OT3LIB OOHUIHAJIBHOI'D ONINOHEHTA
Ha AMccepralMoHHyr palory Pyaesa  Adexces  AHToHoBMua «PazipuTHe
MOpOIOTHYECKDH — HECTaDMIBHOCTH  NJEHAPHOIO  CM0d  JIHTHE  [IpH
INEXTPOOCAKISHUHY, NPEICTABNCHHYIO HA COMCKAHNE YUSHON CTENEHM KaHI[HaaTa
KHMHYCCKAX HAYK Mo ¢nenuansHocTaM 1.4.15 — waxumua Teepaoro Temas U 1.4.6 —
CHIEKTPOXHMHA

Ofman xapaKTepucTHRA paboTh

Hucceprannonnas pabdoTa BeINOAHEHA HA Kadeape HEOPTaHHYECKOH XHMHH
xumuscckoro dakyaerera MUY umenn M.B. Jlomonocosa. Pabota sanokena Ha
|39 cTpaHuuax MAUMHONMCHOTO TEKCTa, MIMOCTPHPOBAHA 74 pHeVHEaMH # 2
Tabaruami. JdyccepTauma cOCTONT U3 BBEICHHA, YeTHIPEX ras, BHBOA0B M CIHCKA
LHTHpYeMOH THTeparyphl, skmodaiomero 200 serounukos. OcHOBHBIE PE3VILTATE
aucceprannoHHoi palotel onyvOAMKOBaHLL B 4 CTATBAX B BBICOKOPEHTHHIOBBIX
MCH‘E,‘.'I.}'HE.'[JEJEHJ:.II 'JH_‘;"PHE..FI_EK, HH,‘J.E}EEHP}‘EHHK B SEDFUE M WDS d  Takde
npedcTasiensl Ha & poCCHACKHX M MEKIYHAPOOHBIX KoH(epenuwsax. Pabora
BEINOJIHEHA NpH (pHHaHCoBOH nogteprre Poconiickoro HayaHoro goHga (rpasT Ne
19-73-10072).

ﬂETGFCd}EPﬂT TONMHOCT BHD UTFIE}EEEI.ET CCHOBHOC E-D_EI_E‘FIHEHHE

AMCCepTallMOHHOH padoTel.

AKTYAIBHOCTE TEMBI HCCHEA0EAHR

MeTtanangecknit auTHE DIaroaapi BHICOKOH YICHBHOH CMKOCTH M HH3IKOMY
JCKTPOOHOMY MNOTCHUWMATY ABMACTCA CaMBiM = NEPCTEKTHEHBLIM  ARTHEHLIM
MATCPHATON OTPHIATEABHBIX WISKTPOIOE NIEKTPOAHAMHYSCRHX HAKONHTERESH C
BEICOKOH NIOTHOCTBIO 3aMacaeMoi alekTprdeckoit sneprun, OaHako 1o cux nop,
HECMOTPA HA MHOIOYHCICHHbIC YOHIIMA, HE VIATOCH POIMTE NPObneMy co3nasng
UHEIHPDYCMOIO OTDHUATSALHOTO AACKTDOOE HI OCHOBS MCTALIHYMCCEOIQ JTHTHA.
OICHOBHBIM OPETATCTBHEM  HBJACTCH  CEICHHOCTE METAIUIHHECKOID JIHTHA K
0{pas0BAHHIO MEKOIHCIIEPCHELIX OCAAKOB PAIHYHOM CTPYKTYPbI IIPK ANHTE/IbHOM

EaTOOHO-8HOIHOM HHEKITHPOBIHHN. Mexanuzm ,"IHI:'i]:EPI'HFl}BEHHH METANNHYEC KO
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JHTHR 4Pe3BRIMEARO CHOWEH W 10 KOHOR He AceH. MHTEHCHBHOCTE NPOLECCOB
THCTIEPTHPOBAHHA METAVIHYECKOTO THTHA ONpeaenaeTcs MHOrHMH hakTopaMi —
(PHIMHECKHMH, XHMHYECKMMH H MIEKTPOXHMHYECKHMH CBOHCTBAMM CamMoro
METAIIHYECKOro JIHTHA, CBORCTERAMH KOMMNOHEHTOR EKTPOXHMHYECKHK CHCTEM
(pacTROpHTENSH, AHMOHOB (OHOBRX CONEH, PAalIHYHBIX (VHEIHOHATLHELX
NoDAB0OK). VCIOBHAMM KATOIHO-AaHOOHOTO UMKIHPOBAHHA (MIOTHOCTAMH TOKOE,
ravOrHO#H ncammnun-p&cmnrmnﬁn JIATHA, KOHCTPYEUHEH JIeKTpPOIoE W
WERTPOXHMHYECKHX AYEeK) H MHOTHMMH JIPYTIHMH NPHYAHAMA.

Peurenue npodaensl CO3TAHUA IHEPrOEMEOT0 OTPHIATENRHOTO AeKTPOLA 111
MEPCTISKTHBHBX HAKOTIHTENE | AMEKTPHYECKOH IHEPTHH HA OCHOBE METALTHYECKOTD
NUTHS, CHOCODHOrO K UTHTENLHOMY KATOIHO-2HOIHOMY LUHETHPOBAHHID, Tpedyer
rﬂyﬁn:-mm NMOHMMAHHHE MEXAHHIMOR MTPOLIECCOR, ]'.I'PI'.'I"I'EKEICIUJHI Kak ﬂl:l]-'t KaToOROM
I:-'-!J'.IE'I‘."T['.'ID}CHMH'-]ECKH I.-1} OCAMNEHWH METANTHUECKOND JIHTHHE, TaKk W AHOORHOM
pacTROpeHHH. [lo3ToMy HCCNeloBAHHS MEXSHWIMOR TPOIECCOR, MPOTEKAIOIIHX
NpH  WSKTPOOCAKISHMM  METALIMUSCKOro  [MTHA, [OHMMAHHE MOpPHYHH
BOTHHKHOBEHMA MH'FIFIJGIHFHLIECKD;I HECT‘H.E]-'!J'I RHOCTH fl'jPD[-ITE IEI‘.'I'I-'IE‘TE.I'!II'[-I'?.HL‘II'!.H
METAMTHH2CKON ITHTHH HBRMAKYTCH AKTYAITBHLIMHA, ‘.['EU'FIE'TH‘-[EEHI-T IHAUMMEIME M
ﬂFE.L'.'!'E-{"-IECH'H BAKHEIMH,

lenswo auecepraunonnoi paborsl Pynesa Anexces AHTOHOBHUS HEASI0CH
YCTEHOBASHHE NPHYMMH MOpoIorHyeckol HecTabHNEHOCTH NIaHapHoro PpoHTa
KPHCTANTHIAIHE THTHA NIPH ero AMeKTPOOCAKASHHH H MeXaHHIMa ee PAIRHTHS.

3a1a9AMH HeCAe0BaAHMA Dulan

1. I‘.'I-"ETEH'I.'.'I BJISHHE BIAHAHHA npﬂueccnﬁ MacconepeHoca B '3-.’IEH".I.'PD-J'.IE—ITE Hd

KEPAKTeD OCAMIeHMA NHTHA, B YACTHOCTH HA Mﬂ-‘p¢ﬁ,1{}FHL]E!'EEHE; OCODEHHOCTH

JIHTHEBLIX OCATKOR]

2. YcranosacHue MEXAHHIMOB hopMmupoBaHHS HHTEP(eHCHBEIX
naccHBHpYIOHX ¢iaoe (solid elecirolyte interphase, SEI), B 4acTHOCTH peakuwii
JMTHA ¢ KOMIOHEHTAMH WIEKTPOIHTa (OPTRHHYECKHMH KapOoHATAMH );

3. ¥eranosiedHe xapakTepa sawsHus cpoiicte SEl Ha mopdonorsdecxie

OCODEHHOCTH OCARIEHHOTO THTHA 5
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4. QueHKa DO NPOLUECCOE, NPOHCKOANILMY B 00beME H HA MOBEPXHOCTH

THTHEBOTD AMEKTPOOA, HA XapPaKTep ATeKTPOOCARACHHA THTHA.

Hayunas woBHiHa

[peacTaBneHHan K 3AUIATE QHCCEPTALHOHHAA paboTa, De3ycnoBHo, olnaiaer
HEVYHOH HOBM3HOH W npaxTHveckoil 3HavMmocTeio. K HayuHoil mHOoBHIHE
HCCT2I0BaHNE MOWKET DhITh OTHECERO:

- YCTEHORMEHHE OTCYTCTBHA BIHEHHA WEKTPOMHIPALHOHHOIO TIEPEHDCA
HOHOB HA MOPHOIOrii OCAIKOB THTHA,

- ofHAPYHeHHE 1BYX MEXAHHIMOE RIAHMOACHCTRHA METALTHYECKOTD THTHA ©
ankunkapbonaraMu  (IrunenkapboHaToM M (ponHIeHkapboHaToM) -
DII.H-DE-;TEHTI}DHHD i BOCCTAHODRISH HH C DEFHEIJEEHHEM HE‘PEE-TBU]J‘HML[?Z
ANKUIKAPOOHATOE IUTHE §H IBYXIJISKTPOHHOID BOCCTAHORIEHHS, NMPHBOJAMIEID K
OBpET0BAHMIO ANKOKCHAOB [IUTHE, I PACKPRITHE HX poad npH dopymuporasu SEI;

- hopMyIMpOBKE  3axoHoMepHocTell saumsHus  csolicts SE]  (TonuriHe,
crabuasHoCTH), O0paIyIOIAXCA HA THTHEROM EKTPoae B pazdaBneHHLx (MeHee
| m) ¥ xoHUeHTPHpoBAHHLIX (4,16) 3ACKTPONHTHLIX PACTBOPAX, HA MOPPOIOTHID
OCAMAALMOIO NHTHA;

- PECKPLITHE MEXAMHIMA PAIBHTHE MOpHOIOrHUECKol HecTADWIBHOCTH
NIAHAPHLIX CJ0ER JIHTHA, BOIHHKAWIIEH B peIyILTATe HAKOMIEHHS MEXaHHEeCKHX
HaNPAKEHHH B C/I0e METAMIHYECKOro JIHTHA MPH ero MeKTPoOcamIesHHH, 0 HX
CHATHE 33 CueT ECTPEHBEHHH ATOMOE JHTHH B ME’ME‘PEIEHHE I?EHHHM B obbemMe
ﬂlHRTPﬁ,’J,ﬂ_. NIpHROIHIIES, B HTOMS, K NOIBRIeHHED E'l'_":.-']'.I'E-'!-I'EI'rl-"I H BLICTYIIEIOOIHN 3E"F|-EH
A MOBEPXHOCTH JHTHA, 8 TaKke 00paloPaHHID BHCKEPOR H3I-38 BTOPHYHOID
[poALIIecOPAINEANHA W BCTPAHBAHHA ATOMOB JHTHA B OCHOBAHHA 3THX
JApOaLILIeH.

[lpakTAYecKas 3HAYHMOCTE paboTil JAKNI0YaCTCA B

L. paspaboTre METOOHKH operando MOHHTODHHTA MOBEPXHOCTHEIX CI0SR B
WEKTPOXHMHEYECKOH A9efike NpH NomMolll HeHTPOHHOH pedneKTOMETPHH,;

2. JKCTICPHMCHTANBHBIX  [OKa3aTeIbCTBax  BOSMOKHOCTH  MIIaHAPHOIO

CCRIEHHA JHTHA Ha THTHCBOM JNCKTROOAE,
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3. BRIABIEHAH MPHYHH NOTEpH MOpdoaorHyeckol cTabWIBHOCTH CITOH JIHTHE,

4, hopMVIAHPORKE OCHOBHLIX HANPABISHWH BO3INEHCTBHA HA CHCTEMY 1714
CTaOMAM3AINY MOPOTOrHH C/I0R JHTHA MIPH €ro 3NeKTPOOCaKAEHHH, HTO BIAHD
A% pa3paboTKH NHTHA-METANIHYECKHX aKKyMY IATOPOE.

CTpyETYpa H Cojlepkanne padoTel

Huccepraumonnas  pabora AA. Pynesa mnpensapderca NoApobHBIM
BECACHHEM, B  KOTOPOM  ODOCHOBANA  AKTYANBHOCTE  MCCHSIOBAHMS,
COHOPMYIMPORAHS [1eb H 3203491 HeCIeL0BaH!A, HayHHad HOBHIHA H NPAKTHYECKAR
FHASHMOCTh, OCHOBHbBIE PE3VALTATE H NOIOKEHAA, BRIHOCHMbIE HA 3RILIMTY.

lNepsas raapa asccepraumonsoil  paborst Pynesa ALA. sansercs
THTEPATYPHEIM 0030POM, B KOTOPOM PACCMOTPEHb! OCHOBHBIE TPODIIEMBI, PeLIEHHE
KOTOPRIX  HeoDXOAWMO JUIR CO3JAHHA LHKIHPYEMOTO JHTHEBOTO 3MeXTPOJa.
Bonkinoes sHHMaHKe B ANTEPATYpHOM 0D30pe YISNEHO MEXAHHIMaM 0Dpas0BaHHs
MOBEPXHOCTHRX MISHOK Ha METATNHYECKOM JITHTHEBOM IEKTPOIE., NONYYHBIIHX B
MEpOBOH THTepaTvpe Hazranwe Solid Electrolyte Imterphase (SEI), mx erpoennio,
cocTasy M ceofCTBAM, MOPQOAOrHH THTHEBHIX OCANKOB, ONMCAHMIO (GOpM, B
ROTOPREY MOGKET QCEEATRCH ."[HTI-"I'I-."I. MEXEHHIMAM HPHCTE.H_TIHBE.UHH JdHTHA. B
FAKTIOHEHHE PECCMOTPEHRI OCHORHBIE MOIXOAL K YNPEaBIEHHH CTPYKTYPOM
KATOAHBIX OCAIKOB JIHTHS W ODOIHAYEHA BAWHOCTE NPOOIEMBI HCCAEHOBAHHKM
thyHIAMEHTANBHALX MEXAHHIMOR BOIHHKHOBEHUA MOPOTOTHUEC KON
HECTEDMNLHOCTH MIEHAPHLIX CI0EE [THTHA NPH YIEKTPOOCARIEHHK W crnocobon eé
MOIARISHHS.

K cowaneHHio, B JHTEPATYPHOM 0020pe HE PACCMATPHEAIOTCH TMPOLECCH
AHOJHOrO PECTBOPEHMS, KOTOphEe HewzOemHo OYIYT OKAILIBATL BIHAHHE HAa
smophoaorHueckyo YeTolUHBOCTE NOBEPXHOCTH JAMTHA, B TOM YHCIE H TpH
MOCHSAYIOUIEM KATOIHOM OCAKISHHH,

JlureparypHelil ob0lop NpekpacHe HUTOCTPHPOBAH, HAMMCAH TPAMOTHBIM
HAYUHBIM S3BIKOM, JIEFKO M ¢ HHTepeCcoM HHTASTed W oTan xopomum Dazucom s

MIAHHPOBAHME HANpasneHuil ansHefiumx Hecne 0BaHHi.



Bropas riiasa IHMCCepTALMH NOCBALIEHA HCCI8I0BaHHAM BAMAHKSE [TPOLECCOB
MACCOMEPEHOCH B WIEKTPOIHTE HA MOPPOIOTHID 00pazyoHKCA OCANKOR JHTHA.
18 IKCNepHMEHTOR M0 IMEKTPOOCAKASHMID [IHTHA HCIIONLIOBATH PacTBODLI
MepXIOpaTa THTHA B nponAaenkaptonare (1K), cogepacainme B kavecrse QOHOBRIX
IEKTPONKTOB NePXIOpaThl TETPadyTHI- B TeTpasTHaAaMMOHNA, Bausnue PpoHOBRIX
SNEKTPOTHTOR HAa MacconepeHoc OpiI0 H3YYEHO AIEKTPOXHMHUECKHMH METOLAMH,
4 MOpMONOrHA NHTHEBHX OCAIKOB — METOAaMH i Sifu H ex Sif ONTHHYECKOM
MAKpocKonHH. B xXoge 3KcnepMMeHTOB OBIIO YCTaHOBIEHO, HYTO N0 MEpe
YESAHYEHHA KOHUSHTPAUHH (OHOBHX WIEKTPOIHTOB BEIHYHHA CTALHOHAPHOID
TOKE OCAMICHHS THTHA CHIkaeTcs, CHKeHHE TOKOB JMEKTPOOCAKISHHA THTHA B
NPHCYTCTEHH  OHOBHMX  MEKTPOIHTOBR  Owino  0OBACHEHO IKpPaHHPOBAHHEM
ANEKTPHYECKOTO MONE HOHAMH QOHOBOTO IEKTPOIMTA, MPHBOARILEND K CHHMEHHID
BEAAIE WIEKTPOMMIPAUHOHHOTO MmacconepeHoca. HecMoTpa Ha To. 41O NpH
BEICOKOH KOHISHTPAIAH (OHOBOTD WISKTPOUIWTA BKNAL 3MeKTPOMHIPAalHOHHOIO
MacConepeHoca Ok NPEKTHYECKH — TONHOCTRKY  NONarned.  MopQoaoris
NEKTPOOCAKICHHOTD THTHE He W3MeHKIack. Mopdonorua oCcAIKoB CYIECTEEHHO
OTIHYANACE OT ASHAPHTHOH, KOTOPYIO MOMHO OBLIO OMHIATH NPH OTPaHHYEHHH
MacconepeHoca B aextponuTe. Kpome Toro. Taxke HaOMIAes pOCT BHCKEPOB OT
HX OCHOBAHMA, T[akWM o0pasoM, NpoBEACHHBIE WCCNENOBAHWA MOKAIANM, YTO
OTPAHWYEHHBI MACCOMEPEHOC B WHIAKOM IEKTPONMTE HE ARIASTCH NPHYHHOH
MOPOOIOTHYECKON HecTAbUILHOUTH [THTHA.

Tperes rIaga NOCESUIEHZ HWIVUEHMIO ZaKkoHoMepHocTell 00pazoRaHud W
CBOJCTR TACCARMPYIONIHX T/IEHOK HA MOBEPXHOCTH ANTHEBOTO ANEKTpoaa M X
BIAMAHKS HA MOpQONOTHE 0CARIeHHOTS NHTHA, Peakling NHTHA ¢ pACTROPHTENAMH
OBLIA MIYUEHA METONaMM peHTreHoBckol (oToMeKTPOHHOH CISKTPOCKONHHA,
Mﬂ]]{]Jﬂ.'!Dn-l!I H OHHaMWES ]'_'IDETEL I'[EIBEPIHBETHLD{ (2 HOE - HFI'H IO ﬂpé‘!‘ﬂi“'.‘ﬁ"ﬁ
HeHTpOHHOI pediieRTOMETPHH " WIEKTPOXHMHHECKOTO KBAPLSBOIO
MHKpOBIBelHBaHMA pabouero aextpona. PacuerTsl BOIMOMHBIX NYTSH peakiuu
BIAMMOJeHCTEHA KapDOHATHLIX PACTBOPHTENCH ¢ MeTANIHYECKHM THTHeM OLiaM

BEIMNOIHEHEL MeTOOOM TSOPRHKE El]l}"[-lHl.lI-Il'.‘li-lﬂ.l'.l.ﬂ OIOTHOCTH.
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CornacHo JIHTEPATYPHEIM [1aHHLIM, B3aUMOJeHCTEHE METAILTHYECKOrD IHTHA
C NPOITHICHKAPDOHATOM MOKET NPHBOAMTL K 0DPaz0BAHHIO THO0 OPraHuYeCcKHX
KapDOHATOE, JHDO MpOMaHIHOIATa [JWTHA. Jl1s8 YCTAHOBIEHHA MEXaHH3IMOB
peakuHE H cocTaBa o0pa3yIOUMXCA NpoaykToB PyaestiM A.A. OBUIH BRIIIONHEHE]
IRCTIePHMEHTAIRHEIE HCCTeI0BAHNA B3AHMOIEHCTBHSA TTHTHA ¢
nponAekapboHATOM K ITHASHKAPOOHATOM B YCIOEHAX CBEPXBLRICOKOID BAKYYME.
B0 YCTAHOBIEHO, STO OCHOBHBIM IPOAYKTOM DEAKiHA ARISETCA NPONaKIACIAT
JTHTHA. KBaHTOBOXHMHHYECKHE PACHETH MMOKA3ANH, HTO PeakuHs (opMHpOBaHHs
NPONEHIHONATA NOAPAIVMERAET ORA IOCTIEI0BATENRHEIX KT8 BOCCTAHOBISHMA H
uaer npakTuyvecky Oe3adapeepHo, 4 PeaKUMA. NPHBOASUES K obpasoBaHHIO
KapDOHATOB, AAET DO/Mee IHEPreTHYECKH BbirOIHbIE NPOLYKTEL, HO NPOTERaAET Mepes
JHepreTHHeckuil Oapeep. Takkm oDpazoM. OO MOKAZAHO, MTO B XOA€ PeaKilkHH
NponEIeHKapOoHAaTa AN THICHKApDOHATA ¢ THTHEM BO3MOMHB! 1Ba OCHOBHBIX
KOHKYDHDYHOILIHX MyTH PeaKIIHH: OAHOAEKTPOHHOE BOCCTAHOBICHHE
ATKHIKEPOOHATA, TPHEOIALISE K ODPA30BAHHID PAVIHYHEIX KapOOHATOB NHTHA, H
IBYXEKTPOHHOE BOCCTAHOBICHHE, NIPHBOAALIEE K 00Pa30BAHHID ATKAHIHOIATOR
nuTHA. OTeyTeTBME nponaHiHondTa wtus B coctase SEI asrop obnacHaeT ero
PECTROPHMOCTEID B WIEKTPOJIHTE.

st syvenns MopdoIorne NACCHREPYIOIMX naeHok Owina paipaboTtama
MeTOINKE operando HefiTporHoil pednextomeTpui (HP) B nokazana ROIMOKHOCTE
obuapyReHus WHTepQERCHRX cnoer TomuHHOA ~1 HM, MeTomom wefiTpouHodH
PeIEKTOMETPHHE OLIIO MOKAZAHO, UTO [IpH SJEKTPOOCAXCICEHHM HA MenHsIH
IMSETPON JHTHE He obpasyer awe TOHMKMH CnimomHOH crioil, & cpazy TepseT
MophoIorHuecky o cTabuasHoCTE W hopMupYeT BHckepsl, [lo Mepe ocasieHHA
nuTHE Tomuuua cnos SEI pacter v nocturaeT okono 30 HuM.

Metomamu HP, anexkTpoxumHueckoro  KBapuesoro  MHKpOBIBelHBAHRA,
C-"HEHTPUQRGHHH MLEHI'PH}LHHH'{EEEET& HMIeqaHca HE}"-!E:]*]D BITHAHHE
EOHUSHTDAUHH INeKTROAHTHREIX C-{!IJ'JE-'!TI' Ha EIE{)PID—ETL ﬂ-ﬁpﬂ.‘aﬂﬁﬂ.}-‘l}fﬂ H EBIDE’C-‘THE.
MOBEPXHOCTHLIX nacHoK. MaMepednady BpeMeHHOH 3ABHCHMOCTH HMNEIaHCA

THTHEBRIX MISKTPOI0E, NOIPYKEHHBIX B pacTsOp TpHGTOPMETAHCY ILQONHIHMIIA
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Jutug (LITFSI) B nponunenxapDoHATe. ObUIO [10KA34HO, YTO CKOPOCTE POCTA
CONPOTHBIEHHSA 3ABHCHT OT KOHUEHTPALMH 31eKTPOINTE. bEIO YCTEHOBIEHD, 1T
B BRICOKOKOHUCHTPHPOBAHHBIX WIEKTPVIHTHBIX pacTBopax dopsupyercs bonee
TOHKES © CTaDMNBHAR TNOBEPXHOCTHAR TINEHKA, 4YEM B pazdaBneHHLIN,
HccnenosanMs MeToZoM ONTHYECKOH CHCKTPOCKOMAHW [OKA3ANH, YTO BHE
3EBHCHMOCTH OT KOHUEHTPAlHH JJeKTPOJHTHOID PpacTBOPa OpH  KaTOZHOM
OCAmAEHHMH OOPa3YIOTCH HEﬂﬂanﬁﬂHme MOBEPXHOCTHLIE MIEHKH, MOpdoioris
KOTOPBIX MPAKTHYECKH HE 3ABHCHT OT KOHUEHTpauMH pacTBopa. KynoHosckas
MMPEKTHEHOCTE OCAEOEHHA HTHA Takwe c1ado SasMCHT OT KOHUEHTPALHH
JEXTPONHTHOrG pacTBopa. B BHCOKDKOHUZHTPMPOBaHHBIX INEKTPoIMTaN (=4
vonk/Kr LITFSI & TIK) synonoeckas 3(dekTHEBHOCTL cocTasnana okono 50%, a a
pazbaBnerHuX - npeOaHzHTensHo 40%. Cnabeie paziwuus B KyJoHoBCKOH
3OQEXTHRHOCTH CRHICTEIBCTEVET 0 HEIHAYMTENLHOCTH HiMeHeHHi Mopdonorus
CHOS JHTHR B BRICOKOKOHUSHTPHPOBAHHBIX 3MEKTPOAMTAX MO CPABHEHHIO C
pa3dEaneHHBMHE A0ekTpoauTaMi. B pesynerare npomefeHHBIX MeCHea0BAHUH
Pyaeeniv AAL OkLi0 VCTAHORIEHD, YTO HCTIONRINBAHHE
BRICOKOKOHUEHTPHPOBAHHKIX WIEKTPOIIHTOR, XOTA NPHBOAKT K cTabMmazaimn SEI
H YMEHBILEHHIO 210 TOMIIHHG], HE OKATRIBAET HHKAKOTO BIHAHHA HA MOpdOIOrHsD
MOBEPXHOCTH AHTHA NPH 3NEeKTPOOCAKIEHUN.

YerrepTan raasa «Bnussue npoueccon MacconepeHoca B 0Ghenme JMeKTpoIa
Ha AMEKTPOKPHCTALIASALIMIO THTIHAR, 110 CYTH 814, ABNSSTCH A0pOM JHOCPTALIMN,
B 370# r7iase ¢ UCNONLIOBAHHEM METOAOR PACTPOBOH MIEKTPOHHON MHKPOCKOTIHM,
AnppaKuEn 0OPATHO PACCEAHHBIX EKTPOHOB M ATOMHO-CHIOROH MUKPOCKOIHH
WIYHEHO RIHAHHE MPOLSCCOR, NPOTEKAIONIMY BHYTPH CAMOTD THTHEBOMO ANeKTPOoE,
HE MOPHOIOTHK: NOBEPXHOCTHRIX CNOER JHTHA. Bhilo yeTaHoBIEHO, uTo npH
ATEKTPOXMMHUUSCKOM BOCCTAHORISHMH JHTHN HA MOJENEHLIX JHCKOBEIX THTHEBLIX
NOTHKPHCTAIMSECKHN AeKTPoaax npu mwiotnoct Toka 100 MxAleM® B Teuenns
[0 wacom OcawIeHHE INMTHA nNpoMcXoAMT O623 noTepH MopdoTOTHYECKO
cTA0MIBHOCTH nosepxHocTH neKTpoaa. [lpH TOM HE NOBEPNHOCTH JHTHA HA

TPAHULAX COCEIMUX JEpeH MeTannd (QOpMHPYHTCH CTVNEHH HIH [NOJHOCTRHD
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BRICTYTIAIOIIHE HajJ [UIOCKOCTBI)  MIEKTPOAa  o0NacTH, BHICOTA KOTOPBIX
COOTBETCTRYET OMHAAEMOM TOMUHHE OCAXIEHHOTO C/OS AHTHA. Takue CTYNEeHH o
BREICTYNE POPMHPYHOTCH HA HAKIOHHBIN IPAHALAX 3EPeH, MPHYeM Bbillenemanne
3¢PHA OKA3BIBAMOTCH MOOHATEMMH HAD NOBEPXHOCTEIY JTHTHA. BBLUID YCTAHORIEHO,
4T0  NpH  TATbBAHOCTATHYECKOM  OCAKISHMM  [MTHA  NepeHANpIEeHHEe
[EPROHAYATTEHD PACTET €0 BPEMEHEM MONApHIAUMM, @ 3aTeM HEUHHAer
YMEHBIIATECA, YBENHHeHHe NePeHaNPAKEHHs KATOIHOTD BELIETEHUA TUTHA aBTOp
CBAIBIBAST C YBEIWHEHHEM TOMUHHB SEl MM HaxonIcHHEM MEXAHHYECKOTD
HanpaxeHHs B 3aexrpone. [lonomeHne MHHHMYMA 3aBHCHT OT MAOTHOCTH TOKA.
[Nonowenne MEHRMYMa HA NONAPHIALHOHHON KpUBOH COOTBETCTBYET NEpexoay oT
MIGHAPHOr0 POCTA OCAAKOB THTHA K POCTY BHCKEPOB M OPMHPOBEHHIG PHINIBIX
ocaikos. Ha OCHOBE NOMYHEHHBIX Pe3yIbTATOR ABTOPOM IHCcepTaunn Obina
OpeiloweHa CXeMa PassHTHA Mophonorideckoll HecTalHNbHOCTH MOBEPXHOCTH
AHTHEBOND MEKTPONA, COTTACHO KOTOpoll NepBOHAYANBHO [pH  KATOOHOM
OCEMIEHHH aTOMBI JTHTHA OOPAIVIOTCA HA TPAHHLE IMEKTPOI — MOBEPXHOCTHAS
[UIEHKA ¥ TPAHHUAX 3epeH TTHTHA, 3areM IMdbyHIHpYIOT B 00beM JIEKTPOA, [1e
JOCTPAHBAIOT 3EDHA, UTO NPHBOART K yBeIHYeHHO WX o0beMa it hopMEpPOBAHKIO
crynedell. Hakonnenue smexanuueckwx HanpsaeHnii W yBellHYEHWE TONIIMHE
MOBEPXHOCTHON MASHKH TPMBOOWT K VBEIWYeHHI repeHanpmkedus, [lpw
AOCTHKEHHH  HEKOTOPOTD  KPHTHHECKOrD 3HAYEHHA MepeHanpaAmeHHs Ha
MOBEPKHOCTH TEKTPONE MPOMCXOLHT 0OpainBaHMe 38POJLILIEH NePBOHAYATIEHD
cpepHueckoll MOpPMLL, JOCTPAMBAHME KOTOPEIX ATOMAMH [THTHS ¥ HX OCHORAHHS
NPHEOANT K 06pazosanmo suckepor, Cornacko NpeanomeHHol cxeme niaHaprLli
POCT CNOS NTUTHE H POCT BHCKEPOR NPOTEKAOT MoA NefiCTBHEM MeXaHHYeCKoIo
HEMPSHEHME, CO3LABASMOID OCLKIEHHEM &TOMDE JIMTHH, BCTPAHBAIOLIMXCH B
FPEHHIIEL 3EPEN,

[lo muenmio asTopa HCcaenoBaHMs, BAKHEHIIYIO ponk B (OPMHPOBSHMH
MOPDOTOTHN THTHEBLX OCAlKeB HrpaeT Teepdodazuas auddysus autea. [Lis
NposepKE BIHAHHA CKOPOCTH TeeplodazHoro sacconepeHoca ObUIO HIYUEHO

OCARICHHE JIHTHA [IpH  PasiHuHLIX TEMNEPpATY AN H  TOKEAZAHO, HUTO  OpH
&



NOHHACHHON TEMNepaTy pe, BCNEACTBHE 3AMELIEHHOCTH TGOy INH aTOMOB JIHTHS,
ITHTEABHOCT CTAOMH TIIAHapHOrO pocta coxpainaercs. [lpw  nosbimennH
TEMIEPATYPR  TBEpIZOQ@aIHad AHGOYIHMA  YCKOPHETCA, UTO0  [OPHEOIHT K
CYWIECTECHHOMY YAMHHEHHID CTAJWH NIAHAPHOTD OCAKIEHMS M CHHMCHHEO

TEHICHLUHH K 3ap0MICHHID BHCKCPOB.

K nocToMHCTBAM EEI-ICCE]]'I'HI.EHDIII]!{]H p&ﬁD’IH H 3aCivraM COHCKATCIA MOMHO
Tar#He OTHECTH LL[HPDH'HH CHERTP HCTMONLIOBEH HEsl X COBPEMEHHBIX

FRCOEPHMEHTANBHBIX H TEOPETHHECKHX METOI0B HCCTIEN0BAHHI.

Creneds 000CHOBAHHOCTH BRIDOpPA METO/I0B HCCIEI0BAH HIl, JOCTOBEPHOCTE B

HOBHIHA NVIVHCHHBIX PEIVIBTATOR

[Ipi BEINOMHCHMHM AWCCCPTALMOHHOH paldoThl AMCCEPTANT HCOMONBEIOBAN
H[Hpﬂ}fi{ﬁ E‘T!EH"-'FI- K COBDCMCHHBIX IRCACPHMOHTAA BHbBIX, H TEQPETH"'TE'EKHH METOI0B
HMCCaSIOBAHH I:.L TEKHX KaK HOHEITHYCC KA Bmlhmhtﬂ-:pﬂ_-dﬂ'[‘pﬁﬂ.
NOTEHIHOCTATHYEC KA XPOHOAMIIEPOMETPHA, CACKTPOCKONHA
AMEETPRONHMHHCCKOrg s D i s e EOHAYETOMETDHA, EJIIEETFI{}KHMH‘{EC-HHH
KEBaplicBAR MHEFDmﬂBHMETpHH, Eh’ﬂHHP}'I‘DIﬂ,ﬂH WIEKTRPOHHAA MEKDOCKGIIHA,
ONTHYECKER MHKPOCKOTHA, ATOMHO-CHIIOEas MHKPOCKONHA, PEeHTTCHOBCKAR
(POTOIIEKTPOHHAS CIEKTPOCKOTIHA, HeliTponHan pedIeKTOMETPHA,
EBAHTOBOXHMHYSCKHS PACHCTRL M PacYeTh METOIAMH MDJIE!EJ"."IHFH(]H JSHAAMHKE, B
pRric CiIv+acs 03 'FII:i.I.I'L‘-HHH NOCTARINCHHBI X  3a08% JHUE:EP’I’E.H'I'{}M EHJ]H
pazpafoTaisl B HITOTOBAEHB! CHEUHAALHBIE JEKTPOXHMMMECKME AYeHKH,
HENPHMED, 118 NPOBSIEHUA ONTHYECKHX HCCISIOBAHHN pOCTE BHCKEPOE W
MOPQOIOTHE NOBEPXHOCTH JIHTHEBBIN JIEKTPOL0E.

Bribop MeTodos HecneforaHui NoJHoCTEHD 0DOCHOBAH, 00YCHOBIEH LEIHMI
M 3afavyaMy  JIMCCePTALMOHHOID MCCAeI0BAHHA H COOTBETCTRYET MEeTOaM,
OPHMEHASMEIM B AHATOTHYHBIX HCCIEOBAHHAN.

JocTosepHOCTE NONYYeHHBIX pe3vIsTaTor ofecnedeHa KBATHOHIHPOBAHHLIM

[IPHMEHCHHEM COBpPEMEHHAIX 3SECHEpPHMCHTAIBHBIX H TCOPETHHECKHX METOLO0B



HCCTEI0BAHHA, MPHOOPOB M ODOPYAOBAHHA, BHYTpPEHHEH COTNAcOBAHHOCTRIO M
COrNACOBAHHOCTRID C pe3yibTaTaMM JIpYIHMX Hechejosarenel, DOHCAHHBIMHE B
auTeparype. Takke JOCTOBEPHOCTE, HAYYHAA HOBHIHA M 3HAYHMOCTE MNONYHEHHLIX
PEIVILTATOR TMOOTBEPMAASTCH WX NyONHKAUHEH B BBICOKOPEHTHHIORLIX

OpodEILHEIX pelleHIMPYEMBIX KYPHATAX,
Crenels 000CHOBAHROCTH HAYHHBIX MOJOMKEHNI, BLIBOI0E W peKOMeHIaIHEA

H':l}"-[HI:-IE' MO EHHA, BRIBOOLI H PCROMCHIAURH DOIHOCTBRD 0OOCHOBAHK
PESYIIETATAMH 3ECICPAMTCHTABHEBIX W TCORCTHHMCCKHX HCCNEeAOBAHHA, a8 Takwe

'L'I'Il.}'ﬁ.' [HEOBAHHBIMHA PEIV/IBTATEMH aHANOTHYHEIX HCCACI0EAH Hi1.
Bonpock H 3aMEMaHHN N0 AHCCEPTAUHONHOIN paboTe

Bonpocwt

BuecTe ¢ TeM, npH NpoYTeHHR j:'ﬂﬁ'DT'bl BOGHHENDH HEEOTOREIS BOTTRCCEL

1. B #Hecepraume OonblUOe BHHMAHME VOGNASTCH HCCIASIOBAHMAM
MEXAHHIMOB  MIEKTPOXHMHYECKOro  BOCCTAHOBJIEHHS  OTHIeHKepOoHata o
ll?ﬂﬁﬂe'lﬂilffﬂ]ﬂ'ﬁﬂ[-[ﬂ'rﬂ- brino YMCTAHORIEHO, T Hx OAHOAICKTPOHEME
BOCCTEZHOBICHHE NPpHBOOHT K Gﬁpﬁ?ﬂBEHHIﬂ HEpacTBOPHMbBIX Rﬂpﬁﬂltﬂ'!’ﬂﬂ JHTHAH, &
ABYXIIEKTPOHHOE - K 00pasoBaHu0 aKHIKHIAHOIATOB THTHA. OAHAKO pesyiLTaTh
STHX HCCMeAOBAHHH He HCTOMESYIOTCR TP GEQF?FHE[THH ¢IﬂHTﬂFﬂ.}H1 ORAIBIBAKOIIHN
BAHAHHE HA MDP':F'D'JQTH‘TEEH}']Q HeCTADHALHOCTE JTHTHA MPH WICETPOOCEHICHHH.
XoTenock BB 3HATE, OKAIBEAET 1H NpHpada XNCKTPOIHTHOM pPACTBODATENA
sauAnMe Ha Mophoaorgueckyo cralMIbHOCTE NUEGHAPHMX CAOEE JIWTHA TNpH
WIEKTPOOCAMICHHHT

2. bBemo wm3yseno BaMAHHE KOHUSHTpALUHH SNEKTPOAMTHOH oMM Ha
EYI0HOBCKYHO 3PHERTHEHOCTh OCAMISHHA JHTHA M [IOKA3AHO, 4T0 OHA JCKHT B
ananzasore 30-40 % npn unkamposanny npr naotHocTH Toka 100 MrA Ha rnyGuey
100 meA swes’ (puc.d8, crp.91). Tipn MCCIEIOBAHMAX MEXAHH3MOB PazBHTHA
mopdionorsseckol  HecTaOHAbHOCTH  ObLIO  NOKA3aHD, YTO POCT  BHCKEPOR

HAYHHASTCS [T0C/1E OCAKISHUA JIMTHA Ha ryOuHy npumepHo 1 A wiom® (puc.6l (a,
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g), ¢1p.108). D10 03HAUALT, YTO NPH OCAMISHHM NHTHA HA rayOuay | MA ufemt
KVIOHOBCKAS DOeKTHBHOCTE  Ao/xHa OHTh paBHOd npaxtdadeckn  100%,
OueHuBatack M KYJOHOBCKAA IPHEKTHEHOCTE OCAMICHHS JIHTHA HA HAHATBHBIX
ITANAX QCAMTECHHA THTHA B YCTOBHAN, AHATOTHYHEIN OTIBITEM, Pe3yILTAThl KOTOPBIX
MpeacTaBIens Ha puc, 607

3. I'zaBa 4 NOCBALICHA MCCNENDBAHMAM BIHIHHA MacconepeHoca s o0beMe
3NEXTPONA HA BIIEECT]ZIGKPHEIE:[RHEIEIIU.HEG nuthHs. B pasgene 4.1. vkazano, 4To B
xauecTre anekTponuTa Orin venonssosad 0.1 M pacreop LiCIOy wom 0,1 M pacrsop
LiPF: B nponunenxapbonare. B nankHefimesM no TekeTy 310l rMaskl HET HHEAKHMX
YKA38HHH Ha COCTABH JIEKTPONNTOB.

Bo3HEKAWOT BOMPOCH:

- [ousMy [Pk Hece J0BAHHAX OBILTH HCTIONL30OBAH bi
HIFKOKOH IIEH TPHPOBAH HbIE 3NEeKTPOIHTHEIE PACTBOPSL; 00LIYHO HCNOIBIYIOT
PACTBOPHI C KOHNESHTPAIMEH THTHeBRIX conel okoto 1 M?

- B Kaxux cayuasx Obine Henonksosadsl pacTropsl LiCI0,, a B kakux - LiPFe?

- NOCKONBKY NPHPONA aHHOHA WIEKTPOJIHTHOH COTH BO MHOTOM ONpeIideT
CEOMCTHA MOBEPXHOCTHRIX TUIEHOK, OOPE3VIOIMNCS HA NHTHH, HHTEPECHD
BEIECHWTh, HAOMIOJAN0OCHE W BIMAHHE TIPHPODR AHHOHA Ha NPOUECcch
paIBUTHA Mophororuveckoll HecTADUNBHOCTH TOBEPXHOCTH IJIHTHA [DH
SNEKTPOOCAR IEHHU?

4. B nucceprausonHoil pabore nokataHo, 4T0 HHIHKATOPOM HAUATNA POCTA
EI'r1E'I£E]]EIE HBITHETCH MOMOEEHHZ2 MHHHAMYML HA HDHHPH]H.[I]-'H}I!HE-[K EqZ'H.'!I:E.E.r}iL {:PIL'II:-
60). B paznene 3.1.3 H3VUYEHD BAHSHHE KOHUSHTPALHH SNEKTPOINMTHLIX coneii HA
CROMCTEA NMOBEPXHOCTHRIX IISHOK, 00paszviomuxcd Ha JIMTAH. Bauser 1M Ha
NoNoAeHHe MUEHMYMa Tonwmia SEL nonyuenwas ma nurHm B 3NeKTponMTax ¢
pasiMuHOil konnenTpanneii coneii?

5. Kag caeaver #2 raaeel 4, npHYuHHON MopdonorHYecKoil HecTabUILHOCTH
M BOSHHKHOBEHHS BUCKEPOE SBISETCH BOSHHKHOBEHHE MEXAHHHECKH N HANPKEH Uil
8 PECTYILEM [P ANeKTpoocaucasHiN cnoe auTug. Ecau secti snexTpoocasieHye

JIMTHE C [May3aMH J18 CHATHA BOZHHEAIOMIHE MEKAHHYECEHN HAPAEHEHH i, ﬁ}'ﬂE‘T JIH
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ITO CHOCODCTEOBATE ODPAIOBAHHID KOMMNAKTHHIX OCANKOE /IHTHA H TEM CEMbIM
VBETHYHBATE AMHTENLHOCTE UHKITHPOBAHHA THTHEBOMD 3NeKTpoga’

6. TloBepXHOCTHBIE MISHKH H3 JHTHH BCErJa MMEIOT aedeKTH, pasMepsl H
KOJNHYECTEO KOTOPEIX ONPEICHAKTCA CBOHCTBAMH ANEKTPOIHTHRIX CHCTEM,
VCAOBHAMH TIOJAIOTOBKH MOBEPXHOCTH 3MEKTPOAOB, KOHCTPYKIAH 37CKTPOOOB H
IPYIHEME GaxkTopasy. [IpH 3JeKTPoOCAKICHHH THTHA B 3QHPHBIX PACTRORHTENAX
HaCTO  0DpPE3VIOTCA  Tak HASHIBASMBIE MUIMCTSIE OCAAKH, B CYIbDOHOBAIX
SMERTPONNHTAY - cranfuaTtele. MoryT M KOJIHHECTBO H cBolcTBa NEeQEKTOB B
MOBSPXHOCTHON MIEHKE OKA3BIBATh BIHAHHE HA MOpQOnorHyeckyo cTaliILEOCTh
TIAHAPHKIX OCAIKOB THTHS

B TexcTe IHCCEPTALIHE BCTPEYAROTCA M HEYIAYHEIE BRIPAKEHHA, HAMPHMED,

-z ctp. B aTaepdomersHiie grKyMIARAMODN HPednolasaiin UCRGTaI06aH U
KaMOOos U2 TURRA-NONMBIY  OKKVMWIRMOopos  ..%n, BEPOSTHO, HMEETCH EBBHIY
HCTIONBIORAHNHE B MOTOWHTENRHLIX ANEKTPOIAX TREPIOTENAHAIX AKKYMYIHTODOR
TEX #e AKTHRHBIX MATEPHAIOR, YTO H B THTHI-HOHHEIX AKKYMYISTOPax?

-ua crp. 10 ... allockorexy mavue vamepuatsl 001a0aim CYiecmaenibl L
cofCmEenBMY  HPOOTEMaMI. . », BEPOATHO, HMEIOTCH BBHIY MpobieMsl He
METEPHATOR, 2 TPOOIeME!l  HMCIONLIDBAHMA  3ITHX MATEPHATOB E KAHMBCTBES
OTPHLATENBHBIX 3NEKTPOOBT

EHHE"IEIII-I'.FI H NMoEeTanHa

-HMenonszosanue TepMMHE «AHOLAR NPUMEHHTENRHO K OTPHLIATEILHEIM
INENTPONEM SKEVMYISTOPOE - HE COSCeM KOPPeKTHO, OOCKOOBKY TpH 3apame
SEKYMYIATOPOR HA OTPHIIATEIEHOM 3NEKTPO/E NPOTEKAI0T KATOAHLIE MMPOLSCCEL, 3
Py paspsie — aHOMHBIE,

-Hassanwe paznena 1.1, B rnase 1 He COOTBETCTBYET OrNaBASHHIO
AHCCEDTALHH,

- Pe3yneTaTel KBAHTOBOXHMHYECKHNY PACHETOR JKENATENLHO HILTHOCTPHPOBATL
HE TOJNBKO PHCYHKAMHE, HO H YPABHEHHAMN XHMHUSCKHX PSaKIIHiA.

- B moanucu x puc. 59 {(erp. 107) HenpasHABHO YKA3aHO NoJe (¢ BMECTO §).
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- Ha pue. 64 1 65 yEa3a8HO, Y10 NAOTHOCTE [IOMAPHIVIOLIEr0 TOKA COCTaRIAeT
100 mAfem®. Tak nu sro?

-Bo MEOTHX Cny4asX, B YACTHOCTH B NMOAMHCH K puc, 66, rayOuBa sapgna
pbosHayena B MA-4, Dolee MpaEHIBHO IVDHHY 3apsaja OTHOCHTE K SAMHHLE
[OBEPXHOCTH,

~Tlonmuer ¥ QueyHEay Be Beerna wudopmatueusl. GoIToMy oW aiaiuie
HH(POPMSIHH, MPEICTABICHHOH Ha iJHE},"HK'E., NMPHXOIMTCA BOIBPALLATECHE K TEKCTY,
HanpHMep, pHc. 66 paiMepsl HACTHL 4ero?, B KAKOM MeKTPoIHTe?

-B rexkcre asccepTalliM KOHUEHTPALHA JHTHeBbIX conell oboiHagaercs
nponscHol Oyksoi M. oamako 3 TeKcTa IHCCEPTalAK CISAYET, YT0 KOHIIEHTPALIH
couieil DB MONATBHOH M, CHS0BATENhHO. AOMKHA 0003HAMATRCA CTPOMHOH

DYKBOHE m.
JarkawueHne

AHccepraudondas  pabora Pynepa AJexces AHToHOBHYA «Pasmurie
MOPQOIOTHYECKO  HecTAOHNBHOCTH  [UIAHAPHOrQ  CHOA  JMTHS  1pw
WEKTPOOCAMISHHAY  SBIARTCH  3AKOHYEHHBIM  HAYYHBIM  HCCIEAOBaHHEM,
BEITIOJIHSHHOM HA BRICOKOM HAYUHOM H METOIONOTHYECKOM YPOBHE, Jar0Ilas
CYIIECTBEHHBIH BKIA] B PAIBUTHE TEOPHH JHTHEBOID 1eKTPoaa. BeiHOCHMBIE Ha
SAMATY  pesyieTatel  o0nafaloT HAYYHOH  HOBM3IHOM, npakTHueckodl H
TeOPeTHHECKOH IHAYHMOCThIO,

Aduccepranma  oreedaer  TpeDOBAHHAM, YCTAHOBNEHHBIM  MOCKOBCEHM
rocyAapcTBeHHBIM  yHuBepoHTeToM HMeHH MB. Jlomonocosa x  pabortam
nofooHore  poag.  ColepwaHHe JHCCEPTAlMH  COOTBETCTBYET  MACMopTam
cneunaisnocTel L4015 — «xuMHA TBepaoro Tenay n |.4.6 — «anekTpoOXHMHAR (N0
XHMHYSCKHM HAYKaM ), 8 TAKHE KPHTEPHAM, onpeldeneHHsiM nm. 2.1-2.5 TlonoweHus
O NPHCYKASHHN yuebiX cTeneHel B MockoBckoMm rocyapeTeeHHOM YHHBEpCHTETE
uveny M.B. Jlomonocosa. a Tarke odopaieHa cornacHo npHiokernam Ne 5, 6
[lonowensna o auccepranuoHHoM coBeTe MOCKOBCKOID ToCyIapCTEEHHOTO
yuHsepcuTera Hmern M.B. Jlomonocosa.
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Taxwm 0dpazoM, coMcraTens Pyies A A, 3aCHvACHBAET [IPHCYKIEHHA YYSHOH
CTEMEHH KAHAWOATE XHMHMYECKHX Hayk no cneumansbHocTam 1.4.15 — «xsvus

TBEPAOTO TeRan 0 14,0 — a31eKTPOXHMIAR,

OdprumanbHEli ONNOHEHT:

,I:EDET{!FI AHMMHYCCRHX HAYE,

32BEIVIOIIKIA OTIEN0M ITEKTPOXHMHYECKOH JHEPreTHKY

Ymmeroro Hacturyta xpmun Y huMcroro (eaepaibHore HCCIeaoBaTeIbCkoro
ueHtpa PAH

Konocnuusm Bragumup Cepreenny //lgm
————

07.10.2022

KoHTAXTHEIE JAHHBIE:

e =7 (347) 235-38-00, e-mail; kolosanrb.ru

CrnensansHoCTh, Mo KOTOPoi ofH LA LHEIM OMITOHEHTOM

FAUHIIEHE [IHCCEPTALTHA:

02.00.04 — dhuzmuyeckas XHMHg

Anpec mecTta paboThi:

4530034 r. ¥da, npocnexr OxTatpa, 69

YoumrceEuil MHCTHTYT Xumud YduMckoro henspansroro HocnenoBaTeIbokoro

uentpa PAH, oTaen 3nekTpoXHMHYECKOH IJHEPIeTHEN
Ten.: =7 (347) 235-38-00; e-mail: kolos@anrb.ru

Hoxnues B.C. KoaocHunbHA yaocTOBEPSHO:
Yuensiil cexpergp Nduliiddgro Huctutyra xumun Yiumexkoro dezepansHoro
HCCIelORaTE !

1.X.H., Tpod.

. - ['mmanosa @A,

07.10.2022
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