
OT3biB 

« YTBEP)l(,UAIO» 

llpopeKTOp MocKoBcKoro 

oro YHHBepcHTeTa 

• JlOMOHOCOBa, 

A. <I>e HHH 

Be,n;y:w;e:H: opraHH3a:UHii - <I>e,n;epanbHoro rocy,n;apcTBeHHoro 6IO,n;)l(eTHoro 

o6pa30BaTeJihHOrO y-qpe)I(,D;eHHj{ BbiCIIIero o6pa30BaHHj{ 

«MocKOBCKHH rocy,n;apcTBeHHhiH yHHBepcHTeT HMeHH M.B. JloMoHocoBa» 

Ha ,n;HccepTa:UHOHHYIO pa6oTy Kanj{6HHa .[(MHTP~ij{ Bna,n;HMHpoBH-qa 

«HeB3aHMHbie H pe30HaHCHbie 3QlQleKThl npH pacnpOCTPaHeHHH CnHHOBbiX H 

aKycTH-y:ecKHX BOJIH B Heo,n;Hopo,n;HhiX cTpyKTypax», npe,n;cTaBJieHHOH Ha 

COHCKaHHe y-y:eHOH CTeneHH KaH,D;H,D;aTa QlH3HKO-MaTeMaTH-qecKHX HayK no 

cneQHaJihHOCTH 01.04.07 - «<l>H3HKa KOH,D;eHCHpOBaHHOrO COCTOj~HHj{)) 

AKT)'aJihHOCTh TeMhi AHccepTaQHH. 

,[(HccepTa:UHOHHaj{ pa6oTa Kanj{6HHa ,[(MHTpHj{ Bna,n;HMHpOBHqa nocBj{rn;eHa 

HCCJie,D;OBaHHIO BOJIHOBbiX 3QlQleKTOB npH pacnpOCTPaHeHHH CnHHOBbiX H 

aKyCTH-y:ecKHX BOJIH B Heo.n;Hopo,n;HhiX BOJIHOBe,n;y:w;Hx cTpyKTypax, KaK 

nepHo,n;H-qecKHX, TaK 11 Henep11o,n;11-qecK11x. TeMa pa6oThi aKTYaJihHa no :uenoMy 

pj{,n;y npH-y:I1H, HMeiO:w;11x KaK Hay-q:Hoe, TaK 11 np11KJia,n;Hoe 3HaqeHHe. B nepByiO 

o-qepe,n;h 3TO CBj{3aHO C nOI1CKOM HOBbiX 3QlQleKTOB H HOBbiX MaTep11aJIOB, 

cnoco6HhiX 3Ha-qi1TeJibHO ycoBepiiieHCTBOBaTb TaKI1e napaMeTPbl 3JieKTPOHHKI1 

11 JIOrl1-qecKI1X ycTpOHCTB, KaK pa3Mepb1, -y:acTOTHhiH ,D;I1ana30H, 

TenJIOBbi,D;eJieHHe, QlYHK:U110HaJibHOCTb 11T,D;. B CBj{311 C 3THM B03HHKJIH HOBble 

HanpaBJieHHj{ B Ql11311Ke KOH,D;eHC11pOBaHHOrO COCTOj{Hiij{, CBj{3aHHbie C 

113y-qeHI1eM pacnpOCTpaHeHI1j{ Cni1HOBbiX H aKyCTI1-qecKHX BOJIH B 

nep11o,n;11-qecKHX 11 Henep11o,n;11-qecK11X cTpyKTypax, nony-q:HBIIII1X Ha3BaHHj{ 

MarHOHI1Ka H aKyCT03JieKTpOHI1Ka. _neHCTBI1TeJibHO, HCnOJih30BaHHe ,MarHOHOB B 

3JieKTPOHI1Ke npe,n;ocTaBJij~eT pj{,n; npe11Myrn;eCTB: C nOMO:rn;hlO MarHOHOB MO)I(HO 

nepe,n;aBaTh H o6pa6aThiBaTh 11HQlOpMa:Q11IO, co,n;ep)l(a:w;yiOc.SI B aMnnHry,n;e 11 

Qla3e Cni1HOBOH BOJIHhi, np11-qeM 6e3 ,D;BH)I(eHHj{ 3JieKTPOHOB, a 3Ha-q:HT 
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rHITOTenJ:qeCKH 6e3 ,n:HCCHITaTHBHbiX _n)I(OyJieBbiX llOTepb; 3aBHCHMOCTb 

MarHHTHhiX CTPYKTYP oT BHelllHero MarHHTHoro non.s~ o6ycnoBJIHBaeT 

B03MO)I(HOCTb ynpaBJieHH.si MarHHTHbiM llOJieM H nepeCTPOHKH ITO qaCTOTe; 

BOJIHOBa.si npHpo,n;a CllHHOBbiX BOJIH o6ecneqHsaeT B03MO)I(HOCTb npHMeHeHH.si 

HOBbiX no,n:xo,n;OB K o6pa60TKe ,n:aHHbiX. 11Me10rn;HeC.si Ha ,n:aHHbiH MOMeHT 

nepBbie npoTOTHITbi MarHOHHbiX norHqecKHX YCTPOHCTB npe,n;cTaBJI.siiOT co6o:H: 

coe,n;HHeHH.si HHTepcpepoMeTpos cnHHOBhiX BOJIH. CaMH HHTep<J:>epoMeTPhi H _ 

coe,n;HHeHH.si Me)l(,n;y HHMH npe,n;cTasn.s~IOT co6o:H: Y3KHe <J:>eppoMarHHTHhie 

BOJIHOBe,n;yrn;He KaHaJibl. IJpH yMeHbllleHHH pa3MepOB BOJIHOBO,li;OB BllJIOTb -,li;O 

HaHOMaClllTa6oB, 3cpcpeKT pa3MepHOCTH BOJIHOBO,ll;a OKa3biBaeT BJIH.siHHe, Ha 

,li;HHaMHKY pacnpOCTPaHeHH.si CllHHOBbiX BOJIH. ,[(pyroii Ba)I(HOH npo6JieMOH 

.s~sn.s~eTC.si yqeT Heo,n;Hopo,n:HocTH BOJIHOBe,n;yrn;Hx CTPYKTYP cnHHOBbiX H 

aKyCTHqecKHX BOJIH. 3TH HeO,li;HOpO,li;HOCTH B03HHKaiOT KaK B CaMHX 

YCTPOHCTBax, TaK H a HX coe,n;HHeHH.s~x Me)l(,n;y co6o:H:. 113MeHeHHe 

reoMeTPHqeCKHX napaMeTpOB BOJIHOBO,li;OB MO)I(eT H3MeH.siTb MO,li;OBbiH COCTaB 

BOJIHOBO,ll;a, llpHBO,li;HTb K CB.si3H MO,ll; H nepeKaqKe 3HeprHH Me)l(,n;y MO,ll;aMH, 

npOCTPaHCTBeHHOH HHTepcpepeHUHH MO,ll;. 

TaKHM o6pa3oM, co3,n;aHHe TeopHH, onHChiBaiOrn;e:H: pacnpocTPaHeHHe 

CllHHOBbiX H aKyCTHqecKHX BOJIH B nepHO,n;HqeCKHX H HenepHO,li;HqeCKHX 

cTpyKTypax, .s~sn.s~eTc.s~ Ba)I(HOH 3a,n;aqeii ,n;n.s~ pa3pa6oTKH KOMITOHeHTHOH 6a3bi 

MarHOHHKH H aKyCT03JieKTPOHHKH. 

06w;aH xapaKTepHCTHKa ,lJ.HccepTau.uouuoii pa6oTbi. 
B pa6oTe BnepBbie pellleH UeJibiH p.s~,n; TeopeTHqeCKHX 3a,n;aq OTHOCHTeJibHO 

pacnpOCTPaHeHH.si CllHHOBbiX H aKyCTHqeCKHX BOJIH B nepHO,n;HqeCKHX H 

HenepHo,n;HqecKHX CTPYKTypax. PaccMoTpeHo pacnpocTPaHeHHe cnHHOBbiX 

BOJIH B pa3JIHqHbiX nepHo,n;HqecKHX CTPYKTypax: 

- npHMbiX 06beMHbiX MarHHTOCTaTHqecKHX BOJIH B HOpMaJibHO HaMarHHqeHHOM 

,li;ByMepHOM MarHOHHOM KpHCTaJIJie, COCTO.siW:eM H3 cpeppoMarHHTHOH ITJieHKH H 

Ha6opOM UHJIHH,ll;pHqecKHX BKJIIOqeHHH H3 ,n;pyroro cpeppoMarHeTHKa, 

paCITOJIO)I(eHHbiX B Y3JiaX KBa.n:paTHOH pellleTKH; 

- llOBepXHOCTHbiX MarHHTOCTaTHqeCKHX CllHHOBbiX BOJIH B O,li;HOMepHbiX 

MarHOHHbiX KpHCTaJIJiaX Tpex BH,li;OB (6HKOMllOHeHTHbiH MarHOHHbiH KpHCTaJIJI, 

6HKOMITOHeHTHbiH MarHOHHhiH KpHCTaJIJI C MeTaJIJIH3aUHeH H MarHOHHbiH 

KpHCTaJIJI, o6pa30BaHHbiH MHKpOCTpyKTypHpOBaHHeM cpeppoMarHHTHOH 

ITJieHKH); 

- llOBepXHOCTHbiX MarHHTOCTaTHqecKHX CllHHOBbiX BOJIH B O,li;HOMepHbiX 

MarHOHHbiX KpHCTaJIJiaX C KOHeqHbiM qHCJIOM nepHO,li;OB; 

- llOBepXHOCTHbiX MarHHTOCTaTHqecKHX CllHHOBbiX BOJIH B O,li;HOMepHbiX 

MarHOHHbiX KpHCTaJIJiaX C .n:ecpeKTOM. 

Kan.s~6HHhiM ,z:::(.B. TaK)I(e co3.n:aHa TeopHx pacnpocTPaHeHH.si aKycTHqecKHX H 

MarHHTOCTaTHqeCKHX CllHHOBbiX BOJIH B HeO,li;HOpO,li;HbiX BOJIHOBe,n;yrn;HX 

CTPYKTypax c nnasHo MeH.siiOW:HMHC.si reoMeTpHqecKHMH napaMeTPaMH: 
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- llOBepXHOCTHhiX aKyCTWieCKMX BOnH Jlj~Ba B CnOMCThiX BOnHOBe.n;yiD;MX 

CTPYKTypax nepeMeHHOii Tonrn;MHhi M3 ynpyrMx MaTepHanoB M aKycTMqecKMX 

MeTaMaTepHanos; 

- llOBepXHOCTHbiX MarHMTOCTaTJfqeCKMX CllHHOBhiX BOnH B HeO)l;HOpO,ll;HhiX 

4>eppoMarHHTHhiX BOnHOBO)l;aX nepeMeHHOHIIIHpHHhl. 

ABTop .n;HccepTaU:MM pa3pa6oTan MaTeMaTHqecKHe Mo.n;enH, Hcnonh30Ban 

KaK H3BeCTHbie MeTO,ll;hl, TaK If pa3BMn . OpHrMHMhHbie llO,ll;XO,ll;hl, BblllOnHHn · 

Tpy.n;oeMKHe aHanMTMqecKMe M qlfcneHHhie pacqeThi, qTo CBH.n;eTenhCTByeT o ero 

BhiCOKOH KBanH4>MKaU:HM KaK 4>M3HKa-TeopeTHKa. 

B u;enoM pa6oTa npoH3BO,ll;HT xopornee sneqaTneHHe, co.n;ep)I(HT 

no.n;po6Hblll 063op, .n;eTanbHOe OllMCaHMe MeTO,ll;OB, 6onblliOH 4>aKTHqecKHH 

MaTepHan, no.n;po6Hhii1 aHanM3 pe3ynhTaTOB pacqeTa. 

Hayqua.H HOBH3Ha. 

K HaH6onee MHTepecHhiM M Ba)I(HhiM pe3ynhTaTaM pa6oThi MO)I(HO 

OTHeCTH cne.n;yiOrn;Me: 

1. IJOKa3aHO, qTo B HOpManhHO HaMarHHqeHHhiX ,ll;ByMepHbiX 

MarHOHHhiX KpHCTannax npH pacnpOCTpaHeHMH B HHX CllHHOBhiX BOnH 

B03HHKaiOT KpaeBbie Bparn;aTenhHhie COCTOjiHHji - KpaeBbie MarHOHbl. Ha.n;o 

CKa3aTb, qTo llO)l;06Hbie KpaeBhie COCTOj{Hifji 6hinH npe,ll;CKa3aHbl paHee ,lJ;nji 

MarHMTO<!>OTOHhiX KpHCTannOB If HeKOTOpbiX MarHOHHhiX KpHCTannax, HO )l;nji 

paccMaTpHBaeMoii .n;osonhHO cno)I(HOH .n;nj{ aHanH3a CTPYKzype 3TOT BhiBo.n; 

c.n;enaH snepBbie. 

2. BnepBbie .n;oKa3aHa HeB3aHMHOCTh pacnpocTPaHeHHj{ cnHHOBhiX sonH. 

3TOT Ba)I(Hblll pe3ynhTaT He cnyqaHHO BhiHeCeH B 3arnaBHe ,ll;HCCepTaU:HH, TaK 

KaK HeB3aHMHOCTb pacnpocTpaHeHJfji BOnH j~BnHeTCji Ba)I(HOH H 

npHHU:MllHMhHOH qepTOH MarHOHOB, OTKpbiBaiOrn;eii HOBbie B03MO)I(HOCTH 

ynpaBneHHji MarHOHHhiMM ycTpOHCTBaMM. 3TO llOKa3aHO Ha npHMepe 

O,ll;HOMepHbiX KaCaTenhHO HaMarHJfqeHHhiX MarHOHHhiX KpHCTannOB, B KOTOpbiX 

,ll;MCnepCHOHHbie xapaKTepHCTMKM BOnH, pacnpOCTpaHjilOID;HeCji B 

npOTMBOllOnO)I(HbiX HanpasneHifj{X, pa3nHqHhl 

3. BnepBhie paccMoTpeHo pacnpocTPaHeHHe cnHHOBhiX sonH B 

orpaHHqeHHhiX cTpyKTypax M noKa3aHo, qTo B o.n;HoMepHhiX KacaTenhHO 

HaMarHifqeHHhiX MarHOHHhiX KpHCTannax orpaHHqeHHOH .n;nHHhl 30HH~ 

CTPYKzypa .n;McnepcHM nosepxHOCTHhiX MarHHTOCTaTHqecKHX cnHHOBhiX BonH 

npoj{Bnj{eTcj{ y)l(e Ha HecKonhKMX nepHo.n;ax cTpyKTYPhi. 

4. B cnoHCThiX CTPYKTypax nepeMeHHOH Tonrn;HHhi H3 aKycTHqecKHX 

MeTaMaTepHanOB llOBepXHOCTHbie aKyCTHqeCKHe BOnHhl JlHBa, H3nyqaiOrn;HeCji B 

06'heM llO,ll;nO)I(Kif BCne)l;CTBMe HeO,ll;HOpO,ll;HOCTH BOnHOBO)l;a, OKa3hiBaiOTCji 

npOCTPaHCTBeHHO pa3.n;eneHHhiMM no qacTOTaM 

5. MHoroMo.n;osocTh pacnpocTpaHeHHj{ nosepxHOCTHhiX 

MarHHTOCTaTHqecKMX CIIMHOBhiX BOnH B orpaHHqeHHhiX 4>eppoMarHHTHbiX 
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BOJIHOBO.D:aX npliBO.lJ:liT K nepeKaqKe MOll.I,HOCTll nepeHOCHMOH MO.D:aMH BOJIHbl, a 

liMeHHO: K nepeKaqKe 6onee llOJIOBliHbl MOll.I,HOCTH BOJIHbl Me)l(.lJ:Y Hli3IIIHMH 

MO.D:aMll BOJIHbl 

~OCTOBepHOCTb uay'IHbiX BhiBO.ll:OB llO.lJ:TBep)l(.lJ:aeTCjl liCllOJib30BaHHeM B 

KaqeCTBe OCHOBbl anpo6llpOBaHHbiX COBpeMeHHbiX aHaJiliTllqeCKHX ll 

qllcJieHHhiX MeTo.n:os; cosna.n:eHlleM oT.n:enhHhiX pe3yJihTaTOB, nonyqeHHhiX 

pa3Hb1Mll MeTO.lJ:aMll; 60JiblllliM npe.n:cTaBJieHHbiM <l>aKTHqecKHM MaTepllaJIOM; 

llO.lJ:TBep)I(,LJ;eHlleM llOJiyqeHHbiX aBTOpOM pe3yJioTaTOB .n:pyrliMH HayqHhiMll 

rpynnaMll . 

TeopeTH'IecKaH u npaKTH'IecKaH 3Ha'IHMOCTh 

flonyqeHHbie B pa6oTe pe3yJibTaTbl OTHOCliTeJibHO pacrrpocrpaHeHlljl 

CllHHOBblX BOJIH B nepliO,LJ;llqeCKliX ll HenepliO,LJ;llqecKHX crpyKTypax, 

orpaHllqeHHbiX no .lJ:JlliHe ll BOJIHOBe,n:yll.l,liX crpyKTyp C llJiaBHO MeH.SIIOll.l,eHCjl 

IIIHpliHOH liMeiOT 60JihlliOe HayqHoe ll npliKJia.D:HOe 3HaqeHHe. C O,ll;HOH 

CTOpOHhl pa3pa6oTaHHhie MeTO.lJ:hl ll llO.lJ:XO.lJ:hl npHMeHliMhl K IIIllpOKOMY Kpyry 

3a.n:aq 0 pacnpOCTpaHeHliH pa3JillqHhiX THllOB BOJIH (He TOJihKO MarHOHOB H 

<l>oHOHOB) ll llOJiyqeHHhie pe3yJihTaThl B 3HaqliTeJibHOH CTelleHH paCIIIHpj{IOT 

npe.n:cTaBJieHHjl 0 CBOHCTBaX MarHOHOB B pa3JIHqHbiX crpyKrypax, C .n:pyroii: 

CTOpOHbl OHM 6y.n:yT, 6e3yCJIOBHO, llOJie3Hbl npll pa3pa60TKe KOHKpeTHhiX 

MarHOHHbiX ycTpOHCTB. 

PeKOMeu.n:au:nn no ucnoJib30BauniO pe3yJihT3TOB u BhiBO.D:OB .n:nccepTau:un. 

Pe3yJihTaTbi pa6oThi npe.n:cTaBJijJIOT 3HaqliTeJihHhiH liHTepec .lJ:Jijl scex HayqHhiX 

rpynn, 3aHliMaiOll.l,liXCjl MarHOHliKOH ll aKyCT03JieKrpOHliKOH, ll ll03TOMY liX 

MO)I(HO peKOMeH,n:OBaTh .lJ:Jljl .n:mi 03HaKOMJieHlljl ll liCllOJib30BaHlljl B MrY liM. 

M.B.JloMoHocosa (r. MocKsa), CaHKT-fleTep6yprcKoM, YpanhCKOM, 

Hosocli6HpCKOM ll TsepcKoM YHliBepcliTeTax, BopoHe)I(CKOM TeXHHqecKoM 

yHliBepcliTeTe, Ml1P3A, l1HCTliTyTe <l>ll3l1Kll TBep,n:oro Tena PAH P<l> (n. 

qepHoronosKa MocKoBcKa~ o6n.), <I>Tl1 PAH P<l> liM. I1o4>4>e (r. C­

ITeTep6ypr), P<I>JIU:-BHI1l13<1> (r. Capos, Hll)l(eropo.n:cK~ o6n.), l1HCTllryTe 

<l>ll3l1Kll liM. JI.B. KllpeHcKoro CO PAH (r.KpacHojlpcK) H ,n:p. 

flo .D:HCCepT3U:HH HMCIOTCH CJIC.D:YIOIUHC 33MC'I3HHH: 

1. HeKoTophie BhiBO.D:hi ll ,n:oKa3aTeJihCTBa .n:aHbi B coKpall.l,eHHOH <l>opMe. 

HanpliMep, KOpOTKO OllliCaH npou;ecc CIIIliBKll rpaHllqHbiX ycJIOBliH ,n:m1 

llpj{MbiX 06neMHhiX MarHliTOCTaTllqeCKliX CllliHOBbiX BOJIH B .D:ByMepHOM 

MarHOHHOM KpliCTaJIJie B pa3,n:ene 2.1.3 ll BbiBO.lJ: ypaBHeHliH CBj13ll MO.lJ: 

llOBepXHOCTHhiX MarHliTOCTaTllqeCKliX CllliHOBhiX BOJIH B pa3.D:eJie 3.2.2. 
2. He c.n:enaHhi ou;eHKll BJillj{Hlljl .n:uccllnaTliBHhiX noTepb Ha 

pacnpocTpaHeHHe CllliHOBhiX ll aKyCTllqeCKliX BOJIH B HeO,n:HOpO.lJ:HbiX 

CTpyKrypax 
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3. He npHBe)leHhi .uaHHhie o TeMneparypHoii 

.peppoMarHMTHbiX MaTepHaJIOB, HCTIOJih3yeMhiX B 

BOJIHose.uymMx crp)'KTypax. 

CTafiHJibHOCTH 

HeO)lHOpO)lHbiX 

4. Xon1 pa6oTa 11 xopoii.Io o4JopMJieHa, B HeM: MMeeTCH pH.ll onetiaToK, KaK 

rpaMMaTMtieCKMX TaK If CTHJIHCTHtieCKHX, a TaiOKe BCrpetiaiOTCH Hey)latiHbie 

BbipaJKeHHH H OIIIHfiKH B CCbiJIKaX. TaK Ha Crp. 21. HCTIOJih3yeTCH TepMHH 

«HeraTHBHOe npeJIOMJieHHe», a npH 9fiCYJK)leHHM MeTO)la KOrepeHTHOrO . 

TIOTeHQHaJia )laHa CChiJIKa Ha pa6oTy (65], He OTHOCHIIl,YJOCH K 3TOMY MeTO)ly. 

YKa3aHHhie 3aMetiaHHH He HOCHT npHHQHTIHaJihHhiM xapaKTep H He 

CHHJKaiOT 06IIJ,eM BbiCOKOM OQeHKH pa60Tbl. 

AsTope.pepaT noJIHO H TotiHo orpaJKaeT co.uepJKaHHe .llHCcepTaQHH, 

HOBbie HaYlJHble pe3yJibTaThl H BbiBO)lbl. 

Pe3yJibTaThi pa6oThi HeO)lHOKpaTHO .uoKJia)lhiBaJIHCh Ha MelK.llYHapo.llHhiX 

KOH.PepeHQHHX H ony6JIHKOBaHbl B Be)lyiiJ,HX HaYlJHhiX 1KypHaJiaX 

ilO)lBO)ljl HTOr MOJKHO 3aKJIIOtiHTh, liTO )lHCCepraQHH )]:.B.KA.rrH6HHa 

HBJijleTCH 3aKOHlleHHOM HaYlJHO-KBaJIH.PMKaQHOHHOM pa60TOM, pe3yJihTaThl 

KOTOpOM HMeiOT cymeCTBeHHOe 3HatieHMe )lJIH pa3BHTHH OTetieCTBeHHOM H 

MHpOBOM Ha)'KH. ITo o6beMy BhiTIOJIHeHHhiX HCCJie)lOBaHHM, MX aKTyaJihHOCTH H 

HayqHOMY ypOBHIO )lMCCepTaQMOHHaH pafioTa OTBetiaeT BCeM rpe6oBaHHHM (n. 

II. 9-14 «lloJioJKeHHH o npHCYJK.lleHHM yqeHhiX cTeneHeii», yTsepJK)leHHoro 

ITocTaHoBJieHHeM ITpaBMTeJihCTBa P<l> N2 842 OT 24 ceHTH6pH 2013 r.) K 

)lHCCepTaQHHM, npe)lCTaBJieHHhiM Ha COHCKaHHe yqeHOM CTeTieHM KaH)lH)laTa 

.PH3HKO-MareMaTMtiecKHX Ha)'K, a KaJiji6HH ,UMMTPMM BJia)lHMHpOBMti 

3aCJIYJKHBaeT IIpHCYJK)leHHH ytieHOM CTeneHM KaH)lH)laTa 4lH3HKO-

MaTeMaTMtieCKHX Ha)'K IIO CIIeQHaJihHOCTH 01.04.07 <I>H3HKa 

KOH)leHCHpOBaHHOrO COCTOHHHH. 

0T3biB Ha )lHCCepTaQHIO 06CYJK)leH H O)l06peH Ha 3aCe)laHHH Ka.Pe)lpbl 

MarHeTH3Ma <I>H3HtiecKoro .paeyJihTeTa MrY HM. M.B. JloMOHocosa (npoTOKOJI 

N2 10 OT 19 HIOHH 2017 ro.ua). 
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