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1 HEJIb 1 3AJAYHN OCBOEHUSA JUCIIAITIJIMHBI

Heiab10 0cBOCHUS TMCHUILIMHBI - SBIIETCS CUCTEMATHYECKOE M3JI0KEHHE 3aKOHOMEPHOCTEN
W3MEHEHUsI CBOMCTB BEUIECTB B 3aBHCHUMOCTH OT CTPOEHHUS OOpa3ylollUX MX MUKpPOYACTUI U
BHEIIHUX YCJIOBUM; PaCIIMPEHHUE 3HAHUN O CTPOCHHMM BEILIECTBA, ITOJIYYEHHBIX CTYJIECHTAMHU IIPU
M3yYeHUH psga (GyHIAMEHTAIBHBIX KypCOB 00pa30BaTENbHOW TMPOTPaMMBI; TIOIyYCHHE
MIPAKTHYECKNX HAaBBIKOB PAacdyeTOB CBOMCTB BEIECTB Ha OCHOBAHWM JAHHBIX IO UX CTPYKType U
oOpaTHbIX 3a/1a4. B pe3ynpTaTe 0CBOEHHS TaHHOW AUCHMILIMHBI JOJDKHBI OBITh C(POPMHPOBAHBI
MIPEACTABICHUSI O COBPEMEHHBIX KOHLENLHUAX CTPOCHUS XUMUYECKHX COCOUHEHUH U
BO3MOKHOCTEH MX MCIOJIb30BaHUs U1 IOHMMAHUs W NPOTHO3MPOBAHUS XUMHUYECKUX CBOWCTB
BEIIECTB U UX PEAKIIMOHHOM CIIOCOOHOCTH B PA3JIMYHBIX YCIOBHUSX.

3agaum ocBOCHMS IMCHUIIIUHBI
JaTh MpeAcTaBlIeHNue 00 OCHOBHBIX COBPEMEHHBIX KOHIIETIIUAX TEOPETUUECKON XUMUH,
O3HaKOMHUTb C OCHOBHBIMH UCIIOJIb3YEMBIMM  COBPEMEHHBIMM  TEPMHHAaMH,
XapaKTEPU3YIOIMMH pa3HbIE ACIIEKThI CTPOCHUSI XUMUYECKUX COCAMHEHUM;
JaTh TpEACTaBlieHne 00 OCHOBHBIX NPUHIUINAX IO3HAHUS CTPOEHUS XUMHUYECKUX
COEIMHEHUH Pa3HBIX TUIIOB C TOMOIIBIO SKCIEPUMEHTAIBHBIX U PACUETHBIX METOIOB;
U3Y4YUTH CBSI3b ()AaKTOPOB CTPOEHHUS U CPEJbl C PEAKIIMOHHOM CIIOCOOHOCTHIO BEILIECTB.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JlucuuminHa OTHOCUTCS K 00sI3aTENIbHBIM JUCHUIUIMHAM BapHAaTUBHOM YacTH yueOHOTO
miaHa, Oa3upyeTcss Ha 3HAHUSAX W YMEHHUAX, BBIPAOOTAaHHBIX TPH  MPOXOXKJIECHUU
MPEIIECTBYIOIUX KYpCOB (HEOpraHu4eckas XUMUs, OpraHuyeckass XUMHUsS U 1p.), YriyomuseT
(GbyH1aMEHTaJIbHYIO €CTECTBEHHOHAYYHYIO MOJTOTOBKY CHEIUAINCTOB-XUMHKOB.

JlanHasi TUCIUIUIMHA U3ydaeTcs Ha 4 Kypce.

3 HEPEUEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHMUS 110 JUCIUIIJIMHE
MOAYJI10), COOTHECEHHbBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMHU

OCBOEHMS OII0II
Kon 1 HaumeHnoBaHue HepequL IIJTAaHUPYEMBIX PE3YIIbTAaTOB O6y‘~IeHI/I${ I1o
pea_]]p[gyeMof/'I KOMIIETEHIIUU JUCHUITIIINHE (MOI[y.]'IIO), COOTHCCCHHBIX C MHAUKATOPaMU
JOCTHKCHHA KOMIICTCHIIMH
I1K-3: BJIaJCCT cucTeMoi | 3HaTh: OCHOBBI COBpCMeHHOﬁ TCOPHUHU XHUMHUUCCKOI'O
q)YHI[aMeHTaJ'ILHLIX XUMHYECKUX | CTPOCHUA; KBAHTOBBLIE COCTOSHUA MOJIEKYI;, CHMMCTPUIO
MMOHATHMI MOJICKYJISPHBIX CHCTCM, UX JJICKTPUYCCKUX U MATrHUTHBIX
CBOﬁCTBaX; MCKMOJICKYIISIPHBIX BBaHMOHeﬁCTBHHX;

CTPOEHUM  KOHJEHCUPOBAaHHBIX (a3 (KuaKocTeH,
amopdHbIX  BemiecTB, Me30da3, KPUCTAJIOB), UX
MOBEPXHOCTEH U TPaHMUIl Pa3aeioB.

YMeTh: OPUEHTHUPOBATHCA B OCOOCHHOCTSX XHMHUYECKOTO
MOBE/ICHUS PA3NUYHBIX THUIIOB W KIIACCOB XUMHUYECKUX
COeIMHEHUH, 00YCIIOBIEHHBIX X CTPOCHUEM.

Baagers: COBpeMEHHBIMHU TPEJCTABICHUSIMU O CTPOCHUHU
BEIIECTBA, MPUPOAEC XUMHUYECKON CBSI3U U JIBIKYIIUX
MPUYUH XUMUYECKUX PEAKITHIl
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[IK-4: cmocoGeH  NpPUMEHATH | 3HATh: NPUHIMIBI TO3HAHUSA CTPOCHHS XUMHUYECKUX
OCHOBHBIE €CTECTBCHHOHAYYHbIC | COCIMHEHUI pa3HbIX THIIOB c IIOMOIIIBIO
3aKOHBI M 3aKOHOMEPHOCTH | DKCIIEPUMEHTAIIBHBIX U PACYETHBIX METOOB.

Pa3BUTHS XMMUYECKON HAYKU IIPU | YMETh: BBISABIATH OCHOBHBIE IPUHLMIIBI  CTPOCHMS
aHanuse IIOJIy4CHHBIX | XUMHUYECKMX YaCTHUIl, CBSA3b MEXAY pa3HbIMU AaCIIEKTaMU
pe3yiIbTaToB XUMHUYECKOM,  DJIEKTPOHHOM ¥ IIPOCTPAaHCTBEHHOU
CTPYKTYpPBI COCTMHEHHM.

Bianerb: HaBbIKaMM aHalIM3a M YCTAHOBJICHUS Xapakrepa
CTPYKTYpbl HAa OCHOBE COBOKYINHOCTHM JAaHHBIX O
¢u3znyeckux U XUMHYECKHX CBOICTBaxX  BEIIECTBa,
IIOJIY4EHHBIX OJKCIEPUMEHTAIBHBIMU W TEOPETUYECKUMHU
METOJaMu. YMETh HCIIOJIb30BaTh CBOM 3HaHUSA Ha
IIPaKTHKE.

OBIIAA TPYIOEMKOCTDH JUCIHUITJIMHBI

4.1. O0beM THCHHUIIMHBI B 3a4eTHBIX efnHunax (Bcero) 3 3ET
4.2. Tlo Bugam y4eOHoii padoTsl ( B yacax): 108

KommuectBo yacos
(bopma o0OydeHHUs - OUHAS)

Bun yaeOHo# paboTh Beero 1o B 1.4. mo
ceMecTpaMm
TIaHy

8
1 2 3

KonraktHas pabota obyuaronuxcs ¢ mpernojaBaTesieM B
70 70

cooTBeTCTBUU C YII

AyIUTOPHBIC 3aHATHSA: 70 70
JIEKIIUA 28 28
CEMHUHAPBI M MPAKTUYECKHUE 3aHATUS 42 42
J1a00paToOpHBIC PAOOTHI, MPAKTHKYMBI 0 0
CamocrosTenpHas paboTa 38 38

CDopMa TEKYLICTI'O KOHTPOJIA 3HAHHUH U KOHTPOJIA

N TectupoBanue, | TectupoBanue,
CaMOCTOSITENIBHOM pabOThI: TECTUPOBAHUE, KOHTPOJIbHAS

paboTa, KOJUIOKBUYM, pedepart u ap. (He MmeHee 2 BUJIOB) KOJIOKBIYM KOLIOKBIYM
KypcoBast pabota - -
Buibl mpoMeyTO4HOM aTTecTalyu (3a4er) 0 0
Bcero yacoB no gucuunimnze 108 108
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4.3 Coaeprxanve AUCUMILIMHBI (MoayJs.) PacnpenejieHde 4acoB mo teMaM M BHIaM
y4eOHoi1 padoThI:

dopma oOydeHHS: OUHAs

Bupl yueOHBIX 3aHSTHHI
AyIUTOpHBIE 3aHATHS 3aHs
dopma
JlaGoparo | THi B
HasBanue pasaenoB u | Beer [Ipaktuue CamocTo | TekyIero
Jle pHBIE UHTEP
TEM o CKHEe STEJIb KOHTPOJIS
KII paboThl, aKTUB o
3aHATHA, . Has 3HaHUI
15074 MIPAKTHKY HOI
CEMUHAPHI paborta
MBI dbopme
Tema 1. Benenue. Tecr
OCHOBBI COBpPEMEHHOM i
P 5 1 2 - - 2 KOJUIOKBU
TEOPUU  XUMUUYECKOTO
ym Nel
CTPOCHHUS
Tema 2. Mexanndeckas
MO/IEJNTh Mmoutekyiel. | 10 2 4 - - 4 Tect
MeToa NOTEHIITAIOB
Tema 3. Ocobennoctn
KBAaHTOBOMEXaHHUYIECKO Tect
16 4 6 - - 6
ro OITHUCAHUS
XAMHYECKOU CBSI3U
Tema 4. XuMmmueckas
CBSI3b B KOMILJIEKCHBIX | 12 4 4 - - 4 Tect
COEIUHEHUAX
Tema 5.
TeopeTnueckasi OllEHKA Tecr,
peaKIMOHHOU 16 4 6 - - 6 KOJUIOKBH
CIIOCOOHOCTH yM No2
BEILIECTBA.
Tema 6. OcHOBHBIE
Tect
pe3ynbTaThl u3ydeHus | 12 4 4 - - 4
CTPOCHHS MOJICKYII.
Tema 7. Crpoenue
Tect
KOHJICHCUPOBAHHBIX 11 3 4 - - 4
bas.
Tema 8. Crpoenue
JKUIKOCTEN n| 13 3 6 - - 4 Tect
pacTBOPOB
Tema 9. Tecr,
Kpucrannuueckoe 13 3 6 - - 4 KOJUIOKBH
COCTOSIHME BELIECTBA. yM Ne3
HUTOI'O 108 | 28 42 - - 38
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5 COJEPKAHUE JUCLUILIJIUHBI (MOLYJIST)

Tema 1. BBenenne. OcHOBbI COBpeMEHHOH TEOPUHM XUMHUYECKOI0 CTPOCHHS

CoBpeMeHHbBIE TIPEACTABJICHHUS O BEIIECTBE (MaKpoOTesie) KaK COBOKYIHOCTH OOJIBIIOTO
yyclla XUMHMYECKUX YacTUI[ - MOJIEKYyJ, aTOMOB, pPaJuKajioB M T.I. Pa3iauuHble ypoBHU
OpraHM3aluy BellecTBa (CyO0aTOMHBIM, aTOMHBIN, MOJEKYJISPHbIN, HAIMOJIEKYJISApPHBIM) U
arperaTHble COCTOSIHMA (ra3oo0pa3Hoe, KHJAKOEe, TBEpJO€) B HX CBSI3H C BHYTPH- W
MEXMOJIEKYJSApHBIMU  B3auMoeicTBusiMu. CojiepkaHue NOHATUM '"cTpoeHue BellecTBa' U
"cTpykTypa BemiecTBa". PaznuuHbple acneKkThl TEPMHUHA "CTpOEHUE MOJIEKY'": TOMOJIOTMYECKUH,
F€OMETPUYECKUN, BJIEKTPOHHBIH W Jp. YHOPSAAOYEHHBbIE U HEYNOPSIOYEHHbIE CTPYKTYpPbI
KOHJICHCUPOBaHHBIX (a3.

Tema 2. ®dusnueckne OCHOBbI TEOPUM XMMHYECKOWH cBsA3H. MexaHudeckas Mojaelb
MOJIEKYJIbI

Meron noreHunanoB. Monnas cBsa3b. Pacder sHeprum pemerku. KoBaneHTHas cBs3b, €€
OCHOBHBIE CcBOMcTBa. Metaimmyeckas cBsi3b. Mognens Jpyne-Jlopenna. IIpoMexyrounsie TUIBI
XUMUYECKOW cBsi3u. Ban-nep-BaanbcoBast cBsi3b. Bomopomnas cBs3e.  Knaccudukarus
XUMUYECKNX YACTHI] U B3aUMOJICHCTBUIA MEKly HUMH.

Tema 3. Oc00eHHOCTH KBAHTOBOMEXAHUYECKOI0 ONMUCAHUS XUMMUYECKOI CBA3M

[Ipuponga xuMHUECKON CBSI3U, PE3y/IbTaT B3aHMMHOIO BJIMSHUS aTOMOB B XHUMHYECKHX
YyacTULax Jpyr Ha Opyra, MOJEKYIsIpHO-OpOuTaibHas cTpykrypa. Kinaccudpukanus XuMudecKux
CBSI3€M C TOYKM 3pEHUs] XapakTepa »HJIEKTPOHHBIX B3aWUMOJICUCTBUN: ABYXAJIEKTPOHHBIE
JNBYXIICHTPOBBIC  (JIOKAJIM30BaHHBIE) W  MHOTOIIEHTPOBBIC  (JE€TOKATM30BaHHBIC)  CBS3H.
KoopaunarimonHnast cBsizb. XapakTepHbIE OCOOEHHOCTH pPa3HBIX THUIIOB XUMHUUYECKOW CBS3H.
KBantoBoxuMuueckue mnpeacTaBieHUss 00 3JIEKTPOHHBIX 3aCEICHHOCTAX aTOMOB WU CBS3€il,
3¢ (eKTUBHBIX 3apsgax Ha aromax (Curma-, M-, CyMMAapHBIX), MOPSAKaX CBsI3ed W T.II.
JluarpamMmbl pacrpelieieHus 3JIEKTPOHHOM IMIOTHOCTH. MONEKYIsIpHO-OpOUTaIbHAs CTPYKTYpa
XUMUYECKUX coenuHeHnid. OcHoBHbIE mnpaBuia (GopmupoBanus MO. ['panudnHbie OpOUTAIH

BaYKHEHIIINX THUTIOB OpraHUYEeCcKHUX, HEOPraHUYECKUX, AIIEMEHTOOPraHUYeCKHX,
KOOPJIUHAIIMOHHBIX COEAMHEHUN. DKCIEPUMEHTAIbHbIE U pacyeTHble 3HAUYEHHUS OpPOUTATBHBIX
SHEPIruu.

Tema 4. XuMnueckasi CBA3b B KOMILIEKCHBIX COeIHHEHUAX

Oco0eHHOCTH KOOPIMHAIMOHHOM CBSA3H. THUIBI KOOPAMHAIIMOHHBIX MOJIUAAPOB. Teopus
KpHCTAJUTH4YeCKoro moJisi. Pacmiernsienne d-ypoBHEW IeHTpaibHOTO HOHA. KosmdecTBeHHas
orieHka pacierieHuil. [IpaBmno crepeoxumudeckoro psija. KoMmiekcbl CHIBHOTO U C1aboTo
nosnieid. TKII u mMarHuTHBIE CBOMCTBAa KOMILIEKCOB. DHEPrus CTAOMIU3AIUU KPUCTAJUTMYECKUM
noznem. [Ipumenenne teopun MO [u1s1 OnMCaHMs 3IEKTPOHHOTO CTPOEHUSI KOOPAUHALMOHHBIX
coenuHeHu. [ledopmarius KOOpAMHALMOHHBIX MOMUSAPOB U 3P dexThl SAna-Temnepa.
Tema S Teopernueckasi OlleHKA peaKIMOHHOM CIIOCOOHOCTH BellecTBa

Cratuvecknii u AuHaMuuecKuid MeTojbl. OCHOBBI CTaTMYECKOTO MeToja (MeTox
M30JIMPOBAHHONW MOJEKYibl). VHAEKCH PEeaKIMOHHOW CIOCOOHOCTH B CTaTHYECKOM METOJIE.
OCHOBBI JMHAMHYECKOTO MeToja (METoJA JoKanu3aluuu). Mojenb MepexXoJHOTO COCTOSHUS
peakiuu. DHEepruu JoKanu3aluu atoma (HykiIeo(huiabHas, 3MeKTpoQHIbHASA, paauKaIbHas).
Bo3M0XXHOCTH 1 OrpaHUYEHUsI CTATUYECKOTO U JUHAMUYECKOTO MeToJ0B. [IpaBuiio XsmMoHAa.
Tema 6. OcHOBHbBIE pPe3y/IbTAThI H3yYeHHUS CTPOCHUSI MOJICKY.JI

Momnekyibl MPOCTHIX U KOOPAMHAIMOHHBIX HEOPraHUUECKUX coenuHeHuil. [lonusanepusie
KOMIUIEKCHBIE coeluMHeHus. XenaTbl. CTpoeHHe opraHMyeckux coeauHeHui. [lonmusapaHsi.
OymiepeHbl. DNeMEHTOOprannueckre coenuHenus. Metamnonensl. CoequHEHUs BKIOYEHUS
(xmatpatsl). Potakcansl u kareHansl. @ymepensl. [lomumeps! n Ouononumepsl. bemku.
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Tema 7. CTpoeHne KOHAEHCHPOBAHHBIX (a3

CrpykTypHass KiaccUpUKalMs KOHACHCHPOBAHHBIX (a3. VjmeanpHble KpPUCTAIUIBL
Kpucramnsl ¢ HENOMHOW YHNOPSAOYEHHOCTBIO. JIOMEHHBIE CTPYKTYpBI. JKuIKue KpHUCTaUIbl U
npyrue me30(hasbl.
Tema 8. CTpoeHnue xuakocTeii 1 aMoOp(HBIX BelleCTB

CoBpeMeHHbIE METOJbI OINHWCAHHS CTPYKTYpHl Kuakoctei. Crermuduka amopgpHOTo
cocrosiHus. CTpyKTypa HpOCTBIX XUAKOcTed. PacTBopbl HeanekTpoauToB. CTpyKkTypa BOJbI U
BOJHBIX pacTBOpoB. CTpyKTypa XHAKHX 3eKTpoiuToB. Crtpoenune meszodas. OmpeneneHue
Me3o¢ha3. MeToasl u3ydeHus WX CTPYKTypbl. Ilmactuyeckune kpuctamibl. JKuakue KpUCTauIbl
(HEeMaTUKM, CMEKTHKH, XOJIECTEpUKH M  Jp.). JKHIKOKpUCTAIJIMYECKOE COCTOSHHUE B
OMOJIOTUYECKUX CUCTEMAX.
Tema 9. CTpoeHue KpucTaIJI0B

Kpucrannuueckas perierka 1 KpucTauinyeckas CTpykTypa. Peanbubie kpucTayuibl. Tumbl
negexToB B pealbHbIX Kpuctamuiax. Cummerpus kpucramioB. Kpucramnorpaduueckue
TOYEYHBbIE TPYINIbl CUMMETPUM, THUIBI PEIIETOK, IMOHSATHE O MPOCTPAHCTBEHHBIX TIpyIIax
CUMMETPUU KPHUCTAJUIOB. ATOMHBIE, MOHHBIE, MOJEKYISpHbIE U JPyrue THUIBl KPHUCTAJIOB.
llenoueyHsle, CIOUCTBIE M KapKacHbIE CTPYKTYphl. JlMHaMMKa KPHUCTAUNIMYECKOW PEIIETKH.
@®oHOHHBIN crieKTp. CTpOoeHUE TBEPABIX PACTBOPOB. YTIOPSAAOUYEHHBIE TBEPIBIE PACTBOPHI.

6 TEMBI MIPAKTUYECKNX 1 CEMUHAPCKHNX 3AHATHIA

IIpakTuyeckoe 3ansaTe 1 OCHOBBI COBPEMEHHON TEOPUU XUMHUECKOTO CTPOCHHUS

Bomnpocsl k Teme:

1.'eomeTprueckne XapaKTEPUCTUKH, Y3J0Bas CTPYKTYpa, IJIOTHOCTb 3JIEKTPOHHOTO
obnaka. CnuH-0pOUTAIbHOE B3aUMO/ICHCTBHUE, €r0 MPUPOJa U BIMSHUE Ha COCTOSHUS aTOMOB U
MOJIEKYII.

2. U3omepust BasleHTHas ¥ CTPYKTypHasi, KoH(GOpMaIus U TayTOMEpHsl.

3. Tomonorust MOJIEKYIbI, LIEMlb XUMHUYECKOTO JEHCTBUS M TOMOJOTMYECKHE TIpadbl.
CTpyKTypHO-HEXECTKHE MOJIEKYIIBI.

IIpakTHyeckoe 3ansAaTHE 2 MexaHnyeckas MOJI€NIb MOJIEKYJIbl. MeTo1 OTEHIIMAIOB

Bormpocsr k Teme:

1.OpbutanpHas MOJIeNb MOJEKY/Ibl. TUIIBI MOJEKYISIPHBIX OpOuTael (KaHOHUYECKUE U
nokanuzoBanubie). ['mbOpumuzanusa AO. Knaccudukanus MO no sHepruu, CUMMETPHUH U
y3JI0BOM CTPYKTYpE.

2. 'eomerpuueckas gopma Mosiekyn u ee onpeaeneHue merogom OIIIBO.

3. Tomonorust MOJEKYbI, IEMb XUMUYECKOTO JEHCTBUS U TOTIOJIOTHYECKHE Tpadbl.

CTpyKTYypHO-HEKECTKHE MOJIEKYIIBI.

HpaKTH‘leCKOG 3ansaTue 3 OCOOCHHOCTH KBaHTOBOMEXAHMYECKOI'O  OIHCAHHS
XHMHUYECKOM CBS3U

Bomnpocs! k Teme:
1. Kak o0pazyercss XuMu4eckas CBS3b?
2. Yo 03HAYaeT TEPMUH «BAIEHTHOCTH»?
3. Kak knaccuumupyror XUMHYECKYIO CBSI3b?
4. KakuMy KOJIMYE€CTBEHHBIMH XapaKTEPUCTHUKAMH OTMCHIBAIOT XMMUYECKYIO CBS3b?
5. Kak xapaktepHu3yoT Npo4HOCTb CBA3U?
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6. Uro Takoe «kpaTHas» XUMHYeCKash CBs3b? Kak KpaTHOCTh CBSI3U OTpakaeTcs Ha eé
poyHOCTU?

7. Kak COOTHOCATCS AJTMHA M YaCTOTa KOJICOAHHH CBSI3U € €€ MPOYHOCTHIO?

8. Kakue maremMaTHuecKue METO/ b UCTIOIB3YIOT JIJIsl ONMCAHUS CBSI3U?

9. B uém ocobeHHOCTh MeTO/1a BalleHTHBIX cBsi3eit (MBC)?

10. KakuMu MeTOTaMU MOYKHO M3YYHTh COCTaB M CTPOCHUE XUMHUYECKUX COCAMHCHUN?

Hpumepbl ORUCAHUSA CBA3U 8 COCOUHCHUAX

IIpumep 1.
Pacnpeoenume coedunenus 6 nopsaoke o3pacmanus noaapuocmu ceazu: Sy, MgO, HF, CO.
Pewenue.
Mepoii NOJIIPHOCTH CBSI3H SBIISIETCS PA3HULA B 3HAUYCHUAX IEKTPOOTPULATEIIBHOCTEN
H C O S F Mg
20 2,125 35 2540 1.2

ADO(S-S) = 0,0;

ADO(Mg-0)=35-1,2=23;

ADOH-F)=4,0-21=1,9;

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

CrnenoBartenbHO, B TOPSAKE BO3PACTAHUS MOJISIPHOCTH CBSI3H COCMHEHUS PACTIOIOKATCS B PAI:

Sz, CO, HF, MgO
Ipumep 2.
Onpeoenume mun xumuueckoii céazu u onumume eé ¢ coeounenuu NacCl
Pewenue.

ITo ADO = 3,5 - 1,0 = 2,5 cBa3p B coequHeHnH HOHHAs. MoHHAs CBs3b MpeACTaBIIsICT COOOM
ANEKTPOCTATHUECKOE B3aUMOJCHUCTBHUE TIOJIOKUTEIBPHO M OTPHUIATEIBLHO 3apsHKEHHBIX HOHOB B
coenmuHeHUH. Tak KakK IEKTPUUECKOE T0JIe HOHA UMeeT ChEepUUIECKU XapaKTep, TO JJIs HOHHOHN CBSI3H
XapaKTepHa HEHANPaBJICHHOCTh (CBSI3b OCYIIECTBISIETCS] BO BCEX HAMPAaBJICHHAX), HEHACHIIIAEMOCTh
(CBSI3p  OCYIIIECTBIISIETCS CO BCEMH HMOHaMH, KOTOPBIE MOTYT PAacCHOJIOXKUThCA B OJM3IIeKAIIeM
MIPOCTPAHCTBE OIPEICIICHHOTO HOHA) UITOJIIPU3YEMOCTh (HOHHBIE COSMHEHUS JIETKO JTUCCOLUUPYIOT B
MOJISPHBIX PACTBOPUTEIAX).

OO6pa3oBaHne HOHOB OOYCIOBJICHO YCTOWYHMBOCTBHIO SIEKTPOHHBIX KOH(Urypaluii MHEPTHBIX
rasos:

11Na [10Ne] 3st-e= 11Na[1oN6] *
17Cl [10Ne] 3s?, 3p5 + e = 17Cl [18Ar],
Janee CBS3b OCYIIECTBIISETCS 3a CUeT KYJIOHOBCKOTO B3aUMO/JICHCTBUSA, 00pa3ys HOHHBIM KpUCTAILT

Ipumep 3.

Onpedenume xapaxmep Xxumuueckou ceasu 6 coeounenuu H:S u onuwume ceazo 6
coomeenmcmeuu ¢ ee C60ICMEAMU.

Pewenue.

ITo Bemmumne ADO = 2,5 — 2,1 = 0,4 ompenensieM XUMHUYECKYIO CBA3M KaK KOBAJEHTHYIO
MaJonoJsipHyto. Iyl KOBaJICHTHOM CBS3M XapaKTepHbl HACHIIIAEMOCTh U HAPABICHHOCTb.

B o06pa3oBaHuu CBsI3U Yy4acTBYIOT p-OpOUTAIN aTOMa Cepbl, KOTOPHIE NMEPEKPHIBAIOTCS C ABYMS
S-opOUTaISIMU JBYX aTOMOB BOJIOPO/IA:

165[10Ne]3s? 3p*; BaneHTHBIE HIEKTPOHBI n=31 1 11
s px py pz
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1H 1st; BAJICHTHBIHN 3JIEKTpOH N =1 l I n=1 1H1st
S S

BcnencrBue mpoCTpaHCTBEHHOW OpHEHTAlMHM p-opOuTaneld atoma cepbl Mosekyina H:S umeer
YIJIOBYIO CTPYKTYPY (pHc. 1).

szt HY [HETT
. " i
P15 &]f";

M ‘Lk"'; m

92°

Finoeractiiioe HEoBRaweRIe COEnémioe Usotpasenue

Puc. 1. O6pa3zoBanue Mosiekyisl H2S B HEOOIBIION CTeTICHH THOPUAM30BAHHBIMU BAJICHTHBIMH
OpOHTASIMH aTOMa CePhI; BAJICHTHBIM YroJl MOJIEKYJIBI ClIeTKa pacuiupeH 1o 92°

BcenencrBre HeOONBIIMX pa3MepoB aToMa CEephl, TI0 CPABHEHUIO C aHAIOTaMH S€ U 1€, o0nacTu
TOBBIIIIEHHO M 3J'IeKTp0HH0171 IINIOTHOCTHU CHUJIBHEC OTTAJIKHBAIOTCA W YroJ CBA3HM CTAHOBHUTCHA
6ompme 90°.

MO>KHO OOBSICHHUTH JTO SIBICHHUE Sp3 —TUOpUIM3alMel; 1BE OpOUTAIH, 3aHATHIC AJICKTPOHHBIMU
napamM CIIOCOOHBI K JalbHEHIIeMy B3aUMOICHCTBHIO MO JJOHOPHO-AKIETITOPHOMY MEXaHHU3MY.

Hnoueuodyanvnuie 3a0anus

3adanue: ONUIINTE XHUMUYECKYIO CBS3b B MOJIEKyJlaX BapuaHTa B pamkax Mmerona BC,
BBITIOJTHUB TIOCJIEIOBATEIIbHBIC JICHCTBUS:
a) COCTaBbTE JICKTPOHHBIC (HOPMYITBI JIEMEHTOB, BXOISIIUX B COCTAB MOJICKYJIbI;
0) oIpenenuTe TUIl XAMUYECKOH CBS3H;
B) U300pasute rpaguyecku BaJCHTHBIC DJICKTPOHBI B OCHOBHOM U BO30YXKJICHHOM COCTOSTHHH;
T') ONIPEACIIUTE TUII THOPUIU3AIMHI OpOUTANICH (eciu THOpUAN3alis UMEET MECTO);
1) ©300pasuTe CBA3b C IOMOIIIBIO TYCEK;
€) JaiTe MNPOCTPAaHCTBEHHOE W300paXCHHE MOJICKYJIbl C IOMOIIBI0 opOuTaneil u
reOMETpUIecKuX Guryp;
) OTIPENICIIUTE TIOJISIPHOCTh CBSI3U M TIOJISIPHOCTh MOJICKYJIBI,
3) JaiiTe KOJMUYSCTBEHHYIO OIICHKY yIilaM MEKIY CBSI3SIMH;
1) YKQKUTE KPaTHOCTh CBSI3H;
K) OLIEHUTE CIIOCOOHOCTh MOJICKYJIBI K TAIbHEHIIIEMY B3aUMOICHCTBHIO.
BapuanTbl 3a1anui

Homep Coenunenue Homep Coenunenune Homep CoenuHenne
BapHaHTa BapHaHTa BapHaHTa

1 H2S, TeFs 13 MgF>, SFs 25 PCls, NCls
2 AlBr3, HoTe 14 H>Te, CFq4 26 GaBrs, PCI30
3 GeHa, AsH3 15 Bls, H.O 27 COo, Gely
4 Gals, HCI 16 HBr, SiFs 28 CCls, HO
5 BeBr,, SbBr3 17 HF, AsFs 29 PCls, SeF.
6 SeFs, FeF» 18 GeCl,, AlFs3 30 AsBr3, SBres
7 SFClIs, LiH 19 SbCls, SnH> 31 SOy, CoCl,
8 SiCl,, GaBr3 20 BBr3, PbCl 32 COg, Gely
9 PbCls, PbCl: 21 Shls, Gals 33 H.Se, All3z

®opma A Crpannna 8 u3 35



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO
VYIIbSHOBCKUI TOCY1apCTBEHHBII YHUBEPCUTET Popua
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10 SiCls, FeCl, 22 PHs, CH4 34 HF, SOF;
11 Br2, SnH4 23 NHs, Gals 35 PClsF, HI
12 PFs, BeF; 24 OF», BCls3 36 N2, NOCI

IIpakTnueckoe 3ansite 4 OnucaHue XUMUYECKOM CBSI3M C TIOMOLIbIO MeETOJa
MOJIEKYJISIPHBIX OpOuTanei

Bomnpocer k Teme:

1. Ilouemy MarHuTHbIE CBOMCTBA MPOCTOM MOJIEKYJbl MOTYT YKa3bIBaThb Ha OTHOCHTEIBHOE
SHEPreTHUECKOe MOJIOKEHUE Os- U Tixy— CBsI3bIBatoInX MO?

2. Moxer 1 reTeposiiepHasi CBSI3b ObITh HEMOJSPHON?

3. Kak xnaccuuuupyrorcs MONEKyIsipHble OpOUTAIH 110 MX SHEPTUH U CUMMETpUN?

4. Yem ompenensieTcsi OTHOCUTEIBHOE DSHEPreTMUECKOE IOJIOKEHUE Os- U Toxy-
cBs3bIBaromux MO?

5. Kak u3MeHsercs pa3HOCTb SHEpPrui 2S- W 2p- MOAYpOBHEH B aroMax 3JEMEHTOB C
MOPSIIKOBBIMU HOMEpaMH OT TpEX OO HECATH M CKa3blBaeTcs JU 3TO Ha OTHOCHUTEIHHOM
SHEPreTUYECKOM TOJIOKEHUU CBS3bIBAIOIINX G- U T-MO?

6. Kakas vacTuiia mojayduTcs, €ciid U3 MoJieKynbl L ynamuth omun smektpoH? Kakumu
OyyT MarHUTHBIE CBOMCTBA 9TOM MOJIEKYITHI?

7. V3MeHwuTCS M MOPSIIOK CBsI3H B LI, €Clii MCKITIOUNTDh M3 PACCMOTPEHHS BHYTPEHHHE
JJIEKTPOHBI?

8. Ucnonwzys meroq MO, o0bsicHUTe, TOYeMY HE TPOUCXOIUT 00pa30BaHNE MOJICKY/IbI Hey,
a TakKe — JIMaMarHUTHBI WK napamarauTHel 9actuisl: [N2]™ u [N2]™.

Ilpumeput evitnonnenus 3a0anuii

IMpumep 1.

Kaxkas u3 monexkyn Bz unu Cz XxapakTepusyeTcsi 00Jiee BBICOKOM SHEPTUEH AUCCOIMAIMK Ha
aToMbl? ComocTaBbTE MAarHUTHBIE CBOMCTBA 3TUX MOJIEKYIL.

Pewenue.

Monekyna B, o0pa3yetcst B pe3yabraTe B3auMOJICHCTBHSA IBYX aTOMOB Oopa:

5B ( . .2522p1) +:5B ( . .2522[)1) =B, [((525)2 ((5*25)2 (TEZpy)l (7T2pz)1]

Ha cBs3biBaroImmx opOMTAISX pa3MelleHbl YEThIPE DJIEKTPOHA, Ha PasphIXJIAIONIAX — JIBa,
CIIeIOBATENILHO, TIOPSAIOK CBsI3K B MoJtekysie B2 (4 — 2)/2 = 1.

B monekyne Bz 1Ba aekTpoHa pacroioxkeHbl B COOTBETCTBUM C MpaBuiioM ['yHIa Ha JBYX
Top-opOuTaax. Hanmume ABYX HECHapeHHBIX DIIEKTPOHOB COOOIIAET 3TOW  MOJIEKYJIe
napaMarHuTHBIE CBOMCTBA.

DHepreTryeckas auarpaMma 00pasoBaHUs MOJIEKYJIbI B2 BBITISIUT CIIEIYOMIM 00pa3oM.
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Monekyna C2 06pa3yercst B pe3yibTaTe B3aUMOJIEHCTBUS IBYX aTOMOB yIJIEPOIA:
6C(...2572p%) + 6C(...2522p?) = C2 [(02s)? (07 25)? (m2py)? (m2py)?].

Ha cBs3pIBaronux OpOMTANAX pa3MENICHbI MIECTh IEKTPOHOB, Ha Pa3phIXIIAIONIAX — JIBA,
CIIEIOBATENILHO, TIOPSIOK CBsI3H B MoJjiekyie Cz (6 — 2)/2 = 2.

B monekyse Co Bce 3JICKTPOHBI CIIAPEHBI, CIIC0BATEIBHO, 3Ta MOJICKYJIa JHaMarHUTHA.

Monekyna Cp, ¢ 0Oojiee BBICOKMM TIOPSJIKOM CBSI3HM, JO/DKHA OBITH 0oJiee TPOYHOM
(3KCTIEpUMEHTAIBHO YCTAHOBJICHHBIC 3HAYCHHS SHEPTHH JHUCCOIMAIMM Ha aTOMBI MOJICKYI:
B2— 276 x/Ix/momnb; C2 —605 x/[»/MOJIb.

DHepreTudeckas quarpamMmma oOpa3zoBaHus MoJeKyibl Co.

F 3

E

28 N 25
= il

Ipumep 2.

Omnpenenure MOPSIOK M MOJSAPHOCTh CBSI3W B Mouiekynae HF, ecnu sHeprus noHM3anuu
Bojiopoaa coctasnser 13,6 3B, a ¢propa — 17,42 3B.

Pewenue.

ITockonbKy sHeprusi MOHU3AIMKU (Topa OOJbIIEe SHEPrMM HMOHU3ALUHU BOAOPOJAA, TO 2p-
opbutanu (ropa OTBEUAIOT MEHBIIEMY YPOBHIO 3HEpruu, yem 1s-opbutanu Bojmopona. M3-3a
OoibLIOrO pa3nuuus B AHeprusx 1s-opburtanu Bojopoma U 2S-opOutanu  ¢Topa He
KoMOUHUpYIoTCs. M3-3a pa3inyHOil CHMMETPUN OTHOCUTEIBHO OCH CBSI3U OpOMTANIU 2py U 2P
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aToma (hropa Takke HE KOMOMHHPYIOTCS ¢ 1S-opOHTanbio BOAOPOA.

Taxum o6pazom, 2S, 2py, 2pz-opOutanu GpTopa nepeHocst 6e3 u3MeneHuii B Mmojexkyny HF u
CUUTAIOT HUX HeC6A3bl8AIOWUMY MOJEKYIAPHBIMU opOuTamsiMu. CBs3bIBalONINE OPOUTAIH
oOpa3yroTcst u3 1s- opburtanu Bogopoaa u 2px- propa. DHEpreTudeckas quarpaMma aTOMHBIX U
MOJIEKYJIIPHBIX OpOUTANIel MpeCTaBICHA CXEMOM.

_ F 5 fﬁg{}
E )
Ot
AGHY  foplees LTS AD (F)
2p y/f‘ | 2p

! \ .-H.

LT ;:ﬂ*f}(f{ o6
g
gy l .....

Uucmo 2JIEKTPOHOB Ha CBA3BIBAIONIUNX OpPOHMTAISIX paBHO 2, Ha paspeixistonux — 0,
CIIEJIOBATEIIbHO, TIOPSAZOK CBs3M paBeH 1. DJIEKTpPOHBI HA HECBA3BIBAIONIMX OPOUTAISIX
MPAKTUYECKH HE BHOCSAT BKJIaJa B 00Opa30BaHME CBS3W M HE YUUTHIBAIOTCS TPH OIEHKE MOPSIKA
CBSI3H.

CBsi3pIBatOIIME OPOUTAIN 10 PHEPTUU OJIMIKE K OpOUTaAIsIM 0oJiee IEKTPOOTPHUIIATEIIBHOTO
aToMa, pa3phIXJIAoNIne — OJukKe K OpOUTANIIM MEHEe AJIEKTPOOTPHUIIAaTeIbHOTO atoMa. Paznuyne
B DHEPTUU UCXOJHBIX aTOMHBIX OpOUTaNIel OIpeAesieT MOISIPHOCTD CBSI3U.

Jluneiinas monexkyna HF nMeer GOJbIION AUITOIBHBI MOMEHT. DTO OOBSCHSIETCS TEM, YTO
SHEPTHsi JABYX OJJICKTPOHOB Ha CBSI3bIBAIOIICH 1s2px MO Ommke 1O DHEPrud K
coorBercTByromeit AO ¢ropa, yweM k AO Bomoponsa, a TakKe HAIMYUEM 3aCEJICHHBIX
ANIeKTpoHaMH HecBs3biBamKUX MO B mone aapa atomMa ¢gropa. DTOT BBIBOJ COTJIAcyeTcsl ¢
Pa3HOCTBIO ANIEKTPOOTPULIATEIHLHOCTEN aTOMOB (hTOpa U BOJOPOIA.

Hnoueuoyanvnuie 3a0anus

3aganmne. OnummTe XMMUYECKYIO CBA3b B paMkax MMO, BBITIOJIHUB ClEAYIOUIUE ACHUCTBUA:

1) coctaBbTE 3JIEKTPOHHBIE (POPMYJIBI ATOMOB, 00PA3YIOIINX JaHHOE COCTHHEHHE;

2) u300pasuTe B MaciuTade dHEPreTHYECKYH AUArPpaMMy YCIOBHBIX MOJIEKYJ Balllero
BapuaHTa, UCIOJIB3Ys TabauuHbIe NaHHbIe 00 sHeprusx AQ;

3) onpeienuTe MOPSAOK CBA3M M BO3MOKHOCTh CYIIIECTBOBAHHUS TAHHOW MOJICKYJIbI;

4) 00bsCHHUTE, AMAMATHUTHA WM MApaMarHUTHA JaHHask MOJICKYIIa;

5) mpoHaGmofaiiTe €CTh JIM CMEIIECHHE 3JIEKTPOHHOW IUIOTHOCTH K OJHOMY U3 sIep,
MOJISIPHA JIU MOJIEKyna?

6) chenaiiTe 3aKIOYEHHE OTHOCHUTEIBHO MEKBIICPHOTO PACCTOSHUS W SHEPIUH
XUMHYECKOM CBSI3H.

7) Beipazute 3Heprur0 MO romMosiiepHO# OMHAPHON MOJIEKYJIbl Ha OCHOBAHHH YpPaBHEHHUSI
LIpéouncepa.

BapuaHTthl 3agaHuil

Howep Mounexkyia Howmep Monmnexkyina Howmep Monexkyia
BapUaHTa BapHaHTa BapHaHTa
1 Clz, LiBr 13 He,*, HO 25 I2, NF
2 Liz, SIC 14 12", NS* 26 H2", 10
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3 C.*, HF 15 P2, CN 27 F., LICI
4 Cs*, Icl 16 Bry, CS 28 I, PN
5 Se>", NO 17 S», CN* 29 Sey’, IBr
6 Snz, Ti 18 Co, NO 30 Tex", IH
7 Naz, IF 19 Rb.*, OF 31 Xe>", CN-
8 Tl, NS 20 Six*, CO 32 P2, CIO
9 Csy, LiF 21 Cl*, NH 33 Poz, CO*
10 Gay, HCI 22 Na,*, BrF 34 At*, CS*
11 02, BO 23 P.*, Lil 35 Kr2*, LiH
12 N2, NO* 24 Oy, HS* 36 F27, SeO

IIpakTuyeckoe 3ansitue 3 CTPOEHME BEIUIECTBA B PAMKAX TEOPUM
KPUCTAJUIMYECKOI'O I1OJIA 1 TEOPUU TTOJIA JIMT'AHIOB

Bomnpocsl k Teme:

1. B 4ém cocTouT 0COOEHHOCTh KOMIUJIEKCHBIX COCTUHEHUN C TIO3UIIUN TEOPHUH XUMHUYECKOM
cBA3U?

2. Kak onpenenuts 3apsia komiuiekcoobpazosarents B coenuaennn K[ASCIF3]?

3. KakoB tunm rHOpuMaM3alMyd [EHTPAITBHOTO aroMa H T'eOMETpUYECKas CTPYKTypa
komrutekca [AU(CN)2] ?

4. Kak wmacCHPUIMPYIOT JIMTaHABI 1O JHEPrUU WX  B3aUMOJCHCTBUS  C
KOMILIEKcooOpa3oBarenem?

5. UTo Takoe PHEprusi paclICIUICHUs] U OT Yero OHa 3aBHCHUT?

6. Kakoe wumciao 3/1eKTpOHOB Ha O-MOJypOBHE IICHTPAJIbHOTO aroMa o00ecreYrBacT
BO3MOJKHOCTh 00pa30BaHMS KaK BBICOKO-, TAK ¥ HU3KOCITHHOBBIX OKTa3IPUICCKUXKOMILIEKCOB?

7. YUeM 00yciIOBIICHa OKPAIICHHOCTh KOMIUIEKCHBIX coefuHeHui? Kakue u3 nmpuBeIEHHBIX
KOMILIEKCOB okpamienbl M kakue 6ecuerssl: [Cr(NHs)2(H20)4*", [Ag(NO2)2],, [V(SCN)e]®,
[Ti(H20)6]** ?

8. UeM 00OBsICHAETCS BBICOKAsI YCTOHYMBOCTD OKTa3JPUUYECKUX HHU3KOCITMHOBBIX KOMIUICKCOB
¢ xonduryparueit d°?

9. Kakum Oymer crpoenne komiuiekca [Cu(NH3)s
TETPadIPHUUECKUM?

10. KakumMy MarHMTHBIMH CBOMCTBaMH JOJDKHBI 00JIaiaTh KOMIUIEKCHI C IIEHTPaJbHBIMH
aromamu %1% B TerpasapuyeckoM none MUraHaOB?

11. Hamummre (GopMyinbl KOMIUIGKCHBIX cOequHeHui: Hutpar Tterpaammuamend (l1);
xjgopun — auOpoMoTeTpaaMMUHILIATHHBL  (4);  amMuHTeTpaxioporiatuHar (1) kamws;
terpanuanonuukart (1) rerpaammunmenu (11); rpuxmoporpuaksakobanst (111).

12. TlpencraBbTe KOOPAMHAIMOHHBIE (QoOpMyibl crieayomux coeaunenuii: CoCly
*4NH3*H,0; 2NH4*Br*CuBr,*2NHs; 2Ba(OH).*Cu(OH)s.

13. TlonGepuTe MUraHabl A1 00pa30BaHMs KAaTHMOHHOTO M aHMOHHOTO KommiekcoB Cr*, c
KOOPJAMHAITUOHHBIM YHCJIOM IIECTb.

1% IJIOCKOKBAJIPATHBIM ~ MITU
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Ilpumeput eévinonnenusn 3a0anuil

IIpumep 1.

Omnpenenutsb 3apsia KoMIuiekcooOpaszoBaress B komiuiekcHoM coequneHnn Ka[Fe(CN)e].

Onopuas ungpopmayus: 3apsn nona xkanus +1, a nmaau—wona -1.

Pewenue.

Buemnsiss cepa KOMIUIEKCHOTO COEIMHEHHsT COCTOMT W3 4YeThIpéx KaTuoHoB K,
ClIeZIoBaTeNIbHO, €€ OOmMil 3apsia cocTaBisieT +4; 3aps] KOMIUIEKCHOTO aHHWOHA -4; CTEeTeHb
OKHCIICHHS (3apsi1) KOMILIEKCOOOpa30BaTe/sl paCCUMTHIBAIOT Kak -4 = x + 6(-1), rae x = +2.

Omeem: 3apsy KoMILIeKcooOpaszoarens Fe?*,

Mpumep 2.

Onpenenuth TN THOpPUAM3ALMM AaTOMHBIX OpOUTaned KoMIiekcooOpazoBareiss |
npocTpaHcTBeHHOE cTpoerne kommaekca [HYCly]? u [SnFe]*.

Onopnas ungopmayus. HQ d-smeMeHT; KOOPAWHAIIMOHHOE YUCIIO PTYTH PABHO YETHIPEM;
3aps  WOHAa — KOMIUIEKCcooOpas3oBarens 2+, BHENIHSST W TPEABHENIHSS DIIEKTPOHHAS
kondurypanus nona Hg?*: 5d°6s°.

SN — p-37IeMEeHT; KOOPAMHAIMOHHOE YHCIIO OJIOBa paBHO IIECTH; 3aps] HOHA —
KOMIITEKCO0Opa3oBates 4+; BHEIIHSAS JEKTpOHHAs KoHpuUrypamus nona Sn**: 5s95p05d°,

Pewenue.

Kondurypamuu nd'® u nd © me oxaseiBaroT BIMAHMS HA TIPOCTPAHCTBEHHOE TIONOKEHHE
JIMTAH/IOB U TEOMETPUIECKOE CTPOCHHE KOMIUICKCOB MOXET OBITh OTIPE/IC/ICHO B paMKaxX METO/a
BC.

Kaxnpiii u3 dersipéx auranmaoB—aonopos (Cl) mpemocTaBiseT 1Mo OAHOW HEMOACIEHHON
mape JJIEKTPOHOB, a KOMIUIEKCOOOpa3oBaTeib — akKIEeNnTop — YEThIpe CBOOOHBIC ATOMHBIC
opbuTany: 01HY 6S 1 TpH 6p, B COCTOSIHUM rHOpHAM3aIyy SP°.B pe3ynpTaTe KOBAJICHTHBIE CBSI3H
HaIpaBJICHHI K BepIIMHAM TeTpadapa 1 noH [HYCls]? mmeer TeTpasapudeckyro CTpyKTypy:

Sd 63 6

Ho* L1t dt]dtlit 1 T
Cl Cl Cl Cl

Bo BropoM cimydae mecTh nuranaoB F(2s?2p®) mpemocraBumu mecTh HemonenEHHBIX
AIIEKTPOHHBIX Map U B OOpa30BaHUM KOMIUIEKCAa YYacTBYIOT IIECTb aTOMHBIXOpOHTAaNEi c
rubpuusanueiit  spd?.  IIpocTpancTBeHHas  KOH(MIypalus  KOMIUIEKCA — CTAHOBUTCS
OKTadIpUUECKOM:

Bz 5p 57
Sn*{14] (HHHHTY [
- .
F“sln'fF
F | ™F
- F
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Omeem: Tun rubpummzanuu Hg?* —sp®; cTpykTypa KoMmiekca — TeTpasp.
Tun rubpummsamuy Sn** — sp°d?(BHenTHAN); CTPYKTYpa KOMILTEKCA — OKTadIp.

Mpumep 3.

COoCTaBUThH JHEPreTHUECKyI0 auarpaMmy oOpasoBaHus cseil B coequuenun [Fe(CN)s]*,
yKa3aTh TUIl TMOpUAM3ALUU OpOUTaNell LEHTPaIbHOIO aroMa U OLIEHUTh MarHUTHBIE CBOMCTBa
KOMIIJIEKCHOTO COEIMHEHUS.

Omnopnas napopmarmsi: CN™ — HOH OTHOCHTCS K MOHOJCHTATHBIM JIMTAH/IAM, CO3JAIOIIUM
CIJIBHOE TMOJIe; OIEKTPOHHAS KOH(MMIyparus HOHA-KOMIUIeKcooOpasoBatens: Fed*
30°4s%4p%4d°,

Pewenue.

Jluranpl 00Opa3yroT HIECTh G-CBA3EH, IPEIOCTABIIAS HEMOAEIEHHBIE IEKTPOHHbBIE Maphl HA
cBOGOHEIE AaTOMHBIE OpPOMTaNM IeHTpaldbHOTO HoHa Fe**. Kpucrammmdeckoe mone IIECTH
JMTAHIIOB TIEPEBOJUT B BO30OYKIEHHOE COCTOSHHUE O-3JIEKTPOHBI KOMILIEKCOOOpa30BaTelIs.
IMpoucxomaut cusatue BoipokacHus d-AO  komIulekcooOpasoBareiass u  oOpasyercs
BBICOKOCIMHOBBIH y0OneT dy-AO 1 HU3KOCTIMHOBBIN TpHILIET dg-AO.

DHepreruyeckas AvarpaMMa BBITJISIUT CIEAYIOIINM 00pa3oM:

&+

E L L L L :L:L
3d, | N S O A
3d 45 4p
3,
yoll N O I O
[+ [+ |+

IMox fedicTBMEM CHJIBHOTO  IOJS  JIMTAHAOB  IATh  30-3JCKTPOHOB  IMOJIHOCTBHIO
pacmpenenstorcss Ha 3dg.-opOutansax; cBobomusie 3d, 4S, 4p-opOuTanu MOABEPraroTCs
rubpumzanun tina 02sp® 1 06yCIOBIMBAIOT OKTAdAPUUYECKYIO MPOCTPAHCTBEHHYIO CTPYKTYPY
KoMIutekca. KOMITIEKC HaXOIMTCSA B HHU3KOCIIMHOBOM COCTOSHHH, Ha 30-0pOHTaim nMeeTcs
OJIMH DJICKTPOH, CJICIOBATCIIbHO KOMILICKC SIBJIICTCS MapaMarHeTHKOM.

Omeem: Tun rubpummzanuu: Fe®* — d%sp®; crpykrypa kommiekca — okTasp; napamMarHeTuK.

IMpumep 4.

CoCTaBUTh JHEPreTUUECKYI0 auarpamMMmy oOpaszoBanus cBszeil B coemuneHun [CrFs),
yKa3aTb TUIl TMOpUIM3alMM OpOUTAIe LEHTPaIbHOrO aToMa M OLICHUTh MarHUTHbIE CBOWCTBA
KOMIUIEKCHOTO COEJUHEHUS.

Omnopnas uHdopManusi: F- — HOH OTHOCHTCS K MOHOJAEHTATHBIM JIMTAHJAaM, CO3JArOLIUM
cnaboe ToIie; ANeKTPOHHAs KOH(MUIypalus HoHa-koMIlekcooOpasosates: Cré— 3d34s°4p°4d°

Pewenue.

ITon neiicTBHeM c€aboro moJis YeThIPEX JUTaHI0B, 00pa3yIOIIMecs: G-CBA3U PacloaraloTcs
B BUJIE TETpa’Ipa. DHepreTudeckas quarpaMmma TeTpasipHuecKoro moJis:
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w4+ | O 10

¥

3d

N

B o0Opa3oBaHuu CBs3M C JIMTaHIAMH Y4acTBYIOT cBOOoaHbIe aBe 3d-, omHa 4S- u oxHa 4p-
opbutanu ¢ rubpuamsammern Tuma  d’Sp.  OO6pasyeTcss  BBICOKOCITHHOBBIHKOMILIEKC
TeTpadpudeckoil KoHpurypamwu. Hanmwuue HeCnmapeHHBIX 3JCKTPOHOB JIEeNaeT KOMIUIEKC
MapaMarHuTHBIM.

Otsert: THI THOpUM3army 0°Sp; KOMITIEKC TTapaMarHATHBIH.

IIpumep 5.

COCTaBHUTh SHEPTETHUECKYIO [UarpaMMy obpasoBanus cBsiselt B coenunenuu [AU(NHz)a]*,
yKa3aTh THII THOPUAM3AI[MK OpOMTANIE IIEHTPATBLHOTO aToMa M OIEHHUTh MAarHUTHBIE CBOWCTBA
KOMIIJIEKCHOTO COEIMHEHUS.

Onopnas ungopmayus:. KOMIUIEKCOOOpa3zoBaTeab d-3JIeMEHT; 3JCKTPOHHAS KOH(QUTypaIvst
nona Au®*: 50%6s°6p°6d°; muranaEl MOHOIGHTATHBI M IS 50-37I€MeHTa CO3/1al0T CHITBHOE TOJIE.

Pewenue.

DHepreTryeckas uarpaMMa KOMIICKCHOTO COSAMHCHHMS

:Il_:L :Il_:IJ:
—ﬁll\lllllll
1y 6p

5d K
. <,

ol

Uerplpe nuranga oOpa3ylOT YEThIPE G-CBA3M, CO3JAIOT CHIJIBHOE IIOJIE M PEeaM3yIoT
TUIOCKOKBaJ[paTHOE paciieryienne opOurtaneit. [Ipoucxomur rubpuauzanys aToMHBIXOpOUTAeH
KOMILIeKkcooOpasoBatenss Tuna dsp?. Kommuiekc sBisieTcss HM3KOCIHHOBBIM M JMAMATHUTHBIM
(HeciapeHHbIE 3JIEKTPOHBI OTCYTCTBYIOT).

Omeem: Tvn THOpUAU3ALUY Sp?; KOMIIEKC IMAMArHUTEH.

E 3

E

L

Huousuoyanvuvie 3a0anusn
1. OnpeaesnTe A5 KOMIIJIEKCHOTO COEIMHEHMS BaIllerO BapUaHTa:
a) COCTaBHBIE YAaCTH ATOTO COEIUHEHHUs (BHEIIHIOI WM BHYTPEHHIOIO KOPAWHAIIMOHHbBIE
cepsl, KOMILIEKCO0Opa30BaTelb, JIUTAHIbI);
0) 3apsi1 KOMIJIEKCHOTO MOHA U 3apsiji KOMILIEKCO0Opa3oBares;
B) THUII THOpUAM3AIMK OpOUTaNIel KOMILIEKCOOOpa3oBaTes;
T') IPOCTPAHCTBEHHYIO KOH(PUTYPAIIHIO BAJICHTHBIX OpOUTaNICH;
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I[) TUIT PpaClICIICHHUA BaJICHTHBIX Op6I/ITa.Hef/'I, KaKMM SABJIACTCA KOMIIJIICKC: HHU3KO- HJIIH
BBICOKOCITMHOBBIM,

e) MarduTHBIC CBOMCTBA KOMIIJIEKCHOTO COCAUHCHUA,

) OKpaIlleH Wik OECIIBETEH KOMILJIEKC.

2. CocraBbTe D>HEPreTUYCCKYIO JUarpaMMy oOOpa30BaHHsI CBS3€ii B KOMIUIEKCHOM
COCIMHEHUMU.
Bapuanrtsl 3aganuii

pE:I:IT CoenmunHenne Bapmuant, CoenuHenne pE;I:IT CoenuHenune
1 Lis[Cr(NSC)e] 11 Naz[Zr(OH)s] 21 K2[WS4]
2 [Ru(H20)(NH3)s)]Cl3 12 (NH4)2[MnBr4] 22 K2[Re(NSC)s]
3 Nas[MnCle] 13 Ca[FeCls]2 23 [W(CO)s]
4 [Pt(NH3)2(NO2)-] 14 [Pt (NH3)4]Cl 24 [Ru(NH3)sCI]SO4
5 Nao[TiFe] 15 [V(NHz3)sNO.]Br> 25 Liz[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).Br-] 27 Fe[Fe(H20) (CN)s]
8 K2[Ni(CN)4](crbh.) 18 [1Ir(CO):l2] 28 K2[Co(NH3)sBr]
9 Naz[Rb(CO)Cls] 19 [Ni(CO)4](cnab.) 29 Na [Pt(NH3)sCls]
10 Liz[OsFe¢] 20 Naz[MnCl,] 30 Ca[NiBra]

IIpakTuyeckoe 3ansaTHe 6 KOMIUIEKCHBIE COEJIMHEHUS B BOJIHBIX PACTBOPAX

Bompocsl k Teme:
1. B xakoM MOpsijIKe CIIEAYET PACIOJI0KUTh KOMIUICKCHBIE COSTUHEHHSI IO BO3PACTAHHIO UX
yeroitunoctu: [AlFe]® K, = 1,44 €10%; [AgCl]” K,=1,7610°; [HgCls]* K, = 8,5001071°?
2. Tlpowmsoiinér su paspymenue komiuiekcHoro coeauuenus [Ag(NHz)2]JCl  mpwm
no0aBJeHUH K ero pactBopy pactBopos Kl, NaOH?
(K. ([Ag(NH3)2]") = 9,30108; Ks(Agl) = 1,710,
Kp (NH3[JH20) = 1,75010°; Ks(AgOH) = 1,5107).

3Kcnepumeumaﬂbnaﬂ uacmo

Onvim 1. Ilonyuenue koMnieKcHvix aHUOHOS

Ipuobopvr u peaxmuewl: e npobupku, mratus Wit npooupok; AgGNOswm), ZNClyg), Klg),
NaOH ).

Ilopsadok eévinonnenuss onvima: MPOHYMEpYITEe NPOOUPKH U IIOMECTUTE B MEPBYIO IPOOUPKY
(Ne 1) 3-5 xamens pactBopa Hutpara cepedpa — AgNO;zw), Bo BTOopyro (Ne 2) — 3-5 kamenb
pactBopa xnopuaa uuHka — ZnChy) . B mepByro mpoOupky no karuisim 100aBbTe pacTBOp HOANAA
kamust — Klg) 10 pacTBOpeHHs] MOSBUBIIETOCS OCajKa, BO BTOPYIO MPOOHMPKY 100aBbTE IO
KarusiM pactBop enxoro Harpa — NaOH) (eciin ocagok He oOpazoBaiicsi, MpeKpaTuTe 100aBIATH
ménous u 106aBbTe ZNCly) 10 ero oOpa3oBaHus, a 3aTeM OMATh J00aBbTE MIENOUB). ONMUIINTE
HaOJIOIEHUS M COCTABbTE YPAaBHEHUS peakifil B MOJIEKYJISIPHOM M KpaTKOi HOHHOH (opme.
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PacTBOpBI coxpaHuTe JJIsi ONbITA 3.

Onvim 2. [lonyuenue KOMNIEKCHbIX KAMUOHOB

ITpuébopwr u peakmuegwt: 18e npodupku, mwratus st npooupok; AGNO3w), CuClys), KCl),
NH3*H-0 () NaOH(B).

Topsiook evinonnenus onvima: nomectute B mpooupky (Ne 3) 3-5 kanens pacTBopa HATpara
cepeopa — AGNOs), 1 100aBbTe HECKOJIbKO Kamenb pactBopa xmopuaa kamus — KClg), B
apyryto npooupky (Ned) — 3-5 kamenp pactBopa xiopuma meaun — CuClg) u mobaBeTe MO
karsiM pactBop NaOH). Ha mosyuennbie ocanku NOIEHCTBYHTE pacTBOPOM aMMHaKa JI0 UX
pactBopeHus. OnuimmnTe HAOMIOACHUS M COCTaBbTE YpaBHEHHS PEAKIHMid B MOJEKYISIPHOW M
KpaTKOW HOHHOU dopme.

PacTBoOpBI coxpaHuTe 1Jis1 onbITa 3.

Onvim 3. Hccneoosanue ycmoyu8ocmu KOMIIEKCHbIX UOHOS.

Ilpuéopvt u peaxkmuevi: POOUPKU C PACTBOPAMH KOMIUIEKCHBIX HOHOB NeNe 1,2 3/4;
yucras npoodupka, HoO(uer), HNO3(m), NaOH ), Na2Sw), (rmu (NH4)2Sw).

Tlopsiook sevinonnenusi onvima: B ipooupku Ne 1 m Ne 2 no6aBpTe mo karmsiM HoO(gpcr.),
MPOHaOII0IaliTe TPOUCXOATINE U3MECHECHHS.

K pactBopy B mpobupke Ne 3 106aBbTe 1Mo KaruisiM a30THYI0 KUCITOTY HNO3(s) 10 mosBieHus
0eJIoro ocajka.

Conepxxumoe mpooupku Ned paznenute Ha aBe yacTu. K o1HO#M yacTw nmpumieiTe 1o Karism
pactBop NaOHw), k apyroit — pactBop NaxSw), wiau (NHi)2Swe). Onwummure HaOMOISHUS.
CocraBbTe ypaBHEHHsI PEaKIii B MOJICKYJISIpHOUM 1 noHHOU dopme. Craenaiite 001Mii BLIBO, B
KOTOPOM CIIEIYEeT OTPa3UTh:

— XapakTep KOMIUIEKCHBIX HOHOB, TIOJYYEHHBIX B onbITax 1 u 2;

— IUCCOITMAIIIO ATUX HOHOB, BIMSIHUE J00ABICHUS BOJIBI M @30THOW KHCIIOTHI;

— IPUYHMHY TOSIBIICHHS 0CaJKOB B TpoOupkax Ne 3 u Ne 4, comocTaBuB BEIMYHHBI KOHCTAHT
HECTOMKOCTH M KOHCTAHT pacTBOpUMOCTH (Tabi. 1).

Tabnuya 1
3Ha4YeHHUs] KOHCTAHT HECTOMKOCTH M KOHCTAHT PACTBOPUMOCTH HEKOTOPbIX COCANHEHHU I
KoMiuiekcHEbIl HOH K Coenunenue K
[Agl2] 5,495 10" AgCl 1,7801071°
[Agla]* 1,259¢10"3 Agl 8,310/
[Zn(OH)4]* 5,012e10% Zn(OH)> 1,210
Cu(OH). 2,210
[Ag(NH3)2]* 1,698010’ ZnS 2,50107?2
CuS 6,30106
[Cu(NHs3)4]?* 7,943e10°8 AQ>S 2,0010°

IIpeocmasvme na noonucos omuém, oghopmieHHwIlL 8 cledyoujem nopsoke:
1) nazeéanue onvima;

2) npubopwl u peakmueni;

3) nabnrodenus;

4) ypasnenus peakyuii;

5) obwuii 6v1600 k onvimam 1, 2, 3.

IpakTuyeckoe 3amsTHe 7 MEXMOJIEKYJISIPHBIE CWJIbI U B3AUMOJIEMCTBUS B
TBEP/IBIX TEJIAX
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Bomnpocer k Teme:

1. Kakue Tpu BHAa MEXMOJEKYISIPHBIX B3aMMOJEWCTBUI HAa3bIBalOT BaHJEpPBAaIbCOBBIMU
cunamu? Kakoe B3auMoieiicTBue siBisieTcs Hanbosiee ciaadbiM?

2. Kakoit B MEKMOJICKYJIIPHOTO B3aMMOJCHCTBHUS SIBJISICTCS YHUBEPCATBHBIM H JICHCTBYET
MEXAY JIFOOBIMH YacTUL[aMU?

3. Kakue BUIBI MEKXMOJEKYISIPHOTO B3aMMOACHUCTBHS HAOIIOJAIOTCA B CUCTEME IMOJISIPHBIX
MOJIEKyJ?

4. Beibepute coequHCHHS (ATOMBI), HECTIOCOOHBIC K OPUEHTAIMOHHOMY M HHIYKITHOHHOMY
B3auMoeicteuro: H20, Clp, He, NH3, CH4. Xe, CeHs.

Ilpumeput evitnonnenus 3a0anuii

IIpumep 1.

Kakoii T KpUCTAJUIMYECKOH pEMIETKH XapakTepeH JUisi TBEPABIX MPOCTHIX BEIIECTB,
00pa30BaHHBIX JICMEHTAMH C TIOPSIKOBBIME HOMepamu 6, 10, 227

Onopuas wuHpopmarms: mnonoxenue osnementa B I[IC J[.M. MenneneeBa; Ttabnuia
ANMEKTPOOTPHUIIATSILHOCTEH JIEMEHTOB.

Pewenue.

ITo mopsiakoBOMy HOMepy ompenensieM 3iaeMeHT B [IC u cocraBiisieM 3ICKTPOHHYFO
dbopmymy.

6C 1s? 252 2p? — Ha BHENTHEM JYHEPreTHYECKOM YPOBHE 4 e — THIMYHBIH HeMeTaIUTHUeCKUi
AIIEMEHT:

n=21 11

n=11]

s P

6C — B BO3OYXKIEHHOM COCTOSIHUHU, IPEIIIECTBYIONIEM OOpa30BaHUI0O XUMHUYECKOW CBS3H,
AIIEKTPOHBI  PACHPENENIAIOTCS IO BCEM BHEUIHMM OPOUTANSIM B COOTBETCTBHHM C MPABUIIOM

I'ynna:
n=2 1111
n=11]

S p

10Ne 1s? 252 2p® — BHemHMe OpPOUTAIM MONHOCTBIO 3AMOJHEHBI YIEKTPOHAMHU; UHEPTHBIH
AIIEMEHT, HEe 00JIaIaI0INK XUMUYECKON aKTHBHOCTBIO.

20Ti 18% 252 2p® 3s? 3p® 3d? 4s? — Ha BHEIIHEM YPOBHE 2 e — METAIMYECKUI 2IEMEHT:

n=41|
n=31L LTt
S p d

ITpu o6pa3oBanuu KpucTaLIUUECKON peETKH Cpu MEXKIY aTOMaMHU YIJI€pOoJa BO3HUKAIOT
KOBAJIECHTHbIE CBs3U. Kaxaplii atom yriepoja MNPEAOCTaBIsSET IO YETBIPE DJIEKTpPOHA Ha
oOpa3oBaHUE YETBHIPEX KOBAJIEHTHBIX CBSI3€H C YETBIPbMs COCEIHHUMH aTOMaMu Yriepoja,
NpUYEM aTOMHBIE 3JIEKTPOHHBIE OPOMTAIN HAXOJATCA B COCTOSHUM SP -ruOpuausanuu. Tum
KpUCTaJlJla KOBAJIECHTHBIA. BemiecTBo XapakTepusyeTcsi BBICOKOM TeMIIEpaTypoil ILIaBIEHUS,
TBEPJOCTHIO U TMPOYHOCTHIO, SIBIAETCS IUAJIEKTPUKOM, TaK KaK HE pacrojiaraeT CBOOOJHBIMU
HOCHUTEIISIMU 3apsi10B.

IIpu oGpazoBanuM KpucTammmueckoi pemérku Neq) KOBaJeHTHBIX CBs3eil He oOpasyercs,
TaK KaK BHEIIHWM SHEPreTU4YEeCKUH YpPOBEHb IMOJIHOCTHIO 3aII0JIHEH CHAPEHHBIMM JJIEKTPOHAMMU.
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[Tpu 0Opa3oBaHUM XMMHUYECKON CBSI3U B KPUCTAJUIE aTOMBI HEOHA CBS3BIBAIOTCS JPYT C JPYroM
CITA0BIMH CULAMU MEIHCMONIEKYIAPHLIX 83aumoodeticmsuti (cunvt Ban-oep-Baanvca). Ob6pasyercs
MOJIEKYJIAPHBIN KpHUCTA/LI. JIsi HEro XapakrepHa HU3Kas SHEPIHsl KPUCTAUIMYECKON PEIIETKH,
Masasi MEXaHW4YeCcKasi MPOYHOCTh, HU3Kasl TeMIleparypa IUlaBiaeHUs. Takue TBEpIbIE BelleCTBa
CTIIOCOOHBI BO3TOHSATHCS U SIBJISIOTCS AUAIICKTPUKAMH.

B kpucramie THUTaHa MEXIy aToMaMM, UMEIOUIMMH Ha BHEUIHEM BaJEHTHOM YpOBHE J1Ba
ANIEKTPOHA, BO3HUKAET METAUIMYECKUN THUII XUMHUYECKOW CBSI3U. OHEPrHsl KpUCTALINYECKOU
PEIIETKY HUKE SHEPrMU PEIIETKH KOBAIEHTHBIX KPUCTAUIOB, HO 3HAYMTENIBHO BBINIE, YEM Y
MOJIEKYJISIDHBIX ~ KpUCTAJUIOB.  Takue  KpHUCTAUIbl ~ OONIQAaloT  BBICOKMMH  TEIUIO- |
ANIEKTPOTIPOBOIMMOCTBIO, CIIOCOOHBI 1eOpMHUPOBaThCs O€3 paspylleHus, 00JaJatoT XapaKTepPHbIM
METATMYECKUM OJIECKOM, UMEIOT BBICOKYIO MEXaHHUECKYIO IPOYHOCTh U TEMIIEPATYPYy IUIaBIECHUSL.

Mpumep 2.

s cucremsr Kr — HCI (kpunton — X70poBoA0po. 1) HEOOXO0IUMO:

— ONPEIETUTh MOJIIPHOCTH KAXKIOTO BEUIECTBA;

— YKa3aTh BO3MOXXHBIE BHJIBI MEXMOJICKYISIPHBIX B3aUMOICHCTBHIA;

— JIaTh KPaTKYI0 XapaKTePUCTHKY KaXIOTO BUJIA.

Onophnas ungopmayus: 3HAYCHHWE BEIUYHMH OJIEKTPOOTPHUIATEIHHOCTEH D3JEMEHTOB U
TIOJIIPHOCTH CBSI3U B MOJICKYJIAX:

50 (Kr) = 0,00 ; DO (H) = 2,15 ; DO(CI) = 3,16;

A0 (H-Cl) = 3,16 — 2,15 = 1,01 — monisspHast KOBaJICHTHAs CBS3b.

Pewenue.
WNHepTHBIN Ta3 KPUNTOH UMEET 3aBEPHIEHHYIO AJICKTPOHHYIO 000JI0UYKY, €ro COOCTBEHHBIM
JUTIOJIbHBIA MOMEHT pPaBE€H HYJI0. XJIOPOBOAOPOJ — MOJISIPHOE COeAuHEHHue. [[umoabHbIN

MoMeHT paBeH 3,47010°% Ki/Mob, 31eKTpOHHAs IIIOTHOCTH CMEIIEHa B CTOPOHY XJIOPA.

KpuntoH crmocoOeH TONBKO K OJHOMY BHIY MEKMOJIEKYISIPHBIX B3aUMOJCHCTBUN —
oucnepcuoHHomy, KOTopoe TposiBisiercss mexay aromamu Kr — Kr; mosisipHble COSIUHEHHUS
CIOCOOHBI KO BCEM BHJaM MEKMOJIEKYISIPHBIX B3aUMOJICUCTBUN, W MEKIY MOJICKYJIaMu
XJIOPOBOJIOPO/Ia BO3HUKAOT opuenmayuonnvie B3aumopeicteus HCl — HCI, vo B mape ¢
kpuntoHoM Kr — HCI opueHTaiimoHHble CHIIbI HE MPOSIBIAIOTCS — BO3MOXCH UHOYKYUOHHbBIU T
oucnepcuonuwiil 3PPEKTHI.

CpenHsisi SHEpPrusi OpPUEHMAUUOHHOZ0 B3AUMOJICUCTBUS JIBYX MOJICKYT C JUITOJbHBIMHU
MOMEHTaMH M1 ¥ |2 TIpH Temueparype T ompenensiercst GopMyaoi

2 2
U =-2/3 [l p 2/(4n £0)?] (1/R) (1/KT),

rae R — paccrosiHue Mexay aunossiMu, K — nocrosinHast bospimana.

Benuunna unoyyuposannozo >ddexta 3aBUCHT KaK OT BEIMYUHBI IIOCTOSTHHOTO
JUTOJBHOTO MOMeHTa ToisipHo#t Monekynsl HCI  (p 1), Tak u ot monspuzyemoctu Kr(u 2), To
€CcTh CIOCOOHOCTH aTOMOB K 0Opa30BaHMIO JMIOJNS MOJ BO3ACHCTBHEM DJICKTPUYECKOTO IMOJIS.
CpenHsist 3HEpTHsl TAKOTO B3aUMOJICHCTBHS PaBHA:

2
Uz, =2 [u1 /(1672 go) (a2/R%)],

TOJISPU3YeMOCT (0) KPMIITOHA TI0 CTIPABOYHBIM JaHHbM cocTaBiser 2,430010% v, 3nas paccrosnue
MEX]ly JUIMOJISAMHU R, MOXHO OIpeaeNuTh SHEPrHI0 MHIYLIMPOBAaHHOTO 3¢ dekTa.
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DOHeprus oucnepcuoHHO20 B3aUMOJICHCTBHS TPONOPLUUOHAIIBHA MOJIIPU3YEMOCTH MOJIEKYII
U pacTéT ¢ yBenuueHueM ux pazmepa. [lepBoe npubIrkeHne Ui SHEPTUN B3aUMOICUCTBUS JaéT

dopmyna JloHmOHA:
[ 1 j 3I1 Iy [ﬂq ﬂ.g]
Us= 16n° J\2(1, + ;) JL R® |

rae |1 u |2 — moTenmansl nonusaiuu Monekyn 1 u 2. Tlo cnpaBouHbM naHHbIM BenmunHa | (Kr)
= 4,10010% x/lx/moms, a | (HCI) = 12,3010 x/l/Monb, NMpu HM3BECTHOM 3HaueHHH R
PacCUMTHIBAIOT CHIIy OPUEHTALIMOHHOTO B3aUMOICHCTBUS.

Mpumep 3.

Paccunraiite cymmapHbii Bkinaa cuil Ban-nep-Baanbca nmpu B3anMOAECMCTBUN COEIUHEHUS
CsHs B KOHIEHCHpOBaHHOM (hase.

Onopuas ungopmayus:. GopMynbl pacuéra MEKMOJIEKYISIPHBIX CUJI B3aUMOACUCTBUS  JUIs
MTOJISIPHBIX, MAJIOIIOJIIPHBIX M HETIOJSPHBIX MOJIEKY:

2 2
Ur =-2/3 [ul p2/(4n &0)?] (LIRS) (1/KT);
2
Uz = =2 [ul /(1672 £0) (a2/RO)];

[ 1 j 3I1 Iy [ﬂq ﬂ.g]
e 18R\ 2(0 + 1) RP

rae li w |2 — moTeHnMansl WMOHW3ALWMU B3aWMMOJICHCTBYIOIIUX MOJICKYJ; [Ji — BEJIMYMHA
JTUTIOJIBHOTO MOMEHTa B TIEPBOM NPHUOMIKEHUH, TPOMOPIIMOHAIBHAS — HANPSHKEHHOCTH
ANEKTPUIECKOTO OIS £

Hi=asgk,

rae o — kodpduuuent nonspusyemoctd, [a] = M3 g — snektpuueckas mnocrosuuas, B CU

paBHas;d:
go= (moc®)h;

€0 = 8,85418781710™% ®/m, (1 ® = 9010° m);
dim g, = L3M1T412

Llo — MarHMTHas ocTosiHHas 12,566370614e107 H/A, ¢ — ckopocTh cBeTa B Bakyyme 299792458
M/c; R — paccTosinue MeKIy IUIMONIAME B HM; K — moctosiiHast bonsiivana 1,380658e 1023 /K.

Pewenue.

Mornekyna OeH3051a NpeACTaBiIseT COOOM IUIOCKMH IIECTHUYToNbHUK ¢ yriamu 120° u
paccrostHMeM Mexay aromamu yriepoaa I = 0,139 um. Junonbueiif MoMeHT Mosekynsl CsHe
paBeH Hymo. B3aumopeilictBue B KOHACHCHUPOBAaHHOM  (a3ze  ONpeAenauTcs  TOJBKO
OUCNEPCUOHHBIMU CUNAMU.

®opmyina JIongona s pacuyéra SHEPTUU B3aUMOICHCTBUSA
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L et

rme li = buwor = a2 |1 =9,2455B; a= 10,4010 Mm% R~ 2 r = 0,278 um.

3 o’
Us=— 16ﬂ2RE ;

. __[3(8,24510°)(10,4-10°")2) _ 27735-10816-10°°" _
I 1 64(3,1416Y (0,278-10°°)° 64.9.86965.4,16.10°°°
0,299982.10-5*

=— =-10288
0.281575-10°**

KJ[>K/MOJTB.

Omeem: Us = — 1,029 xJ/Moiib; 3HaK (—) OTpaskaeT yMEHBIICHUE SHEPTUU CUCTEMBI TIPU
Hepexo/ie BEIIeCTBa B KOHJICHCHPOBAHHOE COCTOSIHUE.

Hnoueuodyanvnuie 3a0anus

3aganue 1. OnpenenuTs, Kakue CBSI3U UMEIOTCA B KpUCTa/lIaX, 00pa30BaHHBIX AJIEMEHTAMU
(A, B, C) ¢ mopsinkoBIMH HOMEPAaMH Baiiero BapuaHTa. Kakue cBoiCTBa XapakTepHBI I ATHX
KpHUCTAJNIOB?
BapuanTsl 3a1anuid

BapuanTel 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

3apanme 2. [t cucteMbl U3 MOJIEKYJT Balllero BapUaHTa:

— OIIPEAETIUTE MOJSIPHOCTD KaKI0OM MOJIEKYIIBI,

— YKQKUTE BO3MOKHBIE BUJIbI MEKMOJIEKYIISIPHOTO B3aUMOACHCTBHS;

— JaiiTe KpaTKylo XapakTepUCTUKY KaKJ0ro BU/A;

— paccuuTaiTe CyMMapHYIO HEPTUI0 MEKMOJIEKYJISIPHOTO B3aMOAECHCTBUS.

BapuaHThl cucTem coeiuHEeHUM
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Bapuanr Cucrema Bapuant Cucrema Bapuanr Cucrema

1 CH4-CH3ClI 12 NCls 23 Ar —H;O
HBr — Ar 13 AsHs — Ar 24 FeCl,

3 MgCl, 14 CO 25 GaFs
4 H,O — He 15 GeCls-AsCls 26 NaBr-Nal
5 Sblz — Cls 16 BF; — H.O 27 H.O — NFs
6 KBr 17 Lil 28 Liz — LiCl
7 HCI - Cl; 18 H.S -S> 29 PCl3
8 NO 19 CH4 — CH3Br 30 H>Se — N»
9 K2S — Ne 20 F.0 31 CoCl,
10 CO2 21 Nal 32 CO; - H0
11 Sk 22 CdF2 — Kr 33 NH3

3aganue 3. Paccumraiite cymmapHbIi BKiIan cuil Bal-nep-Baanbca mpu B3aumMoieiicTBUN
COCIMHCHUH B KOHJCHCUPOBAHHOM (ase.

BapuanTtbl coeuHeHuil, 00pa3yl0IIMX KOHJIEHCHPOBaHHYIO a3y

Ba- Ba- Ba-
pHaHT CoenunnHenue pHaHT CoenvHeHue pHaHT Coenunenue
1 H> 12 NO 23 )
Br, 13 02 24 Sén
3 CO 14 As; 25 Cn
4 CO2 15 CH, 26 Sin
5 Cly 16 CoHs 27 I
6 HBr 17 AsH3 28 O3
7 HCI 18 NO: 29 CF,4
8 HI 19 SiO; 30 SOs3
9 H20 20 SiHa4 31 NH3
10 N> 21 PH3 32 C2HsCOO CoHs
11 NF3 22 SO, 33 C2Hs0OH

Ui =—(2/3) pw/ KT R,
* ~ v v v ..
= Yucio m-CBsI3EH B JIEMEHTAPHOM SUEHKe KPUCTAIMIECKON PEIETKH.

IpakTudeckoe 3ansaTHe 8 30HHAS TEOPUSI KPUCTAJUIOB M MAKPOCBOICTBA
BEIIECTB

Bomnpocs! k Teme:

1. Kax xnaccupuuupyroT TBEpAbIC BEIIECTBA MO BEIUYHHE IEKTPONPOBOIUMOCTH?

2. Kak 3onHas Teopus TBEpHOro Tena OOBSICHAET SBJICHHE IPOBOJUMOCTH
MOJIyIIPOBOIHUKOB?

3. Uto xapakrepusyet Qpynkuus Oepmu—lupaka?

4. Kak peanu3zyeTcsi IpUMecHasi IPOBOIUMOCTb N-Tuma?

5. Kak peanusyercs mpoBoAUMOCTb P-Tuna?

6. Kakue noiaynpoBoJHUKH 00J1a/1al0T COOCTBEHHON MPOBOIUMOCTHIO?

7. Kakue ¢paxTopsl IPpUBOJAT K MOSBICHUIO AJIEKTPOTIPOBOAUMOCTH ?
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8. UTo Takoe JOHOPHBIE ATOMBI?
9. Kakue aToMbl SBISIIOTCS aKIENTOpaMu?
10. Kak peanu3syercs nmpuMecHasi IpOBOJUMOCTb?

Ilpumeput evinonnenus 3a0anuil

IIpumep 1.

OnpenenuTh BEpOSITHOCTD 3aIIOTHCHHS YICKTPOHAMH 30HBI TPOBOJAMMOCTH IPU KOMHATHOM
TeMIepaType s ajamasa.

Onopuvie OanHble: MVPUHA 3ampeniéHHON 30HBI amMasza Eg = 5,5 3B; mpu 7 = 298 K
senmunna KT = 0,026 3B.

Pewenue.

BeposTHOCTE 3aI10JIHEHUS JHA 30HBI POBOIUMOCTH:

g,-(g,-£8,/2) T

w(Z,)=|exp e 1| =|exp (B, s 27)+ 1!

m[Ec ] = E—E,SID,DSE - €—1 aa = 5.1 0—45_

Omeem: MaJOBEPOSATHO, YTOOBI SJIEKTPOHBI UMEJH SHEPTHIO, TOCTATOUYHYIO IS TIepexo/ia B
30HY MPOBOJIMMOCTH TTPH KOMHATHOM TeMIeparype.

Ipumep 2-.

Onumure oTIMYus CTPYKTYp KpucTamioB Caw u Foy oT cTpykTypsl kpuctamia CaFyq.
Kaxkwue cBoiicTBa XapakTe€pHBbI JJIsl STUX BEIIECTB B KPUCTATUIMYECKOM COCTOSIHUU?

Onopnas ungopmayusa. monoxenue smementa B [IC J[.M. MengaeneeBa; Ttabnuia
ANIEKTPOOTPHUIIATENILHOCTEH AIIEMEHTOB

Pewenue.

Kanpuuii — TUNWYHBIA METAIJIMYECKUH D3JIEMEHT, Ha BHEIIHEM SHEPreTUYECKOM YpPOBHE
KOTOPOTO 2S-3JIeKTpOHA; 00pa3yeT METAIMYECKYI0 KpPHUCTaNIMYeCKyl0 CTPYKTypy. B Buze
MIPOCTOr0 BeIleCTBa O0JIaJaeT METaNIMYECKUM OJECKOM, 3JIEKTPO- U TEILIONPOBOIUMOCTHIO,
IJIaCTUYEH.

OTOp — TUNUYHBII HEMETAJIMYECKUM AIIEMEHT, Ha BHEIIHEM DJHEPreTUYeCKOM YpOBHE
UMEEeT TOJbKO OJUH HECIapeHHBIH JJIEKTPOH, O0Opasyromuii ¢ apyruM aroMoMm Qropa
KOBaJICHTHYIO CBs3b. [IpocToe BemectBo — Fo.

OO6pazoBanue kpuctamia Foq) BO3MOXKHO TOJNBKO 3a CYET CHI  MEXKMOJCKYISIPHOTO
B3auMoJieicTBUs. Kpuctain HenpodeH, Jerko BO3TOHSETCS, XapaKTepU3yeTcsl HHU3KOM
TEeMIIepaTypoi IIaBlIEHUs, TUIICKTPUK.

IIpu o6pazoBanun kpuctamna CaFyy) mexnay atomamu Ca u F oOpasyeTcst noOHHAs CBS3b,
TaK Kak pa3HUIla B 3HAYCHHSIX BEIWYHH JIIEKTPOOTPHILIATEIHHOCTH O4eHb Benuka: [190 = 3,0.
OTO MNPUBOAWT K OOpPa30BaHUIO UOHHO20 KPUCTaIa. BelecTBO pacTBOPUMO B MOJSIPHBIX
pactBoputensx, [Ipm OOBIYHBIX YCIOBHSIX OTHOCHUTCS K KIAcCy JUAJNEKTPUKOB, HO TMPHU
MOBBIIIIEHUN TEMIEPATyphl YCHUIMBAIOTCS TOUEYHBIE Ne(EKThl KPUCTAIa: 3a CUYET TEIIOBOTO
JIBUKEHHS] HOHBI TIOKUAAIOT Y371l KPUCTAJUTMUECKON PEHIETKH U MEePEeXOIiT B MEXKIOY3IHUS WU
Ha TIOBEPXHOCTh KpUCTaia. B aIeKTpuueckoM Mojie BO3HUKAET HamlpaBlIEHHOE TMepeMelleHHe
MOHOB B BaKaHCHM, OOpa30BaHHBIC YIICAIINM HWOHOM. BO3HHKAaeT uoHHas nposooumocmo
KpHUCTaIIa.

Ipumep 3.

OxapakTepu3yiiTe IOJyIpPOBOJHUKOBBIE CBOWCTBA KpUCTAIa Si M HM3MEHEHHE OSTHX
CBOWCTB, BBI3BaHHOE cojiep)kaHreM npumecH T 1 u Bi:
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Onopnas ungopmayus: NON0KEHHS 30HHON TEOPUH KPUCTAIIIOB.

Pewenue.

Pacnpe/ieieHne 2IEKTPOHOB 10 SHEPreTHUYECKUM YPOBHAM aTOMA KPEMHHUS BBITTISAT
cnemyromumm obpasom: 14Si [10Ne] 3s? 3p?:

=3 | | |

n=2 | Il
n=1 | p
S

[Mpu BO3OYXneHUMU (0003HAYEHO *) OJUH AIICKTPOH MEPEXOAUT Ha 3p-TIOAYPOBEHb H Y
aroma Si mosiByisieTcs 4 HeCIApEHHBIX AIEKTPOoHA. KpeMHUI — THTUYHBII HEeMeTaJll.

[Tpu o6pazoBannu kpuctamia Si oopasyercs N monekyasipusix opoutaneii (MO). [Ise Tpetn
MO 3aHuMaroT BaJIEeHTHBIE AJIEKTPOHBI — 110 JIBa AEKTpoHA Ha Kaxk 10l MO, 00pa3ys BaJ€eHTHYIO
30Hy. CBoOoaHble OT anekTpoHoB MO o00pasyor 30HY mpoBogumoctd. Otu MO
XapaKTepU3yIOTCs 00Jiee BEICOKAM YPOBHEM DHEPIHH.

[Tpu nepenaue kpuctawty Sir) BHEIIHEH dHepruu (HarpeBaHue, oOayueHne cBeTom ¢ hv >
E3), dYacTh BaJCHTHBIX O3JCKTPOHOB TMOKHIACT BAJCHTHYIO 30HY, IEPEXOJUT B 30HY
MPOBOJMMOCTH, @ Ha MX MecTe oOpasyeTcs BakaHcus — jbipka (+). Korma kpucramn kpemHus
MOMEIIAIOT B 3JIEKTPHUECKOE 1oJe, K aHoAy (+) Habmomaercs Apeid 3aeKTpOHOB, K Katoay (—)
npeid IpIpok (BakaHCHIN).

Takum oOpazoM peanm3yercs coOCMBeHHAs INeKMPOHHO-ObIPOYHAS NPOBOOUMOCHIb
KPUCTATHIECKOTO KPEMHHSI.

DNeKTpOHHbIE KOHPUTYPALUU NPUMECHBIX ATOMOB B BO30YXAEHHOM COCTOSTHUM:

aiTFn=6 | | |
gaBi*n=6 | | | | |
S p d

[Ipn HaxoXAeHUH B KpUCTAJJIe KPEMHHUS aTOMa TajUIUs B Y3Ji€ KPUCTAINIMYECKONU PeléTKHy,
I/l HaXOUTCs aTOM Tajllus, HabmogaeTcs degpuyum OJHOTO SJIEKTPOHA B KOBAJCHTHOM CBS3H C
atoMoM KpemHus. I[lpu mnepemaue KpucTtayuly SHepruM HEOOJBUIONW BEIWYHHBI, aTOM TaJUIUs
3aXBaThIBA€T HENOCTAIOIIUNA  AJEKTPOH C OiM3/Iexkalled KOBAJIEHTHOW CBSI3M U Ha MecTe
3aXBa4eHHOT0 JICKTPOHa 00pasyercst BakaHcus (+) — apipka. Eciin Takoii KprcTaut IOMECTUTD B
AIIEKTPUYECKOE I0JIe, TO JbIpKa CTAHOBHUTCA HOCHUTEIEM 3apsiioB. ATOM TaJUIUs SBISIETCA
akyenmopom 3JEKTPOHOB M YCWJIMBAeT B KPHUCTAUIC KPEMHHUS JAbIpOuHyi0 (p-muna)
MIPOBOJMMOCTb.

B npucyrctBuM B KpuCTalsie KpPEMHHs aroMa BHUCMYTa, Y KOTOPOTO Ha MOCIEAHEM
AIIEKTPOHHOM YpPOBHE IISITh JJIEKTPOHOB, B y3Jlieé KpUCTaJIa, TJe HAXOAUTCS aTOM BHUCMYTa,
MOSIBJISIETCSI C8000OHDBIIL DIIEKTPOH, HE CBA3aHHBIA KOBAJIEHTHOM CBSI3bIO C COCEIHUMU aTOMAaMH
kpemuus. [Ipu nepegaue kpucTamry HeOOIBIION SHEPTUU ATOT AIIEKTPOH JIETKO OTIHICTISETCS OT
MPUMECHOTO aToMa U, MEePeXo/s W3 BAJCHTHOM 30HBI B 30HY MPOBOJUMOCTH, YCHUIIMBAET
9/1eKMPOHHYI0 TIPOBOIUMOCTh KpHCTaJLIa.

Takum o6pa3om, atoMbl Bi sBIIsIICH TOHOpaMH, YCHIHBAIOT IPOBOIUMOCTD N-mund.

Hnouesuoyanvuvie 3a0anusn

3ananue 1. Boruucnuts sHepruto @epmu EF kpucTasuia Bamiero BapuaHTta, MpUBEIEHHOTO B
Tabi. 8, mpuHUMAas BO BHUMaHUE CIIEAYIOIIUE MOJI0KEHUS:

1. Dueprus @epmu B MeTayiax BOJM3M aOCOIOTHOTO HYNSA CBsI3aHA C KOHIIEHTpAIUEH
cBOOOAHBIX 1eKTpoHOB (N) B MeTasuie ypaBHEHHEM:
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rae h — nocrosunas Ilanka;

M — Macca 3JICKTPOHA, T,

N — KOHIIEHTpaLKs AIEKTPOHOB B €JMHUIIE BHIOPAHHOTO 00bEMA, M

EF:%

3 37 273
(&)

3

2. KonmeHTpamus cBOOOIHBIX AJIEKTPOHOB PaBHA KOHIIEHTPAIIUH aTOMOB.

3. KoHmeHTpaiuio aroMOB HaxOIAT HCXOAs U3 TwiotHoctu: p /| M = v (Mojb);

1 MOJB COIEPKUT YHUCIIO YACTHII, PABHOE MOCTOSIHHON ABOTaIpO.

Bapuaunrsl 3axanuii 1

Bapunanr 0, kr/m® Bapuant 0, kr/m® Bapwnanr [, 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.In 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
3aganmue 2.

1. OnumuTe OTANYUSA CTPYKTYP KPUCTALIOB A U B OT CTpYyKTyphl Kpuctamia AnBm. Kakue
CBOMCTBA XapaKTEPHBI JIJIs1 3TUX BEIIECTB B KPUCTATIIMYECKOM COCTOSTHUU?

2. OxapakTepu3yiiTe MOJYIIPOBOJIHUKOBBIE CBOWCTBAa KpucTaiga 4 W H3MEHEHHE 3TUX
CBOWCTB, BBI3BAHHOE COJIEPKAHUEM YKa3aHHOW ITPUMECH.
BapuanTsl 3a1aHui

3agaHus 1 2

Bapuantel A B AnBm A IIpumecHBI aTOM
1 H> Cam CHgy Canu Sh, Al
2 Si F2 SiF4 Si Sn, Te
3 Na F2 NaF Ge Ca, Bi
4 As Zn Zn3As; B Zn, Sh
5 Ba Clo BaCl. As TI, Pb
6 Mg Clp MgCl: Se Sh, |
7 Ca F2 CaF; Ge B, P
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8 Zn S ZnS Ge Ga, As
9 Al N2 AIN Ge In, Bi
10 As H> AsH;3 Si Zn, S
11 B F2 BF; Si Fe, Se
12 Ge Clp GeCly Si Mn, Te
13 Ga As GaAs B Ge, S
14 In P InP B Zn, P

15 Al Sh AlSb B Fe, As
16 Pb 88 PbS CanM B, P

17 Cu 0> Cu20 In Zn, Sb
18 Si Camm SiC Canm Al Te
19 P H2 PHs Si B, P

20 Cd ) CdF> Si Ga, As
21 B Cl, BCls Si In, Bi
22 Mg [ MgO Si B, Se

23 Al Clo AICl; Ge Zn, S

24 Cu Sg CuS Ge Mn, Se
25 Be 02 BeO In Mn, P
26 K P Kl B Cu, V
27 Crpa(b 0)) CO2 Canm Ga, Bi
28 Fe Crpag FesCs In Cu, Ge
29 Mn Sg MnS Se In, As
30 B Zn Zn3B; Se Ga, |

31 V N2 V3 Ns In Cd, W
32 Sh Sg Sh,Ss Canv Y, Mo

HTorosoe 3angarue
Bonpocul kK umozoeomy 3anamuio

1. Kpartkuii 0630p aTOMHO-MOJIEKYJISIPHOTO YYEHHSI U €r0 POJIM B XMMUH.

2. V3ydeHue cTpOEHUs BELECTBA HA PAa3HBIX YPOBHIX OpPraHU3aLMH.

3. DnekTpocTatuyeckas MpUpoja XMMUUYECKON CBSI3H.

4. OcCHOBHBIE THUIBI XMMMYECKOW CBSA3M: KOBAJCHTHAs W HOHHas. JluMHA, SHEprus Hu
HaNpaBJIEHHOCTb CBsA3U. BajleHTHBIH yroJ1.

5. TloasipHOCTB CBSI3M MOJICKYJIBI.

6. CBoiicTBa CBSI3aHHBIX AaTOMOB: 3JEKTPOOTPULATENBHOCTb, 3()(EKTUBHBIA 3apsn,
KOOPAMHAIIMOHHOE YHCIIO.

7. CrexuoMeTpusi MoJiekyl. KBaHTOBO-XMMHYECKME METOJIbI TPAKTOBKH KOBAJICHTHOM
cBsi3U. [IpuHIMIT TOKANM30BaHHBIX AP ¥ MAKCUMAIILHOTO MEPEKPbIBAHUSL.

8. CemumnossipHas CBs3b U JJOHOPHO-aKIENITOPHOE B3aUMO/IECTBHE.

9. Meron MoOJNeKynpHbIX opOuTanei. dusnueckas CyIIHOCTb MeETOJA: JAeJoKaTu3alus
JJIEKTPOHHOW TIJIOTHOCTH MEXJy BCEMH sApaMHU MOJEKylIbl. OHO3JIEKTPOHHOE
NpUOIHKEHHE.

10. Pacnipenenenne  IEKTPOHHOM  IJIOTHOCTH.  CBS3BIBAIOIIME U Pa3phIXJISIOIIME.
I'oMoHyKII€apHBIE IBYXaTOMHBIE MOJIEKYJIBI U MOJIEKYJISIPHBIE HOHBI.

11. O6pazoBanre MO. MosekynsipHble OpOUTaIM Kak JUHEWHas KOMOWHAIMs s- U p- U d-
aTOMHBIX OpOHTaNIEH.

12. TpexaToMHbIe TUHEWHBIE MOJIEKYIIbI U MOJIEKYJISIpHBIE HOHBI B MeToae MO.

13. HecszpiBaromue MO. Mounekynsl 6e3 n-cBsizeit (BeHz) u ¢ © —cBsizsimu (CO»).
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14.
15.

16.
17.

18.
19.
20.
21.
22.

23.

24,

YraoBeie TpexaromMubie Mosiekyibl (H20, HaS).

Metox MO B npubmmxennn Xrokkens (MOX). MonekynsipHble T-CHCTEMBL. 3apsi,
MOPSIIOK CBS3U, UHAEKC CBOOOIHOM BaJIEGHTHOCTH.

Pacrnionoxxenue ypoBHel 3HEPruu U CUMMETPHS MOJIEKYJISIPHBIX OpOUTaIeH.
Huknuyeckue n-cuctemsl, sHeprun U Bug MO. VYyer rerepoatomoB B metojge MO.
WHayKTUBHBIE U ME30MEPHBIE 3aMECTUTEIH.

MHOroaroMHbI€ MOJIEKYJIBI.

KoopaunanmoHHble coeIMHEHNS.

DIeMEeHTHl TEOPUU KPUCTAILTMYECKOTO MO, DIEKTPOHOAC(PUIINTHBIE MOJICKYJIBI.
Teopus oOpa3oBaHue CBA3M B MOJIEKYJIE BOJIOPOA.

Meton HanoXeHUS BaJeHTHBIX CXeM (MeToJ pe3oHaHca). Teopusi HalpaBJIEHHBIX
BasieHTHOCTEeH. [ mOpuauzanus AO.

Tunel rubpuau3aluu U CTEPEOXMMHUS MOJIEKYJI C OpAMHApPHBIMU CBS3sSMU. BrusHue
HEMO/IEJICHHBIX JEKTPOHHBIX Map LEHTPAIBHOTO aTOMa Ha BaJICHTHBIE YIJIbI.
CrepeoxuMusi MOJIEKYJ C KPaTHBIMH CBSI3SIMU.

7 JJABOPATOPHBIE PABOTHBI, IPAKTUKYMBbI

Janublit Bug padboTel He peaycMoTper YII.

10.

11.

12.

13.

14.

8 TEMATHUKA KYPCOBbBIX, KOHTPOJIbHBIX PABOT, PE@EPATOB

JlanHbIil BU paboThl HE TipeaycMoTpeH YII

9 IMEPEYEHD BOIIPOCOB K 3AYETY

Xumuueckoe BemecTBo. Kiaccuueckas TeOprsi XMMUYECKOTO CTPOCHUS

Tonosiornyeckas 1 reoMeTpuyecKasi MOJEIu MOJIEKYIbl. CHMMETPHUS MOJIEKYJIbI
DJIEKTpOHHAsT TEOPHUs XUMHUYECKOro cTpoeHus. [lomspuzanus XUMUYECKOW CBS3U.
DJIEKTPOHHASI MOJIENIb MOJICKYJIbI

I'eoMeTpuueckas CTpyKTypa MOJIEKYJI B 3JEKTPOHHOW TEOPUU XUMHUYECKOTO CTPOCHUS.
Mogens ODIIBO.

PeakunonHas ciocoOHOCTh MOJIEKYH B 3JIEKTPOHHOMN TE€OPUHU XUMHUYECKOTO CTPOCHHU S
Mexanuyeckass MOJeNTb MoJIeKynbl. Bpaimienue u koneOanuss mouiekyl. Cummerpus
KonebaHui

Tunsl xuMuueckux cBszeid. Terpasap ['puma

MeToa TOTEeHIMAJIOB B3aUMOACHCTBUS

Cesa3p  Ban-nep-Baanbca. Ilpuponma cun  cBsizu.  Ilorenuman Jlenappa-JlxoHca.
OrnpeneneHre KOHCTAHT.

HNonnsiii Tun cBsasu. [locrosanas ManenyHra. Pacuer sHEpruu peleTky U ONpeIeieHnue
[apaMeTPOB MOTEHLHAIIA B3aUMOACHCTBHSI HOHOB B KPUCTAJLIIE

Mertannudeckuii Tum cBsizu. MoJienb CBOOOIHBIX AJIEKTPOHOB. MoeTTh MHOKECTBEHHOTO
MIePEKPHIBAHUS AIIEKTPOHHBIX 00JIaKOB

[IpomexxyTounsie THUIIBI CBsi3U. MOHHO-METAaNMYeCKU M KOBAJIEHTHO-METAJIIMYECKHUI
TUIBI XUMHYECKOM CBSI3H

HNonHO-KOBaNeHTHBIM THUN CBSA3UM. MoJenb MNoJsipu3alMd HOHHBIX peueTok. Mopenb
CMeIIeHus oOmell HIeKTpOHHONW mapbl. Mojaenh KOOPAWHAIIMOHHBIX MOJUMEPHBIX
CTPYKTYp

KoBanentnas cBsi3b. CBOMCTBA KOBAJIGHTHOM CBSI3U. DJIEKTPOOTPULATENBHOCTh KaK Mepa
MOJIIPHOCTH CBSI3U
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15.
16.
17.

18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.

Bopoponnas cBsi3b

Oco0GeHHOCTH KBAaHTOBOMEXaHMYECKOTO ONMCAHHSI XUMUYECKOM CBSI3U
MHuoroanektponHass 3amada. [lpubmmkenue bopra-Onenreiimepa. [IpuGnmxenue
CaMOCOTJIACOBAHHOTO N0JIsA. YpaBHeHus XapTpu-Doka-Pyraana
Metoa MOJIEKYIISIpHBIX OpOuTaneit

Kanonunyeckue u J0KaaInu30BaHHbIE MOJIEKYIISIPHBIE OpOUTAIN
Konuenmus runepBaJIeHTHBIX CBSA3EH

DneKTpOHHas KOppesius

Koppensuuonnslie nuarpammsel B Meroae MO

MeTo BaJIeHTHBIX CXEM

Teopust rubpuaU3aun

Teopus pe3oHaHnca

XuMHYecKas CBS3b B KOMITJIEKCHBIX COEIMHEHUAX

Teopus KpUCTAIINYECKOTO TOJIS

Teopus mosnst TMraHa0B

Oynnepensl. YriaepoaHbie HAHOTpYOku. Kitactepbl MeTamios
CTpyKTYpHO-HEXECTKHE MOJIEKYIIbI

Crpoenue KUAKOCTEN U pacTBOPOB

Hanoxkpucraminueckoe coCTOSIHUE BEeIecTBa

Kpucrannmueckoe cocrosiHue BellecTBa

30HHas TeOpHs TBEPBIX TEJ

KBasuuactunpl B TBepAOM Teiie. 30HHBIE 3JEKTpOHBI. DddexTuBHass Mmacca. J[pIpku.
Oxcutonsl. [Tonsgponbl

Bo30OyxaeHue u penakcanus 31eKTPOHHON MOJICUCTEMBI TBEPIOTO Tela
Jlokanu3anus 3IEKTPOHHBIX BO30YKICHU

38. Xumudeckue mpeBpalieHus B TBEPAbIX Telax

10 CAMOCTOATEJBbHAS PABOTA OBYYAIOIIUXCHA
Copnepxanue, TpeOOBaHMsI, YCIOBUS M MOPSAIOK OpraHU3allMd CaMOCTOSITEIbHOU

paboTel 00ydaromuxcsi ¢ yderoM (opmbl OOyudeHHUs OINpeAeNsieTcs B COOTBETCTBUH C
«IlonoxxenueM 00  OpraHu3alid  CaMOCTOATEIBHOM  paboThl  OOyYaroIIMXCS»,
yTBEPKICHHBIM Y4eHbIM coBeToM YII'Y (mpoTtokoin Ne 8/268 ot 26.03.19 1.).

dopma 00yueHus: OUHas.

Haszpanue pa3aesnoB U TeM Bua camocrosiTe/1bHOI padoThl O0beMm ®opma
B yacax KOHTPOJIsA
Tema 2. Mexannueckas | [IpopaboTka yueOHOrOo MaTepmama ¢ 6 BBIOOPOUHAS

MOJENb MOJEKYNIbl. MeTon | UCIONB30BaHUEM  pPecypcoB  ydeOHO-

IPOBEPKA BO BPEMs

IOTEHIIMAIOB. METOJMYECKOr0 Y  WH(POPMAIIOHHOTO

[IpomexxyTouHBIE THUTIBI | 00€CTIeYeHUs JUCIIUILITHHBI. ay/IMTOPHBIX

XUMUYecKor cBsizu. Ban- | IlogroroBka Kk yCTHOMY OIpOCYy. 3aHSITHH;

nep-BaanbcoBas cBs3b. | IloaroroBka k ciaue 3ayera. BKJIIOUCHHE

Bonoponnas cBsi3b. BOIIPOCOB Ha
HUTOTOBOM

3aHATHH, HA 3a4€CTC

Tema 3.  Ocobennoctu | [Ipopaborka yueOHOro wmatepuana cC 6 BHIOOPOUHAST

KBaHTOBOMEXaHHYECKOTO HCIONB30BaHUEM  PECYpPCcoB  y4ueOHO- npoBepKa B0

OIHCAHUS XUMHYECKON | METOJIMYECKOr0 ©  HMH(OPMAIMOHHOTO

CBSI3H: oOecrieueHus TUCIUTUTHHEI. BpeMi
ayJIMTOPHBIX
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Knaccudukanus IToaroroska K yCTHOMY OIpPOCY. 3AHATHIL;
XUMUYECKUX cBs3el ¢ Touku | [logroroBka k craye 3ayera.
BKJIIOUECHUE
3peHus xapakTepa
3JIEKTPOHHBIX BOIPOCOB Ha
B3aMMOJCHCTBHI: UTOTOBOM
ABYXJ3JICKTPOHHBIC 3aHATHH, Ha
JBYXILIEHTPOBBIE sayere
(JrokanM30BaHHBIE) u
MHOT'OLICHTPOBBIC
(menokann3oBaHHBIE) CBSI3U.
KoopnnHanmonHas CBSI3b.
Tema 4. Xumwuueckas cBs3b | [IpopaboTka ydyeOHOro Martepuana ¢ 4 BBIOOpOYHAs
B KOMIUIEKCHBIX | UCHOJB30BAHMEM  PECYPCOB  y4eOHO- TpOBEpKa BO
COCIMHECHU X METOANYECKOI'O u I/IH(I)OpMaHI/IOHHOI“O BpeMsI
Pacmennenue d-ypoBHe#i | obecrieueHus TUCIUIUIAHEL AYITOPHBIX
LIEHTPAIBHOTO noHa. | [loaroroBka Kk yCTHOMY OMpOCY. SaHSTH:
Konngectsennas orenka | IloaroroBka k cipade 3adera. ’
. BKJTFOUCHUE
pacliierjieHuii. ITpaBuiio
CTEpPEOXUMUYECKOTO PSJIA. BOMPOCOB Ha
HUTOTOBOM
3aHSITHUH, Ha
3adere
Tema 5. Teoperuueckas | [Ipopaborka ydeOHOrO Matepuaiza C 6 BEIOOpOUYHAS
OLIEHKa pPEaKIMOHHOW | UCIIONF30BAHUEM  PECypcoB  y4eOHO- TpOBEpKa BO
CITOCOOHOCTH BEIIECTBA: METONWYECKOTO W  WH()OPMAITMOHHOTO Bpemst
Monens MepPEeX0HOTr0 | 00ecrnedeHus AUCIUTUTHHEI. AYIATOPHBIX
COCTOSTHUSA peakmuu. | [lonroroBka K yCTHOMY OpOCY. SAHSTH:
OHepruu nokanuzanuu | IloaroroBka k coade 3adera. ’
BKITIOUEHHE
aToma (aykmeoduapHasl,
3JeKTpOodUITEHAS, BOIPOCOB Ha
panvKaibHas). HTOroBOM
Bo3moxHoCcTH u 3aHATHH, Ha
OTPaHWYEHHUS] CTATHYECKOTO 3adere
Y JMHAMHYECKOTO METO/IOB
Tema 6. OcHoBuble | [IpopaboTrka ydeOHOro Marepuama C 4 BBIOOPOYHAS
pe3yIbTaThl M3YYEHUS | UCTIOJIH30BAHUEM  PECypcoB  y4eOHO- TIPOBEpKa BO
CTPOCHUS MOJIEKYII: METOJIUYECKOTO0 H  WH(OPMAIMOHHOTO BpeMs
Porakcansl ® KaTeHaHBI. | 0OECIIEUCHUS TUCITUTLTAHBI. AYITOPHBIX
Oymnepensl. [lomumepst u | [loAroToBKa K yCTHOMY OIpPOCY. SAHSITH:
ouononumepsl. benkw. IToaroroBka k ciaye 3ayera. ’
BKITIOUCHHE
BOTIPOCOB Ha
HUTOTOBOM
3aHSTHH, Ha
3adere
Tema 7. Crpoenue | [Ipopaborka yueOHOro matepuana cC 4 BBIOOPOUHAs
KOHJ/ICHCUPOBaHHBIX (a3: WCIIOJh30BAHHEM  PECypcoB  y4eOHO- TpoBEpKa BO
Kpucramiel ¢  HEMmomHOW | METOAWYECKOro W HH(POPMAIMOHHOTO Bpems
YHOPSIIOYEHHOCTHIO. o0ecrieueHus TUCIUTUTHHEI. AYJITOPHBIX
JloMeHHbIE CTPYKTYPBHL. IToaroroBka K yCTHOMY OIpOCY. SaHSITHIA:
IToaroroBka k cnaye 3ayera. ’
BKJIIOUECHUE
BOIIPOCOB Ha
HUTOTOBOM
3aHSTHH, Ha
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3ayere

Tema 8. Crpoenue | [Ipopaborka yueOHOro MmaTepuana C 4 BBIOOpOYHAS

KUJKOCTEH U PaCTBOPOB: UCIIOJB30BAHMEM  PECYpPCOB  y4eOHO- TpoBepKa BO

CTpykTypa BOABI M BOAHBIX | METOJMYECKOTO U  HH(OPMAIMOHHOTO BpeMsL

pPacTBOpPOB. Crpyktypa | obecriedeHus! JUCIUTUINHBIL. AYUTOPHBIX

HKHUIKIX 3MEeKTPONHTOB. | [10AroTOBKA K YCTHOMY OIPOCY. ——

Kuaxokpucramiueckoe IToaroroBka k craye 3a4era. ’
BKJIFOUCHHE

COCTOSIHME B OMOJIOIMYECKUX

CHCTCMEX. BOIIPOCOB Ha
HUTOTOBOM
3aHITHUH, Ha
3ayere

Tema 9. Kpucramimyeckoe | [IpopaboTka y4deOHOro Martepuana ¢ 4 BbIOOpOYHAs

COCTOSIHME BEIIIeCTRA! UCIIOJIb30BAHMEM  PECYpPCOB  y4eOHO- TIpOBepKa BO

AToMHBIE, WOHHBIC, | METOJUYECKOI0 H  HMH(OPMAIMOHHOTO BpeMsL

MOJIEKYJIIpHBIE W JApYyrue | oOecredeHns TUCIUIITHHBL. Ay TUTOPHBIX

THUIIbI KPUCTAJLIOB. [ToxroroBka K yCTHOMY OIPOCY. ——

IToaroroBka k crade 3a4era. ’

BKJIIOUCHHE
BOIIPOCOB Ha
HUTOrOBOM
3aHSITHUH, Ha
3adere
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11 YYEBHO-METOJUYECKOE 1 THOOPMAIIMOHHOE OBECHEYEHUE
JUCHUIINHBI

OcHoBHad :

1.BuanaukroBa, 0. A. Ctpoenune u peaknnoHHasi CIOCOOHOCTh BEIIECTB : ydeOHOe mocobue /
1O. A. Bununukrosa, U. B. HcakoBa. — Kemeposo : Ky3I'TY nmenu T.®. I'opbauesa, 2020. —
75 c¢. — ISBN 978-5-00137-193-9. — Texkcr : »anekTpoHHbIH / JlaHb @ 3JIEKTPOHHO-
oubimoteunas cucrema. — URL: https://e.lanbook.com/book/163563

2.Muxaiinenko, FO. A. CTpoeHne U peakimoHHasi CIIOCOOHOCTh BEIIECTB : yueOHOe mocooue /
0. A. Muxaiinenko, K. B. MeszennieB. — Kemeposo : Ky3['TY umenu T.®. 'opbauesa, 2012.
— 83 ¢c. — ISBN 978-5-89070-849-6. — Texkcr : amekTpoHHBIN // JlaHb : 3IEKTPOHHO-
oubmmoteunas cucrema. — URL: https://e.lanbook.com/book/6643

3.CyBopoB, A. B. O6mas u Heoprannyeckas xumus B 2 T. Tom 1 : yueOnuk nist By308 / A. B.

CyBopos, A. b. Hukonsckuii. — 6-e m3., ucnp. u jgom. — Mocksa : M3marenscrBo FOpaiit,
2021. — 343 c¢. — (Bwicmee oOpazomanme). — ISBN 978-5-534-09094-9. — Tekcr
anekTpoHHed  //  OOpasoBarenbHas  1arpopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/470737

JlomostHuTEABHAS

1. BypmuctpoBa, H. A. KBanToBast MexaHuka U KBaHTOBas XuMus : yueOHoe nocobue / H.
A. BypmucrpoBa. — Caparos : CI'Y, 2020. — 68 ¢. — ISBN 978-5-292-04636-3. — Tekcr :
ANEKTPOHHBIN // Jlann : ANIEKTPOHHO-OMOIMOTEUHAS cucrTema. — URL:
https://e.lanbook.com/book/170586

2. EpmaxoB, A. . KBanTtoBas mexanuka u kBaHtoBas xumusa. B 2 u. Hacte 1. KBanToBas
MEXaHHMKa : YUYCOHUK W TpakTukyMm s By30B / A. M. EpmakoB. — MockBa : M3marenbscTBo
Opaiir, 2021. — 183 c. — (Bricmee o6pazoBanue). — ISBN 978-5-534-00127-3. — Tekcr :
anekTpoHHeld  //  OOpazoBarenbHas  1uiatrpopma  FOpaiit [caitT]. — URL.:
https://urait.ru/bcode/471665 .

3. EpmaxkoB, A. 1. KBanTtoBas MmexaHnuka u kBaHTtoBas xumusa. B 2 4. Hacte 2. KBanToBas
XUMHS . YICOHUK U IMPaKTUKyM 11 By30B / A. 1. EpmakoB. — Mocksa : M3narenscTBo FOpaiiT,
2021. — 402 c. — (Bricmee oOpazoBanme). — ISBN 978-5-534-00128-0. — Tekcr :
anekTpoHHeld  //  OOpasoBarenbHas  1uarpopma  FOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/471666

yueOHO-MeTOauYecKast

1.IIpoas O. 0. Crpoenme BemecTBa: y4eOHO-METOJAMYECKOE ITOCOOWE IS BBITOJTHEHUS
a00OpaTOpPHBIX PabOT M CaMOCTOSTEIbHOHW pabOThl CTYACHTOB 3 Kypca DKOJOTHYECKOTO
(bakynbTera HanpaBieHus noarotoBku 6akanaBpuata 04.03.01 — Xumus / O. FO. Ulpons; Yal'V,
Okoi. dak. - YaesaoBck : Yul'V, 2019. - 3arn. ¢ skpana, HeomyOimkoBaHHBIH pecypc. -

OnektpoH. TekctoBele gaH. (1 dain  : 1,38 MB). - Tekcr: 3IEKTPOHHBIM.
http:/lib.ulsu.ru/MegaPro/Download/MObject/7985

CoriacoBaHo:

Hauvanpuuk otnena HB Yal'V  / Okyuea M.A./ //4./,/ 10.06.2021

JIO/KHOCTB COTPY/IHHKA HAYy4HOI OMOIMOTEKH dUO Aouuch
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0) nporpaMMHoe obecneyeHue
1. Microsoft Office
2. OC Windows Professional
3. Awdrtumriaruar BY3

B) IlpodeccuonasibHbie 0a3bl JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. D1eKTpOHHO-OMOINOTEYHBIE CUCTEMBI:

1.1. IPRbooks : 3nexTpoHHO-OMOIMOTEYHAs: cUcTeMa : calT / rpynna komnanuid A I1u
Ap Memua. - Capatos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum mocryma: mis
3apEerucTpUp. MOJIb30BaTeNel. - TEKCT : ANEKTPOHHBIN.

1.2. IOPAWT : snekTpoHHO-OMGmMOTeuHas cuctema : caiit / OOO DiekTpoHHOE
usnatensctBo FOPAMT. — Mocksa, [2021]. - URL: https://urait.ru. — Pesxum nocryma: s
3apEruCcTPUp. MOJIb30BaATENEH. - TEKCT : AIEKTPOHHBIN.

1.3. KoHcynpTaHT CTyAeHTa : D3JIEKTPOHHO-OmOmmoTeuHas cucrema : caiitr / OOO
[Tomutexpecypc. — Mockpa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pexxum noctyma: st 3apeructpup. nojiab3oBareneil. — TEeKCT : 3JeKTPOHHBIM.

1.4. KoHcynbTaHT Bpaua : 2JIeKTpOHHO-OMOIMoTeuHas cucrema : cailt / OOO Beicmias
IIKOJIA OPraHu3alMi W  YIOPaBJICHUA 3ApaBOOXpaHEHHEM-KOMIUIEKCHBIA  MEIUIIMHCKHAN
KoHcanThHr. — MockBa, [2021]. — URL: https://www.rosmedlib.ru. — Pexum noctyma: mis
3apEerucTpup. NoJib3oBaresieid. — TeKCT : ANMEKTPOHHBIN.

1.5. bonpirast MmenuuuHCKas OMOIMOTEKA : AJIEKTPOHHO-OMOIMOTEYHAS CHCTEMa © CalT /
OOO byxkam. — Tomck, [2021]. — URL.: https://www.books-up.ru/ru/library/ . — Pexxum mocryma:
JUISL 3apETUCTPUP. MOJb30BaTeNeh. — TEKCT : 3IIEKTPOHHBIM.

1.6. Jlanp : snexkTpoHHO-OMONMHMoTeuHas cucrema : caut / OOO DbC Jlawp. — CaHKT-
ITetepOypr, [2021]. — URL: https://e.lanbook.com. — Pexxum goctyma: st 3aperucTpup.
0JIb30BaTeNeH. — TEKCT : 3JEeKTPOHHBIN.

1.7. Znanium.com : 3aeKTpOHHO-OMOIHOTeYHass cuctema : cait / OOO 3uaHHyM. -
Mocksa, [2021]. - URL: http://znanium.com . — Pexum mocTyma : Ui 3aperdcTpHp.
IMOJIB30BaTEINEH. - TEeKCT : 3JIEKTPOHHBII.

1.8. Clinical Collection : koekuusi Il MEIUIMHCKAX YHUBEPCUTETOB, KIWHUK,
MEIUITUHCKUX OMOIMOTEK // EBSCOhost : [mopTan]. - URL.:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
e97828f9f7e1%40sessionmgrl02 . — Pesxxum noctyma : s aBTOPU3. MoJib3oBaTenei. — Teker :
3JIEKTPOHHBIM.

1.9. Pycckuil s3bIK Kak WHOCTPAHHBIA : AIIEKTPOHHO-O0pA30BaTENbHBIA pecypc s
MHOCTpaHHBIX cTyneHToB : callT / OO0 Komnanus «Aii [Ilu Ap Meauna». — Capatos, [2021]. —
URL: https://ros-edu.ru. — Pexum moctyma: sl 3aperducTpup. mosb3oBareneil. — Teker :
JJIEKTPOHHBIN.

2. KoncyawsrantIlimioc [DnekTpoHHBIN pecypc]: cipaBoyHas mpaBoBasi cucrema. /000
«Koncynprant [lmroc» - OnekrpoH. nas. - Mocksa : Koncynerantlimroc, [2021].

3. ba3bl JaHHBIX NEPUOANYECKUX U3TaHUI:

3.1. ba3a naHHBIX MEepHOAMYECKUX U3JAHUH : 3eKTpoHHbIe *)ypHansl / OO0 NBUC. -
Mocksa, [2021]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum poctyma : uis
ABTOPU3. NOJIB30BATENEN. — TEKCT : 2JIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snektponHass Oubmuoteka : caidt / OOO Hayunas
OnekrponHas bubmuorexa. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pexxum nocryna : ams
aBTOPU3. NOJIB30BATENEN. — TEKCT : 2JEKTPOHHBIN

3.3. «Grebennikony : anexrponnas oudmuoreka / U] I'pedbennunkos. — Mocksa, [2021]. —
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URL:  https://id2.action-media.ru/Personal/Products. — Pexum poctyma : Jyis aBTOpH3.
I10J1b30BaTeNEH. — TEKCT : AJEKTPOHHBIN.

4. HaunuonananHas IJICKTPOHHAas oudIMOTEKAa SJICKTPOHHAaA OonoIMoTeKa
(benepaJH)Has{ rocygapCTBCHHAaA I/IH(l)OpMaIII/IOHHaSI cucrema : cait / MI/IHI/ICTepCTBO KYJIbTYPbIL
P® ; PI'b. — Mockga, [2021]. — URL: https://H36.pd. — Pexum moctyna : ajis moJIb30BaTeNCH
Hay4yHOU OMOIMoTeKH. — TEKCT : 37EKTPOHHBIM.

5. SMART Imagebase I EBSCOhost : [mopra]. — URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum poctyma : Ui aBTOPH3.
noJsib3oBareneil. — M3o0pakeHue : 3JeKTpOHHBIE.

6. ®enepaiabHble HHPOPMAIHOHHO-00pa30BaTe/bHbIE MOPTAJIbI:

6.1. EnnHoe OKHO JiocTyma K 00pa3oBaTelbHBIM pecypcaMm : QeaepalbHbIi mopran /
yupeautens ®IAOY IO HPI'OIl m UT. — URL: http://window.edu.ru/ . — Tekcr :
JEKTPOHHBIM.

6.2. Poccwuiickoe oOpazoBanme : (enepanbHbIA moptan / yapeaurear OIAOY 1O
LIPT'OIT u UT. — URL.: http://www.edu.ru. — TeKkcT : 3IeKTPOHHBIIA.

7. O6pa3oBarenbHble pecypebl Yal'y:

7.1. Dnexrponnass 6ubmmoreka Ynl'Y : momyne ABUC Mera-ITPO / OO0 «Jlata
Dkempece». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum moctyma : s mojb3oBareseit
Hay4yHOU OnOInoTeku. — TEKCT : 3JeKTPOHHBIM.
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10 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE HAYYHO-
HCCJEJOBATEJbCKOM PABOTHI

VYueOnas ayauropust 212 juig mpoBeneHHUS JEKUUM, 3aHITUH J1aDOpaTOPHOrO THIA,
IPYNIOBBIX M HWHAUBUAYAJIbHBIX KOHCYNbTALUN, TEKYIIEr0 KOHTPOJSI U IMPOMEXYTOUHOUN
arrectaud (¢ HaOOpOM  JIEMOHCTPAITMOHHOTO  OOOpYHOBaHUS Ui  OOecreueHHs
TEMAaTUYECKUX WUTIOCTpAlliii B COOTBETCTBUU C pabodeil mporpaMmoil JUCITUILIAHBI).
[Tomenienrne yKOMILJIEKTOBAHO CIIEIMAIM3UPOBAHHONW MeOenblo Ha 24 MOCaI0YHBIX MECT U
TEXHUYECKUMHU CpEJCTBAMHU: D3KpaH HACTEHHbIM, J0cka ayauTopHas. PaOouee wmecto
npenogasatens, WI-FI, uarepuer. [Tnomans 42,93 kB.M.

VYyeOHast ayIuTOpHs JUIsl CaMOCTOATENbHOM paboThl cTyaeHToB 230 ¢ noctynom k DbC.
JUIs  caMOCTOSTeNbHOW paboTel crymeHToB, Wi-Fi ¢ gocrymom k OHOC, ObC.
KoMmbloTepHblli  KJlacC yYKOMIUIEKTOBAaHHBIA CHEMUANIN3UPOBAHHOW MeOenbto Ha 32
MOCAJI0YHbIX MECT W TEXHHYECKMMM cpenctBaMu oOydeHust (16 mepcoHalbHBIX
KOMITIBIOTEPOB) ¢ AocTynoM k cetu «Mutepuer», SUOC, OBC. [Tnomanp 93,51 xB.M.

UwuranpHelil 3a1 HaydyHOU OMOIMOTEKH (ayauTopus 237) ¢ 30HOU Al CaMOCTOSTENbHON
padoter, Wi-Fi ¢ gmoctymom k OHWOC, DOBbC. Aymuropus yKOMIUIEKTOBaHA
CIeIMaaTu3upoBaHHON Mebenpto Ha 80 MOCaTOYHBIX MECT M OCHAIIEHAa KOMITBIOTEPHOU
TeXHUKOU ¢ noctynom k cetn «Mutepuer», JUOC, BC, skpanom u npoekropom. [Lmomaas
220,39 kB.M™m.

11 CHELOUAJIBHBIE YCJIOBUA JJIS1 OBYYAIOLIUXCSA C
OI'PAHUYEHHBIMHA BO3MOXHOCTAMMU 310POBbS (OB3) U
NHBAJINJI0OB

O6yuatomuecs ¢ OB3 w uWHBaIMIBI TPOXOMAT TMPAKTUKY COBMECTHO C JPYTHMH
oOyvarormumucs (B ydeOHOW Tpymme) WiId WHAUBUIYaTbHO (M0 JUYHOMY 3asBIICHHUIO
00ydJaroIerocs).

Omnpenenenre MeCT MPOXOXKICHUS MPaKTUKH Uil oOydaromuxcs ¢ OB3 u uHBanumoB
OCYILIECTBIISIETCSI C YUETOM COCTOSIHUSA 3[I0POBBSl U TPeOOBaHUI K UX JTOCTYHMHOCTHU JJIsl JaHHOU
kareropun oOyudaromuxcs. [Ipu ompeneneHnn MecT U yciaoBUHM (C y4€TOM HO30JIOTHYECKON
TPYNIbl U TPYIIbl  WHBAJUAHOCTH  OOy4alomlerocsi) MpOXOXACHHUs  y4eOHOH U
MIPOU3BOJICTBEHHOM MPAKTUK Ui JAHHOW KAaTerOpuU JIML YYUTHIBAIOTCS WHIUBUIYyaTbHbBIC
OCOOCHHOCTH OOYYaroIIUXCs, a TakkKe PEeKOMEHJALUU MEAMKO-COIMAIbHON SKCIEePTHU3BI,
OTpaXCHHbIE B UHJUBUIYATbHON MPOTrpaMMe peaduInTallii, OTHOCUTEILHO PEKOMEHI0BAHHBIX
YCIIOBUH U BUJIOB TPY/a.

[Ipu ompeneneHun mecta npakTuku s oOydarommxcs ¢ OB3 u mHBanmumoB ocoboe
BHHMMAaHUE yJensercs 0e30MacHOCTH Tpyla W OCHAIEeHUI0 (000pynoBaHHUIO) pabouyero Mmecra.
PaGoune MecTta Ha MpPakTUKY MPEAOCTABISAIOTCS NpOGUIBLHON OpraHu3alueii B COOTBETCTBUU
CO CIEAYIOIINMH TPEOOBAHUSAMMU:

—  aaa ody4yaommxcess ¢ OB3 u mHBaJMI0B 1O 3peHHI0 - CIA00BHASIIMX: OCHAILICHHE
crenuanbHoro pabodyero wmecta OOMIMM W MECTHBIM OCBEIIEHHEM, OO0ECIeUnBaIOIIUM
OecIpensITCTBEHHOE HaxXOX/ICHHWE YKa3aHHBIM JIMIIOM CBOEro pabodero Mecra M BBINOJHEHHE
WHJIMBHUIYyaJIbHOTO 3aJJaHUsT; HATMYUE BUACOYBEINYUTENEH, JTYTI;

—  gaaa odyyawmuxes ¢ OB3 M MHBaJIMAOB 1O 3pPeHMI0 - CJeENbIX: OCHAIEHHE
CHEIHANbHOTO paboyero Mecra THQPIOTEXHUYECKMMH OpPHUEHTUpPAMH U YCTPOMCTBaMH, C
BO3MOHOCTBIO HCIIOJIB30BAHMSI KPYIMHOTO penbedHO-KOHTpAacTHOro mipudra u mpudta
Bpaiins, aKyCTUYECKUMU HaBUTALIUOHHBIMU Cpe/icTBaMu, obecreunBaroIINMH
OecCIpensITCTBEHHOE HAaX0KJICHHE yKa3aHHBIM JIMIIOM CBOEro paboyero mMecTta W BBIMOJTHEHHE
WHIUBUAYAIBHOTO 33JaHUS;
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— s odyyawmuxcs ¢ OB3 u MHBaIMIOB MO CiIyXy - ¢Ja0OCABIIIAIMX: OCHAIIICHHE
(o6opymoBaHMe) CIEUUMAIBHOTO  Pabo4yero MecTa 3BYKOYCHJIMBAIOIIEH — ammaparypo,
TeneoHaMu AJis C1a00CIIbIIIANTIX;

—  nas odyuyarommxcesi ¢ OB3 u HHBaJMI0B MO CJIYXY - TVIYXHX: OCHAIICHHUE CIICIIUATHLHOTO
paboyero mecrta BHU3yaJbHBIMH HHIWKATOPAMH, IPEOOPA3YIONIMMHU 3BYKOBBIC CHTHAIBI B
CBETOBBIC, PEUEBBIC CHUTHAIBI B TEKCTOBYIO OCTYIIYIO CTPOKY, IUIS OCCHpPEsSTCTBEHHOTO
HaX0XJICHHUS YKa3aHHBIM JIMIIOM CBOErO PabOyYero MecTa W BBHIMIOJHCHHS WHAWBHUIYaTHHOTO
3aJlaHus;

— aaa obOywyaromuxes ¢ OB3 um uHBanuaoB ¢ HapymeHueM (QYHKIUIA OIOpPHO-
ABUTaTEJIbHOI0 ammapara: o0OpyJoBaHUE, 0OECIIEUHBAIOIIEE PEATU3AIUI0 IPTOHOMUYECKUX
MPUHIIUIIOB (MAaKCUMAIBHO YIOOHOE Il MHBAIH/IA PACTIONIOKCHHUE DJIEMEHTOB, COCTABIISIOIINX
pabodee MeCTO); MEXaHHW3MBl W YCTPOMCTBA, TO3BOJISIONINE HW3MEHSATH BBICOTY M HAKJIOH
paboyeil MOBEPXHOCTH, MOJIOKCHUE CHICHBS Pa0d0Yero CTy/Ia MO BHICOTE W HAKJIOHY, YIroJl
HaKJIOHA CIIMHKH pabod4yero CTylia; OCHAIICHWE CIEIHAIbHBIM CHJIICHBEM, O0CCIICUNBAIOIIUM
KOMITCHCAITUIO YCWIIAS TIPH BCTABaHWH, CIICIIUATBHBIMU MMPUCTIOCOOICHUSAMU TS YIIPABICHUS U
o0cykKMBaHUs ATOro 000pyI0BaHUS.

YciioBHusST OpraHM3aliid ¥ TPOXOXKIACHHUS TPAKTHKH, TOJTOTOBKA OTYETHBIX MAaTepHAJIOB,
MIPOBEJICHUS TEKYIIETO KOHTPOJIS M MPOMEKYTOUHON aTTECTAIMH 10 MPAKTHKE 00ECIICIMBAIOTCS
B COOTBETCTBUU CO CJICIYIOIIUMH TPEOOBAHUSIMHU:

— OObem, Temr, (GOpPMBI BBITIOJHEHUS WHIUBUAYAIBHOTO 3a/JaHUS HA IEPUOJ MPAKTHUKU
YCTaHABIIMBAIOTCS WHIAMBUIYAJILHO JUISI KaXJIOTO OOydJarolierocs yka3aHHBIX Kareropuii. B
3aBUCHUMOCTH OT HO30JIOTMM MaKCHUMAaJbHO CHIKAIOTCS MPOTUBONOKA3aHHbIE (3pUTEIbHBIE,
3BYKOBBI€, MBIIIICUHBIC U Jp.) HArpy3Ku.

—  VY4yeOHble M Yy4eOHO-METOOMYECKHE MaTepHalibl IO TMPaKTHUKE MPEACTaBISIOTCS B
pasnmuuHbIX GopMax Tak, 4ToObl oOydaromuecss ¢ OB3 W WHBaNMHMABI ¢ HAPYIICHUSIMHU CITyXa
nostydyanu MHGOPMaIMI0 BU3yaldbHO (IOKYMEHTAIUsl MO MPaKTUKE MeYaTaeTcsl yBEeINYEHHBIM
mpudToM; MPEeAOCTaBISIOTCS BHAEOMATEpUAIbl W HArJIsiAHbIE MaTepHalibl MO COJEP>KaHUIO
MIPAKTUKHU), C HAPYIICHUSIMHU 3pEHUsl — ayAuajJbHO (HAIpUMep, C KUCIOJIb30BAHUEM MPOTpaMM-
CHUHTE3aTOPOB PEYH) WIH C IOMOIIbIO THPIOMHPOPMAIIMOHHBIX YCTPOUCTB.

—  ®opmMma npoBeleHUsI TEKYLIEro KOHTPOJS YCIHEBAEMOCTH M MPOMEXKYTOUHOW aTTeCTalUH
g oOydaromuxcss ¢ OB3 M MHBaIMAOB yCTAaHABIMBAETCS C YY4E€TOM HMHAWBUIYaTbHBIX
ncuxo(u3nueckux 0CoOOEHHOCTeH (YCTHO, MMCbMEHHO, MPH MOMOIIU KOMIbIOTEpa, B (opMme
tectupoBanus W T.m.). [lpm  HeoOxoaumoctu  oOydaromemycs MPEIOCTABIIACTCS
JOTIOTHUTEIHHOE BPeMs IJIsl MOATOTOBKHU OTBETA U (MJIH) 3alUTHI OTYETA.

Pazpabotunku: ‘/ ; / noueHt O.1O. llpons

C /yg/a 7,

16.06.21
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1. Dy1eKTPOHHO-0UOJINOTEYHbIE CHCTEMBbI:

1.1. ludposoit oOpazoBarenbHbIil pecypc [PRsmart : anekrponHo-OubnuoTeuHas cucrema :
caiit / OOO Kommnanus «Aii [Tu Ap Menuay. - Caparos, [2022]. — URL: http://www.iprbookshop.ru.
— PexxuM moctyna: 1uis 3aperucTpup. mojap30BaTenei. - TeKCT : 31eKTPOHHBIM.

1.2. O6pasoarensHas rmiarpopma FOPAMT : oGpasoBaTenbHblil pecypc, SIEKTPOHHAs
oubnmoreka : caiit / OO0 DnextponHoe m3narenscTBo FOPAUMT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pesxxum goctyma: st 3aperucTpup. moab30Baresie. - TEeKCT : AJIeKTPOHHBIN.

1.3. ba3a nanHbIX «3JnekTpoHHas Oubnmoreka TexHuueckoro BY3a (OBC «KoncynbraHT
CTYZIEHTa») : JNIEKTPOHHO-OnOMMoTeuHas cucrema : caidt / OO0 IMomutexpecype. — Mocksa, [2022].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum goctyna: aiasi 3apeructpup.
IOJIb30BaTeNe. — TEKCT : AIEKTPOHHBIN.

1.4. KoHcynbTaHT Bpayda. DJIEKTPOHHAs MeIUIMHCKas OMOIMoTeKka : 6a3a JaHHbBIX @ CalT /
OOO Bpicmias 1mIKoJga OpraHu3alldd M yIOPaBIeHUS  3ApaBooXpaHeHrneM-KoMIuiekcHbIN
METUIIMHCKUI KOHCAnTHHT. — MockBa, [2022]. — URL: https://www.rosmedlib.ru. — Pexxum nocryma:
JUISL 3apETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIIEKTPOHHBIN.

1.5. bonbmast MeuIMHCKas OMOIUMOTEKA : 3JEKTPOHHO-0MOIoTe Has cucrema : caifir / OO0
bykan. — Tomck, [2022]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum noctyma: s
3aperucTpup. MoJb30BaTenei. — TeKCT : AIeKTPOHHBIH.

1.6. OBC Jlans : snekTpoHHO-OMOMMOTEeYHas cucteMa : cailt / OO0 OBC Jlanb. — CaHKT-
[TerepOypr, [2022]. — URL: https://e.lanbook.com. — Pexum poctyma: s 3aperucTpHp.
MOJIb30BaTeNe. — TEKCT : ANEKTPOHHBIN.

1.7. OBC Znanium.com : sneKTpoHHO-OMOIHoTeyHas cucrema : caiit / OOO 3HaHuyM. -
Mockaa, [2022]. - URL: http://znanium.com . — Pesxum gocTyna : st 3aperucTpHp. MoJb30BaTeICH.
- TekcT : AMeKTPOHHBIH.

1.8. Clinical Collection : nayuno-undopmanmonnas 6a3a ganasix EBSCO // EBSCOhost :
[moptan]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-
414b-8763-97828f9f7e1%40sessionmgrl02 . — Peskum gocTyma : Uit aBTOPU3. MMOJIb30BATENCH. —
TekcT : AIeKTPOHHBIN.
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1.9. baza nannbpIx «Pycckuii Kak HHOCTPAHHBINY : AJIEKTPOHHO-00pa30BaTEIbHBINA PECYPC IS
MHOCTpaHHBIX cTyaeHTOB : caiiT / OO0 Komnanwust «Aii [Tu Ap Menua». — Caparos, [2022]. — URL:
https://ros-edu.ru. — Pexxum goctyma: uis 3aperucTpyp. mojib3oBatesei. — TeKCT : AIeKTPOHHBIH.

2. Koncyasrantllinwce [DnekTpoHHBIH pecypc]: cmpaBouHas mpaBoBas cuctema. /000
«Koucyasrant Ilmrocy» - DiektpoH. gaH. - Mocksa : KoncynerantlLiioc, [2022].

3. ba3bl TaHHBIX MEPUOAUYECKUX U3TAHUM:

3.1. ba3a maHHbIX nepuoauuecKkux u3manuii EastView : smextponnbie xypHayibl /| OO0
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aBTOPU3. IIOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN.

3.2. eLIBRARY.RU: Hnaywynas »snextpoHHass OuOimoreka : cautr / OOO Hayunas
Onekrponnas bubnaunoreka. — Mocksa, [2022]. — URL: http://elibrary.ru. — Pexxum nmocrtyna : s
aBTOPU3. NOJIb30BaTeNel. — TEKCT : AIEKTPOHHBIN

3.3. DnekrponHas Oubmuoreka «M3marensckoro noma «['pedennukos» (Grebinnikon) :
snekrponHas 6ubmmoreka / OO0 UJ] I'pebennukoB. — Mocksa, [2022]. — URL: https://id2.action-
media.ru/Personal/Products. — Pexum poctyma : Juis aBTOpW3. Moiib3oBareneil. — Tekcr :
3JIEKTPOHHBIMN.

4. @enepasbHasi TrocyaapcTBeHHass uHpopManuoHHass cucrema «HanmoHanbHas
JIEKTPOHHAsI OUOIMOTEKA | JIeKTpoHHas oubmnoTeka : caidt / ®I'BY PI'b. — Mockga, [2022]. —

URL: https://H30.pd. — Pexxum nmoctyma : Juist mosib3oBareseil HaydHou OmOmmoreku. — Teker :
3JIEKTPOHHBIMN.

5. SMART Imagebase : nayuno-undopmannonnas 6aza nanaeix EBSCO // EBSCOhost :
[mopTai]. - URL: https://ebsco.smartimagebase.com/?TOKEN=EBSCO-

1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum jgocryma : IS aBTOPH3.
nojib3oBaresieid. — Mi300pakeHue : 3JIeKTPOHHBIE.

6. @enepanbHble HHPOPMALMOHHO-00pa30BaTeIbHbIE MOPTAJIBI:

6.1. Enunoe okHO mocTyna K o0pa3oBareibHBIM pecypcam : (enepanbubiil mopran . — URL:
http://window.edu.ru/ . — TekcT : 3J€KTPOHHBIIA.

6.2. Poccuiickoe odpazoBanue : penepanbHblii mopran / yupenuteab OT'AY «PUILTO». —
URL: http://www.edu.ru. — TekcT : 3IeKTPOHHBIH.

7. O0pa3oBaTteibHble pecypebl Yal'y:

7.1. DnextpoHHass OubnmoTeuyHas cuctema Yiul'VY: Moaynb «IJIeKTpoHHash OMOIMOTEKa»
ABUC Mera-ITPO / OO0 «Jlara Dxcnpecc». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum
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https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
http://window.edu.ru/
http://window.edu.ru/
http://www.edu.ru/index.php
http://www.edu.ru/
http://lib.ulsu.ru/MegaPro/Web
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