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Si05 110 ,n:aHHbIM 3TIP», 

11pe,n:cTaBJieHHYIO Ha COHCKaHHe yqeHOH CTelleHH 

KaH,n:H,n:aTa cl>mHKO-MaTeMaTJiqecKHX HayK 110 Clle:U:HaJibHOCTli 

1.3 .12 - <l>H3HKa MarHHTHbIX .SIBJieHHH. 

,lJ;Hcceprn:u:m1 Po,n:HoHa <l>apH,n:oaJiqa JlHKepoaa 11oca.su:u:eHa Hccne.n:oaaHHIO cTpyKTYPbI H 

penaKCa:U:HOHHbIX CBOHCTB 11pHMeCHbIX pe,n:K03eMeJibHbIX HOHOB Ii HOHOB rpyllllbl )KeJie3a B 

Jl:li3JieKTpHqecKHX KpHCTaJIJiax opTOCHJIHKaTOB HTTpli51 Ii CKaH,n:H.sI MeTo,n:aMH CTa:U:HOHapHoro Ii 

liMllYJibCHOro 3TIP' KOTOpbie 51BJl5IIOTC51 HaH6onee HHci>OpMaTHBHbIMli liHCTpYMeHTaMli .ll:Jl51 

H3yqeHH51 11pHpO,n:bI Ii 6JIH)KaHlIIero OKpy)KeHH51 11apaMarHHTHOro liOHa, a TaK)Ke oco6eHHOCTeii 

11po:u:eccoB penaKCa:U:Hli. AKTHBHbIM liHTepec K myqeHHIO Jl:li3JieKTpHqecKHX KpHCTaJIJIOB c 

11pHMeCblO 11epexo,n:HbIX Ii pe,n:K03eMeJibHbIX HOHOB CB513aH c pa3BliTHeM KBaHTOBbIX TeXHOJIOrHH 

Ii B03MO)KHOCTblO liCllOJlb30BaHH51 CllliHOBbIX CBOHCTB 3THX HOHOB .ll:Jl51 KBaHTOBOH o6pa60TKH 

HHcl>opMa:U:Hli. 3To CTHMYJIHpyeT llOHCK HOBbIX MaTepHaJIOB. BpeMeHa ci>a30BOH Ii CllliH

pernernqHoii penaKCa:U:Hli 51BJl5IIOTC51 Ba)J(HeHlIIHMli 11apaMeTpaMH, 011pe,n:eJI.sIIOIUHMli 

B03MO)KHOCTb 11pHMeHeHH51 TaKHX CliCTeM. 0HH CliJlbHO 3aBHC51T OT KOHcl>Hrypa:u:HH 6JIH)KaHrnero 

OKpy)KeHH51 11apaMarHHTHOro :u:eHTpa Ii B3aHMO,n:eiiCTBli51 c HHM. TI03TOMY H3yqeHHe 

oco6eHHOCTeii 11po:u:eccoB penaKCa:U:Hli B KpHCTaJIJiaX opTOCHJIHKaTOB HTTpli51 Ii CKaH,n:H.sI c 

li30TOllOM 
28

Si, HMeIOIUHM HyneBOH .s1.n:epHbIH CllHH, Ba)J(Hbl KaK c <l>YH.n:aMeHTaJibHOH TQqKJi 

3peHH51, TaK Ii Jl:Jl51 B03MO)l{HbIX 11paKTJiqecKHX 11pHMeHeHHii. Tipoae,n:eHHbie B Jl:liCCepTa:U:Hli 

p . <l>. JlHKepoaa 3KC11epHMeHTaJlbHhie. Ii TeopeTJiqecKHe liCCJie,n:oBaHH51 MarHHTHbIX Ii 

~ 111 b3+ 143Nd3+ 53 3+ 51 4+ 
perraKCa:U:HOHHblX CBOHCTB HOHOB y ' ' Cr ' v B MOHOKpHCTaJIJiax 

opTOcHrrHKaTOB Y}8
Si05 H Sc/

8
Si05 Mern,n:aMH crn:u:HoHapHoro H HMllYJibCHoro 3TIP 

pe30HaHca, HeCOMHeHHO, 51BJI5IIOTC51 aKTYaJibHbIM. 

CTpyKrypa JJ:HccepTaU:HH 

,lJ;HccepTa:U:HOHHa.sI pa6oTa COCTOHT li3 BBe,n:eHH.sI, 11.sITli rnaB, 3aKJIJOqeHH51, CllliCKa 

:U:HmpyeMOH JIHTepaTypbl Ii 11y6JIHKa:U:HM aarnpa. 06rn:Hii o6beM pa60Tbl COCTaBJI.sieT 122 

CTpaHH:U:hl, BKJIJOqa.sI 3 9 pHCYHKOB, 14 Ta6JIH:U: Ii 6JI6JIHOrpacl>HIO li3 107 HaHMeHOBaHHH. 
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Bo BBC.IJ;CHHH o6ocHoBaHa aKTYa.TihHOCTh TeMbI Hccne.n:osamu1 c ToqKH 3peHmI pa3BHTmI 

o6naCTH KBaHTOBOH HHcpOpMaTHKH H KBaHTOBbIX KOMIIbIOTepoB, rrepe~cneHbl uenH H 3a,n:aqH 

pa60Tbl, rrpHBe,n:eHbl OCHOBHbie IIOJ10)l(eHirn:, BbIHOCHMbie Ha 3aIUHTy, OIIHCaHa HayqHrui: H 

rrpaKrn:qecKaH 3HaqHMOCTb rronyqeHHbIX pe3ynhTaTOB. 

B nepBon rnase 11p1rne,n:eH ofoop nHTepaTypHbIX ,n:aHHhIX 110 rronyqeHHhIM 

3KCIIepHMeHTa.TibHbIMH MeTO.IJ:aMH xapaKTepHCTHKaM rrpHMeCHbIX ueHTPOB, o6pa30BaHHbIM 

pe,n:K03eMeJ1bHbIMH HOHaMH H HOHaMH rpyrrrrhI )l(eJ1e3a B OpTOCHJ1HKaTax HTTpHH H CKaH.IJ:HH, 

OTpa)l(eHO HX rrpHMeHeHHe .IJ:JIH C03.IJ:aHHH J1a3epoB. 0603HaqeHbl 3a,n:aqH H uenH 

.IJ:HCCepTaUHOHHOH pa60TbI. 

Bo BTOpOH rnaBe OIIHCaHbl HCCne.n:yeMhie MOHOKpHCTa.TIJ1bl H HX CTPYKTypa, o6'bHCHeH 

BbI6op J10Ka.TibHOH ,n:eKapTOBOH CHCTeMbl KOOp.IJ:HHaT D1D2b B MOHOKnHHHOH pemeTKe. 

PaccMoTpeHbI TaK)l(e oco6eHHOCTH rrpHMeHHeMbIX MeTO.IJ:HK HMrrynI>cHoro 3I1P, B qacTHOCTH -

MeTO,n:OB Carr-Purcell-Meiboom-Gill (CPMG), CTHMynHpOBaHHOro CIIHHOBOro 3Xa H Mern.n:a 

HHBepCHH-BOCCTaHOBJ1eHHH. 

TpeTLH rnasa BKnJOqaeT pe3ynI>TaThI opHrHHa.TibHoro 3KcrrepHMeHTa.TihHOro 

HCCne,n:oBaHHH crreKTpOCKOIIHqecKHX xapaKTepHCTHK rrpHMeCHbIX pe,n:K03eMeJ1bHbIX HOHOB 

143Nd3
+ H 

171
Yb

3
+ B MOHOKpHCTa.TIJ1aX opTOCHJ1HKaTOB HTTpHH H CKaH,n:HH c H30TOIIOM KpeMHHH 

zss· ~ IT 1, .IJ:JIH KOToporo H,n:epHbIH CIIHH paBeH HYJIIO. OKa3aHO, qTO HOHbl HeO,n:HMa 3aMeruaIOT 

HTTpHH B 1103HUHH, HMeIOrueil: B 6JIH)l(aHIIIeM OKpy)l(eHHH ceMb HOHOB KHCnopo.n:a, a HOHbI 

HTTep6HH, HMeIOruHe MeHbIIIHH pa,n:Hyc, 3aMeIUaIOT HOHbl HTTpHH c IIIeCTHKpaTHbIM H 

ceMHKpaTHhIM oKpy)l(eHHeM. ITpose,n:eHa arrrrpoKCHMaUHH TeMrrepaTypHbIX 3aBHCHMOCTeli 

BpeMeHH CIIHH-pemeToqHoli penaKCaUHH .IJ:J1H HOHOB HTTep6HH H HeO,n:HMa cyMMOH BKna,n:oB 

Tpex MexaHH3MOB penaKcauHH - rrpHMoro, paMaHoBcKoro H Op6axa-AMHHOBa. Bnepebze 

IIOKa3aHO BJ1HHHHe H,n:epHoro CIIHHa HOHOB KpeMHHH Ha paMaHOBCKHe rrpouecCbl B 

TeMrrepaTypHOH 3aBHCHMOCTH BpeMeHH CIIHH-pemeTOqHoli penaKCaUHH HOHOB Heo,n:HMa B 

Y2SiOs. Orrpe.n:eneHbI rrapaMeTpbI KpHCTa.TinHqecKoro rronH ,n:nH HOHOB Heo,n:HMa B KpHCTa.Tinax 

OpTOCHJ1HKaTOB HTTpHH H CKaH,n:HH. 

B qeTBCpTOH rnase npe.n:crnsneHbl pe3yJ1hTaTbI H3yqeHHH npHMeCHbIX HOHOB xpoMa B 

MOHOKpHCTa.TIJ1aX y / 8
Si0s H Sc/

8
Si0s MeTO,n:aMH CTaUHOHapHoro H HMIIYJibCHOro 3I1P. 

I10Ka3aHo, qTo HOHbl TPeXBa.TieHTHOro xpoMa 3aMeIUaIOT HOHbl TpeXBa.TieHTHOro HrrpHH H 

HaXO.IJ:HTCH B OKpy)l(eHHH ceMH HOHOB KHCJiopo,n:a. Orrpe.n:eneHa o6naCTb B yrnoBOH 3aBHCHMOCTH 

crreKTpOB 3I1P, B KOTOpOH Ha6JIIO.IJ:aIOTCH J1HHHH «3arrperueHHbIX» CBepXTOHKHX rrepexo,n:OB c 

H3MeHeHHeM H,n:epHoro CIIHHa Ha e,n:HHHUY' rrpHqeM HX HHTeHCHBHOCTb rrpeBhIIIIaeT 

HHTeHCHBHOCTb pa3pemeHHbIX rrepexo,n:oB. Orrpe.n:eneHbI ycnoBHH Ha6n10,n:eHHH nHHHH 

aHTHrrepeceqeHHH ypoBHeli B crreKTpe 3I1P. ITpose,n:eHbI H3MepeHHH TeMrrepaTypHbIX 
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3aBHCHMOCTeii cpa30BOH H CIIHH-perneTOqHOH peJiaKCaIJ,HH B .ri:HaIIa30He TeMrrepaTyp OT 4.2 .no 

30 K. TeMrrepaTypHrui: 3aBHCHMOCTb crrHH-pernernqHoii penaKcauHH rrpoMo.nenHpOBaHa CYMMOH 

Tpex rrpoueccoB - rrp51Moro, PaMaHa H Op6axa-AMHHOBa, qTo II03BOJIHJIO onpe.nenHTb 

3HepreTHqecKHH HHTepBaJI Me)l(.ny OCHOBHbIM H B036y)l(.neHHbIMH ypOBH51MH. I10Ka3aHO, qTo 

BpeMeHa CIIHH-perneToqHOH peJiaKCaUHH .D:JI51 HOHOB xpoMa npH 10 K MHOro 6oJibIIIe, qeM 

aHaJIOrHqHbie 3HaqeHH51 Jl:JI51 HOHOB HTTep6H51 H HeO.D:HMa. 

B DHTOH rnaBe paCCMOTpeHbI cneKTpOCKom1qecKHe oco6eHHOCTH npHMeCHbIX HOHOB 

BaHa.D:H51 B CKaH.ri:HeBOM opTOCHJIHKaTe. lfayqeHbI opHeHTaUHOHHbie 3aBHCHMOCTH pe30HaHCHbIX 

3HaqeHHH MarHHTHOro IIOJI51 .D:JI51 CBepXTOHKHX KOMIIOHeHT B Jl:BYX B3aHMHO nepneH.D:HKYJI51pHbIX 

IIJIOCKOCT5IX. ,ll;OKa3aHO, qTo HOHbI BaHa.D:H51 3aMern;aIOT HOHbI CKaH.D:H51 B KpHCTaJIJiorpacpHqecKOH 

II03HUHH c ceMHKpaTHbIM OKpy)l(eHHeM H3 6JIH)l(aHIIIHX HOHOB KHCJIOpo.na. Onpe.neneHbI 

rrapaMeTpbI cBepxTOHKoH: CTPYKTYPbI .D:JI51 HOHa 
51 V H napaMeTpbr g-TeH3opa. I1oKa3aHo, qTo 

4+ 
BaJieHTHOCTb npHMeCHOro HOHa COOTBeTCTByeT v . l13MepeHbI H npoaHaJIH3HpOBaHbI 

TeMrrepaTypHbie 3aBHCHMOCTH BpeMeHH cpa30BOH H CIIHH-perneToqHoii penaKCaUHH. 

B 3a1rnroqeuuu rrpe.ncTaBJieHbI ocHOBHbie. pe3yJibTaTbI .D:HccepTaUHOHHoii pa6oTbI. Ha 

3arn;HTY BbIHeceHo qeTbipe HayqHbIX noJIO)l(eHH51. Bee BbIBO.D:bI .ri:HcceprnUHH xoporno 

o6ocHOBaHbl H He Bbl3bIBaIOT B03pa)l(eHHii:. 

HayquaH HOBHJHa u JJ.OCTOBepuocTb 

B .ri:Hcceprnu,HOHHOH pa6oTe enepebie npoBe.neHbI Hccne.noBaHH51 H annpOKCHMaUH51 

TeMnepaTypHbIX 3aBHCHMOCTeH: BpeMeHH cpa30BOH H CIIHH-perneToqHbIX peJiaKCaUHH B HOBbIX 

Bbiparn;eHHblX KpHCTaJIJiax opTOCHJIHKaTOB HTTpH51 H C.[\aH.D:H51 co CTOIIpoueHTHblM co.nep)l(aHHeM 

H30TOrra KpeMHH51 Si28
, nernpoBaHHbIX rrpHMeCHbIMH HOHaMH 3d H 4f 3JieMeHTOB. 

Bnep6ble lf3yqeHbI oco6eHHOCTH cneKTpOCKOIIHqecKoro IIOBe.neHH51 rrpHMeCHOro HOHa 

V4+ 
BaHa.D:H51 B MOHOKpHCTaJIJie opTOCHJIHKaTa CKaH.D:H51, qTo 1103BOJIHJIO IIOJiyqHTb rrapaMeTpbI 

cBepxTOHKoii cTpyKTYPbI H g-TeH3opa. 

Bnepebie IIOKa3aHo, qrn npHMeHeHHe npoToKona Carr - Purcell - Meiboom - Gill .D:JI51 

rro.naBJiemrn 3cpcpeKTa cneKTpaJibHOH .D:Hcpcpy3HH 1103BOJI51eT yBeJIHqlfTb BpeM51 )l(lf3HH 

KorepeHTHOCTH CIIHHOBbIX COCT051HHH .D:JI51 xpoMa H HTTep6H51 B opTOCHJIHKaTax. 

,ll;ocTOBepHOCTb IIOJiyqeHHbIX 3KCnepHMeHTaJibHbIX .z:i:aHHbIX rro.nrnep)l(Jl:aeTc51 

TI.IJ;aTeJibHOH rro.nroTOBKOH H xapaKTepH3aUHeH: o6pa3UOB, BbIIIOJIHeHHeM KaJIH6poBoqHbIX 

3KCrrepHMeHTOB, HCIIOJib30BaHHeM COBpeMeHHOro o6opy.noBaHH51, cornacHeM rronyqeHHblX 

c 3KCrrepHMeHTaJibHbIMH .npyrnx aBTOpOB HX 

HenpOTHBOpeqHBOCTblO c H3BeCTHbIMH cpH3HqecKHMH MO.D:eJI51MH. 
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Ilpa1nuqecKaH 3HaqHMOCTh pa60Thl 

AsTopoM 6hrna C03.[(aHa rrporpaMMa no orrpe,ll;enemno rrapaMeTpos KpHcrnmmqecKoro 

IIOJI51 Ha OCHOBe aHaJIH3a rrapaMeTpOB g-TeH3opa H pacrroJIO)l(eHH51 IIITapKOBCKHX ypOBHeil: .[(JI51 

HOHOB HeO.[(HMa, rrpHMeHHMa51 .[(JI51 rrpHMeCHOro HOHa B pa3JIIfqHbIX .[(H3JieKTpHqecKHX 

MaTpHu:ax. I1oKa3aHO, qTo rrpHMeHHMOCTb pe.[(K03eMeJibHbIX HOHOB HJIH HOHOB rpyrrrrbI )l(eJie3a 

.[(JI51 KBaHTosoH: rraM51TH orrpe,ll;eJI51eTC51 Bb16opoM pa6oqero TeMrrepaTypHoro .[(Harra3oHa. ITpH 

TeMrrepaTypax )l(If.[(KOro reJIH51 rrpeHMyrn:ecrno 3a pe.[(K03eMeJibHbIMH HOHaMH, KOr.[(a KaK B 

.[(HaIIa30He BbIIIIe 10 K BbirO.[(Hee HCIIOJib30BaTb HOHbI rpyrrrrbI )l(eJie3a. 

K samHeHillHM pe3yJILT3T3M .[(HCCeprnu:HOHHOH pa60TbI MO)l(HO OTHeCTH CJieJJ:yiorn:ee: 

- Orrpe.[(eJieHbI rrapaMeTpbI 3<l><l>eKTHBHOro CIIHHOBOro raMHJibTOHHaHa rrpHMeCHoro HOHa 

BaHa.[(H51 B MOHOKpHCTaJIJie opTOCHJIHKaTa CKaH.[(H51. 

- ITpose.[(eHo cpaBHHTeJibHoe Hccne.[(oBaHHe BpeMeH <l>a30BOH penaKCaU:HH .[(JI51 

rrpHMeCHbIX HOHOB xpoMa, BaHa.[(H51, HTTep6m1 H HeO.[(HMa, BHe,ll;peHHbIX B .[(H3JieKTPHqecKHe 

MaTpHU:bI opTOCHJIHKaTOB HTTpH51 H CKaH.[(H51 KaK c rrpHpO.[(HbIM CO.[(ep)l(aHHeM H30TOI10B 

KpeMHH51, TaK H c H30TOIIOM KpeMHH51 
28

Si. 

- Orrpe,ll;eJieHbI rrapaMeTpbI TOHKoil: CTJ)YKTYPbI H g-TeH3opa rrpHMecHoro H9Ha xpoMa 

s3c v v 
r B OpTOCHJIHKaTax HTTplrn H CKaH.[(H51 B JIOKaJibHOH CHCTeMe KOOp.[(HHaT, rrpHB513aHHOH K 

.[(eKapTOBOH CHCTeMe KOOp.[(HHaT D1D2b. 

Ka)l(.[(bIH H3 3THX pe3yJibTaTOB o6na.[(aeT HeCOMHeHHOH HayqHoii HOBH3HOH H HBJIHCTCH 

npaKTnqecKU 3HaqnMLIM. 

CoHcKaTeJieM orry6nHKOBaHo 8 crnTeil: no TeMe .[(Hcceprnu:HH B peu:eH3HpyeMbIX HayqHbIX 

H3.[(aHH51X, BXOJJ:51I.U:HX B Me)l(JJ:yHapoJJ:Hhie 6a3hI U:HTHposaHH51 Web of Science H Scopus, qTO 

coorneTcrnyeT cTaTb51M, orry6nHKOBaHHbIM B )l(ypHanax, BXOJJ:51I.U:HX B rrepeqeHb BAK. KpoMe 

3TOro, pe3yJibTaTbI, rrpe.[(CTaBJieHHbie B .[(HCCeprnu:HH, 6bIJIH .[(OJIO)KeHbI Ha 6 Me)l(.[(yHapO.[(HbIX H 

poCCHHCKHX KOH<l>epeHU:H51X, qTo IIO.[(TBep)K,ll;aeT BbICOKHH ypoBeHb rrpo.[(eJiaHHOH pa60TbI. 

,ll;HcceprnU:H51 xopoIIIo o<l>opMJieHa. Asrnpecl>epaT H rry6nHKaU:HH rroJIHOCTbIO OTPa)l(aIOT 

CO.[(ep)l(aHHe .[(HCCepTaU:HH. 

Ilo pa6oTe HMeeTCH HCCKOJlhKO 3aMeqaHHii: 

1. B .[(HCCepTaU:HH aBTOp He.[(OCTaToqHo o6ocHOBbIBaeT BbI6op KOHKpeTHbIX HOHOB .[(JI51 

rrpoBe.[(eHH51 H3MepeHHH BpeMeH CIIHH-CIIHHOBOH H CIIHH-peIIIeToqHoH penaKCaU:HH, He 

o6cy)l(.[(aeTC51, rroqeMy 6bIJIH BbI6paHbI HMeHHO HOHbI xpoMa H BaHa.[(H51, a He JJ:pyrHe HOHbl H3 

rpyrrrrhI )l(eJie3a. 
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2. B .z:u1cceprnum-1 He YKa3aHa rrorpernHOCTb orrpe.n:eneH1u1 3KcrrepHMeHTanbHbIX rrapaMeTpOB, 

HarrpHMep, Ha CTpaHHUaX 42, 47 H 86. 

3. B pa6oTe He rrpHBe,n:eHo o6nHCHeHHe noKanbHOM KOMrreHcauHH 3apH,n:a ,n:nH rrapaMarHHTHoro 

ueHTpa, o6pa30BaHHOro rrpHMeCHbIM HOHOM BaHa.UHH V4
+, 3aMemmomero TpexBaneHTHbIM HOH 

cKaH,n:HH Sc3+. 

C.n:enaHHbie 3aMeqaHHH He BJIHHIOT Ha 06my10 rroJimKHTeJihHYIO oQemcy 

.UHCCepTaUHOHHOM pa60TbI. 

.ll:HccepTaUHH JlHKepoBa Po,n:HoHa <l>apH,n:OBHqa «PenaKcauHOHHbie H MarHHTHbie cBolicrna 

3d- H 4f- HOHOB B MOHOKpHCTannax opTOCHnHKaTOB Y}8Si0s H Sc}8Si0s no .n:aHHbIM 3CTP», 

rrpe.n:crnBnHeT co6oli 3aKOHqeHHOe HayqHoe HCCne,n:oBaHHe B o6naCTH cpH3HKH MarHHTHbIX 

HBneHHM. CqHTaIO, qTo rrpe.n:cTaBneHHM pa6oTa no aKTyanhHOCTH pernaeMbIX 3a,n:aq, cTerreHH 

.UOCTOBepHOCTH, o6neMy, HayqHOM HOBH3He H rrpaKTHqecKOM 3HaqHMOCTH pe3ynbTaTOB 

COOTBeTcrnyeT rracrropTy crreuHanbHOCTH 1.3.12. - «<l>H3HKa MarHHTHbIX HBneHHM» H 

rronHOCTblO OTBeqaeT Tpe6oBaHHHM rr. 9 CTono)KeHHH o rrpHcy)K.n:eHHH yqeHbIX cTerreHeif B 

Yp<l>Y, a ee aBTop - JlHKepoB Po.n:HoH <l>apH.UOBHq 1acJiymuBaeT rrpucym;:i:eHHH yqeHoif 

CTerreHH KaH,n:H,n:aTa cpH3HKO-MaTeMaTHqecKHX HayK ITO crreuHanbHOCTH 1.3.12. - <l>H3HKa 

MarHHTHbIX HBneHHH. 

O<i>nQuaJihHhIH orrrroHeHT 

KaH,n:H,n:aT qm3HKO-MaTeMaTHqecKHX HayK, CTapIIIHH HayqHbIH COTpy,n:HHK, CTapIIIHH HayqHbIH 
coTpy,n:HHK na6opaTopHH MHKpoBonHoBoif crreKTpocKOIIHH KpHcTannoB <l>e.n:epanbHOro 
rocy.n:apcrneHHOro 610.n:)l(eTHOro yqpe)l(,n:eHHH HayKH <l>H3HKO-TeXHHqecKHH HHCTHTYT HM A. <l>. 
Mocpcpe PoccHifcKoif aKa,n:eMHH HayK 

2.f't OZ, ~tf)2-f PoMaHoB HHKonali feoprneBHq/ 

.uarn 

KoHTaKTHM HHcpopMaUHH: 
TenecpoH: +7 (812) 292-73-20, e-mail: nikolai.romanov@mail.ioffe.ru 
194021, CaHKT-IleTep6ypr, CTonHTeXHHqecKM yn., 26 
<l>e.n:epanbHOe rocy.n:apcTBeHHoe 610.n:)KeTHoe yqpe)l(,n:eHHe HayKH 
<l>mHKO-TeXHHqecKHH HHCTHTYT HM A. ·<l>. Mocpcpe PoccHHCKOM aKa,n:eMHH HayK 

CTo,n:rrHCb KaH,n:H,n:aTa cpH3HKO-MaTeMaTHqecKHx HayK, cTaprnero HayqHoro coTpy,n:HHKa, 
CTaprnero HayqHoro COTPY.D:HHKa na6opaTopHH MHKpOBOnHOBOM crreKrpOCKOIIHH KpHCTannoB 
<l>e.n:epanbHOro rocy.n:apcTBeHHOro 610,n:)KeTHOro yqpe)K,n:eHHH HayKH <l>H3HKO-TeXHHqecKHH 
HHCTHTYT HM. A.<l>. lfocpcpe PoccHHCKOH aKa,n:eMHH HayK PoMaHoBa H.f. y.n:ocToBepHlO. 
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M-~c::~~!::::_~ I CTaTpOB MHxaHn 11BaHOBHq/ 
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