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PasBuTa TeOpUs MHOFOHACTOTHOrO BbIHYXAEHHOrO KoMBuHaumoHHoro paccestust (BKP) ceerta Ha Bpawatens-
HbIX MEPexXofax MOJIEKY/, MOAENMPYEMbIX TPEXYPOBHEBON KBaHTOBON cuctemoii. [lokasaHo, 4To npumeHeHue
6UXPOMATNHECKON HaKaYKM YBEIMYNBAET LUMPUHY CMEKTPA PacCestHHOro usnydenus. [ns Hanbonee npocroro
BapuaHTa cuHxpoHHoro BKP Ha nepexopax ¢ npeHebpexxumo manoli cobCTBEHHO HacTOTON MONYYEHO TOHHOE
anrebpanyeckoe pelieHne ANs aMnAuTys BonH. JJaHHOE pelueHune COAEpXUT perynsipHble NPOCTPAHCTBEHHbIE
OCLMNNSALMN BCEX KOMMOHEHT paccesiHusi. YCTaHOBEHO, YTO BO3pacTaHWe OTHOLUIEHUS Y4acTOTbl KOMBUHaLu-
OHHOMO MEepexofa K 4acTOTe M3YYeHUs HaKauyKu NPUBOAUT K NpeobnafaHnio aHTUCTOKCOBOV BETBU paccesiHus.
PaccmoTtpeHo BnusiHne Ha BKP acuHxpoHnama BOMH, BO3HMKAIOLLErO BCAEACTBUE AUHENHOW M HenuHelHol
amcnepcuii cpeabl, a Takxke pasHocTn ¢has BOMH Hakaydku. Bce 3Tu BMAbI acHXPOHN3Ma NPUBOAAT K CY>KEHUIO
CMEKTPa reHepupyembiX 4acTOT W K MOAABNEHUIO aHTUCTOKCOBON BEeTBM paccesHus. HenuwneliHas ancnepcus
obecneynBaeT NONOXKUTENbHBIE 3HAYEHUS aMMANTYA BOJH 33 CYeT CKauykoB a3 Ha T NpU PacnpoCTpaHeHun

BOJIH B Cpefe.

DOI: 10.1134,/S0044451019010024

1. BBEAEHUE

K macrosimeMy BpeMeHHN 9KCIEPUMEHTAJBLHO W TEO-
PETUYECKH YCTAHOBJIEHO, YTO BO30YXKJIEHHWE Bpalra-
TEIBLHOTO BBIHYKJIEHHOIO KOMOWHAIIMOHHOTO PacCesi-
nug (BKP) Guxpomarudeckoii Hakadkoil, pasHOCTb
YaCTOT KOTOPOI paBHa 9acTOTe KOMOUHAIIMOHHOTO IIe-
pexojia, TMPUBOJUT K TEHEPAIMU IITUPOKOrO CIEKTPa
CTOKCOBBIX M aHTUCTOKCOBBIX KommoHeHT [1-10]. ITIn-
PUHA CIEKTPA PACCEAHHOrO W3JIy9eHHsl [PU MAaJIbIX
OTHOIIIEHNUSAX BOJIHOBOII PACCTPOMKHU K KOIDDUIMEHTY
ycutenust (7)) JIMHEHO pacrer C OUTUYECKOIl TOJIIU-
HOIl akTuBHOl cpenpl (¢). B onTuMabHBIX yCIOBUIX
[IMPUHA CIIEKTPa CPaBHUMA C 9acTOTON Hakadku. Ta-
KO€ U3JIy9eHne ¢ TpebeHYaThIM CIIEKTPOM [TPUMEHSIETCS
B JIA3€PHOM TEPMOSIJIEPHOM CHHTE3€ C IIEJIbIO0 TOBLIIIE-
HUsl IOPOTa HEYCTONYMBOCTH IIa3Mbl [7], JyIsi reHepa-
[N y3KOHAIIPABJIEHHOTO Gesoro ceeta [3-6, 8] u dop-
MHUDPOBaHUsl (HeMTOCEKYH/IHBIX UMIYJIbCOB [11].

XapakTepuCTUKU — [OJUXPOMATHIECKOTO  BBIHY 2K-
JIEHHOTO KOMOWHAIIMOHHOTO PACCESTHUS OIPEIEIAIOTCS

* E-mail: koch@iao.ru
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MHO»XKeCTBOM (akTopoB. Tak, HAPsIIY ¢ pacIIupEeHueM
CHEKTpa CJeJAyeT OXKUJIATH MPOCTPAHCTBEHHBIX OC-
NIRRT KOMIIOHEHT PACCesTHUsI, TOCKOJbKY KarKast
U3 HUX, YCWJINBAsCh B IPOIECCE PACIPOCTPAHEHUS,
BBICTYIIAET B KAYECTBE HAKAYKU JIJIsI COCEJIHUX KOMIIO-
wenT. Mcromenne HaKaYKU TPUBOJIUT K YMEHbBIICHUIO
ee aMILINTY/IbI, KOTOpasi BHOBbL OYJIET BO3PACTATH IO,
BJIMSIHUEM CMEXKHBIX 10 4YacTore BOJH. Ha jnaHHbIi
OCHOBHOMN KMHEMATUYECKUN MEXaHU3M IPOCTPAHCTBEH-
noro pazsutusg BKP Hak1aapBaroTCst Apyrue MexaHns-
MBI, KOTOPBIE MOTYT KapJUHAJIBHO TPAaHC(HOPMUPOBATH
cnekTp. OCHOBHBIM  (PaKTOPOM, OrPAHUUIUBAIOIIMM
IIUPUHY CIIEKTPA, SBJISETCS BOJHOBOW aCHHXPOHU3M,
BCJIEJICTBHE KOTOPOTO MPOCTPAHCTBEHHDIE OCTIAJIISIIIIN
KO3 DUIMEHTOB B BOJIHOBBIX YPABHEHUAX I MeJI-
JIEHHBIX aMIUIMTYJ BOJIH (CM., HampuMmep, [2,9,12] u
(32)) ocmabnsor CBA3b KOMIOHEHT. MOXKHO ITOKa3aTh,
9TO YaCTOTA ITUX OCIULIAIUI ¢ m3MeHeHHeM ( ISt
BpAIATEIbHBIX [I€PEXOJI0B PsJia MOJIEKYJI JIOCTATOTHO
Masa, okoso 1073-1072 [12]. DTo mosBosseT mpeme-
6peds oCIMLIAIUIMA KoM MUITNEHTOB HA WHTEPBAJIE
¢ < 10-100, HA KOTOPOM MPOUCXOIUT UCTOIIEHUE Ha-
Kagku u ee 3PpHeKTUBHOE MPeoOPa30BaHNe B BBICIIIHE
KOMITOHEHTBI paccesiHrsi. B 9ToM ciiydae peasmsyercs
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korepertroe BKPY), mpu xoropom upeoGpasoBanue
HAKaYKU B PACCESTHHOE WM3JIyUYeHHE MaKCAMAJIbHO -
GbeKTUBHO, U ypaBHEHUS JUJIsi MEJJIEHHBIX aMILIATY]L
BOJIH [PHOODETAIOT HPEeeIbHO pocToii Buig (cM.,
HampuMmep, ypasuenust (1), (2) B [9] u (4) B [2], a
rakyke ypasHenus (20) B pasm. 2). Bmecre ¢ Tem,
KaK OTMe4eHO B pabore [9], aHAIMTHYIECKOE pelIeHHe
9TUX YIPONIEHHBIX YPAaBHEHUN B JINTEPATYpPE OTCYyT-
creyer. OfHa U3 331189 JAHHON pabOTHI 3aKJII0YAETCs
B HAXOXKJEHHH TAKOIO peIIeHns U KadeCTBEHHOM
aHaJIn3e Ha €ro OCHOBE KMHEMATUIECKUX OCOOEHHOCTEH
KOrepeHTHOTo MHOorodactroTHoro BKP.

BouinoBoit acMHXpPOHU3M B YCJIOBUSX, KOTJA CyIIe-
CTBEHHA HeJIMHENHAs MUCIEPCUs] CPEeIbl, 3aBUCUT OT
sposonun a3 B HPOIECCe PACIPOCTPAHEHUsT BOJIH,
YTO HPHUBOJUT K HEJIMHEHHOMY 3aXBaTy M CKadky ¢da3
[12,13]. B momosnHeHme K 9TOMY, B 3aBUCHMOCTH OT
cyMMapHOR ¢a3bl BOJIH HaKadKdH Ha BXOJE B CPEJLy
BO3MOKHA, JIECCTPYKTUBHAS HHTEPMEPEHIINS TOJIsIpU3a-
Uil HEPE3OHAHCHBIX JUIIOJILHO-PA3PEIIEHHBIX IePeX0-
JI0B, KOTOpAas IPHU ONPEIE/IEHHBIX YCJIOBUIX CO3IAET
unarepdepenuonHoe nojasiterne BKP [12].

[Tpu paccmorperuun BKP B razosbix cpemax o0brd-
HO HUCIIOJIB3YETCS MPOCTENINAas TPEXyPOBHEBA MOJIE/b
cpeJibl, B KOTOPOU J[Ba HUYKHUX YPOBHSI C OJIMHAKOBOM
YETHOCTHIO 00pa3yioT KOMOMHAIMOHHO-aKTHUBHBIN ITe-
pexof, (A-cucrema). B nanbreiineM orpaHmauMcs 1O
MOJIEJIBIO, ToJIarasi 9acTOTy aKTUBHOTO IePeXoja Ma-
JIOH TI0 CPABHEHHUIO ¢ YaCTOTOI HaKadKh. Takoe COOT-
HOIIIEHNE 9aCTOT XapPAKTEPHO, HAIPUMED, IJIs BPAIla-
TEJIbHBIX [IEPEXO0B MOJIEKYJ, Ha KOTOPBIX paHee Ha-
6JII0/1aJIACh TeHEePAIHs MUPOKOIO CIIEKTPa PACCESTHHO-
ro usnyuenusi [1-10]. B To ke Bpemsi OTMeTHM, UTO
orsmmare A-CUCTEMBI OT peasIbHOW CEeTKU BpaIiaTesIb-
HBIX yPOBHEH MOJIEKYJ MOXKET CO3/[aBaTh HETOYHOCTH
omnmcanuss BKP, obycioBiennyio, HanpuMmep, HaJJIHIU-
€M PE30HAHCOB MEXK/y Pa3IUIHBIMHU BPAINATETbHBIMA
mepexofaMu. Takyke 70 CHX TIOD HE BBIICHEHA POJIb B
BKP coorsomenuit Mexk/1y XapaKTePHBIMUA YaCTOTaMHU
3a/1a9n: KOMOMHAIMOHHOTO BPAIATEILHOTO [IEPEXO0/IA,
U3JIyYeHUS HAKAYKH U €70 OTCTPONKHU OT YaCTOTHI HEPe-
30HAHCHOTO JIUIIOJIBHO-PA3PENIEHHOTO IIEPEXO/IA.

K napyrum ¢dakropaM, yCI0XKHSIONUM OIMUCAHUE
mporiecca MHOrodactorHoro BKP, orHocsiTesi: orpanu-
YeHHAs JJINTEIbHOCTD UMITY/IbCA HAKAYKN, HACBIIIEHUE
BKP wmomnocThio n3imyvenust [14, 15|, naandme npyx-
doronnoro pesonanca nakaduku [1,16] u Konycuoro u

1) KorepeHTHOCTh O3HAMAET, YTO BOJHOBBIC yDPABHEHHS IS
BKP me moryr O6bITh CBE/IeHBI K yPaBHEHUSAM JIJIs MHTEHCHUB-
HOCTEIl BOJIH, U B3aUMOAEHCTBYIOT MEXKIy coOO# aMIinTymel. B
cJlydae OTHOCHTEJIbHBIX BOJIHOBBIX OTCTpoek, 1) > 0.2, BKP cra-
HOBUTCSI HEKOTEPEHTHBIM [12].
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obparnoro 1o Hanpassienuio [17] paccesuuii, a Takwxe
nudpaKUOHHON pacxopumocty Iy dkoB csera [9]. [Ipu
OOJIBIINX JIABJICHUAX I'a3a U WHTEHCUBHOCTSIX U3JLyUe-
HUsI BO3MOXKHBI KOOIIepaTuBHBIe sBjeHus mpu BKP
[18,19]. Ilepeunciennbie Bbiie (GAKTOPDI JETAI0T MHO-
rogacrornoe BKP ojiHuM M3 caMbIX HaCBIIEHHBIX IO
cBoeMy (DUBUIECKOMY COJIEPYKAHWIO SABJICHUN HEJTHHEH-
HOW ONTUKHU, MHOTHE ACIEKTHI KOTOPOrO JIO CHUX IOP
HYKJIAIOTCS B IIPOSICHEHUN.

[ess narHOI PAOOTHI 3AKJIIOYAETCS B BBIBOJE YPAB-
nennit s muoorodacroraoro BKP ¢ ywuerom nekoro-
PBIX U3 MEPEIUCTEHHBIX BbIe (PUUICCKUX (PAKTOPOB
¥ BBISICHEHUM HMX KadecTBeHHOro Bjugnuga Ha BKP c
TIOMOIIBIO YMCIEHHBIX IKCIIEPUMEHTOB.

B paccmarpuBaembix mojiensix BKP npunsTer cire-
JAyIONIne IPUOJINKEHIS:

e MouJtekyma mopenupyercss A-cucremoii ¢ Hezace-
JIEHHBIM BEPXHUM JIEKTPOHHBIM COCTOSTHUEM.

e BKP cumraerca HeHACHIIEHHBIM IO MOIIHOCTHU
U3JIyYeHUs, & 32CEeJIEHHOCTY YPOBHEN B pa3l. 2 moJjiara-
FOTCSI PABHOBECHBIMH.

e PaccmarpuBaercs Tosibko oceBoe BKP B mampas-
JIEHUU PACIPOCTPAHEHUS M3JTyICHUS HAKATKI.

e [eneparusi GOJIBIIIOrO YHC/IA KOMIIOHEHT pacce-
SHUS HEe OTPAHUINBACTCS JTUTEIHHOCTHIO UMITYIbCOB
U3JIyYCeHUST HAKATKH.

e [[Tupura ceKTpa CTOKCOBBIX KOMITOHEHT MEHDIIIE
OCHOBHOIl 9aCTOTHI HAKAIKH.

o KoMmIioHeHThI paccedHud HEPE3OHAaHCHbI JTUIIOJIb-
HO-pa3pelIeHHbIM IIepeXoJaM MOJIEKYJIbI.

e OTCYTCTBYIOT JIByX- ¥ MHOIO(DOTOHHBIE DE30OHAH-
ChI HAKAYKH.

e Her KOOIIepaTUBHBIX SIBJIEHUI.

[ ] ﬂOHﬂepOBCKHM yummpeHnueM MOXKHO HpeHe6pem)
IO CPaBHEHHIO CO CTOJIKHOBHUTEJILHBIM.

2. ITIPOCTBIE BAPIAHTHBI BKP ITPUI
ITIOJTHOM ®A30BOM CMHXPOHU3ME

O603HauNM J[Ba HIZKHUX BPAIIATEJILHBIX U BEpXHEe
3JIEKTPOHHO-BO30Y K IEHHOE COCTOSIHUSI COOTBETCTBEHHO
kak 1, 2 u 3. Cucrema ypaBHEHUI JjIsi MATPUILLI [LJIOT-
HOCTH CPEJIbI ISl HeHaChIeHHoro mo MorrHoctu BKP B
MOJIE/IM PEJTAKCAIIMOHHBIX KOHCTAHT BKJIIOYAET ypaBHe-
HUsI TOJIBKO JIJTsi HeIMATOHAIbHBIX 9JIEMEHTOB MATPHUITHI
IJIOTHOCTH (TOJISIPU3AIHI IEPeX0/I0B) n uMmeeT Buj [12]
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pa3pemnreHHbIX mepexonoB 1 <+ 3, 2 <> 3 u KoMOuHAIM-
onHoro nepexofa 1 <+ 2, dy o — AWIOJBHBIE MOMEHTBI
HEPE30HAHCHBIX MIEPEXOJIOB, pg?% — paBHOBECHBIE 3ace-
JIEHHOCTU YPOBHEWl KOMOWHAIIMOHHOTO Tepexofa, [ —
OTHOPO/THAS TIOJIYIITUPWHA JTUHUH Tlepexoa 1 <+ 2, ' —
AMIUIUTY/Ia JEKTPUIECKOTO IOJI OCHOBHOW BOJIHBI
HAKa9YKW HA BXOJE B aKTUBHYIO CPEIY, (41 — HadasIb-
Hble OTHOCHTEJIbHbIE AMILIUTY/IBI AHTUCTOKCOBOH U
CTOKCOBOW KOMINOHEHT Hakauku [12] (B mambHefinmem
JIJIS. TIPOCTOTHI OTPAHUIUMCS JIBYXBOJTHOBON HAKAIKOM
¢ ¢ = 0), z — npogosbHag KoopauHara, k, — BOJ-
HOBBIE YNCJIA, Ny — [IOKA3aTeNIb IIPEJIOMJIEHAS CPE/IbI,
¢ — CKODPOCTBb CB€Ta B BaKyyMe, U — CKOPOCTb CBETa
B cpejie, mojlaraeMasi B JIAHHOM pa3fese OIMHAKOBOI
IJ1st BcexX BOJIH, h — mocrostarast [litanka. ITocrosiHabIE
da3bl BOJH B JAHHOM pasjiejie He yIUTBIBAIOTCS; UX
Biusane Ha BKP Oyner paccmorpeno B pazm. 3.
Broigenum 6b1cTPBIE OCIUIIAIIE TOJIAPASAIII TIe-

PEXOIOB:
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OpachiBaHne OBICTPBIX OCIAIUIATAIT) TPUBOJIAT K CTAIIA-
OHADHBIM yPaBHEHHSIM, PEIleHNe KOTOPBIX C TOYHOCTHIO
JI0 KyOH9IeCKHX 10 aMIUTATYIaM HOJIEH WIEHOB €CTh
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3neck ( — Ge3pasMepHas JJIMHA, WJIM OITHYECKAs TOJI-
[IUHA aKTUBHOM cpeibl, G — KO3PMUIUEHT YCUIEHUS
BKP. Tor dakr, 9ro namMeHeHne aMITATYIBI 1-if KOM-
ITOHEHTHI 1T0 KOOPIWHATE ITPOMOPIIMOHATBLHO PA3HOCTU
aMiuaTyz (n — 1)-it u (n + 1)-if KOMIIOHEHT, yMHOKEH-
HBIX Ha OJM3KHE K eauHnIe (PakKTOPbI, O3HAYAET, UTO
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0OMeH SHepruell B IPUHATHIX IPUOJINKEHUAX TIPONCXO-
JIAT MEXKTy OJIMKAWIIMA COCETHUMM 10 TaCTOTE KOM-
norerTamu?) . IIpu 9TOM SHEprus Iepepacipe IeseTcs
OT KOMIIOHEHT C 0OJIbIIIell YacTOTO K KOMIIOHEHTaM C
MenbIeit yacroroi. Ciraraemble, COJEpKaIINe €1 U 2,
CO3/IAI0T ACUMMETPHIO CHCTEeMbI ypaBHeHuit (6) oTHOCH-
TEJLHO CTOKCOBBIX U AHTUCTOKCOBBIX KOMIIOHEHT, KOTO-
past ONIPeNIEIAETCA COOTHOMEHNEM JaCTOT wa1, Wy B A.
Bemuumnbl €1 u €2 XapaKTepU3yIOT MOTEpHU JIUOO MPH-
pocT sHeprun (POTOHOB HAKAUKHU HA BEJIUIUHY Fhwsi
B aKkTax KoMmOunanuonuoro paccesuus (KP) csera, siB-
JISTIOIIETOCS TI0 ONPEJIEJIEHAIO HeYTIPYTAM IIPOIECCOM. B
JaJIbHEIIIeM apaMeTp €2 OylieM HA3BIBATDH MOKa3aTe-
sem (uHZEKCOM) Heyupyroctu KP.

ITposenem Ha ocuose (6) BbBOA, cooTHOMIEHU MaH-
s — Poy, nosyuensoro B MoHorpadun [20], ucxonst u3
obmux coobparkenuit. /751 9TOro yMHOKUM ypaBHEHUS
(6) Ha E, /(1 + nez) 1 mpocyMMHUpYEM HUX:

1 1 dE?
5;14—7152 ac
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EnEn—l
1—neq

EnEn+1
1—(n+1)g

>. (7)

Bo Bropom uiieHe mpaBoii gactu (7) 3aMeHAM WH-
nekc cymmupoBanus n — n — 1. Ilocste aToro Bropoit
9IeH 0 abCOJIIOTHON BeJIMYUHE CTAHOBHUTCS DPABHBIM
[I€EPBOMY, HO WMEET IIPOTHBOIOJIOXKHBIN 3HAK, BCJIEI-
CTBHE 9ero mpaBasi 9acTh obparnaercsd B Hysb. [locie
UHTErpUPOBAHUsS TPeoOpa30BaHHOrO ypasHeHust (7) ¢
HYJIEBOY IIpaBOIl 4aCTbhIO UMeeM 3aKOH COXPaHCHUA YUC-
JIa KBAHTOB IIPH MHOTOYACTOTHOM KOMOMHAITMOHHOM
paccessuun uin coorHomrenne Mamimm —Poy:

Zl—i—nsg Z——const

2
E;,

(8)

W,, = wn = wo(1 + neg),

8_77

riae W, — IJIOTHOCTh YHEPTUH JJIsT N-i1 BOJIHBI.

IMokaxkem remepb, 4yro Besuuumba @ B (6) 1pwm
€1,€9 < 1 MeJIEHHO MeHsIeTCd C U3MEHEHUEM JJIMHBI.
Huddepeniupys @ (3) mo 6e3pazmepHoii KoopauHaTe
¢ v ojicTaBIIss B Bhipazkenue iyist dQ)/d¢ npousBojHble
dEy, n—1/d¢ u3 ypasuenuii (6), a Tak»Ke IPOBOJS COOT-
BETCTBYIOIIUE 3aMEHbI HHJEKCOB Cy MMHUPOBAHHUS, TTOJTYy-
qaemM

2) Vuer B ypasrenusx (1), (3) unenos mopska I'/wa1 < 1
IIPUBOJUT K CJIA0OM CBSA3U MEXKJ[y BCEMU KOMIIOHEHTaMU.
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JelicTBysl aHAJIOTUYIHO, JJIsT CyMMAapPHON# WHTEHCUB-
HOCTHU KOMIIOHEHT J IIOJIydaeM BTOPOe ypaBHEHUE:
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Havasbuble yesoBus yist cucrembl ypasaenuit (10),
(11) creayror u3 (6):

= —26,Q% (11)

JO0)=1+¢*,, Q(0)=q_1. (12)

Cucrema ypasuennit (10), (11) mmeer wmrTerpas
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QP =T - =1+ =140 > 1,
2
q2 1 (14)
g2z(1+q%1)2—? > 0.

IMoxcrapass (14) B (11), moaydum ypaBHEHHE J1JIst

omnpejeieHus J:

aJ
ac =—£(T% — ¢%). (15)
Pemennem (15) ¢ rparngaabiMu ycaoBusiMu (12) sig-
JeTcs
1 + pe—4e289¢ 1+¢% —g
=g——— = 16
VA(Q T pemt PE 1542, 79 (16)
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W3 Beipakennit (16) u (14) nmeem

Q) =VEVT Q) - 42

N3 bopmya (16) u (17) cneayer, uro dyaknmn J (C)
1 Q(¢) MeIeHHO 1 MOHOTOHHO YOBIBAIOT C POCTOM ( OT
CBOMX MaKCHMAJbHBIX 3HadeHuit ipu ¢ = (0 10 MUHUMY-
MOB, K KOTOPBIM 3T DyHKIUU CTPEMATCA Iipu  — 00.

(17)

Hpeﬂemﬂ U3MEHEHUS IOJIHOIT MHTEHCUBHOCTU najy4ve-
HUA J OonpeaesIdrTCdAd COOTHOIIIEHUAMN

W
J(00) = ¢/1+ (1 + —0> 2+ g,
w31

Wo

w31

J(0) = T (o0) (18)

qgl

X > 0.

w

@opmysbt (16) u (17) HpoBepsUIUCH IMyTeM WX THC-
JIEHHOT'O COTIOCTABJIEHUS C PE3Y/IbTATaAMHE TIPSIMBIX Pac-
veros Besmund J(¢) u Q((), Cirenyomux u3 InciaeH-
HBIX pernennii ypasrenuii (6) npu g1 = 0.5, £; = 0.01
u €9 = 0.03. Pacxox/1eHnst COOTBETCTBYIONINX BEJTUINH
cocrapumm menee 0.1 %.

Kax ciegyer n3 (18), B cirygae MOHOXpOMATHIECKOI
HaKa4dKy, Korga ¢—1 — 0 (HuKHUil 1pees 37ech ope-
jesstercst cnionTanubiv KP [12,17]), yObiBaHre nHTEH-
curoctu J({) 10 JJIMHE TPAKTUYECKU OTCYTCTBYET.
Takum 06pa3oM, Takoe yObIBaHUe (IUCCHUIIAIMS YHEP-
UM U3JIyY€HUsI) 3aMETHO IPOSIBJISAETCS TOJIBKO IIPH
JByx(n GoJiee) YaCTOTHON HaKavKe.

Ormerum, uro yobBanue J(¢) 10 Mepe pa3BUTHUS
BKP B mpocTpamncTBe HE TPOTUBOPEYUT 3aKOHY COXPa-
HEHUs ITI0JIHOIO YHUC/Ia KBAHTOB (8), KOTODPBIil BBIIOJI-
HsaeTcsd (PaKTUIeCKH CTPOTO NP OOJIBIITOM BBIXOJE U3
PE30HAHCA M3JIyYeHUsl C JUIIOJIbHO-PA3PENIEHHBIMY TIe-
pexomamu 1 <+ 3 u 2 <> 3. D10 yOBIBAHUE €CTh CJIEI-
CTBUE MEXAHU3Ma JIMCCUIALIAN SHEPIUM WU3JIydeHusd,
CBSI3AHHOTO C BO30OYKJIEHNEM BPAIATEIbHBIX YPOBHER
suepruu (B paccmarpuBaemoii A-cucreme Bo30yKIa€T-
Csl IPOMEXKYTOYHOE COCTOSIHUE 2) P JOMUHUPOBAHUN
CTOKCOBBIX KOMIIOHEHT HEyIPYIOrO PACCESTHUSI CBETA.
B npuHnune, 1aHHBIE MEXaHU3M W3MEHEHUsI 3aCeJIeH-
HOCTH yPOBHEHl KOMOMHAIMOHHO AKTUBHBIX [EPEXOI0B
MOZKET OBITH SIBHO BKJIIOUEH B YPABHEHUsl JIJIsi MATPH-
1Bl IVIOTHOCTH cpepbl. OIHAKO OIEHKU OTHOCUTEIHHOI
BEJIMYMHBI U3MEHEHUsI CyMMapHOii uarencusroctu (18)
IPUMEHUTEJHLHO K MOJIEKYJIE BOJIOPOJA JIAIOT HEGOJIb-
e 3Hadenusd, nopska 6 %. Takoe HeGosbInoe yMEHb-
nieHre u 6e3 TOro MaJIoil B PacCMaTPUBAEMOM CJLydae

24

MHTEHCUBHOCTU TPAKTUYIECKN HE U3MEHHUT 3aCeJIEHHO-
CTH yPOBHEH U IIPHUBEIET K HEIPUHIINITUAIBHOMY U3Me-
HeHMIO ypaBHeHuit (6).

Paccmorpum Temeps Hambosiee MPOCTON IIPeesib-
HBI ciaydait «moutn yrpyroros BKP, xkorma gacroToit
KOMOMHAIIMOHHOI'O II€PeX0/la MOYKHO IpeHebpedb, €1,
€9 — 0, BeaegcTBUE Yero BesnvuHa () MOCTOSTHHA, 110
mmae: Q(¢) ~ Q(0) = q_1. Ypasuenus (6) npu sTom
MPUBOJISITCS K BUJLY

1 dE,

q-1 d¢
E,(0) = 6n,0 + q—16n,-1.

n - En— 9
+1 1 (19)

IMepeonpenenum  koaddurment yeunenuss B (6):
G — q_1G. Tlocse sroro ypaprerus (19) npuHIMaOT
BUJL

dE,

ra (20)

— Ln41 — En—l .
U3 (16) caemyer, uro cyMMapHasi KHTEHCUBHOCTD J
B JIAHHOM CJIydae IIOCTOSIHHA.
dopmasbHOE pelieHne cucreMbl ypaBHeHuit (20)
€CThb

E(() = ¢*E(0); (21)
E=|...E_,,...Ey,...E,,...||",
E(O) = || < 'Ovoaq—la 170a07 s ||T7
A= ||aJm'n,H, Amn = _5m—1,n + 5m,n—1-

Jljist npuBejieHnsi MATPUYHOM SKCoHeHTh B (21) K
BH Iy OOBIYHOM MATPUIIBI HEOOXOIUMO BBIYHCIATE KOP-
HU \ XapaKTePUCTUIECKOTO YPABHEHMUsI
|A — \I| =0, (22)
rae I — euAMYIHAS MATpUIIA.
C moMoIbI0 pasIoKeHus onpeaennrenei D, ypas-
Henus (22) ¢ orpaHuYeHHEeM MX PAa3MEPHOCTHU BeJIUYd-
HOH N II0JIy4aeM CHUCTEMY Pa3HOCTHBIX ypaBHEHUIT

Dn = ADn—l + Dn—?a n > 37
5 (23)
Dy =)\ Dy=\+1,
pelienueM KOTOPOR ABJIIeTCA
1 [/A+2 1 "
Dn=2—n T—i—)\ (s4+ X"+ (-1)" x
A2 42
(—+ —A) (s—/\)"—l}, s=VA2+4. (24)
S
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Il n = 2m + 1 Boipaxkenue (24) npeobpasyercs K
BHLY

m—1
Dm __ AQm
2m+1 { +l§ 2m—2l 2z+1)!X

x A N2 44)™ 1 [(2mA )N 4 (mA1+1)] } (25)

[TocnenosaresnbHoe perierne ypaBHeHUi Doy,41 =

=0 gna m = 1,2,3,... TIOKa3bIBAET, 9TO BCE KOPDHU A

Pa3/IMIHbI U IIpEeJICTaBUMbI B BUJIE

>0, 1<k<m,

26
=0, k=0. (26)

Fidoma1 ks A2mtlk {

[TpuBeseM TOYHBIE BBIPAXKEHUS JIJIsi XaPAKTEPUCTHU-
YeCKHUX IoKasaresel Agp41.6 ¢ 1 <m < b5:

As1 = V2,
As1=1, Xs2=V3,

Ar1 = \/2—\/57 Mo = V2,

5 —
Ag1 = 5 Ao o = 5 (27)
3+5 5+5
A9,3 5 Ao,4 5
Mii=V2-V3, Mi2=1 Miz=V2,

Miga=V3, Ais= \/2+\/_

PesynpraTbl 4HCIIEHHOTO pacdeTa Aopmi1,k IS
1 < m < 15 npencrasimennst Ha puc. 1. Ha puc. 1
BHUJHO, UYTO C POCTOM UncIa ydacTByomux B BKP xom-
TIOHEHT XapPaKTEPUCTUIECKUE TOKA3ATEIN CXOIITCI K
CBOUM TIPEJETbHBIM 3HAYEHUSM, TaK ITO 3aBUCUMOCTH
A2m+1,k OT OTHOIIEHHUsE k/m st m > 12 pasymdaiorcs
MexK Tty coboii Ha mosu nporeHTa. C MOrpemHoCcTbio He
6osiee 1% onm anmpokcuMupyiorca hopMyIIoin

1— —0. 2
Nometp — 34823 exp( ;)857813 ),

(28)

_k
r=—
m

OmupenenuB xapakTepucTuieckne nokasarenn (27),
(28), nposesem obpaleHre MATPUIHON IKCIIOHEHTHI C

25

)‘Qm -1,k
20T T

1.5

LOp—

05 . T

0o 02 0.4 0.6 0.8

1.0
k/m
Puc. 1. XapakTepuctudeckne nokasatenn Agmi,x — peLle-

HUs ypaBHeHus (22) B 3aBUCMMOCTM OT OTHOWweHus k/m gns
1<m<15

pasMepHOCTBIO (2m + 1) X (2m + 1) B perennn (21) ¢
nomoinpio Gopmyist Jlarpanxka—Cunbsectpa [21]:

et = H(A2 + A3 ni1D) /H)\2m+1 1+
=1

m
k=1

+(-1)™A [A cos(A2m+1,£C) —

=k

— Aotk Sin(Aoms 1O | (A% + )‘%m-l—l,l:[)/

=1
£k
/ /\gm-i-l,k H()\gm-i—l,k - /\gm-i-l,j) (29)
Jj=1
ik

(27)—(29) saBasroTCs anrebpantec-
KIM DEIIeHIeM [OCTaBIeHHON Bo Beegenun 3axaqam o

®opmyssl (21) n

muorogactoraom BKP B ero maunbosee nmpocrom Bapu-
anre. IIpoBepka 3TuX GOPMYI IPOBOAMIACH TOCDE/T-
CTBOM HX COLOCTaBJIEHHS C PE3YJIbTATAMHU HHCIIEHHO-
ro pelleHnst NCXOAHBIX ypasHeHuil (20) ausg m = 3.
Pesyabrarhl pacieToB B 9THX JBYX BAPHAHTAX HOJIHO-
cThio coBnasu. U3 Beipazkenus: (29) csegyer, 94To mo-
BeJIEHHE AMIUINTY]] KOMIOHEHT IIPU HN3MEHEHHH JJIh-
HBI B3aMMOJIEHCTBHs oci/uisinorHoe. CHeKTp 4acror
[IPOCTPAHCTBEHHBIX OCIUJIISIINI OLPEIEISIETCS XapaK-
TEPUCTUIECKUME IOKazarenamu (27), (28). 13 stux
BBIDAKEHUH CJIeJyeT, YTO IEepPHO/| OCHUJIIAIMN BOJH
paccesiHUsi 0OpPaTHO HPOLOPIMOHAJIEH BeJINYUHE (1
(6), paBHOI OTHOIIEHWIO AMIUIMTY][ CTOKCOBOH U OC-
HOBHO! KOMIIOHEHT HAKa4YK{ Ha BXoje B cpemy. [lpu
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Puc. 2. TlpocTtpaHcTeenHble ocumnnsaumm komnoHeHT BKP,

cnegytowme u3s pewenuns (21), (28), (29), a Takxe u3 Huc-

nexHoro pewenus (20); ( — onTnyeckas TonwmMHa KoMbuUHa-

LIMOHHO-aKTNBHON cpefbl no onpegenernto (6); KOMMOHEHTbI

paccesitusi 0603HaueHbl cnioWwHbIMY AnHusmn (n < 0 — cTok-

cosa BeTBb, 7 > 0 — aHTucTokcosa), n = 0, €1 = g2 = 0,
p=0,g-1=0.5

q¢-1 — 0, Korjja HaKadKa [MOYTH MOHOXPOMATHIECKAS,
OCIIUJIIATAN TTPOUCXOJAT ¢ OOIBITNM TeprogoM. B ciry-
4Yae PABHBIX WHTEHCUBHOCTEH JIBYX KOMIIOHEHT HAKAY-
KM, —1 = 1, OCIWIISINN UMEIOT HAUMEHBIIHIA IEPUOI.
Takum 06pazoM, IpUMEHEHUE JBYXIACTOTHON HAKATKY
¢ g_1 — 1 noBbimaer 3pPEKTUBHOCTL OOMEHa SHEPIHU-
eit mexxry Komrnonentamu BKP, uro mpuBoauT k pac-
MIUPEHUIO CIIEKTPA PACCESTHHOTO U3JTy I€HUSI.

Ocnmnnsanurontoe nopeaenne kommonenT BKP, cie-
myroree u3 pemenns (21), (28), (29), npexcrasienHo Ha
puc. 2. Ha pucynke BuIHA OIpejieJIeHHAs CUMMETPHUS
CTOKCOBO! U aHTHCTOKCOBOI BeTBell paccedAHUs U pac-
[IUPEHUE CIIEKTPA PACCESTHHOTO U3JIy9€HNUs, IPOIOPIIU-
OHaJIbHOE onTudYeckoil Toamuue. Habaronaorcsa Takxke
OCIIWJIIANAA B 3aBUCHMOCTA OT HOMEPA KOMIIOHEHTHI
paccesiausi ipu bukcupoBaHHOU jyuHe. [lepuog u am-
IUIATYJA STUX OCHMLIAIUN yOBIBAIOT C yBeJIUIEHUEM
HOMEpa KOMIIOHEHTHI, M, B YACTHOCTH, IIPHU IIEPeX0jIe
OT CTOKCOBBIX K AHTHCTOKCOBBIM KOMITOHEHTaM. Jwuc-
JIeHHOe pelieHre ypasHeHuii (6), mpejcraBieHHOE Ha
puc. 3, IMOKa3bIBAET, UTO OTHOCUTEJHHAsI CUMMETPHUS
pemenuit (19), umeronaga MecTo NpPU YCTPEMJICHAM K
HYJII0 9aCTOTHI KOMOMHAIIMOHHOTO II€PEXO0/Ia, 3aMETHO
HapYIIAETCs J1aXKe P HeOOJIbIINX HEHYJIEBBIX 3HAYTE-
HUAX €1, €2 ~ 1072, KosebaHns MHTEHCUBHOCTEH KOM-
[TOHEHT MPU TOM CYIIECTBEHHO OTJUYIAIOTCS OT MOYTH
TapMOHUIECKUX, TPUCYTITUX «uaeasbuoMy» BKP, koro-
pOe IIPOUJLTIOCTPUPOBAHO Ha puc. 2. OTMeTnM, 9T0 Ipu

26

20 ™
-15

-10

Puc. 3. YucnenHoe pewerne ypasHenuii (6), npeacraensi-

towee pelicteue Heynpyroctu KP  (koHedHOCTW BennumHbl

w21 /wo) B cpaBHeHUn ¢ «unpaeanbHbiM» BKP, npegcraenen-

HbiM Ha puc. 2, npu n = 0, e1 = 0.01, e2 = 0.03, ¢ = 0,
q—1 = 0.5

JIAHHBIX 3HAYEHUSIX €1 U £9 YUCJIO AHTUCTOKCOBBIX KOM-
[IOHEHT TIPUMEPHO B JIBa Pa3a MPEBBIIAET YUCIO CTOK-
COBBIX KOMITOHEHT. [Ipeobaanme aHTHCTOKCOBOI BeT-
BH PaCCesTHUsSI HAJl CTOKCOBOW MPU YBETUTICHAN WHJIEK-
ca HeyIPYTOCTH 9 OODBICHAETCST MHOXKHATENEM 1 + neg
nepeji npaBoii gactpio (6), KOTOPBI ¢ yBeJUdeHneM 7
BO3PACTAET, TeM DOJIee 3aMETHO, IeM OOJIBITE £ X W1 .

3. BKP C YYETOM ACVMHXPOHU3MA 1 ®A3
BOJIH

Bomnooit acuaxponmsm u Gdas3bl BOJIH OyieM pac-
CMaTPHBATh, CJIeJysl CXeMe, U3JI0XKEeHHOH B pabote [12],
nocssIenHoi TpexpotHOBoMy BKP, a Takke mpes-
CTaBJIEHHO B YIIPOITIEHHOM BapUAHTE B PA3L. 2. DJIEKT-
pUYecKOoe II0JIe B CPeJie MPEJICTABAM B BUJIE

E(t,z)=FE Z E,(z)cos ¥,
n (30)

U, = wpt — kn(2)2 + @n,

IJIe BOJIHOBBIE IUCIIA Ky, 3aBUCAT OT JIJIMHBI PACIPOCTPA-

HEeHUs z, U p, — (a3bl BOJH Ha BXOJE B CpeLy; IPH

JIBYXBOJIHOBO#1 Hakauke (6) @, = @0 1.

Bmecto ypapreHuii jyuist MaTpunsl mioTHoctn (1)
Gy/leM HUCIOJIBb30BATh aHAJIOTUUHBIE ypaBHeHus (1) u3
pabornl [12], KOTOpbIe BKIIIOYAIOT 3aCEJIEHHOCTU YPOB-
Hell, TaK KakK IIOCJeJHue HEeOOXOJUMBI IS pacdera
HEJIMHEHON JUCIIEPCUU CPEbl, OIpeIesdIonieil mpo-
CTPaHCTBEHHOE u3MeHenue a3 BOJIH.
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IlocneioBaTeilbHOCTD JIEHICTBUIL IO HAXOXKJICHUIO
MOJIApU3aIii Cpejibl Ha JIUIOJLHO-PA3PEIIEHHBIX U
KOMOMHAIMOHHO-aKTHBHOM IIE€PEX0/IaX, & TAKYKE BOJHO-
BBIX YPaBHEHU /710 aMIIUTY L 1 (pa3 BoiH, 060011a10-
mux ypasHenusi (8) u (10) B [12], Ta xe, uTo B padore
[12] u pasn. 2. IIpencraBuM BOJHOBBIE UYHMCJIA KOMIIO-
HEHT B BHUJIE CyMM HE3aBUCSIIEH OT MOJIsT U KBa[paTud-
HOHI IO aMIIATYJIE IIOJd YacTei:

kn = k@ +E2),
kO = %(1 + neg) x

X {1+ 2mx1[l+ner + 81+ (n+1)e1)]},

w
kf) = 271'?0)(3/1”; (31)
X Nd%ﬂgo) s = Ndid3nio E?
7 N ABTA
d2l’2
ﬂ d 0) )

rje Ky, — 6e3pasMepHble HEJIMHEHHDbIE YaCTH BOJHOBBIX
YUCesI, a OCTAJbHBIE apaMeTpPbl, KpOMe SIBHO BBOJIU-
MbIx B (31), oupezenensr pamee.

Omyckast TPOMO3JIKHE IPOMEXKYTOUHBIE BBIYUCTIC-
HUSI, BBIIUINIEM OKOHYATEJIHHYIO CHCTEMY CBSA3AHHBIX
yPaBHEHUil it Ge3pa3MEpHBIX AMILIATYJ TOJel u
HEJIMHEHHDBIX 9acTell BOJHOBBIX YHCEN, KOTOpas Oymer
HCIIOIH30BaHa JIAJIee JIs IPOBEICHUS YUCAEHHBIX PAC-
YEeTOB:

dE En+1 EmEm—l
1
¢ = (14 nes) 1—(n+1)6121—m51
E,_
X oS Ppy1,m — _—nml
1 —neq
EmEm—l
X ; m COS (I)n,m ) (32)
dﬁ _ 1+ nez En+1 Z EmEm—l
¢ B, 1—(n+1)e 1 —mey
. En—l EmEm—l . X
X sin <I>n+17m—1 i Z 1 — ey sin®,, m 3
B\ O
8(1 LA L
( +[’3)€152 <d2E) n12

Y
el —5”(” + 1)n,

q)n,m = (m - n)77< + Kp — Kpn—1— Km + Km—-1+
+ @ (571,—1 - 571,0 - 5m,—l + 5m,0) .

EpuncrBenHOE OT/IMYME TIEPBBIX yPABHEHUIA 71 aM-
wmryx B (32) or ypasHeHmil (6) JyIsi CHHXPOHHOTO
BKP zakmiouaercs B mosiBaeHUN (ha30BBIX MHOKUTE-
Jeil ¢ KOCHMHYyCaMH, 3aJaIOlUMU JIMHEHHbIH (onpege—
JIZEMBIIl apaMeTpPOM 7)) M HEJMHEHHBIA [0 aMILIUTY-
JIaM T0JIsl BOJTHOBOI aCHHXPOHU3M. IDTU (Ha30Bble MHO-
JKATEJIN BXOJSAT B CYMMbI C OMHAPHBIMU IIPOU3BEIEHNU-
MU aMIUTUTYJ, [10JIefl, KOTOpble (DOPMUPYIOT BEJIUIHU-
Hbl (), BXOAsIMe B nojsgpusanuu (3) u ypasuenus (6)
npu cHHXpoHU3ME BOJH. OTMETHM, YTO B OTJIAYHE OT
Tpex- u yeTbipexBosiHoBoro BKP, koryia namenenue am-
IJINTYJ BOJIH OIIpeJie/igeTCd Hen3MEeHHOU BOJIHOBOII pac-
crpoitkoit Ak o< 2kg — k—1 — k1 (coorromenust (4), (8)
B [12] u (4) B [9]), dasbl B aprymeHTax KOCHHYCOB B
[IEPBBIX ypaBHEHUsIX (32) COlepKAT pa3nIHble KoMOU-
HaI[IU YeThIPeX HEeJMHEHHBIX JacTeil BOJTHOBBIX YUCE,
3aBHUCSINNAX OT HOMEPOB KOMIOHEHT. DTO YKA3BIBAET HA
6oJiee CI0KHOE B3aMMOJIecTBHE (Da3 U aMIIUTY/] BOJIH
B 001IIeM cirydae nosimxpomaTudeckoro BKP mo cpasre-
HUIO ¢ TpeX- 1 deTbipexBoHoBbIM BKP. He 3aBucsammas
OT TIOJIsT BOJTHOBas OTCTPOiika Ak, , OTHeCeHHas K KO-
saddbuimenty yemenuns G (Ak, /G « 1), noaygaercs
13 BLIPAXKEHU 117151 kr(LO) (31) ayis Tex ke KoMOuHALUT
WHJIEKCOB, KOTOPbIE NMEIOT HeJIMHEHbIe YacTU BOJIHO-
BBIX uncel B @, , (32). OrmernM Takxe, 410 062 BU-
Ja aCUHXPOHU3MA, JIMHEHHBIA U HEeJIMHEAHDBIN 110 IIOJIIO,
BXOJAT B apryMeHThI D, , KOCUHYCOB 1 CHHYCOB B (32)
aJJINTUBHO C KOMOMHAIE HaYaIbHBIX pa3HocTel a3
HAKaYKWU MTPOIOPIIMOHAJIBHBIX (. Biaromaps JTaHHOMY
00CTOATEIBCTBY, MOYKHO OXKUJIATh, 9YTO JEHCTBUAE TPEX
[IEPEYNCIICHHBIX BBIIIE IPUYNH ACUHXPOHU3MA BOJIH OY-
JIeT KavdeCTBEHHO COIOCTaBHMO.

Jlajtee pacCMOTPUM TE€HEPAITUIO BOJIH PACCESHUS B
YCJIOBUAX JIMHEHHON W HEJIMHEHHOU JUCIepCuil cpeJibl.
B mepBom ciydae HesumHeliHbIE YACTU BOJIHOBBIX UH-
ceJl TIOJTaraloTCs PABHLIMU HYJIO, k, = 0, n mudde-
PEHIMAJbHbIE YPABHEHH JUISL Ky, B (32) orOpacsiBaioT-
cs. OneHKa BEJIMYNH apaMeTpOB 3aJ1a9d IPUBEJICHA B
[12] npuMeHnTENBHO K MOJIEKYJIE BOIOPO/IA. A MMEHHO,
J7s BparaTeabuoro mepexoqa J = 1 < J = 3, woy =
=587 cm™ L wp = 1.88-10% em~? (/\ = 532 HM), w31 =
=105 em™!, N = 2.69 - 10! cm™3 (naBienne 1 arm),

(0> =0.493, pi) = 0.249, n1o = 0.244, T = 0.1 en?,
d1 = do 5 JI m WHTEHCUBHOCTH OCHOBHOW KOMIIO-
HenThl Hakaukn 50 MBt/cM? paccumrhiBaeMble mapa-
MeTpsl TakoBbl: A = 4.8 - 10% em™!, G = 0.175 cm™ 1,
n = 0.02, & 0.011, g5 = 0.031, x1 3.1-1075,
x3 =7.8-108, 8 =0.5.

Bosneiicrsue na BKP BosmHoBO#T oTcTpoiikm Ipo-
IIOPITMOHAJIBHOM 1), 00yCJIOBJIEHHOM JTMHEHHOMN mucIep-
cueil cpejibl, B OTCYTCTBUE JIPYTUX MEXaHU3MOB aCHH-
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Puc. 4. 3dpekT nnHeliHOro No MoK acMHXPOHM3MA, Cledylowmnii U3 peweHns ypasHeHuid ans amnantyg (32) ¢ K, = 0;
7 =0.01 (a), 0.2 (6), 1 (8), 10 (2); e1 =e2=0, ¢ =0, g-1 = 0.5

XPOHU3MAa BOJIH M IIPU HYJEBOM HHIEKCE HEYIPYTOCTH
€9 upezcTrasieno Ha puc. 4. [IpumedarensHo, 4TO pes-
KO€ OTJINYre KapTUHBI T€HePaIii OT TAKOBOH B CIIydae
[OJIHOTO CUHXPOHU3Ma (pHUC. 2) HACTYIIAET, HAYUHAS C
masbix 1) ~ 0.01 (puc. 4a). «JIuneiinbiiiy acHHXPOHU3M,
B oTyimune ot Jeiicrsust meynpyrocrtu KP (puc. 3), npu-
BOJUT K CYIIIECTBEHHOMY IOJIABJIEHUI0 AHTUCTOKCOBOM
BeTBU paccestHusi. HauwHasi ¢ OTHOCHUTEIBHO HEDOJIb-
mux 7 ~ 0.1, cuekTp paccessHUS ¢ POCTOM 1) 3aMeTHO
Cy?KaeTcs, a IPOCTPAHCTBEHHbIE KOJIEOAHNS aMILIATY]
BOJIH XaOTHU3UPYIOTCA. PUCYHOK 5 COBMECTHO C puc. 2
WILTIOCTPUPYIOT cylecTBennoe Biusune Ha BKP na-
JabHOl pasHocTH (a3 BOJIH HAKAYKH . B coorBer-
cTBUM €O ciaydaeM TpexsojHoBoro BKP, npu ¢ = 7/2
(puc. 56) YUCI0 KOMIIOHEHT PACCEesiHUs yMEHBIIAETCSI
BILJIOTH JIO OJHOMW, YTO MOXKHO MHTEPIIPETHPOBATH KaK
naTepdepennnonnoe mogasaeane BKP, moapobmo pac-
cMoTrpeHHoe B pabore [12]. PucyHok 6 naer npejcrasie-
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HUE O IIPOSIBJIEHUSIX U3MEHEeHNs (pa3 KOMIIOHEHT paccesi-
HUsl [IPH PACIIPOCTPAHEHUH BOJIH B cpejie (puc. 66), 00y-
CJIOBJIEHHOTO HeJIUHEHHOI aucmepceneit cpeapl. 13 cpas-
Henus puc. 6a u 66 BUIAHO, ITO ABTOIOICTPOIiKa (a3,
CJIeyIoIasi U3 COBMECTHOI'O PEIlleHHs ITOJIHOW CHCTe-
MbI ypaBHeHuii (32), IPUBOIUT K TOMY, YTO aMILIUTY/IbI
BoJsiH E,, Bcerma mostoxkuTebHbIe. Takas yKe CUTyalust
uMeeT MecTo M B ciaydae TpexsosiHooro BKP [12]. B
upuHnune, dopma upezacrasienus noid (30) Kak pas
U TIPEJIIIOJIATAET TTOJIOKUTETHHOCTD aMITUTY/ Fy,. OT-
pUIATETbHBIMYI OHU CTAHOBSTCS B PE3Y/IBTATE PEITEHUS
YKOPOUYEHHOI CHCTeMBbl ypaBHeHWH (32) ¢ HyJIeBBIMU
«HEJIMHEITHBIMU» BOJHOBBIMH HYHUCIAMH K. Popmasb-
HOe OObSICHEHNE MEXaHW3Ma MPUBEICHUS AMILIUTYT K
MTOJIOKUTENBHBIM 3HadeHusM F, > (0 3akimiodaercs B
TOM, YTO DU PelleHud ypaBHeHuil (32) i aMILIuTy,L
FE,, HeKOTOpbIE M3 HUX CTAHOBSTCS OTPUIIATE/HLHBIMU
B CHJIy OCOOEHHOCTEI CAMUX ypaBHEHUIA, TPUBOIAIINX,
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Puc. 5. BozgeiictBue Ha BKP HauvanbHoli pasHocTu a3 oc-

HOBHOVi N CTOKCOBOI KOMMOHEHT Hakauiku (pelueHme ypaBHe-

Huit ans amnantyg (32) ¢ k, = 0): ¢ = 0 (puc. 2), 7/4 (a),
7/2(6);n=0,e1=e2=0,g-1=0.5

Tak XKe Kak u B mpocToM ciaydae (20), K mpocrpas-
CTBEHHBIM OCIMLIATUAM. OUYeBUIHO, 9TO CMEHa 3Ha-
Ka aMILIATY/] O3HAUaeT CKAYOK (a3 COOTBETCTBYIOIINX
BosIH Ha 7. Ho ecomm pemarh MOJHYIO CHCTEMY ypaBHE-
Huil (32), B KOTOPOii yUTEHBI COIVIACOBAHHbBIE M3MEHE-
HUsT aMIIATy U a3, TO, BCIEJCTBUE HAJUIUS MHO-
)kuresneil 1/E,, nepen npaBbIMU YacTsMU YDABHEHU
JUISL Ky, TIPA yCTpeMJieHnn F, K Hy/IO NPOU3BOJHDIE
Kn TIO KOODJMHATE PE3KO BO3PACTAIOT, YTO IIPUBOJIUT K
CKauKy cyMMapHbIX da3 @y, ., Ha ™ pag [12,13]. Takum
00pa30M, MEHSIIOTCS 3HAKH KOCHHYCOB U, COOTBETCTBEH-
HO, IIPABBIX YacTell ypasHenuit (32) miug amiumrys. B
pesy/bTarTe, Iocje MPUOIMKEHAs K HYJII0, N3HAYAIBHO
[OJIOXKUTEJHHBIE AMIJIATY/BI OCTAIOTCA U JAJIee MOJI0-
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xkureababiMu. Tor daxr, 9To unciennoe pemenue (32)
910 moATBEpKAaeT (puc. 6a), FOBOPUT O CAMOCOIIACO-
BAHHOCTH CUCTEMBI ypaBHEHUH (32), MOCKOIBKY TIPOHC-
xonuT n3MeHenue Beamaud Py, ,,, comeprranx KomMOu-
HAIUU U3 YETHIPEX BOJHOBBIX UUCE] Ky, B TOYHOCTH HA,
T Paji, B TO BPeMsl KaK yPaBHEHUS IS Ky BBIIUCAHBI
Pa3/1eJIbHO JIJIsl KaKJ0# N3 KOMIIOHEHT PACCEesHUS U 3a-
paHee He OYEBUIHO, YTO CYyMMAPHOE U3MEHEHNE KBapTe-
TOB K, Oyzaer paBHo 7. VI3 cpaBuenus puc. 6a u 66 cie-
JlyeT, 9TO HeJIMHEeiHas Juciepcus cpeibl (M3MeHeHue
BOJIHOBBIX 9HCes U (a3 B MPOIECCe PACIPOCTPAHEHUST
BOJIH) IPUBOJUT K GOJILIIEMY MOJABIEHUIO AHTUCTOK-
copoit Betsu BKP (puc. 6a) mo cpaBHeHUIO O coryda-
€M, KOTJIa CYIIECTBEHHA TOJIbKO JIMHEHHAs MHUCIIEPCUS
(puc. 66). IIpu arom, Kak BUAHO HA puc. 66, BOJIHO-
BbI€ YHCJIA UCIBITHIBAIOT HAMOOJIBIIIIE U3MEHEHUS JIJIst
AHTHUCTOKCOBOU BETBU.

4. BAKJIFOYEHUE

Paccmorpensr kagecTBeHHBIE IPOSIBIICHUS psifia (hu-
3uvdecKnX (paKTOPOB, BIUAIONIAX HA T€HEPAIUIO IITHPO-
KOI'0O CIIEKTPa KOMIIOHEHT BBIHYKJIEHHOTO KOMOWHAIIN-
OHHOTO paccesiiust. A UMEHHO, C MIOMOIIBIO YUCTIEHHBIX
pacYeToOB U AHAJUTUYECKHU IIOKA3aHO, YTO IPHU IIOJTHOM
Gba30BOM CHHXPOHU3ME U MAJION CTEIEeHN HEYIIPYTOCTU
KP (w21 < wp) /17151 BCeX KOMIIOHEHT PACCEsSHUsT IMEIOT
MECTO IPOCTPAHCTBEHHBIE OCIUJUIAINN, [I€PUOJ, KOTO-
PBIX 00PATHO MPOMOPIMOHAJIEH OTHONIEHUIO aMILIATY/L
CTOKCOBOI U OCHOBHOI KOMIIOHEHT OMXPOMATHIECKOMN
HAKA4YKKU. YBeJMYeHNe WHIEKCA HEYHPYTOCTH wai/wo
IIPUBOJUT K 3aMETHOMY IIOJIABJIEHUIO CTOKCOBOI BETBU
paccesiHUS.

BriBesienn! ypaBHeHUs, B KOTOPBIX YITEHBI HEYIIPY-
roctb KP u acuHXpoHW3M BOJH, 0OYCJIOBJICHHBINH JIU-
HEWHOW M KyOMYecKOoit 10 aMIIUTY/IaM TOoJIel JTUciep-
CHSIMU CPeJIbl, a TaK>Ke Pa3HOCTHIO (pa3 IByX4acTOTHON
HakKadKW. Bce 3Tu Tpu BUJA aCHHXPOHU3MA, TTOTABIISIIOT
anTucTokcoBy BeTBb KP. IIpu sToMm maxke mebosbinast
BeIMYIMHA 0Oe3pa3MepHOil BOJIHOBOW PaCCTPONKH IIPO-
HOPIUOHAJLHON 1), BBI3BAHHON JIMHEHHON aucrepcuei,
n ~ 0.01, co3maer cymecTBEHHYI0 aCUMMETPHUIO BeTBeil
paccesiausi. C BO3pacTaHWeM 1) IPOCTPAHCTBEHHBIE OC-
NWLIANNN, HanboJiee BhIPAKEHHbIE B CJIydae CUHXPOH-
noro BKP, cranoBdaTcst HeperyisspHbIMU, U CIIEKTP ITO-
POXKTAaEMBbIX YaCTOT CYKA€TCsl, CMEIAsiChb B CTOPOHY
O6IBIUX JTMH BOTH. Pa3HocTh a3 BOTH HAKAUKU Ha
BXOJIE B CPEJy (p TaK¥Ke CUJILHO BJIUSCT HA IIUPUHY
cuekrpa BKP, koropbiii ipu uzmenenuu ¢ ot 0 10 7/2
CyzKaeTcd BILIOTH JI0 OJIHOW CTOKCOBOW KOMIIOHEHTHI,
YTO SIBJISIETCS aHAJOTOM MHTEPGEPEHIIMOHHOTO I10/IaB-
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Puc. 6. Bausinne na BKP HenuHeliHoli gucnepcun cpegsbl, cie-

AytoLLee N3 COBMECTHOMO PELLEHUSI YPABHEHWUIA A5 aMAANTYA,

1 BOJIHOBbIX 4ncen Ky (32) (a), B cpaBHeHun co ciyvaem nu-

HeliHol gucnepcumn, korpa kn, = 0 (6). lNoseaenne BonHo-

BbIX 4ucen kn({) nokasaHo Ha puc. 6; n = 0.01, 1 = 0.01,
€2 =0.03, ¢ =0, ¢g-1 =0.5
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aennss BKP, npeackazannoro panee s ciaydas Tpex
Bousin [12]. Henuneiinag mucriepcus cpejibl jazke B OT-
cytcTBue Hacbimenus BKP momnocThio n3nydenus co-
3/1a€T SIPKO BBIDayKEHHbIE KadeCTBEHHbIE M3MEHEHUs B
KapTUHE paccesiius. A MMEHHO, B3aUMHO 3aBUCUMBIC
U3MEHEHUs aMIUTUTY/L U HeJTMHEHHBIX JacTeil a3 BOJIH
[IpU UX PACIIPOCTPAHEHUU B CPEJIe 00ECIIEYNBAIOT 11010~
JKATeJIbHbIE 3HAYEHUs] aMILINTY, TaK KaK CKadKu (a3
Ha T, IPUBOJISINNE K CMEHe 3HAKA aMILIUTYI BOJIH B OT-
CYTCTBUE HEJWHENHON Iucrepcuy, aBTOMaTUYEeCKU CO-
3/IAI0TCS B PE3yJIbTATe COBMECTHON 9BOJIIOIUU aMILIU-
TYJI, 1 HeJTMHEHHBIX YacTel BOJIHOBBIX YnCes. AHTHUCTOK-
COBa BETBb PACCESHUS IIPU STOM IOIOJHUTEIHLHO II0-
JTABJISETCS.

Coornomrenust Maniu —Poy, obozHadaromiye 3aK0H
COXPAHEHUsT YNCJIa KBAHTOB IpH JByxBoJiHOBOM BKP,
006001mmensl Ha ciaydait maHorodacroraoro BKP. Tloka-
3aHO, YTO CyMMAapHas WHTEHCHUBHOCTH BOJH B CJIyYae
COIIOCTABUMBIX AMILIATYJ[ OCHOBHOI M CTOKCOBOI KOM-
[TIOHEHT JIBYXBOJIHOBOI HAKa4KM yObIBaeT 10 Mepe pac-
[IPOCTPAHEHUsI BOJH B CpeJlle BILUIOTb 10 HEHYJIEBOI
KOHEYHOI BeJm4YuHbl. MakcuMaabHas pa3HOCTbh CyM-
MapHBbIX WHTEHCUBHOCTEH MPOIOPINOHAJBHA OTHOIIE-
HUIO WHTEHCUBHOCTEH KOMIIOHeHT Hakadyku. OTmedeH-
HBIl MEXaHU3M [UCCUMAINYN JHEPruud OOYCJIOBJIEH ITe-
pelladeil SHEPrUU OT WM3JIyUEHUsI K CpeJie B IPOIECce
HEYIPYTOro paccesiHusi cBeTa ¢ 3(PpPEKTUBHBIM ITPe0d-
JIAJIAHNEM CTOKCOBBIX KOMITOHEHT paccesiaus. OneHkn
oka3eIBaioT, uTo 41 BKP ma Bpamarenbabix mepexo-
JlaX BOJOPOJIa IpHU aTMOChEPHOM JIABJIEHUH JIO IIEeCTU
[IPOTIEHTOB SHEPIUN M3JIyUEHUS HAKAIKNA MOXKET Iepe-
XOJIUTh B SHEPIUIO BO30YKIICHUS BPAIIATEIbHBIX YPOB-
Hei.
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