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HNEPEIMOBA

IocriitHa MopaepHi3allisl HAaBYAIBHUX IUIAHIB, 3MiHA KOHIICMII BHU-
KJIQJaHHSA, 0 BUMAarae 30UIbIICHHSI CAMOCTIHHOT pOOOTH CTY/ICHTIB, BH-
KOPHCTaHHS METOJIB JAMCTaHI[IHHOTO HaBYaHHS BHUMAraloTh MOCIOHUKIB,
y AKX OpraHiYHO MOE€IHAHI eJIEMEHTH Ja0opaTopHUX POoOIT Ta MpaKTHY-
HUX 3aHSTb.

MeToro MmpeacTaBIeHOr0 HABYAIBHOTO MOCIOHHKA OyIIOo 3aKpiIUTH
3HAHHSI TEOPETUYHHUX OCHOB ITOBEPXHEBHX SIBMII 1 JUCIEPCHUX CHUCTEM,
a TaKkoX IO3HAOMUTH CTYJCHTIB 3 €JIEMEHTaMH EKCIEepPUMEHTaJIbHOI
poboTH B XiMiuHiH Tabopartopii.

HaOyTTs BMIHHS BUPILTYBaTH 3aBIaHHS € OJHIEIO 3 HAHBAKIUBIIIAX
CKJIQIOBUX ITPOIIECY OCBITH B PO3/LTI MPUPOTHUIO-HAYKOBUX JUCIIUTUTIH.
Bupimryroun npakTHyHi 3aBJIaHHS, CTYJEHTH 3100yBatOTh 3HaHHS, HEOO-
X1JIHI 711 BAKOPUCTAHHS TEOpii B MPaKTHIHUX POOOTaX. 3 ypaxyBaHHIM
pPOCTYy BUMOTI 10 PiBHS NPaKTUYHHUX 3HAHb Ta KOMIIETEHLIH CTYJCHTIB
TEXHOJIOTIYHMX CHENialbHOCTEH, HABYAHHS iX METOJaM i IpHifoMaM po3-
paxyHKiB BUXOJUTh Ha MEPILHIA TJIaH.

VY mociOHUKY TepeBaXKHO 3HAWIUTK BiTOOpa)KeHHS Ti €KCICPHMEH-
TaJbHI METOJU KypCY TOBEPXHEBUX SIBHI i JMCIEPCHUX CHUCTEM, SIKi
TI€I0 UM IHIIOK MIpPOI0 MOXKYTh OyTH BHKOPHCTaHI B HAYKOBIM Ta iHXKe-
HEpHill OisTbHOCTI Maii0yTHROTO (axiBII B TaTy3i IPUKIATHOT XiMii.

[MociOHuK cknagaeTbesi 3 6 PO3ALTIB, y KOXKHOMY HaBeJEHO 1o 25
3aBJaHb i KOHTPOJBHMX 3alUTaHb. Y MOJATKy A HaBeJAEHO 25 XiMIYHUX
peakuid ojep>kaHHS 30JiB pPi3HHX pedoBHH. [leramizamis Marepiany,
0 BUBYAETHCSA, Y PO3IUIAX TMpoBeleHa IH(dEepeHIIHOBaHO: HAWOIIbII
BOXJIMBI NMUTAHHA Ta Ti, 10 BUKIMKAIOTb TPYIHOLIl B OIaHyBaHHI,
BHCBITJICHI OUTBIN JOKJIAJHO, & TUTAaHHS OUIBII BY3bKOTO XapakTepy —
CTHCJIO, ajie y 00Cs3i, JOCTATHROMY JIJISl SKICHOTO BUBYCHHS.



METOAMNYHI BKA3IBKH
JO BUKOHAHHSA KOHTPOJIBHOI'O 3ABJAHHA

Metonu4Hi BKa3iBKH, MPUKIaIU PINICHHS THIIOBHX 3aBlIaHb 1 3a-
BIAaHHS Ui KOHTPOJBHOI pOOOTH JaHI B OKPEMHX PO3IiIaX MPOrpaMH.
KoHTposnbHa poboTa ckianaerbes 3 12 3aBnanb Ta 12 3amuTanb, sSKi KOX-
HUH CTYJIEHT BUKOHYE BiJIIOBITHO JO CBOTO BapiaHTy (momatok b), mo
3aTBEPPKEHUH pillleHHAM Kadenpu.

Ilpy BUKOHAHHI KOHTPOJBHHOIO 3aBAaHHS 3a TeMow «IloBepxHEBi
SIBUIIA JUCTICPCHUAX CHCTEM» BapTO JOTPUMYBATHUCS TAKOTO HOPSIKY:

1. O3HaiiloMHTHCS 3 BHMOTaMH, IPOTOHOBAHMMH 10 BUKOHAHHS
1 0o(hopMIICHHS KOHTPOJILHOI poOOTH.

2. [lpountaTin NHUTaHHS 3aBJaHHS, BUBYUTH HOTO B HABYAIEHOMY
MOCIOHUKY 1 TMAPYYHHKY, IO PEKOMEHAYETHCS, a TaKOXK PO3TIISHYTH
PIIICHHS TUIIOBUX 3aB/IaHb, HABSICHUX Y METOJANYHUX BKa3iBKax.

3. JlaTi ICBEMOBY BiJIIOBiZh HAa BUBYCHE IIUTAHHS.

4. BUpilIUTH KOHTPOJIbHI 3aBIaHHS, KOPHCTYIOUKChH IPUKIATaMH
pIlICHHS THIIOBHX 3aBIAHb.

[Ipu odopMITeHHI KOHTPOJIBHOT POOOTH HEOOXiTHO:

1. Ileperucaté MOBHICTIO YMOBY HHUTaHHS abo 3aBIaHHA i3 3a3Ha-
YEeHHSM IXHBOTO HOMEpa BapiaHTa.

2. BinmnoBiai Ha mATaHHSA 1 pillIeHHs 3aBJaHb MMOBUHHI OYTH KOHKPET-
HUMH, BUYEPITHUMH, OOIPYHTOBAHUMH, 3 BUKOPUCTAHHIM OCHOBHHX TEO-
PETHUHUX TOJIOKEHB. Ix Tpeba HABOJWTHU B Tiil MOCIIOBHOCTI, B SKil
BOHHU JaHi B 3aBJaHHI. HempumycTuMo JOCTIBHE MMEpEeNrCyBaHHS 3 M-
PYYHHUKIB i BAKOPUCTaHHS HE3araJIbHOIMPHUHHATHX CKOPOYCHb.

3. [Ipu pileHHI YUCIIOBUX 3aBJIaHb HABECTH BECh XiJl PIIEHHS 1 Ma-
TEMaTHYHI MIEPETBOPCHHS, BKa3aTH OJWHUII BUMIPY BCiX BenuduH. [Ipu-
4OMY MOTPIOHO HE TUTLKH MiJCTaBJISATH YHUCIIOBI JaHi Y BIAMOBIAHY (op-
MyJy, aje ¥ pOOHTH PO3PAaXyHKH s TOrO, 100 OauyuTu pe3yibTaTw
3aCTOCYBaHHsI TEOPETHYHUX IOJOKEHb JI0 AOCHiIHMUX naHuX. HeoOxigHo
mam’sITaTH, IO PIlICHHs 3aBIaHb € HAHKpaIIUM 3aCO00M MEepEeBipKH mpa-
BUJIBHOCTI 3aCBOEHHS TEOPETUIHUX MOIOKEHB KypCy.

4. SIxkmo B yMOBI 3aBAaHHS BiACYTHI HeoOXimHI JaHi, ix Tpeba ca-
MOCTII{HO 3HalTH y TOBITHUKY (Di3MKO-XIMIYHIX BEIHMYUH.

5. Hanpukinni po6otu TpeGa HaBeCTH CIMCOK BHUKOPHUCTaHUX JKe-
pen iHdopMmarii i3 3a3HaYEHHSIM IXHBOT Ha3BH 1 BUXiTHHUX JaHUX.

6. KourponsHa pobora oQoOpMIIIETBCS y BHIVISIAI TEKCTOBOTO
JIOKyMEHTa BiAmoBigHO 10 BEMOT cranmapty CTBY3-XIII-3.01-2003 i
NPEe/ICTaBISAEThCS Ha Kadenpy Juist pereH3dyBaHHs. KoHTposnbHa podora,
10 BUKOHAHA HE II0 3aTBEPKEHOMY BapiaHTy ab0 Mae OXHOKH 0(hopM-
JICHHsI, HE PELEH3Y€eThCs. SIKII0 KOHTPOJIbHA poOoTa HE 3apaxoBaHa, TO

HENpaBUJILHO BUPIIICHI 3aB/IaHHS IOBUHHI OyTH BUIIPABJICH] CTYJECHTOM.
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¥ — TTOMA eJIEKTPHYHA IPOBiIHICTB, OM M '
napamerp Jle6as, M '

1. IOBEPXHEBI SABHUIIIA

KosoinHa XiMmist BUBYa€ BIACTHBOCTI JHUCIEPCHUX CHCTEM, B SIKHX
xouya 0 omHa 3 (a3 mepedyBac y BHCOKOIUCIEPCHOMY, TOOTO B CHIBHO
PO31poOICHOMY CTaHi.

3arajibHa NMOBEPXHs YACTHHOK AUcHepcHOl (asu i muToMa HmoBepx-
HSl — CyMapHa IIOBEpPXHs YacTHHOK B OJMHUII 00’eMy abo B OIUHUILI
Macu PeuOBHHH — B TAKMX CHUCTEMax Jy)Ke BelMKa (IOpsIKY JEeKUIbKOX
THUCSY KBA/IPATHUX METPIB).

J1s po3paxyHKy IIHTOMOI IIOBEPXHi CHCTEMH 3 KYJISCTHMH YacTHH-
KaMH Syyr, M ', JOCTATHBO 3HATH BEIMUMHY CEPEIHBOrO PAiyCy YaCTHH-

KH, 7, M:
4m-r? 3
S =p.S=—2 2 (1.1)
4/3)r-r*
1 . . 3 ..
g€ n=———— — KiIbKICTh YaCTMHOK B 1 M’ MOHOJMCIIEPCHOI CHC-
4/3)m-r3
TEMH;
S =4m- r? — mIOIIA MOBEPXHI KOKHOI YACTHHKH, M,
a6o S, , M/kr,
4. r? 3
SnnT:nl'S: 3 = s (12)
(4/3)n-r*-p r-p
1 .
o€ N =——————— — UHCIO YACTUHOK B 1 KI' MOHOAHMCIIEPCHOI CHC-
@/3)m-r3-p
TEMH;

3
p — I'yCTHHA PEYOBHUHH, KI/M .

JlucnepcHi cucTeMM € TETEPOTEHHUMH 1 MAlOTh 3HAYHO PO3BHHYTY
MOBEPXHIO, OTKE, 3HA4YHA KIJIbKICTh YaCTMHOK JAMCIEpCHOI ¢asu mepe-
OyBae Ha moBepxHi po3airy. [TOHATTS MOBEpXHI PO3ALTY MPH BHBYCHHI
3a3HAYCHUX CHUCTEM HE OOMEXKYETHCS TEOMETPUIHOIO MEXKEI0, 110 PO3i-
nsie 00’emHI (a3u, a OXOIUIIOE PEeaNbHUN MOBEPXHEBMIl 1Iap, IO Mae
MIEBHY TOBILUHY, B SKOMY BJIaCTHBOCTI PEYOBHHH, 1110 XapPaKTEPH3YIOTHCS
(hakTOpaMu IHTEHCHBHOCTI (KOHIIGHTpAIIisl, TYCTHHA €Heprii Ta iH.), Bij-
PI3HSAIOTBCS BiJl IOCTIHHUX 3HAYCHb B 00’ €Mi KOXKHOI 3 (ha3, Oe3ynmuHHO
3MIHIOIOTHCS TI0 HOPMAJIi 10 MOBEPXHi. Y OLIBIIOCTI BUMAAKIB TOBITMHA
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TaKoOro MOBEPXHEBOIO IApy He MEPEeBHIIYE JIEKIIbKOX MOJEKYJSIPHHUX
JiaMeTpiB.

TakuM YMHOM, TOBEPXHEBHil Mixk(a3Huil map sABisie COOOI0 UISH-
Ky MOCTYIIOBOi 3MiHM (Di3HMKO-XIMIYHUX BJIACTUBOCTEH CHCTEMH TIpH Tepe-
xoxi Bix oxHiel $a3u 10 iHmoi. Tako MOCTYIIOBO 3MIHIOETBCS CTPYKTY-
pa OBEPXHEBOTO IIapy — Bix ofHiel (a3u mo iHmIoi. YTBOpEHHS MOBEPX-
HEBOTO LIApY € Pe3yJIbTaToOM B3aeMOJIil CyMiXHHUX (pa3. 3MiHU BIACTUBO-
CTEeW 1 CTPYKTYpU HOBEPXHEBOrO IIapy OOYMOBJICHI Ii€I0 MOBEPXHEBOI
eHepril.

IToBepxHeBi sIBMIA BUPaXXalOTHCS B TOMY, 110 CTaH MOJIEKYJI, sIKi
mepeOyBaroTh y MOBEPXHEBOMY IIIapi, € IHIIMM y MOPIBHSIHHI 3 MOJEKY-
JamH, 1o rnepedyBaroTh B 00’ eMi (azu. MoJekynu B 00’ €Mi piIMHU OTO-
YeHi TaKHMMH X MOJICKYJIaMH, TOMY {XHi CHJIOBI IT0JII TOBHICTIO CKOMIICH-
coBaHi. MOJIEeKy M MMOBEPXHEBOTO IMIapy B3a€EMOMAIIOTH OJJHOYACHO 3 MO-
JIEKyJTaMU KOXKHOI (a3, B pe3yJIbTaTi 4Oro piBHOAIFOYA MOJICKYJISPHUX
CHJ y TIOBEPXHEBOMY IlIapi HE TOPIBHIOE HYIIO 1 CIPIMOBAHA y CEPEIUHY
Ti€l (as3m, B3aeMois 3 KO0 Oibina. TakuM YHHOM, BUHHKAE ITOBEPXHE-
BUH HATAT G, 1[0 MParHe CKOPOTUTH TUIOILY ITOBEPXHi 10 MiHIMyMY.

IloBepxHeBHii HATAT MOXXHA TPEACTAaBUTU SK CHEPTiO MEPEHOCY
MOJIEKYJT 3 00’ €My TiJla Ha MOBEPXHIO a00 K pOOOTY YTBOPEHHS OUHHMIII
moBepxHi. [ToBepXHEBHIA HATAT MOXKHA BHPA3UTH YaCTHHHOIO ITOXiJTHOIO
Bix eHeprii ['i66ca 3a BenmumHOIO MiX(a3HOI MOBepxHi mpu P = const
i T = const (IIpx MOCTiHHII KITBKOCTI MOJIiB KOMITOHCHTIB):

oG
G_(ngTn. (13)

HacikoM 1mporo € Te, Mo JJIs iHAWBiTyadbHOI PSYOBHHH MOBEPX-
HEBUI HATSr sBJIsSE€ cO00K0 eHeprito ['i60ca, 10 Mpunagae Ha OJAUHUIIIO
noBepxHi. BHyTpimms (moBHa) eHeprisi nmoBepxHeroro mapy Us (pos-
paxoBaHa Ha OJMHHIIO IUIOINI) TMOB’s3aHa 3 G piBHsAHHAMH [100ca—

T'ensmronbna:
U, =c—T(a—Gj (1.4)
oT Jp
abo
U,=0+gq,, (1.5)

e gy — TeIIoTa yTBOPEHHS OAMHUII OBEpXHi, [HK/m’.

2
BennunHa ¢ Bupaxaerscs B [x/m™ ado H/m.

11

IcHye kinpKa METOAIB BU3HAUCHHS BEJINYUHH ITOBEPXHEBOTO HATATY.
1. Ilpn BUKOpHCTaHHI MeTOAY MepeMillleHHS] PiTUHM B KPYTIJIOMY
KamiJisipi 3aCTOCOBYIOTh PIBHSHHS
h . r . .
o= p-g
2

Jie © — NOBepXHeBHUil HaTAT piauHu, H/m;

, (1.6)

7 — paniyc Kamspa, M;

p — T'yCTHHA PiJUHH, Kr/M;

h — BUCOTa NepeMillieHHs (oropu ado y HU3) PIIMHE B KaIispi, M;

g — KOHCTAaHTA IIPHCKOPEHHS BibHOro maminms, 9,81 m/c’,

2. Metoa Tpay0e ck1agaeTses 3 TOTO, IO 3a JOIOMOIOKO CTajJarMo-
MeTpa MiIpaxoByIOTh, CKIIBKH Kpaleib CTAHAAPTHOI 7y 1 ZOCIiIKyBaHOI
N, PIANHYE yTPUMY€ETHCSA B TIEBHOMY 00’ €Mi IIUX PiAWH:

Gy My P
c=20"

n.x 'pO

: (1.7)

e  pPo 1 py— TYCTHHU CTAaHAAPTHOI Ta JOCIIIKYyBaHOI PiWH BiIMOBII-
HO, KI/M’;

G( — MTOBEPXHEBHUH HATAT CTaHAAPTHOI piamHu, H/M.

3.V Meroni «BiApMBY KidbIsf» BHKOPHCTOBYIOTH KUTBILE 3 METa-
JIYHOTO JIPOTY, SIKE OIYCKA€ThCsl HA MOBEPXHIO PIIMHHU Ta BPIBHOBAXKY-
€Tbcsl BaxkeneM Bar. IIoTiM BU3HA4YarOTh 3yCWIUIA, AK€ MOTPiOHO mpH-
KJIACTH, 00 NepeOOpPOTH CHITY 34ETICHHSI KiIbIlsl 3 PiANHOIO 1 BigipBaTu
KiJpIle Bix moBepxHi. Benmnunua npuxmaneHoi cunu F, KT, IpomopiiiiHa
MMOBEPXHEBOMY HATATY piauHu — G, H/Mm:

F=K-o, (1.8)

ne K —y3aragpHeHa KOHCTaHTa, IO 3aIeXWTh Bif JiaMeTpa OpoTy,
PO3MIpiB KUTBIIS Ta KPAHOBOT'O KyTa 3MOYYBaHHS.

Bennunny K BH3Ha4alOTh 3a CTaHAAPTHOIO DPiAMHOIO (BOJOIO), IO-
BEPXHEBUIl HATSIT SIKOi BIJIOMHIA.

4. MeToa Hai0inbIIOro THCKY MyXMpUs MOBIiTPS, 3aIpOIOHOBA-
Huit I1. A. Pebingepom, HalOIIbII MONTMPEHNH I BU3HAUYEHHS TTOBEPX-
HEBOTO HATATY PiTUH Ha MEXI 3 TTOBITPSIM.

Ha moBepxHi piiHI BCTAHOBIIOIOTH BEPTUKAIBHO KAILIAP, HA KiH-

i SIKOTO IIiJ| JII€I0 THCKY ITIOBITPS YTBOPIOETHCS MOBITPSHUII ITyXHPELb.
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Tuck, mpu AKOMY IyXHpeLb IPOCKAKye Kpi3b MOBEPXHIO PIIWHU 1 Hpo-
pHBae 11, BU3HAYAETHCS BEJIHMYMHOIO TIOBEPXHEBOTO HATATY PiIUHH:
o, P
04,
o, = T‘C , (1 9)
0
e ©(— MOBEPXHEBHIA HATAT CTAHIAPTHOT pinnuu, H/m;
P i F, — tuckuy, H/M’, HeoOXimmi I TPOCKAKYBAHHS MyXHPIS
Kpi3b IMOBEPXHIO JIOCIIHKYBAHOI Ta CTAHAAPTHOI PiIMH BiAOBIIHO.
3MiHy MOBEPXHEBOTO HATATY PO3YHHY 3aJICKHO BiJl KOHIICHTpAIIil
MoBepxXHEeBO-akTUBHOI peuoBrHU (ITAP) BH3Ha4al0Th 3a TOIIOMOTOO PiB-
HsaHHs [IumkoBceKoro:

c,—c=a-n(1+b-C), (1.10)

4r-r? 3 6 .
ge S,,=nS=————=——=—— — [OBEPXHEBUI HATAT
(4/3)m-rip rp d-p

posunHHUKA, H/M;

G — NOBEPXHEBUH HATAT po3unHy, H/M;

C — KOHIGHTPALIiS PO3UHHY, KMOJIb/M ;

aib — eMIipr9Hi KOHCTAHTH (IPHUOMY @ CIIAOKO 3MIHIOETHCS BiA
PEYOBHHU J0 PEUOBHHH, a b 3aJICKUTH BiJ IIOBEPXHEBOI aKTUBHOCTI PO3-
YUHEHOI PEYOBHHH).

Miporo noBepxHeBoi AaKTHMBHOCTi PEYOBHUHM, IO PO3UMHIETHCS,

. 0c .
€ moxigHa (p:(—% . Bona Moxe Oyt BuU3HaueHa TpadiyHO SK TaH-

TeHC KyTa HaXWily JOTHYHOI JI0 KPWBOI, SIKIIO BiOMa 3aJIeKHICTh IO-

BEPXHEBOro HaTATy Bix KoHmeHTpamii ITAP. Skmo noxigHy 6epyTs nmpu

C— 0, To BenmmunHa G, =lim (@) =a-b Ha3uBaeTbCs aacopoOUiiiHOIO
x—=0

AKTHBHICTIO.
B pasi Bemukux KoHueHtpauiii (a-C >>1) noBepxHeBuii HaTsr
PO3YMHY JIHINHO 3aJIeKUTH BiJ JIoraprudmMa KOHIISHTpAITil:
Ac=b-In(a-C)=b-Ina+b-InC . (1.12)
3HaueHHs a 1 b 3HaxomATh i3 rpadika Ac = f(InC) . TanreHc KyTta
HaXWIy NPSAMOJIHIHHOI AISHKMA MOOym0oBaHOI KpHBOI IopiBHIOE b. [lyis
BU3HAUCHHSA KOHCTAHTH @ EKCTPAIONIOIOTh OTPUMaHy IPSAMY 10 MEpeTH-
HaHH 3 Biccro adcic. OueBHIHO, HIO:
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e rpanuuna aacopbuis Iy, =b/(R-T), kmonb/m?; (1.13)

e uiowa nonepeuHoro nepepisy S, =1/(I, - N,), M?; (1.14)

e ocboBa joBxkuna Monekymu [IAP 8=T -M)/p, m, (1.15)
ne N, =6,02-10%° kmonb~', — KoHCTaHTa ABOraIpo;

M, kr/KMOJIB , — MOJIeKyJIsipHa Maca [TAP;

p, kr/m?, — rycruna ITAP.

JucnepcHi cHCTeMH MaroTh HAUTAIIOK BITBHOI MIOBEPXHEBOI e€Hep-
rii, mo IOpiBHIOE NOOYTKY MOBEPXHEBOTO HATATY HA IHTOMY ILIOLLY
noBepxHi F' = oSy, ToMy i BennurHa MOKe 3MEHIYBaTHCA SIK 32 pa-
XYHOK CKOPOUYCHHS MTOBEPXHi, TaK 1 32 paXyHOK 3MEHIIIEHHS TOBEPXHEBO-
ro Hatary. [ToBepXHs MO)ke MEMOBIJIBHO 3MEHIITYBATHCS TPH 3MiHI Qop-
MU Tijia, MO0 XapakTepHo s piauH. CHILHO po3apo0aeHi TBEpIi 1 piaKi
TiNa, MO MAarTh OUIBIIMKA HAIUIAIIOK ITOBEPXHEBOI €HEprii, MparHyTh
MHMMOBIJIBHO 3MEHIIMTH 11, KOAryJIOIOTh (3JIMMAI0ThCs) ad0 Koayecuu-
PYIOTh (3TUBAKOTHCs ). [0 SIBHII, 110 BiOYBAIOTHCS BHACIIIOK [IPArHCHHS
CHCTEMH IO MUMOBUIBHOTO 3HYIKEHHS ITOBEPXHEBOI'O HATATY, HAJEKUTh
azcopOIis.

AncopOuist sBIsIE cO00I0 IMPOIIEC MHUMOBIIBHOTO IEPEPO3MOIiTY
KOMIIOHEHTIB CHCTEMH MK TIOBEpXHEBUM mmapoMm i1 00’emoMm (azwm.
AncopOuis MOXe crocTepiraTucsi B 0araTOKOMIIOHEHTHHX CHCTEMaXx,
MPUYOMY TIPH MEPEpO3MOJiNli KOMIOHEHTIB y MOBEPXHEBHU Imap Mepe-
Ba)KHIIIE MEPEXOAUTh TOW 3 HHX, IO CHIBHINIC 3MCHIIYyE MiK(pazHHN
MOBEpXHEBHUH HaTsAr. B 0o7HOKOMNOHEHTHIN cucteMi mpu (opmyBaHHI
MOBEPXHEBOTO Iapy BiAOyBaeThcs 3MiHA HOTO CTPYKTypH (3TyIIEHHS,
YIIUTBHEHHS), III0 YaCTO HA3MBAIOTh aBTOACOPOLI€lo.

3anexXHO Bif arperaTHOro CTaHy CyMDKHHX (a3, IO HaJae IEeBHY
crierudiky sIBUILY acopOIii, po3pi3HAIOTH: acopOIlito ra3iB Ha TBEPIUX
aJicopOeHTax; afcopOLiI0 PO3YHMHECHUX PEYOBHH HA MEXKaX TBEPJE TLIO —
piawHa i piguHa — pinnuHA; aIcOopOIi0 Ha MEXI PiAKHIA PO3UUH — ra3.

[Tpu BcTaHOBIEHHI PIBHOBark B CUCTEMi KIUIBbKICTH aJcOpOOBaHOI
PECUOBMHHU B MOBEPXHEBOMY LIapi nepedyBae B NMEBHIH 3aJEXKHOCTI Bif
TEeMIIepaTypH, Ta BiJ KOHIEHTpamnii ab0 mapIiabHOT0 TUCKY LBOTO KOM-
MIOHEHTY B 00’ eMi.

s BU3HAYEHHS KUTBKOCTI PEYOBHHH, IO AJCOPOYETHCS, MOXKYThH
3aCTOCOBYBATHCS TaKi 3aJI€KHOCTI:
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a) piBusinus ['iG60ca, 0 BCTaHOBIIIOE CITIBBIIHOIIEHHS MiX BEJH-
2 :
anHO0 ancopbmii I, KMOMb/M’; KOHIEHTpaIielo posunny C, KMOJb/M’

. . . oo -1
Ta MIPOKO MOBEPXHEBO1 aKTUBHOCT1 ( = (—% , JK-M KMOJIBb :

C oo _Co
R-T oC R-T’
ne R =8314 JIx (kmonb-K) ' — yHiBepcaibHa ra3oBa KOHCTaHTa;
T — temnepartypa, K;
0) piBHsiHHS JIeHrMIOpa JJIsI MOHOMOJISKYJISIPHOT afcopOITii:
e r.-K-C
1+(K-0)

(1.16)

(1.17)

abo
T, -K-P

ST (1.18)

ne I — BemuumHa ajcopOIii, KMOJIB/MZ;
I, — MAaKCHMAITbHA KUTKICTh PEYOBHHH, IO a[COPOYETHCS, KMOIB/M;
K, (kmonp/M’) ' aGo K, Ila' — KOHCTaHTH, IO XapaKTEPHU3YIOTH
MMOBEPXHEBY aKTUBHICTh PEUYOBUHH;
C — piBHOBA’KHA KOHI[GHTPAL[isl PO3UYMHEHOT PEUOBHHH, KMOJIb/M ;
P — piBHOBaXXHWIA TUCK aJicOpOTHBA B cucTemi, [a.
Koncrantu A4, 1 K a60 4, 1 K| Mo>xHa 3HalTH rpadiqHo micis nepe-
TBOpeHHs (opMyiu JIeHrMIopa y piBHSIHHS PIMO1 JIiHIT ¥V =a+b- X :
1 1 11
rr, r,-KC
ne Y=1/T'; X=1/C; b=1/T,-K); a=1/T,;
B) piBHsaHH i30Tepmu BET 1yt noniMonexkysipHOT agcopOuii:
4o A, -K-(P/P)
[1-(P/P)]-[1+(K-1D-(P/P)]

(1.19)

(1.20)

ne A — BenuumHA ancopOii, KMOJ‘IB/MZ;

A, — MaKCHMaJbHA KUTbKICTh aICOpOTHBA, KMOJ'II:./Mz;

K — xoHCTaHTa, MmO XapaKTepU3ye CHEPril0 B3aEMOJIi MOJICKYII
B asicopOuiiiHOMy mapi;

P — piBHOBaXXHWIA TUCK aJicOpOTHBaA B cucTemi, [a.
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P, — tick HacmueHoi mapu ajxcopOtuBa B cuctemi, I1a (HaBo#sATHCA
B JIOBIIHUKAX).

PiBusHHS i30TepMu ancopOitii BET BUKOPUCTOBYIOTH Tt O0UHCIICHHS
nUTOMOI MOBEPXHI PI3HUX TBEpAMX ajcopOeHTiB. Haifuactime Ha nux ma-
Tepianax aacopOyroTh a3ot npu 7' =—196 °C ado apron npu 7' =—183 °C.

Koncrantn K i A,, MOXHA 3HaWTH rpadidqHO MICIsI IEPETBOPESHHS
¢opmynu BET y piBHsiHHS npsiMoi JiHIT ¥V =a+b- X :

(P/P,) __ 1 +K—I.L
AQ1-(P/P)) A.-K K A

0

P
= 121
P (1.21)

pe Y =(P/P)/A(1-(P/P)); X =(PIP,);
a=1/(4,-K); b=K-1)/A,-K).
IIpu gyxke HU3BKHUX THUCKaX ajgcopOtuBa piBHSHHA (1.20) mpuiimae
BUTJISIL:
4o A, -K-P

14(K-P)’ (122)

T00TO 30iractbcs 3 i3oTepmoro JIeHrmiopa;

r) piBusiHHA i3oTepmu Bemexkepa-®peitnmmixa ans  agcopOii
rasy abo pO3UMHEHOI PEUYOBMHH HA TBEPIAOMY aACOPOEHTI B MIIAHI
Cepe/IHIX THUCKIB a00 KOHICHTpAIii:

I'=B,-P"" - qns razis, (1.23)
I'=B,-C"" — nns posunsis, (1.24)

ne P — piBHOBaXHMIA TUCK Ta30M0IiI0HOTO afcopOTHBa, Ila;

C — piBHOBa)XKHa KOHIICHTpAIIisl, 1[0 BCTAHOBHJIACS B CHCTEMI MiCIIS
a7IcopOIIii, KMOMB/M’;

B11 B, — mocTiitHi BeIWYMHU, PO3MIPHICTh SKUX 3aJIGKUTH BiJ Bllac-
THUBOCTEH aJICOPOCHTY Ta ancopOTHBa;

1/n — xOHCTaHTa, MO XapaKTePU3y€E CTYIiHb HAOIMKEHHS Tapado-
JiYHOi MUIAHKK 130TepMH azcopOmii 1o mpsiMoi MiHii, 3MiHIOETECS B iH-
TepBam Big 0 o 1.

Jlns BU3HAYEHHS IUX KOHCTAaHT HEOOXIiTHO TMpojorapupmMyBaTu
piBastaHs (1.23) a6o (1.24), Hanpuknaa:

InT=InB,+(1/n)-InC, (1.25)
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a ToTiM moOyxyBaTH INpsAMy JiHito B koopanHarax Inl' = f(InC). Bin-
Pi30K, IO BIATHHAETHCS LI€FO MPSIMOIO Ha Bici OpAMHAT, JOPIBHIOE Inf3,,

a TaHT'€HC KyTa HaXWy i€l npsamoi gopisHIoe (1/n).

1.1. Mpukaagu pilnieHHs] TUNOBUX 3aB/IAHb

1. O0YMCIATH TTUTOMY IMOBEPXHIO | KI BYTIIBHOTO THITY, KYJISACTI
YACTHHKHM SKOI MaloTh AiameTp d = 6 - 107> M, TYCTHHY BYTiUIS IPHIAHSTH
piBHOIO p = 1,8 - 10° kI/™°.

Pimennsn. [Inoma noBepxHi Kymsacroi wacTuHKH S =471 -r?;
1

KUTBKICTh TAKMX YaCTUHOK B | Xr muny n = ————; d = 2r,
4/3)-mn-13p
TO1
L2
Sm:n.S:‘m—r_i:L’
@/3)mn-r3-p rp d-p
6

Syp =———————=>55,6 M?/kr.
6-107°-1,8-10°

2. O6uncnuty BenuuuHy ancopbuii animiny CeHsNH, mpu 7= 298 K
Ha TTOBEpXHi Kpareib eMyJIbroBaHOi 0JIii 3a eKCIIepIMEHTAIbHUMH TaHH-
MH 3aJI)KHOCTI IOBEPXHEBOTO HATATY BOAHOTO PO3YMHY AaHUTIHY BiX
{10r0 KOHIIEHTpALLii i MoBepXHEBY akTHBHICTS pH C = 0,25 KMOJIb M °:

C - 10°, monb/m’ 0 0,05 0,127 0,268 0,496
o, MIK/M 71,9 67,0 60,1 51,6 44.9

Pimennsa. BignosinHo mo piBusHH: [[1060ca:

C .80

~ R-T oC’

oo -1
Bennunna ——C, II)K'M'KMOJ'H) MOXEC 6yTI/I BHU3HA4YCHA K TaHI'CHC

KyTa HaXWi1y JOTHYHOI 10 kpuBoi ¢ =/ (C) (puc. 1.1) y Toumi C = 0.

17

OdeBHIIHO, IO TAaHTE€HC KyTa HAXWIy MOTHYHOI y I TOYIi J0-
PIBHIOE:
B (71,9-40,0)-1073

tga
g (0.31-0)

=0,103 JIx - M/KMOJB .

Toni Benmunna ancop6ii ['i06ca:

0,31

N=——-tgoa=—>—
R-T 8314-298

-0,103=1,29-10"% xkmomnb/M?2.

a00 3 ypaxyBaHHSIM MOJIEKYJISIpHOI Macu aHimiHy (M = 93,14 Kr/KMoIB)
BeJIMYWHA aJICOPOIIii:

r=1,29-10"%-93,14=1,2-10"° xr/m?.

[oBepxHeBa akTHBHICTD aHiminy mpu C = 0,25 KMOJb M °:

_ L1073
(p:(_ﬁj:_Mz—o,osoz[m-mmom.
(0,5-0)

0 0,1 0,2 0,3 0,4 0,5 0,6

3
C, KMOJIb/M

Puc. 1.1. 3anexsicts ¢ = f(C) BogHoro po3unny aHininy (CsHsNH,)
npu 7=298 K

18



3. BusHauntu rpaHuuHy ajcopOuiro [, BICBTOBY TOBXHHY MoOJe-
Kyau O i twiomry S), mo 3aiiMae MoOJIeKyJia BaJepiaHOBOi KHCIIOTH
C4sHyCOOH Ha mnoBepxHi BOAHMI po3uuH — HOBiTpsA mpu 1 =350K,
KO KOHIEHTpalis posuuny C =10 KMOJIB/M’, KOHCTAHTH DiBHSHHS
[umkoscskoro: b= 17,7107 H/m; a = 19,72 M*/kmos. I'yctuna
BanepiaHoBoi kucaotn p = 0,94 - 10° kr/m’.

Pimenns.Ilicna audepenniroBanus piBHIHHA IlInmikoBcekoro
32 KOHIIEHTPAL€IO:
c=06¢p—-b-In(1+a-C)
OJEPIKYEMO:
o a-b
oC  1+a-C’

[TinctaHoBKa NMpaBoi YaCTHHM LBOTO PIBHAHHS y piBHAHHA 11606ca
MIPUBOJAUTH 10 BHPA3y:
b a-C
r=—- )
R-T 1+a-C

[Tpwm 3icTaBieHHi UX PIBHSIHG i3 piBHAHHAM JIeHrMIopa

K-C

I'=r,- R
1+K-C

0

OYEBHIHO, IIO:
K =a=19,72 m*/xmonb;

. -3
L= b = 17,7-10 =6,08-10° kMoub/M?;
R-T 8314-103-350
S, = L ! =27,3-10"° m?;
I,-N, 6,0810°-6,02-10%
. . 1079
M T, 102:608:10° o

P 0,94-10°

4. Tlpu ancopOuii a3oTy Ha akTuBOBaHOMY Byruum mpu 7 =220 K
OTpHMAaHi HACTYTIHI JaHi:

P-10°,1la 1,87 6,1 18,0 33,0 70,0
I 10°, M°/xr 5,0 13,5 26,7 32.0 41,0
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I'yctuma razonomi6soro asory p = 1,25 kr/m’.
I'padiuammM MeTomOM po3paxyBaTé KOHCTAHTH [, i K| pIBHSHHA
Jlearmiopa. Bu3HauMTH NUTOMY IOBEPXHIO AKTHBOBAHOTO BYTLIIIA.

[Tiona, o 3aiiMae MoOJeKysia a30Ty B HACHYEHOMY MOHOIIAPI, CTAHO-
20 2
Buth S; = 16- 102" M%

Pimewnns. Ilicna neperBopenHs piBHsAHHA JIeHTMIOpa

1 11
_JF .—’
r, r,-K P

©

|-

JI0 JTIHIHOTO BUTJISY:
Y=a+b- X,

ne Y=1T; X=1/C; b=1/T,-K); a=1T,,

BU3HA4YMMO 3Havyenns 1/P 1 1/T:

(1/P) 10° 53,5 16,4 5,6 3,0 1,4
(D) 10 20,00 7,41 3,75 3,13 2,44

Bynyemo rpadik 3anexunocti 1/I"=f(1/P) (puc. 1.2) i 3HaX0IUMO
1/T sIK BiAPi30K, 110 BIITHHAETHCS MPSIMOIO Ha BiCi OpJMHAT:

1/T,=20,0;
Orxe,
I, =1/20=5,0-107 m/kr.
OCKiNBbKU
:w:3’74.105: 1 ,
(53,5-0)-10 » K

OYEBUIHO, 110
K,=5,35-10"5 TTa!.
Takum YHUHOM, piBHHHHSI HeHFMfopa Ma€ BUTIIAO:
oo K- P _ 5-102.593-105-P  3.10°-P
1+K,-P 1+5,93-105-P 1+5,93-105.P°

IepeBipka 3HaiiAEHOTO PIBHSAHHA IiACTAaHOBKOIO JaHUX IIPHBOIUTH
JIO pe3yJIbTary:

P 10°, Ma 1,87 6,1 18,0 33,0 70,0
[ 10°, m/kr 4,99 13,4 26,1 33,5 40,9
20



OueBUAHO, MO PIBHIHHSA 100pe OMUCY€E EKCIIEPIMEHTAIbHI JaHi.
Jns BuzHaueHHS Sy =1+ N,=-S,. HeobOximHo [, BHpazutu
B MOJIB/KT, TOMY:

Srm'r =rzl.p'Na'Sl
OcTtaTo4Ho
S =M-6,02-1023 16-10720=2.15-105 m2/kr.
28-1073
25 7 (Un)-10"

————————————————————————————————————————— /_/T

20 oo

|

|

15 i

|

|

10 |

|

|

|

5 |

|

|

__________________________________________ 3
0 | | | | | e |
0 10 20 30 40 50 60 70
(1/P)-10°

Puc. 1.2. I'pagixk 3anexnocrti 1/T" = f(1/P) ancopbuii a3oty
Ha akTUBOBaHOMY Byriuti pu 7'=220 K

5.3a exkCHepHMEHTAJFHUMH TaHWMH aacopOmii a30Ty Ha CIroxi
(npuBenennx g0 Temmeparypu T=293 K i tucky P=1,0133-10° ITa)
rpa¢igHIM METOJIOM BH3HAYUTH KOHCTaHTH (3, i 1/n y piBHsAHHI benexke-
pa—®peitapixa:

P,Tla 0 | 1351 | 5333 | 9686 | 23066 | 45332
-10°, M/xkr | 0 8,1 14,9 19,1 27,3 36,8
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Pimewnns. [na Bu3Ha4eHHS KOHCTAaHT f3; i 1/n HeoOXigHO TO-
OymyBatu rpadik i3oTepMu ancopOuii B JorapudmidHOMy MaciTadi
InT"=f(InP) (puc. 1.3):

In P 4,91 6,28 6,89 7,74 8,42

Inl" —4,82 —4,21 -3,96 3,60 -3,30

In P
0 2 4 6 8 10

20,0 St
2.5

2300 B -
3,5

4,0 /

45

-5,0 el

-5,5 -

-6,0 -7

-6,5 e

-7,0 InT

Puc. 1.3. 3anexwnicts In I' = f(In P) axcopOii a3oTy Ha cirozi
(mpu T=293 K)

Biapi3ok, 110 BiATHHAETHCS MPSIMOIO HA OCi OpauHart, € In f3; =—6,86,
Tozi By = exp (—6,86) = 1,05-10°°.

TaHreHc KyTta HaxuiIy npsMoi JiiHii, moGynoBaHoi 10 oci abciuc

tga:l: (-3,06 + 6,86) 0,42,
n 9-0)

Bixmosigae 1/n.

Takum ynHOM, piBHSIHHS benekkepa—®pelHanixa Mae BUTIISA:

['=B,-P""=1,05-1073- P04,

[epeBipka miACTAaHOBKOIO JaHUX IPUBOIHTE 10 PE3YNbTATY:

P, Ila 0 135,1 | 5333 | 968,6 | 2306,6 | 4533,2
r-10°, M /xkr| 0 8,2 14,7 19,0 27,1 36,0
22



OueBunHO, Mo piBHAHHS benekkepa—Dpeitnanixa (puc. 1.4) nobpe
OIUCYE EKCIICPUMCHTANIBHI TaHi Ha IUISHII CEepelHIX THUCKIB abo KOH-
[EeHTpaIlii.

[-10°, m'/kr

40

35

30

25

20

P, xIla

Puc. 1.4. 3anexwnicts I' = f(P) axcop0uii a3oty Ha cirozai (ipu 7 =293 K)

6. ITo i3otepmi ancopOrii BET Oen3omy Ha akTHBOBAaHOMY BYTiJUIi
mpu 7=293 K po3paxyBaTd HHUTOMY MOBEPXHIO aICOPOCHTY, SIKIIO
TUIOIIA, 1110 3aiiMae oJiHa MoJieKyia 6ensomy, Sy = 0,49 M.

P/P, 0,05 | 0,07 | 0,10 | 0,14 | 0,18 | 0,22 | 0,27

A, mons/kr | 0,18 | 0,22 | 0,27 | 0,32 | 0,36 | 0,40 | 0,45

Pimennsa. IleperBopumo piBHSHHSA i30TepMmu afgcop6mii BET
e 4,-K-(P/P)
[1—(P/PS)]~[1+(K—1)~(P/PS)]

JI0 JIIHIAHOTO BUTJISTY:

PP) 1 K-l 1
A(1-(P/P))  A,-K K A,

VN

oy

Busnaunmo 3uauennst (P/P,)/ A(1-(P/P,)) i (P/P,):
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P/P, 0,05 | 0,07 | 0,10 | 0,14 | 0,18 | 0,22 | 0,27
(P/Py) / A(1~(P/Py))| 0,29 | 0,34 | 0,41 | 0,51 | 0,61 | 0,71 | 0,82
Bynyemo rpadik (puc. 1.5) 3anexHocTi:
(PIP)/ A(1~(PIP)) = (PIP).
0.9 - (PIP)A(1—(PIP)
, 1
0,8 l
|
0,7 l
|
0,6 |
|
0,5 i
0,4 i
|
0,3 i
/// |
0’2 2 el _ _+
0,1 i
|
0 F++—+—+—+— : : : i
0,00 0,05 0,10 0,15 0,20 0,25 0,30
P/P

Puc. 1.5. 3anexuicts (P/P,)/ A(1-(P/P,)) = f(P/P.)

3uaxoaumo 1/(A4, - K)=0,17 sk Bimpi3oK, mIO BiATMHAETHCS mps-

MOIO Ha OCi OpJIUHAT.
[To kyToBOMY KOe(ilieHTy MPSIMOT JIiHi{, 110 JOPiBHIOE:

K-1 1 _(0,85-0,17) _

K A,

(0,28 - 0)

BusHauaemo A, =0,38 monw/kr; K =15,29.

2,43,

[NepeBipka miICTAHOBKOIO TaHUX IPHBOIUTE JI0 PE3YJIbTaTy:

P/P, 0,05 | 0,07 | 0,10 | 0,14 | 0,18 | 022 | 0,27
A, monb/kr | 0,181 | 0,221 | 0,269 | 0,319 | 0,362 | 0,400 | 0,448
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O4eBHIHO, TIO PIBHAHHA i3 3HaiiieHUMU KoedimieHTamu J00pe
OTIMCYE EKCIIEPUMEHTATBHI JaHi.

Busnauumo:

Sur=A4,-N,-S;=0,38-6,02-10-4,9-1071° =1,14-10°, m? /KT .

7. Po3paxyBaTu aacopOlito TeNTaHoIy Ha OCHOBI KOHIICHTPAIiHHOT
3aJI©KHOCTI OBEPXHEBOTO HATATY WOro BOAHMX PO3YMHIB IPH
T=293 K. Bu3HaunuTH KOHCTAHTH PiBHSAHHA JIeHTMIopa Ta IUIONTY, IO
3aiiMa€e 0J{Ha MOJICKYJIa B HACHUCHOMY aJICOPOLIiiHOMY 1Iapi:

C momb v > [ 0,00 | 0,004 [ 0,010 | 0,020 | 0,032 0,050 0,080 | 0,10
o, MH/M 72,81 69,5 | 654 | 60,4 | 554 | 50,5 443 41,0

Pimenns. 3a gomomoroto piBHSHHSA [IIUIIKOBCEKOTO BH3HA4YA-
€MO 3HaueHHI AG=6,—-c 1 InC:

InC -5,52 | 4,61 | 391 | 344 | 3,00 2,53 | 2,30
Ac,H/m |0,0033|0,0074 | 0,0124 | 0,0174 | 0,0223 0,0285 | 0,0319

Bbynyemo rtpadix Ac= f(InC) (puc.1.6), noTnuHa a0 MPSIMO-
JIHIHHOT IUISHKHA SKOr0 BHM3HaA4yae 3HadyeHHs —Ina=-4,0, Tomi
a = exp (4,0) = 54,6, (kmonb M°) . TaHTeHC KyTa HAXHITY ZOTHYHOI:
(0,035-0)

b=tgo.=————=0,02, H/™m.
(-2,13-(-4,0))
Ao, MH/Mm 40
» 35

-6 -5 4 3 2 -1
InC
Puc. 1.6. 3anexnicts Ac = f(InC) BOZHOTO pO3UHHY reNTaHOIY
mpu 7'=293 K
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MakcuManbHa aacopOIris:

r, =b/(R-T)=&=7,7-10‘9 KMOJb/MZ .
8314-293

PiBHsHHS 130TepMu ancopOiii JIeHrMropa Mae BUTIISA:

" T,-a-C _17,71079.546-C 42-1077.C
1+(@-C)  1+(54,6-C)  1+(54,6-C)

, KMOJIE/M?.

[Toma, 1mo 3aiiMae oHa MOJIEKYJIa B HACHYEHOMY aJcopOLiiHOMY
mrapi:
1
7,7-107-6,02-10%°

S, =1/(T,-N,)= =2,16-107", M2,

1
Jge N, —uucio ABoragpo, KMojib .

1.2. 3apaanHs A1 caMOCTiiiHOrO pilleHHs

1. Bu3HaunTH BEJMYMHY ITUTOMOI HOBEPXHi | KT MOHOAMCIIEPCHOTO
Iy KoaniHy, IycTHHA sKoro p=2,5-10° kr/M’ (4aCTHHKH NPHAHATH
KyJISACTHMH 1 cepeIHiil JiaMeTp JaCTHHOK BBaKATH PiBHEM 5 - 107 M).

2. O0YHCINTA TUTOMY IOBEPXHIO | KI' HIKEJIEBOTO IHIY, SKIIO
YACTHHKH HOr0 MaroTh cepenniii giamerp d =8 - 10~ M; rycTiHa HikeTo
cranoBuTh p = 8,9 - 10° kr/m’.

3. O0uMCIUTH UTOMY MOBEPXHIO 1 KI 30JII0 CIpYMCTOrO0 MHII SIKY,
YACTHHKH SKOTO MAaloTh cepeaHiil miamerp d=120-10" M, a rycruna
301150 JI0piBHIOE p = 3,43 - 10° kr/™’.

4. OOUHCINTH TOBEPXHEBUH HATAT DIIIEPHHY, SKIIO B Kamiispi
3 pagiycom r = 0,4 - 10~ m Bin migEsBes Ha BHCOTY £ = 26,8 - 10 M; I'yc-
TiHa rrinepuny npu =298 K cranosuts p = 1,26 - 10° kr/m’.

5. O0uMCcnIUTH TOBEPXHEBUIl HATAT aHUIIHY Ha MEXi 3 IOBITPSIM
npu T =298 K, Ko METO0M HaWOIIBIIOr0 THCKY IMYXHPISI BCTAHOB-
JICHO, IO THUCK IMyXHUPI MOBITPS NPU NPOCKAaKyBaHHI HOro y Boay Ta
B aHLIiH cTaHoBUTH P, = 11,82 - 10°Ia i P,=1711,5 Ila BigmoBigHO; 1O-
BEPXHEBHH HATAT BOAM IIPH TEMIeEparypi AOCIIAY NPHHHATH PiBHEM
0o =72,13-10" H/m.

6. 3HAlTH MOBEPXHEBHI HATAT AHLIIHY, SKIIO 3a JOMOMOIO CTa-
nmarmMoMmetrpa TpayOe oTpuMaHi Taki JaHi: KUIBKICTh Kpareib aHuIiHy 42;
rycruHa anininy p = 1,4 - 10° kr/m’; kinbkicTs Kpanens Boau 18; rycrina
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BOmM  JopiBHIOE po = 1,0 10’ kr/M’; mOBEpXHEBHH HATAT  BOAM
60 = 73,26 - 10 H/m; Temneparypa nocmixy 7= 288 K.

7. Jlns BomHOTO pO34MHY IpominoBoro cnuptry mpu 7' =293 K 3Ha-
4YeHHS KOHCTaHT piBHsHHS [llumkoBcekoro: b= 14,4 - 107 H/m; a=6,6
M/kMOIb. OGUMCIHTH MOBEPXHEBHH HATAT PO3UMHY 3 KOHIEHTPALIIEI0,
mo craHoButh C =1 KMOJNB/M’, AKIIO MOBEPXHEBHH HATAT BOJH
0o =72,75-10" H/m.

8. Koncrantu piBHsAHHSA [IIMIIKOBCHKOTO AJSI BOJHOTO PO3YHHY
BanepiaHoBoi  kmciotm mpu  T=273K: bh=14,72-10" H/m,
a = 10,4 M’/kMOIb. BU3HAUNTH KOHIEHTPALIIO PO3UMHY, IIPU SKiil TOBE-
PXHEBHIl HaTAT Oyme CTaHOBHTH G =52-107° H/M, AKIIO TOBEpXHEBHil
HATAT BOAY Gy = 75,49 - 10 H/m.

9. BukopucroByloun KOHCTaHTH piBHSAHHA llIMmikoBchKoOTO:
b=12,6-10" H/™, a = 21,5 M’/KMOIIb, pO3paxyBaTH MOBEPXHEBHII HATST
JUIA BOIHUX PO3YMHIB MacisHOi KucaoTH npu 7' =273 K ams HacTymHHX
KOHIICHTpAIIii (KMOH]:/M3)Z 0,007; 0,021; 0,05; 0,104 i moOyxyBaTH rpa-
¢ik y xoopauHaTax ¢ =f(C); TOBEpXHEBUII HATAT BOAW NMPUHHATH DPiB-
HHUM Gy = 75,49 - 107 H/m.

10. Kopucryrournck rpadiyHUM METOIOM, HOOyIyBaTu i30TepMy
Jlenrmiopa MacisiHOT KHMCJIOTH Ha MEXI BOJHOTO PO3YHMHY 3 IOBITPSIM
npu T =293 K 3a HACTYTHUMH €KCIIEPUMEHTAIbHUMH JTAHUMU:

C, kmomb/M’ 0,0 0,021 0,05 0,104 0,246
c-10°, H/m 72,53 68,12 63,53 58,60 50,30

BusHaunTtH wromnty, mo 3aliMae ofHa MOJEKyJa B HACHUCHOMY afl-
copOriitHOMY T1api.

11. 3HaliTH MOBEPXHEBY aKTHBHICTH MPOMIOHOBOI KHCJIOTH Ha IIO-
BepxHi po3ainy (a3 BOJHHMH PO3YMH — HOBITPS, SIKIIO KOHIEHTPALis
poszuuny C=0,5 kMonb/M>; =273 K; koncrauti IIHIIKOBCEKOTO
b=12,5-10"H/™mia=7,73 M’ /kmons.

12. 3HaliTH TOBEPXHEBY AKTHUBHICTH OITOBOi KHCIOTH Ha MEXi il
BOJIHOTO PO34KHY 3 HOBITpsAM mipu 7' =373 K 1 KOHIEHTpalii po3unHy,
pieaoi C=0,01 kMonb/M®; koHcranTu Illmmkoseskoro b =93 107
ia=18,32.

13. [loGynyBaTh i30TepMmy amcopbuii JIeHrMiopa BasiepiaHOBOi Kuc-
JIOTW Ha NMOBEpXHi po3airy (a3 BogHMH po3unH — noBitps npu 7' =295 K;
BU3HAYMUTH IUIOILY, 110 3aiiMae OJHa MOJIEKyJa B HaCHYCHOMY ajacopO-
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HiftHoMy mapi. 3aJeXHICTh TOBEPXHEBOTO HATATY PO3YMHY BiJ KOHIICH-
Tpawii npeicTaBIeHa HACTYTHUMH €KCIIEPUMEHTAIbHIMHI JaHUMH:

C, KMOJIB/M’ 0,0 0,011 0,021 0,068 0,205
o, MH/M 72,4 65,45 59,78 49,31 35,20

14. TloGyayBaTH i30TepMy ancop6bmii JIenrMropa mpomioHoBoi Kuc-
JIOTH Ha TIOBEpXHi po3airy (a3 BoxHMHA po3unH — noBitps npu 7' =295 K;
BU3HAUHUTH IUIOLLY, IO 3aiiMae OJHa MOJEKyJa B HACHYECHOMY ancopO-
HiffHOMY 1api. 3aJIe)KHICTh TOBEPXHEBOI'O HATATY PO3YMHY BijJ KOHIICH-
Tpamii npeicTaBIeHa HACTYITHIMH €KCIIEPUMEHTAIbHIMHI JaHUMH:

C, KMOJIB/M® 0,0 0,1 0,24 0,95 2,0
o, MH/M 72,4 65,5 60,0 45,7 38,8

15. TToOynyBatu i3otepmy amcopOmii JIeHrMIopa i30MaciIsTHOT KHC-
JIOTH Ha TIOBEPXHi po3AlTy (a3 BOIHUIA po3unH — noBiTps nipu T =295 K;
BU3HAYMTH IUIOILY, IO 3aliMae OJHa MOJIEKYyJa B HaCHYCHOMY aacopO-
HiifHOMY 1api. 3aJIe)KHICTh TOBEPXHEBOI'O HATATY PO3YMHY BijJ KOHIICH-
Tpalii npe/cTaBIeHa HACTYTHUMH €KCIIEPUMEHTAIbHUMHU TAHUMU:

C 10%, mons/am’ 0,0 3,12 12,5 50,1 76,6
o, MH/M 72,4 65.3 543 39,7 34,6

16. 3a ekcriepuMEHTATEHIMH JaHUMHE aJCOPOIIii BYTJICKHCIOTO Ta3y
Ha meouiti mpu 7 =293 K rpadiyHuM MEeTOAOM 3HAWTH KOHCTaHTH PiB-
HsHHs Jlearmiopa [, 1 K:

P-10°, Ila 1,0 5,0 10,0 30,0 78,0 | 100,0
- 10°, kr/kr 35,0 86,0 | 112,0 | 152,0 | 174,0 | 178,0

BuzHaunTi NUTOMY NMOBEPXHIO aJCOPOEHTY, SKIIO IUIONIA, IO 3aii-
Ma€ OJ[HAa MOJICKYJa BYTJIEKHCIIOTO Ta3y B HACHYEHOMY afcopOLiifHOMY
mapi, So= 18- 102" m.

17. 3a excriepUMEHTILHUMH JaHUMU aJICOPOLii BYTJIEKHCIIOrO Ta3y
Ha akTuBoBaHOMY Byrimm mpu 7 =293 K rpapidHuM MeToAOM 3HAHTH
KOHCTaHTH piBHAHHA Jlenrmiopa [, 1 K:

P10 1a 9.9 49,7 99.8 | 2000 | 2970
I 10°, kr/kr 32,0 70,0 93,0 102,0 | 1084

Bu3HaunTH MUTOMY MOBEPXHIO aCOPOCHTY, SIKIIO IUIOINIA, IO 3ai-
Ma€ OJfHa MOJICKYJIa BYTJICKUCIIOTO T'a3y B HACHUCHOMY aJICOPOIIHHOMY
mapi, So =18 - 102" v,
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18. IIpu axpcopOrii cTeaprHOBOI KHCIOTH 3 PO3YMHY B OCH30J1 Ha
KOJIOITHOMY HiKeJi OTpUMaHi HACTYIIHI TaHi:

C-10°, mons/mv’| 0,6 1,3 2,5 4,2 6,2 8,1
I 10°, MOB/KT 2,0 3,0 3,7 4,1 4.4 4.6

Po3paxyBarn koncrantu piBHsHHS Jlenrmiopa ', 1 K, xopucry-
I0YUCH TpadiyHUM MeTofoM. BH3HAUUTH MUTOMY IIOBEPXHIO aacopOeH-
Ty, SKLIO IUIOLIA, 3aifiMaHa OJHIE€I0 MOJIEKYJIOK CTEAPHHOBOI KHCIIOTH
B HACHYCHOMY aJcopoIiitHoMy mapi, Sy =25 - 102" m”.

19. Ilpu T'=231 K Bu3HauuTH rpadhiuHUM METOJOM KOHCTAHTH PiB-
HAHHA i30TepMu benekkepa-@peiinmnixa aacopOIiii ByrJIEKHCIOro Tra3y
Ha aKTHBOBAaHOMY BYT'UJUIi, BUKOPHUCTOBYIOUM HACTYITHI EKCIIEpUMEH-

TaJIbHI JTaHi:

P-107 Tla 10,0 44,8 100,0 | 144,0 | 250,0 | 470,0
[ 10°, kr/kr 32,3 66,7 96,2 145,0 | 177,2 | 179,0

20. TToOymyBatn i30TepMy anacopOiii ONTOBOI KUCIOTH Ha aKTHBO-
BaHoMmy Byriuut npu 7=298K i BuzHauuth rpadivHUM METOJOM KOH-
cTaHTH piBHSHHSA benexkepa-®peiiHmnixa, BUKOPUCTOBYIOYH HACTYIIHI
eKCIIePIMEHTAIbHI JaHi:

C, MOJIb IM > 0,12 0,23 0,49 0,71 0,94 1,20

I', Mmons/T 0,70 0,93 1,32 1,54 1,77 1,95

21. ITobynyBatu i3oTepMy aacopOuii MaciastHOT KMCIOTH Ha aKTHBO-
BaHomy Byrinm npu 7 =298 K i Bu3HA4UuTH rpadigyHUM METOJIOM KOH-
craHTu piBHSAHHS benexkepa—®peiiHulixa, BUKOPHCTOBYIOUH HACTYIHI
eKCIIepUMEHTAITbHI JaHi:

C, Moytb iM™ 0,04 0,10 0,22 0,29 0,41 0,50
I', Mom/T 0,40 0,65 1,03 1,20 1,42 1,60

22. TloOynyBat i30TepMy amcopOmii OypIITHHOBOI KHCIOTH Ha
akTBOBaHOMY BYTuLIi npu 7 = 298 K i BU3HaYHTH TpadiuHIM METOIOM
KOHCTaHTH piBHAHHA benexkepa—®peifHmixa, BHKOPHUCTOBYIOUH Ha-
CTYIIHI €KCIIEPUMEHTAJIbHI JIaHi:

C, Monb M ” 0,05 0,20 0,26 0,44 0,60 0,80
I', Moss/T 0,35 0,71 0,83 1,10 1,30 1,50
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23. Tlo i3oTepmi axcop6brii BET Gen3zomy Ha akTHBOBaHOMY BYTL/LT
npu 7= 293 K po3paxyBaTu MUTOMY ITOBEPXHIO aJCOPOCHTY, SKIIO TUIO-
I1a, 3aliMaHa OJHI€I0 MOJIEKYJIOl0 O6eH3oiy, Sy = 0,49 HM .

P/P, 0,060 | 0,080 | 0,110 | 0,150 | 0,190 | 0,220 | 0,250
A, Monb/KT 0,260 | 0,300 | 0,360 | 0,430 | 0,480 | 0,520 | 0,560

24. Tlo i3otepmi axcopouii BET GeH3011y Ha akTHBOBaHOMY BYTLILTI
npu T =293 K po3paxyBaTi MTUTOMY TIOBEPXHIO aJICOPOCHTY, SKIIO TLIO-
113, 3aiiMaHa OJTHIE0 MOJIEKYIIOI0 OeH3oumy, Sy = 0,49 M.

P/P, 0,040 | 0,070 | 0,100 | 0,150 | 0,200 | 0,260 | 0,350
A, mons/kr | 0,360 | 0,450 | 0,510 | 0,580 | 0,640 | 0,700 | 0,820

25. Tlo i3oTepmi axcopobuii BET Gen3zomy Ha akTHBOBaHOMY BYTILT
npu 7= 293 K po3paxyBaTu MUTOMY ITOBEPXHIO aJCOPOCHTY, SKIIO TUIO-
I1a, 3aiiMaHa OJHI€I0 MOJIEKYJIOI0 O6eH3oiy, Sy = 0,49 HM .

P/P, 0,080 | 0,130 | 0,190 | 0,260 | 0,330 | 0,400 | 0,450

A, mons/kr | 0,460 | 0,560 | 0,650 | 0,760 | 0,870 | 0,980 | 1,090

1.3. KoHTpoabHi NUTaHHS

1.3a sxuMH O3HaKaMH KJIacH(iKyOTh 00’€KTH KOJOImHOI Ximii?
HaecTy npukia yu AUCTIEPCHUX CHCTEM.

2. BkazaTti npHYMHM TIOSIBM HAIJIMIIKY ToBepxHeBoi eHeprii. 1o
03HAyYa€ IMMTOMa BUIbHA IIOBEPXHEBA €HEpris?

3. IIlo Take MOBEpXHEBUII HATAT Ta B SKUX OJUHMIAX BiH BHMIps-
€Tbesi? SIKi METOM BHUKOPHCTOBYIOTBHCS JUISi BU3HAUYEHHSI [TOBEPXHEBOTO
HATATY piguH?

4. Hanmcatn BUCHOBOK DPIBHSIHHS 130TepMu ajcop6buii ['i66ca. IIpo-
BECTH aHaJi3 PiBHSIHHS.

5.Y YoMy BIIMIHHICTP MOHOMOJICKYJISIPHOI 1 TOJIMOJIEKYJISIPHOT
ancop61ii? ChopMyIrroBaTH OCHOBHI IMOJIOKEHHS Teopil [TosHi.

6. CopmyiroBaru npasuiio TpayOe Ta HaBeCTH NPUKIAA, IO HOro
UTFOCTpYE.

7. ChopmynroBaTi OCHOBHI TIOJIOXeHHsI Teopii JIeHrMropa.

8. Hammcatu piBHsSHHS i30TepMu ancopOuii JIeHrMiopa Ta mpoBecTH
fioro aHami3.
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9. SIk MOXXHa BM3HAYUTH KOHCTAHTH, 110 BXOJATh Y PiBHSHHS JIeHT-
mropa?

10. ¥ gomy ocobmmBocTi cTpykTypu Monekyn ITAP? Sk dikcyioTs-
csl LIl MOJIEKYJIH B aJICOpOLIiiiHOMY 11api Ha MeXi Boia — HOBITpst?

11. YV yomy cyTb siBuiia 3mouyBanHa? 1llo Take kpalloBHil KyT 3MO-
YyBaHHS 1 K BiH BU3HAYA€ETHCS?

12. lllo Take TemroTa amcopOmii? OxapakTepu3yBaTH HMOHSTTS JU-
(bepeHmiiHOT Ta IHTErpabHOI TETIOTH afCcopOIIii; Ik BOHU 3aJIeKaTh BiJ
KIJIBKOCTI aJicopOoBaHoro razy?

13. Hartucatn piBHsSHHS benexkepa—®peliHaiixa npu  aacopOrii
ra3iB Ha TBEpAMX aJCOPOCHTAX, AATH XapaKTePUCTHKY KOHCTaHTaM,
0 BXOJATH y Ii PIBHSAHHA. SIK MOXKHA BU3HAYHUTH YUCENbHI 3HAYCHHS
BHU3HAYEHHUX KOHCTAHT?

14. 3anmucaru piBHsHHEA [LIMITKOBCEKOTO Ta 3p0OUTH HOTO aHATI3.

15. Ina sixux aGcopOeHTiB afcopOIliss OMUCY€EThCS TEOPI€I0 Kamiss-
pHOT KoHAeHcanii? SIKi BUXiIHI TOJOXKEHHS i€l Teopii?

16. SIk po3paxyBaTh KpHBiI PO3MOALTY TOp MO PO3Mipax 3 JaHHUX
KOHIeHcarii?

17. TTokazatu B3a€MO3B’s30K piBHsHb FOHTa 1 J[forpe mpu BU3HA-
YeHHI OJHOTO i3 KPUTEPiiB 3MouyBaHHs (poOO0TH anresii).

18. Y womy cnernudika ionHoi afacopOuii? Sk BruBae pauiyc i Ba-
JICHTHICTH 10HIB Ha aIcOpOIit0?

19. Illo Take oOMiHHa ajcopOIisa? YV domy ii crierudiaai oco0amBo-
cTi? HaBecTu npuKiIagy NPaKTHYHOIO BUKOPUCTAHHS 3a3HAYE€HOI'O SBU-
1112 Y HApOJHOMY T'OCIIOJapCTBI.

20. o Trake xpomarorpadis? Ha yomy 3acHoBaHMH (i3UKO-XiMid-
HUH MPHUHIMIT XPOMATOrpadidoro po3airy peuoBUH?

21. Mo Take TemoTa 3ModyBaHHS i sK ii Bu3HaudatoTh? lllo BOHA
XapakTepusye?

22.Y yoMmy moJjsirae iHBepCis 3MOUYBaHHS 1 SIKE IPAKTUIHE 3HAUCH-
Hs BOHa Mae?

23. 1o Take xore3is i agresia? Y 4omy iXHs BiAMiHHICTH?

24. 1llo Ha3uBaeThcs PoOOTOrO Koresii i aaresii? Slk BOHW BH3Ha-
YJarOTHCS?

25. lllo Ha3uBaeThCs aacopOLiiHUM TUTpYBaHHsIM? Kosin BoHO BU-
KOHYEThCS?
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2. EJIEKTPOKIHETUYHI SABHUIIA

EnexTpokiHeTHYHI SBUIIA, 1110 CIIOCTEPIraloThCs B JUCIEPCHUX CHUC-
TeMax, SABIAI0Th c00010 a0 BiAHOCHWII 3CyB (ha3 miJ BIUIMBOM 30BHIII-
HBOTO €JICKTPUYHOTO ToNs (ejekTpodope3, eaekTpoocmoc), abo BH-
HUKHEHHS PI3HUII MOTEHIIIAIB y HAMPSMKY BiIHOCHOTO pyXy (a3, sKuid
CHPUYUHSAETHCS TIAPOIUHAMIYHUME CHJIaMU (MOTEHIiaJI NJINHY, MHOTEH-
miaj cequMeHTAamii). 3a3HaYeHI SBHUINA TOSCHIOIOTHCSA HASBHICTIO IMO-
nBiitHOrO enekrpuynoro mapy (ITEII) Ha moBepxHi po3airy das.

Mexanizm yrBopennss IIEIIl y cnpomeHoMy BUIIISAAI MOXKHA
MPEJICTAaBUTH Y Takuii croci6. Ha rpanumi po3miny aBox a3 — sjpa ta
JICIIEPCIHOTO CepeloBHIIA — aJICOPOYIOTHCS 10HH, IO OJCPIKAITU Ha3BY
noteHianBu3HadanbHuX 10HIB ([1BI). [oHM mpoTHIIEKHOTO 3HAKY — MPO-
tuionn (I1I) BUIPOOOBYIOTH €JIEKTPOCTATHYHE NPHUTATAaHHSA 3 OOKY 3a-
psmxenol TBepaol (asu i 0MHOYACHO — [0 TEIIOBOTO PYXy MOJEKYI
CepeIOBHIIA, IO IPUBOIUTH 10 PIBHOMIPHOT'O PO3IMOLTY 10HIB Y PO3YH-
Hi. B pesymbraTi B3aeMomil HUX CHJI BHHUKAE TUQPY3IHHHA PO3MOILIT
NPOTH 10HIB, TXHS KOHIEHTpaLlisl IOCTYIIOBO 3MEHIIY€EThCsl B Mipy Bijjia-
JICHHS BiJI IOBEPXHI.

IToTeHnianBU3HAYaIbHI 10HM Ta YACTHHA MIPOTHIOHIB MIITHO 3B’s3aHi
EJIEKTPOCTAaTUYHUMHU CHJIAMHU 3 SIIPOM, YTBOPIOIOTH aACOPOLIHHUN 1Iap
(AIID), a BigbHI TpoTHiOHW — mudy3iitHMA map (JL). AxcopOmiduuii i
qudy3iiHIN apy CTaHOBIIATH MoABiHMIA enexTpuanmii map (ITELL).

Bimomi Tpu mexanizmu yrBopenss ITEII:

1) adcopbyis ionie 3 pos3uunie enexkmponimis;

2) nosepxnesa oucoyiayisi pyHKYIOHATLHUX SPYTT,

3) opienmysanHs NOAAPHUX MOJIEKYI HA MIJICPHA3HIL cpanuyi.

B pesynbrari 3a3HauCHHUX B3a€MOJIIH MOBEPXHS 3 OOKY OJHI€T (a3u
3apsIHKAETHCS TIO3UTHBHO, a 3 OOKY 1HIIOT — HETaTHBHO.

Mix TBepI0t0 $a30t0 i pO3UNHOM BHHUKAE MTOBHUH CTPUOOK MOTECH-
Iiay @, BEJIMYMHA SIKOTO BHU3HAYAETHCS T'YCTHHOIO i BajeHTHicTiO I1BI,
SKi aJjcopOOBaHi Ha OAWHMIII TOBEPXHI TBepAoi da3u. BenmnunHa 3a3Hade-
HOTO MTOTEHIlaTy 3MEHIIIY€EThCS B Mipy BiATaJICHHS Bill MEXi po3ainy das.

Hampuknaz, mis peakiii oOMiHy:

Ba(OH), + H,SO, — BaSO, 4 +2H,0 2.1)
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SKIIO THAPOKCH 0apito B3SATHH y HAIUIIKY, BiIOYBa€ThCS JUCOIIAIIIS
3a CXEMOIO:
Ba(OH), — Ba?' +20H~ (2.2)

YTBOpUTKCS Milena, 0yI0BY SKOT MOXHA MOJIATH Y BUTIISI
{m[BasO, |nBa>* ~2(n—x)OH’}2x+ .2xOH-, (2.3)

ne m[BaSO4] — arperar;
m[BaSO, |nBa?* — sipo;

{m[BaSO 4 ]nBa2+ -2(n— x)OH*}zx+ — KOJIOiJJHa YacCTHHKA, 3apsAl-
JKCHA TTO3UTHBHO.
Ionn Ba?" mnasuBaroThes mnoTeHiianBusHavanbHumu ([1BI), a
20H~ — nporuionamu (T1I).
Skmo cipyana KUCJIOTa B3STa B HAUIHINKY, BiOYBAEThCS AHMCOIIi-
arris 3a CXEMOIO:
H,SO, —»SO% +2H* 2.4)

YTBOpHThCS Milena, Oy10BY K0T MOXKHA MOAATH Y BUIIISAL
{m[BaS0,]nS03 - 2(n —x0)H" | - 2xH" 2.5)

ae m[BaSO4] — arperar;
m[BaSO, |nSO}~ — sapo;

{m[BaSO 4]nSO§( 2(n— x)H*}h_ — KOJIOIHA YaCTHHKA, 3apsiiKe-
Ha HETraTUBHO.

IMoTeHuiaNBU3HAYATPHUME B LbOMY BHIAAKy OyayTs ioHm SOZ%-,
a nporuionamu — 2H*. B 000X Bumaakax 4acTHHKA 3aps/DKEHa OJIHO-
iMeHHO 31 cBoimu [1BI, Minena enekTpoHeHTpaIbHa.

SIKIo Mineny MOMICTUTH B €JIEKTPUYHE I0JIe, TO CIa0KO yTpUMY-
BaHi 10HU UQy3iHHOrO 1apy NOYHYTH MEPEMIIIATHCS 10 OJJHOTO 3 eJIeK-
TPOJIB, @ YacTWHKAa 3 INPOTWICKHUM 3aps]oM — Jio iHmoro. Minena
HEMOB OH «PO3PUBAETHCS IO MEXI MiX aIcOpOIiitHAME 1 TUPY31HHUMH
mrapaMu IpoTuioHiB. Ha 3a3HadeHid Mexi (4acTo 11 Ha3WBAIOTH IUIOIIH-
HOIO KOB3aHHs1) BUHHMKA€E €JICKTPOKIHETHYHHI A3eTa-moTeHIian &, skuii
€ YaCTMHOIO TOBHOTO CTpHOKa MoTeHIiany ¢. BenmnmumHa enekTpokine-
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TUYHOTO MOTeHIiaTy Bu3HadaeTbes ToBmmHO0 [1EII. ExcnepumenTans-
He BU3HAYCHHS 3HAYCHHSI J3€Ta-MOTEHI[ialy, 110 BUHUKAE TIPH EJIEKTPO-
dopesi abo eneKTpoocMOCi, 3aCHOBAaHO Ha PIBHAHHAX [ embMroibIia—
CMOITyXOBCBKOTO BiATIOBITHO:

__nu
2;_8-80~H (2.6)
i
EJ:M’ 2.7)
€-gy-1

Jge T — B’s3KicTh cepenouina, [1a-c;

u — NiHIHA MBUIKICTH NepecyBaHHs MeXI1 30J1b-00KOBa piJiiHa, M/C;

€ — BIITHOCHA JTieJIeKTPUYHA NPOHUKHICTD CEPEI0BHIIA;

g =8,85"- 102 oM — €JIeKTpUYHA KOHCTaHTa,

H — rpanieHT 30BHINIHBOTO TOJISL, B/M;

O — 00’eMHa MIBHJKICTH AUCHEPCIHHOTO CepeIOBHIIIA, M3/C;

I — cuna ctpymy, A;

X — MATOMA eJIeKTPONPOBiAHICTh cepenosuia, (OM M) .

3 HaBeJIGHUX BUPa3iB BUAHO, IO 32 BEIMIHUHOIO &-TIOTCHITIATY 300
JIETKO BH3HAYUTH JIHIHHY IIBHIKICTh MEPECYBaHHS MEXi 307b-00KOBa
pinnHa Ta 00’ €eMHY MIBHAKICTH AUCIIEPCIHHOTO CEpeIOBHIIA BiIOBIAHO:

u:LH& (2.8)
n
i
L (2.9)
n-x

3HaueHHs C-NOTEHIlIaTy € XapaKTEePUCTUKOIO arperaTuBHOI CTIHKO-
CTi 30JIF0 Ta OJHUM 3 OCHOBHHMX TE€XHOJOTIYHUX IapaMETPiB MPU BUKO-
PHCTaHHI SBHI] eIeKTpodope3y Ta eIeKTPOOCMOCY Ha MpakTHIil. Tomy
BIUIMB HAaWOUTBII iCTOTHUX (DaKTOpPIiB HA 3HAYCHHS BEIUYUH &-TIOTCH-
iary He Moke OYTH 3aJIMIICHUH Oe3 yBary.

3BHUAHO I KOAryJsmii KONOIMHMX CHCTeM HaifgacTilie Kopuc-
TYFOTBCS 1HIU(EPCHTHUMH EJICKTPOIITAMH, TOOTO EJIEKTPOINITaMH, sIKi
HE MAIOTh 10HIB, 3JaTHUX AOOYMOBYBaTH KPUCTANIYHY PEIIITKy KOJOiA-
HOi YacTHHKU. [HAM(DEpEeHTHI eNEKTPONITH HE MOXKYTh CKUTBKH-HEOYIb
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ICTOTHO 3MIHHMTH 3aralbHUH CTPHOOK MOTEHIiaTy KOJOiJHUX YaCTHHOK,
a BEJIMUMHY EJEKTPOKIHETHYHOrO IOTEHIIally Taki eJNCKTPOJIITH B 3a-
TaIbHOMY BHIAAKY 3HIDKYIOTH B PE3YJIbTaTi 30UIbIICHHS KOHIICHTpPALii
III Ta ctucuenns ITEII.

BrutuB HeiHAU(PEPEHTHOTO EIEKTPOJIITY, OJUH 3 10HIB SIKOTO 37aT-
HUAW A00YyJOBYBaTH KPHUCTAIIYHY PEIIITKY AucrepcHoi (as3m, ImoJsrae
B TOMY, IO TTOTEHI[iaJIBU3HAYAIBHUN 10H I[LOTO EJIEKTPOIITY MOXE TIiJI-
BUIIIYBAaTH MOTEHINAT @, a 10H, 110 HepedyBae 3 HUM y mapi, OTHOWMEH-
HUH 13 3apsanoM mpotuiona, 3natHui cruckaru ITEII. Tlpn mManux koH-
LEHTPALiIX HEIHAN(EPEHTHOTO EJIEKTPOIIITY MPOSBIAETHCS B OCHOBHOMY
Tepina TeHACHITs, TIOB’3aHa 3 MOBEPXHEBOIO Ji€I0 10Ha, 3/1aTHOTO J100Y-
JOBYBAaTH KPUCTATIYHY pemliTKy. [Ipu OiTbIINX KOHIEHTPALiAX, KOJH
J00ylyBaHHSI KPUCTAIIYHOI PEIIITKH 3aBEPIIEHO, epeBaXkae Jpyra TeH-
JeHuis. ToMy npu BBEJCHHI B CHCTEMY 3pOCTAOUMX KIIBKOCTEH HEiHAu-
(hepeHTHOTO eNEKTPONITY &-TOTeHIIial CoYaTKy 3pOCTae, a MOTiM 3MEH-
LIY€ThCS, TPOXOATYH Yepe3 MAKCHMYM.

Po3rspatoun BIUIMB KOHLEHTpaLii anucriepcHoi ¢a3u B KOIOIMHIN
CHCTEMI, MOJKHA ITPUITYCTUTH, 1110 IIPU PO3BEJCHHI CUCTEMH &-NOTEHIaN
MIOBUHEH 3POCTaTH, TOMY IO TOBIIMHA MOABIHHOTO EIEKTPUYHOTO HIAPy
30UTBIIYETBCS B pe3yibTaTi 3MeHIIeHHs koHeHTpaii [11 B pozuuHi. [Ipu
PO3BEICHHI cuCTeMH BinOyBaeThest Aecopouis [IBI 3 moBepxHi aucmepc-
HOi (ha3u, 10 MOBMHHO MPUBOJUTH JO 3HWKCHHS (-IOTCHINATY 1 Bij-
MOBiMHO &-moTeHmiany. 30UThIICHHS KOHIICHTpAIl KOJOiqHOI CHCTEMH
00yMOBITIOE TIPSIMO HPOTHIICKHUH e(peKT. B sikoMy HampsMKy B MiACyM-
Ky 3MIHIOETBCS BEIMYMHA &E-TOTEHIIATy NMPH 3MiHI KOHIEHTpamii Iuc-
niepcHoi (a3u, MabyTh, BU3HAYAETHCSI THM, BIUIMB SKOTO 13 ABOX (hakTo-
piB — croBuienns (ctuck) IIEI abo mecopOiis (agcop6uis) MBI —
y KOHKPETHOMY BUIIJIKy BHSBUTBHCS CHIIBHILIIC.

AHaIOTiYHO KOHIEHTpalii mucrepcHoi (a3 Ha -moTeHmian mie i
TeMIeparypa. 3 MiJBHIIEHHAM TEMIIEPATYpH &-TOTEHIIaN 3pOCTaE BHA-
CJIIIOK 3pPOCTaHHS IHTEHCHBHOCTI TeruioBoro pyxy III Ta 30inbmieHHs
toBmuHU [TEII. OgHouacHo 36imbmryersest aecop6birist T1BI, mpu npomy
- 1 &-oTeHmian 3MEHIITYIOTHCS.

JlocnikeHHSMH 110 BIUIMBY HPHPOAM AMCIIEPCIIHOTO cepeoBHIIa
OyJI0 BCTAaHOBIICHO, 1[0 YMM O1IbIIIA HOJSIPHICTH PiAMHM, IO XapaKTepH-
3Y€ThCS BIJTHOCHOIO JIIEJIEKTPUYHOIO MPOHUKHICTIO 1 AUTIOJIBHUM MOMEH-
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TOM Ti MOJIEKYJ, TUM OijbIlla MIBUAKICT €JIEKTPOOCMOTUYHOTO MEPEHO-
cy. UuM OiibIIa MONSPHICTh JUCIEPCIHOTO CepeIOBHINA, TUM OlIbIIa
BeJIMUMHA &-TIOTeHI Ay JUCTIEPCHOI (a3u.

Jo iHmux QaxTopiB, M0 BIUIMBAIOTh HA BENWYUHY &-TIOTEHIIATY
JucriepcHoi (a3, MOXKHA BimHecTH paniyc i BajenTHicTs III, a Takox
pH-cepenosuia.

SKmo mix i€ TUCKY 3MYCHTH TPOBIIHY PIiTUHY MPOCYBaTHCS
Kpi3b IOPUCTE TLIO, TO HA KpasX HOro BUHUKAE PI3HUIL MOTEHINANIB, 0
Ha3UBAETHCS MOTEHIia0M Teuil £ ., B.

[orenuian Tedii noB’s3anuil 3 po3ranryBaHHsM ioHIB y [TEI — uum
Oinpie ioHiB mepedyBae B [1ELL, ToOTO 4nM OiNbIIa BETHIHHA SIEKTPO-
KIHeTHYHOTO TOTEHINiady, TUM OiNbIIa i BeMMYMHA MOTCHIIANy Tedii.
Taka  3aJIeKHICTh ICHY€ 1 MiXK IPUKJIAJCHIM TUCKOM 1 MOTCHINIAIOM Teqil:
_egy &P

Te4 >

n-x

E (2.10)
ne P — THCK, 110 IPHBOIUTE piuHy B pyx, H/M%;

X — IIATOMA EJIEKTPONPOBIAHICTh pimmmn, (OM-M) .

Sk BUAHO, €IEKTPOOCMOC 1 MOTEHINiad Tevii 3aJekarh BiJ OJHOTO
i TOro %k &-moreHmiany. SKimo moreHIian Tevii £y, MOAUIUTH HA MPUKIIA-
JICHUI CTOPOHHIN THCK P, a 00’€MHy IIBUJIKICTB ejeKkTpoocMocy O — Ha
CUITy CTpyMy [, TO BHii/ie MOCTiiiHA BEINYMHA:

o (O _2180°8 (2.11)

P I n

Ilpu ocajpkeHHI AMCIEPCHMX YAaCTUHOK Yy TIpaBiTallifHOMY MOJi
[TEII, mo oTO4yIOTh YaCTUHKH, ACPOPMYIOTHCS 32 paXyHOK TEepTs Ia-
poMm piauHu. B pesynprati poro npotuioHu audysiiiHoro mapy Bixcra-
IOTh BiJI YaCTHHOK, IO PYXalOThCS, 1 TI0 BHCOTI OCA/HKCHHS BUHHKAE Pi3-
HUIIS CIICKTPUYHUX TOTCHIIaiB, HA3BaHA MOTEHI[iaJIOM CeIMMeHTAIl

Eees, B:
_F, g5 N3
cen T] ‘® s
ne F,—cuna Baru, H, o BHKIMKae ceMMEHTaIli0 yacTUHOK. Cuia

E (2.12)

Bard JUIsl YaCTMHOK KOJIOTZHMX PO3YMHIB (30J1iB) BU3HAYAETHCS:

F,=d(p—po)-g, (2.13)
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ne ¢ — 06’eMHA YACTHHKA AUCTIEPCHOT (Basm, M ;

pipo—TycTHHH aucTiepcHOi (a3 i JUCTIEePCIHHOTO cepeloBHIIa,
Kr/M3;

g — TPUCKOPEHHS BUTBHOTO Ta(iHHS, M/C”.

Sk BuAHO 3 HaBeneHUX (HOpMyI, 3B’ 30K MMOTEHINIATY Tedii 1 IOTCH-
miaxy ceIMMEHTAmii 3 eNEeKTPOKIHETHYHUM TOTEHINaJoOM iJeHTHYHHM.
B ogHOMY BHIIaJKy OCHOBHY POJIb Tpa€ BEJIHYMHA 30BHIIIHHOTO THCKY,
B IHIIIOMY — BEJIMYMHA CHITH BarH.

Heo0OxinHo Bi3HAYUTH, IO HA BiAMiHY BijJ el1eKTpodope3y Ta enek-
TPOOCMOCY, Hi MOTCHIiAN Tedil, Hi MOTEHIiad CeIUMCHTAIl HE MAroTh
HPaKTUYHOTO 3aCTOCYBAHHS.

2.1. lpukaagu pilmieHHs] TUNIOBUX 3aBJIaHb

1. Po3paxyBaru &-moTeHIIaNn YaCTHHOK IOJIICTUPOIBEHOIO JIATEKCY,
SKIIO 32 4yac { = 60 XB 3CyB MEXi 30JIf0 IIPH €IEeKTPOoPOope3i CTAHOBUTH
h=2,5-10"m; €JICKTpUYHA HaIpyra, MPUKIaAeHa JO eJIEeKTPOIiB,
E=115B; Biacrans Mix enektpomamu L = 0,55 M; enexTpuyHa KOH-
craHra g = 8,85 1072 @/M; BiTHOCHA MiENIEKTPUYHA MPOHUKHICTH BOJAU
€ = 81; B’s3KicTh cepenoBuma n =1 - 107 Ma-c.

Pimenns. PiBHAHHSA, M0 OB’ s3y€e E-MOTEHITIA YACTHHOK 3 JIi-
HIHHOIO MIBUAKICTIO €NEKTPOdOpe3y u:

e
g-gy-H’

E .
ne H :f — HaNPYyKEHICTh ENEKTPUIHOTO TOoJIs, B/M.

Toni
. -2
u:ﬁzﬁ:TlO*6 Mm/c;
t 3600
=£:£=209 B/m;
L 0,55
1-1073-7-107°

g =0,046 B =46 mB.

T 81-8.85-10-12-209
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2. Po3zpaxyBatu 00’€MHY HIBHJKICTH €IEKTPOOCMOCY PO3UUHY XJIO-
PHIy Kaifo Kpi3h KBapLOBY miadparmy, sKimio Bizomo, mo & = 3810~ B;
n=1-10"Tla-c;e=81;7/=2-10> A; 5 =2,4-10> O™ "-m .

Pimenns. 3ancxkHicte 00’€MHOI HIBHIKOCTI IHCIEPCIHHOTO
CepeIOBHIIA B/l BEMTHUYMHU E-TIOTEHINATY YACTUHOK Ma€ BUTIIS:
0= €8y 1-& '
n-x
[Ticist migCcTaHOBKH 3HAYEHD OJICPIKYEMO:
0- 38-103-2-1072-81-8,85-10712

=2,27-10"% -m%/c.
1-1073-2,4-1072

3. IloObynyBaTu KpHBY 3aJICKHOCTI BETUUMHH &-TIOTEHINiaNy Bix Tia-
MeTpa TIOp KamIsApiB KBapIoBoi miapparMu, KOPHUCTYIOUUCH TaKUMH
EKCIIEPUMEHTATBHUMH JTAaHUMH €JICKTPOOCMOCY:

Jliamerp mop d- 10°, m 0| 6,0 13,0(26,0|65,0(128,0
O6’€MHaIHBI/IIIKiCTI>—Q'109,M3/C 01]0,07(0,13|0,21 0,32 0,36

[IuToMa eneKTpompoBignicTs cepenosuma y=1,8-107O0m 'Mm';

cuma crpymy 1=0,32-10° A; B’sskicte cepemoBuma 1 = 10" Ila-c;
e=81;8=28.85-10"" ®/m.

PimeHnHs. 3anekHICTh BENMIMHA &-TIOTEHITIATY MTOBEPXHI MOP
KamusIpiB Big 00’€MHOI IIBHAKOCTI JAWCIEPCIHHOTO CepelOoBHUINA Mae
BHIJISA]

£ o-n-x
g-gy- 1

[Ticst miICTaHOBKY 3HAYEHB OICPIKUMO:

Jliamerp mop d- 10°, m 0 6,0 | 13,0 | 26,0 | 65,0 | 128,0
-&, MB 0 55 | 102 | 16,5 | 25,1 | 283

Sk Bimomo, ITEII kBapity BUHHKAE B Pe3yIbTaTi MPOIIeCy Tiapara-
wii moBepxHi, npu upoMy cuiikatHi iorn SiO2- (IIBI) yrBOpsTth BHYT-
pimmaio obknaguaKy I1EI, a ionu rigpokconiss H;O (I1I) — 3oBHIimmHIO.
Crpykrypa IT1ELI Binnosinae gpopmyii
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{m[Si0,]1Si03 -2(n — x)H;0}”" - 2xH;0.
Bbynyemo rpadik (puc. 2.1)

7&7 mB

0 20 40 60 80 100 120 140
d-10% M

Puc. 2.1. 3anexHicTh €IEKTPOKIHETUYHOTO IMOTEHINATY BiJl AiaMeTpa Iop
KamiisapiB KBapuoBoi aiapparmu mpu 7 =293 K

O4eBUIHO, IO MM MEHIIIE JiaMeTp Mop KaIiasapiB, THM CHIIbHIIIIS
B3a€EMHE BIAIITOBXYBaHHS NPOTHIOHIB, cuiabHimmii cruck [IELI, mo
NIPUBOJHUTH 0 3HIKCHHS BETMYNHA &-IIOTEHIIANY.

4. [ToOymyBaTH Ta MOSICHATH Tpadik 3aJIeKHOCTI €IEeKTPOKIHSTHI-
HOTO INOTeHHiany 3070 Ag Bia KoHueHTpauii enextponity KNO; npu
T =293 K 3a ekcriepuMEeHTATBLHIMH JTaHUMU elleKTpodopesa:

C, MMOJB/ M 0 0,2 0,5 1,0 1,5 2,0 2,5
L-10% M 33,5 | 32,3 | 35,1 | 33,5 | 31,0 | 34,2 | 31,0
h-10% M 4.9 3,5 1,5 0,8 0,5 0,3 0,3
&, MB

E=120B;t=60xB;n=1-10"a-c; & = 81; g, =8,85- 10> ®/m.
Bkazaru ctpykrypy IELI mist Cyiy 1 Cyae €1€kTpoITiTy KNO;.
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PimenHs. PiBHIHHA, IO 3B’s3y€ E-NOTEHIIaN YaCTHHOK 30JI
3 MHIAHOIO MBUAKICTIO eJIeKTpodopesy u:

__nu

El

€-gy-H

E .
ne H :Z — HAMPY’KEHICTh eNEKTPUYHOTO oIS, B/Mm;

h .
U =— — HBUIKICTb PYyXY YaCTHUHOK 30JI1O, M/c.
t

Toni BenmnunHa E-TMOTEHITIATY YaCTHHOK:
- n-h-L 1-10°-33,5-102-4,9-1072
e-g,-E-t  81:8,85-10712-120-3600

[Ticist migcTaHOBKM 3HAYEHD OJICPKUMO TAOJHUITIO JaHUX:

=0,053 B=53,0 MB.

C, MMoIs/am° 0 02 | 05 ] 1,0 | 1,5 20 ] 25
£, MB 530 | 364 | 17,0 | 81 | 50 | 33 | 25

Bynyemo rpadixk & = f(C) (puc. 2.2):

60 E_,, MB

O T } } } T T 1
0,0 0,5 1,0 1,5 2,0 2,5 3,0
C, MMOJIB/,HMS
Puc. 2.2. 3anexHICTh eNeKTPOKIHETUIHOTO OTEHIIAY 30110 Ag
Big koHueHTpauii enexrponity KNO; mpu 7=293 K
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I3 rpadika BUIHO, 1110 MOBEPXHS YACTHHOK 30JII0 Ag Ma€ TIO3UTHB-
HUM 3apsn, y npomy Bunaaky crpykrypa [IEIL Bigmosinae hopmymi

{m[Ag]nAg -(n-x)NO;}" - aNO-.

IMpu nopmaBanHi mo 1poro 3omo einekrpoiity KNO; crpykrypa
[IEII He 3miHIOETBCs. BinOyBaeThesi cTUCK OOONIOHKU TPOTHIOHIB, Ha-
CJIIIKOM YOTO € 3HWKCHHS BEJIMUNHU &-TIOTSHITay.

Ockinbkn iHAU(EPEHTHI eIEKTPONITH HE MOXKYTh ICTOTHO 3MiHUTH
crpykrypy IIEL, a BenuuuHy &-moTeHLialy BOHH 3HHXKYIOTh Y PE3yJib-
TaTi 30UIBIICHHS KOHIIEHTpaIii nmpoTuioHiB i crucky I1EIL, To enekrpo-
it KNO; — inudepeHTHui 11 1bOoro 30M110. 3 NOAANBIINM 301IbIICH-
HSIM HOT0 KOHLEHTpALii HacTaHe i30eJeKTPHYHMIA CTaH, KOJIH &-TIOTeH-
LiaJ CTaHEe PIBHUM HYIIIO 1 3HUKHYTH CJICKTPOKIHETHYHI SBHUIIA. Y IOMY
Bunaaky ctpykrypa [IEL Oyzae Binmosizatu Gpopmydi

{m[Agl]nAg"-nNOS ",

B i30eneKTpUYHOMY CTaHI 30Jb MOCHTIJOBHO BTpPava€e arperaTHBHY
CTIiHKICTh, a CITIJOM 3a Hero — 1 KiHeTHuHy. BifnOyBaeTbcs kKoarysiis 3a
KOHIIEHTPAI[IHHAM MEXaHi3MOM, 30Jb IEePETBOPIOETHCA B Telb (0can),
KA Mae MeBHY CTPYKTypy. IIpu 1[bOMy BHHHKAIOTh PEOJIOTIYHI Biac-
TUBOCTI (aHOMaJIbHA B’ SI3KICTh, MIIIHICTB), K1 paHille OyJIn BiICYTHI.

2.2. 3aBaaHHs IS CAMOCTIifHOTO Po3B’sI3aHHSI

1. OGUUCANTH MIBUAKICTH €NeKTpoope3y KOJOIMHUX YaCTHHOK
OepriHCBKOi J1a3ypi y Boai, sikmo & = 0,058 B; rpamgieHT Hampyru 30B-
HIITHBOTO eekTpuanoro moms H=5-10° B/M; B’s3KicTh cepeoBHIna
n=1-: 107 ITa-c; € = 81; enekTpu4Ha KOHCTaHTa &) = 8,85 - 107" d/m.

2. BuszHaunTH &-IOTEHIa A7 CYCIeH3ii KBapIly y BOI, SIKIIO MPH
eJIeKTpohope3i YaCTUHKU KBapIly MEpEeMIIIaloThesl 10 aHOJa; 3CYB Mexi
3a yac ¢ = 180 ¢ ckiaB s = 5-CM; TpaJi€HT HAPYTH 30BHIIIHBOTO CJICK-
tpuusoro moms H=10%B/M; B’s3kicte cepemosuma 1 =10 IMa-c;
£=81;8=28,8510" d/m.

3. O6unciuTh &-TIOTEHITiA)l KOJIOITHUX YAaCTUHOK TPHUCIPUHCTOTO
MHII’SIKY Y BOJI, SKIIO B Tporieci enekrpodopesy 3a yac ¢ =260 ¢ Mexa
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3Mmictuiacs Ha h=72" 107 M; TPQII€HT 30BHINIHBOTO EIEKTPUIHOTO
noins H=6,3- 10° B/M; B’s3KicTh cepeloBHINA 1) = 107 Ila-c; €=81;
€= 8,85-107" ®/m.

4. Bu3HauuTH BeNMYMHY C-TIOTEHIally Ha MeXIi KBaploBe
ckiio — BogauA po3unH KCl, skmo B Tporeci eIeKTPOoOCMOCY: CHIIa
ctpymy I=4-10"* A; uac mepenocy o6’emy V=1-10"° M posuuny
CTaHOBUTHh t=12,4c; mHWTOMa EJICKTPONPOBIIHICTh CEPEIOBHINA
x=18- 102 OM’1~M"; B’A3KICTh CEpeNOBUINA T = 107 Ila-c; ¢ =81;
€0 =18,85-10"" d/m.

5. BuzHauutH cuity CTpyMy B IPOIECi €IEeKTPOOCMOTHYHOTO PyXY
BogHoro po3unHy KCl kpizs MemMOpaHy 3 MOJIICTHUPONY, SKIIO HOTO
06’emna mBuakicte O =15,5-10""M/c; mmromMa emekTpompoBigHicTH
cepenoBula x=9- 1072 OM’I-M’I; B’SI3KICTh CEPEIOBHINA 1| = 107 IIa-c;
e=81;g=28,85-10"2 ®/M; £=10"B.

6. O6uncnuTH &-noTeHwian Ha Mexi kBapi — BogHuH po3urH KCI,
SIKIIO B TIPOIECi ENEKTPOOCMOCY OTpPHMaHi Taki JaHi: cujia CTpyMmy
I=2-10" A; gac meperocy 06’emy V'=4-10"M" posunHy cTaHOBHTH
t =17 ¢; IMTOMA EIEKTPONPOBiAHICTH cepenoBuma ¥ =6,2- 107 Om ''M ';
g =8,85- 107> ®/m; £ = 81; B’ s13KicTh CepesIoBHIIA 1) = 107 IMa-c.

7. O0uncnuTH BeNMYMHY &-TIOTEHLaly HAa MEXI BOJHMH pPO3YMH
KCl — memOpaHa 3 MONICTHPONY, SKIIO B IPOIECI EIEKTPOOCMOCY
06’emna mBHakicts O =15-10""M/c; cuma ctpymy I=7-10" A; mu-
TOMa €IeKTPONPOBiAHICTs cepenoBuma ¥ =9-107Om "M '; B’s3KicTb
CepeIoBHIIA 1) = 107 Tla-c; € =81; gy =8,85- 10" d/m.

8. O0YMCIUTH BEIHYHMHY &-TTOTEHINATy NOBEPXHI YaCTUHOK OCHTO-
HITOBOT TJIMHHM 32 pe3yJbTaTaMu eleKTpodopesy IpH TaKUX YMOBax: Bil-
CTaHb MiX enekTponamu L = 25 cM, enektpuyna Hanpyra E = 100 B, 3a
yac ¢ = 15 XB YaCTHHKH NEPEMILIYIOThCSI Ha £ = 6 MM J10 aHO/Iy, BiZTHOCHA
JieNeKTpUYHa TPOHHUKHICTH ceperoBuma €=78,2 mpu T=298K,
B’SI3KiCTh cepepoBuma 1 = 8,84 - 107 IMa-c.

9. [ToOyxnyBati Ta MOSCHUTH Tpadik 3aJEKHOCTI €IEKTPOKIHETHY-
HOTO MoTeHIany 3010 AgBr Bin koHuenTpaii enexrponity K,SO4 npu
T'=293K 3a ekClIepUMCHTAIBHIM JaHUMH eIEKTPOoQopesy:
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C-10°, kmons/M® | 0 2,0 | 50 | 10,0 | 150 | 20,0 | 25,0
L-10°,m 30,0 | 32,0 | 350 | 33,0 | 31,0 | 34,0 | 31,0
—h-10%, M 49 | 28 | 13 | 08 | 05 | 03 | 02
&, MB

E=120B;t=60xB;n=1-10"Tla-c; e = 81; gy =8,85- 10" ®/m.

Bxkazatu ctpykrypy ITEL mi1st Cyiyy 1 Cyae €€KTpOITITY K)SOy4.

10. [ToOynyBatn rpadix 3aleXHOCTI BEIMYMHH &-TIOTEHLIATy BiX
JiameTpy nop kBaproBoi MemOpanu B po3uuni KCI; BkasaTu CTpyKTypy
TTEII #a moBepXHi MOp, KOPUCTYIOUUCh TAKUMHU CKCTICPUMEHTAIHLHIMH
JJAaHUMU €JIEKTPOOCMOCY:

Jliamerp mop d-10°, m 0 | 1,0]20]| 5,0 1(10,0]25,0
O6’€MHaHlBI/l[lKiCTb—Q'lolo,M3/C 0 |51]11,5(20,7|27,3(35,5

IlutoMa eneKTponpoBiaHicTs cepepoBuma = 1,5-1070m M ';

B’s13KicTh cepenosuia M = 107 [a-c; cuma ctpymy I=2-10" A; g = 81;
€0 =18,85-10"" d/m.

11. O6uucnuTH BEMNYNHY HOTEHIIANTY Tedii Eey, SIKIIO KPi3b IIiBKY
KOJIOZis 30BHIIIHIM TUCKOM P = 20-10° Ta MIPOJABIIIOETHCS. BOJHUI PO3-
upn KCl, muToma emektponpoigmicts sxoro x=1,3-107OM M ;
B’SI3KICTh M = 107 Ma-c; g =8,85-10"2 d/m; &= 81; E-TIOTeHIian 110-
piBHIOE 6- 10 B,

12. Po3paxyBaTi BelnW4uHy MOTeHLiany Tedii E..,, KOPHCTYIOUHCH
€KCIIEpUMEHTAIbHIMH JIaHUMH METO/IB EIEKTPOOCMOCY 1 MPUKIIAJEHOTO
THCKYy it BomHOro posuuHy KCl, skmo o6’€eMHa IIBHUIKICTh
0 =0,6-10" M’/c; THCK, TIPH SKOMY PO3YHH [POJABIIOBABCS KPi3h MEM-
opany, P=24-10"ITa ; cuma crpymy I =3,6-10* A.

13. O0YUCIUTH BEMUYMHY &-TTOTEHINady Ha MEXIi KOJIO/i€Ba MEM-
Opana — Boguuii po3unH KCl, Ko npu mpoJaBiIroBaHHI bOTO PO3YHHY
Kpi3h MeMOpaHy Iz 30BHimHIM THCKOM P = 25,5 - 10° [Ta moTenmian Te-
4ii craHoBUTH Epe, = 8,8-107° B; £ =81; g, = 8,85- 10> ®/m; B’s13KicTh
cepenouima 1 =107 ITa-c; NHTOMAa EIEKTPONPOBIIHICTS CepeIOBHINA
x=15-10"0Om " m".

14. Bu3HaYKUTH 30BHIIIHINA TUCK, MiJl SKUM HEOOXIJHO MPOIABIIIOBA-
i BomHMI po3unH KCl kpi3e kepamiuyHy MmemOpaHy, 00 MOTEHIIial Te-

43

aii 6yB En,=4-10°B. Ilpu 1p0oMy E&-IOTeHIan Mae JOpIiBHIOBATH
6,210 B; matoma €JIEKTPONPOBIIHICTE cepemoBuma = 1,5 - 1070m ' m";
B’SI3KICTh CEPEIOBHINA 1) = 107 ITa-c; gy = 8,85 - 1072 d/m; € = 81.

15. TToOyayBaTi Ta MOSICHATH Tpadik 3aJISKHOCTI EICKTPOKIHETHY-
HOTO TOTeHUiany 300 Ag Bij KoHueHTpauii enexrponity AgNO; npu

T =293 K 3a ekcliepiMEeHTAIBHUM JaHUMH elleKTpodopesy:

3
c 105 0 | 1.0 | 25 | 50 | 75 | 100 120
KMOJIB/M
L-10% 30.0 | 323 | 354 | 33.1 | 31.0 | 34.1 | 31.0
107 53 | 56 | 53 | 53 | 47 | 21 | 08
&, MB

E=110B;t=60xB;n=1-10"ITa-c; e = 81; gy = 8,85 - 10 "> ®/m.

Bxkazatu crpykrypy [TEL miist Cyiyy 1 Cyaxe €1€KTpOITITY AgNO5.

16. 3HaiiTH BeJMYUHY MOTEHLiany Tedii E. ey, BAKOPUCTOBYIOUH Ha-
CTYIHI eKCIICpUMEHTAJIbHI JaHi, OTPUMaHi IBOMa METOIaMH:

1) npu enekTpoocMOTHYHOMY pyci BojHoro pozunty KCI kpi3b Mem-
OpaHy 3 moJicTHpONy 00’eMHa mIBHAKICTH craroBuTE Q= 0,4-107° M/c,
cuma crpymy I=8- 107" A;

2) A IpOJIABIIIOBAHHS TOTO K PO3YMHY Kpi3h MeMOpaHy THCK CTa-
HOBUTH P =20 - 10’ ITa.

17. TloOynyBaTH Ta MOSCHUTH rpadik 3aJIe)KHOCTI CICKTPOKIHETHY-
HOTO TOTeHmiamy 3070 AgBr Big KoHIEHTpamii eIexTpomiTy
K4[Fe(CN)¢] mpu T'=293 K 3a ekcniepuMEHTaIbHUME JaHUMH EIEKTPO-

thopesy:

C-10°, kmoms/M’| 0 50 | 150 ] 250 | 35,0 | 50,0 | 60,0
L-10% M 343 | 351 | 324 | 335 | 31,2 | 30,0 | 35,0
h10% M 39 | 07 | -1,7 | 24| -211]-09 | -03
£, MB 314 | 203 | 142 | 81 | 50 | 33 | 25

E=120B;r=60xB;n=1-10"Ta'c;e=81; g =8,85- 10" ®/m.
Bkasatu ctpykrypy [EIL mi1st Cyiy 1 Chaxe €1€kTpOIiTY Ky[Fe(CN)g].
18. BuzHaunT! THCK, SIKHH HEOOXIHO MPHUKJIACTH, MPOIABIIOIOYH
Kpi3b MeMOpaHy 3 Byrijiekucioro Oapiro 96 %-i etwinoBuil cnmpr, oo
MOTEHIian Tedii cTaHOBHB FE.,= 1,9 B. Tlpu mpomy &=42- 107 B;
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MUTOMa EJIEKTPOIIPOBIHICTL cepenoBumia y = 1,1 - 10 Om M Bsis-
KicTh cepenoBuma 1 = 1,2- 107 Ia-c; € = 81; gy = 8,85 - 107* ®/m.

19. Bu3HaunTH BeNMUMHY E-MOTEHINIATYy Ha MEXi KepaMidHOTO (ibT-
py 1 BozHOro po3unny KCl, siKIio npu nposaBitoBaHHI pO3YHHY 30BHIIIHIM
tuckoM P = 13,3 - 10° [Na BuHuKae moTeHmian teuii Epeq = 2,6 10° B i npu
bOMY ITHTOMA ENEKTPONpPOBiAHicTh cepemomma x=1,6-107Om "M ';
B’SI3KICTh CEPEAOBUILA 1) = 107 Ma-c; g = 8,85 - 107" d/m; & = 81.

20. [ToOyayBaTi KpUBY 3aJ€KHOCTI BEIIMYMHH &-TIOTEHIIATY BiJl Jia-
MeTpy mop KopyHaoBoi miadparmu B po3unHi KCl, kopucTytodnck Taku-
MH EKCIIEPUMEHTAIBHUMH JaHUMH €JIEKTPOOCMOCY:

Jliamerp mop d- 10°, m 3,0 | 10,0 | 25,0 | 75,0 | 100,0
06’emua msuakicts Q- 10°, m’/c | 2,0 | 3,2 | 3,9 | 40 | 4,05

IlutoMa eneKTpompoBiaHicTs cepenoBuma x=1,3-1070m M ';

B’s13KicTh cepenouia 1 = 107 IMa-c; cuma crpymy /=2-107 A; & = 81;
€0 =8,85- 107" ®/m.

21. OOYUCITUTH EIIEKTPOKIHETUIHUM MOTEHINaN 30110 Ag y METH-
JIOBOMY CIIHPTi, SKIIO IIBHIKICTh YaCTHHOK 30JII0 TPH eleKTpodopesi
u=6,6-10" M/c; TpamieHT HAIpPYXEHOCTi 30BHIIIHBOTO EIEKTPHUHOIO
momst  H=300B/M; B’sskicte crmpry m=0,61-10"Ta-c; &=34;
€0 =8,85- 107" ®/m.

22. BU3HAaYHTH €NCKTPOKIHETHYHHUI OTeHIIAN rinpo3onto Fe(OH);,
skmo npu 7 =291 K mBUIKICTh YaCTHHOK B IPOIECi eJIeKTpodope3y
u=14,7-10"° M/c; rpafieHT HAPYKEHOCTi 30BHIMIHBOIO EIEKTPHUHOIO
noist H =319 B/m; n1s Boau BiHOCHA JlieNIeKTpUYHA NOCTiiHA € = 81;
B’ s3kicth 1 = 1,05- 107 IMa-c; £ = 8,85 - 107" ®/m.

23. I1pu temneparypi pocnigy 7 =293 K Ta rpajieHTi 30BHIIIHBOTO
enekrpuanoro moys H = 100 B/M myxupers BOJHIO TEPEMIIIYEThCS 10
aHoJa 3 JHIHHOK IMBHAKICTIO u = 8,4 - 107° m/c. BusHauntu €JIEKTPO-
KIHETUYHMI MMOTEHIia] Ha MEXI BOJEHb — BOJA, SKILIO BiJHOCHA JicieK-
TpUYHA MOCTiiHa Boau € = 81; g9 = 8,85 - 1072 ®/m.

24. OOYNCITUTH eNEeKTPOKIHETUIHNUN ITOTEHIIial 3010 CBUHITIO B Me-
THJIOBOMY CIIHPTI, sIKIIO 32 yac ¢ = 100 XB piBeHb PO3UMHY NEPEMICTHUBCS
Ha h=1,1-10" M npu mowxuni Tpy6kn L= 10" M i npuknazeniii Ha-
Mpy3i 30BHIMIHBOTO eJIeKTpudHOTO 1ot £ = 30 B; B’A3KicTh 301110 CTa-
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HoBUTH M = 0,61 - 107 ITa-c; BigHocHa JlieNIeKTpUYHa TOCTiHHA Cepeso-
Buwa € = 34; & = 8,85 - 107" d/m.

25. Ilpu mocmigpKeHHI 30710 IPYHTOBHUX YaCTHHOK METOAOM eJIeK-
Tpodopesy Oymo 3HaiiieHO IXHE TeEpeMilleHHS Ha BiJICTaHb
h=025-10" M 3a gac ¢ = 60 xB npu mocTiiHii Hanpysi E = 5,8 B i 108-
xuHi TpyOkn L =34,6-107 M. BU3HAYNTH eIeKTPOKIHETHUHHIT MOTCH-
miayn 30710, SKII0 €)= 8,85 - 102 ®/m; B’SA3KICTH BOAM M = 107 Ila-c;
e=8l.

2.3. KoHTpPOJIbHI MUTaHHSA

1. CchopmynroBaTH NPHYMHM BUHUKHEHHS 3apsAAiB Ha MiKGas3Hil
MTOBEPXHI.

2. SIxa ponb 10HHOT afncopOIii MpyU BUHUKHEHHI 3aps/iB Ha Mixkdas-
Hiit noBepxHi? ChopmymoBaru npasuna Pasuca—Ilanera.

3. Sk ytBoOproerbcsi monBiinui enekrpuunui map (ITELI) i sxa
rioro 6ymosa? o Take afacopOIiiiHMIA map i0HIB i AUPyY3iHHNHN 1Iap?

4. Slk moOynoBaHMWY 1OHHUIA MIap HA IMOBEpXHi YacTHHKU? SIKi i0HH
HA3MBaIOTHCS MOTEHIIABU3HAYAIOYNMH 1 sIKi — npoTHioHamu? HaBectn
MPUKJIAIHL.

5. o take TepMomuHaMiuHuil moTeHmian? Jle BiH BUHUKAE Ta YUM
BU3HAYAETHCSA OT0 BENMYHHA?

6. Illo Take enekTpokiHeTHM4YHHWIl moteHuian (&-moreHuian), ne BiH
BUHUKAE T4 YUM BU3HAYAETHCS HOTO BEJIMUUHA?

7. Sk BIUIMBa€ KOHLEHTPALSl €NEKTPOJIITY HA BEIWYMHY EIEKTPO-
KiHETHYHOT'O MOTEHIIiany?

8. HaBecTn npukitagy Ta MOSCHUTH MEXaHi3M BIUIUBY PajiyciB i0HIB
Ha BEIMYHHY &-TIOTEHIIANY.

9. [TosiIcCHATH BIUIMB BAJICHTHOCTI 10HIB Ha BETMYMHY &-TIOTEHITIANTY.
Sk Mosxe BinOyTHCS Tepe3apsKeHHs moBepxHi? HaBectn mpuxmanm.

10. Sk BruTMBae TemIiepatypa Ha BeNn4uHy &-noreHmiany? HaBectu
rpadik i MOSCHATH HOTO.

11.B yomy cyrtHicTh siBuIa enekrpodopesy? Sk mo niHiHHINA
MIBHIKOCTI eNeKTpodope3y BU3HAYUTH BEIMYMHY Ta 3HAK &-MOTEHIiamy?
HaBectun npukiIaayM NpoMHUCIOBOTO BUKOPUCTAHHS eJIeKTpodopesy.
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12. Y 4omy cCyTHiCTH sBHIIa enekTpoocMmocy? Sk mo 00’eMmHiH
MIBUAKOCTI €IEKTPOOCMOCY BU3HAUMTH BEIMUYMHY Ta 3HaK -MOTeHIamy?
HasecTr npukia g NpoMHICIOBOTO BUKOPUCTAHHS €JIEKTPOOCMOCY.

13. SIxi sBUImA HA3UBAIOTHCS EJEKTPOKiHeTHUyHMMH? Bxkaszatn ix,
MTOSICHUTH CYTHICTh MPOIIECIB, 1[0 MPOTIiKAIOTh.

14. Tlpu sikuX yMOBax CIPSIMOBAaHUM PyX KOJOIHUX YACTUHOK B €JIeK-
TPUYHOMY II0JIi BiACYTHIH?

15. Axwit Burnsaa mae rpadik 3anexHocti & = f(C) s iHgudepeHT-
HUX 1 HeIHAN(EPEeHTHUX eNEKTPOTIITIB?

16. Sk posmonineHi KaTioHH i aHIOHM B cepeanHi nudysiiHoi yac-
M [EI, sKimo nmoTeHIiaBU3HAYIbHI 10HH — KaTioHu?

17. Sx Burnsaae rpadik 3aIeKHOCTI «IMOTEHIAN Tedii — THCK» IS
CycIieH3ii TJIMHU Y BOJIi?

18. Ui MokHa 3acTOoCyBaTH 3MIHHMH CTPyM NP BHBYEHHI SIBHIIA
enekrpodopesy?

19. Bix 4oro 3aiexuth 00’€M MEPEHECCHOT PIAMHU MPH EIEeKTPO-
ocmoci?

20. Sxwuit BurIAA Mae 3MiHa KoHIeHTpanii katioHiB y I1EIII sk ¢pyHK-
ii BiZICTaHi Bifl MO3UTUBHOTO eJeKTpoaa no teopii [lltepHa?

21. o cranoButh «edekt [JoHHAHA» 1 SK BIH MPOSBISETHCS B Pi3-
HUX JIUCIIEPCHUX cUcTeMax?

22. Sk BymBatoTh Ha OynoBy ITEII ioHu, mo MaroTh 3apsm, OJHO-
WMCHHUH 13 3aps/I0M YaCTHHKH (KO10HM)?

23. SIke mpaKTHUYHE 3aCTOCYBAHHS €JICKTPOKIHETHYHHX SBHIIT?

24.Y qomy pi3HHI MiX eIeKTpo(ope3oM 1 eneKTpoizoM?

25.Yu BIIMBAaIOTh Ha €NEKTPO(GOPETHYHY PYXJIHMBICTH YaCTHHOK
ixHi po3mipu ta popma?
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3. OIITUYHI BJACTHUBOCTI

ITpu mangiHAI IPOMEHIB CBiT/Ia HAa KOJIOITHY CHCTEMY BOHH MOXYTb
MOTJIMHATHUCA, BiIOMBATHCS 200 PO3CIIOBAaTHUCS YaCTHHKAMM JIUCIEPCHOT
(ha3u. BigOUTTA CBiT/Ia TOBEPXHEIO YACTHHOK BiIOYBAETHCS 32 3aKOHAMU
TEOMETPUYHOI ONTHUKH y BUNAJKY, SKIIO PO3MIPH YaCTHHOK IIEPEBHILY-
I0Th JOBXKHHY XBWJII IaJal04yoro CBiTiIa. Y BHJIMMOI YaCTHHH CIEKTpa
(0,4-0,7 MKM) 1 yMOBa TOTPUMYETHCS JUISI TPYOOAUCICPCHUX CHCTEM.
JIns KOJIOTMHKUX CHCTEM 13 YaCTHHKAMH, 3HAYHO MEHIIMMH, HIXK JIOBXKHHA
XBHIII, XapaKTepHE 1HIIE SIBUIIE CBITIOPO3CIIOBAHHS — OMAJIECHeHITisl.

3aBIAKN CBITJIOPO3CIIOBAHHIO KOJIOITHI PO3YMHH JIETKO BiIPi3HUTH
BiJl MOJICKYJIIPHUX 1 1OHHUX PO34YHHIB. SICKpaBe CBITJIIO BiJl CHIBHOTO
JoKepena (OKyCYIOTh 3a JOIOMOTOIO JIIH3M — KOHJIEHCOpa Ha IUIOCKY
KIOBeTy 3 po3unHoM. [Ipu crmoctepexeHHi 300Ky 4ucra piguHa abo Mo-
JIEKYJSAPHI PO3YMHH YSABIIIFOTHCS ONTHYHO ITOPOKHIMH, TOJI SIK Y BUIAJ-
Ky KOJIOITHOTO PO3YMHY CIIOCTEPITaeThCs PIBHOMIPHE CBITOPO3CiIOBAHHS
ociTieHoi aiinsHky (egext Tungans).

Ha ocHOBI BenMKOTO eKCIiepUMEHTalIbHOro Marepiany Peneem Oyna
CTBOpEHA TEOPisl CBITIOPO3CIIOBAHHS, CYTh SIKOT 3BOJIMTHCS 10 HACTYITHO-
ro. [Ipu mpoXoKEHHI CBITJIOBOI XBWJII 3MiHHE B Yaci €JICKTPOMAarHiTHE
HoJIe BUKJIMKAE MOJSIPH3aII0 YacTHHOK jucnepcHoi ¢asu. Bunukaroui
JUTIONI 31 3MIHHUMH €JIEKTPOMArHiTHUMH MOMEHTaMH € JDKepeaMH
BUIIPOMIHIOBaHHS CBIiTJIa. B 0JHOpiAHOMY cepeloBuILi CBITIO, BUIIPOMI-
HIOBaHE BCiMa JIUIOJISIMHU, BHACHIIOK iHTEp(dEpeHINii TOMTHPIOETHCS Tijlb-
KU B [IEPBICHOMY HalpsIMKY BiANOBiqHO 10 npuHiummy [tolireHca. Skio
X Yy CEpeIOBUIIl € HEOJHOPITHOCTI 3 1HIIMM ITOKa3HHKOM 3aJIOMJICHHS
CBITJIa, HANPHKIIAJ, KOJOIJHI YaCTHHKU a0o CHCTEMH i3 (uIyKTyauismu
ryctuHu (0OyMOBIICHI acoriaTaMyd MOJIEKYJ a0 OKPEeMHUMH MakKpoMoJie-
KyJIaMH), AUIOJIbHI MOMEHTH 3100yBalOTh y LMX By3Jax 1HIIY BEITHYUHY
1 BHIIPOMIHIOIOTh HECKOMIICHCOBAHY CHEpTit0 y (OopMi pO3CiSIHOTO CBIT-
ja. MOMEHT JUIOJsA 3aJeKUTh BiJl YaCTOTH CBITJIA (JOBXKHHH XBHJII) A.
TakuM 4MHOM, IHTCHCHUBHICTH CBITJIOPO3CitOBaHHS J € (YHKIIIEI0 MOKa3-
HUKIB 3aJIOMJICHHS CBITJIa AMCIIEpCHOI (asu n; 1 qucnepciitHoro cepeno-

BUIIA 71;, JOBXKUHHU XBHJII A, 00’€My YaCTHHOK V, OCKUIBbKH TOJSIpH3a-
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1ist — 116 00’ €MHAa BJIACTUBICTH YaCTKOBOI ¥ 200 MacoBoi C KOHIIEHTpaIlii
Ta IHTEHCUBHOCTI 11a[af040ro CBITiIa Jy:

J=f(Jy,n,n,,A0,V,C). 3.1

O06unCcIUBIIN PEe3yAbTYIOUNI TUITOJIEHUN MOMEHT Ta iHTEHCUBHICTh

BUIIPOMIHIOBAaHHA CBiTJIa, Penel oxep:kaB BUpa3 Uil iHTEHCHBHOCTI

MOJISIPU30BAHOTO CBiTIA J, PO3CISTHOTO Y BCiX HAPSAMKaX:
2473 -v-V? [ n}—n2
A4 nt +2n3

J=J, 3.2)
ne Jo— IHTEHCHBHICTh IAJAK040ro0 CBITIIA;

V — 4aCTKOBA KOHLIEHTPAIIIS, M ;

V' — 06’eM KOXKHOI YaCTHHKH, M3;

ny 1 n, — KoeQiI[iEHTH 3aTOMIICHHS CBITIAa AMCICPCHOI (asu Ta auc-
TEPCIHHOTO CepeIOBUINA BiIIOBITHO;

A — JIOB)KMHA XBUJII [1aJaf040r0 CBITJIA, M.

HaBeniene piBHSHHS € OCHOBOIO ONTHYHUX METOJIB JIOCIiIKEHHS
KOJIOiTHUX PO3YHHIB 3 CBITJIIOPO3CIIOBaHHSI.

11106 BBeCTH B PiBHSHHS KOHIEHTparito C, KI/M’, MHOKHMO 100y~
TOK V-V Ha TYCTHHY PEYOBHHU p:

C=v-V-p. (3.3)

. 3. . e .

Ockinbku 06’em yactudku V= (4/3) - i Bci noctiiini Benuunuy,
BKJIIOYAKOYH P, 00’ €HYIOTbCS B KOHCTaHTy K, piBHsHHS Penes MoxkHa
3aMucaTi B iHIIOMY BUIJISI:

_i_K'C'l"3

y . (3.4)
0

SIK BUJIHO 3 HaBEIICHOTO BHMPAa3y, BIJHOIIECHHS IHTEHCHBHOCTI PO3-
CISIHOTO CBiTJIA JIO IHTEHCHBHOCTI IaJIQl0yOro, IO OJEPKaJlo Ha3By
MYTHOCTi T, TPOTOPIIIHHO KOHIIEHTpALii TUCIIEPrOBAaHOI PEYOBHHU |
paniycy HOro 4acTWHOK. Y TEBHIH 0OJNAacTi KOHIICHTpAIifl 3aJIe)KHICTh
T =/ (C) € niHiiiHOO.

3a JOMOMOTOK0 YIbTPAaMiKpPOCKOIA MOXKHA MiJpaxyBaTH YHCIIO Yac-
TUHOK y TIECBHOMY 00’eMi 30110 W (OepyTh cepeaHe YHCIIOo i3 COTEHb ITiJI-
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paxyHkiB). Slkmo C-W — Maca 4acTHHOK, IO 3HaXoAsTcs B o0’emi W,
TO Maca OJHi€l YaCTUHKHA

m =

(3.5)
\%
[MpuitHsBiy GopMy HaCTHHOK KyJISICTOIO, MOYKHA pO3paxyBaTh pa-
JlyC YaCTUHKH 7, M:
1

.C-W)3
po| 2CT R (3.6)
4n-v-p
SIKIO YaCTHHKU MaloTh (OpMY KyOHKa, TO MOXKHA BH3HAYUTH JIOB-
JKHUHY peopa [, m:

y-C&" (3.7)
v-p
1
. 3
1| &7 (3.8)
vV-p

e V—o006’eM 4acTHHKH, M".

Hedenomerpisi 103BOJIsI€ BH3HAYATH KOHIICHTPALID a00 pPO3MipH
gacTHHOK aucriepcHoi (asu. CyTHICTP METOIy TOJISTaE Yy TOPiBHIHHI
MYTHOCTI T; 1 T, JBOX CHCTEM, KOHICHTpaIis (a00 AMCIEPCHICTD) OHI€ET
3 SIKUX BigoMa. BHCBITIIIOIOYHM KIOBETH 13 30JIIMH PIBHOMIPHO TaIAal0THM
CBITJIOM i1 3MIHIOIOYH BHCOTY OCBITJICHOT YAaCTHHU 30JiB A 1 h,, JoMara-
IOThCSI PIBHOCTI IHTEHCHUBHOCTI CBITJa, PO3CissHOro oboma 3oismu. Toxi
OJICPIKYEMO PIBHSIHHS:

T b =T, 0y, (3.9)
a OCKUTBKH MYTHICTB T TIporopIiiiHa KoHIeHTpanii C, To
Ci-h=C, h,. (3.10)
Ipynryrounce Ha Teopii Penes, Jle6aii 3anponoHyBaB po3paxyHKOBY
(dhopmyty, IO 3B’SI3y€ MYTHICT PO3YHHY 3 PO3MIpOM HOTO YaCTHHOK:
t=C-H-M, (3.11)

. 3
ne  C — KOHLEHTpalis po34ruHy, (KMOJIB/M);

H — y3aranbHeHa KOHCTAHTa, (M /KT);

M — monekysipHa a00 MileNsIpHa Maca peaoBUHH, (KI/KMOJIB).
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Heo6xigHo Big3HauuTH, 10 piBHAHHA Jlebas crnpaBeuInBe TiNBKH
JUISL CWIIBHO PO3BEJICHUX PO3UYHHIB.

PiBustHHS Penest cripaBemmBe ISl HENPOBIHUX YACTHHOK, 30JISIM
METAJiB BIACTHBI OLTBII CKJIAJHI 3aKOHOMIPHOCTI. 3MiHHE eleKTpoMar-
HITHE TI0JIe CBITIIOBOI XBHJII TeHEPY€E B YACTUHKAX TPOBITHUKA €ICKTPHUY-
HUH CTPYyM; YaCTHHA €HEPTil XBHUII NIPU IIbOMY MEPETBOPIOETHCS B TEILIO-
Ty, 1 BimOyBaeThCsl 3HA4YHE MOTJIMHAHHA CBiTia. IIOTTIMHAHHS MOMIIMBO
TaKOX 1 y BHUMAJIKy HENPOBITHUX YAaCTHHOK, HANpHUKIaJ, 30JiB bepiin-
CBKOI J1a3ypi; BOHO i € IPHYMHOIO IXHBOTO SICKPABOro 3a0apBIICHHSI.

BcTaHoBEeHO, 110 IPU MPOXOPKEHHI Kpi3h KOJIOIAHY CUCTEMY IHTe-
HCHBHICTb T1aJIal040T0 CBITIIa MOCIA0ISIETECS BHACIIIOK HOTO TIOTIIMHAH-
HJ BIATIOBITHO /10 3akoHy JlambGepra—byrepa—bepa:

J=Jyexp(—¢, -C-1), (3.12)

ne J — IHTCHCUBHICTH CBITJIa, IO MPOMIILIO;

Jo — IHTEHCHBHICTh IaJAI0Y0I0 CBITIA;

C — MoJsIpHA KOHIIEHTPAIlisl PEYOBHHH, MOJ'II:./I[M3;

/ — TOBIIMHA TOTIMHAIOYOTO IIAPY, M;

€;, — Koe(iIeHT MOJIIPHOTO TOTJIMHAHHS (KOS(IiEHT eKCTHHKIIIT),
SIKA{ 3aJICKUTP BiJl IPUPOIM PEUOBHHU, JOBXUHH XBUIII CBITJA 1 TeMIle-
paTypH.

Jlorapudm BimHOMEHHS IHTEHCUBHOCTI TIa1al0Y0T0 CBITIa JI0 iHTEH-
CHBHOCTI CBITJIa, [0 TPOMIILIO, HA3UBAETHCS ONTHYHOIO T'YCTHHOIO CHC-
TeMH a00 EKCTUHKIIIEI0 D:

D=lg % =g, -C-1l. (3.13)

JIst 301iB MeTaTiB XapakTepHa BHOIPKOBICTH TOTJIMHAHHSI, IO €
(YHKITIEFO TUCTIEPCHOCTI: 31 301IBIIEHHSAM OCTaHHHOI MAKCUMYM ITOTJIH-
HaHHS 3CyBa€ThCs YOiK KOPOTKHX XBWIJIb. TOMY BHCOKOAWCIIEPCHI 30JTi
3o0m0T1a (7 =20 HM), [0 MOTJIMHAIOTH IIEPEBAXKHO 3€JIeHY YaCTHHY CIIEKT-
pa, MalOTh IHTCHCHBHO-UYEpBOHE 3a0apBIIeHHS; 31 30LIBIICHHAM PO3MIipiB
4acTHHOK 710 50 HM 30711 30J10Ta 37100yBalOTh CHHE 3a0apBIICHHS B CBITJII,
110 MTPOMIILIO, Ta Oypo-JIijioBe MpH OOKOBOMY OCBITJICHHI.
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3 gBUIIaMH BHOOPUYOTO MOTIIMHAHHA Ta PO3CiIOBaHHSA CBITJa MOB’S-
3aHe 3a0apBJIEHHS sy MiHEpaiiB, 30KpeMa, JOPOTOLIHHMX KaMEeHIB i
CaMOIBITIB, II0 MICTATh BHCOKOIVCIIEPCHI MeTaleBl BKIOUEHHsS. Tak,
3abapBiIeHHs OJAaKUTHOI KaM’sTHOT coJli 00yMOBJICHO Ae()eKTaMH PEIiTKH
NaCl; numuacTuii KBapl, aMeTHCT, candip sSBISIOTE co00t0 ogapOoBaHi
pi3HOBUAM KBapIly, ae B pemriTky SiO, BKiroueHi atomu Mn, Fe Ta iHmmx
MetaiiB. PyOiH — xonoigauit po3uns Cr abo Au B AL,O;.

3acTocoByBaHicTh 3akoHy JlamOepra—byrepa—bepa nepeipsieTbes
rpadiyHo: 3aneXHICTh D Bil KOHIIEHTpallil pEYOBUHU B PO34YMHI OBUHHA
OyTu niHiiHOW. SIKIIO cucTeMa MiKOpsIEThCs IbOMY 3aKOHY, TO JUIsl OIl-
THUYHOT T'YCTUHU MOXKHA 110 KaJiOpyBaibHil JiHIT 3HAWTH HEBIIOMY KOH-
LEHTPalil0 PEYOBUHHU.

Hnsa 6e36apBHUX abo Oiumux 30miB [emep ycTaHOBUB 3aJIC)KHICTP
3arajlbHOTO BHUTUIALY MK ONTHYHOIO TYCTHHOIO D i JOBKHHOIO XBHII
[MaJar04oro CBiTiIa A:

D=K-\ ", (3.14)

e A — JOBXHHA XBWJIi TIAJar04Y0ro CBITIIA, M;
oL — Koe(ilieHT, BEIMYMHA SKOTO 3MIHIOETHCS BiAIOBIIHO IO Iia-
METPY YaCTHHOK;
K — xoHCTaHTa.
3a3HavycHa 3ajexHicTh ['emiepa Mae BelIHWKE NMPAKTHIHE 3HAYCHHS,
TOMY IO JO3BOJISIE TIO EKCIIEPUMEHTANIFHO BH3HAUYCHWM BenndnHam D
TP JACKUTBKOX 3HAYCHHSX A BU3HAYUTH PO3MIPH YaCTHHOK 30:1F0. JIjist
IbOTO OyAyIOTh HpsMy JiHiI0O B kKoopauHatax lgD =f(Ig)); TaHreHc
KyTa HaxXWiIy IIi€l mpsMoi JTopiBHIOE KoedirieHTy o. Jam 3a kamiopy-
BaJILHOIO KpUBOI ['emiepa, moOyaoBaHOIO B KoopauHartax o = f (d), 3Ha-
XOJIATh CEPEAHIN iaMeTp YaCTHHOK JOCTiKyBaHo1 cucteMu. Kpim Toro,
MTOKAa3HUK 0. MOKHA BH3HAYMTH TakoX 3a MeronoMm Teopenna: xopuc-
TYIOUHCh JIBOMA CBITIOQUIETpaMH, ONCPXKYIOTh IBa 3HaueHHA D s
JTBOX JTOBXKHH XBWJIb. J{aJti, KOPHCTYIOYHCH CITiBBiTHOIICHHIM
D, ()
Ly 2

=2, 3.15
D, |7 (3.15)

3HaXO04ATh BEJININHY O, [TOTIM BU3HAYAIOTh p03Mip YaCTHHOK.
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3.1. Ilpuxkaaau pilmeHHs THNOBUX 3aBJAaHb

1. IToTik cBiTNa 3 MOBXKWHOIO XBWII A = 528 HM, MPOXOJSYH Kpi3b
urap emyibeii CCly y Bomi ToBImMHOW /= 5-107° M, MOCIABII0ETHCS B pe-
3yJbTATI CBITJIIOPO3CIIOBaHHS y 1Ba pa3u. Po3paxyBaTtn pamiyc Kpameib
nucnepcHoi ¢aszu, i1 06’ emunii 3mict C, = 0,8 %; MOKa3HUK 3aJOMJICHHS
ceitna CCly ny = 1,460, Bogu — n, = 1,333. CBiTJI0 PO3CIIOETHCS BiIO-
BIIHO /0 piBHsAHHA Penes i mocmaOmioeTbes 3a 3akoHOM JlambGepra—
Byrepa—bepa.

Pimenns. PiBasaHa Penmes 3 ypaxyBaHHSIM TOTO, IO Kparuli
eMyJbcii MarTh chepuuHy (opMy Ta 3amaHO iXHIH 00 €MHHH 3MicT,
MOJKHA MOJIATU B TAKOMY BHIJISII:

2
2473 [ n? —n3 4m-r3
J=J,- | 1.C,- =1-J,.
A\ nf+2n 3
3 irmoro 6oOKy, BiAMOBIAHO a0 piBHAHHS JlamOepTa-byrepa-bepa:

D= 1g[fo] - !
S\ 2,303

J .
3a yMOBOIO 3aBIaHHs 70 = 2. Toni

. 2,303-D _ 2,303-1g2 ~ 13,85 (M)).
! 0,05

[TincraBnsitoun OTpUMaHe 3HA4YEeHHs T y piBHAHHS Penes, 3Haxomu-
MO pajiiyc Kparenb eMyJbCii:

e A (nf+2n3 ’ 3
32n*-C, \ n?—n?

1
. 10-71\4 2.9, 2323
:[13,85 (5,28-1077) .(1,460 +2-1,333 j } 2310

W=

32-3,144.8-1073 1,4602 —1,3332

2. TlobOyayBatu KkamiOpyBaibHy KpuBy lemepa B KOOpAMHATaX
o = f(d) 3a TAKUMU TaHUMH JUTsl YACTHHOK TOJTICTHPOIBHOTO JIATEKCY:

o 4,00 | 394 | 3,61 | 2,88 | 242 | 2,29 | 2,20 | 2,11 | 2,10
d,am | 25 40 60 90 | 110 | 120 | 130 | 150 | 160
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3HaYeHHS ONTHYHOI I'YCTHHHU D AT Pi3HUX JTOBKUH XBHIIb A

JloBKHHA XBHIII A, HM 415 485 527 685
OntuyHa ryctuHa D 1,122 0,623 0,447 0,161

BusHaunuTH cepeiHili paniyc 4YacTHHOK 0e30apBHOrO TipO30ITI0
MaCTHKH.

Pimennsn. Byayemo kaniopysanbny kpuBy ['emepa (puc. 3.1)

Puc. 3.1. KaniopysansHa xpusa ['emiepa o = f(d)

[lepeTBOpHMO eKCHIEPIMEHTAJIBHI AaHI B JIOrapupMidHAN MacmTab:

lg A 2,62 2,69 2,72 2,84
lg D 0,050 —0,206 —0,350 —0,793

Bynyemo rpadik lgD = f(Igh) (puc. 3.2).

BO‘-IeBI/I,HB, o KOGq)iHiGHT o, SIKUH BU3HAYAETHCS K TAHTCHC KyTa
Haxuiry ,HOTI/I‘-IHO.I', Z[OpiBH}OGI
o= (091 — (_098)) —

3,83.
(2,84—2,61)
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2,50 2,55 2,60 2,65 270 275 280 285 290

Puc. 3.2. Banexuicte IgD = f(Ig))

Jani 3a xaniopyBanbHO KpuBoto ['emepa (puc. 3.1) BuU3HauyaeMo
JliaMeTp YaCTHHOK Jarekcy d = 49 uwM, ixHii paniyc r = 24,5 HM.

3. Buznauuru rpadiuno KKM BomHOro po3urHy MipHucTaTa HaTpito
(C13H,;COONa) mipu 7= 298K i OBXHHI KIOBETH / = 2 CM 3a 3MiHOIO
ONTUYHOI T'YCTUHH PO3YHHY JJIsl CKCIICPUMCHTAIBHUX JTAHHX:

C,mac.% | 0,05 | 0,09 | 0,14 | 0,18 | 0,25 | 0,32 | 0,36 | 0,45 | 0,64
D 0,02 10,03]0,040,08]0,37]0,66]085] 1,1 | 1,2

Pimennsn. IleperBopuMO eKcrepuMeHTaIbHI AaHi, Oepydn 10
YBATH, 10 3HAYCHHS MOJISPHOI KOHIIGHTPAIIIT, MOJIB/IM’,
C. - 10-p-C(Mac.%)’ MosB/aM?,
M
ne M =250, r/Mosib — MOJIEKYJISIpHA Maca MipucraTa HaTpiio;
p = 0,997, r/em’ — rycTna BogHOro posuuny mpu I'= 298 K;

MyTHICTB pO3UHHY
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ne D — onThyHA IyCTHHA PO3YMHY;
/=0,02, M — TOBXWHA [IUIAXY CBITJa B KIOBETI.

Togni:
.0- 0 . .
. - 10-p-C(mac.%) _ 10-0,997-0,05 —0,0018, o/,
M 250
(23D _23:002 0
/ 0,02
[epeTBOpeHi AaHI MPEICTaBUMO B TaOIHIII:
C 10°,
310,1810,36(0,54]0,73|0,98|1,27|1,45| 1,81 | 2,54
MOJIb M
M 23 135 |46 |92 [42,6]759|97,8|126,5]|138,0
Bynyemo rpadik t= f(C) (puc. 3.3).
1
160 T M
140
120
100
80
60
40
20
0,0 0,5 1,0 1,5 2,0 2,5 3,0
KKM

C- 102, MOIB/ M’

Puc. 3.3. 3anexHicte T= f(C) BOIHOTO PO3YMHY MIpHUCTATy HATPIO

mpu 7'=298 K
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[Ipoexkiiis TOUKH IEpETHHAHHS JOTUYHUX JI0 BUCXITHOT 1 CIIafarvoi
rinku rpadika BusHauae sHagerHs KKM = 6,9 - 10~ moms/mam’.

3.2. 3aBnanHs AJs1 CAMOCTIiHOTO PO3B’sI3aHHS

1.3a nmomomororo HederoMeTpa MOPIBHIOBAIMCS MYTHOCTI IBOX
T1IPO30JIiB MACTHKH PIBHUX KOHIEHTpamid. MyTHICTh HOCIIIKYBaHOTO i
CTaH/IapPTHOTO 30JIiB CTajla OJJHAKOBOKO IPH BHCOTaX OCBITJIICHHX YaCTHUH
nepmoro 30mo A; =5-107 M i apyroro 30mo h, = 19,0107 M Bigmosi-
nHo. CepenHidl pafiyc YacTHHOK CTaHIApTHOTO 300 r= 120- 107 m.
BuzHauuTy pajiyc 4aCTHHOK JIpyroro 30.10.

2. Po3paxyBatu cepenHiil pajiyc 9acTHHOK TiZPO30IIIO0 JIATEKCY I10-
JiCTHpONYy, 3a JaHHUMH, OTPHUMAHHMH 3a JIONOMOTOI0 Hederomerpa:
BHCOTA OCBITJICHOT YACTHHHU CTaHIAPTHOTO 1 HEBIZIOMOTO 30JIiB JOPIBHIOE
h=8-10" M u h,=18- 10" M BiAMOBiAHO; cepemHiil pajiyc YaCTHHOK
cTanaapTHOro 30mo 71 = 88 - 10~ M. KoHIeHTpalii cTaHIapTHOro i Hepi-
JIOMOTO 30JIiB piBHi.

3. Buznauntu niaMeTp YacTHHOK aepo30iI0 332 METOJIOM YIbTpa-

MiKpOCKOMii B TOTOII, sKIIO B 06’emi W=22-10"%m

MiAPaxoBaHO
87 chepuyHNX YACTHHOK aepo30JII0 — UMY MapTeHiBChbKHX nedeil. KoH-
nentparis aeposomo C=1-10" kr/mM’; rycrmHa mucmepcHoi  (asm
p=2-10° kr/n’.

4.Y sKoMy BUTQJKy Ta Y CKIJIbKH pa3iB iHTEHCHUBHICTH PO3CISTHOTO
JUCIICPCHOI0 CHCTEMOIO CBITJIa OUIBINA: MPH OCBITICHHI CHHIM CBITJIIOM
A1 =410 HM ab0 YepBOHHM CBITIOM A, = 630 HM? CBITIIOpO3CitOBaHHS
BiJIOYBa€THCSI BIAOBITHO /10 piBHAHHSA Perest 1 iIHTEeHCHBHOCTI Talal0qmux
MOHOXPOMAaTHYHHX IIPOMEHIB CBITJIa PIBHI.

5. BukopucTOBYIO4M piBHSHHS Peses, BU3HAYUTH 1HTEHCUBHOCTI
CBITJIa, PO3CISHOTO JIBOMa €MYJbCISIMU 3 PIBHUMHU pajiycaMH 4aCTHHOK
1 KOHIIEHTPAITISMH, SKIIO MMOKA3HUKH 3JIOMJICHHS CBITJIa OCH30JIy Y BOJI
(n;=1,501) i nitponienTany y Boai (n; = 1,357); mOKa3HUK 3aJIOMJICHHS
cBiTia Bogu n, = 1,333.

6. [Tpu moCHiMKEHHI TiIPO30JI0 30JI0Ta 3a JOMOMOTO YIbTpa-
Mikpockomna B 06’emi W=1,2-10"" M’ migpaxoBano 5 KyIscTHX dacTH-
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HOK. Po3paxyBaru ixHi cepemHili paniyc, SKIIO KOHIEHTpAIis 30IIO0
C=30-107 kr/m’; ryctuna 3010Ta p = 19,3 - 10° r/nm’.

7. Busnauutu rpadivno KKM BomHOro po3umHy jaypaTa HaTpito
(C11H,;COONa); 3a 3MiHOIO ONTHYHOI TYCTHHH PO3YMHY ISl €KCIIEPH-
MeHTaIbHUX ganux: p= 0,997 r/cm? npu 7= 298 K; 10BXKHHA KIOBETH
[=2cMm:

C,mac.% | 0,21 1 0,42 | 0,63 | 0,83 | 1,25 | 1,50 | 1,70 | 1,96 | 2,06
D 0,02 | 0,06 | 0,14 | 0,36 | 0,82 | 1,12 | 1,32 | 1,4 | 1,37

8. Busnauntu rpadiavno KKM BomHOro po3umHy majpMiTata Ha-
Tpito (C;sH3;;COONa); 3a 3MiHOIO ONTUYHOI TYCTHHH PO3YMHY ISl €KC-
nepuMeHTanbHux ganux: p= 0,988 r/cm? npu T =323 K; nosxuna Kio-
BeTH / =2 cM:

C, mac.% | 0,02 | 0,04 | 0,07 0,10 0,12 ]0,15]0,17 | 0,20 | 0,22
D 0,02 | 0,05037]0,63]0,87[1,15]1,39]1,33 ] 1,27

9. Buznauutu rpagivno KKM BomHOro poszumny oseara HaTpiro
(C17H33COONa); p= 0,998 r/cm® mpu T=293 K; m0BXKHHA KIOBETH
/=2 cM; 110 3MiHI ONTUYHOI T'YCTHHHU PO3YMHY JUIS €KCIICPHMEHTAIBHUX
JAaHHUX:

C,mac.% | 0,02 | 0,03 | 0,05 | 0,07 | 0,10 | 0,14 | 0,16 | 0,19 | 0,23
D 0,04 | 0,06 | 0,20 | 0,42 | 0,69 | 1,14 | 1,25 | 1,30 | 1,20

10. 3a 10TOMOTOI0 METOAY YJIBTPAMIKPOCKOII]l Y MOBITPIHOMY IIO-
Tomi B 06’emi W=2-10"" M nigpaxosano 80 KyGiUHHX JACTHHOK aepo-
301110 — JUMY MapTeHIBCbKOI midi. BUsHaunTH cepenHio I0BXUHY pedpa
YACTHHKH, SKIIO KOHIEHTpamis aeposono C=10,6-107 kr/m’; rycruna
qactiHOK p =2 - 10° kr/n’.

11. Meronom ymsTpamikpockorii y motoui B 06’emi W=1,5-10""
migpaxoBaHo 53 ceprdHi YaCTHHKH aepO30JII0 MACIISTHOTO TyMaHy. BuzHa-
apTH ixHii cepeniii paiyc, Ko koumenTpanis 3010 C=21-10° kr/v’;
rycruna Macaa p = 0,92 - 10° kr/m’.

12. Tlpu JocCHipKeHHI TiIPO30II0 30J0Ta METOIOM YIBTPaMiKpo-
ckomii y moroii B 06’ emi W=1,6" 1071 M migpaxoBaHo 70 Y4aCTHHOK.
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Busnaunti cepepHiii pagiyc cepHUHMX YaCTHHOK 30JII0, SKIIO KOH-
LeHTpalis 3010 craHoBUTh C=7- 1077 KF/M3; FYCTUHA YaCTUHOK
p=19,3-10° kr/™’.

13. Bu3Ha4uTH, Yy CKUIBKU pa3iB iIHTEHCHBHICTH CBITIOPO3CIIOBAHHS
JIATEKCY TMOJICTUPOIY OifbIlla — MPU OCBITIIEHHI HOTO CBITIIOM 3 JIOBXKH-
HOMO XBHII A; = 530 HM a00 3 TOBKHUHOIO XBWII A, = 680 HM.

14. BukopucToByroun KamiOpyBanpHy KpuBy ['emrepa (puc. 3.1),
BU3HAYUTH CEPEIHIN pajilyc YaCTHHOK IOJIICTHPOIBHOTO JIATEKCY, BUXO-
JSY9M 3 TAKUX CKCICPUMEHTAIbHHUX JaHHX, OTPUMAaHUX 33 JOIMOMOTO0
(OTOECNEKTPUYHOTO KOJIOPUMETPA!

JloBxuHa XBWIIL A, HM 415 485 527 685
OnTHnuHa ryctusa D 0,195 0,127 0,099 0,048

15. BukopuctoByroun kaniOpyBaneHy KpuBy [emrepa (pmc.3.1),
BU3HAYHUTH CEPeIHIl pajliyc YaCTHHOK MONICTUPOIBHOIO JATEKCY, BUXO-
JUIYH 3 TAKUX €KCIIEPUMEHTAIbHUX JaHHX:

JloBxuHa XBUJII A, HM 415 485 527 685

OnTunuHa ryctusa D 0,324 0,214 0,169 0,084

16. BuxkopucroByroun KaniOpyBaibHy KpuBy Iemepa (puc. 3.1),
BU3HAYUTH CEPEAHIN pajiyc YaCTHHOK MOJIICTUPOJIBHOTO JIATEKCY, BUXO-
JS14U 3 TAKUX €KCIEPHUMEHTAIbHUX JaHUX:

JloBxuHa XBUJII A, HM 420 489 546 680

OrntuyHa ryctuHa D 0,135 0,077 0,052 0,023

17. IlepeBiputi rpadiuHo 3acTocoByBaHIiCTh 3akoHy Jlambepra—
Byrepa—bepa 1o rixposonto Ky0oBOro CHHBOIO OapBHHKA, BUKOPHCTO-
BYIOUYH EKCIIEPUMEHTANIBHI aH1 CHEKTPOPOTOMETPHYHOTO METOAY:

KonnenTpartis 3omo C- 10°, kr/m® 20,0 40,0 60,0 70,0
OrntuyHa ryctuHa D 0,2 0,38 0,55 0,67

18. KopucTyrounch €KCIIepUMEHTAIBHUMHI JaHUMH CHEKTPO(OTO-
METPHYHHUX BUMIPIB, MiATBEPAUTH IpadidHO 3aCTOCOBYBAHICTH 3aKOHY
JlambepTa—Bbyrepa—bepa 10 Tigpo30r0 CipYUCTOrO YOPHOTO OapBHUKA
Ta BU3HAYUTH KOHIIEHTpaIlifo 300 mpu D = 0,55.
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Konnenrpauis 3omo C-10°, xkr/m”® | 20 | 40 | 60 | 80 | 100 | 120
OnTnuna ryctusia D 0,15]0,30|0,43|0,60|0,78]0,92

19. BusnaunTtu koeQilieHT IOTIIMHAHHS €, SIKIIO TIPH IPOXODKEHHI
CBITJIa 3 JIOBKMHOIO XBHJII A = 610 HM Kpi3b IIap 3010 MAaCTUKH TOBIIHU-
Hoto / npu koHueHTpauii C Oyin OTpUMaHi Taki JaHi:

C, % 1,0 | 0,6 | 0,20 | 0,10 | 0,06 | 0,02 | 0,01
/, MM 2,5 125 ]25 (50 (20,0200 ]300

IHTCHCHBHICT, CBITIA, | 1y 4 | 570 | 639 | 658 | 67,1 | 70,1 | 77,8
110 npoituwio J, %

[To6ynysatu rpadix D =f(C).

20. Po34mH 307110 30710Ta, MO MicTHTH 50 Mr/aM° Au, pO3BeICHHi
B 10° pasiB i mocimkeHHil 1L yIBTPaMIKPOCKOMOM. 3arajibHe YHCIO
YaCTHHOK y 1O 30py miomiero |- 107’ M” i NIMOHHOO IIPOMIHHS CBiT/Ia
2,0-107° M nopiBHIoe 65. TIpUITycKarOUH, Mo YaCTHHKH 30710Ta cepHuHi
i MaloTh Ty K I'yCTHHY, IO i TBepae 3011070, T06T0 p = 19,3 -10° kr/nm’,
ob0uncnuTH iXHIN cepenHiil paiyc.

21. Ilpu HedenoMeTpHIHOMY TIOPIBHSHHI TBOX TiJAPO30J1iB MAaCTUKH
30116 i3 CepeHiM pajiycoM 4acTHHOK 71 = 100- 107’ M mpu mumpuHi mpo-
MiHst cBiTa /; = 8- 107 M MaB Ty 5 OCBIT/IEHICTb IOJISL 30py B OKYJIAP,
1o ¥ BUIPOOYBaHUH 3011k, HA KU ITaJaB MPOMIHbB CBITJIa Yepe3 IUIHHY
mupuHOk0 [, = 27 - 107 M. BU3HauMTH pajiiyc YaCTHHKH 307110.

22. PozumH, o mictute 0,001 r/em® Fe, O, pO3BeICHUH B 10* pasiB.
VYIIbTpaMiKpOCKOMIYHUH MiJPaXyHOK y PO3BEICHOMY PO3YHHI IaB y ce-
PeHBOMY 3 YAaCTHHKHM B 1O 30py miamerpom 0,04 - 107 M i ranGunOI0
0,04 - 107 M. [puiiMaroun, Mo YaCTHHKK MaroTh cdepuany GopMmy i 1mo
ryCTHHA iX TOpiBHIOE 5,2 T/CM’, 3HAiTH JiaMeTp YaCTHHOK.

23.T'ycruna cpibna gopismioe 10,5 r/em’. 3omp mictuts B 1 am°
1 mr cpi6ia Ta posseenuii B 10 pa3iB. 3araibHe YHCIIO YACTHHOK Y MO
30py YJIBTPaMiKpOCKOIIa IpH HifpaxyHKy BusBuiIocs piBHEM 10. [Tnoma
roJist 30py 1 - 107 M* i rauGuna myuka 1107 m. [IpumycKarou, mo gac-
THUHKM cpibiia MaloTh cdepuuny QopMmy i Ty X TyCTHHY, 110 i TBepe
cpibi0, 0O0UMCIHUTH TXHIN CepeaHii paiyc.

24. JloBxXWHA XBWJII YEpBOHOTO CBiTJIA (CHEKTpaabHa JiHIA A)
A =760 HM, a MOBKMHA XBIII CHHBOro cBiTiia (crmekrpaibHa jiHiss C)
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A =430 HM. ¥V sxOMy BHIQJIKy IHTCHCHBHICTB PO3CISHOTO CBiTia Oyne
O17IBIIIONO 1y CKiNBKH pa3iB?

25. TlopiBHATH IHTEHCHUBHICTH CBITJIOPO3CIFOBaHHS €MYJIbCii OCH3U-
Hy y Bomi (n; =1,382) i terpaniny y Bomi (n; =1,544) npu 7=293 K.
Po3mip kpanenb i KOHIEHTpalii eMyibciidi ogHakoBi. [lokasHHUK 3a10M-
JIEHHS CBITJIA JJIs1 BOIU 1, = 1,333.

3.3. KoHTpoJIbHi MUTAHHS

1. SIki ABWINA CIIOCTEPIraroThes MPU MPOXOKEHHI MPOMEHS CBITIa
Kpi3b AUCHEPCHY cUCTEMY?

2. Harmucartu piBusHHES Pernes 1 mpoanamizyBatu iforo.

3. SIk MOXHa po3paxyBaTH PO3MIpH YACTUHOK 301iB 3a ["estepom?

4. SIkuMU ONTHYHMMH BJIACTUBOCTSIMH BOJIOAIIOTH KOJIOITHI CHICTe-
mu? Illo Take onTuyHa ryctuHa?

5. Mo Take omanecueHIis i uryopecueHia? Sk ekcrepuMeHTaIbHO
BIJIPI3HUTH OMAJICCICHIIIIO BiJl IIyOpecHeHIIii?

6. SIx MOXHa BH3HAYUTH PO3MIpH i KOHICHTPAII0 YACTHHOK ITHC-
mepcHOi (ha3u 3a JOMOMOTOK MeToy Hederomerpii?

7. CKOpHCTAaBIINCH PiBHSIHHAM Pernest, MOSCHUTH, YOMY BIICHb Y SICHY
noroxy He00 Mae OMAaKUTHUI KOJIp, a I CHUTHANi3alii BUKOPHCTOBY-
€TBCS YSPBOHUU KOJIP.

8. SIkuii PUHIUT TOKJIAZICHUH B OCHOBY TPUCTPOIO YIBTPAMiKpO-
ckoma? SIk BH3HAYHTH CEpelHill paliyc YaCTHHOK 30JI0 32 JOHOMOIOIO
yIpTpamikpockomna?

9. SIkuil MPUHLIMII MOKJIAJICHUI B OCHOBY HPUCTPOIO EJIEKTPOHHOTO
Mikpockora?

10. Hartucatu piBasiHHS JlamGepTa—Byrepa—bepa. [IpoananizyBaTtu
Horo.

11. Jins SKUX AUCIEPCHUX CUCTEM 3aCTOCOBYEThCS piBHAHHS Jlebas?
Ski mapameTpH JECTIEPCHUX CHCTEM BH3HAUYAIOTh 32 MeTosioM [lebast?

12. Slk MO)XHa BH3HAYMTH KOHIIEHTPALI0 PEYOBMHH B AUCIIEPCHIN
CUCTEMi, BUKOPHUCTOBYIOUH 3aKkoH JlambepTa—byrepa—bepa?

13. SIxi mepeBaru Ta HEIONIKUA €NEKTPOHHOI MiIKPOCKOIi, 3aCTOCO-
BaHOI JIIsI BU3HAYCHHS PO3MIpPiB YACTHHOK TUCIICPCHUX CHCTEM?

14. Slkuii MeToa TOKIAJeHU B OCHOBY BHU3HAYEHHS BiIMIHHOCTI
ICTHHHUX PO3YUHIB BiJl KOJOITHUX?
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15. Yum oOyMOBJI€HE CBITIOPO3CIFOBAaHHS B JUCIEPCHUX CHUCTEMAax
Ta ICTHHHUX PO34YHHAX?

16. SIxkuMu mapamMeTpaMu KidbKiCHO XapaKTepU3yIOTh PO3CIIOBAaHHS
CBITJIa B KOJIOIJTHUX pPO3YHHAX?

17. SIx po3paxyBaTH 3a JaHHUMH MIKPOCKOIIYHOTO aHAJI3y cepea-
HBOYHCIICHHHH, CEpeIHBOIIOBEPXHEBHH 1 CepeTHPOMACOBHIA PAIiyCH Yac-
THHOK? 3a SIKUM ITapaMeTpOM MOKHa 3pOOWTH BHCHOBOK IIPO ITOJIiIHC-
MEePCHICTh CUCTEMHU?

18. Ay iHpoOpMaIlifo PO TUCTIEPCHY CUCTEMY JAIOTh IHTETpalibHA
i nudepeHianbHa KpUBi pO3MOALTY YaCTHHOK 32 po3MipaMu?

19. ¥V domy cyTHicTh MeTOAy Hedemomerpii? SIki mapameTpu Jamc-
MEePCHOI CHCTEMH MO)KHA BU3HAYUTH 32 JJOIIOMOTOIO 1IbOTO METO/Y?

20. Y 4yoMy BiIMIHHICTh SBHI CBITIOPO3CIIOBAHHS 1 IOTJIMHAHHS
CBITJIa 30JIiB METAJIiB y TOPIBHAHHI i3 30/I9MH, 1[0 MICTATH HENPOBiAHI
YacTUHKU?

21. SIk MOKHA BH3HAYUTH OYyIOBY 1 KOH(OPMAIII0 MAKpPOMOJIEKYI
BHCOKOMOJICKYJISIPHUX PEUOBUH ONTHYHUMH METOAaMH?

22. Mo sBisie cOOOIO IWCIEPCIHHMI aHali3 METOJOM CBITIIOBOI
MIKPOCKOITii?

23. Ywm BmmBae ¢opMa KOJNOIMHUX YaCTHHOK Ha ONTHYHI BIIACTH-
BOCTI aucrepcHux cucreM? SIKi METOAM MOXKHA BHKOPUCTOBYBATH IS
BCTaHOBIICHHS (DOPMH YACTHHOK?

24. Slk BinOyBa€TbCsl PO3CIIOBAHHS CBITJIa YaCTHHKaMH Hecepud-
HOT opmu TIpH iXHIH opieHTaIi B 00epTOBOMY TOTOIIi?

25. 3a AKHX yMOB iCHY€ aTMOC(EpHE SBHIIE «BECEIIKa»?
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4. CTIAKICTH I KOATYJISIIIISI

Mix 4acTHHKaMH TUCIIEPCHOI (pa3u TaK caMo, K 1 MK MOJICKyJa-
MU, TitoTh cuim Ban-Jlep-Baambsca (opieHTamiiHi, iHIYKUifHI Ta THC-
nepciiiai). ToMy B QUCIEPCHUX CHCTEMaX 3 Pi3HOIO IIBUAKICTIO, IO 3a-
JISKUTH BiJl POy MapaMeTpiB CHCTEMH i 30BHINIHIX (akTopiB, BigOyBa-
€THCSI SIBUILE 3TUIaHHS YaCTHHOK, 110 OJIEPIKAJI0 HAa3BY KOATYJISILIIT.

Koaryasiuisi Mo>xe IpOTiKaTH HACTUIBKH MTOBIIBHO, IO BIACTHBOCTI
CHCTEMH 3IMIIAIOTHCS HE3MIHHUMH MIPOTSATOM TPHBAJIOTO 4Yacy, 1 BUMi-
pro€eThes iHOAI pokaMu. Taki CUCTeMH Ha3WBAIOTHCS arperaTuBHO CTiii-
KHMH.

[IpuckopeHHsT KOaryJsiiii, BUKIUKaHe Ti€l0o abo IHIIOK Mi€0 Ha
CUCTEMY, MPUBOJUTH J0 3MiH Ii BIACTMBOCTEH (ONTHYHOI T'yCTUHH, 3a-
OapBIeHHs, B’I3KOCTI Ta iH.) a00 HaBiTH M0 MoxTy ¢a3. B arperatuBHO
HECTIMKMX CHCTeMax MIBHJIKICTh KOaryysinili BHU3HAYAETHCS YaCTOTOO
MDKYaCTHHKOBUX 3ITKHEHb 1 HE 3aJIC)KHUTh BiJl IHTEHCHBHOCTI (akTopa,
[0 BUKJIMKAB KOATYJIAIIIO.

VY nocuTh PO3BEACHMX AMCHEPCHHUX CHCTEMaxX KOAryIIIis MPOTiKae
Jy’)Ke MOBUIBHO TUIBKM 4epe3 Mally IMOBIPHICTb 3ITKHEHHS YaCTHHOK.
3 OiABHOICHHSAM KOHIICHTpAIl JUCIEepCHOi (a3 dYacTtoTa 3iTKHEHB
30impITyeThes. [T ofep)kaHHS arperaTHBHO CTIMKHX CHCTEM MOTPiOHO
X craburizyBaTH — 3amo0irTH 3JIMNAHHIO YaCTMHOK IPH BUIIAIKOBHX
3ITKHCHHSIX.

VY nucrepcHUX CHUCTEMax 3 PIJKUM AWCHEPCIHHUM CepeloBHIIEM
cTabiii3alis 3ifCHIOETbCS BBEJCHHSIM PI3HMX PEUYOBMH — cTalimizaTo-
piB, 70 YMCla SKAX HAJEkKaTh: €ICKTPONITH (10 MAIOTh 10HH, 3/aTHI
cnerdigHo aacopOyBaTHCS Ha TOBEPXHI MiXK(A3HOTO PO3JILTY); TOBEPX-
HeBo-akTHBHI pedoBuHH (ITAP); BHCOKOMoOnekymspHi peuoBuau (BMP);
BUCOKOJUCIIEPCHI IIOPOIIKH.

BignoBigHO 10 cydacHHX MOTIAIIB arperaTHBHA CTIHKICTH KOJOiA-
HUX CHCTEM O0YMOBITIOETHCSI HAIBHICTIO TEPMOJMHAMIYHUX 1 KIHETHYHUX
¢axropiB. TepmoanHamiuHi (HakTopH, Iist IKMX CIIPIMOBaHA Ha 3HHXKEH-
HS TOBEPXHEBOT'O HATATY 1 30UIBIICHHS CHTPOIil, 3MCHIIYIOTh iIMOBIp-
HICTh €()EKTUBHUX 3ITKHEHb MIXK YAaCTHHKAMHM, CTBOPIOIOTH TIOTEHIIANIbHI
Oap’epu. KineTnuHi (akTOpy 3HWKYIOTH MIBUIKICTD 3ITKHEHHS YaCTHHOK
1 3B’s13aH1 B OCHOBHOMY 3 T'IpOANHAMIYHMMH BIACTHBOCTSIMU CHCTEMH.
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Po3pi3HAIOTE Taki (aKTOpH CTIHKOCTI AUCTIEPCHUX CHCTEM.

1. ExekTpocTraTnuHuii GaKTop; moysirae B 3MCHIICHHI IOBEpXHE-
BOTO HATATY BHACIIJIOK BUHWKHEHHS IIOJ[BIfHOTO E€NEKTPUYHOTO IIapy
(ITEI) Ha moBepxHi 4aCTHHOK ab0 Kparemb.

2. Ancop0uiiiHo-conbBaTHMI GaKTOP; Nojiirae B 3MEHILECHHI T10-
BEPXHEBOTO HATATY B PE3yJbTaTi B3a€MOJIl YaCTHHOK 3 AUCIIEPCIIHUM
cepeoBHIIEM abo 3aBJIAKH ancopOIii cTabimizaTopis.

3. EnTponiiinuii paKkTOp; IpOSBISAETECS B IMPAarHeHHI TUCIIEPCHOI
(ha3u 10 pIBHOMIPHOTO PO3MOALTY 32 00’€MOM CHUCTEMH IIijl €0 TEIJIo-
BOTO PYXY.

4. CTpyKTypHO-MeXaHiYHuil (akTop; MoB’s3aHuil 3 THUM, 10 Ha
pyHHYBaHHS IUTIBOK, SKi yTBOPIOIOTHCS Ha IMOBEPXHI YaCTHHOK abo Kpa-
Heiab i MaloTh HPYXKHICTH Ta MEXaHIUYHY MillHICTh, IOTpiOHa eHepris
i4ac.

5. Tinpoaunamiunuii ¢axTop; moisArac B 3HIKSHHI IIBHIKOCTI
PYXy YacTHHOK IIPH 3MiHI B’A3KOCTi 1 TYCTHHM IHCIIEPCIHHOIO cepeno-
BUIIA.

6. 3mimani ¢pakTopn HalOLIBII XapaKTepHi A/l peajJbHUX CHUC-
TeM; arperaTUBHa CTIHKICTh 3a0e3MMeUuyeThCs M€ JEKUTbKOX (haKTOpiB
OJTHOYACHO.

Awnanizyroun HaBezieHI (akTopu, MOXKHA 3pOOHTH BHCHOBOK, IO
arperaTuBHa CTiHKiCTh AMCHEPCHHX CHCTEM BU3HAYAETHCS 3HAKOM 1
BEJINYMHOIO PO3KIIMHIOIOYOTO THCKY, III0 BUHMKAa€ NpH 30/MKEHHI dac-
THHOK JucnepcHoi (asu.

Po3KJIHHIOIOYMM THCKOM P MOXHA Ha3BaTH PI3HUIIO MK THCKOM
P, y npomrapky piiuHH, OI0 PO3JUISLE YaCTHHKH, i THCKOM Py B 00’eMmi
pigkoi ¢asi, mo nepedyBae B TepMOJWHAMIYHIA PIBHOBA31 3 PiIUHOIO
B TIPOILAPKY:

P=P -F,. 4.1)

Cx1a10B1 PO3KJIMHIOIOYOTO TUCKY MOYKHA PO3/IUIUTH HA MOJIEKYJISIP-
HY, €IEKTPOCTATHYHY, CTPYKTYpHY, a/ICOPOLIHHY Ta CTEpUYHY.

MouiekyJisipHa CKJIafioBa 0OyMOBIIEHa BaH-JEP-BaalbCOBOIO B3a€-
MOJIi€I0 YaCTUHOK JTUCTIEPCHOT (hash.

EjekTpocTaTH4Ha CKJIaJ0Ba BUHHKAE B THUX BHIQJKaX, KOJIW Ha
noBepxHi yactuHok € ITEIl. Bona oOymoBieHa eJIeKTpOCTaTHYHOIO B3ae-
MOJII€I0 YaCTHHOK 1 IPOSIBISETHCS MPH iXHHOMY 30JIMKCHHI Ha BiJICTaHb
nopsiaky noasoenoi Topmmau [TELLL
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CTpYKTYpHY CKJIaJI0BY PO3KIIMHIOIOUOTO THCKY OB SI3YIOTb 13 COJIb-
BaTaIli€l0 MMOBEPXHI YACTHHOK, TOOTO 3 YTBOPEHHSIM ITOBEPXHEBUX IIapiB
piauHA B 00’ eMi (aszm.

AncopOuiiiHOI0 CKJIaI0BOI0 PO3KIMHIOIYOI0 TUCKY NPUHHATO Ha-
3MBATH CHJIYy IPUTSTaHHSA a00 BIAIITOBXYBaHHS (Ha OJUHHUIIO IOBEPXHI
YACTUHOK), IO BHHHUKAE IPH MEPEeKpUTTI Audy3iiiHUX amcopOmiitHux
IapiB 3 HEUTPATLHUX MOJICKYJ PO3YMHHUKA 1 PO3YMHEHOI PCYOBHHH.

CTepu4HOI0 CKJIAJOBOI0 PO3KJIMHIOIYOTO THCKY IOSCHIOETHCS
crabinizytoua giss BMP i Heionorennux [TAP.

Y3araJlbHEHOI0 BBaXKAETHCS TEOPis CTIHKOCTI 1 KOAryJsmii KoJoii-
HUX cUcTeM, cTBopeHa JlepsarinuM, Jlanmay, ®epBeem i OBepOekom, o
onepxaina Ha3py Teopii JJIPO. BiamopimHo g0 wmiei Teopii, CTIHKICTh
JCIICPCHOT CHCTEMU BU3HAYAETHCS OaTaHCOM CHUI IIPUTSITAHHS 1 BiIIITOB-
XYBaHHS, [0 BUHUKAIOTh MiX YaCTHHKaMH, sIKi epeOyBalOTh y TEILIO-
BOMY, OpPOYHIBCBKOMY PYCI IIPpU TXHBOMY 30JIMIKESHHI.

Jlist cnabKko 3apsyKeHUX MOBEPXOHb 1 MAIMX BifICTaHEH MiXK HUMHU
h (h <50 HM) cymapHa eHepris B3aeMOJii MiXk JIBOMa YaCTHHKAMH Pajiy-
COM 7 PO3PaXOBYETHCS 32 PIBHIHHAM:

A-r

U =U +U, ={21-8-8,-r-¢? -ln[l+exp(—x~h)]}—m, 4.2)
ne  Ug — eHepris elneKTpoCTaTUIHOTO BiIIITOBXYBaHHS YaCTHHOK, JIK;

Uy — eHepris iXHbOr0 MOJICKYJIIPHOTO PUTSTaHHs, JK;

A — xoHctanrta ['amakepa, Jx;

(p — eIeKTPUYHHUHN moTeHnian qudysiiiHoro mapy, B;

h — BifgcTaHb MK YaCTHHKAMH, M;

€ — BIJIHOCHA JTieNIeKTpHYHA MPOHUKHICTh CEPEIOBHUIIA,

&) — CICKTpUYHA KOHCTaHTa, D/M;

¥ — BeJTMYMHA, 3B0OPOTHA TOBLIMHI Audy3iiHOrO mapy, M .

IIpu OinbIIKMX MOTEHIANAaX 1 BIJCTAHAX MIDK YaCTUHKAMU
(h > 50 HM) 15 eHepris BU3HAYAETHCS TAKUM PIBHSIHHSM:

A-r

64-Cy-R-T
12-h°

Uy =U.+U, = vi-exp(—y-h)p— (4.3)

ne  Cy — KOHIICHTpAIlis IPOTHIOHIB Y TUCIIEPCIHHOMY CEpEIOBHIIL;
V — KOHCTaHTa, 00yMOBIICHA BEIUYHHOIO (.
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IToTeHmianbHI KPUBI B KOOPIWHATAX CHEPTis B3a€MOIIi YaCTHHOK —
BifcTaHb MiK uyacTuHKamu U =f(h) naroTh MOXJIMBICTH CYOUTH IIPO
nepeBary THX a0o0 iHIIMX CHJI B Mipy 30JIMDKEHHs YacTWHOK. Ha mammx
BincTansx (k= 1,0 HM) mepeBakae TpUTATAaHHA, 1 Ha KpuBux U =f(h)
YTBOPIOETHCS TIEPITHA MiHIMYM (TIepina MoTeHIiadbHa siMa). [mbuHa
nepmoro MiHiMymy moxe nocsratu 20-25 k7. Ha cepenHix BimcTaHsIx
(h=1,0+10,0 HM) epeBakae BiTIITOBXYBaHHS, 1 Ha MOTCHITIATBHIN KpH-
Bill BUHHKAa€ MaKCHMYM — ITOTEHINIaJIbHUN Oap’ep BIAMITOBXyBaHHS. Bu-
cota Oap’epa 3miHIOeTbes Bim 0 mo 100 k7. Ha OGinpImux BimcTaHsIX
(h=10,0+100,0 HM) 3HOBY TmepeBa)kae TMPHUTATAHHA, 1 Ha KPHUBIH
U=f(h) 3’aBnseThCcsl APYTU MiHIMYM (ApyTa MOTEHIiabHA SIMa), TIIH-
OuHa sIKoTo HeBerKa i 3MiHIoeThes Big 0 1o 10 AT.

TakuMm 4MHOM, BHCOTa MOTEHLIANLHOTO Oap’epa i TIMOMHA SM BU-
3HAYAIOTh MOXKIIMBICTH arperamii YacTHHOK MpH iXHbOMY 30JMKCHHI.
3okpema, (ikcarrisi YaCTHHOK y JPYroMy MIiHIMyMi MPHUBOJIUTH IO YTBO-
PEHHS KOaryJALiHHUX CTPYKTyp. BOHHU 5lerko pyHHYIOThCS MpH 3017Tb-
IICHHI TeMITepaTypH a00 NPy MEXaHIYHOMY BILIMBI.

Sk Oymo Big3HAYCHO paHille, MPH BHBUCHHI SBUIIA KOATYIAIIT He-
OOXITHO PO3PI3HATH JIBa MPOIECH: TaK 3BaHy MOBIIbHY KOATYJISIIIIO,
KOJIM HE KOJKHE 3ITKHEHHS] MJK YaCTHHKaMH TPUBOIUTH JI0 iXHBOTO 31U~
TIaHHSA, 1 CKOPY KOAryJISIilo, KO e(peKTHBHUMH € BCi 3ITKHEHHS 4ac-
THHOK.

Teopiro KiHETHKH cKOpoi Koaryinsii po3po6uB CMOITyXOBCHKHIL.
BiH npeacTaBuB IpoIeC 3MEHIIICHHS 3arajibHOTO YMCiIa YaCTHHOK /1 Y 4a-

Cl ¢ SIK peaKIito JPYroro HOPsAKY:
—@:K-n? 44
dt

[Ticnst iHTETpyBaHHS OEPIKYIOTh:

K:l. l_i (4.5)
t\n ng
abo
1y

n:—’ 4.6
1+K-n,-t “6)

JIe  ng— 3araJibHe YUCII0 YaCTUHOK B OJUHUII 00’€My 30JIF0 JIO0 Koary-
TSI,
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7 — YUCIIO YaCTHMHOK B OJJMHMII 00’ €My 301110 0 MOMEHTY 4acy ;
K — KOHCTaHTa IBHIKOCTI CKOPOi KOAryJisiii.
Bemuuuna K 3anexxuts Bif xoedimienra nudysii D, i pagiyca cde-

U PUTSTaHHA R:

K=4n-D,-R. 4.7
[MincraBuBmIM 3amicTe D, HOTO 3HAYECHHSI, BIATIOBIJHO 10 PiBHSHHSA
Eitnmreitna
k-T
D,=——, (4.8)
6n-n-r
e M — B’s3KicTh cepenoBuia, [la-c;
7 — pajiiyc YaCTHHKH, M,
1 OCKUTBKH R = 2-7, OJIEPKYIOTh:
4.k-T
Kiep =——- (4.9)
3.n

SIK BUAHO 3 HaBEJEHOTO BUPA3Y, Kircop, M’/C, € YHIBEPCATBHOIO KOH-
CTAaHTOIO, IO HE 3aJeKHUTh BiJ MOYaTKOBOI KOHIEHTpALii 3070 Ta BiX
PO3MIpIB YaCTHHOK 1 TOMY HE 3MIHIOETHCS NIPH iIXHBOMY 3JIMNaHHI. SIKIio
BEJIMYMHA KOHCTAHTH Keon, OOYMCIICHA 3 EKCICPHUMEHTATBHUX JaHUX,
He 30ira€TbCcs 3 BEIMYMHOIO, OTPUMAHOIO 3 TEOPETHYHOI (QopMyiH
(Kexen < Kieop), 1€ O3HAYaE, 10 B CUCTEMI BifIOYBa€ThCA He CKOPA, a MO-
BiJIbHA KoAryJIfAllis.

CMOITyXOBCHKHi1 BBIB MOHATTS TaK 3BAHOTO YaCy MOJOBHHHOI Koa-
ryasuii 0 (4ac, HeoOXiMHUHN AJIT 3MEHIICHHS TEPBICHOTO YWCIIAa YaCTH-
HOK y/IBii):

0 = 4.10
o (4.10)
i Tomi
1y
=\ 4.11
SRS 10

KpuBi 3MiHM 4HClia Y4acTHHOK y 4aci OyAyloTh y KOOpIHMHATax
1
n=f(t/6) abo n=f(r),arakox —= f(1).
n

BiamosigHo 1o teopii CMOJIyXOBCBHKOTO, Yac IOJOBUHHOI KOATyJIsi-
i He 3aJeXUTh BiJ 4yacy Koarymsmii ¢. [l mepeBipkd 3acTOCOBHOCTI
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Teopii 3a HAIBHUMH €KCIePUMEHTATIbHUMHU JaHHUMHU PO3PAaXOBYIOTh O 111
JIEKIIbKOX 3HAYEHb /:
t

TN (4.12)

SIk1io O He 3aMIIAETHCS TIOCTIHHOK BETHMYHHOO ISl PI3HUX £, 0Ye-
BUJIHO, III0 B CUCTEMI BiIOYBA€ThHCSI HE MIBUJIKA, a TIOBLIBHA KOATYJIAILIS.

Haii6impIm yacTo Koarysiis JUCTIEPCHUX CHCTEM Bi0yBaeThCS IPH
JTOJIaBaHHi eNEKTPOITIB. PO3Pi3HAIOTE:

1) HeliTpanizaniiiHy KoaryJsinilo, B pe3yspTaTi 3HIKEHHS [TOBEPX-
HEBOT'O MOTEHITIATy YaCTHHOK;

2) KOHIeHTPaMiiiHy KOaryJisiilo, BHACTIIOK CTHCKY Au(y3iiHOI
vactunu [1ENI.

HeiiTpaaizaniiina enekTposiTHa KOAryJsilisi XapakTepHa JUTsl KOJIo-
imHUX cHUCTeM, IO MICTSITh cabKo 3apspkeHi yacTuHkH. KoHIleHTpartiii-
Ha KOATyJLAIis 3BHYANHO CIIOCTEPITAETHCS B CHIIBHO 3apsIKCHHX JTUC-
MIEPCHUX CUCTEMaX.

BiamoBigHO 0 TpaBWII €NEKTPOJITHOI KOAryJsllii, ioHOM-Koary-
JIITOPOM € 10H, 3apsi]T SIKOTO TPOTUIICKHUH 3apsiy KOJIOITHOT YaCTUHKH.

HaiimeH1a KibKIiCTh €IEKTPOIITY, HEOOXITHA [UIs KOAryJIAIil 0u-
HUI 00’ €My KOJIOITHOT CHCTEMH, HA3UBAETHCS MOPOTrOM KOATYJISMil P;.

JI1st pO3paxyHKy MOPOTyY KOATYJISIii Py, KMOJIB/M’, TOCHT TIOMHO-
KHTH KOHIIEHTPAIIII0 enekTpority C, KMOJB/M’, Ha 00°€M HOro po3unHy,
0 BHUKJIMKAB KOAryJALio V), M, i JOOYTOK pO3IIMUTH Ha 00’€eM
3010 W, M
c-Vv

T

Bimnosigao mo emmipuanoro npasuina lymeue—I"apai, npu xoary-
JATIT 30J1iB TMOJIIBAJICHTHUMH 10HAMH TIOPIT KOATYJIAIil 3MEHIIYEThCS:
KoaryJroroua 3JaTHICTh JBOBAJCHTHHX i1OHIB mHpubiam3Ho B S50 pasis,
a TpuBasieHTHHX — B 1000 pa3iB Oinbla, Hi>K OTHOBAJICHTHHUX.

Hepsrianm 1 Jlanmay BuBeieHe piBHSHHS 3aJISKHOCTI TOPOTY KOa-
TYJISIIT BiJl BAJICHTHOCTI KOATyJIFOI0YOTO i0Ha, Z:

A-€3-T3

B= (4.14)

P, = (4.13)

ne A — y3arajJbHeHa KOHCTaHTa;
€ — BIIHOCHA JIieNIEeKTPUYHA MPOHUKHICTh CEPEOBHUIIA;
T — remneparypa, K.
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4.1. Tlpuxkaaau po3B’si3aHHsI TUTNIOBUX 3aB/aHb

1. Po3paxysary i moOyayBaTH HOTEHIIAIBHY KPUBY B3aeMOJil ce-
PUYHUX YaCTHHOK AiamMeTpoM d = 200 M y BogHOMY po3unHi NaCl, sxiro
notexuian ¢ = 20 MB; koncranta lamaxepa 4 = 0,5 10" [Tx; mapamerp
x=1- 10% M temreparypa 17'=293K; €=81; g =38,85: 107" @/m.
3HaueHHs] CyMapHOI eHeprii B3aeMoJlil YaCTHHOK BU3HAYMTH TIPH BiJICTa-
HSX MK IXHIMH TTOBepXHAMH h, HM = 2; 5; 10; 20; 40.

Pimenns. BignosimHo g0 teopii criiikocti JJIDPO ams cmabo
3apsKCHUX MMOBEPXOHB 1 MauX Bifcranei / (h < 50 HM) cymapHa eHep-
Tis B3a€MOJIl MiX JBOMa YacCTHHKAMHU pajiyca r po3paxoBYeEMO 3a piB-
HSHHSIM

U =U +U, ={21-8-8y-7-0? -1n[1+exp(—x-h)]}—ﬂ,

12-h
ne U, — eHepris eNeKTpOCTaTHYHOTO BiIITOBXYBAaHHS YaCTHHOK, JIK;

U,, — eHepris MOJIEKyJIIPHOTO IPUTSTaHHS YaCTHHOK, JX.

3naxoauMo 3HaueHHs Uy IpU /1 = 2 HM:

U,=2-3,14-81-8,85-102-1-107 -(2-102)2 - In[ 1+ e92]=10,77 102 JIx;

-10719.1-1077
y. - 05107110
12-2-107°
U,y =10,77-1072° —20,83-107° = -10,06- 1072 [T .

AHaJNOTiYHO PO3PaxoOBYEMO EHEpril0 B3aeMOJii YaCTUHOK TPH iH-
KX BiACTaHSX /i

=-20,83-1020 % ;

h, HM 1 2 5 10 20 40
x-h 0,1 0,2 0,5 1,0 2,0 4,0
exp (—y-h) 0,905 | 0,819 | 0,607 | 0,368 | 0,135 | 0,018
In[1+exp(—-h) | 0,644 | 0,598 | 0474 | 0,313 | 0,127 | 0,018
U.-10%, Ik 11,60 | 10,77 | 8,54 | 5,64 | 229 | 033
U, - 10%, I —41,67 | 20,83 | 8,33 | —4,17 | —2,08 | —1,04
Usoa- 102, x| -30,06 [ -10,06 | 0,20 | 1,47 | 020 | 0,71

3a MaHMMH HaBEACHUX PO3pPaxyHKIB OyayeMo rpadik 3ajeXxHOCTEeH
Ue, Uy, Usgy Bin .
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h, HM
“““““ ;
25 30 35 40

Puc. 4.1. TloreHuianbHi KpUBi B3aeMoIi1 chepuIHUX YaCTHHOK
niamerpoM d =200 HM y BogHOMY po3unHi NaCl

2. ExcriepuMeHTaIbHO OTpUMaHa 3aJISKHICTD 3araJIbHOTO YUCiIa Yac-
THHOK TiZPO30JIO 30110Ta 7 B | M Bif Yacy KOAryisiiif, BHKIHKAHO
esrextponitoM NaCl:

fc 0 125 250 375 425
n-107"* yacTunok/M® 20,2 8,08 5,05 3,67 3,31

B’s3kicts cepeouma 1= 1-107 ITa-c, Temmeparypa I'=293 K.
ITokazaTn 3aCTOCOBHICTH piBHAHHS CMOJIyXOBCBHKOTO JUISl OIUCY KiHETH-
KM KOaryJiiii gaHoro 3oim0. Po3paxyBaTi 9ac MoJIOBUHHOI KoaryJsmii 0
1 KOHCTAHTy IIBHUAKOCTI CKOpoi kKoaryssnii K. 3piBHATH 3HaYCHHS KOH-
CTaHTH MIBHAKOCTI CKOPOI KOAryJsiii, po3paxoBaHOi TEOPETUYHO, 3 €KC-
MEPUMEHTAIBHOO BETMUMHOIO.

Pimenns. KiHeTuka 3MiHH 3arajlbHOTO 4YKClIa YaCTHHOK Y TEO-
pii CMOJTyXOBCBKOTO MIPEACTaBICHA PIBHAHHIM:

ny
n=—-9 "
1+(¢/0)

Jie 9ac MoJIoBUHHOI Koarysinii 0=1/(K - n,).
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4-k-T

Teop ?9

K

ne k=138 10 JIx/K — xoncranta bonbimana. PisrsHES CMOTYXOB-
CHKOTO MOYKHA MOJATH y BUIIISI:

(ny/n)=1+(¢/90).

Po3paxoByemo 3HaU€HHS 7, / 1 JUIA PI3HUX YaciB KOaryJsii:

tc 0 125 250 375 425
ny/n 1 2,5 4,0 5,5 6,1

Bynyemo rpadixk 3anexxHocTi no/n = f{f).

no/n

0 100 200 300 400 500
tc
Puc. 4.2. Kinetnka xoarymsii ripo30iIio 30710Ta

OTxe, exclepuMeHTanbHi AaHi (puc.4.2) BIINOBIAAIOTH JiHIHHINA
3aJISKHOCTI, Ie BKa3y€e Ha 3aCTOCOBHICTh PiBHSAHHSI CMOIYXOBCHKOTO LIS
OTHCY KIHETHKH KOATYJSIil T1PO30JI0 30J10Ta. 3alekHICTh no/n =f(f)
SBIISIE COOOIO TPSAMY JIiHIFO, IO HE MPOXOTUTH Yepe3 MOYaToK KOOP.IH-
Hat. TaHTeHC KyTa HaXWJiIy 1€l JiHii 1o oci abcruc nopisHioe 1/0. Tomi

6:ctga=ﬂ:83,62 c.
6,74—1

El

KoncraHTa IBUAKOCTI CKOPOI Koarysimii K M3/c:

ck(ekcr)
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1 1
edeen T -0 20,2-1014-83,62
KoncTanTa mBHIKoCTi cKOpoi Koarysiii CMOIyXOBCHKOTO:
4-k-T 4-1,38-10723.293
3 3-10°3
3HayeHHs KOHCTAHT Kegen 1 Kieop ONU3BKI, OTXKE, KOATYJIALIS TiJpo-
30JTF0 30JI0Ta € CKOPOIO.

K =5,94-10"18 m3/c.

=5,39.10"1® M3/c.

ck(Teop) =

4.2. 3aBaaHHS 1JIsl CAMOCTIHHOIO Po3B’sI3aHHS

1. dnst koarymsimii 10-cm® 30mo AgCl moTpi6ro 0,45-cM’ posdmuy
Ba(NOs),; KOHLIEHTpAL[is eIeKTpoIiTy HopiBHioe 0,05 kMomb/M’. 3HaiiTi
MOPIT KOATYJISAIIT 307110,

2. Slka xinbkicte po3unHy Al (SO4); xonmentpamii 0,01 KMOJIB/M®
noTpibHa /Ui Koaryssmii 1 M 300110 As;S;, SKIIO MOPIT KOAryJsIii Hbo-
T0 301110 TOPiBHIOE Py = 96 - 107® kmonb/M>?

3. SIky kinskicTs exexrpomity K,Cr,O7 motpi6ro moxatu g0 10-cm’
300 Al,O;, m00 BUKIMKATH Horo Koaryisimiro? KoHmeHTparis enek-
tpomity craroButh 0,01 KMONB/M’; MOPIr Koarymsmii 307110 XOpiBHIOE
Py=0,63-107 kmomb/M’.

4. SIx 3MIHUTBCS BEJIMYMHA MOPOTY KOAryJISLil, SKIIO JJIs KoaryJis-
i 10-cM’ 30mo Agl 3amicts 1,5 e’ KNO; kommenTparii 1 kvoms/m’
B3s1H 0,5-cM° Ca(NO;), xonnentpariii 0,1 KMOJIB/M® 260 0,2¢M° AI(NO»);
xormenTpamii 0,01 kMoms/M*? OTpUMaHi BEIMUYMHH TOPOTY KOAryJIsii
MOPIBHATH 13 3aJIEKHICTIO MOPOTY KOAryJsIii BiJ BaJICHTHOCTI 10HiB-
KOaryJisTopiB, BcTaHOBJIeHO1 Jlepsrinnm—Jlannay.

5. Kopucryrounch eKCIiepiMEHTATbHUMH JTaHHUMH{, BU3HAYHTH Tpa-
(hiYHO BeNMYMHY KOHCTAHTH IIBUAKOCTI CKOPOi Koarymsinii CMOIyXoB-
cbKOro K Juis 30JI10 CIPKH, SIKMH KOaryiolTh PO3YHHOM XJIOPHCTOTO
AITIOMIHIIO:

Yac koarysimii ¢, ¢ 0 1 2 4 10
P B 3
ia.lrla(;{%{a KIJIBKICTh YaCTHHOK B 1 M, 16,0 | 1.78 | 099 | 0.50 | 0,20

[opiBHATH OTpUMaHy BEIMYMHY 3 KOHCTaHTOIO, PO3PaXxOBAHOIO 3a
thopmyoro
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4-k-T

K =5,2-10"1 m%/c.

TE€Op

6. BuzHauutn rpadivHO BENMYWHY KOHCTAHTH IIBHUIKOCTI CKOpPOT
koaryssmii CMOIyXOBCBKOTO K, SIKIIO TPH AOCITiIKCHHI KiHETHKH KOa-
TyJsii 3000 AgBr po34MHOM XJIOPHCTOrO Kallito OTPUMaHi TakKi eKcIie-
PpUMEHTAIBHI JaHi:

Yac koaryymii £, ¢ 0 | 120 | 240 | 420 | 600 | 900
3
3?1"‘63‘1’?““‘:“0 sactunok B IMC | ) o 1o 31 110|179 [ 1,57 132

B’si3kicTh cepenoBuIa CTaHOBUTH 1) = 1 - 107 Ila-c; 7= 293 K; koH-
crarTa Bombimana k= 1,38 - 10> JIx/K. Otpumany koHcTaHTy K MOpiB-
4-k-T

3

7. ExciepruMeHTaITbHO OTPUMAaHi JaHi KOaryJisiiii TiJjpo30JIto 30J10Ta

po3uunom NaCl:

HATH 13 PO3paxoBaHolo 3a GopmMyiior0 K

Teop

Yac koaryisiii ¢, ¢ 0 60 | 120 | 420 | 600 | 900

3
3a.l“1a(.;'£11)i{eqHCH0qaCTMHOKB1M, 5224350370 | 231 1.90 | 1.45

B’s3kicte cepenosuma M = 1107 [Ta-c; Temmeparypa T=293 K;
koHcranTta bonbimana k= 1,38 10 /K. Busnaunti rpadidno Be-
JMYMHY KOHCTAHTH IIBUIKOCTI cKOpoi koaryisiiii CMoiyxoBcbkoro K ta
4-k-T

3

8. KOpI/ICTyIO'{I/le CKCIICPUMCHTAJIbHUMHU JJaHUMH, BU3HAYUTU I'pa-

MOPIBHATH 11 13 po3paxoBaHO 3a popmyinor K

Teop

(hivHO Yac MOJOBUHHOI KOAryismii 0 Tipo30Io 3ajii3a PO3YMHOM XIIO-
PHUCTOTO JIITitO:

Yac koaryusmii ¢, ¢ 0 60 | 120 | 180 | 300 | 600
3
?rla(?ﬁle YHUCJIO YACTHHOK B 1 M”, 202113.0] 95 | 73 | 49 | 2.8

9. 3HaiiTi TpadivyHO Yac MOJOBHUHHOI KOATYJISIii O Uil TiIpo30IIr0
QIIOMIHIIO PO3YMHOM XJIOPHCTOTO 0apilo 3a HACTYITHMMH EKCIIEpUMEH-
TabHUMH JTAHUMH:
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Yac koarysmii ¢, ¢ 0 30 | 60 | 120 | 240 | 480

3
22-1r1a(;1711>§1e YHCJI0 YACTHHOK B 1 M”, 202147 11.8] 82 | 52 | 3.0

10. Po3paxyBaru rpadiuHO yac IOJIOBUHHOI Koaryisuii 0 amis Bu-
COKOJIMCIIEPCHOI CYyCIeH3il KaoliHy PO3YMHOM XJIOPUCTOTO aMOHII0 3a
TaKUMH JaHVMHU:

UYac koarysmii ¢, ¢ 0 | 105 | 180 | 255 | 335 | 420
3
22-11“121(;1711)‘1‘{6 YHUCJIO YACTHHOK B 1 M”, 5013731 | 26|23 20

11. Po3paxyBatu i noOyayBatu B koopaunarax (1/n)= f(¢#) xpuBy
3MIHM 3arajJbHOTrO YHCIIa YACTUHOK IPH KOAryJysiuii TyMaHy MiHepajbHOi
outii 1t iHTepBaNiB "acy ¢, ¢ = 60; 120; 240; 480; 600. Cepenniii pajiyc
vactuHok #=2-107 M; KkoHueHtpamis C=25- 10° KF/M3; TyCTHUHA
p=0,97-10° kr/m’. Yac momnosusHOi Koaryssmii 6 = 240 c.

12. Kopucrytouuch piBHSHHIM CMOJIyXOBCBKOTO, pO3paxyBarH 1 Io-
OynyBatn B koopamHatax (1/n)= f(f) xpuBy 3MiHM 3arajJpHOTO YHCIA
YaCTHHOK Tiipo3oito cipku. CepenHill pamiyc YaCTHHOK 30JI0 JI0 MOYaT-
Ky Koarymsii cranoButh 7= 10" M; kommentpauis C=6,510" kr/m’;
mpu T'=298 K rycrusa p=0,9-10° kr/M’; B’s3KicTh cepeqoBHINA
n=1-10"Ta-c; k=1,38-107 Iw/K. Jlns rpadixa B3aTu iHTepBau
qacy t, ¢ = 1; 2; 4; 10; 20.

13. BUKOpUCTOBYIOUH EKCIIEPUMEHTAIbHI JIaHi 3 KOAryJsIil auMy
MapTeHIBCbKOi Ie4i, po3paxyBaTH 1 m0OOyqyBaTd B KOOpAMHATaX
(1/n)= f(¢#) kpuBY 3MiHM 3arajJbHOr0 YMCIia YACTUHOK Yepe3 4ac f, ¢ = 1;
2; 4; 6; 8; 10 micna mouaTky koaryismii. CepenHiil paaiyc 4acTHHOK
mamy 1o koarymsimii #=2-10"° m; rycruna p =2,2- 10° kr/m’; koHIeH-
Tpamis aeposomo C=1,5-10" kr/m’; KoHCTaHTa CMOIYXOBCHKOTO
K=310"" .

14. Y ckifgbKH pa3iB 3MEHIINUTHCA YUCIIO YACTHHOK 72) TUMY OKHCY
LMHKY, mo gopiaioe 20 - 10" B 1 M° wepes wac ¢ = 5 ¢ micas mouaTky
xoarymsii? Korcranra CmomyxoBcskoro K =3 -107'% m’/c.

15.V ckinbku pa3iB 3MEHIIMTHCS 3arajbHE YHCIO YaCTHHOK 7
MMy MapTeHiBchKoi nedi yepes yac ¢ = 100 ¢ micist moyaTKy KoaryJisimii?
CepenHiii pajiyc YaCTHHOK 10 T10YATKY KOAryJIsiLii fopiBHIOE =2 - 107" m;
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KOHIeHTpaliss gyacTuHok C =1 - 10° KI‘/MS; ryctuHa p =2,2- 10° KF/M3;
koHcTaHTa CMOITyX0BChKoro K =3 - 107" m/c.

16. JInst Koaryssiiii 30110 CelIeHy PO3YMHOM XJIOPUCTOTO KaTii0 BH-
3HAYHUTH rpadiqHO Yac MOJOBHMHHOI KOAryIslil 6 3a TaKUMH eKCIepH-
MCHTaJIbHUMH JTaHUMH:

Yac koarynsmii ¢, ¢ 0 7 15 | 20 | 57 | 170

3
22?1“&;‘{1;;—16 YHCJIO0 YACTHHOK B 1 M°, 3221241 1199172101 | 43

17. Busnaunty rpadiyHo Yac IOJOBHUHHOI Koarysinii 0, BUKopuc-
TOBYIOYM €KCIIEpUMEHTalIbHI JIaHi KoaryJsusiuii 300 cpibiia po3unHOM
XJIOPUCTOro Hatpiro. Yn 3aCTOCOBHA A0 JAHOrO BHMAIKy Teopis CMoy-
XOBCBKOIo?

Yac koarymsmii ¢, ¢ 0 ]300 | 600 | 900 |1200 1800

3
3?1"‘61,‘1’?"' HHCI0 YACTHROK B I MG, |y 35l 4 113 74 1350 (335 | 3,01

18. TTokazatn 3acTOCOBHICTH TeOpil CMOITYXOBCHKOTO JIO KOATYJISIIIT
30JIF0 CEJICHY PO3YUHOM XJIOPUCTOTrO Kalil0, BU3HAYMBIIU CEPEIHE 3HA-
YEHHSI MTOJIOBUHHOT KOAryJisiLii 3a TAKUMH €KCIIEPUMEHTAIbHUMH JIAHHMH:

Yac koarymmii ¢, ¢ 0 |32,4] 288 | 595|908 |1200

3
35_‘2361,‘;?““0“0 HactuHok B 1M, | 3 o0 15 601 1.40(0.93 | 0.67 | 0,55

19. Po3paxyBat 1 mOOyAyBaTu IOTEHIIAJIbHY KPHBY B3a€MOZIl
cepuunux gactuHok Fe(OH); miamerpom 100 HM y Bozi, SIKIIO MOTEH-
uian gudysiiiHoro mapy popisaioe @=1-10"2B; koncranta ['amakepa
A=1,25-10x; T=293K; mapamerp x=1-10° m'; £=80,1;
€,=8,85-10""> ®/m. EHeprito B3aemoaii po3paxyBaTh sl BiicTaHei
MiX MOBEPXHAMH YaCTHHOK /1, HM = 5; 10; 20; 30; 50.

20. Po3paxyBatu eHeprito BimmToBXyBaHHSA U, chepHIHNX HacTH-
HOK Fe,0O5 pagiycom 10 HM y BogHOMY po3unHi NaCl npu BigctaHsax Mix
iXxHiMH TIOBepXHsAMHU A, HM = 1;2; 5; 10; 15, Ta mobyayBatu rpadik 3a-
nexsocti U, = f(h). Tlorenmian ¢=4- 10°B; T=293K; £=381;
€0=8,85-10" d/m;x=6-10"m".
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21. Po3paxyBaTtu i nmobyayBatu rpadik 3aJeKHOCTI €Heprii mpuTs-
ra"Hs cpeprIHUX YaCTHHOK MOJICTUPOIY, IO IMepe0yBalOTh Y BOTHOMY
CepelIOBHI, BiJ BiACTaHI MK IOBEPXHSAMHM YAaCTHHOK /, HM =
=2;5;10; 15; 20. Paniyc wactuHOK mopiBHIOE 50 HM; koHcTaHTa ['ama-
kepad=0,5-10"2 Jix.

22. Po3paxyBatd 1 ToOymyBaTH TOTEHI[IAIbHY KPHUBY B3a€MOIii
c(epuUHUX YAaCTHHOK KBapiy niamerpoM 40 HM y BOJHOMY PO3YHHI
NaCl 3a takumu jganmmu: noreHiian ¢ = 0,05 B; koncranta ['amakepa
A=0,1-10""Jx; mapamerp y=6-10° m'; T=293K; e=38I;
g0 =28,85-10""? ®/m. 3HaueHHs CymMapHOi eHeprii B3aeMOIii po3paxyBaTH
MiX MOBEpXHAMU /1, HM = 3; 6; 12; 24; 48.

23. Po3paxyBaTu cyMapHy eHeprito B3aeMoii Ugyy IBOX chepuuHHX
YaCTHHOK KaouiHy jgiamerpoM 50 HM y BogHoMy po3umHi KCl npu Bin-
CTaHsAX MIX iXHIMU mOBepxHsmu &, HM = 5; 10; 15; 30; 50. Bukopucro-
ByBaTH Taki madi: ¢ = 0,03 B; xoncranTa ['amakepa A4 = 3,5-10°7%° JIx;
x=1-10°" M'; T=300K; £=77.8; & =8,85-10"? ®/m. [oGyaysaru
rpadiku U, Uy, Ueyw = f ().

24, Jlns koarymsmii riaposomio rigpary okmcy 3amisa, go 10 cm’
30110 OyII0 M07aHO B mepiomy Bumaaky 1,15 cv® 1n KCI, y apyromy —
6,25 oM’ 0,011 Na,SOy i B TpeTboMy BUDAnKy — 3,7 oM’ 0,0011 NazPO,.
BusHaunTty 3HaK 3apsmy 3010 1 OOYUCIUTH MOPIT KOATYIISALIi I KOXK-
HOT'O EJICKTPOJITY.

25. Bu3HauuTH 3aps]] YACTHHOK HEBIJJOMOTO 30JII0, SKIIO JJISI HBOTO
MOPIT KOATYJISIIii €JIeKTPOITITIB CTAHOBUTH:

P,(NaNO;) =300 mmoms/am’; P, (MgCl,) = 25 MMomb/am’;

P,(Na,S0,) =295 mmons/nv’; P, (AICL,) = 0,5 MMoIs/zv’.

4.3. KoHTpPOJIbHI MUTaHHSA

1. [Tepeniuntu daxropu cradimizamii TUCIEPCHUX CHCTEM 1 MOSICHU-
TH, y YOMY TIOJISITA€ TXHS Jisl.

2. CchopmymroBatu cyTHICTB Teopiit JJIDO.

3. Sfxuit BUIIISAN Mae KpUBa CyMapHOi B3a€MOii JBOX YaCTHHOK
Ueyw = f'(h) Binnosigno no teopii JJIPO? Sk BifcTaHb Mik YaCTHHKaMH
BILIMBA€E HA CTaH KOJIOiHOI cucTeMu?
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4. SIk 3MIHIOETBCS CHJIa B3Aa€EMOJII 3aJIS)KHO BiX BiJICTaHI MiX dac-
TUHKaMH BiAMOBiAHO 10 Teopii AJIDO?

5. IIlo Take xoarymsmisa? SIKi IPUYMHE MOXXYTh BHKIIHKATH KOary-
Jsiniro ucnepcHux cucrem? [lepeniunT 03HaKHM KOAryJisiii.

6. UnM BiApI3HAETHCS MBUIKA KOATYJIIAIIS Bil MOBUTBHOT?

7.Y YoMy cyTh Teopil KIHETMKH IIBUAKOI Koaryysinii CMOIyXoB-
cpKOr0?

8. 1o Take yac MOJOBHMHHOI KOATYJIAIIl i KOHCTaHTa LIBHIKOI KOa-
ryJnsii? SIk BOHM BU3HAYAIOTHCS €KCIIEPUMEHTAIBHO?

9.5k Ha OCHOBI EKCIIEPUMEHTAIBHMX JaHUX MOKHA BH3HAYUTH,
SIKWI BHJT KOATYJIAIT IPOXONUTh Y CHCTEMI?

10. o Take mopir koarymsiii? Sk BU3SHAYNTH HOTO 3HAYECHHSI?

11. Sk 3anmeXUTh TOPIr KOATYIILIT BiJT 3apsay 10HA €1eKTpoIiTy?

12. Y gomy ocobmuBicTs koarymsamii cymimimo enexrponitis? 1o
Take aJUTUBHICTH 1 aHTArOHi3M 10HIB?

13. SIxa pi3HUI MK HEHTpasi3amiifHOIO Ta KOHIEHTPAIHHOIO Koa-
TYJISILIEI0 TUCTIEPCHUX CUCTEM EJICKTPOJIiTaMu?

14. SIxi peyOBMHH BUKOPHCTOBYIOTHCS SIK CTaO1II3aTOPH KOJIOiTHIX
cucrem?

15. HaBecTr mpuKIIaau KOAryJIAlii JUCIIEPCHUX CHCTEM Y Pe3yJib-
TaTi: MEXaHIYHOTO BIUIMBY; IIiJl BIUIMBOM €JIEKTPUYHOIrO moiisi. Bkazaru
MIPUYHMHU Ta MEXaHI3MHU UX SBUIILI.

16. SIki npUYMHN BUHUKHEHHS PO3KJINHIOIOYOTO THCKY?

17. SIki 0coOMUBOCTI KOAryJIAllii YaCTHHOK y TIEPBHHHOMY Ta BTO-
PUHHOMY €HEpreTHYHOMY MiHiMyMi BixnoBigHo 10 Teopii JJIDO?

18. SIki mapamMeTpu AMCHEPCHOI CUCTEMH BIUIMBAIOTHh HA IIBHIKICTH
KOaryJisiii YaCTHHOK BiAMOBIAHO 10 Teopii CMOIYXOBCHKOTO?

19. Ski paxropu 3a0e3MeUyrOTh arperaTuBHy CTIHKICTh AUCHEPCHUX
cucrem?

20. HaBecTn mpuKiaau Koaryssifii AMCIEPCHUX CHCTEM y Pe3yiib-
TaTi: 3MiHM KOHIIEHTpamii YaCTHHOK 30JI0; IIPU 3MiHi TeMneparypu. Bxa-
3aTU MPUYUHA Ta MEXaHI3MH IUX SIBHII.

21. Sk Ha TIPaKTHUII MOXHA OJICPIKATH 1 3pyHHYBATH IMiHY?

22. SIki pakTOpH BU3HAYAIOTH CTIKICTh CYCIEH31H 1 eMyJbCiit?

23. Sk oepKyIoTh 1 pyHHYIOTh aepo30J1i?

24. B uomy nosirae i30TepMidHa rneperoHka?

25. B domy moJisiTae siBUIIe ceHCHOimi3arlii 3051iB?
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5. MOJIEKYJIAPHO-KIHETUYHI BJIACTUBOCTI

Jlo MoJeKyIsIpHO-KIHETUYHHUX BIIACTUBOCTEH IHUCIEPCHUX CHCTEM
HaJjeXaTh: OPOYHIBCHbKHIl pyX, n1u(y3if, 0cCMOTHYECKMA THCK i ceau-
MeHTaliiHa CTIHKICTE.

MonexynapHO-KiHETHYHA TeOopisi 3aCTOCOBYETHCA IO AWCHEPCHHUX
CHCTEM 3a YMOBH, IO YACTHHKH B HHX MaloTh PO3Mipu MeHure 10° M
1 B OJMHHMIIN 00’€MY TaKOl CHCTEMH MICTHTHCS JOCUTh BEJIMKA KUTbKiCTh
YAaCTHHOK, 100 0 HUX MOXHA OyJIO 3aCTOCYBaTH 3aKOHU CTATHCTHKH.
CepenHst KiHETUYHA €HEePris YaCTHHKH, II0 PYXA€ThCS, HE3AJICKHO Bif ii
posmipiB, nopieuioe (3/2)kT, nme k=1738-10> /K — KoHCTaHTa
bonbmana.

AJte MOJIEKYJIH Ta3iB MafOTh IIBHJIKOCTI, PiBHI COTHAM METpIB y ce-
KyHIy, a KOJOiHI YaCTHHKH PYXalOThCS 31 IIBHAKICTIO EKiTBKOX
MUTIMETpiB 200 CAHTUMETPIB Y CEKYHIY.

CratucTrnyHa Teopis OPOYHIBCHKOTO pyXy, CTBOpeHa EWHINTEHHOM
1 CMOITyXOBCBKIM, BUXOAMTH i3 IPHUITYIICHHS PO XaOTHYHUI pyX, TOOTO
MIOBHY PIBHOIPABHICTh BCIX HAIPSAMKIB PyXy.

YacTHHKH 0JIep)KYIOTh YHCIIEHHI IMITyJIbcH 3 OOKY MOJIEKYJI Cepelio-
BUIIA, SIKI MIBUAKO PyXalOThCA, 1 B Pe3yJbTaTi MAlOTh CKJIAJHUH IUIX,
OaraTopa3oBO 3MIHIOIOYH HANPSMOK CBOTO pyXxy. BpoyHiBchbKkHii pyx
XapaKTepU3YIOTh CEpPEeHIM 3CYBOM A, M, (BHIUMHM TIepEeMIIIEHHAM
KOJIOIZTHOT YaCTUHKH B JIMCIEPCIHHOMY CEpEeOBHILI 3a Yac f). 3HaYCHHS
CepemHbOr0 3CYBY BH3HA4aeThesl piBHSAHHAM EifHmreiiHa—CMOIyXOB-
CBKOT'0, sIKE IOB’SI3y€ 3a3HAUYCHy BEJIMYHMHY 3 IapaMeTpamMH JHCHepCiii-
HOT'O CepeJIOBUINA Ta 3 PO3MipaMH YaCTUHOK, 1110 PyXarOThCSL:

1
A _RT:L 1P (5.1)
3n-N,-r-m
ne  R=8,314 lx-mons K ' — yHiBepcaibHa ra3oBa KOHCTAHTA;

T — temneparypa, K;

Na=16,023- 10% monb ' — koHCTaHTA ABorajipo;

7 — paliiyc YaCTUHKH, M;

T — B’SI3KICTh cepenoBuia, Ila-c;

t — 9ac CIOCTEePEIKEHHS, C.

3 1pOTO PIBHAHHS BUXOIUTH, IO IHTCHCUBHICTH OPOYHIBCBKOTO PY-
Xy 00epHEeHO IpOoNopLiiiHa po3MipaM 4aCTHHOK.
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Judysiero Ha3MBaeThCI MIMOBUIBHUN MPOIEC BHUPIBHIOBAHHSA KOH-
LEHTpalii M0 BCbOMY 00’€My pO3UYHHY, IO BiAOYBA€THCS IIiJ] BIUIHBOM
OpoyHiBcbKkOTO pyxy. [IIBUAKICT HOTO XapaKTepu3yeThesl KoedilieHTOM
audysii D, m’/c, BEIHYMHA SKOTO 3a piBHAHHAM EifHmTeiina 10piBHIOE:

= KT

=, 52
6n-m-r -2)

3 pIBHSHHS BUXOJAWTH, IO UMM OUTBIIMHA pajiyCc YaCTHHOK, TUM
MeHIMH koediieHT nudysii D, , skuil npsmMo nponopuiiiHuii Temmnepa-
Typi. 3 MIBUIICHHAM TEMIEPATypH 30UIBIIYETHCS IHTEHCUBHICTH OpOY-
HIBCBKOTO PyXy 1 mudys3ii.

Koeoimientr audysii D, i cepenHiii 3cyB A mos’s3aHi MixK co00r0

TaKUM CIIiBBIJHOIIEHHSIM:

A*=2D, t, (5.3)
JI€ ¢ — 4ac CIIOCTEPEKEHHS, C.

Hageneni piBHAHHS MarOTh NPakTWYHE 3HAYCHHA: 32 E€KCIECPHMEH-
TaJbHUM 3HAa4eHHAM D, JIETKO po3paxyBaTH cepenHii paniyc chepuy-
HUX YaCTUHOK | BU3HAYHUTH BEIWYMHY CEPEIHBOTO 3CYBY, a TAKOXK MOJIe-
KyJISIpHY a00 MiLleJIIpHY Macy pedoBHHU M, T/MOJIb:

M=(@4/3)m-r*p-N,, (54)
Jie  p — IyCTHHA PEUOBHHH, KI/M;

N — KOHCTaHTa ABOrapo.

BennurHy 0CMOTHYHOIO THCKY IHCIEPCHHX CHCTEM MOXKHA BU-
3HAYUTH, BUKOPUCTOBYI0OUX PiBHAHHSA BanTt-I'odda:

Py =BT (5.5)
M
abo
P, =v-R-T, (5.6)

ne C — MosipHa KOHIIEHTpAIlisl PO3UYHHY, MOJTTB/M’;
M — MOJIeKyIIpHa Maca peIOBHHH, I/MOJIb;

C . .
V= H — YaCTKOBa KOHLCHTpPaIld CUCTEMU, M 3;

R — yHiBEpcaibpHa ra30Ba KOHCTAHTA,
T — Temneparypa, K;
Py — OCMOTHYHME THCK cucTemu, [la.
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3HaYeHHS! OCMOTHYHOTO THCKY JUCIIEPCHUX CHCTEM 3HAuHO MEHIIe
OCMOTHYHOTO THUCKY ICTUHHHX po34uHiB. [[ppu4rHO0 1[OTO € OlbIna Ma-
ca KOJIOiTHUX YaCTHHOK: IIPH OJHAKOBiM BaroBiil KOHIICHTpALlil YaCTKOBA
KOHIICHTpAIlisl JUCIEPCHOI CHCTEMH 3aBXIU MCHINA, HIXK Yy ICTHHHOTO
po3unHy. J[ist IBOX CHCTEM OJHAKOBOI KOHIIGHTpAIii i piBHOI I'yCTHHH,
aye pi3HUX pajiyciB YaCTHHOK, ICHY€ TaKWi BHUpa3 (Uil cHepUIHUX Yac-
THHOK):

P v, F
ocml :_I:%’ (57)
POCM2 Vi n

ge rir, —paaiycu YaCTHMHOK HEpPIIOi 1 APYyroi cucTeMu, M;

})OCMI i I)o

[HII0I0 O0COONMBICTIO OCMOTHYHOTO THCKY IMCIEPCHUX CHUCTEM €
MIHJIMBICTh HOTO BEJUYHH, IO TOSICHIOETHCS arperalliero, ska Mae MicIie
B 30JI5X.

YactuHku nucniepcHoi ¢asu, mepedyBarodd B TpaBiTaIliifHOMY O,
BUIPOOOBYIOTH JiI0 CHJI 3MHOT'O TSDKIHHS. 3 1HIIOrO OOKY, 3BaXKeHi 4ac-
THHKH TiAmaoThes qudys3ii, ska mparde BUPIBHATH KOHIICHTPAITIO B MTOB-
HOMY 00cs3i cucremu. [Ipu piBHOCTI AU(y31HHOrO i CEIMMEHTAIIMHOTO
MOTOKIB Y CHCTEMi BCTAHOBIIIOETHCS AU(DPY3iiHO-CeTUMEHTAIliliHA PiBHO-
Bara, [0 XapakTepu3ye TePMOANHAMIYHY CEAMMEHTAIliiHy CTIHKICTh Ta-
KAX cucTeM. PO3MOJin 4acTHHOK MO0 BHCOTI MOHOIHMCICPCHOI CHCTEMH
IIPY CTaNii piBHOBA31 ONMUCYETHCSA TIICOMETPUYHUM PiBHIHHIM:

— BIATIOBITHO BEJIMYMHH iX OCMOTHYHOTO THCKY, [1a.

cM2

ln ﬂ =_V.g(p_p0)'h’ (58)
Vo k-T

J€ V, —JacTKOBAa KOHIEHTpAIlis Ha BUCOTI A, M’3;
V, — Y4aCTKOBA KOHIEHTPALisl Ha BUCOTI A, M’3;

pipo—rycTuHa aucrnepcHoi ¢asu 1 JUCIEPCIHHOTO CepelOBHIIA,
Kr/M;
V — 06’€M YaCTUHKH, M,
g — IIPHCKOPEHHS! BUTHHOTO TIaIiHHs, M/c”.
Mipor TepmoguHaMiuHoOi cTiiikocTi 10 cequMeHTauii € Bucora /4,
Ha sKiif YaCTKOBa KOHIIEHTpaLlis JucriepcHoi (asu 3MiHIeThCs B 2,71 pasis:
k-T

- kL 59
© V-glp-po) G2
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a6o 1 cheprUIHUX YaCTHHOK:
h, = 4?# (5.10)
m-rt-g(p—py)

Uum Oisbia BUCOTa A, TAM CHCTEMa OLJIbIN CTiKKa JI0 CeJIMMEHTA-
wii. CTiHKICTh MIJBUIIYETHCS 3 MiJABUMICHHSIM TEMIICPATYpH, 3MCHIIICH-
HSIM PO3MIpiB YaCTHHOK 1 Pi3HMUII MiX T'yCTHHOIO TUCTIEpCHOI (a3u 1 1uc-
MePCiHOTO CepeIOBUILA.

Y MIKpOreTeporeHHUX CHCTeMax (CYCHEeH3isfX, eMyJbCisiX, aepo30-
JSIX), YaCTMHKY SIKMX 3aBJSIKM BEJMKIH Maci HE MOXYTb OpaTd y4acTb
y OpOyHIBCBKOMY pycCi, BiIOYBa€ThCSI CEAMMEHTAIlisl — OCA/DKEHHS a0o
3BOPOTHUH MPOIIEC — CIUIMBaHHA YaCcTUHOK. CeqUMeHTAallif i ClIMBaHHA
YaCTHHOK IiIKOPSIOThCS 3aKoHy CTOKCa:

U= V-g(P=po) , (5.11)
B
JIe¢ U — IBHIKICTh OCiTaHHS (CIUTMBaHHS), M/C;
B — xoeoimient teprs, H-c/m.
Jlnst chepryHUX 9aCTHHOK B = 67 -1 -7, 1 pIBHAHHS JUIS IIBHIKOCTI
OCiJJaHHs HA0YBa€ BUTIISY:

uzz'rz'g(p_po)’ (5.12)
om
e r— pajiyc YaCTHHKH, M;
M — B SI3KICTb AUCIIepciiiHoro cepenosuina, [la-c.
3aaTHiCTh CHCTEeMH 10 celMMeHTalil XapakTepu3ylOTh KOHCTaH-
TOIO CEANMEHTAIIIT:

V(p—po)
Seen=—"77 5.13
cen B ( )
a00 11t chepUIHUX YACTHHOK
r2(p—
Seen =M. (5.14)
om

Miporo kiHeTH4HOI cTilikocTi 10 ceAMMeHTANil € BeIU4MHA, 3BO-

pPOTHA KOHCTAaHTI CEJMMEHTALII1:
1
—= 29—11 . (5.15)
Sceu 2r-r (p_po)
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AHanizyroun HaBeJCHI BHpa3H, MOKHA 3pOOHUTH BHCHOBOK IIPO T€,
10 KIHeTUYHA CTIHKICTh CHCTEMH PETYIIFOETHCS MUITXOM 3MIiHH B’SI3KOCTI
1 TYCTHHU JHUCIIEPCIHHOTO CEPeOBHINA, a TAKOX TYCTHHOIO 1 PO3MIpOM
YaCTUHOK JUCTepCHOT (hasm.

3aJIeXKHICTh IIBUJIKOCTI CEAMMEHTALl] BiJl pO3MIpiB YaCTHHOK II0-
KJaZieHa B OCHOBY CEJMMEHTAliHHOTO aHalli3y, 3aBJaHHSAM SIKOTO € BH-
3HaueHHS (PPakKmiiHOTO CKJIaay MOPOIIKiB. 3aMiHMBIIY IIBUIKICTH OCi-
JIAaHHS ¥ BiTHOINEHHSIM BIJACTaHi /4, MPOWIEHOI YAaCTHHKOIO 3a dac ¢
i 00’€IHABIIM MOCTIHHI BEJIMUYMHU B KOHCTaHTY K, 3akoH CTOKCa MOXKHA
MPEICTAaBUTH Y TAKOMY BHUTJIS:

r’=K-u (5.16)

abo

(5.17)

~

Jnst criocTepesKeHHs! 3a OCiIaHHAM CyCIIeH31l 3BHYaifHO 3aCTOCOBY-
I0Th CeJIMMEHTAIliiHI a00 TOp3ioHHI Tepe3n. Ha mincTaBi eKCriepuMeH-
TaJIbHUX JJaHUX OyIyIOTh KpUBY ceuMeHTalil B koopaunatax Q = f(h),
e O — KUTBbKIiCTh MOPOIIKY, IO OCIiB 3a 4ac ¢ (BUpaXkeHa y BiICOTKaX JI0
3arajgbHOT KUTBKOCTI MOPOIIKY). PO30MBIIN KPUBY TOTHYHHUMH Ha KiJIbKa
JUISHOK 1 OIMYCTHMBIIM 3 KOXKHOI TOYKH JOTHKY NEPICHIUKYISIP Ha BIiCh
abcuuc, MOXKHa BiJINIOBITHO IO KOXKHOTO BIJPI3Ky 4acy ! po3paxyBaTH
3a Jroromororo 3akoHy CTokca pajiiycH YaCTHHOK:
1 1
K-h\)2 K-h\?

= r, =
1 > 2
tl t2

1T. 1.

SIKIO YacTUHKYM JyKe Mali i He OCiIaoTh Yy rpaBiTalliiHOMY IO,
TO CeAMMCHTAI[IMHMI aHami3 NMPOBOJATH 33 JOMOMOTOI0 IEHTPH(YTH.
Jlis BigneHTpoBoro noss 3akoH CTOKca Mae BUIIIS!

h+x
In-In (
= L (5.18)
20 (p ~Po )t
ne & — BiACTaHb BiJl MOBEPXHI PIMUHM IO TUIOIIWHHU CIIOCTEPEKCHHST —
JaliCyKu HeHTpI/Iq)yFI/I, M,
X — BIJICTaHb BiJl 0ci 0O0epTaHHs JI0 MIOBEPXHI PiTHHH, M;
¢ — Jac eHTpudyryBaHHs, C.
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Bupaxaroun KyTOBY LIBHJIKICTH  4Yepe3 KiJIbKiCTh 00epTiB ILieH-
Tpudyru n:

21-n
o= , 5.19
60 ( )
B OCTATOYHOMY IIiJICYMKY OJ€PXKYIOTh:
9n-302-1n[h+x] ln(}H_xj
x X
2 -K- . 5.20
2n2-n?-t(p—py) t (520)

3a1arouuch Pi3HUMH MPOMIKKAMH 4acy IEHTpU(YTyBaHHA i BU3HA-
Yal09IH €KCIIEPUMEHTAIBHO 3MiHY NPUPOCTY BAarW PEUYOBHHU P, po3paxo-
BYIOTb Pajilyc YaCTHHOK.

5.1. Ilpuknanm pilieHHs THOBUX 3aBJAaHb

1. Po3paxyBaTu po3mip YaCTHHOK JAIOKCHAY KPEMHIIO, SIKIIO BiJIOMO,
0 9ac IXHBOTO OCiNaHHs Ha BimcTadb /= 107> M cTaHOBHUTB ¢ = 60 XB.
I'yctunn gucmepcHoi ¢asu p =2,7-10° kr/m’ i gucnepciitaoro cepeso-
BHUIIA Py = 1-10° KF/M3; B’SI3KiCTh cepepoBuman = 1,5 - 107 Ia-c.

Pimennsa. 3a3akonom CTokca:

1
- 2
r= —9 U 5
2(p_po)g
-2
w="210" 561076 we,
t 3600
TOi

[ 9-1,5-10%-102
2(

2
=1,06-10"% M= 1,06 MKM.
2,7-1)10%-9,81-3600

2. Busnauutu koedinieHt audysii D, i cepenHiit 3cyB A YacTHHKH
rizpo3omo 3amiza 3a dac t=10c, sKmo pamiyc YacTWHKH = 50 HM;
temneparypa 7' = 293 K; B A3KICTh cepeIOBHINA 1] = 10~ Ma-c.
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Pimennsn. CepenHiii 3cyB yaCTHHKH A 3a NPOMDKOK Hacy f
BU3HAYA€EMO 3 TAKOTO CIiBBIIHOIICHHSI:

A2=2D, 1.
Koedimient audysii D, po3paxoByeMo 3a piBHAHHAM EifHmreiiHa:

k-T

Toni
B 1,38-107%.293
6-3,14-103.5.10~°

=4,29-10""2 m%/c;

d

— 1 1

A=(2D,-1)2=(2-4,29:1072-10)2 =9,26-10 M =9,26 Mrm,

3. Yactuaku OeHTOHITY 3 amcrepcHicTio D = 0,8 MKM | ocimaroTs
y BOJHOMY CEPEIOBHIII TMi/] €0 CHIHM Bark. BU3HAYMTH Yac 3CyBY ! Ha
Bincranb i = 0,1 M, sKmIo rycTuHa GentoHity p = 2,1 r/eM’; TycTHHA ce-
pemouma (Bomn) po = 1,1 r/cm’; B’si3kicTh cepemoBuma 1 =2 - 10~ Ila-c;
temneparypa 7 =280 K.

Pimeunns. [IBuaKicTh oCiTaHHS YaCTHHOK 3 PaJiyCcoM 7 y Cy-
[ITHOMY CEepeJOBHI NpU AOTpUMaHHi 3akoHy CTOKCa BHPaXKaETHCS
PIBHSIHHAM

uol_2p=po)g-r?

b

t o
. 9-n-h-4D?
3BIAKH t=——i,
2p—po)g
1
Je D=—;
2-r

©9.2.107-0,1-4(8-10%)2

=2,35-10%c.
2(2,1-1,1)-103-9,81

4. Bu3HauuTH pajiyc YacTHHOK TiAPO30JII0 30JI0Ta, SKIIO Iicis
BCTaHOBJICHHSI U(y31HHO-CEIMMEHTAIIHHOI PIBHOBAarW B CUCTEMIi IIpH
T=293 K, Ha BUCOTI /= 8,56 CM KOHIICHTpALlil YAaCTHHOK 3MiHIIACS
B 2,71 pasu; rycTiHa 301m0Ta p = 19,3 r/em’; ryctina Boam po = 1,0 r/em’.
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Pimenns. Po3mosin yaCTHHOK 1O BUCOTI MPHU PiIBHOBA31 OMHUCY-
€THCSI TIICOMETPUIHUM PiBHIHHSIM:

| Yo |Z_V-8(—po)h
k-T

| Yo |- _4mrt-gp—poh
3%-T

. . Vo Vi
BiamosigHo 10 yMOBH 3aBiaHHA vV, =—, In| — [=-1.
e Vo

PiBusHHS JJI1 BUSHAYCHHA pauiyca YaCTHUHOK Ma€ BUTJIAL

o 3%-T 3 3.1,38-102-293 3
4n-g-h(p—p,) 4-3,14.9,81-8,56-102-(19,3-1)-10°
=3,98-10M=3,98 u.

5. Tiaposonb TpuCipuncTOro Muim’sky Mictuth 7,2 T As,S3 B 1 1’
CepenHiii miaMeTp 4acTUHKU CTaHOBUTH 20 HM. OOUYHCIHTH YaCTKOBY
KOHIICHTPAIIIO Tipo30ITI0 1 Horo ocMoTH4YHMH THCK Tipu T =273 K, Ko
IYCTHHA TPHCIPYMCTOr0 MHII’KY HOPiBHIOE 2,8 T/cM’. Bi3HAuNTH TaKOK
YaCcTKOBY KOHIICHTPAIIIO0 i OCMOTHYHHH THCK, HNPHUITYCKAIOYH, IO TpPH-
CIPYHCTHI MUII’SIK Ta€ ICTHHHUIA PO3YMH TaKOi K BaroBoi KOHIICHTpAIIIi.

PimeHns.7,2r TpUCIPUNCTOTO MHII SIKY 3aiMalOTh 00’ €M

10-3
_m 12007 5 10-0m3 =2,5-102 ke,
P 2,8:10°
00’eM OKpeMOi KOJIOiJHOT YaCTHHKHA OOYHCIIOEMO 3a (hOPMYIIO0
00’eMy Ky
nd>  3,14-(20-109)°

=4,19-103am3.
6 6
3BinCH KUTBKICTE YaCTUHOK B 1 IM° 300110 Oyne
2,5-10%
:&:5,9740‘7 ~6-10'7.
4,19-103
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OcMOTHYHHIT THCK OOUUCITIOEMO 32 PIBHAHHSIM:

. .1017 .
POCM:£~R»T=loR T:610 8,314 273:2,26 o
14 vV N, 1107 6,023-10%

OOGuncnMo ocMoTHuHHH THCK P, 7,2 T As,S;, HIOM BiH yTBOpUB

oCM

ictuHHMA po3uuH. KinbkicTs Monekyn B 7,2 T As,S;:

~7,2-6,023-10%

v, =1,76-1022 = 18-10%.,
246
Tyt 246 T/MOJIB — MOJICKYJIIpHA Maca TPHUCIPYACTOro Myl sKy. Tomi
P v, _18-10%

ocml

=3-104,

P v 6-107

ocM

3Bigcu

P, =3-10%-P, =3-10%-2,26=6,78-10*Ila.

ocM

TakuM YMHOM, OCMOTHYHHN THUCK T1IPO30JII0 TPUCIPUHUCTOTO MHUIII S~
Ky B 30 000 pa3iB MEHIIHIA TOT0O OCMOTHYHOTO THUCKY, IO MaB OW iCTHH-
HHUH PO3YMH i€l CIOMYKH Tiel 5k BaroBoi KoHIeHTpauii. YacTkoBa Bara
KOJIOITHOT YaCTHMHKH TPUCIPYMCTOTO MHUII’SIKY B JaHOMY 30Ii Oyzae 1o-
pisHIoBaTH 246 - 30000 = 738 - 10* Byrienesux oaHHUIE.

5.2. 3aBnaHHd 1JIs1 CAMOCTIHHOIO PO3B’A3aHHS

1. OGUHCINTH BEIMYMHY CEPEIHBOTO 3CYBY KOJIOIZHMUX YaCTHHOK
3010 TipaTy OKMCY 3aii3a 3a 4Jac f=4c, SKIO pajiyC YacCTHHKH
r=10"* m; B’a3KicTs Bomu pu T=293 K n=10" ITa-c.

2. 3HalTH cepenHii 3CyB YaCTHHOK UMY XJIOPHCTOTO aMOHIIO 3 pa-
miycom r=10°mM (mpu T=273K) 3a wac t=5c. B’s3xicte moBitps
n=1,7-10" a-c. SIx 3MiHUTBCS CepeHiii 3CyB, AKIIO PAIiyC YACTHHOK
UMy CTaHe 7 = 107 m?

3. O0umcnuTH cepesHI 3CyB YAaCTMHOK eMyJbCii 3 pajaiycoMm
r=6,5- 107 M 3a wac 1 =8 ¢; B’A3KicTh cepenoBuma n = 1,14 - 107 Ila-c;
temneparypa 7' = 288 K.

4.3a yac ¢=12c cepenHiii 3cyB uacTMHKH rigposomo SiO,

A =32 mxMm. Busnaumté paniyc dactuaku (npu 7=293 K), sxkmo
B’SI3KIiCTh JMCIEpCiitHOro cepenoBuma 1 = 10~ ITa-c.
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5. BU3HAYNTH BEIMYMHY CEPSIHBOTO 3CyBy A JUIsl 4ACTHHOK Tipo-
30110 32 "yac ¢ = 10 ¢, sxmo paniyc gactuHok » = 0,05 MxM, TemmepaTypa
excriepumenty T'= 293 K, B’s3xicTh cepenoBumma 1 = 10~ Ia-c.

6. 3naiiTu koedinmieHT audy3ii D, YACTHHOK BHCOKOIMUCIIEPCHOI
dpaxuii cycrensii rmman y Bomi mpu = 107" M; Temmeparypa T'=313 K;
B’SI3KiCTh cepenoBrma 1 = 6,6 - 10~ ITa-c.

7. O6uncnutu kKoedinieHT audysii D, YaCTUHOK IUMY OKUCY LIUH-
Ky 3 pagiycom r =2 - 10 "m; npu Temnepatypi T'= 283 K B’s13KicTh m0BIT-
pst craroBuTs 1 = 1,7 - 107 Ia-c.

8. O6unciuT KoedimieHT nudysii D, 4aCTHHOK aepo30JIio 3 pa-
miycom wactmrok r=2-10 "M (mpm T'=293 K); B’s3KicTh MOBIiTPS
n=18-10"Tac.

9.3 KO0 MBUAKICTIO OYAyTh OCIIaTH KpaIuli BOASHOTO TyMaHy
3 pagiycoM yactirok 7= 10" M? B’a3kicts mositps n= 1,810~ IMa-c.
BennunHOIO ryCTHHHM MOBITPS 3HEBAXKUTH.

10. OOYHCIUTH MIBUIKICTh OCITAHHS AepPO30JI0 XJOPHCTOTO aMo-
Hil0 3 pamiycom uactmHOK r=35-10" m; rycruna p=1,510° kr/m’;
B’SI3KIiCTh TIOBITPs cTaHOBUTH = 1,76 - 107 ITa-c. BenHUMHOK0 I'yCTHHH
TOBITPS 3HEBAKUTH.

11. 3HaliTH WBUAKICTH OCITAaHHSA YaCTUHOK CYCIICH3ii KOAiHy Yy BO-
mi mpu Temmeparypi 7= 288 K. Paxiyc wactumok r=2 - 10" M; rycruna
KOANiHy CTAaHOBHTB p = 2,2 - 10° kr/M’; B’ s13kicTh Boam 1 = 1,14 - 10 IMa-c.

12. 3naiiTu BenuuuHy Koedimienty audysii D, minena Muiaa y Bo-
I, SIKIIO CepeHiil paaiyc minen mopiBHIOE r =12 - 107 M; B’S3KICTb
Boon mpn T=313K 1n=6,6-10"TIla-c; koncranra Bombumana
k=1,38-10" Ix/K.

13. Po3paxyBatu po3Mip YaCTHHOK MIOKCHIY KPEMHIIO, SKIIO Bi-
JIOMO, M0 Yac IXHBOTO OCIJaHHS ! Ha BiAcTaHb /7 =1 CM CTaHOBUTBH:
1) 30 ¢; 2) 60 xB; 3) 100 roguH. B’sA3KicTh AUCIIEPCIHHOTO CepeOBHUINA
n=1,31-10"Ia-c, rycruna mucrepcHoi dasu i mUCTepciiiHOro cepe-
JIOBHIIA CTAHOBHTS Bigmosixuo 2,71 1,1 r/em’,

14. Po3paxyBatTH i 3piBHATH OCMOTHYHHUH THCK JABOX T1JIpO30JIiB Cip-
YHCTOTO MHII Ky OJJHAKOBOi KOHIICHTPAII] 1 pi3HUX pajliyciB YaCTHHOK:
r1=3-10"m7,=50-10" m.

15. OGuncnUTH BENUYMHY OCMOTHYHOTO THCKY JHMMY MapTeHIB-
chKHX Tiedeit komrentpamii C=1,5-107 kr/m’. Cepenniii paxiyc gactn-
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HOK aepo30NIl0 CTaHOBHUTh 7 =2 - 10°® M; TycTuHa p=272- 10° kr/m’ ;
T=293 K.

16. O0UMCIUTH BENUYUHY OCMOTHYHOIO THCKY P, IHUMy MapTe-
HIBCBKUX Teuei koHmeHTparii C = 1,0 - 107 xr/n. CepenHiii paaiyc Jac-
THHOK aepo3omo 7 =3 - 10 m; rycruma p = 2,2 - 10° kr/m’; T=293 K.

17. Bu3HauuT!H OCMOTHYHHUI THCK TiPO30JII0 30JI0Ta KOHIICHTpAITil
C=2xr/™ mpu T=293 K, sxuio cepefuiii miamerp uacTuHok d =610 M
i rycruna p = 19,3-10° kr/m’.

18. Po3paxyBaTii BeTUYNHY OCMOTHYHOTO THCKY 30JI0 CipYHCTOTO
mumr’sky npu T'=293K i xonmenrpamii C =7 kr/v’. Cepeaniii pamiyc
"acTHHOK 307110 = 10~ M; ryctuna p = 2,8-10° kr/m’.

19. PospaxyBaTtu 4ac ¢, 3a SIKWH CHEpUIHI YACTHHKH CKIIA y BOJI
0CialoTh Ha BificTaHb i = 1 cM, SKIIO AMCIEPCHICTh YacTUHOK D nopis-
mioe: a) 0,1 Mxm '3 6) 1 Mxm ' B) 10 MM . T'ycTian mucmepcHoi hasu i
JTICTICPCIHOTO Cepe/IOBHINA PiBHI, BigmoBimauHo 2,4 1 1,0 F/CM3; B’SI3KICTh
JIUCTIEPCIHHOTO CEPEIOBHINA CTAHOBHTD 1) = 107 Ma-c.

20. Po3paxyBartu 4ac ¢, 3a sakuii chepuuni yactuaku Al,O;, po3mo-
IiteHi B cepemoBHmIi 3 B’s3kicTio 1= 1,31 107 ITa-c, ocimarorp Ha
h =5 cM, SKIIO THTOMA TIOBEPXHS YACTHHOK Sp,; CTAHOBHUTH: a) 10* M’l;
6) 10°m'; B) 10° ™', T'ycturn aucnepcroi dasu i aucmepciitaoro cepe-
JIOBHIIIA PiBHI, BITNOBITHO 4 Ta | r/em’.

21. Ilutoma moBepXHS Spy; CHEPUUHUX YACTHHOK TiPO30II0 KpeM-
HEe3eMy CTaHOBHTE: a) 1,1 - 10* m%/kr; 0)1,1- 10° m%/kr; B) 1,1 - 10 m%/kr.
I'yctiHa KpemHeseMy p = 2,7 r/cM’; B’S3KICTh AMCIIEPCIHOTO cepemno-
uma 1 = 107 Ila-c; Temneparypa 7 =293 K. Busnauntn npoexiii cepes-
HBOT'0 3CYBY YaCTHHOK 30110 32 £ = 12 c.

22.Y pocuimax HaJl eMyJIbCISIMHA TYMITYTy OTPUMaHI TaKi JJaHi:

Bucora Bij sHa koBeti, Ah-10°, m 5 35 65 95
Yucio YacTHHOK B OJIMHHUII 00’ €My, M| 100 48 23 11

IepeBipUTH 3aCTOCOBHICTD TITICOMETPHYHOTO 3aKOHY JI0 IIUX JOCHIIB.

23. [lpuiAHSABIIN, IO 307b PTYTI CKIAAETHCA 3 KYIBOK TiaMEeTPOM
6-107° M, OOYHMCIHTH, Ha SAKif BiJICTaHi BiJl HA MOCYAWHH KOHIICH-
Tpamis TiAPO30TI0 PTYTi 3MEHIIUTHCS BABIYi, SKII0O TYCTUHA PTYTI
p = 13,56 r/cm’ i Temmeparypa 3010 =290 K.
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24. 1 r Ginka posunuenuii 8 100 cm® Boxu npu 7= 298 K. 3maiit
OCMOTHYHHUH THCK PO3YHMHY, SKIIO MOJICKYJSIpHA Bara Oilka ITOpiBHIOE
10000 B.0.?

25. Tlpu migpaxyHKy YHclia YaCTHHOK TiJPO30JI0 CENeHY Ha JIBOX
piBHSX, IO MepeOyBarOTh OMUH Bix oqHOro Ha Bincrani 100 - 107 M, Ha
HIKHHOMY PiBHI BUSBHIIOCS 733 4aCTHHKH, a Ha BepxXHboMy — 444, I'yc-
THHA ceneny 4,27 r/cM’; rycTuHa Bomu | r/cMm’; TemmepaTypa JOCHiTy
T=292 K. O0UncInuTy CepeHiii JiaMeTp YaCTHHOK CElleHY.

5.3. KoHTpoJibHI NUTAHHA

1. Bkazatn npu4nHE OpOYHIBCEKOTO pyXy. SIK BU3HAUNTH CepeaHii
3CYB YaCTUHKU?

2. Y yomy momnsrae siume audysii? o Take koedimient nudysii
1 SIKIMH TTapaMeTpaMy CHCTEMH BU3HAYAETHCS HOTO BENMIMHA?

3. SIkuii 3B’SI30K MK CEpeAHIM 3CYBOM YaCTHHKH 1 KOSQIIiEHTOM
mudy3ii Ta B 9oMy HOTO MpaKTHYHA 3HAYUMICTH?

4. o Take mpsMuiA 1 3BOPOTHHN ocMoc? UMM BH3HAYAETHCS HOTO
BEJIMYMHA B AUCIIEPCHHUX CHCTEMax?

5. ChopmynnoBaTH OCOOIUBOCTI OCMOTHYHOTO THUCKY TUCIIEPCHUX
CHCTEM y NOPIiBHAHHI 3 ICTHHHUMH PO3YMHAMH.

6. Y 4oMy mosArae TincoMeTpruYHUN 3aKOH PO3MOALTY KOHIICHTpaii
qucriepcHoi (a3 mo BuCOTI? SIki yMOBM HEOOXimHI JUIS JOTPHUMAaHHS
1IHOTO 3aKOHY?

7. Y 4yomy momsrae sBumie cequmenTanii? [l{o take ceaumenTariii-
Ha (KIHETHYHA) CTIHKICTh KOJOTTHUX CUCTEM?

8. Hamncaru ta nosicauty piBHsiHHS CTOKCa JUTS CEMMEHTAL] B rpa-
BiTauiitHomMy noui. SIkuit ¢i3ngHMI 3MICT BENMYMH, 10 0 HHOTO BXOAATE?

9.1llo Take KOHCTaHTa CEAMMEHTALil 1 IO BOHA XapakTepuzye?
Hamucary Ta mOSCHUTH BHpa3 AJsi KOHCTAHTH CeJUMeHTalii chepruaHmx
YACTHHOK, SIKIO OCAKeHHS IX MiKOpsAeThes 3akoHy CToKca.

10. SIki-cucTemMn Ha3WBalOTh MOHOJWCIEPCHUMH Ta TOJiAMCIIEPC-
Humu? 1o ciyXuTh XapaKTepHCTUKOIO TOJIAUCTIEPCHOCTI CUCTEMH?

11. Slke mpu3HAYeHHS IHTETpaNbHHUX 1 TU(PEPCHIIATEHIX KPHBHX
PO3MOAITY YaCTHHOK 3a po3MipaMu?

&9

12. SIk BU3HAUMTH KiJIBKICTh YaCTUHOK JIJISl TAHOTO 1HTEpBAIy PO3-
MIpiB 3a iHTErpaTbHUMH 1 TUEPEHITIATEHUMEA KPUBUMH PO3OIIITY?

13. JI;mst SIKUX CHCTEM 3aCTOCOBYETHCS CEAMMEHTAIlIMHWA aHai3
y BimneHTpoBoMy ToJti? Hamucarn Bupas it BU3HAYSHHS PO3MIpiB dac-
TUHOK IIPY BUKOPUCTAHHI BiIIICHTPOBOTO ITOJIS, POaHATi3yBaTH HOTO.

14. Illo Take MONEKYIAPHO-KIHETUYHA Teopis? 3a SIKMX yMOB JHC-
MepCHA CHCTEMa MiIKOPSEThCS 1?7

15. 1o Take mudy3iiHO-ceqMEHTaLliliHA piBHOBara?

16. SIk MO>kHa po3paxyBaTH pajaiyc CHepUIHOT YACTUHKH 32 JaHUMHU
CeJIMMEHTAIli] Y BiJIIIEHTPOBOMY TTOJTi?

17. SIxwnit 3B’S130K MiXK TIIICOMETPUIHOIO BHCOTOIO 1 TEpMOTUHAMIY-
HOIO CTIHKICTIO JUCTIEPCHUX CHCTEM?

18. Sxuit KiTbKiCHUI B3aEMO3B’ 30K MiXK OpOYHIBCHKAM PYXOM Hac-
THHOK 1 TCIDIOBUM PYXOM MOJICKYJ cepefoBHIIa? Sk MokHa po3paxyBa-
TH YUCII0 ABOTaJpO, BUKOPHCTOBYIOUH II€ CITiBBiTHOIICHHS?

19. Inst sIKMX JUCIIEPCHUX CHUCTEM 3aCTOCOBYETHCS CEeJMMEHTAliii-
HUH aHaji3 y rpaBiTaifHOMY i y BiIIEHTPOBOMY I10JIi?

20. Sk MOXKHA BH3HAYUTH PO3MIPH TUCTIEPCHUX YAaCTHHOK 1 iXHIO
KOHIIGHTPAIi0 NP 3a/1aHii BeTMIMHI OCMOTHYHOTO TUCKY CHCTEMH?

21. Skwmii MmexaHi3M cTabuTizalii eMyJIbciil 1 TTH TOBEPXHEBO-aKTHB-
HuMU pedoBruHamu ([TAP) Ta TBepauME eMybratropaMu (TIOpOIIKaMu)?

22. Sk MOXHa 3MIHIOBAaTH MIBUIKICTh OCAIKEHHS YaCTHHOK?

23. SIk 3MIHIOETHCS BUTJISLI KPUBHUX PO3MOALTY YaCTUHOK y Mipy Ha-
ODKEHHSI OMIIUCIIEPCHOT CUCTEMH JI0 MOHO/NCTIEPCHOT?

24. YuMm XapaKkTepu3yeThCs KIHSTHYHA 1 TEPMOAMHAMIYHA CETMMEH-
TalliifHa CTIHKICTE CUCTEMU?

25. SIx BU3HAYUTH PO3MIpPH YACTHHOK B YMOBaX piBHOBaru?
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6. CTPYKTYPHO-MEXAHIYHI BJIACTUBOCTI

KomnoinHi 1 MIKpOreTeporeHHi CHCTEMH 3 PIIKUM 1 TBEPAUM JHUCHEP-
CIITHIM cepeloBHIIEM, SIK 1 BCl KOHICHCOBAHI CHCTEMH, MalOTh ITEBHI Me-
XaHIYHI BJACTUBOCTI: B’A3KICTb, MIACTHYHICTD, MPYKHICTH i Mil[HICTD.
Lli BmacTHBOCTI 3B’513aHi 13 CTPYKTYPOIO MOAIOHUX CHCTEM, TOMY iX 4acTo
Ha3MBaIOTh CTPYKTYPHO-MeXaHiYHMMM BjiacTuBocTsAMHU. Ll BiacTuBo-
CTi HAa3WBAIOTH I PEOJIOTIYHUMH, TOMY IO BUCHHS MO IUTHH Pi3HUX
Tin abo mpo mporiecH Aedopmariii, 0 PO3BUBAIOTHCS B Yaci, HA3UBAETHCS
peoJoriero.

[Ipu nmamiHapHOMY TUIMHI PIAMHU B KAIiJspi, BIIMOBITHO IO piB-
HaHHS HBIOTOHA, cHiTa BHYTPIITHBOTO TepTs F, H, Mix 1mrapamu piauau

. . du 2 . .
BHU3HAYAETHCS TPATIEHTOM IIBUAKOCTI o IoIIero mapy S, M~ 1 Koedi-
X

LI€HTOM BHYTPIOTHBOTO TepTs 1, [1a-c:
@. (6.1)
dx

Jns po3YnHIB HU3BKOMOJCKYJSIPHUX CIHOJNYK, a8 TaKOXK UL PSRy
KOJIOITHUX CHUCTEM KOEQIIlieHT 1 P JaHiid TeMItepaTypi i KOHIICHTpaIii
€ BEJTMYMHOIO MOCTiITHOIO.

OpHaK miJ BIUIMBOM DAy (akTopiB JuIsl KOJOIAHUX CHCTEM, a Ta-
KOX JJIS1 PO3YHMHIB BUCOKOMOJICKYJIIPHHUX CITONYK 3a3HaueHa 3aKOHOMIp-
HICTh 9acTO TOPYIIYEThCA. Lle MOSICHIOETHCS BUHUKHEHHSIM y CHCTEMIi
BHYTPIIITHBOI CITIACTOI CTPYKTYPH, YMOBAMH JJIsT YTBOPEHHS SIKOT €:

1) acumeTpuuHa gopma Minesa (YaCTHHOK);

2) HeMOBHA COJIbLBATAallisl YACTUHOK JucnepcHoi ¢ga3u.

Crpykrypu OyBalOTh KOATYJSAUilHI Ta KOHAeHcaliliHi (KpHcTa-
Jgizaniiini). [leprni yTBOpIOIOTBCS 32 paXyHOK CIa0KUX BOJHEBUX 3B’S3-
KiB a0o cun Ban-/lep-Baanbca, jerko pyHHYIOTBCS NpU MeXaHIYHHX
BIUIMBaX 1 4epe3 SKHICh Yac MOXYThb MHMOBUIFHO BigHOBUTHCS. lle
SBUIIE OJICPXKAI0 Ha3By «THKCOTpomist». KoHaeHcalifiHi CTpyKTypH
YTBOPIOIOTHCS 32 PaXyHOK XIMIUHHX 3B’S3KiB MK YacTHHKaMH abo BU-
HUKAIOYHMX TEPBUHHUX KPHUCTANIB Ta KPUCTANIIB, IO 3pOLIyIOThCS. Taki
CHCTEMH HE MOXYTh MaTH THKCOTPOITHI BIIACTUBOCTI, BOHU HE TUIACTHY-
Hi, a KPUXKI.

Ha tun cucremu nOCHTH ICTOTHHH BIUIMB Ma€ KOHIIEHTpAIis AHC-
niepcHoi (asu. Y BUIBHO-JUCHEPCHUX CHUCTEMaX KOHICHTpALlis HE MOXKe

F=n-§
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OyTH Iy’ BEIUKOI, TOMY IO B MPOTHJICKHOMY BHIAIKy HEMHUHYyYE
BUHHKAIOTh KOHTAKTH MK OKpEMHMH YaCTHHKaMHU. B pe3ymbTati yTBO-
proBajvcst OM MPOCTOPOBI CITKH, 1 BiJIbHE MEPEMILIICHHSI YaCTHHOK TI0 Bif-
HOIIIEHHIO OJIHA JI0 OJHOi Oyno 6 HemoxiuBe. [Ipu BBeIeHHI B CUCTEMY
cTabinizaropa, 1o MEePENIKO/HKAE 30JIMKEHHIO YACTHHOK 1 TIPOSIBY MOJIC-
KYJIPHUX CHJI MK HUMH, MOKHA 3HAYHO 30UTBIIATH KPUTUYHY KOHIICH-
Tpamiro, MpH SAKIH BUHUKAIOTH 3B’SI3KH MK €JIEeMEHTaMH CTPYKTYpHOI
CiTKH, TOOTO KOHIEHTPALIi0, IO BiAMOBiJAE’ JOCHTH BUCOKIH MiHOCTI
a00 CTPYKTYpHIi B SI3KOCTi CHCTEMH.

VY mOB’sA3aHO-ITUCIEPCHUX CHUCTEMaX KOHIICHTpAIlsl JUCIECPCHOT
(a3m Moke ocATaTH TyXKe BENWKWX 3HadeHb. OMHAK CIiI 3a3HAYUTH,
IO I[i CHCTEMH MOXKYTh OJICPXKYBATHCS 1 MPH JTyKE MATUX KOHIICHTpAIIi-
SIX JTHCTIEPCHOT (a3u, SKIIO TITHKH YaCTHHKHU JIOCHTH aHi30/iaMeTpHJHi,
Oyay4u, HaNPUKIIAJ, TaTHYKaMH a00 MJIaCTHHKAMHU.

Kpim koHueHTpamii aucnepcHoi ¢as3u, Ha peoJoridHi BIACTHBOCTI
KOJIOITHUX CHUCTEM CHJILHO BIUIMBAIOTH 1 Taki (hakTopu, K MpUpOa JHC-
MepCcHOI (ha3u, QHUCIEPCiifHOTO cepeoBUINa i IPUCYTHBOTO cTabimi3aro-
pa, OCKiNbKM caMme Bif IMX (aKTOPiB 3aNeXUTh €(EKTHBHICTH MOJEKY-
JSPHUX CHJI, MO JiIOTh, 3 OJHOTO OOKY, MK YaCTHHKAMH JUCIICPCHOI
(hasu, a 3 IHIIOTo — MiXK YaCTHHKAMH 1 TUCTIEPCIHHUM CEpPETOBHUIIIEM.

Takum urHOM, Ta a0o iHIIA CTPYKTypa KOJIOITHOI CHCTEMH HAJaE i
MCBHUX PCOJIOTIYHUX BIIACTHBOCTEH, 3HAYCHHS SKHUX JOCUTH BaXKIHBE
3 mpakTH4HOro OoKy. IpyHT 3emit, (opMyBaibHi TIMHM, LEMEHTHHI
po3umH, (apOu, JaKkW, MACTH XapPaKTePH3YIOThCSI HU3KOK OCOOIMBUX
CTPYKTYpHO-MEXaHITHUX BJIACTUBOCTEH.

OnHUM 3 METOJIB BUBYCHHS CTPYKTYp € MEpEBipKa 3aCTOCOBHOCTI
o cuctemu 3akoHy HbioToHa abo 3akony Ilyaseiunsa. 3akon [lyaseis
XapakTepu3ye JaMiHApHY TEYil0 PITUHMU 110 Kanlsipy i Ai€r0 MpUKIa-
JICHOTO THUCKY:

0= M , (6.2)
8-/
ne O — 00’eMHa IMBUIAKICTD TeUii, M3/C;

P — rigpocratnunnii TUCK, [la;

r — pajiyc Kamispa, M;

[ — MOBXXWHA KaIiJspa, M;

1 — OJUHaMIYHA B’s3KicTh pianHy, [1a-c.
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VY piguH, o0 TiAKOPAIOTHCS 3akoHY Ilyaseitns, 3amexHICTh MiX
00’€MHOIO MIBHJIKICTIO TeUii 1 THCKOM Ma€ OyTH JIiIHIHHOFO.

JIIst CTpYKTypOBaHHX CHCTEM 3aCTOCOBYIOTH piBHAHHA biHrama, mo
MIPUIYCKAa€ HBIOTOHIBCHKY TEUil0 CHCTEMH MICIIsl PyWHYBaHHS KPUXKOL
CTPYKTYpH:

P=p +n (6.3)
dx

ne P, —Hampyra Ha 3CyB, HEOOXiIHUH AN MOYATKY TeYil CHCTEMH,

HA.

JIist peosnIoTiYHMX JOCIIIKEHb HECTPYKTYPOBAHUX CHCTEM 3aCTOCO-
BYIOTH KaIJISIpHI BICKO3UMETPH PI3HUX KOHCTpyKLid. Tak, 3a momomo-
ror0 Bicko3uMmeTpa Y00erno/1e BUMIPIOIOTE Yac Tedil £, ¢ eBHOTO 00’ eMy
piAMHE MiX JBOMA ITO3HAYKaMH MpH il 30BHiMmMHBoro THCKy P,ITa. Kpusi
OynytoTh y koopauHatax P =f(1/t), npudomy 1/t — BemuuuHa, MPOHOp-
miHa 00’ €eMHIN MBHIKOCTI Tedil Q.

Jlist ociiJpKeHHST CTPYKTypOBAaHMX CHCTEM THITy NMacT HaWOiiIbII
4acTo 3aCTOCOBYIOTHCS JIBA METOJIM: KOHIYHOTO IJIACTOMETpa i TAHTeHIIi-
JIBHOTO 3CYBY IUIACTHHKH. [lepmuii MeTox m03BOJIsI€ XapaKTepHU3yBaTH
PEOJIOTNYHI BIACTHBOCTI CHCTEM BEIMYMHOIO TPAHWYHOI HAIIPYTH 3CYBY
P,,. Bin nonsrae y BuMipi rimuOMHN 3aHypeHHS KOHyca /i, M, y JaHy CHc-
TeMy ]I Ji€ro MOoCcTiiHOTO HaBaHTaxeHHs F, H. Bennuuna P, o6uunciro-
€THCSI 32 PIBHAHHSIM:

P == (6.4)

ne K — KoHCTaHTa Mmpuiany.

[puHIIT MeTOMy TAHTCHLIANEHOTO 3CYBY IDIACTHHKH MOJISTAE
Yy BH3HAYCHHI 3YCHJUIS, HEOOXITHOTO AJS 3CYBY ILIACTHHKH, 3aHYPEHOI
y IOCIHiPKyBaHy cucTeMmy. |’ paHn4Ha Hampyra Ha 3CyB P, HA, po3pa-

XOBY€ETBCS 33 JOIIOMOTOIO PIBHSHHS
F
P, =—, (6.5)
28
ne F — BenuuMHa NpUKIaJeHoro 3ycuuis, H;

S — mIoImA OBEPXHI MIACTHHKH, M.
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Crin 3a3HauuTH, IO BeIWYMHA P, 3aleXuTh Bix Oarateox (Qax-
TOpIB: KOHIIEHTpAIlii, TEMIIEPaTypH, IUCIIEPCHOCTI CHUCTEMH, T00ABOK
ITAP Ta iH.

Jlo nucnepcHUX CHCTEM BiTHOCATBCS PO3YMHHU BHCOKOMOJIEKYJISP-
HHUX CIIOJNYK, SIKi SBJISIFOTE COOOI0O PEYOBHHM, IO CKIANAIOTHCA 3 BEIIH-
YE3HUX MOJIEKYJ 3 MOJICKYJISIPHOIO Macor0 BiJl I€CATKIB O COTEHb THUCSIY
BYTJICLIEBUX OIUHUIIb.

Benmuuna MonekyssipHOT MacH mmopsi 3 Oy/10BOIO MOJIEKYJIH BH3Ha-
Yae BaXJIMBI B IPAaKTUYHOMY BiJHOIICHHI BIACTUBOCTI MOJIMEpiB: Mexa-
HIYHY MIIHICTb, €MACTUYHICTD, 3[JaTHICTh O HAOPSIKaHHSA 1 PO3YMHCHHS
Y BiATIOBITHUX PO3YMHHUKAX Ta iH.

Po3po0i1eHO i BUKOPUCTOBYIOTHCSA KiJIbKa METOJIB BH3HAYCHHS MO-
JIEKYJISAPHOI MacH TMONIMEPiB: OCMOTHYHMNA, ONTHYHHUH, CeIUMEHTAIlis
y BiAIIEHTpOBOMY MoJi Ta iH. OgHaK HAHTOMMPEHIINM 1 OiTBII TOCTYTI-
HHUM € BiCKO3UMETPHUYHHUI METOJ, 3aCHOBAaHMM Ha BUKOPHCTaHHI PiBHSIH-
Hs1 Mapka—XayBiHka:

Ny = K-C- M5 (6.6)

M = ©6.7)
Mo

€ My — IUTOMA B’ SA3KICTh PO3YHHY;

1M 1Mo — B’A3KICTh pO3UMHY 1 pO3YMHHUKA BiAMOBiqHO, [1a-c;

K — KOHCTaHTa TS KOKHOTO MOJiMepa B IEBHOMY PO3YHHHHKY;

M — MonekysipHa Maca, I/MOJIb;

O — KOHCTaHTa, 110 3aJIEKHUTH BiJl YOPMU MOJIEKYIIH.

Jnst BUMipy B’S3KOCTI PO3YMHIB pi3HOT KOHIEHTpALii BUKOPHCTO-
BYIOTh KalJIsIpHi Bicko3umeTpu. O4eBHIHO,

My =20 L0 (6.8)
Mo ly
e t1t)— 4ac BUTIKaHHS PO3YUHY 1 PO3YMHHUKA BiIIOBIIHO, C;
Po3paxyBaBmu Ui KOKHOI KOHIICHTpalii HaBEICHY B’SA3KiCTh,
OynyrooTh Tpadik y KOOpIWHATAX M /C =f(C). Tlpsma BimiTHe Ha oci
OpAMHAT BINPi30K, HA3BaHWH XapPaKTepPHCTHYHOIO B’s3KicTiO [n], m0
SIBIIIE COOOI0 TIPUBENEHY B’S3KICTh NMPH HECKIHUEHHO BEIMKOMY pO3-
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BeleHHI po3unHy. PiBHSHHS Mapka—XayBiHKa MOXKHA 3aIliCcaTé B TaKo-

My BHTJISII:
M=K -M2, (6.9)
Inm]l=mK+oa-InM. (6.10)
3BiJICH PO3PaXOBYETHCS MOJICKYJISIpHA Maca:
InM = Infn]=InK , (6.11)
o
M =eM, (6.12)

6.1. Ipuxnagu pilieHHs] TUNOBUX 3aBJAaHb

1. BuzHaunTH AMHAMIiuHY B’SI3KICTh TJHIIEPHHY, SKIIO BiH BHTIKae
i TrckoM P =200 ITa uepe3 kaminsp, paxiyc skoro 7= 10" M, a 10B-
xuHa [ = 6- 102 M. 06’ emua mBuakicts mmny O = 14- 107 m/c.

Pimenns. BignosigHo no piBusuus [lyaseits:
_m-rt-P
S 810
ne Q — 00’eMHa MIBUIKICTD Teii, M.
_3,14-1-107'2.200
1756102 14-100
2. [Ipu BUBYEHHI CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEH CyCHeH3ii
MUJIONOAIOHOTO KBapIly 3a JOMOMOroro mnpuiany Beinepa—Pebinmepa
Bu3HaueHe sycwuist F = 1,5 - 102 H, HeobXixHe ayst 3cyBy po6otoi mac-

THHU Tpwiany. [loBxuHa mactuHu a = lcm, mupuHa b = 0,5 cM. Pos-
paxyBatu P, — TpaHUYHY HalpyTy 3CyBY CYCIICH3I1.

=0,9351Ia-c.

Pimennsn. ['panndyHa Hampyra 3CyBy, IIO XapaKTepu3ye Mill-
HICTb CTPYKTYPH CHCTEMH, O0UHCITIOETHCA 32 PIBHIHHAM

_F

B, =
28

.. . 2
ne S — mroma 6i9HOT MOBEPXHi IIACTHHKH, M.

>
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1,5-102

=—— =150 1la.
" 2-0,5-102-1072

3. Ilpu BuMIpi B’A3KOCTI PO3YMHIB MOJNIBIHIIOBOTO CIUPTY y BOJI
npu 7= 293 K oTrpumaHi Taki aaHi:

Konnenrparis C, K/M 0 1 2 4 6 8
Yac BurikaHHs po3unHy £, ¢ | 74,0 1 97,2 1121,01170,0 | 221,0 | 273,0

Bu3HAYUTH MOJCKYJISIPHY Macy IMOJIiMepy, SIKIO KOHCTaHTH piB-
HsHHA Mapka—XayBiHKa cTaHOBJIATE: K = 4,53 - 1075; a=0,74.

Pimenns. Po3paxyByeMo 3HaUCHHS MPHUBEICHOT B’SI3KOCTI pO3-
YUHIB TIOTIMEpY:

— nHMT -

e ="c "0 C

KonuenTparist posuuny C, Kr/m° 1 2 4 6 8
I[puBeneHa B’ A3KICTh Mp, M/kr | 0314|0318 | 0,324 | 0,331 | 0,336

IMotim Oymyemo rpadik 3a0eKHOCTI Ny / C = f(C).

0,345 Nups M/KT
0,340
0,335
0,330
0,325
0,320
0,315

0,310

0,305

0,300 +—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—
0 2 4 6 8 10

C, xo/m’

Puc. 6.1. 3anexHictb 1,/ C =f(C) s N0diBiHIIOBOrO CIUPTY Y BOAI
mpu 7'=293 K
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I3 rpadixa (puc. 6.1) BUAHO, IO XapaKTepHUCTUYHA B’SA3KICTh CTa-
HOBUTB!

M= gg}) Ny = 0,310 M /xr.

BimnoBigHO 10 piBHSHHS

=K -M*,
— - : 75
Iy = B]=InK _1n0.310-1n(4.53-107) _,, o5
o 0,74

M ="M =¢!193 =152331,1 B.0.

4. TIpu KoCIiHKeHHI PEOJIOTIYHNX BIACTUBOCTEH HA()TH 3a TOTIOMO-
roto Bickozumerpa Y66emnone (7= 293 K) orpumaHo-Taki eKcriepuMeH-
TaJIbHI JTaHi:

Hampyra 3cyBy P-1073,H/M2 0/05|1,0(1,3]1,8]2,5/3,0[4,0
IIsuakicts mwmmay (1/4)-10%, ¢ | 0 10,2{0,6[0,8]1,6[5,3|6,4 8,6

[TobynyBaTn xpuBi B koopauHarax 1/¢=f(P) Ta P-¢t=f(P), Bu3Ha-
YUTH HANpyTy P,, IpU sKiil MTOBHICTIO 3pyHHY€ThCA CTPYKTypa HadTH
Ta ii IToyaTKoBa MEeXaHIYHa MillHICTb.

Pimenns. [n1 mobynoBu rpadika P-t=f(P) HeoOXiTHO mepe-
TBOPHUTH BUXIJTHI IaHi:

Hampyra 3cyBy P~1073, H/™ | 0,5 1,0]13]1,8(25]3,0]14,0
B’s3kicTh (P-t)'1075, ITa-c 2,5011,67(1,67|1,13(0,47(0,47|0,47

I3 rpadikiB (puc. 6.2) ta (puc. 6.3) OYCBHIHO, MO MMOYHHAIOYH
3 Hanpyru 3cyBy P, = 1,3 xlla cTpykTypa HaTH ounHae pyHHyBaTHCH,
MTOYUHAETHCS B’ sI3Ka Tedisd. [Ipu mocsrHeHHI HanpyTH 3cyBy P, = 2,5 klla
CTPYKTypa TOBHICTIO 3pYHHOBYETBCS 1 CHCTEMa MOBOIMTHCS SIK HOP-
MaybHa (HBIOTOHIBCHKA) piAMHA — Te4e, MAIOYd AWHAMIYHY B’S3KiCTh Be-
JUYAHOKO Mpin = 0,47 10°TTa c. Mexanidna MinHicTh CTPYKTYp HadTH
Y 1bOMY iHTEpBANi HAMPYT AOPIBHIOE Tmax — Nmin = (1,67 —0,47)- 10° =
=1,2-10° Ma-c.
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N (1/0)10% ¢!

- —————————— N\

0 - y T + + 1 + + + + 1 + + + + 1 + + + + 1 + + + + |
0 1 2 3 4 5
P, xlIla

Puc. 6.2. 3anexwuicts 1/t = f(P) ansa Hadt mpu 7=293 K

3,0 P-1107°, Ha<

P, xlla !
Puc. 6.3. 3anexuicte Pt = f(P) nns nadtu npu 7'=293 K
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6.2. 3aBaaHHs 1J151 CAMOCTIHHOTO pillIeHHsI

1. OGuMcIUTH MIBHUIAKICTG BUTIKAHHSA MAcJIMHOBOI OJII 3 BiCKO3H-
MeTpa uepes Karissp, JOoBKHHa skoro /=5 107 M i paxiyc r=25-10" M
mig tTuckoM P = 980 Ila; nuHaMidHa B’SI3KIiCTh OMiin =5 - 10 Ma-c.

2. BuzHaunTH OUHaAMiYHY B’SA3KICTh TIINEPUHY, SKIIO IMiJ THC-
koM P = 160 Ila i3 kpyrioro kamimspa gosxkuso0 /=8 - 107 M i pa-
niycom mepetnHy r=6-10" M BiH Tede 3 06 €MHOK IMIBHIKICTIO
0=1,1-10°m/c.

3.[lpu AOCHiIHKEHHI BIUIMBY ITOBEPXHEBO-aKTUBHUX J00aBOK Ha
KpHUCTaNi3aliifHe CTPYKTYPOYTBOPCHHS KOHIICHTPOBAHHUX CYCIICH31H OKU-
Cy KaJIBIII0 OTpUMaHi Taki eKCIepUMEHTATbHI JaHi (BUKOPUCTAaHUN Me-
TOJl KOHIYHOTO TIACTOMETPA):

7. Po3paxyBati 1 moOyayBaTH PEOJIOTiUHY KpHUBY B KOOpIMHATaxX
1/t=f(P) nns cycneHsii OKHCYy HIKEII0 B OCH30IIi 32 eKCIePHMCHTAIb-
HUMH JaHUMHU:

BaraBaHTamyP'103,Kr 40,0 | 44,0 | 48,0 | 52,0 | 56,0 | 60,0

IIBua. nedopmanii 1/, ¢ 0,4550,566 | 0,675[0,782[0,890| 1,0

KonnenTparis cyias(aTHO-CIHPTOBOT 0 [0,14]0,40(0,72(1.44| 72
6apmu C, mac.%

I'nbuHa 3aHypeHHs KOHyca h10°, M| 2,0 [1,64]0,95]0,75]0,63 10,59

Benuunna HaBantaxenns F = 9,8 H, koncranra konyca K = 0,4.

[oOynyBaT KpUBY 3aJIe)KHOCTI BETHIMHU TPAaHHYHOT HAIIPYTH 3CY-
BY P,, BiJI KOHIICHTpaIlii 100aBKH.

4. BUKOPUCTOBYIOUM EKCIICPUMCHTAIIBHI JaHi, OTPUMaHi 3a JIOIO-
MOTOI0 KOHIYHOTO IIIaCTOMETpa, TpadidHo ToKa3aTH BIUIUB T00aBOK ITO-
BEPXHEBO-aKTUBHOI PEYOBHHH (TJIOKO3M) HA BEIUYMHY TPaHUYHOI Ha-
TIPYTH 3cyBY P,, KoHIIeHTpoBaHo1 cycnensii CaO:

KonnenTparrist rimokos3u C, mac.% 0 [04]08]| 1,6 |40/ 8,0

I'mbwuHa 3aHypeHHs KOHycah'103,M 2,1411,2511,07(0,95|0,85|0,77

Benuunna HaBantaxenns F = 11,8 H, koncranTta konyca K = 0,4.

5. BusHauutn pniamerp d Kamimspa BICKO3UMETpPa JOBXKHHOIO
[=5-107 M, sxmo mig Tuckom P =100 ITa 3a yac = 61 ¢ i3 HBOTO
BUTiKae o00’eM pigwmHU V=3 " 10°M® 3 guHamiuHOW B’ A3KicTIO
n=1-10"Ta-c.

6. BusHauuTH TuHAMiYyHYy B’S3KICTh MAIIMHHOI OJii, SKIIO Yepe3
Kpyriuit Kamizsp moBxkuno0 [ = 61072 M i giamerpom d=1-10" M
mig tackomM P =100Ila BoHa BuTIKae 3 00’€MHOI0 IIBUIKICTIO
0=2,04-10""wm/c.
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BusHauuTH BeIUYKMHY IPAaHUYHOI HAIIPYTH 3CYBY P,,.

8. 3a momomororo npmiany Beiiepa—Pebinnepa BUBUCHI CTPYKTYp-
HO-MEXaHI4YHI BIACTUBOCTI 25%-X 0JEOCYCIEH3iil 3ali3HOT0 CYpUKY 3a-
nexxHo Bix koHTeHTparii [TAP (oneiHoBa kucioTa):

Konnentpamis [TAP C,mac.% | 0 | 05 | 2,0 | 6,0 [20,0] 32,0
Haii6impme 3ycumms F-10°,H| 3,4 | 20 | 1,2 | 0,5 | 0,2 | 0,1

Po3paxyBaTu TpaHUYHI HANPYTH 3cyBYy P, 1 moOymyBaTH rpadik ix-
HBOI 3aIeXHOCTI Bif KoHIeHTpanil [TAP. JlopxxuHa pobodoi IIacTHHKH
nprtaxy gopiBHioe a = 8 - 107 m, mmpuaa b=6-10" M.

9. Po3paxyBatn i moOymyBaTH PEOJIOTiYHY KPHBY B KOOpIWHATAX
1/t=f(P) nna cycneHsii OKMCy THTaHy B TOJIyOJIi 32 TaKMMH EKCIICpH-
MEHTAJIbHUM JaHUMU:

Bara BanTaxy P - 103, KT 01]32,0]44,0|50,0|54,0| 58,0/ 60,0
1IBus. nedopmari 1/¢, ¢ ' | 0 0,189[0,353(0,499(0,652(0,835/1,036

BusHauuTH BeIM4KMHY IPaHUYHOI HAIIPYTH 3CYBY P,,.
10. ITpn BuMipi B’S3KOCTi PO3YMHIB IOJICTUPOIY B TOJYOJNi 32 JO-
MTOMOTOI0 BiCKO3UMETpa OTPUMaHI TaKi JaHi:

Konmnenrpartis C, /o’ 0 1 2 2,36 | 2,75 | 3,12
UYac BuTikanHs po3unHy £, ¢ | 102,3 | 115,6 | 141,4|153,4|167,5]182,2

Po3paxyBaTtu 3Ha4YeHHS MUTOMOI 1 TPUBEIEHOI B’ S3KOCTI PO3UHHIB
MoJiMepy Ta MOOyAyBaTh rpadik 3aJIeKHOCTI My, / C = f(C). BusHauntn
XapaKTepUCTUYHY B SI3KICTH [1].

11. TIpu BuMIpi B’S3KOCTI PO3YHHIB TOMIi30IPEHY B TOIYOJI 3a HO-
MIOMOTOI0 KaIlJIIPHOTO BiCKO3MMETpa OTPUMaHi TaKi JaHi:

Konuentpauis C, r/am’ 0 1 194259 ]324]3,89

Yac ButikaHHs po3unHy £, ¢ | 165,2|214,3|273,0(322,5|378,2 437,0
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Po3paxyBaty 3HaueHHsS MUTOMOI 1 IPUBEICHO! B’SI3KOCTI PO3UHUHIB.
[HoOynyBaTH rpadik 3aNeKHOCTI Ny, / C = f(C) 1 BUSHAYUTH XapaKTepHUC-
TUYHY B’SI3KICTh PO34HHY [1].

12. BUKOpHCTOBYIOUHM 3HAYCHHS MPUBEICHOI B S3KOCTI IS Pi3HHUX
KOHIIEHTpAIlili HEHIIOHY B MypamIuHili KHCIOTI i KOHCTAHTAMH BiCKO3H-
MeTpuuHoro piBsHES K =11-10" i o =0,72, po3paxyBaTH MOJEKy-
JISIPHY Macy HEUJIOHY:

KonmenTtpartist po3unny C, kr/m | 0,5 1,0 1,5 2,0 2,5

ITpuBeneHa B’ SI3KIiCTh M,/ C 0,09 | 0,096 | 0,104 | 0,109 | 0,117

13. Po3paxyBatu Ta moOyIyBaTH PeosOTiuHy KPUBY B KOOpAMHATAX
1/t = f(P) nns cycneHsii OKUCY IIMHKY B O€H30J1i 32 eKCIIePUMEHTaIbHU-
MU JJaHUMHU:

Tuck P- 10, Tla 0] 7 ]10,0]15,0]/20,0/22,0]24,0]30,0

IIBuza. nedopmanii 1/7, ¢ [ 0 [100] 350 | 860 [1340[1540[1680[2100

BusHauuTH BEIUYKMHY IPAaHUYHOI HAIIPYTH 3CYBY P,,.
14. Po3paxyBaTi MOJIEKYJISIpHY Macy €TWJILENIOJ03M B aHUIiHI, BU-
KOPHCTOBYIOYH €KCIIEPHMEHTAIIbHI 1aH] BICKO3UMETPHUIHOTO METOY:

KonnenTtpariist pozunny C, Kr/™M° 1,0 | 1,75] 2,5 [3,25| 4,0 | 4,5

ITutoma B’S3KiCTh PO3YUHY Ny | 0,26 | 0,521 0,83 | 1,08 | 1,38 | 1,61

Koucranti: K=6,9-107, 0. = 0,72.

15. O0UHCIUTH MOJICKYJIIPHY Macy IepXJIOPBIHLUIOBOI CMOJHM B IIHK-
HOFCKcaHi, KOpI/ICTyIO‘H/ICL CKCHepI/IMeHTaJILHI/IMI/I JaHUMHU BiCKOSI/IMeT-
pUYHOTO METOAY:

KonuenTparist pozunny C, ke/M® | 1,0 [ 2,0 ] 4,0 ] 6,0 ] 8,0 ]10,0
[TuToMa B’SI3KICTh POZYHHY My 0,0910,20{0,43 0,67 | 0,96 | 1,28

—5
Koncrantn: K=6,3-10", a.=0,67.
16. KOpUCTYIOUHCh CKCTIEPUMEHTAIBHUME JTAHUMH, OTPUMAaHUMHU
3a JOIIOMOTOI0 BicKo3uMeTpa Y 00emose:

P, xIla 1,0 2,0 3,0 5,0 7,0 8,0 9,0
tc 795,0 | 375,0 | 249,9 | 146,0 | 102,0 | 89,2 | 79,3
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o0y TyBaTH PEOJIOTIYHY KpUBY B KoopauHatax P -t =f(P), Iis po3uyuHy
STHJILIEIIONIO3N MOJEKyIApHOi Macu M = 72160 B.o. y Tomyorm. BusHa-
YUTH TPAaHUYHY HANpPYTy 3CyBy P, 1 BETUYMHY MEXaHIYHOI MIITHOCTI
(nmax ~ MNmin )

17. O6uncIuTH MOJEKYJSIpHY Macy TMOJiBiHijameraTy B alleTOHi,
KOPHCTYIOUUCH IAHUMH BiCKO3UMETPUYHOTO METOMY:

KonuenTpauis posunny C, xr/m® | 1,0 [ 2,0 [ 3,0 | 50 | 7,0 [ 10,0

[TuToMa B’ SI3KIiCTh My 0,131 0,3 047|084 | 1,3 | 2,2

KoncranTn piBHsHHA Mapka—Xaysinka: K =4,2-107, o.= 0,68.
18. BuzHaunTy MOJIEKYJSIpHY Macy IOJIIMETHIMETaKpHiaTy B OeH-
30711 32 HACTYITHAMH JTAHUMH BiCKO3UMETPHYHOTO METO/Y:

Konmnentpartist po3unny C, Kr/M° 1,0 121416 1,820

[TpuBeneHa B’ I3KiCTh M/ C, M /KT 0,40(0,4210,4410,45|0,46 | 0,48

s
Koncrantu: K=4,7-107, a=0,77.
19. KopuCTyIOUHCh CKCIIEPUMEHTAIBHUME JTAHUMH, OTPUMaHUMHU
3a JIOIIOMOT 00 Bicko3uMmeTpa Y00emnoze:

P, xlla 1,0 2,0 3,0 5,0 7,0 8,0 9,0

t,c 755,0 | 360,0 | 239,9 | 141,0 | 99,3 | 86,9 | 77,2

MoOYIyBaTH PEOJIOTIYHY KPUBY B KoOpauHatax P -t = f (P), I po34unHy
STHIIIIEITIONIO3U MOJIEKYJISIpHOi Macu M = 46780 B.o. y Tomyouti. Buzna-
YUTH TPAaHUYHY HAIpPYyTy 3CyBY P, 1 BEIMYHMHY MeXaHI4HOi MIITHOCTI
(Minax = Niin )

20. BU3HaYUTH MOJEKYJISIPHY Macy €THIIIIETIONO03W B TOJNYOJi, BH-
KOPUCTOBYIOUH JaHI BiCKOBUMETPHYHOTO METOY:

Konuentpanis pozunny C, Kr/™M° 2,0 4,0 6,0 8,0 | 10,0
[TpuBeneHa B’ I3KICTh M,/ C 0,16 | 0,19 | 0,21 | 0,24 | 0,26

Koncrantn: K= 1,18- 107, .= 0,67.

21. Yac BHUTIKaHHS €THJIOBOTO CHHUPTY 3 Bicko3umeTpy OcTBanbaa
t=15c, a yac BuTikaHHSA Takoro x o00’emy Bomm f, = 10c. Ilpnm
T=293K w®'ssxicts Bomum 1 =1,005-10"Ia-c, ii rycruna
ps = 0,998 r/cm’, a rycrmra crmpty p. = 0,791 r/cm’. 3maiiTn Koe-
(dinieHT TMHAMIYHOT B SI3KOCTi CIUPTY 1.
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22. Po3paxyBatu i mobyayBatu rpadik 3MiHH BETHYHMHHA TPAHUYHOL
HalpyTy 3CyBY 3aJI€XKHO BiJi KOHIIEHTpaLil CycleHsii 3ai3HOro Cypuky
B p-kcwioini. IIpn BHKOpHCTaHHI METOIy TaHTEHIIaIbHOTO 3CYBY IIIac-
TUHKH OTPHMaHi Taki JaHi:

Konnentparis aucnepcroi gazu C, mac.%| 15,0 (20,0 |22,0|24,0 /27,0

Haii6ineme sycums F,, - 105, H 0,28 1,26 (2,10 12,38(2,94

JlopxxunHa mractuaku a = 0,7 - 102 ™, mupuHa b = 0,5 - 107 m.

23. Po3paxyBatu i moOyayBaTH Tpadik 3aJe:KHOCTI TpPaHWYHOI Ha-
MIPYTH 3CYBY arapoBOTO XOJIOJITIO BiJl KOHIIEHTpAIlil ITOBEPXHEBO-aKTHB-
HOi 700aBKH — 130IPOIMIIOBOTO CHHUPTY. JOCIiPKeHHS IPOBOANIN METO-
JIOM KOHIYHOTO TUIACTOMETPA, IPH I[bOMY OTPUMaHI TaKi JaHi:

KonuenTparis [TAP C - 102, kmons/M> | 0,0 | 3,0 | 6,0 | 12,0 | 30,0

I'muOuHa 3aHypeHHs KoHyca / - 102, M| 1,08 1,34 1,54 | 1,81 2,03

Bennunna HaBauTaxenHs F=9,8-107 H, koncraHTta KOHyca
K=0,413.

24. TloOyayBaTH PEONOTIYHY KPUBY PO3YHHY HIiTPOIICTIOIIO3H B alle-
TOHI B KoopauHatax P-t=f(P), BUKOPUCTOBYIOUH EKCHEPHUMEHTAJIbHI
JlaHi, ojeprkaHi 3a JONOMOTOI0 Bicko3uMmeTpa Y 60emoe:

Hanpyra P - 1072, [a 1,0 | 2,0 | 8,0 [ 16,0 | 24,0 | 40,0
Yac ButikaHHs po3umHy ¢, ¢ | 340,0(159,0| 39,0 | 17,8 | 10,8 | 6,5

BusHauuTtu rpaHudHy Hanpyry 3cyBy P,.
25. KopHCTYIOUHCh CKCIIEPHUMEHTATBHUME JaHUMH, OTPUMAaHUMHU
3a IOTIOMOT0I0 Bicko3umMeTpa Y 60enoe:

P, kIla 1,0 2,0 3,0 5,0 7,0 8,0 9,0

tc 735,0 | 350,0 | 233,0 | 138,5 | 98,0 | 85,7 | 76,2

NnoOyayBaTH PEOJIOTiUHY KpUBY B KoopAMHATax P-¢=f(P) 1a po3unHy
eTHIILIENIONO03:N MoJeKysipHoi Macu M = 30080 B.o. y Tomyouti. BusHa-
YUTH TPaHWYHY HANpyra 3CyBy P, Ta BEJIMYUHY MEXaHIYHOI MIIHOCTI

(nmax ~ Mmin )

103

6.3. KoHTpoOJIbHI MUTaHHSA

1. SIKi mpUYMHKA BUHUKHEHHS CTPYKTYp Y JUCHEPCHUX CUCTEMaX?

2. OxapakTepu3yBaTu THIIN CTPYKTYp, IO BHHUKAIOTh y JUCIIEpPC-
HHX cucTeMax. HaBecTn nmpukiagy.

3. SIki Bunn pedopmartii XxapakTepHi A1 AUCTIEPCHUX CHCTEM?

4. Hanmcatn piBHsHHS HplotoHa st Tewii pimus. IlosicHutn ¢i-
3UYHUA 3MICT BXiZHHX TapaMeTpiB. HaBecTH KpWBI MIBUAKOCTI Tedii
i B’S3KOCTI BiJi BEIWYMHU MPUKIAICHOI HANPYTH U1 HBIOTOHIBCHKUX
CHCTEM.

5. Hamucatu piBasiaHa binrama-IlIBenoBa i miacTUYHOI Tewil.
Ski cuctemu minkopstoThes Homy? 11lo Take rpaHUYHA HampyTa 3CyBY?

6. HaBecTn KpuBi MIBUIKOCTI Tedii 1 B’SI3KOCTi BijJ] BEMMYUHH TPHU-
KJIaJIeHOI HalpyTu JUIs CTPYKTYpoBaHHX cucteM. Ilokasaru Ha rpadikax
TPaHUYHY HAIpPYyTy 3CyBY P,, a TaKOX B’A3KOCTi, IO BiANOBITalOTh He-
3pyHHOBaHIH 1 TOBHICTIO 3pYHHOBaHIH CTPYKTYPI.

7.1lo sBIAIOTH COOOI0 SBHINA THUKCOTpOmii i cuHepesucy? Yum
oOymoBteHi 1i siBuma? HaBecTH NpHKIaay TaKUX CTPYKTYpPOBaHUX JIHC-
MEPCHUX CHUCTEM.

8. SIki MeToM BUKOPHCTOBYIOTHCS JUISl IOCHIPKEHHS CTPYKTYpOBa-
HHUX JUCIIepCHUX cucteM? Sk NpHW IbOMY BH3HAYa€ThCsl BEMYHMHA Ipa-
HUYHOI HAINlpyTH 3CyBY?

9.3a sKkux yMOB crpaBeqIuBe piBHAHHS [lyasedns mma o0’eMHOi
MIBHIKOCTI PyXy pimuHu B Kamiursapi? IloscHUTH 3HAYEHHS HapameTpiB,
III0 BXOJATD Y 3a3HAUCHE PIBHIHHS.

10. llo Ha3WBalOTh NUTOMOIO, HABEJEHOIO 1 XapaKTEPUCTHYHOIO
B’s13KicTIO? SIK IX BU3HAYArOTh?

11. Y yoMy CyTb BICKO3UMETPHYHOTO METO/y BH3HAUEHHS MOJICKY-
JISIPHOT MacH ToJimMepiB?

12. Slka xiacugikamis MoJiMepiB 3a IX T€OMETPUYHOI0 Oy/10BOIO?
[To Take eNMacTHYHICTH 1 TWIACTUYHICTH MOJIiMepy? SIKUM MUITXOM IIi Blac-
THUBOCTI JIOCSATAIOTHCS?

13. HapucyBaTi TepMOMEXaHIYHY KpUBY (3aJ€KHICTh BiTHOCHOI
nmedopmariii momiMepy Bif TemmeparypH) i MOSCHUTH (a30Bi mepexo.u,
MOB’s13aHi 13 CIIBBIAHOIICHHSM CHEPTil TEIUIOBOTO PYXY 1 MIXMOJIEKY-
JITPHOIO B3a€MOJTIEI0 MiXK JIAHITIOTAMH TTOJIIMEPY.
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14. Y goMy cyTh ABHIIA HaOpsKaHHS moiiMmepy? SIka TepMoauHa-
MiKa IIbOTO Tporiecy?

15. Ski icHytoTh BUAM HaOpsikaHHS? SIK BU3HA4YaeThCs CTYIHb Ha-
OpsIKaHHS TIOJIiMEpY?

16. Slka peosnoriyHa MOJENb UTIOCTPY€ IUIACTUYHI BIACTUBOCTI JUC-
MepcHuX cucteM? SIKkMMm mapaMeTpaMu XapaKTepU3YyIOTh MIIHICTb
CTPYKTYyp?

17. Ha3BaTii OCHOBHI THITH CTPYKTYp IUCIIEPCHUX CHCTEM (3a KIia-
cudikamiero I1. A. PeGinnepa). SIk BOHH yTBOPIOIOTHCA 1 UMM BiIpi3HS-
IOThCS IX PEOJIOTIYHI XapaKTepPUCTUKHU?

18. SIki ¢akTOpH BIIMBAIOTH Ha PEOJIOTIYHI BIACTHBOCTI JHCIEpC-
HUX CHUCTEM i sK?

19. Sk 3milicHIOETBCA TEpexif BiA KOaryisaLifHO-THUKCOTPOIHHUX
CTPYKTYp IO KOHICHCAIiifHUX 1 HaBmaku? Jlieto skux (pakTopiB MOXHA
BUKJIMKATH IIi IEpeXoau?

20. SIk po3MipH YaCTHHOK 1 B3a€EMOJIS MK HHMH BIUIMBAa[OTh Ha
CTPYKTYpPHO-MEXaHIqHI BIACTHBOCTI TUCTICPCHUX CUCTEM?

21. Sk 3aneXUTh B SA3KICTh PO3YMHIB IOJIIMEPIB Bia iX MOJNEKYJIAp-
HOT MacH, (JOpMHU MaKpOMOJIEKYJI, IXHOT TEPMOIUHAMIYHOT CITOPiTHEHO-
CTi 10 pO3UNHHHUKA?

22.V 4oMy CKIaIaeThesl Pi3UKO-XIMITHA CYTh MPOIECY PO3PiIKCH-
HS1 TUCHIEPCHUX cUcTeM?

23. SIka ponb CONBEBAaTHHX OOOJIOHOK y 3MiHI MIITHOCTI JHUCTIIEPCHOL
cucteMu?

24. Y yoMy IpUYUHH 3HIKECHHS MIITHOCTI AUCTICPCHUAX CHCTEM?

25. Ha3zBaTtu mpouecH, B SKHX iCTOTHE 3HaU€HHS MaloTh PEOJIOTidHi
BJIACTUBOCTI AUCIIEPCHHUX CHCTEM.
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JOJNATKH

Hdonatoxk A. ®@opmyna minesnu 30,110

Hamucatu dopmyiy wmimenu 30710 Ui BiANOBIIHOI peakiii mpu
HaJJIMIIKY OAHOTO 3 peareHTiB.

VYka3aTu, sKUi 10H-KOAryJIATOp JUIs Takol Milenu Oyle MaTH Hai-
MEHIIH TOPIr KOATyIIAIIIL.

01. Na,SiO; + 2HCl 22 H,SiOs4 + 2NaCl

02. As,O +3H,S &2 As,S;{ +3H,0

03. 4FeCl; + 3K4Fe(CN)s &2 Fey [Fe(CN)glsd + 12KCl

04. Fe(OH):d + 3HCI 2 FeCl; + 3H,0

05. BaCl, + H,SO, == BaSO.{ + 2HCI

06. 2AgNO; + K,Cr,0; 2 Ag,Cr,074 + 2KNO;

07. ZnSO4+ (NHy).S = Znd + (NH4),S0,

08. FeCl; + 3NaOH 2 Fe(OH);{ + 3NaCl

09. 4AgNO; + K4Fe(CN)s =2 Agi[Fe(CN)e] 4 + 4KNO;

10. 2H;As; + 3H,S =2 As,Sid + 6H,0

11. Fey(Fe(CN)gd + 6H,C,04 2 2Fey(C,04); + 3H,Fe(CN)g

12. AICl; + 3NH,OH = AI(OH);4 + 3NH,CI

13. H,Snsd + 2HCl = SnOCl, + 2H,0

14. H,Snsd + 2NaOH = Na,Sn; + 2H,0

15. Al(OH)3{ + 3CH;COOH = Al(CH;COO); + 3H,0

16. 2As(OH); + 3H,S &2 As,S3d + 6H,0
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17.
18.
19.
20.

21.
22.
23.
24.
25.

MnSO, + Ba(CNS), &2 BaSO,{ + Mn(CNS),
Ba(CNS), + K,S0, = BaSO,{ + 2KCNS

Fe(OH):\ + HCl =2 FeOCl + 2H,0

2KAu0O, + 3HCHO + K,COs 2 2Aud + 3HCOOK + KHCO; +

+H,0
2H,S + SO, & 3S{ +2H,0

2AgNO; + K,Cr,0; 2 AgCr,074 + 2KNO;
5H,S + H,S506 =2 10S4 + 6H,0
2HAuCI, + 3H,0 22 2Aul + 8HCI + 30,

K Fe(CN)s + 2C0S0; = Cos[Fe(CN)g] 4 + 2K,S0,
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Hdoanatoxk b. Bapiantu po3paxyHkoBo-rpagidHoro 3aBIaHHs

3 E | g E | g = | £
EE| « g = s g = s g =
2 = = a = = a = = 2 =
zi| & | & | E | & | & | E|&| & | &
’ 1.2 1;25 | 1,25 2.2 1;25 | 1,25 3.2 1;25 | 1;25
4.2 1;25 | 1;25 5.2 1;25 | 1;25 6.2 1;25 | 1;25
1.2 2;24 | 2;24 2.2 2;24 | 2;24 3.2 2;24 | 2;24
2 4.2 2;24 | 2;24 5.2 2;24 | 2;24 6.2 2;24 | 2;24
1.2 3;23 | 3;23 2.2 3;23 | 3;23 3.2 3;23 | 3;23
3 4.2 3;23 | 3;23 5.2 3;23 | 3;23 6.2 3;23 | 3;23
4 1.2 4,22 | 4,22 2.2 4,22 | 4,22 3.2 4,22 | 4,22
4.2 4,22 | 4;22 5.2 4,22 | 4,22 6.2 4,22 | 4,22
5 1.2 5;21 | 5521 2.2 5;21 | 5521 3.2 5;21 | 5521
4.2 5;21 | 5521 5.2 5,21 | 5521 6.2 5;21 | 5521
1.2 6;2 6;2 2.2 6;2 6;2 3.2 6;2 6;2
6 4.2 6;2 6;2 5.2 6;2 6;2 6.2 6;2 6;2
1.2 7;19 | 7;19 2.2 7;19 | 7;19 3.2 7;19 | 7;19
7 4.2 7,19 | 7,19 5.2 7,19 | 7,19 6.2 7,19 | 7,19
1.2 8,18 | 8;18 2.2 8,18 | 8;18 3.2 8,18 | 8;18
8 4.2 8,18 | 8;18 5.2 8,18 | 8;18 6.2 8,18 | 8;18
0 1.2 9,17 | 9;17 2.2 9,17 | 9;17 3.2 9,17 | 9;17
4.2 9;17 | 9;17 5.2 9;17 | 9;17 6.2 9;17 | 9;17
10 1.2 | 10;16 | 10;16 | 2.2 |10;16|10;16| 3.2 |10;16 | 10;16
42 |10;16|10;16| 5.2 |10;16 |10;16| 6.2 | 10;16 | 10;16
1.2 | 11;15 | 11;15) 2.2 [ 11;15 | 11;15) 3.2 | 11;15 | 11;15
11 42 [ 11;15 | 11;15 ) 52 | 11;15 | 11;15) 6.2 | 11;15]| 11;15
" 1.2 | 12;14 | 12; 14| 22 | 12;14 | 12;14] 3.2 | 12;14 | 12;14
42 [12;14 | 12;14 | 5.2 |12;14|12;14| 6.2 |12;14 | 12;14
13 1.2 13;1 | 13;1 2.2 13;1 | 13;1 3.2 13;1 | 13;1
4.2 13;1 | 13;1 5.2 13;1 | 13;1 6.2 13;1 | 13;1
14 1.2 14;2 | 14;2 2.2 14;2 | 14;2 3.2 14;2 | 14;2
4.2 14,2 | 14;2 5.2 14,2 | 14;2 6.2 14,2 | 14;2
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3akinueHHs gogarka b

1.2 15;3 | 15;3 2.2 15;3 | 15;3 3.2 15;3 | 15;3
15 4.2 15;3 | 15;3 5.2 15;3 | 15;3 6.2 15,3 | 15;3
1.2 16;4 | 16;4 2.2 16;4 | 16;4 | 3.2 16;4 | 16;4
16 4.2 16;4 | 16;4 5.2 16;4 | 16;4 6.2 16;4 | 16;4
1.2 17;5 | 17;5 2.2 17;5 | 17;5 3.2 17;5 | 17;5
17 4.2 17;5 | 17;5 5.2 17;5 | 17;5 6.2 17;5 | 17;5
1.2 18;6 | 18;6 2.2 18;6 | 18;6 | 3.2 18;6 | 18;6
18 4.2 18,6 | 18;6 5.2 18,6 | 18;6 6.2 18;6 | 18;6
1.2 | 25;13 | 25;13 | 2.2 [25;13 25,13 3.2 |25;13|25;13
P 42 25132513 | 52 |2513(2513] 6.2 |2513]25;13
1.2 (24,12 (24,12 | 2.2 |24;12|24;12| 3.2 |[24;12|24;12
2 42 [24;12 24,12 5.2 |24;12 (24,12 6.2 |24;12|24;12
1.2 | 23;11|23;11 | 22 |[23;11]23;11 ) 3.2 |23;11|23;11
A 42 [23;11]23;11 | 52 |23;11|23;11] 6.2 |23;11]23;11
1.2 22;1 | 22;1 2.2 22;1 | 22;1 3.2 22;1 | 22;1
2 4.2 22;1 | 22;1 5.2 22;1 | 22;1 6.2 22;1 | 2251
1.2 21;9 | 21;9 2.2 21;9 | 21;9 3.2 21;9 | 21;9
B 4.2 21;9 | 21;9 5.2 21;9 | 21;9 6.2 21;9 | 21;9
1.2 20; 8 | 20;8 2.2 20; 8 | 20;8 3.2 20; 8 | 20;8
M 4.2 20;8 | 20;8 5.2 20;8 | 20;8 6.2 20;8 | 20;8
1.2 19;5 | 19;5 2.2 19;5 | 19;5 3.2 19;5 | 19;5
» 4.2 19;5 | 19;5 5.2 19;5 | 19;5 6.2 19;5 | 19;5
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