MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienune noaroroBku/cnenuaibHocTs: 27.03.02 YpaiieHne KauecTBOM

HaunmeHoBaHue 06p830BaTeJII)H0]71 IporpaMmali: anaBJIeHne Ka4Y€¢CTBOM B NNPOU3BOJACTBEHHO-TCXHOJOTUICCKUX
CuCTeMax

YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - faKkajJaBpuaT

®opma o0yuyeHusi: 3aouHas

Pabouast nporpaMma QM CHUILIHHBI
OU3BUKO-XUMHUUYECKHUE CBOMCTBA TEXHOJIOTHMYECKHAX

MPOILIECCOB
BJaok: Baok 1 «/Iucuuniaunsl (MoxyJim)»
YacTh 00pa3zoBaTeibLHOM OGs3aTennnast
NMPOrpaMmbl:
Ne qucHMIUIMHBI 10 y4eOHOMY B1.0.24

TJIAHY:

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

5 cemecTp - 4;

Yacos (Bcero) no yueoHomy
IJIAHY:

144 yaca

Jexknun

5 cemecTp - 12 yacos;

HpaKTuquKne 3aHATHA

5 cemectp - 8 yacos;

JladopaTopHbie padoThI

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

Kouncynbranuu

5 cemecTp - 2 yaca;

CamocTrosiTesibHasi padoTa

5 cemecTp - 121,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHbIM MJIAHOM

HNnas koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

BKJIIOYasi:
KontpoabsHas padora

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

5 cemecTp - 0,5 yaca;
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NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
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COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI
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Bnapeney

MbI3HWKOBa M.H.
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3BaHUE)

3aBeyIOIIMI BBITYCKAIOIICH
KadeIphl
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MNognucaHo 3neKTpoHHO| nognuceio ®TEOY BO «HUY «M3W»

CseneHva o snagensuye L3N M3K

Bnapeney

KeToeBa H.Jl.

Waentuduratop

R56dbalba-KetoyevaNL-5403d8c]

(pacumpoBKa MOAKCH)

H.JI. KetoeBa

(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe
3BaHUE)

(mozrucs)

(pacunpoBKa MOAMKCH)



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI
Leabp ocBoeHMsl AUCHUILUIMHBI. H3ydyeHHE (U3MUYECKHX OCHOB IIOJIyYEHHS MAaTepUaloB,
¢dopmupoBaHre 3HAHWN B O0JIACTH COBPEMEHHBIX TEHACHIMHA pPa3BUTUS TEXHOJIOTMU. DOpMHUpOBaHUE
HAay4YHOM OCHOBBI JUIsl OCO3HAHHOT'O U LIEJICHANPABICHHOTO HCIOJIb30BAHMS IOJYYEHHBIX 3HAHUM IpU
CO31aHUU MaTEPUAJIOB, IEMEHTOB, IPUOOPOB U YCTPOMUCTB IEKTPOIHEPTETUKH IIEKTPOHUKH.
3agaum QM CUMILTHHBI
- *u3y4YeHHEe KiIaccu(uKauy 1 o0I1as XapaKTepUCTUKA METOI0B TOTY4YEHHUS MaTEPHUAJIOB;
- [IOJIy4€HHE HOBBIX (DYHJJAMEHTAJIBHBIX 3HAHUHN U MPAKTUYECKUX HABBIKOB B 00JIaCTU
OTIpeIeNIeHUs] CBOMCTB U (PU3NYECKUX OCHOB CMHTE3a MaTEepPHAaJIOB;
- (hopmupoBanue 3HaHMI 0 PyHIAMEHTANBHBIX (PU3MUECKUX 3aKOHOMEPHOCTSX SIBJICHUN B
TBEPAOTENIbHBIX CTPYKTYpaX;
- IpHOOpETEeHNE CTYACHTAMU 3HAHUN O METO/IaX MaTeMaTUYeCKOro MOACIMPOBAHUS KaK OCHOBBI
u3ydeHus QyHKIIMOHUPOBAHUS CTPYKTYPUPOBAHHBIX MaTEPHAJIOB;
- (hopmupoBanue 3HaHMI 0 PyHIAMEHTANBHBIX (PU3UYECKUX OCHOBAX AJIEKTPOHUKH,
3aKOHOMEPHOCTSIX U MEXaHHU3Max IIEpeHoca Macchl U TeIja.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAaHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUIINHE, COOTHECEHHBIE C HHAMKATOPAMH HOCTUKEHUs] KOMIIETEeHIINI

KOI{ U HAMMCHOBAHHEC KOI[ 1 HAMMCHOBAaHHEC 3al'lJ'IaHI/Ip0BaHHI)Ie pe3yJabTaThl oﬁyqemm
KOMIICTCHII U HHAUKATOPA TOCTUKCHUS
KOMIICETCHINH
OIIK-1 Cnocoben N-4omnk-1 Onpenenser SHaTb.
aHAJIM3UPOBATH 3a7a4n OCHOBHBIE ITapaMeTphI ~ OCHOBHBIC THIIEI MATCPHAJIOB H
po(hecCHOHATTLHOM OMOTEXHOJIOTHYECKUX HCOPraHMYEeCKON (METAJUINYCCKUX 1
NEATEIHOCTH Ha OCHOBE MIPOIIECCOB, a TAK)KE METOBI U HEMETAIMYECKUX ) U OPraHUYECKOM
IIOJIOXKEHUH, 3aKOHOB U IIPUEMBI IPOBECHUS (TIOTMMEPHBIX, YIIEPOIHBIX) IPUPOJIBL;
METO/I0B €CTECTBEHHBIX MCCJIEI0BAHUI apaMeTpoB - TCHACHITHK PasBUTHA COBPEMCHHBIX
HayK U MaTeMaTUKU KauyecTBa TEXHOJOTUYECKUX TEXHONOTHH NPOM3BOJCTBA MaTEPHATIOB.
IPOILIECCOB
YMETh!
- BEIOMpATh MaTepHabl, a TAKKe
TEXHOJIOTUYECKHE MPOLIECCHl UX
M3TOTOBIICHHS ISl PELICHUS 3314
npodecCHOHATBLHOMN 1eATeNbHOCTH;
- PaCCUHMTHIBATH XapaKTEPUCTHKH
MaTepHalioB JUI Pa3IMYHbIX o0IacTei ux
MCTIOJTb30BaHUSI.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JuctunnuHa OTHOCHUTCA K OCHOBHOM TpodeccrmoHanmbHON  00pa3oBaTelbHON MpOrpamMme
VihpaBneHue KayecTBOM B IPOM3BOJCTBEHHO-TEXHOJOTHYECKHX cuctemax (mamee — OIIOID),
HampaBieHuss mnoarotoBku 27.03.02 VYmpamiaeHue KauecTBOM, YpPOBEHb OOpa3oBaHUSA: BBICIIEE
oOpa3oBaHue - OakalaBpuar.

bazupyercs Ha ypoBHE cpeaHero oomero oopa3oBaHusI.

Pe3ynbraThl 00y4eHus1, MOTydYeHHbIE P OCBOCHUH TUCIMITIMHBI, HEOOXOIUMBI IPU BBITOJTHEHUN
BBIMTYCKHOMN KBaJTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemecTpe aTTecTaluu
M /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 OCHOBHBIE TTOHATHSL. 27.5 5 3 - 2 - 0.5 - - - 22 - Ilo0z0mogKa K meKyuiemy KOHmMpoio:
KonnencupoBanHas IToBTOpenue maTepuana mno pasgeny "1"
cpena Ilposedenue uccredosanuii: Pabora
1.1 OCHOBHBbIE TOHSTHS. 275 3 - 2 - 0.5 - - - 22 - BBIMOJTHACTCS 110 MHANBUAYAILHOMY 3aIaHHIO.
KonpnencupoBanHas J1ist mpoBeieHnst HCCIleIOBaHUsI IPUMEHSIETCS
cpena ClIeIyOLIIE MaTepHabl:

Ilodzomoeka pacuemno-zpaguueckozo
3adanusa: B paMkax pacueTHO-TpadUIecKoro
3a[JaHusI BRITIOJTHACTCSA YePTEK KOHCTPYKITHH.
J1J1s BBITIOJTHEHUS YePTEIKEH BBITTOTHSIOTCS
MpeIBapUTEIbHBIC PACUETHl OCHOBHBIX
moKasareseld, KOTOpbIe YKa3hIBAIOTCS Ha
yeprexe. 3aJlaHue BBIOIHACTCS
HHIAUBUYAJILHO [0 BapuaHTaM. B kauecTBe TeM
3a/1aHus MPUMEHSIOTCS CIIeNYIONIHe:
Ilodzomoeka Kypcosozo npoexma: KypcoBoit
MIPOEKT BBITIOIHSETCS 110 UHIAUBUIYATbHOMY
3amaHnio. B pamkax paboTel HEOOXOIUMO
paccuuTaTh OCHOBHBIC TIOKA3aTENN PaOOTHI
000pyI0BaHUs, BEIOPATh ONTUMAIIEHOE
pemrenre. KypcoBoii MpoeKT npemxycMaTpuBacT
MOSICHUTEIBHYIO 3aIHCKY C pacueTaMu
rpaduyuecKyro 4acTh. B 3amaHue BXOIHUT pacyer
CIeAYIONINX MOKa3aTesei:

Iloozomoeka K rabopamopnoii pavome: J1nst
BBITIOJTHEH U 33/IaHUH 10 TabopaTopHOi paboTe
HE00XO0IMMO TIPEABAPUTEHHO U3YUUTh TEMY U
3a]1a4 BBITIOJTHEHUS J1JaO0paTOPHOH paboTsI, a
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TaK K€ U3yYUTh BOTIPOCHI BAPHAHTOB
00pabOoTKU pe3yJIbTATOB 10 H3YYCHHOMY B
pasgene "1" marepuainy.

Ilo020moeKka K ayOumopHbvimM 3aHAMUAM:
[IpopaboTka JIEKIINH, BEIITOITHEHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Ilod2zomoeka domauinezo 3adanus:
[ToxroToBka goMaIrHero 3aJaHUs HaIpaBIeHa
Ha OTpabOTKy YMEHUI pemeHus
npodeCCHOHANBHBIX 3a1a4. JloMaliHee 3a1aHue
BBIJIAETCS CTYJIEHTaM 10 U3YUYEHHOMY B paszele
"1" matepuany. JlONOTHUTENHHO CTYACHTY
HE0OX0IMMO M3YYHUTh JINTEPATyPy U pazo0paTh
IIPUMEPHI BBITIOIHEHUS TOTOOHBIX 3aJaHUH.
[IpoBepka qoMaIIHero 3aaHust MPOBOJUTCS 11O
MIPeCTaBICHHBIM TUCBMEHHBIM padoTaM.
Ilodzomoeka doknada, evicmynienus:
3amaHue CBA3aHO C YIITyOJICHHBIM H3yICHUEM
pa3nenoB AUCIUTLTHHEI H CAMOCTOSATEIEHBIM
MTOWCKOM MAaTEepHAIIOB IS PACKPBITHS TEMBI
IoKIaga. Matepualbl BEITIOTHEHHOH paboTh
MIPEICTaBISIOTCS B DJIGKTPOHHOM BHUJIE WU B
(dbopme pacreyaTaHHbBIX MPE3CHTAIUOHHBIX
craiiioB. B kauecTBe TEM JOKIAN0B CTYIEHTaM
MIPeJIaraloTCs CIeyIONNe BApHAHTHI:
Ilo0z0mogKka K KOHMPOILHOU padome:
Wzydenune MaTepuaiios 1o paszaeny 1 u
MOJITOTOBKA K KOHTPOJIBHOI paboTte
Ilodzomoeka Kypcosoit padomui: Kypcoas
paboTa mpeacTaBiIeHa B BHIE KPYITHOH 3a1aun
Mo yueOHOMY Keiicy, OXBaThIBAIOMICH
HECKOJIBKO PACUETHBIX BOIIPOCOB U BEIOOD
BapHaHTa IMPOSKTHOro perreHus. [Tpumep
3aaHuA:

Iloozomoexa kK npakmuuecKum 3aHAMUAM:
N3ydenne matepuana mo pazaeny "1"
MMOATOTOBKA K BBITIOJHEHUIO 3aJaHUI Ha
MPAKTUYIECKHUX 3aHIATHAX

Ilposedenue Ikcnepumenma: Pabora
BEITTOJTHSACTCS 110 WHAWBUAAYAIBHOMY 3a/IaHUIO.
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JIis mpoBeieHusI UCCIICOBAHUS IPUMEHSICTCS
cienyromiee 000opyI0BaHUE:
Camocmoamenbhoe uzyuenue
meopemuyeckozo mamepuana: VI3yaenne
JIOTIONTHUTEIHHOTO MaTepraa 1o pasgery "1"
Tloozomoexa pacuemuvix 3a0anuii: 3a1aHus
OpHEHTHUPOBAHBI Ha PEIICHNS MHUHN3aa4 110
pasgeny "1". CTyaeHTH HEOOXOIMMO
MTOBTOPUTH TEOPETHICCKII MaTepHal,
pa3o0path MPUMEPHI PEHICHUS AHATOTUYHBIX
3a/a4. MPOBECTH PACUYCTHI [T0 BAPHAHTY 3aaHUs
U ceJaTh BBIBOBI. B Ka4yeCTBC 3a1aHUS
HCTIONB3YIOTCS CICIYIONIUE YIPAKHCHUS:
Iloozomogka pedhepama: B pamkax
pedepaTHBHOM YacTH CTYACHTY HEOOXO UM
MIPOBECTH 0030p JINTEPATYPHBIX HCTOYHIKOB IO
BEIOpPaHHOW TeMe, KOMIUIEKCHO OCBETHTh
BOTIPOC B COOTBETCTBHH C TeMOH pedepara,
MOJITOTOBUTH MIPE3CHTAIINIO IS BBICTYIDICHUS
0 pe3yibTaTaM pabOTHl HA CEMUHAPCKOM
3aHATHH. B kadecTBe TeM pedepata CTyIeHTY
MPEIaratoTCsl CIACAYIOIINE BAPUAHTHI:
H3yuenue mamepuanog 1umepamypHslx
UCHOUHUKOB:

[2], 13-22

2 Camoopranuzamus B 27.5 0.5 22
TBEPJbIX TeNax
2.1 Camoopranuzanus B 27.5 0.5 22

TBEPAbIX TCIax

Iloozomoska K mekyuwiemy KOHMpPOIO:
[ToBTOpeHue Marepuana no pasaeny "2"
IIposedenue uccnedosanuu: Pabora
BEITIOJTHACTCS 110 MHAWBUAYAIEHOMY 3aIaHHIO.
JL1s mpoBeIeHusI CCIIeIOBaHIS IPUMEHSICTCS
CIIEIYIOIIHE MaTepHabl:

Ilodzomoeka pacuemno-zpaguueckozo
3adanus: B paMkax pacueTHO-rpadyuIecKoro
3aJ1aHusl BBITIOTHSIETCS YePTEX KOHCTPYKIIHH.
J171s1 BBITIOJIHEHUS YepTEeXKeN BBITIOIHSIOTCA
MIpeIBapUTENIbHBIE PACYEThl OCHOBHBIX
MoKa3aresei, KOTOPhIe YKa3hIBAIOTCS Ha
yeprexe. 3allaHue BBITOJIHACTCS
MHIVMBUAYATBHO TI0 BapHaHTaM. B kauecTBe TeM
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3aJJaHHs IPUMCHSIOTCS CIICAYIOIIHE:
Ilodzomoeka Kypcosozo npoexkma: KypcoBoit
MPOEKT BBHITIOHSCTCS 10 UHAUBHUIYATBHOMY
3amaHnio. B pamkax paboTeI HEOOXOIUMO
paccunTaTh OCHOBHBIE TIOKA3aTENN pabOTHI
000pyI0BaHNUs, BEIOPATh ONITUMAIIEHOE
peumienue. KypcoBoil IpoeKT npeaycMaTpruBaeT
MOSICHUTENBHYIO 3aIICKY C pacueTaMy 1
rpadudgecKyro 4acTs. B 3amaHme BXoOuT pacder
CIIEYIONINX TTOKa3aTelNeH:

Ilodzomoeka K nabopamopnoi padome: Jlns
BBIMOJTHEH U 33JaHUI TI0 JIaAO0OpaTOpHOU padboTe
HEO0XOIUMO NPEABAPUTEIHHO H3YIUTh TEMY H
3aJ1auy BBITIOJHEHUS J1JA0OpaTOPHOH paboTEhI, a
TaK K€ U3yYUTh BOIIPOCHI BAPHAHTOB
00pabOTKU pe3yNIbTATOB 110 H3YYCHHOMY B
pazzene "2" matepuaiy.

Ilo0o2omogka K ayounopHbiv 3aHAMUAM:
[IpopaboTka JIeKIIUH, BHITOITHEHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Ioozomoeka domauwinezo 3a0anus:
[ToaroroBka qOMaITHETO 3aJaHUS HAIIPABJICHA
Ha OTpabOTKy yMEHUIl peleHus
npodeccroHanbHBIX 3a1a4. JloMarHee 3a1aHue
BBIJIAETCS CTYJIEHTaM 110 U3y4YEHHOMY B pasjelie
"2" matepuany. JJONOJTHUTENHLHO CTYACHTY
HEO0XOIMMO U3YyUUTh JUTEPATYPY U pazo0pars
MIPUMEPHI BBITIOTHEHUS ITOTOOHBIX 33 JaHHH.
[IpoBepka goOMAaIIHETO 3aJaHHS IPOBOIUTCS IO
MIpeCTaBICHHBIM TUCBMEHHBIM padoTaM.
Iloozomoeka doxkn1ada, bICHIYNICHUA:
3amaHue CBA3aHO C YriyOJICHHBIM H3YYCHUEM
paszienoB AUCIHUILTUHBI U CAMOCTOSTELHBIM
ITOMCKOM MAaTEPHAIIOB IS PACKPBITHS TEMBI
JToKJIaga. Matepualbl BEIIOTHEHHOH paboThl
MPEICTABISIFOTCS B JICKTPOHHOM BH/C WUJIH B
(dopme pacreyaTaHHbIX MPE3CHTAIHOHHBIX
craiiioB. B kauecTBe TEM OKIAN0B CTYIEHTAM
MPeUIAaratoTCs CICAYIOINE BAPUAHTBI:
Ilod20moeKka K KOHmMpPOIbHOU padome:
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W3yueHne MaTepuaoB o pasaeny 2 u
MOJIrOTOBKA K KOHTPOJIbHOU paboTe
Ilodzomogxa Kypcosou padomuwi: Kypcopas
paboTa npeAcTaBiIeHa B BUAE KPYITHOHN 3a1a91
Mo yaeOHOMY Keiicy, OXBaThIBAIOMIEH
HECKOJIBKO PACUYETHBIX BOIIPOCOB M BBIOOD
BapuaHTa IIPOEKTHOTO pemenus. [Ipumep
3a7aHus:

I10020mo6Ka K npaKmu4eckum 3auAMuam:
Wzyuenne maTepuana no paszgeny "2"
MOJrOTOBKA K BBITIOJHEHUIO 3aJaHUN Ha
MPaKTHYECKUX 3aHITUSIX

IlIpogedenue 3kcnepumenma: Pabora
BBINOJIHACTCS [0 MHANBUAYAIBHOMY 3a/IaHHIO.
Jlng npoBeneHNsI HCClIeI0OBaHMS IPUMEHSIETCS
crenyroniee 060pyI0BaHHE:
Camocmoamenvhoe usyuenue
meopemuyueckozo mamepuana: Vzyaenne
JIOTIOJHUTENIBHOTO MaTepHaia no pasaeny "2"
Iloozomoeka pacuemmnvix 3ad0anuii: 3aganus
OpPHEHTHPOBAHBI Ha PEIICHI MHUHN3a/1a4 110
pazneny "2". CTyaeHThl HEOOXOIUMO
MTOBTOPUTH TEOPETUIECKHUH MaTepHa,
pa3o0paThe NpUMEpPHI PEIICHUS AaHATOTUYHBIX
3a7a4. MPOBECTH PACUYETHI 110 BAPHAHTY 3aJaHU
U cJleNlaTh BEIBOJBL. B KkauecTBe 3amaHus
UCTIONB3YIOTCS CIIETYIONINE YIPaKHEHUS:
Ilodzomoeka pepepama: B pamkax
pedepaTiBHON YacTH CTYJAECHTY HEOOXO UM
IIPOBECTH 0030p JIUTEPATYPHBIX HCTOYHUKOB I10
BBIOpaHHOW TeMe, KOMIUIEKCHO OCBETHTH
BOIIPOC B COOTBETCTBHU C TEMOH pedepara,
MIOJITOTOBUTH IIPE3CHTAINIO IS BBICTYIICHUS
0 pe3ysbTaTaM padOTHl HA CEMUHAPCKOM
3aHATHH. B KadecTBe TeM pedepaTa CTYICHTY
MIPeUIaraloTCs CIeAYIOINe BAPHAHTHI:
H3yuenue mamepuanos 1umepanmypHsix
UCIMOYHUKOG:

[2], 36-47




3 OcobennocT 275 0.5 22
CTPYKTYPBI U CBOJCTB,
CBSI3aHHBIE C MAJIBIM
pa3MepoM JacTHI]
3.1 OcobeHHOCTH 275 0.5 22

CTPYKTYpBI U CBOICTB,
CBSI3aHHBIE C MaJIBIM
pa3MepoM JacTHI]

Ilod2omogKa K meKyuiemy KOHmpoio:
IToBTOpenue maTepuana mno pasaeny "3"
Ilposedenue uccnedosanuii: Pabora
BBITIOTHACTCS 110 HHANBUIyaTbHOMY 331aHHIO.
JIist IpoBeICHNS HCCIIEIOBAHMSI IPUMEHSIETCS
CJIEAYFOIINE MAaTepHAIbL:

Iloozomogka pacuemno-zpaguueckozo
3adanua: B paMkax pacueTHO-TpaUIecKoro
3a7aHUsI BBITIOTHACTCS YEPTEK KOHCTPYKIIHH.
J1J1s1 BBITIOJTHEHUS YePTEKEH BBITOJTHSFOTCS
npeaABapUTEIbHBIC PACYETBl OCHOBHBIX
rokazaTesieli, KOTopble YKa3bIBaloTCsl Ha
yeprexe. 3allaHue BBIOJIHACTCS
WHAWBUIYaAJIbHO IO BapUaHTaM. B xauectBe Tem
3aJlaHus IPUMEHSIOTCS CIIeYIOLINE:
Ilodzomoeka Kypcosozo npoexma: KypcoBoit
MIPOEKT BBITIOJIHACTCS 110 HHAUBUAYATHLHOMY
3amaHuio. B pamMkax paboTsl He06X0ANMO
paccunTaTh OCHOBHBIE TTOKa3aTesn paboThI
000pynoBaHus, BEIOPATh ONTHMAIILHOE
pemenne. KypcoBoif mpoekT npegycmMarpuBact
TOACHUTEJIbHYIO 3aIIUCKY C pacuceTaMu U
rpaduyeckyo 4acTb. B 3a1anue BXoAUT pacuer
CIeAYIOIINX MoKa3aTesei:

Iloozomoeka Kk 1adopamopnoii pavome: J1ns
BBIMOJIHEH U 33 JaHUI 110 JTA00PaTOpHO paboTe
HEOOX0ANMO TPEIBAPUTEIEHO U3YUHTh TEMY 1
3aj1a4M BBITIOJHEHHMS JTaOOpaToOpHOil paboThl, a
TaK kK€ NU3yYUTh BOIPOCHI BApHAHTOB
00paboTKN pe3yIbTaTOB 110 U3YIEHHOMY B
paznene "3" marepuaiy.

Ilod20mogKa K ayOumopHvim 3aHAMUAM:
[TpopaboTka JEeKINH, BEIOJTHEHUE U
MIOJITOTOBKA K 3amuTe 1ab. paboThI
Iloozomoexa domawnezo 3adanua:
[MoaroroBka JOMaIIHETo 33/1aHKs HAIIPpaBJIeHa
Ha OTPabOTKy YMEHUI pemeHus
npodeccroHabHbIX 3a/1a4. JJomalHee 3ajanue
BBIJJAETCS CTY/ICHTaM I10 U3y4EHHOMY B pasJielie
"3" marepuany. JIONOTHUTENBHO CTYJEHTY
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HEO0XOIMMO U3YUYUTh JUTEPATYPY U pa3oOparh
MIPUMEPHI BBITIOTHEHUSI TOTOOHBIX 33 JaHH.
[IpoBepka qoMairHero 3aganus MPOBOJUTCS MO
MIPECTaBICHHBIM MTUCBMEHHBIM padoTaM.
Iloozomoeka doxnada, ebICHIyn1eHUA:
3amaHue CBSA3aHO C YTIyOICHHBIM H3YICHUEM
pa3menoB AUCIUTUTUHEI U CAMOCTOSATEEHBIM
MTOWCKOM MAaTEepHAJIOB IS PACKPHITHS TEMBI
IToKIIaga. MaTtepuralbl BEITIOTHEHHOH paboThl
MPECTABISIFOTCS B JICKTPOHHOM BHJIC WM B
(dbopMe pacreyaTaHHBIX MPE3CHTAIUOHHBIX
caiiioB. B kauecTBe TEM NOKIAN0B CTYEHTAM
MIpeasaralTcs CiaeayIoue BapuaHThl:
Ilod20moeKa K KOHMPOIbHOU padome:
N3ydenne MaTepuanoB 1o pazueny 3 u
MOJITOTOBKA K KOHTPOJIBHOI paboTte
Ilodzomoeka Kypcosoit padomui: Kypcoas
paboTa mpeacTaBiIeHa B BHIE KPYITHOH 3a1aun
o y4eOHOMY Keiicy, OXBaThIBAIOMICH
HECKOJIBKO PACYCTHBIX BOIPOCOB M BEIOOP
BapHaHTa MIPOEKTHOTO perreHus. [Tpumep
3a/laHus:

Ilo020mo6Ka K npaKmuuecKum 3aHAmuim:
W3ydenne matepuana mo pazaeny "3"
MOITOTOBKA K BBITIOJHEHUIO 3aJaHUI Ha
MPAKTUYCCKUX 3aHATUIX

Ilposedenue Ikcnepumenma: Pabota
BEITIOJTHACTCS 110 MHAWBUAYAIEHOMY 3aIaHHIO.
JL1s poBeIeHNsI UCCITeIOBAHIS IPUMEHICTCS
cienyromiee 000pyI0OBaHHUE:
CamocmosamensbHoe usyuenue
meopemuuecko20 mamepuana: zyueHue
JIOTIOJTHUTENFHOTO MaTepHaia 1o pasaeny "3"
Iloozomoexa pacuemusix 3adanuii: 3anaHus
OpPHEHTHUPOBAHBI HA PEIICHUS MHUHU3a1a4 110
pazneny "3". CTyaeHTbl HeOOXO0IUMO
MTOBTOPUTH TEOPETUIECKUIN MaTepuall,
pazo0path IpUMEPHI PEIISHUS AaHATTOTUIHBIX
3a7a4. MPOBECTH PACUYETHI [T0 BAPHAHTY 3aaHUS
U CIIeJIaTh BRIBOJIBL. B KauecTBe 3aqaHus
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UCTIONB3YIOTCS CIIEYIOLINE YIPaKHEHUS:
Iloozomogxa pedhepama: B pamkax
pedepaTrBHOI YacTu CTyJeHTY HEOOXO UM
HPOBECTH 0030p TUTEPATYPHBIX HCTOYHUKOB I10
BBIOPaHHOW TeMe, KOMIUICKCHO OCBETHTb
BOIIPOC B COOTBETCTBHH C TeMOH pedeparta,
MOATOTOBUTH IIPE3CHTALUIO JJIs BBICTYIUICHUS
0 pe3yiabTaTaM paboThl HA CEMUHAPCKOM
3aHATHH. B KagecTBe TeM pedepaTa cTyACHTY
MPEe/JIaraloTCst CIEAYIONIe BApUAHTHI:
H3yuenue mamepuanog iumepamypHsix
UCHOYHUKOG:

[1], 24-38

MukpocTpykTypa u
CBONCTBa
KPUCTAJIIMYECKUX
MaTepHUaIoB

27.5

0.5

22

4.1

MHuKpoCcTpyKTypa 1
CBOICTBa
KPHUCTAUTIIECKUX
MaTepHaoB

27.5

0.5

22

Ilodz0moeKa K meKyuiemy KOHmpoJiio:
[ToBTOpeHune Marepuana no pasaeny "4"
Ilposedenue uccredosanuii: Pabora
BEITIOJTHACTCS IO MHAWBUAYAIEHOMY 3aIaHHIO.
JIns mpoBeieHusI CCIIeIOBaHIS IPUMEHSICTCS
CIIEYIOIIHE MaTepHaIbl:

Ilodzomoeka pacuemno-zpaguueckozo
3adanus: B paMkax pacueTHO-rpadyUIecKoro
3aJ1aHusl BBITIOIHSIETCS YePTEX KOHCTPYKIIHH.
J171s1 BBITIOJIHEHUS YepTEXKeEN BBITIOJIHSIOTCA
MIpeIBapUTENIbHbIE PACYETh OCHOBHBIX
MoKazaresei, KOTOPhIe YKa3bIBAIOTCS Ha
yeprexe. 3a/laHue BBIOIHACTCS
WHIMBUAYAIbHO TI0 BapHaHTaM. B kauecTBe TeM
3aJJaHus TPUMEHSFOTCS CIICAYIOIIHE:
Ilodzomoeka Kypcosozo npoexma: KypcoBoit
MIPOEKT BEHITIONHSACTCS 110 HHAWBHIYATHHOMY
3amaHnio. B pamkax paboTel HEOOXOIUMO
paccuuTaTh OCHOBHBIC TIOKA3aTEeIN PaOOTHI
000pyI0BaHUs, BEIOPATh ONTUMAIIEHOE
pemenne. KypcoBoii IpoeKT npeaycMaTpuBaeT
MOSICHUTENBHYIO 3aIICKY C pacueTaMu
rpaduueckyro yacTh. B 3a1aHue BXOAUT pacyeT
CIeAYIONINX MOKa3aTesei:

Iloozomoeka K rabopamopnoii padome: J1ns
BBITIOJTHEH M 33/IaHUH 110 TabopaTopHOi paboTte
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HEO0XOIUMO TPEABAPUTEIHLHO U3YYUTh TEMY U
3a1a4M BBITIOJHEHHMS JTaOOpaToOpHOil paboThl, a
TaK K€ U3yYUTh BOTIPOCHI BAPHAHTOB
00pabOTKU pe3yNIBTAaTOB 110 H3YICHHOMY B
paszene "4" matepuaiy.

Ilo020moeKa K ayOumopHovim 3aHAmuaM:
[IpopaboTka JIEKIINH, BEITOITHEHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Ilod2zomoeka domauinezo 3adanusn:
ITonroToBKa AOMAIIHETO 3aJaHUS HallpaBJeHa
Ha OTPabOTKY YMEHUI peleH s
npodeccruoHaNbHBIX 3a/1a4. JlomalHee 3aganue
BBIJIaeTCA CTYICHTaM I10 U3Y4EHHOMY B pasjene
"4" matepuany. JlOMOJTHUTENHEHO CTYACHTY
HE0OX0IMMO M3YYHUTh JINTEPATyPY U pazo0paTh
TIPUMEPHI BBITIOTHEHUS ITOTO0HBIX 3aJaHHH.
[IpoBepka goMaIIHeTo 3aJaHHs IPOBOTUTCS IO
MIPeCTaBICHHBIM TUCHBMEHHBIM padoTaM.
Ilodzomoeka doknada, evicmynienusn:
3amaHue CBA3aHO C YIIyOJICHHBIM H3YICHUEM
pa3nenoB AUCIUILTHHEI H CAMOCTOSATEIEHBIM
MTOMCKOM MaTEepHAJIOB IS PACKPBITHS TEMBI
JToksaga. Martepuainsl BBITOTHEHHOH paboThl
MIPECTABIIIOTCA B JICKTPOHHOM BHJIE WX B
(dopmMe pacriedaTaHHbIX PE3EHTAHOHHBIX
caiiioB. B kauecTBe TEM NOKIAN0B CTYEHTAM
MIPeUIaratoTCsl CISAYIOINE BAPHAHTHIL:
Ilo020moeKa K KOHmMPOILHOU padome:
Wzydenne MaTepuaioB 1o pasaerny 4 u
MOJITOTOBKA K KOHTPOJIBHOI paboTte
Ilodzomoeka Kypcosoit padomui: Kypcoas
paboTa mpecTaBiIeHa B BHIE KPYITHOH 3a1a9u
o yueOHOMY Kecy, 0XBaThIBAIOMIEH
HECKOJIFKO PACYETHBIX BOIIPOCOB U BEIOOD
BapHaHTa MIPOEKTHOTo perreHus. [Tpumep
3aaHuA:

Iloozomoexa kK npakmuuecKum 3aHAMUAM:
N3ydenne matepuana mo pazueny "4"
MOJITOTOBKA K BBIMOJIHCHHUIO 3aJaHUI Ha
MPAKTUYECKHUX 3aHATUIX
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Ilposedenue Ikcnepumenma: Pabora
BBITIONTHSAETCS 110 UHAUBHUIYAJIbHOMY 3aJIaHUIO.
Jlst mpoBeieHus uccieqoBaHus MPUMEHSIETCS
cienyromiee 00opyIoBaHHUE:
CamocmoamensHoe usyuenue
meopemuyueckozo mamepuana: VI3yaenue
JIOTIONTHUTEIHHOTO MaTepraa 1o pasaery "4"
Tloozomoexa pacuemuvix 3a0anuii: 3a1aHus
OpMEHTHUPOBAHBI Ha PEIICHNS MIUHN3aa4 110
paszaeny "4". CTyAeHTBI HEOOXOTUMO
MIOBTOPUTH TEOPETUUECKUI MaTepuall,
pazo0patTh IpUMEpPHI PEIICHUS aHATTOTUIHBIX
3a/1a4. MPOBECTU PAaCcUEThl IO BApUAHTY 3aJaHUs
U cIeNaTh BBIBOBI. B kauecTBe 3amaHus
HCTIONB3YIOTCS CIEIyIONUe YIPaKHEHHS:
Ilodzomoeka pepepama: B pamkax
pedepaTHBHOI YacTH CTYACHTY HEOOXOIUM
MIPOBECTH 0030p JINTEPATYPHBIX HCTOYHIKOB IO
BEIOpPaHHOW TeMe, KOMIIEKCHO OCBETHTh
BOTIPOC B COOTBETCTBHH C TeMOH pedepara,
MIOJITOTOBUTH MIPE3CHTAINIO IS BBICTYIDICHUS
10 pe3yybTaTtaM paboThl HA CEMUHAPCKOM
3aHATHH. B KauecTBe TeM pedeparta CTyICHTY
MIPeUIaraloTCs CIeyIOINe BApHAHTHI:
H3yuenue mamepuanog 1umepamypHsix
UCHIOUHUKOB:

[1], 40-45
OKk3aMeH 34.0 - - - - 0.5 - 335
Bcero 3a cemectp 144.0 12 - 8 2.0 0.5 88 335
Hroro 3a cemecTp 144.0 12 - 8 2.0 - 0.5 1215

IIpumeuanue: Jlex — nexuuu; JIab — nabopatopusie padotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYIbTAIMK 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauButyanbHble KOHCYIBTAIUMH 110 KYPCOBBIM IpoekTaM/padoram; I'K- rpymmnoBsie KOHCYIbTAlMU TIO pa3ienaM
mucturuael; CP — camoctosarensHas padorta cryaenta; MKP — nnas konraktHas padota; TK — Texymmiit KoHTposb; [TA — mpomexyTouHas

aTrTeCTanuAa
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3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Ocnoenvie nouamus. Kondencuposannas cpeda

1.1. OcHoBHble oHsATHS. KOHIGHCHpOBaHHAas cpenia

3anmaun kypca. OCHOBHBIC MOHATHS. Ponb M 3HAUEGHHE MaTepUaIoOB B MPOU3BOJICTBE MPHUOOPOB
AJICKTPOHHOM TEXHUKH. Y CIIOBHAs KiacCHU(UKaIUs MarepuaioB mo pasmepy D gactunr (3€pen)..
Karamutnueckass akTUBHOCThL MAaJIBIX dYacTHIl. B3auMojaelcTBHE YacTHII. 2. OOmume
XapaKTEePUCTUKHU, XUMUYECKasi CBSI3b W B3aUMOJICUCTBUE yacTul] [[eHTpaibHble M HaANpaBJICHHbBIC
CWJIBI MeXay artomamu. Mertammndyeckas cBs3b. CBsi3u, oOpa3oBaHHBIE (DIYKTYHUPYIOIUMU
nunoiamu. KoBaneHtHast cBa3b. MoHHas cBsizb. CHIIBI MEXIYy MOJEKYJaMH. OMIHPUYECKUE
NoTeHLManbl  B3aumozeicTBus. Bogoponnas  cBa3b. Cunbl  Ban-pep-Baanbca  Mexnay
MAaKpOCKOIIMYECKMMM  4acThllaMu. B3aumoneiictBue yactuil. YacTUyHO  ymopsi0YEeHHbIE
KOMITO3UIIMOHHBIE MaTepualyibl. [IporHo3upoBaHue TMOBEACHUST CBONCTB MaTEpHUAJIOB. 3.
Hucnokamuu B TBepApix Tenax [lmactudeckas penakcaius. YHpPyroctb Auciokanui. JIuHeiHas
yIpyrocTh. BHEUTHWE W BHYTPEHHHE HANPSDKEHUS. YIPYTHe IMOJsA, CBS3aHHBIC C Je(heKTaMu.
[IpocThie  TOMOJOTMYECKUE XapPaKTEPUCTUKHU  AUCIOKanMil. Jlucimokamuum B KpHUCTaLiax.
HecoBepmiennsie aucnokanuu. JlepexTsl yrnmakoBku W OBOWHUKHU. JIMHeiHOe HaTshkeHHWe. 4.
ATOMHOE U MOJIEKYJSIpHOE ynopsiaoueHus ATOMHbIA nopsanok. IlnotHocts ymakoBku. Ilnotnas
yIaKOBKa JKECTKUX NIUCKOB. [lmoTHas ynmakoBka B Tpex u3aMepeHusx. IlyctoTel Mexay chepamu.
Ponb cummerpun. ['eomerpuueckas ¢pycrpanus. Jlunuu nucnokanuii. Hecopazmepnsie ¢asbl u
KBa3UKPHUCTAILIBL. MOJIEKYJIIPHOE YIIOPSA0UEHHE. .

2. CGMOODZCIHMS’GMM}I 6 msepdbzx menax

2.1. Camoopranu3zanus B TBEp/IbIX TeJIax

5. PacnpocTpaHeHHbIe BUbl KpUCTAIOrpaUIecKUX pemeTok DPPEeKTUBHBIE PaIHyChl HOHOB.
HonHble pagnychl XUMUYECKHX; 21eMEeHTOB. OlpesereHe HOHHBIX U aTOMHBIX paanycoB. Meton
n300pakeHHsI KPUCTAJUIMYECKUX CTPYKTYp LIapaMu pa3HbIX pazmepoB. KoopanHanmoHHbIE YuCa.
Tunel nomudapoB. ['eomerpuueckue Npenenbl YCTOMYMBOCTU  CTPYKTYpP C  Pa3IMYHBIMU
KOOpAMHAIMOHHBIMUA 4nciaMHu. CTPYKTYpHBIM THI NEPOBCKHUTA, INNUHENW, I'paHaTa, ajJMas3a Hu
Ipyrue TUmbl cTpykTyp. Crouctsie cTpykTypbl. CTekna u amopduslie coeauHenus. [lonmumepsr. 6.
Camoopranmszanuss  CaMOOpraHu3yrOIIMECs  YHOPSIAOYEHHBIE  CTPYKTYPBL.  YTOPSAOYEHHbIE
MOPUCTHIE MaTepuasbl. YMOPAIOYEHHbIA MOPHUCTBHIM AHOJIHBIA OKCHJ adtoMuHuA. [lma3meHHbIe
metoabl. Crenuduka HCIOIb3YeMOro IUIa3MEHHOro obopynoBaHHs. 7. CBs3b AJIEKTPOHUKU U
KBaHTOBOH (u3uku OCHOBHBIE NpEACTABICHUS KBAaHTOBOM MexaHMKU. KBaHTOBas mozenp aroma.
[ToHsATHE O MOTEHUHMANBHBIX AMax U Oapbepax. MuUKpodacTuia B IpSMOYTOJIbHOM MOTEHIMATbHON
ame. Ponab mpuUMeCHBIX HMOHOB B (OPMUPOBAHMU CIELMAIbHBIX CBOMCTB MaTepUaioB.
OHepreTUYecKuil CreKTp MpuUMecHbIX HOHOB. 8. Ilpocreiimue BuabI HU3KOPa3MEPHBIX 0OBEKTOB
OHepreTMyeckuil CHeKTp KpHUCTala. OHEPreTHYEeCKUH CIEeKTp JJIEKTPOHOB M  IUIOTHOCTh
AJIEKTPOHHBIX COCTOSIHUN B HU3KOPa3MEPHBIX 00JACTAX..

3. Ocobennocmu CIMPYKMYPbL U CBOUCME, CEA3AHHBLE C MAALIM PA3MEPOM YACUY,

3.1. Ocob6eHHOCTH CTPYKTYPHI U CBOMCTB, CBS3aHHBIE C MaJIbIM pa3MepOM YaCTHUIL

9. ATomHBIE U MOJEKyJsApHble opOuTanu [loBepXHOCTP MOHOKpPUCTAJIOB, HAHOKJIACTEPOB U
HOPHUCTBIX cOopOeHTOB. IIpuMecHble aTOMbI Ha TIOBEPXHOCTH. MOJEKYNIspHBIE OpOUTANH.
[ToBepxXHOCTh METAJUIOB U OKCHJ/IOB METAJNIOB (JIEKTPOHHBIE CBOMCTBA). [l0OBEpXHOCTH METAINIOB U
OKCHJIOB MeTaijia (MarHUTHbIE CBOMCTBa). [IOBEpXHOCTHBIE LIEHTPHl KHCIOTHOTO U OCHOBHOIO
tuna. Ancopobuus. Karanus. [lpumeps! KaTaauTHUECKUX MPEBPALEHUI C y4acTHEM MOBEPXHOCTU
TBepJOro Teina M HaHokiactepoB. 10. OcoOEHHOCTH CBOWCTB, CBSI3aHHBIE C MaJbIM Pa3MEpPOM
yacTull Pa3oBble U CTPYKTYPHBIE COCTOSHUS B YJIBTPAJAMCIEPCHBIX cpenax. da3oBble AuarpaMMbl
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JUCTIEPTUPOBAHHBIX cUCTeM. AMopdHble (a3pl. BausHue ocTaTOYHBIX Tra30oB Ha (hazoBoe
paBHOBeCHUE YJIbTPAAUCIEPCHBIX YacCTUIl C Ta30BOiM (a3oii. OOpa3oBaHWE YIbTPAAUCIICPCHBIX
YaCTHI] B NMEPEOXITIKICHHOM paciijiaBe. DKCIIepHUMEHTalIbHOe n3ydeHue 3dexkra HepacTBOPUMBIX
npumecedd.  uddysus.  duszuxko-marematudeckue  OocHOBHI  auddy3un.  ['omoreHHas
KpUCTAIM3aLUsl  YIbTPAAUCIEPCHBIX  METAUIMYECKUX  yacTul.  Du3ndyeckue  CBOMCTBA
yIBTpajuCIepCcHbIX cped. OTanyne 4acTUll, MOTYYEHHBIX METOJaMHU IOPOUIKOBOM METaJIIyprHH,
OT yJbTpPaJUCIEpPCHbIX yacTHull. MexaHuueckue coiictBa.  11. MukpocTpykTypa U CBOICTBa
KOMIIaKTHBIX ~ MartepuanoB lloBepxHocThp  TBepAbpIX Tel. MHKPOCKONMYECKHE  ACIEKTBHI.
TepMOIMHAMMUYECKUN IOAXOJ IIPU aHAIM3E CBOWMCTB IOBEPXHOCTH XUMHUYECKMM IOTCHUUAI.
CoboaHnas sHeprus ['ud6ca u ceodbonnas sHeprus ['enpmronbsua. TepmoarHaMuKa NOBEPXHOCTH U
IIOBEPXHOCTEH paznena. TepMOAMHAMHMKA KPHUBOJMHEWHOM ITOBEPXHOCTU. TepMOAMHAMUYECKHE
acnekThbl noBepxHocTu. CTpykTypa noBepxHOCTH. CTPYKTypa MOBEPXHOCTH U MeXK(a3HbIX I'PaHMUILI.
12. Hykneanuss u poct kiacrepoB Hykieanmuss v pocT KiIacTepoB B HaHO IOpax BEIIECTBA.
Hyxneanus u pocT K1acTepoB r’UAPOKCUIA JKele3a B HaHO nopax. Hykneanus u poct kiacTepoB Ha
OCHOBE TBEPIOTEJIbHBIX peakuui. TBeprorenbHas HyKiIealuss M pocT KiactepoB. lIpumep
TEPMHUYECKOTO Pa3JI0XKEHUS OKcanara skene3a. ToHkue mieHkH. PopMUPOBAaHUE TBEPAOTENbHBIX
HAaHO KJIaCTEPOB..

4. MMKDOCI’I/IDVKWZVDCI U CeoUCmed Kpucmaiiu4eCKux mamepudainos

4.1. MUKpOCTpYKTypa ¥ CBOWCTBA KPUCTAIUIMUECKUX MaTepUaJIOB

13. TBepnorenbHble XUMHYECKHE peakUUU TBEpHOTENbHBIE XUMHUYECKHE PEaKIMH.
MexaHOXMMHUYECKHE TIPEBPALICHUs. Y AapHO-BOJHOBON cuHTE3. JledekTsl W HampspkeHUs B
TBEPAOTEJIBHBIX HAHOCTPYKTypax. COBpPEMEHHBIE KOMIIO3ULIMOHHBIE KEPAMHYECKUE MaTEpHAIIBI.
Knaccugukanus HaHO KpUCTAJUIMYECKHX MaTepuasioB. KepamMuka B COBpEMEHHOW TexHHKe. 14.
Hano xepamuku 1 HaHO KOoMIIO3UThl HaHO KpHcTananueckue MaTepualibl (HAHO KepaMHUKU U HaHO
KOMIO3UThl). CTpyKTYpHO-4yBCTBUTEJIbHBIE CBOWCTBA HAHO KOMIIO3MTOB. ['paHuibl paznena B
HaHOMaTepHaax. OcobenHnoctu CTPYKTYpBI CYOMHMKPOKPUCTAJUTMYECKUX METAJIJIOB.
HanocTtpykTypa  HEymopsiAOYEHHBIX  CHUCTEM. AHOMaJMM  MEXaHUYECKOTO  IOBEACHMS.
TBepaogaszHble TONOXMMUYECKHE peakiuu. TeroBble M 3JIEKTpUYEeCKHe CBOICTBa. MarHuTHbIE
cBoiictBa. [lonydyeHue nomynpoBOAHUKOBOrO Matepuana. [loidydeHue snuTakcHaabHBIX CTPYKTYP.
15. IloBepxHocTHBIE siBIeHUS 1l0BEpXHOCTHBIE SABIEHUS B U30TPONHBIX cpenax. IloBepxHocTHOE
HaTSDKEHWE W TePMOJMHAMMKA IUIOCKUX TpaHUI] pasnena. AncopOuus. VIcKpuBIIEHHbIE TPaHUIIbI
pasnena IloBepXxHOCTHOE HaTsS KEHHME W 3apojbllieoOpa3oBaHMe HOBOM (¢a3pl. CmaunBaHMe.
[ToBepxHOCTHBIE SBJIEHHUS B AHU3OTPONHBIX Cpeaax. B3auMomeWcTBHUS MEXIy TBEpPIAbIMU
noBepxHocTssMU. CBOOOIHAS SHEPTHs U TEH30p HampsbkeHuid MakcBenia. PacTBOpBI KOJUTOMIHBIX
yacTull; ocoOeHHocTH YycToluuBocTH. Ilopsnox mnpoTuB Oecnopsaka. 16. Outponus B
HEYNOPAIOYEHHBIX cuctemax KoiaudecTBeHHBIE XapakTepUCTHUKH xaoca. Dpakransl U CIOKHAs
YIOPSA0YEHHOCTh. PasMepHOCTH CTpaHHBIX arTpakTopoB. PpakTaibl U sBIEeHUs pocTa. JpoOHas
pasmepHocTh. OcHOBHBIE KoHIenuuu ¢pakraioB. Camonomobue. OneHka (paKTaIbHBIX
pazmepHocteil. [lapnas xoppensuuonHas Qyukuus. [lepkonsauusa (mpotekanue). PpaxTaibHas
pasmepHOCTh. ['eomeTpuyeckoe mpotekanue. IIpoTekanue u (a3oBble Mepexojibl BTOPOTO POAa.
Knacrepsl. Knactep-knacrepnas arperanusi..

3.3. TeMbl NIpaKTHYECKUX 3aHATHI
1. du3nko-MaTeMaTHUeCKEe OCHOBEI IPOBCACHUA TEXHOJIOTHUYCCKUX ITPOLCCCOB;
2. JlernpoBaHue B MPOU3BOACTBE MOTYIPOBOTHIUKOBBIX PUOOPOB U MUKPOCXEM;
3. OCHOBBI KEPAMUYECKOU TEXHOJIOTHH;
4. BeicokoTeMIiepaTypHbIii pOCT MOHOKPHUCTAIIJIOB.

15



3.4. TeMbl 1a00paTOPHBIX padoT

HE MPEyCMOTPEHO

3.5 Koncyabranumn

P

NS

Ayoumopuwie KOHCYIbMAYUU RO Kypcosomy npoekmy/pabome (KIIP)

Koncynbranum HampapieHbl Ha BBIIIOJHEHHE PAa3eliOB KYpCOBOIO MPOEKTa MOJ
PYKOBOJCTBOM HacTaBHHMKa (mpemogaBarensi). B pamkax 4YacoB Ha TIpyNIOBBIE
KOHCYJIbTAIIUU pa30MparoTCsi HauboJiee BaXKHbIC YaCTU PACUETHBIX 3aaHui pa3aena "1"
Koncynpranum HampaBieHbl Ha BBINOJHEHHE pa3/iejiOB KypCOBOIO MPOEKTa IO
PYKOBOJCTBOM HacTaBHHMKa (mpemogaBarens). B pamMkax 4YacoB Ha TpPYNIOBBIE
KOHCYJIbTAIIUU Pa30MPAIOTCs HanboJiee BaKHbIC YaCTH PACUCTHBIX 3aaHuil pa3aena "2"
Koncynbranum HampapieHbl Ha BBIIIOJHEHHE PAa3elioB KYpPCOBOIO MPOEKTa MOJ
PYKOBOJCTBOM HacTaBHHMKa (mpemogaBarensi). B pamkax 4YacoB Ha TIpYyNIOBbIE
KOHCYJIbTalluM pa30uparoTcst HanboJiee BaKHbIE YACTH pacyeTHBIX 3a/laHui paznena "3"
KoncynpTanum HampaBieHbl Ha BBINOJIHEHHE pa3[eioB KYpPCOBOTO MPOEKTa IOJ]
PYKOBOJCTBOM HacTaBHHWKa (mpermogaBarelisi). B paMkax dYacoB Ha TPYIIOBBIC
KOHCYJIbTAIlMK pa3OuparoTcst HanboJiee BaXKHbIE YACTH pacUeTHBIX 3a/laHuil paznena "4"
I pynnosvie koncynomayuu no pazdenam oucyuniunst (I'K)

OO6cyxeHre MaTepuanos Mo keiicam pasaena "1"
OO6cyxxnenre MaTepualioB 1o Keiicam pazzaena "2"
OO6cyxeHue MaTepuanos Mo keiicam pasaena "3"
OO6cyxxaenre MaTepualioB 1o Keiicam pazzaena "4"
HUnousuoyanvuvle koncyromayuy no Kypcosomy npoemy /pabome (MKKII)

Koncynpranuu nposojsrcs no paszgeny "1"
Koncynpranuum npoBoasrcs o pasgeny "2"
Koncynpramuu npoBojsrcs o pazaeny "3"
KoHncynpranuu nposojsarcs no pasgeny "4"

Texywuti konmpoas (TK)

KOHchIbTaL[I/IPI HaIlpaBJICHBI Ha IMOJIYYCHHUEC WHAUBUAYAJIBHOT'O 3aaHUA JIS1 BBIIIOJIHCHUSA
KOHTPOJIBHBIX MEPOTIPUATHH 110 pazaeny "1"
Koncynpbranuu HanpajieHbl Ha TOJYYEHUE WHAWBHIAYAIBHOIO 3a/aHUS IS BBITOJHEHHS
KOHTPOJIBHBIX MEPOTIPUATHH TI0 pazaeny "2"
Koncynbranun HanpasjieHbl Ha TOJYYEHUE WHAWBHIAYAILHOTO 3aJIaHUs IS BBINOJIHEHUS
KOHTPOJIBHBIX MEPOTPUATHH TI0 pazaeny "3"
Koncynbraiun HanpasjieHbl Ha TMOJYYEHUE WHAWBHAYAILHOTO 3aaHus Ul BBIIOIHEHHSA
KOHTPOJIBHBIX MEPOTIPUATUH 10 pazaeny "4"

3.6 TemaTnka KypcoBbIX POEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ paboTa He MPEayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

Howmep paznena
JTVCIUIUTUHBI (B

O1eHOYHOE CPEJICTBO
(THI ¥ HAUMEHOBAaHUE)

3amaHupOBaHHbIE PE3yIbTaThl 00YUYEHHUS M0 TUCIUIUINHE Konpr
(B cOOTBETCTBUHU C pazjesioM 1) WHJIUKaTOPOB COOT]::;CIT ;3 e
1] 2[3]4
3HaTh:
TEHJICHLIUH Pa3BUTHUS COBPEMEHHBIX TEXHOJIOTUI W40 + KontponbHas pa60Ta/KvM-2
MPOU3BOJCTBA MaTEPUAJIOB BricokoTeMIiepatypHblil pOCT MOHOKPUCTAJIJIOB
OCHOBHBI€ TUIIBI MATEPUAJIOB U HEOPTraHUYECKON KonTponbnas padora/Km-1 ¢usuko-
(METAITMYECKUX U HEMETAJUIMYECKUX ) U OPraHUYECKOM N-4onk-1 + MaTeMaTUYECKUE OCHOBBI ITPOBECHHUS
(MOTMMEPHBIX, YTIIEPOTHBIX) MPUPOIBI TEXHOJIOTMYECKUX MPOLECCOB
Ymersb:
pacCUUTHIBATh XaPAKTEPUCTUKHA MATEPHUAIIOB IS KonTponbrast pabora/Km-4 JlermpoBanue B
pa3IMYHbIX 00JaCcTel UX UCIIOIb30BAHUS N -4onk-1 + | IpPOU3BOJICTBE MOITYIPOBOAHUKOBBIX IPUOOPOB U
MHKPOCXEM
BBIOMpATh MaTepPHUAIIbI, a TAKXKE TEXHOJIOTUYECKUE KonTponbnas padota/Km-3 OcHOBBI
MPOLIECCH] UX U3TOTOBIICHUS IS PEIIEHUS 3a4a4 N-4onk-1 + KEpaMUYECKOM TEXHOJIOTUU
poecCHOHALHOM e TENbHOCTH
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
S cemecTp

Dopma peanuzaruu: [lncemennas padota
1. Km-1 ¢pusuko-mMaTemMaTndeckue OCHOBBI IPOBEICHHS TEXHOJIOTHYECKUX MTPOIIECCOB
(KonTpoawsHas pabora)
2. Km-2 BeicokoTremnepaTypHblii pocT MoHOKpucTauioB (KontponbsHas padora)
3. Km-3 OcHoBbI kepamuueckoit TexHosoruu (KontposbHas padoTta)
4. Km-4 JlernpoBaHue B IPOU3BOJCTBE MOIYIPOBOIHUKOBBIX TPHUOOPOB U MUKPOCXEM
(KonTpoabpHas pabora)

bamibHO-pedTUHIOBasA CTPYKTYpa AUCLUILINHBI SABIISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHASI ATTECTAIUSA MO AUCHUIJINHE
Oxzamen (Cemecmp Nos)

B auniom BBICTaBIISIETCS OLIEHKA 32 5 CEMECTP.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. 1. A. bekeros, A. I1. Xpamos, A. FO. Uyiikun, I'. B. Ckonos- "Hccnenoanue $puszmuko-
XUMHYECKHX CBOMCTB MarepuainoB: [Ipaktuxym", M3narensctBo: "U3naTenbecTBo Ypanbekoro
yHuBepcureta", EkarepunOypr, 2014 - (47 c.)
https://biblioclub.ru/index.php?page=book&id=275711,;

2.T. A. BepuinHuH- "®u3nka B3aMMOJEHCTBUS JIA3EPHOT0 U3JIYYECHHUS U 3apsSHKEHHBIX YaCTHII C
MOBEPXHOCTHIO TBEpAbIX Ten", 3garenscTBo: "OMCKHIA rocy1apcTBEHHbINH yHUBEpCUTET UM. ©.M.
Hocroesckoro (OmMI'Y)", Omck, 2019 - (56 c.)
https://biblioclub.ru/index.php?page=book&id=613841.

5.2 JIunieH3MOHHOE ¥ CBOOOHO pacnpocTpaHseMoe NPOrpaMMHoe obecreyeHue:
1. CIO "TIpomerteit";

2. Office / Poccuiickuii maket o(hpUCHBIX IPOrpamm;

3. Maitun Buneoxondepenuuu;

4. GPSS World Student.

5.3 UuTepHeT-pecypcesl, BKJIIOYas NpodecCHOHAIbHBIE 0a3bI JaHHBIX 1 HH()OPMALIHOHHO-
CIIPaBOYHBIC CUCTEMBI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 6udanorexa onaiin' -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunas 3;1ekTpoHHas Ondamoreka - https://elibrary.ru/

18



6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomenieHust Homep aynuropun, OcHanenue
HAaUMECHOBaAHUEC
Y4eOHbIC ayTUTOPUHU K-511, Aynutopus rmapTa co CKambel, CTyJ, TpuOyHa, BeImayika s
JUIsL IPOBENIEHUS JUIsl IPOBENICHUS OJIeX/1bl, IOCKA MEJIOBAsi, KOMIIbIOTEPHAs CETh C
JIEKIIUOHHBIX 3aHATUN MHTEPAKTUBHBIX BBIXOJIOM B IHTEpHET, MyIbTUMEUNHBII
Y TEKYLLET0 KOHTPOJIS 3aHATHH Kadeapbl IIPOEKTOP, IKpaH, KOHJULIMOHED, MENI, MapKep,
MDOII CTHITYC
K-520, Aynuropus Kpecio pabouee, mapra co CKaMbei, CTOJI
JUIS1 IPOBEJICHUS npernojaBaTess, CTyl, TpuOyHa, Bemaika Jist
MHTEPAKTUBHbIX OJIeX/1bl, IOCKA MEJIOBasi, KOMIIbIOTEPHAs CETh C
3aHATHHN Kadeapsl BbIX0JI0M B IHTEpHET, MyJIbTUMEIUUHBIN
MDOII IIPOEKTOP, IKpaH, KOHAULUOHEDP, MET, MapKep,
CTHIIYC
Y4eOHble ayauTOpun K-504, Yyebnas rnapTa co CKaMbel, CTOJI IpernojaBares, CTy,
JUIS1 IPOBEJICHUS ayIUTOpUs TpuOyHa, T0CKa MEJoBasi, MyJIbTUMEIUITHBIN
MPAKTUYECKUX IPOEKTOP, IKpPaH, KOHAULIUOHED
3anstuit, KP u KII K-509, Aynutopus Kpecyo pabouee, mapTa co CKaMbei, CTOJ
JUISI IPOBENIEHUS npenojaBaress, CTyl, TpuOyHa, Belajika Jist
MHTEPAKTUBHBIX OJIeK/Ibl, TOCKA MEJIOBAasi, KOMIIbIOTEPHAsI CETh C
3aHATHH Kadeapel BBIXOJIOM B VIHTEpHET, MyIbTUMEIUNHBII
MDOII IPOEKTOP, IKpaH, KOHAULIMOHEP, MEII, MapKep,
CTHIIYC
YuebHble ayTUTOpUU K-504, Yuebnas rapTa co CKaMb€l, CTOJI IpernojaBares, Ty,
JUISI IPOBENICHUS ayJuTopus TpuOyHa, J0CKa MEJIoBasi, MyJIbTUMEUIHBIN
MIPOMEKYTOUHON POEKTOP, IKPaH, KOHAUIIMOHED
aTTecTaluu K-509, Aynuropust Kpeciio pabouee, napra co ckambeil, cTo
JUISl IPOBENIEHUS npernoJiaBaTess, CTys, TpuOyHa, Belaaka as
MHTEPAaKTUBHBIX OJIeXK/IbI, IOCKA MEJIOBasi, KOMIbIOTEPHAs CETh C
3aHATHH Kadeapsl BBIXOJIOM B IHTEpHET, MyIbTUMEUNHBII
MDOII MIPOEKTOP, IKPaH, KOHAULMOHEDP, METI, MapKep,
CTHIIYC
K-511, Ayauropus napTa co CKaMbei, CTyJ1, TpuOyHa, BelaaKa s
JUISl IPOBENIEHUS OJIeXK/IbI, IOCKA MEJIOBasi, KOMIIbIOTEPHAs CETh C
MHTEPAKTUBHBIX BBIX0JI0M B MIHTE€pHET, MyJIbTUMEIUHHBIN
3aHATHH Kadeapsl IIPOEKTOP, IKPaH, KOHAUIMOHED, MEN, MapKep,
MDOII CTHITYC
K-520, Aynuropus Kpecio paboyee, mapTa co CKaMbei, CTOJ
JUTsI IPOBENICHUS npenojaBaTess, CTyl, TpUOyHa, Belaika Jist
MHTEPAaKTUBHBIX OJZIeXK/IbI, IOCKA MEJIOBasi, KOMIIbIOTEPHAs CETh C
3aHATUN Kadeapbl BbIX0JI0M B MIHTE€pHET, MyJIbTUMEIUHHBIN
MDOII IIPOEKTOP, IKpaH, KOHJUIIMOHED, MEN, MapKep,
CTHIIYC
Iomemmenus g HTB-302, CTyJI, CTOJI TUCbMEHHBIN, KOMITBIOTEPHASI CETh C
CaMOCTOATEIILHOU UuranbHbll 3aJ1 BBIXOJI0M B MIHTE€pHET, KOMIIBIOTED
paboThI oTnena MIepCOHAIbHBIN
00CITy’)KUBaHUS
yaeOHOMH
JIUTEPATYPOM
HTB-303, CTOJI KOMIIBIOTEPHBIH, CTYJI, CTOJ MAChMEHHBIH,
KomnberotepHsiii BeLIAJIKa JUIsl OJEK/bl, KOMIIBIOTEPHAs CETh C
YUTAIBHBIN 371 BBIXOZIOM B IHTEpHET, KOMIIBIOTEP
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MePCOHAIBbHBIN, IPUHTEP, KOHIUIIUOHED

HTB-301, YueOnas
ayuTopus Kadeapsl

napTa, CTyJ, JOCKa MeJIOBasi, KOMIIbIOTEpHAsI
CETh C BBIXOJIOM B IHTEpHET, MYJIbTUMEIUINHBIN

"BUT" IIPOEKTOP, DKpaH
[Tomemenus aist K-507, YueOnas rmapTa co CKambel, CTyJ, TpuOyHa, Belraaka JIjs
KOHCYJIbTUPOBAHUS ayIUTOpUs OJICK/IbI, TOCKA MEJIOBas, MYJIbTUMEIUIHBIN

IPOEKTOP, IKPaH, KOHAUIIUOHED

K-516, Kabuner
COTPYTHUKOB
kadeapsr MOIT

Kpecio pabouee, paboyee MECTO COTPYIHHUKA,
CTOJI, CTYJI, IKad A7 JOKYMEHTOB, Kad ass
OJIeXKJIbI, TYMOA, KOMIIBIOTEPHASI CETh C BBIXOJIOM
B HTepHeT, MHOTO(YHKIIMOHAILHBIN LEHTD,
HOYTOYK, KOMIIBIOTEP IIEPCOHATBHBIN, IPUHTED,
XOJIOTMJIBHUK, KOHJTUITUOHED

K-514, Kabuner
COTPY/HHUKOB
kadeapsr MOIT

Kpecio pabouee, paboyee MECTO COTPYIHHUKA,
CTOJI, CTYJI, IKad A JOKYMEHTOB, MKad Ams
OJICK/IbI, TyMOa, KOMITBIOTEPHAsS CETh C BBIXOJIOM
B MIHTEpHET, KOJIOHKU 3BYKOBBIE,
MHOTO(QYHKIIMOHATBHBIN IICHTP, KOMITBIOTEP
MIEPCOHAIBHBIN, IPUHTEP, KOHIUIIUOHED

K-513, Kabuner
COTPY/JHHUKOB
kadeapsr MOIT

Kpecio pabouee, pabodyee MECTO COTPYIHHUKA,
CTOJ, CTYJ, KA /U1 JOKYMEHTOB, HIKad 1is
OJ1eXk/1bl, TYMOA, KOMIIBIOTEPHAsI CETh C BBIXOJIOM
B MIHTEpHET, 3KpaH MHTEPAKTUBHBIN, KOJIOHKU
3BYKOBBIE, MYJIbTUMEUNHBIN IIPOEKTOP, TOCKA
MapKepHasi, MHOr0() yHKIIMOHAJIbHBIN LIEHTD,
HOYTOYK, KOMIIBIOTEp II€PCOHAIbHBIN, IPUHTED,
XOJIOIMJIBHUK, KOHIULIMOHED

K-518, Kabuner
COTPYAHUKOB
kadenpsr MOIT

Kpecio pabouee, pabodyee MECTO COTPYIHHUKA,
CTOJI, CTYII, IKad A JOKYMEHTOB, Kad ams
OCKIbI, TyM6a, KOMITIBIOTCPHAA CETh C BBIXOI0M
B MlHTEpHET, KOJIOHKU 3BYKOBBIE, JOCKA
MapKepHasi, MHOTO(QYHKIIMOHATIbHBIN LIEHTP,
HOYTOYK, KOMIIBIOTEpP MEPCOHATBHBIN, TPUHTED,
KOHJIULIMOHED

TTomemenust misa
XpaHeHUs
o0opynoBaHus U
y4eOHOr0 MHBEHTAps

K-203, Kabuner
COTPYAHHUKOB
"MQHH

Kpecyo pabouee, pabodee MECTO COTPYIHUKA,
CTOJI, CTYJI, KA 7151 JOKYMEHTOB, BeIIalKa IS
OJICK]IbI, TYMOA, KOMITBIOTEPHAs CETh C BHIXO10M

B IHTEpHET, KOMIIBIOTED MEPCOHAIBHBIN,
IIPUHTEP, XOJOANIBHUK, KOHIUIIMOHED
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

DU3UKO-XUMHYECKHE CBOMCTBA TEXHOJIOTHUYCCKUX IIponccCcoB

(Ha3BaHME AUCIMILIMHBI)

5 cemecTp

Hepeqenb KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:
Kwm-1 (1)I/I3I/IKO-MaTCMaTI/I‘ICCKI/IC OCHOBEI ITPOBCACHUA TEXHOJIOTHYECKUX IIPOLECCOB

KM-1

KM-2
KM-3
KM-4

(KontpomnwsHas pabota)

Kwm-2 BricokoTemmepaTypHbiii pocT MOHOKpHUCTAILIOB (KoHTpoasHas paboTa)

Kwm-3 OcHoBebl kepamuyeckoit Texnosoruu (Konrposnbnas padora)

Kwm-4 JlerupoBanue B pou3BOICTBE MOTYNIPOBOJHUKOBBIX TPUOOPOB M MUKPOCXEM

(KontponpHnas pabota)

Bujx npome:xyTo4HOI aTTecTanmu — JK3aMeH.

WNnnexc KM- | KM- | KM- | KM-
Howep Paszpen nucnurnimHbl KM: L 2 3 4
paszena Henens 4 8 12 15
KM:
1 OcHoBHble noHATHS. KoHieHcHpoBaHHas cpesa
11 OcHoBHble noHsTHS. KOHCHCHUpOBaHHAs cpena +
2 Camoopranusaiys B TBEpbIX Telax
2.1 Camoopranusaiys B TBEpbIX Tellax +
3 OCOOEHHOCTH CTPYKTYPBI U CBOUCTB, CBA3aHHBIE C MAJIBIM
pa3MepoM YacTHIl
31 OCOOEHHOCTHU CTPYKTYPBI U CBOWUCTB, CBA3aHHBIE C MAJIBIM +
' pa3MepoM 4acTHI]
4 MuKpoCTpyKTypa 1 CBOMCTBA KPUCTAININYECKUX
MaTepHajoB
41 MuKpoCTpyKTypa 1 CBOMCTBA KPUCTAININYECKUX +
' MaTepHaJOB
Bec KM, %: | 25 25 25 25
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