[[ognucado v ymnBepwgedo 8 CH 31 .10. 2023 20:40:35H =magayun 3272781

MuHHCTEpCTBO HAyKH U BhIcIIero oOpa3oBanus Poccuiickoit denepanun
®denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEkKACHUE
BBICIIIETO 00pa30BaHUs
«Ypanbckuii penepanbHblil yHUBEpcUTeT UMeHH repBoro [Ipesunenta Poccuu b.H. Enbrinnay

YTBEPXIAIO
JlnpexTop 1o o0pa3zoBaTeIbHON
JESTSILHOCTH

C.T. Kusases

« »

PABOYAS ITIPOI'PAMMA MOIYJIA

Kon mopyas Moayab

1161945 dusnyeckas U KOJUIOUIHAA XUMUS

Exatepun0ypr



Ilepeuennb cBegennii 0 paboueii mporpaMmme MOayJIst

YuyeTHbIE JaHHBIE

Oépa3oBaTe/bHasi MPorpaMma

1. XuMuaeckass TEXHOJIOTHS MaTCpruajIoB HOBOH TEXHUKH

Koa OI1
1. 18.03.01/33.02

Har[paB.neHue noAroTOBKH
1. XuMudeckast TEXHOIOTHS

Kon HanpaBJICHUA U YPOBHSA MMOJATOTOBKH

1.18.03.01
[Iporpamma MoJyssi COCTaBlIeHa aBTOPaMU:
®damuausa Uva Yenas
Ne ni/m CTelNeHb, YYeHOe HoKHoCTD Ioapasaenenne
OTtuecTBO
3BaHHE
1 Bonkosuu KaHauaaT JloteHT pEIKUX METAJJIOB U
Bragumup XUMHYECKHUX HaHOMAaTEPHAJIOB
AHaTOJIBLEBUY HAyK, TOLEHT
2 ITomoBoB Unbs KaHaugaT JloteHT PENKHAX METAIJIOB U
bopucosuu XUMHYECKIX HaHOMATEPHUAJIOB
Hayk, 0e3
YYEHOTO 3BaHUS
CoraacoBano:

praBHeHI/IC O6paSOBaTeJIBHLIX nporpamm

P.X. Tokapesa




1. OBLIAA XAPAKTEPUCTUKA MOAYJSA ®uznueckas u KOJJIOUIHAST XUMUA

1.1. AHHOTAUMS COAEePKAHUS MOTYJIA

Mopynp “@usnyeckas M KOJUIOWTHAS XHMHS~ SBJISETCA TCOPETUUYECKOM 0a30i BceX (HHU3HKO-
XUMHYECKHUX JUCIHILTUH. B Moayse paccMaTpuBaroTCs 00IIHe 3aKOHOMEPHOCTH XUMHUYECKHUX MPOIIECCOB
Y XUMUYECKOW YHEPTeTUKH, JJIsI 3TOT0 HEOOXOAMMBI 3HAHHSI OCHOB (DM3HUKH, OOIIEH XMMUHM U MATEMATUKH.
[Ipn ocBoeHME HACTOSMIETO MOAYJS 0CO0O€ BHUMAHHUE YIECICHO (PU3UKO-XUMHUYECKOMY OOOCHOBAHMIO
OCHOBHBIX TEPMOJAMHAMUYECKUX U KUHETUYECKUX 3aKOHOB U MOCTYJIATOB, PEKOMEHIALMM 10 TpaHUuLlaM
MPAKTUYECKOr0 MPUMEHEHUS MOJIYyUYEHHBIX 3aKOHOMepHOCTel. C Apyroil CTOPOHBI, B HACTOSIIIEM MOJIYJIe
NoJPOOHO paccMaTPUBAETCs MaTepual IO TEPMOJMHAMHYECKUM pacueTaMm (PU3UKO-XUMUYECKHUX
napamMeTpoB XUMHUYECKHX DPEakiuid, croco0aM pacueTra TepMOJMHAMHYECKUX BEJIMYMUH, XUMUYECKUM U
(ha30BBIM PaBHOBECHSAM, PACCMOTPEHHUIO TUArPaAMM COCTOSHUS, (PU3UKO-XMMHUYECKUM OCHOBAaM MPOIECCOB
aZcopOIMM W TOBEPXHOCTHBIM SIBJICHHUSM, CTPYKTYpOOOpa30BaHMIO B JHUCIEPCHBIX CHCTEMax,
MHUKPOTE€TEPOT€HHBIM CUCTEMaM W MX PacTBOpPaM, KOJUIOMIHBIM U TTOBEPXHOCTHO-AKTUBHBIM BEIIECTBAM.
3710 00YCIIOBIEHO BaXKHOCTHIO YKa3aHHBIX Pa3/esioB /Jisi HOHUMaHUs BOIPOCOB.

1.2. CTpykTypa 1 00beM MOAYJIAA

Tabnmma 1
O0beM IUCHUILIAH MOAYJIS
Ne " BCEero MoayJjs B 3a4€THBIX
Hepeqeﬂb AUCHUILIMH MOAYJIA B MMOCJI€10BATEJIbHOCTH UX OCBOCHUSA
n/n eIMHHUIAX
1 dusnueckas U KOJUIOUAHAS XUMUS 11
HUTOTI'O o momynro: 11

1.3.I1ocsieqoBaTeIbHOCTH OCBOCHHSI MOAY I B 00pa30BaTEJILHOM IPpOrpaMme

IIpepexkBU3UTHI MOAY.JISA 1. HayuHo-(yHIaMeHTaIbHBIE OCHOBBI
po(hecCHOHANIBHOM 1EATENbHOCTH
2. Xumus
IHocTpeKBU3UTHI U KOPEKBU3UTHI 1. OCHOBBI XUMHUYECKOU TEXHOJIOIMU
MoayJist 2. Xumuueckasi TEXHOJIOTUSl MaTepualoB HOBOM

TCXHHUKU

VY4eOHo-HccaenoBaTeNnbekas paboTa CTyJEHTOB
Texnonorus COBPCMCHHBIX MAaTCpUAJIOB
YrpaBieHne 9K0JI0rHYecKoi 6e30MacHOCTHIO

AN Al

dusnyeckue u CIJI/ISI/IKO—XI/IMI/ILICCKI/IC METOAbI
aHaJIn3a

1.4. PacripenejieHe KOMIECTEHUMI 10 AWUCHMINIMHAM MOAYJs, INIAHMPYeMble pPe3yJbTaThl
o0y4eHHs1 (MHIMKATOPHI) 110 MOAYJIIO

Tabnuua 2
3



Ilepeyennb

Koa v HauMeHoOBaHue

I[lnannpyemMble pe3yabTaThbl 00y4eHUsI

JTUCIHUIINH
KOMIIEeTEHIIMH (MHAMKATOPBI)
MOIYJISA
1 2 3
dusunueckas u OIIK-1 - Cnocoben 3-2 - O00CHOBATH 3HAYNMOCTE UCIIOIb30BAHN
KOJUIOWTHAS dhopmynupoBaTh U pemath | GyHIAMEHTAIBHBIX €CTECTBEHHOHAYYHBIX H
XUMUS 3aJ1a4i, OTHOCSIIUECS K ¢dbunocodckux 3HaHUM B GOPMYITUPOBAHUH U

npogeCcCuoHAITBHON
NEeSATEIbHOCTH, TIPUMCHSIS
(byHIaMEeHTaJIbHBIC 3HAHHSI
OCHOBHBIX
3aKOHOMEPHOCTEH
pa3BUTHSI TPUPO/IBI,
YeJioBeKa U 00IIecTBa

perieHuu 3a1a4 npodeccHoHaIbHON
EeSITeIbHOCTHA 3HAHUU

V-2 - Onpenensate KOHKPETHBIE IIyTH PEIICHUS
3a71a4 NpoQecCUOHANBHOMN AesTETbHOCTH Ha
OCHOBE (hyHTaMEHTaIbHbIX
€CTeCTBEHHOHAYYHbIX 3HAHHUH

I[1-1 - PaboTas B komanie, popMyIupoBaTh U
peliaTh 3aa4i B paMKax IMOCTaBICHHOTO
3aJJaHUs, OTHOCAIIMECS K 00JIaCTH
IpoeCCUOHATILHOM J1eATEIbHOCTH

OIIK-3 - Crocoben
MIPOBOJNTH UCCIICTOBAHUS
¥ U3BICKAHUS IS
PEIICHUS TTPUKIIATHBIX
WH)XEHEPHBIX 3aJ1a4
OTHOCSIIUXCS K
npoQeCCuOHAITBHON
JeITECIILHOCTH, BKITFOYas
MPOBEJICHUE U3MEPEHUM,
IJITAHUPOBAHUE U
MTOCTaHOBKY
AKCTIEPUMEHTOB,
HWHTEPIPETALHIO
MOJTYYEHHBIX PE3YIHTATOB

3-1 - 310%XUTHh OCHOBHBIE TPUEMBI U METObI
MPOBEICHUS UCCIICIOBAHUI U U3BICKAHUIA,
KOTOpBIE MOTYT OBITh UCITOJIb30BAHBI JIJIS
pelieHust MOCTaBICHHBIX MTPUKJIAAHBIX 33/1a4,
OTHOCSIIUXCS K TPO(heCcCHOHATBHOM

e TeTbHOCTH

3-2 - XapakTepu3oBaTh BO3MOKHOCTH
JOCTYIHON UCCIIEIOBATENBCKOM anmapaTypsbl
JUIS pealii3aliy MpeoKEHHBIX TPUEMOB U
METOJIOB PELICHHS MOCTaBICHHBIX MPUKIAIHBIX
WHXCHEPHBIX 3a7]a4 OTHOCSIINXCS K
npodeccroHaNbHOM IeATeTbHOCTH

3-3 - OnucaTh NOCIE10BATENILHOCTD IEHCTBUI
pu 00pabOTKE U UHTEPIIPETALNN MOTYUEHHBIX
pe3yJIbTaTOB UCCIECIOBAHUI U U3BICKAHUI

VY-1 - O6ocHOBaTh BHIOOP MPHUEMOB, METOIOB H
COOTBETCTBYIOIIEH anmapaTypbl 11t
MPOBEJICHUS UCCIIEOBAHUN U U3BICKAHU,
KOTOpBIE TTO3BOJISIT PEIIUTh TOCTABJICHHBIC
MPUKJIAJHBIE 3a1a4U, OTHOCSIIUECS K
npodeccroHaNbHOM eI TeTbHOCTH

VY-2 - Onpenensts nepeyeHb HEOOXO0AUMBbIX
PECYpPCOB U BpEMEHHBIE 3aTpaThl pU
COCTaBJICHUH IIJIaHA MPOBEACHUS
HUCCIIEIOBAHNU U N3BICKAHUI




V-3 - AHanu3upoBath U O0BSCHUTD
IIOJIy4YE€HHBIE PE3YJIbTAThl UCCIIEN0BAHUN U
U3BICKAaHUI

[1-1 - [ToAroTOBUTH M IPOBECTH
JKCIIEPUMEHTAJIbHbIE U3MEPEHMS,
VICCIICJOBAHMSI U U3BICKAHUS I PEILICHUS
NIOCTaBJICHHBIX NPUKJIAJHBIX 3a/1a4,
OTHOCALIMXCS K MPO(eCcCHOHANBHOM
JESATEIIBHOCTH

I[1-2 - IlpencraBuTh MHTEPIPETALIUIO
HOJIyYEHHBIX Pe3yJIbTaTOB B (hOpME HAYYHOTO
noKJ1aa (CooOImeHus )

I1-3 - CocTaBuTh MJ1aH MPOBEICHUS
HCCIeO0BaHUN U M3BICKAHUM, BKIIFOYAIOIIUHU
NepeUYCHb HEOOXOIUMBIX PECYPCOB U
BPEMEHHBIE 3aTPaThl

-1 - IIposABIIATE 3aMHTEPECOBAHHOCTD B
COJIEpKAHUU U pe3yJIbTaTax
UCCIIEJIOBATEIBCKOM paboOThI

1.5. ®opma odyueHus
OOyueHue 1o JUCUUIUITMHAM MOYJISI MOKET OCYLIECTBIATHCA B 01UHOI (POpMaX.




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI

du3nyeckas U KOJLIOMIHAS XUMHUA

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Nen/m | @amuiausg Uma OTdecTBO Yuenas creneus, JloJsKHOCTD Honpasnenenne
Y4YeHoe 3BaHHue
1 Bonkosuu Biiagumup KaHauaaT Jouent PEAKUX METaJI0B U
AHaToJbeBHY XUMUYECKHUX HaAYK, HaHOMAaTEPHAJIOB
JIOLICHT
2 HBanoB Anekcanap 6e3 yueHou ACCHUCTEHT | pelIKHX METAaJJIOB U
BonecnaBosuu cTeneHu, 0e3 HaHOMATEPHAJIOB
YYEHOI'O 3BaHUS
3 [TonoBoB Mibst bopucosuu KaHaugatT Jlouent pEIKUX METaJJIOB U
XMMHYECKHUX HAYK, HaHOMAaTEepHUaIoB
0e3 y4eHOro
3BaHMA

PexoMeHI0BaHO y'lGﬁHO-MeTOIlI/I‘-IeCKI/IM COBE€TOM MHCTUTYTaA DOU3UKO-TEXHOIOTHYECKUI

[Tporoxon Ne 10 ot 16.06.2023 .




1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

1.1. TexHo0rnu peaau3anuu, HCNOJIb3yeMble IPU U3YYeHUH TUCHHUIIJIMHBI MOIYJIsl

- TpamunuonHas (penpogyKTHUBHAs) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepeHnnpoBanHoe) o0yueHue
o ba3oBblli ypoBEHb

*Bazosuiii [ ypogenv — coxpamnsem 102UKY CAMOU HAYKU U NO360AAEM NOIYHUMb VAPOWEHHOE, HO 8epHOe U NOIHOe

npedcmasgienue o npeomeme OUCYUNIUHBL, Mpebyem 3HAHUe CUCeMbl NOHAMUL, yMeHue peulams npoonemuvle cumyayuu. Ocgoenue
OAHHO2O YPOGHS PE3VIbMAMO8 00VUeHUsi 00NNCHO obecneuums (GopMuposanue 3anIAHUPOSAHHBIX KOMAEMEHYUl U NO3601uUm
06yuaowemMycs Ha MUHUMATILHOM YPOGHE CAMOCMOIMENbHOCIU U OMEEMCMEEHHOCIU BLINOIHAMb 3A0AHUSL;
Ipoosunymorii Il yposenv — yenyonsem u oboeawaem 6a308bill ypoGeHb KAK NO COOEPAHCAHUIO, MAK U NO 21yOuHe npopadomku
Mamepuana OUCYUNIUHbL. IMo NPOUCXOOUM 3a CHem GKIIOUEHUsI OONOTHUMENbHOU uHGpopmayuu. Jannblil yposeHs mpebyem yMeHus
pewams npooaeMsl 6 PAMKAX KypPCa U CMENCHBIX KYPCO8 HOCPEOCMBOM CAMOCMOAMENbHOU NOCMAHOEKU Yeau U 6b100PA NPO2PAMMbL
Oeticmeuii. Oceoenue OanHO20 YPOSHS PE3yIbIMAmMos 00YUeHUs NO36OUM 00VUAIOWEMYCS NOBBICUMb YPOBEHb CAMOCMOSIMEbHOCTU
U OMEEMCMEEHHOCIU 00 MBOPUECKO20 NPUMEHEHUS SHAHULL U YMeHUl.

1.2. Copepixkanue TUCHUNIMHBI

Tabmuma 1.1

Kon
Pa3nen, Tema
pasaeia, MHCHATITHHBL Conep:xanue

TEMbI

P1 Beenenune Oo6mue nmonoxenus. OCHOBHBIC TOHATUS (U3NISCKON XUMUU

Oo6mme nonoxenus. Ces3b hopM oOMeHa SHEPTHH C
KOOpIMHATAMH COCTOSHUS M MOTSHIINATaMHA B3aNMO/ICHCTBUSI.
[IpuHIHI cymiecTBOBaHUS eNUHON (DOPMBI BRIPAXKEHS KOJTHMYECTB
BO3JEICTBHS Yepe3 XapaKTEPUCTUKN COCTOSIHUA cucTeMBI. [lepBoIit
3aKOH (HAa4yaJio) TEPMOJAMHAMUKH, €r0 MPUMEHEHHUE JIJIS H300apHBIX,
M30XOPHBIX U H30TEPMHUYECKUX MpoIrieccoB. [IoHATHE SHTANBINH.
TennoeMKoCTh, CBSI3b MEXKY CPEIHEN U HICTUHHOMN
TernoeMKkocThio. Ces3b Mexny Cp u Cv, dopmyna Maitepa. Pacuer
P2 Xumuueckasi TepMOAUHAMHUKA
TEIUIOEMKOCTH T'a30B, )KUJKOCTEN U TBEPABIX Tell. TepMOXUMUSL.
3axoH I'ecca u cienctBus u3 Hero. CTaHAApTHBIN TEIIIOBOM

s dexr. CtangaptHoe cocrossHue. Termmora 00pa3oBaHus 1
TeII0BOH 3(h(PEeKT XUMHUIECKON PEaKITHH. 3aBHCHMOCTD TEIIIIOBOTO
a¢dhekTa XUMUYECKOW peakIy OT TeMIepaTypsl. BTopoii 3akoH
(Hauano) repmoarHaMuUKH. DHTponHst. OCOOEHHOCTH
HEPaBHOBECHBIX IpolieccoB. OCHOBHOE HEPABEHCTBO

TEPMOJUHAMUKH. CTaTHCTUYECKUH CMBICT OHTPOIIUH. Pacuer




sHTpormu. TpeTnii 3aK0oH (Ha4aio) TepMOTHHAMUKH.
XapaktepucTuieckue GyHKIUH: BHYTPEHHSSI SHEPIUsl, SHTPOINS,
sHeprus ['ub0ca, sneprus ['enpmronpua. XuMHUUECKHA TOTCHINAL.
[NapuuansHble MOJISIPHBIE CBOMCTBA, ypaBHeHHE [ mOOca-/lrorema.
CBsI3b MEX/y SHTAIIBIINEH, SHTpOIUEH 1 dHeprueit [ nboca, u ee
3aBHCHMOCTH OT TeMIIepaTyphl. Y paBHeHUs [ m60ca-I enpMrombia.
WnTerpupoBanue ypaBuenuii [ md66ca-I'ensmronpia. Xumuueckoe
paBHOBecHe. 3aKOH ACHCTBYIOIINX Macc. Y paBHEHUE H30TEPMEL.
VYpaBHeHHEe 1300apbl. XUMHUECKOE PABHOBECHE B TETEPOTCHHBIX
crcreMax. XMMHYECKOe paBHOBECHE B PEalbHBIX CUCTEMAX: ra3bl U

pacTBOpHI

P3

Yuenue o pacTBopax

Oo6mue cBenenns o pactBopax. CriocoObl BEIpaKeHHS
KOHLCHTpaluu paCcTBOPOB, CBA3b MCKAY MOJIAJILHOCTBIO, MOJIbHOM
1 MaccoBO nosiel. IlapiuaibHbie MOJIIPHBIE CBOMCTBA PACTBOPOB,
CIIOCOOBI OIPEAEICHNUS MAPLUAIBHBIX MOJISIPHBIX BEJTHYHH.
TepMmoanHamMuyecKre CBOHCTBA HACANBHBIX PACTBOPOB. 3aKOH
Payna. Temneparypa kurneHus uiealbHOTO pacTBopa. TemmnepaTypa
3aMep3aHus HealbHOTO pacTBopa. MeMOpaHHOEe paBHOBECHE.
OcmMoc 1 0CMOTHYECKOE AaBIIEHHE HEAEHOTO PacTBOpa.
HeuneanpHble pacTBOpHI, OTKIOHEHUS OT UEaIbHOCTH,
aKTHUBHOCTbH M KO3 uumeHT akTuBHOCTH. [IpenensHo
pa3baBeHHBIE pacTBOPHI, 3aK0H ['eHpr. OYHKIUHN CMENIeHHS
peasbHBIX pacTBOPOB. CTaHIAPTHOE COCTOSIHUE: CUMMETPUYHAS U
HECCUMMETpHUYHAA CUCTEMA OTCUCT XUMHUYCCKOI'0 IMOTCHIIMAJIa.
Mertob! onpeieNieHnsl aKTUBHOCTEN pacTBOPUTEIS U

PAaCTBOPCHHOT'O BCIICCTBA.

P4

OneKTpoXuMus

Crenuguka pacTBOPORB JICKTPOIHUTOB. DIIEKTPOIUTAYCCKASL
JqUccolanus B pactBope. M3oronndeckuii KO3 PUIMEHT,
KOJUIMTaTUBHBIE CBOMCTBA pacTBOPOB 31eKTpoauToB. KoHcranrta
JIUCCOITUAIINH U CTIOCOOHI ee omnpenenernus. Koaddunment
aktuBHOCTU. Teopus Hebas-Xiokkens. Monnas cuna. Teopus
accouuanuu pactsopoB. TepmoauHaMuyecKue CBONCTBA HOHOB B
pactBope. TepMoanHaMUKa HOHHOM cosibBaTauuu. Mojens bopHa.
HepaBHoBeCHBIE SIBICHUS B 3JIEKTPOJINTAX, OCHOBHBIC TOHSATHSL.

3axonsl @apanes. MonspHas 3JeKTpHUECKasi IPOBOJUMOCTD




CHJIBHBIX U CJTA0BIX JIEKTPOJIUTOB. Y AeIbHAS AIEKTPHUIECKAs
MPOBOIMMOCTB CHJIBHBIX H CJIA0BIX AJIEKTPOINTOB. 3aBUCHMOCTH &
U A OT KOHLICHTPALMH U TeMIepaTrypbl. DPPeKThl
ANEKTPOPOPETUIECKOTO U PENAKCAIIMOHHOTO TOPMOXKEHHSL.
[onsmwxHocTs HOHOB. 3akoH Komnbpaymra. Koapdumnuent
aneKkTporpoBoaHocTH. Yucia nepeHoca. PaBHOBeCHbIE
AIIEKTPOHBIE MPOIIECCHI, OCHOBHBIC TIOHATHS. MeXaHu3M
BO3HHKHOBEHHS 3JIEKTPOIHOTO MOTeHIIMaa. PaBHOBECHSDIH
noreHual. Senenne cnenuduueckoit aacopOimu. KontaktHas
pa3HOCTh MOTeHIHANOB. /{1t dy3nOHHBIH MOTEHITHAL.
TepmoarHaMKKa 3IEKTPOXHMMHUYECKHX IeMeHTOB. Onpenenenue
3JIEKTPOAHBIX IOTEHIMAIOB, ypaBHeHne HepHera. Tumsl

DJICKTPOOB. Tunel QJICKTPOXUMHUYCCKUX uenefl.

P5

®da3oBbie paBHOBECHUSA

OcHOBHbIC TOHATHS. Y CIIOBHS (Pa30BOro paBHOBECHsI, IpaBuiio (a3
I'm66ca. OmHOKOMITOHEHTHBIE CHCTEMBI, ypaBHeHNE Kialinepona-
Knaysuyca. /lnarpaMMbl COCTOSIHUSL OJJHOKOMITOHEHTHBIX CHCTEM.
JByXKOMIIOHEHTHBIE CUCTEMBI. PaBHOBECHE «GKHIKOCTB-TIapy,
JarpaMMBl KHITEHHsI, a3e0TporHbie cmecH. [IpaBuna 'n66ca-
KonoBanoa. PaBHOBECHE «KUAKOCTh-KPUCTAILIIBL). JluarpaMMbl
IUTABKOCTH CHCTEM C B3aUMHOM HEPACTBOPUMOCTBIO B TBEPAOM
COCTOSHUHM. J[arpaMMbl TIIABKOCTH CUCTEM C HEOTPaHHMYCHHOM
PacTBOPUMOCTHIO KOMIIOHEHTOB B JKUAKOM M OTPaHHUEHHOM
pacTBOPUMOCTBIO B TBEPAOM COCTOSIHUM. JJuarpaMmsbl IJIaBKOCTH
CHCTEM C HEOTPaHUYCHHON paCTBOPUMOCTHIO KOMIIOHEHTOB B
JKUJIKOM ¥ TBEPAOM COCTOSIHWH, paBmina [ mo6ca — Pozebyma.
JluarpaMMBbl IIaBKOCTH CHCTEM C TBEPABIMH PACTBOPAMH HA
OCHOBE XUMHUUYECKUX COCANHEHNH, NaTbTOHU Bl M OEPTOILTHIBL.
JuarpamMMBbl ITABKOCTH CHCTEM C TIOTUMOP(PHBIMH
npeBpamenusMu. [ToctpoeHne quarpamm MmiaBKOCTH,
TEepMUYCCKUH aHamu3. TPpeXKOMIOHEHTHBIE CHCTeMBIL. [ padudeckoe
n3o00paxkeHre 3-XKOMIIOHEHTHOH cucteMbl. OrpeeneHne cocTaBa
¢a3 meronom I'nb6ca n merogom Pozebyma. JlnarpaMmer
PaBHOBECHUS <OKUAKOCTb- KUAKOCTH» B IBYX- U TPECXKOMITOHCHTHBIX
cucreMax. Pacmpenenenue pacTBOpsIeMOro BEIIECTBA MEXKY JIBYMSI

KUIKUMHU (baSaMI/I, SKCTpaKIug




P6

XyUMHU4YeCKass KHHETHUKA U

Karajin3

3amaun XuMH4YEeCKOl KMHETHKH. CKOPOCTh XUMHYECKOH peaKiuu.
Cpennsist ckopocTh peakuuud. OCHOBHOM MOCTYJIaT XUMHYECKOU
KUHETUKH. [loHsATHE 0 TMMUTHpYIOIIEN peakuuu. MoneKyIsIpHOCTb
U NIOPsIOK peakinu. KnHeTnuuecku o0paTuMbie U HEOOpaTUMBbIE
peakiuu. OJHOCTOPOHHUE PEAKIIUHU TIEPBOT0, BTOPOTO U N-HOTO
nopsiika. MeToipl onpeAeneHus NopaIKka peakuy. Bnusane
TEMIIepaTypbl Ha CKOPOCTh peakuuu, nmpasuia Bant-I'odda,
ypaBHeHue Appennyca. OcoOeHHOCTH KHHETUKHU TeTePOreHHBIX
XUMHUYECKUX PeaKIil. DIeMeHTapHas TEOPHs aKTUBHBIX
CTOJIKHOBEHHH, SHEPT U aKTUBAIMH. TeopHst akTHBUPOBAHHOTO
koMmrIuiekca. OCOOCHHOCTH KHHETUKH PEaKIMi B paCTBOPAX,
MIEPBUYHBINA U BTOPUYHBIN coseBoil adekr. Karanuruueckue
peakiuu. ['oMOreHHsIi KaTajlnu3 U ero MEXaHU3M B pacTBOpPAX.
Iereporennsii katanu3. OcoOEHHOCTH reTeporeHHo-
KaTaJIUTHYECKUX ITPponeccoB. TeopHun reTeporeHHoro Karaamnsa.
OCHOBHBIE NTOHATHS O LEMHBIX peaknusax. POTOXUMUIECKHE
peaKknuu U OCHOBHBIE 3aKOHBI (poToXuMuH. OCHOBBI
3IEKTPOXUMUYECKON KUHETUKHU. [Tosgpu3anus 21eKTpoIoB U ee
tunsl. [lepeHanpsxenne. NeKTPOXUMUUECKOE BBIJEIECHIE
METAJUIOB. DIEKTPOXUMHUUECKOE PACTBOPEHHUE U TACCUBHOCTh
MeTanoB. Koppo3ust MeTannoB 1 CruiaBoB. MeToIbl 3alUTHI OT
KOPpO3UH: JIETUPOBAHUE, TEKTPOXUMHUYECKas 3alllUTa; 3alllUTHbIC
MTOKPBITHS, TPOTEKTOPHAs 3aIlMTa, KaTOAHAs 3alUTa, 3aI1Ta OT
OJTy’KJaroImuXx TOKOB. MI3MeHeHne CBOWCTB KOPPO3UOHHOM CPEbl.

HMHrHOUTOPBEI KOPPO3HH.

P7

HOBCpXHOCTHLIe SABJICHUSA U

AUCTICPCHBIC CUCTCMbI

[lonsiTHE O TUCTIEPCHBIX U KOJIOUIHBIX CUCTEMAX.
Knaccudukanuu qucnepcHsIx cucteM. MeTo bl HOTyYeHHS
JUCTIEPCHBIX CUCTEM: TUCTICPralliOHHBIC U KOHJICHCAIUOHHBIC,
METO/JI IENTU3alKuN. MeTOoIbl OYUCTKU AUCIIEPCHBIX CUCTEM.
[MoBepxHOCTHOE HATsDKEHHE. BinsHue pa3nuyHbIX GakTOpOB HA
BEITMYMHY [TOBEPXHOCTHOTO HATSDKEHUS. MeXMOJIeKYIISIPHEIE U
MexdasHbie B3aumoaericTeus. CMadnBanue. AJcopOonus,
OCHOBHBIC TIOHATHUS U onpesiesieHus. KoauuecTBeHHBIE CIIOCO0BI
BBIpakeHHsI amcopOrmu. Teopun amncopOrmu. AacopOomwms Ha

MOPHUCTHIX afcopbenTax. PyHaamMeHTaIbHOE YpaBHEHHE alcOpOLH




I'm66ca. Cpotictea [TIAB u [1MB. YpaBuenwne ILumkoBckoro.
[ToBepxHOCTHas akTHBHOCTH. OCOOEHHOCTH a/IcOpOINY U3
PacTBOPOB. DICKTPUYCCKUE CBONCTBA TUCTICPCHBIX CUCTEM,
YCTOI\/'I‘II/IBOCTI) " KoaryJjisanus. GHGKTpOKI/IHeTI/I‘IeCKI/Ie SBJICHUA .
CoBpeMmennsie npeacTasieHus o crpoennn J193C. Ctpoenne
KOJUTOWTHBIX MHIIEIUL. SIBJIeHHE Tiepe3apsaKu KOJUIOMIHBIX YacTHIl.
H3mepenune 2eKTpOKHHETHYECKOTO TTOTEHITANIA U3 SIBJICHUN
anekTpodopesa u ekTpoocMoca. Buabl ycrorunBoctu. Kunernka
Koaryssiuu. [IpaBuia snexTpoauTHon Koarysiuu. CoBpeMeHHBIC
MIPEACTABICHHS O (haKTOpax CTAOMIIM3AINH KOJIJIOUTHBIX CHCTEM.

3amuTa KOJUIOMIHBIX cucTeM. [Ipumephl Koaryssium.

1.3. HanpaBneHHe, BHUbI BOCITUTATEIBHOM ACATCIIBHOCTHU U UCII0JIb3YCMbIC TCXHOJIOTUHN

Tabmnuua 1.2
Hanpasnenue Bu
p . A . Texnonorus PesvIIbTaThL
BOCITUTATENBHON | BOCIMTATENBHON | poormorome oo KoOMITeTeHIHs 06yqu1/m
NeSATeTLHOCTH NESATeTLHOCTH JEeATENBHOCTH y
Texnonorus OIIK-3 - Cnocoben | I-1 - IposiBiisATh
nedaToB, MIPOBOJIUTH 3aMHTEPECOBAHHOC
JTUCKYCCUI HCCIICIOBAHUS U Th B COAICP>KAHUU U
W3BICKAHMS TSI pe3yabpTaTax
Texuonorus
peteHus HCCIIE0BATEIIbCKO
hopmMupoBaHHs .
MPUKIIATHBIX 1 paboThI
y4eOHO- YBEPEHHOCTH U
WHXEHEPHBIX 3a]1a4
HCCJIEOBATENIbCK | TOTOBHOCTH K
. | oTHOCSTITUXCST K
asi, Hay4HO- CaMOCTOSITEIIbHON .
. npodecCuoHATbHON
HCCJICOBATENIbCK | YCIICITHOM
IIpodeccronansu a Y o JIeSITCILHOCTH,
ast npodeccuoHaibH
0€ BOCIIUTAHKE P BKITIOUAS
Ol 1eATETLHOCTU
po(OpHUeHTAITNO MIPOBE/ICHHE
HHast TexHoJsorust HU3MEPEHU,
JIeSITEIIBHOCTD CaMOCTOATENIFHON | IUIAHUPOBAHUE U
paboThI MOCTaHOBKY
SKCTICPUMEHTOB,
Texnomorus
MHTEPIIPETALIHIO
aHaiaM3a
MOJIyYEeHHBIX
00pa3oBaTeNbHBIX
pe3yIbTaTOB
3a7a4

1.4. IIporpamMmma JUCHUIUIMHBI pealii3yeTCsl Ha TOCYyIapCTBEHHOM si3blke Poccuiickoi denepanui .



2. YHEBHO-METOANMYECKOE U UTH®OOPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJINHBI
PDu3nyecKas U KOJJIOUIHASA XUMHA

DJIeKTPOHHBIE pecypchbl (M31aHMS)

1. PyGunmreiin, 1. JI.; ®usnueckas xumus; M3garensctBo Akagemun Hayk CCCP, Mocksa, Jlenunrpan;
1940; https://biblioclub.ru/index.php?page=book&id=119190 (OnexrpoHHOE U31aHKE)

2. ; Owusnyeckas xumus : ydyeOHoe mocoOue.; KazaHCKkuil HallMOHABHBIM HCCIEI0BATENbCKUI
TEXHOJIOTUYECKUI YHUBEPCUTET (KHUTY), Kazans; 2016;
https://biblioclub.ru/index.php?page=book&id=500700 (DnexTpoHHOE H3/1aHUE)

3. Kycmanos, C. A.; ®uznueckas Xumus : npakTukyM.; Koctpomckoit rocynapcrBennsiii yausepeuret (KI'Y),
Koctpoma; 2012; https://biblioclub.ru/index.php?page=book&id=275638 (DaekTpoHHOE U3/IaHUE)

4. Pomanenko, E. C.; ®wusmueckas xumus : ydeObHoe mocobme.; AI'PYC, CraBpomons; 2012;
https://biblioclub.ru/index.php?page=book&id=277422 (DnekTpoHHOE H3TaHUE)

5. ; Ousnueckas XUMUS: JIAOOPATOPHBIA NPAKTUKYM : MPAKTHKYM.; TaMOOBCKHIA TOCyIapCTBEHHBIH
texanueckuid yauepcutet (TI'TY), TamboB; 2012; https://biblioclub.ru/index.php?page=book&id=277814
(OneKTpOHHOE HU3/IaHHE)

6. BunokypoB, A. W.; ®usmueckas XUMHA: JIAOOPATOPHBIA TPAKTHKYM : MPAaKTUKyM.; [loBoimkckumit
roCcyAapCTBEHHBIN TEXHOJIOTMYECKUN YHUBEPCUTET, Womxap-Ona; 2016;
https://biblioclub.ru/index.php?page=book&id=459522 (OnexkTpoHHOE M3AaHUE)

7. ; du3ngeckas XUMUS : y4ueOHOe nocoowue.; OJIMHTA, Mockaa; 2014;
https://biblioclub.ru/index.php?page=book&id=461081 (DnekTpoHHOE H3AaHUE)

8. ; Owmsmyeckas xumus : ydeOHoe mocoOue.; KazaHCKkui HalMOHAIBHBIM HMCCIIEIOBATEIbCKHUI
TEXHOJIOTHYECKUIT YHUBEPCUTET (KHUTY), Kazans; 2016;
https://biblioclub.ru/index.php?page=book&id=500700 (DnekTpoHHOE H3AaHUE)

9. Tumakosa, E. B.; ®usuueckass XuMusi: HEpaBHOBECHBIE SIBICHUS B PACTBOPAX 3JEKTPOJIHUTOB : yueOHOE
nocobue.; HoBocuOupckuii rocygapcTBeHHBIM TeXHMYECKUH yHuUBepcuteT, HoBocubupck; 2017;
https://biblioclub.ru/index.php?page=book&id=575066 (DnexkTpoHHOE U3AaHKE)

10. TumakoBa, E. B.; ®uznueckas XuMusi: HEpaBHOBECHBIE SIBJICHUS B PacTBOPAX 3JIEKTPOJIUTOB : ydeOHOE
nocobue.; HoBocuOupckuii TocyaapCTBEHHBIM TexHHuYeCKuil yHuBepcureT, HoBocuOupck; 2017;
https://biblioclub.ru/index.php?page=book&id=575066 (DnekTpoHHOE U3AaHKE)

11. Tumakoga, E. B.; ®usndeckas Xxumusi: XuMudeckasi TEpMOJMHAMHUKA : yueOHoe nmocodue.; HoBocubupckuit
roCyJapCTBEHHBIN TEXHUYECKUU YHUBEPCHUTET, HoBocubupck; 2016;
https://biblioclub.ru/index.php?page=book&id=576766 (DnekTpoHHOE H3TaAHKE)

12. TumakoBa, E. B.; ®usnueckas XUMHs: TEOpHUsl SJIEKTPOIUTOB : ydeOHoe mocobue.; HoBocubupckuit
roCyJapCTBEHHBIN TEXHUYECKUU YHUBEPCHUTET, HoBocubupck; 2017,
https://biblioclub.ru/index.php?page=book&id=576767 (DnekTpoHHOE H3TaHUE)

13. Bonpapesa, JI. Il.; ®usndeckass W KOJUIOMIHAS XWMHsS: TEOpUS M TPAKTHKA : ydeOHOE mocobwue.;
BopoHexkckuil  roCylapCTBEHHBIH  YHMBEPCUTET  HMHXKEHEpHbIX  TexHojorud, Boponex; 2019;
https://biblioclub.ru/index.php?page=book&id=601382 (DnekTpoHHOE H31aHKE)

14. BepxoBmiok, A. M.; ®usnyeckass XUMHUS - OCHOBA METALTYPrUYeCKUX IMPOIECCOB : y4eOHOE MOCcoOue.;
Nudpa-Unmxkenepusi, Mocksa, Bomorma; 2021; https://biblioclub.ru/index.php?page=book&id=617693
(OneKTpOHHOE W3/TaHHE)

15. Pomun, , B. B.; ®usuueckas u KOJJIOMJHAas XUMHS : ydeOHOoe mocobwme.; CTaBpOmoJIbCKUN
rOCyIapCTBEHHbBIN arpapHbIii YHUBEPCUTET, ATPYC, CraBpornonb; 2013;



http://www.iprbookshop.ru/47377.html (DnexTpoHHOE U3IaHKE)

16. Pomanenko, , E. C.; ®usnueckas xumus : ydeOHoe mocoOue.; CTaBpOMoONbCKUIl TOCYJapCTBEHHBIM
arpapubeiii  yHuBepcutetr, [laparpad, CraBpomons; 2012;  http://www.iprbookshop.ru/47378.html
(OneKTpOHHOE H3/IaHHE)

17., BacrokogBa, , A. H., 3agauuna, , O. I1., Haconona, , H. B.; Xumus ¢usudeckast 1 KOJJTOMTHAS : PAKTHKYM. ;
JlanbHEeBOCTOUHBIM roCyaapCTBEHHBIN arpapHbIii YHUBEPCUTET, bnarosenieHck; 2015;
http://www.iprbookshop.ru/55903.html (DnekTpoHHOE M3IaHKE)

18. ; ®usmueckas xumus : ydeOHoe Tmocobme.; KazaHCkWi HalMOHAIBHBIA HCCIEAOBATEIbCKUI
TEXHOJIOTMYECKUI YHUBEPCUTET (KHUTY), Kazanp; 2012;
https://biblioclub.ru/index.php?page=book&id=258360 (DnexTpoHHOE H31aHUE)

19. Jlepsbun, , B. A., Kynemos, , E. A.; ®usudeckas XuMusi JUCHEPCHBIX CUCTEM : ydeOHOe mocolwue.;
Ypanbsckuii benepanbHbIi YHUBEPCUTET, 9bC ACB, ExatepunOypr; 2015;
http://www.iprbookshop.ru/66609.html (nexkTpoHHOE H31aHUE)

20. , Yupker, , . O.; ®uznueckas xumus : yueOHUK.; HanmoHaabHbIN MUHEpPaIbHO-CHIPHEBON YHHUBEPCUTET
«I"opusrity, Cankt-IletepOypr; 2014; http://www.iprbookshop.ru/71708.html (QnekTpoHHOE H31aHNKE)

21. bonpapesa, , JI. I1.; ®usnueckas u koywtonnHas xumusi (Teopust U mpakTuka) : yuyeOHOe mocoOue.;
BopoHexckuil  roCylapCTBEHHBI  YHMBEPCUTET  MHXKEHEpPHbIX  TexHojorui, Boponex; 2019;
http://www.iprbookshop.ru/88444.html (3nekTpoHHOE U3TAHUE)

IleuaTHBIE M3TaHUS

1. Otkunc, I1., Bytun, K. I1.; ®usznueckas xumus : B 2 1. T. 1. Tepmonunamuka, paBHOBECHAs AJIEKTPOXUMUSI,
aTOMHas CTPYKTYpa, aTOMHBIE CIIEKTPbI, TEOPHUS CTPOSHUS MOJIeKy1; Mup, Mocksa; 1980 (14 »k3.)

2. OtkuHc, I1., bytuna, K. I1.; ®uznyeckas xumus : B 2 1. T. 2. DKkcniepuMeHTaIbHBIE METO/IbI ONIPEETICHUS
CTPOCHHUSI MOJIEKYJI, AJIEKTPUUYECKHE M MAarHUTHBIE CB-Ba MOJIEKYJ, CUMMETPUS MOJIEKYJT M KPHCTaJUIOB,
CTaTUCT-51 TepMoauHaMuka; Mup, Mocksa; 1980 (14 5k3.)

3. Kunoppe, /. I'., Kpsutosa, JI. ®@., My3sikantoB, B. C.; ®usznueckas Xxumus : yued. Al XUM. U OHOJIL. CIIel.
BY30B.; Bricmas mkona, Mocksa; 1990 (23 7k3.)

4. , Kpacnos, K. C.; ®usnuyeckass xumus : y4yeOHUK i By3oB : B 2 kH. KH. 1. CtpoeHue BemecTsa.
Tepmoannamuka; Beicias mkona, Mocksa; 1995 (16 3k3.)

5., Kpacnos, K. C.; ®usnueckas Xxumus : yueOHUK 7151 By30B : B 2 kH. KH. 2. Dnekrpoxumus. XumMuyeckas
KMHETHKa W KaTanu3s; Beicias mkona, Mocksa; 1995 (25 7k3.)

6. XKyxosuukwmii, A. A., IIBapiman, JI. A.; ®usnyeckas xumus : Y4eOHUK NSl CTYJIEHTOB BY30B,
00yyJaromuxcs Mo MeTaJIypr. crnetl..; Meramnyprusi, Mocksa; 2001 (69 3k3.)

7. Ctpombepr, A. I'., Cemuenko, 1. I1., Ctpombepr, A. I'.; uznueckast XuMus : y4eOHUK JIJIs1 CTYICHTOB BY30B,
00y4aromuXxcsi XUM. CIIeIHAIbHOCTAM. ; Briciias mkosna, Mocksa; 2003 (34 5k3.)

8. Kyxosuukuii, A. A., llIBapuman, JI. A.; ®usnueckas xumus : y4eO. I METaUTypr. CHEIUaIbHOCTEH
BY30B.; Mertamnyprusi, Mocksa; 1987 (121 k3.)

9. EBctparona, K. H.; ®usnueckas u koyuonaHas xumusi; Beicimas mkoina, Mocksa; 1990 (26 3xk3.)

IMpodeccuonanbubie 6a3bl JAHHBIX, HHPOPMALHOHHO-CIIPABOYHBIE CHCTEMBI
OBC "Jlanp" http://e.lanbook.com/

[TomrorekcroBas b/l Oxford University Press http://www.oxfordjournals.org/en/



Me>1<)1yHap0)1Has[ IIOJIHOTEKCTOBass 0as3a JAaHHBIX Hay4YHBIX HHCCGpTaHI/If/'I U JUITJIOMHBIX pa60T KOMITaHUH
ProQuest http://search.proquest.com/

Wiley Journal Database http://onlinelibrary.wiley.com/

[TomrotekctoBas BJ] Xumus http://pubs.acs.org/

eLibrary OOO Hayunas snektponnas oubiauoreka http://elibrary.ru

Springer Materials Springer Nature https://materials.springer.com/

Web of Science Core Collection http://apps.webotknowledge.com/

BUHUTU PAH on-line

9BC IPRbooks (bubmmnokommiekrarop) OO0 «Aii [Tu Dp Menuay http://www.bibliocomplectator.ru/available
Hammonanwsuas snexrponnas oubiauorexa (HOb) URL: https://rusneb.ru.

Academic Search Ultimate EBSCO publishing http://search.ebscohost.com

Matrepuansi aas jauy ¢ OB3

Becoy xontent OBC mpencraBneH B Buze (ailioB crnenuansHOro (opmara Jjisi BOCIPOU3BEICHUS
CHUHTE3aTOPOM PEUH, a TAK)KE B TECTOBOM BUJIE, IPUTOAHOM JUISI IPOUTEHUS C UCIIOIB30BaHUEM SKPAaHHOMN JTYTIbI
Y HaCTPOMKON KOHTPACTHOCTH.

Ba3bl 1aHHBIX, HHPOPMALHOHHO-CITPABOYHBIE H MONCKOBbIE CHCTEMBI

TexJIut.py URL: http://www.tehlit.ru/

http://en.wikibooks.org - Xumuueckas JutepaTypa

http://books.google.com — Google books

http://fcior.edu.ru/ - ®enepanbHbIil HEHTP HHOOPMAITMOHHO-00Pa30BATEIBHBIX PECYPCOB
http://scopus.com — Scopus

DneKTpoHHass OMOIMOTEKa 10 MaTepuanoBeneHuro: http://lib-bkm.ru/publ/31-1-0-690
[TouckoBsle cucremsl: http://www.yandex.ru, http://www.google.com

Poccwuiickas anekTponHas Hay4dHas Ounbnuoreka: http://www.elibrary.ru

CnpaBOYHUK IO IIBETHBIM MeTasutaMm: https://tmetally.ru/

Poccuiickas rocyaapcTBenHas oubnuoreka: http://www.rsl.ru

['ocynapcTBeHHas myOau4Hasi HAy4HO-TeXHUUecKast OubnnoTeka: http:// www.gpntb.ru

bubnuorexa Akagemun Hayk PD: http://www.rasl.ru



3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

Puznyeckasa U KOJUIOMIHAST XUMHUA

CBeennsi 00 OCHAIIEHHOCTH JUCIHUIIMHBI CTIENHAJIN3UPOBAHHBIM M J1A00PATOPHBIM
000py/0BaHNEM U MPOrPaAMMHBIM O0ecrieyeHueM

Tabmnuua 3.1

Buapl 3ansaTuii

OcCHAIIEHHOCTH CIENNAJIbHBIX
NOMeIeHUii ¥ MoOMeleHuii 1JIst
CaMOCTOAITEILHOU padoThI

Ilepe4yensb JTUIEH3HOHHOTO
MPOrPaMMHOI0 olecredeHust

Jlexnun

MeGenb aytuTOpHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJEHTOB

Pabouee mecto npemnogaBarens
Hocka ayauropHas

[Tepugepuiinoe ycTpoicTBO

Office Professional 2003 Win32
Russian CD-ROM

P7-Oduc IIpodeccronanbHbIi
(HeckronHas Bepcus)

OpraHu3aly yueOHOro
polecca B COOTBETCTBHH C
CaHUTApHBIMU IPABUIIAMU U
HOpMaMH

2 [TpakTrueckue 3auatus | Mebenb ayauTopHas ¢ Office Professional 2003 Win32
KOJIMYECTBOM pabOYHNX MECT B Russian CD-ROM
COOTBETCTBUH C KOJIMUYECTBOM .
P7-Oduc IIpodeccronanbHbIit
CTYJCHTOB
(leckromHas Bepcus)
Pabouee mecTo npenoaaBarens
Jocka aynutopHas
[Tepucgepuiinoe ycTpoicTBO
IIepcoHasbHBIE KOMITBIOTEPHI 110
KOJIMYECTBY 00yYaroIuxcs
3 JlabopaTopHbie O6opynoBanue, Office Professional 2003 Win32
3aHATHUA cooTBeTcTBYyMOIIEe TpeboBanusiM | Russian CD-ROM

P7-Oduc IIpodeccronanbHbIi
(HdeckromHas Bepcus)
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