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1.  OBJIACTb IPUMEHEHUSA U MECTO JUCIUIIVIMHBI B YYEBHOM ITPOLHECCE

«XUMHUS TBEPAOIo Teay sIBIAETCs NUCLUILIMHON BapuaTHBHOM yacTu IIpodeccuonansHoro
bnoka o nanpasnenuto noarorosku 28.03.03 Hanomarepuaiisi.
JUia u3ydeHus JaHHOM ydeOHOM JUCLMIUIMHBI HEOOXOAMMBI 3HAHMS, YMEHUS M HaBBIKH,
c(opMHpPOBAaHHBIE B MPOLIECCE U3YyUEHHs MpeaMeToB «Marepuaiabl 1 METOJbl HAHOTEXHOJIOTUN»,
«Metoapl MaTematudeckod ¢uszuku», «Kpucramiorpadus», «OIEKTPOHHAS MHUKPOCKOIUS,
«®Pu3nKka TBEPAOTO TeNla» Ha NpeAbAylIeM YpoBHe oOpa3oBaHus. llodydyeHHsle 3HaHUA
UCIIOJIb3YIOTCS CTYJI€HTaMU BO BPEMs BBIIIOJHEHUs y4eOHOM M NMPOU3BOACTBEHHON MPAKTUKH, ITPU
HaIMCAaHUM BBITYCKHOW KBaJTHU(PHUKAIIMOHHON pabOTHI.

2.  CTPYKTYPA JUCHHUIIJIMHBI

Xapaxmepucmuka yueoHol OUCYUNIUHbL

Hanpasnenue noarotroBku 28.03.03 Hanomarepuabl
ITpoduns
OO6pazoBarenbHasl IporpaMma OakayiaBpuaT
Kpanmmduxarnmst aKaJIeMUYeCKUid OaKaaBp
KonnuecTBo copepkaTenbHbIX MOTyIEH 3
Hucuunnmna 6a3v()130171 / BApUATUBHOM YaCTH HCHVILINEA BAPHATHBHOMN TACTH
00pa3oBaTeNbHOIN MPOrpaMMbl
®opwmel kouTposist (MK, sk3ameH, 3auer) MK, 3auer
Mokasaremnt ouHasi (hopma 3ao04Has popma
00y4deHus oOyueHus
KosmgecTBo 3a4eTHBIX eInHUIL (KPEITUTOB) 3 3
I"'on moaroToBku 3 3
Cemectp 5
KonuuecTBo yacoB 108 108
- IEKIIMOHHBIX 36 6
- IPAKTUYECKUX, CEMHUHAPCKUX 18 4
- 1a00paTOPHBIX
- CaMOCTOSTEIIbHON PabOTHI 54 98
B T.4. UHAMBHAYAJIbHOE 33/1aHHE

HenenbHoe KOIUYECTBO YaCOB, 3 10

B T.4. ayJUTOPHBIX 3 10

3.  OIIMCAHME JUCHOUIIJINHBI
Ilenu u 3apa4u
Ilens - QopMmHpOBaHHWE OCHOB HAYyYHOTO XHMHYECKOTO MBINUICHUS, TOJyYCHUE

Heo0XxouMoro 3amnaca (PakTHYeCKUX CBEJCHMI B OOJIACTH CHHTE3a, CTPOCHHUS M CBOMCTB TBEPIBIX
¢a3, a Takke HABBIKOB paOOTHI C STHMH BEIIECTBAMH.

3aoauu:

- OCBOEHHE OCHOBHBIX TEOPETHUYECKUX KOHIICTIINH, ONMMCHIBAIOIINX CTPOCHHE KPUCTATUTMIECCKUX H
amMopQHBIX TBEPABIX (a3,

- TIONyYeHUE TPEACTABICHHUS O pPa3IMYMsIX MEXKIYy MOJCKYSIPHBIMA W HEMOJEKYJISPHBIMH
BEIIECTBAMH, aMOP(PHOM U KPUCTAUTMUYECKOM COCTOSIHUAX TBEPIOTO TENa;
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- IOJIy4€HHE YMEHHUH ONUCHIBaTh MX KPUCTANIOXUMHUECKOE U JIEKTPOHHOE CTPOCHHE OCHOBHBIX
TUIIOB KPHUCTATMYECKUX BEIIECTB (ATOMHBIE, MOJICKYJIIPHBIC, NOHHbIE, HOHHO-KOBAJICHTHBIE);
- NpUOOpETEeHUE HABBIKOB ONMCBHIBAHMSA  TBEPIABIX (Da3bl Ha OCHOBE KBAHTOBOMEXaHHUYECKUX
TEOPHM TBEPIOIO TENa;
- TOJy4YeHUe MpeiCTaBIeHUMH o Jedexkrax TBEpPHOro Tena, UX THUIAX M BUIAX, Ipoleccax
acconuanuu, 00pa3oBaHusl, HICYE3HOBEHUS M B3aUMO/ICHCTBHS;
- [IOJIyYCHHE YMEHUH paccuuTarh TEPMOJMHAMUKY IIPOLECCOB C ydacTHeM TBEPABIX (a3,
UCTONB3Yysl TaONW4YHBIE JaHHBIE W NPUONMKEHHBIE METOJBI, pa3In4yaTh paBHOBECHBIE U
HEPaBHOBECHBIE NE€PEKThl U ONPEEIATh UX BIUSHUE HA U3MEHEHHE (QYHKLUN COCTOSHUS CUCTEM B
IIPOLIECCE B3aUMO/ICHCTBUS PEAreHTOB;
- OCBOCHHUE ONMCAHUS OCHOBHBIX MEXaHM3MOB peakLuil ¢ yyacTueM TBEPABIX (a3 (B TOM yHCIe U
0e3 U3MEHEHHsI COCTaBa) U CIIOCOOBI YIPABICHHS STUMH MEXaHU3MaMH;
- YMEHHE  OIICHHWBaThb CKOPOCTb M SHEPrMI0 aKTUBAIMK IPOLIECCOB PA3JIUYHBIX TUIIOB, 3HATh
OCHOBHBIE MTOHATHSA U METOJIbI U3YUEHHSI UX KUHETUKU, KHHETUYECKUE MOJICIH U yPaBHEHUS;
- I03HAaKOMMTh C MOHATUEM «AKTUBHOE COCTOSHHE PEareHTOB», U3yYUTh CIIOCOOBI MOJIyYSHUS
AKTUBHBIX MTPEKYPCOPOB M aKTUBAIIMH PEAreHTOB B MTPOIECCE B3aUMOICHCTBHS;
- MOJIyYeHHE  MPEJCTAaBICHUM O TEXHOJOIMAX CHHTe3a TBEPABIX (a3 B BUAE IOPOILIKOB U
M3TOTOBJICHUH MaTEPHAJIOB B BUIE KEPAMUKH, TEKCTYP, INIEHOK, MOHOKPHUCTAJUIOB M KOMIIO3HUTOB;
- IPUOOpPETEHNE HABBIKOB OIMCAHUS CTPYKTYPbl MOBEPXHOCTH TBEPAOGA3HBIX MaTEPHUAIOB, 3HATDH
CBOWCTBA, MpENONpeneIsieMble CTPYKTYpOH MOBEPXHOCTH (cOpOIHMs, KaTajiu3, MOBEPXHOCTHBIE
IpOILecChl); YMEHHUI YCTaHaBIMBATh CBSA3b MEXKJIY COCTaBOM, CTpO€HHMEM TBEPAOH ¢a3bl U
XUMHYECKHUMH, (PH3UKO-XUMUYECKUMHU, (PU3MUECKUMHI U MEXaHWYECKHUMHU CBOMCTBAMHU MaTEpHUAIOB
Ha €€ OCHOBE.

TpeOoBanusa K pe3y/abTaTaM OCBOEHMSI AMCHMILIMHBI. [Ipolecc M3ydyeHus AUCHUILIMHBI
«XUMUS TBEPJIOTO Tella» HampaBJeH Ha (pOpMUPOBAHHE AIIEMEHTOB CIEAYIOMINX KOMIIETCHINH B
coorBerctBun ¢ 'OC BIIO JIHP no nanpasnenuro noaroroBku 28.03.03 Hanomatepuansl u
OCHOBHOM ~ 00pa30oBaTeIbHOM  MpOrpaMMbl  BBICHIETO  MpOo(decCHOHATbHOTO  00pa3oBaHUs
HanpasiieHus noarorosku 28.03.03 Hanomarepuassl.

a) oowexynomypnoix (OK):

CIIOCOOHOCTBIO K CaMOOpraHu3aliuy u camoodpasosanuto (OK-7);
CIIOCOOHOCTBIO K KYJIbTYPHOMY MBIIUIEHUIO, K 0000IEHNIO, aHAIN3Y, BOCIIPUSATUIO HH(OpMaLIUH,
MIOCTaHOBKE IeJTU U BBIOOpY myTeit ee qoctmxenus (OK-10);

0) oowenpogheccuonanvuvix (OIIK):

CIOCOOHOCTh MCIOJIb30BaTh B MPO(ECCHOHAILHON JEeSTeNbHOCTH 0a30Bble €CTECTBEHHOHAYYHbIE
3HAHWA, BKJIIOYas 3HAHUS O TMpeAMeTe U OOBEeKTax U3YyYeHHUs, MeETOoJaX MCCIeA0BaHus,
COBPEMEHHBIX KOHLEMIMAX, JOCTHKEHUSIX U OTPaHUYEHUSX €CTECTBEHHBIX HayK (IpexXJe BCEro
XMMHUH, OMOJIOTHH, SKOJIOTHH, HayK o 3emiie u uenoBeke) (OITK-1);

CIIOCOOHOCTh ~ WCIIONIb30BaTh B MPO(ECCHOHATBHON  JEATETBHOCTH  0a30BbIE  3HAHHS
GbyHIaMEHTAIBHBIX PA3[eJIOB MAaTEMAaTHKH, CO3/1aBaTh MaTeMaTHYeCKHE MOJIEIH THUIIOBBIX
npodecCHOHANBHBIX 33/1a4 W HHTEPIPETHPOBATh IMOIYYCHHBIE PE3YIbTAaThl C YYETOM TPAaHUII
npumenumoctu mozesei (OITK-2);

CIIOCOOHOCTh ~ NMPUMEHSATH OCHOBBI METOJOB HCCJIENOBAaHUS, aHauu3a, JUAarHOCTUKA U
MOJICTTMPOBAHMSI CBOMCTB HAHOMATEPHAIIOB W HAHOCHUCTEM HEOPraHWYECKOM M OpraHmYecKOn
MIPUPOJBI, B TBEPIIOM, KHUAKOM, TeIe00pa3HOM, a3pO30JbHOM COCTOSIHUH, BKITFOYAs HAHOILJICHKU U
HaHOCTPYKTYPUPOBAHHBIC TOKPBITHs, BHYTPEHHHE W BHEIIHWE TPaHUIBI pasnena (a3, a Takke
(GU3NYIECKUX ¥ XMMUYECKHX MPOIIECCOB B HUX WK ¢ uX ydactueM (OITK-4);

8) npogpeccuonanvuwvix (I1K):



HAY4YHO-HCCJIeJ0BATEeNbCKAs H NIPOEKTHAA AeATEeJbHOCTD:

- cocOOHOCTh HCIIONIB30BaTh COBPEMEHHBIE MH(POPMALMOHHO-KOMMYHHUKALIMOHHBIE TEXHOJOTHH,
rio0anbHble HH(OPMALIMOHHBIE PECYPChl B HAYUHO-UCCIIEA0BATENbCKON NEATEIbHOCTH B 00JacTh
MaTepUaAIOBEICHUS U TEXHOJIOTUM HaHOMaTepuaiioB U HaHocuctem (ITK-1);

- CIOCOOHOCTh HCIOJIB30BaTh HA MPAKTHKE COBPEMEHHBIC IMPEACTABICHHUS HAyK O CBOWCTBaX
BEIIECTB W MAaTCpPHAJOB IPH IEPeXoJe HMX B HAHOPAa3MEpPHOE COCTOSHUE (HOJb, OJHO U
JIBYXMEPHOE), O BIHMSHHHM pa3Mepa Ha CBOWCTBA BEIIECTB W MAaTEPUANIOB, B3aUMOJCHCTBHU
HAaHOMAaTEePHAJIOB M HAHOCHCTEM C OKpyskatotei cpenoit (I1K-2);

HAYYHO-WHHOBALIMOHHAS 1eSITeJIbHOCTh:
CIIOCOOHOCTh NIPHUMEHATH OCHOBHBIE THIIBI HAHOMATEPUAIOB W HAHOCHUCTEM HEOPTaHUYECKOU
(METaJUTMYECKUX U HEMETANIMYECKUX) U OPraHNYecKOi (IOJUMEPHBIX M YIJIEPOJHBIX) MPUPOJIBI
(TBepIBIX,  KHUJIKHX,  TeJeo0pa3HBbIX, a’pO30JIbHBIX),  BKJIIOYas  HAHOIUIEHKM U
HaHOCTPYKTYPUPOBAaHHbIE TOKPHITHS, IS pPELIeHUs IPOU3BOJACTBEHHBIX 3aJad, BIIAJCHUEM
HaBBIKAMU BBIOOpA OSTHUX MAaTEpHANIOB JUIS 3aJaHHBIX YCJIOBHUH OKCIUTyaTallMd C YYETOM
TpeOOBaHUIN TEXHOJIOTMYHOCTH, SKOHOMUYHOCTH, HAJEKHOCTH U JIOJITOBEYHOCTH, IKOJIOTMUECKUX
nocieacTBuii ux npumeHenus (I1K-5);

CIOCOOHOCTh TPUMEHSTh HAaBBIKM HCIOJIB30BAHUS TEXHUYECKHX CPEACTB JUISI M3MEPEHHS |
KOHTPOJISI OCHOBHBIX IIApaMETPOB TEXHOJOTMYECKMX TIPOLIECCOB TONYYECHUS W CBOWCTB
HAHOOOBEKTOB  (KJIACTEPOB,  HAHOYACTHUI,  (yIJIEpeHOB,  HAHOTPYOOK),  HAHOCHCTEM,
HaHOMaTepHuasoB u uzaenuii u3 uux (I1K-7).

B pe3ysibTare nzyuenus y4eOHOH JUCHUILINHBI CTY/I€HT 10JI2KEH

3HATh: OCHOBHBIC CBEACHHS O CTPOCHHUH pPCAIbHBIX KPUCTAUIOB M CTEKOJ, HPUPOAC CHII
MEXATOMHOTO B3aMMOJICHCTBUS, SHEPTUM KPHUCTAUIMYECKOTO IOJs, MHOT000pasuu  ¢opm
TEIUIOBOTO JBIIKCHUSI U HEOTBPATHMOCTH BO3HUKHOBEHHUS CTPYKTYPHBIX Ie(EKTOB B PEryJsipHON
KpHCTaJ'IJIH‘IeCKOﬁ PCUICTKE, 0COOEHHOCTAX KHHETUKH XUMHYECKHX peaKHI/Iﬁ B TBCPAbIX TCJax,
U3MEHEHHMSIX AaTOMHOTO CTPOEHHMS M PEaKUUOHHOH CIOCOOHOCTH TIpH paJHalMOHHBIX U
MEXaHUYECKUX BO3JCHCTBUSAX Ha BEIECTBO, Je(eKTaX peasbHOro TBEPAOro Teja, AUCIOKAIHUAX -
NPOTSHKEHHBIX Ae(eKTax, MeXaHU3Me 3apOXKICHUS U Pa3MHOXKECHUS TUCIOKAINA, B3aNMO/ICHCTBUSIX
MPOTAXKCHHBIX U TOUCHYHBIX I[e(l)eKTOB.

YMeTh: HCIIOJIb30BaTh 3HAHMsI, YMEHHS M HaBBIKKA B 00JIACTH XMMHUHU TBEPIOTO TeJa IS TIOIYyYSHHUS
HOBBIX MAaTCpUaJiOB, HUHTCPIPCTALIUN HX CBOWMCTB H AJI1 TIJIaHUPOBAHUSA BKCHCpHMeHT&HBHOﬁ
paboThI;

BJIAJ€Th: HpO(l)eCCI/IOHaJ'II)HO HpO(l)I/IJ'H/II)OBaHHBIMI/I SHaHUSMU W TNPAKTHUYCCKUMH HAaBbIKaAMHU B
00JIaCTH XMMHH TBEPJIOTO TeJa.

4.  COJEPXAHUE JUCLHUINIAHBI U ®OPMbI OPTAHU3ALIMY YYEBHOI'O
MPOLIECCA

Hopsaaxoselii

Kparkoe cogep:xanue TemMbl
HOMeEp U TeMa

Cooeporcamenvuwtit modyas 1 «Onucanue meépovix ghasz»

Tema 1. Cnoco6sl | Kpucraminueckue as3bl (AaTOMHBIE, MOJIEKYJISIPHbIE, HOHHO-KOBAJICHTHBIE,
ONMCaHUS TBEPABIX | HOHHBIE) UX KPUCTAIIMYECKOE M DJIEKTPOHHOE CTPOEHHE. XUMHUYECKas
¢ba3 CBSA3b B TBEPABIX TeJIax: MEXAaTOMHOE B3aUMOJIEHCTBHE KOBAJIEHTHOTO
TUIIA, HMOHHas W  METAJUIMYecKas  CBsI3b,  MEXMOJIEKYJISIPHOE
B3anMO/IeiicTBHE (KaK IpUYMHA 00pa30BaHUS MOJIEKYIISIPHBIX KPUCTAIIIIOB).
DOHeprust KpUCTALIMYECKOW PEIETKH KpPHUCTAIoB (CcrocoObl pacuéra u
SKCIIEpUMEHTaJIbHble MeTOoJbl omnpeneneHus). CTpyKTypa KpHCTaJUIOB,




TEOPUHM KPHUCTALIMYECKOTO CTPOeHHs (a3, IKCIEPUMEHTAIBHBIE METOMbI
UCCIIEIOBaHMS CTPOCHUS TBepAbIX Tel. CKpBITHO KpPHUCTaNIMYECKUE U
HEKpHCTAIIIMUecKue TBEPIbIC (a3bl, MOHATHE aMOP(PHOTrO TBEPIOTO Tena
(cTékiia, MOJIMMEPBI, MPOCTHIE BELIECTBA).

Tema 2.
KBanToBOMEXaHUY
€CKOE  OIIMCaHHE

TBEPIBIX (as.

[Tpubnuxenue, OCHOBAaHHO€ Ha MOJEIH CBOOOAHBIX JIEKTPOHOB.
30HHas Teopusl. 3aKOHBI PACIPEIEICHHS JIEKTPOHOB 10 SHEPIETUYECKUM
COCTOSIHUAM. JIMAJIEKTpUKH, TOJYNPOBOJHUKH, METAUIbl. 3anpeliéHHas
30Ha, DHEPreTUYECKHE 30Hbl. buHapHble cruiaBbl. Teopus 1o TUraHaoB B
XUMHUHU TBEPAOTO TEA.

Tema 3.

Hedextor

KPUCTATTNYECKUX
PELIETOK.

ONEKTPOHBI U JIBIPKH. AToMHBIE Ne(eKThl (ToueuHble Ie(EeKThl,
NpUMECHBIE  aTOMbI,  3apsDKEHHbIE M HEHTpaibHble  J1€(EeKTHI,
HECTEXHOMETpHs, O0pa30BaHME BAKAHCUM IPU BBEICHUM INPUMECHBIX
atoMoB). KommeHcanus 3apsdjia, KOMIUIEKCHBIE LEHTPbI, acCOLUalus
nedexroB. CrnocoObl 0003HaYeHHs HApyUIEHUMH B KPUCTAUIMYECKOH
peméTku. Jucnokanuu u 1miockue nedexTsl. B3anMonencTBre TOUeYHbBIX
ne(heKTOB.

Cooeparcamenvhutii mooyaw 2 «Teepooghaznvie peakyuuy

Tema 1. Tunel

Peakuuu mexnay: a) rasoobpaszHoil u TBEpmoM (azamu; 0) KUIKOH U

TBEPIOPa3HBIX TBEPIOU (hazaMu; B) HECKOJIBKMMHU TBEPIABIMHU (azaMH — TEPMOJUHAMHUKA,
peakuui CKOPOCTb 1 MEXaHU3MBI ITPOLIECCOB.

Tema 2. TepmoauHamMuueckas OLICHKa  BO3MOXXHOCTH CaMOIIPOU3BOJIBHOIO
TepmoauHaMuyeck | MpOTEKaHUS XMMHUYECKMX peakuud ¢ ydactueM TBEpABIX (a3,
ue METO/BI | DKCIIEPUMEHTAJIBHBIE METOABl HCCICAOBAHUS TEPMOJMHAMHMKH  ITHX
OIMCAHUS IPOLIECCOB U MPUONIMKEHHBIE CIOCOOBI pacyéTa W3MEHEHHs SHTAJBIIMH,
IIPOLIECCOB c | oHTponuu u dHepruum [uOOGca B mpouecce peakuud C  y4acTHEM

y4JacTHeM TBEPJBIX

dbas.

KPUCTAJTINYECKUX ¢a3. OrmpeneneHue  paBHOBECHBIX  YCIOBUH
00pa30BaHMs ¥ TEPMOJANHAMHUYECKOE ONHUCaHUE (a3 MepEMEHHOIO COCTaBa,
Kak TMpoAyKTOB TBEpAOo(da3HOro B3aumojeicTBusi. PaBHOBecHble U
HEpaBHOBECHBIE J1E()EKTHI.

Tema 3. OusznKo-XxUMU4eckue  (GakTopbl, OMNpeAEAIoIINe MEXaHU3M peaKIHil ¢

Mexanu3msl yuyactueM TBEpABIX ¢a3. duddysus B TBEpHBIX Tenmax. MeTosl

TBEPIOPA3HBIX UCCIIEIOBAaHUsI ~ MEXaHU3MOB  TBEpAOGA3HBIX  peakuuid,  Teopuu

peakuuit TBEP0(A3HOr0 B3aUMOJICHCTBUS U MPOLIECCOB C ydyacTUEM TBEpAbIX (a3,
pearupyromux ¢ ra3000pa3HbIMU M KUJIKUMHU (pa3aMu, BIUSHUE 1e(PEKTOB
Ha CKOPOCTh M MEXaHHM3M OTHUX IIPOLECCOB. MeXaHHM3Mbl Ba)KHEHIIMX
TBEP0(Da3HBIX peakluii, B TOM yucie 0e3 U3MEHEHHUs COCTaBa.

Tema 4. OcCHOBHbIE TIOHSATHSI W METOAbl M3Y4YEHHs] KHHETUKM JTHX peaklui,

CkopocTh peakuyil | KHHETHUECKHE MOJEIN U YPABHEHUSI U30TEPMUUYECKON KNHETUKN. DHEPIHUs

c y4acTHEM | aKTUBALMU PEaKIHH ¢ yuacTHeM TBEPABIX (a3.

TBEPABIX (a3.

Tema 5. [Ipuponma akTMBHOTO COCTOSTHUS TBEPABIX (ha3 M CIOCOOBI €ro OIEHKH.

AKTHBHOE AKTHBHpPOBAaHHE MPEKYPCOPOB IYTEM H3MEHEHHS HUX XHMHUYECKOH U

COCTOSTHUE TEPMHUUYECKON MpPeNbICTOPHH, BBEICHHEM MHUKPOJI00aBOK, MEXaHHYECKOE

pEeareHToB. aKTUBUPOBAaHME W  aAKTUBUPOBAaHUE peareHToB B  IIpoLecce

B3aWMOJICUCTBUS.

Cooeparcamenvuutii modynv 3 «llonyuenue mamepuanoe na ocrnose meepovix ghaz»

Tema 1. Peaxuun
Ha MOBEPXHOCTH
TBEPABIX (a3

IToBepxHOCTHaA JHEprusl. Cop0Ouust Ha TOBEPXHOCTH (THIIB,
n3orepmbl). CTpyKTypa  TMOBEPXHOCTHM M TOBEPXHOCTHBIE MPOLIECCHI.
Karanus (knaccudeckue npecTaBieHus, Ipupoaa KaTaln3aTopoB, METObI
OLIGHKH MX aKTHBHOCTH, CIIOCOOBI MM000pa Karaiau3aTopa K KOHKPETHOMY
IpoIeccy, MPOTHO3 KAaTATUTHYECKOW AaKTMBHOCTU (as3bl, UcXoas Hu3 eé




coctaBa M CTpYKTyphl). [loBepxHOCTh paznena mMexnay TBEpAoi (dazoil u
AKHUJIKUM DJIEKTPOJIMTOM (MeX(a3Hble CIOHU, JIEKTPOIHbIE PEAKLIUN).

Tema 2.
Cunres

das.

TBEPJIBIX

Konpencannonusie METOIBI — CHHTE3 U3 Ta30Boi (as3sl. Kpucrammmsanus
U3 pacTBOpoB M pacmiaBoB. dopmupoBaHue TBEPABIX (a3 B Iporecce
pa3iIoKEeHUsT IPEKypcopoB. MeTo HMCIOIb30BaHNS 3HEPIUU OCHOBHBIX U
IIPEIBAPUTEIIBHBIX  CTAAMi Ipolecca — CaMOpPacHpOCTPAHAIOIINNCS
BbIcokoTeMnepaTypHbiii cuate3 (CBC). OOpa3oBanue TBEPABIX (a3 mpu
B3aMMOJCHCTBUM PEarcHTOB, HAXONAIIMXCA B Pa3JIMYHBIX AarperaTHbIX
cocTosHusAX. Meron TBEpAOGa3zHbIX peakuuil. HuskoremmeparypHbie
CrocoObI MOJyYeHUs TBEPBIX (a3s.

Tema 3. Bungsl

TBEPABIX (a3

[IpocThie BemecTBa HMX COCTaB M CTPYKTypa. OTambl (OPMHPOBAHUS
CTPYKTYpbI (a3 CIIO)KHOIO cocTaBa : TBEPABIE PAcTBOPbI, COEAMHEHUS
KypnakoBa, (a3bl BHeIpeHUs, KJIaTPaThl, JEKTPOHHbIE coequHenus KOMm-
Pozepu, wuHTepMeTamauabl, OTBeyarollMe IpaBUiIaM  (QOpMaIbHON
BAJICHTHOCTH, XHUJIKUE U MOJEKYJSpHbIE KPUCTAIbl, HOHHbIE U HOHHO-
KOBQJICHTHbIC (Da3bl.

Tema 4.
Marepuansl Ha
OCHOBE  TBEPIBIX
bas.

a) XUMHYECKHE CBOWCTBA (a3, 00pa3yoMuX MaTepUaibl (IOJTUMOPPHU3M,
pas3iioKeHue, BO3rOHKA, KOPpO3usi, cTapeHue); 0) ¢pu3nveckue CBOICTBA

(27EeKTPONIPOBOJHOCTG — METaJlUIbl, MOJYNPOBOJHUKH, JUAJIEKTPHUKY;
ONTUYECKUE — TMOIJIOUIeHHEe, (OTONPOBOAUMOCTD, JIFOMUHECIICHLUS;
MarHuTHBIE; TEIJIOBBIE; MEXaHUYECKHUE; IIbE30JIEKTPUYECKHUE;

CBEPXITPOBOJMMOCTbD U T.J1.).

TemaTnueckuii miian

CopaepxarejbHbI MOAYIb 1 «Onucanue TBEPABIX a3y

KoJunyecTBo yacoB
Ounas ¢popma 00y4eHuUs1 3aounas popma oOyueHunst
B T.4. B T.U.
Ha3BaHuus coepKaTeIbHbIX 1 Z21a |5 o A %
= o 2| 2|3 E 3 8 o 5 T3 2|5 s
MoOaYyJIel M TeM = s | o] alg o gl 2 = 3) a8 g3 &
) = O olw Y 2.2 ) = O o &S| 2.2
Q gl z|l el sdgl 2 = T E |0 3lTK
M 2| 5|l s|B = g8 A iz = s | B als 8
) = alo n ) = a | o m e
“|E|g|cgEs| | 2| E|&|dElEs
ol 8|8 Fld = ® |3 "l
El RO = = 5 | o =
Tema 1. CriocoObI OTTMCaHHS
TBEPABIX (a3 12 | 4 | 2 6 6 6
Tema 2.
KBanTOBOMEXaHWYECKOE 12 | 4 | 2 6 10 | 2 2 6
onucaHue TBEPIBIX (a3.
Tema 3.
Hedexrsr  kpucrammuueckux | 12 | 4 | 2 6 8 8
pEUIETOK.
Hmozo no mooynwo 1 36 |12 | 6 18 24 | 2 2 20

Temarndeckuii mian

CopaepxarebHbli Moayab 2 «TBepaogasHbie peakunm»

Ha3sBanus coaep:xatejbHbIX
MOJYJeH U TeM

KoJsmnuecTBo yacos
Ounas ¢popma 00y4eHuUsI | 3aounas popma oOyueHnust




B T.4. B T.U.
el S lh |5 el g 1h _|B
o) 2] e <
) 2l 2|3 &5 8| o X T8 El5¢8
= = Q al= © [ = Q Q | = ©
) = O olr O 2.2 ) = O o) RS 2.2
Q H| Z|elo 3 JL < S| =) £ |o slde
S| B|E|E|5SEY ") 8| E|&|32|EY
HEIEIEEER: S 282 EEs
=Tl |z o | ® | =
Sl B8 |E = B |8 |E
Tema 1. Tunbl TBEpAOPA3HBIX
peakiuii 8 | 2|2 4 8 8
Tema 2.
TepMoaMHAMHYECKHE METOIbI
bMOA Alg |22 4 10 | 2 8
OMMCAaHUs  MPOLECCOB  C
ygactueM TBEPIBIX (a3.
Tema 3.
Mexanu3mbl  TBEpHodasHbix | 6 | 2 4 8 8
peakuuii
Tema 4.
CkopocThb peaKIuii c| 8 2 | 2 4 8 8
ygactueM TBEPIBIX (a3.
Tema 5.
AKTHBHOE cocrossHue | 6 | 4 2 8 8
peareHToB.
Hmozo no mooynio 2 36 |12 | 6 18 42 | 2 40
TemaTuyeckuii nJiaH
CopaepxarejbHbI MOayIb 2 «IloyyeHne MaTepuajioB Ha OCHOBe TBepAbIxX (a3
KoauyecTBo yacoB
Ounas ¢popma 00y4eHuUst 3aounasi popma obyuenust
B T.U. B T.U.
@] ! [0 1
HasBaHus coxepkaTeabHbIX E 22 < B B E 2la o E o
Mo/yJIeli 1 TeM g = |3 a&sgg g =| 3 = ESES
S| 5|z|2|l8gEg ¢ = 2| 2|83'€ E¢
"1 E|E|&I5EY | 8| E|2|55E S
IR EE AR
ol s Tl a | s Bz
E| E|S S = =S S
Tema 1. Peakuun Ha
MOBEPXHOCTH TBEPIBIX (a3 10 | 4 |2 4 10 10
Tema 2.
N 10 | 4 | 2 4 10 10
Cunres TBEpABIX Pa3.
Tema 3. Bunet TBEpABIX (a3 8 | 2 6 10 10
Tema 4. Matepuansl Ha
arep 8 | 2|2 4 12| 2 10
OCHOBE TBEPIBIX (has.
Hmozo no mooyno 3 36 |12 | 6 18 42 | 2 2 38
Hmozo no mooynio 108 | 36 | 18 54 108 | 6 4 98

5. METOAUYECKHE PEKOMEHIALUWU JJISI TIPOBEJAEHUSA _
JIEKIHIMOHHBIX, IPAKTUYECKHUX U JIABOPATOPHBIX 3AHATHUU



TeMbl JIEKIIHOHHBIX 3aHATHH

Ne Konuuecmeo
i Ha3zeanue memoi 4aCos
1 |Cnoco6sl onucanus TBEPABIX (ha3Beenenue 4
2 |KBaHTOBOMEXaHUYECKOE OIMCAaHUE TBEPIBIX (as3. 4
3 |dedexkTsl KpUCTAUIMYECKHUX PEIIETOK. 4
4 |Tumsl TBEpAO(DA3HBIX PEAKIIUMA 2
5 [Tepmonunamuyeckue METONbI OMMCAHUS MPOLECCOB C y4aCTHEM TBEPIBIX 2
das.
6 [MexanusMmsl TBEPAO(]A3HBIX peaKnit 2
7 |CkopocTs peaknmii ¢ yuacTieM TBEPABIX (a3. 2
8 |AkTHBHOE  COCTOSIHME pPEarcHTOB. 4
9 |Peakiuu Ha TOBEPXHOCTH TBEPABIX (a3 4
10 (Cuntes TBEPaBIX das. 4
11 |Bugsl TBEPABIX a3 2
12 |Marepuansl Ha OCHOBE TBEPABIX (a3. 2
BCEI'O 36
TeMbl NpakTHYeCKUX 3aHATHI
Ne Konuuecmeo
wn Ha3zeanue memoi wacos
1 |Pa3pabotka onTuMaibHOTO criocoba cuHTe3a oaHou u3 ¢as (B, Si, Ge, Se,
Te, Sb, Ti, Zr, Mo, W, Cu, Ag, a-Al,03u y-Al,03, CoAl,O4 (TepHapoBa
cunb) (ZnxCo1x)O (pumanoBa 3enenb) (AlCrix)203 (pyoun), CuAl,Qy, 14
ZnAI204, MgF9204, FeAI204, TiOQ, ZFOZ, Nb205, ATIOg, AZFOg, ATiXZrl.
xOS (A: Mg, Ca, SI’, Ba, Fe, Cd, Pb), Sb283, SﬂSz, SbS', Snzpzse)
2 [TexHOIOTHMY U3TOTOBJICHUS MAaTEPHUATIOB PA3JIUYHOTO THIIA. 2
3 |®yHKIHOHATBHBIE CBOWCTBA 2
BCEI'O 18
6. METOAWYECKHUE PEKOMEHJIALUU I1O OPTAHU3ALIUA
CAMOCTOSATEJBHOU PABOTHI CTYJEHTOB
Opranusanusi CaMOCTOSITEJIbHOI pa0oThI CTYICHTOB
Ne Konuuecmeo
wn Ha3zeanue memboi wacos
1 |[BeiBog ypaBHeHus Bynwda-bperra 4
2 |CriocoOBl CcheMKH peHTreHorpaMM (TIopoinka, MoHOKpuctammia (Jlays), 4
BpallleHNs] MOHOKPUCTAILIA)
3 |Onpenenenue napaMerpa dJIEMEHTAPHOU SUeiKU 4
4 |DHeprus KpUCTALTUYECKON PEIIETKH 4
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5 |duddysus B TBepaoM Tene. 3akonbl Duka. 2
6 [[IpuHuune! GopMUpoBaHUS MIAPOBHIX yrnakoBokK. [IpaBuio [lonunra. 3
7 |TerutoBoe pacimMpeHne TBEPAbIX Tell. 3
8 [TeronpoBOAHOCTb. TeNI0eMKOCTb. 3
9 |dudnexTpuyeckas NpOHULEAEMOCTb, MOJIApU3ALINS 3
10 |YnenbHOEe 0OBbEMHOE M TOBEPXHOCTHOE CONPOTUBIIEHUE. [IM3IeKTpUUECKue 3
norepu
11 [Snekrpuueckasi MPOYHOCTb JUAIEKTPUKA. 3
12 |BeicokoTeMnepaTypHas MpOBOJAUMOCTh 3
13 [[IpounocTs W paszpyumieHre TBEpAbIX Tel. OCHOBHBIC MOJOXKEHUS TEOPHH 3
['puddurca.
14 |CriocoObl MEXaHHMYECKOTO HM3MENbYEHHUSI TBEPIBIX Tel. XapaKTepUCTUKH 2
npolecca U3MeJIb4eHUs
BCEI'O 54

o

6
7.
8.
9

7. NUHANUBUAY AJIBHBIE 3AJIAHUSI (re npedycmompeno pabouum niarnom)
8. KOHTPOJIBHBIE BOITPOCHI K IPOMEKYTOYHON ATTECTAIUA

Kpucrannuueckne ¢as3pl (aToMHBIE, MOJEKYJISpHBIC, HOHHO-KOBAJCHTHBIC, WOHHBIE) WX
KPUCTAIIIMYECKOE U 3JIEKTPOHHOE CTPOCHUE.

XuMHUECcKasi CBsI3b B TBEPABIX TENaX: MEKATOMHOE B3aWMOJCHCTBHE KOBAJIECHTHOTO THIIA,
WOHHAsT ¥ METaUIMYecKas CBS3b, MEXMOJIEKYISIPHOE B3auMOJCHCTBHE (KaK MpUYMHA
00pa30BaHUs MOJICKYJISIPHBIX KPUCTAJIIOB).

OHeprusi KpUCTALIMYECKOW PEeIETKH KPUCTAIIOB (CIOCOOBI pacdyéra U IKCIEepUMEHTaNbHbIE
METO/Ibl OIIPEEIICHNUS).

CrpyKTypa KpHUCTAJJIOB, TEOPHM KpPUCTAJUIMYECKOTO CTpOeHUs (a3, HKCHepUMEHTaIbHbIE
METO/IBI HCCIIEIOBAHUS CTPOCHUS TBEPIBIX TEJl.

CKpBITHOKpUCTAJUIMYECKHE M HEKpUCTaJUIMYecKue TBEpAbIe (a3bl, MOHATHE aMOp(HOro
TBEPOTO Tena (CTEKIA, TOJIUMEPHI, MPOCTHIE BEIECTBA).

[Tpubnuxenne, OCHOBAaHHOE HAa MOJIENTU CBOOOIHBIX AJIEKTPOHOB.

30HHast TeopHsl. 3aKOHBI PACTIPEACIICHHSI AIEKTPOHOB 110 SHEPTETUYECKIM COCTOSTHHUSIM.
JIM31eKTPUKH, MTOJTYTIPOBOAHUKH, METAILIBL. 3anpeli€HHas 30Ha, SHEPreTUYECKHE 30HBbI.
bunapssle cruaBsl.

10. Teopus 1ot TUTaHAOB B XUMHUH TBEPJIOTO TeA.
11. DneKkTpoHBI U JBIPKU.

9.  OBPA3EIl MOAYJIBHOT'O KOHTPOJISA
(obpasey eapuanma u Kpumepuu oYeHUBAHUL)

IOy BIIO «JIOHEIIKW HAIITMOHAJIBHBIII YHUBEPCUTET»
dakynpTeT PU3NKO-TEXHUUECKHM

Hanpaenenue noocomosxu:  28.03.03 Hanomarepuanbl
Ipogpuny:
IIpoecpamma noocomosxu: baxanasepuam
Cemecmp 5

Yuebnas oucyuniuna Xumus meepoozo mena
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MOAYJBbHASA KOHTPOJIbHAS PABOTA
BAPUAHT Nel
1. 3onnas Teopus.
2. XuMUYeCKast CBA3b B TBEP/IBIX TEIAX.
3. CTpyKTypa KpHCTaUIOB, TEOPUH KPUCTAILIMYECKOTO CTPOEHUS (as.

VYTBepKIeHO Ha 3acelaHuu Kadeapbl TeoOpeTHUecKoi GU3MKH U HAHOTEXHOJIOTHiA,
MPOTOKOI Ne OT «__» 20 T

3aBenyrommii kKageapoit

[IpenonaBarens
Kpurtepuu oneHnBanus MoAyJIbHOI0 KOHTPOJIS
Homep 3a0anusn Konauuecmeo d6annos
3ananue 1 10
3ananue 2 10
3aganue 3 10
Bcezo 30
10. OBPA3EL DK3AMEHAIIMOHHOTI'O BUJIETA
Teopemuueckue 6onpocwl K 3auemy
1. ATOMHBIE J1e(eKThl (ToueuHble 1e()EeKThl, IPUMECHbBIE aTOMBI, 3apsKEHHbIE U HEUTpaJbHbIE
neeKThl, HeCTEXUOMETpHs, 00pa30BaHNE BAKaHCHM NMPH BBEACHUU IPUMECHBIX aTOMOB).
2. KomneHcanus 3apsiaa, KOMIJIEKCHbIE LIEHTPBI, accolanus A1e(eKToB.
3. CrniocoOb1 0003HaYEHUS HAPYIIEHUI B KPUCTAJUIMYECKOMN PEIIETKH.
4. Jlvcnokanuu ¥ riockue nedexTsl. BzaumozelicTBue ToueuHbIX 1e()eKTOB.
S. Peakuuu mexnay: a) razoodpazHoit u TBEpAOH (azamu; 0) kuIKOM U TBEPAOU (a3zamu; B)
HECKOJIbKUMH TBEPJBIMU (hazaMH — TEPMOAMHAMUKA, CKOPOCTh U MEXAHU3MBbI IPOLIECCOB.
6. Tepmonnnamuyeckas OIICHKA BO3MOXXHOCTH CaMOIPOU3BOJIBHOIO IMPOTEKAHUS

XUMHUYECKHX pPEaKUUi ¢ ydacTueM TBEPABIX (a3, IKCHEpUMEHTAJIbHbIE METOJbl HCCIIECIOBAHUS
TEPMOJMHAMHMKHN 3THX IPOLIECCOB M MPHUOIMKEHHBIE CHOCOOBI pacuéTa W3MEHEHMsI SHTAJIbIINH,
SHTPOIUU U SHepruu ['nub6ca B mpoliecce peakiuii ¢ yuacTueM KpUCTaJUIMYeCKuX ¢as.

7. Onpenenenre paBHOBECHBIX YCIOBUH 00pa3oBaHUs M TEPMOJAMHAMUYECKOE omHcaHue (a3
NEPEMEHHOT0 COCTaBa, KaK MPOyKTOB TBEPAO(HA3HOTO B3aUMOICHCTBHSL.

8. PaBHOBecHBIE U HEPABHOBECHBIE J€(PEKTHI.

9. DU3NKO-XUMUYECKUE (bakTophl,  ONpEIENAIONINEe MEXaHHW3M peakIHi C ydacTuem

TBEPABIX (Pa3.

10.  uddysus B TBEPABIX TeNax.

11. Metoapl uccneoBaHUS MEXaHU3MOB TBEPAOQA3HBIX PEaKIMi, TeopuHu TBEPAO(DA3HOTO
B3aMMOJICHCTBUS W TPOIIECCOB C YYacTHEM TBEpIbIX (a3, pearnpyroumx ¢ razo00pa3HbIMH U
KUJIKUMH (pa3zamMu, BIUSHUE 1e(PEKTOB Ha CKOPOCTh M MEXAHU3M ITHX MPOIIECCOB.

12. MexaHu3Mbl BaKHEHIINX TBEPAO(DA3HBIX peakiuii, B TOM dncie 6e3 U3MEHEHHs COCTaBa.

3aquHa5{ pa60Ta BKJIHOYACT TpI/I 3aJaHusd, 3a KOTOpBIC CTy,[[CHT MOIXKET HOJ’Iy‘-II/ITB max 50
0aJuIoB.
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I(pumepuu OUCHU6aHUA 3auema

Homep 3a0anusn Konuuecmeo 6annoe
3ananue 1 15
3aganue 2 15
3ananue 3 20
Bcero 50 6amn10B

11. KPUTEPUU OLIEHUBAHMUSA

I[Io xypcy «Xumus TBEpAOro Tela» MPEANOoJaraeTcsi MpOBEICHUE MPOMEKYTOUYHOM
aTTeCTalllU B BUJIE€ MOAYJIBHOI'O KOHTPOJIS, BHIIIOJIHEHNE UHAUBUYAJIbHON pabOThI U 3aueTa. 3a4eT
CHAIOT CTY/CHTHI C IENbIO TOBBIIICHUS PEHTHHTA.

Pacnpeoenenue 6annos, Komopule MoZym noay4ums cmyoeHmol
6 npoyecce uzy4eHus OUCYUNIUHDL

Opranu3anuoHHO CPC Bcero
yuebuasn padora NuauBuayanbHas | MoayJibHbIH KOHTPOJIb
CTyJdeHTa paGora
max 10 6amioB max 10 6amioB max 30 100
0asioB
IHlIxana coomeemcmeusn 6an106 HAUUOHANLHOU WIKAIE
Ouenka Ouenka no OueHka 1o rocyJapcTBeHHOM LIKAaJIe Ouenka no
no mxkaJje | 100-0amibHOM (3x3amen, 1uddepeHuMpPOBaAHHBIN 3a4€T) roCy/iapCTBEeHHOM
ECTS HIKaJje mKaJe (3a4er)
A 90-100 5 (OTIUYHO) 3a4TE€HO
B 80-89 4 (xoporio) 3a4TEHO
C 75-79 4 (xoporo) 3a4TE€HO
D 70-74 3 (yIOBIETBOPUTEIHHO) 3a4TE€HO
E 60-69 3 (YAOBJIETBOPUTEINIBHO) 3a4TEHO
FX 35-59 2 (Hey10BJIETBOPUTEIIBLHO) HE 3a4TEHO
C BO3MOXHOCTBIO ITOBTOPHOM CHa4H
F 0-34 2 (Hey10BJIETBOPUTEIBHO) HE 3a4TEHO
C BO3MO>KHOCTBIO ITOBTOPHOM CAAa4YM MPH YCIOBHU
00513aTeIbHOr0 Habopa JONOTHUTENbHBIX 0AJIOB

12. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE YYEBHOI'O ITPOLECCA

JlekimoHHBIE W TPAKTHYECKHUE 3aHATHS MO0 Y4EOHOW MUCHUIIINHE «XHWMHUS TBEPAOTO TEay
npoBosiTest B KomnbrorepHoM kiacce Ne304. OGopyoBaH KOMILIEKTOM yueOHOM Mebenu Ha 28
MOCAJI0YHBIX MECT, KOMIUIEKTOM pabodero mecra TmpernojaBarens, MeloBoi mockoi, 10
KOMITBIOTEPOB C JIMIEH3MOHHBIM NPOTPaMMHBIM OOecledeHneM, JOCTyloM K cetu MHrepher,l
ceTeBoil kommyTarop, 1 wi-fi poyrep, 1 MyabTUMenUHHBIN TPOEKTOP, 1 3KpaH NEPEHOCHOH.

CamocrodTenbHas paboTa CTyI€HTOB IPOXOAUT B YUTAJIHHOM 3aie Ne 4 nmepuoandeckoi
JUTEepaTyphl, YKOMILJIEKTOBaH y4eOHOIl MeOenbio Ha 31 mocaiouHoe MECTO, OCHAIIIEH
KOMITbIOTEPOM B KoMILIekTe (1 1IT.), pacnosioxkeH mo aapecy T. JloHelk, yia. YHUBepcuTerckas, 24,
kab. 19.
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WupuBuayanbHble W TPYNNOBBIE  KOHCYJAbTallUM — CTyAEHTaM Uil IPOBEIEHUs
CaMOCTOSITENIbHOW paboThl MPEJOCTaBIAIOTCA B KaOWHeTe Kadeapbl TeopeTH4ecKor (U3MKU U
HAaHOTEXHOJIOTHM, YKOMIJICKTOBAHHOM KOMIUIEKTOM MeOenun Ha 12 1ocaJouyHbIX —MeECT,
OCHAIIIEHHOM KOMIIBIOTEPOM B KOMILIEKTEe (1 IIT.), IPUHTEPOM, CKAHEPOM, PACIOIOKEHHOM I10
anpecy r. loneuk, np. Tearpanbnsiii 13, aya. 256.

13.  PEKOMEHJOBAHHAS JIUTEPATYPA

Koa-Bo Hanuumne

Neo IK3EMILIAAPOB | JJIEKTPOHHOM
HaumenoBanue

n/n B Ou0/IMOTEKE BEepCUM B

JonHY IbC

Ocnosnas n1umepamypa

1. Xumus TBepmoro Tema : yded. mocobue / [coct. E. N.
'erbman] ; JloHnenkuii Ham. yH-T, XuM. (-T. - JloHEIK : 3
IOro-Boctoxk, 2009. - 76 ¢

2. XuMHs TBEPJOrO Tella U XMMUUECKOE MaTepUaJIOBEICHNE
[DnexkTpoHHBIN pecypc] : yaueOHO-METOAUYECKOE TTocooue
no kypcy "XuMusg TBEpAOro Tela U XUMHUYECKOE
Martepuanosenenue" / [coct.: B. B. Ko3uk, JI. I1. bopwuio,
C. A. Kysnenoa, E. C. JlwotoBa] ; Tomckuit
roCy1apCTBEHHBIN YHHUBEPCUTET, XuMUYeCKui
¢akynbrer. - Tomck : Tomckuii rocynapcTBEHHBII
yauBepcuteT, 2018. - Dnextponnsie qanusie (1 daitn).

3. Knoteko, A. B. Xumus tBepaoro tena : yded. mocodue
uist ctyaeHtoB 1o cneuuaibHoctu 020101 (011000)
"Xumust / A. B. Knaoreko, U. A. Ilpecuskos, 1O. JI.
Tperbsxos. - M. : Akagemus, 2006. - 302 c.

Jlonoanumensnasn numepamypa

4, Xumunueckas sunukioneaus : B 5 1. T. 3 : ME-TTOJI /
I'n. pen. N. JI. Kuynsuu. - M. : bonbmas Poc. DHuukI., 3)
1992. - 640 c.

5. [NaBpyceiiko, H. TI. CrnpaBo4HMK MO XUMHUU : KH. JJIs
yuamuxcs / H. I1. T'aBpyceiiko. - Munck : Hap. acBera, 3
19809. - 79,[1] c.

6. Xenneit, H. Xumus tBepaoro tena / H. Xenneii ; nep. ¢
anri. 1O. M. Muxaiinosa, O. @. XaiipeTAuHOBA ; O] pex. 6
B. B. bonneipesa. - Mocksa : Mup, 1971. - 223 c.

14. HUHO®OPMAIIMOHHBIE PECYPCbI
http://donnu.ru/ — caiit JlouHY.
http://library.donnu.ru/ — caiit 6ubnmnorexu

15. IMPOI'PAMMHOE OBECIIEYEHUE
1. Windows 7 PRO (kopriopatusHas auuensus JOHHY Ne 46484614);
2. Microsoft Office (kopnopatuHas nmuuensust JJOHHY nunensus Ne 46472919);
3. Microsoft Visual Studio (suniensust mporpammsl DreamSpark 11 BeICIINX y4eOHBIX 3aBeIeHUI);
4. Jlunen3un GPL, Apache, BSD mist cBob6ogHoro mporpammaoro obecnieuenusi: FreeLab, Scilab,
Free Pascal, AatuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF



http://donnu.ru/
http://library.donnu.ru/
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PaGouass mnporpaMma paccMOTpeHa UM IepeyTBepXkJIeHa Ha 3aceJaHuu  Kadeapsl
TEOPETUYECKON (PM3UKU U HAHOTEXHOJIOTHI ¢ M3MEHEHUsAIMU (Oe3 m3mMeHenuii) Ha 20 TOJI.

ITporoxoin Ne or“ 7 20 1.

3aBenyrommii kKageapoit

PabGowas mnporpaMMa paccMOTpeHa M TepeyTBEpXKAE€HAa Ha 3acelaHuu  Kadeapsl
TEOPETHYCCKOM (PU3UKK M HAHOTEXHOJIOTHI C Mm3MEeHEeHUsIMU (0e3 n3MeHeHuit) Ha 20 TO/I.

(13 2

[TpoTokon Ne oT 20 1.

3aBenyromnuii kageapoit




