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Pabouas nporpamma coctasiieHa Ha ocHoBe @I'OC BO - GakanaBpuar 1o HarnpaBJI€HUIO
nonarotoBku 22.03.01 MatepuanoBeneHre U TEXHOJOTHH MaTepuasioB (Mpuka3 MUHOOpHAYKH
Poccum ot 02.06.2020 r. Ne 701)

Pabouas nmporpamma paccMoTpeHa U oJjo0peHa Ha 3aceqaHuu kadeapsl Metamtypruu u
xuMH4Yeckux Texnonoruit 29.01.2025, nporokon Ne 5

3aB. kadeapoii PALLA A.C. XapueHko

Pabouass mporpamma omgoOpena metonuueckord komuccuenr HMMMuM 04.02.2025 .
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JIner akTyanusanuu padoyeil nporpaMmsl

PaGouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2026 - 2027
y4eOHOM TOJTy Ha 3aceanuu Kageapsl MeTaTypruu U XUMHYECKUX TEXHOJIOTHI

[Iporokom ot 20 . Ne
3aB. kadenpoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, odcyxieHa u ogoopena s peanusanuu B 2027 - 2028
y4eOHOM TOJTy Ha 3aceannu Kageapsl MeTaTypruu U XUMHYECKUX TEXHOJIOTHI

IIporokom ot 20 . Ne

3aB. kadeapoii A.C. iapquKo

PaGouas mporpamma nepecmMoTpeHa, odcyxieHa u ogoopena i peanusanuu B 2028 - 2029
y4eOHOM TroJly Ha 3acefaHuu Kadeapsl MeTaTypruu 1 XUMUYECKHX TEXHOJIOTUI

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko

Pabouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2029 - 2030
yueOHOM rojty Ha 3aceqaHnu Kadeapsl MeTauryprud U XUMHUECKUX TeXHOJIOTHIA

IIporokom or 20 . Ne
3aB. kadeapoii A.C. XapueHko




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

[{enbto 0cBOEHUS TUCHUIUTMHBI «DU3NYECKask XUMUSD SIBISIETCS:

JOCTHKEHNE BO3MOXXHOCTH OINKCHIBATh BPEMEHHOM X0JI XUMUYECKUX (PU3UKO-
XMMHUYECKHX MPOIECCOB HA OCHOBE UCXO/IHBIX CBOMCTB CUCTEM U BEIIECTB UX
COCTaBJISIOUINX, a TAK)KE KOHEYHBIN Pe3yIbTaT COOTBETCTBYIOIIMX MPOLIECCOB.

2 MecTo JTUCUMILIMHBI (MOXYJIs]) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Juctuummna Ousndeckas XMMUS BXOAUT B 0053aTENBHYIO 4acTh Y4€OHOTO TJIaHa
00pa3zoBaTeNbHON MPOTPAMMBI.

Jis n3ydeHust JUCUUIUTMHBI HEOOXOAUMBI 3HaHUS (YMEHUSs, BIIAICHU),
c(OpMHUPOBAHHBIE B PE3yJIbTATE U3YUYEHUS TUCLMILIMH/ IPAKTUK:

OO01ast 1 HeopraHu4yecKasi XUMHsI

HNudopmaruka u nHGOpMAIIMOHHBIE TEXHOJIOTUU

3HaHus (yMEHUs, BIIAICHUs ), OJyYEHHbIE IPU U3yYECHUH JAaHHOM JTUCLUIUIMHBI
OyayT HeOOXOAUMBI JUI U3y4EHHs TUCIUIUIMH/TIPAKTUK:

AHanM3 9uCcI0BON HHPOPMALIUH

MexaHnueckue cBoiicTBa MaTepHuasoB

3 Komnerennun ody4uaronierocsi, opmupyemMbie B pe3yJbTaTe 0CBOEHMSI

AUCHUILIMHBI (MOAYJIs1) M IVIAHUPYEMbIe Pe3yJIbTAThI 00y4eHHUs

B pe3ynbrate ocBoeHUs IUCHMIINHBI (Moyis) «Duznueckas XumMus»
o0yyaroIuics 10JbKeH o0afaTh CIEAYOIMMI KOMIIETEHIUSMU:

KO[[ HHAUKATOopa I/IHIII/IKaTOp JOCTHXKCHUS KOMIICTCHIIN

OIIK-1 CnocobeH pemiats 3a7a4u MpohecCuOHaNbHOM NeSTEIbHOCTH, TPUMEHSISI METO/IbI
MOJIETTUPOBAHUS, MATEMAaTUYECKOTO aHaJIN3a, €CTEeCTBEHHOHAYYHbIE M OOIIEHHKEHEPHBIE
3HaHUs

OIlK-1.1 Hcrnonb3yeT eCTeCTBEHHOHAYUYHBIE 3aKOHBI M IPUHIIUIIBI DU PELLICHUH
IPAKTHYECKUX 3a7a4

OIIK-1.2 Pemaer crangapTHbie mpodeccuoHanbHbIe 3a/1a4K ¢ TPUMEHEHUEM
OOLIEMH)KEHEPHBIX 3HAHUM

OIIK-1.3 [TpumeHsieT MeTOIbl MOAECIUPOBAHNS U MAaTEMATUYECKOTO aHAIN3a AJIs
peIIeHNs 331a4 TEOPETUUYECKOI0 U IPUKJIAJHOTO XapaKTepa




4. CTpykTypa, 00b€M U copepkaHue JUCUUILIMHBI (MOTYJISA)

OO6mias TpyA0€MKOCTh JUCIUIUIMHBI COCTABIISIET 4 3a4eTHBIX eAuHUI] 144 akaja. yacoB, B TOM

qHCIIe:
— KOHTaKTHast pabota — 72 aKkaJ. 4acoB:

— aynutopHas — 68 akaj. 4acos;

— BHeayAuTopHas —4 aKaj. 4acos;

— camocTosTenpHas pabora — 36,3 akaj. 4acos;

— B (popme npakTuieckoil moarotoBku — 0 akai. yac;

— MOATOTOBKA K 3K3aMeHy — 35,7 akaj. yac

<DopMa aTTeCTaluu - 3K3aMEH

AynutopHast ] o
o KOHTakTHas paboTa E 5 dopma TeKyIero
S B
N B aKa/l. yacax 5] u KOHTPOJIS
Paznen/ Tema 3 (B axan. uacax) == A . P Kox
g & © | cCaMOCTOSITENIbHOM | yCIeBaeMOCTH U
JTUCLUTUTAHBI 3 e o . | xommerenuum
O g g paboThI MIPOMEKYTOYHOM
Tek naf. MpaKT. 'S aTTecTaluu
: 3aH. 3aH. O =
1. Pa3pmen 1. Ilpeamer u metonsl,
MOHATHS U 3a/1a41 (PU3UUECKOU
XUMHH
IToaroroBka k
nabopaTopHOi
pabote Nel,
pabora ¢
oubnuorpagpudec
1.1 Xumudaeckas KHM MaTepuaiam, JlaboparopHnas OIIK-1.1,
TEPMOJIMHAMUKA. 3aKOHBI 2 6 2 10 MOATOTOBKA K pabora Nel, OIIK-1.2,
TEPMOJUHAMUKHU. BbINoyiHEHUIO PI'P YCTHBII OIpoC. OIIK-1.3
Nel
«Tepmonunamuue
CKHI aHan3
XUMHYECKUX
peaxuii
Hroro no pazaeny 6 2 10
2. Pa3nen 2. XuMudeckoe u
(hazoBoe paBHOBeCHE
2.1 Koncranra IToxgroroska k
N JlaGopaTopHas
XHUMHYECKOTO PaBHOBECHS, 1abopaToOpHON
N pabota No2,
€€ CBOWCTBA, CIIOCOOBI pabote No2, CTHBIH OMDOC
BEIpakeHust. Hampasnenue pabora c Z aua PFPIJ)\J'O l’ OIIK-1.1,
MPOLIECCOB B 2 8 12 10 | Oubmmorpaduuec A - OIIK-1.2,
«TepmonuHammdec
HN30TEPMUYECKUX YCIOBHSIX, KUM N OIIK-1.3
KUl aHaIH3
n30TepMa peakiyu BaHt- MaTepHaJaMu.
XUMHYECKUX
Todda. YpaBuenue IToaroroBka k o
peaximii»
M300aphl PEaKITH. otuery o PI'P 1.
HWroro no pazaeny 8 12 10
3. Pazpmen 3. TepmoanaamMudeckas
TEOpHUs PacTBOPOB
3.1 CriocoObI BBIpaKEeHHsI IMoxroroBka JlaGoparopHast OIlK-1.1,
COCTaBa pacTBOPOB. 2 6 6 9,3 nabopaTtopHoi pabota Ne3, OIlK-1.2,
WneanbHble, peabHbIC pabote Ne3, YCTHBIN ONPOC OIlK-1.3




pacTtBopsL. 3akoH Payms,

pabota ¢

oubimorpaguuec
3aKk0H [ eHpH.DKCTPaKIHs U KrIqu)
3aKOH pacrpeieICHHS.
MaTepuasaMu
Hroro o paszaeny 6 6 9,3
4. Paznen 4. luarpaMMsl
COCTOSIHUSI JIBYXKOMIIOHEHTHBIX
CHCTEM
[Toaroroska k
4.1 IIpaBuio ¢a3. CnocoOst 1abopaTOpHOI
MOCTPOEHHUS UArpaMm pabote Ned, Jla6opaTopHast OIIK-1.1,
cocrosiHus. THITBI AUarpaMm 6 8 5 pabota c pabota Ne4, OIIK-1.2,
COCTOSIHUSI IBOWHBIX oubnmorpaguuec YCTHBIN OTPOC. OIIK-1.3
CIIJIABOB. KAM
MaTepuanaMu
HWroro no pazaeny 6 8 5
5. Pa3gen 5. Xumndeckas
KHHETHKA
5.1 OcHoBHI (hopMalTEHOH
bop [Monroroska
KUHETHUKU. 3aKOH N
EHCTBYIOIUX Macc #abopatopHoii
iOHCTaHTa CKO OCTI/; pabore Nes, OIK-1.1,
S CBI:)ﬁCTBa 8 6 2 pabora c YcTHbIi onpoc OIlK-1.2,
p ’ ’ oubnnorpaguuec OIIK-1.3
ompeneneHue. Peakuuun M
Pa3IHYHBIX MOPSIIKOB, UX
MarepuagaMu
KUHETHKA.
HWroro no pazaeny 8 6 2
HWroro 3a cemectp 34 34 36,3 9K3aMeH
HWroro no aucumruinHe 34 34 36,3 9K3aMeH




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

OO6pa3zoBarenbHbIe TEXHOJIOTHH — 3TO LEJIOCTHAS MOAEIh 00pa30BaTEIbHOTO
nporecca, CHCTEMHO ONPEACIISIONIas CTPYKTYPY B COJIepKaHKe AeITeIbHOCTH 00X CTOPOH
3TOTrO mpouecca (IpenogaBaTess U CTYACHTA), UMEIOIIas IeNbI0 JOCTHKEHNE TUIAHUPYEMBIX
pe3yIbTaTOB C MOMPABKOW Ha MHAMBHyalbHbIE OCOOCHHOCTH €Tr0 YYaCTHUKOB.
TexHOTOrMYHOCTh Y4eOHOT 0 MpoLIecca COCTOUT B TOM, YTOOBI ClieaTh y4eOHBIN mpo1ecc
MIOJTHOCTBIO YIPABJISIEMbIM.

OCHOBHBIMHU TIPU3HAKaMHU 00pa30BaTEIbHON TEXHOJIOTUHU B €€ COBPEMEHHOM
MOHUMaHHH SIBJISIFOTCS:

— JIeTaJIbHOE ONMCaHue 00Pa30BaTEeNbHBIX LIEICH;

— MOATAITHOE ONMCaHKe (IIPOSKTUPOBAHHUE) CIIOCOOOB JOCTHIKEHUS 3a1laHHBIX
pe3yJIbTaTOB-UENEH;

— MCIIOJIb30BaHUE 00PATHOW CBSI3U C LIEJIBbI0O KOPPEKTUPOBKU 00pa30BaTEIHHOTO
porecca;

— rapaHTUPOBAHHOCTH JJOCTUTAEMBIX PE3YJIbTATOB;

— BOCIIPOM3BOIUMOCTH 00pa30BaTEIBHOTO MTPOIIEcca BHE 3aBUCMOCTH OT MacTepCTBa
IpenoaBaTels;

— ONTUMAJILHOCTB 3aTPAauYMBAEMBIX PECYPCOB H YCHIIUH.

Peanusanus KOMIETEHTHOCTHOTO MOX0/Ia MTPEIYCMaTPUBAET HCIIOJIb30BaHHE B
y4eOHOM Iporecce aKTUBHBIX M MHTEPAKTUBHBIX ()OPM IPOBEICHUS 3aHATHI B COUCTAHUH C
BHEAYIUTOPHOW paboToii ¢ 1enbio (POPMHUPOBAHHS M Pa3BUTHUS MPOPECCHOHATBHBIX
HaBBIKOB.

TpanunmonHsie 00pa3oBaTeIbHBIE TEXHOJIOTUN OPUEHTHPYIOTCS HA OPTaHU3aIHI0
00pa3oBaTeNBHOrO MPOIIECca, IPEANOIATaONIYI0 IPSMYIO TPAHCISALUIO 3HAHUH OT
IpernoaaBaTess K CTYACHTY (IIPEUMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIHLHO-
WILTFOCTPAaTHUBHBIX METOZOB 00yueHHs). YueOHas qesITeNbHOCTh CTYACHTa HOCUT B TAKHUX
YCIIOBUSIX, KaK MPaBUIIO, PEIPOTYKTUBHBIH XapakTep.

@DopMbl YUeOHBIX 3aHATHUH € UCTIOIB30BAHUEM TPATULIMOHHBIX TEXHOJIOTHI:

WNudopmaninoHHas JIeK1us — Mociae10BaTelbHOe U3JI0KEeHHE MaTepHraa B
JUCLUUIUIMHAPHOM JIOTHKE, OCYLIECTBIIsIEMOE MPEUMYIIIECTBEHHO BEpOAIbHBIMU CPEICTBAMHU
(MOHOJIOT MpernoaBaTens).

JlaGopatopHasi paboTa — opranusainus yueOHoi paboThl ¢ pealbHbBIMU
MaTeprualbHBIMU U HH)OPMALIMOHHBIMH 00BbEKTaMH, SKCIIEpUMEHTaIbHAsL paboTa C
aHAJIOTOBBIMH MOJIEJIIMU PEAIbHBIX 00BEKTOB.

6 YueOHO-MeTOUYEeCKOE 0O0ecTieYeHHe CAMOCTOATEIbHOM padoThl 00y4YaommXxcst

HpCI[CTaBJ'ICHO B IPUJIOKCHU U 1.

7 OueHO4YHbIE CPEICTBA ISl POBEICHUSI POMEKYTOYHOM aTTeCTAllUN
[IpencraBieHsl B TPUIOKEHUU 2.

8 YueOHo-MeTOaM4UecKoe M HH(POpMALMOHHOE 00ecnieYeHHe U CHMILINHBI

a) OcHoBHas JIuTeparypa:

l.bokmreitn b. C. ®uznueckas XUMHUs: TEPMOJUHAMHUKA M KHUHETHKA [DJIEKTPOHHBIN
pecype] : yuebnoe mocobue / b. C. bokmreitn, M. U. Mennenes, 0. B. IloxBuches.
—OInekTpoH. nadH. — MockBa : MUCHC, 2012. — 258 c. — Pexum gocryna:
https://e.lanbook.com/book/47443

2. IlpakTyeckue U KOHTPOJIbHBIE pabOTHI MO (PU3NUECKON XUMUH : yueOHOe ocobue /
[2. B. Hionpauna, C. I1. Knoukosckuii, H. FO. CBeunnkoBa u np.] ; MI'TY. -Marautoropck :
MI'TV, 2013. - 1 anektpos. onrt. guck (CD-ROM). - 3ar. ¢ tutyi.



https://e.lanbook.com/book/47443

skpana. - URL: https://host.megaprolib.net/MP0109/Download/MObject/272. - MakpooOBEKT.
- TekcT : anexkTpoHHBIN. - CBeaeHus goctynHsl Takxke Ha CD-ROM.

0) /lomoJiHUTe IbHAA JIUTEpaTypa:

1. Xumuueckass KHHETHKA M aJICOPOLINS : METOI. YKa3aHHS JIJIsl CTYICHTOB 10 TUCIIUILIIHE
"®Ouznueckas xumusa" / [3. B. Hionpauna, C. I1. Knoukosckuii, H. FO. CBeunukoBa u np.] ;
MI'TYVY. - Maruautoropck : MI'TVY, 2013. - 1 axekrpon. ont. auck (CD- ROM). - 3ara. ¢ turyi.
skpana. - URL:https://host.megaprolib.net/MP0109/Download/MObject/278 -- MakpooOBEKT.
- Tekct :anekTpoHHbIN. - CBeneHus qoctynubl Takxke Ha CD-ROM.

2. TopmikoB, B.1. OcHoBbl ¢usnueckoirt xumum : ydeOonuk / B.M. I'opmkor, 1.A.
KysnenoB. — 6-¢ uzn. — Mocksa : Jlaboparopust 3nanuii, 2017. — 410 c. — ISBN 978-5-
00101-539-0. — Texkcr : snexTpoHHbIH // JIaHb : 31eKTpoHHO-OnbMMoTeunas cucrema. — URL:
https://e.lanbook.com/book/97412

B) MeToanueckue yKazaHusi:

1. JTabopaTopHBIN TPAKTUKYM 110 (PU3HUYECKON XUMHUHU : YI€OHO-METOAMYECKOE
nocobue / A. H. Cmupnos, H. 0. Ceeunuk, C. B. FOnuna, 3. B. [{ronpauna ; MI'TY. -
Maruutoropek : MI'TV, 2017. - 1 anektpos. ont. auck (CD-ROM). - 3ari1. ¢ TuTyI1. 3KpaHa.
- URL.: https://host.megaprolib.net/MP0109/Download/MObject/20641. - MakpooObeKT. -
Texcr : anexTpoHHbIA. - CBeneHus noctynusl Takxke Ha CD-ROM.

r) [Iporpammuoe odecneuenue u UnTepHer-pecypceni:

IIporpammHoe odecnevenue

HaunmenoBanue .
1o Ne noroopa Cpok 1efiCTBUS JTUIICH3UH
FAR Manager CBOOOJIHO pacmpoCTpaHsieMoe OeccpouHo
7Zip CBOOOZHO pacmpocTpaHsieMoe 6eccpouHo
Bpaysep Yandex |[cBoOOaHO pacmpocTpaHseMoe OeccpodHo

IIpodeccnonanbubie 0a3bl JAHHBIX 1 HH(POPMALMOHHBIE CIIPABOYHbIC CHCTEMBbI
HasBanue kypca Ccpuika

?JEKTPOHHHG pecypcr1 6ubmaorexu MITY wm. https://host.megaprolib.net/MP0109/\Web

9 MaTtepuajibHO-TeXHHYECKOe o0ecreyeHne TUCUUIINHbI (MOLYJIs1)

MaTepI/IaJ'[I)HO-TeXHI/I'-IeCKOG obecnieueHue JUCIHMITIIIMHBI BKIIIOYACT:


https://host.megaprolib.net/MP0109/Download/MObject/272
https://host.megaprolib.net/MP0109/Download/MObject/278
https://e.lanbook.com/book/97412
https://host.megaprolib.net/MP0109/Download/MObject/20641
https://host.megaprolib.net/MP0109/Web

1. YuebHas ayauropusi AJsl IPOBEACHUS 3aHATHH JEKIIMOHHOTO TUIIAa OCHAIICHA:

- TEXHUYECKUMU CPEICTBAMH 00yUEHUS, CITY>KALIMMHU JJIs1 IPEACTaBICHUs y4eOHON
uHpopManuy O0JIBIION ayTUTOPHH: MYJIbTUMEIUIHHBIME CPEICTBA XPaHEHHSI, IEpeAayn U
npeacTaBiIeHus yueOHoM nHpopmManuu;

- CIIEMAIU3UPOBAHHON MEOEIBIO.

2. YuebHast ayUTOpUs JJIs IPOBEICHUS J1a00paTOpHbIX 3aHsATHi «JlabopaTtopus
(bu3MUECKO XUMUW») OCHAIIIEHA JIA0OPATOPHBIM 000pYI0BaHUEM:

- nabopaTopHoe 00opyaoBaHue (YCTaHOBKA JJIsI OMPEACIICHUE UHTETPAIbHON TEIJIOTHI
pacTBOpPEHUs COJIM; YCTAHOBKA ISl OIpeaesieH s Kod(pUIMEeHTa paclipeieieHus);

- CIIEMAIU3UPOBAHHON MEOEIIBIO.

3. YueOHast ayauTopusi Aj1s TPYIIIOBBIX U WHAWBUIYAIBHBIX KOHCYIbTALNH,
TEKYIIET0 KOHTPOJIS M MPOMEKYTOUHOM aTTeCTalli OCHAIICHA!

- KOMIIbIOTepHOM TexHuKo# ¢ maketoM MS Office, ¢ moakioYeHnEeM K ceTi
«VIHTEpHET» U C IOCTYIIOM B 3JICKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENbHYIO CPELy
YHHUBEPCHUTETA;

- CIIEUAIU3UPOBAHHON MEOEIbIO.

4. IlomemieHue Jy1si CaMOCTOATEIIbHON PabOThI OCHAIIEHO:

- KOMIIbIOTEpHOM TexHuKo# ¢ makerom MS Office, ¢ moakmoYeHnEeM K ceTi
«VIHTEpHET» U C TOCTYIIOM B 3JICKTPOHHYIO HH(POPMAITMOHHO-00Pa30BaATENBHYIO CPELy
YHHUBEPCHUTETA;

- CIIEUAIU3UPOBAHHON MEOEIbIO.

5. Ilomemenue Uit XpaHeHUsT ¥ MPO(QUIAKTHYECKOTO 00CITY)KUBAHHSI Y4eOHOTO
000py/IOBaHUs OCHAIICHO:

- CHeMATM3HUPOBAHHON MEOEIBIO: CTEIUIaKaMH JIJIsl XpaHEHHUsT y4eOHOTO
o0opymoBaHUs;

-MHCTPYMEHTAMH i PEMOHTa y4eOHOTo 000pyI0BaHUS;

- mKadaMu 171 XpaHeHUs] y4eOHO-MEeTOINYECKON TOKyMEHTAIUN 1 MaTepUaIIOB.



IIpunoxenne 1
6 YueOHO-MeTOAHUYECKOe o0ecneyeHne caMOCTOATEIbHOI padoThl 00y4aloIUuXCs

ITo mucnmmmbe «®Pusndeckas XUMUs» NPELyCMOTPEHA ayJUTOPHAas U BHEAYAUTOpHAas
caMocCToATeNIbHAs PadoTa 00yJarOIHXCsL.

CamocrostenbHas pabora mo aucuuiuinHe «®Du3nueckas XHMUsS», HalpaBICHHAs Ha
yriryOieHue 1 3aKkperieHue 3HaHUH CTYIEHTa, Ha pa3BUTHE MPAKTHUSCKUX YMEHUH, BKIIIOYAET B
cels cremyronye BUabl padboT:

- paboTa C JEKIMOHHBIM MaTepHaJIOM;

- U3y4YCHUE TEM, BBIHECEHHBIX Ha CAMOCTOSITEIILHYIO IIPOPA0OTKY;
- BBIIIOJIHEHHUE JOMAITHUX WHIANBUAYAIbHBIX 3a/laHUH;

- IOJITOTOBKA K JJa00paTOpHBIM padoTam;

- HOATOTOBKA K IK3aMEHY.

Ilepeuenv nadopamopnuvix pabom

1. Ompenenenue HHTErpaIbHON TEIIOTHI PACTBOPEHUS COJIU

2. V3zyuenue paBHOBECHs peakLK B3aMMOAECHCTBHSI TBEPIOTO yIiIepoa ¢ €ro TMOKCHI0M
3. Tperuit KOMIIOHEHT B IBYXCIOWHOM KHIKOCTH

4. ®a30Bble paBHOBECHUS B IBYXKOMIIOHEHTHBIX CHCTEMax

5. BimsgHue Temneparypbl Ha CKOPOCTh PEaKLIUU

JOMAIIHEE PACYHETHO-TPA®MYECKOE 3AJIAHUE Nel
«TepMoauHAMHYeCKHH aHAJIM3 XUMHUYECKUX pPeaKkuuin

Hccaenosanue 1

JInst peakiiuy BBINOJHUTD CIIETYIOIIEE:
1.1.CocTaBUTh ypaBHEHHE 3aBUCHMOCTH OT T€MIepaTypbl BEJIMYMHBI TEMI0BOro 3ddexra aAHr =
f(T) u usmenenus surpornuu AS°; = f(T).
1.2.Berauciuts BenmuuuHbl  ACp, aH%: | AS°%;, aG°r m InK, npm Heckompkux Temmeparypax,
3HAYeHUs KOTOPBIX 3a/1al0TCs TEMIIEPATYpPHBIM MHTEPBAJIOM U I1aroM Temmneparyp. IlonydyeHHble
3HAYEeHUs MCIIOJIB3YIOTCS IpH MocTpoeHUH rpadukoB B koopanHaTax ACp—T; aHr—T; aS%—T,;
AG®: — T u InK, — UT.
1.3.ITonw3ysich rpapukom InK, — 1/T , BeiBecTH npubnmkeHHoe ypasHenue Buaa InK, = A/T + B,
rne A, B — mocTosHHEBIC.

HccaenoBanue 2

2.1. Ucnonw3ys npasuio a3 ['nbb6ca, 115 paccMaTpruBaeMoi CUCTEMBI ONPEAETUTh KOJIHMYECTBA
(a3, He3aBUCUMBIX KOMIIOHEHTOB U YUCIIO CTENEHEH CBOOO/IbI.

2.2. OnpenenuTs BO3MOKHOE HAIPABJICHUE MTPOTEKAHUS MCCIIEYEMON PEaKIIMi U paBHOBECHBIN
coctaB Ta3oBoil (as3sl mpu naBienuu (kxlla) m temmeparype (K). Ilpm pemenun 3anaum
UCIIOJIb30BaTh BBIBEJIEHHOE B HcciefoBaHuu | smmupudeckoe ypaBHeHue InKpy=A/T+B wu
JTaHHbIe 00 UCXOTHOM COCTaBe ra3oBoil (a3bl

2.3. YCTaHOBHUTH HaIlpaBJIEHUE CMEIIECHUSI COCTOSIHUS PAaBHOBECHS PACCMaTPUBAEMOM CHCTEMBI
pU:

a) yBEJIMUEHUU J1aBlieHUs (IIOCTOSIHHAS TEMIIEpaTypa);

0) yBeIMUEHUH TeMIepaTypbl (IOCTOSIHHOE JJaBJICHUE).



Cnucok IK3AMEHAUUOHHBIX 60NPOCOB:

A -

IR

10.
11.
12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

OcHOBHbIE OHATHS TEPMOAUHAMUKH.

[lepBbiii 3akoH TepMmoauMHaMUKHU. [loHsATHE O TerioBOM 3(ddeKTe, TemaoThl 00pa30BaHuUs,
TOpeHHUsl, pacTBOpEHMsI, (a30BbIX MpeBpaiieHuid. 3akoH ['ecca. PacueTs! o 3akony I'ecca.
Bnusinue temnepatypsl Ha Tera0oBoi 3 eKT.

3akon Kupxroda. Pacuets! TernoBbix 3¢ dekroB no 3akony Kupxroda.

BTopoii 3aKOH TEpMOAVHAMUKH.

TepmoauHaMuyeckne (GYHKUUH, XUMUYECKHHA TOTEHIMAN, OOIIME YCIOBHS PAaBHOBECHS
cucreM. Oueprusi ['mbG6ca u sHeprus ['enpbmronpia Kak KpPUTEpPHUH, OMNPEACIISIOIINE
HaIpaBJIEHUE U Mpeel IPOTeKaH!Us MPOIECCOB B HEN30JIMPOBAHHBIX CUCTEMAX.

[TonsiTue o pa3oBoM paBHOBECHH, OCHOBHBIE omnpezaeneHus (ha3oBoro paBHoBecus. [IpaBuio
¢da3 ['nb6ca, ero npuMeHEHHE.

®dazoBoe paBHOBeECHE B OJTHOKOMIIOHEHTHBIX cucreMax. VYpaBHeHHe
Knaysuyca-Kinaneitpona, pacueTsl OCHOBAHHBIE HA 3TOM ypaBHEHHUE.

VYcnoBUS XMMHUYECKOIO paBHOBECHA. 3aKOH JEHCTBYIOIIMX Macc (TEPMOAMHAMUYECKUN).
KoHcTanTa XMMHU4€CKOro paBHOBECHSI.

Bunbl koHCTaHT paBHOBecusl. PaBHOBECHSI B T€TEPOT€HHBIX CUCTEMAX.

BnusiHue TemnepaTypbl Ha KOHCTAaHTY PaBHOBECHS.

Hanpapnenue peakiuii B 3aKphITBIX CUCTEMaX. Y PaBHEHHE U30TEPMbl XUMUUYECKOM peakiuu
Bant-T'opda, ee npakruyeckue npuiaokKeHHs. YpaBHEHHE H300apbl-U30XO0Pbl PEAKIHH.
MeTo/p1 pacueTa KOHCTaHThI PABHOBECHS.

[Tpasuio Jle-1llarenne, ero mpakTuueckoe MpuMeHeHne. BiusHue naBieHus Ha MOJIOKEHUE
paBHOBecHsl. PeanbHble Ta3bl. OnucaHue peajabHbIX T'a30B C HCIOIb30BAaHUEM BUPHUAIBHBIX
ypaBHeHuid. Temmeparypa bouns. Cmbicn BuUpuanbHBIX KO3(GGUIIMEHTOB. YpaBHEHUE
Ban-nep-Baansca. O¢pdext xoyns — Tommcona. Temmneparypa uHBepcuu. CKkuKeHHE
ra3os.

Onpenenenue noHATHS “pacTBOp”. CIOCOOBI BBIPaKEHUS! COCTaBa PAaCTBOPOB.

BrausiHue pa3nuuHbIX GakTOpPOB Ha PaCTBOPUMOCTD.

Mozenu pacTBOpOB: ujeaabHbIE (COBEPILICHHbIE) U OECKOHEUHO pa30aBlieHHbIE PACTBOPHI, UX
OTJIMYME OT PEAIbHBIX PACTBOPOB.

3axonbl Payns u I'enpu. [lapuunanbHbie MOJISpHBIE BEIMYUHBL, UX OIPECIICHHUE.

CpolicTBa pa30aBICHHBIX PacTBOPOB HE 3JEKTPONUTOB. [laBieHue mapa HaJ pacTBOPOM,
TeMIeparypa KUMeHus u 3amep3anusi. OCHOBHBIE TOHATHS XUMUYECKOW KMHETUKH.
CrniocoObl onpenenenus cKopocTH peakuuu. dopmanbHas KHHETHKAa TOMOTEHHBIX PEaKIIUi.
3akoH aeWcTByrommx macc. Ilopsaku peakuuii M UX MOJEKYJIIpHOCTh. Peaknuu nepsoro,
BTOPOTO U N-TO NOpsAKOB. KnHeTHueckne ypaBHEHUS 1711 peaKIMi pa3IMYHbIX MOPSAKOB.
ITepuon nonynpeBpaiieHus. KoHCTaHTa CKOPOCTH PEaKIMM, €€ CBONCTBA, Pa3MEPHOCTH U
omnpezneneHus. Meroapl oInpenencHus Mopsaka peakuuu. [IoBEpXHOCTHOE HATsSKEHUE,
METO/IbI €0 U3MepeHus. AJIcopOIus, OCHOBHBIE TIOJIOKEHUS M YpaBHEHHSI aZICOPOIIUH.
VpaBuenne ['nb0ca. YpaBaenme ODpeitHpmxa. YpaBHenuwe Jlenrmiopa. 3aBHCHMOCTH
azcopOLUU OT TeMIEPATYpPHI.



puioxenne 2

OIIeHO‘leIe cpeacrea Jid MpoOBEACHUSA l'[pOMe)KyTO‘lHOﬁ aTTeCTallumn

a) HHaHpreMble pe3yJabTaThbl oﬁyqe}mﬂ H OLICHOYHBIC CpeaACTBA AJIsl IPOBECACHUSA l'[pOMe)KyTO‘lH()ﬁ arrecrammm.

Kon
NHaukaTop JOCTUKEHUS KOMIIETCHITUT OueHouHbIe CpeICcTBa
WHIUKaTOpa
OIIK-1 Crnocoben pemarh 3amadyd  Npo(EeCCHOHATBLHOM  JEATEIbHOCTH, TPUMEHSS METOAbl MOJICTUPOBAHMS, MAaTeMAaTHYEeCKOrOo aHalu3a,

CCTCCTBCHHOHAYYHBIC U O6IIIGI/IH)K€H€pHI)I€ 3HaHUA

OIIK-1.1

Hcrnone3yeTr eCTeCTBEHHOHAYYHBIE 3aKOHBI U
IIPUHLUIIBI TP PELIEHUN IPAKTHYECKUX
3a1a4

HpHMepHLIC BOIIPOCHI K 9K3aMCHY:

1.
2.

o ok w

OCHOBHBIE TOHSTHS TEPMOJUHAMUKH.

IlepBorii 3akoH TepMoauHaMuku. [loHsTHE O TerIOBOM O>(QeKTe, TEmIoThI
o0Opa3oBaHWs, TOPCHHUS, paCTBOPEHUS, (Da30BBIX MpeBpaiieHuii. 3akoH ['ecca. Pacuetsr
1o 3akony I'ecca.

Brnusinue TemmepaTypsl Ha TETU10BOM A (EKT.

3akon Kupxroda. Pacuets! TernoBbix 3¢ dextoB no 3akony Kupxroda.

BTopoli 3aKk0H TEpMOJIMHAMUKH.

Tepmonunamuyeckue (QyHKIWMM, XUMHYECKUHA TOTEHIMANT, OOIIME  YCIOBHS
paBHOBecHsl cucTteM. DHeprusi [mbb6ca m sHeprus ['eapbMmronblia Kak KpUTEpHH,
ONPEEIAIONINE HAIIPABICHUE U MPEE IPOTEKAHNS IIPOLECCOB B HEN30JUPOBAHHBIX
CUCTEMAX.

[lonsTre o ¢pa3oBOM paBHOBECHM, OCHOBHBIE ONpeeseHNs (a30BOr0 paBHOBECHSI.
[IpaBumno ¢a3 ['m66ca, ero npuMeHeHue.

@da3oBoe  paBHOBECME B OJHOKOMIIOHEHTHBIX  CUCTEMax. Y paBHEHHUE
Krnay3suyca-Knaneiipona, pacueTsl OCHOBaHHBIE Ha ’TOM ypaBHEHHE.
Ycnosus XUMHYECKOT O paBHOBECHSI. 3aKoH JNENCTBYIOINX Mmacc

(TCpMOZ[HHaMquCKHﬁ). KoHcranTa XMMHYECKOro paBHOBECHA.

10. BI/I)II)I KOHCTAHT paBHOBECHUA. PaBHOBecus B reTCPOTrCHHBIX CUCTEMAX.




Kon

NHaukatop JOCTHKEHUS KOMITETEHIIUN

OneHouHble CpeacTBa

UHMKaTopa

11. BuusHue TemnepaTypsl Ha KOHCTaHTY PaBHOBECHSI.

12. Hamnpasienue peakuuil B 3aKpbITbIX CUCTEMax. YpaBHEHUE HU30TEPMbl XMMUYECKOH
peakiuu  Bant-T'odpda, ee  mpakTuueckue — mpuwiIoKeHUs.  YpaBHEHHE
1300apbI-U30X0Pbl peakui. MeTobl pacueTa KOHCTaHThl PABHOBECHS.

13. TIlpaBuno Jle-lllatenbe, ero mpakTuueckoe NpUMeHEHWE. BiusHue naBiIcHUS Ha
I10JIO)KEHHUE PABHOBECHS.

14. Omnpenenenue nousaTus “pactBop”’. CriocoObl BEIPaXKEHHs COCTaBa pacTBOPOB.

15. BnmsHue paznuuHbIX (PaKTOPOB HA PACTBOPUMOCTD.

16. Moxenu pacTBOpPOB: HJCAIbHBIE (COBEpIICHHBIE) W OECKOHEYHO pa30aBlICHHBIC
PacTBOPBI, UX OTIMYUE OT pealbHbIX PaCTBOPOB.

17. 3akons! Payns u I'enpu. [Tapuuanbable MOJIIpHBIC BETMUUHBI, UX OIIPECIICHHE.

18. CaoiictBa pa30aBIEHHBIX PAacTBOPOB HE 3JEKTPOJUTOB. JlaBieHue mapa Haj
pacTBOPOM, TeMIIepaTypa KUIEHUS U 3aMep3aHHsL.

OIIK-1.2 Pemraer cranmaptHble mNpodeccrHoHambHBIE | 3a1a9d ISl CAMOCTOSTEIFHOTO PEIICHUS:

3a/la4il ¢ MPUMEHEHHEM OOIIEMH)KEHEPHBIX
3HAHUH

1./IBa rpamMa Bo3ayxa M300apHO HArpeBarOT OT HYJS 10 OJHOTrO Tpanyca llenbcus mpu
nasnenuu 1 atMocdepa. InotHocts Bosayxa mpu 0°C coctasnser 0,00129 r/cm®. Haiimute
paboTy paciupeHus.

2. Yemy paBHO W3MEHEHHME HHTPONUHM IpH mepexone | Moy a3oTa M3 COCTOSHUS,
COOTBETCTBYIOLLIETO ~ HOPMAJIbHBIM  YCJIOBHSM, B  COCTOSIHME, COOTBETCTBYIOIIEE
cTaHmapTHeIM ycnoBusM, ecnu Cp = 7/2 R. Oxapakrepusyiite crnocoObl mepenadyu
B3aWMHOTO BJIMSIHUSI aTOMOB B OPTaHUYECKUX MOJIEKYJIaX.

3. B razosoii cmecu, cocrostei u3 CO, H2O, Ho u CO2 , e kaxxmoro rasa ObUIO B3SITO IIO

OJIHOMY MOJIIO, TTPOTEKAET pPEaAKIUs CSd=FL2< B Yyc0 moneii CO; B

coctostHUM paBHOBecHs paBHO 0,16. HaliTu KOHCTaHTY paBHOBECHS pEaKLUH.
4. Ilpu cuHTe3e amMmmMuaka npotekaeT peakius: 3Har) + Nor = 2NH3 (. [Tpu 298 K miis sToi




Kon

NHaukatop JOCTHKEHUS KOMITETEHIIUN

OneHouHble CpeacTBa

UHMKaTopa
peaxiuu Kp = 6 « 10°, a Afl_gge\ng): - 46,1 x/x/mMonb. OueHUTH TemIeparypy, npu
KOTOpPOW KOHCTaHTa PaBHOBECHUS peakluu OyaeT paBHa 1, momaras 4To TETUIOBOH A ekt
IPAKTUYECKH HE 3aBHCUT OT TEMIIEPaTypBhl.

OIIK-1.3 [Ipumenser MeToABbl MOIECTUPOBaHMA U | 3aJaHHE Ha pelIeHHe 3a1a4 U3 NPo(hecCHOHANBHOM 001acTH (JoMalTHee HHANBUYaIbHOE

MaTEeMaTHYeCKOro aHajau3a [Uisl pelIeHHs
3aa4  TEOPETHYECKOr0 M  IPHUKIAJIHOTO
Xapakrtepa

3aJIaHHE)
HUccaenosanue 1

Jlnst peakuyy BBITIOJHUTD CIIEyIOLIee:
1.1.CocTaBuTh ypaBHEHHE 3aBUCHMOCTH OT TEMIIEPATYPhl BEIUMYHHBI TEIUIOBOTO (P deKTa
AH®:= f(T) u usmenenus surporuu AS°; = f(T).
1.2.Berancnuts BenmuuuHbl  ACp, AH®: AS°:;, AG°ru InK, npu HeCKoNBbKUX —TemmepaTtypax,
3HAUEHHUS KOTOPBIX 33JalOTCSI TEMIICPAaTYpPHBIM HMHTEPBAJIOM M IIarOM TEMIIEPaTyp.
[ToyueHHbIE 3HAYEHUS HCIIOIB3YIOTCS MPH MOCTPOCHUH TpadukoB B KoopauHatax aCp—
T; AH: = T; AS°: —T; aG° — T u InK, — 1/T.
1.3.ITone3ysich rpadukom InKp — 1/T , BeiBecTH npubiaMkeHHOe ypaBHeHue Buja InK, =
A/T+ B, rtne A, B—1nocTossHHBIE.
HUccaenoBanue 2
2.1. Wcnonb3ys mpasmwio a3 ['mbGOca, s paccMaTpuBaeMON CHCTEMBI OIPENEITUTH
Kom4ecTBa (a3, He3aBUCUMBIX KOMIIOHEHTOB U YUCIIO CTETICHEH CBOOOIBI.
2.2. OmpenenuTb BO3MOXHOE HalpaBiICHUE MPOTEKAHUS HCCIEAYyeMON peakuuu |
paBHOBECHBIN cocTaB Tra3oBoil ¢a3el npu aasnenun (klla) m temmeparype (K). Ipu
pEeLIeHUH 337]a4yl NCII0Ib30BATh BHIBEJACHHOE B HCCIIEIOBAHUN 1 SMIIUpHUYECKOe ypaBHEHHE
InK,=A/T+B u nanuble 06 HCXOHOM COCTaBe Ta30BOM (ha3bl
2.3. YCTaHOBUTH HampaBJICHHE CMELICHHUS COCTOSIHUS PABHOBECHS pPaccCMaTpUBAEMOM
CUCTEMBI TIPH:




Kon
UHMKATOpa

NuaukaTop JOCTUKEHUS] KOMIIETEHLIUN

OneHouHble CpeacTBa

a) YBEJIMUEHUU JaBJeHus (IIOCTOSIHHASI TEMIIEPATypa);
0) yBEIMYCHUH TeMIEPaTyphl (TOCTOSTHHOE JaBJICHUE).




0) Ilopsinoxk mnpoBedeHUS TNPOMEKYTOYHON aTTecTalluU, MOKA3aTeJM M KPUTEPHUH
OlleHUBAHUS:

[IpomexyrouHas arrecrauus 1O JucHMIUIMHE «®Pu3HyecKas XHUMHA»  BKIOYAcT
TEOPETUYECKHE BOTIPOCHI, O3BOJISIONINE OLIEHUTh YPOBEHb YCBOCHHUS 00yYArOIIMMUCS 3HAHUH, U
NPAaKTUYECKHE 3a/aHus, BBIBISIOMIME CTENEHb C()OPMHUPOBAHHOCTH YMEHUH W BIaJCHHIA,
IpOBOIUTCA B (hOpME IK3aMEHa.

DK3aMeH M0 JaHHOW NWCIHIUIMHE TMPOBOAMUTCS B YCTHOH (opMe MO 3K3aMEHAIMOHHBIM
OueraM, KaXplii U3 KOTOPBIX BKJIIOYAET 2 TEOPETUUECKUX BONPOCA U 3aa4a.

IMoka3aTe 1 U KPUTEPUHU OIIEHUBAHUS PACUYETHO-TPaQUIECKOT0 3aJaHUs

— OICHKY «3a4YTE€HO» CTYACHT IMOJIYy4acT, €CJIM MOXKET IMOKa3aTh 3HAaHU HAa YPOBHC
BOCITPOMU3BCACHUA U 00BSICHECHHUS I/IH(bOpMaI_[I/II/I, HWHTCJUICKTYAJIbHBIC HABBIKH PCHICHUSA NPOCTBIX
3aa4, MOXKET OaThb OLICHKY HPCHHOHQGHHOﬁ CUTyalllu.

— OICHKY «H€ 3a4YTEHO0» CTYJACHT IIOJY4YacT, €CJIUM HC MOKCT IMOKa3aTh 3HAHUS HAa YPOBHE
BOCIIPOU3BCACHHUA U 00BsACHEHHUS I/IH(bOpMaI_[I/II/I, HE MOXKCT ITOKA3aTh HHTCIJICKTYAJIbHBIC HABBIKH
PCIICHMA ITPOCTHIX 3aa4, JaTbh OLUCHKY HpCI{JIO)KGHHOfI CUTyalluH.

IToxa3zatenun u KPHUHTECPHUHA OLICHUBAHUS J'IaﬁOpaTOPHLIX paﬁoT:

— OLIEHKY «3a4TEHO0» CTYJ/ICHT II0Jy4aeT, €CIM MOXKET [10Ka3aTh 3HAaHUsI Ha YPOBHE
BOCIIPOU3BEICHUS U 00bACHEHHsI HH(OPMAILIUY, MHTEIJIEKTYalIbHbIe HABBIKU PELICHUS IPOCTHIX
3a/1a4, MOXKET JaTh OLEHKY MPEAJIOKEHHON CUTYallUH.

— OLICHKY «He 3aYTeHO» CTYJICHT I0Jy4aeT, €CIIM HE MOXKET I10Ka3aTh 3HAHUS HAa YPOBHE
BOCIPOM3BEICHUS U 00bSICHEHNS NH(OPMALIUU, HE MOXKET II0OKa3aTh UHTEIJIEKTYaIbHbI€ HABbIKU
peleHus IPOCThIX 3ajiay, 1aTh OLIEHKY NPEAI0KEHHON CUTYyaIuH.

IToka3zarenu u KPUTEPHUHU OCHUBAHUSA IK3aMeEHa:

— Ha OLIEHKY «OTJHYHO» (5 0amioB) — o0y4arouiuiicsi 1€eMOHCTPUPYET BBICOKMI YPOBEHb
Cc(OPMHPOBAHHOCTU KOMIIETEHIUI, BCECTOPOHHEE, CHCTEMAaTH4YeCKOe U IIIyOOKOe 3HaHHE
y4eOHOro MaTepuasia, CBOOOJHO BBINOJIHAET IMPAKTUYECKHE 3aJaHUs, CBOOOJHO ONEpPHPYET
S3HAaHUSAMU, YMCHUSAMHU, IPUMCHACT UX B CUTyallUAX MOBBITIIEHHOM CII0KHOCTH.

— Ha OIEHKY «xopomo» (4 Oamia) — 0oOy4aromuiicss IEMOHCTPUPYET CPEIHUM ypPOBEHBb
Cq)OpMHpOBaHHOCTI/I KOMHGTGHHHﬁI OCHOBHBIC 3HaHHWA, YMCHUA OCBOCHLI, HO JOITYCKArOTCA
HE3HAYUTENbHbIE OIIMOKH, HETOUHOCTH, 3aTPYAHEHHUS IIPH aHATUTHYECKUX OTNEpalnsX, IEPeHOCce
3HAaHUU U YMeHI/Iﬁ Ha HOBBIC, HCCTAHAAPTHBIC CUTyalluH.

— Ha OLIEHKY «yAO0BJIETBOPUTEIbHO» (3 Oaruia) — o0yyaroniuiicss 1IeMOHCTPUPYET HOPOTOBBIN
ypOBEHb C(HOPMHUPOBAHHOCTU KOMIIETEHIIMI: B X0J1€ KOHTPOJIBHBIX MEPONPUATHH JOMYCKaIOTCs
OLIMOKH, MPOSBISIETCS OTCYTCTBHE OTAEIbHBIX 3HAHWN, YMEHMH, HABBIKOB, OOyYaroIIUMCs
UCTIBITHIBAET 3HAUUTENIbHBIE 3aTPYIHEHUS MPU ONEPUPOBAHUM 3HAHUSMHU U YMEHHUSMHU IPH UX
HepeHoCce Ha HOBBIE CUTYAIHH.

— Ha OLICHKY «HEeY/10BJIETBOPHUTEIBLHO» (2 Oaia) — 00yJarouuiicss IEMOHCTPUPYET 3HAHUS HE
6onee 20% TeopeTUUeCcKOro MaTepuana, JOMyCKaeT CYIIeCTBEHHbIE OIMOKH, HE MOXKET MOKa3aTh
HHTCJUICKTYAJIbHBIC HABBIKW PCIICHUA ITPOCTHIX 3a1a4.



— Ha OILICHKY «HeYJA0BJIeTBOPUTEILHO» (1 6ayn) — oOyJaronuiicss He MOXKET ITOKa3aTh 3HAHUS
Ha YpOBHE BOCIPOU3BEACHHS W OOBACHEHMA HWHPOpPMALMU, HE MOXET I0Ka3aTh
WHTEJUICKTYaJIbHBIC HaBBIKU PEIICHUS MMPOCTHIX 33/1ad.



