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lIporpaMma BCTYIMTEIFHOrO HCIBITAHUS 110 HANPABICHHIO ITOATOTOBKH
04.06.01 Xumuaeckue Hayku (ypOBeHb IIOAIOTOBKH: IIOATOTOBKA KaJpOB BBICIIEH
KBaJIM(UKAIMK) COCTABIIEHAa B COOTBETCTBUM C (eJiepadbHBIM TOCYIapPCTBEHHBIM
00pa3oBaTeNbHBIM  CTAHIAPTOM  BBICLIETO  0OpAa3oOBaHHSA IO  HAIPABICHUIO
noxrorosku 04.06.01 Xumudeckue Hayku (YpOBeHb CIIEIUANUTETA).

[IporpaMma BCTYyIUTENBEHOTO HCIBITAHUS CONEPIKUT Pa3IelIbl:

«Heopraﬂnqecxaﬂ XHMHUS»

1. OcHOBHBIE NpEJICTaBIECHUs O CTPOCHUH aToMa. BosiHOBas (pyHKIUS U ypaBHEHUe
[lIpenunrepa. KsaHToBEIE 4MCIa, paguanibHOE M YIIOBOE paclpeseleHue
DIICKTPOHHOW IIOTHOCTU. ATOMHBIE opOuTanu (s-, p-, d- u f~AQO), ux sHeprum n
IPaHUYHbIE IOBEPXHOCTH.

2. Ionoxenue s-3nemMeHToB B [leproandeckoit cucremMe, 0COOEHHOCTH 3IEKTPOHHOM
KOH(pUrypanuy. XapakTepHble CTelleH: OKucieHus. Bogopon. Mzortomsl Bogoposa.
Merozbl mony4uenus Boxopoa. GU3NKO-XUMUYECKHE CBONCTBA BOIOPoa. [ uapu bt
¥ uX Knaccupukanus. OKUCIUTENFHO-BOCCTAHOBUTEIBHbIE CBOMCTBA BOLOPO/IA.

3. Pacnpenenenune snekrponos no AO. Ilpunimn mMunumyma sHeprud. IIpuniun
Ilaymi. AToMHBIE TEpMBI, IPaBUIIO XYH/IA.

4. OnemeHTsl rpynnsl IA. O6mas xapakrepuctuka rpymsl. Oco6eHHOCTH XUMUU
aatus.  XUMHYecKHe cBodcTBa. [IpuMeHeHHE IIENIOYHBIX METALIOB U HMX
COCIUHEHUH.

5. CospemenHas (QopMyIUpOBKa HNEPHOIUYECKOr0 3aKOHA. IIepHObI ¥ IPYIIIEL
3aKOHOMEPHOCTH M3MEHEHUs (yHIaMEHTaIbHBIX XapaKTEPUCTUK aTOMOB: aTOMHBIX
¥ WOHHBIX PaguycCoB, ITOTEHIMAaJa UOHU3ALUHN, SHEPIHH CPOJACTBA K DIICKTPOHY U
BIIEKTPOOTPULIATEIFHOCTH.

6. Onements! rpynnsl ITA. O6mas xapakrepuctuka rpynmnsl. OcoOeHHOCTH XUMUN
Oepwiumnsi, MarHus 1 paaus. XuMmdeckue cBoicTBa. CXOACTBO XMMUM OEpUILIUS U
autys. [IpruMeHeHne 1e109YH03eMEeNbHBIX METAIOB M UX COEIMHCHIIA.

7. XuMuueckas CBsI3b U CTpoeHUe MoJIeKyl [loHsaTHe 0 mpupome XUMUIECKOH CBA3H.
OcHoBHBIE XapaKTePUCTUKN XUMUYECKON CBSI3M: JUIMHA, SHEPTHUs, HAIPABIEHHOCT,
IIOJIAPHOCTH, KpaTHOCTh. OCHOBHBIE TUITBI XUMUYECKOU CBSI3H.

8. Ilonmoxenue p-snementoB B Ilepwommueckoit cucreme. OcobeHHOCTH
DIIEKTPOHHON KOH(purypammu. XapakTepHble CTEINEHM OKHUCIeHMs. MeTasl,
HEMETaJIbl, METaUIOUIBl CpeAu pP-3JEMEHTOB. 3aKOHOMEPHOCTH B W3MEHEHUH
CBOMCTB BO 2 U 3 Ileprojax.

9. OcHoBHble nNOJOXEHUS MeTona BaneHTHbIX cBsizedl (MBC). I'mOpupuzanms
opburanei. HampaBiaeHHOCTb, HACHIIAEMOCTh M IOJSPU3YEMOCTh KOBAJIEHTHOM
CBsi3U. BiusHue HenoneneHHBIX 3JIEKTPOHHBIX Map Ha CTPOEHUE MOJIEKYII, MOJIEIh
IN'mutecnn.



10. Onementer rpymmer IIIA. O6mias xapakrepuctuka rpymnmsl IlonydeHue u
XUMHYECKHe cBoicTBa. OcobeHHOCTH XuMmuU Oopa. CrtaBsl  amIOMHHUS.
Amomorepmus. Ilpumenenue Gopa, allOMUHMS, TaIds, HHAUS M TAUIAS U HX
COEJIMHEHUH.

11.  OcHOBHBIE IOJOXEHUS METOHa MOJEKY/SIpHbIX opbutaneir (MMO).
JIByX1IeHTPOBBIE JIBYXAIEKTPOHHBIE MOJICKYJISIPHBIE OpOMTand. DHEpreTUUecKHe
nuarpaMMbl MO roMosiiepHBIX U FeTepOosIepHBIX TBYXaTOMHBIX MOJIEKYII. DHEPIUs
MOHM3AlMM, MArHUTHEIE U ONITHYECKHE CBOMCTBA MOJIeKyJl. MHorouenTpossie MO.

12. Onemente! rpynmsl [IVA. Obmas xapakrepuctuka rpynnsl. Oco0eHHOCTH XUMUAN
aUIOTPONHEIX MoaupuUKanuii yrnepoga. ODysulepeHBl W WX [POU3BOHBIE.
Hanorpyoxu. Kapbumsr metamioB. CuHuIbHAsh KUCJIOTa, LHAAHWUALL, [IHALAAH.
Pomanocrosogoponnas kuciora u pomanuabl. Cepoyriepon. ®Ppeodsl U ux
npuMeHeHue. Okcupl yriaepoaa. Kapoonwmnel. Kapbonarsr.

13. Monnas cBs3p. loHHas MOJieNlb CTPOSHUS] KPUCTA/LIOB, 00pa3oBaHre MOHHLIX
KPUCTAJUIOB KaK pe3yJIbTaT HEHAIPaBICHHOCTH W HEHACHIIAEMOCTH HOH-HOHHBIX
B3alMOJICICTBUU.

14. Oxcuppl KpeMHUs, FepMaHus, 0JoBa M CBUHIA. KBapiy u ero moiammopdHbie
MO (PUKAIIAH. Kpemuueas KHUCJIOTA u CUJIMKATBHL. ["anorenumpr.
KpemuedroprucroBomoposras  kucinora. Kapbuy  kpemuus. KoMiuiekcHble
COCIWHEHUs OJIoBa U CBUHIA. [[puMeHeHHMe NpPOCTHIX BEIIECTB M COCHUMHEHUN
aneMenToB rpynnsl IVA. ITonstue o noxynposogaukax. CBUHIIOBBIN aKKyMYJISITOP.
15. Bogoponnas,  Merajmueckas — cBi3b.  CHJIBI  MEXMOJEKYJISPHOTO
B3aMMOJIEMCTBUS.

16. DOnementsl rpymisl VA. O6mas XapaKTepHCTHUKa TPYIIIbL. 3aKOHOMEPHOCTHU
00pa3oBaHUs M IIPOYHOCTH IPOCTBIX M KPATHBIX CBs3edl B rpyre. OCoOeHHOCTH
XUMUM ~ a30Ta. AMMMaK, COJM aMMOHHUS. [ UApasuH, THUIPOKCHUIAMUH,
a30TUCTOBONOPOAHAs Kucyora. Kucnopojanelie coeauHeHus aszora. OcoOeHHOCTH
xuMud NO u NO,. A30THas, a30THCTasg KUCIOTHI M UX COJIU.

17. KommnexkcHble (KOOpAUHAIMOHHBIC) coenuHenuss OCHOBHBIE  ITOHSATHS
KOOPJUHAIMOHHON TeopuH. THUIBI KOMIIJIEKCHBIX COEIMHEHHUH IO KITacCH(UKaIUN
JIMTaHJI0B, 3apsly KOOPAUHALMOHHOM cephl, YNCTy LEHTPaIbHbBIX aTOMOB.

18. OcobeHHOCTH ayuIOTPONHBIX Moaudukanuid dochopa. XuUMHUECKHE CBOMCTBA
pochopa. I'mapunbl d71eMEHTOB Tpymmbl VA: HOJIyYeHHE, CTPOSHHE MOJIEKYJI,
ceomcTBa. Kucnoponusie coequHeHuss Qocdopa: OKCHABI, KHUCIOTHI U HX COJIM.
CpaBHeHHEe CBOMCTB KHCIOT ¢ocdopa B pasHBIX CTEHNEHAX  OKUCIICHHS.
KonnencupoBanHnslie pochopHble KUCTOTH B TOTUGOCHATEL.

19. HowmenkinaTypa KOMIUIEKCHBIX coelMHEHHH. M30MepHsi KOMIIJIEKCHBIX
COeIMHEHUH. Y CTONYMBOCTh KOMIIJIEKCOB B PAacTBOpax W OCHOBHBIC (akTOpPHI, ee



onpenesromye. KOHCTaHTBI yCTOWIHBOCTH KOMIUTIEKCOB. [Ipupona XuMmudeckoit
CBSI3M B KOMIIJIEKCHBIX COCIMHEHMSIX.

20. XumudeckHe CBOHCTBA MEBIIIBSKA, CYpbMBI M BHCMyTa. OKCHIBI,
KHCJIOPOJICO/IEPIKAIIe KUCIOTHl MBIIIbIKA U CYpbMBI U UX coiid. CpaBHEHHE CHIIBI
KUCIIOT B Irpynre. IIpumMenenne mpocTsix BEIIECTB M COCAMHEHMM 3JIeMEHTOB VA
rpynnsl. Y moOpeHus.

21. MexaHuU3MBl peaknuil KOMIUIEKCHBIX COeIUHEHHM. Peakimm 3amelieHus,
OTIICIVICHUS ¥ IIPUCOCIMHEHUs JIMTaHJa, OKHUCIUTEIHHO-BOCCTAHOBUTEIHHEIE
peaknyu. B3auMHOe BIMsSHUE JUraHAOB B KOOPAMHANKMOHHON chepe. ITpumenenue
KOMILIEKCHBIX COSTMHEHMU.

22. DOnementel rpynnsl VIA. Obmas xapakrtepuctuka rpynnbsl* OcoGeHHOCTH
xuMun  Kucioponga.  CTpoeHME  MOJEKyITbl  KHUCIOpojaa, OOBSICHEHHE ee
napamarseTusma. O30H 1 030HUIBL. [lepexucs Bogopoa.

23. O01mue 3aKOHOMEPHOCTH IPOTEKAHWS XUMIYECKUX peakinii OCHOBHBIE TOHATHS
U 3a7a9d XMMHUYECKON TePMOJUHAMHUKU KaK HAyKHd O IPEBpaIeHHUSIX dHEPrUH IpU
IIPOTEKaHUU XMMHYECKHX peakuuil. TepmonuHammdeckas cucTeMa, NapaMeTphl U
(QYHKIUE COCTOSHMS CHCTEeMBI. LIepBBIf 3aKOH TepMOJMHAMUKUA. BHyTpeHHss
DHEPIus U €€ U3MEHEHUE IIPU XUMUYECKUX U (Pa30BBIX IPEeBPAIEHUSIX.

24. AjutotporHsle MOAU(UKALIUKU CEPhl M UX CTpoeHUe. XUMUYECKHe CBOWCTRA CEPHI.
Knaccugukanus okenos. IIpocThie U CI0KHBIE OKCHIBI, HECTEXHOMETPHA OKCHIOB.
I'mnpoxcuns! u kuciotsl. [lepoxcunpr, cynepokcuapl. CepoBOIOPO ¥ CYIBQHUILL..
25. Onranenus. CTapgapTHOE COCTOSHHUE W CTaHJAPTHBIE TEIUIOTHl XHMHYECKHX
peaxuuii. Terutora u sHTaNeNIUsS 0oOpa3oBaHus. 3akoH ['ecca. DHeprun XUMHUECKUX
cBszed. OOpaTuMble U HEOOpaTUMBbIE MPOIecChl. BTOpo#l 3aKOH TepMOIUHAMUKIL.
OnTtponuss U ee (QU3MUECKUM CMBICH, ypaBHeHHe bonbinmana. CraHmaprHas
DHTPOIUA. 3aBUCUMOCTD SHTPOIIMH OT TapaMeTPOB COCTOSTHHS.

26. Oxcuipl cepbl, KUCIOTBI U WX coid. KHCIOpOmHbBIE COeAMHEHHUS CeleHa U
tesnypa. CpaBHEHHE CHIIBI, YCTOMYMBOCTH W OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX
CBOMCTB KMCJIOPOAHBIX KHMCIOT B rpymme. ["ajoreHuzasl cepsl, celeHa W TeIUIypa.
I IpuMeHeHre IPOCTHIX BELIECTB M COSNMHEHUH 3JieMeHTOB VIA rpymmsl.

27. Omneprus I'mO6ca. HampaBneHme XWUMHYECKHUX IPOIECCOB, KPUTEPHUU
CaMOIIPOM3BOJILHOTO IIPOTEKAaHUsl PEaKIUid B M30JIMPOBAHHBIX M  OTKPBITHIX
cucTeMax. XUMAYECKUH IOTEHIMAN. Y CIIOBUE XUMUYECKOTO PABHOBECHS, KOHCTAHTA
paBHOBecus. M30TepMa XUMUYECKON peakIuu.

28. Onementsl rpynnsl VIIA. OOmas xapaktepuctrka rpymibl.* OcobeHHOCTH
xuMuu (ropa u actara. OKHCIUTETbHBIE CBOWCTBA IajoreHoB. BiamMoneiicTBue
rajnoresos ¢ Bogoi. I'anorenoBonopossl. Ilonydenne, cBoiicTBa. 3aKOHOMEPHOCTH
U3MEHEHUS CBOMCTB IaJION€HOBOJIOPOIHBIX KUCIIOT B TPYTIIIE.



29. CKopOCTh XMMUYECKOH PEaKI[HH, e¢ 3aBICHMOCTH OT MPHPO/IbI ¥ KOHIIEHTPALUH
peareHToB, Temneparyphel. Ilopsnox peaxkuuu. KOHCTaHTBI CKOpPOCTH U ee
3aBHCUMOCTH OT TEMIIEPATYpEl. Y paBHeHHEe AppeHnyca.

30. Knaccudukanus rajaoreHujoB. MeXrajJoreHHble COeIUHEHUS: CTpOEHHE U
coiictBa. Kucnopongusle coeuHeHus rajgoreHoB. OCOGEHHOCTH OKCHOB XJIOpA.
Kucnoposncoznepxamye KHCIOTH TaJOreHoB M HMX coju. COIOCTAaBIEHUE CHIIBL,
YCTOMYHBOCTH ¥ OKMCIIUTENIEHO-BOCCTAHOBUTENBHBIX CBOUCTB KUCIOPOIHEIX KHACIOT
rajoreHoB. I IppuMeHeHue TaJoreHOB U UX COeIUHEHHUI.

31. OHeprus aKTHBALUMU U IOHITHE 00 aKTHMBUPOBAHHOM KOMILIEKCE. Obparumsie
peakiy. 3aKOH JeHCTBYIOIMX Macc. BinsHue kaTanuzaropa Ha CKOPOCTh PEaKIIHH.
I'oMOreHHBIN U reTepOreHHbIN KaTaaus.

32. Onements! rpynnel VIIIA. Obmas xapakrepuctuka rpymsl* CoenuHenus
OJaropofHBIX ra3oB U IPUPOJIa XUMHUYECKOM CBA3M B HUX. I MApaThl GJ1aropoHEIX
raszos. OTOpUABI U KUCIOPOJIHBIE COeJMHEHUs] OIaropoaHbIX ra3oB. llpuMeHenue
0JIarOPOIHBIX T'a30B.

33. PactBops! 1 antekTposinThl COBpeMEHHBIC MIPEICTABICHHS O IIPUPOJIE PACTBOPOB.
OcobeHHOCTH XKUIKUX pacTBOpoB. Crenmuka peakiuii B BOAHBIX M HEBOIHBIX
pacTBopax. Teopus 21eKTpoIUTHYECKOH aucconmammy. MloHHOe IpOou3BeIcHIE BOIBI
U €70 3aBUCUMOCTH OT TeMIlepaTypbl. Bomopoansiil mokazarens pH, mkana pH.

34. Ilonoxenue d-anemenToB B [leprogmdeckoit cucteMe. DJIEKTPOHHOE CTPOCHHE 1
OCHOBHBIE CTEIEeHH OKHCIICHUS. Crnoco6HOCTD d-anemenToB K
KOMILIEKCO0Opa30BaHuio. 3aKOHOMEPHOCTH H3MEHEHHS CBOUCTB d-MeTanoB B 4, 5 u
6 nepuonax. ITpupomaa d-cxaTus u ee crneacTBuS.

35. Kucnorsl um ocHoBanus. Ilporonutuyeckass teopus bpencrena—Iloypu.
ComnpspkeHHble KUCIOTHI UM OocHOBaHus. ['uaponus. CoBpeMeHHBIE B3MIJALI Ha
IIPUPOAY KHUCIOT M OCHOBaHMN. CWIbHBIE U CIa0ble DJIEKTPOIUTHL. 3aBUCHUMOCTD
CTEIIEHHU OJJIEKTPOJIUTUYECKONM NIHCCOLMAIMM OT KOHIEHTPALUH, TEMIIepaTyphl,
IIPUPOJIBI PACTBOPUTEIIS, IOCTOPOHHUX DJIEKTPOIUTOB.

36. Dnementsl rpynnsl HIB. O6mias xapakrepuctuka rpynimbl. OKCHIBI, THIPOKCHUJIBI
u ¢ropuasl MetayuioB IIIb rpynmel — momyueHwe u cBoiictBa. KoMruiekcHbie
coequnenust. ComnocraBnenne xuMuu snemenToB IIIA u IIb rpynm. IlpuMenenne
METaJJIOB U UX COCIUHEHUM.

37. 3akoH pa3basnenuss OctBanpia. OCHOBHBIE TIOHSTHS TEOPHH CHIIBHBIX
anekTposuToB Jlebas n Xiokkens. [lpousBenenue pactBOpuMOCTH. J(MHAMUYECKOE
PaBHOBECHUE B HACBIIIIEHHBIX PACTBOPaX MaJOPaCTBOPUMBIX CUIIBHBIX DJIEKTPOJIUTOB
1 (aKTOPBI, €ro CMEIAIOIIHeE.

38. Omementsl rpynmsl IVh. OOmas xapakrepuctuka rpymmbl. OKCHUABl |
TUAPOKCUABI TUTaHA M LUpKOHUA. TwWraHaTel M nupkoHatThl. Coiv THUTaHWIA U

UPKOHUIIA. raHOFGHHI[BI. CriocobHOCTb K KOMHJICKCOO6pJa30BaHI/HO.
5



3aKOHOMEPHOCTH B CTaOMJIBHOCTH Pa3MYHLIX CTeleHell OKWCIeHMs. Brusaue
JTAHTAHOHUIHOI'O CXKaTHs Ha CBOMCTBA radyHusI.

39. Dnexrponubiil nmoreHnuan. OKUCIUTENBHO-BOCCTAHOBUTENBHEIE PEAKIIUE U X
HanpasiieHue. Y paBHeHue HepHera.

40. Omnementel rpymnmel Vb, OOmast xapaktepuctuka rIpymnsl. OKcHasl H
rajoreHuabl.  Bamanmarel, HmoOatel wm  TaHTamatbl.  CmocoOHOCTH K
KOMIUIEKCOOOPA30BaHMIO ¥ OOpa30BaHUIO  KJIACTEPOB. 3aKOHOMEPHOCTH B
CTa0MJIPHOCTH pAa3NUYHBIX cTeneHed okuciaeHus. ComocTaBieHHe CBOMCTB
coequnennit BaHaausi(V) u ¢pocdopa (V). [lpumenenre Banaays, HHoOUs U TaHTalla
U UX COEIUHEHUN.

41. DnexTpous.

42. DnemenTs! rpymibl VIB. O0mas xapakrepuctuka rpyasl. OKCHUIbI, FaTOreHI (5]
u cynbpuasl. CpaBHEHHE CBOMCTB XpPOMOBOW, MOJMOICHOBOH W BOJB(OPaMOBOi
kucior u ux coned. Ilomukucnorsr u ux conu. Ilepoxcuppl. OKUCTUTETHHO-
BOCCTAHOBUTEJIBHBIE  CBOMCTBAa  COEIMHEHMH  Xpoma, 3aKOHOMEpPHOCTH B
CTaOMIIBHOCTH Pa3NMYHBIX CTeTIeHel okucienus. [ [puMeHenne xpoma, MOTMOAeHa U
BOJIb(ppaMa M UX COeTUHEHUH.

43. KosmuratvBHBIE CBOWCTBA PAaCTBOPOB DIEKTPOIUTOB U HEDJIEKTPOJUTOB.
M3oronnyeckuii ko puiuenT. 3akoH Payis. Kpuockonus u 50y1MocKonusi, 0cMoc.
44. Dnementsl rpynnsl VIIB. O6mas xapaxrepuctvka rpymnnsl. Kucnoponassie
COeJMHEHUs]  MapraHia, MX  KUCJIOTHO-OCHOBHBIE W OKHUCJIUTEIHHO-
BOCCTaHOBHUTENbHBIE CBOMCTBA. CTaOMIBHOCTH COSAMHEHUH MapraHiia B pa3InIHbIX
CTeNeHsX OKucieHus. OCOOCHHOCTH XUMUU TEXHEIUS U PeHHUSI, UX IPUMEHEHNUE.

45. qucniepcuble cucrembl. Knaccudukanus. CtpoeHre MUIIEIL.

46. DOnementrsl rpynnsl VIIIb. OOwmas xapakrtepuctuka rpymmsl. OOOCHOBaHUE
pas3esieHus 3JIEMEHTOB Ha CEeMEHCTBa jKelle3a U IIaTHHOBBIC MeTaiutbl. CeMercTBO
Kelleza: TOJlydeHUe U (U3UKO-XMMHUYECKHe CBOMCTBA Keje3a, KoOalbTa U HUKEIS.
Oxcuibl ¥ TUIPOKCUIBI, TajJoreHuasl U cynbduasl. Koppos3us xeneza m 6oprda ¢
Heil. [lmaTtvHOBBIE METaIBl: OCHOBHBIE KJIACChl KOMILUIEKCHBIX COEJUHEHUN
IIJIATUHOBBIX MeTallI0B. CoeIMHEeHUS IIJIaTUHOBBIX 3JIEMEHTOB.

47. OcHOBHBIE XapaKTepPUCTUKH XUMHUYECKOW CBsI3U: JIJIMHA, OHEPTUsd,
HaIlpaBIIEHHOCTb, HOJSAPHOCTh, KPATHOCTh. TUIBI XUMUYECKOU CBSIZH.

48. Dnementsl rpynisl [b. Obmast xapakrepructuka rpynibl. OKCHJIBI, THAPOKCUIBI
U TaJlloreHubl. M3MeHeHre B YCTOWYMBOCTHU CTETIEHEHW OKHUCIICHHUS 3JIEMEHTOB B
rpymne.  KowmrutekcHsle  coemuHeHus. OneMmeHThl rpymmsl 1B, OOmas
XapakTepucTuka rpynibl. OcCoOEHHOCTM TOATPYNIIBI ILIMHKA B KadecTBe
IIPOMEXYTOYHON MEXIy NEepPEeXOTHBIMA M HENepeXOAHBIMH MeTautaMu. OKCHUIBI,
TUJIPOKCHU/IBI, TAJIOTEHUIBI U CYJIbMUIBL.
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