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PABOYASA NPOrPAMMA YYEGHOWU OUCLUMIINHBI

B1.0.23 KuHeTuka un Katanus

1. Koag ¥ HaumMeHOBaHMe HanpaBfieHUs1 NoAroToBKU/cneunanbLHOCTH:
04.03.01 Xumunsa

2. NMpocdunb nogroToBku/cneumanusaymusa: TeopeTndeckas n sKkCnepuMeHTanbHas
XNMus

3. Keanudwmkauma (cteneHb) BbINyCKHUKa: bakanasp
4. dDopma oby4yeHUA: OYHasA

5. Kadegpa, oTBevawwas 3a peanusauMio AOUCUUNNUHLI:  Kadeapa
maTepuanoBeaeHUs U UHAYCTPUN HaAHOCUCTEM

6. CoctaButenun nporpammbl: TomnHa EneHa BuKTOpOBHa, OOKTOP XMMWUYECKUX
HayK, OLEHT

7. PekomeHAoOBaHa: Hay4yHO-METOAUYECKUM COBETOM XUMWYECKOrO (pakyrnbTeTa,
npotokon Ne 3 ot 19.03.2020

8. YueOHbIN roa: 2022-2023
CemecTtp(bl): 5



9.Uenu n 3agayun y4ebHOM ANCLUNIINHDI:

C(bOpMMpOBaTb OCHOBHble npeactaBJ/ieHndA O XUMUYECKON  KMHETMKE  Kak
TeopeTn4eCckom (byHLI,aMeHTe ana mn3ydeHna MexaHM3MOB MPOCTbIX WU CITOXHbIX,
FOMOIeHHbIX n reTeporeHHbIX peaKLI,I/IIZ, NO3HAaKOMUTb C OCHOBHbIMH
3aKOHOMEPHOCTAMU rOMOreHHoro wun reTeporeHHoro Karanum3a, pacCMOTpeTb
conpsAxeHne n HOyKunM B XMMNYECKUX peakundax.

10. MecTo yyebHOM AncuUNUHbLI B cTpyKType OOI:

B1, ob6s3aTenbHas YacTb

TpeboBaHMs K BXOAHBbIM 3HAHMUSIM, YMEHUAM M HaBblkaM: N5 OCBOEHUS Kypca
CTYyAEHTbl [AOSDKHbl UMETb TeOpPeTUMYECKYd U MPaKTUYEecKyl MNoAroToBKY MO
ancuunnmHam «dusnyeckas xmummsa», «MatemaTukay.

11. MNMnaHupyemble pe3ynbTaTbl 00y4YeHUs No AucuunnuMHe/MoAayno (3HaHUA,
YMEeHUsl, HaBblKKN), COOTHECEHHbIE C MNTaHUPYEeMbIMU pe3yribTaTaMu OCBOEHMUS

obpa3oBaTenbHON nporpaMmmbl (KOMNeTeHUMAMU) WU UHAMKaTopamMun uX
AOCTUXeHunA.
Kog HasBaHue Koa(bl) WHankaTop(bl) MnaHnpyemble pe3ynbTaTtbl 00y4eHus
KOMNeTeHLUn
OlK-3 | CnocobeH OrlK-3.1 | MNMpumeHsieT 3HaTb:  OCHOBHble  MOHATMSS W 3aKOHbI
NPUMEHSATb TeopeTnyeckue u XUMUYECKON KUHETUKM Kak OCHOBY ANsl U3y4YeHus
pacyeTHO- nonyaMnupuyeckme | MexaHu3MOB XWMWYECKUX peakuMn  pasHbiX
TeopeTmyeckue mMogenwv npu TMNOB, OCOBEHHOCTN KWHETUYECKOro OnucaHus
mMeToabl 4ns pelueHnn 3agad peakumi B KOHOEHCUpOBaHHOW ba3e, MoAenu
N3y4YeHns CBOUCTB XNMNYECKON 3apogbllweobpasoBaHna n AU PY3NOHHbIE
BELLECTB U HarnpaBreHHOCTH MOOENN B KMHETUKE TOMOXUMWMYECKUX peakuuni,
NpoLEeccoB C KX OCHOBHblE  TUMbl  MEXaHW3MOB [OMOreHHOro
yyacTuem ¢ KaTanusa n xapakTepHble 4epTbl reTeporeHHoro
ncnonb3oBaHNeM KaTanusa;
COBPEMEHHOW YMeTb: ucnonb3oBaTb TEOPETUYECKME 3HaHWA
BbIYUCIUTENBHON AN pelleHNss KOHKPETHbIX 3ajay XUMWYECKOW
TEXHUKM KMHETUKN
BrnageTtb: HaBblkaMuM NPUMEHEHUA 3HAHUA W
YMEHUN ONS  vMHTepnpetauum MexaHu3ma
FTOMOrEHHbIX, FeTEepPOreHHbIX, KaTanuTUYecKnx
peakuumn.
OTl1K- Mcnonesyet 3HaTb: theHOMeHonornyeckoe onucaHuve
3.2 cTaHpapTHoe peakuui pasHblx MOpsaKoB
nporpammHoe YMeTb: onpegensaTb MOPSOOK WM KOHCTaHTY
obecrneueHne  Mpu | CKOPOCTM peakuun, nepuos nonynpeBpaLleHus,
peLueHnm 3agay | apEeKTUBHYIO 3HEPINI0 aKTMBaUMM Ha OCHOBE
XUMUYECKON 3KCMepuMeEHTanbHbIX AaHHbIX O CcBOWCTBax
HarnpaBreHHOCTH CUCTEMbI C WCMONb30BaHWMEM CTaHAapTHOro
nporpaMmHoOro obecneyeHus
Bnagetb: HaBblkamu WHTepnpeTaunm
MexaHu3Ma MpoLEeCcCOB MOMYYEHUS LUMPOKOro
Kpyra mMaTepuarnos, BKMto4as  OObEeKThI,
nony4YeHHble CaMOCTOATENBHO B paMKaxX Hay4yHo-
nccregoBaTeIbCKon AeATENbHOCTU.




12. O6beM AucUMNIIMHBLI B 3a4YeTHbIX eAuHuuax/yacax B COOTBETCTBUM C
y4yebHbIM nnaHom — 3/108.

dopma NpomMeXyTOYHOWM aTTecTaumMm — 3ayerT.

13. TpyaoemkocTb No BuUAam y4ebHon paboTbl

TpyaoemMKocTb
Bup yuebHoi paboTsl Bcero Mo cemecTpam
5 cemecTtp 6 cemecTp
KoHTakTHaga pabota 36 36
nekumm 18 18
npakTunyeckmne 18 18
B TOM 4mcne:
nabopartopHble -
KypcoBas pabota -
CamoctosaTensHasa pabota 72 72
MpomexyTouHasa atTecTauunsa (019 ak3ameHa)
UToro: 108 108

13.1. CopepxaHue AUCLMNNUHBI

n/n
Peanusaunsa pasgena gucumunnmvHel €
Haumerosanme MOMOLLIbIO OHNanH-kypca, QYMK *
pasgena CogaepxaHue pasgena gucumnivHbl
AVCLUNIWHBI
1. Nekuun
1.1 | OcHoBHble CkopocTb XUMUYECKOMN peakumu.
MOHATUS 1 OnemeHTapHas cTaausi W aneMeHTapHblid akT | https://edu.vsu.ru/course/view.php?id=9458
3aKOHbI XMMWU4ECKON peakuun. OHeprust akTuBauMu. | 9YMK «KuHeTuKa 1 kaTanua» Ha noptane BIY
XUMUNYECKON 3aKoH JeNCTBYIOLLMX MaccC. «ONEKTPOHHbIN YHUBEPCUTET»
KUHETUKN. Knaccudpumkauma  xvmMunyeckux — peakuui.
®opmanbHO - | 3aKkpbiTble M OTKPbITble CUCTEMbl. PeakTopbl
KMHeTUYecKoe | ugeanbHOro CMELIeHVMs U maearnbHOro
onucaHue BbITeCHeHUsA. OgHOCTOPOHHME peakummn 1,2, n
peakuun nopsagka. [BycTopoHHue  peakuum 1,2
NPOCTbIX TUNOB. | nopsakoB. OnpegeneHne nopsaka peakumm.
1.2 [TeopeTnyeckne | Teopuss aKkTMBHbLIX coydapeHun. Teopus
OCHOBbI aktvBupoBaHHoro  komnnekca.  OcHoBHoOe | https://edu.vsu.ru/course/view.php?id=9458
KUHETUKK ypaBHeHue Teopuu aKTMBMPOBAHHOIO | 5YMK «KuHeTuka 1 kaTanus» Ha nopTane By
TOMOTEHHbBIX | KOMMJeKca. «ONeKTPOHHbIN YHUBEPCUTET»
peakuuin. OHTanbnus aKTueauumn. OHTponus
aktuBauumn. Cxema JlnHgemaHa.
1.3 KnHeTunka CnoxHble peakumu. [NocnepoBaTtenibHble W”
CMOXHbIX napannenbHble  peakuuun.  Liuknudecknit | https://edu.vsu.ru/course/view.php?id=9458
XUMUHECKNX MapLpyT. ['pacpuk Pakosckoro. OYMK «KuHeTuka u katanus» Ha noptane BI'Y
peakumn Nnmutupyiowias cTagua. Cxema CHOXHOTO | (3neKTPOHHBIN YHUBEPCUTET»
XMMUYeckoro npouecca. LlenHble peakummn n
NX MEXaHWU3MBblI.
14 KnHeTtunka OcHOBHble TUMbl TETEPOreHHbIX peakuun.
reteporeHHbix | CTeneHb  npeBpaiieHus M cTenetb | https://edu.vsu.ru/course/view.php?id=9458
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peakummn 3aBepLUIEeHHOCTH XUMUYECKOMN peakumn. | AYMK «KnHeTuka n katanua» Ha noptane BI'Y
OTKpbITbIE rETEPOreHHbIE CUCTEMBI. «ONEKTPOHHbINA YHUBEPCUTET»
Tonoxmumuyeckme peakuuu. Mopgenn
3apogbiweobpasoBaHus M AMdPdY3MOHHbIE
mMogenn. MakpoKMHETMKa TOMOXUMUYECKMX
peakumn.
15 Katanua un XapakTtepHble 0COBGEHHOCTH KMHETUKN
WHOYKUMS B | KaTannUTUYecKnx peakuuid. Tunbl MexaHusmoB | https://edu.vsu.ru/course/view.php?id=9458
XUMUYECKMX FOMOTEHHOro  KaTannsa.  JHepreTuyeckne | 3yMK «KuHetuka u katanua» Ha noprane BrY
peakumsix. avarpammei. eTeporeHHbINn KaTanus. | (3neKkTPOHHbIN YHUBEPCUTET»
ConpsikeHne W WHOYKUMS B XMMMUYECKMX
peakumnsx
2. MpaKkTn4yeckmne 3aHATUA
2.1 | ®opmanbHo - | OOHOCTOPOHHME peakumMn 1,2, n nopsigka.
KuHeTudeckoe | [IBycTopoHHue peakumm 1,2 nopspakoB. | https://edu.vsu.ru/course/view.php?id=9458
onucaxve Onpenenexue nopszaka peakuuy. QYMK «KuHeTunka n katanua» Ha noptane BIY
peakumu «OnNeKTPOHHbIV YHUBEPCUTET»
MPOCTbIX TUMOB.
2.2 | OnemeHTapHble | PeakumoHHbIM  LEeHTPp  aKTMBUPOBAHHOIO
XUMUYeckne komnnekca u ero Buabl. lNpasuno 3sanpeta | https://edu.vsu.ru/course/view.php?id=9458
peakunn. Bynsopaa-XochmaHa. QYMK «KnHeTuka u katanus» Ha noptane BIY
«ONEKTPOHHbLIN YHUBEPCUTET»
2.3 | KuHeTnyeckoe | lMocTpoeHne CTexmomMeTpruyeckon MaTpuubl 1
onvcaHue mMaTpuubl coctaea Ha npumepe peakuuu | hitps://edu.vsu.ru/course/view.php?id=9458
CITOXHbIX XNnopupoBaHuA aTunexHa AYMK «KuHeTuka n katanus» Ha noptane BIy
peakunu. «ONEeKTPOHHbLIN YHUBEPCUTET»
2.4 | TeTeporeHHble | [eTeporeHHble peakuMm C  Hyrneson U
peakuuu HeHyneBou Ha4arnbHo ckopocTbio. | https://edu.vsu.ru/course/view.php?id=9458
AKTVMBMPOBaHME peareHToB. QYMK «KuHeTuka u katanus» Ha noptane BIY
«ONEKTPOHHbIN YHUBEPCUTET»
25 Katanuns n Teopuu KaTanusa. ABTOKaTanms.
MHAYKUMS B | DepMeHTaTUBHbI kaTanus. https://edu.vsu.ru/course/view.php?id=9458
XMMUHECKNX QYMK «KuHeTuka v katanus» Ha noptane BIryY
peakunsx. «ONEKTPOHHbIN YHUBEPCUTET»

13.2. Tembl (pasaenbl) AUCUUNIIUHBbI U BUAbI 3aHATUN

Ne Buabl 3aHATUN (4acoB)
Ay HaumeHoBaHue Tembl CaMocTosTenonan
n (pasgena) gucumnmuHel Jlekunn MpakTuyeckme | JlabopaTopHble pa6ota Bcero
1 DCHOBHbIE MOHATUSA N 3aKOHbI 2 4 14 20
XUMUYECKON KMHETUKM..
TeopeTuyeckne OCHOBbI 2 4 14 20
2 KMHETMKN FOMOTEHHbIX
peakumn.
3 KnHeTurka CnoXxHbIX 4 4 16 24
XUMUYECKMX pPeakLni
4 KuHeTnka reTeporeHHbIxX 6 4 14 24
peakuui
5 KaTanus n niagykums B 4 2 14 20
XUMUYECKMX PeaKLUsaX.
UToro: 18 18 72 108
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14. MeToanyeckue ykasaHuUsa Ans ooy4aroLWmxca Nno OCBOEHUIO AUCLUMNIIUHDI
(pekomeHOayuu obyvaroujumcsi o 0C80eHUK0 ducyunauHbl: paboma ¢ KoHcrnekmamu nexkyud,
rnpe3eHmMayUoHHbIM MamepuasioM, 8bIMNONTHEHUE rnpakmu4yeckux 3adaHuli, mecmos, 3adaHull
mekywel ammecmauuu u m.0.)

OpraHusaums msydyeHus gucuunnuHel npegnonaraet ucnonb3oBaHne OYMK «KuHeTuka un
KaTanuad» Ha noptane BIY «OnekTpoHHbIN YHUBEPCUTETY. B npouecce wn3yyeHus
AncuMnnHbl NpegnonaraeTcs: paboTta ¢ nMTepaTypHbIMA UCTOYHUKAMKU, pelleHue 3agad,
NOAroTOBKA WU BbIMOMHEHNE TECTOB.

3agaum no opmanbHOM KMHETMKE NPUBEAEHDbI B y4eOHO-MeToan4eckom nocobmm KnHetnka
N KaTanua: cOOpHMK 3agay 1 BONpoCoB : y4ebHo-meToan4veckoe nocobue / cocrt.: E. B.
TomuHa, N. A. MutToBa, b. B. Cnagkonesues, A. A. ConoBbeBa, J1. C. 3eneHnHa. —
BopoHex : U3pgaTtenbckuin gom BI'Y, 2017. — 19 c.

Mpn NoAroToBKe K BbINOSIHEHWIO TECTOB CTYAEHTbI AOMKHbI BbINONHUTL NPOOHLIE TECTOBbIE
3agaHns 13 cnegyroulero yuebHoro nocobus:

OcHoBHbIE NpeacTaBneHns N 3aKkOHbl XMMNYECKOW KUHETUKN. TeopeTnyeckme OCHOBLI
KMHETUKM FTOMOTFEHHbIX peakumii : (KOHTPONbHbIE BONPOCH! AN TECTUPOBAHUS MO KYpPCy
"KuHeTunka n katanua") : yuebHoe nocobue : [ana cneu.: 020101 (011000) - Xumuns] /
BopoHex. roc. yH-T; cocT.: N.A. MutToBa [ ap.] .— Boponex : UNU BI'Y, 2007 .— 12 c.
TeKyLWWUn KOHTPOMb OCBOEHUS OUCLUUMNIUHBI OCYLLECTBAAETCA MPU BbINONHEHUN CTYAEHTaMK
TecToB. [lpn Habope npu BbinonHeHun BCEX! tectoB  6onee 50% MakcumanbHO
BO3MOXHOrO vncria 6annoB CryaeHTam MOXeT ObiTb BbICTABMNEH 3a4eT aBTOMaToOM

15. NMepe4yeHb OCHOBHOM U [ONONMHUTENbLHOW NUTEpaTypbl, PECYPCOB UHTEPHET,

HeoOGXxoAMMbIX ANsA OCBOEHUS OUCUMNIIUHBLI (Crucok numepamypbi 0QOPMISEMcs 6
coomgemcmeuu ¢ mpebosaHusmu OCT u ucrnonb3yemcsi obwas ckgosHasi Hymepauusi 0nsl ecex
8Ud08 UCMOYHUKO8)

a) OCHOBHasa nutepartypa:

Ne n/n McTOoYHUK
Ctpombepr A.I'.®usnyeckas xumus : [y4ebHUK ANs CTyd. By30B, 00y4. MO XMM. cneumanbHOCTAM]
1 [ A.l'. Ctpombepr, .M. CemuyeHko ; noa pea. A.l'. Ctpombepra .— M3g. 7-e, ctep. — Mockea :
Bblcwas wkona, 2009 .— 526 ¢
YopkeHpopd.N. CoBpeMeHHbIN KaTanua M Xxumudeckasl KMHeTuka : [y4ebHoe nocobue] / W.
2 YopkeHgopd, X. HawmanTtcBegpant ; nep. ¢ adrn. B.A. PongyrmHa .— 2-e wu3g. —
HonronpyaHbin : Nsgatensckun gom NHtennekt, 2013 .— 500 c.
JleeHcon W. A.. Kak n noyemy npoucxogdAT XMMUYECKUE peakuun. ONeMeHTbl XMMUYECKON
3 TepMoaNHaMUKN U KuHeTuku : [yyebHoe nocobue] / U.A. JleeHcoH .— [onronpyaHbin
MuTennekt, 2010 .— 222 c.

0) gononHuTensHasa nutepaTtypa:

Ne n/n MICTOYHMK

Tpetbsakos O.[.. BeegeHne B xvmuio TBepgodasHbix MaTtepuanos : ydebHoe nocobue ans

4 CTya. By30B, 00y4Y. NO HanpaBneHuo NoAroT. "Xumus, umsmka n mexaHuka matepmanos” / HO.[.
TpeTtbsikos, B.W. MNMyTtnsaes ; Mock. roc. yH-T uM. M.B. JlomoHocoBa .— M. : M3a-Bo Mock. yH-Ta :
Hayka, 2006 .— 399 c.
OmaHyanb H. M. Kypc xumunyeckon kmHeTtukn / H.M. Omanyans, O.I. KHoppe. - M. : BbicL.

5
wk., 1984. - 463 c.

6 Bappe 1. KnHeTtunka reteporeHHbix npoueccos / 1. bappe. - M. : Mup, 1976. - 400 c.

7 PosoBckuin A.A. KnHetmnka tonoxummyeckmx peakuun / A.A. Pososckuin. - M. : Xumusa, 1974. -
224 c.

8 dusunyeckasa xmmus: B 2-x kH. / K. C. KpacHos 1 gp. - M. : Beicwu. wik., 2001. - KH.2. - 318 c.

9 Kpbinos O.B. NeteporeHHbin katanus / O.B. Kpbinos. - M. : AkagemkHura, 2004. - 679 c.

10 BbanpamoB B.M. OcHoBbl Xxnmuyeckon KMHeTukn un katanusa / B.M. banpamos; nog pea. B.B.




| NynuHa. - M. : Academia, 2003. - 251 c.

B)MH(DOPMALMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHble pecypchl (oduLmanbHble Pecypcbl MHTEPHET)*:

Ne n/n Pecypc

1 https://edu.vsu.ru/course/view.php?id=9458 3YMK «KuHeTMKa 1 KaTanns» Ha noprasne
BIY «9neKTpOHHbIM YHUBEPCUTET?

12 OBC IPR BOOKS — Pexwum goctyna: http://www.iprbookshop.ru/

13 https://www.lib.vsu.ru/ - cant 3oHaneHon Hay4yHon Bubnnotekn BopoHexckoro
rocygapCTBEHHOIO YHMBepcUTeTa
http://www.en.edu.ru/ - EcTecTBeHHO-Hay4HbIi OBpasoBaTenbHbI nopTan - SABMseTcs

14 cocTaBHOW YacTbio heaepanbHoro noprana "Poccuiickoe obpasoBaHue”. Coaepxut pecypcbl u
CCbIJIKM Ha pecypchbl N0 eCTECTBEHHO-HAaYYHbIM AncumnimHam (dusmka, Xxumusa n bronorusi)

15 http://window.edu.ru/ - wuHpopmaumoHHas cuctema «EguHoe oOkHO  pgocTyna K
obpasoBaTtenbHbIM pecypcam»
http://www.elibrary.ru —Hay4yHast anekTtpoHHasi 6ubnuoteka eLIBRARY.RU - kpynHenwwui
POCCUMCKMA UHAOPMALMOHHBIA nopTan B 06facTu  Hayku, TEXHONOrMWM, MeOUUUHbI U

16 obpa3oBaHus, cofgepxalun pedepatbl U NOMHblIE TEKCTbI 6onee 12 MIH. Hay4HbIX CTaTen u
nybnukauun. Ha nnatdopme eLIBRARY.RU poctynHbl anekTpoHHble Bepcuu Gonee 1400
POCCUNACKMX HAYYHO-TEXHUYECKNX XKypHanoB, B ToM yucne 6onee 500 XypHanoB B OTKPbITOM
gocryne.

17 http://www.chem.msu.ru/rus/ - Chemnet - oduumansHoe 3NeKTPOHHOE n3gaHne XnMn4ecKkoro

dakynbTeta MI'Y B Internet

* BHavane ykasbiBatotcst OBC, ¢ kKoTopbiMu MMetoTca gorosopa y BIY, 3aTem OTKpbITbie 3MEKTPOHHO-
obpasoBaTerbHble pecypcehbl

16. Mepe4vyeHb Yy4eOHO-MeTOAMYECKOro obecnevyeHUs AN CaMOCTOATESIbHOM

pPaboTbl (yyebHo-memoduyeckue pekomeHdayuu, nocobus, 3adayHuKku, MemoduyecKue yKaszaHusl
10 8bIMOMIHEHUIO pakmuy4ecKkux (KOHmMporibHbIX) pabom u dp.)

Ne n/n NcTo4uHnk
MuttoBa W.A. OcHOBHLIE NpeacTaBneHnsa U 3aKOHbl XMMUYECKON KMHETUKN. TeopeTnyeckme
1 OCHOBbI KWHETUKM FOMOreHHbIX peakuun : y4ebHoe nocobue : cneumansHoctb 020101 (011000)

- Xumus / N.A. MutTtosa , C.C. JlaBpywuHa, B.®. Koctpiokos ; BopoHex. roc. yH-T .— BopoHex
: JIOMN BI'y, 2005 .— 59 c. : un. — kcepokonus .— bubnuorp.: c. 58 .

OcHOBHble NpeacTaBNeHNs N 3aKOHbl XMMNYECKON KUHETUKN. TeopeTudeckne OCHOBbI KUHETUKK
FOMOFEHHbIX peakuuin : (KOHTPOSbHble BOMPOCHI ANs TeCcTUpoBaHus no Kypcy "KuHeTuka u
katanus") : yuebHoe nocobue : [ana cneu.: 020101 (011000) - Xvmwnsa] / BopoHex. roc. yH-T;
coct.: U.A. MutToBa [ ap.] .— Boponex : LML, BI'Y, 2007 .— 12 c.

OCHOBHbIE NMOHATUSA N MEXaHM3Mbl KaTanuTUYECKNX N COMPSKEHHbIX peakumi. HepaBHOBECHbIE
npoueccbl B kKaTanuse. (Knaccuyeckue cuctembl) : yd4ebHoe nocobue pna By3oB : [Ans
MarmcTpaHToB xmM. dak. nepeoro roga obyvyeHust HanpaeneHui : 020300- Xumusa, dusmka u
MexaHuka matepuanos; 020100- Xumusa] / BopoHex. roc. yH-T ; cocT.: N.A. Muttosa, AA.
CawmcoHos, b.B. CnaagkoneBues .— Boponex : LML BIY, 2012 .— 97 c. : un. — bubnuorp.: c.
95-97.

KuHeTuka n kaTanmns: cOOpHMK 3a4ady 1 BonpocoB : y4ebHo-MeToanyeckoe nocobue / coct.: E. B.
TomuHa, U. A. MuttoBa, b. B. Cnagkonesues, A. A. ConoBbeBa, J1. C. 3eneHuHa. — BopoHex :
Mapgatenbcknn gom BI'Y, 2017. — 19 c.

17. O6pa3oBaTesibHble TeXHONOrMU, UCNOoNb3yeMble NpPU peanu3auum y4yeoHomn
OUCLUMNIMNHBLI, BKIOYasa AUCTaHUMOHHble oOOpa3oBaTefibHble TeXHONormu
(AOT), anekTpoHHOe o6y4yeHune (J0), cmewaHHOe O0byyYeHue):

Mpun peanuaaunn ANCUUNANHBI UCNONb3YOTCH 3NIEMEHTbLI NIEKTPOHHOrO 00Yy4YeHNs 1
ANCTaHUMOHHbIe obOpa3oBaTesnbHble TexHonorun: AYMK «KnHeTuka u katanuay» Ha noprtane
OnNEeKTPOHHbIN YHUBEPCUTET.

18. MaTepmanbHO-TeXHU4YECKoe obecneyeHme ANCLUUNIINHDI:



https://edu.vsu.ru/course/view.php?id=9458
http://www.iprbookshop.ru/
https://www.lib.vsu.ru/
http://www.en.edu.ru/
http://window.edu.ru/
http://www.elibrary.ru/
http://www.chem.msu.ru/rus/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4058&TERM=%D0%9C%D0%B8%D1%82%D1%82%D0%BE%D0%B2%D0%B0%20,%20%D0%98%D1%80%D0%B8%D0%BD%D0%B0%20%D0%AF%D0%BA%D0%BE%D0%B2%D0%BB%D0%B5%D0%B2%D0%BD%D0%B0%5B1,1004,4,101%5D&LANG=rus

[NepcoHanbHble KOMMbIOTEPBLI C AOCTYNOM B VHTEPHET; MyNbTUMEAUNHbLIA NPOEKTOP
BENQ, akpaH, HOyTOyK.
MS Office 2003 Std Win32 RUS OLP NL AE

19. OueHo4HbIe cpeacTBa AN NPOBeAEeHUA TEKYLEeNn U NPOMEXYTOYHOMN
aTrecTauuu

MopsiAoK OLEHKN 0CBOEHMS 0byyatoLmMmMuncst ydeGHoro maTepumana
onpeaensieTcs cogep)xaHMeM crneayrLmx pasnenos ANCUUNINHLI:

HanmeHoBaHue WHankaTop(bl
I"I\}I%I paspena ANCLMNANHLI K?_:\l’,'l';?;)e'* ,D,(ﬂ)TI/I)Kel-‘I)ISIﬂ) OueHouHble cpefcTBa
(mogyns) KOMMOeTeHUnn
OCHOBHbIE NOHATUS 1 OlK-3.1 YCTHbIN onpoc
1. 3aKOHbl XMUYECKOM OnK-3 OlnK-3.2 PeweHune 3agay
KUHETUKN.. Tect Ne 1
TeopeTnyeckme oCHOBbI OrK-3.1 YCTHBIN onpoc
2. KMHETUKN FOMOTreHHbIX OnK-3 OlK-3.2 PeweHve 3agay
peakuun. Tect Ne2
KnHeTunKa CnoXxHbIX OrK-3.1 YCTHBIN onpoc
3. XUMUYECKUX peakuun OrlK-3 OrK-3.2 Tect Ne3
KuHeTnka reTeporeHHbIx OrK-3.1 YCTHbIN onpoc
4, peakuuin OrlK-3 Orll1K-3.2
Katanuns n nHgykums B OlnK-3.1 YCTHbIN onpoc
5. XUMUYECKNX peaKLusax. OrlK-3 OlK-3.2
lMpomexyToyHasa aTTecTaums MepeyeHb BOMpocoB
chopma KOHTpONns — 3a4éT MpakTnko-opneHTMpoBaHHbIEe 3aaa4um

20 TwvnoBble OLUEHOYHble cpeacTBa W MeToAMYeCKMe MaTepuansbl,
onpegensirowme npoueaypbl OLeHMBaHUA

20.1 TeKywWwmMn KOHTPOSIb YCNEBaeMoCTH

KoHTponb ycneeaeMocT no AUCLMNIIMHE OCYLLECTBSIETCS C MOMOLLBIO CIeayHLLMX
OLIEHOYHbIX CPEACTB:

YemHbit onpoc
PeweHue 3a0ay
Tecm

Mpumepsl 3apay ansa pelueHns:
1. Jlns snemenTapHo# razodasznoit peakiuu Hy, + Ar = 2H + Ar 3HaueHue

KOHCTaHTBI ckopocTH mpu 3000 K pasro 2,2 - 10* m'moms ¢ Onpenenute
CKOpPOCTBb 3TOM pPEeaKIuu, €CJIM U3BECTHBI KOHLIEHTpauuu [Hy| = 4,1'10° M u
[Ar] =4,1-10" M. [Ipu KaKoM 3HAYCHNN KOHI[CHTPALINN APrOHA CKOPOCT
peaKkiy yBeTUYMBaeTcs BIBOE?



2. Yepes kakoi MpoMeKyTOK BPEMEHH MpopearupyeT MojJ0BHHA UCXOTHOTO
BEIICCTBA B peakluu HyJIeBoro nmopsaka A — B + C, eciu u3BecTHbl [Ag] = 1,0
M u koHcTanTa ckopoctu K = 0,05 MOJIB T MHH

37°CsB
4,2:10

3. BprumcnuTe HaYaIbHYIO CKOPOCTH PA3JIOKECHUS BEIIecTBa A MpHU
CM°/MHH, €cIIi BEIMYMHA KOHCTAHTHI CKOPOCTH TOIl PEaKIMU PaBHA
11/(MOJIbC), @ HaYaIbHOE JaBJICHHUE BemecTBa A pasuo 2,67-10% ITa.

4. HauvanpHasi CKOPOCTh OuMoOIEKyJsipHO peakuuu A + B — C paBHa a
Monb/cm-c). TlapruansHoe naBiIeHHE MEPBOTO M3 MCXOJIHBIX BEHIECTB paBHO P
Ila, a KOHHEHTpauus BTOporo — b cwm®. BhluMCINTE BENMYMHY KOHCTAHTHI
CKOPOCTHU peakiuu B atc™.

5. B mporecce yuc-mpanc npeBpalieHus TMXJIOpITaHa H3MEPSIIOCh U3MEHEHHUE
MIPOIIEHTHOT'O COJIEP KaHUS mpanc-u3oMepa co BpeMeHeM. Onpeennure mopsaok
pPEaKIMy ¥ BBIYUCINTE KOHCTAHTY CKOPOCTH U3 MIPHUBEICHHBIX HIDKE JaHHBIX:

Bpewst, uacel 0 [ 05| 10| 20 | 30| 40 | 50 | 60
Conepikaune mpanc-| | g | 15 | 29 | 40 | 50 | 57 | 64
u3zomepa, %

6. [Ipu wmenouynoMm rugponuse amwmixiopuna B 50%-M BOIHOM cnupTe
OBLIIM TIOJTYYEHBI CJICTYIOIINE PE3YIbTaThI:

Bpemsi, yacbl 0 6,6 19,0 26,2 42,8 66,9
[C;HsCI], moaw/ax | 0,1214 | 0,1148 | 0,1064 | 0,1020 | 0,0945 | 0,0871
[OH'], moab/a 0,0515 | 0,0449 | 0,0365 | 0,0321 | 0,0246 | 0,0175

Omnpenenure NOPSAAOK M BBIYMCIUTE KOHCTAHTY CKOPOCTH pEAKLUH U3
IPUBE/ICHHBIX BbIIIE YKCIEPUMEHTATbHBIX JAaHHBIX.
7. KuHeTuka peakiuu aMMUHOIN3a (EHITUITHUTPUTA

CH3;NH, + PhCH,CH,ONO — CH3NHNO + PhCH,CH,0OH
uccieaoBagack MetoaoM otbopa mpod. Huke mnpuBeneHa 3aBUCUMOCTD
kosmdectBa 0,05 H. pactBopa HCI, momenmero Ha TUTpoBaHHE MPOOBI
pEaKkMOHHOM cMecH (S5 MiT), OT BpEMEHH:

Bpemsi, MuH 0 300 420 545 1305 0
Komwiectso 8,14 7.33 7.11 6,90 5,74 2.21
HCI, ma

Haitgure U3 3TUX JaHHBIX BEIWYMHY KOHCTAHTBI CKOPOCTH PEAKIUU

8. Ilpu moBeimennn Ttemmeparypsl oT 60 g0 70 °C KoOHCTaHTa CKOPOCTH
peakiuu BO3pocia B JIBa paza. BelUMCINTE SHEPTUI0 aKTUBALIMM 3TON pEaKIUu.
To4HOCTBIO OnpeeNieHrsI KOHCTAHThI CKOPOCTH TIPeHEOpedb.

9. Ilpu u3ydeHNH KUHETHKHU pacrnaja JUITHINECPEKUCH TOTYYCHBI CICAYIOIIHE

3HAYCHUS  BEJIMYMH KOHCTAHT CKOPOCTH  PCAaKIUU TPH  Pa3InYHBIX
TeMIIEpaTypax:
Temnepartypa, °C 140,0 147.,8 156,5 184,5




k10 ¢* 1,75 3,6 6,67 78,8
Paccuuraiite OHCPIUIO aKTUBAIIUH U HpeﬂBKCHOHeHHI/IaJIBHLIﬁ MHOXUTCIIb.

10. BeruucauTe >HEPTUI0 AKTHBAIUU M TPEIIKCIIOHCHIIUATBLHBIN MHOXKHUTEIb
JUIsl peaKIMM Ha OCHOBAHMM CIEAYIOIIMX JaHHBIX 00 M3MEHEHWU KOHCTAHT
CKOPOCTH C U3BMEHEHUEM TeMIIepaTyphl:

Temnepatypa, °C 356 427 508

k, ¢t 0,0295 1,15 39,6
11. Peakiuio oKUCIEHUS OPOMOBOIOPO/IA, MPOTEKAIOIIYIO [0 YPABHEHUIO

HBr + O, — HO, + Br,
UCCIIEIOBAIM TPU Pa3IMUHBIX Temreparypax. IIpu sTom Obula mosydeHa

CJIeIyIOLIasi 3aBUCUMOCTh KOHCTAHThI CKOPOCTH PEAKIIMU OT TEMIIEPATYPHI:
700 762 800
51 46,2 151

PaccuuTaiiTe SHEpPrut0 akTUBAIMU U MPEIIKCIIOHEHIIUAIBHBIA MHOKUTEb.

Temmnepatypa, K
K, cM/(MoJTBeC)

12. Omnpenenurte SHEPTUIO AKTUBAIIMM U MPEIIKCIIOHCHIIMATBEHBIA MHOXHUTENb

peakuu U3 CIEAYIONEH 3aBUCHMOCTH BpPEMEH TMONYNpEBpalleHus OT
TEMIEPATYPHI:

Temnepatypa, °C 529,5 538,5 550,5 560,0

T, € 66,5 443 29,6 14,6

HauansHoe nasienue pasHo 200 Ia, mopsmok peakmmu — 3/2.
13. Uemy paBeH cTepudecKuil GaKkTop peaKiuu

H+H, —» H; + H,
ecIIM KOHCTAHTa CKOPOCTH 3Toif peakuuu mpu 27 °C pasua 7,3-10" cm®/(Moinb-c),
a oHeprus aktuBamuu — 34,3 x/[x/Mons? BenwumHBI Ta30KMHETHYECKHUX
cedeHHil 11 aTOMOB M MOJEKyln Bomopoxa pasubl 1,35-10% u 2,7:10° cm
COOTBETCTBEHHO.

14. B ycnoBusx aneronu3sa Tterpaanerara §,D-rimokonupanosuaa (4) Hapsay ¢
neHTaamneraroM  D-rarokomupano3bl  (B)  oOpasyercss TakKe  HEKOTOpPOe
KOJIM4ecTBO TmoOouHoro mpoaykra C. PaccuurtaiiTe BeIMYMHBI KOHCTAHT
CKOPOCTEH COOTBETCTBYIOIIMX PEAKIMA U3 MPHUBEACHHBIX HUXKE 3aBUCHUMOCTEN
KOHIIeHTpanui BemecTB A 1 C OT BpEMEHHU:

Bpems, mun 0 10 20 30 90 120
[A4], yca.en. 1 0,921 0,845 0,782 0,465 0,323
[C], yca.en. 0 0,006 0,012 0,021 0,036 0,06

15. Onpenenute B NOCIEA0BATEIHLHON PEAKIIUN

Ky Ka
A-EB-C




A]

MMpcaACIbHOC OTHOIICHHC HavyaJIbHOU KOHIOCHTPAaIUHU [B]n IIpU KOTOPOM MOXKHO

Ha6JIIO,HaTB MakKCHUMyM Ha KHHETUYECKOMN KpI/IBOﬁ A BCIICCTBA B, CCJIN

ks _ 9.

BCINMYMHA OTHOIIICHUA k 2

MepeyeHb TeCTOBLIX 3a4aHUN:

. Tect Ne 1.OCHOBHbIE NMOHATUA N 3aKOHbI XUMNUYECKOMN KMHETUKN. POpManbHO - KUHETUYECKOE
onncaHue peakuuin NpocTbIX TUMOB.
BapuaHT Ne1

In2
A1. BoipaxeHue t = — fIBNSETCH BbIpaXEHNeM [ns onpefeneHuns:

a) BpeMeHU nonynpeBpaLleHus anst OGHOCTOPOHHMX peakLuuii MepBOro NopsaKa;

©0) BpemeHu nonynpespaLleHnst Ans OQHOCTOPOHHUX PeakLMin BTOPOro nopsiaka;

B) BpEMEHW NonynpespaLleHns Ans OAHOCTOPOHHNX peakumin N-ro nopsagka;

r) BpEMEeHU nonynpespaLLeHns 4ns OAHOCTOPOHHUX peakumnii TpeTbero nopsaka.

A2. Yto aBngaeTtcsa onpefeneHnemM KMHeTUYECKoOn KpUBom

a) kpuBas, nsobpaxaroLLas usMeHeHne HaTypanbHOro norapudmMa ot BpeMeHwU;

0) kpuBas, nobpaxaroLias n3MeHeHne A4eCATUYHOro norapugma KoHUEHTpauumn oT BpEMEHU;

B) KpmBas, nsobpaxaroLas n3aMmeHeHne KOHLEeHTpaunm Kakoro-nmbo KOMNOHEHTa OT BpeMEHWU;

r) KpyBasi, usobpaxaroLlas U3MeHeHne CKOPOCTU peakumm OT BPEMEHM.

A3. MoxeT nn nopagok peakumm ObITb HyNeBbIM, 4POOHBIM, OTpULaTENbHBIM?

A4. OcHOBHOM NOCTyNaT XMMUYECKON KUHETUKN. PUINYECKNIA CMBICIT KOHCTaHTbl CKOPOCTU peakumu.
B1. CchopmynupoBaTb NpUHLMN HE3ABUCMMOCTU 3rIEMEHTapHbIX CTaaui, CneacTBue, BolTekatowee 13
Hero 1 ero MaTeMaTum4eckyto opMynupoBKY.

B2. 3anuwuTe BblpaxeHue anga ckopoctu peakumm No+3H,=2NH3 N0 KOMNOHEHTaM.

C1. Ons peakumn nepBoro nopsigka nonyuntb AnddepeHumnmansHoe U KHTerpanbHoe ypaBHeHue
3aBMCMMOCTU KOHLUEHTpaLuun OT BpemeHu. Haitn Bpems nonynpespaLleHuns.

BapuaHT Ne2
1
A1. BoipaxeHue t = Tz fIBNAETCA BbIpaXEHNEeM Ans onpefeneHus:
Kl

a) BpeMeHU nornynpespaLleHns Anst OOHOCTOPOHHUX peakLuidi NepBoro Nopsiaka;
6) BpeMeHu nonynpesBpaLleHns Ans 0OHOCTOPOHHUX peakLnii BTOPOro Nopsiaka;
B) BpEMEHW MonynpeBpaLleHust Ansi OQHOCTOPOHHMX peakumit N-ro nopsiaka;

r) BpeMeHU nonynpespalleHnst AN OAHOCTOPOHHUX peakuuid TpeTbero nopsaaka.

A2. YkazaTb HenpasuIibHbIN BApUaHT BbIPaXeHUs AN CKOPOCTU peakLuu Mo i-KOMMOHEHTY
dn; dn;

sdt
A3. Cdopmynupyite npaMyio 1 o6paTHyl0 3agayuM B KUHETMKe MNPOCTbIX peakuui. Kakue
3KCMepMMeHTarbHbIE U pacyeTHble JaHHble TPEOYTCA AN peLlleHnst 3TUX 3agay?
A4. Kak onpepgensioTca MUCTUHHas (MrHOBEHHasl) U CpefHAs CKOPOCTU XUMMUYECKOW peakuun
aHanuMTU4eckn u rpadnyeckmn?
B1. lNepeuncnntb akcnepuMeHTanbHble MeToabl MONy4YeHUs KUHETUYECKUX KPUBBIX.
B2. Mpy uameHeHUn HavanbHOM KOHUeHTpauum ¢ 1 oo 3 Momnb/n nepuod nonypacnaga peakuuu
ymeHbLuaeTca ¢ 3 yacoB o 20 MUHYT. Haiante KOHCTaHTy CKOPOCTU peakuuu.
C1. BbiBegnte auddepeHuManbHoe W MHTErpanbHOe KUHETUYECKME YpPaBHEHWS 3aBUCUMOCTU
KOHLIeHTpauun OT BpeMeHW [Ons peakuuin HyneBoro nopsigka. KakoBa pasMepHOCTb KOHCTaHTbI
CKOPOCTM B 3TOM crny4vae?

BapuaHT Ne3
G
A1. BbipaxeHue t = X ABNAETCS BbIpaXXEHWEM AN ONpeaeneHus:
LK
a) BpeMeHu nonynpeBpaLleHus Anst OGHOCTOPOHHMX peakuuii MepBOro NOpSaKa;



©) BpemeHu nonynpespaLLeHus Ans 0QHOCTOPOHHMX peaKL M BTOPOro Nnopsiaka;
B) BpeMEHW NonynpeBpaLLeHns Anst O4HOCTOPOHHUX peakLMii HyneBoro NopsaKa;
r) BpEMEHU NoNynpeBpaLLeHnst Ans OQHOCTOPOHHUX peakuuin TpeTbero nopsaka.
A2. [ina peakuun 2NO+CIl,—2NOCI ckopocTb no komnoHeHTy NO pasHa:

_ do] _ d[vo]
Auyg =— ar 6) vy =

d[::* r e = — 2d [NO]
A3. Kakyio MHdopmaumio 0 XMMUYECKON peakumMnm MOXKHO MOMy4YUTb U3 3aBUCUMOCTU KOHLEHTpauum
pearvpytoLLlero BeLlecTsa OT BpeMeHU?
A4. Kak HasblBaeTCs peakums, Ang KOTOPOM peakuMoHHbIM NPOCTPAHCTBOM CRYXUT rpaHvla pasgena
¢a3? dante onpeneneHue gasbl.
B1. B 4em 3akntouaetca meTton msonupoBaHua OcTBanbAa, UM MOHMXKEHUM nopsgka peakuun? B
Kakom criydae oH npumeHsieTcsa?
B2. Xvimnyeckas peakums B Xuakon dase

H,0+Cr,0;”—2CrO,”+2H"
XapakTepe3yeTCad KUHETUYECKUM YpPaBHEHMEM, WAEHTUYHbIM CTexmoMeTpudeckomy. Hanucatb
BbIpaXX€HNEe CKOPOCTU peakummn Yepes KOHLEHTpaLMn pearmpyoLLmMx BELLECTB.
C1. [ns peakuum BTOpOro nopsigka nonyuntb AudpdepeHumnansHoe U KMHETUYECKOE YypaBHEHWEe
3aBMCUMOCTM KOHLIEHTPaLMN OT BPEMEHU MPU paBEHCTBE HaydanbHbIX KOHUEHTpauuihi. Hantu Bpems
nonynpespaleHnsa. OT Kaknux BENNYMH 3aBUCUT ty, B 9TOM crnydae?

B) Uy = —

BapuaHT Ne4

A1. BbipaxeHue t = —— sIBNSETCS BbIPXKEHNEM ANIS ONPEAENeHus:
= 0

a) BpeMeHM nonynpespaLleHns Ans OOHOCTOPOHHUX peakuuii NepBoro Nopsiaka;
6) BpeMeHu nonynpesBpaLleHns Anst 0OQHOCTOPOHHUX peakLnii BTOPOro Nopsiaka;
B) BPEMEHW MonynpeBpaLLeHns ANsi OAHOCTOPOHHMX peakLuit HyNneBoro NopsaKa;
r) BpeMeHU nonynpespalleHnst AN OAHOCTOPOHHUX peakuuid TpeTbero nopsaaka.

A2. 1ns peakumm 2N,0—2N,+0O, cKOpOCTb No kKOMMNOHEHTY N,O paBHa:
d[N;0] d[N; 0]

o

B)UJ’:D:_% Niy,o = —
A3. Kak onpepensieTcs cKOpOCTb XMMUYECKOW peakuuy B Lenom? Kak aTa BenuMuuHa cBsidaHa co
CKOPOCTbIO peakumun no JaHHOMY KOMMOHEHTY?

A4. [Ing Kakmx peakuuin KOHLEHTpauus UCXOOAHOro BellecTBa Bcerga fMHEWHO YMEeHbLUaeTcs Co
BpemMeHem?

B1. PackpbITb CyTb METOOOB ONpeAeneHns nopsagkoB peakuni: Metoga nogcTaHOBKM U rpadnyeckoro
mMeToaa.

B2. Kak MOXHO cpaBHWUTb 3(PPEKTMBHOCTbL PEaKTOPOB WAeanbHOro CMELIEeHUs U unaeanbHOro
BbITECHEHUA? Y KaKoro u3 HUX oHa Bbile?

C1. [na peakunm Hynesoro nopsiaka nonyvuTb AnddepeHumnansHoe U KMHETUYECKOe ypaBHeHue
3aBMCMMOCTUN KOHLIEHTpaUMM OT BPEMEHM MpM pPaBeHCTBE HayanbHbIX KOHUEHTpauun. Hantu Bpems
nonynpespaLleHns.

Ay,p = — 6) vy, 0 =

BapuaHT N25
A1. Kakasi 3 choopmyn He ABNSETCH BbIpaXeHUeM Ang onpeaeneHna BpeMeHu nonynpespaileHus
In2 G
a)t= r B) t =—
1 K
= nt==
0)t KCe ) o
o LETE Ll o
A2. B yem oTnuuMe BblpaXeHwWin v = ——— u v = ——— ( n n C - COOTBETCTBEHHO YMCMNO MONEN ”

KOHLIEHTpaLMsa UCXOAHOro BeLecTsa)?
A3. YTo 03HavaeT TepMuH «nepuo nonypacnagax»?

dc,

A4. Ona peakumm 2A+B —>2C+D+B,— =kC,C, onpemennts nopsgok peakuuu Mo

KOMMOHEHTaM n; 1 CyMMapHbI n:
a)na=2, n=3 0)ng=1, n=3
B)na=1, n=2 rNng=1, n=2.



B1. B 4yem 3aknoyaeTcs «WOeanbHOCTb» PEakTOPOB MAeanbHOrO0 CMELIEeHUA W naearnbHOro
BbITeCHeHUA? Kakol pexxmm B 3TUX peakTopax Ha3blBaeTCH CTaumoHapHbIM? BeiBeCTU ypaBHeHUe Ans
CKOPOCTM peakuun ans peaktopa naeanbHOro CMeLLEHMS.

B2. YBenuueHume HavanbHOM KOHLEHTpauuW peakTMBa BABOE BbI3blBAET YOBOEHWE BpPEMEHU
nonynpespalleHus peakummn. Onpegenute Nopsaok peakummn no JaHHOMY KOMIMOHEHTY.

C1. [na peakuun n-ro nopsiaka BbIBECTM AuddepeHuManbHOEe W KUHEeTUYeCKoe YypaBHeHue
3aBMCMMOCTUN KOHLIEHTPALMM OT BPEMEHMW MPW PaBEHCTBE HayalbHbIX KOHUEHTpauuin. Hantn Bpewms
nonynpesBpaLleHus.

BapuaHT N6
A1. Ins peakumm 2N,O5—2N,0, +O, ckopocTb No kKoMMoHeHTYy N,Os paBHa:
d[Nz05] d[N;05]
a)UN:DE = —T G)UN:UE =" i
_ d[Nz0g] _ Id[Nz0g]
B)UN:DE—_T r)UN:DE—_T-

A2. Yo aBnsieTcs onpegeneHneM KMHeTUYECKOW KpUBOW

a) KpmBas, n3obpaxarLas 3MeHeHne KOHLeHTpaunn Kakoro-nmbo KOMMNOHeHTa OT BPEMEHU;

6) kpmBas, n3obpaxaroas N3MeHeHne 4eCATUYHOro forapudmMa KOHLEHTPaUum OT BpEMEHW;

B) KpMBas, nsobpaxarLlas n3ameHeHe HaTypanbHOro norapudma oT BpeMeHM;

r) KpuBas, nsobpaxaroLlas N3MeHeHNe CKOPOCTM peakLumn OT KOHLEHTPaLMN NCXOAHbIX BELLECTB.

A3. MoxXeT nn cKkopocTb peakuumn ObiTb OTpULATENBHON BENMMYNHOM? YTO O3HA4aeT 3anucb v = —

ana peakuun A—B?

A4. N306pa3nTe rpacdmyeckn 3aBUCUMOCTb KOHLEHTpauUM NpoaykTa peakumm OT BPEMEHU B Cryyae
peakumm HyrneBoro nopsiaka.

B1. Yto o3HauyaeT TepMuWH Bpemsi MOSyrNpeBpalleHnss U cpeaHss MPOAOIKUTENbHOCTb XKU3HU
MOMNeKyn pearvpyoLllero Bewlectsa? HanTu Bpems nonynpeBpalleHuss Ons peakuun Hynesoro
nopsiaka. M13obpasunTb rpadouyeckn 3aBUCUMOCTb KOHLIEHTPaLUM NPOAYKTa peakunn OT BPEMEHN.

B2. PackpbITb CyTb METOAOB OMNpeaeneHnsi NOpsaKoB peakumm: MeToaa NoACTaHOBKM U rpaddnyeckoro
meToaa.

C1. Ina peakumn nepBOro nopsaka, NpoTeKawLlen Npu OAMHAKOBbLIX HayanbHbIX KOHLIEHTpaLuuMsax
peareHToB (Cp=1M), NonoBMHa MCXOQHOro BeLlecTBa npesBpaLlaeTcs 3a Bpems, paBHoe t,. CKomnbKo
TpebyeTca BpemeHu (BblpasuTb B ti;p), YTODOblI NMPakTUYECKM BCE KONMMYECTBO MCXOAHOrO BellecTBa
NpeBPaTUIOCh B MPOAYKTbI?

dc,
dt

BapuaHT Ne7
dC,

A1. Ona peakum A+2B—>C+D, = kCAC§CC onpefenuTe MOPAOOK peakuMn no

KOMMOHEHTAaM N; U CYMMapHbI NOPSAOK N:

a)n,=1, ng=2, nc=1, np=1, n=3 0) Nna=1, ng=2, nc=1, np=1, n=5
B) Na=1, ng=2, nc=1, np=0, n=4 r) na=1, ng=2, nc=0, np=0, n=3.
A2. Yxa3aTb HeMnpaBuWibHbIN BapuaHT BbIPaXEHUS Arsi CKOPOCTM peakLum Nno i-kOMMOHEHTY
_dn _ dn
a) v =g 6)v: = vivde
dn;
B) v = - r) v = iU,

sdt
A3. Kak 3anucaTtb B 06LLeM crnyvae Bbipa)keHne ansi CKopocTy obpaTtumon peakumm?
A4. OcHoBHOW NOCTyNaT XMMUYECKON KUHETUKN? DPU3NYECKUIA CMbICIT KOHCTaHTbl CKOPOCTU peakuun?
B1. Kak onpepgensietca ns ypaBHeHUs1 AppeHnyca aHeprus aktmBauum XMMmnieckon peakumm? Kakon
BUO MOXET UMETb rpachmk B appeHNYCOBCKMX KOOpAMHaTax? PaccMoTpeTb OBLLMIA 1 YaCTHLIN cryvau.
B2. CkopocTb rasoasHbIX peakuui MoXeT ObiTb BblpakeHa 4depe3 napuuwanbHoe fdasneHve P,
KoHUeHTpauuio C; M U3MeHeHue KonuyectBa OOHOrO M3 BewecTB. [lonyyuTb COOTHOLLEHWUS,
CBSA3bIBalOLLME 3TU BblpaXKeHUS.
C1. [ns peakumm BTOpOro nopsigka nonyuntb AudpdepeHumanbHOe U KMHETUYECKoe ypaBHEHue
3aBMCUMOCTM KOHLIEHTPaLMM OT BPEMEHW, MPEACTaBUTb PELUEHNE B BUAE KUHETUYECKUX KPUBIX.
Haitn Bpems nonynpespatleHus.

BapuaHT Ne8
1
A1. BblpaxeHue k = t—mz SBMSETCA BblpaXXeHnem Ang onpegeneHus:
1)

a) KOHCTaHTbl CKOPOCTU [ABYCTOPOHHEN peakLun NepBoro nopaaka;
6) KOHCTaHTbl CKOPOCTU ABYCTOPOHHEN peakLui BTOPOro rnopsaka;



B) KOHCTaHTbl CKOPOCTWN OQHOCTOPOHHEN peakuumn NepBoro Nopsaka;
I') KOHCTAHTLI CKOPOCTU OAHOCTOPOHHEW peaKLMm BTOPOro nopsaka.

A2, KaKaﬂ 13 hopmyn He ABMSETCS BblpaXXeHneM Ans onpeaeneHnsa BpeMeHn nonynpespaLleHns

a)r_R B)r_c_h
6)t=E r)i‘—a

A3. KakoBbl 3KcnepumMeHTanbHble MeToObl WUCCNeAoBaHUs XUMMUYECKMX peakunin? MenneHHbIX?

BbicTpbIX?

A4. YT0 Ha3biBaeTCHA NOPSAOKOM peakLmm No BELLeCTBY M O6LUM (MOMHbIM) NOPAAKOM peakumnm?

B1. Hanuwwute BblpaxeHne [ns KOHCTaHTbl CKOPOCTU peakumMyM MNepBOro nopsigka, MCnonb3ys
HayanbHYIO M TEKYLLYI KOHLEHTpauuu pearvpyowero sellectsa. KakoBa pasMepHOCTb KOHCTaHThI

CKOPOCTM peakunm NepBoro, BTOPOro, TpeTbero, HyneBoro nopsaKkoB peakummn?
B2. . [1ns peakummn

dC

€ =kC3Cy;

C _kC,C.?

onpeaennTb NOPSAOK MO KOMMNOHEHTaM Y CYMMapHbIV NOPAA0K peakumm.
C1. T[lonyunTb KMHETMYECKOoe YypaBHEHVWE Ans  peakuMnm nN—ro Mopsgka W Hawutu
nonynpespaLLeHus.

BapuaHT Ne9
(eg—cl
“— ABNSETCS BbIPAXEHWEM AN onpeaeneHus:

A1. BolpaxeHue k =

a) KOHCTaHTbl CKOPOCTM ABYCTOPOHHEN peakLun NepBoro nopsaka
©) KOHCTaHTbI CKOPOCTM ABYCTOPOHHEN peakuumn BTOPOro nopsiaka
B) KOHCTaHTbI CKOPOCTN OAHOCTOPOHHEN peakuumn nepBoro nopsiaka
I') KOHCTaHTb! CKOpOCTVI OOHOCTOPOHHEN peakuuy HyneBoro nopsigka
A2. BolpaxeHue t = —— ABNseTCA BblpaXkeHneM AN onpegeneHus:

a) BpemeHu FIOJ'IyI'IpeBpaLLI,eHVIFI ANsi OQHOCTOPOHHWNX Peakuuii NepBoro NopsaKa;
6) BpemeHun nonynpespaLleH1s Ans 0AHOCTOPOHHWUX peakuuini BTOPOro Nopsiaka;
B) BpeMeHW nonynpespalleHns A1 OQHOCTOPOHHUX peakunii TpeTbero nopsaka;
r) BpeMeHu nonynpespaLleHns AN 0OQHOCTOPOHHMX peakumi N-ro nopsaka.

Bpemsi

A3. Kak 3aBucut (nokaxute rpadpnyeckn) KOHCTaHTa CKOPOCTU peakuum OT UCXOAHOW KOHLEHTpaumu

BeLlecTB?
Ad4. MoxeT nv nopagok peakummn 6biTb HyneBbIM, 4POOHBIM, OTpUUATENbHLIM?

B1. Kak onpegensietca ns ypaBHeHus AppeHnyca aHeprus aktmBauum XMMmnyeckon peakumm? Kakon
BUA MOXET MMeTb rpadpmk B appeHNYyCOBCKMX KoopAamHaTax? PaccMoTpeTb oBLLMI 1 YaCTHBIN cryvaum.

B2. 3anuwuTe BblpaxeHue anga ckopoctu peakumm No+3H,=2NH3 N0 KOMNOHEHTaM.

C1. [na peakuun HyneBOro nopsifka, NpPoTeKalLen Npu OAMHaKOBbIX HadarbHbIX KOHLEHTpaumsax
peareHToB (Coy=1M), NONoBMHa MCXOAHOIO BELLECTBA NMpeBpaLlaeTcs 3a Bpemsi, paBHoe ty,. CKOMbKo
TpebyeTcs BpemeHu (BblpasuTb B tip), YTOObI NMPakTUYECKM BCE KONMMYECTBO MCXOAHOrO BELLECTBA

npeBpaTUIock B NPOAYKTLI?

BapuaHT Ne10
ABMNSIETCH BblpaXXeHVeM AN onpegeneHus:

A1. BblpaxeHue k = (-0
CpCt

a) KOHCTaHTbl CKOPOCTU [ABYCTOPOHHEN peakuun NepBoro nopsaka
6) KOHCTaHTbl CKOPOCTU ABYCTOPOHHEN peakuui BTOPOro nopsiaka
B) KOHCTaHTbl CKOPOCTU OIHOCTOPOHHEN peakummn NepBoro nopsiaka
I) KOHCTaHTbl CKOPOCTU OAHOCTOPOHHEN peakLun BTOPOro nopsiaka

1
A2. BoipaxeHue t = TC- ABNAETCA BbipaXXeHnem anga onpegeneHns:
wlg

a) BpeMeHu nonynpespalleHns Ans 0OAHOCTOPOHHUX peakUmii NepBoro nopsaxa;

6) BpemeHu nonynpespaLleHns Ans OAHOCTOPOHHUX peakLuii BTOPOro Nopsiaka;

B) BPEMEHW MonynpeBpaLLeHns A5l OQHOCTOPOHHMX peakUuii TPETLEro NOPsAKa;
r) BpeMeHU nonynpeBpalleHnst AN O4HOCTOPOHHMX peakuuid N-ro nopsiaka.

A3. 3aBUCUT NU ypaBHEHNE KMHETUYECKON KPUBOMN OT UCXOOHbIX KOHLUEHTpauun peareHToB? OT Tuna

CUCTEMbI?



A4. OcHOBHOM NocTynaT XMMUYECKON KUHETUKN. PU3NYECKMIA CMbBICIT KOHCTAHTbI CKOPOCTU peakuuin.
B1. CdhopmynmpoBaTb NPUHLMIN HE3AaBUCMMOCTW 3fIEMEHTapPHbIX CTaaun, Crie4cTBue, BbiTekawLlee 13
HEero n ero MaTeMaTm4eckyto opMynmpoBKYy.

B2. CkopocTb rasogasHbix peakuui MoxeT ObiTb BblpaxeHa 4epe3 napumanbHoe aasrieHue P,
KoHUueHTpauutio C; M M3MeHeHMe KOonuyectBa OOHOIO M3 BewecTB. [lonyynTb COOTHOLLEHWS,
CBSA3bIBAOLLUME 3TN BblpaXKeHUS.

C1. Yto o3HauvaeT TepMuH Bpems MNOMNynpeBpalleHNss U CpefHAd MPOLOMMKUTENbHOCTb XU3HU
MONEeKyn pearvpyoLlero BewlecTBa? Hantu Bpemsi nonynpeBpalleHust Ons peakuunm HyrneBoro
nopsiaka. 1306pasunTb rpadon4eckm 3aBUCUMOCTb KOHLIEHTPaLMN NPOAYKTa peakunm OT BpEMEHU.

BapuaHT Ne11
A1. na peakumm 2N,O5—4NO,+0, ckopocTb No KOMNoHeHTY N,Os paBHa:

_ d[Nz0g] _ d[N;05]
a0, = = 4 0) vy,0, =5,
_ d[N;0g] _ Zd[N;0g]
B) U, 0, =T M) vn, 0, A —
dc,

A2. Ona peakumm A+2B—>C+ D’T = kCAC§CC onpefenuTe MNOPAOOK peakuMn no

KOMMOHEeHTaM N; U CyMMapHbIA NOpsgokK n:

a)na=1, ng=2, nc=1, np=1, n=3 0) Nna=1, ng=2, nc=1, np=1, n=5

B) Na=1, Nng=2, nc=1, np=0, n=4 r na=1, ng=2, nc=0, np=0, n=3.

A3. Ykaxunte pasmepHOCTb KOHCTaHTbl CKOPOCTW peakuuy BTOporo nopsigka. MoxHo nv cpaBHMBaTh
KOHCTaHTbl CKOPOCTU peakunii pasHbiX NOPSAKOB?

A4. B 4em 3aknvaeTcs «uAeanbHOCTb» pPEeakToOpoB MnAeanbHOr0 CMELWEHUs U uaearnbHOro
BblTeCHeHUs1? Kakol pexxum B 3TUX peakTopax HasblBaeTcs CTaumoHapHbIM?

B1. PackpbITb CyTb OnpeaeneHns nopsgka peakumm no BpeMeHn nonynpespaLleHuns.

B2. YBenuyeHue HayanbHOM KOHLEHTpaUMW peakTvBa BABOE BbI3bIBAET YOBOEHME BpPeEMEeHU
nonynpespaLleHus peakummn. Onpegenute Nopsaok peakummn no JaHHOMY KOMMOHEHTY

C1. BoiBegute andcpepeHumanbHoOe U MHTErpanbHoe KNHETUYECKUE YypaBHEHUS] 3aBUCUMOCTH
KOHLUEHTpauumn OT BpeMeHu Ansi peakuuin Hyrneeoro nopsaka. Kakosa pasmepHOCTb KOHCTaHThI
CKOPOCTM B 3TOM cry4ae?

BapuaHT Ne12
A1. Kakoe 13 BblpaXXeHuin 9BnseTCs BblpaXeHWeM ANs HaxXoXAeHUs BpeMeHW nonynpespalleHus ans
peakumun nepBoro nopsiaka

in2 Cyg

;g = — f1;, =—

a) by =7 B) t1/, 20

1 2k

0)t1;, =— ryti, =—.

) ‘2 kG )u 1 g
A2. BolpaxeHwe t1; = ——— ABNSAETCS BbIPAKEHUEM A11S ONPeAeneHus:

fz 2RGE

a) BpeMeHu nonynpespaLleHus ans oGHOCTOPOHHUX peakuuii NepBoro NopsaKa;

6) BpemeHun nonynpespaLleH1s Ans 0AHOCTOPOHHWUX peakuuii BTOPOro Nopsiaka;

B) BpeMeHu nonynpespalleHus Ans OAHOCTOPOHHUX peakumi TPeTbero nopsaka;

r) BpEMEHU nonynpespaLLeHns Ans OQHOCTOPOHHUX peakumnii HyrNeBoro nopsaaka.

A3. Kak onpegensieTca CKOPOCTb XMMWYECKOW peakumm B uenom? Kak aTa BenuMumHa cBsidaHa CO
CKOPOCTbIO peakummn no JaHHOMY KOMMOHEHTY?

A4. MoxeT nm MoneKkynsapHoCTb ObITb BoMbLUe NN MeHbLUE NopsSAKa peakumm? Onsa kakmx peakumn
nopsigoK U MONEKYNSAPHOCTb BCerga coBnagaroT?

B1. Hanuwwute BbipaxeHWe A KOHCTaHTbl CKOPOCTW peakuuMnm MNepBoro mnopsiaka, WCronb3ys
HayanbHYI0 M TEKyLYy KOHLEeHTpauun pearvpyroliero sellectsa. KakoBa pa3smepHOCTb KOHCTaHThI
CKOPOCTM peakuun nepBoro, BTOPOro, TPETbEro, HyNeBOro NOPSAKOB peakummn?

B2. Kak onpegensertcs 13 ypaBHeHNs AppeHuyca 3Heprusi akTuBaumMm XMMUYecKkon peakumn? Kakow
BMA MOXET MMeTb rpacuk B appeHnyCOoBCKMX KOOpAMHaTax? PaccmMoTpeTb OOLLMI U YacTHbIN crnyyau.
C1. Ona peakuun nepBOro nopsgka nonyyYntb gudpdepeHumnanbHOe U KUHETUYECKOe ypaBHeHue
3aBMCMMOCTU KOHLUEHTpauuu oT BpemeHu. Hartu Bpems nonynpespaileHns.

BapuaHT Ne13

dc,

A1. [na peakuum 3A+ZB—>C+4D,——:kCAC§ onpeaenuTb NOPSAOK peakumn Mo

KOMMNOHEHTaM nN; U cymmaprnZ nopAAoK n:



a)na=3, ng=2, nc=1, np=4, n=3; 0) Na=3, Ng=2, Nnc=1, np=4, n=5;
B) Na=3, Ng=2, nc=0, np=0, n=5; r) na=1, ng=2, nc=0, np=0, n=3.
A2. Y10 Takoe MexaHn3mM XMMUYEeCKon peakumm? YTo NnoHnMaeTcsl No4 CXeMOW peakummn?
A3. CchopmynupoBaTb 3aKOH OENCTBYHOLLMX MAcc U AaTb €ro KNHETUYECKNIA BbIBOA.
A4. YTo aBnsieTca onpegeneHnem KMHETUHECKON KPUBOM
a) KpuBas, n3obpaxatoLlas UsSMeHeHMe KOHLIEHTpaL MM Kakoro-nnmbo KOMMOHEHTa OT BPEMEHMU;
©0) KpuBas, nsodbpaxatrowas N3SMeHeHe OEeCATUYHOro orapudma KoHUEHTpauumn oT BpEMEHM;
B) KpmBasi, nsobpaxarowas naMmeHeHne HaTyparnbHOro fiorapugma oT BPEMEHMU;
r) kpuBasi, usobpaxatoLLiasi UISMEHEeHNe CKOPOCTU peakuun OT BpEMEHU.
B1. CcopmynupoBaTb NPUHLMMN HE3ABMCMMOCTU 3NIEMEHTApPHbIX CTagun, CreacTBUE BbiTEKAKOLLEE U3
Hero 1 ero MaTeMaTm4eckyto popMynupoBKy.
B2. Xumnyeckas peakums B xxuakomn ase
H,0+Cr,0;”—2CrO,”+2H"
XapakTepe3yeTcd KUHETUYECKMM YypaBHEHMEM, WOEHTUYHBbIM CTexmomMeTpudeckoMy. HanucaTtb
Bblpa)eHWe CKOPOCTU peakummn Yepes KOHLEHTpaLUumn pearnpyoLLmMx BELECTB.
C1. TllonyunTb KMHETMYECKOoe YypaBHEHWE Ans peakuMnm nN—ro nopsgka W Hawtu  Bpems
nonynpespaLleHuns.

BapuaHT Ne14

dC
A1. Ona peakyum 2A+B —>2C+ D+ B,—d—tA =kC,C, onpegenutb cymmapHbiii NOpPsiAOK

peakuuy n 1 No KOMMOHEHTaM N;

a)na=2, ng=1, nc=2, np=1, n=3; 6) na=1, ng=1, nc=0, np=0, Nn=2;

B) Na=2, Ng=2, Nc=2, np=1, n=4; r na=1, ng=1, nc=0, np=0, n=3.

A2. Yto aBnsieTcs onpegeneHneM KMHeTUYeCKOn KpUBoW

a) kpuBas, nsobpaxarLLas NsMeHeHe KOHLEHTPauumn Kakoro-nmbo KOMMNoHeHTa OT BPEMEHU;

0) kpuBas, nobpaxaroLlas N3MeHeHne AeCATUYHOro norapugma KoHUEHTpauumn oT BpEMEHU;

B) KpmBas, nsobpaxatowasi UaMeHeHne HaTyparnbHOro fiorapugma Ot BpeMeHU;

r) KpuBasi, usobpaxarLlas U3MeHeHne CKOPOCTU peakumm OT BPEMEHWN.

A3. Kak 3aBucuT (NokaxuTe rpadmyeckn) KOHCTaHTa CKOPOCTU peakumMu OT UCXOOHOW KOHUEeHTpauum
BellecTs?

A4. MoXHO N MO BMAY KUHETMYECKOrO YpaBHEHWs CkasaTb, Kakasi paccMaTtpuBanacb peakuus:
OJHOCTOPOHHAS UMW ABYCTOPOHHSAA?

B1. Kak onpegensercs 13 ypaBHeHNs AppeHunyca SHEeprnsi aktmBaumMm XMMUYECKon peakumm? Kakon
BMA MOXeT MMeTb rpacuk B appeHnyCcOoBCKMX KOOpAMHaTax? PaccmMoTpeTb OOLLMI U YacTHbIN cryyau.
B2. 3anvwwute BblpaxeHue ans ckopoctu peakunm N,+3H,=2NH3z no KoMnoHeHTam.

C1. [ns peakuum BTOpOro nopsigka nonydnts AnddepeHumnansHoe U KUHeTUYecKoe ypaBHEeHWe
3aBMCMMOCTU KOHLIEHTPALMM OT BPEMEHW MPU paBEeHCTBE HayalnbHbIX KOHUEHTpauuin. Hantn Bpewms
nonynpespaLleHus.

BapuaHTt Ne15
A1. Kakoe 13 Bblpa)XeHU ABNSETCA BblpaXXeHWEM ANsi HAXOXAEHUS BPEMEHW NONynpeBpaLleHus ans
peakuum TpeTbero nopsiaka

a)+ B) =2

1 g

) Ky ) 2oy’
dc, ,

A2. ns peakumm 2A —>4B+C,— at = kCA ONpefennTb CyMMapHbI MOPSAOK peakumm n u
NMOpsiAKM MO KOMMOHEHTaM n;
a)na=1, ng=0, nc=0, n=1; 0) na=1, ng=1, nc=0, n=2;
B) Na=2, ng=4, nc=1, n=4; r) na=1, ng=1, nc=0, n=3.

A3. Kak onpegensietca WCTMHHas (MrHOBEHHasl) M CpPedHss CKOPOCTb XUMWYECKOW peakuun
aHanuTU4eckn n rpacnyeckn?

A4. B yem 3aknoyaeTca NpUMHUMMN HE3AaBUCUMOCTW 3NEeMEHTapHbIX cTaamin? lNpu Kakmx ycrnoBmsX OH
cobntopaeTca?

B1. CdhopmynmpoBaTb NPUHLMN HE3AaBUCMMOCTU 3NIEMEHTAPHbIX CTaAuKn, CneacTeBue, BoiTeKatowee u3
Hero n ero MaTemMaTn4eckyto opMyrnmpoBKy.

B2. CchopmynupoBaTtb NPUHLMN HE3ABUCMMOCTU 3rIeMEHTapHbIX CTaaun, CreacTBue, BblTeKatlolee 13
Hero n ero MaTemMaTn4eckyto opMyrnmpoBKy.



C1. [Ina peakumn nepBOro nopsiaka, npoTekatoler Npu OAMHAKOBbLIX HadarnbHbIX KOHLIEHTpauusix
peareHToB (Cy=1M), NonoBMHa MCXOQHOro BeLecTBa NpesBpaLlaeTcs 3a Bpems, paBHoe ty,. CKomnbKo
TpebyeTcs BpeMeHu (BblpasuTb B ti,), YTOObI MpaKTUYECKM BCE KONMMYECTBO MCXOOHOrO BeELLECTBa
npeBpaTUIIoCh B MPOAYKTbI?

BapuaHt16
dC; .
A1. Ona peakumm A+B —>C,—— ot —kC C onpeaennTb CyMMapHbI MOPAOOK peakuum 1 no
KOMMOHEHTaM
a)na=1, ng=1, nc=1, n=3; 0) na=1, ng=-1, nc=0, n=0;
B) Na=1, ng=-1, nc=1, n:1' r) na=1, ng=1, nc=0, n=2.

A2. BeipaxeHue t1; =

WG]
a) BpeMeHU nonynpeBpaLleHus anst OGHOCTOPOHHMX peakuuii MepBOro NopsaKa;

©0) BpemeHu nonynpeBpaLleHnst Ans OgHOCTOPOHHUX peakLMin BTOPOro nopsiaka;

B) BpEMEHW NonynpeBpaLleHns AN OAHOCTOPOHHUX peakUmii TpeTbEero Nopsaka;

r) BPEMEHU MONynpeBpaLLeHNst Ans OGHOCTOPOHHUX peakuuii HyneBoro nopsaka.

A3. MoxeT nn cKopoCTb peakumn ObiTb OTpuLaTeNbHOM BenMunHon? OTBET MOTUBUPYITE.

A4. OnpegeneHve aneMeHTapHOro akta u anemMeHTapHOW peakLui.

B1. Hanuwwute BbipaxeHne [ns KOHCTAHTbl CKOPOCTU peakuMuM MnepBOoro nopsigka, MCnonb3ys
HayanbHYI M TEKYLLYI0 KOHLEHTpauun pearvpylowero sewiectsa. KakoBa pasmepHOCTb KOHCTaHThI
CKOPOCTM peakuuv NepBoro, BTOPOro, TpeTbero, HyneBoro NopsaKkoB peakumm?

B2. [1ns peakuunmn

a) 2A+ B — 2C, d;:t =kC2C,;

dC

C _kC,C.?

onpeaenqTb NOpsAoK No KOMMOHEHTaAM U CYyMMapHBbI NOPSAOK peakuum.

C1. Yto o03Ha4yaeT TepMUH BpPeMs MOMNyNpPeBpaLLEHUs W CPEeAHsis MNPOAOIIKUTENBHOCTb XU3HU
MOSeKyn pearvpyrouiero BellecTsa? HawTu Bpems nonynpeBpalleHus AN peakuum HyrneBoro
nopsiaka. M306pasntb rpachmyeckun 3aBUCUMOCTb KOHLEHTpaLUuUy NpoayKTa peakuum oT BpEMEHM.

Paspgen 2. TeopeTnyeckme OCHOBbI KWHETUKM FOMOMEHHbIX peakuuin. QnemMeHTapHble
XUMUYECKNE peakLmn.

BAPUAHT 1.
A1. Kakum obpasom obuwee 4MCnNo ABOWHbLIX CTONKHOBEHWA (Z) 3aBUCUT OT TemnepaTypbl U
JaBneHusn?
a) Z cnabo 3aBucuT ot TeMNepaTypbl 1 HE 3aBIUCUT OT AaBNeHNS;

0)Z paCTeTe nponopuMOHaano T 2y P
B)Z~T'uP%
r) Z He 3aBucut ot T 1 P.
A2. Kakon BMg MMeeT OCHOBHOE ypaBHeHWEe M MOMHOM CKOPOCTU MOHOMOIEKYNAPHOW peakuuu B
Teopun JlnngemaHa?

a) - = k. [4];
d[A

6) _dfz = ff:: [-’:3__‘:
] _ RyR3[A]™

B) =% kglAl +ht; "

d[A] _ Rikakz[A1°
N~ = aks Ll iy
A3. Yto u3 cebsa npepcraensieT d. B popmyne CesepneHga?
a) paccTosiHne mMmexay 6eCKOHEeYHO yaaneHHbIMM MOfeKynamu;
0) onaMeTp Monekyrbl CTPEMALLUIACA K OECKOHEYHOCTM;
B) ra3oKMHETUYECKUI guameTp Monekynbl npyu T—;
r) paccTosiHme mexay 6eCKoOHeYHOo yaaneHHbIMU aToMaMu.
A4. Y70 03HauaeT TEPMUH NyTb peakuumn, KOOpAMHaTa peakumm?
A5. Yem BbI3BaHa HeOOXOAMMOCTb BBEAEHUS] MOHATUS «PEAKLUMOHHBLIM LEHTP aKTUMBMPOBAHHOIO

Komnnekca»? Yto Takoe peakuMOoHHbIN LLEHTP?



B1.MNonyunte n npoaHanuanpymnTe BblpaXKeHne A5 KOHCTaHTbl CKOPOCTU k& BuMonekynsapHom peakuuu
AN monekyn pasHoro copta. OT Kakvx napaMmeTpoB 3aBUCUT k?

B2. B Kkakux peakuusx UMeEKT MEeCTO 3aTpydHEHUs, CBA3aHHble C OpOMTanbHOW CUMMETpUEN: C
NUHEVMHBIM UMW LUMKAMYECKUM  aKTUMBMPOBAHHLIM  KOMMnekcoM? KakoBbl MpuMepbl  peakumi,
pa3speLUeHHbIX 1 3anpeLLeHHbIX MO CInHY?

BAPUAHT 2.
A1. YkaszaTb npaBunbHbIn BapuaHT HanucaHmsa popmynel CesepneHaa:

a)d? =d[1+];

6)d? =d2[l+];

B)d2 = d[1+1];

a2 =d*[1+].

A2. Tlo kakomy MoOpsAKy MNpOTEeKaeT MOHOMOISEKYNApHas peakuus B rasoBon ase npu HU3KMX
JaBreHnax?

a) nepsblIi;

©) HyneBow;

B) OPO6HbLIN;

r) BTOPOW.

A3. Kakoi Bug UMeeT OCHOBHOE ypaBHEHWE AOfi1s1 NMOSIHOM CKOPOCTU MOHOMOIJEKYNSPHON peakunn B
Teopum JluHgemaHa?

did] _ .
a)_f[i-_ K [A];
6) —%r = k=[41%
B) _ a4 — Ry Rz [A]°

gt Rplal+ks’

d[4] _ RaRaRs[A]"
N~ = faks Ll iy
A4. To kakum dopmynam MOXHO paccyuTaTb obliee YUCNOo ABOWHbIX CTONKHOBEHMI (Z): a) Aans
MOMeKyn pasHoro copta; 6) ons naeHTUYHbIX MOnekyn?
A5. YTo npeacrasnseT cobon akTMBUPOBaHHbLIN komnnekc? Kak oH obpasyetca?
B1. Yem c Touku 3peHus metoga MO, peakumm C UMKINYECKMM aKTUBMPOBAHHBLIM KOMMIEKCOM
OTNNYaloTCs OT ApYyrmx?
B2. Kakon Bua npvHMMaeT OCHOBHOE YypaBHEHWEe Teopuu akTMBUMPOBAHHOIO KOMMnekca Ans

MOHOMOJEKYNSAPHON peakummn?

BAPUAHT 3.
A1. Yto u3 cebsa npeacraenset d. B popmyne CesepneHga?
a) pacctosiHue Mexay 6eckoHeuHO yaaneHHbIMU MoneKkynamu;
0) AnameTp Monekyrbl CTPEMSALLMIACA K BECKOHEYHOCTMH;
B) ra30KMHETUYECKMI guameTp MoneKkynbl npyu T—o;
r) pacctosiHue mexay 6eCkoOHe4YHO yaaneHHbIMU aTOMaMu.
A2. o kakoMy MnopsaKy MpoTekaeT MOHOMOIEKYNSpHas peakuusi B rasoBol hase npu BbICOKMX
AaBneHusax?
a) nepsbIv;
©) HyneBow;
B) OPOOHbIN;
r) BTOPOW.

A3. Kakoe 13 npuBefeHHbIX ypaBHEHW siBRsieTca ypaBHeHneM AppeHuyca:
dink _ E

) dr  ATZ
6) k = Ae™ AT;
B) k= AT"e™ AT,
dink _ av?
N——=0s
dT RAT=
Ad4. Kakoe npubnuxkeHve ucnonb3yeTcsa Npu pacyeTe MOBEPXHOCTM MOTEHUMANBbHON 3HEPrnn
peakumm? B yem oHO cocTouT?
A5. YTo noHuMmaeTcsl noa akTUBHbIM CTONKHOBeHMeM? KakoBa [ons TakMX CTONKHOBEHWW OT UX

obuero konuyecTtea?

o

4+

21}



B1. lNoyemy npu 0ObIYHBIX YCNOBUSIX HE MPOTEKAET peakums AumMepusauumn atuneHa ¢ obpasoBaHuem
umknobyrtaHa?

B2. Yto npencrasnsaet cobon npeasKCnoHeHLManbHbi MHOXUTENb A B ypaBHeHMM AppeHnyca? Jatb
OTBET B TEPMMHAX TEOPUUN aKTUBHbBIX CTONKHOBEHMI. OT Kaknx hakToOpoB OH 3aBUCUT?

BAPUAHT 4.
A1. Yto Ha3biBaeTcs «3HEKTUBHBIMY» ANAMETPOM CTONTKHOBEHUIN?
a) cpefHsAs BenuynHa paccTosiHus OT JaHHOW MOIEKynbl 40 COCeAHEN Npu 3a4aHHOM AaBrieHnu;
©) cymma paguycoB MOMeEKyn, pacCHYUTaHHbIX peHTreHorpadunyecku;
B) HAMMEHbLUEE PacCTOAHME MeXOyY LeHTpaMun CTankMBalLWmMXCa MOMNEKyrn ¢ y4eTOM B3aMOAENCTBUSA
MeXay HUMU;
r) cymma pagmycoB MOMeKyr, ornpegeneHHbIX METOAOM CNEKTPOCKONUN.
A2. 3HaHune, KaKMx CBONCTB MONeKyn Heobxoanmo anst pacyeTa yncra SBOMHbIX CTONKHOBEHWIN?
a) Maccbl MOMEKYN 1 3HEPTUst UX OTHOCUTENBHOTO ABUXKEHMS;
©) CKOPOCTb OBWXEHUSI U QUaMeTp MOSEKYIT;
B) ra30KMHETUYECKUIA OUamMeTp U MacCbl MOJEKYIT;
r) oMameTp MOMEKyn N UX B3aMMHasa OpueHTauumsl.
A3. A12. Kakoe ypaBHEHWe SBNSAETCA MCXOAHbIM MNPW BbIBOAE 3KCMOHEHLMAanbHOW 3aBUCUMOCTU
3HEeprumn akTmBaummn ot Temnepatypbl Nno BaHT-MNoddy:

dink, _ au”
) gt ETY
dink E
6) % ~mm Tl
ding AR
B)—~ ==,
aT ar?
P
din™t _ au®
) gr ATY

A4. Kakue xmMmmnyeckme peakumy Nnonyvmnum HasgaHve agmnabaTnyeckmx?

A5. Kakue xapaktepHble BONPOChlI BO3HWUKAIOT NPY U3y4EHUN MOHOMOMNEKYNAPHBIX peakumin?

B1. K kakomy Tuny OTHOCATCS cneayllime anemMeHTapHble peakuuu: a) B3aumMogewncTBue atoma
Bogopoda C Monekynown xnopa; 6) rmgponvs MoamMcToro Metuna; B) pacnag 6pomucToro atuna Ha
3TUNeH n BpoOMUCTBIN Bogopoa?

B2. Chopmynunpyinte oCHOBHblE NOCTYNaTbl TEOPUN aKTUBMPOBAHHOIO Komnrekca. KakoBbl rpaHuubl
NPYMEHUMOCTU 3TON TEOPUUN Y YEM OHU OBYCIOBMEHBI?

BAPUAHT 5.
A1. Kak cBsizaHbl Mexay cobon E,,, akcnepumeHTanbHO onpeaensemasi no ypaBHeHU0 AppeHunyca, u
E, Bxogsixasi B 3KCMOHEHTY YpaBHEHUS], COTNTACHO TEOPUM aKTUBHbIX CTONIKHOBEHWUIA?
a)E,, = E —RT;
0)E = E,, + AT;
B)E =E,, — -RT;
r)E,, = E + 2RT.
A2. Kakoe 13 npmBefeHHbIX ypaBHEHUN ABNSETCS ypaBHeHUeM AppeHuyca:
dink _ E
)er e

A3. A10. Mo kakoMy nopsgky npoTekaeT MOHOMOMEKYNspHaa peakumsa B rasoBou dase npu BbICOKUX
OaBneHnax?

a) nepsbIv;

©0) HyneBow;

B) OpO6HbIN;

r) BTOPOW.

A4. YTo Takoe NoBEPXHOCTb NOTEHUMANbHON 3HEPrnn?

A5. Mo kakomy nopsioKy MNpoTekaeT MOHOMOMEKYNApHas peakuusi B ra3oBon case npu BbICOKUX
nasnenuax? Mpn HU3KNMX?

B1. MNonyunTte n npoaHanuanpymnTe BblpaXeHWe AN KOHCTaHTbl CKOPOCTU BUMONEKynsapHON peakuum
Ans Morekyn pasHoro copta. OT Kakmx MONeKynspHbIX napaMeTpos 3aBuUcuT k?



B2. Kak BblpaxaeTcsi «CpefHsis CKOpPOCTb MPOXOXAEHUs KoMMnekca depes Oapbep» uyepes
MOMNeKynsipHble MapamMeTpbl KoMmnnekca? 3aBuMCUT NN CKOPOCTb MPOXOXOEHUA KOMMMekca 4depes
Oapbep OT BbiCcOThI Oapbepa?

BAPUAHT 6.
A1. Kakum oOpasom oOuiee 4Mcno [OBOWHLIX CTOSIKHOBEHUM (Z) 3aBUCUT OT TemnepaTypbl U
JaBrneHuna?
a) Z cnabo 3aBuCcuT OT TEMNEPaTypbl 1 HE 3aBIUCUT OT AaBNeHNS;

0)z paCTeTe nponopuMOHaano ek npP

B)Z~T'nP?%

r) Z He 3aBucut ot T 1 P.

A2. Mo kakoMy nopsigKy MpoTekaeT MOHOMOMEKYNsSpHas peakuus B ra3oBow ase npu HU3KMX
[JaBreHnax?

a) nepsblIi;

©) HyneBow;

B) OpO6HbLIN;

r) BTOPOW.

A3. A3. Kakoe 13 npvBeaeHHbIX ypaBHEHUI SBNSETCA ypaBHeHeM AppeHunyca:
dink E
) dT RT2

A4. TlosiCHUTb TepMUH «3MEKTUBHLIN AnaMeTp». 3aBuCUT N 3PAEKTMBHBIA AnameTp OT
TemnepaTypbl?

A5. Kak BblpaxaeTcs «CpedHsIs CKOpPOCTb MNPOXOXAEHMs KoMmrnekca uvepe3 Oapbep» 4yepes
MOJEKYMsipHble MapameTpbl KOMMekca? 3aBUCUT M CKOPOCTb MPOXOXAEHWUSI KOMMMeKkca Yepes
Bapbep oT BbicOThl Bapbepa?

B1. KakoB MexaHn3M akTMBaLMM B MOHOMOIMEKYMSPHbLIX ra30BbIX peakumax?

B2. B 4em 3aknoyaetcsa npasuno Byasopaa-XoddpmaHa?

BAPUAHT 7.
A1. Kakoe ypaBHeHUe SIBMAETCA UCXOOHbIM MPU BbIBOAE 3KCMOHEHLMANBHOW 3aBUCMMOCTU 3HEPrun
aKTuBaLmm oT Temnepatypbl No BaHT-Moddy:

ding, _ au?
) T _R‘I:’
dink
6) =t b
)d i".n'.‘p _ ﬁ_,-r"'
AT rTY
. Ky
din i-"ic: an®
N~ =z

A2. KakoB hr3an4eckuit CMbICn GobLMaHOBCKOTO MHOXUTENS MHOXUTENA E AT
a) xapakTtepusyeT U3MEHEHUE Yncna MOSeKyrn Npy CTONKHOBEHWM;
©) paBeH gone akTMBHbIX MOMEKYI, S3Heprus KOTopbIx = E;
B) y4MTbIBaEeT O6LLEe YMCMO CTanKMBaKLWMXCS MOMNEKYIT;
r) 4aeT YMCno aKTUBHbIX MOMEKYI, 3Heprus KoTopbIxX = E.
A3. Kakum obpasom obLiee 4MCro [OBOWHBLIX CTOMKHOBEHWI (Z) 3aBUCUMT OT TemnepaTypbl U
JaBneHusa?
a) Z cnabo 3aBucuT oT TeMNepaTypbl 1 HE 3aBUCUT OT AaBNeHNS;

0)Z paCTeTe nponopuMOHaano T/ nP
B)Z~ T'uP%
r) Z He 3aBucut ot T 1 P.

A4. KakoB chr3nyeckunii CMbICi MHOXWUTENS d*[8mRT (% + #)]1-":?
ELE L

A5. To kakomy nopsgky NpoTekaeT MOHOMOSEKYNsipHasi peakuus B rasoBor dase npu BbICOKUX
nasnenuax? MNMpu HU3KNX?

[ante onpepeneHve aHeprum aktuBaumu. Kak cBsi3aHbl Mexay CoBOM BenuuMHbl SHEeprum
aKTuBaLMm1, ONbITHON U BXOASLLEN B ypaBHEHME TEOPUN aKTUBHBIX COyaapeHnn?



B2. B kakmx peakumsix UMEKT MeCTO 3aTpygHEeHWUs, CBA3aHHble C OpOuTanbHOW CUMMETpPUEN: C
NVHEMHBIM  UNN  UMKIMYECKMM  aKTUBMPOBAHHBIM  KOMMNekcom? KakoBbl npumepbl  peakuui
pa3speLUeHHbIX 1 3anpeLLeHHbIX MO CIHY?

BAPUAHT 8.
A1. B Teopun aKTMBHbIX CoydapeHuin Nof akTUBHbIMU MOHMMAKOTCSH Takne coygapeHus:
a) B KOTOPbIX 3HEPrvs KaXkaoWn Morekyrbl 60onbLue S3Heprun akTuBauum;
©0) B KOTOPbIX CyMMapHas 3Heprusa AByx Monekyn 6onblue unu paBHa 3HEPrnM akTMBaUmy;
B) B KOTOPbIX CyMMapHas 3Heprus Monekyn 6onbLue aHeprumn noTeHumansHoro bapbepa;
r) B KOTOPbIX NPU B3aMMOAENCTBMN MOMEKYN BbIAENAETCA SHePrus.
A2. Kakue BenuumHbl cornacHo TAC onpegensaoT npeaskCnoHeHUmManbHbin MHOXUTENb (A)
ypaBHeHust AppeHuyca?
a) BEPOATHOCTHBIN haKTOp U JONS aKTUBHbBIX MOJSIEKYIT;
©0) obLiee YNCNO CTONKHOBEHWI U SHEPIUSA aKTMBaLWK;
B) BEPOATHOCTHBIN hakTp;
4) 60NbLMaHOBCKUA MHOXUTEND U ANAaMETP CTOSIKHOBEHUI.
A3. Kak ceszaHbl Mexay cobown E,,, akcnepuMeHTanbHO onpeaensemasi no ypaBHeHUo AppeHuyca, u
E, BxogsLLasn B 9KCMOHEHTY ypaBHEHMS, COrMacHO TEOPUN aKTUBHbBIX CTONTKHOBEHWIN?
a)E, = E —RT;
0) £ = E,, + AT,
B)E =E,, — -RT;
r)E,, = E + 2RT.
A4. [ante onpepeneHve 3Heprm akTuBaumu. Kak cBsi3aHbl Mexay COOOM BENUYMHBbI SHEpPrnm
aKTMBaLMM, OMbITHON N BXOAALLEN B ypaBHEHNE TEOPUM aKTUBHbIX COyOapeHUn?
A5. Kak MoxeT OblTb OTpaXeHO pa3BMTWE 3MEMEHTAPHOIO XMMWYECKOro akTa Ha MOBEPXHOCTU
NnoTeHUManbHON aHeprum?
B1. KakoBo OCHOBHOe ypaBHeHME TeopuM aKTMBMPOBaHHOro komnnekca? Yrto Takoe
TPAHCMUCCUOHHbBIN KO DULNEHT?
B2. K kakomy Tuny OTHOCATCS Cheaylolime 3femMeHTapHble peakuuun: a) B3aumogencTBue atoma
Bogopoda € monekynon xnopa; 6) rmgponv3 MogmMcToro Metuna; B) pacnag 6pomMmucToro atmna Ha
3TUNeH n BpoOMUCTBIN Bogopoa?

BAPUAHT 9.
A1. KakoB punanyeckunin cMbiCn ctepnyeckoro daktopa P B Teopumn akTUBHbLIX CTOSIKHOBEHWIA?
a) P BHocuT nonpasky Ha pacnpegeneHne Monekyn no aHepruu;
0) P — dakTop, yunTbiBalOLWLMIA CTEMNEHDb M3MENIbYEHMNS BELLIECTB;
B) P ykasblBaeT Ha cTeneHb B3aMMOAENCTBUSA MOSEKYN A0 U NOCne CTONKHOBEHWS;
r) P — BEpOSAITHOCTb TOrO, YTO aKTUBHOE CTONKHOBEHME NPUBEAET K peaKkLmm.
A2. Kakoe 13 npuBeaeHHbIX YpaBHEeHW ABNSeTca ypaBHeHrem AppeHuyca:

dink E

A3. Kakos ounsmnyeckuin cMbicrn GonbLMaHOBCKOrO MHOXUTENA MHOXUTeNs £ /&T?

a) xapakTtepusyeT U3MEHEHUE Yncna MOSeKyrn Npy CTONKHOBEHWM;

©) paBeH gorne akTUBHbIX MOMEKYIT, 3Heprus KOTopbix = E;

B) y4MTbIBaEeT O6LLEEe YMCMO CTanKMBalLWMXCS MOMNEKYIT;

r) 4aeT YNCNO aKTUBHbIX MOMEKYI, S3HepPrus KoTopbIx = E.

A4. Kakve peakumy Ha3blBalOTCS MOHOMOMNEKYNSAPHBIMAU? [1s Kaknx MOMEKyrT OHN XapaKTepHbI?

A5. Kak onpepenaiTcs rasokMHETUYEeCKMe AMaMeTpbl CTarkuBawuxcs Monekyn? Yrto Takoe
cpegHun anameTp CTONKHOBEHUS?

B1. Ha ocHoBaHwM TeopunM akTUBHbIX CTOJIKHOBEHUA MOKa3aTb, KakMM o0Opa3omM C pPOCTOM
TeMnepaTypbl M3MEHSIOTCA BENUYMHbLI  NPEASKCNOHEHUNANbHOr0 MHOXWUTENS W 3KCMOHEHTbl B
ypaBHEHUW ANS KOHCTaHTbI CKOPOCTN BUMONEKYNAPHON peakunu.

B2. Yem c Toukm 3peHus metoga MO, peakuum C UMKIUYECKUM aKTUBUPOBAHHBLIM KOMMMEKCOM
OTNiM4aroTCa OT APYrux?



BAPUAHT 10.
A1. Kak cBs3aHbl Mexay cobon E,,, akcnepumeHTansHO onpeaensemas no ypaBHeHuo AppeHnyca, u
E, Bxogsixasi B 3KCMOHEHTY YpaBHEHUS, COrNTacHO TEOPUN aKTUBHbLIX CTOSIKHOBEHUN?
a)E,, = E —=RT;
6)E = E,, + RT;
B)E =E,, — -RT;
r)E,, = E + >RT.
A2. Kakon BI‘/ID, MMeeT OCHOBHOE ypaBHEHWe AN MOMHOM CKOPOCTU MOHOMOMEKYNSAPHON peakumm B
Teopun JlnngemaHa?

a4 _ :
a) — dd[Et' = k.. [4];
0) - - .’{:[H]:;
B) _ a4 — Ry Rz [A]°

gt Rplal+ks’

d[4] _ RaRaRs[A]"
N~ = faks Ll iy
A3. KakoB thumanuecknii cMbiCrn cTepuyeckoro aktopa P B Teopun akTvBHbIX CTONKHOBEHWIN?
a) P BHOCWT nonpaBsky Ha pacnpeaeneHne Monekyn no sSHepruu;
0) P — cpakTop, yunTbiBaOLWMI CTENEHD M3MENBYEHMNS BELLECTB;
B) P ykasbiBaeT Ha cTeneHb B3aumMogencTBus MOMeKyn A0 W Nocne CTONKHOBEHUS;
r) P — BEPOSATHOCTb TOro, YTO akTMBHOE CTOSNKHOBEHME MPUBEAET K peakumu.
A4. Kak paccuntbiBaeTCs BEPOATHOCTb CTOMKHOBEHWI ABYX YacTumy?
A5. Yem 0OBACHUTb 3HAUUTENbHbIE PACXOXKAEHWUA MeXAy BenuunHamu npensKCrnoHeHUmanbHoro
MHOXUTENsA A B ypaBHEeHUN AppeHnyca, BbIMUCAEHHBIMW MO OMNbITHBIM AaHHLIM U PACCYUTaHHBIMW MO
TEOpPUN aKTUBHbIX CTOSIKHOBEHWUIA?
B1. B yem 3akntovaetcs npasuio Byosopaa-XodhdmaHa?
B2. CchopmynumpyiTe OCHOBHble NOCTynaTbl TEOPUWM aKTMBMPOBAHHOrO Komnnekca. KakoBbl rpaHuupbl
NPUMEHUMOCTU 3TON TEOPUUN U YEM OHU OBYCrOBMEHbI?

BAPUAHT 11.
A1. YkasaTb npaBunbHbIN BapnaHT HanucaHusa popmynel CesepneHaa:

a)d? =di[l+1];

n a c
0)d* = d;[l+§];
B)d: = d-[1 +T_;];
nNdi=d*[1+].
A2. 3HaHVe KaKnx CBOWCTB MOSEKyNn HeoOXoauMOo Anst pacyeTa ymcna ABOMHbIX CTONKHOBEHUI?
a) Maccbl MOMEKYN 1 3HEPrnst UX OTHOCUTENBHOTO ABMXKEHUS;
©) CKOPOCTb OBWXEHUSI U QUAaMETP MOSEKYIT;
B) ra3oKMHETUYECKUI AMaMeTp U MacCbl MONEKyn;
r) AvameTp MOMNeKyn n nx B3aMMmHasi opueHTaums.
A3. YTo HasbiBaeTCcsa «apheKTUBHLIM» ANAMETPOM CTONKHOBEHUIA?
a) cpefHas BenuumnHa paccTosiHus OT AaHHOW MOMeKynbl 0 coceHen Npu 3aJaHHOM JaBneHun;
0) cymMa paanycoB MOJEKYS, paCcCYUTaHHbIX pEHTreHorpagmnyecky;
B) HaMMeHbLUEe pPacCTOAHME MeXAyY LeHTpamMun CTankMBaoLWmnXcs MOMeKyrn ¢ y4eTOM B3anMoaencTBrS
MexXay HAMU;
r) cymma paguycoB MOMEKyr, onpeaeneHHbIX METOAOM CMEKTPOCKONMUN.
A4. KakoB (h13nyecKknii CMbICIT SHEPTMM aKTUBaL MU B TEOPUUN aKTUBHbBIX CTONKHOBEHWIA?
A5. Kakue 3HayeHus npuHumaeT ctepudeckui cpaktop P npu GnaronpustHon u HebnaronputHowm
OpueHTaLmMn Monekyn B NpocTpaHcTee?
B1.MonyunTe n npoaHanua3npynTe BblpakeHne AN KOHCTaHTbl CKOpOCTH k BMMOneKynsipHoM peakumm
Anst Monekyn pasHoro copta. OT Kakux napameTpoB 3aBUCUT £7?
B2. B kakmx peakumsix MMeKT MEeCTO 3aTpyLHEHWs, CBsi3aHHble C OpOuTanbHOW CUMMETpUEN: C
NUHEMHBbIM UMW UMKIMYECKUM  aKTUMBMPOBAHHLIM  KOMMnekcoM? KakoBbl MNpuvMepbl  peakuui,
paspeLleHHbIX 1 3anpeLleHHbIX Mo CNUHY?

BAPUAHT 12.
A1. Yka3aTb npaBurbHbIA BapuaHT Hanucanusa dopmynel Cesepnenaa:



a)d?=di[l+];
6)a? =d2[1+];
B)d2 = d%[1+];

a2 =d’[1+7].

A2. Tlo kakomy nopsiaKy NpOTEKaeT MOHOMONEKYnspHas peakumss B rasoBon ¢a3e npu HU3KMX
NaBneHnax?

a) nepBbli;

©0) HyneBow;

B) ApOOHbLIN;

r) BTOPOW.

A3. Kakoin B MmeeT OCHOBHOE ypaBHEHME AN MOSIHOWM CKOPOCTU MOHOMOJSEKYNSAPHOW peakumn B
Teopum JluHgemaHa?

d[4]
a) = = ke [4];

6) — 1% = k. 1413
d[4] _ Rakalal®
B) =% RglAl +ht; "
dl4] _ Rykaks[4]”
N~ — eyt LAl s
A4. Mo kakMuM chopmynaMm MOXHO paccuuTaTb oOLlee 4MCno OBOWHbIX CTONIKHOBEHWW (Z): a) ans
MOJeKyn pa3Horo copta; 6) Ans MAEHTUYHbIX MONeEKyn?
A5. Yto npencrtaBnsieT cobon akTMBMpPOBaHHbIA komnriekc? Kak oH o6pasyetcs?
B1. Yem c Toukm 3peHunsa metoga MO, peakuum C UMKIUYECKUM aKTMBUPOBAHHBIM KOMIMIIEKCOM
OTNNYaloTCs OT ApYrmux?
B2. Kakon BMA npuHUMaeT OCHOBHOE YpaBHEHWE TEeOopuW akTMBMPOBAHHOIO KOMMMekca Ans

MOHOMOMEKYNAPHON peakunm?

BAPUAHT 13.
A1. YTto 13 cebsa npegcrtasnset d. B popmyne CesepneHaa?
a) paccTosiHne mexay 6eCKOHeYHO yaaneHHbIMM MoneKynamu;
0) onamMeTp Monekyrbl CTPEMSALLMIACA K DECKOHEYHOCTM;
B) ra3oKMHETUYECKUI QuameTp MoneKynbl npyu T—;
r) pacctosiHue mexay 6eckoHeYHO yaaneHHbIMM aToMaMu.
A2. Tlo kakomy nopsgky NpoTekaeT MOHOMOIEKYrsipHasl peakuus B rasoBoyr dase npu BbICOKUX
JaBneHnax?
a) nepBbIif;
0) HyneBow;
B) OpO6HbLIN;
r) BTOPOW.

A3. Kakoe 13 npuBegeHHbIX ypaBHEHUI ABMSETCS ypaBHeHneM AppeHuyca:
dink E
) dT RT2

A4. Kakoe npubnumxeHne ucnonb3yeTca npu pacyeTe MOBEPXHOCTM MOTEHUMANbHON 3Heprum
peakummn? B yem oHO cocTouT?

A5. UTOo noHuMMaeTcs nop akTMBHbIM CTOMKHOBeHMeM? KakoBa [0Mnsl TakMxX CTOMKHOBEHUMW OT MX
obLero konmyecTea?

B1. MNo4veMy npun 0BbIYHbIX YCIIOBUAX HE NPOTEKAET peakuus gumepusauumn atuneHa ¢ obpasoBaHmem
umknobyrtana?

B2. Yto npeacraBnsieT cobo NpeaskCnoHeHUnanbHbI MHOXUTENb A B ypaBHeHUN AppeHnyca? [atb
OTBET B TEPMUHAX TEOPUN aKTUBHBIX CTONKHOBEHMI. OT Kaknx pakTopoB OH 3aBUCUT?

BAPUAHT 14.
A1. YT0 HasbiBaeTCca «apPeKTUBHLIM» ANAaMETPOM CTOSNIKHOBEHNIN?
a) cpefHas BenuumnHa paccTosiHus OT AaHHOW MOMeKynbl 0 COceaHen Npy 3a4aHHOM aBneHuu;
©) cymma paguycoB MOMeEKyn, pacCHUTaHHbIX peHTreHorpaduyecku;



B) HAUMEHbLLEE PAaCCTOSAHNE MEXAY LieHTpaMn CTanknBaroLLmMxXcs MOMeKyn ¢ y4eToM B3aMMOOeNCTBUS
MeXay HUMU;

r) cymma paguycoB MOJSIEKyI, onpeaefnieHHbIX METOAOM CMEKTPOCKOMNUN.

A2. 3HaHWe, Kakux CBOMCTB MOSeKyST HEOOXOAMMO ANiS pacyeTa Yncna ABONHbLIX CTONKHOBEHUIA?

a) Maccbl MOMEKYN 1 3HEPTUst UX OTHOCUTENBHOTO ABWXKEHUS;

©) CKOPOCTb OBWXXEHUSI U QuaMeTp MOSEKYIT;

B) ra30KMHETUYECKUIA MameTp U MacChbl MOMEKYIT;

r) AameTp MOMEKyNn N UX B3aMMHasa OpueHTauums.

A3. A12. Kakoe ypaBHeHMEe SBNAETCA MCXOOHbIM MPU BbIBOAE IKCMOHEHLUManbHOMW 3aBUCUMMOCTYU
3Heprum akTMBauumn oT Temnepatypbl no BaHt-Moddy:

dink, _ au”
) ar  aTY
dink E
6) dr ~ =&T? + B
dfi’!k‘p AT
) At BTY

din"'i_.-';l.: an?
r) Tar arr
A4. Kakne xummnyeckue peakumm nonydnnn HaseaHne agnabatnyeckux?
A5. Kakne xapakTepHble BOMPOChl BO3HMKAKOT NPU U3y4EeHUN MOHOMOINEKYNSPHbLIX peakunin?
B1. K kakomy Tuny OTHOCATCS Creaylolme dfeMeHTapHble peakuuu: a) B3aumodencTBme atoma
BOAOpoAa C Mosekynow xmnopa; 6) rugponus NogucToro meTuna; B) pacnag 6pomuctoro atuna Ha
3TUNEH 1 BpoMUCTbI Bogopoa?
B2. CchopmynupyiTe OCHOBHble NOCTynaTbl TEOPUWM aKTMBMPOBAHHOrO komnnekca. KakoBbl rpaHuupbl

NMPUMEHNMOCTH aToN TEOPUN N HYEM OHU 06yCJ'IOBJ'IeHbI?

BAPUAHT 15.
A1. Kak cBasaHbl mexay cobown E,,, akcnepumMmeHTanbHO onpeaensemas no ypaBHeHuio AppeHuyca, u
E, Bxogsaxas B 9KCMOHEHTY ypaBHEHWS!, COrMacHO TEOPUN aKTUBHbBIX CTONIKHOBEHWNN?

a)E,, = E —2RT;

6)E = E,, + RT;

B)E =E,, — 2RT;

r)E,, = E +RT.

AZI.:I_!S?KOQEVB‘ npuBeAeHHbIX YpaBHEHUI ABNAETCH ypaBHeHneM AppeHunyca:

) 4T aT?

r) dr  mT®

A3. lMo kakomy nopsaky npoTekaeT MOHOMONEKYNsipHas peakuus B rasoBor dase npu BbICOKUX
JaBneHnax?

a) nepsbIv;

©) HyneBow;

B) OPOOHbIN;

r) BTOPOW.

A4. YTo Takoe NoBEPXHOCTb NOTEHUMANbHON 3HEPrnn?

A5. To kakomy nopsaky npoTekaeT MOHOMONEKYNspHas peakuust B rasoBor @dase npu BbICOKUX
nasnenuax? MNMpu HU3KNMX?

B1. Monyuute 1 npoaHanM3upynTe BblpaXeHne Ansi KOHCTaHTbl CKOPOCTU BMMONEKYNSipHOW peakuun
Anst Morekyn pasHoro copta. OT Kakmx MONeKynspHbIX NnapaMmeTpoB 3aBucut k?

B2. Kak BblpaxaeTcsa «cpedHsss CKOpPOCTb MpOXOXOEHWs Kommnekca 4epe3 6Gapbep» 4epes
MOJEKYNsipHble MapameTpbl KOMMnnekca? 3aBUCUT N CKOPOCTb MPOXOXAEHWUS KOMMmekca yepes
Bapbep oT BbicOThI bapbepa?

BAPUAHT 16.
A1. Kakum obpasom obliee 4MCro [OBOWHBIX CTONMKHOBEHMI (Z) 3aBUCUT OT TemnepaTypbl U
AasnexHns?
a) Z cnabo 3aBuUCUT OT TEMMNepPaTypbl U He 3aBUCUT OT JaBreHus;

1
©0) Z pacteTe nponopuunoHanbHo T 2 n P;



B)Z~T'uP?%

r) Z He 3asucut ot T n P.

A2. Tlo kakoMy nopsigKy MpoTekaeT MOHOMOMEKyNsSpHas peakuus B ra3oBon ase npu HU3KKX
[JaBreHnax?

a) nepBblIi;

©0) HyneBow;

B) ApOOHbLIN;

r) BTOPOW.

A3. A3. Kakoe 13 npvBeaeHHbIX ypaBHEHUN ABRSETCA ypaBHeHMeM AppeHuyca:
dink £

o

4+

) dT AT?
6) k = Ae” T,
B) k= AT"e™ /7T,

dink _ ar?
r)d_’r:F
A4. TloacHuTb TepMuH «adekTMBHbIN AuameTpy». 3aBucuT nu  3dMEKTUBHbIN AnameTtp OoT
Temnepatypbl?

A5. Kak BblpaxaeTcs «CpedHss CKOpPOCTb MPOXOXAEHUS KoMmmrnekca 4epe3 6Oapbep» 4epes
MOIEKymnsipHble NapameTpbl KOMMekca? 3aBWCUT M CKOPOCTb MPOXOXAEHUS KOMMIeKca 4vepes
Oapbep OT BbiCcOThI Oapbepa?

B1. KakoB MexaHn3M akTMBaLMM B MOHOMOJIEKYNSIPHbBIX ra30BbIX Peakumax?

B2. B yem 3akntovaetcs npaswuio Byosopaa-XodhdmaHa?

BAPUAHT 17.
A1. Kakoe ypaBHeHMe ABMSETCH UCXOOHbIM MPU BbIBOAE 3KCMOHEHLMANbHOW 3aBMCMMOCTU 3HEprum

aKTuBaLmm oT Temnepatypbl no BaHT-Moddy:
o

ding, _ au®
) dr  mrTY’
dink E
6) dr  &T? +5;
)ﬂ'.i’!.k‘p _ AF
AT RTY
= H
din™t _ au®
r) dr ~ mT®

A2. KakoB donsnyecknin cMbicn GonbLMaHOBCKOrO MHOXUTENA MHOXUTeNs £ 'RT?

a) xapakTepusyeT U3MeHeHMe Yncna MosieKyn Npu CTONKHOBEHWU;

©) paBeH gone akTUBHbIX MOMEKYI, S3Heprusa KOoTopbIX = E;

B) y4MTbIBaET O6LLEee YMCMO CTankMBalLWMXCs MOMNEKYIT;

r) 4aeT YNCNO aKTUBHbIX MOMEKYI, S3Heprus KoTopbIx = E.

A3. Kakum obpasom obuiee 4MCro OBOWHbIX CTOMKHOBEHMN (Z) 3aBMCMT OT TemnepaTypbl U
naBneHuna?

a) Z cnabo 3aBUCUT OT TeMMepaTypbl U He 3aBUCUT OT JaBleHUs;

1
6) Z pacTeTe nponopumoHansHo T /2 u P
B)Z~T'n P
r) Z He 3aBucut ot T 1 P.

A4. KakoB r3nyeckuit CMbIC MHOXUTENS! & 2 [3x AT e ]1-"'3?
My M

A5. Mo kakomy nopsiaKy npoTekaeT MOHOMOMEKYNsipHas peakuuMs B ra3oBol dase npu BbICOKUX
Aasnenuax? MNMpu HN3KNx?

B1. Oante onpegeneHue 3Heprum aktuBauuun. Kak cBs3aHbl Mexagy cobol BenuyuHbl 3HEeprum
aKTMBauMK, OMbITHON N BXOASALLEN B ypaBHEHNE TEOPUM aKTUBHLIX COyAapeHnn?

B2. B Kakvmx peakumsx MUMEKT MeCTO 3aTpygHeHWsi, CBsi3aHHble C opbuTanbHOM CUMMeTpuen: c
NVHENHbIM UMW LUMKIIMYECKMM  aKTUBMPOBAaHHbIM ~ KOMMNekcoM? KakoBbl NpuUMepbl  peakuui
paspeLUeHHbIX 1 3anpeLLeHHbIX No CrUHY?

BAPUAHT 18.
A1. B Teopun akTUBHbIX COyAapeHuin nof akTUBHBIMU MOHUMAKOTCH Takne coygapeHus:
a) B KOTOPbIX 3JHEprvs Kaxkaon Monekyribl 60nblue aHeprum akTuBaumu;
6) B KOTOPbLIX CyMMapHas aHeprusi AByX MOriekyn 60orbLue Unn paBHa 3HEepPrun aKkTmeaLuy;
B) B KOTOPbIX CyMMapHas 3Heprus Mornekyn 6onbLue 3Heprim noTeHumnansHoro 6apbepa;
r) B KOTOPbIX NPV B3aUMOAENCTBUW MOSEKYN BbIAENAETCA SHEPIUS.



A2. Kakue BenuumHbl cornacHo TAC onpegensaT npeasKCnoHeHumanbHbin MHOXUTENb (A)
ypaBHeHust AppeHuyca?

a) BEPOATHOCTHbIV hakTop M JONSA aKTUBHbBIX MOMEKYIT;

©0) obLiee YNCNO CTONMKHOBEHWI U SHEPIUSA aKTMBaLWK;

B) BEPOSITHOCTHbIV QakTp;

4) 60NbLMaHOBCKUA MHOXUTENb Y ANaMETP CTONKHOBEHUN.

A3. Kak cesazaHbl Mmexay cobown E,,, akcnepuMeHTanbHO onpeaensemasi no ypaBHeHuo AppeHuyca, u
E, BxogsLLas B 9KCMOHEHTY ypaBHEHMS, COrMacHO TEOPUN aKTUBHbIX CTONTKHOBEHWIN?

a)E,, = E —RT;

0)E = E,, + AT;

B)E =E,, — -RT;

r)E,, = E + >RT.

A4. [ante onpepeneHve 3HeprumM akTuBaumu. Kak cBsidaHbl Mexay COOOM BENUYMHBbI SHEpPrnm
aKTMBaLMM, OMbITHON N BXOAALLEN B ypaBHEHNE TEOPUM aKTUBHbIX COyOapeHUN?

A5. Kak MoxeT OblTb OTpaKeHO pasBUTWE 3MEMEHTAPHOIO XMMWUYECKOTO akTa Ha MOBEPXHOCTU
noTeHUmanbHON aHeprum?

B1. KakoBo OCHOBHOe ypaBHeHME TeopuuM aKTMBMPOBaAHHOrO komnnekca? Yrto Takoe
TPAHCMUCCUOHHbBIN KO DULNEHT?

B2. K kakomy Tuny OTHOCATCS Chneayllime 3reMeHTapHble peakuuun: a) B3aumogencTBue atoma
Bogopoda C Monekynown xnopa; 6) rmgponus MogmMcToro MeTuna; B) pacnag 6pomMmucToro aTuna Ha
3TUNEH 1 BpoMUCTbI Bogopoa?

BAPUAHT 19.
A1. KakoB chumsmyecknii cmbicn ctepudeckoro daktopa P B TEOpMM aKTUBHbBIX CTONTIKHOBEHUIN?
a) P BHOCWT nonpaeky Ha pacnpegerneHne Monekyn no sHepruu;
0) P — dhakTop, yunTbiBalOLWLMIA CTEMNEHDb M3MENbYEHMNS BELLIECTB;
B) P ykasbiBaeT Ha cTeneHb B3aMmMogencTBusa MOMeKyn 4o 1 Nocre CTONKHOBEHNS;
r) P — BEPOSATHOCTb TOrO, YTO akTMBHOE CTOSNKHOBEHME NPMBEAET K peakumu.
A2. Kakoe 13 npuBegeHHbIX ypaBHEHUI ABMSETCS ypaBHeHneM AppeHuyca:

dink E
)d_*r " mr? _+ b
6) k = Ae” 'AT;
B) k = AT"e™ /2T,
dink _ av?
r) dr ~ art¥

A3. Kakos ounsmnyecknin cMbicn GonbLMaHOBCKOrO MHOXUTENA MHOXUTeNs £ /&T?

a) xapakTepusyeT U3MeHeHMe Yncra MoseKkysn npu CTONKHOBEHWM;

©) paBeH gone akTMBHbIX MOMEKYI, S3Heprus KOoTopbIx = E;

B) yunTbiBaeT obLLee YNCIO CTanKUBaIOLLMXCA MOSNEKY;

r) AaeT YNCIO aKTUBHbIX MOSEKYI, SHEpPrus KoTopbix = E.

A4. Kakne peakumu Ha3sbIBalOTCA MOHOMOMEKYNAPHLIMU? [N18 Kakmx MONeKyn OHW XapakTepHbl?

A5. Kak onpefensatoTcs rasokMHeTUYeCKMe AMaMeTpbl CTankuBarloLlmxca Mornekyn? Yrto Takoe
cpegHun anameTp CTONKHOBEHUS?

B1. Ha ocHOBaHWM Teopun aKTUBHbIX CTOJSIKHOBEHMIA MoOKas3aTb, Kakum o06pasoM C pPoOCTOM
TeMnepaTypbl M3MEHSIOTCA BENUYMHbI  NPEASKCNOHEHLNANbHOr0O MHOXWUTENS U 3KCMOHEHTbl B
YpaBHEHWUW ANsi KOHCTAHTLI CKOPOCTU BUMONEKYNAPHON peakunu.

B2. Yem c TOoukm 3peHusa metoga MO, peakuum € LMKIIMYECKMM aKTUBMPOBAHHBIM KOMMIIEKCOM
OTNNYaloTCH OT ApYyrmMx?

BAPUAHT 20.
A1. Kak cBsazaHbl mexay cobon E,,, akcnepuMeHTanbHO onpeaensemasi no ypaBHeHuo AppeHuyca, u
E, Bxogsaxas B SKCMOHEHTY YpaBHEHWSI, COTNacHO TEOPUN aKTUBHBIX CTONIKHOBEHWUN?
a)E,, = E —=RT;
6)E = E, + RT;

B)E =E,, — -RT;

r) E,y = E + 2RT.

A2. Kakoi BMA MMeeT OCHOBHOE ypaBHEHME AN MOSIHOW CKOPOCTU MOHOMOJSEKYNSAPHOW peakumu B
Teopuu Jlungemana?



d14)

a) — f[i- = k. [A];
0) _d_r- = .’{:[H]:;
B) _ a4 — Ry Rz [A]°

dt kplal+ky’

d[A] _ RyRaRa[A]”
N~ = feyitg LAl 45
A3. KakoB chumsmyecknii cmbicrn ctepudeckoro gaktopa P B TeOprM aKTUBHBLIX CTONIKHOBEHWIA?
a) P BHOCWT nonpaBky Ha pacnpegeneHne Monekyn no saHepruu;
©) P — cpakTop, y4nTbiBaOLLMI CTENEHD M3MENBYEHMUS BELLECTB;
B) P yka3biBaeT Ha cTeneHb B3aMMOAENCTBMS MOSEKYN A0 U NOCNe CTOMNKHOBEHWS;
r) P — BeposiTHOCTb TOrO, YTO aKTUBHOE CTOMKHOBEHWE NPUBEAET K peakLuuu.
A4. Kak paccumTbiBaeTCA BEPOATHOCTb CTONKHOBEHUIA ABYX YacTuL?
A5. Yem 0B6bAHUTH 3HAUYUTENbHbIE PACXOXOEHUA MEeXAy BenuuMHamy npeasKCroHeHLManbHOro
MHOXMTENS A B ypaBHEHMM AppeHnyca, BbIYMUCNIEHHBIMU MO OMbITHBIM AaHHBIM U PACCYUTAHHBIMMK MO
TEOPUM aKTUBHbIX CTONIKHOBEHWUI?
B1. B yem 3akntovaetcs npasuio Bygsopaa-XodhdmaHa?
B2. CdhopmynupyiiTe OCHOBHblE MOCTynaTbl TEOPUWN aKTUBMPOBAHHOIO Kommnnekca. KakoBbl rpaHuub
NPYMEHUMOCTW 3TON TEOPUUN Y YEM OHM OOYCIOBMEHBI?

BAPUAHT 21.
A1. YkasaTb npaBunbHbIN BapnaHT HanucaHusa popmynesl CesepneHaa:

a)d?=di[1+7]

b
- " c
6)d* = d;[l+§];
B)d: = d-[1 +¢-;];
Ndi = d:[1_+'E].
A2. 3HaHVe KaKnx CBOMCTB MOMEKyn HeoOXoauMo Ansi pacyeTa yucna ABONHbIX CTONKHOBEHUN?
a) Maccbl MOMEKYN 1 3HEPrnst UX OTHOCUTENBHOTO ABMXKEHUS;
©) CKOPOCTb OBWXEHWNS 1 QuamMeTp MONeEKyr;
B) ra30KMHETUYECKUIA AnameTp U MacCbl MOMEKYrT;
r) AMameTp MOSiekyn N ux B3aMMHas opueHTauums.
A3. YTto Ha3bIBaeTCsa «3PEKTUBHBIM» ANAMETPOM CTONKHOBEHNN?
a) CpefHAs BenuynHa paccTosiHUsl OT AaHHOW MOMEKYrbl 40 COCEAHEN Mpu 3aJaHHOM AaBreHnu;
6) cymma pagmycoB MOMeEKyI, paccyYMTaHHbIX peHTreHorpaduyeckuy;
B) HaMMeHbLUEE pacCcTosHUE MeXAy LieHTpamMun CTankmMBaLwmnxcs MOMEKyr ¢ y4eTOM B3anMoencTBnS
Mexay HUMW;
r) cymma paguycoB MOfeKyr, onpegeneHHbIX METOAOM CNEKTPOCKONUN.
A4. KakoB (b13nyecknii CMbICI SHEPrM aKTMBaL MU B TEOPUN aKTUBHBIX CTONKHOBEHUA?
A5. Kakue 3HayeHus npuHumaeT ctepudeckui dpaktop P npu GnaronpustHon u HebnaronputHown
opveHTaumM MOreKyn B NpOCTpaHCcTBe?
B1.MNonyynTe n npoaHanuanpynTte BblpaeHne AN KOHCTaHTbl CKOPOCTH k BMMOneKynsipHOWM peakumm
AN mornekyn pasHoro copta. OT KakMx napaMeTpoB 3aBUCUT k?
B2. B kakmx peakumsx MMeKT MEeCTO 3aTpyOHEHWs, CBSi3aHHble C opOuTanbHOW CUMMETpUEN: C
NVHEMHbIM UMW UMKITUYECKUM  aKTUBMPOBAHHbIM  KOMMNekcom? KakoBbl Mmpumepbl  peakuui,
paspeLUeHHbIX 1 3anpeLLeHHbIX No CrUHY?

BAPUAHT 22.
A1. Kakum obpasom obLiee 4MCro [OBOWHBIX CTONMKHOBEHMI (Z) 3aBUCUMT OT TemnepaTypbl U
JaBneHusa?
a) Z cnabo 3aBuCUT OT TemnepaTypbl U He 3aBUCUT OT [aBMneHus;
©) Z pacteTe nponopunoHarnbHO T/ nP
B)Z~ T'uP%
r) Z He 3aBucut ot T 1 P.
A2. Kakoin Bug umMeeT OCHOBHOE ypaBHEHMWe AN MOMHOM CKOPOCTW MOHOMOMEKYNSAPHON peakuum B

Teopun JlnngemaHa?
] _ .

a) — .:':[51- = k. [4];

0) - = k.. [A]5



d[4] _ Rykg[a]®
dt kplal+ky’
dl4] _ Rykaka[4]°
N~ = feyitg LAl +cg
A3. Yto 13 cebs npeacrtaenseT d. B popmyne CesepneHga?
a) pacctosiHe mexay 6eCKoOHeYHO yaaneHHbIMY MoneKkynamu;
0) oAnameTp Monekyrbl CTPEMSALLMIACA K BECKOHEYHOCTM;
B) ra30KMHETUYECKUI QuameTp MoneKynbl npyu T—o;
r) pacctosiHue mexagy 6eCckoHeYHO yaaneHHbIMM aToMaMu.
A4. YTo 03Ha4aeT TePMUH NyTb peakuunn, KoopamHaTa peakumm?
A5. Yem BbI3BaHa HeOOXOOMMOCTb BBEOEHUSI MOHATUS «PEaKUMOHHBLIA LEHTP aKTMBUMPOBAHHOIO
Komnnekca»? Yto Takoe peakuMoHHbIA LEHTP?
B1.MonyunTte n npoaHannanpymnTe BbipaXeHne AN KOHCTaHTbl CKOPOCTU k BUMONEKynsapHOW peakumm
AN mornekyn pasHoro copta. OT kaknx napameTpoB 3aBUCUT k?
B2. B kakmx peakumsx MMeKT MEeCTO 3aTpyAHEHWs, CBS3aHHble C opbuTanbHOW CUMMETpUEn: C
MVHEMHbIM  UNW  UMKITUYECKUM  aKTUBMPOBAHHbIM  KOMMnekcom? KakoBbl Mnpumepbl  peakuui,
paspeLLeHHbIX 1 3anpeLLeHHbIX MO CUHY?

B) —

OnuncaHune TexHONOrMmn nposeneHunsa

[nsa BbINONHEHMNA TecTa B NMCbMEHHOM Buae otBogmTtcs 90 MUHYT, NPUMEpPHbIE
TEeCTOBblE€ 3a4aHns NpuBeaeHbl B y4eOHbIX NOCcobusx (MyHKT 16) n npeanaratTcs CTygeHTam
OIS NoAroToBkM 3apaHee. 3agaHusa nog Homepammn A1-A5 oueHunBatoTes B 1 6ann, 3agaHus
B1-B2 oueHuBatotca B 2 6anna, 3agaHne C1 B Tecte Ne 1 oueHuBaeTcs B 4 6anna. TecT
CUMTaeTCa YCMneLLHO BbINOMIHEHHbIM B cryqae Habopa ctyaeHTom 6onee 50% ot
MakcuManbHO BO3MOXHOro 6anna 3a TecT.

20.2 NMpomexyTo4yHana aTTrecTaums
MpomexyToyHast aTTecTaumst No AUCLMNIIMHE OCYLLECTBNSETCS C NOMOLLbIO
cneayroLmx OLEHOYHbIX CPeaCTB:
CobecedosaHue o bunemam K 3a4emy,
lMpu Habope cmydeHmamu ripu ebinonHeHuu BCEX! mecmos 6onee 50% makcumarnbHO
B803MOXHO020 Yucna bannoe cmydeHmam Moxem Obimb 8bICMAasIeH 3a4em asmomarmom.

lMepeyeHb BOMPOCOB K 3a4eTy U nopsaok popmuposaHna KM
1. MeToabl onpenenennsa nopsiaka peakuuin.
2. OcoBGeHHOCTM peakumii B OTKPbITLIX CUCTEMAX.
3. MpuHUMNBLI 1 BUAbBI KNacCUdUKaUnin XMMUYECKUX peaKkLmi.
4. MakpoKnHeTHKa reTeporeHHbIX peakumi. Quddys3noHHblie mogenu.
5. OCOBEHHOCTM KMHETMYECKOrO OMNUCaHWUS TEeTEePOreHHbIX peakunin. OCHOBHbIE TuMbI
reTeporeHHbIX peakuni.
6. MeToabl nccrnegoBaHUst KNHETUKN peakLnii.
7. MogenbHble peakuun B 3aKpbITbIX CUCTEMAX.
8.Teopun KMHETUKM reTeporeHHbIX peakuuin. Mogenu 3apogbileobpa3oBaHuS.
9. OnemeHTapHble CTagMM W 3NEMEHTAPHbLIN aKT XUMUYECKOW peakuun. PeakumoHHoe
NPOCTPaHCTBO.
10. KuHeTuyeckoe onucaHuwe CIIOXHOIO0 XMMWYECKOro npouecca (Ha npuMmepe peakuum
XNOPUPOBaHNSA 3TUNEHA).
11. Cneundprka nccrnefoBaHNst KNHETUKN reTeporeHHbIX peakumi. CTeneHb npespaLleHns.
12. Teopusi aKTUBHbIX CoOyapeHun 1 ee NpUMeHeHne Ans BUMONEKynsapHbIX peakuui.
13. dopmanbHas KMHeTUKa nocrnefosaTesibHbIX peakunin. Mpaduk PakoBckoro.
14. BblBOJ OCHOBHOMO ypaBHEHUS1 TEOPUN aKTUBHbLIX COyAapeHuUin TeopUn akTUBUPOBAHHOMO
KoMMnekca.
15. MexaHu3M peakumu 1 MPUHLNMN HE3aBUCUMOCTU 3NeMEHTapHbIX CTagun.



16. AktuBaumsa B G- 1 MOHOMONEKYNAPHbIX peakumax. Cxema JlInHaemaHa.

17. CKopoCTb XMMMu4eckon peakuun. MrHoBeHHass M cpegHsisi cKopocTb. [padmnuyeckas
NHTEepnpeTauus.

18. KBasupaBHOBECHOE M KBa3uCTaLMOHApPHOE NpUONMKEHNE M KX POSib B KUHETUKE
CITOXHbIX peakuuni.

19. KnHeTundeckoe ypaBHeHME XMMUYECKOro npouecca U ypaBHEHUS KUHETUYECKUX KPUBbIX.
20. Mpsamasa n obpaTtHasa 3agaun B KWHETMKE MPOCTbIX U CIOXHbIX peakLmi.

21. KuHeTunyeckoe onucaHme ogHOCTOPOHHUX peakuun 1, 2 1 T.4. NOpsaKoB.

22. KuHeTnyeckoe onucaHne napannenbHblX peakumin.

23. OCOBEHHOCTN KUHETUYECKOTO ONUCaHUSA reTeporeHHbIX peakumi. OCHOBHbIE TUMbI.

24. OcHOBHOW nocTynaT XMMWYECKOW KMHETUKU. KOHCTaHTa CKOpOCTW peakuun un ee
3aBMCUMOCTbL OT TeMnepaTypbl. YpaBHeHNEe AppeHunyca.

Kaxabin KUM cogepxut 2 Bonpoca U3 pasHbiX pasgenos NporpaMmbl U O4HY NPaKTUKO-
OPUEHTMPOBAHHYIO 3agaqy.

MepeyeHb NpaKTUKO-OPUEHTUPOBAHHBIX 3a4au:

1 Mpu un3dydyeHnn peakumm pasnoXxeHus aueToHa B rasoBon dase Obinm MNonyveHbl cnegylolime
aKcnepuMMeHTarnbHble AaHHble: P,y = 300 Topp, Tip, = 23,96 MUH 1 P,y = 500 Topp, Tip, = 24 MUH.
OnpegenuTe NOPSAOK peakumnm N KOHCTaHTY CKOPOCTMU.

2. [Ina anemeHTapHoOW rasodasHon peakumm H, + Ar = 2H + Ar 3HayeHne KOHCTaHTbl CKOPOCTU MNpw
3000 K paBHOo 2,2 - 10" n-monb'-c’. Onpemenute CKOpPOCTb 3TOW peaKLWW, €ChM WU3BECTHbI
KOHUeHTpauun [H,] = 4110° M n [Ar] = 4,1-10* M. Mpu KaKoM 3HAYEHUM KOHLIEHTPALMM aproHa
CKOPOCTb peakummn yBenninsaeTcsa BoBoe?

3. Ona rasodasHon peakumn pasnoxeHns NO npum 1030 K nonyveHbl aKkcnepumeHTanbHble
pe3ynbTaTtbl N0 3aBMCMMOCTU BPpEMEHM NOMNYNPEBPALLEHMSA OT HA4YanbHOIo AaBeHNst okcMaa as3oTa:
P, TOpp | 360 | 290 | 139 | 52,5
Ty, C 212 | 255 | 470 | 860
OnpegenuTe NOPSAOK peakunm 1 HaugmTe 3HavYeHne KOHCTaHTbl CKOPOCTH.
4. B peakumu oKMCNeHUN MeTaHa

CH4 + 02 — C02 + Hzo,
NpOTEKaIOLLEN C NOCTOAHHOW CKOPOCTbIO B TeveHne 5 MuH B cocyge obvemom 0,5 nutpa npu 500°C
obpasyetcs 510 Morneit Bofbl, KoTopasi ydanseTcs W3 30HbI peaKkuM BbIMOPaXUBAHWEM.
Paccuutaite ckopocTb n3MeHeHus faBnenns B MNa/MuH.
5. 3a peakuwnen pasnoxeHus bytaHa

C4H1o — C4Hg + H;

CMEeAVnM Mo M3MEeHeHWo o6bema rasos, 3aHMMaemMoMy UMM npu gasnenun 1,01-10° Ma u 20°C.
BbluMcnnUTe, Yepes Kakoe BpeMsi NOcHe Havyana peakuuu nameHeHue obbema GyaeT paBHo 10 cm’.
CkopocTb peakumm nocTtosiHHa u paBHa 13,3 [la/c, obbem peakumoHHoro cocyga — 200 oM,
TemnepaTypa — 527°C.
6. 3a KvMHeTMKOW peakuMuM AMasoTUMPOBaHWA 2-aMWHOMMPUAWHA a30THOW KWCMOTOW cregunu no
3aBMCMMOCTU KOHLUEHTpauuy npoaykra peakumm C oT BpEMeHuU:

Bpemsi, MUH 26 42 52 62 72 114

[C] * 10°, Mmonb/n 37,2 49,8 56,0 61,0 66,9 82,7

OnpepgenuTte BeNUUYMHY KOHCTaHTbl CKOPOCTU peakuuun, ecnv ¢ 0OHON MOMEKynon 2-aMuHonupuanHa
pearvpyloT ABe MONeKkyrnbl a30THOW KMCMNOTbl. HauvanbHble KOHLEHTpauuu 2-amvHonupuauHa u
a30THOW KNCNOTbI COCTaBMAT 1,25-10"2 7] 3,125-‘10'2 MOJ1b/IT COOTBETCTBEHHO.

7. NMpn nccnepgoBaHUKM KUHETUKN peakunn dpTop3amelleHHon N-MeTunnupuamHMeBon conn ¢ noHamu
OH' 6bina nonyyeHa cnegyouas 3aBUCMMOCTb MPOLEHTA NPeBPAaLLEHUS COMY OT BPEMEHM:

Bpewms, ¢ 2,5 3,9 5,6 7,2 9,3 11,7 14,4 20,6

MNpeBpawexue, % 17,8 26,6 35,4 42,4 49,6 55,9 61,7 71,6




OnpepgenuTte BeNWYMHY KOHCTaHTbl CKOPOCTU peakuun, eCnu ¢ O4HOW MOMEKYroW CONwu pearvpytoT
aea moHa OH', a HadanbHble KOHUEHTpauun conm M noHoB OH™ paBHbI 9,8-10'5 n 310 monb/n
COOTBETCTBEHHO.

8. Mpn M3y4yeHMM 3aBUCUMOCTM HayanbHOW CKOPOCTM pacnaga aueTtanbaernga oT AaBreHus
ObINM Nony4YeHbl cnegyowme gaHHble:

Py 10°, Na 0,88 1,08 1,60 2,93 3,49 5,05
W, Ma/MmuH 110 151 263 700 810 1397

OnpepgenuTe NOpPsAOK peakumm U BENUYMHY KOHCTaHTbI CKOPOCTH.
9. Mpu usydyeHum kmHeTukM peakuum auokcmaa asota NO, ¢ atuneHom C,H,; 6binyM nonyyeHbl

crnegylowmne 3HA4YeHWst HavanbHOW CKOPOCTM B 3aBMCMMOCTM OT  UCXOAHOW  KOHLEHTpauuu
pearvpyroLmx BeLecTB:

[NO,] *10°, Na 7,82 7,97 7,81 2,61 10,61
[C,H,]*10°, Na 7,57 2,83 14,08 7,84 7,98

W,, Ma/muH 1066 453 1893 127 1333

OnpegenuTe NopsaoK peakuny U BENUYMHY KOHCTaHTbl CKOPOCTW.

10. B npouecce yuc-mpaHC npeBpalleHUss OMUXMopaTaHa M3Mepsiniocb W3MEHEHWE MPOLEHTHOro
cofepxaHusl mpaHc-u3omepa co BpemeHeM. Onpenenute Nopsifok peakuun U BbIYUCIIUTE KOHCTaHTY
CKOPOCTY U3 NPUBEAEHHbIX HUXE AaHHbIX:

Bpewms, yacbl

0 0,5 1,0 2,0 3,0 4,0 5,0 6,0
Copepxanve mpakc-1- g 8 15 29 40 50 57 64
nsomepa, %

11. Mpy wenoyHom rugponuse annunxnopuaa B 50%-M BOAHOM cnuvpTe Gbinn MOMyYeHbI
criegyloLime pesysnbTaTbi;

Bpems, yachl 0 6,6 19,0 26,2 42,8 66,9
[C5HsCI], monb/n 0,1214 0,1148 0,1064 0,1020 0,0945 0,0871
[OH], Mmonb/n 0,0515 0,0449 0,0365 0,0321 0,0246 0,0175

Onpepgenute nopsgok W BbIMUCAUTE KOHCTaAHTY CKOPOCTW peakuuMuM W3 MNpuBEAEHHbIX Bbllle
3KCnepuUMeHTarbHbIX AaHHbIX.
12. KuHeTuka peakumm amMUHONU3a OeH3ITUNHUTpUTa

CH3NH, + PhCH,CH,ONO — CH3NHNO + PhCH,CH,OH
uccriegoBanacb MetogoM otbopa npob. Hwxke npuBedeHa 3aBucumocTb konmdecta 0,05 H.
pactBopa HCI, nowegliero Ha TTpoBaHue npobbl peakuMoHHon cmecu (5 M), OT BpEMEHMU:

Bpemsi, MUH 0 300 420 545 1305 -
m""'“e““ HCI, 8,14 7.33 7.11 6,90 5,74 2,21

HananTe 13 aTux AaHHbIX BEMUYMHY KOHCTAHTbI CKOPOCTM peaKLmn
13. Mpu M3y4eHUM KUHETUKM pacnaja OuaTUNNEepeKncu MofydeHbl criegylolme 3Ha4YeHUs BEnUYMH
KOHCTaHT CKOPOCTM peakumu Npu pasnuyHblx TeMmnepaTypax:

Temnepatypa, °C 140,0 147,8 156,5

ke10% ¢ 1,75 3,6 6,67
Paccuntante sHepruo akTmeaumm n NpeasKkCnoHeHUNanbHbIN MHOXUTENb.
14. BblumMcnute SHEpruo akTuBauum U NpenaKkCnoHeHUManbHbI MHOXWUTENb ANA peakuuMm Ha
OCHOBaHWM criefywmx gaHHbIX 06 M3MEHEHUN KOHCTaHT CKOPOCTU C U3MEHEHWEM TEMMNEPATYPbI:
Temnepartypa, °C 356 427 508
k, ¢’ 0,0295 1,15 39,6
15. Peakuuto okucneHms 6pomoBogopoaa, NpoTekatoLLyo No ypaBHEHUIO

HBr + O, —» HO, + Br,
ncenenoBany Npy pasnuyHbix TemnepaTypax. NMpu aTom Gbina nonyveHa criegyollasi 3aBUCMMOCTb
KOHCTaHTbl CKOPOCTU peakLmmn oT TeMnepaTypbl;
Temnepartypa, K 700 762
k, cm’/(Monbec) 5,1 46,2
Paccuntante aHepruo aktmBaumm n NpeaakCcrnoHeHUnanbHbIN MHOXUTESb.

184,5
78,8

800
151

17. Onpepenvute 3HEPrM0  akTMBaUUU U MNPEAIKCNOHEHUMANbHBIA  MHOXUTENb peakuun u3
crieayoLei 3aBUCUMOCTY BpEMEH NonynpespalleHnst oT TeMnepaTypbi:

Temnepatypa, °C 529,5 538,5 550,5 560,0

Ty € 66,5 44,3 29,6 14,6

HauanbHoe gaenenune pasHo 200 Ma, nopsaok peakunm — 3/2.



18. Yemy paBeH cTepmyeckuin baktop peakumm

H + H2 — H2 + H,
€CINN KOHCTaHTa CKOPOCTU 3TOM peakuun npu 27 °C paBHa 7,3-107 CM3/(Monb-c), a 3Heprus akTmsaumm
— 34,3 k[Ix/mMonb? BennunHbl razokMHETUYECKNX CEeYEHW ANnsi aTOMOB U MOSIEKyn BOAOPOAa PaBHbI
1,35-10° 1 2,7-10® cM cooTBETCTBEHHO.
19. B ycnosusx aueTtonusa TeTpaaueTarta B,D-rnokonupaHosmaa (A) Hapsgy ¢ neHtaauetatom D-
rnokonupaHosel (B) obpasyeTca Takke HeKOTOpoe konmnyectso noboyvHoro npogykta C. Paccuutante
BEMNNYMHbI KOHCTAHT CKOPOCTEN COOTBETCTBYIOLUMX peakunii u3 npuBefeHHbIX HUXe 3aBUCUMOCTEN
KOHUeHTpauun BewectB A u C OT BpEMEHMN:

Bpems, MuH 0 10 20 30 90 120
[A], ycn.eq. 1 0,921 0,845 0,782 0,465 0,323
[C], ycn.eq. 0 0,006 0,012 0,021 0,036 0,06

OnuncaHune TeXHONOrMM nposeneHunsa

Ha noagrotoBky nucbMeHHOro oteeTa Ha 3agaHus KM (Ha nuctax oTBeTOB) AaéTcs
60 MMHYT, Nnocne aToro NnpoBoauTcsa ycTHasa 6ecena.

TpeboBaHUA K BbINOMTHEHWIO 3a4aHUN, LWKanNbl U KPUTEPUM OLEHNBAHUSA

Ona oueHuBaHMA pe3ynbTaToB OOYyYEeHWs1 Ha 3a4eTe UCNONb3YyTCA creaylolme
nokasaTtenu:
1) 3HaHue OCHOBHbIX TMOHATUM W 3aKOHOB XUMUYECKOW KUHETUKM, ocobeHHocTen
KMHETUYECKOr0  OMUCaHMa  peakumn B KOHOEHCMpOBaHHOW  (pase, Moaenewn
3apoabiweobpasoBaHns N oUddPY3MOHHBbIX MOdENEN B KNHETUKE TOMOXUMUYECKNX peakLui;
2) 3HaHME  OCHOBHbIX  MEXaHW3MOB T[OMOFEHHOro KaTtanmsa W XapakTepHblX 4epT
reTeporeHHbIX KaTannTn4yecknx peakumm;
3) ymeHue onpefensatb MNOPSAOK WM KOHCT@HTY  CKOPOCTM  peakumn, nepuos
nonynpeBpaLleHns Ha OCHOBE 3KCMEePMMEHTarbHbIX AaHHbIX O CBOWCTBax CUCTEMbI;
4) ymeHMe UCnonb3oBaTb TEOPETMYECKME 3HaHUA Ofs PeLleHUs KOHKPETHbIX 3agad
XUMUYECKON KMHETWUKW, YCTaHaBMMBaTb B3aMMOCBSA3b MEXOY KMHETUYECKUMU OaHHbIMU W
MEXaHU3MOM peakuuu;
5) BnageHne cnocobHOCTbIO WMANCTPUPOBaTb OTBET nNpumepamu, aktamu, OaHHbIMU
Hay4HbIX UCCNeSOBaHUN.

[na oueHuBaHna pesynbTaTtoB 0byyYeHUs Ha 3adyeTe ncnonbayeTtcs 2-6annbHas wkana:

«3a4YTEHO», «HE3a4YTEeHO».

CooTHolleHe nokasaTenen, KpuUTEpUEB W LUKanbl OUEHMBaHWS pe3ynbTaToB
o0y4eHus.

YpoBeHb
KpuTepum oueHnBaHnsa KoMneTeHunm cchopmmpoBaH LLikana oueHoK
HOCTU
KOMMNEeTeHLUNN
O6yvarowunca B NonHoOM Mepe BriafgeeT MOHATUMHBIM annapaTom M | [oBbIWEHHLIN 3a4yTeHo
3HaHMEM 3aKOHOB XUMMWYECKOW KMHETUKWU, CMOCODEH MNNIOCTPUPOBaTh YPOBEHb
OTBET npumMepamu, daktamu, AaHHbIMWU HaYYHbIX WCCrReaoBaHWUN,
NPUMEHSITb TEOPETUYECKNE 3HAHUSA AN peLleHns npakTu4eckux 3agad
B 06nacTu KUHETUKM M KaTanusa.
MoxeT ponyckaTb OTAenbHble OWMWOKM Mpu ONpedeneHun nopsigka
peakuuu, KOHCTaHTbl  CKOpPOCTW, nepuoda  NonynpeBpalleHus,
WHTepnpeTauum MexaHW3MOB reTEepPOreHHbIX W  KaTanuTUuyeckux
peakuun, He YyMmeeT TMPUMEHSTb TeopeTMdeckne 3HaHua [Ans
MHTEpnpeTaunmn KOHKPETHbLIX KNHETUYECKNX OAHHbIX.
Ob6yvatowuncs BrageeT MOHATUAHLIM - annapaTtoM U 3aKoHaMu BasoBbin 3a4TeHo
XUMWUYECKON KMHETWKKU, CnocobeH ucnonb3oBaTb 3HaHUA  Ans YPOBEHb
WUHTEpnpeTaunum  KMHETUYECKMX  [AaHHbIX  KOHKPETHbIX  peakuun,
JonyckaeT oTAaenbHble OWWOKN Npy onpegeneHny nopsigka peakumu,




KOHCTaHTbl CKOPOCTW, nepuoga nonynpeBpaleHuna, UHtepnpetaunm
MeXaHU3MOB reTeporeHHbIX N KaTalInTn4eCKnx peaKu,w?l.

Obyuatowuincsa BnageeTt YaCTUYHO TEOPEeTUYECKUMU OCHOBaMM AUCLM- Moporosbiii 3a4yTeHo
NNUHbl, dparMeHTapHO CnNocoBGeH packpbiTb 3aKOHbl WM Teopuu YPOBEHb

XMMWYECKON KUHETMKM W KaTanu3a, He Bcerja ymeeT MpUMEHATb

TeopeTuyeckue 3HaHWA ans WHTEpnpeTaunn KOHKPETHbIX

KMHETUYECKMX AaHHbIX.

OOyvarowuncs OeMOHCTpUpyeT OTPbIBOYHbIE, (dparMeHTapHble 3Ha- - HesauteHo

HWUS, AornycKkaeT rpyoble oLnoKK.

Mpn Habope ctygeHTamu npu BbinonHeHun BCEX! tectoB 6onee 50% mMakcumanbHO

BO3MOXHOrO vncra 6annos CTyAeHTaM MOXeT ObITb BbICTABIEH 3a4€T aBTOMATOM.






