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1. BBenenue. Hemuorum GoJsiee ImecTuiecsiTu JieT
Ha3a) Obuia npeickasada [1] camodoxkycupoBka cse-
TOBOI'O IIyYKa, SBJISIOIIASICA IPUYMHON BO3HUKHOBE-
HUsI MHOXKECTBa HEJIMHEHHBIX ONTUYeCKuX 3P (eKToB,
CBH3aHHBIX C JIABUHOOODPA3HBIM yBEJIMICHUEM SHEPIUU
3JIEKTPOMATHATHOTO TI0JIsI B MAJION 00JIACTH, OKPY2KAIO-
1Ieil oIpejiesIeHHY 0 TOUYKY IpocTpaHcTBa. OnucaHHbE B
0630pax [2-9] ycuexu B uccienoBanuu caMoQOKyCHpPOB-
KU JINTHEWHO UJIN IUPKYJISIPHO TOJISIPU30BAHHBIX Iy IKOB
C Pa3JIMYHBIM IIJIABHBIM PaCIIpejie/IeHueM HHTEHCUBHO-
CTH, a BIIOCJIEJCTBAN U UMIIYJIBCOB C JJINTEIHHOCTBIO,
OOoJIbIIell MM MEHBIIel BPDEMEH! PEIAKCAIINN HeJImHel-
HOCTHU Cpejbl, U CO3J[aHUe MOIIHBIX (PEMTOCEKYHIHBIX
JIA3E€PHBIX CHCTEM ODECIIEYININ CTPEMUTETHLHOE U3y I€HUE
duIaMeHTAIINNT JIA3€PHBIX UMITYJIBCOB B PA3JIUIHBIX CPe-
JIaX U aHAJIN3 ee BO3MOXKHBIX IIPUMeHeHUH (CM. 0030pbl
[8-15]).

CaMod0OKyCcHpOBKa CBeTa — IOPOroOBLIi 3 DHEKT, BO3-
HUKAIOIIN, €CJIU MOIITHOCTb CBETOBOTO ITy4IKa P IIpeBbI-
maer Kpurndeckoe 3Havdenue P.. Ilociiennee He TOJIBKO
3aBUCHUT OT MOTIEPEYHOTO ITPOCTPAHCTBEHHOT'O PACIIPEIe-
JIEHUsI THT€HCUBHOCTH U TOJISIPU3AIIAY CBETa Ha TPDAHUIIE
Cpeibl, HO U I0-PAa3HOMY (C TOYHOCTBIO JIO YHCJIOBOIO
k03 duruenTa) onpeesseTcs aBTOpaMUA B 3aBUCHMO-
CTH OT PA3JIMIHBIX CIOCODOB AHAJUTUIECKOTO PEIIeHNUsT
yPaBHEHUI PACIPOCTPAHEHUS WJIM OT METOJOB, UCIOJIb-
3yeMbIX IIPU UX YUCJAEHHOM pellleHnn. B rmocjesHeM ciry-
qae Mopor caMO(pOKYCUPOBKH OIIPEIEsISIeTCS U3 yCJIO-
BHUS OJHOBPEMEHHOI'O IOCTHKEHUsI OECKOHEIHOI'O C2Ka-
THS IIy9Ka ¥ HEOIPAHUYEHHOTO BO3PACTAHMS €0 HMHTEH-
CUBHOCTU U CTAHOBUTCSI BO3MOXKHBIM CBSI3aTh BBEJIEH-
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Hoe B [16] paccrosiHue z, OT IPAHUIBI CPEJBI, HA KOTO-
pom 310 npoucxoaut, ¢ P/ P,.. Buepsbie Takas dhopmyiia,
[OJIyYeHHAs B HMPUOJIMKEHUN HEM3MEHHOCTHU JIMHEHHO
[OJISIPU3AIIH CBETA B IIPOIECCE PACIPOCTPAHEHU, ObI-
Jia nostydeHa B [17]

Ze A
R (( P/Pch)QfC’)l/T (1)

z

Bnech zr — juuHa Pajies Juis mydka, pacpoCTpPaHsIO-
merocs B JinHeliHoit cpeje, u A = 0.366, B = 0.825, C =
= 0.03. ¥YBesmueHne TOYHOCTH PACUYETOB ITO3/HEE IPU-
BEJIO K HEMHOTO JPYTUM 3HA4YeHnsIM Bxoasnmx B (1)
koHcranT: A = 0.367, B = 0.852 u C' = 0.0219. Pagen-
ctBo (1) ¢ arumu 3HaueHusMu A, B u C' nomydmio Ha-
ssanue dopmyiasl Mapbyprepa [18]. Ee 3nauenue tpy-
HO IIEPEOIEHUTD, TAK KaK OHA I03BOJISIET OBICTPO Olle-
HUTH BO3MO2KHOCTH BOZHUKHOBEHUS CaMOMOKYCHPOBKH,
HEYKeJIATEJIbHON BO MHOTUX ITPAKTUIECKUX TPHUIOKEHI-
fAX. YCHJIEHHE CTPOrOCTH B OIHUCAHUH PACIPOCTPaHe-
HUsI CBETA, CBSI3AHHOE C YIE€TOM €r0 IOJISPU3AIMOHHO-
ro camoBo3zeiicreus (Meitkep—TepxbioHOBCKOE Bpaiie-
HUe, HeJMHeHHasl ONTHYecKas aKTHUBHOCTb), MPOJOJIb-
ot “uddy3un”’ KOMILIEKCHON aMILIUTYIbI 3JIEKTPUIe-
CKOT'O TI0JI M, HaKOHeI], MaJIO IPOJOJIBHOII COCTaBJIA-
foIIell nosIpU3aIyu ek Tpudeckoro noist & (r,y, z,t),
BO3HHKaIOIEH Oarogapst ypasaenuio divD = 0 B cu-
creme ypaBHenmit MakcBesuta, OrpaHUYUBAIOT MWHU-
MaJbHBI PAJUyC IMy9YKa U OTPAHUIUBAIOT HHTEHCUB-
HOCTBb B (pOKyce. DTO IMPUBOIUT K HEOOXOIUMOCTU KOP-
pekTupoBku (opmyist (1).

Kak mpasmito, camodoKycupoBKa u (priraMeHTAIs
CBETA MCCIEMAYIOTCS B IPUO/IMZKEHUN HEU3MEHHOCTH JIU-
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HeIHOW WM IUPKYJIAPHON MOJIApU3alun CBEeTa B IIPO-
1ecce pacupocTpaHeHus. B 3ToM ke nMpubJInzKeHun IMo-
aydena dpopmysia MapOyprepa u ee HEMHOTOYUUC/IEHHBIE
mopuduranuu [19, 20]. Kpurnyeckue momHocTu, onpe-
JIEJTSIIONINE PEKAMBI CAMO(OKYCHUPOBKHA JLIANITHIECKA
[IOJIIPU30BAHHOIO CBeTa B U30TPOIIHOI Cpejie ¢ Ipo-
CTPAHCTBEHHON nucrepcueil Kyom4ecKkoit HeJTMHEHOCTH,
B KOTOPOI MPHU PACIPOCTPAHEHUH CBETa PACIIPEIIesIe-
HUE ero MHTEHCUBHOCTH TepsieT 3aJlaBaeMyl0 Ha BXOJe
B cpeiy rayccoBy bOpMy, a IOJISIpU3alldsi CTAHOBUT-
Cs HEOJHOPOIHON B ILIOCKOCTHU IIOIEPEYHOTO CEUeHUs,
B 6e3abeppaIOHHOM TIPUOJIMZKEHNH ONpeiesieHbl B [21].
B cpege, ri1e KOMIIOHEHTBI TEH30pa KyOUYeCKON HeJiu-
HEHOCTH UMEIOT Pa3Hble 3HAKH, B IIOMIEPEIHOM PACIIpe-
JIEJIEHUN PACIIPOCTPAHAIONIETOCS IIyIKa BO3MOXKHO II0-
sIBJIEHME KOJIbIIEOOPA3HbIX 0bJIacTeil ¢ depe ryouMcs
[IPABBIM WJIN JIEBBIM BPAIEHUEM BEKTOPA HAIPSIKEHHO-
CTH 3JIeKTpHYecKoro noss [22]. B ciydae anomasbHOI
YaCTOTHOM JUCIIEPCUN UMITYJIBCHOE M3JIyY€HUE PACIIaia-
ercs HA (PPArMEeHTHI C IPOTUBOIIOJIOKHBIMY HAIIPABJIE-
HUSIMA BPAIIEHUsT BEKTOPA HAIIPSKEHHOCTH IJIEKTPUIe-
ckoro nond [23]. B [24, 25] nokasano, uro npu camodo-
KyCHPOBKE U3HAYAJIBHO JUIMIITUIECKH TI0JIsIPU30BAHHO-
rO rayccoBa IIyYKa B M30TPOIHON Cpele ¢ Pa3IndHbI-
MU MeXaHU3MaMU KyOMYeCKOW HeJMHEeHHOCTH BO3HHUKA-
0T 3aMKHYTbhI€ JINHUU CUHIYJISIPHOCTH KPYTOBOM I1OJIsI-
puzanun (C-mmanu). OHE TOSIBJISIIOTCS KAK B JIOIOPO-
TOBBIX, TAK U B CBEPXIIOPOTOBBIX PEXKUMAX CAMOBO3IEI-
CTBUSI CBETA U UMEIOT B OOIIEM CJIy4ae BUI TPEXMEPHBIX
KPHUBBIX, (hOPMa KOTOPBIX OJIM3KA K OKPY2KHOCTSIM, Jie-
2KAIMUM B IIOCKOCTH HOIIEPETHOrO CEYEHUs Iy IKa, [E€H-
TPBI KOTOPBIX HAXOIATCs Ha ero ocu. Ilpu camodoky-
CHPOBKe CBeTa B M30TPOIHON (raze KUJIKUX KPUCTAJI-
JIOB B IIPEIIEPEXOTHOM 00/IaCTH TEMIIEPATYP PE3KO BO3-
pacTraer HeJIOKAJbHOCTb HEJIMHEHOTO OITHYECKOTO OT-
KJIMKa Ha BHEIHee CBEeTOBOe ToJie. B 3Tom ciiydae 06-
pasyercs ciaoxkHas cucrema C-IMHMIA C TIPABOM W Jie-
BOI IUPKYJISIPHOI MOJISTPU3AIAEl B €10 CeIeHUX, 03~
KHUX K JIOKAJIbHBIM 3KCTPEMYMaM IMUKOBBIX WHTEHCUBHO-
CTell, COOTBETCTBYIOIIUX MUPKYJISIPHO MOJISPU30BAHHBIX
KOMIIOHEHT JIEKTPUIECKOT0 10Jisd. HekoTopbie acmeKkTh
KOJLJIAIICA ONITUYECKOTO IIyYKa C OIIPeeJIeHHBIM HEOIHO-
POJIHBIM PACIIPE/IEJIEHUEM IIOJISIPU3AIUN 00CY 2K IaJINCh B
[19, 26].

B macrosmeit pabore ucciemyercs BOSMOXKHOCTD MC-
HOJIb30BaHUs COOTHOIIeHUs Oiu3koro k dopmyse (1)
B ciydae caMO(OKYCHPOBKH CBETOBBIX IIyYKOB IayCCO-
Ba npoduis B U30TPOIHONE TUPOTPONHOI cpeje (Kiacce
CHMMETPHUH 0000), JEeMOHCTPUPYIOIEH IIPOCTPAHCTBEH-
HYIO JINCIIEPCHIO KyOUvecKoil HeJTMHEHHOCTH.

2. IToctranoBka 3aga4uu. IlycTh HEOTHOPOIHO TTO-
JISPU30BAHHBIN MOHOXPOMATHYECKUI CBETOBOI IIyYOK C

YaCTOTON w PacIpOCTPaHAeTCd BJAOIb OCU 2 IWJINHIPHU-
9JecKoii cucreMbl KoopauHAT (T, z) B M30TPOIHON I'H-
POTPOITHOM HEIOIJIONIAIOIIEH cpejie, 00J1a aroIel Ipo-
CTPAHCTBEHHON [ucIepcueil KyOniaeckoi HeJIMHEHHOCTH.
BekTop HANpsi)KEHHOCTH €ro 3JIEKTPUIeCKOro moJis &
MOYKET OBITH BBIPAXKEH HUepe3 MEJJICHHO MEHSIOINLYIOCS
KoMILIeKCcHY 0 amiuiuTyay E(r, 2):

E(r,z,t) = Re[E(r, z) exp(i(kz — wt))]. (2)

3aeck r = (x,y), k = nw/c — BOJHOBOE YHUCJIO, N —
JIMHEUHBIA JAeCTBUTEJIbHBIN 110OKa3aTe b IIPEJIOMJIEHUS
CpeIbl, ¢ — CKOPOCTh CBETa B BaKyyMme. BozHuKaroras
IpU 3TOM HeJIMHEeWHas IOJIsApU3alusd CPeJibl PNL —
=PNL 4+ PNE e

loc nloc?

P (w) = X8 (i —w,w,w) B E By, (3)

oc,t ijlm

pNL (W) = (3l)7rbk(w;—w,w,w)E;ElakEm+

nloc,i ij

+’yl‘(_?l)rmk(w;wawa7w)EjElakE7*n' (4)
B (3) u (4) ungekcsl 4, j, k, I 1 m UpUHUMAIOT 3HAYE-
HUA T, Yy U 2. HeHyneBble KOMIIOHEHTHI CHMMETPUYHO-
ro IO IEePECTAHOBKE IOCJEIHUX JBYX WHJIEKCOB TEH30-
pa JIOKaJIbHON KyGmueckoil Bocnpunmunsoctn X (%) 3a-
JAIOTCs JBYMs KOHCTaHTaMu X12 [2, 27, 28]: Xz('?l)m

= Xl((sildjm + 5im5jl) + XQ(Sijalm. B,ZLGCI) 51']' — CHMBOJI
Kponekepa. Tenzopbl He/OKaJbHONI KyOMYIeCKO#l BOC-
npumvausocta Y3 (w; —w, w, w) 1 43 (w; w, w, —w) xa-
PaKTEPU3YIOT IPOCTPAHCTBEHHYIO JUCIIEPCUIO HEJIMHEl-
HO¥ cpenpl. B oTcyTcTBHE MOTUIONEHNsT BTOPO U3 HUX
TOXKJIECTBEHHO paBeH HyJ0 [29], a 1mepBblii cuMMeTpu-
YeH [0 MePeCTaHOBKe MHAEKCOB ¢ u j [29]. Mcmoab3zo-
BaHMe Jajiee MeTOJa MeIJIEHHO MEHSIONTUXCS aMIITTUTY/T
[3] st onmcaHusT pacnpocTpaHeHUs My9Ka MO3BOJISET

yupoctuth dbopmyiry (4)

PNL = iky () EfE B, (5)

nloc,i ij
3)
U JIeJIaeT TeH30p 7,5, B (5) JONOIHHTENbHO cHMMeT-
PUYHBIM [0 IEPECTAHOBKE MHIEKCOB | 1 m. Bce HenyIte-
Bble KOMIOHEHTBI TAKOTO TEH30DA ONPEJIEIIAIOTCS €JNH-
CTBEHHOI KOHCTaHTO! 71 [27, 28, 30]:

(3)

7ijl7nz (w; —W,w, w) =M (eizl(;jm + eizméjl+

+€jz15inb + ejz7rL6il)7 (6)

rje ejjr — cuMmbog Jlesu—YuBurel. B aTom ciydae BoJ-
HOBOE YpaBHEHUE CBOJUTCS K CHCTEME JBYX CBSI3aHHBIX
ypaBHEHHiT mapaboIMIeCKOT0o TUTTA, 1)1 MEIJIEHHO MEHSI-
tfomuxesa ammwmaryn Ey = (E, £1E,)/ V2 mEpKyIsSpHO
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HOJ'IHpI/I?»OBaHH])IX KOMIIOHEHT HaHpH}KeHHOCTI/I SJIeKTpI/I—
YEeCKOI'O IIO0JIA:
OEL i <82 E.

0z 2k \ or2

FE (14 5B + (L4 BB Ba. (1)

10E;

= +ikgF
r 67°> oS

Brech § = 2kvi/x1, B = Xx2/x1, Ko = 2mk%*yo/n?,
N — JIMHEWHBIA NOKa3aTesb IIPEJIOMJICHUdA, Yo — KOH-
CTaHTa, 33JIAI0MIAs BCE HEHYJIEBbIE KOMIIOHEHTHI TEH30-
pa JsuHeiHON rupamuu. OT CBSI3aHHOTO C Heil ciarae-
Moro B mpaBoii gactu (7) Jerko u3GaBUTHCS IOJCTa-
HoBKOIT Fy = Fy exp(+£ikgz). Pemenue nosyuusrieiics
cucreMbl ypaBHeHui st Fp, copnagatomeit ¢ (7) npu
ko = 0, mosBoJIsieT HailTM HOPMHPOBAHHYIO WHTEHCHB-
nocts I = |E4|? + |E_|? = |F,|? + |F_|?, 3aBucumoctn
KOTOpOI OT IPOCTPAHCTBEHHLIX KOOPJIMHAT IPeICTaB-
JisleT HHTepec IIPH UCCIeI0BaHIN caMO(pOKYCHPOBKH Jia-
3epHOTO n3Iyvenus. KoHCTaHTa Ko TAKXKE HE BIUSET HA
M3MEHEHUE CTEIEHH SJIUIITHIHOCTH SJLIATICA OIAPU3a-
wmm M = (|[E,|? — |E_|?)/I, cBazanmoii ¢ mapameTpoMm
R=(1-+vV1-M?)/M upu M # 0; u paBHbIM HYJIIO
upu M = 0. Moayns R paBeH OTHOIIEHUIO [JIMH MAJION
1 GOJIBIION TOJTyOCeit 3JLIUIICA TIOJIAPUBAIIHT, & €r0 3HAK
coBnagaer co 3uakoM M. JIMHEHHO MOJISPU30BAHHOMY
uzsydernio coorsercrByer M = R = 0, a IMupKy/IspHO
nosisipusosanHoMy — M = R = +1 (B 3aBucumocTu or
HaIlpaBJIeHUs] BPaIleHUs BEKTOPA HAIIPSIXKEHHOCTH 3JICK-
TpuYeckoro nojis). lcrosb3oBaHue TOrO IapaMerpa
HOJIE3HO, TOCKOJILKY U3MEHEHUE Z, 0T M, onmcannoe jga-
Jiee, MPaKTUIECKU IOJTHOCTBIO COCPEIOTOYEHO B Y3KUX
obnacrax 0.9 < |[M| < 1, B To BpeMsi KaK 3aBUCHMOCTH
zc or R 3HadnTensHO paBHOMepHee. Koncranra kg maer
TOJILKO IIPONOPIUOHAILHBI Z BKJIAJL B yTroJI HoBopoTa P
[JIABHOM OCH 3JITAIICA TIOJISIPU3AIAN B TIPOIIECCE PACIIPO-
crpanenus: ® = Arg(EL E*)/2 = koz + Arg(FL F-).

Ilycrs Ha rpanumy cpeanl 2 = 0 majaeT ocecuMMeT-
PUYHBII 3JLUIMITUYCCKH TI0JIAPU30BAHHbII JIa3epHBI ITy-
YOK C TayCCOBBIM MPOMUIEM aMILTATY/IBI:

Ei(z,y,0) = Eg\/(1 &+ Mp)/2exp (—7“2/w2) , (8

rie Fy — HaIps2KEHHOCTD 3JIEKTPUYECKOrO I0JI B €ro
nenrpe, a My = M(r,z = 0). g duciennoro perie-
Hust (7) ¢ HAYAIBHBIMHA YCJIOBUAMH (8) HCIOJIB30BAIACH
cxema ETD-CN [31] ¢ KOHEYHO-pa3HOCTHOH ANmpoK-
cuMallyeil IPOU3BOJIHBIX 110 KoopauHare r. KoopauHa-
Ta PaCIpOCTPAHEHNWs HOPMUPOBAJIACH Ha JIUHY Pajes
ZR = kw2/2, a F.y na Ey. B utore majarorree nusrydenue
[IOJTHOCTBIO 33JIa€TCs JIBYMsI Oe3pa3MepPHBIME ITapaMeT-
pamu: P = 2mx1 Egk*wd /n? u My, a cpena — napamer-
pamu § u 3. Hameit 3a1aqeit saBiisijicss momgdoop mpu pas-
HBbIX (PUKCUPOBAHHBIX 3HaUYeHusix My, 0 u 3 Takux Tpo-
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ek He3aBUCUMbIX napamerpos A(My,d, ), B(My,d, )
u P.(My, 4, 3), upu koropbix dopmyna (1) Hamrydmmm
06pa3oM alnpOKCUMUPYET 3aBUCAMOCTh (. = Z¢/ZR
oT P, MOJyYeHHYIO0 TPU YUCJEHHOM DPEIeHUN ypaBHe-
uuit (7).

3. Meroauka onpenesenus mapamMerpos ¢op-
mynabsl Mapbyprepa. [Ipexae Bcero 3amerum, aro B
u C B dopmyine (1) He SBISAIOTCS HE3aBUCUMBIMU Be-
smanaamu. [lpu crpemstenun Pk P, paccrosiHue zc,
HA KOTOPOM ITPOUCXOJIUT KOJIIAIC y4YKa, JTOJIKHO CTPe-
MUTBCsI K OECKOHEYHOCTH, & 3TO BO3MOXKHO TOJIBKO €CJIN
C = (1 — B)?. B nammux pacuerax jyjis KaxKJoil KOM-
OUHAIIMYM TIAPAMETPOB TAJAIONIEI0 U3JIyIEHUsT U HEJIU-
HEWHOI CcpeJibl 3HAYEHHE (. OIPEIEssIoch KaK KOOp-
JIMHATA CJIOS YHMCJIEHHOIM CXEMbI, Ha KOTOPOM BEJIMIH-
na |E.|* + |E_|? npesbimana Ej 6osee, uem B 1000
pa3. Anmpokcumanusi 3apucumoctu (.(P) mpoussou-
gacb o N = 30 3HaYeHHUSIM HAYAJILHON Oe3pasmep-
Hoit mommoctu P; (i = 1,2,..., N), cuenuajbHbM 06-
pa3oM BBIOpaHHBIX B auamna3ome or Py mo 5P, rme
Py(B, M) = [0.5—|—ﬁ(1 —M2)/4]_1 — MaKCHUMAaJIbHO
BO3MOXKHOE 3HAYECHNE [TOPOTOBO# MOIIHOCTH caMO(OKY-
CHUPOBKH TayCCOBAa IIyYKa B HEMUPOTPOITHOM CpeJie ¢ Kep-
POBCKOH HesmHeHOCTBIO [25]. OnTnMasbHble 3HAUCHUS
A, B u P, onpeiessyiuch B pe3yibTare MAUHUMU3AIII
CYMMBI

1SN
o* =3I P )

i=1

rie C;i — 3HAYEeHMe KOOPIMHATHI KOJLIAICA IIydYKa C Ha-
YaJIbHOM MOIITHOCTBIO P;, IToJIyYeHHOe ITPU ITOMOIIU YUC-
JIEHHOT'O MOJIEJIUPOBAHUST €r0 PACIIPOCTPAHEHUSI, & (; -
COOTBETCTBYIOIEe 3HAYEHNE MOIIHOCTH, IIOJIYYAEMOe C
nomonipbio dbopmyssl (1), jst 3TOr0 HaMH HCIIOIB30-
Bauicd MeTo/1 aud depenimainbHoit aBosnonuu [32], B Ko-
TOPOM B Ka4eCTBE HAYAJBHBIX 3HAYCHUI JIJIsI TTapaMeT-
poB A u B BbIOUpAJINCH BEJIUYUHBI, BBIIIOJIHSIOIIIE STY
posb B dpopmyste Mapbyprepa [uist JIUHEIHO TOJIAPU30-
BaHHOro m3yydenus, r.e. A = 0.367 u B = 0.852, a
JUIsT HAYaJIbHON Oe3pa3MepHO MoIHOCTH P, UCIo/ib30-
Bawtoch 3uHadenne 0.9F;. Takoit BLIOOP 00yC/IOBJIEH TeM,
YTO MUHUMAJIbHOE 3HadeHue Pj, UCIojb3yeMoe B duC-
JIHHBIX pactuerax, Obuio Fy. Ilostomy ero wucrmosb3o-
BaHMe JJIsl MOJydeHns: 3apucuMoctu (1) HEBO3MOXKHO,
TaK KaK I[PU TAKOW MOIIHOCTH MCKOMAsl 3aBUCUMOCTH
C(P) umeer cunryngpaoctb. [loguepkaem, 4To pe3ysib-
TarTel oucka A, B u P, mpakTHU4ecKd He 3aBUCEJIU OT
WX HAYAJIBHBIX 3HAYEHUN, €CJIU TOJbBKO OHHU CJIydailHO
HE COBIAJAJIU C TEMH, DU KOTOPBIX MCKOMas (DYHKIUS
Cc(P) eMOHCTPUPYET CHHTYJISIPHOCTb.

Basucumoctsb (.(P), 3amaBaemas dopmyioit (1),
ACUMIITOTUYECKHA PE3KO Bo3pacTaeT BOm3u P = P. u
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mwiaBHo yobiBaeT npu P — oo. [losTromy ucnosb3yembie
JUIsl YUCIIeHHOrO Mogesnuposanust P; (i = 1,2,...,N)
BBIOUPAJICH Tak, 9To0bl 3HaveHus +/In(P;/Py) Gbum
PABHOMEDHO pacipeaenensl B quanasomne ot 0 10 v/In 5.
D10 0becreunBao OOBINYIO IIIOTHOCTH TOYEK B 00Ja-
CTU HU3KUX MOIHOCTEH IaJaloIIero U3JIydeHns, Heob-
XOAAMYTO JIJIST HQJIJIEXKAIIEH alpPOKCUMAIIAN 3aBUCAMO-
cru (.(P). IIpumep 1mosyd9eHHON TAKUM METOJOM 3aBU-
cumoctu (.(P) B ciaydae caMoOKYCHPOBKH JIa3€pPHO-
ro IydKa €O CreneHbo syumnruanocru My = 0.8 (or-
Homenue oceii R = 0.5) B cpezie, JIE€MOHCTPUDPYIOIIEH
OpPHEHTAIMOHHBI MEeXaHU3M HEJUHEHHOTO OINTHYECKOTO
orkmmka (S = 6) msobpaxken Ha puc. 1. Ioayuennas
B PE3YJIbTATE YUCJIECHHOTO PEIIECHNUs yPABHEHUH PacIpo-
cTpaHeHus 3aBUCUMOCTD (.(P) u aHajioruvHas KpuBasdi,
LIOCTPOEHHAsT ¢ HOMOIIBIO dhopMyisl (1) ¢ HaligeHHBIME
B peaysbTrare anmnpokcumarmu 3uadenusayvu A = 0.293,
B = 0.744 u P. = 0.857, umeaanno coBmamaior. Cpe-
HeKBaJIpaTuydHas omuoka o = 0.0047.

1.5

1.0

9

N

0.5

Puc. 1. (Iernoit onsaiin) Ilosyuennsle B pe3ysbraTe 4nc-
JIEHHOTO PEIIeHUsI yPABHEHU PacCIpOCTPAHEHUs] 3aBUCH-
MocTh (o (P) (KpacHble MApKEPbl) U AHAJOIMYHAS KPUBAs,
nocrpoeHHas ¢ nomompio Gopmynst (1) ¢ HalizeHHBIMEA
B pesyibrare arnmnpokcumaruu A = 0.293, B = 0.744 u
P. = 0.857 (cunusist munust) upu Mo = 0.8 (R =0.5), 6 =0
upf==6

4. CamodokycupoBka B cpejiie 6e3 mpocrpaH-
CTBEeHHOIT aucnepcum. B HerumporpomnHoii cpeje
(ko=0mu 6 = 0) ypaBrenus (7) mist ammanrys Ei
CTAHOBATCHA OJMHAKOBbIMU, a 3asucumocru A(My),
B(My) u P.(Mp) siBasitorcst uernbimu byHKIusamu M.

15t 9JIEKTPOCTPUKIIMOHHOTO MEXaHU3Ma HeJInHe-
Hoctu (S = 0) 3aBucumocts napamerpos A, B u P, or
CTEIEeH! JUIMIITUIHOCTH IAJAONIET0 U3JIyJIEHUsT I10JI-
HOCTBIO OTCyTCTByeT. B aTom ciydae mpu jo0bix My
UCIIOJIB3YEMBIil aJICOPUTM JaBaJl HIPAKTUIECKH OJIMHAKO-
Bele 3uavenns A(My) = 0.355 u B(My) = 0.801, orsun-
qaromuecs oT Bxoadmux B opmyiry Mapbyprepa coot-
BercTBeHHO Ha 3.5 1 6 %. Ilpu sToM Besmunna P, = 1.89,
qro Ha 5.3 % nmke Py(My) = 2. CpeHerBaapaTudHast

ommOKa BCEX JAHHBIX AIMTPOKCAMAIAI COCTABJISIIA Me-
Hee o = 0.006.

B ciydae 3JIeKTPOHHOTO MEXaHM3Ma HEJMHEHHOCTH
(8 = 1) mosiBAsAIOTCS He3HAUNTEIbHbIE 3aBUCHMOCTH A
u B or My, n3obpakeHHbIe Ha PUC. 28 COOTBETCTBEH-
HO KpacCHbIMM M CHHMMHU Mapkepamu. st HarssIHO-
CTU 3/€Ch U JaJieé MOKA3aHBI HE TOJBKO 3aBHCHMO-
ctu A u B or My (BepxHsisi TOPH30HTAIBHAS OCh), HO
u A u B or R (HWXKHss TOPU3OHTAJIbHAS OCh). U3-
3a wmenuHeitHON cBs3u My m R BO3HUKAaeT HEpaBHO-
MepHOe MacimTabupoBaHUe BIOJb OMHON u3 oceir. st
CTPOro JIMHEHHONK (MO = 0) U CTPOr0 LUPKYJISAPHONR
(Mo = 1) nonspuzanmit A(My) = 0.355 u B(My) =
= 0.801. DTu 3HaueHus ormmuatorcst or A(0) = 0.367
u B(0) = 0.825 coorsercrBenso Ha 3.5 u 6%. Max-
cumasibHOe 3HaueHne A (B), pasnoe 0.359 (0.803), mo-
cruraerca upu My ~ 0.62 (Mo, =~ 0.98), a mMuH®-
MaJibHOe 3HaueHune, pasHoe 0.344 (0.748), — nmpu My =~
~ 0.88 (My =~ 0.55). Ammumrynsl usmenenust A(Mg)
u B(Mj) coorsercreenno pasusl 0.02A4(0) u 0.07B(0),
YTO COM3MEPHUMO C BEJMYMHON WX OTJIUYHS OT 3HAYE-
uuit A u B B dopmysne Mapbyprepa. Kpurudeckast
MOIITHOCTH CaMO(OKYCHPOBKI MOHOTOHHO BO3PACTAET C
YBEJIUUEHUEM CTEIEeHN JUIUIITUIHOCTH (CHHIE MapKephbl
Ha puc.2c) u cocrasisier npu pasubix My or 94.1%
no 94.7% or Py(B=1,M) = [0.5+ (1 — M2)/4] "
(kpacHble Mapkepbl Ha puc.2c). MakcumasiabHas cpeji-
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Puc.2. (LperHoii omnsaitn) 3aBUCHUMOCTH IapaMeTPOB

A(Mo) n B(Mo) (COOTBETCTBEHHO KpPACHBIE U CHHHE Map-
Kepbl Ha puc. (a) u (b)) ¥ KPUTHYIECKOI MOIHOCTH CaMO-
doxycuposku u Py = [0.5 + B(1 — M?)/4]™" (coorser-
CTBEHHO CHHHe M KpacHble MapKepsbl Ha puc. (¢) u (d)) or
OTHOIIECHHUSI JIJTUH OCEH 3JIINTICA MOJIIPU3AIUY TIAIAIONIETO

nznyvenusi upu S =1 ((a) u (¢)) u =6 ((b) u (d))

IIucema B 2KOT® Tom 120 BHm.9-10 2024



®Dopwmysna Mapbyprepa s SJIMOTHIECKH MOJISIPU30BAHHBIX CBETOBBIX ITYIKOB. . . 665

HEKBAIPATUIHAs OIMIMOKA JTAHHBIX AIMIPOKCUMAIIAN CO-
crapisina o = 0.006.

IIpu opwmenTamumonnoM MexaHuU3Me HEJTMHEHHOCTH
(8 = 6) uncnennoe 3nauenne A(My) npu My = 0, pas-
Hoe = 0.354, orsmmyaercst or A, BXOAAIIEro B (POPMYILY
Map6yprepa, a 3.5%. C pocTOM CTENEHN SJITANTHAY-
Hoctu byukuus A(Mp) moCTENIEHHO BO3PACTAET, JTOCTH-
rasi MakcuMmaJibHoro 3uadenus 0.387 npu My ~ 0.38,
mocsie 4ero yowrBaer BmioTh m0 0.247 mpu My ~ 0.91
u JaJjiee Bo3Bpalaercs K 3Hadenuio (0.354 mpum crTpo-
ro IMUPKYJISPHON MOJISIPU3aIluU [AJIAK0IIEro U3y YeHusT
(kpacuble Mapkepbl Ha puc. 2b). [Tapamerp B(My) us-
MEHSIeTCsl IPAKTUIECKU TOYHO B “nporusodaze” (cunue
Mapkepbl Ha puc. 2b). Haunnas or B = 0.801 npwu swm-
HEWHOU NOJIAPU3aIN, OTJINYAIOIIEr0Csa OT BXOJIAIIETO B
dopmyny Mapbyprepa sunadgenns B ma 6 %, dbynxnmsa
B(My) y6biBaeT 10 MUHEMAJIbHOTO 3HadeHus 0.658, mo-
cruraemoro nipu My =~ 0.62, a 3aTeM BO3pacTaeT U Ipu
My ~ 0.94 mocTuraeT MaKCUMAaJILHOTO 3HAYCHUSI, PABHO-
ro 0.880, a 3aTeM BHOBb yOBIBAECT U JIOCTUTACT MUHUMY-
ma 0.801 mpu cTporo MupKyJIsgpHOi nonspusaruu. [Tpu
B = 6 ammmuryas! u3menenus A(My) u B(My) pocra-
TOYHO 60stbIe. OHU COCTABJISIIOT COOTBETCTBEHHO 39 U
27% ot A(0) u B(0). Kpuruveckasi MOIIHOCTD caModo-
KYyCHPOBKH MOHOTOHHO Bo3pacraeT ¢ pocroM My (cunue
Mapkepbl Ha puc. 2d), Mensscs B npegenax or 88 % 1o
95% ot Py(8 = 6, Mo) = [0.5+3(1 — M2)/2] " (xpac-
Hble Mapkepbl Ha puc. 2d). MakcumasbHasl CpeTHeKBaI-
paTuyHas OMMOKA JMAHHBIX AMMPOKCHMAIMI COCTABUIIA
o =0.01.

5. CamodoKycupoBKa B cpelie C HPOCTPaH-
cTBeHHOI nucnepcueii. B ciyyae uzorponuoit rupo-
TPOIHOM CpeJibl ¢ HEJIOKAJIBbHOCTBIO HEJIMHEHHOI'O OIITH-
Jeckoro otkiuka (5 = 6, 6 # 0) 3aBucumoctu A(Mpy),
B(My) u P.(Mpy), mocTpoeHHbIe IpU Pa3HBIX 0, Hepe-
craioT ObIThb deTHbIMU byHKImaMmu My. [IpoBenennbre
YUCJIEHHBIE PACYETHI TOKA3aJIU, YTO POCT 0 MpaKTUIe-
CKH He CKa3blBaeTcs Ha xapakrepe 3asucumoctu A(My)
U He cMeraer rpaduk 3Toil PYHKINUUA, HO YBEJIUINBA-
€T Pa3HOCTb MEXKJy aOCOJIOTHBIMA MAKCHMAJIBHBIM U
MUHUMAJIbHBIM 3HaueHusMu Gyukiuu B(My), a Takxke
CIBUTAET TOYKHU JOCTUKEHUS €€ JIOKAJBbHBIX SKCTPEMY-
MOB B CTOPOHY [OJIOXKUTeJIbHBIX 3Hauenuil My (puc. 3a).
[Ipu sTOM € pocToM § ycuauBaeTcss HEOOJIbINAST HECUM-
MeTpuaHOCTH rpaduros A(My) u B(My) oTHOCHTENBHO
ocu My = 0. YBenudeHue pa3HOCTH MEXKIY MAKCHMaJIb-
HBIM ¥ MUHUMAJbHBIM 3HadeHusMu byukimii A(My) u
B(My) ¢ pocroMm 4 B ciydae IOJOKHUTEJbHBIX U OT-
puniarebubix My miutioctpupyer tabur. 1. B Heit mpu-
BeJleHbl a0CO/IIOTHBIE MUHUMYMBI U MAaKCHUMYMbI (DyHK-
it A(Moy) u B(My) ma orpeskax —1 < My < 0 u
0< My<1.
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Puc. 3. (sernoii onnaitu) (a) — Sasucumocru A(My) (au-
HUM B TEIUIBbIX OTTeHKaX) 1 B(Mp) (JIMHAU B XOJIOAHBIX OT-
TEHKaX) OT OTHOIIECHUS JJIMH OCEH SJUIUIICA HOJISIPU3AIIH
nazamomero u3aydenusa upu ¢ = 0.02 (ToHKue CILIOMHBIE
OpaHKeBble U rosyoble unun), 6 = 0.1 (penkuii KpacHbI
u cunuit nyHktup) u 6 = 0.3 (YacTblii TeMHO-KpaCHbILi
u reMHO-cunmit myHkrup). (b): SaBucumocru P.(My) upu
0 = 0.02 (crnommnast roy6ast munus), 0.1 (cunnit pegxuii
nyHkTup), 0.3 (remuo-cuHuit yacreii mynkrup). ToHKas
kpacuag junus — Po(Mo) = [0.5 4+ 3(1 — M?)/2]~*

Ta6auna 1. [uanasoner wusMeHeHusi mapamerpos A(Mo)
u B(Mp) o6obmennoit dopmysnst MapGyprepa suist paBoit
(Mo > 0) u seBoit (Mo < 0) 5/IMOTHYECKUX TIOISPU3ALMI U3y~
YEeHUs, AJAIONIEr0 HA U30TPOIHYIO FMPOTPOIIHYIO CPEy C OPHUEH-
TAIMOHHONW HEJMHEHHOCTHIO KEPPOBCKOTO THUIIA

5 A B
M<0 M>0 M<0 M >0

0 0.247 + 0.387 0.658 + 0.880
0.02]0.246 +0.372 0.250 = 0.389 | 0.650 = 0.885 0.650 + 0.879
0.1 |0.243 +0.392 0.259 = 0.404 | 0.627 = 0.903 0.648 - 0.909
0.3 |0.225 + 0.372 0.272 = 0.373 | 0.582 = 0.966 0.655 ~ 1.000

Poct § npuBosuT TakxKe K 3HAYMTEILHOMY YBEJIH-
qeHuio P, JijIs aIaionero Ha cpejry JUIMIITHIECKH 0~
JgpusoBanHoro nydka ¢ My =~ —1 (puc. 3b), xoropoe
HACTOJIBKO BEJIMKO, 9TO mpesbimaer Po(8 = 6, My) =
= [0.543(1 — Mg)/2] _1, HCIIOJIb30BAHHOE JJIsi II€PBO-
HavaJbHOI oreHky npu Haxoxaenun A(My), B(My) n
P.(Mp). IIpu § = 0.3 HanGOABIMA POCT MOPOrOBOIL
MomHocTH cocrasiser 42.5% npu M = —1. Ysenaude-
Hue § TakxKe CyLIeCTBeHHO cHuxkaeT P, npu My =~ 1.
[Tpu 6 = 0.3 Haubosibiee yMEHBIIIEHHE TOPOTOBO MOTII-
Hoctu cocrapiser 39.1% npu M = 1. IIna § ~ 0.01
aHAJOrMIHbIe m3MeHeHuss mpu My ~ —1 u My = 1 co-
crapasior menee 2 %.

6. 3akarouenue. OCHOBHBIM W HEMHOI'O HEOXKH-
JIAHHBIM PE3YJILTATOM PabOTHI SIBJISIETCS YTBEPKICHIE
O TOM, 4YTO IIPEBBIIIEHNE MOIHOCTH P OIHOPOIHO 3JI-
JIMIITUYECKH TOJIIPU30BAHHOIO JIA3€PHOIO ITydYKa Iayc-
coBa npoduiisd HaJ KPUTUIECKUM 3HadeHneM P, u pac-
CTOSIHUE Z., HA KOTOPOM JOCTUTAETCsl OJHOBPEMEHHOE
ero GECKOHEYHOE CXKATHE U HEOUDAHUUIEHHOE BO3PACTa-
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HU€ €r0 MHTEHCUBHOCTHU, OKA3BIBAIOTCS CBSI3AHHBIMA CO-
oTHOIIIeHneM, (hOpMa KOTOPOI'O COBIAJIAET CO 3HAMEHU-
Toit hopmysioit MapOyprepa, U3HaAYAJILHO IOy I€HHO
B IPUOJINYKEHNY HEN3MEHHOCTH JIMHEHHO MTOJITPU3aIun
U3JIy9eHNs, PACIIPOCTPAHSIONIEr0Cs B Cpejie ¢ KyOmde-
CKOU HeJIMHEeHOCThI0. B TO Ke BpeMsi mapaMerpbl A,
B u C = (1 — B)? 3T0ro COOTHOTIEHNs OTIHIAIOTCS OT
AHAJIOTUIHBIX BeJnduH B popmyste Mapbyprepa u 3aBu-
CAT OT CTEIEHU JUIMIITUIHOCTH JLINIICA TIOJISIPU3AIIAN
My majaoIero u3JyydeHus, oT mapamerpa [, onpeje-
JISTONIEr0 MEXAHN3M HEJIMHEHHOTO ONTHUYECKOTO OTKJIHU-
Ka (3JI€KTPOCTPUKIMOHHBIN, 3J€KTPOHHBIH UJIA OPHEH-
TAIMOHHBIN) M OT IIApAMeTPa, XaPAKTEPU3YOIIEro IPO-
CTPAHCTBEHHYIO JUCIIEPCUIO0 KyOMIeCKOH HEeJTMHEHOCTH.
Nx saBucumocth or My Bcerma HEMOHOTOHHA W yBe-
Jsmuenve A B Heil npu u3ameneHuu M, CONPOBOXKIaeT-
csl OHOBPEMEHHBIM yMeHbIleHneM B m mHaobopor. Ux
OTJIMYNe OT AHAJOTMIHBIX BeJaumdnH B dopmyne Map-
Oyprepa Tem cujibHee, deMm Oouiblie BejmauHa (. Ilpu
9TOM Jijist OOJIBIIIMHCTBA MPAKTUYIECKH BAXKHBIX CATYa-
Ui YIOMSIHYTOE OTJIMYHME COCTABJISIET HECKOJIBKO IIPO-
11eHTOB. MOYXKHO OCTOPOXKHO yTBEPXKJIATh, YTO BUJL CBsI-
3u Mexxy P/P. u z. cKopee Bcero 00yCJIOBIJIEH HaYA b
HBIM TayCCOBBIM IIOIIEPEYHBIM ITPOCTPAHCTBEHHBIM DPAac-
npejiejieHreM WHTEHCUBHOCTH Ha I'DAHUIE CPEeJIbl, a He
COCTOSIHUEM €r0 MOJISIPU3AIIH B CJIydae, €CJIU OHA N3HA-
9aJIbHO OJIMHAKOBA B TOYKAX €r0 MOMEPETHOTO CEUEHUS.

dunancupoBanmne paborbl. Jlammas pabo-
Ta (DUHAHCHPOBAJIACH 3a CUYET CPEJCTB OroiKeTa
MOCKOBCKOI0O TOCYJIapCTBEHHOIO YHHBEPCUTETa UMEHU
M. B. Jlomonocosa. Hukakux 10m0IHATEIBHBIX TPAHTOB
Ha IIPOBEJIEHNE WJIM PYyKOBOJCTBO JAHHBIM KOHKPETHBIM
HCCJIEIOBAHUEM TOJIy9IeHO He ObLIO.

KouduiukT uaTepecoB. ABTOPBI 3asBJIAIOT, 9TO Y
HUX HET KOHMJINKTa UHTEPECOB.
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