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Conep:xanue
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7. TlepeueHb UTEPaTyphl, HEOOXOJUMOM [J151 OCBOCHHS JUCHUILIMHBL (MOYJIs1)
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HEOOXOJUMOCTH)

11. Onucanue MaTepuaibHO-TEXHUYECKOUN 0a3bl, HEOOXOIUMOM JIIsl OCYILECTBIEHHS 00pa30BaTeIbHOTO MPOIIecca Mo
JUCLIUIUIAHE (MOAYJIIO)

12. CpeactBa agantanyy npenojaBaHust AUCHUIUIMHBL (MOAYJIs) K TIOTPEOHOCTSIM 00YYaIONIMXCsl UHBAJIMIOB U JIUL] C
OrpaHMYCHHBIMU BO3MOKHOCTSIMU 3[J0POBBS

13. ITpunoxenue Nel. PoHJ OLIECHOUHBIX CPEICTB
14. Tpunoxenune No2. [lepeueHsb uTepaTypbl, HEOOXOAUMOM /ISl OCBOSHUSI TUCHMIUIUHBI (MOJ1YJIs1)
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Xumnueckuid THCTUTYT uM. A.M. Bytneposa), Valery.Shtyrlin@kpfu.ru

1. IlepeyeHb MIIAHNPYEMBIX Pe3yJIbLTATOB 00YUEHHs MO JUCIHHUILIAHE (MOIYJII0), COOTHECEHHBIX ¢ INIAHUPYEeMbIMHI
pe3yabTaTamu ocsoenust OIIOII BO

OO6yyarnImuiics, OCBOUBIINE QUCIWIUTUHY (MOJYJIb), JOJIKEH 001a1aTh CJICAYIONMMA KOMITETCHITASIMU:

Mudp PacuudpoBka
KOMIeTeHIIN npuodperaeMon KOMIeTeHIINH
IK-1 CriocoOeH MCIOIb30BaTh MOJTyYeHHbIE 3HAHUSI TEOPETHUECKUX OCHOB (hyHIaMEHTaIbHBIX
[pa3/iesIoB XMMUU TIPU PellieH|H MPOeCCHOHANBHBIX 32124

OO6yyarnInuiics, OCBOUBIINI QUCIMIUIAHY (MOJYJIb):
JloJKeH 3HATh:

3JIEMEHTHI 1 OTepaliy TOYEYHON CUMMETPHH, MaTEMaTHIECKUI 1 (PUBMUECKUI CMBIC HETTPUBOANMBIX IIpeICTaBICHHH,
CIIOCOOBI CUCTEMATHYECKOTO MOCTPOSHUS TaOJIUI XapaKTePOB Ha OCHOBE TeHEPATOPOB I'PYII U POM3BEACHHUS MOATPYIIIL,
(opmyity pasnoxeHust M IPON3BEICHN ST HEPHBOIMMBIX MPEACTABICHHUH, IBOWHBIE TPYIIIHI M JBY3HAYHBIC TIPECTABIICHHS,
anreOpanyuecKylo TEOPHIO TPYIII, ONEPAlMK C BEKTOPAMHU U MaTPULIAMH, HEIIPUBOAMMBIC IIPECTABIICHUS IPYIII CHMMETPUH 1
VX OCHOBHbBIE CBOWCTBA, PEAYKLIHIO TPUBOANMBIX MPEICTABICHHUN 110 CUMMETPHHX U KJIacCU(UKALIMIO TEPMOB aTOMOB 1
MOJIEKYJI, IpaBUjIa 0TOOpA I MAaTPHYHBIX 9JIEMEHTOB, CHMMETPUYECKHE I'PYIITHI IIEPECTAHOBOK, AuarpaMmbl FOHra,
CHUMMETpPHYECKHE I'PYTIITBI IEPECTAHOBOK C MHBEPCHEH, CaliT-CHMMETPHIO, TPOSKIIMOHHBIE OTlepaTophl, KOH(MHUIYpauoHHOE
B3aUMO/IEHCTBUE, HEMPUBOJVMBIE IIPEICTABIICHHS SIICPHBIX CIMHOBBIX COCTOSIHUH, aCIIEKTH CHMMETPUH B MEXaHU3Max
XUMUYECKUX peaKlvii, BAOPOHHBIE U POBUOPOHHbIC 3(D(PEKTH M UX POJIb B XUMHUYECKHUX PEaKIHSIX.

JloKeH yMeTh:

OpHMEHTUPOBAThLCS B TAOJIMIAX XapaKTEPOB IPYIIII, ACTIEKTaX CHMMETPHU B TEOPHHU KPUCTAJUTIYECKOTO TOJIs,
KOPPEIALMOHHBIX Ta6J'II/ILlaX, TE€pMaxX MHOT'O9JIEKTPOHHBIX COCTOHHMﬁ, OLICHUBATb POJIb MEKIJICKTPOHHOI'O OTTAJIKUBAHUSA U
CIMH-OPOUTAJILHOTO B3aUMOJENCTBYS 1pu LS- u jj-cBs3u, npumensts cyneprpymy [lpeaunrepa, olieHUBAaTh CBSI3bIBAHUE
crmHOB siep no Knediy-I'opaany, HaXoauTh HENPUBOIMMBIE NIPEICTABICHHS SIIEPHBIX CIMHOBBIX COCTOSIHUI, OLIEHUBATh
CBEPXTOHKOE paciieruieHue B crektpax DI1IP.

JlomxeH Bl1afeTh:

HaBBIKaMM TIPMEHEHN I IOHSTUH TEOPUU CUMMETPUH K aHAIM3Y ONTHYECKOW aKTUBHOCTH, JUIOJIbHBIX MOMEHTOB,
CTEPEOXUMUYECKH HEXKECTKUX CTPYKTYP, SKBUBAJIEHTHBIX ATOMOB M JUACTEPEOTOINH, 371eKTpoHHbIX, K- n KP-criekTpoB, k
OTHECEHMIO JIEKTPOHHBIX IIEPEX0/I0B B CHEKTPAX MOJISIPU30BAHHOTO U3JTyUEHU S, IPYIIIT CAMMETPUHN HEKECTKUX MOJIEKYI, K
aHaJIM3y JEKTPOHHOI CTPYKTYPhl MOJIEKYJI, BpalllaTeIbHbIX COCTOAHMI, criekTpoB IMP u II1P, cuMMeTpuy B MexaHu3Max
XMMHMYECKUX PEaKIH.

I[OJDKCH AEMOHCTPHUPOBATH CITOCOOHOCTh ¥ TOTOBHOCTD:

MIPUMEHEHM S OHATUH TEOPHH CUMMETPUU K aHAJIM3Y ONTUYECKOI aKTUBHOCTH, IU-TIIOJIbHBIX MOMEHTOB, CTEPEOXUMUYECKU
HEXECTKUX CTPYKTYP, SKBUBAJIEHTHBIX AaTOMOB U IMACTe-PEOTONNH, IEKTPOHHBIX, IK- n KP-criekTpoB, kK OTHECEHUIO
3JIEKTPOHHBIX NEPEX00B B CIEK-Tpax MOJISPU30BAHHOIO U3TyUEHUs], TPy CUMMETPUH HEKECTKUX MOJIEKYJI, K aHAJIU3Y
3JIEKTPOHHOM CTPYKTYPBI MOJIEKYJI, BpalaTelbHbIX COCTOSAHMM, criekTpoB AMP u SI1P, cummeTpun B MexaHI3Max
XMMUYECKUX PEaKIHil.

2. MecTo nucuumauHbl (MoayJas) B ctpykrype OIIOII BO

HanHast qucruIuiHa (MOAyJb) BKMoveHa B paszaen "B1.B.JIB.15.04 Mucuuruimasl (MOayM)" OCHOBHOM NMpOoecCHOHANHON
obpazosarenbHol nporpammsl 04.03.01 "Xumus (Xumust)" 1 OTHOCUTCS K JUCHUILIMHAM 110 BeiOopy yactu OITOIT BO,
(opmupyemoit yuacTHUKaMu 00pa30BaTeIbHbIX OTHOILIEHHH.

OcBauBaercs Ha 4 Kypce B 8 cemecTpe.

3. O6beM qUCHHMILIMHLI (MO/IYJIsI) B 3a4€THBIX € JHHHIAX C YKa3aHHEM KOJIHYEeCTBA YaCOB, BbII€JI€HHBIX Ha
KOHTAKTHYIO Pa0oTy 00y4alIuxcs ¢ NpenojasareieM (110 BHAaM Y4eOHbIX 3aHATHII) H HA CAaMOCTOSITENbHYIO
padéoTy obyuarommxcs

O061m1ast TPyIOEMKOCTh AUCIATUTMHBI COCTABJISIET 2 3a4eTHBIX (bie) eMUHUI(b) Ha 72 Jaca(oB).

KonraktHast pabota - 41 vaca(oB), B ToM umciie Jekuun - 40 yaca(oB), npakTuueckue 3aHsatus - 0 yaca(oB), 1abopaTopHbie
padotsl - 0 yaca(oB), KOHTPOJIb CAMOCTOSITENIbHOW paboTh - 1 aca(oB).

CamocrositenbHas padoTa - 31 yaca(oB).

SAEKTPOHHBH
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KouTposns (3auér / ax3amen) - 0 yaca(oB).
dopma poMekRyTOYHOTO KOHTPOJISI JUCIUMILIMHBL: 3a4eT B 8 cemecTpe.

4. Coaep:xaHne JUCHHMILIMHBI (MOyJis), CTPYKTYPHUPOBaHHOE N0 TeMaM (pa3/jejaM) ¢ YKa3aHHeM OTBe/IeHHOI'0 Ha
HHUX KOJIHYEeCTBA aKaJeMHYE€CKHX YaCcOoB 1 BU0B yqeﬁmﬂx 3aHATHI

4.1 CTpykTypa 1 TeMaTH4€eCKHIl IUIaH KOHTAKTHOM U CAMOCTOATEJbHON PAGOThHI 0 AU CHHUILIHHE (MO/IYJIIO)

Bujpbl 1 yachl KOHTAKTHOW PadoThI, Camo-

HX TPYAO0EMKOCTh (B yacax) cTod-

N Pazean! qucuuminnbt / Ce- lexumun, lexnun|IIpaxTu-[[IpakTu-JIadopa-Iaopa-| TeIb-
Moay.Jist MECTP| Bcero | B 3JI. | YeCKHe | YeCKHeE |TOPHBIE [TOpHbIe | Hasd
¢dopme BansTHA,| B3J. [padoThl,| B 3. pa-

Bcero | cdopme | Bcero | popme | OoTa

Tewma 1. TlonsTue cummeTpuu B punocopuu u
1. |ecrectBosnanmm. I'eomeTpuyecknii MoAXos K 3 > > 0 0 0 0 |
" |reopun cummerpun. Toueunas cuMMeTpHsL.

Tema 2. [ToHsITHE O TOUEUHBIX TPYIIIaX

cummMeTpur. CucTeMbl 0003HAYESHUI TOYSUHBIX
2. (rpynm. YeTslpe THNa TOYEUHBIX TPYIL. 8 2 2 0 0 0 0 2
OcoOGEeHHOCTH HETIPEPBIBHBIX TOUEUHBIX TPYIIIL.

Tema 3. AJropuT™ OmpeeeHIs] TOUSIHON TPYIIITHI
CUMMeTpuM MoneKky1. Kpurepun Hanmaus
ONTUYECKON aKTMBHOCTH U JTUITOJBHOTO MOMEHTA.
3 KBHUBAJICHTHbIE aTOMBI. CTEpEOXMUYECKU 3 > > 0 0 0 0 )
HEKECTKHE CTPYKTYPBI KOMILIEKCOB.
HuacrepeoTonusl.

Tema 4. Autucummerpus. Cummerpus u

TMCCUMMETPUS B IPUPOJIE U UCKycCTBe. PellieHue
4. |3a1a4 ¢ IpUMEHEeHHeM T'eOMEeTPUYECKOro rmoaxoaa k| 8 2 2 0 0 0 0 2
TEOPUH CUMMETPHH.

Tema 5. Anrebpandeckuil Mogxo] K TEOPHU
cummeTpur. OCHOBHBIE CBOMICTBA MaTEMaTHIECKOM
rpynibl. Tabanma yMHOKEHHS 7S TPYTIITBL.

5. |TToarpynmsl, IUKJITYECKHE U aOesIeBbl TPYIIIHL. 8 2 2 0 0 0 0 2
[peobpaszoBanre noxoous. Kiaccel conpsikeHHbIX
9JIEMEHTOB.

Tema 6. I'enepartops! rpynmsl. [IpousBeaenus

rpynn. Onepatyy Haj Bektopamu. Onepanuy Haj
marpuniamu. KBagpartHeie, eTMHUYHbIE, OOpaTHbIE,
6. [TpaHCIIOHMPOBaHHBIE, IPMUTOBO-CONPSIKEHHbIE U 8 2 2 0 0 0 0 2
YHUTapHbIE MATPHIIBL.

Tema 7. IIpeoGpa3oBaHue mOJOOUS IS MATPHII.
Marpuiisl peodpa3oBaHUM TSI OTIEPAITHI
cummeTpun. OToOpaxkeHus1, U30- ¥ TOMOMOP(MU3M. 3 5 0 0 0 0 0 )

7.
HCHpI/IBO,III/IMI)I€ MPEACTABJICHUSA U UX OCHOBHBIC
cBoricTBa. TabIHITH XapaKTepOB TPYIIIL.
SAEKTPOHHBH
Crpanuna 4 u3 15. Il YHHBEPCHTET
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Pa3nean! qucIUNINHLI /
MOIyJIsT

MecTp

Buasl u yachl KOHTaAKTHOI PadoTHI,
HX TPYJ0E€MKOCTH (B 4acax)

Ulexnun,
BCEro

B 9JL
¢ opme

YecCKue
3aHATHA,
BCero

YyeCckKue
B 3JI.

¢ opme

UIekuu{IIpakTu-[[Ipakrn-JIaéopa-

TOpPHbIE
padoThl,
BCEro

UIabopa-
TOpPHbIE
B 9JI.

¢ opme

Camo-
cTOs-
TeJb-
Has
pa-
oora

Tema 8. IIponsBeneHnsT HEMPUBOUMBIX
npencrapiaenuid. Taomuis Kamm. dusnueckuii
CMBICJT HEIIPUBOAUMBIX IIpefcTaBieHnid. CrocoOb
CHCTEMaTHUYEeCKOrO IMOCTPOCHU S TaOJIHII
XxapakTepoB. TaGNIHIIbI XapaKTepOB TOYEUHBIX
IpyIn 1 0003HAYEHUSI IPEACTABICHUH MO
Mamkeny.

Tema 9. Pegykuusi npyuBOAUMBIX MTPEICTABICHUN.
dopmya paznoxeHus. Peqykiws mponsBeaeHus
HETPUBOANUMBIX MpecTaBieHnid. Popmyna
Kinebma-TI'opnana.

10.

Tema 10. HenpuBoarmbie peAcTaBICHUS
kiaccudukanysa repmoB. Teopema 3.I1. Burnepa.
Knaccudukanus TepMoB CBOOOAHOTO aToMa.
ACIIEKTbl CHMMETPHH B TEOPHHU KPUCTAJUTYECKOTO
noJist. KoppensiiuoHHbie TaOuIuiibL.

11.

Tema 11. TepMbl MHOTO3JIEKTPOHHBIX COCTOSIHUM.
HenprBoanmble npeacTaBieHns 1 TEPMBbI
JIMHEWHBIX MOJIEKYJI. MeKaIeKTpOHHOE
OTTAJIKMBAHUE U CIIMH-OpOUTAIbHOE
B3auMoJencTBre pu LS- 1 jj-cBA3u. ATOMHBIE
TepMbl. Pacierienre TepMoB 1oz aeiicTBreM
CIUH-OPOUTAILHOTO B3aUMOJICUCTBUS. [[BOVHbIC
IPYINIIBI U JBY3HAYHBIE TIPECTABIICHMS.

12.

Tema 12. Pacieruienue TepMoB B cl1aboM 1

CIJIBHOM KPUCTAUIMYECKUX Mosx cummeTrpun Oh.

OnpepeneHre CIMHOBOW MYJIBTUILUIETHOCTH
COCTOSIHUI METOJOM CHIKEHUS] CHMMETPHUH.
Huarpammbl Tana6e-CyraHo. DieKTpOHHbIE
CIIEKTPbl KOMIUIEKCOB MTEPEXOJHBIX d-MeTalIoB.
Huarpammsl Oprena.

13.

Tema 13. IIpaBuia ot6opa Ui MaTpUIHBIX
9JIEMEHTOB. VIHTEHCUBHOCTD 3JIEKTPOHHBIX
repexo/1oB. VICTOUHNKY MHTEHCMBHOCTH
3anpenieHHbIX nepexoaos. OTHeceHue
9JIEKTPOHHBIX NTEPEXO/IOB B CIIEKTPax
TMOJISIPU30BAaHHOTO M3JTyYeHHS.

14.

Tema 14. Knaccudukanus Koje6aHui 10 TUIIAM
cummeTpui. [IpaBuia ot6opa /s MOTJIOMEeHUs
W3JTy4YeHUs] MOJIEKYJISIPHBIMU KOJTeOaHMSIMHU.
Pemenue 3a1a4 ¢ mpuMeHeHNEM aredpandeckoro
MOZIXOZA K TEOPUH CUMMETpPUH.

Crpanyua 5 u3 15.
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Buapl 1 yachl KOHTAKTHOW PadoThl, Camo-

HX TPYJ0E€MKOCTH (B 4acax) CTOSI-

N Pazmeant qucuumimnnb / Ce- Iexmun,Texmmu|lIpakTu-[IIpaktu-/Iadopa-/Iadopa-| Teab-
Mo ayJist MECTP| Bcero | B3J. | 4YecKHe | YyecKHe |TOpPHBIE |TOpPHbIe | Hasd
¢dopme BaHaTHsA,| B 3J. |[pabdoThL,| B3I pa-

Bcero | cdopwme | Bcero | ¢popme | 00Ta

Tema 15. HekoTopsle crienuaibHble TPYIIIHL.
CuMmeTpryecKas rpymmna HepecTaHOBOK.
Huarpammsl FOHra. CuMMeTpudecKue rpyIsl
15. |mepecTaHOBOK ¢ MHBEpcUei. [ pynnbl cuMMeTpun 8 2 0 0 0 0 0 2
HEXECTKUX MoJIeKyIl. VzoguHamuueckue
onepanuu. Cyneprpynma Illpexunrepa.

Tema 16. KBaHTOBas MEXaHUKA U JIEKTPOHHAS

cTpykTypa Mojekysl Merox MO JIKAO.

Caiir-cummerpust u cummerpust MO.
['m6punnzoBanHble opOuTany. [IpoekmoHHbIE

16. oneparopsl 1 MO JIKAO. BonHoBbIE (pyHKIIMN 8 4 0 0 0 0 0 2

meroga BC. KondurypaimonHoe B3auMoJeicTBHE.

Tema 17. BpamiatenbHsle U sepHbIE CIIUHOBBIC
cocTostHUS. VIHTEHCUBHOCTb BpalllaTeIbHBIX
nepexosioB. CBsI3bIBAHUE CITUHOB s€p MO

17 Kne6uty-I'opnany. Henpusoaumble npecTaBieHus ] 4 0 0 0 0 0 0
" |SIIEPHBIX CITMHOBBIX COCTOSIHUM U crieKTpsl SIMP.
CBepxTOHKOe pacuierieHue B criekrpax II1P.

Tema 18. ACIEKTBI CHMMETPUU B MEXaHU3MAX
XMMUYECKUX PeaKUUid. DJIEeKTPOLUKINUECKIE
peakiyy. Peakimy HUKJIONPUCOEANHEHHS.
Peaximy neperpynnmupoBKY U 3JMMHUHUPOBAHUS.

18.|CTpyKTypHasi HEXECTKOCTb, BUOPOHHBIE 1 8 2 0 0 0 0 0 0
POBUOPOHHBIE 3(PHEKTHI U UX POJIb B XUMUYECKUX
peaKImsx.
lToro 40 12 0 0 0 0 31

4.2 Coaep:xaHue JUCHUILIMHBI (MOYJIs1)

Tema 1. IlonsiTne cummerpuu B hustocodun u ectecTso3HaHuu. 'eomeTpnyecknili moaX0/1 K TeOPHH CHMMETPHH.
Todeuynass cuMMeTpHS.

INousTre cuMmeTpun B pmitocouu U eCTECTBO3HAHUH. []e/lyKTUBHO-aKCHOMATHYECKUI METO/ B TEOPUHM CUMMETPHH.
I'eomeTprueckuii moaxoa K Teopu cuMMmeTpur. Orpesesienne To9edHol cuM-MeTpun. Oneparyy U 3JeMEHTbl CHMMETPHU.
CoOCcTBEHHOE BpallleHue BOKPYT OCH CUMMETPHUH, MO-PsI0K OCH BpallieHus. [IpaBuiia opueHTaly MOJIeKyJl OTHOCHTEIBHO
cucteMbl KoopauHat. OTpa-eHue B INIOCKOCTY CUMMETPUH, Tpeo0pa3oBaHie KOOPAWHAT NPU OTPAKEHUH B IIOCKOCTH
cum-MeTpun. HecoOGcTBeHHOE BpallieHre, KOIMYEeCTBO Ollepaliiii HeCOOCTBEHHOI'O BpAILIeHHs IIPY HEUET-HOM M YETHOM
nopsiake ocu nosopota. ViHBepcus, npeodpa3oBaHre KOOPAMHAT NIPH OIepaluy MH-Bepcur. ToxIeCTBEHHOE peoOpa3oBaHue
(omepanys UOEHTUYHOCTH), (POPMAIBHBIN U COAEPXKA-TEIbHBIA CMBICT ONEPALINA UIEHTUYHOCTH.

Tema 2. IlonsiTHe 0 TOYEYHBIX rpynnax cuMmMeTpun. CucreMsl 0003HaYeHNN TOYeYHBIX rpynn. YeTsipe Tuna
To4YeuHbIX rpynn. Oco0eHHOCTH Henp ePHIBHBIX TOYEYHbIX IPYIIIL.

OnpejesneHue Todeynow rpymmsl. Cucrtemsl 0003HaueHunit Toueunbix rpymm [lendimca u ['epmana-MoreHa (MexXIyHapoIHast).
Yetsipe TIa TOYEUHBIX Tpynir: 1) mpocreiimme rpyms - C1,CS, Ci; 2) nukmrmyeckue rpymmsl - Cn, Sn, Cnv, Cnh; 3)
Jausipudeckue rpynmnst - Dn, Dnh, Dnd; 4) Td, Th, T; Oh, O (kyouueckue rpymmbi); Th, 1. [IpaBusibHble MHOrOrpaHHHUKH (Tesa
ITnarona). [Ipumepsl MOIEKyYJ1, OTHOCSIINXCS K PA3IMIHBIM TPYIIIIaM CUMMETPHH, ¥ KOJIMUECTBO ONEPAIil CHUMMETPUH B 3THX
rpynmnax. ApXMMeIoBbl M KaTaliaHoBHI Tesa. OCOOSHHOCTH HelpepbIBHBIX ToueuHbIX rpymn Coov, Dooh u Rh(3).
[Tapamerpuueckue rpynmst JIu.
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Tema 3. Auroputm onpe/jieieHHsI TOYeYHON IPYNNBI CAMMETPHHI MoJeKyJ. Kpurepun Hanmaus onTnyeckoi
aKTUBHOCTH U JUNOJbHOI0 MOMEHTA. DKBHBaJEeHTHbIe aTOMbI. CTepeoXnMuyecKn HeKeCTKHE CTPYKTYPBI
KOMILIeKCOB. /Inacrepeoronus.

AJITOPHUTM OTIpe/IeNIeHNs] TOUSYHOM TPYIIIbl CAMMETPUU MOJIEKYJI, IPUMEHEHHE aJITOPUTMA K OTHE-CEHUI0 CUMMETPUU
COHIBHYEBHIX KOMIUIEKCHBIX coelMHeHU. CTpOruid KpUTepuil ONTHYECKON aK-THUBHOCTH MOJIEKYJI, TPYIIITBl CHMMETPUN
OIITHYECKH aKTUBHBIX MoJieKyl - C1, Cn, Dn, O, I, R(3). Ontrueckas akTHBHOCTh KOMIUIEKCOB. I pyIIIibel CHMMETPUU MOJIEKYJ,
obnanaomux aunoibHbM MomeHToM - C1, CS, Cn, Cnv 1 Coov. DKBUBaJICHTHbIE aTOMBI. [IprMepbl OTHECEHUSI CHMMETPUN
MOJIe-KYJI Ha OCHOBE ONpe/Ie/IeHHs YrCiIa SKBUBAJICHTHBIX aTOMOB crieKTpaibHbiMu MeTogamu: [VOF5]3-, [Ni(CN)5]3-,
[Mo(CN)8]3-, NiL4. CtepeoxuMUIecKd HeKECTKHIE CTPYKTYPbl KOMIUIEKCOB. [[pUHIIMI OTHOCUTENFHOCTH K CPEICTBAM
HaOmoaeHus. I30XpOHHOCTb, TMACTEPEOTONHS U POXUPAILHOCTD (Ha nipuMepax coeauneHuit: H3C-CH2Cl, ABDC-CH2Cl u
(CH3)2CH-CH(NH2)COOH).

Tema 4. AuTucnmMeTpusi. CHMMeTpPHSA U TUCCHUMMETPHS B MPHPOJIe H HCKyccTBe. Pemenne 3aj1a4 ¢
NpUMeHeHNeM reOMeTPHYeCKOro Moaxo/1a K Teopuu CHMMeTpPHH.

Onpepenenrie ToueYHOU TpymITs 1o cuctemaM lllendrmca u I'epmana-Morena, HATMYXS ONITHYE-CKOM aKTHBHOCTH,
JWITOJIFHOTO MOMEHTA U YMCJIa HE9KBUBAJICHTHBIX ATOMOB Y Pa3JIMYHBIX MOJIe-KYJI Ha OCHOBE BBEJICHHBIX aJITOPUTMOB. AHAITN3
CUMMETPUH U (PU3UKO-XUMHUYECKIX CBOMCTB MOJICKYJT UCKKEHHOW TETPadJpUIECKON M OKTASAPHIECKON CUMMETPUH.
PaccmoTpenune cummeTpun 1 (PU3NKO-XUMUYECKHUX CBOMCTB KOH(MopmepoB. [ToHsiTue 06001eHHON cummeTpuu. Onepa-1us
AHTHCUMMETpPUH. [ pynibl aHTUCUMMETPHU (MATHUTHbBIE WK IIyOHUKOBCKUE IPyIIibl). [IprMepbl TOUEUHbBIX TPy
antrcummerpun: 1?2, 2?/m?, 47, 32?. 1IgeTHble (0eJ0BCKKE) TPYIIIIHL

Tema 5. Anre6pandeckuii moaxo/1 K Teopun cumverpun. O CHOBHbIE CBOHCTBA MaTeMaTHY€CKOW IPyNblL.
Ta6ummna ymHoKeHust Jis1 rpynmnsl. [loarpynnel, nukiandeckue u adesieBsl rpynmnsl. [Ipeodpa3oBanne moaoomus.
Kuacchbl conpsizKeHHBIX 3JIEMEHTOB.

Anrebpandecknil oaxon K Teopun cummerpun. Kommnosuims (mponsseeHne) onepanuii CiM-MeTpru. I pyTims ¢
KOMMYTHUPYIOLIAMH OrepaisiMi (aOGesIeBbl) 1 HEKOMMY THPYIOIIMMU oriepa-LusMu (HeaOeneBbl). [Ipumepsl Npor3BeieHus
oreparwii B rpyrmax C2v (monekyna H20) u D3h (monekyna BF3). Maremarudeckoe onpeneneHne rpymsl. U3 ucropuu
craHoBJeHus teopuu rpymi (3. Famya, K. Kopnan, ®. Kneiin, C. JIu). YeTblpe OCHOBHBIX CBOMCTBA MATEMATHIECKOM TPYTIITHL:
1) KOMIo3unys JIOOBIX IBYX 9JIEMEHTOB I'PYIITH! JAET JIEMEHT, TAK)Ke MPUHAIEKAIINI JaHHO rpymre (YCIoBhe
3aMKHYTOCTH); 2) U151 JIIOOBIX 9JIEMEHTOB I'PYIIITBI BBIIOJIHAETCS] aCCOLMATUBHBIN 3aKOH (TPYIITIOBbIE CBOMCTBA); 3) CYIIECTBYET
€MHCTBEHHbIN ¢IMHIYHBINA 31eMeHT (E), KOMMYTHPYIOIHI ¢ IOObIM JPYTHM JIEMEHTOM TPYIIIbl ¥ JAIONIUIA B TPOU3BEACHUM
C HUM 3TOT XKe 3JIeMEHT; 4) JUIs1 Kak/I0ro 3JieMeHTa rpymiibl (A) cyiiecTByeT oOpaTHbIi eMy 3jieMeHT (A-1), KOMMYTHPYIOIIHI C
HUM U JAIOIINIA B TIPOM3BE/ICHUU C HUM €IMHUYHBINA 31eMeHT. [Ipumepsl rpymm. Tabmina ymMmHOX)eHUs 171 rpymisl. CBoiicTBa
TaOJMIBl YMHOKEHHUS U151 TPyII-Tibl. IlocTpoeHre TabMIbl yMHOKEHHUS U1l aOCTPAKTHOM TPYIITBI U3 TPEX JIEMEHTOB - E, A u
B. [Mogrpynmsl, IukIMYeckue rpymmsl. [IpeodpasoBanue nonodust (onepatiust conpsikenus). Tpu CBOWCTBA OMepalyu
conpsikeHust: 1) Kax/Iplil 9JIeMEHT IPYIIBI CONPSIKEH caM ¢ COO0M; 2) ek JIeMeHT A COTpPSIKeH ¢ 3ieMenTom B, To u B
conpsikeH ¢ A; 3) ecnu aseMeHT A comnpsikeH ¢ aiementamu B u C, to B 1 C conpsikeHsl Mex1y co0oit. Kitacchl conpsixeHHbIX
aneMmeHToB. Kiaccuukanus anemeHToB rpynmnsl C3v.

Tema 6. I'enepatopsl rpynnbl. [Ipousseaenusi rpymn. Onepanun Haj Bekropamu. Onepanuu Ha/J MaTPUIIAMH.
KBanparHrle, e ITHHIYHbIE, 00PaTHBbIE, TPAHCIIOHUP OBAHHbIE, YPMUTOBO-COMNPSI’KEHHbIE H YHUTAPHbIE MaTPHIIbI.

I'enepaToper rpynmsl. [Tpumep nocrpoenus rpymmsl C3v Ha ocHoBe reHepatopoB C3 u ov. [IpsaMele 1 noaynpsmMsie
npousBeenus rpyni. Ipumep nocrpoenus rpynmst C3v Ha ocHoBe noarpymm C3 u CS. IIpaBble 1 1eBble CMEKHBIE KJIaCChI
371eMeHTOB. MIHBapraHTHbIe moarpynmsl. Tabauia nepapxuy TOUEUHBIX TPYIII, 3aITMCAHHBIX Yepe3 reHepaTopsl 1
TIPOM3BE/ICHNSI HE3aBUCHUMBIX TTOArpymil. PopmMalibHO-MaTeMaTHUECKHH annapar Teopu cumMmeTtpur. OrpesiesieHre TeH30pa
KaK yMOpsIIOYeHHON cucTeMbl (DYHKIMI OT KOOpAWHAT TOUKH. PaHr Ten3opa. Onepanuy Haja BeKTopamu: 1) cioxeHue; 2)
YMHOXKEHHUE Ha CKaJAp; 3) CKaJIspHOE MIPOU3BEAECHUE BEKTOPOB; 4) TEH30pHOE (TIPsIMOE) MPOU3BEIEHNE BEKTOPOB. basucHeie
BEKTOpPHI. BekTop-cTosber, BeKTOp-CTpoKa, TPaHCTIOHMPOBAHHBIN M 00paTHBIN BeKTOp. Onepanuy Haa MaTpunamu: 1)
CJIOKEHUE; 2) YMHOKEHUE MaTPULIbl Ha CKANIAP; 3) CKAISPHOE MPOU3BEICHNE MATPHULL; 4) TEH30pHOE (IIPSAMOE) IPOU3BEICHUE
Marpuil. Xapakrep (cien) Matpunsl. KBajsipaTHble, eMHUYHBIE M 00OpaTHBIE MaTPHILIBI, TPAHCTIOHMPOBAHHbIE,
3PMHUTOBO-COTIPSKEHHBIE ¥ YHUTapHbIe MaTpuibl. O603HaUeHNe eAMHUIHON MaTpHIpl cuMBOJIOM KpoHekepa.

Tema 7. Ilpeo6pa3oBanne moao0us 1jist MaTpun. MaTpunbl npeodpa3oBaHuil JAJs oNlepalnuid CAMMETPHUH.
OTtoo6pakenusi, n30- u romomopdu3m. Henpusoaumeie npeicTaBjeHns H HX 0CHOBHbIE cBolicTBa. Tadanipl
XapaKTepoB rpyni.

[Ipeob6pazoBanue nonobus s marpuil. [Ipumep npeodpasoBaHus MOJOOMS ¢ IIOMOIIBI0 BEKTOPOB M MATPHII IIPH TIOBOPOTE
CHCTEMbI KOOpAMHAT. MaTpuIipl IpeoOpa3oBaHUi [UIsI ONlepalii cMMMeTpur. MaTpiiia MOBOPOTa B TPEXMEPHOM
MIPOCTPAHCTBE, YHUTAPHOCTh MaTPHILBI TOBOPOTA. MaTpuIibl TpeoOpa30BaHuii 171sl BCEX BBE/IEHHBIX T€HEPaTOPOB TOUEUHbIX
rpynn cumMerpun. OToOpakeHus, n3o0- 1 romomMopdusm. OnpeneneHue npeacTaBieHus rpynmnsl. Orpesenenue
He-IIPUBOIMMOTO TIPEICTABIICHNS TPYIIILL. TpH IJIaBHBIX CBOMCTBA HENPUBOIMMBIX IIPEJCTABICHN: 1) YMCIIO HETTPUBOANMBIX
TIPEe/ICTaBJICHUI TPYIIIBI PABHO YMCITY €€ KJIACCOB; 2) CyMMa KBa/IpaToOB pa3MEpHOCTEH HEMPUBOAUMBIX IPEICTaBICHUI paBHA
TIOPSIJIKY TPYIIIBL; 3) € HEMPUBOJMMBIE TIPEICTABIIEHHSI TPYIIIBI OAHOMEPHBI, TO OHM caMM 00pa3yioT rpyriy. Tabiuisl
xapakTtepos rpyni. Henpusogumsie nipeacrasienus rpymmn C2 u C3. Pa3nennMo-BbIpOXAeHHbBIE KOMILIEKCHO-COTPSIKEHHbIE
TIpEe/ICTaBJIeHHUs U X Oa3ucHbIe (PyHKIHH.
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Tema 8. Ilpou3BeneHnsa HenpuBoUMBIX npeacrapiaeHni. Ta6anupr Kam. ®u3nuecknil cMbICJ HEMPHBOINMbIX
npeacrapieanii. Cnocoonl cHCTeMaTHY€CKOT0 MOCTPOeHNns Tadun xapakrepoB. Tadaumel xapakrepoB
TOYEYHBIX PN H 0003HAYEHUSI IPeIcTaBJaeHnil mo MaJ/ulnKeHy.

HenpuBoaumele npencrasienus rpynms C2v. OnpezneneHne Npou3BeeHrsl HEIPUBOIMMBIX IPe-CTaBJIeHHUI (C IPIMEPOM s
rpynmsl C2v). 3ajaHre HEMPUBOJUMBIX MPEACTABJICHUI B IPOCTPAH-CTBE OPTOrOHANBHBIX (hyHKIMEA. Tabmuipt Kanu.
Pa3zmepHOCTbh HENMPHUBOANMBIX PENCTABICHUH B Pa3/IMYHBIX TOUSYHBIX IPYIIaxX U UX 0O0o3HaYeHHe. PU3NUECKUIA CMBICI
HETIPUBOJMMBIX IPEAi-CTAaBIEHUH Ha IpUMepe MOJIeKYJIbl BoAbl. [IpeoOpa3oBaHre BEKTOPOB TPAHCISLMU U KOMIIOHEHT BEKTOpa
YIJI0BOIO MOMEHTA IIPH ONepanusax ciMMeTpud rpynmsl C2v. Crioco0bl cHCTEMAaTHYECKOro IOCTPOSHHUS TaOJ ML XapaKTepoB Ha
OCHOBE I'€HepaTopOB IPYIIT X MPOU3BEAEHHUs MOATPYI (MTpUMepBI HocTpoeHus Tabmun yist rpynn C2v u C3v). Tabmmipt
XapaKTepOB TOYEYHBIX IPYII U 0003HAUEHUS MpecTaBieHuid. KpaTkuil BapuaHT TabIuL XapaKkTepoB HEIPUBOANMBIX
npencrapiennit (u3 Kypca Jlannay-JIngmmura). [Toctpoenne HenmpruBOAMMBIX NpeacTaBieHni rpynnsl D3d Ha ocHOBE
npousBenenus noarpymn D3 u Ci.

Tema 9. Penykuusi npuBoaNMBbIX npeacTaBiennii. ®opmyia pazJiokenus. Pejyknus npoun3seeHus
HENPHUBOIAMBIX NpeacTraBieHnii. ®opmyaa Kiueoma-Iopaana.

CriocoOsl peqyKIIMHU MTPUBOANMBIX MPECTaBICHUI. BEKTOPBI-CTPOKY HEMTPUBOANMBIX IPECTABIEHUN KaK MHOXKECTBO
B3aMMHO-OPTOTOHAIBHBIX (PyHKIMI. POpMyIIa pa3nokeHnst, KpaTHOCTh BXOXK/ICHNSI HEPHUBOIMMOTO MTPE/ICTABICHHUS B
npuBoAMMOe. PeyKiust pon3Be/IeHUs1 HeNpUBOUMbIX MpescTaBienuii E1XE2 rpymmst D6 metomom noadopa u no dopmyJie
pasnoxenus. Pegyknuy npons-BeaeHni HEPUBOUMBIX MTPEICTaBJIEHNH TOUEUHbIX TPYIII C MOMOIIIBIO TPABHJT U3MEHEHHU S
0003Ha-ueHnit MaskeHa. Matpuiipl ipeoOpa3oBaHKi U HEMPUBOIMMBIE NpecTaBienus rpymm cummerpud R(3) u Rh(3).
Matpuiia moBopoTa NpOM3BOJBHOTO MOPSIIKA U ee Oa3ucHble (PYHKIHMHU (OHOPOIHBIE OPTOrOHAIBHBIE TOJIMHOMBI,
prcoeAMHeHHbIe ToMMHOMBI Jlexkanpa). [IponsBeneHus Henmpu-BOAUMBIX mpenctaieHnit rpymi R(3) u Rh(3), ¢popmyna
Kie6ma-T'opnana.

Tema 10. Henpusoaumele npeacrasienus u kiaaccudgukamnus tepmos. Teopema I.I1. Burnepa. Kiaaccundpukamus
TE€PMOB CBOGOJHOr0 aToMa. ACNEKTHI CHMMETPHH B TEOPUH KPHCTAJLIHYeCcKoro moJsi. Koppeasiuuonnnie
Ta0JNIEbI.

Teopema 2.I1. Burnepa: pemenns ypasaenus IlpeayrHrepa onpenessioT MHOKECTBO HENPUBOAVMBIX MPEICTABICHUN B
TIPOCTPAHCTBE (PYHKILIMH, 3aJaHHBIX STUMU penieHnsiMu. KBaHTOBasi MexaHMKa Kak (pu3ndecKasi ”HTEepHpeTanus TEOpUum
cummeTpuH (Teopun rpymm). Knaccudukanys TepMoB cBOOOAHOTO aToMa, (PU3NIECKHid CMBICI HENPHUBOIMMBIX MPEACTABICHNUI
rpymsl Rh(3) u 0603HaueHns ux 6a3uCHBIX (DYHKIMHA. ACHEKTHl CAMMETPHHU B TEOPUH KPUCTAILIMYECKOTO 10JIs. Penykuus
nipeacrasiaennit Du(1) u Dg(2) rpynmet Rh(3) B kpucrayummuecknx nossix cummerpun Td, O u Oh. Penykums HenpruBoguMoro
nipeacrasienus T2 (F2) rpynnst Td k HenpuBogumbIM nipeacTas-yenusm rpymn C3v u C2v. KoppensunoHHble TaOIHIIbL.
Pacmerienne oqHO31eKTpOHHBIX d-0pOUTaiell B KPUCTAUIMYECKHX TOJISIX PA3INYHON CMMMeETpur. [IpruHINIBI MHBEpCHI
SHEPreTH-9eCKUX YPOBHEH ISl OKTAdIPUUECKOTO U TETPasAPUIECKOro Moiel U 1J1sl JONOIHUTENbHBIX KOH-purypamuii dn n
d10-n.

Tema 11. TepMbl MHOT'03JIEKTP OHHBIX COCTOsAHUI. HenpuBoauMble npeacTaBJdeHNsI U TePMbl JUHEHHBIX MOJIEKY.JIL.
Me:k3J1eKTPOHHOE OTTAJKHBaHHE U CIIMH-OPOUTAIbLHOE B3auMoaeifictBue npu LS- 1 jj-cBsA31. ATOMHBIE TEPMBI.
Pacmenuienne TepMoB NoJ 1eliCTBHEM CIIHH-OPOUTAILHOTO0 B3aUMO/elcTBHs. [IBoiiHbIE rpyNnbl U ABY3HAYHbIE
npeacTaBJeHUs.

Henpusonumsie npencrasnenus rpym CRlv, DPh u Tepmsl uHEAHBIX MOJIEKYT, 0003HAYCHMST HEMTPH-BOIUMBIX
TIPE/ICTaBJICHUH M MX 0a3MCHBIX (DYHKIMI, 3aMMCTBOBAHHBIE U3 aTOMHOM crieKTpockonuu. Konnenmus o-, -, 8- u apyrux
MOJIEKYJISIpHBIX opOuTaneid. TepMbl MHOTOJIEKTPOHHBIX COCTOSIHUI JIMHEHHBIX MOJIEKYJI: BBIPAKEHHE ITOJTHOW MOJIEKYJISIPHON
BOJIHOBOW (PYHKLIMU (U ee Mpe/ICTaBJIeHNs1) B BUJE MPOU3BEIEHHS OQHOIIEKTPOHHBIX BOJHOBBIX (DYHKIMI (M UX
HETIPUBOAVMBIX MPEJICTABIICHHUH); Pa3JIoKeHNe IIPeCTaBIEHNs IOJHOM MOJIEKYJ/ISIPHOIM BOJTHOBOW (DYHKIIMM B CTydae
3aMKHYTBIX U OTKPBITBIX 3JIEKTPOHHBIX 000JIOUEK; IpuMepbl TepMOB MoJteKy1 H2 nO2. AToMHBIE TEpMBI MHOTO-3JIEKTPOHHBIX
COCTOSIHMI. Y4eT B MOJIHOH IpyIIe CUMMETPHH aTOMa TPYIIIBl IepecTaHOBOK S(n), npuHuumi [Taym. MexanekTpoHHOE
OTTAJIKMBaHUE U CMMH-OpOMTaNIbHOE B3anMozeiicTBue npu LS- u jj-cBs3u. Pacimenenue tepmMoB nof aeficTBreM
ME>K3JIEKTPOHHOTO OTTAJIKUBAHUS, 0003HAYEHHS aTOMHBIX TEPMOB U IIPUHIIMIIBI ONIPEeJeIeHHs UX MYyJIbTHIUIETHOCTH. Tepm
KoHurypauuu d1. Pac-mernienne noa 1eicTBUEM CITMH-OPOUTAIBHOTO B3aMMOAEHCTBHSI aTOMHBIX TEPMOB C LIEJIOUMCIIEHHBIMU
3HavyeHusamY J. Tepmbl koHdurypanuu d2. PaciuenyieHue aToMHBIX TEPMOB € NOJTYLEIbIMY 3HaueHUAMH J. JIBOIHBIE IPYIIBI U
JBY3HauHble pecTaBiaeHusA. TepMsl KoHpuryparmit d3 u d7.

Tema 12. PacmenieHne TepMOB B ¢JIa00M U CHJIbHOM KPHCTAJLINYECKHX MoJsX cumMmeTpun Oh. OnpenesieHne
CNIMHOBOMH MYJIbTHILIETHOCTH COCTOSIHUI MeTOA0M CHIEKeHus1 cuMMmeTpun. uarpammel Tana6e-Cyrano.
DJIeKTPOHHbIE CIEKTPBI KOMILIEKCOB NepexoaHbix d-MeTaiioB. [Inarpammel Opreaa.
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Pacmieruienue TepMoB KoHpurypanuu d2 (mierouucieHHbie J) B ¢1aboM U CHITBHOM KPHUCTAJUTHYe-CKUX NoJsx cummerpuu Oh.
OrnpejeseHne CIMHOBOM MYJIBTUIIETHOCTH COCTOSIHMN METOJOM CHIKEHUsI CHMMETpHH. [IpUHIMITBI KOPPEsILA TEPMOB
cJ1aboro M CHJIbHOTO KPUCTAJUTMYECKHUX TIOJIeH: 1) Bce COCTOSIHUS CJIa0dOTO0 T10J1s1 KOPPEJIHMPYIOT C COCTOSIHUSIMU CHITBHOTO TIOJIS
TOH € CUMMETPHH U TOM K€ MYJIbTHUIUIETHOCTH; 2) C I3MEHEHHEM CHJIbI KPUCTAIUINYECKOTO TI0JIsI CO-CTOSIHUS C OIMHAKOBOW
CHUMMeTpHel ¥ MyJIbTHILIETHOCTBIO He Tiepecekatorcs. [{uarpammel Tanade-CyraHo (pumep st KoHpuryparmu dS).
Pacmieruienre TepMoB koHpurypanuu d7 (mosynesnsie J) B ¢1aboM U CHITBHOM OKTa3[pUIECKUX MOJIsIX. Pacimernyienne aTOMHBIX
TEPMOB B CITy4ae jj-CBsI3U. DIEKTPOHHBIE CIIEKTPHI KOMILIEKCOB repexoanbix d-meramnos. [Toctpoenne auarpamm Oprena ajis
ciydaeB D- 1 F-TepMOB OCHOBHOTO COCTOSIHUS B CJTA0BIX KpUCTAINYECKHX Nosisix cummerpun Oh u Td ¢ yuetom Tpex
MIPUHIMIIOB: 1) MHBEPTUPOBAaHUE SHEPTETUUECKUX YPOBHEH B MojsAx cuMMeTpun Td no otHomenuio k Oh; 2) nHBepTHpOBaHUE
SHEpPreTUYECKUX YPOBHEN JOMOIHUTENIBHBIX KoH(purypauuii dn u d10-n; 3) MAEHTUYHOCTh BHICOKOCTIMHOBBIX COCTOSIHUH 1
koH(purypauuii dn u dn+5. Juarpamma Oprena ams koHpuryparumu dS.

Tema 13. HpaBl/lJIa 0T60pa JJIsI MATPUYHBIX 3JIEMEHTOB. HHTEeHCHBHOCTD JIEKTPOHHBIX NME€PEX0/10B. HNcTouHuKH
HHTCHCUBHOCTH 3aIIP €IICHHBIX IE€PEX00B. OTHeceHne JEKTPOHHBIX MEPEXO0A0B B CIEKTPaAX NOJAPU30BAHHOI'0
HU3Jy4YeHUusd.

IpaBuia otdopa Uit MATPUYHBIX JIEMEHTOB (OrpaHUYEHHMS [0 CUIMMETPUM Ha KBAHTOBO-MEXaHUYECKUE UHTETPAJTBI):
MaTPUYHBIN JIEMEHT OTJIMYEH OT HYJISl TOJIBKO TOTA, KOT[a €ro MpeCTaBlIeHUEe COAePKUT OJTHOCUMMETPUIHOE
HenpuBoauMoe npencrapieHue (A, Al, Alg). IHTEeHCUBHOCTD JICKTPOHHBIX Mepexo1oB. [IpaBmia oT60pa st MATPUIHOTO
3JIeMeHTa Olepa-Topa AUIOJILHOrO MOMEHTa (MOMEHTa nepexoja, P): 1) mepexo/ipl Mexay COCTOSTHUSIMU C OJIMHA-KOBOMN
YEeTHOCTBIO 3arpeleHs (nmpaBuio Jlamopra); 2) nepexoapl Mexay COCTOSHUAMU C Pa3HbI-MU CIMHOBBIMU MYJIbTUTLICTHOCTSIMU
3arnpenieHsl; 3) nepexobl ¢ BO30YKISHUEM IBYX U 0oJjiee JICKTPOHOB 3arpelieHbl. VICTOYHUKY MHTEHCUBHOCTH 3alpelieHHbIX
nepexo/oB: 1) CrMH-0pOUTAIbHOE B3aMMOEHCTBIE; 2) CMeIMBaHKe OpOUTaei pa3HOI YETHOCTU IPU HEKOTOPHIX
CUMMETPUSIX (TIpUMep TeTpasaprueckux KomiuiekcoB kodansta(ll)); 3) smekTpoHHO-saepHOe (BUOPOHHOE) B3aUMO/ICHICTBHE.
OTHeceHue 3JIeKTPOHHBIX EPEXOJI0B B CIIEKTPaXx MOJISIPU30BAH-HOTO U3JyYeHUsl (Ha MpUMepe MOHOKPHUCTAIJIOB KOMIUIEKCOB
K[Cu(NH3)5](PF6)3 cummerpuu C4v u K[Cu(NH3)2(NCS)3] cummerpuu D3h).

Tema 14. Knaccudukanus koaeoanuii mo tunam cumMmerpun. IlpaBuia oTéopa A5 NOIJIOMIEHHS H3JIyd€HUS
MOJIEKYJISIPHbIME KoJie6anusivi. PemmeHue 3a71a4 ¢ npuMeHeHNEM airedpanyeckKoro nojixoAa K Teopuu
CHMMETPHH.

Knaccndukanus kosneb6anui o Tunam cumMerpun. HopmanbHble koiebanust. [IpencraBieHne MaTpuiipl peoOpa3oBaHUi
KOOpJIMHAT aTOMOB P ONepanusax CUMMETPUM Ha ITpUMepe MOJIEKYJIbI BOJIBI (TOYeuHas rpynna cummerpun C2v), ero
pasJioKeHue Ha TIpeICTaBJIeHNs] TPAHCIISLWN, BpallleHni 1 Kosebanuil. HenprBoayMele npeacTaBiaeH sl HOPMaJIbHBIX
KoJIeOaHMid MOJIEKYJIBl (hopMastbaerua (TodyeuHasi rpymmna cummerpun C2v). Vcronb3oBaHue calT-CUMMETPUH IS
Ha-XO0XEHHsI HOPMIbHBIX KosiebaTebHbIX MoJl. [IpuMeHeH e MPOeKIMOHHBIX ONepaTOpOB /ISl aHAIN3a HOPMaJIbHBIX
KoJieOaTesbHbIX MoJ. BanenTHble u gepopmaninonHsle kosie6anus. [TpaBuia ot6opa A1 HOJIOIEHHS U3JTyYeH s
MOJIEKYJISApHBIME KoJsieOanusamMu. Onpe/iesieHre TUIa CHMMETPHHY U YuciIa KojieOaHui, akTuBHbIX B VIK-criekTpax, Ha npumepax
paccMOTpeHHBIX MoJieKyJ1. OCHOBHBIE ITOJIOCH ¥ 00epTOHbI. Onpe/iesieHre TUIa CAMMETPHUHY U Yrciia KojeOaHUi, akTUBHBIX B
KP-cniekTpax, Ha mpuMepax pacCMOTPEHHBIX MOJIEKYJ1. BeKTOp MHIYIMPOBaHHOIO AUMOJIBHOTO MOMeHTa D, TeH3op
THIOJISIPU3YEMOCTH 0. M HETIPUBOMMBbIE TPECTABIIEHUsI ero KOMIOHeHT. OnpeesieHre TUITOB HOPMaJIbHBIX KOsieOaHuit
HUTpaT-UOHA (ToueuyHas rpymnmna cuMMeTpun D3h), OTBeTCTBEHHBIX 3a MosBJIeHUe nepexoga Al'— Al" (nmt*) B cekTpe
3JIeKTPUUYECKOTO AUIOIBHOTO U3JTyYEeHUS.

Tema 15. HekoTopsle cnennanbHbie rpynnbl. CHMMeTpHYecKas rpynna nepecranoBok. J{uarpammvsl IOnra.
CuvMeTpHYecKHe rpynnbl NepecTaHOBOK ¢ HHBepcueil. [pynnbl cHMMeTPHH HeKeCTKHX MOJIEKYJL.
N3omnnamuueckne onepanun. Cyneprpynna Illpeaunrepa.

CumMeTpuyecKasi rpynmna rnepectaHoBok. Lluknnyeckue nepecraHoBky. O603HaUeHUS MepecTaHOBOK. Kitacchl conpsikeHHbIX
3JIEMEHTOB CUMMETPUUECKOM TPYIIIIbI IEPeCTaHOBOK. HerpruBOANMBIE MTPE/ICTABIEHNS] CAMMETPHYECKOW I'PYIITbI
nepectaHoBoK. [Juarpammel FOHra. Xyk-auarpammel. HenpuBoauMele npeactaBieHrst CAMMETpUYeckoi rpymnmsl S(4).
N3omopdusm rpynn S(4) u Td. CuMmmMeTpuyeckie rpymis! IepecTaHoBOK ¢ MHBepcuel (rpymsl Jlonre-Xurruxca) ? S*(n).
N3omopdusm rpynn S*(3), S(6) u D3d Ha npumepe 3aTOpMOKEHHOM KOH(OPMALIUKY MOJIEKYJIBl 3TaHa. [ pyInsl CHMMETpUU
HEKEeCTKUX MoJseKyJl. M3onuHaMuyeckue onepanuy. PaccMoTpenne n3oarnHaMA4ecKrX oreparyii Ha IpuMepe MOJIEKYJIbl
staHa. Cyneprpymnna Hlpeaunrepa. Paccmotpenue cyneprpymnm lpenunrepa Ha mpumepe MOJIEKYJI aMMUaKa, MeTaHoJIa U
nponaxa. Tabiuia npou3BeNeH i CyneprpyIsl npornaxa. Tabnuia XxapakTepoB CyIeprpyIbl IporaHa.

Tema 16. KBanToBast MexaHHKA U 3JEeKTPOHHAs CTPYKTypa moJjekysa. Merogq MO JIKAOQ. CaiiT-cumMeTpus u
cumMmertpust MO. I'n6puau3osannbie opouraun. [Ipoexkunonnsie oneparopst 1 MO JIKAO. BouHoBbie hyHKIIm
metoaa BC. Koncdurypanuonsoe B3anmogeiicTpue.
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Monexysipasie opoutam kak JIKAO. CummeTpust opOuTalieid IByXaTOMHBIX MOJIEKYJI (ToueuHsle rpymniisl Dooh mm Coov).
CumMmeTprsi MOJIEKYJISIPHBIX OPOUTANIEH Ha pUMepe MOJIEKYJIH STIIeHa (ToueuHas rpymmna D2h). [eomerpuueckuii BHIBOJ
TIpe/ICTaBJICHNI MOJIEKYJISIPHBIX opOuTasiell Ha mpumepe rpymnisl D2h. Caiir-cummerpust u cummerpust MO. OnpenesneHne
CHUMMETPUH BO3MOXHBIX MOJIEKYJISIPHBIX OpOUTaJIel aMMHaKa C TIOMOIIbIo caliT-cuMMeTpuu. OnpeneeHre CMMMETPUN
BO3MOJKHBIX MOJIEKYJISIPHBIX OpOUTAJIEHN TETPadJpUUeCcKOi MOJIEKYIIBI C IIOMOUIBIO CAliT-cCUMMeTpHu. [ MOpuIr30BaHHbIe
opOuTtayy. I'pynrsl caiiT-ciMMeTpUH M IPYIIIbI IEPECTaHOBOK JUtst MosieKyJ1. Onucanne ruopuan3anyy B
TPUTrOHAJIBHO-MMPAMUAIBHBIX MOJIEKYJIax (TodyeyHas rpymmna cummerpuu C3v). IIpoeximonnsie oneparopsl 1 MO JIKAO.
AJlanTHpOBaHHbIE IO CHMMETPUH MOJIEKYJISIPHBIE OPOUTAIN TETPAdIpPUUECKUX MOJIEKy. MoeKysipHble OpouTanu
epporniena. MosekysipHble OpOUTAIN HMKJIONEHTaJUEHUITPUKApOOHIIMapraHna. 3aceJIeHHOCTb OpOUTAJIEN B MOJIEKYJIax.
OrnpejeseHne 3aceeHHOCTH THOPUIHBIX OpOHTalIell Ha TpUMepe MOJIEKYJIbl aMMHaKa (TodeuHast rpymma cummerpun C3v).
BosHOBBIE (DYHKIIMM METOJA BAJIEHTHBIX CBA3€il. PacueTsl METoJOM BaJIEHTHBIX CXEM C IIOMOILBIO IPYIII IEPECTAHOBOK Ha
npuMepe MonekyJ ¢ rpymnamu S(2), S(4) u S(6). Kondurypanumonsoe B3aumoperictsue. ®akropusaiys o CUMMETPUU
JeTepMUHaHTa KOH(UTYPALIOHHOTO B3aUMO/EICTBUSA Ha IPUMepax KOOPAUHALMOHHBIX COEeANHEHUIN.

Tema 17. BpamareibHble U siiepHble CIMHOBBIE COCTOsSIHUS. IHTEHCMBHOCTH BpalaTeJbHbIX IEPEX0/10B.
CasizpiBanne cnuHoB sijep no Kue6ury-I'opnany. Henpusoumble npeacraBiieHus sijiePHbIX CIIMHOBBIX
coctossHui U cnekTpbl AMP. CBepxToHkoe pacmenienue B cnekrpax JIIP.

BpaiaTesipHble BOJHOBbBIE (DYHKIIMU U YPOBHU SHEPrUU. TeopeTUKO-IPyNIoBOi MOAXO0/] K aHAIU3Y BpalllaTeIbHbIX COCTOSTHUIA.
Knaccudukanus 3nauenuii J u K o HenpuoauMsIM npeacTaBieHusM. BpamarenbHas noarpynmna. CtaTucTuuyeckue Beca
BpalaTesibHbIX cocTosiHUM. [IpaBuia otdopa. IHTEHCUBHOCTD BpallaTeIbHbIX MepexooB. CBsA3bIBAHUE CIIMHOB siJiep O
Kiebury-I'opaany (Ha mpuMepe MOJIEKYJI XJIopMeTaHa U (propmerana). HenpuBouMele pecTaBiieHUs sACPHBIX CIIMHOBBIX
COCTOSIHUM U crieKTpbl IMP: aHanu3 ¢ Ucnoib30BaHKEM TPYII MEPECTAHOBOK U METO/1a IIPOEKIIMOHHBIX OMEPAaTOPOB.
OrnpenesieHre HEMPYUBOAMMBIX MPEJCTABICHUI SEPHBIX CIIMHOBBIX COCTOSIHUM Ha TPUMEPE MOJIEKYJI METaHa U STUJIEHA.
CaepxToHKOe pacuieryieHue B ciektpax IIP.

Tema 18. AcnieKThl CHMMETPHHI B ME€XaHN3MAaX XHMUYeCKHX PeakKnuil. DJIeKTponukjIndeckne peaknuu. Peaknun
HUKJoNpHucoequHeHus. Peakuu neperpynnupoBKH U SJAMIHAP 0BaHusl. CTPYKTypHAas HeKeCTKOCTb,
BHOPOHHBIE U POBHOPOHHBbIE 3(h(PEKTHI U X POJIb B XUMHYECKHX PeaKIUAX.

I'pynna xummueckoit peakuuu. I[IpaBuna Bynsopaa-Xoddmana. Pa3penienssle 1 3anpeleHHsle peakuuu. Tononornyeckas
CHUMMETpUSI peakllid. AHAJIM3 CUMMETPHUH Ha IPUMepe peakiivy Mpe-BpalieHns OyTagueHa B HukioO0yTeH. [IpaBuia ordopa
JUIS1 3aMPEIIeHHBIX WM HECOTJIACOBAHHbBIX peaKkIMi. DJIeKTPOLUMKINUECKUE peakuy (Ha TIprUMepe n30Mepu3anun OyTayeH -
MKJI00yTeH). Peakuuu 1ukionprcoeiHeHus (Ha NpuMepe QUMepU3aliy 3THIeHa). Peakiy neperpynmnmpoB-Ku (Ha
IpEMepe COTIACOBAHHOTO MEPEHOCa JBYX CBA3aHHBIX O-TPYII). Peakimy 3, iMMUHIPOBaHUs ¢ 00pa3oBaHUEM PaJUKaIoB (Ha
npumMepe GoToNIU3a U TEPMOJIN3a UKJIONeHTaHOHa). CTPYKTypHast HeXeCTKOCTb, BUOPOHHbBIE 1 pPOBUOPOHHBIE 3((DEKTH U UX
POJIb B XMMMUYECKUX PEAKLUSAX.

Cnucok NpuKpemIeHHbIX K JaHHON JUCHUILIHHE (MOIYJII0) 3JIEKTPOHHBIX KYPCOB H CTOPOHHHX PECYpPCOB

¢ LMS Moodle: https://edu.kpfu.ru/course/view.php?id=5193 (5193) |8—171 cemecTp

5. IlepedeHb y4eOHO-METOUUECKOT0 00eCIeYeHHA MJIA CAMOCTOSTEJbHOM PadoThl 00yJaomUXCcs M0
JUCHUNINHE (MOLYJII0)

CamocrositesnpHast paboTa 00y4aroLIMXCsI BHIIOIHACTCS M0 331aHHI0 U IPH METOAMYIECKOM PyKOBOJCTBE [IPEoaBatesisi, Ho 6e3
€ro HeMoCPEACTBEHHOro yuacTusi. CaMocTosTeNnbHAasl paboTa MOAPa3AeseTCss HA CAMOCTOSTENbHYIO pabOTy Ha ayIUTOPHBIX
3aHATUSX U HAa BHEAYUTOPHYIO CAMOCTOSITE IbHYI0 paboTy. CamocTosiTesbHast paboTa 00y4aloIuXCsl BKIIIOYAET KaK MOJTHOCTBIO
CaMOCTOSITE/ILHOE OCBOCHUE OTACIBHBIX TeM (Pa3/iesioB) AUCLUILUIMHEL, TAK U IPOPabOTKY TeM (pa3[esioB), OCBAUBAEMBIX BO
BpeMs1 ayJUTOPHOI paboThl. Bo BpeMst caMoCcTosITeNIbHON paboThl 00yUAIOLIHUECS YUTAIOT U KOHCIIEKTUPYIOT yYeOHYI0, HAYYHYIO
¥l CLIPABOYHYIO JIMTEPATYPY, BHITOIHSIOT 3aJaHHsI, HAIIPABJICHHBIC HA 3aKPEIUICHUE 3HAHUI 1 OTPAOOTKY YMEHHMII 1 HABBIKOB,
TOTOBATCS K TEKYLIEMY U ITPOMEKYTOYHOMY KOHTPOJTIO O AUCLUILIHHE.

Opranuzanys CaMOCTOSITENIbBHON padoThl 0OYYaIOIINXCs perJIaMeHTUPYETCsl HOPMaTUBHBIMU IOKYMEHTaMH,
y4eOHO-METOANYECKOH JINTEPaTypOl U 3IeKTPOHHBIMK 00pa30BaTe/IbHBIMU PECYypCaMU, BKITIOYASI:

INopsnok opraHU3anMK U OCYIIECTBIEHNs 00pa30BaATEIbHON JeATeIbHOCTH M0 00pa30BaTeIbHBIM IIPOrpaMMaM BBICIIETO
00pa3oBaHus - MporpaMMamM OakajaBpuaTa, porpaMMaM ClelMaIuTeTa, porpaMMaM MarkuCTpaTyphl (YTBEpKIEH MPUKa30M
MuHucTepCTBa HAyKH U Bhiciiero odpaszoBanus Poccuiickoii ®enepatyiu ot 6 anpesst 2021 roga Ne245)

IMncemo Munucrepersa obpaszoBanust Poccuiickoit @eneparim Nel14-55-996un/15 ot 27 vosi6pst 2002 r. "OO6 akTHBH3AIMI
CaMOCTOSITEJIBHOW paOOThI CTY/IEHTOB BHICIIMX YIeOHBIX 3aBe/leHuil"

VYcraB (peaepanbHOro rocy JapcTBEHHOTO aBTOHOMHOTO 00pa3oBatesibHOro yupesxaenus "Kazanckuii (ITpuBomkcKmi)
(penepasbHbIil yHUBEpCUTET"

[paBuia BHyTpeHHETO pacnopsiaka (enepaibHOro rocyJapcTBEHHOrO aBTOHOMHOIO 00pa30BaTeIbHOTO YUPEKACHUs BHICIIETO
nipodeccronanbHOro oopasosanus "Kazanckuii (ITpuBomkckuii) genepaibHblii yHUBEpcUTeT"

JlokanpHble HOpMaTHBHBIE akThl KazaHckoro (ITpuBosskckoro) deaepaabHOrO yHUBEPCUTETA
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cait - http://www.znaika.org/?q=teorija-simmetrii
caur - http://www.raduga.edusite.ru/html/simmetr/index.html
caiit - http://www.bookshunt.ru/b32914_matematicheskie_osnovi_teorii_simmetrii

6. ®oH/] OLIEHOYHBIX CPEICTB MO JUCIHUIINHE (MOIYJIIO0)

POoHJ1 OLIEHOUHBIX Cpe€aCTB IO AUCHUIIIMHE (MOI[yJ'IIO) BKJIIOYACT OLEHOYHBIE MaTE€pHaJibl, HAITPABJICHHBIE HA TPOBEPKY OCBOCHUA
KOMHCTCHHHI;'I, B TOM 4YUCJIE 3HaHHﬁ, yMeHI/Iﬁ Y HaBBIKOB. POH/I OLIEHOYHBIX CpE€ACTB BKIIIOYAET OEHOYHbBIE CPEACTBA TEKYIIETO
KOHTPOJIA U OLICHOYHBLIE CPEACTBA HpOMe)KyTOLIHOfI aTTeCTalluu.

B ¢oH/1e OLIEHOUHBIX CPEJCTB COAEPKUTCS CIeAyIoNias HHDOPMAITHS:

- COOTBETCTBHME KOMIIETEHIIMH TUIAHUPYEMbIM pe3yJibTaTaM 00y4eHHsI 110 AUCIUILIMHE (MOJYJIO);

- KpUTEpHUHU OlleHNBaHUst COPMUPOBAHHOCTH KOMITETEHIINIA;

- MexaHu3M (POPMUPOBAHUS OLIEHKHU IO JUCIUILIMHE (MOYJIIO);

- OMUCAHUE MOPSIIKA IPUMEHEHUS U MPOIIEAYPbl OLEHUBAHMSI /IS K&K OO OLEHOYHOIO CPEJICTRa;
- KpUTEPHHU OLICHUBAHMSI [JTs1 KaXJOr0 OLIEHOYHOTO CPEICTBA;

- COACPIKAHNEC OLEHOYHBIX CPEACTB, BKJIIOYaA TpC6OBaHI/IH, MMPEeAbABIIACMBIC K HeﬁCTBHHM o6yqa101111/1x05{, AE€MOHCTPUPYEMbBIM
pe3yjibTaTaM, 3alaHUA pa3INYHbIX TUIIOB.

DoHJ OIIEHOYHBIX CPEACTB M0 AUCHUIUIMHE HaxoauTcs B Ilpunoxkenun 1 K mporpaMme JUCHUITIMHBI (MOIYJIIO).

7. IlepedeHnb JATEPATYPhl, HEOOXO0JUMOM JIJIsT OCBOEHHS TN CIUILINHBI (MO TyJIs)
OcBoeHre TUCITUIUIMHBL (MOYJIsI) TIpEIIoiaraeT u3y4eHne OCHOBHOM ¥ JOTIOTHUTEILHON yueOHO! uTepaTypsl. JlutepaTypa
MOJXKeT OBITh JIOCTYITHA OOYYAIOMIMCS B OTHOM W3 JBYX BapUAHTOB (JIOO B OOOMX W3 HUX):

- B 9JIEKTPOHHOM BHJIE - Yepe3 K TPOHHbIE OMOIMOTEUHbIE CHCTEMBI Ha OCHOBAHHH 3aKTi0YeHHBIX KPY 10oroBopos ¢
npaBoobJIaIaTe sIMu;

- B leyaTHOM Bujie - B HayuHott 6u6mmoreke um. H.U. Jlo6aueBckoro. OOydJaromiuecs moyJanT YIeOHyI0 JIUTepaTypy Ha
aOGOHEMEHTE TT0 YUTATETLCKUM OMJIeTaM B COOTBETCTBHU C TIPABIJIAMH TIOJTb30BaHUsI HaydHO! OMOIMOTEKOM.

DIeKTPOHHBIE U3JAHKS AOCTYIHBI AUCTAHLIMOHHO U3 JI00OH TOYKHM NPU BBEJCHUU 00YUAIOIIMMCS CBOETO JIOTUHA U [apoJisl OT
JIMYHOTO KaOuHeTa B cucteMe "DieKTPOHHBIH yHUBepcuTeT" . [Ipy HConb30BaHUM MTEYATHBIX U3AaHUN OMOIMOTEUHbIN (hOH/T
JOJDKeH ObITh YKOMILUIEKTOBAH UMUK U3 pacuera He Menee 0,5 sx3emriuisipa (uist o0ydaonmxcs o PI'OC 3++ - He menee 0,25
9K3eMIUIAPA) KaKIOr0 U3 U3JaHUI OCHOBHOM JIMTEPaTyphl 1 He MeHee 0,25 3K3eMIuIsApa JOMOIHUTEIPHOMN JTUTepaTyphl Ha
Ka)k10r0 00y4alolerocsi U3 4ucia Jull, OJHOBPEMEHHO OCBaMBAIOIINX JAHHYIO AUCLMIUIMHY.

[epeueHb OCHOBHOI M OTIOJHUTENIBHON YUeOHOM TMTEpaTypbl, HEOOXOIMMON JI/Isi OCBOSHUS JUCIAIUIMHBL (MOJLYJIs), HAXOUTCS
B [Ipunoxenun 2 k paboueii mporpamMme JUCHUIUIMHBL. OH MOUIEXUT OOHOBJIEHHUIO ITPY U3MEHEHUH YCIIoBUi 1oroBopoB KOV ¢
IpaBOOOJIaJaTesIIMU SJIEKTPOHHBIX U3/1aHUH U ITPU U3MEHEHNN KoMIUTeKToBaHus oHoB Hayunoi 6nomiorexn KOV,

8. Ilepeuenn pecypcoB HH(OPMATHOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH ""MHTepHET'', HE00X0AMMBIX JJIsI
OCBO€EHHUS JUCIHILIAHBI (MO TyJIsT)

IMocobue - http://www.kinetics.nsc.ru/chichinin/books/spectroscopy/PoklonskiiO3.pdf

Caitr - http://graphics.distant.ru/nachgeom/05.html

Caiit - http://www.chem.msu.su/rus/teaching/zorkii2/welcome.html

Caitt - http://chemlib.ru/books/item/f00/s00/z0000036/st022.shtml

Caiit - http://900igr.net/prezentatsii/geometrija/Simmetrija-v-prirode/024-Simmetrija-v-prirode.html

9. MeToauuecKHe YKa3aHUA 1A 00YUAIOMMXCS 10 0CBOEHHIO JUCHHUILIHHBI (MOXyJIsI)

3AE
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Bujg paéor

MeToanuyeckue peKOMeHIalu

JICKOKU

W3yyeHre TUCIMILUTUHBI CIIElyeT HAUMHATh C IPOPaOOTKU pabovel mporpaMmbl, 0Co00e BHUMAHUE, yIEsIs
LIEJIAM U 3a[a4aM, CTPYKTYPE U COIEPKAHUIO Kypca.

Pabora ¢ KOHCIIEKTOM JIEKLIH:

Heo6xoaumMo mpocMaTpuBaTh KOHCIEKT Cpa3y MOC/e 3aHATHIA, OTMEThTE MaTepPUal KOHCIIEKTA JIEKIIUA, KOTOPBI
BBI3BIBAET 3aTPYAHEHUS 151 IOHUMaHUsl. [ToMbITaliTeCh HAWTH OTBETH HA 3aTPYIHUTEbHbIE BOIPOCHI, UCIIONb3Y s
peKOMeH 1yeMyIo TuTepaTypy. Eciiu caMocTosATe IbHO He yaaaoch pa3o0paThesi B MaTepuae, chopMyupyiiTe
BOIPOCHI ¥ OOPATUTECH 32 MIOMOIIIBIO K MPENOAaBATEI0 HA KOHCY/IbTAIIMU UK OJIMKAKIIEH JIEKIMHU. PeryisapHo
OTBOJIUTE BPEMsI /ISl IOBTOPEHMUS IIPORIEHHOTO MaTepyasia, POBEPsIsi CBOM 3HAHUS, YMEHUSI U HABBIKY IO
KOHTPOJIbHBIM BOITPOCAM.

CaMOCTOsI-
TenbHas paboTa

PaGoueit mporpaMMoil AMCLUIUIMHBI [IPEIyCMOTPEHa CAaMOCTOsTeNbHAs paboTa cTyaeHToB. CaMocTosTenbHAS
paboTa IPOBOAUTCSI C LIEJIBIO yrTyOIeH s 3HAHMI 10 AUCIUILUIMHE U [IPeIyCMaTPHUBACT:

- YTEHHE CTyACHTAMHU PEKOMEH/IOBAHHOI JIMTEPATYPhl X YCBOCHUE TEOPETUUYECKOrO MaTepHaa JUCLHILINHBL;

- MOAATOTOBKY K MPaKTHUYECKUM 3aHATHUSM, Ta00paTOpHbIM paboTaM U KypcoBoii padore;

- paboty ¢ IHTepHeT-UCTOYHUKAMHT;

- TIOATOTOBKY K c/iaye MMPAKTHIECKUX padoT, BBIIOJIHEHUIO TECTOBBIX 3aJaHU 1 CIaYe 3a94ETOB U SK3AMEHOB.
[naHMpoBaHUe BPEMEHH Ha CAMOCTOSITENBHYIO paboTy, HEOOXOMMOro Ha N3yYeHHUE HACTOSIIIECH AUCLIUILUIIHBL,
CTYIEHTaM JIy4llle BCEro OCYIIECTBIISATh HAa BECh CEMECTp, PEAYCMATPUBAsI IPU ITOM PEryJIsSIpHOE MOBTOPEHIE
MPOIICHHOTr0 MaTepuasa. Marepuai, 3aKOHCIIEKTHPOBAHHBIN Ha JIEKIMSX, HEOOXOIUMO PEeryJIsipHO TOMOIHAT
CBE[CHUSIMH U3 JINTEPATyPHBIX UCTOYHHUKOB, IIPE/CTABICHHBIX B paboyeil mporpaMmMe AMCHUIUTMHEL. [To Kaxmaoi
U3 TEM TSI CAMOCTOSITEIBHOTO M3YUCHHsI, IPUBEACHHBIX B paboveil MporpaMme IUCLUILTMHBL CIeqyeT CHaYasa
MPOYMTATh PEKOMEHIOBAHHYIO JTUTEPATypPy U [PH HEOOXOIUMOCTH COCTABUTh KPATKUil KOHCIIEKT OCHOBHBIX
MOJIOKEHHUI, TEPMUHOB, CBEICHHUI, TPEOYIOLIMX 3aIOMUHAHKS 1 SIBJISIOLIMXCS] OCHOBOIIOJArAIOIUMH B 9TON TeMe
Y JJIs OCBOCHHSI MOCTIEAYIOIINX Pa3enoB Kypea.

3a4€T

Ha 3aueTe omnpezensiercss Ka4eCTBO M 00bEM YCBOCHHBIX CTYIEHTAMH 3HAHUIA, CIIOCOOHOCTh K 000OIIEHHUIO,
aHaJM3y, BOCIIPUSTUI MH(OPMAIHH, ITOCTAHOBKY TIeJIM U BBIOOPY TyTeH ee NOCTHKEHUS, a TAKKe yMeHHe
padoTath ¢ HOPMATHBHBIME JOKYMEHTAMH B paMKax AUCIAIUTAHBL. OH MOXKET MPOBOJUTHCS B YCTHOU WITH
nuchbMeHHoi opmax. PopMy npoBesieHus onpeaenseT kadpeapa. [loaroroBka Kk 3auerty - mporiecc
VH/IMBUyaJIbHBIN. TeM He MeHee, CYIEeCTBYIOT HEeKOTOPhIEe MTPaBWJIa, 3HAHKS KOTOPBIX MOTYT OBITh ITOJIC3HBI /IS
BCceX. 3aJI0roM YCTIEITHOW Ca4y 3a4eTa sIBJISIeTCs] cUucTeMaTiyeckast pabora HaJl y4eOHOW JUCIUIUIMHON B
TedeHne ceMectpa. [1oIrTOTOBKY KeNaTeIbHO BECTH, UCXO/IsSl U3 TPeOOBAHUI MPOrpaMMbl YUeOHOH JUCIUILIAHBI.
Iemecoobpa3HO MOMIArOBOE OCBOCHUE MaTepraia, BRITOJHEHUE PA3INYHbIX 3aJIaHUH 110 Mepe U3yJYeHUs
COOTBETCTBYIOLIUX CO/IEPKATEJIbHBIX Pa3/esiOB TUCIUIUIUHBL. Ecin, TOTOBSICH K 3a4eTy, Bbl UCTILIThIBAETE
3aTpyIHEHUs1, 0OpalaiTech 3a COBETOM K MPENoaBaTelIio, TeM 0ojiee UTO IMPU CUCTEMATHUECKOM IMOJITOTOBKE Y
BAaC €CTh TaKasi BO3MOKHOCTb. | OTOBSICH K 3aUeTy, JIy4ille BCEro cOYeTaTb MOBTOPEHUE TEOPETUUECKUX BOIPOCOB C
BHITIOJTHEHMEM TPaKTHUYECKUX 3aqaHuil. TpeOoBaHuUs K 3HAHUSAM CTYJEHTOB OIpe/ieieHbl (peepaTbHbIM
rOCyJIapCTBEHHBIM 00PA30BaTEILHBIM CTAHIAPTOM U pabovell mporpaMmMon TuciuruivabL. [enn 3aueTa - mpoBepka
U OIICHKA YPOBHSI TIOJTyYSHHBIX CTYICHTOM CIHEIUaIbHBIX TTO3HAHUH 10 YUeOHON TUCIVIIINHE U
COOTBETCTBYIOIIMX UM YMEHHI W HABBIKOB, a TAK)KE YMEHUS JIOTHYECKH MBICUTh, apryMEHTHPOBATh N30PaHHYIO
HAyYHYIO MO3UIIMIO, pearupoBaTh Ha JOMOJHUTEIbHbIE BOIIPOCH, OPUEHTUPOBATLCSI B MaccuBe MH(OPMAIUH,
JnedpuHuImii 1 Kateropuil. OleHKe NoAJIekaT MPaBUILHOCTh U TPAMOTHOCTD PEUM CTYAEHTA, €C/IU 3a4eT
MPOBOJIUTCS B YCTHOU hopMe, a TakxkKe ero JOCTHKEHHS B TeUeHue ceMecTpa. JomomHUTEIbHOM LENbIo 3aueTa
sBJisietcs: (hOPMHUPOBAHKE Y CTYICHTOB TAKUX KAYeCTB, KaK OpPraHM30BaHHOCTh, OTBETCTBEHHOCTh, TPYJOTIO0UE,
CaMOCTOSITEILHOCTh. TakuM 00pa3oMm, poBepsIeTCsI CIIOKUBIIASCS Y CTYJICHTa CUCTEMa 3HAHWUH 110 UCIVILIAHE,
YTO UrpaeT OOJIBIIYI0 POJib B IOATOTOBKE OYIYIIEro CIEIUAINCTa, CIOCOOCTBYET TOTYUSHUI0 UM
(pyHnameHTanbHON U MpodecCHOHANTLHON NOATOTOBKHU. [Ipy MOArOTOBKE K 3a4eTy BasKHO MPABUJILHO U
PalMOHAIBHO pacIUIAHMPOBATh CBOE BpeMs, YTOOBI YCIIETh Ha KAYeCTBEHHO BHICOKOM YPOBHE TIOATOTOBUTHLCS K
OTBETaM M0 BceM BompocaM. Bo Bpemsi MOATOTOBKY K 3aYE€Ty CTYJEHTHI TAK)Ke CUCTEMATU3UPYIOT 3HAHUS,
KOTOpBIC OHU MTPUOOPETU P N3YYSHUN OCHOBHBIX TeM Kypca B TeUeHHe CeMecTpa. DTO MO3BOJISIET UM YSICHUTD
JIOTUYECKYIO CTPYKTYPY JUCIMILIAHBI, OObEANHUTH OTICIIBHBIC TEMBI B SIMHYI0 CUCTEMY, YBUJIETh TIEPCTICK THBHI
ee pa3Butus. CamocrosTebHas paboTa Mo MOJArOTOBKE K 3a4eTy BO BPEeMsI CECCHH JIOJDKHA TUIAHUPOBATHCS
CTYJICHTOM, HCXOJIs1 M3 00ITIero oobeMa BOIIPOCOB, BEIHECEHHBIX Ha 3a4eT, TaK, YTOOBI 3a MPeJOCTABICHHBIN JITs
TIOJITOTOBKY CPOK OH CMOT PaBHOMEPHO pacIpeie/uTh TPUOIM3UTENIHHO PABHOE KOJIMYECTBO BOIPOCOB JIJIS
€XeIHeBHOTO U3y4YeHus (MMOBTOpeHus ). BaxxHO, YTOOBI OJMH MTOCIICJHUAN ICHb ObUT BBIJICJICH TSI
JIOTIOJTHUTEJILHOTO TIOBTOPEHUSI BCETO 0ObeMa BOIPOCOB B IIEJIOM. DTO IMO3BOJISET CTYICHTY CAMOCTOSATEIHHO
MEePenpoBEpUTh YCBOCHUE MaTepHaa.

10. IIepeyeHs HH( OPMAMOHHBIX TE€XHOJIOTHIi, HCIOJIb3yEeMBIX IIPH OCYII€eCTBJEHHH 00Pa30BaTeJbHOr0 Mpoecca
10 JUCIHILIAHE (MOAYJI0), BKJI0YAs IepevYeHb NPOrpaMMHOro o6ecnedyeHus: 1 HH(G OpManHoOHHBIX CIPABOYHBIX
cucrTeM (IIpH HEOOXOJUMOCTH)
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[NepeueHs MHPOPMAIIMOHHBIX TEXHOJIOTUH, HCIOJIb3YEMBIX ITPY OCYLIECTBIEHUH 00pa30BaTEIbHOTO MpoIiecca MO JUCIUILIIHE
(Momymo0), BKJII0Yasi IepedeHb MporpaMMHOro odecrieueHus: 1 MH(OPMALIMIOHHBIX CIIPABOYHBIX CUCTEM, NPEACTABIIEH B
[punoxennu 3 k paboueil mporpamme JUCHMUIUIAHBI (MOYJIS).

11. Onncanne MaTepHaJIbHO-TEXHHYECKON 0a3bl, HEOOX0IUMOI [IJIsl OCYIIEeCTBJIEHUS 00Pa30BaTEJILHOrO
npouecca no JAUCHUmInHe (MoIyJII0)

MaTepI/IEU'II)HO-TCXHI/I‘{eCKOC obecrieueHre 06pa30BaTeJ'II)HOFO mponecca 1no AMCuuIinHe (MO)IYJ'IIO) BKJTIOYAET B ceOs cieaymomue
KOMIIOHCHTHI:

INomelneHust 17151 CAMOCTOSITENIBHOM pabOThl 00yYaIOIIMXCsl, YKOMIUICKTOBAHHBIE CIIELIMAIM3UPOBAHHON MeOelIbIo (CTOJIBI 1
CTYJbs1) U OCHAIIIEHHbIE KOMITBIOTEPHON TEXHUKOW C BOZMOXKHOCTHIO MOAKIIIOUeHHUs1 K ceTu "MHTepHeT" u obecriedeHrem JocTyra
B 9JIEKTPOHHYI0 MH(OPMAIIMOHHO-00pa3oBaTeibhyio cpeny KOV.

VueOHble ayJUTOPUH JJIs1 KOHTAKTHOHM padoTHI C MPeroaBaTesieM, YKOMILIEKTOBAaHHbIE CIIEIMaIN3UPOBaHHON MeOebio (CTOJIBI
U CTYJbS1).

KowmmnbioTep 1 puHTEp AT paclieyaTKy pa3gaTOuHBIX MATePHAIOB.

MynbTuMeuiiHas ayAUTOPUSI.

12. Cpe,IlCTBa ajantanvm npemnoaaBaHud U CHUIIVIMHBI K HOTpeﬁHOCTﬂM Oﬁy'-lalO].[.ll/lXCﬂ HHBAJUA0B MU JIMII C
OrpaHu4Y€HHBIMHA BO3MOKHOCTAMMU 310POBbA

le/l HeO6XOIlI/lMOCTI/l B O6pa3OBaTeHbHOM Iponecce NpuMEHAITCA CIECAYIOMNE METOAbI 1 TEXHOJIOI'MH, 06)161"‘{3.]01_[11/16
BOCITPUATHE I/lHq)OpMaL[I/lI/I O6y‘{aIOLHI/IMI/ICH WHBAJIMJAMU U JIMIIaMHX C OTPaHUYC€HHBIMH BO3MOKHOCTAMM 310POBbA:

- CO3/IaHKe TEKCTOBOW BEPCUHM JIDOOTO HETEKCTOBOTO KOHTEHTA JIJIsl €0 BO3MOXKHOTO MPeo0pa3oBaHusl B albTePHATHUBHBIE
(bopmbl, yIOOHBIE /TSI PA3IMYHBIX MTOJIb30BATEEH;

- CO3/J]aHKe KOHTEHTA, KOTOPBI MOXHO MPEJCTaBUTh B Pa3JIMYHBIX BUAX Oe3 MOTepH JAHHBIX WU CTPYKTYPHI, IPEyCMOTPETh
BO3MOJKHOCTb MaclITaOMpOBaHMUs TEKCTa U M300paeHuit 6e3 MoTepu KayecTBa, MpelyCMOTPETh JOCTYITHOCTD YIIPAaBJIeHHSI
KOHTEHTOM C KJIAaBUATYPBbI;

- CO31aHueC BO3MOKHOCTEH JJIA O6y‘lalOIHI/IXCH BOCIIpUHUMATDb OAHY U Ty KE I/IHCI)OpMaHI/HO M3 Ppa3HbIX UICTOYHHUKOB - HAIIpUMEDP,
Tak, YTOOBI JiMga ¢ HapymIeHUAMM ClIyXa ITOJIy4yain HHq)OpMaHHIO BU3YAJIbHO, C HAPYIICHUAMU 3PEHUA - ayJUAJIBHO;

- IPMMEHEHMe ITPOrPaMMHBIX CPEACTB, 00ECIeUNBAIOIIMX BO3MOXKHOCTb OCBOSHH S HABBIKOB 1 YMEHUH, (DOPMUPYEMBIX
JUCLMIUIMHOM, 3a CYET aJIbTePHATUBHBIX CLIOCOOOB, B TOM YKCIIE BUPTYaJbHBIX JAOOPATOPHI U CUMYJISLIMOHHBIX TEXHOJIOTHI;

- IPUMCHEHUEC JUCTAHIIMOHHBIX 06pa3OBaT€HLHLIX TEXHOJIOTUI UL Tiepeiavun I/IHq)OpMaLII/II/I, OpraHu3ali pa3jInvHbIX (I)OPM
I/IHTCpElKTPIBHOﬁ KOHTaKTHOM pa6OTI)I 06yqa10merocsl C nIpernojgaBarejieM, B TOM 4UCJIE BC6I/IHap0B, KOTOPbIC MOT'YT OBITH
HCIOJIb30BAHbI JId IPOBEACHUA BUPTYAJIbHbIX J'[CKHI/II71 C BOBMOJKXHOCTBIO BSaHMOHCﬁCTBHH BCEX YYACTHUKOB JUCTAHINMOHHOI'O
06y‘-I€HI/IH, MpOBEACHUA CEMUHAPOB, BBICTYIUICHUA C JOKJIalaMU U 3allIUTHI BBITIOJTHEHHBIX pa60T, MMpoBEACHUSA TPCHUHI'OB,
OpraHusanuun KOJUIEKTUBHOM pa6OTI>I;

- IpMMEHeHNe JUCTAHIIMOHHBIX 00pa30BaTebHbIX TEXHOJIOIUH AJIs OpraHu3aiy (JopM TEKYIIEero U MPOMekKyTOUHOro
KOHTPOJIS;

- YBEJIMYCHUE TPOAOLKUTEIIbHOCTU CIaYn 06yqa10m1/1Mc;[ HWHBAJIMAOM WJIA JIMIIOM C OI'PaHUYCHHbIMU BO3MOKHOCTAMUA 3JO0POBbA
Cl)OpM HpOMe)I(yTO‘{HOﬁ aTTeCTalluU 110 OTHOIICHUIO K YCTaHOBHeHHOfI MMPOAOJIKUTEIIbLHOCTU UX CAAYN:

- MIPOJOJIKUTENIBHOCTY CAa4HM 3a4€Ta WM 9K3aMeHa, POBOJMMOro B MMCbMEHHOM (hopMme, - He Oosee yeM Ha 90 MUHYT;

- IPOJIOJKUTENIFHOCTH MOATOTOBKY 00YYAIOIIErocst K OTBETY Ha 3a4éTe WM 9K3aMeHe, TPOBOAMMOM B YCTHOU (opme, - He
6osiee yeM Ha 20 MUHYT;

- IPOZIOJIKUTENBHOCTH BBICTYIICHUS 00YYaloIerocst Ipy 3aliuTe KypcoBoi paboThl - He OoJiee yeM Ha 15 MUHYT.

IIporpamma cocrasiieHa B cootBeTcTBHM ¢ TpedoBaHussMu PI'OC BO u yueO6HsIM tutanoM mo Harpasienuo 04.03.01 "Xumus" n
Npog U0 MOArOTOBKY "Xumus'".
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Tpunoosicernue 2
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
F1.B.J]B.15.04 Teopusi cummempuu 8 KOOPOUHAUUOHHOU XUMUL

IlepeyeHs JurepaTypbl, He0OX0UMOI ISl 0CBOEHHUS JUCIUILUITHHBI (MO /TyJjIs1)

Hanpagsnenue noaroroku: 04.03.01 - Xumus
[Ipoduits moAroToBKM: XuMHs

Kpanu¢ukanus BeITyCKHUKA:_OaKanaBpp

dopma 0OydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus1 Mo o0pa3oBaTesibHON nporpamme: 2022

OcHoBHas JuTepaTypa:
1.Axmeros, H. C. O6mast u Heopranndeckas xumus : yueOHuk / H. C. Axmeros. - 11-e u3p., crep. - Cankrt-IletepOypr : JlaHb,
2020. - 744 c. - ISBN 978-5-8114-4698-8. - Tekcr : anekTpoHHsIi // JIaHb : 31eKTpoHHO-0MOMOTeuHast cuctema. - URL:
https://e.lanbook.com/book/130476 (nata obpamenus: 18.03.2020). - Pexxum jrocTymna: uist aBTOpH3. TOJIb30BATEIIEH.
2. T'enbpman, M. 1. Heopranudeckas xumus : yue6Hoe nocodue / M. U. 'enbdpman, B. I1. FOctparos. - 2-e uzn,., crep. -
Canxkr-IletepOypr : Jlans, 2009. - 528 c. - ISBN 978-5-8114-0730-9. - Tekcr : aneKTpoHHsIii // JlaHb :
3JIeKTpOHHO-OMbMoTeyHas cucrema. - URL: https://e.Janbook.com/book/4032 (nara obpamienus: 18.03.2020). - Pexum
JOCTyMna: 1JIsl aBTOPU3. TI0JIb30BaTeel.

lonosHATE ILHAS JUTEpPATYpa:

1.AmunoB, JI. K. Teopus cummerpun (KpaTKue KOHCIIEKTHI JIEKIIUI U 33a4u) : yueOHOe MocoOue s MArHCTPAHTOB
(pmsmueckoro gakynprera. Y. 2 / JLK.Amunos . - Kazans: KI'V, 2000. - 82 c.

2. ®epotoB, M. A. SInepHblit MArHUTHBIN pe30HaHC B HEOPTaHWYECKOUN M KOOPAWHALIMOHHON XMMUH. PaCTBOPHI M )KUAKOCTH :
MoHorpadust / M. A. ®enoros. - Mocksa : PUSMATIINT, 2010. - 384 c. - ISBN 978-5-9221-1202-4. - TekcT : 971eKTPOHHBIN
/] Jlanb : anekTpoHHO-OMOMMOTEeYHast crcteMa. - URL: https://e.lanbook.com/book/2151 (mara obpamenus: 18.03.2020). -
PexuM moctyna: 17151 aBTOpU3. MOJIb30BaTeNel.
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Tpunoosicenue 3
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
F1.B.J]B.15.04 Teopusi cummempuu 8 KOOPOUHAUUOHHOU XUMUL

IIepevyens nH( OPMAMUOHHBIX TEXHOJIOTHIl, HCI0JIb3YE€MBIX /IJISI 0CBO€EHHUS JUCHUILUIHHBI (MOIYJIs), BKIIOYAsI
nepevyeHb NPOrpaMMHOrO 0OecneyeHns1 U HH(OPMAIMOHHBIX CHPABOYHBIX CHCTEM

Hanpagsnenue noaroroku: 04.03.01 - Xumus

IIpodpuins moAroToBKM: XuUMHS

KBammdukanus BbITyCKHUKA: OaKanaBp

dopma obydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus Mo o0pa3oBaTesibHON nporpamme: 2022

OcBoeHye JUCLUIUIHBL (MOYJIs1) MIPeAoaraeT HCIOJIb30BaHKE CIEAYIOIIEro IPOrpaMMHOrO 00ecreueH s 1
MH(POPMALIMOHHO-CITPABOYHBIX CHCTEM:

Oneparmonnas cucrema Microsoft Windows 7 Ipodeccnonansaast wim Windows XP (Volume License)

IMaket ocucHoro nporpammuoro odecrneuenust Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayzep Mozilla Firefox

Bpayzep Google Chrome

Adobe Reader XI umu Adobe Acrobat Reader DC

Kaspersky Endpoint Security ains Windows

Y4ebHO-MeToqruecKas JIMTepaTypa Uit JaHHOW JUCIUTUIMHBI UMEETCS! B HAJIMYUH B 3JIEKTPOHHO-OMOIMOTEYHON CHCTEMe
"ZNANIUM.COM", noctyn k kotopoii npenocrasiieH ooydaommmest. 95C "ZNANIUM.COM" conep:xuT Npou3BeaeHHs
KPYIMHENIINX POCCUIICKUX YUYEHBIX, PyKOBOJUTEJIEH FOCY JapCTBEHHBIX OPTraHoB, MperoAaBaTesiel BeIyIUX By30B CTPaHsbI,
BBICOKOKBAJIM(PUIIMPOBAHHBIX CIIEMAJIMCTOB B pa3IuuHbIX cpepax 6uzHeca. Ponp 6ubmmorekn chopMrpoBaH C yIeTOM BCEX
M3MEHEHNI 00pa30BaTeNIbHBIX CTAH/IAPTOB 1 BKJIIOYAET YIeOHNKH, YUeOHbIe TOCOOuSs, yUeOHO-METOANYECKHE KOMILIIEKCHI,
MoHorpacuu, aBTopedeparTsl, JUCCEPTALUN, SHIUKIONENH, CIOBAPH U CIIPABOYHNKH, 3aKOHOAATEIbHO-HOPMAaTUBHBIE
JOKYMEHTHI, CIIeLIaJIbHbIE TIEPHOINYECKUE U3AaHUS U U3aHN, BHITyCKaeMble M3/1aTeIbCTBaMU By30B. B HacTosiee BpeMs
3BbC ZNANIUM.COM cooTBeTcTBYeT BCeM TpeOoBaHUSIM (hefiepalIbHBIX TOCYJAPCTBEHHBIX 00pa30BaTeIbHBIX CTAHJAPTOB
Bhiciiero oopasoanust (PI'OC BO) HOBOTO MOKOJICHUSI.

VuebHO-MeToanYeCcKas IUTepaTypa 1jisl JaHHON AUCLMIUIMHBI UIMEEeTCs] B HUIMYMH B 3JIeKTPOHHO-ONOINOTEYHON CHCTEMe
WznarenscrBa "Jlanp" , mocTyn K KOTOpo# npepocTanieH ooydaonmmcs. 9bC NUzparenscta "JlaHp" BKIOYaeT B ceOst
3JIEKTPOHHBIE BEPCUU KHUT U31aTesibcTBa "JaHp" ¥ ApYrUX BeIyIIUX U3[aTeIbCTB YUeOHOM JIMTEpaTyphl, a TAKXKE SJIEKTPOHHbIE
BEPCUM MEPUOANIECKUX U3AaHUN 10 €CTeCTBEHHBIM, TEXHUYECKUM 1 ryMaHuTapHbeIM Haykam. 9BC U3narenscta "Jlanp"
obecrieynBaeT AOCTYI K HAYYHOMH, y4eOHOM JIMTepaType ¥ HayYHBIM IEPUOIMYECKUM U3aHUAM 110 MAKCUMAJIbHOMY KOJIHMUYECTBY
NpoUIBHBIX HAIPABJIEHHUH ¢ COOTIOAEHNEM BCEX aBTOPCKHUX M CMEKHBIX TPaB.
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