Kypc aekuii
3 IUCHUIUTIHY "3arajibHa Ta HeopraHiyHa ximist"
JUISL CTYICHTIB BUIABHUUO-TIOMTpadiqHOro 1HCTUTYTY.

Jlekuis 1.
ATOMHO-MOJIeKYJIsipHe BUeHHs. OCHOBHI NOHATTA Ximii. CTexioMeTpuuHi
3aKOHM XiMil.

ATOMH Ta MOJIEKYJIM-CKJIAJIOB1 YACTHHH PEYOBUHU. 3aKOH 30€peKeHHs MacH. XiMis
SK HayKa IPO PEUOBUHU Ta iX MEPETBOPEHHS.

3akoH 30€epeeHHS MacHh PEYOBHH. 3aKOH CTaJOCTI CKIaay. 3aKOH KpaTHUX
CHiBBIJIHOIIEHb. [I0SICHEHHSI OCHOBHUX 3aKOHIB aTOMHO-MOJIEKYJISIPHO1 T€Opii 3 MO3UIN
BUYEHHS [TPO aTOMU 1 MOJIEKYJIH.

[TonsaTTs ipo xiMiuHUM enemenT. [IpocTi 1 ckinaaHi peyoBuHu. Macu (aOcontoTHI Ta
BIJIHOCHI) aTOMIB 1 MOJEKYyJ, OAWHUII Bumipy. Monb pedoBuHu. MoispHa Maca
PEUYOBUHU.

["a3ononiOHuit ctan peyoBuH. 3akoH MeHaeneeBa-Knaneiipona. 3akoH ABoraapo.
3HaueHHs 3aKOHY ABOraJpo Ta HACHIIIKIB 3 IIbOTO 3aKoHy. MomsipHuili 00’eM rasy.
[ToHSATTS PO BIJHOCHY T'yCTHUHY ra3sy.

ExBiBaJIEHT €JIeMEHTa, CKJIaJHUX CIIOJIYK. 3aKOH €KB1BAJICHTIB.

ABuie anorpomii. [30Tonu.

ExcniepuMeHTanbHi METOAM BU3HAUYCHHS €KBIBAJICHTHOT MacH €JIEMEHTA.

MeToau 3HaXODKEHHS MOJIEKYJSIPHOI Macd pPEYOBHH, IO 3HAXOMITHCS Y
razornoji0HOMY CTaHI.

ATOMHO-MOJIEKYJISIDHE BUEHHSI.

CyuacHe dopmymtoBanHusi Oyno npuiiaaro B 1860 p. Ha I mixkHapogHOMY KOHTpeci
ximikiB B M. Kapicpye. 3acHoBane Ha BueHHsax Emikypa, lansTona, JlomoHOCOBa.

1. VYci pedoBUHHU € CYKYMHICTIO MOJIEKYJT 200 KpHUCTallaMH, sIKl TOOY/1I0BaHi 3 aTOMIB.

2. ATOMH OJHOTO €JeMEHTa OJHAKOBI MIX CO0O0I0, aje BIAPI3HAIOTHCS BiJl aTOMIB
THIIIOTO €JIEMEHTA.

3. AToM € HaWMEHIIOK YaCTHMHKOIO eJeMEHTa 1 HOCIEM MOro XiMIYHHX
BJIACTUBOCTEH; HMOro HE MOXKHA PO3KJIACTH XIMIYHHM CIOCOOOM; I Yac XIMIUYHHUX
NEPETBOPEHb aTOMH HE 3’ SIBJSIOTHCS 3 HIYOTO 1 HIKYAW HE 3HUKAIOTh, 3MIHIOIOTHCS JIUIIE
crocoOu 3B’sI3yBaHHS aTOMIB.

4. BHacnigok B3a€MO/Ili aTOMIB YTBOPIOIOTHCSI MOJIEKYJIU: TOMOSJEPHI y MPOCTUX
peuoBuH (H,, Cl,), rereposinepui — y cknagaux (HCI, H,0).

5. Ilix wac ¢izuuamnX sSBUM (KUMHHS, TJIABJICHHS, 1H.) MOJIEKYJIM 30€pIiraroThCs, MM/
4ac XIMIYHHUX TIEPETBOPEHb — PYHHYIOTHCA.



6. XiMiyHI peakiiii HOJATaI0OTh B YTBOPEHHI HOBUX PEYOBHH 13 TUX CAMHX aTOMIB, 3
SKUX CKJIQJIauCs BUX1AHI PEUOBUHHU.

OCHOBHi OHATTH ATOMHO-MOJICKYJSIPHOI0 BYCHHSI.

Amom — HailiMeHIIa XIMIYHO HEMOJiJIbHA YacTHHKA eJEMEHTa, SKa € HOCieEM HOoro
XIMIYHUX BJIACTUBOCTEH.

Ximiunuit enemenm — TIEBHUN BUJ aTOMIB 3 OJIHAKOBUMHU XIMIYHUMH BJIACTUBOCTSMU (3
OJIHAKOBUM 3apsJIOM s1/1pa).

Monexkyna — yrpymnoBaHHS aTOMIB, CHOJYYCHHX MK COOOI0 XIMIYHUMH 3B’sI3KaMU 1
30aTHUX JO CaMOCTIHHOTO ICHYBaHHS; HaillMeHINa YacTWHKaA, IO 30epirae XiMidHi
BJIACTMBOCTI PEUYOBUHH.

Ilpocma peuoeuna — MakpoTiIO, SIKE CKJIAIA€THCA 3 aTOMIB OJJHOTO 1 TOTO K XIMIYHOTO
eJIEMEHTA.

Ximiuna cnonyka — MakpoTiJIO, SIKE CKIIQJIa€ThCsl 3 AaTOMIB PI3HUX €JIEMEHTIB.

Bionocna amomna maca (A, (X)) — BiJHOIICHHS CEpEIHBOI MacH aTOMIB HPUPOJIHOT
CyMillIl 130TOIIB MTEBHOT'O €JIE€MEHTa JI0 %2 YaCTUHH MacH atoma -C.

BignocHa aroMHa Maca 1mokasye, y CKIJIBKH pa3iB Maca aToma JIaHOTO €JIeMEeHTa OuIbIie
%2 Mmacu atoma *C .

Macwu aTomiB:

m,(H)=1672- 107 ke;
m,(O)=2,667 - 107% ke;
m, (C)=1993-10"* xe.

=27
A(H)= . m,(H) - 1674-10 _1;2 10079
1,-m(C) 1/,-1993-107 xz
-26
A(0)= m(0) _ 2667:10% ke o000,

o -26
1,-my(C)  1/,-1993-107 k2

OnuHuLS BUMIPY — aTOMHA OJIMHUILI MacH (2.0.M.)
laom.=166-10% xe.

I3omonu — pi3HOBUAM aTOMIB OJHOTO e€JeMEeHTa (3 OJIHAKOBHM 3aps/ioM sjpa), SKi
PI3HATHCSA ATOMHOIO Macolo.
[30TONM rigporeny:

1 ~ .
H —npomuui;

1 - .
, D —oetimepiii ;



1 ..o
3| —mpimiul .

Bionocna monexynapua maca (M (X)) — BiIHOIIEHHS Mach MOJEKYJIH IMPOCTOI 4H
CKJIaHOI PEYOBHMHU JI0 %2 9acTHUHH MacH atoMa °C.

BinnocHa MonekyssipHa Maca — CyMa BIJHOCHHUX aTOMHHMX Mac aTOMIB, SIKI CKJIaJal0Th
MOJIEKYJTY.
M,(H,O0)=2-A(H)+A(0)=2-1+16 =18;

M. (H,SO,)=2-A(H)+A(S)+4-A(0)=2-1+32+4-16 = 98.

Mons (n( X)) — OWHUI KiJBKOCTI PEUOBHHH, IO MICTHTH CTIJIBKU 1 CTPYKTYPHHX
OZIMHHMIIG (aTOMiB, MOJIEKYII, i0HIB, iH.), CKiTbKM aTOMiB MicTUThCS B 12 T i30Toma *C .
3Hatoun mMacy ofHoro atoma kapoony (m,(C)), MoxHa Bu3HauuTH 4yncio atomiB N, B

0,012 xr xapOoHy:
0012 ke / monw

A= —— =6,02-10% mom™
1993-10"° ke

N, =602-10% momw "
N, — cmana Aeozadpo — 4uCIO CTPYKTypHUX OJUHHUIL B OJHOMY MOJI Oyab-sKOi

PEUYOBUHU.

Monsapna maca (M( X)) — maca 1 MOab peUOBUHH, BUPaKEHA B rpamax; BiJIHOIICHHS

Macy pEeYOBUHHU JI0 i1 KIIBKOCTI. YUCENbHO AOPIBHIOE MOJEKYJISIPHIA Macl 1 BUPAKAETHCA
B I/MOJIb.

m( X
n(X)

N—r

M(X )=

m( X ) — maca pe4oBuHH, T;
N( X ) — KiIbKiCTh PEYOBHUHH, MOJIb.

Kinvkicmv monexyn ¢ N moas peuosunu (N(X)):

N(X)=n(X)-N,

Abcontomna maca amoma (m (X )) — Maca aroma, BUpaXeHa B rpamax.

M(X)




J1ist ra30moAiOHNX PEUYOBHH:

V(X)
Vv

M

n(x)=

V(X ) —00’em rasy, i;
V,, - 00’em 1 Mmomb razy (MonsipHuil 00’€M), J1/MOJIb.

V, =224 1l monv
3a HopMasIbHUX YMOB: T =273 K'; P =101325 /1a.

IIpuxnagu 3aBAaHb.
1. Pozpaxyiite kinabKicTh peuoBuHH H,O, sika MicTuThCs B 36 I piAKOl BOJH,

KUIBKICTh MOJIEKYJI B 111€1 KUTBKOCTI pEYOBUHU, Macy OJHIET MOJIEKYJIH BOJIH.

KinbKicTh pe4oBUHU:

n(H,0)= m(HZO): 36 2
M(H,O) 182/ monw
M(H,0)=18 2/ mos.

=2 Monb

KinpKicTh MOJIEKYIT:
N(H,0)=n(H,0)-N, =2 monv-602-10% mom* =1,204-10*

Maca oaHi€i MOJEKyIu:
mo(HZO):M(HZO): 18 2/ monw

N 602.107 - = 299.10% 2
A 02- MOJb

2. TlosicHITB, Ie MICTUTBCS OlIbIIIe aTOMIB: B 1 T MarHiro 4u B 1 r ByTJIeIIIO.

N(X)=n(X)-N,

n(X)="X)

M(X)

1z
n(Mg)=—————=00417 monw
24 2| monw

N(Mg)=00417 mons-602-10% mons " =0,25-10%
N(C)=— 2 00833 momw

12 2/ monw

N(C)=0,0833 momw-602-10% mons ™ =05-10%

Bigmosigs: N(C)> N(Mg)



CrexioMeTpH4Hi 3aKOHM XiMil.

I. 3axoH 30epexeHHsE MaCH.
‘ CyMa mMac pedoBHH, SIKi BCTYIUJIN B PEAKIIiI0, TOPIBHIOE CyMi Mac MPOAYKTIB
peaxiii.

ITin yac mepebiry XiMiUHMX pPEaKIi PYHHYIOTHCSA 3B’SI3KM MK aTOMaMH BUXI1THUX
PEYOBHH, aTOMU MEPETPYHOBYIOTHCS 1 MK HUMH YTBOPIOIOTHCSI HOBI 3B’ SI3KH. ATOMU TIPH
IIbOMY HE 3HHMKAIOTh 1 HC BHHUKAIOTH 3 HIYOro. BoHW BXOASATH 10 CKJIaAy MPOAYKTIB
peaxiii y TaKux caMHX KIJTbKOCTSIX, SIK 1 y BUXIJHUX PEYOBHHAX.

Ileti 3aKOH BUKOHYETHCS IS MPOIIECIB 3 MOPIBHIHO HEBEIMKAMU C€HEPTCTUYHUMU
ehekramu. B saepHUX mepeTBOpPeHHSX Il €PEeKTH ITyXe BEIWKi, a I1e, BIAMOBIIHO IO

ciBBimHOmeHHs Eifamreitna E = Am-c? CnpuunHiOE TIOMiTHI 3MiHH Mac (qedekT Mac).

I1. 3akoH cTasocTi cKiaay.
Ko’kHa yncTa pedoBrHa, HE3AJIEKHO BiJl clIOCOOY ii T0OYBaHHS, Ma€ CTAINNA SKICHUN
1 KUTbKICHUH CKJIaJ.

PeuoBuHM cknagaroTbCd 3 ATOMIB, CIOJYYEHHMX MDK COOOK  TEBHUX
CITIBBIIHOIIEHHAX BIJIIOBIIHO 10 1X BAJICHTHOCTEH.

BasileHTHICTh — 3/1aTHICTh aTOMa YTBOPIOBATH XIMi4HI 3B’SI3KM 3 MEBHUM YHUCIOM
IHIIUX €JIEMEHTIB.

3a OIMHULIIO BAJICHTHOCTI IPUMHATO BAJIEHTHICTH T1JIPOrEeHY.

JlanbTOHIAM — CHONYKH, ISl SIKMX CIPaBEUIMBUNA 3aKOH CTaJOCTI CKIAAdY:
H,O,H,SO,.

bepronigu — pedoBUHM, B SIKMX aTOMHI CIIBBIAHOIICHHS HE € TOYHO (hIKCOBAHUMU
(3minHOrO cKiany): FeS,, .

I11. 3axoH ekBiBaJICHTIB.

Exgieanenm enemenma — 4YacTKa aToMa, IO IPUMANA€ HA OJUHUIO BaJEHTHOCTI.
ExBiBaJeHT eneMeHTa — Taka WOro KUIbKICTh, SIKa 3 €AHYyeTbcd 3 1 Moyib aTomiB H um
3aMilLy€E Ty %K camy KUIbKICTh aTOMiB H B XIMIYHUX peakIIisiX.

Exe( X)= % amoma X

ExgiBanent Hitporeny B NH, : B(N)=3
Exe(N)= % am N
ExgiBajnent Hitporeny B NO : B(N ) =2



Exe(N)= % am N
ExsiBanent HiTporeny B NO, : B(N ) =4
Exe(N)= % am N

Ekeisanenmna maca — yacTuHa aTOMHOI MacCy, 0 IIpuiiagac Ha OJUHHIIO BaJIGHTHOCTi;
Maca OJHOIO CKBIBAJICHTA €JICMEHTA.

e (x)= A0
B
ExsiBanenTHa maca HitporeHy B NH, : B(N )=3
14
E(N)=—
AN)=7
ExBiBanentHa maca Hitporeny B NO : B(N ) =2
14
E.(N)=—
(N)=2
ExgiBasienTHa Maca HiTporeHy B NO, : B(N ) =4
14
E(N)=—
(N)=2

Monsapua maca ekeigaienmis — YUCeIIbHO JIOPIBHIOE €KBIBAJICHTHIN Maci 1 BUPAXXA€EThCS

B I/MOJIb.
M(%BX):M(BX)

Momnsipaa maca exBiBanieHTiB HiTporeny B NH, : B(N ) =3
14
M(LIN)Y== 27 mons
(JaN)=2
MoansipHa Maca ekBiBajieHTiB HiTporeHy B NO : B(N ) =2

M(%N)Z%Z/MOJZE)

Momsipaa maca exBiBasieHTiB HiTporeny B NO, : B(N)=4

M(%N)I%Z/ﬂ/wﬂb



Exeisanenm cKkn1aoHux cnoyk.

1
Exe( XY ) == monexynu XY
Z *
Z — QakTop eKBIBAJICHTHOCTI (UUCIIO €KBIBAJICHTHOCTI).
Z ISl KACIIOT — I1€ X OCHOBHICTH (KUIBKICTh aKTHBHUX aTOMIB T1APOTeHY).
Z IS TIAPOKCHUIIB — IIe X KMCIOTHICTD (KiabKicTh rpynm OH 7).
Z nms coJiel — 1e T0OYTOK BJIGHTHOCTI METaJTy Ha KUTBKICTh aTOMIB METaIy.
Z nis OKCHIIB — II€ TIOJIBIifHA KIJTbKICTh aTOMIB OKCUTCHY.

Exe( HCl ) = % mon. HCI

Exe(H,SO, )= % mon. H,SO,

Exe( NaOH ) = % mon. NaOH

Exe( AI(OH ), ) :% son. AI(OH ),
Exe( NaCl ) = % mon. NaCl
Exe(Mg,(PO, ), )= % mon. Mg, (PO, ),
Exe(Ca0l) = % mon.Cao

Exe( SO, )= % moxn. SO,

Exeisanenmna maca cknaonux cnoiyK — BIAHOLIEHHS MOJIEKYJISIPHOT Mac PEYOBHHHU J10
(dbakTOpy €KBIBAJICHTHOCTI.

E,(xy)=MLXY)

Monapna maca exeisanenmie CKIAOHUX CHOAYK — BIJHOUIEHHS MOJSIPHOI Macu
peuoBUHHU 110 (haKTOpPy EKBIBaJIGHTHOCTI. UuMCenbHO MOPIBHIOE EKBIBJICHTHIM Maci 1
BUPAKAETHCS B T/MOJTb.

M( Y. xv)=ME0
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H3PO,
Exe(H,PO, )Z%MOJZ. H,PO,
M,(H,PO,) _98

Er(H3PO4): 3 3
M(H,PO 98 2/ monw
M(¥iH,PO,)= ( : 2 _ ; -

B oxucHno-6i0no6Hux peaxkyiax YaCTUHKOIO, CKBIBAJCHTHOI AaTOMYy TIAPOTEHY, €

CJIIEKTPOH, TOMY Z JOPIBHIOE YUCITY €IEKTPOHIB, MPUEAHAHNX a00 BiJTaHUX YaCTUHKOIO
B MIEBHIN peaKIii.

2+ 0 3+
4Fe(OH ), +0,+2H,0 — 4Fe(OH ),
T

le 2e-2

Exe(Fe(OH ), ) = % won. Fe(OH ),

3aK0H eKBIBAJICHTIB:

Macu pearyrounx €JIeMEHTIB CHIBBIIHOCATBCA MDK CO0OI0 Tak camo, SK iX
€KBIBaJICHTHI MacH.

m(A) _E,(A)
m(B) E,(B)

VY pasi yTBOpEeHHS XIMIYHHMX CIIOJYK Ha OJWHHUIKO BAJICHTHOCTI OJIHOIO aToMa
MpUIIAJa€ OJUHMI BaJCHTHOCTI 1HINIOTO aToMa, a KOXKHIM OJWHHUIN BaJE€HTHOCTI

BIIIIOBIIA€ OOWHMIIT €KBIBAJEHTA €JEMEHTAa: Ha OIMH EKBIBAJIECHT OJHOIO €JIEMEHTa B
XIMIYHUX PEAKIsAX MPUTIATAE OJUH €KBIBAJICHT 1HIIIOTO €JIEMEHTA.

E.(H,A)=E(H")+E (A" )=1+E(A")
E,(Me(OH ), )=E,(Me”* )+ E,(OH )= E, (Me)+17
E,(Me A, )=E, (Me" )+E,(A")

E,(Me,0, )= E,(Me* ) +E,(0%)

H,A — kucnora;

Me(OH ), — rizpokcuy;
Me A, — ciis;
Me,O, — okcun.



Ipuxnaau 3aBaaHb.
1. 3 r merany B3aeMojie 3 1,64 1 cipku. Po3paxyiite €KBIBaJE€HTHY Macy MeTaiy.
BanenTHICTh CipKH JOPIBHIOE 2.

Me+ S — cynvghio

m(Me) E,(Me)
m(S) E(S)

m(Me)-E (S)
m(S)

Eﬁ):%ﬁ—;:la

£ (Me)=>"20 _ 5996
164

E,(Me)=

2. Po3paxyiiTe ekBiBaJICHTHY Macy MeTajly, Maca OCHOBH sikoro 1,4 T, a maca oauy
4,15 T.

m(Me(OH ), ) E.(Me(OH),) E,(Me)+E,(OH")
m(Mel,)  E(Mel,)  E(Me)+E.(1")

E.(OH )=17;E.(1")=127

14 E,(Me)+17
415 E,(Me)+127

E.(Me)=39

3. BusHaure exBiBaJIeHTHY Macy MeTaiy, 2,81 T sikoro BUTiICHSE 3 KHCIOTH 560 M1
BOJIHIO (H.Y).
Me+H A— MeA +H,

m(Me) E,(Me)
m(H,) E.(H)

m(Me)-E,(H).
m(H,)

; E.(Me)=



m(HZ):V(Hz).

V,, =224 1l monw;

M(H,) V,
m(H, )= M(H2)V(H,) 22/ a0m-086.2 o
2)= V, 224 1l monw ’
£ (Me)=25L21 565
0052

b
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1V. 3akonm izeaJbLHHUX rasis.
l"azomoiOHUM CTaH XapaKTEPU3YEThCA CIA0KOI0 B3a€EMOJIEI0 MK MOJIEKYJIaMH, 1
TOMY BJACTHBI JJIsi HHOTO 3aKOHOMIPHOCTI 3alieXaTh HacaMIlepel HEe BiJ TPUPOIU
MOJIEKYJI Ta3y, a BiJ] IX 9Kciia B OMUHUII 00’ €My Ta TEMIIEPATYPH.
®di3u4H1 BIACTUBOCTI ra3iB (Ha BIAMIHY BiJl PIIUH Ta TBEPJUX PECUOBHH):
v/ 3all0BHIOIOTH BECH 00’€M;
v/ mij Ji€r0 30BHINIHBOIO TUCKY 31aTHI CHUIILHO 3MIiHIOBATH 00’€M, CTHCKATHUCS, a IIiJ|
4yac pO3LIMPEHHS 3alI0BHIOBATH BECh 00’ €M;
v HEOOMEKEHO 3MIIIYIOTHCS MK COOOFO 3 YTBOPEHHSIM OHOPIIHOI ra30BO1 CyMiIIi.

['a30BHM CTaH ONMCYIOTH 3a JOTIOMOIOK TAKUX XaPAKTEPUCTHUK:
V —06’em, m°;

P —tuck, Ila;

T — remneparypa, K ;

N — KUIBKICTh PEYOBHHHU Ta3y, MOJb .

A) 3akon boiins — MapioTTa (3a7€XHICTh M1’ TUCKOM 1 00’€MOM MEBHOI KIJIBKOCTI
rasy 3a cTaJjioi TeMIepaTypH):
3a cranoi Temneparypu 100yTOK TUCKY Ha 00’ €M € CTaJIOI0 BEIMYUHOIO.

B pa3i miaBUILEHHS TUCKY B MEBHE YMCIO Pa3iB y CTIIbKH X pa3iB 3MEHIIYETHCS
00’eM, a PO3UIMPEHHS Ta3y 3aBXKJU CYNPOBOKYETHCS 3MEHILEHHSIM THUCKY. SKIIO0
JUISl OJTHIET M Ti€l camMoi KIJIbKOCTI ra3y 3MIHIOBAaTH THCK 1 BUMIPIOBATH 00’ €M, TO 3a
CTAJIO1 TEMIIEPATYPH:

P-V,=F-V,

b) 3akon Hlapas (3ayiexHICTh MDK THUCKOM Ta3y, IO MIABUINYETHhCS I dYac
HarpiBaHHs, Ta HOTO TEMIIEPATYPOIO 32 CTAJMX 00’ €MY i KiJIbKOCTI ra3sy):
Tuck ra3y 3a He3MIHHUX MacH Ta 00’ €My MPOMOPIIHHKI a0COMIOTHIN TeMIiepaTypi.

P=k-T
k — xoedimieHT MpomopIiiHOCTI.

B) 3akon I'eii — Jlloccaka (3aexHICTh 00’€My razy, IO PO3LIUPIOETHCS MiJ Yac
HarpiBaHHs, BiJl TEMICPATYPH 3a CTAJIMX THCKY Ta KUIBKOCTI rasy):

O06’eM ra3zy 3a HE3MIHHMX MacH 1 TUCKY MPSMO MPOMOPIIHHUN Horo abCcoMOTHIN
TEeMIIepaTypi.
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k — xoedimieHT MPOMOPIIIHHOCTI.

Ileit 3aKOH BUKOPUCTOBYETHCA IS 3ICTaBJICHHA OO0 e€My 1 TeMIlepaTypu OJHIET
KUTBKOCTI Ta3y y IBOX Pi3HHUX CTaHax. SIKIIO THUCK JUIsi OJJTHOTO U TOTO K CaMOro 3pa3Ka
razy B3alWIIacTbCcs CTajJlMM, TO 3a PI3HUX TeMIepaTyp CTaIUM TakoX Oyne

CITIIBBIIHOIIIEHHS ? :

v, _V,
Tl T2

I') 3akon MenaeneeBa — Kinaneiipona (00’ e THaHMI 3aKOH CTaHy 1/1€aLHOTO Ta3y).
3acTOCOBYETHCS Y pa3i, KOJIM MOTPIOHO 3HANTH 00’€M 3a YMOB OJHOYACHOI 3MIHU
TEMIEPATYPHU 1 TUCKY:
Bignomenus 100yTKy THCKY Ha 00’€M Ta3y 10 MOro abCOJIIOTHOI TeMIlepaTypu AJis
JAHO1 MACH rasy € CTajol0 BEJIMYUHOIO.
P-V
T

= const

s 1 moms rasy 3a H.y. (P, =101325 Ila, T, =27315°C, V, =224 1l monv)
P, -V,
T

0

=R  yHIBepcasibHa ra3oBa crajia

R=8,314 /! K - monw

VHiBepcanpHI Tra3oBiil cTamiii BiAmoBigae po0OOTa, SKy BHUKOHYE MiJ 4ac
PO3LIMPEHHS OJJUH MOJIb T'a3y B pa3l HOro HarpiBaHHs Ha OJUH rPaayc.

n =1 monw PV=nR-T

Pv="R.T
M

ko B3SITH MEBHY KUIBKICTh Ta3y, TO BIUIUB OJHOYACHOI 3MIHM THCKY 1
TeMIlepaTypy Ha 00’ €M Ta3y MOXKHA BUPA3UTU TAKUM CITIBBIIHOIICHHSIM:
R-Vi _ RV,
Tl T2

) 3akon ABorajapo.
B omnakoBux 00’e€Max pi3HHMX Ta3iB 3a OJIHAKOBHX YMOB (TeMIEpaTypH 1 THCKY)
MICTUTBHCSI OJTHAKOBA KUTBKICTh MOJIEKY!I.
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Hacaigkm:
v' OHaKOBOMY 4YHCIy MOJIEKYJ pi3HHX Ta3iB 3a oxHakoBux ymoB (T,P)
BIJIITOBIJAIOTH OJHAKOB1 00’ €MMU.
v Mouti pi3HHX ra3iB 3a OJHAKOBUX YMOB 3aiiMarOTh OJJHAKOBi 00’ €MH.
v Macu o1HaKoBHX 00’ €MiB Pi3HHX r'a3iB 3a OJHAKOBUX YMOB CITiBBIAHOCATBCS MikK
co0010, K IXHI MOJIAPHI MacH:

m
Ko’kHa peduoBrHA XapaKTEPU3Y€EThCS TYCTUHOIO: P = v

BimHocHa ryctuna (D) — BiiHOIIEHHS TYCTHHH OJIHOTO ra3y 70 TYCTHHH 1HILIOTO 32

V.=V,

P> m/ m,
Vs

B opnakoBuX 00’€Max pi3HUX Ia3iB 3a OJIHAKOBUX YMOB MICTUTHCS OJIHAKOBA
KIJIBKICTh MOJICKYII, & OTKE, 1 OJIHAKOBAa KUIBbKiCTh MOJIiB (N, =N, ), TOi:

D:—:nl.Ml :Ml
nz'Mz Mz

E) 3akon JlaabToHA.

Pi3Hi ra3u HEOOMEKEHO 3MIITYIOThCA MK c00010 (MU(PYHIYIOTH OAUH B OJTHOMY). 3a
BUHSITKOM 31TKHEHb MK MOJICKYJIaMH, SIKI € MUTTEBUMM 1 MPYKHUMH, KOKHA MOJIEKYJia B
CyMilll pyXaeTbcs He3anexHOo BiJ 1HIMX. O0’€M, y SIKOMY MICTHTBCS ra3oBa CyMill,
3QJIUIIAETHCS OJHAKOBUM JJIsl BCIX 11 KOMIIOHEHTIB 1 JOPIBHIOE 00’€MYy HaJaHOTO Ii
npocropy. KiabKocTi rasziB y cyMilll € pi3HUMH 1 TOMY PI3HUMHU MarOTh OyTH 4YacCTKOBI
TUCKH, SIKI YUHATH 111 ra3u. BUKOpUCTOBYIOUM PIBHSHHS CTaHy JMJIsl KOXKHOTO 3
IHAMBITyaJIbHUX Ta31B CyMII1, MAEMO:

p,-V=n-R-T,;

p,-V=n,-R-T;

p;-V=n-R-T,..

Pys Py, Ps ... — HapLianbHi (YACTKOB1) TUCKHA KOMIIOHEHTIB CyMIILII.

(py+pP,+pPs+...):-V=(n+n,+n,+...)-R-T.
Ockinbku N +N, + N, +...=N, TO
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p,+pP,+pP;+...=P

CyMapHHIl THCK Ta30BOi CyMilll JOPIBHIOE CyMi TMapliaJIbHUX THUCKIB KOMIIOHEHTIB
I1€1 CyMIIII.

IIpukiaaau 3aBaaHb.
1.I'yctiHa Ta3y 3a MOBITPSAM CTAHOBUTH 2. 3HAWAITHP MOTO MOJISIPHY Macy, Macy
OJIHI€T MOJIEKYJIM Ta BIAHOCHY I'YCTHUHY 3a BOJHEM.

e :M; M(easy)=D,, , -M(nos)=2-29 2/ mono=>58 2/ monw
M (nos)

m _ M(eazy) 582/ monw

° TN 602.10% mom ~ 2811072
A 02.- MOTb

_ M(eazy) 582/ mon
"2 M(H,) 22l mom

29

2. ByrneBoaeHs, TyCTHHA SIKOTO 3a MOBITpsAM mopiBHIOE 1,448, mictuth 14,29 %
rigporeny. Busnaute MosekyasipHy GopmyJly peHOBUHHU.
3Hal1eMO MOJISIPHY Macy BYTJIEBOJHIO:

M(CH
» :M; M(C,H,)=D,,, -M(noe)=1448-29 2/ mono =42 2| monv
M (nos)
o(H)=1429%
@(C)=100-14,29=8571%

I cioci6.
_ M(CxHy)'a)(c)_422/M0Jlb'85,71%_3
100%- A.(C) 100%-12 2/ monw
B M(CxHy)°w(H)_422/M0ﬂb'14,29%_6

100%-A(H)  100%-12/ momw
MonexynsapHa ¢popmyina ByrieBoans - C,H, .

II crioci0.
X:y= o(C) .  o(H) 08571 01429

A(C) A(H) 12

=0,071425:01429=1:2
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Enemenrapna ¢popmyna ByrneBojgHio — CH, .
M(CH, ) =14 2/ mono.

M((CH,),)=n-M(CH,)
ne M((CHZ)n):422/MOJZbZ3
M(CH,) 142/ monw
Monekynsipaa ¢popmyna Byraesoans — (CH, ), —C,H;.

3. Poszpaxyiite momspHy macy razy, 20 2 saxoro 3aiimarote 00’em 10000 mz 3a
temneparypu 200°C i tucky 131xlla (R = 8,314 [owc/K-monv).

p.v="lR.T:
M
Mo M R.T- 202-8,314,H9fc/K-M0ﬂb3-473K 60 2/ vions
P.V 131000 /7a -001 m
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Jlekmisa 2.
bynoBa aToMiB XiMIiYHMX eJIeMEHTIB.

ExcrieprMeHTanpH1 JaHi, 0 CBiAYATh MPO CKIAAHICTH Oy7n0BU aTomy. EnexTpos,
roro 3apsn 1 maca. Teopis Pesepdopma. Teopis OymoBu aromy BojHio 3a H. bopowm.
XBUJILOBI BJIIACTUBOCTI eJeKTpoHa. PiBHsHHS ae bpoitnsa. XBuinboBa QyHKIIiS.

ITOHATTS HpO eNEeKTPOHHY TyCTHHY (eleKTpoHHy xmapy). KsanTosi umcna. Ix
MO>KJIMB1 3HAYCHHS.

Eneprernuni piBHi Ta miapiBHi. EnektponHa opb6itanbs. dopMma eIEKTPOHHUX
opOitaneii mansa S-, p- ta d- enekrtponiB. [lpuniun Ilaymi. IlpaBuno KiteukoBchKkoro.
[IpaBuino ['ynna.

EnextponHi popMysH Ta €JIEKTPOHHI CXEMHU aTOMIB XIMIYHHUX €JIEMEHTIB.

VY 1879 p. Kpykc BiakpuB KaToH1 mpoMeHi (11eHTH(IKOBaHI K MTOTOK €JISKTPOHIB).
VY 1886 p. lN'ompamTeiiH BiIKpUB KaHAJIOBI IPOMEHI (11€HTU(IKOBaHI K MOTOK 10HIB
3 IO3UTHUBHUM 3apsJIOM, KPAaTHUM 3apsiay €JICKTPOHA).

kaToZ (-) ﬂ—- — \ aHoA (+)
KaHanosi KaToOHi CBITHUN
NPOMEHI NPOMEHI po3psa

Jlo [BOX €JIEKTPOAIB, BIASHUX B CKISIHY TPYOKYy 3 pO3pIIKEHUM Ta30M,
NPUKJIaAat0Th BUCOKY Hampyry (1o 10000 B). e cipuunHioe pyiHYBaHHSA MOJIEKYJ rasy,
[0 CYIPOBOKYETHCS YTBOPEHHSM & Ta TIO3WTHBHO 3apsSKCHHX 10HIB, a TaKOX
BUHUKHEHHSIM CBITHOTO PO3PSY.

EnexTtponu mnpsmMyrOTh 10 aHOJAa 1 YTBOPIOIOTH KAaTOJHI MPOMEHI, a MO3UTHBHO
3apsKEH1 10HH — JI0 KaToJ/ia 1 YTBOPIOIOTh KaHAIOBI MpoMeHi. JloCcmiKeHHs! KaHa108uUx
MIPOMEHIB TOKa3aJI0, 1[0 BOHU CKJIAJAIOTHCS 3 BAXKKUX 3aPSKEHUX YaCTUHOK, MOJAI0HUX
3a Macor J0 BUXIJIHUX aTOMIB, a iX MpHUpoja 3aleXuTh BiJl Npupoau razy. Kamooui
IIPOMEH1 OHAKOBI JIJI BCiX Ta3iB.

VY 1895 p. Pentren BinkpuB X-npomeni (PEHTTCHIBCbKI TIPOMEHI), K1 BUSBWIIHCS
€JIeKTPOMATHITHUM BHIIPOMIHIOBAHHSAM 3 JIy’Ke KOPOTKOIO HOBKMHOIO XBumi — 107 wm.

Ili BIAKPUTTS MIATBEPKYBAIM, IO aTOMHM MICTSATh ITO3UTUBHO 1 HEraTUBHO
3apsJPKEeH1 YaCTUHKH, 3B’ A3aH1 MK CO00I0 0COOTMBUMH BHYTPIITHBOATOMHUMHU CHJIAMHU.
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VY 1897 p. ToMCOH BIZKPHUB €JIEKTPOH 1 3@ BIAXUJICHHSIM ITy4Ka KaTOJHUX MPOMEHIB Y
eJIEKTPUYHOMY Ta MarHiTHOMY MOJISIX 3HAWIIOB BiJHOIICHHS 3apsily €JIeKTpoHa 10 HOro
macu. Ilicns BusHaueHHs y 1909 p. MatikeHOM 3apsiiy e€leKTpoHa OyJno OOYHCIEHO

MacCy CIIOKOKO CJICKTpPOHa me , 11O CTAHOBUTD %836 MacH aTOMa HaMJIETIIoro eJaeMeHTa

— TIAPOTEHY.
P e=1601-10""° K,

m, =9,108-10*" xe.

Y 1896 p. bekepenb BIAKPUB SIBUIIE NPUPOJAHOrO PaJl0aKTUBHOTO pO3Many 1
PO3IIMB BUIIPOMIHIOBAHHS, SIKE€ CYMPOBOXKYBAJIO 1I€¥ MpOIleC, Ha TPU CKIIAJ0BI:
v a—npomeni BIIXWISIIHCS 10 HETaTHMBHO 3apsKEHOTO IOJI0CA 30BHIIIHBOTO

€JIEKTPUYHOIO TOJIA, Majl HEBEIMKY MPOHUKHY 3JaTHICTH (SApa aToOMIB TeNii0
He®");

v [ —npomeni BIIXWISITKCA 1O MO3WTHBHO 3aps/PKCHOTO IOJIOCA 30BHINIHBOTO
€JIEKTPUYHOTO TOJIS (TIOTOK €JIEKTPOHIB 3 BUCOKOIO EHEPIIEI0);

v’ y—npomeni Oymu ineHTH(IKOBaHI K KOPOTKOXBHILOBE €JIEKTPOMArHiTHE

BI/IHpOMiHI-OBaHHH.

Mopgaenb aroma ToMcoHa (KaByHOTO/110HA):
aTOM — 3TYCTOK MO3UTUBHO 3apsPKEHOT MaTepii, B sSIKy BKPAIJICHO HETaTUBHO 3apsIKEH1
CJICKTPOHH, 10 KOMIIEHCYIOTh MIO3UTUBHUHN 3apsi/Il.

Mopnens atoma Pezepdopaa (rmanerapna):
y HEHTP1 3HAXOJUTHCA JYyXKE MaJie 32 pO3MipaMu SAPO, a CIEKTPOHU PYyXarOThCs HABKOJIO
HBOT'O MO KOJOBUX opOiTax. [[pakTHyHO BCA Maca 30cepe/’keHa B MaJloMy 00’eMi sijipa.
Yucio eneKkTpoHiB BIJIMOBIAA€E 3apsAa0Bl AIpa. B 1iioMy aToM eleKTpoHEeHTpasieH.

IHoHsaATTH PO CHIEKTP.

Bynp-ske mxepeno eneKTpOMarHiTHOTO BHUIPOMIHIOBAaHHS HAJCWIAE€ BPI3HOOIY
0e31i4 XBWJIb PI3HOI JOBXHUHH, SIKI HA3UBAalOTh cnekmpom. lle BUNPOMiIHIOBaHHS
MOIIUPIOETHCS  y TpocTopi 31 mBuakicTio 300000 kM/c, Mae BIACTUBOCTI XBHIIb.
KinbkicHO HOro XapakTepu3ylOoTh TOBKHHOI XBWII A, YacTOTOK V Ta aMIUTITYAOO
KOJIMBaHHA. YacTOTy XBHJIBOBOTO TMPOIECY BU3HAYAIOTH YHCIOM XBWJIb, K1 MPOXOJSAThH
yepe3 (iKCOBaHY TOUKY BIPOIOBXK OAHIET CeKyHaHM. BOoHA 3aJIeUTh BiJl JOBKHHHU XBUIII
A Ta MBUAKOCTI 11 TOMUPEHHS C :

V=—

A
1900 p. [Inank BUBYAB CIEKTpP CBITJA, SIKWW BUIPOMIHIOBAIM Harpiti Tina. [lmank
BUSIBUB HalMEHILy MOpPLII0, Ky MOXHA BUIUIMTH B OJHOMY aKT1 BUIIPOMIHIOBAHHS —
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kBaHT eHeprii (abo ¢oton). FEnepris kBaHTa mnpsMO NPONOPIIAHA YaCTOTI
BUIIPOMIHIOBaHHS:

E=hv
h - crana [Inanka.

h=6,63-10"* [xc-c

[lin wac mPOXOMKEHHS Kpi3b MPHU3MY COHAYHI TPOMEHI 3aJOMITIOIOTHCS,
pO3KIafarThcs  (aucrmepcis CBITJIA), 1 Ha €KpaHl, IIOCTaBJICHOMY 3a IPU3MOI0,
YTBOPIOETBCS CYUIIbHUI CheKmp, BUJIMMA YacTHHA SKOTO € KOJBOPOBOKIO CMYTOIO
KoJibopiB Becenku. IloTpanuBmm Ha doTorpadiuHy IiIacTuHy, CBITJIO ii "3acBiuye" 1
CIPUYUHIOE 3aTEMHEHHS. BUNPOMIHIOBaHHS pO3’KapeHHX TBEPAMX TUI Ta PO3IrpiTHX
PLAVH 3aBXKIU Ja€ CyLUIbHUM CIIEKTP, OCKUIbKU CKJIAJAEThCS 3 €IEKTPOMATHITHUX XBUJIb
HalpI3HOMAaHITHIIINX YacTOT. BUNPOMIHIOBaHHS pO3XKapeHUX Ia3iB Ta Mapy CKJIAJIAEThCS
3 XBWJIb TUIBKU MEBHOI JIOBKMHU, TOMY 3aMICTh CYI[IJIbHOI CMYT'M Ha €KpaHi 3’ SBISIETHCS
HU3Ka OKPEMHX KOJbOPOBUX JIIHIA, PO3AUIEHUX TEMHHMH MpoMibKKaMH. Yuciao Ta
PO3MIILLEHHS [UX JIHIA 3ajiekaTh BiJ HPUPOAM POIPKApEeHOro razy. Taki crnekTpu —
JIHIGuacmi.

CnekTp aTOMapHOIo0 BO/HIO.
ATomU TiIporeny npu 30y)KEHH1 €JIEKTPUYHUM PO3PSIIOM BUIIPOMIHIOIOTH CHEKTD,
y SIKOMY BHUSIBJICHO JIIHI{ B PI3HUX JTIISHKAX:
cepis Jlaiimana (Y @-ainsiHka);
cepis banbmepa (Buauma JIiasHKA);
cepis [lamena (IY-ginsiaka);
cepist bpekkera (IY-minsHKa);
cepis [lbynna (IY-ginsaka);
cepist Xamndpi (IY-ginsHka).
banbmep mpurycTUB, 110 YAaCTOTH CHEKTPAIbHUX JiHIN cepli NponopLiiHi OAHOMY
HIJIOMY YHCITY, SIK€ 3MIHIOE€ThCS. [1070KEeHHS JIiHIM Yy CHEKTPl ONMHUCYETHhCS PIGHAHHAM
Piooepza:

AN N N NN

N
!
I;U
|

V- 4HCJIO, OOEpHEHE MOBXKWHI XBWJII CIEKTPAIbHOI JIiHII B CIEKTPi, Ma€ OJMHUIIIO
BUMIPIOBAaHHS CM 1 IOKA3ye€, CKiTbKH JOBKWH XBUIIb BMIlITy€eThCs HA 1 cu;

R, — crana PinGepra, muis atoma rigporeny R, =109 677 em™

N,, N, — HEBEJUKI LIl YKACHA, 3aBXKAU N, (N, .
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Cepis crieKTpanbHUX NiHIA | JlOBKMHA XBHII XBUIILOBE YHCIIO V , n, n,
A y HM CM71

Jlaiimana (Y @) 93,8 106 600 6 1

95,0 105 300 5 1

97,3 102 800 4 1

102,6 97 480 3 1

121,6 82 260 2 1

banbmepa (Buguma) 397,0 25190 7 2

410,2 24 380 6 2

434,0 23 040 5 2

486,1 20570 4 2

656,3 15 240 3 2

ITamena (I4) 954,6 10 470 8 3

1005,0 9950 7 3

1093,8 9142 6 3

1281,8 7801 5 3

1875,1 5333 4 3

bpekxkera (1Y) 2630,0 3800 6 4

4050,0 2470 5 4

[Mpynna (I4) 7400,0 1350 6 3

Mocrynaru bopa.
3rifHO 3 HANMOPOCTIIIO MOJIEIII0, 3allpOIIOHOBAHOI0 BopoMm, enexkTpoH B aToMi
TIpOTeHy TOTJMHAE a00 BUMIPOMIHIOE EHEPT1I0 TUIBKH IIJIOYMCIOBUMHU KBAaHTAMH.
EnexTpoH, sxkuii po3riasgaloTh SK MaTepialbHy YaCTUHKY, PYXA€ThCS HABKOJIO spa
Mo 3aMKHEHIN KoyioBi opbiti. [ns Toro, mo6 opOita Oyna cTajor, TOBHUHHA
BUKOHYBATHCh yMOBA: BIJIICHTPOBA CHJIa, OOyMOBJICHA PYXOM €JIEKTPOHA, MTOBUHHA OyTH
PIBHOIO CHJII IPUTSTAHHS MK €JIEKTPOHOM 1 SIAPOM.

PiBHOMipHWI
KONOBUI PyX

- -

AY
1 “
' 7 ' EnekTpoH, wo
:‘—_@ ' PyXaeTbca No
|}
‘\

Anpo N opbiTi

~o -

M — Maca CIOKOIO €JIEKTPOHA;
U — HBUJKICTh PYXY €JIEKTPOHA;
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I — paaiyc opOitu;
e — 3apsi eJICKTPOHA.

2

Bioyenmposa cuna = mo
r o
Cuna enexkmpocma m. npumseaHHs = 7
Pienannusa cmanocmi opoim:
mov® €’
rr

Enepris enexktpoHa, sKuil pyxa€eTbcsl 0 OJHIN 3 O0PIBCBKUX OPOIT:

Enoehfa = E KiH + E nom
E, — KIHETHYHA €HEPIid;
E, ,, — NOTEHIIIIHA €HEPTIA.
mo?
Exin =
2
2
€
Enom = _T
mo® e’

Buxoasun 3 yMOB cTanocTti opOiT

bop HamaraBcsl MOSICHUTH MOBEAIHKY aTOMIB B MEXaxX MPOCTOI AUHAMIYHOI MOJENI.
[{s mMonens MOsICHIOBaJIa CIIEKTP aTOMa TIAPOreHy Yy BIACYTHOCTI MArHITHOTO mous. Y
MarHiTHOMY TOJIl CHEKTp aToMa TiAporeHy ycKIaaHieTbes (edexT 3eeMaHna).

3ommepdenb/1 MPUITYCTUB, 110 €IEKTPOH MOXKE PyXaTUCh HE TUIbKHU 1O KOJIOBUM, aji€ 1 o
SINTUYHUM OpOiTaM.
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IHepumuii mocryaar bopa.
Enextpon B aTtomi Moxe oOepTaTHCs JuIe MO TUX OpOiTax, Ha SKUX KOJOBUU
MOMEHT pyxy (Mor) € UMM YUCIIoM, KpaTHUM ctaiii [Inanka, noaineHii Ha 27 :

h
mor=n—-
27

n-1,2,3,...,0
Taxi op6iT — cmauyionapmi. 1111 yac pyXy eleKTpoHa Mo CcTallloHapHiiA opOiTi BiH HE
BUIIPOMIHIOE €JIEKTPOMArHiTHOI €Heprii.

1 . : . :
U =N—— - —— MIACTaBUMO B PIBHSIHHS CTAJIOCTi OpPOiT:
2z mr
2
n-h
m 2
2r-mr) _ €
r r?
Toni paaiyc eIeKTpOHHUX OpOIT B aTOMI T1APOTeHY:
n*h’
r=-— 2
4z°-me
r=0529-n?

r Bupaxaetbesi BA (1 4 =107 m).

Enepris opbitu

et 2zt-me* kK

T

k =136 2B/ amom =1312 x/pic| monw.

N =1 — OCHOBHUM CTaH,;

n > 1 — 30ymKeHuii CTaH.
VY pasi moriMHaHHS €Heprii aTOMOM MaJeHbKMUMH TOPIISIMH (KBaHTaMM) BiIOYBa€ThCS
CTpUOKOIOIOHE TIepEMIIIIEHHSI €JIEKTPOHA M0 CTallloHApHUX OpOiTax BiJ siApa aroMma.
3BOpOTHIH nepedir CyNpoOBOKYETHCS BUTIJICHHSIM €HEPTii.

YMOBHU TiepeMilleHHs €JIEKTPOHA 3 OJHOTO KBAHTOBOTO PIBHS Ha IHINIHWN BH3HAYAE
apyruu nocryuaar bopa:

ITix yac cTpuOKONOAIOHOTO MEPEexXoay eJIEKTpOHA 3 OUIBI BiAAaJICHOTO KBAaHTOBOTO

piBHS Ha OMK4Yy 10 sjapa OpOITy aTOM BHIIPOMIHIOE KBAHT €HEPrii 3 MEBHOIO

4aCTOTOO KOJIUBAHb V '

AE=E,—E,=h-v
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XBHJILOBHM XapaKTep eJeKTPOHA.

3riiHo 3 Teopieto bopa eNeKTpoH Po3riIsaaiu sIK KJIAaCHUYHY YaCTHHKY, 1 TOMY ii pyx
ONHUCYBaJIM 3aKOHAMHU KJIACHYHOI MEXaHIKU Ta eleKTpoauHamiku. Y 1924 p. ne bpoiiib
3aIIPOIIOHYBAB TOHATTA "KOPIYCKYJSpPHI XBUJ1" Ta BHUCJIOBUB 1JICI0 MPO XBUIBOBY
MIPUPOAY €JIEKTPOHA.

E=h-v;
E=m-c?;
2
h-v=m-c?: y=TC ; V=£;
h A
PR
mc

Jl5isa MaTepiadbHUX YaCTUHOK, MOAIOHUX J0 €NEKTPOHA, SIKI pyXaloThes 31 MIBUAKICTIO U,
1ieil BUpa3 HaOyBa€ BUTIIALY:

A=
mo
I'imote3a ne bpoiina Mae 3araibHUN XapakTep, 1 TOMYy SKOMY 3aBTOJIHO TiTy Macor

M, 10 pyXaeThcs 31 MBUIKICTIO U, Ma€ BIAMNOBIAATH MaTepiadbHa XBujsd. JloBkuHA

XBUJI1 JUIST MAaKpOTLJI, CKaKiMO, TEHICHOTO M’si4a, € HACTIJIbKH MaJIOko, IO 11 HEMOXKJIUBO

BUMIPATH 3a JOMOMOTOI0 MpuiiajiB. JlJis eJIeKTPOHIB ke Maca M € HabaraTo MOPSIKiB

MEHIIIOI0, TOMY BEJIMYMHU A HAO0yBalOTh BUMIPHHUX 3HAYECHb.

[Ipu po3CigHHI €JIEKTPOHIB KpHUCTAIaMU CIOCTEpIraeThecsl nudpakilig, mojioHa 0
nudpakiiii peHTreHiBCbkuX mpomMeHiB. Lle miarBepauno npumymieHHs ae bpoiis npo e,
IO €JICKTPOHY MpUTaMaHHI XBWJIbOBI BJIACTHBOCTI: JOBXHHA XBWJI, 4acToTa, (a3a Ta
3IaTHICTH 10 1HTepdepenuli. Lle mpunymenns e Bcyneped Teopii ToMcoHa mpo Te, 1110
€JIEKTPOH € YaCTUHKOIO 3 IEBHOIO MACOI0, EHEPTi€I0 Ta MOMEHTOM KUIBKOCTI PYyXY.

Hpunmun nogarkoBocti bopa: enexkTpoH HE MOXKE OJHOYACHO MAaTH XBHIIbOBI Ta
KOPIYCKYJISIpHI BJIACTUBOCTI. AJle i1 ONUCAaHHS pEaIbHOI MOBEAIHKUA €JIEeKTPOHa
HEO0OX1THO BpaXOBYBATH BCI 111 BJIACTUBOCTI, SIK1 B3aEMHO JOTIOBHIOIOTH OJTHE OJHOTO.

BiaMIHHICTE y TOBEAIHI[I YACTUHOK MIKPOCBITY Ta MaKpOTLJI MOJISATAa€ B TOMY, 1110 BCi
MakKpoTLla MalpTh NMEBHE MiICLE JIOKaji3alii, TOJAl SIK CTOCOBHO MIKPOYAaCTHHOK 3 iX
JIBOICTOI0 TIPUPOJOI0 BAXXKKO TOBOPUTU PO TOYHY JIOKATI3aIit0. XBWIS SIK €IUHE ITijIe
PO3IOIIJIEHa B MPOCTOPI, 1 TOMY ii MOJI0KEHHS HEMOKIIMBO TOYHO BU3HAYMTH.

Ipuaoun HeBu3HaveHocTi Ieiizendepra (OOMEXEHHS TOYHOCTI, 3 SKOK MOXKHA

BU3HAYMTH TOJIOKEHHS AX Ta iMIyinbe AP Oyb-sSKOT MIKpOYACTHHKH):

(Apx)(Ax)z%

(4p, ) — HEeBH3HAYEHICTH Yy BENWYMHI IMITYJIBCY;

(AX) — HEeBM3HAYEHICTH Y MOJIOKEHHI YACTHHKH Y TTPOCTOPI.

TakuM YMHOM, YAM TOYHILIE BUMIPSITH IMITYJIbC, TAM MEHII TOYHO MOKHAa BCTAaHOBUTHU
MOJIOKEHHS B TIPOCTOPI.
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BiamoBinHO mpuHIAITY HEBU3HAYEHOCTI, €JIEKTPOH HE MOYKHA YSBIISATU K YaCTHHKY,
sIKa PyXa€eThCs BiJl TOYKU J0 TOUKH, 3 TIEBHUM IMITYJIbCOM B KOXKHIH TOUIII TpoCcTOpy. Mae
CEHC TOBOPHUTH TIJIBKHU IIPO JICSIKYy WMOBIPHICTH nepeOyBaHHS eJIeKTpoHa y (iKCcoBaHI
Toulli mpoctopy. He MoXHa 3MiiCHUTH OAHOYACHE BHUMIPIOBAHHS 3 BHCOKOIO TOYHICTIO
Takux (QI3UYHUX BEIWYWH, M0 JAlOTh MOXJIUBICTh YCTaHOBUTH, € EJCKTPOH
MaTepiaTbHOI0 YACTHHKOKO YU XBHIICIO.

PiBusinns Hpeninrepa (onmucye XBUIBOBUI PyX €IEKTPOHA B aTOMi).

2 2 2 2
al/21+al/2/+al/2/+8”2m(E—U)z//:O
ox® oy- oz h

¥ — XBHJIbOBA (QYHKIIIS;

X, Y, Z — KOOpJINHATH;

M — Maca eJIeKTPOHa;

h — cramna ITlnanka;

E — moBHa eHepris eNeKTPoHa;

U — noreHuiifHa eHepris elIeKTPOoHa.

3MiHHA BEIMUMHA I/ — X6uaboea hynkuyisa. BoHa € QpyHKII€I0 KOOpAUHAT, 32 KOO
MOXHa 3HAaWTH HMOBIpHICTh. BOHa MOB’s3aHa 3 aMIUITYJ0K KOJUBAJIbHOTO pPYyXY
€JICKTPOHA 1 MOXKE€ HaOyBaTH SIK IOJATHUX, TaK 1 B1JI’€MHUX 3HAYE€Hb, TOJ1 SIK UMOBIPHICTh
3aBXKIM BUPAKAETHCS JOJIATHUM YHUCIOM. J[J11 po3paxyHKiB MMOBIPHOCTI 3HAXOJ/>KECHHS
eJIeKTPOHA B NIEBHOMY MiCIli BUKOPHCTOBYIOTh > . Disuunuii 3MicT °: nobyTtok y°dV
BIJIMIOBITa€ HMOBIPHOCTI MepeOyBaHHs YaCTUHKH B TIeBHOMY 00’emi dV 1 mae Ha3By (JIst
CJICKTPOHA) e1eKMPOHHOT 2YCIUHU.

XBUJIbOBA (PYHKIIISI Ma€e OyTH:
v’ CKIHYEHHOIO (HE IIEPETBOPIOBATHCH Ha ©0);
v’ Ge3IepepPBHOIO;
v/ OIHO3HAYHOIO;
v’ meperBoproBaTiCh Ha 0 y pa3i HECKIHUEHHOTO BiIANICHHS €JICKTPOHA BiJI s/Ipa.

[ToBHE KBAaHTOBO-MEXaHIYHE PO3B’SI3aHHS 3aj]1aul PO €IEKTPOHHY OyaoBy aroma H
Ja€ P XBUILOBUX (DYHKITIH 1 BIAMOBIAHUX 1M €HEPTii.

CrarionapHOMy CTaHy €JICKTPOHA BIJIOBIJA€ TUIBKKA OJHA J03BOJIEHa KOMOIHAIlIS
TPHOX KeéaHmoeux uucen (IIOYUCIOBI BEIUYMHU, 3a JIOTIOMOT'OK0 SIKMX MOXXHA 3HAWTH
KOKHY 3 BHIUICHHX ISl pO3B’si3aHHS XBWIbOBUX (yHKIH) N,l,m. Koxuiii Takiit
KOMOiHalii BIAMOBIAA€ OAWH 13 pO3B’sA3KIB XBWIbOBOro piBHsAHHSA Lllpeninrepa, sxuii 1
Ha3UBAIOTh X6UIb0GOI0 (PYHKUYiEI0, OpOImMmaiio ad0 eneKmpoHHOI XMAPoIo.

Op6iTans IIIKOM BU3HAYEHA, SKINO JUIsl HEl BiJIOMI 3HAYEHHSI KBAaHTOBUX YHCEI
n,l, m, ueit HaGip € "ampecoro” ereKTpoHa B aTOMI.
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KBanrosi uncJa.

N — 20n108He K6aHmMoge YUco.
Busznauae eHepreTHUHMM piBeHb Ta 3arajibHUI 3amac eHeprii eJIeKTPOHA B aTOMI.

Haiimenmie 3HaueHHs eHeprii piBHS BIANOBIJA€E HAWMEHIIOMY N, 31 30UIbLICHHSIM N
CHEPTris PIBHIB 30LIBITYETHCA. SIKIO N =00, €IEKTPOH HE 3B’ SI3aHHUM 3 AaTOMOM, 1 HOMY, SIK
BIUJIbHIM YaCTUHIN, MOXKHA MPUIHCATH Oy/b-sKE 3HAUCHHS KIHETUYHOI €Heprii.

| — opoimansne keanmose uuco.
Busnauae ¢popmy opOirtaeil.

|=0...n-1

Opb6iTanbHe KBAaHTOBE YUCIIO | 0 1 2 3
[To3HaueHHs €eHEepPreTUYHOTo MiAPiBHA S p d f
Mexi1 3MiHH OpOITAIBHOIO KBAHTOBOI'O YHCIA!

n p Yucno 3HaueHb [To3HavueHHS eHEPTreTUIHUX

| HiIpiBHIB

1 0 1 S

2 0,1 2 S, P

3 0,1,2 3 s, p,d

4 0,1,2,3 4 s,p,d, f
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y y y
Is 2py 2p, 2p,
b
y y y y
3d,, 3dyy 3d,.y 3d,

dopmu 1 mpocTopoBa opieHTais S-, P-1i d-opOiTaiei.

3a 3amaHnM 3HaueHHsM uucia | 3a piBasHHsAM llpeninrepa MoxHa OOYHCIHATH
KyTOBUH MOMEHT elleKTpoHa. HaliMeHIuM € 3HaueHHs KyToBoro momeHnty mist | =0, B
Mipy 30umbIIeHHS | KyTOBHME MOMEHT elekTpoHa 3poctae. [l opoitaneii 3 | >0 icHye
(21 +1) BapianTiB, skuMH OpOiTab MEBHOT HOPMHU MOKe OyTH OpiEHTOBAaHA Yy MPOCTOPI.
3a BIACYTHOCTI MarHiTHOTO TOJIA BC1 OpIEHTALlli BUPOJKEH1, TOOTO OJTHAKOBI 3a EHEPTIEIO.
HakiiananHs MarHiTHOTO MOJSI yCyBa€ BUPOJUKEHHS opOitaneil omHakoBoi ¢opmu. B
bOMY BUNAJKy 3HAYEHHS KyTOBOTO MOMEHTY OYyIyTh HECXOXHUMH B3JIOBXK PI3HUX OCEW,
10 BIJTMOBIJIa€ Pi3HINA OpIEHTALIIT OJJHAKOBUX 32 (pOpMOIO opOiTanei y mpocTopi.

M — MazHimHe K6aHmoge Yuco.
IToB’s13aHEe 3 TPOCTOPOBOIO OPIEHTAIIIEIO CICKTPOHHUX OpOiTajel aroma.

im=—1...0._.I|

KoxHOMy 3Ha4eHHIO MarHiTHOTO KBaHTOBOT'O YKCJIa M BIiATOBITA€ OJWH €HEPTeTUYHHUI
cTaH a00 OJHa eJeKTpOHHA OpOiTaNh 3 BH3HAYEHOIO IMPOCTOPOBOIO OpieHTariero. Bci
opOiTaii OJHOr0 MiAPIBHS B 130Jb0BAHOMY aTOM1 MalOTh OJHAKOBY €HEPTIIO.
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Mexi 3MIHM MarHiTHOrO KBAaHTOBOT'O YKCJIA:

ITo3nauenns | | m Yucno CxemMaTnyHe
1JpiBHIB opOiTanei MO3HAYCHHS
21+1
S 0 0 1 O
p 1 -1,0,1 3 mun
d 2 -2,-1,0,1,2 5 (11O
f 3 |-3-2-101,23 7 EEEEEEE

ms — cniHo6e K8AHmoee Uuco.

JIJ1si omucaHHS aTOMHOI opOiTami, TOOTO MPOCTOPY, B SKOMY MOJKE 3HaXOJUTHCH
CIIEKTPOH B aToMi, HEOOXiJHO MaTh TpH KBaHTOBHMX uyucia N,I,m. Jlna toro, mo6

MOBHICTIO ONHCATH CHCTEMY "€JIEKTPOH B aTomi", MOTPIOHO BBECTU CIIIHOBE KBAHTOBE

YUCJIO M, OCKUJIbKH €JIEKTPOH MA€ BIACHUM MAarHiTHUM MOMEHT, KMl KBAaHTY€THCS B

HAIIPAMKY IIapaJICIbHO 49X IIPOTHIICKHO 3aCTOCOBAHOMY MaFHiTHOMy II0JITO.

1=200,S(S+1)
S=>m,.
) e-h 30
(t BUMIpIO€eTbCs B MarHeToHax bopa p; =——=00927-10"" K - m
T-Mm-C
un B ne6asx 1 Jebaii (D)=3,33-10"" Kn- .
ATOMH, SKI MarOTh TUIbKH criapeHi enekTpoHH (S =0), BUIITOBXYIOTHCS 3 MarHiTHOTO
noJs (miamarHiTHi). ATOMH, sIKi MarOTh HecrapeHi enekTponu (S #0), BTATYIOThCS B
MarHiTHe 1noJie (mapaMarHiTHi).
CriH BUSBIAETbCS B ICHYBaHHI Yy €JIEKTPOHAa BJIACHOTO MOMEHTY IMIYJbCy 1
CIIOPITHEHOTO 3 HHUM MArHITHOTO MOMEHTY. J[y>Ke CIpOIIEHO CIiH TepelarTh SK

0o0epTaHHS eJeKTpOHA HABKOJIO BJIACHOI ocl. JloCiKeHHSIMH BCTAaHOBJICHO, 110 MTPOCKIIis
BJJACHOTO ~ MOMEHTY  IMIYJbCy  €JIGKTpOHAa  MOXKE€  MaTu  TUIbKM  JIBa

1 h . 1 h ) )
3HAYEHHS.+ —-—— [ ——-—— 3ajJCKHO BiJ TOro, 30iraeTbCs HANpPSIMOK BJIACHOTO
2 2 2rx
o0epTaHHs €JICKTPOHA 3 HAIPSIMKOM HOr0 pyXy HaBKOJIO SIIPa UM MPOTHIICIKHHUM.
1 1
m=+>= T; m=-= 1
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BararoesieKTpOHHI aTOMHU.

PiBusans Llpeninrepa Mae TouHe po3B’si3aHHS TUIBKH ISl aTOMa T1ApOreHy.

Jlns  GaraTOCNEKTPOHHUX  aTOMIB  BUKOPHUCTOBYIOTH  PI3HOMAHITHI  METOIH
HaOmkeHb. OJIMH 3 TaKUX METOAIB — MeTo XapTpi — Doka (MeToj caMOy3TOIKEHOIro
1oJis): oOMparoThCsl OyAb-sAKI MPUMHATHI 3HAYCHHSI XBUJIbOBHX (DYHKIH JJII KOXKHOTO
€JICKTPOHA B aTOMI, 32 BUKJIIOYEHHSIM OJIHOTO, B PO3PaxyHKYy ePeKTy B3aeMojii siapa Ta
BCIX €JIEKTPOHIB, 110 3aJHUIIMINCh, 3 OOPAaHUM €JIEKTPOHOM 1 B PO3paxyHKY TaK 3BaHOI
XBUJIHLOBOI (DYHKIIIT 1IHOTO eNeKTpoHa. [1oTiM 00MparoTh Apyruil eIeKTPOH (PO3paxyHOK
IPOBOJASTh 3 ypaxyBaHHSAM IMOMIMIIEHOI XBHJIBOBOI (PYHKINI MEpUIOTO €NeKTpOHAa) Ta
PO3paxoBYIOTh MOJIMIIEHY XBUIBOBY (YHKIIIIO JJIE HBOTO 1 Jajii A0 TUX Mip, MOKH HE
OTPUMYIOTH TOJIMIIeH] (QYHKIIT JUisi yciX eneKkTpoHiB B aromi. IloTiM Bech LUK
pPO3paxyHKIB TOBTOPIOIOTH, BUXOSYHM 3 TIOJIMIICHUX 3HAYCHb XBHJIBOBUX (YHKIIIH, 1
OTPUMYIOTHh TOJANblIe TMOJIMIIEeHHA. Taki po3paxyHKH TMOBTOPIOIOTh JIOTH, JOKH
MOJIIMIIIEHHS HE MPUIMHUTHCS, TOOTO XBWIBbOBI (DYHKIINI YCIX €JIEKTPOHIB HE CTaHYTh
CaMOY3TOJKEHUMH.

VY GaraToeneKTpOHHUX aTOMax €JIEKTPOH B3a€EMO/IIE HE JIMILE 3 SIPOM, a U 3 1HIIUMHU
€JIEKTPOHAMH L[OTO aTOMa, BIAIITOBXYIOUYHCH BiJl HUX.

bararoenekTpoHHI aTOMU MOKHA YSIBUTH SIK CHUCTEMH, B SKUX Yy TOJI MMO3UTUBHO
3apsA/DKEHOTO  siipa  LIapaMd  PO3MILIYIOThCS — €JIEKTPOHHM, CTBOPIOIOYM  CKJIAJIHI
eHepreTuyHi1 piBHI, MoOyaoBaHi 3 MiapiBHIB. CTaH €JIEKTPOHIB y 0araTtoeieKTPOHHUX
aToMax BIJINOBIJIa€ NpuHUUNY 3a00ponu Iay.ii:

B aTOMI HE MOX€E OyTH JABOX EJIEKTPOHIB, Y SIKUX yCl YOTHPU KBAHTOBI uKciia Oyiu O
OJTHAKOBI.

@13UYHUNA 3MICT [ILOTO MPUHIMIY MOJISIrae B TOMY, 11O B OJJTHOMY ¥ TOMY CaMOMY
MICIII TIPOCTOPY JABa €NEKTPOHU OJTHOYACHO PO3MIIIYBAaTUCS HE MOXYTh. [[Ba enekTpoHH
MOXYTh 3aliMaTh OAHY OpOiTajdb JMIIE 3a YMOBH, IO BOHH MarOTh MPOTUIIEKHO
crupsimoBaHi cmiad. KokHa opOiTanb He3alneXHO BiJ] TOTO, J€ BOHA PO3MIIIEHA, MOXKE
MaTHl MAaKCUMYyM JIBa €JIEKTpOoHU. J[Ba eneKkTpoHH, siki mepedyBaroTh Ha OJHINA opbitaii,
Ha3. cnapenumu.

IpaBuino Xynaa:
Ha MIAPIBHAX €IEKTPOHU PO3MIIIYIOTHCS TaK, 00 cyMa IXHIX CIIHOBUX KBaHTOBHX
yucen 0yJia MaKCUMaIbHOIO.

Lle moB’si3aHe 13 B3a€EMHUM BIAIITOBXYBaHHSM €JIEKTPOHIB, PO3MIIIEHUX HA MIAPIBHI.
EnekTpoHH Ha BHpOKEHHX OpOITANAX MIAPIBHS MalOTh PO3MILIYBAaTUCh TaK, HI00
B3aEMOJIISATU MK COOOI0 3 HAaTMEHIIIOI0 €HEPri€lo, a 1€ JIOCATAETHCS 32 YMOBH, 110 BOHU
HE CHapIOIOThCS. YTBOPEHHS EJNEKTPOHHUX Map EHEPreTUYHO HEBUTIAHE 1 MOTpelye
3aTpaT eHeprii, TOMy Ha cXeMi B yCiX KOMIpKax MiJpiBHA, IO 3alIOBHIOETHCS, CIIOYATKY
PO3MIIIYIOTECS IO OTHOMY €JIEKTPOHY, a BXK€ JJajll BOHU MOYMHAIOThH CIIAPIOBATUCH.
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Hanpuknan,
TPH €JIEKTPOHU HA [) — MiJIPIBHI:

YOTUPH €JICKTPOHHU Ha P — MIJIPIBHI:

ARAE

VY 0aratoeneKTpOHHHUX aToMaxX eJEKTPOHU PO3MIIIYIOTHCS B HABKOJO SIACPHOMY
IIPOCTOPI B MOCIIIOBHOCTI TIOCTYIIOBOTO TIIBUIIICHHS eHeprii. EHepris miapiBHIB 3pocTae
B MIpy 30UIBIIICHHS TOJOBHOTO KBAaHTOBOTO YMC/ia N Ta OpOITAIBHOTO KBAHTOBOT'O YHCIA

IIpaBuia Kii€4k0BCHKOIO.
[lepme npasuio:
EnexTpoHu 3an0BHIOIOTH OpOiTalli B MOPSAAKY 3pocTaHHs cymu N+ |, B meprry depry
3aIlOBHIOETHCS TIIPIBEHD 3 MEHIIOK CyMor0 N+1 .
[pyre npaBuio:
Y pa3i omHaKOBUX 3HaueHb CyMM N-+| 3amoBHEHHS OpOITaNel eIeKTpOHAMHU
B1I0YBA€ETHCS B MIpy 30UIbIIEHHS 3HAYEHb 'OJIOBHOI'O KBAHTOBOT'O YKCIA N .

1s 23 2p 3s 3p 4s 3d 4p b5s 4d 5p 6s 4f 5d 6p 7s
n+l 1+0)(2+0)(2+D)B+0)(B+)(4+0)B+2)(4+1)(B+0)(4+2)B5+1D)(6+0)(4+3)(5+2)(6+1)(7+0)

1 2 3 4 5 6 7

Ipuxiaaau 3aB1aHb.

1. TlosicHITB, 4M ICHYIOTb IiIPIBHI:
1d n=1;1=2. n<I, o He BiAMoOBiga€e yMOBI iCHyBaHHS miApiBHSA N > |, oTxke
1d — migpiBeHb HE iCHYE.
5p n=5;1=1. n>1l, mo BignoBijgae ymMoBi icHyBaHHsS miapiBHA N>, oTxke
Sp — miapiBeHb ICHYE.

2. SIlxkum HAOOPOM KBAaHTOBHIX YHMCENl XapaKTEPU3YEThCS KOXKHA OpOiTamb Ta KOXKHHIMA
enekTpoH 5p* mixpiBHsL.

IAREE
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Ne opOitam n I m Ne enexTpona | n I m | mg
1. 4 1 | -1 1. 4 1 -1 | +1/2
2. 4 1 0 2. 4 1 -1 | -1/2
3. 4 1 1 3. 4 1 0 |+1/2

4. 4 1 1 | +1/2

3. HaBenite enekTpoHHi ¢GopMysHd Ta CXEMH JJIsI aTOMIB €JIEMEHTIB, IO MAarTh
nopsiaAkoBi Homepu 17, 27, 75.

Ne 17.

1s® 2s* 2p® 3s® 3p°

11

{
n |
f

—
~——

—_—
~—

—
~—

o;
g

Ne 27.

1s? 2s® 2p°® 3s® 3p°® 4s” 3d’ (3a npaBumamu KieukoBCHKOTO).
1s® 2s* 2p°® 3s® 3p°® 3d” 4s® (enexTponHa hopMymna)

v

M1

II
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Ne 75,

1s* 2s® 2p°® 3s® 3p°® 4s* 3d™ 4p°® 5s* 4d™° 5p° 65 4f* 5d° (3a TIpaBUIAMHU
KneukoBchKOro).
1s® 25 2p® 3s® 3p°® 3d™ 4s® 4p° 4d™ 41" 5s* 5p° 5d° 6s* (enekTpoHHA hopMyIa).

VI |}
Voo U UL AT
v U U] UL L
AR A AR A AR AN AR AN
L AR AR
I i
S p d f
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Jlekmisn 3.
IHepioguuHuii 3aK0H. 3AKOHOMIPHOCTI 3MiHM XIMIYHHUX BJIACTUBOCTEI.

[lepioguunuii 3akoH sk BiH OyB cdopmynsoBanuii JI. I. MeHneneeBum.
[lepionuuna cucteMa sIK BiIOOpaKEHHS MEP10JUYHOr0 3akoHy. CTpyKTypa mepiogudHoOi
CUCTEMH: TepioJu, TpymH, miarpynu. Homep rpymnu 1 BaJIeHTHICTh €JIEMEHTA.

3MiHa BIIACTUBOCTEHN €JIEMEHTIB y Mepioi, B rpymi. Miclie eleMeHTa y nepioJuaHii
CUCTeMI — Hioro HallBaXKJIMBiIlIa Xapakrepuctuka. [lepenOadeHHst HEB1IOMHUX €JIEMEHTIB 3a
JIOTIOMOTOI0 TIEPIOAUYHOTO 3aKOHY.

3akon Mosni. CydacHe (OpMyITIOBaHHS MEpIiOAUYHOrO 3akoHy. llepiomnyna
cucTtema 1 1i 3B’s130K 3 Oy/I0OBOIO aToma. 3allOBHEHHS €IEKTPOHAMU MiIPIBHIB Y KOKHOMY
nepioi.

s-, p-, d-, f-erementu. Ywucno eneMeHTIB y mepiodi. EjeMeHTH TONOBHHX i
nobiuaux miarpym. "IIpockok"enekTpona. f-exemeHTH, 0OCOONMBOCTI iX €IIEKTPOHHOI
Oy/Z10BH 1 TIOJIO>KEHHSI B TIEP1OJIUYHIN CUCTEMI.

Enepris ioni3aiii, eHepris COPITHEHOCTI A0 €IEKTPOHA, iX 3aJIeKHICTh B 3apsy
snpa, paaiyca i eIeKTpOHHOI OyJIOBH aroMa. 3aKOHOMIPHICTh 3MIHM €Heprii 10Hi3alii Ta
€HEeprii CHOpiJHEHOCTI JO €JNEeKTpoHa Yy €JIEeMEHTIB B Tepiojax 1 Tpynax.
EnekTpoHeraTuBHICTh. 3HAYEHHSI €JEKTPOHEraTHBHOCTI JJIA XapaKTEPUCTUKH XIMIYHHMX
BJIACTUBOCTEHN €JIEMEHTIB.

VY 1869 p. MeHnneneeB po3MICTUB 64 XIMIYHHMX €JIEMEHTa Y MOPSJIKY 3pOCTaHHA iX
aTOMHHX Mac Ta BUSBHUB MEPIOIUYHICTH TOBTOPEHHS iX BJIACTUBOCTEH.
BrnactuBocTi mpoctux Tija, a TakoX (OpPMH 1 BIACTHUBOCTI CIIOIYK €JIEMEHTIB
nepeOyBaroTh y MEePI0UYHINA 3aJICKHOCTI BiJl BEJIMUUH aTOMHHX Bar €JICMEHTIB.

MeHpeneeB He 3MIr MOSCHUTH CIPABKHBOI MPUYMHU YCTAHOBIIEHOI MEPIOJIUYHOCTI,
nig gac posmimenHs Co Ta Ni, Te Ta | BimgaB nepeBary xapakTepy 3MiHH XIMIYHHX
BIIACTUBOCTEMN.

VY 1913 p. Mo3ni nij yac JOCHIIKEHHSI pEHTI€HIBCHKOTO BUIMPOMIHIOBAHHS MPOCTUX
PCUYOBMH BHUSBUB, MO0 4YacToTa (V) IUX TNPOMEHIB OUIBIIO MipOK TOB’s3aHa 3

MOPSAAKOBUMHU HOMEpPaMH €JIEMEHTIB, HIXK 3 IXHIMU BITHOCHUMH aTOMHUMH MaCaMH.
PentreniBchbke BUNPOMIHIOBAHHS BWHHUKAE, KOJM XIMIYHMM €JIEMEHT y BUIJISIL
pOCTOi TBEPAOi PEUOBMHU OOMOApPIYETHCS MYyYKOM EJIEKTPOHIB 3 BHCOKOIO E€HEPTi€lo.
[leit enexkTpoHHUN MOTIK BUOMBAE 1 Hece 3a COOOI0 €JIEKTPOHU 3 BHYTPIIIHIX O00JIOHOK
OaratoenekTpoHHUX aTtoMiB. Ha 3BibHEH1 MiCIsl Biipa3zy MEpPEMILYIOThCA €IEKTPOHU 3
BUILMX €THUYHUX PIBHIB, BUINPOMIHIOIOUM €Heprito. Lle BUMpOMiHIOBaHHS 3al€KUTh BIJ
IPUPOJIN EIEMEHTA 1 HA3UBAETHCS XAPAKMEPUCHUYHUM.
3axon Mo3i.
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Kopeni kBaapaTHi 13 OOEpHEHHMX 3HAYEHb JOBXHH XBWJIb XapaKTEPUCTHUHOTO
PEHTIeHIBCHKOTO BHUIPOMIHIOBAaHHSA TNepeOyBarOTh Yy JIHIHHIA 3aJIe)KHOCTI Bijl
A — JIOBJKWHA XBUII;

MOPSIIKOBUX HOMEPIB €JICMEHTIB.
1
—=a(Z-b)
A
Z — MOPSAAKOBUI HOMED E€IIEMEHTA;

a,b — crami BeaWMYMHU U1 OJHOTHUITHHMX JIHIH PEHTT€HIBCHKUX CIICKTPIB aTOMIB PI3HHX

eJIEMEHTIB.

Eneprisi KBaHTIB PEHTICHIBCHKOTO BHUIPOMIHIOBAHHS Ma€ EJIEKTPOCTATUYHO
3aJeXaTy BiA BIACTaHI MK SIIPOM 1 BIATMOBIIHUM €HEPreTUYHHUM PIBHEM Ta Bija 3apsity
anpa. Konmu enexkTpoHu NOBEPTAIOThCA 3 OUIbII BIAJANCHUX HAa OJWH 1 TOW caMuit
€HEpreTUYHUI piBEHb, TO JOBKHHA XBUJIl BIATIOBIAHOI COEKTPAIBHOIL JiHIT Ma€ 3aJIeaTu
TUIBKH BiJ 3apsAny A]ipa, OCKUIbKM BIACTaHb Bl A7Ipa 10 BIANOBIAHOTO €HEPreTHYHOTO
piBHS 3MIHIOEThCS ay>ke Majo (H. bop).

binbmomy 3apsiny siapa BiAmoBigae OuIbIa €HEpris KBaHTa, 110 BUIPOMIHIOETHCS,
a00 MeHIla JOBKUHA XBUJIL.

[TopsinkoBoMy HOMEpPY €lIeMEHTa B MEpIOAUYHIN CHCTEM1 BIANOBIIA€E MO3UTHBHHUI
3aps siipa aToMa 1bOro €JIEMEHTA.

CyuacHe popMyTHOBaHHS NEPIOTUIHOIO 3aKOHY:
BJIACTUBOCTI €JIEMEHTIB, @ TaK0 (POPMH Ta BIACTUBOCTI iX CIOJIYK NEpeOyBalOTh Yy
MEepIOIUYHIN 3aJIEKHOCTI B 3apsiAiB SAEp iIXHIX aTOMIB.

XapakTep 3allOBHEHHS! €JIEKTPOHAMHU EHEPreTHYHHUX pPIBHIB y aroMax €JIEMEHTIB
B3a€MO3B’I3aHUI 3 I0JI0KEHHAM eneMeHTIB y [1C.

Crpykrypa IIC.
Ilepioou — TOpPU3OHTAIBHI PAIU EJIEMEHTIB, PO3MINICHUX Y TMOPSAIKY IMOCTYIOBOTO
3pOCTaHHS 3aps/IIB aTOMHUX S7CD.
Y Mexax mepiojiB BIACTUBOCTI €JIEMEHTIB 3MIHIOIOTHCS BiJ THUIIOBHUX METANIB JI0
TUTIOBUX HEMETANIB. 3aKIHUYETHCS KOKHUMN MIEP10Jl IHEPTHUM Ta30M.
VYci nepionu, 3a BuHATKOM | (2 enmemeHTH), mapHi, TOOTO MOAPHO BMIIIYIOTh OJHAKOBE
YHCIIO €JICMCHTIB.

II Ta III — 8 enemeHTIB;

IV ta V — 18 enemeHTiB;

VI — 32 enemenTa;

VIl — He 3aKkiHUeHUH.
[lepiogu posmimieHl OJMH TiJI OJHUM Tak, IO XIMIYHI €JIEeMEHTH 3 MOJIOHUMHU
BJIACTUBOCTSIMU BHUSIBIISIFOTHCS 3TPYIIOBAaHUMH.
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I'pynu — BepTUKaJbHI DPSIIM €JIEMEHTIB. ['pynmu MICTATh MIATpynu: TOJOBHY (A) Ta
no6iuny (B).

o 20106101 nidepynu BXOIATH €1eMEHTH, po3MminieHi i exemernTamu 11 ta III mepioais
(TUTIOBUX €JIEMEHTIB).

Enementn, 3MmileHl BiJIHOCHO €JEMEHTIB TOJOBHOI MIATPYIH, CTAaHOBJIATH HOOIUHY
niozpyny.

[To6iyna miarpymna VI rpynu ckiaagaeThes 3 TpbOX €JIEMEHTIB — Tpiajl.

Veknaanenoo € no6iuna miarpyna III rpynu VI Tta VIl nepionis. Ii Bumeceno min
taburo. L1 eJeMeHTH — TaHTaHOIAW Ta aKTUHOIIH.

VY Mexax eNeMEeHTIB, fKi CKIAmaloTh Mepioj, B1I[6YBa€TBCH TIOCTYIOBa 3a0ymoBa
CJICKTPOHAMH 30BHIIIHBOTO, & YacTO 1 MEPEeIOCTAaHHBOTO IiIPIBHIB. Hmple 11(0)
3aIOBHIOIOTHCSI, HA3UBAIOTh @AleHmMHUMU. EIEKTpOHU Ta opOiTalli MUX MiAPIBHIB OEpyTh
y4acTh B YTBOPEHHI XIMIYHHMX 3B’sI3KiB. UMCIO TakuX EJIEKTPOHIB 30UIBIIYETHCS Ha
OJIMHUIII0 B pa3l TMepexoJy BiJ TMOMNEPEAHBOTO €JIEMEHTa JO0 HACTYIHOTO, OTXKe
3MIHIOETBCS XIMIYHA TOBEIHKA aTOMIB €JIEMEHTIB.

Homep mepiogy, B sSKOMYy 3HaxXOAUTHCA €JIEMEHT, 30IraeTbCsi 3 HANMOUIBIIMM
3HAUYEHHSIM T'OJIOBHOT'O KBAHTOBOTO YHCIIA.

Kosken nepios1 mounHaeThest 3a0yI0BOIO S - MIIPIBHS, a 3aKIHUYETHCS (POPMYBAHHIM
p — miapiBua. B IV mepioai 3’sBnserbes d - miapiBens, B VI Ta VII mepiogax - f
M1JIpi1BEHb.

S — eJeMeHTIB (y KMX 3a0y/lOBYETbCS S — MIAPIBEHB) Y KOXKHOMY MEPIOJL MO 2.

Bonu yTBOpIOIOTH TOJIOBHI IATpynu 1 Ta 2 rpyi.
1 2
ns ns

i enemenTu — Tunosi metanu (kpim H, He).

P — ejgeMeHTiB (y SKUX S — MIJpIBEHb BXK€ CPOPMOBAHUWA 1 MOCTYHOBO
3a0yJIOBYETBCS P — MiApPIBEHb) Y KOXKHOMY mepioji mo 6. BoHH yTBOPIOIOTH T'OJIOBHI
niarpynu 3 - 8 rpy.

ns® np'...ns* np°®
BiactuBoCTI 1IMX €JIEMEHTIB 3MIHIOIOTHCS Bl METAIIYHUX 10 TUIIOBO HEMETAIIIYHUX.

d - eJeMeHTiB (y aTOMax sIKMX 3anoBHIO€ThCS (N —1)d — miapiBens) — o 10. Bouu
YTBOPIOKOTH MOOIYHI MIATPYIHU €IEMEHTIB yCIX IPyIl.
(n=1)d'ns*... (n—=1)d" ns?
Bci BoHu € MeTanamu (Ha3. mepexiaHi MeTasn).

f - exemenTiB (y aromax skux 3amoBHIO€TbCs (N—2)f — miapiBens) — mo 14,

Bonu yrBoprotots no6iuni nigrpynu Il rpynu enementiB VI ta VII nepioais.
(n-2)f*(n=1)d*ns*... (n=2)f* (n-1)d* ns?
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Bci BOHM € MeTaiaMHu.

"IIpockok" ejleKTpOHA.
OckiJIbKM  HaWOUIbII CTIMKUMH € KOHpirypamii 3
3alIOBHCHUMH MIAPIBHAMH, JJIs JESIKUX CJIEMCHTIB

HaIoJOBHHY a00 TOBHICTIO
CIIOCTEPITa€eThCA  "TIPOCKOK"

eJIEeKTPOHA.
Cr 3d* 4s? 3d° 4s!
4 N\
JARNEEE i AEEEREARERE
3d 4s 3d 4s
HAIOJIOBUHY 3allOBHEHNH 3d — ImiIpiBEeHb.
Cu 3d° 4s? 3d* 4s*
£ N
AR AR AR A LR L AR AR ANK
3d 4s 3d 4s

TOBHICTIO 3anoBHeHMI 30 — ImiIpiBEHb.

Otxe, 3arampHa €JIEKTPOHHAa KOHQIrypalisi €IeMEHTIB, y SKHUX CIIOCTEPIraeThCs

"MpOCKOK" eJIeKTpOHA:
(n-1)d* ns® <>(n-1)d® ns* (n—1)d® ns® <>(n—-1)d* ns'

BusHaueHHs, BUXOJAYM 3 OYJOBU EJIEKTPOHHUX OOOJIOHOK aTOMIB, y SKOMY Heploi,

rpyIi, DIArPYyMi 3HAXOIUTHCS €IEMEHT:
v/ HOMep Mepiojy — HaWOIIbIIIe 3HAYEHHS TOJIOBHOTO KBAHTOBOTO YKcia N ;

v HOMep IpyIH — CyMa BaJIEHTHUX €JIEKTPOHIB;
v migrpyma— ns;np  (n—1)dns;(n—2)f ns
%/_/

207106HA nobiuna

>(n—=1)d" ns®* =8,9,10|— eneMeHT 3HAXOIUTHCS B 8 TPYIi MOOIYHIH MiArpymi.
Py py

Y(n—-1)d® ns® =11 — enemMenT 3HaX0MUTLCA B | rpymi moGiuniii miarpymi.

>(n—-1)d™ ns® =12|— enemeHT 3HAXOAUTHCS B 2 TPy MOGIUHIH APy
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Ipuxnaau 3aBaaHb.

1. HaBeniTh enekTpoHH1 GOpPMYJIM aTOMIB €JIEMEHTIB, 1[0 MalOTh MOPSIAKOBI HOMEPH
35, 46, 59, 80. 3HailiaiTh BaJCHTHI EJICKTPOHM, TOSCHITh, BHUXOIA4U 3 OYIOBHU
CJICKTPOHHUX 000JOHOK aTOMIB, Y IKOMY I€pi0/I1, TPYIIi, MiArPYIN 3HAXOAUTHCS €JIEMEHT.

Ne3s.

1s* 2s® 2p°® 3s® 3p° 4s* 3d™ 4p°

1s* 2s® 2p° 3s* 3p° 3d* 4s* 4p°

N, =4, OT’Ke eleMeHT 3HaxoauTbes y |V nepioi;

P — eneMeHT (3alOBHIOETHCS p — MiJIPIBEHB) — B TOJIOBHIN MATPYITi;

S BaJIeHTHHUX enekTpoHiB (4s> 4p°) =7 —B 7 rpymi.

Omxe eneMeHT 3HaxoAuThCs B |V mepiofi, 7 rpytii, TOJOBHIN TiATpyi.

Ne46.
1s® 2s® 2p® 3s® 3p® 4s® 3d ™ 4p° 5s* 4d°
1s® 2s* 2p® 3s® 3p°® 3d™ 4s” 4p° 4d°® 5s°

Npax = O, OTIKE €IIEMEHT 3HAXOAUTHCA y V Ieploi;

d — ememeHT (3anoBHIOETHCS d — MiAPiBEeHB) — B MOOIYHIN MIATPYII;
S BaneHTHHUX enekTpoHiB (4d° 5s*) =10 — B § rpymi.

OTxe eneMeHT 3HaxoauThes B V mepioni, 8 rpymi, moO14Hii MiArPyIIi.

Ne59.

1s® 25 2p°® 3s® 3p°® 4s* 3d™ 4p° 5s* 4d™ 5p°® 65 5d* 4

1s® 25 2p® 3s® 3p® 3d™ 4s® 4p°® 4d™ 41 % 55° 5p°® 5d* 65°

N,.x =0, OTXKe eneMeHT 3HaxoauTecs y VI nepion;

f — enemenrt (3anoBHIOETHCST f — migpiBeHB) — B MOOIUHIN MiATPYIIi;

f —enmementu — 3 rpyma.

Omxe eneMeHT 3HaxoauThes B VI nepioni, 3 rpymi, noO1uHINA MIArpyIi.

NeS0.

1s® 2s* 2p® 3s® 3p® 4s* 3d™ 4p° 5s* 4d™° 5p°® 65* 4™ 5d"°
1s® 2s® 2p° 3s® 3p°® 3d*° 4s” 4p° 4d™ 41" 5s* 5p° 5d*° 6s?
N, =0, OTXKE eJIeMeHT 3HaxoauThes y VI nepioni;

d — ememenT (3anoBHIOETHCS d — MiIPiBEeHB) — B TOOIYHIN MATPYII;
Y BanenTHHX enexTpoHis (5d'° 6s*) =12 — B 2 rpymi.
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OTxe enemeHT 3HaxoauThes B VI nepioni, 2 rpymi, mo6iuHINA TIATPYIIL.

Ilepioouynuit xapaktep 3MiHM MalwTh Ti BJIACTHUBOCTI, K1 3ajeXaTh BiJl OYyJIOBH
BAJICHTHUX CJICKTPOHHUX MIJPiBHIB aToMiB. Ile — XiMi4H1 BJIACTHBOCTI, PO3MIpHU aTOMIB,
aTOMHI 00’€MH, EHEpPreTHYHI XapaKTepUCTUKH (eHepris 10HI3allli, CHOPIIHEHICTh 0
CJICKTPOHY, 1H.).

Henepioouuno 3MiHIOIOTBCS BIIACTUBOCTI, sIKi 3aJI€)KaTh BiJl 3HAYCHHS 3apsay sapa —
aTOMHI MacH, JOBXHHU XBWJIb OKPEMHUX JiHIH PEHTIeHIBCHKOTO CIEKTpPa, 130TOMHUMN
CKJIaI.

Enepris ionizamii (1).
Konm aTom mepeTBOPrOEThCSI Ha TIO3UTUBHO 3apsKEHUI 10H, TO BiI0OYBAa€ThCS HOTO
1oH13ais. s mepeOymoBa 3aBxau 1MOB’si3aHa 13 3aTPATOIO EHEPTii.
LT
M., >M, +e-1
Enepris 1oHi3amii — eHeprisi, sKy MOTpiOHO 3aTpaTuTH, 1100 BiJ 130JOBAHOTO (1110
nepeOyBae y ra3ornoiOHOMy CTaH1) aToMa 4YM 10Ha BIIIEMUTH €JIEKTPOH.

31aTHUM JI0 BIJILIEIJICHHS € €JICKTPOH, KUl Halcnaldiie 3B’ s13aHuil 3 siapom. HMoro
EHEPTi0 BU3HAYAIOTh 32 (OPMYJIOIO:

eZ
r

E _ ed

e — 3aps] eIEKTPOHA;
I — paaiyc aTroma;
Z,, — epexruBHui 3apsn sapa (i Yac #Oro po3paxyHKy BPaxOBYHOTh €KPAHYIOUY IO

IHIIUX €JICKTPOHIB aTOMa Ha TOM, 110 BIAIICTUTIOETHCS ).

ExpanyBanus.
3apsan  aapa  30UIbIIYETbCS IIBHALIE, HDK TOJOBHE KBAaHTOBE 4YHCIO (HampuKiajg, 3a
n=12=1rta2;n=2 Z=3..10), MO)XHa OYIKyBaTH, III0 €HEPrisi, HEOOXiAHA AJIs BiAIICTIICHHS
€JIEKTpOHA B1Jl aTOMa, TOBUHHA 301IbLIyBaTUCS 31 301IbIIeHHIM Z. Lle He Tak.
I(H) = 1312 x/I>x/Monb
I(Li) = 520 x/I»x/moib
MeHiue 3HaueHHs eHepril ioHi3alii Li mosicHeThes:
v’ cepelHs BiiCTaHb 2S — eNEKTPOHA Bij sipa Ginbia, HiX 1S — eeKTpoHa,;
v’ 25 — enexTpoH aroma Li BigmITOBXyeThCS BiJl BHYTpIIIHIX 12 - eJIEKTPOHIB, 1110 MOJIETUIye HOoro
BiIIETIJIEHHS.
"BHyTpimHe" BiJIITOBXYBaHHS MOSICHIOETHCS TaKOX "eKpaHyBaHHIM" siipa BHYTPILIHIMH €JIEKTPOHAMH,
IO CIPUYHHSE MPUTATAHHS BAJICHTHUX €JIEKTPOHIB JIMIIE YaCTKOIO 3arajibHOTO 3apsaa sapa. Lls gactka
Ha3UBACTHCA epeKmueHum 3apaoom a0pa Z,p.
Z.(Li) = +1,3 (3amicTs 3).
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Enextponna ryctuna 1S — opOiTaii 3HaXOIUThCS ONMXKYE IO sApa, HIX TyCTHHA 2S - opOiTaii.
3aKOHU €JIEKTPOCTATUKU CTBEP/DKYIOThH, IO KOJHM MPOOHUIT 3apsy (2S — eIeKTPOHN) HE HAKJIAIaeThCs Ha
iHImMK 3apsin (1S — enekTpoHu), MoTeHIian Oyae TakKuM caMHM, SKOW Iei 1HIIHMA 3apsa 3HAXOIUBCS Y
neHtpi (B sapi). Tomi BajmeHTHOMY €NeKTpOHY Ha 2S — opOitami BIiANOBiZaB OW TMOTEHIAI,
CKBIBAJICHTHUH OAMHUYHOMY e(heKTUBHOMY 3apsfy aapa (Z.s = 1,0).

AxOu 3apsm 2S — €JNEKTpOHa MPOHHWKAB y Tojie 1S — enekTpoHa, BiH OyB OW €KpaHOBAaHHMM 1
BiJIMIOBi/1aB ou MOTEHIIIATY, €KBIBAJICHTHOMY [IOBHOMY 3apsiLy spa
(Zep = 3,0).

3a 4YacTKOBOTO NPOHUKHEHHs eHepris opOitanmi 2S — eNeKTpOHa HE 3MIHIOETHCS, alieé EHEpris
10H13aWi]l 2S — €EeKTPOHA BU3HAYAETHCS BkKE €(DEKTUBHUM SIIEPHUM 3apsioM Zp, KU IEI0 MEHIIHH
JIHACHOTO 3apsTy sapa:

Zop=2Z-9S
S — KOHCTaHTa eKpaHyBaHHSI.

3aBASIKM HASBHOCTI OJHOTO YH JICKUIBKOX MAaKCHMYyMIB €JICKTPOHHOI TYCTHMHHM Oinsi sapa S —
opOiTaji € CUIBHO MMPOHUKIMBUMHU B OpOITaIl MONEPEIHIX PIBHIB 1 MEHIII €KpAaHOBAHUMHM €J1EKTPOHAMHU,
SIKi PO3TAIIOBaHI HAa X MONEPEIHIX PIBHSIX, HiX opOiTalli 3 OLIBIIMM 3HAYCHHSM |.

B cBoro uyepry, S — opOitam ekpaHylooTb B OUIbIINA Mipi, HDK iHII opbitami. Haibinbm
NPOHUKJIMBAMHU Ta HAlIMEHIIl €KPaHYIOUMMH € opOiTaii 3 Bucokumu 3HaueHHssMu | (d —ta f — opOirai).

Po3paxyHok kKoHCTaHTH ekpaHyBaHHs (3a Cjierepom) Ha NS - 260 NP — opOiTai:

a) 3amHCYIOTh €JIEKTPOHHY KOH(Irypalliro aroMa eleMeHTa K HacTyIHi rpynu opoitaneit: (1S) (23
2p) (3s 3p) (3d) (4s 4p) (4d) (4f) (5s 5p) (5d) (51) ...

0) eyeKTpOHU Oyab-IKOTO YyrpymoBaHHs chpaBa Bix (NS NP) — rpymd HE YHOCATh BHECKY Y
KOHCTaHTY €KpaHyBaHHS;

B) MNPUAMAIOTh, IO YCi €ACKTPOHH i€l (NS NP) — IPYIH, IO 3ATUIIUINCS, CKPAHYIOTh BaJCHTHHI
eneKkTpoH 3 BHeckoM 0,35 Ha KOXKHUH 3 HUX;

r) MPUITYCKAIOTh, 0 YCi enekTponu Ha (N — 1) — piBHI ekpaHyioTh 3 BHeckoM 0,85 Ha KOXHUI 3
HHX, YCi eleKkTpoHu (N — 2) — piBHS a00 HMXKYC CKPAHYIOTh BAJICHTHUI €JICKTPOH MOBHICTIO
(Buecok 1,00).

SIKII0 eKpaHOBaHUH €JEKTPOH 3HAaXOoAMThCs y Nd —abo Nf — rpymax, mpaBuia 0) Ta B) 3aIMINAIOTHCS, a
IPaBUJIO T') 3MIHIOETHCS: yCI €IEKTPOHU B Tpymax, sKi po3ramoBati 3miBa Nd —a6o nf — rpym, BHOCATH
1,00 y koHCTaHTY eKpaHyBaHHS.

Po3paxyHOK Z, 1JIsl BaIGHTHOT'O 2p — €JIeKTPOHA B aTOMi HITPOT€eHY:

3rpymnoBaHa eneKTpoHHa KoHpirypamis (1s)” (2s 2p)°

S=2-0,85+(5-1)-0,35=3,10 (5 25 2p MiHyC OJHH, TS AKOTO TPOBOJUTHCS PO3PAXYHOK).
Zy,=2-S=70-31=309.

Po3spaxyHOK Z,4 U BaJIEHTHOTO 4S — €JIEKTPOHA B aTOMI1 LIUHKY:
3rpymoBaHa enexTporHa koudirypauis (1s)” (2s 2p)” (3s 3p)® (3d)™° (4s)?
S=(2+8)-1,00+ 8+ 10) 0,85+ (2-1) 0,35 = 25,65 (2€ 4s minyc oauH, I IKOTO IPOBOIUTHCS
PO3paxyHOK).
Z.y=2-S=30,0-25,65=4,35.

PozpaxyHok Z, 1 BaseHTHOTO 3d — €IeKTPOHA B aTOMI IIHHKY:
3rpymoBaHa enekTponHa kordirypamis (15)° (25 2p)° (3s 3p)° (3d)™ (4s)°
S=2+8+8)-100+ (10 — 1) - 0,35 = 21,15 (10 3d miHyc oauH, A SIKOTO MPOBOIUTHCS
PO3paxyHOK).
Z.;=2-5=30,0-21,15=8,85.
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Enepris ioHi3a1ii 3a1eXuTh BiJ €PEeKTUBHOTO 3apsay sSapa, paalycy aToMma,
EKpaHyUoi i eJIeKTPOHIB:
a) Z 30ubinyeThes (OUTbIA B3aEMO/IIS €JICKTPOHA 3 SPOM), [ 301IbIITY€EThCS;
0) R, 30uIbIIyeETHCS (MEHIIA B3a€EMOIA € 3 SIAPOM), | 3MEHILY€EThCS;

B) XapakTep MiAPIBHIB (YUM MIIHIIIE €NEeKTPOH Ha MIAPIBHI CHOIYYCHHH 3 SAPOM,
TAM BaX4e MHOro BIMIMIENUTH), S — EJICKTPOH BIAMICTIUTH Baxxde, HIK P —
CNICKTPOH, P — EJIEKTPOH BiJIICTUTH BaK4e, HXK d — eeKTPOH.

r) edext ekpanyBaHHsA (| 3MeHIIyeTbCs B Mipy 30UTBIIEHHS YHCIa EKPaHYIOUUX
CJIEKTPOHIB);

1) XapakTep 3a0yJ0BM eNeKTpoHaMH TigpiBHiB: Nns?,np®,np®  BingpizHAIOTHCA
IMIBUIIEHOIO CTIHKICTIO.

Hamnpukian, 3Mina eneprii ioHi3aiii aromi exemenTiB Il nepiomy:

zT, 1 T;
RV, IT;

€KpaHyroya Jiisl €JIEKTPOHIB — OJTHAKOBA.

A

1 1 1 1 f 1 1 1 L.
T

Li C N 0) F Ne erieMeHT

Be B
25! @ 2s22p! 25%2p? 2s22pt 2522p3

Enepris ioHi3a11ii 3MiHIOETECS TiepioanyuHo. B Mexax niepiony / 3pocTae 371iBa Hampaso, B
TOJIOBHUX MIATPYTaxX 3MEHIIYETHCS 3BEPXY BHU3.

Crniopinnenicts 10 eqexktpona (£, ).

CHoOpiTHEHICTh JI0 €JIGKTpPOHAa — €HEpPTis, sSKa BHUIUISETHCS YU TOTJIUHAETHCS
BHACJIJIOK TMPUEHAHHS €JIEKTPOHA JIO 130JIbOBAHOTO aToma (KW mepeldyBae y
ra3ornojioHOMYy CTaHi).

X+e=X +E_
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CropiTHEHICTh 10 €NeKTPOHA 3aJeKUTh BiJl €(EKTUBHOTO 3apsiay sApa, paaiycy
aToma:
a) Z 30ublIyeThes (O1IbIA B3a€EMOIS €IEKTPOHA 3 AapoM), E_ 30u1bnIyeThes;

0) R, 30u1blIyeThCS (MEHIIA B3a€EMOIIS €JIEKTPOHA 3 sIIpOM), £ 3MEHUIYEThCS;
B) XapakTep 3a0yJoBH elNeKTpoHaMH IigpiBHiB: Nns”,np®,np®  BigpisHAOTHCA

T1IBUIIEHOIO CTIAKICTIO.
CrnopiiHEHICTh 10 €JEeKTPOHA 3MIHIOEThCA nepioauuHo. B mexax nepiony E,, 3pocrae

3J1iBa HAMpPaBo, B TOJOBHUX MIATPYIax 3MEHIYEThCS 3BEPXY BHU3.

I ta E, NEBHOIO MIPOIO XapaKTEePU3YIOTh 3AATHICTh €JIEMEHTIB B3a€EMOMIATH MK COOOIO.

Konu ogun eneMeHT Mae HU3bKY €HEprilo 10Hi3allii, a 1HIIWNA — BETUKY CIIOPITHEHICTD 10
€JIEKTPOHA, BOHH JIETKO B3a€EMOJIIOThH 3 YTBOPEHHSIM CTIMKHUX CHOMYK.

EnekTpoHeraTuBHiCTh.

EnexrpoHeraTuBHICTh € y3arajbHEHOI EMITIPUYHOK) XapaKTEPUCTHUKOI XIMIUHHMX
BJIACTHBOCTEH €JIEMCHTIB.
EnexrponeraTuBHICT, — BIJIHOCHA 37aTHICTh aTOMIB €JIE€MEHTa MPUTATATH JI0 cede
€JIEKTPOHU Y OY/Ib-SIKOMY OTOYEHHI.
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Jlekuis 4.
XiMIiYHUH 3B’SI30K.
BaacTusocti mosiekyJ. MizkMOJIEKYJISIPHA B3a€EMOTiS.

BasieHTH1 eJ1eKTpOHH 1 BaJICHTHICTh €JIEMEHTIB B OCHOBHOMY 1 30y/KEHOMY CTaHax.

KoBasienTHuii 38’s130k. OCHOBHI MOT0 XapaKTEPUCTUKHU: JIOBKUHA 3B’ SI3KY 1 €HEPTis
3B’s3ky. Meton BaneHTHHX 3B’s3kiB (MB3). Hacuuenictb 1 HanpsMIIeHICTb
KOBAJIGHTHOTO 3B’s3Ky. BajeHTHI KyTM B KOBAJIEHTHMX MoJjekynax. [10punuzariis
aTOMHHMX opOitaned, Buau riOpuauzaimii. G- 1 7-3B’g30K. [lonsipHuii 1 HemoJsspHUM
KOBAJICHTHUH 3B’ SI30K.

3aneXHO BiJ XapakTepy XIMIYHOTO 3B’ 513Ky PO3Mi3HAIOTh
v/ KOBaJICHTHUM;
v {OHHUI;
v\ MeTalliyHuil.

XapakTepuCTHUKH XiMiYHOT0 3B’ SI3KY.
Joexcuna 36’a3ky (1) — Bigctanb MK SIpaMu aTOMIB, SIKI YTBOPIOIOTh XIMIYHUH

3B’ SI30K.
JIOBXKWHA 3B 3Ky 3AJICKUTH:
v’ Bijl pO3MIpiB CHOJYYEHHUX YaCTHHOK (30LIBIIYETHCSA B Mipy iX 30G1IbIICHHSN);
v' Bij c1oco0y CriorydeHHs (3MEHIIY€EThCS 31 301IbIIEHHIM KPATHOCTI 3B’ A3KY).
YTBOpeHHS 3B’S13Ky TOB’si3aHE 31 3MEHIICHHSIM TMOTEHIIaNbHOI eHeprii cucremu. [1[o00
3B’SI30K PO3IpBaTH, TpeOa 3aTpaTUTH SHEPTIIO.

Enepzia 3¢’a3ky (E_, ) — MiHIManbHa €HEPTis, SKy HEOOX1THO 3aTPaTUTH IS

po3puBaHHA XiMIYHUX B 1 MOb peuoBuHU. 1100 oTprMaTH 130J1b0BaHI ATOMHU.
Enepris 38’s3Ky 3a1€XKHUTh:
v’ BiJI IOBKUHH 3B’ 3Ky (3MEHIIYETHCS 31 30UIbIIEHHIM | );
v BiJl KpaTHOCTI 3B 513Ky (30LIbIIy€eThCS 31 30ibIneHHEM K ).

Banenmmnicms — 31aTHICTh aTOMIB OJHOTO €JIEMEHTA CIIOJIYYaTHCs 3 IEBHUM YHCIIOM
aTOMIB THIIMX €JIEMEHTIB 1]l YaC YTBOPEHHS XIMIYHUX 3B’ SI3KiB.

BanieHTHICTh — MiIpa 3JaTHOCTI aTOMIB €JIEMEHTIB /10 YTBOPEHHS XIMIYHUX 3B’S3KIB,
BU3HAYAETHCS KIUIBKICTIO HECMAapEHUX EJIEKTPOHIB aToMa Yy HOPMaJbHOMY a0o
30yI’)KEHOMY CTaHi.

Hanpuxian:
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(11 B=II
i 2p
2s

0)
25%2p*

VY aToma OKCUTEHY JiBa HECIIAPEHUX €JIEKTPOHA, OTKE BAJICHTHICTh TOPiBHIOE 1.

VY aToma cynbdypy icHye 3d — migpiBeHb, OTKEe MOXKIINBI 30y keHi ctanu. Cynbdyp Mae
BaneHntHocti 11, IV, VI.

S B=II
3523p4 13’5 >
|
3d
S* ” 4 ip 4 B=IV
3s
{1
3d
S** 4 4 ip4 B=VI
3s

KoBajieHTHMI 3B’ AI30K.

VY pa3i yTBOpPeHHS KOBAJICHTHOTO 3B’S3Ky MIXK aTOMaMH 3’ SBIISIOTHCS CITUTHHI
CJICKTPOHHI TIapHW 3 €JIEKTPOHIB, Kl paHillle Hajlekaau okpeMum atomam. Lli cmimbHi
CJICKTPOHHI TIapHU CIOJYYEHHX AaTOMIB TEBHOIO MIpPOI0 HaJeXaTh KOXXHOMY 3 HHX.
[ToTeHuiasibHa €HEPTisl CUCTEMH aTOMIB, 1[0 B3AEMOJIIIOTh, Y IIbOMY pa3l 3MEHITYEThCSI.
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Cunu nputsaranis (<) 1 BiAMTOBXYBaHHS (———), AKi JIFOTh B MOJICKYJIi BOJIHIO.

Mix sapamu, €IeKTpoHaMH 1 CYCIIHIMH SIpaMd Ta €JIEKTPOHAMH ICHYIOTh pI3HI
B3a€EMO]III.

VY pa3i, Koau HamnpsIMK{A Opi€HTalli CIIHIB 30iraloThCsi (CHIHU TapalesbHi),
30JMKEHHS aTOMIB CYIPOBOJIKYETHCS 3pOCTaHHSM €Heprii — XIMIYHUN 3B’S30K HE
BUHMKA€E. Y pa3l NPOTUIEKHO CIPSMOBAHUX CIIHIB 30JIM)KEHHS aTOMIB JI0 BIJACTaHI I
CYIIPOBOJIKYETHCSI 3SMEHILCHHAM €HEprii; 3a I = I, cucTteMa Ma€ HaMEHIIly TOTEHIIaIbHY

eHeprito 1 mepedyBae B HaWcTiMKimoMy ctaHi. [Toganbiine 30JMKeHHST aTOMIB CIIPUYUHIOE
pi3Ke 3pOCTaHHS €Heprii CHCTEMHU.

EA

E npum<E sidwm

>

r
E rlpum> E eidwm

E36

E npum =E eiodwm

[Ipu  yTBOpeHHI  XIMIYHOrO  3B’SI3KYy  B1IOYBAa€TbCS  B3A€EMOIPOHUKHEHHS
(mepekpuBaHHs) E€JIEKTPOHHMX XMap. BHAcmiIOK I1bOr0 TYCTHUHA HETaTHUBHOTO
CJIEKTPUYHOTO 3apsiay y MK SIEPHOMY MPOCTOPi 3pocTae. Snpa aToMiB MPUTATYIOTHCS
710 00J1aCTi IepEKPUBAHHS OPOITAIICH.

Takuii 3B’SI30K HA3MBAETHCSI KOBAJECHTHHM. BiH € JIBOXCICKTPOHHHM Ta JBOX
IIEHTPOBHM.
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MeToa BaJICHTHHX 3B’ A3KIB.

OCHOBHI MTOJIOKEHHS:

v/ KOBaJEHTHUH XIMIYHHIA 3B’SI30K YTBOPIOETHCS JBOMA €JIEKTPOHAMH 3 MPOTUIIEKHO
CIpPSMOBAaHUMU CIIiHAMH; TIPU [bOMY CIIUJIbHA E€JIEKTPOHHA Tapa, IO BUHUKAE,
HAJIC)KUTH 000M aTOMaM; 3B’SI30K € IBOIICHTPOBUM;

v KOBQJICHTHUHM 3B’SA30K TUM MIIHIIIMHA, YMM OLJIBLIOK MIpPOK IIEPEKPUBAIOTHCS
CJIEKTPOHHI XMapy B3a€EMOJIIOYMX AaTOMIB, TOMY KOBAJEHTHHUU 3B 530K
YTBOPIOETHCS B TOMY HAIPSIMKY, JI€ II€ IEPEKPUBAHHSI MaKCUMAaJIbHE.

H, H—H

/G\ H H
W[ ] 4 Eh
NP

Y

ls ls
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Konu mnepexkpuBaHHsS aTOMHHMX opOiTaseid BiAOyBaeTbCs B3AOBXK JIIHIW, IO
CIIOJIy4alOTh S7Jpa aTOMIB, YTBOPIOETECS O — 368 A30K.

VY pa3i yTBOpeHHs KpaTHHMX (MOJABIMHMX YW MOTPIMHMUX) 3B’3KIB KPIM O — 3B’SI3KY
BUHUKAE 77 — 368’°A30K — MEPIICHUKYISIPHO JIHIH), 10 CIOJIYYalOTh Spa aTOMIB.

7 — 3B’SI30K MOX€ BUHMKATH JIMIIE MICIS YTBOPEHHS O — 3B’SI3Ky, TOOTO O —
3B’SI30K YTBOPIOETHCS MEPIIOYEPTOBO.

44



Hanpamaenicms KOBAJIEHTHOIO 3B’ SI3KYy.
3B’S30K YTBOPIOETHCS y HANPSIMKY OJHOEIEKTPOHHOI OpOiTai, OCKUTLKH came Tam
MO€ BUHUKHYTH HalO1JIbIIe IEpeKPUBaHHS OpOiTaJeH.

Hacuuenicmb KOBaJICHTHOTO 3B’S3KY.

Yucrno 3B’S3KiB, 1110 MOKE YTBOPIOBATH MEBHUHN aTOM, 32 MEXaHI3MOM CIapIOBaHHS
CJICKTPOHIB BIAMOBIJA€ HASIBHOMY 4YHCIYy WMOro OJHOEJICKTPOHHUX opOiTaleld y
HOpPMaJIbHOMY YU 30y/’KEHOMY CTaHaX.

Hanpuxmnan, skmo atoMm S B HOPMajibHOMY CTaHI Ma€ Bl OJHOEIEKTPOHHUX
opOiTaJi, BiH yTBOPIOE JBa 3B’ SI3KH.

Henonapnuii KOBAJICHTHUN 3B’SI30K YTBOPIOETHCA MIDK aTOMaMd 3  OJHAKOBOIO
enextporeratuBHicTio (AE, =0). CoinpHI  eNEeKTpOHHI THapH  JIOKANi3YyIOThCS

CUMETPHUYHO BIJTHOCHO SJIEP.
H-H, CI-ClI, N=N.

Ilonapuuii  KOBAJIEHTHUW  3B’SI30K  YTBOPIOETBCA  MDK aroMaMUd 3 PI3HOIO
enexTporeratuBHicTio. (0<A4E, <19). ChinpHa eJeKTpOHHA Mapa 3MIILYEThCS [0

O1JTbIII CIICKTPOHCTAaTHUBHOI'O aTOMa. Ha HbOMY BHHHKA€ HEraTUBHUM 3apsa.
2,1 30

H — Cl

o+ o—
Teopia Cnemepa i Iloninza. enexTpoHHI OpOiTaTi LEHTPAIBHOTO aToMa, SIKI CIIOYaTKY
BIJIPI3HSUIMCA MDK COOOI0 3a €Heprier, a oTxe, 3a (QOpMOI0 Ta MNPOCTOPOBUM
PO3MIMIEHHAM /10 30y/KEHHS, MOXKYTh MEPETBOPUTHUCS HA TaKe CaM€ YHUCIIO CHEPTeTUYHO
PIBHOIIIHHUX OpOiTaneit micist 30ymxeHHs. Taki opOiTani Ha3UBAIOTHCA TOPUAU30BaHI.
Tiopuou3zauyin nonsrac y BUHUKHEHHI €HEPreTUYHO PIBHOILIHHUX OpOiTaneil y pasi
YTBOPEHHSI XIMIYHOTO 3B’S3KY 3 MOYaTKOBO HECKBIBAJICHTHUX aTOMHUX OpOiTaJICH.

sp-ribpunamnsauis
Ber :l:l:’ F = BG—G"F < 1800

Be

252
Be*
2s'2p!

O+ oo — 2=

S

F
252 2p > 2s 2s Be
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sp?-ribpuansauis
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F 2 f} 2p {}
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spA-ribpuamsauis

CH,
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252 2p 3
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JlonopHo-aKyenmopHuii Mexanizm YTBOPCHHS KOBAJICHTHOTO 3B SI3KY.

CriyibHa €1eKTPOHHA Tapa MOYKE YTBOPIOBATUCH HE TIJIBKH 32 PAXYHOK CITAPIOBAHHS
CJICKTPOHIB, IO HaJEeXaTh OPOITAIIM OKPEMHUX aToOMiB, a W BHACIIJIOK B3aEMOJIl
HEMO/I1JICHO1 eJIEKTPOHHOI Tapy OJJHOTO aTOMa Ta BUIbHOT Op0OiTa Jii 1HIIIOTO:

/\EI

A+B — A:B

[IOHOP  aKuenTop

oo O
NH;+ H™ —— NH,"

]
NH3+ ]31:“3—> NH3 BF3
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JIOHOPHO-aKIENTOPHUM MEXaHI3M yTBOPEHHsI KOBAJIEHTHOTO 3B’SI3KY BIJITpa€ BaKIUBY
POJIb y pa3i yTBOPEHHS KOMITJIEKCHUX CIIOJYK.

I 0 2+ 2+
4NH3+ Cu —_— [CU(NH3)4]

lonnuii 3B°30K.

[onHu 3B’5130K, HOTO BIACTUBOCTI: HEHACHUYEHICTh 1 HEHamNpaBieHicTh. EdexTuBHi
3apsAM aTOMIB B MOJICKYJIaX.
CrymiHb OKHCIICHHS SIK YMOBHUI 3apsi]] aToMa.

Crosyku 3 10HHUM THUIIOM 3B’SI3Ky YTBOPIOIOTBCS B PE3YJIbTaTi B3a€EMO/Ii1 €JIEMEHTIB,
aTOMMU SIKHX 3HA4YHO pi3HHTBCH GHGKTPOHGFaTHBHiCTIO.
AE, >19

09 30

NaCl AE, =21

BuznaueHoi Mexi MK 10HHMM Ta KOBAJIEHTHUM 3B’S3KOM HE icHye. UHCTO 10HHMIA
3B’SI30K MOXE OYTH 300pa)KCHHH MPOCTOI EJICKTPOCTATUYHOI MOICIUIIO, BIJIMOBIIHO
SK1M TBEp/I1 T1JIa MOKHA PO3IJISIIATU K CUCTEMY 10HIB.

['onoBHa BiJ3HA4YHA OCOOJMBICTH TBEPAMX I10HHUX CIHOJYK BiJl KOBaJECHTHUX
MOB’si3aHa 3 1X PI3HUMU KPUCTATIYHUMU IPaTKaMU: B 10HHUX KpUCTajaxX y By3jaX rpaTKu
3HAXOMAATHCS MO3UTMBHO Ta HEraTUBHO 3apsKeHI 10HM (Ha BiAMIHY BiJ aTtoMiB abo
MOJIEKYJ y BY3Jlax KOBaJ€HTHUX KpucCTaniB). loHM B By3Jax 10HHOTO KpHUCTaIy
pO3TalIoBaHi Tak, U0 CHJIM MPUTATAHHS MIXK PI3HO 3apsAKEHUMHU 10HAMU MaKCUMaJbHi, a
CWJIM BIAIITOBXYBaHHS MK OJIHAKOBO 3apsII>KEHUMH 10HAMU MIHIMAJIbHI.

[Iponecu nepeTBOpeHHs aTOMIB HAa 10HHM BUSIBJISIFOTHCS €HEPTE€TUYHO BUT1IHUMU TO/I,
KOJIM aTOM, IO BiJ/Ia€ €IEKTPOHH, MAa€ HU3bKY €HEPTil0 10HI3allli, a aTOM, 110 IPUETHYE
CJICKTPOH, - BEJIMKY CIIOPIAHEHICTH 10 €JIEKTPOHA.

B ocHOBY 10HHOTO 3B’S3KYy TOKJIQJCHO €JIEKTPOCTATHUYHY B3a€EMOIII0 MK 10HAMH,
TOMYy, Ha BIAMIHYy Bl KOBAJEHTHOTO, 10HHHUNW 3B’S30K  XapaKTEpPU3YETHCA
HEHAIPSMJICHICTIO 1 HEHACUYEHICTIO.

Henanpamnenicms 3yMOBJIEHa THM, IO CJICKTPUYHE II0JI€ KOXKHOTO 10HA, SIKHUMA
ySIBHO MOXKHA PO3MVISIIATA K 3apspkeHy cdepy, MOCHIIOEThCS Y TMPOCTOpPI B yCiX
HaIpsiMKax.

Henacuuenicms noB’si3aHa 3 TUM, IO B Pe3yJbTaTl B3aEMOJIi JIBOX MPOTUIEKHO
3apsJKEHUX 10HIB iXHI €JIEKTPUYHI MOJIsi KOMIIEHCYIOThCSI HE MOBHICTIO, TOMY MOIJIUBE
IOPUTSATAHHS [IMX 10HIB B IHIIUX HANPIMKaX.

VY pe3ynbTari KOKHUN 10H OTOYYE ce0e 10HAMH MPOTHIIEKHOTO 3apATy.
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Crioytyky 3 10HHHM THIIOM 3B’SI3KY y BUTJISAI MOJICKYJ HE ICHYIOTH Hi B TBEPJIOMY
cTaHi (l0HHa KpHUCTaJiyHa rpaTka), HI B PO34YWHI (JMCOIIIOIOTh HAa 10HU Mij BIUIMBOM
TOJIIPHUX MOJICKYJT pPO3YMHHMKA). HecTiliki MOJIEKY/ M 10HHHX CIIOJIYK MOYKHA BHSIBUTH
TIJIBKY B Ta30BOMY CTaHi 32 BUCOKUX TEMIIEPATYP.

OCHOBHI BJIaCTUBOCT1 I0HHUX CHOJIYK:

1. Hu3bKa eNeKTpUYHA MPOBIJHICTH B TBEPAOMY CTaHI, ajllé BUCOKAa MPOBIIHICTH Y
po3miaBax. EnekTpuuHa MPOBIAHICTh MOSCHIOETHCS ICHYBaHHSM y LHUX PEYOBUHAX
10H1B, K1 BUIBHO PYXaIOThCS MIJ 1€ €IEKTPUYHOrO NOoJiA. Y TBEPAOMY CTaH1 10HU
y By3J1aX KpUCTAJIYHOI IPATKU 3aKPIIJIEHI Ta IEPECYBATUCS HE MOKYTh.

2. BUCOKI TeMIepaTypH TUIaBleHHs. [0HHI 3B’ SI3KH Ty>Ke MIIHI Ta HEHAIIPSIMIICHI.

3. TBEPIICTh, ajie KPUXKICTb. TBEp/IICTh 0OYMOBIIEHa HEMOXKJIUBICTIO YTBOPEHHS KPAaTHUX
3B’SI3KIB BHACIIJIOK PO3JIJICHHS 10HIB y MPOCTOPI Ta BIJCYTHOCTI TEIUIOBOTO PYXY
10HIB. KpUXKICTh TOSICHIOETHCS TPHUPOIOI0 10HHOTO 3B’SA3KY: HaBITh 3a BIJIHOCHO
HEBEJIMKOIO 3CYBY 10HIB BUHMKAIOTh KOHTAKTH aHIOH — aHIOH Ta KaTiOH — KaTiOH Ta
3aMICTh CWJI MPUTATAHHS 3 SBIAIOTHCS CUJIM BIIIITOBXYBaHHA. BHacmijok 1poro
KPHUCTAJI PO3KOJIOETHCS.

4. IOMITHO PO3YMHHI Yy TIOJSIPHUX PO3YMHHUKAX 3 BHCOKOKO JICJIEKTPUYHOIO
MPOHUKHICTIO.

Enepris B3aeMo/1ii 1BOX 3apsIPKEHUX YACTUHOK B OY/Ib-SIKOMY CE€pPEIOBUIII:
e_ 99
A -r-¢&
q',q - 3apsau iOHiB;
I - BIICTaHb MK YaCTUHKAMU,
& - NIeJIEKTpUYHA TPOHUKHICTH CEPEIOBHUIIA.

Bakyym: &, =885-10" Ku/ [Joic- m.
Bona: &, =7,25-107"° Ku/ Jjoc- m.
Awmiak: g, = 22-10"° K/l Ioc- m.
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Eneprisi KpucTaaivHOI TPaTKH.
Enepris kpucTtamdHoi rpaTKM — €HEpris, Ky MOTPIOHO 3aTPAaTUTH JJiS IOBHOTO
po3kiaay 1 Mosib TBEpA0i 1I0HHOT peUOBUHM Ha Ta30M0A10H1 10HU, BIIaJI€H] OJUH BiJl
OJTHOTO Ha HECKIHUYEHHO BEIUKY BiJICTaHb.
M{, + X, = MX,,
3aranpHa €Heprisi rpaTKd BKIIOYA€E€ €HEPril0 HE eJNEeKTPOCTATHYHUX CHJI (€HEpriio
BIJIIIITOBXYBAHHS 3allOBHEHUX €JIEKTPOHHUX 00O0JIOHOK, EHEPrit0 TUCIEPCIHHUX CHIT).

®opmyaa bopua — Jlangae.
Enepris mapu BiabHHX 10HIB M "Ta X !

+ - 2
E:Z AR
A -g,-r

Z",Z" - 3apsaav iOHiB;

€ - 3apsJl eIeKTPOHA;

&, - IIENEeKTPUYHA IPOBIIHICTh BAKYyMa;
I' - BiICTaHb MI)K 10HAMHU.

B xpucTaniuHiii rpaTii 3aBXAM Ma€e Miclie OLIbIIE YUCIIO B3aEMOIIN, HIK MK JBOMa
1oHamu. Bcl Tunu B3aeMo/iii BpaxoBye koncmanma Maoenaynza A.
Tonl eHepris NpUTATraHHA [apy 10HIB B OyIb-IKOMY KpHUCTaJll JOPIBHIOE!

I XVARYVAR-&
A g, -1

E

np

3HadyeHHs A BHU3HAYA€THCS TUIIOM IPATKH 1 HE 3aJIe)KUTh Bijl 1I0HHOTO pajiyca Ta 3apsja.

CTpyKTypHU THII KpUCTaja Koopaunamiiine A
YUCJIIO
KaTioHa aHiOHA
NaCl 6 6 1,74756
CsCl 8 8 1,78267
Cohanepum 4 4 1,63806
Bropyum 4 4 1,64132
Dnroopum 8 4 2,51939
Pymun 6 3 2,408
Kopyno 6 4 4,1719
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Crilika rpaTtka He MOXe OyTH yTBOpEHA JIMIIIE 3a PaXyHOK €Heprii MpUTSATaHHsA, SKa
CTa€ HECKIHYEHHO BEIMKOIO HAa HECKIHYEHHO MAJINX BIJCTaHAX. AJI€ 10HH HE € TOUEYHUMU
3apsiaMu; iX eJIEKTPOHHI XMapHu BiJAIITOBXYIOTHCSA OJUH BiJl OJHOTO Ha JY)KE MaJHX
BiJIcTaHsAX. BiamToBXyBaHHS 10HIB HE3HAUYHE Ha BEJIMKUX BIJCTAHAX, aji€ CTA€ MOMITHUM
npu 30JMKEHHI 10HiB.

Enepris BiamroxyBanss (3a bopaom):

B - JACsAKa KOHCTAaHTaA.

3aranbpHa eHepris KPUCTAIIYHOI TPATKU:
_A-N,-Z"-Z -¢? N N, -B
Ar-g, -1 r

Eep = Enp +F

eiowm

N, - yncio ABoraapo.
MiHiMyM 3arajibHO1 €Heprii BIANOBIIA€ CTaHy PIBHOBArU:
dg, _A-NA-Z+-Z_-e2_B-NA-n
dar Arr-g,-T o
TOOTO €KBIBJIEHTHOCTI CHJI €JIEKTPOCTATUYHOIO MPUTITaHHS Ta BIAIITOBXYBaHHS MIX
10HAMH.

A-Z*-Z -e*.r"t
4r-g,-n '

B=-—

3aranbHa piBHOBa)KHA eHepris E; Ha piBHOBaxHIH BiACTaHi I,

_A-N,-Z2"-Z -¢? _A-NA-Z+-Z‘-e2
4 g, -1, 4 g, -1,

o
ep

1-=
n

. A-N,-Z"-Z -e%(, 1
ST

Ar-g, T,

0 : : :
Hist obuncnenHss E;, moTpiOHO 3HATH TINBKM KPUCTAIIYHY CTPYKTYPY CHONYKH (i
BU3HAueHHs A) Ta BIACTaHb MDK I10HaMHM [,, sfKa BH3HAYA€ThCS 3a JOIMOMOTIOKO

PEHTTEHOCTPYKTYPHOTO aHaJI3y.
N 3aJeXuTh BiJ PO3MIpIB 10HA (OLIBII 3a PO3MIPOM 10HM MAaKOTh BIJHOCHO BHCOKY
CJICKTPOHHY T'YCTHUHY Ta, BIJIMOBITHO, OB 3HAYEHHS N .
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Kondirypariist iona n
[He] 5
[ Ne] 7
[Ar],[Cu”] 9
[Kr],[Ar'] 10
[ Xe],[Au®] 12

Huxka bopua — I'abepa.
[ukn mossirae B 31CTaBJICHHI €HEPTiil MPOIeciB OTPUMAaHHS 10HHOTO KpUCTalla JBOMA
PI3HUMHU CIOCOOAMH 3 BIANIOBITHUX IIPOCTUX PEUOBUH, B3ATUX 34 CTAHAAPTHUX YMOB.

NaCl EHepris rpatku Na* Cr
KpucTan Ezp (ras) (ras)
E
. AH crn
| CHOCIGT yme o I CnopigHeHicTb Ao
| | . _ OHI3aLIs eneKkTpoHa
Cyb6nimauis
112 Cl, Na 2T Naf I
(ras) (kpuctan)  4Hceyen  (ras) (ras)
Il cnoci6 T

Oucouiauia  1/2 AHy,,.

3rifHO 13 3aKOHOM 30€pe’KEeHHs €Heprii anreOpaidyHi CyMH €HEepreTUYHHX e(eKTiB
MEPIIOTO Ta JAPYTOTO CHocobiB oTpuManHs kpuctaniunoi pewosnnu NaCl ) 3 omHux i

TUX CaMUX BHUXiIHMX KOMMOHeHTiB (Na, + % Cly.,) MawTh JOPIBHIOBATH OIWH

OJHOMY.
AH = + 1 AH, + + 17—
yme AHcyh'ﬂ 2 ouc Ecn ] Ezp
E =AH _ + —1 AH, +FE +1—AH
2p cybn 2 duc cn I yme
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CTyniHb OKMCHEHHSI ATOMa eJIeMEeHTA.

VY pa3i BuU3HA4YCHHsI CTYNEHI OKHCHEHHS €JEeMEHTa YMOBHO MPHITYCKAarOTh, IO B
CTIONTYIIi 3B’SI3yBaJIbHI €JIEKTPOHU MOBHICTIO TIEPEXO/ATh A0 OUIBII €IeKTPOHETaTUBHOTO
aToMma.

CrymmiHb OKUCHEHHS] — YMOBHUH IUJIOYMCIIOBUN €NEKTPUYHUHN 3apsi, SKU BUHUK OU

Ha aToMi, SKOW €JEKTPOHHI MapH, SKUMU BIH CHOJYYCHUU 3 1HIIMMH aTOMaMHu B

PEUYOBHHI, MOBHICTIO MEPEUIIUIN /IO OUIBIIT €IEKTPOHETATUBHUX aTOMIB.

CrymiHb OKHCHEHHS aTOMIB y CKJIQJHHUX CIIOJyKaX OOUYMCIIOIOTH, KOPUCTYIOUUCH
IpaBUJIAMU:
1. anrebpaiyHa cyma CTyNeHiB OKHCHEHHS BCIX aTOMIB y CIIOJIYII OPIBHIOE HYIIO;
2. atomd H B OLTBIIOCTI CIOJYK MAIOTh CTYMiHb OKUCHEHHS + 1 (KpiM TiapumiB);
3.atomu O B OUIBIIOCTI CHOJYK MalOTh CTYIIHb OKHCHEHHA —2 (KpiM NEpPOKCHIIB,
HAJNIEPOKCHUIIB, PTOPUY OKCUTEHY, TOIIO);
4. metanu | rpynu rosioBHoi miarpynu +1;

5. metanu Il rpynu ronoBHOI miarpynu + 2 ;
6. Zn,Cd +2;

7. Al +3;
8. F -1.

Hanpuknan:

+3 -2 +1 +5 -2 +1 46 -2 +1 +6 -2 +2 +5 -2 +2 -1 +1 -2 +1 -1
Cr,0,; H,PO,; K,Cr,0,; Na,CrO,; Mg,(PO,),; OF,; H,0; H,O0,;
-3 +1 -2 +1 -2 +1 -2 +1

NH,; N,H,; CH,OH.

BaactuBocTi MoJsieky.I.

[TonsipHi 1 HeNoOMsIpHI MoJIeKy U, JlunonbHuii MOMEHT. [1oapru30BaHICTh MOJIEKYI.
MixMoJleKyJIIpHa B3a€MOJIS: OpIE€HTaIilHa, 1HAYKIIHHA, JUCHEpPCIHHA B3aEMOJIS
MOJICKYL.

Bonuesuii 3B’S130K, Horo 0COOJIMBOCTI. MixmoneKkyasipHUi Ta
BHYTPIILIHBOMOJIEKYJIIPHUNA BOJHEBUM 3B’ SI30K, HOTO BILIMB HA BJIACTUBOCTI PEYOBUH.

Honapuicms monekyn 3yMOBIIEHA XapakTepOM PO3MOJALTY B HHUX EJIEKTPOHHOI
TYCTUHU.

VY pasi piBHOMIpPHOTO PO3MOJIIY €JIEKTPOHHOI T'YCTUHHM YTBOPIOIOTHCA HEMOJISIPHI
MOJICKYJIH.

O

Y pa3i HEpiBHOMIPHOTO pO3MOJAUIYy Ha OUIBII EJIeKTPOHETaTHBHUX aToMax
30CepEeKYETHCS HA/UTUINIKOBIUI HETATUBHUM 3apsijI, HA 1HITUX — MMO3UTUBHUM.
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O Avnonb

Miporo TOJIIPHOCTI MOJICKYJl € eneKMPUYHUI MOMEeHm Ounons (IATIOIbLHUN
MOMEHT):
u=q-l
q - 3apsm;
| - BiICTAaHb MIXK ITOJIFOCAMHU.

EnekTpuyHUii MOMEHT AMMOJS 3aJ€KUTh Bl MOJSIPHOCTI OKPEMHUX 3B’SI3KIB 1 BiJ
IPOCTOPOBOI OYZI0BU MOJIEKYJIH.

HCI H—Cl

e

1 # 0, 3B’A30K MOJSPHUN, MOJIEKYJIa TIOJISIPHA.

H2 H—H

—o
4 =0, 3B’5I30K HEMOJIIPHUIN, MOJIEKYJIa HEMOJIsIpHA.

JI1d ckilagHuX MOJIEKYT:
Cl

BCl, Cl—]|3—C1 sp-TiGp. “ g

Ho

Cl Hi

Cl Cl
38’5130k B — Cl monspumii (AE, #0), 1, = 1, = s,

M= + 1, + 11, =0, MosleKyJ1a HeroJIspHa.

Cl

BCLF  Cl—B—F sp*-Ti6p. “l g

| Ho

Cl M

Cl
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38’530k B —>Cl momapunit (4E, #0), 38’530k B —>F mompunit (4E, #0),

Hy = H3 # fy,
M= + 1, + 1, #0, MOoJeKyJ1a OoJIspHA.

BenuunHa QUNONBRHOTO MOMEHTY 3aJICKUTh Bifl PI3HHIN €JIEKTPOHEraTMBHOCTEH
aromiB (unm Oinpme AE,, Tum Oimpmmit 4. Hampuknan, B momexyni BCLF g, > i,
(4E,(B-F)>4E,(B-Cl)).

H H

C2H4 H—q = Q—H .sz-ri6p. Hi C C/Hs3
H H H2 Hy

H H
3’5130k H — C nossipunit (4AE, #0), w1, =1, = 143 = 1,

M=+, + 1y + 1, =0, Mosekyna HenoJsIpHa.

30amHuicmp MoJ1E€KY1 00 NOSAPU3AUTL.

[TonsipHi MOJIEKYJIM MalOTh €JIEKTPUUYHY ACHUMETPII0 1 CTalui JAUMOJILHUNA MOMEHT,
aJie TOJISIPHICTh MOJIEKYJIM MOKHA 3MIHUTH JI€I0 Ha HEl 30BHINIHHOTO €JIEKTPUYHOTO
nosig. [lin BIUIMBOM HBOTO BiAOYBAa€ThCA 3MIMIEHHS €JIEKTPOHHHUX XMap, Mepepo3MnoIiil
3apsiiiB 1 JUINOIBHUA MOMEHT HaOyBa€ HOBOTO 3HAyeHHsA. BuHUKae HaBeaeHUN
(1HAYKTOBaHMI ) TUTIONb.

I - ’ I
i e
SO /-

ILlim) :aE

a - KOe(IUIEHT 3JaTHOCTI 10 noJisipu3aiii (aedopmariii).
Q 3JICKUTH BIJl PO3MIPIB MOJIEKYJT (301IBIIYETHCS 31 301IBIIIEHHAM PO3MIpIB).

B3aemonis mixk MoJIeKyJIaMH.
Mix MOJEKyIaMH 3aBXIH JIIOTh CHIIA €JIEKTPOCTATUYHOTO TTOXO/KEeHHS. Pe3ynbpTaT
MDKMOJIEKYJIIPHOT B3a€EMO/I1T TTOJISITA€ TIIBKA B MIPUTSATAHHI MOJIEKYI.
Cunn MDKMOJIEKYIIIpHOT B3aeMoii Ban-nep-Baanbca moainstors:
1. Opienmauyiiina. Buavkae MiX MOJSIPHUMH MOJICKYJIaMH, SIKI MAlOTh CTaJl €JIEKTPUYHI
MOMEHTH JUTIOJIB

S S &>
> > TS
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Eneprist opieHTamiitHOi B3a€MOIi 3aJICKUTh BiJ] BEJIWYWH IUIOJLHUX MOMEHTIB
MOJIEKYJI, BIICTaH1 Mk HUMHU Ta TeMIIEpaTypH.
J1Jis1 OTHAaKOBUX TOJISIPHUX MOJICKYJT

k - xoHcTanTa boabnmana;
T - aGcosfoTHa TEeMIEpaTypa;
M - CICKTPUYHUN MOMEHT JIATIOJIS,

d - BizcTaHb MK LIEHTPAMH JTUIIOJIIB.

VYpasi B3aemoii pi3HUX MOJISIpHUX MoJiekyn A 1 B
2 2
E =-— 2 . Hp " Hg

® " 3k-T_ d°

n_mn

3Hak "-" o3Hayvae, MO PE3YIBTATOM MIKMOJEKYIISIPHOI B3a€EMOJII1 € MPUTATAHHS MOJIEKYIL,
10 CIIPUYHMHIOE 3HUKEHHS EHEPT1i CHCTEMH.

31 30IpIIEHHSM [JUIIOJIBHOTO MOMEHTY €HEprisi OpleHTALHOI  B3aeMOIi
30UTBIIY€ThCS, OTHKE 30UIBIIYETHCS TEMIIEPATYpa KUIIHHS.

2. Inoykuyiina. JIns pedyoBUH 3 TMOJSPHUMHM MOJICKyJaMH 1HAYKIIMHA B3a€MOJISA
JIOJTA€THCA IO OPIEHTAIIIHOT 1 IS0 MiJICUITIOE MIXXMOJICKYJISIPHE TIPUTSITaHHS.

>
5 S
' \
\ :

.
~3 /

SIKI10 B3a€MOIIOTH MOJSPHI 1 HEMOJSIPHI MOJIEKYIH. TO MiJl BILTMBOM €JIEKTPUYHOTO
MOJISI, IO CTBOPIOETHCS TIOJMAPHUMH MOJICKYJIAMH, HETIOSPHI MOJIEKYIH MOXKYTh
NOJIIpU3YyBaTUCS 1 HAOYBaTH 1HIYKOBAHUX JTUIOJIBHUX MOMEHTIB.

Enepris iHIyKIiiHOT B3a€MOJIIi TTOCUIIIOETHCS 3 IMABUIIECHHSIM 3JaTHOCTI MOJIEKYJI
JI0 TOJspHU3allii 1 MocIabIIoeEThCS 31 3POCTAHHIM BIJCTaHI MDK MoOJieKylamu. Bona He
3aJICKUTH B1Jl TEMIIEPATypH.

_205-,u2

ino d6

@ - Koe(IIeHT 31aTHOCTI 10 TOISPU3ALIii;
/L - MOMEHT HaBeJIeHOTo (1HAYKOBaHOTO) JUIIOJIS;
d - BigcTaHb MK MOJICKYJIAMH 3 HABEJCHUMH JUIOJISAMH, 10 B3a€MOIIFOTh.
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3. Aucnepciiina. 3yMoBIieHa BUHUKHEHHSIM MUTTEBUX JUIOJNIB BHACIIJOK 3MIMICHHS
€JIEKTPOHHUX 000JIOHOK, 1110 Mepe0yBalOTh y MOCTIHHOMY pycCl, BIZIHOCHO SJIEp.

Enepris nucnepciitHoi B3a€MO/Iii MOCUITIOETHCS 3 MIJBUIICHHSM 3/IaTHOCTI MOJICKYJI
JI0 TOJIIpU3aIlli 1 MOCIa0II0EThCS 31 3POCTAHHAM BiCTaH1 MIDK MOJICKYJIaMH.

Educ :_I.d_s

o - Koe(ilieHT 3JaTHOCTI 10 MOJISpU3allii;
| - eHepris ioH13a11i{ MOJEKYJIH.

JlucnepciitHa B3aeMofiss € yHiBepcaidbHOI. BoHa BHHHMKAE MiXK OyIb-IKUMHU
MOJICKYJIaMH HE3aJIe)KHO BiJ iX Oy0BH.

3arajnbHuUil BUPA3 eHeprii MikKMOJIEKYJISIPHOI B3a€MOIL.

Enepriro MDKMOJEKYJISpPHOTO TMPUTATAHHS 3a paxyHOK CHJI OpIEHTAIHO],
IHIYKIIAHOT Ta MUCTIEPCIHHOI B3a€MOJIN MIXK JBOMAa OJHAKOBHMMH MOJIEKYJaMU MOKHA
BUPaA3UTH (POPMYIIOIO

2" 2a-1° 3l-a® n
Enp:Eop+EiH0+E0ucn:_3k.T.d6 - d6 - 4d6 :_d_e
4 2
n= 2H +20:-yz+—3I d
3k-T 4

Ha manux BifcTaHAX MiIX MOJIEKYJaMH, KOJIM IXHI €JIEKTPOHHI OOOJIOHKH Mailke
JTOTOPKYIOTHCS OJTHA JIO OJIHOT, BAHUKAE CUJIBHE €JICKTPOCTATHYHE BIIITOBXYBAHHS:

_ m
giowm d12

E

M - cTaia BeIMYMHA, KOS(DIIIEHT BIAMITOBXYBAHHS.

[ToBHa eHeprist MIXMOJIEKYIISIPHOI B3a€MOIII:

E=F, +E -,

siowm d 6 d 12

BoaneBuii 3B’ A30K.

BonHeBuii 3B’S130K BHHUKAE sIK OCOOJMBHUN THI B3a€EMOJIi MK MOJIeKyJaMH a0o
GYHKIIIOHATBHUMH TPyHNaMU Y CKJIaJHUX MOJEKYJaxX, J0 CKJIaAy SIKUX BXOJATh aTOMHU
TIAPOreHy, KOBAJIEHTHO CIOJY4YeHI 3 HalOUIbII eJNeKTPOHETaTUBHUMU aTOMaMu
(F,0,N). Bin Mae ckiaaHy Npupoay BHACTIIOK 3HAYHOTO BHECKY €JICKTPOCTATHYHOI i

IIEBHOIO MIPOIO JIOHOPHO-aKIENTOPHOI B3aeMoii. [1omiOHO 10 KOBaJIGHTHOrO BOJHEBHUI
3B’SI30K XapaKTEPU3YETHCS HACUUCHICTIO 1 IPOCTOPOBOIO HAIPSMIICHICTIO.
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- o+ - o+
X-Y + Y-X —> X-=-Y:---¥Y-X

BonHeBuii 3B°5130K M03HAYAIOTh TPhOMa KparKaMH.

ATOM TimporeHy 3a3BWUail MIIHINIE 3B’S3aHUN 3 TUM 13 JBOX aTOMIB, 3 SKHUM
YTBOPIOE KOBAJICHTHUH 3B S30K.

BoaneBwuii 38’5130k Ay»e MOMIMPEHUH 1 BIAIrpae BaXKIUBY POJb Y CTPYKTYpl Oaratbox
HEOPraHiYHUX Ta OPTaHIYHUX CIONYK. Tak, HaBiTh y ra30Mo1I0HOMY CTaHi MOJIEKYJIH
¢GbTOp OBOJHIO acCOIIOBaHI B JIAHITFOTOBI MOJIMEPH 3a PaXyHOK ITLOTO 3B S3KY:

.
F )
H*

5 e
163/ i _H

BoaHeBuii 3B’A30K XapakTepHUM Mg BOAU. Y ii MOJIEKYJ 3 €JIeKTPOHETaTUBHUM

aTOMOM OKCHTEHy CcIodydeHi naBa aTtoma Tigporeny. Ha immmx naBox Sp° -

riOpUIM30BaHUX OpOITAISIX aTOMA OKCUT€HY PO3MIIIEHI TPOCTOPOBO aKTUBHI HEMOAUIEHI
€JIEKTPOHHI Mapu. BHaAcIAOK IbOr0 KOXKHA MOJIEKYJIa BOJU MOKE YTBOPHUTH IO JIBa
BOJHEBI 3B SI3KU 13 CyCIIHIMU MoJiekynamu. lle Bu3Hauae terpaeAapuyHe pO3MIILEHHS Y
MPOCTOPI JBOX KOBAJEHTHHX 1 JBOX BOJIHEBUX 3B’SI3KiB BIJTHOCHO aTOMa OKCHUT€HY, SIKUI
PO3MILLEHUI Y LIEHTP1 TAKOTO TETpaeApy:

H

3a paxyHOK IIbOTO BOJa Ma€ OCOOJUBY KapKacHy IMPOCTOPOBY OYAOBY SIK ¥y
TBEPAOMY, TakK 1 B P1IKOMY CTaHI.

HasiBHiCT MIHHHUX BOJHEBHUX 3B’S3KIB 1 3HAUYHHUX BaHJCPBAAIBCOBUX CHII MIXK
MOJIEKYJIaMU BOJI OOYMOBITFOE AHOMAJIBHO BUCOKI TEMIIEPATypH IJIABJICHHS Ta KUITIHHS.
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3a paxyHOK BOJHEBHMX 3B’SI3KiB KapOOHOBI KHCIIOTH YTBOPIOIOTH AMMEpH, SIKi
30€epiraroThCs HaBITh Y Ta30M0AI0HOMY CTaHi:

Qeee H— O
4 N
R— C\ C—R
O— Heee O/
HaBeneni mpuknaau BigoOpakarOTh YTBOPCHHS MINCMOIEKYAAPHO20 BOIHEBOTO

3B’s13Ky. IcHyE 1 éHympimHboMoneKynApHuil BOOHEBUN 3B’S30K, SKUW BUHUKAE MIXK
(GYHKI[IOHaTbHUMH TPYIIaMU Y CKJIJHUX MOJIEKYJIax.

- O~qg

.
[ ]
|
OH
CaJIlIMJIOBA KHUCJIOTA.
BignoBigHi UMM peyoBMHAM ~MeTa- 1 [apa- 130MEpU HE  YTBOPIOIOTh
BHYTPIIIIHBOMOJIEKYJISIPHUX BOJHEBUX 3B’SI3KIB BHACIIZIOK TPOCTOPOBUX YTPYJAHEHb. Mk
MOJIEKYJIAaMHU [IUX 130MEP1B BUHUKAIOTh MI>KMOJIEKYJISIPHI BOJIHEB1 3B’ SI3KHU.

IHoasipu3anis ioHiB.

ITonsipuzartiss 10HIB — BIUIMB iX OJWH Ha OJIHOTO, SIKMHM MPU3BOAUTH N0 JIedopmarii
CIICKTPOHHUX 000JIOHOK 10HIB.

[TpuunHa mossipu3ariii mojsrae B Jii €IeKTPUIHOTO TOJIA, SIKE 3MIIIY€E EICKTPOHU Ta
A7lpa B NPOTUWICKHUX HanmpsiMkax. Ko>kKHUI 10H € JKeperaoM enekTpuyHoro nojis. Tomy,
B3a€MO/IIIOUH, MPOTHIIEKHO 3apsHKEH]1 10HU MOJISIPU3YIOTh OuH oaHoro. HaitOuiemomy
3CYBY HIUISITAIOTh MPU NMOJISIpU3alii €JeKTPOHH 30BHIIIIHBOTO PIBHSI.

[TonsipuzyeMicTh pi3HOMAHITHUX 10HIB HEOJHAKOBA: UMM cJialIiie 3B’si3aH1 30BHIIIHI
CJIEKTPOHM 3 SAPOM, THUM JIerimie moysgpu3ye 10H (CuibHilIEe 1eopmMyeTbest B
esiekTpuuHoMy noJi). Hanpukman:

Li® Na® K" Rb" Cs”

> —————————= — I 30inbUyembCsl, NOAPUIVEMICIb 30LI6ULYEMBCAL.
F~ ClI° Br |-
> ————————= —> I 30inbUyeEmMb Csl, NONAPUSVEMICb 30II6ULYEMBCAL.
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[leperBopeHHst aroMa Ha KarioH (Hampukiam, Li—e— Li® mnpusBoguts 10

3MEHIICHHs1 paniyca. HammmkoBuii MO3UTHBHMKA 3apsn yTIpyIHse naedopMariiio
30BHIIIHIX €IEKTPOHHUX IIAPiB.

[lepeTBopenHss aroma Ha aHioH (Hanpukiman, F+e—>F~ npusBoauts 10

30imbIIeHHS pajiyca. HaammimkoBuii HeraTuBHUMN 3apsi/] IPU3BOIUTE JI0 BiAMITOBXYBAaHHS
CJICKTPOHIB Ta MOCJIA0JICHHS 3B’ S3KY 3 SIIPOM.
[Tonsipu3zyeMicTh aHIOHIB, SIK MPABUIIO, O1JIBIIE MOJISIPU3YEMOCTI KaT1OHIB.
[Tonspusyroda 31aTHICTh 3aJ€XKUTh B 3apsaa ioHa Z, Woro pazaiyca I, OynoBu
30BHIIIHIX €JIEKTPOHHUX OOOJOHOK (HEBIAMOBIIHICTh OYJOBH 30BHIIIHIX €JIEKTPOHHUX

0060110HOK GY/10Bi 30BHIIIHIX €TeKTPOHHHUX 000JIOHOK iHepTHOTO Ta3y - Ns® a6o ns” np®.

Honapusyroua 0in kamionie HWa aHIOHW 3OUIBIIYETHCA 31 30UIBIIEHHAM iX
MO3UTHBHUX 3apsAJiB, 3MCEHIICHHS pajiyciB KaTioHiB. [lonspu3yroua i KaTioHIB,
KOH(DIirypairisi sSIKHX HE BIJINOBIJIa€ 30BHINIHINA €JIEKTPOHHIM OOOJOHIII 1HEPTHOTO razy

(ns® np® nd™), GinbIua 3a MONAPU3YIOUM [it0 KATiOHIB, €IEKTPOHHA KOH(Irypawis SKux
BiJIMOBi/Ia€ 30BHILIHIN eneKTpoHHil o6onoHni iHepTHOTro rasy (ns® np®). Yum Gimbma

MOJIIPU3YIOUH JIisl, THM MEHIIIA YacTKa 10HHOCTI 3B’ 513Ky (O1/IbIlla KOBAJEHTHICTH), HUXKYa
TeMIiepaTypa riaBieHHs. Hanpuxmnan, B psaax:

Li* Na" K* Rb" Cs*
Z,, OIHAaKOBI,
30UTBIITY€THCA, TOJISIPU3YIOYA i 3SMEHIITYEThHCA.

rK am

Na+ M92+ A|3+ Si4+
Z . 30UIbIIY€ETHCS, MOJAPU3YIOYA Jis 301IBIIYEThCS;
I, 3MEHIIYEThCS, OIAPU3YyIoUa Ais 30UIbIIY€EThCS.

Mg2+ Ca2+ Sr2+ Ba2+
Z, . OIHAaKOBI;
r.,, 30UIBLIYEThCA, TOISIPU3YIOUa Aisl 3SMEHIIYEThCH.

NaCl CuCl
Na* Cu’
Z,, OIHAaKOBI;
I OIHAKOBI,

Kam

KOH(DIrypaiiii 30BHIIIHIX €IEKTPOHHUX 00O0JOHOK:
Na* 2s® 2p° (sionosioae kongizypayii inepmmozo 2azy Ne)

Cu® 3s®3p° 3d™ (nesionosioae xongizypayii inepmmozo 2asy ).
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Orxe, Cu" yuHHUTH OLTBIITY MONAPU3YIOUY [it0, Hixk Na™.

Haubinbwy nonspusyrouy 0iro uunumo H" .

30ammuicms 00 nonapusayii anionie 301TbITYETHCA 31 30UIBIICHHSIM 3aps/IiB aHIOHIB
Ta 301JBIIEHHSM iX pajiyciB. Yum OuIbIla 3JaTHICTh JO MOJISPHU3allii, THM MEHIIA YacTKa
10HHOCTI 3B’s13Ky (OUTBIIIA KOBAJICHTHICTH), HUKYA TEMIIepaTypa miaBieHHs. Hanpukian,
B psIY:

F~ CI© Br |-
Z, OIHAKOBI;
I, 30LIbLIYEThCS, 34aTHICTD 10 MOJIIpHU3allii 301bIIY€EThCS.

IIpukaaau 3aBIaHb.
1. HaBenith cxemu mepekpuBaHHSI aTOMHUX opOiTajiel 1M1 yac yTBOPEHHS MOJICKYJIU
H,CO,. Binnosiap gaiite 3a HaBeACHUM ILJIAHOM:

a) HaBeiTh €JIEKTPOHHY CXEMY BaJICHTHUX OpOITajeil [EHTPAIbHOTO aTOMa;
0) BU3HAUTE, K1 €JIEKTPOHU OEPYTh y4acTh B YTBOPEHHI G- Ta T-3B’3KIB;

B) BU3HAUTE THUII TOpUIM3allii i 4ac yTBOPEHHS G-3B’SI3KIB;

I') HaBeliTh CXEMY MEePEKPUBAHHS aTOMHUX OpOiTajei;

1) 3p00iTh BUCHOBOK PO MPOCTOPOBY OYA0BY MOJICKYJIU.

H,CO Hio\c’c 20
E 2 0
2 3 S 5 spo-ribp.  <=120
H=0O~
* > [0 o,
gsl 2p3 | ” 2p i
o 2s

et [BTH) [H]ATH

2. 1514 3a1aHOTO PSAZY MOJIEKYJ MOSICHITS, SIK 1 4OMY 3MIHIOETHCS
— TOJSPHICTH XIMIYHUX 3B’SI3KiB, TIOJIIPHICTh MOJIEKYJT;
— 3/IaTHICTH MOJIEKYJI JI0 MOJIIPU3aIlii;
— EHepris OpieHTAIIHHOT B3a€EMO/IIT;
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— EHepris AUCTEePCiitHOT B3aeMOIII:

HCI HBr HI.

21 30 21 28 21 24

H-CI H-Br H-1

[TonspHiCT XIMIYHMX 3B’S3KIB 3MEHINYEThCS (3MeHIIyeThCsl AE, ), MOISAPHICTH
MOJIEKYJI 3MEHIIYEThCS (3MEHIIYEThCS L), OTXKE 3MEHIIYEThCS E€HEPris OplE€HTALiHOT
B3a€MOIII.

31aTHICTE MOJIEKYJ A0 HoJspu3anii 301IbLIyeThCsl (30UIbIIYyETBCA I, TaJIOTeHa,
30UTBIITYIOTHCST PO3MIPH MOJIEKYIT), OTXKE 30UIBITYETHCSI €HEPTis TUCTIEPCIHOT B3aeMOI1.

3. TosicHITh 3 MO3MINIK TONMIpU3aIlii 10HIB, SK 1 YOMY 3MIHIOETHCS TEMIIepaTypa
TUTABJICHHS B Psaax:

a) CsCl CsBr Csl .
KartioHu B 3a/laHuX pEeUuOBHHAX OJIHAKOBI, OTXKE PO3IJISIIAEMO 3/IaTHICTH JI0 MOJISIpU3aIlii
amionis CI~ Br~ 17
Z,, OIHAaKOBI;
I~ 30UIBIIYETHCS, 3JATHICTh JO TMOJSApH3aIli 30UIbIIYEThCS, 30UIBIIYETHCS YacTKa

aH

KOBQJICHTHOCTI 3B’SI3Ky (3MEHIIYETHCS YacTKa 10HHOCTI), 3MEHIIYEThCS TeMIleparypa
TUTaBIICHHSI.

6) NaCl MgCl, AICI,.
AHIOHU B 33J]JaHUX PEYOBHHAX OJIHAKOBI, OTXKE PO3TIIAIAEMO MOJISPU3YIOUY J110 KaTiOHIB
Na® Mg* AlI**:
Z, . 30lIbIIy€eThCS;

r 3MEHIIIYEThCS, TMOJSApU3yroYa i 30UIBIIYEThCS, 3O0LIBIIYETHCS  YacTKa

Kam

KOBQJICHTHOCT1 3B’SI3Ky (3MEHIIYETHCS YacTKa 10HHOCTI), 3MEHIIYEThCS TEMIIeparypa
IJIaBJICHHS.
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Jlekmis 5.
3araJibHi BJaCTHBOCTI PO34YHHIB.

IcTuni po3unnu. KoHneHTparilis po3uuHiB Ta criocodu ii BupaxkeHHs. [Iporecu, mo
B1IOYBalOTbCS TPU PO3YMHEHHI Ta30MOJIOHUX Ta TBEPJAUX PEUOBMH B piIUHAX.
Conparauiss. Ternora (SHTanblis) po3ynHeHHs. BIumB TtemmepaTypu 1 THCKY Ha
pO3UMHHICTE. 3aKonu Payns. Ix Bu3HauenHs, MaTeMaTHuHMA Ta rpadiunmil BHpas.

Po3yunu — roMOTeHHI CUCTEMHU, K1 CKJIAJA0THCS 3 IBOX 200 OLIBIIOro Yucia
KOMITOHEHTIB.

OpuH 3 KOMIIOHEHTIB, L0 BXOJATH J0 CKJIaay PO3YUHY — PO3UYMHHHUK, 1HIII —
PO3YMHEH] PEUOBUHU, X04a 1€} MOJ1] € YMOBHHUM.

XapakTepHa 03HaKa pO3YMHIB — OAHOPIAHICTh. Lle MOosACHI0EThCS THUM, IO PO3UMHEH]
PEYOBUHU MOPIOHIOIOTHCS 10 OKPEMHUX MOJIEKYJ 200 10HIB, SIKI HE MOXKYTh YTBOPUTHU
caMocTiitHy (a3zy.

3a po3MipOM YaCTUHOK PO3YMHEHOT pEYOBUHU PO3UYMHU MOUISIOTHCA:

v icmunni (po3mipu yacturox 107° —107°);

v’ konoioni (mixporereporenni cuctemnu (10~ —107"°), reTeporenni — cycnensii
(TBepaa pedyoBHHA — pifuHa), eMyscil (pianHaa — piaunaa) (10° —107");

v’ 2py6ooucnepchi CUCTEMH.

[cTUHHI PO3YMHM TOCIIAIOTh MPOMIKHE CTAHOBHIIE MK XIMIYHUMHU CIOJYKaMu 1
MEXaHIYHUMHU cyMimaMu. CXOXICThb 3 XIMIYHMMH CIIOJYKaMu: OJIHOPIJHICTb, TEIJIOBI
edekTr mpu po3urMHeHHI. CXOXICTh 3 MEXAaHIYHMMH CYMIIIAMH: CKJIaJ PO3YHUHY HE €
CTaJINM, BIH MOX€E 3MIHIOBATUCHh Y IMIUPOKUX MeXKaxX; HECTAIUMHU € (PI3UYHI BJIIACTUBOCTI
pO34MHIB (TYCTHHA, TEMIIEPATYPH KUITIHHS Ta KpUCTaJi3aIlil).

KonuenTpauis po34uHis.
Cxaz po34HHIB BUPAXKAIOTh Yepe3 BMICT PO3UMHEHOI PEYOBHHHM. SKIIO B pO3UnHI
MICTUTBCS KUTbKa PO3YMHEHUX PEUYOBHH, 3a3HAYAIOTh KOHIIEHTPAI[IF0 KOKHOI 3 HUX.
1. MacoBa yacTka @ X ) BU3HAUAETHCS BITHOIICHHSM MacH PO3YHMHEHOI PEUOBHHU

m( X ) mo 3aranbHOi Mack po3umHy M, _

m(X) m(X)

(X )=""=2-100%

pry P*”y

o X)="—

JI71s IBOKOMITOHEHTHOTO po3unHy M =m( X )+m _

m( X )
m(X)+m,_,

w( X )=
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2. Moasippa vactka N(X) Bupaxaerbcs BIJHOMICHHSIM KIIBKOCTI  MOJIB
po3unHeHoi pedoBMHU N( X ) 10 3arajgbHOi KUIBKOCTI MOJIB YCIX PEYOBHH Y
po3umHi YN, :

n(x) N(X )= 10006

2N 2N

JI1st TBOKOMIIOHEHTHOTO po34nHy ». N, =n( X )+n o

N(X )=

n(X)
n(X)+n,.,

N(X )=

3. MoJasiibHa KOHIEHTPAaIlist, a00 MOJSLIbHICTD D( X ) BUpakaeThcs BIAHOIICHHM
KUIBKOCTi MOJIiB pO3uMHEHOT peuoBunn N( X ) 10 Macu po3vyMHHKKA M -

n

o
~

b(X )=

monw [ ke

4. MoasipHa KoHIeHTpauisi, 200 MoJsipHicTh C( X ) BUpakaeThCs BiAHOIICHHSIM
. . . .o 9 ]
KiJIBKOCTi MOJIiB po3umHenoi peuounn N( X ) 10 06’emy pozunny V,_,

n(Xx)
Vv

p—Hy

monw | 1

(X )=

. . . . 1
5. MoJisipHa KOHUIIEHTPaIlisi eKBiBaJIeHTIB, 200 HOpMaJIbHicTH C = X
BUPAKAETHCS BITHOIICHHSM KIJIbKOCTI MOJIIB €KBIBAJICHTIB PO3UMHEHOT PEUOBUHU

n[% Xj 10 00’emy posunny V,

Mmonv —exegl 1
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n(ix)z—m(x) M(Esz—M(x)
Z MGX) Z Z

C(EijM Mo —eke | 1
Z M(X)

[Tporec pozunHeHHS € (Pi3MKO-XIMIYHUM TIporiecoM. Lle maATBepIKY€eThCsl TUM, IO
PO3YMHEHHS CYNPOBOKYETHCS TEIIIOBUMU €(EKTaMH.

VYpa3i yTBOpeHHS ICTUHHUX PO3YMHIB PEUOBHHA, 1[0 PO3UUHIOETHCS, MOAPIOHIOETHCS
JI0 OKpEMHX MOJIEKYJ a00 10HiB.

VY pasi po3uumHEHHs MOJIIPHOI PEYOBHMHHM y BOJl, Tpeba 3aTpaTHTH EHEprilo Ha
pO3IpBaHHA 3B’SI3KIB MK MOJSIPHUMH MoOJeKyJlaMu. L{i 3B’A3KH BKIIIOYAIOTH Pi3HI BUAM
MIKMOJIEKYJIIPHOT B3a€EMOJI11, CEpe/l SKUX HalO1IbIe 3HaYeHHS! MalOTh BOJIHEB1 3B S3KHU.

VY pa3i po3uMHEHHS HEMOJSIPHOI PEYOBMHHM Y BOJ1 PO3PHUBAHHS 3B’SI3KYy MIXK HOrO
MOJIEKYJIaMU 3BOJIUTHCS [ MOJOJIAHHSI JUCHEPCIHOT B3a€MO/IIi, 110 3B’A3y€ MOJEKYIU
HEMNOJISIPHOI PEYOBUHU JI0 PO3UMHEHHS.

BHacnigok po34MHEHHSI pO3PHUBAIOTHCS 3B’A3KM MIDK YaCTMHKAMU PEUYOBUHH, IO
po3umHseThes. Lleir mporec cympoBOIKYyeThCs 3aTparoro eneprii  (AH Dosp 36 >0).

PymiiiiHOI0 CHJIOI0 PO3YMHEHHSI € THIIUN MPOIEC - cobeamayisa, y pasi nepediry sikoro
BiJIOYBAETHCSI B3aEMO/IIi MIDK YACTUHKAMH PEYOBUHH, 110 PO3YUHSAETHCA, Ta MOJICKYJIAMHU
po3unHHuKa. CoJbBarailisi BKJIIOYA€E PI3HI BUIU B3a€EMOJIIi, 10 3ajJeXaTh BiJ TPUPOAU
YaCTHUHOK, IO PO3YMHSETHCS, 1 BIIACTUBOCTEH MOJIEKYJ PO3YMHHHMKA. B mporeci
coJIbBaTaIlll BAHUKAIOTH 3B’ SI3KM MK YaCTUHKAMHU PEYOBUHU 1 MOJIEKYJIaMU PO3YMHHUKA,
TOMY COJIbBATAIlIS 3aBXKIU CYITPOBOJIKYETHCS BI/II[iJ'IeHHﬂM teriotu (AH <0).

COJIb6

3aranpHui TEIOBUM eexT po3unHeHHs AH

posu "

AH = AH + AH

po3y posp .36 come

Po3unHenHs HaituacTiie € o6opoTHiM mporiecoM. Skino HeBenuky mopiito NacCl
BHECTH Y BOJly, TO BOHA JIOCUTh IIBUIKO PO3UMHUTHCA. B Mipy 3pocTaHHS KOHILIEHTpalii
PO34YMHY IIBHJIKICTh PO3YMHEHHS 3MEHILYETHCS 1 HAPEIITI PO3YMHEHHS MPHUITUHSIETHCA.
[Ipouiec po3unHeHHs BiIOYBAETHCS BECh YaC, ajie IPOXOAUTH TAKOXK 1 3BOPOTHIN MPOLIEC —
BUJIIJIEHHSI PEYOBUHHU 3 pO3YMHY. UMM OUIBIIOIO0 € KOHUEHTpAIlisi PO3YMHEHOI PEYOBUHH,
THM YacTilIe 1i YACTUHKH, 10 MICTATHCA B PO3UMHI, CTUKAIOTHCS 3 TOBEPXHEIO PEUOBUHH,
IO PO3UYMHAETHCS, 1 MOBEPTAIOThCs y TBepAy ¢azy. Kosu mBHAKOCTI PO3YMHEHHS Ta
KpUCTai3alii CTaloTh OJHAKOBUMH, PO3YMH CTA€ HACUYUEHUM, PO3UYMHEHHS Jail He
BIIOYBa€ThCs. SIKIIO KOHIIEHTpAllil PO3YMHY MEHIA, HK Y HACUYEHOMY, TO IIBUJKICThH
PO3YMHEHHS TMEPEBUIIYE MIBUAKICTh KPUCTAMi3allli, 1 MOXKIWUBE MOJAJIbIIE PO3UUHCHHS
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pedoBuHU. Takuil po3uuH — nacuyenuii. Ilepecuuenuil po3unH — pO34nH, KOHIEHTpALls
SKOTO 0171111, HI’K HacuueHoro. [lepecrdeHi po3urHU — HECTIHKI CUCTEMH.

Po3unHenHs1 ra3iB y pigmHax.

2a3 + piouHa <> po3yuH

TernnoBuii epekT pO3UNHECHHS:
AH = AH + AH

po3u posp .36 come

OCKIJTBKY B Ta3ax 3B S3KW AyXke cinadki, To AH ~0, 4H__ <0.

posp .38 come

Otxe AH ,  ~AH, <0 - mpolec eK30TepMiIuHUH.

posu come

Brnnus TemmepaTypu Ha pO3YMHHICTH Ta3iB MOXHa MOSICHUTH 3a mpuHIunom Jle
laTenbe. 3 MiBUIEHHSIM TEMIIEPATypHU MOCUIIOETHCS €HAOTEPMIYHUN mporiec. Takum
IPOLECOM € BHUAUICHHS Tra3y 3 pO34YMHY, BHACIIJOK IOCWIEHHS LBOrO IPOLECY
PO3YMHHICTh 3MEHILIYETHCS.

BB THCKY Ha pO3YMHHICTh MOKHA MOSICHUTH 3a 3aKOHOM ['eHpi:

PO3YMHHICTh Ta3y B IMEBHIM KUIBKOCTI PIAMHM 3a CTalOi TEMIEPAaTypH MpsMO

IPOIIOPIIiitHa OT0 TUCKY
m - Maca ra3y, po34YMHEHOr0 B MEeBHIN KUIBKOCT1 PIJIUHU;
kK - koe(ilieHT PO3YMHHOCTI, SIKUH 3aJCKUTh BiJ MPUPOAU PO3YUHEHOI PEUYOBHHHU Ta
TeMIIepaTypu;
P - Tuck.

Sxmo Hanx pinuHOIO TiepedyBae CyMilll rasiB, TO PO3UYMHHICTh KOXXHOTO 3 HHUX
3aJIeKUTH BIJl HOro MapLiajibHOrO TUCKY Ta KOe(ili€eHTa PO3YHMHHOCTI.

3akoH I'eHpi cipaBeIMBUiA JMlIe JUisl po30aBICHUX PO3UYMHIB, 38 HEBUCOKHX THUCKIB
1 BIJICYTHOCTI XIMIYHO1 B3a€MO/I1i MI>K KOMITIOHEHTaMH PO3UHHY.

Po34ynHeHHsI TBEpAMX PEYOBHH Yy PiiMHAX.

meepoa pevosund+ piouHa <> po3uuH

TernnoBuiil epexT pO3UUMHEHHS:
AH = AH + AH

po3u posp .36 come

OCKIJIBKY B TBEPAMX PEYOBUHAX 3B SI3KH JyKe MiuHi, to AH . >>0, AH_,  <O0.
AH > AH

po3p .36 come (

y OLTBIIIOCT] BUTIAJIKIB)

Otxe AH . >0 - mporec eHIOTSPMIYHHUM.

po3y

BB temmepatypu Ha pPO3YMHHICTH TBEPAMX PEUOBHH MOKHA TOSCHUTH 34
npuniunoM Jle [llarense. 3 miABUIIEHHSIM TeMIIEpaTypyu MOCHIIOETHCS €HIO0TEPMIUYHUN
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nporiec. TakuM TIPOIIECOM € PO3YMHEHHS, BHACIIJOK TOCUJIEHHS IIHOTO MPOIIECY
PO3UYMHHICTH TBEPJUX PEUOBUH 301JIBITYEThCS.
BriuB THCKY Ha pO3UMHHICTH TBEPUX PEUOBUH Y PiIMHAX HE3HAUHUH.

3axkonu Payns.
Tuck HacuueHoi nmapu (rmapa, ska nepedyBae B piBHOBa31 3 PIAMHOI0) HaJ KOXKHOIO
PIAMHOIO 3a TIEBHOI TEMIIEpaTypy € CTAJOK0 BEIWYMHOO, ajie SKIIO B Hid PO3YMHUTH
PEYOBHHY, TUCK HACHYCHO]T IMapH ITi€i PiAMHN 3MEHITUTHCS.

Tuck HacuyeHOi mapy 4YUCTOrO pO3YMHHUKA P, 3aBxau OLIbIIMM, HIX THUCK

HACH4E€HOI1 I[Mapu PpO3YMHHHUKA HAaJA PO3YNHOM P:
P>P

0

IMepummii 3akon Payus:
BigHOCHE 3HMKEHHSI TUCKY HACHMYEHOI MapH PO3YMHHUKA HAJ PO3YMHOM HEJIETKOI
PEYOBHHM JIOPIBHIOE MOJISIPHIN YaCTLI PO3YMHEHOI PEYOBHHH.

AP
So=N(X)

0

AP =P, — P - a0costoTHE 3HMKEHHS TUCKY HACHUYEHOI IIapU PO3YMHHHUKA HAJl PO3YMHOM
HEJIETKOI pEYOBUHU.

P-P
P

0

P, - TUCK HACMUYEHOI Mapy YUCTOr0 PO3YMHHHUKA,

= N(X)

P - THCK HaCHYEHOT Mapyu PO3YMHHUKA HAJl POZUYUHOM;
N( X ) - MossipHa YacTKa pO3YMHEHOI PEUYOBHUHHU.

Py Py
P, J3
[AP
pPel——n -

;(X)

JApyrui 3akon Payas:

MIBUIICHHS TEMIEpaTypyd KUIIIHHA Ta 3HIKEHHS TeMIepaTypu 3aMep3aHHs
PO3YMHY TOPIBHSHO 3 YKUCTUM PO3YMHHUKOM MPSAMO MPOMOPLINHO KUIBKOCTI
YaCTUHOK PO3UYMHEHOT PEUYOBUHHU.
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AT =E-b(X)

Kun

AT, =K-b(X)

3am

AT, - NIBUIICHHS TEMIIEPATypH KHUITIHHS;
AT, - 3HIKCHHA TEMIIEpaTypy 3aMEpP3aHHs;

E - eOymiockoriyHa cTana;
K - xpiockoriiyHa crana;
b( X ) - MOJIsUIBHA KOHIIEHTPALliS PO3YMHEHOT PSUOBHHHU.

E, K 3anexatp BiJl IpUpPOIU pOZYMHHHKA.

K2 - 2pao K2 - 2pao
E,,o =052 P4 Ko =186~
MOJIb MOJIb
+
\}
Qs
P A \,}ﬁb >
&F, N
/) &

AT Kun— TKUI'I, - TKUI'IO

’

AT 30m= Tsan® = T sam

. ATun
— o ﬁ >
T sam’ 7-3aMo TKUI'IO Twn" T

Ocmoc. OCMOTHYHHMI THCK.

YacTHHKHM PO3YMHEHO1 PEYOBHHH 1 PO3UYMHHHKA ITepeOyBarOTh y O€3MepepBHOMY pPycCi
1 PIBHOMIPHO PO3MOJIISIOTHCS MO BCbOMY 00’€MY PO3YMHY. SIKIIO 70 PO3YMHY JAESIKOT
PEYOBMHM JOJaTH YUCTUM PO3UYMHHUK 1 HE TMEpEeMIlIyBaTH CyMill, TO 3aBISKH
Xa0TUYHOMY PYXy YaCTHHOK PO3MOYHYTHCS Mpolecu audy3ii, 1 po3uMHEHa PEeuOBHHA
PO3MOIUISITAMETECS 10 BChOMY 00’eMy cucTteMu. llpu 1mpoMy 4YacTHHKH PO3YHHEHOT
pevoBUHU MU YHIYBATUMYTh 3 PO3UMHY B PO3YMHHHK, & YACTUHKH POZUYMHHUKA MOXYTh
BUIbHO MEPEMIIILYBATUCH SK 3 PO3UMHY B PO3UMHHUK, TaK 1 3 PO3YMHHUKA B PO3YUH.

Sxmo po3uuH (HampukiIaa, LOYyKPY y BOMI) 1 PO3YMHHHUK (BOAY) PO3IUIUTH
NEPETUHKOIO, KA MPOMYCKAa€ MOJIEKYJIM BOAM 1 HE NPOIyCKae MOJIEKYJIHd LykKpy. To
KOHIICHTpAIlisl PO3YMHY BUPIBHIOBATUMETHCS TUIBKH BHACIIJOK TMEPEMIIICHHS MOJIEKYJI
BOAU. MoJeKkynn BOAM MOXYTh PYXaTHUCh 13 PO3YMHY B PO3YMHHHUK 1 B 3BOPOTHOMY
HAIMPSMKY — 3 BOAW B pO34rH. 3 OLIBIIOI0 MBHUAKICTIO BiAOyBaeThes nudy3is B PO3UMH,
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Jie KOHIIGHTpAIlisl BOAMU € MEHIIO. BHAcHiI0K bOro 00’eM po34HHY MOCTYIIOBO 3POCTAE,
a KOHIIEHTPAIIisl IIYKPY B HbOMY 3MEHIITY€EThCS.

Ocmoc — mepeBaxkaroya au@y3iss MOJEKYJT PO3UMHHUKA Kpi3b HAMIBIPOHUKHY
NEPETUHKY B PO3UHH.

SIKI10 pO34YMH BMICTUTH Y TIOCYJIMHY, sIKa BrOpl MEPEeXOIUTh y BY3bKY BEPTHKAJIbHY
TpyOKy, a 3HHU3Y 3aKpUTa HAMiBIIPOHUKHOIO MEPETHUHKOIO, TO BHACIIIOK OCMOCY 00’ €M
PO3UYHHY 1 B IIbOMY pa3i 301IbIIY€EThCS, ajie 3 MIHATTAM PiBHS PIAUHU B TPYOIll BUHUKHE
HQ/UTUIIKOBUM TUCK (TIAPOCTATUYHUM THUCK). 3pOCTaHHS IOTO TUCKY € I1CTOTHHUM.
HapnmumkoBuit THCK pPO3YMHY NPU3BOAUTH 10 3OLIBIICHHS MIBUJIKOCTI IMEPEMIIICHHS
MOJIEKYJT BOAM 3 PO3YMHY B PO3YMHHUK, TOOTO mpoTuaie ocmocy. Komu rigpocraTnaHuit
TUCK JIOCSTHE TIEBHOTO 3HAYEHHS, OCMOC TPUIUHETHCS, BCTAHOBHUTHCS pPIBHOBAra.
HapnmumkoBuit Tuck, sSkuii Tpeba MPHUKIACTA A0 PO3UYMHY. HI00 MPUIUHUTH OCMOC,
HA3UBAIOTh OCMOMUYHUM MUCKOM.

PO34NH ~11

HaniBnpOHMKH\
nepeTuHKa
PO34YUHHUK

3axkon Baur - I'ogda:

OCMOTHYHUN THCK PO3YMHY JOPIBHIOE TOMY THCKY, SKHH CTBOpWjia O po3dMHEHa
peyoBMHA, SKOM BOHA TmiepeOyBajia B Tra3omoaiOHOMY cCTaHi 1 3a Tiel camoi
TEeMIIepaTypu 3aiimasna 00’ €M, 110 TOPIBHIOE 00’ €MY PO3UHHY.

P =c-R-T

OCM

P V=n-RT

OoCM

P ., - OCMOTHYHMI TUCK po3uuny, lla;

ocm
¢ - MOJIIpHA KOHIICHTpAIlisl PO3YUHY, M0b | M
R=8314 /x| K - monw - yHiBepcalbHa ra30Ba CTaja,;
T - abGconroTHA Temrmeparypa.

Xoua MexaHi3Mu ra3oBoro (3akoH MenneneeBa — Kianeiipona: P=c-R-T) i
OCMOTHUYHOTO THCKY ICTOTHO Pi3HSATBCS, 3HAYEHHSI IUX THUCKIB YHCEJIBHO JOPIBHIOIOTH
OJIHE OJHOMY, SIKIIIO YMCJIO YACTUHOK PO3YMHEHOI PEYOBHHH 1 YHCIIO MOJIEKYJ Tra3y B

69



omuHUIN 00’eMy oOaHaKoBe. TakuM YMHOM, OCMOTHYHHUMA THCK, SK 1 Ta30BUH THCK,
BU3HAYAETHCS YUCIIOM YaCTUHOK 1 HE 3aJICKHUTh BiJI iX MPUPOIH.
3akon Bantr — Todda cnpaBemmuBuii TUIBKKM 11 PO30aBICHUX PO3UMHIB

HEEeJIEKTPOJIITIB.

Ipuxaaau 3aBaaHb.
1. Macosa gactka rimoko3u C,H,,Oy y BogHomy po3unHi 10 %. I'yctuna po3unny

1,037 2/cm®. PospaxyiiTe MOISpHY YACTKy, MOISPHY KOHIIEHTpALI0, MOJSIILHY
KOHIICHTPAIIiI0 TIIIOKO3U Y PO3YMHI, TEeMIEpaTypy KHITIHHS, TEMIepaTtypy 3aMep3aHHs,
OCMOTHUYHUI THCK 33JJAHOTO PO3YHHY.
m(er)

m(ez)+m(H,O)
Hexait m(2z)+m(H,0)=1000 ¢,
m(ez)=a(er)-(m(ez)+m(H,0))=0,1-1000 2 =100 ¢;
m(H,0)=10002—-100 2 =900 ¢;
m(ez) 100
M(an) 180 2/ moaw
m(H,0) 900
M(H,0) 18 2/ monw

_m(ez)+m(H,0) 10002
o o, 1037 2/ end®

wen)=

=0,556 monw;

n(ar)=

n(H,0)= =50 monw;

=964,32 cu® =0,96432 71;

MonsipHa 4acTKa IIIIOKO3H:

N(21)= n(en) _ 0,556 monw
n(ez)+n(H,O0) 0556 monws+ 50 mons
MoutsipHa KOHIICHTPAILIiSI TJIFOKO3H:

C(en)= n(er) _ 0,956 vore =0577 monv ! 1.
\Y 0,96432

p—Hy
MoutsiibHa KOHIIEHTpAITIS TIFOKO3H:

b(ar)= n(er) = 0,596 more =0,618 mons [ ke.
m(H,0) 09 ke

=0,011(11%).

3a gpyrum 3aKoHoM Pays:
AT =FE-blen); T, =T, (H,O)+AT =T

Kun Kun

(H,O)+E-b(ar)

ke’C 0618 MOJb

MO Ke

T, =100 °C+0,52 =100,321 °C.
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AT =K-b(an); T, =T, (H,0)—AT, =T, (H,0)+K-b(z1)

3am

2’C 0618 MO — 1149 °C.

MOJ1b K2

T. =0°C-186

OCMOTHYHUHA THUCK:

P _=c-R-T =0577-1000 mons/ m* -8,314 Jlnuc! K - monw - 273 K =1309629,6 Ila

ocm
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Jlekuis 6.
Po3unHu ej1eKTpO.IITIB.

BigxuneHHs po3unHIB €IEKTPOJITIB Bia 3aKoHIB Payms. [30ToHiIUHMIT KOedilli€eHT.
Crymiap aucorriaiii Ta i BA3HAUYCHHS Yepe3 3HauCHHs 130TOHIYHOTro Koedirienta. Teopis
Appeniyca. Ponb po3unnHuka npu gucoriaiii pedoBuHu. CuiibHI Ta c1a0Ki eJIeKTPOIIITH.
Koncranta nucorarii ciabkux —enekTpomitTiB. 3akoH po3BenaeHHs OcTBaibia.
CryniHgyacTta IUCOITiaIis.

J100yTOK PO3UMHHOCTI MaJOPO3YMHHUX PEYOBHH.

Peakuii oOMiHY B pO3uMHAxX €NEKTPOJITIB (B MOJIEKYJSIPHOMY Ta WOHHOMY
BHTJISIIL ).

Byno BUSIBJIEHO pEUOBHMHHU, BIACTHBOCTI PO3YMHIB SKMX 3HAYHO BIAXWJISUTMCS Bij
3akoHiB Payns 1 Baut — ['odda. Jlo Takux pedoBUH HaleXaTh KUCIOTH, OCHOBH, COJII.
ExcnepyuMeHTanbHO OTpUMaHi 3HAUYEHHS OCMOTHYHOTO THUCKY, 3HUKEHHS THUCKY
HACHYECHOI Tapu PO3YMHHUKA HAJ PO3YMHOM, WIJBUIIEHHS TEMIIEpaTypH KHUIIIHHS,
3HIDKCHHSI TEeMIEpaTypu 3aMep3aHHs Uil PO3YMHIB IIMX PEYOBUH BUSBHIHUCS 3HAYHO
OutbIIMMU Bif oOuucieHux 3a 3akoHamMu Bant — T'odda ta Payna nns po3uuHiB
BIJINOBIJTHUX KOHLIEHTpauUiid. MoJsipHi Macu KHUCJIOT, OCHOB Ta COJieH, BH3HA4YE€HI Ha
OCHOBI PE3yJbTaTIB EKCIEPUMEHTAILHUX BUMIPIOBaHb, BHUSBUJIUCA MEHIIUMH, HIK
CIIpaBKHI.

Banut — Tl'od¢ 3ampornoHyBaB BBeCTH €MIIIPUYHUN NONPABOYHUN MHOXHHK —
i30moniunuil Koegiyienm 1, sKvii BU3HaUaB OM, Y CKIJIbKU Pa3iB peaJbHUN OCMOTHYHUI

TUCK JAHOTO po3uuHy P nepesullye ioro 3HadeHHs, oO4MCIIeHE 3a 3aKOHOM BaHT —
T'odbda P

ocm "

PO'CM :i‘C.R.T :i. POC,M

.
i _ ocm

P()C M

BBenenns 130ToHiuHOTO KOedillieHTa B PIBHSHHS 3aKoHIB Payns Takoxx mae 3mory
3aCTOCYBATH iX JJisi PO30ABJICHUX PO3YMHIB KUCIIOT, OCHOB,COJICH:

%g;zi-N(X)

0

AT =i-E-b(X)

AT =i-K-b(X)

[30TOHIUHUI KOEDIIIEHT OOUHUCITIOIOTH 3a CITIBBITHOIICHHSIM:
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i _ PO'CM _ AP _ ATKun _ AT;arw
P AP AT AT

ocM Kun 3am

3HaueHHd P, AP , AT AT , OTPUMaH]1 eKCIIEpPUMEHTAIIBHO,

ocm ! Kxun !

3Hauenus P, ,AP, AT, , AT, oOuucieni 3a 3akoHamu Bant — I'odpda Ta Payns mis

ocm ! xun !

3aJIaHUX KOHIIEHTpAIlii pOS‘-II/IHeHI/IX PEUYOBHH.

Enexkmponimu — pedyoBUHHU, PO3UMHU SIKUX NPOBOJATH €IEKTpUYHUUA cTpyM. Lle
PO3YMHHU KHUCJIOT, OCHOB, coieit. JIiis iXHiX po3uuHiB i > 1.

Heenekmponimu — pedOBUHU, PO3UYMHHU SIKMX HE MPOBOIATH EICKTPUUYHUI CTPYM.
[le po3unHu caxapos3u, TIIOKO3W, KapOamimy, TIUEpUHY, €THJICHTJIKO0, Toio. Jls
iXHIX po3unHiB | =1.

3a 0gHAKOBOI MOJIAPHOT KOHIEHTpAIll PO3YMHEHOI PEYOBMHU OCMOTUYHUN THUCK,
3HW)KEHHSI TUCKY HACHUYEHOI NpH, MiJABUIIEHHS TEeMIEpaTypyd KHUIIIHHS Ta 3HUKCHHS
TeMIEpaTypyu 3aMep3aHHsS PO3YMHIB EJICKTPOJITIB 3aBXKIU OUIbII, HDK PO3UYHUHIB
HEEJIEKTPOJIITIB.

Teopist eJieKTPOJITHYHOI AUCOLiALiI.

Y 1887 p. AppeHiyc 3ampoOIlOHYBaB TEOPIKO EIEKTPOITUYHOI JUcCOoLiaIii Jist
NOSICHEHHS TNPUYMH YTBOPEHHS B PO3UMHAX EJIEKTPOJITIB OUIBLIOr0 4ucjia YaCTUHOK
HOPIBHSHO 3 YHCIIOM MOJIEKYJI, IO PO3UYUHSAIOTHCS.

CyTb Teopii nojsirae B TOMy, 1110 MOJICKYJIA €JIEKTPOJIITIB M1 4aC PO3YMHEHHS Y BOI1
PO3KJIaIal0ThCsl HAa MMO3UTUBHO Ta HEraTWBHO 3apsypkeHl 1oHW. [Ipm mpoMy cymu
NO3UTUBHUX 1 HETaTUBHUX 3aps/iB € OJHAKOBUMH, TOMY PO3UMHH 3arajioM 3aJIUIIAI0ThCS
€JIEKTPOHENTPATIbHUMMU.

Enexkmponimuuna oucouiauina — npolec po3MICIICHHs CJICKTPOJITIB Ha 10HH T
JI€I0 MOJISIPHUX PO3UYMHHUKIB.

Bracniiok 1bOro B po34MHI 30UTBLIYETHCS YMUCIO YACTUHOK, IO W 3yMOBIIIOE
30UIBIIEHHS 130TOHIYHOTO KOE(PIIIEHTY.

Ha mepmriii cTamii moiasipHi MOJEKYJH T1APATyIOThCS, BHACTIAOK YOTO 1XHI 3B’SI3KH
MOJIOBXKYIOTHCS 1 BPEIIITI BOHH PO3IICTUTIOIOTHCS HA 10HU. Y TBOPEHI 10HU MepeOyBarOTh Y
PO3UKHI B T'1/IpaTOBAHOMY CTaHi.

[To3uTuBHO 3apsKEH1 10HU — KAmMiOHU, HETATUBHO 3aPSIKEHI — AHIOHU.

®i3udHuU 3MICT | : 130TOHIYHMIA KOS(DIIIEHT MOKA3Y€, y CKUTBKH pa3iB 301IbITYEThCS
YHUCJIO YACTHHOK Y PO3YMHAX €JIEKTPOJIITIB BHACIIIOK JUCOIIAIii.
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KinpkicHa XapakTepuCTHKa TMpoOLecy JUCOLiallili eJEeKTPOJNITIB — CTYIMiHb
CJICKTPOIITUYHOT AUCOIAITi.

Cmyninb enekmponimuunoi oucoyiayii ¢ - 1€ BIAHOUIECHHS YMCIIa MOJIEKYJ, K1
PO3LIECTWINCS Ha 10HHU, 0 YUCJIa PO3ZYMNHEHUX MOJIEKYII:

N

N - 9¥CIIO PO3UMHEHHUX MOJICKYJI.
ToOTo « - 11e yacTka MOJIEKYJI eIEKTPOIIITY, sIKi po3menmcs Ha ioHn. 0 < < 1.
Crynige aucorialiii Ta 1I30TOHIYHUN KOe]IIIEHT B3a€EMO3B’A3aHi:
pPO3TIITHEMO PO34YWH, SKUA MIicTUTh N MOJEKyNl eNeKTPOJITy, KOXKHA 3 SKUX MOXKE
po3uienuTucs Ha M ioHiB. Yucio mosekyn, mo posmenuiucs Ha iohu N, =« - N. Toxi
YHUCJIO 10HIB y pO3UMHI CTaHOBUTUME « - N - M, a 4nco HEAUCOIIHOBAHUX MOJIEKYJT
N =N-N, =N-a-N=N(1l-a).
3aranpHe YHMCIIO YACTUHOK (MOJIEKYJI Ta 10HIB) y PO3UYHHI
a-N-m+N(1l-a)=N(1+a(m-1))
BigHouieHHs 3arajJpHOTO YKClia YACTUHOK y PO3UYMHI JI0 YHUCIIa POZYMHEHUX MOJIEKYJI
CJICKTPOJIITY BU3HAYAE 130TOHIYHUN KOEDIIIEHT:
i N(““I\(Im‘l)) “1+a(m—1)

- HHUCJIO MOJICKYII, K1 PO3LICTIMIINCS HAa iOHI/I;

ouc

duc

Heouc ouc

Tomi

CuiibHI eJIEKTPOJIITH.
J10 CHUTBHUX €JIEKTPOJIITIB BITHOCITHCS:
v" cuneHi kucnotu (HCI, HBr, HI, H,SO, , HNO,, HCIO,);
v CHJIBbHI OCHOBH
(LiOH, NaOH , KOH , RbOH,CsOH ,Ca(OH ),,Sr(OH ),, Ba(OH ),);
v’ PO34MHHI COJIi.

CuJTbHI €EKTPOIIITH Y PO3UYMHAX TUCOLIIOI0TH HEOOOPOTHHO MOBHICTIO:
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- HCI > H" +CI”
H,SO, — 2H* + SO
oCH OB NaOH — Na®+OH "
Ba(OH ), - Ba®" + 20H"
coni NaBr —» Na" + Br-
AL(SO, ), = 2AI* + 3507

VY nyxe po30aBiIeHHX PO3YMHAX IMO3UTUBHO T4 HETATHBHO 3aPSKCHI 10HH HACTUTHKH
BiJITAJICHI OJMH BiJ] OJHOTO, IO MIX HHAMHU €JICKTPOCTATUYHE TPUTSTAHHS TPAKTHIHO
BiZICYTHE. Y TakWX pO34YMHAX | HAOIMKYEThCS IO CBOTO TPAHUYHOTO 3HAYCHHS.
3MEHIIEHHS] B3aEMHOT'O IIPUTSTAHHS 10HIB B Mipy p0o30aBIIEHHS PO3YHHY CTBOPIOE TAKUU
camuii e(peKT, HaueOTO B pO3UMHI 3pOCTAE CTYMIHb AUCOLIALIT €JIEKTPOTITY.

31 30UIBIICHHSM KOHIIEHTpALli PO3YMHIB BIJACTaHb MK 10HAaMH 3MEHIIYETHCA,
BHACJIIOK YOrO 3pOCTalOTh B3a€EMHE IMPUTATAHHSA PIZHOMMEHHO 3apsI)KEHUX 10HIB Ta
B3a€MHE BIJIITOBXYBAaHHS OJHOMMEHHO 3apsa/KeHHX 10HIB. K0XXeH 10H BHUABIISETHCS
OTOYEHUM 10HAMM MPOTUJIEKHOTO 3HAaKa, TaK 3BaHOIO 10HHOIO aTrMocdeporo. lle
MPU3BOJUTH 10 PIBHOMIPHOTO PO3MOJLITY 10HIB MO BChOMY 00’€MY PO34HHY, MO110HO /10
iX pO3MIIIEHHS B 10HHUX KpHCTajax, TUIBKM Ha OLIBIINA BiJICTaHI OJWH BijJ OJHOTO.
BHacnigok Takoi eleKTpOoCTaTUYHOI B3a€MOJII PyX KOXKHOTO 10HA TalbMYEThCS 10HAMHU
IPOTUIIEKHOTO 3HaKa. Lle cnpuunHIoe Te, Mo epeKTUBHA KOHIIEHTPALllsl 10HIB Y PO3YUHI
BUSIBIISIETHCSI MEHIIOK BiJ iX 3arajibHOi KOHIIEHTpallii, TOMy 1 €KCIepUMEHTaIbHO
OTPUMAaHE 3HAYEHHSI 130TOHIYHOTO KOe(DilIEHTA TAKOXK MEHIIIE.

VYV po3uMHAaxX 3 BEIMKOK KOHLEHTPALIEID CHUJIBHUX EJEKTPOJITIB BiIOYyBa€ThCA
acorfiaiisi 10HIB 3a pPaxyHOK 1iX B3a€EMHOIO TMPUTITaHHS Ta cojbBaraiii. Bona
MOCWIIOETHCS B MIPY 3pOCTaHHs 3apsiB 10HIB 1 CYNPOBOJKY€ETHCSI YTBOPEHHAM 10HHHX
acoliaTiB KaTiOHIB 3 aHIOHaMHM pI3HOrO ckjiaaay (10HHUX map, TPIHOK TOIIO) -
KA, K'AK"AK"A".

Jlist BuUpaxeHHs e(EeKTUBHOI KOHIIEHTpalli 10HIB y PO3YMHAX EJEKTPOJITIB Oyi0
3aMpoBaHKEHO MOHATTS aKTUBHOI KOHIIEHTpalli (aKmueHocmi 10H1B).
a=f.C

f - koedilieHT aKTUBHOCTI, SKUH BPaXOBY€E €IEKTPOCTATUYHY MIKIOHHY B3a€EMOIIIO Y

pO34YMHAX 1 XapaKTepu3ye BIIXUJICHHS BIACTUBOCTEH PO3UYMHIB 3 KOHIEHTpariero C Bif
BJIACTUBOCTEH HECKIHUEHHO pPO30aBIIEHUX PO3YHHIB.

.. . a -
KoeoilienT akTUBHOCTI (f :Ej BUKOPUCTOBYIOTH JUIsl OIIMCY BIACTUBOCTEMN

PO3YMHIB €JEKTPOJITIB 3aMICTh CTYNEHS EJIEKTPOJIITUYHOI AMcoLiamnii (0(2% . e

3YMOBJIEHO THM, IO JJisi CHJIBHUX EJEKTPOJITIB, SKI MOBHICTIO JHMCOLIIOIOTH HA 10HM,
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MNOHSATTA CTHEHS EJIEKTPONITUYHOI AMCOLialli BTpayae CBIM 3MiICT, TOMY KOEe(ILI€HT
aKTHBHOCTI f HA3WBAIOTH 1€ yAGHUM CIyneHem oucouiayii.
f o -1
m-1
VY cunbHO po30aBIIEHUX PO3UMHAX E€NEKTPOJITIB X MPOTUJICKHO 3aps/KEHI 10HU HE
3a3HAIOTh 3HAYHOTO E€JEKTPOCTATHYHOTO MPHUTITaHHSA, TOMY B Mipy HaOMIKEHHS [0
Takoro crany, koo f — 1, 3HAYCHHS aKTHBHOCTI 10HIB @ HAOJMKYETHCS 10 3HAYCHHS

KOHIICHTpAIIi1 €JIEKTPOITITY.

Caa0ki eeKkTpoJtiTu.

Cnalki eeKTpOJIITH JTUCOLIIITh YaCTKOBO Ta 0OOPOTHBO — Y PO3UYHHI OJTHOYACHO
MICTSATBCS HEAMCOIIOBAaHI MOJIGKYJIM Ta 10HM. MK MoOJEKyJaMd Ta 10HaMHU
BCTAHOBJIIOETHCS pIBHOBAara, sika XapakKTEPU3YEThCS KOHCTAHTOIO pIBHOBArd, SKy
HA3UBAaIOTh KOHCMAHMOIO eJ1eKMPOATMUYHOT Oucouiauii.

KA K+ A
K T[A]
ouc [KA]

KoHcTanTa eneKkTpoNTUYHOI AUcOoIiallii 3ajJeXUTh Bl MPUPOAU EJIEKTPOIITY Ta
PO3YMHHUKA, a TAKOX BiJl TEMIEPATYPH, 1 HE 3aJICKUTDH B1J] KOHIIEHTpPAIlli €IEKTPOIITY Ta
HOT0 10HIB y PO3YHHI.

K,,. € XapakTepHOIO BEIMUYUHOIO JIJISl JaHUX €JEKTPOJIITY Ta PO3UMHHUKA 1 3aJICKUTh

JuIie BiJ TemrepaTtypu. BoHa KiTbKICHO BU3HAYA€ 3aTHICTh €IEKTPOIITY J0 JUCOLIAIIT
Ha 10HU 1 XapakTepuszye Horo cuiay: uuMm Ouibma K TUM TIOBHIIIE AHUCOIIIOE

duc

duc ?
CJICKTPOJIT 1 TUM BiH CHUJIBHIIIHIA.
JIJist XapaKTepUCTUKU JUCOINAIi CITaOKOTO EIeKTPOJITY BHUKOPUCTOBYIOTh TAaKOX

CTymiHb aucouianii « . 3nauenna K, , C ta o 3B’s13aH1 Mk c000IO:
C,.=aC,

st 6inaproro enektponity C, =[K']=[A ]=«a-C;
TOJI1 PIBHOBa)KHA KOHLIEHTPALlsl HEAUCOLIIIOBAaHUX MOJIEKYJI
[KA]=C-C, =C—-a-C=C(1-a).

ouc

ouc

[K']'[A] aC-a-C a*-C
“ [KA] = C(l-a) 1l-«a

Lle piBHSIHHS AiCTaN0 Ha3BY 3aKOHy po3eedenna Ocmeanvoa. CyTb HOTO MOJSATAE B TOMY.
[Ilo B pa3i posbaBieHHs PO34MHY HOro koHIeHTpaliss C 3MEHIIyeThCs, a CTYIiHb
Jaucoulalli @ 3pocTae Tak, 110 3Ha4eHHA K, = 3alIMIIaeThCs CTAIMM.
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Cnabki enekTposIiTH, K1 M Yac AucoLialii 34aTHI yTBOPUTH OUIbII HIXK J1Ba 10HH,
JTUCOLIIOIOTh CTYMiHYAcTO. Y pO3YMHAX TaKWX PEYOBHH BCTAHOBIIOKOTHCS CKIIAIHI
pPIBHOBAru, B IKUX O€pyTh y4acTh 10HU PI3HOTO CKJIAAY:

H,S <> H' + HS~ e L L
[H,S]
+ 2—
HS < H'+S* K(mz:[H ]'[_S ]
[HS™]

VY pasi cTymiH4YacToi AUcOLialii eJIeKTPONITIB PO3LIEIUIEHHS 3a MOMEPEIHIM CTYIEeHEM
3aBXKU B1I0YBAETHCS 3HAUHO OLIBIIOI0 MIPOIO, HI’K HACTYITHUMH:
K()ucl > K()ch

CymapHe piBHSHHS JucoLiallii Cyab}iIHOT KUCIOTH:

+72 2—-
H,S <> 2H" +S% KM:[H I [57]
[H,S]

K,.=K,. K

ouc oucl ouc?
J1o0yTOK pO3YMHHOCTI.
PiBHOBakHMII ~CTaH HACHYEHUX PO3YMHIB  BAKKOPOZUMHHHUX  EJIEKTPOJIITIB

AgCl,.., <> AgCl, ;. OcKinbKH eNeKTPOIIT BAKKOPO3UNHHHUMI, HOTO HACHYEHUA PO3UUH €
JIy>’Ke po30aBICHUM, 1 €IEKTPOIIT Y PO3UMHI MPAKTUYHO MOBHICTIO JUCOIIIOE HA 10HU:
+ —
AgCl ,, <> Ag" +Cl

Monexymun AQCl y po3uuHi He iCHYIOTh, TOMY BCTAHOBIIIOETHCS PIBHOBAra Mi>k TBEPJIOFO

(me

¢$a3or0 Ta iI0HAMHU y PO3YHHI:
N _
AgCl,.., <> Ag™ +Cl
Y po3umHax eJIEeKTPOJITIB CTaH 10HIB BHM3HAYA€THCS iX aAKTUBHOCTAMH. 101

KOHCTaHTa PIBHOBArd

a . -a__

aAgCI

K ° aAgC| == aAg+ ° aC|_

VY nyxe poszbaBneHux pozunHax a — C. Toxai HabIMIKEHO MOXKHA 3aIucaTh

K -8uo = [Ag"1-[CI 1= 4P
3HaueHHs /[P He 3aJeXUTh Bl KOHIEHTpalLild 10HIB y HACMUEHOMY pO3YHUHI, a

3aJIEKUTh B1Jl IPUPOH €JIEKTPOIITY Ta TEMIIEpATypH.
JIist CKIaiHIMINUX €IEKTPOIITIB, HAIPUKIIA

PbCI, <5 Pb?* +2CI- JIP=[Pb*1-[CI ]
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Peakuii 00MiHy B pO34MHAX €JIeKTPOJIITIB.
Peax1iii oOMiHy
AX + BY <> AY + BX
B PO3UMHAX EJICKTPOJIITIB BiIOYBAIOTHCS TO/1, KOJIU 10HH, 110 YTBOPHJIMCH BHACIIOK
JVCOITIAIIT ITUX €JIEKTPOJIITIB, CIIOIYYalOThCS MK COOO0I0 3 YTBOPECHHSIM
v BOXKOPO3YMHHHUX;
v Ta3ononioHux;
v’ C1abKOJUCOLIHOBAHUX POIYKTIB.
B ioHHUX pIBHSHHSX TaKUX PEAKI[il CHIIbHI €JIEKTPOIITH 3aMUCYIOTh Y BUIJIA/I 10HIB, a
cal0Ki pO3YMHHI €NEKTPOJITH, BaXKKOPO3UMHHI Ta Ta3omofiOHI PEYOBUHU — Y BUTIISAIL
MOJICKYIL.
1. YTBOpeHHS BaXKKOPOZUYMHHHUX MPOAYKTIB.

AgNO, + NaCl — AgCI { + NaNO,

Ag®+NO; + Na* +Cl~ — AgCl{ + Na* + Cl~

Ag" +Cl- — AgCIJ

MgSO, + 2NaOH — Mg(OH ), ¥ + Na,SO,

Mg*" + SO? +2Na* + 20H~ — Mg(OH ), { + 2Na* + SOZ*

Mg*" + 20H™ — Mg(OH ), 1

TpamnaroThcss BUNIAAKH, KO BaKKOPO3YMHHI CIOJIYKH HasBHI SK CEPEa BHXITHUX
PEYOBHH, TaK 1 cepell MPOJYKTIB peakilii. PIBHOBara B Takux cHCTeMax 3MillleHa y OiK
YTBOPEHHS MEHII PO3YMHHOTO eJIEKTPOJITY (rmopiBHATH /[P):

AgCl + Nal — Agl + NaCl
JIP(AgCl)=156-10"; JP(Agl)=83-107"
AP(AQCH) > IP(Agl )

PiBHOBara 3minieHa B HanpsiMKy yTBopeHHst Agl .

TpamnaroTbCs BUNAAKW, KOJM BaXXKOPO3UMHHI CIOJTYKH HAasBHI cepell BUXIIHHUX
PEYOBHH, a cepel MPOAYKTIB PEaKIlli — CIIa0KOIUCOIIIiOBaHI PEUOBUHU:

MnS + H,SO, - MnSO, + H,S
MnS 4 +2H" + SO?” — Mn** +SO? + H,S
MnS 4 +2H" — Mn* + H,S
PiBHOBara npoiiecy XxapakTepu3y€eTbcsi KOHCTAaHTOIO PIBHOBAru
« _[Mn*]-[H,5]
[H*]°
Ky MO>XHa BMPA3WUTH 3a BIJIOMUMH 3HAYEHHSAMM KOHCTaHT aucoriamii H,S Ta no0yTky

po3unHHOCTI MNS .
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o IMPT-THST 1871 ey ey [HiS]_ AP(Mins)
[H1  [57] [H T [S71 K (H,S)

107%
8,7-107%
MnNS 51erko po3YMHSAETHCS Y CUIIBHUX KUCIIOTAX.

~10°

CuS + H,SO, — CuSO, + H,S
CuS 4 +2H" +S0OZ —Cu* + SO +H,S
CuS 4 +2H" - Cu* +H,S

PiBHOBara npoiiecy xapakTepHu3yeTbCsl KOHCTAaHTOIO pIBHOBAru
2+
« _[Cu*1.[H,S]
[H"]?
Ky MO>XHa BHPA3UTHU 3a BIJIOMUMH 3HAUEHHSIMM KOHCTaHT aucouianii H,S Ta go0yTky

pozuunHocti CUS.

K:[Cu2+];[lz_|28] [Sz_] :[Cu2+].[827]. +[|_2|28]2 — ﬂP(CUS)
[H"] [S7] [H']17-[S7] K,.(H.S)
_ 4-103z ~46-107"7
87-107%

CuS He pO3UMHSIETHCS Y CUIIBHUX KUCIOTaX.

2. YTBOpeHHS Ta30M0I0HUX MPOIYKTIB.
Na,CO, + 2HCI — 2NaCl + CO, T+ H,0

2Na* +COZ +2H"* +2Cl- - 2Na* +2Cl- +CO, T+ H,0
COZ +2H* »CO, T+H,0

3. YTBOpEHHs clIaOKOAUCOLIIIOBAaHUX MPOIYKTIB.
2K,PO, + 3H,S0, — 2H,PO, + 3K,SO,
6K* +2P0O¥ +6H" + 3507 — 2H,PO, + 6K " +3S07"
2P0} +6H" — 2H,PO,
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(NH, ),SO, + 2NaOH — 2NH,OH + Na, SO0,
2NH; + SOZ +2Na’ + 20H ™ — 2NH,OH + 2Na* + SO
2NH + 20H™ — 2NH,OH

Jncouiauis Boau. BogHeBHii NoKa3HUK.

ENeKTposIiTHYHA JMCOIiallis MOJEKyNl BoAaW. VoHHmii 106yTok Bomu. BoaHewuit
noka3Huk pH. KucinotHo-ocHoBHI iHauKkaTopu. ['i1poni3 coneit. Pi3HiI BUNaaKu Tiapomizy
conmeit. Mouni Ta MonexkyaspHi pIBHSHHA peakuiff Tigpomisy. BusHaueHHS peaxiil
CEpEeIOBUINA PO3UHHIB COJICH.

Bona myxe He3HaYHOIO MIPOIO IMCOIIIIOE HA 10HHU.
H,O<H"+0H"™
JHucortriattist BOAW — eHA0TEPMIYHUHN Tipoliec (OTJIMHAHHS TEIIOTH).
KoncTanTa piBHOBaru
_[H"]-[OH"]
" [H,0]
3a Temneparypu 298 K K, =18-10""°, mo cBiguuts mpo Te, 10 Boja € aykKe CIabKuM

CJICKTPOJIITOM, 1 KOHIICHTpAIlisi MOJICKYJ, $IKl 3a3Hajd PO3IICIUICHHS Ha 10HH, IyXKe
HE3HAYHa MOPIBHAHO 3 KOHIEHTPAII€I0 HEUCOIIMOBAaHUX MOJICKYIL.

[H,0]=-MHO) 10002 _goe6 0,
M(H,0)-V 182/ monv-1x

Koe -[H0]=[H"]-[OH ] =K,

Ionnuit noOytok Boam K, € CTajior0 BEIMYMHOIO 3a [JAHOI TemrmepaTypu. 3a
crangapTHux ymoB (7 =298 K) K =18-107"°.5556 =1-107".

K =[H']-[OH ]=10"

JUist XapakTEepUCTUKK KHUCIOTHOCTI PO3YMHIB 3allPOBA/XKEHE MOHSTTS 600HE8020

nokasznuxka pH :
pH =-Ig a,

+

Jlns pozOaBiieHUX po3uuHiB, Kojiu KoHueHTpaiiss C —0, xoedilieHT akKTUBHOCTI
f > 1 i, BiamoBigHO, akTUBHICTH & — C, TOMYy 3aMiCTh aKTHBHOCTI 10HIB TigpOTEHY

MO>KHA BUKOPHCTOBYBATH iX KOHUEHTpALIii:

80



pH

=—Ig [H"]

B HeliTpansHOMY cepeoBHILII

[H']=[OH 1=+v10™ =107 momw/ n

B xucnomy cepemonuriti

[H*]>[OH 1=10"...1 mons/ 1

B my>xHOMY cepenoBuiiti
[H*]<[OH ]1=10"...10™" monn/ n

pH =7

pH <7

pH >7

HabnuxeHo peakilito cepeoBHUIla BU3HAYAIOTH 32 JIOMOMOTOI0 1HIMKATOPIB, SKi
3MIHIOIOTh CBIM KOJIp 3aJIEKHO BiJ KOHIIEHTPAIlli 10HIB IJIPOT€HY Y PO3UHHI.

Kucnomno — ocnoeni inouxkamopu — cinabkKi OpraHiyHl KHCJIOTH a00 OCHOBH, SIKi
3MIHIOIOTh CBO€ 3a0apBJIEHHS B pa3l MEPETBOPEHHS KUCIOTHOI (OPMU HA OCHOBHY 1

HaBMAaKH.
Inukarop Kucne Hentpanbue JlyxHe
cepesoBulIe cepeoBULIe cepeoBULIE
Metunosuii - YepBoHuit OpanxeBuit JKostuii
OpaHXEBUI pH <3 pH=3...45 pH >45
denou - pranein be36apBHuit bnino — MmanuHOBU ManuHoBuit
pH <8 pH =8...10 pH >10
Jlakmyc UepBoHuit dioneToBU Cuniit
pH <5 pH =5...8 pH >8

Jlns xibKicHOTO BUMiptoBaHHs PH 3 TounicTio 10 0,01 BukopucToByoTh PH - MeTpu.

Iigponis.

T'ioponiz — oOMiHHA peakilisi peYyOBUH 3 BOJOIO, Mij Yac SIKOi CKJIaJOBI YaCTUHH
PEYOBHMHU CIIOTY4alOThCS 31 CKIa0BUMHU yactuHamu Boau (H ™ ma OH 7).

Coumi rigpoi3yroTh JHILE TOJI, KOJW 10HU BOAM 3B’SI3YIOTHCS 10HAMU COJII y CIaOKi
kucaotu abo ciabki ocHoBH. OTke, TiAPOMI3y MiANAIOTHCA COJi, YTBOPEHI CIAOKUMU
KHUCJIOTaMH, CIIA0KUMHU OCHOBaMH.

1. Couni CHJIBHUX KHCTIOT Ta CHJIBHMX OCHOB T1IpOJIi3y He mianarTbes. CepenoBuiie
po3unHy HeWTpanbHe, PH =7.
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NaCl K,SO, Ba(NQ, ),
NaOH + HCI KOH + H,SO, Ba(OH ), + HNO,

2. Com CuJIbHHUX OCHOB Ta CIA0KWX KHCJIOT TIAPOJi3y miamarThees. [iaposi3
OPOXOAUTh MO AaHIOHY KHCIOTHOTO 3ajHIIKy (Bix ciadkoi kucinotu). CepenoBwuiie
pO34MHYy JIy)kHE, PH >7.

Na,S — 2Na* + S*
NaOH + H,S

| S* + HOH <> HS™ + OH "~
Na,S + HOH <> NaHS + NaOH

’ HS™ + HOH < H,S +OH "
NaHS + HOH < H,S + NaOH

3. Com cnaOKuMX OCHOB Ta CHJIBHHUX KHUCJIOT TIApOJi3y mianamTbes. [iapomi3
MPOXOJUTh MO KaTiOHy MeTtany (Bi ciabkoi ocHOBHM). CepemoBHINE PO3YMHY KHUCIE,
pH <7.

Mg(NO, ), — Mg*" +2NO;
Mg(OH ), + HNO,

I{Mgz* +HOH <> MgOH* + H*

Mg(NO, ), + HOH <> MgOHNO, + HNO,

”{I\/IgOH+ +HOH <> Mg(OH ), + H*
MgOHNO, + HOH <> Mg(OH ), + HNO,

4. Coni cinabKMX OCHOB Ta CIHA0KMX KHUCJIOT TIApoJi3y MiggaroThes. [iapomis
IPOXOJUTH MO KAaTIOHY METaJly Ta aHIOHY KHCJIOTHOTO 3aJUIIKy (B1J cI1a0KOi OCHOBH Ta
cnabkoi kuciotu). CepeoBUIIE pO3UUHY HeTpasibHe, PH =7 .

CH,COONH, —CH,COO™ + NH
CH,COOH + NH ,OH

[CH,COO" + NH + HOH <> CH,COOH + NH,OH
CH,COONH, + HOH <> CH,COOH + NH,OH
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Coni cnabkux TppoxkucnotHux ocHoB (Al(OH ),,Cr(OH ),,Fe(OH ),) ta cnabkux
nBoxocHoBHUX kuciuot (H,S, H,SO,, H,CO,) rinponizyroTs NOBHICTIO (B OAHY CTaJlIO) 1
HEO0OOPOTHEO.

AlLS, +6H,0 — 2AI(OH ), + 3H,S

Cr,(CO, ), + 3H,0 —» 2Cr(OH ), + 3CO,
Lle#t Tum riaposizy yCKIAIHIOE peakilii 0OMiHy MK pO3UMHAMU COJICH:
2AICl; +3Na,CO, + 3H,0 -»6NaCl + 2AI(OH ), + 3CO,
2Cr(NQO; ), +3Na,S +6H,0 -»6NaNO, + 2Cr(OH ), + 3H.,S

I3 comneil TBOXKUCIOTHUX CIIa0KUX OCHOB 32 TAKUX YMOB YTBOPIOIOTHCSI OCHOBHI COJIi:

2CuCl, + 2Na,CO, + H,0 — (CuOH ),CO, + CO, + 4NaCl

IIpukaaau 3aBaaHb.
1. Po3paxyiiTe 130TOHIUHUN KOE(ILIEHT Ta YSIBHUN CTYIIHb JUCOIAIT €IeKTPOIIITa,

akmio y 200 r Boau po3urHeHo 0,53 T kapOoHATy HATPIIO 1 PO3UMH KPUCTANIZYETHCS TIPH -
273,02 K.

3a Il 3akonoMm Payinst niist e1exkTpodiTiB

M(Nazcoa)'m(HZO)

:Tgam( HZO)_TsaM(p_Hy)

i (1, (H,0)-T,,(p-ny)) M(Na,CO; )-m(H,0) _
K-m(Na,CO,)
_(27315K -27302 K )-106 2/ mons-0,2 ke
186 xe- K/ monn-053 2

28

Na,CO, —2Na" + CO;" m=3
;o -1 :2,8—1:0’9
m-1 3-1

2. Pospaxyiite po3unnHicTh Xaopuay aprearymy, JP( AgCl)=156-107".
AgCl <> Ag” +CI~
AP=[Ag"]-[CI"]
[Ag"]=x
[CI"]=x

JIP=x?%; X=+/AP=+156-10" =125-10"° moaw/ x
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3. Busnauntu pH posunny NaOH 3 konnenrpanicro C =107 monn/ 1.

pH=-lg[H"]

NaOH — Na" + OH "~
[OH ]=C(NaOH )=10"7? moaw/ x.
-14
[H+]: K(;_ :10_2 :10—12
[OH"] 10
pH =-1g 107 =12

4. Busnaumtd PpH posumny HNO, 3 kouuentpauiero C =107 mom/ 1,

K, =51-10".

ouc

pH=-lg[H"]
HNO, <> H* + OH "

[H"]=a-C(HNO,)

-C . ..

3a 3akoHOM po3BemeHHS K, :1—, UIA caa0KiX EJNEeKTPOJIITIB MPHUITYCKAEMO, IO
1

a—0.

—4
K,.~a’ - C, a:W/Ké”Cz 5’101_? =0,23

[H"]=0,23-10%=23-10"° Mo/ 1
pH =—lg 23-10° =264

Jlexuis 7.
OKucI0BaJIBLHO — BIITHOBHI IIPOLIECH.

[Iporecu okucieHHS Ta BiMHOBICHHSA. OKHUCIIOBaYl Ta BIHOBHHKHU. EnexkTpoaHuii
MOTEHII1aJI, HOTO YTBOPEHHS, BUMIPIOBAHHS €JIEKTPOIHUX MOTEHIIIAIB.

CranmapTHi  €JEKTPOJHI MOTeHIianu. Tabjauisi OKHUCIIOBAJIbHO-BITHOBHUX
noTeHmiams. Pan Hanpyr wmetamiB. HampsiMok mnepediry OKHCIIIOBaJIbHO-BIJHOBHUX
peaKIriu.

["anpbBaHIUHMM €JIEMEHT, Horo efekTpoxiMiuHa cxema. [Ipoiiecu, 1o Bi1OyBarOThCA
Ha €JIEKTpOoJAaX MpuU poOOTI TalbBaHIYHOIO eleMeHTa. EnekTpopyiniiiHa cuiia
raJibBaHIYHOTO €JIEMEHTA.

3aexKHICTh €JIEKTPOJHUX TOTEHINATIB BiJ] TEMIEpaTypu Ta KOHIICHTpAIIii.
®opmyna HepHcra.
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EnexTponi3 sik OKHCIIOBAIbHO-BIAHOBHUHN MpoOIieC. 3aKOHH €IEKTPOTI3Y.

Vi xiMiyH1 peakiiii MoKHa pO3IIIMTH Ha JIB1 TPYIIN:

v/ CTYNEHI OKHCHEHHS €IIEMEHTIB 3alMIIAlOTLCA HE3MiHHMMH (peakiuii oOMiHy,
riApoIi3y, AUCOITiallii, TOIIO);

v/ CYIPOBOKYIOTHECS 3MIHOK CTYIEHIB OKMCHEHHS €JIEMEHTIB (OKHCHO — BiJIHOBHI
peaxiii).

[Iporiecu okucHEHHS Ta BIAHOBIEHHS CIOpiTHEHI MiX coboro. Konmu oaHa pedoBuHa
BiJIIa€ EJEKTPOHH 1 OKUCHIOETHCS, TO OOOB’S3KOBO Mae OyTH 1HINA, sIKa TPUETHYE
eJIEKTPOHH 1 BITHOBIIIOEThCA. OOUIBa TIpoIecH BiAOYBAIOTHCS CYMICHO.

OKucHuku — 4YaCTHHKH, SKI TPUETHYIOTH elekTpoHH. Ilpomec mnpuenHaHHsa
CJIEKTPOHIB — 8iOHOGIEHHA.

Bionoenuku — 4acTUHKH, K1 BIIAI0Th €NeKTpoHH. [Iporiec BijgaBaHHs €IEKTPOHIB
— OKUCHEHHAL.

0 2+ 2+ 0
Fe+ CuSO, - FeSO, +Cu

SBUIIa OKMCHEHHS — BIIHOBJICHHS 3arajloM MOXHa PO3MVIAATH SK IEPEHECCHHS
CJICKTPOHIB BiJ] BIJTHOBHHMKA JI0 OKHCHHMKA. Y KOXKHIHM peakiiii Yuciio eJIeKTPOHIB, BIIaHUX
BIJIHOBHUKOM, JIOPIBHIOE YHCITY €JIEKTPOHIB, MPUETHAHUX OKUCHHUKOM.

JIns  KUIBKICHOT XapaKTepUCTHKKM OKHUCHOI Ta BIJIHOBHOI 3JaTHOCTI PEYOBUH

BUKOPUCTOBYIOTh €JIEKTPOJIHI MOTEHI1AIH.

- IepexiJ METaly B pO3UMH, OKUCHEHHS.

- OCaJDKCHHS MeTally, BigHOBIeHHs Me" .
| |

3

|4|IIIIIIIIII

Sxmo meran Me 3aHypuTH y BOJYy, TO TOJIAPHI MOJIEKYJIM BOJM BHACIIAOK
riipataiii NOBEpXHI CIPUYUHATUMYThH IMEpeXiJ TiAPaTOBAHUX 10HIB METAlly B PO3UHH.
MertarniyHa nmoBepxHsa HalyJle HEraTUBHOI'O 3apsiy, KM CTBOPIOETHCS 3aIUILIEHUMH Ha
HIl enekTpoHaMu. BHACTIIOK IIbOTO BUHUKHE €NIEKTPOCTATHYHE MPUTATAHHS MK 10HAMHU
(+), sSKi TmepeHnIm B po34yuH, 1 moBepxHeo Mmetany (-). Lle mepemkomkae moganpuiomy
PO3YMHEHHIO METally 1 BUHHMKA€ 3BOPOTHIM TPOIEC — BIAHOBIICHHS 10HIB MeTajly Ha
MOBEPXHI JI0 BUTBHOTO METAITY:
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Me + mH,0 <> Me(H,0)," +ne

Cran piBHOBAaru 3ajeKUTh BiJl CIIBBIJHOIICHHS MDK KUIBKICTIO €HEprii, moTpiOHOT
JUIS BIAUICTIICHHS 10HA BiJ MOBEPXHI METaldy Ta KUIBKICTIO €HEeprii, sika BUAUIAETHCS
BHACIIIJIOK TipaTaliii ioHa.

YactuHa 10HIB MeTally, 10 MEPeHIId B PO3YMH, HE PO3MOAUIAIOTHCS MO BCHOMY
00’eMy, a MIPUTATYIOTHCS 10 MPOTUIICKHO 3apSAHKEHOT MOBEPXHI METaTy 1 pO3MIIIYIOThCA
017151 Hel. 3a paXyHOK €JEKTPUYHHX 3apsiB METalTy Ta 10HIB €JIEKTPOIIITY 3 OOKY PO3UHHY
Ha MEXI METaJl — PO3YHH YTBOPIOETHCS TOABIMHUN EIEKTPUIHHIN 1IIap.

[oHH1 OKHMCHO — BIJTHOBHI CHUCTEMH, SIKI peaji3yloThCSd Ha METATIYHOMY IIPOBITHUKY,
HA3UBAIOTh €1eKMPOOAMU.

Pi3HuIsT eNeKTpUYHMX TOTEHIIANIB MK METaJioM 1 PO3YMHOM BHU3HAYa€E HOMEHUial
enekmpooa. B elekTpoAHOMY TOTEHIlialll 3aKjajJieHa OKUCHO — BIJIHOBHA 3/IaTHICTb
CUCTEMH.

3apsan TMOBEpPXHI MeTaly B TMOJBIMHOMY €JIEKTPUYHOMY Iapi Moxke OyTH SiK
HETaTUBHUM, TaK 1 MO3UTUBHUM. HeraTuBHMIA 3apsi1 MOBEPXHI XapaKTEpHUH I METaJiB,
10HM SIKMX MalTh BUCOKY 3JaTHICTh JO MEPEXOJY B PO3UMH. 3 MIJBUILIECHHIM Y PO3UYHHI

KOHIICHTpaIlii ioHiB MeTary Me"™, 3rimHo 3 mpuanmnom Jle Atenbe, piBHOBara

Me™ + ne <> Me

3MIMIy€eThCs B Oik TBepaoi (hasu Mertaiy. SIKIo KoHIleHTparis ioniB Me"" Besrka, a MeTa
MaJOAKTUBHUMN, TO HOTO 10HH MOYMHAIOTH MEPEXOJUTH 3 PO3UHHY Ha MOBEPXHIO METaNy.
3apsa1 MOBEpPXHI METaly CTa€ MO3UTUBHUM, a LIAp PO3YMHY, IO MICTUTh HAJIUIIOK
aHIOHIB, - HeraTUBHUM. OTXKe, 32 paXyHOK 3MILIEHHS MTOJIOXKEHHS €JIEKTPOIHOI PIBHOBArU
MOX€E 3MIHUTHUCS HE TUILKU 3HAYEHHS, a i 3HaK MOTEHIlaTy.

VY naHoMy PO3YMHHHMKY €JEKTPOJHMU MOTEHLIAN 3aJIeKUTh B1J MPUPOIU METaly,
KOHLIEHTpalli Horo 10HIB y po34MHI Ta TeMmiepaTypi. Ll 3ajexHICTh ONUCYETHCS
pienanuam Hepucma:

a
£+ "L jp Boes
nk Aion

E° - cramapTHMii eNeKTpOAHMI mMoTeHIian (MOTEHIian eNeKkTpoaa 3a TeMIepaTypH
298 K, Tucky razonoaionux pedoBuH 101325 Ila, koHuentpartii 10HiB 1 MoJb/1);

R - yniBepcanbHa razona ctana 8,314 J[>/K mosnb;

N - KUIBKICTh €JIEKTPOHIB y HaIiBpeakKlii;

F - crana ®apanes 96500 Ki/moub;

8, - AKTHBHA KOHIIEHTPALIisl OKUCIIEHOT (hopMmH;

Qi - @KTUBHA KOHLICHTpALLISL BIIHOBJIEHOI (hOPMH.

86



Me? + ne < Me°

) o
Oé()lé;ljteaHd 81;:])6?2[-{(1
3a Temniepatypu 298 K:
a
E_E°. 0,0592 Ig Do
n aeit)l—t QP
Enexkmpoou I pooy.

HaiinommpeHimumu € MeTaaidHi eJIeKTPOIu:

Me™ + ne <> Me°

[X moTeHIiam 3aJ€KUTH BiJl aKTHBHOCTI JIMIIE OJHOTO Buy 10HIB. CTaH piBHOBaru 3a
cTajoi TemmepaTypd BHU3HAYAETHCA TIIBKK MPUPOJAOIKD METaly Ta aKTHBHOIO
KOHIICHTPAITI€I0 HOTO 10HIB Y PO3YMHI.

Hamnpukinan, cpi6io, 3aHypeHe y pOo34MH HITpaTy cpidia:

Ag* +e <« Ag°

0 RT aAg+
E + 0o — + ot —— Ig
Ag™ / Ag Ag™ / Ag n F a

AgO

N=1; aKTUBHICTHh TBEPJOTO METAILY € CTAJO BEIIMYMHOIO, 332 CTAHJAPTHOI TEMIIEPATypH
(298 K)

_ =0
=E ot 00592 Ig a, .

Ag* 7 Ag° Ag*t /A

Peookc — enekmpoou (OKucHo — 6i0HOBHI).

Ha ineptHOMy Metani (IJIaTUHI YM 30JI0T1) B1IOYBAIOTHCS €JIEKTPOJHI PEaAKIli MK
10HaM{ METaIIB 3 PI3HUMHU CTYIICHIMU OKUCHEHHS a00 MK OKMCHEHUM Ta BiJHOBJICHUM
CTaHAMU 1HIIUX PEYOBHUH Y PO3UMHI.

Hanpuknaj, IIaTHHOBA IJIACTHHA, 3aHYPEHA Y PO3UHH, 10 MicTuth ionn Fe*'rta Fe’',
MIXK SIKUMH B1JJOYBA€TbCS peaKIlis

Fe* +e <> Fe?
0 RT Ig aFe3+

= +
Fe3* / Fe2* Fe3* | Fe?t nE a

F62+

N =1; 3a crangaptHoi Temreparypu (298 K)
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a
FeS+

E° +0,0592 Ig

Fe3t /Fe?t T Fedt/Fe?t a

Fe2+

Boouesuii enexkmpoo.

Cknamaerbcd 3  IUIATUHOBOI  IUIACTHMHM, HAa TOBEPXHIO SKOI  HAHECEHO
SJIICKTPOTITHIHHN Ocaj] Ty0JacToi miaTuHu. L miacTiHa 3aHypeHa B po34uH Cyab(aTHOT
KHCIIOTH. B eeKTpoHy MoCcyInHy MPOITYCKAIOTh YUCTHI BOJICHb.

["a30Buil BoHEBHI eNeKTPOa MOXkHa mogatu cxemoro H ™ | H,(Pt), sikiit Biamnosinae

3arajibHa CJICKTPOJHA pGaKHiH

2H" +2e <> HJ

[TonoxxeHnHs: piBHOBAru II€i peakilii BH3HAYAIOTh AKTUBHICTH 10HIB TiJPOTEHY B
PO34MHI Ta MapiialbHUI TUCK ra30noaAi0HOTO BOJHIO, AKUH Hacuuye po3uuH. [loTeHirian
BOJHEBOTO €JIEKTPOjIa

a+
E —E° +2,3E lg -

+ +
H* /H, H*/H, 2F pH

3a TeMrepatypu 298 K ta napiiianbHOMY TUCKY BOAHIO | atMm

=E°, +00592lga

H*/H, H*/H, +
2|+/H2 :OB
E .  =00592lga .
H*/H, H
lga,. =—pH
E. =-00592 pH
H*/H,

l'anbBaHivHI eJleMeHTH.

ITporec okMCHEHHS 1 BIIHOBIICHHS, SIK1 3aBXIU BiIOYBAIOTHCS OJTHOYACHO, MOXKHA
MIPOBECTH 3a BIJICYTHOCTI 0€3MOCEPEeTHHOTO KOHTAKTY MK BIJHOBHHUKOM Ta OKHCHUKOM,
TOOTO B yMOBax MPOCTOPOBOTO iX po3iaiieHHA. [Ipu 1IbOMYy €JIEKTPOHU MEPEeXOASTh BiJl
BIJIHOBHHKA JI0 OKHCHHMKa He Oe3locepeqHbO, a uepe3 MeETaJiYHUil MpPOBIJHUK,
CTBOPIOIOYM EJIEKTPUYHUN CTPYM.

I'anveaniuni enemenmu — TPUCTPOi, TpPHU3HAYEHI [JIs1 OE3MOCEPETHHOTO
NEPETBOPEHHS €HEPrii XIMIYHOI peakiiii Ha eIEeKTPUYHY.

laneBaniunmii enemeHT aniensn — Axo6i cKiagaeTbcs 3 IMHKOBOI IUIACTHHH,
3aHypeHoi y po3uuH ZnSO,, Ta MiJHOI MJIacTUHY, 3aHypeHoi y po3unH CuSO,. Po3unnun

enekrponitiB  (ZnSO,,CuSO,) po3aUIAIOTh  EIEKTPOXIMIYHMM  KIIIOUEM,  SIKUH
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NEPELIKO/KAE IXHbOMY 3MIIIyBaHHIO, ajie 3a0e3Meuye MOXIIMUBICTh IMEpPEexXoay 10HIB 3
OJTHOTO PO3YHMHY B 1HILIHH.

SIKIIO 30BHIIIHE KOJIO PO3IMKHEHE, IMHKOBHMA Ta MITHUNA €JIEKTPOIU NepedyBaloTh y
CTaHI1 pIBHOBAru:

Zn* +2e<>2Zn° Cu® +2e <« CU°

Bracmiiok mporo Ha HMX BHHUKAIOTH TMOJABIWHI €IEKTPUYHI IIapy 1 MEBHI €JIEKTPOJIHI
noTeHmiamu. [{i ToTeHmiasm pi3Hi, OCKIIBKM 3/aTHICTh BiJJaBaTH €JICKTPOHH 1
MEePEXOAUTH B PO3YMH IIMHKY Ta MiJi HE OJIHaKOBa. BImbIN 37aTHUH 10 BijjgaBaHHS
CJIICKTPOHIB IIMHK.

Koo  eNekTpoau 3’€AHATH METATIYHMM TIPOBITHUKOM, €JIEKTPOHH IIOYHYTh
MEPEXOAUTH 3 OUIBII HEraTUBHOTO IIMHKOBOTO €JICKTpojJa Ha MimHuil. Ile crnpuumHioe
3MIIIEHHS PIBHOBAru:

Zn° —2e — Zn* Cu* +2e —Cu°
[Ipy 3aMKHEHOMY 3OBHIIIHBOMY KOJI B TaJbBaHIYHOMY €JIEMEHTI OKHUCIIOETHCS
METaTIYHUM IUHK (YTBOPEHI 10HU IUHKY MEPEXOJSATh Y PO3UMH), HA MIJTHOMY €JIEKTPO/Ii
BiJIOYBAETHCS BITHOBJICHHS 10HIB M1l (0CaKY€ThCA METANIIYHA Mifh).
CymapHe piBHSIHHSI OKMCHO — BIITHOBHOI Peakiiii, sIKa € JKEPEIOM eJIEeKTPUIHOTO CTPYMY:
Zn° + Cu** — Zn* +Cu°®
BHacnizok nepebiry mpolecis Ha HUHKOBOMY €JIEKTPOJi KaTioHn ZN°" mepexonsTh
y PO3YUH 1 CTBOPIOIOTH y HbOMY HAJIMIIKOBUN TMO3UTUBHHUM 3apsii, a OUIS MiJIHOTO
pO3UMH, HaBMakH, 30iqHIOEThCA Ha KarioHm mimi Cu’* i Mae HeraTuBHHMI 3apsan (3a
paxyHok anionis SO;). EnekrpuuHe Ione, IO BUHMKAE, CIPUYUHIOE PyX KaTiOHIB
posuuny (Zn**,Cu’") mo mMigHOrO enexTpona, a anionis ( SO/ ) — Bix MiIHOTO eneKTpoIa
70 IIMHKOBOTO. BHACHIOK Takoro mEepeMilleHHs 3apsAiB PO3YMHHU Olsl E€JIeKTPOIiB
3QJIMIIAIOTHCS €IEKTPOHEHTPATTbHUMH.

[Tin yac pob6OTH raabBaHIYHOTO €JIEMEHTA €IEKTPUYHUN CTPYM Y 30BHIIIHHOMY KOJIi

CTBOPIOETHCS CIIPSIMOBAHUM PYXOM €JIEKTPOHIB, Y BHYTPIIIHBOMY — 10HIB.
€

-
-

Zn |2 —>»{Cu

Y Oyap — sKiM eJIeKTpOXIMIYHIA CHCTEMI Ha3BU €JEKTPOJIIB BHU3HAYAIOTH 3a
XapaKTepoOM OKHCHO — BIITHOBHUX MPOIIECIB, 5SIK1 HA HUX B1JI0YBaIOThHCS.
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AHOO — eNeKTpoj, Ha SKOMY BiJOYBAa€ThCS MPOIIEC OKUCHEHHS 1 SIKUW HaJCUIIae
€JIEKTPOHU B 30BHIILIHE KOJIO €JIEMEHTA.
VY ranbpBaHiYHOMY €JI€MEHTI BiH Ma€ HETaTUBHUH 3aps.

Kamoo — enexktpon, Ha SKOMY BiJIOYBa€ThCS MPOIEC BIIHOBIICHHS, 1 AKUN MPUETHYE
€JICKTPOHHU.
VY raibBaHIYHOMY €JIEMEHTI BiH Ma€ HEraTUBHUH 3apsijl.

Cxema po0oTH rajgpBaHiuHOTO enemeHTa Jlaniens — Sko0i:

€

—
(-) zn®|zn*" || Cu*t | Ccu® ()

Enexrpopymmiitna cuna (EPC) — cuia, 3aBnsku sikiii BiiOyBaeThes TMEpEMIIICHHS
CJICKTPOHIB Yy 30BHIMIHHOMY KOJi eneMeHta. Jling TtouHoro BuMiptoBanHs EPC
rajbBaHIYHOTO €JIEMEHTa MOTPIOHI CIeliabHI MPUCTPOi 1 Taki yMOBH, 1100 Yy HbBOMY
MPaKTUYHO HE CTBOPIOBaBCS eJeKTpuuHuil cTtpyMm. KopucHa pobora, siKy MoOKHA
BUKOHATH 3a PaxyHOK €HEeprii XIMIYHOI peakilii, 3ajJeXuTh BiJ ii MIBUJIKOCTi: BOHA
MaKCHMaJlbHa B pa3i MOBUIBHOT0, 000POTHROTO Mepediry peakiii. OTxe, KOopucHa podoTa
raJIbBaHIYHOTO €JIeMEHTa 3aJIeKUTh BiJ CWJIM CTPYMY, SKUH BiJl HHOTO BiJIOWPAIOTh.
[{poro mocsraroTh 301IBIICHHSIM OMOPY BUMIPIOBAILHOTO Mpwiany. Toal cuiny CTpymy
MO>KHA 3MEHIIUTH J0 MIHIMyMY, IIBUJKICTh peakiiii Oy/ile HECKIHUEHHO MaJlol0, KOPHUCHA
pob0Ta — MaKCUMAJIBHOIO.

A =n-F-EPC

N - KUIBKICTh €JIEKTPOHIB;
F - crama ®apages.(F=n-N,=16-10"Kz-6,02-10% momw " =96485 K1/ monw,
3apsiq 1 MOJIb €NeKTPOHIB, OCKIIBKH [IJI1 OKHCHEHHS a0o0 BIMHOBJICHHS 1 MOJb
CKBIBAJICHTIB OyJb — SKHX YaCTHHOK MOTPIOHO BiggaTu abo mnpueaHaTd 1 Moib
CJICKTPOHIB).

3a cranux TeMreparypH i THCKY MakCUMajlbHa KOPHCHA poOoTa

A =—4G=n-F-EPC
Omxe, EPC rajlbBaHIYHOTO €JI€eMEHTa XapaKTEepU3ye MaKCUMaIbHy KOPUCHY POOOTY, SIKY
MO>K€ BUKOHATH CHUCTeMa B pa3i 000pPOTHHOIO Mepediry B Hill JaHOI XIMIYHOI peakIii.

SIKI0 KOHLIEHTpalii pedyoBHUH, sIKI OEpyTh y4acTh y pEakilii 3a CTaHIApTHUX YMOB
nopiBHIOWOTH | wmonb/n, To FEPC eneMeHTa Ha3WBalOTh MHOTO CHMIAHOAPHIHONW
enexmpopywiiinoio cunoro EPC®:

AG® =—n-F -EPC®

AG® =—R-T-InK
PiBHSIHHS, 110 BiOOpaka€e 3B’S30K CTAHIAPTHOI €IEKTPOPYIIIAHOI CHIIM TalbBaHIYHOTO
eJIEeMEHTa 3 KOHCTAHTOI0 PIBHOBAru MOTo OKUCHO — BITHOBHOI PEaKIIii:
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R-T-InK=n-F-EPC°

InK = F Epco
R-T

EPC ranpBaHiuHOTO €JIEMEHTa BU3HAYAIOTh K PI3HUIIIO €IEKTPOTHUX MOTEHIIIATIB!

EPC = EOK B E(ﬂ'()H

EPC® =E° — £

6IOH

BumiproBaHH# eJ1eKTPOXHUX NMOTEHUiATiB.
AOCOINIIOTHI 3HAYEHHS €JIEKTPOJHMUX MOTEHI[1adlB BU3HAYUTH HEMOKIIMBO, TOMY iX
BUMIPIOIOTH BIJHOCHO CTaHJIAPTHOTO BOJHEBOTO €JIEKTPOJA, MOTEHIial SKOTO YMOBHO

MPUMHATO 32 HYJIb (ESMH =0B).
2

Jljig eKcrepruMEeHTaJIbHOTO BU3HAYEHHS €JIEKTPOJHUX MOTEHLIaNiB BUMIipoTh EPC
raJbBaHIYHOTO €JIEMEHTA, OJHUM EJEKTPOJOM SKOTO € AOCHIDKYBAHHMM, a JAPYTUM —

BoaHeBui. EPC, ska NpU UbOMY BHUHHUKAE, TOPIBHIOE MOTEHIIATY IOCHIIKYBAaHOTO
CJIEKTPOJA.

c

(-) (Pt) H,Y |H || Cu? | Cu® ()
H? -2e<2H"  sionoenux

Cu® +2e < Cu’ oxucnux

HJ +Cu* —2H" +Cu°

EPCO:E(?K—E(?@H =E° —EEMH =034B-0B=034B
2

cu?ticu

HanpsiMok nepediry OKMCHO — BITHOBHHMX peakIlii.
Peaxiiist mpoxoauTh caMOJOBUILHO, SKIIO

EPC:—ﬁzEOK—E@H >0B
n-F

Koxauit 3 moTeHIiayi BIANOBIJAE€ TIEBHIM piBHOBa3l MK OKHCHEHOKO Ta
BIJIHOBJICHOIO (OpMaMU PEUOBHMHU, TOMY Oyab — siKa 3 MHUX THap MOXe OyTH SK
OKHCHHKOM, TaK 1 BIZITHOBHUKOM.

BigHoBHa 3maTHICT, BINHOBICHOI (GOpMHM €JIeMEHTAa THUM BHINA, YUM MCHIIC

3HAYCHHS Ma€ eJIEKTPOIHUIA MOTEHITIaJ BiMOBIAHOT HAMMIBPEAKITi.

OxucioBanbHa 3/1aTHICTb OKHUCHEHOI ()OpMH €JIeMEHTa THM BHUIA, YUM OUIbILE

3HAYEHHS Ma€ €JIEKTPOIHUM MOTEHITial BIJMOBIIHOI HAMMiBpEaKIIii.
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Hanpuknaz, IOTpiOHO BU3HAYUTH, UM MOkHA ioHaMu Ni’* OKMCHUTH MeTaiuHy Miib 3a
peaKIiiero
Cu + NiSO, — CuSO, + Ni
B ionHi#t ¢hopmi
Cu+Ni** — Cu®" + Ni
3anucyeMo 3arajgbHy OKHCHO — BIJHOBHY PEAKIIO Y BUTJISAL ABOX €IEKTPOHHO — 10HHHX
HaIlBpeakKIlii, SKi BIJMOBIIal0Th OKMCHEHHIO BITHOBHHUKA 1 BITHOBJICHHIO OKMCHHUKA!

Cu—2e<«>Cu® gionosnux, npoyec OKUCHEHHS, E2u2+/Cu =0,34 B;

Ni* +2e <> Ni oxucnuk, npoyec ionosnenms, Ezuszi =-0,25 B.
Pozpaxyemo EPC:

EPC’°=E’ - E° = El(\)li2+/Ni — Egu2+/Cu =-025B-034 B=-059 B<0

OT)KC, pCaKHiH HC IIPOXOAUTh CAMOYHUHHO.

Kopo3sis mertaiis.

Koposis — mporiec MUMOBUIBHOTO pPYWHYBAaHHS METalIB Ta IXHIX CIUIaBIB Mij
BIUITMBOM HaBKOJIMIITHHOTO cepeioBUIla. BHacimok Kopo3ii BinOyBaeThCs Mepexii aTOMIB
MeTaldy 3 HWOro KpHUCTAIIYHOI T'paTKM y CIOJYKA 3 KOMIIOHEHTaMu cepenoBuina. lle
MPU3BOJUTH J0 3MEHIICHHS Macu METaly Ta MOTIpIIEHHS 0ararbox HOro BIACTHBOCTEH,
30KkpeMa MinHocTi. Kopo3is HaiixapakTepHila Jjisi METaliB, sIKI TPAIUIAIOTHCSA B MPUPO/IL
HE B CaMOpIJIHOMY CTaHl, a y BUIVISIAI XIMIYHHUX CHOJYK, IIO BXOASTH N0 CKJIAAy
MiHEepaliB Ta pya. JJoOyBaHHS MeTaliB 13 CTIMKMX NPUPOIHUX CIIOIYK MOTpeOye 3aTpar
BEJIMKOT KUIbKOCTI eHeprii. HaBmaku, BHACIIJOK KOPO3IHHOTO pyHHYBaHHS METAJIU 3HOBY
nepexoAsTh B OKCHAM, Cyib(iau, KapOOHATH Ta 1HII TMOJYKH, AKI T€PMOJMHAMIYHO
CTIMKIII, HIXK YUCTI MeTasd. [lepedir npoiieciB KOpo3ii BIAOYBAETHCSI MUMOBLIBHO.

Kopo3sis BinOyBaeTbcs Ha Mexi monauty ¢a3 MeTal — CEepefOBHINE 1 HAJIEkKaTh 0
OKHMCHO — BIJHOBHUX T€TEpOTCHHHX TpolieciB. BoHa moske BigOyBaTHCs y raszax, B
atMocdepi, y BOJI, OPraHIYHHUX PO3ZYMHHUKAX 32 XIMIYHMM Ta EJIEKTPOXIMIYHUM
MeXaH13MaMHu.

Ximiuna Kopo3ia peanizyeTbcsl B HEENEKTPOJITaX Ta CyXxux razax. BimOyBaeTscs 3a
3aKOHAMHU TETEPOTCHHHMX XIMIYHUX peakiiid. Jlo XxiMiuyHOI KOpO3ii HaJlekaTh MPOIECH
OKHMCHEHHS METaJliB arpeCMBHUMM Tra3aMH 3a BHCOKHX Temrepatyp. [lpu 1pomy
CJICKTPOAHI TPOIIECH Ha MEXI MOy (a3 HE BUHHMKAIOThH, a Nepefada eJICKTPOHIB Bij
BIJIHOBHUKA JI0 OKHCHHUKA BiJI0yBa€ThCcsl O€3MOocepeaHbO IMiJi Yac 3ITKHEHHSI YYacCHUKIB
B3aemoii. Omxke, 1eil BUA KOpPO3ii BiAOYBAEThCS BHACTIIOK B3a€EMOJII MeETaliB 3
arpeCMBHUM HECTPYMOIIPOBITHUM CEPEIOBHIIEM i HE CYIPOBOKYETHCS BHHUKHEHHSM Y
CHUCTEMI €JICKTPUYHOTO CTPYMY.
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VY pasi ximiuHO1 KOpo3ii MeTtan pyiHyeThes mia giero O,,H,S, SO, , Hal, ta inmmx
rasiB 3a BIJICYTHOCTI Ha MOBEPXHi BoJIOTH. Ha moBepxHi MeTany yTBOPIOIOTHCS IUTIBKH
IPOAYKTIB KOPO3ii — OKCU/IIB, CyIb(iAiB, TAJIOr€H1/IiB TOIIIO.

Enexmpoximiuna Kopo3ia — HAWNOWUPCHIMMA 1 HaltHEOE3NEeYHIMN BHIT
KOpO31MHOTO pyHHYBaHHS MeTaliB, sKI MepedyBalOTh y KOHTaKTI 3 pO3UMHAMHU
eJIEKTPOJIITIB (Ha MOBITP1, Y TPYHTI, Y PO3UMHAX TOIIIO).

Mix mMeTanoM Ta oro i0HaMH y pO34YHHI BCTAHOBJIIOETHCS pIBHOBAra:

Me+ mH,O <> Me(H,0)"" + ne

sKa BU3HAYa€ €IEKTPOJHUN MOTeHIan HamiBpeakiii. CTaH piBHOBarm Moxke 30epiraTucs
HECKIHYEHHO JIOBIO 3a YMOBH, L0 MeTan mnepedyBae y CTaHi pIBHOBard 3 BIACHUMHU
10HaMH B po3uuHi. BTpatu MeTtany BiACYyTHI.

SIKIo B pO34MHI pa3oM 3 10HAMH MeETally, SIKi BUKOHYIOTh (DYHKIIIIO OKHCHHKIB,
nepeOyBaOTh YaCTUHKUA (10HM a00 MOJIEKYJM), SIKI TaKOX 3/JaTHI OyTH OKHUCHUKAMH
(BigOMpaT €NeKTPOHW 1 BIJHOBJIIOBATHCH), pIBHOBara Oyjae 3MIIIyBaTUCh B OIk
YTBOPEHHS 10HIB METAITy, 110 1 CHPUYUHSE KOPO3IIO.

Hampukian, konrakr Fe 3 pozumnamu HCI, H,SO,. Oxucaukom € ionn H™. J{ns

nepediry 3a3Hauy€HUX peakiiil MmoTpiOHO, 100 PIBHOBAKHUM MOTEHIIAl BOJHEBOIO
enexTposa OyB OinpIInii 3a moTeHIian MeTanesoro (E,, > E_, ):

E

>E
H*/H, Fe?" / Fe

SIKI10 OKMCHUKOM € pO3UnMHHUM Y Boal kuceHb (O, ), TO anodnuil npouec (OKUCHEHH):

Fe—2e < Fe* E°=-044B
a KamoOHuUIl NPoIiec — BiTHOBICHHS Mouiekya kucHio (O, ):

O,+4H" +4e <> 40H" E°=123B
OKHUCHUKAMU MOXYTh OYTH TaKOXX IHIN YAaCTHHKU 3 TMOTEHI[lalamMH, OUIBIIMMU 3a
MOTEHITIaJI METaITy.

VY peanbHUX yMOBaX BUKOPHCTOBYIOTHCS 1 MIIAIOTHCS KOPO3ii TEXHIUHI METAJIH, 110
MICTATh JOMIIIKH 1HIIUX METATIB Ta iXHIX CHOJyK. [TOpiBHSHO 3 YHCTHUMHU MeTajlaMu
BOHU KOpPOAYIOTh 3HAYHO IIBUJIIIE, IO 3YMOBJICEHO pPOOOTOI TajlbBaHIUHMX Tap.
Kopo3siiiHi ranbBaHIYHI Napyd BUHUKAIOTh y pa3l KOHTAaKTy JBOX pI3HUX METaliB 3
PO3YMHOM €JIEKTPOJIITY a00 KOHTaKTy METaly 3 WOro CHOJIYKOIO, sIKa Ma€ METAIYHY
IPOBIAHICTh. ENEKTpUYHUI CTpyM y MeTajl 3yMOBJIEHUI PyXOM €JIEKTPOHIB, a B PO3YHHI
— PYXOM KaTiOHIB BiJl aHOJHO1 IIUISHKU (-) 0 KaTOAHOI (+) Ta aHIOHIB BIJl KaTOAHOI
ninsHKy (+) 10 aHoaHo1 (-). IIpu 1iboMy KOpo3ii MiIal0TECS aHOHI JTIJISTHKHU, a KaTOdH1
HE PYUHYIOTBHCS.

Cxema kopo3ii craii (3a1130 KOHTakTye 3 nemeHTuToM Fe,C):

i yac Kopo3ii Fe moBoauThCs SIK aKTUBHUI MAapTHEP rajibBaHIYHOI MMapH 1 MEPEXOIUTh
y PO3UYWH Y BUIJISIII KATIOHIB 3 YTBOPSHHSAM aHOAHOT JIISHKY (-):
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Fe—2e <> Fe*',
CJIEKTPOHM PYXAIOThCS B OIK IIEMEHTUTY — KaTO/AHA JAUISHKA (+).
[Tpu pH < 7 Ha 1IeMEHTHUTI BiAHOBIIOIOTHCS ioHn H ™!

2H" +2e <> H,
(-) Fe|Fe?,H"| Hy (Fe;C) (1)
aHogHa kaTogHa
OinadHka OingHka
ITpu pH > 7 Ha 11eMEHTHUTI BIIHOBIIOETHCS PO3UMHEHUH Y BOJII KHCEHb.
0, +2H,0+4e <« 40H"

2 . . —
lonn Fe™", mo yTBOpHiIKCS Ha aHOJAHUX IUISHKAX, CIOJY4aloThes 3 ioHamu OH ™, 1o
YTBOPWJINCA HA KaTOJHUX JIISHKAX:

Fe’* + 20H ™ — Fe(OH ),
4Fe(OH ), + 0, + 2H,0 — 4Fe(OH ),

Kopo3iiinuii enemMeHT, sIKUii CKIIaJa€ThCs 3 3aili3a 3 BKPAIICHHSIMH MiJi:

aHo

Fe € aHo/I0M, 1110 PO3UMHAETLCS 3 YTBOPEHHAM Fe°":

Fe—2e < Fe*.
Karomom € MigHi JOMIIIKH, Ha SIKHX BIIHOBJIIOIOTHCSA 10HM H ™ 3a paxyHOK MpHeIHAHHS
€JICKTPOHIB, BIIJIAaHMX 3aJ1130M TI1J] 4ac 10H13aIii:

2H" +2e <> H,
EnexTpoxiMiuyHU JAHITIOT TAKOTO KOPO31IHOTO €JIEMEHTA:
(-) Fe|Fe*',H"| HyY (Cu) ()

aHogHa KaToaHa
OingHka OingHka

MOXIMBICTh MHMOBUIBHOTO Mepediry KOpPO3IMHOTO TMpoIlecy, BHACIIIOK SIKOTO

pYHHY€ETbCS OCHOBHUN METaJl — 31130, BU3HAYAETHCS:
E >E

H*/H, Fe?* | Fe
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HIBuaKICT KOPO3ii 3aJIEKUTH BiJ] CKIaJy KOPOIYIOUOTrO METaldy, HasBHOCTI B HbOMY
JTOMIIIIOK, MEXaHIYHUX HaMpyr,cTaHy IOBEPXHI, CKJIany eaeKTpoiiTy. I[linBuiieHHs

KoHIeHTparii okucHuka (H™ abo O,), a takox ionis Cl™,Br ,CN~ Tta iHmmx, sKi

3B’S3YI0Th 10HM METaly B KOMIUJIEKCH 1 MiBHUILYIOTh €JIEKTPOMPOBIIHICTh €IEKTPOIITY,
cnpusie nepediry eIeKTpoXiMidHOT KOpo3ii.

MeToau 3aXHUCTy MeTAJIiB BijJl KOpO3ii.

1. 3a promoMororo 3MiHH BJIaCTHBOCTEH METAJIB.

[pyHTyeTbcs  Ha  cOpsMOBaHOMY — MoAMGBIKYBaHHIO  XiMIY4HOTO  CKIany
KOHCTPYKIIIMHUX METajJiB 1 HAHECEHHs Ha IXHIO TOBEPXHIO I30106A/1bHUX NJIIGOK.
Hanpuknaz, neryBanns craneil. HepxkaBiroun ctaii MICTSITh XpOM, 3JaTHUN YTBOPIOBATU
MACUBYIOUl OKCHUJHI TUTIBKH. [30J110BajibHI HEMETaNIYHI TOKPUTTS MOXYTh OyTH
HEOpraHiYHUMHU (MOXKHA CTBOPIOBATH MEPETBOPEHHS IOBEPXHEBOrO MIapy MeETaly Ha
XIMIYHI CHOJIyKH, SIKI €(EKTUBHO NEPEIIKOXKAIOTh KOHTAKTYy METally 3 arpeCUBHUMH
CEpEeIOBUILIAMHU) Ta OPTraHIYHUMH (MACTHIIA, JTaKO(PapOOBI MOKPUTTS, TyMa, €OOHIT).

Memanegi nnieku — epeKTUBHUN 3aXUCT METAJB BijJ KOopo3ii. BiTHOCHO OCHOBHOIO
MeTaiy iX pO3pI3HIOIOTh:

v Kamooui nokpumms. JI0 HUX HaJICKaTh TMOKPUTTS, MOTCHI[AIM AKAX Y TAHOMY
CepeIOBHIII OLIBINI 3a MOTEHITia) MeTany (MeHir aktuBHi) SN, Cu, Ni, Ag Ha ByriieneBux
a00 HM3bKOJIETOBAHMX CTaJIAX. [X Jisl 3yMOBIEHA MEXaHIYHOIO 130JIA1II€I0 METaJIOBUPOOIB.

v' anooni nokpumms. IXni noTeHIianKM MeHIII 3a TOTEHIIad OCHOBHOIO MeTaly. Ix
Jlisl 3yMOBJIEHA HE TUIBKM MEXaHIYHUM E€KPaHYBAHHSIM, a i MOXJIHMBICTIO MPOTEKTOPHOTO
3aXUCTy OTOJIEHUX AUISHOK MOBEpXHi. Hampukiaa, HMHK Ha MOBEpPXHI 3ami3a: LHUHK, SK
O1JIbIII aKTUBHUUM METAaJI, y TajbBaHIYHOMY €JIEMEHTI 13 3aJ1130M BUKOHYE pOJIb aHOJIA

Zn—2e <> Zn*

Enextponn mnepexonsTh Ha 3ami30, 0 IepedyBae y 0e3mocepeHhOMY KOHTAKTI 3
IIUHKOM:

Fe’ +2e < Fe
Kopo3is 3aiiza He Bi1OyBa€eThCA.

2. 3a 101moMoro 3MiHM BJIACTHUBOCTEI cepeoBHINA.

JlocsiraeTbcss BUJTyYEHHSM YHM 3MEHIICHHSIM BMICTY B CEpPEIOBUII arpeCHUBHUX
KOMITOHEHTIB 200 3a JIONOMOTOI0 1HT101TOpIB KOPO3ii.

Jlo HalmomupeHIMX arpecMBHUX KOMIIOHEHTIB Hamexats O, Ta H'.
KoHIieHTparrito KuCHIO 3MEHIITYIOTh 3a JOTIOMOTOI0 HarpiBaHHs, 0apOOTyBaHHS IHEPTHOTO
rasy, nonasanHs BigHoBHUKIB (Na,S, SO, , iH.)

CepenoBuiiie HEUTpaTi3ylOTh, OCKIIBKM YacTO HaMOUIbINA MIBUIAKICTE KOPO3ii
CIIOCTEPITra€ThCS B KMCIIUX a00 JTYKHUX CEPeIOBHUIIAX.
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[aribiTopn — crnemianpHi XIMiYHI PEYOBHHHM, SKI JOJAIOTH Yy MalIMX KIJIBKOCTIX A0
cepesoBHIIa 1 HabaraTo 3HWKYIOTh IIBUIKICTh KOPO3ii.

3. EjekTpuuHi MeToam:
v kamoonui. Iloasrae B TOMY,I[0 METAIOKOHCTPYKIIT IPUETHYIOTH 10 HETATUBHOIO
IIOJIFOCa 30BHINIHLOTO JDKEpeNna CTpyMy (TIEpEeTBOPIOIOTh Ha KaTojx). Jlo MO3UTHUBHOTO
MOJIFOCa TIPHETHYIOTH €JIEKTPOJA 3 MAJIOI[IHHOTO MeETajly, SKWH BHKOHYE pOJIb aHOJA.

BHacmigok IOro Ui MeTaldy, IO 3axHINA€Thes, piBHoBara Me"™ +ne < Me

3MIIIYETHCS B 01K METaJly, 1 HOro KOpo3is MPUITHHSAETHCS.

v npomexmopnuii. HeraTuBHMiA MOTEHIIAT HA METAIIYHY KOHCTPYKIIIO IOJAETHCS
HE BiJ JpKepelia TOCTIHHOTO CTpyMy, a 3a paxyHOK BUKOPHCTaHHS OLTBIN aKTUBHOTO
MeTaua sk anonaa (Zn, Mg).

v’ anoonuii. Tlonsirae B HaKJTaJdaHHI Ha METAJ MO3MTHBHOTO MOTEHITIATY BiJl JDKepesa
cTpyMy. Meran, SKUM 3aXMILAIOTh, OKUCIIOETHCA 1 HA HOr0 IMOBEPXHI YTBOPIOETHCS
3axucHa IUTiBKa. Lleil MeTon MoXHa 3aCTOCOBYBATH JIMIIE Ul METaNiB Ta CIUIABIB, K1
3/1aTHI 3a IAaHUX YMOB JI0 TIACHBAIIii.

Enexrpounis.

I1ig yac mpomyckaHHs MOCTIHOIO €IEKTPUYHOTO CTPYMY Kpi3b PO3UMH a0 pO3ILIaB
€JIEKTPOJIITY Ha €JEKTPOJaxX BiI0YBAaIOTbCSI OKUCHO — BIAHOBHI IPOLECH MEPETBOPEHHS
CKJIAJIOBUX €JIEKTPOXIMIYHOI CUCTEMHU HA MIPOIYKTH X OKMCHEHHS Ta BiJHOBJICHHS.

Enextpomni3 cknamgaeTbes 3:

v Kamoonozo mponecy, SIKUii Bi0OyBa€ThCS HA HETATHBHO 3apPSAHKCHOMY €JIECKTPO/I.
Ha katonmi 30cepemkyroThCsi €JIEKTPOHHU, SIK1 BIH BijJJIa€ HAa BiJHOBJICHHS YaCTUHOK —
OKHUCHHKIB PO3YMHY 200 pO3ILJIaBy €JIEKTPOIITY.

v anoomno2o mporecy, SKUi BiIOYBA€ThCS Ha MO3WTHBHO 3apSAIHKEHOMY EIECKTPOI.
Ha aHO/1 OKHCHIOIOTBCSI YaCTUHKH — BIJIHOBHHMKH, BIJAAI0YM IOMY CBO1 €JIEKTPOHH.

OO6wuBa mpolec MoB’ si3aH1 MK COOO0I0 — CKIJIbKU €TIEKTPOHIB MPUIMAIOTh YACTUHKH
Ha KaToal TiJ dYac BIJIHOBJICHHS, CTUIBKH €JEKTPOHIB BIIMAlOTh YaCTHHKH IIiJ Yac
OKHCHEHHS Ha aHO/II.

PosrasitueMo enexTposni3 po3riaBy MOAUAY Kalilo 3 1HEPTHUMH €JIEeKTpoaamMu. Y
pO3IIaBi HOAMT Kallito epe0yBae y JUCOIIIIOBAaHOMY CTaHI:

KI > K"+ 1"

[Tig gac exexrpomizy Karionn K* mepemimryroTbes A0 KaToda, a aHioHH |~ - 110
a”Hosa.

K(-) K'+eo K

A(+) 21" -2eo 1,
Omxe miag yac eJNeKTPoJi3y pO3IUIaBy MOAUIY Kallil0 Ha KaToJl BHUIISETHCS
METAITYHUN KaIiid, Ha aHOIl — BUILHUM HO/I.
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PosrnssHeMo — enekTpoisi3  BOJHOTO PO3YMHY HOAMAY Kalilo 3 IHEPTHUMH
eJIEKTPOJaMU. Y BOJIHOMY PO34YMHI HOAU]T KaJlilo epedyBae y AUCOLIOBaHOMY CTaHi:

KI > K"+ 1~

CkramemMo TOCHTiOBHI CIIEKTPOJIHO- HOHHI plBHfIHHH HaIBpEeaKIlid, sKi MOXKYTh
BinOyBaTHCs Ha eeKTPOJIax, 1 3a3HAUYUMO BIONOBITHI M EJIIEKTPOJHI MOTEHIliaIH.
[TopiBHSIEMO OKpEMO MOTEHIIAIM YaCTUHOK B KAaTOJHOMY Ta aHOJHOMY IPOCTOPI MiX
co0010 1 BUOEepeMo HaliMOBIPHIIINK TPOIIEC:

Karon (-)

K*, H,0

K'+e—>K E°, =-292B
K™ /K

2H,0+2e > H, +20H" E° . =-041B
H,O/H

AHox (1)

1-,H,0

21" -2e—>1, E° =053B
I5/1

2H,0-4e >0, +4H" EQ, n,0 =123 B

Ha kamooi eiooyeacmuvca npouec 6i0H061eHHA oOKucHukie. Yum Oinvuiuil
e1eKMPOOHUII NOMEHYIAI HANiBpeaKuyii, mum CUJAbHIUUM OKUCHUKOM € YACHMUHKA.
Omoice, Ha KamoOi nPOXOOuUmMb nPoyec 3 OINLULUM eIeKMPOOHUM NOM EHUIATIOM.

Ha anooi eiodysacmovca npouec OKUCHEHHA 6iOHOGHUKIe. Hum menwuil
e/1IeKMPOOHUII NOMEHYian Haniepeakuii, mum eekmueHium GiOHO6HUKOM €
yacmunka. Omowce, Ha aHOOi NPOXOOUMb NpPoOUeCc 3 MEHUWUM €eAeKMPOOHUM
nOMmMeHUuiaIoM.

PosrnsineMo  e€eKTposi3  BOJHOTO PO3YMHY CYib(aTy HIKETI0 3 1HEPTHUMH
eJIEKTpOoaMU. Y BOJIHOMY PO34UHI CyJb(]aT HiKeI0 epedyBae y MUCOIIHOBAHOMY CTaHi:

NiSO, — Ni** + SO~

CkitlanemMo TIOCHIIOBHI €IIEKTPOJIHO-WOHHI PIBHSHHS HAIIBPEAKINi, SKI MOXYTh
BiMOyBaTHCsA Ha EJEKTpPOoJaxX, 1 3a3HAYMMO BIINOBIIHI iM EJICKTPOIHI ITOTCHIIIAIIH.
[TopiBHSIEMO OKpEMO TOTEHIIiaT YaCTHHOK B KATOAHOMY Ta aHOAHOMY MPOCTOPI Mix
co0ot0 1 BHOEepeMOo HAIMOBIPHIIIHI MPOIIEC:

Karox (-)
Ni®*, H,0
Ni% + 2e — Ni El, .=—025B
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2H,0+2e > H, + 20H" E° =-041B

H,O/H™
AHox (+)
SO7 ,H,0
2502 —2e — S,0% ES o s =205 B
2H,0-4e >0, +4H" Ed,/m,0 =123B

PosrnsHeMo enexTposi3 BOMHOTO PO3YMHY CYIh(aTy HIKEIIO 3 HIKEJIEBUM aHOOM.
VY BomHOMY pO3unHi Cyab(haT HIKeI0 nepedyBa€e y TUCOLIOBaHOMY CTaHi:
NiSO, — Ni** + SO7~
CknazemMo MOCHIAOBHI €JIEKTPOJAHO-MOHHI PIBHSHHS HamiBpeaklii, SKi MOXYTb
B1IOyBaTHCSl Ha €NEKTPOJax, 1 3a3HAYUMO BIAMOBIAHI iM €JIEKTPOJIHI MOTEHI[IAIH.
[TopiBHSIEMO OKpPEMO MOTEHLIATM YACTUHOK B KAaTOJAHOMY Ta aHOJAHOMY IPOCTOPI MIXK
c00010 1 BHOEpeMO HAIMOBIPHIIIMI MPOLEC:

Karon (-)

Ni**,H,0

Ni* + 2e — Ni E°,, =-025B
Ni“" / Ni

2H,0+2e —>H, +20H" E°  =-041B
H,0/H

AHoxa (1)

SO?",H,0, Ni

2- R 2- 0 _

2507 —2e — S,0; Eeor 150z =205 B

2H,0-4e >0, +4H" EQ, /n,0 =123 B

Ni—2e — Ni* E°,, =-025B

Ni“" / Ni

OT1xe, eeKTPOoIIi3 BOJHOTO PO3UUHY CYIb(aTy HIKEIIO 3 HIKEJICBUM aHOJIOM MOJISITae
B PO3YMHEHHI MaTepialy aHo/1a (HIKeJ0) Ta BITHOBJICHHS HOHIB HIKEIIO Ha KaTO/I].

3axonu Papajnes
(K1JTbKICH1 3aKOHHU €JIEKTPOJII3Y).
Iepuumnii 3aKoH:
Maca peuoBHHH, 110 YTBOPWIACH BHACIHIIOK €JIEKTPOJII3Y, MPSIMO MPOIOPIiitHa KIJTbKOCTI
IPOMYIIEHOTO KPi3b CUCTEMY €JIEKTPUYHOTO CTPYMY

m=Kk-q
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M - Maca peuyoOBUHHU, 110 BUIIIIIIACH HA €IIEKTPOI];
k - koe(ilieHT MPONOPIIIHHOCTI, €IEKTPOXIMIYHHIA €KBIBAJICHT;
g - KUIBKICT €JICKTPHUKH.

g=1-A4t
| - cuna ctpymy;
At =t, —t, - TPUBAJICTb NIPOLIECY ENEKTPOII3Y.

q=n-F
N - KUIbKICTh €KBIBAJICHTIB PCUOBUHH,
F - crana ®apanes.

l-(t,-t,)=n-F
_om(X)
ML XY
M(1Z X)
M ( yZ X') - MoJisipHA Maca €KBiBaJICHTIB.
I'(tz_tl)_ mix) F

_W.

Apyruii 3aKou:
Macy pPI3HHUX PEYOBHUH, SIKI YTBOPWJIMCS BHACIIJOK NPOIYCKAaHHSA OJHIEI U Ti€i camMol
KUJIBKOCTI €JIEKTPUYHOTO CTPYMY, BITHOCATBCS MK COOOI0, SIK iX €KBIBAJICHTHI MACH.

m(A) _E,(A)
m(B) E.(B)
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