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1. MIOBEPXHEBI ABUIIIA

1.1. IloBepxHeBHMi HATAT

Jlo TOBepXHEBUX SBUI BITHOCATH SBWINA, IIOB S3aHI 3 OCOOJMBOCTSIMHU
MOBEJIIHKA PEYOBHH, IO CIOCTEPIraloThCsd Ha Mexi mnoauty ¢as. Jlani sBuima
BUHHUKAIOTh BHACIIJOK OCOOJIMBOTO CTaHy MOJICKYJ MaHOi (a3u, SKi 3HAXOIATHCS
Oe3mocepeTHb0 Ha MexXi a00 moOIM3y Mexi moaity das.

®a3a-1 (las)

'
’

“F(1)=0  pasa-2 (Piduna)

Ha Monekyiy, 1110 3HaXOAUThCS BcepeauHi (a3u, A1F0Th CUIN MIKMOJIEKYIISIPHOL
B3a€MOJIIi 3 OOKYy BCIX OTOUYYHOUMX 1i CYCIOHIX MOJEKyJ. BHacmigok cumerpii
CHJIOBOTO TOJISI, PIBHOJIIF0YA LIUX CHJI TOPIBHIOE HYJIIIO, 1 JIJIs1 IEPEMIILIEHHS MOJIEKYJIU
BCEpEANHI, HAPUKIIAJI, PIIMHUA HE MOTP1IOHO BUTpadatu podoty. EHeprito, HEOOX1aHY
JUIsL PO3PUBY CTApUX MIKMOJIEKYJSIPHUX 3B A3KIB, KOMIIEHCY€E €HEpris YTBOPEHHS
HOBUX 3B s3KIB. MOJIeKyJIH, IO 3HAXOAATHCSA Ha MEX1 MOy (a3, BIIUYBAaIOTh A1I0
MDKMOJIEKYJIIPHUX CHJI y OUIbLIiA Mipi 3 OOKYy CHOpiHEHOI iM (a3u, HiXK 3 OOKy
npyroi gazu. TyT MOXKHA BUIUTUTH JIBa BUMAJKU:

1) MoyileKyTu KOHTaKTyrO4YuX (pa3 MpakTUYHO HE B3a€EMOJIIOTH OJIHA 3 OJHOIO,
HAIPUKIIA], KOJIHU OJIHIEI0 3 (a3 € ra3 abo (a3u pi3Ko BIAPIZHAIOTHCS 32 MOJSPHICTIO;
y IIbOMY BUITIJIKy MTOBEPXHs Oy/ie MaTH BUCOKY HAJITUIIIKOBY €HEPTIIO;

2) MOJIEKYJIM KOHTaKTylOuuX (a3 B3a€MOJIIOTh MK COOO0I0, HANIPUKIAA, KOJIH
¢da3u OIU3bKI 3a MOJSPHICTIO; Y IIbOMY BUIIAAKY Mexka Moy a3 Oy/ie MaTu HU3bKY
HAJIJTUIITKOBY €HEPTiI0.

TakuM 4MHOM, Ha MOJIEKYJy, 110 3HAXOJUTHCA HA MOBEpXHI ab0 Mobyu3y Heli,
Jli€ pIBHOJIIIOYA CUJIA, SIKA JI1€ IEPIEHANKYIISIPHO TOBEPXHI po3ALLy (200 1O TOTHYHIM
JI0 TOYKH TOBEPXHI) 1 HampaBjeHa BriuO 00 emy (a3u, To6TO0 00 €M (ha3u mparse
BTSTHYTU MOJIEKYJIy, IO 3HAaXOJWUThCS Ha ii moBepxHIi. Tak, cepeaHid Yac >KUTTS
MOJIEKYJIM BOJM Ha MEXi BOJa/MOBITps CKiIajgae mpuGiusno 107, a ans Bombgpamy —
10 c. B pesyabraTi MOBepXHS pIAMHM TparHe CKOPOTHTHCS A0 MiHIMAIBHO
MO>KJIMBOI BEJIMYMHHU 3a JAaHUX YMOB — BUHUKA€E MOBEPXHEBUIl HATAT. TakuM 4nHOM,
Ha TIOBEpXHI OyAb-fAKOI PIAMHM ICHYE BEJIMYE3HWM THCK, IO TparfHe BTSATHYTHU
MOJIEKYJIM 3 TTOBEPXHI Bcepeauny pinkoi (azu. [{um Takoxk MOsCHIOETHCS cheprudHa
(dbopma noBepxHi APIOHUX Kparenb piAiuHU a0 MyXHUPIIIB ra3y B aepo30JisiX, TyMaHax,
eMYJIbCIsIX.

TepMiH «mOBepXHeBMI HATAI» MOKHA OXapaKTEPU3YyBaTH SIK 3a JOMOMOIOI0
€HEPreTUYHOro, TaK 1 CUJIOBOTO (hOPMYJITIOBaHb Ta PO3TJISAATH B €THOCTI:



Ilogepxnesuii namsne (G) — poooma 060pomHO20 i30MeEPMIUHO20 nPOUECy, W0
6UMPAYEHA HA YMEOPEHHA OOUHUYI HO6OI noeepxHi po3oiny ¢has (emepzemuune
dopmynweannsn).

- oA oG
=| — o=| —
&s JTv abo os Tp’
Hogepxnesuit namsz (0) — cuna, w0 HANPAGNEHA MAHZEHUIATLHO 00

NnOGepXHI Ma NPUNAOAE HA OOUHUUIO O0BHCUHU NEPUMEMPA, W0 00MeIHCYe Ulo
noeepxmio (cunose hopmynioeanus).

Taka €qHICTH EHEPreTMYHOTO Ta CHJIOBOTO MIAXOIB CKJajacs 1CTOPUYHO.
BenuunHa noBepxHeBoro HaTAry Oyiia BBeA€HA Y (PI3UKY 3a10BrO 10 MOSIBH NOHATTS
eHeprii Ta po3rifjanach fK CHIa, IO CTATY€ TIMOTETHUYHY IUIIBKY Ha IMOBEPXHI
plauHY 1 IpOTU/II€ ii po3TAryBaHHIO. CHIIOBE BU3HAYCHHS CITPaBEeIUBIIIIE JIJISl PIAMH,
TOMY IIO0 Y HUX OJHOYACHO 3 YTBOPEHHSM TOBEPXHI MOJEKYJIW Ta aTOMH Ha Hii
OPIEHTYIOTHCSA, YIIUIBHIOIOTHCS, MEPEXOATh Y PIBHOBAKHUN CTaH 1 BU3UBAIOTH TUM
CaMUM TaHTEHI[IaJIbHUI HATST MOBEPXHI.

VY 3B 43Ky 3 UM [MOBEPXHEBUM HATAT MA€ JIBa BAPIaHTU PO3MIPHOCTI:

o] =22 2
M M

B mpomeci 3poctanHHs mionii mMoBepxHi (mpu mocTidHOMY 00'emi (asn)
HEOOX1THO BUBECTU MOJIEKYJIH 3 00" €My a3y y TOBEPXHEBH 11ap, 31HCHIOIOYH TPU
IIbOMY pOOOTY, HAMpaBJICHy MPOTH CUJI MDKMOJICKYJISIPHOT B3aEMO/Iii. 3aTpadyeHa npu
IbOMY pO0O0Ta 30CEPEIKYETHCS (JTOKAI3YEThCS) Y TOBEPXHEBOMY IIapi. Y 3B SI3KY 3
MM TOBEPXHEBHI 1Iap Mae MEBHMM 3amac moBepxHeBoi eHeprii. Ilpu moctiitHOMY
TUCKY 1 TeMIlepaTypi BOHa BiANOBiJae BiIbHili moBepxHeBiii eHeprii I'io6ca (Gs),
SKa € HAUTUIIKOBOIO:

G, =05, (1.1)

JIe G — IOBEPXHEBHM HATAT; S — TUIOIIA MEXI1 po3ainy das.

3BIIKM TOBEPXHEBUI HATAI MOXHA OXapakTepU3yBaTU SK HAIJIUIIKOBY
noBepxHeBy exneprito 'i66ca oxurmmi (1 M%) moBepxHi:

aximo S =1m°, 10 G, =0 .

[ToBepxHEBUl HATAT € IHTEHCUBHOIO BEJIMYUHOIO.



1.2. JlioginbHa Ta 1iopodHA B3aEMOis.

JliodinbHicTh Ta diodooHicTh (Op.-Tper. AV® — pO3UUHSI0, PIAE® — JIFOOITIO 1
@OPog — cTpax) — Ie XapaKTePUCTUKH MIDKMOJICKYJSIPHOI B3a€EMOIi PEUYOBUHU 1
cepenoBumia. [ToHATTS M0GUTEHOCTI Ta T11I0GOOHOCTI BITHOCATH TAKOXK JI0 MOJIEKYI 1
1X YaCTHH.

Skiio pedoBuHa 1 cepeoBuIle OJM3bKI 32 Oy0BOK MOJICKYJ (32 MOJISIPHICTIO)
ab0 MOJIGKYJIM PEUOBHMHHM CHJIBHO B3a€EMOJIIOTH 13 CEPEIOBUINEM, HAMPUKIAI,
YTBOPIOIOTH BOJAHEBI 3B S13KH, TO MOYKHA TOBOPUTH TIPO Ji0(iJIBHICTH CUCTEMH.

[Ipu cnabkiil B3aeMOJIi1 PEUOBHHU Ta cepeAoBHIa (MOJIEKYIH Pi3HOI MPUPOIH,
PI3HOI MOJSIPHOCTI) MOKHA TOBOPUTH TIPO JIi0OOHICTD.

VY Bumajakax, KOJM CEPEeJOBHIIEM € BOJIA, BUKOPUCTOBYIOTh 3a3BUYail TEpMiHH
"rigpodinbHicTs” Ta "rigpodoOHicTs" (Bia rpeu. hydro — Boma), a 4kmio
CCPEJIOBHILIEM € BYIJIEBOJCHBL (OJiis, »KUp) — TepMiHH "oseo(mimo)piabHICT" 1
"osreo(J1ino)oOHicTh" (Big JaT. oleum Ta rpei. lipos — oJis, xup).

VY Bumagky miodinbHOI B3aeMoAll ABOX (a3 CHUCTEMA XapaKTEPU3YETHCA
MIHIMQJIBHOIO HAJMIPHOIO [IOBEPXHEBOIO €Hepriero. Y BUMAAKY J10(OOHOI
B3a€MO/I1i — MaKCUMAaJIbHOIO.

1.3. TepmoauHaMika MOBEPXHEBOI'0 IIAPY

Memoo naoruwmrkoeux eenuuun I'iooca

B Oyapb sikiif reTreporeHHii cucreMi
I I MDK JIBOMa CYMDKHMMH (a3amu €
o0nacTe (Tak 3BaHUM, IOBEPXHEBUI
ap), BJIACTUBOCTI SKOi BIIPI3HAIOTHCS
B1J1 BlacTuBoCTel (pa3. TopmmHa ILOTO
apy CKJIaJa€ KijabKa HM.

®aza 1

I‘IOBerHeBMVl wap
['i60c 3ampomoHyBaB BiAHOCUTHU

6 e // YA G BCl TEPMOJAMHAMIUHI apaMeTpH TIIbKU
: OE.Imapy

s 7 / ///)é/// /// // " no posmimsrouoi moBepxHi. To6TO

srimjHo [166cy moBepxHs posauty a3

nOBerHF‘ po3ainy XapaKTepU3y€eThCs HA UIAILKOBUMU
Gz G TEPMOJMHAMIYHAMHU TapaMeTpaMu, a
o0’eMHI  ¢da3u  BpaxoBYIOTb  fIK

®a3a 2 OJTHOPI/THI JTO PO3IIISI0UO0T TTIOBEPXHI.

3anumemMo 00 €qHaHE PIBHSHHSA
MIEPIIIOTO 1 APYroro Hayaja TePMOAUHAMIKY BITHOCHO 3MiHU BHYTPiIHKO1 eHeprii (U)
reTepOreHHOl CUCTEMU:

dU =TdS — PdV +odS + ) zdn; + ¢dq (1.2)


https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://www.xumuk.ru/encyklopedia/2477.html
http://www.xumuk.ru/encyklopedia/2650.html
http://www.xumuk.ru/biochem/14.html
http://www.xumuk.ru/encyklopedia/2650.html
http://www.xumuk.ru/bse/519.html
http://www.xumuk.ru/encyklopedia/786.html
http://www.xumuk.ru/encyklopedia/1059.html
http://www.xumuk.ru/encyklopedia/786.html
http://www.xumuk.ru/encyklopedia/2/4630.html
http://www.xumuk.ru/lekenc/5510.html
http://www.xumuk.ru/encyklopedia/1548.html

ne T — temmeparypa; S — entpomnis, P — tuck, V — 06’em, S — nnoma nosepxni, 6 —
MOBEPXHEBUI HATAT, |L — XIMIYHUM MOTEHIIal |-TOro KOMIOHEHTa, Ni — YUCI0 MOJIb
| - TOro KOMIOHEHTa, ¢ — EJIEKTPHYHMI NOTeHNiad, ( — KUIbKICTh €JIEKTPHKH
(3apsn).

Bupaszumo noBepxHeBuil HATAT MpuU MOCTiHUX S, V, nj, :

oU

0= : 1.3
aS S\V,n;,q ( )

TakuM YWHOM, MOBEPXHEBHUM HATST € YACTKOBOIO IMOXiJHOK BHYTPIIIHBOI
€HEeprii 3a IUIONICI0 MEXI MOALTY (a3 mpu MOCTIMHUX: eHTpomii, 00 €Mi, KIIbKOCTI
PEUYOBHHHU Ta 3aps/il.

Bpaxosytoun, mo dU +PdV —TdS =dH —TdS =dG, o ans ymos P, T=const
piBHAHHS (1.2) MOXKHA 3a1IMCaTH Yy BUTJISIL:

dG =odS + > sydn; + gdq . (1.4)

[Ipotre moBHE 00 €qHAHE PIBHSHHS MEPUIOTO 1 APYTroro Havaja TePMOAUMHAMIKA
JUISL TETEpPOreHHOi CHUCTeMM BIIHOCHO 3MiHM eHeprii ['1066ca (G) Oyae w™aru
HACTYIHUI BUTJISL:

dG =—SdT +VdP + odS + > z4dn, + edq (1.5)

ne T — remmeparypa; S — enrpomist; P — tuck; V — 06 em; S — moma nosepxHi; 6 —
MOBEPXHEBUI HATAT; |L — XiMiuHMI TOTEHIian 1-TOro KOMIoHeHTa; Ni — YUCI0 MOJIb

I-TOro KOMIOHEHTA; @ — eIEKTPUYHUN oTeHIian; J — 3apsa.
VY npoMmy BUNAAKy IpHu nocTidaux T, P, nNj Ta ( MaeMo:

@

0S TP

3BiJicH BUIUIMBAE, 0 TMTOBEPXHEBUM HATST — I[€ YaCTKOBA MOXIJHA BiJl €HEPTii
['160ca 3a miomiero moBepxHi moaALTy (a3 mpu MOCTIMHUX: TUCKY, TEMIEpaTypi, YUCIi
MOJIb KOMITOHEHTIB 1 3apsii.

AHaJNOrIYHO TMOBEPXHEBUI HATAT MOXe OyTH 3alMCaHuN TakoX 1 BIJHOCHO
iHIIMX TepMOJMHAMIYHUX MOTeHHianiB, a came: eHeprii [empmronsia A Ta
entanpnii H. Ilpu Binnosinaux nocriiinux mapamerpax oTpuMaemo:

oU oG oF oH

OoO=| — =| —— =| —— = —
GS S\V.,n;,q as T,P,n;,q GS T.V,n;,q as S,P,ni,q.

TakuM 4MHOM, MOBEpPXHEBHH HATAr — II€ YAaCTKOBA MOXiJAHA BiA OYyIb-SKOTO
TEPMOJMHAMIYHOTO MOTEHIIaTy 3a MUIOIIE0 MiXk(a3HOT MOBEPXHI MPU MOCTIHHUX
BIJIMTOBITHUX MapaMeTpax.



Jlost cuctem, 1o 3HAXOIATHCS B KOHJACHCOBAHOMY CTaH1 MOKHA 3aITUCATH:
G, =U, -T-Sq.
3BijcH HAUIMIIOK BHYTpiHBO1 eHeprii moBepxHi (Us) Oyae nqopiBHIOBAaTH:
U, =G, +T-Sg, (1.6)
(TyT 1 mami iHaeKC S 03Havae, 10 MOTEHITal BITHECEHUH 0 OJUHUII ITOBEPXHI).

BignoBimHo g0 Jpyroro Hayajga TEPMOJMHAMIKM HaJAMIpHA EHTPOMis Sg
JIOPIBHIOE:

S = Q
S T y
ne Qs — TemioTa yTBOPEHHsSI OJMHMII IMOBEPXHI B 000poTHOMY mporeci. Bona
JOPIBHIOE KUIBKOCTI TEIUIOTH, SIKY HEOOXIJHO IMepeJaTH CUCTEMI B 130TEPMIYHUX

: 2
ymoBax (T=const) mms Toro, mo6 36imbmuTH i1 MoBepxHIO Ha 1 M°. Qs> 0, TOMY 110
IIPY YTBOPEHHI MOBEPXHI TEIJIOTA 3aBK/IU MOTJIMHAETHCA.

1.7)

PiBmstrmst (1.1) st 1 M 3amuimeMo B HACTYITHOMY BHIJISLI:
Gs=0. (1.8)
3 ypaxyBannsm (1.7) Ta (1.8) piBasiHHS (1.6) npuiiMae BUTIISIA:
U, =0+Q;. (1.9

Takum ynHOM, BHYTPIIIHS TTOBEPXHEBA €HEPris 3aBxkau Ouibine eHeprii ['160ca
Ha BEJIMYMHY TEIJIOTU YTBOPECHHS OJJUHUII TTIOBEPXHI.

IloBHa BHyTpimHs nmoBepxHeBa eHeprisi (Us) 3B's3aHa 3 enepriero ['166ca
(moBepxXHEBUM HATATOM) piBHSIHHAM ['100ca-I"enbmrosibia:

8
U, :a—T(é—‘T’j , (1.10)

ne (2—?} — TeMIepaTypHui Koe(ilieHT MOBEPXHEBOrO HATATY.

3HatouM  TemmepaTypHui  Koe(DiIieHT TOBEPXHEBOTO HATATY  MOJKHA
po3paxyBaTy MOBHY BHYTPINIHIO MMOBEPXHEBY eHeprito. Hampukian, mist Boau mpu
T=298K ¢ = 71,95 MJI)K/MZ; do/dT =-0,154 MI[)K/(MZK)Z

U = 71,95 moc/ m® — 298 K (0,154 m/forc [ m? - K) =118,1 mlonc | m*

Temnepatypuuii KoedillieHT TOBEPXHEBOTO HATATY HETATUBHUM — 1€ BKa3ye Ha
3MEHIIICHHSI TIOBEPXHEBOTO HATATY 3 POCTOM TEMITEPATypPH.



. (80'] Mo

Piguna TRk
PtyTh -0,2330
Bona -0,1541
I'minepun -0,1282
beuson -0,1183
Awninin -0,1144
CCly -0,1028
Orrrosa k-1a | -0,0850
Byrtanon -0,0822

Enepretnuni mapaMeTpu IOBEPXHEBOTO MIApy JAESIKUX PIAMH Ha MEXl 3
noBiTpsMm ipu T=298 K naBeneni y tad:x. 1.1.

o, M,Z[)K/M2

80 Boaa

70 -
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60 - M

50 Hitpo6eHson

1 Me\e\e\e\e\

30
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" \6\6\9\6\6\@\9\

10 1

0 T T T T 1
0 25 50 75 100 125

Puc. 1.1. 3anexHICT, TOBEPXHEBOTO HATATY PIJIMH BiJl TEMIIEPATYpH

3 MiABUINEHHSAM TEMIEPaTypH MOBEPXHEBUHN HATar 3MeHmnyetbes (Puc. 1.1), a
TEIJIOTa YTBOPEHHS OJIMHUII IO MMOBEPXHI 3pocTac. Lle mosicHIoeThes 3pOCTaHHAM
3 MIABMUILEHHSAM TEMIIEpaTypu BIACTaHI MK MOJIEKYJIaMH Yy pIOKHX Tidax, 1
BIJIOBIJTHO, PIBHOJIIOYA MDKMOJIEKYJISIpHUX cuil (1, SK HACHiJOK, MOBEPXHEBUM
HATAT) 3MEHINYIOThCS. 3a JOMOMOTrOK TeMIIepaTypHOro KoedillieHTa MOXKHa
BU3HAYUTH [OBEPXHEBUU HATIAT TpH TeMmreparypi Tp, SKIIO BIIOMO 3HAYEHHS
MOBEPXHEBOI0 HATATY (C1) mpu Temneparypi Ti:

o=+ (T,-T)-[ 22, (1.12)
oT
Hns 6inbiiocti piiuH (OCOOJMBO HEMOJSAPHUX) TOBHA IOBEpXHEBA CHEPTIs
oU
NPAKTUYHO HE 3aJICXKUTh BiJl TEMIEpaTypH, TOOTO 5—TS =0



Tabmuns 1.1. EHepreTnyni mapamMeTpu MOBEPXHEBOIO IIApy ACSKUX PIAUH Ha
Mexi 3 ToBITpsiM mpu T=298 K .

Peuosuna | Us, MJlx/M° | o, mJlx/M | Qs, MJDK/M°
I'excan 495 18,4 31,1
Okraun 48,4 21,8 26,6
Eranon 46,4 22,0 24.4
Omrosa k-Ta | 55,9 27,8 28,1
Macinsanaa k-ta | 54,5 26,75 27,75
Bona 118,1 71,95 46,15
PtyTh 542.0 473,5 68,5

Ilpasuno Aumonoea (1907 p.): ko0 piiuHU OOMEXKEHO PO3UYMHHI OJHA B
OJIHI/, TO TTOBEPXHEBUW HATAT HA MEX1 P1/p2 JOPIBHIOE PI3HULI MK ITOBEPXHEBUMU
HATSATaMHU B3a€MHO HAaCHYEHUX PIAMH HAa MEXI iX 3 HOBITpAM abo 3 iX BIIACHOIO
aporo:

Gpl/pZ = Gpl/n - 6p2/n '

IlikaBo, IO 3HAYEHHS G, U1 OPraHIYHMX PO3YMHHUKIB, HACHYEHUX BOJOIO,
Maif’ke Take K, K 1 JJI1 YUCTUX piuH (Tak, mpu 20 °C ws Oenzony o = 28,9, a mid
anininy ¢ = 43,3 mJbx/M?). Y TOH ke Wac s BOAM, HACHYCHOI OpraHidHMM
PO3YMHHUKOM, 3MIHM 3HAYEHHS G HabaraTto OUIbLI CYTTEB1 (Il YMCTOI BOJAW IPH
20°C & = 72,75 mJx/M°, BimmoBimHI 3HAYCHHS G U BOAHOTO LIAPy, HACHICHOTO
GensooM abo aHimiHOM cKnamaoTh 63,2 i 46,4 MJx/M?). ToMy 0COGITHBO BaKIHBY
pOJb BUKOHY€ HACHUYCHHS BOAM OPTraHIYHUM pO3YMHHHUKOM. [Ipwumna moinsrae B
TOMY, II0 OpPTaHiYHI PEUOBHMHHU BUCTYIMAIOTHh K MOBEPXHEBO-AaKTUBHI, BOJA K TYT —
MOBEPXHEBO-1HAKTUBHA PEYOBHHA.

K10 piAMHYU HE PO3TIKAIOTHCS OJIHA MO OJIHIN, TO MPU B3aEMHOMY iX HACHYEHHI
Koe(illieHT pO3TIKaHHS 3a3BUYail CTa€ 1€ O1IbII HETaTUBHUM, a 1€ MPUBOAUTH JI0
30UTBLIEHHS! KPaOBOT0O KyTa 1 HEAOTPUMaHHs NpaBuia AHTOHOBA.

[Tpu B3aeMHOMY HacCUUYEHHI PIJUH 3MIHIOETHCS 1 poOOTa aares3ii Mixk HUMU. SIKIIIO0
nmpaBWJI0O AHTOHOBA Ji€, TO poOoTa aare3ii MDK JBOMa B3a€EMHO HACHYCHHUMH
piauHaMu TPUOTU3HO JOPIBHIOE TIOJJBOEHOMY MTOBEPXHEBOMY HATATY a3y 3 MEHIIINM
MOBEPXHEBUM HATSITOM.

1.4. MuMoBiJIbHe 3MEeHIIIEHHSI IOBEPXHEBOI eHePril

PiBHOBara y reTeporeHHHX CHCTEMax MOXKJIMBA TUIBKU 33 YMOBHU IMO3UTHUBHOI
eHeprii ['1606ca yrBopeHHs moBepxHi. BpaxoBytouu, 1o atomu ab0 MOJEKYJIU PITUHU
ab0 TBEpOTO TiJNa, SIK1 3HAXO/IATHCS HA MIOBEPXHI, MAIOTh OUIBIITY €HEPTiI0 TIOPIBHIHO
3 CEpeANHOI0 KOHJIEHCOBAaHMX (Pa3, IOBEPXHEBY €HEPTil0 PO3TIIAAIOTH K HAJIUILIOK
eHeprii, W0 MNpUNAJa€e HA OJUHUIIO TOBEpXHI. 3OUIBLICHHS MOBEPXHI
CYNPOBOJKYETHCSL  3aTPATO0 POOOTH HA PO3PUB MDKMOJIEKYJISIPHHUX 3B S3KIB.
3BOPOTHUI TPOIEC TMOBHHEH NPOXOIUTH JOBUILHO, TOMY IO CYMPOBOKYETHCS
3MEHIIEHHAM eHeprii ['100ca moBepxHeBoro mapy.
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Bbynp-sika rereporerHHa cucrema Oyze MOBUIBHO MPArHyTH J0 3MEHIICHHS CBOET
HaJIJTMIITKOBOI MOBepXHEBoi eHeprii ['1060ca. Ile MoxmBo ab0 3a paXyHOK 3MEHIIICHHS
TUTOIII MeXi po3ainy das (S), abo 3a paxyHOK 3MECHILICHHSI TOBEPXHEBOT'O HATATY (O):

G,=0-S.

OCKIJIbKM TIOBEpXHEBA €HEPTisd JOPIBHIOE JOOYTKY MOBEPXHEBOI'O HATATY Ha
IUIONIY TIOBEPXHI, TO BOHAa MOXE 3MEHIIYBaTHCh K 3a PaXyHOK CKOpPOUEHHS
NOBEPXHI, TaK 1 3a paXyHOK 3MEHILIEHHS MOBEpXHEBOro HatAry. [loBepxHs Moxke
JOBUIBHO 3MEHIIYBaTUCh MpH 3MiHI (OpMH Tilla, IO XapakTepHO s piauH. Y
bOMY BIJJHOILLIEHHI HAOYHUM € aociain [1naro, sskuil AeMOHCTpy€e NparHeHHs piivHU B
YMOBaxX HEBAroMocCTi MpuiiMatu cepuyny (GopmMy — HalMEHIy MOBEPXHIO MpPH
JaHoMy 00 emi. B 1iboMy AocCiiii  aHUIH MO KpalulMHaM BHOCSITH Y TEIUTy BOIY.
[Ipubnn3HO oOJHAKOBa TyCTHMHA ILMX PEYOBUH 3a0e3leuye KparusiM — aHUTHY
«HeBaroMicTh». Kparuii aHuliHy B IMX YMOBaX BIJIUYBAlOTh J1I0 TUIbKH MOBEPXHEBOT
€Heprii 1 ToMy MpUiMarTh NpaBWiIbHY chepuuHy QGopmy. PimuHu OyayTh Takox
noBoautu cede 1y Kocmoci. Cepruuna popma mianeT — pe3yabTar Jii HOBEpXHEBOI
eHeprii, 00yMOBJICHUM B3aEMHUM TSKIHHSIM YaCTUHOK, 1110 CKJIQIAI0Th IJIAHETH.

TakuM 9YuHOM, TUIOIIA MEX1 po3lTy (a3 3MEHIITY€EThCS:

1. 3a paxyHOK 3MeHIIEHHsA KoedimieHTa mopcTkocTi (y) mo y=1 (miomia
ICTUHHOI TIOBEPXHI JOPIBHIOE ILJIOIII BUAMMOI MOBEpxHi). Take MOXKIMBO Ha MeXax
po3auty p/m, n/p, p/p. IIlpo HE3BOpYIIHY MOBEPXHIO PIAMHU TOBOPATH: “A3€pKajO
plauHu’.

/\/'\/\/\/\/\ >

2. 3a paxyHOK TPHAHSATTA IOBEPXHEIO (POPMH MaKCUMaIBHO OJIM3BKOI 10
chepuuHoi (cdepa cepen diryp piBHOTO 00 €My Ma€ MiHIMaJIbHY ITOBEPXHIO).

O-O

3. Buacnmimok koarymsiii (30UThIIIEHHS TBEPAWX YACTUHOK) Ta KOAJNECIEHITI
(31MUTTA MyXUpIIiB ra3y ado Kparesb PiIuHH).
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5s. s,
l

st chepuyHUX YaCTUHOK JUCIIEpCHOT (ha3u muToMa MOBEPXHA S,y (IJIo1Ia,
BiJIHECEHA JI0 OJUHHUII 00 emy nucnepcHoi $aszm) 1 S, (TIoma, BigHECEHA J0
OJIMHMIII MaCH JIUCTIEPCHOI (a3n) 0OepHEHO MPOIOPIliiHA TX JlaMeTpy:
6 6

S =— S =—
num\N d num,m d . ,0

[ToBepxHEBHIl HATAT TAKOK MOXE OyTH 3MEHIIICHUH BHACIIIIOK aJICOPOILii.
1.5. Tuck mig BUKpuBJIeHOIO NOBepxHew. PiBusaHusa Jlamuiaca

[TosiBa KpHUBM3HU MOBEPXHI BHACTIJOK IParHeHHS CHCTEMU JO MIHIMyMY
MOBEPXHEBOI €HEprii MPUBOJIUTH HE TUIBKK JO 3MIHU IUIONI Mik(a3HOi MOBEPXHI,
ayie i 10 MOSBY HAIJTMIIIKOBOTO TUCKY BeepeaunHi dazu. B koxHil Toulll chepu Ait0Th
CIJIM TIOBEPXHEBOI'O HATATY, PE3yJbTylOo4a SIKMX HaIlpaBlIeHa J0 LEHTpa KPUBU3HU
noBepxHi. LI cuin HamararoTbes CTUCHYTH c(epy, 3MEHIIHUTH ii TUIOULy MOBEPXHI,
NPUBOJASYM, TPU [BOMY, O 3pOCTaHHS BHyTpimHbOro THCKY (Puc. 1.2).
B3aemM03B 430K M) HaAMIPHUM BHYTPIIIHIM TUCKOM I1iJl BUKPUBJIEHOIO MOBEPXHEIO
Ta KPUBU3HOIO TIOBEPXHi chepu BUpakaeThcs piBHsIHHAM Jlannaca:

APzPa—Pﬂzad—S.
dv

3—\5/ - KpMBU3HA [MOBEPXHI.

AP Ha3MBarOTh TAKOX KaMUIIPHUM THCKOM.
Kaminsipamii  THCK  MOXHA  pO3TJSAATH K
JOJIATKOBY BEJIMYMHY, IO B 3aJEKHOCTI BIf
KPUBU3HU 30UIblIye ab0 3MEHIIy€e BHYTPILIHIN
Puc. 1.2. Briine KpuBu3HU MONIGKYJISIPHMHA ~ TMCK B IOPIiBHAHHI 3
MOBEPXHI HA BHYTPILIHIN TUCK.  MOJIEKyISPHUM THCKOM ITPH IJIACKil HOBEPXHI.

Jlist cepu pagiycom I

20
AP=F, -Fy=—| (1.12)

Jlnst enmincoina obepTaHHs 3 pamiycamu Iy 1 I piBHsHHS Jlammaca Oyae maTtu
HACTYITHUHN BUTJIS:
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1 1
AP=PF, -Py=0o| =+—|| (1.13)
h n

Po3paxyemo HaaMipHHUI TUCK BCEpeaWHI Kparjil BOJSHOTO TyMaHy JiaMeTpoM
0,1 MxM:

2:72-10° H/m
5-10° m

JIAIIVIAC IT’ep Cumon (Laplace Pierre-Simon) (1749 — 1827 pp.) —
(dbpanHIy3pkuil acTpoHoM, ¢i3uK 1 MaTeMatuk, wieH [lapuspkoi AH (1785 p.).
Haponuscst y 1749 p. B bomon-an-Oxe. BumnBcs y mkoni OCHEAUKTHHLIB. Y
1771 p. ctaB npodecopom BiiickkoBoi mkomu B [Tapuxi, B 1790 p. — rosoBoro
[Mamati Mmip i Bar. bpaB akTUBHY yd4acTh y peoprasizailii CHCTEeMH BHIIO]
ocitu y ®paniii, 30kpema y crBopenHi Hopmanbnoi Ta [ToniTexHiuHOT MIKi.

OcHoBHI poboTm B 00nacTi HEOECHOI MEXaHIKH, B SIKI BiH JOCSTHYB
BUJATHUX PE3YNbTaTiB, MIJCYMOBAHUX Yy I ATUTOMHUKY «TpakraT mpo
HeOecHy MexaHiky» (1798 — 1825 pp.). 3poOuB Maiixke BCe T€, 4Or0 HE 3MOTIIN
3poOUTH HOro MONEPEeTHUKH JUIsl MOSICHEHHs pyXy Tl COHAYHOI CHCTEMH Ha
OCHOBI 3aKOHY BCECBITHBOTO TSDKIHHSA. BupimuB ckimaaHi mpo0ieMu pyxy IJIaHET Ta iX CyImyTHHKIB,
Micsus, po3poOuB Teopito 30ypeHb HEOECHUX Tij, 3aIIPONOHYBAaB HOBUH CIOCIO po3paxyBaHHs ix
opOit, noBiB CTiliKicTh COHSYHOI CHCTEMH HPOTATOM JIy’K€ TPUBAIOTO Yacy, BiAKPUB MPHUUHY
npuckopeHHs y pyci Micsis. 3anpononysas (1796 p.) rinote3y noxomkeHHs COHSIYHOI CUCTEMH.

@13UyH1 JOCTIIKEHHS BIIHOCATHCS 0 MOJEKYISPHOI (P13UKH, TEMJIOTH, aKyCTUKH, €IEKTPUKH,
ontukd. B 1821 p. BCTaHOBUB 3aKOH 3MiHHM IIUIBHOCTI MOBITPS 3 BHCOTOIO (OapomMeTpuyHa
dopmyna). B 1806-1807 p. po3poOuB Teopir0 KamiJIsIPHOCTI, BIIEPIIEC BHKOPUCTAB YSBICHHS, IO
MOJIEKYJISIpHE TSDKIHHS BUSIBIISIETHCS JIMILE HA MAJIMX BIJICTaHsX, J1aB (OpMyNy A BU3HAUEHHS
KanuisipHoro Tucky (popmyna Jlamnaca). Busis (1816 p.) dopmyny /uis MBHUIKOCTI 3BYKY B ra3ax 3
MOIIPaBKOIO Ha ajiabaTHicTh. Pa3zoM 13 Jlagyaszve BIeplle 3aCTOCYBaB JUIsl BUMIPIOBAHHS JIIHIHHOTO
PO3IIUPEHHS TiT 30pOBY TPYOY, 3a JJOMOMOTOI0 CKOHCTPYHOBAHOTO HIUMH JILOJITHOTO KAJIOPUMETPY
Bu3Ha4yMB (1783 p.) MUTOMI TEMIOEMHOCTI OaraTbOX PeYyOBHH. AKTHBHO BUCTYIIAaB MPOTHU TiMOTE3U
¢roricrony. Hanas 3aranpauit Burisig 3akony bio-CaBapa B enexkrpoauHamiiii. Sk romosa [lanatu
Mip 1 Bar akTUBHO BIIPOBA/I’KYBAB y KHUTTS HOBY METPUUHY CHCTEMY MIip.

VY dinocodii nmpupo103HaBCTBA CTOSIB HA MO3HIISAX CTUXIHHOTO MaTepialli3My, HOTo MOTJIsan
Oynu ONMU3BKUMHU JI0 MOMIAIB (paHIy3bKHX MaTepiaiicTiB. Y MaTeMaTHIll BiIOMi: «omepaTop
Jlanmacay, «meperBopeHHsi Jlammaca», «iHTerpan Jlammaca», «piBHsHHsA Jlarutaca», «reopema
Jlanmacay, 6yB oJJTHUM 3 TBOpPLiB Teopii BiporigHocti. Yien IlerepOyp3pkoi AH (1802 p.).

AP =28,8-10° [Ta~28 amm

1.6. 3MouyBaHHs i po3TiKaHHA PiAVH

3mouyeannsa — B3aeMomisl PIIMHUA 3 TBEPAUM ab0 IHIIUM PIAKUM TUIOM TPH
HAsIBHOCT1 OHOYACHOTO KOHTAKTy TPhoxX a3, Mo HE 3MIMIYIOThCS, 1 OIHA 3 SKHUX
3a3BUYal € ra3oM (TIOBITPSIM).

SKI10 HAHECTH HEBEIWKY MOPII0 PIAWHU Ha TBEpAy (PIAKYy) MOBEPXHIO, TO
MOKJIMB1 JiBa BMIIQJIKM: B OJHOMY BHUIAJKy Kparisi pPO3TEYEThCS IO MOBEPXHI
(HEp1BHOBaXXHUH TIPOIIEC), B APYTOMY — BCTAHOBUTHLCS PIBHOBAra, i piimHa NnpuiiMe
dbopmy kparui (y BUTIILA1 YacTHHU cepu abo CIOTBOpEHOi cdhepn).

[ToBemiHka Kparuri Ha TIOBEpXHI BHU3HAYa€ IParHeHHS CHUCTEMHU 3MCEHIIUTH
CyMapHy HaaMipHY eHepriro ['1606ca cucTeMu Ha TphOX Mexax po3auty ¢as.
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VY crani piBHOBarum ¢opMa Kparll XapaKTepU3yeTbCs KpaloBUM KyTOM
3MOYyBaHHS.

Kym miosiec 0oomuunoro, nobyoosanoro 6 mouyi 00muky mpvox a3z, i n1owWuUHow,
gioKknadenuii y OIik piokoi a3u, Ha3uBaemvcs Kpamuoeum Kymom ado Kymom
3mouyeanns (6).

o
(C]
0<90° 0>90°
3MOYy8aHHs He3MOouYy8aHHs1

Sxmo ©>90°, T0 y [FOMY BUITA[KY TOBOPST, IO PiAWHA He 3MOYY€E IOBEPXHIO.
Sxuo ©<90° — pinrHa 3MOUYE TOBEPXHIO.

Ipu ©=0° — e BUMAOK TOBHOTO PO3TIKAHHSI.

ITpu ®=180° - 11€ BUIIaJIOK TOBHOT'O HE 3MOYYBAHHS.

Po3ristHeMo kparuiro piguHU Ha TBEpAid MOBEPXHI y BUNAIKY, KOJIH TPETH
¢daza — ra3. Y Toull AOTUKY TpbOX (a3 AIOTh CHUJIM MOBEPXHEBOTO HATATY, SIKI Ha
PUCYHKY 300pakeHl y BUIJISI/II BIAMOBIHUX BEKTOPiB. BEeKTOpU CHJI TOBEPXHEBOTO
HATATY Ha MEXI1 T/T 1 T/p CIPAMOBaHI y MPOTHJICKHUX HAMPSMKaX y3J0BX IJIOMIWHA
y TOUIll IOTUKY TphoX (a3. BekTop moBepXHEBOr0 HATITY HA MEXI1 p/T CIPSIMOBaHUN
no gotuuHii. [l Tpu BEeKTOpH 3MIHIOIOTH IJIONIY KOHTAKTY PIAKOI 1 TBepAoi ¢asu,
MparHy4u 10 MiHIMyMYy HaJIMIpHOi €HepTii.

r Gp/r

Y

(e}
Sy/r TP

T

Ilpn Gy > Oy CHIL OYIKYBAaTH, HIO PIAMHA MAaKCHMMAaJbHO IOBMHHA 3aKPUTH
TOHKOIO IUTIBKOIO TBEPJY IOBEPXHIO, TUM CaMUM 3HHU3UTH TOBEPXHEBY EHEPTIIO
['i606ca cucremu. Ilpore mpu 1pomy Oyae 30UTBITYBAaTHCH ILIONMIA MEXI p/T, IO
MIPUBOIUTH J10 3pocTaHHs eHeprii ['100ca Ha naHiil Mexi. Takum 4MHOM, TUIOIIA MEXI
posnuty p/t (dbopma kparmii) Oyae 3MIHIOBATHCh JI0 BCTAHOBJICHHS y CHUCTEMI
PIBHOBAru, sika XapakTepu3yeTbCsd MIHIMYMOM CyMapHOi HaamipHOi eHeprii ['100ca
Ha TPHOX MeXax po3/iny ¢as.
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Str ¢

Stp
r Seir * r
m /_P\
T T

CxematnyHo 3MiHa eHeprid ['100ca Ha TphOX MekaxX pPO3AUTY Ta iX CyMH B
3aJIEXKHOCTI Bl IUIOII Sy 00 ® (PopMu Kparull) BUTIISAAA€ HACTYIIHUM YHHOM:

G >G Grp

P/

Grr

GMin

Stp

®

ITpn Gpopmi Kparmi, SIKiK BIATIOB1A€ MEBHE 3HAYCHHSA Sy 1 BEIMYMHA KPAiOBOIO
KyTa ®, nocsraerbcs MiHIMaJbHE 3HAYEHHS MOBEPXHEBOI eHeprii ['100ca cucremu —
BCTAHOBITIOETHCS PIBHOBAra.

3o06pazumo cxematuuHo (Puc. 1.3) kpammo pinunu (dasza 2), mo 3HaXOAUTHCS B
piBHOBa3l, Ha Tmackiii moBepxHi (¢a3za 1) y cepemoBumnn (daza 3). Bignimemo
BEKTOpa CHJI TIOBEPXHEBOIO HATATY Ha Mexax 1/3 1 1/2, moOyayeMo mpsaMOKYTHUMN
TPUKYTHHK.

Puc. 1.3 Cxematuune 300pakeHHs kparun piauHu ((asza 2), mo 3HaXOUThCA Y
piBHOBa3l, tIockoi moBepxHi ((asa 1) 1 cepemosumia (Paza 3) 3 ypaxyBaHHSIM
BEKTOPIB JI1i BCIX CHII.

Sk BurnuBae 3 pucyHka 1.3:

— Oy
—= 22 —=C0SO. (1.14)

Bupas3 (1.14) nazuBaerbcs piBHssHHAM FOHra.
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Jlns BUmaAKy Kparul piiMHA Ha TBEpIid TMOBEPXHI y Ta30BOMY CEpEIOBHUIII
piBHsAHHA FOHra Oyzie MaTu HaCTYIHUI BUIJISIA:

Gm/z - Gm/
2 = C0SO.
> (1.15)

el 2

3 amamizy piBHgHHS FOHra BuUIIMBae, 1m0 3HAaK COS® BHU3HAYAETHCS
CIIIBBITHOIIECHHSIM Gy 1 Gy (C1/3 1 O112):

0
1. AKINO Gy > Gy, TO COSO>0, 0Tke, O@<I0” — 3MOUyBaHHS;
0
2. SIKILIO Gy < Gy, TO COSO<0, oTke, @>90° — HE3MOUYBaHHS;
3. IPH Gy = Oyjp = Opyr, TO COSO=1, 1 TOI ©=0° — Bumamox PO3TIKAHHSI.
B 3a1eXHOCTI BiJl TOTO, SIK 3MOUYETHCS Ta UM 1HIIIA TIOBEPXHS, BUIUISIOTh:

Tiopoghinbni (oneopooni) mamepianu — xpaiie 3MOUYIOTHCS BOJOIO IMOPIBHSIHO 3
HETIOJISIPHUMH BYTJIEBOJHUMU: KBapll, CUJIIKAaTH, OKCUIAM Ta TIAPOKCUAU (IOJSpHA
MTOBEPXHA).

T'iopogpooni (oneogpinoni) mamepianu — xpame 3MOUYYIOTHCS HEMNOJIPHUMU
piIMHaMM TMOPIBHSHO 3 BOjol0: rpadit, Byruuis, cipka, mnapadid, Qroporact
(HemossipHA OBEPXHS).

1.7. Kore3sis, aare3sisi, koeQiieHT po3TiKaHHA

Koze3in - ye mixicmonekyaapHua 63aemooisn 6 medxcax ooHiei ghazu.

KinbKiCHO KOre3isi BUPaXKa€eTbCA Yy BUIIIAAI POOOTH Koresii — podorm, sika
HeoOXiHA 1JI1 PO3PUBY OAHOPiAHOI 00 eMHOI ¢a3u. Ile poborta, 1m0 crpsiMoBaHa
Ha TIOJI0JIAaHHS CHJT MIDKMOJIEKYJIIPHOT B3aEMO/III.

. 2 .

Posrisimemo ¢azy 1 mepepizom 1 M, sxa 3HaxoauThes B cepenoBuill (daza 2).
Jnst pospuBy ¢asu 1 1o HOpMani HEOOXIAHO 3aTpaTUTH poOOTy, ska Oyne
BUKOPHCTaHA HA CTBOPECHHS IBOX HOBHX MTOBEPXOHb:

We =2-0y, . (1.16)

D
B oL I 2
<>
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Aozezia — uye 63aemo0ia  Mixc MOAEKyaaAMU, AKI 3HAXO0AMBCA 6
KOHmMaxmylouux gazax.

Skiio nBa Tijla MpUBECHI B TICHUN KOHTAKT, TO Mif J1€0 MIKMOJIEKYJISIPHUX
CHJI BOHM MINHO 3YEIUIIOIOTHCS OJUH 3 OJHHUM, TaKUM YHHOM, IO A iX
PO3IJIEHHS] HEOOX1JTHO TTPOBECTH POOOTY.

PobGora aaresii — me pobdora o000pPOTHOrO PO3pUBY MiK(pa3HOIO
NOBEPXHEBOro Iapy oauHu4yHoi mjaomi. Ile poOora, ska copsMoBaHa Ha
MIOJIOJIAHHS CHJI MDKMOJICKYJISIPHOT B3a€MO/IIi B MeXaxX JBOX KOHTAKTYIOUUX (a3.

DO
S=1m —> 3
Comm >

Posrisitnemo aBi koHTakTyroul ¢a3u 1 1 2 B cepenoBun (azu 3. st BigpuBy
dasu 1 Bix ¢gasu 2 HeoOX1aHO 3aTpaTUTH poboTy aaresii. [lpu nmpboMmy 3HHKae Mexa
1/2, 1 yrBOpIOIOThCS AB1 HOBI Mexi1 1/3 u 2/3:

Wy =03 +0,3-0y, . (1.17)

PiBusnns (1.16) Ha3uBaeThcs piBHAHHAM J[1omnpe.

Axmo Oy;3 — Oy, BUpa3uTH 3 piBHAHHS FOHra (1.14), To OTpriMaeMo piBHSIHHS
JMronpe-FOHra:

W, = o,,,(1+cos®)
W,=0,,.(1+cos®). (1.18)

PiBusinus [ronpe-FOHra no3Bossie po3paxyBaTH poOOTy ajiresii, 3HAIOUH
MOBEPXHEBUI HATAT HA MEXI1, HAPUKIIAJ, PIAMHA/Ta3 Ta BEIUYMHY KPallOBOrO KyTa
3MOYyBaHHS .

Pizuui poboTH aaresii Ta koresii Ha3uBaeThCs KoedimieHToM po3TikanHs f:

f=W,-W. (1.19)

3 ypaxyBanusm (1.15) u (1.16):
WA _WC = Gp/z + Gm/e o Gm/p -2 Gp/z = Gm/z - (O-m/p + Gp/e) .

SIkmo:
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1. O 2 (o

mlp +O_p/2) , TO O/ _(Gm/p +Gp/2) = 0,

W, =W, >0 - ymoBa 6e3MeKXHOTr0 pO3TiKaHHS.
2. Oy < (O-m/p + O-p/.?) , TO Oz~ (Gm/p + Gp/z) < 01

W, —W, <0 - pinguna ne posrikaerscs.

[Tpu po3TikaHHI BeMKE 3HAYCHHS Ma€ KOre3is HAHECEHOI Ha TTOBEPXHIO PiIMHHU.
baraTo opraHiuHUX PEYOBHH PO3TIKAIOTHCS MO MOBEPXHI BOJHU, a BOJA, SIK MPABUIIO,
HE PO3TIKAETHCA HAa OPTraHIYHUX PEYOBHMHAX, IO OOYMOBJICHO 3HAYHO OUIBIIOO
KOre3l€er0 BOAW. 3 TMIJBUILICHHSAM TeMIepaTypud 3pocTae poboTta anresii Ta
3MEHIIYEThCS POOOTa KOTe3ll piAMHM, 10 3Mouye. SK HACHIIOK, piAMHA, IO HE
PO3TIKAETHCS, 31 3MIHOIO TeMIlepaTypu OyJe pPO3TIKATUCh, MPOIEC HE3MOUYBAHHS
nepeiae y 3MOYyBaHHA. PiiMHYy MOXXKHa 3MYCUTH poO3TiKatucs abo 3MOYyBaTu
BBEJICHHSIM TOBEpXHEBO-akTUBHOI peuoBuHU (IIAP). Slkmo norpumani ymoBuU
pPO3TIKAHHS OJHIEI PIIMHM HA TMOBEPXHI IHIIOI, TO 3aBASKH MPArHEHHIO HUXKHBOI
pIAMHU [0 3MEHIICHHS IIOBEPXHEBOI €HEprii Ta B pe3yJbTaTl MOJIEKYJSPHO-
KIHETUYHOI'O PYXYy B HIA MOJIEKYJM PEYOBMHU, IO PO3TIKAETHCS, YTBOPIOIOTH Ha
MOBEPXHI MOHOMOJIEKYJIIpHUN map. Haaiuimok HaHeceHOi pIAuHU yTBOPHOE abo
Kparuii, piIBHOBa)KHI 3 MOHOIIIAPOM, a00 OLIBII TOBCTI TUTIBKH, OCOOJIUBO 10 MOMEHTY
B3a€EMHOI'0 HACUYEHHS PIJIUH.

K110 YMOBH PO3TIKAHHS OJIHIEI PIIMHU MO 1HIIIA HE JOTPUMAaH1, TO HaBITh IIPH
3HAXO/PKEHHI MOJIEKYJl HAHECEHOI PIIMHU B CTOPOHI BiJl Kparuli, BOHU OOOB'SI3KOBO
JOJIy4aThCsl 7O HEl, OCKUIbKM B JaHUX YMOBax II€M CTaH BIJANOBIJIAa€ MIHIMyMY
eneprii ['160ca s 11i€i cucTeMu.

B tabmumi 1.2 HaBemeHi KoeimMiEHTH PO3TIKAHHS JASSIKUX PIIUH MO TOBEPXHI
Bojiu ipu T=298K.

Tabmuus 1.2. KoedimienTn po3rikanus pivH 1o noBepxHi Bojau npu T=298K.

Piguna f, MJIK/M
Metunioaun -26,5
JuitoqmeTan -24.0
CipkoByrJelnpb -8,2

MonoOpoMToIyOoI -3,3
Bpomronyon -3,3
beuson -1,6
H-OKTaH 0,2
X10pOeH301 2,3
OneinoBa k-Ta 24,6
H-OKTUJIOBUHM CIIUPT 35,7
3-Metun-1-byranon 440

Po3TikaHHS pIIMHK 3 MEHIIMM TMOBEPXHEBUM HATATOM MO PiAuHI 3 OUIBIIUM
MOBEPXHEBUM HATATOM — TPOsiB epekTy MapaHroHi — pyxy (Teuii) y mOBEepXHEBUX
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mrapax, I10 BUKJIMKAHUN TpaJleHTOM NOBepxHeBoro HaTsAry. HeomHopimHicTe 3a
MOBEPXHEBUM HATSITOM OOyMOBJICHAa HEOJHAKOBHM CKJIQJIOM Ta TEMIIEPaTyporo y
piI3HUX Touykax MbK(da3zHoi moBepxHi. Teuis BinOyBaeThcs 3 obyacTi Manux y OIK
BEJIMKUX IMOBEPXHEBUX HATATIB, BHACITIJIOK CaMOJOBITFHOTO 3MEHINCHHS €HEpril
['166ca noepxHi. Tak, mpu po3rikanH1 po3uuny ITAP rpaaieHT MoBepXHEBOro HATATY
MOJKHa PO3KJIACTH Ha J[Ba CIIIBMHOXKHUKH, OJHMH 3 SIKUX XapaKTepU3YE MOBEPXHEBY
akTuBHICTh [IAP, a npyruii — rpajieHT HOTO KOHIEHTpAIll Y HAanpsaMy pyxy. 3BiJicu
BUIUIMBAE, II0 MIBUIAKICTb MOBEPXHEBOI Tedii PO3UMHY THUM BHILE, YUM OLjbIle
MOBEpXHEBAa aKTUBHICTh PO3YMHEHOI PEYOBMHU 1 UMM OLIbIIE PI3HUIS KOHIICHTpAIii
y Hampsamy pyxy. Edextr Mapanroni Bsigirpae 3HAYHy pONIb Y Tmporecax
MacomnepeHocy (eKcTpakiris, abcopOIris), BILTMBAE HA CTIMKICTh IUIIBOK; B 3aJICKHOCTI
BiT YMOB 1 MPUPOAM KOMIIOHEHTIB CTIHKICTh IUTIBOK MOXE 30LIBIIyBAaTUCH 1
3MEHIITYBAaTHUCh, A JI0 PO3PUBY ILTIBKH.

1.8. KanmisisipHi siBuima

Kaninsipui siBuina — 1ie sSIBUINA MITHATTS a00 3MEHIIICHHS PIBHS PIIMHU B TOHKHUX
TpyOKax-Kamujisgpax.

KaninsipHi siBUla NposiBISIIOTECS HA MEX1 TPhOX (Da3: TBEpAE TUIO — piAMHA — ra3
(1HIIA piauHa).

Sk BXKe BIJ3HAYAJOCS BHINE, Y KOXKHINA TOYIIl BUKPUBIEHOI MOBEPXHI IIOTh
CIJIM TIOBEPXHEBOI'O HATATY, IO HAIpaBjeHl IO JOTHYHIM JO0 MOBEpXHi, a ix
piBHOIIOYA CHPSMOBAaHA JO IEHTPY KPUBHU3HU. SKIIO TOBEpXHS € cdeporo, TO
PIBHOIIOY] CHJIM Yy BCIX TOYKAax MOBEPXHI BPIBHOBAXYIOTH (KOMIIEHCYIOTH) OJIHA
OJIHYy, a BCEpeInHI BUHUKae HaaMipHuil JlarumaciBepkuii Trck (1.12). Skimo noBepxHs
ABJIIE COOOI0 YAacTHHY cepu, TO PIBHOMAIIOYI CHJI TOBEPXHEBOTO HATATY Yy BCIX
TOYKaX HE BPIBHOBAXYIOTh OJIHA OJHY — BHMHHMKA€ KanuiipHuUM TUCK (AP), skwuii
HaIpaBJICHUH 10 IICHTPY KPUBHU3HU TTOBEPXHI.

SIKI0 TOMICTUTH TOHKY TPYOKYy-Kamijasip 3 KPYrJIuM BHYTPIIIHIM TEPEepi3oM
YaCTKOBO Y PIIMHY, TO, BHACTIJOK B3a€MOJIil PIIMHU 3 BHYTPIITHHOIO TMOBEPXHEIO,
YTBOPIOETHCSI MEHICK, III0 SIBJIsI€ COO0I0 yCcidueHy cdepy NMeBHOI KPUBU3HU (paaiycy).
Skuio pimvuaa 3Mouye cTinku Kamizsipa (0<90°), To yTBOPIOETHCS YBITHYTHIT MEHICK 3
HEraTUBHOIO KPHMBU3HOIO MOBEpXHI. SIKIIO0 piiiHa HE 3MOYYy€ CTIHKM Kamuispa
(©>90%), TO YTBOPIOETHCS OMYKIHiI MEHICK 3 TO3WTHBHOK KPUBH3HOM. KpuBH3HA
MOBEPXHI 3aJICKUThH BIJ JlaMeTpa Kamuisipa 1 KpalloBoro KyTta 3MOYyBaHHSI PiTUHOIO
fioro BHYTpiniHKOI moBepxHi. II[o0 yTBOpHBCS MeEHICK, paaiyCc Kamuispa MOBHHEH
OyTH TIOPIBHSHUH 13 paJlycOM KPUBHU3HU TTOBEPXHI MEHICKA.

Ha pucynky 1.4 cxemaTuyHO 300pa’k€Hl BUIAIKHU Al CHJI KalUJISPHOTO THUCKY
JUTSL SIBUL 3MOYYBAaHHS 1 HE3MOYYBaHHS TOBEPXOHb KaIusipa.
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(Fas abo Pig,)

©>90°

| &

AP T h

o T /”

AP \O®

0<90" _
(Pia,)

Puc. 1.4. CxematndyHe 300pakeHHS dii CHJI KallJIIPHOI'O THUCKY Y BHIIaJIKaX
3MOYYBaHHS 1 HE3MOYYBaHHS CTIHOK Karijspa.

TakuMm 4MHOM, KamiIIpHUN THUCK € PYIIIMHOIO CHJIOK MITHATTS a00 crajaHHs
piguHu y Kamuigpax. I[lpy 3MouyyBaHHI pPIAMHOIO CTIHOK Kamuisipa y HbOMY
YTBOPIOETHCSI yBITHYTa TMOBEpXHsA. PiBHOMIIOYA CUJI TMOBEPXHEBOTO HATATY
(xamunsspHuil THCK AP), ska HampaBiieHa 1O LIEHTPY KPUBU3HU MOBEPXHI, IMIJHIMAE
pIIMHY B Kamuisipi A0 TUX Mip, MOKU TIAPOCTATUYHUN TUCK CTOBIYMKA PIAUHU HE
BPIBHOBAKUTDH KaIJISIPHUHN THUCK. SIKIIO piuHA HE 3MOYYE MOBEPXHIO KaNjsipa, TO y
HbOMY YTBOPIOETHCS OMYKIUN MeHicK. KamisspHuil THCK, SKUH y IIbOMY BHITQJIKY
HampaBjieHuil y OiK pinkoi (asu, 3Myllye piliHY crlaaaTd HUXK4Ye il pPiBHA 1032
KaImJsipoMm.

Takum YUHOM, MEXAHIZM 6UHUKHEHHA Kanijmpnozo muckKy 1oJeirac y:

1) 3MouyBaHHI TOBEpXHI Kamuisipa, MO 3aJa€ NEBHUNA KpalloBHM KyT 1,
BIJIMOBITHO, KPUBU3HY MEHICKA;

2) BUHMKHEHHI PI3HMII THCKIB, fKa MifliiMae (OMyCKae) CTOBMYMK PIAMHHU HA
NIEBHY BUCOTY.

VY kanuisgpax 3 KpyrjiuM TEepepi3oM YTBOPIOETHCS MEHICK, 110 Mae chepuyHy
dbopmy moBepxHi pasiycoM I, 1 sikoi piBHsHHs Jlamaca mae urisn (1.12):

APZZ_G_
r

[Ipn mnigHATTI (cnagaHHl) piBHSA PIAMHU Yy Kamuigpl [OYMHAE 3pOCTATU
TAPOCTATUYHUIA TUCK, HAMPABICHUN Yy MPOTHICKHOMY HAMpPsMKY. SIKIIO CTOBIYMK
piavHU Mae BUCOTY N, BCTAaHOBIIOETHCS PIBHOBAra:

22— (p-p)ah, (1.20)

ne ¢ — paniyc KpuBH3HHM chepudHOl MOBepxHi; h — BucoTa MiAHATTS (CrTagaHHs)
plIuHYU; O 1 Py — TYCTUHH PIIMHU Ta ra3y (Apyroi piiMHU 3 MEHIIOK I'YCTUHOIO); J —
MIPUCKOPEHHSI BIJILHOTO MaiHHS.
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OCKITbKY pasilyc KPUBU3HU MOBEPXHI €KCIEPUMEHTAIbHO BU3HAUUTHU CKJIAJIHO,
fioro po3paxoByroTh uepe3 pajaiyc kamisipa (R) Ta kpaiioBuii Kyt 3MouyBaHHs (©):

r=R/cos®.

[TincraBumo orpumane criBBigHomIeHHs y (1.20) i BUpazumo h:

_ 20C0s0
Rg(p- py) (21

PiBusuns (1.21) 6yno BuBeneno y 1718 p. JIxelimcom JKropeHOM 1 HOCUTBH HOTO
M 5.

XIOPEH (JDKYPIH) dxeiimc (James Jurin) (1684 — 1750 pp.) —
aHTIChbKUM Jiikap 1 (i3uk, uiaeH KoposiiBChbKOro TOBapHcTBa Ta HOro
cexkperap y 1721-1727 pp. Haponuscs y Jlongoni. OTpumaB OCBITY B
Christ's hospital, a morim y Tpuniti-konemki B KemOpumxki. s cBoro
Yyacy BeJHMKE 3HAYeHHs Majiu poOoTH 3 Kamumsapaux ssumy (1718 — 1719
pp.) «lochmipKeHHS MPUYHHA MiTAOMY Ta 3YIIMHKUA BOJU Y KaIISIPHUX
TpyOkax» 1 «HOB1 eKCepuMEeHTH 3 TOBEAIHKHA BOJM Ta PTYTI Y CKISHUX
TpyOKax»; cPopMyiabOBaHE iM TPABHUIIO 3aJCKHOCTI MiTHOMY PIIVHH Yy
Kamuisipi BiJg HOro giaMeTpy Ha3uBaeThes 3akoHOM JKropeHna. B oGmacTi
MEIULMHHA BEJIMKE 3HAUCHHS MaJld poOOTH, SIKi IOB sI3aHl 3 BaKIIMHAIIIEIO
MPOTH BICIIK: BUKOPUCTAB 0arato CTaTUCTUYHOTO MaTepialy i Mokasas, 110
BaKIMHAIIA JIIHCHO e(heKTUBHA.

SIkimo ®<900, 10 cos®>0 i, ax Hacmiaok, h>0 — BUNagOK MIHATTS PIBHSA PiAMHA
B Karimpi. Skmo @>90°, To cos@<0 i, omke, h<0 — BUMATOK ClIafaHHs PiBHS PiAHHH
B Karusipi.

kim0 Haj MOBEPXHEIO PIIMHMU 3HAXOAUTHCS Ta3, TO HOro TYCTUHOIO MOXKHA
HEXTyBatH ( p >> p, ), ToAl piBHsSHHS JKropeHa npuitmae BUTIISL:

_ 20C0s®
Rgp

Jlts cxisiHOrO Kamimipy i Bomu (0=73 H/m; ©—0% cos®@—1; g = 9,8 m/c?;
p = 1000 kr/m):

h

15107
R

YacTo ciocTepiraerbCcsi HEMOKIUBICTD JIOBIILHOTO ITOBHOT'O BUTIKAHHS PIIUHH 3
TpyOKH a00 Kamiisipy, HAMPUKIIAJ, 3 HOCHKA MIpHOI mineTku. Lle 1 € mposiBineHHs ii
KaIJISPHOTO THCKY, CIPSIMOBAHOTO MPOTH CUJIK TSOKIHHS, TOMY IO Ha HIKHBOMY
KiHIIl Kanisipy YTBOPIOETHCS MEHICK 3 TO3UTHBHOIO KPUBU3HOIO. SIKIO Kamiisip Mae
JOBXKHMHY MEHIIIE BUCOTH MiTHATTSA y HboMy piavau (h), To piguHa He Oye BUTIKATH
3 Kamusipy, TOMYy 10 Ha PIBHI BEPXHBOTO 3pi3y YTBOPIOETHCS OMYKIUN MEHICK —
BUHUKAE€ THUCK, CHOPSMOBAaHUH y TPOTHICKHOMY HAMPSMYy — BCTAHOBIIOETHCS
piBHOBara.

h

M,
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BumiproBaHHsS BUCOTH PIBHS PIAMHU y KaNIspi € MATPYHTSIM OJHOTO 3 METO/IB
BU3HAUCHHS MMOBEPXHEBOTO HATATy. Pajiyc kaminsipy BH3HAYA€ThCS BUMipPIOBaHHSIM
JIOBKMHHU CTOBIYMKA PTYTI BIJIOMOi Baru. SIKI0 HeMae HEOOXITHOCTI Yy BHUCOKIM
TOYHOCTI BU3HAYEHHS G, TO Kanuisp KaliOpyloTh (BCTAHOBIIOIOTH HOTO pajiyc) 3a
JIOTIOMOTOF0 PiJTMHU 3 BIIOMHUM ITOBEPXHEBUM HATSATOM.

Kaminsgpui sBUIIa BHHUKAIOTh TaKOXX MIDK TapajelibHUMU IUIACTUHAMMU.
PiBusinns XKropeHa y 1poMy BUTIQAKY Oy/ie MaTH HACTYITHUIA BUTJISIL:

20C0SO

he 2 2°F
dg(p—py)° (-2

ne d — BigcTaHb MiXK IUIACTHHAMU, M.

Axmo mniacTUHU OynyTh NPUTUCHYTI OAHA JO OJHOI, a MDK HUMHU Oyje
3HAXOJUTHUCH PiIMHA, 1110 iX 3MOYY€E, TO MEHICK MO0 MEPUMETPy OyJie MaTh HETaTUBHY
KpuBH3HY (YBITHYTHMH MeHIck). BcepenuHi piiuHu THCK Oyjae MEHIIE, YUM 30BHI.
Pi3Hu1s TUCKIB Oyjie CTUCKATH TJIACTHHH 3 CHIIOKO:

_20-5-C0s®
d ’

ne S — momia MmisAMHU piiuHy, d — BiICTaHb MiX IJITACTHHAMH.

F (1.23)

Ao B3ATH OBl CKJISHI IUIACTMHM S5X5 CM Ta MOMICTUTH MDK HUMH BOXY
(@—)Oo), TO MpH BifcTaHl Mk HUMH d = 1 MKM cuta TsoKiHHS Oyne nocsratu 375 H.
Ane SKIO Il MJIACTUHU TOBHICTIO 3aHYPUTH Yy BOJY, TO CHWJIM TSOKIHHS MK HUMH
BUHUKATHU HE OyyTh BHACIIJIOK BIJICYTHOCTI TPEThOI MEX1 pO3ALTy (a3s.

Skuio piguna He Gyxe 3MouyBatd moBepxHio miactuH (©>90°), To BHHHKHE
CWJIa, 10 BIAIITOBXYE MJIACTUHHU.

KaninsspauMu sBUIIAMH MOSICHIOETHCS MOsIBa (DOPMOBAHOCTI Y PIUKOBOTO MICKY
micasi WOTO 3MOYYBaHHS, TPYAKYBAaHHSA IOPOIIKOBUX MaTepialiB MpU  CYIIIII.
['apodobizariis MoBepXHi MPUBOIUTH A0 3BOPOTHOTO PE3yibTaTy.

1.9. Tuck Hacu4eHOI NapH HA/I BUKPHUBJICHOK) NMOBEPXHEI0

SxIo eHepris TEMJIOBOTO PyXy MOJIEKYJM Ha TOBEPXHI PIAUHU TIEPEBUIIYE
CIJIM Kore3ii, a BEKTOp ii pyXy chpsMoBaHHUIl y Oik ra3oBoi (a3, TO MOJeKyJa
BIJIPUBAETHCSA BiJl MOBEPXHI — BiIOYBAETHCS BUTIAPOBYBAHHSI.

[Tpm T=const Hax TUTACKOIO TIOBEPXHEIO PIAWHH BCTAHOBIIOETHCS TICBHA
pIBHOBa)KHA KOHIICHTpAIliS Mapu JaHoi piAuHU. Taka KOHIICHTpaIlisi BUPAKAETHCS Y
BUTJIA1 THCKY Hacu4ueHoi napu (Py ado Ps).

Po3rnsHeMo moBeAIHKY MOJIEKYJIM Ha IJIOCKIM MOBEpXHI PIAMHM, HA MTOBEPXHI 3
HETaTHUBHOIO 1 TO3UTUBHOIO KPUBU3HOIO:
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PigunHa

3 pHUCYHKY BUILIMBA€, IO KOTre3iiiHa B3a€MOJSI MOJIEKYJIM Ha MOBEPXHI
MakCMMaJlbHa Yy BHIAJAKy YBITHYTOI IOBEpXHI (3 HETaTUBHOIO KPUBHU3HOKO) 1
MIHIMaJIbHA JJIS OMYKJIOi MOBEPXH1 (3 MO3UTUBHOIO KpuBHU3HOIO). Ile Bkasye Ha Te,
o npu T=COoNnst mMBUJKICTh BUMIAPOBYBAHHS MOJIEKYJ 13 MOBEPXHI 3 MO3UTHUBHOIO
KPUBHU3HOIO Oyze BUIIE, HIK 3 TUIACKOI, @ TUM OLIbII 3 YBIrHYTO1 moBepxHi. OTxe,
TUCK HACWYEHOI TMapW pPIAMHU HaJ TphOMa MOBEPXHSAMU OyAYyTh 3HAXOJUTUCH Y
HACTYIHOMY CIiBBIAHOILIEHHI:

P>P >P

KisbKiCHY 3aJIe’KHICTh MapLiadbHOTO THUCKY HACHYEHOI Mapu Bl KPHUBU3HU
noBepxHi onucye piBHsAHHA KeabBina (Tomcona):

Pr 20' V|\/|
In—==
Ps RTr | (1.24)
ne Ps — Tuck HacuueHoi mapu HaJ MIIOCKOI0 MOBEpPXHEI; Py — THCK HACMYEHOI mapu
HAJ TIOBEPXHEI0 3 paailycoM KpuBM3HU I; V) — MOJSIpHHA 00'€M piuHU;
G — TIOBEpXHEBUW HATAr; 3HAK (+) — a4
T=const P, MOBEPXHI 3 TO3WTHBHOI, a 3HaK (-) — s
MOBEPXHI 3 HETATUBHOIO KPUBU3HOIO.
P4 TakuM 4MHOM, THUCK HACUYEHOI Mapw Hal,
P,>P, HAIPUKJIIA, KParuier0 TyMaHy BUIIE TTOPIBHSIHO 3
@ IJIackor moBepxHero. Lle o3nadae, mo apiOHI

Kparuli  JIeTIIe BUIAPOBYIOTHCS 1 MOXKYTh

I30TepmiyHa neperoHka BHUKIMATH MPH O1JIbII HU3bKIH TeMIIEpaTypi, a Ha

OUTbII KpYyHMHHUX Kpamisix Oyne BiaOyBaTHUCh KoHAeHcaris. [piOHi kpamii OyayTh

3HMKATH (BUMIAPOBYBATHCS), a KPYIHI — 30UIbIIYBAaTUCh. Take SIBUIE HA3WBAETHCS
i30TepMiYHOI0 MEPErOHKOIO.

Han piguHOlO, HaAmpukiaa, y Kamuisgpl 3 HETaTUBHOK KPUBU3HOK THCK
HAacHYCHOI mapy Oy/ie MEHIIe TIOPIBHAHO 3 TUTACKOI0 ToBepxHer. Lle mpuBoauTh 10
KOHJICHCAIIli mapu y rnmopax Mpu OUIbII HU3bKOMY THUCKY HAaCHMYE€HOI Mapu (Mpu O1IbII
BUCOKIH Temneparypi). [HImmu cioBaMu, SKIIO MPU MEBHOMY TUCKY HACUUYEHOT Napu
1Ie He B1AOYBAEThCS KOHJIGH ALl HaJ MJIACKO MOBEPXHEIO PIAWMHU, TO TOPU 3/1aTHI
3allOBHIOBATUCH PIAMHOI0 32 MEXaHI3MOM KamiJsIpHOI KOHAeHcamlii (IUB. TEOpiio
KamuspHoi  koHzaeHcarii [lyOiniHa-PagymkeBuua). Y mepmry depry OyayThb
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3aIIOBHIOBATUCH HAWOUTBINT TOHKI KAIJISPH, BHACTIIOK TOTO, 110 YMM MEHIIE AlaMeTp
KaImJisgpa, TUM MEHIIEC paJiyc KPUBU3HM MTOBEPXHI, THM HMKYEC TUCK HACHYCHOI IapH
HaJ| TOBEPXHEIO0 MEHICKA 3 HETaTUBHOIO KPUBH3HOIO.

2. AICOPBLIA.

Ax Big3Hayanoch BWIE, Oyab-siIKa TETEpPOreHHa CHUCTeMa OyJe CaMOBUIBHO
IparHyTy 0 3MEHIIEHHS CBO€i moBepxHeBoi eHeprii [100ca. Lle moximBo, abo 3a
paxyHOK 3MEHIIEHHs TUIomll Mexi po3auty ¢das (S), abo 3a paxyHOK 3MEHIICHHS
TIOBEPXHEBOTO HATATY (G):

Gy =0-S.
[ToBepxHEBHIT HATAT MOKE OYTH 3MEHILICHUI BHACIIIOK aAcopOuii.

Aodcopouia — ue aguuie MUMOGLIbLHO20 NEPEPO3NOOLly KOMNOHEHMA MidC
00 €EMOM ma noGepPxXHeEBUM UIAPOM.

AJicopO11isi — piIBHOBOKHHH TIPOIIEC.

Hacnigkom agcopOirii € 3MiHa KOHIIEHTpAIlii KOMIOHEHTa B TIOBEPXHEBOMY II1api
MOPIBHSHO 3 1Or0 KOHIIEHTPALIEI0 B 00 €MI.

PeyoBuHa, Ha moOBepxHI fAKOi BiAOyBaeTbcad  aacopOLis, Ha3UBaIOThH

aacopoenTom. PeuoBurHa, 1110 acopOyeThCA — aICOPOATOM.

[Iporiec, 3BOpOTHUI aIcOpOIIii, HA3UBAETHCS 1€COPOLIEIO.

B 3anexHocTi BiJ NpUpPOAM B3aEMOJIII MOJEKYJT aacopOeHTy 1 aacopbary
BUJIUISIFOTH JIBa BUU a7COPOLIIi:

Dizuyna aocopoyia — ancopoOIlis, 00yMOBIEHA MIKMOJIEKYISIPHOIO B3aEMO/IIE€I0
3a paxyHOK cuil Ban-nep-Baanbca: opieHTaliiHuX, IHIYKIIMHUX Ta JUCTIEPCIMHUX;
XapaKTepU3y€eThbCs 000OPOTHICTIO, HecnenudIuHICTIO. Taka aacopoIis
CYIPOBOIKYETHCS €K30TEPMIYHUM TeTIoBUM edektoM (AH,,<0).

Ximiuna aocopouin (xemocopouisn) — ancopOiiisi, sKa 3HAIUCHIOETHCA TPU

B3a€MOJIi  aJcOopOeHTy Ta ajacopbary 3 yTBOPEHHSM XIMIYHOTO 3B SI3KY;
XapaKTEPU3y€EThCsI HEOOOPOTHICTIO, CIIEU(DIUHICTIO, JIOKATI30BAHICTIO.
®dizuuna aacopouis XimiuHa agcopOuis
UM ¢b13uuHuME cuiiamu (cuiu Ban-nep- | XIMIYHUME CHJIaMU MK aJICOPOEHTOM 1
00yMOBJIeHA Baanbca Ta BoiHEBI 3B S3KH) ayzicopbaTrom
MaJa, 6Ju3bKa J10 TEeMI0TH BeJIMKa, OJIM3bKa /10 TETIOBOTO €eKTy
TETUIOTa o
BUTIApOBYBaHHs, ckiagae 10-40 yTBOpPEHHS XiMiyHUX crioiyk: 40 - 400
agcopOii
kJI>x/MoIb kJ>x/Monb
BILIVB 3 MiJBUILEHHIM TEMIIepaTypH IiABHUILEHHS TEMIIEPAaTypH CIIpHsIE
TeMIIepaTypu 3MEHIITYETHCS MIPOIIECY XeMOCOPOITii
. cnenr(iyHa, 4acTo Ha MOBEPXHI
.. MaJio crenudiyaa, crado 3aIeKUTh
crienupiIHICTh . aZICOPOCHTY YTBOPIOETHCS TIOBEPXHEBA
B1JI TPUPOAH aICOPOCHTY 2
XiMiYHa CIIOJTyKa
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000POTHICTH obopoTHa 9acTO He0OOOPOTHA

. MIBHJIKA, 3 IJTMHOM Yacy IIBUJAKICTh | YacTillle YIOBUJIbHEHA, 110 MOB S3aHO 3
MIBUJIKICTh

3MCHIITYEThCS MIOJTOJIAHHSIM 1CTOTHOT €Heprii akThBaIi
HE JIOKaTi30BaHa (MOJIEKYITH JIOKaJi30BaHa (MOJICKYIU aacopbary
JIOKaIi3aIist azicopOary 371aTHI IepecyBaTUCh 10 3B’sI3aHi 3 aJICOPOCHTOM 3a PaxXyHOK
MOBEPXHIi aJICOPOCHTY) MIIHUX XIMIYHUX 3B SI3KiB)

HeoOximHo 3a3HaunMTH, MO0 Yy BHITAJKYy XEMOCOPOIli MOBEpXHEBAa HaAMipHA
enepris ['160ca Gs Moke HaBITh 3pocTaTd HAa (OHI 3MEHIIEHHS €Heprii CUCTEMU B
iI0MYy.

2.1. KinbKicHe onucaHHsa agcopouii

KinpkicHe omucaHHs afcopOLii BUILUIMBAE 3 METOJY HAJUIMIIKOBUX BEJIWYUH
['1060ca Ta MeToy 1apy KiHLIEBOI TOBUIMHHU.

1. Memoo naoauwmroeux eenuuun I'iooca

I'io0ciBchka agcopOuist sBisie COO0I0 HATUIIOK PEYOBUHU y TMOBEPXHEBOMY
1Iapi NeBHOI TOBIIMHU MOPIBHSHO 3 MOro KUIBKICTIO B 00 €M1 (a3u, 110 BiJHECEHUM
JI0 OJWHUIIl TOBEpPXHI ab0 Macu aAcopOeHTy. 3a TOBIIHMHY MOBEPXHEBOTO IIaApy
NpUKUMAIOTh BIJICTaHb MO OOWJIBI CTOPOHU BiJ MEXI1 po3auly (a3, 3a MexaMH SIKOTO
BJIACTUBOCTI IIapy IMEpPEecTaloTh BIAPI3HATUCH BiJ BIACTUBOCTEH 00 eMHUX (ha3.
[IpakTyHO BCSl TOBEPXHEBA CHEPTis 30CepeHKeHa Y TOBEPXHEBOMY IIapi TOBIIUHOIO
y JEeKUJIbKa MOJICKYJ, TOMY BCi MOB 5i3aH1 3 HEIO CITIBBITHOIIIEHHS MOYKHA BIIHOCHUTH
TUIBKH 70 TIOBEPXHEBOTO I1apYy.

[Toznauaetncs ['106ciBcbKa ancopOiris rpenpkoro OykBoro ramma (I).

]_MOJZb_ MOMb . 2 .2

Po3mipHiCTh: Iy

2 7 b 2 ) .
M 2 M2
N
QD
“
0o
3R
L >0
Rosesed
Detoe
ooy
K&
RS C
SXXXN ) i,0
0"‘0’004 Mv
S y
3N
CRRKEN A C / ] i
S i.0 / X :
A /
: 0‘0’0?/ —~ <0
: /N: :
: X : X

['i60ciBchka amcopOirist Moxke OyTu sk mo3utuBHOIO (ABD Ha pucynky), Tax i
HeratuBHOO (MNK).

B HaiinpocTtimoMmy Bumanaky BenwumHa [100CiBChKOi afcopOIlii Moxke OyTw
BHUPAXEHA SIK:
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Fi = ’ ) (21)
S
ne Csi — cepemHs KOHILEHTpALis i-r0O KOMIIOHEHTa Yy MOBEPXHEBOMY IIapi;

C,; — KOHIIEHTpallisl 1-TO KOMIIOHEHTa B 00 eMi; V, — 00'€M MOBEPXHEBOIO ILIAPY;

S — momia.
2. Memoo wapy ab6conromuoi mosuyuHu.

AJicopOrris, 110 BUILIMBAE 3 METOJY Iapy KiHIIEBOI TOBIIWHH, SIBJISE COOOIO
aOCOJIFOTHY KUIBKICTh KOMIIOHEHTa Yy IIOBEPXHEBOMY IIIapi, sika BIJHECEHa 0
OJIMHMITI TTIOBEPXH1 a00 MacHu aJcopOCHTY.

AOcouoTHa acopOIIis MO3HAYAETHCS TPEIBKOI0 OYKBOIO alibda (A).

MONb . MOMb . 2 .2

Po3mipHICTb: [Ai]Z > R
M e M2

ON

RN

A

AOcomroTHa acopOITis 3aBXK/I1 MO3UTHBHA.

Ax BummBae 3 pucyHKy, ['100ciBcbkil amcopOiii Bignosigae mioma BFG, a

aocomoTHii — OGFQ. Takum uywmHOM A; Oumbme [} Ha BeMWUMHY TLIOII
npsiMokyTHrka OBFQ:
A, :Fi+C0i\£,
" S
abo ’
A =T +Cy; -0

ne C,; — KOHLEHTpalis 1-TO KOMIIOHEHTa B 00 €M1; V; — 00’ €M MOBEPXHEBOrO LIapy;

S — momma aacopOeHTy; O — TOBIIMHA TOBEPXHEBOTO IIAPY.

SIKII0 KOHIIEHTpallisi B TOBEPXHEBOMY MIapl CYTTEBO BHUIIE 3a OO0 €MHY
KOHIIGHTpaIlito (cuwibHa ancopOiis), To mmiomer npsmMokyTHuka OBFQ wmoxna
HexTyBaTH nopiBHsAHO 3 BFG. YV npomy Bumanky:

A, ~T;.
[Ipu amcopOiii peyoBuHu (1) 3 po3unHy 00 emoMm V, BenmnuuHy ['160CiBCHKOT

aacopOIIil MOKHA EKCTIEPUMEHTAIBHO BUSHAYUTH HACTYITHUM YHHOM:
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E:Ma@n:@’ (2.2)

ne Co — BUXIJIHA KOHIIEHTpAIllA 1-T0 KOMIIOHEHTa Y po3uuHi; C — KOHIIEHTpaIlis 1-TO
KOMIIOHEHTa B 00 €Mi MICJIsl BCTAHOBJICHHS aJIcOpOIIiiiHOT piBHOBaru; S Ta g — muioria
a0o maca ajJicopOeHTy.

AJicopO11is 3aI€XKUTh BIJlT KOHIIEHTpaIliil (mapIiiiaJbHOro TUCKY) 1 TeMIIepaTypH:
A() = f(C,T)abo A() = T(P,T).

Jlnst Toro 100 KOPEKTHO BUBUUTH (PYHKITIIO, KA 3aJCKHUTh B MEKIIBKOX
apryMeHTIB, HEOOX1IHO 3adikCyBaTH BCl apryMEHTH, OKpIM OJHOTO. TakuM 4MHOM,
BUJIUISIFOTh YOTUPH BUIU 3QJIKHOCTEH a/IcOpOIIii Bil MapaMeTpiB CUCTEMHU:

1. B i30TepMiuHUX yMOBax mpoBeneHHs npoiiecy (T=Const) 3aj1exxHoCTI
A=f(C);T=1(C);A=1(P);T=f(P)
Ha3WBalOTh i30TEpMaMu aacopoii.
2. Sxmo 3adikcyBaTH piBHOBaXHY KOHIIEHTpalio ajacopdary (C=const), To
orpumaemo A= f(T). ; T'=f(T). i3omixy amcop@uii.
3. I1pu ¢ikcoBaHOMY PiIBHOBaXHOMY TapIliaIbHOMy THCKY ajgcopoary (P=const)

sanexuicts A= f(T), ; = f(T), nasusaiors i306aporo axcopouii.

4. SIKImo y cHCTEMi, 1[0 BMBYAETHLCH, CTBOPUTH YMOBH, IPH SKHX BEIMYMHA
azcopOuii Oyae 3anuInaTUCh MOCTiMHOW (A=const abo ['=const), TO 3aJE€XKHOCTI
KOHILIEHTpaii (Tucky) Bixg Temmeparypu C=f(T) ; P=1f(T) Gyayrs HasuBaTHCh

i3ocTepamu aacopouii.

[Ipy BUBYEHHI 3aKOHOMIpHOCTEH aAcopOIii B JaHid cucteMi 0a30BOIO
EKCTIEPUMEHTAIILHOIO 3aJICKHICTIO € 130TepMa aacopOIii.

s eKcnepuMEeHTaIbHOrO OTPUMAaHHS 130MiKi (1300apu) Ta 130CTEpH aacopOIrli
OyIyroTh cepito 130TepM IpHu pizHUX TeMiepaTtypax (Puc. 2.1):

A A=KT) Ta

Puc. 2.1 I1o6ynoBa i3omiki (1300apu) Ta 130cTepu afcopO1ii 3a i30TepMamMu (Ipu
pI3HUX TeMIIepaTypax).
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2.2. AncopOuiiine piBusinHs ['i00ca

Y Bumaaky ancopOIii MU CTHKAEMOCS 3 HE3BUYAMHHUM SIBUIEM, B SKOMY
IHTEHCHBHI BEJIMYMHHU (KOHIICHTpAIlisl) HE BUPIBHIOIOTHCS y JOBUIBHOMY IIpOIIECi, a
HABITAKH, PO3XOIATHCS.

B pesynbraTi azcopOruii BiOyBaeThCS MEPEPO3MOMIT KOMIIOHEHTIB MIXK
00’ eMHUMHU (Da3aMH 1 TOBEPXHEBUM IIIAPOM, IIO TATHE 32 COOO0I0 3MIHY IX XIMIYHHUX
noTeHIiamiB y cucrteMi. lleii mporec MoKHa pO3TISHYTH SK TEPETBOPEHHS
IOBEPXHEBOI eHeprii y XiMiuHy.

CHiBBITHONMICHHS] MK TIOBEPXHEBUM HATATOM Ta XIMIYHHMH TIOTCHIlIAJIaMA
KOMITOHEHTIB cucTeMH Oyio BUBeAeHO ['106cOoM 1 Ha3uBa€ThCS (PyHIAMEHTATbHUM
aacopOuiitnuM piBHssHHAM ['i00ca:

do = —ZE desi| (2.3)

HeoOxigHo BKa3aTu, IO JaHE PIBHAHHS € CIHIJICTBOM 3aKOHY 30€peKeHHS
€HEeprli.

3acTtocyemMo (QyHaamMeHTallbHE ajcopOIiiiHe piBHAHHS [100ca mis OiHapHOI
CUCTEMHU:

do=-Tdw —T,dw,,
1e iHJeKC | BIIHOCHUTHCS 10 PO3YMHHUKA, a 2 — 10 PO3UNHEHOT pEYOBUHHU.
Jiist po3BeeHoro pozunny dyy =0 Tomi:
do=-T,dyu,; du,=RTdIna,;
da
do=-T,RTdIna,; do=-I, RTa—Z.
2

3 ypaxyBaHHSIM TOTO, IO JJIsI PO3BEICHOrO po3uuHy a~C — OoTpUMaemMo
aacopOuiiiHe piBusaHHs ['i00ca:

~ C do

RT dC

(2.4)

) . do .
pI(& C — P1BHOBA’XHAa KOHICHTPAIILA az[COpGaTy; E — IIOBCPXHCBA dKTHUBHICTD.

[ToBepxHEeBa aKTUBHICTh YHCEIBHO JIOPIBHIOE KYTOBOMY KOE(ILI€HTY JOTHYHOI,
10 MPOBEJICHA Y JJaH1i TOYIll 130TepMH MOBEpPXHEBOTO HaTAry (Puc. 2.2).

do
PeLIOBI/IHI/I, JJIA AKX E <0 , HA3UBAKOTHCA HOBCpXHCBO'aKTI/IBHI/IMI/I

peuoBuHamu (ITAP). ITloBepxHEBO-aKTMBHI PEUYOBHHU 3HUXKYIOTh TMOBEPXHEBUU
HATAT.
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do )
PedoBuHu, g  SKuX E>O’ HA3UBAIOTBCI  IMOBEPXHEBO-1HAKTUBHUMU

peuoBuHamu (ITIAP). [ToBepxHEeBO-IHAKTUBHI PEUYOBUHM ITiIBUIIYIOTh MOBEPXHEBUN
HaTSIT.

Buxonsuu 3 piBHsHHA (2.4), SKIIO

°© MAP g—g<o, 1o I'>0 - wmae micue mosutnHa

ancopOuis. Lle o3Hawae, 1m0 KOHIIEHTpAIlis
do/dC >0 PO3UMHEHOI PEYOBHUHHU y MOBEPXHEBOMY IIapi
O1IbIIIe TTIOPIBHSHO 3 00  €MOM PO3UHHY.

dg/dC <0 Tpn g_g >0 I'<0 — wmae wmicue

HeratuBHa ajacopOiiisg. Herarusua amgcopOiris
O3Hayae, IO KOHIEHTpallis aacopOoBaHOl
C pEYOBHHH B 00 €Mi OuUIbIIE TOPIBHSIHO 3
Puc. 2.2. 3anexHicTh mOBEepXHEBOro IOBCPXHEBUM IIAPpOM PO3YHHY.

HaTAry PO3YMHIB Bl KOHIICHTpAIllll Jlo TMOBEPXHEBO-aKTUBHUX  PEYOBUH
s ITAP 1 THAP BITHOCSITHCSI OUTBIIICT, PO3YMHHHUX Y BOJI
OpraHIYHUX CIOJYK: KUCIOTH, COUPTH, e(Pipy, aMIHOKUCIIOTH, OLIIKH.

[ToBepxHEBO-IHAKTUBHIMH PEYOBHHAMH 10 BIJHONICHHIO JO BOAH €
HEOpPraHIYH1 COJi, KUCJIOTH Ta JIYT'H, MOJIEKYJM a00 10HU SAKUX B3a€EMOJIIOTH 3 BOJIOIO
OlnbIE 3a B3aEMOJII0 MOJIEKYJ BOAM MDK c000r0. BHacmigok BHCOKOI eHeprii
riparaiii MoJeKyau ad0 10HHU BTATYIOThCS y TJIMOMHY pO34HMHY. TOMy B PO3UHMHAX
CIWJIBHUX €JIEKTPOJITIB TPAaHUYHUW IIap 3aBTOBIIKK B JEKUIbKAa MOJEKYISIPHHUX
JlaMeTpPiB CKJIAA€ThCS TIEPEBAKHO 3 MOJIEKYJI BOJIM, a 10HU COJICH MICTATHCA B JTyKe
MaJtii KOHLEHTpallii, TOTPAIUISIIOUYM y TIOBEPXHEBUH I1ap 3aBJIIKU TEIIIOBOMY PYXY.

[ToBepxHEBO-aKTHBHI PEYOBMHU MalOTh AUGUILHY OynoBy — moiekyina [TAP
Mae 1o ubHY Ta J110)OOHY YaCTUHU, TOOTO MOJSPHY 1 HETIOJISIPHY TPYIIH.

[Monsipui pyukmionansui rpynmu: —COOH; —COO; —OH; —O—; —NH,; -SO3"; —
NO,. Bonu no0pe riipaTyroThCs 1 TOMY T1APOQIIBHI.

HenonsipHi (yHKIIOHANBHI TPYNU: BYIJIEBOJHI Ta apOMAaTHUYHI paJuKaiH, sKi
COJIbBATYIOThCSI HEMOJSIPHUMHU OPTraHIYHUMU PO3UMHHUKAMHU.

[loBepXHEBO-aKTUBHI PEYOBMHU JUIATHCS Ha
Lo //O HEIOHOTEHHI,  10HOT€HHI  (KaTlIOHOAKTUBHI  Ta

H—?_?_(F_?_?_C\ aHIOHOAKTHUBHI), aM(OIIITHI.
H H H H H OH

AmnionaktuBHi I[TAP — 1me cmonyku, siki y
BOJHUX pO3YMHAX JIMCOIUIOIOTh 3 YTBOPCHHSIM
HenonsipHa aHIOHIB  (HETaTMBHO  3aps/DKCHUX  10HIB), IO

nonsipHa : 2,
0OyMOBITIOIOTh TTOBEPXHEBY aKTUBHICTh. Haiibinblie

3HAYCHHS MAlOTh: aJKUTOCH30JICYIh(OHATH HATPIIO,
aJIKUICYNIb()OHATH HATPIIO Ta ANKUICYNIb(ATH HATPIIO.
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RQS%Na = R@St:)g +Na®  ankinOensocyiab(oHar

R-SO;Na &= R-SO; + Na" NEPBUHHUN alKIICYIb(pOHAT
R\ [ R\ v .
i CH-SONa == = _CH-S0; +Na* BTOPUHHUH alKUICynb(oHAT

KarionoaktusHi [IAP — 11e conykw, siki y BOAHOMY PO34YHHI JUCOIIIOIOTh
3 YTBOPEHHSIM KAaT1OHIB, 1110 BU3HAYAIOTh IOBEPXHEBY aKTHUBHICTD.

RNH; — nepBuHHM amiH;
R,NH — BropuHHUii amiH;
R3N — TpeTtunHuii amis;

R,N"CIl” — yerBepTiHHA aMOHi€Ba Cillb.

+
I:R@CHQN/_\>]CI = I:R@CHQN/_\>] + CI
ATKUIOSH3WINUPUANHHUYN XJTOpU/T (KaTaIvH)

Heionorenni ITAP — wne cnonyku, siki OpW pPO3YMHEHHI Yy BOJI HE
10H13y10ThCsl. Po3unHHICTh HeloHOTeHHUX [IAP y Boai 00yMoOBIIeHAa HAsBHICTIO
y HUX (DYHKI[IOHAJIbHUX TPyI. 3a3BHYail BOHU YTBOPIOIOTH TiApaTH y BOAHOMY
pPO3UMHI BHACJIIOK BUHUKHEHHS BOJHEBHUX 3B S3KIB MDK MOJIEKYJaMH BOJHM 1

aTOMaM¥, HalpUKIaJ, KUCHIO Yy TIOJIETWICHIJIIKOICBIA YacTUHI MOJEKYJIH
[TAP.

R—CH,—CH;—O—(CH,—CH,—0)— CH;—CH,—OH

H—O—H

MOJIITITIKOJIEB] €(ipHu CIOIYK 3 aJKiIapOMaTHYHUMHU
R©0(02H4O)HH
rpyrnamMu
TTOJIITJIIKOJIEB] eipH aJdKiJaMiiB, 10 allUiIyIOThL a00
__RO(C,H40),H ) 1eBi egip AUB, O ALy
R—CON aJIKIJIOBaH1

RO(C,H,40) H

RCOO(C,H,0),H HOJIITTIKOJIEB] €(ipH JKHUPHUX KHUCIOT
RCONH(C,H40),H HOJITIIIKOJIEB] epipy aMiiB )KUPHUX KHCIOT
Amdomitai (amporepni) ITIAP — me cnomyku, ki y BOIHHMX PO3YHHAX

10HI3YIOTBCS Ta TPOSBISIOTH B 3aJIEKHOCTI Bi yMOB (TOJOBHMUM dYWHOM Bij pH
CEpEeZIOBHINA) BIACTHUBOCTI 1 KaTIOHHUX PEYOBHH, TOOTO Yy KHCJIOMY PO3UUHI
OPOSIBISIIOTH ~ BIACTUBOCTI  KATIOHOAKTUBHUX, a B JIY)KHOMY DPO3YMHI —
aHIOHOAKTUBHUX MMOBEPXHEBO-AKTUBHUX PEYOBHH.
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+ +

RNH,CH,COOH === RNH,CH,COO~ == RNHCH,COO"

KATIOHHI BIACTHEOCT! HESiOHOTeHHI EIACTHECCTI AHIOHHI BEIACTHEOCTI
pH<4 pH=4-9 pH=9

2.3. AxcopOuist Ha Mexki po34YMH-Ta3

[Ipu BuBueHHi romomoriyHux psnaiB [IAP BusBwioch, MmO TOBEpXHEBA
aKTUBHICTh 30UIBIIYETHCS 3 POCTOM JOBXXKHHH BYTJICBOJHEBOTO pagukaia. byio
chopmyaroBaHo npaBwiio J(rokmo-Tpayoe:

Ilosepxnesea akmueHicmy 41e€HI8 20MO102IYHO20 pAOdY 3pocmace 'y 3-3,5 pa3u
npu 30i1bMEeHHI 008HCUHU 8Y2/1€600HE6020 PAOuUKana Ha 00y a1anky —CH,—.

. 0 . . .
st Boguux po3unHiB nipu 20 C 301/IbIIEHHS TOBEPXHEBOI aKTUBHOCTI CKIIAJIA€
~3,2 pa3u Ha o/1HY JIaHKy —CH,—.

Cepis 130T€pM NOBEPXHEBOI'O HATATY JJIi TOMOJIOTIYHOTO PAAY ali(paTHYHHX
CIUpTIB HaBeAeHa Ha Puc. 2.3.

BignoBigHo no ancopOiiiinoro piBHsHHS ['100ca Tta mpaBuna Jlrokio-TpayOe
Ipu 3pOCTaHHI JOBXKUHHU BYTJIEBOJIHEBOTO JaHIIOKKa (pu C=coNst) 301b1ryeThes
BEeNTMYMHA aJCcOpOIlii Ha MEX1 PO3UYMH-TIOBITPS, MPOTE, BCl 130T€pPMU anCcOpOIii
IpardyTh A0 OJHOIO 3HAYCHHS, SKE HAa3MBAEThCS rpaHu4YHoI0 aacopoumicio (I')
(Puc. 2.4).

CH,CH,OH
CH,4(CH,),0H d61
CH,(CH,),0H | 9C
CH,4(CH,),OH
CH,(CH,),OH y

C

Puc. 2.3. Cepig 130TepM MOBEPXHEBOIO HATATY Jisi TOMOJIOTIYHOTO PpSIY
amQaTHIHUX CIIUPTIB, IO UTIOCTPYIOTH npasmiio Jrokmo-Tpayoe.

[Tpu mpomy i30Tepmu amcopOii A MBOTO PSALY CHUPTIB OYAyTh BUTIISAIATH
HACTYITHUM YHHOM:
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CH,CH,OH
CH,(CH,),0H
(CH,),0H
(CH,),0H

)sOH

(CH

CH,
CH,
CH,(CH,

C

Puc. 2.4. Cepig 13orepM azncopOuii Jyisi TOMOJOTIYHOTO psAxy amiaTHYHUX
CIUPTIB, BIJAMOBIAHO 70 aacopOIiiHoro piBHsHHs ['106ca.

B 3anexnocti Bin koHuentpaiii I[IAP y po3unni Oyj0Ba MOBEPXHEBOTO IIAPY
Oyne pizHor. Cucrema, Hamarar4uch MO30aBUTHUCH BIJ HAaAMIPHOI €HEpTii, SKY
3a0e3neuye JiopoOHA B3a€EMO/IIS HEMOISPHUX BYTJIEBOJHEBUX YACTHUH MOJIEKYIH 3
MOJISIPHUM BOJHHUM CEPEJOBHIIEM, BUBOJUTH MOJIEKYJIU Ha MoBepxHio. [Ipu 1mpomy
MOJISIPHI TPYIU 3aJUIIAIOTHCA Y PO3UYMHI, @ HEMOJSPHI BUJAISIOTHCA Y Ta30By (azy.
B cucremi BctaHoBmoeThes piBHOBara [TAP mixk 00’ eMOM Ta MOBEpXHEBUM IIapOM.

[Ipyn HEBENMKUX KOHLEHTPALISX MOJIEKYJ] B MOBEPXHEBOMY IIApl BYIJIEBOJIHI
JAHIIOTH JIe)KaTh Ha TMOBEPXHI, a TOJisipHA Trpyna 3aHypeHa y Boxay. llpu
MOCTYNOBOMY 3pOocTaHH1 KoHIeHTpallii [TAP ByrieBoiHI JaHIIOKKH T1IHIMAIOTHCS 1
NPy KOHIIEHTpAIlll, sIKa BIAMOBIAa€ MOHOMOJICKYJISIPHOMY IIapy, HIO0 MOBHICTIO
3al0BHIOE TIOBEPXHIO, BOHU PO3MILIYIOThCS MEPHEHANKYJISIPHO NOBEpxHI. Taka
KoH(pirypauis mosekyn ITAP y nmoBepxHeBOMY IIapi Ha3UBAETHCA MOJIEKYJISIPHUM
yacTokoJioM. [Ipu nmomaneiiomy 30iumbieHH1 KoHIeHTpatiil [IAP y po3unni Oynosa
ajcopOIiitHoro mapy He 3MiHIOeThesa. [Ipu 1bOMy MOBEpXHEBa KOHIICHTpAIlisl HE
3aJIeKUTh BIJ JIOBKMHU BYTJIEBOJHEBOTO «xBocTa». Ilnomia, sKy 3alimMaroTh
mosiekynu [TAP y moBepxHeBOMYy I1api, BU3HAYAETHCS TUIOMILIO, AKY 3aiiMa€ MosipHa

rpyma.

r
0<I'<Iy ! |
MORNEKYNAPHUIA YaCTOKON
. nosimpsi c
rnosimpsi X 5
& =P= . C, Cs G
o |
L PO3YUHD I o o
X PO3YUH
C
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Hwxde cxematnyHo moka3aHa OymoBa Mexi posaury mpu azacopoOrii TTAP 3
MOJIIPHOTO 1 HEMOJIIPHOTO PO3YMHHUKIB. Ha Mexi po3ainy po3unH-HOBITPS
YTBOPIOETHCS MOHOMOJIEKYJISIPHUH aICOPOMiHHMEA 1ap.

noseimpsi nosimps

nonsapHul HeronsapHUU
PO3YUHHUK PO3YUHHUK

3Haroun BenuuuHy ['co, MOYKHA pO3paxyBaTH IUIONIY, SKy 3aliMae MOJIEKyJa B
azicopOIiitHOMYy 1mapi Sy 1 JOBKUHY MOJIEKYJIH, IO TOPIBHIOE TOBIIIMHI MOHOIIAPY O:

S = 1 | 5:FOO|V|.
LN, P

o0

2.4. EHepreru4Hi napamMerpu aacopouii

B naOmmwxenomy Burisal esepris ['100ca ajie KOHIEHCOBAaHUX CHUCTEM Mae
BUTJISIA;

Gy =U, -T-Sq :0+Z,uiFi .

JIJ11 OTHOKOMIIOHEHTHOI CUCTEMU:
Gy=0c+u-T.
Takum ymHOM, TIOBepXHeBa eHeprisi ['166ca abo poOoTa CTBOPEHHS OJIMHUIIL
HOBOI TIOBEpXHI BKJIIOYA€ HE JIMIIE pOOOTY YTBOPEHHS IMOBEpXHI (o), anme W
VIIUIBHEHHS PEYOBHHM Yy TMOBEepxHeBOMYy mmiapi (ux/), TOMy IO MOJEKYIH B

MOBEPXHEBOMY IIap1 CUJIbHINIE ab0 ciabline B3aEMOJIIIOTh MK COOOI0 TOPIBHSHO 3
MOJIEKYyJIaMU BcepeuHi (asu.

3Biacu /| — moBepXHEBe YIIUIbHEHHS peuoBUHU a00 ['106ciBCchKa amcopOrtis.
[Tpu ancopOuiii 3MiHa eHeprii ['100ca Mae HaCTYTHUMN BUTJISI:

AGy =Aoc+1,Au, .
Taxkum umHOM, TpU ajxcopOrii, HAPUKIIAA, Ta3y Ha TBEPAld MOBEPXHI 3MiHA

eHeprii [160ca oOyMOBI€Ha 3MIHOIO TIOBEPXHEBOTO HATATY Ha MEXi po3aury ¢as i
3MIHOIO XIMIYHOTO IOTeHI1any f, ancopOaty. Ilpu upomy AGs<O0.

AncopO1is CynmpoOBOKY€ETHCS TEIIIOBUM €(hEKTOM:

olnP +RT2dInPS

r, dT -

AH, =-RT? (2.5)
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aH, =—r72 4R

— TeruioTa KoHaeHcaiii (piBHsHHS Knaneipona-Knaysiyca) —
KUTBKICTh TEIUIOTH, 3aTPAadeHOl Ha BUTIAPOBYBAHHS aficopOary.

olnP
oT

TEIIOTH, KO0 CYMPOBOJIKYETHCS aacopOIiis mpH ii BenuuuHi [ s.

AH, :—RTZ( j — ngudepeHIianbHa TeIioTa aAcopOIii — KUIBKICTh
I

Bennunna nudepeHmianbHOl TEMIOTH aacopOuii 3 ypaxyBaHHSM 00 €éMHOI
TEIJIOTH KOHJIGHCAIlli HAa3WBAETHCA YHCTOI0 H(epeHliaIbHOI TenJ0ToK
ajacopouii:

AH, =AH, —AH_ . (2.6)

TakuM YuHOM, TEIIOTa, KA BUIUISETHCS B MPOIEC aacopOIlii, JOpiBHIOE
PI3HMII BJIACHE TEIUIOTH aJCOpOLli 1 TEIUIOTH, HEOOXIJAHOI ISl BUNApOBYBaHHS
aacopoary.

JUis  Bu3HaueHHS  AudepeHIiaabHOI

InF AH4<0 TemnoTy ancopouii AH, GymyroTh Tpadiuny

3aJIEKHICTh  130CT€p B KOOpJMHATaX

\%F?,:const INP-1T:

\% r,=const (InP)., = const+ A:d Ti : (2.7)

- , 3HaiineH1 TaKUM YUHOM
1760Ns nudepeHiiianbHi TEIJIOTH aacopOii
1T Ha3UBAIOThCS i30cTepuyHuMH. B mporeci

3aIMIOBHEHHS MTOBEPXHI a0COJIIOTHE 3HAYCHHS
130CTEPUYHOI  aACOPOIlii 3MEHITyEThCS —
a7IcopOIIisi CTAE MEHIII €K30TEPMIYHOIO.

Puc. 2.5. Bwusnauenns mudepentiii-
albHUX TEIUIOT ajcopOiii AH, 3a

130cTepaMu B KoopAuHaTax InP—1/T :

2.1. [I3oTepMu MOHOMOJIEKYJISIPHOI a1ICOPOLIL
I3oTepma I'enpi.

B oOnacTi HM3bKHMX KOHLEHTpaliil BeIuyuHa

Ao .
ek C aJCcopOIIii mpsMO TPOMOPIIIfHA KOHIIEHTpAIil (THCKY)
0 T aacopbary. Taka 3aKOHOMIPHICTH BIJOOpaXKYy€EThCA
PIBHSIHHSM 130Tepmu [ eHpi:
o-0,K,.C A=K, -C ado A=K} -P, (2.8)
o) 8O=K ne Kr — xoncranrta amgcop6uiitnoi piBHoBaru ['enpi; C 1
C P — piBHOBakHA KOHIEHTpalis 1 THCK ajacopOaTy
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BIIIIOBIIHO.

[30TepMa TIOBEpXHEBOT'O HATATY B I[bOMY BHUIIQJKy OIMCYEThCA HACTYITHUM
PIBHSTHHSIM:

oc=0,-K.RT-C, (2.9)
K.RT — moBepXHEBa aKTUBHICTb 3 MPOTUIICKHUM 3HAKOM.

[Tpu amcopOmii Ha TBepAMX ajcopOEHTaX 00JaCTh KOHIICHTPAIH, /16 BUKOHYETHCS
3akoH ['eHpi, Mana yepe3 HEOAHOPINHICTh MoBepxHi. [IpoTe HaBITH Ha OAHOPIAHIN
noBepxHi mpu 30iumbiieHHi koHueHtpauii [TAP 3akon I'enpi mepecrae mistu. Lle
OB 3aHO 3 THM, IO MPU 30UIBIIEHHI KOHIEHTpalii aKTUBHOCTI ((yTriTHBHOCTI)
ajcopbaty B 00'e€Mi Ta y MOBEPXHEBOMY IIapl MOYMHAIOTH BIJIPI3HITUCH OJIHA BiJl
oniHO1. CrcTeMa BIIXUIISETHCS BiJl 171€aIbHOCTI.

Teopisst MOHOMOJIEKYJISIPHOI aacopOuii Jlearmiopa.

Jlana Teopisi J03BOJISIE BpaxyBaTH BIAXWJIECHHS Bia 3akoHy ['eHpi, moB'si3aHi 3
0OMEKEHOIO ITOBEPXHEIO aICOPOEHTY.

Teopiss MOHOMOJEKYJIAPHOT afcopOIii JIeHrMiopa IpyHTYEThCSI Ha HACTYITHUX
MOJIOKECHHSIX

1. AncopOriis € JIOKaJli30BaHOIO 1 BHUKJIMKAETHCS CHUJIAMH, OJU3BKHMH 0
XIMIYHHX.

2. Ancopbuis BiZOyBaeTbCsl HE HA BCIA MOBEPXHI aicCOPOEHTY, & HA aKTMBHUX
IEHTpax, SKUMU € BUCTYNU al00 3amajuHd Ha TIOBEpPXHI aJcoOpOeHTy, IO
XapaKTEPU3YIOThCS HAABHICTIO TaK 3BAaHMX BUIbHHUX BaJ€EHTHOCTEW. AKTHUBHI LIEHTPU
BBAXKAIOTHCA HE3AICKHUMH (TOOTO OJMH AaKTUBHHUM LIEHTp HE BIUIMBAE Ha
a7coOpOIIifHY 3aTHICTh 1HIIKX ), 1 TOTOKHUMH.

3. KokHult akTUBHUM LIEHTP 3IaTHUI B3a€MOMISATH TUIBKHU 3 OJIHIEI0 MOJIEKYJIOH0
ajcopOary; B pe3yJbTaTl Ha MOBEPXHI MOXKE YTBOPIOBATUCH TUIBKU OJWH LIap
a71copOOBAHUX MOJIEKYJI.

4. Tlpomec amcopOiiii € 000OPOTHUM 1 PIBHOBRXXHUM — aJcopOOBaHa MOJIEKYyJa
YTPUMYETHCS aKTUBHUM IIEHTPOM JESKWW dYac, MICJISI YOro JecOopOyeThbCs; TaKuM
YUHOM, Yepe3 JCSKUN Yac MK MmporiecaMu ajcopOIlii u necopOirii BCTAHOBIIOETHCS
JWHAMIYHa piIBHOBAra.

IpBinr Jlenrmiop (1881 —1957 pp.) — amepukaHChKHiA XiMiK 1 (i3uK,
naypeat HoOemiBcekoi mpemii 3 ximii 1932 p. 3a mociipKeHHs
noBepxHeBux sBuil. Hapoauscs 31 ciuns 1881 p. y bpykiini (. Heto-
Mopk). V 1903 p. 3akinumB [ipamuy mxomy npu KomymGificekomy
yHiBepcuteTi; y 1906 p. oTpumaB crymiHb JokTOopa (imocodii B
I'ertinrencekomy yaiBepcuteTi. 3 1909 p. mo 1950 p. mpairoBaB y
nociigHUIbKIN mabopatopii "Jlxenepan enektpuk”. Po6oru Jlenrmiopa
MIPUCBSYCHI BUBYCHHIO PO3PAIIB Y razax, (i3uKH IUIa3MH, SJICKTPOHIKH,
XIMIYHAM CHJIaM y TBEpPAMX TLIAX, piAMHAX, MOBEPXHEBUX IUIIBKaX. Y
1911 p. BiH OTpUMaB aTOMapHU BOACHB, PO3POOMB METOJ 3BapIOBAHHS
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https://ru.wikipedia.org/wiki/1881_%D0%B3%D0%BE%D0%B4
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METaJIIB y BOAHEBOMY MoJiyM 1 (BoJHeBHiA nanbHUK JleHrmiopa). Y 1913 p. BCTaHOBHB 3aKOH 3MiHU
I'YCTHHH CTPYMY TEPMOEIEKTPOHHOI eMicii (3akoH JIeHrmiopa). Po3poOUB TEXHOJIOTIIO CTBOPEHHS
ra30HANlOBHEHUX JIAaMII PO3KapIOBAHHSA, BHCOKOBAKYYMHHX TIOTY)KHUX EJIEKTPOHHUX JIaMIl,
CKOHCTPYIOBaB Ta30TPOHHUMN BUIIPSAMIISY, B A3KICHUNH MaHOMETp, MapocTpyMeHeBuit Hacoc. Y 1919
p. cruinbHo 3 I'. JIbtoicoM moOyayBaB Teopito XimMiuHOI BasieHTHOCTI (Teopist JIbtoica - Jlenrmiopa),
3alpoNoHyBaB Mojeib aromy (mozenb JleHrmiopa). BuB4YaB TOBepXHEBI sIBHIIA, OB fA3aHi 3
YTBOPEHHSM IUTIBOK Ha MOBEPXHI BOJAM, CKOHCTPYIOBAB JUISI LIbOTO CIEI[iaIbHUIM MpHiag — Baru
JlenrMiopa, sIKi J03BOJSUIM  OIIIHIOBAaTHM CHJIy [OBEPXHEBOTO HATATY. BUBIB pIBHSIHHA
MOHOMOJIEKYIJISIpHOT aacopOuii (piBHSHHS i30Tepmu anacop6Ouii Jlenrmiopa). ¥V 1929 p. cninbHO 3
JI. ToHKCOM BBIB TOHSTTS IUIA3MH Ta IUIA3MOBUX KOJIMBaHb (JICHIMIOPIBCHKI KOMBaHH:). B miepion
[Tepmioi ceiToBoi BiitHM Jlenrmiop 1 B. Kymimxk cTBOpwnm mpunax uisi BUSBICHHS ITiABOJIHUX
4YOBHIB, a y yac [[pyroi cBitoBoi BiiiHu pazom i3 B. llladepom po3pobwmim MeTO TMMOBUX 3aBiC,
mo 3acrtocoByBana apmis CILA. IIpomoBkeHHs UX pOOIT MPHUBEIO IO CTBOPEHHS TEXHOJIOTIi
PO3CIIOBaHHS y MOBITP1 KPUCTAIHKIB CYXOT0 JIbOAY Ta HOAULY apIeHTYMY, 0 BUKJIUKAIOTH JIOIIL.

AHQJIITUYHUM BHPA30M 130TEPMH MOHOMOJEKYISIpHOI afcopOuii Jlenrmiopa B
HIMPOKIM 00JacTl KOHUEHTpauiid (ad0 THCKIB) Ha €HEPreTUYHO EKBIMOTEHIIaIbHIN
MOBEPXHI € PIBHSHHA:

A:AMEEC A:&lfzp
abo
rzrwb—c r=T. bP_ (2.10)
1+bC 1+bP

PiBusinus (2.10) Ha3uBaeTbcs PIiBHAHHAM MOHOMOJIEKYJISIPHOI aacopouii
Jlenrmiopa, ne b — KoHCcTaHTa aACOPOIIHOT piBHOBArH.

BigHomienHs: amcopOiii A0 TPaHUYHOTO 3HAYEHHS HA3UBAETHCS CTYIEHEM
3aIOBHEHHS MOBEPXHi (®) — yacTKa MOBEPXHI, sIKa 3alHATa MOJICKYJIaMH a7icopoary.

UYacTo piBHSIHHS 130TepMHu JIeHTMIOpa 3alKiCyIOTh Y HACTYITHOMY BUTJISIII:

o_ A _ bC
A, 1+bC}| (2.11)

Jlist MoHOMOUTEKyYIIsipHOT agcopOiii © = 0+1.

[Tpy HU3BKUX KOHILIEHTpALISIX PIBHAHHS JIeHrMIOpa NEepeTBOPIOETHCS Y PIBHSHHS
i3otepmu ['enpi (1+bC~1): A=Ab-C = A=K, -C.

B 06sacTi BUCOKMX KOHIIEHTpalli 1 TUCKIB 1+bC ~bC: A=A, .

Tunoga 130Tepma ancopOiii Jlenrmtopa nokaszana Ha puc. 2.6.
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A (D)

C
Puc. 2.6. I3otepma aacopOitii Jlenrmropa .

Jlnst  BU3HAYEHHS BEJIMYMHU TpaHUYHOI azacopOmii (A,) 1 KOHCTaHTHU
ancopOmiiiHoi piBHoBaru (D) piBHSHHS i30TepMHu JIGHIMIOpa MPEACTaBISIOTh Y
miHiHOMY BUTIsial (Puc. 2.7) B 1BOX BapiaHTax:

1 1 1 1 C_ 1 1

ATA TAbc| @1 A an A Ol e
1 c
A A

o o
o 1 o
1_ .7 tga=A—b L ,,” tgd:l
C C

Puc. 2.7. I3orepma ancopOuii B KOOpAMHATAX JiHIAHOI (QOpMU pPIBHAHHS
Jlenrmropa.

[Ipu agcopOiii raziB 3 0araTOKOMIIOHEHTHUX CYMIIIEH CTYIiHb 3allOBHEHHS
MOBEPXHI aJICOPOCHTY I-M KOMIIOHEHTOM CKJIaJae:

®. = biCi

Izorepma IIumkoBcLKOrO.

3aJIe)KHICTh MOBEPXHEBOTO HATATY BiA KoHueHTpauii s I[IAP  Oyna
excriepuMenTanbHo onucada b. A. [llumkoBcekum, a mi3Hime JleHrmiop 3B s3aB
piBHsiHHS [1100ca 31 CBOiIM pIBHSHHSAM 1 BHU3HAYuMB (DI3UYHY CYTh KOHCTAHT Ili€l
eMIipuyHOi 3anexHocTi. OfHa 3 Hux gopiHIoe 100yTKy AL RT, a npyra (D) mae
CyTh KOHCTAHTH ajcopOIliiiHoi piBHOBaru (ab0 KOHCTAaHTH OOMIHY) y PIBHSHHI
Jlenrmtopa. OTpruMane piBHSHHS Ha3uBaeTbes piBHAHHAM LlInmkoBebKkoro:
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o=0,—A_RTIn1+bC)| (2.15)

Biamosigao bi o) PIBHSHHS (2.15),
MOBEPXHEBUI HATAT 3 POCTOM KOHIIGHTpAIli
0 A=f(C) [TAP cnouaTky 3HUKYETHCS Pi3KO, MOTIM HAXUI

3MEHIITY€EThCS (Puc. 2.8). [Tongansbie

nigBuieHHss KoHueHTpamii [IAP 3 Bemmkoro
MOBEPXHEBOIO AKTUBHICTIO MOKE MPHUBECTH JIO

6=f(C) MOsSIBM MilmeJ Yy po3uMHi 1 Ha MDK(a3Hii
MOBEPXHi, 10 PiIBHO3HAYHO BUHUKHEHHIO HOBOT

C ¢da3u; moBepxHEBUN HATAT Oyje MparHyTd [0
MOCTIMHOTO 3HA4YeHHS. 3HayHy CHenudiky

Puc. 2.8. Isorepmu ancop6uii Ta amcopOIii MaloTh IOJIMEPH, TIraHTCHKHMA

TIOBEPXHEBOTO Hawiry — AW posmip iX  Momekym 0OyMOBIIOE — Maiy
PO31IHHIB IIAP B obmacti ni IMIBUIKICT  aJCOPOIIMHUX 1 JecopOIiiHuX
130tepmu JIeHrmiopa MpOIECIB, a TOJIJIUCIEPCHICTh TMOJIMEpIB

NPUBOJIUTHL 70 (PpakilioHyBaHHS Yy Tpolect aacopOuii, @paxuii 3 OUIBIIO0
MOJIEKYJISIPHOIO MAacor0 ajcopOyIOThCS TOBUIbHIINIE, ajie MIIHIIIE MOPIBHSIHO 3
dbpakiisiMi MOJIEKYJT 3 MaJIO0 MOJIEKYJISIPHOIO Macoto. 3 pocTtoM KoHieHTpali [IAP
B 00 €M1 pO34MHY BIIOYBA€THCS 3MEHILIEHHS KOHIIEHTpalli aicopOLIMHUX LEHTPIB Ha
MOBEpXHI ajgcopoary.

IMoBepxHeBi MIiBKU, BU3HAYEHHS IX CTAHY Ta XapaKTePUCTUK

PiBHsiHHA 130TepM moBepxHeBoro Hatsary s [TAP po3BossitoTe mepeiTtu 1o
pIBHSHb CTaHy ajacopOuIdiHUX TUTBOK. Ilpm ayxke manux koHuentpaiisx IIAP y
pO3YMHI 1 IOBEPXHEBOMY IlIapl BHUKOHYETbCS 3aKOH po3nojauieHHs [enpi, a
3aJICKHICTb ~ TOBEPXHEBOTO  HATATY  BIJ  KOHIEHTpalii  BU3HAYa€ThCs
criBBiHOmEHHM (2.9). Tlo3Haunmo

T=0,—0O. (2.16)
3 ypaxyBaHHsM (2.9) oTpumaemo:
7 =ART. (2.17)

Tak sk BenuumHa A TO3HAYae€ 4YHUCIO MoJieH aicopOOBaHOI PEYOBHHHM, IO
IIPUIIaJla€ Ha OJMHMITI0 TOBEPXHI, a 3BOPOTHA il BeaumuumHa Sy = 1/4 Bupaxae
NMOBEPXHIO, Ha fAKIA po3noauvieHud 1 Moab ancopOOBaHOI PEYOBUHH, TO
cniBBiAHOMEHHs ((2.17) 3anuieTbest y BUTIISIL:

7Sy =RT. (2.18)

PiBusinusa (2.18) aHayoriuHe piBHSHHIO CTaHY 1I€aJIbHOTO Ta3y. Pi3HUI momsrae
B TOMY, 1110 3aMiCTh 00 €My 1 MOJIb Ta3y TyT BUCTYIIA€ TIOBEPXHs, AKY 3aiiMae 1 Moib
[TAP, a 3amicTh THCKy Ta3y — PI3HHUIS MOBEPXHEBUX HATSATIB, IO OTPUMaya HA3BY
JBOMIPHOTO THCKY, a00 THCKY ABOMIpHOro rasy. BiAmoBigHo 10 IIbOTO HaBEACHE
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CHIBBIJHOILLICHHS — PIBHAHHSA CTaHY ieaJIbHOI0 JIBOMIPHOI0 rasy.

@Di3UYHMI CEHC TUCKY TBOMIPHOTO ra3y CTa€ 3p03yMUINM TaKOX IMPHU MPOBEIACHHI
aHaJIoT1i 3 Ta30M, 10 3HAXOJUTHCS y TPUBUMIpPHOMY mpoctopi. Hanmpuknaz, mij aiero
MOJICKYJISIPHO-KIHETUYHOTO PYyXy MOJIEKYJIH Ta3y BIApSIOTHCS 00 CTIHKU MOCYIMHH,
9UM 1 TOSICHIOETBCS THUCK Tasy B mocyauHi. [lomiOHUM >Xe YUHOM MOJIEKYJIH
a7IcopOOBaHOI PEYOBHHH Yy TMPOIECI MOJEKYISIPHO-KIHETHYHOTO PYyXy 3IiHCHIOIOTH
Xa0TUYHI TEPEMIIICHHS! O MOBEPXHI, CTHUKAIOYHUCh 31 CTIHKAMU MOCYJIWHH, IO
OOMEXYIOTh TOBEPXHIO. J[BOMIpHMIA THCK BHU3HAYAETHCS CHIIOIO, IO MPHUMANae Ha
OJMHUIIIO JOBXUHU TEpUMETpa, SKU OOMEXye IMOBEPXHIO 3 aJcopOOBaHOIO
pedoBuHOW0. OAMHMII BUMIPY IIbOTO THCKY CHIBMAJAIOTh 3 OJUHHUIISIMH BUMIPY
MTOBEPXHEBOTO HATATY.

ras

OBYMipHUIA ra3 ABYMIpHWI ra3

onis
cnnowHa nnisa

pianHa

(H20)

A-A / = °

MoreKkynu macna A |
OBYMIpHUI ra3

AncopOriiiiHa IiBKa Ma€ CTaH 1/1eajJbHOTO JABOMIPHOTO Ta3y MpU JOTPUMAHHI
3akoHy posnoauieHHs [enpi. [lpu Bucokiit kouunentparii [IAP y po3umni mns
OIMCAHHS PO3MOIICHHS PEUYOBUHU MK 00 €MOM Ta MDK(pa3HUM IapOM HEOOX1THO
BUKOPUCTOBYBaTH pIBHAHHA JleHrmMiopa, a 3MiHa TIOBEPXHEBOTO  HATATY
nianopsaakoByeTbes: piBHSHHIO [umkoBebkoro (2.15). 11lo6 oTpumaru BiamosinHe
PIBHSIHHSI CTaHy aJCOpOIIMHOI TUIBKM, 3amuiiemMo piBHAHHA [IIUITKOBCHKOTO B
HACTYITHOMY BUTJISIJII:

RT RT _ 1 5
c,—o 1 A, Inl+KC) (2.19)
[Ticnst HECKIIAHUX MAaTeMaTUYHUX JII OTPUMAEMO:
RT 1
z  AKC (2.20)
Sk BuruiBae 3 piBHsHHSA JleHrMiopa y miHiiHIN hopmi:
t_ .11
A A, AbC (2.21)

Ockinbku  1/A=S,, , a 1/A = B — mioma, sKy Oe3mocepeHbo 3aiiMae 1 MoJb
PEYOBUHU, OTPHUMAEMO:

(S, —B)=RT. (2.22)
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PiBusitHHs (2.22) TakoX € pIBHSHHSAM CTaHy JABOMIPHOTO Ta3y, B SKOMY
BPaxOBYIOTbCS  KIHIIEBI ~ pO3MIPH  MOJIEKYJ  aJcOpOOBaHOI  pPEYOBHMHU 1
nepeadavyaeThCsl BIACYTHICTh iX B3a€MOJIIi Ha MOBEPXHI, 110 aHAJOTTYHO PIBHSHHIO
Ban-nep-Baanbca 1y1st TpUBUMIPHOTO Tasy.

binbm ckiagHe pIBHSAHHS CTaHy JIBOMIPHOTO Ta3y, SIKE BpPaxOBY€E B3a€EMO/IIIO
mouiekyl [TAP na nmoBepxHi O0yino 3anpornoHoBaHo O.H. @pymkinuM. Take piBHSHHA
MOKHA TIEPETBOPUTH Yy PIBHSIHHS 130T€pMH aJcopOIlii 3 ABOMA KOHCTaHTaMH, SKi
XapaKTEePU3yIOTh B3a€EMOIi  aacopOaT—amcopOeHT 1 amcopbar—aacopbar. Bowo
JI03BOJISIE OMKCYBATH peaibHy afcopOuilo Oaratbox pedoBuUH. B3aemomiss momnexyn
[TAP na moBepxXHI 3MEHIIY€ TOBEPXHEBHI THUCK, IO PIBHO3ZHAYHO 3MEHILIEHHIO
3natHOCTI [TAP 3HM)KYyBaTH MOBEPXHEBUHM HATAT PO3YUHY.

Tunu IMMOBEPXHEBUX ILUTiIBOK Ta BU3HAYEHHS IX XapaKTEPUCTUK

Monomonexkynsipauii mwap IIAP Ha noBepxH1 piaiMHH MOXe (GOPMYBATHUCH SIK B
pe3yabTari aacop6Ouii monekyn IIAP 3 po3uumny, Tak 1 npu HaHeceHHl ITAP
0e31ocepe/IHbO Ha MOBEPXHIO 3 MOJANBIIUM KHOro po3TikaHHsM. [Ipu HeBemmkux
KOHLIEHTpalisix noBepxHesl miiBku [IAP moBoasTe cebe B JBOMIPHOMY MpPOCTOPI
aHAJOTIYHO O TPUBHUMIPHOTO ra3y. B3arani B 3amexHocTi Bl yMOB, npupoau [TAP
Ta MAKIAJKA YTBOPIOIOTHCS TMOBEPXHEB1 IUTIBKH, SIKI 32 BJIACTUBOCTSIMHU MOMIOHI
pPEYOBHHAM Y TPhOX arperaTHUX CTaHax — ra3ornoai0OHOMY, PITKOMY 1 TBEPIOMY.

MOXJIMBICTh JOBUIBHOTO YTBOPEHHS IUTIBKM Ha TOBEPXHI TUI BU3HAYAETHCS
CHIBBIIHOIIEHHSIM MK poOOTOIO anresii MJIiBKU 1O MOBEPXHI Ta POOOTOIO KOTe3ii
PEUYOBHMHHM TUIIBKH, a00 KoedilieHTOM po3TikaHHs 3a ['apkincoMm. Ilpu BimcyTHOCTI
B3a€EMHOTO HacuyeHHs (a3 (TUla Ta IUIIBKM) MOHOMOJIEKYJISIPHUI IIap MOXKe
YTBOPUTHUCH JIMIIE Y TOMY BUMNAIKY, KOJIM poOOTa aaresii Ouibiie 3a poboTy Koresii
PEYOBHHH, IO PO3TIKAETHCS (KOEPIIEHT PO3TIKAHHSA MA€ MO3UTUBHMM 3HAK). SIKIIO
CIIOCTEPITAa€EThCS B3a€EMHE HACHYEHHA (a3, TO PO3TIKAHHS MOXKE NEpeuTH Yy
HEPO3TIKaHHS — IJIIBKAa 30€peThCsl B JIH3Y, SIK L€ CIIOCTEPIraeThCs, HAPUKIIAL, MpU
HaHECeHHI OEH30Jly Ha TOBEPXHIO BOJAU. B 1IbOMY BHIAJIKy MOBEPXHEBUI HATST
BOJHO1 (pazu Oyae BIAMOBIIATH MOHOIIAPY HACHMYEHOTO PO3YMHY OCH30Jy Yy BOAI.
CraH IUIiBKM 3aJI€KUTh K BIJ IPUPOAM B3aeMOAI0UMX (a3, Tak 1 BiJl KOHUEHTpaIlil
PEYOBHUHH, 1110 PO3TIKAETHCA (a1COPOYETHCS) HA MOBEPXHI. SAKIO KOHIEHTpALlis Maja
1 Maja B3a€MO/Ii MOJICKYJI Y TIOBEPXHEBOMY II1api (BEIUKHM KOe(IIIEHT PO3TIKAHHS),
T0o Mosiekynu [TAP pyxaroThcs 1o MOBEpXHI HE3aJIEKHO OJHA BiJl 0HOI. Takuii cTaH
Harajaye MOBEIIHKY raszy, TOMY 1 IUIIBKY Ha3MBalOTh ra30moai0HO0, II0 € YHCTO
YMOBHHMM, TOMY 1[0 MOJIEKYJIM Ha MOBEPXHI 3HaYHO BiJaJIeH] OJHa BiJl OJHOI Ta HE
YTBOPIOIOTH CYIIUIBHOTO MIApy, a iX BJIACTBUOCTI OMHUCYIOTHCS PIBHAHHSAMH CTaHYy
JIBOMIPHOTO Ta3zy.

IIpu 3pocranni kouueHtpaimii [IAP Ha mnoBepxHi Ta poOOTH MHOro kKoresii
(3MeHIIIeHH] KOe(Qili€eHTY PO3TIKAaHHS), 10 MOXe€ OyTH BUKJIMKAHO, HANpPUKIa,
30UIBIIIEHHSM JIOBXKWHU BYTJIEBOJIHEBOTO PaJAMKaIy (3pOCTaHHs €Heprii aucrnepciitHol
B3a€MO/Ii1), CTBOPIOIOTHCS YMOBH JJIA KOHJEHcallli IiiBku. B moBepxHeBOMYy Iapi
YTBOPIOIOTHCS OKpPEMI OCTPIBIll IIUIBHOTO MOHOIIAPY (poi MOJIeKYJ), SKi B Mpoleci
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TEIJIOBOTO PyXy TNEPECYBAIOTHCA IO TOBEPXHI 3HAYHO MOBUIBHINIE 33 OKpeMi
MOJIEKYJIM. BHaAcHiIOK I[bOTO MOBEPXHEBUIN HATAT PO3UYMHY BUSIBISETHCA OUIBIINM
(moBepXHEBUM THUCK MEHIIMM) 3a YTBOPEHHS Ta3oMoji0HOI IUIIBKU TMPU TIH Ke
koHneHTparii [TAP. CraH IIiBOK, 3MaTHUX JO KOHJACHCAIlli, OMHCY€E PIBHSHHII,
3anponioHoBane O. H. ®pyMkinum:

7,+Si2 (Sy —B)=RT, (2.23)

M

Jie 0. — KOHCTaHTa, 1110 BpaxoBye B3aeMoIito Mosekyn [TAP Ha moBepxHi.

[1n1iBKM, YTBOpEHI 3a YMOB CYIJIBHOTO 3allOBHEHHS MOBEPXHEBOTO Iapy,
HA3WBAIOTh KOHJEHCOBAaHUMHU. TBepHl IUIIBKM MAalOTh CTPYKTYpY, MOJIOHY 10
CTPYKTYpH TBEpAOro Tijma. TBepAl IUIIBKM OTPUMYIOTh METOJOM PO3TIKAHHS
NOpIBHAHO piako. Lle o00yMoBIE€HO THUM, IO iX YTBOPIOIOTH PEYOBUHHU, SKi
XapaKTepU3yrThCsl BEIIUKOI pOOOTOI0 Koresii, 10 mepeduIblnye poodoTy aaresii 10
HaJeXHOi piauHu. O00poTHI KOoHIeHCcoBaH1 TBKU [TAP yacTime OyBarOTh pIIKUMH.
Mosiekynu B PIAKHX IUTIBKAX JOCTATHBO JIETKO IEPECyBAIOThCS OJHA BIJHOCHO
JIpyroi, a camMi IUIIBKM MOXYTb BUIBHO TEKTH IO TMOBEPXHI. 3 TiJBUILCHHIM
TEeMIIepaTypy KOHAEHCOBAHI IUIIBKU 3/1aTHI NEPEXOAUTH y razononaiOHi. [IpuunHoro
TAKOro TEPeXOAy € 3pOCTaHHS KIHETUYHOI eHeprii MOJIeKyJ 1, BIJIIIOBIJHO,
3MEHIIIEHH KOTre31iMHOT B3aeMOIii.

MOXJIMBICTh ICHYBaHHS IMOBEPXHEBUX IUTIBOK Yy PI3HUX arperaTHUX CTaHax
ynepiie Oyno Hao4yHo Toka3zaHo JleHrmropom. [l 1bOro BIH BHKOPHCTaB
CHeIiajbHO CKOHCTpyHOBaHUW mpwian — Barud (puc. 2.8), 3a JOMOMOTOI0 SKOTO
MO>KHA BUMIPSITH TTOBEPXHEBUN TUCK.

g D'ﬂ

OB YMIpHHIT TIOBEPXHA
ras pimHHM
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He3BOPYIIHA

[IepernoHa « o A/ BaKKH

PyXIHBa
IIepernoHa

ploHHA

Puc. 2.8. IlpunnunoBa cxema BariB JIeHrmiopa.

[lpuHuMn MeToAy BHMIPIOBAaHHSA TMOJsSATae B HAcTymHomy. B kioBery 1
HAJIMBAIOTh 10 KpaiB HaNEXHY PIAWHY 1 Ha 1 MOBEPXHIO MK HEPYXOMOIO 2 Ta
pyxiiiBol0 3 TIUJIaHKAMU HAHOCSTh PEUYOBHHY, SKA YTBOPIOE MOHOMOJEKYJSPHY
IWIBKy. B mpoueci MONEKyISIpHO-KIHETUYHOTO pyXy MOJEKYJIUd PEYOBHHHU
BJIAPIOIOTHCS 00 TUIAHKY, CTBOPIOIOTH THUCK, SIKUH MOHA BPIBHOBXKUTU Ta BUMIPATU
3a JIOMOMOT010 BaXKKiB y yaiill 4 BariB. [lepecyBatoun miaaHky 3, MOKHa BUMIPSITH
IOy, 3aiiMaHy MOJIEKYJIaMH TUTIBKH, 1 THM CaMUM 3MIHIOBATH ii TUCK.

[ToTiM OyayrOTh 3aJ€XKHICTh TOBEPXHEBOTO TUCKY TUTIBKH BiJ IUIOIII MOBEPXHI,
o npumnagae Ha 1 monekyny (abo 1 MOib) pedyOBUHU TUTIBKH, 1 pOOJISITH BUCHOBOK
I0JI0 3MIH CTaHy IUNBKH. OCOOJMBO HAOYHO LS 3aJIEKHICTh NPOSBIAETHCS  JUIA
IUTIBOK, 110 yTBOpeHl Mojekyiaamu JaypuHoBoi Ci3H;3COOH, wmipuctuHOBO1
C11H,;COOH w mamemituHOBOI C15H3;COOH xucnor. Takum  d9uHOM,
MOHOMOJIEKYJISIpHA IUTIBKa JIAYPUHOBOI KHCJIOTH Maike A0 MaKCUMaIbHOI
KOHLIEHTpAaLli NOBOJUTHCS MOAIOHO 0 ABOMIPHOIO ra3y; MIpUCTHHOBA KUCJIOTa MpU
MaJuX KOHIIEHTPALIsIX YTBOPIOE Ta30MOJIOHY TIUIBKY, $Ka MOpU 30UIbIIECHHI
KOHIIEHTpAIli 1 JOCATHEHHI MEBHOTO MOBEPXHEBOTO THUCKY KOHACHCYETHCA B PIIKY
wiiBKy. [loganbie 3pocTaHHs TUCKY MOKE NMPUBECTH A0 PYWHYBaHHS IUIIBKH, 0
MOPYIICHHS 11 MOHOMOJIEKYISIPHOCTI. [lanbMITHHOBA KMCIIOTAa Ma€ HAHOLIBII JOBTUN
BYTJICBOJHUN pajyiKaji, TOMY Yy Hei Olibllle 1 TaHTeHI[lalbHa KOTe3isl Yy MBI, TOOTO
MIPU BCIX peabHUX KOHIICHTPAIISIX 115 KHCIIOTa YTBOPIOE KOHJCHCOBAHI TUTIBKH.

[30TepMu  TMOBEPXHEBOTO THUCKY JO3BOJIAIOTH HE TUIBKM BCTAHOBUTH THII
MOBEPXHEBOI TUIBKM, aje W BU3HAYUTH po3Mmipu 1 (opmy wmonekyn ITAP, mo
YTBOPIOIOTH IJIIBKY. Pi3ke 3pocTaHHsA MOBEPXHEBOTO THUCKY NPH CTUCKAHHI TUTIBKU
BIJIMOBIZIa€ YTBOPEHHIO CYILJIBHOTO MOHOMOJIEKYJIIPHOTO IIapy, B SKOMY MOJICKYJIH
IIIJIbHO MPUTUCHYTI OJHA 70 OAHOI. SKIo 1oma Sy, Ha AKIA pO3MIIMIEHUA TaKUM
YUHOM |1 MOJIb PEYOBHMHHM, PO3AUIMTH HA YUCIO ABOraJpo, TO OTPUMAEMO ILIOILY,
0e3mocepe/IHbO 3aiiMaHy OJIHIEI0 MOJIEKYJIO0. B CyliIbBHOMY MOHOMOJIEKYJISIPHOMY
11apl BYTJIEBOJHEB] PaJUKaIA OPIEHTYIOTHCSI BEPTUKAJIBHO, YTBOPIOIOUM TaK 3BaHUU
«yactokin Jlenrmiopa». JleHrmiop ymepiie BCTaHOBUB IIeil (DakT, KUl JO3BOJIUB
po3paxyBaTH TOBIIMHY MOBEPXHEBOI MIIiBKU 0. OO €M TUTIBKH, 0 3aiiMa€e OJUHUITIO
MOBEpXHi, YncenbHO HopiBHIOE 0. Lleir 06'eM nopiBHIOE MOOYTKY MaKCHMAaJlbHOI
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aacopoii A,, Ha MonbHUI 00 eM [TAP V

M M
o0=AVy, =A —=——, 2.24
. P Swp (2:24)

ne M —wmaca 1 monb [TAP; p —rycruna ITAP.

ToBmmHA TUTIBKM BIANOBITAE JOBXKUHI paauKaia, TOMY MOXKHA BHU3HAUUTH
BIJICTAaHb MK BYTJICIICBUMH aTOMaMH, TOOTO NOBXKHHY, sIKa MPUIAZA€ HA TPYIy —
CH,-.

[TniBku momiMepiB (BucokoMmoJiekyisspHux [TAP, mo maroTh MOJISIpHI TPyIn)
OTPUMYIOTh METOJIOM PO3TIKaHHS PO3YMHIB Yy JIETKOJETKUX pinuHax. Moiekynu
MOJIIMEPIB Y TUTIBII B 3HAYHIN MIpl PO3BEPHYTI, IPUYOMY TMOJISIPHI TPYIIX 3BEPHEH] /10
BOJM, @ HEMOJIAPHI — N0 HemojsipHoi (a3u. Bucoxomonekymspai [IAP cxunbHi 10
YTBOPEHHSI KOH/IEHCOBAHMX, TBEPAOIOAIOHHX TUTIBOK 31 3HAYHOIO TOBIIIMHOIO.

PiBHsinHA i30TepMu PpeiiHaiixa.

PiBusinua JIeHrMriopa cripaBeuIMBe JIJIsi OJJTHOPITHUX MOBEPXOHb. Ha peanbHux
TBEpPJUX TUJIaX Yepe3 HEOJHOPITHICTD iX TeOMETpIi acopOIliliHI IEHTPU EHEPTETUYHO
HEeeKBiBaJIeHTHI. B 00yacTi cepeHiX KOHIIEHTpAIl 1 TUCKIB aJcopOIlisl Ha TBEPAUX
TiaX J100pe OomucyeTbesi piBHAHHAM PpeiiHaiaixa, TECOPETUUHE BUBEICHHS SKOTO
nepeadoavyae eKCIOHEHIIIHHUN PO3IOLT aACOPOIIMHUX LIEHTPIB 32 CHEPTIEI0:

A=K-C', (2.25)

e K 1 n — koHcTaHTH.

®ineii-OPEMHAJIX Tepbepr Make (1880 — 1941 rr.) mimenpkuit
¢13uxo-ximik. Haponuscs y bepmini. HaBuaBcs B MrioHXEHCBKOMY Ta
Jleinircekomy yHiBepcuterax (moktop ¢imocodii, 1908). Bukmamas vy
Jlewiniircekomy yHiBepcuTeti, B 1911-1916 pp. — y Bummiii TexniuHii mkoomi
bpaynmiseiira, 3 1916 p. mnpamoBaB B IHctuTyTi ¢i3uyHOi Ximii Ta
enekTpoximii kaizepa Bimerempma y bepmini. 3 1923 p. — mpodecop
bepnincekoro yHiBepcurety, 3 1925 p. — Bumoi TexHiuHOi mkonu B bepii.
B 1933 p. emirpyBaB B AHTIIIIO, /i€ BUKJIAJaB B Y HIBEPCUTETCHKOMY KOJIS/IXK1 B
Jlongoni. 3 1938 p. — mpodecop yHiBepcurery Minnecotu (CILIA). OcHoBHI
poOoTH BigHOCATHCA 10 KosoigHoi ximii. JocmimkysaB (3 1911) koarynsiito
Ta CTIMKICT, KOJNOIAHMX po3uuHiB. BcranoBuB (1920-1922) 3anmexHicTh aacopOmii  Bix
TEMIEpaTypH, MATBEPAUB CIIPABEAIUBICTh EMIIIPUYHOTO PIBHSHHS 130TepMH aJIcopOIlii, IKe BUBIB
y 1888 p. romnanacekuii ximik 1. M. Ban bemenen (Tak 3BaHa i3omepma aocopouii Dpeiinonixa).
Binkpus (1930 p.) KonoigHi cuctemu, 34aTHI A0 OOOPOTHOTO TeNeyTBOPEHHSI MpPU MOCTIHHIN
TEMIIepaTypi Ta COKO0. BCTaHOBUB 3/1aTHICTD TBEPIOMOAIOHUX CTPYKTYpP 00OPOTHO pyHHYBATUCS
(po3piKyBaTHCs) MM MEXaHIYHMM BIUTMBOM 1 Ha3BaB I SIBUILE mukcomponieto. Bukopucras
e(eKT THUKCOTpOIii B TEXHOJOTil CcuiikariB. 3aiiMaBcs KOJOIMHO-XIMIYHUMHU MPOOIEeMaMu,
[10B SI3aHUMH 3 010JIOTIEI0 Ta MEIUIINHOIO.
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Jlnst 00poOKM eKCTIepUMEHTATBHUX JaHuX piBHSHHS (2.25) morapudmyroTs. B
pe3yJbTaTi BUXOAUTH 130TepMa DpeliHiixa y JiHIHHOMY BUTJISIII:

InA=InK+1InC. (2.26)
n

®dizuyHa cyth K B TOMy, 10 BOHa JOPIBHIOE BEJIMYMHI aJcopOIii mpu
PIBHOBa)KHIM KOHIICHTpaIlil, sika gopiBHioe oauuuii (ko C = 1 moaw/n, To K = A).
Koncranta K 3anmexuth BiIl mOpupoau ajacopOeHTty 1 aacopbary. 3HadeHHs
ajcopOIiiHoro mokasHuka 1/n nmexxute B Mexax Big 0,1 mo 1 1 3aJeXuTh Bif
TEMIIepaTypHy Ta IPUPOIH aIcOpOaTy.

Jiis ancopOii 3 razoBoro cepegopuia 1/n 3a3Buyaii Mae 3aavueHHs Bix 0,2 1o 1,
a 3 piakux cepeposuil — Bix 0,1 go 0,1. 3HaueHHs n Oyke YyTIMBI 10 3MIH
TeMriepaTypu. BoHM XapakTepusyroTh MILHICTH aacopOuii: mpu n = | piBHAHHA
OpeiiHamixa 3BOAMTHCS 10 piBHAHHA ['eHpi, a 3HayeHHA n = & TOBOPUTH MPO
MPOXOJIPKEHHS XEMOCOPOIIii.

PiBusaas @peitHurixa € eMmipuYHduM 1 TpUAaTHE TOJIOBHUM YHHOM IS
cepelHiX KoHIeHTpalid. B psal BumaakiB piBHsSHHA DpelHnixa BUKOHYETHCS
TOYHO, HANpPUKIAJA, TPH OMUCAHHI aJCOPOIi OITOBOI KHUCIOTH AaKTHBOBAHUM
BYTULJISIM 3 BOJTHUX PO3UYHHIB.

2.2. Teopist mosimosexyasipuoi aacopouii BET

[Ipn anamizi 130TepM aicopOLii Ta3iB Ta Mapd Ha TBEPAUX aJacopOEHTax
3 ACYyBaJIOCh, IO TUIBKM Yy JBOX BUIAJIKaX (BYruuId Ta mada3uT) 130TepMu aacopOuii
MaroTh (OpPMY, 1110 ONMHUCYETHCS PIBHAHHSIM 130TepMHu JIeHTMIOpa.

AHaJt3 103BOJIMB BUIUIUTH 11 ITh OCHOBHHX THITIB 130TepM (Puc. 2.9):

I II III 1A% Vv
A | A A A / A ]I
5P P =P =P =P
Puc. 2.9. OcnHoBHi tTumu i3otepMm: | — kpuBa JlenrmiopiBcbkoro tumy; II — S-

oOpa3Ha KpuBa 3 JIHIWHOIO JUISHKOIO B oOmacti cepemnix Tuckis; III — kpuBa 6e3
nepernuHy 3 MOHOTOHHUM 3pocTtanHsMm dA/dP; IV 1 V.

kpusi I 1 III, ycknagHeH1 kamijisipHOIO KOHAEHcarli€ro. Ps — TUCK HacuueHol
napy npy JaHii Temneparypi.

Ha mpaktuiii npu KOHIEHTpallisx ajcopOary OUIBIIMX 3a KOHIEHTpaIlli,
BI/IMOBIJIHI HACHYEHHIO TIOBEPXHi, 3a3BHYall CIIOCTEPITa€ThCs PI3KE 3POCTAHHS
nutoMoi ajacopOii. Ile BinOyBaeThcs udepe3 mepexis Bi MOHOMOJCKYJISPHOI 0
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MOJIIMOJIEKYJISIPHOT aAcopO1ii, 110 1 MPUBOAUTH 10 30UIbLIEHHS MUTOMOI aacopOuLii.
Jam a1 mopuctux ajcopOSHTIB MOXKE PO3BUBATHCH KalJIsIpHA KOHICHCAIlISl B
opax.

A B peanpHMX ymMOBaX Ha MOBEPXHI PiIKO
: dbopMyeTbCsT MOHOMOJICKYJIsspHUM 1map. Lle
Ma€ MicClle TUIBKM TPU HHU3BKUX THCKaX 1

MOHOMOTSEY AP HEI

map KOHIIEHTpAIli. MoOHOMOJIEKYTIAPHUN
00 00 0000 a7cOpOIIHHUN [Iap HE TOBHICTIO KOMIICHCYE
nombtonexyaApEE  [IOBEPXHEBY EHEepriio asIcOpOeHTYy.

[ToBepxHEBI cUiU BIUTMBAIOTH Ha (hOpMyBaHHS
Q_%_Sgﬁ%_o_ JIPYyroro, TPETHOTO 1 Jdali ajCcopOIiHHUX
mapiB. Ilpyu P—Ps nouunaetscs 006 emnHa
KOHJICHCAIliSl MapW Ha IOBEPXHI — Ma€ MicCIIe
MOJIIMOJIEKYJISAPHA aACcOpPOwLis.

: map

: C

CydacHa Teopisi MOJIMOJIEKYJISIPHOI ajcopOIlli CTOCOBHO ajicopOiii mapu Oyiia
3anponioHoBana bpynayepom, Emmerom, Temnepom (1935-1940 pp.) 1 oTpumana
Ha3By Teopii BET. 3rigHo Teopii aacopOiiiiHa ¢aza mMoxke OyTH Mpe/CcTaBieHa SK
CYKYITHICTh aJCOPOIIIHHUX KOMIIOHCHTIB — MOJICKYJSIPHUX JIAHIFOXKKIB, SIKI
MOYMHAIOTHCS MOJIEKYJIAMH TIEPIIOTO Imapy. JIaHIIOKKH HE B3aEMOIIOTH Mk COOOIO.
[loniOnicte 1m0 Teopli Jlenrmiopa — B HasBHOCTI aKTUBHMX ULEHTpIB. [lpouec
a7IcopOIii pO3TIAIAETHCS SIK Cepisl MOCIIIIOBHUX KBa31XIMIUHUX PEAKIIIH.

OcHoBHi moJ1o:xxenHs teopii BET:
1. AncopOrris GaraTomapona.

2. Tlepmmii map yTBOPIOETHCS B pe3ynbTarti Ail Ban-nep-BaanscoBux cum mix
ajcopOeHTOM Ta ajcopbaToM; HACTYyMHI — B pe3yjbTaTli KOHAEHcAIlll HaWOLIbII
«XOJIOTHUX)» MOJIEKYJ aicopOary, 10 MalOTh KIHETUYHY €HEPTII0 MEHIIY 32 TETUIOTY
BUITAPOBYBAHHS.

3. MossiiBa mo0y/10Ba MOAANBIINX MIAPiB MTPU HE3AIIOBHEHOMY MEPIIIOMY.

PiBHsiHHS moJ1iMoJieKyasipHol aacopOuii BET:

P
A= E 2.27)
A 1-P e c-) 2 || |
S PS

ne Ay — aacopOIliiiHa €eMHICTh HACHYCHOTO MOHOIIAPY
abo anmcopboBaHoro rasy B MoHomapi; Ps — THCK

. ) Kp .
HACH4YEHOI  Iapuy; C—  KOHCTaHTa C= P
L
P Kp — KOHCTaHTa  aJCOpOINIHOI  pPIBHOBAru;

0 1 Ps K| — KOHCTaHTa KOHIEHCAITIT napu.
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P . . .
[Ipu HU3BKHX TUCKAX — <<1 pIBHAHHA (2.27) NEpEeTBOPIOETHCS Y PIBHSAHHA 130TEPMHU

PS
Jlenrmropa:
P
AM.C.E AM-KP-PS-f K P
P, C _ Ps . A = P
A= , TS K, =—,T0 A= p - 3BiacH MITK _P.(2.28)
1+c P Ry 1+K, P, P
PS PS
Ha mpaktuiii 3acTOCOBYIOTH PiBHSHHSA
P/P, noimosiekysipHoi agcop6itii BET B miHiliHOMY
A-(1-P/R) BUTJISAI:
Lid
P 1 N c-1 P
A.(l_p] A, -C A, -C P|(229
1 S
A,-C I'padiuno 3Haxomsateess C 1 Ay. 3Haroun Ay,

P :
5 MOXHA pO3paxyBaTH IIOBEPXHIO ajicopoary:

Puc. 2.10. Jliniiina ¢popma Sy =90 Ay Ny, (2.30)
izorepmu ascopouii BET ne Sp — mioma MoJIeKyau ajgcopbaty; Na —
KOHCTaHTa ABOraJipo.

[Ticnst Bu3HaueHHs C, MO>KHA po3paxyBaTu poooTy aacopOrii (Wyy):

K
WA()C Z—AGA()C =RTIn KP: tak ax C :K_P’ TO:
L
W,, =RTINC+RTINK, . (2.31)

HeoOximno Big3naunth, mo piBHsHHS BET Hailikpame onucye agcopOiriro mapu

ta rasis, koo K, > K, B o6macTti 0’05<P£<0’3' [Tpu 0,05<P3 — IIOYHMHAE€ BHOCUTHU
S S

BKJIaJl HEOJHOPIAHICTH TOBEpxHI afcopOenty (piBHaHHS BET npumnyckae ii

.. P . .
OJTHOPIAHICTB); TIPH Fee 0,3 — BIUTUBAE B3aEMO/IISI MK a7ICOPOOBAHUMHU MOJICKYJIAMHU.
S

2.7. MoaexkyasipHa aacopOuisi 3 po34uHiB

[Tepuri qocmimkeHHs aacopOirii 3 po3urHIB HajexaTh akaaeMiky IlerepOyp3bkoi
Axkanemii nHayk T. €. Jlopumo (1757-1804 pp.). Bin Bnepme 3ampomoHyBaB
BUKOPHCTOBYBATH BYTULIS JJISI OYMCTKH CITUPTIB Ta BOJIH.
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AncopOrI1isi pO3UYMHEHUX DPEUYOBHMH 3 PO3BEACHUX PO3UYMHIB JOCTATHHO J00pE
OMHUCYEThCS PIBHAHHAMM 130TepM Dpelinixa 1 JIeHrmropa.

[Ipu posrasaanHi aacopOirii ra3iB Ha TBEPAUX aACOpOCHTAX MPHUIYCKAETh, IO
CTIOYaTKy TIOBEPXHs aJCcOpOCHTYy BUTbHA BiX MOJIeKyd anacopOaty. IloBepxHs
MIOCTYTIOBO 3aMOBHIOETHCSI MOJIEKYJIaMH aJicopOaTy 3 pOCTOM THCKY y BiIOBITHOCTI
JI0 130T€pMHU aJICOPOIIii.

[Ipu agcopOItii 3 pPIAKUX PO3YMHIB CIOYATKY IMOBEPXHS aJCOPOCHTY 3aifHsTa
MOJIEKYJIaMH PO3YMHHMKA 1 PO3UUHEHO1 peuoBHHH. [Ipu IbOMY po3YHHEHA pEYOBHUHA
MOKe aJacopOyBaTHUCh TIIPKM BHUTICHSIIOYM 3 I[IOBEPXHEBOTO IIapy MOJEKYJIU
PO3YMHHUKA — BiJOYBAE€THCSI OOMiHHA a/ICOPOLis.

B agcopbmii 3 po3unHy OepyTh y4acTh SK MIHIMyM JBa KOMIIOHEHTH, WLIO
afcopOyIoThcs. Y 1bOMY BUIAJKY GyHIaMEHTaJIbHE ajcopOiiiiiHe piBHsSHHA ['100ca
(2.3):

—do=I,d +T,du,. (2.32)
I3 piBasuns ['i66ca-/{rorema Bupasumo Az :
X deg + X, dp, =0

X
dey = —X—2 dgs, . Orpumanmit Bupas dyy mincraBumo y (2.32):

1

X
—do = (TZ —X—Zrljdﬂz. 3 ypaxyBauHaM Toro, mo I,=-I; i X +X,=1

1

OTPUMAEMO:
do
I, =-(1- XZ)E Skmo 3amiamtu dg, =RTIna,, To orpumaeMo KiHIEBHiA
2
BUpA3:
a, dO'
— 1_
=—-(1-%)—= RT da, (2.33)

OtpumaHe pIBHSHHS aHAIOTIYHE ajacopOmiitHomy piBHsSHHIO [106ca (2.4),
poTeE, IaHe PIBHIHHS BIAOOpaXKye OUIbII 3arajibHy 3aJIeXKHICTh 1 CIIPaBeUINBE Y BC1H
oOnacTi koHneHTparii. OMHAK y IbOMY BHMAJAKYy PIBHSHHS BUKOPHCTOBYBATH Ba)Kue
JIUISL ONTMCAaHHS afcopOIIii Ha MEXI1 MOALTY piJIUHA - Ta3, OCKUIBKU CKJIQHO BU3HAYUTH
BEJIMYMHY Gpry Ta 11 3MIHY B XOA1 aJCOpOIIi.

Hwxde nHaBenmeHi TumoBi 3anexxkHocTi [1060ciBChkOi amcopOriii Bif CKIamgy
O1HApHOTO PO3YMHY:
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0 X5=1 0] X5=1

['1 1T, — T'i66¢ciBCchKa amcopOItisi KOMIIOHEHTIB PO3UHHY.

[Tpu bomy 'y = —I',. TyT mpupicT B ancopOiitHOMY IIapi OJJHOTO KOMIIOHEHTa
JIOPIBHIOE CHIay JIPyroro.
Bunanok I — aacopOuisi KOMIOHEHTa 2 y BCbOMY IHTEpBaJl KOHIIEHTPALIM
. . ) . do
no3uTuBHA. BianoBigHo no piBHIHHSA (2.33) amcopOilisi MO3UTHUBHA, SIKIIO d—<0 ,
a2
TOOTO 3 POCTOM KOHIIEHTpaIli MibK(}a3HUI HATAT HAa MEXI PO3UHH/aJCOPOCHT
3poctae. [1o10XKEeHHSI MaKCUMYMY 3aJI€KHUTh B1Jl 3aJI€KHOCTI IIOBEPXHEBOIO HATATY 1
Koe(dilieHTa aKTUBHOCTI () Bl CKJIaay pO3UHHY.

Bunanok Il — i3otepmu ancopOrili mepeTuHaroThes. Take MOMXKIMBO, SIKIIO
KOMITOHEHTH PO3YMHY MaloTh OJIM3bKI 3HAUYEHHS MOBEPXHEBOI aKTHBHOCTI. B Touli
NMepeTHUHY CKJIAaJl PO3YMHY 1 TOBEpXHEBOro mapy ojHakoBi. lle o3nadae, 110
KOMIIOHEHTH PO3YMHY HE MOXYTh OyTH PO3JUICHI 3a JOMOMOIOK JaHOTO
ancopoenty. Take siBHIIE HA3UBAETHCS a/ICOPOLIiHOI0 a3€0TPOII€I0.

Ho anacop6mii 3 po34YMHIB 3acTOCOBYEThCA TmpaBmio Jlrokio-Tpayo6e.
AncopOr1iiiHa 3/1aTHICTh 3POCTAa€ B TOMOJIOTIYHOMY Psiii 1 KOHKYPEHTHA aJcopOIis
HJ1e Ha KOPUCTH ajicopOaTy 3 OUIBIIOK MOJIEKYJISIPHOIO MACOX0.

2.8. [IpaBujio BUpiBHIOBaHHS noJsisipHocTel Pedinepa

CnopioHnenicmb 00 adcopbeHmy 8UHAYAEMbCS BLACMUBOCAMU A0COPOEHMY,
aocopoamy ma posuunHuka. Cmynine eniugy aocopbeHmy Ha 8eiuydutry aocopoyii
BUBHAYAEMBCA  XIMIUHOIO NPUPOOOID 1020 NOBEPXHI, NOPUCMICMIO, HASAGHICIIO
@DYHKYIOHAbHUX 2pYN, 30AMHUX 00 Cheyu@iuHoi 63aEMOO0ii, YMBOPEHHIO BOOHEBUX
36 s3xi6. Hanpuxknao, 6enzon kpawe aocopbyemocs Ha 2i0OpOKCUNbOBAHIU NOBEPXHI,
npu  Yybomy NposAGNAc cneyu@iuHy cnopioHenicme 00 Hei. 3 nepexodom 00
0e2iOpOKCUNLOBAHOI NOBEPXHI, A NOMIM 00 2paPimoBaHol caxci maxka cnopioHeHicmb
He NPosABIAEMbCA, I OeH301 A0COPOYEMBCL MAK CAMO, AK [ 2DAHUYHI 8)2le800HI.

Il oyinku 30iO0HOCMI pedosuH 00 A0COpOYIl WUPOKO BUKOPUCIOBYEMBCS
npasuilo 8UpieHI08aHHs noasiprocmeti, 3anpononosaune I1. O. Pebinoepom.

Ilpouec aocopouyii ide y O0IK GuUPIGHIOGAHHA noaApHOCmeEl (a3 mum
cubHiuie, Yum Oinvuie nepeuHHa Pi3HUYA NOJIAPHOCMEIl.
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ko koHTakTyI0Ul (ha3u ayxke BIAPI3HSAIOTHCS 32 CBOEIO MOJSPHICTIO (BOJa-
Byriuisg; 0en30/-Si0,; o1is-BoIa), TO Taka MeXa MOLTY XapaKTePU3YEThCs BUCOKOIO
HAJMIpHOIO TIOBEPXHEBOIO EHEPri€l0 (BUCOKMM IOBEpXHEBUM Hatarom). JlaHa
obcTtaBuHa cripusie nporecy aacopoOiii [TAP na mexi po3ainy das, 1o IpUBOAUTH 10
3HUKEHHS HaJMIpHOI MOBEpXHEBOi eHeprii ['1066ca.

Axmio azacopOuist BiAOYBa€ThCA 3 TMOJSAPHOTO PO3YMHHHMKA Ha ITIOBEPXHI
HETOJISIPHOTO aIcOpOeHTY, TO afcopOmiiiauii map momekyn [TAP, mo yTBoproeTbes,
poOWTH TIOBEPXHIO TMOJSPHOIO — 1€ BUPIBHIOBAHHS TMOJISIPHOCTEH KOHTAKTYHOUHX

dbas.

PEBIHJIEP ITerpo Onexcanmposid (1898 — 1972) — pansiachkuii dizuko-
ximik, akagemik AH CPCP, I'epoii  Comianictuanoi  [lpami. Ilerpo
Onekcanaposuy onyoutikyBa Oinbiie 500 HaykoBux mpaub. Ha ocHOBI #oro
TEOPETUYHHUX PO3pO0OK OyIu CTBOpPEHI Taki HOBI Marepiaiid K
MeTaJloKepaMiKa, pi3HI BUIM INTYYHOI LIKipW, HagMilHUN 1eMeHT. OCHOBHI
fioro po6otn — B 00nacti (Hi3MKO-XiMii JUCTIEPCHUX CHUCTEM 1 IMMOBEPXHEBHX
sapuill. OJIWH 3 3aCHOBHUKIB HOBOTO PO3JAUTY KOJOimHOI XiMii — (i3uKO-
XiMiYHOT ~ MeXaHiKM, [I0 BHBYAE 3B S3KH  CTPYKTYPHO-MEXaHIYHUX
BJIACTUBOCTEH TBEPJOIO TiJIa Ta MarepiajiB 3 (Pi3MKO-XIMIYHUMH MPOIECAMHU.
Binkpus (1928 p.) sBume ancopOUiiHOTO 3HIKEHHS MIIHOCTI 1 OHOpY
nedopmartii TBepAUX TUT BHACTIIOK 000POTHOI (Di3MKO-XIMIUHOI Al HAa HHUX
cepenopuina (edekr Pebinaepa) i po3podus (1930 — 1940 pp.) nuisxu mosermeHHs 00poOKH TyxKe
TBEP/AUX 1 BAXKKOOOPOOIIOBaHUX MartepianiB. BusBuB enekTpokanuisipHuil e(eKT miacTu(iKyBaHHS

eJIeKTpouiTiB. JoCHiquB 0COOIMBOCTI BOAHMX PO3UMHIB MOBEPXHEBO-aKTUBHUX peuoBUH (IIAP),
BIUIMB a/ICOPOLIMHUX IIapiB Ha BJACTUBOCTI AMCIEPCHUX cHcTeM. Pe3ynbraTu HOro IOCIHiIKeHb
CTaJId TEOPETUYHMM MIAIPYHTSAM BJIOCKOHAJIEHHS Psiy TEXHOJOTIYHUX MPOLECIB: (proTaiiiiHoro
30arayeHHs pyJ, OypiHHS TIpCBKUX TIOPiA, TOHKOrO TMOApIOHEHHS 1 OOpoOKM MaTtepialis,
OTPUMAaHHS JUCIEPCHUX CTPYKTYp, TBEPAUX TuI, OYyIIBEIbHUX, KOHCTPYKLUIMHHUX Ta I1HIIUX
MmarepiaiB 13 33JJaHUMHU BJIACTUBOCTSAMH, a TaKOX OTPUMAHHS Ta pyHHalli CTIHKMX TUCIIEPCHUX
CUCTEM (eMyJIbCii, MiH, CyCHeH31i), IHTeHCuPiKalii 310014l Ta nepepodku HapTH 1 T.1H. B poxu
Hpyroi cBiTOoBOi BiliHM HaykoBa JisulbHICTH Iletpa OnekcangpoBuya Oyna IOB'A3aHa 3
yKpimieHHaM Ooe3naTHocTi PapsHebkoi Apwmii. Came BiH, I1. O. PeOinaep, BuHANIIOB 3aMUCTY
pinuHy, SKy Mi3HIIIE Ha3BalIU «KOKTeWsgeM MosoToBay, 110 BUKOPUCTOBYBANACh Uil OOpOTHOM 3
TaHKaMH CYNPOTUBHUKA. BiH Takok KepyBaB IpYNOI0 BYCHUX, IO PO3POOHIN MAaIlIMHHE MAaCTHIIO
JUIs OPOHETEXHIKH, sIKE HE TBEPAHYJIO 1 HE TYCTLI0 Ha MOPO3i.

Sxmo amcopOiisi BiAOYBAEThCS 3 HEMOJSIPHOTO PO3YMHHUKA HA TOBEPXHI
MOJIIPHOTO aJcOpOeHTy, TO aacopOuiinuid map monekyn [TAP, skuil yrBoproerbcs,
pOOUTH TOBEPXHIO HEMOJSIPHOIO — BIAOYBA€ThCS BUPIBHIOBAHHS MOJISIPHOCTEN
KOHTaKTyIouuXx (¢a3.
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nonsipHuU HernonsapHuU
PO3YUHHUK PO3YUHHUK

/o o— o— o

sonmsgonsson LI

HenonapHmi nonsapHui
afncopbeHT afcopbeHT
AKTMBOBaHe BYyrinmns SiO,; Al,O4

Takum yuHOM, JIJIsl BUJAJICHHS PEYOBUH, 1110 MAIOTh MMOBEPXHEBY aKTUBHICTD, 3
MOJIIPHOTO  PO3YMHHHMKA (BOIM) HEOOXIJHO BHKOPUCTOBYBATH  HEMOJISIPHUN
aJICOpOEHT, a 3 HETOJISIPHOTO PO3YMHHUKA — TIOJIAPHUMN aJCOPOCHT.

3. JMCIEPCHI CUCTEMM TA iX BJIACTUBOCTL.

3.1 3arajibHa XapaKTepPUCTUKA JUCIIEPCHUX CHCTEM

Hucnepcua cuctema (JIC) - me cucrema, B sikii xoua O OJlHa pPEUYOBHHA
3HaXOJUTHCS B po3/ipo0sieHOMY cTaHl. CylJIbHE CepeIOBUIIE, B IKOMY pO3/Ipo0JieHa
nucnepcHa ¢asza (D), Ha3uBaeThCs NUCTIEPCIMHUM CEPEOBUIIIEM.

da3a BBAXKAETHCS TUCMIEPCHOIO, SKIIIO PEUOBUHA PO3apo0sIeHa Xo4a O B OJJHOMY
HaMpsMKY. SKI0 pedoBUHA PO3APOOIJIeHA TUTHKU 32 BUCOTOI0, YTBOPIOIOTHCS TUTIBKH
(TKaHWHU, TJIACTUHUA 1 T.1.). SIKII0O pedoBWMHA po3apo0ieHa 3a BHUCOTOIO 1 3a
IIMPUHOIO, YTBOPIOIOTHCS BOJIOKHA, HUTKU, KalUIApU. SKIO pedoBHHA Po3ApoOIieHa
3a BciMa TpbOMa HampsIMKaMH, JUCHEpcHa (a3a CKIAZAETbCsl 3 JAUCKPETHHX
YaCTHUHOK.

XapakTepHoto BiacTuBicTiO JIC ABJISIETBCS HAsBHICTh BEJIMKOI MiX(a3HOi
MOBEPXHI, B 3B'13KY 3 UMM BU3HAYAJILHUMHU € BJIACTUBOCTI MOBEPXHi, & HE YACTUHOK B
uIoMy. XapakTepHUMH SIBJISIFOTBCS TPOIIECH, IO MPOXOJSTh Ha TOBEPXHI, a HE
BcepeuHi ¢azu.

JlucriepcHi CUCTEMHU MarOTh JIB1 O3HAKHU:

1. T'ereporeHHicTh — 116 OCHOBHA, SIKICHA, fIKa BKa3y€ Ha HAsBHICTb TPaHUIII
noniny ¢as;

2. JlucmiepcHicTh — 1€ A0JaTKOBA, KIJIbKICHA O3HAKa, sIka BKa3y€ HAa HAsSBHICTH
BHCOKOI 3arajbHO1 TUIOII TPaHUIll TOALTY ¢as.
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Jucnepcuicts (D) — BenmnunHa, 0O€pHEHA MIHIMAJIBHOMY PO3MIPY YaCTHHOK
JMCIIEpCHOI (pa3u:

D=+
a

[D]z BV VS Y ¥ T

[Tutoma moBepxHS S.,; - IIe CyMapHa IOBEPXHS BCIX YaCTUHOK y OJUHHII
00’eMy a00 OJIMHULII MaCH PEYOBHHH.

S, = — a0 S,,, = ——
M40 V 0

7€ S — 3araJibHa MOBEPXHS MEXH NMoALTy (a3; myc — Maca aucnepcHoi ¢asu ; Ve —
00’eM aucnepcHoi (azu

Uum npiOHIimII 4YacTUHKU JUCHEPCHOI (Pa3u, TUM OUIbIIE MUTOMA IMOBEPXHS
CUCTEMH.

TpuBumipHa yactuHka aucnepcHoi daszu (D)

Ky6 Cdepa
N6l _6 s _Nam 3 6
N A

3
S=6l’ S=4m?*
V= V = 4 3
ne | — noexxuHa pebdpa kyoda; N — 3
KinbKicTh yacTHHOK JI® y cucTeMi zie r — paaiyc cdepu; N — KUIbKIiCTb
gactTuHOK J1® y cucremi

6
Taxum unHOM, y 000X BUNaAKax:$S,,, = 7 6D
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m:V.p:>Snum:§:i:£:>Smtm=E
m V-p lp lo
JIBoBUMIpHI (IOpH, KAIJISIpH) OpHoMipHi (TIJTIBKH, MEMOpPaHN)
num:#:£:4D Snumzz_l_h:g:
dL | Lhl |
S=2mL=7lL S=2Lh
2 —
Vel V =Lhl
4 ne L — mosxkuna, h — Bucora, | —toBimna
ne r—pamuiye, | — miametp, L —moBxuHa TUTIBKH
Kanusipa

B 3aranbHOMy BUIIAJIKY:
S, .., =KD

ne K = 6 — ns tpuBumipaux yactouok JI®; K =4 — nng nBoBuMipHHX yacTouok (D
(mopwu, kanuisipn); K =2 — qia ogHomipHux yactodok Jd (ruriBku, MeMOpaHm)

3.2 Knacugikanisa JIC

3a posmipamu oucnepcHoi hazu (3a oucnepcHicmio)

3a po3MipaMu YaCTMHOK JTUCIIEPCHOI (pa3u AUCTIEpCHI CUCTEMHU MOAUIAIOTH Ha
. . . . 4 _6
2pybooucnepcui 3 po3MipaMu YacTHHOK aucriepcHoi ¢a3u a Big 10 mo 10 M Ta
gucoxooucnepcri 3d < 107° .

IcHye 1 OinbIn geTanbHa Kiacu@ikalis: epybooucnepcHi CUCTEMU — YAaCTUHKU
MarTh PO3MIp TMOHAJ 10° ™ (TIOPOIIKK); MiKpocemepoceHHi — BiJ 10° g0 10° M
(emynbcii, cycmensii) i yrbmpamixpocemepozenni, ab0 Hanooucnepcui (“ICTUHHO-
komnoinai”) — 107" — 10°° M (3011, Minenu konoinaux ITAP).

MoxHa BBaXKaTH, 10 ICTUHHO-KOJIOiIHA CTYIIHb JUCIIEPCHOCTI HACTYIIAE, KOJIH
YaCTMHKMA BXE€ HE BUJIMMI B 3BHYaliHI ONTHYHI MIKPOCKONHU (y SIKUX Mexa
. . . 7
PO3PI3HIOBAIBHOI CIPOMOKHOCTI 2-107" ™).
KpiMm Toro, BcCi AuMCHEpCHI CHUCTEMH MOXKHA TMOIUIMTH HA MOHOOUCHEPCHI

(4acTUHKM aucrepcHOl ¢a3u MaroTh OJHAKOBHM po3Mip) 1 nozioucnepcHi (4aCTUHKA
MaloTh pPi3H1 pO3MIpH).
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3a azpecamnum cmanom a3

Knacudikaiis aucnepcHUX CHCTeM 3a arperatHuM craHoM (a3  Oyna
3anponoHoBaHa Bonbdranrom OcTBaiba0M.

Qo
= T 3 C =
E %5 E o % % % % Hasga
g %é g 5 g § E % CUCTEMU Ipuxnaz
<E |< &S =
(&)
r /T arMocdepa 3emiti
p p/r | aepo3oii TyMaH
TB TB/T JIAM, TIAJI, TIEPUCTI 0OJ1aKka
ra3osl
r p r/p | emylbcii, ra3oBaHa BOJla, MUJIbHA IT1HA, MMBHA M1HA
MHA
p p p/p | emynbcii MOJIOKO, BEPIIIKOBE MACII0, MAprapuH, KpeM
. . rB/p J'Ii3OJIi,m 110¢00H1 KOJIOiTHI PO3YMHU, CYCIIEH311, MacTH,
CyCIeH311 bapbu
- . . TB.CpI[i reM3a, HiHOH.JIaCT, aKTHBOBAHE BYT LI,
MMHA mHOOETOH, XJI10
D s | pie TBepz[im BoJIa B napadiHi, IPUPOAHI MIHEPAIIU 3 PIIKUMHU
eMYJIbCIi BKJIFOUCHHSMH
TB/T | TBepai . :
TB TB . ol CTajlb, YyTYH, IOPOTOLIIHHE KaMiHHS

Knacugpikauisa 3a enepciero mixicghaznoi 63aemooii

JlucniepcHi cUCTEeMH MOXJIMBO TOJUIMTHA 3a XapakTepoMm B3aemonii (a3 Ha
aioginvui 1 1iogho6Hi a00 y BUTIAIKY BOJIH Ha 2iopoghinbhi 1 2idpoghooni cuictemu. Sk
HaM BXe€ BIIOMO, Ui JTIOPUIBPHUX CHUCTEM XapakTepHa BeJMKAa €HEPTis B3aeMOJIii
nucnepcHoi (as3u 13 cepeIOBUIIEM.

Taka kmacudikamist Oyna 3anporoHoBana ['. ®peiingnixom. [Ipumgaraa Tinbku
JUUISL CUCTEM 13 PIAKUM TUCTIEPCIHHUM CEPEIOBUILIEM.

Jnst moduUIBHUX CUCTEM XapaKTepHa CUJIbHA MDKMOJIEKYJIIpHA B3a€EMOJIIS
JTUCIIEpCHOI (a3u Ta AUCHEpCciiHOro cepeaoBuiia. lle MpuBOAUTH A0 YTBOPEHHS
COJIbBATHUX OOOJIOHOK HABKOJO YAaCTMHOK AMCHEPCHOI (pa3u Ta 3HUKEHHS BUIBHOI
NMOBEpPXHEBOi eHeprii. Jlo HUX BIJHOCATHCS KOJOiIHI PO3YMHHU, MIKPOTE€TEPOTEHHI
cucteMu. JlioghinvHi cucmemu € mepmoOUHAMIYHO CIIUKUMU.

B nmiodo6HuxX cucremax crocrepiraerbes ciadka B3aeMoIis JUCTIEpCHOT Ga3u Ta
JTUCTIEPCIHHOTO cepeloBUIla. Y HHX 3B'S3KM Ha MEXI MOJTY HECKOMIICHCOBaHI Ta
HAsBHUM BETWKWA HAJIMINOK BUIBHOI MOBEPXHEBOI eHeprii. JliopobHi cucmemu €
MepMOOUHAMIYHO HeCIUKUMU.
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3a cnie8iOHOWEHHAM PO3MIPI6 YACMUHOK OUChepCHOT (ha3u

MonoaucnepcHi cucremi - CHCTEMH, IO CKIAAIOTHCS 3 YACTUHOK OJIHOTO
po3Mipy

IMosigucnepcHi cucreMi — CHCTEMH, IO CKIAJAIOThCS 3 YaCTUHOK PI3HHUX
pO3MipiB

Peanbni 00’ ekt KonoinHoi ximii [ogigucnepcHi.
3a KinemuuHUMU 81ACMUBOCMAMU OUCNEPCHOT (ha3u

I kiac - BUTBHOJHOAMCIIEPCHI CUCTEMI, B HUX YACTHMHKU AUCHEPCHOI (a3u He
3B’s13aH1 MK COOOI0 Ta MOXKYTbh BUIBHO PYXaTHUCS B JUCIEPCITHOMY CE€PETOBHILII.

IT kiaac - 3B’SI3aHOAMCIEPCHI CUCTEMH, J€ YACTUHKH 3B’S13aHI OJHA 3 OJHOIO,
YTBOPIOIOYM TPOCTOPOBI CITKM (CTpYyKTypu). B Takux cucreMax 4YacTUHKH
nUcnepcHoi (a3u HE MOXKYTh BUIBHO pyXaTHUCS, a MOXYTb 3A1MCHIOBaTH JIUIIE
KOJIMBAJIbHI PYXH.

BinbHomucnepcHi cuctemMu (MOPOUIKU, CYCIEH31i, €MyJbCii, 30J11) MOKHA
OTpUMAaTH ABOMA CIIOCOOaMU: KOHJICHcAIlI€lo (a) Ta quctiepryBaHHsM (0):

JlucnepryBaHHs 3acHOBaHE Ha OTPUMAaHHI 31 CYIIJIBHOTO Ta BEJIMKOrO 3a
pO3MIpOM TUIa JPIOHIMIMX YacTHHOK aucnepcHoi ¢asu. KonaeHcarrisi, HaBMakw,
MOB’si3aHa 31 30UIBIICHHSAM YaCTHHOK, B TOMY YHCII 1 YaCTMHOK MOJICKYJSPHUX
PO3MIpIB 0 YACTHHOK TEBHOTO KJIACcy IUCIEPCHUX cucTeM. B OaraThox mpoiiecax
B1JI0YBA€THCSI BUHUKHEHHS Ta PYWHYBAHHS JTUCIIEPCHUX CHCTEM.

3.3 OTpuMaHHA IMCIIEPCHUX CHUCTEM

OTpMMaHHA oMcnepcHMxX
cuctem

AuvcnepryBaHHA KoHaeHcauin MenTtnsauin

g |

YnbTpa

Mexa ; iMi
. dismyHa XimiyHa
HiyHe 3BYyKO

Be

MexaHiuHe qucnepryBaHHs
MexaHi3m qucnepryBaHHs

Hns  onepkanHs JOQOOHMX JUCIEPCHUX CHUCTEM, SKI CaMOYMHHO HE
TUCTIEPTYIOThCS, HEOOXITHO 3aTpaTUTH TMEBHY poOOTy. 3BHYAWHO NPUKWMAIOTh, IO
po0oTa qucTepryBaHHS TBEPAOTO Tijia CKIATAEThCA 3:
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1) poGotu oO6’emHOr0 mgucnepryBaHHs (TOOTO 3 poOOTH TPYXKHOTO 1
MJIACTUYHOTO JepopMyBaHHS);

2) pobOTH CTBOPEHHSI HOBUX ITOBEPXOHB (poOOTa KOTe3ii).

.o . 3 .

[lepma ckiamoBa mpomopiiiiiHa 00’emy Tina, To6TO d°, a aApyra — Mo
- 2.
noBepxHi, ToO6TO d°:

W =Wned + Wnos =kV + GAS,

ne ¢ - Mmbkdazauil Hatsr, d — MiHIKHUN po3Mmip, k — KoeillieHT, KUl JOPIBHIOE
pob6oti 00’eMHOi nedopmariii oguHUI 00’€My KOHJEeHcCoBaHOI (a3u, V — o0’eM
TBepI0i (ha3u

[Tin niero nedopmyrounx cuil (TUCK, yaap, TEPTs) Ha MOBEPXHI TBEPIOTO Tijia
YTBOPIOETHCS MIKPOIIJIAHA.

P03BUTOK MIKpOIIUIMH BiAOYBa€ThCA 3HAYHO JIETIIE B pPE3yJbTaTl aacopOuli
PEYOBUH-3HUKYBadiB TBep1OCTI (10HU, MoJiekynu [TAP), siki HamararoThCsi PO3TATTH
MIKPOUIUIMHY, OJIETIIYIOUN JUCTIEPTyBaHHS.

Egexm aocopouinitnozo 3nuxcennn meepoocmi (miynocmi meepooi ¢aszu) 6
npucymuocmi IIAP — eghekm I1.A.Pebinoepa

Ilenmu3zayia - 6i0H0G1EHHA OUCNEPCHOI cucmemi nicaa il pyuHy8aHH:A
WIAXOM KOA2YIAYiL.

[Tin miero memTu3aTopa 3apsij] YaCTUHOK 30UIBIITYETHCS, BIIOYBAETHCS B3a€EMHE
BIJIITOBXYBAaHHSI Ta BIJIHOBJICHHS 30JTIO.

3.4 CnocoOu 0YHUCTKHU 30.1iB Bill HU3bKOMOJIEKYJIAPHHUX JOMIIIIOK Ta iOHIB

Hiamiz - nudysis AOMIMIOK 13 KOJIOIZHOTO po3urHy. KosOigH1 4acTHMHKU He
MPOXOIATh Yepe3 MeMOpaHy 3 po3mipoMm mop 10-100 HM, a HM3BKOMOJICKYIISPHI
JOMIIIKH — MPOXOJISATh.

YasTpadineTpamis — dureTpariis depe3 memopany (po3mip mop g0 10 HM) 3a
nepenany TUCKy 2-10 aTm.

3BOPOTHIN OCMOC — OYMCTKA AUCIIEPCIMHOTO CEpeIOBUIIA BiJl MOJIEKYJI Ta 10HIB.
Ounctka 4epe3 memOpaHy (po3mip mop 10 10 HM) miJl TUCKOM OUIBIIMM 3a
OCMOTUYHMH TUCK.

MeMmOpana Ta GUIBTp BIAPI3HAIOTECS OYJOBOIO Ta YYacTiO B Ipolieci
po3auieHHs. MemOpaHa 3aTpuMy€ pPEUOBHMHY Ha TOBEPXHI, (UIBTP 3aTpUMye
PEYOBHHY BCIM 00’€MOM 1 TOMY HA3MBAETHhCS TNIMOMHHUM (KJIACUYHUN MPUKIIAL —
narnepoBuii GubTp). MemOpaHa 3a0pyIHIOETBCA cKopiie 3a ¢GuibTp. Matepiaaom
MeMOpaH Moxke OyTH Kepamika, CKJIo, momimepu. Jlo momimepiB, w10
BUKOPHCTOBYIOTBCSI B SIKOCTI MeMOpaH, BIAHOCATHCSA MOJIIETHIIEH, (HIyOpOBMICHI
MOJIIMEPH, aKpPHUJIOBI MOJIMEPH, LENI0I03a, MOTI0PTaHOKCUIAHU, MOMIBIHUIXJIOPHUA 1
1H.
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4. MOJIEKYJAPHO-KIHETUYHI BJIACTUBOCTI
BIJIBHOAUCIIEPCHUX CUCTEM

4.1 CepennboxBaaparnuHuii 3cyB. PiBusinas EiinmreiiHa—CMO0/IyX0BCbKOT0

A. Eitnmredin 1 M. CMOJIyXOBCBKHH MOCTYJIIOBAIM €IHICTH OpPOYHIBCHKOTO 1
TerioBoro pyxiB. CepemHsi KiHETHYHA CHEPrisi YaCTHHKH, sSKa Oepe ydJacTb Yy
TEIIOBOMY PYCi, HE3aJIeXKHO BiJl il po3MipiB, JOPIBHIOE:

mir® 3
=2k, T
2 2°F

JIe M 1u— Maca Ta cepe/iHs MBUIKICTh PyXy YaCTUHKH, kg — cTana bonbimana,

E =

T — abcomtoTHa TeMIiepaTypa

P A N le A, *;i X

Cxema OpoyHiBchbkoro pyxy OTxke, 3a Mipy 3MIIIEHHS YacTMHOK 3a 4ac At
BUOUPAETHCS CEPETHHOKBAAPATUYHUHN 3CYB:

A2 1/2
A=>="| |

ne Aj — BEMTUYMHU OKPEMHX MTPOEKIIiH 3¢yBYy, N — YHCJIO BUMIPIB.

PiBusuns EitnimTelina—CMOTyX0OBCBHKOTO:

A*=2Df abo A=+/2Dt

KBaapar cepemHbOKBaApaTUIHOTO 3CYyBY YaCTHHOK MPOMOPIIIHHUN KOS(IIIEHTY
nudysii Ta yacy.

3a piBasHHAM EltHmTeiHa KoeditieHT audysii:
kzT _ RT

D= -
B N,B

ne B — koeditieHT TepTs.
2 2k.T 2RT
A" =58 = t
B N ) 48
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3a 3akoHoMm Crokca, Iuisi cpepuIHUX YaCTUHOK 3 pajilycoM I Koe(dillieHT TepTs
JIOPIBHIOE:

B=6nrnp
Ez _ kplt
3zrny

JIe N — B’SA3KICTh CEPEIOBHIIIA.

4.2 OcMOTHYHI BJIACTUBOCTI TUCIIEPCHUX CHCTEM

OcMoc - 1€ SBHINE CaMOBUIBHOTO IPOHMKHEHHS PO3YMHHUKA B PO3YHH,
BIJIOKPEMJICHUH BiJI HbOT'O HAMIBIIPOHUKHOIO IEPEropoaKkor0 (MeMOpaHO), uepes
Ky MOYXE€ IPOHHKATH PO3YMHHHUK, ajlc HE MOXKE IMPOXOIUTH PO3YHMHEHA PCUOBHHA
a00 YaCTUHKHU JUCHEPCHOI (pa3u.

JloBruii yac BBaXaJlocAd, IO B KOJOIAHUX PO3UYMHAX OCMOTHYHUN THUCK
BIICYTHIM. JlWille TOYHI EKCHEPUMEHTHU JOBEJH, IO JUCIEPCHI CUCTEMU TaKOX
BUSIBIISIFOTh OCMOTHYHUN THCK, aji€ BIH Jy>)K€ Malldid y MOPIBHSIHHI 3 OCMOTHUYHHUM
TUCKOM ICTUHHHMX PO3YMHIB Ta MOXE 3MIHIOBATHUCS 3 YACOM.

MembpaHa
TMCKP = Tt
Pl B
l 1 - PO3YNHHUK
2 - po34yMHeHa pevyoBUHa
11—
a 1_
1—
C2,(1
Cu.<Cyp
Hi0 = H1p

piBHOBara: C2,cx = C2,B M'l,oc = M»],B

Pipusinus Baat-T'odda 11t po3unHiB HEETIEKTPOIIITIB:
7 =CRT

ne m — ocMoTuuyHui THCK, Ila; C — MonspHa KOHIICHTpAIIis, MOJ'IB/MS; T —
temneparypa, K.

I[J]SI AUCIICPCHUX CUCTCM:

7=—RT =1k,T

A

S7



- 3.
7€ v — 9acTKoBa KoHIeHTparlis, 1/m”; Na — ctana ABorampo.

[Ipu ogHaKOBIM MAcOBiM KOHIICHTpAIlli YMCIIO YaCTHHOK Y 30JI5IX y COTHI-TUCSYI
pa3iB MEHIIIe, HIXK Y MOJIEKYJIIPHOMY PO3YHUHI.

3
n o _h

T, V, I

3BijicH BHJIHO, 1[0 OCMOTHYHUMN THUCK CHJIBHO 3aJICKUTh BiJl PO3MIPY YaCTUHOK —
3BOPOTHO MPOMOPLINHO PajalyCy B TPEThOMY CTETICHI.

4.3 CequmenTauis
Fa=Vp9
F,=Bu

F,=mg=Vpg

Ha chepuuny yacTouky aucnepcHoi (as3u aie cuma TSKIHHS:
Fe=mg=upg

Je m 1 v — mMaca 1 00’€M YAaCTUHKH, P — TyCTHHA aucnepcHoi daszu, g —

MPUCKOPEHHS BIJILHOTO MaiHHS.

Pazom Ha KOXXHY 4YacTMHKY /i€ BHUINTOBXYyro4a (mia’eMHa) cuia Apximena,
CIIpsIMOBaHA MPOTH CHJIH TSKIHHS (Pg — TYCTHHA TUCTIEPCIHHOTO CEPEIOBHUIIA):

Fy=uvpg
PiBHOAIIOUA IUX CUJT — CWJIa ceiMMeHTallli Fcen — mopiBHIOE:
Fced :Fg_F4 — U(P_PO)S"
Sxmo F>Fa - yactoukn nucnepcHoi ¢asu ocigaroTh — Lel NpoLec Ha3UBaKOTh

CEIMMEHTALIIEIO;

Sxmo Fg<Fa - yacTouku aucnepcHoi a3y CIUIMBaIOTh — LIEeH MPOLEC HA3UBAKOTh
3BOPOTHOIO CEIMMEHTAIIIETO.

[Ipu pyci 4yacTHHKH B cepeloBHINI (piauHI YU razi) BUHUKaEe cuia TepTs Frp,
sIKa TPOTIOPIIiifHA MIBUAKOCTI PyXy YaCTUHOK U:
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I, = Bu

ne B — koedirieHT TepTs.

Cymapna cuiia, sika Jii€ Ha YaCTHUHKY 1] 4ac pyXy, JOPIBHIOE:
F:Fceé_Fm - U(P—Po)g—BH

VY moyaTkoBHIA MOMEHT IIBUKICTh PyXy YaCTHHKH JYXKE Mayia, TOMY CIIOYATKY
M7 €0 CHIM CEIMMEHTaIllli YacTWHKA ocigae (abo CIUIMBA€E) 3 MPUCKOPEHHSM.
BHacniok 3pocTaHHs HIBUAKOCTI 301IBIIYETHCS 1 CHIIa TEPTS, 1 uepe3 ASsIKUi yac Il
CHJIM 3pIBHIOIOTHCS, cyMapHa cuia aii F =0. [Ticas 1iporo B cuctemi BCTaHOBIIOETHCS
PEXKUM CTaIllOHAPHOTO PyXY, TOOTO YaCTHHKA OCIJa€ 3 TMOCTIHHOIO MBHUIKICTIO U, SKa
JIOPIBHIOE:

, = 2P=po)g
B
3 ypaxyBaHHIM
B=6mnyr
v=4xr/3

_ 2g(p- Po)i"2
9n

u

MOCTIMHA MIBUJIKICTh CEAMMEHTAIl] MPOMOpIliiHa KBaApaTy pajilyca YaCTUHKH,
pI3HMII TYCTMH YaCTHHOK AMCHEpCHOi (ha3u Ta JUCHEPCIHHOro cepefoBUIA 1
3BOPOTHO MPOMOpIIiiHA B’SI3KOCTI CepeIOBUIIIA.

3MaTHICTh J0 CEAMMEHTAIlll BUPaXKaloTh 4Yepe3 KOHCTAHTY CEIUMEHTallli, sika
BU3HAYAETHCS MIBUIKICTIO CETUMEHTAITIT:

Sceo = UlZ

Jlist cpepruHUX YaCTUHOK:

2r* (p-
Scea _ / (1;) p(})
7
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4.4 CenumenTauniiHo-nudys3iiina piBHOBara

J1Jis BUCOKOUCTIEPCHUX CHCTEM Tpeba OpaTh 10 yBaru TakoX TEIUIOBUH pyX Ta
ix qudysito. [Ipu ocinanHi YaCTUHKOBA KOHIEHTPAIllsl 3MIHIOETHCS 110 BUCOTI CTOBIIA
— y BEpXHIX IIapax BOHA 3MEHIIYEThCS, a B HUKHIX — 301IbIIyeThea. B pesymbTari
BUHUKAE TpamieHT koHmeHtpamii dv/dX (v — dYacTHHKOBa KOHIIGHTpAIlis), IO
BUKJIMKAE TUQPY31HHNHI TOTIK i4,p, CIIPIMOBAHUN 3HU3Y Bropy.
, dv kgl dv
Lougp = -D == )
dx B dx

CenumMenTamiiHuii MOTIK (i.p) — KUIBKICTh PEYOBHHH, IO MPOXOIUTH 32
OJIMHULIIO Yacy uyepe3 OAMHUYHY TOBEPXHIO MPU CETUMEHTAITIT:

i =uv= vg(p—po)V
B
iéuqb _ kBT dv
iCGO Ug(p — Po )V dx

Ko B3ATH JUCHEPCHY CUCTEMY, B SIKIM CIOYAaTKy YACTUHKH PIBHOMIPHO
po3moaiieH! o Bckomy 00’emy (dv/dx = 0), To BUHHUKAE CeIUMEHTAIlIMHUI TOTIK.
Bracniiok 1poro 30UIbIIYETHCA TpaJl€eHT KOHILEHTpauli 1 BUHUKAaE AUQY31HHUAN
MOTIK.

[3 yacom ceguMeHTaUIMHUNA TOTIK NOCHAOMIOEThCS, a AUQY3IAHHA —
NOCWIIOEThCS. ToMy dYepe3 NedKud MNpPOMIXKOK 4acy (IHOAl JTOCUTh BEJIHMKHM) Il
MOTOKM MOXYTb 3piBHATUCH (lpypy = leew), 1 B CHCTEMI BCTAHOBIIOETHCS
ceUMeHTaIliiHo-1udy3iiiHa piBHOBara. B Takili cucrtemi 1iCHye TpaJli€HT
KOHIIGHTpaIlli, a YaCTUHKUA JMCIEPCHOI (pa3u MEBHUM YUHOM PO3MOAUISAIOTHCS IO
BHCOTI.

Vo kpT

Y __vgP=po),

vg(p—po)h
ey T
[le piBusinHa Jlamuiaca, sike Ha3MBalOTh TAKOXK TIICOMETPUYHUM 3aKOHOM (Bij

rpeubkoro hypsos — Bucota). Jlamnac onepkaB 1€ piBHSHHS A PO3MOJILIY THCKY
ra3y 3a BUCOTOIO, TOOTO B BUX1JIHIN ()OpMYJIi 3aMICTh V CTOITh TUCK P.

Vi, =VoeXp| —

3MaTHICTh JUCIEPCHOI CHCTEMH IPOTHUCTOSTH OCIIaHHIO XapaKTePPU3YEThCS
ceoumenmauininorw cmiikicmio. CeauMEHTaIlliHA CTIWKICTh 3a0€3MeuyeThCs
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pizHuMH  (akTOpamMH, 1 B 3aNEXKHOCTI BiA HHUX PO3PI3HIIOTh KiHemuuHy
ceoumenmauiuny cmiixicmpy (KCC) ta mepmoounamiuny ceoumeHmauyiiny
cminkicms (TCC).

KineTnuny ceguMeHTaIiiiHy CTIHKICTh 3a0€31eUyI0oTh T1IpoAMHAMIUHI (PaKTOPH:
B’SI3KICTh Ta TYCTHHA CEPEOBHINA, TYCTHHA Ta PO3MIp YaCTHHOK.

TepMoauHaMiuHa ceIUMEHTAIllHA CTIMKICTh Oe3mocepeqHbOo 3B’s3aHa 3
CeMMEHTAIIHHO- 1 Y31iHOI0 PIBHOBATOIO, 1 MIPOIO € T1IIICOMETPHUYHA BUCOTA.

5. EJEKTPOKIHETUYHI BJIACTUBOCTI JIUCIIEPCHHUX
CUCTEM

5.1. EnexTpodopes, eJieKTPOOCMOC, MOTEHIia Tedil, moTeHuiaa cefuMeHTaIlii

VY 1808 p. mpodecop MockoBcrkoro yHiBepcutery Depaunang OpuapruxoBud
Pelice, nocnixyoun eIeKTpoIIi3 BOJIM, BIAKPUB JIBa HOBI sIBULIA: eJleKTpodopes Ta
€JIEKTPOOCMOC.

EnexkrpoocmMoc — mepeMillleHHS pIAMHM B MOPUCTUX Tidax MiA €0
€JIEKTPUYHOTO TOJISL.

Enextpodopes — mnepeminieHHs 4YaCTUHOK AUCHEPCHOI (pa3u B HEPYyXOMOMY
JTUCTIEPCITHOMY CEpEIOBHIIII 1T JI€I0 ESKTPUIHOTO TOJIS.

EnexTpokiHeTHYHI SIBUIIA MOKJIMBI JIMIIE B TaKUX TUCIEPCHUX CHUCTEMaX, JIe
ICHY€ MOJBIMHUN €NEKTPUIHUH 11ap Ha Mexi nonainy ¢a3. [Ipu BigHOCHOMY 3MillIeHH]
da3, He3anexkHO BiL Horo mpuuuH, BigOyBaeThcs po3puB [IEI mo mmomuHi
CKOB3aHHS, sIKa MPOXOIUTH Yy NU(y3HOMY HIapi.

| | |
—%i—OHJ - —%i—OH N —%i—O_

pH < pH[ET < pH
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Y,

e,

o 7 —

IloTrenuian, AKMH BUHHMKAE HA NMOBEPXHI CKOB3aHHS BiIHOCHO 00’€MHOI
(¢a3u, HA3MBAETBHCH eEJEKTPOKIHETMYHHMM mOTeHUiagom, ad6o ( (m3era)-
NMOTEHIiaJIOM.

PiBusnHs ['enbMronbiia—CMOITyX0BCHKOTO:

n
¢=—Tu
geyH

PinuHa, o pyxaerbest yepe3 Kanuisipu P MpoJaBiIOBaHHI, BTATYE 3a CO00I0
10U audy3HOTO mapy (MpoTHioHn). TakKMM YMHOM, BOHA CTa€ HOCIEM MOBEPXHEBOTO
SJIEKTPUYHOTO CTPYyMy — cTpyMmy Teuii. [Ipu mepeHoci 3aps/iB mo Kamuispy Ha Horo
KIHI[IX BUHUKA€E PI3HUIIT TMOTEHINANIB, SIKa B CBOI YEpry BHUKIUKAE 3yCTPIUYHUN
00’e€MHUM TOTIK 10HIB MPOTWJICKHOTO 3HAKA 3apsiAy MO Kanuisipy. Y cTalioHapHOMY
CTaHI1 111 TOTOKW BUPIBHIOIOTHCS, & PI3HULIA MOTEHIIAIB I0CATA€E CTAJIONO 3HAYCHHS —

norenuianxy reuii U.

c&. AP
mey = 0— é/
nx

U

1€ , — MATOMA €JIEKTPUYHA TPOBIAHICTH;
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[Ipu cegumenTalli YaCTUHKYU AUCHEPCHOI (pa3u, K1 MalOTh €IEKTPUYHHUN 3apsij,
OCAJKYIOTHCS B TIOJI1 TSKIHHS 1 IEPEHOCATH 3apsia. [oHn Audy3HOro mapy BHACIIIOK
MOJIEKYJISIPHOTO TEpPTS BIACTAlOTh BIJ] YaCTHHOK, B pE3yJibTaTl BHUHHUKAE TMOTIK
3apsKEHUX 4aCTUHOK. HaciigkoM 1bOTro 1 € BUHUKHEHHS Pi3HUII MOTEHIIAIIB MIXK
€JIEKTPOJaMH, PO3TAIIOBAHUMHU Ha pI3HIA BHUCOTI — MOTEHLiady ceIuMeHTallil

(edext JlopHa).

_ 4, (p- p)gnk

g
3nx

ceo

Hpakmulme 3HAYEHHA enekmp(miuemuuuux Aeuud

EnexTpodope3 3acTOCOBYIOTh JUISl: OUMINCHHS, PO3MOIALITY MEIUYHHUX
npenapariB, XapyoBUX NPOAYKTIB; HAHECEHHS TOHKHUX MLIApiB HEMETAJIEBHX
MOKPUTTIB; OTPUMAHHS 130JISIIIIMHUX IJI1IBOK, BUTOTOBJICHHS MPOTYMOBAHUX TKaHWUH
TOIIIO.

EnexkTpoocmoc 3acTOCOBYIOTH [JIsl: 3HEBOJHEHHS IPYHTY IpU 3BEICHHI
TAPOTEXHIYHUX cropyA (TJIaThH, Tpedelib); IpH CyLiHHI Topdy Ta JepeBa; CyLIiHHS
CTIH Ta (yHJAMEHTIB CUpUX OyAiBeb; BUA0OYTKY HapTH TOLIO.

IMorenmian cexumenTauii (ocimanusi). SIBuIIe BWUHUKHEHHS TOTCHIIATY
OC1JaHHSI BUKOPUCTOBYIOTh B CEHCOPAX, SIKI PEarytoTh Ha CEMCMIYHY aKTUBHICTb.

IMoTrenmian Tewii — ocHOBa Oararbox O1OJIOTIYHHMX TMPOIIECIB: TMepedir Kposi
yepe3 Kamuisapu KPOBOHOCHOI cucTeMH Jae OiomoreHmiaji. IloreHmiam Teuii
BUHUKAIOTh MPU TPAHCTIOPTYBAHHI PIAKOTO MaivBa Ta (iabTpailii piAuH 3 HU3BKOIO
CJICKTPOIIPOBIAHICTIO (MPU TPOTiIKaHHI HadTH pa3oM i3 BOAOI YTBOPIOETHCS
BEJIMUE3HUH 3apsij, 110 BeJe 10 BUOYXIB).

5.2. lpyunnu BunnkHenHus ITELI

Ha Mexi po3umH-TBEpIa MOBEPXHS BUHHUKAE TTPOCTOPOBE PO3IIICHHS 3apsIy —
YTBOPIOETHCS MOABIiHMIA enekTpuuHuii map (ITELL).
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[TEII yTBOpro€ThCS 3a NEKITbKOMAa MEXaHI3MaMHU:
1. BHacniiok moBepxHeBoi 10Hi3allil MeTaa;
2. BHacniziok crierudivHoi aicopO1iii 10H1B Ha TOBEPXHI €JIEKTPO/Ia;

3. Buacnigok agcopOirii moJISIpHUX MOJIEKYJT Ha TTIOBEPXHI.

Mexanizm nosepxnesoi ionizauii

Po3rnsiHeMO HaWTUNOBIMIMI BHIIAJOK, KOJM MeTajieBa IUIACTMHKA 3aHypeHa Y
pO3UMH, IO MICTUTh KaTIOHU JaHOTO MeTany. [Ipu nboMy Ha Mexi po3IiTy MeTai-
PO3UMH BCTAHOBIIIOETHCS PIBHOBAra:

IM™.ne|+mH,0 S |ne | + (M ”*-mHZO)_

Metan MeTtan Po3unn

[Ipu 3aHypeHHI MeTaly y pPO34YMH HOTO 10HU (KaTIOHM), IO 3HAXOASITHCS HA
MOBEPXHI Ta BXOJAThH 10 KPUCTAIIYHOI IPATKH, COJIbBATYIOTHCS (T1APATYIOTHCS, SIKIIO
PO3UMHHHK — BOZa). IX 3B SI30K 3 IHIIMMM iOHAMM KPHUCTaIiuHOi IPATKU ciabuiae.
[oHM, KiHETHYHA E€HEPTisl TEIJIOBOIO PYXYy SKUX OCTATHHO BEJIHMKA, MEPEXOSITh Y
iap po3uvHy, OPWIETIUN 10 MoBepxHI MeTary. OQHOYACHO 3 PO3UMHY KAaTIOHH, SIKi
TaK0’X MaloTh JOCTaTHHO BEIHMKY KIHETHYHY CHEPTiio, MEepPexXoaiTh y MeTanl. Skio
MOYaTKOBA MIBUAKICT MEPEXO/y 10HIB y pO3UMH OUIbIIIE 32 IIBUIKICTH IX MEPEXOY 3
pO3UMHY Ha MeTaj, TO TIOBEpXHS METaly 3apsAKacTbCsi HEraTHMBHO dYepes
HAJUIUIIKOB] €JEKTPOHH, IO 3aJUIIWINCh Y HbOMY, @ PO3UYUH — IO3UTHBHO 3a
paxyHOK KaTIOHIB, IO TOKHHYJIM MeTajd. 3 IJIMHOM Yacy OOHWJBI IIBHIKOCTI
BUPIBHIOIOTHCS. BCTaHOBIIOETBCS pyXJiMBa piBHOBara, Ha MEXI METaJI—PO34YHH
YTBOPIOETHCS TOJIBIMHUI €NIEKTPUYHUH T1ap 1 BUHUKAE TIEBHUM CTPUOOK MOTEHITIATIB.

Iepexix kationiB y posuuns: Me’ — ne” — Me™,
i 3BopoTHmiA mportec: Me”* + ne” — Me®
[{ro piBHOBary 3amucytoTb, y BianoBigHocTi ao npasun [UPAC (IFOITAK), B
HACTYITHOMY BUTJISIJII:
Me* + ne” 5 Me’ (Ox + ne” S Red).
TakuMm YWMHOM, B 3aJIeKHOCTI Bl TPHUPOAM METaly, aKTMBHOCTI KATIOHIB i
TeMIepaTypH JJaHa piBHOBara Moke OyTH 3CyHyTa B TOi a0o 1HIIUM OIK.

JInst ;aHoro MeTally IpH JIaHii TeMrneparypi, 3MIHIOIOYM KOHIEHTpAI[il0 KaTioHa
y PO34MHI, MOXKHAa 3CYHYTH pIBHOBary B TOH a0o0 1HImMI O1K, 3MIHUBIIU 3apsij
MOBEPXHI METaIy.
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P-p P-p

Med + z+ Me\+ 1 z+
N N Me \4 - Me
- + +] -
Mezt%—} Me”" Mezik:—:— Me”"
\\; N \; i
A+ +] -

Fverwey = e popy Huer vey < Huter p-p)

YMOBOIO PIBHOBArd € piBHICTh €IEKTPOXIMIYHUX MOTEHIIIANIB KaTiOHA Yy MeTal
Ta PO3YMHI:

Hyrers ey = Hes (P »

Pi3Hu1s OTEHI1aIiB Ha MEKI KOHTAKTY METaIly 3 PO3YMHOM Y MOMEHT PIBHOCTI
HIBUIKOCTEN OOMIHY 3apsaMy MK METajIOM 1 pO3YMHOM — PIBHOBAXHUI MOTEHI[IAN
esnekTpoaa. Bin nopiBHioe I'anibBaHi-moTeHia My Ha MEXI METaI—€JIEKTPOJIIT.

Takum ynHOM, IIELLl yTBOPIOETHCS E€NEKTPUYHUMHU 3apAAaMHU, IO 3HAXOAATHCS
HAa MeTajl, Ta 10HaMH NPOTUJICKHOTO 3HAKy (IMPOTUIOHAMH), OPIEHTOBAHUMH Y
noBepxHi enektpona. Y ¢opmysanni I[IEI (fioro ioHHOI OOKJIagKH) MPUIMAIOThH
y4acTh SIK CJIEKTPOCTATUYHI CWUIM, TiJ] BIUTMBOM SIKMX MPOTHIOHH MIIXOISTH IO
MOBEPXHI €JIEKTPO/a, TaK 1 CHJIM MOJEKYJSIPHOTO (TEIJIOBOr0) PyXy, B pe3yJbTari
sxoro [TEII nabyBae po3mutoi audy3noi Oyaosu. Oxpim Toro, y ctBopenni [TEIL na
MEX1 METaJI-PO3YHH CYTT€BE 3HaUeHHA Mae edekT crnernudiunoi agcopoii [TAP, sxi
MOKYTh MICTUTUCH B €JIEKTPOJITI.

[Tepmioro Teopiero Oynosu IEIL 6yna teopist ['enemronbua: [IEI cknamgaerbes
3 IBOX IUIOCKHX 3apsi/IiB, pO3TAIlIOBAaHUX HA MOJIEKYJISIPHIN BIJICTAH1 OJIUH B1J] OJTHOTO
1 B3aEMOJIIIOYMX MK COOOIO TIIBKHM 32 PaXyHOK €JIEKTPOCTATUYHHMX CHJ TSKIHHA.
Crpykrypa mojaiOHa TUIOCKOMY KOHJAEHCATOpY, MaJiHHS TMOTEHIaly MDXK IIapaMu
B1JI0YBA€ETHCS JIHIHHO.

Mopnens I'yi-UenMena npumnyckana nudysiiiHe po3TalyBaHHS MPOTHIOHIB, IO
3HAXOJATHCS MiJ AI€I0 CHII, IIIOUUX y MPOTUIICKHUX HANpSIMKaX: €JIeKTPOCTATUYHHUX
CIJI TSDKIHHS /10 TOBEPXHI 1 CHJI TEIIOBOTO PYXY

nrnoTHas, anddysHas Yacts 43C . .
- > 10HIB, 110 MPHUBOJATH 10 NU(y3ii Ta PO3MUBAHHIO

1 P— . .
Me - | P @ @ 30BHINIHBOTO Tmapy. Teopiss BBOAWTH MOHSATTS
i @ % nuy3ifHOTO — MIapy, 10HW PO3TIIAJAIOTHCS  SIK

TOYKOBI 3apsi/IH, 110 HE MAIOTh BIACHUX PO3MIpIB.

3a cydacuumu ysiBieHHsMU (Teopis Lltepna)
oynosa ITEII npeacraBisieTbesi HACTYITHUM YHHOM:
10HM, W0 BXOIATh Yy CKJIaJ TBepnoi dasu,

9| | Mogenb ctpoerus [OC ~ YTBOPIOIOTH  BHYTPIIIHIO OOKJIAJKy IOABIMHOTO
: LtepHa

miapy;  10HM — TPOTUJIIEKHOTO  3HAKy, TOOTO
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IPOTUIOHH, YTBOPIOIOTH 30BHINIHIO OOKJIAQAKYy, MPH I[bOMY YacTHHA MPOTHUIOHIB
3HAXOJUTHCS y Oe3mocepenHbOMY KOHTAKTI 3 ioHaMu TBepaoi (a3u, yTBOPIOIOUH
niipHuN map (map ['eabMronbiia, aacopOIIHHMN 1MIap), 1HIIA YaCTUHA MPOTHUIOHIB
ckinanae audysiitaui map (map ['yi). Jdudys3iiiHuil map yTBOPIOEThCS 10HAMH, IO
3HAXOJATHCS Ha BIJCTAHSIX BiJ MOBEPXHI, K1 MEPEBUILYIOTh PaJIlyC COJIHBATOBAHOTO
ioHy. Cuctema B LUJIOMY 3aBXIU € €JeKTPOHEWTPaIbHOI0, TOOTO YHCIIO 3apsiB
BHYTPIIIHBOI OOKJIAIKHA TOBUHHO OYTH PIBHUM YHWCITY 3apsjiB MPOTHIOHIB (IILIbHHMI
mrap + HaJJUIIOK y Tuy3iiHOMY 1Iapi).

ToBIIMHA MITEHOL YaCTUHH ~ 108 ey, mudysikinoi 107 +10cu.

Posnonin nmotenmiany B 1oHHiIM oOkmamii ITEL nmpencraBneHuit Ha pUCYHKY
3J1iBa, BEJIMYMHA MOTEHLIATY ((Qp) CKIAJA€ThCS 3 JIHIMHOTO MaJIHHS MOTEHIIay B
miipHIM yactudi TTELL TOoBImMHOIO O Ta €KCIMOHEHIIAJIBHOTO MaiHHS MOTEHIlIaly B
mudy3iiHii yactuni (). [loTteHimian, mo peanidyeTbcs Ha BIJICTaHI pajiyca 10HA
HIIIbHOT YaCTUHH (), YaCTO HA3UBAIOTH "MCU-TIpUM ToTeHI1aioM". [To3HavaeThes
abo y'.

31 301/IbILIEHHAM KOHLIEHTpalli pO34KHY, MPOIECH, IO CHPUSIIOTH (HOPMYBaHHIO
nu(y31MHOI YaCcTHHM, cl1allIarTh, po3mipH ii 3MeHmytoTbed, [TEI cTtuckaerbes, 1e
MPU3BOJUTH JI0 3MIHU ;- IOTEHIIIAITY.

Aocopouinnuit mexanizm ymeopennsn IIEIIT

AGNO, +KJ ., = Agd ¥ +KNO,

Sxwo Hy- ., 7 Hy- pgy» TO HOAUI — 10HM (MIOTEHIIANBU3HAYANBHI 10HK — T1BI)
BTPAYaTUMYTh CBOIO COJbBATHY OOOJIOHKY Ta aJCOpPOYIOThCS Ha TMOBEPXHI TBEPAOi
¢a3zu, 3aps1Kaoyu YaCTUHKY HETaTUBHO.

Jlo HEraTUBHO 3apsAKEHOT YaCTKHU 13 PO3YMHY 32 PAXYHOK E€JIEKTPOCTATUYHOTO
TSOKIHHS OyyTh MPUTATYBATUCS 10HU MPOTHIICKHOTO 3HaKa (rpotuionu — [11) — ioHM
KaJiio.
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Ymeopenna IIEIII 3a paxynok cneyughiunoi aocopouii ionie, uio ne 6xo0amo
00 KpucmaniuHux rpam meepooi ¢ghazu.

+
Ne N +
voy OH
N .
OH +
- Na
OH -
+ OH
Na - ;
OH = OH
+ +
Na od + Ne
Ne

Ymeopenna /IEC 3a paxynok opienmosanoi aocopouii IIAP

Conl XKUPHHUX KHCJIOT Yy PO3YMHI AUCOIIOIOTh, HAIPUKIIAJ, HaTpi€eBa Clb
CTEaAPUHOBO1 KHCIIOTH:

C,,H,COONa = C,,H,.COO™ +Na*

5.3 bynoBa miueJ J1iogooHuUX 30J1iB

Minemna (droxino 1908) - vactka nucniepcHoi ¢asu pazom 3 [TEIIL.

BHyTpimHIO 4YacTHHY MINENu CKJIAJa€ arperar, M0 CKIATAEThCS 3 BEJIMKOL
KUIBKOCT1 MOJIEKYJT 200 aTOMIB MaJIOPO3YMHHOI CITOJTYKH.

Arperar eJIeKTPOHEHTpPAJbLHUM, aje Ma€ BEIUKY ajcoOpOIliiHY 3/IaTHICTH 1
30aTHUM  aacopOyBaTM Ha CBOiM moBepxHi 1oHM 3 po3unny — [IBI
(moTeHIiaIBU3HAYAIbHI 10HH).

[Tpu Bubopi [1BI xopuctyrotbest npaBuiom Ilanera-dasuca-Ileckona:

Ha meepoiii nosepxnui acpecamy 6 neputy uepey adcopoyomscs ioHU, SKi:
®  8X005Mb 00 CKIAOY KPUCMANIYHOL 2pamKu azpezamy;

® 30amui 000yY008y8aMU KPUCMANIYHI 2DAMK) azpe2amy;
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®  Yymeopronntb Malopo3duHHe 3'eOnanns 3 ionamu acpecanty,

Arperar pazowm 13 [1BI cknagae sanpo minenu. 3apsjpKeHe apo MILeTd TPUTITYe
I1I (mpotu-ionn) 3 po3unny. Yactuna 11 yrBOproe agcopOmiitnuii map.

Anpo 3 Il mineHoi wactuau JIEC yTBOpIOIOTH TpaHydy abo0 KOJIOiITHY
YaCTUHKY. 3HAK 3apsAy KOJOIIHOI YaCTKH BU3HAYAEThCS 3HaKoM 3apsny [1BI.

Komoigny 4acTuHKY OTO4YIOTh I zu/I(bys.Horo mapy - pewra III, mo
Hi1al0ThCsl OPOYHIBCAKOMY PYXY 1 MEHIII MIITHO TOB'sI3aHa 3 SIAPOM.

Y 1iioMy YTBOpPIO€ThCS Miyena. Minena Ha BIIMIHY KOJIOIAHOI YacTKU
€JIEKTPOHENUTPAIBHOIO.

3aBaanus 1:

3anucaty OynOBY MIIEM 3010 HOIUIY apIeHTYyMY, SIKHA YTBOPEHO 3a
MEXaH13MOM XIMIYHOT KOHJICHCAIIIl B HAJJIUIIKY KOXHOTO 13 KOMITOHEHTIB.

AgNO, + NaJ — AgJ | +NaNO,
Ag*+NO,” +Na*+J~ — AgJ L +Na* + NO,
Agt+J” - Agd |

Bianmosinno no mpaBuna dasHca-Ilaneta, Ha TOBEpXHI KPUCTATIYHOI TPATKH
AgBr MoxyTh anacopbysatucs abo ionun Ag' (y Bumaaky Hagmmmky AgNOs), a6o
ionn J~ (y BUNaAKy Haaaumky NaJd).

1. 3anmumemo opmyy mitenu 300 AgJ y Hagmumky AgNO;

[MAgJ nAg" (N—x)NO; T xNO;~

acpecam  IIBI  winonuiiwap I11 oughyznuut wap I11

A0po

yacmuuka abo epauyna

miyena

2. 3anumemo popmyiy mitenu 300 AgJ y Hagumky Nad
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[MAg) nJ~ (n—x)Na"]™"  xNa’
azpezam 11BI winoruti wap I11 ougpysnuui wap 111
A0po

yacmunka abo cpanyia

miyena

CxemaTtnuHO OyJIOBY Li€i MIIIEIH MOKHA HAJATH B HACTYITHOMY BUTJISII:

arperat

S4p0 MiLenu
rpaHyna

LLINBHWA LWap NPOTMIOHIB

OUdY3HUI Wap NpOTUIOHIB

Oyab-sKi aHiOHM @
NPOTK-iOHN @

NMNoLwnHa KOB3aHHS noTeHuianBmaHa4arbHi ioHU @

3aBaaHHA 2:

3anucaty OyAOBY MiLEnu 30510 Opomify IUTIOMOyMY, SIKUH YTBOPEHO 3a
MEXaH13MOM XIMIYHOI KOHACHCAIlli B HAJJIUIIIKY KOKHOTO 13 KOMITOHEHTIB.

Pb(NO;), + 2KJ — PbJ, + 2KNO,

Pb*" +2NO,” +2K* +2J~ — PbJ, ¥ +2K* +2NO,~
Pb® +2J- > PbJ, |

Binnosigno no mpasmia @asinca-Ilanera, Ha MOBEpXHI KPUCTATIYHOI TPaTKU
PbJ, MoxyTh agcopOyBarucst abo ionn Pb* (y Bumagky mammumky Pb(NOs),), a6o
ioan J~ (y Bunaaky Haamuimky KJ).

1. 3ammumemo dhopmyiy mitenu 3050 PbJ, y mammumky Pb(NO3),
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[MPbJ, nPb** 2(n—x)NO; ] 2xNO;

azpezam 1181 winoHutwap 111 ougysnuti wap I11

0po

yacmunka abo epanyna

miyena
2. 3anmmemo Gopmysy Mineau 3050 Pbl, y Hapmamky KJ

[mMPbJ, nJ~ (n—x)Na"]™* xNa’

azpezam 1181 winvrutiwap IT1 oughysnuti wap I11

A0po

yacmunka abo epanyna

miyena

©

R
\ X

.| NnowyMHa KOB3aHHs!

€NeKTPOKIHETUYHUIN abo
.« O3eTa-noteHujian

31 301nbIeHHsAM KoHIeHTparlii I1I, kpyuBa 3MiHM MOTEHIANy 3 BIICTAHHIO TAJa€
KpyTimie. 31 30UIbIIEHHAM KOHUEHTpAIlll €JIeKTPOJITY BeauduHa ( 3MEHIIYEThCH,
JIEC cTuckaerncs:
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x

31 30unbmieHHsaM 3apsay 11l kpuBa 3MiHM TOTEHIiany 3 BIJCTAHHIO MAJa€
kpyriue. 31 30ubmenHsaM 3apsany [ Bennuuna { 3menmyerbed, JIEC ctuckaerbest:

6. OIITUYHI BJACTUBOCTI AUCIIEPCHUX CUCTEM.

[Ipy mamiHHI CBITJIAa HA JAMCIEPCHY CHUCTEMY MOXYTh CIIOCTEpIiraTHCs Taki
SIBUILIA:

* MPOXO/KEHHS CBITJIA Yepe3 CUCTEMY;

* 3aJIOMJICHHSI CBITJIa YaCTUHKaMHU JucnepcHoi ¢a3u (SKIIO 11 YaCTUHKHU €
IPO30PUMHU);

* BiTOOpa)KEHHS CBITJIa YACTUHKAMHU JIUCTIEPCHOI (pa3u (SIKI0 HEMPO30pi);
* PO3CiIOBaHHS CBITJIA;

* abcopOrris (MOTJIMHAHHS) CBITJA JUCIEPCHOI0 (a30l0 3 IMEPETBOPECHHIM
CBITJIOBOI €HEprii Ha TEIJIOBY.
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[lepeBakHU XapakTep SBHIL, II0 CIIOCTEPITAlOTHCS, 3AJEKUTh BiA PO3MIPIB
YaCTHHOK JUCTIEPCHOI (a3u, Bia iX CIIBBIIHOMICHHS 3 JOBXHHOIO XBUJII 1aJ1al040T0
CBITJIA.

AoBXKWHA XBUNI B HAHOMETRI

Papioxsmni

Mikpoxauni

Ennume
cEITNG
—
E-nthad:plunut
F'l H'I'r!ll

I'auua-n FICH.!HHI

Ynorpaduonetosoe / WHdpakpacHoe
n3nyyeHune A3NYHE U3ny4yeHue

650 700
[nuHa BONHBI, HM

bine cBiTHO (I€HHE, COHSYHE CBITJIO) MOJIXpOMATUYHE, JOBXKWHA XBUJII
3MIHIOETRLCS B1 4 10 7 HM.

OmnanecueHilito, 3yMOBJIEHY CBITJIOpO3CitOBaHHsIM, croctepiraB ®apaneit
(1857), a motim Tingans (1869), sikuil BUSBUB YTBOPEHHS KOHYCA, IO CBITUTHCS MPHU
MPOITYCKAaHHI IMyYKa CBITJIa Yepe3 KOJOoimHuid po3unH («koHyc TiHmans»). Skmo Tak
caMO BHUCBITJIIOBATH ICTUHHUN pO34MH a00 IHAUBIAYaJdbHY PIIMHY, TO >KOJHOTO
CBITIHHSI HE CIIOCTEPIra€Thcsl, TaK SIK 1[I CUCTEMH € ONTHYHO MOPOKHIMH. Y pasi
MIKPOTETEPOTeHHUX Ta TPYOOJUCIIEPCHUX CHUCTEM 3aMICTh PIBHOMIPHOTO CBITIHHSA
CIIOCTEPITalOThCSl OKpeMi OJUCKITKH, 3yMOBJCHI BIIJOUTTSIM CBITJA BiJl BEIUKHUX
YaCTHHOK.

TepMiH omajecueHIlisi TOXOAUTh BiA cjoBa opalus — JaTUHCBKOT Ha3BU
MiHEpaJly omal, 110 Ma€ MOJIOYHO-TOJyOyBaTU a00 >KOBTYBATO-O1IHMI KOJIP.
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Teopist cBiTJIOpo3citoBaHHsl (omasnectieHiii) Oyna po3BUHEHA AHTIINCHKUM
db13ukom Peneem.

OCHOBHI MOJIOKEHHS TEOPIi:
* YACTUHKH MatoTh chepuuHy hopmy;
* HE MPOBOJIATH CICKTPUUHUN CTPYM (TOOTO € HEMETAJIEBUMMU );

* KOJIOITHUW PO3YMH € PO3BEJCHUM HACTUIbKH, IO BIJICTaHb MK YaCTHHKaMHU
OLIbIIIE JOBKUHU XBUJII I1aaF0Y0T0 CBITJIA.

PiBHsausa Penes:

2
247N v [ n?F—n}

| =1
0
A n +2n;

ne lp — IHTEeHCHBHICTh PO3CISTHOTO CBITJIA (3arajibHa CHEpris CBITIIA, PO3CISTHOTO
32 OJMHUIII0 Yacy OJMHUIICIO 00’€My, IO MICTUTh V PO3CIIOIOUMUX YaCTHUHOK); lg —
IHTCHCHUBHICTh I1aJIal0Y0r0 CBiTIIa; V — 00’€M OJHI€I YaCTHMHKH, V — YacTKOBa
KOHIICHTpAIlisl, A — JIOBXKWHA XBWJII, Ng - TOKa3HUK 3aJIOMJICHHS CEpPEeIOBHUINA; N; —
MOKA3HUK 3aJIOMJICHHS YaCTOYOK JUCIIEPCHOI (ha3u.
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gidn. a0,
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| | | |
0 200 400 600 800 7. EM

[Ipn mpoxoKeHHI Yyepe3 KOJOIMHUN pO34YMH Iy4yka OUIOoro CBITJIa MEpEeBa)KHO
PO3CIIOIOTbCS  KOPOTKI XBHJII — CHHBOI Ta (PIOJIETOBOI YacTUH cCIHEKTpy. Tomy
0e30apBHUI 301b Y PO3CISTHOMY CBITJII Ma€ OIaKUTHYBaTe 3a0apBiIEHHS, a B CBITI —
YepBOHYBaTe.

brnakuTHuil Komip TIAHEOIHHS TaKoX OOYMOBJIEHHMM pO3CIIOBAaHHSAM CBITJIA
HalApiOHIMMU Kpanenbkamu Boau B atMmocdepi. [lomapanueBuit abo uepBoHUM
KOJIIp MmiaHEOIHHs mpu cxoji abo 3axoai COHIM MOSICHIOETHCS THM, IO BpPaHIl abo
BBEYEPi CIIOCTEPIraeThCsl, TOJOBHUM YUHOM, CBITJIO, IO MPOMUIILIO yepe3 aTMochepy.

3anexHicts lp Big A mace i MpaKTUYHE 3HAYCHHS, HAMpUKIad, CUTHAII3allli.
UYepBoHUil KOJIp OOpaHWN CHUTHAJIOM HeEOE3NMeKH came TOMY, IO BIH BHUAHO Y
TYMaHHY TOTOJly Ha OUTbIIMX BIACTaHSAX, HIK OyAb-SKUW 1HIIMMA, BHACTIIOK Majoro
po3scitoBaHHs. JlaMu CHMHBOTO CBITJIa 3aCTOCOBYIOTH IIJiIsI CBITJIOMAacCKyBaHHS, KOJHU
X0UyTh, 1100 BOHM 3aJUIIUJIMCSA HEMOMIYCHUMH 3 JIITaKiB, OCKUIBKA CHHI IPOMEHI
MIpU TPOXO/KEHH] Yepe3 TOBCTUH IIap MOBITPs, OCOOJMBO SIKIIO B HOMY MICTSATHCS
YACTUHKH MUy a00 TyMaHy, OBHICTIO PO3CIFOIOTHCS.

PiBusiHHst Penest BuBeneHO il He3a0apBIEHUX 30J1iB, TOOTO HE IMOIVIMHAIOTH
cBiTio. OpmHak 0araTo KOJIOITHUX PO3YMHIB MAarOTh IE€BHE 3a0apBJeHHS, TOOTO
MOTJIMHAIOTH CBITJIO Y BIAMOBIIHIN 00JIaCT1 CIIEKTPY - 30J1b 3aBk A ModapOOBaHUM y
KOJIp, TOAATKOBUH 10 OTIIMHEHOTO. Tak, MOTIIMHAIOYN CHHIO YacTHHY criekTpa (435
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— 480 HM), 30J1b BUSIBIISIETHCS AKOBTOIO; MPU MOTJIMHAHHI CHHIOBATO-3€JICHOI YaCTUHU
(490 — 500 M) BiH HaOyBa€ YepBOHOIO 3a0aPBIICHHS.

SIKI10 TPOMEHI BCHOTO BHUIMMOTO CIIEKTpa MPOXOASATh Uepe3 Mpo3ope Tijao adbo
BIIOMBAIOTECS BIJ HEMPO30pOro, TO TIPO30pE TIJIO 3Ha€Thcsi Oe30apBHUM, a
Henpo3ope OimuMm. SIKIMIO TijO0 TOTVIMHAE BHUIIPOMIHIOBAHHS BCHOTO BHUIMMOTO
Jiana3oHy, BOHO 371a€ThCS TEMHUM.

OnTHYHI BJIACTUBOCTI KOJOIJHUX PO3YMHIB, 3JaTHUX A0 IOIJIMHAHHS CBITIA,
MOKHA XapaKTepU3yBaTH 3MIHM IHTEHCHBHOCTI CBITJIa TPH MPOXO/DKEHHI uepe3
cucremy. JlJist IIbOro BUKOPUCTOBYIOTH 3aKOH byrepa-Jlambepra-bepa:

,, =1, exp(—kIC)
ne lp — IHTEHCHBHICTH ITagarodoro cmiTia;, |7 — IHTEHCHUBHICTH CBITHA, IO
poHImoB 4epe3 3011b; K — koedimienT mornmuHanHs; | — ToBmuHa mapy 3om0; C —

KOHLIEHTpALs 30J110.

k1o nponorapupmyBaTi BUpa3, OTPUMAEMO:

M%Q:HC

7

In II—O = 2,3Ig||—0 =2,3D

7 17

Benmnunny D Ha3uBarOTh ONTUYHOIO MIUIBHICTIO PO3UYMHY a00 EKCTHUHKIIIEH.
[Ipu poOOTI 3 MOHOXPOMATHYHHUM CBITJIOM 3aBXIHM BKa3ylOTh, MPU SIKIA JTOBXKHUHI
XBUJI1 Oysa BU3HAUYEHA ONTHUYHA LIIIBHICTb.

Skiio ocnabiieHHs CBITJIAa BIJOYBAEThCA 3a PaXyHOK MOTO PO3CISIHHS, a pO3UMH
JIOCUTh PO3BEJICHUM (YAaCTUHKU OINTUYHO HE B3aEMOJIIOTH 1 HE BiI0YyBaeThCs
0aratopa3zoBOro po3cisiHHs), TO 3akoH byrepa-JlamOepra-bepa 3anucytoTs y Takomy
BHTJISIII:

|, =1,exp(~7l)|

ne 7 - Koe(IIieHT MpOMOpIIHHOCTI, IO XapaKTepus3ye 3MIaTHICTb CHUCTEMU
PO3CIIOBATH CBITJIO - MymHuicms; | — TOBIMHA mIapy.

7. CTIAKICTD TA KOATYJISLISA JIO®OBHUX TUCTIEPCHUX
CUCTEM (30.JIIB)

CTiHKICTh JUCTEPCHOI CUCTEMHU — HE3MIHHICTD Y Yaci il OCHOBHUX MapaMeTpiB:
JUCTIEPCHOCTI Ta PIBHOMIPHOTO PO3MOAUTY YAacTHHOK JUCIEpCcHOi (a3u y
JTUCTIEPCITHOMY CEPETOBHIIII.
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Buau crifikocti (3rigHo 3 [leckoBum)

1. ArperatMBHa - 3JaTHICTh YaCTUHOK JUCHIEPCHOI (a3u YUHUTH OTIp
3JIMMAHHSA 1 TAM CaMUM YTPUMYBaTU IEBHUW CTYIIHb AMCHEPCHOCTI (37aTHICTH
30epiratu po3Mip YaCTUHOK JAUCHEPCHOT a3u, CTIHKICTh O KOATyJIAIIii).

2. CenuMeHTaliiHA - CTIMKICTh MUCIEPCHOI (a3W MO BITHOIICHHIO JO CHJIU
TSOKIHHS (34aTHICTH 30epiraTd piBHOMIPHUN PO3MOJILT YaCTHHOK JTUCTIEPCHOT (ha3u 3a
00CSITOM JTUCTIEPCIMHOTO CePEeOBHIIA).

Yunnuku azpecamusnoi cminkocmi
Enexrpocrarnunuii — HasBHICTh [IEL neXUTh Ha MOBEPXHI YACTOK.

AncopOuiifHo - coIbBATHMH - Oy/Ib-sKa KOJOIAHA YaCTKAa OTOYEHA COJIBBATHOIO
000JIOHKOIO PO3UMHHMKA, [0 MEPEIIKOIKAE 30JIMKEHHIO YaCTUHOK.

EnTpomniiinuii - nparHeHHs YacTMHOK AUCHEPCHOI (a3u 10 pPIBHOMIPHOIO
PO3IOILTY 3a 00CATOM JIUCTIEPCIHHOTO CepeIOBUIIIA.

Koaryasiuiss — npoiiec pyiiHyBaHHsSI KOJIOITHMX CHUCTEM 3a PaxXyHOK 3JIUIIAHHS
YaCTHUHOK, YTBOPEHHSI OUIBIIMX arperariB 13 BTPATOI0 CETUMEHTAIIHHOI CTIMKOCTI Ta
MOAANBIITNM TI0I1IOM (a3s.

Cmaoii koacynayii:

Ilpuxoeana koazynauin — HEO30POEHMM OKOM HE MOJKHA CIIOCTEpiraTtd Oy.ib-
SKUX 30BHIIIHIX 3MiH Y 307I1.

HAena Koazynayia — Tpo KOATYJSIII0 MOXHA CYAMTH HEO30POEHHM OKOM:
MOMYTHIHHSI, BUTIAJIaHHS 0Caly, 3MiHa KOJbOPY.

7.1 KoaryJsiiist 30J1iB eJIeKTPOJIiTAMH

OcHOBHUM (haKTOPOM, 110 BUKIIMKAE KOATYJIALIIIO, € Jisl HA 30J11 €JeKTPOJIITIB.

Ilpasuno IHlynvue-I'apoi: Yci CUJIbHI €JIEKTPOJITH 3a IMEBHOI KOHIICHTpAIlii
MOXXYTh BHUKIMKATH Koaryijsmiro 3oit0. Koarymnsmiro 30558 BHUKIMKAE TOW 10H
CJICKTPOJIITY, 3HAK 3apsay SKOTO MPOTUJICKHHUN 3apsay KOJIOiMHOI YacTku (1ied 10H
CIICKTPONIITY HA3UBAIOTh 10HOM-Koaryisaropom). Koarymorwoua Jisi 10HY CYTTEBO
30UIBIIYETHCS 3 POCTOM MOTO 3apsiy.

KosxeH enekTposiT 1Mo BiAHOMIEHHIO 10 KOJOITHOTO PO3YHHY MAa€ MOpir
KOaryJsiiii (Koaryiaro4oi 31aTHICTIO).

IMopir koaryasiuii (Cxp) — neska MiHIMajdbHAa KOHLIEHTpALisl €IEKTPOIITY,
JIOCTATHSI IJIs1 TOTO, 100 BUKIUKATU KOATYJISIIIO 30JTI0:
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V-C
W '

V 1 C — 00eM Ta KOHLEHTpALS eeKTpoaiTy, W — 00’ €M 30I110.
Ty,

Cy =

[Topir koarymsiii dacTimie 3a Bce OOCPHEHO MPOMOPIIHHWKN 3apsay ioHa-
KOaryJsiTopa B MIOCTiH CTyITEeHI (3aKOH IIIOCTOTO CTyIeHs JlepsriHa):
const
Ck=—%—
yA

TakuM YMHOM, TOPOTH KOAryJISIii CIIIBBIIHOCATHCS:

1 (1) (1Y
CKil:CK,Z:Cm:(ij :(EJ (5} =1:0,0156:0,00137=729:11:1

Koarynioroua 34aTHICTh 10HIB €JIEKTPOIITIB CIIBBIIHOCHTHCS:

(11
10,0156 0,00137

Koarymoroua 3aatHicts enexrpoiity (P) - Benmnumna, obepHeHa 110 mopora
KOAryJIsiIii:

P P, P, =1:64:729

P=1/C,

Koarynroroua 31aTHICTh 301BITYETHCS C POCTOM 3apsiay 10HY:

Na* <Ca*" < AI*" <Th*

Koaryntoroua 31aTHICTH 10HIB OJHIET 1 Ti€l X BaJlGHTHOCTI 3pocTae 31
30UTBIIIEHHSIM PaJIlyCy 10Ha-KOaryisitopa (JIIOTPOITHI PSIAM):

Li"<Na"<K"<Rb"<Cs"

EnexkrpoJsiitHa  koaryasinias  0yeae  KOHUEHMpPAUIUHOW  ma
HelmpanizayiiiHolo.

Konuenmpauitnina koazynauisa xapakrepHa Jjisi CUJIBHO 3apsiDKCHUX 30J1iB
(po > 100 MB) npu nonaBanH1 iHANGEPESHTHOTO €IEKTPOIIITY.

[naudepentri enekrpomitu ctuckaioTh Audy3Hy dactuny [EILL, 3umkyoTs g,
aJie He 3MIHIOIOTh (.

Inougepenmnuti  enexmponim - €IEKTPONIT, 10HU SKOTO HE MOXYTh
00y IOBYBaTH KPUCTAIUHY IPATKy arperary.
[MPUKJIA 1:
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AGNO; + KJ |, .y = AgJ ¥ +KNO,

mAgd -nd - (n—x)K* | xK*

1. omamo B cuctemy inaudepentauii enekrpomit (KNOs), oauH 3 i0HIB SKOTO
onnakoBuii 3 III TIEHI. Konnentparis ioHiB K+ 306iaemyBatumetses, JIEC
CTHCKAETHCH.

Cy < C, < Cj (g =const) = &, > &, >

P
Py

A

G

-

.

TIPUKJIATT 2
2. ogamo 10 300 Ca(NO3),.

[Tpouec ctucuenns IIEIL cynpoBomxyBatumerbcst oOminom ioniB y ITIEII:
o6min ionie K Ha ionn Ca®. IlpuiimMaroun 10 yBar, mio C..=C.Ta Z 2 >2,.,

IIEII 6yne cTuckaTucs CuIbHilIe, Hix y Bumaaky ionis K', { 3MeHIIyIOTbCS
CHJIBHIIIE.

TTopir KoaryIsii B bOMy BHITA/Ky 3MEHIIHTHCA B 2°=64 pasi.

H eiimpwzisauiiiua Koazyﬂ}mi}l XapaKkTepHa I CJIa00 3apsIKEHUX
30711B (<25 MB) nipu f0/1aBaHH1 HeiHOUpepeHmHo2o enekmpoinmy.

Heiougpepenmnuti enexmponim — en1eKTPOJIT, 10HU SIKOTO 3/aTHI 100y10BYBaTH
KPUCTAIIYHY PEIIITKY JUCIIEPCHOI (pa3u, 3MIHIOIOUHN (.

HeinaudepeHTHI eIeKTPOIITH YaCTKOBO HEUTPATI3YIOTh (g, 110 TPU3BOJIUTH JI0
3MEHIIEHHS HE TUIbKHU 1 (g, aJie 1 3MEHIIIEHHS (g, a Takok 10 ctucHeHHs [1EILLLL
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VY pasi HeiTpamizamiiiHOi Koarynsiii 3HaYeHHS MOpOTra Koaryisiii 0OepHEHO
MPOTOPIIIHO 3apsiAy 10Ha-KOaryJasaropa B Ipyromy CTymneHi. Y pasi mopir KoaryJssiii
3aJIC)KUTh BiJl BETMUMHU JIEKTPOKMHETUYHOTO MTOTCHITIATY.

[TPUKJIAJ 1:
AGNO, +KJ, ..., = AgJ ¥ +KNO,

ImAgd -nd—- (n—x)K* ] xK*

Jlomamo eneKkTpoJiT, 10 MICTUTh 10H, 3JaTHUN JOOYIOBYBAaTH KPHUCTATIIUYHY
peuniTky TBepoi pa3u (ogHoimenHuii 3 [1BI) B manomy Bunaaky gogamo KJ.

B npomy Bumnaaky:

a) Monin — ion J~ 106yn0ByBaTHME KPUCTATiUHY PEIIiTKY arperary, THM CaMHM
30UTBIIYIOUH Qg (KpUBa 2).

0) lon xamito K+ 30unbmryBatumMe KoHueHntpauito III, TuM camum cTHCKarouu
[TEII (xpuBa 3).

A

‘;D”z,s
17
P T
I
AN
A

2 g 1

o IR G -
G g
' 4

= L

Komu konuentpauis KJ neBenmka, Oyae BinOyBatuca noOynosa [IEII, mpu
1IbOMY Oy/1e 301IbIIyBaTHCS 3HAYCHHS Qg ( Qo2 >@o1 1 { > (1 ) — kpuBi 11 2.

[Ticns 3aBepmenns noOynoBu IIEI (xonuentpamiss KJ Benuka), BBemeHuit
€JIEKTPOJIIT TMOBOAUTUMETHCS fAK 1HAU(epeHTHu#, To0TO. ctuckaru I[IEHI (60
kinpkicTs II — ionis K 36i1b11yBaTuMeThC).

Y uboMy: @o2 = Po31 (3 < (.
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TakuM YuHOM, TpU BBEACHHI B CHUCTEMYy Jenajil OUIbIIUX KIUIbKOCTEH
HEIHAU(PEPEHTHOTO EJIEKTPOIITy, J3€Ta-MOTEHIlad CIOoYaTKy 3pOCTa€, a IOTIM
3MEHIIYETHCS MpoXoAsun depe3 MakcuMmyM ({; <(>03).

TIPUKJIAT 2.

Brenenns HelHaAu(PEpEeHTHOTO €IEeKTPOJIITY, IO MICTUTDH 10H, 3HAK 3apsTy SIKOTO
NpoTUIEKHUH 3a 3HakoM [IBI kosoigHo1 yacTkwu.

_ X
mAgd -nd - (n—x)K* [ xK*
V 301p Homuay cpidna, 3 [IBI — J” Ta 3 I1I — K (xpuBa 1) 1o1amMo HaUTHIIOK
Tonu cpibna Ag’ 3naTHi 10OyI0BYBaTH KpHCTAJIiuHi IpaTH TBEP/OT (asH.

[Ipu npoMy BIIZOYBaTUMEThCS HEUTpasi3allisi TMOBEPXHEBOrO 3apsAly Ta
YTBOPEHHSI I0JaTKOBO1 KUJIbKOCTI aucrepcHoi da3u Agl (3a paxyHOk B3aemoii J 3
Ag).

VY upomMy BUNIAAKY TEPMOAMHAMIYHHI MOTEHIIIA)I TOBEPXHI 3MEHITYBATUMETHCS

Qg2 < -@o1 Ta - < 3 (kpuBa 2).

- A

"

[Ipu mopanwiomy 301nbineHH] KoHIeHTpalli AgNO3 BiIOyBaTUMEThCS MOBHA
nepedynoBa minenu: [1BI — Ag+, IIT — NO3 , xonoigHa yacTka Oyjae 3apsKeHa
MO3UTUBHO (KpuBa 3):
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[mAgJ nAg " (n—x)NO; ]X+ xNO;

VY 11pbOMy BHUIAJKy €IEKTPUYHHUNA Ta A3€Ta-TIOTEHI[iad 3MIHIOIOTh CBOI 3HAKH 3
HEraTHUBHOTO -, Ta -, HA TO3UTUBHI +Qo3 Ta +(3 (kpuBa 3).

. see + .
[Tomanpiie 30i7bIIEHHS KOHIEHTpallii Ag NPU3BOAUTH M0 30UTBIICHHS
MO3UTHUBHUX 3HAYCHb EJIEKTPUYHOTO Ta J3€Ta-TIOTEHINAMIB: +@os >tz Ta +(>+(3
(xpuBa 4).

Ilicns 3aBepiieHHs J00YyJOBU IIOBEpXHI Ag', HITpaT-iOH MOBOJAUTBCS SK
iHandepenTHU enekTpomiT, cruckatoun [TEHI (kpusa 5).

VY ubomy: +@os=t+@gs 1 +s<+(4. BinObyBaethcs ctuckanus [1EILL 31 3meHIneHHIM
€JIEKTPOKIHETUYHOTO MOTEHI1ay C.

Takum uunom, 0oo0aeamna 00 30110 enekmponaimie (iHougepenmnux ma
HeiHOugepenHmuux) npueooe 00 CHMUCKAHHA NOOGIHUHO20 eJNeKMPUYHO20 Wwapy
(IIEILLID), w0 6uKkiuxkae 3mMeHUeHHA 6eIUYUHU e/IeKMPOKIHEMUUH020 NOMEeHUiany
¢ (8 desakux eunaokax nepeoyoosy IIEIII, ma nepe3zapsaoky nosepxni). I]e nopyuwiye
daxkmop acpezamuenoi cmiiikocmi 30110 ma NPUEOOUMb 00 U020 PYUHYBAHHA
(Koazynauii).

7.2 llIBuaKicTh KOATYASIIIIT

[IBuaKicT, Koarymsmii - Ie 3MiHa KOHIEHTpAIlll KOJIOiMHUX YaCTUHOK B
OJIMHULIIO Yacy MPHU MOCTIHHOMY 00’ €M1 CUCTEMH.

b - dv
== —
dt )’
JIe V — KOHLIEHTpallisl YaCTUHOK; T - yac.
Cryninp Koarymsuii o:
azz@
Z '

ne Z — 3arajbHa KUIBKICTh 31TKHEHb YAaCTUHOK B OJUHHUIIO 4aCy; Zgy - YUCIIO
e(heKTUBHUX 3ITKHEHb (TOOTO 31TKHEHb, 1[0 MPU3BOJATH JO KOATYJIAIIl) B OAUHUIIIO
qacy.

Axkmo o = 0, xoaryssiis He BIAOYBAEThCSA, KOJOIAHUN PO3UMH arperaTuBHO
CTIHKHIA.

Sxmo o = 1 BigOyBaeThCsl IIBHUIKA KOATYJSIIis, TOOTO. KOXHE 3ITKHEHHS
YACTUHOK MPU3BOJIUTH JIO 1X 37TUIAHHS.
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Axmo 0<a<l, cmocTepiraeTbcs MOBUIbHA KOATYJAIMis, TOOTO. TIIBKH JEsKi
3ITKHEHHS YaCTUHOK MPHU3BOAATH JIO 1X 3JTMITAHHS.

Uk

CK CLLlK CEJ‘I
O6mnacts I: v, =0, o =0 - 3011 arperaTUBHO CTIMKUH.
Ob6macte Il: v, >0, O0<a<1. IloTeHuiiinuii Oap'ep Koarymsauii OUIBIINNA, aie

HOT0 MOXHA TOPIBHATH 3 KIHETHYHOIO €HEPri€l0 KOJOiITHUX YAaCTHHOK, IPUUOMY 31
30UTBIIICHHSIM ~ KOHIIGHTpAIlli  €JEKTPOJITY- KOAaryJsiHTy BiH 3MEHIIYEThCS, a
MIBUIKICTh Koaryisiii 3poctae. Cyx — mopir moBuIbHOT koarydssiii, Cyyx — mopir
IBUJIKOT KoaryJssiii. Ha 1iif aisHi Big0yBa€eThCs MOBLIbHA KOATYJIALIA.

O6nacte Ill: v, > max, ¢ —>1. KoxHe 31TKHEHHS NPU3BOAUTL A0 3JIMMAHHS
YACTUHOK - HJI€ NBUAKA KOATYJISLis.

7.3 Teopiss mBuUaAKOI Koaryasuii CmoyxoBcbkoro (1916 p.)

OHOBHI MOJIOKEHHS TEOPIi:

1. Cuctema € MOHOAMCIIEPCHOIO 3 PaJlyCOM YaCTHUHOK .
.. Zar])
2. Yci 31TKHEHHS € e(DEeKTUBHUMHU ~ =1.

3. Po3risinaroThest Jiniie 31ITKHEHHS TEPBUHHUX YaCTHHOK.

4. KineTuka koaryJsiiii noaioHa 10 KIHETUKH OMMOJICKYJISIPHOT peaKilii:
dv

=k -v? ’

dt

ne k - KoncranTa mBHIKOCTI IIBUIKOT KOATYJISIIIT.

[IpoinTerpyemMo 11 piBHSHHS, PO3ILIMBIIM 3MIHHI:
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L :kt;vT:—V0
V.V, 1+v, -kt

T

JI€ Vo - KOHIEHTPAIlisl YaCTMHOK 30JII0 B OYATKOBUI MOMEHT 4acy;
Vi — KOHIICHTpAIlisl YaCTUHOK 30JII0 HA MOMEHT Yacy t.

JInist XapaKTepUCTUKH MIBUAKOI KOATryJslii BUKOPUCTOBYETHCS Yac MOJOBUHHOI
Koarymsimii ®@ — me d4ac, 4epe3 SKUM KOHLEHTpalisd KOJOiJHUX YacCTHHOK
3MEHIIY€THCS BIBIYI:

01
K-v,

TakuM YMHOM MO’KHA 3aMMCAaTH OCHOBHE PIBHSHHS T€OPIl IMBUAKOT KOATYJISIII:

ﬁzl—i‘i
1% ®

Vo/V

a/b=1/@
®=b/a

BiamosimHo 10 Teopii MBUIAKOT KOAryJsilii, KOHCTaHTa KOATYJIAIli 3aJI€KUTh Bij
koedimierTa nudy3ii 1 Moxke OyTu oOUrcIeHa 3a PIBHAHHIM

k =167Dr
k1o micTaBUTH Ha 11€ PIBHSIHHS BEIMUUHY KoedimieHnTa qudy3ii, OTpIMaEMO:
8RT
k=——
3N A7
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Taxkum yuHOM, 3HAIOYM B'SI3KICThH JUCIIEPCIMHOTO CEPEIOBUINA Ta TEMIIEPATypYy,
MOXHA OOYHMCIMTH KOHCTAaHTy IIBUAKOCTI MBHUAKOI Kkoaryismii. Teopis
CMOJTyXOBCBKOTO HEOJIHOPA30BO TIepeBipsiiacs EKCIEPUMEHTAIbHO Ta OTpHUMalia
OJIMCKyYe TiATBEPKCHHS, He3BaXKaloun Ha 3p00JICHI aBTOPOM TPHUITYIIICHHS.

7.4 @akTOopH CTIHKOCTI KOJIOIIHUX CHCTEM

Bigomi m'ate pakTopiB CTIHKOCTI, cepejl AKX JBa MEpIi BAIIPalOTh TOJIOBHY
pOJIb.

Enekmpocmamuunuii pakmop cmiiitkocmi.

Bin o6ymoBnenuii HasiBHicTIO JIEC Ta (— moTeHIiainy Ha MOBEPXHI YaCTHHOK
JUCIIEPCHOI (pa3u.

Aocopouitino - conveamnuuii hakmop cmiikocmi.

Bin oOyMOBJIE€HMII 3HMKEHHAM IMOBEPXHEBOIO HATATY BHACIIJOK B3a€MOJIL
JUCIIEPCIMHOTO cepefoBUIlla 3 4YacTKOK aucnepcHoi ¢asu. lleit dakrop Bimirpae
MOMITHY POJib, KOJIH SIK CTa01113aTOpU BUKOPUCTOBYIOThCS KooiaH1 [TAP.

CmpyKkmypHo — MexaHiYHUIl YUHHUK CIIUKOCHL.

Bin oO0yMmoBneHudl THM, IO Ha TMOBEPXHI YAaCTUHOK JUCHEPCHOI ¢da3u
YTBOPIOIOTHCA TUTIBKM, IO BOJIOJIIOTH TMPYXKHICTIO Ta MEXaHIYHOK MIIHICTIO,
pyWHYBaHHS SKUX MOTpeOye wacy Ta BuTpaTu eHeprii. Lleit ¢akTop crilikocTi
peani3yeTbCsi y THUX BHIMAAKaX, KOJU K CTaOUII3aTOPH BHUKOPUCTOBYIOTHCS
BUCOKOMOJIEKYJIspHI crionyku (BMC).

Enmponiiinuii pakmop cmiitkocmi.

Koarynsuisi mpu3BoAUTh A0 3MEHIIEHHS KUJIBKOCTI YaCTUHOK y CHUCTEMI, OTXKE,
10 3MeHIeHHsd eHTporii (AS<0), a e npu3BOAUTH 10 30LIBIIEHHS BUIBHOI €Heprii
cucremu G>0. Tomy cucTemMa MUMOBOJI MparHe BIAIITOBXHYTH YAaCTKU OJHA Bij
ONHOI 1 pIBHOMIPHO (XAOTHYHO) PO3MOAIMTH 3a o0csaroM cucrtemu. Ilum
OoOyMOBJIEHHI eHTpomiiHuM (¢dakTop cTiiikocTi. OAHAK YHCIO YAaCTHUHOK Yy
KOJIOITHOMY pPO3YHMHI TOPIBHSHO 3 ICTUHHMM PO3YMHOM Takoi > MacoBOi
KOHIIEHTpaIlii Habarato MEHIIE, TOMYy POJb EHTpomiiiHOrO (pakTopa HeBenuka. Ale
SKIIO YaCTHUHKU CTa011130BaHI PEYOBHMHAMM, IO MAlOTh JOBT1 THYYKI JIAHITFOTH
(BMC) 1 Tomy maroTh Oarato KoH(pOpMAIlii, TO TPH 30JMKEHHI TAKUX YaCTUHOK iX
3aXHUCHI IIapy BCTYIalOTh y B3aeMoito. Lle B3aeMonist 000B'sI3K0BO MPU3BOIUTH A0
3MEHIIICHHS KUTBKOCTI MOXKJIMBUX KOH(OpMaIliid, 0TKe — 3MEHIIIeHHs eHTpotii. Tomy
CHCTEMa TparHe BiIIITOBXHYTH YaCTKH OJTHA BiJl OJTHOI.

T'iopoounamiunuit haxmop cmiinkocmi.

HNomy cropusie 301IbIIEHHS TYCTHHU Ta JUHAMIYHOI B'S3KOCTI JUCIIEPCIMHOTO
CepeIOBHIIIA.

VY peanpHUX cHCTeMax JilOTh 3a3BUYail Kiabka (pakTopiB cTiiikocTi. KoxxHoMy
dakTopy Bianosijae crnenudiuHuii crmocid Horo HeWTtpamizamii. Ile yckmamgHioe
CTBOpEHHS 3arajibHoOi Teopii cTiikocTi. [Ioku 110 iICHYIOTH JIUIIEe IPUBATHI TEOPIi.
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8. JIOPIJIbBHI JUCHEPCHI CUCTEMLI.

8.1 Kosoinni ITAP. 3aranbHa xapakrepucTuKa JioQiJIbHUX KOJOIAHUX CHCTEM

[TpwuiiasTo BBaXKaTH, 110 ILTKOM TEPMOIMHAMIYHO CTIHKUMU
KOJIOITHOTUCTICEPCHUMHU CHUCTEMaMHU € JIMIIEe MileJspHi po3unHu KonoigHux I[TAP i
MIKpPOEMYJIbCii, MO € X pPI3HOBHJIOM, a TaKOX MOJEKyisipHi po3unau BMC y
M IXOIANINX PO3UYMHHUKAX.

Pozunan BMC y miaxondmmx po3YMHHUKAX HA3MBAIOTh MOJEKYJIAPHUMU
konoigamu. Ha BinIMiHY BiA «ICTUHHO KOJOIZHUX» III CHCTEMHU € ICTUHHUMHU
MOJICKYJIIPHUMH ~ pO3YMHAMHU, OAHO(A3HUMU, TEPMOJAMHAMIYHO CTIHKUMH |
o0opoTHUMHU. Pa3oM 3 TUM, BOJHI pPO3UYMHH JeAKHX OlomoJsiiMepiB (OUIKIB,
nomnentunais, JJHK, PHK) He MaioTh y moBHii Mipi TEpMOAMHAMIYHOI CTIMKOCTI.
Benuuesni po3mipu Makpomosekynu (MmonekyisipHa Maca BMC cknanae 3BHuaiiHO
Bil ~104 no ~106) 3yMOBIIOIOTH CXOXICTh IIJIOTO PSAIY BIACTUBOCTEH TaKHX
MOJIEKYJI B PO3YHMHAX 3 BIACTUBOCTSIMHU YaCTHHOK TUCIIEPCHOT (a3u.

ajl o/

Yactunku aucnepcHoi giodpinsHux [C: a) kimydbok BMC B po3uui; 0) minena
konoigaux ITAP y Bomi

JliodpineH1 mucnepcii konoinaux [TAP yTBOpIOIOTH y pO3uMHAx arperatu, SiKi
Ha3MBaIOTh TAKOXX KJacTepaMH, POsIMU, aHCAaMOJISIMH, acoIliaTaMH, a YacTillle 3a BCe
MILIeJIaMH, IO CKJIAJaloThCsl 3 JECATKIB, COTEHb a00 HaBIThb THCSY MOHOMEPHUX
MoJieKyJl (10HIB). BHacaiIOK 34aTHOCTI YTBOPIOBATH AacolliaTH Takl PEYOBUHU
Ha3uBaroThcs «acoiatuBH1l [IAPy», a0o «camoacoritoroui [TAP».

3aBIsSKH CBOIM CHJIBHO BHUP@XEHHM MHUIOUMM BiacTuBocTsM 11 [IAP
HA3MBAIOTHCS TAKOXK «JIeTepreHTaMu». BoHM He TUIbKM aicopOyIOThCS Ha PI3HUX
MOBEPXHAX, 3HIXKYIOUM, 30KpeMa, 3HaueHHs o BoAaHuX po3uuHiB 3 /0 go 30-40
MI[)I(/M2 (ToMy X 1HO/I HA3WBAIOTh TEH3WJAMH, BIJ[ aHTJIIMCHKOTO tension — HATAT),
ajle 1 CaMOYMHHO YTBOPIOIOTH y BOJ1 JUCIEPCHI CUCTEMU — MILENSIPHI PO3YMHH.
[IpuyoMy BinOyBa€eThCs 1€ HE NpPH OYyIb-IKUX KOHUEHTpalisx (TOMy paHime ix
Ha3UBAJIM «HAIIBKOJOiIaMU», a00 K «CEMIKOJIOilaMHu»), a TUIBKU IO JOCSITHEHHI
JeSKOi TMOPOroBOi KOHIEHTpAIllli, SIKy Ha3BaJd KPUTUYHOI KOHIIEHTPALIEIO
minenoyrBoperas (KKM; anrmidicekoro: critical micelle concentration, CMC).
3Buuaiino 3HaueHHs KKM nocute mane, 1 Bxe npu koHnentpamisx 0,01 — 0,001
MOJIB/JI, 4YaCTO HaBITh MPU KIMHATHINA TeMIlepatypl, y BOJHUX PO3UMHAX BUHUKAIOTh
arperaru.
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Minemu komoigaux IIAP yTBOPIOIOTH TEPMOJMHAMIYHO CTIMKHMA KOJIOiTHMIM
posuuH. [IpuuomMy SIBHIIY MIIEJIOYTBOPEHHS Y BOJHHMX pO3uMHaX KoJyoinHux ITAP
BJIACTUBl CaMOYMHHICTh 1 000poTHICTh. Hampuxmnax, wminenu kosoigHux ITIAP
CaMOYMHHO BHUHHUKaOTh Tpu nocsarHeHHI KKM, posnagarotbcss mpu po30aBieHHI
minemspaoro posunHy g0 C(ITAP) < KKM, i 3HOBY YTBOPIOIOTHCS TIpH

BUIIAPOBYBaHH1 PO3UYMHHHUKA 3 PO30aBIEHOTO PO3UUHY.

[IAP 3 HemoCTaTHbO NOBIMM BYIJIEBOAHEBHM DPAJUKAIOM HE YTBOPIOKOTH Y
BOJTHOMY pO34MHI Miled, 1 Tomy 10 konoinuux ITAP ue BimHocsthes. Taki [TAPu
HA3MBAIOTHCS ICTHHO PO3YMHHUMH.

Jokazom ytBOpeHHs Minen IIAP € BuruH abo 371aM Ha 3aJeKHOCTSIX
“BIAcCTUBICTh — KOHIIEHTpalisa” . Sk Taki BJIACTUBOCTI PO3YMHY MOXKYTh OYyTH
BUKOPUCTaHI MHUTOMAa 1 MOJSIpHA EJEKTPUYHI MPOBITHOCTI, MOBEPXHEBHUM HATSIT,
MYTHICTb, MOKA3HUK 3aJOMJICHHS ¥ iHII (IuB.puc.). HasBHICTh BUTHMHY 4M 3J1aMy
MOKHA TOSICHUTH TakuMm 4YuHOM. [Ipu nocsrnenni KKM BBeneHHS HOBUX MOPIIiid
[TAP numie 30inblye KUIBKICTH MIlEN, KOHIIGHTpALlisl )X MOHOMEpa 3ajUIIA€ThCs
He3MiHHOO. ToMy, HampuiKiaa, BHECOK HOBHX TMopiiil ioHoreHHoi [IAP B
CJICKTPUYHY TMPOBIMHICTh cTae iHmmMM, HDK a0 KKM, mnoBepxHeBuii HATAT HE
3MIHIOTbCS (MOHOIIAp Ha MEXI MOAUTy BOJa — TMOBITPS BXKE 3alOBHEHUN),
KaJIaMYyTHICTh K€, He3HauHa 10 jocsrHeHHs KKM, mnouuHae, HaBmaku, pi3Ko
3pOCTAaTH.

Obnacme KKM
pr

Bracmusicme

S~

Konyenmpayia

3anexkHicTh BiIacTUBOCTeW po3uuHiB [IAP Big koHmentpamii: A — MoJspHa
CJICKTpUYHA MPOBIIHICTh; N — IMOKA3HUK 3aJIOMJICHHS CBITJIa; T — MYTHICTh;, T —
OCMOTHYHHU TUCK; G — IIOBEPXHEBUI HATAT.

KKM - wne MiHIManbHa KOHUEHTpAIlisl PO3YMHEHOI IOBEPXHEBO-aKTHUBHOI
PEYOBUHM, MPH K1 MOKHA EKCIIEPUMEHTAJILHO BUSBUTH KOJIOIIHOIUCTIEPCHY (azy.
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3rigHo 3 BusHaueHHsM, npuitHaTUM [UPAC, KKM — ne mopiBHSHO BY3bKUI
IHTEpBaJl KOHILIEHTpALlii, KU BKa3ye MEXY, HWKYE 3a Ky MILEIU NPAKTUYHO HE
BUSIBIIIIOTHCS, @ BUILE 3a AKYy pakTU4HO Bcs IIAP, 1110 101a€ThCs, YyTBOPIOE MILIETH.

Ocob6muBo mnomwupene mns BuzHaueHHs KKM BuKoOpHCTaHHS BHMIpIOBaHb
MOBEPXHEBOT'O HATATY:

I i

lg KKM lge

Ha mouartkoBiil craii MilleIo0yTBOpEHHs, pu KoHIeHTpaliax noodmuzy KKM,
MILIETTM 3BUYaiHO CPEepUyHl 1 KOJIOiIHA CHCTEMa MPAKTUYHO MOHoaucnepcHa. [lpu
O1IbIII BUCOKMX KOHIIeHTpallisix [IAP MoxinBe 3pocTaHHs Millel 1 3MiHa X pOopMHu.

Kinbkicte MoHomepiB [IAP, 3B’s3aHux B acolfiaT, HAa3UBAETHCA YUCIAOM
azpezayii (Narp).

PywiiiiHoI0 CHJI010 YTBOPEHHS HaIMOJEKYISIpHUX CTPYKTYp (acomiatiB [IAP) e
IIparHeHHsi BOAM No30yTucs riapodoOHi B3aemosii. BuHukatoua npu 1ipoMy Milesna
SBJISIE COOOK0 «KpaIuii0 Macia» (BYIJIEBOJHEBI paJiiKajiv), OTOYEHY T1ApaTOBAHOIO
000JIOHKOIO 3 T1IPO(IIBHUX TPYIL.
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3pavenas KKM peaxnx ITAP y soai

[TAP DopMyma EEM. t,°C
MOTE- M~
H-TpHISKAHOAT KATH C,H,;COOE™ 0.0125 25
H-TpHISKAHOAT HATPIHO C1:HsCOO™Na™ 0.0117 40
- onenuIcy Ie(aT EaTpi C),Hy5s080 3 Na™ 0.0083 25
H-Togenunacyasdar Kamimo C,Hs0S07K” 0.008 50
H-TogenHacyasdar miTio C1:H:0S0 7 Li" 0.009 25
H-JlogemaIcyAB(AT Margio (C13H1;080 ;)ngl- 0.00125 30
H-JlogemaIcYIRQOEAT HATPIL C1:H:SO; Na™ 0.009 20
n-H-Hopenundenson- C1:Has—(CsHs)-S0 7 Na~| 0.0012 60
CyABGOHAT HATpim T .
H-JlogenHIaMOHIA XTOpHT CpHysNHI CI 0,014 30
K- oDenHITPHME THIAMOHIA C;,H:N(CH;) ;r Cr 0.016 30
XT0pHT o
H-JlogeMHATPHMETHIAMOHIH C12HsN(CH3) F Br 0.0144 25
BpoMin o ?
H-JlogemHATpHO Y THIAMOHIH C1:HasN(C4Ho) § Br- 0.00438 25
bpomiz o '
H-JlogemHATPHMETHIAMOHIH C1,HsN(CH;) ;r 0.00003 |25
JOIeIHI-CYAbdaT o —
N ¢| C]_ ]H] 5DEIG
#-JlooenEIIIpHIHEALA XI0pHT CyzHys f+ ‘\} T 0.016 25
25—,
H-Honennnnipaauuii dpomin C12HysNCsHIBr 0,014 25
H-Tonennnnipaapuif Hoqum CraHysNCSHIT 0.0045 30
H-JogenHI-f-aTaHaT KA CHys-NH-C,Hs— 0.0026 35
COOK™
{{EpHIL‘-E 35w CuH]jD{CH]CH]OJ];H ﬂﬂﬂﬂﬂ'ﬁz 25
H-Togemandocdat HaTpito C,,H,s0PO i— (Na'), 0.057 25
Hu-#-ToaeMEITHMETHIAMOHIH (C1aHashN(CH3)ECI 0.00018 |25
XIOpHT - T
Peakitis omusneHHs KUPIB:
H,C-0—=(CO)-R H,C-OH
HC—0-(CO)-R + 3NaOH ——  HC-OH + 3 R-COO Na*
H,C—0—(CO)—-R H,C—OH

[TapadinoBi abo onedinoBi 3amumkd R wmictaTe 3BudaitHo Big 10 mo 20
ByTJIeIIeBUX aToMiB. J[JIs1 ofiepkaHHS MHJIa MOXKHA BUKOPHCTATH TAKOXK TEXHIYHUN
cTeapuH — cyMiml nanbMiTHHOBOI H-Ci5H3COOH 1 creapunoBoi H-C;7H3sCOOH
KHCIIOT, SIKI OTPUMYIOTh 3 KOKOCOBHUX T'OPIXiB 1 MaJbMOBUX 3€PEH.

Oneat Hatpito CH3(CH,);CH=CH(CH,),COO™ Na*
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a) mpu koHueHTparusx ITAB, memuoro npesbimarommx KKM, o6pasyrorcs
cepuueckre MHUICIUIBI — MHUIECIIBI XapTid, B) YBEJIHMYCHHE KOHICHTPAIMU
MPUBOJUT K MOSIBICHUIO 00Jiee CIOKHBIX MUIMHAPHYECKUX (Mureibl Jlebas) u 0)
IJIACTUHYATHIX MUIEIUT — Muniesul Mak-bena; 1) “Be3ukyna”, CTpyKTypa, BCEpeauHi
K01 30epiraeTbcs BoJA.

8.2 Couro0iaizanis

Cono0itizaniel0 Ha3MBAETHCS SBUINE POIYMHEHHS pedoBUH y Miremax [TAP.
PedoBuHa, 1110 PO3YMHSAETHCS B MIII€NIaX - COJIKO0ITI3AT.

VY 3anexHOCTI Bil TPUPOAM COJIIOOUTIZATIB PEANI3yIOThCS PIi3HI  CIIOCOOH
pO3TallyBaHHs iX BcepeauHi Mirend. AmidaTHdai CoMoOUTI3aTH PO3TAIOBYIOTHCS
BCEepeAuH] “‘MaciiiHOI Kparuti”, B 00JacTl BYIVIEBOJHEBUX ‘“XBOCTIB”, apOMaTH4YHI —
SK BCEPEJIMHI MIIEN, TaK 1 MOOJIN3y TOBEPXHI.

Crioci0 BKIIFOUEHHS PEYOBHH Y MILIENy 3aJICKUTh BiJl MPUPOJIU COIIOOLTIZATY:
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Conro6imizaliis MHUPOKO 3aCTOCOBYEThCs y dapmartii. s 1iei metn oco0auBo
3pyuHi HeioHoTeHH1 [TAP, Garato 3 skux IUJIKOM Oe3NeuHi 1y opraHizmy. Bonu
BUKOPHUCTOBYIOTBCSl ISl cONMrOOLUTi3anii BiTaMiHIB, Macen, 0apOiTypariB, acmipuHy,
10 JTO3BOJISIE CTBOPUTH Pi3HI (hOpMU IUX 1 OaraThOX 1HIIMX JIIKYBaJIbHUX ITPEeNaparis,
K1 700pe 3aCBOIOIOTHCS opraHizMoM. Y Mminenax takux [IAP pi3Hi comobimizaTy, B
MIpY CBO€i TiApoPoOHOCTI, 3aliMarOTh Micle a00 BHUKIIOYHO B TiIpo(oOHOMY
BYIJIEBOJHEBOMY sifipl, ab00 B TiApOQUIbHIA OKCHUETHJICHOBIM 4YacTuHI, abo B
IPOMIXKHIM 00acTi.

Jlimocomu - "TpaHcnopTHI 3acoOU" NIl TOCTaBKH JIIKYBaJbHUX areHTIB y KUBY
TKaHUHY. JIIMOCOMM BUKOHYIOTH POJIb CXOBHIIA, 3 SIKOTO IMpenapaTr BUBUIbHAETHCS
MOCTYIIOBO, B MOTPIOHUX J03aX. JIIMOCOMU CKJIaat0ThCs 3 MPUPOJHUX JIMIAIB, TOMY
HETOKCHYHI Ta 010/IeTpajoBaHi.

n'»‘»‘ \““ <

Nunnasnd OHCIOH

Boamoe aapo

JeficTEYIOMEee BEMECTEBO

TepMmin “mimia” o3Hayae MPUHAJICKHICTH JO JKHPIB a00 >KHUPOPO3YMHHICTD.
3BUYaitHO mij JTimigaMu MaroThcs Ha yBasil [IAP minBumenoi rigpodoOHoCTi, 3 SIKUX,
30KpeMa, o0y 0BaH1 PUPOAHI KIITUHHI TPAaHUILl — MEMOpPaHH.

TunoBuM mnpukiIagoM € TOXigHI Tainepuny — docdomimian  TUIY
dbochatuamixoniHiB (JEMUTUHIB), HATIPUKIIAJ, JUcTeapuadochaTHaANIXOTiH.
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Hiankindocharuanixoiidu € 1BitepreHTHUMHE [TAP 3 n1BOoMa ByTJIeBOTHEBUMH
xBocTamu. Bigoma Oe3niu npupoanux ¢ocdoninigiB, BUILIEHUX 3 6ioMeMmOpaH. Y
BoJ1 ¢ochominiau CaMOYMHHO aCOLIOI0Th, IMPUUYOMY dYepe3 HasBHICTh JBOX
ByIJIeBOAHEBUX JaHIOriB 3HaueHHs KKM nmocuth HU3BKI (1HOAI TOPSAKY 107°
MOJIb/JT). SIK BigMIYanocs BHILE, IOBEPXHEBO-aKTMBHUM pPEUOBHHAM 3 JIBOMA
BYTJICBOJHEBUMH  PaJWKaJIaMH  BJIACTUBO  YTBOPIOBATH  TOJIOBHUM  YHHOM
IJIaCTUHYACTI Miuend, Oimapu 1 Be3ukynu. Jlo IIAP uporo tumy Hanexatsb
dbocdomimiau.

CamouynHHE yTBOpEHHS OllIapiB MOKHA 31MCHUTH HAOyXaHHSM JIIIIIB Y BO/II.
VY 1poMy BHINAJKY, SIK TNOKa3ylOThb PEHTI€HIBCBbKI 1 €JIEeKTPOHHO-MIKPOCKOMIYHI
JOCIIIJIKEHHSI, BUHUKAIOTh 3aMKHEHI YaCTHUHKU PO3MIPOM Yy JEKUIbKa MIKPOH, SKi
CKJIQJIAIOThCA 3 PALY KOHIEHTPUYHUX JIMIAHUX OlliapiB, MOAIIEHUX TOHKUMH (1,5 —
2 HM) IpoIIapKaMHU BOJIH.
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