OT3bIB opuuuaaILHOr0 ONMOHEHTA
Ha (0) AHccepTaUIo(M) HA COMCKAHHE YYeHOH CTeNeHH KaH/u/1aTa
¢uszuko-maTemaTHyeckux Hayk Kajurenko Asekcanapa MuxaijioBHYA
Ha Temy: «Mcciie1oBaHHe BJAHSHAS IHHAMHKH MY4YKa 3/1€KTPOHOB Ha
reHepanMio rApMOHMK B OTHONPOXOIHBIX Jia3epax HA CBOOOAHBIX
3JIEKTPOHAX»
no cnenuansHocT 1.3.3. Teopernueckas pusnka

Jlazeps! Ha cBoGoaHBIX 3nekTponax (JICD) npeacTaBasioT coO0H MOIIHbIE
MCTOYHHKU KOTEPEHTHOrO H3JTy4eHHs, OXBAThIBAIOLIME IIMPOKHH CNEKTp JUTMH
BOJH — OT MHKPOBOJH JIO PEHTTeHOBCKOTo Juana3oHa. Bo3MOXHOCTH
TepecTpONKH JUIMHBI BOJHBI U3IydeHH s JeNaeT Jiazep Ha CBOOOJHBIX 3JIEKTPOHAX
He3aMEHHUMBIM  MHCTPYMEHTOM  HCCIENOBaHMS B MaTepHajOBEACHHH,
kpucTamorpapuu, 6uosoruy ¥ Meauuune. [IpoekTupoBaHue U peanu3aiis JACI
¢ 3a/aHHBIM HA0OpOM XapaKTepPUCTHK TpeOyIOT IJyOOKOro TEOpeTHYecKoro
aHATM3a TIPOLIECCOB HIEKTPOHHO-BOIHOBOrO B3ammMoeiictaus. Usny4enue B JICO
BO3HMKAET B IIPOLECCE JABIDKEHHS PENATHBUCTCKUX 3JIEKTPOHOB B MArHUTHOM I10JI€
OH/IYNSATOPa, KO/l BO3JEHCTBHE HA 3JIEKTPOHBI M3JIy4aeMOH BOJIHBI IPUBOIUT K
ux rpynmuposke. Jlns pacuera usnydenus JICO HeOOXOMMO pELIUTH
CaMOCOTTIaCOBAHHYIO 3aJ1auy, BKIIOYAIOIIYI0 ypaBHeHus MakcBesia ¥ ypaBHEHHUs!
JIBUYKeHHs OOJBIIOro 4Kclia YacTHll. Pelnenne yKa3aHHBIX 331a4 OCYIIECTBIIACTCS
MOCPEICTBOM KOMITBIOTEpHOTO MozenupoBanus.. CospemerHsie JICO B 0CHOBHOM
OIHCHIBAIOTCS KJIACCHYECKOH dIeKTPOAMHAMUKOM, U KBAaHTOBBIE dQ(QEKTHI MoKa He
UIParoOT CyIIECTBEHHON POJIH, OJJHAKO CO3/[aHHe YMCICHHBIX MOJEJeH Ha OCHOBE
KBAHTOBOM TEOPHH MNpeICTaslseT coO0M MHTEPECHYIO Hay4dHYIO 3ajxady, KOoTopas
MOXeT HaliTh mpuMeHeHue B Oyayuiem. berarpoHHble KosieOaHHs SJICKTPOHOB,
06yCIIOBIEHHBIE MMONEPEeYHOH HEOTHOPOJHOCTBIO  OHAYJIATOPHOTO MOJIS, MOTYT
BJIMATH HA XapakTepucTHKH u3mydenus JICD, Bkioydas rpynrnupoBKy SJMCKTPOHOB
 TeHepalldio YETHBIX TapMOHHMK. I'eHepalusi BTOPOH rapMOHWKA B KpUCTajlax
gBIsSieTcs  OCHOBHBIM  HeluHelHo-ontudeckuM  dddexrom. IlosTomy B
skcrepumenTax, rae JICD NpuUMEHSIOTCS Kak MHCTPYMEHT HCCICN0BaHUA,

HeoGXOMMMO YIMTHIBATH MOIIHOCTL BTOPOH rapMoHuku. Jlasepbl Ha CBOGOIHBIX
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3JIEKTPOHAX  CIIOCOOHBI IE€HEpHPOBaTh H3IyYeHHWE BBICOKOM SPKOCTH B
PEHTI'CHOBCKOM nauamnasoHe. OAHAKO HEKOTOpble 3aJadd TpeOyloT reHepaluu
TEPaBaTTHBIX UMITYJIbCOB B )KECTKOM PEHTTE€HOBCKOM JIHAIIa30HE, YTO HEBO3MOXKHO
JAOCTHYb [P UCITOJIE30BAaHUH TPaJuLMOHHBIX JICD ¢ puKcHpOBaHHBIM [IEPUOIOMH
aMILUTMTY0M OHYJIATOPHOrO nojist. lng noseimeHus: 3GGeKTUBHOCTH M3BJIEUYEHUS
OHEPrHHM M3 JJIEKTPOHHOIO IIy4YKa IPUMEHSETCS METOJ TeWIepUHra, KOTOPbIM
3aKJIIOYAeTC B H3MEHEHHWHM IIapaMeTpa OHJIYJIATOPHOCTH BIOJb Jiasepa.
BO3MOXHOCTE NpYMEHEHMs TelnepuHra yxe Oblla [POJEMOHCTPUPOBAHA
3KCIIEPUMEHTAIIBHO.

Huccepranuonnas pabora Kanurenko A.M BHOCHT CyLIECTBEHHbIN BKIIaJ B
pelieHre yKa3aHHBIX BBILIE BOIIPOCOB, YTO CBHETEIBCTBYET O €€ aKTyalbHOCTH U
Ba)XHOCTH Il Pa3BUTHs UccienoBanuit Gusuku JICD.

OcHoBHOe coaepxkanue paboThl H3OXEHO B MATH raBax. B nepBoii riase
paccMaTpUBAIOTCS TEOPETUYECKUE IIOJOXKEHHS, CBSI3aHHBIE C MCCJEN0BAHHEMHU
Na3epoB Ha CBOOOMHBIX 3JeKTpoHaX. ONKCBIBAIOTCS OCHOBHBIE METOMBI U
BBIBOJATCS (OPMYJIBI, HEOOXOAMMBIE ISl pacyeTa H3Jy4eHHs pPelisTHBUCTCKOTO
9JIEKTPOHA B MNEPHOAWYECKOM MarHMTHOM Iojie oHayiasTtopa. B pasmene 1.1.3
ONKCAHO M3MEHEHHe (Pa30BOro MPOCTPAHCTBA 3JIEKTPOHOB NPH B3aUMOIEHCTBHU
My4YKa 3JIEKTPOHOB C M3JIyYE€HHEM C HCIOJIb30BaHUEM AaBTOPCKOW IMPOIrpaMMbl
mozenupoBanust u3nydenus JICO. B mocnennem pasgene mepBod  riasbl
JEMOHCTPUPYETCsI, 4YTO KBAaHTOBbIE 3((EeKTbl HEe OKa3bIBAKOT 3HAYUTEIBHOTO
BJIMSIHHSI B COBPEMEHHBIX PEHTIEHOBCKHUX Jla3epax Ha CBOOOIHBIX JIEKTPOHAX. DTO
NOATBEePXXJAeT, YTO METOABI KJIACCHYECKOH 3IeKTPOAMHAMHKH  OCTAIOTCS
3()(GEKTHBHBIMU U IPHMEHUMBIMHE B JIaHHOM 06J1aCTH.

Bo BTOpO#i riaBe ONMCHIBaeTCS METOAMKA [OCTPOEHHS MPOrpaMM JUIs
YHUCJICHHOTO MOAEIHPOBAHMS U3ITyUYeHUsl TapMOHHK B oHONpoxoubix JICD. XoTs
YUC/ICHHbIE METOJbl W QJIOPUTMBI JJIsl MOJEIUPOBAHHS TapMOHUK JaBHO
M3BECTHBI, ABTOp IHUCCEPTAllMH [POBE] AaHAJIU3 aKTYaJIbHOM JIUTEpaTyphl M
CPaBHEHHE HEKOTOPBIX METOJIOB M aJlTOPUTMOB, HAlIpUMeEp, AITOPUTMOB CO3/1aHUS

HA4abHON IPYNIINPOBKH JJIEKTPOHOB B 6aH4ue. Taxike aBTOp IPOBOJUT CPaBHEHHE
2
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¥ OOCyXIeHHe pe3yJbTaTOB BbIYUCICHMH COOCTBEHHOW MNpOrpaMMbl ¢
IporpaMMaMH Jpyrux aBToOpoB. IIporpamma aBTopa HanmucaHa Ha COBPEMEHHOM
Bepcuu s3pika C++, yuuTbiBaeT Takue S(PGEKTBl, KaK acHUMMETpUs ITyuKa
3JIEKTPOHOB, SHEPreTHYECKHi pa3bpoc 3J1eKTPOHOB, OeTaTpOHHbIE KonebaHwus,
HaYaJIbHYIO0 TPYNIMPOBKY, CABHI IOJS 10 OTHOCHTEIBHO HYacTHll, (OKyCHpOBKa
My4yKa 3JIEKTPOHOB, CABUT (a3 MeXIy CEeKIMSAMH OHIYJISATOPOB M HayalbHOE
uznydenue B JICD. B co3anHyo MporpaMMmy aBTOp BHEJIPUIT HOBbIC BBIBEACHHbIE
MM aHaIuTHYecKue GhopMyJIsl Uls KOIQQHUIMEHTOB CBI3H MEXy 3JICKTPOHAMH U
H3JIydeHHeM ¢ yu4eToM GeTaTtpoHHbIX Konebanui s JICD ¢ ofHONepHogHIeCKUM
IUVIOCKMM M CITUPAJBGHBIM OHIYJISATOPOM, KOTOpBIE YTOYHSIOT paHee BbIBEJEHHBIE
ko3¢ duumenTsl. MeToauKa TEOPEeTHIECKOro UCClieI0BaHus U [IporpaMMa aBTopa
MOJJIEP)KUBAET Mapajule/ibHble BBIYMCIEHUS C IIPOM3BOJIBHBIM KOJIHYECTBOM
IIOTOKOB.

B Tperbeii riaBe IOJNy4YeHbl AHAIUTUYECKHE  BBIPAKEHUA 1A
K03(QOUIUEHTOB CBA3M MEXAY OIEKTPOHAMH ¥ HU3JIyYeHHEM C y4YETOM
Gerarponnsix Konmebanmuit Juis JICOD ¢ OAHONEPHOAMYECKUM IUIOCKUM H
CIHpaTbHEIM OHAYJIATOPOM, a TaKkKe IpOBeleH aHanu3 wmsmydenus JICO ¢
Pa3IUYHBIMU THIIAMHA OHZIYJSTOPOB C ydeToM OeTaTpoHHBIX KosebaHuii. bbuio
nposefieHo mojenuposanue skcrnepumenta LCLS (Linac Coherent Light Source -
CIIIA) B MSATKOM PEHTTE€HOBCKOM JMana3soHe, rje Obuia o6HapykeHa U3lyyeHue
Ha BTOpPOM rapMoHHKe. Pe3yibTaThl MOAENIMPOBAHHS XOPOLIO COINIACYIOTCS C
SKCIIEPUMEHTAIBHBIMU JaHHBIMA. JIJIsi MOJIEIMPOBAHMs W3JIyYeHHs] HA BTOPOH
rapMOHMKE ObUIM MOJIy4eHBl OPUTHHAIIbHbIE COOTHOLIEHHS Ul KO3(PQHUIHEHTHI
CBS3M, KOTOPHIE OTJIMYAIOTCA OT MCIIONB30BaHHBIX paHee APYTHMH aBTOPaMH.
VToYHEeHHbIE aBTOPOM KOIGGHUIIUEHTH! CBI3HM MEX/Y JJIEKTPOHAMH U U3ITyYCHHEeM

JUIS YeTHBIX TAPMOHHMK YBEJIUUYUBAIOT BKIIAJ BTOPOH rapMOHUKH TpUMepHO Ha 70%

ans skcnepumenta LCLS B MSArKOM PEHTI€HOBCKOM JManasoHe. YucieHHoe

MOJIETUPOBAHME ITOKA3aJ0 CJIeAYyIOllUe COOTHOIIEHHMS MOILIHOCTeH TIapMOHHK:
OTHOILIEHHE MOIIHOCTH TPETheil TapMOHHMKHU K IEPBOI cOCTaBiseT NpumepHo 3%,

OTHOLIEHHE MOIIHOCTH BTOPOM TapMOHHMKH K TE€pPBOH COCTaBISET NPUMEPHO
3
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0,04%, 4TO HAXOTUTCS XOPOLIO COrNAacyercs ¢ HKCNEPUMEHTAIBHBIMU JIaHHBIMU.
ITpoBeaeHO MOEIUpPOBAHUE MPOCTPAHCTBEHHOE paclpele/ieHHe HWHTEHCHMBHOCTH
BTOpOM TapMOHUKH. YKa3aHHO€ paclpefie]ieHHe HMEeT IBOWMHYIO CTPYKTYpY,
KOTOPYIO TaK)ke Habojainy B dKcnepuMeHTe. B nuccepranuu  ObUIH MOJTYy4Y€eHbI
TaK)K€ HOBBIE COOTHOILIEHHS, OINMCBIBAIOLINE B3aMMOJCHCTBUE 3JIEKTPOHOB C
rapMOHHMKaMH H3JIydeHUs B Cllydyae CIMPalbHOrO OHAYyJsATOopa. [ljis ycKopeHus
MOJIEIMPOBAaHKsl BTOPOM IapMOHHMKU B CIIMPAIBHOM OHJYJIATOpE OBLIM BBIBEIEHBI
YIPOLIEHHbIE KO3(PMUIHEHTEI.

B uyerBepToii Iri1aBe IPOBEJEH aHAIM3 IIpOLECCa NOMABIECHHS H3ITy4eHUs
Beiciix rapMoHuk B JICD ¢ HCIONL30BaHMEM TEWIIEpHHTa Ha OCHOBE
CreNMaIu3MpOBaHHOM MpOrpaMMbl, paspabotaHHoi aBTOpoM. Mccnenosanue
Gasupyercs Ha MomuduuupoBaHHbIXx Mozensx Kpomna-Moprona—Posenbirora.
Paccmorpensl naBe Bepcum (azoBoro casura. IlokasaHo, 4To (a3oBbId CIOBUI
MEX/y 3JEeKTPOHHBIM ITyYKOM U JIa3epHBIM H3Jy4YEHHEM IIOC/e KaXKIOW CeKIHH
OHIyJISITOpPa 3HAYUTEIBHO CHM)KAET OTHOCHTEJIBbHBIM BKJAJ BBICIIKMX TapMOHMK.
[TogasieHye BBICIIMX MAPMOHUK SIBIISIETCS KPUTHYECKH BAXKHBIM JUIS YITy4LIEHHS
KayecTBa MCCIIENOBaHUN B 00JIaCTU HEJMHEHHON ONTHMKH, MOCKOJBKY H3Y4YeHHE
reHepalliid BTOPOM, TpPEThedl M 4YETBEPTOW TapMOHMK B BelIeCTBax Tpedyer
MUHUMH3AIAHA UX IPUCYTCTBHS B HCXOIAHOM JIa3€PHOM H3JTyYCHHUH.

B nsiToii ryjaBe IpeACTaBleH MHHOBALMOHHBIA MaTeMaTH4YEeCKHH METOA
pemenust ypaBHenuit mns JICD, ocHOBaHHBI Ha NPUMEHEHHM TEXHOJIOTUH
MalIMHHOrOo oOydeHusi. B Hacrosimiee BpeMs MallMHHOE OOyYeHHE SBIISETCS
YHUBEPCATEHBIM HHCTPYMEHTOM /s TPOBEJIEHUS HCCIIENOBAHUNA B Pa3UYHbIX
obnactax. Jus MOCTpoeHHMs  MOJENM  aBTOpP  HMCIOJb30Bal  YHCIECHHOE
MOJIeJIMpOBaHKe Jisi cOopa JaHHBIX O ABYX ThICAYaX Pa3jIMYHbIX KOHGUIypauui
JICD. Beumi paspaboTaHbl alrOpUTMBI Ipeobpa3oBaHMs JaHHBIX M 10J00paHa
ONTHMabHAs apXWTeKTypa HedpoHHOM cetu. Mccienosanue mnokasano, 49TO
HeWpoHHass ceTh paboraer HaMHOro OpicTpee, 4Yem OOBIYHbIE YHCIICHHbBIE

IIpOorpaMMBel, U IIpH 3TOM JOCTHUIA€T TEX XK€ pe3yJIbTaTOB.
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[lony4eHHbIE ABTOPOM AMCCEPTAllMM pE3yJbTaThl SBJIAIOTCA HOBBIMH U
MMEIOT Hay4yHyl0 IeHHOCTb. OHM TPEJICTaBIAIOT HHTEpeC U HayvHO-
HCCIIeI0BATENbCKMX MHCTUTYTOB M TPYII, B KOTOPBIX MPOBOASTCS aHAIOrMYHBIE
MCCIIEZIOBAHUS, U MOIYT OBITh PEKOMEHAOBAHbI Ul BKJIIOYEHHS B MPOrpaMMbl
CIeLMANBHBIX KYpCOB B  DOCCHICKMX  BBICIIMX  Y4YeOHBIX  3aBEJCHHSX.
JlocTOBEpHOCTH H 000CHOBaHHOCTh pe3yJbTaToB MOATBEp)KIaeTCs
UCIIONIB30BAHUEM XOpOILIO anpoOMPOBAaHHBIX METOJOB U TOJXOJOB, MpHYEM
pe3yJIbTaThl MOJETHPOBAHKS XOPOLIO COrIaCytOTCs € IKCIIEPUMEHTAMH.

ITo cozepKaHHIO AUCCEPTALM MOXKHO CHEaTh PsJ 3aMe4YaHWH, 4acTh U3
KOTOPBIX CJIe/lyeT pacCMaTPHBATh KaK MOXKeNaHue s OCIIeTyIOero pa3sBuTHs:

1. B mepBoii ryiaBe HEKOTOpbIE aCMEKThl  OMHMCAHBl M3JIMIIHE KpPAaTKo,
XOTeNnoch OBl BHIETh Oonee jeranbHoe omucanue. Hampumep, B pasgene 1.1.3
TnpuBe/ieH oAPoOHBIH BBIBOA Ko3(hduimenTa beccens s nepBol rapMOHMKH B
IJIOCKOM OHJYJIATOpE, & JUIS CIMPalbHOrO0 OHAYJIATOpA yKa3aHO JIMIIb 3HAYCHHE
aHAJIOTHYHOro K03 GHIHEeHTa, XOTS METOAMKA €ro BhIBOJA HE MEHee 3HauuMa,
YeM B [IEPBOM CIIy4ae.

2. ®opmyina (1.61) BeiBenena B npubmxenun f;=1, onnako dpopmymna (1.79)
BRIP@XKEHA y)Xe C y4eTOM IpOoM3BOIbHOCTH Kodhduuuenta fi. Koneuno, sto He
BIMSIET HA OCHOBHBIE pE3yJbTAThl AMCCEpPTAallMM, HO JeTanbHoe O00OCHOBaHHe
BO3MOYKHOCTH MCIIOb30BAaHUS MIECHTHYHOCTU OTBETOB JUIS YAaCTHOrO BbiOOpa H
O6Iero 3HAUeHHs YJIYYIIHIO Obl MOHMMAaHHE DPe3yJbTaTOB JUCCEPTALUOHHOM
paboTHl.

3. ABTOp NPUBOAUT CPAaBHEHHUS CBOMX Pe3yJIbTATOB C pe3yJbTaTaMU JAPYTHX
pabor mnocieauux Jer. OXHAKO reHepalus BBICIIMX TapMOHMK B Jlasepax Ha
CBOGOMHBIX 3JIEKTPOHAX paccMaTpUBanach U B 6oyiee paHHMX paboTax, HanpuMmep,
B pabore H.C. I'mu30ypra «llepectpoiika 9acTOThl H3Iy4E€HHA W ICHEpALUs
BBICIIIMX MAPMOHKK B Jia3epax Ha CBOOOIHBIX 3JIEKTPOHAX C HMHTEHCHBHBIM IIOJIEM
Hakauykuy B kypHate JKT®, 1.51, o4, c¢.764-770 (1981). CpaBHHUTeNbHEIN
aHANIM3 TOCIeNHMX paboT ¢ paHHMUMHU paboTaMu yCHiWI Obl AMCCEPTALMIO H

caenal OBI HEKOTOpbIEe MAaTEMAaTH4YCCKUE PE3YyJIbTAThHI OoJtee JAOCTYIIHBIMH.
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4. B uerBepTOM IJIaBe aBTOPOM PAacCMOTpeHa reHepalus nepBoi, TpeTbel U
nsitoi rapmoHuk B JICD ¢ TeilinmepuHroM M IpuUBEJEH KauyeCTBEHHbIH apryMeHT,
4YTO BTOpasi ¥ 4YeTBepTass 'APMOHMKH [AlOT MEHBIIMM BKIaJ IO CPaBHEHHIO C
ykazaHHbIMA Tpemsa. Crporoe uucieHHoe OOOCHOBaHHE TAaKUX BBIBOJIOB
HeoOxomumo ObUIO chenaTh, TeM Oojlee YTO MaTeMaTHYeCKHe METOAbl M
NporpaMMHoe obecrnedyeHue, pa3paboTaHHble aBTOPOM 3TO MO3BOJISIOT.

VYka3zaHHbIE 3aMEYaHUs HE YMAJIJIOT 3HAYUMOCTU JAUCCEPTALIMOHHOTO
uccinenoBanus.  Jluccepraumss — orBedaer — TpeOOBaHHUSM,  YCTAHOBJIEHHBIM
MOCKOBCKHM TOCYyAapCTBEHHBIM YHHUBepcuTeTroM uMeHH M.B.JlomoHOcOBa K
paboram momobHoro poxa. ConepxaHue  AMCCEPTALlMH  COOTBETCTBYET
cneuuanbHoctd 1.3.3. Teoperudeckas ¢uzuka (Mo QGU3UKO-MATEeMaTHIECKHM
HayKaM), a TaKXe KpUTepusiM, onpezeneHHbiM mm. 2.1-2.5 Tlonoxenus o
NIPUCYXX/IEHHUH YYEHBIX CTereHel B MOCKOBCKOM rocy/1apCTBEHHOM YHUBEPCUTETE
nmenn M.B.JIomonocoBa. [luccepranonHoe ucciaenoBaiue oopMIIeHO COTIIacHO
TpeboBanusM [lonoxkeHus O coBeTe IO 3allUTe OUCCEPTALIM Ha COMCKAaHUE
YYCHO! CTeNeHW KaHJIuJaTa HayK, Ha COMCKaHHE YyYeHOM CTEeNeHH JOKTopa Hayk
MocKOoBCKOTo rocyjapcTBEHHOro yHuBepcutera umernu M.B.JlomoHocoBa.

Takum oOpasom, couckarens Kamutenko Anekcanap Muxaitnosuy
3aCIIy>KUBAeT IPUCYKICHUS YYCHON CTENeH! KaHauaTa PU3nKo-MaTeMaTH4eCcKux

HayK 110 crenuansHocTH 1.3.3. Teopetnueckas ¢usuka.

OdunuansHeli ONIIOHEHT:

JloxTop $pu3uKo-MaTeMaTHYECKUX HayK,

npodeccop, uneH-koppecnonneHT PAH,

3aBe/IyIOIIMHA OTJEJIOM BBICOKOYACTOTHOW PEISITUBUCTCKOM 3JIEKTPOHUKH
OI'BHY «®enepaibHblii UCCIEA0BATENbCKUM LEHTP VIHCTUTYT NpUKIIaaHOM

¢u3uku um. A.B. I'anonoBa-I'pexoBa Poccuiickoit akageMun HayK»

I'un36ypr Haym Camyunosuy HOONUCH

JlaTa noanucaHusg
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KoHTakTHBIE NaHHBIE:

ten.: 7(903)0589365, e-mail: ginzburg@ipfran.ru
CrierMagIbHOCTH, 10 KOTOPBIM O(HULUAIEHEIM OMIIOHEHTOM
3allMIIeHa AuccepTanus:

01.04.04 — ®usuueckas snexkrponuka, 01.04.08 — Ousuka ninasmsl

Anpec mecra pabOTHI:

603950, Huxeropockas o6nacts, r. Huwxuuit Hosropoz, yi. Y ibsHoOBa, A. 46,
denepasibHOE FOCYJapCTBEHHOE OFO/DKETHOE HAyUHOE YUPEXKICHHE
«DeepabHBIA MCCITEI0BATENBCKUM [TeHTP MHCTHTYT NpUKITANHON QUSHUKHE UM.
A.B. l'anonosa-I'pexoBa Poccuiickoii akaJleMIH HayK», OT/EN BbICOKOYaCTOTHOM
PESTUBUCTCKON 3JIEKTPOHUKH

Ten.: 7(831) 416-48-16; e-mail: ginzburg@appl.sci-nnov.ru

[lognuck coTpyaHUKa S

WII® PAH H.C. ['un36ypra§Aocropepsios \

Vuensiit cekpetaps 1O Pf\ﬁ“ K.Q.-M.H. 1.B.Koprokun
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