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Tema 1. Mogenns aToma
1. Mozens aToma €. Pesepdopra.
2. Ilocrynatu Bopa.
3. KBanToBi uncia.
4. Ipmanun Iaym.
5. Bymosa 0araroenexkTpoHHUX aToMiB. IleplogmryHa cucrema ejieMeHTIB

J1.I. MeuneseeBa (caMOCTIHHO).

1. Mogens atoma €. Pesepdopaa.

VaBneunsa mpo gucKpeTHY OyZ0BY PEYOBHHM 3aPOAUJINCS IEe B TJIHMOOKII
nmasamH1. Bigmosiguo Jemoxpity (V cT. 1o H. €.) BCl TLIa CKJIAJAIOTHCI 13 ATOMIB
1 MI’KATOMHHUX HyCTOT. P13HOMAHITHICTD T1JI BU3HAYAETHCS PI3HOMAHITHICTIO
dopm 1 poamipiB aromiB. OmgHaK Il ysIBJEHHsS OyJIH JIKIle T'e€HIAJIHLHOIO
JIOraJKO0I0 1 BOHH IIle JOBIO He OTPUMYBAJIN IITHPOKOr0 IIOIIMPEHHI.

[Ieprry crpoly 1mo0ymyBaTH TEOPIilo aToMa B MeKaX KJIACHYHOI (PI3UKHM 3po0uB
Jlox. o, Tomcor. ¥V 1903 p. BIH 3aIIpoOIIOHYyBaB MOJEJIb aTOMa, 3T1IHO SIKOI
aTOM € PIBHOMIPHO 3aIOBHEHA IIO3UTHUBHOIO €JIEKTPHKOI cdepa, BcepequHil
AKOI MicTaThbea egexTporn (puc. 33.1). OgHak I MoAesIb He CIIpaJacs Ha
OyOb—sKl eKCIIepUMEHTAJILHI JaHl 1 HOCHJIA IITYYHHN XapaKTep.

Y 1904 p. amoncbruii gisuk X. Haraoka (1865 — 1950) mmopiBHSB aToM 13
miadetoro CartypH. CTIHKICTL Takol cucTeMu 3abe3medyeThes Ha aymMmky Ha-
TaOK! THM, IO IIEHTPaJIbHe BAasKKe TLJI0 IPUTATrae OLILII JIETKl YaCTUHKHU 13
SIKUX CKJIAAeThCs KLIbIle, aKke orouye T1o. Haraoka mucas: “...[aToM], oue-
BUJHO MOKHA COOl HAO/IMIKEHO YABUTH, AKINO 3aMIHUTH II€ KiJbIle
BiT’'€eMHO 3apAg:KeHUMH eJIeKTPOHAMH, a MPUTATYIOUHUH IMEHTP — MO3U-
THBHO 3apAIKeHOI0 4YacTuHkolo.” Ilg momenp HaAWOLIBII mIOmlOHA 0
cy4YacHOI MOJeJIl aToMa, OTHAK 11 He3ac/Iy:kxeHo 3a0yBaioTh.

Jly1s1 Toro, 100 BHUSICHUTH XapaKTep PO3MOALIY IIO3UTHUBHHUX 1 HEraTUBHUX

3apsgamiB B aToml, HeoOXx1lgHe OyJio Oes3mocepenHe IocaigHe "30HAyBaHHS"



BHYTPIIIHIX o0JiacTeil atoma. Take "3oHmyBaHHA" 3MlficHuB Ha mpoTrasl 1909
— 1911 pp. E. Pesepdopa 13 cImiBpoOITHHKAMK 3a JOIOMOIOI0 O - YACTUHOK,
CIIOCTEepIrapyn iX IIPU IIPOXOIKEeHH] depe3 TOHKI Iapu pedvyoBHHHU (30JI0TOI
donpru). ¥ cBoix mocaigax Pesepdopn

BUKOPHCTAB JIy:Ke IIBUIAKI O - YaCTUHKU

(Eq = 7,68 MeB, ga= 2e7; U, = 10 M/C), K1 %R donbra

BUIIPOMIHIOE pPaIOAKTUBHUI IIperapaT

RaG. Kosxua Tarka o - 4YacTHHKA IIpH e ——

eKpaH

HOIIaJaHHl Ha JIOMIHECIIEHTHHNA eKpaH f
CIIPUYMHSAJIA ciajiaX (CIIMHTUJIAIII0).
Cxema mocainy Pesepdopma masemeHa

Ha puc. CiimHTHIAINI CIIOCTEPIraJIuch 34 JOIO- /

MOT'0IO MiKpOCROHa, AKNN II0BepTaBCcd 3a

JOIIOMOI'OIO ITPHUCTPOIO pa3oM 3 JETEKTOPOM HaB- ( )

O-yacTHHKa

KOJIO  3o0si0T0oi  Qosbru. Bea  ycraHOBEa \

IOMIIIIAJIACA ¥ BAKyyMi.

IlepeBaskna  OLIBIIICTE O -  YACTHHOK,

IPOXOOAUM Yepe3 MeTandHy (oJibry (ToBImmHA sSKoi Oyme [ = 6°10-"m), He
BIIXWJIAJINCH, TOOTO 3a3HABAIM AysKe HEe3HAUHMX BIIXIJICHB, ajie OKpeMl Jac-
TUHKH 3a3HABaJIM Ay:Ke BeJUKUX BlIIXHUJIeHb. B cepenHboMy oqHA YACTHHKA 3
8000 3asHaBaJja BIOXHUJIEHHS Ha KyT Om3bkuii 1o 180°, ToOTO moBeprasiacs
Haszaz (puc.).

IIpoanamsyBaBim pe3ysbTaTi Oocaiay, Pesepdopa DIHIIIOB BHCHOBKY, IO
TaKe BeJHKe BIJIXWJIEHHS (-YaCTUHOK MOKJINBE JIHIIEe 34 YMOBH, III0O
BCEPEIMHIL aToMa € AysKe CUJIbHE eJIEKTPUYHE M0JIe, AK€ CTBOPIETHCI 3apsiaoM,
3B’I3aHUM 3 BEJIMKOIO MACOI0, IKa CKOHIIEHTPOBAHA B HEBEJIMKOMY 00 €Ml.

Buxogsuwn 13 1mporo, Pesepdopzn vy 1911 p. 3ampomoHyBaB sSAOepHY MOOesIb
aToMa, BIAMIOBIIHO SIKOI ATOM SBJISE€ COOOIO CHCTEMY 3aPSA/iB, B IIEHTPI AKOI

po3MillleHe BasKKe MO3UTHUBHE AAPO 13 3apanoM Ze, MidepHUX PO3MipiB



<1015 m. HaBkoJsio agpa po3mMmimieHi 7Z eJIeKTPOHiB, PO3IMOaiIeHUX IO
BChOMY 00’emy. Maiixe Bca maca aroma (= 99,9 %) socepem:xeHna B saapi.

JlaspIrl JOCalOM II0 PO3CIAHHIO O - YACTHHOK METAJJIYHHUMH (POJIbIaMu
no3soauan Pesepdopay yrouauTu Buitie cpopMyJILOBAHY MOJEJIb aTOMA:

1. B 1esTpl aromMa MICTUTHCS HO3SUTHUBHO 3apsKeHe SOpo, SAKe 3ainmMae
MI3epHY YaCTHHY 00 €My aToMa.

2. HaskoJio sapa mo 3aMKHyTHX opOiTax, B 00’emi cchepu pamiycom =~ 10-10
M, 00epTalThCA EJIEKTPOHHU, 3arajibHe YHCJIO IKHX JOPIBHIOE IIOPSIKOBOMY
HOMEDY 7 ejieMeHTa.

Anepua momenp atoma Pesepdopma Oysra saHaUHMM KPOKOM Ha IILISXY 0
Cy4YacHOT0 ysIBJIEHHS Ipo OymoBy atoma. OmHak BoHa He OyJjia JOCKOHAJIOIO
MOJEJLJIIO, 1 JesdKl IPHUHIIUIIOBl IIpo0JeMM, Hpo AK1I MOBa IIjie HUKYE,

3aJIUIIaJINCA He pO3B’§IS AHWMMH.

2. Iloctynaru Bopa.

Mogens aroma Pesepdopma 1mosicHoBajia XapakTep PO3CIIHHA d -
YACTHHOK IIPU IIPOXOKEHHl Yepe3 MeTaJuHl (poJIbru, ajie BUSABUJIACA B
IPOTUPIYYI 13 3aKOHAMU KJIACHYHOI eJIEKTPOIUHAMIKH.

1. OcCkUIBKM eJeKTpOHU 00epTalThCd HABKOJIO sAApa 3 KYTOBUM

IPUCKOPEHHSIM, TO 3T1IHO KJIACUYHOI eJIeKTPOAWHAMIKNM BOHU IIOBMHHI

BUITPOMIHIOBATHA €JIEKTPOMATHITHI XBMJII 1 BHACJIJIOK BTPATH eHeprii

eJIEKTPOH yike yepe3 T~ 10-8 ¢c moBUHEH BIAcTU Ha SIPO.

2. CoexTp BHUIPOMIHIOBAHHSI aTOMa B TaKMX yMOBaX IIOBHHEH OyTH

HeIlepepBHUM (CYIIJIbHUIK), TOOTO aTOM IIOBHHEH BUIIPOMIHIOBATH CBITJIO

HaAWPISHOMAHITHIIIINX HOBKKUH, IO CYIEPEeUYHTh JOCIITHUM JTaHUM —

CIEKTP aToMa AUCKpeTHuu (TiHiluyaTuii).

Taxum YMHOM  sAZepHaA MOOeJb AaToMa pPa3oM 3  KJIACHYHOIO

eJIEKTPOOUHAMIKOI0 BHABUJIACH HECIIPOMOKHOIO IIOSICHUTH Hl CTIHKICTh



aToMa, a Hl [OJUCKpeTHICTh #Horo cmexkrpa. Onxmak 1e Oysaa mepima
eKCIIepUMEeHTaJIbHO O0IPYHTOBAaHA MOIEJIb aTOMA.

Ax 1 g1a BunmpomiHIOBAHHS A0COJIIOTHO YOPHOI'O TljIA, KJacHYHA (Pl3UKa
IIOCTABMJIA JlarHo3 — Karacrpodga memunyua. Ilporu “yisrpadioserosoi”
karacrpocdu “mirn’ 3uaimos M. Ilnank. Ilporu katacrpodu, 1o HaszpiBajia B
(pismin aroma “mirn”’ 3uaimos 28—piunnit marceruil Pisuk Hinse Bop.

H. bop, cropucraBmmcs imesmu llaamka, cTBOpMB KBAaHTOBY TEOP1O
aToMa, SIKa II0SIBMJIACH B OJHOMY 13 HAYKOBHUX AHIUIIMCHKHUX sKypHaJiB B 1913
p. OmHax OCKIJIBKM KBAaHTOBA TeOpid TLIBKH 3apoIKyBajiach, CBOI
moJIo:keHHa Bop chopMyITioBaB y BUTJIS/I1 IOCTYJIATIB:

1.EnekTpoH 00epTaeThcsa He IO BCIiM MOKJIMBUM OpOiTaM, a TiJIbKH
0 THM, Ha AKUX HMOro eHepriga mnpomnopumirHa »n. AGO, i3 Bcix
MOSKJIMBUX  MEXaHIYHMX PYXIiB eJeKTpOoHAa  HAaABKOJIO  dapa
CTaIliOHAPHUMH € JIuIIe Ti, JJd AKX MOMEHT KIiJIBKOCTI PpyXxy

KpPaTHUH 7 , TOOTO

P=nh, (1)
h ]
fe hi=--=105:10 * Iire-c — crana [lmauka, n=1, 2, 3,...

2. Ej1ekTpoH, pyxXawduch Mo OJHIiN i3 cramioHapHuUX opoiT, eHeprii
He BUIIPOMIHIOE.

3. Enepria sBunpominwerbca (a00 NDOIJIMHAETHCA) JIHUIIE IIPHU
nmepexoai ejJeKTpoHa i3 oxHiel cramioHapuoi opOiTu Ha iHmYy Yy

BUIJIAO]L cBiT/ioBOro KkBauta ((poToHa) 3 4aCTOTOIO

v-5Bi 2)

3. KsanTogBi uuc.ia.
KBanToBe 4ymciio n 13 Teopii bopa 30epiraerncs 1 B KBAaHTOBIM MeXaHIIT]

17 HAa3BOI IOJIOBHE KBAHTOBE 4YHCJIO. BoHO Mo:ke mpuiiMaTtu OyOb-sKe



L, BIAMIHHE B HyJIsS gogaTHe umeso (n =1, 2, 3, ...) 1 gk, 0yJio
IIOKA3aHO BHIINE, Bl N 3aJIeKUTh [IOBHA €Hepris CTaHy
aToma.

OpOiransHe (a3uMyTajibHE) KBAHTOBE 4YHCIO [

BH3HA4Ya€ BeJIUYUHY OpOITAJILHOTO MOMEHTY IMILYJIBCY

eJeKTpoHa. BoHO Moske TIIpm 3aJaHOMy N IIPUHUMATH

ImIourcsoBl 3gaveHHsa B O nron—1 (=0, 1, 2,..., n — 1).

Puc. 33.13

Hanopuriman, B ocHoBHOMY cTramli 3 n = 1 opOlTajabHe
KBAHTOBE YMCJIO MOKe MATH TLIbKHK ofHe 3HavyeHHda [ = 0, mpun = 2, [ = 0,1,
npu n = 3, [ = 0, 1 1 2. Beauuuna opOITAJILHOIO MOMEHTY IMIIYJbCY Le

3B’s13aHA 3 A3UMYTAJIbHUM KBAHTOBUM YHCJIOM [ CIIIBB1JHOIIICHHSIM:
‘I:,‘=h 11 +1). (3)

Hanpuriarm, opu 1=0, L, =0; 1=1, L =4V2; 1=2, L, =#/6; i T. 1.

MaruiTHe KaHTOBE YHCJIO M BU3HAYae IIPOEKINI0 MOMEHTY IMILYJILCY
eJIeKTpoHAa Ha Jeaxkuil Hanpamok Z. [Ipu samamomy [/ BoHO Moske IpHAMATH
ITILJIOYHMCJIOB] 3HAYeHHs Bix -/ no +/ , Bkiarouaroun 1 0. Tax, Harmpukiiam, SKIo /
=1, To m; moske Oyt piBHEM -1, 0, +1, armio [ =2, m =-2, -1, 0, +1, +2, Bcix 2
[ + 1 3gavenb. OCKIJIBKH MOMEHT IMILYJIbCY — BEKTOpP, TO He JUBHO, IO B1H
KBAHTYEThCS 34 BeJWYMHOI 1 3a HampsamkoMm. Ha pme. 33.13 moxasamo
KBAHTYBAHHS HAIIPAMKY MOMEHTY IMIIYJILCY eJIeKTpoHa IIpu [ = 2. Ax BuIHO 13
puc. 33.13 mpu [ = 2 MOXKIMBI II'ATh OpleHTAIN¥X BexTopa L. Ilpoekrinsa
MOMEHTY IMILYJIBCY €JIEKTPOHA L, Ha 3aJaHuil HAIIPSIMOK (BIChH Z) JOPIBHIOE:

L [=myn (4)

Ockimpkm m; HaOyBae ITJIOYMCJIOBHUX 3HAYEHb, TO CTaJay h MOKHA
PO3TJISIATH, IK IPUPOTHY OJMHHUIII0 MOMEHTY IMIIYJILCY.

IIizgime (1925 p.) Oyao moBedeHO, IO €JIEKTPOH BOJIOAIE BJIACHUM

MEeXaHIYHUM MOMEHTOM IMIIYJIbCYy L., AKHI HE3B SI3aHUH 3 PYXOM eJIeKTPOHA



B mpoctopl. lle#r BiaacHuMiI MexXaHIYHMH MOMEHT IMIIyJbCy OyB Ha3BaHHM
CITIHOM.

Benmumua B1acHOTO MOMEHTY IMIIYJIbCY €JIEKTPOHA BH3HAYAETHCA 3a
3araJbHIUM 3aKOHOM KBAHTOBOI MeXaHIKH (II0Z10HO 10 opOIlTAJILHOIO MOMEHTY

IMIIYJIBCY €JIEKTPOHA):

‘I:S‘zh s(s+1). (5)

CmiHoBe KBAHTOBE YMCJIO S, AK€ BXOOHUTH B opmyay (33.28), mae TIIbKHU

ogHe-eqUHEe 3HadYeHHsd, piBHe 1/2. ToMy eIHMHO MOKINBE 3HAYCHHS ‘ES , P1BHE:

AR EE FRNCL)

Yuciio s Ha3MBaeTbCa KBAHTOBHIM gucJIoM, aJie BOHO ddK IIpaBHMJIO He

BUKOPHUCTOBYETHCA 3 1HIITMMU KBAHTOBUME YKCJIAMH, OCKLIBKY BOHO Ma€ TLIbKH

omHe 3HadeHHs (1/2) 1 He BHOCUTH BIIMIHHOCTI MK cTaHaMmu. BiacHmit

MeXaHIYHIN MOMEHT eJIEKTPOHA MOKEe MATH €IMHe 3HAUCHHSI L =3 g 1 € TAKOK

byHIaMEeHTATHFHOIO XapaKTEPUCTUKOIO eJIEKTPOHA, STK Ooro Maca abo 3apsi/i.

IIpoexirisa BIacHOTO MeXaHIYHOTO MOMEHTY ‘ESZ‘ eJIeKTpOoHAa Ha HAIIPAMOK Z
KBAHTOBAHA 1 BU3HAYAETHCA TAK:

ne ms =+ 1/2 1 Ha3uBaeTHCAd MATHITHUM CIIIHOBUM KBAHTOBUM YMCJIOM.

Yacto ms= 1/2 mosHavawoTh gk "caiu-BBepx" (1), a ms = — 1/2 gk "coiu-BHU3"
(1)
Tadomuia 1
Yucio
Hasga ITosuauennsa 3HaueHHd MOSKJIUBIIX
3HaYeHb
I'ostoBHE n 1,2, 3,...,0 Bynn-ake
Opb6itanba [ 0, 1, 2, ..., n-1; mpu 3agaHOMY n




e n

. —I, -1+1,...,0,/-1,...]; mpu
MaruiTHe my 21+1
3agaHoMy [

Maruitae
Mg

I+
N |
DO

CIIIHOBE

Ilepenix kBaHTOBUX YMcesJ HaBedeHo B Tabis. 33.2. Takum uymHOM, cTaH
CHCTEMH MOKe OyTH IIOBHICTIO BU3HAYEHO KBAHTOBUMU YHCJIAMH 1, [, mi, ms.
BayBaskmnMo, 110 s KoskHOTo [ icaye 2/ + 1 3HaYeHb mi, a OJII KOKHOIO S

icHaye 2s +1 = 2 MOKJINBUX 3HAYEHDb Ms.

4. ITpuamun Ilayoi.

3amaHHA PISHUX KBAHTOBUX YMCEJI IJIA OIIMCY CTAHIB eJIEKTPOHIB Mae
O1JIBII 1ICTOTHE 3HAYEHHSA HIK IIPOCTO KJIACH@IKAIlld IX cTaHIB. 3aK0H (PI3UKH,
BLOOMUH IIiJ Ha3Bow mpuHIimi llaym abo mpuHIMIy 3a00poHM, CTBEPIKYE,
1[0 HEe MOJKe OyTH OljIbIlle OJHOro €JIEKTPOHA B JAaHOMY CTaHIi, AKIIO
el CTAH OIMCYEThCA YOTHPMA KBAHTOBHMHU dYUcIaMu: n, I, mi, ms.
AGo: B omHOMY aTOMi HEe MO:Ke OyTH JBOX €JIEKTPOHIB 3 OHUM i THM
sKe Ha0OpOoM KBAHTOBUX 4YMCeJI n, [, mi, ms.

IIlomo cucremu eneKTPOHIB B aTomi, To IIpmHIMO llayml mMoskHa 3ammcatu
TaK:

Zy(n1,m,mg) =1 ©
ne Za(n, I, mi, ms) — YHCIO €JIEKTPOHIB, IO IIepedyBalOTh y CTaHl, SIKHI
OIHUCYETHCI HAOOPOM KBAHTOBUX umcea n, [, mi, ms. Kopucrymounch
opuHIiuioMm Ilaysal, MoskHA 3HAUTH MakCUMaJbHE YKCJIO eJIEKTPOHIB B aTOMI,
10 MaloTh 3aJaHl 3HaYeHHs Tpbox (n, [, mi), aBox (n, [) 1 ommorO (N)
KBAHTOBHUX 4YHCeJ. 3HAMIEeMO MaKcuMaJbHe umcao Z2(n, [, mi) eJeKTpoHIB,
10 IepedyBalTh y CTAHAX 3 OJHAKOBUM Ha0OOPOM TPHOX KBAHTOBHUX YHCEJI 7,
[, mi, TOOTO BIAPI3HAIOTHCA JIHIIE 3HAYEHHSIM MATHITHOI'O CITIHOBOI'O YMCJIA,

sKe MOke HaOyBaTH JIuIle ABOX 3HaveHb: 1/21-1/2. Tom




Z,(n,I,m) =2. (8)

MaxcumasibHe YNCIO eJIeKTPOHIB, IIMo Ilepe0yBaloTh Yy CcTaHax 3
OJHAKOBHMI JBOMA KBAHTOBUMH YHCJIAMHU 1, [

Z;(n,1)=2(21 +1). 9)

Tyr BpaxoBaHO, II0 IpPH 3aJaHOMY KBAHTOBOMY 4UYHCJIl [, MAarHITHE
KBaHTOBE YHCJIO0 M HabyBae 2/ +1 3HaYeHb.

Hapemri, smaiimemo, kopucryoounch npuHitmmoMm Ilayiml, maxcuMasibee
qrcao Zs4 (n) eJIeKTPOHIB, IO IIepedyBalTh B CTAHAX, AKlI BHU3HAYAIOTHCS
3HAYEHHSIM I'0JIOBHOIO KBAHTOBOIrO uncaa n. OCKIIbKHN Y1CyI0 [ Ipu 3agaHOMy
n 3Miuoerbeda Bix 0 mo n — 1, To cymyrwoun Z (n,]) mo [ Bimx 0 mo n — 1,

OTPHMAEMO

I=(n-1)

Z,(n)= > 221+ =2n> (10)
1=0

CyKymHICTD €JIEKTPOHIB, CTAH AKUX OIHUCYEThCS OJHAKOBUMU 3HAUYEHHIMU
KBAHTOBOTO YMCJAa N, YTBOPIOIOTH €JEeKTPOHHY 000JIOHKY: Y BILIIIOBIIHOCTI 13
3HaYEeHHAM n O0OJIOHKAM JaHO IO3HAYEHHS, 3aIl03WYeHl 3 PEeHTTeH1BChKOI
CIIEKTPOCKOITIT:

3HaueHHS N 1 2 3 4 5 6 7...

[losmauenuas obomonkr K L M N O P Q...

[Ipo eseKTpoHM 3 OJHAKOBUM 3HAUEHHSAM [ TOBOPSTH, III0 BOHU HAJIEKATh

0 onfHlel mimoOosoHKH. YacTto jig Io3HaveHHsa [ 1mdpu 3aMIHSIOTH

OyxkBaMu:
3Hauenns [ 0 1 2 3 4...
ByxkBene mosHaveHus S p d f g...

Tax enexkTporu 3 [ = 0 yTBOPIOIOTH S — MITO000JOHKY 1 HA3WBAIOTH IX S —
eqexTpoHamu, 3 [ = 1 — p- magoOoJoHKY (p — eJIeKTpoHu), 3 [ = 2 — d-
mimo000HKY (d — emexktponm) Tomro. Ilpmumun Ilaym oOmeskye dmcso

eJIEKTPOHIB B KOKHINA 000JI0HII1 1 I1JO0O0JIOHIT].



B tab6s. 2 HaBemeHO MaKCcHMMAaJIbHI YHCJIA €JIEKTPOHIB, III0 IIepe0yBalTh Y
CTaHAaX, SAKl XapaKTepU3yIOThCAd 3aTaHUMHU 3HAYEHHSMH TOJIOBHOTO N1 1

OopOITAJIHFHOIO [ KBAHTOBUX YHCEJI.

Tabmaurga 2
KinpKicTh eJIeKTpOHIB y cTaHAX MaxcumasibHe
n|Obomorrka| s(I= | p(I= | d(= _ g(l= YHCJIO
1) 1) 2) re=3 4) €JIEKTPOHIB
1 K 2 - - - - 2
2 L 2 6 - - - 8
3 M 2 6 10 - - 18
4 N 2 6 10 14 - 32
5 Q 2 6 10 14 18 50
Ocklabkm  eHepreTWYHl pPIBHI  Maii’Ke  IIOBHICTIO BH3HAYAIOTHCS

3HAUYEHHSIMH N1 1 [, TO eJeKTpoHHa KOHQIrypaills B aroMml, SK IIPABHJIO,
3aJIa€ThCSI 3a3HAYEHHSIM 4uciia n 1 JiTepHUM (OYyKBEHHM) MO3HAYEHHAM [, a
YHCJIO €JIEKTPOHIB B KOMKHIM M1M000JIOHITI BKA3yeThbCA y BUIJISIl BEPXHBOTO
OCHOBHHUII CTaH AaToMa KHCHIO MOKHA 3allrcaTu

mgexcy. Hampurian,

CUMBOJIIYHO TaK;
1s22s22p*.
Tyt BKa3aHo, 1110 ABA €JIEKTPOHH I1epe0yBaioTh B craHax 3 n =11/ =0 (1s2),

IBa €JIEKTPOHHI MAaloTh KBaHTOBl uncaa n = 21 [ = 0 (2s2) 1 YOTHPH eJIeKTPOHHN

3a¥iMaroTh cTauu 3 n = 21 [ = 1(2p?).




Tema 2. XimiyHU 3B'30K
1. Teopis ximiunuoi Oya0BHU. BaseHTHICTD

2. [Ipupoma XIMIYHOTO 3B’I3KYy

1. Teopia ximiunoi 6ygosu. BanenTHicTsh

Buennsa mpo xiMIUHME 3B’430K IIOCiIae 3HAYHe MICIe y CydacHIH Ximii,
OCKLIBbKH BJIACTHBOCTI PEYOBUH 3YMOBJIIOIOTHCS 0ea3mocepeIHbO
0COOJIMBOCTSAMHE XIMIUHHUX 3B’SI3KIB Y HHUX.

XiMIYHMHA 3B'SI30K — IIe B3aeMoIld JOBOX a00 KIIBKOX aTOMIB, ¥
pe3yabTaTl SKOI YTBOPIOETHCS XIMIUHO CTIMKa [OBOX- abo OaraTtoaToMHAa
cucrteMa (MoJIeKyJia, HOH, paguKasI, KPUCTAJI).

OcHOBHI TOHATTSA TPO OyI0BYy XIMIUYHUX CIIOJIYK BHKJIAJEHl B meopil
ximiunoi 6yodosu O.M.ByriepoBa (1861 p.), B OCHOBlI SKOI JIEKHUTDH
TBEPIKEeHHS: ATOMM B MOJIEKYJaX CIIOJyYeHl OJWH 13 OJHHM XIMIYHUMU
3B’sI3KaMM BIJIIOBIIHO JI0 IX BAJIEHTHOCTEHM B MeBHIM mociimoBHOCTL. [lopsaodok
I npocmopose pPO3MIULCHHS QMOMI8 1 QMOMHUX epyn Yy MOJIeKyJl ma
xapaxmep XIMIYHUX 38 A3KI8 MIHC HUMU HA3UBAEMBCA XIMIuHa 0y008a.

PospisasoTh cTexioMeTpuYHy BAJIEHTHICTh i KOBaJIeHTHicTh (200
CITIHBAJIEHTHICTD).

CrexiomerpuyHa BaJIEHTHICTH ejieMeHTa — Ile¢ KUIbKICHA
XapaKTepUCTUKA 3JATHOCTlI MOro aTOMIB CIIOJIYYATHUCA 3 aTOMaMM 1HIITHX
eJIEMEeHTIB, AKa BH3Hadae, CKIJIBKKM aTOMIB TIIPOTeHy MOKe IIPHETHATH OIWH
aTOM JAHOI'0 eJeMeHTa ab0 3aMICTUTH HOr0 y CIIOJIyKaX.

JlesKl eJleMeHTH y CBOI CIIOJIYKAX BUSABJISIOTEH IOCTIHHY CTEX10METPHYHY
BaJieHTHICTD. Tak, ogHoBasenTuumu ejademenramu € H, Li, Na, K, Rb, Ag, Cs,
F, nsoxBaneutaumu — O, Ca, Ba, Mg, Sr, Zn, Cd, Hg, tpusaneatanmu — Al,
B. Ane pgia OLIBIIOCTI e€JeMEHTIB XapakTepHa 3MIHHA CTeXlOMeTpHYHa

BaJIEHTHICTb, BeJIMUMHA SKOI 3aJIeKUTh Bl AKICHOIO 1 K1JIBKICHOTO CKJIAIy
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CIIOJIYKH. BaJieHTHICTh 3a3BHYAN 3aIIMCYIOTh PHMCBKUMHI IIM(paMu Ha
XIMIYHHM CHMBOJIOM €JIeMeHTa:

J1/1s1 BU3HAYEHHS CTEX1OMEeTPHYHOI BAJIEHTHOCT1 €JIeMeHTA B CKJIATHUX
CIIOJIYKaX BHUKOPHUCTOBYIOTH IIEBHUI aJITOPUTM. ¥ 3araJibHOMY BUOAIKY IJIs
OlHAPHOI CIIOJIYKU axBy, B K1 OyKBaMH X 1 y MO3HAYEH] 1HIeKCH, a OyKBaMU
m 1 n — BaJIEHTHOCTl aTOMIB, BUKOHYEThCSA PIBHICTHL m x=n . Ha 11 ocHoBI
MOKHA OOYMCJ/INTA BAJIEHTHICTH IIIYKAHOI'O eJIeMEHTa, BUXOMAYN 3 B1IOMOI
BAJIEHTHOCTI 1HITIOTO eJIEMeHTa.:

CrexioMeTpuuHa  BaJIEHTHICTH  BigoOpaskae  TIIBKH  KILJIbKICHE
CIIIBBIIHOIIIEHHS AaTOMIB, aJjie He Ja€ YITKOI0 PO3YMIHHS OCOOJIMBOCTEH
KOBAJIEHTHOTO 3B’ SI3KYy. J[JI mMOsCHEHHS OO0 YTBOPEHHS XIMIUYHHX 3B SI3KIB
BUKOPHCTOBYETHCS IIOHSITTS KOBAJIEHTHOCT1 (CIIIHBAJIEHTHOCTI).

KosaneruicTs (a00 crmiHBaJIEHTHICTB) — Il KIJIBKICTH KOBAJIEHTHUX
3B’SI3K1B, III0 YTBOPIOE AaTOM; BOHA BH3HAYAETHCSI UYHCJIOM HeCIIapeHUX
eJIEKTPOHIB Y aTOM1 B OCHOBHOMY CTaHl a00 YMCJIOM HecIIapeHUX eJIEKTPOHIB,
110 3’SABJISTIOTBCS B aTOMI1 IPH HOT0 30y IKeHHI.

Hamopurian, atom okcureHy Mae B OCHOBHOMY CTAHI JBA HeCIIapeHHX
eJIEKTPOHM, a aTOM HITporeHy — Tpu. LIl eJTeKTpoHN MOKYTH OpaTH y4acTh B
YTBOPEHH] BIIIIOBIIHOI KIJIBKOCT] KOBAJIEHTHHUX 3B SI3K1B, TOMY KOBAJIEHTHICTD

OKCHUT'€HY JIOPIBHIOE JTBOM, & KOBAJIEHTHICTH HITPOI€HY — TPHOM:
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IIig yac XIMIYHHX peakIllii aTOMH MOKYTh II€PEXOIUTU Y 30yI:KeHUI

CTaH, B IKOMY OBOXEJEKTPOHHI XMapH PO3HaJaloThCsa Ha OJHOEJEKTPOHH1 —



CIIapeH] eJIEKTPOHHU Po3mapoByIoThed. Lleii mpoliec moTpedye BUTpaTH eHeprii,
a IPH YTBOPEHH] XIMIYHOI'O 3BSI3KY HECIIapeHHMH eJIeKTPOHAMHK eHeprid,
HaBIIAKW, BUILIgeTbCa. Jlyg Toro 1mo0 XIMIUHHIE 3B’SI30K OYB CTIHKKM,
HeoOX1IHOo, 100 eHepris Ha POo3IIapOBYBAHHS €JIEKTPOHIB Oyja MEHIIION 3a
@HEepriio, IKa BUILIAETHCA IIPU YTBOPEHH] XIMIUHUX 3B SI3KIB.

Poarissmemo atom kapOOHy, SKW B OCHOBHOMY CTaHI Mae 1OBa

HecIIapeHuX eJIEKTPOHU, TOMY MOTr0 KOBAJIEHTHICTD JOPIBHIOE JBOM:

C 22T 7T

ITpu mepexomi aroma C 13 ocHOBHOrO crany (2s22p?) y 30yOKeHUI CTaH,
JIJIsI TIO3HAYEHHS SIKOTO JI0 CHMMBOJIY eJIEMEHTAa CIIpaBa Bropl IIPHUIIHCYETHCS
3lpouKa, eJIeKTPOHHa KoH@irypamig aroma 3miHoerbess (C*: 2s12pd),
BHACJIIZIOK YOT0 BIH HaOyBae YOTHPU HECIIAPEHUX eJIEKTPOHU — IIPU I[bOMY

KOBAaJIEHTHICTH KapOoHy cTae piBHOoW IV:

e [T T[7

Ha Bigminy Big kap6omy atomu exemeHnTiB N, O 1 F, 1o posmiryoTbes
B HeploguvHIA crcTeMl y apyromy mepiom micas C, He MOKYTh 3a3HaBATHU
30yJKeHHS IIIJIAXOM 30LJbIIEeHHS YHCJIAa HeCIIapeHUX eJIEKTPOHIB uepes
PO3MApPOBYBAHHS CIIApeHUX eJeKTPOoHIB. lle moscHI0eTbCSA TUM, IO aATOMU
eJeMeHTIB HiTporeny (2s22p3), okcureny (2s22p4) 1 dayopy (2s22p5) Bike He
MalTh BUILHHX p-opOiTasien (a d-miapiBeHh Ha APYroMy PIBHI BIlACYTHIHM
B3arajl). J30yI:KeHHsS IIMX AaTOMIB IIOB'sI3aHe 3 IIepexX0oIoM BaJIEHTHUX
eJIeKTPOHIB HA HACTYOHUM, TPeTii, KBAHTOBHH pIBeHb, II[0 BHUMAarae Iy:Ke
3HAYHOI eHeprii, IKa He KOMIIEHCYEThCSI BHUILJIEHHAM eHeprii IpH YTBOPEHHI]
JOJaTKOBUX 3B’d3KIB. ToMy 3a paxyHOK HeCIIapeHUX eJIEKTPOHIB aTtoM N

MOYKe BUABJISATH KOBAJIEHTHICTE TpH, aroM O — nBa, a atom F — omumn.



AToMH eJIeMEHTIB TPEeThOIro IIeploAy Ha 30BHIITHHBOMY €HEPreTHYHOMY
piBHI MaOTh BaKAHTHHH d-miApiBeHb, HA AKHUN IPHU 30YIKEeHHI MOMKYTH
IePexXOOuTH S- 1 P-eJIEKTPOHM 30BHIIIHLOrO piBHA. llpm 1bomy BuHHKae
IOJATKOBA MOKJIMBICTE 301/IBIIEHHS K1JIBKOCT1 HeCIapeHuX eJIeKTPoHIB. Tak,
aTOM XJIOPY B OCHOBHOMY CTaHI BHSBJISIE KOBAJEHTHICTH OOMH, a IIPHU
30y/I3KeHH] — TPH, II' AT 1 HABITH CIM:
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2. IIpupoga ximiuHOro 3B’ 3Ky
OmHOo3HAYHO BCTAHOBJIEHO, IO OyOb-AKMH XIMIUYHHK 3BS30K MAae
eJeKTpuuHy mnpuponay. lle osHauae, 1m0 mpu IHOro yTBOPEHH] HANOLILII
CYTTEBY POJIb BIJITPaAOTh CHJIM B3a€MOOll MK EJeKTPHUUYHUMHI 3apsagaMu,
HOCIIMU AKUX € HeraTHUBHO 3apAKeH1 eJIeKTPOHM M II03UTUBHO 3apAIKeHl1
aapa aromiB. CyTs B3aemomll Iojsgirae y BIOIIITOBXYBAHHI OJHOIMEHHO
3apSAPKEeHNX UYACTHHOK (SIIpOo-gIp0, eJIEKTPOH-eJIEKTPOH) 1 IIPUTATAHHIL
P13HOIMEHHO 3aPAIKeHUX (IIP0-eJIEKTPOH).
3po3ymiio, 10 cucTeMa Oynge CTIAKOI0, SKINO CHJIM IIPUTATAHHSI
IepeBaskaioTh HAJ CHJIAMHU BIOINITOBXyBaHHSA (prc.2.1).
Cunu NPUTAraHHA
EnekTpoHHa
\ % xmapa
Cmnm--.> »‘\
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Puc. 2.1. Cum MIxKaTOMHOI B3ae€MO/I11: BIIINITOBXYBAHHSI MIK
eJIEKTPOHHUMH 000JIOHKAMHU JIBOX aTOMIB Ta MUK IX SIApaMu; IPUTATAHHSI

ML SIIPOM OJHOTO aToMa 1 eJIEKTPOHHOI0 000JI0HKOIO 1HIIIOTO 1 HAaBIIAKH



3pocTaHHA CHUJI TIPUTATAHHA HPH YTBOPEHHI MOJIEKYJIM IIOPIBHAHO 3
130JIbOBAHMMM ATOMAaMU CYIIPOBOIKYETHCSA BHILIICHHSAM eHeprii, BHACIIIIOK
YOro eHepris CUCTeMHU 3MeHIryeThesa. OTike, pyIIiliHOIO CHJIOI YTBOPEHHA
XiMi9YHOrO 3B’ 43Ky € IIpardeHHs 130JIb0BAHMX aTOMIB JI0 BUTPAIILY B eHeprii,
AKUHA JOCATAeThCs IIpU IX o00’€qHAHHI B CHCTEMY; CTIMKICTH CHCTEMH
3a0e3meuyeTbCsd BUHHUKHEHHAM 00JacCTl HIABHUIIEHOI T'YCTUHU HEraTHBHOIO
eJIEKTPUYHOTO 3apsay, IO IPUTArye 0 ceOe MO3UTUBHO 3apsaIKeHl sapa
aTOMIB.

I[Ipu yrBOpeHH] XIMIYHOIO 3B’S3KYy HAHUBAKJIUBIIINMU € eJeKTPOHH
30BHIIITHLOIO IIapy, TOOTO BaJIEHTH1 €JIeKTPOHH, SK1 YTPUMYIOTHCS SIPOM
Hatimenmr wmiitgo. Came Tomy OymoBa eJIEKTPOHHOI KOHQIrypailrli aToMmiB €
BU3HAYAJILHAM YMHHUKOM IIPH PO3IJISIAHHI yMOB YTBOPEHHS XIMIUHOIO
3B’SI3KY.

BigmoBimHo 10 3ampomonoBaHoro JIBHOIiCOM mIpaBUIO OKTETY
HaAMOIJIbII CTAOIIBPHMMHN ¥ €HEePreTuYHO BUTIJHUMKM € 3O0BHIiIIHI
OOOJIOHKHM 3 eJIEKTPOHHUMHU KOHQITYypalllaMHu O0JIaTOPOOHUX TasiB, TOOTO
Takl, 10 MICTATH aBa (y BUIIAAKY HAMOJIMIKYIOrO IO sSOpa €HEePreTHYHOIO

p1BHs) a00 BIiCIM eJIeKTpoHIB (puc. 2.2).
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Puc. 2.2. YTBopeHHs eJIeKTPOHHOTO ay0JIeTy 1 eJIeKTPOHHHUX OKTETIB 3a

cxemoro JIpmoica



3rigHo 3 CcydYacHMMH YSBJICHHAMM 3aJIesKHO Bl BIACTaHI, Ha SKIH
BUSBJISIETHCA 151 XIMIYHOT'O 3B I3KY, HOr0 IIOILISIOTH Bl TPYIIN

3ajiesxHO Bl CTYIEHSA YCYCHIJIBHEHHSA €JIEKTPOHHOI TI'yCTHHHU
PO3IJISIAITH TAKl BUAW XIMIYHOIO 3B’ SI3KY SK:

1. Koporkogirouuii XiMidHUI 3B A30K, KU YTBOPIOETHCA V
pe3yabTaTl IepeKPUBAHHSA eJIeKTPOHHUX XMap Ipu 30JMKeHH]1 aTOMIB,
1[0 3YMOBJIIOE BUHUKHEHHS y3araJbHeHOl (3B’sI3yBaJIbHOI) eJIeKTPOHHOI
XMapHu — 00JIaCTl MIABUIEHOI TYCTUHH €JIEKTPUYHOI0 3apsay, 3aJIeKHO
Bl PO3MOALIY SKOI PO3PI3HIOIOTHL TAKl OCHOBHI THIH KOPOTKOMIIIOYUOIO
XIMIYHOTO 3B SI3KY:

o KoBaneunTHuii, Koam CIJIbHA e€JEeKTPOHHA Xmapa
PO3MIIIYETHCS JIMIIIE MIK JBOMA SIIPAMHM CYCIIHIX aTOMIB;

o Ionuuii, mpu axomMy ys3arajibHeHa eJISKTPOHHA Xmapa
HACTLIIBKKM CHJIBHO 3MIIILYETHCSI OO0 sSApa OMJHOTO 3 aTOMIB, IIIO
MPAaKTUYHO HAJEKUTH TIIBKU HOMY;

o Meragiuyamii, AKIIO CIOLJIbHA 0OaraToejIeKTPOHHA
XMapa HaJIeKHUTh OJHOYACHO BCIM aToMaM, SK1 BIOJaIyd JJId Il
YTBOPEHHS II0 OJJHOMY a00 JeKlIbKa eJIeKTPOHIB.

o JIokasizoBanuii XiMiuyHMI 3B’A30K, IIPHU SKOMY
eJIeKTPOHHA T'YCTHHA 3B’S3KYy CKOHIIEHTPoBaHa (JI0OKAaJ130BaHA) Y
MesKax JBOX HAMOJIMMKUYNX XIMIYHO CIIOJIYYEHUX aTOMIB;

o JlemokanizoBaHuii  XiMIidYHHME  3B’I30K, KOJIH
eJIEKTPOHHA TyCTHHA PO3MOALIeHAa MK TphoMa (TPHUIIEHTPOBIIL)
In O1JIBIIIOIO K1JIbKICTIO sanep (baraToileHTPOBUIL).
JlestokasizoBaHUM HAMOLIBIIT YacTO OyBae 10HHUI 1 MeTaJIIdHUN
3B SI30K.

2.  JanpHopgiroumii XiMiuyHHIiI 3B’A30K XapakTepHUI, B
OCHOBHOMY, IJIsI PEYOBHH Yy PIOKOMY Ta TBEpPIAOMY CTaHl, HOro s

BHUSBJISETHCA HA BLACTAHSIX, IO B OaraTo pasiB IIepeOlIbIIyIOTh PO3MIPU



He TLIBKM aToOMIB, a ¥ MoJieKyJ. JlaapHomiIounii 3B’I30K IIOM1JISETHCS

HA TaKl BUIOU:

o BoagueBuii 3B’430K 3a yYyacTi0O IIPOTOHI30BAHOTO
aTtoma I'imporeny;

o Mi:xkMoieRkyaIapHaA B3aeMoO/isd, TIJIS SIKOI
OpUTAMAaHH] CBOI CIIeIin(IuHl 0COOJIMBOCTI.

PeuoBuH, y 0yI0Bl AKX peasIl3yeThCs JIMIIE OOUH 3 IIePelueHnX TUIIIB
XIMIYHUX 3B’SI3K1B, 30BCIM HebOararo. Y OLIBIIIOCTI BHIIAJAKIB CIIOCTEPIraeThCs
CyMICHE 1ICHYBAaHHS KLJIBKOX THIIB 3B I3K1B.

Bynb-akuit XIMIYHUI 3B’S30K YTBOPIOETHCSA, SKINO IIe €HEePreTHYHO
BUTITHO — KOJIH 30JIMKeHHS 130JIbOBAHUX ATOMIB IPUBOJUTH A0 3MEHIIEHHS
IIOBHOI eHeprii cucremu. J1s xapaKTepUCTHKN eHeprii CHCTeMH, II0 MICTHTH
IBA 130JIbOBAHUX ATOMH, AK1 HAOJIMMKYIOTHCS OOWH 0 OJHOTO, 3ACTOCOBYIOTH
Tak 3BaHI nomeHuylanvhi kKpusl (puc. 2.3). BepxHsa moTeHIlaJgbHaA KpPHUBa
BloOpaskae 301JIbIIEHHS 3arajbHOI eHeprii cucTeMu y MIPy 3MeHIIeHHs
BIACTAHI MIK JBOMAa AaTOMaMM, OCKLJIBKKM IIpH 30JMMKeHH1 aToMIB 3
mapajieIbHAMHK CIIIHAMH II€PeBaskaloTh CHJIM BIJIITOBXYBAHHSI MLDEK IX
eJEeKTPOHHUMH o0ooHKaMU. Ilpu 11boMy 3B’230K He yTBOproeThbecsa. Hiuxmsa
IOTeHINAJIbHA KpPHUBA IIOKAa3ye 3MEHIIeHHS eHeprili CHCTeMU y BHUIIAIKY
30JIMKeHHs aTOMIB, II[0 MAaOTh aHTUIIAPAJIeJIbHI CIIIHY, HA IIeBHY B1ICTAHb —
JIOBKUHY 3B SI3KY lss, Ha AKIA BIOOYBAETHCS YTBOPEHHS XIMIYHOTO 3B’S3KY.
MiHiMyM HA HHKHIE IIOTEHITIAJILHIA KPHUBIM BH3HAYAE €HEPriio 3B SI3KY Has.
IIpu momanbiioMy 30JIMMKEHHI aTOMIB IIOYHMHAKTH IIepeBaKkaTh CHJIN

BIOIITOBXYBAHHS MK IX sapaMu, TOMY 3arajibHa eHepris CUCTEeMH 3POCTaE.
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Puc. 2.3. IloTenirianbHl KpHUBI OJIs cuCcTeMHU 3 1BOX aToMiB H: a) mpu
30JIMKeHH]1 aTOMIB, II0 MICTSITh BAJIEHTHI €JIEKTPOHU 3 HapaJIeJIbHUMU
cmuaamu (|1])(|1]), BlIOOyBaeThess B3aeMHe BIAIITOBXYBAHHS €JIEKTPOHHUX
000JIOHOK, TOMY 3B’SI30K HE YTBOPIOETHCS; 0) IIPU 30JIMKEH] aTOMIB, III0
MICTSATH BAJIEHTHI eJIEKTPOHU 3 aHTHHapaJjeabHuMu caiaamu (17)(]11),
CIIoCTepiraeThes iX B3aeMHe IPUTATAHHSA, BHACIIIOK YOI0 eHepris CHUCTeMH

3MEHIIYEThCSA, BUHUKAE XIMIYHUH 3B’ 30K 1 YTBOPIOETHCA MoJIeKyaa Ho

Otxe, Ipu YyTBOPEHHI XIMIYHOTO 3B’ 3Ky 3arajibHa eHeprisd CUCTeMH, 110
CKJIAJAETBCSI 3 OBOX AaTOMIB, 3MEHIIYeThCA (TOOTO eHepriss BUILISETHCSI).
OueBuaHO, III0 HA PO3PUB 3B’SI3KY HEOOXITHO BUTPATUTH TAKy K €HEpPriio,
TOOTO IIPU PO3PHUBI1 3B’ SI3KY €HepPTis IOTINHAETHC.

Enepria 3p’sa3ky Ess — 11e Mipa MIITHOCT1 3B’A3Ky, IO BU3HAYAETHCS
K1JIBKICTIO eHeprii, SKa BUILISETHCSA BHACIIIOK YTBOPEHHS 3B SI3KY.

Opmuuuin BUMIpIOBAHHS €Heprii 3B’ 43Ky [KkmIx/Mob]| abo — piamre — [esB].
Enepris 3B’sa3ky xapakTepuaye HOro MIIIHICTE: YUM OLJIbIIIe eHepris 3B SI3KY,
TUM BIH MIIIHIIIAH. MIITHICTE 3B'A3KYy ITOCJIA0JIIOETHCI y MIPY 301LIbIIEeHHS
JIOBKUHU 3B'SI3KY.

JoBxxuHa 3B’a3Ky lss — Ile BlICTaHB MK SAAPAMH XIMIYHO CIIOJIYUYEHHX

aTOMIB.



JloB:EHHY 3B’sI3KY BUMIPIOIOTEH YacCTIIle y HaHOMeTpax [HM]|, miKomeTpax
[IM], ajie 1HKOIM — B aHICTpeMax [A] (1am=10-M, 1mm=10-12m, 1A=10—10M).
31 301/IBIIIEHHSIM PalyClB aTOMIB, MK AKMMM BUHHUKAE 3B SI30K, 3pOCTa€ HOT0
JIOBJKITHA.

JloB:xuHA 3B’S3Ky 3aBMKOIM MEHIIE CYMM PalyCiB JBOX CIIOJIyYEHMUX
aTOMIB, OCKIJIbKM YTBOPEHHS MOJIEKYJI CYIPOBOIKYETHCSI, KPIM 3MIHHU
eHeprii, ¥ 3MIHOI T'YCTHHH eJIEKTPOHHUX xMmap. Hampwurman, Ao mpu
YTBOPEHH1 3BSI3Ky MIK JBOMAa aToOMaMH TIOPOTeHy, pamlych SKUX
nopiBaiOTE 0,053 HM, €JIEKTPOHHI XMapy B3a€MHO He IPOHHUKAJIH O 0JHA B
OJHY, TO JOBKMHA 3B’A3KYy IIOBUHHA OyJa JOPIBHIOBATHU IIOIBOCHOMY PalycCy:
0,053%2=0,106 am. Hacupasml & moBskmHa 3B’a3Ky B MoJieKyJ il Hs cramoBuTh
0,074 um (puc. 2.4). lle cBIOYNTH HPO IEePEeKPHUBAHHS E€JEKTPOHHHUX XMap
130JIbOBAHUX AaTOMIB, IO B1OOyBaeThbCA IIPM YTBOPEHH] 3BSI3KY, TOOTO B
MOJIEKYJI1 3MIHIOETHCS TYCTHHA 1 popMa eJeKTPOHHHX XMAap IIOPIBHSIHO 3

130JTbOBAHUMHA ATOMAaMMU.

0106 um

Puc. 2.4. JloB:xuHa 3B’s13Ky B MoJieky 1l He



Tema 3. KoBaneHTHUI 3B'A30K

3.1. MexaH13M yTBOPEHHS KOBAJIEHTHOTO 3B SI3KY

3.2. MeTo BaJIeHTHUX 3B A3K1B

3.3. I'iOpuauaariis aToMHUX opOlTasIeit

3.4. XapaKkTepuCTUKN KOBAJIEHTHOI'O 3B I3KY

3.5. BimacTtuBOCTI CIIOIYK 3 KOBAJIEHTHUM 3B A3KOM
3.1. MexaHi3M yTBOPE€HHA KOBAJIEHTHOI'O 3B A3KY

KosanenTHuii 38’130k — HANIIOMIMPEHIIINHA THUII XIMIYHOIO 3B’A3KYy, IO
3IIMCHIOETHCA TIPXM B3a€eMOJll aTOMIB e€JIEeMEeHTIB 3 OJHAKOBHMHK a0o0
OJTM3bKUMU 3HAUYEHHAMU eJIEKTPOHETaTUBHOCTI.

KoBasrenTHUN 3B’A30K — Ile 3B’430K aATOMIB 34 JIOIIOMOTOI CIIIJIBHUX
eJIEKTPOHHUX IIap.

ITiciia BIOKPUTTSA e€JIEKTPOHA IIPOBOJIMJIOCS 0araTto copod po3poouTH
eJIEKTPOHHY TeOopllo XIMIUYHOro 3B’sa3Ky. Ha#OlabIll BOaJIuMH CTaJau POOOTH
JIptoica (1916 p.), AKHI 3aIpPOIIOHYBAB PO3TJISOATH YTBOPEHHS 3B SI3KY SAK
HACJIJOK BUHHUKHEHHS CHUIBHUX JJIS JBOX aTOMIB eJeKTPOHHUX map (puc.
3.1). i 1boro KOKHUII aToM HaJgae OJHAKOBY KIJIBKICTH €JIEKTPOHIB 1
HaMaraeTbCsa OTOUYNTH cebe OKTeTOM a00 Iy0JIeTOM eJIEKTPOHIB, XapaKTePHUIM
JIJIS 30BHINIHBOI €JeKTPOHHOI KOHQIrypallli 1HepTHuX rasiB. ['padgiuso 3a
MeTonoM JIbioica yTBOpeHHS KOBAJIEHTHUX 3B SI3KIB 32 PAXYHOK HeCIIapeHUX
€JIeKTPOHIB MOJAI0Th 34 J[JOIIOMOIOI0 TOYOK, SKI II03HAYAITh 30BHIIIHI

eJeKTpoHHu aToMa (puc. 3.2).

- - o ? Q :§|'+'§|:">“
el @ s wE-@

@

V] 9 [¥]
2 2

CninbHa enexrpoxmHa napa

Puc. 3.1. Caporrena Moaesinb Puc. 3.2. YTBOpEeHHs KOBaJIEHTHOI'O
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BUMHUKHEHHS CIILJIBHOI €JIEKTPOHHOI  3B’SI3KY B1AHOBIIHO 10 Teopii JIbioica
IapH IPH YTBOPEHHS KOBAJIEHTHOIO
3B SI3KY

OCHOBHOIO 03HAKOI KOBAJIEHTHOTO 3B’S3Ky € HASBHICTD CIILJIBHOI
eJIeKTPOHHOI IIapH, sSKa HAJEeKUTh 000M XIMIUHO CIIOJIYYeHHM aTOMAaM,
OCKLIIbKU IIepeOyBaHHS OBOX €JEKTPOHIB y IIOJ1 i1 JBOX sOep eHepreTHJIHO
BUTIOHIIIE, HIK 3HAXOMKEHHS KOMKHOIO eJIEKTPOHA Yy IIOJII CBOTO sApa.
BunukHeHHS CIJIBHOI €JIEKTPOHHOI HapH 3BSI3KY MOMKEe IIPOXOOUTH 34
PISHUMHM MeXaHI3MaMH. YacTillle — 3a OOMIHHHM, a 1HKOJH — 3a JOHOPHO-
AKITEIITOPHIIM.

3a OoOMIHHHI MeXaHI3M YTBOPEHHS KOBAJIEHTHOTO 3B’ SI3KYy KOMKHHUH 13

B3a€EMOJIIIOUNX ATOMIB TIOCTaYae HA yYTBOPEHHS 3B’SI3KY OJTHAKOBY KIJIBKICTH

eJIEKTPOHIB 3 aHTHUIapaJIeJIbHUMU ciriHamu (puc. 2.3a). Hanpuxaa:
H-+-H—> H:H., abo Hm +H[D —)Hz'ID.
A+ B > AD AL B > AiB

— 9 o

-

Puc. 3.3. 3arasnpHa cxeMa yTBOpeHHs KOBAJIEHTHOTO 3B’ A3KY: a) 3a 0OMIHHUM

MeXaH13MOoM; 0) 3a JOHOPHO-aAKIIeIITOPHUM MeXaH13MOM

3a JOHOPHO-aKIEITOPHUN MeXaHI3M JBOXIIEHTPOBUH IBOXEJIEKTPOHHII
3B’sI30K BHHUKAE IIPH B3aeMomll pidHmX vacTuHOK. OmHa 3 HuX — JoHOp A:
Mae He3B'da3yBaJIbHy, HEIOALJIeHy IIapy eJeKTpoHiB A: (ToOTo TaKy, IIo
HaJIe’KUTh TLIBKH OJHOMY aToOMy), a 1HIIa akientop B — mae BakauTHY
opOiTasas (puc. 3.30).

YacTtuHKa, SKa HaOA€ IJId 3B’ SI3KY JBOXEJIEKTPOHHY XMapy (HeIro lIeHy
Iapy eJIeKTPOHIB), HA3WBAETHCA JIOHOP, a4 YAaCTHUHKA 3 BLILHOIO OPOITaJLIIO,

sKa IpuiiMae I eJIeKTPOHHY IIapy, — aKIeIITop.



MexaHi3M  yTBOPEeHHS  KOBAJIEHTHOI'O 3BA3Ky 34  PaXyHOK
JIBOXEJIEKTPOHHOI XMapH OJHOI'0 aToMa Ta BAKAHTHOI opOlTasil 1HIIOTO
Ha3WBAETHCA JOHOPHO-aKIEIITOPHUM MeXaHi3M.

JlOHOPHO-AKIIEITOPHUH 3B’SI30K 1HAKIINEe HA3WBAETHCA CEMHIIOJISAPHUM
(ToOTO HAIIIBIOJIIPHUM), OCKLILBKM HAa aTOMI-IOHOPl BHUHHKAE YACTKOBHUI
eeKTUBHUIN MO3UTUBHUM 3apsam 0+ (3a paxyHOK TOro, II0 HMOoro HeIoglieHa
mapa eJIeKTPOHIB BIIOXWJIMJIACS BlJ HBOIO), a HA aToOMI-aKIeIITopl —
YACTKOBUM e(QeKTUBHHN HeraTUBHHHU 3apsan O— (3aBOAKH TOMY, IO
B1IOYBAa€ETHCs 3MIIIEHHs Y H0oT0 01K HEeIOoOlJIeHOl eJIeKTPOHHOI IIapH JOHOPA).

AR mOpuriIang HAWIPOCTIIIOTO [OHOPA €eJeKTPOHHOI IIapu MOMKHA
HaBecTu rigpun-ioH H-, mo Mae HemomlieHy eJIeKTPOHHY Hapy. Buaciimor
IpUEeIHAHHS HETraTHUBHOIO TIOPHI-10HA OO0 MOJIEKYJIH, IIEHTPAJILHHUN aToOM
SIKOI Mae BLIbHY opOiTaab (Ha cxeMl II0O3HAUYeHA SIK IIOPOKHS KBaHTOBA
KoMipka 0O), Hampukaanx BHs, yTBopioeThbcs CKJIaTHUNA KOMILJIEKCHUN IHOH

BH4 3 meratusruM 3apsanom (H + BHs; —[BH4] ):

H H
H:BL+ :H - |H:B:I
H H

HaitopocTimmuit akienTop eJeKTPOHHOI IIapu — HOH TigporeHy, abo
mpocto nporoH H*. Moro nmpuegHaHHsa 00 MOJIEKYJIH, IIEHTPAJILHUN aTOM SKOI
Mae HeMIoOlJIeHy eJIEKTPOHHY mapy, Hanpukian no NHs, Temx nmpuBoguTs 10

yTBOpPeHHs KoMItekcHoro ioHa NHy*, ajte Bike 3 MO3UTUBHUM 3apsiJIOM:

H H »
" + U
H uN‘u + H =» H u['q'n H
t o
H H

3.2. MeTo BaJIeHTHUX 3B’ A3KiB
Ilepmra xBaHTOBO-MeXaHIYHA Teoplss KOBAJIEHTHOIO 3B'S3Ky OyJa

ctBopeHna ['etitimepom 1 Jlommouom (1927 p.) s ommcy MoJIeKyJid BOOHIO, a



moTiM 3actocoBaHa llomiHrom mo OararoatromMHHMX MoJekyJa. Lls Teopisa
HAa3UBAETLCA Memooom 8asieHmHuux 36 a3xié (B3), 0CHOBHI IIOJI0MKEHHS SKOT0
CTHCJIO MOKHA BHUKJIACTU TaK:

. Koxxna mapa aTtoMiB y MOJIEKYJIl YTPHUMYETHCSI Pas3oM 3a
JIOTIIOMOT0I0 OAHIEI a00 MeKIJIBKOX CIIJIBbHUX €JIEKTPOHHHUX IIap, IIPH
IIHOMY €JIEKTPOHHI1 0p01TaJIl B3aEMOJIIOUNX aTOMIB II€PEeKPHUBAIOTHC,;

. MiiHicTs 3B’A3KYy 3aJIeKUTh Bl CTYHEHS IIepeKpUBAHHS
eJIEKTPOHHUX opOlTasiei;

. YMmoBoio YTBOPEHHST KOBAJIEHTHOTO 3B’SI3KY €
AHTHHAIPSAMJIEHICTh CHIHIB €JIEKTPOHIB, 3aBOAKH IIbOMY BHUHHKAE
y3araJbHeHa eJIeKTPOHHA opOiTallb 3 HAMOLIBIIOKN eJeKTPOHHOIO
TYCTUHOI y MUK SAIepHOMY IIPOCTOpl, IO 3abe3mevye IIPUTATAHHS
IO3UTUBHO 3apPAMKeHUX sIep OMUH J0 OMHOTO 1 CYIIPOBOIKYETHCS

3MEeHIIIeHHAM 3araJibHol eHeprii CuCTeMMu.

3.3. I'iopugusanisa aromHux opoiTasein

HesBaskaroun Ha Te, 10 B yTBOPEHH] KOBAJIEHTHHX 3B SI3KIB 0€pyTh
y4acTh €JeKTPOHH S-, p- um d-opOiTajieit, ikl MaiTh Pi3Hl POPMY Ta PI3HY
OpleHTAINII0 Y IIPOCTOPl, B 0araThboX CIIOJYyKaX Il 3B’SI3KKM BUABJISIOTHCSI
piBHOIHHUME. JIJIg IIOsICHEHHS IILOr0 SABUINA OyJI0 BBEIEHO IIOHITTS
«r10pHUIM3AITLA».

I'iGpugusania - me mnpoiec 3MiIIyBAHHS Ta BHUPIBHIOBAHHSA
opOirasern 3a dopmMo i eHepriero, Opu AKOMY BigOyBaeTbCs
MePepo3noaii €JeKTPOHHMX TIyCTHUH OJHM3bKHX 34 eHeprieio
opoOiraJieii, BHACJIIJOK YO0 BOHU CTAIOTh PiBHOI[IHHNMMU.

OcHOBHI OJI0O:KEeHH Teopii riopumu3aii:

1. IIpm mbpmaomsarii mouaTkoBa ¢opma 1 eHepris opoOlTasieit

B3aEMHO 3MIHIOIOTHCS, IIPU ITHOMY YTBOPIOIOTHCS HOBI, T10pUIM30BaH1



opOliTaJii, ajie BiKe 3 OJHAKOBOIO €HepTrield 1 OJHAKOBOI (hopMH, IIIO0
Harajaye HeIIpaBUJIbHY BICIMKY (puc. 2.8).

2. UYwmcimo riOpmam3oBaHHMX —opOiTasell  JOPIBHIOE  YHCILY
BHUXITHUX opOiTasiei, Akl 0epyTh y4acTh y riopuauaarrii.

3. ¥V nb6pumusaiii MoKyTh OpaTi y4acTh opOITal 3 OJIU3BKUMU
3a 3HAUYEHHSIMHU eHepriaMu (s- 1 p-op0I1TasIl 30BHINIHHOIO0 €HePTeTHYHOI0
piBHs 1 d-opOlTasIl 30BHIMIHKOI0 a00 IIOIePeIHHOI0 PIBHIB).

4. TI'iOpugmsoBami opOiTaal OLIBII BUTATHYTI B HAIIPAMKY
YTBOPEHHS XIMIYHMX 3B'S3KIB 1 TOMy 3a0e3ledyloTh Kpalle
IepeKpUBaHHSI 3 OpPOITAJIAMU CYCLOIHBOTO aTOMa, BHACJIJIOK ITHOTO
XIMIYHUHA 3B’S30K CTa€ OLIBIN MIITHIIIINM, HIK YTBOPEHUM 3a PaxyHOK
eJIEKTPOHIB OKPEeMUX HerlOpUIHUX OpOlTaAJIeld.

5. 3aBOsKM yTBOPEHHIO OlIBIN MIIMHIMINX 3B’S3KIB 1 OLIBIII
CUMETPUYHOMY  PO3IIOALILy €JeKTPOHHOI TYyCTHHH B  MOJIEKYJIl
OTPUMYETHCSI E€HEPreTHYHHH BUTpAIll, SKHA 13 3aIacoM KOMIIEHCYE
BHUTPATy eHeprii, HeoOX1IHOI JJ1s Ipollecy ropuan3alrii.

6. T'Opuagmsosami opOiTaIl HOBHUHHI OPIEHTYBATHCS Y IIPOCTOPI
TAKUM YHWHOM, II00 3a0e3lleunTH B3aeMHE MAaKCHUMAJIbHE BLIIAJICHHS
OJHA BI1J OJHOI; y IIbOMY BHIAIKY €Hepris BIAIITOBXyBAHHI HallMeHIIA.

7. Tun riOpuausalnli BHU3HAYAETHCI THUIIOM 1 KLJIBKICTIO
BUXITHUX opOiTajiel 1 3MIHIOE Po3Mlp BaJjieHTHoro kyrta (pumc. 3.4), a

TaKO0K IIPOCTOPOBY KOHQITYPAIo MOJIEKYJI.




Puc. 3.4. ®opma riopuamr3oBaHuX opoOlTaIell 1 BAaJIeHTH] KyTHU
(reoMeTpPHUYHI KyTH MIK BICIMH CHMeTPIl opOiTasieit) 3aIesKHO Bl THUILY

riopmam3aliii: a) sp-riopuausaiiisd; 0) sp2-riopuau3alns; B) Sp3-riopuausalis

IIpu yrBOpeHH1 MOJEKyJa (UM OKpeMHxX (pparMeHTIB MOJIEKY.JI)

HaMJacTIIe 3yCTPIYalnThCsa TaKl TUIIU Ti0puau3arrii:

& o

s P,
BHacnigok ribpuaunsadii BuxigHux s- i p-opbitanen
YTBOPIOIOTHCA ABI sp-ribpuaunsosani opbitani

¥ " 180°
y )

4‘. z
—& X = ¢ \A8i sp-ri6puausosani
’ " [op6itani posmiuyjpTecs
nig Kytom 180

Puc. 3.5. aranpua cxema sp-riopuam3aariii

3B’s13KH, K1 YTBOPIOIOTHCSA 34 YyJaCTIO €JIEKTPOHIB SP-T1OpHIM30BAHUX
opOlTaseii, TAKOK PO3MINLYIOThCA I KyroM 1800, 1o 3yMOBJIIOE JIIHILHY
popmy monexynu. Takuii Tun riOpumuaalrli CIoCTepiraeTbess B raJIoreH1gax
eaxemeHTiB apyroi rpymau (Be, Zn, Cd, Hg), atoMmu skux y BaJeHTHOMY CTaHI
MalOTh HecIIapeHl s- 1 p-ejexkrpoHu. Jlimiima dopma xapakrepHa # g
Mosery iHmmx eaemeHtiB (0=C=0, HC=CH) (0=C=0, HC=CH), B saxwux

3B’SI3KM YTBOPIOIOTHCA SP-T1I0pUAN30BAHUME aToMaMu (TadJ. 3.1).



Y
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BHacnigok ribpuaun3sauii guxinuux s-, px- i py-opbiTaneit
YTBOPIOIOTHCA TpU ribpuausosaxi opbitani

1208

Tpu s;?-riGpunuso—
Baui opbirani

J PO3MILLYIOIOTHCR

nig Kkytom 120

Puc. 3.6. Cxema sp2-riOpuauaaliii aToOMHIX opOiTajel 1 IJI0CKa TPUKYTHA
dopma mMoJIeKyIH, 3yMOBJIeHA SP2-TiOpHUaM3aIllelo AaTOMHUX opoOliTaseit
IMett Tum rmiOpmamsaili HAWOLIBIT XapaKTepPHUN IJIS MOJIEKYJ p-
eJIEMEHTIB TPeThOl I'PYIH, ATOMHU SIKUX YV 30yIsKeHOMY CTaHl MAalOTh 30BHIIIIHIO
eJIEKTPOHHY CTPYKTYpPY nslnp?, me n — HOMep IIepiofa, B AKOMY 3HAXOIUTHCS
exemenTt. Taxk, B mosekyaax BFs, BCls, AlFs 1 B igmmux (tadsa. 3.1) 3B’a3Ku

YTBOPEHI 3a PaxXyHOK Sp2-T10pHIHN30BaHUX OpOlTaIell IIeHTPaJILHOI0 aToMA.

Py P
BHacnigok ribpuausayii BUXIAHUX S-, px=, Py- | pz-opbitanen
YTBOPIOIOTLCA YOTUPH ribpuan3sosaHi opbitani

=2
b I

Yorupw sp-ribpuansosasi op6irani
PO3MilYyIOTHCA |Iia Kytom 109,5

Puc. 3.7. Cxema sp3-ribpuausaiili aToMHAX opOiTajiei 1 Terpaeapuyra dpopma

MOJIEKYJIU, III0 3yMOBJIEHA SP3-T10pHUaU3aIlero



Poamimenssa riOpuam3oBaHuUX opoOlTaiell IIeHTPaJbHOIO aToMa Il
kytom 109928 copuumHse TeTpaegpudHy ¢QopMmy wMosekya. lle nyske
XapaKTepHO IS HACHYEHHUX CIIOJIYK dYoTupuBasieHTHOro Kapoomy: CHa, CCly,
CoHs Ta immmx ankamis (tadi. 3.1). IlpukiaagaMu cIiosIyk 1HIIAX eJIEMEHTIB 3
TeTpaeapUYHOI OyI0BOI BHACIIIOK Sp3-TiOpmau3alni BaJIeHTHUX opOiTasieit

euTpagbaoro aroma € ouu: BH4-, BF4+, PO43-, SO42-, FeCls (Tab. 3.1).
o .
3s

'v
CC OV P
3px | Py v _

‘s ﬁ
3pz | M'atb spd-ri6puan-
of 30BaHunx opbitanen,
Wo MaoTb Gopmy
TPUroHanbHoI
3dx2 Ginipamigw

Puc. 3.8. Barannua cxema sp3d-riOpumuaairii

[leitt Tuno riOpumams3alili HaWyacTilie 3yCTPIYAEThCI B TaJIOTeHIIax
HeMmeTaiB (tabi. 3.1). Ax mpuriaang mosxkua Hasectu 0ymoBy Docdop (V)
xmopuny PCls, mpu yrBopenni axoro arom docdopy (P: ...3s23p3) cmouatkry
nepexoauTh y 30ymkenuit cran (P: ...3s13p33d!), a moriMm migmaeTbes slp3d-
riopuauaaiiii — Ir'aTh OJHOEJEKTPOHHUX OopOiTasieil CTAloTh PIBHOIIHHHUMH 1
OPIEHTYIOTHCS BHUTATHYTUMH KIHIAMU [0 KYTIB ySIBHOI TPUTOHAJBHOI
oimipamigu. Ile 1 BuaHauae dopmy MoJieKyam pcls, sska yTBOPIOETHCS IIPU
IepeKpuBaHHl AT s!p3d-riopuau3oBaHux opoOiTandeir 3 3p-opOlTaIaMu

IISITH ATOMIB XJIOPY.



1. Sp-riopumusamisa. Ilpu womOimamii ommiel s- 1 ommHiel p-
opOiTajiei BHUHHKATL JB1 Sp-TIOpHUAM30BaHl opoOiTasal, PO3MIIIEH]
cuMeTpuyHO Imia KyroM 1800 (puc. 3.5, Ta6s.3.1).

2. Sp2-mbopuousamis. KomOiHaiisa ogHiel s- 1 4BOX p-opOlTasieit
OPUBOOUTH [0 YTBOPEHHS SPZ-TOPpHMOM30BAHUX 3B'SI3KIB, PO3MIIIIEHUX
g KyroM 1200, Tomy MoJieKysia HaOyBae QOpMM IIPaBUJILHOTO
TPpUKYTHHKA (puc.3.6).

3. Sp3-riopuausaisg. KomOiHaIla 4oTupbox opoiTaael — ogHiel
S- 1 TPBOX P- IIPHUBOOUTL 0 SPp3-riOpmamaalili, mpu AKIA YOTUPHU
riopuamu3oBaHl opoOiTaJal CHUMETPHUYHO OPIEHTOBAHI Yy IIPOCTOPl O
YOTHPHOX BEPIIUH TeTpaeapa, TooTo mig kyrom 109928 (puc. 3.7).

4. Sp3d-riopugusains. KomOiHaiis omgHiel s-, TphOX P- 1 OJHIET
d-opOiTasesr mae sp3d-riOpmams3aliiio, IO BHU3HAYAE IIPOCTOPOBY
opleHTaIl0 IIATH sp3d-riopuamM3oBaHuX opOlTaieil [0 BepIIuH
TPHUTroOHAJIBHOI Olmipamigu (puc. 3.8).

5. Immi Ttunm riopmamu3amnii. ¥ Bumagry sp3d2-riopmamsariii
IIiCTh  Sp3d2-ri0pUam3oBaHUX opoOlTaell HAIpPAMIIEHl 0 BepIINH
oxkraenpa. OpleHTallss ceMu opOiTajiell 0 BEpIIMH IIeHTArOHAJILHOI
oimipamiau Bigmosimae sp3d3-riopmamsarnii (ado iHoml sp3d2f) BasieHTHHMX

opOiTaJjieil IeHTPaAJIBHOTO aToOMa MOJIEKYJIH Y1 KoMILIeKcy (Tabs. 3.1).

Tabmuma 3.1
['eomeTpruHa KOHQPITYpAI[ls MOJEKYJI 3aJI€KHO B THUIIY rOpuau3alii

IOIeHTPpaJIbHOI'0 aToOMa

KinskicTs
Ty Banentau| I'eomerpmuna
[Tpuxmaamgu eJIEKTPOHHUX
riopuau3air 178 Koudiryparris
CITOJIYK ITap 1eETpaIBLHOTO
11 Kyt YacTtuHKN
aToMa




3I1* HIT*
"y ; 0=C=0,
“© 1800 P HC=CHHC=C 2 0
. H, ranoreninu
Jlimiiea
Be, Zn, Co 1
Hg (II)
P
BF;
Atomu C B 3 0
. etnsieHl CoHy,
sp2 1200 -
p v oeuseni CsHs,
BCls, AlFs
TpuryTHA ’!\
NO:
L ™
.
' CH4
sp? 109028' v« Azow G e 4 0
CClyiB
Tempaedpux | 1. rgerx
HG BYTJICBOJHAX

CnH2n+2 ’




Noun NH.,

BH4-, BF 4,
PO43-, SO42-,
FeClys
“"g"'-n
B
NH;
o
v H>0
sp2d v [N1(CN)4] %,
900
abo [PtCl4]2-
dsp? Ksanparua
wf
Bi‘"“
PCls
o
sp3d ’
260 900, 1200 SFa
3 T
dsp puroHaJbHa é“
Olmipamiza ®
ClFs
*
XeFq
sp3d2 o
900
abo




d2sp3 Orraenpuuna | [Fe(CN)g]3-,
[CoFg]2-

3I1* — 3B’a3yBaJIbHI €JIEKTPOHHI AP,
9

HII* — He3B’ss3yBasIbHI €JIEKTPOHHI IIAPH

Bonue menogisiennx (He3B'A3yBaJIbHHX) €JIEKTPOHHHUX IIap HA
OymoBy wmoJsiekyau. Meron riopmamaarilii aTOMHHX opOiTajiell IIOsSICHIOE
TeOMETPUYHY CTPYKTYPY BEJIMKOI KILJIBKOCTI MOJIEKYJI, OJHAK 3TiTHO 3
JOCTITHUMH JaHUMM YACTIIIE CIIOCTEPIraloThCsI MOJIEKYJIHM 3 JeIN0 1HIITHUMH
3HAYeHHSIMM BaJieHTHUX KyTiB. Hampurmaan, B monexynax CHs, NHs Ta H20
IEeHTPaJbHI AaTOMH I1epe0yBaioTh y Sp3-riOpUaAN30BAHOMY CTAHIl, TOMY MOYKHA
Oyso © oulkyBaTu, III0 BaJIEHTHI KYTH Yy HHX JOPIBHIOBATUMYTbH
terpaegpuuaoMy  (~109,59). ExcrnepumeHTaJIbHO  BCTAHOBJIEHO, IO
BaseHTHu#l KyT y wMmoJiekyal CHs macupasm ckmaamae 109,50, Ogmax B
mosekyaax NHs 1 HoO 3mayeHHss BaJIeHTHOrO KyTa BIOXHJISIETHCSI BII
TeTpaeapuvuHoro: BiH gopiBHOE 107,3° v momexyai NHs 1 104,59 y mostekym
H:O. Taxl sBiaxumeHHd Mertox B3 modcHIOEe HAABHICTIO HEMIOI1JIEHOL
(He3B'sI3yBAJILHOI) EJIeKTPOHHOI IIapX y AaTOMIB HITPOIeHY 1 OKCHUTeHY.
JIBoxesekTpoHHA OpOITAJIb, KA MICTUTHL HEIIOAUJIEHY IIapy eJIeKTPOHIB,
3aBOSIKM IIABUINEHINM TYyCTHHI BIOINITOBXYE OJHOEJEKTPOHH] BaJIEHTHI
opOiTaJIi, 0 CIIPUYNHSIE 3MEHITIeHHs BAJIEHTHOTO KyTa. ¥ aToMa HITPOTeHY B
mosiekyal NHs 3  doruprox  sps-riOpmam3oBaHuUX  opOlTajel  TpH

OHOEJIEKTPOHH1 Op0ITaIl YTBOPIOITH 3B’A3KH 3 TphboMa aromMamu H, a Ha




YeTBEepTIii, He3BSI3yBAJILHIA opOiTaJl MICTUTHCSA HeEIomlJIeHa Imapa

eJIEKTPOHIB:

N ]
2s 2

P

Hesp's3yBasibHa eJleKTpoOHHA IIapa, AKa 3aliMae OIHy 3 Sps-
riopmau3oBaHuX  opoOlTayeil, HAIpAMJIEHHX [0 BepIIMH TeTpaenpa,
BIOIITOBXYIOUM  OJHOEJEKTPOHHI o0pOlTasl, 3YMOBJIE aCHMETPUYHHIMI
PO3MIOA1LJI €JIEKTPOHHOI I'YCTHHM, III0 OTOYy€ aTOM HITPOTeHY, 1 IK HACJIIOK
ctuckye BajieHTHHH KyT gm0 107,3° (pme.3.10a). AmasioriuHa KapTuHA
3MeHIIIeHHA BaJieHTHoro kyrta Bim 109,5° mo 107° y pe3ysabTaTi BILJIUBY

HeIIOI1JIeHOl eJIeKTPoHHOoI mapu aroMa N crocrepiraerbes 1 B mosekyi NCls

(puc. 3.100).

HenopineHa
eNeKTPoOHHa
napa

N .’a

\/0
107,3

{a 0

Puc. 3.10. BigxuinenHss BajieHTHOro KyTa Big TeTpaempuunoro (109,59 B
moJsexyl: a) NHs; 6) NCls
Y aroma oxcuremy B Mosexkyal HoO Ha dotupm sp3-ridOpmam3oBaHil

opOiTaJIl mMpuHagae o A8l OJHOEJEKTPOHHI 1 IB1 IBOXEJIEKTPOHHI OpOITAaJIl:

o [IL[THTIT]

2s 2p

OnHoesteKTpoHH] TIOpHAM30BaHl opOiTasal 0epyTh ydvacThb B YTBOPEHHI
IBOX 3B'A3KIB 3 gaBoma aromamMu H, a 1Bl [JIBOXEJIEKTPOHHI IIapu
3aJIAIIAI0THCSA HETO IJIeHUMU, TOOTO TAKHUMU, 1110 HaJeKaTb TUIbKK atomy O.

Ile 301nbIIye aACHMMETPHUYHICTH PO3MOALIY €JEKTPOHHOI TYCTUHU HABKOJIO



aroma O 1 3MeHIIIye BAJIEHTHUH KyT IIOPIBHSAHO 3 TeTpaeapuyHuM a0 104,50

(puc. 3.11).

Puc. 3.11. BigxuieHHs BaJIeHTHOIO KyTa Bl TeTPAeIPUIHOTO B MOJIEKYJI1
H:>0 3a paxyHOK BIIIMBY JBOX HEIIOOLJIEHHX €JIEKTPOHHHX IIap aToMa
OKCUTEHY

Ot:ke, yncI0 HE3B'sI3yBAJIbHUX €JIEKTPOHHUX IIap IIEHTPAJIbHOTO aToMa
Ta IX PO3MIIIEHH Ha TOPUIN30BAHUX OPOITAJIAX BILJIMBAE HA T€OMETPUUHY

KOHITypaIio MoJIeKyJI.

3.4. XapaKTepUCTHKU KOBAJIEHTHOI'O 3B’ A3KY

KoBanenTtuuit 3B's130k Mae HaOlp NEeBHUX BJIACTHBOCTEH, SKIl
BH3HAYAIOTh HMOTO CIeu@iuHl 0co0JMBOCTI, abo xapakrepuctuku. Jlo HuX,
KpIM BiKe PO3ITVIAHYTHX XaPaKTEePUCTHK «eHeprisg 3B SI3KYy» 1 «IOBKHHA
3B’SI3KY», HaJIeKAaTh. HACUUEHICTh, HAIPAMJIEHHICTD, IIOJISIPHICTD TOIIIO.

1. BameHTHHH KyT — Il KyT MK CYCIOHIMHU 8icAMU 38A3K18 (TOOTO
YMOBHUMH JIHIAMH, IIPOBEJIEHUMH Yepe3 Sapa XIMIYHO CHOJIyYeHUX aTOMIB Y
MOJIeKyJ1l). BesimunHa BaJIEeHTHOrO KyTa 3aJIEKUTh BlJ HPUPOIU OpOlTaJIeit,
THILY T10puau3anii eHTpaJIbHOr0 aTOMA, BILIMBY HEIOALJIEHNX eJIEKTPOHHIX
rmap, sikl He 0epyTh y4acTl B yTBOPEHH] 3B SI3KIB.

2. HacudenicTtb. AToMH MaOTh Pi3HI MOKJIMBOCTL IJIS YTBOPEHHS
KOBAJICHTHUX 3B’SI3KIB, SIK1 MOKYTh (POPMYyBATHCS, IIO-IIEpIle, 3a OOMIHHHM
MeXaHI3MOM 3a paxyHOK HecIIapeHHX eJIEKTPOHIB He30yI:KeHOro aroma 1 3a
PaXyHOK THX HeCHapeHHX eJIEKTPOHIB, II[0 BMHUKAIOTHL B pPe3yJIbTaTl HOro
30yKeHHsI, a Io-Ipyre, 3a JOHOPHO-aKIEeNTOpPHHM MexaHizmMoM. OpHak

3arajJibHa KIJIBbKICTh 3B’ A3K1B, III0 MOKe YTBOPIOBATH aTOM, OOMesKeHa.



HacudeHicTh — 11e 37aTHICTH aTOMa eJeMeHTa yTBOPIOBATHU 3 1HIIMMU
aToMaMHU IIeBHY, 0OMesKeHY KIJIbKICTh KOBAJIEHTHHUX 3B SI3KIB.

Tak, atoMu eeMeHTIB APYyroro Iepiomy, IO MATh HA 30BHIIIHHOMY
€HEePreTUYHOMY PIiBHI Y0THPH opoOiTasl (O4HY S- 1 TPH P-), YTBOPIOIOTH 3B SI3KH,
YHCJI0 SKUX He IIePEeBHUIIYE YOTHUPHOX. ATOMM €JIeMEeHTIB 1HIIHX IIepPloIiB 3
OLIBIIMM YHCJIOM OpOiTajieli Ha 30BHINIHBOMY PIBHI MOMKYTH (POpPMyBaTH
Ol/IbIlle 3B SI3KI1B.

HacuueHicTe KOBAJIEHTHOrO 3B’SI3KY 3YMOBJIIOE CYBOPO BHU3HAYECHUH
CKJIAJ KOBAJIEHTHHX CIIOJIYK.

3. HanpamnensnicTe. Bigmosiguao no merony B3 xiMiunmMi 3B’ 130K MIK
aToMaMHU 3YMOBJIIOETHCS II€PEKPUBAHHAM OpOITAJIeH, AKl, 3a BUHSATKOM S-
opOiTajielf, MaioTh II€EBHY OpI€HTAI[l0 y IIPOCTOpl, IO 1 3yMOBJIIOE
HAOPSIMJIEHHICTh KOBAJIEHTHOIO 3B I3KY.

HanpsamiieHHiCTh KOBAJIGHTHOTrO 3B’SA3KYy — IIe TaKe PO3MIIIEHH
eJeKTPOHHOI TYCTUHU MIK aToOMaMH, SKe BH3HAYAETHCSI IIPOCTOPOBOIO
OopleHTaIllel0 BaJIEHTHUX opOiTajieir 1 3abe3meuye IiX MaKcuMaJIbHe
IepeKpUBaHHII.

OCK1IbKH eJIEKTPOHHI op0iTasl MalTh pl3Hl (POPMH 1 PI3HY OpPIEHTAIIII0
y IPOCTOPl, TO IXHe B3aeMHe IIePEeKPUBAHHI MOKE peasidyBaTHCSA PI3HUMI
criocodbamu. 3aJIesKHO BlJI ITHOI'0 PO3PISHAIOTE 0—, II—10-3B SI3KH.

Curma-3p’sa30K (0-3B’A30K) — Ile Take IIePeKPUBAHHSA €JIeKTPOHHHUX
opOiTajiei, Ipu SKOMY MAKCHUMAJIbHA €JIEKTPOHHA T'yCTHHA KOHIIEHTPYETHCS
B3JIOB3K YSIBHOI JI1HII, 1110 3’€QHYye aBa sapa.

Curma-3B’s130k MOKe YTBOPIOBATHCS 34 PAXYHOK JIBOX S-€JIEKTPOHIB,
OJHOTO S- 1 OJJHOTO P- €JIEKTPOHA, JBOX P-eJIEKTPOHIB a00 ABOX d-eJIeKTPOHIB
(puc. 3.12). 0-3B’430K XapakTepua3yeTbCd HAasSBHICTIO OojHlel o00J1acTl
IePeKPUBAHHA eJIEKTPOHHUX opOiTasieil, BIH 3aBKIU OOWHAPHUINA, TOOTO

YTBOPIOETHCS TLIILKU OJHIEI0 €JIeKTPOHHOIO IIapoio.
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Puc. 3.12. Cxemu yTBOpeHsA $-3B’SIKIB M3k yMOBHEME aTomamu A 1 B mpu

IepeKPUBAHHI eJIeKTPOHHUX OpOlTaieil Ha BiCl 3B’ IKY

PismomaTHIicTe ¢hopM TPOCTOPOBOI OpleHTAINI «YHMCTHUX» OpOiTaIer 1
riopuamu3oBaHuX  opOlTajeil He  3aBXKIU  JOIYCKAIOTH  MOKJIUBICTH
IepeKpuBaHHSI opOiTasieili Ha Bicl 3B’sA3Ky. llepekpmBaHHS BaJIEHTHUX
opOiTajieil MosKe B1OOyBATHCS II0 O0OMABlI OOKHM Bl OCl 3B’SI3KY — TaK 3BaHe
«OOKOBe» TIepeKpUBAHHS, SAKe HaW4JacTIIIe 3TIMCHIOeTHCS HPU YTBOPEHHI1 M-
3B’s13K1B (puc. 3.13).

[1i-3B’a30K — Ile IIepeKpUBAHHS €JeKTPOHHUX OpOlTaJieH, IIPH SKOMY
MaKCHMaJbHA eJeKTPOHHA I'yCTHHA KOHIIEHTPYeThCcA 3 000X OOKIB Bl JIiHII,

110 3’eaHYye Aapa aToMiB (TOOTO BiI BiCl 3B’SI3KY).

Puc. 3.13. IlocTramiiine (popMyBaHHS I1-3B’A3KY IIPU 30JIMKEHHI Ta

IIepeKpPUBaHHI JBOX P,-0pOlTaiet

I1i-38’230K MOKe YTBOPHUTHCH HIPH B3aeMOMil IBOX HapaJIeJIbHUX P-
opOiTaJsieii, 1Box d-opOiTasieii abo 1HIIMX KOMOIHAIIM opOiTasel, Bicl AKUX He

CITIBIIQIAIOTh 3 BicCio 3B’A3KY (puc. 3.14).
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Puc. 3.14. Cxemu yTBOpeHHS II-3B’SI3KIB MI:K yMoBHUMY A 1 B 11pu 60x0BOMY

IIepeKPUBAHHI eJIEKTPOHHUX opOlTaIei

4. Kparuicte. [{a xapakrepucTuka BU3HAYAETLCS YUCJIOM CRIJIBHUX
eJIeKMPOHHUX hap, 110 3B’ A3yI0Th aToMu. KoBasleHTHH 3B’ 130K 3a KPATHICTIO
MOKe OyTH oguHAPHHM (IIPOCTUM), MOABIMHHM 1 IOTPIAHHUM. 3BSI30K MIK
JBOMAa AaTOMaMH 3a [JOIIOMOIOI OJHIEl CILIBHOI eJIEKTPOHHOI Imapu
HAa3WBAETbCA OJWHAPHUN 3B’A30K (IIPOCTUM), IBOX €JIEKTPOHHUX IIap —
IOABIMHUM 3B’S30K, TPHOX EJEKTPOHHHUX IIap — IIOTPIHHHM 3B’S30K. Tak, y
Mmosiekyal BogHio Ho aromm cmoaydeni omguHapuuMm 3Bs3xom (H-H), y
Mosteryyl KucHo Og - moasitinuM (0=0), y momekysl a3otry Nz - HOTpIHHUM
(N=N)(N=N). OcobamBoro 3HaueHHs KpaTHICTh 3BS3KIB HalOyBae B
OPTaHIYHUX CIIOJYKaX — BYIVIEBOOHAX Ta ix moxigHux: B eraHl CoHe mimk
aromamu C sgmiicHoeTrbess omuHapHuii 3B’s130K (C—C), B ermimeni CoHi —
noasitiauit (C=C) B aretuseni CoHa — mmorpitinuit (C=C)(C=C) (puc.3.15).

KpatHicTth 3B’43Ky BILIMBAEe Ha €HEPriio: 3 MIIOBUIIEHHAM KPaTHOCTI
3pocTae ¥oro MIIHICTL. IIIOBUINIEHHS KPATHOCT1 IPUBOIUTH OO0 3MEHIIIEHHS

MIK SIePHOI BIACTaH] (IOBKUHU 3B SI3KY) 1 30LJIBIIIEHHS eHepTii 3B I3KY.
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Puc. 3.15. KpaTHicTh 3B’ 43Ky MIsK aToMaMH KapOOHY: a) OQHHAPHII
2—0—3B’s130K B etanl H3C—CHs; 6) monBitiHuii 0+m—0+0—3B’930K B
etriierl HoC=CHy; B) moTpiiinuii o+m+r—o+n+n—38’ 430K B alleTUJIEH]

HC=CHHC=CH

6. Ilongpmicte i noaapusoBanicTb. EjlexkTponna rycTtumHa
KOBAJIEHTHOTO 3BSI3KY MOKEe II0-PI3HOMY PO3MIIILYBATUCA y ML SIePHOMY
IIPOCTOPI.

IlonapHicTh — 1l BJIACTHBICTL KOBAJIEHTHOIO 3B'S3Ky, IO
BH3HAYAETHCSI  00JIaCTI0O  PO3TAIyBAHHS  €JIEKTPOHHOI  TYCTHHH Yy
MIK SIePHOMY IIPOCTOP1 BIAHOCHO CIIOJIYY€HUX aTOMIB.

3aeKHO B PO3MIIIEHHS €eJeKTPOHHOI TYCTHHH y MLK SIepHOMY
IPOCTOPl PO3PI3HAITH TMOJAPHUA 1 HEOOJAPHUN KOBAJIEHTHl 3B d3KH.
Henonapuuii, (a00 romeomnosapHHil) 3B’A30K HA3UBAECTHCI TaAKUHA
3B’SI30K, IIPH SKOMY CIILJIbHA €JIEKTPOHHA XMapa PO3MIIILYEThCSI CIMETPHIYIHO
BIOHOCHO sep CIOJIyYeHMX aTOMIB 1 OJHAKOBOIO MIpPOI HAJIEKHUTL 000M
aToMaM.

Mounexkyau 3 TAKMM THUIIOM 3B’SI3KY HA3UBAIOTHCS HEIMOJIAPHHUMHN, a00

roMoAagepHuUMH (TOOTO TaKHMMH, OO CKJIAAY SKHUX BXOOATH ATOMU OIHOIO



eqeMeHnTa). HemossspHEUEA 3B’SI30K BUSABJIAETHCSA SK IPABHJIO B TOMOSIEPHUX
moserkyaax (Ho, Clz, N2 Tommo) um — 3HaYHO piglne — y CIOJIyKaX, YTBOPEHUX
aToMaMHt €JIEMEHTIB 3 OJM3bKUMU 3HAUYEHHAMU eJIEKTPOHEeTaTHBHOCTI,
Hanpukrian, xkapoopyan sic. Illomapuuii, (a00 rerepomnoapuuii) 38’ 130K
HA3WBAaETHCA 3B’ SI30K, IIPH AKOMY CIILIbHA €JIEKTPOHHA XMapa HeCHMeTpPHUYHAa
1 3MIIIIeHAa 00 OJHOT'0 3 aTOMIB.

Mosekyin 3 IOJAPHHUM 3B S3KOM HA3WBAIOTHCI IOJAPHHUMU, a00
rerepoAagepHuMHu. Y MOJEKyJax 3 IOJAPHUM 3B’SI3KOM y3araJbHeHa
eJIEKTPOHHA Iapa 3MIIIyeThCA Y 01K aToMa 3 OLIBIII0 eJIeKTPOHEeraTUBHICTIO.
VYV pesynpTaTri Ha I[LOMY aATOMl BUHUKAE JEIKHH YACTKOBUNM HETaTUBHUI
3apan (0—), axuii Has3UBaeThCd €(QEeKTHBHHM, a y aroMa 3 MEHIIIOI0
eJIEKTPOHEraTUBHICTIO — OJHAKOBHI 3a BEJIMYMHOI, ajie IIPOTHJICKHHHI 3a
3HAKOM  YaCTKOBHH MO3UTUBHUI 3apan (61). Hanpuxmaan,
eKCIIepUMEHTAJIbHO BCTAHOBJIEHO, III0 eQeKTUBHUI 3apsal Ha aroml
[Nagporeny B mosexysml rigporeuxyopuny HCl 6u=+0,17 , a ma aTtoml XJI0py
0c1=—0,17 abCOJIOTHOTO 3apsay eJIeKTPOHA.

[Ilo6 BuaHauuTH, y AKKI OIK Oyme 3MIILyBATHUCA €JIEKTPOHHA T'yCTHHA
IOJISIPHOTO KOBAJIEHTHOTO 3B SI3KY, He0OX1THO IIOPIBHATH
eJIeKTPOHEeraTUBHICThL 000X aTOMIB. 3a 3pPOCTAHHSAM eJIEKTPOHETaTHUBHOCTI
HAMOLIBIII  HOIIHPEeHl XIMIYHI eJIeMeHTH PO3MIIIYIThCI y  TaKId
IIOCJILIIOBHOCTI:

Rb, K, Na, Li, Ca, Mg, Be, In, Al, Sr, Ga, Sb, Si, B, As, H, Te, P, C,
Se, I, S, Br, CL N, O, F.

v

IlinBumeHHa eJIeKTPOHETAaTUBHOCTI

IlonsapHl MOJIEKYJIM HA3WBAIOTHCA OUIIOJIAMHU — CHCTEMaMH, B SIKHX
IIeHTPY TSOKIHHS IIO3UTHUBHUX 3apsglB  AOep 1 HeraTUBHHUX 3apsaIlB

eJIEKTPOHIB He 301raioThCs.



Jdunmone — 11e cucreMa, IO ySABJIs€ CO00I0 CYKYIHICTH JTBOX TOYKOBHUX
eJIeKTPUYHUX 3aPs/IiB, OOHAKOBUX 34 BEJIMYMHOIO 1 IIPOTHJIEKHUX 3a 3HAKOM,
SAK1 3HAXOOATHCA Ha JedAKIN BIACTAH] OOUH Bl OIHOIO.

Bigcranb Mk IIeHTpaM¥ TSKIHHS HA3UBAKTHCA MOBMKUHA JTUIIOJI 1
no3HavawTbea OykBor [. Ilomapmicte mosekynam (ab00 3B’A3KYy) KILIBKICHO
XapaKTepU3yeThCI AUIIOJIBHHUIM MOMEHT |1, AKHH y BHUIIAAKY JIBOXATOMHOI
MOJIEKYJIM JIOPIBHIOE HOOYTKY [OBKMHU JWIOJISA HA BeJWYHHY 3apsmy
eJIeKTPOHA:

p=el.

Y omunuigx Cl pgunonbHME MOMeHT BUMIPIOETbC B [KiaxM]
(KyJIoHMeTpax), ajie YacTillle KOPHUCTYIOThCS II03aCHCTEMHOI0 omumHUIEI [D]
(mebair): 1D=3,33 - 10-30Kaxm. 3HaUueHHSA IUIIOJbHUX MOMEHTIB KOBAJIEHTHHUX
MOJIEKYJI 3MiHeThea y Mesxax 0-4 D, a lommmx — 4-11D. Yum Olapiza
JOBYKIHA JUIIOJISI, TUM OLJIBII IIOJISIPHOIO € MOJIEKYJIA.

CoutbHa eJIeKTpOHHA XMapa y MOJIEKYJl MOKe 3MIITyBATHCSA I IIE0
30BHIIITHBOT'O €JIEKTPUYHOTO II0JIS, B TOMY YMCJIl ¥ IIOJIS 1HIIOI MOJIEKYJIH a00
MoHa.

IlongapusoBaHicTh — IIe 3MIHEHHS MIOJIAPHOCTI 3B'SI3KY BHACJIIOK
3MIINEHHS eJIEKTPOHIB, IO YTBOPIOIOTHL 3BSI30K, IO J1€l0 30BHIIITHLOIO
eJIEKTPUYIHOTO TOJISA, Y TOMY YHCJI1 ¥ CUJIOBOTO II0JISI 1HIIIOI YaCTUHKU.

[lonsspm3oBaHICTE MOJIEKYJIH 3aJIeKHTH BlJI PYXJHUBOCTI €JIEKTPOHIB,
dKa € THUM CHJBHIIIOI, YMM OlIbIna BlacTaHb Bix samep. Kpim Toro,
IOJITPU30BAHICTh 3AJIEKHUTHh Bl HAIPSIMJICHOCT]1 €JIEKTPHUYHOIO IIOJIS 1 BIJ
3JIaTHOCT1 eJIEeKTPOHHHUX xMap gedopmyBatucd. IIig gieio 30BHINMIHBOTO IT0JIS
HEIIOJIAPHI MOJIEKYJIH CTAlOTh MOJAPHUMMK, a [OJIApPHI — Ie OLIBII
HOJIIPHUMHU, TOOTO B MOJIEKYJIAX 1HAYKYETbCS THUIIONb, SKUH HA3UBAETHCS

HaBegeHuM, a00 IHAYKOBAHUM AUMNOJIb (prc.3.16).
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Puc. 3.16. Cxema yTBOpeHHS 1HAYKOBAHOIO (HaBEIEHOTO0) JUIIOJIS 3
HETOJITPHOI MOJIEKYJIU T JTIE€I0 CUJIOBOTO II0JIS HOJISIPHOI YaCTUHKU —

IOHUIIOJISA

Ha BimmiHy Bi1I IIOCTIMHHX 1HIYKOBAH1 AWIOJI BHHHUKAIOTH JIHUIIE IIPHU
mi 30BHINIHBOTO eJIEKTPHYHOro IoJss. Iloagpusaliia Moke CIPHUUYMHATHA He
TIIBKH TOJIIPH30BAHICTL 3B'SI3KYy, ajie W HMOro po3puB, HOPH SKOMY
BIAOYBA€ETHCS Iepexi] 3B sI3yBAJILHOI eJIEKTPOHHOI IIapH A0 OJHOTO 3 ATOMIB 1
YTBOPIOIOTHCS HETATHUBHO 1 MO3UTHUBHO 3aPAIKeH] HOHH.

[lonsgpHIiCTP 1 IOJAPU30BAHICTL KOBAJIEHTHUX 3BS3KIB BH3HAYae

PeaKIifHy 3JaTHICTb MOJIEKYJI II0 BLIHOIIIEHHIO JI0 IIOJITPHUX pPEeareHTIB.

3.5. BracTuBOCTi CIIOJIYK 3 KOBAJIEHTHUM 3B I3KOM

PeuoBnHN 3 KOBAJIEHTHHUMM 3B SISKAMHU IOJLIAIOTHCSA Ha Bl HEPIBHI
TPYIIHM: MOJIEKYJIAPHI Ta aToMHI (200 HEMOJIEKYJISAPHI), AKUX 3HAYHO MEHIIIe,
HIK MOJIEKYJIAPHUX.

MosieKkyadpHi CIOJIYKM 3a 3BUYAMHUX YMOB MOKYTh IepedyBaTu y
pisHux arperatHux craHax: y Buryasm rasis (CO2, NHs, CH4, Clo, O2, NHs),
serkoaetkux pigud (Bre, HoO, CoHs0H) um TBepaux xpucTaiuHIX PEYOBHUH,
OLJIBIITNCTE 3 IKUX HABITH IIPHU Ay:Ke He3HAYHOMY HArpiBaHHI 3[IaTHI IITBHIKO
IIJTABUTUCS YU JIETKO cyosrimyBatucs (Ss, P, Iz, 1iykop C12H22011, «cyxumit mim»
COy).

Husbkl TeMmeparypu ILJIaBJI€HHS, BO3TOHKU 1 KUINIHHA MOJIEKYJISPHUX
PEYOBHH IIOSICHIOIOTHCS OysKe CJIa0KMMU CHUJIAMU MIKMOJIEKYJISPHOI B3aeMOoI11
y Kpuctaiax. Came ToMy I/ MOJIEKYJIAPHHUX KPHCTAJIIB He IIpUTaMaHHA
BeJIMKA MIITHICTh, TBEP/ICTD 1 eJIEKTPUYHA IIPOBIAHICTE (1ix uu 1rykop). Ilpu
IIbOMY PEYOBHUHH 3 IMIOJIAPHHUMH MOJIEKyJIaMHA MAalOTh OLJIBII BHCOKI
TeMIepaTypHu ILIaBJIEHHS 1 KUIIHHA, HI3K HelloJadapHl. JledakKl 3 HUX PO3UMHHI

y BoAl a0o0 IHIMMX IIOJAPHUX PO3YMHHHUKAX. A PEUOBHUHMH 3 HEIOJIIPHUMI



MOJIEKyJIaMH, HaBIAKH, Kpallle PO3SUYUHSIITHCSI Yy HEIMOJAPHUX POSUMHHUKAX
(bemsen, TeTpaxsjopoMeraH). Tak, Hod, y AKON0 MOJIEKYJIM HEIIOJSIPHI, He
PO3UMHSETHCA Y MOJIAPHIA BOMl, ajieé PO3UHMHSAETHCSI y HEIoJIApHOMY ccls 1
MaJIOIOJISPHOMY CIHPTI.

Hemonexkynsapui (aToMHI) peYOBUHM 3 KOBAJIEHTHHMM 3B SI3KAMU
(asmmas, rpadirt, kpemuiit Si, kBapir Si02, kapOOPYH/I sic Ta 1HIII) YTBOPIOTH
HAI3BUYANHO MIIIHI KPHCTAJN, 34 BUHATKOM rpadiTy, KpHCTaJldHa IpaTKa
SIKOT0 Mae IIapyBaTy CTPyKTypy. Hampukiaam, Kpucraaidda rpaTka ajaMasy —
OPaBUJILHUYU TPUMIPHHUHN KapKac, B SKOMY KOKHUN SP3-T1I0pUAN30BAHMII aTOM
KapOoHy cIiojydeHunii 3 yotupma cyciguaivu atomamu C o-3s’a3xamu. Ilo cyri
yBeCch KpPHCTaJ ajMa3dy — Ile OJHA BeJnYe3Ha 1 [Oy:Ke MIIIHA MOJIEKYyJIa.
AnasioriuHy OymoBYy MaoOTb 1 KpPHCTAJIU KpPeMHIIo Si, SKUHA IIHPOKO
3aCTOCOBYETHCSA B PATIOCTIEKTPOHIIN TA €JIEKTPOHHIN TeXHII. AKIIo 3aMIHUTH
mosoBuHy atomiB C B ajsmasl aroMaMu Sl, He IOPYIIYIOYM KAapPKACHY
CTPYKTYPY KPHCTAJY, TO OTPHMAaEMO KPHUCTAJI KapOOPyHAY — CHJIIITIH KapOlmy
sic — Jyske TBepaol pPEeYOBUHH, II0 BHUKOPHUCTOBYETHCA SAK a0pasUBHUM
MaTepiaa. A AKINO B KPHUCTAJIYHINA IpaTill KPEeMHIn MK KOMKHHMH IBOMA
aroMaMu S1 BcTaBUTH 110 atomy O, TO YTBOPIOETHCSI KPHUCTAIYHA CTPYKTYpa
kBapiry Si0z2 — Tesx ayske TBePO0l PEYOBUHU, PI3HOBUI SKOI BUKOPHCTOBYIOTD
SIK a0pasUBHHUUI MaTeplasl «HAKIAK».

Kpucranu anmasy, KpemMHi0, KBapily Ta MOMIOH1 J0 HUX 34 CTPYKTYPOIO
— IIe aTOMHI KPHCTAJIM, BOHH SBJISIOTH CO00I0 BEJHYE3Hl «CYIIePMOJIEKYJII,
TOMY IX CTPYKTYPHI (POPMYJIH MOKHA 300pa3UTH He IIOBHICTIO, 4 TLIBKH Yy

BUTJISJII OKPEMOTO PparMeHTy, HaIlpUKJIAT:
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Hemomnerkymapai (aToMHI) KPHCTAJIM, IO CKJIAJAIOTHCI 31 CIOJIyYeHMX
MI3K CO00I0 XIMIYHMMH 3B'SI3KAMHM AaTOMIB OJHOIO YK JIBOX €JIEMEHTIB,
HaJIeKaTh OO0 TYrOILUIAaBKUX PEYOBHH. BHCOKl TeMmiiepaTypH ILJIABJIEHHS
3YMOBJIIOIOTHCSI HEOOXIOHICTIO BUTPATH BEJIMKOI KLIBKOCTI eHeprii masa
PO3PUBY MIITHMX XIMIYHHX 3B’S3KIB IIPU IIJIABJIEHH] aTOMHHX KPHCTAJIIB, a He
c1a0Kol MIKMOJIEKYJIAPHOI B3aeMomdll, SAK y BHIAAKY MOJIEKYJISPHUX
peuoBHH. 3 IIl€l K IPUYUHM 0araTo aTOMHHX KPHCTAJIIB IIPXU HATPIBaHHI He
IJIABJIATHCS, a PO3KJIATAIOTHECA a00 0pa3y IIepexodsaTh y IapOomo I0HUHA CTaH
(Bo3roHKAa), HanmpukJaad, rpadit cyoaiMmyersbea mpu 37000c.

HemonerysisapHl peuyoBMHN 3 KOBAJIEHTHHUMH 3B’ S3KAMU HEPOIUMHHI Y
BOJIl Ta IHINMHX PO3YHMHHUKAX, OLIBIIICTh 3 HUX HE IIPOBOJUTH €JIEKTPUUHUI
ctpyM (kpiM rpadiTy, IO SKOr0 IIpHUTAMAHHA eJIEKTPOIPOBIIHICTD, 1

HAOIBIPOBIIHUKIB — KPEMHI0, TepMaHIo Ta 1H.).



Tema 4. Mouunuii Ta meTajgdivyHUN 3B'A3KU
4.1. XapaKTepHUCTUKH HOHHOIO 3B SI3KY
4.2. BiractuBocTl HOHHHUX CIIOJIYK.

4.3. Meramiyauii 3B’ 30K

4.1. XapaKTepHUCTUKU MOHHOI'O 3B A3KYy

Womuuit 3B’S30K BUABIISAETLCSH TOJl, KOJIM eJIEKTPOHEraTUBHOCTI
eJIEMEHTIB P13KO BIOPI3HAITHCA MK coboo (Ax>1,7), a 1ie BIOOyBaeThCA IPH
B3aeMo/ll HMOHIB, YyTBOPEHHX 3 ATOMIB €JIEMEHTIB, III0 XapPaKTepH3YIThCSI
CYTTEBO BIAMIHHUMU XIMIYHIMH BJIACTHBOCTIMH.

Nounuit 3’30k — 1€ eJIEKTPOCTATHYHE MPUTATAHHSI MUK
PIBHOMMEHHO 3apsKeHUMH HMOHAMH, III0 yTBOPEH1 BHACIIAOK IIOBHOIO
3MIIIIEHHSs CILJILHOI eJIEKTPOHHOI IIapy Bl aTOMa OJHOIO eJIeMeHTa J0 aToMa
1HIIIOr'O eJIEMEeHTA.

3aJsiesxHO Bl 1HIMBIIYAJIbHUX BJIACTUBOCTEH V aTOMIB OJHUX €JIEMEHTIB
ImepeBaskae TEHOEHINsS [0 YTpaTH eJeKTPOHIB 3 IIePeTBOPEHHSIM ¥
MNO3UTHUBHO 3apaa:keHi HoHu (KaTioHM), a aTOMH I1HIINX eJIEMEHTIB,
HAaBOAKH, HPardHyTh HAOYTH eJIeKTPOHH, IIePeTBOPIOIYNCH IIPU I[HOMY B
HEraTUBHO 3apsAa:KeHi oHu (aHioOHM), SK Ile BIOOyBaeThbCAd 3 aTOMaMH

THUIIOBOI'0 MeTAaJIy HaTpiio 1 TUIIOBOT0 HeMeTaJy XJopy (puc. 4.1).

ATOM

Hatplio HaTplio

Puc. 4.1. YmoBHA momess yvrBopeHHd oHIB Nat 1 Cl- 11saxoM IIOBHOTO
pi y

mepegaBaHHs BAJEHTHOIO eJIEKTPOHA Bl aToOMa HATPLIO aTOMY XJIOPY
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3maTHICTE eJIEMEHTIB YTBOPIOBATH IHPOCTI HMOHM (TOOTO TakKl, IO
IOXOOATH BT OJHOTO aTOMAa) 3yMOBJIEHA €JIEKTPOHHOI KOHQIrypaireo ix
130JIbOBAHUX ATOMIB, a TAKOMK BeJIMYMHAMU eJIEKTPOHEeTaTUBHOCTEH, eHeprii
10H13aIlI Ta CIIOPLIHEHOCT] 10 eJIEKTPOHA. 3P0o3yMLyIo, I0 HaMJIerile KaTIOHn
VTBOPIOIOTHCSI aTOMAaMM eJIEMEHTIB 3 MaJHMH eHepriaMu 10HI3ailll —
nysxanMu 1 aysxao3emenrbaumu merasiamu (Na, K, Cs, Rb, Ca, Ba, Sr Toio).
VYTBopeHHs K IPOCTHUX KATIOHIB 1HIIKX €JIEMEHTIB MEHIII 1IMOBIPHO, OCKLIBKK
11e II0B’SI3aH0 3 BUTPATOIO BEJIMKOI eHeprii Ha 10H13aIll0 aToMa.

IIpocti aHloHM HAaMJIerIIe yTBOPIOIOTHCS P-eJIeMeHTaMH ChOMOI T'PYIH
(Cl, Br, I) BHacmigok iX BHCOKOI CIIOplgHEHOCTl g0 eaexrpoHa. lIpuenmanms
mo omHoMmy esekTpoHy mo atomiB O, S, N cympoBomxyeTbcsa BHIIIEHHIM
eHeprii. A mpuemHAHHS 1HINMNUX €JeKTPOHIB 3 YTBOPEHHSIM 0araTo3apsiIHIX
IIPOCTHX AHIOHIB €HePreTUYHO HeBUT1IHO.

ToMy CIIOJIyKH, III0 CKJIAIAIOTHCSI 3 IPOCTHUX HMOHIB, HE0ATraTOUMCEJIbHI.
Bouu Hatisiermie yTBOPIOIOTHCS HPH B3aeMOMOll JIYKHHUX 1 JIY:KHO3EeMeJbHHUX
MeTAaJIlB 3 TaJIOTeHAMHU.

1. HemanpamaenHicts. EnexTpuunil 3apamu HoHIB 3yMOBJIIOIOTH X
IPUTATAHHS TA BIAIITOBXYBAHHSA 1 B IIIJIOMY BHU3HAYAKIOTH CTEX10METPUUHII
CKJIAJ CIIOJIYKH. VIOHW MOKHA VSIBUTH SAK 3apSULKEH] KyJbKH, CHJIOB] IIOJIS
SKUX PIBHOMIPHO PO3IMOALISIOTHBCA y BCIX HAIIPIMKax y IpocTopl. Tomy,
HAOPUKJIAZ, ¥ cIoJIyIinl nacl fioru HaTpiio Nat MOKyTh B3aeMOIIATH 3 HTOHAMU
xyopy Cl- B OyIb-sKOMY HAIIPAMKY, IPUTATYIOUH IIeBHE iX YKCJIO.

HenanpsawmiieHHicTh — 1Ie¢ BJIACTHBICTb HMOHHOIO 3B'SI3KY, IO
3yMOBJIEHA 3JATHICTIO KOKHOIO MOHA MNPUTATYBATH [0 cebe HoHH
IIPOTHJICKHOI0 3HAKA Y OyIb-IKOMY HAIIPSIMEKY.

Otr:ke, HeHAOPAMJIEHHICTH IIOSICHIOETHCS THUM, IO EJIEKTPHUYHE II0JIe
MoHa Mae cdepuyHy CHUMETPLI0 1 3MEHIIYEThCS 13 BIACTAHHIO B YCIX
HaIIpsIMKaX, TOMY B3aeMOOld MIK HOHAMM 3IIMCHIOETHCSI HEe3aJeKHO Bl

HaIIPSAMKY.



2. Hewnacwuuyenicts. 3po3ymijio, II0 B3aeMOIid [JOBOX MOHIB
IPOTUJIEIKHOr0 3HAKY He MOsKe IIPMBECTH J0 IIOBHOI B3aeMHOI KoMIIeHcaIni ix
cuiioBux moiB. Tomy #HoOH 3 IIeBHHM 3apsgoM 30epirae 3IaTHICTD
OPUTATYBATH 1HIIM HOHM IIPOTHJIEKHOTO 3HAKY B ycix HampsaMmikax. KlibkicTs
TAKUX (IIPUTATHYTHX» MOHIB OOMEMKYEThCS JIMINE IX T'eOMEeTPUYHIMU
po3MipaMu 1 CHJIaMU B3a€EMHOTO B1AIIITOBXYBAHHSI.

Henacuuenictp — 1ie BJIaCTUBICTH HOHHOTO 3B’A3KY, KA BUABJISIETHCS
y 30ATHOCT1 MOHA, 10 Ma€ IIeBHUH 3aps[, HPpUeIHYyBaATH OyIb-IKy KLIbKICTH
MOHIB IIPOTHUJICKHOTO 3HAKY.

3. Ilonapusamnia mouis. Ilpu ffoHHOMY 3B’SI3KY KOKHHUI HOH, OymIydn
HOCIEM €eJIEKTPUYHOTO 3apsany, € IyKepeJiOM CHUJIOBOTO eJIEKTPHUYHOIO IIOJIS,
TOMY HpH OJM3bKIHA BIACTAHI MIK MOHAMM BOHU B3a€MHO BILIMBAIOTH OJWH Ha
OJTHOTO.

Ilonapusamnia ioHa — 1e mecdopmaliis HOro eJeKTPOHHOI 000JIOHKHU
II1JT BILTUBOM €JIEKTPUYHOTO CHJIOBOTO II0JISI 1HIIIOTO HOHA.

4. Ilonapu3oBaHicTh 1 moasgpusyBajbHaA 3maTHIiCTh HoOHIB. [lpu
OJIAPHU3AaIiill HAMOIBIIIOMY 3MIIIEHHIO ITIJA0ThHCS eJIeKTPOHHN 30BHIITHBOIO
mapy. Ajsie mpu aii OJHOro ¥ TOTO CAMOIO €JIEKTPHUYHOIO IIOJIsA Pl3Hl HOHH
neopMyIOThCS HEOJHAKOBOI Mipoo. YmMm ciabire 3B'sI3aHl  30BHIIIHI
eJIEKTPOHU 3 SIPOM, TUM JIeTIIe BII0yBAETHC IIOJIIPU3AIIIA.

IlonapusoBaHicTh — Il BIJHOCHE 3MIIIEHHSA sSapa 1 eJIeKTPOHHOI
000JIOHKH B HIOHI IIPH Ali CHJIOBOIO €JIeKTPHUYHOTO IOJIS 1HIIIOTO HOoHA.

IlongapusyBajibHa 3OaTHICTH HMOHIB — IIe¢ iX BJIACTUBICTh YNHUTU
nedopMyody 110 Ha 1HIIM HOHH.

[lonsgpusyBasbHA 30aTHICTD 3AJIEKUTD B1I 3apsAay 1 po3Mipy foHa. Yum
OLIBIIME 3apsya HMoHA, THUM CHJIbHIIIE MOro IoJjie, TOOTO HAaMOlIbIILy

HOJIAPU3YyBaJIbHY 30aTHICTh MAlOTh OaraTo3apsaaHl HOHU.

4.2. BnacTuBocTi HOHHHUX CIIOJIYK



3a 3BUYAMHMX yMOB MOHHI CIIOJIyKH ICHYIOTH y BHIVIAAl TBEPINX
KPHUCTAJIIYHUX PEYOBUMH, SKI MAIOTh BIHCOKl TeMIepaTypu IJIaBJIeHHS Ta
KHUIIIHHS, TOMY BBaKAlOThCSI HeJeTKHMH. Hampuwraan, TeMmmeparypu
nasiieHHda Ta KumuaHg NaCl cragosiaTs BiamosimHo 801°C 1 14130C, CaFs —
136°C 1 25009C. ¥V TBepaomy craml MOHHI CIOJYKH HE IPOBOIATH
eJIeKTPUIHUN cTpyM. BoHu modpe po3umHATHECA y BOl 1 ¢1ab0 a00 30BCIM He
PO3UMHAITHECA B HEIOJSIPHHUX PO3UMHHUKAX (rac, OeH3uH). Y IOJIIPHUX
PO3UYMHHHUKAX HMOHHI CIIOJYKH JUCOILIIOITH (po3mamaiThbesa) Ha Houu. Lle
IOSCHIOETHCSA THUM, IO MOHK MAIOTh OLJIBII BMCOKI eHeprii cosbBaTaini, Kl

3IaTH1 KOMIIEHCYBAaTH €HePriio JHCoIallll Ha HOHK B ra30Bli daal.

4.3. Meraniuyuuii 38’ 130K

MemaniuHuii Ha3usaemvbcs 6a2amoueHmposuli 38'A30K, AKUL LCHYE 8
Memasax ma ixXx Cchaaeax Mixc NO3UMUBHO 3aPA0HCEHUMU UOHAMU ma
BAJICHMHUMU eJIeKMPOHAMU, W0 € CRIAbHUMU OJi 8CIX UOHI8 1 8lJIbHO
nepecysaimbscsi No Kpucma.ry.

AtoMu MeTaJIB MAlOTh HEBEJWKY KLJIbBKICTH BAJEHTHHUX €JEKTPOHIB 1
HHU3bKY eHeprioo IloH13arli. [[1 eJeKTpoHHM BHACIIOOK BeJUKUX PasIlyciB
aTOMIB METAJIIB JJOCTAaTHHO CJ1a00 3B’a3aHl 31 CBOIMH SIAPAMM 1 MOMKYTh JIETKO
BIAPUBATHCS BI1O HUX 1 CTAHOBUTHUCSA CHUIBHUMHK JJsI BCHOIO KPHCTAJIY
MeTaJsy. B pe3ysibTaTi B KpUCTAJIIYHINA IPaTIl MeTaJly BUHUKAIOTH TO3UTUBHO
3apsaoKeH] HMOHH MeTasy Ta eneKMPOHHUIL 2a3 — CYKYNHICMb DYXJIUBUX
eJIeKMPOHL8, AKL 8LIbHO NEpPecys8armsCs N0 KPUCMAJLy Mema.Jty.

Ax Hacmzgoxk Metan aBJIsge CcO00I0 PO IO3UTHUBHUX  HMOHIB,
JIOKAJII30BAHUX Y MEeBHUX IIOJIOKEHHAX KPMCTAJIYHOI TPaTKH, 1 BEJIHUKY
KIIBKICTh €JIEKTPOHIB, III0 TOPIBHSHO BLIBHO IIEPECYBAOTHCA B IIOJI
mo3uTuBHUX IeHTpiB. IIpocTopoBa OymoBa MeTasiB — Ile KpPHCTAJ, SKHHI
MOYKHA YSIBUTH SK KJITKY 3 IIO3UTHUBHO 3apsAIKEHHMH HOHAMH Yy BYy3JaXx,

3aHypeHy y HeraTUBHO 3apsIKeHHIl eJeKTpoHHuM ras3 (puc. 4.2). Bci atomu



BIIJAI0Th CBOI BAJIEHTHI €JIEKTPOHU HA YTBOPEHHS eJIEKTPOHHOTO raay, IIo
BLJIBHO IIEPEMIIIYIOTBCS YCepPemrHl KPHCTATIy, He IOPYIIYIOUH XIMIYHOIO
3B SI3KY.
OsHakamMu MeTAJIIYHOIO 3B’ SI3KY € TAKi XapaKTe PUCTUKU:
1. BbararToejeKTpPOHHICTH, OCKLIIbKH B YTBOPEHHI
METAJIIYHOTO 3B’ SI3KYy 0epyTh y4acTh BCl BAJI€HTHI €JIeKTPOHM;
2. Bararonenrposictb, a00 Ie/J0KaJII30BAHICTE — 3B SI30K
CIIOJIyYae OMOHOYACHO BEJIHWKY KIIbKICTH AaTOMIB, IO MICTATHCI Y
KpHCTaJIl MEeTaJy,
3. I3orpomHicTh, a00 HEeHATIPAMJIEHHICTh — 3aABISAKH JIETKOMY
HEBIIOPAIKOBAHOMY II€EpPECYBAHHIO €JIeKTPOHHOI0 ra3dy OJHOYACHO y BCl

OOKH MeTaJIUYHUH 3B’ I30K € CPEePUIHO CUMETPHUYHIM.
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Puc. 4.2 — PisHoBHau Moeseil MeTaJI1uHOro 3B A3Ky



MeramiuHl KpuHCTaJaW  yTBOPIOIOTH, B  OCHOBHOMY, TPHU BHIHU
KpHUCTAJIIYHUX TrpaTtok (pmc. 4.3), OogHAK [JesdKl MeTaJyd 3aJIesKHO Bl

TeMIIePaATyPU MOKYTh MaTH P13HI CTPYKTYPH.
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Puc. 4.3 — Kpucramiuai rpaTeu MeTasIiB: a) KyoluHa rpaHereaTposana (Cu,
Au, Ag, Al); 6) xkyoiuna o6’ emuorienTpoBaua (Li, Na, Ba, Mo, W, V); B)
rexcarouagbaa (Mg, Zn, Ti, Cd, Cr)

Meramunuii 3B’I30K 1CHye€ B KpPHCTAJIaX 1 PO3ILJIaBax yClX MeETAJIB 1
CIIaBiB. Y UNCTOMY BUIJVIAAl BIH XapaKTepHUN JJad JYKHUX 1
JIYKHO3eMeJIbHUX MEeTAJIB. ¥ mepexigHux d-MeTaslB 3B’SI30K MK aTOMAaMU €
YACTKOBO KOBAJIEHTHHM.

MeramiyHuii  3B’S30K BHACJILIOK HAABHOCTI BLIBHUX €JIEKTPOHIB
(eJIEKTPOHHOTO Ta3dy) Ta iX PIBHOMIPHOTO PO3IIOILIY II0 KPHUCTAJLYy 3YMOBJIIOE
XapaKTepHl 3araJibHl BJIACTHBOCTI MeETAJIIB 1 CIJIaBIB, 30KpeMa, BHCOKY
TEIJIOTA  eJIEKTPOIPOBIOHICTH, ILIACTHUYHICTH (TOOTO  3maTHICTL  0e3
pyHHYBaHHS 3a3HaBaTu gedopmainli HOpu 3BUYAHHUX UM IIIBUIIEHUX
TeMIlepaTypax), HeIpo3opicTb 1 MeTaJIYHUHA OJHMCK, 3yMOBJIEHHH IiX

30aTHICTIO BIIOUBATH CBITJIO.



Tema 5. JlanbHOOi049i xXiMmiuHi 3B’a3K1
5.1. JlanbHOmIOUMI XIMIYHUN 3B I30K
5.2. BomaeBui1 3B’430K

5.3. MlsKMoJIeKyIsIpHa B3aeMOI1s

5.1. lanpHOOiroOYNii XiMidYHUI 3B’A30K

XiMIYHI BJIACTUBOCTI PEYOBMH HA IMPAKTHUIN BUSBJIAIOTHCA dYepes
XIMIYHY IIOBEOIHKY He OKpeMOl YaCTUHKN PEeYOBHHN, a 4Yepe3 BeJINKYy IX
CYKYIIHICTH — arperarTiB, acoIllaTiB, KPUCTAJIIB TOII0. ¥ Ta30mogl0HOMY CTaH1
CHJIA MISKMOJICKYJISIPHOI B3aeMoOdll Ay:Ke MaJil, OCKLIBKKM MOJIEKYJIH, III0
MAaOTh 3HAYHY KIHETUYHY €Hepriio, PyXalThCd Xa0TUYHO 1 3HAXOAATHCA OHA
B1J OQHOI Ha BeJHKIH BiAcTaHl (IOPIBHIHO 3 BJacHUMHU poaMipamu). OgHax y
PIOIKOMY 1 TBEPJAOMY CTAH1 YaCTUHKHU IIepe0yBa0Th HA MAJIUX BIICTAHSIX, TOMY
3aBOSAKH HAJbHOMIIOUOMY 3B'SI3KY CHJIM MIKMOJIEKYJISIPHOI B3aeMOmIli
HACTLJIBKH 3POCTAI0Th, III0 3aBAAKU IM YaCTHHKU YTPHUMYIOTHCS Pa30oM — caMe
TOMY B KOHJEHCOBAHOMY CTaHl IPH IIOCTIMHIN TeMIlepaTypl PIAMHH 1 TBEpPIl
T1JIa 30epirarTh IOCTIAHUM CBii 00'eM.

JlanpHOmMIOUME ~ XIMIYHHE  3B’SI30K 3YMOBJIIOETBCS  HASBHICTIO
eJIEKTPOMArHITHUX II0JIeH, IO YTBOPIOIOTHL AaTOMHI sSapa 1 eJeKTPOHH ¥
MOJIEKYJIaX, 1 BUHUKAE MIK OKpPeMHMH YACTHHKAMM Ha BIJCTAHAX, Kl B
0araTo pasiB mepeOLIbIIYIOTh JOBKUHYN 3BUYANHNX KOPOTKOMIIOUNX 3B JI3KIB,
TOMY BIJIOBITHO y JECATKH Pa3lB IIOCTYHAEThCSI MIIIHOCTI BiKe PO3TJISHYTUX
TAINB 3B'sA3KIB. (OcHOBHA XapakKTepHa O3HakKa JaJIbHOMIIOUNX 3B SI3KIB
IIOJIATAE y TOMY, IO BOHHU € Pe3yJIbTaTOM KOJIEKTHBHOTO PYXy €JIEKTPOHIB 1
KOJIEKTHBHOI B3aeMO/I1l 0araTboxX CTPYKTYPHHUX OQUHUILH CIIOJIYKH.

JlanbHOmI0Y1 XIMIYHI 3B’I3KH YMOBHO IIOALIAIOTHCA HA TaKl TPYIIN:

. Cneuugiuna  MINCMONEKYJAPHA  83A€MO0LL, O  SKOI

HaJIeKUTL BOOHEBUN 3B A30K;

. Vuisepcanvna misrcmonexynapra 83zaemoois.
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5.2. BonHeBuil 38’430K

[Ipu yTBOpEeHH] KOBAJIEHTHOIO 3B’ A3Ky M1 aTomoM ['imporeHy i aToMom
eqeMeHTa 3 Bucokoio esjgexrporeratusHicTtio (F, O, N) cymicHa enexkTpoHHA
XMapa 3MIIIYEThCA Y OlK eJIEKTPOHEraTHBHOI'0 aToOMa, IO CYIIPOBOIKYETHCS
BUHUKHEHHAM e(QeKTHUBHOIr0 HeraTWBHOro 3apsanay (6—) Ha mpomMy aTtomi 1
nporonisairielo aroma H. Tepmin «npomorizauis» po3yMilOTh ¥ TOMY CEHCI,
mo B artoMml l'igporeHy, SIKMHA MICTUTh OOHH IIPOTOH y SApPl Ta €IUHHUHI
eJeKTPOH Ha eJIEKTPOHHIN OO0O0JIOHI[l, HPH BTPATl ILOI0 eJeKTpoHa (uu
CUJIbHOMY 3MIIIEeHH] y OlK) (PAKTHUYHO 3aJIMINAETHCA OJHE SAPO, TOOTO BIH
IIePETBOPIOETHCS HA ITPOTOH.

3aBmsakum Majiomy posmipy H* 1 fioro BuHCOKINI TOJIIpHU3yBaJIbHIMN
3matHOCTI atoM H  oxHlel MOJIEKyJIH  MOKEe  HOPUTATYBATUCA [0
eJIEKTPOHEeraTHBHOI0 aTOMAa CyClIHLOI MOJIEKYJIH 1 HaBITh BIPOBAIKYBATHCS
B MIOTO eJIEKTPOHHY 000JI0HKY. Ile 3yMoBIII0e BHHUKHEHHS BOJHEBOTO 3B SI3KY.

BoagueBuii 3B’A30K — IIe e@JEKTPOCTATHYHA B3aeMOMIA MK
IIPOTOHI30BAHUM AaTOMOM l'igporeHy OfHIEI MOJIEKYJIX 1 aTOMOM
eJIEKTPOHEeraTUBHOI0 eJIeMeHTa, 10 Hece HeraTUBHUN eeKTUBHUI 3apss 1
BXOIUTH JI0 CKJIAAY 1HIIIOI MOJIEKYJIH.

Exepris BogHeBoro 3B’A3Ky CTAHOBUTH 8-40 KI/MOJIB 1 3a MIITHICTIO
JIeIo IIePEeBUIIye eHepriio MIKMOJIEKYJIAPHOI B3aeMomdli, IIpoTe Habararo
MEHIIIa 3a eHeprilo KOBAJIEHTHOrO 3B’sa3Ky. KHepris BoOOHEBOroO 3B’A3KY
3MEHIIYEThCA 31 30LJIBIITEHHAM TeMIIepaTypH, TOMY BIH OlJIBIN XapaKTepHUH
IJIS PEYOBMH y TBEpPIOMY 1 PIOKOMY CTaHaX, a B Tra3aX BUABJISIETHCS
HEe3HAYHOIO M1POIo.

PosrnsmeMo  yTBOpeHHSI ~ BOIHEBOTO  3B'SI3Ky  Ha  IIPUKJA[l
rigporeucpropuny HF. IIpu yrBOopeHH] IMOJIIPHOTO KOBAJIEHTHOIO 3B’ A3KY MIK
aromoMm H 1 aromom F, sgxmii  xapakTepu3yeTbCsI  BHCOKOIO
eJIEeKTPOHEraTUBHICTIO, eJEeKTPOHHA XMapa aToMa TIOporeHy 3HAYHO

aMmimyerbess g0 atomy @Dmayopy. Y pesynbrati atom F HabyBae cyTTeBOro



e(peKTHBHOI0 HETaTUBHOIO 3apsAay, a sapo aroMa H (IIipoToH) 13 30BHIIITHBOTO
1o BigHOIeHHIO 10 atroMa Diryopy 00Ky Maiike BTpavae eJIeKTPOHHY XMapy.
Misx mporomoMm atoma H 1 HeratuBHO 3apamieHuM aTtoMoM F cyclgHbOI
MOJIEKYJII BHUHUKAE €JIEKTPOCTATUYHE MIPUTATAHHS, IIM0 W 3yMOBJIIOE
YTBOPEHHS BOJHEBOTO 3B'SI3Ky. BHACIIIOK BOIHEBOr0 3B’SA3KYy MOJIEKYJIH
TAPOTeHTOPUAY y TBEPAOMY, PIOIKOMY 1 HABITH Ia3oIIOmlOHOMY CTaHax
acormifioBanl y auraaromomiOHl JjgaHmooru (pme. 5.1, a). YV CTPpyKTypHHX

popmyIax BogHEBUI 3B’ 430K MO3HAYAETHCA TphoMa Toukamu (puc. 5.1, 0).

n

]

a

Puc. 5.1. Bogueswuii 38'a30x B HF: a) MonekyisipHa MOIe b y BUTJIS/II

3UIr3aromogi0HOTO JAHIITY; 0) CTPYKTYypHA dopMyia

CxunpHICTD 0 YTBOPEHHS BOIHEBUX 3B'SI3KIB 3YMOBJIIOE CIEIIMQIUH1
BiaactuBocti HF. ExcnmepmMeHTa/IbHO BCTAHOBJIEHO, IO IIPH TeMIepaTypl,
ONMM3BKIN 10 TeMIlepaTypH KHIIIHHS, MO0 CepemHlid CKJIad IPUOJIM3HO
BigmoBigae Qopmyal (HF)s. Hasite y BogHoMy po3umHl 3B'SI30K MK
mosierkyamu HF HacTiIbkm MIITHMI, II0 «OJHOOCHOBHA» T1APOreH(TOPHIHA
KucsoTa fgae kucyl coul, Hanpukiaan KHF: 3 kuciaoraum samumkom [F-H ¢ ¢
* F]-. V kpucramiuaomy crani HF yTBopioe opTopomOiuHI KpucTaIu, SKI
CJIaJAIOTHCS 3 JIAHITIOTOBUX CTPYKTYP.

Acomiarmiag mosnexyn HF crupumumbsie anmoMaJbHO BHCOKI TeMIIepaTypH
IJIaBJIEHHS 1 KUIIIHHSA IIOPIBHSHO 3 TIAPOT€HBMICHUMHM CIOJIYKAMM 1HIITIX
enemenTiB miarpyou VIIA (pmce. 5.2). Te, mo kuciaora HF ma Bigminy Big HCI,
HBr 1 HI mangexuth 10 cJIa0KHX €JIEKTPOJIITIB, TAKOMK € pPe3yJIbTaToM

acorniarnii mosexys HF y BogHeBOMYy po3umHi.



ITomibma kapTWHA CIIOCTEPIraeThbCs M cepend CHOJAYK eseMeHTIB VIA-
marpynu 3 [aporemom (H20, H2S), cepen sxmx Boma 3aiimae ocoOJIBe
MicITe: BOHA XapaKTepU3yeTbCsI AaHOMAJIBHO BHCOKUMH TeMIIepaTypaMu
IJIaBJaeHHs 1 Kumiaug (puc. 4.27). BogHeBl 3B'sI3Ku B HIM yTBOPIOIOTHCS 34
paxyHOK B3aeMoii mpororidoBaroro aroma H (6+) oxmiel mosexyJri 1 aTtoMom
O 1imII101 MOJIEKYJIH, HA SSKOMY 30CEepeIsKeHNIl YaCTKOBUIN HeTaTUBHUM 3apsa

(6-):
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Puc. 5.2. 3anme:xHicTh TeMOepaTyp ILIABJIEHHS 1 KUIIIHHS CIIOJIYK €JIeMeHTIB

IVA-VIIA-miarpyn 3 riiporeHoM Bid MOJISPHOI Macu

BommeBl 3B'st3km y PpIOKiii BOAl CIPUAIOTH YTBOPEHHIO QcColiamis
mosekynn HoO — numepis, Tpumepis Torro. BHACTIIIOK yTBOpEeHHS BOIHEBOTO
3B’SI3KYy B KPHMCTAJIl JILOAY, HAIIPUKJIAJ, MOJEKYJIN BOAU ACOIIHOBAHI 1 MAIOTh
AKYPHY IIPOCTOPOBY CTPYKTYPY, B SKIH KOKHUM ATOM OKCUT€HY PO3MIIIIEeHIH

B IIEHTP1 TeTpaeapa, BEPIINHU SIKOTO 3aiMaioTh atroMu ['igporery. Came 1um



3YMOBJIIOETBCs OlJIBINI HM3bKA T'YCTHMHA TBep[ol Bogu (JIbOAY) HOPIBHSHO 3
P1LIKOIO.

3BUUYAMHO BOJHEBUHU 3B A30K IIOMIIAIOTH HA IBA TUIIN:

. Mi:xMoO/IeKyIApHUI BOJIHEBHI 3B 30K, SIKUHA
3IIACHIOETHCA MK OKpeMumMHu MoJiekysjgamu, Hanpuriaan, Hq:0, HF,
NHs ‘H20, misx MoIeKyIaMu BOOH 1 CITUPTIB YK OPTaHIYHUX KHCJIOT,

. BuyTpiimmtHbOMOJIEKYJIAPHUHA BOOHEBHUM 3B’SA30K, IO
BUHHUKAE MLK aTOMaMM OJHIel BeJIMKOI MOJIEKYJIM, HAIIPUKJIad, B 10HAX
[HF2] , [H(H20y]*) i B 6araTbox OpraHidyHUX CIOJyKax — IIpH
dopmyBaHHI CTPYKTYp OLIKIB, IoJicaxapumalB, mmoasiiuol cmipaal JJHK
(a-cripadtl, B-crJyaIKm) TOIo.

BonmeBuit 3B’s130K BiAirpae BasKJHBY POJIb IPH AacOINaIlli MOJIEKYJI,
KpHcTaIi3aifli, po3unHeHH], YTBOPEHH] KPHCTAJIOTAPATIB, €JIeKTPOJIITHIHINA
Jucolrlaii, B XiMii OpradiyHuX CIIOJIYK, IIOJIIMepiB, OLIKIB. BogHeBl 3B’a3Ku
IIOMITHO BIIJIMBAIOTH HAa (PISMYHI BJIACTHBOCTI BOAU 1 0AraTboxX OPTaHIYHUX
piauH (CIIMPTIB, KAPOOHOBUX KUCJIOT, aMIIIB KHCJIOT, €CTEPIB).

[MikaBuMm e Taxuii dpaxt. HasgBHicTIoO BOOHEBUX 3B’SI3KIB IIOSICHIOETHCS
OJTaKUTHUHN KOJIP YHUCTOI BOAH Yy HOCHTHL 3HaAuUHIN Ii ToBiml. Komm ommHa
mosiekyaa HoO kosmmBaeThbesi, BOHA IIPUMYIIye KOJMBATHCSA I CIOJYYeHl 3
HeI0 BOIHEBUMU 3B'I3KaMu 1HII MoJieKyau. Ha 30ymkeHHSa TAKUX KOJIMBAHD
BUTPAYAIOTHCSI YEPBOHI HMPOMIHI COHSYHOIO CBITJIa SIK HAMOLIBIIT BLIIIOB1IHI
3a eHeprielo. ToMy 3 COHSYHOIO CIIEKTPa «BIAQPIIBTPOBYIOTHCS» YEPBOHI
opomiHl (iIX eHeprid I[IOIJIMHAETBCSI 1 PO3CIIOETHCA MOJIEKYJIAMH BOJIHU
BHACJIIJIOK IX KOJWMBAHHS y BUIJIAIL TeILIa), ajie IIOYHMHAE IIPOCTYHATH 1HIIIA
MUISSHKA CIEeKTPY — OJIaKUTHA, II0 3a0apBJIIO€ BOAY OJIAKHUTHUM KOJIHOPOM.
Omuax s IIbOTO COHSYHOMY IIPOMEHIO HeOOX1THO HPOHMKHYTH He MEHII,

HIK JBOXMETPOBUH IIIAP YHCTOI BOJI.

5.3. Mi:KMoOJIeKyJIdapHAa B3a€MOIis



Jlpyruit pi3HOBMA IAJILHOIIIOYOr0 XIMIYHOTO 3B’SI3KY — YHIBEDCAJIbHO
MIHNCMOTIEKYIAPHA 83AEMO0L, KA 3aJIeKHO Bl CBOEI IPUPOSU 1 MEeXaHI3My
BUHUKHEHHS NONLIAETHCA Ha Takl ckaanoBl (pme. 5.3): opieHramiiiHa,
iHOyKIifHA, JUCIepciiiHa, MisKMOJIEKYJISAPHI CHUJIN BiAIITOBXYBAHHS.
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Puc. 5.3. Bugu MizkMOJIEKyJIAPHOI B3aeMOIii

Y peuoBumHAxXx 3 MOJIEKYJSAPHOIO CTPYKTYPOIO IIIOTH €JIEKTPOCTATHYHI
MIKMOJIEKYJISAPH] CUJIM — TaK 3BaHl BaHAepBaajbCiBechbKi cuyin. Haiolpn
CyTTEBOI0 O3HAKOI0 BaHIEP-BAAJILCIBCBKUX CHJI € YHIBEPCAJILHICTD, SKa
mojsarae B IX mll MIK yciMa MOJIEKYJaMH 1 aToMaMH 0e3 BUHATKY. Bomu
00‘eTHYIOTh BCl BHUOU MIKMOJIEKYJISIPHOIO IIPUTATAHHS Ta BIOIIITOBXYBAHHSI.
BannepBaasbCiBCBKM CHJIM 3POCTAOTH HpPH 30JMKEHHI MOJIEKYJ 1 HIpH
301LIBIIIeHH] CyMapHOI KIJIBKOCT1 eJIeKTPoHIB. BoHM xou 1 HabaraTo caaOKiIm
3a KOBaJIEHTHI, ajie JII0Th Ha 3HAYHO OLIBIINX BIICTAHSX 1 TOMY BIIJIMBAIOTH
HA CTPYKTYDHI, CIEKTpasbHI Ta IHINI BJIACTHBOCTI PEYOBHH. 1X OCHOBY
CKJIAJAIOTh KYJIOHIBCHKA B3a€eMOIld MIK €JeKTPOHAMH OJIHIEl MOJIEKYJIM Ta
saapaMu 1 eJIEKTPoHaMu 0araThbox 1HIIMHMX MOJIEKYJI, sIka Ha IIeBHIHA BlJICTaHl
BP1BHOBAKYETHCSI, CTBOPIOIOYH CTIMKY 0araToMOJIEKYJISIPHY CUCTEMY.

Jlutionb-quItoIbHE TPUTATAHHSA B1JIOYBAe€THCS y TOMY BUMIAJIKY, KOJIU
eHepTid NPUTATAHHS IepPeOlIbIIye TeIIJIOBY €Heprio MOJIeKYJI — 3BUYAMHO I1e
CIIOCTEPITAETLCA y TBEPAHUX 1 PIOKUX PEYOBMHAX, SKI MICTATh IIOJISIPHI

mostekynu (Hanpurian, HF, H2O, NHs, ucl). 3 migBuieHHaM TemMmepaTypu



BOHA IIOMITHO cJIa0Illae, OCKIJIbKH TEIJIOBHI pPyX MOJIEKYJ 3aBaskae ix
B3aeMHIN opleHTAI].

Misx cTajauM OUIIOJIEM HOJISAPHOI M 1HAYKOBAHHM JWIOJIEM HEeIIOJIAPHOI
MOJIEKYJI 3I1MCHIOEThCS 1HAYKINHHA B3a€MOI1sd, BHACIIOK IKOI 1HAYKOBAHUMA
JUTIONb  30LJIBIIIye OUIIOJBbHUUA MOMEHT TOJIAPHOI MOJIEKYJIHM, a cama
HeIloJsApHa MoJekyJjga gedopmyerbes. Lg medopmalils THMM CHJIBHIIIA, UM
OLIBIIMHA  JOUIIOJbHMM MOMEHT IIOJIAPHOI MOJIEKYJIM 1 YHWM  BHIIA
IOJIIPU30BAHICTL HEIOJIAPHOI. IHAyKINHA B3aeMOmls MOKe BlI0yBATHCS
TaKO0K 1 B PEUOBHHAX 3 IIOJIIPHUMHI MOJIEKYJIAMH, aJie B IIbOMY BUIIQJIKY BOHA
HabaraTo ca0lIma 3a OpleHTaIlNHY.

3rizHo 3 KBAaHTOBOIO MEXaHIK0I0 MUTTEB1 JUIIOJ1 CHHXPOHHO BUHHUKAIOTH
B YCIX peUYOBHHAX B KOHOAeHcoBaHOMY cTaHl. Ilpu 11boMy HaMOMMKYl TIISHKA
IBOX CYCITHIX MOJIEKYJI 3apSIKYIOThCSI €JIEeKTPHKOI IIPOTHUJICKHOI0 3HAKY,
o0 ¥ NOPUBOOUTHL OO0 IX B3aEMHOI0 MPUTATAHHSA. YCl TpH BHUOU
BaHJIepBaaJIbCIBCbKOI B3aeMO/Ill BJIACTHBI JJIs PEYOBUH, IO IIepe0dyBaioTh y
KOHJIEHCOBAHOMY CTaHI, 1 3araJibHa eHeprisd OPUTATYBAHHSI MIK MOJIEKYJIAMU
JIOPIBHIOE CYMIl €Heprifi OpleHTaI[lMHOIrO0, 1HIYKIIHHOTO 1 JUCIEePCIAHOTO
edeKkTiB. Y Tras3omomgi0HOMYy CTaHl BaHOePBAAJIbCIBCHKl CHUJIN BUABJISIOTHCSI
TLJIBKH 34 YMOB ITIJTBUIIIEHOT0 THUCKY, KOJIHU BIACTAaHI1 M13K MOJIEKYJIAMHU CTAI0Th
JOCTATHIMHU [IJISI MIKMOJIEKYJISPHOI B3ae€MOI].

1. Opiedraniiina B3aeMOmiss 3YMOBJIIOETHCI IIOJIAPHICTIO

MoJieKyJI. IlonsgpHl MoJIeKysiu, B AKUX IIEHTPU TSIKIHHS ITO3UTHUBHOTO 1

HETAaTUBHOTO 3apsalB He CHIIBIAAl0Th, OPIEHTYIOTHCS TAKHUM YKMHOM,

00 MOJIIOCH 3 IIPOTHUJICKHHUMM 3HaKaMH 3apsaglB PO3MIILYBAJIHCS

IOpydY, IO 1 3YMOBJIIOE BHUHHKHEHHS IIPUTATAHHA MIK HHMU.

OpienTaniiina Mi;KMOJIEKYJIAPHA B3aeMOIisa (qUIIOIb-IUIIOJIbHA) —

Ile B3a€eEMOIls B KOHIEHCOBAHOMY CTAaHI PEUYOBHH, IIPH SKIH CyCIITHI

MOJIEKYJIAPHI  OUIOJII  PO3MIMIIYIOTBCS  OJWH  BIJHOCHO  OJHOTO



MIPOTHJIEKHO 3apAIKeHNMH IIOJII0CaMM, II0 3abe3medye IiX B3aeMHe
IPUTSATAHHS.

2. Ianykuoifina B3aeMoaia BUHUKAE IPU B3aeMOJII IIOJISIPHOI
1 HemoJiapHOI MoJjekys. Ilpm HaOmm:KeHH] IIOJSIPHOI MOJIEKYJIH IO
HeIIOJIAPHOI, ajie 3JaTHOI JI0 IIOJApH3allli, IoJIpHa MOJIEKYJIa CIIPHSIE
BUHUKHEHHIO B HIM HaBeIeHOro (IHAYKOBAHOT0) numoiid. IHaykiitiHa
Mi:KMOJIEKYJIIPHA B3a€MOIisd — IIe B3aeMOMlsd, IO 3yMOBJIEHA IIEI0
1IHIYKOBAHUX JUIIOJIIB MOJIEKYJI.

3. Jlucmepciiina B3aeMoqis 10JIsrae B yTBOPEHHI MUTTEBUX
JUIIOJIIB 3 HENOJAPHUX MOJIeKYJ. BHacIImoK pyxXy MOJIEKYJI
3'SIBJISIETHCS ACUMETPIsl PO3MOALIY IIO3UTUBHUX 1 HETaTUBHUX 3aPSIiB,
1110 3yMOBJIO€ BUHUKHEHHS MUTTEBUX JUIIOIIB, 3JaTHUX 1CHYBATH IyKe
KopoTkuii dyac — mopsaaky 10-8c. IlomepeMiHHO BMHHKAIOUl THIIOJI
PIBHUX MOJIEKYJI BHACJIIOK CBOTO PYXY OPIEHTYIOTHCS, SK IIPaBHUJIO,
TAKUM YMHOM, III0 MIYK HUMH JIl€ TO OIPUTITAHHS, TO BIOIIITOBXYBAaHHI,
OMHAK 3aBOAKKM BEJIMKIH IIBUIKOCTI PYyXy eJIeKTPOHIB, CHJIU
OPUTATAHHSI  IIepeBaKaioTh HaJ  CHJaMH  BIOIITOBXYBAaHHSI.
Jducnepciiina Mi:KMOJIEKYJIAPHA B3a€MOIIA — Il B3aeMOIIs MILK
HEIIOJIAPHUMH MOJIEKyJIaMU, SKa BUSBJAETHCA 34 pPaxXyHOK IXHIX
MUTTEBUX MIKPOIHUIIOJIB, III0 YTBOPIOIOTHCS BHACJIIIOK PYXY €JIEKTPOHIB
B aTOMaX 1 KOJIUBAHbD SAJIep.

4. Cunam BigIITOBIIYBAHHS €JEKTPOHHHUX 000JIOHOK MOJIEKY.JI
— IIe YeTBepTa CKJIAJI0Ba CHUJI MI:KMOJIEKYJIAPHOI B3aeMmomii. Exepria cun
BIJIIITOBXYBAHHS He MEPeBHUINy 16 KIK/MOJb, TOOTO y OyIb-IKOMY

pasl BOHA MeHIIe, HI3K eHePTrisd CHUJI MIKMOJIEKYISPHOTO IIPUTATAHHSI.



Tema 6. ArperarHi craHu pe4oBHHU

6.1. 3arasbH1 BIIOMOCT1

6.2. N'agommomi0HMM cTan

6.3. Pinkuii cran

6.4. BynoBa 1 B1acTHBOCTI TBEPIUX PEUOBUH

6.5. AMopdHUIHI 1 KPUCTATIYHINA CTAHN PEYOBUH

Y 1moBcakmeHHIE OpaxkTHIl JOBOAUTHCSI MATH CIPABy HE OKpPeMO 3
IHIUBIOYyAJIbHUMH ATOMAaMM, MOJIEKYJIaMH Ta HOHAMH, a 3 pPeaIbHUMHN
PEYOBUHAMHU — CYKYITHICTIO BEJIMKOI KIJBKOCTI YACTHHOK. 3aJIeKHO Bl
XapakTepy IX B3aeMOOll PO3PISHAITL YOTHPHU BUIM AarperaTHoro CTaHy:
TBEePOHWM, PIOKWA, TrasomomloHMi 1 mjaasmMoBuii. PedoBuHa  Moxke
IIePeTBOPIOBATHCA 3 OJHOIO AarperaTHoOro CTAaHy Ha I1HIIUHA BHACJIIOK

B1AIOBITHOTO (pa3oBoro mepexoay (puc. 6.1).
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Pucynox 6.1. ®a30B1 mepexoau MIK arperaTHUMU CTaHAMU

[lepeOyBauHsa pevyoBHMHM y TOMY YK 1HIIIOMY arperaTHOMY CTaHil
3YMOBJIIOETBCS CHJIAMH, III0 MIIOTh MK YaCTUHKAMM, BIACTAHHIO MIK HUMHU 1
ocobsmBocTAMEU iX PpPyxy. KoskHHI arperaTHHH CcTaH XapaKTepPHU3yEThCs

CYKYIHICTIO IeBHUX BJIacTUBOCTeH (Tabs. 6.1).



Tabsuma 6.1

BiactuBocTl peyoBUH 3aJI€3KHO B arperaTHOr0 CTAHy

Cran

['asonmonionunin

Pinkuni

TBepauii

Baacrtusicts
1. 3garHicTh 3aiiMaT BeCh 00'€M 1 IpuiMaT popmy
TIOCY T HU;
2. CTUCKYBAHICTB;
3. [lIBuaka audyysiss BHACTIIOK XaOTHUYHOTO PYXY MOJIEKYJI;
4. 3HavHe MepeBUIeHHI KIHeTUYHOI eHeprii YacTUHOK Has
IOTEHINAJIbHOIO, Exumerma. > Erorer.
1. SgarHicTs npuiiMaT PopMy Ti€l YACTUHU IOCYIUHI, AKY
3ariMae pevYoBUHA;
2. HeMosxIuBICTD POSITHUPIOBATICS J0 3aIIOBHEHHS BClel
TIOCY T HU;
3. HeBennka cTUCKYBaHICT;
4. IToBlmpHA HQY3id;
5. TexkyuicTn;
6. CyMipHICTD IIOTEHI[AJbHOI Ta KIHeTUYIHOI eHeprii
YACTHUHOK, Exunersa. ® Enoren,
1. 3gaTtHicTh 30epiraTtu BiaacHl popmMmy 1 00'eMm;
2. Jlysxe He3aHaUHA CTUCKYBAHICTD (IT1] BEJIMKHM THCKOM);
3. HansBuuaitHo 1ToOBLIIbHA TU(y31d 3a paxXyHOK
KOJIMBAJIBHOTO PYXY YACTUHOK;
4. BiacyTHICTh TEKYYOCTI;
5. 3HauHe ImepeBUIleHH TOTEHI1aILHOI eHepril YaCTUHOK

HaJ KIHeTHIHOIO, Exumerma. < Ermorer.



BigmosimHO [0 CTymIeHs BIIOPSAIKOBAHOCTI Yy CHCTEMl JIJIS KOYKHOI'O
arperaTHOro CTaHy XapaKTepHe BJIacHEe CIIBBIIHOIIEHHS MK KIHETHYHOI 1
IOTEHITIAJIbHOIO €HepriaMH YacTHUHOK. Y TBEepAuUX TLIaX OTEeHINaJIbHA
eHeprisa IepeBaskae HaJ KIHETHYHOIO, TOMY YACTHUHKM 3aiiMaioTh IIeBHI
IIOJIOYKEHHS 1 JIMIIle KOJIMBAIOTHCSI HABKOJIO HUX. J[JIa rasiB crocreplraerbes
oOepHeHe CHIBBIJIHOIIEHHS MIMK IIOTEHINAJHHOI 1 KIHEeTHUYHOIO eHepTlsIMU,
BHACJIZIOK YOI0 MOJIEKYJIM Ta3y 3aBiKIU XAOTHYHO pPYyXaloThCd, a CHJIA
3YeIIEHHS MK HHMM MaiKe BIJICYTHI, TOMy ra3 3aiiMae yBech 00eM. ¥
BUIIAJAKY PIOWH KIHETUYHA 1 IIOTEHIlaJIbHA eHeprii YacTUHOK HPUOJIM3HO
OHAKOBI, MK YaCTHHKAMMN [l€ HEeKOPCTKUN 3B'S30K, TOMY PIOUHAM
IPUTAMAHHI TeKYJiCTh 1 IOCTIHHUH 3a JaHOI TeMIepaTypu 00 eM.

Ko 4vacTMHKM pedvYoBHMHM YTBOPIOKTH IIPABHUJILHY TI'€OMETPUYHY
CTPYKTYPY, 4 €Heprisg 3B’Sd3KIB MIK HHMM OLIbIlIa 34 €Hepriio TeIJIOBUX
KOJIMBaHb, Ie 3amob0irae pPyHHYBAHHIO C(POPMOBAHOI CTPYKTYPHU — OTIKE,
pevoBHHA IepedyBae y TBepPAOMY cTaHi. AJje IIoyMHAOYW 3 HJeAKOI
TeMIIepPaTypPH, €Hepris TEeILJIOBUX KOJIMBAHD IIEPEBHUIILYE €HePriio 3B’ A3K1B MK
qacTUHKaMu. llpym I1[boMy YacTHHKM, X0Y 1 3aJIMIIAITHCI B KOHTAKTI,
IePeMINIYIOThCSI OOHA BLAHOCHO OTHOI. ¥ pe3yJIbTaTl TeOMeTpUYHA CTPYKTypa
IOPYIIYETHCA 1 PEUYOBHHA MIEePexXoquTh y PIiOKuil cra”. AKIo Temiosl
KOJMBAHHA HACTJIBKKM 3POCTAIOTh, IO MIMK YaCTUHKAMU IIPAKTUIHO
BTpaAvYaeThbCd 3B SI30K, pedvoBHMHA HaOyBae rasomogiomoro crany. B
«1TIeaJTIbHOMY» T'a3l YaCTUHKHU BLJIBHO IIEPEMINIYIOThCSA V BCIX HAITpsIMKax. [lpnu
OIOBUINEHH] TeMIepaTypH PeUYoBHHA IIEPEXOIUTH 3 YIIOPSIIKOBAHOIO CTAHY
(TBepauii) y HEBIOPSIOKOBAHUU cTaH (ra3omomlOHMiT); PIOKUHA CTaH €
IPOMIKHHM 32 BIIOPSIIKOBAHICTIO YACTHUHOK.

YerBepTyM arperaTHHM CTAHOM HA3WBAlOTh ILJIa3My — Ta3, IIo
CKJIQJAEThCS 13 CYMIIIIl HeHTPAJIbHUX Ta 10HI30BAHUX YACTUHOK 1 €JIEKTPOHIB.

Il;tasma yTBOprOeThCa mpu HaaBucOokmx Temmeparypax (10%-107 °C) aa



pPaxyHOK 3HAYHOI eHeprii 31TKHeHHS YaCTHHOK, AKl MAalTh MAKCHMAJILHY
HEBIIOPAOKOBAHICTL pyxy. OOOB’MA3KOBOI0 03HAKOK ILIA3MH, AK 1 1HIIHAX
CTAaHIB PEYOBMHH, € Ii eJIeKTPOHeHUTpaJbHICTb. AJie  BHACIIIOK
HEBIIOPSIOKOBAHOCTI PYyXy YaCTUHOK Yy IIJIa3dMl MOKYTb BHHHKATH OKPeMl
3apsamKeHl  MIKPO30HH,  3aBOJKKM  YOMYy  BOHA  CTae  JKepesoM
€JIeKTPOMATHITHOTO BHUIIPOMIHIOBAHHSA. ¥ ILJIA3MOBOMY CTaHl 1CHy€ PEUYOBHHA
Ha ComHirl, 3ipkax, OedKHX I1HIIHX KOCMIUYHHX O0€KTax, a TAaKOXK IIPU
TEePMOSIEePHUX IIPOIIecax.

Kosxuuii arperarHmii cTaH BH3HAYAETHCS, IIEPII 34 BCe, 1HTEPBAJIOM
TeMIIepaTyp 1 THUCKIB, TOMY [Js HAOYHOI KLIBKICHOI XapaKTePHUCTUKU
BUKOPHCTOBYIOTH (pa30By JiarpamMy PEYOBUHH, IO IOKA3ye 3aJIEKHICTD

arperaTHOro CTaHy BiJ THUCKY 1 Temmepartypu (puc. 6.2).
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Puc 6.2. Jliarpama cTaHy pedoBUHH 3 KPUBUMHU (Pa30BHUX Iepexomin: 1 —
IJIaBJIeHHsI—KpucTaaisani, 2 — KumHHI—KoHIeHcaIni, 3 — cyosmmarrii-

JecyoimMarrii

JllarpamMa cTaHy CKJIAQOaeTbCcs 3 TPHOX OCHOBHHX o0JIacTed, sKl
BIANOBIIAIOTH KpHcTAIYHOMY (Kp), piaxoMmy (p) 1 rasomomioHomy (T) cTaHaM.

Oxpemi o0sacTl pPO3OUIAIOTHCA KPUBUMM, IO BlOoOpaskaoThb (pas30Bil



mepexonu: 1) TBepOro CTaHy B PLOKUM 1, HaBIIAKH, PLAKOT0 B TBepaui (KpHrBa
NJIABJIeHHA—KpUCmMaai3ayil); 2) plagxoro B Ta3omogl0OHME 1 3BOPOTHOIO
IIEePeTBOPEHHS rady B pPLOAuHY (KpuUBa KUNIHHA—KOHOEHCAUll); 3) TBEPIOro
cTaHy B Tas30momlOHHII 1 ra3omomglOHOro B TBepAuil (KpuBa CyoOiimauii-
Ooecybnimauyii). Koopmumatm mepermHy I[IMX KPHUBUX  HA3HUBAIOTHCS
IOTpifiHA Kpallka, B AKIA 3a yMmoB meBHoro Tucky P =P, 1 meBHoI
teMmieparypu T =T, pedoBrmHaA MOKe CIIBICHYBATH O0Jpa3y B TPHOX
arperaTHUX CTaHAX, IPUYOMY PIOKHUHA 1 TBEPAUM CTAH MAIOTh OJHAKOBUI THUCK
napu. Koopmumartu P, 1 T, — 11e equml 3HaueHHSa THUCKY 1 TeMIIepaTypH, 3a
SKUMU MOYKYTh OJHOYACHO CIIIBICHYBATH yCl TP (pasu.

Toumi K Ha dasosiit glarpami cTaHy BIAIIOBLAae TeMmieparypa Tk — Tak
3BaHa KpUTHUYHA TeMIleparypa, OpH K1 KIHeTHYHA eHeprisd YaCTHHOK
mepeOLIbInye eHeprio IX B3aeMOIll 1 TOMY 3HHMKAE MeyKa IIOALILYy MIMK PIIKOIO
Ta Ta30BOI0 pa3aMi, a PeYOBMHA ICHYE B Ia30mOJI0HOMY CTaHI 3a OyIb-IKHM
THCKOM.

3 amamidy ¢asoBoi mlarpamu BuiiuBae (puc. 6.3), 10 IIPH BHUIIOMY
THCKY, HIEK y mnorpiimi# Ttournl (P,), HarpiBamHsS TBepmol pPeYOBHHU
3aKIHUYYeThbCA HOro ILIABJIEHHSIM, HAIOPHUKIAA, Ipu Pi  [OIaBIeHHS
BigOyBaeThbesa B Toulll d. Ilomaseie migBuieHHa Temmepatypu Big Ta mo Te
IPUBOOUTH JO0 KUINHHS pedvoBMHU 3a maHuM TuckoM Pi. IIpm Tumckry Po,
MEHIIIOMY, HIK THCK y TOTPI¥HI#i Toulll P,, HarpiBaHHA pedYoBUHU IIPUBOIUTH
1o 11 mepexoay 0e3IocepegHbO 3 KPHUCTAJIIYHOIO B ra30moqI0HUEA cTaH (TOYKa
q), T00TO o cyOmaimarrii. Jlyisg OlLIBIIIOCTI PEYOBHMH THCK B IIOTPIHAHIA TOYILl
HIGKYNH, HIXK THCK HacudeHol mapu (Po < Puacuunapu). JIMIe nias meKlIbKOX
peuoBUH P, > Puacuanapu, TOMY IIpH HATpiBAHHI KPHCTAJIIB TAKUX PEYOBUH
BOHUM He ILJIABJISTHCS, A BUIAPOBYIOTHCS, TOOTO MIIATAIOTHCS CyOJIIMAIrii.

Hanpuxmaan, Tak moBomsATh cebe KpucTaau Hoay abo «cyxXuii Jia» (TBepauit

COq).



Puc. 6.3. AHamis glarpamMu cTaHy PeYOBUHUI

6.2. I'azooniOHUI1 cran

3a mopmaabuux ymoB (273 K, 101325 Ila) y rasomomiOHOMY cTaHI
MOKYTh ITepe0yBaTH SIK TPOCTI PEUYOBUHU, MOJIEKYJIH SIKUX CKJIATAIOTHCI 3
oguoro atoma (He, Ne, Ar) abo 3 gexlnbrkox HeBakkux atoMmis (Hz, Na, Og),
Tak 1 CKJIAIH] peuyoBUHHU 3 MaJior MoJspHoo macoo (CHa, hel, CoHs).

OcklJIbKM  KIHEeTHMYHA eHeprisd JYacTHHOK Tra3y IepeBUIlye ix
IIOTeHITIaJbHY €Hepriio, TO MOJIEKYJIM B Ta30Iloal0HOMY CTaHl Oe3lepepBHO
Xa0TUYHO PYyXaloThCA. 3aBAAKH BEJIMKHUM BIACTAHSIM MIK YaCTUHKAMU CUJIH
MIKMOJIEKYJIAPHOI B3aeMO/II1 y Ta3dax HACTLIBKK HEe3HaYHI, 110 iX He BUCTAYae
JIJISI IIPUTSTAaHHS YaCTUHOK OJTHA JI0 OJHOI Ta yTpUMYyBaHHA ix pa3dom. Came 3
el OpUYMHU Ta3W He MalTh BJIACHOI (POpMH, IIPOTE XapPaKTePHU3YITHCS
MAaJIOI0 TYCTUHOI Ta BUCOKOI0 3IATHICTIO JI0 CTHCHEHHS 1 J0 PO3IIMPEeHHII.
ToMmy ras moCTIMHO THCHE Ha CTIHKU ITIOCYOIWHU, B AKIA BIH 3HAXOIUTHCSI,
OJHAKOBO B yCIX HAIIPAMKAX.

Jl/1s1 BUBUYEHHS B3a€MO3B'SI3KY MK HAWBaKJIMUBIIIMMHU IIapaMeTpaMu
ragdy (tuck P, temneparypa T, KIJIbKICTHL pedoBHUHH N, MoJIsgpHA Maca M, maca
m) BHKOPUCTOBYETHCA HAMIIPOCTIIIA MOEJIbh Ia30I0g10HOTO CTaHy PeYOBHMHUI
— imeaJTbHUM ra3, AKa 0a3yeThCsa HA TAKUX IIPUIIYIIeHHIX:

. Bsaemomiero Misk YacTHHKaMU ra3y MOYKHA 3HEXTYBATH;



. Caml yacTHHKHM € MaTeplaJIbHUMK TOYKAMH, II0 HEe MAaioTh

BJIACHOT'O PO3MIpY.

Hai611b111 3araibHUM PIBHSHHSIM, III0 OIIMCY€E MOJIEJIb 1MeaIbHOIo raay,
BBasKaeTrhbcsad piBugaHHA Menngeneesa-Kiaanernipona 1 0JHOTO MOJIS
PEYOBUHIU:

PV =RT

OpmHak 10BegiHKA PeaJIbHOrO rady BlIPI3HAETHCH, AK IIPABHUJIO, B
1meanbuoro. Ile IOsCHIOETHCSA, IIO-IIepINe, THM, IO MIK MOJIEKYJIaMU
peasIbHOTO rady BCe K TAKM JII0Th HEe3HAYHl CHJIM B3a€MHOTO IIPUTATAHHI,
SAK1 IesIKO0I0 MIPOI0 CTHCKYIOTh ra3. 3 ypaxyBaHHSM IIhOTO 3araJIbHUIN THUCK
rasy 3pocrae Ha BesqimuuHy al/V2, gxa ypaxoBye HOJATKOBHH BHYTPIITHIN
THCK, 3yMOBJIEHHI B3Aa€EMHHM NPUTATAHHAM MOJIEKYJI. BHACIIIIOK IIHOTO
3araJbHUU THCK Ta3y BupaskaeTbcs cymoino P + a/V2. Ilo-mpyre, mosieryJimn
peasbHOrO rady MaloTh XO04 1 MaJui, aje IIIJIKOM HeBHuili odeMm b, ToMmy
Oitichuli 00’eM ycporo rasy y mpocrtopl craHoBuTb V — b. Ilpm migcraxosin
PO3IJISHYTHUX 3HaYeHb y piBHSHHA MenneneceBa-Kiaameiipona omep:xyeMo
DIBHAHHS CMAHY PeaJjibH0o20 2a3y, IKe Ha3UBaeThCsI piéHAaAHHAM Bawn-dep-
Baanvca:

P+ a/V2)(V-b)=RT
ne a 1 b — emmipuuHl KoedlIlleHTH, K1 BHU3HAYAIOTHCA HA HPAKTUIN IS
KOKHOTO peaJsibHOro rasdy. BcraHoBiieHo, 1m0 KoedilIlleHT a Mae OLIBIILYy
BEJIMYMHY [JIS Tas3iB, AKl JIETKO po3pimkyioThes (Hampuriaan, COz2, NHs), a
KoedplirieHT b — HaBIaKMW, TUM BUIIUNA 3a BEJUYMHOIO, YUM OLJIBII PO3MIPH
MAaOTh MOJIEKYJIU Ta3y (HaIpUKJIad, ra30mog10H1 ByTJIEBOIHL).

PiBuanna Bawu-mep-Baasbca mabaraTto TOYHIINE OIHCYE ITOBEIIHKY
peasbHOro rady, HisK piBHAHHS Mennenecea-Kiameiiporna, ke Bce K TaKH
3aBOSIKM HAOYHOMY (PISMUYHOMY 3MICTY IIMPOKO BHKOPHUCTOBYETHLCS Y
IPaKTUYHUX PO3paxyHKaxX. Xod 1JleaJJbHUN CTAH ra3dy € TPaHUIHUM, YSIBHUM

BHIIAIKOM, OJHAK IIPOCTOTA 3aKOHIB, IO MOMY B1AIIOBLIAIOTH, MOMKJIUBICTE IX



3aCTOCYBAHHS [JIS OIMCY BJIACTUBOCTEHl 0araThoxX ras3iB 3a yMOB HU3BKUX
THCKIB 1 BHCOKHX TeMIepaTyp poOHTH MOJeJb 1OdeaJIbHOI0 Tra3dy OysKe

3PYYHOIO.

6.3. Pinkuu cran

Pigkuit cram Oynb-sKol KOHKPETHOI PEYOBHHH € TepMOIUHAMIYHO
CTIAKMM Yy [EeBHOMY I1HTEepBaJll TeMIIepaTyp 1 THCKIB, XapaKTepHHX IJIs
npuponu (CkJaaay) JaHOl pedoBHMHU. BepxHsa TeMilepaTypHa Meska PILIKOIro
CTaHy — TeMIlepaTypa KUIIIHHS, BUINE SKOI PeYOBUHA 32 YMOB CTAJIOTO TUCKY
mepedyBae B raszomomioHomy craxl. HusxHS Mesxka CTIMKOrO cTaHy 1CHYBaHHS
PIOMHU — TeMOepaTrypa KpucraJidaiii (TBepaiHHs). TeMmmepaTypu KHUIIHHA 1
KpucTaidaiii, mo BumipgHl npu THcKy 101,3 KIma, Ha3HMBaOTHCSI
HOPMAJIbHUMU.

Jnsg 3BuyaliHUX pPIOAWH IIpHUTAMAHHA i30TPOMHICTE — OIHAKOBICTH
(p13MUYHHUX BJIACTHUBOCTEH y BCIX HAIPAMKAX yCepeanHl pedoBUHU. IHKOIN a5
130TPOITHOCT] B:KUBAIOTh I 1HIIN TePMIHU: 1HBAPIaHTHICTb, CUMETP1s BIJTHOCHO
BHOOPY HAIIPSIMEKY.

Y dopmyBaHHI IOIJIAIIB Ha MOPUPOAY PIOAKOT0 CTAaHY BaKJINBe
3HAUYEHHsS Mae YABJEHHS IIPO0 KPUTHUYHHHA CTAH, IO OyB BIOKPUTHI
Mewngeneesum (1860 p.)

Kpuruuuwuii craH — 1ie pIBHOBAKHUI CTAH, IIPH SKOMY MeKa IIOILIY
MK PIOMHOIO0 Ta 11 IIapom 3HHKAae, OCKLIBKM plamHa Ta 11 HacudeHa mapa
Ha0yBalOTh OJJHAKOBUX (PISMUHUX BJIACTHBOCTE.

YV kpurtmumOMy craHl 3HAUYEHHS K T'YCTHH, TaK 1 IUTOMHX 00 €MIB
PlOMHY Ta Ii HACUYeHOl ITIapu CTAI0Th OJHAKOBUMMU.

Pigkwmit ctaH pevyoBMHU € IIPOMIKHUM MIK Ta30mOTIOHHM 1 TBEPIHM.
Jlesaxl BiacTHBOCTI HAOJMMKAIOTH PIOAKUHA cTaH g0 TBepaoro. AKimo mig
TBEPOUX PEYOBHH XapaKTepHa KOPCTKA BIOPSIIKOBAHICTL YACTHHOK, SKAa

IOIIUPIOETHCSI HA  BIACTAHBR [0 COTEHb THCAY  MIKATOMHHUX YU



MIKMOJIEKYJIAPHHUX PaglyciB, TO B PLIKOMY CTaHl CIIOCTEPITaeThbCsd, SK
OpaBUJIO, He OlIbIlle [JeKLIbKOX JEeCATKIB BIIOPAJIKOBAHUX YAaCTHHOK.
IToscHmOETHCA 1€ THM, IO BIOPSAKOBAHICTL MIK YAaCTHHKAMHU B PI3HHUX
MICIIAX PIOKOI PEYOBMHHU IIBUAKO BUHHKAE, 1 TaK CaMO IIBHIKO 3HOBY
«PO3MHUBAETHCS TEILJIOBUM KOJIMBAHHAM YACTHHOK. PasoM 3 TmM 3araJibHAa
T'YCTHHA «IIaKyBaHHI» YACTHHOK MaJIo BIAPI3HAETHCA Bl TBEPIOl PEYOBUHH,
TOMY T'yCTHHA PIANH He OyKe BIOIPISHAETHCSA Bl I'YCTHHH OlIBIIOCTI TBEPIUX
T171. Jlo TOro K 3maTHICTH PIAMH 0 CTHCHEHHS MaiiKe TakKa K MaJa, II0 1y
TBepaux TLI (mpubdausHo y 20000 pas3iB MeHIIa, HIK y rasiB).

CTpyxkTypHHH aHaJ3 MTIATBEPAHB, IO B PIAMHAX CIIOCTEPITaeThCS
ONMMIKHIN NOPAOOK, AKKWHA O03HAYae, IM0 YHCJI0 HANOIMKUYNX «CYCLIIB»
KOKHOI MOJIEKYJIM Ta IX B3aeMHe PO3MIIIEHHS MOPUOJIM3HO OJHAKOBI IIO
BCBOMY 00’ €My.

BigHocHo HeBesMKka KUIBKICTH PISHHUX 34 CKJIAJA0M YAaCTHHOK,
CIIOJIyYeHUX  CHJIAMHA  MIKMOJIEKYJIIPHOI  B3aeMO.Ili, Ha3WBaETHCSA
KJIacTepoM. (Ko BCl YaCTHHKU Yy PIOWHI OJHAKOBI, TO TAKHII KJIAcTep
HasuBaeThbca acomiarom. CaMe y KjacTepax 1 acolllaTaxX CIIOCTEPIraeThCs
OJIMIKHIN IIOPSAIOK.

CrymHEp BHOOPSOKOBAHOCTI B  PISHHUX pIOWHAX 3aJIEKUTh Bl
TeMIlepaTypu. 3a HU3bKHUX TeMIepaTryp, He3HAaYHO IIePEeBUIILYIUYNX
TeMIIepaTypy ILJIaBJEHHS, CTYHIHb BIOPSIIKOBAHOCTI PO3MIIIEHHS YaCTUHOK
yske BeJUKHWH. 3 TIIBUINEHHSIM TeMOepaTypH BiH 3MEHIINYEThCSI 1 y MIpY
HAarpiBaHHS BJIACTUBOCTI PIOMHW Bce OLIbIlle  HAOIMMKAIOTHCI [0
BJIACTUBOCTEH T'a3lB, a ITICJISA JOCATHEHHS KPUTHUYHOI TeMIIepaTypH PI3HUILI
MK PLOKKMM 1 Ta30HOJI0HMIM CTAHOM 3HUKAE.

Bim3bkicTh pIAKOro cTaHy 0 TBEPAOTO IIATBEPIKYETHCSI 3HAUYEHHSIMU
cmanoapmuux enmanvhiti sunapo8ysarHs DHO%umap 1 nanasnenns DHOu..
Haranmaemo, 1o Bestmumraa DHO%unap MOKa3ye KIJTBKICTH TEILJIOTH, IIT0 ITOTPIOHA

IJI IIepeTBopeHHA 1 moisb pimmuaum B mapy npum 101,3 kma; Taxa cama



K1JIBKICTh TEILJIOTH BHUTPAYAETHCSI Ha KOHJEHCAITI0 1 MOJIb ITapyd B PLIUHY 3a
tux Ke yMoB (To0TO0 DHO%umap = DHO%our). KimbkicTs TermwzoTwm, 1m0
BUTPAYAETHCA Ha IIePEeTBOPEHHS 1 MOJIb TBEepaol PEYOBHUHH B PIAUHY IIPK
101,3 K11a, HA3UBAETHCA CMAHOAPMHOK eHMAJbNIEI0 NJIABJIeHHA; TAKA caMa
KLJIBKICTH TEIJIOTH BUBLIBHIOETHCA IO Yac Kpucrtajisaiii 1 MoJabs pIOuHHN 3a
YMOB HOPMAJILHOTO TUCKY (DH sa8: = DHO%puer). Bigomo, 1110
DHO%unap << DH%,;, oCKlIBKKM 1epexis 3 TBEpAOro CTaHy y PLOIKHHI
CYIIPOBOIZKY€ETHCS MEHIINM IMIOPYIIeHHIM MIKMOJIEKYJISIPHOTO IIPUTATAHHSI,
HIK IIepexiJI 3 pIAKOro y Ta30H0 JI0HUMA CTaH.

Opmmax 1HITI BaKJIMBI  BJIACTHUBOCTI PIOWH OLIBIIE HAraayioTh
BJIACTUBOCT1 rasiB. Tax, IIOmIOHO [0 Tas3iB, PIOUHH MOMKYTh TEKTH — IId
BJIACTUBICTh HA3UBAETHCSA TEKYyJicTiO. BoHM MOKYTH UYMHHTH Omip Teuii,
TOOTO IM IpuTamMaHHa Ba3kicTh. Ha 111 BiIacTMBOCTI BIJIMBAIOTH CHJIN
IPUTATAHHSI MK MOJIEKYJIaMU, MOJIEKYJIIpHA Maca PiaKol peYoOBMHU Ta 1HIIII
ynHHUKN. B’a3kicts pimgue mpubdausHo y 100 pasis Oliapira, HisK y rasis. Tak
caMo, AK 1 rasu, pLOUHH 3OaTHI OTUudyHAyBaTH, ajie Hadarato IIOBLILHIIIIE,
OCKLIIbKM YACTHHKY PIOUHHN YIAKOBAaHI IIJIbHIIIE, HI3K YaCTUHKH rasy.

Opmmiero 13 HaARINKABIIIMX BJIACTHBOCTEH PIOKOTO CTaHy, AKa He
XapaxkTepHa Hl OJIs rasiB, Hl IJIS TBEPOHUX PEUYOBUH, € IOBEPXHEBUH HATAT

(puc. 6.4).

Puc. 6.4. Cxema moBepxXHEBOTO HATATY PIIUHUI



Ha wMomexymy, 110 3HAXOOUTBCA B 00€Ml pPIOWHN, 3 YyCIX OOKIB
PIBHOMIPHO OIIOTh MIKMOJIEKYJIApHlI cumiau. OmHax Ha IIOBEePXHI PIOUHHA
0ajaHC IIMX CHJI TIOPYIIYeTbCs, BHACJIOOK YOr0 IIOBEPXHEBl MOJIEKYJIN
mepeOyBaOTh I [Jl€l0 JesSKOl pPe3yJabTyouol CHJIHM, SKa HaOpsaMJIeHa
ycepenquHy PIouHH. 3 Iel TpUIYMHE HOBEPXHSA PIAWHU IiepedyBae B CTaHl
"Hatary. [loBepxHeBuil HATAT — Ile MIHIMAJIbHA CHJIA, SKA YTPUMYE YaCTHHKU

PIOMHU yCePEeIUH] 1 TUM CAMUM 3am00Irae CKOPOUYBAHHIO IIOBEPXHI PIIHHHI.

6.4. BynoBa i B1acTUBOCTI TBepAUX PEYOBUH

Binprrcers B1OOMHX PpeYOBMH SAK IIPUPOTHOTO, TakK 1 IIITYIHOTO
IIOXO/’KeHHs 3a 3BUYAMHUX YMOB HepeldyBaioTh y TBEPAOMY CTaHI. 3 yCiX
BIJIOMUX Ha CHOTOJIHI CIIOJIYK OJIHM3bKO 95 % HajeKaTb J0 TBEPAUX PEUOBUH,
AK1 HaOyJI1 BasKJMBOTO 3HAYEHHS, OCKLIBKM € OCHOBOIO HEe TLIbKH
KOHCTPYKIIHHUX, ajie ¥ pyHKIIloHAILHIX MaTeplaiB.

Kouncrpykuiitini marepiaium - 1ie TBepal pedvyoBHMHU ab0 IxHIl
KOMIIO3UIIll, Kl BHKOPHUCTOBYIOTHCS [IJII BUTOTOBJEHHS 3HAPSAOb IIpalil,
IpeaMeTIB II00YyTY, Ta PI3HUX 1HIIMNX KOHCTPYKITIA.

DOyHKIiIOHAJIBHI MaTepiaau — Ile TBepIl PEeYOBHHM, BHKOPUCTAHHS
AKX 3yMOBJIEHO HASIBHICTIO B HUX THX YH 1HIITUX KOPUCHUX BJIACTUBOCTEM.

Haopuxaan, cranb, aaoMIHIE, OeTOH, KepaMika HaJeXaTbh 0
KOHCTPYKIIIHHUX MaTeplajiB, a HaIBIPOBIIHUKH, JJIOMIHOGOPH — 0
dysaEIlOHATLHUX.

Y TBepmoMmy craHl BIACTAHI MK YACTHHKAMH PEUYOBHUHMN HaWMEHIIl 1
MAaOTh 3a BEJIMYMHOI0 TAKUI caMHUIl IIOPSAMOOK, I0 I caml yacTUHKHU. KHeprii
B3aeMOIll MIK HHMH [OCTATHBO BEJIMKI, IO 3aIlo0irae BLIBHOMY PYXY
YACTUHOK, — BOHH MOKYTh TUIBKM KOJHBATHUCA BIJHOCHO IIEBHUX
PIBHOBAKHUX IOJIOYKEHb, HATIPUKJIA, HABKOJIO BY3JIIB KPHUCTAJIIYHOI rPAaTKH.

Hecmpomo:KHICTE YaCTMHOK 10 BLJIBHOIO IIEPEMINIEHHS 3yMOBJIIOE OJTHY 3



HalXapaKTePHIIINX 0COOJIMBOCTEl TBEPAUX PEYOBUH — HASBHICTH BJIACHOI
dopmu 1 o0emy. 3maTHICTHP [0 CTHCHEHHS Y TBEPAUX PEYOBUH IyiKe
He3HAauyHa, a T'YCTHHA BHCOKA 1 MaJIO0 3aJIeKUThH Bl 3MIHH Temmoeparypu. Bei
IpoIlecH, IO BIAOYBAOTHCA y TBEPlil pPeuyoBMHI, IepedirarmTh IOBLIBHO.
3akoHn crexiomerpli Mg TBEPOUX PEUYOBMH MAIOTh 1HINHH Ta, SK IIPABHJIO,
OLIBII IMHPOKUWH 3MICT, HI’K JJId Tas30momIOHMX 1 pIOKuUX pedoBuH. lle
BUSBJISIETHCA Y TOMY, IO XIMIUHHI CKJIAJI TBEPIUX PEUYOBHH, 34 BHUHSITKOM
THX, III0 MAIOTh MOJIEKYJIAPHY CTPYKTYPY, MOKe 3MIHIOBATHCSI Yy II€BHUX

MexKax.

6.5. AMopdHUIi i KpUCTAIIYHUN CTAHU PEYOBUH

Bymosa TBepmoi pevoBMHM BH3HAYAETHCA HE TILIbKH B3AEMHHM
PO3TAIIlyBAHHAM aTOMIB BCEpPEeINH] XIMIUHNX YAaCTUHOK, ajie ¥ PO3MIIIeHHIM
caMMX YACTHHOK Yy IPOCTOP1 BIIHOCHO OJHA OJHOI Ta BIACTAHSIME MIK HIIMII.
3aJ1esKHO B1J PO3TAIlyBAHHS YAaCTUHOK Y IIPOCTOPl PO3PI3HIOITEL OJIMKHIN Ta
TaJIbHIN IIOPAIOK.

Bmmxmii  mopsamoxk IoJsrae B TOMY, II0 YaCTUHKKM PEYOBUHU
3aKOHOMIPHO PO3MIIILYIOTHCA B IPOCTOPl HA IMEeBHUX BIACTAHAX 1 HAIPAMKAX
oIHa BlJ ofHOI. JAKIIO Taka BIOPSIKOBAHICTL 30epiraeTbCsa YU IIEPloSUMYHO
IIOBTOPIOETHCS B YCHOMY 00€M1 TBepIOl PEYOBUHU, TO BUABJSETHCS TaJIbLHIN
mopsanok. lHaxIme Kaskydwu, JaJIbHIN 1 OJMMKHIN IOPSAIKM — Ile HadBHICTH
KOPeJsaIfi MIKPOCTPYKTYPHU PEUOBHUHHN a00 Y MesKaxX yChOT'0 MAKPOCKOIIIYHOI'O
3pasky (masbHiM), abo B o00JacTl 3 OOMeEKeHHM pamlycoM (OJIMMKEHIM).
Bamexuo Blg cykymHOI (ab0 mepeBaskHOI) Mil OJMMKHLOIO YK JaJbBHBOTO
TIOPSAIKY PO3MIIIIEHHsS YaCTHHOK TBepJe TLI0 MOKe MaTH KPUCTAJIIYHUI a0o
aMopHUI cTaH.

Hai611b11I BIIOPAIKOBAHUM € PO3MIIIEHHS YaCTUHOK y KpHcTaaax (Bl

TPEIIbKOTO «KpucmaJsioc» — JIa), B SKUX aTOMH, MOJIEKYJIM YKd MHOHU



po3TallloBaHl TUIBKKM B II€EBHUX TOYKAX IIPOCTOPY, HA3BAHUX BY3JIAMH
KPHUCTAJIIYHOI rPAaTKH.

Kpucraniuuauii craH — 1ie BIOPSAAKOBaHA HePlOAUYHA CTPYKTypa, SKa
XapaKTepu3yeThCcsI HAABHICTIO SAK OJIMMKHLBOTO, TaK 1 HAJbBHBOIO IIOPAIKY
PO3MIIIIEHHS YaCTUHOK TBEPI0I PEUOBUHI.

XapaKkTepHO O03HAKO KPHUCTAJIYHUX PEUYOBHUH IIOPIBHAHO 3
aMOP(HUMHU € aHI30TPOIII.

Amizorpormia - 1 BIOMIHHICTE (PISHMKO-XIMIYHUX BJIACTUBOCTEH
KPHUCTAJIIYHOI PEeUYOBHHU (€JIEKTPO- 1 TEILJIOIPOBIIHOCTI, MIITHOCTI, OITHYHUX
XapaKTePUCTUK TOIIO) 3aJIEKHO B 00paHOTO HAIIPAMKY B KPHCTAJII.

AHI30TpOITIT 3YMOBJIIOETHCA BHYTPIIIHBOIO OYI0BOI0 KPHUCTAIB. Y
PI3HHUX HAIIPAMKAX BIJCTAHbL MIK YaCTHHKAMHU B KpHCTaJIl pi3Ha (puc. 4.33),
TOMY I KILJIbKICHA XapaKTepPHCTHUKA Tiel a00 1HIMOI BJIACTHUBOCTL [JIS IIHX
HaIIPSIMKIB Oyge P13HOIO.

Oco01mBO sICKpaBO aHI30TPOIIS BUSBJIAETHCA B MOHOKpHcTasaax. Ha it
BJIACTHUBOCT1 0a3yeThCsi BUPOOHUIITBO Jia3epiB, OOpPOOKA MOHOKPUCTAJIIB
HAaITlBIIPOBLIHUKIB, BUTOTOBJICHHS KBapIIOBUX pe30HaTopPIB Ta
yJIbTPA3BYKOBHUX  TI'eHepaTopiB. THOOBHM  IPUKIAIOM  aHI30TPOITHOI
KPHCTAJIIYHOI PEUOBHHU € TpadilT, CTPYKTypa SKOr0 IBJIsIe co00I0 ImapasiesbHl
mapu 3 PI3HUMHU €HeprisaMH 3B’S3Ky B CepeIuHl IMapiB 1 MK OKPEeMUMU
mapamu (puc. 6.5). 3aBIsSKK IIHOMY TEILJIOIPOBIIHICTE Y3I0BK IIaPIB V IT ITh
pasiB BUINA, HIK Y IePHEHIUKYISIPHOMY HAIPIMKY, a €JIEKTPOIIPOBIIHICTE Y
HAOPSIMKY OKPEeMOro Iapy OJiM3bKa 0 MeTaJIIUYHOl 1 B COTHI pasiB OlIbIia

€JIEKTPOIPOBIIHOCT1 Y IePIeHINKYJISIPHOMY HAIPAMEKY.



Puc. 6.5. Crpykrypa rpadiry

(ma puc. mokasauo goB:kuHy 38’13ky C—C BcepenuHil mapy

1 BIICTAHb MK OKPEMUMH IITapaMu Y KPHUCTAJIL)

Imoml omHa ¥ Ta caMa pedoBHWHA MOKE YTBOPIOBATH KPHUCTAJIN PI13HOI
dopmu. lle aBuime HasMBAIOTL MOJIMOP(QI3M, a PI3HI KPHUCTATIUYHI POPMH
ofHlel pedyoBHHH — moJimMopdHuMH wMmomudikamigaMu, HAIPUKJIA,
aJiorponu ajmaa 1 rpadit; a-, b-, g- 1 d-3aumi3o; a- 1 b-kBapir (3BepHITH yBary
Ha BIAMIHHICTH HOHATH «AJIOTPOIISY, AK€ BIIHOCUTHCSI BUKJIIOYHO JI0 ITPOCTUX
PeYoBUH y Oydb-IKOMY arperaTHOMY CTaHIl, 1 «HOJIMOP(I3M», IO
XapaxkTepusye OyIOBY TLIbKH KPUCTATIYHUX CIIOJIYK).

Y To#t ke Uac pi3HI 3a CKJIQJOM PEYOBUHU MOKYTH YTBOPIOBATHU
KPHUCTAJIX OTHAKOBOI (popMH — IIe SBHINEe HA3UBAIOTH 130MopdiaMm. Taxk,
130MOP(PHUMH pPEYOBHHAMM, IO MAaOTh OJHAKOBI KPHCTAJIUHI IPATKH, €
metasan Al 1 Cr ta ix okcuam; Ag 1 Au; BaClz 1 SrCle; KMnO4 1 BaSO4 Toro.

[IepeBaskHa OLIBIIICTh TBEPAUX PEUYOBUH 34 3BUYAMHHX YMOB ICHYE B
KPUCTAJIIIYHOMY CTaHI.

TBepal peuyoBUHHU, IO HEe MAIOTh IIEPIOOUYHOI CTPYKTYPH, HAJIEKATH JI0
amopgpHNX (BlI TpembKoro «amopgoc» — 0Oeszdopmumii). Ilpore mesaxa

BIIOPAJKOBAHICTE CTPYKTYPH B HUX HOPUCYTHA. BoHa BUABJISIETHCI B



3aKOHOMIPHOMY PO3MIIIIEHH] HABKOJIO KOKHOI YACTUHKHY 11 OJIMIKHIX «CYClI1B»,
TOOTO aMOP(H]1 PEUYOBHHHU MAIOTh TLIBKY OJMMKHINA IIOPSI0K 1 IIMM HAraJayioTh
PIOMHM, TOMY IX 3 [OeAKHM HAOJMKEHHSIM MOYKHA PO3IJISOATH K
IIePEOXO0JIOMKEeHY PIAUHY 3 HysKe BHCOKOI B’ A3KICTIO. PI3HHIIT M PIIKUM 1
TBEPJIUM aMOP(PHUM CTAHOM BHU3HAYAETHCA XAapaKTEepPOM TEILJIOBOTO PYyXy
YACTHHOK: B aMOp(HOMY CTaHl BOHM 3OAaTHI JHIIEe [0 KOJMBAJIBHOIO 1
00epTaJILHOI0 PYXY, ajie He MOKYTh IIePEeMIIIyBATHICS Y TOBIIl PEUOBUHU.

AmopdHuii cran - 1 TBepIHMI CTAaH  PEUYOBUHHU,  AKUH
XapaKTepU3yeThCs HASIBHICTIO OJIMMKHBOIO HMOPSIAKY yV PO3MIIIEHH] YaCTHHOK,
a TakKOK 130TPOIHICTIO — OJHAKOBUMHU BJIACTUBOCTIMH B OyIb-IKOMY
HaAIPSIMKY.

AmopdHuii craH pPEeYOBHH MEHIN CTAOLIBHUI  IIOPIBHSIHO 3
KPHUCTAJIIYHUM, TOMY aMOP(HI PEYOBHHH MOMKYTHb IIEPEXOOUTH Yy
KPHUCTAJIIYHUM CTAH IIJ Jlel0 MeXaHIYHHUX HaBAHTAMKEHb YU IPU 3MIHEHHI]
teMmieparypu. OmgHax Jesxkl pedoBHHU MOMKYTH IlepeOdyBaTh B aMOpPgHOMY
CTaHl IIPOTSTOM JOCUTHh BEJIMKOTO Ieplomay. Hampukmiaanm, ByJIKaHIYHE CKJIO
(fforo BIK SKOI'0 JOXOOUTH JO MEKLILKOX MILJIBIOHIB POKIB), 3BHUYAMHE CKJIO,
CMOJIM, BICK, OLJIBIIICTH TIAPOKCHUIIB IIEPEeXTHUX METAJIIB TOI0. 34 IIeBHUX
YyMOB B aMOP(pHOMY CTaHl MOKYTH IlepedyBaTm Maiike BCl PEYOBHHH, 34
BUHSTKOM MeTaJlB Ta MOedKuX [OHHUX CIIOJYyK. 3 1HIIOTO OOKy, BI1IOMI
PEUYOBUHM, 3OaTHI ICHYBAaTH BHKJIIOYHO B aMoOppHOMY cTaHl (OpraHIvHI
IOJIIMEPH 3 HePIBHOMIPHOIO ITOCJIIIOBHICTIO eJIEMEeHTAPHUX JIAHOK).

Di3myHI Ta XIMIYHI BJIACTUBOCT1 PEYOBHMHHU B aMOP(PHOMY CTaH1 MOKYTh
ICTOTHO BIOPISHATHCSI BlO il BJIACTUBOCTEH Yy KPHUCTAJIYHOMY CTaHI.
Peaxiiina 3maTHICTE pevyoBMH B aMOP(HOMY CTaHl 3HAYHO BHUINA, HLK Y
kpuctamgigHomy. Hampurian, amopdgHHI geoz 3HAYHO AKTUBHINIMK Yy
XIMIYHOMY B1JHOIIIEHHI, HI3K KPUCTAJIIUHUA.

Ilepexin TBepauxX pevYoBUH y PIOAKUI CTAH 3aJI€KHO Bl OyIOBU Mae CBOl

ocobauBocTl. [l KpucTasivyHOI PEYOBHMHM ILJIaBJIEHHS BLOOYBA€THCS IIPU



IeBHIN TemIieparypl, IIM0 € QIKCOBAHOK JJsd JaHOl pPeYOBHHH, 1
CYIIPOBOIZKYEThCS CTPHUOKOIMOOIOHO0I0 3MIHOK 1i BJIaCTHBOCTEH (TyCTHHA,
B'SI3KICTh Tomio) (pmc. 6.6 a, Tabia. 6.2). AmopcdHI pPeYOBHHH, HAIIPOTH,
IepexonsaTh y PIOKHAN CTAH IIOCTYIIOBO, IIPOTSATOM [IeSIKOTO 1HTEePBAJLY
TeMieparyp (Tak 3BaHH 1HTEPBAJI PO3MAKINEHHS), IIIJI dYac SKOTO
B1OOyBaeThCs IIJIaBHe, IIOBLIbHE 3MIHEHHs BJacTuBocTeil (puc. 6.6 0,

TabJI. 6.2).

PignHa Pinuna

ITnaenenna

Tln:mm i} £ Thou Txiuu T

Pucynox 6.6. Ilepexin 3 TBepaoro y pioKuii CTaH:

Q) KPUCTAJIIYHUX PEUOBHUH; 0) aMOP(pHUX PEUOBUH

Tabmura 6.2

ITopiBHAIbHA XapaKTEPHUCTHUKA aMOP(PHHUX 1 KPUCTAIIYHIX PEUOBUH

Cran
TBEpPIOi XapakTepucTura IHpuxkaagn
PEevYOBUHU
1. BamsxH1# IOpSI0K PO3MIIIEHHS
YACTHUHOK; Bypirtin, ckio,
Amvopduuit | 2. [3oTponHIiCTh (pi3MUHMX OpraHiIvHl
BJIACTHUBOCTEH; oJIIMepH

3. BigcyrHicTh dhikcoBaHOI



Kpucraniuauii

TeMIIepaTypu ILJIABJICHHSI;

4. TepmoguHamMiuHa HeCTAOLILHICTD
(BeIMKHMII 3amac BHYTPIIITHBOI
eHeprii);

5. TekyuicTh

1. JlaJibHII IIOPAIOK PO3MIIIIEHHS
YACTUHOK;

2. AHI3OTPOIIHICTE PISUIHUX

BJIACTUBOCTEM; Metannu,

3. MikcoBaHa TeMIepaTrypa CILJIABH, TBEPIl
ILJIABJICHHS; COJI1, ByTJIEIlh
4. TepmoguHaMivHa CTIAKICTD (a;mmas, rpadir).

(HeBeJIMKHUI 3aI1ac BHYTPINIHBOI
eHeprii);

5. HasBHICTE ejieMeHTIB cuMeTpii



Tema 7. Cumerpisa kpucraJis.
1. AHI30TpOIIIA 1 CUMETpP1sd KPUCTAJIIB.
2. CTpykTypa KpHcTaja 1 IpocTOpoBa IpaTKa.
3. 3akoH crasocri kyTiB Kpucraiis. Dopmyina Byasda-Bpera.
4. Merox kpucrajorpagiqyHoro IHAeKCyBaHHA. 3aK0H IIJINX YHCeJI.
5

. Kpucrasorpadiuni kareropii 1 CHHTOHII.

1. AuisoTpomnisa i cumerpia kpucraJsis

Y mpupoml, uym B JabopaTopisix KPHUCTAJW POCTYTh Y BUIJIAIL
MIPaBUJIbHUX 0AraTOTPaHHUKIB 3 IJIOCKUMH T'PaHAMH 1 OpAMUMHK pedpaMu.
Ane cumerpiss 1 IIPaBUJIBHICTH 30BHINIHBOTO BUIJVIAY KPHUCTAJIB HE €
BIAMIHHOIO iX 0cOOJMBICTIO. I3 IIPHPOOHUX KPUCTAJIIB BUPI3A0Th IJIACTUHKII,
IPU3MH, CTEPsKHI, B AKUX yiKe HeMae 30BHIINIHL0I OaraTorpadHol opmu, aie
30epiraeTbCsa CUMETPIA 1 BJIACTUBOCTI KPUCTAJIIYHOI PEYOBUH.

JlocmimxeHH TOKAa3YI0Th, IO AKIIMO IIOMICTUTU ILIACTUHKY 3 KPHUCTAJLY
B PO3YMH YM PO3MJIAB TI€l 'K PEYOBUHHU 1 JATH BLJIBHO POCTH, TO BUPOCTE
KpHcTaJ y hopMi IpaBUILHOr0 Oaratorpanumnka. Ile BigOyBaerhes 13-3a TOro,
IO IITBUOKICTH POCTY KPHCTAJY V PI3HHX HAIIpAMKax pisHa. lle Tiibkm oquH
13 IPUKJIAIIB aHIi30TPOIil KpHcTay.

Aniszorponis i cumerpia QisMIHUX BJIACTUBOCTEH — XapaKTepHa
0COOJIMBICTh KPHCTAJIIB, 3yMOBJIEHA 3aKOHOMIPHICTIO 1 CHMeETpPIE iX
BHYTpiIHBOI OymoBu. I B Kpumcrasi, 1 y BUpi3aHIi 3 HBOTO ILJTACTHHII
OOHAKOBEe, CUMETPUYHE, IeploJuyHe PO3MIIIEeHHA JYacTUHOK. [[1 vyacTmHKHU:
aTOMH, 10HH, MOJIEKYJH YTBOPIOIOTH MHPABHJIBbHI CHUMETPHYHI PAIU, CITKH,
rpateu. I'paTKu € IPpUPOOTHUMHU TPHOXMIPHUMU THUQPAKIIHHUMA PeITKAMA
IJIS PEHTTeHIBCBKMX IMIPOMeHIB. ToMy CTPYKTYpy KpHCTajaa, 30KpeMa,
BHBYAIOTH 32 JOIIOMOIOI0 JHU(PPAaKINI peHTreHIBChbKUX IPOMEHIB.

Oxpemi, ILTICHI KPHUCTAJH YTBOPIOIOTH MOHOKPHCTAJIH, ICHYIOTH

TAKOK MOJIIKPUCTAJIN — arperaTtu 0araTboxX MaJIeHbKHX KPHCTAJIB (HABITh



TaKUX KPUCTAJIYHUX 3epeH, B AKUX He MOKHA BUPISHUTU XapaKTEePHHUX PHUC
KPHCTAJIY).

Kosxmiit kpucraiuHil pevyoBHMHI BJIACTHUBl BH3HAYEHHUHN IIOPAIOK,
XapaKTepHUI «y30p» 1 CUMETPld Yy PO3MIIIEHH] YACTHUHOK, IIPMYOMY BCl ITl
3aKOHOMIPHOCTI MOKHA BHU3HAUUTH K AKICHO, TakK 1 KIJIbKICHO.
3aKOHOMIPHICTE PO3MIIIEHHS YaCTUHOK, IX IPHUPOIA, €eHEePreTUYHNHA CIIeKTP 1
CHJIN 3B’SI3KYy MIK HUMU BU3HAYAIOTH (PI3UUHI BJIACTHBOCT1 KPHCTAIIY.

3oBHIIIHA 11, HAIPUKIIAL, eJIeKTPUYHA, MAarHiTHA, MeXaHIvHa,
BIOPOBAKEHHS YY:KOPIIHHIX aTOMIB, IOPYIIYIOTH JUHAMIUHY PIBHOBATY 1 THUM
caMUM 3MIHIOIOTh (PI3MYHI BJacTUBOCTI Kpucrtayay. lle BiaKpuBae IIMpoOKl
MOKJIMBOCTI KEpPYBAHHAM (PISUYHUMHK BJIACTUBOCTSIMH KPHUCTAJIB, IO
3aCTOCOBYIOTBCS Y CYJYACHIH TeXHIII].

Bracmimok 3akoHOMIpHOCTI 1 cuMeTPll CTPYKTYPH KPHCTAINA OSHOPiMHI
1 auTponui. Kpucraa HasuBaeThess OMHOPIIHNIM, SKIIO IJI OyIb-sIKOI TOYKH,
B35ATOI BCepeauHl, 3HAUIEThHCA TaKa, 10 BJIACTUBOCTI KPHUCTAJIA B 000X TOUKAX
a0COJIIOTHO OJHAKOBl, IIPMYOMY Apyra TOYKA PO3MIIeHa Bl IIepIrnoi Ha
KIHIIeB1H BljcTaHl. 3 eKCIepUMEeHTAJIbHUX JAaHUX BIJOMO, IO TAKa BJICTAHb
CTAHOBUTH BCHOTO KIJIbKA JIeCITHUX HaHOMeTpa. TakKl eKBIBAJEHTHI TOYKU
IIOBTOPIOIOTHCS yV IPOCTOP1, YTBOPIOIOYM PSIOU, CITKH, IPATKH.

Bruaciimor Toro, 1m0 y CTpyKTypl KpHCTAJIy y PISHHUX HAIIpIMaxX PI3Hl
BIACTAHI 1 CHWJIXM B3aeMoIli MIK UYaCTHHKAMM, OLIBIIICTh KPHUCTAJIB
AHI30TPOIIHI.

Taxum YMHOM, CHMETP1da, IIePIOTUIYHICTD 1 3aKOHOMIPHICTD CTPYKTYPH —

OCHOBHI XapaKTePUCTUKN KPHUCTAJIIYHOIO CTaHy PEYOBHHH.

2.CTpykTypa KpHucTaja i ipocToOpoBa rpaTka
Y peanpHUX KpHCTaax 3aKOHOMIpHE YepryBaHHS YaCTUHOK 3aBiKIU
TPOXU TOPYIIIEHEe 13-3a TEILJIOBOTO PyXy, 30y/I:KeHHS Ta PAMLY 1HIITHUX TPUYIHH.

Ane Ha maHWMA yac MH OygeMo poO3IVIsigaTH KpHCTaJa 0e3 medexTiB, Tak



3BaHUI imeaJIbHUIM: y CTPYKTypl IILOTO KpHCTaJIa HeMae IIOpyIlIeHb, BCl
OJHAKOBl YACTHUHKHU PO3MIIIEH]l OJHAKOBUMH IIapaJIeJIbHUMH PATaME, SK1
3aBKIN Tpeba yABJIATH CO0l HellePePBHUIMU.

Bigcranp MK dYacTHHKAMH Y OLIBIIOCTI KPUCTAJIYHUX PEYOBHH
CKJIaJgae JeKLIbKa JecITUX HaHOMeTpa, TOMYy Ha HOBKHWHI 1 MM y KpHCTaJl
poaminryeTbesa ~ 107 yacTUHOK.

Haiimenmia 13 MOKJIMBHUX BlJICTaHEH MK OJHAKOBHUMM TOUKAMHU B PsIl
Ha3UBAETHCA €JIEMEHTAPHOIO TPAHCIAIICIO YK IMIePiogoM TPAaHCIAIil a.
AKIIo 3cyHYTH TOUKH Ha OOUH IIeplod B3I0BK HAIIPSIMKY TPAHCJIAINI, TO BCl
OJHAKOBI TOYKH II€PECYHYThCA HA OJHY 1 Ty K BIACTAHb, PSIJ] CyMICTUTBCS CaM
3 cobowo. Tax BimOyBaeTbcad cHUMeTPHUYHE ImepeTrBopeHHA. CumerpudHe
IIePEeTBOPEHHs, 3 JOIOMOIOI0 SKOI0 TOYKA IIOBTOPIOETHCI B IIPOCTOPI,
Ha3WBaeThbCA TpaHcadiiew. Ilopropooun AKy-HeOyIb TOYKY 3 JOIIOMOIOIO
TPAHCJAINI, OTPUMAEMO HECKIHUYEHUN MHeploOgUuYHHN PAL 1MeHTUIHUX TOYOK
Ha BLICTAHAX a, 2a, 3a, ..., na. OIHAKOBlI TOYKM, 3B SI3aHI MIK COOOIO
TPAHCJIAINEI0D @ Yy HECKIHYeHOMY PsAOl, HA3WBAOThbCA BY3JIaMH Pdy.
IToBTOpIOIOUYM OZHAKOBI TOYKH 3 JOIIOMOIOI0 TPAHC/AINI, He IIapaJielbHOI
IEePIIii, OTPUMAEMO OBOMIPHY ILJIOCKY CITKY, SKa IOBHICTIO BHU3HAYAETHCS
JIBOMA eJIEMEHTAPHUMH TPAHCIAIIAMY ¢ 1b 41 TphoMa JOBLJILHUMU BY3JIaMU,
o0 He JieskaTb Ha oxHid npawiit. [lapasmemorpamm, BepIuHH SAKHUX €
By3JIaMH, Ha3UBAIOThHCS KOMipKaMu CiTKH. Haiinpocrimoro
e€JIeMEHTAPHOI0 KOMIPKOIO HA3MBAETHLCI KOMIPKA, BCEPEIUHI SKOI HeMmae
BY3JIIB.

IIpocTopoBa rpatka — TphOXMIpHA CHCTEMa €KBIBAJIEHTHHUX BY3JIIB.
[Tapanesnemninesn, moOyIoBaHWI HA TPHOX TPAHCIAAINAX @, b, CHA3UBAETHCS
eJeMeHTapHUM I[apaJieselieioM dYh eJIEMEHTAPHOI KOMipkorw. 3a
pebpa ejieMeHTApHOI KOMIPKM, TOOTO 3a eJIeMeHTapH1 TPaHCJAIlI, OepyTh TI
HaIIpsIMKN B IPOCTOPOBIHA I'paTill, B IKUX IIeplofd TPAHCJIAINI HaHMEHIIUH 1

SIK1 HaWKpaIuM YMHOM B1I00paskaoTh CUMETPI10 IPATKH.



3. 3akou cramnocTi KyTiB kpucraiais. ®Dopmyna Byasda-Bpera

Komm xpucrasm pocTe YacTHUHKKM BHCTPOIIOTHCA B 3aKOHOMIPHI 1
CHUMETPHUYHI psau, rpaTku. Kpucras pocTe Tak, IO YACTHHKYN PEYOBHHU 13
HaBKOJIMIITHLBOIO CEPEeIOBHUINA BIAKJIATAOTLCI HaA HWoro rpaHax. ['paxl
HAPOCTAIOTh HapaJIeJbHO cami cobl. 3MIHIOITHECS IIJIONIl I'paHel, ix dopma,
JesKl T'paHl MOMKYTh BHUTICHATHCH CYCIOHIMM 1 3apoCTaTH, ajieé B3aeMHUI
HaXWJ TpaHel 3aJHIIAEThCA HEe3MIHHMM. ToMy KyTH MIK TPAHSAMH TAKOMK

3aJIUIIAIOTBCS CTAJHUMH. ¥ IIbOMY 3aKJe4YaeTbesd KIJIBKICHHUI 3aKOH

Kpuctagorpadgili — 3aKOH CTAJOCTi KYTiB: y BCiX KpHCTajIaX JaHOI
PeYoOBHHU NPH OJHAKOBHX yMoBax (OgHaAKOBA TeMIepaTrypa i THCK)
KYTH MiK BiIIIOBIZTHUMH rPaHAMUA KPHUCTAJIIB OJJHAKOBI.

3a momomoromo mudpakiili peHTTeHIBCHKUX IIPOMEHIB Oyja mgoBeaeHa

perriTyacta OymoBa kpucraiy. Ilydok

. Sg' S
MOHOXPOMATHUUHIX PEHTTeHIBChKHX
IPOMEHIB IIajae I JedKuM KyTtoM 0 Ha o \ Lo
81 74

[}

CIMEIICTBO rmapaJjieIbHUIX ATOMHIIX g <
. . _rv_a_
TIJIOIIIYH. Judparosani IIPOMEH1 Y
MIJICUJTIOIOTh OJWH OJIHOTO, SKIO, 3TLTHO
YyMOB 1HTep(epeHIlli, PpI3HUIT X0y Puc. 1
uc.

IIPOMEHIB MIK HHUMH [IOPIBHIOE IILJIOMY
YHCJIY JOBMKHUH XBUJIb, TOOTO
A=nl.
Is puc. 1 BuaHO, IO PISHUIE XOAY MUK IIQJAal0OYMM 1 JHQParoBaHUM
IIPOMEHSIMHU JTOPIBHIOE
A=PO + 0Q = 2d sin®.
3B1IcH
2d sinB = n[J.

I1s piBHICTE Bupaskae ymMmoBy Byiabsga-Bpera.



3a 11i€10 YMOBOIO II0 PEHTTeHOorpamMax MOKHA BUBUATH CTPYKTYPY KPHCTAJIY,

3HAXOIUTUA MIKILJIOIIIWHHI BlacTaHl d.

4. Merton kpucranorpadgivyHoro iHAeKCyBaHHA. 3aKOH IiJIMX
quCceI

Kpucramuma rparka xapakTepua3yeThCs IIICTbMA IIapaMeTpaMu
eJIeMeHTapHOI KOMIPKU: JOBKUHAME pedep a,b,cl KyraMmu a, B, y, mpudomy y
3araJbHOMY BHUIIQAKY a #b #c 1 Kyramm o # B # y # 90° [laa ommcy
KPHUCTAIIYHUX CTPYKTYP 3aCTOCOBYETHCSI METOH KpHcTaJorpadgidyaoro
iHOeKCyBaHHI.

CumBo/iu By3J1iB

AxImo oguH 13 By3JIiB IrpaTKU BHOpATH 34 IIOYATOK KOOPIHHAT, TO OyIb-
SKWH 1HIMWUH By30JI TPaTKU BHU3HAYAETHCA pajlyc-BekTopoM R = ma + nb +
pc, Je m,n,p — iHgmexcu gaHoro Byasa. CyKyIIHICTE Yuces m,n,p, 3alrcada y
HOABIMHUX IOYKKaX, HA3WBAETHCS CHMBOJIOM ByaJja [[mnp]]. 3Harx «viHyc»
nuieTbesas Hand yuciioM. Ha pumc. 2 300paskeHO CHUMBOJIM BEPIIHH, IIEHTPIB

rpaHen 1 IIeHTpH eJIeMeHTapHO1

KOMIpPKM, SAKIIO OJHA 13 BepIIUH AN
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0araTororpaHHHUKA XapaKTepPHU3YyThCSI Puc. 2
HaXMJIOM y BHOpaHIlfl cucreml KoopauHAT. AKINO psag He HPOXOIUTH depes
IIOYATOK KOOPIWHAT, VSIBHO IIepeHeceMo HOoro IapaJjejibHO caMoMy co0l, Tak
o0 BIH MPOMIIOB dYepe3 I[IOYaTOK KoopAWHAT. Toml HAOpAM POy

BHU3HaAYaAaTHUMETHCA JBOMa TOUKAMHM: IIOYaTKOM KOOpAHMHAT 1 GYL[B-HRI/IM

Bya3JioM psay. CUMBOJI IThOTO By3Jia O0epyTh 3a CHMBOJ PSAAY 1 HHUIIYTH Y



KBagpaTHuX Ay:kkax [mnp]. Haopurian, sici koopauaat OX, OY, OZmaoTs
BiamoBigHO cuMmsosu [100], [010], [001].

CumMmBoiin oyl (rpaueii)

IImockl ciTkm y HOpPOCTOPOBIM TpaTiil 1 BIAHDOBIAHI IM TI'paHl
KPHUCTAJIIYHOTO OaraTorpaHHHKA XapaKTepU3YIThCA HAXMJIOM Yy 3agaHli
CHCTEeMI KOOPIWHAT.

Hexait mesxa muioniuHa TIpaTKU IIepeTHHAE BCl TPU OCl KOOPIMHTA,
BlApl3arouyyd Ha HHUX Blapidkmma, nb, pc. BigHomenss uymcesr m : n:p
XapakTepu3ye HAXWJI ILJIOIIMHY JI0 0Cl KOOPIHUHAT.

ITIapameTpu Beiica Ta inmekcu Minnepa

Cepilo BIOHOIIIEHb PAIIOHAJBHMUX UYHCEJ M : N:p OJAd BCIX
mapaJjieJIbHUX ILIOIIMH MOKHA IIPEeNCTAaBUTU K BIIHOIIEHHS I[JINX B3a€MHO
IPOCTHUX YHCEJI P : ( : I, AK1 Ha3uBalOThCI mapamerpamu Beiica.

Y  kpwumcrasorpadgli OpHUHAHATO XapaKTepH3yBaTH ILJIOIIMHN  He
napamerpaMmu, a iHgexcamu Mitepa — 1e BeamuyuHH, OOEpHEH1 0
napameTrpiB Betica, mpuBengeHi 10 IIIJINX YHCEJT:

l/p:1l/q:1/r=h:k:1L
Hampurnan:
1/2:1/3:0=2:3:0.

Yucaa h, k, | mHasuBatoTbeca 1Hmekcamu momueH, a (hkl) — cumBoJIOM
mwiIomyHu. J[aHMM ~ CHMBOJIOM  XapaKTepH3yeTbCso  BCA  CYKYIHICTH
mapajieJJbHUX ILIOIIMH. BlH o3Hadae, 10 cucreMa IapajieIbHUX ILJIOIIMH
poapi3ae BIAPi3ok @ Ha h vactuH, b — Ha k, ¢ — Ha [. OTxe, 1100 TOOYyaIyBATH
oty (hk[), Tpeba HaHeCcTH Ha OCSIX KOOPAWHAT IIl BIOPI3KH 1 IIPOBECTU
Yyepes3 HUX IJIOIIUHY.

3akoH mijIux Yuce’

Jdaa Oyap-axkmMx [OBOX TrpaHeH

peasibHOTO KpHucTaja noaBiliHi




BiJHOIIIEHHS IapaMeTpPiB OOPIiBHIOIOTHh BiJHOIIEHHIO MAaJIHUX IIIJINX

qHceJI.

OA’/OA : OB/OB : OC/OC=p:q:r (puc. 3)

5. Kpucranorpadiuyui kareropii i cuHrosii

€omHuil, HEIOBTOPHUII y OaraTorpaHHUKY HAIPSIM HA3UBAETHCSA
0CO0/IUBUM 400 OAMHHUYHKMM. 3a CHMETPIEI0 1 KIJIBKICTIO OJWHHYHIX
HAOpSAMIB KPHUCTAJIH MHOALIAIOTHECA HA TPU KATEropii: BHIILY, cepegHio 1
Hmxuy. Kareropii, y cBomo uepry, IIATbca HA 7 CHHIOHINA. Y CHHIOHIIO
00’€IHYIOTHCSA Tl KPUCTAJN, OJIs SKUX OJHAKOBA CHMETPlS eJIeMeHTAPHUX
KOMIPOK iX CTPYKTYP 1 OJJHAKOBA CHCTEMAa KOOPIUHAT.

Knacudirains xpucramB 3a CHHIOHIIME BH3HAYA€THCSI BHUOOPOM
KpHcTaaorpadIvHol CUCTEeMH KOOPAUHAT, 400, 1HAKIIEe KAKydn eJIeMeHTaPHOI
KOMIPKH KprcTtaJa. J[o BUIOl kaTeropii HaJeKUTh OJHA CUHTOHISA: KyOidHa.
Jlo cepemubol Kareropli BIJHOCATBCSI TPH CHHIOHII: TPUTrOHAJIBHA,
TeTparoHajibHa, reKkcaroHajbHa. J[o HM:K4I01 KaTeropii BIIHOCATHCI TPU

CHHI'OHII: pOMOiYHA, MOHOKJIIHHA i TPUKJIMHHA.



Tema 8. CtpykTypa Kpucrajis
1. 'eomeTpuyHAa MOIEIb KPUCTALY
2. I'eomeTtpia mpocTopoBoi rpatku Kpucraiay. I'parku Bpase

3. Tunm KpuCTAIIYHUX CTPYKTYP

1. 'eomeTpuuyHa MOgeIb KPUCTAJLY
TepMomuHaMIYHHA 1 KBAHTOBO-MEXaHIUHMM aHAJII3, SKUA BpaxXxoBYye
MIKaTOMHI 1 MK YaCTUHHI CHJIM y KpHCTaJIaX, IOKa3ye, IO IIPKU JOCTATHHO
HHU3BKUX TeMIlepaTypaxX CTIAKMM IIOBUHHO OyTH TPHOXMIPHO IIEPlOgUYHEe
PO3MIIIIEHHS ATOMIB y IIPOCTOPl, IPHUUYOMY ATOMU MOKYTH PO3TJIATATHCT Y
mepioMy HaOJMMKeHH] SK KyJil BU3HAa4YeHOro pajlycy. BiamosigHo 10 I11H0TO0,
MIHIMyMYy BHYTPIIIHBOI €Heprii TaKol CHUCTeMU I[IOBHUHEH BIIIIOBIIATH
PO3IIOLI aTOMIB, IPHU AKOMY CYCLOHI aTOMH OyOyTh JOTUKATHCS OOUH OIHOTO,
110 3a0e3neYnTh MaKCHMaJIbHe 3aII0OBHEHHS IIPOCTOPY.
[ammMu  cioBaMu, i3uvyHA MOJEJNb KPHUCTAJy IIEPeXOOUTh
reoOMeTPHUYHY MOJIeJb, dKa Oyde 0e3 CyMHIBY CHPOIIEHOI (PI3MYHOI0, aJjie
JIO3BOJINTH COPMYJIIOBATH PsL 3aKOHOMIPHOCTEH OymoBHM Ta IIOBEIIHKN
KPHCTAJIY.
HariBa:kauBini npuHIININ T€OMETPUIHOI MOJIeJIi KPUCTAJY:
1) IlpuHIIII MakCHMAaJIbLHOIO 3allOBHEHHS IIPOCTOPY, 3TLIHO SKOTO
CTPYKTYPHI OOUHUIN KPHCTAJIY PO3MIILYIOTHCI HA TAKWUX BIICTAHSIX,
SIK1 BIJIIOB1IAIOTH KOMIIEHCAITl CHJI IIPUTATAHHS 1 BIOIIITOBXYBAHHS,
MO0  YMCJIO0  JOHNYCTUMMX  HAWKOPOTIIMX  KOHTAKTIB  OyJIO
MaKCUMAJIbHUM 1 B KPUCTAJIIYHINA IPaTIil BLACYTHIME OyJIH O IIOPOKHI
MICIIS, B AKX MOTJIM O BLJIBHO IIOMICTUTHCS ATOMU;

2) IlpencraBiaeHHsa aToMa UM CTIAKOIO YIPYILyBAaHHS CHJIBHO 3B S3aHUX
ATOMIB y IIepIIOMY HAOJMIKEHH1 y BHIJVISOl cdepr BU3HAYECHOIO

pamlycy, Ika MaJio 3MIHIOETLCS IPH IIePeXoJl 3 OJHIEl PeUYOBHUHHU Y



1HIITY IIPM YMOB1 HE3MIHHOCTI MI*KaTOMHUX CHJI; IIe 03HAYAa€, 110 CHUJIKI
MIKATOMHOI B3a€MO/I1l BBAKAIOTHCS IIeHTPAILHIMU.

11 mpuHIMIIN, He OUBJISYNCH HA CBOIO CIPOIIEHICTH, IPAIOTh BAMKIIUBY
posb y kpuctajgoximii. TumM He MeHIIIe I Yac KPHUCTAJIOXIMIYHOTO aHAJII3Y
ATOMH YacTO PO3TJIAJAIOTHCSI 3 BpaxyBaHHAM HAOPAMY KOBaJIEHTHUX
3B’SI3KIB.

OcCKinbKM IIpM YTBOPEHHI KPHCTAJIy OCHOBHHUM JJII B3A€EMHOIO
PO3MIIIIEHHSI aTOMIB € IIparHeHHsS eHepril 70 MIHIMYMY, TO Y KOBAJIEHTHHX
KpHCTAJIaX YacTO BU3HAYAIUYHUM € He IIPUHIINI MaKCUMAJIbHOI0 3aII0BHEHHS

aTOMIB, a IPUHITAII HACUUYEHHS HAIIPIMJIEHUX KOBAJIEHTHUX 3B SI3KIB.

2. 'eomeTpia npocTropoBoi rpatku Kpucraiay. I'parku bpase

IIpocTopoBa rparka Kpucrajly — Ie¢ CHUCTeMa BY3JiB, II€PIOLUYHO
PO3MIIIIEHNX ¥ TPHOXMIPHOMY IIPOCTOPI.

Buxomsum 13 1mel mpo IeplogudHe PO3MIINEHHS IeHTPIB Mac
chepuuHUX MaTeplaJbHUX YACTHHOK y KPHUCTAJIYHINA pedyoBHHI, bpaBe y
1848 p. mokasaB, M0 BCl KPHUCTAJNYHI CTPYKTYPHU MOKHA OIIMCATH 34
JIOIIOMOT0I0 14 THUINB I'PaTOK, Kl BIIPISHAIOTHCA popMaMu eJeMeHTaPHUX
KOMIPOK 1 cumeTpiero. 111 rpaTtku Oyau HasBaml rparkamu bpase.

Bouwu nmoginsiorbesa Ha 7 KpucTagorpaluyHUX CUHTOHIN:

KyOiuHa: a =b=c,a=B8=y =90°

TeTparoHajJbHa: a =b #c, a =B =y = 90°

pomoOiuHa: a #b # ¢, a =B =y = 90°

rexcaroHajJpHa: a =b #c, a =B =90°, y = 120°

TPUTrOHAJBHA: @ =b =c,a=08=y # 90°

MOHOKJIIHHA: a #b # ¢, a =y =90°, B > 90°

TPUKJIMHHA: A # b £ ¢, a# B #y # 90° # 60°

3a xapakTepoM B3a€MHOTO PO3MIIIIEHHS OCHOBHHX TPAHCIAINN YN

PO3MIIIIEHHIM BY3JI1B BCl KPUCTAJIIYHI I'PATKU IIOILISIOThECS, 3a bpase, Ha 4



tunu: npuMmitTuBHl (P), 6asomenrposani (C, B uu A), o6’emo 1errposani (I),
rpanereaTpoBani (F) (puc. 4).

CyKyIIHICTH KOOPOUHAT BY3JIiB, III0 BXOOATH y €JIEMEHTAPHY KOMIPKY,
Ha3MBAaEeThCA 0Oa3mcoM KOMipku. Bcio KpucramdyHy CTPYKTYpPy MOKHA
OTPHUMATH, IIOBTOPIOIOYN BY3JU 0a3UCYy CYKYIIHICTIO TPAHCIAINN KOMIPKU
Bpase. Ilpu 11boMy IOYaTOK KOOPAMHAT BUOMPAETHCSI Y BEPIINMHI KOMIPKH 1

KOOPJIUHATHU BY3JI1B BUPAKAIOTHCS Y YACTKAX TPAHCJIAITIH.
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3. Tunu KpucraadidHuX CTPYKTYP

OcHoBHA HaWIMEHIIa CTPYKTYPHA OOHHUIT KPHUCTAIY — aTOM. SIKIIO
MIK aTOMaMHU I0TH IIPHOJIM3HO OJHAKOBI CHJIM, TO V KPHCTAJl He OyIyTh
BUHHUKATH BIIOKPEMJIeH] YyIPyIIlyBaHHS, MIKATOMHI BlICTaHl OyIyTh MAJIMMHU,
TO B SIKOCT1 peasIbHOI CTPYKTYPHOI OJMHHUIIl MOKHA PO3TJIAIATH aToM. Takil
CTPYKTYPH HA3WBAIOTL TOMOJAECMiuHi (IpurIan: MeTaju, CILIABH,
KOBAJICHTHI Ta 10HHI CIIOJIYKH).

3a HagBHOCTI y KpHCTaJax 3BSI3KIB PI3HOIO THIIY MOMKYTH
YTBOPIOBATHUCS CTIMK] BIJOKPEMJIEHHS aTOMIB, Kl PO3IJISAOAIOTHCS B SIKOCT1
CTPYKTYPHUX  OOWHUIIL  KpPHUCTaJy. Takl KpuUcCTaJIu  HaA3UBAIOTHCS
rerepogecmiuni. 3a3Buuaii, 3B’'S3KM BCepeIHHl TaKHX BIIOKPEMJIeHb

HOCSATH KOBAJICHTHUI XapakTep, MK yIPYIyBaHHAMHK [TIIOTH BaH-Iep-

BaaJbcoBl  cuam  (IPUKJIAA:  OpPraHiyHI  CIIOJYKH, CTPYKTYypH 3
IHTepMeTaTIYHIMU KOMILJIEKCaAMHU B HEOpTraHIYHUX KpHUcTajax;
iHTepMeTa/idYHil CIOJIyKM — IIe¢ XIMIUHI CIIOJYKH MIXK MeTaJaMH, SKl

VTBOPIOIOTHCSI B Pe3yJabTaTl B3aemMoall KOMIIOHEHTIB IIPHM ILJIaBJIEHHI,
KOHJIeHcaIlll 3 IIapH, a TaKoK IIPU PeakKIlsaX y TBePAOMY CTaHl BHACJIIIOK
B3aemMHOI Judy3ii (Ipu XIMIKO-TEepMIYHIHZ  00poOIfl), IIpH  pPo3mail
IIePecuYeHOor0 TBEPJIOr0 PO3UYMHY OJHOIO MeTaJy B 1HIINWMA, B pPe3yJbTaTl
1IHTEHCHUBHOI IIJIaCTUYHOI JedpopMalrii).

BaxxnauBoio xapaKTepHCTUKOI OyIOBH KPHCTAJIB € CYCIICTBO ATOMIB —
K1JIBKICTH ATOMIB, 1X COPT, BIACTAHb J0 HHX.

Y mafimpocrimmx cTpykrypax (MeTasiy, 10HHI CIIOJYKH) 3 C(hepHuHO-
CUMETPUYHUMU aTOMaMH CyClOM 3aliMaloTh CHMETPHYHO pPIBHI IIO3WINI 1
3HAXOOATHLCA Ha OMHAKOBIM BIJICTAHl Bl IeHTpaIbHOro. BoHHM ckiagamoThb
IepIry KOOpAWHAINNHY cdepy, a IX UMCI0 HAa3UBAETHCSI KOOPAUHAIITHUM
qyucsoM. HacTyirHi 3a JaapHICTIO YTBOPIOIOTH OPYTY KOOPIAHHAINNHY cdepy 1

T. 1. Takl CTpyKTypu HA3UBAIOTh KOOPAUHAIITHO-PiBHUMMH.



Y HH3BKO CHMETPHYHHX CTPYKTypax CyCIOHI 3 IIeHTPaJbHHUM AaTOMH
MOKYThb 3HAXOOUTHCSI He Ha OJHAKOBIM, ajie Ha IIOPIBHAHO HEeBeJINKIH

BiAcTaHl. ['eTepomecMiUuHl CTPYKTYPH € KOOPAUHAIIAHO HEPiBHUMU.



Tema 9. ATOMHI IOPpyHmIEHHS CTPYKTYPU KPHUCTAJLY.
. Knacudiraria medexTiB cTpyKTypu
. Tummz TourkoBux gedexris. dedertn Openrerrsa 1 llorki

. PiBHOBa:KHA KOHIIEHTpAIlsI BAKAHCIH

1

2

3

4. lleHTpH KOJIBHOPY.
5. Mi:xBy3eJabH1 aTOMU

6. BriuB ToukoBHX MeeKTIB Ha BJIACTUBOCTL KPHCTAJIIB
7

. C1roco0Ou yTBOpeHHS HePIBHOBAYKHHUX TOUYKOBUX JTe(EKTIB.

1. Knacudikamia nedekriB cTpyxkrypu

YV peanpHHX KpucTasiax OLIBIIICTh BJIACTHBOCTEH 3aJIesKaTh He TLIbKH
BlJ THUIIy PIBHOBAMKHOI KPHCTAJIYHOLI CTPYKTYypH, aje 1 Bia mgedekTiB Iriel
CTPYKTYPHU — IOPYIIEHb IIePloAuYHOCTI 1 piBHOBAru. CTPyKTYyPHO-UyTJINBUMI
BJIACTUBOCTSIMH KpHCTaJIB (Tl, SAK1 3ajJekaTh BlO JedeKTIB CTPYKTYPH,
IIPOIIECIB POCTY KPHUCTAJIIB, ILJIACTHYHOI medopmarrii, audysii) € 1oHHA 1
HAIIBIPOBIAHUKOBA €JIEKTPOIIPOBIAHICTD, JIIOMIHECIIEHIIsS, MIIHICTh 1
IIJIACTUYHICTD Ta 1HIIII.

IneasmbHa  TEpIOOUYHICTE CTPYKTYPU IIOPYIIYETHCSI  HacaMmIepesm
TEIIJIOBUM KOJMBAHHSM aTOMIB 1 IIOPYIIEHHSAM €JeKTPOHHOI rycTuHU. [3-3a
HASIBHOCT1 CHUJI 3B'SI3KY MIK YACTHHKAMH KPUCTAJ SABJISAE CO00I0 CHUCTEMY
B3a€EMHO 3B SI3aHUX BIOPATOPIB 31 CIIEKTPOM KOJHBAHBb Bl aKyCTUYHUX [0
1H(ppavYepBOHUX YACTOT. AMILTITYOU KOJIMBAHb YACTHUHOK THM OLIBII, YUM
BHUIIIA TeMIlepaTrypa KPHUCTAJy. JOLIbIIeHHS AaMILITyOu KOJWBAHL 1,
BIAMNOBITHO, PICT eHepril KOJMBAHb YACTHHOK BI1IOYBA€THCSI BHACIIIOK
IOTJIMHAHHSA TeIlIa IIpu HarpiBaHHI. KBaHT eHepril KoJIMBAaHb KPHUCTAJIYHOI
IPATKN HA3UBAETHCSI (POHOHOM. Y TapMOHIYHOMY HAOJHIKEHH] KOJHUBAHHSI
KPUCTAJIIYHOI TPATKH PO3TJIAIAIOTH K 10eaJIbHUMI ra3 (pOHOHIB

OCKIJTbKM TeMJIOBI KOJMBAHHS AaTOMIB B1I0yBalOTHCA II00JIHM3Yy 1X

ITIOJIOKEHHA piBHOBaI‘I/I, B CepeadJHbOMY MOMHAa IIPUIIYCTUTH, III0 aTOM



3HAXOOUTHCA y MOoJoKeHH1 piBHOoBarum. (Came B TakoMy HAOJIMKEHHI]
BBAKAIOTDH, 110 TEILJIOBl KOJIMBAHHSA B CEPEIHLOMY He IIOPYIIYIOTH 14eaJIbHOI
IePIOAUYHOCT] CTPYKTYPH KPUCTAJLY.

JledpexTt CTPYKTypum 3yMOBJIEHl 3MIHOIO BIICTAHEH YACTHHKH [0
OJIM:KHIX CYyClOIB, BIJCYTHICTIO aTOMIB (10HIB) y BY3JIl T'PaTKH, 3MIIIEHHIM
atoma (10HA) 3 By3Jja y MIKBY3JIg, THMUYACOBUMU IOPYIIEHHAMH CTPYKTYPH,
BUKJUKAHIMUA BUIUMKM, PEHTIeHIBCHBKHM 1 raMa-BHIPOMIHIOBAHHSAM 1 T.[I.
Hesennka pyx/mBicTh 1 BeJIMKA TPHUBAJIICTL ICHYBAHHS JeEKTIB CTPYKTYPH
JIO3BOJISI€ OIMHCATH 1X HATJIATHUMHA TeOMETPUYHHUMU  MOIEJIAMU 1
KJacu@lKyBaTH iX 3a YHMCTO T€OMETPUYHUMH O3HAKAMHU, a caMe 3a YHCJIOM
BUMIPIOBAHb, B IKUX SKICHI IOPYIIEHHS CTPYKTYPH KPHUCTAJLY IIPOCTATAIOTHCS
Ha BIJCTAaHl, IO IIEPEBUINYIOTh XapaKTepHHH Iapamerp rpatku. Ilin
SAKICHUMH IIOPYIIEeHHSAMH PO3yMIIOTh BIACYTHICTH CYCIIHIX aToMiB abo ix
HeIleploguyHe PO3MIIIEeHHs. 3a TAaKUM KpPUTepleM BUALISITL HACTYMHI
THUII ATOMHHUX Je(eKTiB rpaTKH.

ToukoBi Y Hyab-MipHiI HedeKTH — IOpPYIIeHHSA HePIOIUYHOCTI B
130JIbOBAHUX OJHA BlJ OJHOI TOYKAX I'PATKH; ¥ BCIX TPHOX BHMIpax BOHU He
IEePEeBUIINYIOTh OJHIEl UM OeKILIbKOX MIMKAaTOMHHX BlacraHeid (mapaMerpiB
rpatkmu). ToukoBl medexTH — Ile BakaHCll, aTOMH y MIKBY3JIAX, aTOMH Yy
BYy3JIaX «4UysKO01» MIATPATKH, JOMIIIIKOBI ATOMH Y By3JIaX UM MIKBY3JIAX.

JIinitini nedekTr — ogHOMIPHI, TOOTO IIPOTSKHI B OZHOMY BHMIP1 HA
BIACTAHb IIOPIBHAHY 3 PO3MIPOM KPHUCTAJIy, a B OBOX 1HIINX BUMIpax He
IIEePEeBUIIYIOTEH JEeKIIbKOX IIapaMeTPlB IPATKI.

CremiaJgpHUMHY JIHIHHUMH JeeKTaMU € JUCIOKAILil.

IloBepxueBi (1BoMipHi) medexkTU IpocTArarOTHCA Y JBOX BUMIpax Ha
BIACTaHb, IIOPIBHAHY 3 pPO3MIPOM KPHCTAJIy, a Y TPETbOMY HAIPAMKY —
CKJIATAOTh IeKIJIbKA ITapaMeTpiB TPaTKHU.

OG’emui, uyum TpHOXMipHiI medekTH — 1€ IIOPOKHHUHN, IIOPH,

BRJIIOYEHH.



2. Tunu rouxkoBux nedgexrin. JlepexkTtu @penkensa i IllorTki

TourkoBuMu gedeKkTaMu HA3HUBAIOTHCA IIOPYIIEHHS IePloguYHOI
CTPYKTYPH, PO3MIPH SAKHUX He IIePEeBUIILYIOTh [eKILJIbKa MIKATOMHIX
Bigcraueri. HamnnmpocrtimumMmu ToYykoBUMH gedpeKTaMH € BaKaHCII
(BlACYTHICTh aTOMAa Y1 10HA y BY3J1 KPHCTAJIYHOI I'PATKM), BIPOBAIKEH] UM
MIKBY3€JIbHI aTOMU (aTOMH UM 10HH, PO3MIIIEH] Ha He3aKOHHOMY MICITI MIK
By3jaamu). Jlo TOUkoBUX Ae(dpeKTIB BIIHOCATHL TAKOMK JOMIIIKOBI aTOMHU, K1
MOKYTh 3aMINIaTA aTOMU MaTPHUIll, abo MOKYyTh OyTH BIIPOBAJMKEHl ¥y

MIEBY3aa. Jlomimku 3amimeHHs
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61.71]5me1 06,€M HpOCTOpy Ml?R A —atoM npHMecH 3aMeuieHHs, B — pakaHcus, C—

4TOM B8 MEXJ0Y3JIHH, 2 — aToM npHMecH BHEADeHHH,
L — nuBakaHcus

aromamu (puc. 7).
Puc. 7

Enepria yrBopeHHs  ojHiel
BaxaHcll JopiBHIoe mpubam3Ho 1 eB, a gaag BmopoBagskeHOro arTroMa —
IekxlIbKa eB.

OO’equmaHHsa [OBOX BaKaHCI 3 YyTBOpeHHsSM OiBakaHcil 3a3Buyaii

CYIPOBOIKY€EThCS BUTpaIeM eHeprii. ToMy Takl TOYKOBI Je(eKTH CTIHKIIII,

ajle 3yCcTpIYalThCsa Yy KpHCTaJdl piamre. Tako:k MOKHA CIOCTEpiraTHh y



KpHCTaJIl TPUBAKAHCII un OliIbIm 00 eqHaHHA (Kiaacrepu). Harkommuenms
0araThboxX BAKAHCIH YTBOPIOE MOPU, IIOPOSKHUHHU.

TouroBl HeeKkT MOMKYTh PYXaTHUCh Yepe3 KPUCTAJI, B3AEMOIISATH OJHH
3 ogHMM Ta 3 I1HmIMMH gederramu. 3ycTpidapynch, BakKaHCII 1
MIKBY3€JIbHIUM aTOM MOKYTH aHITLIIOBATH.

Y pesynpraTi mepexody aroMa 3 CBOTO ByaJa y MIKBY3JIsI BUHHKAE Iapa
BaKaHCII-MIKBY3€JIbHUI aToM, sSKa HasduBaeThbcsa mederom DpeHkKensa yuu
dpenkeniscrka mapa. B 10HHIUX KprcTajgax YTBOPEHHS BAKAHCIH IILJISXOM
BUOAJIEHHS OOOATHUX 10HIB (KaTIOHIB) BHKJIMKAE IIOABY Pe3yJbTYIOUOT0
B €MHOTO 3apsAay KpPHUCTAJTy. BIAIOBIIHO yTBOpPEeHHS AHIOHHUX BaKaHCIH
IPUBOOUTH [0 YTBOPEHHS JI0JaTHOTO 3apany. HeHTpaabHICTL KpHCTALy
30epiraeTbCsd, SKINO 10HHM HE BHUOAISIIOTHCA 3 KPHUCTALY, a IIePexXondaThb ¥
MIEBY31a (medpextn Dpenkessa), adbo (3a OQHAKOBOI BAJIEHTHOCT1 10HIB)
AHIOHHI 1 KAaTIOHHI BaKaHCII YTBOPIOKIOTHCA Yy OTHAKOBHX KIJIBKOCTAX

(medexTu IIoTTKIi).

3. PiBHOBa:KHAa KOHIIEHTpPAI[IA BAKaHCIH

BrmnB  ToukoBuMX gedeKTiB Ha (QPI3UYHI BJIACTHBOCTI KPHCTAJIY
BH3HAYAETHCS TUIIOM 1 KOHIIEHTPAIll€I0 TeeKTIB.

B ymoBax piBHOBarm y KpHCTAJIl CTEXIOMETPUYHOI'O CKJIAHy TOUYKOBI1
nedeKTH BUHHKAIOTh y Pe3yJbTaTl TEIJIOBOr0 pyXy. KoHIIeHTpallls TOUKOBUX
nederTiB gopisuioe Hyano opu 0 K 1 mBuako pocre 3 IIIBUIIEHHSIM
temneparypu. Ilpu 1boMy 3pocTae BHYTPIIIHS e€HePriss KpHCTaIy, aJjie
OJHOYACHO POCTe 1 EeHTPOINsS 13-3a 3POCTAHHS O0e3MOPSIAKYy y PO3MIIIEHH]
qacTUHOK. JlJsg Ko:KHOI TeMIlepaTypum Moske OyTH Taka KOHIIEHTPAIILd
TOYKOBHUX MedeKTIB, IIPpH AKIHA 3aTpaTa eHeprii Ha YTBOPEHHS TOYKOBUX
IedeKTIB KOMIIEHCYEThCS IIPUPOCTOM €EHTPOoIli, ToOTO 30epiraeTbCcsa yMoBa

MIHIMYMY BHYTPIITHBOI eHeprii 1 KpuUCTaJ 3aJIMIIaeTbcsd B  CTaHI



TePMOOMHAMIYHOI  plBHOBaru. Tlaka  piBHOBasKHA KOHIIEHTPAI[LA

TOYKOBHX Je(eKTiB 3aJIeKUTh Bl TEMIePaATypPH AK

n ~ e_%T

N ;

me N — 3arajbHa KUIBKICTH aTOMIB y OIHHHIN 00'€My KPHCTAILY, N —
KLJIBKICTE HedeKTiB y Tomy & o0’emi, £ — eHeprig aktmpaiii gedexry, o
JIOPIBHIOE POOOTI HOT0 YTBOPEeHHs, k — ctajia bosbiivana.

Takum YMHOM  HAaBITH Yy KPHUCTAJl, HAKWHA 3HAXOOUTHCI V
TePMOIMHAMIUHINA PIBHOBA31, 3aBKIU € NedKa KIJIbKICTH TOUKOBUX JedeKTiB.
VY peanpHux ymMoBax KOHIIEHTPAIlsS TOYKOBHX He(PEKTIB Y KPHCTAJl 3aBiKIU
3HAYHO OlJIbINIA PIBHOBAYKHOI.

BigmocHl KoHIIeHTpAIIll BAKAHCI 1 BHPOBAMKEHNX aTOMIB 3aJIesKaTh He
TUIBKM Bl  TepMOAWHAMIYHOI  piBHOBAru, aJjie 1  BIOI  YMOB

€JIEKTPOHEHTPAIHLHOCT] ATOMIB.

4. IlleuTpu KOIBLOPY

IHenTpaMu KOJIBOPY HA3HUBAIOTHCA KOMILJIEKCH TOUYKOBHX Je(eKTIB, SKl
BOJIOOIIOTH BJIACHOIO YACTOTOI0 IIOMVIMHAHHS CBITJIA 1 BUIIIOBILIHO 3MIHIOIOTH
KOJIIp KpucTaay. BiacHl 4acToTH 1 4YacTOTH 3B’SI3aHHX KOJUBAHBL YACTHH, IIIO
TApMOHIYHO KOJHBAIOTHCS, BH3HAYAIOTHL CIEKTP IIOTJIMHAHHA KPHUCTAJIY.
BunuknenHsa y rpatiil gedekTy HIpHUBOOUTH J0 IIOSIBH JOJATKOBUX PIBHIB Yy
3a00pOHEHI 30H1 1, BIAMIOBIIHO, IO IOSBH Y CIEKTPl IOTJIMHAHHS KPUCTAJLY
JOOATKOBUX CMyT IIOTVIMHAHHS CBITJIAa y BUOUMIH , 1H(pPaYepBOHIH,
yJIBTPApI0IeTOBIH 00JIACTAX, XapaKTePHUX IJII KPUCTAJIY 1 IJIS JAHOTO THILY
IIEHTPY KOJILOPY.

IleuTpu KOJILOPY PO3PISHAITL 34 JOBKHHOIO XBIJI  BJIACHOIO
TIOTJIMHAHHS 1 PO3MIIIIEHHIO 1X BJIACHOTO PIBHA YV 3a00pOHEHIH 30H1: €JIeKTPOHHI
IIEHTPU JAI0Th PIBHI BHUINE CEePeIuHHN 3a00pOHEHOI 30HH, JIPKOBlI — HILKYE.

EsexTponH] IIeHTPU MOKYTDH BIIIABATH HAJIHUIIKOBUN €JIEKTPOH, TOOTO BOHU €



JIOHOpPaAMM, MIPKOB1 IIEHTPH MOMKYTH IIPUHAMATH €JeKTPOH 1 € aKIIeIITOPAMII.
Enepris yTBOpeHHS IIEHTPYy KOJBOPY OINHIOETHCA 324 PO3MIIIEHHSIM Ta
IHTEeHCUBHICTIO CMYTH IIOIVIMHAHHA. (KIO I cMyra momazae y o00J1acThb
BUIMMOTO CBITJIA, 3MIHIOETHCS BUAUMUI KOJIIP KPUCTAJIY.

Haiimpocrimmmii 3 1meHTpiB Koabopy KF-meHTp, axuil criIagaeThbes 3
AHIOHHOI BakaHCli, 1110 i€ IK epeKTUBHUN JOOATHHN 3apsa/d 1 yTPUMY€E IpH co0l
BUIbHMU €JIEKTPOH, SKHI BBENEHWI Yy TpaTKy, HAIPUKIAI, JOMIIIKOBHM

aTOMOM.

5. Mi:xBy3eabHi aTOoMHU

Ha BigMminy BiZ BakaHCIH MIKBY3eJbHI aTOMH MOKYTH BOJIOJITH
PISHMMH PIBHOBAKHUMHU KOHQITypaIiaMu. BiacHl MIKBy3eJbHI aTOMHU Y
MeTaJax PO3MIILYIOTHECI B TpaTKAX y BHIVISAl TaHTeJel, BUTICHAIUYN
YACTKOBO OAWH 3 ATOMIB 3 CBOI'O By3Jia 1 YTBOPIOIOYN 3 HUM CHUMETPUYHY IIapy
3 IIEHTPOM TSKIHHS Y I[bOMY BY3JIl.

[ama piBHOBaskHA KOH(ITypaIlld MIXKBY3€JbHOTO aTOMa — KPaygiOH —
SIBJIsIE COOOI0 JIAHIIIOI ATOMIB Y HAIPAMKY IILJIBHOI YIAKOBKHM, SKa MICTHUTD
HAJIUIIKOBUM aTOM HA IUIAHIN JTOBXKUHOK 5-10 MIKATOMHUX BLICTAHEMH.
Taxa miybHA KOHQITypallls BOJIOMIE BHCOKOK PYXJIMBICTIO Y HAIIPSAMI1 CBOEI
ocl.

Arxa 13 piBHOBasKHMX KOH(ITypaIllii — TaHTeJb YU KPaydloH —
peasi3yeTbCsa B SKOMYCh JAaHOMY MeTaJIl BU3HAYAETHCA 3HAUYEHHAM Ii BLIBHOI

eHeprii 3a JaHUX YMOB.

6. BniiuB ToukoBuX nedeKTiB HAa BJIaACTHBOCTI KPHCTAJIIB

['ycturHa Mateplasly 3MeEHINYeTbCA IIPM 3POCTAHHI KOHIIEHTpAaIlrli
BaKaHCIH.

Jdudysia y kpucragax 3OIACHIOETHCA TakK, IO JUQYHIYIOUHII aToOM

pyXaeTbCsd Y BHU3HAUEHOMY HANpPsAMI ILJISXOM II€EpeCKaKyBaHHS y BaKaHTHI



Miciig rpatku. Llei sKe mpoltec MOKHA PO3TJISOATH SK Operidp BaKkaHCIA y
IPOTHJICKHOMY HAalpsaml. Biposamxenl aTtoMu 1 Bakawcli 1edOpMyOThH
TpaTKy, TOMY OJisI YTBOPEHHs BakKaHCll IOpydY 3 BIPOBAIKEHUM aTOMOM —
BJIACHHM YH JOMIIIKOBUM — IIOTPIOHA MEHIIIa eHeprid, HIK [JIs YTBOPEHHS i1
y Oymb-skoMy 1HIIOMY Miciil kpucrasiay. Came ToMy BakaHCIsI B3aemomle 3
TUPYHIYIOUIM aTOMOM.

Jlysxe BeJIMKWI BILIMB TOYKOBMX de(PEKTIB Ha eJeKTPOIPOBIIHICTD
KpucTaay. Y  HaIBIPOBIOIHHUKOBHUX  KPHCTAJIAX  I[EPeHOC  3apsaalB
3IIACHIOETHCS PYXOM €JIEKTPOHIB, sIK1 HeCyTh BIJ €MHUH 3apsad, YH JIPOK, IO
HeCYyTb MHO3UTUBHUI 3apsa. ¥ OysKe YHCTHUX HAMIBIPOBLIHUKAX KLJIBKICTD
eJIEKTPOHIB ITPOBITHOCT] 7 JOPIBHIOE KIJIBKOCTI JIPOK p 1 Mae MicClle TLIbKH
BJIACHA IIPOBIOHICTL. Y JOMIIIKOBMX HAMIBIPOBLIHMKOBUX KPHCTAJIAX YMOBA
n = p MOPYIIYyeThC 1 IIPOBIIHICTh BU3HAYAETHCA KOHIIEHTPAIIIEID JOMIIITKOBUX
TOYKOBHX JedeKTIB 1 IX BaJIEHTHOIO CTpPyKTypoio. HammauirkoBl BaJieHTHI
eJIEKTPOHU BHOCSATH BKJIA[ y IIPOBIAHICTH N-TUILY, HAIJIUIIKOBI JIPKU — ¥
IPOBIAHICTE p-THUIy. ToMy y HAINBIPOBIIHUKOBUX KPHUCTAJIAX JOMIIIKHI
HAI3BUYANHO CHJIBHO BILIMBAIOTH HA €JIEKTPOIIPOBIIHICTE.

IormHa HOpPOBIOHICTE y KpHUCTAJaxX BU3HAYAETHCA PYXOM 3apPAIKeHHX
TOUYKOBUX He(eKTIB — BaKaHCIM, MIKBY3€JbHUX BJACHUX YU JOMIIIKOBUX
10HIB. 3a BIJICYTHOCT1 30BHIIITHHOTO €JIEKTPUIHOTO II0JIS IepeMIIeHHa 10Ha 3
By3Jia y CYCIOHIO BAKAHCII0 MOKJIMBE, ajie HOCUTh BHUIIAJKOBHH XapaKTep.
Aximo s Ha KpHCTAJ HAKJIACTH eJeKTPUYHEe II0JIe, TO 10HK OJHOIO 3HAKY
(HampuKJIAZ, KATIOHHM) pPyXalThCId B OJHOMY HAIIPSAMI, a BIAIOBIAHI IM
BaKaHClI — Yy IIPOTHJEKHUNM O1K. ToMy 3a BeJMYHHOI CTPYMY, IO
IOPOTIKATHME, MOKHA BU3HAYUTH KOHIIEHTPAIII0 BAaKAHCIA 1 JIOMIIIKOBUX
aTtoMmiB. PesyiabTrar, ogHAK, 3aJIEKHTHL Bl TOr0, Y TOYKOBl JedeKTH €
ONUHUYHUME Y1 YTBOPIOIOTH KOMILJIEKCH, PYXJIMBICTh IKHX THUM MEHIIA, YHUM

CKJIQTHIINNHA KOMILJIEKC.



7. CmocoOu yTBOPEHHS HEPIBHOBAKHUX TOYKOBUX NedeKTiB

Bimomo pexiibka CIIoco0lB yTBOPEHHSI B KPHCTAJIl HEPIBHOBAMKHUX
TOYKOBHX Oe(eKTiB. fAKIM0 BOHK peasi3yloThCs IPH JOCTATHLHO HHU3BKUX
TeMmeparypax, KOJIM MIrpalis BIAOyBaeTbCAd IIOBLIBHO, HAIJIHUIIKOBA
KOHITeHTpaIllsg aedekTiB 30epiraeTbCss HOBrO 1 BILIMB IIMX OdeeKTIB Ha
BJIACTHBOCT1 KPUCTAJIYy MOKe OyTH BUMIpsauuii. Po3risHeMo 111 ¢cIocoom.

I'apryBanusa (dixcarris opu HU3bKIH TeMIeparypi
BHCOKOTEMIIEPATYPHOTO CTAHY KpHucTasry). [Ipu mIBUAKOMY OXOJIOMMKEHH] Bl
BHCOKOI TeMIIEpaTypu Y KPHCTAJI 30epIraloThCs «3aMOPOKEHUME» T1 TOYKOBI
nmedeKTr, gK1 HOpu I Temieparypl Oyam piBHOBaKHHUMH. JI1#iCHO
IepecKakyBaHHSA BaKaHCIl y CYCIOHIA BY30JI, IIOoTpedye IesKoro yacy. 3a
3BUYaHUX 3HavyeHb eHeprii mirparnii (1 eB) 1 KiMHaTHIA TeMIiiepaTypil Iieit
vyac craHoBuTh 10° ¢, TOOTO 3aMOpPOKEHl BaKaHCIl IIPAKTUYHO HEPYyXOMi.
TakuM umHOM, MIAJAYHA KPHUCTAJ TapTyBAaHHIO, MOYKHA CTBOPHUTH
HAJIJIUIITKOBY KOHIIEHTpPAIII0 BakaHClE y Kpuctasl. Came 13-3a IIbOTO MOYKHA
PI3KO 3MIHUTH MEXaHIYHl BJIACTHBOCTI MaTeplajly IILJISIXOM TapTyBaHHI.
Opmuax, HeoOX1THO BpaxyBaTH, IO IIPKM KIHIIEBIH IIBHIKOCTI TapTyBaHHI,
MaTeplasl 3HAXOOUTHCA JeSIKHHN Yac IPU IIOYATKOBIH BUCOKIHA TeMIepaTypil, 1
BakaHcCll BCTHUTaioTh MITPYBATH [OOCTATHBO IMBHUAKO. Ilpm 1boMy BOHUI
BCTUTAIOTh YACTKOBO O0'emgHATHCS y OlBaKaHCIil YK KJACTEpH, a TaKOMXK
MITPYBATH Ha IIOBEPXHIO 3pa3Ka.

OnpomiHeHns mBuUAKUMHU vacTuHKamu. llpm ompomiHenHI
KPHCTAJIY eJeKTPOHAMH, IIPOTOHAMH YK 1HIIMHUMK YACTUHKAMH 3 JIOCTATHbHO
BEJIMKOI0 €Hepri€lo HaJjiTapda Ha PO3MINMIEHWH y BYy3Jl TpPaTKH aToM
JacTHHKA MOKe BlagaTu oMy eHepriio FE > K, (E; — moporosa eHepris, skKa
craamae 20-40 eB), mocratHiO 1A BUXOoOy 3 By3Ja 1 HepeMillleHHS Y
MIKBY3JI1 Ha TaKy BIACTAaHBb BlJ YTBOPEHOI BakKaHCIi, 3 SKOI BIH He MOKe
CIIOHTAHHO IOBEPHYTHUCH JI0 «CBOe» BaxaHcll. Y pe3yabTaTl yTBOPIOETHCS

CTIMiKa (ppeHKeJIIBChKa mapa.



Y Bumagky ompoMmiHeHHs eJIeKTpoHaMu yMmoBa F > K, BUKOHYETbHCSI,
SKIIIO eHepria ejeKTpoHiB mepeBuinye 1 MeB. Taky eHepriio Mo:kyTh MaTH
TaK0’K KOMIITOHIBChKI €JIEKTPOHH, III0 BHUHHUKAKTL IIPH PO3CIIOBAHHI Y-
¢oToHIB JoCcTATHLO BeJIHKOI eHeprii. ToMy Ipu y-oIpoMIiHEHH] TaKOK MOMKYTh
BUHUKATH (PpEHKEJIIBChK] IapH.

IIpu ompomiHeHH] OLJBII BaKKMMK YaCTUHKAMU — IIPOTOHAMH,
HeHATpOHAMHM, O-YACTHHKAMHU — IIepeJaHa IIpH iX 3ITKHEeHHI 3 aToOMaMK
TPaTKH eHeprisd 3a3Buyail 3HavHo mnepesuiiye Ey. [lepBunnumit BuOutmii arom
BHOMBAaE 3 By3Ja BTOPUHHI aTOMH 1 T. [I., IIOKH Y Pe3yJabTaTl cepli 31TKHEHb
(pamlammiHuA KacKam) IepegaHa eHeprisd 4eproBuM aToMOM He 3HHU3UTHCS 10
E.. IIpobirm BTOpMHHUX aTOMIB 3MEHIIYIOTHCS 13 3MEHIIIEHHSIM eHeprii 1 B
KIHIIl CIIIBMIpHI 3 MIkaTOMHOIO BliacTaHHO. Ile o3mauae, 1m0 ppeHKeTIBChKL
Hapy BUHHUKAKTH JOCTATHBO I'YCTO, 1 OLIBIIICTH 3 HUX TYT K€ AHITLIITh.
Opgnak Ha mmepudepli KackagHol 00JIaCTl € HAIJIUIIOK MIMKBY3€JILHIX aTOMIB,

a B Ti IIeHTP1 — BaKaHCIH.



Tema 10. Bugu nuciaokariiii Ta ixX KiJIbKiCHI XapaKTepPUCTHKH

1. Busuauenuga nucsiokarii.
2. Kpaiiosi 1 rBurTOB1 mucsokaiii. OCHOBHI 0COOJIMBOCTI JUCIOKAIIIM.
3.  Kowuryp Broprepca 1 Bexkrop Broprepca. I'ycruna mucioxarmiin

1. Busnaueuusa nqucJiokaiii.

JIiHitiuuii medexT — 1ie IOpPYIIeHH IIPABUILHOCTI CTPYKTYPH B3I0BIK
miEll (He 000B’sa3K0BO mpamoil). Ilomepedni poamipu JIHIHHOTO gedeKTy He
IEePEeBUIILYIOTh OMHIEl UM JeKIJIbKOX MIMKATOMHUX BIICTaHEH, a JOBKMHA
MOKe JOCATATH PO3MIPIB KPHCTAJIY.

Jlo HecTaOlIbHUX JIHIMHUX JTeeKTIB KPUCTAJIy BIIHOCATHCSA JIAHITIOTH
TOYKOBHX [e(eKTIB — BaKaHCIH 4YM MIMKBY3eJbHUX aToMiB. TpuBasicTh Ix
ICHYBaHHS HEeBEJINKA.

Crifikumu, cTaOlLIBHHUMM Yy KPHUCTAJl € OUCJIOKAIfi, ToOTO JIHIHHI
BUKPUBJIEHHsS THUIIy OOPMBY YK 3CyBy ATOMHHUX IIapiB, SKl IIOPYIIYIOTH
MIPaBUJIBHICTD IX YepryBaHHA y rparTil. K My Bike TOBOPUJIM, ILJIACTHYHA
medopmalilss BIOOYyBAETHCS B3OOBMK BH3HAYEHHWX IIJIOIIMH, y BHU3HAYEHUX
"HanpsaMax. [lonmmrproerbcss BoHa He MHTTEBO, a IOCTYIIOBO, TOOTO y IIpolieci
IJIACTHUYHOL JedpopMaliil y KOKeH MOMEHT Yacy B KPHCTaJl MOKHA BUSIBUTHU
PYXOMy Me:Ky MIK 00JIacTiO, B AKIH y:Ke IIPOHIIIa ILTaCTUYHA JedopmMaliisd, 1
obsactio, me medopmailiii e He Oyso. Ila mexa 1 € JgiHieo qucaokairii.
Kimmi 1el mHII BHUXOOATH, HA IIOBEPXHIO KPHCTAJLy a00 BOHA MOKe
YTBOPIOBATH BCePEOUH] KPUCTAJIY JUCIOKAIINAHY IMEeTJII0. Y 3aJIeKHOCTI B1
TOT0, K PO3MIIIEH] MIJIAHKHK Iflel JIHII II0 BIOHOIIEHHIO 0 BeKTopa 3CYBY,

PO3PI3HAITH KPAHOBi i FBUHTOBI JUCIOKAIIi].

2. Kpaiiosi i reBumToBi nuciaokarii. OcHOBHiI o0coO0/IMBOCTI

OUCJIOKAIIIHN



KpartioBy muciokariio y Kpucral
MOJKHA YSBUTU AK MEKY HEIIOBHOl aTOMHOI
miaommuu  (puc. 8). Ha cxemi (pme. 9)

BHHO, IO Kpa¥ o00lpBaHOI IJIOIIHUHU Y

rpaTiil YTBOPIOETHCH, SIKIITO MIK
IJIOIIMHAMU 17TeaJIbHOTO KPUCTAJLY
IOMICTHUTH INBILIOHMHY. [l KpaitoBoil Puc. 8

OICJIOKAIIll XapaKTepHe «HOHIYCHE» PO3MIIIeHHS

fa

ATOMHUX ILJIOIIMH: 3BepXy n+1 aTOMHHX ILJIOIIHMH,

a 3HM3y Ha TOMY K BIJPI3KY HOBYKHHU N TILJIOIIHH.

O6macth, B AKIHA CIIOCTEpIraeTbCcsa HOHIYCHE
PO3MIIIIEHHSI ATOMHHUX IIaplB 1 € JIUCJIOKAIIIEI0. Puc. 9
[MMupuHa ob6sacTl OHUCIOKAINN He MIepeBHINye TeKIJIbKOX MIMKAaTOMHHIX
BigcTauei. Jlasi Big mmiel 00J1acTl BUKPHUBJICHHSA IPATKH Iy Ke MaJIl.

Ax BumHo 3 pumc. 9, ogHA 13 BepXHIX IJIOINIMH HE Mae IIPOJOBKEHHS Y
HISKHIN IIOJIOBUHI KPHCTAJIy. TaKy HEIIOBHY ATOMHY IJIOIIHMHY HA3WBAIOTh
€KCTPAILIONINHOIO.

YMmoBHO EKpaiioBl guciokalrli HOALIAITHE Ha JodaTHiI i Big'eMHi.
JdomaTHa nuiciiokariisa BIANOBIIAe BUIIAAKY, KOJIM 3BEpPXY € JIMIITHS aTOMHA

IJIoIIKHA. BilamoBigHO, y  BepxXHIH

IUIOIIMHI ~KPUCTAJy JMl€ CTHUCKao4da

) |
HaIIpyra, a B HIJKHIA — PO3TATYyOUA. .FH.I_I | [[ )
Bir’emura guciiokaiig  BIAIIOBLIAE B8
a) )
BHUOAOKY, KOJM BepXHsS IIOJOBMHA 4
Puc. 10

KPHUCTAJIy  PO3TATHyTa, a  HIKHI
crucuyTa (puc. 10).

Cunm mpy:KHOI B3aemMomll MIK IHCIOKAINAMK 3aJIesKAaTh Bl 3HAKY
OUCJIOKAITl: OJHOMMEHHI OUCJOKAINl BIOINITOBXYIOTHCS, PISHOMMEHHI —

IPUTATAIOTHC.



IIimx fglero 30BHINIHBOI HAIIPYTH OUCJIOKAINI Yy KPHCTAJl MOMKYTH
pyxatuch. OCKIIbKH 3HAKKW HAIIPYT, III0 CTBOPIOIOTHCSI JTOJATHOIO 1 Bl €MHOIO
IUCJIOKAIIAMH, IIPOTHUJIEKH], PISHOMMEHH] AUCJIOKAIN] PyXalTbCcsd B PI3HL
CTOPOHM MO Jlefo oxmHlel 1 Tiel K 30BHINIHBOI Hampyru. Pi3HoiiMeHHI1
OUCJIOKAINl], IO PyXaloThbCSd B OMHIA IJIOIIMHI, IIPH 3yCTPIYl B3AEMHO
SHUIIYIOTECS (AHITLIIIOTL), Yy Pe3yJbTaTl Yoro BIJHOBJIIOETHCS I[JIICHICTD
TPaTKH.

I'sumToBa muciokainsa (puc. 11) y KpucTaal MOKe BUHHUKATH IPH 3CYBl
OIHIEl YACTUHM KPHCTAJY BIJHOCHO 1HIIOI, aJjie, HAa BIOMIHY Bl1I KpPamoBoi,

JIIH1SI TBHHTOBOI gucJI0KAaIni mapaJjiejbHa BeKTopy 3cyBy (puc. 12).
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Puc. 11 Puc. 12

MosxHa ysaBuTh co0l, III0 B KPHCTAJIl 3pOOMJIM PO3pPl3, a IIOTIM 3CYB
B3JIOB:K ILIOmIMHU po3pidy. Jlimiga BC, axa Biamiisge 3CyHyTy YacTUHY BiJ
HE3CYHYTOI, 1 € JIIHIS TBUHTOBOI JWCJIOKAIIII.

Kpucran, sgguii MIiCTHTH T'BHHTOBY JHCJIOKAIIIO, CKJIAJAETHCSI He 3
mapajieJIbHUX aTOMHUX IIJIOIIMH, a HIOM 3 OfHlel aTOMHOI IIJIOIIWHM, IO
3aKpyveHa sIK I'BHHTOBA Apabmua. Buxig rBMHTOBOI AMCI0KAIIII HA IIOBEPXHIO
KPUCTAJY 3aKIHUYyEThCSI HEe3apoCTAlou0ol0 CXOAWHKOK. J(KIo cipobyBaTu
IOJIIKYBATH TBUHTOBY JMCJIOKAIIIO, JOAABIINA aTOMHY ILJIOIIMHY, TO CXOOHUHKA
TLIBKH 3CYHEThCSA Ha OTHY MIKILIOIIMHHY BIACTAHb, ajie He JIIKBLIYEThC.

Tax camMo gk 1 I KpalioBoi AuCJIOKAINi, y BUIIAAKY T'BHHTOBOI,
BUKPHUBJIEHHS TPATKHU 30CepeKeHl mo0Jmu3y JIHII JUCIOKAIll Y BY3bKIN

o0J1acTl JlaMeTpoM [eKLIbKa MIKATOMHIX BlICTaHeH.



I'BunTOBI1 Aucokalrli OyBaioTh mpasi 1 JIiBi, IpuYoMy OBl IIpaBl YU OBl
J1B1 OUCJIOKAINl B3a€eMHO BIAIITOBXYIOTHCS, IIpaBa 1 JBa — IIPUTATAIOTHCH.
TaxuMm 4YMHOM, 1 'BUHTOBA, 1 KpaloBa OUCJIOKAIl — Ile MeKi Mi:K
3CYHYTOI0 1 HE3CYHYTOK 4YAaCTHHAMM KPHCTAJLy, IIPUUYOMYy KparoBa
IUCJIOKAINS IIePIEeHIUKYJIAPHA BEKTOPY 3CyBYy, a T'BUHTOBA — IapaJesibHa
nomy.

Y peambHoMy KpmcTasl o00JIacTh 3CyBYy MOMKe OyTu oOMe:keHa
CKJIAHIIIOKW, HAIPUKJIAL KPHUBOJIHIAHOWL, MeEKeln YH 3MINIAHOIO
OUCJIOKAILIEIO0.

JIimisg guciokralrli He Moke 3aKIHUYBATHCh BcepeawHl KpucTasy. Bora
IOBHHHA BHXOOUTH HA HOro IIOBEPXHIO, a00 poa3rajy:KyBaTHCh Ha 1HIIII
IHCJIOKAIIll, Y YTBOPIOBATU BCEPEIMHI KPHUCTATIY 3aMKHYTY IIETJIIO.

TaxkuM YMHOM OHUCJIOKAIid — Ie MesKa o0JiacTi He3aBepIIeHOIo
3CyBy a00 IMOpPYUIEHHS IIPABUJBHOCTI CTPYKTYPH B3OOB:K JEAKOIl
JiHil, aKa He MOsKe 00ipBaTHCh BCepEeaUHI KPUCTAILY.

XapaKTepHOIO pHCOIO

IUICJIOKAITIH, IK MU BiKe TOBOPUJIHU, € IX -

PYXJIHBICTB: MO OI€I0 30BHIIIHIX CHJI

JIHCJIOKAIIlS MOYKe IIePeMIIIyBaTUCh Y 9 9 Y

KpucTtail. Pyx guciiokaini mos’s3aHmit Puc. 13 3
mJacTuuYHoOo JedopMaliiero Kpucraiay (pumc. 13). 3 puc. Buamo, mo Koam
KOB3aI04M KpalioBa JHCJIOKAIIlA IIEPeTHHAE BeCh KPHUCTAJIl BUXOIUTL Ha HOro
IIOBEPXHIO, BEPXHs IIOJOBMHA KPHUCTAJY 3CYHYTA BIJHOCHO HIKHBLOI HA OJIHY
MUKIIIOIIMHHY BIACTAHb, TaK IO HAa OOKOBIM IIOBEPXHI KPHCTAJLY
YTBOPIOETHCS CXOOMHKA, a4 HA BCHOMY IILIAXY, € pyxXajach IUCJIOKAITlS,
BIIHOBJIIOETHCS IILTICHICTh TPATKU. BakiInBo BIAMITHUTH, III0 KOB3aHHS

IUCJIOKAII] 1 IJIaTHCYHA AdecopMalilss KpUCTaJy BiIOyJIuch 0e3 mepeHeceHHs

Macu (KOHcepBaTUBHHU pyx). Ilmommua, B gkl pyxaeTbca KparioBa



IHCJIOKAIIlS — IIe IJIONMIMHA KOB3aHHA, a HAIIPSIM BEKTOpa 3CYBY BH3HAUAE
HanpaM KOB3aHH4.

Jlnss rBUHTOBOI amcoKalrli OJHO3HAYHO BHM3HAYEHO TLIBKH HAIIPSIM
KOB3aHHS, SKUH CIIIBIIAIA€ 3 BICCIO JUCJIOKAIII, a IIJIOIMNHOKN KOB3AHHSI MOKE

OyTu OyIOb-IKa aTOMHA ILJIOIINHA, 10 MICTHUTD IeH HAIpsIM.

3. Koutyp Broprepca i Bektop Broprepca. I'ycruna ngucinokarii

Poarmauaemo nBa BUIAIKN:

KyOluHy TpaTkKy, B SAKIA € KparoBa ' yﬁm & gm*-wg, ®" 3
_ , NS B H 118 618 B I8[61
IUCJIOKAIlA Ta imeasibHy. IlpoBememo CRD I GOOOG

B3JIOB’K BEKTOPIB TPAHCJIAII y IpaTIil
3aMKHYTUM KOHTYpP — TaK 3BaHUU
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oOJsiacTi, IO HE MICTUTL 00JIacTl
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HeMae HOHLyCHOTO 3MiIeHH (puc. 14). 5)
TakuM UYMHEOM BEKTOPH TPAHCJIISININ Puc. 14 He

aMmiamaucs. Il gBa KoHTypum Oyayemo Tak, 100 B HHMX OyJaM OJHAKOBI
HaOpsaMu 00X04y Ta KLIBKICTH KPOKIB (IIapaMeTpiB IpaTKH). BHH3, BIIPAaBO,
BBepX, BJI1BO. IIpoHANIoBINII IIOKPOKOBO B3J0BK IIEPIIOr0 KOHTYPY, a II3HIIIIe
B3JIOB3K JIPYroro, II00aYMMO, IO Yy APYTOMY BHIIAOKY KOHTYP BHSIBHUTHCS
HesaMkHeHuM. 1100 fioro 3aMKHYTH, Tpeba IIPOUTHU Ile OJUH KPOoK. Po3pus
KOHTYPY XapaKTepuaye CyMy BCIX MNOPY:KHHX 3MIIIEHh TpPaTKH, III0

HarpoMaJaujIiuch B 00J1aCTl HaBKOJIO aucokaini. Bexkrop, 1o saMukae Takuii



po3puB, Ha3uBaeThbcad BeKTOpoM broprepca b. Takum uymHOM, BEKTOP
Broprepca — e mipa BUKPHUBJIEHb TPATKH, 3yMOBJIEHUX IIPUCYTHICTIO
OUCJIOKALIN.

OCKIIbKM [UCJIOKAINS € Mesel0 IIJIOIMIMHYA IIJIACTUYHOIO 3CYBYy B
KpucTaJl, To BekTop Bioprepca 1 € BEeKTOpoM 3CyBY.

Jlns kpatioBol guciiokaifli BeawmymHA BeKTopa bBioprepca mDoplBHIOE
MIKIIJIOIMMHHIA BlJCTaHl 001pBAHOI IJIOIIHMHM, IJsI T'BUHTOBOI — IIe KPOK
CITlpaJIl y HaIIpsaMl OCl JUCJIOKAIIIL.

Ilomarras mpo BexkTop biloprepca mo3Bosisie BHUSCHUTH OCHOBHY
BIAMIHHICTD MK JHUCJIOKAINAMU 1 TaKUMH JIHIMHUMHA OdedeKTaMu Sk
JAHITIOMKKH BakaHCI um MLKBy3eabHux atomiB. HKoaTyp bBroprepca,
IPOBEeJeHUA HABKOJIO 00JIacTl, IO MICTHUTH JIHIMHUHA JIAHITIOMKOK TOUYKOBMX
medeKTiB, He BIOPI3HAETHCA Bl KOHTYPY broprepca, mpoBegeHOro HaBKOJIO
oesmedextHol odsacti (b = 0). Jlaa ouciaoranit b # 0.

Ao nguciokaimisgs 3 BekTopoM broprepca b: gliuThes BcepenquHI

KpHCTAJIy Ha OBl AuCJOKAINi 3 Bekropamu Broprepca bz 1 b3, To BUKOHYETHCSI

yMOBa
b1= bz + b3,
abo
>b; =0.

I11 nBa piBHAHHS BUpaKaOTh MpaBuIo OpaHKa: AKIIO BBAKATHU, IO
BCl JHCJIOKAIII 1IyTh B TOYKY IX PO3TAJIY:KeHHS (IUCJIOKAINHHUKA BY30JI), TO
cyMa ixX BeKTOpiB broprepca y By3J1l JOpIBHIOE HYJIIO (AHAJIOTIYHO IIEPIIOMY
3akony Kipxroga a1 posraayskeHOro eJeKTPUYHOro KoJja). 3HaK b
BH3HAYAETHCSI HAIIPAMOM 00X0Iy KOHTYPY.

BaximBoo xapaKTepUCTUKOIO IHCJIOKAININHOI CTPYKTYPU € TyCTHHA
OUCJIOKAIIM — Ile cyMapHa JOBXKMHA JIHIN JUCIOKAINMA B OJHUHHUII 00 €My
abo 1Ie MOKHa TOBOPUTH, IO Ile¢ KUIBKICTh JIHIA JHUCJIOKAINM, IO

ePeTUHAITh OQUHUIIIO IO KpucTasry. OOIuHHUIIEI0 BUMIPIOBAHHSA I'YCTUHA



nuciokammiii e cMm2 lle BaskamBa TexXHIYHA XapaKTEePUCTHKA SKOCTI
KPHCTATIIB. SMEHIINTHA T'YCTHUHY IHCJIOKAINN MOKHA 30KpeMa BIOIIAJIOM, a B

pe3yJIbTaTl IJIACTHYHOL JecpopMalrii 1 BeJIMIMHA P13KO 3POCTAE.



Tema 11. OcuoBu 30HHOI Teopil
1. Emepreruusi piBHI

2. Tunu TBepAUX TLII

1. EHepreruyni piBHi

BiactuBocTl TBepmoro Tija 3ajieskaTh Bl €JIEKTPOHHOI CTPYKTYPH Ta
0CO0JIMBOCTEH B3aeMOMll BCIX HMOT0 eJIEKTPOHIB 1 Alep, OJs OIMHCY SIKHX Ha
OCHOBl KBaHTOBO-MexaHIuHHX ysaBaeHb @O.Biascomom (1931 p.) Byna
3aIIpOIIOHOBAHA 30HHA Teopia Teepmoro tiga. Hessaskamoum Ha Te, 1110
30HHA Teopld € CIpaBemIMBOI0 TLIBKK [0 I1JeaJibHuUX abo Maiiske 0
11eaJbHUX KPHCTAJIIB, BOHA BBAMKAETHCSA 3PYYHOI0, HATJISIIHOI, XO04Y 1 HEI0
IPUOJIM3HOI MOJIEJLIIO, SIKA OIIHCY€E BJIACTUBOCTI TBEPIOr0 CTAHY PEUOBHH.

3ouHA Teopid — 1e MeToa MOJIEKYJIApHUX opoiTaseir MO, mommupenmni
Ha aHcaMOJIb YaCTHUHOK, III0 CIIOJIYYeH] Y KPHCTAJII.

I[Ipm yTBOpeHH] KpHCTAJIB 3 130JbOBAHHUX AaTOMIB BIlJI0YBA€THCS
IepeKpuBaHHSI OJM3bKUX 3a €eHeprielo aTOMHHX opOiTasiei, 1 yTBOPEHHS
MOJIEKYJIIPHUX OpOlTajiedl, KIJIbKICTh SIKMX JOPIBHIOE 3arajbHIN KIJIBKOCTL
BUXITHUX ATOMHHUX OpOlTaJjiei, 10 IIepeKpuBaroThbea. Ilpm 3pocramHl umciia
B3aEMOJIIOUNX AaTOMIB Yy KPHCTAJl 30LIBIIYETHCSI UHCJIO JO3BOJIEHUX
MOJIEKYJIIPHUX €HEepPreTHYHUX PIBHIB, a €HePreTUJYHUIN IIOpIr MK HUMH
3MEHIIYEeThCA. 3aBISAKH ITbOMY YTBOPIOETHCA Oe3lepepBHA €eHepreTuvYHa
30HA, B AKiH mmepexig eJIeKTPOoHA 3 HUIKYOI0 €eHePreTUuYHOro PiBHS HAa
BUIIUI He IIOTPEOyE BEJINKUX BUTPAT €Heprii.

3rigao 3 meroqoM MO B3aemoslss aTOMIB IPHUBOSUTEH 10 BUHUKHEHHS
3B’sI3yBAJIbHUX 1 PO3IYIIYBAJbHUX MOJIEKYJIAPHHUX opOiTaseii, ToOTO aTOMHI
eHepreTHUYHl CTAHU PO3IIEILIIITHCI Ha MOJIEKyJasapHl. Bike mpu B3aemomli
JIBOX OJHAKOBMX AaTOMIB JHCKPETHI AaTOMHI eHepreTHYHl  pPIBHI
IIePEeTBOPIOIOTLC HA OOHY 3B’SI3yBaJIbHY 1 OOHY PO3MYIILyBAJILHY OpPOITAJIL,

IPUYOMY €Hepris 3B sI3yBaJILHOI OpOiTaIl MEHIIA, a €Heprid PO3MyILyBaJIbHOI



opOlTasIl OLIbIA, HI3K eHepris opolTaJsieil 130JIb0BAHOTO aToMa. ¥ CHCTEeMI, II0
CKJIQJaeThbCss 3 1 MOJB aToMiB, KOMKEH AaTOMHHHM eHepreTUYHHR CcTaH
poamremaoerbess Ha Na Moaeryaapuux craHiB (Na = 6,02X1023), oCKIIbBKHU
YTBOPIOETHCSI NA MOJIEKYJIIPHUX opOiTaIeil. 3aBOAAKH AyKe BEJIUMKOMY UHCILY
CYCLOHIX MOJIEKYJISIPHUX opOiTasieii, Ikl eHepreTuvYHo OJIM3bKl OJHA 0 OIHOI,
3MIHA eHeprii eJIeKTPOHIB Ha Na MOJIEKYJISIPHUX OpPOITAJIAX SABJISIE CO0OI0
Oea3mepepBHY CMYTY €eHEPTEeTHYHUX PIBHIB — 30HY.

Eunepreruuna 30Ha — 1Ie¢ CYKYIIHICTH BEJIMKOI KIJIBKOCTI [Iy:Ke
0JIM3bKHUX 34 €Heprieio OJUCKPeTHUX eHepreTUuYHNX P1BHIB.

3arajgpHa HIMPHUHA €HepPreTUYHOI 30HU, AKAa BU3HAYAETHCS PI3HUIIEH
MK HAWHMKIAM 1 HAABUIIMUM PIBHSIMH, He 3aJIeKUTh Bl KLJIBKOCTI ATOMIB,
a 3yMOBJIIOETHCS PIBHOBAKHOIO BIJICTAHHIO MK ATOMAMU y KPHUCTAJIL.

Enepreruunl piBHI, Ha SKHX MICTATHCA BaJICHTHI eJIEKTPOHMU,
YTBOPIOIOTh BAaJIEHTHY 30HY. BlJIbHI eHepreTHYHl piBHI, III0 PO3MIIIEH]
eHepreTUYHO BUINE BAJIEHTHOI 30HU (a B JEeAKHWX BUIIQJAKAX 1 B Ii Mekax),
dopMyIoTE 30HY MHPOBIOHOCTI. 3ajesKHO Bl OPHUPOAHM AaTOMIB 1 THIY
KPHUCTAJIYHOI TIPaTKHM BaJIeHTHA 30HA 1 30HA IIPOBIOIHOCTI MOMKYTH
IepeKpuBaT a00 He IIepeKpHUBaTH OLHA OOHY. B ocTaHHHROMY BHIIAIKY MIMK

HUMH BUHHKAE PO3pUB — 30HA 3a0opouu (prc. 10.1).

Enepzemuuni pieni
30ymKeHoro cTaHy aroma

S~
>

\
= \ s
s Ve 30Ha )
[ \ IIPOBIIHOCTI
o, \\ (einpHa 30HA)
(]
= 3abopoHeHa
4] 30Ha

| N
R _( %<1 | BanenTHa 30Ha
— (zarroeHeHa
€JIeKTPOHAMH)

Enepzemuduni pieni
OCHOBHOIO (Hesz;(;xenoro) CTaHy atroMa

a 0

Puc. 10.1. Cxema posTalryBaHHsS €HEePreTUYHNX PIBHIB: a) 130JIb0BAHOI0

aToMa; 0) HeMeTaJIIYHOI TBepI0l PeYOBUHHI



3asiesxHO Bl THUIy aTOMHHX opoOitaseir (s, p, d, f) eHepreruunl 3oHU
KPHCTAJIY IIOOLIAITHCA Ha s-, p-, d-, f-sorm. OpbiTaal eHepreTUYHOl 30HU
3aIIOBHIOIOTHCS €JIEKTPOHAMHU AK 3BHYAMHI MOJIEKYJSIpHI opOiTam 3
ypaxyBaHHAM npuHiuny Ilayml ta mopuHIMOy MIHIMyMYy eHeprii, TOMYy
MaKCHMAaJbHA KIJIBKICTh €JIEKTPOHIB Y S-30H1 JopiBHIOE 2N4a, ¥ p-30H1 — 6Na, v
d-30m1 — 10Na 1y f-30H1 — 14Na.

Xoua 30HHA Teopld Mae OIMHUCOBUU XapaKTep, BOHA J03BOJISAE HE TIIbKU
HOSACHUTHA  1CHYBAHHS  PISHUX THUINB TBepaux TLI  (IIPOBIIHUKIB,
HAOIBIIPOBIIHUKIB, TIEJIEKTPUKIB), ajie ¥ 3pPO3yMITH OIITUYHI 1 MAaTHITHI
BJIACTHUBOCT1 KpucrtauiB. l[Ipore HaiiBakmBillle 3HAYEHHS 30HHOI Teopii
IIOJISATA€ B TOMY, II[0 BOHA HAJA€ MOKJIMBICTH PEryJII0BATH YMCJICHH] (p13MUHI
BJIACTHUBOCT1 TBEPINX PEUYOBHH 1 CTBOPIOBATH HA IX OCHOB1 HOB1 MaTepilajau 31

CHeHiaJIBHI/IMI/I BJIACTHBOCTAMMH.

2. Tunu TBepauX TiJI
BigmoBigHo mo ImmpuHE 3a00pPOHEHOI 30HI, XapaKTepy 3allOBHEHHS
eJIEKTPOHAMH BaJIEHTHOI 30HM 1 BEJIMYMHM eJIEKTPOIIPOBIITHOCTI BCl TBEp.l
T1JIa HIOMISIOTHCS Ha Tpu Kiacu (puc. 10.2):
1. IIposimuuxu I ponay, B sxkmx 3a00poHeHa 30HA BIACYTHS
(DE =0), a emexTpompoBIOHICTL KoJaHBaeTbca y Meskax 106-104 Om-
1 -CM—I;
2. JienexkTpuku (130JI9TOPH), IJIs AKUX IIUPHUHA 3a00pOHEHOI
3oHu craHoBuTb DE > 4,0 eB, a enexkTpuuHa mIpoBigHICTb — 10-10-10-
12 Om-1 em-L;
3. HamiBmpoBimHUKHN, y SKUX INMHPHUHA 3a00pPOHEHOI 30HH
ceaamgae DE =1,5-2,0 eB, a esekTpmuna mpoBigHICTE — 104-10-10 Om-

Leml,



3oHa. )
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Puc. 10.2. 3amoBHeHHSA eHEePreTUYHNX 30H eJIEKTPOHAMMU:
a) IPOBLIHUKMN; 0) HAIIBIIPOBITHUKY, B) J1€JIEeKTPUKU

I. IIpoBimHMKM MAaTh YaCTKOBO 3allOBHEHY BAaJIEHTHY 30HY, sKa
ImepeKpuBaeThesa 3 30HO0 IposimHocTl (puc. 10.2 a). Ile 3ymoBr0€ 31aTHICTD
BaJIGHTHUX €JIEKTPOHIB BLJIBHO IIepPeMIIIyBaTUCA Yy Kpuctaal abo
HaIPSIMJIEHO PyXaTHC Il J1€10 30BHIIIHBOIO 11011, BigcyTHicTh 3a00poHeHo01
30HH Yy MeTaJlB IIOSICHIOEThCS THUM, IO B IX KpHCTajJaX S- 1 p-30HU
IePEeKPUBAIOTLCA, a KUIBKICTH BAJIEHTHHX €JEKTPOHIB HAI3BHYAMHO MaJja
TIOPIBHSAHO 3 YMCJIOM BLJIBHUX OpOITaJIedl y BAJIEHTHIN 30HI.

CrmapeHl eJeKTpPOHHM BaJIEHTHOI 30HHM MOMKYTh BLJIBHO IIEPEXOJUTU 3
HIDKHIX €HepreTUYHHUX PIBHIB HA BIJIbHI PIBHI, y TOMY YMCJII ¥ Ha BLIBHI
piBHI 30HH npoBigHocTi. Ile 3abe3meuye BHCOKY e€JIeKTPOIPOBIIHICTE METAJIIB.
Hai#611b111y eJ1eKTpoIIpoBIAHICTD, 3 TOYKH 30PYy 30HHOI Teopll, MaloTh METAaJIH,
B SKHX KIJIBKICTb €JIEKTPOHIB y BaJIGHTHIH 30HI [JOPIBHIOE YHCJIY
eJEeKTPOHHUX PIBHIB y 30HI IPOBIAHOCTI. 3a IMei yMOBH BCl eJIeKTPOHU
MOKYTH IIEPEeXOIUTH y KBa31BLJIBHHU CTaH 1 OpaTH ydacTh B IIepeHeceHHI
eqekTpukHu. J[o MeTallB 3 BHCOKOIO €JIEKTPOITPOBIIHICTIO HAJIEMKATDH JIY:KHI
metaau (Li, Na, K), d-meramu I rpynu (Cu, Ag, Au), a taxoxx merasmu II
rpymu (Mg, Ca, Sr, Zn, Cd, Hg), y saxux cmocrepiraerbcs IepeKprBaHHS
BaJIEHTHOI 30HU Ta 30HU IPOBIIHOCTI.

II. {ienekTpuKH MAIOTh IIOBHICTIO 3aII0BHEHY BaJIEHTHY 30HY 1 3HAYHY

mpuHy 3abopoHeHoi 3oHU (puc. 10.2 8). EjexTpoHu BaIeHTHOI 30HH, HABITH



OpH CUJIbHOMY 30yI:KeHH1 aToMiB (HarpiBaHHSI, OIPOMIHIOBAHHS TOIIO), HE
3IaTHI II0Z0JIATH 3a00POHEHY 30HY 1 IIePEeTH B 30HY IIPOBIIHOCTI.

Jlo mieseKTPHUKIB HaJIeKATh TBEP/Il PEUYOBHUHH 3 KOBaJIEHTHHM (ajma3s,
kBapi) a6o lomauM Tumom 3B’as3ky (oxcmmau mgo, AlsOs, tioe, cosi nacl, cafs
torro). Jasa JomHMX KpucTadlB IIUpUHA 3a00pPOHEHOI 30HH IIePEeBHUIILYE
DE > 6 eB. V MoJIeKyISpHUX KPHUCTAJIIB €HEePreTHUYHl PIBHI JIOKAJII30BaHl y
MesKaxX MOJIEKYJI 1 eHepreTUYHl 30HM He BUHUKAIOTh, TOMY TaKl PEYOBUHU —
JTeJIeKTPUKH.

III. HamiBnpoBimHMKKN 3a CBOEI0 IIMTOMOIO ITPOBIOHICTIO 3aMMAaiOTh
IPOMIsKHE IIOJIOKeHHS MK HpOBIOHHUKAMU 1 miesekTpukamu (puc. 10.2 6).
Big 1mpoBIOAHHMKIB BOHM  BIAPISHSAIOTHCA  HIABUINEHOIO  3aJIEKHICTIO
eJEeKTPOIPOBIAHOCTI B1J BMICTY JOMINIOK, B1g [mii PpI3HHUX BHIIB
BUIIPOMIHIOBAHHS 1 Blg TeMmmeparypu: mobamdy abcosoraoro Hysass (0 K)
HAOIBIIPOBIIHUKN HAOyBAIOTH BJIACTUBOCTEH dlE€JIEKTPHUKA, a IPHU 3POCTAHHI
TeMIIepaTypH IX eJeKTPUYHA MIPOBIIHICTh HOCHUJIIOETHCA. Bln mleeKTpuKiB
HAOIBIIPOBIIHUKMN BIIPISHATHCA 3HAYHO MEHIIO ITUPHHOI 3a00pOHEHOI
30HH 1 MEHIIIO0 BEJIMYMHOI eHeprii, HeoOX1THOI JIs BIIPHUBY €JIeKTPOHA Bl
aroma (1,7 -10-19 JIs/moap mpotu 11,2 -10-19 JIsx/Mosb).

BuHuKHeHHS eJeKTPOIIPOBLIHOCTI B HAMIBIPOBLIHHKAX IIOSICHIOETHCS
HactynmauM uymHOM (puc. 10.3). B HamIBIPOBIIHUKOBUX KPHCTAJIAX ATOMU
CIIOJIyYeHl MIK C000I0 KOBAJIEHTHHMH 3B SI3KaMM, YTBOPEHHMHU IpHU
IepeKpuBaHHI 0OpOiTa/Iell BaJIEHTHHUX EJeKTPOHIB — OTiKe, BAJIEHTHA 30HA
3amoBHEHA MOBHICTIO. AJie Il BILIMBOM 30BHIIIHIX YMHHHUKIB (TeMIlepaTypa,
eJeKTPpUYHE TI0JIe YW ONPOMIHIOBAHHS) JeAKl eJIEKTPOHU OJIEP:KYIOTh
eHeprio, JOCTATHIO JIg BIOPHUBY BI1J ATOMHHX dAOep, 1 HIepexonsTh 3
BaJIGHTHOI 30HM B 30HY IPOBLIHOCTI. 3a PaAxXyHOK IIMX €JIEKTPOHIB MOKe
BIIOyBaTHCS IIepeHeCeHHsI eJIEKTPUYHOI0 CTPyMy, IO 3abe3reuye n-
OPOBIOHICTE — TAK IT03HAYAIOTH IIPOBLOHICTH, 3YMOBJIEHY II€PEMIIIeHHIM

enxexrpoHiB (Bix jgat. CioBa negative).



Bracmigoxk BlOpHMBY eJIeKTPOHIB Bl aToMa 1 IIepexoay B 30HY
IPOBIJTHOCTI, HA IX MICIIAX Yy BaJEHTHIN 30H1 BUHUKAIOTH €JIEKTPOHHI BaKaHCII
(He TOBHICTIO 3aMHATI eJIeKTPOHAMH eHepreTUYHl PiBHI) — TaK 3BaHI OIpKU,
KLIBKICTD AKUX JOPIBHIOE K1JIHKOCT1 €JIEKTPOHIB.

Y BameHTHIA 30HI €JEKTPOH, IO PO3MIIILYEThCSI IIOPYY 3 JIPKOIO,
IepeMIIyeThbCsa Ha Iie BlIbHE MIcIie, 3aJIMIIAI0UN IIICJIsI cede HOBY IipKa, Ha
Ky IIepecyBaeThbCs HACTYIIHUN eJeKTPOH, 1 T.1a. Takuil apeiid eJIeKTPOHIB €
eKBIBAJIECHTHUM IIEPEMIINEHHIO JIPOK V IIPOTHJIEKHOMY HaOpsAMKYy. B
eJIeKTPUIHOMY IIOJI1 JIPKH IOBOIATEH ceOe AK MO3UTHBHI 3apsAIi, ajie CJII Ie
pa3 HaAroJIOCUTH, III0 HMEePEeMIIeHHS TIPKU — IIe He PyX HOClI eJIEKTPUYHOTO
3apsAIy, a pe3yJsbTaT IepecKaKyBaHHs eJeKTpoHiB. lle aBuime omep:kasio

Ha3By p-upoBigHocTi (Big gat. CiioBa positive).
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Puc. 10.3. BunukHeHHS eJIeKTPOHA 1 JIPKH P MOTJIMHAHHI KBaHTa CBITJIA Y
HAOIBIIPOBIIHUKY: a) CXeMaTHYHA MOJIeJIb; 0) eHepreTUYyHa Jiarpama

Ymoeni nosnauenns: Ev i Ec — 610n08i0H0 nopo2osi eHepeli 8a/ieHmHOL

30HU I 30nU nposionocmi, DE — wupuna 3aboporeHol 30HU, &n | & —

8LON0BIOHO eHep2ls eJIeKMPOHA | OLPKU

EnexTpoHHO-IIPKOBUI MeXaHI3M €eJIEKTPOIIPOBIIHOCTI BUSABJIAETHCI Y
BJIACHUX HAMIIBIPOBLIHUKIB (IUB. HUKYE) — TAKUX, 1[0 HE MICTSITH JOMIIIIOK.
ARIO0 HeoOXITHO IIOCHJINTH IIPOBIOHICTH N-Muny y HAIIBIPOBLIHHUK

BBOJATH JIOMIIIIKOBl OOHOPU, ATOMH SKHX 3JaTHI BIIJaBAaTH eJIEKTPOHMU,



301IBIIYyIOUM IIPoBiaHICTE. Hampurian, y Kpucraal KpeMHio Si, aTOMU SKOI0
MAaOTh YOTHPU eJIEKTPOHU Ha 30BHIITHHOMY PI1BHI, OOUH aTOM Sl 3aMIILYEThC
aToMoM P, Ha 30BHIIIHBOMY PIBHI IKOTO MICTHUTBLCS II'SITh €JIEKTPOHIB; YOTHUPH
3 HUX YTBOPIOITH KOBAJIEHTHI 3BSI3KM 3 CYCLOHIMH aToMaMu Sl, a OIWH
eJIEKTPOH IepedyBae Ha BLIBbHIN opOiTaal aroma docdopy (puc. 10.4 a). Ilpnu
OTPHMAHHI KPHUCTAJIOM Sl HeBeJIMKoI eHepril (X 4,4 KO/ MOJIb) IIeH eJIEKTPOH
JIETKO BIJIIEIJIIOETHCS Bl JOMIIIKOBOrO aToMa P 1 mepexoauTh 3 BaJIEHTHOI
30HH dYepe3 3a00pOHEHY 30HY B 30HY IIPOBILOHOCTI, TOOTO BIAIrpae pPoJb
IIePEeHOCHNKA EeJIEKTPUYHOI0 CcTpyMy. AJjie B IIJIOMYy KpucTaa Si 30epirae
eJIeKTpOHeHTpaabHicTh. Ilo BigHONIIEHHIO O KpeMHIID Si 00MIWKOSUMU
00HOpAMU € P-eJIeMeHTH V T'PYIIH.

I[Ipu HeoOXimHOCTI MOCHJIEHHS IIPoBigHOCTI p-muny (puc. 10.4 6)
BBOJSATH JOMIIIIKOBl QKUenmopu, aTOMH SIKUX 3JaTHI HIABUILYBATHA JIPKOBY
npoBigHicTh. Hampwumiiaan, y Kpucramal Si (3 yoTHpMa eJIeKTPOHAMH Ha
30BHIIITHBOMY P1BHI aTOMAa) OJHH 3 aTOMIB S1 3aMIIIyeThcs aTromoM oopy B, Ha
30BHIIITHBOMY €HEPreTUYHOMY PIBHI SKOTO MICTUTHCS TLJIBKU TPH €JIEKTPOHM.
IIpu yrBOpEHH] aTOMOM 0OPY YOTHPHOX KOBAJEHTHHX 3B'SI3KIB 3 aToMaMiu Si
BHHHUKAE Oe@IIIUT OJHOTO eJIEKTPOHA y KOKHOMY BY3JIl KPHUCTAJIYHOI FPAaTKH,
1o MictuTh atoM B. IIpu oTpumanHl TaKUM KPHUCTAJIOM HEBEJIHKOI K1JIbKOCTI
eHeprii aToM 00py 3aXOILIIOE €JIEKTPOH 3 CYCLIHBOI'O KOBAJIEHTHOI'O 3B'SI3KY,
IIePEeTBOPIOIOUNCH Y HETATHBHO 3apsa:KkeHHi o, a Ha MICIIl 3aXOIJIEHOTO
eJIEKTPOHA BUHUKAE JIPKA. AKIIO IIOMICTUTH KPHUCTAJ B €JIEKTPUYHE II0JI€e, TO
mipka crae HaveOTo Hoclem 3apsany. OmHax eleKTprUYHa HEHTPaJIbHICTD
KPHCTAJIy He mopyIyeThes. 1lo BIIHOIEHHIO 10 KpeMHID Si 00MIUWKO8UMU

axkuenmopamu MOKyThb 0yt p-eaemenTu 111 rpymu, a takosx Zn, Fe, Mn.
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Puc. 10.4. Cxema yTBOpeHHS: a) BIJIBHOTO €JIEKTPOHA 1 3aPAIKEeHOT0

JIOHOPHOT'O aToMa IIPH JIeTYBAaHHI KpeMHII S1 ejieMeHTaMu V IpyIIn

IIePIOAUYHOI crucTeMu; 0) BIIbHOI JIPKH IIPHU JIETYBAHHI KPeMHI0 Sl
eixementamu 111 rpymu mepiogudHoi cucremMu

Ymoeni nosnauenns: Evi Ec — 810n08i0H0 nopo2odi enepeali 8aieHmHOlL

30HU 1 30HU nposionocmi, Eu i Eq4 — 6i0n08i0H0 eHnepeis aKuenmopHoi 1

00HOPHOL YACMUHOK

3ayesKHO Bl MeXaH13My IPOBLIHOCT] HAITIBOPOBIOHUKU IIOALJIAIOTH Ha

TaKW THUIIH:
. EnexTporul HAIMBOPOBIAHUKY (R-mMuny);
. Jl1pKoB1 HAINBIIPOBITHUKHU (p-muny).
IHoml HaAmMBOPOBIOHWUKM KJIACUMIKYIOTH 3a IX XIMIYHOI IIPHPOIOI0,

PO3TJISIAI0UN HeOpraHIuHI Ta OpraHiuHl HamBOpoBlgHUKY (prc. 10.5).

HaniBnpoBigHuKu

l HeopraHiyHi l | OpraHiyHi
I

l Kpucraniyxi | | AmopdHi
W I MarHitHi
I
[Enementn | | Ximiuni cnonykn | Teepai po3umnHu l

' b e o T
Il'epmaﬂml ICvmiuiﬁl IlHllJi | |A'"BV| IA"B’1 IAVBV1 IA'VBNI IHwi

Puc. 10.5. Knacudikaiis HAIMBOPOBIIHUKIB 3 XIMIYHOIO IIPHPOIOI0




Opmax HamuacTiiie O HAOIBIPOBLIHUKIB BHUKOPHUCTOBYIOTH 1HIITY
KJIacHulKaIno, 3riiHo 3 SKO00 IX IIOMIISIOTH HA IIPOCTI 1 CKJIATHI.
1) Ilpocmi nanienposioHukKku Akl OyBAIOTh JBOX THIIIB:
8JIACHL HANIBNPOBIOHUKU, IO AKUX HAJIEKaTh HATINCTL
kpucraan mnpoctux pedoBuH (Si, Ge, Se, Te, B); mns Bimacmux
HAMOIBIIPOBIIHUKIB IIpUTAMaHHA p-IIPOBIIHICTD;
00MIWKO08L HANIBNPOBIOHUKUY, B SKUX KLIBKICTH
€JIeKTPOHIB He [OOPIBHIOE KIJIBKOCTI MJIPOK, TOMY IO AaTOMH

JIOMIIIIOK, III0 MICTSATHh B KPUCTAJIIYHINA IPaTIIl OCHOBHOI PEYOBUHMU,

MOKYTH 400 BIZaBaTH eJEeKTPOHW (JOHOPHI MJOMIIIKK), a0o0

3axoinroBaTH Iix (axmerrTopHl momimiku). Hampumeiaanm, moHOpPHI

momimkur P, As, Sb y xpucramiumiii cTpykTypl repmanio Ge

BIOJAIOTH €JIEKTPOHI, BHACJIIOK YOr0 eJEeKTPOHHA IIPOBIIHICTH

TaKUX HAaINBIIPOBIIHUKIB II€PEOLIbIIIye JIPKOBY. J(KIIO K ¥

KPUCTAJIYHY rPaTKy IepMaHIi0 BBECTH aKIenTopHl momirmku (Al,

Ga, In), To fglpkoBa MHPOBITHICTE TAKOIO HAIIBIIPOBIIHUKA

ImepeBakaTuMe eJIeKTPOHHY.

2) Crnaoni HANIBNPOBIOHUKU BILAPI3HAIOTHCS
HECTeXIOMEeTPUYHUM CKJIAI0M 1 MICTSITh OJHOYACHO JOHOPHI Ta
AKIeIITOpHI Aomimmku. [lpm OJM3BKOCTI KOHIIEHTpAINH TOHOPHUX 1
AKITEIITOPHUX JIOMIIIIOK HAIIBIPOBIIHIK HAa3WUBAETHCS
3KOMNEeHCO8AHUM. 3aJIeskKHO BlO  TOro, AKHH  KOMIOHEHT €
HAIJWIIKOBMM, CKJIAIHWN  HAOIBIPOBIAHUK  MOKE  BHSIBJIATH
IPOBIIHICTE n- a00 p-tuny. Jo ckIagHux HAINBIPOBILIHUKIB HAJIEKATH
crionyku p-ejaeMmeHTiB III rpymu 3 p-ememenramu V rpyou (gap, inp,
insb), p-eaxemenTtiB Il rpynu 3 enemenramu VI rpymnu (zns, znte, cdse,
cds), p-emementiB IV rpymu (shc). Bimomo 6araTto HamBIpPOBIIHUKIB

OLTBII cKaamHOl mpupomu (gaasspix, I1Nxgaixsb, znsii), B gGKHX



BapliOBAHHS IIPOBIOHOCTI JIOCATAETHCI 34 PaAXyYHOK 3MIHEHHS

CITIBBLIHOIIIEHHS aTOMIB MeTaJIy 1 HeMeTaJIy B KPUCTAJII.

HamiBupoBIlOHMKM  IMHPOKO  3aCTOCOBYIOTBHCSI JJsI  BHUIOTOBJIEHHS
eJIeKTPOHHUX MPHJIALIB, SKI BHKOPHCTOBYIOTHCS J[JIsI II€PETBOPEHHS Ta
mepenaul 1HcopmaIni (mlogu, TpaH3UCTOPH, QOTO- 1 TEPMOEJIeKTPOHHI

OPHUJIAaN), TAKOXK AK JIa3epHl MaTeplaju, y rojiorpadili ToIo.
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