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[TaspaboTaHo, M3roTOBIEHO U HCCIEJOBAaHO CeMeiCTBO BHICOKOUYBCTBUTEILHBIX YCTPOICTB Ha OCHOBe Ha-
HOMOCTHKA U3 rpadeHa M CBEPXIPOBOZHMKOBBIX 3JIE€KTPOJOB, KOTOpPble MOTYyT CTaTh OCHOBOH [IA CO3[JaHUA
HMHTerpalbHOr0 NpUeMHUKa Ha Oase rpadeHa. MccrenoBaH mpoTtoTun GolomeTpa Ha XONOZHBIX 3IEKTPOHAX C
TYHHEIbHbIMY [epeXoJaMy CBepPXIPOBOIHUK - U30IATOP—HOpManbubIii Metamn (CUIL). U3mepen ero oTKINK Ha
u3MeHeHue TeMnepaTypsl 1 BHemHero CBU-u3nyuenus. VcciegoBaH cBepXNIPOBOAHUKOBBIM KBaHTOBBIN MHTEP-
(epoMeTp c monockoii rpadeHa B KauecTBe cIaboil CBA3M MeAY CBEePXIPOBOIAIIMMU 3IeKTpofaMu. V3MepeHa
COOTBETCTBYIONaA MOXYIANNA HaNpAMEeHUA MarHUTHBIM I0JeM IIpU 3afaHHOM Toke. JlaA sTux o6pasioB Hc-
cleoBaHO BIMAHUE HANPFAKEeHWA 3aTBOpa Ha CONpPOTHUBIeHHe rpadena. [lnA moaTBep:kAeHUA OTHOCIOHHOCTH
rpadeHa poBeJeHO U3MePEHNe ero TOIMMHbBI B aTOMHO-CUIOBOM MUKPOCKOIIE, a TaKk:e KBaHTOBOro U sddekrTa.

IIpucoenrHeHne CBEPXNPOBOJHUKOBBIX JIEKTPOJOB K
rpadeHy I03BOJAET WCCIENOBAaTh ABIEHUA C ydacTHeM
a(pderTa 6IU30CTH, BRIOYAA MHOMECTBEHHOE aHIpeeB-
cKoe oTpaeHue [1,2], a Take co3gaBaTb pasNMyHbIE
yCTpoiicTBa, TaKkue, Kak HacTpauBaeMble CBEPXIPOBOIA-
mue ueny [3], cBepXIpoBOAALINE KBaHTOBbIe MHTepde-
pomertps! (ckBuzbl) [4] u T.n. IlaHOCTPYKRTYpPBI HA OCHO-
Be MOCTHKOB rpadeHa IpeicTaBIAIOT UHTEPEC C TOYKU
3pEHUA CO3[AaHUA BbICOKOUYBCTBUTENbHBIX MPUEMHBIX
¥ KM3MepPHUTEIbHbIX KPUOTEHHBIX YCTPOMCTB, IOCKOJIb-
Ky 006/afaloT TaKMMKM YHUKaIbHbIMM XapaKTeprucTHUKa-
MU, Kak NpeJelbHO Majiasd TONI[UHA (B OJMH aTOMHBIN
CIIOi), BBICOKAfA MOABMKHOCTb HOCUTENENd U UX Hyle-
Baf macca. IITu mapaMeTpbl MO3BONAIOT MOLYYUTD IIpe-
IelbHble XapaKTEePUCTUKU IPUEMHBIX ¥ M3MepHUTelb-
HBIX YCTPOMCTB, IO ONEHKAM 3HAUUTENbHO MPEBOCXO-
IAUKMe CyEeCTBYIOLIKNE TPaaulMOHHbIE YCTPOiCTBa, Ta-
KMe, Kak OOJIOMEeTpPbl ¥ KBaHTOBble WHTEP(PEPOMETPEI.
OueHuM, HanpuMmep, lpelelbHble XapaKTEPUCTUKU 6o-
nomerpa Ha xonopHbix anekrponax (IIXII) [5,6]. Ilox
neficTBMEM MMKPOBOJHOBOIO M3JIy4YeHUA MOLIHOCThbIO P
BIIEKTPOHHAA TemmnepaTypa T, NpyU MWIIMKEIbBAHOBBIX
TeMIepaTypax U3MeHAETCA Kak

T2 = P(AD) ™, (1)

roe X — mapameTp Marepuana, A — o6wem abcopGe-
pa. [lnf olleHKN YYBCTBUTENbHOCTU OOBIUHO KCIIONb3Y-
IOT BEIWYUHY OTKIMKA [0 HANPAMKEHUIo Sy, 1 SKBHUBa-
neHTHY!0 MomHocTh mryMa NEP. Otknuk Sy moskHO 3a-
nucaTh Kak

0U, /0T,

Sy = =200
v Ge—ph + GsIN

(2)
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rie Ge pn = HXAT? xapartepusyer addeKTHBHYIO
Teminonepegauyy MeAy BIeKTPOHHOU U GOHOHHON mox-
cuctemamu abcopbepa, Gsiy = OP/0T ectb ahderTus-
HaAa Temionepenaya CUII-nepexonma, mocpeicTBOM KOTO-
poit u3 abcopbepa ynanfiloTcA camble FOpPAYUE BIEKTPO-
Hel. OpHOBpemeHHO GgiN O0ecneuyuMBaeT >IEKTPOHHOE
oxJa;i[eHue U Mno3poinfeT n3beraTh neperpesa abcopbe-
pa. IllymoBeie cBoiicTBa xapakTepudyiorca NEP, koto-
pasf MoeT ObITh OMMcaHa CyMMO# M3 TPeX cllaraeMbIX:

NEP? = 10k ZA(T? + TS,) + 6U3In Sy + U2, S5
(3)
3mech MepBBIA WieH MpecTaBifAeT coboii TepMoAWHa-
MHMYECKUH MYyM 3IeKTPOH-(HOHOHHOTO B3aUMOJAEUCTBUA.
Bropoit unen ectb gpo6oBoit mym TyHHenbHbIx CHII-
nepexonoB. llocneguuii yieH omuchiBaeT BKJaj LIyMOB
nocnefytomero ycunutensa. W3 3Toit dopMynsl BUIHO,
YTO yMeHblleHHe o0beMa NMPUBOAUT K 3HAUYUTEILHOMY
cuumenuio NEP. IIpu npounx paBHBIX yCIOBUAX MPHU 3a-
MeHe cTtaHgapTHoi Tomonoruu IIXII c abcop6epom TOII-
muHoi 15 HM Ha rpadeH TonmuHo#i 0.3 HM MbI IOILY4YUM
Beiurpelm no NEP B 7 pas.
06s1yHo IIXII m3roTaBNMBAIOT M0 TPAAULMOHHON TEX-
HOJIOTMY HANbLIEHUA IIEHOK allOMUHUA U IPYTUX Me-
TalI0B Yepe3 MOJABEIeHHY0 MacKy MOJ pa3HbIMU yTia-
vu. [lumHMI clnoit anlOMUHUA OKUCIAIOT IIA GHOpMU-
poOBaHMA TYHHeNbHOro Gaphepa, IOCle Yero HambLIAIT
abcopbep u3 HopMmanbHoro Meramia [7]. B aTom cayuae
abcopbep He MoieT ObITh ToHbLIE mepBoro cios (50—
100 HM), 4TO He MO3BOIAET CYLUIECTBEHHO CHU3UTH 00'b-
eM abGcopbepa. B Hamewm ciyuyae mocienoBaTenbHOCTH
HaNbLIEHUA CI0EB M3MeHeHa, T.e. abcopbep HaHOCUTCA
HEePBBIM, YTO MO3BOJAET YMEHBLUINThL €ro TOILUIUHY [0
10 um [8]. Ilanee Hamu Gblia MpeANPUHATA HONBITKA pa-



354 M. Tapacos, H. JlungBann, JI. KyspmuH, A. Oprenc

gukanbHO yMeHbIUTb 00beM IIXII 3a cyueT npumeHeHusn
yriaeponssix HaHoTpyGok [9]. Tarue IIXII ¢ HaHOTPYG-
KaMM [OKAa3bIBAIOT KOHEYHBIH OTKIMK HA MUKPOBOJIHO-
BbIii curHan. OgHako ciumKoM 60nbIIoe KOHTaKTHOE CO-
IPOTHUBJIEHNE NMPUBOAUT K paccoriacoBaHWIO HUMIeAaH-
COB, UTO 3HAUYUTEIbHO yMeHbIIaeT UYBCTBUTEILHOCTH
ycTpoiictBa. 06bem rpadenoBoro abcopbepa sKBHBa-
neHTHOU TommuHbl 0.3 HM NpU TO# ke MIOI[AgU COKpa-
maetcA B 50 pa3 o cpaBHEHHUIO CO CTAaHJAPTHBIM MeTal-
JomieHOYHBIM TonmuHoi 15 M. IlomMumo sToro, MoxHO
OKUJaTh CHUJKEHUA NapaMeTpa MaTepuaia X 3a cueT
HYJIeBOIl MacChl 3JIeKTPOHOB U IBIPOK B rpacdeHe.

IlotomeTp Ha XOJOAHBIX DMEKTPOHAX COCTOUT U3 IO-
nocku abcopbepa, MOAKIIOYEHHOHN K 2JIEeKTpojaM aHTeH-
Hbl uepe3 TyHHenbHble nepexonbl Tuna CHUII ¢ obeux
cTopoH. B Hamewm cinyuae rpadeHoBbiii abcopbep moiny-
yaeTcAd MeTOJOM MeXaHMYeCKOr'0 OTClauBaHUA yellyer
rpaduTa U nepeHeceHUA UX Ha CTaHJAapTHYIO KpeMHue-
BYIO NOJJIOMKY 7 X 7 MM, IOKPBITYIO CI0eM OKHCYU KPeM-
Hua. llepen HaneceHmeMm rpadeHa Ha mopanoxke Qop-
mupytorca Au/Ti KOHTaKTHbIe IIOIALKY U [LIEHOYHbIe
MEeTKU ANA falbHelinmero coBMenenna. KoopauHarte! ue-
myeK rpadeHa 1o OTHOLIEHWIO K MeTKaM OIpelelfdloT-
cfl C MOMOLIbIO ONITUYECKOI'0 ¥ aTOMHO-CUJIOBOTr0 MUKPO-
cKomoB. [lnA nmoAaTBep:;«AeHUA OJHOCIOWHOCTH MONYyYeH-
HbIX rpadeHOBbIX (PparMeHTOB NPUMEHANIOCh H3Mepe-
Hue KBaHTOBOro apderra Xomna. XonoBckue rpadeHo-
Bble yCTPOHCTBA, U3TOTOBIEHHbIe HA TAKUX e TONJIO0M-
Kax, NeMOHCTPUPOBAlX XapaKkTepHbIH A1d OJHOCIOWHO-
ro rpadena monyuenbiii KBaHTOBbIN 3 dekT Xomna. Ue-
my#iky B 6oloMeTpax U UHTepdepoMeTpax ¢ TaKUM e
ONTUYECKMM KOHTPAacTOM OleHHBAlINCh Kak OTHOCIOH-
Hele. C Mcrmonb30BaHUEM IIEKTPOHHO nuTorpaduu Gop-
MUpoBalach MacKka pe3ucTa, 4epe3 KOTOpYyIO IIPOBOAU-
Joch NMIa3MeHHOe TpaBileHUe rpadeHa B kuciopoge. B
pe3yinbTaTe MNONyYalucb MOCTUKMU rpadeHa pasMepoM
5.5 x 2 MKEM?. 3aTeM U3roTaBIUBANUCH IPAMOYTOIbHBIE
CHUII-nepexoant pasMepoM 1.5 x 2 MEM? ¢ Kamgoro Kpas
rpadenoBoit monocku. Ilepexomsl mpexcTaBuanu coboit
TPEXCIOMHYIO CTPYKTYPY, cOCcToAIYIO u3 1.5 HM XxpoMa,
10 M anIOMUHUA, ero oKkucia, 06pa3oBaHHOTO B pPe3yllb-
TaTe OKUCIEHUA B TeueHNe 5 MUH B aTMochepe KHUCIopo-
na npu aasienuu 5x 1072 m6ap, 70 HM aTIOMUHUA U 5 HM
nannagus. [locie “B3pbiBa” pe3ucTa B alleTOHE TIPOBOAK-
nach TpeThbA nuTorpadud ¢ popMupoBaHueM allOMUHU-
€BBIX NOIBOJAMKX NPOBOXHUKOB ToamuHol 80 HM. Ilep-
Boiit cioit Cr/Al ue saBnserca cBepxmpoBoguukoMm. OH
npenctaBiafgeT coboit HopMmanbHbIi saekTpon CUII-nepe-
xona. MzobpasieHue takoro 6oioMeTpa ¢ rpadeHOBBIM
abcopbepoM B aTOMHO-CHIOBOM MUKPOCKOIlEe Ipe[cTaB-
neHo Ha puc.l. Ero BonbT-amIepHble XapaKkTepUCTUKHI
IpHBeleHbl Ha pUc. 2, a OTKIUKYN — Ha puc. 3.
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Iuc. 1. U3o6paxenue 6oromeTpa, NoIydYeHHOE B MUKPOCKO-
Ile aTOMHBIX CHIL.

J (nA)

U (nV)

Muc. 2. BonbT-amnepHble XapaKTepPUCTUKK GoroMeTpHuec-
KUX CTPYKTYp npu Temmeparypax 50, 200, 250, 300 u
350 MK

Mg1 TakMe ucciaemnoBanu oOpasibl ¢ HEMOCpeICTBeH-
HbIM KoHTakTOM Al/Ti (40/2.5 HM) 31eKTPOIOB ¢ rpade-
HoM Oe3 mononHuTtenabHbiXx CHUII-mepexonos. IlaccToanue
MeKIy CBEepXMpPOBOAALIMMU 3IeKTPoJaMu BapbUpOBa-
aock ot 0.3 mo 3 MEM. Ilpu M3roToBieHUN CKBUAOB NpU-
MeHfilach Takafa e TexHomorua. OOpasibl cCBEpXMpo-
BOJAILIEro KBaHTOBOro nHTepdepoMerpa (CKBHUIA) mpex-
CTaBIANN coGOM HE3aMKHYTYIO CBEpPXMPOBOAAMIYIO MeT-
JI0 U3 allOMMHUEBO# MIIeHKU auameTpoM 20 MKM U rpa-
¢eHoBoro moctuka B pas3peiBe neriau. Ilonocka rpade-
Ha MMela NOMOJHUTENIbHbIE BJIeKTPUYECKUe KOHTAKTHI,
KOTOpbIe MO3BOJANY MOJaBaTh TOK U CHUMATh HaIpfAmKe-
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Iluc. 3. (a) — OTKIMK [0 HANPAMKEHUIO Ha H3Iy4eHUEe Ha
gacrore 110 I'T'n. (b) — OTKIMK 10 HAPAMKEHUIO HA U3Me-
HeHue TeMIIepaTypsl

Hile U3 cepeArHbI rpadeHOBOr0 MOcTHKa. AMlOMUHUE-
Bble KOHTAKThI Ha KpafAX rpadeHa MHAYHAPOBAIN MUHU-
1eNb B HOpMalhHOM MPOBOJHUKE U 00ecneunBany CBepX-
IPOBOAANLYIO c1abyo CBA3b MeKIy KOHIAMU CBEPXIPO-
Boasmieii netian. O6pasiibl U3rOTABINBANINCH HA OKCHU M-
POBAaHHBIX KPeMHHUEBBIX TONIOMKAX pasMepoM 7 x 7 Mm?2
¢ 16 KoHTaKTHBIMHU MiIouiaAKaMu mo Kpaam. [la ogHom
uune GblIM chopMHUpOBaHbl ABa ckBuaa. HM3obpameniue
OOHOTO M3 CKBUJOB mpuBeneHo Ha puc.4. [laa uccie-
JIOBaHUA MOAYJIALNUN MarHMUTHBIM IONEM KMMeNach BO3-
MOJKHOCTh [MOJaBaTh TOK KaK 4Yepe3 OCHOBHYIO HETIIO
(koHTakTHBIe Nuomanku 3/16), Tak U Yepe3 HOMONHHU-
TenbHyIO neTinio (KoHTakTsl 6/14). M3mepeHue BoabT-
amnepHbix xapakrepuctuk (BAX) ckBupna npoBeseHo ge-
THIPEX30HIOBBIM METOJOM C KCIONb30BaHMEM KOHTAK-
toB D1, D2 u S1, S2.

O6pasup! IIXII ¢ TyHHenbHbIMU mepexomamu, CIIC-
rpadeHoBbIe Mepexofbl U WHHTep(HepoMeTphl HUccieno-
Baubl B Kpmocrare pactBopeHusa TRITON (Oxford
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Iuc. 4. Ctpyrrypa untepdepomerpa, rie KoHTaKThl D1,
D2 u S1, S2 ucnons3yloTcA Oif YeTHIPEX30HI0BOTO U3Me-
peuna BAX unreppepomerpa. Tor uepe3 meTii0 MHTEp-
tdepomeTpa 3agaeTca Uepe3 KOHTAKTHI 3 U 16

Instruments) npu temneparypax 50-350 MK u B copbuu-
OHHOM KpuocTaTte ¢ onTudeckuMm okHoM HELIOX-ACV
(Oxford Instr.) mpu temmneparype 277 MK. lusa cuumsme-
HUA BIUAHUA HaBOJOK ¥ BHEUIHMX MarHUTHBIX Hoiei
ofpasipl MoMellany B JBOMHON 5KpaH U3 CBEPXIPOBO-
IAmero HUoGuA M KpuoreHHoro mepMmamiosa. Ila puc. 2
HNpHUBeJEeHbl BOJbT-aMIIepHble XapaKTepUCTUKKU o0pasina
¢ CHIl-nepexomamu npu Temneparypax oT 50 go 350 mK.
Bugno, yutro BAX mano uaMeHfeTcA Nmpu TemIepary-
pax Hmme 250 MK. UccnemoBanua BIMAHUA U3NYyYeHUA
Ha yactoTe 110I'T'n na BAX takux 6onomMeTpoB MOKa-
3a1y 3aBUCUMOCTh OTKIMKA OT HANPAMKEHUA, CXOTHYIO C
aHAJIOrMYHBIMHU 3aBHUCHMOCTAMH IJIA TPASUINOHHBIX Me-
TaIIOMIEHOYHbIX GOIOMETPOB C ATIOMHHUEBBIMH DIEK-
Tpomamu. Kak nmokasaHo Ha puc.3a, MAaKCUMYM OTKJIU-
Ka HabnioJaeTcA NpU HaNpAKEeHNAX CMeIeHUA B paiioHe
100-150 mxB. MakcumyM OTKJIMKa N0 HampAMKEeHUIO Ha
u3MeHeHue TeMnepartypsl cocraBua 0.4 meB/MK npu Ha-
npssenun cMmenienna 50 MkB, cMm. puc. 3b.

Tarse 6p1nu ucciegoBanbl BAX u quddepenuanb-
HOE CONMPOTUBIeHUEe 06pa3oB, B KOTOPBIX allOMUHUEBBIE
BIEKTPOIbl HAXOJUINCH B HEMOCPEACTBEHHOM KOHTaKTe
c rpadeHoM. B aTom ciyuae B rpadeHe BO3HHKaeT Ha-
BelleHHAA CBEepPXIPOBOJUMOCThL U HalnlOmaeTcA KPUTHU-
YeCKHUil TOK, KOTOPBIN MOKeT ObITb MOJaBleH MarHUT-
HBIM I[IOJIEM WY IOBBIIMIEHWEM TeMIepaTypbl obpasia.
Ananoruunrie 3Q}eKTb NIPUBOJAT K NOABIEHUIO KO-
3edcOHOBCKOIT cnaboii CBA3M B CBEPXMIPOBOAAIIEM WH-
Tepepomerpe. Kark m B KiaccumyeckoM MeTalliomie-
HOYHOM CKBHJe, B Hallleil cTPYKType MHTepdepoMeTpa
Habnioganach MOIYNANUA KPUTHUUYECKOr0 TOKA MarHUT-
HbIM moneM. OcoGeHHOCTBHIO TAaKOro CKBHUJAA ABIAIOT-
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CA JOCTaTOYHO BbICOKOe conpoTusieHue (250 0m) u Ges-
rUcTepe3ucHafd XapaKTepUCTHKA MpU TeMIepaTypax Ha
ypoBHe 50 MK. I'my6uHa MopynAnuu HanpsaMeHUA Mar-
HUTHBIM [I0JIeM IIPU HEKOTOpPOM Toke Jocturaina 20 mxB.
BonbT-amnepHasa xapakTepUCTHKa CKBUJA B Juamna3oHe
temnepatyp oT 63 mo 300MmK ocraerca mpakTuuecku
HensMeHHoU. Kpurtuueckuii Tok cocraBiser 0.2 MEA.
IlopmanbsHoe conmporuBineHue 250 0m. @opma BAX ka-
YeCTBEHHO HECKONBKO OTJIMYAETCA OT CKBHUJOB C Tpa-
OUIVOHHBIMU I303e(COHOBCKUMU NEepexojaMu U HMe-
eT u30bITOYHBIN TOK. MoOAYNAUWA HANPAKEHUA TOKOM
yepe3 HMHAYKTHUBHYIO MeTIIO IpelcTaBleHa Ha puc. 5.
I'ny6una mogynanuu 16 MrB, cpaBHIMa ¢ KOMMepYecKu-
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—40 =20 0 20 40

J (HA)
[Muc. 5. Mopynanua HanpsAMeHUA Ha uHTep(depoMeTpe mox
neficTBUEM TOKa 4epe3 METIIO CKBHAA

MM HHOOMEeBbIMU cKBHAaMu ¢ myHTupoBaHHbiMu CHC-
nepexogaMy U COOTBETCTBYET BOJbLT-MOTOKOBOI YYBCT-
ButenbHoctu dU/d® = 50MrB/®¢. OtauuurenbHoii
0CcO0EHHOCTBIO TaKOW MOAYIANNN ABIAETCA ee JOCTa-
TOYHO MPOTAKEHHAaA 00IaCcTh TOKa CMelleHuA: 10 4 MKA,
nir 1MB (puc.6). IlTo 3HauuTenbHO GOMNbIIE KPUTH-
yeckoro Toka 0.2 MKA. IIToT adpdeKT MoxeT BOBHUKATh
3a cyeT Ipollecca, aHAIOTMYHOI0 NMpOTeKalolleMy B aH]-
peeBCKOM MHTepdepoMeTpe, B KOTOPOM CONPOTUBIEHUE
MOJYJINPYeTCA MarHUTHBIM IIOJIEM.

Urakr, Hamu pa3paboTaHo, M3rOTOBIEHO M HCCIENO-
BaHO CEMeMCTBO CBEPXIPOBOAHUKOBLIX YCTPOMNCTB C HC-
nonb30BaHUeM rpadeHa B KaueCTBe aKTHUBHOI'O BJIEeMeH-
ta. lIpu temnepatypax 50-350 MK mccunemoBanbl mio-
3e()cOHOBCKUE INepexonbl Ha 3(PderTe OGIU30CTU C He-
MOCPEICTBEHHOI NPOBOAMMOCTLIO, TYHHEILHEIE MIEPEX0-
IObl THIIA CBEPXIIPOBOJHUK-M30IATOP-HOPMAIbHBIA Me-
Tamn ¢ rpageHoM B KadecTBe HOPMalbHOI'O MeTallia.
Hasa nporoTuna GonoMeTpa Ha XONOAHBIX 3IEKTPOHAX U3-
MepeHbI OTKJIMK [0 HANPAKEHUIO HA U3MEHEHUE TeM-

16

Modulation (1V)

0 400 800
U (uv)

ITuc. 6. 3aBucuMoOCTDb riIyOGUHBI MOAYIAUY OT HAalPAKEHUA
cMelleHUA Ha NHTepdepoMeTpe

neparypsl, dU/dT = 0.4mkB/mK, u BrHemnee CBU-
usnydenne (f = 110TTr). M3mepeHa BOnbTIOTOKOBafA
XapaKTepUCTHKA CBEPXNPOBOJAILIET0 KBAHTOBOIO UHTEP-
(pepomeTpa c A03eCOHOBCKOI cinaboii CBA3BIO C IiIy-
6uHoit moxynsanun dU/d® = 50 meB/®,. HKputuuec-
KUt Tor coctaBiafieT 0.2 MKA, HOpMalbHOE CONPOTHUBIE-
Hue 2500m. IlomyueHHbIe pe3ynbTaThl M YCTpPOMCTBa
MOryT ObITH UCHOJNb30BaHbI AlA CO34AaHNUA UHTEr PalbHON
CBEpPXIIPOBOJHUKOBOIN NMPUEMHOI MUKPOCXEMBI HA OCHO-
Be rpadena c¢ 60I0METPOM Ha XOJOJHBLIX DIEKTPOHAX B
KayecTBe IPUEMHUKA TepareploBOro U3Iy4eHUs U r'pa-
(eHOBOro CKBHAA B KaUueCTBe yCTPOCTBAa CUUTHIBAHUA.

ABtoprr OnaropmapHer IlIBegcKOMY HMHCTUTYTY,
IIBenckomy wuccnegoBaTenbckoMy coBery u IlBen-
cKkoMy (GOHIY CTpaTernuuecKHUX HCCIeJOBaHUN 3a
(UHAHCOBYIO TOAEPHKKY. NsroroBnenue o6pasuoB
HNPOM3BOJUIOCH B YKMCTOM KOMHaTe Ha 000pyIOBaHUU,
cybcunupoBaniom ®ougom HKuyra u Anuc BanmeH-
6epr. Ilabora BeImomHANach B paMKax mnpoekTta IIODU
# 11-02-12145-00u-m-2011.
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