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PaccMmoTpen mockmit makeT cBETOBOMOB ¢ HEOMHOPOMHO NMILIAHTUPOBAHHBIME IIPIMECHBIMU Pe-
30HaHCHBIMU aToMamu. Hafimens! ycioBus GOpMUPOBAHNS IUCCUIATUBHBLIX COJIUTOHOB BCJIENCT-
BU€ KOHKYPEHIINYN KEPPOBCKOW HACHIIIAIOIIENCS HEJTMHENHOCTH U NU(PAKINI B BOJTHOBOIHBIX JIO-
BYIIKAaX, 0Opa30BAHHBIX IPUMECHBIMHU cpenamu. [Jokaszano, 9To mpuMeHeHe TOCTOSIHHOTO SIIEKT-
PHUYECKOTO I0JIA K IPUMECHOI PE30HAHCHOU cpefle C IIOCTOSHHBIM JUIOIBHBIM MOMEHTOM II03BO-
JISIET YIPABIISATH PACIPOCTPAHEHNEM COJIUTOHOB B Y-00pPA3HBIX BOJTHOBOMHBIX JIOBYIIIKAX.

Kaouesvie caos6a: pacupocTpaHeHUEe COIMTOHOB, YIIPaBIIEHUE TPAEKTOPHUEN, ONTHYIecKas
soBy1IKa, ypaBueHue ['pocca — IIuTaeBckoro.

BBenenmne. V3yuenne pacipocTpaHeHNs U yIEPKAHNIS COTUTOHOMOTOOHBIX NMITYIIECOB Pa3-
JIMYHON IIPUPOIBI B MOTEHIINAIBHBIX JIOBYIIKAX MPENCTABIISIET OOIBIIION TPAKTUIECKUI 1 Teope-
Tuueckuit naTepec [1]. MexanusMbl yIpaBienns ONTUYeCKIMI CBONCTBAME COIMTOHOB B BOJTHO-
BOIHBIX JIOBYIIIKAX, OCHOBAHHBIE Ha CBOICTBAX 9KCUTOHOB B MUKPOYCTPOICTBAX, MOT'YT OBITH UC-
MIOJIB30BAHBI IS PA3PAOb0TKH OITOIEKTPOHHBIX YCTPONCTB. MexaHn3Mbl yaep:KaHusl SJIEKTPOH-
IBIPOYHON KUIKOCTU OBLIN TPONEMOHCTPUPOBAHBI B JIOBYIIIKAX PA3HON TpUpOmsl [2-5], B ToM
qucrie B siekTpocTarndeckux [6]. K amermy cpem, B KOTOPBIX peamn3yoTcs MEXaHI3MbI CAMO3a~
XBaTa U JOKAJIM3AINI COTMTOHOB OTHOCIATCS (poTOpedpak TUBHBIE MaTepUAIbl. B HIX aBTOIOKA-
JM3anus TaKXkKe MOXKET BO3HUKHYTH B pe3ynibTare HoTosaeKTpudeckux ahdekTos [7], nubdysmn
5JIEKTPOHOB [8] MIIn BCIIEACTBUE PE30HAHCHOTO YCUIIEHNUS, BBI3BAHHOTO BO30Y K IEHIEM 5JIEK TPOH-
IBIPOYHBIX Tap [9].

MexaHnU3MBI 3aXBaTa U JIOKATUM3AINN COTUTOHOB B JIOBYIIIKAX MOTYT UCCJIEIOBATHCS B PaM-
kax ypasrenus ['pocca — ITuraesckoro [1], koTopoe ¢ pasHbIME (HOPMAMU BHEIITHUX TOTEHIIAA~
JIOB ICIOJIB3Y€ETCs IIPU OIIICAHUYN 003e-2HIITENHOBCKON KOHIEHCAIINY SKCUTOHOB 1 KOHICHCAIUN
XOJIOMHBIX aToMOB [1]. Iliist omucanus AUHAMUKI OTHOPOIHON HEPUOAMIECKON PEIIETKE, COCTO-
el 13 OOIBIIOTO YMUCIa HEJINHENMHO-ONTUUYEeCKUX OIHOMOIOBBIX BOJTHOBOIOB, HEPEOKO IPUMe-
HseTcsl (DeHOMEeHOJIorndYecKasi MOOe/lb, IPU BBIBOIE KOTOPOH CUUTAETCS, YTO IBOJIIOLUS Mel-
JIECHHO MEHSIONINXCSL OrnOAIOIINX OTOEIBHBIX MO B INIOCKOU CACTEMe BOJIHOBOIOB MOXKET OBITH
IpeOCTaB/IeHA OUCKPETHBIM YpPaBHEHUEM, YUUTHIBAIOIINM B3alMONEUCTBUE C OIMKAUIIAM CO-
cemoM s ciabo mepekphIBatolmxcss Mon. HenmuaeltHbie 5 heKTHl OMUCHIBAIOTCS KEPPOBCKOI
HenuHentHoCThO [10]. JluHaMuKa KOMIEKTUBHOTO TOBEIEHNs ONTUYECKUX HEeTMHENHBIX aHTeHH,
IJIOCKUX MAaCCHUBOB OINTHUYECKUX BOJIHOBONOB, TaK K€ KaK U aTOMHBIX LENOYeK, XapaKTepu3y-
eTcst boraTeiM HAOOPOM HEJIMHENHO-ONTUIeCKNX d(PHEKTOB, KBa3NCOIUTOHHBIMU, ONCTaOUIbHbBI-
MU, BUXPEBBIME U APYTUMU PEIIEHUSIMU TUCKPETHBIX 3BOIONNOHHBIX ypasaenutt [10-14]. s
KOMITEHCAIIIN IIOTEPh UCIOJIb3YETCs NONUPOBAHUE CBETOBOIOB aTOMaMU C SHEPTETUYECKUM IIe-

*PaboTa BbIONHEHA TIpU TOMIEpXkKe Poccuiickoro donna GyHIaMeHTaIbHbIX uccenosanuit (rpaat Ne 13-
02-90475).
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pexonoM, OMU3KNM K HeCyIlleil 4acTOTe CBETOBOI BOJIHBI, PACIPOCTPAHSIONIENCSI B CBETOBOLE.
OTu aToOMBI, KBAHTOBBIE TOUKHU U APYTUE TOMOOHBIE CPEIbl MOTYT MOIEINPOBATHCS ABYXYPOB-
uesont cpenoit ([IYC) ¢ pe3soHaHCHBIM ONTHYECKUM IEPEXOIOM U C HAKAUKON BEPXHErO YPOBHSL.
B mammoil paboTe paccMarpuBaeTcs Oe3bIHEPINOHHAS ONTHYecKas HEJINHEHHOCTH. B KauecTBe
Oe3BIHEPIIMOHHON HETMHENHON CPENbl IS MMITYJTBCOB C JUTUTEILHOCTBIO Oombine 1 Tc ciayx)aT
dITyopecieHTHBIE MOJIEKYISIPHBIE J-arperaThl KpacuTesel, 00IaIaone YHUKATbHBIMI CITEKT-
paJIbHBIMHI CBOUCTBaMU, TaKUMHI KaK y3KWe CIeKTpaJIbHbBIE IIOJIOCHI, 3HAUNTEIbHBIE KOa(hhuIu-
€HTBI SKCTUHKITNN, IIPENeIbHO KOPOTKOE BPEeMsI BBLICBEUNBAHUS, MaJlble BpEMeHaA PeslaKCcallill 1
AHOMAJIBHO BBICOKAs KyOIUecKas BOCIPUUMYNBOCTE [15, 16].

Kak mpasmio, B mccrnenoBaHUsIX AUHAMHUKN COJINTOHOB B THUX CHCTEMAX, HCIOIB3YeTCS
OIHOPOMHOE IO IIONIEPEYHOMY CEUEHUIO ITaKeTa BOJIHOBOIOB PACIIPeNeseHne aTOMOB.

Henbio mpenaraeMon pabOTHL SBIISIETCS N3YUYEHNE YCIOBUN (HOPMUPOBAHUS U BO3MOXKHOC-
Tell yIpaBlIeHUs PaCIPOCTPAHEHUEM COJINTOHOB, B TOM YUCIIe QUCCUIATUBHBIX, B BOJTHOBOTHBIX
JOByIIKax, obpasoBanubix npumecHbiMu 1Y C. PacemaTpuBaeTcst 5BOTIONNSI TTOIISE B OMHOPOITHOM
IIJIOCKOM MAaCCUBEe BOIHOBONOB ¢ nMiianTupoBanubiMu Y C, pacupeneiéHHBIME Ha TIIOCKOCTA
B BUIE Y3KUX BAJIOB (CTEHOK) WJIM IEMOYEK XOIMUKOB.

Onucanme mopesnu. IlycTs onTmueckm mpospadsas IJIOCKas INIACTHHA C KEPPOBCKOM
HEJIMHETHOCTBIO PACIOIOXKeHa B (T, Y)-IUIOCKOCTH U B IIOCKOCTH mMiutanTupoBana IYC c
HEOMHOPONHON TWIOTHOCTBIO Ny(x,y). HusmexTpuaeckas MPOHUIAEMOCTb CPEIbl UMEET B
€, = n(z) + x3|EJ?, toe ng — K03D(DUIUEHT MPETOMICHNS CPEmBl, X3 — KOHCTAHTa KePPOBC-
KOl HEJIMHENHOCTH, [/ — aMIIATyna 5JIeKTPOMArHUTHOTO IOJIs. DBOJIONNS KBA3MMOHOXPOMa-
TUYEeCKON BOJIHBI C HECYIIIUM BOJIHOBBIM BEKTODOM, HAIIPaBJIEHHBIM II0 OCH T B TAKOW Cpele,
onuceiBaeTcs ypasHeHueM Makcsesa [17, 18]

n k2 Anw?N,
22’k<8x+ —Oat)E+D8§E+# E’E = -~ 24 MR, (1)
C TLO C
rome M — BeKTOp OUIIOJIBLHOTO MOMEHTa PEe30HAHCHOTO mepexoma; [ — KodhduIueHT, mpem-

CT&BJI?HOLHI/IIZ BEJINMYNHY IIEPEKPBITUA oJiel B COCeOIHNX BOJ/JTHOBOOAX B KOHTUHYAJIbHOM HpI/IGJH/I—
KEHUW ¥ TPUOIKEHUN B3aUMOICHCTBUS OMmKANIuxX coceneir. B ciydyae OmMHOPOMHON Cpemb
D =1 u unen 8§E OMMUCHIBAET Tonepeunyo nudpaxiuio. g snekTpomarauTaoro monis E u
HeMaroHaIbHON JacTu MaTpuie! mioTHocTH 1Y C p;; mcnons30BaHo IpuOIMKeHne MeIIEHHOR
OTuOAIOIIIEN:

1 o 1 .
E(x,t) = 5 ef(x,y, t)eF* W Lc ey prala,y,t) = 5 R(z,y,t)e* =%t ¢ ¢ (2)

roe k0,.E K k&, € € wE; R <€ wR; k,w — Hecylle BOJHOBOI BEKTOP U YaCTOTa COOT-
BETCTBEHHO: wny = ck; € — eNUHWYHBIA BEKTOp, MOKA3LIBAIOIINN HAIIPABJICHUE IIOJISPU3AIN
TIOJIS.

C yuérom mpubmmkenns (2) IpuBoauUM ypaBHeHUs Broxa s OByXypOBHEBOI cpensl [18]
K CHCTeMe ypaBHCHUU

OR , . . i
— = (w — iwg — 72 + Q)R — —(eM)ER3, (3)
ot h
OR3 i

ot 2h
roe R3 = poo — p11 — Pa3HOCTB 3aCENIEHHOCTEN YPOBHEI; wy — YacToTa mepexoma; Ry =
= R3(z,y,0) — HavanbHas PA3HOCTD 3aCENEHHOCTEN ypoBHeil. [l mororaoreit (ycummBao-
1ieit) nByXypoBHeBoil cpenst Ry = —1 (1). ¥Ypasuenus Bioxa TpéxypoBHEBOIT CPeIBI MOTYT OBITH
cBeneHbI K 3((HEKTUBHOI OBYXYPOBHEBOI cpene, B KoTopoit P = v1 Ry > 0 — cKkopocTb HaKavIKn

= —1(R3 — Ry) [(eM)*E*R — (eM)ER], (4)
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BEPXHETO YPOBHS. B NMpUCyTCTBUM MOCTOSHHOTO 3JIEKTPUUECKOTO IOJIST BO3MOXKEH YaCTOTHBIN
cmur ) = (magg —m11)Egh™ !, rme maog —mq1 — mocTosHEEI mumonbHEN MomenT 1Y C, Ey —
AMILIATYIa BHEIIIHETO IOCTOSHHOTO IOJIS.

CramuonapHoe perterHne ypasaesnuil (3) u (4) umeer Bux

Ry(iv2 +v) (eM)

Rl B0, (5)
el(eM)E]? -1

Rs = Ryl 6

’ 0[ +2h271[7§+’/2]} )

(3mech v = w — w2 + ).
Cna6oe Haceiienue. [Ipenebperaem nanee anusorponueit, T. e. (eM)E = ME. Tlepeii-
IéM K 6e3pasMepHBIM IepPEMEHHbBIM:

fokxs c kfo [x3
£ = fou; T:—(-T‘i‘_t)' =——1/55 7
fou; iy o l) n="\ap¥ (7)
rme fo — pa3MepHas KOHCTAHTa, OMPENeIISIONias XapaKTePHYIO BEIUYNHY aMIUIUTYIOLI TIOJIS.

[ycts fo = hy/7172/M, Torna us (1) nomyuaem ypaBHeHUe

. -1

. 2 2 (1 +vyy Ju

i0ru + Oyu + 2|u| u = Q(U)W, (8)
B KOTOPOM
87 M Na(n)v2¢/ 7172
Qn) = 3 2 5 R, (9)
foX3(’72 +v?)
2

€= 7 (10)

3 .
2[’)/2 + (w — w12 + Q)z]
[IpaBas yacTb ypaBHEHUS (8) BKJIIOYACT HEJINHENHBIN HOTEHIINAJI

—1
1708
Un) =Qn)—F"7 11
) = Q) 2 (1)
dbopMa KOTOPOro OIMpEesaeTcsl pacipeneeHneM IBYXYPOBHEBBIX TpUMecHBIX dacTuil Ny(n) Ha
TTOCKOCT.
Hnst € < 1 BausHMEe HACBHIIIEHNS onTudeckoro nepexona B Y C MOXHO y4ecTh, pa3iioKuB
[0 MHTEHCUBHOCTU TIOJIS

Rg ~ Ro(l — e]u|2). (12)
Ucnonesys (12), u3 ypasrenus (8) momydaem
i0ru+ 02u+ [2+ €Q(i + vy ]Julu = QUi + 5 u — igu. (13)

[Tocnenuuit wieH B MpaBoll YaCTH YPaBHEHUS OMUCHIBAET JIMHENHBIE TOTEPU B BOJTHOBOMAX, TIE
go — IefcTBUTEbHAS MONOKUTeTbHass KoncTanTa. OnennM Benmuunnay (). B cucteme emmnmi
CI'C mmst v~ yo, M ~6-10718, 41 ~ 10M, 79 ~ 10'? momywaem fy ~ 300 u

N,
|Qmax| ~2- 10_24_d' (14)
X3
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3mech BeImUMHA MOTEHIAIA 3amaéTcs WIOTHOCTHIO Y C u Kybudaeckoll BOCTPUMMYUBOCTHIO
cpensl. OmHUM U3 yCJIOBUH 3aXBaTa COTMTOHA C AMIIUTYION ~ 1 B JIOBYIIKY SIBJISIETCSI TOCTATOU-
HO OOJIbINast «IJIyOWMHAa» JIOBYLIKKA. B pacCMOTpEHHBIX Hajiee MpUMepax JIOBYIIEK TpebyeTcs
BermmumHa |Qumax| > 1. IIs m3BecTHBIX onTHueckux cpen X3 He Gomee 1076 CI'C. Ilostomy B
kauecTse J[YC MOTYT OBITH UCIOIB30BAHBI MOJIEKYIJIBI KDACUTEJIS, JIsI KOTOPBIX MIPU IIJIOTHOCTA
Ny <K 10718 cm™3 me BosHHKaET TYUICHUS JIIOMIHECHEHIINN.

Y cnoBust CyI1ecTBOBAHUS JIOKAIN30BAHHOTO IUCCUTIATABHOTO COIMTOHA OIPENETIIOTCS 3Ha-
KOM 1 (DOPMOI MOTEHIInAIa U KOMIIEHCAImell moTepb. B paccmaTpuBaeMoll 3amade TOTEHITIAI
U B obmiem ciyuae HaxonuTcs u3 pacupenenenns Y C mo maIocKocTH u HAIPABICHUS € IOJIS.
Bosmoxubr BapuanTs! pacupeneneruit 1Y C B Bume BajoB WM MENOYEK XOIMUKOB BHYTPH T1J1AC-
TUHBI UK Ha €€ moBepxHOCTH. [loTeHnImamoM MOXHO yIpaBiIsaiTh, N3MEHsISI PACCTPONKY I/ BHEIII-
HUM CTATUYIECKUM 3JIEKTPUYECKUM II0JIEM, €CITH Y MMIIAHTUPOBAHHON MBYXYPOBHEBOW CPEIIBI
IMeeTCsl HeHYJIEBOU TOCTOSHHBI numobHb MoMeHT. K Ttakum IIYC oTHOCSTCS HEKOTOpPBIE
KBAHTOBBLIE TOUYKM, OOJIAAIOIIIE 3HAUNTETLHBIM TOCTOSHHBIM IUMOIBHBIM MOMEHTOM, BCJIENCT-
BHE YEro B TOCTOSIHHOM 3JIEKTPUYECKOM TIOJIe HaOIIOOAeTCsl CIOBUT CIIEKTPOB TIOTJIOUIEHUS U
yCUIeHus. DTO CBOWCTBO UCIOIB3YEeTCs IiIs (POPMUPOBAHUS SITEKTPOCTATUIECKUX JIOBYIIIEK TSI
5KCUTOHOB [4, 6].

Pacemorpum ciyuair, korma signRRgr > 0. 3mech mjis 3axBaTa COJIUTOHA B JIOBYIIKY TpPe-
6ytorcst nBe mm 6omee crenku IYC mHa maockoctu. MmmaHTHpOBaHHBIE ATOMBI MOTYT Dac-
MOJIATAThCS B BUE CIUIOMIHBIX CTEHOK WM B BUIE IETIOYEK CI'YCTKOB NOCTATOYHO OJIU3KO IPYT
kK npyry. Ha puc. 1 moka3zano m3MeHeHHe TPAEKTOPUU COIMTOHA BHYTPU OBYX IIEMOYEK CTYCT-
KOB TPUMECHBIX aTOMOB. lIpu yBemudeHUU pacCTOSHUS MEXIY CI'yCTKAMH ATOMOB WM TIPU
TOCTATOYHO OOJIBIION Z-TMPOEKIINU CKOPOCTU B HAYAJILHBI MOMEHT COJIUTOH MOXKET IOKUHYTH
JIOBYIIKY WJIN TOTEPSTH SHEPTUIO TP PACCESHUN Ha MMOTEHITNAIBLHON CTeHKE, TPAHCHOPMUPY SIChH
B HU3KOAMIUIUTYIHBIE OCIIUJIIISIITIN.

B cnyuae signRyr < 0 moxkanm3anusi UMITyIbCOB BO3HUKAET BHYTPU MOTEHIIMAILHON SMBI
IIPU YCJIOBUM TOCTATOYHOM €€ TIyONHBI 1 HAYUAIBHON X-IIPOEKITNN CKOPOCTHU COITUTOHA, HE TPEBLI-
IIAOITIEl KPUTUIECKOrO 3HaUeHust (OmIpo6GHO cM. nasiee). PacrmpocTpanene UMIyIbCOB BHY TPH
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Puc. 1. TpaekTopusi COMUTOHA B UCKPUBIIEHHOM BOJIHOBOME. UMCIIEHHOE PEIlIeHre yPaB-
Henus (13) mst sv < 0, h = 10, a = 1, max@ = 1, ¢ = 0. Tpaexropus conmuToHa
TIOKa3aHa CBETJIION JIMHUEN
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Puc. 2. TpaexTopumu cOIuTOHOB B Y-00pa3zHOM BOJIHOBOHE. UUCIIeHHOE pellleHre ypPaBHEHUS

(13) mna sv < 0, h =10, a = 1. Tonymupusa BonaHoBOna 20, MaKCUMaJIbHAS TIIyOUHA TOTEH-

mana min U = —4, € = 0,2. Hauamsroe ycmosme u(0,7) = sech(n + 5)e? + sech(n — 5)e?>1,

TpaekTopun COMUTOHOB MPEICTABIEHBI CBETIIBIMU TOHKUMUI JIMHUIAMEA. CBETIBIM (DOHOM IT0-
xazaHna gopma Y-06pa3HOTO TOTEHINATIA

BOJTHOBOIHOW JIOBYIIIKM B PACCMATPUBAEMON CXeMe KOHTPOJUPYETCS M3MEHEHHEM IMapaMeTpPOB
OYC, Takux Kak paccTpPOUKa, BEIMYNHA HAKAYKU P U HAIpaBIIEHUE MOJSIPU3AINHN TOJIs. DTH
nmapaMeTphbl CUCTEMBI MOTYT HCIIOJIB30BATHCS IJIS CO3MAHUS ONTUYECKUX IpubOPOB, B YaCTHO-
CTU ONITUYECKUX NepekiouaTerieii. Ha puc. 2 u 3 mokazaH MexaHWU3M yIpPaBIIEHUS COTMTOHHBIMU
TPaeKTOPUSIMHI B Y-00pa3HOM ONTHYECKOM <«IIEPEKTIoYaTese» BHYTPHU BOIHOBOIHOHW JIOBYIIIKM,
oOpa3oBaHHON TPUMeCHBIMEI aToMamu. Ha puc. 2 TpaekTopmm pasmensioTcss MPU HEKOTOPBIX
HAYAJIbHBIX MTOJIOKEHUSIX U CKOPOCTSX COIMTOHOB. B 06/1acTu mepekTioueHnsl B Hauate HIKHel
BETBHU IePEKIIIoUaTesIsI MOXKHO NMIIJIAHTUPOBATH MOJIEKYJIbl U1 KBAHTOBYIO TOUKY C aHU30TPO-
ner, KOTopasi MPUBOAUT K 0OPa30BAHIIO «BMOPOKEHHOTO» MTOCTOSHHOTO OUIIOJIBHOTO MOMEHTA.

100

50

-iﬂ’:‘i‘l"pﬁf v\

-50

-100
0 50 100 150 200 T
Puc. 3. TpaekTopun COIUTOHOB B Y-0GPa3HOM BOJIHOBOZE C «BBIKJIIOUEHHOI» HIDKHEI BETBBIO.
B mauase HMXHEll BETBU IMPWIOXKEHO MOCTOsiHHOe nosie Ey = ~yoh/| M|, BbI3pIBatomee cusur
qacToTHl {2 = v9. OcTanbHbIe YCIOBUS TaKWe XKe, KaK Ui PUC. 2
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Brerrnee, He KpuTHUUeckoe MO aMIUIUTYIIE 3JIEKTPOCTATHYECKOE TOJIe MPUBOAUT K CMEIIEHUIO
CIIEKTpAa TIOTJIOIEHNsT KBAHTOBOI TOUKN HA BEJIMUUHY, GJIU3KYIO €ro mmpuHe, ~7yy [6], uTo cy-
IIECTBEHHO (B 2 pasa u 6ojiee) yMeHbIIaeT TIIyOUHy MOTEHINAa, CO3MaBAEMOr0 MTPUMECHBIME
cpenamu. Taxmm oOpa3oM, COMTOH He NMPOHUKAET B HUKHIOIO BETBBb MEPEKITIOUATENIS W Pac-
IPOCTPAHSETCS [0 BEPXHEH BeTBH (CM. puc. 3).

IluccunaTuBHBIE COIMTOHBI B BOJTHOBOOHOU JIOBYINKe. [Ipn yuéTe moTepb B BOITHO-
Bomax, T. e. npu g > 0 B ypaBaeruu (13), COMUTOH 3aTyXaeT HA IJINHE T ~ g~ L. B To xe Bpems
B BOJTHOBOMIHOW JIOBYIIIKE TIPU YCJIOBUU HAaKadku P > () BO3MOXKHO (GOPMUPOBAHUE KBA3UCTAIIU-
OHAPHOTO MUCCUNATUBHOTO COJINTOHA MPU yCJIOBUM KOMIIEHCAIIUU MOTephb. PaccmMoTpuM cirydait
v > 0, Korma BOJTHOBOIHAS JIOBYIIIKA MOXKeT OBITH oOpa3oBaHa NByMs 1 Oojlee CTEHKAMU WJIN
nemoukamu xomukos Y C. Hanpumep, ecin HavaabHas CKOPOCTL couToHA v, < 0,5, TO dop-
MUPOBaHUE OUCCUMATUBHOTO COINTOHA B BOTHOBOIHOM JIOBYIIIKE, MMEIOIIEN (POPMY OIS TUIIOJS
¢ mupuHOil ~10-100, BO3MOXKHO IIpU YCIIOBUSIX

—ImF 2 0,4; ReF > g, (15)
rue

Q)i+ )

F = max
1+ €lu(0,n)[?

(16)

B ycroBusix HACBHIIIEHUS TUHAMUKA OQWHOYHOTO COJIUTOHA B JIOBYIIIKE COXPAHSIET UEPTHI
JIMHENHOrO CjIydast. 31Iech Tak:Ke BO3MOXKHO 0Opa30BaHUe MUCCUMATUBHOTO COJIMTOHA BCIIEMICT-
Bre€ KOMIICHCalll BOJIHOBOOHBIX IIOTEPHL BHYTPU BOHHOBOHHOﬁ JIOBYIIIKHA. CO.HI/ITOH OBUT'QACTCs
B JIOBYIIIKE, IEPUOAMIECKN OTPaXKasCh OT CTeH. POCT MMITy/Ibca MPOUCXOMUT HA TPAHUIAX JIO-
BYIIIKW, MTOYTOMY AMIUINTY/Ia COJTUTOHA TMEPUOMUIECKN BO3PACTAET IPU TOMAIAHUN B 00JIACTh
YCUJIEHUST U YMEHBIIACTCSI BHYTPHU JIOBYIIKN. JUCIEHHOE MOMETMPOBAHUE MTOKA3AJ0, ITO KOM-
HeHcaIus ToTephb Tpebyer Gosee cr1aboil HAKAUKK B MeHee IIyboKoil (¢ MeHbImuM F') JIOByIIIKe
¢ Goree TIANKAMU CTEHKAMU. DTO OOBICHSIETCS INTENTbHBIM B3aUMONEHCTBIEM COJUTOHA C
YCUJIMBAOIIEH YACTHIO BOTHOBOMHON JIOBYIIIKA. KC/I B JIOBYIIIKE TIPUCYTCTBYIOT HECKOIBKO CO-
JUTOHOB, TO HEJMHENHOE TMOTJIOIIEHNE TPUBOMUT K MOTEPE SHEPTHUM COMUTOHAMU C GOIIBIIEN
HaYaJILHOU CKOPOCTBIO UV, IIPU CTOJJKHOBCHUAX U IIOTIJIOIIIECHNUIO SHEPIruMy COJINMTOHaAMU C MEHbIIIEN
vy (1 =0), ecmu U(7,n) = U(0,n).

B coyuae signRor < 0 mas GopMUpPOBAHUS TUCCUTATUBHOTO COIUTOHA B MOTEHIINAIILHON
sme, obpasoBanHoil mpuMmecHbiMu 1Y C, Takxke Tpebyercst KomneHcamus noreps (P > 0). 3mecn
B HAYaJILHBII MOMEHT COJIMTOH OOJI2KCH HaXOOUTBCA BHYTPU dAMbI U1 MMETH OOCTATOYHO Ma-
JIYI0 HAYAIBHYIO Z-ITPOEKITNI0 CKOPOCTH. B 5TOM cityuae Takke BO3MOXKHA KOMIIEHCAINS TOTEPh
BHYTPH JIOBYIIIKA B YCJIOBUSX YCUJICHUs KaK [JIsI JIMHEHHOTO MOTEHIMAIA, TaK U B YCIOBUSIX
HACBIIIICHU .

MonenupoBaHue TuHaAMUKN cosiuToHA. [lycTs sign Ry < (0 m moTepssMu MOXKHO IIpeHe-
6peus (v/y2 > 1, g = 0). C yuérom KyOUUeCKOil HEJIMHENHOCTH, CBSI3AHHON ¢ HACBIIIAIOIIENCS
HEJIMHETHOCThIO, ypaBHeHue (13) mepenucbiBaeTcs B BUE HEOMHOPOMHOTO OINHOMEPHOTO yDaB-
uenus [[Ipénuurepa

iUy = —Upy — 20 ul*u — U(n)u, (17)

roe o(n) = 1+ 0,5¢ (n) Brmouaer nonpasky x HenuueiHocTn B obmactu Y C. Ilorenmmai

Un) =— ﬂéigo Q’y(j) (iv2 +v). (18)
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laMubTOHMAH, COOTBETCTBYOMMI ypapHeHno (17), umeeT Bu

(H) = — / dz[Juzl? = U(2)[ul® = (1 +0,5¢d (2))[ul"], (19)

rre ng — HOPMUPOBKA U, CBS3aHHAS C YUCIOM (POTOHOB.
Ypasuenue (17) upu U = 0 nmeer perieHue

ul®) = Agsech[Ag(n — vr))eilon/2+AGr —v*r/4] (20)

(Ap — KOHCTaHTa, U — CKOPOCTBH COIIUTOHA).

s onucaHus NMHAMHUKN COJIMTOHA B JIOBYIIIKE, CJIeNys IIOOXOMY, Pa3sBUTOMY B TEODHUH
603e-31HIITETHOBCKON KoHIeHcaruu 1], GymeM u3ydaTb TUHAMUKY COJIMTOHA C IEPEMEHHBIMI
napaMeTpamu. Beeném npobryto GyHKIuo, apamorundayo (20),

v Aosech(?;C)ez‘[wq(nc>+b<no21, (21)
a

3neck a, ¢, ¢, q u b — PyHKIIUEI OT T — BapHUAIMOHHBIE TApAMETPHI. B 5TOM ciIydae u HOpMaJII-
30BaHa Ha Ny = QaA%. H71st BEIBOMA ypABHEHWIT MMHAMUKY ITAPAMETPOB YCPEIHIEeM JIarPAHKIAaH:

L(r) = / L(n,7)dn, (22)

rue

= (e — k) = fug 2+ U [uf? + [1+ 0,56 (n)]|ul* (23)

Lln.7) =3

Iycrs U(T, 1) = Uyexp[—(no — n)?/h?], tne h — mupuHA BOTHOBOTHOI JOBYIITKI I 1)y —
koopauHaTa eé muauMmyMma. Cunmrtaem, aro 1y = 0. YpaBuenus Ofisepa — Jlarpamxka mnsa £
OMNCBHIBAIOT HBOJIIONUIO TAPAMETPOB COIMTOHA. Y CpenHsist L, HAXOMIM

2 2 212
- n Tnpa“b
L= —ng ¢7_QCT+Ea2bT} - 37‘02 _n0q2_ OT
2 2 —(b—¢)?*/(a+w)
ng ng e LS
+ — 4+ e—5 F(a,() + noU ) 24
3a  8a? (a,¢) +nollo V1/a+1/w 24
rie
0.9]
/ p U(z) ha\/?exp(—élCQ/(élh2 + a?)) (25)
z .
cosh((z )/a) Yo V4h? + a?
—o0
[Ipu BBrYECITEHUN (25) U mocyenHero ciaaraeMoro B (24) mbr 3amenumnn sech[(n — ¢)/a| Bbipa-

xermeM exp|[—(n — ¢)?/a?] ns ympomtenns mambEeimero anamm3a. Kakx moKasam qmCIeHHbI
AHAIIN3, U WCTIOIB30BAHHBIX ajlee 3HAYeHWN TapaMeTpOB 3aMeHa sech-pOpMbI aMIUIATYIbL
COJIUTOHA rayCCoBOll HaéT ommbky Menee 6 %.
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YpaBuenus Oiiepa — Jlarpamxa miist mapaMeTpoB ¢ u ( TPUBOMSATCS K BUIY

16 8ng 6ng . F OF oF
R i s R P [2E B %] % 0a’ (26)
o= 2Ug\/mah Ce_2C2/(2h2+a2) Lo oF (27)

(2h2 + a?)3/2 2a% 0¢

YucneHHOE pelieHre NCXOMHOTO YPABHEHUS MOKA3bIBAET, UTO Ui IINPUHBI COMUTOHA a <K h
U3MEHEeHUeM ero (opMbl B HYJIEBOM NPUOIMKEHUN MOXKHO HpeHebpeub. B srom ciayuae (a =
= const) ypaBHeHue (27) OMUCHIBACT IBIKEHIE MACCUBHON YACTUIBI C HEJIMHENHON 4acTOTOL.
ConuToH, UMEIOIINIT JOCTATOYHO MAJIYIO T-IPOEKINIO0 CKOPOCTH (HAUAIIBHBIN MOMEHT Vs < Uc),
He TOKWHET JIOBYIIIKY.

Uucnennsiit anamus ypasraerus (17), BeIDOMHEHHBI it € = (), mOKa3as, ITO P MAaJIoil
HAYATIBHON CKOPOCTH (Vg < Ue) COMUTOH ABUKETCS [0 CUHYCONNAIBHON TPAEKTOPUE BHYTPH
JIOBYUIKH. Y 9éT HOMPABKH, CBSI3aHHON C €, IPUBOMUT K MAJIOMY N3MEHEHNIO U U TaCTOTHL OCIIIII-
JISIIUI CONUTOHA B JIOBYIIKe. [Ipn GoIbLION HAYAIBHOR CKOPOCTH (Vs > ¥p) COIMTOH HOKNIAET
70ByIIKY. C POCTOM ¥g TPAEKTOPUS COIUTOHA HAUMHAET OTINIATHCS OT cuHycoumaabuoi. Cy-
IIIECTBYET KPUTUIECKOE 3HAUCHUE CKOPOCTHU Vg = U, IIPH KOTOPOM COJIUTOH IIEPEXOMUT B PEKIM
«CEpGhUHTa», T. €. OH CKOJIB3UT IO HPSMOIl INHUN — rpaHune morernuana. Ha puc. 4 u 5 mo-
Ka3aHbl PE3yJIbTaThl YICICHHOrO pelleHus ypasaenuil (17) u (27) coorsercreenHo mist h = 10,
a=1,e=0,Uy=1(2). Petenns ypauenuit (17) u (27) naroT 61uskne 3HAYCHUS TPACKTOPUL
U TTapaMeTpOB COJIMTOHA, B TOM YKC/Ie B pexume cépduura. YncIeHHBIM aHAIN30M PeIIeHnd
ypasHeHus (17) HaxommMm KpuTHUecKoe 3HaueHue ckopoctu v. ~ 0,965 (1,500), a ypaBHeHus
(27) — ve ~ 1,118 (1,366). Pemenne ypasaerus (17) HeCUMMETPUTIHO O OTHOMICHIUIO K 3aMEHE
n — —n, a pemenune ypasaeHus (26) Bcerma cummveTpudro. OTiamdme CBS3aHO C TeM, YTO B
HIOCTIENHEM CIIyUae He YUINTHIBAETCs M3MEHEHne apaMeTpa da.

Ha puc. 6 nmokaszana hopma coMUTOHA, HAIEHHAS YICIEHHBIM pellenneM ypasHenus (17),
IJIsI CKOPOCTU Vg, OTUBKON K V., HA T'PAHUIIE TIOTEHIITATHHON JIOBYIITKY [J1s 3HAUECHUS Vs, HEMHO-

0 100 200 300 400 T

Puc. 4. Yucnennoe pererne ypasaenus (17). TpaekTopun cOTUTOHOB MOKA3aHBI CBETIIbI-
MU TuHEASIMA. [IBUXKEHWIO 0 CUHY COUIAILHON TPaeKTopun OTBedaeT vy = 0,9; IBMKEHUTO
CO CKOJIBXKEHUWEM TI0 TpaHuile noreHnuaina — vg = 0,965
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Puc. 5. Yucnennoe pemenne ypasaerus (27). [[BIKEHWUIO TI0 CHHY COUIATBLHON TPACKTOPUN
oTBeuaeT vy = 1,0 u HeuHENHAS nUHAMUKA Vs = 1,118

1,01 'r|

p——

'170 L. 1 L 1 L L 1 L 1 L
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Puc. 6. Yucnennoe pernenue ypasaenust (17) mus h = 10, a = 1, € = 0, Uy = 1. dop-

Ma COJIMTOHA BHYTPU JIOBYIIKUN ITOKa3aHA HyHKTHpHOﬁ JIUHUEN 1 Ha T'paHUIE JIOBYIIIKN B

VCIIOBUAX, OTU3KUX K PEXUMY CEPPUHTA, CILIONTHON TOCTON JuHuel. [lomepeunoe ceuenne
HOTEHIMAJILHO JIOBYIIKY (—) DAHO TOHKON JIMHUEN

ro MEHBIIETO V.. Kak BUIHO M3 PUCYHKA, IIUPUHA COIUTOHA G MEHSETCS HECYILIECTBEHHO CO
BpPeEMEHEM T, UTO ONPaBAbIBaeT IIPUMEHEHNE MCIOIb30BAHHOTO BHIIIE TPUOIMKEHNS.

3aksmouyenue. B nannoil paboTe paccMaTPUBAJICS HOBBIA GU3NIECKIT MEXaHU3M JIOKAIIU-
3aIlll COIMTOHOB B TIJIOCKOH CHCTEMe BOJTHOBOIOB, obpasoBannoin mpumecHbiMu 1Y C. Yernipe
BO3MOXKHBIX BaPUAHTA JIOBYIIIEK, 3aBUCSIINX OT 3HAKOB V U R, TO3BOIAIOT 3O(PEKTUBHO yIIpaB-
JISITH HBOJIIONNEN 1 HAITPABJIEHNEM PACIIPOCTPaHEHUs COTNTOHOB. [IpomeMoncTprpoBano, 14To pe-
JIAKCAITMOHHBIE TIOTEPU B BOJTHOBOIAX MOXKHO KOMIIEHCUPOBATH JIOKAJILHO B 00JIACTU MMITIIAHTH-
POBaHHBIX aTOMOB, UTO IPUBOOUT K (GOPMUPOBAHUIO YCTONUUBBIX OUCCUNATUBHBIX COJIUTOHOB.
B peanbHBIX ONTHYECKUX CpeNax HEOOXOMUMO YUNTHIBATH AUCCOIUAIINIO BO30YKneHui, nuddy-
3UKM HOCUTEJIEH, HEOMHOPOMHOCTD cpembl u mpoune dhdexTor. OmHAKO, KaK MOKA3asl INCICHHBIN
aHAIIN3, CcllenyeT OXUOATh, YTO B IIJIOCKOU cpene sIBIIeHUS, OIpenesseMble JIOKaIn3auel coan-
TOHOB B BOJTHOBOIIHBIX JIOBYIIIKAX, COXPAHITCS U ¢ YIETOM 5TuX 3¢ddekToB. B KagecTBe mI0cKOro
IakeTa BOJHOBONOB BBICTYIIAIOT CYyNPaMOJIEKYIISIPHBIE CTPYKTYPHI TUIa J-arperaTtoB KpacuTe-
el WM CONpsKEHHBIX ToauMepoB [19]. Pesynbrarsl paboTsl MOIYT OBITH UCIOIB30BAHBL [JIs
M3YyYeHUs] BIUSHUS UMIIAHTUPOBAHHBIX B CPEy UJIN IOMEIIEHHBIX HA HAHOPACCTOSHUSIX OT HUX
OYC na nuHAMUKY SKCUTOHOB.
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