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N3syuaetcst ahhekT 3KpaHUPOBAHUS BHEILHETO 1IBETOBOTO M0JII B HHCTAHTOHHOM KUAKOCTH. [ ciaboro
noJisi U CWJIBHOTO MOJISI B JIJIMHHOBOJIHOBOM MPUOJIMXKEHUH BbIBEAEHBI COOTBETCTBYIOLIME 3(PPEKTUBHbIE
JarpatKuanel. Ha npumepe MojenbHOH 3aaud O 3apsiKEHHOM €BKJHJIOBOM 1IBETOBOM HMCTOUHMKE JlaHa
OlLIeHKa 06paTHOTO BJIMSHUS 110J11 HA HHCTAHTOHHYIO XKMAKOCTb KaK (DYHKLMH KOHCTAHTbI CBSA3H.
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BBEJAEHWE

CoBpeMeHHble HCCJIeIOBAHHST CTOJKHOBEHHH YJ/lb-
TPAPEJIITHBUCTCKUX TSKEJbIX HOHOB, HalleJleHHble
Ha co3laHue B JIaGOPATOPHLIX YCJOBUSX KBapK-
IJIIOOHHOH [1J1a3Mbl, BbIABMIAlOT MHTEPECHYIO 3anauy
00 U3yUeHHH BJIMSIHUSI HHTEHCHBHbBIX TJIIOOHHbIX M10J1EH
Ha ¢usnueckuit Bakyym KXJI. Tlpennonaraercs, uro
TaKue 110Jis1 MOIyT ObITb CreHEPUPOBaAHbI B Mpoliecce
CTOJIKHOBEHHS] B OTHOCHTEJIbHO MaKpOCKOMHUECKOH
00/1aCTH M 4TO HX MOXKHO OINMCbIBATb B paMKax
KBasuKJlaccuueckoro npudJ/nxkenus. Mimeroumecs: Ha
CEroJIHALLIHUK JIeHb MOJEJIH paJMalMOHHbIX TJIIOOH-
HbIX MMOJIEH MCXOJAT M3 PasHbIX MPENOChIIOK U He
JIAt0T OJIHO3HAYHOIO W HAJIEXKHOIO MpeACKa3aHus sl
MHTEHCUBHOCTH [MOJIsl, CM., Harpumep, padotsl [l].
OTH TPYAHOCTH MOXKHO OblI0 Obl OOOHTH C JAPYrou
CTOPOHbI, ecJid Obl ObITIO H3BECTHO JIeTaJbHOE YCTPO-
CTBO (pM3HUECKOr0 BaKyyMa. Torja cooTBeTCTBYOLLEE
MOpOroBoe 3HaueHWe MOKHO Obl0 Obl H3BJIEUb,
OnUpasicb Ha 3HaHHE XapaKTEPHbIX MoJieH BaKyyMHbIX
dbaykryauui. K coxxanenuto, ceffuac Mbl pacriosaraem
JIMLIb JI0CTATOUHO OOLLMMH XapaKTepUCTHKAMU (3K~
UeCKOro Bakyyma: IJIOOHHbIM KOHJEHCATOM, MpeiBa-
PUTENILHBIMH JJAHHBIMH O BUPTYaJIbHOCTSIX [2], HEKOTO-
PbIMH peleTOYHbIMU U3MepeHusiMu [3]. B Tako# cuty-
aUMK 0CTaeTCsl JIMUIb BO3MOXKHOCTb MOJYUHTh OLEHKY
3¢ heKTOB, OCHOBbIBAasCb Ha KaKOH-sMOO MpaBlo-
nojpo6Hoi Monesu Bakyyma KXII. HMckitouureabHo
NPaKTHUHOK B 3TOM OTHOLIEHMH MPEeACTaBJSETCS
MojieJib HHCTAHTOHHOH »xuakoctu (IL), omucanuio
3¢ heKTOB 9KpaHHPOBAHHUS BHELLHETO LIBETOBOIO 1104151
B KOTOpOH M MocBslleHa Hawa pabora. BooOuie

DUucruryr teopernueckoii ¢usnkn um. H.H. Borosmo6osa
HAH VYkpaunbi, Kues.

2>O6'beLLMHeHHb1171 UHCTUTYT sIepHbIX ucciaenoBanuil, IlybHa,
Poccusi.

3)I/IHCTMTyT TEOPETHUECKOH U IKCIEePUMEHTaNbHONH (hU3UKH,
Mocksa, Poccusi.

roBOpSi, C TOUKH 3peHusi Mojiesin L takast nocraHoBka
3aJlau MOXKET M0Ka3aThCsi HECKOJILKO HEOXKUIaHHOM,
MOCKOJIbKY OOBIYHO JIOTIOJIHUTEJIbHbIE KOMITOHEHTDI
BBOJATCS B IL 115t Toro, uTo6Gbl OnKCHIBATH KOHbak-
HUPYIOLILYIO COCTABJISIONLYIO U OJTHOBPEMEHHO CHUMATh
npo6JsieMy HHCTaHTOHOB GoJiblloro pasmepa [4, 5].
Mbl B onpenesieHHOM CMbIC/ie TOCTYMHM B CJyudae
c/1a60ro BHELIHEro MOJisi MPSMO TPOTHBOIOJIOMKHbIM
obpa3oM, noJiarasi, uTo OHO OyJeT WUrpaTb KakK Obl
MOIUMHEHHYIO PoJib. Tem He MeHee BbIBOIbI, K KOTOPBIM
MblI TIpujieM, GYJIyT BIOJIHE OTBeYaTh (PeHOMEHOJIOTHH
CUJIbHBIX B3aUMOJIeHCTBUI. MIHCTAHTOHHYIO XKHUJKOCTD
Mbl paccMaTpUBaeM B paMKax npocrteiuiero npubJu-
YKEHHUsT — CTOXaCTHYECKOro aHcaMbJisi HHCTAHTOHOB
B CHHTYJsIpHOH KaJnOpoBke. [IpousBojsiimii dhyHK-
[IMOHAJl OLIEHUBAETCSl TPH MOMOLIM BapHALIHOHHOTO
MpUHLIMMA, MpeaioKeHHoro B pabore [6]. OTtHocH-
TeJIbHasi [POCTOTA CYNEPNO3ULHOHHOIO aH3aua M
BapUALMOHHON TMPOLLELYPbl MO3BOJUT MPOAHAJIH3U-
poBaTh 3(M(eKThl 3KPAHUPOBAHHUS TIPAKTHUECKH B
aHaJIMTHUYECKON popMe, XOTs B TIPUHIIMIIE HAIl aHAJIH3
BIIOJIHE MPUJIOXKHM M K J000H JIPYrod HacblLLao-
e KoHdurypauuu. 3aTeM Mbl MepeiieM K oleHKe
BJIMSIHUS, OKa3biBaeMoro Ha IL cusibHOro BHelIHero
1noJisl, U PACCMOTPUM TPOCTEHIIYIO MOZIEbHYIO 3a1auy
0 TOUEYHOM €BKJIMJIOBOM L[BETOBOM MCTOUHHKE, UTOObI
MOJIYUUTh MPEACTaBJEHHE O XapaKTepHOM Mmaciutade
SIBJICHUH.

1. BHEIIHEE CJIABOE I1OJIE B IL

B kauecTBe xapakTepHOil KOH(HUIrypaluu, Hacbl-
11atol1ed Mpou3BOAAIIMH PYHKIMOHAJ

ZZ/DMkﬂ&

rnie S(A) — neiictue SlHra—MuJica, Mbl npumMeM
npUOJIHKEHHOE pellieHne ypaBHenHuit Inra—Muiiica B
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BUAE C.neny}ouleﬁ Cylneprno3numu:
N

(@) = Biw) + ) Ag(wiv). (1)
i=1

3neck Aj, 0603HaUYAIOT N0Js1 (aHTH)HHCTAHTOHOB B
CHUHTYJISIPHOH KaJHOpOBKe:

2 -
AZ(CC) = ;wabnbuuau(y)’ (2)
) = 0l y=a
Y2+ 0y
vi = (pi, zi,w;) — NapameTpbl, OMUCHIBAIOLIHE G-I

(aHTH)MHCTAHTOH C Pa3MepPOM p;, MATPHLIEH 11BETOBOH
OpHEeHTallMM w; U KOOPJMHATOH LIEHTpa IMCeBaoUa-
CTHLBI 2;; JUISl AaHTHMHCTAHTOHA CJIeIyeT TMPOU3BECTH
3aMeHy CHMBOJIOB 'T XodrTa 77 — 7); g — KOHCTaHTa
cBsI3M HeabeJsieBoro noJs; B — BHelHee noJe. Kak
6bl10 cCKa3aHo BO BBenenuu, Hac OyieT HHTEPECOBATh
He MPOU3BOJIbLHOE BHELLIHEee M0J1e, a J0BOJIbHO CIel-
(buueckasi KOH(Urypalys, reHepupyemasi B mpoiiecce
CTOJIKHOBEHHS! TSXKEJbIX HOHOB. XapaKTepHbIMU yep-
TaMH TaKOTO M0JIsi MOTYT ObITh €r0 JIOKaJIU30BAHHOCTh
Ha Macuitabe ropsiika pasmepa siipa M KBasuKJac-
cuuHocTb. [To aHasorun ¢ 31eKTpOAMHAMUKON Takue
noJisl, MO-BUIMMOMY, MOXKHO MPUOJIMIKEHHO OMHUCHI-
BaTb [OCPEACTBOM MYJIbTHIIOJNBLHOTO Pa3JIOXKEHHUS.
MmenHo Ha 3Ty KauecTBEHHYIO KapTHHY Mbl U Oynem
OpHEHTHPOBATbCS B Hallel padore.

BaaumojeiicTBre BHELIHErO MOJIs C KaXKIOH OT-
JIeJIbHOU TICEBJ0OYACTULEH ONpeae/sieTcsl TEeH30POM
HaNps2KEHHOCTH

Gl = G(B) + G, (A) + G, (A, B),  (3)
rjae nepBble ABa cCJaraeMblx AaloTCs CTaHAAPTHbLIM
BbIpaK€HHUEM /151 HAIPSI2KEHHOCTH T10J151:

G (A) = 0, A5 = DAL + gf ™ ALAS, (4)

f9¢ — NOJHOCTBIO  aHTHCUMMETPHUHbIH  TeH3op. B
YACTHOCTH, JIJIsi KHCTAHTOHA
2

p
3 (D)
(y> +p*)*
rae My, = 6 — 20,9y, Up = Yu/ly|. CMmelnannas
KOMIIOHEHTA HATPSPKEHHOCTH MOJIsl JUIs MHCTAHTOHA
MMeeT BH]L

a _ abc b gc
GMV(A’ B) - gf (BMAV -

fabc cd (andz/a _

4
GZV(A) = _Ew nkaﬂMuaMyﬂ

ByAS) = (6)
lejﬁdua)aa (y)

BosBonst G B KBajpart, MoJyudM cJjeyiollee Bblpa-
YKeHHe JIsl aplUabHOrO BKJaJa BHELIHEro MoJs 1
KaXK/J10M OTAE/NbHOU M1CeBA0YACTULLbL:

GGl = Gl (B)G, (B) + (7)
+ G, (A)G, (A) + G, (A, B)GY, (A, B) +
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+2G}, (B)G),(A) + 2GY,,(B)G, (A, B) +
+ 26, (A)G}, (A, B).

B nefictBuM st cyneprno3uMOHHOrO aH3aua Mbl
OrpaHUUYUMCs Il TTPOCTOThI TOJILKO CYMMOH Mapliu-
aJIbHbIX BKJ/aJ0B, paccMaTpuBasi cTapliuue, Mmporop-
MOHaJIbHbIe TJIoTHOCTH [ (TOuHee, ynmakoBouHOMY
napameTpy np*), 0HOYACTHUHbIE BKJIAJbL:

a a
S(B,vy) = /d‘%% ~ (8)

Sy gl

[lepekpecTHbiMU MO MceBpoYacTUlaM (MPOMOPLHO-
HaJbHBIMK KBaapaty mjaoTHocTH [L) uneHamu, Besen-
CTBME MaJslocTH xapakrepHoro s Il ynakoBouHoro
napamerpa np* ~ 0.005, noxka Gynem npexHe6peraThb.
Hast monenu 1L perysisipuaoBaHHbIi NPOU3BOJSILINI
dbyHKIMOHAM TpuHUMaeT ¢opmy (0603HAUEHHS CM.

B[6])

1
Y:/D[B]m/il—[ld%e S(B), (9)

Jlig Hauasa Mbl pacCMOTPUM cJiyuail ¢aaboro BHeLI-
Hero BO3JIEHCTBMS, TperoJaras, uTo XapaKTepHbie
napametpbl 1L — cpennuii pasmep nceppoyacTuil p 1
njaoTHOCTh Il m He u3MeHsIOTCS, a MPOCTO JAAIOT-
Csl CBOMMH BAKyyMHbIMH 3HAUEHHSIMH, KOTOpble JIsi
BbIOPAHHOH HAMH HaChIILAIOLIEH KOH(PUTYpaLUH (PUK-
CHPYIOTCSI OTTAJIKHBATEJbHBIM MeXaHU3MOM. B 3Tom
MecTe JUlsl Hac COBEPLIEHHO HEeCYLIECTBEHHO MHTe-
rpUpoBaHue Mo pasMepam MCeBAOUYACTHULL H, UTOObI He
YCJIOXKHSITh M3JIMIIHE 3alTUCH BbIpAXKEHHH, Mbl OyjleM
noJjiaraTh BCe MCEBA0OYACTHLBI OJMHAKOBOTO padmepa
p. Torna npu BblYKCIEHUH MPOU3BOJSIIETO (PYHKIIHO-
Hasa (9) HaM cJie/lyeT MPOBECTH YCPeHEHHE TOJBLKO
M0 TMOJIO’KEHUSIM TICEBIOYACTHLL U MO HUX LBETOBBIM
OpHEHTALHUSIM.

Brluncienue apdekTHBHOTO AeHCTBHS NpenoJia-
raeT HaXokKJeHHe BKJIa/a roJiefl KBAaHTOBbBIX (JIyKTya-
IMH B OKPECTHOCTH Hachlillatoliel Kondurypauuu (1),
KOTOPbIM YCJIOBHO MOXKHO 3arucaTh B BUje Oeryliei
KOHCTAHTbl CBSI3M Kak (PyHKUMH BHELIHEro MoJs H
XapakTepHoro pasmepa rncepupouactull, g(B, p). C ee
MOMOIIBIO MOXKHO OblLI0 Obl KOPPEKTHO MEPEXOAUTH
K COOTBeTCTBYMollleMy Macuitaby. OaHako s 1o-
CTaBJICHHBIX B Hallel paboTe Lesell MOKHO 060HTHCH
W MPUOJIMKEHHBIM BbIpazkeHHeM, 3aMeHuB g(B, p) —

— ¢g(p). HelicTBUTENLHO, B CHJY aCHMITOTHUECKOMH
cBOGOMIbI TOJIST HA MaJblX PacCTOsHUSIX (rae, Kak
Mbl MIpe/iNoJiaraeM, CoCpeIoTOUeHO BHELIHee MoJe) He
cuHryJIsipHbl. ONMacHOCTb MOXKET BO3HUKHYTh Ha 60J1b-
ILIUX PACCTOSIHUSIX, HO TaM CUTYyalllsi KOHTPOJIHpPYeTCs
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aHcambuieM nceovactul. Takum o6pa3om, Mbl Mpo-
Urpaem B TOUHOCTH OTTMCAHHUSI BHEILIHEro noJisi B (K Ko-
TOPOH Mbl HE CTPEMHUMCSI ), HO He MPOMYCTHM OTAaCHBIX
CHUHTYJISIPHBIX BKJaA0B. OKasblBaeTcsi, UTo J1axKe 3Ta
npocTeiias oleHKa MPoU3BOASALIEr0 PyHKLIMOHAA B
CEeJIJIOBOH TOUKE MPUBOJUT K HHPPAKPACHOH 0COOEH-
HOCTH, K OTTHCAHHIO KOTOPOH MbI U EPEXOUM.

Cpennee OT 9KCIOHEHTHI 3aMHUILIEeM, BOCMOJb30BaAB-
LIHMCh KJIACTEPHbIM pa3J/ioKeHHeM:

(=n*

(5 )es | (10)

<eXp(_S)>wz = €Xp Z

k
re (S1) = ((S1)), (S152) = (51)(S2) + ((5152)), - ..

[TepBblil KyMYJISIHT ONIPEJIEJIIETCS IPOCTO YCPeHe-
HUHEM JIeHCTBUS. YUUTbIBasH SIBHBIH BHJ TEH30POB Ha-
NpsKEeHHOCTH NoJ1s1 (D) 1 (6), 1eTKo BUAETD, UTO Moce
yCpeHEHHs 110 IIBETOBBIM OPHEHTALMSIM B Mapiitalib-
HOM BKJ1aJle OCTAIOTCS TOJBbKO CJIe/lyIOLIHe U/IeHbI:

<GZ1/GZI/>W = GZV(B)GZV(B) +
+ <GZV(A)GZV(A)>UJ + <GZV(A’ B)GZV(A’ B)>UJ +
+2(G1, (A) G (A, B
,HJIH preILHeHl/lﬁ 10 IBETY HUCIOJIb3yeM PaBEHCTBO
5a05kd
=7 (11)
N2 -1
riue Nc — YHCJIO UIBETOB. TOI‘ILa rnocJjiegHee cjaaraemoe
26, (A)G, (A, B)
P’ be, cd( b
abe, ¢ =
Gy P
ncyesaeTr BCACACTBHE aHTUCHUMMETPUYHOCTHU TEH30pa

fabc:

<wakwcd>

16 _
_?waknkaﬁMpa X

X Myﬁ Blljﬁdua)aa(y)

(G (A)GL, (A, B))y = 0.

3amerum TakKzKe, YTO UCIT0JIb30OBaHHE TOKACCTBA
fabcwbocwcﬂ — 6aﬁ'ywc*y’

(12)

npeBpallaeT paccMaTpuUBaeMoe cjaraemoe B JIMHeH-
HOoe M0 w, Hcuesawllee npu ycpenHeHud. Tenepb
paccMOTPUM BKJaJ, CMelIaHHOH (O0TTaJKUBATENbHOH )
KOMITOHEHTbI

Gy (A, B)Gj, (A, B) =
= 4fabcw6d(BZﬁdua - Bsﬁdua) X
X aa(y) f*" W™ (B iy — By )ay (1)

Yepennus no usetry npu nomouid (11) 1 Bocnosib3o-
BaBLIUChH CBOHCTBOM

fabCfakc — Ncébk,
MOJTYUHM

<GZV (A’ B)GZV (A’ B)>w =

MOJIOLIOB
AN,
N2 -1
X aoz(y)(BZﬁdu'y - BSﬁdu’Y)QW(y)'

Tenepb ycpeaHuM Mo MOJIOXKEHUSIM TICeBAoUacTHil. B
pesyJibTaTe BO3HUKHET CJIEAYIOLIMI HHTerpadl:

(BZﬁdz/a - Bsﬁd,ua) X

d*z I
[ el ) = b
rjae
2
s
T=2"-»2 14
4p’ ( )

MOCKOJIbKY Mbl YCJOBHJIUCh, 4TO omuchiBatolre IL
napameTpbl He uaMeHsitoTcsl. Toraa, nocJie HeKOTOPbIX
asrebpanuyeckrx BbIYMCJIEHUH, CpeiHee OT CMEeLIaHHOH
KOMITOHEHTbI PEJICTABMSETCS B CJEAYIOLEM BHIE:

<GZ1/(A’ B)GZ,I/(A’ B)>wz = (15)

2.2
= 2 _ 1 PuPu
vV NZ-1
Cobupast Bce ujieHbl, OKOHUATEJNbHO TTOJYUHM CJle-

nytoiiee 3(hHeKTUBHOE JIeHCTBUE /1T BHELIHETO M0JIsi
B IL:

2
((S))0s = /d4x (% + %BQ) + (16)
+N6+N<%NC— éNf—1>,
m? = 97‘(‘272,02%, (17)

rae N — roJiHoe YMeJio TNceBaovacTul B oobeme V,
n=N/V,a 3 =8n?/g> — neiictBue oJHO# ncepj0-
yactuipl. Cjaraemoe, npornopuuoHalsbHoe 3, B Gop-
myJie (16) omuchiBaeT BKJAA YHUCTO HHCTAHTOHHOM
KoMIoHeHThl (G(A)G(A))wz, a MoCaeH I UIeH ONH-
CbIBAeT BKJIAJl OTTAJKHBATEJNbHOTO B3aHMOJECHCTBHS,
MaJiblil Ha ¢oHe (3. JIoBOJILHO UHTEPECHO OTMETHTb,
YTO B JIENCTBUTENBHOCTH MaccoBblil uieH (17) wus-
BECTEH OueHb JABHO M, cOOCTBEHHO, (pUKcalusl pas-
Mepa MCeBI0UYaCcTHll B BapHalMOHHOH mpolenype [6]
OCYLLECTBJISIETCS KaK pa3 3THM MeXaHH3MOM reHe-
pauuu macchl. B uacTHOCTH, ecsin B35ITb B KauecTBe
BHEIIIHEro 1oJisi B 1oJjie HHCTAHTOHA, TO TMOJYyYHTCS
B TOUHOCTH Pe3yJ/IbTaT /s OTTAJKHBATEJbHOrO B3a-
uMoziercTBUS U3 pabotel [6]. Ecau mosoxuth xa-
pakrepHble napametpsl IL (N, = 3, Ny = 2 — unciio
apomatoB): n/A* = 1.2, pA = 0.27, 3 = 18, 1o a9
OLIeHKH Macchl umeeM m ~ 440 MsB npu p ~ 1 [3B
u A ~200—300 M3B. B pa6ore [6] 6blid 0TMeueHb!
SKpaHUpyIOLMe CBOHCTBA OTTAJKMBATEJNbHOTO B3au-
MOJICUCTBUSL U JJI1 SKPAHUPYIOLLEH MacChl PUBOIU-
Jock 3Hauenne 350 MsB. Caenyer takxke ynomsinyTh
pa6oThl [7], e ajist Macchbl IJI0OHA B MHCTAHTOHHOH
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cpene noJyueHo m ~ 480 MsB. Kak Bunum, Bce 3ti
OLUEHKH MPUMEPHO OJMHAKOBBI, MOCKOJBKY BO BCEX
cayuasix 3(hdekT Bo3HUKaeT Gsaroaapst CMelllaHHOMY
uJieHy HanpsKeHHOCTH moJis (6). OTMeTHM TakKe, uTo
yCJIOBMEM HENMPOTHBOPEUMBOCTH CHCTEMBI ypaBHEHHUH,
BbiTeKatouleil u3 (16), asaserca 9,5, = 0. Takomy
)K€ YCJIOBHIO YIIOBJIETBOPSIET M T0Jie TCEeBI0YACTH-
ubl (2). MoxxeT BO3HMKHYTH BOMNPOC, MOYEMY CJly-
YalHO OpPHUEHTHPOBAHHbIE B LIBETOBOM TPOCTPAHCTBE
MCeBJ0YACTHLIbl PUBOJAT K 9KpaHupoBaHuio. Kakas
)K€ KOMIIOHEHTa Urpaet poJib (PyHKIMH pacrpejesie-
Hus? B Hauiem ciayuae (B HeabesieBOH TeOpHH) — 3TO
9KCIIOHEHTA C SIHM-MMJIJICOBCKUM HeHcTBHeM. B Hed
reHepUpPYeTCs HETPUBHAJLHBIH BKJAJ, MPUXOISLIMNI
OT CMEeLIaHHOTO YjieHa HanpsiKEeHHOCTH mnoJs (6). B
abeJieBOM cJiyyae B CHJTy PUHLIMIIA CYNePrIO3ULIUH 3TH
BKJIAJIbl OTCYTCTBYIOT.

Tenepp obpaTumcsi K CJeylOLIMM WieHaM KJja-
CTEPHOTO PasJioXKeHHsl, UTOObI HAWTH TONPAaBKH -
thekTUBHOTO JlarpaHkuaHa. HeTpuBuasbHbIMU BO BTO-
pPOM KyMyJISIHTE

1 GG GG
5<</d4“’“1 ol e 2>>

OyayT 1Ba CJaraembix:

Ge
%</d4x1 2 'uy(

b b
st 2B
4 b
2 4

o /d4x 2Ggﬂ(A2)Ggﬂ(A2,B2)>
2 ’
4

R

rJle HHIEKCHI 1, 2 yKa3bIBalOT, UTO COOTBETCTBYIOLIHE
(YHKUMH 3aBUCAT OT X1, To. OCTasbHble cjaraemble
HOCAT JIH60 HHTep(EPEHIIMOHHbBIH XapaKTep M rora-
IAIOTCS KBAZAPATHUHBIM UJIEHOM OT MEPBOTO KYMYJISH-
Ta, MO0 PUBOJAT K aHTAPMOHUUHBIM 110 B BKJaaam,
KOTOpblE Mbl B HacTtosilled paboTe paccMmaTpuUBaTh
He Oynem. Kak ussectno, unen G(B)G(A) B (7)
MPUBOJIUT K JUIMOJbHOMY B3aHMOJEHCTBHUIO, BIEPBbIE
paccmoTpetnHomy B [8]. OiHaKo OHO He NPOosiBJIsieTCs B
MepBOM MOPSIIKE KJIACTEPHOTO PA3JIOKEHHUS, TOCKOJb-
Ky “3aHyJisiercsi” TPy yCPeHEHUH MO 1IBETOBLIM OpH-
eHTAlMsIM, U €r0 PoJib HAUMHAET CKa3bIBATHCS TOJBKO
co BTOporo nopsijika. B yactHocTH, Beipaxkenue (18)
MO2KHO TPUBECTH K CJIE/lYIOLIEMY BHILY:

)G (A1)

1 G (B
§</d4$12 L 1

G? (B9GP (A
X/d4x22 ap(B2)Gag(A2)\ 1 1 y
1 TNz

(20)
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55p
1
1

|
1
1
35F,
\
1
\

3 4 5
x/p

Puc. 1. Koppensiuponnblie pyukumu Is u Jq, Ja.

Gy (B1)Ge5(B2)
x/dmldxg M G (A1) Gl (42),

BOCI0JIb30BABILIUCH BhIpaXKeHHeM (D) Jist TeH30pa Ha-
NPSKEHHOCTH 110J151 1 (DOPMYJIOH YCPEeHEHHS 10 LBe-

Ty (11), npruuem B MHOXKHTEJIE GbV(Al)Ggﬁ(Az) HeT
3aBHCHMOCTH OT LIBETa B CHJY ToxKaecTBa ww =

= 6. Bripakenue (20) cieyer ycpeauTh TakKe U
10 TIOJIOXKEHHUSIM TIceBloYacTHll. BosHuKarouas B pe-
3yJibTaTe KOppeJssillioHHast (yHKIUMS U1l HHCTAHTOHA
B CUHTYJISIPHOH KaJMOpOBKe Obl1a roJiyueHa patee [4,

9]:
d4
/7Ga (A1)GEp(Az) =
116 Al
= V - (6uaéuﬂ 6u651/a + 5uuo¢ﬁ) I <7) ’
rae A = |x] — x|, VISl aHTHMHCTAHTOHA CJIeIyeT 3a-

MeHUTb € — —¢. SIBHBIN BUJ hyHKIMH [ B HACTOSILLIEH
paGoTe HECYLIECTBEH, OJIHAKO JJIsi CIIPABKH ee BUJL
npuBefeH Ha puc. 1. Ecau uucjio MHCTAHTOHOB W
AHTHMHCTAHTOHOB OJIMHAKOBO, TO CJIaraeMoe, Mporop-
LMOHaJIbHOE TEH30pY €, UcuesaeT, U B IL koppessitop
JIaeT CJeyIOUIH BRI

N/d4zGa 1)G5(Az) =

A
B (Guabus — 6560 L (?) .

Co6paB Bce BMecTe, OKOHYATEbHO BKJAJ uieHa (18)
B IL npencraBum B BUe

16 1 A
?mn/dxldmzfs <;> GZV(Bl)thﬁ(Bz)'
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DTOT BKJAJl, KaK JIETKO BUJIETh, TIPUBOJIUT K yMeHblIIEe-
HHIO UCXOJHOTO feicTBUs. COOTBETCTBYIOIIMH HEJNO-
KaJIbHbIH (PaKTOp THMA JUIJEKTPHUECKOH MPOHUIae-
MOCTH y100HO nepenucathb B ypbe-KomnoHeHrax [8]:

1 1
/dk: <1 0

- ?@n’fs(k‘pﬁ X
X Gl [B(R)]Gop B(=E)].
Unciennast ouenka wist Iy (kp) B nyJe:
1,(0) ~ 6p*,
oTkyaa npu N, = 3, Ny = 2 /151 10NPaBOYHOro Kos¢-
(buLMeHTa TToJTyuaeM CJeIYyIOLLYIO OLIEHKY:
16 1

Paccmorpum Teneps (19):
G¢,(A1)G%, (A1, B
%</d4$12 ,ul/( 1) /U/( 1 1) %

4
GY .(A2)GY (A, B
x/d4x22 o (A2)Gop(Az 2)>
4 w
1 drid aka (A )famn %
5 T1drow Gy, (Al

X wnl(Bﬁﬁlm/ - Bﬁﬁlu“{)alwwchgﬁ(A2)fbde X

x w (BY,M5ps — Bélgﬁfaa)a25> :
w

[Tosicuum oGo3HaueHHs1 B TOJYUYEHHOM BbIpaXKEHHH.
[TonpasymeBaercs, uTo B HaMpsiKeHHOCTH NoJist G 3a-
BHUCHMOCTb OT LIBETOBOH MaTpHLbl w BbIHECEHA B BUJIE
MHOKHTeds1. [1pu 3TOM Mbl He BBOJIMM HOBOrO 0603Ha-
uenust 1151 G, HaJiesChb, UTO 3TO HE NMPUBEJIET K Helopa-
3ymenusiM. PopmaJsibHO 3TO BbIpaxKeHHe BHIMJISIIUT KaK
caetyloumii uien B Nt -pasnoxennn (~w*). Onnako
B CHJIy YIOMSIHYTOTO BbILLE TOXKAECTBA COXPaHEHHs
o6beMa rpynmbl 1J1s1 IBETOBbIX MaTpHLL (12) noyuum

<fmanwakwnlfdbewbcwef> _ (22)
5md ke 5l kf slc
:7N3_1(5 o1 — H ).

Tenepsb 1ist (21) umeem

G® ,(A1)G%, (A1, B
1</d4$12 MV( 1) uy( 1 l)x
2 4
x/d4x QGZQ(A2)G35(A2,BQ)>

9+
N2 _1 /dxldx2 [wa(Al)Gloiﬁ(A2)ﬁluwfllﬁ6 -

4
— Gh,(A1)Gl 5 (A2) ks | a1y azs BT, By,

=2

MOJIOALOB

[TosryueHHO€ BbIpaXKeHHe SIBJISIETCS CJIEJICTBHEM aHTH-
CUMMETPHUYHOCTH TeH3opa (. BuinosHsst yepenHeHne
110 M0JI02KEHUSIM MICEBI0UACTHIL, BbIIEJTUM KOPPEJIsiLIi-
OHHYIO PYHKIIHIO-TEH30P:

dz o
/ (G (A1) Gl 5 (A2) T s —

v
- G/]iu (Al)Glaﬁ (A2)77kﬁ6ﬁl1/'y] A1yA25 =

16 1 A AN . .
I (2) g e (2) 3,8,
ng[ p) " p) "

rue A = ‘Z:ih — ©JIMHUYHbIH BEKTOP.

[Tocsie anreGpanyeckux npeoGpa3oBaHUil MOMKHO
MOJYUHTh

4 4
p p 1 11
J = /dy ——x
(¥2 +p?)3 (22 + p?)3 |yl |2| 3
x (16t3 — 8t + 4pq + 6(p? + ¢°)t — 12t*pq),
4 4
p p 1 14
Jo = /dy ——Zx
(¥2+p?)? (22 + p?)3 |y[ 2] 3
x (483 + 5t — 4pq — 6(p* + ¢*)t + 12t%pq),

yd) (=
WAl 4= ToAl
JIOTHUHO (DYHKUMH [ SIBHBIH BHJL 3THX (PYHKLHH Ham
B HacTosillel padoTe He MOHAAOOUTCS, AJI CIPABKU
OHU NPHUBeEJIeHbI HA pUC. | B BUJIE IUTPUXOBBIX KPHUBBIX.
OKoHUaTeNIbHO J0TIOJIHUTE/IbHBIN BKJIAJL B MAacCOBBIN
uJieH BbIIVISIIUT CJIeLYIOLLUM 00pa3oM:

1 32 [, .
mg—Qn/dxldeX

A AN .~ .
. [Jl <;> O 2 (z) A“Aa} 1B

KOTOprﬁ B (bypbe—KOMHOHeHTaX MOXKHO IPpeACTaBHUTb
Kak

2
/dk m?_ 8 1
2 ¢?NZ2-1

< (k)3 + Talko)l b }Bﬁ(k)Bgek).

(23)

Jl7s1 oueHKM HesoKaslbHOH MOMPaBKH K Macce yka-
eM, uto uucsenHo B Hyse Ji(0) ~ —1.4p% Torna
ujieH ¢ Maccoil W rorpaska K Hemy B copmyJe (23)
MPU HYJIEBOM MMITyJibce COOTHocATCs Kak 9m2N,
—i—g -1.4|, u3 uero BHIHO, YTO TPH XapaKTEPHBIX
0 ~ 18 nomnpaska uucaeHHo mana. Cienyer ynomsi-
HYTb ellle OJMH BKJad B 3 eKTUBHbIN JlarpaHKuaH,
00yCJIOBJIEHHBIIl B3aUMOJIEHCTBHEM HCTOUHHKOB, re-

HEePUPYIOLLMX BHELHee oJie, U (aHTH )JAHCTAHTOHHOTO
aHcamoO.J1s:

N
S =Y [ dtaip(e) An(aii).
=1
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Ob 5KPAHMPOBAHWHW LUBETOBOTO ITOJIA

[To/ib3ysich KJIACTEPHBIM Pa3JIOXKEHHEM, MOXKHO TM0-
JIyUUTb COOTBETCTBYIOLLHE HeGOJIbIIKe (eC/H UCTOY-
HUKM paccMaTpuBaTh B KBA3HKJACCHUECKOM MpH-
GJIMXKEHHH ) BKJajlbl, KOTOpble BbIpaxaloTcst uepes
KOppEJISIHOHHbIE (DYHKLMH, TTOCTPOEHHbIE M3 MOJEH
(aHTH )MHCTaHTOHOB <AZ((I,‘;’)’)AS(:I/;’)/)>,Y [8]. Takum
obpasom, i paccMarpuBaembix mnapametpoB L
HEJIOKAJIbHBIMH BKJIAIAMU, BO3HHKAIOIUMH BO BTOPOM
MOPSIIKE KYMYJISIHTHOTO PasJIoyKEHHsT: JH3JeKTpHUe-
CKHM M MAaCCOBBIM, MOXKHO MpeHebpeub.

B 3akJ/iouenue storo pasaena o6CyIMM HECKOJb-
KO MHYI0 HHTepIpeTanuio 3PPeKTHBHOTO JlarpaHKu-
ana (16), caenyst KOTOPOH MOXKHO MOJYUUTb YNOMSI-
HYTyI0 HAMH B HauaJjle 3TOro pasjesa uHdpakpacHyto
0CcoOEHHOCTb. byzem, Hanpumep, noJarath, UTo KBa-
3UKJaccHuecKoe noJje B no-npexHeMy OMHCbIBAETCS
MCXOJIHBIM SIHT-MUJUICOBCKUM feficTBHeM. B uactHO-
CTH, PACCMOTPUM ToJie “CTAalMOHAPHOr0” TOUEUHOrO
€BKJIMJIOBOTO HCTOYHMKA MHTEHCHBHOCTH € C KaKOH-
JIUOO0 eIMHCTBEHHON OTJIMYHOH OT HYJisl n-H UBETOBOK
KOMITOHEHTOH:

Bi(z) = (0,0"¢),¢ = —7-

Jnsi uHTerpana no 4-mepHoMy nMpocTpaHcTBy oT B2

umMeem
e 2 62
d* = —X,L
/ "’“<47r|x|> an

rie X4, L —Hekue QopmalibHble BEpPXHHE MpeJieibl
UHTEerpupoBaHusl. B 3ToM cJjydae BKJaay MNEepBOro
KymyJisinta (16) MoxKHO npuaaTh BUL

e? 1

(SVw: =EXy, E=-——+0L+0nL? (24)
4 To

rie o= %%e%ﬁ. 3nech TepBoe cjiaraemoe

OTMCBIBAET KYJOHOBCKYIO HEPTHIO TOUEYHOTO UCTOU-
HHKa, a rg— HEKHH (POpMaJIbHbIA pajlyC YacTHLbI.
BTopoe ciaraemoe BHITISIIUT KaK peHe6peKUMO Ma-
Jlast TIoTIpaBKa K TJIIDOHHOMY KOHJIeHCaTy (TocJie/iHee
caaraemoe B (24)). OnHako 3TOT JUHEHHO pacTyLIHH
no L BKJaJd TNponopuuoHased e? v HMeeT WHOM
(bM3MUYECKUH CMBICJ, aHAJOTHUYHO JOTOJHUTEIbHOMY
cJlaraeMoMy K COOCTBEHHOH 3HEprud MCTOUYHHKA.
[Tosryuennoe BbipaxkeHue JTEMOHCTPUPYET HEBO3MOXK-
HOCTb HaJMuus B IL MCTOUHHKA C OTKPBITBIM LIBETOM,
TaK Kak aMILJIUTY/la TAKOT0 COCTOsIHUS Ge3 yueTa 3¢-
(heKTOB 3KpaHMPOBAHHS HEOrPAHHUEHHO TM0/aBJeHa
Ha ¢oHe KoHjeHcarta. Jlyis AuUnoJisi B COCTOSIHUSIX C
uzocnunom O u 1 (N, = 2)

Bjj(z) = (0,0%¢),

e 1 1
L \X—zl\:':\x—zﬂ ’
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A€ Z1, Zo — KOOpAMHATbI AMIIOJA; AJisi HHTEerpaJia oT
KBajipaTa IMoJis 1noJjydum

d4xB2—e—2Xl d* BZ—iX 4L — 1

rie | = |z1 — z9| — paccTosiHue MeXJly HCTOUHHKAMH.
Mbl cHOBa BUAMM, UTO COCTOSIHUE C OTKPBITHIM LIBETOM
B IL nopassieno, a s qunodisi B COCTOSIHUM C M30-
cnuioM O 3Heprust JUHEHHO PacTeT ¢ yBeJHueHuem [
¢ KoshpuumenToM HaTskenusi o ~ 0.6 [sB/®wu, ecau
OlLIEHMBaTh HHTEHCUBHOCTb HCTOUYHMKA Kak e ~ ¢ [10].

Takum 06pasom, MOXKHO 3aKJ/IOUMTb, U4TO cjaaboe
BHellHee noJie B 1L onucbiBaeTcs: 3¢pheKTUBHBIM Jia-
rpamKMaHoOM C HapylleHHOH cummerpued (16), npu-
uyeM B pacCMaTpHBaeMOM jHarna3oHe napamerpoB IL
HeJIOKAJIbHbIMH  WJIEHAMM, BO3HMKAIOLIMMH BO BTO-
pOM TOpSiIKE KYMYJITHTHOTO Pa3JI0XKEHHUS], TPaBOMOY-
HO npeHebpeub.

2. JJIMHHOBOJIHOBOE TTPUBJIM)KEHUWE
JJ151 CUJIBHOT O T1OJIS

B npenbinyinem paznene 6bl10 HaiiieHo sddex-
TUBHOE JEHCTBHE JJIsi CJa0Oro BHELIHEro ToJisi B
NPEIrnoNoKEeHHH HEH3MEHHOCTH OMUCBIBAIOLIUX CO-
crosnue [L. mapameTpoB, ofHAKO He OblJ yKasaH CO-
OTBETCTBYIOLLMHA KpUTepHil MasiocT noJsi. B ciayuae
CWJILHOTO BHELIHEro MoJisi €CTeCTBEHHO YCOMHHTBHCS
B CMPaBEeVIMBOCTH HAUBHOTO MPUOJIHAKEHHOTO pellie-
Hus ypaBHeHu# SIara—Muiiica (1), mocKoJibKY MOYKHO
0XKHJIaTh 3aMETHOTO HCKaXKEHHUS MOJIeH MCeBI0YACTHIL.
Jlsist Toro uto6bl MOJYYHTH OLIEHKY 3THX 3PdeKTOB,
Hamu Oblia MoApo6HO HecleloBaHa 3aj1aua o MoBejie-
HUM (aHTH )MHCTAHTOHA B M0JI€ TOUEUHOTO €BKJIUJIOBOTO
MCTOUHHKA 11BeTa. PaccmarpuBainch HHCTAHTOHOMO-
no6Hble KoHpHUTypauuu (2) ¢ BappUpyeMbIMU pas3me-
pOM H 1LIBETOBOI opueHTauueil p — R(z,z), w® —
— Q(z, 2) [11]. Cunrysipuast npupoa MCroJb3ye-
Moro B Mojiesin 1L peltieHust 1Jisi ceBiouacTuIl o3Bo-
JISIeT IPUMEHUTb MYJILTUIIOJIbHOE Pa3JjiozKeHHe TMoJiei
Jedopmaliuii:

Rin(x,2) = p+ culp + CwYpulp + - - -,
ly| <L,

(25)

Yu Yu Yv
Ro(x,2) =p+d, =5 +du-5=5+...,
ou( ) MyQ I y2y2

ly| > L

(¥ aHaJIOTMUYHO ]IS OPHEHTAllMM HHCTAHTOHA B liBe-
TOBOM npocTpaHcTBe 2(x,z)), rae L — HeKOTOpbIi
napameTp, OMNpeiesisiolnil paadyc cdepbl, Ha KO-
TOPOM pacTylllee C PaCCTOSTHHEM MYJIBTUIIOJBbHOE
pasJsioxKeHHe 3aMeHsieTCsl Ha Majatolllee, UCXOs M3
TpeboBaHus perysspHocTH redopmatmii. Koadduum-
eHTBI Cyy, Cpsy - - - M dyy,dyyy, ... ABISIOTCSA (DYHKLMAMH
BHELIHEro TM0JIi M OMNpeAessioTesT TMyTeM pelie-
HUSI COOTBETCTBYIOIIEH BapHallMOHHOH 3anaud. [lpu
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HeHyJIEBbIX KO3((HUIIMEHTAX, KaK JIErKO 3aMeTHTb,
JIaMeTPabHO MPOTUBOMOJOKHbIE YAaCTH MCeBIOYa-
CTHULI MOTYT HMeTh pasHble pa3Mepbl U LBETOBYIO
opueHTaumio. Ha 3ToM ocHOBaHWM Mbl Ha3Baju 3TH
KOHpHUrypauuu “uamsatbiMi” HHCTaHTOHaMu. Mcege-
JIOBaHHUSI MOKa3aJ/u, UTo B 3ajaue MOsIBJSETCS XapaK-
TepHasi LiKaJa, Mopsiika pa3Mepa rncepaouacTHlibl, Ha
KOTOpO# jehopMallii CTAHOBSITCS CYLLIECTBEHHBIMH,
OJIHAKO JIOMHHHPYIOILIUMH OCTalOTCs BCe e 3(h(DeKThl
oTTasikuBanusi. B rpyGoM npubaMKEHHH MOXKHO U
BoBce mnpeHeOpeub aeopMallsMH, MOCKOJbKY (Mbl
9TO YBUIMM HHKE) HA MaJIbIX PACCTOSHUSX 10 UCTOU-
HUKa MIoTHOCTh 1L 6bicTpo ymeHbliaercs. OTMeTHM
TaKxkKe, 4TO MoJis AeopMalld MNPEeACTaBASIOT U
CaMOCTOSITE/IbHBIH HHTEPEC, TMOCKOJbKY MO3BOJSIOT
OMHUChIBaTh BO36YyKeHHble cocTosinust [L[12].

Uto6bl yuecTb H3MeHeHHe mnapamerpos IL, bl
HECKOJIbKO MOJU(UIHMPYEM BapHALIMOHHYIO MPOLELY-
py pa6otbl [6], a mnsi Toro uToObI ObLIO yHOGHee
NPOCJEUTh, TJle HMEHHO BHOCHUTCS H3MeHeHHe, OyieM
UCI0JIb30BaTh 00603HAUEHHs U3 Hee. B npousBopsiiem
(yHkuroHase (9) cieayeT yuecTb Celylolne UIeHbl:

S(B,7) =~ Ind(p:) + BUii +  (26)
+ZUCXt ’Yu +S( )

3/1eCh MEPBOE cJlaraeMoe OMUChIBAET OJJHOMHCTAHTOH-
Hbl€ BKJIAJIbl C PyHKIIHEN pacripeiesieHust 1o pagmMepam
(aHTH)MHCTAHTOHOB

d(p)
—2N;, = —bln(Ap),

4.66 exp(—1.68N,)
m2(Ne — YN, — 2)!I

Bropo#i useH onucbiBaeT yrNoMHUHABLIEECs BbIllie
OTTaJIKUBaTeNbHOE B3aUMOJIENCTBHE [1CEBIOYACTHIL
Mexay co6oH, dukcnpyoliee (i1 JIaHHOTO Cy-
Mepro3ULMOHHOr0 aH3ala, CM. TakxkKe 3aMeuaHdHe B
KoHIe paboTbl) UX pasmep. [lpu atom xapakrepHoe
JeficTBHE OJIHOTO HHCTAHTOHA OIPEJIe/ISeTCsl Ha Mac-
wrabe cpejaHero pasmepa rncespouactul 3 = 3(p),
rnie B(p) = —InCx, — bln(Ap). B npennocientem
cjlaraeMoM coGpaHbl MaplHasbHble BKJa/bl NCEBIO0-
YACTHLL

Uext('YiaB) = /d45C

oCTaJsibHble BKJAbl TIPH XapakTepHbiX napamerpax IL
MaJibl, KaKk ObJIO MPOJEMOHCTPUPOBAHO B TMpeEJblly-
eM pasgaese. Hakonell, nocseiHee cjaaraemoe oru-
ChIBA€eT MPOCTO SIHI-MHUJJICOBCKOE JIeHCTBHE NoJs B:

5(3) = [ atp SO0 (D)

= O, APpP—532Ne, (27)
11
rae b= 5 N,

CNC%

G}, (Ai, B)GY, (A, B)
4 )

3MHOBBEB, MOJIOALIOB

[Tosnb3ysich CBOHMCTBOM BBIMYKJOCTH IKCIIOHEHTHI,
NpoU3BOJSILIMK PyHKIHOHA (9) MOXKHO OLIEHHTHb C

MOMOLIbIO anMPOKCUMUPYIOLIEro PyHKIMOHAJIA
Y > Yiexp(—(5 - 51)), (28)

rjae

- /D . /nd%
S1(B,y) == Inu(p),

a ,u(p) — a(b(beKTI/IBHaH OJIHOYACTHYHAS (DYHKILIUS pac-
npenesieHust, onpeaesasieMasi B Xo[e pelleHusi Bapua-
LMOHHOM 3ajauu. B Halllem yacTHOM cJjiyuae cpefHee
OT Pa3HOCTH JICUCTBUH J1a€TCS BblpaXKEeHHEM

N
11
(§—51) = v, NI /Hd%‘ [ﬁUmt + (29)
+ Uext (7, B Zlnd pi)

iwoy N
+Zlnu(m)} e HP) — %/dpu(p) n 2400)

d(p)
BN?% 1
EW—Q/d71d72[]int(717'72):“'(p1):u'(p2) +

/ dtz— / 2432 / d*zn x

(vt ) <o)

271 §2o1 Ho = [ dpu(p)

B Hacrosie#n pa60Te Mbl OTPaHMYUMCSI OLIEHKOH
(byHKLIMOHAJIOB TOJIbKO B JUIMHHOBOJIHOBOM (aanaba-
THUECKOM) MpPUOJIMXKEHHH, T.e. OYJeM CUHTaTh, YTO
asieMenThl Il HekoToporo XxapakrepHoro pasmepa,
nopsiika CPeIHero paccTosHUsS MeXKIy TMCeBaoYa-
CTHLIAMH, HAXOJSTCS B PABHOBECHOM COCTOSIHMH T10]L
JeficTBUeM (DUKCHpOBaHHOTO Mosis B. 3atem, Haiias
onTUMaJbHble KOH(PUTYPALMHU AJ151 TICEBA0YACTHL, Mbl
MOJIYUMM ]Il BHELIHETo noJst 3pgeKTHBHOE 1eHCTBHe
B camocorjacoBanHom Buae. @opmyna (29) kak pas
M HamucaHa B TaKOM BHJE, 4TOObI TOJUEPKHYTD,
UTO MHTETPUPOBAHUE TMPOBOJUTCS MO 3JjeMeHTaMm [L,
NIpHYEM OIUCHIBAIOLLIME €€ COCTOSIHME [apaMeTpbl
MOTYT paccMaTpuBaThCsl KakK (DYHKLIMH BHEIIHEro
noJjist, T.e. B KOHEUHOM HTOre ObIThb (YHKLHSIMH
KoopauHathl . [ToHsATeH U3UUECKHH CMBIC] TAKOTO
(byHKLIMOHAJA, JAE€MOHCTPUPYIOLIEro, UTO KaK/blH
ot/iesbHbIN  hparmeHT L ob6siaaer XxapakTepHbIM
JUISl HEro 3SKpaHUPOBAHMEM IPHUJIOKEHHOro M0Js,
OMUCHIBAEMBIM YJICHOM Ugyt.

Bapbupysi Tenepb pasHoctb aeiictuii (S — Sp) 110
wu(p), HaxoUM

n(p) = Cd(p)e”

SAEPHAS ®U3HKA
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Ob 5KPAHMPOBAHWHW LUBETOBOTO ITOJIA

0 5 10 15 20
B/A

Puc. 2. Cpenuuii pasmep mnceBaouacTull Kak (DyHKIHsI
MPHJI0KEHHOTO noJis .

rae C — HekoTopasi POU3BOJIbHAS KOHCTAHTA, KOTO-
pyto ¢ukcupyem TpebGoBaHHEeM, UTOOBI TPHU BBIKJIIO-
UEHHOM T110Jie PYHKIMS pacrpeiesieHust Tepexouia K
CBOEMY BaKyyMHOMY 3HaU€HHUIO; TOr/1a

3 -5 _— 2,2 2y 2
p1(p) = C, B2Ne Abpb—5 e (nPE%p*+CB%)p
Vcnosb3yst onpe/iesieHde CpeiHero pasmepa:

2
— _ [ dpp*u(p)
p2 =L

Ho

NPUXOJMM K M0JIE3HOMY COOTHOLLIEHHUIO, CBSI3bIBAIOLILE -

My CpeHHI pa3Mep MCceBAoYacTHLL M IIoTHOCTb [L:

(nBE*p% + (B?)p? ~ v, (31)

rie v = (b—4)/2. OTciona BHIHO, UTO pacrpeje-
JIEHHIO TICEBJIOYACTHIL M0 pa3Mepam MOKHO MpPHIATh
XOPOLLO U3BECTHYIO (hopMy:

(p) = Co, NNV P02 (32)

Tenepb u3 dopmy.bl (31) Jerko u3B/aeUb KPUTEPHI
MaJIoCTH M0J1s, 0 KOTOPOM Mbl YIIOMHHAJN B Hauaje
storo paspena, (B? < nB&2p? (a1 NpUBEIEHHBIX
napametpos [L B < 400 M3B).

C nomouipto (29) u (32) oleHKy aJisi NPOU3BOJISI-
1iero (hyHkuMoHasa (28) MOXKHO NPeICTaBUTh B BUJE

y>/p

232
F = /d4xn{ln——1——+<p2

2
vin P~ }

14
Teneps, 3Has cBa3b noTHOCTH IL 11 cpenHero pasmepa
ncepaovactuiibl (31), HaxoauM Mpu HUKCHPOBAHHOM
noje B MakcumyMm QyHkuMoHasa (33) Mo onuchbiBa-
oM [L napamerpam, T.e. UMCJEHHO pellaeM COOT-

BETCTBYIOLIlee TpaHCLEe/leHTHOe ypaBHeHue dF' /dp =
= 0. [lnist cipaBKU Mbl IPUBEJIEM 3JIeCh OoJiee TPOCToe

(30)

)

—SBe (33)

—In[[(v)Cy, 5> —
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Puc. 3. [lnorHocets 1L Kak ¢hyHKIUUST TPUIIOKEHHOTO MO~
a5 B.

fIn®
0 —

-0.5+

-1.0

—-1.5 1 1 1 1
0 5 10 15 20

B/A

Puc. 4. TlnotHOCTb CBOGOMHON SHEPTHH KaK (DYHKLMS
noJist B.

B 3aIMCH BbIPaXKEHHE JUIsl TPOU3BOIHOM 110 nF),:

1 neh(e?)
Fy=In— +— = = =
AT donpe2p2(B? — ng25p?
~ 2
— In[['(v)Cy, 3] — 2N, nﬂ" vin 2.
v

Ha puc. 2 u 3 nokasanbl petenust 11 p U n npu N, =
= 3, Ny = 2 xak dyuKkuuu BHewHero noas B. Pucy-
HOK 4 €eMOHCTPUPYET MAOTHOCTb CBOOOAHON 3HEPTUU
f/AY, tne F = fd4xf, WJJIIOCTPUPYST YCTOHNYHBOCTh
IL no oTHoLIeHHIO K BO3JEHCTBHIO HA Hee BHELLIHEro
noJisi. B cayuae cunbHoro nogsi napametpsl L onu-
CBIBAIOTCSl aCUMITOTHUECKUMH (hOpPMYyJIaMHU:

— Be?
P2 C;z (1 - ZZ;BZL >
I'(v)Cy, B2Ne - I'(v)Ch, 32Ne N buBe>
- (¢BY (¢B%)” 2Bt )

Ha npeacraB/iieHHbIX PUCYHKAX 3TOT PEKUM HauMHA-
etcst npumepro ¢ BA™! ~ 10.
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Puc. 5. I[lnotHocth IL kak cyHKuus r st HaGopa
KOHCTaHT cBsidu. Kpaiinsist ipaBast KpuBasi COOTBETCTBY-
eT e/(4m) = 1. JIBHXKEHHIO BJIEBO OTBEYAET YMeHbLIEHHE
KOHCTaHTbl cBsi3n e/(4w) ¢ warom 0.1 po 3HaueHus
e/(4m) = 0.1 (kpaiiusisi JeBast KpuBast).

OKoHUaTeNbHO PPEeKTHBHOE JEHCTBHE IS MOJIS
B M0HO 3anucath B BUJIe HeJIMHEHHOTO (hYHKIIMOHA-
Jia

Seif = /d4x (GZ”(B)GZ”(B) + f[B]> . (34)

4

B KOTOpOM COCTOdHHUE IL OITUChIBAETCH peHJeHI/IHMI/I
pIB] un[B).

3. 3APSDKEHHBIN [IAPYK B IL

Tenepb, uTOOBI MOJIYUHTb OLEHKY BO3/EHCTBUA
BHeliHero moJisg Ha IL, o6patumca K MopaesbHON
3ajaue, Koropasi Obl1a chopmyJsaupoBaHa B Hauasje
Hauwel paboThl, 0 3aPSI2KEHHOM €BKJIWA0BOM LIBETOBOM
wapuke. Haiinem munumym spdextuBHoro aefictaus,
peluasi cjeyolLyto KpaeByto 3anauy:

df [B]
AB = —— 35
iB (39)
e 1
B|T:7" = p(e)a VT‘B |r:r = 7 "5-
0 0 47T1“8

Cunsia MCTOUHHKA KOHTPOJIMpYyeTCsl BeJIMuMHON e. [1a-
pameTp rg 0603HauaeT paiuyc LapuKa, KOTOPbIH, XOTs
5TO W HE MPUHUMIIMAJNBHO, Mbl I10JI0XKHM KOHEUHDBIM
~(0.1p, 4TOOBI HE UMETb [eJI0 C CHHTYJIPHOH KpaeBoH
3ajauedl. Tenepb YHMCJIEHHO HAXOAMM pelleHHe ypaB-
HeHust (35) MeTo10M cTpesbObl, moadupas Takoe 3Ha-
yeHHe roTeHrasna p(e), uToObl pelleHrHe CTPEMUIIOCH
K HYJIO [IPH OOJIbLINX 7.

3MHOBBEB, MOJIOALIOB

In(Br)
0-

_60 1 2 3 A

Puc. 6. 3aBucumocty In(Br) oT 7 AJ151 UeTbIPeX peLleHHi.
Bepxusisi kpuBasi otBeuaet e/(4w) = 1. [1pu nBuxkenuu
BHH3 KOHCTaHTa CBsiau e/ (47) ymeHbiaercest ¢ warom 0.1.

Ha puc. 5 npencrapiena niornocts L kak dyHk-
uust r 18 1ecaTd Bapuantos. KpafiHsisa npaBast Kpu-
Basi OTBeUaeT KOHCTaHTe CBsi3u e/(4m) = 1, KpaiiHsis
neBasi —e/(4m) = 0.1. C TakuM 2Ke 11aroMm KOHCTaHTa
CBSI3W YBEJIMUMBAETCS OT KPUBOM K KPUBOH MPH CMe-
LleHUH BripaBo. Kak M MoxKHO OblJIO 0XKHJATb, pelle-
HHE HOCHUT IOKAaBCKMH XapakTep B BMJE NpOMU3Bele-
HH$I KyJIOHOBCKOTO U 9KCITOHEHLIMAJIbHO 3aTyXakoLLero
MHOXKHUTEJeH, UTO IEMOHCTPUPYETCs puC. 6, Tiie npes-
CTaBJIeHbl 3aBUCUMOCTH In(B7) OT r 1/1s1 UeThbipex ue-
PELyIOLMXCA 110 KOHCTaHTe ¢BA3M ¢ warom 0.1 Bapu-
AHTOB, HAUMHAS C BEPXHEH KPUBOH, COOTBETCTBYIOLLIECH
e/(4m) = 1. M3 hutupoBaHus C MOMOILbIO JIMHEHHOH
(PYHKLIMH MOXKHO HU3BJIeUb PAJUYC SKPAHUPOBAHUS:

Ry~ (1.24A)71,

NpUUeM OH MPAKTHUECKH OJIMHAKOB JI/Isl BCEX KOHCTAHT
cBsisn oT e/ (4m) = 0.1 1o e/(4w) = 1, T.e. B 1aHHOM
JMana3oHe 3TOT NapaMeTp XapakTepUuayeT IKpaHUpy-
folre cBoiictBa camoit IL. Takas msirkast wkasa agsi
paadyca 3KpaHHPOBaHUS CBUETEJbCTBYET O TOM, UTO
B 1I&J0M JIJIMHHOBOJIHOBOE MPUOJIHXKEHHE OTMpaBAaHo
JIJIST KYJIOHOBCKOTO BHEIIHETO MOJIS.

Mrak, Mbl pOJIEMOHCTPUPOBAJIH, UTO B KBa3HKJ1aC -
CHYeCKOM NpUOJIMKEHUH B MH(pakpacHoi obJacTH
UMITyJIbCOB TIPOUCXOJUT reHepaLusi Macchl IJIIOOHHOTO
noJisi. Ecsii 370 CBOHCTBO COXpaHUTCSl W Il KBaH-
TOBBIX M0JIeH, TO KOHCTaHTa CBS3H 3aMOPO3UTCS U
JIeHCTBUE NCeBaouacTul 60JbUIOr0 pagmepa He OyaeT
uamensiTbes, cM. [13]. Tem cambim moxker oGHapy-
XKUTbCS CBSA3b JIByX MEXaHH3MOB (DUKCAlLMH pasmepa
(aHTH )MHCTAHTOHA: OTTAJIKHBATEJNbHOTO W MeXaHH3Ma
3aMOpaKMBaHHsl KOHCTAHTbI CBSI3H.
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Ob 5KPAHMPOBAHWHW LUBETOBOTO ITOJIA

MHTepecHo TakKe OTMETHTb: TO, UTO Mbl OIIEPUPO-
BaJiM ¢ aHcamOJ1eM CHHTYJSIPHBIX (@HTH)MHCTAHTOHOB
B KauecTBe Hacblllaloleld KOoH(pUrypauuu B oIpe-
JIJICHHOM CMBbIC/I€ He WMrpaeT CYyLIECTBEHHOH pPOJIH.
Benb Jierko BupeTh, uTO 3KpaHUpylollee MOBeleHHEe
3¢ heKTUBHOrO JlarpaHK1aHa JJisi BHeLIHero noJs B
obecrieunBaeTcst 060N CTOXaCTHUECKOH KOH(UTYpa-
LMel ¢ MaJibIM XapakTepHbIM pa3MepoM. JlocTaTouHo
JIMUIb TIPENONOKEHUST O CMPABEAJIMBOCTH CyNepro-
3ULIMOHHOIO aH3ala, Kak Bce cTapliuue BKJaabl OyayT
MO-TPeKHEMY PUXOIUTh OT OTTAJKUBATENbHOH, CMe-
11aHHOH KomnoHeHThl G (A, B).

SAKJIIOYEHHE

B 3aksoueHue nepeuncyiuM OCHOBHbIE Pe3yJbTaThl
paboThI.

HccenenoBan 3hdekT 3KpaHUPOBAHUSI BHEILIHErO
LIBETOBOTO MOJI5l B HHCTAHTOHHOH XKMAKOCTH. B coyuae
c1a60r0 1M0JIs1, @ TAKXKE CHIILHOTO T0JIs B VIMHHOBOJI-
HOBOM TPUOJIMIKEHHH BbIBEJIEHbBI COOTBETCTBYIOLIHE
3(eKTUBHbIE JIarpaHKHAHBI, TPUUEM B CJ1yuae CHUJIb-
HOTO TIOJIs MMeEeTCsl SIPKO BbIpaKeHHasl TeHJEHIHS
BOCCTAHOBJIEHUS KaJMOPOBOUHONH HHBAPHAHTHOCTH.
Takum o6pasom, Jsiarpam:kuad (34) JeMOHCTPHPYET,
YTO y/IaeTCs KAUeCTBEHHO MPaBHJILHO OMUCHIBATH BBE-
JIeHHEe CTOPOHHHX UCTOUHHKOB M 3(PPEKTHBHO YUUThI-
BaTh COXpaHeHHe 3apsija (Jlaxe B paMKax MpocTeiiien
Cyneprno3uLMOHHOH (POPMbI TPUOJIHIKEHHOTO pelleH s
ypaBHeHu# SlHra—MuJiica (1)), — B uem, coOCTBEHHO,
U 3ak/ouaercs (PU3UUYECKUH CMbIC] KaJuOGPOBOUHOH
vuHBapuaHtHoctH. C  aHAJIOTHUHOM CHUTyaldeld Mbl
CTaJKUBAeMCsl U B CJyyae CBEpPXMPOBOJUMOCTH B
abeJsieBO T€OPHH, CM., HanipuMmep, [ 14]. [lan kpurepui
BEJIMUMHBI T10JI5, Bbillle KOTOPOTO €ro BJHSIHHE Ha
[L moxkeT okasaTbecsi cyllecTBeHHbIM. Ha mpumepe
MOJIE/IbHOH 3a/lauk O 3aps?KEHHOM €BKJIMAOBOM LBe-
TOBOM MCTOYHMKE JaHa OLleHKA H3MEHEHHs rapamer-
po IL kak ¢yHKUMM KOHCTaHTbI cBsi3H. [losyuena
oleHKa /s 1e6aeBCKOro pajudyca 3KpaHUPOBaAHHS.
YKazaHo Ha BO3MOXKHOCTb CYLLIECTBOBAHHUSI CBSI3H
JIByX ME€XaHW3MOB (pUKCALMK pa3Mepa MceB1ovYacTHIL B
[L: oTTasKuBaTEBHOrO M MEXaHU3MA 3aMOPaXKUBAHHUS
KOHCTaHThI CBSI3H.
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Preprint LMU-

SCREENING OF THE COLOR FIELD IN INSTANTON LIQUID

S. V. Molodtsov, G. M. Zinovjev

The effect of external color field impact on the instanton liquid is studied. In the course of this study the
corresponding effective Lagrangians are derived for both regimes of weak and strong external field and in
long-wave-length approximation. The example of Euclidean color point-like source is analyzed in detail
and the feedback of the field on the instanton liquid is estimated as a function of source intensity.
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