
Brny
A.m.A
lEriii'r'ffillrHI
HffiH

;JEsilh'

MI,IHIT CTE P CTB O rIP O CBB IIIEHVIfl, P A

Of EOy BO <<E;ra roBeuleH cKIr fi rocyAa pcrBeH H bI fi

rreAa rorr{.rec ru fi yH r.r Bepcr{Ter>>

yTBEPXTAATO

(( t>>

_M.

Io
IO. flonona

2022 r.

TTPO| PAMMA BCTYTII4TEJIbHO| O I4C[bITAHPIfl

Ypoeeu u npoQeccuoHaJr bHoro o6pa3oBaH rrr : Bbrc[ree o6pa:onaHue - rroAro-
TOBKa KaApOB BbrClIIefi KBaJrI|oHKaUr{H rro IIpofpaMMaM ITOAIOTOBKI{ HayqHO-

rreAafofHqecKlrx KaApoB B acrrpaHType

f pynna HayqHbrx crerlHaJrbHocrefi
1.3. (DuruqecKre Hayxrr

Hayuuan c[eurraJr bHocrb 1.3.8 @tlsu Ka KoHAeHcnpoBaH Horo cocror Hr.rq

2022 r

Документ подписан простой электронной подписью
Информация о владельце:
ФИО: Щёкина Вера Витальевна
Должность: Ректор
Дата подписания: 16.01.2025 11:18:27
Уникальный программный ключ:
a2232a55157e576551a8999b1190892af53989420420336ffbf573a434e57789



OEIIIUE CBEABHVTfl O TIPOTPAMME
flporparrarua BcrynuTeJrbHoro r4crrbrraHrlr no QzszKe KoHAeHcHpoBaHHoro cocroflHvtfl

cocraBJreHa Ha ocHoBe rpe6onauuil @fOC BO uo nayuuoft creIIHuLJIbHocrH 1.3.8

@usnxa KoHAeHcrapoBaHHoro cocroflHux (yponeHb noAroroBKl{ KaApoB sHcIIIefi xsa-

nnQuxaqrau), yrnepxAeHHoM npuKa3olr MusucrepcrBa o6pasoeaHkrs' v uayrn Poc-

cnficxofi @eqepauv1r or 30 urou 2Ol4 r. J\b 867 (:aperucrpl4poBaH MuuucrepcrBoM

rocryrrll,Iu Poccraficxofi (De.qepaqrau 25 aBrycra 2014 I., perucTpaqnos-srtfi J\b

33836).
IlporparrrMa paccMoTpeHa r.r peKoMeHAOBaHa K yTBepxAeHI'Irc Ha 3aceAaHI4I4 Ka-

Seaprr Qusrauecxoro r4 MareMarr4qecKoro o6pa:onanras @I-EOy BIIO <<Eraroee-

uleucxnfi rocyAapcrneuHrtfi 1leAaroruqecrufi yHl4BepcureT)

tI
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o o P M bI rI P O B E [F-IJVrfl B C T y tI U T E JI b H O r O U C II bI T A H I4q

BcryuzreJrbHbre Hc[bITaHI,Ifl rlpoBoAtrcfl B ycrnofi Sopue no 6ulerau

1 TPEEOBAHIq K BCTYfIITEJIbHOMY I,ICTIbITAHI'TIO IIO
CTIEIII,IAJIbHOCTI,I

Vlzyueruue Qusuxu KoHAeHcr4poBaHHoro cocroqHufl, - o6uleupraHqrrIfi B MI,Ipo-

nofi uayunofi npaxruKe ryrb QoprraupoBaHnfl, y col4cKarereft qenocrHofi cucreurt
sHaHufi tto Syn4ar'aeHTilrrbHbrM BorrpocaM p€Bnr4rrHblx o6nacrefi Qr,rsuxo-
MareMarr4LrecKr4x r.r rexHprqecKr4x HayK, 6es yacueHr{r coAepxaHu, Koropblx HeMbIc-

ilvMa Hr4 [noAorBopHa, HayqHa, Aef,TenbHocrb, HH pocr upo$eccraoua"nruofi rloAro-
ToBKr4 6yayruero yr{eHoro- Susuxa, 3aHlIMaIoueroc, :

. r43yrreHneM crpyKTypbr u Sueuuecxux cnoficrn KoHAeHcHpoBaHHbIx cl4creM

(rnep4rrx reJra r{ xr4AKocrefi), B ToM rrr4cre rroA Bo3Aeficrnueu Qusuuecrux
uolefi r4 I43nyrleuufi, ocuoBbrBagcb Ha MoJreKynrpHo-Kr4HerurrecKux, TepMoAr4-

HaMr4qecKI4X I4 KBaHTOBO-MeXaHr4qeCKUX npeACTaBJIeHHf, X;

. I,rccJreAoBaHI4eM TepMoAr4HaMI,rKI,r cocroflHl,Ifi, Qasonblx [epexoAoB, ssreHufi
rrepeHoca u penaKcaulroHHbrx flpoqeccoB B KoHAeHcI4poBaHHbIx TeJIax, B ToM
rrr4cJre B ferepofeHHblx cHcTeMax.

BcryuureJrbHbre sK3aMeHbr B ac[upaHTypy no Snsuxe KoHAeHcvpoBaHHoro co-
crorHr4, rrpoBoArrcr IIo [porpaMMaM, coorBercrByrouurra rpe6oBaHr4sM noAfoToBKr4

c req[aJr r,r cro B ro f ocyaapcrBeHHoMy o6pasoaareJr bHoMy craHAapry.
B coornercrBl,ru c 3Tr4Mr.r rpe6onanuflMr rrocryrrarcrqufi n acuupaHTypy AonxeH:

. I'IMETb IIPEACTABJIEHHfl O CTPYKTYPE BEIUCCTB B KOHAEHCHPOBAHHOM COCTOtrHI4I4

v rlx ocHoBHbIx cBoficrnax, ocHoBblBaf,cb Ha MoJleKynf,pHo-Kr4Herr,rqecKr4x,

TepMoAr4HaMLrqecKHx H KBaHTOBO-MeXaHI,rqeCKUX TIpeACTaBI eHHqX ;
. 3Harb ocHoBHbIe MeroAbr r4ccneAoBaHnfl. crpyKTyprr u csoficrB KoHAeHcr4po-

BaHHbIx reJr r{ r4Merb HaBbrKH rlo HcrroJlb3oBaHr.rrc Teoperl4rrecKl,rx sHaHuft upra

peueHr4r,r npaKTHrrecKr{x Bo[rpocoB;
. o6ragarb HaBbrKaMr,r r,rHxeHepHoro MbIIuJIeHI{f,, pe[IeHnfl. HayrtHbrx H TexHH-

r{ecKr4x upo6nevr Qusuxu KoHAeHcr,rpoBaHHoro cocrof,Huq;
. 3Harb ocHoBbI reoputfi Qusraxra rBepAoro rera u xnAKocrr4 (n rorrq qlrcre [o-

n uuepon), TepM oAr,r HaM r4 Ky Ko HAeHc r4po BaHHbrx cpeA,
. I,IMerb KBaHToBo-MexaHlIqecKr4e rrpeAcraBreHns, o B3aHMoAeficrsHH qacrr4ll r4

KBa3r.rqacrr4rl, cBs3b ocHoBHrtx csoficrB KoHAeHcLIpoBaHHbIx cpeA c Lrx aroM-
HO-M OneKyJrfl pHbrM 14 Kpr{cTarrrr4r{ec KUM cTpoeHr4eM ;

. yMerb oIIeHI4Tb ocHoBHbre csoficrsa KoHAeHcHpoBaHHbIx reJr, err6parr vr

o6ocHosarb palluoHaJrbHbre MeroAbr lrccJreAoBaHLrfl a npu6opuyro 6a:y, o6ec-
lequBaloque seo6xoAuMylo rot{Hocrb lr3MepeHr,rfi; reoperuarecKr{ MoAeJrr{po-
Barb rlpoqeccbl B3al,IMoAeitctsug BHeITIHT{X uonefi H H3nyr{eawi,t c gJIeMeHTaMr4

crpyKTyprr xou.{eHcupoBaHHbrx reJr.



2 OCHOBHbTE pA3AErbr I4 Borrpocbl Arq BCTvtrurEJIbHOrO
SK3AMEHA B ACTTLTPAHTYPY

1. Arou, MoneKyna, KBaHTOBaHI4g BHyTpeHHefi eneprHu. MeNaToMHbIe I4 MeX-

MoneKynqpHble cBfl3vr KoBaJIeHTHafl, I4oHHat, MeraJIJIlIqecKag, Ban-[ep-

BaaJIbcoBa, BoAopOAHar, KoopAHHaUI'IoHHaq. ArouHste V MoneKynflpHble

c[eKrpbl. KoHAescupoBaHHoe TeJIo. KnaccuSraKalll4fl cTpyKTyp: xI4MHqecKHe

3JI eMeHTbI, HeopfaH HI{ecKHe BeUIecTBa, opf aHHqeCKI4e BeU]ecTBa.

2. Kpracra:rnI4r{eCKOe COCToflHlIe. CHrrluerpnr KpuCTannOB' TpaHClrqI4oHHafl

cr,rMMerplrfl. KpracrannorpaouuecKHe o6osHa'{eHl4q. 3lelteurap{as' s'{efiKa'

. 3axos BylrQa-Sp3ra. Peurerxu Bpaee. reolaerpuqecKaq MoAenb. o6parnaa

peIUeTKa. .[eSeXrlr B KpI4cTiLiIJIax: cMeIqeHHbIe aTOMbI, BaKaHcI4I4' aToMbI

BHeApeHHq 14 3aMeUIeHHs, AI'IcnoKaIIrara (xpaeBble, BHHroBbIe)' 3ueprnr' no-

ABI4XH OCTb !I B3aI4M OAefi OTBI4e AI4Cn OKaIII4fi '

3. Auop6uue r.r creKnoo6pa:nbre Beulecrna. ,[anrHvril kr 6nuNnufi nopflAoK. Ko-

opAr4Haur4oHHoe r{r4cJio u KoopAI4HauI4oHHat cSepa. TnepAsIe pacrBopbl'

Arraop6uue MeTaJIJIbI 14 clIJIaBbI, aMopQriue I4 creKJloo6pasusre [onynpoBoA-

HHKI4. CreXla: IO3III]HOHHbIe, CIII4HOBbIe, AI'InOJIbHbIe, 3JIeKTpUqeCKHe KBaA-

pyrlon bHbIe, rporoHHble, cBepxnpoBoAHHKOBbIe'

4. Bo,rHosrIe QyuxUuI4 14 ypaBHeHHe lUpe4unrepa' Bonuosofi BeKrop 3neKrpoHa

B Kpl4cT€l,1le. 3osut Eprannroena' flonepxHocTb @epuu, SHeprI{s @eprtau' Cso-

6oAurte 3neKrpoHbl (rcnaccrauegKa, V KBaHroBaq reopHra)' IIpu6nuNeHHe

culruofi cBfl36. 3SSexruBHa, Macca 3neKrpoHa. BupoxAeuHrtfi 3neKrpoH-

Hrlfi ras. 3nexrPoubl 14 AbIPKPI.

5. 3ouuas reopr,Ifl rBepAbrx ren. OAHoMepHafl MoAenb 3neKrpoHHblx 3oH. 3alon-

HeHr{e 3oH 3JreKTpoHaMu B I4AeaJIbHoM KpI4craJIJIe. flloruocrb 3neKTpoHHbIx

cocroqHqfi. flprarvrecHbre ypoBHr4 H rloBepxHocrHble cocrof,HHs. MeralJIbI' AI4-

3neKTpllKI4, rIOnynpoBoAHHKI4.

6. TIACTUqU I4 KBA3HIIACTI4IIbI: SOUOUTT, 3NEKTPOHbI TIPOBOAI4MOCTI4' fIJIA3MOHbI'

[onrpoHbl, 3KcHToHbI, MalHoHbI. OAsoe,rexTpoHHoe upu6nuxeHl4e Xaprpu-

@oxa. KeaHroear crarr4crr4xa ra3a r{acrl4u (xna:uuacrl'Iq): 6o:oust r'r Qepuno-

Hrr. BsagNloAeficrsr4e qacrlru r4 KBa3ur{acruu: 3neKTpoH-$onouuo.,e (e renlo- u

sneKTpo[poeo4uocru), 3neKTpoH-3neKTpoHHoe IIocpeAcTBoM O6Uesa

,pry-irrrnau SonoHaM14 (ceepxnpoBoALIMocrr), Souou-Sononnoe (anrap-

MOHr43M XOle6asufi, renloaoe pacrxr4peH[e 14 TeTJIOIpOBOAHOCTb Kpt'IcraJIJII4-

qecrofi peurerxra).

7. PanHosecHbre H HepaBHoBecHbre repMoALIHaMuqecKI4e cocrorHnq' TepMoAlI-

HaMr4qecKoe paBHoBeQr4e sa:. oa:oBble nepexoAbl I u II Pola. PasHosec[e n

. MHoroKoMrroHeHTHbrx cr{creMax r4 rIpaBLIno Sa: lw66ca. Jluuuu (uonepxuo-

cru) panuoBeclg Lt lvatpaMMbr cocroflHl,Is. Kltuerraxa $a:oBblx flpeBPaute-

Hrail. fll$QysHonHue a 6esAraoSyeraouHble IIpeBparIeHI4q.
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8. CrarucruqecKas Qn:nxa MaKpoMoneKyn. flpupo4a ru6xocru MaKpoMoJIeKyn.

Cerueur. KoHQoprr,rarluoHHafl crarucrr.rKa peanbHblx MaKpoMoneKyJI I4 rloBo-

porHbre r,r3oMepbr. Tepuo4rrHaMr{qecxufi noreHIILIaJI. Ynpyrar I4 BblcoKo3na-

CTI4I{CCKAT 4CSOPTTAA\Vfl,. KIACCH'{CCK€UI TCOPI4' BbICOKOSJIACTI4TIHOCTI'I NOJII'I-

MepHbrx ceroK B rayccoBou npu6rtllxeHul4. BucoxosJlacruqecrufi noreHuuaJl.

lnyxocHoe cI4M Merpl4 tI Hoe I4 H ec I4M Merpl4r{ Hoe pacrqxeHl4e.

9. 3nexrpo- 14 TerrJrorrpoBoAHocrr. TenroeMKocrb Kpl4crulnnu.Iecxofi peIUerKH.

MexaH[sMbr pacceflH:ar 3JreKrpoHon. TepiraoAHHaMI,IKa reIIJIoBoro pactul4pe-

nus. SneKTpoHHafl ra $onoHnas rennonpoBoAHocrr. Teulo[poBoAHocrb AI4-

3nexTpraKoB ra Mer€LJrJroB. Mexauu3Mbr 3JIeKTpo[poBoAHocrI,I (slerrpouuar,

. r4oHHaq, 4upovuar). flpupo.ua gneKTpr4r{ecKoro co[porI{BJIeHI,Ifl (no4nraN-

Hocrb r4 KoHrIeHTparIu, Hoc[TeJrefi zapxaa, B3auMoAeficrsue c SonoHaMV v

Ap.). 3fiQexr Xoua. CnepxnpoBoAl'IMocrb.

l0.flonynpoBoAHr{Ku. 3lerrpoHHas crpyKrypa. [IpuvrecHble ypoBHI4. .{oHopu vI

axrlenropbr. Oco6eHHocrr,r reMrreparypHofi 3aBI{cI4Mocrll trpoBoArIMocrl4.

Co6crseHHafl 3neKrporrpoBoAHocrb. Teopua p-n repexoAoB. @oroupoBoAl4-

Mocrb. Pexorra6uHarllrr r4 peJraKcarlutr HepaBHoBecHbIx HocllTenefi sapa4a. fle-
pexoA MeraJrJr-ronynpoBoAHaK. floreuquarsuuft 6aprep LLlorT xn. flonyupo-
BoAHHKoBufi nuupf,Mr,rreJrb. TyuHersurrfi AptoA. Tpan:ucropu (6ranolrpHrtfi ,

nonenofi ). llpra6opbl c rereporeHHblMl4 rlepexo AaMu.

1 1.[uoneKrpr4Kr4. flonxprasaqux (erexrpoHHar, I,IoHHa, LI opHeHraul4oHHafl). Au-
rroJrbHas penaKcarrns. 3nexrpocrpuKt\r4s, Lt rlbe3o3JleKTpl{qecrno. flnpogneK-
Tpr,rKlr r4 cerHero3neKTplrrr4. 3lexrperu. 3nexrpoupoBoAHocrb B cI,IJIbHbIx

rroJrf,x. Srexrprauecrufi npo6ofi .

l2.Ynpyrocrb tr [Jracrr4r{Hocrb. TeHsop yrpyrl{x tlocroflHHblx H yrlpyra, Ae-

Soprvrauur. O6o6qennrrfi 3aKoH fyxa. Ilpe4en reKyrrecru. TnepAocrr v
[porrHocrr. YnpouHeHr4e. BHyrpenHee rpeHLIe. MexasutlecKaf, I{ TepMurlecKafl

ycruurocu. Izlouuo-uJr€BMeHnrre sSSeKrbI H3MeHeHI,L crpyKTypbl I{ cnoficrs
TBepAbIX Ten.

13.Cnun r,r MarHr4Turrfi uoueHT aroMon. .{ual,rarHerl{3M H napaMarnerust\,I. @e-

HoMeHoJrorua SeppoMarHerlr3Ma r4 anrraSeppoMarHerl,IsNaa. CnHHoBbIe BoJIHII

(uarHouu), eueprn, MarHHTHofi aHnsorpo[uu, Ko3ptII4TI4BHaq cvna I4 rlacre-
pe3r,rc. ,(oueuHa.rl creHKa. MaruurocrpuKlrur. (Deppuru. \

l4.IlonepxHocrb KaK oJreMeHr crpyKTypbr KoHAeHcHpoBaHHbIx reJI. BlusHne no-
BepxHocrr4 Ha sHepruro cBq3r,r 3JreKTpoHa. 3nexrpoHHrte noBepxHocrHble

ypoBHr4. Pa6ora BbrxoAa. KoHraxrHar pa3Hocrb rIoreHIIHaJIoB. Tepvrosnex-

rpoHHaq oMr4cclrr. .{nofiuofi 3reKrpuqecxnfi crofi. Cno6oAuaq sHeprl{fl AI4Q-

Sy:nonHoro AsofiHoro cJIofl .

lS.llonepxHocrHoe Harf,xeHr,re H rroBepxHocrHa, cso6oAHas gHeprl,Ifl. Kanul-
nspHoe AaBneHHe. C\ra.rnsalne r4 pacreKaHLre. Kpaenofi yroJl. fuapoQo6-
Hocrb u rrE4poQr4JrbHocrb. [IonepxHocrHbre cr,rJIbI I4 pacKJII{HI{BarouIee AaBne-
Hue. 3rexrpoKanrzJlnrpHocrb.



16.VlccrcAoBaHr4e crpyKTyprr n Sa:oBoro cocraBa rBepAblx ren (xraurqecKoe

crpoeHr4e, roBepxHocrb, HaAMoJreKynflp*afl, crpyxrypa): orlrnr{ecKa.rl, 3JIeK-

rpoHHaq r4 aroMHo-cr,rJroBafl MaKpocKorrr4fl; peHTreHo- I4 3neKTponorpaSraa;

paccerHue rronrpr43oBaHHoro cBera, Y@- tt I4K- cnexrpocKonl4r, -flMP, e$-

Sercr Mecc6ayepa, 3IlP, -qMP.
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