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PABEOYASA NPOMPAMMA YYEEHOWU OUCLUUNIUHDI
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Kod u HaumeHogaHue ducyurniuHbl 8 coomeemcmeuu ¢ y'-Ie6HbIM ninaHom

. Kog v HaumeHOBaHuUe HanpaBJieHUsA noaroToBku/cneumnanbHOCTU:

04.04.01 Xumwus

O 0 b~ WODN

. Mpocdmnb noarotoBku/cneunanusauyma: dusnyeckas XMmus

. Keanudmkauma BbiInyCKHUKaA: Marncrp
. ®opma obyyeHus: ouHas

. Kachenpa, otBevarowian 3a peanusauuio AUCUUNIIUHBbI: aHANNTUYECKON XUMUU

. CoctaBuTenu nporpammbl: XoxnoB Bnagnmup KOpbeBunY, A4.X.H.,npodeccop

LanowHuk Bnagumup Anekceesund, O.X.H., Npodeccop

(OUO, yyeHass cmeneHb, y4eHoe 38aHue)

7. PekoMeHOoOBaHa: HMC xumunyeckoro dakynetetra Ne 3 ot 19.04.2022
(HaumeHosaHue pekomeHOyowel cmpykmypbl, dama, HOMep rPOMOoKoa,
OmMemKu O nPoOIeHUU 8HOCAMCS 8PYHYHYI0)
8. YueGHbIN roa;: 2022/2023 CemecTp(bl): 1




9.llenu n 3agayum y4e6HOM ANCLUMUNIIUHDI
Llenbto oceoeHusi y4ebHou OucuyurniuHbl seriiemcsi O03HaKOMMeHMe MarucTpoB C
COBPEMEHHbLIM COCTOSIHMEM UCCneoBaHuin B obnactu MoHHoro obmeHa n agcopbumn ans
Hay4YHO-MCCrefoBaTENbCKOW N NPaKTUYECKOM AeATENbHOCTU

.3adayu y4yebHou QucyunuHbI:

- B pamMmKax Kypca gaTb NpeacTaBfieHMs O TeOpeTUYEeCKOW M MpPaKTUYEeCKOW OCHOBaXx
NOHOOBMEHHbIX MPOLIECCOB, BKOYAOLWNX TEPMOANHAMUKY, KUHETUKY U OUHAMUKY NOHHOIO
obMeHa;
- NpeacTtaBuMTb MatemaTuyeckme MoAenu, no3Bonstolme onucatb MOHOOOMEHHbIE U
COpOLMOHHbIE NpOLIECCHI;
- paccMOTpeTb KOHKPETHble MpUMEPbI MPaKTUYECKOro NPUMEHEHUSI MOHHOrO obmeHa ans
CENeKTMBHOrO pasaeneHns 1 BolaeneHnsi KOMNOHEHTOB;
- MPUBUTb 3KCNEPUMEHTasbHble HaBblKM NPOBEAEHUS 3TanoB MOHOOOMEHHbIX NPOLIECCOB B
COOTBETCTBUWN C NOCTABIEHHOW LIENbIO.

10. Mecto y4yebHOM aucumnnuHbl B cTpyktype OOIN: [ucumnnmHa OTHOCUTCS K 4acTw,
dopMmnpyemon yyacTHukamn obpasoBaTeribHbIX OTHOLUEHMW (BapuaTuBHas) nepBoro 6rioka
(B1). Ons n3ydeHunsa gucumnnmHel TpebyroTca 3HaHMS B 06n1acTM XMMMUYECKOM TePMOUHAMUKA 1
KMHETUKN. MarncTpaHT JOmKEH 3HaTb OCHOBHbIE MOJSIOXXEHWE KNacCUYeCKOn TepMOAUHAMUKA U
TEepMOOMHAMUKN  HEpPaBHOBECHbIX  MPOLECCOB, XMMWYECKOW  KMHETMKM U OCHOBbI
MacconepeHHOCa; OCHOBbI XMMUN BbICOKOMOSMEKYNSAPHbBIX COeANHEHUN. [OucumnnnHa aBnaeTcs
npewecTBYOLWEN BbINOMHEHNIO Hay4YHO-UCCNeaoBaTeNbCKMX NPaKTUK U KBanvduKaunoHHOM
paboTbl, a TakkKe NpakTM4Yeckon NpodeccmoHanbHON 4eATEeNTbHOCTU MarucTpoB.

11. MnaHupyemble pe3ynbTaTbl 00y4YyeHUs no gucuunnuHe/Moaynio (3HaHUA, YMEHUA,
HaBbIKN), COOTHECEHHbIe C NMMTaHUupyeMbIMN pe3yribTaTaMun OCBOEHUs1 obpasoBaTefibHOU
nporpaMmmbl (KOMNEeTeHLMAMU) U MHOUKATOPaMU UX AOCTUXKEHUSA:

Kog HasBaHune Kog(bl) WHankaTop(bl) MnaHnpyemble pesynbTaTbl 00y4eHus
KoMneTeHuunn
MKB- | CnocobeH MK-1.1 | ObecneumBaeT cbop | BHaTb: npuHUMNBLI cbopa M aHanusa
1 nosogutb cbop, Hay4HoRn, WHpopmaumMm B o6nactm CoOpOLMOHHBIX
cucTemaTmsaum TEeXHUYECKOM M | NpoLeccoB.
t0 n naTeHTHOWN YMeTb: KOPPEKTHO M fOTMYHO OnucCbIBaThb
KpUTUYECKNIA NMHpopmaumum, COBPEMEHHOE  COCTOSHME  PasfNYHbIX
aHanun3 Heobxogumon  angd | obnacterh MOHOOOMEHHbBIX N COPOLMOHHBIX
Hay4HOW, peLueHuns NpoLIECCOB.
TeXHUYECKON W nccnegoBaTtenbCckux | BnageTb: OCHOBHbIMM npuemamun paboThbl
naTeHTHOWN 3agav C neYyaTHbIMU N UMAPOBLIMN UCTOYHMKAMMU
MHdopMaumu, MHpopmMaumm B obnactm CcopOLUMOHHBIX
HeobxoaMmMomn NpoLECCOB.
ana  pewennsa | MK-1.2 | CocTtaensiet 3HaTb: COBpPEMEHHOe  COCTOsiHMe W
nccnepoBaTenb aHannTN4eCKnin TEHOEHUUN pasBUTUA TEOPUU N MPaKTUKM
CKMX 3agay 0030p  cobpaHHOW | COPOLUMOHHLIX MPOLIECCOB MNpaKTU4eckne
XUMUYECKOMN Hay4HOW, acrekTbl UX NPUMEHEHUS.
HanpaBfeHHOCT TEXHUYECKON N | YMeTb: KOPPEKTHO hopMynupoBaThb Lenu
n naTeHTHOWM W 3ajaus  uccnegoBaHUs Mo MPOEKTY,
MHpopmaumm no | Kacarowmecs COPOLMOHHBIX n
Temartumke MOHOOOMEHHbIX NPOLIECCOB.
nccnegoBatenbckor | Bnagetb: HaBblkaMy TEOPETUYECKUX U
0 NpoekTa NPUKNaaHbIX pacyeToB OCHOBHbIX
TEPMOAMHAMMYECKNX,  KMHETUYECKUX U
ANHaMUNYECKNX XapaKkTepUCTUK




COPOLMOHHBIX NPOLIECCOB.

MKB-

CnocobeH MnK-2.1
nnaHMpoBaTb
paboTty n
BblGUpaTh
agekBaTHble
mMeToabl
peLleHus
Hay4Ho-
nuccnegosaTenb

CocrasnsieT obLmin
nnaH nccrneaoBaHus
W AeTanbHble NMnaHbl
oTAernbHbIX CTaaui.

3HaTb: nocrnegoBaTeNbHOCTL NPOBEAEHUS
TEOPETUYECKMX U  3IKCNEepUMeEHTanbHbIX
nccnenoBaHun B 06ract COpOLMOHHBIX U
NOHOOOMEHHbLIX MPOLIECCOB.

YMeTb: ajlekBaTHO BbIOMpaTb
TeopeTnyeckme noaxodbl ANsi OnuMcaHust
KOHKPETHbIX NPaKTU4eCcKnx 3aaad.
BnageTtb: HaBblkamu cuctemaTmMsaumm wu
aHanusa nony4eHHbIX AaHHbIX.

ckmx 3apgad B | [K-2.1
obnactu

dursmyeckon wu
HeopraHn4Yeckou

XMMnmn

BuibupaeT
3KCMepUMEHTanbHbI
e 7] pac4yeTHo-
TeopeTnyeckme
MeToabl  pelueHus
nocTtaBneHHoMN
3apgaun, ucxogsa w3
MMeoLLUXCA
MaTepuanbHbIX "
BPEMEHHbIX
pecypcoB

3HaTb: 0CODBEHHOCTH KOHKPETHbIX
COPOLMOHHBIX CUCTEM, paccMaTpUBaEMBbIX
B MccrneaoBaTenbCKOM NPOeKTe.

YMeTb: agekBaTHO Bbl6l/|paTb ycnosus
npoBegeHunsa JKCNnepmMmeHTarbHbIX
nccnenoBaHuin B pamMKax 3aaad

nccnenoBaTenbCKoro npolecca.

BnageTb: NOHATUMHLIM, TEOPETUYECKUM
MaTeMaTU4YECKUM annapaTtamu,
NO3BOJIAOLLMMM  OMUCbLIBaTb KOHKPETHbIE
COpPOLMOHHbIE  CUCTEMBI B  paMkax
nccneaoBaTeENbCKOro NpoekTa.

12. O6bem gucuunuHbl B 3a4eTHbIX eanHuUax/vyac. (8 coomsemcmeuu ¢ y4e6HbIM MIaHOM) —
7 | 252

Popma NPOMEXYTOYHON aTTeCTaUMUM (3auem/sk3ameH) __ SK3aMeEH
13. TpyARoeMKOCTb No Buaam y4eoHoun paboTbl
TpyaoemKocTb
Bua yue6Hoi paboTbi Bcero Mo cemecTpam
Ne 1
KoHTakTHas pabota o4 54
nekumm 18 18
npakTu4eckme 36 36
B TOM YMChe: nabopartopHble - -

KypcoBas pabota - -

Op. 8udbl (Npu Hanu4uu) - -
CamoctosaTensHas paborta 162 162
MpomexxyToyHas atTectaums (0rd 3k3ameHa) 36 36

WToro: 252 252

13.1. CopepxaHue QUCLUNIINHBI

n/n Peanunsauyusa
pasgena
HanmeHoBaHue pasgena ConepxaHne pasaena ucLunnuHb! JONCUUMIVHBI C
ONCUMNITHBI NMOMOLLbHO
OHNauH-Kypca,
QYMK
1. Jlekuum
11 TepmoguHamuka O6wue cBegeHns 06 noHoobMeHHukax. Mx -
WOHHOro obmeHa knaccudukaumst. OCHOBHblE MOAENU
NOHOOBMEHHMKOB.




YcnoBus TepMOANHAMUYECKOrO paBHOBECUS B
MOHOOOMEHHOI cucteme. YpaBHeHue [Mbbca-
Oworema. WHTerpaneHble n guddepeHumnanbHble
XapakTepPUCTUKN NOHOOOMEHHOIO paBHOBECKSI.
dakTophbl, BNMSOLWMNE Ha MIOHOOOMEHHOE
paBHOBECHE.

PaBHOBeCUs B MHOFOKOMMOHEHTHBIX CUCTEMAX.
Kom6urHMpoBaHue GUHapHbLIX paBHOBECUIA.
OcHoBHble Noaxoabl K NPOrHO3NPOBaHMIO
MHOTOKOMMOHEHTHbIX PABHOBECUNA.

HeobmeHHas 1 cBepx3aKBMBaneHTHasi copbuus.
MpuHuMnbl nx nucanus. MNMoteHunan [JoHHaHa.
Ponb dukcuposaHHoro anektponuta. OCHOBHbIE
3aKOHOMEPHOCTM copOLNN OpraHNYeCKNX MOHOB.
MpuHUMNBI X ONNCcCaHKS.

1.2 KuHeTnka noHHoro obmeHa | O6Lime NonoXeHust KMHETUKM MOHHOro obmeHa. | -
MexaHnambl WOHHOro obmeHa. MeToabl
onpegenenns NIMMUTUMPYOLEN cTagnm npouecca.

BHewHsas guddysma. BryTpuanddysmnoHHas
knHetuka. KoadpdpuumeHTbl camognddysmm B
noHntax. CmelaHHasa KMHeTUKa.

Mogenb wWoHWTa, Kak pacTBopa anekTponuTa.
Pewenne gns mogenu TyHuukoro — [enbgepuxa.
OkcneprMMeHTarnbHas npoBepka Moaenu.
BHyTpeHHAR anddysma BHewHeamddysnoHHas
KnHeTuka. O6liee pelweHne 3agaum  gng
HavYanbHOW cTagmm obmeHa.

KuHeTuka copbuuu, KOHTpOnnpyemas
XumMmyeckon peakumnen. MaccoobmeH Ha noHnTax
NpW HaNnMYMmM BbICTPLIX XMMUYECKUX PeaKLIA.

1.3 OuvHamuka noHHoro obmeHa | OCHOBbI AMHAMWKMA MOHOOOMEHHBLIX MPOLECCOoB. | -
YpaBHeHuss ~maTepuanbHoro 6GanaHca, ydet
0COBGEHHOCTEN PaBHOBECUWN M KUHETUKN copbunn.

HayvanbHble 1 rpaHuYHbIe YCOBUS.
2. NpakTn4yeckue 3aHATHA
21 TepmoanHamuka CtpoeHne wn cBonctBa WOHOOOMeHHUKOB. WX | -
MOHHOIro obmeHa Tunbl, cnocobbl nony4deHnsi. Cnocobbl Nony4veHns
9KCNepuMeHTanbHbIX 4aHHbIX.
XmMmnyeckne noTteHumanbl KOMNoHeHToB. PacueT | https://edu.vs
KOO(DMULINEHTOB aKTUBHOCTU KOMMOHEHTOB B |  ru/course/vi
¢dase MOHOOOMEHHMKA W TepMOANHAMUNYECKOWN ow.oho?id=10
KOHCTaHTbl paBHOBECUS] MIOHHOTO 0OMeHa. Ew.pip =S
730
MpakTnyeckme pac4yeTbl paBHOBECUIA B | https://edu.vs
MHOTOKOMMOHEHTHbIX  cucTemax, MNPUMEHEHWE | | ru/course/vi
NPOrHOCTMYECKMX MOENEN. ow.oho?id=10
730
MpuHUMNbI pacyeTa paBHOBeCUN npu | https://edu.vs
HEeobMeHHON copbuum, KO3OPULIMEHTBI | y ru/course/vi
AKTUBHOCTU (PYHKLIMOHANbHbIX rpynmn. ow.bho2id=10
730
2.2 KnHeTnka noHHoro MeToabl nuccrneagoBaHus KUHETUKM | -

obmeHa

MaccornepeHoca B NOHOOOMEHHMKAX.
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JkcnepvMeHTansHoe o6ocHoBaHue
KMHEeTUYeckux Mogenei. [naHupoBaHve w
NoOCTaHOBKa 3KCNepuMeHTa.

Mpumepbl pacyeTa KAUHETUYECKUX NapameTpoB

(mogennu bonpa-Apamca, "enbdepuxa-
TyHUUKOrO).
2.3 JnHamMmunka MoHHoro O6Line cBegeHNss 0 MOAENUPOBaHUM AMHAMUKM | -
obmeHa MOHHOro obMeHa

YpaBHeHMe M30TepMUYEecKor ANHaMMKM copbumu,
ero 0coGeHHOCTW. HavanbHble W rpaHu4YHble
yCrnoBusi.

BapuaHThl npaKkTU4eckoro NCMonb30BaHUsA
ypaBHEHUSI AUHAMUKN copOLmM.

13.2. Tembl (pasgenbl) AUCUUNIIMHBLI U BUAbI 3aHATUN

Buabl 3aHATUIA (KONMYECTBO YacoB)
Ne HanmeHoBaHne Temsbl oYYy ——
n/n (pasgena) gueumnnuHel | Jlekumn Mpaktuyeckne | JNlabopaTopHble paBoTa Bcero
1.1 | TepmogmHamumka
MOHHOro obmeHa 8 16 - 50 74
1.2
KnHeTuka noHHoro 8 14 i 50 72
obmeHa
1.3
[vuHamunka MOHHOro 5 6 i 62 70
obmeHa
NToro 18 36 - 162 216

14. MeToau4eckne yKkasaHus Ans o6y4aroLWmnXcs N0 0CBOEHUI0 AUCLMNITUHDI
OpraHu3aums n3yyeHust AUCUMNNHBLI NpeanonaraeT:
e U3y4YeHMe OCHOBHbIX U AOMNONHUTENBHbIX NUTEPATYPHbLIX UCTOYHMKOB;
e peLlleHne NpaKkTUYeCKMX 3aad, NpeasioXkeHHbIX NpenogaBaTenem;
e TECTMPOBaHWE;
e TEKyLUMIA KOHTPOMb yCrieBaeMOCTN B (hopMe YCTHOIo onpoca No OCHOBHbIM pasfenam
AVNCLUMNINHDI

15. MMepeyeHb OCHOBHOW W [OOMOJSIHUTENIbHOW nNUTepaTypbl, PecCypCoOB WHTEpPHeET,
HeoOXoAUMbIX AN OCBOEHUA AUCLMMIIUHBI
a) OCHOBHas nutepartypa:

Ne n/n NcTo4vHnK
KotoBa [1.J1.. KuHeTuka copbLMOHHbIX npoueccoB : y4ebHoe nocodue / [1. J1.
1 KotoBa, T. A. KpbicaHoBa, B. A. KpbicaHoB .— BopoHex : sgaTtensckuin Jom

Bly, 2018 .— 99 c.
Xoxnoea O.H.. PereHepauus MFOHOOOMEHHMKOB : y4ebHoe nocobue / O. H.
Xoxnoea, B. KO. Xoxnos .— BopoHex : Msgatenscknin gom BI'Y, 2020 .— 80 c.

6) gononHuTenbHas nuTeparypa:
Ne n/n NcTouHKK
MpakTnkym no noHHomy obmeHy / B.®. CenemeHeB [ gp.]. BopoHex : n3g-so

3 BopoHeXx. yH-Ta, 2004. — 180 c.

4 KokoTtoB KO.A. PaBHOBecuKe 1 knHetmnka noHHoro oomena / KO.A. Kokotos, B.A.
MaceyHuk. J1. : Xumna,1988. — 366 c.

5 renbgepux ®. MoHuTbl. OCHOBBI MOHHOTO 0bMmeHa / ®. Nenbdepux; nep. ¢

Hemel. / nog peg. C.M. YepHobposa. M. : N3g-8o nHoctp. nut., 1962. — 490 c.
6 PU3MKO-XMMUYECKNE OCHOBbBI COPOLIMOHHBIX 1 MEMBPaHHbLIX METOAOB



https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=3675&TERM=%D0%9A%D0%BE%D1%82%D0%BE%D0%B2%D0%B0,%20%D0%94%D0%B8%D0%B0%D0%BD%D0%B0%20%D0%9B%D0%B8%D0%BF%D0%B0%D1%82%D1%8C%D0%B5%D0%B2%D0%BD%D0%B0%5B1,1004,4,101%5D&LANG=rus
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=3675&TERM=%D0%A5%D0%BE%D1%85%D0%BB%D0%BE%D0%B2%D0%B0,%20%D0%9E%D0%BA%D1%81%D0%B0%D0%BD%D0%B0%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%BD%D0%B0%5B1,1004,4,101%5D&LANG=rus

BblaeneHna n pasgeneHuna amvHokucsnot / B.®. CenemeHes [v gp.]. BopoHex :
n3g-so BopoHex. yH-Ta, 2001. — 300 c.
Kotoea [.J1. Tepmuyeckuin aHanna noHoobmeHHbix maTtepuanos / [1.J1. KoTtoBa,

! B.®. CenemeHes. — M. : Hayka, 2002. — 156 c.

8 KpaBueHko T.A. HaHOKOMNO3nTbl MeTann-moHoodmeHHuk / T.A.KpaB4yeHko,
J1.H.MonaHckun, A.N.Kanununyes, [.B.KoHes. M.:Hayka, 2009. — 391 c.
CamcoHos I'.B. CopbunoHHbIe n xpomaTorpadguyeckme meToabl PU3MKO-

10 xnmuyeckon 6uotexHonoruun / I.B. CamcoHoB, A.T. MeneHesckui. J1. : Hayka,
1986. — 225 c.

11 MHppakpacHasa cnekTpockonna MoHOOBMeHHbIX MaTepuanos / B.A. YrnaHckas

[ op.]. BopoHex : N3a-Bo BopoHex. yH-Ta, 1989. — 200 c.

B) MHpOPMaLMOHHBIE 3N1EKTPOHHO-06pa3oBaTeNbHblE pecypcbl (ohuLmanbHble pecypchl MHTEPHET) :

Ne n/n Pecypc
12 OBbC «YHuBepcuteTckasa bubnmoteka online», http://biblioclub.ru/
13 OBbC «KoHcynbTaHT cTygeHTa», http://www.studmedlib.ru

14 HauunoHanbHbIM ungposon pecypc "PYKOHT" http://rucont.ru
«AHanuTtunka-Mup npodeccuoHanos» MHTEPHET NMOPTAJT XUMNKOB-

15| AHANUTVIKOB http://www.anchem.ru/

16 NHTepHeT-pecypcbl N0 METO4AM XMMUYECKOrO aHanusa -
http://www.rusanalytchem.org

17 WHTepHeT nopTan ans xumukos http://www.chemweb.com

18 MHTepHeT nopTtan ans XMMmukos http://www.xumuk.ru

19 O6pasoBaTesnbHbIN NnopTan "OnekTpoHHbIM yHuBepcuteT BIry"

https://edu.vsu.ru/
20 QYMK https://edu.vsu.ru/course/view.php?id=10730

16. NMepe4vyeHb y4eOHO-MeTOANYECKOrO ob6ecneyeHns Ans cCaMOCTOATEeNIbHOW paboThbl

17. OOpa3oBaTenbHble TEXHOSNIOMMU, MUCNONb3yeMble Npu peanusauum y4eOGHOMU
OUCUMNNNHBI, BKNO4YaAs [AUCTaHUMOHHbIe obpa3oBaTenbHble TexHonorun (AOOT),
aneKkTpoHHoe oby4yeHue (J0), cMellaHHOe 0Oy4YeHue):

Mpu peanusauuun y4ebHOM OUCUNNANHBI UCNOSb3YIOTCH NeMEHTbl 3NIEKTPOHHOrO 0byye-
Hua (30) u auctaHuMoHHble obpasoBaTenibHble TexHonormn (OT) B 4acTM ocCBOeHUs
NEeKLMOHHOro mMaTepuana, npoBefeHUs TeKkyLlen 1 NpoMexXyTo4HOW aTTecTauuun, npoBeaeHus
yacTn nabopaTopHbiXx paboT K camocTosATeNbHOW paboTbl ObyyarWMxcsa MO AUCUUMNINHE,
nosponaowme obecneumBatb  OMNoOCpedoBaHHOE  B3aMMoLenCcTBME  (HA  pacCTOSHWUN)
npenogaesatenen n oby4varLlMXCs, BKIOYAA WHCTPYMEHTbl 3NEeKTPOHHOM WHM(OPMaLMOHHO-
obpasoBatenbHon cpeabl BIY «3nektpoHHbin yHuBepcuteT BIY» (https://edu.vsu.ru),
nposefeHne BeOGMHAPOB, BUAEOKOHMEPEHUNN, B3aUMOAEWNCTBME B COLCETHAX, MOCPEACTBOM
3NEeKTPOHHOW MOYTbl, MecCeHoKepoB. [ns OCBOEHUS OUCUUMNINHBI PEeKOMEeHOYeTCH CrnMCoK
nntepaTypbl U pecypcbl Ans 3NeKTpoHHoro oby4veHna (30) (n. 15).[Ana OOCTUXEHUs Lenu
OCBOEHUSA Yy4yebHOW OMCUMNNWHBI, MOBbIWEHUA KayecTBa obpasoBaHus UM (POPMUPOBAHUA
KOMMETEHUNA UCNONb3YTCA ayaUTOPHble N BHeayauToOpHble ¢opmbl 00yyeHusa. K
ayaAUTOPHBIM 3aHATUAM OTHOCATCA NEeKuMU W npakTunyeckune paboTbl, K BHeaygUTOPHbIM -
camocToaTenbHas paboTta CTyQeHTOB.

INekumm BrtoyaoT B ceba nocnegoBaTenbHOE M3NOXeEHWe MaTepuana npenogaBaTenem
B TOM YuUCMe C MUCMNOMb30BaHMEM MYNbTUMEOUNHOIO 06OPYyAOBaHMA AN AEMOHCTPALMM CXEM,
PUCYHKOB, poTorpadum u ap.

MpakTuyeckne paboTbl  NO3BONAKT OObEAMHUTL  TEOPETMYECKME  3HaHUA  C
NPakTUY4ECKUMM  YMEHUSMU U HaBblkaMW CTYOEHTOB B e€OuHOM  npouecce  yyebHo-
nccnepoBaTenbCkoro xapaktepa. B xoge BbinonHeHust nabopaTtopHbiX paboT CTyAeHTbl
paboTaloT C Hay4yHOW nuTepatypon, nybnukaumsmm B NEPUOAMYECKUX HAyYHbIX W3OAHUSX,
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nateHtTamm BblpabaTbiBalOT YMEHUS MNAaHMPOBAHUSA SKCMEPUMEHTA, BbINOSIHEHWUS aHanmaa,
yMeHUs aenatb BbiBOAbl 1 0606LEeHMS.

K BHeayguTopHOW paboTe CTygeHTOB OTHOCUTCA pabota B rrnobanbHoW ceTu
(ncnonb3oBaHne WHTEpHET-TEXHOMOrMM), MOUCK W aHanuM3 HayyHoOW U MeTOANYEeCKOWn
MHGopMauuun. 1na caMoCTOATENBbHOIO U3y4YeHUss PEKOMEH0BAHO CaMOCTOATENbHOE N3yYeHne
OTe4YeCTBEHHOM N 3apyDeXxHOW Hay4YHOW nuTepaTypsbl.

18. MaTtepuanbHO-TeXHUYECKoe obecnevyeHne ANCLUNIINHDI:
MynbTumegua npoektop BENQ, HoyTOyk ACER, akpaH

19. OueHo4HbIe cpeancTBa AnsA nposegeHusA TeKyme|7| n HpOMe)KyTO‘-IHOﬁ aTtrecTtauum

Mo pelweHno kadpeapbl OLEHKM 3a 3SK3aMeH/3ayeT MOryT ObiTb BbICTaBMEHbl MO
pesynbTaTtam Tekyllel aTTectauum oby4dalollerocs B CEMecTpe, HO He paHee, YeM Ha
3aKMYNTENBHOM 3aHATUK. [py Hecornacumn CTydeHTa ¢ OLEHKOW MocneaHuin Bnpase caasBaTb
9K3aMeH/3a4eT Ha 06LLUMX OCHOBAHUSIX.

MopsiAoK OLeHKM OCBOEHMS 0byYatoLmmmcs y4ebHOro matepuana onpeaensietcst
cofepXaHueM criefyoLmx pasgenos QUCLMNNHLI:

Ne | Haumesosane pasaena | Koureten | “0SECL) OeHouHbIe cpeacTea
KoOMneTeHuunn
. | TepmoanHamuka MK-1, MK-1.1, NK-1.2 | Tect Ne1
" | NOHHOro 06MeHa MKB-2 MK-2.1, NK-2.2
) KnHeTnka noHHoro MK-1, MK- | MK-1.1, NK-1.2 | Tect Ne2
" | obmeHa 2 MnK-2.1, NK-2.2
3 JuHamMmka MOHHOro MK-1, MK- | MK-1.1, MK-1.2 | CoobLieHne/noknaa/npeseHtaums
obmeHa 2 MnK-2.1, NK-2.2
MpomexyToyHasa aTTecTauus CobecegosaHue no
dopMa KOHTPO-s - aK3aMeH SK3aMeHaLMOHHbIM buneTam

20 TunoBble oOUEHOYHble cpeAcTBa U MeTOAMYECKUEe MaTepuanbl, onpegensrowime
npoueaypbl oLeHUBaHUSA

20.1 TeKywuin KOHTPOSb YCNeBaemMoCTu

KoHTpornb ycneBaemMocTv No AUCLMNIIMHE OCYLLECTBMASETCS C NOMOLLbIO Ceay ioWwmnX OLEeHOYHbIX
CpPeAacTB:

TecmuposaHue
Mo MNK-1.1 n MK-1.2

1. C 4yero HaunHaeTcs Hambonee TOYHbIN MOUCK MHpOpMaUMM ANS peLleHns nccrnefoBaTenbCKuX
3agady B obnactv Teopum 1 NPaKTUKM COPOLIMOHHBIX NPOLLECCOB?
1) TMownck no kno4YeBbIM CroBamM
2) MMowuck no 3arnaBHbiM BykBam
3) lMowuck no gate

2. Kakve nyHKTbl AOMKHbI ObITb OTpa)keHbl NpyY OPOPMIIEHMM OTHEeTa O BbIMOSTHEHHBIX Hay4YHO-
nccnepoBaTenbckon paboTbl B 06nacTu NpakTMYeckoro UccnegoBaHMs paBHOBECUST U KMHETUKN
WMOHHOro obmeHa?
1) CopepxaHue, BBegeHue, o0630p nuTepaTypbl, METOOAMKW 3SKCMepumeHTa, obcyxaeHue

NONy4YeHHbIX Pe3yNbTaToB, BbIBOAbI, CIMCOK MCMOMb30BaHHOW NUTEepaTypbl, NPUNOXeHne

2) Uenb, 3agauun, pesynbtaTbl paboTbl, BbIBOADI
3) HeTt npaBunbLHOro otTeeTa

3. Mpu odopmneHnn oT4eTa O BbINOMHEHHbIX Hay4yHO-UCcnegoBaTenbCkon paboTbl, 4TO
Heob6XxoaMMo OTpa3nTb BO BBEAEHUN?
1) AKTyanbHOCTb TEMbI



2) [llonyyeHHble pe3ynbTaThl
3) WcTouHMKKM, No KOTOpbIM HanncaHa paboTa
4. Yto pomkHa cogepXaTb OCHOBHasi (MpakTuyeckasd) 4YacTb OT4YeTa O  BbIMOJSTHEHHbIX
nccneaoBaHUAX Hay4yHO-UccrnegoBaTenbCkon paboTbl B 06nacT KNHETUKN MOHHOO 06MmeHa?
1) PesynbTaTbl KWMHETMYECKMX WCCNEAOBAHWA MeTodaMW MEPEMEHHbIX KOHUEHTpaumm wn
06BbEMOB, OLEHKY JOCTOBEPHOCTU NOSyYEHHbIX Pe3ynbTaToB
2) O6ocHoBaHMe HEOOXOAMMOCTUN NPOBEAEHMST HAYYHO-UCCeaoBaTENbCKOM paboThl
3) AHanmM3 oTe4yeCcTBEHHbIX N 3apybexHbIx paboT
5. YTo gomkHbl cogepkaTb BbIBOAbI B OTHETE?
1) O6o6ueHne 1 OUEeHKY NOMHOTLI PELLUEHU NOCTaBNEHHbIX 3a4ad paboTbl UMM OTAENbHbIX ee
aTanoB
2) KpaTtkoe noBTOpeHue Bcero xoga paboTbl
3) [lepeyeHb METOAOB MCCREAOBaHUIA U pacyeToB
6. KakoBbl OCHOBHbIE 3Tanbl CO34aHNS HAay4YHOW Npe3eHTaunin?
1) MnaHnpoBaHWe, co3fgaHne U pefakTMpoBaHWE CranaoB, MOHTaX Npe3eHTauuu, penetuums
BbICTYMMEHMSA C Npe3eHTaunemn
2) MoHTax npeseHTaumm, BbiIbop noaxoasLlero wabnoHa, nnaHMpoBaHNe Npes3eHTauum
3) PaspaboTka gusanHa, npoBepka 1 OTnajka npeseHTauum
7. «KypHan ¢u3nM4eckon XMMuUM» OTHOCUTCA K OCHOBHbIM MCTOYHWMKAM, B KOTOPbIX U3naraetcs
OCHOBHbIe TeHaeHunn pasBuTUS COPOLMOHHbIX NpoLEeCCoB.
(BepHO/HEBEPHO)
8. KntoueBble crnoBa «Cnocob pasgeneHus...» MOXHO MPMMEHUTb ANS noucka WHdopmauun B
obnacTtn copbuUmnoHHbIX NpoueccoB? (BEpPHO/HEBEPHO)
9. KntodeBble croBa «copOumsi» U «UOHHbIA OOMEH» TOXAECTBEHHbI Afs Noucka WHGOpMauun.
(BepHO/HEBEPHO)
10. TepMUH «KaxyLlas KOHCTaHTa MOHHOrO O6MeHa» ABMSIETCA COBPEMEHHbIM. (BEPHO/HEBEPHO)

Kntoun
Bonpockl 1 2 3 4 5
OTBeThl 1 1 1 1 1
Bonpocbl 6 7 8 9 10
OTtBeTbl 1 BEPHO BEPHO HeBEepHO HeBEepHO
CpenHuit ypoBeHb CIIOXXHOCTHU
1/z 1/z
§ B CB/ B . a/ A
1. MapameTp cop6LMOHHOMO paBHOBECHS, Bbipaxaemblil kak K 5 = TR TS aBngaeTcs:
ci A -ag®
A B
1) koadhdmumeHTom paBHOBECUS
2) wucnpaBneHHbIM k03 HMLMEHTOM PaBHOBECKS
3) KOHCTaHTOW MOHHOro 06MeHa
2. [pu onncaHnm NoHOOBMEHHbBIX paBHOBECUI Kakon noaxon AsnsieTca 6onee yHuBepcanbHbIM?
1) OcmoTnyeckui
2) HeocmoTtnyeckui
3. PaBHOBecue B cucteMe MOHOOBMEHHMK — CMECb ANCCOLUNPOBAHHBIX 3N1EKTPONTUTOB
ONUCbIBaeTCs ypaBHEHNEM:
1 _ 1 1 1 _
1) —pg+—pua———Hup———HA=0
Zg ZA Zg ZA
2) 1 N 1 1 1 _0
25 HBR; = HAX g0 - HBX ;5 = HAR, =
3) wj=p +RTIna; =u +RTInc; +RT In f;
4. Ycnosua ctaHgapTusaumm KoaULMEHTOB akTUBHOCTN MOHOB B (ha3e MOHOOOMEHHUKa

= 19 N /0 _ £0 —_1/F
XARZA =1 XBRZB = O'aARZA =1 fARZA = ]/CARZA
COOTBETCTBYIOT:

_ N _ 1 70 _ £0 _1/=
XARZA =0, XBRZB =1 a‘BRZA =1 fBRZA - ]/CBRZA
1) CvmmeTpuyHON cuctemMe oTcyeTa



2) HecummeTpuyHOM cucteme otcyeTa
3) mnoTeTnyeckomn cucteme otcyeTa

1/z 1/z
X B/ B . yYZA

5. BenuuuHa, Bblpa)KeHHas Kak kx = npeacTaBnseT cobown

Yzp  (YzB
XA - Xp

1) KoadhdpuumeHT cenekTMBHOCTH
2) KoadppuumeHT pasgeneHus
3) KoadppuumeHT pacnpeneneHms
6. YkaxuTe popmyny, BbipaxatoLLyto 2 3akoHa Puka

1) j =-D, *gradc,
2 S — _DdivgradC,
3) z,0,+2z5l,=0

D. = 5A58(226A+2263) 3
7. Boipaxenne A = 2c 5,20 5 MPeACTaBnseT coboii

1) KoadhduumeHT camoanddysum noHa
2) KoadbcpuumeHT B3anmoanddysnm NoHOB

3) McTuHHBIN KoadhdULMEHT AMddY3nn
8. BenuuuHa J, BbipaxeHHas B Mr-akB /CM>MUWH, NpeacTasnsaeT coboii:
1) CkopocTb NnoToka
2) TInoTHOCTb NOTOKAa
3) T[InoTHOCTb TOKa

oci(z,t)

9. BblpaxeHue =0 onucbiBaeT:

1) CraumoHapHble NpoLecchl

2) HecraumoHapHble npoLecchbl

3) HepaBHOBECHble NPOLIECCHI
10. ®poHT MOHOOOMEHHOMN copbumnn

PacTBop HCI
> Honut R-Na >

LU

CH

VA
AaBN

deTca:

1) CraumoHapHbIM

2) PasmbiBalowmmcs

3) 3aocTpsowmmcs

Kiroun

Bonpocst 1 2 3 4 5
OTBeTHI 2 2 1 1 1
Bonpocst 6 7 8 9 10
OTBeTHI 2 2 2 1 2

MoBbILWEHHbIA YPOBEHb CMOXHOCTU




1. OnuwmTe nocnegoBaTenbHOCTb pacyeTa TEPMOANHAMUYECKOM KOHCTaHTbl MOHHOrO 0bMmeHa
noHa A Ha noH B.

PeleHune:

1. lMo JKCnepmMmeHTarbHbIM AaHHbIM HaxXo4gum KOS(*)(*)I/IU,I/IGHT paBHOBECUA
Yz  ~LYza
CB * CA

B _
AT Lzp  lzp
Ca " -Cg

AU

2. 3artem, npu HeobxoaumocTu (paboTa B KOHLEHTPMPOBAHHbIX pacTBOpPax) Haxoaum no
Tabnuuam nnn ypaeHeunto [lebasn-Xtokkensa koaPuuneHTbl akTUBHOCTH
obMeHnBaloLLMXCS MOHOB B pacTBOpPE, MNOCIE Yero pacCunTbIiBaeTCA NCNPABNEHHbIN

~ B Cé/ZB * a]A/ZA

KOahhULMEHT paBHOBECUS KA =

Cl/ZA . al/ZB

A B

3. 3atem pacunTtbiBaloTCs K03 HPUUMEHTLI aKTUBHOCTM MOHOB B copbeHTe no chopmMynam:

1 = 1 = 2 _ ~ 2 d(C +C, ) 2 EHO _

- tni, = [a-x)dnKE- wmtCer) 7 Cno g

Zy N e Z, N Rag,, RAJ;ZE XA) " RA.[ZA Co RA.[ZA Co " aHZO
Q _ Q — _ Q =~

L femh | == [A-%)ANKE - | (o +Cor) [ "2 dna,,

Zg Zg C, C,

RBRZA RBRZB RBRzB

4. 3aTeMm paccunTbiBaeTCsH TepMoanHaMmnyeckasi KOHCTaHTa MOHHOTO obMeHa

iz

o ER::
K3 =K.

-a | r 1.""—.'-
ey

OTBeT: K0adhhULMEHT paBHOBECUS- UCNPABIEHHBIN KO3 MMUMEHT paBHOBECUSI-
KOS hULMEHTBI aKTUBHOCTU B dha3e copbeHTa- TepMognHamMmyeckas KOHCTaHTa MOHHOIO
obmeHa.

Kputepuu oueHku oueHnBaHMA 3apgaHus — 10 6annos

ATan 1. B oTBeTE NpmBeaeHa nocnegoBaTeNbHOCTb AENCTBUN 4
Jtan 2. [puBegeHbl Popmyrnbl pacdeTa KoapPrLUMEHTOB paBHOBECUS 3
Atan 3. [MpuBegeHbl Popmynbl pacdeTa Ko3apPULUMEHTOB aKTUBHOCTH 4

2. [NpuBecTun onpeaeneHnsa nHTerpanbHbliX U agnddepeHumnanbHbIX TEPMOSUHAMUYECKNX
yHKUMI 1 opMynbl pacdHeToB aHeprum mb66ca noHHoro obmeHa

Pewenne:

CraHgapTHble TepMOAMHaAMUYECKME DYHKLMM XapaKTepM3YHOT NOSIHOE 3aMeLLeHe SKBUBanNeHTa

MOHOB A, coaepXallnxcsa B MOHUTE, Ha 3KBMBASEHT MOHOB B 13 pacTBopa, koraa MoHbl AMB n e
WOHUTE, N B pacTBOPE HaxXoaAaTCcAa B CTaHAAPTHBIX COCTOAHUSAX.

1 1 1 1

; a _ — o 0 — 0

AGT = — HE +_:":’-r‘{ T Hp T —

g Z4 g Z4



InddepeHumanbHble TepMoanHaMUYeckne yHKLMN XxapakTepusyeT 3aMelLeHne SKBUBaneHTa
MoHoB B 13 pacTBopa Ha akBMBaneHT noHa A 13 6eckoHeYHo GOrbLIOro KonmMyecTsa MOHMTA
onpeneneHHoro cocTtaea, koraa uoHbl A 1 B B pactBope HaxogaTcst B CTaHAAPTHLIX COCTOSIHUSIX.

1 _ 1 _ I 9 1 ¢
AGg =—Hp ——Hy 4 +—H, —— Up
ZR Z4 4 ZR

KpuTtepuu oueHku oueHuBaHmA 3agaHus — 10 6annos

ATan 1. B oTBeTe NpmBefeHbl onpeaeneHns 4
JTan 2. NpneeaeHbl opMysbl pacyeTa 6

3 [anTte onpeaeneHune cBepxakBmBaneHTHoON copbumm n nsobpasnte rpacdmyeckm BapmaHTbl
ee peanunsaumm

OTBeT:

CBerSKBMBaHEHTHaﬂ COp6L|M’iI - 9TO npouecc nornoweHna BeLlecTs, I'IpOTGKGPOLLI,VIVI
COBMECTHO C MOHHbIM OOMEHOM 3a CYeT OeNCTBUS CI'IeLI,I/I(ZbI/I‘-IeCKVIX cun.

(TEMHas NUHUA — NOHHBIM OBMEH, KpacHasa NIMHUSA — CBEPX3AKBMBANEHTHas copbuns)
a) napannenbHoe npoTekaHue

c

e
©) nocnegoBaTenbHOE NpoTEKaHNe
c
. , ’ . —
Kputepuu oueHku oueHnBaHuA 3agaHus — 10 6annoB
Atan 1. B oTBeTE NpMBEaEHO onpegeneHne 4
A1an 2. [puBegeHbl rpamkn nsoTepm 6

4 N3noXxuTEe OCHOBHbIE NOJIOXEHUS KUHEeTUYEeCKNX Teopun bonaga-Agamca n Nenbdepuxa —
TYHUUKOrO 1 yKaKuTe OCHOBHOE OTNmyne

OTBeT:
Bona-Agamc : OCHOBHbIE MONOXEHUS:



* 3epHO MOHUTa NpeacTaBnsaeT cobor ogHOPOAHYIO cpeay

* 3epHO OKpY>KEHO TOHKOW HernepemeLLMBaeMomn XNOKOCTHOW NIIEHKON

* B 3epHe 1 B NfieHKe NOHbI CNOCOGHbI NepemeLLaTbCsl, MOAYNHASCh 3akoHam anddysnm
* CKOpOCTM NepeHoca B Kaxaomn 13 has onpeaensanTcsa rpaaneHTamMmm KoHUEHTpaumm

renbepnx-TyHuLKMiA: OCHOBHbIE MOMOXEHNS:
®  NOHMUT paccMaTpuBaETCs Kak pacTBOp anekTponuta
e obOMeHMBatOLLMECS NOHBI OHOTO 3HAKa C Pa3NNYHOM NOABMXHOCTLIO
® 0o6Wwnn KOMOH obnagaeT HyNeBoW NOABUXKHOCTbIO
® |A3-3a pasnnUyHOM NOABMXXHOCTU NOHOB BO3HMKaET AN dY3MOHHBIA NOTEHUMAr, KOTOPbIN
TOpMO3UT 6onee BbICTPbIN MOH K yckopseT 6onee MeaneHHbIN.

OcHosHoe otnuyme: Mogens Menbdepuxa-TyHULKOro onncbiBaeT KUHETKY MOHOB C PasHOM
NOABWXHOCTBIO, YTO YYUTbIBAETCA B KOIhUUMETH B3anmoamnddysmm

KpuTtepuu oueHku oueHuBaHuA 3agaHus — 10 6annos

dtan 1. B oTBeTe npmBedeHbl MMHUMYM MO 2 nonoxeHus Teopun bonpa- | 6
Apamca u Nenbdepuxa-TyHUUKOro
OTan 2. YkazaHO OCHOBHOE OTAMYMe Teopurh W npuBedeHa dopmyna | 4
Ko3appmumeHTa B3anmoandgysmu.

5. Ykaxute npusHaku BHeLle- U BHYTpUANMpPY3MOHHON KNHETUKN
OtBeT:
BHelwweHe g y3nOHHAA KMHETUKA

e [Ina pasbasneHHbIx pacTBopoB Co<10° mons/am?®
e [Insa cunbHOHabyXatoLWmX NOHUTOB
e [Ins cnabbix ruapoauHaMUYECKNX PeXMMOB
® yBerMYeHne CKOPOCTU 3aBEPLLEHMS NpoLecca C NOBbILLIEHNEM KOHLEHTpauun copbtmuea
® yBerMYeHne CKOPOCTM 3aBEPLLEHMS NPOLECCa C NOBbILIEHMEM CKOPOCTM Nodayn pacteopa
® psiMas NPONOpPLMOHaNbHOCTbL BpEMEHM NonyobMeHa paguycy 3epHa noHuTa
® JMHENHOCTb 3aBucnmocTu -In(1-F)=f(t) Ha Ha4YanbHOM y4acTke
BHyTpuanddysmoHHasa KnHeTunka
. [lnsi 4OCTaTOYHO KOHLIEHTPUPOBaHHbLIX pacTBopos Co>102Monb/am®
e [Ina cnaboHabyxalLlmx NOHNTOB
e 1N MHTEHCMBHbIX TMAPOANHAMMUYECKUX PEXMMOB
® JMHEWHas 3aBMCUMOCTb F OT 7 (BpemeHM)
®  pW MarnbiX CTENEHSAX 3aNOMHEHNSI NOHUTA
® HeNMHEeWHasa 3aBUCUMOCTb KpMBOM B KoopauHaTax -In(1-F) -
® HEe3aBMCMMOCTb BENMYMHbI F OT paguyca 3epHa MoHuTa
[ ]

Bpemsi noriyobmeHa npsiMo NponopLMoHarnbHO KBagpaTy paguyca 3epHa.

Kputepuu oueHku oueHnBaHuA 3agaHmsa — 10 6annos

(3]

Atan 1. B otBeTe npmBegeHbl 3 npusHaka BHeLWHeANA(Y3MOHHON KUHETUKM
dtan 2. B otBeTe npmBeaeHbl 3 npusHaka BHyTPUANGEY3MOHHON KUHETUKN

(3]

6. lNMpuBeauTe ypaBHEHWE AMHAMWUKN OAHOKOMMOHEHTHOM COPOLMM U YKaXXMTE HavamnbHbIE U
rPaHUYHbIE YCIOBUS
OTBeT:



HavanbHble ycnosus:
t=0; C(x;0)=0; 0<x<e

"paHnyHoe ycnosue
x=0; C(0,t)=Co=const; 0<t<e

Kputepuu oueHku oueHnBaHnA 3agaHusa — 10 6annoB

dTan 1. B oTBeTe npueegeHbl NoyIiHoe N CoKpalweHHoe ypaBHeHe JUHaAMUKN 6
dTan 2. B otBeTe npuneegeHbl Ha4alibHOEe U rpaHN4YHOE yCIoBUA 4

MNK-2 CnocobeH nnaHnpoBaTb paboTy U BbIOMpaTb aAeKBaTHbIe MEeTOAbI PeLleHUst Hay4YHO-
uccneanoBaTeNbCKUX 3a4ay B 06nacTy aHanuTuyeckon, puanyeckon, HeopraHM4eckom,
OopraHM4yeckou U NOSIMMEPHON XNUMUMK:

MK-2.1. CoctaBnsaeT o6LWMi NnaH nccnegoBaHnsa U geTtarnbHble NnaHbl OTAeNbHbIX CTagumn

MK-2.2. BeibupaeT akcnepvMeHTarbHble U pac4YeTHO-TeopeTUYeckne MeTobl peLleHns NocTaBeHHOM
3aZaun, ucxoasa U3 MELLNXCS MaTepuarnbHbIX U BpEMEHHbIX peCypCcoB

61.B.04 Teopus 1 npaktuka MOHHOro obmeHa

MnK-2.1

3HaTb: nocneaoBaTeNbHOCTL NPOBEAEHNSI TEOPETUYECKMX N SKCNEPUMEHTarbHbLIX UCCreLoBaHWI B
obnactn copbUNOHHBIX 1 MOHOOBMEHHLIX MPOLLECCOB.

YMeTb: agekBaTHO BblOMpaTb TEOpeTUYECKNE NOAXOAb! AN1Si ONUCAHMUS KOHKPETHbIX NpakTUYecknx sagad.
BnageTb: HaBblkamMn cucteMaTusaumm 1 aHanuaa noslyuYeHHbIX JaHHbIX

MNnK-2.2

3HaTb: 0COBEHHOCTM KOHKPETHBLIX COPOLIMOHHBIX CUCTEM, pacCMaTpMBaEMbIX B MCCIe40BaTENbCKOM
npoekxTe.

YMeTb: agekBaTHO BblOMpaTb YCroBMsi NPOBeAeHNS 3KCNepPMMEHTarbHbIX MCCNegoBaHUI B paMKax
3aau nccrnegoBaTenbCcKoro npouecca.

BnageTb: NOHATUIAHBIM, TEOPETUYECKMM U MaTeMaTUYEeCKUM annapatamu, No3BONSLWMMN ONUCLIBATb
KOHKPETHble COPOLMOHHBLIE CUCTEMbI B paMKax UCCrieoBaTenbCKOro NpoeKkTa.

1. C Yero HauMHaeTCsa TepMOAMHAMUYECKOE OMNMCAaHNE pearibHOW CUCTEMbI ?

1) C cocraBneHus nnaHa paboTbl 1 BbibOpa Mogenu

2) C nutepaTtypHoro ob3opa

3) C onpeneneHus METOAOB UCCNEAOBaHMS

2. Yto BKItovaeT B cebs nNnaH NpakTUYeCKoW Hay4YHO-UccnegoBaTenbckon paboTbl?

1) BbigeneHve n noctaHoBka NpobnemMsbl; npoBefeHne 063opa nuTepaTypbl; NOCTAHOBKA LN u
KOHKPETHbIX 3aday uccnegoBaHus; BbIOOp MeToga Wnu  MeTOOMKM  UCCrenoBaHus;
NpoBeAEHNE IKCNepMeHTa; obpaboTka pe3ynbTaToB; (hOpPMyNMPOBKa BbIBOAOB.

2) Bblbop Tembl uccrnefoBaHus; onpedenieHe uenv 1 3agad; aHanus Hay4YHO-MeTOAMYECKON
nuTepatypbl; OPMynMpoBKa BbIBOAOB.

3) YcTaHoBneHWe akTyanbHOCTU paboTbl N HEOOXOAMMOCTU €€ BbINOSIHEHUS; BbIICHEHME Lenu
paboTbl; COCTaBneHne BbIBOLOB.

3. UTo Takoe «MOHHbIN OBMEH»?
1) O6GMmeH paBHO3apsOHLIMM MOHaMK B pacTBoOpe
2) OkBMBaneHTHbIN 06MEH noHaMmu Mexay ason pacteopa n copbeHTta



3) [eTeporeHHbI NpoLEecc 3KBMBANIEHTHOrO obOMeHa MOHaMM OOHOrO 3Haka 3apsga mexay
pacTBOPOM N MOHOOOMEHHUKOM, COMPOBOXAAMLLMIACSA nepepacnpeaeneHnemM pactBopuTens
n apyrumm acpdekramm

4. TepmognHammyeckas KOHCTaHTa MOHHOro o6MeHa

1) He 3aBucuT OT cCTaguu npouecca
2) £BnAeTcsa NOCTOAHHOM BENUYMHOW HA Ha4anbHOW CTaanyM MOHHOrO OOMeHa
3) fAengeTtca nepemMeHHON BENUYUHOM

5. M3oTepma cop6LmMK 3TO 3aBUCMMOCTb

1) KoHueHTpaumm BelecTBa B pase copbeHTa OT MCXOOHOWM KOHLEHTpaumm pacteopa
2) KoHueHTpauumn BelwlecTBa B hase copbeHTa OT paBHOBECHOW KOHLEHTpaLMM pacTBopa
3) CrteneHun 3anonHeHns gasbl copbeHTa OT UCXOLHON paBHOBECHOM KOHLIEHTpaLMmM pacTBopa

6. Kakon nogxoa H606XO,EI,VIMO NPUMEHATb A4 onncaHnAa KNHETUKN NOHOB C pasHon NOABWMXHOCTbLIO?

1) bonga
2) lenbdepuxa-TyHULKOro
3) He nmeet 3Ha4veHus.

7. lMpoTNBOMOHLI B NOHOOBMEHHMKE NOABWKHBI. (BepHO/HEBEPHO)
8. Mpn BHewHeandDY3MOHHOM KOHTPOME KUHETUKM WOHHOro obmeHa B AMddY3UOHHOM
NorpaHNYHOM Crio€ UMEETCS rpagmeHT KoHUeHTpauun. (BepHo/HeBepHO)
9. OnteHTHasa xpomaTtorpadus NO3BONAET MNOSMHOCTLIO pa3fenuTb BellecTsa. (BepHo/HeBEPHO)
10. Mpwn BHYTPUAMDPY3MOHHOM MOHHOTO OBbMeHa B ANM(IY3MOHHOM MOrpaHN4YHOM Crioe umeeTcs
rpagneHT KoHUeHTpaunin. (BepHo/HeBepHO)
Kntoun
Bonpocbl 1 2 3 4 5
OTtBeTbl 1 1 3 1 2
Bonpocbl 6 7 8 9 10
OTtBeTbl 2 BEPHO BEPHO BEPHO HeBEepHO

CpeaHuin ypoBeHb CrOXHOCTU

1. Bolpaxenue Max = Kqu)(, NPUMEHSIEMOE MPU ONMCaHUN HEOBMeEHHOM copBLMM
3MeKTPONUTOB, NPEACTABAAET COBOM MaTEMaTUUECKOE BbIpaXXEHUE pacrpeneneHus:
1) HownHaHa
2) Makceena
3) BonbumaHa

2. Mpw onncaHnm NMOHOOBMEHHbLIX PaBHOBECUIA B MHOFOKOMMOHEHTHbIX CUCTEMAX UCNOSb3yeTcst

n

K=T]K
npUHLMN _ I roe Ki - koHcTaHTa 6rHapHoro obmeHa, K- KoHcTaHTa
i=1
PaBHOBECUSA MHOTOKOMMOHEHTHOro 06MeHa.
OTO NpUHUMN oTpaxkaeT:

1) B3aumoHe3aBMCUMOCTb BUHAPHBLIX OBMEHOB
2) B3auMHyio 3aBUCMMOCTb BUHaPHBIX 0BMEHOB
3) HeakBMBanNEeHTHOCTb MOHOOBMEHHBIX PaBHOBECHUI

Bonpockl 1 2

OTBeTHI




MoBblILLEHHANA CNOXHOCTb, OTKprTbII7I T™n

1. CocTaB KaTMHOOBMeHHMKa Xca2+=0,82, Xna+=0,18, cocTaB paBHOBecHOro pacteopa Xca2+=0,5,
Xna+=0,5. PaccuntanTte koadduUUNEHT CENEKTUBHOCTH.

PewweHne
1. YpaBHeHue peakuumn Na* (copbeHT) + %2 Ca?* (pactBop)= ¥ Ca?* (cop6eHT)+ Na* (pacTBop).
Xl/ZB . Xl/ZA
2. ®opmyra ans pacyeTa koabduumeHTa cenektusHoctn: K, = f/z—l/z, rae, B JaHHOM
X AL xy’B
cnyyae noH B — Ca, ¢ noH A — Na.
3. Pacuert: k = (0,82)%2(0,18) / (0,5) (0,5)*? = 0.16/0.35 = 0.48

OTBeT: 0.48

Kputepuu oueHku oueHnBaHuA 3agaHus — 10 6annoB

Jtan 1. B oTBEeTE NpMBEOEHO YpaBHEHNE peakumnm MOHHOro obmeHa

N

Otan 2. YkaszaHa dopmMmyna ansa pacdeta M npaBunbHO onpegeneHbl | 5
obmeHmBaoLmMecs NOHDI

OTan 3. 3agaHne [oBedeHo Ao vmcrnoBoro oteeta. OTBET NpuBEAEH cornacHo | 3
3aaHuto.

2. Kakoit 06bemM BOAbl C XeCTKOCTbIO 2,1 MMOsb/OM® MOXeT BbiTb yMArdeH ¢ nomotlsbio 100
rpaMmm KaTMOHOOOMEHHUKA C eMKOCTbIO 3 MMOJIb-3K8 /27
PeweHune:

1. Haxognm cymmapHyt0 eMKOCTb kaTMOHOOOMEeHHMKa, maccon 100 r.
Q(cymmapHas)= g (1 rpamma) * m (r) = 0.003* 100 = 0.3 monb-3KB

2. [ns HaxoxgeHus obbema ouvmLaemMon Bodbl HEOOX04MMO CYMMAapHY EMKOCTb
KaTMOHOOOMEHHMKA pa3gennTh Ha conecogepxaHne ((KecTKoCTb):
V= Q (cymmapHas) / H (xectkoctb) = 0,3/0,0021 = 142,8 am®

Oteet: 142.8 gm® (nuTpa).

Kputepuu oueHku oueHMBaHuA 3agaHusa — 10 6annoB

dtan 1. B oTBeTe npuBegeHo opmyna pacdeta ekoctm cno4d | 4
KaTMOHOOOMEHHMKA

9Tan 2. YkasaHa hopMyna gnsa pacyeta obbema ovmaemon Bodbl

9Tan 3. 3agaHne goBedeHO Ao 4dmcrioBoro oteeta. OTBET NpMBEAEH COrNacHo
3a4aHuto.

N[

3 PaccunTtante npouUeHT nNpuMMecu HUTpaTa HaTpus B [MOKO3e, ecrnn HaBecky maccon 0,5
rpamm pacteopunu B 100 cm3 BoAbl, pacTBOP NPONYCTUNKN Yepe3 KOJTOHKY C aHMOHOOOMEHHUKOM
B OH-dopme, a Ha TUTPOBaHME 10 cm3 nponyLeHHOro pacTBopa noLusio
2,50 cm3 pacteopa HCI ¢ koHueHTpauun 0,1 mMosis/Om3.

PeweHue:
1) lMpoTekatowas peakumns onmcbiBaeTCst CXEMON

R-OH + NO3 = R-NO3+ OH



2) Hangem KonuyecTtBO HATPAT- MOHOB, MOMMOLLEHHbIX aHNOHOOOMeHHUKoM. OHo ByaeT
3KBMBANEHTHO KonmnyecTBy BblaenmsLlumxca OH-1oHoB, 1, cnegoBaTteribHO, KONMYeCTBY
XITOPUA-MOHOB, NOLLEALLMX Ha TUTPOBaHME.

Cuurpara® Viurpara = Ccl *Var , otcoga Cunrpara = (Cci *Ver)! Viurpara = 2,5*0,1/10 = 0,025
monb/am® C yyeTom o6Lero oobema B 100 cm® cogepxxaHune HUTpaTa HaTpusa byaget
coctaBnATb 0,0025 monb.

3) Haxogum maccy Hutpata Hatpusa M (NaNOs) = 85 r/ monb.
m= n*M = 0.0025*85 =0.2125r

Haxogum gonto HUTpAaTa HaTpuA B NHOKO3e:

o=m (NaNO3)/ m (HaBeckn) *100% = 0,2125/0,5 *100 = 43%

Kputepuu oueHku oueHnBaHuA 3agaHus — 10 6annoB

9Tan 1. B oTBeTE NpmuBeaeHa cxema npoLecca 2
Otan 2. O6bACHEH MPUHLUMN 3KBUBANEHTHOCTW, MO3BONSAKOLWMIA onpeaenntb | 4
coepXaHne HUTpaT-MoHOB
9T1an 3. 3agaHme goBeaeHo A0 uucnoBoro oteeta. OTBET NpuBeaeH cornacHo | 2
3a0aHunto.

4. PaccuntaTtb KoapumumeHT anddysnmn noHa HaTpust B kKaTMOHOOBMeHHuKe KY-2-8 no
cneayroLwmm OaHHbIM:

T
F
30 0.0190
40 0.0228
50 0.0240
60 0.0260
80 0.0300
100 0.0340
150 0.0420
200 0.0480
Paamep 3epHa copbeHTa ro- 1TMM.
PeweHne:

KoadbpmumeHT anddysmm B cbase noHMTa MOXKHO paccumTaTb No AaHHbIM KMHETUYECKOro
onbiTa C UCMoNb3oBaHMeM 3HadeHun F un 7. (cM. Tabn.). Ha ocHoBaHMM gaHHbLIX Tabnuubl CTPOAT
rpacdouk F=f(7). C nomowybo rpadurka ans gaHHOW CTENEHN HacbIWEHWS NOHOOOMEHHMKA F K MOMEHTY 1T

onpegenawT BennuuHy B=F/7r (TaHreHc yrna HaknoHa KpuBOM), TO KO3(MUUMEHT BHYTPEHHEN
— Br?

anddysnm noHa HaTpUS B KATUOHOOOMEHHWMKe D = ‘2) .
T

Br’
71_2
2. TaHreHc yrna HaknoHa (napameTp B) = 0.0002
3. D=0.0002* (0.1)?/ (3.14)> = 2.*10”" cm?/c.
Kputepuu oueHku oueHMBaHuA 3agaHusa — 10 6annoB

1. dopmyna ans pacyeta D =

dtan 1. B oTBeTe npuBeaeHo dopmMmyna pacyeTta koadduumeHTa BHYTPEHHen | 4
Anddysnm
Atan 2. OnpegeneH k0aPUUNEHT HaknoHa B

OTan 3. 3agaHne goBedeHO A0 4YMcrioBoro oteeta. OTBET NPMBEAEH COrNacHo
3a4aHuto.

N[




OnucaHue TexHonorun npoBegeHus

TecTbl BbINOMHATCA NUCbMEHHO. K Kagomy BOMPOCY M3 NepedHsi OTBETOB HeobXoauMmo
BblGpaTh NPaBUSbHbIN.

Tpe6OBaHm| K BbIMNONMHEHUIO 3a4aHUN (VIHVI wKanbl U KputTepumn OLl,eHMBaHMﬂ)

BbINONHEHHbIM (CTaBUTCS 3a4yeT) cuuTaeTcsa TecT, rae m3 obliero nepevHss BOMNPOCOB
npaBunbHble OTBETHI UMelT bonee 50% 3aagaHui.

MNepeyveHb 3adaHull, mem peghepamoe, mem npeseHmayuli, 0oknados:
1.YpaBHeHUss MakpOKUHETUKN. OCHOBHbIE MOHATUA.
2. O6 0coBEeHHOCTAX rPaHMYHbIX YCIOBUA ANHAMUKKN copbumnm
3. AnHamuka ppoHTanbHOro npotecca.
4. lnHamuka 3noaTMBHOIO npoLecca
5. [InHamMunKa BbITECHUTENBHOrO NpoLecca.
6. MNMpoTnBoTO4YHbLIN Npouecc. Ero ocobeHHoCTW.
7. ToHATWEe HepaBHOBECHOW ANHAMWKA MOHHOrO obmeHa.
8. lmHamunka copbumm Ha NOHOOOMEHHMKAX Pa3NMNYHbIX TUMOB.
9. InHamunka npu HeNMHENHOWN N3oTepme.
10. OcobeHHOCTM AMHAMUKM MOHHOTO OBMeHa C y4acTUeM OpraHUYeCcKnX BELLECTB.

20.2 NMpomexyTo4Haa aTrectaumsa

MpomexXyToyHasi aTTecTaumsi No QUCLMNIIMHE OCYLLIECTBNSIETCA C NMOMOLLLIO CreayoLmx
OL€HOYHbIX CPeacCTB:
CobecedosaHue o ak3ameHaluoHHbIM bunemam (no bunemam K 3a4emy)

MNepeyeHb BONPOCOB K 3K3aMeHy
1.06wue ceegeHns 06 noHoobmeHHmKax. Vx knaccndumkaumsi. OCHOBHbIE MOgENN MOHOOOMEHHNKOB.
2. Ycnosus TEpMOANHAMMYECKOrO paBHOBECUSA B MIOHOOOMEHHOW cucTeme. YpasHeHne 'mbbca-[iorema.
3. Pac4yeT k03(pbMUNEHTOB aKTUBHOCTU B CUCTEME MOHOOBMEHHUK-PACTBOP.
4. NHTerpanbHble n guddepeHumnanbHble XxapakTepUCTUKN MOHOOOMEHHOIO paBHOBECHS.
5. ®akTopbl, BNNSAIOLLNE HA MOHOOOMEHHOE paBHOBECHKE.
6. PaBHOBeCUSA B MHOTOKOMIMOHEHTHBIX CUCTEMaX.
7. OcHOBHble NoaxoAbl K NPOrHO3MPOBaHUIO MHOTOKOMMOHEHTHbLIX PABHOBECUIA.
8. HeobmeHHasi n cBepxakBMBanieHTHasa copbuust.
9. OCHOBHbIE 3aKOHOMEPHOCTM COPOLIMM OPraHNYECKNX MOHOB.
10. O6Lwme nonoXxeHusa KMHeTUKN MOHHOro obmeHa. MexaHnambl MOHHOro obMeHa.
11. MeToabl onpeaeneHns IMMUTUPYIOLLIEN CTaguKn npoLecca.
12. BHelwHeanddy3nOoHHasA KNHETUKA.
13. BHyTpnanddysmoHHasa KnHeTuka.
14. CmewaHHoanddy3noHHas KUHETUKA.
15. KoadbdpuumeHTbl camoandpysnm B MOHOOMEHHUKAX.
16. Mogenb noHuTa, Kak pacteopa anektponuta. PewweHne gna mogenun TyHuukoro — Nenbdepunxa.

17. KuHeTnka copbumum, KOHTpPONMpyemas XuMmn4eckon peakumen. MaccoobmMeH Ha MoHuMTax npu
HanNn4mMn GbICTPLIX XMMUYECKNX PeaKLUN.

18. OCHOBbI AUHAMMWKM MOHOOOMEHHLIX MPOLIECCOB. YpaBHEHUS] MaTepmnanbHoro 6anaHca.
19. BapraHTbl NpakTU4EeCKOro MCNosib30BaHNS ypaBHEHMS AMHAMUKK copoumn.

KM cdbopmupyrotca Taknum obpasom, 4Tobbl OHM cogepxanu ABa Bonpoca - OAVH U3 pasgena,
TepMOAMHAMMKN MOHHOTO OBMeHa, a BTOPOM - U3 pasgerna KMHETUKN Ui ANHAMUKW.

OnuncaHne TexHomnormm npoeegeHund



OKk3aMeH npoBoAnNTCA B NUCbMEHHOM cbopme. CTyD,eHT 0653aH MakcMmarbHO I'IOLI,pOGHO nece
npuMmepamMn Un3rnoXuTb CYTb KaxXOoro BoOrnpoca. I'Ipenop,aBaTenb nMeeT npaBo Ha YyTOYWHAKLWHNE "
AononHnTternbHble BOMNPOCHI B npeaenax TeOpeTI/I‘-IeCKOIZ n HpaKTMLIeCKOVI YacTn aHHOW AUCLUMMIINHBI.

TpeﬁoBaHml K BbIMOJIHEHUIO 3ap,a|-|m71, wKanbl U Kputepmun oueHnBaHuA
YpoBeHb

KpuTtepumn oLeHMBaHNst KOMNEeTEHLNI cchopmmpoBaHHOC
TN KOMMNETEHL MM

OOyuvatownnca OomKkeH oBrageTb TEOPEeTUYECKMMU U npakTuydecknmm|loBblweHHbIn |OTAMYHO
OCHOBaMW TEPMOAMHAMMUKWN, KUHETUKN W AMHAMUKN MOHOOOMEHHbIX|YPOBEHb
npoLeccoB. YMeTb TeopeTU4eckn oOOCHOBaTb MPUMEHEHME Moaenen
ONs ONUCaHUsI PaBHOBECUSI U KUHETUKN COPOLIMOHHBIX MPOLIECCOB.
MMeTb npakTuyeckMe HaBblkKM B onpedeneHnun TepMoauHaMUYeCKuX,
,KNHETMYECKNX U ONHAMUYECKUX XapaKTepuUCTUK npouecca. YMeTb
TeopeTmyeckn obocHoBaTb MNPUMEHEHMe Modenen Ans OonucaHus
paBHOBECUS. KMHETUKM WU OMHAMUKM COPOLUMOHHLIX MPOLECCOoB Ans
peLleHns NpakTu4ecknx 3agau.

Obyvatownnca [OmMKeH npeactaBuTb MNOMHOE 3HaHue  ydebHoro|basoBbin Xopoulo
Matepuana, npeaycMoTpeHHoro paboyen nporpaMmon, YCneLwHO|ypPOBEHb
BbIMOMHATL 3aJaHus BCEX (DOPM TEKYLLEero KOHTPOMd, HO npu 3TOM
OTBET Ha KOHTPOSbHO-U3MEPUTESbHBLIN  MaTepuan He SABNAeTcs
ncyepnbiBalowmMm. Ha gononHuTEnbHbIE BONPOCHI oby4varowmica gaet
npasunbHbIE OTBETHI.

OTBeT Ha KOHTPOMbHO-U3MEPUTENbBHLIN MaTepuarn HenosnHbl No obounm|Moporosbin YoosneTsop

LLkana
OLIEHOK

n3 nepeuncneHHblx B KMMe BonpocoB. [JaeT HenosnHble OTBETbl Ha|ypOBEHb NTEerbHO
O0NOMHUTESbHbIE BOMPOCHI.

OTtBeT oOOy4valowero He COOTBETCTBYeT 3afaHHbIM  BoOMpocam - Heynoenets
KOHTPOIbHO-N3MepUTENbHOrO MaTtepuana, fmbo OTCYTCTBYIOT BOBCeE. OpUTESbHO.
OtcyTcTByIOT cuctemaTmyeckue, yCTON4YMBbIE 3HaHUA no

npegnaraeMomMy  Kypcy W CTYAEHTOM  fJomnyckawTcsi  rpyoble
NPUHLMNMAnbHble OLWMGKM NpU OTBETE Ha BCE BOMPOCHI.

3adaHuss pasdena 20.1. TectmpoBaHue Mmo2ym Obimb UCMO/Ib308aHbl Mpu posedeHuU
OuacHocmu4yeckux pabom ¢ uyesnbro OUEHKU 0CMamoYHbIX 3HaHUl no pe3yribmamam 0C80eHUs OaHHOU
oucyurniuHb!
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