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CTPYKTYPA ®OPM®PAKTOPOB PJIEKTPUYECKUX
OKTYP OJIbP bIX PE3OP AP COB JIEI'KUX SAJEP

H.T'. I'onuapoga, A. A. [Txnoes

(HHHA®D)

Ilposenen pacyer npojoJbHBIX H nonepevHbIX GopM(paKTOPOB BceX OJHOYACTHYHBIX mnepexoiios E3
s sigep 1p 1 1d— 2s 060s049ek. Beijenenbl BKIaAbl OPOUTAILHOTO H CNHHOBOTO HYKJIOHHBIX TOKOB B
nonepevnbie hopMpakTopsl, paccMoTpeHbl d¢hdeKThl HHTEpdepeHIINN TOKOB. [oKka3aHa BO3MOKHOCTE HIleH-
TUPUKANUMA KBAHTOBBIX 1HCeJI epexo/ia MyTeM aHAJIM3A JKCNEepHMEHTAIBHBIX 3aBHCMMOCTel NPoAoJIbHOro
u nonepednoro 3 GopMpaKkTOpos OT NEPEIAHHOrO FAPY HMIYJIbCA.

W3yuenne BBICOKOBO3OYKICHHBIX COCTOSHHUA ATOMHBIX
a7ep — MYJBTHUIIOJABHBIX THTAHTCKUX PE30HAHCOB — B
MOC/ICTHUE MATHAIATE JET CTOJKHYJIOCH ¢ TpobiaeMoi
aJIEKBATHOTO MUK POCKOIIMYECKOTO OIMCAHHUS BCE BO3pac-
TAIONUIETO OOBEMa 3KCIIEPUMEHTAJIBHBIX JIAHHBIX, [IOCTYIIA-
FOIIIX C HOBOTO ITOKOJIEHUS YCKOPUTEICH ITPOMEXKYTOUHBIX
sHepruil. OfHA W3 3HAYUTEIBHBIX TPYJHOCTEH IpH aHa-
JIN3¢ CEUCHUU PEAKIUM COCTOUT B PA3ICICHUH BKJIAJIOB
AJICPHBIX BO3OYXKIEHUH PasJIUYHONU MY/IBTHIIONBHOCTH. Ec-
Ju B (QOTOSIEPHBIX PEAKIIMAX, CEUCHHUS KOTOPBIX WHTECH-
CHUBHO HCCJIIOBAIMCH OKOJIO IIOJIYyBEKa, B CHJIY ACHCTBUI
JUIMHHOBOJIHOBOTO IIPHOJIMIKEHUS ITPOABJIAINCE IIOUTH UC-
KJIFOUMTEABHO JUIOJBHBIE BJIEKTPUUECKHE PE30HAHCHI, TO
pOCT TEepelaHHBIX APy HUMITYJIBCOB HA HOBBIX YCKOPHUTE-
J9X JenaeT KapTUHY SJePHOTO BO3OYKJICHHSI COUCTAHHEM
PE30HAHCHBIX MHUKOB Pa3IMYHON MYJIBTUIOIBHOCTH [1, 2].
W3zyuenne My/IbTHITONBHBIX TUHTAHTCKUX pe3oHancos (MI'P)
MIPEJICTABISIET OOJBIION HHTEPEC, TOCKOJIBKY OHU SBJSIOT-
CA OTPAKEHHEM Ma/IO HCCAEIOBAHHBIX MOJI BHYTPEHHETO
JIBIDKCHUA B sApax. B wacraoctn, 8 MI'P BeICIITMX MYJIB-
THUIIONBHOCTEH BEIMK BKJAJ BHYTPUAJAEPHOTO CIHHOBOTO
TOKa, UHTEP(EPEHIUI KOTOPOTO ¢ OPOUTAIBHBIM TOKOM
dbopMupyeT HYKJIOHHBIH TOK. XOTa uccienosanue MIP
IIPOBOJUTCSA KaK Ha BJIEKTPOHHBIX, TAK U Ha aJPOHHBIX
YCKOPUTE/IAX, Haubosjee WHGOPMATHUBHBIM METOAOM H3-
YUCHHS BBICOKOBO3OYKIEHHBIX COCTOSHHE $JIep OCTAITCA
3EKTPOSAECPHBIC PEAKIIMH, B KOTOPBIX 3(P(hEKTHl 4epHOTO
OTKJIMKA HAa BO3OYXKJAEHHE HE MacKUpyroTcs 3ddexramu
CHJIBHOTO B3aHMOJICHCTBUSA IPOOHOM YACTHIIBI C S/IPOM.

Hannag paboTa MOCBANIEHA MUKPOCKOIIUYECKOMY aHa-
a3y GopM(OaKTOPOB 3AEKTPHUECKHX OKTYNOJABHEIX (E3)
BO3OYXKJICHUH JIETKUX syiep. BrpleneHue BKIAA0B OT 3 pe-
30HAHCOB B OOIIICH KAPTHHE 3JIEKTPOBO3OYKICHUS SJICP B-
JISETCA HETPOCTOM 3a7auel, TaK Kak KpoMe F3 pe30HaHCOB
IIpY TeX K€ MEPEeNaHHBIX APy UMIIYAbCaX CYIIECTBYIOT H
MAaTHUTHBIE pe3oHAHCHl M2 u M4. B srofl xe obnactu
IIePeIAHHbIX UMITYI5COB ¢ (1,2 pm~1 < ¢ < 2,2 dm~1) mpu-
CYTCTBYIOT IIMKH 3JIEKTPUUECKUX JIMIIOJBHBIX PE30HAHCOB
crinaOBOTO THMA [3]. OIHA W3 1IE/1eU HACTOAIIEH CTaTh! CO-
CTOHUT B HCC/AEIOBAHUN BO3MOXHOCTEH BBIJEJICHUSA 3 Pe3o-
HAHCOB U3 OOIIETO CEUEHUS BO3OYMKJICHUS Apa B PEAKITHAX
HEYIPYTOTO PACCEIHUS 3JICKTPOHOB. MUKPOCKOTHUCCKUN
ananu3 QGopmbpakTopoB E3J Iepexo/IOB IMPOBEJEH HAMU

/194 BCEX OJHOUYACTUYHBIX Bo36y>Kz[eHHﬁ, YYaCTBYIOILIUX B
CO3/IaHUU COOTBETCTBYIOIINX PE3OHAHCOB B 41pax ld—2s
060J10UEK.

MyJBTUIIONBHBIE PE30HAHCHI B CEUEHHUN BJIEKTPOBO3-
Oy KJICHUS COOTBETCTBYIOT MAKCUMYMAaM ITPOJAOIBHEIX H 10~
MIEPEYHBIX MYJBTUIONBHEIX (OPMPAKTOPOB, CYMMEI KBaj-
paToB KOTOPHEIX (OPMHUPYIOT TOJHOE CEUCHHUE:

Ao _ Z2oy
dQdw R

{Fr00)+ (341 F) Bl

Bea undopmanug o CTpyKType sapa COCPEIOTOUCHA B
IPOAOABHBIX (J) 1 rtoniepeusslx (E.J, M J) My/JIbTHIIOIBHBIX
dbopmbakropax [1], KOTOpBIE HEpPE3 MATPUUHBIE 3JIEMEH-
ThI MYJIBTHUIIOJBHBIX OIIEPATOPOB CBA3AHEI C ILJIOTHOCTAMH
4ICPHOTO 3ap4aa U TOKA:

4 1 ~ 2
2 __ coul . 2 2 2
FL_ 72 2Jz+1 z]:‘<Jf||TJ ||JZ>‘ sn cm_EJ:FCJ(Q)a
4 1 ~ 2
T Z22Jz+]—§J:{ f||J|| + ()

~ 2
g} £t = 3 (R + Fius}.
J

35eCh fon, fom — POPMPAKTOPDI, YIUTHIBAIOIINE KOHEY-
HBIE pPa3Mepbl HYKJIOHA U JIBIKEHHUE TIEHTPA MacC Jipa.

Ppu 57eKTpUUECKHX OKTYIIOJBHBIX BO3DYKJICHHUAX B
CEUEHUH ITPOABJISIOTCS ITUKHU KAK TIPOJIOJABHBIX 3, TAK U IO~
niepeunbix GopmparTopos 3. Pe3oHaHCHDBIE TUKH TTPOIO/Ib-
HBIX (opMbaKTOPOB 3aMETHEI IPH PACCESHUH 3JIEKTPOHOB
B IMEPEHION HOJYCHEepy U OTCYTCTBYIOT IPH PACCCIHUH
37EKTPOHOB Ha3a/l. P uku nonepeunbix GopMParTopos jio-
MUHHUPYIOT IIPU OOJIBIINX YTIaX PACCCSHHS SACKTPOHOB; X
(bopMHUPOBAHNE BBI3BAHO BHYTPUAJACPHBIM TOKOM, OCHOB-
Hasd — HYKJOHHAad — KOMIIOHCHTA KOTOPOTO COJIEPKHUT
BKJIAJIBI KAK OPOUTAIBHOTO, TAK U CIIMHOBOTO TOKA:
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V5717 2J_|_1 dra(grs) [Yrra x Vi) 50,
(3)

Ponp Bk1270B OPOUTANBHBIX M CHUHOBBIX KOMIIOHEHT
HYKJIOHHOTO TOKa B IOIEpeuHbId (GopmbakTop J siek-
TPUYECKOTO MYJIBTHIIOIBHOTO PE3OHAHCA MEHSETCS B 3a-
BHCHUMOCTH OT MYJBTHIOJBHOCTH Tepexona J. Pa ¢op-
MHPOBAHUE 3JICKTPHUCCKUX JHUIOJBHBIX IEPEXOJ0B IPH
MaJIBIX 3HAYEHUAX IePETAHHOTO UMITYJIbCA PEIIAOIICE BIH-
AHUEC OKa3BIBACT OpPOUTAIbHAS KOMIIOHEHTA HYKJIOHHOTO
Toka. BereacTeue 3Toro ceueHue (GOTOACPHOM peakIlu,
IIPOIIOPIMOHAJIBHOE KBAApaTy mnormepeunoro Gopmbakrropa
F2(E1), opmupyercss B3aUMOAEHCTBIEM JIEKTPOMATHUT-
HOTO KBAaHTa TOJBKO C OPOUTAJIBHOH KOMIIOHEHTOH TOKa
47pa U HE COAEPKUT UHGOPMAITMM O CIHHOBOM BHYTPH-
AJICPHOM TOKE.

Bxnag cnumHOBOTO HYKJIOHHOTO TOKa B 3 IIEPEXOJBI
CO37aeTCd ITEPBBIM WIeHOM (GOpMYJIBl (3), coAepKalluM
CIIMH-YII0BOH omepaTop [Y3 x ). COOTBETCTBYIONIMHA eMy
MATPUYHBIA 3JIEMEHT B JajbHEHIIeM 0003HAYAETCS KaK 3.
Bxsiajiel opbuTanpHBIX TOKOB B CyMMapHBIH (opmbakTop
CBSI3AHBI C JICHCTBHEM O1epatopos [Ys x V] u [Yy x V]; um
COOTBETCTBYIOT B JaJBHCHINICM OOCYKJCHUU MATPHUHBIC
371eMeHTHI 2 U B4. IHTephepeHIng MATPUYHBIX 3JICMEHTOB
CIMHOBEIX U OPOHUTAIBHBIX KOMIIOHEHT HYKJIOHHOTO TOKa
OIpeAesIeT OCOOCHHOCTH IONEPEUHBIX (popMpakTopos 3
MIEPEXOA0B 14 JIF0OOTO aapa.

AHanu3 BKJIAJOB OPOUTATIBHBEIX M CIHHOBBEIX KOMIIO-
HEHT BHYTPUAJCPHOTO TOKA B CEUEHUS OKTYIOJBHEIX PE30-
HAHCOB JIETKUX $JICP JAET BO3MOXKHOCTH IIOHATH BHYTPCH-
HIOKO CTPYKTYPY SUIEPHOTO OTKJIUKA HA BO3OYXKJCHHE JaH-
HOH MYJIBTHIIOJBHOCTH, B YACTHOCTH BBIICHUTE HPHPOIY
MHUHHMYMOB IoOIEepeuHbIX (opmparTopos. Hccnemosanne
posu UHTEP(EPEHITUH CIMHOBOTO U OPOUTAIBHOTO TOKOB
B 3 BO3OYXKJCHHSX fBJICTCA OCHOBHOH 3ajaucii JaHHOU
paboTEL

MaTpuYHEIE JIEMEHTHI OIIEPATOPOB MEPEX01a U3 OCHOB-
HOTO COCTOSIHUS SIPA-MUIIICHH B BO3OYXKJICHHOE COCTOSHHE
BO BCEX BAPHAHTAX MHUKPOCKOIIMUYECKOTO MTOAXO0MA TEOPHH
A7pa IPEACTABIAIOT COOOH CyMMBI MATPHYHBIX 3JEMCH-
TOB OJIHOYACTUYHBIX OIEPaTOPOB. MaTpUUHBIEC 3JEMEHTHI
onepatopos U u € cooTsercTByIONIME TPOMOIBHOMY
3 u nomepeynoMy 3 GopmpakTopaM, PACCUUTHIBAINCE B
NPUOIMKEHUN BOJHOBBIX (YHKIIMH TapMOHHUYECKOTO OC-
IMALIATOPA:

(T ITsg 1) = ~y)Per(y).

(TNEAAINT) = ——= = exp(—y) P (1)

3necs =(gb/2)%, b — mapaMerp OCHMLIATOPA, — Macca
HYK10HA, Pey(y) ¥ Ppy(y) — MOJIMHOMEI, 3aBHCAIIME OT
KBAHTOBBIX YHCE] HAYAJIBHOTO M KOHEYHOTO COCTOSIHHM,
Pp;=A3+4+B24B4.

PezynpraTel pacueros nomnepeunsx GopMpaxTopos oa-
HOYACTHYHBIX OKTYIIOJBHBIX BO3OYxAeHUH aaep 1 u 1d—2s
obosouek oTpakeHBl Ha puc. 1-3. P pusencuune rpadu-
KH COOTBETCTBYIOT H30BCKTOPHBIM BO30YKJCHUIM JIETKHX
aaep. OTMETHM, YTO PE3YJBTATHEl PAacYeTOB MATPHYHBIX
3JEMEHTOB M30CKAISIPHBIX U M30BEKTOPHBIX BO3OYKICHUH
COBIAJAFOT IS BCEX ~ 3aPA/IOBBIX  KOMIIOHEHT IOIEPEU-
voro ¢opmpaxropa, T.e. 2 U 4. VAeHTUUHBI OHU U JUIS
POAOJIBHEIX PopmPakTopoB. KosmuecTBeHHOE pazinune
dhopMpakTOPOB U30CKAAIPHBIX U M3IOBEKTOPHBIX BO30YXK-
JICHUH CBA3aHO CO CIMHOBOW KOMIIOHEHTOW BHYTPHUAIED-
HOTO TOKA, IOCKOJIBbKY OTHOIIEHUE HEIICPEHOPMUPOBAHHEIX
3HAYCHUH H30BEKTOPHOTO M H3OCKAIIPHOTO MATHUTHBIX
MOMEHTOB PaBHO 5.4, UTO NPHUBOJUT HOYTH K TPHUAIATH-
KPATHOW PA3HUIE B CEUCHUAX BO3OYKJICHUSL.

Pa puc. 1 moxazaHbl BKJAJbI CIUHOBBIX (3) u opbu-
TanpHBIX (2,4) wieHoB B 3 (GopM(pakTOphl MEPEXOIOB U3
1d5/>-IOI000IOUKH, TaM € TIPUBEJEHBI 3HAYEHHA IIPO-
JlonpHBIX popMmpakTopos 3. Pa srolt cepuu rpadukon
CJIEBA TIOKA3aHBI BKJIA/IBI MATPUYHBIX JIEMEHTOB CIIMHOBEIX
U OpOUTAIBHBIX TOKOB B CyMMapHBEIA (opmbaxTop, cripa-
Bd — 3HAUCHHS KBaJPATOB IOMNEPEUHBIX U IIPOJOJBHBIX
dbopmbakTopoB mepexoja. PaccMOTpUM HEKOTOPBIE OCO-
OCHHOCTH IIOJYYEHHOH KAPTHHBI HA IIPUMEPE IMOBEACHUS
popmdakTopos OKTYNONBHBIX NEPEXONOB 1ds o — 1f7/5.
B monepeunsiit GopmbakTop B 3TOM Caydae Aar0T BKJA]
BCE TPHU OIIEPATOPA, TCHEPUPYIOIINE MATPUUHEBIE JIEMEHTEI
3, 2 u 4. MurepdepeHiiugd MaTpUUHBIX 3JIEMEHTOB ITPUBOJIUAT
K TOMY, UYTO CyMMapHEII NIoepeuHblid hopMparTop ABaXK-
JIBI IIPOXOJUT Yepe3 Hy/Ab IPH ICPETaHHBIX HMITYIbCAX
~ 0,8 m 2,3 pm~ . Benencrsue 3TOR MHTEPPEpEHITHH
KBaJpaT momnepevHoro ¢opmpaxTopa HEBEJIUK B 00JACTH
NEPEIAHHBIX UMITYIBCOB ¢ < 2 M~ ' u umeer jasa Mu-
HUMYyMa. P poionsHEL hopMparTop 371eCb MUHUMYMOB HE
HUMEET U JIOCTHTAET MAKCHUMYMA IIPH NIEPEAAHHOM UMITYJIBECE
1,4 dm~!. MunuMyM mpooaBHOTO (GopMpakTOopa IIpH
g = 2,3 dM~! umeer IMPpPAKIMOHHYIO TIPUPOAIY, T.e€.
COOTBETCTBYET MUHUMYMY chepuueckoil pynkiuu Peccens
ja(ar).

Pa puc. 2 mpuBeaeHB! KBaAPATHl MPOAOIBHEIX U IMOIE-
peunbix GopMPaKTOPOB BCEX 1TEPEXOIOB U3 1d—2s 060J109-
KU, YIACTBYIOIIUX B (DOPMHUPOBAHUY 3JIEKTPUUECKUX OKTY-
MIOJIBHBIX PE30HAHCOB U HE IOKA3aHBIX HA puc. 1. OTMeTUM
HEKOTOPBIC OCODEHHOCTH IIOJYYEHHBIX pe3yasTaToB. [l
nepexona ldzjp—1f7/; XapakTEPHO CXOJCTBO IIOBEIECHU:
MONEPEYHOTO U MPOAOABHOTO (hopMbakTopoB, 4TO 00B-
ACHSIETCSl OUCHB MAasbIM BKJIAJOM MATPUYHBIX 3JCMEHTOB
opbuTanpHOTO TOKA B IONEpeuHbIii hopmbakTop 3TOTO ITIe-
pexosa. MUHUMYM COHHOBOW KOMIIOHEHTHI IOIEPEUHOTO
dbopmbaxTopa uMeer Ty xe AUOPAKITHOHHYIO IPUPOLY, UTO
U MUHUMYM TIpojionsHoro opMpaktopa. P okazannas na
puc. 1 xapruna hopMPaxTOpOB CIUH-QIUIOBOTO MIEPEXOAA
lds/31 f5/2 uMeeT Te ke 0OCOOEHHOCTH.
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Puc. 1. ®opM(AKTOPHI OHHOYACTHYHBIX E3 IIEPEXONOB U3 1dy /»-110100010UKH. CleBa HA KAXKIOM PUCYHKE
MMOKa3aHbl BKIAJbl B Iolepeunslit dopmbakrop (E3) CIUHOBOH (A3) KOMIIOHEHTHI H OpOMTAIIBHBIX
(B2, B4) KOMIIOHEHT sfiepHOTo ToKa. ClpaBa — KBaJIpaThl IIPOJOIBHBIX U IONEPeYHbIX popMpaxTopoB
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Crpykrypa GopMDaxTOpoB IEpexooB U3 2s-10000-
JIOUKU YPE3BLIYAHHO IIpOCTA: MOIEPEeuHbId (opmbakTop
COJICPKUT TOJIBKO CIIMHOBYEO KOMIIOHEGHTY, IIO3TOMY MH-
HUMYMBI [IPOJIOIBHBIX U IIOMEPEUHBIX (hOPMMPAKTOPOB COB-
MaJaT Kak Juid HU300paKeHHOTO HA pHC. 2 Imepexoja
25179 1f7/2, TaK U g nepexona 2sy9—1f5/2 U COOT-
BETCTBYIOT NEPEAHHBIM UMITYIBCAM ~ 2 Gm 1L,

XapakTepHble OCOOEHHOCTH H30BEKTOPHBIX (opmpak-
TOPOB 3 MEPexoA0B U3 00010uYKK 1 MOKa3aHBl HA PHUC. 3.
B aypax 1-06os10uku BKAAABI B HOMEpeUHbId (hopMmpakTop
JIAFOT JBE KOMIIOHCHTBI BHYTPUAAEPHOTO TOKA, COOTBET-
CTBYIOIIIUEC B HAIMX OOO3HAUCHUSIX 3 (CIMHOBBIA TOK) U
2 (opburaneueiil). MaTepbepernusa opOUTaIpHOU U CIU-
HOBOH KOMITOHEHT IPH MAajbIX IEPEJIaHHBIX HMITYJIBECAX
B l3/5 — ldsjs U 11/ — 1d5/, Tepexofax MOPUBOAUT K
MUHHAMYMaM IONepeuHbIX GopmpakTopos. g mepexoaa
13/2 — 1d3/> BKIAA OpbuTaIBHOTO TOKA B (popMpakTop
MPAKTHYECKH OTCYTCTBYET U ¢-3aBUCHMOCTH IIPOJIOJBEHOTO
U TI0TIEPeYHOTO (POopPMPAKTOPOB OKAZBIBAIOTCS IOI0OHBIMHU.

Orenku, poBeJieHHbIE B pabore [4], mokazaiu, uro 3
PE30HAHCH! B siIpax 1-0000UKY AAI0T BKJA/1 B CEUCHUE TIPH
TEX XKE 3HAYEHUAX MEPEJAHHOTO APy UMIIYIbCA, UYTO U TaAK
HA3BIBAEMBIE ~ BBITAHYTHIE COCTOSHUS, COOTBETCTBYFOIIUE
4 pezoHAHCAM. 3aBUCHMOCTH OT ¢ ITONEPEUYHBIX (hopmbak-
TOPOB 3 U 4 1epexojioB Takxke Onusku. Paznenenve Bkia-
J0B 3 U 4 pe30OHAHCOB BO3MOXKHO IIYTEM CPaBHUTEIBHOIO
WCCTIEJIOBAHUS CEUCHUN BO3OYKJICHHS IIPH PAa3HBIX yIIax
paccesHus, IOCKOJIBKY TOJBKO JJCKTPHUCCKHE IEPEXOJIBI
BO3OYKIAFOTCA IIPU PACCCSHUM HA MaJsble YIJIBL

ChopMyanpyeM OCHOBHBIE PE3YJBTATHI IIPOBCICHHOTO
HaMH MUKPOCKOITHUECKOTO aHAMN3A 3JIEKTPHUCCKUX OKTY-

MIOJIBHBIX IIEPEXO0JIOB B JICTKHUX S/pax.

1. Bxiajg B ceueHUE 3JICKTPOBO3OYK/CHUS JIETKUX SJIED
3EKTPUUYECKUX OKTYIIOJIBHEIX IIEPEXOI0B BEIUK B 00JACTH
HepeaaHHbiXx uMIyecos 0,8 M~ < ¢ < 3,2 dm~1, e on
CPaBHUM C BKJIAAaMU 2 U 4 PE30HAHCOB UJIN IIPEBBIIIAET UX.

2. Belzenenue BKIAJOB 3 IEPEXOJI0B U3 OOIIEH KapTH-
HBI CEUCHUS 3JIEKTPOBO3OYKIAEHUI BOZMOXKHO IIYTEM CPaB-
HUTEJIBHOTO HCCIAEAOBAHUS IMPOAOIBHBIX M IONEPEYHBIX
dhopmbakTopos.

3. Murepdepeniiug BK/IA0B CIIMHOBBIX U OPOUTAJILHBIX
KOMIIOHEHT HYKJIOHHOTO TOKA B MOIEPEUHBIH popmpakTop
MOXKET TIPUBOJUTE K TOSIBJICHUIO JIOMOJHUTEIBHEIX MUHH-
MyMOB popmpakTopa 3 nepexoja, UMenIUX He JUppakK-
IUOHHYIO TIPHPOY.

4. CpaBHUTEJIBHOE UCCIEIOBAHAE B OKCICPUMCHTAX BBI-
COKOTO Ppa3peIICHUs ¢-3aBHCUMOCTH IONEPEUHBIX U IIPO-
JTIOJBHEIX  (OpPM(PAKTOPOB 3 PE3OHAHCOB MOXKET CIOCOO-
CTBOBATH HJCHTU(UKAITUN KBAHTOBBIX UYHCET OCHOBHOTO
[IEPEXoa, YIACTBYIOUIETO B (POPMUPOBAHUH CEUEHUS SJIEK-
TPOBO3OYKJICHUSL.
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