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O申K叩aJII,HOrO OIⅡIOHeHTa HeeJIOBa I4rop兄MHXa漬JIOBHqa

Ha HHCCePTa叩Ⅲ〕 KJIHHOBa ApTeMa HaBJIOBHtIa “MoHeJmPOBaHHe OJIHOMePHHX

HaHOCTPyKTyP: KCeHOHyKJIeHHOBHe KHCⅡOTEd[∴H　叩a匂eHOBHe HaHOJIeHTbI》,

ⅡPeJICTaBJIeHH咋　Ha COKCKaHIIe _ ytIさHO盈　cTeIIeHH _ KaH抑柳Ta　中3HK9-

MaTeMaTHtIeCKHX HayK IIO CIIeI叩aJIbHOCTH l.4.7　-　BHCOKOMOJIeKyJIf[PHHe

COeJIKHeHH縞.

Pa6oTa KJIHHOBa A. II. IIOCB角皿eHa H3yqeHH工O HH3KOPa3MePHHX

HaHOCxpyKTyP: HBO寛HHX CⅡKPaJIe盈KCeHOHyKJIeHHOBHX KHCJIOT (KCeHOHK) II

xpa4)eHOBBIX HaHOJIeHT Ha IIOJ]町O狐e. Oco6H五IIHTePeC K KCeHOHK　-

CHHTeTHtIeCKHM IIOJIHHyNEeOTHHaM C OTJIHqHHM OT IIPHPOJIH轟Ⅸ JII皿C II PHK

OCTOBOM, CBjI3aH C IIX IIPHMeHeHHeM B TePaⅡHH B KaqeCTBe aHTHCMHCJIOBHX

OJmrOHyKJIeOTHHOB. TaKIIe OJIHrOMePH IIPH IIOIIaJIaH蘭B KJIeTKy CBjI3HBaroTC鬼C

KOMⅡJIeMeHTapHO漬　HOCJIeHOBaTeJII,HOCTb宣O MOJIeKyJIH-MIIⅢeHH PHK, qTO

IIO3BOJIneT PeryJIHPOBaTb Pa6ory reHOB. XoTjI PaeJmqHHe BaPIIaHTH KCeHOHK

Pa3Pa6aTbIBaIOTCjI MHOrHMH HaytIHHMH ]町yIⅢaMK B TeHeHHe IIOCJIeHHHX

ZIeCjITHJIeTH盈, JIHⅢb B IIOCJIeJIHee BPeM縞CTaJm IIOjIBJIjITもC鬼yCIIeⅢHHe rIOIIHTKH

ⅡPIIMeHeHHH OJIHrOMePOB KCeHOHK B KatIeCTBe JIeKapCTB B TePaIIKII・ B cBH3II C

9THM, IIOIICK HOBBⅨ　OCTOBOB KCeHOHK, HCCJIeHOBaHHe( HX CTPyKTyPH∴H

申H3HtIeCKHX CBO宜cTB jIBJIneTC兄aKTyaJIbHO珪HayqHO漬3明ane盈・

He MeHbⅢyIO Ba猟HOCTI, IIPeIICTaBJI姉T H3ytIeHIIe CTPyKTyPH y氷e

CHHTe3HPOBaHHHX KCeHOHK. EcJIK CTPOeHHe HyIIJIeKCa HHK, a TaK撒e

BO3MO撒HもIe KOH匂opMa岬OHHHe IIePeXO耳H B HさM HPH II3MeHeH蘭BHeⅢHIIX

ycJIOBI壷HCCJIeJIOBaHbI JIOCTaTOtIHO HOJIPO6HO, TO HeJIb3鬼TO Xe CaMOe CKa3aTI’O

HyIIJIeKCaX KCeHOHK. TaK HPOIIeCCbI H3MeHeHHH XIIPaJIbHOCTH∴壇yⅡJIeKCa

IIeⅡT抑HO酋　HyKJIeHHOBO盈　KHCJIOTI,I (ⅡHK) IIC岬　特産cTBIIeM KO叫eBO漬

aMHHOKHCJIOTH PaHee PaCCMaTPIIBaJIKCb B 3KCIIePIIMeHTe, HO He 6I,IJm JIeTaJII,HO

O6b鬼CHeHH C IIOMO岬bIO MOHeJIe免

OJIHO H3 HOBHX HaIIPaBJIeHI掻B O6JIaCTK HPaKTHtIeCKHX IIPIIMeHeHH寛

MaTePHaJIOB Ha OCHOBe xpa申eHa CBH3aHO C CO明aHHeM reTePOCxpyKTyP, B

KOTOPEⅨ KOM6HHHPyIOTC兄OTHe皿HHe CJIOH町a任)eHa, reKCaroHaJIbHOrO HHxp抑a

6opa (h-BN) HJm HHCy皿もH柳MOJIH6JIeHa H BOJIも4)PaMa. B qacTHOCTH, 6o皿IIIO盈

HHTePeC IIPeZICTaBJIneT COqeTaHHe HaHOJIeHT rPa申eHa C IIO月面O狐O玩H3 h-BN,

KOTOPa鬼∴IIMeeT tIPe3B蘭a盈HO IIJIOCKyro IIOBePXHOCTb H O6JIaHaeT

月IIⅢeKxpIItIeCKIIMH CBO前oTBaMH. HoJIO6HOro POJIa reTePOCxpyKTyPI,I O6JI明aIOT

6oJIbIIIHM HOTeH叩aJIOM IIPK CO3柳HKK HaHOTPaH3HCTOPOB H3 apa申eHa. HpH 3TOM

H3yqeHKe HOBHX申H3HqeCKIIX flBJIeH着脱, KOTOPHe BO3HIIKaIOT IIPH KOHTaKTe HByX

CJIOHCTHX MaTePHaJIOB, KMeeT Ba撒HOe TeOPeTHtIeCKOe 3HaqeHKe・



HaytIHar HOBII3Ha Pa6oTH O6ycJIOBJIeHa B IIePByIO OqePeHI’ HOBHMH

O6beKTaMH HCCJIeHOBaHHH, KOTOPHe PaHee He PaCCMaxpHBaJIHCb B TeOPeTHqeCKIIX

Pa60TaX: 3TO KCeHOHK c yrJIeBO月OPO月HHM OCTOBOM, a TaKXe HHK c JIII3HHOM Ha

KOHIIe. B pa6oTe TaK氷e HPIIMeHjIroTC鬼　OPHrHHaJII,HHe IIOJIXO出bI∴∴K

MO群ⅢHPOBaH町O yKa3aHHHX CHCTeM: 6HJIa Pa3Pa6oTaHa xpyIIHO3ePHHCTar (K3)

MOJIeJIb B3aHMO月e漬cTB聯C IIO抑OXKO蒐h-BN.

Pa6oTa KJIHHOBa A. H. II3JIO氷eHa Ha 125 cxpaHIIIIfⅨ, BKJII(HaeT 53 pHCyHKa

H 5 Ta6JIIIII. JIIICCePTaI岬H COCTOHT H3 BBeHeHHjI, CeMII rJIaB, 3aKJII(HeHH札a TaK氷e

CⅡHCKa HCIIO皿3yeMHX COKPaIIIeHⅢ蕗∴H CIIHCKa　叩THPyeMO漬JIHTePaTyPH,

BKJIIOtIaroIIIerO 148　HaHMeHOBaHI癌　HepBa兄IuaBa IIOCBjI岬eHa O63OPy

JIHTePaTyPI’I, KOTOPH酋　BKJIIOqaeT B Ce6鬼∴JIBa Pa3HeJIa. B IIePBOM Pa3HeJIe

II3JIararoTC鬼OCHOBHHe CBeHeH聯O KCeHOHK c MOJ叩くPHI叩POBaHHHM OCTOBOM, a

BO BTOPOM - O HaHOCTPyKTyPaX xpa4)eHa II h-BN.

「JIaBI’I 2〇一4 cocTaBJI鬼roT 4)ParMeHT HKCCePTaIII糊O HBO漬HB]Ⅹ CImPa朋Ⅹ

KCeHOHK, HPKqきM Ka猟JIan II3 3THX IuaB IIOCB鬼岬eHa O叩eJIbHO首3a]IaHe. TaK B

rJIaBe 2 paccMaTPHBaeTCjI BOⅡPOC O6 ycJIOBHjIX CTa6H皿HOCTH REO蒐HHX CⅡHPaJIe珪

KCeHOHK c HOBHM yrJIeBO月OPO月HI,IM OCTOBOM. C IIOMOIIPro PaCqきTOB MeTOJIOM

MOJIeKyJ。IPHO宜J叩HaMIIKII (B HA cHJIOBOM IIOJIe C aeHHM PaCTBOPHTeJIeM) aBTOP

IIOKa3aJI, qTO JIe乾cTBKTeJIbHO B TaKIIX JIyIIJIeKCaX He PacPyIIIaroTCjI BOJIOPOJIHHe

CB月3H Me坤Iy OCHOBaH撤MH IIPK KOMHaTHO預TeMIIeParyPe, a CTa6H皿HOCTb

CIIHPaJIe並　oIIPeHeJI姉TC鬼PaCTBOPHTeJIeM H　即HHO漬　cBjI3yroIIIerO　4)ParMeHTa

OCTOBa. HaH6oJIee HHTePeCI岬玩H HeCKOJII,KO HeO測岬aHHH宜pe3yJIbTaT COCTOHT B

TOM, tITO HOJrytIeHHHe JIBO宜HHe CImPaJIH HMeIOT KOH匂opMaI叩ro, OTJIHtIHyIO OT

KaHOHHtIeCKO盈B-句OPMH JIHK. HoBHe KCeHOHK MOryT 6HTb HOJIe3HH IIPH

CO3JIaHHH HaHOKOHCxpyKI叩漬HaIIOJIO6He押IK-OPIIraMII.

B rJIaBe　3　6HJIO臆rIPOBeHeHO MO月eJIHPOBaHIIe KCeHOHK c rIeⅡT抑HHM

OCTOBOM (IIHK), B TOM HIICJIe C KOHIIeBHMH aMIIHOKHCJIOTaMH (D- HJm L-

JIH3HHOM). B ocTOBe I]HK HeT CTePeOIIeHTPOB, IIO3TOMy XHPaJIbHOCTもHyIIJIeKCa

月OJI撒Ha 3aBIICeTB OT XIIPaJIbHOCTH IIPIICOeHⅢHさHHO漬aMHHO蘭CJIOTH. B HaHHO茸

rJIaBe 9Ta 3aBHCIIMOCTb HCCJIeHOBaJIaCもC IIOMO叫bIO MOHeJIHPOBaH棚[ B PaMKaX HA

CHJIOBHX IIOJIe免BⅢO IIOKa3aHO, tITO B OTJIHtIIIe OT L-BapHaHTa D-Jm3HH Ha

KO町e JIyⅡJIeKCa BH3I,IBaeT JIeCTa6HJIH3a叩膿O JIBO盈HO盈cImPaJm. Xo瑚aBTOPH He

Ha6JIro抑Jm IIOJIHOro IIePeXO月a JIeBO3aKPytIeHHOro HyIIJIeKCa HHK c D-JIH3HHOM B

rIPaBO3aKPyqeHHy霊O CIIHPaJIb, KOTOPH宜HMeeT MeCTO B 3KCⅡePHMeHTe, Ha軸eHHHe

Pa3JIHtIHHe IIyTH Pa3PyⅢeHH級∴月yIIJIeKCa Ha KOHIIe MOryT yKa3HBaTb Ha

BO3MOⅨHH宜HaqaJIもHH漬3TaII IIPOIIeCCa II3MeHeHHjI XHPaJIbHOCTH HyⅡJIeKCa IIO月

月e宜cTBHeM aMHHOKHCJIOTH. 3aBePIIIar OImCaHHe TPeTI’e盈　rJIaBH, CJIe月yeT

OTMeTKTb∴KHTePeCHHe MeTO月OJIOrHqeCKHe IIPHeMI,I, KOTOPHe HCⅡOJIb3OBaJIHCb

aBTOPOM. HaIIPHMeP, MOIIeJIHPOBaHHe HyⅡJIeKCOB IⅡⅢC HPOBqZ叩JIOCb B



Pa3JmtIHHX C珊OBHX IIOJIjIX: AMBER H CHARMM, a OTJIHⅦe IIOJIytIeHHHX

Pe3yJIbTaTOB JIanee aHaJIII3HPOBaJIOCb aBTOPOM・ TaKO盈IIO月XOJI IIO3BOJIneT

yJIytIIImTb JIOCTOBePHOCTb HCCJIeHOBaHII月H BI,IflBHTb HeTOqHOCTH CHJIOB最IX IIOJIe五・

B rJIaBe　4　paccMaTPHBaeTCjI HeCKOJIbKO O606IIIきHHHX MeXaHHqeCKIIX

MOJIeJIe盈HBO漬HHX CIIHPaJIe盈KCeHOHK. B 3THX MO円eJIflX ZryIIJIeKC KCeHOHK

IIPeHCTaBJIeH B_ B抑e IreIIOtIKK qaCT叫(即CKOB) c o押O五言印ITyM刃CTeⅡe聯言

CBO6oHH.　tIacTHI岬　COeHHHeHH IIPy拡HHaMII,　KOTOPI,Ie OImCHBaroT

B3aIIMOJIe宜cTBK鬼　B OCTOBe, CTeKIIHr, a TaK氷e BOZIOPOJIHHe CB鬼3H Me粧JIy

OCHOBaHHjIMH. BHJIa IIOCTaBJIeHa IIeJIb∴H3ytIHTb BJIHflHIIe 3TKX OCO6eHHOCTe漬

B3aHMOIIe蒐cTBHfl B HyⅡJIeKCaX KCeHOHK Ha坤申eKTHBHOCTb IIePeHa剛ニ3HePr蘭

tIePe3 IIeIIOtIKy.出帆3TOrO B Ka糊O技II3 MOⅡeJIe宜oIIPeHeJmeTC鬼3aBHCHMOCTI}

KO3中心軸叩eHTa TeⅡJIOⅡPOBO月HOCTH OT TeMⅡeParyPH H IIaPaMeTPOB CHCTeMH.

HaH60JIee HHTePeCHbI宜pe3yJIbTaT 6HJI IIOJIytIeH J叩I Ha6opa IIapaMexpOB, IIPH

KOTOPOM PeaJIII3yeTC鬼Pe粧IIM aKyCTIIHeCKOro BaKyyMa. BHJIO IIOKa3aHO, qTO B

3TOM PeXHMe TeⅡJIOIIPOBO耳HOCTI, CHCTeMH POTaTOPOB y6HBaeT HO Hy朋IIPH

yMeHbIⅡeHHH TeMⅡeParyPH.

OcTaBIIIajIC兄tIaCTb Pa6oTH (ⅢaBH 5-7) IIPe月CTaBJmeT eHIIHbI麗句parMeHT,

IIOCBj叫eHHH酋　MOJIeJIHPOBaHII工O rPa4)eHOBbIX HaHOJIeHT Ha rIO即O狐e

reKCarOHaJIbHOrO HKTPHHa 60Pa (h-BN). IH)H MOⅡeJmPOBaHHH TaKIIX CHCTeM B

PaMKaX HA IIPH6JIH撒eH聯　BO3HHKaeT HeO6xoJIHMOCTI,　yIIPOCTHTb

B3a財MO月e玩cTBHjI xpadyeHa C IIO即0狐O玩, C OロHO盈cTOPOHH, Z叩鬼6oJIee yⅡO6HOro

OⅡIICaHHH IIOJ]町O狐II, C HPyr`O五一月JI兄yCKOPeHHjI BHtIHCJIeHI‘I寛Ha KOMIIもIOTePe. C

3TO漬IIe皿ro aBTOPOM B rJIaBe 5 6rma IIOCxpOeHa K3 MOHe皿B3aHMO月e競cTBHH

HaHOJIeHTH C IIquIJIO糊KO盈h-BN. B oro弟MO月eJIK OIIyCKaroTC兄JIeTaJm aTOMaPHOro

CTPOeH聯　HO即O猟KH, a B3aKMOJIe盈cTBHe aTOMa yrJIePOJIa C IIO即O孤O蒐

ytIHTbIBaeTC鬼C HOMO町bIO IIaPaMeTPOB, XaPaKTePK3yIOII叩X CPeJIHee PaCCTOHHHe H

9HePrⅢ宣O a月re3蘭. HHTePeCHO宜oco6eHHOCTbIO IIOCTPOeHHO盈MOJIeJm mJIHeTC鬼

3HePreTHtIeCKH 6oJIee BHrOHHOe CBjI3HBaHIIe aTOMa yrJIePOHa C IIO月田O狐O漬h-BN,

tIeM C JIHCTOM xpa申eHa. KaK CJIeHCTBHe, MHOrOCJIO酋HajI HaHOJIeHTa apa4)eHa Ha

IIO即O孤e h-BN HBJI姉TC鬼MeTaCTa6IIJIbHO盈H Z[OJI撒Ha PaeJIeJI紺bC鬼Ha CJIOH B

Pe3y皿TaTe 3HePreTHtIeCKO漬aKTHBaI岬II. TaK B IuaBaX 6 H 7 IICCJIeHyeTC鬼

PaCCJIOeHIIe　町a匂eHOBO盈　HaHOJIeHTH IIPH子　CKPytIHBaH蘭∴H HaIPeBe,

COOTBeTCTBeHHO. HpK CKPytIIIBaHHH MHOrOCJIO宜HO宜　HaHOJIeHTbI xpa申eHa Ha

IIO即O孤e h-BN co cBO6o月HHM KPaeM B He宜IIPH OIIPeJIe鵬HHHX yCJIOBHjIX

BO3HHKaroT TBHCTOHH (CKPytIeHHHe yTIaCTKH HaHOJIeHTH, KOTOPHe MOryT

IIePeMeIIIaTもC鬼BZIOJIb HaHOJIeHTH IIOJIO6HO KBa3HtIaCTHIIaM), KOTOPHe IIPHBOJI兄T K

PaCCJIOeHIIIO HaHOJIeHTbI. B rJIaBe　7　H3yqaeTC鬼∴∴KHHeTHKa PaCCJIOeHI姐

月ByXCJIO盈HO盈　HaHOJIeHTH　町a匂eHa Ha IIO即O狐e h-BN B　3aBIICHMOCTK OT

TeMIIePaTyPEd[ H reOMeTPIItIeCKHX IIapaMexpOB HaHOJIeHTH. 3月eCI, IIPaKTHtIeCKyro



Ba氷HOCTb IIPeHCTaBJIjIroT rIOJIyqeHHHe (叩eHKH BPeMeHH PaCCJIOeHK縞HaHOJIeHTI,I

IIPH KOMHaTHO寛　TeMIIeParyPe, KOTOPHe　6HJIO　6H IIHTePeCHO CPaBHHTB C

3KCIIePKMeHTaJIbHHMII 3HatIeHHHMH.

IIpK 6e3yCJIOBHO漬IIOJIO糊TeJII,HO漬oIIeHKe Pa6oTH HeO6xoJ叩MO C月eJIaTI,

Pj]岬3aMeqaHH鼠

1) Pa6oTa古ocHT IIPeHMy叫eCTBjino TeOPeTHqeCKHfi xapaKTeP H xpBO皿Hb

CJI a6 0　　O 6cy棚aeTCjI C BjI3b IIOJIytI eHHHX P e3yJII,TaTO B C

3KCIIePIIMeHTaJIbHHMII∴∴JIaHHHMH. 3TO He mJIHeTC鬼　Cy叫eCTBeHHHM

HeHOCTaTKOM, OHHaKO XOTeJIOCb 6H IIO氷eJIaTb aBTOPy B 6y耳y叫eM 6oJIee

BHHMaTeJIbHO OTHOCHTbC鬼K 3TOMy BOIIPOCy.

2) B rJIaBe　3 IIOKa3aHO, tITO IIOJIytIeHHbIe Pe3yJIbTaTH ` 3aBHC鮒　OT

HCIIOJIも3yeMOro CHJIOBOrO IIOJIH. OcTaきTC鬼He朋HHM, KaK BH6op cHJIOBOrO

IIOⅡ鬼MO糊eT IIOBJIHjITb Ha BHBO柵I rJIaBH 2. ABTOPaMH ZIaHHH寛BOIIPOC He

KCCJIe月OBaJICH.

3) B rJIaBe 2 He O6cy撒JIaroTC兄KPHTePHⅢ JIOCTH難eHHH PaBHOBeCHjI B CHCTeMaX

C HBO転HHMII CImPaJIHMK∴KCeHOHK. O6I,ItIHO C 3TO漬IIeJII,霊O IIPHBOJIⅢ

叩a句IIKH匂yHI(エIH盈RMSD oT BPeMeHK・

4) B ruraBe 2 HapI叩aJIbHHe 3aP糊H Ha OCTOBe KCeHOHK oIIPeJIeJIeHI,I, IICXO朋

II3 yCTapeBⅢerO CIIJIOBOro IIOⅡ鬼PCFF. CJIenyeT 3aMeTIITb, qTO C 3TO宜

IIeJIもIO O6もItIHO HCIIOJIB3yIOTCjI∴∴KBaHTOBO-MeXaHIItIeCKIIe IIaKeTH∴ II

IIPOIPaMMa RESP.

5) B JIHTeParyPHOM O63OPe Pa明eJI l. 1.4 o MeTOJIaX MO壇eJIIIPOBaHHfl KCeHOHK

HaⅡHCaH O6IHIIMH Ma3KaMH H He BKJIroqaeT MHO猟eCTBO Pa6oT. HaⅡPHMeP,

ⅡHK MOHeJIIIPOBaJIaCb B JIeCⅢKaX 3KCIIePHMeHTaX, a He TOJIbKO B Pa6oTaX

jIcHHCKOro H COaBTOPOB.

6) Ha 6o皿ⅢHHCTBe xpabIIKOB OTCyTCTByIOT JIOBePIITe皿HHe HHTePBaJIH HJIf[

H3MePeHHHX BeJIHtIHH.

K MeJIKKM HeHOCTaTKaM MO粧HO OTHeCTH OTCyTCTBHe ⅢKaJIbI 3HaqeHH盈Ha

PIICyHKe 21 (C. 54).

O月HaKO CHeJIaHHHe 3aMetIaHK鬼He 3axparIIBaIOT Cy岬eCTBa Pa6oTEI H He

BJIH郷OT Ha ee O6Iny量O OIIeHKy. HHCCePTa叩OHHan Pa6oTa KJIIIHOBa A.Ⅱ・

IIPe出pTaBJI姉T CO6o蒐∴ 3aKOHqeHHOe HCCJIeHOBaHHe, HMeIOIIIee HaytIHyIO H

ⅡPaKTHtIeCKyIO 3HatIHMOCTI,. IIo o6もeKTaM H MeTOJIaM HCCJIeHOBaH瑚』的HHa兄

ⅡHCCePTa叩OHHar Pa6oTa, HeCOMHeHHO, yZ[OBJIeTBOPneT KPHTePHjIM aKTyaJII,HOCTII

ABTOPe4)ePaT HOJIHOCTI,IO OTPa撒aeT COJIeP放aHKe HIICCePTa叩H. OcHOBHHe

Pe3yJI蘭aT勘[即CCePTaI岬H OⅡy6JIKKOBaHH B 4 cTaTbjIX B XyPHaJIaX, BXOJIjIII叩X B

IIePetIeHb BAK P①, a TaKXe B 7 TPyHaX KOH中epeHIIH鼠



抑CCePTa岬OHHar Pa6oTa COOTBeTCTByeT CIIeIIIIaJIbHOCTH l.4・7-

BHCOKOMOJIeKyJIxpHHe COeHIIHeHHj【 Ⅱ　xpe6oBaHHjIM II. 9 “ⅡoJIO氷eHK鬼　O

ⅡOP糊Ke IIPHCy杓IeHHH ytIeHHX CTeIIeHe宜x>, yTBeP糊eHHHX IIOCTaHOBJIeHHeM

IIpaBHTe皿CTBa PoccI壷feKO漬　⑪eHePa岬II OT 24　ceHT鬼6pjI 2013　r. N! 842,

ⅡPeJIT,批JIneM甲M BAK PoccKH∴K. KaHJ叩JIaTCKHM JIIICCapTaI岬HM, a ee aBT9P,

KJIHHOB ApTeM HaBJIOBHtI, 3aCJIy氷IIBaeT IIPKCBOeHH兄yqeHOH CTeIIeHH KaHJ叩HaTa

申H3IIKO-MaTeMaTKtIeCKIIX屯ayK IIO CIIe岬anbHOCTH l.4.7 - BHCOKOMOJIeKyJIxpHI}Ie

COe月HHeHHjI.

Od)HIIHaJIbHH乾oⅢIOHeHT

PyKOBO即FTe皿Me粧CnyHapOHIIO宜JIa6oparopKH MO月eJIHPOBaHHjI 6IIOIIOJIHMePOB H

6HOCHCTeM, IIPO句eCcoP I]eHTPa XHMHtIeCKO酋IIH氷eHeP蘭⑪eHePaJII,HOro

rocy月apCTBeHHOro aBTOHOMHOro O6pa3OBaTeJIIⅢOro yqPe棚eHHjI BHCIIIero

O6pa30BaH棚[ “HaIIIIOHaJIbHもIfi HCCJIeHOBaTe皿CK血i yHIIBePCHTeT HTMO》

月ORTOP 4)H3HKO-MaTeMaTHtIeCKHX HayK ( 1.4.7 - BHCOKOMOJIeKyJIapHHe

C O e即ⅢeHHH)
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