (A-6)

rae 6 = 04 — 0, 6y, Yo — KOHCTAHTBI, KOTOPbIE OIIpe-
JleJIstioTcst 13 paseHcTsa (A.3),

0 = 277 (@~ 1) x
(12 +1) (P> —1)
A.
XUt ex A2 (u24+1) 4 w? (A7)
2. N=2

Itst modtrocoB { A1, = A5, A", =M1}, A\ = (+in, (,n €
€ Ru a; =exp(ith + 6) ¢ yaeTom cBOWCTB CUMMeTpPHI
(31) pemenne cucrembl ypasruenuit (46), (47) B cayaae
b=1d, d € R, umeer Bug

p2 = —8{—=d*¢* +n°cos(20) [d* (¢ +n*) —1] +
+ 2 ch(29) [ (2 +n?) +1] +
+ d*n*+2d¢? sh(2y)+2dn? sin(20)+¢*+n* ), (A.8)

s1 = 32i¢n {ch®) [(cos — d (CQ +n?) sin(0)] +

+ nsinfshy}. (A.9)
31ech
2n
= =g (W Xeown) 6o, (A10)
2
w = \/ﬁ (U + XCOiUpi) + 1/}05 (All)
coi = S(0) (n? +1)° V1 = d@®m?, (A12)
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(1) (€ ) (P (@ ) =) o (& (= 5) ) i
Vg = .
16 (12 +1)° (2 + 7)) =8 (2 + D w?(C = n)(¢ +1) +w!
4 (2 +1) (G4 ?) (d (G4 ) +1) —w? (@ (¢2 = 3n2) + 1) )
VUpi = ) .
' 16 (12 +1)* (2 4+ 7%)* = 8 (12 + 1) w(¢ — n)(¢ + 1) + w?
0o,v9 — IeHACTBUTENbHbIE KOHCTAHTBL. AHAJOCMYHO 3mech
g b = d Haxoaum 2
= ——— (u— xcorver) + o, (A.17)
= —8{—d’¢* + 1 cos(20) [d* (¢* +n*) — 1] + V1+ d®m?
+ ¢2ch(2¢) [d? (¢ +n?) + 1] +d*n* + 2
) ( ) [ ( . ) ]2 ) ’l/) = % (u + XCOT‘va) + 1/}05 (Alg)
+ 2d¢” sh(2¢) 4 2dn’ sin(260) + ¢ + 7"}, (A.15) V1+d*m
_ 2 2./
s1 = 32i¢n {she) [d (¢* + n?) cosf + nsinf] + cor = 83(0) (1 +1)" V1 +d*m?, (A.19)
+ Ccosfchy}. (A.16) |
AP ) (@) (€ ()~ 1) e (P (0 36) — 1) o
16 (12 + 1)* (2 4+ 7%) =8 (12 + 1) w?(¢ — n)(¢ + 1) + w?
AR (@) ([ () +1) e (R (P8 1) o
' 16 (1% +1)* (2 +7%)* = 8 (12 + 1) w(¢ — n)(¢ + 1) +
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