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0T3biB o<J.>u~uaJILHoro onnoHeHTa 

Ha ouccepma4U10 Caeenbeea EezeHuR AlleKcaHopoeu4a «Knacmepu304UR ummep6uR B onmuYeCKUX 

BOIIHOBOOOX HO OCHOBe OMOpcj:JHOZO OUOKCUOO KpeMHUR», npeocmOBf/eHHY/0 HO COUCKOHUe y4eHOU 

cmeneHu KaHouoama cj:Ju3UKO-MameMamu4eCKux HOYK (cne4UDflbHOCmb 01.04.07- cj:Ju3uKa 

KOHoeHcupoeaHHozo cocmoRHUR). 

AKryaJihHOCTh. ITocrre . Toro, KaK npHMepHo 15 neT TOMY 

npo,[(eMOHCTpHpOBaH HenpepbiBHbiH O,[(HOMO,[(OBbiH BOJIOKOHHbiH 

Ha3a.[( 6hm BnepBbie 

HTiep6HeBblli rrroep c 

BhiXO,[(HOH MOru:HOCThiO 6orree 1 00 BT HaqaJIOCh 6hiCTpOe pa3Bl1Tl1e MOru:HhiX BOJIOKOHHbiX 

HTiep6HeBbiX rrroepoB KaK HenpepbiBHhiX, TaK n HMnyrrocHbiX. KoTopoe conpoBO:>K.[(aJIOCh 

nOCT051HHbiMH nOHCKaMH nyTeH CHmi<eHl151 OnTHqeCKHX nOTepb B aKTHBHbiX CBeTOBO,[(aX l1 

nOBhiiiieHH51 KOH:QeHTpa:o;HH aKTHBHbiX HOHOB C :QeJibiO yMeHbiiieHH51 ,[(JIHHhi Jia3epHhiX 

CBeTOBO,[(OB npH COOTBeTCTByiOmeM nOBbiiiieHHH noporOB pa3JifiqHhiX HeJIHHeHHbiX 5IBJieHHH, 

orpaHnqHBaiOmnx MaKCHMaJihHhie MOmHOCTH rrroepHoro H3rryqeHH5I. Bonpocbi Hccrre,[(oBaHH5I 

KJiaCTepH3a:QHH HOHOB Yb3
+ B CBeTOBO,[(aX pa3JIHqHOfO COCTaBa Ha OCHOBe KBap:o;eBOfO CTeKJia, 

paccMorpeHHhie B HaCT05Ill(eil .[(HCcepTa:O:HH , HanpaBJieHbi Ha peiiieHne nMeHHO YKa3aHHhiX 

Bbiiiie 3a,[(aq H n03TOMY 51BJI5IIOTC5I, HeCOMHeHHO, aKTyaJihHbiMH. 

B nepsoU: r JiaBe ,[(HccepTaQHH npnBe,[(eH o63op JIHTepaTyphi, <l>HKCnpyromnil ypoBeHh 

HCCJie,[(OBaHHH B MHpe no BOnpocaM, KOTOpbiM nOCB5IIIIeHa paccMaTpHBaeMa5I ,[(l1CCepTa:QH51. 

KpaTKO paCCMOTpeHhi cneKTpaJihHO-JIIOMHHec:o;eHTHbie CBOlfcTBa HOHOB pe,[(K03eMeJibHhiX 

MeTaJIJIOB, HaH60Jiee Ba:>KHblX .ll:AA BOJIOKOHHOH OnTHKH, HMeiOII(HeC5I B JIHTepaType ,n:aHHbie no 

paCTBOpHMOCTH pe.[(K03eMeJibHhiX HOHOB B CTeKJiaX Ha OCHOBe Si02, npo:o;eCCbi nepeHOCa 

:meprHH Me:>K.[(y HOHaMH, pa3Jil1qHhie THnhi npo:o;eCCOB, npHBO.ll:5Ill(l1X K noTepe <l>oTOHOB 

l13JiyqeHl15I HaKaqKH B BOJIOKOHHhiX Jia3epax, ,[(aHHbie no BJII15IHI110 KOH:QeHrpa:QHH HOHOB 

HTiep6H5I Ha OnTHqecKHe CBOHCTBa Jia3epHhiX CBeTOBO,[(OB. lf, nOCKOJibKY B ,[(l1CCepTa:QHl1 

ocHOBHYIO porrb HrpaeT HCIIOJih30BaHHe npo:o:ecca SPCVD .[(JI5I H3fOTOBJieHH5I cBeTOBO.[(OB, TO 

npHBe,[(eHO ero KpaTKOe OnHCaHHe. 

Bo BTOpOH r JiaBe ,[(HCCepTa:QHH OnHCaH npo:o;ecc norryqeHH5I o6pa3U:OB CBeTOBO,[(OB C nOMOII(hiO 

nJia3MeHHOfO OCa)J<.IJ:eHH5I l1 ,[(aJibHeifnme MeXaHHqecKHe OIIepa:QHH ,[(AA <l>opMI1pOBaHl15I 

cBeTOBO.[(OB. OnHcaHbi ycTaHOBKH .rr.Jur H3MepeHH5I cneKTpoB orrTHqecKHX noTeph 11 

JIIOMHHec:o;eH:Ql1l1 HOHOB HTiep6H5I B CBeTOBO,[(aX. CJie,[(yeT no,[(qepKHYTb, qTo B no,n:aBJI5IIOII(eM 

60JibiiiHHCTBe HCCJie,[(yeMhie o6pa3U:hl npe,[(CTaBJI51Jil1 C060H He BOJIOKOHHbie, a IIOJIOCKOBhie 

cBeTOBO.[(hi. Hx nepBoHaqaJihHM cTpyKTypa, H3-3a oco6eHHOCTeli rrpou:ecca SPCVD, oTpa:>KaeT 

TepMO,[(HHaMHqecKH HepaBHOBeCHhie YCJIOBH5I OCa:>K,[(eHH5I qaCTHU: HCXO,[(HbiX BeiiieCTB Ha 

XOJIO.[(HYIO CTeHKy KBap:o;eBOH OnOpHOH Tpy6hi, l1 3Ta CTpyKTypa rrpeTepneBaeT l13MeHeHH5I, 

npH6JIH:>KMCh K 6orree TepMO,[(HHaMHqecKH paBHOBeCHOH, IIOCJie ,[(OnOJIHHTeJibHOfO nporpeBa 

oca:>K.[(eHHhiX crroeB .[(O cymecTBeHHO 6orree BbiCOKoil TeMnepaTypbi. ITpe.[(cTaBJieHbi pe3yJihTaTbi 

l1CCJie,[(OBaHl15I M aTepHaJia CBeTOBO,[(OB C nOMOII(hiO CKaHHpyromero l1 npOCBeqHBaiOII(efO 
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3JieKTpOHHbiX MHKpOCKOIIOB, KOTOpble IIOKa3aJIH HaJIHqHe HJIH OTCYTCTBHe KJiaCTepOB B CTeKJie 

CBeTOBO)la, rrerHpOBaHHOM HTTep6HeM, H TpaHc<}JopMaiiHIO 3TOrO COCT05IHIUI IIOCJie 

rrporrrrasrreHH51 MaTepHarra cseToso.na. flpHse.neHo rro.npo6Hoe orrHcaHHe Hccrre.nosaHHhiX 

o6pa3II.OB H rrpo.neMoHcTpHposaHo <}JopM11posaHHe B p5I.ne crryqaes .nocTaTo~o KpyrrHbiX 

KJiaCTepOB pa3MepOM B )leC5ITKH MHKpOH, 06Jia)laiOIIJ.HX, rJiaBHblM o6pa30M, aMOp<}JHOH 

CTpyi<TypoH. flpH BbiCOKHX KOHIJ.eHTpaiJ.H5IX HTTep6H51 H <}Joc<}Jopa 06Hapy)KeHO (rrocrre 

rrporpesa) <}JopMHposaHHe KpHCTaJIJIHqecKHX cTpyKTYP THIIa YbP04. 

B TpCTbCH rJiaBe IIpHBe)leHbl pe3yJibTaTbl 113MepeHIUI CIIeKTpOB OIIT11qeCKHX IIOTepb 

CBeTOBO)lOB. 11CXO.U51 113 rrpe.UIIOJIO>KeHIUI, ~0 B )lOCTaTO~O IDHpOKOM )lHaiia30He CIIeKTpa 

orrTHqecKHe rroTepH o6ycrrosrreHbi perreeBCKHM pacce51HHeM Ha KrracTepax Marroro pa3Mepa, 

BbliiOJIHeHbl OIJ.eHKH pa3MepOB TaKHX KJiaCTepOB. Y CTaHOBJieHO BJII15IIDie Bap11aiJ.HI1 

KOHIJ.eHTpaii.HH Al H Yb Ha <}JopMHpOBaHHe KJiaCTepOB, IIOKa3aHO, qTO B CTeKrrax, CO)lep>KaiiJ.HX 

TOJibKO Yb H P, HMeeT MeCTO 3Haql{TeJibHbiH poeT pa3MepOB KJiaCTepoB IIpH IIpOIIJiaBJieHHH (B 

- 13 pa3). 

B 1.JCTBepTOH rJiase rrpe)lCTaBJieHbl pe3yJibTaTbl HCCJie)lOBaHH51 I1K H B11.U11MOH 

JIIOMI1HeCIJ.eHIJ.HH B o6pa3IJ.ax HTTep6HeBbiX CBeTOBO.UOB. I13MepeHbl CIIeKTpbl H BpeMeHa 

3aTyXaHIUI JIIOMHHeCIJ.eHIJ.HH pa3JIH~biX o6pa3IJ.OB, B TOM qi1CJie 11 IIp11 BapHaiJ.I111 ycJIOBHH 

B036y)K)leHH51. 06Hapy>KeH HHTepeCHblH 3<}J<}JeKT 3HaqHTeJibHOrO OCJia6rreHH51 arr­

KOHBepCHOHHOH JIIOMHHeCIJ.eHIJ.HH He60JiblliOH IIp11MeCH TYJIH51 rrpH IIpOIIJiaBe HTTep6HeBbiX 

cseToso.nos, H3roTosrreHHbiX MeTO.UOM SPCVD. 

HonHJHa H )J.OCTonepHOCTh. B .UHCcepTaiJ.HOHHOH pa6oTe rronyqeH p5I.U rrpHHIJ.HIII1arrhHO 

Ba>KHbiX HOBbiX pe3yJibTaTOB, HMeiOI.IJ.HX KaK <}JyH.UaMeHTaJibHOe, TaK H IIpHKJia)lHOe 3HaqeHHe. 

BrrepBbie, Hcrrorrb3Y51 oco6eHHOCTH SPCVD TexHorrorHH, Hccrre.nosaHbi rrpou.eccbi 

KJiaCTepH3aii.HH B CTeKJiaX Ha OCHOBe Si02, rrerHpOBaHHbiX HTTep6HeM H COJierHpOBaHHbiX 

aJIIOMHHHeM H <}Joc<}JopOM. IJonyqeHbl )laHHbie 06 H3MeHemm COCT051HH51 KJiaCTepH3aiJ.HH B 

H3rOTOBJieHHbiX TaKHM o6pa30M CTeKrrax, BXO.U51IIJ.HX B CTpYKTYPY IIOJIOCKOBbiX BOJIHOBO.UHbiX 

CTpyKTyp. fiOKa3aHO, qTO HarpeB v-Si02, rrempoBaHHOrO Hrrep6HeM H <}Joc<}JopOM B IIp11MepHO 

paBHbiX aTOMapHbiX KOHII.eHTpaiiH51X .UO TeMrrepaTypnl - 1600 C, IIpHBO.U11T K 3HaqHTeJibHOMY 

yserrHqeHHIO 06beMa KJiaCTepOB, B COCTaB KOTOpbiX BXO)l5IT KpHCTaJIJibi YbPQ4. fiOKa3aHO, qTO 

cyrn;eCTByiOT COCTaBbi CTeKOJI, rrpor peB KOTOpbiX H OXJia)K)leHHe B ycJIOBH5IX BbliiOJIHeHHbiX 

3KCIIepHMeHTOB IIpMBO.UHT K yMeHbllieHHIO pa3MepOB KJiaCTepOB. 11ccJie)lOBaHbl IIpOIJ.eCCbi 

perraKCaiJ.HI1 B036y>K)leHH51 B CI1HTe311pOBaHHbiX KBapu.eBbiX CTeKJiaX. 3TH pe3yJibTaTbl, a TaK>Ke 

.npyrHe pe3yJibTaTbl .UHCCepTaiJ.HH 51BJI5IIOTC5I Op11rHHaJibHblMH H IIOJiyqeHJ.I aBTOpOM BIIepBbie. 

3THM onpe.nen51eTc51 HayqHM HOBH3Ha pa6oTbi. BI>ICOKHH yposeHb 3KcrrepHMeHTaJihHOH 

pa60Tbi, COrJiaCOBaHHOCTb pe3yJibTaTOB, IIOrryqeHHbiX pa3JIHqHbiMH MeTO.UaMH y6e>K)laiOT B 

.UOCTOBepHOCTH pe3yJibTaTOB rrpe.UCTaBJieHHOH pa60Tbl. 

Hay1.J:HaH H npaKTH1.JecKaH 3Ha"'HMOCTh. HayqHM 3Haql{MOCTb pa6oTbi 3aKJIIOqaeTc51 B p51.ne 

HOBbiX pe3yJibTaTOB ITO HCCJie.UOBaHHIO H TpaHC<jJOpMaiJ.HH COCT05IHH51 KJiaCTepoB B p5I.Ue 

cocTasos CTeKorr, aKTI1BHposaHHbiX Hrrep6HeM, H nonyqeHHbiX srrepBI>Ie. Ha116orree HHTepecHbi 

)lBa 113 pe3yJibTaTOB )lHCCepTaiJ.HH: IIp51Ma51 )leMOHCTpaiJ.H51 BapHaiJ.I111 COCT05IHH51 KJiaCTepOB 

11TTep6H51 B KBapiJ.eBOM CTeKJie B 3aBI1C11MOCTI1 OT «TeiiJIOBOH HCTOp1111)) o6pa3II.a 11 

<}JopMHpOBaHHe KpHCTaJIJIOB B COCTaBe KJiaCTepOB OIIpe.nerreHHOrO COCTaBa. flpaKTHqecKM 

3HaqlfMOCTb pa60Tbl OIIpe.nen51eTC51 TeM, qTo ee pe3yJibTaTbl MOryT 6biTb HCIIOJib30BaHbl IIpH 
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aHaJIH3e OIITH'IeCKHX IIOTepb H KJiaCTepH3aUHH peaJibHbiX BOJIOKOHHbiX CBeTOBO.UOB, 

rrerHpOBaHHbiX HTiep6HeM, L{Jl.Sf MOIIJ;HbiX BOJTOKOHHbiX Jia3epOB. 11CXOL{SI H3 BbiiiieCKa3aHHOfO, 

MO)KHO C ysepeHHOCTblO CKa3aTb, l:fTO Hayl:fHaSI H rrpaKTHl:feCKaSI 3Hal:fHMOCTb pe3yJibTaTOB 

L{HCCepTaUHH BbiCOKa. 

Pe3yrrhTaTbi Hccne.uoBaHHSI CTPYKTYPhi cTeKon, rronyl:feHHbiX no SPCVD TexHonorHH H 

rrerHpOBaHHbiX HTiep6HeM, MOryT 6biTb peKOMeHL{OBaHbi K HCIIOJlb30BaHHIO K opraHH3all;lUIX, 

rrpOBOL{Silll;HX HCCJieL{OBaHHSI B 06JiaCTH BOJTOKOHHOM OIITHKH H MOIIJ;HbiX BOJTOKOHHbiX Jia3epOB 

(HL(BO PAH, 11XBB PAH, 110<1> PAH HM. A .M. IIpoxopoBa, <l>I1AH, 11II<l> PAH H .up.). 

~HccepTaUHSI E.A. CasenbeBa HarrHcaHa rroHSITHbiM SI3biKOM H co.uep)KHT .uocTaTOl:fHoe 

KOJIHl:feCTBO HJIJIIOCTpau;HM. B HeM l:feTKO c¢opMynHpOBaHbi uenH Hccne.uoBaHH.Sr, .uocTaTol:fHo 

IIOJIHO OIIHCaHbl H 06Cy)KL{eHbi IIOJIYI:feHHbie pe3yJTbTaTbi. 

B TO )Ke BpeMSI, rrpe.UCTaBJieHHaSI pa6oTa He CB060L{Ha OT HeKOTOpbiX HeL{OCTaTKOB, KOTOpbie 

MO)KHO CtPOPMYJIHpOBaTb CJieL{yiOIIJ;HM o6pa30M. 0TMeTHM Cpa3y, 'ITO 3TH 3aMeqaHHH He HOCSIT 

IIpHHUHIIHaJibHOfO xapaKTepa. 

1. B rrpouecce H3roToBrreHHSI o6pa3UOB B rrpe.ucTaBrreHHOM p;:t6oTe "l:feTKO yKa3aHo, 'ITO 

TerrnoBaSI o6pa6oTKa oca)KL{eHHOM cTpyKTYPhi rrpoBO.UHTCSI B TO BpeMSI, Kor.ua 

rronocKOBbiM BOJIHOBO.U (wm CBeTOBO.U) eme SIBJTSieTCSI qacTbiO orropHOM TPY6hl 

L{HaM~OM 20 MM, H CKOpOCTb ee OXJia)KL{eHHSI 3Ha"l:f.HTellbHO H.H)Ke, l:feM, Harrp.HMep, 

BOJTOKOHHbiX CBeTOBOL{OB IIpH BLITSI)I(Ke. Il03TOMY CJie.UOBaJIO, IIO-MOeMy, CIIeU.HaJibHO 

YKa3aTb B TeKCTe, 'ITO IIOJTy"l:feHHbie pe3yJibTaTbl He MOryT 6biTb HarrpSIMyiO IIp.HMeHeHbi K 

OIIHCaH.HIO rrpou;eCCOB IIpH BbiTSI)I(Ke 125 MKM CBeTBO.UOB (1:fT06bi y He Ol:feHb 

BH.HMaTeJibHbiX l:f.HTaTeJieM He B03HHKaJIO TaKOfO )KeJiaHHSI). 

2. I13BeCTHO (J.Kirchhof, S. Unger, OFC 1999, WM1-1; M .A. Melkumov et al. QE 34(9) 

843(2004)), "'ITO B ¢oc¢opOCHJI.HKaTHbiX BOJTOKOHHbiX CBeTOBOL{aX, CO.Uep)I(alll;.HX TOJibKO 

Yb H p (rrp.Hl:feM B Ol:feHb I.IIHpOKHX rrpe.uenax), BpeMSI 3aTyXaHHSI JIIOM.HHecu;eHUHH Ha 

975 HM COCTaBJISieT 1.25-1.45 MC, "'ITO 3Ha"l:f.HTeJibHO 60Jibiiie, "l:feM BeJTHl:f.HHbi, 

IIpHBeL{eHHbie B L{HCCepTall;HH L{JISI CTeKOJI aHaJIOfHl:fHOfO COCTaBa. lleM o6ycJIOBJieHbi 3TH 

pa31IH"l:fHSI? 11 eme: B rJiaBe 4 H3MepeHHbie 3Ha"l:feHHSI BpeMeH )l(H3HH JIIOMHHecu;eHUHH 

IIpHBeL{eHbl C 3-MSI 3Hal:faiiJ;.HMH UH¢paMH. 03Hal:faeT JTH 3TO, 'ITO TaKOBa TOl:fHOCTb 

H3MepeHHSI 3Toro rrapaMeTpa? 

3. HacKOJibKO crrpaBe.UJIHBa TeopeTHl:feCKaSI ou;eHKa BpeMeHH 3aTyxaHHSI KoorrepaTHBHOM 

JIIOMHHecu;eHUHH HTiep6HSI, KaK B 2 pa3a KOpO"'Ie, l:feM BpeMSI 3aTyXaHHSI J1K 
JIIOMHHecu;eHUHH? Ha "l:feM 3TO OCHOBaHo? 

4. Bo BBeL{eHHH COL{ep)I(HTCSI He BIIOJTHe BepHOe H3JIO)I(eHHe HCTOpHH B03HHKHOBeHHSI 

rrepBOfO BOJTOKOHHOfO Jia3epa: rrepBbrM BOJIOKOHHbiM Jia3ep 6biJI C03.UaH CHHTUepOM He B 

1964 ro.uy (ccbiJIKa [2] B .U.HccepTaUHH), a B 1961 (E.Snitzer, PRL, 7(12), 444 (1961)). 

3TH 3aMel:faHHSI He BJIHSIIOT Ha 06IIJ;yiO BbiCOKYIQ OUeHKY pa60Tbi, KOTOpaSI BbliiOJIHeHa Ha 

BbiCOKOM Hayl:fHOM ypoBHe. 

HaYl:fHbie IIOJTO)KeHHSI H pe3yJihTaTbr .UHccepTaUHH xopoiiio apryMeHTHpoBaHbi H o6ocHoBaHbi. 

0CHOBHbie pe3yJibTaTbl .UHCCepTaUHH orry6JIHKOBaHbl B 5 HaY"l:fHbiX pa6oTax B OTel:feCTBeHHbiX 
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(HemmeiiHhiH MHp) H 3apy6e)l(HhiX (Optical Materials Express, Optical Materials) )l(ypmurax, 

,D;OJIO)KeHbi Ha pOCCHHCKHX H Me)K,D;yHapO)J,HbiX KOH¢epeHUH~X. ABTOpe¢epaT nOJIHOCTbiO 

OTpa)l(aeT CO)J,ep)KaHHe )J,HCCepTaUHH . 

.lJ:HccepTaUHOHHa~ pa6oTa E.A. CaBeJibeBa ~Brr~eTc~ HayqHo-KBaJIH¢HKaUHOHHoil pa6omil, B 

KOTOpOH CO)J.Cp)KHTC~ perrreHHC HOBOH HayqHOH 3a)J,aqJf 0 COCTO~HHH KJiaCTepH3aUHH HTTep6~ B 

CTCKJiaX Ha OCHOBC Si02, COJierHpOBaHHbiX aJIIOMHHHCM H ¢oc¢opOM, noJiyqeHHbiX no 

TeXHOJIOrHH SPCVD, H H3MeHeHHH :noro cocTOSIHH~ npH .norroJIHHTCJihHOM nporpeBe, a TaK)Ke 

06 onnrqecKHX xapaKTCpHCTHKaX aKTHBHbiX nOJIOCKOBbiX CBCTOBO)J,OB Ha OCHOBC TaKHX CTCKOJI. 

PerrreHHe :noil 3a)J,aqH ~BJI5IeTc~ Ba)l(HhiM :3TanoM B pa3BHTHH ¢n3HKH MaTepHaJIOB BOJIOKOHHhiX 

Jla3CpOB, B TOM qJfCJie )J,JI~ npO)J,BH)KCHH~ no JIHHHH C03)1,aHH~ MO:uJ:HbiX HTTep6HCBbiX Jia3epOB C 

BhiCOKHM KII)J,. ):(uccepTaUHOHHa~ pa6oTa y.noBrreTBop~eT BCeM rpe6oBaHH~M BAK P<D, 

npe.n'h~BJI~eMbiM K KaH)J,H)J.aTCKHM .nuccepTaUHSIM. E .A. CaBeJibeB 3acJiy)l(HBaeT npncy)l()J,eHH~ 

yqeHOH CTeneHH KaH)J,H)J,aTa ¢H3HKO-MaTeMaTJfqecKHX HayK no cneUHaJibHOCTH 01.04.07 -
¢H3HKa KOH)J,CHCHpOBaHHOfO COCTO~HH~. 

qJieH-KoppecnOH)J.eHT PoccHHCKOM AKa)J.eMHH HayK, 

Jl.OKTOp Q)l13HKO-MaTeMaTHY:eCKHX HayK, 

CIIe~HaJihHOCTb 01.04.21 - Jia3epHaj~ QlH311Ka, 

3aMeCTHTeJih .D.HpeKTOpa no Hay4HOM pa6oTe 

<!>e.n.epaJibHOfO rocy.napCTBeHHOfO 6IO)J.)!<eTHOf0 yy:pe)l()J.eHHH HayKH 

Hay Y:HbiM ~eHTp BOJIOKOHHOM OIITHKH 

PoccHHCKOM AKa.n.eMHH HayK 

EycpeToB Hroph AneKceeBH4 

5 MapTa 20 18 ro.na. 

ITo.nnHch M.A. EycpeTOBa 3aBepj~IO 

YY:eHbiH ceKpeTapb 

Hl030PAH 

K.<t>.-M.H. B.M. MawHHCKHH 
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