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AHHoTanusd. HalileHsl pemeHus 11 aCHMMETPUYHOTO TOTEHIIMAIA HEOJHOPOIHOTO AJIEK-
TPUYECKOTO TIOJISA, 3aJIaHHOTO riaakoi gyHkmuei. C momoiieio HenepTypdbaTuBHOTO (HOp-
manu3Ma K3J| ¢ MHTEHCHBHBIM HEOJHOPOIHBIM JJICKTPUUYECKUM IMOJeM CHOPMUPOBAHBI
MTOJTHBIC HAOOPHI PEIICHUH, KOTOPHIC OMUCHIBAIOT HAYalbHBIE M (PUHAIBHBIC COCTOSHUS
YaCTHUI[ U aHTHYACTHIl. UTO TMO3BOJMIIO HMCCIIENOBATh OCHOBHBIE XapaKTEPUCTHUKH HECTa-
OWJIBHOCTH BaKyyMa B pacCMaTPUBAEMOM 3JIEKTPUUECKOM IOJI€ M CPABHUTHh MX C COOTBET-
CTBYIOIIMMH XapaKTEPUCTUKAMU HECTAOMIBHOCTH BaKyyMa B U3BECTHBIX TOYHO PEIIAeMbIX
ciydasx. [Ipoananu3upoBaHa 3aBUCUMOCTb YKCIIa POXKIECHHBIX Map OT MapaMeTpa, onpese-
Jso1Iero (opMy aHATUTUYECKOTO AaCHMMETPUYHOTO JIEKTPUUECKOTO TIOJIS.

KaroueBsie ciioBa: KDJI cuibHOTO Mosisi, HecTaOMIBHOCTh BakyyMma, ¢ dext [lIBunrepa,
ypaBHenue [{upaxa, mpeoOpazoBanue JlapOy

BBenenue. /[ kBaHTOBBIX d(PPEKTOB CUIBLHOTO TMOJIS, TAKUX KaK POXKICHUE Map
U3 BaKyyMa, BO3MOXHOCTb BBIIIOJHEHHSI BBIUHUCICHUI CYIIECTBEHHO 3aBHCHUT
OT CTPYKTYPhI BHEIITHUX TOJIEH.

B Tex caydasx, korja KBa3MKJIacCCHUECKOE MpUONMKEHUE He paldoTaer,
HanOoJiee HAJEKHBIM SIBJISIETCS TTOAX0/1, C(POPMYTMPOBAHHBIN B paMKaX KBAaHTOBOM
TEOPUU MHTEHCUBHOTO 1081, B yactHocTH, Wit KOJI. B aTom nmoaxone HenepTyp-
OaTUBHbBIC BBIUMCIICHUSI OMUPAIOTCS HA TOYHBIC PEUICHUS PEIIITUBUCTCKUX BOJHO-
BBIX YpaBHEHHI ¢ BHEIIHMM rojieM [1]. dakTryecku, ogHAKO, M3BECTHO JIMIIb He-
CKOJIBKO TOUYHO-PEIIAeMbIX CIIy4aeB, XOTS Obl MPUOIMIKEHHO COOTBETCTBYIOIIUX
peaNrcTUYeCKUM cuTyalusaM. Takum oOpa3oM, BO3HUKAET 3a/iaya MOCTPOCHUS HO-
BBIX TOYHBIX pelleHUuN ypaBHeHUs Jlupaka B MHTEHCHBHBIX BHEIIHUX MOJSAX, pe-
HIEHWE KOTOPOW MO3BOJNMIO OBl PACHIMPUTh KJIACC TOYHO PEMIAEMbIX CIydaeB
B KO/I, a Taxxke u KTII B HCKpUBIIEHHOM MTPOCTPAHCTBE-BPEMEHH.

Metoabl 1 MaTepuaJbl; pe3yjbTarhbl. Jlyis uccnenoBanus dpdexra poxe-
HUSI Tap BHEIIHUM 3JJICKTPUYECKUM IMOJEM HCHOJb3yeTcss o0muil (hopmamuzm
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M METOAbl KBAHTOBOW TEOPHH IIOJII, B 4YacTHOCTH, kKaptuHa Dappu mis KDJI
C BHEIIHUMHM IIOJSIMM, HapYIIAKOIMMK CTa0MILHOCTE BakyyMma [1]. Jins mocrpoe-
HUS TOYHBIX pEeNIeHUI ypaBHeHUs [[upaka mpuMEHsIETCS METOJ| pa3ielieHus repe-
MEHHBIX M METOJI 00001IeHHOTr0 npeodpa3zoBanus JapOy. UTo mMo3BOIMIO MOCTPO-
UTh HOBYIO TOYHO pemraemyr wmojaelb B KDJI CHIBHOTO 3JIEKTPHYECKOTO
ACHMMETPHYHOTO II0JIsI, 3aJaHHOT0 aHAJTMTUYECKUM 110 (popMe moTeHImaiom [2].

3akaouenne. HenepTypOaTuBHO INMPOAHAIM3UPOBAHO BIIMSHHE ACHUMMETPUU
AIICKTPUYECKOTO TOJIs Ha 3P (HEeKThl HECTAaOMIIBHOCTH BaKyyMa, B YaCTHOCTHU TIOKa-
3aHO, YTO CYIIECTBEHHO MCHSCTCS MOBEACHUE CpeIHUX AU EepeHITNATbLHBIX YUCET
POKJIEHHBIX TIap 1O CPABHEHHIO C UX MOBEJICHUEM B CIydae CHUMMETPUYHOTO DJICK-
TPUYECKOro mojisa Turma 3ayrepa. MccienoBana HeCTaOMIBHOCTh BaKyyMa B ME/I-
JICHHO MeHsromeMcsl mnojie. [loka3aHo, 4To B JOCTaTOYHO ITMPOKOM JHAIa30HE
UMITYJTBCOB (P epeHIMATBHBIC CPETHUE YUCTIA POXKAAIONITUXCS TTap HE 3aBUCAT OT
(GhOpMBI AHATUTUYECKOTO ACUMMETPUYHOTO AJIEKTPHUECKOTO TIOJIT M COBMAIAIOT C
TEMH, KOTOPBIE CO3Ial0TCS IMMOCTOSHHBIM JICKTPUYCCKHUM Toj1eM. [IpoBeneHo cpas-
HEHHEe OOIIero CpeaHEero YUcia POXKJICHHBIX Tap B PeKUME MEUICHHO MEHSOIIC-
rocs TIOJISL C OIEHKOW, TOJIYYCHHOW B MPUOIMKCHUH YHUBEPCATHLHOTO MEIJICHHO
MEHSIIOIIETOCS TTOJIS.
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Abstract. Solutions have been found for the asymmetric potential of the heterogeneous
electric field, given by a smooth function. With the help of non-perturbative formalism
QED with intense heterogeneous electric field complete sets of solutions are formed, which
describe initial and final states of particles and antiparticles. Which made it possible to
study the main characteristics of vacuum instability in the electric field under consideration
and to compare them with corresponding characteristics of vacuum instability in known
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precisely solved cases. The dependence of the number of created pairs on the parameter
defining the form of an analytical asymmetric electric field was analyzed.

Keywords: QED strong fields, vacuum instability, Schwinger effect, Dirac equation, Darby
transformation

Introduction. For strong-field quantum effects, such as the creation of a pair from
a vacuum, the ability to perform calculations depends significantly on the structure
of the outer fields.

In cases where the quasi-classical approximation does not work, the most reli-
able approach is the one formulated within the framework of SFQFT, in particular
for SFQED. In this approach, non-perturbative computations rely on the precise
solutions of relativistic wave equations with an external field [1]. In fact, however,
only a few well-defined cases are known, even if they are close to realistic situa-
tions. Thus, there is the problem of constructing new exact solutions of Dirac equa-
tion in intense external fields, which solution would allow to expand the class of
exactly solved cases in QED as well as in QFT in curved space-time.

Methods and materials; results. To study the effect of pair production by an
external electric field, the general formalism and methods of quantum field theory
are used, in particular, the Farry picture for QED with external fields that violate
the stability of the vacuum [1]. To construct exact solutions of the Dirac equation,
the method of separation of variables and the method of generalized Darboux trans-
formation are used. This made it possible to construct a new exactly solvable mod-
el in QED of a strong electric asymmetric field specified by a potential of analyti-
cal form [2].

Conclusion. The influence of the electric field asymmetry on the effects of
vacuum instability is analyzed nonperturbatively. In particular, it is shown that the
behavior of the average differential numbers of produced pairs changes significant-
ly compared to their behavior in the case of a symmetric electric field of the Sauter
type. The instability of the vacuum in a slowly varying field is investigated. It is
shown that in a sufficiently wide range of momenta, the differential average num-
bers of produced pairs do not depend on the shape of the analytical asymmetric
electric field and coincide with those created by a constant electric field. A compar-
ison is made of the total average number of produced pairs in the slowly varying
field regime with the estimate obtained in the approximation of a universal slowly
varying field.
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