benepaibHOE TOCYAapPCTBEHHOE OFOKETHOE 00pa30BaTEIHbHOE YUPEKICHUE
BBICIIICTO 00Opa30BaHUs
«TONMBATTUHCKUIN TOCYIaPCTBCHHBIH YHUBEPCUTET

OT.B.01

(unoexc oucyuniunot)

PABOYAS MTPOI'PAMMA JUCIUAIIJIMHBI

CtpyKTypa ¥ CBOWCTBA METAJUIMYECKUX KIACTEPOB, HAHO- U MUKPOOOBEKTOB

(HaumeHoB8anue OUCYUNTUHDL)

10 HAIIPABJICHUIO TOATOTOBKH (CHEIUATBHOCTH )
22.06.01 TexHOJIOTHHU MaTEepUaIOB

(K00 u naumenosanue nanpaesienus no02omosku, cneyuaivhocmu 6 coomgememeuu ¢ @IOC BO)

MertannoBeaeHue U TepMuueckas 00paboTka METaIOB U CIIABOB

(ranpasnennocmo (npoghuns))

®dopma 00ydeHus: o4Has

I'on Habopa: 2018

Pacnipenesienne 4acoB AMCHHMINIMHBI IO CEMECTPAM M BHAaM 3aHATHH (110 y4eOHOMY IJIaHY)

KoanuectBo 3ET 8
Yacos no PYII 288
Buasl koHTpOJIS B IK3aMeHbI 3adeTsl Kypcosbie Kypcosbie Kontpoatasie
ceMecTpax: MPOEKThI padoThI (s :;?,?::0'}; Pop-
MbI 00yYeHHs1)
1
NeNe kypcoB
1 2 3 4 5 6 7 8 9 10 | 11 | Hroro
3ET no cemecTpam 8 8
Jlexkuun 8 8
JlaGopaTopHbie 16 16
IpakTHyeckue 16 16
KonrakTHast padora | 40 40
Cam. paGora 212 212
Kontpoan 36 36
Hroro 288 288

ToabsarTH, 2018




Pabouas nporpamma cocrabiiena Ha ocHoBaHud PI'OC BO u ydeOHOro 1jiaHa HarpaBiIeHUs

noaroroBku (cnenuansoctn) 22.06.01 TexHOIOrHH MaTepPUAIOB
(k0O u HaumMeHO8aHUue HANPasieHust NOO20MOoBKY, cheyuarbHocmu 8 coomsememsuu ¢ @IOC BO)

PeIIeH3I/Ip0BaHI/Ie paﬁoqeifl nporpaMmmbl ITUCHUIIJIMHBI:

OtcyTcTBYyeT

YyeOHnas (pabouas) mporpamMma ogo0peHa Ha 3acenanuu kadenpsl «HaHnoTexHomOrMH, Ma-
TepUaJIOBEICHUE U MeXaHuKay» (mpoTokoi 3aceqanus Ne 10 ot «07» 03 2018 T.).

Penienzent

Cpok aeiicteust nporpammel npaktuku 10 «07» 03 2022 r.

HNudopmanus 00 akryanusanuu padodeil mporpaMmbl I CHUILIHHBI:

[Iporokon 3aceqanus kapeapst Ne 13 ot «19» 06  2018r.
[Tpotokomn 3acemanus kapenpst Ne 1 ot «30» 08 2019r.
ITpoTtokon 3acenanus kadpeapst Ne 1 ot «31» 08  2020r.

[Tpotokon 3acenanus kadeapst Ne 2 ot «31» 08  2021r.

YTBEPXAIO
3aBenytomuii kadenpoit HMuM
(paspabomaswueri PI1]])
« » 20 T A.C.CennBanoB

(noonucs) (U.0. Damunus)



AHHOTALUSA
TUCHHUILINHBI (Y4eOHOr0 Kypca)
DOTA.B.01 CTpyKTYpa H CBOMCTBA METALIHYECKHX KJACTEPOB, HAHO- H

MHKPOOOBEKTOB
(MHOEeKC M HAUMEHOBAaHKE TUCUMILTHHBI (y4eOHOTO Kypca))

1. Heapb u 3aga4u U3y4YeHUus1 AUCHUILIMHBI (Y4e0HOT0 Kypca)

I_[eJIB — 3HAKOMCTBO C OCHOBAMH TCXHOJIOTHYCCKOI'O ITOJAXOJa «CHHU3Y-BBCPX»
I IIOJIYYCHUA H&HOO6’I)€KTOB, HAaHOCHUCTCM W HAHOMATCPHUAJIOB U3 KIIACTCPOB. I/I3y-
YUTb MCXaHU3MBI POCTA, 0COOCHHOCTH CTPOCHUA U CBOMCTBA HAHOOOBEKTOB.

3agaun:
1. JlaTh KIaccupUKanuio KJIacTepoB, HAHOOOBEKTOB U HAHOCHCTEM.
2. O3HaKOMHUTh C MOJIEJISIMH CTPOEHUS KIIACTEPOB.
3. O3HaKOMHUTH C TEXHOJIOTUEHN MOTYyYEHHUSI U MEXaHU3MaMH pOCTa HAHOOOBEKTOB U3
KJIACTEPOB.
4. Tloka3zaTh 0OCOOEHHOCTH CTPYKTYPhl U CBOWCTB HaHOOOBEKTOB M HAHOCHUCTEM Ha
OCHOBE METAJIA.
5. O3HaKOMHUTh C TEXHOJOTHUEW MOJYyYECHHs] MEXaHU3MaMH POCTa, OCOOEHHOCTSIMHU
CTPOEHHUSI METAJUNIMYECKUX HAHOOOBEKTOB M HAHOMATEPHUAJIOB, MOJYYEHBIX M3 Kia-
CTEPOB, UMEIOIIUX JACKAIPUUECKOE UM MKOCAIAPUYECKOE PACTIOTI0KEHUE aTOMOB.

2. MecTo aucuuiuiaabl (yaedHoro kypcea) B crpykrype OITIOIT BO

Hannas qucrurinHa (yueOHsiid kype) otHocutest Kk OTJ[.DakynpTaTuBbl (Ba-
pHaTHBHAs YacTh).

Jucruruinabl, yuyeOHbIe KypChl, HA OCBOCHHMHM KOTOPBIX Oa3vpyeTcs JaHHas
JUACIUIIMHA — METOJMKA MOCTAHOBKH M MPOBEICHUS IKCIIEPUMEHTA, METAILIOBEE-
HUE U TepMHUYecKas 00padOTKa METAJJIOB U CIIaBOB, (PM3MUYECKOE MaTepHaIOBEe-
HUE.

JlucuuIuinHbl, yyeOHbIe KypChl, JJIsI KOTOPBIX HEOOXOIMMBbI 3HAHHS, YMEHUS,
HaBBIKH, TIPUOOpPETAEMBbIE B PE3yJbTaTe U3YYCHUS TaHHOW NUCIUILIMHBI — UTOTOBAs
aTTecTalus, KaHAUAATCKas TUCCEePTALIUS.

3. [lnanupyemblie pe3yJbTaThl 00y4eHHs MO AUCHUNINHE (Y4eOHOMY KYyp-
Cy), COOTHECEHHbIE C IUIAHNPYEMBbIMH Pe3yJbTATAMH OCBOCHHUS 00pa3oBaTe/ib-
HOM NMPOrpamMmbl

®opmupyemMble U KOH- IInanupyemsble pe3yJbTaThl 00yYeHHS
TpoJipyeMble KOMIIeTeH-
1010

- CIIOCOOHOCTBIO BBIOMpATh | 3HATH: MPUOOPHI, JATYMKH U 000OpYJOBAaHUE IS MPOBEJACHUS DKC-
npuOOpBl, JaTYMKH M 000- | IEPUMEHTOB U PETUCTPALIMH UX PE3yJIbTaTOB
PYAOBaHUE [UIsl IPOBEACHUS | YMeTh: BRIOMpPATh MPUOOPHI, TATYUKU B 000pYJOBaHUE I IPOBE-




SKCIIEPUMEHTOB M PErH-

JICHUS DKCTIEPUMEHTOB M PETUCTPALIUU UX PE3YJIbTaTOB

CTpalUH UX PE3yJbTaTOB
(OIIK-10)

Brnagers: ciocOOHOCTBIO BBIOMPATH MPUOOPHI, TATIUKH U 000PYI0-
BaHUE IS IPOBEJICHUS SKCIIEPHMEHTOB U PETUCTPALIUU HX PE3Ylhb-
TaTOB

- YMEHHEe Ha Hay4dHOHl oc-
HOBE YCTaHABIIMBATh KOJU-
YECTBEHHYI0O U KayeCTBEH-
HYIO B3aUMOCBS3b XHUMHYE-

3HaTh: KOJIMYECTBEHHYIO M KAa4ECTBEHHYIO B3aUMOCBS3b XMMHUE-
CKOro U (pa30BOTr0 COCTaBa, KPUCTAIUIMYECKOW CTPYKTYPHI, CTPYK-
TYPHOI'O COCTOSIHMSL M (U3NYECKUMH, MEXaHHYECKUMH, XHUMHYe-
CKMMH U APYTUMU CBOMCTBAMM METAJJIOB U CILJIABOB

CKOro u (a3oBOro COCTaBa,
KPUCTAJUIMYECKON CTPYKTY-
pbl, CTPYKTYpHOI'O COCTOS-
HUS U PU3NYECKUMU, MeXa-

VYMeTh: yCTaHaBIMBATh KOJIMYECTBEHHYIO U KaUE€CTBEHHYIO B3aUMO-
CBSI3b XMMUYECKOT0 U ()a30BOr0 COCTaBa, KPUCTAIIIMUECKOH CTPYK-
TYpBbl, CTPYKTYPHOI'O COCTOSIHUS U (PU3UYECKUMHU, MEXaHUYECKUMU,
XMMHUYECKUMHU U IPYTUMU CBOMCTBAMU METAJIJIOB U CILJIABOB

HUYECKUMH, XUMHUYECKUMHU
U IPyTUMH CBOMCTBAMH Me-
tayioB u craBos (ITK-1)

BJ'IaI[eTBI VYmMmeHueM Ha HaquOfI OCHOBC YCTaHaBJIMBAaTb KOJIHYC-
CTBCHHYIO U KQYE€CTBCHHYIO B3aUMOCBA3b XUMHUYCCKOI'0 U (1)2130BOI‘0
CoCTaBa, KpHCTaHHHqGCKOﬁ CTPYKTYPBI, CTPYKTYPHOI'O COCTOSIHUSA U
(1)I/ISI/III€CKI/IMI/I, MCXaHUYCCKUMHU, XUMHUYCCKUMHU U APYTUMHU CBOI-
CTBaMHM MCTAJIJIOB U CIIJIaBOB

TeMmaTH4ueckoe COACPKaHNEC TNCHUIIINHBI (y‘lBﬁHOFO Kypca)

Pa3zaes, moayJib

Ilogpa3snes, Ttema

Knacrepsi, HaHOOOBEKTHI,
HAHOCHUCTEMbI, HAHOU3IEIHS

Knaccudukanus kmactepoB ¥ HaHOOBEKTOB IO pa3MEpHBIM IPH-
3HAKaM, CII0co0aM MOJy4eHUsI U TIPHPOJIC.

XapaKTepI/ICTI/IKI/I H30JIMPOBAHHLBIX KJIACTCPOB U HAHOCUCTEM

ITK HyperChem.

MeTtoapl TOJy4YeHUsT HaHO-
00BEKTOB U MHKPOU3ICTIHM
U3 KJIAaCTEPOB

MCTOI[I)I MOJIYUCHU KJIaCTCPOB U HAHOCHUCTEM

Meramndeckue KiacTepsl

Oco0eHHOCTH CTPOEHUE, CBOMCTBA, XapaKTEPUCTUKH, (Pa30BbIe Tpe-
BpallleHHUs B HAHOOOBEKTaX

OnTumu3zanusi CTpyKTypbl KJIACTEPOB METOJOM MOJEKYJISIPHOH Me-
XaHUKHU

TepmoanHaMKMKa TNOBEPXHO-
CTH KJIaCTEPOB U HAHOOOBEK-
TOB

DHepreTUvecKas 1eaeco00pa3HOCTh MOSBICHHUS U CYIIECTBOBAHUS
KJIACTEPOB M HAHOOOBEKTOB

[TonysMIupuYecKnil pacyeT CTPYKTYPhl MOJIEKYJISIPHBIX KJIACTEPOB

Krnacrepubie monenu

CYH.ICCTBYIOH_II/IG MOZCIIN KJIACTCPOB, UX KJIaCCI/I(i)I/IKaI_[I/ISI

[Tomysmnupuyeckuif pacyeT XapakTepUCTUK MOJIEKYJISPHBIX Kila-
CTEpOB

[Tporeccrsl camoopraHu3auu
U caMOCOOpKH B Kjactepax u
HAaHOOOBbEKTaX

Mexanu3mbl 00pa30BaHUs KJIACTEPOB U (HOPMHUPOBAHHS HAHOOOB-
€KTOB ¥ HAHOCHCTEM

[leHTaroHanbHble HAHOOOB-
CKThbI

Oco6eHHOCTH pOCTa MpU KPUCTALTU3AIMU U3 KJIACTEpPOB HAHOOOB-
€KTOB M HAHOCHCTEM, POJIb TEXHOJOTHYECKHX (DaKTOPOB

OO0wmasi TPy10eMKOCTh TUCUMILIUHBI (YdeOHoro Kypca) — 8 3ET.




4. CTpyKTypa " coJep:KaHue TUCHUNIMHBI CTPYKTYpa U CBOMCTBA METAJIUTMYECKUX KIACTEPOB, HAHO- U MUKPOOOBEKTOB
Kypc uzyuenns 9

Paspeu, Iloapa3zaen, Tema Buasl yueoHoii padoTsl Heo0xoaumebre DopMbI Pexomenny-
MOYJIb AyauTopHBIe 3aHATHS CaMocTosiTesIbHAs paboTa MaTepHaJIbHO- TeKyIero emast JiuTe-
(B yacax) TeXHHYECKHe KOHTPOJIs parypa (Ne)
BCEro @opMbl IPOBeEIEHUS JIEKIUH, ¢opmbl opranuzanumn pecypcnbl
) J12a00PATOPHBIX, MPAKTHYECKUX €aMoCTOSATeIbHOI
E E g2 3aHATHUH, MeTOAbI 00y4eHHUsl, 5 padoTbI
E g g E ;g peaansyionue NpUMeHseMyo g
£ S E : H 00pa3oBaTe/IbHYI0 TEXHOJIOTHIO @
- =
Knactepsr, Knaccudukarus 1-3,8,11,
HaHOOOBEKTHI, KJIACTEPOB U 12
HaHOCUCTEMBI, HAaHOOBEKTOB 10
Jlexnus-6ecena
HaHOU3EeTUs pa3MepHBIM TpH- 2 2 2
Cemunap
3HaKaM, criocobam
NOJIy4YCHUA U 1IpU-
poze.
XapakTepuCTUKH
H30JIMPOBAHHBIX
Jlocka menoBasi, Me-
KJIACTEPOB W HAHO- 2 Cemunap
cHCTeM CaMoIoAroToBKa K nnaobecneuenue,
12 11a6OpaTOPHOMY 3aHs- crenuaiu3upoBaH-
THIO Hoe nabopaTtopHoe
BBGO,Z[HOG 3aHATHC.
obopynoBaHue

3nakomcTBO ¢ [1K
HyperChem.

JlaboparopHas paboTa




Metoael moity-

Mertonp! nonyue-

1,4,6,8

YCHUS HAHO- HUS KJIACTEPOB U Jlexums-6ecena Jlocka mernoBasi, Me-
00BEKTOB U HAHOCUCTEM nrao0ecrieueHue,
o C:eMI/H_Iap-'HI/ICKyC’("’I/I’I 13 CﬁMOHOHFOTOBKaK I U 3K BaH
MHKPOU3IETH Jla6opatopHas pa6ora ceMUHapy Crennanusnposa
U3 KJIacTepoB HOE JTabopaTopHOe
obopynoBaHne
Metammueckue | OcoOeHHOCTH 1-12
KJIacTephl CTpOEHHE,  CBOW-
CTBa, XapakKTepu- HCKHI/IH-6€CGZ[3 13 CaMOIIOArOTOBKA K
CTHKH, (dazoBbIe CeMHHap-IUCKyCCUs CcEMHMHapy Jlocka menoBasi, Me-
TIpeBpaICHAS B nuaobecriedeHue,
HaHOOOBEKTAX CIIeUaIN3UPOBaH- JIP Nel
OnTtuMuzanus HOe JTabopaTopHOe
CTPYKTYpBl  KJa- JlabopaTopnas paboTa — CAMOIIOITOTOBKA K obopynoBaHue
CTEpOB  METOIAOM MIPOEKT 18 nabopaTtopHoil pabore
MOJIEKYJISPHON Nel
MEXaHUKH
TepmonuHamu- | DHepreTHdecKas 1-12
Ka TIOBEPXHOCTH | II€7IeCO00Pa3HOCTh
KJIACTEPOB U MOSIBJICHUS U -
fracTepo OABIIC ey [IpakTuueckoe 3aHsTUE CamonozroToska K
HaHOOOBEKTOB | IIECTBOBAHUS Kia- 16 HPOMEXYTOYHOMY Te- Tecr 1
oty Nel Jocka menoBas, Me-
CTEPOB U HAHOOOB- y Ne
nuaobecriedueHue,
€KTOB
CIeIHATH3UPOBAH-
Hoe nabopaTtopHoe
ITonyamnupuue-
S obopynoBaHue
CKHH pacuer JlabopaTopHnas pabora — CaMOMOATOTOBKA K TP Ne2
CTPYKTYpbl MoJie- MIPOEKT 18 nabopatopHoii pabote -
KYJIPDHBIX KJIACTe- Ne2
poB
Knacrtepnsie CymiecTByroiue 2,3,11,12
MOJIeNH MOJIENIN KIIACTEPOB, Jlekuus-Oecena 13 CaMOIMoATroTOBKA K Jocka menoBas, Me-
WX KJIaccupuKamus CeMHHAp-TUCKYCCHUS CeMHIHapy nraodecieyeHue,
CICIHATH3UPOBAH-
TTomysmmupuye- HOE JTabopaTopHOe JIP Ne3
CKMii pacyeTr Xa- Jlaboparopuas padota — CaMOMOITOTOBKA K obopynoBaHue
PAaKTEPUCTHK  MO- MIPOEKT 18 nabopatopHoii pabote

JIEKYJIIPHBIX  KJa-
CTEpPOB

No4




IIpoueccer ca- MexaHu3mbl 00pa- Jlocka menoBasi, me- 5,11,12
MOOpTaHHM3alMK | 30BaHUS KIACTEPOB CaMOIOATOTORKA K nrao0ecrieueHue,
U caMocOOpkH B | u popmMupoBaHus 2 [TpakTHyeckoe 3aHsTHE 16 IIPOMEXKYTOIHOMY Te- CrHeUaIn3upOBaH- Tecr 2
KJIacTepax u HaHOOOBEKTOB H ety Ne2 HOe JTabopaTopHOe
HaHOOOBEKTaX HAaHOCHCTEM obopynoBaHue
ITenTaronanb- Oco6eHHOCTH po- 1-12
Hble HAHOOOB- CTa P KpHCTall- Jocka MenoBas, Me-
EKTBI JM3aIHY U3 KJa- 13 CamoroaroToska K nrao0ecrieueHue,
CTEPOB HAHOOOb- ceMmuHapy CIIEIHAIN3UPOBAH-
€KTOB U HAHOCH- 2 2 CCMI/IHap-]II/ICKyCCI/IH HOC ﬂa60paTopHoe
CTEM, POJIb TEXHO- 00opyIoBaHUE
JIOTHYECKUX (ak- 36 CaMOMOAroToBKA K bubnuoreka, kKomIb-
TOpOB JK3aMeHy I0TEp, UHTEPHET
Hroro: 16 | 16 | 24 248

288




5. Kputepun u HOpMBbI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTecTAIUM

@DOpMBI TEKYIIETO KOHTPOJIS

VcnoBus JOITyCKa

Kputepuu u HOpMBbI OIIEHKU

3amuta nadopatopHoi paboTer No 1.

1. IMoaroroBinen OilaHK oOT4YETA

3a4TeHo:

JIP B cooTBercTBUM ¢ TpeOOBaHUA- | 1. [loMHOCTBIO 3amoNHEH O1aHK oTyera JIP;
mu Y MIT; 2. DKCnepruMeHTaIbHBIEC JAHHBIE COTJIACYIOTCS C TEOPETUUCCKUMH,
2. IlpaBuibHO OTBe4aeT Ha BO- | 3, Ilo pabGoTe chopMyIUPOBAHEI IPABHIIBHBIE BHIBOJIBI;
IPOCHl 10 METOAWKE HM3MCPEHHUH, | 4, JlaHbl MOJIHBIE OTBETHI HA BONPOCHI o 3amuTe JIP;
YCTaHOBKE M 00paboTKe pe3ynbTa- | 5. [IpuBeneHsl peleHns 3a1au (e HMEIOTCS B JaHHOM padoTe).
TOB.
3amuTa nadopatopHoi paboTsr No 2. 1. Iloaroromnen OJaHK oOT4YeTa | 3aUTEHO:
JIP B cooTBercTBMM C TpeOOBaHUA- | 1. [l0JIHOCTBIO 3amoyiHeH O1aHK otuera JIP;
mu YMII; 2. DKCIEPUMEHTAIbHBIE JaHHBIE COTNIACYIOTCS ¢ TEOPETHIECKHUMU;
2. [IlpaBunbno oTBewaeT Ha BO- | 3. [lo pabote chopMynHpOBaHbI IPABUIIbHBIE BHIBOIBL;
IPOCBHl [0 METOAUKE HM3MEPEHHUH, | 4, JlaHBI OTHBIE OTBETHI HA BOIpOCHI 10 3amure JIP;
YCTaHOBKE M 00pabOTKe pe3ynbTa- | 5, [IpuBenens! pemeHus 3a1ad (€Cii UMEIOTCS B JaHHOH paboTe).
TOB.
3amura nabopatopHoi paboTel Ne 3. 1. TloxaroroneH OnaHka oTyera | 3aYTEHO:
JIP B cootBercTBUM ¢ TpeboBaHus- | 1. [lomHoCThIO 3amonHeH 6mank otyeta JIP;
Mu YMIT; 2. DKCIeprUMeHTaIbHbIEe JaHHBIE COTJIACYIOTCS C TEOPETUUECKUMU;
2. [IlpaBmibHO oTBewaeT Ha BO- | 3. Ilo paboTe chopMyTUpOBaHEI MPABUIHHBIC BHIBOIGI,
MpPOChl MO METOAMKE Hu3MepeHui, | 4. JlaHbl MOTHBIE OTBETHI Ha BOMPOCHI 10 3amute JIP;
ycTaHOBKe U 00paboTke pe3yinbTa- | 5. [IpuBenensl penieHus 3aaa4 (eciau UIMEIOTCS B TJaHHOM padoTte).
TOB.
TectupoBanue Nel JomyckaroTcst Bce CTYIEHTBI 3a4TeHo:
50 % u 6osee BEpHBIX OTBETOB.
TectupoBanue No2 JlomyckaroTcst Bce CTYIEHTBI 3a4TeHo:

50 % u 6osee BEpHBIX OTBETOB.




dopma poBEICHUS
IIPOMEKYTOUYHOH aTTECTalluU

VcnoBus JAO0ITyCKa

Kputepuu u HOpMBI OLIEHKH

DK3aMeH (TecT)

BeInonHeHbl, 3amiMmIeHsl U
cnaHel Bce 3 jabopaTopHbIe
paboThl, CIaHbl 2 MPOMEXKY-
TOYHBIX TECTA.

COTIUIHOY Bepnbix orBetoB 80 - 100 %
«XOpOLIO» Bepubix otBeroB 60 - 79 %
«ynoBietBopu- | Bepubix orBeroB 40 - 59 %
TEIILHOY
«ueynoBneTBo- | Bepubix orBetoB 0 - 39 %

PUTCIILHO»




6. Bonpochl K 3K3aMeHy

No Bomnpocsr
/1

1. [TonsiTre Ki1acTepoB.

2. Krnaccudukanus no npupoie KIacTepoB 1 HAHOOOBEKTOB.

3. Oco0eHHOCTH CBOICTB U MOBEACHUS U30JMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM

4. MerTannueckue KJacTepbl, X CTPOSHHE, CBOMCTBA U CTPYKTYpa.

5. Kpucrannuueckas perierka 1 MarnaecKue yucia.

6. ["'eomeTpuyeckas CTpyKTypa U pa3MepHbIe dPHEKTHI.

7. CymiecTByIOIIME MOJENN KIACTEPOB, UX HEJOCTATKH U MPEUMYIIECTBA

8. DU3NKO-XUMHUYECKHE CBOMCTBA KPUCTAJLIIOB.

9. TepMoauHaMUYecKuid aHATU3 TOBEPXHOCTH KJIACTepa WU HAHOOOBEKTOB, MX B3aMMO-
CBSI3b, CTPYKTYpa U MOP(HOJIOTHSI TOBEPXHOCTH HAHOOOBEKTOB.

10. [Ipoueccyl caMoOpraHu3alyy B KiacTepe U HAaHOOOBEKTE, MEXaHU3M (POPMHUPOBAHUS
U3 HUX HAHOCHCTEM

11. JledexTsl cTpyKTYpHl U (pa30BbIe MPEBpaIICHUS B HAHOOOBEKTAX

12. BnusiHre Ha mpoliecc caMOOpraHn3alui TEMIEPATYPHBIX U CHIIOBBIX TOJIEH

13. OcoOenHocty 00pa3oBaHusl, pOCTa NEHTArOHAILHBIX HAHOOOBEKTOB

14. Mexanu3Mbl (GOPMUPOBAHHS M3 TEHTArOHAJIBHBIX KIACTEPOB HAHOOOBEKTOB W KPH-
CTaJIJIOB

15. CTpoeHue NeHTaroHaJIbHIX HAHOOOBEKTOB

16. O6iacTu npuMeHeHus HAHOOOBEKTOB U HAHOCUCTEM

17. Mexanu3mbl (OPMUPOBAHUS U3 HAHOOOBHEKTOB TOTOBBIX MUKPOU3ACTUI

18. MeTo/1b1 HcciIe10BaHuUS KJIACTEPOB U HAHOOOHEKTOB

19. Merton 37eKTpOoOCaKICHUNS KaK OJAUH U3 HECKOJIBKUX METOJ0B MOJIY4YEeHHUSI HAHOOOb-
€KTOB U HAHOCHCTEM

20. HaHokoTanu3aropsl.

21. OMIUPUYECKHE METO/Ibl MOJEIMPOBAHNS HAHOOOBEKTOB.

22. [TonysmnupuyecKkue MeTo 1kl MOJICIMPOBAaHNUS] HAHOOOBEKTOB.

23. HesMnupuueckre MeTo bl MOAECTUPOBaHHUS HAHOOOBEKTOB.

24, [Tpubmmxenne bopua-OnnenreliMepa.

25. Meton Xaprpu-®Poxka.

26. ATOMHBIE OpOUTAIIH.

217. Teopus ¢yHKIMOHAA IJIOTHOCTH.

28. Teopust BO3MyIIEHUS.

29. Metos BaJICHTHBIX CXEM.

30. MeToa MOJIEKYJISIPHBIX OpOUTaNIEeH.

31. [TonsiTne HaHOOOBEKTOB.

32. IlonsiTHe HaHOYACTHII.

33. [ToHsiTHE HAHOKPUCTAIIOB.

34. Knaccugukarus no cnoco6aM noiay4eHus KJIacTepoB 1 HAHOOOBEKTOB.

35. [Tporecchl caMoopraHU3aIKi U CaMOCOOPKH B KJIaCTEPaxX U HAHOOOBEKTaX.

36. [TonsiTe HAaHOMATEPHAJIOB.

37. [loHsiTHE HAHOCUCTEM.

38. Knaccugukarus mo reoMeTpudecKiuM MpHU3HAKaM KIJIACTEPOB M HAHOOOBEKTOB.

39. [lonsiTve HaHOM3 U,

40. OcoOeHHOCTH pOCTa MPH KPUCTAJUTM3AIMKA W3 KIACTEPOB HAHOOOBEKTOB M HAHOCH-
CTEM, POJIb TEXHOJIOTMYECKHX (aKTOPOB.

4]. DHEPreTUYeCKU aHAIN3 MOBEPXHOCTH KJIacTepa M HAaHOOOBEKTOB, UX B3aWMOCBS3b,




CTPYKTYypa U MOP(]OJIOTHS TOBEPXHOCTH HAHOOOBEKTOB.

42. Mexanu3Mbl 00pa30BaHus KJIACTEPOB U (OPMHUPOBAHUS HAHOOOHEKTOB M HAHOCHCTEM.
43. [lenTaronajibHbIe HAHOOOBEKTHI.

44, [TorysMmupuvecKuii pacdyer XapaKTePUCTUK MOJICKYIISPHBIX KJIACTEPOB.

45, CyIecTBYIONIME MOJIENN KIACTEPOB, X KJIACCH(HKAIIHSL.

46. Kitacrepubie moaenu.

47. XapakTepUCTUKH N30JIMPOBAHHBIX KJIIACTEPOB U HAHOCHUCTEM.

48. Merto razoda3zHoro cuHTesa.

49. VYpasuenue Tomcona-I'n60ca.

50. Teopema Kynmanca.

7. ®OH/ OLEHOYHBIX CPEACTB /JIsl NMpoBeeHUs] NMPOMEKYTOUHOH aTTe-
CTAlMU 00Y4AIOIIMXCS MO JUCHUIITIMHE

7.1. IlacnopT (poHIa OLEHOYHBIX CPEICTB

Ne Kontposmpyembie pazaenl KOZUI KOHTpOHpYye" HaumenoBanue
n/n (TeMBbl) TUCHUTIITHHBI MO KOMHCTCHINH OLICHOYHOI'0 CpeACTBAa
(UJ1M ee 4YacTH)
1 | Knaccudukamuss  KiIactepoB u
HAaHOOBEKTOB 0 pa3MEpPHBIM MPHU- MK-1, Tecr
3HaKaM, CHocobaMm IMOJIyuYeHUs U
IpUPOJIE.
2 | XapaKTepuCTUKU H30JUPOBAHHBIX Pa3HoypoBHEBbIE 33124 U
KJIACTEPOB U HAHOCUCTEM IK-1, 3a/laHus
3 | IIK HyperChem. MK-1, [TpoekT
4 | Meronbl MONY4YeHHs KJIaCTEPOB U Kpyrasriii cron
HAHOCHCTEM ITIK-1, OIIK-10
5 | OcobeHHOCTH CTpOeHHE, CBOMCTBA, Kpyruslii cton
XapaKTepUCTUKH, (a3oBbie TMpe-
BpEHleHII;SI B HaHOOg)’beKTaX P [IK-1, OIIK-10
6 | OnTumu3anus CTPYKTYpHI KilacTe- IIpoekt
POB METOAOM MOJIEKYJISIPHOM Me- [TK-1, OIIK-10
XaHUKH
7 | DHepreruueckas 1esnecoobpas- Pa3noypoBHEBbIE 331241 1
HOCTh TIOSIBJIEHHSI W CYIIIECTBOBA- I1K-1, OTIK-10 3aIaHUs
HUS KJIACTEPOB M HAHOOOBEKTOB
8 | Iomysmnupuueckuii pacuer IIpoexr
CTPYKTYPBI MOJICKYJISIDHBIX ~ KJTa- [1K-1, OIIK-10
CTEPOB
9 | CymecTByromue MOJENIH KjacTre- Kpyrusriii cron
POB, MX KJIacCU(PUKAIIHS [K-1,




10 | IMonysMmupuyeckuii pacyeT Xa- [Tpoext

PaKTEpUCTUK MOJIEKYJISIPHBIX Kila- [1K-1, OIIK-10
CTEpOB

11 | Mexanu3mbl oOpa3oBaHHs KiacTe- Pa3noypoBHeEBBIE 331241 U
poB U (OPMUPOBAHUS HAHOOOBEK- ITK-1, OIIK-10 3a/1aHus

TOB 1 HAHOCHUCTCM

12 | OcobeHHoCTH pocTa MpU KPUCTa- Kpyrusrit cron
JU3AIMU U3 KJIACTEePOB HAHOOOBEK-

5 P TK-1, OIIK-10
TOB M HaHOCHUCTEM, POJIb TEXHOJIO-
THYECKUX (PaKTOpPOB

7.2. TunoBble KOHTPOJIbHbIE 3aJAHUA UM HHbIE MATEepPHAJIbl, He00X0AMMbIEe
JJIs1 OLEHKM 3HAHUI, YMEHM I, HABBIKOB U (MJIH) ONBITA AeATeJbHOCTH, Xa-
PAKTEPHU3YIOIIKX ITANbI GOPMUPOBAHMS KOMIIETEHIMH B IpoLiecce 0CBOCHUSA
0o0pa3oBaTeJIbHOM NPOrPaMMBbI

7.2.1. IIpoekTt

Tema:
MopenupoBaHue KJIacTepOB U HAHOOOBEKTOB

3agaumu:
- OBNaieHUe HaBbIKaMU MojieIMpoBaHus B ITK HyperChem

Crpykrypa:

- OnTUMH3aLUs CTPYKTYPBI KJIACTEPOB METOJOM MOJIEKYJISIPHOM MEXaHUKH,
- [TonmyamnupruyecKkuii pacyeT CTPYKTYPbl MOJIEKYISIPHBIX KJIACTEPOB;

- [Tonmyamnupruyeckuii pacyeT XapaKTEPUCTUK MOJIEKYJIIPHBIX KJIaCTEPOB

NuauBuayaabHble 321aHUS:

- Terpasap meau Cuy;

- OxTarap meau Cug;

- Jlexasapuueckuii kinactep cepedbpa Agr;

- Uxocasapuyeckuii kiaactep cepedpa Agis;

- Honexasapuueckuii knacrep cepedpa Ago;

- CepeOpsiHbIil yceueHbll ekadapudeckuid kiacrep Agis;
- @ymnepen Coo.

- Oynnepen Cos:

-Oynnepen Cos.

- Metamnokap6oreapen TigCiz (cummetpust Th).

Kpurepuu oueHku:

- OIICHKA «3aYTEHOY BBICTABIISETCS CTYICHTY, €CITH ...uvvenrreneareneennnennnn. ;
1. ITosmHOCTBIO 3amonHeH O01aHk oTyera JIP;

2. DKCIIepUMEHTaIbHBIC JAHHBIC COTJIACYIOTCS C TEOPETHICCKUMU;



3. 1o pabote copmynupoBaHbl MPAaBUIbHBIE BBIBOJIBL;

4. JlaHbl IOJTHBIE OTBETHI Ha BOMPOCHI 10 3aiute JIP;

5. IlpuBeneHs! penieHus 3a1a4 (€Ciau UMEIOTCS B TaHHOU paboTe).

- OIICHKAa «HE 3a4TEHO» MPH HE BBHIMOIHEHUH JIFOOOTO U3 MSITH KPUTEPUEB OLIEHKU
"3ayTeHO"

7.2.2. KoMIJIEKT THNIOBBIX Pa3HOYPOBHEBBIX 32124 /IJIsl NPAKTHYECKHUX 3aHSA-
THH

Tema Ne 1 «Kpumuueckue pazmepbl MAblX Yacmuyy

3aoauu:

1.1. MetonoM ucnapeHusi U KOHJEHCAIMU B aTMOc(hepe MHEPTHOIO rasa
HOJIydyeHbl CpepUYecKre HAHOYACTUIBI cepebpa, UMemIue auamerp 15 Hm.
Onpenenure M0JI0 TOBEPXHOCTHOTO CJIOS OT 00IIEro o0beMa, TOJNIIUHY TOBEPX-
HOCTHOTO CJIOS NPUHATH PAaBHON YeTbIpeM aTOMHbIM MoHOcnosM (I = 0.4 HM).
O1eHuTe MOrpPeIHOCTh BHIYMCIEHUS TIPU UCIOJIB30BaHUU MPUOIMKEHHOTO BhIpa-
KEHUS.

1.2. Onpenenure npeaenbHbI pa3Mep, PU KOTOPOM MaJble YaCTHIIbI 30-
nota (gr 5.51 aB) Bce eliie MPOSIBISAIOT METANIMYECKUE CBOMCTBA.

1.3. T'maporenusanus >tusieHa npu temmneparype 520 K u maBnenuu Bogo-
poaa 1 aT™ ¢ MCHOJB30BAHWEM B KayeCTBE KaTaiu3aTopa IuiatuHbl (e = 7.6 3B, d
= 0.4 um) ocaxaeunoi Ha SiO; man Al,O3 naeT 0coO0eHHO MHTEHCHBHO, KOIJA
PAcCTOSIHUE MEXAY PHEPreTUUeCKUMU YPOBHSAMH CTaHOBUTCS OoJibiie 2 9B8. Orle-
HUTE pa3Mep YacTHULl IIJIaTHUHBI.

1.4. B peakuuu ruapupoBaHusi O€H30/1a C UCIOJIb30BAHUEM B KQUeCTBE Ka-
TaJan3aTopa MOJYYECHHBIX PA3JI0KEHUEM METAITIOOPTAHMYECKHX KOMIUIEKCOB Ha-
HOYACTHUI[ HUKENsl Ha Moiokke SiO; ¢ yMEHbIIEHHEM pa3Mepa METALTHYECKUX
YacTUL HAOJIIOJAETCsl YBEJIMYEHUE YIEIbHOM KATAJIUTUYECKOW aKTUBHOCTH, T.€.
AKTUBHOCTH OTHECEHHOW K OJJHOM MOBEPXHOCTHOMY aToMy Metasuia. IIpu temme-
parype 373 K u maBnenus 6enzona CsHs 1 Bogopona H, coorBercBenno 6700 u
46700 ITa pe3kuil pocT yaeabHON KaTaTUTUYECKOM aKTUBHOCTU HAHOYACTHUIl HUKE-
a8 B 3-4 pa3za MPOMCXOAMT KOTJa OTHOLIEHUE YHCJIA MOBEPXHOCTHBIX aTOMOB K
o0mieMy 4nuciay aToMoB 0sn3ko K 1. OnieHnuTe pa3mMepbl TAKUX HAHOYACTHUI] HUKEJIS.

1.5. Meroaom razo¢a3HOro cuHTe3a MOJIy4eH MEAHbIH HaHOKpHUCTaINYe-
CKHIl TIOPOIIOK, MPUYEM CPEIHUI reoMeTpuiecKuil auamerp yactui 35 HMm. Pac-
npe/esieHne YacTUIl MO pa3MepaM SBIAETCA JIOrapu(PMUUYECKH HOPMAIbHBIM C
nucnepcueit 1.5. Onpenenure 1) HOpMUPOBOUYHBIN KOADPUIIMEHT pacnpeieeHus;
2) HaunboJjiee BEpOSTHBIN pa3Mep vacTH: 3) cpeaHui pasMmep dacTuil;, 4) cpemaHe-
KBaJIPaTUYHBIA pazMep 4acTull; S5) 100 yacTul] pazmepoB 20-40 HM; 6) mocTpoii-
Te rpaduk pacnpenencHus B koopaunHatax d u Ind.

Tema Ne 2 « Temnepamypa niaasnenusi Maablx Yacmuyy

3aoauu:



2.1. Paccuuraiite 00111€€ YMCIO aTOMOB MKOCAdAPUUYECKOTO KiIacTepa, Co-
neprxkarmiero N aToMHBIX clioeB. PacueTsl mpuBeIUTE 7S TIEPBBIX 5 CIIOEB.
2.2. TloctpoiiTe KpUBYIO W3MEHEHHUS TEMIIEpPAaTyphl IUIABICHUS OJIOBA OT

KT KT
ps=7.18-10°—=  p =6.98-10°—

pasMepa Ui CICAYIOIIMX HapaMETpPOB: M- M
H H KkJIx
=0.58— =0.0622— Q=585
“ M 7 M Q Kr 0=32 gy, T =905 K.

1 ]

2.3. Tloctpoiite rpaduky 3aBUCMMOCTH TEMIIEpaTyp IUIABICHUS HaHOYa-
CTHII QJIIOMHUHHMSI, MEIU, HUKEJIA U TUTaHa OT UX oOpatHoro paauyca. [lo koadpdu-
LIUEHTY o OTPEAEIINTE Ui KaXK10Tr0 MeTajia, Kakas ¢popMmyJa JUlst 3Toro Haubosee
npuemiema. Bce HeoOXxo1MMble mapamMeTphl IPUBEACHBI B TaOJIHIIE.

Tmelt , Q, Os, ps‘1075, Os, p|'10’5, (1'1010,

Meramn
K | Jxwmoms? | Tx-m? | MOIb'M® | Jx-M 2 | MOTb'M M

Al 934 10700 1.032 0.926 0.865 0.894 4.43

Cu |1358 13050 1.592 1.320 1.310 1.250 4.07

Ni 1728 17470 2.104 1.400 1.750 1.350 3.82

Ti 1943 14150 1.797 0.910 1.500 0.868 5.80

24. Paznoxure B psaxg Teisopa XHMUYECKMH TIOTCHIHAAT BHUJA

2
u(p+Ap+2Z.T +AT)
r OTpaHUYMBIIKCH TIepBbIMU (1, 2 1 3) ManbIMU cllaraeMbl-

MU.
Tema Ne 3 «Ilapamemp peuwiemku Maavix yacmuy»

3aoauu:
3.1. [Tlonaras, 94TO yMEHbIIIEHUE MTAPAMETPOB PEIICTKA HAHOYACTHI] cepel-
pa U 30J10Ta SBISIETCS CJIEACTBHEM M30BITOYHOTO AaBieHus Jlamiaca onmpenenure

Bt
3aBUCUMOCTb :
3.2. Omnpenenuth, HcHONB3ysd ypaBHeHue Tomcona-I'ubOca, naBneHue
HACBIIIIEHHOTO Tlapa HaJI KUJIKOW Karuiel (30510Ta u cepedpa) uMmeroniei paauyc I.
3.3. OrtTkioHEHHE MapaMeTpa PEUIETKH HAHOKPUCTAJUIMYECKOTO aFOMHU-
HUS, onpeensieTcss N30bITOYHBIM 00bEMOM T'PAHUIL 3€PEH, CPEAHEN IMUPUHON rpa-

2= 1(d)
HUII 3€PEH U CPEAHUM AUAMETPOM 3epeH. [locTpoitTe 3aBUCMMOCTL 0 .
3.4. OrmeHUTE TONIMWHY TOHKOTO CJIOS BOJM3U TPaHUIIBI 3€pHA, B KOTOPOM
MO>KET HaOII0aThCS PACIIMPEHNE KPUCTATUIMYECKON PEIICTKH.

Tema Ne 4 « Vpasnenue lllpéouneepay



3aoayu:

4.1. PaccMoTpure CBOOOIHOE OJHOMEPHOE JIBIMI)KCHHE YACTHIIBI, T.C. Ya-
CTHIIAa HAaXOJIUTCS B TOJIE C TTOCTOSTHHBIM IMOTCHIIMAJIOM U €€ IMOTEHIINAIbHas SHEp-
T'Hs paBHA HYJIIO.

4.2. PaccMoTpuTe IBIKCHHE YaCTHIBI B SIME C OSCKOHECYHO BBICOKHMH
CTEHKaMH.

4.3. PaccMOTpHTE OJTHOMEPHOE ABMKCHUC YACTHIILI TI0 OCH X T10]T BO3JICH-

cTBHEM ympyroii Bosspamaromeii cuasl - =—KX, rre k — cumoBast moctostHHASL
Takas cucrema Ha3bIBaeTCs JTMHEHHBIM TAPMOHUYECKUM OCLIHIUISITOPOM.
4.4. Omnpenenure YpOBHU 3HEPIUU JUIS YACTHILIBI, BHXKYLICIHCS B MOJE C

. U(X)= A(e™™ —2e™™)

MTOTEHIUAJIBHOW DHEPrUen :
4.5. Omnpenenurte YpOBHU 3HEPIUU ISl YACTHUILIBI, IBHXKYLICHCS B MOJE C

U
— 0
. . U (X) - h2
MOTCHIIMAILHOMN dHEeprueit ch-ax,

Tema Ne 5 «Pacuem monexyny

3aoauu:

5.1. Omnpenenute, KaKOW U3 MOJTYIMIUPUUECKUX METOJOB HanbOJIe€ TOUHO
OLICHMBAET JJIsi YKA3aHHBIX MOJIEKYJ MoTeHuuan uonuzanuu (l), sHepruto cpoj-
CTBa K 2JIEKTPOHY (A), paBHOBECHOE MEKATOMHOE pacCTOsHUE (I'e) M DHEPTHUIO JTHC-
cormanuu (Dg). Pe3ynbratel opopmurte B Bujae Tabnuil. 3agady pemdTh IJs clie-
JTYIOIIMX BapUAHTOB JIBYXaTOMHBIX MoOJeKyis: a) Ho; 6) Lip; B) Co; 1) Np; 1) Oy;
e) Fa; %) Py; 3) Sp; n) Cla.

Mounekyna H. Liz C. N> 0> F2 P2 Sz Cl,
l,>B 15.2 5.1 12.4 15.6 12.1 15.7 11.1 9.4 11.5
A, 5B - 045 | 3.27 - 045 | 3.08 | 059 | 1.67 | 2.38
re, A 0.74 2.67 1.24 1.10 1.21 1.41 1.89 1.89 1.99
Do, kkan/MoIib 103 24 143 225 118 37 116 101 57

5.2. MHcnonws3ysa teopemy Kymnmanca, paccuurtaiite metonqom AM1 moTeH-
1a- el noHu3aruu () 1ByxaToMHBIX MOJIeKyJl. CpaBHUTE TTOJYICHHBIC 3HAUCHUS

C OSKCIEPUMEHTAIBHBIMU JAHHBIMU M C pe3yJIbTaTaMU HEOMITMPUUICCKUX PACUCTOB
B Oasuce 6-31G.

Monekyna C N2 0)) F2 Al Siz P2 S2 Cl;

l,»B 12.4 15.6 12.1 15.7 6.21 8.0 11.1 9.4 11.5

5.3. B xkakom dymrepene (4, 6, 8, 20, 60, 80) momyropHas cBs3p C-C
Haubosee npouHasi? Pacyer sHepruu BBHINOIHATH 0€3 ONTUMH3ALUU T'€OMETPUH,
uc- nonp3ys nomxysamnupudeckuii metoq CNDO. [lannbie mo Mosekynam ¢yiuie-
peHa MPOYMTATh U3 UMEIoIuXCcs ¢aiaoB * . hin.

5.4. Onpenenute BEIUUYUHY IUNOIBHOTO MOMEHTA MOJIEKYJI, CDABHUTE IO
JyYEHHBbIE 3HAYEHUS C SKCIIEPUMEHTAIBHBIMU TaHHBIMU. Kak 1 nmouemy u3MeHseT-
Csl CBEpXY BHHU3 MO I'pyNIie TOUHOCTh PacueToB?

| Monekyina | NHs | PHs | AsHs | HO | HS | HsSe




[ D

1.48

0.89

0.18

1.87

1.17

0.24

5.5. PaccuwmraiiTe 4acTOTy BaJEHTHBIX KOJEOAHWIl B 4YacTULAX, CPAaBHU-
T€ TIIOJY4YEHHbIE 3HAYEHHUS C JAHHBIMM OJKCIIepUMEHTa. B Kakoil wyactuue
CBsI3b HamboJsee mpovHas?

Yactuna 0" 0> 0y 0> NO* NO NO~ NO?%
Vv, cM * 1865 1580 1097 766 2273 1880 1365 886
Yactruna HF HCI HBr HI F, Cly Br; I
Vv, cM * 4139 2991 2649 2310 892 546 319 215

5.6. Paccuuraiite mmpuny 3Heprerudeckoil menu (Egap) B monuuukinnye-
CKMX KOHJICHCUPOBAHHBIX apOMAaTHUYECKUX MOJICKYJIaX, KOTOPbIE HMEIOT Clie-
)ly}OHII/Iﬁ COCTaB: CeHe, C18H12, C24H12, C42H18, C54H18, C84H24, C96H24. Pacuer
SHEPIruM BBHIMOJHIANTE 0€3 ONTUMM3ALMK TeoMeTpuu, ucnois3ys meton CNDO
(mouemy?). JlaHHbIE IO MOJIEKYJIaM CUMTaTe U3 UMerommuxcs ¢gaiaos *.hin.

Tema Ne 6 «Bozmywenue He 3asucsaujue om pemeniLy

3aoauu:
(2
6.1. OmpenenuTe MONPaBKy BTOPOrO MPUOIIKEHUS ¥ n

GyHKIUAM.
6.2. Omnpenenute MOMpaBKy TPETHETO MPHUOIMKEHUS K COOCTBEHHBIM 3HA-
YEHUSIM YHEPTHUHU.

6.3. Omnpenenute ypoBHH SHEPTHUH AaHTAPMOHHYECKOTO JIMHEWHOTO OCIIHJI-

pz Ma?X2

=t ——+ax’ + px*
JSATOpa C TaMUIbTOHUAHOM 2m 2 :
6.4. Cdepudeckas MmoTeHIMaIbHAsA sMa ¢ OECKOHEYHO BBICOKUMHU CTEHKa-
MU ToJiBepraercs Manoi nedopmaruu (6€3 u3mMeHenus oobema), npuHumas (op-
My cJ1a00 BBITSIHYTOI'O WJIU CIUTFOCHYTOTO JUTUIICOM 1A BPALEHUS € MOIYOCSIMU a =
b u ¢. HaliTu paciueruieHue ypoBHEH dHEPTHU YaCTHIIBI B SIME TIPU TaKou Jedop-
MalHu.

K COOCTBEHHBIM

Tema Ne 7 «Cexynsapnoe ypasnenue. Bozmywenue 3asucauee om epemeru»

3aoauu:

7.1. Omnpenenute MONpaBKU MEPBOTO MPHUOTMKEHUS K COOCTBEHHOMY 3Ha-
YEHUIO U TPaBWIbHBIC (YHKIIUHA HYJIEBOTO MPUOIMKEHUS TSI TBYKPATHO BBIPOK-
JEHHOTO YPOBHS.

7.2. BwBeaute (opmyny nis MOMPaBOK MEPBOTO MPHUOIMKEHUS K COO-
CTBEHHBIM (YHKITHSIM.

7.3. BriBeaute Gopmyiy sl MONPABOK BTOPOTO MPHOIMKEHUS ISl COO-
CTBEHHBIX 3HAUECHUM.

7.4. B navanbHblii MOMEHT BpeMeHu t = 0 cucTteMa HaxoAUTCs B COCTOSI-
(0)
i Y1, OTHOCSIIEMCS K JBYKPATHO BBIPOXKIEHHOMY YpoBHI0. OnpenenuTe Be-



POSITHOCTH TOTO, YTO B JIaJbHEHIIINIT MOMEHT BpeMeHu  cuctema Oy/ieT HaXxOAUTh-
(0)
CA B IPYTOM COCTOSTHUH Y2" Toii xe DHEPTUM; NIEPEXO]I MMPOUCXOAUT MO BIUIHU-

€M MOCTOSIHHOT'O BO3MYIIICHUS.
7.5. Omnpenenute u3MeHeHHe N-ro ¥ M-ro pemeHuit ypapHenus IpeauH-
\7 _ Ife—ia;t é it
repa Opy HAUIMYUM TEPUOJAYECKOTrO BO3MYIICHUS BUaa vV = +06€ ¢ va-
0 _ g0 _
CTOTOM @ TakoM, 4YTO B, —E =h(w+e)

OIICPAaTOPhI, HC 3aBUCAINUC OT BPCMCHU.

A

, Toe € — Manas BenuuuHA. F 1 G _

Kpurepuu oueHku:

- OIICHKA «3a4TEHO0» CTaBUTCS 3a MPABWIBHOE U MOJHOE PEIICHHUE 3a/1auH, JOIYC-
KaroTCsl HEOOJIbIIKE MOTPEIIHOCTH B U3JI0KEHUHU U BBIYUCIICHUSIX.

- OIICHKA «HE 3a4TE€HO» CTABUTCS CTYACHTY HE BBHIMIOJHUBIIEMY TpeOOBaHUS K
olleHKe '"3auTeHO"

7.2.3. IlepevyeHb TUCKYCCHOHHBIX T€M /I KPYIJIOT0 CTOJ1A
(nuckyccuu, MoJIeMUKH, TUCITYTA, 1e0aTOB)

1. MeTo/1bl OTy4YeHUs KJIACTEPOB M HAHOYACTHI]

- 30JIb-T€JIb METOJT;

- CuHTe3 B MUIIEIJIaX U OOpAaTHBIX MHUIIEIIJIAX;

- 30JIb METOS;

- ' magporepmanbHbI METO/T;

- ConbBOTEPMUUECKUIN METO/T;

- HanpaBieHHOe OKUCIEHuE;

- XMMHYECKOEe OCaXKJICHHE;

- du3nyecKoe OCaXKICHUE,

- DIEKTPOOCAKICHHUE;

- COHOXMMHMYECKUN METO/;

- MUKpOBOJIHOBBIN METOZ;

2. Metoapl ucciie1oBaHus KJIacTepPOB U HAHOYACTHLL.
- [IpocBeunBaromnias AIeKTPOHHAS MUKPOCKOIIHS;

- PacTpoBas 31eKTpOHHAsE MUKPOCKOIIHS;

- Pearrenorpadus;

- DnekTpoHorpadus;

- Heitrponorpadus;

- JlazepHas nmudpakmms;

- Heynpyroe paccesinue cBera;

- YO/Buja cieKTpOCKOIHS;

- PamaHOBCKas1 CIIEKTPOCKOIUS;

- ATOMHO-CHJIOBasi MUKPOCKOTIHS;

- TyHenbHast MUKPOKOTIHSI.

3. MopenupoBaHUU aTOMHBIX CUCTEM M MPOIIECCOB

- Metop kiaccudeckux (AMIUPUYECKUX ) MOTEHIIUATIOB;
- [lomyamnmpryeckuilt nOAX0x;



- Hesmnupuueckuii moaxos (MOAEIMPOBAHUE U3 EPBBIX MPUHIIUIIOB);
- Meron Monte-Kapiio.

4. ITakeTsI 1J1s1 MOJCTUPOBAHUS HAHOOOBEKTOB

- HyperChem;

- Gaussian;

- GAMESS;

- StoBe;

- Kimacrep.

Kpurepuu oueHku:

- OLIEHKA «3a4TE€HO» BBICTABIIETCSA CTYAECHTY, €CIM OH NPUHUMAET aKTUBHOE
y4acTHE Ha CEMHUHApE: BBICTYNAET CO CBOEH TEMOM WJIM y4AaCTBYET B JUCKYCCUU
MHHHMMYM 110 3 TeMam

- OLIEHKa «HE 3a4TEHO» CTAaBUTCS CTYACHTY, HE BBINOJHUBLIEMY TPEOOBAHUS K
OLICHKE "3a4TeHO"

7.2.4. KoMIJIEKT TeCTOBBIX 3aJaHUI

Tunosoe mecmoeoe 3aoanue Nel

1. O6HIEUI JOJIA HOBCpXHOCTeﬁ pa3aciia B HaHOMAaTCpHuaIaX COCTABJIACT:

-3

SIS il
p i L i
- -2
o, =1 EE
» T
3s
U] Vn_p"'T,
- -3
[] Vnp —1— 2 :
» T
_ 1
OV =14 28 P
n.p. L3

2. ©®pusiesieBCKUe OCIMIIISLIUN NTEPEAA0OTCs PEIIETKE Yepes:
"] 351eKTpOoH-(OHOHHOE B3aUMOJICHCTBHE;
"] (OTOH-TEKTPOHHOE B3aUMO/ICHCTBUE;
"] 31eKTpOH-(OTOHHOE B3aUMO/ICHCTBUE;
] 3JIEKTPOH-3JIEKTPOHHOE B3aUMOJEHCTBUE;

"] (dhoHOH-(DOTOHHOE B3aUMO/ICHCTBHE.



3. Pa3mepHnbsiii 3¢ ekt nmapamerpa perieTku HaHOYACTUILIBI CBSI3aH C:

] omunOKaMH METOJUKH U3MEPEHMUS,;

J

azicopOLuent mpumecei;
TeMIepaTypoi IJIaBJICHNUS,
CTPYKTYPHBIMH IIPEBPAIICHUSIMU;

CTPYKTYPOU JTUCIOKALINM.

© 0 o O

4. OcoOEHHOCTA MarHUTHBIX CBOMCTB HaHO4YaCTHUIl CBA3aHbI C:
HN3MCHCHHCM BHa (bOHOHHOFO CIICKTpa,
AUCKPCTHOCTBIO JICKTPOHHBIX COCTOHHHﬁ;

M3MEHEHUEM T'paHull ((OHOHHOTO CHEKTPA,;

(I I B B

JTUCKPETHOCTHIO (POHOHHBIX COCTOSTHUM;

L] BCe ImepedmnciIeHHOE.
5. lns nByMEpHOM CHUCTEMBI THUIIA MajbIX OCTPOBKOB Ha IOJUIOKKE ypaBHEHHE
Tomcona-I' mo0ca nmeeT BUI:

_4o.

e’

[]

2
0 op(n="

vV 20
0 op(r)=per

17
RT rpsg

0 op(r)=p.e ;

v, 2
O p(r):—v L TG.

2 1
6. OcHOBHasi MpUYMHA U3MEHEHHUS TEPMOJIMHAMUYECKIX XapaKTEPUCTUK HAHOKPHU-
CTaJJIOB IO CPABHEHHIO C MACCUBHBIMU MaTEpHAIaMH:
] OOJBIIOE YUCIIO TOBEPXHOCTHBIX aTOMOB;
U3MEHEHHE BUa (POHOHHOTO CIEKTPa;
JUCKPETHOCTB 3JIEKTPOHHBIX COCTOSIHHIA;

W3MEHEHUE TpaHuIl GOHOHHOTO CIIEKTPA;

O O O oo

BCC IICPCUUCIICHHOC.



7. B HaHOMarepuanax mo XMMHUYECKOMY COCTaBYy W pacmupeneiacHuto (a3 MOKHO
BBIICIUTH CTPYKTYPBI TUIIA!
L] KOJJIOMIHEIC,
'] MarpuyHbIle MHOTO(a3HbIE;
] cratucTH4ecKkue MHOTO(ha3HbIC C HEUACHTUIHBIMU MTOBEPXHOCTSAMH pa3iena;
'] omHodazHbIC;
] cratucTHdecKkue MHOro(a3HbIe C HACHTUYHBIMU ITOBEPXHOCTSIMHU pa3jeia.
8. PasmepHsIif 2d ekt TemnepaTypsl IUIABICHUS MaJIBIX YaCTHUIl IIPH YMEHBIICHUH

HX pa3Mcpa B O6I].[€M BHUJC OIMMCBIBACTCA BBIPAKCHUCM !

r

0 Tm(r)=Tm[1—ﬁj;

0 Tm(r)=Tm(1+gj;

r

0T, (r)=1m;
:

0 Tm(r)=Tm(l+%j;

r

1T
0T (N=—-=2.
n(N=7-15

9. ®puaeneBckre OCIWLISAIAN INIOTHOCTH BBIPOXKICHHOTO AJICKTPOHHOTO T'a3a BhI-
3BIBAOTCH:

'] M30BITOYHBIM 00BEMOM;

'] moObiMu feeKTaMK, HApyIIAIOMUMHU TPAHCISIITUOHHYI0 CUMMETPHUIO KpPH-

CTAJLIA;

[l 3KCUTOHAMU;

'] HepaBHABECHBIMU BaKaHCHUSIMU;

[l nmaBaenueM Jlamaca.

10. Xapaxkrepnsiii pasmep netin Opanka-Puna:

2
0 |¢P:ﬂ;

TKP



Gb

. Id)P:Zr ;
ITH
aGb
] I(DP:T—;
IH
G%b
O pp =—;
Z’Kp
Gb
D I(DP:T—.

Kp
11. Pa3mep CTpYKTYpHBIX COCTaBJIIOIIMX HAHOMATEPUAIOB OMPEIECISIIOT JJICK-
TPOHHO-MUKPOCKOITMYECKUMH METOAAMU C IOMOUIBIO:
"] CBETJIONOJBbHBIX U300PAKEHUMH;
TEMHOITOJIbHBIX H300paXKeHUM;
PEHTI€HO-CIIEKTPAJIbHOTO MUKpPOAHAIN3a,;

JUIIaATOMETpA,;

O O o o

U300paKEHUN MPSIMOTO Pa3pEIICHHUS.

12.  JlaBnenwue Jlamnaca onpenensercs hopMyJIou:

0 p:27m;
r
2
r
e
r
4o
D :F,
20
D p:_Z

13. Jlonmsi cOOCTBEHHO MEK3EPEHHBIX TPaHUIl pasjielia B HaHOMAaTepHaliax Co-

CTaBJISICT:

0V, =1+[LL_3$T;




.38,

v, :
.
2
Dy, B
3
0V :1_[ﬁ} :
L
2
Ry :37zs(L—s) _
Mm.e. L3

14, 3H€pFI/ISI, OKa3bIBAKOIIasa pa3ylropAag04nBarOlIce I[CﬁCTBPIG Ha MAarHuTHBIC

MOMEHTHI (PEpPOMArHUTHON YaCTHIIbI, PABHA!

2
0 Ag, = myV )
2
hZ
0 Agy® ——;
2m,o,
2
L Agy = A—p;
2m,
L Ag, =hAw,,;
0 Agy,=hv.

15.  Ilpu mornouieHuu cBeTa TOHKO3EPHUCTHIMH TUICHKAMU METaJIOB:
IIPOUCXOJIUT MOJHOE MOTJIOIEHUE;

MPOUCXOJUT CUIIbHBIN HArpeB IUICHOK;

BHJIMMAsi 4aCTh CHEKTPA MOJHOCTHIO MOIJIOMIAETCS;

nH(ppakpacHas 4acTh CIIEKTPa MOJHOCTHIO MOTJIONIACTCS,

(0 T Y A U O O

B BUJMMOM YaCTHU CIIEKTPa MOSBIAIOTCS MUKHU MOMJIONIEHHS], OTCYTCTBYIOIINE
Y MaCCHBHBIX METAJJIOB.

16. B nanomarepuanax mo ¢gopmMe MOXKHO BBIJICJIUTh CTPYKTYPhI THIIA!
oaHOo(da3Has;

MJIacTUHYATAS,

MaTpUYHAasi MHOTO(a3Hasi;

0 I B B B

croJyioyarasi;



O
17,

coJiep Kamiasi paBHOOCHBIE BKITFOUEHHUSI.

[Ipn kakux pazmepax THINHYHBIA (peppOMarHeTHK MEpPEHAeT B cynepnapa-

MargmMTHOC COCTOSAHUC!

U
U

U
U
U

18.

0K0JI0 1 MKM;
menee 1-10 am;
oosee 100 HM;
okoJjio 100 HM;
6oxee 1-10 HMm.

HpI/I MOACIUPOBAHUUN CTPYKTYPBI MAJIOATOMHBIX KJIIACTCPOB H€O6XOILI/IMO

YUUTHIBATDL:

U
U
U

O
19.

KJIaCTEPhI JOJIKHBI UMETh U30BITOUHYIO SHEPTHUIO;

KJIaCTEPhI JOJIKHBI OBITh SHEPTE€TUYECKU YCTONUNBSI;

KJIACTEPhI JOJKHBI HIMETh INIOTHYIO YIIaKOBKY;

KJIACTEPHI TOJKHBI ObITh TOCTPOEHBI U3 MPOCTEUIINX CTAOMIIBHBIX ATOMHBIX
KOH(UTypaLuii;

KJIACTEPBI JOJDKHBI COCTOSITh U3 YETHOI'O YMCJIa ATOMOB.

[Ipu kakoil Temneparype TUNMHYHBIN (heppOMarHeTUK MepernseT B cymnepna-

paMaraiuTHOC COCTOSAHUC!

U

U

20.

T, =1273°C;

T - KV ;
kInfm

[

Tb :ﬂ’
2m,

T, =1000K ;
ho

T =—.

S

TenmoeMKOCTh MaJIol YacTUIIbl onpeAesieTcs: HOPMyIIoif:

C, =3R;



O Qﬁj{?%g(w)dw;

. cﬁTg(w)dw;

1 C,=9R L 39[]”%&;
0, ) 3 (e"-1)

o-ln

Tunosoe mecmosoe 3adanue Ne2
1. Kakoil U3 nepeyuciaeHHbIX ONepaToOpoB, ACUCTBYIOMINX B JUHEHHOM MPOCTPAH-
CTBE KOMILJIEKCHBIX (DYHKIIUN OJTHOM NIEPEMEHHOMN, SBISAETCS JTUHEHHBIM?
'] KOMIUIEKCHOT'O COIPS)KEHUS,
[ BBIYMCJICHHS JCHUCTBUTEIBHOMN YaCTH;
| BO3BE€IEHMA B KBAAPaT I10 MOAYJIIO;

| HMKAaKOW W3 NEPEUUCIICHHBIX.

A

2. [1nst m0060ro 3pMUTOBOTO omeparopa A, HEUCTBYIOIIETO B HEKOTOPOM JIMHEH-
HOM TIPOCTPAHCTBE, MOXKHO BBIOpATh Tako# 0a3uc, B KOTOPOM MATpHIlA OIepaTopa
A sBrstercs:

[ eIUHUYHOM;

| HyneBoWu;

'] aHTUCHUMMETPHUYHOM;

[l guaroHajJabHOMH.
3. CoOCcTBEeHHBIC 3HAYEHUS JTF000T0 3PMUTOBOTO OIepaTopa

L] IOJOXKHUTEIIbHBI;

[ OTpULIATEIIbHBI;

[] BelIECTBCHHBI,

[ YACTO MHUMBI.

4. Kakast u3 4eTbIpex MaTpHIl SIBISIETCS MaTPULIEH SPMHUTOBOIO onieparopa?



1 2
3 4)
ot
5. Uemy paBeH oneparop (AB)
o A'BY;
0 AT+B;
o AT-B;
7 BFA".
6. B HEeKoTOpOM JMHEHHOM MPOCTPAHCTBE BBHIOPAH OPTOHOPMHPOBAHHBIN Oa3uc

{f.}. Kakoit popmymnoii onpenensrorcss MaTpU4HbIC HJIEMEHTHl MAaTPHUIBI HEKOTO-
pPOTO JIMHEHHOTO OIlepaTopa A, JNEUCTBYIOLIETO B 3TOM IPOCTPAHCTBE?

0 a, =(fAf);

0 a, =(f A

0 a, =(Aff);

~ a,=(ATf f)".
7. CucreMa HaXxOIWUTCA B COCTOSIHUM C HOPMHUPOBAHHOW BOJIHOBOM (yHKIMEH

Y(x,t). Paznoxenue 3Tol QyHKIIUKM 110 HOPMHUPOBAHHBIM COOCTBEHHBIM (DYHKIIH-
am f (X) omeparopa ¢usnmyeckoil BemmumHbl A, 001aJarOMIET0 AWCKPETHBIM
CIIEKTPOM COOCTBEHHBIX 3HaueHHd &, umeer Bua: W(x,t) = ZCn (t) f (x). ycTs

KaXXI10MY CO6CTB€HHOMy 3HAa4YCHHIO an OTBCHACT CAMHCTBCHHAsA coOCTBeHHas



¢ynxnus f, (X). Uemy paBHa BEpOATHOCTH TOTO, YTO B MOMEHT BpeMeHHU t Bemu-

yrHa A nMeeT 3HaueHHe, paBHoE &, ?

0 C,();
SN oN (9]}
1 le,of;

1 Re(C,(t1)).
8. KBantoBass cucremMa OIUCBHIBACTCS HOPMHUPOBAHHOM BOJHOBOM (yHKIIMEH

Y(x,t). Ousnueckoii Benmmurae A oTBedaeT omnepatop A. Ilo xakoit popmyie u3

HHKCCIICAYIOINX (I)OpMYJ'I MOJXKHO BBIYHUCIIUTb CPCAHCC 3HAYCHHC PC3YJIbTATOB

MHOTHUX I/IBMepeHI/H?I BEJIMYMHEI A Hal aHcaMOJIeM TaKUX KBAaHTOBBIX cucTEM?
Oy (X0 A (x,t)dx;

O [A (0] dx;

O .|¢//(x,t)|2Adx;
0 Aj|y/(x,t)|2dx.

9. ®usnueckas BenuuMHA A MMEET B COCTOSIHMM C BOJIHOBOW (pyHKImeirr W(X,t)
OIpEJICIICHHOE 3HAYCHUE, SCITH
"I ¥ He 3aBHCHUT OT BpEMEHU;
1 W(x,t) coBnmamaeT ¢ 0JIHOW W3 COOCTBEHHBIX (DYHKIUII oreparopa 3Tod (hu-
3UYECKON BEIIUUMHLI;
1 W(X,t) sBasercs coOCTBeHHOW (yHKIMEH omeparopa ['ammibTOHA cHCTe-
MBI,
"] ¥ He 3aBUCHUT OT KOOpJIUHAT.
10.  MeficTBue oneparopa MpOEKINU UMITyJIbca P, Ha IMPOU3BOJIBHYIO (DyHKIHUIO
W(X) B KOOpAMHATHOM TPEACTABICHUN OMPEICIIICTCS COOTHOMICHUEM:

0 pY¥Y=pYY;



d2y

0Py =-n ;
Px dx?
o opw——indY,
dx
L opw=indt
dp,

11. Yacruia HaXOJUTCS B COCTOSIHUM C HOPMHUPOBAHHOUW BOJHOBOW (yHKUIHEH

w(X). Kakoit hopmynoii onpenensiercst CpeaHsisi KOOpIMHATa YaCTHUIIBI B 3TOM CO-

CTOSIHUU?
] X= .x\y/(x)\dx;
r 2
0 X = X[w(¥)| dx;
0 X= °|1//(x)|dx;
g 2
0 X =||w(x)| dx.
12. OmepaTop KOOPAWHATHI X B UMITYJIBCHOM IPEICTABICHHH — 3TO:
O —ihi;
op,

'] omepaTop YMHOXEHHs HA KOOPAUHATY X;

] omepaTop YMHOXEHHUs Ha UMITYJIbC Py;

i

op,

13.  Yacrtuma naxogurtcs Bo BHemHem mone U (F,t). Kakoii u3 mpuBemneHHBIX

dbopmyn onpenensiercst onepatop ['ammibTona yactuisr H ?

7 H —@v,
m
2
0 I:I:—h—A,
2m



2

Rl AU,
2m

14.  Jlana BoiHOBas (yHKIIMSI HEKOTOPOTO COCTOSHUSI YACTHIIBI B UMITYJIHCHOM

npencrasieann C(p,t). Mo kakoil W3 HIKENEPEUUCICHHBIX (OPMYT MOKHO
HalTH BOJIHOBYIO q)YHKHI/IIO 9TOIr0 COCTOAHHA B KOOPAMHATHOM IIPCACTABICHHUH
Y(xt)?

0 WY(x,t)=C(x,t);

O W(xt) = \/Zlﬁj.C(x,t)e_ihdp;
0 P(xt)= \/ZlﬁjC(x,t)eihdp :
. W(x,t)=\/21%j0(x,t)sin%dp.

15. Teopus BO3MyLIEHUI TO3BOISET BEIUUCIUTH:
] omeparop BO3MYLIEHUS, €CJIM U3BECTHO KIIACCUYECKOE BBIPAKEHUE IS BO3-
MYIIAIOLIETO CUCTEMY MOTEHIUAIA;
] TOMpaBKHU K SHEPTUSIM CTALIMOHAPHBIX COCTOSHUI HETPEPHIBHOTO CIEKTPA;
] TIONMpaBKH K SHEPTUSM CTALIMOHAPHBIX COCTOSIHUNA JUCKPETHOIO CIIEKTPA;
] mompaBK{ K BOJHOBBIM (DYHKLIMSIM CTAI[MOHAPHBIX COCTOSIHUN JAUCKPETHOTO
CIEKTpa.
16. Ha gactuiy c 3aps10M € HaKJIQAbIBAETCS OJHOPOIHOE NEKTPUUECKOE MOJIe

C HAIIPAKCHHOCTBIO E, HammpaBJICHHOE BIOJb OCH Z. Kakum sBisercs o1rcpaTop

BO3MYILICHUSA?
0 V =—eErsing;
1 V =—eErsing;
1V =—eErcosg;
] V =—eErcosd.

17.  VYpoBHM dHeprum & HEKOTOPOM KBAaHTOBOM CHCTEMBI HE BbIpOXkIEHbI. Ha

CUCTCMY HAKJIAAbIBACTCA BOBMYIICHUC \ , MATPUYIHBIC 3JICMCHTEI OIICpaTOpPa KOTO-



pPOro ¢ HEBO3MYILIEHHBIMU COOCTBEHHbIMH (pyHKIMAMU V, u3BecTHBL. Kakoil gop-

MYJION OIpEeeNIsIeTcs MOMpaBKa MePBOTO MOPSAAKA K SHEPTHH I-TO CTAlMOHAPHOTO

coCTOIHUA?

O AEi(l) = %(Vi,m +Vi—1,i ) ;

D AEI(l) = Zvik ,
k

0 AEY =V, ;

0 AEP =DV,
k

2 2
18. Kakas u3 mByx dopmyn AE® = Z M umn AE®? = Z M IS
k(=) & ~ €k k(ke) &k ~ &

TIONPABKU K SHEPTHH I-T0 CTAIIMOHAPHOTO COCTOSHHS NPaBUIIbHA?
Ll mepBas;
L] BTOpAf;
"] 00e, MOCKOJIbKY IPUBOJAT K OJUHAKOBOMY PE3YyJbTaTy;
]

3aBHCHT OT HeBO3MYHIeHHOﬁ CHCTCMBEI.

A

19. Ha HekoTOpyr0 KBaHTOBYIO CHCTEMY HAKJIabIBAIOT Masioe Bo3MyIeHue V ,
MIPUYEM U3BECTHO, YTO JMArOHAIBHBIA MAaTPUYHBIA AJIEMEHT ONIEPATOPA BO3MYILIE-
HUS C HEBO3MYIIEHHBIMU (DYHKIUSMU OCHOBHOT'O COCTOSIHUS PABEH HYIIO. Y BEJIU-
YUTCS WIA YMEHBIIUTCS IIPU ITOM SHEPTUsI OCHOBHOTO COCTOSIHUSL CUCTEMBI?

L] yBenu4uTCS;

L] yMeHbBIINTCH,

L] HE U3MEHUTCH,

] mano uHdopmalmu s OTBETA.

20. Ha onHOMEpHYI0 KBAaHTOBYIO CHCTEMY, COOCTBEHHBIE 3HAYECHMs & WU COO-

CTBEHHBIE QyHKINHU ¢ (X) omepaTopa ['aMmiIbTOHAa KOTOPOI M3BECTHBI, HAKJIA/IbI-

BatoT Bo3myiienue V (X). Kakoli (hopmyIoit onpenensrorcss MaTpHYHbIC 3JICMEHTHI

ornepaTopa BO3MYIICHUA?



“(X)V o, (X)dX
. Vik:j(p.(g)_q;k() ;
i k

7V = [ @ 0V, (dlx;
0V = §0i*(x)\i§0k (X);

o, )V ¢, (X)
V=T T
i k

Kpurepuu oneHnku:

- OIICHKa «3ayTeHOo» BbIcTaBisieTcs: pu 50 % u 6ojee BEPHBIX OTBETOB.

- OIICHKA «HE 3a4TCHO» BBICTaBJsETCSA Npu Hamuuu MeHee 50 % BepHBIX OTBe-
TOB.

8. O0pa3oBaTe/ibHbIe TEXHOJIOTHH U MeTOAUYECKHE YKA3aHUSI MO0 OCBOEHUIO
AUCHMILVIUHBI (Y4e0HOI0 Kypca)

[Ipu oOy4eHMHM CTYJIEHTOB HCIOJNB3YIOTCA CIEAYIOIIHe OO0pa30oBaTeIbHbIC
TE€XHOJIOTUH:

TexHonorus pa3BUTUSI KPUTHUECKOTO MBIIUIEHUS — OpraHU3alus yaueOHOro
npolecca, Ipu KOTOPOM CTYAECHTBI IIPOBEPSIOT, AHAIM3UPYIOT, PA3BUBAIOT, MPHU-
MEHSIOT MOJIyYEHHYI0 HMH(OPMALIUIO C LENbI0 Pa3BUTHS KOTHUTHUBHBIX YMEHUH U
HaBBIKOB

WNHupopmalinoHHbIE TEXHOJIOTUU — CIIEHUAIbHBIE CIIOCOOBI, IPOrPaMMHBIE U
TEXHUYECKHE CPEICTBA JIJIsl paboThI ¢ MHMOpMaIuei

TexHonorus npoOJEeMHOr0 00y4YeHUs — OpraHu3alys aKTUBHOW, CaMOCTOS-
TEJIbHOM JEATEIbHOCTH CTYACHTOB [0 Pa3pelIEHUI0 CUTYyallUil, TPEOYIOIHUX TBOP-
YECKOI'0 OBJIAJICHUS 3HAHUSAMH, YMEHUSIMHU, HaBbIKAMH, Pa3BUTHE MBICIUTEIbHBIX
CIIOCOOHOCTEM

WNHTepakTUBHBIE TEXHOJIOTUU — CIOCOOBI aKTUBU3ALUHU ACSITEIBHOCTU CYyOh-
€KTOB B IIPOIIECCE B3aMMOCICTBUS B IPYIIax, COPEBHOBAHUS MEKY IpyNIamMHu.

8.1. MeToauyeckne yKazaHus 10 NMOATOTOBKeE K ayAMTOPHBIM 3aHATHSAM

AynuropHas Gopma M3y4eHUs AUCLUUIUIMHBI MPEANOaraeT JeKIMOHHbIE U
PAKTHUUECKUE 3aHATHSA, a TAKKe Ja00paTOPHBII MPAKTUKYM.

JIeKIIMOHHBIE 3aHATHS MPOBOJAATCA B COOTBETCTBUU C YTBEPXKACHHOM pado-
4eil mporpaMMoil TUCHUIUIMHEL. B mporiecce oOyueHus: UCTIONb3YIOTCS KaK Tpaau-
LIHOHHBIE NPUEMBI IIPENIOAABAHNS, TAK 1 HHHOBALIMOHHBIE NIEarOTHYECKUE TEXHO-
JIOTHUN.

[Tocemenne TEKMOHHBIX 3aHATHN U MOCIEAYIOIIEE YCBOCHHUE MOTyYEHHBIX
B XO/I€ JIEKIIUM 3HAHUM SIBIISIETCS 00s13aTENIbHBIM YCIOBUEM YCIEIIHON MOATOTOBKH
K IIPaKTUYECKUM U J1a00PATOPHBIM 3aHATHIM.



[IpakTHyeckue 3aHATHS IPEACTABIAIOT OO0 BU yueOHBIX 3aHATHIL, B X0/1€
KOTOPBIX CTYIEHTHI, 3aKPEIULIIOT HA IIPAKTUKE ITOJIYYEHHBbIE TEOPETHUYECKHUE 3Ha-
Hus. Tak ke npeanonaraercs IpoBEAEHUE TPOBEPOUHOM paboThI B (hopMe TecTa.

JIabopaTopHBI MPAKTUKYM 3aKJIIOYAETCs B 3HAKOMCTBE C COBPEMEHHBIMHU
METOJMKaMU MOJEIMPOBAHUS HaHOPAa3MEPHBIX OOBEKTOB HEAMIUPUUYECKUMHU, I10-
JYSMIIMPUYECKUMHU METOJAMHU U METOJNAMU MOJIEKYJISIPHON JUHAMUKH.

8.2. Meroanyeckue yKa3aHusl K CAMOCTOSITeIbHOM padoTe

CamocTtosTenbHass paboTa MPOBOJUTCS B COOTBETCTBHM C YTBEPIKICHHOM
paboueil mporpaMMoN TUCIHUIUIMHBI C YYETOM BpPEMEHH, IMPEIyCMOTPEHHOTO Ha
CaMOCTOSITENIbHOE U3yUYCHHE.

CamocrosiTenbHast paboTa BKJIOYaeT B ce0s paboTy ¢ ydyeOHHKaMu, y4yeo-
HBIMU TTOCOOMSIMH, UHTEPHET-PECYPCAMH U T. 1.

KonkperHast ¢popMa caMOCTOATENbHON pabOThl BHIOMPAETCS CTYJEHTOM Ca-
MOCTOSITENIBHO C YY4ETOM MHAWBHIyaJIbHBIX OCOOCHHOCTEH U 11eel MO3HaHUS.

8.3. @opMbI KOHTPOJIS 3HAHUIA

KOHTpoJIb 3HaHUM CTYJIEHTOB II0 W3YYEHHOW IHUCLUIUIMHE IPEANOJIaract
IIPOBEJICHHUE TEKYILETr0, IPOMEKYTOUYHOTO U UTOTOBOTO KOHTPOJIS.

Texyiuuit KOHTPOJIb OCYIIECTBIIsAETCS B (hOpME BHIOOPOUHOM IPOBEPKU KOH-
CIEKTa JEKLIUWA, KOHTPOJIS 32 CAMOCTOSITEIbHON PabOTON CTYZAEHTOB Ha MPAKTHKE.

BaxxHoe 3HaueHHE B MPOLIECCE OCYIIECTBICHUS TEKYIIEro KOHTPOJIS UMEET
paboTa mpenojaBaress co CTyAeHTaMu B ()opMe KOHCYJIbTUPOBAHUS.

[IpomexxyTOUHBIN KOHTPOJb OCYUIECTBISETCS B (popMe TecTa Ha MpaKTUYe-
CKOM 3aHSITHE.

WToroBbIii KOHTPOJIb MPOBOJAUTCS Ha 3K3aMeHe B (opMe TecTa. DK3aMeH
IIPOBOJUTCS JUIsl KOHTPOJIS 3HAHWM, MOJYYEHHBIX B IPOLECCE M3YYEHUs IHCLIH-
TUTMHBI B IOJTHOM 00beMe.

[Ipy mOArOTOBKE K 3K3aMEHY I1€JIeCO00pa3HO O3HAKOMUTHCA C MEpPEUYHEM
BOIIPOCOB, B ClIy4ae BOSHUKHOBEHHMSI CIIOPHBIX MOMEHTOB OOCYIUTh UX C Mpernojaa-
BaTEJIEM.

IToAroToBKa K 3K3aMEHY AOJKHA MPOBOJUTHCS CUCTEMATHYECKH, B TEUCHHE
BCero yueOHoro roja. B mpoiecce moAroToBKU CiIeAyeT UCTOIb30BaTh MATEPUAIIbI
JIEKIIMOHHOTO Kypca, CIIPaBOYHYI0, YUEOHYIO JIUTEpaTypy U MOHOTpaduu.



9. YueOHO-MeTOAUYECKOE 1 HH(POPMALIMOHHOE o0ecrneyeHne AUCIUIIU-
HbI (Y4e0HOro Kypca)

9.1. Obs13aTesIbHAS JIUTEPATypa

bubnuorpaduueckoe onucanue

Tun (yueOHuK, yued-
HOe rmocodue, yueOHo-
METOMYECKOE TT0CO-
Oue, MpaKTHUKYM, JIp.)

KonnuectBo
B OuOJIMoTEKE

Mummna, E. [I. Metoasl nojiydeHUs U HCCIENO0-
BaHUs HAHOMAaTEPHAJIOB W HAHOCTPYKTyp. Jlabo-
paTOpPHBIA TMPAKTHKYM 10 HAHOTEXHOJIOTHSIM
yaeOHoe Tocobue : yuebHnoe nmocodue / E. 1. Mu-
muHa, H. O. llepctiok, A. A. EBIOKHMOB ; moj
penakmueit A. C. Curosa. — 6-e n3n. — Mockaa :
JlaGopartopus 3nanuii, 2021. — 187 ¢. — ISBN
978-5-93208-545-5. — Tekcr : 2NEKTPOHHBIA //
JlaHb : 2JIEKTPOHHO-OMOJIMOTEYHAS CHCTEMA. —
URL: https://e.lanbook.com/book/166740 (nmara
obpamenus: 01.10.2021).

yuebHoe rmocobue

9BbC "Jlaup"

Ocynos, A. P. Marepuasibl 1 METO/Abl HaHOTEX-
HoJorui : ydeOHoe mocobue / A. P. Ocynos, /.
B. KongpareeB. — Ya : BI'TIY umenn M. Ak-
mysuibl, 2020. — 99 ¢. — ISBN 978-5-907176-81-
2. — Texcrt : a1eKTpoHHBIH // JIaHb : 3J€eKTPOHHO-
6ubnuoreyHas cucTema. — URL:
https://e.lanbook.com/book/170438 (mata oOpa-
mienusi: 01.10.2021).

yueOHoe rmocobue

9bC "Jlaup"

CmupnoB, B. . ®usnueckne 0CHOBBI HAHOTEXHO-
JIOTUH M HaHOMaTepuaisl : yuebHoe nmocobue / B.
H. CmupHoB. — VYapsHoBek : Yal'TVY, 2017. —
240 c¢. — ISBN 978-5-9795-1731-5. — TekcT :
AIIEKTPOHHBIH // Jlanb : AJIEKTPOHHO-
O6ubauoreyHas cucTema. — URL:
https://e.lanbook.com/book/165058 (mara o0pa-
menust: 01.10.2021).

yuebHoe rocodue

9bC "Jlaup"




9.2. lonoiHUTEIbHAS JTUTEPATYPA U YueOHbIe MaTepHaJIbl (ayAUO0-, BU-
aeonocoous u ap.)

e (¢onx HayyHoit 6ubmmorexku TI'Y:

/o

bubnuorpaduueckoe onucanue

Tun (yaeOHUK, y4ueo-
HOE mocooue, yaeOHo-
METOAMYECKOE TT0CO-
Oue, MPakTHUKYM,
ayJHo-, BUIECONOCO-
Oust u J1p.)

KonnuectBo
B OubGInoTe-
Ke

Komnounnas xumus : pacuernsie 3ananus / TI'Y
WH-T XMMHM W WH)XXEHEPHOW SKoJoruu ; Kad.
"Xumus" ; [coct. I'M. Ocranenko]. - TI'Y. - To-
aestT : TIT'Y, 2010. - 39 ¢. : mi. - 11-08

paCUYCTHBIC 3aJaHnA

93

Bonkos I'. M. O6bemHble HaHOMaTepHUabl : yueod.
nocooue / I'. M. Bonkos. - I'pudp YMO. - M. :
Knopyc, 2011. - 168 c. : un. - bubnuorp.: c. 159. -
[Mpun.: c. 160-164. - I'moccapwmii: c. 165-168. -
ISBN 978-5-406-00866-9: 198-00

yuebHoe rmocodue

18

HeBonun B. K. KBanToBas ¢u3nka m HAaHOTEXHO-
jgoruu [DNEeKTpoHHBINH pecypc] : [MoHOrpadwms] /
B. K. HeBosuH. - 2-¢ u3n., ucrp. u gomn. - Mocksa
: Texnocdepa, 2013. - 128 c. - ISBN 978-5-
94836-361-5.

MOHoTpadus

9BC
"IPRbooks"

CepreeB H. A. ®uzuka HaHOCUCTEM [DIIEKTPOH-
HbIi pecypc] : [Mmonorpadus] / H. A. Ceprees, /l.
C. PsOymkun. - Mocksa : Jloroc, 2016. - 190 c. -
ISBN 978-5-98704-833-7.

MOHOTpadust

OBC
"IPRbooks"

3051b-T€TIb TEXHOJIOTUS MHKPO- U HAHOKOMITO3H-
TOB [DJEeKTpOHHBIN pecypc] : yueb. mocobue / B.
A. Momnukos [u ap.] ; mox pea. O. A. IlIunoBoti.
- Cankrt-IlerepOypr : Jlanp, 2013. - 293 c. : un. -
(Yuebnuku nans By3oB. CrnenuanbHas JUTepaTy-
pa). - ISBN 978-5-8114-1417-8.

y4eOHUK

9BbC "Jlaup"

OpnoBa M. H. HanoanekTpoHuka [DIeKTpOHHBIH
pecypc] : kypc nekmuit / M. H. Opnosa, U. B.
Bop3six. - Mocksa : MUCuC, 2013. - 50 c. - ISBN
978-5-87623-725-5.

KYpC JIEKIUHI

9bC "Jlaup"

HanoctpykTypsl B noiumepax [DJIeKTPOHHBIN pe-
cypc] : yueb. mocobue / coct. I'. H. ®enoros, A.
®. I'opnosa. - Mocksa : MI'TIY, 2013. - 98 c.

yuebHoe rocobue

9BC
"IPRbooks"

[Tornosckuit K. I'. HaHoTexHOMIOrMU U MHUKpOMeE-
XaHWKa [DIEeKTpOHHBIN pecypc] : yded. mocodue :
Y. 6. bazoBble TEXHOIOIMYECKHE IPOLECCHI MHK-
pocuctemuoi texuuku / K. I'. [Totnosckuid, E. A.
Cxkopoxonos, C. A. Ko3yOHusk. - Mocksa : U3a-Bo
MI'TY um. H.D. baymana, 2013. - 66 c. : ui.

yuebHoe rocobue

9bC "Jlaup"

Hasbiio C. FO. DneMeHTapHOE BBEICHHE B TEO-
pHUIO HaHOCHCTEM [DJEKTPOHHBIN pecypc] : yuel.
nmocooue / C. 0. JlaBeinoB, A. A. Jlebenes, O. B.

y4eOHUK

OBC "Jlanp"




No bubnuorpaduueckoe onucanue Tun (yuebnuk, yue6- | Komnuectso
/1 HOe rmocobue, yueOHo- | B Oubmuore-
METOJINYECKOE MOCO- Ke
Oue, MpaKTUKYM,
ayJuo-, BUAEOIOCO-
Oust u 1ip.)
[Tocpennuk. - U3a. 2-e, nepepad. u mon. - CaHKT-
[TeTepOypr : Jlanp, 2014. - 192 c. : un. - (YueOHu-
KH 111 By30B. CrnenuanbpHas jureparypa). - ISBN
978-5-8114-1565-6.
10. | Bansuckuii C. Y. Hanomarepuansl [ D1€KTpOHHBIH
pecypc] : JleHrMIopoBcKue IUICHKH : y4ed. moco-
oue / C. U. Banauckuii, E. K. Haumu. - Mocksa : ydaeOHOe mocodune ObC "Jlanp"
MUCuC, 2014. - 188 c. - ISBN 978-5-87623-817-
7.
COT'JTACOBAHO
Jupexrop Hay4yHOI OUONIHOTEKN A.M. AcaeBa
(noonucy) (U.0. Damurus)
«__» 20 T

MII




9.3. Ilepeuyennb pecypcoB HHGOPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOM
cetu ""UnTepHeT"

e wWww.biomagres.com/content - apxuB crareli kypHajda BioMagnetic
Research and Technology, mocBsimeHHOro HaHOTEXHOJIOTHSIM.

e http://thescipub.com/journals/ajnt - penen3upyemsrii xypHan American
Journal of Nanotechnology myomukyeT pe3ysbTaThl UCCIICIOBAaHUI B 00-
JIACTH MaTE€pPHH Ha aTOMHOM M MOJIEKYJISIPHOM ypPOBHE.

e http://www.mammp-journal.com - peneHsupyemsiii )xypHan Mechanics
of Advanced Materials and Modern Processes myOJHMKyeT pe3ysbTaThl
MCCIICJIOBAaHHU B 00JIaCTH MEXaHUKH COBPEMEHHBIX MaTEPHUAaIOB, OCOOBIH
aKIIEHT JIeJacTcs Ha PU3NKY M MEXaHUKY JehopMaIiuu, MOBPSKICHUS U
pa3pylieHus B MPOU3BOJICTBEHHBIX MPOIECCaX.

e http://www.immijournal.com - penensupyemsrii xypHan Integrating
Materials and Manufacturing Innovation myOIuKyeT pe3yibTaThl UCCIIC-
JIOBaHUH B 00JIACTH OTKPBITHSA, PA3BUTHsI M MPUMCHECHHS MaTCPHUATIOB C
[EJTbI0 MPAKTUYECKOTO MCIIOIH30BAHMSI B IIPOU3BOJICTBE.

e WebofScience[DnekTpoHHBIA pecypc]| : MyJIbTUAUCIUIUIMHAPHAS pede-
patuBHas Oa3a manubix. — Philadelphia: ClarivateAnalitics, 2016— . — Pe-
®KUM JtocTymna : apps.webofknowledge.com. — 3ari. ¢ skpana. — 3. pyc.,
aHTII.

e Scopus[DnekTpoHHBIE pecypc] : pedeparuBHas 0Oa3za JaHHBIX. —

Netherlands: Elsevier, 2004— . — PexxuM noctyma : scopus.com. — 3ari. ¢
3KpaHa. — 3. pyc., aHri.

e Elibrary[DnexkTpoHHblil pecypc]| : HayyHas 3JIEKTpOHHas OMOIMOTEeKa. —

Mockga : HOb, 2000— . — Pexxum noctyma : elibrary.ru. — 3ari. ¢ skpana.
— 3. pyc., aHrum.

e SpringerLink[DOnexkTponnsiii  pecypc] [6aza  gaHHBIX]. —
Switzerland: SpringerNature, 1842— . — Pexum pgocryna

link.springer.com. — 3aru. ¢ skpaHa. — 513. aHrJI.

e ScienceDirect[nekTpoHHBIN pecypc| : KOJUIEKIUS AJIEKTPOHHBIX KHUT
n3natenbcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum nocty-
na : sciencedirect.com. — 3arJ. ¢ 3kpana. — f3. aHrI.

e Cambridgeuniversitypress[D1eKTpOHHBIN pecypc]| : KypHalbl U3AaTelb-
crBa. — Cambridge: Cambridgeuniversitypress, 2018— . — Pexxum nocrymna
: cambridge.org. — 3aru. ¢ skpaHa. — S13. aHrI.

e NEICON[3nexTponnblii pecypc] : 3aeKTpoHHas WHPOpMAIUS : apXuB
Hay4HbIX XypHasoB. — MockBa : HOUKOH, 2002— . — Pexxum noctyna :
neicon.ru/resources/archive. — 3ari. ¢ skpana. — 5I3. pyc., aHri.


../../../../../../../../../2017/Downloads/www.biomagres.com/content  
http://thescipub.com/journals/ajnt
http://www.mammp-journal.com/
http://www.immijournal.com/

9.4. Ilepevyenb MPOrpaMMHOro obdecreyeHunst

Ne
n/n

Haumenosanue 11O

KoanuectBoO
JULEH3UH

PexBu3uTHI 10T0OBOpA (1aTA,
HOMep, CPOK JAeHCTBHA)

Windows

1398

Horosop Ne 690 ot
19.05.2015r., cpok neiicTBus -
0eccpovHO

Office Standart

1398

Horosop Ne 690 ot
19.05.2015r., cpok neicTBUSA -
6eccpouno; [loroBop Ne 727 ot
20.07.2016r., cpok neicTBus -
O6eccpouHO

I'K Ne 83 ot 31.01.2008 (mmor.

MathCAD

25 cort. Ne84 ot 31.01.2008)

(6eccpounas)

9.5. Onucanue MaTepHAIbHO-TEXHHMYECKOH 0a3bl, HEOOXOAUMOM JIsl

OCyIleCTBJIEHHsI 00Pa30BaTEJILHOI0 MpoLecca Mo AMCIUIVIMHE (MOILYJII0)

HaumenoBanue
000py10BAHHBIX 3
o N 5]
yueOHbIX KaOuHe- dakTHUeCKuil aja- = 2 =
TOB, JJabopaTopuii ec y4eOHbIX Ka0u- ) =
Ne ’ patopun, Ilepeyennb ocHOBHO- pecy =¢ g 2
MACTEePCKUX M Jp. HeToB, J1adoparto- s = =
n/n ro 060py10BaHUSs . =) = F
00beKTOB /1151 TIPO- puii, MACTEPCKHUX U S = S
3
Be/JIeHUA NPAKTH- Ap. = <z 8
YeCKHUX U J1adopa- =
TOPHBbIX 3aHATHI
KomnsrorepHslit Poccuiickas ~ Dene-
KJjacc. VYueOHas panusi, 445020, Ca-
ayJIUTOPHS IS TIPO- Mapckasi 00J1acTh,
BEJICHUS 3aHSITUN r. Tonesartu, lleH-
JIEKIIUOHHOI'0 THIIA. TpaJIbHBIN paios,
CTonBl  yuYeHUYECKHE
YyeOHast ayauTopus yi. benopycckas, na.
JIBYXMECTHBIE ,
JUTSl TIPOBEJICHUSI 3a- 16-B
. CTOJIbI yYEHUUYECKHE,
HATHH CEMMHapCko- | KOMITBIOTE no3unmst mo TIT Ne 1,
ro Ttuma. YueOHas . P12 srax (E-214)
ayIATODHA Wi mpo.. | TP CTOJ Tpemnoja-
Y p P BaTEJIbLCKUI, IIK,
R JI0CKa TPEXCEKIHOH
1 TOPHBIX pabor. P 75,9 32

VYyeOHast ayauTopHs
JUIsL KypCOBOTO IPO-
eKTUpPOBaHUS  (BBI-
MIOJTHEHHUSI KYpPCOBBIX
pabor). VYyebnas
ayauToOpus AJS Mpo-
BEJICHUSI TPYITIOBBIX
U WHAMBHUIYaTbHBIX
KOHCYJIbTAIIU1

VYuebHas ayauropus
Il TIPOBEJICHUs 3a-

Hasl ayauTopHas (Me-
JI0Bast), CTYJ TPETOo-
JaBaTEIbCKUM, TIPO-
eKTOop MYJIbTHME-
JUAWHBIA ,DKpaH ISt
MpoekTopa,  Tym0Oa
BBIKaTHAs




n/n

HaunmenoBanmue
000py10BAHHBIX
Y4eOHbIX KaOuHe-
TOB, J1a00opaTopuii,
MACTEePCKUX M Jp.
00beKTOB JJIs1 IPO-
Be/leHU sl PAKTHU-
YyecKHX M Jabopa-
TOPHBIX 3aHATHH

IlepeyeHb OCHOBHO-
ro 000py10BaHusl

dakTHUecKuii aja-

pec yueOHbIX KaOu-
HETOB, J1adopaTo-

puii, MACTEPCKHUX U

Ap.

IL1omane, M2

KoaundecTBoO
MOCAA0OYHBIX MECT

HATUN TEKYLLETO
KOHTPOJISL U IIPOMeE-
KYTOYHOM aTTecTa-
005058

KommnsrorepHslii

knacc. [lomemenue
UL CaMOCTOSATEIb-
HOH paboThl. Yuel-
Hasl ayAuTOpUs JUIs
MPOBEICHUST  3aHs-
THI  CEMHHApPCKOro
THUIIA. VYyeOnas
ayTUTOPUS I Kyp-
COBOTO TMPOEKTUPO-
BaHUS (BBITIOJHEHUS
KYpPCOBBIX  padoT).
VYyeOHast ayauTOpHs
TUTST HPOBEIECHUS
TPYNIOBBIX U WHJIU-
BUIyaTbHBIX  KOH-
cynmpranuii.  Y4eo-
Has ayauTopus IS
MPOBE/ICHUST  3aHs-
THUA TEKYILEro KOH-
TPOJISI U TIPOMEXY-
TOYHOM aTTeCcTaIuu.

Crobl yueHHUYECKHE,
CTYJIbS YYEHUUYECKHE,
IIK ¢ BpIXOZOM B
cetp HTEpHET

445667, r.TonpaTTH,
IlenTpanbHbli  p-H,
yiI. benopycckas,
n.14, mo3umusg 1o
TII Ne 48, 4 stax (I'-
401)

4,8

16

ITomemenue s
CaMOCTOSITEILHOMN
paboThI CTYIEHTOB

Crosibl  yuyeHUYECKHE
JIByXMECTHBIE U
TpeXMeCTHbIE  (MO-
HOOJIOKH), CTOJ Tpe-
MOJaBaTeILCKHI,
CTYIN npenojaasa-
TEILCKHI, JIOCKa
ayautopHas  (Mejo-
Bas)

445667, r. TonpsTTH,
yi. benopycckas, 14,
ayn. I-440

99,1

110
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