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PABOYASA NPOrPAMMA YYEEHOW OUCLUUNNUHbBI
B1.0.09 — HeopraHnyeckas xumus

1. Kog u» HaumMeHoOBaHMe HanpaBrieHus noaroToBku/cneumnanbHOCTU:

04.05.01

«Xumugay (Xumua 1O dyHoameHTanbHag v npuknagHag Xxmmus)

2. Mpodmnb nogroToBkM/cneymanmsauus:

dyHaameHTanbHas Xumus B npodeccroHanbHoM o06pasoBaHnm

3. KBanudumkaumsa BbinyckHukKa: Xumuk. NpenogaBaresi XumMmm

4. dopma oby4yeHua: O4vHas

5. Kachepgpa, oTBevarLwasn 3a peanmsaumio QUCLUNIINHBI:

kadeapa obLien n HeopraHNYECKon XUMum

6. CoctaBuTENM NporpaMmmbil:

3aBpaxkHoB Anekcanap KOpbeBuY, AOKTOP XMMUYECKMX HAYK, OOLIEHT

7. PekomeHpgoBaHa: HMC xumunyeckoro cakynbeteTta BIY «19.04.2022», npotokon Ne3.

8. YuebGHbIN roa: 2022/23 CemecTp(bl)/TpumecTtp(bl): 1, 2



9.lenu n 3apgayum y4e6HOM AUCLMNIIUHDI

Llenamn ocBoeHus y4ebHON OUCLMNITUHBI SBNSAIOTCA:

- N3NOXeHMe 00LLEeTEOPETUYECKOTO (PyHOAMEHTA XMMMUYECKON HaYKK

- paccMoTpeHmne obLLLETEOPETUYECKMX KOHLEMLMIA, 3aKOHOB, TEOPUIN, TakuX, kak Neprnognyveckuii
3aKOH, aTOMHO - MOMEKYNApPHOE YYeHue, Teopusl XMMWUYECKOro CTPOEHUs, CTpoeHMe artoma wu
XMUMUYecKas CBA3b, XMMMYECKas KNHETUKA U TEPMOANHAMMKA, PUBNKO - XUMUYECKUA aHanNn3 u T.4..

- pasBuUTUE y CTYOEHTOB XMMWYECKOrO MbILWEHUS (KaKk 4YacTW eCTECTBEHHO-HAy4YHOW MbICINn),
obyyeHne TeopeTU4eckoMy NOAXOAY K HayyHbIM npobnemam M yMEHWU0 KPUTMYECKOro BOCNPUATUSA
PUINKO-XMMUYECKUX TEOPUI

3agaun y4ebHOM OUCLMNNNHDI;

- U3ydeHne OCHOBHBbIX 3aKOHOB TeopeTnYeckon (oM3nyeckon) XumMum;

- hopMmpoBaHmMe MOHMMaHUA CBONCTB 3fIEMEHTOB U 0Opa3yeMbiX UMW COEQMHEHUN Ha OCHOBE
nonoxeHun obwen xummmn. B ocHoBy nonoxeH [lepMoanyeckmii 3akOH, Kak OCHOBa XMMWUYECKOW
cuctematukn. PaccmatpuBaeTcsa knaccudumkaumsi XMMUYECKUX 3MEMEHTOB, MPOCTbIX, OWHAPHBIX W
CMNOXHbIX XMMUYECKNX coeanHeHui. [laeTca obuwaa xapakrepuctmka rpynn anemeHToB epuognyeckon
cuctembl. M3yyaloTcss OCOBGEHHOCTUM XMMWUW  KOHKPETHBLIX 3MIEMEHTOB M MX Hamboree BaXHbIX
coeanHeHun. Cepbe3HOe BHUMaHWE yOensaeTcd XMMUU PagvoaKTMBHBLIX W CUHTE3NPOBAHHbIX
3aNeMeHTOB. YAensetcs BHMMaAHWE W3YYEeHMIO NyTen pas3BUTUS HEOpraHU4eckom Xumuu, npobneme
NOSTy4eHUs1 HOBbIX HEOpraHU4YecKMx BeLLeCTB C 3apaHee 3afjaHHbiMKM CBOMCTBaMU (MONYNPOBOLHWUKM,
HeopraHn4eckne NonMMepbI U T.0.).

10. MecTo yyebHOM AncuMNUHbLI B cTpyKType OOI:
51.0. — o6s3aTenbHas YacTtb 6a30B0OW ANCLIMMNHBI

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCLUNIMHE/MOAYNO (3HAHUSA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMM OCBOEHUS obGpa3oBaTesfibHOM
nporpamMmmMbl (KOMAETEHLMAMU) U UHAUKATOPAMMN UX AOCTUKEHUS:

Kog HasBaHue Koa( WuaukaTop(bl) lMnaHnpyemble pesynbTaTtbl 06y4eHns
KOoMneTeHuuu bl)

OrK-1 CriocoOHOCTh OrlK- | Cucremarusupyet u | 3HaTb: Kputepum CaMOornpoun3BOISIbHOIo
aHaJU3UpOBaTh U 1.1 | aHanu3upyeT pe3yJbTATHl | XMMUYECKUX peakuun B pasfiMyHbIX cuctemax
HHTEPIIPETHPO- XAMHYIECKHX YMeTb: nnaHWpoBaTb  3KCNEPUMEHT  Takum
BaTh PE3yJbTATHI 9KCIICPUMEHTOB, obpasom, 4TOObI U3BMEYL U3 HEr0 MaKCUMYM

XUMHUYECKUX HaOMIOZeHNH, a  Takxke | MHpopmauum
SKCIIEpUMEHTOB, pe3ynbTaThl pacueroB | BnapgeTb: OCHOBHbIMM Mpuemamn 06paboTku
HaOJIOICHUH 1 CBOMCTB BEILIECTB U | pe3ynbTaToB 3KCMepuMeHTa

U3MepeHuit MaTepuanoB

OMK- | Mpennaraer

1.2 | uHTepIpeTaIuIo
CcOOCTBEHHBIX
9KCIIEPUMEHTOB "
PacUeTHO-TEOPETUIECKUX
paboT ¢ UCHOIB30BaHUEM
TEOPETHYECKUX OCHOB
TPAJAUIMOHHBIX U HOBBIX
pas/iesioB XUMHUH

OlNK- | ®opmynupyeT 3aKiIt04eHHS
1,3 | u BEIBOABI MO pe3yJIbTaTaM
aHaJIN3a JIUTEPATYPHBIX
JIAHHbIX, COOCTBEHHBIX
IKCTIEPUMEHTAIBHBIX "
pacyeTHO-TEOPETHYECKHX
pabor XUMHUYECKON
HAIpaBJIeHHOCTH.




OrK-2 CrocobHOCTB OrlK- | Paboraer ¢ xumuueckuMu | 3HATb: OCHOBHbIE npasuna TEXHUKN
MIPOBEICHUS C 21 BEILIECTBAMH c | 6e30MacHOCTM M OCHOBHblE MNpUEMbl BeAeHUs
cobmoaeHneM coOmoIeHreM HOPM | XMMUYECKOro 3KCnepumeHTa.

HOPM TE€XHUKH TEeXHUKHU 0€30I1acCHOCTH YmMmeTb: BbIMOMHUTL OCHOBHblIe paboThbl
0e30macHoOCTH nabopartopHoro NpakTukyma no HeopraHN4eCcKon
XMMHYECKOIO 2.2. IIpoBogur cuHTE3 BELIECTB | XUMUU
9KCIIEPUMEHTA, W MarepuajoB  pasHoil | BnageTb: OCHOBHbIMW MpuveMaMn MonyvyeHus
BKJIFOYast CHHTE3, MPUPOJIBI C | KONMMYECTBEHHbIX PE3yrbTaToB B 3KCNEPNMEHTE
aHaJIN3, U3yYeHHE UCIIOJIb30BaHHEM
CTPYKTYpHI U MMEIOIINXCS METOANK
CBOIICTB BEIIECTB
Y MaTEpUAJIOB, 2.3 ITpoBoaut CTaHJApPTHBIE
HCCIIEI0BaHNE orepanyuu TSt
MIPOIIECCOB € MX OTIPECTICHUSI XUMHIECKOTO
ydJacTHeM u ¢azoBoro cocTaBa
BEIECTB U MaTepHalioB Ha
UX OCHOBE.
2.4 [IpoBogutr  uccienoBaHUs
CBONCTB BEILIECTB u
MaTepuaaoB c
HCTIONIb30BaHUEM
CepUIHOTO HAay4HOTO
00opyaoBaHUs
OrlIK-3 CnocobHOCTh OlK- | IIpumensier Teoperndeckue | 3HaTb:  OCHOBHblE  MeTOAbl  onpeaeneHus
MIPUMCHSTh 3.1 " nosyaMnupudeckue | 6asoBblX ~ CBOMCTB  BewlecTB  (MAOTHOCTW,
pacdeTHo- MOJEIM TPH  pEUIeHHH | AaBfeHUsa napa, KUCIOTHO-OCHOBHLIX CBOWCTB U
TeopeTHYeCKHe 3a1a4 XUMHUUecKoil | T.4.).
METO/IBI IS HaIpaBIEHHOCTH. YMeTb: MpoBOAMTL pacyeTbl N0  WU3BECTHOMY
U3y4YCHUS anroputMy C  MPUMEHEHUEM  KOMMbIOTEPHbLIX
CBOICTB BEILECTB Hcnone3yer craHpgapTHoe | nporpamma
U TIPOIIECCOB ¢ ux | 3.2 nporpaMMmHoe obecrieucHue | BnapeTb: OCHOBHbIMMU npuemamm
Y4YacTHEM C pu pemeHnn 3ajad | KonudyecmeeHHolU  obpaboTku  pes3ynbTaToB
HCTIONIb30BAaHUEM XUMHUYECKOH aKkcrnepumMmeHTa
COBpPEMEHHOM HarpaBJIeHHOCTH
BBIYHMCIIUTEILHON
TEXHHUKH
OlNK-6 | CnocoGHOCTB OlK- | IIpencraBaser pe3ynbTaThl | 3HATb: OCHOBHbIE MPUEMbl NOATOTOBKU AOKMaja
NPE/ICTABIAT 6.1 paboTHl B BHAE OTYETa MO | MPU  MOMOLUN COBPEMEHHbLIX  KOMMbIOTEPHbIX
Pe3yabTaThI cTaniaptHoil  ¢opme Ha | Nporpamm
cBoel paboTHl B PYCCKOM SI3BIKE. YMeTb: CcamMoCTOATENbHO MNOArOTOBUTL YCTHOE
YCTHOI u coobLeHne, conpoBoXaaeMoe npeseHTaumnen.
MHCbMEHHON 6.2 IIpencrasnser Bnapetsb: anemMeHTapHbIMU HaBblKamu
thopme uH(OopMaLUIO XUMUYIECKOTO | CreumanucTa-goknag4vka.
COOTBETCTBHUH  C COJICPXKAHUSI C  Y4ETOM
HOpMaMH n TpeboBaHunit
MpaBUIAMH, oubnmorpaduyeckoit
MPUHATBIMA B KyJIbTypBI
npodeccrnonansH
OM coo01ecTBe 6.3 IIpencraBnsier pe3ynbTaThl
paboTBl B BHJE TE3HCOB
JOKIIaa Ha PYCCKOM U
aHIJIMICKOM  sI3bIKaX B
COOTBETCTBUM C HOpMaMU U
IpaBujiaMu, TMPUHATBIMU B
XUMHYECKOM COOOIIIECTRE.
6.4. l'oToBUT mNpe3eHTanMIO 1O

TeMe paboTsl u
NPE/ICTaBISIET ee Ha
PYCCKOM ¥ aHIVIMHCKOM
S3bIKAX.




12. O6bemM gucunnnuHbI B 3a4eTHbIX eanHuuyax/yac — 540/15.

Popma NpOMEXYTOHYHON aTTeCTaLMM (3avem/sxksamer) Ik3aMeH (1 n 2 cemecTp)

13. TpypoemkocTb No Buaam y4yebHon paboTbl

TpyaoemMKocTb
Bug yyebHor paboTbl Bcero 1 Mo CeMGZCTpaM
Ne cemecTpa Ne cemecTpa
KoHTakTHas paboTa 304 152 152
Jlekuunmn 118 50 68
npakTuyeckme
B TOM YuUcne:
nabopaTtopHble 186 102 84
CamoctosaTensHas pabota 164 100 64
B ToMm uncne: kypcoBas paborta
dopma NPoMeEXyTO4YHON aTTecTaumu: 72 36 36
3K3ameH (72 4)
WToro: 540 288 252
13.1. CopepxaHue QUCLMUNIUHDI
n/n Peanusauus
asgena
HaumeHoBaHne pasi
ONCUUNIUHBI C
pasgena CopepxaHve pasgena aMcunnimHbl NOMOLLbH0
ONCLMNINHBI o
OHNamnH-Kypca,
QYMK
1. NNekuun
1.1 | BBegeHue DopMbI CyLLLECTBOBAHNSA MaTepUK. XnmMmyeckas doopma OBUKEHMS, https://edu.vsu.r
ee ocobeHHocTu. Onpegenenne xumun. 3agaymn xmummm. ObLuas u/coursel/view.p
XUMUSA — TeopeTUdecKkUin PyHOaMeHT XUMUYECKON HayKW. hp?id=11068#s
XUMMYecknin n uUsnKo-XMMMUYECKUin MeToabl UCcnegoBaHus. ection-2
1.2 | Xumuyeckas ATOMHO-MOnNekynsipHaa Teopus. XuMuyeckuin anemeHT. [lpocToe
amomucmuka BellecTBo. AnnoTponus. [[a3oBble 3akoHbl. Yncno Asoragpo. Monb.
MonspHas macca. CoBpeMeHHas xumuyeckasi aToMmucTuka. ATom,
Monekyn, kpuctann. MonekynsipHasa M HemonekynsipHasi dopma
Kpuctannos. [NoHsATMe o dha3e — HocuTerne CBOWCTB BellecTBa B
Kpuctannax HEeMOIEeKynsaApHOWN CTPYKTYpBbI. XvmMmunyeckoe
coeavHeHue. CTpyKTypHbIE hopmynbl MOreKyn n
Kpuctannoxmmmyeckoe cTpoeHue BellecTBa. CTexvomeTpudeckne
3aKOHbl N UX cOBpeMeHHasa TpakTtoBka. CoeguHEeHUs MOCTOSIHHOMO U
nepemMeHHoro cocrtasa. Kpuctannoxmmudeckoe CTpoeHuE ¢
cBoncTBa BellectBa. [loHATME O pediekTax KpucTannmyeckomn
cTpykTypbl. OGnacte romMoreHHocTM a3 MnepemMeHHOro cocTaBa.
HdanbToHngpl 1 6epTonnuasl.
1.3 | Xumuyeckas OcHOBbI TEPMOXUMUK. K30 - U SHAOTEPMUYECKME peakumn. 3akoH | https://edu.vsu.r
mepmoduHamuka | JlaByasbe-Jlannaca. 3akoH [ecca. AQOMTMBHOCTL TemmoBbIX | u/course/view.p
ahbdekToB B MHOroctagumnHbix npoueccax. TepmoguHamudeckue | hp?id=11068#s
CUCTEMBI: M30NMPOBAHHbIE, 3aKpbIThble, OTKPbITbIE. M306apHble u | ection-6

M30XOpHbIE MpoLecchbl. TepMoauHamMuyeckass U TepMoxuMmyeckas
CUCTEMbI 3HaKOB. DYHKUMM COCTOSHWS. BHYTpeHHsin sHeprus u
SHTanbnus. OHTanbNWiiHble AuarpaMmmbl. Tennota u paboTta, ux
B3aMMOCBsi3b. 1-0e Havano TepMoAMHaMWKW. 3aKOH COXpaHeHWs

aHeprun. KpuTepuii HanpaBneHHOCTU XMMMUYECKOro mnpouecca.
MpuHunn BepTtno-TomMnceHa, ero OrpaHMYEeHHOCTb. JHTpoNUs
CUCTEMbI. 2-0e Ha4vano TepMoauHamuku. PocT aHTponunM —

KpUTEPUIA HampaBleHWsi mnpouecca B W30MMPOBaHHLIX CUCTEMAX.
CratucTnyeckasi uMHTepnpeTauus 3HTponuu. [Owxywas cuna
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npouecca B 3aKpbITbIX CUCTEMAX. OHTANbNUAHBLIA U SHTPOMUNHBINA
dakTopbl. CBobogHasa aHeprus [MOOca, ee yMeHblUeHue npu
camonpoun3BobHbIX Npoueccax. CBobogHast aHeprusa enbmronbLa.
CraHgapTHass  cBobogHass  aHeprusa. Mepa  yCTOMYMBOCTU
coeanHeHus. CobogHasa u cBsidaHHas aHeprusd. MakcumanbHas
paboTa, coBepLUeHHast CUCTEMON.

1.4 | Xumunyeckas CkopoCTb M MexaHu3M Xxumuyeckon peakumm. CkopocTb U | https://edu.vsu.r
KMHEeTUKa KOHLIEHTpaLMsa pearvpyoLmx BelecTB. 3akoH AENCTBYIOLLMX Macc. | u/course/view.p
MonekynapHocTe peakumu. [lopsigok peakumm u  MexaHusm | hp?id=11068#s
npouecca. Jlumutupyrowlas Ccragust MHOTOCTaAMMHBIX peakuuu. | ection-3
CkopocTb peakuum u TemnepaTtypa. PacnpegeneHvne mornekyn no
aHepruam (Makceenn, bonbumMaH). QHeprus akTuBaumn. AKTUBHbIN
KOMMJIEKC. YpaBHeHue AppeHunyca. OHepreTnyeckuin "
AHTPONUNHBIN YneHbl ypaBHeHUs. Katanus. Katanmnsatopsbl.
1.5 | Xumunueckoe Obpatumble 1 HeoGpaTumble npouecchl. CBsA3b obpaTu-mocTn ¢ | https://edu.vsu.r
paBHOBecue paBHoBecumeM. WcTMHHOEe U noxHoe paBHoBecne. Kputepum | u/courselview.p
yCTaHOBMEHUS paBHOBecus peakumn. CBA3b KOHCTaHTbl 1 | hp?id=11068#s
cBobogHom aHeprum M66ca. PakTopbl, BAMAIOLWNE Ha NOMOXeHWe | ection-7
pasHoBecus. MNpuHumn Jle-latenbe. eTepodasHbie paBHOBecKS.
[daBneHve  HacbiWweHHOro  napa. Mpoueccol ncnapeHus,
cybnumaumm, kuneHusi, nnasneHus. dasoBad guarpamMmma BOAbl.
Mpasuno das mbbca. MNoHATMe 0 TEpMOANHAMUKE HEPABHOBECHbIX
npoLEeccoB.
1.6 | PacTteopbl TepMoONHAMMYECKUA W KMHETMYECKMIM acnekTbl dopmupoBaHus | https://edu.vsu.r

pacTtBopoB. Cnocobbl BblpaXXeHWs1 KOHLUEHTpauum pacTBOPOB.
PacTtBopeHue Kak (pU3UKO-XUMUYECKUIA Mpouecc. JHepreTuka
npouecca pactBopeHus. MNMoHsaTue o6 ngeansHom, pa3baBreHHOM U
peanbHOM pacTBope. YcCrnoBusi paBHOBecus a3 — paBEHCTBO
XUMUYECKUX NOTEeHUMarnos.

Teopus anekTponutnyeckon guccoumauunn. CteneHb U KOHCTaHTa
avnccoumauun. 3akoH pasBegeHus OctBanbga. OCHOBbI Teopuu
CUMbHBIX 3MEKTPONUTOB, 0BpasoBaHMe MOHHBLIX nap. Kaxywascs
cTeneHb guccounaumn. AmdoTepHble anekTponuTel. duccounaums
MHOFOOCHOBHbIX  KMCMOT, MHOIOKUCIIOTHBIX OCHOBaHWA, CONew.
CoBpeMeHHble Teopuu KUCNOT KU ocHoBaHwuA. CoOnbBOCUCTEMBI.
lMpoToHHasa n anekTpoHHas Teopun. NloHHOe npounssefeHue BoAbl.
BogopoaHbii  nokasaTtenb. KMCNOTHO-OCHOBHblE  MHOMKATOPbI.
NoHHble B3ammopencTBust B Xuakux pactBopax. OOMeHHble
peakuun mexagy noHamu. ObpaTumblie N HeoOpaTUMbIE MPOLIECCHI.
Peakumn Hentpanusauum un rugponusa. CTeneHb U KOHCTaHTa
rmgponu3aa. lMpousseneHve pacTBOPUMOCTMU. OnekTponua
pacnnaBoB W BOAHbIX PacTBOpPOB conen. MHepTHble M aKTUBHbIE
anekTpodbl. MNMoTeHUuman pasnoxeHus. FBneHne nepeHanpsikeHus.
3akoH Papages. JnekTpoxumuyeckass KOpposus  MeTarnnos.
TeBepable pacTtBopbl. [Bwxywas cuna obpasoBaHud TBepabixX
pactBopoB. Twunbl TBepAblX pacTBOpPOB. TBepAble pacTBopbl
3amelleHunsi. YcrnoBusi oOpas3oBaHMs HEOpPraHW4Yeckux TBepabiX
pactBopoB 3amelleHus. [lpoueccbl ynopsgodeHus B TBepAbiX
pacTtBopax. TBepable pacTBOpbl BHEAPEHUS, BbluuTaHus. PacTeopbl
TBepAble, Xuakne un rasoobpasHele. OnpepeneHve pacTBOpPOB
KaXkjoro KOMMOHEeHTa B COCYLLLECTBYOLLMX (hasax.

Kvokue pactsopbl. [pupoaa xuakoro coctosHus. KonnuratueHble
CBOWCTBa mgeanbHbix pacTtBopoB. [aBneHne napa. 3akoH Payns.
Kpnockonusa n abynnuockonusa. Ocmoc. OcmoTuyeckoe OaBrieHue.
3akoH BaHT - lNodhdpa.

OKncnuTensHO-BOCCTaHOBUTENMbHbIE  peakumi. HanpaeneHHOCTb
npoLeccos, CBSA3aHHbIX c nepegaven 3MNEKTPOHOB.
ONEKTPOXMMUYECKUIA pALg HanpsKeHun. PaBHoBecue Ha rpaHuue
MeTtann - pactBop. CTaHOapTHble 3NeKTpoaHble noTeHuuanbl U
cBobogHas aHeprus nbbca. BOC ranbBaHMYECKOro 3rieMeHTa.
YpaBHeHve HepHcTta. Metoabl ypaBHuBaHus OBP: anekTpoHHOro
©anaHca, MeTog nonypeakuni.

u/coursel/view.p
hp?id=11068#s
ection-9
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1.7

OneMeHTbl
dur3mKo-
XUMUYECKOro
aHanusa..

PU3NKO- XMMWYECKNA aHanmM3 Kak OAMH M3 OCHOBHbIX METOAOB
nuccrnegoBaHns B3aMMmogencTsnga B TBepaom tene. MNpasuno gas u
ero BbIBO4 Ha OCHOBE paBEHCTBA XUMWYECKMX MOTEHLNarnos
Kakgoro KOMMOHEHTa B cocylwecTBylowmnx ¢dasax. [lpuHumnb
HenpepbIiBHOCTU cooTBeTCcTBUSA( Koppensumm) H.C. KypHakoBa.
da3oBble guarpamMmbl  ABYXKOMMOHEHTHbIX CUCTEM. OBTEKTUKA.
Meputektnka. HeorpaHundyeHHas pacTBOPMMOCTL B TBEpPAOM
cocTtosiHun. OrpaHu4eHHas pacTBOPMMOCTb B TBEPAOM COCTOSHUM
(aBTEKTUKA, NEPUTEKTMKA).

dazoBble AvarpaMmbl ABYXKOMMOHEHTHbIX cucTtem. ObGpasoBaHue
XUMWYECKNX  COEOMHEHUA B  ABYXKOMMOHEHTHbIX  CUCTEMAX.
Xapaktep nnaBneHus COEAMHEHWA: OUCTEKTUKA, MepuTekTuka.
Hectexnometpusa coeanHenunn. lMpupoga XMMUYECKOW CBA3N W
WwrpuHa obnactu romoreHHocTM. CoBpeMeHHble NPeacTaBneHns o
panbToHugax wu Geptonnuaax. CwuHryngpHas Todka. dasoBble
anarpaMmmbl U KpuBbIE OXNaxaeHus cnnasoB. [unarpammbl cocTaB-
cBouncTBa. 3akoHbl KypHakoBa B METannmMyecknx cMcTemax.

1.8

OrnemMeHTapHble
npeacTaBneHus
O CTpOEHUn
aToma un
COCTOSIHUN
SNEKTPOHOB B
aTome

PassuTtne npencraBneHun o ctpoeHum atoma. BonHoBas npupoga
anekTpoHa. BomnHoBas yHKUMS M BOMHOBOE  YypaBHEHME.
PagnanbHass wn yrnosas CoCTaBnslowwune BOMHOBOW  (hyHKUMN.
OHeprusi, pasmep W HanpaBfeHHOCTb JMEKTPOHHbIX OOMnaKkoB.
KBaHTOBbIE YMCHa.

MHOroanekTpoHHble atombl. [MpuHUMNBI M MpaBuna 3anofHEeHus
3MeKTpoHaMn aTOMHbIX opbuTanen. [lpyHUMN  MWHMMAIbHON
aHepruv, npuHumn [aynu, npasuno [yHoa. CoBpemeHHas
TPaKTOBKa MEPUOANYECKOrO 3akoHa. 3aKOHOMEPHOCTU WM3MEHEHWS
OCHOBHbIX MapameTpoB atomMa (aTOMHbIX pPaguycoB, 3HEprumn
MOHM3aUMM W CpPOACTBa K 9MEKTPOHy) B Mepuogax u rpynnax.
3HayYeHne NeprmoamyeCcKoro 3akoHa.

1.9

Teopus
XMMUYECKOWN
CBA3U

PassuTne npencraBneHnin O XUMMYECKOW CBSA3M. BaneHTHOCTb
creneHb okucrneHusi. OCHOBHbIE XapPaKTEPUCTUKU  XUMMUYECKOM
cBa3n. PeHoMeHONorn4yeckme TEOPUnN MOHHOM N KOBAINEHTHOW CBA3MU
(Koccenb, Jlbtonc). loHHasa cBsi3b 1 ee CBOMCTBA: HAMpaBiEHHOCTb
N He HacbllaeMocTb. Mogenb «4MCTOM» MOHHOW CBSAA3M B TBEPAOM
Tene. MpenmyLLLeCTBEHHbIN BKNnag NOHHON CBSA3N "
KOOpPAMHALMOHHbIE YMCNa aTOMOB B MOHHbIX KpUcTannax.
KoBaneHTHas cBA3b. BonHoBas npupoda KOBaneHTHOW CBS3W.
MeToa BaneHTHbIX cBA3eW. HanpaBneHHOCTb, HacbILAaeMOCTb U
nonapmn3yemMocTb KoBaneHTHOW cBsA3W. BonHoeas npvpoaa
KoBaneHTHon cBA3n. MeToq BaneHTHbIX CBA3el. HanpaBneHHOCTb,
HacbILLAeMOCTb M MNOMSAPU3YyeMOCTb  KOBANEHTHOW  CBSI3W.
KoopauHaumoHHble yMcna B KOBaneHTHbIX KpucTannax. Cnocobbl
nepekpbIBaHMS 3NeKTPOHHbIX 06nakoB. KpaTHble cBA3W.

MeToq BaneHTHbIX cBA3en. MexaHn3Mbl 06pa3oBaHUsA KOBaneHTHON
cBsA3n. [mbpugHble BOnHoOBble YHKUMM. Tunbl rmMbpuansaumm u
reomeTpus  Monekyn.  [OHOpPHO-  aKUenTOpHbIA  MeXaHuU3Mm
0obpa3oBaHMs KOBaneHTHOW CBs3n. MakcumanbHas BaneHTHOCTb
(koBaneHTHOCTb) anemMeHTOB. [MONAPHOCTL KOBaneHTHOW CBA3U U
Monekynbl B UenoM. [OunonbHbin MOMeHT. HepoctaTkm meTofa
BaneHTHbIX CBA3EN.

MeTtog  MonekynspHbix — opbutanen. [Mpubnuwkenne  JIKAO.
OHepreTnyeckne guarpammbl NPOCTENLLMX FOMOSIAEPHBIX MOSEKY!T,
06pa3oBaHHbIX aneMeHTamun 1 u 2-oro nepvogos. [opsiAok CBS3w,
MarHUTHbIE MU OMTUYECKME CBOWCTBA. QHEpreTuveckMe guarpammbi
npoctenwmnx reteposgepHoix monekyn (HIM, H,O, NHs).
BogopogHas cBasb. [Mpupona ee obpasoBaHus. MexmonekynsapHas
W BHYTPMMOMNEKyNndpHas BOAOPOAHas CBA3b U ee BriMsiHWE Ha
cBomncTBa mornekyn. Cunel BaH- gep- Baanbca. OpueHTaumoHHOe,
WHOYKUMOHHOE 1 ANCNEePCUOHHOE B3auMOAENCTBIE.
MeTannuuyeckas cBa3b U ee Npupoaa: MHOroOLEHTPOBOCTb, AeduUumnT
n obollecTBneHne 3nekTpoHoB B  Kpuctanne. CsolicTBa
MEeTannmMyeckon CBSA3W: HeHanpaBneHHOCTb U HEeHachblLaeMoCTb.
KoBaneHTHO- meTannuyeckas CBsi3b B NEPEXOAHbIX MeTannax.




1.10

KomnnekcHble
coeuHeHus

CoBpeMeHHble  MpPeAcTaBfeHMst O  XMMWYECKOW CBA3M B
KOMMMEKCHbIX  coeAuHeHusax. MeTon  BaneHTHbIX  CBSA3EWN,
BO3MOXHOCTM  MeToda. Teopus  KpUCTamnmnMyeckoro  rnons.
CummeTpusi d-opbutanen. OHepreTudeckoe pacuienneHve d-
opbutanen B OKTasApuU4YeCKOM, KBagpaTHOM M TeTpasgpudeckom
none nuraHaoB. OHeprusi paclienneHnss U 3Heprus cnapuBaHus.
MarHuTHbIE N ONTUYECKME CBONCTBA KOMMIEKCOB M MNO3MLMK TEOPUN
Kpuctannuyeckoro nong. [loHaTMe o Teopuym nons nuUraHgos.
(meTog monekynsipHeix opbuTanen). 3aceneHue 3neKkTpoHamu
3HEpPreTUYeCcKMX YpOBHEN B OKTA3APUYECKMX, TETpasgpuU4veckmx M
NIOCKOKBaApaTHbIX Kommrekcax. ChekTpoOXMMUYECKUA psg uo p-
CBsI3bIBAHNE NUraHgoB.

111

Mepuoanyeckun
3aKOH KakK
OCHOBa
XUMUYECKON
cucteMaTuKkm

OTanbl  pasBUTUA nepuogudeckoro 3akoHa. [lepuopgmuyeckasi
cuctema kak matpuua. [puHUMN MHBaApPWAHTHOCTM  MONOXEHUSI
anemeHTa. lNepuoabl 1 rpynnel. [pynnoBasi U TUMOBas aHanorus.
Tunudeckne oanemeHTbl. [lonHbleE WM HEMOMHblE 3NEKTPOHHbIE
aHanorn. BTopmyHaa © BHYTPEHHAS NEpPUOAMYHOCTE U UX
NnposiBfieHne B  U3MEHEeHuaxX  opbuTanbHbIX  paguycoB U
noTeHuUunanos NoHM3aLMUN. [opu3soHTanbHas aHanorus.
HnaroHanbHasg aHanorus. Knaccndpumkaumnsa XMMn4ecknx arieMeHToB
no TNy 1 3aCeneHHOCTN ANEKTPOHHbLIX opbuTanen. MNMonyanvHHas n
ANNHHast OPMbl MEPUOLNHECKON CUCTEMBDI.

1.12

Xumna 1Bepaoro
COCTOSIHUS.
MeTannoxumus

Xumusi TBepaoro coctosiHusl. OcobGeHHOCTM TBEpAOro COCTOSIHUS
BewecTtBa. Kpucrtannuyeckoe, amopdHoe U cTekrnoobpasHoe
cocTosiHue. [MoHsITUE O 30HHOW Teopuu. BaneHTHast 30Ha M 30Ha
nposoanMoctn. OCOBGEHHOCTU MONYNPOBOAHMKOBOIO COCTOSIHUSA
BellectBa. Cob6CTBEHHAs M NpUMecHasi MPOBOAUMOCTb. Kputepum u
npenckasaHue nonynpoBOAMMOCTMH.

I'IpeBpau.l,eHMﬂ B TBEpPOOM COCTOAHUU. HeynopAaaoYeHHble TBepAdble
pactBopbl, coeanHeHms KypHakoBa, pa3bl JlaBeca, asbl
BHEAPEHUS, AMNEKTPOHHble coeauHeHunst tOm- Posepu, BaneHTHo-
XuMmm4eckme coegnHeHund

1.13

MpocTble
BELLlECTBA KakK
roMOaTOMHbIE
coeauHeHuns

XMU4eckoe 1 KpMCTansoxXmmMmyeckoe CTpOeHME NPOCTbIX BELLECTB.
MeTtannbl M HemeTannbl B nepuoauMyeckon cucteme. [paHuua
UnHTna. dusmyeckne CBOWCTBA NPOCTbIX BELLECTB. XMMUYECKUE
cBoKncTBa npocTbix BellectB. Ocobounctble BellecTBa. HoBble
HanpaeneHus B COBPEMEHHOM MaTepuanoBegeHumn c
MCNonib30BaHNEM MNPOCTbIX BELLECTB.

1.14

BuHapHble
XMMmnyeckune
CoeuHeHuns

Knaccudmkaums OMHapHbIX XUMUNYECKNX COEINHEHMI.
M303anekTpoHHble psaabl. MameHeHWe xapaktepa CBs3M UM Tuna
KpUCTannuyeckon  CTPYKTYpbI B W309MEKTPOHHbIX  psadax.
MocTosHCTBO M nepemeHHocTb cocTaBa. Okcuabl. BogopogHbie
coeanHeHnus. anorennapl. MHukToreHmabl. Kapbugpl, cvnuumasbl,
Oopugbl. MHTepMeTannuyeckne coegnuHeHus.

1.15

CrioxHble
XUMuyeckue
coeHeHuns

CnoxHble  xumudeckue  coeguHeHus. WX  knaccudukauus.
'Mapokcyabl Kak xapaktepuctudeckne coeanHeHuss. CoBpeMeHHas
KoHuenuma dopMynbHOro coctaea rnapokcnaos. KucnoTtHo -
OCHOBHble CBOMCTBA. AMOTEPHOCTL MMAPOKCMAoB. OKMCANTENBHO-
BOCCTaHOBUTENNbHbIE CBOWCTBA rMOpOKCUAOB. Conu
Kucnopogocogepxalimx knenot. KoMmnnekcHble coeanHeHus.

1.16

Bogopoa, Boaa,
OvHapHble
BOOOPOLHbIE
COeVHEHUS

Bogopon. YHukanbHOe NoOnoXxeHwe BOAOpoAa B MNEPUOOUNYECKON
cucteme. Wsotonbl Bogopoda. ATOMapHbIA M MOMEKYNSAPHbIA
Bogopoa. duamyeckme M XMMUYECKME CBOWCTBA BoAopoaa.
Mopuobl M BOOOPOAHLIE COEOUHEHUS 3remMeHToB. [lonyyeHue
Bogopoda KomnnekcHble coedvHEeHWs. CBOMCTBA BOAOPOAA.
Mmapnabl U BOOOPOAOHbIE COEOVHEHUs 3reMeHToB. [lonyyeHue
Bogopoaa KomnnekcHele coeagnHenms. Boga.

1.17

OnemeHTbl
| rpynnel MC

OcobeHHoCcTM nuTusA. [pupodHble COEOVMHEHUA U MONyYeHus.
dusmyeckne UM XMMUYECKME CBOWCTBA. XapaKTepucTuyeckne
coeanHeHus nutus. CoeguHeHns NMUTUS C APYrMMKU HemeTannamu.
Conu kucrnot. MeTtannoxumusa. Xapaktepuctuka anemeHTtoB | A -
rpynnbl.  [pupogHble COeAMHEHUA W MOfyYeHUe  LEeNoYHbIX
MeTannos. dusmnyeckme " XUMu4eckme CBOMCTBA.
Xapaktepuctnyeckme coeavHeHusi. CoeavHeHuss C  Opyrumm




HemeTannamu. Conu KMCNopogocoAePKaLLUMX KUCITOT.
XapaktepucTtuka anemeHToB | B - rpynnel. [NpupoaHble coeanHeHus
WU nonyyeHve MeTannoB. Puanyeckne M XMMUYECKUE CBOWCTBA.
XapaKTepmcmquKme coeagnHeHusa. Coep,MHeva C HemMeTannamu.
Conu kucnopogocoaepxatumx kncnot. Metannoxumms

1.18

OnemeHTbl
Il rpynnel MNC

OcobeHHocTM Gepunnus. lNMpupoaHble COeauHEHUs U MOny4vyeHue.
dusmnyeckne " XUMmn4yeckme cBOMCTBA Bepunnus.
Xapaktepuctuyeckme coeguHeHusa. CoeanHeHus C HemeTannamu.
Conu KMCnopogo-cogepawmx  KUCnoT U KOMMMEKCHbIE
coegunHeHus. Metannoxumus 6epunnus.

Oco6eHHOCTU XMMUKN MarHus. Pusnyeckme n XMM1M4eckne CBOMCTBA.
Xapaktepuctmyeckme coeamHeHus. [BonHble conu. LeHnuTbl.
Komnnekckl. CoeamHeHns ¢ HemeTannamu. Metannoxumusa maruumsi.
Xapaktepuctuka 3M1EMEHTOB noarpynnel Kanbuusi.
Xapaktepuctuyeckme coeguHeHus. Conu Kncnopogocogepalimnx
KMCINOT N KOMMMEKChI.

Xapaktepuctuka anemeHtoB |l B-rpynnbl.  ®dusmdeckne u
XUMUYECKME  CBOWCTBA.  XapakTepuctuyeckme  COeAuHEHMs.
CoegnHeHna ¢ Hemetannamu. Conm  KMCNOpOOOCOAEPXKaLLUX
KMCINOT U KOMMIEKCHbIE COEAUHEHNS.

1.19

OneMeHTbl
Il rpynnel MC

OcobeHHocTU xumnm 6opa. MpupodHble COeanHEHNS 1 NOMnyYeHne.
dusmdeckne n xmMmmyeckme csorctBa bopa. Xapakrepuctudeckune
coeavHeHnsa. bopHble kucnotel. bypa. CoeauHeHuss ¢ gpyrumu
HemeTannmamn. Conu  KucrmopogocodepXawmux  KACAOT U
KOMMMeKkcHble coeauHeHus. CoeAMHEHUs HU3WKUX  CTeneHen
okucrneHus. Metannoxmmus.

XapaktepucTuka 9nemMeHToB MOArpynnel  ckaHgus u  P33.
MpupodHble coeauHeHWs W nonyyYeHne metannos. dusmuveckve u
XMMWUYECKME CBOWCTBA. XapakTepucrtuyeckme coeguHeHus. Conu
KMcnopogocogepaLimx KUCNOT U KOMMNIEKCHbIE COeQUHEHUS.

1.20

OnemeHTbl
IV rpynnel IC

Obwan xapaktepuctuka anemeHtoB IV rpynnbl. OcobeHHoCTH
xuMmnn yrnepoga. Yrnepog B npupoge. dusmyeckme n xmmMmmyeckue
CBOMCTBa Yyrrepoga. Xapakrtepuctuyeckne coeguHeHusi. Okcuabl
yrnepoga. YronbHas W TWOYroflbHast Kucnotbl. HagyronbHble
kucnotbl. KapbamuHoBas kucrota. MoueBnHa. CoeguHeHus c
apyrumu  Hemetannamu. Cepoyrnepon LuaH. UnaHosogopon wu
cnHunbHaa kucnota. [anoreHoumawuabl. Luanamug. LnaHosas
KncnoTa n ee nsoMepHsle popmbl. PogaHosogopoa. PoaaH.
OcobeHHOCTU  XuUMUWN  KpeMHus. [lpupoaHble coefguHEeHUs U©
nonyyeHve KpemHuda. >dusmyeckne un XMMUYECKMe CBOWCTBa
KpeMHus. Xapaktepuctudeckue coeamHeHus. OKcuabl KpemMHUS.
KpemHueBble  kucnotbl.  CunaHbl.  [anoreHmgbl  KpeMHWMS.
KpemHedToprcToBogopoaHaa kucnota. CoegvHeHus ¢ Opyrumm
HemeTannamu. Hutpua kpemHus. MNMpocTble 1 CrOoXHbIe CUINUKaTbI.
Antomocunukatbl. Ctekno. Cutannel. MeTannoxmmums KpemHus.
XapaktepucTtuka arnemeHToB IV A-rpynnsl. lNMpupoaHblie coeanHeHus
W nonyyeHue repmMaHusi, onosa U cBUHUA. Puanyeckme u
XUMUYEeCKMEe CBOWCTBA. XapaKTepucTUyeckue CcoeauHeHus wu
coeinHeHus ¢ HeMmeTannamu. Conu KucnopoacoaepKalimx KUCnorT.
KomnnekcHble coeanHeHus.

O6uwan  xapakTepucTuKa  SMEMEHTOB  MOArpynnbl  TWUTaHa.
MpupoaHble coeauHeHUst U nonyyeHne. dusmyeckne N XMMn4eckme
cBoMCTBa. Xapaktepuctuyeckne coeguHeHus. CoepuHeHusa ¢
HemeTanmnamu. Conu KncnopogocoaepaLumx K1CroT.
KomnnekcHble coefuHeHusa. MeTannoxvmnst anemMeHToB MOArpymnnsl
TUTaHa.

1.21

OnemeHTbl
V rpynnsl MC

XapaktepucTuka anemeHToB V rpynnbl. Ocob6eHHOCTM XMMMKM a3oTa.
A30T B npupoge u ero nony4dyeHue. dusmMyeckne uM XMMuMYeckne
cBoncTBa a3ota. BogopogHble coeamHeHus asota. KucnopogHble
coeguHeHns aszota. CoeduvHeHus C  ApPYrUMKM  HeMeTannamm.
CoepfunHeHuWs ¢ meTannamu.

OcobeHHOCTM xumun  docdopa. [pupoaHble coeguHeHUs U
nony4yeHue. duanyeckne " XUMUYECKME CBOWCTBA.
Xapakrtepuctmyeckue CoeguHEHMS. Okengbl docdopa.




doccopcoaepxalme KMCroTbl n ux conn. CoeanHeHms gocgopa ¢
HemeTannamu. dochoHuTpunxnopma. CoeguMHEHUs ¢ meTannamu.
XapaktepucTuka anemeHtoB V A-rpynnbl. [pupogHble coeanHeHus
n nonyyeHue. lpocTbie BellecTBa, PU3MYECKME U XUMUYECKME
CBOWCTBA. Xapakrtepuctudeckme coeauvHeHnsa. CoeauvHeHnsa c
apyrumu  Hemetannamu. Conu  KMcnopogocoAepKalimx KWACMOoT.
KomnnekcHble coeauHeHusa. MeTtannoxumus. XapakTtepucTuka
3aNeMeHTOB noarpynnel  BaHagus. [lpupoaHble coeguHeHus wn

nosiyvyeHue. dusnyeckune 7] XUMUYECKNE CBOWCTBA.
XapakTepuctuyeckme coeavHeHusi. CoeavHeHus Cc  OpyruMun
HemeTannamu. «AJ» -coeuHeHus BaHagus. Conm

Kncnopogocogepxawnx KNCIoT N KOMIMJ1EKCHbIE COeANHEHUA.

1.22

OnemeHTbl
VI rpynnsl MNC

OOwasn xapaktepuctuka anemeHToB VI rpynnbl. Ocobasi ponb
kucnopoga B xvmuun. Kucnopog B npupoge v ero nony4veHue. O30H.
duanyeckne un  xmMmmyeckne ceomcTBa  kucropoga. Okcupbl
meTtannoB. Okcunabl HemeTannos. [lepokcuabl, cynepokcuabl u
030HuabIl. MNepokeua Bogopoaa.

OcobeHHOCTM XxMMun cepbl. [pupoaHble CoeaMHEHUS U NonyYeHune.
dnsnyeckne n XMMMYECKNE CBOMCTBA Cepbl. XapakTepuctuyeckme
coeanHeHnus. Okcuabl. KucnoTel, cogepxawme cepy, U WX COMMW.
CoeagunHenns cepbl ¢ apyrumun  Hemetannamu. Cynbduabl u
nonucynbguabl metannos. MNonucynbdaHsl.

Xapaktepuctuka anemeHToB VI A-rpynnbl. MNpupoaHble coeanHeHns
1 nonydeHue ceneHa u Tennypa. lNpocTtble BelecTBa, pumanyeckue
N XMMUYECKMEe CBOWCTBA. XapaKTepucTuyeckme cCoequHEHNs U Conu
ceneH — u Tennypcogepxawmx kucroT. CoeanHeHus ¢ Opyrumu
HemeTannamu. KomnnekcHble coeguHeHus. CoeguHeHns C
MeTannamu.

XapaktepucTuka anemeHToB noarpynnel  xpoma. [lpupogHble
coeavHeHMsa 1 nonyvyeHme metannoB. dusmyeckne M Xxummdeckme
CBOMCTBA.  XapakTepuCcTUYeckue  COeAMHEHMS:  OKCuabl U
rmgpokcugpl. CoeguHennss ¢ gpyrumm  Hemetannamu. Conu
KMCrnopoacoAepXalmx KACIOT W KOMMJIEKCHblE  COeOQUHEHMS.
KnacTtepbl monubaeHa u Bonbgpama.

1.23

OneMeHTbl
VIl rpynnel MNC

O6uwan xapaktepuctuka anemeHtoB VIl rpynnbl. OcobeHHOCTH
dTopa. Oddekt obpaTHOro asKkpaHupoBaHus. [lpupogHble
coeiHeHus u nonydyeHve gTopa. dTopua Bogopoda u dTopuabl
MeTannos. CoeanHeHus pTopa ¢ HemeTannamu.

OcobeHHOCTN XMMuKM xnopa. MNpupogHble coeguHEHMS U NonyvyeHne
xnopa. dusnyeckne M xmmudeckme ceoncTtea. [vMagponuTuyeckoe
ANCNPONOpPLMOHUPOBaHME. XapakTepUCTUYECKNE COEAMHEHUS W
COMnn XITOPCOAEPKALLUX KMCIIOT.

XapakTepucTuka anemMeHToB noarpynnel MapraHua. [MpupogHbie
CoeaVHEeHUsa 1 nony4vyeHne metannoB. dusmyeckue M Xxumumdeckme
CBOMCTBA. XapaKTepuctuyeckMe CcoefuHeHUss C HemeTannamu.
Conu kucnopogcoaepalimx KUCNOoT 1 KOMMMEKCHbIE COeAUHEHUS.

1.24

OnemMeHTbI
VIII rpynnel MNC

XapaktepucTtuka anemeHToB VIl rpynnbl. AnemeHTbl VIIA rpynnb.
OcobeHHOCTN rennst U HeoHa. VHepTHble n GnaropogHble rasbl B
npupoge. duandveckne cBoncTBa GnaropogHbix rasos. Knatpatbl.
BaneHTHO - xumwuyeckne coeauHeHuss GrnaropofHbix rasoB. Ponb
XM BnaropofdHbIX rasoB B pasBUTUM NEPUOONYECKOA CUCTEMBI
O.WN. MenoeneeBa.

Xapaktepuctvka anemMeHToB Tpuagbl xenesa. [lpupogHble
COeAVHEHMs N nosy4veHue xenesa, kobanbta u Hukens. NpocTble
BellecTBa. dusmnyeckne " XUMUyeckme CBOMCTBA.
XapaktepucTtunyeckme coeguHeHusi. KapboHunbel aneMeHToB Tpuaapl
Xenesa. Metannoxvmusa. YepHaa metannyprus. YyryHbl n ctanu.
XapakTepucTtuka nnaTMHOMAOB. MpupoaHble coeanHeHus,
nonydyeHne wu adduHax nnatMHoBbIX MeTannos. [lpocTbie
BellecTBa. dusmndeckme " XUMu4eckme CBOMNCTBA.
Xapaktepuctunyeckme coeguHeHus. CoeanHeHUs ¢ HeMeTannamu.
Conu kucnopogcoaepxaLimx KMCroT U KOMMMEKCHble COeANHEHUS.
Ponb 1 3HavyeHne NNaTMHOMAOB B CTAHOBNEHUN U Pa3BUTUUA XUMWUN
KOMMMEKCHbIX coeguHeHun. Metannoxmmus.




2. MpakTnyeckue 3aHATUA (HeT)

3. llabopaTopHble 3aHATUA

3.1

Xummnyeckas
aToMuUCTUKa

OnpegeneHvie MOMSIPHOM Macchl HEM3BECTHOrO MeTarnna

3.2

Xummnyeckas XUMUYECKOMN

KMHEeTUKa

OnpepgeneHve  CKOpPOCTU

peakunn n ee
KOHLleHTpaLLMOHHOVI n TeMHepaTypHon 3aBUCUMOCTMU.

3.3.

Xummnyeckoe
paBHOBeCUe

Xummyeckoe paBHOBECKE U crnocoObl ero cMeLleHnst

3.4

PacTBopbl O6uime cBoncTBa PacTBOPOB

3.5

PacTBopbl M'mpponus

3.6

PacTBopbl

OKMcnNUTENbHO-BOCCTAHOBUTENBHLIE peakuun B pacTtBopax

3.7

OnemeHThl la
rpynnsl [1C
(KOTPOTKMI
BapuaHT)

OnemeHTbl la rpynnel NC (KOTPOTKUA BapmaHT)

3.8

OnemeHThl lla
rpynnsl [1C
(KOTPOTKMIA
BapuaHT)

OnewmeHTbl lla rpynnel [NC (KOTPOTKMIA BapyaHT)

3.9

OnewmeHThl llla
rpynnel MC
(KOTpOTKMI
BapuaHT)

OnemeHTbl llla rpynnel MC (KOTPOTKMIA BapyaHT)

3.10

OnemeHThl IVa
rpynnel MC
(kOTPOTKMM
BapuaHT)

OnemeHTbl IVa rpynnbl MNC (KOTPOTKUIA BapyaHT)

3.11

AsoT BogopoaHsie
coefvHeHus a3oTa

AsoT BogopogHble coeanHeHus asota

3.12

AsoT
KucnopogHsle
coeguHeHus a3oTa

A30T KncnopogHoele coeguHeHuns asota

3.13

OnemeHTHl Va
rpynnel M1C
(KOTpOTKMI
BapuaHT)

OnemeHTbl Va rpynnbl MNC (KOTPOTKUIA BapuaHT)

3.14

Xnumus Kncnopoaga Xummsi Kncrnopoaga

3.15

OnemeHThl Via
rpynnel MC
(koTpOTKMIA
BapuaHT)

OnemeHTbl Via rpynnsl MNC (KOTPOTKUIA BapmnaHT)

3.16

AnemeHThl Via
rpynnel [1C
(kOTPOTKMM
BapuaHT)

OnemeHTbl Via rpynnsl MNC (KOTPOTKUIA BapmnaHT)

3.17

OnemMeHThI
cemMeuncTBa Tpuag

OnemMeHTbl ceMencTea Tpuag

13.2.

Tewmbl (pasgenbl) AUCUUNIIUHBI U BUAbI 3aHATUN

HavnmeHoBaHuMe Tembl

(pasgena) gucumninHbl Jlekuumn JTabopaTtopHble

CamocTosaTenbHas
paboTta

Bcero

BeeneHune

Xummyeckas aToMUCTUKaA

16

w

Xnmundeckas
TepMognHamuka

10

20

Xumudeckas KUHeTUKa

10

20

NN N INDN

Xummyeckoe paBHoBecUue

10

20

PactBopbl 12 16

18

46

~No| o b

CtpoeHune atoma u 6 10

16

32
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MNepuoandeckun 3akoH [.U.
MeHpeneeBa
8 | Teopunsa XMMNUYECKOM CBA3N 10 6 18 38
9 | XumMna TBepLOro COCTOSAHUS.
MeTannoxmmusi 8 8 18 36
10 | KomnnekcHble coeamHeHns 8 12 18 38
11 | MNepnoanyecknin 3aKOH Kak
OCHOBa XMMU4YECKON 2 6 6 14
cucTeMaTumku
12
MpocTble BeLlecTBa Kak 5 6 6 14
roMoaToOMHbIE COEAUHEHNS
13
BbuHapHble xMMmnyeckme 4 6 6 18
CoeuHeHuns
14
CnoxHble xumuyeckmne 4 6 8 18
COeUHeHuns
15 | Bogopoga, Boga, nepekncb 2 6 6 14
BoJopoaa
16 | OnemeHThbl | rpynnel MC 2 6 12 20
17 | AnemeHTsl |l rpynnel MNMC 2 6 10 18
18 | AnemeHTsl Il rpynnel MC 4 6 10 20
19 | OnemeHTol IV rpynnbl M1C 4 6 14 26
20 | OnemeHTbl V rpynnsl M1C 4 6 14 28
21 | OnemeHThl VI rpynnsl MC 4 6 12 24
22 | OnemeHThl VIl rpynnel M1C 4 6 12 22
23 | OnemeHtsl VIl rpynnel M1C 4 6 12 22
24 | PagnoakTuBHbie U
CUHTE3UpOBaHHbIE 2 2 8 12
3NIEMEHTDI
UToro: 100 204 128 504

14. MeToan4yeckue ykasaHuMsa Ans ody4yaroLWmUXcA no 0CBOEHUIO AUCLUMNIIUHDI

Cwm. 3NEKTPOHHbIN Kypc obyyeHus B MOODLE, BbINTOXXEHHbIV no agpecy:
https://edu.vsu.ru/course/view.php?id=11068#section-0

Kpome TOro, yactb npeseHTaumi HaxoguTcs Ha camte B paboyen rpynne Ansa CTyaeHToB | Kypca no
GonblUei YacTn pasaenos AaHHoro kKypca. https://vk.com/club186352798.

15. lNepeyeHb OCHOBHOM WU [OOMOJIHUTENILHOW NUTEpaTypbl, PECYPCOB WHTEpPHeET,
HeobXoAUMbIX ONsi OCBOEHUSI AUCLUMNIIUHbI

a) OcHoBHasg nuTepaTypa:

Ne r/n McTouHmK
loHuapos E. I'. Obwas xumus (u3bpaHHble anasbl): y4ebHoe nocobue / E. I'. [oH4apos,
1 fO. I1. AgpbuHoeeHos, A. M. Xosus, - N30-80 BopoHexckozo ['ocydapcmeeHHO20 yHuUgepcumema,

20102. — 404c.

Teopemuyeckue OCHO8bI HeopaaHu4yeckol xumuu: y4ebHoe nocobue / E. I'. MoH4Yapos,
2 1O.11. AgbuHozeHos, B. FO. KoHdpawuH, A. M. Xoesus :BopoHex; N3damenbckul dom BI'Y
2014e. — 589 c.

KoHOpawuH B. FO. Teopusi xumudeckux rpoueccos: usbpaHHbie anasbl; y4ebHoe nocobue /
3 B. 0. KoHdpawuH, E. I'. MoH4apos, FO. I1. AgpuHozeHos, A. M. Xosus — BopoHex, Nsdamernbcmeo
BopoHesxckoeo 'ocydapcmeeHHo20 yHUgepcumema, 2012 2. — 288c.

BonbxuH B. B. Obwas xumusi: ocHogHol Kypc; y4ebHoe nocobue / B. B. BonbxuH — Cl16 :
Us30amenbcmeo JlaHb, 2008 2. — 464 c.

Yeal A. A. Obwas u HeopaaHu4yeckasi xumusi / 5. A. Yeau — M.: Beicw. wk., 2007e. -527¢.

6) JononHuTtensHasa nutepartypa:

11



https://edu.vsu.ru/course/view.php?id=11068#section-0
https://vk.com/club186352798

Ne n/n

NcTouHnk

Hekpacoe b. B. OcHosbl obwel xumuu 6 2 m. / b. B. Hekpacoe — CI16 : U30. «JlaHb», 20032. — T.1. -

6 656c., T.2. — 687 c.

7 Axmemoe H. C. Obwas u HeopeaHu4eckas xumusi / H. C. Axmemos. — M. : Akademusi, 2001e, -743c.
3agpaxHos A. KO. Npakmukym rno HeopaaHu4yeckol xumuu. Xumusi S- u Sp-anemeHmos / A. FO.

8 3aspaxHos, A. B. Haymos, A. B. Kocsikos. — BopoHex : U30. nonuepach. ueHmp «HayuyHasi kHu2ay,
2012e. — 155c.
Acpurozenros FO. [1. JlabopamopHhbIl npakmukym rno obweli u HeopaaHuveckol xumuu / FO. T1.

9 AgpuHoeeHos, E. I". [oH4Yapos u dp. — BopoHex, u3d-80 BopoHex, 2oc. YH-ma, 2002e.

B ) MIHcbopMaLMOHHbIE 3NEKTPOHHO-06pa3oBaTebHble pecypchl (0duULManbHble pecypchbl UHTEPHET)*:

Ne n/n

Pecypc

1.

www.lib.vsu.ru

16. MepeyeHb y4ebOHO-MeTOAMYECKOrOo obecrnevyeHUs ANA CaMOCTOATENbHOW paboTbl
(y4ebHo-memodudeckue pekomeHOauuu, nocobus, 3adaqyHUKU, MemoOUYEecKue yKa3aHUusl 0 BbIMOMIHEHUIO MPaKmMu4yecKux
(KoHmpornbHbIx) pabom u dp.)

Ne n/n

NcTouHnk

loH4yapoB E. . CoBpeMeHHast xummn4yeckasi aTOMUCTUKA B Kypce obLen xummnn. Y4ebHo-
mMeTogunyeckoe nocobue ansa BY3oe / E. I'. ToHuapos, HO. IN. AduHoreHos, A. M. XoBuB. —
BopoHnex : VML, BI'Y — 2008r. — 18c.

loH4apos E. . Xumuyeckas KMHeTMKa B Kypce HeopraHnyeckom xummmn. YuebHo-meToamyeckoe
nocobue gnst BY3os / E. I'. MoH4apos, tO. . AdumHoreHos, A. M. XoeuB. — BopoHex : VML BIY —
2008r. — 17c.

oH4apos E. I'. Xumuyeckas TepmoguHammka B Kypce HeOpraHM4eckom Xmmmn. Y4ebHo-
mMeToaundeckoe nocobue ansa BY3os / E. I'. N'oHuapos, FO. I1. AdurHoreHoB. — BopoHex : UML, BIY —
2008r. — 29c.

Xumnyeckoe ( TepMoamHamuyeckoe) pasHoBecue. YuebHoe nocobue / KO. M. BoHaapes, E. I'.
"oHyapos (1 gp.). — BopoHex : UspgaTtensckuii gom BI'Y 2016r. — 28c.

loHuapos E. . BBeageHue B Teoputo pacTBOpoB. YuebHo-MmeToanveckoe nocodbme ana BY3o..
Yactb | / E. I". Tonyapos, 0. . AdmHoreHos, FO. M. BoHaapes, U. E. LpamyeHko. — BopoHex :
MU By — 2013r. — 26c¢.

loHuapos E. . BBeageHue B Teoputo pacTBOpoB. YuebHo-MmeToanveckoe nocodbme ana BY3o..
Yactb Il /E. . lToHyapos, FO. IN. AdumHoreHos, HO. M. BoHaapes, W. E. LLipamyeHko. — BOpoHeX :
MU By — 2014r. — 29c.

B. KO. KoHgpalwmH. BBegeHue B Teopumto pactBopoB. YuebHoe nocobue ana BY3os..
Yacts Il / KO. M. BoHaapes, E. I'. T'oHuapos, U. E. LpamyeHko. — BopoHex : agaTenbckon gom
BI'y —2015r. — 30c.

KO. M, boHaapeB. Teopun kMcNoT N ocHoBaHui, YuebHoe nocobue / B. KO. KoHgpawuH, E. T
"oHyapos, . E. LLipamyeHko. — BopoHex : M3gatenbckun gom BI'Y — 2017r. — 46¢.

E. l. ToH4yapoB, P3MKO-XUMUYECKUI aHANU3 reTeporeHHbIX cuctem. YuebHo-meTognyeckoe
nocobue gnst BY3os / E. I'. MoH4apos, 0. . AdmHoreHos, A. M. XoBuB.- BopoHex : UTML BI'Y —
2010r. — 29c.

17.

Obpa3oBaTenbHble TEeXHONOrMW, WUCNoNb3yemMble MNpu peanusauum y4ebHoM

OVUCLUMNIWHBbI, BKNKOYas AUCTaHLUMOHHble obpasoBaTtefibHble TexHonoruu (AOT),
3NeKTpoHHoe obyyeHue (0), cmewaHHoOe oby4YeHue):

JNlekummn: BBOOHbIE (MO 1 B KaXaoM ceMecTpe), NoTovHble, 0030pHble, NpPobnemMHble;
CEMUMHApPCKNE 3aHATUA, CaMOCTOATENbHbIE U KOHTPOSIbHbIE PabOTbl KOMITOKBUYMbI, pyOeXHble
KONMOKBUYMbI, flabopaTopHble paboTbl, npuemM nabopatopHbix paboT, utorosoe 3aHAaTue (no 1
B Kaxxgom cemecTpe). [nctaHumMoHHble o6pa3oBaTerbHble TEXHONMOMMN AOCTYMHbLI NO agpecy :
https://edu.vsu.ru/course/view.php?id=11068#section-0
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18. MaTepnanbHO-TeXHU4YECKOEe obecneyeHme QUCLMNIINHBI: cTaHgapTHoe 060pyaoBaHve
nabopartopui no o6Len n HeopraHNYEeCKoOn XMMun — NabopaTopHbIe CTOSMbI, BbITSXKHbIE CUCTEMBI,
TEXHOXMMUYECKME N aHANUTUYECKNE BECHI, NEYN, CyLLUUIbHbIE LIKadbl, KOMNbIOTEPSI, NabopaTopHas
nocyga, xmMmmnyeckme peaktmebl U T. 0. (K. 358-1, k.358-2, k. 166). 3T cpencrea 6onee KOHKPETHO
npeAcTaBrneHbl B cneayollen tabnuue.

Ne udp Hazpanue Ne u Ha3BaHue O6opynoBanue
CTPO | AMCLMIUIA | AUCLMIUTHHEL ayIUTOPUH
KH HBI

B YII

15 439 Hoyt0Oyxk, mpoekTop, skKpax
JlexkimoHHas
ayJIUTOpUs
HUM.
npodeccopa
SLLA. Yras
358 YVuyebHast | Xumuueckas nocyna u peakTHBEI
naboparopus | Axaguctumaarop 13-10 (Tromenn)
UM. Baus Bogsuas LB-140 — 2mr.

B1.0.10 HeopraHquc HpO(beccopa Becsi "Ohaus"AR -2140
e Kasi XuMus AL .
[ankuHAa. Becoi ananutinueckue HTR-224 CE Shinko
IIpaktukym | Becot ACOM JW-1
1o obuiei u Memanka MarauTHas 6e3 Harpesa Big squid - 2mr.
HEOpraHn4ec
o Tepmocrat LT 311

KON XUMHUHN

®dorometp porosnexTpuaeckuiit KOK-3-01-"30M3"

[Ika¢ BEITSHKHOM - 21T,

[Tkad BEITSHKHOM U paOOTHI ¢ KUCIOTAaMH - 2IIT

kad cymmnsaeri HIC-80-01
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19. ®oHA OLEHOYHbIX CPEeaAcCTB:

19.1. MepeyeHb KOMNETEHLUN C YKazaHMeM 3TanoB (hopMMPOBaHUA U
nnaHUpyeMbIiX pe3ynbTaToB O00y4YeHus
Ko un MnaHvpyemble pesynbTaTtbl OTankl hopmMupoBaHus
cofepxaHve 06y4eHuns (nokasaTenu JOCTWKEHNS KoMneTeHuuu (pasgensl o0C*
KoMneTeHumu 3a1aHHOTO YPOBHSA OCBOEHWUS (TemMbl) gMCUMNANHBI UK (cpeacTtBa oueHnBaHNS)

(vnn ee yacTu)

KOMMETEHL MM NoCpeaCTBOM
dopMUPOBaHNA 3HAHWUIA, YMEHWIA,
HaBbIKOB)

mMoayna un nx HaI/IMeHOBaHI/Ie)

OrnK-1

OrnK-2

OflK-3

3HaTb: KpuTEpUN
CaMOIMpPOUN3BOSIBHONO XMMUYECKNX
peakuuii B pasfnyHbIX CUCTEMAXx
YMeTb: NnaHMpoBaTh 3KCNEPUMEHT
Takum obpasom, YToObI N3BreYb N3
Hero MakCMMym nHgopmaLumm
BnageTb: OCHOBHbIMW NMprueMamMu
06paboTkn pesynsTaToB
aKcrnepuMeHTa

3HaTb: OCHOBHbIE MpaBua TEXHUKN
6e30nacHOCTW M OCHOBHbIE NMPUEMBI
BELEHUSI XMMNYECKOTO
aKCnepuMeHTa.

YMeTb: BbINOMHUTbL OCHOBHbIE
paboTbl nabopaTopHoro lNMpakTukyma
Mo HEOPraHN4YeCKon XMMnUm

BnapeTb: OCHOBHbIMW NpYeEMamm
nony4eHus KONMMYeCTBEHHbIX
pe3ynbTaTtoB B 3KCNEPUMEHTE

3HaTtb: OCHOBHbIE MeToabl
onpegeneHnss  6asoBbIX  CBOWCTB
BELeCTB  (NNOTHOCTW,  AaBrieHus
napa, KUCNOTHO-OCHOBHbIX CBOWCTB U
T.4.).

YMeTb: nNpoBOAMTbL pacyeTbl Mo
N3BECTHOMY anroputmy c
NpUMeHeEHNEM KOMMbOTEPHbIX
nporpamma

BnageTb: OCHOBHbIMY NprUemMamMm
Konu4yecmeeHHoU 0bpaboTku
pe3yrbTaToB 3KCnepuMeHTa

XuMmmyeckass aToMmcTuKka

PasHo-ypoBHeBble
3agjaun 1 3agaHus

Xummnyeckas TepMOoaANHaMUKa

PasHo-ypoBHeBbIe
3agjaun 1 3agaHus

XumMmyeckas KMHeTmka

Pa3Ho-ypoBHeBbIE
3agayu 1 3agaHus

Xummyeckoe paBHOBECKHE

KoHTponbHasa paboTa
Ne1

PacTtsopebl

PasHoypoBHeBbIE
3agayv v 3agaHus

CtpoeHune aTtoma u
MNepuoandeckunii 3akoH ..
MengeneeBa

PasHoypoBHeBbIE
3agayv 1 3agaHus

Teopnsa XMMNYECKON CBA3N

PasHoypoBHeBbIE
3a4a4v 1 3agaHus

Xumunsa TBEPAOro
cocTosaiHMA. MeTannoxmmums

Konnokesnym

KomnnekcHble coegmHeHns

KoHTponbHas paboTa
Ne 2

onemeHThl | rpynnel [1C

Pa3HoypoBHeBble
3agayv u 3agaHus

AnemenTol Il rpynnel M1C

PasHoypoBHeBbIE
3agayuv v 3agaHus

OnewmenTol Il rpynnel MC

Pa3HoypoBHeBble
3afjayv u 3agaHus

AnemeHTol IV rpynnel M1C

PasHoypoBHeBbIE
3agayv 1 3agaHus

OnemeHTbl V rpynnel 1C

Pa3HoypoBHeBble
3afjayv u 3agaHus

AnemeHTbl VI rpynnel 1C

PasHoypoBHeBbIE
3agayv 1 3agaHus

anemeHTbl VII rpynnel MC

Pa3HoypoBHeBble
3afjayv u 3agaHus

AnemeHnTol VI rpynnel MC

PasHoypoBHeBbIE
3agayuv v 3agaHus

lNMpomexyToyHas aTTectaums 1 — ak3ameH

Komnnekt KMM Ne 1

lMpomexyToyHasi aTTecTaums 2 — aK3ameH

Komnnekt KMM Ne 2

19.2 OnucaHme KpuUTepueB W LIKanbl OLEHMBaAHUA KOMMNETEeHLUMWA (pe3ynbTaToB OOy4eHus) npwm
NPOMEXYTOYHOW aTTecTauum

[ns oueHuBaHWs pe3ynbTaToB OOYyYeHUss Ha 3K3aMeHe/3aveTe WCMOoMb3ylTCs cneaywmne
nokasaTtenu (3YHbl n3 19.1):
1) 3HaHue y4yeBHOro matepuana v BriageHue MOHATMWHBIM annapaTtoM — BaXHENLUMU XUMUYECKUMU
MOHATUAMU N OCHOBHLIMW Y4EHUAMU; BUONOTMYECKYIO POSb ANEMEHTOB U UX COEUHEHUN.;

2) yMeHue CBS3bIBaTb TEOPUIO C NPAKTUKOW;
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3) ymeHuve nnnicTpmMpoBaTh OTBET Npumepamu, haktamu, AaHHbIMU Hay4YHbIX UCCef0BaHWNM;
4) ymeHue NPUMEeHsITb 3HaHUS TEOPETMYECKMX OCHOB XUMWUM ONS OObSCHEHWUSI CBOWCTB BELLECTB U

peakuuii, pelatb NpodeccroHarnbHble 3aaadn.

5) BnageTb NOHSATUMAHBIM annapaToM [aHHOW ob6nactM Haykm ( TeopeTUYecKUMU OCHOBaMU
AVCLUMNIMHBI), CMOCOBHOCTBIO WMNMNIOCTPUPOBaTL OTBET MNpUMepamu, akTamu, OaHHbIMU  HayYHbIX
nccneaoBaHuii, NPUMEHEHNEM TEOPETUYECKUX 3HAHWIA NS PELLEHUS NPaKTUYeCcKMX 3agay

[ns oueHMBaHusA pe3ynbTatoB O0y4eHMs1 Ha 9k3amMeHe (3aveTe C OLEHKOW) ucnonbadyetcsa 4-
GannbHas Wwana: «OTMYHOY», «KXOPOLLOY», KyAOBNETBOPUTENBHOY, «KHEYAOBNETBOPUTENBHOY.
[nsi oueHnBaHUA pe3ynbTaToB 0OyYEeHNst Ha 3a4eTe UCNOoNb3yeTCs — 3a4TEHO, HE 3a4YTEHO
CooTHoLeHMe nokasaTenemn, KpMTEPMEB U LLKasbl OLLEHUBaHUS pe3ynbTaToB O0yYeHus.

KpI/ITepVII/I OLIeHMBaHNSA KOMMNETEHLMI

YpoBeHb
cthopmumpos
aHHOCTU
KOMMNeTeHUM
n

LLikana ouyeHok

[TonnHoe coomeemcmeue omeema obyyaruwie2o0cs 8cem
nepeyqyucrieHHbIM  Kpumepusim.  [TpoOeMoHcmpuposaHoO
3HaHUe BaXxHeUwux XUMUYeCKUX MoHsmud u y4eHud,
YMEHUEe UCIo/b308amb 3HaHUE Mmeopemu4yeckux OCHO8
Xxumuu 0nsi obbsiCHEHUS cgolicme gewecms U peakyud,
enadeHue saxHelwumu anemMeHmamu MexXHUKU
J1abopamopHO20 3KCrepuMeHma.

lNosbiweHH
bIl ypOBEHb

Omnu4Ho

Omeem Ha KOHMPOIbHO-U3MepumesbHbili Mamepuars He
coomeemcmegyem OOHOMYy (08yM) U3 repeyqyucrieHHbIX
rnokaszamerseu, HO oby4yarowutica 0daem npasusibHbIe
omeembl Ha OonosiHUmersbHble eorpockl. Codepxxamcs
omoersbHbIe rpobesibi 8 obrracmu meopemuyYecKux OCHO8
XUMUU.

Ga3sosnbit
YpPOBEHb

Xopouwo

Obyyarowuticas enadeem 4Hacmu4yHO MEOPEMUYECKUMU
OocHogamMu  OUCYUMN/UHbI, He  ymeem  MPUMEHSIMb
meopemuyecKkue 3HaHusi Ofii PeweHusi Mpakmu4yeckKux
goripocos ( 3adad).

lNopozoesiu
ypOo8eHb

Yooenemeopu-
meJsibHO

Omeem Ha KOHMPOIIbHO-U3MepumesribHbIl Mamepuas He
coomeemcmeyem N1o6bIM mpem(4emsbipem) us
rnepeyucrieHHbIX rnokasamersedu. Obyyvarowutics
deMoHcmpupyem OMPbIBOYHbIE, pacmeHmapHbie
3HaHus, donyckaem epybbie owubKku 8 omeemax o ecem
pasdenam xumuu.

Heydoenemeo-
pumesibHO
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TunoBble KOHTPOSbHbIE 3afJaHUA UMM MHble MaTepuanbl, Heo6xoAuMble ANA OLEHKA 3HaHWMN,
YMEHUN, HaBbIKOB U (MnK) onbiTa AEATENbHOCTU, XapaKTepusylwme 3Tanbl (popMUpPOBaHUA
KOMMNeTEeHLMUN B npoLecce 0CBOEHUA obpa3oBaTefibHON NporpaMmmbl

agkrwnPE

©ooN?

15.
16.

17.

18.

19.
20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

19.3.1 NepeyeHb BONPOCOB K 3K3aMEHY:
dopma KOHTPONbHO-U3MepuTenbHOro matepuana (1 cemectp)

YTBEP>XOAKO
3aB. Kadegpon obuien
N HEOPraHMYECKON XNMUU
B.H. CemeHoB
20

lMpenogasaTternb A.FO. 3aBpaxHoB

CMNNCOK SK3AMEHALIMOHHBLIX BOMNMPOCOB

CtexmomeTpuydeckune 3akoHbl Xummnn. CoBpeMeHHble (hOPMYITMPOBKN.

XuMmn4yeckasi KUHETUKa. YUYEHNEe O CKOPOCTU XMMUYECKUX peakuunn.

[MoHsATME O 30HHOW TEOpUM TBEPAOrO Tena.

TepMmoaNHaAMNYECKUA KPUTEPUIA HANPaBNEHHOCTUN XMMUYECKOrO npouecca.
CoBpeMeHHas xmmuyeckas aToMmcTuka. HemonekynspHbole oopMbl CyLLLECTBOBAHUSA
BellecTBa.

3aBMCUMOCTb CKOPOCTM XMMMUYECKOW peakumm OT TemnepaTypbl. QHEPrus akTuBaLm.
MeTog MonekynsapHbix opbutanen.

3akoH gencteyowmMx Macc. KOHCTaHTa CKOPOCTU XMMUYECKOWN peakLnu.

OHeprua anekTpoHa B atome Bogopoaa. Teopusa bopa.

. MoHsaTne o xummnyeckom tepmoamHammke. CeobogHas aHeprus Mb6ca.
11.
12.
13.
14,

lMoHsTME O kKBaHTOBOW MexaHunke. OpbuTtann. KBaHToBble YMcna, X Bapuauun.
KonnuraTuBHble CBONCTBa pacTBOPOB.

ATOMHbIe opbuTanu. KesaHToBble ynucna v npuHuun Maynu.

PacTtBopeHue kak punanko-xmmmyeckui npouecc. Xmmuyeckas teopus pactsopos [.U.
MeHpeneesa.

PagunanbHoe 1 yrnoBoe pacnpegeneHne anekTpoHHOM NIIOTHOCTH.

OTKNOHEHNE pacTBOPOB ANEKTPONNTOB OT 3akoHa Payns n BaHT-lodda. Teopusa
3NEKTPONUTUYECKON NOHU3aLMN.

MHOroanekTpoHHble aTombl U Nepunoanyeckas cuctema anemeHtoB [.. MeHaeneesa.
dunsnyeckoe 060CHOBaHME NEPUOANYHOCTN.

3aBUCMMOCTb XapakTepa 3reKTponMTNYeCcKon NoHM3aumm rmapokcuaa ot 3apsiga v paguyca
LeHTpanbHoro artoma.

OhbekT akpaHMpoBaHNA 1 APDEKT MPOHMKHOBEHUS 3MEKTPOHOB K SApY.

CoBpeMeHHble NpeAcTaBneHns o NpUpPoAe KUCAOT U OCHOBAHWIA.

ATOMHbIE 3(pdpeKkTUBHbIE N OpbuTanbHble paanycbl. 3aKOHOMEPHOCTU N3MEHEHUS UX
BenuuuH B lNepuoandeckon cucteme .. Mengeneesa.

CTteneHb anekTponuTUYeCcKon NOHN3aUmMm 1 ee 3aBUCUMOCTb OT PasfiMyHbIX (PakToOpOB.
lMoTeHuunans! NOHM3aLUMN U CPOACTBO K 3MIEKTPOHY.

[MoHATNE O TEOPUUN CUMbHBIX 3MEKTPONUTOB. KOa(hULUMEHT aKTUBHOCTH.

PasBuTue npeacraBneHnin 0 XMMM4eCKon CBA3N N BarieHTHOCTH.

NoHHoe npounsBegeHne Boabl. BogopoaHbiv nokasarersb.

XuMunyeckoe CTpoeHne n xmmmdeckas cBsdb. OCHOBHbIE XapakKTePUCTUKN XUMUYECKOW CBA3MN.
YcnoBus npakTuyeckor HeobpaTUMOCTM MOHHbIX peakuun. NponsseeHne pacTBOPMMOCTH.
MeToabl BaneHTHbIX CBA3EN.

Peakumun HenTpanusaumm n rugponmsa. CTeneHb 1 KOHCTaHTa rmaponunsa.

HacbilwaemMocTb 1 NoONsSpM3yeMoCTb KOBaneHTHON cBA3n. [NonsapHasa cBa3b.

O6patumble n HeobpaTumble peakunn. KoHcTaHTa paBHoBecus. [MpuHumn Jle-LWaTtenbe.

16



33.
34.
35.
36.
37.
38.
39.
40.

41.

42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

59.

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

78.
79.
80.

Mbpunamsaumsa aToMHbIX opbuTanen n HanpaBnNeHHOCTb KOBANEHTHOW CBSA3MW.
OIEeKTPOHHasA TeopUs OKUCHEHNA — BOCCTaHOBIIEHMS.

MeTannuyeckasi cBs3b 1 00OLLME CBOMCTBA METaroB.

Onektponus. 3akoHbl Papages.

MoHHasi cBSI3b U OKUCNUTENBHOE YUCIIO.

[MoHsATME O 30HHOW TEOPUN TBEPAOrO Tena.

MeTannuyeckas cBs3b U ee CBOWCTBA.

MeToq dhunanko-xmumMmyeckoro aHanmsa. [ljuarpamma CoCTosiHMA U guarpamma CocTaB-
CBOWCTBO.

HanpasneHHOCTb OKUCIIUTENBbHO-BOCCTAHOBUTENbHbLIX peakumin. KonnyectBeHHasi oueHKa
CUIbl OKUCIIEHUSI U BOCCTAHOBEHUS.

OcCHOBHbIe TUMbl TBEPAbLIX PAaCTBOPOB.

KpaTHOCTb XmMmn4yeckon cBA3N. HacbllwaeMoCcTb KOBaneHTHOM CBA3MW.
HectexnomeTtpunyeckue coeguHenna. JanbtoHnabl n 6epronnuapl.
[1OHOPHO-aKLENTOPHbIA MEXaHM3M KOBariEHTHOW CBA3WN.

[MpaBuno ¢as. Tunbl as3oBbIx guarpamm.

KoHuenums anekTpooTpuuaTensHOCTH.

TBepable pacTBopbl MeTanoB. 3akoHbl KypHakoBa.

MeToabl ypaBHEHUS OKUCINTESNTbHO-BOCCTAHOBUTESNbHBIX PEaKLUNA.

OcHOBHbIe TUMbl TBEPABIX PacTBOPOB. YNopsaoveHne TBepAblX pacTBOPOB.
Cneunduka xmummyeckon dopmbl ABMKEHUS MaTeEPUN. 3aKOH COXPaHEHUs1 MacCbl U AHEPTUN.
MeTannuabl: dasbl JlaBeca n anekTpoHHble coeanHeHna KOm-Posepu.
YpaBHeHue AppeHunyca 1 3Heprus akTmeauuu.

das3oBas guarpamma C 9BTEKTUYECKUM TUMOM MNJS1aBIiEHMS.

MpaBuno a3 MN'mbbca. PaszoBasi anarpamma BoAbI.

[MoHsATME O 30HHOW TEOpUN TBEPAOrO Tena.

OcHOBbI TEOPUN CUSBHBIX 3NIEKTPOSIUTOB.

dasoBas guarpamma ¢ o6pasoBaHMEM XMMUYECKOro coegmHeHuns. [AncTekTuka.
MepuTekTuka.

Pap ctaHgapTHBIX 9NeKTPOAHbIX NOTEHLManoB MeTannos. [BuxyLas cuna npoueccos
OKUCNEHNSA N BOCCTAHOBIIEHNS.

CTraTuctnyeckmi n ynopsagoyeHHblin TBepabln pacTBop.

OneKTponu3 pacnsiaBoB U pacTBOPOB.

[MpocTble 1 CnoXHble NONYNPoBoAHMKK. KpuTepuin nonynpoBOANMOCTN.

MeToa MonekynspHbix opbutanen. [eTepoaToMHble MOMEKYNbI.

[wnarpammbl cocTaB-CBOMUCTBO.

Mprpoaa XMMUYECKOn CBA3N B NOSYNPOBOLAHMKAX.

TBepable pacTBOPbl BHEOPEHUS.

KonunyectBeHHasi oLeHKa Cusbl OKUCNEHNSA N BOCCTAHOBIIEHMS.

[danbToHnabl n 6eptonnuabl.

CBobogHas aHeprmna N'nbbca n KOHCTaHTa paBHOBECUSA CUCTEMBI.

daszoBas guarpamma c NnepuTeKTUHECKUM npeBpaLleHnemM TBepablX pacTBOPOB.
CoeanHeHns ¢ ABOWMHOW M TPONHOM KOBaNeHTHOW CBSA3bLO.

lNepBoe Hayano TepMoguHaMUKN. SHTanNbNUS U BHYTPEHHAS aHeprus. 3akoH [ecca.
MeToq BaneHTHbIX CBA3EM N KOMMNIIEKCHbIE COEANHEHUS.

[wvarpamma coctaB-CBONCTBO.

Teopus KpUCTanIMYeCcKoro nons.

HanbToHnabl 1 6epTonnuasbi.

Mprpoga XMMUYECKOWN CBA3N B KOMMITEKCHBIX COEANHEHUNAX. DNEKTpOoCcTaTU4EeCKmne
npeacraBreHns.

CratucTnyeckumn n ynopsaoveHHbl TBepablin pacTBop.

3aKOHOMEPHOCTb TpaHCBNNAHNA YepHaeBa.

KonunyectBeHHasi oLueHKa Cusbl OKUCANTENS U BOCCTAHOBUTENS.
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dopma KOHTPOSNbLHO-U3MepUuTenbHoro matepuana (1 cemecTp)

20 TuvnoBble OLEHO4YHbIe cpeAcCTBa M MeToAMYECKMe MaTepuanbl, onpeaensioLwue
npoueaypbl OLueHUBaHUsA

20.1 TeKywWwMn KOHTPOIMb YCNEeBaeMoCTHn

N

~

9.

KoMnNaeKkT KOHTPOSbHbIX 3a4aHui N0 BapMaHTamM No TeMe « XMMmnYeckasi aTOMUCTUKa»

BapuaHT Ne 1
Onpepgenvte KONNMYECTBO MONEKYN a30THOW KMCNOThI, cogepxaweecs B 80 I KACMOThI.
Ckonbko morekyn cogepxutcsa B ctakaHe (200 r) sogbl.
B okcupe cepbl maccoBble A0nM Kucnopoda U cepbl paBHbl cooTBeTCTBEHHO 40 1 60 %.
YcTaHoBUTE NPOCTENLLYO dOPMYSTy 9TOro okcuaa.
Kakass macca cepbl COOEPXWUT CTOMbKO aTOMOB, CKOMIbKO WX COAEpXUTCA B Bogopone
maccon 5 r?
O6bvem rasa npu 23°C n gasneHumn 103,3 kla paBeH 250 n. Hantn obbvem rasa npu a)
HOpMarnbHbIX yCroBusaX; 6) CTaHAAPTHbIX YCNOBUSAX.
Kakon o6bem 3aHumaeT xnop maccom 177,5 r?
a3 maccon 4,2 1 3aHnmaeT ob6bem 3 1 (H.y.). OnpegenuTte MOSIAPHYO Maccy 3TOro rasa.
Bblumcnnte MakcumanbHbii 06beM Mpu  HOPMarbHbIX YCMOBUSAX YINEKUCIOro rasa,
Nnosly4yeHHbIn B peaynbtate gobasneHus pasbaBneHHon consiHon kncnotbl K 80 r kapboHaTa
Kanbuus.
Onpepgenute maccy okcmaa MarHus, KOoTopbii obpasyeTcsa npwu cropaHun 32 r marHus, u
ob6bem kncnopoga (nNpu H.y.), KOTOPLIN NPU 3TOM pacxoayeTcs.

10. MNpu pencTeum ConsiHOM KUCNOTbl Ha 44,8 © Hem3BeCcTHOro mMetanna obpasyeTtca xnopug,

no

~

©

meTtanna (Il) n Bolgensetca 17,92 n rasa. Onpegenutb Kakom MeTans BCTYNWU B OaHHYHO
peakuuio.

BapwuaHT Ne 2
Onpegennte KONNMYECTBO MONEKYN a30THOW KMCNOTbI, coaepxaweecs B 80 I KACNOThI.
Ckonbko monekyn cogepxurtcs B ctakaHe (200 r) Boapl.
B okcupe cepbl MaccoBble OONM KUCOpoda U cepbl paBHbl cOOTBETCTBEHHO 40 n 60 %.
YcTaHOBUTE NPOCTENLLYO DOPMYSTY 9TOro oKkcuaa.
Kakas mMacca cepbl COOEPXUT CTONMbKO aTOMOB, CKOSMbKO WX COOEPXUTCS B BOoOOpoae
maccom 5 r?
O6bem rasa npu 23°C u pasneHumn 103,3 klla paBeH 250 n. Hantn obwvem rasa npu a)
HOpMarnbHbIX YCroBusxX; 6) CTaH4apPTHbBIX YCNOBUSX.
Kakon o6bem 3aHumaeT xnop maccon 177,5 r?
a3 maccon 4,2 r 3aHumaeT o6bem 3 1 (H.y.). OnpegenuTe MOMSIPHYO Maccy 3TOro rasa.
Bblumcnnte MakcumanbHbil 06beM NpU  HOPMarnbHbIX YCNOBUSIX  YIIIEKUMCROro rasa,
nony4eHHbln B pesynbtate gobasneHnsa pasbaBneHHoON consaHon kncnotbl k 80 r kapboHaTa
Kanbuusi.
Onpepgenute maccy okcmaa MarHus, KoTopbii obpasyeTcsa npwu cropaHum 32 © MarHus, u
ob6beMm kncnopoga (Npu H.y.), KOTOPLIN NPU 3TOM PacXoayeTcs.

10. MNpu pencTeum ConsiHOM KUCNOThbl Ha 44,8 © Hem3BeCcTHOro mMetanna obpasyeTtca xnopug,

meTtanna (Il) n Bblgensgetca 17,92 n rasa. Onpegenntb Kakon MeTans BCTYNUN B AaHHYHO
peakuuio.
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KOMNAEKT KOHTPOMbHbLIX 3a4aHWN N0 BapuaHTaMm Nno TeMe «Xumuyeckas TepMoanHaMmnKar

BapwnaHT Ne 1
1. PaccuutanTe ctaHgapTHyto aHTponuio peakuuu: Ir(te) + 3F; (r)— IrFe(TB),
ecnu AS’ g8k Ans Ir(tB), Fa(r), IrFe (TB) coctasnsioT 35,5, 203 n 248 [x/monb-K
COOTBETCTBEHHO.
2. Bbluncnute cTaHOapTHYHO 3HTaNbNUIO peakumm ropeHnsa aTureHa:
eclim AHOL (298K) CzH4 =+ 52 Kﬂ,)K/MOJ'Ib; AHof’(zggK) CO, = -393,5 K,D,)K/MOJ'Ib;
AHQf, (298K) Hzo =-286 K,D,)K/MOJ'Ib.

BapwuaHT Ne 2
1. Paccuutante ctaHgapTHyto sHTponuio peakuun: Cly(r) + Fa(r) — 2CIF(r),
ecnn AS’peek)y Ana Cly(r), Fo(r), CIF(r) cocrtasnswoTt 203, 223 n 218 [Ox/monb-K
COOTBETCTBEHHO.
2. Paccuutante Tennosoun adpdeKkT peakumn B CTaH4APTHLIX YCNOBUSIX:
FeoOs3(k) + 2Al(K) = AlLOs(k) + 2Fe(k), ecnu AH (29sxFe203(K) paBHa — 822,2 k[x/Monb;
AH o6p1, (208k) Al2O3(K) paBHa — 1676 k[ x/monb.

BapwuaHT Ne 3
1. Onpepenute unameHenne AG’ gna peakuum Cly(r) + Fy(r) — 2CIF(r), ecnn AH” ¢
(298k) CIF paBHa — 50,3 k[x/Monb, AS” 298¢ CIF pasHa 5 [Ix/mornb-K.
2. Bbluucnute ctaHgapTHYH SHTaNbAUIO peakumm:
Mg(tB) + 2 HCI(r) — MgCly(18B), ecrnin AH % (298x) HCI (1) = - 92 k[x/Monb;
AH’ f, (298K) MgC|2 (TB) = - 641 k[x/monb.

BapwuaHT Ne 4
1. Bblumcnute cTaHgapTHYIO SHTaNbNUIO peakunm:
CaCO3(1B) — CaO(1B) + CO, (r), ecnut AH ' (298x)CaCO3(TB) = - 1208 k[x/Monb;
AHof, (298K) CO, = -393,5 KD,)K/MOJ'Ib; AH of(zggK) CaO (TB) =-635 KD,)K/MOJ'Ib.
2. BbluucnuTe ctaHgapTHYH 3HTPOMUIO peakuuu:
Mg(tB) + 2 HCI (r) — MgCly(1B), ecrnin AS” 298x) HCI (r) = 187 [x/monb-K;
AS’ 298k MgCly (TB) = 90 Ix/monb-K; AS” 208x) Mg (TB) = 33 [Ix/monb-K.

BapwuaHT Ne 5
1. Yto Takoe TepMOXUMMYECKOe YypaBHeHue? [loyemy pasnuyalrTCs 3HaKku TensoBbIX
3P eKTOB B TEPMOANHAMMNYECKON N TEPMOXUMUNYECKON CUCTEME 3HAKOB?
2. BbluucnuTe cTaHgapTHY SHTaNbAMIO peakuuu:
C2H5OH()K) — Hzo()K) + C2H4(F), ecnn AH o]<,(298,t()02H5OH()K) =-278 K,D,)K/MOJ'II:; AHof,(zggK)Hzo()K)
=-393,5 k[Ix/monb; AH" ¢ (298x) CoHa (1) = 52,5 k[x/Mone.

BapuaHTt Ne 6
1. Bbluucnute cTaHOapTHYIO SHTanNbNMIO peakumm ropeHus byTtana:
C4H10 + 13/2 O, — 4CO, + 5H,0, ecnu AH c’f,(gggl() C4H10 =-126,0 K,D,)K/MOJ'Ib; AHO(zggK)COZ =
-393,5 K,D,)K/MOJ'Ib; AH ofy (298K) Hzo =-286 Kﬂ,)K/MOJ'Ib.
2. Onpepenute nameHernve AG* ansa peakuun Cl, (r) + F, (r) — 2CIF(r),
ecnun AH 298k CIF paBHa — 50,3 k[x/monb, AS 298k CIF paBHa 5 [x/monb-K.
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KOMMNEKT KOHTPOJIbHbLIX 3a4aHuUM N0 BapuaHTaM no Teme « XmmMmyeckas KUHETUKa»

BapwnaHT Ne 1

1. HanuwwuTe BblpaXeHne Ansi CKOPOCTeN NPSIMbIX 1 0GpaTHbIX peakuuii

2.

3.

1.

2.

2NO; = NyOy; NH3(r) + HCl = NH4C|(K).

Kak n3amMeHuTCcsa cKopocTb npsmon peakumm 2SO0, + O, = 2SO0z, ecnv yBenuunTb

AaBrieHne B cucteme B 2 pasa?

Kak M3MEHUTCSl CKOpPOCTb peakuui MNpu MOHWKEeHUM TemnepaTypbl Ha 50°, ecnm

TemnepaTypHbI KOAMULMEHT peakumnmn paBeH 27

BapuaHT Ne 2
HanuwuTte BbipaXeHnsa CKOPOCTEN NPAMbIX 1 0BpaTHbLIX peakunit

A|2(SO4)3(K) = Aleg(K) + 30803(0; N->O4 22NO0,.

Mpn Temnepatype 150 C HekoTOopas peakuus 3akaHymBaeTcs 3a 16 MuHyT. [puHMMas
TemnepaTypHbIn KO3 MUUMEHT CKOPOCTU peakumm paBHbIM 2, paccyMTanTe 4vepes Kakoe
BPeMsi 3aKOHUMTCS 3Ta peakLms, eCnu npoBoauTb ee npu 200 C?

Kak unamenutcsa ckopoctb peakumm CO, + Cpagur) = 2C0O, ecnn obbem peakuLMOHHOro
cocyaa yBennuuTb B 2 pasa?

BapuaHT Ne 3
HanuwuTe BbipaXeHnsa CKOPOCTEN NPAMbIX U 0OpaTHBIX peakumnii:

2NO + C|2<_—’2NOC|(r); ZFG(K) + 3C|2(r) = 2F€C|3(K)
Bo CKOMbKO pa3s HYXHO YMEHbLUMTb OBBLEM pearvpylollein CUCTeMbl, YTOBbl CKOPOCTb

npamon peakuun 2NO + O,=2N0O, Bospocna B27 pa3?

Kak nameHutca ckopoctb peakuum N, + 3H, = 2NHj3, ecnu gaBneHne B cucteMe yBENUYNUTb
B 2 pasa?

BapunaHT Ne 4
Bo ckonbko pa3 M3MEHUTCA CKOpocCTb peakumm 2A + B = A,B, ecnu koHueHTpauuto
BellecTBa A yBENUUNTL B 2 pasa, a KOHLUEHTpaLumMIo BELLLECTBA B YMEHbLUUTL B 2 pa3a?
HanuwwTe BbipaXkeHne ckopocTen NpsiMbIX N 06paTHbIX peakuun

2N8.2CO3(K) + CO, + HzO(r) = 2NaHCO3 (k) 2NOCI r < 2NO + Cl,

3.

Kak W3MEHUTCS CKOpPOCTb peakuuMum Mpu MOHWKEHWW TemnepaTypbl Ha 30, ecnu
TemnepaTypHbI KO3PULMEHT CKOPOCTU peakumn paBeH 37?

BapunaHT Ne 5
HanuwwuTe BbipaXeHnsa CKOPOCTEN NPAMbIX U 0BpPaTHbLIX peakLnii:
ZCF(K) = 3C|2(r) = ZCFC|3(K); 3CsHs; =CgHg
Bo ckonbko pa3 Bo3pacteT ckopocTb peakumm 2H, + O, = 2H,O npm yBenuyeHum
KOHLEHTpaunn Bogopoaa B 3 pasa?
TemnepaTtypHbIn KoapdpuuneHT ckopoctn peakummnm 2NO,=2N0O + O, paBeH 2. Bbluucnute
KOHCTaHTy ckopocTu atoun peakumm npu 600 K, ecnn npn 640 K KOHCTaHTa CKOPOCTU paBHa
407,0 n-monb*.ct.

BapuaHT Ne 6
Hanuwmnte Bbipa)xkeHns CKOpoCTeN NpsiMbIX 1 06paTHbIX peakumi
2H|(r) = H» o) +lo (), ZS(K) +2H20(r) = ZHZS(r) +0,
Bblumcnntb, BO CKONMbKO pa3 YMEHbLUUTCH CKOPOCTb peakunn, ecnv, NOHM3NTb, TemnepaTypy
oT 120° no 80° C. TemnepaTypHblit KO3PDULMEHT paBeH 3.

20



3. KoHcTtaHTa ckopoctu peakumm NoOs = N,O4 + 1/20, npu 298 K pasHa 2,03-103n-monbt-c?,
a npu 288 K paBHa 4,76-10n-monb ™ ¢, Haingute TeMnepaTypHbilii KO9dPULIMEHT CKOPOCTH
peakLmu.

KOoMNIEKT KOHTPOMbHbLIX 3aaHu N0 BapyaHTaM No TeMe « XMMUYeCcKoe paBHOBECHE»

BapwnaHT Ne 1
1. Monekynbl okcuga asota (IV) (Byporo ueTta) MOrytT B onpederieHHbIX YCNoBUSAX
anmepusoBaTtbcd, obpasoBas 6ecuUBETHYH XUOKOCTb NoOy:

2NO ,= N,O4 + 55 k[Ix/monb.
UTtobbl okcua asota (IV) makcumanbHO nepeBecTM B GecuBeTHbI guMmep, Heobxoammo
cuUcTeMmy:
1) oxnaguthb;
2) HarpeTb;
3) noAaBeprHyTb 06MY4YEHUIO CONTHEYHBIM CBETOM,;
4) BbloepaTb NPM KOMHATHOW TemnepaType AnUTenbHOe BpeEMS.

2. Kakoe un3 nepeyncrieHHbIX yCﬂOBMVI HEe BJINAET Ha CMelleHne paBHOBECUA B CUCTEME!

2SS0, + 0, = 2S03 +Q
1) BBegeHue katanusaTopa;
2) MoBbILWEHNE OaBneHNs;
3) NoBbILWEHNE KOHLIEHTPaLUKN KNCIOPOAa;
4) noBbllWeHWe TemnepaTypbl.
3. Mpn HekoTOpoKn TemMnepaType KOHCTaHTa paBHOBECUSA peaKLnm

CO + H,O = CO; + H; paBHa 1. UcxogHble kKOHUeEHTpauuu coctasnsanu: [CO] = 0,1
mons/n; [H20] = 0,4 monb/n. Yemy paBHa paBHOBECHAsA KOHUEHTpaUmMs yriekmucnoro rasa?
4, NcxogHble koHueHTpaumm NO n Cl, B roMOreHHom cucteme

2NO + Cl, = 2NOCI cocrtaBnsaioT cootBeTcTtBeHHO 0,5 n 0,2 monb/n. Bblaucnute
KOHCTaHTy paBHOBECUS, €CNN K MOMEHTY HacTynneHns paBHoBecusa npopearmposasno 20 % NO.
5. HanunwwuTte BblpakeHne OS1 KOHCTaHTbl paBHOBECUda reteporeHHon cuctembl C +

H,On = CO + H,. Kak crnegyeT M3MEHWUTb KOHLUEHTpauuio W daBfneHue, 4Tobbl CMEeCcTUTb
paBHOBECKE B CTOPOHY 00paTHOWM peakuun — obpasoBaHns BOASHbIX NApoB?

BapwuaHT Ne 2

1. Xumwunyeckoe paBHoBecue B cucteme C4Hip = C4Hg + H, — Q
MOXXHO CMECTUTb B CTOPOHY NPOAYKTOB peakuunu:
1) noBblWeHMEM TeMNepaTypbl U NOBbILLEHNEM AABIEHMS;
2) noBblLWEHNEM TemnepaTypbl U MOHWKEHMEM OaBIEHWS;
3) NOHWXeHuem TemnepaTypbl U NOBbILLEHNEM OABNEHUS;
4) NOHWXeHMeM TeMnepaTypbl N NOHWXKEHNEM LaBrEHUS.
2. KoHcTaHTa XMMn4ecKkoro paBHOBECUS 3aBUCUT OT:

1) KOHUEeHTpauumn pearnpyomx BeLecTs;

2) TemnepaTypbl;

3) obbema, B KOTOPOM NPOTEKAET peakuns;

4) BBefeHus katanusartopa.

3. Mpn npoBegeHun obpatumon peakumm 2 SO, + O, = 2 SOz UCXoOHblE
KoHUueHTpaumm SO, n O, 6binn paBHbl cooTBeTcTBeHHO 0,4 n 0,3 mMonb/n. B coctodHum
paBHOBECUSI KOHUEHTpauuss obpasoBaBlwlerocss okcuga cepbl (VI) coctasuna 0,2 monb/n.
PaccuntanTe KOHCTaHTy paBHOBECUS AN aHHOW peakuuu.
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4. KoHcTaHTa paBHOBecusi romoreHHon cuctembl N, + 3H, = 2NH3 npu HekoTopow
Temnepatype paBHa 0,1. PaBHOBeCHblEe KOHLEHTpaLuuMM BogopoAa U aMMmnaka COOTBETCTBEHHO
paBHbl 0,2 1 0,08 Mornb/n. BeluMcnuTe paBHOBECHYIO U UCXOOHYIO KOHLUEHTpaLumm a3oTa.

5. Hanuwwnte BbipaxeHne Ansi KOHCTaHTbl paBHOBeCUSa reteporeHHon cuctembl CO, + C

= 2CO0. Kak M3mMeHUTCs CKOpOCTb npsimon peakumm obpasoBaHust CO, ecrnu KOHUEHTpauuto
CO, ymMeHbWNTb B YeTbipe pasa? Kak cnegyeT M3MeHUTb AaBneHune, YTobbl NOBbICUTH BbIXOA
CO?

KoMnnekT KOHTPOonbHbIX 3agaHun Nno BapuaHtam no teme «CtpoeHue atoma u [Nepruoanyeckumn
3akoH [.. MeHpoeneeBa»

BapuaHT Ne 1

1. Hanuwwnte anekTpoHHble (POopMysbl aTOMOB 3f1IEMEHTOB C NOPSAKOBbIMU HOMepamu 15 u
28. Yemy paBeH MakcuUMarsbHbIA CMWH P-3N1EKTPOHOB Y aTOMOB NepBOro 1 d-afiekTpoHOB Yy aTOMOB
BTOPOro afieMeHTa?

2. CKONbKO M Kakme 3Ha4yeHUs MOXEeT MNPUHUMaTb MarHUTHOE KBaHTOBOE YUCIIO m; npwu
opbutansHom yucne | = 0, 1, 2 n 3? Kakme anemMeHTbl B NeEpUOMYECKON CUCTEME HA3bIBAKOT S-. P-.
d- n f- anemenTamn? MNMpneeanTe NpumepsbI.

3. Xpom obpasyeT coeguHEHUs, B KOTOPbIX OH NPOSBNSAET CTENEHU OKUCNEHUa +2, +3, +6.
CocTtaBbTe popmynbl €ro OKCMOOB W TMOPOKCMAOB, OTBEYAKOLWMX ITUM CTEMEHSAM OKUCIEHUS.
HanuwwuTte ypaBHeHUs peakunin, oKasbiBaloLLMX aMoTepHOCTb rugpokemaa xpoma (l11).

BapuaHT Ne 2
1. HannwuTe anekTpoHHbIe (POpMYyribl aTOMOB 3fIEMEHTOB C NOPALKOBbIMM HOMepamn 24 n 33,
y4uTbIBas, YTO y NEPBOro NPOUCXOAUT "NPoMOTUPOBaHME" 0QHOMO 4S-3NeKTpoHa Ha 3d-noaypoBeEHb.
Uemy paBeH MakcuMMarsibHbI CNWH d-3MIEKTPOHOB Yy aTOMOB MEPBOr0 M P-3fIEKTPOHOB Y aTOMOB
BTOPOro anemeHTa?

2. Kakoe MakcMmanbHOEe YUCNOo 3NEKTPOHOB MOryT 3aHMMarTb s-, p-, d- n f-opbutanun gaHHoro
3HepreTM4eckoro ypoBHs? [loyemy? HanuwmnTe 9SNEKTPOHHYK ¢opmMyny aTtoma 3feMeHTa C
nopsiAKoBbIM HOMepom 31.

3. Kakyto HU3LWYH M BbICLUYD CTENEHU OKUCNEHUSA NPOSABNSAT KPEMHUMN, MbILWbSK, CENEH U
xnop? [llovyemy? CoctaBbTe OpPMYynbl COEOMHEHUA [OaHHbIX 31EMEHTOB, OTBEeYalLuX I3TUM
CTeneHsIM.

BapuaHnt Ne 3

1. Hanucatb anekTpoHHble hOpMyNbl aTOMOB 3f1IEMEHTOB LLUECTOro nepuoga: uesud, apbus,
racdpHus, peHus, Tannms un actata. K kakmm anemeHTam oHM OTHOCATCA?

2. B yem 3akntovaetcsa npuHumn Maynu? MoxeT nun ObiTb Ha KakOM-HMBYAb NOAYPOBHE aToMa
p’- unn d'%-anektpoHoB? [MMouyemy? CocTaBbTe SNEKTPOHHYIO DOPMYMy aToma 3rfeMeHTa C
NopsaKOBbIM HOMEPOM 22 N YKAXKUTE €ro BarieHTHbIE 3MEKTPOHbI.

3. Kakylo HM3LWyo cTeneHb OKUCINEHMSI NPOSBNAOT Bogopod, dtop, cepa un a3ot? lNouemy?
CocTtaBbTe hopMyInbl COEOUHEHUN KanbLUMS C AAHHBIMU 3fIEMEHTAMU B 3TOW CTEMEHU OKUCIIEHUS.
Kak Ha3bIBalOTCA COOTBETCTBYIOLNE COEANHEHNA?

BapuaHTt Ne 4

1. HasBaTb anemMeHTbl YeTBepToro, NATOro0 M LeCToro NepuoaoB, y KOTOPbIX 3akaH4YMBaeTCs
3anonHeHvne d-opbutanen. Hanncate aNekTpoHHbIe POPMYSbl aTOMOB 3TUX ANIEMEHTOB W yKa3aTb,
K Kakow rpynne u noarpynne nepnognyeckon CUCTEMbl OHU OTHOCATCA?

2. Kakne 3HaveHMs MOryT MNpuMHMMaTtb KBaHTOBble yucna n, |, m;, mg, Xxapaktepusyowime
COCTOsIHME 3MneKTpOHOB B atomMe? Kakue 3HayeHuUss OHW MPUHUMAOT OM1S BHELUHWX 3NEKTPOHOB
aToma MarHua?

3. Kakylo HM3LWYy cTeneHb OKUCMEHUs MPOSBNAT Xrop, cepa, a3oT u yrrnepoa? lMoyemy?
CocTaBbTe (hopMyribl COeAMHEHUN antOMUHUS C AAaHHBIMU 3fIEMEHTaMMu B 3TOW CTEMEHU OKUCIEHNS.
Kak Ha3biBaloTCsl COOTBETCTBYOLNE COEANHEHNSA?

22



BapuaHT Ne 5
1. HasBaTb anemMeHTbl YeTBEPTOro Nepnona, atoMbl KOTOPbIX COAepXaT Hambonbllee 4Mcno
HenapHbIX d-aMekTpoHOB. HanucaTtb 3NeKTPOHHO-rpadouyeckyto CTPYKTYpy d-nogypoBHS.

2. Kakne opbutanu atoma 3anonHAlTCS 3SnekTpoHamu padble: 4d wunm 5s; 6s wunu 5p?
Moyemy? Hanuwmnte anekTpoHHY hopMyny atoma anemMeHTa ¢ nopsagKkoBbiM HoMepom 43.

3. Kakon 13 anemeHTOB 4eTBEPTOro nepuvoga — BaHaauMi UM MbllwbsK — obnagaet Gonee
BblpaXXEHHbIMW MeTanNM4yecknmm ceoncTeammn? Kakom ns atmx anemeHToB obpasyeT razoobpasHoe
coeanHeHne c Bogopoaom? OTBET MOTUBUPYWUTE, UCXOO4S M3 CTPOEHUS aTOMOB [aHHbIX
3N1EMEHTOB?

BapuaHT Ne 6

1. HanvwuTe anekTpoHHble (hOpMYyribl aTOMOB 3f1EMEHTOB C NOPAAKOBbIMM HOMepamn 14 n 40.
Ckonbko cBoboaHbix 3d-opbutanen y atTomoB nocrnegHero anemeHTa?

2. Onpegenutb No npaeuny KneykoBCKOro nocrneaoBaTesNibHOCTb 3arofiHEHWUST 3NeKTPOHaMm
nogypoBHEN B aTOMax 3f1IEMEHTOB, €Clfiu UX CyMMbl N + | COOTBETCTBEHHO paBHbl 6, 7 1 8. Kakos
NMOpsiAKOBbIA HOMEpP 3rieEMeHTa, Y KOTOPOro: a) 3akaH4yMBaeTCcs 3anofiHeHWe anekTpoHamn 8s; 6)
Ha4YMHaEeTCs 3anosIHEHME ANEKTPOHAMM NOAYPOBHSA 507

3. CocrtaBbTe OpMyfbl OKCMOOB W T[MOPOKCUMOOB 9SMEMEHTOB TpeTbero nepuoaa
nepnmoagnyeckon CUCTEMbl, OTBEYaKLWMX WX BbICWIEN CTEneHu okucrneHus. Kak unameHsieTcs
KMCNOTHO-OCHOBHbIN XapakTep 9TUX COeAMHEHUN Mpu nepexoge OT HaTpusa K xnopy? Hanuwwute
ypaBHEHNS peakuuin, OoKasbiBaloLWMX aMpOoTEPHOCTb MMAPOKCHaA antoMUHKS.

KomMnnekT KOHTPOIbHbIX 3adaHU N0 BapyuaHTaM No TeMe « Teopus XMMUYeCKom CBSA3U»

BapuaHT Ne 1

1. OnpepennTb XapakTep CBA3e B MPOCTPAHCTBEHHbIX pelleTkax KpUCTanimyeckoro
KPEMHUSI M TrepmaHusi, UMerowmnx anmasonogobHyto cTpyktypy. ObnagaloT nv 3Tm Tena
MeTannmyeckon NPoOBOANMOCTbLIO?

2. CpaBHUTb KpaTHOCTb, 3HEPIMIO CBSA3EN U MarHUTHbIe ceoicTea Yactul, CO*, CO n CO'.
CocTaBuTb 3HepreTMyeckne guarpammoi.

3. PykoBoacCTBYSICb pa3HOCTbIO OTHOCUTESbHbBIX ANEeKTpooTpMLaTenbHoCcTen cesasn Q — O,

onpenenuTb, Kak MEHSIeTCs XapakTep CBA3WM B OKCuAaxX 3fEeMEHTOB TpeTbero nepuoaa
nepuogunyeckon cuctemol .. Mengeneena.

BapuaHTt Ne 2

1. Ha ocHoBaHWM 4Yero MOXHO caenaTb BblIOOp Mexay MMOCKOCTHOW M nupamuaanbHOm
MOZESbIo NpU onpeaeneHnn NPpoCTPaHCTBEHHOM CTPYKTYpbl Monekyn BF; n NF3?

2. CoctaBuTb 3HepreTUdeckyo gmarpammy aToMHbix opbutanen (AO) n MonekynsapHbix
opbutanen (MO) coegmHeHuns LiH. Kakne opbutanu B Hen SABNAIOTCS CBA3bIBAIOLWMMN, a Kakue
— paspbixnstowme? Paccuntatb KpaTHOCTb CBSA3WN.

3. Kak meToa BaneHTHbIX cBsAden (BC) o6bAcCHAET nuHenHoe ctpoeHne monekynsl BeCl, un
TeTpasgpuyeckoe CH4?

BapuaHTt Ne 3

1. Kak n noyemy nameHsieTca Benu4yMHa yrrna B BepluMHax nupammuganbHbix monekyn OH;
npu nepexoge ot PH3; k SbH3?

2. OnpegenuTb xapaktep cBa3en B kpuctannax MgS, ZnSe u InSb. B kakom cnyyae cBA3b
nmeet Gonee nonsipHbIn xapaktep? Kakumun cBoctBamun obnagatoT AaHHble COeaAnHEHNA?

3. Kakon Ttun rmbpugmsaumm opbutanen atoma KpeMHUs npeawectsyeT obpasoBaHUIO
mMonekyn SiH4 u TeTparanoreHnaoB kpeMHUA? KakoBa nx NnpocTpaHCTBEHHAA CTPYKTypa?

BapuaHTt Ne 4
1. CocTaBuTb 3HEpPreTMYECKy auarpammy no mMeTtoay MonekynspHolx opbutanen (MO)
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yactuy NO*, NO 1 NO™ 1 cpaBHUTb UX KPATHOCTb U SHEPTUIO CBA3EN.
2. OnpenenuTb XapakTep CBA3er B KpUCTannuyeckux CTpyktypax TBepabix BewecTtB: KF,

BaCl,, cepa, noa, kapbug kpemuus. Kakumu ceonctBamum o6nagatoT AaHHble TBepable
BellecTsa?

3. MoryTt nu cyuwectBoBaTb Monekynsl Li; 1 Be, n kakoBbl kpaTHOCTU mx cBasen? OTeBeT
MOTUBMPYNTE COCTaBINEHNEM SHEPreTUYECKUX Anarpamm.

BapwuaHT Ne 5

1. Kak meToq BaneHTHbIx cBszen (BC) obbacHseT yrnoBoe cTpoeHue moriekynbl HpS u
nnHenHoe monekynbl CO,?

2. Kakyo xMMun4yeckyto CBsi3b Ha3blBalOT BOAOPOAHON? Mexay MonekyrnamMmu Kakmx BeLwecTB
oHa obpasyeTtca? Noyemy H,O n HF, nmesa MeHbLLYIO MONEKYNSAPHYIO Maccy, NNaBAaTCAa U KUNAT
npu 6onee BbICOKMX TEMMNepaTypax, Yem Ux aHanorm?

3. Kakne cBs3n Ha3biBalOT BOAOPOAHBIMU, KakoBa UX MPOYHOCTb MO CPaBHEHWIO C APYTMMU
TMnamun ceasen? [pu Kakon TemnepaType paspyLlialTcs BOAOPOAHbIE CBA3WM B BoAe WU NpU
Kakomn TemnepaType pa3pbiBaloTCH CBA3M Mexay aToMaMyn BOAOPOAa U Kucnopoaa B Boae?

BapwuaHT Ne 6

1. Onpepenutb xapaktep cBsasen B Monekynax SCls, SiCls, CIF; n IBr v ykasatb ans
KaXXOOW W3 HUX HanpaBneHue CMeLLeHUs 3MEeKTPOHHOW NIIOTHOCTU CBA3W. PacrnonoxuTb
MONEKynbl B PS4 B NOpsiAKe YBENUYEHUSA MONApPHOCTM cBA3W. Kakummn cBonctBammn obnagatot
JaHHble coeAnHeHna?

2. B kakon us monekyn: H,S, H,Se nnn H,Te n noyemy yron mexay BaneHTHbIMU CBA3SIMU
BonbLue oTknoHaeTcsa oT 90°7?

3. CpaBHUTb KPaTHOCTU CBSI3EN U MarHUTHble CBOWCTBa Monekynbl B, n MonekynspHoro
noHa B,". CocTaBuTb 3HEpreTMYeckne amarpaMmmbl.

Bonpochkl 4ns KonJaokBMymMma no TeMe « XMMus TBepAoro coctosHus. Metannoxmmmay

1. ®dusmko-xummnyecknin aHanms. Ero uenu u 3agadn. JuarpaMmmbl COCTOSHUI U guarpaMmmbl
«COCTaB — CBOMCTBOY.

2. lNoHaTne o dase, KOMMOHEHTE CUCTEMbI, HE3aBUCMMOM KOMMOHeHTe. [loHaTMe o
da3oBon gnarpamme ogHO- U MHOFOKOMMNOHEHTHON cuctemsl. MNMpasuno gas 'mbbca.

3. dasoBble gnarpaMmmbl OQHOKOMMOHEHTHbIX cuctem. Npumepsl (Boaa, cepa). YpaBHeHue
KnanenpoHa — Knayauyca. TponHble n Kputudeckme Touku. MNpasuno ¢gas mbbea.

4. ®azoBble AMarpaMmbl OBYXKOMMOHEHTHbIX CUCTEM. T-X- Auarpammbl, T-X- cCeyeHus.
PaccnoeHune B xunakon gase. PaccrnoeHne ¢ BEpXHEN U HKHUIA KPUTUYECKMMU TOUYKaMW.
CooTBeTcTBYyOWME T-X- Anarpammsl (T-X-ceyeHus).

5. T-x- guarpamma (T-X-ceyeHue) 3IBTEKTMYEckoro Tuna. “VpgeanbHas” SBTEKTMYECKast
Anarpamma (6e3 TBepgodasHon pacteopumMmocTu). JlMHusa nukBugyca. YpaBHeHue
LWpénepa — Jle LLaTense n kpnockonnyeckoe NpubnmxkeHune.

6. ®asoBble AuMarpaMmmbl  OBYXKOMMOHEHTHbIX  CUCTEM. T-X-CeveHue auarpammbl
9BTEKTUYECKOrO TUNa Ans cnyyasi 3aMeTHOW pacTBOPUMOCTU KOMMOHEHTOB B TBEPAbIX
daszax. JluHumn nukemnayca un conugyca. Cnyvain peTporpagHoro convmayca.

7. ®as3oBble AuarpaMmbl OBYXKOMMOHEHTHbIX cucteM. T-X- amarpamma (T-x-ceyeHue)
neputekTudeckoro tuna (6e3 coeguHeHun).

8. ®dasoBble AuarpaMmbl OBYXKOMMOHEHTHbIX CUCTEM. T-x- amarpammbl (T-X-CcedeHus)
OMHapHbIX CUCTEM C KOHIPY3HTHO MNMaBAWMMCH CcoeanHeHneM. [anbToHuabl W
Beptonnuabl: npeactasnenna H.C. KypHakoBa 1 ero nocrnegoaTtesnen.

9. T-x- gnarpamma (T-x-ceyeHue) BMHAPHON CUCTEMBbI C NMPOMEXYTOYHbIM COEAUHEHUEM,
CNOCOOHbLIM pasnaratbCs Npu yBENUYEHUN TeMnepaTypbl N0 NEPUTEKTUYECKON peakLmn.

10.®a3oBble guarpamMmbl  ABYXKOMMOHEHTHbIX CUCTEM. T-X-CEYeHus guarpamm C
HenpepbIBHbIMW  TBEPAbIMM  pacTBopamMu. YNoOpsiAOYeHue TBepAdblX pPacTBOPOB.
CoeanHeHns KypHakoBa.
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11.MpoaHanuaupoBaTb T-x gnarpammy. OnucaTb pa3oBble NpeBpaLleHns Aisi COCTaBoB: 9,
12 n 50 mon.% AS 1 NOCTPOUTb COOTBETCTBYIOLLIMNE KPpUBbIE oxnaxaeHus. Kakne macchl
Ag 1 As noTpebytoTcs Ans npurotToBneHnsa 3r aBTEKTMYECKOro cnnasa?

12.MpoaHanuaupoBaTb T-x guarpammy. Onucatb ¢pa3oBble NpeBpalleHus Ans COCTaBOB:
22, 48,5 n 60 mon.% Na v nocTpouTb COOTBETCTBYHOLLME KpUBblEe oxraxaeHus. Kakue
mMacchbl Bi u Na notpebytoTcs ans npurotoBneHnst 3r aBTEKTUYECKOro crnnasa?

13.MpoaHanuaupoBaTtb T-x guarpammy. OnmncaTtb pa3oBble NpeBpalleHus Ans COCTaBOB:
20, 40 n 60 mon.% Ba n nNocTpouTb COOTBETCTBYKOLIME KpuBble oxnaxaeHus. Kakve
mMaccobl Ba n Na notpebytoTcst Ang npurotoBneHns 3r 3aBTEKTUYECKOro cnnasa?

14.TMpoaHanuaupoBaTb T-x guarpammy. Onucatb pa3oBble NpeBpalleHus Ans COCTaBOB:
20, 50,5 n 60 mon.% K u noctpouTb COOTBETCTBYIOLLUME KpUBblE OxnaxaeHus. Kakue
maccel K n Cs notpebyworca Ons MPUroToBNeHUA 3r KOHIPY3HTHO NNnaBsLwerocs
TBEpOOoro pacreopa?

15. MNMpoaHanuaupoBaTb T-x gnarpammy. OnucaTb ba3oBblie NpeBpalleHns ons COCTaBOB:
22, 50 n 66,67 mon.% Na n nocTpouTb COOTBETCTBYIOLLINE KpUBblE OXNaxaeHus. Kakue
maccel Na n Cs notpebytotcs ans npurotoBneHus 3r MHKOHTPY3HTHO nnaBsLwencs
NPOMeXyTOYHON dhasbl?

16. MNMpoaHanuauposaTb T-x guarpammy puc. 1. Onucatb asoBble npeBpalleHus Ans
coctaBoB: 10, 23 n 30 mon.% Li, NOCTpOUTb COOTBETCTBYIOLLNE KPUBbBIE OXNaXOeHWs.
Kakne maccbl Mg u Li noTpebytoTca ons npurotToBneHns 3r KOHrPYaHTHO MnaBsLerocs
TBEPAOro pacTeopa Ha OCHOBE NUTUSA?

17.MpoaHanuauposaTtb P-T guarpammy yrrnepoga. B kakmx ycnoBmsx MOXHO MNpOBOAUTb
BblpallMBaHWe KpuUCTanmoB anmasa B YCnoBusaX, BAM3KNX K paBHOBECHLIM? MOXHO Nnu
nony4YnTb anmas, KOHAEHCUPYS Napbl YACTOrO yrrepona?

18.MpoaHanuaupoBaTtb T-x guarpammy. Onmncatb ¢pa3oBble NpeBpalleHus Ans COCTaBOB:
20, 40 n 60 mon.% Se u NOCTPOUTbL COOTBETCTBYHOLUME KpMBbLIE oxnaxaeHus. Kakue
Maccbl Sn M Se noTpebyTca ANnd MpPUroToBrieHUs 3r 3BTEKTMYECKOro Cnasa,
cogepxatero oba NpoMeXxyToYHbIX ceneHraa onosa?

KomMmnnekT pa3HOYpPOBHEBLIX 3a4aY U 3agaHun Ang TekyLen artTrecTraumm
no teme «PacTBopbI»

1. Bolumcnute  TemnepaTtypy  Kpuctannusauum — pactBopa  MoueBuHbl  (NH»),CO,
cogepxatlero 5 r moyeBuHbl B 150 r Boabl. Kpnockonndeckas koHcTaHTa Boabl 1,86 kr-K/mornb.

2. Bbluncnute maccoByto gonto (%) BogHoro pactBopa caxapa CioHzOi1, 3Has, 4yto
TemnepaTtypa Kpuctannusauum pacteopa MuHyc 0,93°C. Kpuockonuyeckasi KOHCTaHTa BoAbl
1,86 kr-K/monb.

3. PacTteop, cogepxawmin 0,512 r HeanekTponuTta B 100 r 6eH30na, Kpuctanmsyetcs npu
5,296°C. Temnepatypa kpuctannusaumm 6eHsona 5,501C. Kpuockonunyeckaa KoHcTaHTa 5,1
Kkr-K/monb. Bblumcnnte monsipHyto Maccy pacTBOPEHHOMO BELLECTBA.

4. PactBop, cogepxawmni 3,04 r kamdopbl CioHis O B 100 r 6eH3ona, Kunut npu
TemnepaTtype 80,714°C. Tewmnepatypa kuneHusa  ©OeHsona 80,200C. Bbluucnute
30ynNIMOCKONNYECKYH KOHCTaHTy BGeH3ona.

5. Beluncnute maccosyto gonto (%) sogHoro pactsopa rnuuepunHa CsHs(OH)s, 3Has, yTto
a70T pacteop kunut npu 100,39°C. B6ynnmockonuyeckas koHcTaHTa Boabl 0,52 kr-K/monb.

6. Bbluncnmute MoNspHyt0 Maccy HeanekTponuTa, 3Has, YTo pacTBOp, cogep-Kawmm 2,25 r
aToro BewecTtea B 250 r Boagbl, kpuctannuayetca npu - 0,279°C. Kpuckonmyeckasi KOHCTaHTa
Boabl 1,86 kr-K/monb.

7. Boluncnute TemnepaTtypy kuneHwust 5%-Horo pactBopa HadpTtanuHa CigHg B GeH3one.
Temnepartypa kuneHus 6eHsona 80,2°C. 3bynnuockonmnyeckasa KOHCTaHTa ero 2,57 kr-K/monb.

8. PactBop, copgepxawmn 25,65 1 Hekotoporo Heanektporimta B 300 r BOAbl,
Kpuctannuayetca npu - 0,465°C. BblumMcnvte MOMSIPHYHO MacCy pacTBOPEHHOro BellecTBa.
Kpunockonunyeckas koHcTaHTa Boabl 1,86 kr-K/monb.
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9. Bbluncnmte KpMOCKOMMYECKYKD KOHCTAHTY YKCYCHOW KUCMOTbI, 3Hasi, YTO pacTBop,
cogepxawmnn 4,25 r antpaueHa CisHip B 100 r ykcycHOM KUCMOTbI, KpUcTannmMsyetcs npu
15,718°C TemnepaTtypa Kpuctannmsauum ykcycHom kncnotbl 16,65 °C.

10. Mpn pactBopeHun 4,86 r cepbl B 60 r GeH3ona TemnepaTtypa KUMEHUSA €ro
nosbicunace Ha 0,81°C. Ckonbko aTOMOB COLEPXWUT MOJSieKyna cepbl B 3TOM pacTBOpe.
Obynnunockonunyeckas KoHcTaHTa 6eH3ona 2,57 kr-K/monb.

11. CocTaBbTe MWOHHO-MOSIEKYNIAPHOE U MOJIEKYNSAPHOE YpaBHEHUA rmaponnaa,
npoucxogsawero npu cmewmBaHun pacteopoB K,S u CrCl;. Kaxpgaa u3 B3aTbiX conemn
rmgponuayeTtcss HeobpatMmo OO KOHUA C obpas3oBaHMEM COOTBETCTBYHOLIMX OCHOBaHUS W
KNCIOTbI.

12. K pactBopy FeCl; nobasunu cnegyrowme Bewectsa: a) HCIl; 6) KOH; B) ZnCly;
rNNa,COs3. B kakmx cnyvasx rugponua xnopuga xenesa (lll) ycunutca? lNMoyemy? CoctaBbTe
NOHHO-MONEKYNSAPHbIE YPaBHEHUSA rMAPONN3a COOTBETCTBYHOLLNX CONEN.

13. Kakne wun3 conen: Aly(SOu)s, K2S, Pb(NOs3),, KCI noasepratotca rungponunsy?
CocTtaBbTe MOHHO-MOMEKYNSPHbIE U MOSEKYNSPHbIE YPaBHEHUSA rMOPOniM3a COOTBETCTBYIOLLMX
conen. Kakoe 3HadeHWe uMeeT BOOOPOAHbIN Mnokasatenb (7<pH<7) gna pacTtBOpOB 3TUX
conen? PaccunTtanTe KOHCTaHTbl rTMAponn3a gaHHbIX COMeENn.

14. Mpn cmewwmBaHun FeCl; n Na,CO3; kaxgas u3 B3ATbIX COMEen rMaposimsyercs
HeobpaTMMO 40 KOHUa ¢ 0bpa3oBaHMEM COOTBETCTBYHOLLMX OCHOBAHWUS W KUCIOTbI. Bbipasute
3TOT COBMECTHbIN rMApOSiM3 MOHHO-MOJSIEKYNAPHBLIM U MOSIEKYNAPHBIM YPaBHEHUAMM.

15. Kakyto cpeay mmetoT pacteopbl conen NasPO,, KoS, CuSO4? CoctaBbTe MOHHO-
MONEKYNspHbIE U MOMEKYNSAPHbIE YpaBHEHUS rmaponmsa 3aTux conen? Paccuntante KOHCTaHThI
rmaponnsa gaHHbIX COnewn.

16. Kakune na conen: RbCl, Cry(SO4)3, Ni(NO3),, Na,SO3; nogsepratotcs rmgponnsy?
CocTaBbTe MOHHO-MOMEKYNSPHbIE U MOMEKYNAPHbIE YPaBHEHUS rMaponn3a COOTBETCTBYHOLLNX
conen. Kakoe 3HadeHne uMeeT BOOOPOAHLIN MNokasatenb (7<pH<7) gna pacTBOpPOB 3TUX
conen? PaccumtanTe KOHCTaHTbl MTMaponn3a AaHHbIX CONen.

17. Kakas 13 gByx conen npu paBHbIX yCrnoBuax B 6ornbllen cTeneHn nogsepraeTcs
rmgponunay: Na,COz; unu Na,SOg3; FeCl; unu FeCl,? MNMoyemy? CoctaBbTe€ MOHHO-MONEKYNSAPHbIE
N MONeEKyNsipHble YpaBHEHUS TMAPONN3a 3TUX Conemn.

18. Kakas 13 gByx conen npu paBHbIX yCrnoBusax B Gonbluen CTeneHn nogsepraeTcs
rmgponuay: NaCN mnnun NaClO; MgCl, unu ZnCl,? MNovemy? CoctaBbTe MOHHO-MOSIEKYNAPHbIE U
MOMNEKyNspHble YPaBHEHNSA rMAPONMN3a COOTBETCTBYIOLLIMX COMEN.

19. Kakne wun3 conen: K,COs, FeCl;, K;SO4, ZnCl, nogsepratotca rmaponmsy?
CocTaBbTe MOHHO-MOMEKYNSIPHbIE U MOMEKYNAPHbIE YPaBHEHUS rMaponn3a COOTBETCTBYHOLLNX
conen. OnpegenuTe 3Ha4yeHMe BOAOPOAHOrO nokasatensa ansa atnux conen (7<pH<7) pactsopos
3Tux conen? Paccuntamnte KOHCTaHTbl r’MAPONnM3a AaHHbIX CONen.

20. CocTtaBbTe B MOSMEKYSSIPHOM 1 MOMEKYNSAPHO-UOHHOM (POpMe YpaBHEHUS peakLni:

a) CuCL, + N3.2C03 + H,O —...;

0) FeC13 + HCOOK + H,O — FeOH(HCOO), + ...

21. BbluMCNUTb KOHCTaHTY rmgponmsa cynbduta HaTpus, cTeneHb rmgponusa conu B 0,1
M pactBope u pH pacTtBopa. HanuwuTe MOHHO-MOMEKYNSAPHOE U MOSEKYNSPHOE ypaBHEHME
rmgponusa cyrnbdura HaTpus.

22. BblMUCNUTL KOHCTAHTY rmaponuda optodocdata HaTpus. Onpegenute 3Ha4YeHus
BOAOPOAHOrO nokasaTens pacTtBopoB optodoccaTta HaTpus; a) 2,4 M un 6) 0,1 M? Onpegenute
cTeneHb rmgponusa. Hanmwmre MOHHO-MONEKYNAPHOE N MOSIEKYNAPHOE ypaBHEHME rMAponunaa
opTtodocaTa HaTpus.
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KomMmnnekT pa3HOYpOBHEBLIX 3a4ay U 3agaHun Ang TekyLwen arTrecTraumm
no teme «KomnnekcHble coeanHeHnsa»

1. Onpegenute 3apsg KOMMMEKCHOrO WOHA, CTeMeHb OKUCMEHUS U KOOpAMHALMOHHOE
yncno Komnnekcoobpasosatens B coeanHeHumsax [Cu(NH3)4]SO4 Ky[PtClgl, K[AgQ(CN),].
Hanuwwnte ypaBHeHus guccounanmm 3TMx coeMHEHNIN B BOAHbBIX pacTBOpax.

2. CoctaBbTe KOOpPAMHAUMOHHbIE (OPMYIbl CReayrLWmnX KOMMMEKCHbIX COeAVMHEeHWN
nnatuHbl: PtCly-6NH3; PtCly-4NH3; PtCly-2NH3, KoopamHaumoHHoe yuncno nnatuHbl (IV) paBHO
WwecTn. Hannwute ypaBHeHue avccoumaumm 3Tux coeanHeHnn B BogHbIX pactBopax. Kakoe n3
CoeINHEHUI ABNAETCA KOMMSEKCHBIM HEANEKTPOSIMTOM?

3. CoctaBbTe KOOpAMHAUMOHHBbIE OPMYIbl CrieayloLWwmnx KOMMMEKCHbIX COeAVHEeHWU
kobanbTa: CoC13-:6NH3; CoC13-5NH3; CoC134NH;3. KoopauHaumoHHoe uyucno kobanbta (l11)
paBHO LWecTn. HanuwuTe ypaBHeHNs aMccoumaumm 3Tux COeaAMHEHN B BOAHbLIX pacTBOpaXx.

4. CocTtaBbTe KOOpPAMHAUMOHHbIE (OOPMYSbl CreayloWmnX KOMMMEKCHbIX COoeauHEHUN
cepebpa: AgCI-2NH3; AgCN-KCN; AgNO,'NaNO,. KoopanHaumoHHoe 4mncno cepebpa paBHO
ABYM. HanvwunTe ypaBHeHNs anccoumaumm aTux CoOeanHeHU B BOOHbIX pacTBopax.

5. W3 coyvetaHma yactuy Co®, NH;, NO, u K' MOXHO COCTaBUTb CEeMb
KOOPAMHAUMOHHBLIX  (DOPMYI  KOMMMEKCHbIX CcoeuHeHun kobanbTa, oOAHa W3  KOTOPbIX
[Co(NH3)6](NOy)3. CoctaBbTe (hopMyribl APYrnX LLECTU COeQUHEHUN U HanUWnTe ypaBHEHUSA UX
anccoumaumm B BOOHbIX pacTBopax.

6. W13 couetanmusa yactuy Cr*, H,0, CI" 1 K¥ MOXHO COCTaBUTb CEMb KOOPAMHALIMOHHBIX
dopMyn KOMMMEKCHbIX COeauMHEHM Xpoma, oaHa wun3 kotopbix [Cr(H20)e]C13. CocTtaBbTe
dopmynbl APYrMX LIECTU COEOMHEHUM W HanuuMTe ypaBHEHMS WX Auccounauumn B BOLHbIX
pacTBopax.

7. Hanuwmnte BblpaxXeHnst Ons KOHCTaHT HECTOMKOCTM KOMMeKCHbIX noHoB [Ag(NH3),]",
[Fe(CN)e]*, [PtClg]*. Yemy paBHbl CTENEHb OKUCIEHUS] U KOOPAMHALMOHHOE YKCHIO
KomnnekcoobpasoBaTenem B 3TUX MOHaX?

8. HanvnwuTte BblpaxkeHUs NS KOHCTAHT HECTOMKOCTU CriefyoLmnX KOMMMEKCHbIX MOHOB:
[Ag(CN).], [Ag(NH3)-]*. [Ag(SCN),]. 3Hasi, YTO OHM COOTBETCTBEHHO paBHbl 1,010 6,8:10°%;
2,0-10™ ykaxuTe, B KakoM pacTBOpe, COAEpXalleM 3TV MOHbLI, NpU PaBHO! MONSPHON
KOHLIEHTpauwumn noHos Ag* 6onbLiue.

9. Tlpu npubasneHnn pacteopa KCN «k pactBopy [Zn(NH3)4]SO, o6pasyetca
pacTtBopumoe KomnnekcHoe coeaunHeHue Kj[Zn(CN),. Hanuwmte MonekynspHoOe M MOHHO-
MOJIEKYNSIPHOE ypaBHEHUS peakumn. KOHCTaHTa HecToikocTu Kakoro woHa: [Zn(NHs)s** unm
[Zn(CN)4]?*, Gonblue? Mouemy?

10. KOHCTaHTbI HECTOMKOCTU KommnekcHbix MoHoB [Co(NHs)e**, [Fe(CN)g]*, [Fe(CN)s]*
COOTBETCTBEHHO paBHbl 6,2:10°% 1,0-10°"; 1,0:10™**. Kakoit U3 3TUX MOHOB siBNsieTCs Goree
MPOYHbIM? HanuwuTe BblpaXXeHUs Anst KOHCTAHT HECTOMKOCTM yKa3aHHbIX KOMMMEKCHbIX MOHOB
n OpMysibl COEANHEHUI, coaepXXaLlmMX 3TN UOHbI.

27



TeKkywas aTrecTauma TaKkke NPON3BOANTCSA NPU NOMOLLN PYOBEXHbIX KOMNTOKBUYMOB.
Mpumep KNMos pyGexkHbIX KONMOKBUYMOB 3a 1 U 2 ceMecTpbl NPUBOANTCS HUXKE

1 cemectp, pyb6exHbin konnokeuym Nel (Tembl  «CtexnomeTtpusa», «KuHeTukay,
«TepmognHamuka (Bknoyasa pasgen «XuMmn4eckoe paBHOBECKEN )»..

«YTBEPXIAIO»
3aBeyrOIINiA Kadeapoii 001Ieil 1 HeOpraHMIeCKOH XUMUN
I.X.H. Ipod. B. H. CemenoB
09.10.2021
HanpasJ/ieHue NoAroTOBKH / CIeNMATBbHOCTH 020100 Xumus
Jncnuniamnaa HEOPraHUYeCKasi XUMHS
dopma o0yueHus oYHas
Bua xonTpossi pyOexXHBIN KOJITIOKBUYM, 1 cemecTp
Bujg arrecranuu MIPOMEKYTOUHAS

KonTponbHo-u3zmeputenbHbii MmaTepuan Ned

1. Xumunueckass kuHeTuka. dopmanpHas KMHETHKA U YYEHHE O MEXaHU3MaX XUMHYECKHX PEaKI[Hil.
CKopocTh XMMHUYECKOH peakluu: CpeiHss U UICTUHHAsI (MTHOBEHHAs).

2. Nmerorcs CICOYIOIIME paBHOBECHA C y4YaCTHMEM HJIACAJIBHBIX T'a30B M COOTBCTCTBYHOIIME 3aIlMCH
TCPMOAUHAMHUYCCKOI'O 3aKOHa HeﬁCTBYIOIHHX MacCC JJI1 pPaBHOBCCHA B I/I30TepMI/I‘IeCKOﬁ 3aKpBITOfI

CUCTEME:

K. — CI?IO 'C52309

3N,04 + 6SO, = 25309 + 6NO 1) c— cé .c3 , ()
S0, " “~N,0,

0 2C0 2 K ={Cea) 2

+ = c !

C 2 Crpa(inxrr ( ) CCOZ ' ( )
K. — CNo 'CNo2

NO + NO, = N,O3 (3) c C ) (3’)

N203

da30Bble (arperaTHbIE) COCTOSIHMSI BELIECTB, HE SBJSIONIMXCA Ta3aMH, HMEIOT COOTBETCTBYIOIIHE
MIOMETKH. BpIsBUTE, Uil KaKUX M3 MEPEYHCIECHHBIX PEAaKIMil COOTBETCTBYIOUINE CBSI3U KOHCTaHTH Kc ¢
KOHIICHTPaLUSIMU

@) — SIBIISIFOTCS COBEPIICHHO KOPPEKTHBIMH,

0) — BO3MOXHO SIBIISTFOTCS KOPPEKTHBIMH,

8) — HE MOT'YT OBITh KOPPEKTHBIMH.

Bynbre BHUMaTEIBHBI!

[IpenonaBarens: A 1O. 3aBpaxHoB
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2 cemectp, pybexHbin konnokBuyM Nel (tema «KomnnekcHble (KOOpAWHALMOHHLIE)
COeaVHEHUS».

«YTBEPXJIAIO»

3aBeAYIOIMNNA Kadeapoii 001Ie 1 HeOPraHUUEeCKOW XUMHUHN
I.X.H. Ipod. B. H. Cemenosn

_.04.2022

HanpagJieHue NOArOTOBKH / ClIeNHMAJIBHOCTb 020100 Xumus

JAucuumuimHa Heoprannueckas xumus
®opma o0yyeHHs1  O4HOE
Bua konTpoJs pyOexHbIi KomokBuyMm Nel, cemecTp 2

BI/I}I aTTeCTallumn TCKyIIas

KoHTpoasHOo-u3MepuTeabubiii MaTepuaa Ne 9

1. MexmonekynsapHoe B3aumoaelictBue. Cunbel Ban-nep-Baanbca, MexaHu3Mmbl BaH-J€p-BaajbCcoBa
B3auMojieiicTBus. BomoponHas cBs3b. BiusiHue Mex- M BHYTPUMOJIEKYJIIPHOH BOJOPOJHOW CBS3U Ha

CBOMCTBa MOJICKYJISIPDHBIX COCJIMHEHUH.

2. IlpuBeaute opOHUTaIbHBIE AUArpamMMmbl (3alOJHEHHE PA3JIUYHBIX JJIEKTPOHHBIX COCTOSHUN) H
OIpeelUTe THII THOpHaM3anul opouraeil mis kommiekcHbix noHoB [FeClg]* u [Cu(CN)4]*, ecin
U3BECTHO, YTO MEPBBINA U3 HUX BBICOKOCIIMHOBBIH, & BTOPOil — HU3KOCITMHOBBIH.

Paccunraiite Benmnunny OCKII mu1st Kak10ro U3 yKa3aHHBIX BBILIE HOHOB.

3anuImuTe BO3MOJXKHBIC YpaBHEHHS HOHHM3aluH, npoucxojsaimue npu nonananuu comu Ks[FeClg] B

BOJIHBIN pacTBOp.

[IpenonaBatens: A 1O. 3aBpaxHoB
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20.2 NpomexyToyHana aTrecTayus

MpomexyToyHas aTTecTaums No AUCUMUNNMHE OCYLLECTBMASIETCA C MOMOLLbIO CreayoLWwmnx
OLEHOYHBIX CpeacTB: cobeceqoBaHMe No 3K3aMEHALMOHHBIM buneTam

MepeyeHb 3adaHull, mem peghepamos, mem ripeseHmauuli, Kypcosbix, dokrados, mpebosaHusi K
npedcmassieHuro nopmeosnuo, 80rpPOCo8 K 3k3ameHy (3ademy) u nopssdok popmuposaHuss KUM

OnucaHune TeXHOMOrMM NpoBeaeHns
TpeboBaHUA K BbINOMHEHMIO 3a4aHUN, LKanNbl U KPUTEPUM OLEHUBAHUSA
Mpumepsbl ak3ameHaUMoOHHbIX KM

1 cemecTp.
«YTBEPXIAIO»
3aBenyroIui Kadeapoit oomeit 1 HeOPraHUIECKONH XUMUHU
J.X.H. Ipod. B.H. Cemenos

HanpagJjienue noaroTtoBku / cnenuajbHocth 020100 Xumus

Jucuuninna HeopraHuyecKast XHMHs
®opma o0yueHus OYHas

Bua xontposs 3K3aMeH, 1 cemectp
Bun arrecranuun MIPOMEXKYTOYHAas

KoutpoabHo-usmepurenbHblii MaTepuas Ned

1. Xumuyeckass kuHeTuka. dopmanbHas KMHETHKAa W YYEHHE O MEXaHU3Max XMMHUYECKHX peakiuil. CKopocTb
XMMUYECKOHN peakLuu: CPeqHssi U UICTUHHAS (MTHOBEHHAS!).

2. CnuH u cnuHoBoe KkBaHToBOe uucino. Ilpunmun Ilaymu. MuorosnexkTpoHHble aToMbl. [IpaBuia 3amoiaHeHHS
aTOMHBIX opOwutaned, npaswia ['yaga um KieukoBckoro. OcoOEHHOCTH TMOBEIEHHS BBICIINX JHEPreTUUECKUX
YPOBHEH TSXKENBIX JIIEMEHTOB.

[IpenonaBarens: A 1O. 3aBpaxxHoB
2 cemecTp.
«YTBEPXIAIO»
3aBenyrommi kadeapoit o0meii 1 HeOPraHUIECKONH XUMUHU
JL.X.H. Ipod. B.H. Cemenos

HanpagBJjieHne NoAroToBKH / cieuaabHOCTh
04.05.01 «Xumus» (Xumug 1O OyHnameHTaIbHas U MPUKIIATHAST XUMIS)

Jucoumimna HEOpraHu4ecKasi XUMHs
dopma 00y4eHHsA OYHast

Bupa xonTposs JK3aMEH

Bun arrecranuun MIPOMEXKYTOUHAs

KoHTpOIEHO-U3MepUTENbHBIN MaTepral Ne 1

1. Ilomsarue o (1)3.36, KOMIIOHCHTC CHCTCMbI, HC3aBUCHMMOM KOMIIOHCHTC. Ilonstne o (1)a3030171 Auarpamme
OI[HOKOMHOHCHTHOﬁ cucteMbl. Da3oBas AuarpaMma BO/JBI.

2. TunoBas 3agaya Ha TeMy «KomIieKCHbIe/KOOpAMHAIIMOHHBIE COSAMHEHUS.

1 r tBepaoit dpassr Nay[NiCl,] pactBopuim B 0,1 M BoIHOM pacTBope XJIOpUIA HATPUS U TaKyIO )K€ HaBECKY ITOM
KOMIUIEKCHOHM COJIM pacTBOPHIIM B BoJie. B Kaxkaom cimydae momyuniu 1 11 pactBopa. HaliTi KOHIIEHTpanyio HOHOB
Ni?* B MOJy4eHHBIX PACTBOpAX, €CIIM M3BECTHO, YTO KOHCTAHTA HECTOMKOCTH TETPAXJIOpOHHKeNaT (2+) - HOHA
cocrapnser 10,

3. Bomopoa. M3otomsr Bomopoma. Ocoboe mosoxenue Bomopona B I[lepuomuueckoit Cucteme u  0ocoOble

(m3UYecCKue U XUMHYECKHE CBOHCTBA BOJIOpoja (IIPOCTOrO BEIeCTBA U ero coeawHeHui). 'mapuasl. [IpuBectn

MPUMEP OKCUIUTEIbHO-BOCCTAHOBUTEIHHON PEAKIIUU C YIaCTHEM KaKOTO-TH00 KOMIUIEKCHOTO THPH/IA.
[IpenomaBarens: A 10. 3aBpaxxHOB
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