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fI Ofl CHI4TE JIbHAfl 3AIMCKA

flporpanrMa yqe6nofi AlrcqznJrrrHbr <<Tepnao AvrnavtvrKa crlcreM noHuxennofi

pa3MepHocrlD) pazpaloraHa nnfr crreqlr€urbHocrrr 1-31 04 01 Onenxa,

HarrpaB Jre;gl:rlfl, creqprEurbHocrlr I -3 1 04 01-01 @prgura (nayrHo-zccJreAoBareJlbcKEul

AeflrenbHocrb), cueqvaJwrsar\uu l-3I 04 01-01 07 <<3neproQusurco>.

Ile"rrn r 3aAarrn yue6uofi AlrcqurJrrrHbr
Ile"ur yre6Hofi ALrcqrrJrLrHbr o3HaKoMJIeHLIe cryAeHToB c ocHoBaMLI

rrplrMeH IH:zA TepMoAvrnaMuKvr K orll4caHuro csoficrn cHcreM rloHrDKeuHofi

pa3MepHocrrr vr HaHocrpyKTyp, a raK)Ke' c $uszrco-xllMrIqecKrrMu npoqeccaMv,

rrp oTe Karo qLIM vr B cvrcTeM ax rro HLDKenH ofi p ttsM epHo cTLr.

3aAa.r[ y.re6nofi AncqrrrlJrrrubr :

1 . Osra.qeHlre [oHnrprfiuo-repMprHoJlorz{ecK[Mu orIpeAeJreHLIlMI/t

TepMoALIHaMU KLI MaIIbrX CTICTeM.

2. QopMprpoBaHre npeAcranleHufi o6 orpaHllrlenvItrx KJlaccl4rlecrofi

TepMoAvrftawvrKn pr MeToAax TepMoAlrHaMuqecKoro olllrcaHvIs. cvIcTeM rloHI{Xennofi

pa3MepHocrpl.

Mecro yue6Hofi ArrcqrnJrrrHbr B crrcreMe rIoAroroBKH crleqplzlJlncra c

Bbrcltruu o6pasoBaHLIeM.

V.re6Har AptcqurrrurlJ:a orHocptrcr K IIUKIry AplcqvlnlrH cnequaJlu3ar\nu

Ko Mrr oH eHTa yqp e >tt4 elnv:fl . B bI c rue ro o 6p.as orlalaurr.

Cnssn c ApyrprMrr yre6urrnau ArrcqurJILIHaMu, BKJrK)qafl, yre6nrte

Ar,Icq[[JrLrHbI KoMloHeHTa yqpe)KAeHvIg, Bbrcruero o6pasoBaHvIse ALIcqunJII4HbI

clrequallvr3a\uuu AP.

[au1;at yrc6nas Aucrlurrrtrna ocHoBblBaerct Ha ALIcqunJIuHe

<< Tep u oAI4H aMLI Ka vI cr arvrcruq e c K at $uswKa) .

Tpe6on anrrfl, K KoMrrereHrlrlfl M

Ocnoenue yre6nofi AlrcqulJruHbr <<TepnaoAI{HaMVKa crlcreM [oHtDl(esuofi

piBMepHocrrD) Aonxuo o6ecueq[Tb QoprranpoBaHrre cneAyloqrx aKaAeMpIrIecKrIX,

c oquaJrbHo -JrLrqHo crHbrx u up o Q e c clro H€uIbHbIX KoMrlereuIluft :

axa d etw u.t e c Kue KoMtIereHIIV u :

-AK-l. Yvrerb nplrMeHrrb 6asosrre HafrHo-Teoper[qecK]Ie 3HaHufl, AIr.9, perreHl4rl

TeOpeTLIlIecKI{x II [paKTuqeCKI4X 3aAaq.

- AK-z. BnaAerb clrcreMHbrM Lr cpaBH[TeJIbHbIM aHaJIpI3oM.

- AK-3 . BnaAerb pIccJreAoBareJIbcKLIMr HaBbrKaMpI.

-AK-4. Vuerr pa6orarb caMocroflTeJlbHo.

-AK-5. Burr cnoco6H6rM rropolKAarb HoBbre plAeu (o6la4arb KpearrrBHocrrrc).

- AK-6. BlaAerb MexAlrcqurJrlrHapHbrM rIoAXoAoM rlprI perueHllu upo6JIeM.

-AK-7. [,{uerr HaBbrKr4, cBr3aHHbre c uc[oJrb3oBaHLIeM TexHllqecKllx yctpoficrB,
yrrpaBJIeHI,IeM znQopuaquefi u pa6otofi c KoMrlbrcrepoM.



-AK-8. O6na4arb HaBbrKaMrr ycrHofi u rllcbMeHnofi KoMMyHLIKaIIUU.

-AK-9. Yue6 1nrrrrbcfl, floBbrruarb cBorc rnarn$HKallurc B TerleHue scefi xpl3Hrr.

c o tluun bH o -Jt uttH o cmwb, e KoMTIeTeHIIELI :

- CmC- 2. B;51r:l cnoco6HbrM K corlu€rrrbHoMy B3aLIMoAefi crsnK).

- CJtrC-3 . O6na4arb crroco6socrbro K MexJrnquocrHbrM KoMMyHLIKaIIrrtM.

-CJIK-5. Buru cuoco6HblM K KpIITUKe u caMoKpIITuIKe.

-CJIK-6. Vnrerr pa6orarb B KoMaHAe.

np o fr ecc uoH un bHb, e KoMrrereHlluu :

III(- 1 . flpnnaeHrrrb 3lIaHlvrfl, TeoperrrqecKax v gKcleppIMeHTa[bHbIX ocHoB

Qzsnrcn, coBpeMeHHbrx rexHoJrorufi vr Marepu€uloB, MeroAbr LIccJreAoBaHa[

SusnuecKrlx o6rerron, MeroAbr pl3Mepenvts, Susn recKrax BeJrpIquH, MeroAbI

aBTOM aTLrc A\UV 9 KC n ep pIM e HTa.

III(-2. Zcuolr3oBarb Hoeefiruue orKpbrrrtn B ecrecrBo3HaHrru, MeroAbI

rno6arbHbIMLI nHSopnaaqLIoHHbrMLI

KoMrrbK)TepHbrMLr MeroAaMu c6opa, xpaHenurl vr o6pa6orKI4 nnQoprraarrvli.zt.-

cprcreMaMu aBToMarpr3rrpoBaHHoro uporpaMMllpoBalJvIfl"- Ha)rurHo-TexHrrrlecKor{

Lr rrareHrnofi uureparypofi .

coBpeMeHHbIX TeXHOJIOTI4IIeCKIIIX ilpoqeccoB, Ha) IHoe
unSopnaaIIHoHHbIe o6pasoBaTeJrbHbre TexHoJrorvIu,

SKCrrepuMeHTa,

Snsn lecKoro

pecypcaMrL)

- m(-5. OryttlecrBJrflTb rroprcK, clrcreMaru3allplrc u aHaJrLI3 znQopnaa\uvr ro
[epcleKTLIBHbrM HanpaBJreHurIM paSBLrrufl,

TexHoJIon{'M, tIpoeKTaM vr pellreHk|]fiM.

oTpacJILr, LTHHOBaTIIIOHHbTM

- IIK-6. flpnMeHflTb rroJrfreHHbre 3lrralnvls, SyH4aueHTarlbHbtx rIoJIoxeHuiI

$nsnxn, gKcrrepuMeHT€LrrbHbrx, TeoperuqecKllx u KoM[bK)TepHbIX MeroAoB

uccJleAoBalJufle fI[raldvlpoBaH.Lrfl9 opraHu3aI\klvI u BeAeHI4fl HarIHo-
HccneAoBareJrrcrofi, HafrHo-nporr3Bo,qcrBenHoft v HafrHo-[eAarorn'Iecrofr
pa6oru.
IIK-15. llpnnreHrrrb 3nalufl, $zsruecKlD( ocHoB coBpeMeHHbrx rexHoJlorufi,

cpeAcTB aBTOMaTU3AI{J.IVL MeTOAOB TIJIaHTIpOBAHVIS, 14 OpraHI43aIInLI

rrpou3BoAcrBa, rrpaBoBoro o6ecue.I envIs. xogqficrseHHofi AetreJlbHocrrl vr

Harrorosofi cucreMbr, coBpeMeHHoro rlpeArlpuHuMareJlbcrBa, rocyAapcrBeHHoro

perynupoBa:avrrgKoHoMvrKuprgKoHoMLIrIecKofi uolvlTurnuI.

B pesynbrare ocBoeHun yuednofi ALIcqErrJrLrHbI cryAeHT Aonx(eH:

3HATb:

-orpaHuqenvls,KJraccnqecrofi TepMoAr4HaMuKvr;

- ocHoBHbIe [o,,ryoAbr repMoAEHaMVIrAr M€LJIbrx crlcreM;

- oco6 eHHocrpr renno S v3unvr cucreM rloHrDKeuuofi pa3MepHo crllt.

HarrHofo aHa[rvt3a)

SnsuuecKlre ocHoBbI

o6opy4oBaHn e kr annaparypy.
fIK-3. flponoAprrb rrnaHupoBaHue vr peuru3allurc SzsnuecKofo
orleHrrBarb $ynrqnoH€rJrbHbre Bo3MolKHocrpI cJlolKHoro

o6opy4oBalavIs.

- IIK-4. IloJrb3oBarbct

yMeTb:



nrr6upa6 [oAXoA TepMoAuHaMuKra M€rJrbrx cr{creM AIIfl, aH.alrvl3a KoHKperHoLI

cucTeMbr;

- pe[rarb 3a$aqhro cB{3aHHbre c o[peAeJreHVeM TepMoAkrHar,[kHecKIlD( CsOfiCrn

HaHOMarepua.JroB;

- pazpa6arbrBarb MareMaruqecKr4e MoAeJru renJroBbrx [poqeccoB, nporeKaloqrD( B

crrcreMax rIoHLt xeHHofi pa3MepHocrla.

BJraAerb:

- HaBbrKaMu rrpuMeH eHufl. rroAxoAoB TepMoAnHaMLIKpI CrICTeM rrOHEXennOfi

p€BMepHocTr{ K p erueHuro TeopeTraqecK[x n ilpvKJIaAHbIX 3 aAaq ;

- HaBbrKaMu MaTeMaTrrqecKoro MoAeJIZpOBaHI,Lf, TepMoALIHaMIIqecKI/rx csoficrs
HaHOMaTepil€LIIOB.

Crpynrypa yqe6nofi ArlcqrrrJrrlnbl

fiuctlurrJrkrna u3y-uaercfl. B 8 ceMecrpe. Bcero Ha u31^reuLre yre6nofi

AlrcqunJrrHbr <<Tepuo AvrnavruKa crrcreM noHVlKeHHofi pasnaepHocrpD) orBeleno 46

rracoB, B ToM qlrcre 20 ayAr{TopHbrx qacoB, vrs HHX: JreKrlplkt 16 qacoB,

yrrpaBJrf,eM€ul caMocrotreJlbnas, pa6ora - 4 qaca.

Tpy4oeMKocrb yre6nofi AncqkrrrJrlrHbr cocraBJl.fler 1,5 sauerHbrx eALrHuIIbr.

@opnra reKyrrlefi artecrarlkrvr - 3arler.



c oruPlrtAHr,rE ITqEBHOIO MATEPI,TAJTA

PagAe.n 1. Tunbr crrcreM rroHrr?r(enrlofi parMepHocrrl. Orpan[rleHlrfl
K.Iraccu.recrcofi TepMoArIHaMrrKIr.

Tema 1.1. Tpex-, AByx-, oAHo- n rryJrbMepHbre HaHoo6terrrr. Kractepbl I4

KJracTepHbIe KpI,IcTanJIbI. YrnepoAHble HaHocTpyKTypbI.

Tepra 1.2. Orpann r emv:fl. KJracc[.recrofi TepMoArrHaM[Krr. Otuena
TepMoArrHaMuqecKoro npeAeJra. HapyrueHrre KoHrlerr\ukr o QasoBbrx cocroflHvIflx.

PasAefl 2. TeprvroArrHaMrrKa HaHorracrrlqr'HaHoMarepnaJroB rI lraHocrpyKTyp.

Teua 2.1. CpanneHrre [oAxoAoB TepMoArrHaMwKkr M€ulbrx cucreM. V'Iet BKJIaAa

rroBepxHocrHofi enepruz.
Teua 2.2. HanorepMoArrHaMuKa Xnlla.
Teua 2.3.XutN,ru.recrulfi noAxoA K orrucaHurc cucreM [oHrDKennofi puBMepHocru.

Teua 2.4. Crarzcrr,rqecKar repMoAuHaMuKa c]rcreM noHpl]Kennofi pa3MepHocru.

PagAer 3. Tepvro,qrrnaMrrna HeoKcreHcrIBHbIx ll KBaHToBbIx cncreM.

Te*ra 3.1. HesrcreHcuBH afl crarncraqecKafl TepMoArrHaMHKa. HepanHoBecHat

TepMoALrHaMLrKa c freroM QryrryaIILIoHHbrx reopeM r{ ArrHaMLIqecKIiIx

ypaBHelJvru.

Teua 3.2. OcnoeHbre rroHrl Tufl, KBaHTosoft TepMoAvrnauvrnvr.
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T4HOOPMATIT4OHHO-METOruIqE CKAfl rrACTb

lepeueHb ocHoBHofi .rrureparypbl
1. Eaprr6nn A. A. @usllro-xutMrlr HaHoqacrI4II, HauoMarepI4€trloB u

HaHocrpyKryp. I A. A. Eapu6un, B. A. EaxruHa, B.I . Touranun,

H. fI. Torunnurma. KpauroflpcK: Cudupcrcuit QeaepatrHrrfi yHlrBepcplrer,

20ll 236 c.

2. Cys4zules IrI. lI. HanorexHoJrofurr: Qlr3lrKo-xvtMtrfl, HaHoKJIacrepoB,

HaHocrpyKryp E HaHoMarepnarloB. M.: KonaKHnra,2006. - 592 c.

3. Po4yHep 3. PasMepHbre sSSerrbr B HaHoMarepuaJrax. M.: Texnoc$epa, 2010.

- 352 c.

4. flasros, B. A. Ornu.rur HaHorepMoAnHaMuKu or KJlacczqecrofi
repMoAuHaMlrKpr I B. A. llasros ll Becurnr Canrr-flerep6yprcKoro
yHuBepcrrrera. - 2010. - Cep. 4. - Bun. 1. - C. 24-28.

5. 3uruoH A. 4., flasros A. H. Kollon4Hafl y\krlr;ufl. HaHoqacrktll. M.: Hayrnufi
MZp, 2012. - 224 c.

6. Pon4yrnH B. 14. @prsuroxlrMlrr rroBepxHocrkl. 2-e v34.t Llcrp.

,{onronpy,qnufi: l4[,<<IrlHrelJreKr), 2011. - 564 c.

7. Eyrep fI. HanorepMo4uHaMnrca. CII6: flnyc,2004. - 155 c.

8. PycanoB, A. 14.HauorepMoAnlnavlvrKa: xuMLrqecKufi noAxoq I A. 14.Pycauon ll
Poc. XHna. )K. - 2006. - T. L(2). - C. 145-151.

9. Py,uaxoe E. C. Moreryrflpmas, KBaHToBEUT Lr oBoJrrcIlaoHnafl, TepMoArIHaMpIKa

(pasnnrne v cneqpr€urvsaryrfl, MeroAa fu66ca). ,{oneqr: ,{oneqrczfi
rocyHuBepcprret, 1998. - 140 c.

10. EafiKoB B.VL, flasrroKeBuq H. B. TeuroQvsvrna. Tepvro4rHaMuKa ur

crarvrcrvrrrecKar $usura. - Mnucr: Bumefiruas ruKoJIa,2018. - 448 c.

IlepeueH b AorroJr HrrreJrbHofi .rrureparypbl
1. Hill T.L. Thermodynamics of Small Systems. Weinheim: WILEY-VCH Verlag

GmbH & Co. KGaA, 1965 (ed. 2013) - 210 p.
2. Rowlinson, J. S. Statistical thermodynamics of small systems and interfaces /

J. S. Rowlinson llPwe & Appl. Chem. - 1987. - Vol. 59. - P. 15-24.
3. Tsallis, C. Possible generalization of Boltznann-Gibbs statistics I C. Tsallis ll J.

Stat. Phys. - 1988. - Vol. 52. -P. 479-487 .

4. Flucfuation Theorems / E.M. Sevick, R. Prabhakar, S. R. Williams, D. J. Searles

ll Anru. Rev. Phys. Chem. - 2008. - Vol. 59. - P. 633-603.
5. Rubi, J. M. Non-equilibrium thermodynamics of small-scale systems I

J. M. Rubi llEnergy. -2007. - Vol. 32. -P.297-300.
6. Gemmer, J. Quantum Thermodynamics. Emergence of Thermodynamic

Behavior Within Composite Quantum Systems (2nd ed.) I J. Gemmer,
M. Michel, G. Mahler. Berlin: Springer-Verlag Berlin Heidelborg, 2004
(ed. 2009). - 346 p.



cJreAyloluve cpeAcrBa :

Ilepeuenb percoMeHAyeMbrx cpeAcrB ArrarHocrrlKrr rr MeroArIKa

QoprvrnpoBanrlfl rrroronofi orleHKrr

fittt, ArrarHocrplKliIt[4r ArrarHocrplKliI u KoHrpoJIt 3rraHuu pel

oruve cpeAcTBa:

1. Bu6opoqHbrfi ycutufi rourpoJlb Ha JreKrlvttx;

2. llponepKa KoHcrIeKroB lerqvfi o6yrarouluxct;
3. Hanncanue kr saryura peQeparuBHux pa6or.

Oqegra 3a orBerbr Ha neKrlrrflx BKrroqaer B ce6s, rloJrHory orBera, HEurIltILIe

apryl\,IeHTOB, IIpuBeAeHue KoHKpeTHbIX npIIMepOB cylqecTByrcIqux cI4cTeM

noHlrxennofi pa3MepHocrLl u [poqeccoB, IrporeKaloqnx B HLIX.

3aqura peSeparnBHbrx pa6or npoBoAvrrcfl, B Qopnne LTlaAzrBLTAy€uIbHbrx

Bbrcryrrnennfi-rpe3eHTawft AJrnrenbHocrbro Ao 20 MLII{yr c rocJleAyloqefi

ArrcKyccueir. IIpu orleHprBaHvru peQepara (aorua4a) o6paqaercfl, BHZMaHLIe Ha:

coAepx(ailne v ronHoTy pacrqpbrTvrfl. TeMbr, crpyKTypy u rocJleAoBaTeJlbHocrb

tr3JrolKeHvrfl, ucrorrHuKvr v Iltx rrHTeplperarlurc, caMocrotreJlbHo uafi4euHble

cryAeHToM ucroqHvrnu rroMLIMo peKoMeH4yerr,rofi JILITeparypbI' ypoBeHb

rroAroToBKr,r cTyAeHTOM yCTHOTO AOKJIaAa U npe3eHTaI\vru, oTBeTbI Ha

AorronHlrreJrbHbre Borrpocbr ayAnropuv u rperroAaBareJul uo peQepary. Oqenra
p e Q ep aroB rlp o B o Akrr cfl. no Ae ct ru6 atnrHofi ruKaJIe.

flpu AorrycKe cryAeHTa K 3aqery rrcroJlb3yerct orIeHKa 3a reKylrlylo

ycrreBaeMocrb, Aeroqafl Bo3MO)KHOCTb lpocneAurb n oIIeHpITb AI/'H.AM.VTKy rlpouecca

AocrprlK'"""o1::;T,xt#:ffi 
ff lHffi fi:Ttrl#T:rff vcrleBaeMocrb:

noAroroBKa pe$epara - 50 Yo.

llper orIeHKe rercyqefi ycrreBaeMocrll 4 6atna v, 6olee cryAeHTbI

AorrycKarorcfl K 3aqery. flper orIeHKe HrrlKe 4 6atnoB perueHpleM raQe4pbr cryAeHTbI

He AorrycKaroTcr K 3aqeTy ) vr prM Hul3HaqaeTcfl. cpoK BbIIToJIH9HVIA Vr 3aUIrITbI

v

3IJAHI/IVT peKoMeHAyercfl IACTTOJIbSOgaTb

repeqeHb saAasnfi \Jrfl yrrpaBJrseurofi caMocToflTeJrbHo[
pa6oru cryAeHToB

TeprvroAllHaMIIKa HaHorIacTIIII, HaHoMaTepHaJIoB

pe$eparnBublx pa6or.

IIpn*repnufi

Teua 2.
HaHocrpyKTyp.

flogroroBlrrb peQepar na cso6oArrylo vllru npeAJrox(eHl{yrc TeMy.

(@opua KoHTpoJrr - 3arrlura pe$epana c oJleKTpoHnofi rpe3eHraquefi).

Tenaa 3. TepuoArrHaMlrna HeoKcreHcrrBHblx rr KBaHToBbIx crlcreM.

flo4roroBlrrb peSepar Ha cso6oAl{ylo vfirvI rpeAJIo}KeHI{yro relvry.

(@oprraa KoHrpoJrfl - 3arqnm peQep ara c eJleKTponnofi rpe3enraqnefi).
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ouncaHrre rrHHoBarlrroHHbrx rroAxoAoB rr MeroAoB K rrpe[oAaBaHrlro
y're6nofi Aucltrr nJrrlHbr

flpu opfaHlr 3aryru o6pasoBareJrbHoro rpouecca ucroJlb3ylorcfl cJIeAyIOqre

rroAxoAbr:
?spucmurtecxufi nodxod, roropufi rpeAnoJlalaeT

MHoroo6pazun peueHnfi 6olruruHcTBa HafIHbIx 3a4aq''
AeMOHCTpaIInlo

TBopqecKyro

caMopea[rr3arlptrc o6yrarorrryrxcf, B rlpoqecce a*aJrnsa upo6leru vr

uH1vrBkr1yaJrvr3arluro o6yreHux qepe3 Bo3MolrHocrb ocyuecrBJltrb peQlercuK)

co6crsennofi o6paeoBaTeJlbnofi AetTenbHocTu;
npaKmuKo-opaeHmuponaHHufr nodxod, roroprrfi rpeArloJlaraer ocBoeHHe

coAepxaHkrfl. o6pasoBanvrs, qepe3 perrreH[r npaKTLIqecKI,rx 3a4arJ' oprleHTallrrrc Ha

reHepgpoBaHue ugeit, a raKlKe HcrroJrb3oBaHue [polleAyp, o6ecIIeqrIBaroIIIlIx

Q oprr,rnpoB aHLI e npo S e ccpIoH€IJIbHbIX KoMlleTeuqufr ;

memod yvefiruoil ducrEcctur, Koropbrfi upe4noJraraer }^racrl,re cryAeHroB B

KoHrpoJrrrpyeMoM rleneHarrpaBJreHHoM o6ruene vll'eflvtvt Nrs, KoJIJreKTrrBHoro

perueHLIrI HafrHbrx upo6lerra.

IrlcuolrcoBaHue AaHHbrx MeroAoB o6ecueqlrBaer rIo.ttBJreHI{e HoBoro ypoBHfl

noHprMaHrryr v3yraervrofi TeMbr, upLrMeHeHI4e s:aanwir (reopnfi, KoHrlerqufi) npLl

perrleHuu npo6JIeM, orlpeAeJleHue cuoco6oB LIx perueHut.

MeroArlrrecKrle peKo MeHAaIITTI rro opraHrl3arlllr
caMocroflTeJrbnofi pa6oru o6yuarourxcfl

Tennrr pe$eparprBHbrx pa6or Moryr 6rrm nrt6paurt vr3 rpeAJloxeHHoro

crrr{cKa, nu6o c$opnrylupoBaHbr caMocroflTeJlbHo rrocne KoHcyJIbraIIur c

rperloAaBareJleM. [urfl naz6olee unoAoTnopnofi opraHllsaI\km caMocTosrenrnorZ

pa6oru cryAeHroB ro HarrncaHltro pe$eparnBHbD( pa6or peKoMeHAyercfl

UCTIOJIb3OBAHUE HE ToJrbKo npeAJlox(eHHbrx, Ho vr caMocroflTeJrbHo uafi4eHHbD(

nureparypHbrx LrcroqHLrKoB. flpn :nanvrcalnvlvr pa6orrr o6yrarorlrlMcfl cJreAyer

npoBecrrr rrolrcK kr clrcreMarpl3alll4ro nonefinlar LlccJleAoeaHzfi IIo

TepMoALrHaMFrecKLrM ceoficrBaM crrcreM noHnxteunofi pa3MepHocrlrt B paMKil(

nrl6pannofi TeMarLrKr{. Irrfl HarBbrcruefi oIIeHKI4 peQeparnnnofi pa6orn

o6o6qeHlre Marepu ara v BbrBoAbr Ha ero ocHoBe AoJrxHbI 6rrrr BbItIoJIHeHbI c

LrcrroJrb3oBaHrreM MelKArrcqlrrrJrlrHapHoro [o,ryoAa; 4poMe roro, AJrfl' crI'IMyJUITIUVT

TBopqecKrfD( cnoco6nocrefi o6yraroullrMcr raKlKe cJleAyer cAeJlarb 3aKlrcqeHlle o

lepcneKTuBax pa3Burkrfl, nu6paHnofi TeMaruKIa B 6tuxafiurlle roAbl.

Teuu peQeparrlBHblx Pa6or

1 . Teprr,roArrHaMl4q e cKI4 e cs ofi crBa HaHorIp oBoAoB.

2 . T epvroArrHaMrrle cKIa e csofi crB a HaHorpy6 or.
3. Teprr,roAuHaMuqecKlle csOfiCTBa ToHKIIX IIJIeHoK.

4. TepuoArIHaMuKa HaHolKll4rocrefi.
5 . TepvroArrHaM vrKa ABWepHbrx Marepu€uroB : <<o6reuHtuD) AByMep Hla[,
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6. TepuoArrHaMvrKa AByMepHbrx MaTepuuIJIOB : Kpafl kI IpaHkIIIbI.

7. TepnroArrHaMkrKa ABWepHbrx MarepH€IJIOB: MOJreKyJrf,pHbIe crrJlbr HA

uurepSefice.
8 . TeprvroAuHaMarrecKrre csofi c rsa 6umapHbrx HauoAlrclepcHbrx pacrBopoB.

9 . TeprvroAHHaMlrrrecKHe CsOfi cTBa KOJIJIOUAHO -AIIC[ep CHbIX CrICTeM.

10. PaeHoBecre xr4Mu.recrofi peaKrlnu C yqacrlleM HaHOAIaC[epcHbD( BerIIecrB.

I 1 . TepMoAI{HaM vrKa 3apfl }KeHHbrx KoJIJIoUAHrIX pacTBopoB.

rlpnrvrepnrrfi repeqeHb BorrpocoB K 3arrery

l. Tpex-, AByx-, oAHo- u r{yJrbMepHbre HaHoo6rerrrr. Klacrepbl rr KJracrepHbre

KprrcruurJlbr. YrnepoAHbre HaHocrpyKTypbr.

2. Orpanuqe6ufl.KJlaccuqeCrofi TSpMOASIHAMLIKLI.

3. CpanneHpre rroAxoAoB TepMoArIHaMvrraIMuIrIbIx crIcreM.

4. Y.rer BKJraAa noBepxHocrHofi gHeprull.

5. HaHorcpMoArIHaM[Ka Xulna.
6. Xuvrra.recrulfi [o.4xoA K our,rcaHplro cLIcreM rroHrDKessofi pa3MepHocrl4.

7. CrarucrrrrrecK[ur repMoALrHaM[Ka cLIcreM rloHu]KeHnofi pa3MepHocrrl.

8. HegrcreHcIIBHaAcTaTucTI/FIecKalTepMoAlIHaMIIKa.
9. HepannoBecHarr repMoALrHaMLrKa c freroM $ryrryalllaoHHbrx reopeM u

Aunavrkrtr e cKLIx yp aBH e latvrir.

10. OcHoeHbIe rloH.flwlfl,KBaHTosofi TepMoALIHaMI{KH.

1 1. @ngu.recK€ur ra xrrMrirqecK€rfl a4cop6mfl. Apyuepnafl KoHAeHca\vfl'-

12. Tepnao4rlHaMrrKa 3apoArrueo6pa3oBanl'rf,.

13. Knnerzra 3apoAbrneo6pas oBankrs,. MexaHn3MbI Soplvrup oBanvIfl, noeofi

Qasu.
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rrporoxoJr c orJrAC oBAHr[fl rrqnsHofr [PorPAMMbr vB o

Hassanre yre6uofi
ATICUUTIJITIHbT,

c rotopofi
rpe6yercx
CO]IJIACOBATTT4E

HagsaHue
raSegpu

flpe4loxenrtfl,
o6 ngrdeHeurln( B

coAepxaHuu yue6nofi
uporpaMMbl

rrpexAelrl.rfl Bbrcmero

o6pason amus, no Yre6Hofi
ArrcqurIJI[IHe .---------

Pemenne, [pr,IHtroe
ra([e.4poft,
paspa6otaemefi
y.re6uyro uporpaMMy (c

yKa3arrneM AaTbr r'I

HoMepa uporor<ona)

Teuno- I{ Maccoo6naen

B CTTJIOIrHbD( cpeAax

Kaibeapa
enepro(prr3rrKl.r

Het Ocrasutr coAepxftlrrue
6eg nsN{eHeHr,It

rrporoKol J\b 12 or
23.05.2019
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AorroJrHEHurfl,r{ r,r3MErrEHr[fl K yqEEHofr IIPOTPAMME rro
I,BITTIAEM Ofr YqNSTT Ofr AIICqIIIUI'IHE

Ha Yre6nufi roA

y.re6Hafl rrporpaMMa nepecMorpeHa n oAo6peHa Ha 3ace Aaldivrr4 ra0e4prr
(npotoKorl Ns 

- 

or 

- 

201- r')

3ane4yroqufi raQe4Pofi

OcnogaHI,Ie,{onouHeuut LI rr3MeHeHLI{

YTBEPXAAIO
,{eran $arynrrera
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