YYEHBIE 3ATIMCKIN KASAHCKOT'O YHUBEPCUTETA
Tom 152, xku. 3 DU3NKO-MaTeMaTHIECKUE HAYKH 2010

VIIK 530.145:535.14

PO2KAEHUE 9JIEKTPOH-IIOSUTPOHHBIX IIAP
B ITIOJIE /IBYX BCTPEYHBIX CUJIbHBIX
JIASEPHBIX IIVYKOB 11 HEJIOKAJIBHOCTDb
®OTOH-®POTOHHOI'O B3AIMOJIENCTBUA

P.X. I'ntinymodunos, A.A. Mymuwieyaruna, M.A. Xamadees

AnaHOTa U

Uccnenosana mipobsema poxKIeHUs U3 BaKyyMa 3JIEKTPOH-TIO3UTPOHHBIX AP B MOJIE JABYX
BCTPEUYHBIX CUJIBHBIX JIA3€PHBIX MyYKOB. [l0okKa3amo, 94T0 0600IEHHOE TMHAMUYECKOE ypaBHe-
HP€ TI03BOJISIET MPU OMMCAHNN TAKOTO MPOIECCA YIeCTh eCTECTBEHHYIO HEJI0KAILHOCTE (POTOH-
(BOTOHHOTO B3aMMOIEHCTBUA.

KuaroueBsbie ciioBa: GoToH-(hOTOHHOE B3anMOAEHCTBIE, CUIbHBIE JTa3ePHbIE OIS,

BBenenue

Nccnenosanne (pu3maeckux MPOIECCOB, NPOSBISIONNXCA B CUTBHBIX JA3EPHBIX T10-
JISIX, SIBJISIETCS BEChbMA aKTyaJbHON 3amadeil. 910 CBA3aHO ¢ GyPHBIM MPOrPECCOM B 00-
JIACTH CO3JaHWst MOIIHBIX ja3epon [1]. Ha ceromusinmuamnii qeHbh TOCTHTHYTHI MOITHOCTH
nazepos nopsaaka 1022 Br/cv? u oxugaercs, uto sta nudpa Gyner ysennuena |1, 2].
Oco0Obrit mHTEpPEC TIpeaCTaBIsIeT CODOM MOCTUIKEHWE BEJINYWHBI TOJisd, paBHOW F.. =
= m?/e = 1.3-10' B/cum, rie e mw m — 3apan u mMacca 37eKTpoHa (371€ch U Janee
UCIOJIB3YeTCsd eCTECTBEHHAs CUCTeMa eJuHull i = ¢ = 1), 9T0 COOTBETCTBYET WH-
tercuprOCTH 4.6 - 1029 Br/cm? [3]. DTO 3HaUeHme HOCHT Ha3BaHWe MBHHTEPOBCKOTO
npegena. [Ipn TaKAX 3HAYEHUSX HAMPSYKEHHOCTH 3JIEKTPUYIECKOTO TIOJS BUPTyalbHAS
9JIEKTPOH-TIO3UTPOHHAS Mapa MPUOOPETAET IHEPIHUIO TMOPSAIKA CBOEH MACCHI MOKOS Ha
PaCCTOAHUM KOMIITOHOBCKOII JITTMHBI BOJIHBI 3JieKTpoHa [1]. Dror nporecc MOKHO 1pei-
CTaBUTDH C MOMOIBIO auarpammvbl Deitnvana, n3odpazkennoit Ha puc. 1. XapakrepHoe
BpEMs POXKJEHNsI BUPTYabHOM mapbr Aty ~ L, W B NIBUHTEPOBCKOM IPEJIETe SHEP-

2me
UM TOJIsT JOCTATOYHO, 9TOOBI Mapa 3a 3TO BPeMsl HAKOMNIIA HEOOXOTUMYIO s POXK-

nennst suepruio. Oamako w B 0osiee CAAOBIX MOJSIX MOYKET TMOSBUTHCS BO3MOYKHOCTD
POXKIeHUsT peAJbHBIX map. PaccMoTpumM cxemy, pu KOTOPOH POXKJIEHWE MPOUCXOIUT B
obusiacT (POKYCUPOBKH JIBYX CHJIbHBIX BCTPEUHBIX JIA3EPHBIX IIYYKOB B Bakyyme [3, 4].
Eciu nnuny Bosnbl udnydenns B3gThb 3a 100 HM, TO Bpems mposiera (poTona 3Toit 06-
AacTH oKazkeTca mopgaka 107! ¢, uro ma 6 mopankos Gombme Aty,. DTOro BpeMeHn
MOYKET OKA3aThCs JOCTATOYHO JJIsT POKIEHUS PEATbHBIX 3JIEKTPOH-TIO3UTPOHHBIX TIap.
Pacuersr, ciesannble aBTOpaMu CTaThi [3], MoKasbiBAOT, 9To 3(dOEKTUBHOE POXKIeHNE
map B TaKO# cxeMe HAYMHAeTCs y¥Ke MPH WHTeHCHBHOCTSX nosis nopsaaka 1026 Br/cm?.
Pesynbrarei, nosydennbie B [3], OCHOBbIBAaIOTCS, BCIe 3a panHuMu paboramu [5—7], Ha
ydere B3anMOIeHCTBIS 37IEKTPOH-TIO3UTPOHHBIX Hap ¢ KiaaccudeckuM nosem. Omaako 10
CUX TOP OCTAETCS OTKPBITHIM BOMPOC, MOXKHO JIM CYUTATH TOJIE, B3aUMOJIEHCTBYIOIIEe
C YacTHIAMW B TeueHne BpeMeHn Aty kjaccndeckuM. B padore [4] Obia cuenana mo-
MBITKA aHAIN3a (PU3NIECKUX TTPOIECCOB B CTOJKHOBEHUH ABYX MOIIHBIX JIA3EPHBIX Ty Y-
KOB MeTOJ[AMU CTaHIAPTHON KBaHTOBOH 3jekrposunamuku (K9I). O6bruno npoueccst,
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Puc. 1. @eitamanoBcKas guarpaMma PoxKeHus (POTOHA U 3JIEKTPOH-TIO3UTPOHHON aphl B [IPHU-
CyTCTBUAM CUJIBHOTO 3JIEKTPUIECKOr0 1mo1sd. 2KupHbie hepMuoHHbIE TUHUN 0003HAYAT TOT (HAKT,
YTO 3JIEKTPOH U TIO3UTPOH «OMEThI» ITUM TIOJIEM

CBsI3aHHBIE ¢ BAKyyMHOW HEJUHEHHOCTHIO B CHJIBHBIX IMOJISIX, OMUCBIBAIOT C HCIOJIB30-
Banuem 3ddekTupHoro sarpamkuana Jitiepa— leitzenbepra (E-H). Oxnako sror sa-
IPAHKUAH [IPUMEHUM TOJIbKO [P HU3KUX dHepruax ¢gorona w < m [8]. Kpome roro,
E-H-narpamkuan He MO3BOJISIET yYECTh €CTECTBEHHYIO HEJOKAJILHOCTH 3(h(MEKTUBHOTO
doron-dhoToHHOTO B3auMoaeiicTeus. [Ija pernenus 3Toit mpobieMbl ObIIO TPEII0KEeHO
BBOJIUTH B MJIOTHOCTH (hyHKINHU Jlarpanxka m00aBKU, COAEPIKAIIEH HEJTOKATbHBII (DOpM-
dakrop [4]. Oxnako usBecTHO, Y4TO NMOJO0HAS NPOLELYPa ABJSETCH HEIIOCIEI0BATE b
HOW ¥ TPUBOJUT K MOTEPE JIOPEHIEBCKOW MHBAPUAHTHOCTH WJIA YHUTAPHOCTU TEOPHH.
[Mpuunna 3Toro B Tom, uro ypasuenue Illpennnrepa, KOTOPOE OMUCHIBAET IUHAMUKY (DU-
3UYECKUX CHUCTEM B OOBIUHONW KBAHTOBOW MEXaHUKe, ABJSETCS JIOKAJIHHBIM BO BPEMEHM.
Yr0o0bI yueT HEJTOKAIBHOCTH OB TIOCTEI0BATEILHBIM U HE TIPUBOINJI K IPOTUBOPEUUSIM,
HEOOXOMMO, 9TOOBI OCHOBHOE YPABHEHHE JMHAMUKH MO3BOJISIIO HEJIOKATBHBIE BO Bpe-
MeHH B3auMmoeiicTBus. [loaTomMy 3a 0CHOBY B HacTosAte#l padboTe OBLT B3AT (hOpMATU3M
o6obmmenHoit kBanToBoil quHamukn (OK/I) [9]. IIpeackasarensras cuna sroro dopma-
Ju3Ma, ObLIa MPOJEMOHCTPUPOBAHA HA TpuMepe 3(PMEKTUBHON TEOPUU MOJIs SIEPHBIX
cun [10, 11]. Henbio HacTosimeil paboThl SBIAETCS 0OCYKIEHNsT TPOOIEMbI POXKICHNUS
9JIEKTPOH-TIO3UTPOHHBIX AP B CHJIbHBIX JIA3EPHBIX MOJISAX U HOUCK [IyTH PEIIEHUs] B PAM-
Kax CTPOroro MOAX0/Ia, OCHOBAHHOTO HA COBPEMEHHBIX KOHIIEMIUAX KBAHTOBOH TEOPUH.

1. PO)K,I[eHI/Ie JVIEKTPOH-IIO3SUTPOHHBIX IIap B CAJIBHBIX ITOJIAX

B 1936 1. Teitzenbepr u Ditjgep MOJYyYNUIN JIATPAHKUAH, COMEPKAIINAN TTOTPABKY,
obycioByieHHy0 (HOTOH-(DOTOHHBIM B3aMMOJIEHCTBUEM Yepe3 POXKIECHUE BUPTYaTbHON
3JIeKTPOH-TIO3UTPOHHON Maphl

2
pE-m - 207 {(HQ ~E) 4+ 7(H- E)Q} : (1)
45m*
rme E w H — 310 omepaTopb!l 3/€KTPUYIECKOTO W MATHUTHOTO moJjeit. V3BecTHO, UTO
narpanxnan LEH ofrazaer skcnonennmanbo yobIBaoMmeii ¢ yMeHbITEHAeM HHTEH-
CUBHOCTH TIOJISi MHUMOM 9aCThio, KOTOpast COOTBETCTBYET PO aeHuio naphr [12]. IIBuH-
repom ObljIa pacCInuTana BEPOSITHOCTHL TAKOTO POYKIACHUS B TIPUCYTCTBUU CTATHIECKOTO
ssiekrpuaeckoro noss By = piEe, [7]:

ma i nm
W =2-Tm(L¥ " (pr)) = (227)3 LY % eXp(_p_L) @

Bagaua 0 poXKIECHUN AP B TOJE, CO3ABAEMOM JIBYMs BCTPEIHBIMU C(DOKYCHPOBAHHBIMU

JIa3ePHBIMHU IIy4KaMu, paccMarpuBaiach B [3]. B kauecrse ocHoBaHus sl UCIIOJIB30BA-

HUs BbIpakeHust (2) HAMU UCHOJIL30BaJICH TOT (DAKT, YTO XapAKTEPHAs JJIMHA [IPOIECCa
1

OTIpPe/IesIsieTCd KOMITOHOBCKOM JJIMHON A, ~ —— , KOTOPasi MHOTO MEHbIIIE, 9eM JIJINHA

Me
BOJIHBI JIA3€PHOT'O I/I3queHI/IH STO TTO3BOJIAET BBIYUCIATH YUCJIO POXKIACHHBIX ITap B €1~

Hulle obbemMa 3a eAUHUILY BPEMEHH € HOMOIILIO (POPMYIbl (2) /st HOCTOSHHOIO TOJIst
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Puc. 2. @eitnmanoBckasi auarpaMma, OMUChIBAOMasas (hoToH-(hOTOHHOE B3aUMOIeHCTBUE

B NMPOU3BOJILHOM TOUYKE, a 3aTeM MPOUHTErPUPOBATE MOJIYYUBITIEECS BHIPAYKEHHUE MO 00b-
eMy ¥ JIJINTEIbHOCTH UMITYJIbCA.

Jlarpamxnan Diinepa — [eitzenbepra spasgercs 3pQMEKTUBHBIM JTarPAHKUAHOM B 3(-
dexrusnoit kBanToBoit Teopuu noss (JKTII), onuckiBaroieil B3aumoeiicTsue ceera co
CBETOM. DTH TEOPUH, UTPAIOIINE BAKHYIO POJIb B COBPEMEHHOU (DU3UKe, TPEICTABIIIIOT
€000 HU3KOIHEPTeTHIeCKe Tpub/ImKkeHus 60see pyHIAMEHTATBHBIX Teopuii. B Takux
TEOPUSAX SBHO YUUTHIBAIOTCS TOJBKO HU3KOIHEPIETUUECKHWE CTeleHu CBOOOIBI. B 3d-
dexTuBHOM Teopun Jitmepa — [eiizenbepra yauThIBAIOTCS TOJBKO (DOTOHBI, & 3JIEKTPOHBI
U [IO3UTPOHbBI, KOTOPbIEe NogBsgoTcd B auarpammax K9 (cm puc. 2), onucbiBaiomux
doToH-HOTOHHOE B3aUMOIEHCTBIE, TTPOABIAIOT CeOsI TOTHBKO B KOHCTAHTAX B 3P (DEKTUB-
HOM narpamkuane. B obmemM ciydae Takoi Jarpam:kuaH BKIOIAeT B cedsa OeCKOHeTHOe
YUCTI0 BCEX BO3MOXKHBIX JIOKAJIBHBIX JIArPDAHKUAHOB B3aWMMOJIEHCTBYS, COBMECTHBIX C
cuMMeTpusMu Teopuu. [IopsiIoK BKJIALOB OT KayK/IOTO U3 ITUX JATPAHKUAHOB OMpee-
JisieTcst U3 coOOpaskeHu pa3MepHOCTEel. DTO MO3BOJSIET CTPOUTH TEOPHUIO € MOMOIIHIO
pa3/oyKeHus pernenuii no napamerpy Aeg, PABHOMY OTHOIIEHUIO XaPAKTEPHBIX MACIITA-
60B 3P PEKTUBHON HU3KOIHEPTETUIECKON TEOPUH U BBICOKOIHEPTeTUIECKOH (pyHIaMeH-
TanbHO Teopun. B Teopum E-H, mnsa koropoii mapamerp Aeg 3a7aeTCS OTHOIIEHUEM
XapaKTepHOii sHeprueil (hOTOHOB K Macce 3JIeKTPOHA, JIATPAHYKUAH B JIUIUPYIOIMIEM T10-
psIKe TpecTaBisier cob0il cBOOOMHBIN sarpan:kuan. [lepBoie WiIeHbI JlarpaHkuaHa,
OMMCHIBAIOIINE B3aUMOJIEHCTBUE, MOABJIAIOTCA U3 ONepaTropoB Oosiee BHICOKON pa3mep-
HOCTH. B JHAMDYIOMEM MOPSIIKE O Aeg MBI HMEEM:

2
e =0 (o1 (B2 E?)” 4 ¢ (H-E)?] (3)
MOCKOJIbKY 3TO €JUHCTBEHHO Pa3perieHHble U3 COO0parKeHuil KainOpOBOYHOM WHBAPH-
AHTHOCTH W JIOPEHII-MHBAPUAHTHOCTH 4ieHbl dereeproil crenernu no E u H, we comep-
JKalme AefcTBYomuX Ha 3Tu noJs auddepennuposanuii (ciaraeMbie ¢ TPOU3BOIHBIME
ObLIM ObI MOJABJIEHBI B MpEJese HU3KUX dHepruit (GoToHOB E MOMOTHUTETLHBIM MHO-
skuresnieM E/m.). KoHCTAHTBI ¢ W ¢ HAXOATCS MyTEM CPABHEHMST BKJIAIOB OT Olle-
paropa (3) u guarpammbl Ha puc. 2. Takum o6pazom, Mbl HpuxoauM K 3G hexTuBHOMY
E-H-narpanxuany (1).

Onna w3 Hanbosiee cepbe3HbIX TPOHIEM, ¢ KOTOPBIME CTATKUBAIOTCS 3D HEKTUBHBIE
KBAHTOBBIE TEOPHUH TOJISA, 3AKII0YAETCS B TOM, UTO 3TU TEOPUU SIBJISIOTCS HEIEepPEeHOP-
vupyembivu. Cremens pacxomumoctu guarpamm B 9KTII moxker ObITH CKOJIb YTOIHO
OOJIBINON, 9TO TPUBOIUT K HEOOXOIUMOCTU BBEJIEHUS BCE HOBBIX KOHTPUYJIEHOB MEpe-
HOPMHUPOBKH € KOHCTAHTAMHE, ONPEJE/ISIeMbIMIA U3 YCJIOBUs CONTIACUS € IKCIEPUMEHTOM
[IPU BBIYUCIEHUN BBICIIUX MOPSIKOB B 3hdekTuBHOM paszioxkenuu. [1o cyTu 310 sBis-
ercs TaaToi 3a TO, 910 3B HEKTUBHOE B3aNMOIEHCTBHE B 3TUX TEOPUAX OMUCHIBACTCS
JIOKQJIbHBIMU TAMUJIGTOHUAHAME (JIATPAHKUAHAME) B3aUMOJIEHCTBUSA, HECMOTPSA HA TO
YTO 3TH B3AMMOJEHCTBUS MO CBOEil MPUPOJIE SIBJIAIOTCS HEJIOKAJIbHBIMU. BBenenue B
JIArPAHKUAH HeJIOKAJIbHOro (hopM-(hbakTopa, Kak 3T0 ObLIO CIesaHo, Hanpumep, B [4]
C IOMOIIBIO J00aBKU

0L(x,pr) = —% /dac' A ()" (x — o', pr) Ay (2), (4)
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KaK W3BECTHO, MPUBOIUT K MOTEPE JIOPEHIIEBCKON WHBAPUAHTHOCTH WJIM YHUTAPHOCTH
TEOPUU. DTO O3HAYAET, U4TO JJIsi OMUCAHUS TPOIECCA POKICHUS JTEKTPOH-TIOZUTPOHHBIX
map B CBEPXHUHTEHCUBHOM JIA3€PHOM I0OJI€ HEOOXOIUMO TOCTPOUTH I(PPEKTUBHYIO TEO-
PHUIO, TIO3BOJISIONIYI0 HEMPOTUBOPEUNBBIM O00OPA30M OMUCHLIBATH HEJIOKATBHOCTH (DOTOH-
doronroro s3anmoneiicTus. C mamHo# 3a7a9eil MOYKHO CIIPABUTHLCSA € TTOMOIIHIO (hOp-
vagmsma OKJI. B oramume or BermenpuBenenusix npumepos, B OKJI ucmons3yercs
a3k pyukmuit I'pura m T-omeparopos. Ilyrem mx mommdurammm MOKHO JTOOUTHCS
ydaera B3aMMOJEHCTBHS C BAaKyyMOM B yIOOHOH M Harasanoit ¢popme. Ecan npuuarh
BO BHEUMAaHHE, YTO ODOOIEHHOE THHAMUIECKOE YPABHEHNE €CTeCTBEHHBIM 00Pa30M I03-
BOJISIET YYUTHIBATHL HEJIOKAJIbHBIE B3AMMOIEHCTBYS, €CTh BCE OCHOBAHUS OXKHUIATH, UTO
dopmagmzm OKJI MoxkeT OBITH YCIEITHO MPUMEHEH K JAHHOUW MpobjieMe aHAJIOTHIHO
TOMY, Kak Obl10 crenano B 3bdexTnBHON Teopun noss saepHbix cna [10, 11].

2. IIpomararop ¢doToHaA, B3aMMOIAEHCTBYIOIIETro
C CHJIBHBIM JIa3€PHBIM I10JIEM

B pamkax ¢dopmammsma OKJI craHOBUTCS BO3MOYKHBIM €CTECTBEHHBIM 00Pa30M
y9eCTh HEeJIOKAJIbHOCTH B3aMMOIeiCTBYSA (DOTOHA C MHTEHCUBHBIM JIA3€PHBIM TOJIEM, 3a-
MEHUB CBOOOIHBIH TpormaraTop hoToHA

Goz) = Y % (5)

n

Go(z) = Z |Z3)><n| , (6)
— z—FEy’ —Ci(z)
OIHUCBHIBAIOMIAM 3BOJIONHIO B3aUMOJAEHCTBYIomero ¢gporoHa. B Takom ciydae omeparop
T(z) 3amensierca onepaTopom M (z), KOTOPbIii OIUCHIBAET IPOLECCHI, KOT/A CYIECTBYET
B3aMMOJICHCTBYE O KpaiiHeil Mepe Mex Iy AByMs dacTunamMu B cucreme. Oneparopbl
T(z) m M(z) csa3anbl cemyoomuM obpasom [9]:

Go(2) + Go(2)T(2)Go(2) = Go(z) + Go(2) M (2)Go(2). (7)

Dynkims C(z), onuchBaromas B3anMo/IefiCTBIe ¢ BAKYYMOM, OTBEYAET 32 COOCTBEHHYIO
SHEPIUI0 YACTHIHI U ONpeJesisieTcst U3 ypasHeHus [9]

[IPOMAraTopoM

0O m)@m () ®
C TPAHUYHBIM yCJIOBUEM
Culz) = (ol Ba(a)] ). )

riae (n| Bs(z)| n) — aro aMmumTyael, onpezessiembie Gosee dbyHIaMEHTATBHON Teopuei
qutst jannoit 3agaan. OHu BRIOUPAIOTCS TAaKUM 00pPa30M, 9T0ObI BOCIPOU3BeCTH (DU3UKY
CUCTEMbI MPU BBICOKUX SHEPIUsX WK MPU KOPOTKUX BPEMEHAX, 4TO TO ke camoe. Ode-
BUJIHO, 9TO JIJIsi PACCMATPUBAEMON 3aa9i OCHOBHON BKJIaJ OyJeT JaBaTh JHATPAMMA,
OTMCHIBAIOIIAS B3aUMOIEHCTBUE PATUAIIHOHHOTO TOJIs ¢ BHEITHUM 3JIEKTPOMATHUTHBIM
OJIEM B OJHOMETIEBOM Tipubmzkennn. COOTBETCTBYOMIAS AMIIUTYIA MOYXKET OBITH TM0-
JlygeHa ¢ moMoInbio 3 MeKTUBHOrO onepaTopa Takoro B3auMOIeHCTBYsI, TIPUBEIEHHOTO

B [13]:

(B2 =~ 500k — k) X

X / dre™™ (e4) (e_ik?TH“V(T,kﬂJreikgTH’W(’r,*kg)) (ey)w, (10)
0
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(P e =

[AVAVAVAVAWY
+ WC‘D’\M + Q% +
AVAVAVAVAW

Puc. 3. Ypasuenme (8), rpadmveckm TpPEJCTABIEHHOE HA A3BIKE YIOPATOYEHHBIX BO BpE-
Menu puarpamu. [Tepsble JBa d/ieHa COOTBETCTBYIOT BKJIALY OT COOCTBEHHOI sneprun (Gorona,
HE B3aMMO/IEHICTBYIONIEr0 ¢ JIa3€PHBIMUA MOIAMU

ko s oy
" (7, k) :/Toem()(tft)ﬂ“”(k;m)- (11)
7T

IMoapo6ubiii Bux oneparopa II# (k; pr,), ONUCHIBAIONIErO TIOJISIPU3ALUIO BAKYyMa B IPH-
CYTCTBUM BHEITHEro ToJisi, npueedeH B [4]. B ypaBuennn (8) B KadecTBe ormepaTopos
M (z) MO¥XKHO BBIGPATh AMIUINTY/IBI, COOTBETCTBYIOIINE MPOIECCY, TP KOTOPOM U JIeK-
TPOH ¥ TO3UTPOH MOTJIONIAIOT TI0 OJfHOMY Ja3epHoMmy dhoTony. ITpn aTom coxpaHseTcs
UMITYJIbC OCHOBHOIO (DOTOHA, YTO JOJIZKHO BBIIOJHATHCA B CULY CUMMETDUU 3aAYU.
ITpoueccel, npu KOTOPLIX mapa MOrJIONAeT Beero oauH (DOTOH, 3ampelieHbl TeopeMoit
®appu. deranusuposanubiii By ypasHenus (8) npejcraBjien Ha puc. 3.

Onpezienns ¢ moMoIko ypaBHenus (8) ¢ rpannydabiM yeaosnem (9) dyukmmio C(z),
MBI CMOYKEM 3amucarh mponaratop (GoToHa, «OJeTOT0» BHEITHUM JIa3ePHBIM MOJIEM:

oo

U(t,O):f%/éo(z)eithz =

—00

i |k) (k| 37, izt / izt 3
= —— — d’ke”*dz = kye®s' (k| d°k 12
ﬂ-//z—Ek—Ck(z) ‘ : [y e (k| (12

rje zg ompesiesifieTcd U3 ypaBHeHus Ha moJioc Gyukiuu ['puna

22 — B — Ck(zg) =0. (13)
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Torma BepOSITHOCTH POXKIEHWS AP U3 BAKyyMa OYIET OMpPeIe/siThCsd MHUMONW JaCThIO
22. Jlerko mokazaThb, ITO B JUAUPYIOMIEM MOPSAIKE, KOTIa

Cr(z) = LP~ 1, (14)
MOZKHO IOJYYUTH CTaHJAPTHOE BBIPaXKeHUe (2) JeficTBUTETHHO, B 9TOM CIIydae
20 =F + LF 1, (15)

Torna

U(t,0) = / [y /(P50 () P = 1 / k) €40 (k| k=

. E—H E—H
— (i(HAReLE )t —Im L7~

P~ E—QImLE*Ht7 (17)

rme W = 2Im LE~H - mepoarrocTs poskaenns mapbl B eHHALY BPEMEHH, 9TO TPHUBO-
JIAT K BBIpAsKEHUIO (2).

3akJiroueHue

Mpbr 06cyumm pasamaHbIe TOAXOABI K TPOBIeMe POXKICHHS SJTEKTPOH-TIO3ATPOHHBIX
nap u3 BaKyyMa B IIPUCYTCTBUHM CHIBHOrO BHEMHEro mossa. OcobbIil mHTEpec mpeacTas-
JIIeT CXeMa, TP KOTOPO# PaCCMATPUBACTCA B3aNMOICHCTBIE IBYX CUIBHBIX BCTPETHBIX
JIA3EPHBIX MyYKOB. I pacdera BEepOATHOCTH TPAAWINOHHO WCHOIL3yeTcst (bOpMyia
(2) [3], ommHako oHa ObLIA BHIBEIEHA €Ille B MHOHEPCKUX PAaboTax Mo BaKyyMHOI Hesn-
Heitnocru (cMm., Hanpumep, [7]) 1 ocHOBaHa HA ONpeeIeHHbIX pubuKenusx. [lonbirka
cTpororo anaiau3a opuia caenana B pabore [4], onHako, Kak ObLIO OTMEYEHO BbILIE, B Heil
BBOJINTCSA JIArPAHyKUaH, He UMeIommil (pu3maeckoro cvbicaa. Hamm 6bu10 mokasano, 9To
OK/I oTKpBIBAET HOBBIE BO3MOKHOCTH [IJIST Perenust NogoOHBIX mpobaem. Mpbr 1oka3anm
TaK’Ke, KaK 3TO MOYKHO CIIEIAThH, UCXOIA W3 HEJOKATBLHOTO ONepaTopa B3anMOIeiCTBHA,
nosty4eHHoro pasee B pamkax ¢dpopmanuzma OKJI [13].

Pa6ora Brimonaena npu noaepkke rpanta [Ipesugenta PO HIII-5289.2010.2 u Pe-
JepasibHO# 1esieBoit mporpaMmMbl «Haydunbie n HayaHO-TIerarornaeckye KaJapbl HHHOBA-
mnonnoit Pocenms mHa 2009-2013 roxer (TK Ne 02.740.11.0428).

Summary

R.Kh. Gainutdinov, A.A. Mutygullina, M.A. Khamadeev. Generation of Electron-Positron
Pairs in the Field of Two Strong Counterpropagating Laser Beams and the Nonlocality of
Photon-Photon Interaction.

The article investigates the process of electron-positron pair generation in the field of two
strong counterpropagating laser beams in vacuum. It is shown that a generalized dynamic
equation makes it possible to take into account the natural nonlocality of photon-photon
interaction while describing this process.

Key words: photon-photon interaction, strong laser fields.
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