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HEJIb 1 3AJAYY OCBOEHM A JUCIIAITJIMHBI

Lenbo ocBoeHMSI IMCHUILIHHBI - SBISETCS CUCTEMATHYECKOE H3JI0KEHUE 3aKOHOMEPHOCTEN
M3MEHEHHS CBOWCTB BCIICCTB B 3aBUCHUMOCTU OT CTPOCHUA 06pa3y}oumx HUX MHUKpPOYACTUI[ U
BHCITHUX YCHOBHﬁ; pacIupCHueC 3HAHUH O CTPOCHHWH BCUICCTBA, IMOJYUYCHHBIX CTYJACHTAMU IIPpU
M3yYeHHH psiia (GyHIaMEHTAIBHBIX KypcOB 00pa30BaTeIbHON MPOTPAMMBI; MOTYYCHHE TPAKTH -
YECKUX HABBIKOB PACYE€TOB CBOWCTB BEIIECTB HA OCHOBAHMHU JIAHHBIX 10 MX CTPYKTYpe M 00part-
HBIX 337a4. B pe3ynbTare 0CBOGHUS JaHHOM TUCIHMILIMHBI JOJKHBI OBITH CPOPMUPOBAHBI IIPET -
CTaBJICHUSA O COBPCMCHHBIX KOHHOCHIUAX CTPOCHHA XUMHUYCCKUX COCIII/IHGHI/Iﬁ W BO3MOXKHOCTEH
HUX HUCIOJB30BaHUA IJId NMOHWMAHUA W HPOTHO3SUPOBAHUA XMUMHUYCCKUX CBOMWCTB BCIICCTB U HUX
pEeaKMOHHON CIOCOOHOCTH B Pa3JIMYHbBIX YCIOBUSX.
3agauu ocBOEHMS TUCHUIINHBI:
- AaTb MPEACTABJIICHUEC 00 OCHOBHBIX COBPEMECHHBIX KOHICTIIUAX TGOpCTH'—I@CKOﬁ XUMHH,
- O3HAKOMUTH C OCHOBHBIMU HCIIOJIb3YEMBIMH COBPCMCHHBLIMHM TCPMHHAMU, XAPAKTCPU-
3YIOIIUMU PA3HBIC ACIICKTBI CTPOCHUA XUMHUYCCKUX COGHHHGHHﬁ;
- JAaTb MPEACTABJIICHHUC 00 OCHOBHBIX IMPUHIOUIIAX IMMO3HAHHUA CTPOCHUSA XUMHYCCKUX CO-
e)II/IHeHI/II\/’I Pa3HBIX TUIIOB C ITOMOIIBIO SKCIIEPUMECHTAJIBHBIX U paCYCTHBIX MECTOJI0B,
- M3YYHTH CBSI3b (JAKTOPOB CTPOCHHUSI U CPEJIbI C PEaKIIMOHHON CIIOCOOHOCTHIO BEUIECTB.

MECTO JUCHOUIIJIMHBI B CTPYKTYPE OIIOII:

JIMCIUIUIMHA OTHOCUTCSI K 00s3aTEIbHBIM TUCIIMIUTMHAM BapUaTHBHON 4acTH y4eOHOTO
TUTaHa, 0a3upyercs Ha 3HAHHUSX M YMEHUSX, BEIPAaOOTAHHBIX MPU MPOXOXKICHUU TPEANIECTBYIO-
X KypcoB (HeopraHWYecKass XMMUs, OpraHuveckas XUMHus 1 Ip.), yriyosnseTr GyHIaMeHTalb-
HYIO €CTECTBEHHOHAYYHYIO MOJITOTOBKY CIEIIHATNCTOB-XUMHUKOB.

JlaHHas IMCIUIUTMHA U3ydaercs Ha 4 Kypce.

3HEPEYEHDb IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHUS 11O JUCHUIIJIMHE
MOAYJI10), COOTHECEHHbBIX C INTAHUPYEMBIMU PE3YJIBbTATAMM OCBO-
EHUA OIIOII

Kon u nHaumeHoBaHue peanusye- [lepeueHs mIaHUPYEMBIX PE3yIbTATOB OOYUEHUS O JTUC-
MO KOMITIETEHIINN [UIUTMHE (MOJYII0), COOTHECEHHBIX C MHIUKATOpaMu J10-
CTH)KCHUS KOMIIETCHIIHIA

[IK-3: Bmageer cuctemoil (¢yH- | 3HATh: OCHOBBI COBPEMEHHON TEOPUU XMMHUYECKOTO CTpPO-
JAMEHTAIbHBIX XUMHUYECKHX I0- | €HHsI; KBAHTOBBIE COCTOSHUS MOJIEKYIl; CUMMETPHUIO MOJe-
HATUH KYJISPHBIX CHCTEM, UX AJIEKTPUYECKUX U MArHUTHBIX CBOW-
CTBaX; MEXMOJEKYISPHBIX B3aUMOJICHUCTBUSAX; CTPOCHUU
KOHJICHCUPOBAHHBIX (a3 (KUAKocTel, aMOP(HBIX BEIECTB,
Me30(ha3, KPUCTAIJIOB), HX MOBEPXHOCTEH M TPaHUIl pasjie-
JIOB.

YMeTh: OPHEHTUPOBATHCS B OCOOEHHOCTSAX XMMHUYECKOTO
MOBEJCHUSI PAa3JIMYHbIX TUIIOB U KJIACCOB XMMHUYECKUX CO-
€IMHEHUM, 00YCIOBICHHBIX UX CTPOCHUEM.

Baanerb: COBpEMEHHBIMHU TPEACTABICHUSIMU O CTPOEHUU
BEILIECTBA, MPUPOJIE XUMUYECKON CBSA3U U ABMXKYLIUX MPU-
YIH XUMHYECKUX PeaKIIHid
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[1IK-4: cmocobeH TpUMEHSTH OC-
HOBHBIC €CTECTBCHHOHAYJYHbBIC
3aKOHBI U 3aKOHOMEPHOCTH pa3-
BUTHS XWUMHYECKOW HAYKH TIpU
aHaJM3e TOJy4YeHHBIX pe3yJbTa-
TOB

3Harth: MNPUHIUIIBI TMO3HAHUA CTPOCHUA XHUMHYCCKUX CO-
GI[I/IHGHI/If/'I PAa3HBIX THUIIOB C IIOMOIIBIO SKCIICPUMCHTAJIbHBIX
" paCYCTHBIX METOHOB.

YMeTb: BBHISBISITH OCHOBHBIC IMPpUHOUIIBI CTPOCHHUA XUMU-
YCCKUX YaCTull, CBA3b MCKAY pa3HbIMU ACIICKTAMH XUMMU-
YECKOM, DIIEKTPOHHOM W IIPOCTPAHCTBEHHOW CTPYKTYpBI
COCAVHEHUM.

Bianerb: HaBbIKAMH aHAIM3a M YCTAaHOBJICHUS Xapakrepa
CTPYKTYphl Ha OCHOBE COBOKYITHOCTH JIaHHBIX O (U3UUe-
CKMX W XHUMHYECKHX CBOMCTBax BCIICCTBA, IMOJYYCHHBIX
OKCIICPUMCHTAJIIBHBIMA W TCOPCTUUCCKUMU  MCTOAaMU.
YMeTh UCOJB30BaTh CBOM 3HAHUS HA IMPAKTHUKE.

OBIIAA TPYJOEMKOCTD JUCIUITINHBI

O0beM TUCHUIIMHBI B 3a4eTHBIX efnHunax (Bcero) 3 3ET
ITo Bugam yue6Hoii padoTsl ( B yacax): 108

KomnuecTBo 4acoB
(bopma oOyueHHS - OUHAS)
Bun yue6HOI pabOTEI B 1.4. mo
i p Bcero no mia-
cemecTpaMm
HYy
8
1 2 3
KonTtakTHas paboTta oOydarommuxcs ¢ mpenoaaBaTesieM B CO- 84 84
otBeTcTBUHU ¢ YII
AyIATOpHBIC 3aHATHS: 84 84
JIEKIIUA 42 42
CEMUHAPBI U MPAKTUYCCKUE 3aHIATHS 42 42
nabopaTopHbIC PaObOTHI, MPAKTHKYMbI 0 0
CamocrosTenbHas padoTa 24 24
dopma TeKyIIero KOHTPOJIs 3HAHUN U KOHTPOJISL CAMOCTOSI-
N TectupoBanue, | TectupoBanue,
TeJIbHOU paboThI: TECTUPOBAHKE, KOHTPOJIbHASA paboTa, KO-
KOJUIOKBUYM KOJUIOKBUYM
JOKBUYM, pedepar u ap. (He MeHee 2 BUIOB)
Kypcosas pabota - -
Buiel mpoMeKyTO4HOM aTTecTauu (3a4er) 0 0
Bcero yacos 1o qucnuIuiiae 108 108
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4.3 Conepmafme JAUCHHUIIIMHBI (MO}Iy.]Iﬂ.) Pacnpenenenne 4YacoB o0 TeMaM U BUIaM

y4eOHoi1 padoThI:

dopma 00ydeHHS: OUHAS

Buabl yueOHBIX 3aHATHI

AVyIUTOpHBIE 3aHATUS 3ans
YAUTOp dopma
Jlabopa- TUS B
HaszBanue pasnenos u | Bcee- [Ipaktu- Camo- TEKYILEro
Jle TOPHBIE UHTEP
TEM ro YECKHUE CTOSITEIb | KOHTPOJIS
KIT paboThl, aKTUB .
3aHATHS, . Has pa- 3HAHUHI
15074 MPAKTH- HOM
CEMUHAPHI 6ota
KYMBbI dbopme
Tema 1. Beagenne. Oc-
0 COBpPEMEHHOI Tecr,
HOBBI BPEMEHHOM
P 5 2 2 - - 2 KOJLIO-
TEOPHUH XUMUIECKOTO
KBUYM Nel
CTpOCHUS
Tema 2. Mexanndeckas
MOJIeNTb mosekyiel. | 10 | 4 4 - - 4 Tecr
MeToa NOTEHIINAIOB
Tema 3. OcobeHHOCTH
KBAaHTOBOMEXaHHUE- Tect
16 8 6 - - 4
CKOTO OITMCAaHUSA XUMH-
YEeCKOU CBSI3U
Tema 4. Xumuueckas
CBSI3b B KOMITIEKCHBIX 12 8 4 - - 2 Tect
COEIUHEHUAX
Tema 5. Teoperuue-
CKasl OIleHKa peaKIlh- Tecr,
. p 16 8 6 - - 4 KOJUIO-
OHHOM  CHOCOOHOCTH
KBUYyM No2
BEILIECTBA.
Tema 6. OcHOBHBIC pe-
Tect
3YJbTAThI usydenus | 12 8 4 - - 2
CTPOCHHS MOJIEKYII.
Tema 7. CrpoeHue
Tect
KOHJICHCHPOBAHHBIX 11 6 4 - - 2
bas.
Tema 8. Crpoenue
YKUJKOCTEH W PacTBO- 13 6 6 - - 2 Tect
poB
Tema 9. Kpucrammnye- Tecr,
cKoe cocrosHue Beme- | 13 6 6 - - 2 KOJIJIO-
CTBA. KBUYM Ne3
HUTOT'O 108 | 42 42 - - 24
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5 COJEP)KAHUE JUCLUILIJIUHBI (MOLYJIST)

Tema 1. BBegenune. OCHOBBI COBPEeMEHHOI TEOPHH XUMHUYECKOI0 CTPOEHHUS

CoBpeMeHHbBIE MPEACTABICHUS O BEIIECTBE (MAaKpOTesie) KaK COBOKYIMHOCTH OOJIBIIOTO
4Kclla XMMUYECKUX YacTHULl - MOJIEKYJl, aTOMOB, PaJuKaioB U T.1. Pa3inuHble ypoBHU OpraHu3a-
LMY BellecTBa (Cy0aTOMHBINA, aTOMHBIN, MOJIEKYISPHBIN, HAIMOJIEKYJIIPHBINA) U arperaTHble co-
CTOsIHMS (Ta3000pa3Hoe, KUJIKOE, TBEPAOE) B UX CBSA3H C BHYTPU- U MEKMOJIEKYJIIPHBIMU B3au-
MojeictBusamMu. Conepkanue MOHATHH "cTpoeHue BemecTBa" M "CTpykTypa BemiectBa'. Pas-
JIMYHbIE ACHEKThl TEPMHHA 'CTpOEHHE MOJIEKYN'": TONOJOTMYECKUM, T€OMETpUYECKHUl, 3JIeK-
TPOHHBIN U Jp. YHOPSAJOUYEHHBIE U HEYTIOPSA0YEHHbBIE CTPYKTYPbl KOHACHCUPOBAHHBIX (a3.

Tema 2. ®u3uyeckne OCHOBBI TEOPUM XHUMHYECKOH CBsi3u. MexaHuveckasi Mojesib MoJie-
KYJIbI

Meron norenunanoB. Monnas cBA3e. Pacder sHeprum pemerku. KoBasieHTHas CBs3b, €€
OCHOBHBIE CcBOicTBa. MeTtaimmnueckas cBa3b. Monens [Ipyzne-Jlopenna. [IpomexxyTOUHbBIE THIIBI
XUMUYEeCKOH cBsi3u. BaH-nep-BaanbcoBas cBsa3s. Bogopoanas cBsa3e. Knaccudukanus xumuue-
CKHMX YaCTHI[ ¥ B3aUMOJICCTBHI MEXy HUMHU.

Tema 3. Oco0eHHOCTH KBAHTOBOMEXAHHYECKOT0 ONMUCAHUS XUMUYECKOH CBSI3U

[Ipupona XUMHYECKOU CBSI3U, pe3yIbTAaT B3aMMHOTO BJIMSIHHS aTOMOB B XUMHUYECKHX Ya-
CTUIIAX JPYr Ha Jpyra, MOJEKYJISpHO-opOuUTanmbHas CTpykTypa. Kmaccupukammss XUMHUIECKUX
CBSI3€M C TOUKHU 3PEHHUs XapaKTepa AJIEKTPOHHBIX B3aUMOACHCTBUIA: IBYX3JIEKTPOHHBIE ABYXIICH-
TpPOBBIE (JIOKAIIM30BAHHBIE) U MHOTOIICHTPOBBIE (JIETOKATN30BaHHbIe) CBsI3U. KoopauHaimoHHas
CBsI3b. XapakTepHble 0COOEHHOCTH Pa3HBIX TUIIOB XMMHMUYECKON CBs3H. KBaHTOBOXMMHUYECKHE
Mpe/icTaBiIeHUs] 00 3JEKTPOHHBIX 3aCEIEHHOCTSIX aTOMOB U CBsi3eH, 3((EeKTUBHBIX 3apsAax Ha
aToMax (curma-, ru-, CyMMapHbIX), TOpsAAKax cBa3eil u T.m. J(uarpaMMbl pactpeesieHus 3JeK-
TPOHHOM TUIOTHOCTH. MOJIEKYISIPHO-OpOHUTANIbHAS CTPYKTypa XUMHUUYECKHX coenuHeHui. Oc-
HOBHBIE npaBmia Gopmuposanus MO. ['pannynbie OpoUTaIN BAXKHEUITUX TUIIOB OPTaHUYECKUX,
HEOPraHUYECKUX, DJIEMEHTOOPraHUYECKHX, KOOPIMHAIIMOHHBIX COCIMHEHUN. DKCIIEPUMEHTAIb-
HbIE€ U pacueTHbIC 3HaYCHHS OPOUTATBHBIX SHEPTUH.
Tema 4. XumMuueckas CBA3b B KOMILUIEKCHBIX COeIUHEHUAX

Oco0eHHOCTH KOOPAWHAUMOHHOMN CBSI3U. THIBI KOOPAMHAIIMOHHBIX MOJUAAPOB. Teopus
KpHCTAJUTHYeCKoro Tmous. Pacmierienne O-ypoBHE# IeHTpanbHOro #oHa. KosimvecTBeHHas
onieHka pacmierieHuil. [IpaBuno crepeoxumudeckoro psaa. KoMIUIekcsl CHIIBHOTO U claboro
nosieid. TKII u marHuTHBIE CBOMCTBA KOMIUIEKCOB. DHEPrusl CTaOMIM3AIMKU KPUCTAITMYECKUM
nosieM. [Ipumenenue teopun MO 111 onmucaHus 3JEKTPOHHOTO CTPOCHHUS KOOPIMHAIIMOHHBIX
coenuHeHui. JledopMalins KOOpAMHAIIMOHHBIX MOMUAAPOB U 3P dekTrl Ana-Tennepa.
Tema 5 Teoperuueckasi olleHKa PeaKIMOHHOI ClIOCOOHOCTH BellecTBA

Cratuueckuii 1 AuHaMHYECKU MeTo/ibl. OCHOBBI CTATMYECKOTO MeTojia (METOJ U30JIH-
pOBaHHON MOJEKynbl). UHAEKCH peakIIMOHHOW COcOOHOCTH B cTaTH4ecKOoM MeTojae. OCHOBBI
JMHAMHYECKOTO MeToda (MeToJ JoKanmu3auuu). MoJenb MepexXOJHOTO COCTOSHHUS pEeakivu.
DHepruu JoKaau3aluuu atoMa (HykieopuibHas, aMeKTpoduibHas, paaukanbHas). BosmoxxHocTH
Y OTPaHUYEHUS CTATUYECKOTO U JUHAMUYECKOro MeTooB. [IpaBmiio XammoHAaa.
Tema 6. OcHOBHBIE Pe3yIbTATHI H3YYEHHS CTPOEHUSI MOJIEKY.T

Moutekynbl MPOCTHIX U KOOPAMHALIMOHHBIX HEOPTaHWYeCKUX coeanHeHuil. [lonusaepHbie
KOMIUIEKCHBIE coenHeHusl. Xenarbl. CTpoeHue OpraHuueckux coeavHenuil. [lonmaapansi.
@ymiepeHbl. DlIeMEHTOOpraHnueckue coeauHeHus. Meramiouenbl. COeIUHEHUs BKIIOYEHHS
(xmatpatsl). Potakcansl u kareHansl. @ymepensl. [lonuMeps! n 6nononumepsl. benku.
Tema 7. CTpoeHHe KOHAEHCHPOBAHHBIX (pa3

CrpykrypHas kiaccuukanus KOHIEHCUpOBaHHBIX (a3. MaeanbHble kpuctamibl. Kpu-
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CTaJUIbl C HETIOJIHOM YIOPSII0YEHHOCTBI0. JIOMEHHBIE CTPYKTYphI. JKujaKue KpucTaibl U Apyrue
Me30(]aszbl.
Tema 8. CTpoenne :xuakocteii 1 aMop(HBIX BellleCcTB

CoBpeMeHHbIE METOJIbI ONMCAHMUS CTPYKTYpHI k)uakocTei. Crermduka amoppHOTo co-
cTostHusl. CTpyKTypa MpOCTHIX XKUAKocTed. PacTBopbl HEANeKTpoauToB. CTPYKTypa BOJIbI U BOJ-
HBIX pacTBOpoB. CTpyKTypa >KUAKHX 31eKTpoiuToB. CTpoenue me3zoda3. OmpeneneHue Me30-
¢a3. MeTopl n3ydeHust X CTpyKTyphl. Ilnactuueckue kpuctamwisl. Kuakue KpucTaisl (Hema-
THUKH, CMEKTHUKH, XOJIECTEPUKH U JIp.). KUIKOKPUCTAJIUIMUECKOE COCTOSIHHE B OMOJIOTMYECKUX
cUCTEMaXx.
Tema 9. CTpoenue KpuCTaLIOB

Kpucrannuueckas perierka U KpucTajuiMueckas cTpykrypa. PeanbHblie kpuctamisl. Tumnsl
neQeKToB B peaibHbIX Kpucramiax. Cummerpus kpucramioB. Kpucramiorpapuueckue toued-
Hbl€ TPYNIbl CHMMETPHH, TUIIBI PEHIETOK, MOHATHE O MPOCTPAHCTBEHHBIX I'PYNIAaX CUMMETPUU
KpUCTAJIJIOB. ATOMHBIE, MOHHBIE, MOJIEKYJISpHbIE M ApPyrue TUIbI KpucTaioB. llemoyeunsie,
CJIOMCTBIE U KapKACHBIE CTPYKTYpPHI. [[MHaAMUKa KpUCTAINIMUYECKON pemeTKku. DOHOHHBIN CIIEKTP.
CrpoeHue TBepIbIX PACTBOPOB. YTOPSAAOUYEHHbIE TBEP/IbIE PACTBOPHI.

6 TEMbI TPAKTUUYECKHX W CEMMHAPCKHX 3AHSTHUHA

IIpakTnueckoe 3ansaiTHe 1 OCHOBBI COBPEMEHHON TEOPUU XUMUYECKOTO CTPOEHUS

Bompocsl k Teme:

1.I'eomeTpuueckrue XapakTepUCTHKH, y3JI0Basi CTPYKTYpa, IJIIOTHOCTh 3JIEKTPOHHOTO 00-
naka. CnuH-opOUTaIbHOE B3aUMOJCHCTBHE, €ro MPUPOAA U BIMSHHE HAa COCTOSIHUS aTOMOB U
MOJIEKYII.

2. 3oMepus BasleHTHas U CTPYKTypHas, KOH(QopMalus U TayTOMEpHsl.

3. Tomonorust MOJEKYNbl, LENb XUMHYECKOTO ICHCTBUS W TOMOJOTUYECKUE Tpadbl.
CTpyKTypHO-HEXECTKHE MOJIEKYIIBI.

IIpakTuyeckoe 3ansaTHE 2 MexaHuueckas MOJIeNIb MOJIEKYJIbl. MeTO 1 MOTEHIMAIOB

Bompocsl k Teme:

1.OpOutanbHasi MOJIENIb MOJIEKY/Ibl. THIIBI MOJIEKYJISIPHBIX OpOuTasiell (KaHOHHYECKUE U
nokanuzoBanublie). ['ubpuanzanus AO. Knaccudukanus MO no sHepruu, CUMMETPUU U Y3JI0-
BOW CTPYKTYpe.

2. 'eomerpuueckas popma mosiekyn u ee onpeaenenue merogom OBI1BO.

3. Tomonorust MOJEKYJbI, EMb XUMUYECKOTO JEHCTBUS U TOMOJIOTHYECKHE rpadBbl.

CTpyKTypHO-HEXKECTKHE MOJIEKYIIBI.

IIpakTnuyeckoe 3ansaTue 3 OCOOEHHOCTH KBAaHTOBOMEXaHWYECKOTO OMHMCAHUS XUMUYE-
CKOU CBSI3HU

Bomnpoce! k Teme:
1. Kak oOpa3yercss Xumudeckas CBsi3b?
2. Yto 03HaYaeT TEPMUH «BAJICHTHOCTbY»?
3. Kak knaccupuupyror XMMHYECKYIO CBS3b?
4. KakuMHU KOJINYECTBEHHBIMH XapaKTEePUCTUKAMHU ONHCHIBAIOT XUMUYECKYIO CBSA3H?
5. Kak xapaktepu3yoT NpoOYHOCTb CBS3U?
6. Uto Takoe «kpaTHas» XUMHUecKas cBs3b? Kak KpaTHOCTb CBSI3M OTpaXkaeTcs Ha €€ IMPOYHO-
cru?
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7. Kak cooTHOCATCS JUIMHA ¥ YaCTOTa KOJICOAHUH CBSI3H C €€ MPOYHOCTHIO?

8. Kakue mareMaTndeckie METOIbI UCTIONB3YIOT [T ONMCAHUS CBSI3U?

9. B uém ocoOeHHOCTh MeTO/1a BaJIecHTHBIX cBsizeit (MBC)?

10. KakuMu MeTo1aMU MOYKHO M3YYUTh COCTAB M CTPOCHHUE XUMHYCCKUX COCIMHCHHIA?

Hpumepbl ORUCAHUSA CBA3U 8 COCOUHCHUAX

IIpumep 1.
Pacnpeoenume coeounenusn 6 nopsaoke gozpacmanusn noaapuocmu ceasu: Sy, MgO, HF, CO.
Pewenue.
Mepoii ONSPHOCTH CBSI3U SIBJISIETCS] pa3HUIA B 3HAYCHUSX DJIEKTPOOTPUIIATEIILHOCTEH:
H C O S F Mg
20 2,1 2535 2540 12

ADO(S-S) = 0,0;

ADO(Mg-0)=35-12=2,3;

ADOH-F)=4,0-2,1=1,9;

ADO(C-0)=35-25=1,0.

CrnenoBatenbHO, B IOPSIKE BO3PACTAHHS MOJISIPHOCTH CBSI3M COSTMHEHHS PACIIONOKATCS B PSI:

S2, CO, HF, MgO
Ipumep 2.
Onpeoenume mun xumuueckou céazu u onumume eé ¢ coeounenuu NaCl
Pewenue.

ITo ADO =3,5-1,0 = 2,5 cBs13b B coequHeHny noHHas1. IoHHas1 CBS3b MPEACTABISIET COOOM dIIeK-
TPOCTATUYECKOE B3aMMOICHCTBHE TIOJIOKUTEILHO U OTPUIATEIIBHO 3apsHKEHHBIX HOHOB B COSIMHCHUH.
Tak Kak AJIEeKTpHYECKOE MMOJIe HOHA UMEET CPepuuecKuii XapakTep, TO JUIsl HOHHOW CBSI3U XapaKTepHa
HEHAIPaBJICHHOCTH (CBS3b OCYIIECTBIISETCS BO BCEX HAIPABJICHHUSIX), HEHACHIIIAEMOCTh (CBSI3b OCY-
IIECTBISACTCS CO BCEMH HOHAMH, KOTOPBHIE MOTYT PACIIOJIOXKHUTHCS B OJIM3JICKAIIEM MPOCTPAHCTBE
OTIPENICTICHHOTO MOHA) UIOJIAPU3YEMOCTh (MOHHBIC COSAMHEHUS JIETKO AMCCOIMUPYIOT B TOJISPHBIX
PacTBOPUTEIISX).

OO6pazoBaHre HOHOB OOYCIIOBJICHO YCTOMUHMBOCTBIO JIEKTPOHHBIX KOH(MUTYpaIlii HHEPTHBIX Ta-
30B:

11Na [10N€] 3st-e= 11Na[1oNE] *
17Cl [10Ne] 3s?, 3p5 + e = 17Cl [18Ar],
Jaee CBSI3b OCYIIECTBISETCA 32 CUET KYJIOHOBCKOTO B3aUMOICHCTBUS, 00pa3ysl HOHHBINA KPUCTAILIT

IMpumep 3.

Onpedenume xapaxkmep xumuueckou ceasu 6 coeounenuu HS u onuwume ceasv 6 coom-
eéemcmeuu c ee C60IICMEAMU.

Pewenue.

ITo Benmnunue ADO = 2,5 — 2,1 = 0,4 onpezensieM XUMHUYECKYIO CBA3HM KaK KOBAJIECHTHYIO MaJo-
noJIsApHY10. 111 KOBaJIGHTHO CBSI3M XapaKTepHbI HACHIIAEMOCTh U HAIIPABICHHOCTb.

B o0pa3oBaHum CBsI3M y4acCTBYIOT p-OpOUTAIM aTOMa CEpbl, KOTOPbIE MEPEKPHIBAIOTCS C JABYMS
S-OpOHUTAISIMH IBYX aTOMOB BOJIOPO/Ia:

165[10N€e]3s? 3p*; BaneHTHBIE YMEKTPOHBI n=31 1 11
s px py pz
1H 1st; BaJICHTHBIN 2JIEKTpoH N =1 l L n=1 1H1s!
S S
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BcenenctBue mpocTpaHCTBEHHOM OpHEHTAaLMM p-opOuTaneld atoma cepsl MoJiekyna HzS umeer
YIJI0BYIO CTPYKTYpY (puc. 1).

saapt | TR
. o
Wi

i 1Y

Finocractiioe aobpsmweris CEREMHoe usoapEReue

Puc. 1. O6pa3zoBanue mosekynsl H2S B HEOOMBINON cTeeHr THOPUIN30BaHHBIMH BAJICHTHBIMU
OopOMTAISIMH aTOMa CephI; BAJICHTHBIN YT0JI MOJIEKYJIBI CJIeTKa pacimupes 1o 92°

BcenencrBue HeOOIBIIMX pa3MepOB aToMa Cephl, 10 CpaBHEHUIO ¢ aHasoramu Se u Te, obnactu
TOBBITIIEHHO M 3J'IGKTp0HHOI71 IIJIOTHOCTU CHUJIBHEEC OTTAJKHUBAIOTCA W YIroJI CBA3W CTAHOBHUTCA
6ompme 90°.

Mo3HO 0OBACHUTE 3TO SIBJIEHHE SP° —THOpUAM3aIMeis; 1Be OpOUTANHN, 3aHATHIE YIeKTPOHHBIMH
rapamu CIocoOHBI K JaTbHEHIIIEMY B3aMOICHCTBHIO 10 JOHOPHO-AKIIENITOPHOMY MEXaHU3MY.

Hnoueuoyanvnule 3a0anusn

3adanue: ONUIINTE XMMUYECKYIO CBSI3b B MOJIEKYJIaX BapuaHTa B paMmkax metoaa BC, BbIno-
HUB TOCIIeZIOBAaTEIbHbIE JEHCTBUS:
a) COCTaBbTE IEKTPOHHBIE (DOPMYJIIBI 3JIEMEHTOB, BXOISIIINX B COCTAB MOJIEKYJIBI;
0) ompeIeNTuTe TUIT XUMHYECKOU CBSI3H;
B) n300pasute rpaduuecKy BaJICHTHBIEC AJIEKTPOHBI B OCHOBHOM U BO30YK/I€HHOM COCTOSIHUH;
T') ONIPEACIIUTE TUIT THOPUIU3AMK OpOuTaNIel (eCciu THOPUIN3als UMEET MECTO);
1) ©300pa3uTe CBA3b C MOMOIUIBIO SYEEK;
€) JaiiTe MpOCTPAHCTBEHHOE M300pakeHHE MOJIEKYJbl C MOMOIIBI0 OpOUTallell U TreoMeTpuye-
CKHX (GuUryp;
) OIPENENIUTE MOJSIPHOCTD CBS3H U MOJSPHOCTH MOJICKYJIBL;
3) JaiTe KOJIMYECTBEHHYIO OLIEHKY YIiaM MEX]y CBI3SIMU;
1) YKaXUTE KPaTHOCTh CBSI3H;
K) OIICHUTE CIIOCOOHOCTH MOJIEKYJIbI K JTAIbHEHUIIIEMY B3aMOICHCTBHIO.
BapuanTbl 3a1anuii

Howmep Ba- Coenunenue Howmep sa- Coenunenue Howmep Ba- CoenuHeHue
puaHTa puaHTa puaHTa

1 H2S, TeFs 13 MgF2, SFs 25 PCl3, NCl3
2 AlBr3, HoTe 14 H,Te, CFq4 26 GaBrs, PCI50
3 GeH4, AsH3 15 Bls, H20 27 COo, Gels
4 Gals, HCI 16 HBr, SiF4 28 CCls, H20
5 BeBrz, SbBr3 17 HF, AsFs 29 PCls, SeFs
6 SeFs, FeF: 18 GeCly, AlF; 30 AsBrs, SBrs
7 SFCls, LiH 19 SbCls, SnH> 31 SOz, CoCly
8 SiClz, GaBr3 20 BBr3, PbCl 32 COg, Gely
9 PbCls, PbCl> 21 Sbls, Galz 33 H,Se, All3z
10 SICls, FeCl, 22 PHs, CH4 34 HF, SOF;
11 Brz, SnH4 23 NH3, Gals 35 PClzF, HI
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IIpakTnueckoe 3ansaTHe 4 OnucaHNe XUMUYECKON CBSI3U C IOMOILLBIO METO/1a MOJIEKY-
JSpHBIX opOuTaneu

Bomnpocer k Teme:

1. Ilouemy MarHUTHbIE CBOMCTBA MPOCTON MOJEKYJbl MOTYT YKa3blBaTb Ha OTHOCUTEJIBHOE
SHEPreTHUECKOE MOJIOKEHUE Gs- U Tixy — CBsA3bIBatoux MO?

2. MoXeT J11 TeTeposiiepHast CBSA3b OBITh HEMOJSIPHON ?

3. Kak xmaccupumupyroTcsi MOJEKYyIsIpHbIe OpOUTAIN TI0 MX YHEPTUU U CHMMETPUN?

4. Yem ompezensieTcsi OTHOCUTEIIBHOE SHEPTETUUYECKOE MOJI0OKEHUE Os- U Tixy- CBS3BIBAIO-
mux MO?

5. Kak nsmensiercst pa3HOCTh dHEpruil 2S- U 2p- NOAypOBHEN B aTOMax 3JIEMEHTOB C MOPSII-
KOBBIMU HOMEpaMH OT TPEX A0 JECITH M CKa3bIBae€TCs JIU 3TO Ha OTHOCUTEJIBHOM JHEpreThye-
CKOM TIOJIOKEHHUH CBSI3bIBAIOIIMX G- U T-MO?

6. Kakas gactuia mosxyduTcs, eciu u3 MoJieKynbl Liz ynanuts oaus anekTpon? Kakumu Oy-
JIyT MarHUTHBIE CBOMCTBA 3TOW MOJIEKYJIbI?

7. U3MeHuTCs M MOPSIIOK CBA3M B Liz, €CIM UCKIIOYUTH M3 PACCMOTPEHHUS BHYTPEHHHUE
JJEKTPOHBI?

8. Ucnonb3ys meton MO, 00bsSICHUTE, TOYEMY HE TIPOMCXOIUT 00pa3oBaHue MoJeKybl Hey,
a TaKkXKe — MaMarHUTHBI WK napaMarauThel yactuisl: [N2] u [N2]*.

Ilpumepuot evinonnenus 3a0anuii

Ipumep 1.

Kaxkast u3 monexkyn B2 unn C xapaktepusyercsi 00jiee BHICOKON dHEpPruei Aucconyaniy Ha
aToMbl? ConocTaBbTE MarHUTHBIE CBOMCTBA 3TUX MOJIEKYII.

Pewenue.

Monekyna B2 06pa3yetcs B pe3ynbTare B3auMOJEHCTBHSI IBYX aTOMOB Oopa:

5B (.. .2522p1) + 5B (.. .2822[)1) =B [((525)2 ((5*25)2 (Tczpy)l (Tlizpz)l]

Ha cBsi3bIBaromunx opOMTAISX pasMeIleHbl YeThIPE 3JEKTPOHA, HAa PasphIXIISIONIAX — JIBa,
CIIeIOBATENILHO, TIOPSIOK CBsI3H B MoJieKyie Bz (4 — 2)/2 = 1.

B momnekyne Bz 1Ba aekTpoHa pactosio’keHsl B COOTBETCTBUH C MpaBmwioM ['yHIa Ha JABYX
Top-opouTanax. Hannune AByX HECMApEHHBIX DJIEKTPOHOB COOOIIAET 3TOH MOJIEKYIIE Iapamar-
HUTHBIE CBOMCTBA.

DHepreTryeckas uarpaMmma o0pa3oBaHUs MOJIEKYJIbI B2 BRITTIAAUT CIISAYIOIIAM 00pa3oMm.
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Ha cBsi3pIBarommx opOHMTANSIX pa3MeNIeHbl MIeCTh IEKTPOHOB, HAa Pa3pBIXISIONINX — JIBa,
CIIEIOBATEINILHO, MTOPSI0K cBsi3u B MoJiekyie Cz (6 — 2)/2 = 2.

B monekyne Cz Bce 37eKTPOHBI CIIAPEHBI, CIEI0BATEIEHO, 9Ta MOJIEKYJIa JHaMarHATHA.

Mounekyna Cp, ¢ 6051€ee BBICOKUM MOPSIIKOM CBSI3H, AOJDKHA OBITh OoJiee MPOYHOM (KCIepH-
MEHTAJTbHO YCTAHOBIICHHBIC 3HAUCHHs] DJHEPrUW JHWCCOIMAIMM Ha aTOMBI  MOJIEKYII:
B2— 276 x[x/momnb; C2 —605 x/{»/MOJIb.

DHepreTudeckas guarpaMma oopa3zoBanus MojeKybl Co.

A

E

Ipumep 2.

Omnpenenute NOPSAOK U MOJIIPHOCTH CBSA3M B MoJiekyine HF, eciu sHeprus MoHU3anuu BO-
nopoja cocrasmusieT 13,6 3B, a ¢propa — 17,42 5B.

Pewenue.

ITockonbKy 3Heprusi MOHM3aMK (ropa OoOJbIIEe PHEPTUU HOHHU3AIMU BOJOPOJA, TO 2p-
opbutanu (ropa OTBEUAIOT MEHbLIEMY YPOBHIO 3HEpruu, uem 1S-opburtanu Bomopoxaa. M3-3a
OO0JIBIIIOrO Pa3IMuus B SHEPrHusiX 1S-opburtanu Bojopoaa u 2s-opourtanu ¢propa HE KOMOMHHUPY-
10Tcsl. M3-3a pa3nuyHOi CUMMETPHUU OTHOCUTENIHO OCH CBSI3M opOuTanu 2py u 2p; aroma gropa
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TaKke He KOMOMHUPYIOTCS ¢ 1S-0pOuTanbio Bogopoa.

Taxum o6pazom, 28, 2py, 2p,-opOutanu ¢propa nepeHocsT 6e3 usmenenuit B mosexyny HF u
CUUTAIOT MX HeCeA3bl8alowjuMy MOJICKYISIpHBIME opOuTansmu. CBsi3piBaronue opOuTamu oopa-
3ytoTcs U3 1S- opbutanu BoAoposa U 2p,- Gpropa. DHepreTuyeckas 1uarpaMMa aTOMHBIX U MO-
JEKYJSIPHBIX OpOUTaJIeH MpeICTaBlIeHa CXEMOi.

A L
E
f‘r‘*'ﬁgfﬂr{a};
AL {H) 2 il e odpdororn AD (F}
AT} \ 2
¥ = -
- O e/

52 i

Ywucno 27eKTPOHOB Ha CBS3BIBAIONIUX OPOUTANISX paBHO 2, Ha pa3pexisitonux — 0, cieaosa-
TEIbHO, TIOPSIIOK CBSI3M paBeH l. DJIEKTPOHBI HA HECBS3BIBAIOIINX OPOUTAISX MPAKTHUYECCKH HE
BHOCST BKJIaJla B O6p330BaHI/Ie CBA3H 1 HC YUYHUTBIBAIOTCA IMTPHU OLCHKE MOPAJIKA CBA3H.

Casi3pIBaroIMe OpOUTAIH IO PHEPTUU OJIMIKE K OpOUTaIsiM Oosiee SIEKTPOOTPHUIIATEILHOTO
aToMa, pa3phIXJIAIoNIMe — ONKe K OpOUTaNIsIM MEHEe 3JIeKTPOOTpUIaTeIbHOro aToMa. Paznnyue
B SHEPTUU UCXOJHBIX aTOMHBIX OpOuTanel onpenaenser NoJsIpHOCTh CBSA3H.

Jluneiinas monekyna HF nmeer 0onbiioi AMMOIBHBIIT MOMEHT. DTO OOBSCHSIECTCS TEM, YTO
SHEPTHsI IBYX DJICKTPOHOB Ha CBs3bIBaromieil 152px MO Ommrke 1o SHEPruM K COOTBETCTBYIO-
mei AO ¢ropa, vem k AO BoJopoAa, a TaKKEe HATUYUEM 3aCEIICHHBIX JIEKTPOHAMHU HECBSI3bI-
Baromux MO B nose siapa atoMa (Gropa. ITOT BBIBOJ COTIIACYETCS C Pa3HOCTHIO 3JIEKTPOOTPHUIIA-
TeabHOCTEN aTOMOB (hTOpa U BOJAOPOIA.

Hnoueuoyanvnule 3a0anus

3apanue. OnuIIKUTE XUMUYECKYIO CBA3b B paMkax MMOQO, BBITIOJIHUB CIEIYIOUINME ICUCTBUS:

1) cocTaBbTe 3JIeKTPOHHBIE GOPMYJIbI AaTOMOB, 00Pa3yIOIIMX JAHHOE COCNHEHHE;,

2) u300pasuTe B MaciTade IHEPreTHYECKYI0 THATPAMMY YCIOBHBIX MOJICKY/I BallIero Ba-
pHUaHTa, UCMOJIB3Ysl TaONIUYHBIe JaHHBIe 00 sHeprusix AQ;

3) onpesenuTe MOPSAAOK CBSI3H U BOBMOXHOCTD CYIIICCTBOBAHUS TAHHOW MOJICKYJIbI;

4) 00BbsCHHUTE, AMAMATHUTHA WM MAapAMarHUTHA JAHHAS MOJICKYIIa;

5) npoHabJroIaiiTe €CTh JIM CMEIIEHUE YIEKTPOHHON TUIOTHOCTH K OJHOMY U3 SiIEp, MOJISAP-
HA JI1 MOJIeKyna?

6) cremnaiiTe 3aKIIOUYCHHE OTHOCHTEIBHO MEXbSICPHOTO PACCTOSHUS M SHEPTUH XHMHUE-
CKOM CBSI3H.

7) BeIpazute 3HEprur0 MO romosiiepHON OMHAPHOW MOJICKYJIBl Ha OCHOBAaHHHM YpaBHEHUS
LIpéouncepa.

BapuanTsl 3a1aHui

Howmep Ba- Monexkyia Howmep Ba- Monmnexkyina Howmep Ba- Monexkyia
puaHTa puaHTa puaHTa
1 Clo, LiBr 13 He,", HO 25 I2, NF
2 Liz, SIC 14 12", NS* 26 H2", 10
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3 C.*, HF 15 P,*, CN 27 F,, LiCl
4 Cs™y, Icl 16 Bry, CS 28 I2°, PN
5 Se,*, NO 17 S, CN* 29 Se, IBr
6 Sy, Ti 18 Co, NO 30 Teo", IH
7 Nay, IF 19 Rh,*, OF 31 Xey", CN
8 Tlp, NS 20 S, CO 32 P,, CIO
9 Csy, LiF 21 Cl,, NH 33 Po,, CO*
10 Gay, HCI 22 Na.*, BrF 34 Aty*, CS*
11 Oz, BO 23 P,*, Lil 35 Kra*, LiH
12 Ny, NO* 24 O, HS* 36 F2, Se0

IIpakTuyeckoe 3anaTe 3 CTPOEHUE BEILIECTBA B PAMKAX TEOPUU KPUCTAJIJINYE-
CKOTI'O IT10JIA U TEOPUU T10JIA JIMT'AHZIOB

Bompocsl k Teme:

1. B uém cocTouT 0COOEHHOCTh KOMIUIEKCHBIX COSMHEHUN C IMO3UIIMH TEOPUA XUMUUYECKON
cBA3U?

2. Kax onpenenuts 3apsin komiiekcoodpasosatess B coequneHnn K[ASCIF3]?

3. KakoB v ruOpuan3anuy HEHTPAIbHOTO aTOMa M TeOMETpUYecKasi CTPYKTypa KOMILIEK-
ca [Au(CN).] ?

4. Kak kimaccuUIMpYIOT JIMTaH bl 1T0 SHEPIUH X B3aUMOJICHCTBHS ¢ KOMIUIEKCOOOpa3oBa-
Tenem?

5. UTo Takoe 3Heprus pacileIuIeHUs] ¥ OT Yero OHa 3aBUCHT?

6. Kakoe umciio 35ekTpoHOB Ha d-MOAypOBHE HEHTPAIBHOTO aToMa 00ECIeYMBAET BO3MOXK-
HOCTh 00pa30BaHMs KaK BHICOKO-, TAK M HU3KOCIIMHOBBIX OKTA3IPUICCKUXKOMIUIEKCOB?

7. YeMm 00ycioBIIeHa OKPAIICHHOCTh KOMIUIEKCHBIX coeAnHeHUi? Kakue u3 mpuBeIEHHBIX
KOMIUIEKCOB oKpamieHsl M Kkakue 6ecusetssl: [Cr(NHs)2(H20)4]%*, [Ag(NO2)2], [V(SCN)e]®,
[Ti(H20)6]** ?

8. UeM 0OBSCHSETCS BBICOKAS] YCTOMUMBOCTh OKTAdAPUUECKUX HU3KOCITMHOBBIX KOMILJICKCOB
¢ koHdurypanueit d®?

9. Kakum 6ynet ctpoenue kommiekca [Cu(NH3)s]?" — m10ckoKBagpaTHBIM HIIH TETPadIpy-
YECKUM?

10. KakumM¥u MarHUTHBIMHU CBOMCTBAMU JIOJKHBI 00J1a1aTh KOMIUIEKCHI C IICHTPAIbHBIMH aTO-
mamu d° 10 B TeTpasapuueckom nose TUrano0B?

11. Hanumute opMynnbl KOMIUIEKCHBIX COe€QUHEHUI: HUTpaT Terpaammunmenu (II); xmo-
pua AMOpOMOTETpaaMMHHIUTATUHBI (4); ammuHTeTpaxioporuiatuHar (II) kanus; TeTparmaHoi-
unkar (I1) rerpaammunmenu (I1); tpuxiaoporpuaksakodanst (111).

12. TlpeactaBbTe KOOpAMHAIMOHHBIC (opMmynbl chaenyromux —coeauHenuit:  CoCl
*4NH3*H,0; 2NH4*Br*CuBr,*2NHz3; 2Ba(OH)2*Cu(OH)a.

13. TMoaGepuTe MUraHaBl I 00pa30BaHMsA KATHOHHOTO M aHMOHHOTO Kommekco Crit) ¢
KOOPJAMHAITUOHHBIM YHCJIOM IIECTh.
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Ilpumepwt evinonnenusn 3a0anuii

IIpumep 1.

Omnpenenuts 3apsa KoMiLiekcooopasoparesst B komruiekcHoM coeaunennn Ka[Fe(CN)g].

Onopuas unghopmayus: 3apsn vona xkanus +1, a nnanua—nona -1.

Pewenue.

Buemnss cdepa KOMIUIEKCHOIO COEIMHEHUSI COCTOUT M3 4eTHIPEX KarnonoB K*, ciemosa-
TEJNBbHO, €€ 00l 3apsa coCTaBiseT +4; 3apsa] KOMIUIEKCHOTO aHHMOHA -4; CTETeHb OKHUCICHUS
(3apsia) KOMILIEKCOOOpa3oBaTess pacCUMTHIBAIOT Kak -4 = x + 6(-1), rae x = +2.

Omeem: 3apsy KOMILIeKcooOpasoBaTens Fe2*.

Mpumep 2.

Onpenenuth THN THOPUAM3AIMHM ATOMHBIX OpOHMTaIeil KOMILJIEKCOOOpa3oBarTess U mpo-
cTpaHcTBeHHOE cTpoenne kommiekca [HgCla)? u [SnFe]?.

Onopuas ungpopmayus:. Hg d-35eMeHT; KOOPIMHAIIMOHHOE YUCIIO PTYTH PaBHO YETHIPEM;
3apsi/i HFOHAa — KOMIUIEKCOoOpa3oBartess 2+; BHEIIHS U IPEABHEITHIS dJICKTPOHHAS KOH(pUTYpa-
s nona Hg?": 5d°6sP.

Sn — p-aneMeHT; KOOPAWHAIIMOHHOE YUCIIO OJIOBA PAaBHO IIECTH; 3apsij HOHA — KOMIUIEKCO-
o6pazoBatens 4+; BHENTHSAS 2MeKTpoHHAs KoHurypamnus nona Sn**: 595,950,

Pewenue.

Kondurypamuu nd*® u nd ° me oka3piBaroT BIMAHMS Ha HPOCTPAHCTBEHHOE TIONOKEHHE JTH-
TaH/J0B U T€OMETPUYECKOE CTPOCHHE KOMILIEKCOB MOXKET ObITh OMPEIEIEHO B paMKax METoJa
BC.

Kaxxnprit u3 yetpip€x nuranaoB—aoHopoB (Cl) mpeaocTaBisieT Mo oTHON HEMoACIEHHOH Ta-
pe dIEKTPOHOB, a KOMILJIEKCOOOpa30oBaTellb — aKIeNTOp — YeThIPe CBOOOIHBIE aTOMHBIE OpOUTa-
mi: omHy 6S M Tpu 6p, B cocTosHMH THOpHmm3anum SP°.B pesymbTaTe KOBaNEGHTHBIE CBS3H
HaIpaBJICHHI K BepIIMHaM Tetpasapa 1 noH [HgCly]> nMeer TeTpasapruuecKyio CTpYKTYpY:

Dd hy 6

Hg* || 11114t i Tt
Cl Cl Cl CI

Bo BTOpoM ciyuae mecth nuranaos F(2s2p®) npenocraBuiu mects Henoaea&HHBIX dMeK-
TPOHHBIX Map U B 00pa30BaHUU KOMIUIEKCA Y4acTBYIOT LIECTh aTOMHBIXOpOHUTANEH ¢ ruOpuIu-
sanueit sp®d? IIpocTpancTBeHHAs KOH(GUIYpaIMsS KOMILIEKCAa CTAHOBUTCS OKTadPUUYECKOIL:

Bs 5r 57
Snt [t [T (T
- . -
F_ | _F
F«*’”S|n“F
- F

Omeem: Tun Tu6puau3anuu Hy?* —sp®; cTpykTypa KoMmmekca — TeTpasp.
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Tun rubpummsammn SN — sp3d?(BHeImnss); CTpyKTYypa KOMILIEKCa — OKTadIp.

Hpumep 3.

COoCTaBUTh DHEPreTHUYECKYIO AuarpaMmy obpasoBaHus cBsseil B coemuuenuu [Fe(CN)e]®,
yKa3aTh TUIl THOpUIN3aluU OpOUTallel HEHTPaJbHOIO aToMa U OLIEHUTh MAarHUTHbBIE CBOICTBa
KOMIIJIEKCHOTO COEIMHEHUSI.

Omnopnas uapopmarmsi: CN™ — HOH OTHOCUTCS K MOHOJEHTATHBIM JIUTAHAAM, CO3/IAI0LIHM
CIJIBHOE TIONe; OIEeKTPOHHAs KOH(UIyparus MOHA-KOMILIeKcoobpasoBarens: Fe**
30°4s°4p°%4d°.

Pewenue.

JIuranpl 0Opa3yroT IIECTh G-CBSI3€M, MPEIOCTaBIsAs HEMOACIEHHbIE EKTPOHHbIE Maphl Ha
cBOGOIHEIE aTOMHBIE opOuTamy meHTpansHoro nona Fed'. Kpucramnmueckoe mone mrecTd u-
TaHJIOB MEPEBOIUT B BO30YKIEHHOE COCTOsTHHE O-31eKTPOHBI KOMILIeKcooOpa3oBatens. [Ipouc-
XOJUT CHsTHE BhIpokIeHUs 0-AO KOoMILIEKCOOOpa3oBaTenss U 00pa3yercsl BICOKOCIHHOBBIH
nayonet dy-AO u HU3KOCTIMHOBBIH TpHILIeT Je-AO.

DHepreTuyeckas 1uarpaMMa BbITJISAUT CIIEIYIOIUM 00pazoM:

E] L L L L:iL:L
3d, I S S N A

45 4p

3d

3d.

o I i I
[+ [+ [+

[Tox geficTBHEM CHUIIBHOTO MOJISI JIMTAHOB MATh 30-3JIEKTPOHOB TOJTHOCTHIO PACTIPEICIISIOT-
cs Ha 3d.-opOuTansax; ceoboaHsle 3d, 4s, 4p-opbutanu noaBepraroTcs rudopuan3ayy Tumna o2sp’
1 OOYCIIOBIMBAIOT OKTA3PUYECKYI0 IMPOCTPAHCTBEHHYIO CTPYKTYpy KoMIuiekca. Komriekc
HAXOJMTCS B HU3KOCIIMHOBOM COCTOSIHHH, Ha 30c-OpOUTAIM UMEETCsl OJMH 3JIEKTPOH, ClIeI0Ba-
TEJIBHO KOMIUICKC SIBIISICTCS TapaMarHeTUKOM.

Omeem: tvn rubpuamsamun: Fe3* — d%sp3; cTpykrypa KoMmiekca — OKTasap; HapaMarHeTHK.

Ipumep 4.

CocTaBUTh SHEPreTUYECKYIO auarpammy oOpa3oBaHus cBsiseit B coemunenun [CrFs], yka-
3aTh TUIl TUOPUAM3AIUU OpOUTANEH IEHTPAIbHOTO aTOMa U OLIEHUTh MarHUTHBIE CBOMCTBA KOM-
IJIEKCHOTO COEMHEHUS.

Onopnas undopmanus: F° — HOH OTHOCUTCS K MOHOJIEHTATHBIM JIMTAaHIaM, CO3JAr0IINM
cnaboe 1moJie; AMeKTPOHHAs KOH(UrypalLus HoHa-KoMmiekcoodpaszosatens:Cré— 3d%4s%4p%4d°

Pewenue.

[Tox nefictBueM c1aboTo MO YETHIPEX JTUTAHIO0B, 00pa3YIOIINECs G-CBSI3U PaCHoaraloTcs
B BHJIE TeTpadipa. DHepreTuyecKkas AuarpaMmma TeTpadaApudecKoro moss:
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B 00pa3zoBaHuu CBsI3M C JIMTaHaMHU YY4acTBYIOT cBOOonHBIe nBe 3d-, oqHa 4S- u oaHa 4p-
opOuTanu ¢ TUOpUIU3AIMEH THIA dzsp. OO6pa3yeTcsi BHICOKOCITUHOBBIMKOMIUIEKC TE€Tpadapuye-
CKOM KOH(bI/H‘ypaIII/II/I. Hanmumne HECITApCHHLBIX JJICKTPOHOB ACJIaCT KOMIIJICKC IMapaMarHuTHBIM.

OtseT: Tun rubpuamsamuy d2sp; KOMIIEKC HapaMarHUTHBIH.

IIpumep 5.

COCTaBUTh DHEPTETUUECKYIO JUarpaMMy oOpaszoBanus cBsseil B coequnennn [Au(NHs)a]*",
yKa3aTh THIT THOPHAN3AIIMK OpOUTANICi IEHTPAIbHOTO aToMa M OICHUTh MArHWTHBIC CBOWCTBA
KOMIIJIEKCHOTO COEIUHEHMUS.

Onopnas ungopmayus: KOMIUIEKCO0Opa3oBaTenb (-31eMeHT; 3JIeKTPOHHAsS KOH(UTypaIus
nona Au®*: 5086s°6p°6d°; nurane MOHOIEHTATHBI M IS 50-371eMEHTa CO3AI0T CHIIFHOE TIOJE.

Pewenue.

DHepreTuyeckas quarpaMMa KOMIUIEKCHOTO COCTUHEHUS

:Il_:L :II:IJ:
—ﬁllllllllll
iy %63 6p 6d
_H_ >
H 4

UYetbipe nuranjga oOpa3ylOT UYeThIpE G-CBS3H, CO3JAIOT CHIIBHOE TOJIE M PEaTu3yloT IIO-
CKOKBaJpaTHOE paclieruienue opourtaneit. [Ipoucxoaut rudpuausanusi aTOMHbIXOpOUTAEl KOM-
1ekcoo6paszoBarens THHa dsp®. KoMIieke ABIseTcs HU3KOCIMHOBBIM U AMaMAarHUTHBIM (Hecra-
PEHHBIE JIEKTPOHBI OTCYTCTBYIOT).

Omeem: TUTI TUOPUAN3ALME dsp?, KOMIIEKC JUMaMarHUTEH.

E

Huouesuoyanvnwie 3a0anusn

1. OnpeneanTe i KOMIJIEKCHOTO COEIMHEHUS BaIllero BapHaHTa:

a) COCTaBHBIE YaCTH 3TOTO COEAMHEHHUs (BHEUTHIO M BHYTPEHHIOIO KOPAWHAIMOHHBIE c(he-
PBI, KOMIUIEKCOOOpa30BaTeb, TUTAHIbI);

0) 3apsi KOMILIEKCHOTO HOHA U 3apsi]l KOMILUIEKCOOOpa30BaTeNIs;

B) TUI THOpUAM3AINHN OpOUTAIel KOMILJIEKCOOOpa3oBaTes;

T') IPOCTPAHCTBEHHYIO KOH(PUTYpAIIMIO BaJICHTHBIX OpOUTANIEi;

1) TUII pacIleTJICHUs] BAJICHTHBIX OpOUTaliel, KAKUM SIBJISIETCS KOMIUIEKC: HU3KO- HIIU BBICO-
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KOCIIMHOBBIM;
€) MarHUTHbIE CBOMCTBA KOMIIJIEKCHOT'O COEIMHEHUS;
) OKpalleH WM OECLBETEH KOMILIEKC.

2. CocTaBbTe DPHEPTCTHUYECKYIO AHArpaMMy 00pa3oBaHUs CBsi3el B KOMIUIEKCHOM COC/IHHE-
HHH.
BapuanTsl 3a1aHui

pE:}-IT Coenunenne Bapuani Coenunenue p}j;l}-n Coenunenue
1 Lis[Cr(NSC)e] 11 Naz[Zr(OH)s] 21 K2[WS,]
2 [Ru(H20)(NHz3)s)]Cls 12 (NH4)2[MnBr4] 22 K2[Re(NSC)s]
3 Nas[MnClg] 13 Ca[FeCls]2 23 [W(CO)s]
4 [Pt(NH3)2(NO2)2] 14 [Pt (NH3)4]Cl, 24 [Ru(NH3)sCI]SO4
5 Naz[TiFe] 15 [V(NH3)sNO.]Br» 25 Lio[Pb(NO2)4]
6 [Pb(H20)4]SO4 16 Li2[FeCls] 26 [Cr(H20)6] (NO3)s
7 Ko[Pt (NO2)4] 17 [Pb(NH3)2Br-] 27 Fe[Fe(H20) (CN)s]
8 K2[Ni(CN)4](cunsn.) 18 [1Ir(CO)2l3] 28 K>[Co(NH3)sBr]
9 Naz[Rb(CO)Cls] 19 [Ni(CO)4](cnab.) 29 Na [Pt(NH3)3Cl3]
10 Liz[OsFe¢] 20 Naz[MnCl4] 30 Ca[NiBra]

IIpakTHyeckoe 3anssTHE 6 KOMIUIEKCHBIE COEJIMHEHUS B BOJIHBIX PACTBOPAX

Bomnpocsl k Teme:
1. B kakoM MOPSIIKE CIACIYET PACIIONIOKUTh KOMIUICKCHBIE COCMHEHHS M0 BO3PACTAHHIO UX
yeroitunBoctn: [AlFe]® K, = 1,44 ¢10%; [AgCL]™ K, =1,7610%; [HgCls]>* K, = 8,50010762
2. Ipowmsoitnér nu paspymenune komiuiekcHoro coeaunenus [Ag(NH3)2]Cl mpu nobasie-
HUU K ero pactBopy pactBopoB Kl, NaOH?
(K ([Ag(NH3)2]") =9,30108; K, (Agl) = 1,710
Ko (NH3H20) = 1,75010°; Ks(AgOH) =1,5¢107%).

9Kcnepumeumaﬂbnaﬂ uacmo

Onvim 1. Ilonyuenue KoMnIeKCHbIX AHUOHOB

Ipuobopvr u peakmueer: n8e npodbupku, mratus st mpooupok; AGNOsw), ZNClyy), Klg),
NaOH ).

Ilopsadok evinonnenuss onvima: NPOHYMEpYyHTe NPOOUPKU U IOMECTHUTE B MEPBYIO MIPOOHPKY
(Ne 1) 3—5 kanens pactBopa HuTpata cepedpa — AGNOs(), Bo BTopyro (Ne 2) — 3-5 kamens pac-
TBOpa xiopuna nuHka — ZnClye) . B mepByro npoOupKy Mo KarisiM 100aBbTe pacTBOP HOAMAA
kaimust — Klg) 10 pacTBOpeHuUs MOSBUBILETOCS 0Ca/IKa; BO BTOPYIO MPOOUPKY H00aBbTE MO Karl-
M pactBop enkoro Hatpa — NaOH) (ecau ocagok He oOpas3oBaics, MpekpaTuTe 100aBIATh
ménous u 106aBbTe ZnCloe) 10 ero oOpa3oBaHus, a 3aTeM ONATh J00aBbTe MIENOUB). ONUIIUTE
HaOJIOIEHUS U COCTABbTE YPAaBHEHHSI pEakiMii B MOJIEKYJIAPHON U KpaTKOi HOHHOH (opme.

PacTBOpHBI coxpanuTe ISl onbITa 3.
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Onvim 2. [lonyuenue KOMNIEKCHbIX KAMUOHO8

ITpuébopwvr u peakmuegwt: 18e poOUpPKH, WTaTUB I MPoOUPOK; AgNO3), CuClym), KCl),
NH3*H20 (5, NaOHs).

Ilopsadok evinonnenus onvima: nomMectute B mpooupky (Ne 3) 3—5 kamenp pactBopa HUTpaTa
cepeopa — AGNOs ), U 100aBbTE HECKOJIBKO Karesb pactBopa xiopuaa kamus — KCl), B 1py-
ryto npooupky (Ne4) — 3-5 kamens pactBopa xmopuna mean — CuClyg) 1 1006aBbTE M0 KaruisiM
pactBop NaOH). Ha nonyuennsie ocaaku moAedCcTBYHTE pacCTBOPOM aMMHMAKa JI0 UX PacTBOpe-
Hust. OnuimmrTe HaOJMIOACHUS M COCTaBbTE YPAaBHEHUsI PeakiMii B MOJICKYJISIPHOW M KPAaTKOW MOH-
HOM hopme.

PacTBOpbI coOXpaHuTE 1131 ONBITA 3.

Onvim 3. Hccnedosanue ycmouuugocmu KOMNJIEKCHbIX UOHOB.

Ilpuéopel u peakmuevi: TPOOUPKU C PacTBOpaMU KOMILIEKCHBIX HOHOB NeNe 1,2.3.4; yu-
ctast mpooupka, HoO(wer), HNO3m), NaOH(s), Na2Se), (nmm (NH4)28(B)).

Tlopsaoox evinoanenus onvima: B ipoOupku Ne 1 u Ne 2 no6asesre o karmwisaM Ho2Oger.), TIpo-
HaOIOAalTe MPOUCXOIANINE U3MEHEHHS.

K pactBopy B mpobupke Ne 3 no6GaBbTe 1o karmisaM azoTHy0 Kuciaoty HNO3 ) 10 mosiBiIeHus
0eJIoro ocaaIKa.

Conepxxumoe ipobupku Ned paznenute Ha qBe yacTu. K 0THON YacTH MpUIIEHTE MO KarUIsaM
pactBop NaOHg), k apyroit — pactBop NaxSe), war (NH4)2Se). Onummre Habmonenus. Co-
CTaBbTE ypaBHEHUS peakUuil B MOJEKYISIpPHOW M HMOHHOU ¢dopme. Crenaiite o0mmii BbIBOJ, B
KOTOPOM CIIEAYeT OTPa3UTh:

— XapakTep KOMILJIEKCHBIX HOHOB, MOJIY4YEHHBIX B OMbITax 1 u 2;

— JIMCCOIMAIINIO ATUX MOHOB, BIUSHUE TOOABIEHUS BOJIbI M @30THOW KUCIIOTHI;

— MPUYUHY TOSBIIEHUS 0CcaKoB B mpooupkax Ne 3 u Ne 4, conocTaBUB BETUYMHBI KOHCTaHT
HECTOMKOCTH M KOHCTAHT pacTBOPUMOCTH (Tadi. 1).

Tabnuya 1
3HaYeHUNA KOHCTAHT HECTOMKOCTH U KOHCTAHT PACTBOPUMOCTH HEKOTOPBIX COeIUHEeHU
KoMIiuiekcHEbIl noH K Coenunenue K
[Agl2] 5,495 10! AgCl 1,7801070
[Agla]* 1,2590105 Agl 8,310
[Zn(OH)4]~ 5,012 10" Zn(OH), 1,210
Cu(OH); 2,210
[Ag(NH3)2]* 1,698010’ VAN 2,5010722
CuS 6,3010°°
[Cu(NH3)4]”" 7,943010° Ag2S 2,0010°°

IIpeocmasbme na noonucos omuém, oghopmieHHbIl  clledyrouem nopsoKe:
1) naszeanue onvima;

2) npubopul u peakmuewl,

3) nabnrodenus;

4) ypaenenust peakyuii,

5) obwuil 6v1600 Kk onvimam 1, 2, 3.

IIpakTnyeckoe 3ausrue 7 MEXMOJIEKYJISIPHBIE CUJIbI U B3AVMO/IEMCTBUS B TBEP-
JAbIX TEJIAX
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Bomnpocer k Teme:

1. Kakue Tpu Buaa MEKMOJIEKYJIIPHBIX B3aUMOJICHCTBUI Ha3bIBAIOT BaHAEPBAAIbCOBBIMU CH-
namu? Kakoe B3aumoenicTBue sSBisieTcst Hauboiee ciradbim?

2. Kakoii BUI MEKXMOJIEKYJISIPHOTO B3aUMOJICHCTBUS SIBIIICTCS. YHUBEPCAIBHBIM U JICHCTBYET
MEXAY JIIOOBIMU YaCTULIAMU?

3. Kakue BuabI MEXMOJIEKYISIPHOTO B3aUMOJICHCTBHS HAOIIOAAIOTCS B CHCTEME IOJISIPHBIX
MOJIEKyI?

4. Beibepute coeIMHEHUS (aTOMBI), HECIIOCOOHBIC K OPUEHTAIIHOHHOMY U UHAYKITMOHHOMY
B3aumoaeicteuro: H20, Clz, He, NH3, CH4. Xe, CsHe.

Ilpumeput evinonnenus 3a0anuii

Ipumep 1.
Kakoil THn KpucTaqinueckoi peméTky XapakTepeH i TBEPIBIX MPOCThIX BEIIECTB, 00pa-
30BaHHBIX AEMEHTAaMU C MOPSAKOBBIMU HOMepami 6, 10, 227
Onopnas unpopmanusi: nosoxenue sementa B [1C JI.M. MenneneeBa; Tabnuia 31eKTpo-
OTPULATEILHOCTEN JJIEMEHTOB.
Pewenue.
[To nopsinkoBomy HoMepy ompenenseM 3nemMeHT B [IC u cocTtaBisgeM 31eKTpoHHYI0 GopMy-
Iy.
6C 1s? 2s? 2p? — Ha BHEITHEM DHEPTeTHYECKOM YPOBHE 4 e — TUIHMYHBIH HEMeTaJTHIecKHit
JJIEMEHT:
n=2111
n=11l
S p

6C — B BO30Y)XKIEHHOM COCTOSIHUU, IPEIIECTBYIONIEM OOpa30BaHUI0O XUMHUYECKOW CBA3H,
AIIEKTPOHBI PACHPEEIIAIOTCA 110 BCEM BHEUTHUM OpOUTAIsIM B COOTBETCTBHH C npaBuwioM ['yH-
na:
=2 1111

10Ne 1s? 2s? 2p® — pHemHMe OpOMTANM MOJHOCTHIO 3AMONHEHBI 3IEKTPOHAMH, WHEPTHBIH
AIIEMEHT, HEe 00JIaIal0INK XUMUYECKON aKTUBHOCTBIO.

20Ti 1s% 252 2p® 3s? 3p°® 3d? 4s? — na BHeNIHEM YPOBHE 2 ¢ — METALIMUECKUIA JIIEMEHT:

n=41|
n=370 LT
S p d

ITpu o6pazoBanuy KpucTAINYECKONH PEETKH Cyum MEXKIy aTOMaMU YIIepoJa BO3HUKAIOT
KOBaJIGHTHBbIE CBs3U. Kaxkplit aTOM yriiepoja mpeaocTaBiIseT 1Mo YeThIpe JIeKTpOoHa Ha 00pa3o-
BAHME YETBIPEX KOBAJICHTHBIX CBSA3€M C YETBIPbMSA COCEJHUMHU ATOMaMH YIJIEpOJAd, NPUUYEM
aTOMHBIE JIEKTPOHHBIE OPOUTANM HAXOJATCA B COCTOSHMM SP>-rubpuausamuu. THN KpucTaiia
KOBAJICHTHBIN. BelecTBo Xxapakrepusyercs BBICOKOW TEMIIEPATypOH IUIaBICHUS, TBEPAOCTHIO U
MPOYHOCTBIO, ABJSETCA TUAJIEKTPUKOM, TaK KaK HE pacrojaraer cBOOOJHBIMU HOCHUTEISIMHU 3a-
PAIOB.

IIpu oGpazoBaHMM KpHCTAIIMUECKOW peméTku Ne(r KOBaJIEHTHBIX CBs3eil He oOpa3zyercs,
TaK KaK BHEIIHUN HYHEPreTUYECKU YPOBEHB IIOJIHOCTBIO 3aII0JIHEH CIIAPEHHBIMU JJIEKTPOHAMM.
ITpu oOpa3oBaHUM XMMHUYECKOH CBSI3M B KPHCTAJJIE aTOMbI HEOHA CBSI3BIBAIOTCS JAPYT C IPYTOM
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CITA0BIMH CUIAMU MENCMOTIEKVAAPHLIX 83aumoodeticmauti (curvl Ban-oep-Baanvca). Obpasyercs
MOJIEKYJIIPHBIN KpUCTAJLI. JIJIsi HEro XapakTepHa HU3Kas dHEPIUs KPUCTAUIMYECKOW PEIIETKH,
Mayiasi MexaHu4yeckas MPOYHOCTb, HU3Kasg TeMIleparypa IulaBieHus. Takue TBEp/AbIC BEIIECTBa
CTIIOCOOHBI BO3TOHSTHCS U SIBIISIOTCS AUAIICKTPUKAMH.

B xpucTaie THTaHa MEX]ly aTOMaMH, UMEIOLIMMHU Ha BHEITHEM BaJICHTHOM YPOBHE J[Ba HJICK-
TpPOHA, BO3HUKAET METAJUTMYECKUI TUIT XUMUYECKOH CBSI3U. DHEPTUsl KPUCTAILUTMIECKON PEIIETKI
HIDKE SHEPTHHU PEIIETKN KOBAJICHTHBIX KPUCTAJIOB, HO 3HAYUTEIBHO BBIIIE, YeM Y MOJICKYIISIPHBIX
KpUCTAIUIOB. Takue KpucTasibl 001a1af0T BRICOKUMH TEIUIO- U 3JIEKTPOIIPOBOUMOCTBIO, CIIOCOOHBI
nedopmupoBaTbest 0€3 paspymeHus, 00Iagal0T XapaKTePHbBIM METAIUIMYECKUM OJIECKOM, UMEIOT
BBICOKYIO MEXaHHUYECKYIO TPOYHOCTH M TEMIIEPATYPY IIIaBICHHS.

Mpumep 2.

st cucremsr Kr — HCI (kpunToH — XJ10poBOIOPO/T) HEOOXOAUMO:

— OTIPEJIENUTH MOJIIPHOCTH KaXKIOTO BEUIECTBA;

— YKa3aTh BO3MOKHBIE BHJIbI MEKMOJIEKYIISIPHBIX B3aUMOJICHCTBUH;

— J1aTh KPaTKYIO XapaKTEePUCTHKY KaKJJOTO BH/IA.

Onopuasa ungopmayus: 3HaA4YEHUE BEIWYMH SIICKTPOOTPHIATEIHHOCTEH 3IEMEHTOB M MO-
JSIPHOCTH CBSI3U B MOJICKYJIAX:

20 (Kr) =0,00 ; 20 (H) = 2,15 ; D0(CI) = 3,16;
A0 (H-CI) = 3,16 — 2,15 = 1,01 — monsspHas KOBaJCHTHAs CBS3b.

Pewenue.

WHepTHBIN ra3 KPUNITOH UMEET 3aBEPIIEHHYIO JIEKTPOHHYIO 000JI0UKY, €ro COOCTBEHHBIN
JUTIOJIbHBIA MOMEHT PaBEH HYJI0. XJIOPOBOJIOPOJ — MOJSPHOE COeTUHEHHE. JIMMOJIbHBIN MO-
MeHT paBeH 3,470 1070 Ki1/Moi1b, 37eKTpOHHAS TIIOTHOCT CMEIIEHA B CTOPOHY XJIOPA.

KpunTon crnocoGeH TOIbKO K OAHOMY BHY MEKMOJIEKYISPHBIX B3aUMOJACUCTBUN — ducnep-
CUOHHOMY, KOTOpOE MposBiseTcs Mexay atoMmamu Kr — Kr; mosisipHble coeTuHEHUs! CIOCOOHBI
KO BCEM BHUJAM MEXMOJICKYJISIPHBIX B3aWMOJCUCTBUMA, U MEXIY MOJIEKYJIaMU XJIOPOBOJOPOIa
BO3HUKAIOT opuernmayuonusie B3aumoscicreus HCl — HCI, wo B mape ¢ kpunronom Kr — HCI
OpPHEHTAIIOHHBIE CUJIBI HE MIPOSBIISIOTCA — BOZMOXKEH UHOVKYUOHHBIU U OucnepcuonHulil dpdex-
THI.

CpenHsis sHEpTUsl OpueHmayuoHHO20 B3aUMOICHCTBYS IBYX MOJIEKYJ C AUMOJIbHBIMU MOMEH-
TaMU W1 ¥ [ Tipu Temiieparype 1 onpenensercs Gopmymoi

2 2
Ur=-2/3[p1 p 2/(4me0)?] (1/RS) (1/KT),

rae R — paccrosiHue Mexxay aunosnsamu, K — moctosiHHas bonbimMaHa.

Bennuuna undyyupoeannozo >pdexra 3aBUCUT Kak OT BEJIMYMHBI TIOCTOSHHOTO JTUIOJIBHO-
ro MoMenTa noJjsipaoit monekysbl HCI (u 1), Tak u ot nonspuszyemoctu Kr(p 2), To ecth cnoco0-
HOCTH aTOMOB K OOpa30BaHUIO IUIOJS MOJ BO3AEHCTBHEM 3JieKTpuueckoro mnojs. CpenHss
SHEPrUs TaKOro B3aMMOJICHCTBHSI paBHA:

2
Uz =2 [u1 /(167 &) (a2/R%)],
TOJAPH3YEMOCTS () KPUIITOHA IO CTIPABOYHBIM JaHHBIM cocTabser 2,4300 1070 M3, 3nas paccrosue

MEX]ly AUTOJIIMHU R, MOXKHO ONpeeTuTh SHEPT U0 HHAYLIUPOBAHHOTO (P eKTa.
OHeprus oucnepcuoHHO20 B3aUMOJICHCTBUS MTPONOPLUOHAIBHA NOJISPU3YEMOCTH MOJIEKYT
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U pacTéT C yBenMUeHUEM uX pazmepa. [lepBoe mpubimkeHue s JHEPTHH B3aUMOICHCTBUS Ta&T

dopmyna JloHmOHA:
[ 1 ] 3I1 I [ﬂq ﬂ.z]
Us=_ \1822 J\2(5 + )\ R® /.

rae |1 u |2 — norenmans nonu3zauu MoJiekyn 1 u 2. ITo cnpaBounbsiM ganHbIM BeuurHa | (Kr)
= 4,10010? kJ[>x/Moub, a | (HCI) = 12,300 107 kJ[>k/MOIb, MpU U3BECTHOM 3Ha4YeHnu R paccum-
THIBAIOT CHJIY OPUEHTALIMOHHOTO B3aUMOJCHCTBHUS.

Mpumep 3.

Paccunraiite cymmapHsblil Bknan cwil Ban-nep-Baanbca npu B3aMMOJIEHCTBUM COEIMHEHUS
CsHs B kOHIEHCHpOBaHHOM (hasze.

Onopnas ungpopmayus:. Gopmyssl pacuéra MEKMOJEKYISIPHBIX CHUJ B3aUMOJCHCTBUS ISt
MOJISIPHBIX, MAJIOMIOJISIPHBIX ¥ HEMOJISIPHBIX MOJIEKYII:

2 2
Up=-2/3[pl p2/(4n £0)?] (1/R®) (L/KT);
2
Uz =2 [l /(1672 ) (02/R%)];

[ 1 ] 3I1 Ig [ﬂq ﬂ.z]
Us=— 16112 2(I1+I2) RE

rae |1 u |2 — moTeHIManpl HOHU3AIMH B3aUMOICUCTBYIOMUX MOJIEKYI; [Jj — BEeIWYMHA JUTIOJb-
HOTO MOMEHTA B NEPBOM MPHUOJIMIKEHUH, MMPOTIOPIIMOHATBHAS HAMPSHKEHHOCTH AJIEKTPHYECKOTO
noiya E:

Wi=agkE,

rae o — ko3pdUIueHT nonspusyeMocty, [a] = M

Has:

, €0— OJICKTpHUYCCKas IIOCTOsSIHHAs, B Cu paB-
go= (moc®) ™
g0 = 8,85418781701072 d/m, (1 ® =9010°m);
dim go = L3M1T412

llo — MarHUTHas nocTosiHHas 12,566370614e107 H/A, ¢ — ckopocTh cBeTa B Bakyyme 299792458
M/c; R — paccTosiHre Mex 1y aunossiMu B HM; K — moctosiaaas bosbiivana 1,380658e 102 Tx/K.

Pewenue.

Mornexkyna OeH3051a MpeacTaBiseT coOON MIIOCKUM HIEeCTUYroJdbHUK ¢ yriamu 120° u pac-
CTOSIHMEM MeXIy aromamu yriepona I = 0,139 um. JlunonbHelii MoMeHT MouieKynbl CeHs paBen
Hy/r0. B3anMopelicTBre B KOHAEHCUPOBAHHOM (ha3e ONpenenuTcsl TOJIBKO OUCHEPCUOHHBIMU CU-
namu.

®opmyina JIongoHa Ui pacuéra SHEPIrUU B3aUMOACHCTBUS

[ 1 ] 3_,._T1 s [Uq ﬂ.g]
U= \167° S 2(0 + 1) )\ R
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rieli=huoi=a2 1 =92455B; 0= 10,4610 Mm% R~ 2 r = 0,278 uwm.

3o’
Usz=— 16112RE ;

_ (3(9,24510%)(10,4-10°%°)?) _ 27735.10816-10°%° _
77 1 64(3,1416) (0,278.10°)° |  64.986965.4,16.10°°°
0,299982.10°5¢

=_ =-10288
0,291575-10-°*

KJ[>K/MOJTB.

Omeem: Uz = — 1,029 k/Ix/Moiib; 3HaK (—) OTpa’kaeT yMEHBUIEHHE 3HEPTUU CHUCTEMBI MPH
nepexo/ie BEIIeCTBa B KOHJCHCHPOBAHHOE COCTOSHUE.

Hnoueuoyanvnuie 3a0anus

3aganue 1. OnpenenuTb, Kakue CBSI3U UMEIOTCS B KPUCTAJUIaX, 0Opa30BaHHBIX dJIEMEHTaMH
(A, B, C) ¢ nopsankoBsIMH HOMEpPAMH Baiero BapranTa. Kakue cBOMCTBa XapaKTepHBI ISl ATHX
KpHUCTAJJIOB?
BapuanTbl 3a1aHui

BapuanTsl A B C BapuanTsl A B C BapuanTsl A B C
1 14 | 22 | 37 11 41 | 38 | 51 21 20| 36 | 73
2 36 | 19 | 32 12 16 | 20 | 42 22 48 | 42 | 1
3 1 3 14 13 12 | 33 | 47 23 32 | 40 | 53
4 40 2 82 14 4 53 | 74 24 22 | 31 | 48
5 6 37 | 53 15 27 | 35 | 54 25 27 | 42 | 75
6 7 28 | 21 16 15| 42 | 51 26 34| 43 | 72
7 23 | 31 | 37 17 16 | 43 3 27 15| 35| 50
8 24 | 14 | 34 18 12 | 26 | 52 28 7 | 32| 81
9 21 | 39 | 82 19 5 27 | 46 29 8 | 33| 41
10 25 | 44 | 80 20 11| 29 | 73 30 9 16 | 78
3aganue 2. /[ cuctemMbl U3 MOJIEKYIT Balllero BapHaHTa:
— ONPEAEIUTE MOJSIPHOCTD KayKJOW MOJIEKYIIBI;
— YKQKUTE BO3MOKHBIE BUJII MEKMOJIEKYISIPHOTO B3aUMOIEMCTBHS;
— JIaliTe KPaTKyl XapaKTepUCTHKY KaXXIO0ro BUA;
— paccUuTalTe CyMMapHYIO SHEPTUIO0 MEKMOJIEKYJIIPHOTO B3aUMOIEHCTBUS.
BapuaHThl cucreM coeMHeHUI
Bapuant Cucrema Bapuant Cucrema Bapuanr Cucrema
1 CH4-CH3Cl 12 NCIlz 23 Ar —Hx0O
2 HBr — Ar 13 AsHs — Ar 24 FeCl,
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3 MgCl 14 CO 25 GaFs
4 H.O — He 15 GeCls-AsClz 26 NaBr-Nal
5 Sblz — Clg 16 BFs; — H2O 27 H20 — NF3
6 KBr 17 Lil 28 Liz — LiCl
7 HCI - Cl, 18 H.S - S 29 PCls
8 NO 19 CH4 — CH3Br 30 H>Se — N2
9 K>S — Ne 20 F20 31 CoCl>
10 CO; 21 Nal 32 CO;-H20
11 Sk 22 CdF, — Kr 33 NH3

3apganme 3. Paccumraiite cymMmmapHbIii BKiaj cuil Bas-aep-Baanbca mpu B3anmMoaeidCcTBUH
COCIMHEHUH B KOHJCHCUPOBAHHOMU (a3e.

BapuaHTbI coequHeHN, 00pa3ylONINX KOHAEHCHPOBAHHYIO (pa3y

Ba- Ba- Ba-
pHAHT CoenuHenne pHAHT CoenuHenne pHAHT Coenunenne
1 Ho 12 NO 23 F2
Brz 13 02 24 Sen
3 CO 14 As; 25 Cn
4 CO2 15 CH4 26 Sin
5 Clz 16 C2Hs 27 2
6 HBr 17 AsH3 28 O3
7 HCI 18 NO2 29 CF4
8 HI 19 SiO2 30 SOs3
9 H20 20 SiHa4 31 NHs
10 N2 21 PHs 32 C2HsCOO CzHs
11 NF3 22 SO; 33 C2Hs0OH

Ur=—(2/3) pw/ KT RE,
“ Yucno m-cBs3eil B 2IEMEHTApHOMN sueiike KpUCTAILIMIECKOH PEIETKH.

IpakTuyeckoe 3aHsATHEe 8 30HHAS TEOPHSI KPUCTAJUIOB U MAKPOCBOMCTBA BE-
I[ECTB

Bormpocs! k Teme:
1. Kak knaccuuuupyroT TBEP/IbIe BEUIECTBA 10 BEIUYMHE FIEKTPOIPOBOAUMOCTH?
2. Kak 30HHas Teopusi TBEPAOTO Tesa OOBSACHSET SBJICHHE MPOBOJUMOCTU MOIYIPOBOJIHU-

3. Uro xapakrepuszyet ¢pynkius Gepmu—/lupaxa?

4. Kak peanusyeTcs IpuMecHast IpOBOAUMOCTh N-THra?

5. Kak peanuzyercs npoBoIMMOCTb P-THUMna?

6. Kakue nonynpoBoHUKH 0071a/1a10T COOCTBEHHOH MPOBOAUMOCTBIO?
7. Kakue (pakTopbl IPUBOJAT K MOSIBICHUIO 3JIEKTPOIIPOBOAUMOCTH?
8. UTo Takoe JOHOPHbIE aTOMBI?

9. Kakue aToMBbl SIBJISIOTCS aKIIEITOpamMu?

10. Kak peanusyercs npuMecHast IpOBOIUMOCTh?
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Ilpumepwt evinonnenusn 3a0anuii

IIpumep 1.

Onpenenuth BEpOSATHOCTH 3aIOJTHCHHUS dJIEKTPOHAMH 30HBI MPOBOIUMOCTH TPYU KOMHATHOM
TeMIepaType Ul ajamasa.

Onopuvie 0annble: APUHA 3apeIEHHON 30HBI anmMasa Eg = 5,5 aB; mpu T = 298 K Benu-
ypna KT = 0,026 3B.

Pewenue.

BeposTHOCTS 3a1m0JTHEHUS THA 30HBI TPOBOMMOCTH:

g,-(g,-£,/2) |

w(E,)=|exp - 1) =|exp (B, 7 2%T)+ 1!

m(Ec ] - E—E,E!D,DSE - 2—1 na = 5.1 0—45_

Omeem: MaJOBEPOSATHO, YTOOBI AIEKTPOHBI UMEIIA YHEPTHUI0, TOCTATOUYHYIO JIJIsl Iepexo1a B
30HY MTPOBOJMUMOCTH TP KOMHATHOW TeMIeparType.

TMpumep 2-.

OnuimmuTe OTINYHS CTPYKTYp KpucTaiioB Cam U Faoiry oT cTpykTypshl kpuctamwia CaFoq). Ka-
KHE CBOMCTBA XapaKTEPHBI JJI STUX BEIIECTB B KPUCTAJUIMUYECKOM COCTOSTHUN?

Onopnas ungopmayusa. nonoxenne snementa B [IC JI.1. Mennaeneesa; Tadiuma 3JIeKTpo-
OTpULIATENILHOCTEH FIIEMEHTOB

Pewenue.

Kanpumii — THDUYHBIA METAaJUIMYECKHUM 3JIEMEHT, HA BHEIIHEM YHEPreTUYECKOM YPOBHE KO-
TOPOTo 2S-3JIEKTPOHA; 00pa3yeT MEeTaNINYECKYI0 KPUCTAUIMYECKYIO CTPYKTYpy. B Buae npocto-
ro BemiecTBa 00Ja/aeT METAJUIMYECKUM OJIECKOM, AJIEKTPO- U TEIUIONMPOBOJUMOCTbIO, TIACTH-
YeH.

DTOp — TUNMUYHBIA HEMETAJUIMYECKUH 3JIEMEHT, HA BHEUTHEM SHEPreTHUECKOM YPOBHE UMe-
€T TOJIbKO OJIMH HEeCTapeHHbIN 3JIEKTPOH, 00pa3yIoUuii ¢ ApyruM aToMoM (Topa KOBAJIEHTHYIO
cBs3b. [Ipoctoe BemecTBo — Fa.

O6pazoBanue kpuctamia Fao) BO3MOXKHO TOJBKO 32 CYET CHUIT MEKMOJIEKYIISIPHOTO B3aUMO-
neiictBus. Kpucramn HempoyeH, JIETKO BO3TOHSIETCS, XapaKTepPH3YeTCs HU3KOM TemrmepaTypoi
TUJTaBJICHUS, JTUDIIECKTPUK.

[Ipu oGpazoanuu kpucramia CaFar)y mexay aromamu Ca u F oOpasyercss noHHasi CBSI3b,
TaK KaK pa3HHIAa B 3HAYCHUSX BEIMYUH 3JIEKTPOOTPULATENBHOCTH OueHb Benuka: 1230 = 3,0.
DTO MPHUBOIUT K 00pa30BaHUIO UOHHO20 KpUCTallia. BelecTBo pacTBOpUMO B MOJSPHBIX pac-
TBOpHUTENSX, [Ipu OOBIUHBIX YCIIOBUSX OTHOCHUTCS K KJIACCY JUDIECKTPUKOB, HO MPH MOBBIIICHUN
TEeMIIepaTyphbl YCUIMBAIOTCS TOYCUHBIE 1e(DEeKThI KpUCTAlIa: 3a CUET TETIOBOTO JBMXKEHUS MOHBI
MOKUJAIOT Y37Ibl KPUCTAIUTMYECKOW PEIIETKU U MEPEeXOIT B MEXKA0Y3IIUs UIN Ha MOBEPXHOCTD
KpucTtaia. B aiexkTpuueckoM 1osie BOZHUKAET HallpaBJICHHOE NIEPEMEIICHHE HOHOB B BAKaHCHH,
oOpa3oBaHHbBIE YIIEANTUM HOHOM. BO3HUKAET UOHHAA NPOBOOUMOCHb KPUCTAILIA.

Ipumep 3.

OxapaKTepHu3yiTe MOJyIPOBOIHUKOBBIE CBOMCTBA KPUCTAIIA Si M H3MEHEHUE JTHX
CBOMCTB, BBI3BAHHOE cojiepikanneM npuMecu Tl u Bi:

Onopnas unghopmayus.: NOJOKEHUS 30HHON TEOPUH KPUCTAILIOB.

Pewenue.

Pacripeie/ieHre IIEKTPOHOB 110 SHEPIETHYECKUM YPOBHSIM aTOMa KPEMHUS BBITIISIUT ClIe-
nytomum o6pasom: 14Si [10Ne] 3s? 3p:

n*=3 | | | |
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n=2 | | | |
n=1 | p
S

[Tpu Bo3OykaeHnu (0003HAYCHO *) OJMH AIICKTPOH MEPEXOIUT Ha 3p-TOJTYPOBEHD M y aTo-
Ma Si nosiBisieTcst 4 HecapeHHbIX 3IeKTpoHa. KpeMHu — TUITUYHBIN HEMeTall.

[Tpu o6pazoBarnu kpuctaima Si oopazyercss N Mmonekymsipabix opoutaneii (MO). [IBe Tpetn
MO 3aHuMaroT BaJEHTHbBIE AIEKTPOHBI — 110 JIBA JIEKTpoHA Ha Kaxka0i MO, o0pa3ysl BaJ€HTHYIO
30Hy. CBOOOAHBIE OT AMEKTPOoHOB MO 00pa3yroT 30Hy npoBoauMoctd. Otu MO xapakrepusy-
10TCs 00JIee BBICOKMM YPOBHEM SHEPIHU.

[Mpu nepenaue Kpuctamty Siqr) BHEIIHEH SHEpruM (HarpeBaHue, oOaydeHue cBeToMm ¢ hv >
E3), 4acTh BaJICHTHBIX 3JIEKTPOHOB MOKUAAET BAJIICHTHYIO 30HY, TIEPEXOJUT B 30HY MPOBOJIUMO-
CTH, @ Ha UX MecTe oOpasyercsa BakaHcus — jbIpka (+). Koraa kpucramn kpeMHuUs IOMEIIaoT B
AEKTPUYECKOE T0JIe, K aHOoy (+) HaOmoaaeTcs Apend AIeKTPOHOB, K KaToay (—) Apend apIpok
(BakaHcuit).

Takum 00pa3oM peanusyercss coOCmeeHHas INeKMPOHHO-ObIPOUYHASL NPOBOOUMOCTb KPU-
CTAJUIMYECKOTO KPEMHHUSI.

DneKTpOHHbIE KOH(MUTYPALIUU nPUMECHbIX ATOMOB B BO30OYKJIEHHOM COCTOSIHUU:

aaT*n=6 | | |

gBi*n=6] | | | |
S p d

[Ipy HaXOXJACHUHU B KPUCTAILJIE KPEMHHUSI aTOMa TAJTUS B y3JIe KPUCTAUIMUECKOW PEIIETKH,
r7Ie HaXOJUTCSl aTOM TaJUTWs, HaOII0aaeTCs deghuyum OTHOTO AJIEKTPOHA B KOBAJIEHTHOM CBSI3H C
atomMoM KpemHus. [Ipu mepemaue KpucTamury SHEPTHH HEOOJBIIONW BEIIMYMHBI, aTOM TaJUIHS 3a-
XBaTHIBAET HEJIOCTAIOIINNA AJIEKTPOH ¢ OIU3IIeKAIIeH KOBAJICHTHON CBSI3M M HA MECTE 3aXBaycH-
HOTO 3JIEKTpoHa oOpa3yeTcs BakaHcusa (+) — apipka. Eciam Takod KpuCTall MOMECTUTh B DJICK-
TPUYECKOE TI0JIE, TO JBIPKA CTAHOBUTCS HOCHUTEJIEM 3apsaoB. ATOM TaJUTHS SIBISCTCS aKyenmo-
POM DIIEKTPOHOB U YCUJIMBACT B KPUCTAJIC KPEMHHUSI TIBIPOYHYIO (p-muna) IPOBOIUMOCTb.

B npucyrctBum B KpHCTaIEe KPEMHHUSI aTOMa BUCMYTa, Y KOTOPOTO Ha TOCIETHEM dJIeK-
TPOHHOM YPOBHE IISITh 3JIEKTPOHOB, B y3JI€ KpUCTaJlIa, TJIe HAXOAUTCS aTOM BUCMYTA, MOSIBIISET-
Csl c80000HDIIL DIIEKTPOH, HE CBSA3aHHBIM KOBAJIGHTHOM CBS3bIO C COCEAHUMH aTOMaMHU KPEMHHSI.
[Ipu mepenaye KpucTaTy HEOOJBIIONW YHEPTUU ITOT JIEKTPOH JIETKO OTIHICIUISETCS OT IMPUMEC-
HOTO aToMa M, Mepexo/s U3 BAJIEHTHOW 30HBI B 30HY MPOBOJUMOCTHU, YCUIUBACT 3/1eKMPOHHYIO
MIPOBOJIMMOCTD KPUCTAILIA.

Takum 06pa3zom, atombl Bi siBIIsAACH TOHOpaMH, YCHITMBAIOT TPOBOAMMOCTE N-mund.

Hnoueuoyanvnwie 3a0anusn

3anganme 1. Boruncauts sHepruro @epmu EF kpucrtania Bamiero Bapuanra, NpuBEAEHHOTO B
Tabi. 8, MpUHUMAas BO BHUMAHUE CIIEAYIOIIUE OJI0KEHUS:

1. Dueprus @epmu B MeTaax BOIM3M aOCOIIOTHOTO HYJS CBSI3aHA C KOHIIGHTpAIMe CBO-
6oaubIX 25ekTpoHOB (N) B MeTaie ypaBHEHHEM:

5 273
g B[N
Z2m\ Bn

rae h — mocrosiunas [1nanka;
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M — Macca 3JeKTPoHa, T;
N — KOHIIEHTpAaIUs IIEKTPOHOB B €AMHHUIIC BEIOPAHHOTO 00BEMA, M3,

2. KonrenTpanus cBOOOHBIX JIEKTPOHOB paBHA KOHIIEHTPAIIUHA ATOMOB.
3. KoHIeHTpalio aToOMOB HAaXOIAT HCXOAd U3 IoTtHoctH: p /| M = v (MoJb);

1 MOb COIEPXKUT YKCIIO YACTHUIl, PABHOE MOCTOSIHHOM ABOTaJIpO.

Bapuanrtsl 3axanuii 1

Bapuant o, kr/m® Bapuant 0, kr/M® Bapunanr o, Kr/M®
1. Ag 10490 13. K 8620 25. Zr 6510
2. Al 2700 14. Na 9710 26. Ga 5900
3. Cu 8960 15. Cr 7190 27.1In 7310
4. Au 19320 16. Bi 9747 28. Tl 11850
5. Hg 13546 17.Sn 7295 29. Nb 8570
6. Zn 7135 18. Pb 11336 30. Ta 16650
7. Cd 8650 19.V 6110 31.Tc 11487
8. Fe 7874 20. W 19320 32. Re 21030
9. Co 8840 21. Ge 5323 33. Cs 28550
10. Ni 8900 22. Mo 10220 34. Rb 15320
11. Sb 6691 23. Os 22590 35. Li 5340
12. Pt 21450 24. Pd 11970 36. Rh 12450
3amanue 2.

1. Onumure oTAMYMs CTPYKTYp KpUCTALIOB A U B OT CTPyKTYphl Kpucramia AnBm. Kakue
CBOMCTBA XapaKTEPHBI Ul STUX BEUIECTB B KPUCTAUNINYECKOM COCTOSIHUU?
2. OxapakTepu3yiiTe MOJTYIPOBOJIHUKOBEIE CBOWCTBA KpHCTalIa A ¥ W3MEHEHHE 3TUX
CBOJCTB, BbI3BAHHOE COJICPKAHUEM YKAa3aHHOU MPUMECH.
BapuanTsl 3a1anuii

3amgaHus 1 2
BapuanTsl A B AnBm A [IpumecHbIl aTOM
1 HZ CanM CH4 CanM Sb, Al
2 Si F2 SiF4 Si Sn, Te
3 Na F2 NaF Ge Ca, Bi
4 As Zn ZnzAs; B Zn,Sb
5 Ba Cly BaCl, AsS TI, Pb
6 Mg Cly MgCl. Se Sh, |
7 Ca F2 CakF; Ge B, P
8 Zn S ZnS Ge Ga, As
9 Al N> AIN Ge In, Bi
10 As H> AsH3 Si Zn, S
11 B F2 BF3 Si Fe, Se
12 Ge Cly GeCly4 Si Mn, Te
13 Ga As GaAs B Ge, S
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14 In P InP B Zn, P
15 Al Sb AlSb B Fe, As
16 Pb Ss PbS Canmu B, P
17 Cu Oz Cu20 In Zn, Sb
18 Si Cam SiC Cam Al, Te
19 P H2 PHs Si B, P
20 Cd F2 CdF Si Ga, As
21 B Clz BCls Si In, Bi
22 Mg O MgO Si B, Se
23 Al Clx AICl3 Ge Zn, S
24 Cu Sg CuS Ge Mn, Se
25 Be 0. BeO In Mn, P
26 K I2 KI B Cu, V
27 Crpa(b OZ COZ CanM Ga, Bi
28 Fe Crpa(p FesCs In Cu, Ge
29 Mn Sg MnS Se In, As
30 B Zn Zn3B: Se Ga, |
31 \Y/ N2 V3 Ns In Cd, W
32 Sb Ss Sh,Ss Canm Y, Mo

HTorosoe 3ansiTue
Bonpocul k umozoeomy 3anamuro

HpLOdDE

oo

o

10.

11.

12.
13.
14.
15.

16.
17.

Kpatkwuit 0030p aTOMHO-MOJICKYJSPHOTO YUCHHUS M €TO POJIH B XUMHH.

N3ydeHue cTpoeHus BENIECTBA HA Pa3HbIX YPOBHIX OpraHU3alMH.

DJIeKTpOCTaTUYECKasi MPUPOJa XUMUYECKOU CBSI3H.

OCHOBHBIE TUITBI XUMHUYECKOM CBSI3M: KOBAJICHTHAA U MOHHAs. J[JInHA, SHEPTHs U HANpaB-
JICHHOCTh CBSI3U. BaneHTHBIN yroJI.

[TossipHOCTH CBSA3M MOJIEKYIIBI.

CBoO¥ICTBa CBSI3aHHBIX aTOMOB: AJICKTPOOTPUIIATEILHOCTD, 3(PPEKTUBHBIN 3apsil, KOOPIAH-
HAIIMOHHOE YMCIIO.

Crexuomerpusi MoJiekys. KBaHTOBO-XHUMHUYECKHE METOJIbI TPAKTOBKHA KOBAJECHTHOW CBSI-
3. [[puHIMN JTIOKaTM30BaHHBIX Map U MAaKCUMaJIbHOTO NEPEKPHIBAHUS.

CemurnoJisipHasi CBsA3b U JOHOPHO-AKIENITOPHOE B3aUMOJICHCTBHE.

Meton MonekynsapHbIX opOuTaneid. dusndeckas CyHIHOCTb METOJA: JEIOKaTU3alus
AJIEKTPOHHON TUIOTHOCTU MEXIY BCEMU SiApaMu MOJIEKYNbl. OHO3IEKTPOHHOE MPpUOIH-
JKEHHUE.

Pacnpenenenue smekTpoHHOM IIOTHOCTU. CBs3bIBalOllME€ W paspbixistomue. ['omo-
HYKJI€apHbIE IBYXaTOMHBIE MOJIEKYJIbI U MOJIEKYJISIPHBIE HOHBI.

O6pazoBanue MO. MomnekynsipHble OpOUTaNN Kak JTWHEHHas KOMOMHAus s- u p- u d-
aTOMHBIX OpOUTANIEH.

TpexaToMHBbIE IMHEWHBIE MOJIEKYJIbI U MOJIEKYJIIpHBIE HOHBI B MeToZe MO.
HecasizpiBaronne MO. Mounekyisl 6e3 n-cBsizeit (BeH2) u ¢ m —cBszsmu (CO2).

VrioBbie Tpexatomubie Moiekyibl (H20, H2S).

Metoa MO B npubmmxennn Xtokkens (MOX). MonekyssipHble T-CUCTeMBI. 3apsij, Mo-
PAIOK CBSI3U, MHIEKC CBOOOTHOM BaJIEHTHOCTH.

Pacrnionoxxenue ypoBHe# SHEPTUM U CUMMETPHS MOJIEKYJISIPHBIX OpOUTaNIeH.
Huxnuueckue m-cucreMsl, 3Hepruu U Bug MO. Yyer rerepoatomoB B Meroge MO. Un-
JYKTUBHBIE U ME30MEPHBIE 3aMECTUTEIH.
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18.
19.
20.
21.
22.

23.

24,

MHOroaTroMHbIE€ MOJIEKYIIBI.

KoopaunamoHHble coelMHEHNS.

DJeMEeHTHI TEOPUU KPUCTAIITMYECKOTO MOJIS. DIEKTPOHOAC(PUIIUTHBIE MOJICKYJIBI.
Teopus oOpa3oBaHue CBA3H B MOJIEKYJIE BOJOPO/A.

MeTto1 HanoKeHUs BAJIECHTHBIX CXEeM (MeTOoJ pe3oHaHca). Teopus HarpaBiICHHbBIX Ba-
nertHocteil. ['mbpuanzanus AO.

Tunsl rubpuan3zanuu U CTEPEOXUMHUS MOJIEKYN C OpPAMHAPHBIMU CBA3sIMU. BinsHue He-
MOICTICHHBIX 3JIEKTPOHHBIX Nap LEHTPAJIBLHOTO aTOMA Ha BAaJE€HTHBIE YTJIbI.

CrepeoxuMusi MOJIEKYJ C KPaTHBIMH CBSI3SIMU.

7 JABOPATOPHBIE PABOTBI, IPAKTUKYMbI

Jlanubiit Bug paboTsl HE ipenycMoTpeH YII.

10.

11.

12.

13.

14.

15.
16.
17.

18.
19.

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbBHbBIX PABOT, PEOEPATOB

Jlanublit Bu paboTel He npeaycMoTpeH Y11

9 MEPEYEHbDb BOIMPOCOB K 3AYETY

Xumnueckoe BelecTBo. Kitaccnueckas Teopusi XMMHUYECKOTO CTPOEHUS

Tononornueckas U reomeTprudecKasl MOJEIN MOJIEKYJIbl. CHMMETPHUS MOJIEKYJIbI
DIIEKTPOHHAS TEOPUS XUMHUYECKOTO CTpoeHus. [lonspuzanus XuMuuecKo CBSI3U. DJEK-
TPOHHASI MOJIEIb MOJIEKYJIbI

['eomeTpuueckass CTpyKTypa MOJIEKYN B 3JEKTPOHHOM TEOPHUM XMMHUYECKOIO CTPOCHHS.
Mogens OOIIBO.

PeakunonHas cnocoOHOCTh MOJIEKYIT B 3JIEKTPOHHOM T€OPUU XMMHUYECKOTO CTPOCHHUS
Mexanuyeckasi MOJIeb MOJIEKYJbl. Bpaienue u konebanus mojekya. CuMMeTpHs KoJie-
OaHmit

Tunsl xumuueckux cBazen. Terpasap ['puma

MeToa DOTEHIIMATIOB B3aUMOIEHUCTBU

Cesa3p Ban-nep-Baanbca. Ilpupona cun cBasu. Ilorenuman Jlenapna-/[»xonca. Omnpene-
JIEHWE KOHCTAHT.

Hounnslii Tun cBsasu. I[locrossunas Manenynra. Pacuer sHeprum pemeTku U onpeaeineHue
rapaMeTpoB MNOTEHIIMAJIa B3aUMOICHCTBUS HOHOB B KpUCTAJLIIE

Mertannudeckuii Ty cBsi3u. Mojenb cBOOOIHBIX AIEKTPOHOB. MoeNb MHOKECTBEHHOTO
MIePEeKPHIBAHUS AIEKTPOHHBIX 00JIaKOB

[Ipomexyrounsle TUIbl CBA3U. MOHHO-MeTanuyeckuil M KOBAJIEHTHO-METAUINYECKUM
THUIIBI XUMHYECKOU CBSI3U

HNoHHO-KOBaNeHTHBIM TUIN CBs3U. Mojens MNOJspU3alMM HOHHBIX pemeTok. Mojenb
CMEIIeHUs O0IIe dTEKTPOHHOM mapbl. MoJenb KOOPANHAIMOHHBIX MOJTUMEPHBIX CTPYK-
TYp

KoBanentnas cBs3b. CBOMCTBA KOBAJIEHTHOM CBSI3U. DJIEKTPOOTPULATENBHOCTh KaK Mepa
MOJISIPHOCTHU CBSI3U

Bopoponanas cBs3p

Oco0eHHOCTH KBAHTOBOMEXAHUYECKOTO OTTUCAHMSI XUMUYECKON CBSZH
MHoroanekrponHas 3anava. [Ipubmmxenne bopua-Onenreiimepa. [Ipubmmxenue camo-
COTJIACOBAHHOTO MoJIs. YpaBHeHus XapTtpu-Poka-Pyraana

Metoa MoJIeKYSIpHBIX opOuTaneit

Kanonndeckue u 10KalIn30BaHHBIE MOJICKYISIPHBIE OpOUTATH

®opma A Crpannna 27 u3 33



MuHucTepCcTBO HayKH U BRICIIEro oopa3osanus PO
VIbSHOBCKHI TOCY1apCTBEHHBIH YHUBEPCUTET

Dopma

@ - PaGouast mporpaMMa JUCHUILIAHEL

20. KoH1enuus rurnepBaieHTHBIX CBA3EH

21. DIeKTpOHHAs KOPPEsus

22. KoppensuuonHnsle nuarpammsl B Mmetoe MO
23. MeTto/1 BaJ€HTHBIX CXEM

24. Teopus rudpuaU3aLun

25. Teopus pezonanca

26. XuMu4eckas CBsI3b B KOMIUIEKCHBIX COCIMHEHUSIX

27. Teopus KpUCTAUIMYECKOTO OIS

28. Teopwus 1mosist IMranaoOB

29. @ymiepeHsl. YriaepoHble HaHOTPpYOkH. Kitactepsl MeTamios
30. CTpYKTYpPHO-HEXECTKHE MOJIEKYJIbI

31. CTpoeHue KUJIKOCTEN U PACTBOPOB

32. HanOKpuCTAIIIMYECKOE COCTOSIHUE BEIIECTBA

33. Kpucraimmyeckoe COCTOSIHHE BEIEeCTBa

34. 30HHAs TEOpUs TBEPJBIX Tell

35. KBazuuactuipl B TBEpAOM Tese. 30HHbIE AEKTPOoHbI. DddekTuBHas Macca. [pIpku. Ok-

cuTOHBL. [loysIpoHEI
36. Bo30yxaeHue U penakcalys 3JeKTPOHHOM MOICUCTEMBI TBEPJOTO TeIa

37. Jlokanu3auusi 3IEeKTPOHHBIX BO30YKICHUIA
38. XuMmuecKre mpeBpaIieHus B TBEPBIX TEIax

10 CAMOCTOSATEJIBHAS PABOTA OBYYAIOIIIUXCS

Conepxanue, TpeOOBaHHS, YCIOBUS M MOPSIOK OpPTaHU3AIUU CaMOCTOSTEIBHOM
paboThl oOyuaromuxcss ¢ ydyeToM (opMbl 0OydeHUs! OMpeAesieTCs] B COOTBETCTBUU C
«[Tono>xeHneM 00 OpPraHU3alUN CaAMOCTOSITEILHONW pabOThl 00yYaIONTNXCS», YTBEPIKICH-
HBIM YueHbsiM coBeToM Yil'V (mporokoa Ne 8/268 ot 26.03.19 r.).

dopma 00yUueHUs: OUHASI.

Ha3Banue pa3jiesioB U TeM Bua camocTosiTe/IbHOM PadoThI O0bem ®dopMma KOH-
B yacax TPOJIs
Tema 2. Mexanuueckast Mo- | [Ipopaborka yuebHOro marepuaia ¢ HcC- BBIOOPOYHAST IIPO-
€lIb MOJIEKYJIbl. MeToa no- | moiab30BaHUEM €CypcoB ebHo-
A ¥ 8 peeyp ya BEpKa BO BpeMs
TEHLMAJIOB: METOJUYECKOTO0 ¥  HWH(OPMAIMOHHOTO
[IpomexxyToUHBIE TUIIBI XU- | OOECTICUSHHS TUCITUTLTIHBL. ayTOPHBIX 3aHs-
MU4YECKOM CBsA3H. Ban-mep- | IloaroroBka K ycTHOMY OIIPOCY. 2 THI;  BKIIIOYCHHC
BaanbcoBast c¢Bsa3b. Bogmo- | IlonroroBka k cmade 3adera. BOIPOCOB HA HTO-
pOAHA CBA3D. TOBOM 3aHSATHH, Ha
3a4eTe
Tema 3. Ocobennoctu kBaH- | [IpopaboTka yueOHOro marepuaia ¢ WC- BHIOOPOYHAs MPO-
TOBOMEXaHMYECKOT'O OMKCA- | MOJIb30BAHUEM pecypcoB yaeOHO-
. BEpKa BO Bpems
HUSI XUMUYECKOU CBSI3U: METOJMYECKOro ¥  HWH()OPMAIMOHHOTO
Knaccudpukamuss ~ xumude- | oOecriedeHust TUCITUTLTHHBL ayMTOPHBIX 3aH-
CKUX CBsi3el ¢ Touku 3peHus | [loaroroBka K yCTHOMY Ompocy. Ty,  BKIIFOYCHUC
xapakrepa anekTpoHHbIX | IToAroroBka k caave 3adera. 4 BOITPOCOB Ha HTO-
B3aMMOJICUCTBUIM: JBYXDJIEK- TFOBOM 3aHSTHH, Ha
OHHBIE  JIBYXILIEHTPOBBIC
P yx P 3auere
(JToKaJIM30BaHHBIE) U MHOTO-
LEHTPOBBIE  (JeTIOKaIn30-
BaHHBIE) cBs3u. KoopanHa-
LIMOHHAA CBA3b.
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Tema 4. Xumwuueckasi cBsi3b | [Ipopaborka yueOHOro marepuania ¢ HC- BBIOOpOYHAsT TIPO-
B KOMIUJICKCHBIX COCIUHEHU- | MOJIh30BAHUEM pecypcoB yuebHo- BEpKa BO BpeMsd
SIX: METOJMYECKOr0 ¥  HWH()OPMAIMOHHOTO ayJIMTOPHBIX 3aHs-
Pacwennenue d-ypoBHeii | obecrieueHus UCIUIUINHBL. 4 THi:  BKIIOYCHHE
2
neHTpaibHoro uoHa. Komu- | IlogroroBka Kk ycTHOMY oIpocy. BOTIPOCOB HA HTO-
yecTBeHHas oOleHka pac- | [loaroroBka k caaue 3adera.
o TOBOM  3aHSATHH,
werneHu. I[IpaBuino cre-
H q
PEOXUMHUYECKOTO Psifa. asatere
Tema 5. Teoperuueckas | [IpopaboTka ydeOHOro marepuana C Hc- BBIOOpOYHAsT TPO-
OLIEHKa PEaKIMOHHOM CIO- | MOJIb30BaHHUEM pecypcoB yue6HO- BEpKa BO BpeMs:
COOHOCTH BeIIEeCTBA: METOJMYECKOro ¥  HMH()OPMAIMOHHOTO AyJIMTOPHBIX 3aHs-
Monens TIEpEXOTHOTO CO- | OOECTICUEHUS TUCIIUTLINHEL THH:  BKIIOYEHHE
2
CTOSTHUS peakuuu. DHepruu | [loaroroBka K ycTHOMY OIpOCY. BOTPOCOB HA HTO-
JIOKaNn3aluu atoma (Hyk- IToxnroroska k cnaye 3auera. 2
TOBOM 3aHATHH, HA
neoduibHas, AMEKTPOHUIH-
3ayere
Hasd, pajaukaitbHas). Bos-
MOXXHOCTU U OrpaHUYCHHUA
CTaTUYECKOIro u JUHaMu4yec-
CKOT'0 METOJIOB
Tema 6. OcHoBHBIE pe3ynb- | [IpopaboTka ydeOHOro MaTepwana ¢ WC- BBIOOpOYHAS TIPO-
TaThl W3y4EHUS CTPOCHHS | MOJH30BAHHIEM pecypcoB y4e6HO- BepKa BO BpeMs
MOJIEKYIT: METOJIMYECKOr0 ¥ WH(POPMAIHOHHOTO Ay/IMTOPHBIX 3aHsA-
Porakcanbr )51 KaT€HaHEI. | 00ecIeueHust JUCHUIIJIINHBIL. 4 THﬁ, BKJTIOUEHHUE
O®ynnepenbl. Ilomumepsl u | [loaroroBka K ycTHOMY OMpoOCY.
BOIIPOCOB Ha HTO-
ouoronuMepsl. bemkm. IloaroroBka Kk ciade 3ayera.
TOBOM 3aHSTHH, Ha
3adere
Tema 7. Ctpoenue koameH- | Ilpopaborka ydeOHOro Marepwana ¢ WC- BBIOOpOYHAs IIPO-
CHUPOBAaHHBIX (a3: ITOJIb30BaHUEM pecypcoB yaeOHO- BEpka BO BpeMs
Kpucramnel ¢ HENONHON | METOJMYECKOTO M MH(OPMAIIOHHOIO AYIUTOPHBIX 3aHs-
YHOPSITOYEHHOCTHIO. JHo- | obecriedeHns TUCITUTLTIHBL. 2 T —.
b
MEHHBIE CTPYKTYPBHI. [TonroroBka kK yCTHOMY OIPOCY.
PYKTYP A Y y onpocy BOIIPOCOB Ha HTO-
IToaroroBka k cnave 3adera.
TOBOM 3aHSTHH, HA
3adere
Tema 8. CtpoeHue KHIKO- IIpopaborka y4eOHOro Marepuaia C HC- BBIOOpOYHAs IIPO-
CTeW U PacTBOPOB: MTOJTE30BaHUEM pecypcoB y4e6HO- BepKka BO BpeMs
CtpykTypa BOABI W BOAHBIX | METOIMYECKOrO W  HMH(POPMAIHOHHOTO Ay/IATOPHBIX 3aHS-
pactBopoB. CTpyKTypa *KUa- | 0OOeCTIedeH s TUCITUTLTHHBL 2 THIL:  BIIIIOYCHIE
KHX eKTponuToB. JXKunko- | IlogroroBka Kk ycTHOMY oOIpocy. BOHI,)OCOB Ha WTO-
KpucTaIUTHaeckoe coctossane | [loaroroBka k caade 3avera.
TOBOM 3aHSTHH, Ha
B OMOJIOTMYECKIX CUCTEMAX.
3adere
Tema 9. Kpucrammiaeckoe [Ipopaborka y4eOHOro Marepuana C HC- BBIOOpOYHAsT TIPO-
COCTOSIHHE BEIIEeCTBa! MOJIb30BaHUEM pecypcoB yaeOHO- BEpKa BO BpeMms
ATOMHBIE, NOHHBIE, MOJIEKY- | METOJAMYECKOr0 U  WH(OPMAITMOHHOTO AYIUTOPHBIX 3aHs-
JISIPHBIE W IPYTUE TUIBI KPU- | OOECTICUSHHsI TUCITUTLTHHBL 2 i BKITIOUCHIE
b

CTaJIJIIOB.

[loaroroBka K yCTHOMY OIpocy.
[loaroroBka k caaue 3ayera.

BOIPOCOB Ha HUTO-
TOBOM 3aHsTHH, HA
3a4CTC

®opma A
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11 YYEBHO-METOJUYECKOE 1 THOPOPMALIMOHHOE OBECIIEUEHUE
JUCHUIIINHBI

OcHoBHas :

1.BunuaukroBa, 0. A. CTpoeHue U peakMOHHAs CIIOCOOHOCTh BEIECTB : yueOHoe nocodue /
10. A. BuaumukroBa, 1. B. UcakoBa. — Kemeposo : Ky3['TY umenn T.®. ['opbauesa, 2020. —
75 c. — ISBN 978-5-00137-193-9. — Tekcrt : 57eKkTpoHHBIH / JlaHb @ 3JIEKTPOHHO-
oubimmoTeunas cucrema. — URL: https://e.lanbook.com/book/163563

2.Muxaiinenko, 10. A. CTtpoeHue U peakiOHHAasl CIIOCOOHOCTh BEIIECTB © ydeOHOe mocooue /
10. A. Muxaiinenko, K. B. MesennieB. — Kemeposo : Ky3s['TY umenu T.®. 'opbauesa, 2012.
— 83 c. — ISBN 978-5-89070-849-6. — TekcT : snexkTpoHHbIH / JIaHB : 3JEKTPOHHO-
oubmmoteunas cucrema. — URL: https://e.lanbook.com/book/6643

3.CyBopoB, A. B. O06miast u Heopranudeckas xumust B 2 . Tom 1 : yueOnuk my1st By3oB / A. B.
CyBopos, A. b. Hukonbsckuit. — 6-¢ mu3n., ucnp. u jgorn. — Mocksa : M3narenscTBo HOpaiiT,
2021. — 343 c¢. — (Bricuree o6pazoBanue). — ISBN 978-5-534-09094-9. — Tekcr : 31eKTpOH-
HbIi // O6pa3zoBaTenbHas miardpopma HOpaiit [caiit]. — URL: https://urait.ru/bcode/470737

JlomostHuTEABHAS

1. bypmuctpoBa, H. A. KBanTtoBass MexaHuKka M KBaHTOBas XuMHusl . yueOHoe mocooue / H.
A. BypmucrpoBa. — CapatoB : CI'Y, 2020. — 68 c. — ISBN 978-5-292-04636-3. — Tekcr :
ANEKTPOHHBIA  // Jlanp : AIIEKTPOHHO-OMOIHOTeUHAs cucreMa. — URL:
https://e.lanbook.com/book/170586

2. EpmaxkoB, A. 1. KBantoBas MexaHuka u kBaHToBast xumus. B 2 4. Yacte 1. KBanToBas
MEXaHWKa : y4eOHMK W TpakTukyMm it By3oB / A. U. EpmakoB. — MockBa : M3marenscTBo
Opaiir, 2021. — 183 c. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-00127-3. — Tekcr :
anexktpouusii /[ O6pasoBatenmbHast — miaardgopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/471665 .

3. Epmakos, A. M. KBanToBas Mmexanunka u kBaHToBas xumus. B 2 4. Hacte 2. KBanToBas

XUMUS © y4eOHUK U TpakTukyMm it By30B / A. M. EpmakoB. — MockBsa : M3ngarensctBo FOpaiiT,
2021. — 402 c. — (Bricmiee oopazoBanue). — ISBN 978-5-534-00128-0. — TekcT : anekTpoH-
ublii // ObpazoBarenbHas miardopma FOpaiit [caiir]. — URL: https://urait.ru/bcode/471666
yueOHO-MeTOoaquYecKast

1.Mpons O. FO. Ctpoenue BemecTBa: yueOHO-METOAMYECKOE TOCOOUE Ui BBITIOJHEHUS J1a00-
pPaTOpHBIX pabOT U CaMOCTOSITENILHOM PabOThl CTYJIEHTOB 3 Kypca 3KOJIOTMYECKOro (aKyabTeTa
HarnpaBiieHus nmoaroropku Oakamaspuara 04.03.01 — Xumus / O. 0. Ulposs; Yal'V, Dkoi. dak.
- VupanoBck : Yal'V, 2019. - 3arn. ¢ skpana; HeonmyOnukoBaHHBIN pecype. - DIEKTPOH. TEKCTO-

BBIC JaH. (1 daiin : 1,38 MB). - Tekcr: AJIEKTPOHHBIH.
http://lib.ulsu.ru/MegaPro/Download/MObject/7985

0) mporpaMMHOE 00ecTICUCHUE

1. Microsoft Office
2. OC Windows Professional
3. Anturuiaruar BY3

B) IIpodeccronanbubie 6a3pl JaHHBIX, HHPOPMAIMOHHO-CIPABOYHBIE CUCTEMBI
1. D71eKTPOHHO-0MOJIMOTEYHbIEe CHCTEMBbI:
Hudposoit obpazoBatensHbIi pecypc IPRsmart : snextpoHHO-OMOMMOTEUHAs cucTeMa :
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caidt / OOO Kommnanus «A# [Tu Ap Menua». - Caparos, [2023]. — URL: http://www. |prbookshop ru. —
Pexxum noctyna: [uis 3aperucTpup. mojib3oBaresen. - TeKCT (3JIeKTPOHHBIMN.

OGpasoparensHas mmatgopma FOPAWT : o6pasoBaTenbHbIi pecype, dNEKTPOHHAS
oubanoreka : caiit / OOO Diexrponnoe m3matenbctBo «FOPAUMT». — Mocksa, [2023]. - URL:
https://urait.ru. — Pesxum nocryma: st 3aperucTpup. oJib30BaTeiei. - TeKCT : 3JIeKTPOHHBIN.

baza panHbix «OnexTpoHHas Oubnmoreka TtexHuueckoro BVY3a (OBC «Koucynbrant
CTYIIEHTa») : BICKTPOHHO-OuOMMoTeuHas cucrema : caidit / OO0 «Ilonurexpecype». — Mocksa, [2023]. —
URL.: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pesxxum mocrtyma: isi3aperucTpup. Moab30BaTeei. —
Texcr : 27eKTPOHHBIN.

OBC Jlanp : amekTpoHHO-OMOMoTeuHas cuctema : cadt / OO0 OBC «Jlanpy. — CaHkT-
[etepOypr, [2023]. — URL.: https://e.lanbook.com. — Pexxum nocTyma: uist 3aperucTpup. mojib30BaTeei. —
Texer : 21eKTPOHHBIN.

OBC Znanium.com : »3JIeKTpOHHO-OMOIMOTeyHass cuctema : caut / OOO
«3Hanuym». - Mocksa, [2023]. - URL: http://znanium.com . — Pexxum moctyna : ajisl 3apervcTpup.
I0JIb30BaTeNeN. - TEKCT : JIEKTPOHHBIN.

2. KoucyabrantIlimioc [DnexTpoHHbIH pecypc]: cipaBouHas mpaBoBas cucrema. / OO0
«Koncynprant [Tnrocy - DaekTpoH. naH. - Mocksa : KoncynprantlIntoc, [2023].

3. ba3bl TaHHBIX TEPUOANYECKUX U3JaHUM:

eLIBRARY.RU: nayunast snektponHas ouodanoreka : caiir / OO0 «HayuHas DiekTpoHHas
bubnnortekay. — Mocksa, [2023]. — URL: http://elibrary.ru. — Pexum pnoctyma : mis aBTOpH3.
MOJIb30BaTeNed. — TEKCT : AJEeKTPOHHBIN

OnekTpoHHas Oubnmoreka «M3natensckoro poma «I'pebennukoB» (Grebinnikon)
anexktponHas Ooubmmoreka / OO0 W]l «I'pebennnkoB». — Mocksa, [2023]. — URL: https://id2.action-
media.ru/Personal/Products. — PexxuM mocTyma © ajas aBTOPHU3. MOJb30BaTEICH.

— TeKCT : PNEeKTPOHHBIN.

4,  @enepasbHasi rocyaapcTBeHHasi uHpopMmanuoHHass cucrema «HaumoHanbHas
3JIEKTPOHHAasi 0M0JIMOTeKay : dJIeKTpoHHas Oubimorteka : caiit / ®I'BY PI'b. — Mocksa, [2023].
— URL: https://a36.pd. — Pexxum nmocrtyma : aisg moJib3oBaTeNied HaydHOW OuOmmoTexku. — TekcT :
3JIEKTPOHHBIN.

5. Poccuiickoe o0pazopanue : dheaepansubiii mopran / yapemurensr OI'AY «DUIITO».

— URL: http://www.edu.ru. — TekcT : 3JeKTPOHHBIIA.

6. DJieKTPpOHHAs1 OuOJMoTeuHass cucrtemMa Yal'V | Momyns «DJIeKTpoHHas OHOIMOTEKa»

ABUC Mera-ITPO / OO0 «/lata Dkcmpece». — URL: http://lib.ulsu.ru/MegaPro/Web. —
Pexxum nmoctyma : myist mosib3oBaTeield HaydHOW OMOIMOTEKH. —TeKCT : 2JIEKTPOHHBIM.

CoriacoBaHo
Havanpauk YnpaBneHus HHPOpMaIMOHHBIX Z/
TEXHOJIOTUH U TeJIeKOMMYHUKAIUH [LII. Bypauu 15.05. 2023

12 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE HAYYHO-
I/ICCJIEI[OBATEJII)CK()ﬁ PABOTBI

VYuebHas ayauropus 212 s mpoBeneHMs JIEKUUH, 3aHATHH J1abopaToOpHOro THIIA,
IPYIIOBBIX U WHAMBUIYAJIbHBIX KOHCYAbTALMN, TEKYILErO0 KOHTPOJS M NMPOMEXKYTOYHOH at-
TecTaluy (¢ HabOPOM JIEMOHCTPAI[MIOHHOTO 00OpYAOBaHUs il 0OECTIeYeHUs] TeMaTUYECKUX
WUTIOCTPAIM B COOTBETCTBUM C paboueil mporpammoi aucuuiuivHbl). [lomenieHne ykom-
IUIEKTOBAHO CHEIMAIM3MPOBAHHON MeOebio Ha 24 MOCaIouHbIX MECT U TEXHUUECKUMH CpeJi-
CTBaMM: 3KpaH HACTEHHBIH, ocka ayauTopHas. PaGouee mecto npenonasarens, WI-FI, un-
tepHeT. [Inomane 42,93 xB.M.

VYuebHast ayIuTOpHs Il CAMOCTOSITENbHOM paboTsl cTyaeHToB 230 ¢ noctynoMm k IBC.

JUIsL cCaMOCTOSATENbHOM paboThl ctyaeHToB, Wi-Fi ¢ noctymom k DMOC, ObC. Kommbiorep-
®opma A Crpannna 31 u3 33
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MuHucTepCcTBO HayKH U BRICIIEro oopa3osanus PO

o o Dopma
YIIbSHOBCKUI rOCYyJapCTBEHHBII YHUBEPCUTET

@ - PaGouast mporpaMMa JUCHUILIAHEL

HBIN KJIaCC YKOMIUIEKTOBAHHBINA CHEIMATU3UPOBAHHONW MeOebio Ha 32 MOCaJ0uHbIX MECT U
TEXHHUYECKUMH cpelcTBaMu oOydeHust (16 mepcoHaabHBIX KOMIIBIOTEPOB) C IOCTYIIOM K CETH
«UuTeprer», JUOC, OBC. Ilnomans 93,51 kB.M.

UuranpHelil 321 HaydyHOU OMOIMoTekH (ayauropus 237) ¢ 30HOM Ui CaMOCTOSITENILHOM
pabots1, Wi-Fi ¢ qoctynom k DMOC, DbC. AyauTopusi yKOMIUIEKTOBaHa CIIEIHATN3UPOBaH-
HOI MeOebio Ha 80 TOCa0YHBIX MECT U OCHAIIEHA KOMITBIOTEPHON TEXHUKOM C IOCTYIIOM K
cetu «MuTepHeT, DUOC, DBC, 3kpanom u npoekropoM. [Inomans 220,39 kB.Mm.

13 CIIELHMAJIBHBIE YCJIOBUA U1 OBYYAIOLIIMXCA C OT'PAHMYEHHBIMU
BO3MOXHOCTAMMU 3/10POBbA

B cnydae He0OX0AMMOCTH, 00YyJaIOIIMMCS U3 YUCIIA JIUI C OTPAaHUYCHHBIMUA BO3MOKHO-
CTSIMU 37I0POBBS (TI0 3asBIICHUIO 00YYaIOIIErocsl) MOTYT MpeyIaratbCsi OJTHA U3 CIICTYIOIINX
BApHAHTOB BOCIPHUATUS WH(POPMAIMK C Y4ETOM WX WHAWBUAYAIBHBIX TCHXO(U3MYECKHX
0COOEHHOCTEH:

JUIS JIMLL C HApYUIEHUSIMU 3PEHUS: B Me4yaTHOU (opMe yBeIMUeHHBIM HIpudTom; B dop-
M€ 3JIEKTPOHHOIO JOKyMeHTa; B (opme ayauodaiina (mepeBos yd4eOHBIX MaTepHaioB B
aymrodopmar); B medatHoW Qopme Ha s3pike bpaiins; WHAWBHIyallbHBIE KOHCYJIBTAIIUN C
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o o Dopma
YIIbSHOBCKUI rOCYyJapCTBEHHBII YHUBEPCUTET

@ - PaGouast mporpaMMa JUCHUILIAHEL

MpU- BICYCHUEM TU(HIOCYPIOTIEPEBOTUMKA; HHANBUAYATbHBIC 331aHUSI M KOHCYIIbTAINH;

JUISL JTUI] C HApYLICHUAMH CIIyXa: B Me4aTHOU (Gopme; B (opMe FMEKTPOHHOTO TOKYMEH-
Ta; BUJCOMATEPHAIIBI C CYyOTUTPaMU; MHANBUIYaJIbHbIE KOHCYIBTAI[MH C IIPUBJICYCHUEM CYyp-
JIOTIEPEBOTYHMKA; MHIUBHIyaIbHbIC 33/IaHUS M KOHCYJIbTAIINN;

JUISL JIAL C HAapYIICHUSIMU OIOPHO-IBUTaTENLHOTO ammapara: B MeYaTHOH (opme; B
(dopme IEKTPOHHOTO JTIOKYMEHTa; B (hopMe ayamodaiiia; HHINBUAyaIbHbIC 33aHUsI U KOH-
CYJbTaIIH.

B ciydae HeOOXOOMMOCTH WCHOJB30BaHMS B y4eOHOM Tmpollecce YacTH-
HO/MCKITIOYHUTENBHO JUCTAaHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTHH, OpraHu3anus paboThl
MIIC ¢ obyuarommmucs ¢ OB3 u nHBanmuaaMu npeaycMaTpUBaeTcs B 3JIEKTPOHHON HMHQOp-
MAaIMOHHO-00pa30BaTEFHON Cpelie C YY4EeTOM WX MHIUBUAYAIBHBIX TCUXO(U3NIECKUX OCO-
OeHHOCTEH.

Pa3paboTumKu: A / nouent O.IO. lpons

C f gL

16.05.23
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