MiHicTepCTBO OCBITH 1 HAYKU YKpaiHH
JIHITPOI3ep>KUHCHKUH Jep>KaBHUN TEXHIYHUM YHIBEPCUTET

MAXOBCBKHM B.O.

KOHCHEKT JIEKIII

3 nucuuiiinm «IloBepxHeBi pizuko-xiMiuHi mpouecw»

JUTSI CTYJICHTIB 32 OCBITHBO-KBaTi(hiKaIIMHUM piBHEM MiATOTOBKH
«bakamaBp»
3a HanpsiMoM: 6.050504 «3BaproBaHHs

3aTBepIKEHO peJaKiiiHO-BUIaBHUYOIO
CeK1i€ero HaykoBo-MeToanuHoi Paau JJATY

_20.11.14 p. IlpoTokoa Ne 3

JIHITPOA3EPKUHCHK
2014



KoncnekT mekirii
3 muctuiniiag «[loBepxHeBi1 HI3UKO-XIMIUHI TPOIICCHY
JUTSL CTYJICHTIB 32 OCBITHBO-KBaTi(hiKaIIMHUM piBHEM MiATOTOBKH
«bakamaBp»

3a HanpsMoM: 6.050504 «3BaproBaHHs
VYki. B.O. Maxoscekuit, Jninpoazepxuncek. JJATY, 2014

VYkiagad kaHJ.TeXH.HayK, AoueHT B.O. MaxoBchkuil
Binnmosinaneuwuii 3a Bunyck npod. O.0. Ky3Henos
PenienszeHT kaHa.ximM.HayK, goueHT B.1. ['omo6opoapko

VY KOHCHEKTI BUCIIOBJIEHI 3arajibHi MOHATTS 1 3aKOHU XiMii, OMKMCaH1 BIaCTUBOCTI IPpyIl
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Jlexuis Nel

Tema: IlousiTTs nmpo Pizuko-ximivHi npouecu (2 r.).
1. IlpeaMeT KOJIOIAHOI XiMmil.
2. O3HakM 00'€KTiB KOJIOITHOI XiMil.
3. Oco0,MBOCTI KOJTOIAHUX PO3YMHIB.
4. Knacudikamisi noBepxHeBUX sIBUIIL.
5. Kunacudikauiss 1ucnepcHuX CUCTEM.
6. 3HaYeHHS KOJIOITHOI XiMil.

1. ITix xonoigHOIO XIMI€I0 PO3YMIIOTh HAYKY IPO MOBEPXHEBI sIBUIIA 1 JUCHEPCHI
cuctemMu. Jlo MOBEpXHEBUX SIBUII] BIHOCATHCS MPOLIECH, 10 BiOYBAIOTHCS HAa MEXI
po3auty ¢a3; B MibK(pazHOMY MOBEPXHEBOMY Iapi 1 MPOIECH, IO BUHUKAIOTH B
pe3ynbTaTi B3aeMoii 3B's13aHuX (a3. KoxkHe T10 0OMeKEeHO MOBEPXHEIO, 1 MO IbOMY
o0'ekTaMu KOJOINHOI XiMii MOXyThb OyTu Tina Oynb-skoro posmipy. IIpore
MOBEPXHEB1 SBUIA BUABISAIOTHCS CHIIBHIIIE 3a BCE B TUIaX 3 BHUCOKOPO3BHUHYTOIO
MMOBEPXHEI0, SKa J0JAa€ iM HOB1 BaXKJIIMBI BIACTHBOCTI. J[0 TakwX T BIAHOCATHCS
MOBEPXHEB1 IIapH, IUTIBKH, HUTKH, Kamuisgpu, ApiOHI yacTUHKH. CyKYIHICTh IUX
JUCTIEPCIM pa3oM 3 cepeOBHUIIEM, B SIKOMY BOHH PO3MOJLICHI, YTBOPIOE TUCIEPCHY
cuctemy. JlucmepcHI CUCTEMH € HAWUTHIOBIIIMMHU 1 pa3oM 3 THM CKIAQJHUMHU
o0'eKTaMH KOJOIMHOI XiMii, OCKIIBKM B HHX BHUSBIAETHCS BCE PI3HOMAHITTA
MOBEPXHEBUX SIBUII, 5K (OPMYIOTH OCOOJMBI 00'€MHI BJIACTMBOCTI JaHUX CHCTEM.
TakuM 4YuHOM, KOJIOiMHA XiMIS € TPUKOPAOHHOKO 00JacTi0 3HAHHS 1 00'eqHyE
Gi3UYHY XIMII0 1 P13UKY TOBEPXHEBHX SBUII] 1 AUCTIEPCHUX CHUCTEM.

['pyHT, TiIa POCIUHHOTO 1 TBAPUHHOTO CBITY, XMapH 1 TyMaHH, 0araTto MpPOaYKTiB
BUpoOHMIITBA (OyIiBENbHI MaTepiaid, METAIIH, TOJTIMEPH, IIKIPH, TKAHUHU, TPOTYKTH

XapuyBaHHA 1 T.J.) — BCE 1€ AUCTIEPCHI CUCTEMH, SIK1 BUBYAE KOJIOiTHA XIMisl.



2. Jlns 00'exTiB KOMOIMHOT XiIMIT XapaKTepHi AB1 3arajibHl O3HAKU: T€TEPOTCHHICTh
1 nucniepcHicTh. Lli o3Haku Oynu BUAIEHI OJHUM 3 OCHOBOIIOJOXXHHKIB KOJOITHOT
ximii pociiicekuM yuenuM M. I1. IleckoBum Ha nmouatky 30-X pokiB XX CTOMITTS.

['eTeporeHHICTh — 6ararogasHiCTh, 115 O3HAKA YKa3y€e Ha HasBHICTb MIXK(a3HO1

MOBEPXHI MOBEPXHEBOTO mapy. 3 6aratoa3HICTIO KOJOITHIUX CUCTEM IMOB'sI3aH1
HaWICTOTHINII 1 HAXapaKTEPHIII BIACTUBOCTI KOJOINiB. [ €TepOTeHHICTh KOMOITHUX
CHUCTEM — OCHOBHA BIIMIHHICTb iX B1J] MOJICKYJIIPHUX PO3UMHIB.

JucnepcHicTh (po3apo0aeHiCTh) BU3HAYAETHCS PO3MIpamMu Tuta (PEYOBUHN).

Cucremu 3 YaCTUHKaMH OJTHAKOBOT'O PO3Mipy Ha3UBATUCS MOHOJUCIIEPCHUMH,
PI3HOT0 PO3MIpYy — MONIAUCTIEPCHUMEU. MipOr0 po3aApo0IEHOCT] (UCTIEPCHOCTI)
BCAKOT IMUCTIEPCHOI CUCTEMH CITY>KUThH a00 MOTNEpEeUHnid po3Mip YacTUHKH (a) ( amist
chepuunux — aiametp (d), a yacTUHOK, 110 MaroTh hopmy Kyba — pedpo (L)); abo
3BOpOTHA oMy BennuuHa [ = 1/a, 3BaHa TUCMIEPCHICTIO, a TAKOK MATOMA TTOBEPXHS
Syn, ToOTO Mibk(azHa MOBEPXHS, 110 TOBOAUTHCSI HA OJUHHUIIIO 00'€MY TUCTIEPCHOT
cuctemu. Bei BoHM 3B'A3aH1 MK COO0I0.

J10 KOJIOITHUX CUCTEM BITHOCATHCS CUCTEMH, OLIS SAKUX 3HAUCHHS a JICKHUTH B
mexax: 1 — 100 um (107 — 10 cm), a aucnepcHicTs — B Mexax 1 — 100 am (107 — 107
CM'I).

Konoinna cucrema € nucnepcieto ogHOro Tina (aucnepcHa (asza) B IHIIOMY
(mucmiepciiiHe cepeIOBHIIIE).

JlucnepcHICTh — HafBaXXJIMBIIIA O3HAKa 00'€KTIB KOJIOigHOT XiMii. BoHa gomae
HOBI BJIACTUBOCTI HE TUIBKH OKPEMHM €JIeMEHTaM JUCIEPCHOI CUCTEMH, aJie 1 BCIi
TUCIICPCHIN CUCTEMI.

JIMCTIepCHICTh € YUCTO KUIbKICHUM MapaMeTpoM, BKa3ylOUUM Ha CTYIIHb
PO3APOOICHOCTI, a po3Mip MbK(A3HOI MOBEPXHI; TETEPOTEHHICTh — Ha SKICHY
XapaKTePUCTHUKY 00'€KTIB.

O06'exTH KOJOIMHOT XIMIi XapaKTEPU3YIOThCS TAKOXK TIEBHUM BHJIOM €HEPTii, IKUM

BOHU BOJIOJIIOTS.



['eTeporenHicTh, a00 HasIBHICTh MDK(})a3HOT TOBEPXHI, MPUITYCKAE HAIBHICTh

MMOBEPXHEBOT0 HATATHCHHS. [IUCIIEPCHICTh BU3HAYAETHCSI PO3MIPOM, TLIOIICIO

noBepxHi. [[00yTOK MOBEPXHEBOTO HATATY G Ha TUIONLY MOBEPXH1 S — MOBEPXHEBA

EHepTis:

G=0S

3. Oco0aUBOCTI KONOITHUX PO3YHHIB:

l.

2
3.
4

Bci xom0igH1 po3unHU 3aTHI PO3CIIOBATH CBITJIO (OMAJIECIIMPOBATH).
Judy3ig 4aCTUHOK B KOJIOITHUX PO3UYMHAX MPOTIKAE AYKE MOBLIHHO.
Marots nyxe Mauii OCMOTHUYHUM THUCK.

3116H1 10 Aianizy, TOOTO 32 TOIOMOT 00 MEMOPaHU MOXKYTh OYTH
BITOKpEMJIEH1 BiJl PO3YMHEHUX B HUX JIOMIIIOK HU3bKOMOJICKYJISIPHUX
PEYOBHH.

KomnoinHi po3unHu arperaTiBHO HECTINKI (JTaOUIbH1), TOOTO KOJIOITHO-
pPO3YMHEHA PEUOBUHA 3IATHUM JIETKA BUAUISITHCS 3 PO3UHHY (KOAryJItOBaTH).
JI7st HUX XapakTepHe sBUIIE eIeKTpo(opesy — MepeHeCceHHs KOIO0iTHUX

YACTHHOK B €JIEKTPUYHOMY IOJI1 10 Tia a00 IHIIIOTO €IEKTPOY.

OKpiM KOJIOIIHUX CUCTEM ICHYE KJIac BeJIbMU BaKJIMBUX PEUOBUH 3 JyKe

BEITMKUMH MOJIEKyJlaMH, K1 Ha3uBatoTbcss BMC abo momimepamu. Jlo Hux

BITHOCSITBCSI OUTKH, IEJF0103a, Kay4dyK 1 1H. PO3Mipy MOJEKyJ IMX PEUOBHH B

OKPEeMUX BHUMAJKaX MOXKYTb IEPEBUIILYBATHA PO3MIP KOJOIMHUX YACTHHOK. Po3unHu

X PEYOBHH BOJIOAIIOTH OaraThbMa BIIACTUBOCTSIMH, XapaKTECPHUMHU IS KOJOITHUX

po3unHiB. [Ipote B poz6aBnenomy nossranai BMC po3apo06ieHi 10 MOJEKYII 1 €

TOMOT€HHUMHU CUCTEMaMHM, TOMY iX MPUUHIATO HAa3UBaTH po3unHamu BMC, s sskux

XapaKTEepHO: MO-TepIlie, 0 IaHl CUCTEMHU € ICTHHHUMH PO3YHWHAMHU; TIO-APYTe, 110 B

HUX MICTSATBCA TIrAaHTChK1 MOJIEKYJIH.

4. TloBepxHEBI ABUIIA 3pYYHO KIacu(}IKyBaTH BIAMOBIIHO J0 3'€IHAHOTO PIBHIHHSA

MIEPILOro 1 APYroro MovaTky TepMOANHAMIKH. J{Jis cucTeM MOro MoxHa

BIZIPEKOMEH/IyBaTH Y BUTJISAI:



dG =-SdT + Vdp + 6d s + £ p; dn; + ¢dq, ne

G — enepris ['u60ca; S — eHTpoOIis; G — MOBEPXHEBUI HATAT; S — TJIOIIA TOBEPXHI;
Wi — XIMIYHHUM MOTEHI[iaJl KOMIIOHEHTY 1; Nj — YMCIIO0 MOJIEH KOMIIOHEHTY 1; ¢ —
SJIEKTPUYHHUM MOTEHIIAI;  — KUTbKICTh €IEKTPUKH.

JlaHe piBHSHHSA BHpaka€ MepeTBOPEeHHS eHeprii [ moocy yepe3 cymy nmpupocTiB
IHIIUX BUAIB €HEPrii. 3 Hei BUXOAUTh, 1110 IEPETBOPEHHS MOBEPXHEBOI €HEPT1l
MOkJMBO: 1) B eHeprito ['ub06ca; 2) Temnory; 3) B MEXaHiuHy €Hepriio; 4) B XIMIYHY
€HEPTilo; 5) B €EKTPUUHY CHEPTIIO.

5. QucniepcHi cucteMu KiacuikyroThCs 10:

- JTMCHEPCHOCTI;

- IO arperaTHOMY MOJIATaHHIO;
- IO CTPYKTYpI;

- 1o Mbkda3HIi B3aEMOIII;

- 1o ($a30Biit TOMITHOCTI.

Knacudikaliist mo 1ucnepCcHOCTI

JlucnepcHi cUCTeMU AUISITHCS HA TPYOOIUCTIEPCHI 3 pO3MIPOM YaCTUHOK Ouibie 1
4 2 e . .
MKM (107 — 10 cm) — cycniensii, eMysbCii 1 BACOKOAUCTIEPCHI 3 PO3MIPOM YaCTUHOK
4 R .
menmre 1 mxum (<107 = 107 em) — 3071i.

Knacudikaliis mo arperaTHoOMY HOJISATAHHIO

3ae)KHo BiJ arperaTHOro MOJATaHHS BC1 AMCIIEPCHI CUCTEMH AUIATHCS Ha 9 TUIIIB.
HeobxigHa ymMmoBa yTBOPEHHSI IUCTIEPCHOI CUCTEMHU — OOMEKEeHa PO3YMHHICTD

PEYOBHHM AUCTIEPCHOI (ha3u B TUCTIEPCITHOMY CEpeIOBHIIII.

JucniepcHa paza  JlucrmepciiiHe cepeoBHUIIE Hazsa cucremu
1 T X KOJI. PO3UMHHU, CyCHeH31i
2 X X eMyJIbCii
3 r X ITHA
4 T T TB. 30J11, CIUTaBH
5 X I TYMaHHU
6 r T TB. MHU, TTOPHUCTI TiJIa
7 T r JIUMU, TIAJ
8 X r TyMaHU



9. r I KOJI. CHCTEMA HE MOKJIMBA
OcHOBHa 03HaKa JUCIIEPCHOTO CEPEAOBHUIIA — OE3TEPEPBHICTD.

Knacudikaliist mo CTpykTypi

- BinpHOAMCHIEPCHI, B IKUX YaCTHUHKHU JUCTIEPCHOT (ha3u HE 3B'13aHI MK
co0010 1 MOXYTh BUIBHO MepeMilaTucs (Cycrensii, eMybcii, 30111);

- 3B’SA3HOIUCTICPCHI, B AKUX OJIHA 3 (pa3 HE MEPEMIIAETHCS BUTLHO, OCKUTHKH

CTPYKTYPHO 3aKpirieHa (KamiIspHO-TIOpUCTI Tia (aiagparmu)).

Knacudikamis mo mixkdasHiil B3aeMo il

- JliodineHI. U1 HUX XapaKTepHA CHJIbHA MDKMOJIEKVIIIPHA B3AEMOIIS

PEYOBUHM JIUCIIEPCHOIT (.basn 3 CCPCOAOBHUIIICM,

- JliohoOHi. [TpuBOIUTE 10 YTBOPEHHS COJBBATHUX (TMAPATHUX ) 000JIOHOK.

Knacudikaris mo ¢a30Biil TOMITHOCTI

Cucremu ninstbest Ha MoJiekymsipHi konoinu (BMC) 1 cycnieH30igu — TUIOBI

BHUCOKOJMCIIEPCHI CUCTEMH.

6. PosrnsiHyBIIM 3MICT 1 pOopMy KOJIOINHOT XiMii, TpUBEAEMO ii
dbopmytoBaHHS 3a BU3HaueHHSIM JKyKoBa:
Konoinna ximisi BUBYA€ BIACTUBOCTI BUCOKOIUCIIEPCHUX T€TEPOTCHHUX
CHCTEM Ha OCHOBI MOBEPXHEBUX SBHIII, a TAKOK (PU3UKO-XIMIUHI
BrnactuBocTi BMC 1 ix po3uuHiB.

Konoinna ximis, Ik HayKa OXOILTIOE BC1 001aCTl 3HAHHS, MOB'A3aH1 3 BABYECHHSIM
BEITMYE3HOTO Py 00'EKTIB 1 SIBUIIL, IO BOJOIIOTH BEIUKOIO MOIITUPEHICTIO 1 MAIOTh
CIpaBy 3 MaTepianamu 1 pedoBuHaMu. [IpeacTaBieHHs KOTOTAHOT XiMii
BUKOPUCTOBYIOTHCSI B ACTPOHOMIi, METEOPOJIOT11, TPYHTO3HABCTBI, 010JI0T1i, arpoximii,
MaTepiajio3HaBCTBI 1 1H. KooigHO-XIMI4HI METOAM 3aCTOCOBYIOTHCS B OLIBIIOCTI
rajry3ei MpoOMHUCIOBOCTI: Xap4OBOi, MIKIPAHOI, TEKCTHJIBHO1, TYMOBOI 1 1H.

Benudesny posib KoJoinHa XiMis Tpa€e B XIMIYHINA TEXHOJOT11 — MOAPIOHEHHS
CUPOBHHH, IPOMUCIOBUX MPOAYKTIB, 30araueHus, Ginbrparis, GaoTarris,

3ryIyBaHHS, aACcOpOIIisa, KpucTamizaiis 1 iH. Benuue3ne 3HaueHHs B XIMIUHIN



TEXHOJIOT11 MalOTh aICOPOCHTH 1 KaTalli3aTOPH, SIK1 € JUCTIEPCHUMHU CUCTEMAMU 3
TBEpIUM JUCIIEPCHUM cepeaoBHIlleM. Bci reTeporeHHi mpoiecu B XiMI4HIM
TEXHOJIOT11 1151 30UTBIIEHHS 1X IIBUIKOCTEH MPOBOASTH IPU MAKCUMAJIbHIM MMOBEPXHI
KOHTakTy (a3, 11e 3HaUnTh, III0 CUCTEMH B PEAKIIHHUX amapaTax 3HaXOAAThCS B CTaH1
CYCIIeH31{, eMYyJIbCIH, TacT, MyJbIl, TIeH 1 T.J.

Hayxka npo moBepxHeBi sIBUIIA 1 AUCTIEPCHI CUCTEMH € TaKOK TEOPETHUHOIO
OCHOBOIO OTPHUMaHHS HOBHX MaTepiaiiB 13 3aJJaHUMHU BIIACTUBOCTAMHM: KEPaMiKH,
IIEMEHTIB, CILIABIB 1 T.II.
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Jlekmig Ne2
Tema: OTpuMaHHS | OYHIEHHS KOJOITHUX CUCTEM

(2 roguamM)

[S—

. JlicmepranuoHH1 METOIH.
2. OtpuMaHHS 30JI€¥ METOIOM TMENTU3aIlli.
3. KonpeHcariiitHi MeTOAM MENTH3ALII].
4. MeToau OUMILIEHHS TUCTIEPCHUX CUCTEM.
1. KonoinHi po34nHu 3aiiMatoTh MO CTYMEHIO JUCIIEPCHOCTI MPOMIKHE MOJI0KEHHS
MDK TPyOOIUCIIEPCHUMH CUCTEMaMU 1 ICTHHHUMH PO3YHHAMHU, TOMY 1X OJCP>KYIOTh:
- lnsaxom po3npobieHHst a0o nucnepryBaHHs KPYMHUX YaCTUHOK Ha OUTbII
npiOHi;
- Insxom arperaiiii MoJieKys1 a00 10HIB B O1IbII KPYIHI YACTUHKU
(KOHIEHCAIIITHI METO/IHN).

bnu3bkuM 10 MeTOMY AMCTHIEPTYBAHHS € METOJ TIENTH3alli1, 3aCHOBAaHUN Ha
po3'€THaHHI 3TUTINX YaCTUHOK.

Heo6xigHot0 YMOBOIO JJ1s1 OTPUMAHHSA CTIMKKUX KOJIOITHUX CUCTEM € HASBHICTh
HE3HAYHO1 KUIBKOCTI cTabi/1i3aTopa — peUOBUHH, MEPEITKOIKAI0OYO]T 3'€ THAHHIO
KOJIOTIHUX YaCTUHOK B OUIBII KPYIIH1 arperaTi.

Binomo, mo mpu aucnepryBaHHI MMTOMA MOBEPXHS CHIIBHO 3POCTAE 32 PaXyHOK
BEJIMKO1 KUIBKOCT1 €HEePrii, CUCTEMI, 110 ITOBIIOMIIIEThCS, 330BHI. KiTbKICTh €HEeprii,

HeOOXiHe ISl AUCTIEPTyBaHHS PO3PAXOBYETHCSA MO HOPMYIIi:

(04
E=bln—\; ne
a,
E — enepris, HeoOXimHA 11 APOOICHHS PEUYOBUHM 3 YACTUHOK, 110 MAIOTh
MIEPBUHHUN JTTHIHHUA PO3MIpP 0 70 KIHI[EBOTO JIHIHHOTO pO3MIpY 0l;

b — KOHCTaHTa, 3aJIe’)KHA B/l MPUPOIUA PEUOBUHH.



JI7ist oTpMaHHs KOJIOTAHUX PO3YUHIB (30J1€i) IIUIIXOM JAUCTICPTyBaHHS
3aCTOCOBYIOTHCS Pi3Hi crtocoOu. JIiopuTbHI KOTOTAHI pO3UYHMHU, 30KpeMa PO3UYNHU
BMC BuxoasTh mpu MUMOBIJIBHOMY PO3IMyCKaHHI 400 PO3YMHEHH1 Y BIATIOBIAHOMY
PO3YMHHUKY; BUTPATH 30BHIIIHKOI poOOTH TX oTpuMaHHs He BuMarae. [Iporec e
YHACJIIIOK 3MEHILIEHHS BUIBHOT €HEPrii Py MIKMOJIEKYIAPHINA B3a€MOIIT
(compBaTartii) 1 30 UIbIICHHAS] CHTPOTII].

Jist miooOHMX cHCTeM XapaKTepH1 MEXaHIuH1 CIOCOOH, B IKUX TIOIOTaHHS
MDKMOJICKYJISIPHUX CHJI 1 HAKOTIMYEHHS BUIBHOT MOBEPXHEBOI €HEPTil BiIOyBa€ThCs
MIpH 31CHEHH1 30BHIITHLOT MEXaHI4HO1 poOO0TH HaJl cucTeMoro. B pe3ynbpTati TBEpIi
TiJIa PO3BATIOIOTHCS, CTHPAIOTHCS, APOOIIATHCS 00 PO3MICTIIIOIOTHCS.

VY nabopaTopHUX 1 IPOMHUCIOBUX YMOBAX JaHl IPOIIECH MPOBOIAThH B IpoOapKax,
KOpHAX 1 MITMHAaX P13HOT KOHCTPYKIIil, TAKUX SIK KyJTbOBI MIUHU, BUOPOMIIUHH,
IUTAHETapHI, a TAKOXK CTpyMeHeBl MIIMHU. OTHUM 3 MIIMHIB € KOJIOIAHUI MJIUH,
CKOHCTpYHOBaHMI pociiicbkuM iHxkeHepom [lnaycconom B 1920p. Bona €
TePMETHYHO 3aKpUTHI, MEXaHI3M, 10 MBUJKO 00epTaeThesa yaapHoi aii. Hacamkeni
Ha BaJly JIONaTl pO3TallOBYIOThCA B 1HIIUX IJIOIIMHAX, HIXK HEPYXOMI BUCTYIIH, 1 IPH
oOepTaHH1 POXOAITH AYyXKe OJM3BKO BiJl OCTaHHIX. YaCTUHKH peYOBUHU, IO
MiJIsIrae TUCIIePTYBaHHIO, B 3a3/1aJI€T1/Ib MOAPIOHEHOMY BUTJISA1 3MIITYIOTHCS 3
BIJIMIOBIHOIO PIAMHOIO, IO MICTUTH CTaOUTI3aTOP, 1y BUTTIS1 CYCTIEH311 MOJAI0THCS
yepes 3aBaHTaKyBaJIbHHUM OTBIp. 3a AOMOMOIOI0 JIONACTEH, 1110 IIBUAKO 00epTatoThCs,
CYCII€H3151 PUBOAUTHCS B IIBUJIKE OOEPTaHHS, BHACIIIOK YOT0 YAaCTUHKN PEYOBUHH
npua0aBarOTh MIBUIKICTB 1, YAAPSIIOUUCHh 00 HEPYXOMI1 BUCTYTMH, pO30MBAIOTHCS Ha
npiOH1 YaCTUHKH. ['0TOBUI AUCTIEPCHUM MPOIYKT BIAAATSIETHCS Yepe3 OTBIp. 3a
JIOTIOMOTOI0 HEl MOoIP1IOHIOI0TH MiHepaibH1 ¢hapOu, 3MalyBalbH1 MaTepiaJiu 1 T.1I.

Crioci6 eneKTpUYHOro po3NuitoBaHHs 3anpononoBanuid I'. bpeaurom (1898) i
BUKOPUCTOBYETHCS JJIs1 OTPUMAHHS 30JIeH 30J10Ta, cpidiia 1 MIIaTUHU. 3aCHOBAHUM Ha
TOMY, 110 MK €JIEKTPOJaMU 3 METAITY, 30JIb SIKOTO OJICPXKYIOTh, 1 3aHYPEHUMHU Y BOLY,

MPOIYCKAIOTh €NEKTPUYHY IyTy. Lle cynmpoBOIKY€EThCS pO3MIIIIOBAHHAM €JIEKTPO/IIB,



1y BOJI1 yTBOPIOETbCA 30J1b MeTaly. [lanuii cioci6 He MOKHA MMOBHICTIO BIIHECTH /10
JIUCIIEPCIHHOT0, OCKUIBKY METal B MOAYM'T €IeKTPUYHOT YT H, MOTPAIUISIIOYH B
PO3UMHHUK, 3aBASIKM HU3bKIM TeMIepaTypl OCTaHHbOTO, TYT K€ KOHJEHCYEThCH,
YTBOPIOIOUH 301b. JlaHui criocid yepe3 BUCOKY TeMIIepaTypy HE MOXKeE
PO3MOBCIOKYBATUCA HA OTPUMaHHS KOJOITHUX CUCTEM B OPTaHIYHUX piauHax (depes
OOBYTJIFOBaHHS). 3a OCTaHHIM Yac MUPOKE PO3MOBCIOKEHHS MPUI0aB CIOCiO
OTpPUMAaHHS KOJIOTTHUX PO3YMHIB 3a IOIIOMOI'OI0 YJIbTpa3Byka. MexaHizm il
yIIBTPa3ByKa MOJISITA€ B MIBUIKOCTI 3MIHIOIOUMX OJIMH OJHOTO MPOIECIB CTUCHEHHS 1
PO3IIKMPEHHS CUCTEMHU. 3a IOIOMOTI'0I0 YIIbTPa3ByKa OACPKYIOTh KOJIOIIHI PO3UUHU
Kpoxmauno, papOHHKIB, CMOJ, TIICY, METANTIB 1 1H.

2. Jlnig po3risily OTpUMaHHS 30JIeid METOJI0OM MeNTH3allii po3riisHeMO OyA0BY

KOJIOIHOT YaCTUHKM Ha MpUKIazi 3015 Agl:

rpaHyia

A
4 N

{[Agl]m, nl-, (n —x) K+}'x "xK+

arperar

— 41P0. _/
\ qaCTHUHKa /
wiména

m — 4uciao Mosekyl Agl; n — yncio noTeHIiaJBU3HaYalouuX 10H1B [-, npuyomy

m>n; (n — X) — 9rciIo nMpoTuioHiB K+, 1m0 3HaxoasThCa B OIM3BKOCTI BT SApa; X —
yrciio mpotuioHiB K+, 110 3Haxonatbes B AUCHIEpCiitHOMY cepefoBuiii (audy3Homy
mapi).

Merton nentu3ailii 3aCHOBaHUHN Ha MEPEX0l B KOJOITHUI PO3YMH ONad1B,
MPAKTUYHO HEPO3UMHHUX y BOJI1 MPH A1i HA HUX JESIKUX peduoBUH. PedyoBuHa, 110
TOTAETHCS, HA3UBAETHCS MTETITU3ATOPOM.

[TerrTr3ariro aiIATh Ha OE3MOCEPETHIO 1 TOCEPEIHIO.

SIk110 Ha MOBEPXH1 YACTHHOK MEPE] 1X PO3AUICHHSIM aJcopOy€eThCs 1OJaHUN

nenTu3arop (Moro 10HM), TO 1€ Oe3MocepeIHs MeTTU3AaIlis.



[Tocepenusa menTusallis — KOJU Ha TTOBEPXH1 YACTUHOK aJCOPOYETHCS MPOIYKT
B3a€MO/IIT MENTU3aTOPa 3 PEUOBHUHOIO JTUCIIEPCHOI (ha3u (TOUHIIIEe 10HU 3HOB
0JIEP’KaHOTO TIENTH3aTOPA).

[Tpuknan 6e3nocepennpoi nentuzaiii: anucnepryBanis Fe(OH) ; mpu nii Ha HBOTO
FeCl;: mFe(OH);+nFeCly —» {[ Fe(OH) ;] m, n Fe’", 3(n — x) CI'}°"3xC1"

[Tpukirag mocepenapoi nentuzaiii — orpuManHs 3010 Fe(OH) ;3 mpu aii HCI(po3.):
Fe(OH) ; + HC1 — FeOCl+ 2H,0;

n FeOCl —» n FeO" + CI’
m Fe(OH) ; + nFeO™ + CI" _{[ Fe(OH) 5] m, n FeO", (n —x) CI'}+ xCI

3. lucniepramitHuMu MeTOAaMH JOCITTH BUCOKOI TMCTIEPCHOCTI 3BUYAMHO HE
BJIA€THCS, TOMY 3aCTOCOBYIOTh KOHJEHCAIlIMH1 METO/IU, K1 AUTAThCS HA (QI3UYHY 1
XIMI4HY KOHJICHCAIIIIO.

VY mopiBHSIHHI 3 JUCTICPCIMHUMHU METOJIaMH METOIA KOHACHCAIII1 OUTBIIT YMCIICHH] 1
pi3HoMaHiTHI. HaiiBaxnuBinii (Gi3ndH1 METOAN OTPUMAHHS TUCIIEPCHUX CUCTEM —
KOHJIEHCAIlig 3 TapH 1 3aMiHa po3yrMHHKKA. HallHaouHImMiA MpuKia ] KOHASH ALl 3
napy — YTBOPESHHS TyMaHy.

Jlo MeToziB (hi3nyHOT KOHACHCAIli BIAHOCATh METOJT KOHJEHCALIMHOTO OTPUMAHHS
30Jei, 3anpononoBanuid 3. 3. Porumackum 1 A. 1. lllaneankoBuM. BiH 3acHOBaHMi Ha
KOHJICHCAllli Mapy y BaKyyMi Ha MOBEPXHI CYAUHU, OXOJIOKEHOI PIIKUM MOBITPSIM.

[HIIMIM MeTOIOM € c1mocid OTpUMaHHS KOJOITHUX CHCTEM METOIOM 3aMIHH
PO3UYMHHUKA.

Jlo npyroi rpymnu 4acTo BXKMBAHUX METOIB OTPUMAaHHS 30J1€H (XIMIuHA
KOHJIEHCAIlig) BIAHOCATHCS METOJIM, 3aCHOBAH1 HA TPOBEACHH] B PO3UMHI XIMIYHUX
peaxiriii, o CynpoBOKYIOTHCS yTBOPEHHSIM HEPOZUMHHHUX 200 BAXKKO PO3ZUMHHUX
PEYOBHH.

Takum unHOM, Oy/Ib-sIKa XIMIUHA peakKilis, 1m0 He 3 yTBOPEHHAM HOBOI (a3u,

MOKe OyTH JPKepeIoM OTpUMaHHS KOJIOiTHOT CUCTEMH.



HeoOxinHuMu ymoBamH, sIKi HOBHUHHI 3aBX M TOTPUMYBATHCS MPU KOHAEHcAIlll, €
HACTYTIHI:

- HixyemHo Mana po34yMHHICTh PEYOBUHU, CTBOPIOIOYOT AUCTIEPCHY (a3y B
JTUCTIEPCITHOMY CEepeIOBHIII;

- OTpuMaHHS TaKOTO CTYMEHS AUCIEPCHOCTI, siKa 3abe3nedmia O cucteMi
KIHETUYHY CTIHKICTh, TOOTO CTBOPEHHS TAKUX YMOB, 1100 KOHACHCAIIIS
3YNUHSAJIACA Ha KOJIOITHOMY CTyMNeH1 JUCTIEPCHOCTI,;

- HasBHicTh MK YaCTUHKAMU 1 CEPEIOBUILEM B3a€MO/I11, IEPEIIKOKAI0YO1T
CKPITUICHHIO YaCTUHOK OJMH 3 OJHUM (CTa01I13a1lisl 0JIepKAHUX YaCTUHOK).

4. HalimomupeHIMUMH METOJaMH OYUIICHHS KOJIOITHUX PO3YMHIB Bl JOMIIIKH
KPUCTAJIOINIB € Aiali3 1 yabTpadiapTparis.

JiajizoM Ha3UBA€THCS MPOIIEC OUMIICHHS (BIIIUICHHS) KOJOITHUX PO3YMHIB BiJl
JOMIIIIOK 10HIB 1 MOJIEKYJT MaJIUX pO3MIpiB, 3aCHOBAHUN Ha BIACTUBOCTI
HaIIBIPOHUKHOT MEMOPAaHM MPOMYCKATH 1X 1 3aTPUMYBATH KOJIOITH1 YACTUHKH.

[Tpunan a5 ouMIEeHHS KOJIOIA1B HA3UBAETHCA JiaizaTopoM. Jliali3 B 3BUUHOMY
Jiari3aTopi BUMarae ayxe 6araro gacy.

CxopodeHHs "acy JiajgizoM MOXKHA JOCATTH PIZHUMH MIISTXaMU:

- 30UIBIICHHSIM OBEPXHI MEMOpaHu a00 CTBOPIOIOYN BUCOKHM TPaIEHT
KOHIIEHTpaIlii 1o oOHJIBl CTOPOHH MEMOpPaHH;

- JII€I0 ENEKTPUYHOTO CTPYMY;

- TPOBOJSIYHM J11aJli3 TPU BUCOKIN TEMIIepaTypi.

Jjis GUIBLI IIBUJIKOTO 1 MOBHOTO OYMILIEHHS KOJIOIN1B BiJl €JIEKTPOIITIB y
BUPOOHMIITBI 3aCTOCOBYIOTH eleKTpoAiaii3. Lle miami3 i3 3acToCyBaHHSAM MOCTIMHOTO
CTpyMYy.

YasTpadiabTpanico Ha3UBAETHCS MPOLIEC BIAAIIICHHS AUCTIEPCHOT (ha3u Bix
JTUCTIEPCITHOTO CepeoBHUIlA NUIIXOM (DUTHTPYBAHHS KOJIOITHUX PO3UMHIB Yepe3

HaMiBNPOHUKHI MeMOpaHu. [Ipu ynpTpaduibTpalrii KOJIOiMHI YACTUHKH 3aTUIIAI0ThCS



Ha QuIbTp1 (MEMOpaHi), a PiIBTPAT, IO MICTUTH €IIEKTPOJIITH, IEPEXOIUTH B
€JIEKTPOTIT.

J171st mpUCKOpeHHs eNeKTPoIbTPAIlit0 MPOBOIATH il TACKOM.

EnexTposiani3 BAKOPUCTOBYIOTH JUIsl ONIPICHEHHS. MOPCHKOI, PIYKOBOI 1 03€pHOT
BOJIM, OYHUIIICHHS TPOMUCIIOBUX CTOKIB, BAKIIMH 1 CHPOBATOK 1 0araThb0X JUCTIEPCHUX

CHCTEM.



Jlexnist Ne3
Tema: IloBepxHeBi siBuIIA i agcopOuis (8 roaux)

3ansarTs 1 (2 rou.). Ilonsarra agcopOii. AgcopOrmis Ha MeXi TBEpAE TLIO — Tra3.

Teopis MoHOMoOINEKyIApHOI afcopO1tii Jlenrmiopa. Teopis moxiMoIeKyIIpHOT

aacopo6ii [lonsani. Teopis BET.

AJICOpOLi€I0 HA3UBAETHCS 3TYIYBaHHS Ta30M010HOT 400 PO3UMHEHOT pEUOBHUHU

Ha TOBEpXHI po3auty (a3. ['a3 abo po3unHeHa peuoBUHA Ha3UBAETHCS aJICOPOTUBOM
(amcopbatom), a pimrHa abo TBEpAE TUIO, 110 aJACOPOYBAIIO iX — aICOPOCSHTOM.

Ancop6itito rasziB Byriuiam crnoctepiras e B X VIII . llleene. Ha siButie
azicopOI11ii peUOBHH 3 pO3UMHY BIIEpIIIEC 3BEpHYB yBary B 1785 poiri pociicbkuit
yuenwnii T. E. Jlosin. B kinmi XIX cromitts ['m66¢ po3poOuB 3aranpHy
TEPMOJAMHAMIYHY TE€OPi0 aacOpOIIii.

PozpizHstoTh iznuny ab0 BaH-Jep-BaaIbCOBY aJACOPOIIIIO 1 XIMIYHY aIcOpOIIii0
a00 XeMOoCopOIIito.

®di3uuHa aacopOIis 3aBXKIU 3BOPOTHS 1 aICOPOIIiHI CHUIIM MAIOTh TY K MPUPO.Y,
10 1 MDKMOJIEKYJISIpHI 200 BaH-JIep-BaaibCOB1 CHIIH.

[Tpu ximiuHi# agcopOIii aacopOIiiiHI CUITM MalOTh XIMIUHY TIpupoay. BoHa
3BHYHE HE3BOPOTHS 1 MOJIEKYJIM aJcOpOTHBA, MOB'I3aH1 3 aICOPOSHTOM MIITHUMH
XIMIYHUMU 3B'I3KaMu (CUJIaMu ), HE MOKYTh MEPEMIIIATUCS IO TIOBEPXHI aIcCOPOCHTY.

dizuuHa afacopOIis MPoTiKae MUMOBUIBHO. JJ1s1 KOKHOT KOHIIEHTpaIlii aacopOoTHBa
B HAaBKOJIMIIIHBOMY CEPEIOBHIIII ICHY€ MOJIITaHHS a7CcopOIiiiHOT piBHOBArH,
aHaJIOT14yHE PIBHOBA31 MK KOHJIEHCAIIEIO 1 BUTIAPOBYBAaHHSAM. TOMY YMM BHILE
KOHIIEHTpallis aficopOTUBa, TUM OLbIe aacopOIlis 1 YUM BHUIIE TEMIIEpaTypa, TUM
MeHIe (hi3udHa aacoporis.

KinbkicHO aacopOIisi BUPaKAETHCA:



- BEJIMYHMHOIO d, € KUIBKICTIO aJICOPOTHBA, 110 3HAXOIUTHCS B 00'eMi
aJICOpOIIITHOT O 11apy, 110 BiAMOBIA€ OAMHUIl MACH aJICOPOCHTY
(MOTIB/T);
- BEJIMYMHOIO 0, TOKa3YIYHi KUTBKICTh aAcOpOOBaHOT pEUOBHHH, 11O
JIOBOJIUTHCS HA OJIMHULIIO TTOBEPXHI aICOPOCHTY (MOJ’IB/MZ);
- BBeJecHOI ['n060coM BemmunHOIO I, 1110 € HaJTUIIIKOM YHCJIa MOJIIO
aicopOTHBa B 06'eMi IOBEPXHEBOTO MIAPy MIOME0 | cM” B MOPIBHSHHI 3
YHCIIOM MOJIIO B TOMY X 00'eMi, sikOu O11st MibkazHOT MEX1 HE
Bi0yBaoCcsa 3MiHMA KOHIIEHTpaIlil aacopOoTHBa.
Me>xa afcopOIiii MpakTUYHO HE 3aJICKUTh BiJ TEMIEPATypH 1 BU3HAYAETHCS TUIIBKH
po3MipaMu MOJIEKYJT aicopOTHBa.
[3oTepma ancopOiii mo BUrIsAAY Haraaye napaboiy, Tomy Oeaekep, a moTIM
OpeiHanix a4 il aHaTITHYHOTO BUPa3y 3alpOINOHYBAIN BUPa3U BUTTISY:
a=x/m=Kp"™ ne
X — KUTBKICTh a7IcOpOOBaHOT PEUOBUHH; M — Maca aficOpOCHTY; p — PIBHOBAXHUMN
TUCK ra3y B cucreMi; K 1 1/n — koHcTaHTH.
a, Js abcopOiiii 3 po3unHy pIBHSAHHS

L 1/
®peittixa 3anmucyerbest: a = X/m = BCpapy.

T1
T1 <T2
T2
P(C) PiBHOB.

ITpupona aacopOIHUX CHIT

HaiinpocTimmmM BUnagkoM € afacopOIis HEMOISIPHOT MOJIEKYJIH HETIOJISIPHUM
a7cOpOEHTOM, TO1 AIFOTh TUTBKU JUCIIEPCIMHI CHIIM TSKIHHA 1 O0PHOBCHKI CUITU
BIJIIITOBXYBAHHS.

[Torenuian 3, BU3HaYalOYMil B3a€MOJI110 OJHIET MOJIEKYJIU aJICOPOCHTY 3 OJTHUM
aTOMOM HEMOJISIPHOTO aJcOpOTHBA BUpPAXKaEeThCsl pIBHAHHIM JlenHapaa-J>xoHca:

0=-cr®+Br ' ne



I — BIICTaHb MK IIEHTPAMH YACTUHOK; C — KOHCTAHTa JUCIIEPCIHHOTO TSXK1HHA; B
— KOHCTaHTA, 110 XapaKTEePU3ye €HEPTII0 CHII BIAIITOBXYBAHHS.

[Tpu apcopO1ii CKIaAHUX HETOASIPHUX MOJIEKYJ IOTSHI[IHHY €HEPTii0 B3a€MO/I1i

ko agcopOSHT CKITaTa€ThCS HE 3 aTOMIB, a 3 10HIB, TO J0 A1l AUCIICPCIMHUX CHIT
JOIA€ThCA Misl IHAYKIIMHUX CUJT TSOKIHHS TUTIOJS, THAYKOBAHOTO B MOJIEKYII
aZcopOTHBA eJICKTPUYHUM TI0JIEM, CTBOPIOBAaHUM 10HaMU TpaT ajcopOenty. [Ipu
[[bOMY YaCTKa IHAYKIIHHUX CUJI B aJICOPOIIIHHINA B3a€MOIT IPOMOpIiiiHa
MOJIAPU3YEMOCTI MOJIEKYJIH aICOPOTHBA 1 KBaAPATy HAMIPYKEHOCTI
€JIEKTPOCTATUYHOTO TOJISI Ha/l IOBEPXHEIO aICOPOCHTY.

S0 Ha HEMOMSAPHOMY aJICOPOEHTI aCOPOYIOTHCS MOJSAPHI MOJICKYIIN
azicopOTUBa, TO MOCTIMHI JUIOJ1 MOJIEKYH aAcOopOTHUBA NOJISAPU3YIOTh aTOMU
azcopOeHTy, TOOTO IHAYKYIOTh B HUX €JIEKTPOCTATUYHI MOMEHTH, BHACIIOK I[HOTO
BUHUKA€E IHAYKIIIITHE TSXKIHHSA, SIKE 10JA€ThCA 0 JUCTIEPCIHHOrO.

SIk110 MONSPHI MOJIEKYJH afcOpOYIOTHCS Ha aJICOPOEHTI, 1110 Ma€ HA MTOBEPXHI
10HM 200 AUIOJII, TO BHHUKAE B3a€EMOI1S 10HIB 200 IHIOJIB aAcopOTHBa 3
€JIEKTPOCTATUYHUM T0oJIeM aficopOeHTy. [Ipu nbomy mMonekynu aacopOTuBa
OPIEHTYIOTHCA B €JIEKTPOCTATUYHOMY TOJ1 afICOPOEHTY, TOOTO BiOyBa€eThCA
Opi€HTalllliHa KyJOHIBChKA B3a€MOIIS.

Teopis MOHOMOJIEKVIISIPHOI agcopOiii Jlearmropa (1915).

[Tpu po3po0b11i Teopii aMepruKaHCHKUM YUYE€HUM BUKOPUCTOBYBAIHCS YSIBJICHHS PO
azcopOLiiHI CUIIM, BUCYHYTI pociiicbkuM yueHuM JI. P. I'ypBiuem:
1.  AncopOiIris € JTOKaTi30BaHOK 1 BUKIUKAETHCS CUJIAMH, OJU3bKUMU 10
XIMIYHHX.
2. AxcopOrig MOJIeKy aicopOTHBa BiTOYBAETHCS HA aKTUBHUX IIEHTPAX,
3aBX/IM ICHYIOUMX Ha MTOBEPXHI aJICOPOEHTY (CIUCH, MiTHECeHHS 1 T.1.).
3. VYHacaiok manoro paaiycy Aii aacopOUifHUX ChJl, IO MalOTh MPUPOY,

OJIM3BKY A0 XIMIYHOT, 1 3I0HICTh iX 10 HACHYEHHS KOXKHUM aKTUBHUU LIEHTD,



azcopOyroun MoJiekyny ancopotuBa. Ctae Bxke HE3M10HUM 10 TOATBIIOT
azcopOirii. B pe3ynbpTaTi 1IbOT0 HAa TOBEPXHI aICOPOCHTY YTBOPIOETHCS
TLTBKM MOHOMOJIEKYJISIPHHH 1Iap aJcopOTHBA.

4.  AncopOoBaHi MOJIEKYJIH YTPUMYIOThCS aKTUBHUMHM LIEHTPAMH TUIbKH
MPOTSATOM MIEBHOTO MTPOMDXKKY HYacy.

5. JlenrMiop He BpaxoBYBaB CHJIM B3a€MOJI1T M1k aJCOpPOOBAaHUMU
MOJIEKYJIaMHU.

PiBHSHHS 130TepMHU JTOKaI130BaHOI afcopOii:

o —_ cu o
Mounekyna razy + akTUBHUHN HEHTP aJACOPOCHTY =—— aJCOpOLIHHUN KOMILIEKC

o=Kpay ae
0, — MIOBEPXHEBA KOHIICHTpAIlis aAcOpOTHBA; 0p — KOHIICHTpAIlis BUTbHI aKTUBHUX
IIEHTPIB Ha MTOBEPXHI aICOPOCHTY; p — TUCK Ta3y; K — KoHCTaHTa, HE 3a1eXHa Bif
KOHIIEHTpaIlii 1 MOCTIHA MPU AaHIN TeMIepaTypi.
[Tpu cramniii ancopOiiitHiii piBHOBA3I:
K=a/ayp
y mboMy Bunaaky K — koHCTaHTa piBHOBAru.
bepyuu no yBaru, 110 KO)KHUMA aKTUBHHUM LIEHTP MOKe OyTH 3alHATHI OHIEI0
MOJIEKYJIOI0, 3aUIIEMO:
O+ 0o = Olyax
0) = Olyax — O
G:Kp (amax_a)
0 = Oyax Kp/ (1 + K p) — piBHsIHHS JIeHrMiopa.
OckiIbKU BeTU4MHA aJCcopOIlii @ mpomnopiiiiiHa o, T€ PIBHIHHS MPUHME BUTIIS:
a=a,Kp/(1+Kp)=a,up/(4+p),ne
A — BenMuMHa, 3BOPOTHA KOHCTAHT1 PIBHOBArH.
[IpencraBnenHs po3BuHEH1 JIEHTMIOpOM J03BOJISIIOTH MOSICHUTH CX1A9acTy

aacop6iito. [Ipote, neski Bunaaku GpizuaHoi aacopOI11ii He MOXKYTh OYTH MOsICHEH1



MOJIOKEHHSIMHU T€OPil MOHOMOJEKYJISPHOT aJCOPOIIii 1 BUMararoTh MIAX0Ty 3 TIO3UIIIN

MOJIIMOJIEKYJISIPHOT a1copOIIii.

Teopisg nogimoniekyiapHoi aacopoOiii [Monsgni. Teopis BET.

Teopiro MoHOMONEKYIISIpHOT ancopOiii 3anpononysas [lonsHi B 1915 p., ocHOBHI

11 MOJIOKEHHSA 3BOJSTHCS 0 HACTYIHUX:

l.
2.

6.

Ancopbitist 00ymoBiieHa (PI3UYHUMHU CUTIAMHU.

Ha nmoBepxHi aficopOeHTY HEeMa€e aKTUBHUX IIEHTPIB, a afcopOIiiHI CUITU
TIIOTH MOOIM3Y B MOBEPXHI aICOPOCHTY 1 yTBOPIOIOTH OIS HEl 3 OOKY
ra3oBoi (a3u Oe3rnepepBHE CHUIIOBE TTOJIE.

AncopO11iiiHi CHUTH TIIOTh Ha TIOPIBHSIHO BEJIUKI BiICTaHI.

Jist agcopOIIiHUX CUIT Y Mipy BUAQJICHHS BiJ] TOBEPXHI 3MEHITYETHCS 10
HYJIS.

TsoKIHHS MOJIEKYJIM TIOBEPXHEIO aICOPOCHTY Ha 3aJIe)KUTh BiJl HAABHOCTI B
aJcOpOIIITHOMY MPOCTOPI 1HIIUX MOJIEKYJI, BHACTIOK I[OTO MOKJIMBA
MOJIIMOJIEKYJISIpHA aJCOpOILis.

AncopOI1iiiHi CUITH He 3aJIe’KaTh BiJl TEMITEPATYpH.

TakuMm ynHOM, 3a7I€KHO Bl MPUPOAH aICOPOCHTY 1 acOpOTHBA, a OCOOIUBO Bif

YMOB a/IcOpOIIii B OJHUX BHUMAJAKaX 3aCTOCOBHA Teopisa Jlenrmiopa, B iHmux — [lomsHi.

Teopis [lonsHi 3acTOCOBHA TUTBKH /10 SBHII YMCTO Gi3uuHiN agcopoii. Teopis

Jlenrmiopa Ha Moke OyTH 3aCTOCOBHA JIJIsl TIOSICHEHHS aJIcOpOI1Iii Ha TOHKOTIOPUCTHX

azcopOeHTax, 0 MalOTh MOPH, 110 3BYKYIOThCS.

Pobunucs cipobu y3araqbHUTH J1aHi TEOPii 1 OMUcaTH 130TEPMH Pi3HOT hopmMH 3a

JIOTIOMOT'O0 OJTHOTO piBHAHHSA. Taka y3araJibHeHa Teopis Oysia po3BUHEHA

bpynayepom, Emmerom 1 Temmepom (1935 — 1940 pp.) ctocoBHO aacopOiii mapu
(reopist BET).

OcHoBHi nosioxeHHs Teopii BET:



1. Ha noBepxHi aficopOeHTY € NEBHE YHUCIIO PIBHOL[IHHUX B €HEPT€TUYHOMY
BIJJTHOILLIEHH1 aKTUBHUX IIEHTPIB, 3[aTHUX YTPUMYBAaTH MOJIEKYJIH
afgcopOTHBa.

2. JIns cripoIleHHs B3a€EMOJIIEI0 CYCIAHIX aJICOPOOBAHMX MOJIEKYN B IEPIIOMY
1 MOAAJIBLINX 1IAapaX HEXTYIOTh.

3. KoxHa MomeKkysa mepiioro mapy € MOKIUBUM IIEHTPOM JjIsl afcopOItii 1
YTBOPEHHS APYroro i T.[. MapiB.

Bci 1i nepenyMoBH 10CTaTHBO YMOBHI, IIPOTE, 1151 TEOPisl BUSIBUIIACS TUTITHOIO.
Cxema moOy10BY TTpH BUBEICHH1 PIBHSIHHS
Iapa + BibHA TTOBEPXHA =—— OJMHHWYHI KOMITIECKCH
Ilapa + OIMHNUYHI KOMIUIGKCH =—— IIO/BilHI KOMILICKCH;
[Tapa + moaBiHiHI KOMILTEKCH = MOTPiiiHI KOMITJIEKCH 1 T.JI.

PiBHsHHS 130TepMu ancopOiii mapu o Teopii BET:

_ L CP 1 Py
(1-p/p, J1+(C-1)p/p,]

3 4, CP/ P,
(1-p/p, 1+(C-1)p/p,]

1€ Ps — TUCK HACMYEHOI MMapu MpH JaHiil TemnepaTypi; p/ps — BIAHOCHUMA TUCK

MapH; O, Oyax, @, Ayax, P — Tl K 3HAYCHHS, 1110 1 B piBHAHHI JIeHrmiopa; C — KOHCTaHTa

PIBHOBAru MoJiiMOJIEKYISPHOT aACOpOIIii.

Teopis BET, Takox sk 1 Teopist Jlenrmiopa 103BosIsi€ BUBHAUUTH TATOMY

MOBEPXHIO aJCOPOEHTY. 3HAUIIIOBIIH 4y AJIS IAPU IPOCTUX PEUOBUH, MPU HU3BKUX

TEMIEPATypax 1 3HAIOUU IUIONLY Sy, 3aliMaHy MOJIEKYJIOI0 aIcOpOTHBA!

Syz[ = Ayax NA SO



He nuBnsunce Ha psa Henomnikis, Teopis BET € B nanuii yac HalKOPUCHIIIOO
Teopiero GI3UIHOT aacopOITii.

Jlocniau 3a BU3HAYEHHSIM MUTOMO1 TOBEPXHI OJTHOTO 1 TOTO 3K aICOPOCHTY TIpH
azcopOIIii pi3HOT mapu Aanu OJIM3bK1 pe3ysIbTaTH, CIBNIAAA0Ul 3 pe3yabTaTaMu
BU3HAYECHHS MMUTOMOI MMOBEPXH1 IHITUMU, HE aJICOPOOBAHUMH METOJAMHU.

[Tpu 3HaueHHSX p, nanekux Big py 1 C >>1, agcopOiis MpUBOAUTH 10 YTBOPECHHS
MOHOMOJIEKYJISIPHOTO IIapy 1 piBHSHHA MEPEXOIUTh B PIBHSHHSA a1copOiii
Jlearmropa. YV mipy HaOMMKEHHS p 110 ps YUCIIO BUTBHUX aKTUBHUX LICHTPIB
CKOPOYYEThCS 1 KpaTHICTh KOMILIEKCIB pocTe. [lpu p = p; BinOyBaeThcs 00'eMHa

KOHJICHCAITIS MapH.



Jlexuis Ne4
3ansaTTa 2 (2 roa.):
Kaninsgpua konaencaris. Ximigaa agcopOiis. Temnora agcopOmii. [IIBuAKICT

aacopb6uii. uaamiuaa agcopOiiiss. AacopOiris ra3iB 3 iX CyMilIe.

Kamingpaa KoHaeHcalis.

Kaninspua konnencairisi 00yMoBjeHa HasSBHICTIO OUTSA aACOPOEHTY IPIOHUX Mip.
[Topu ancopOTHBa KOHACHCYIOTHCS B TAKUX TMOPaX MPHU TUCKY, MEHIIIOMY THCK
HAaCHYEHO1 Iapy HaJ| MJIOCKOI0 MOBEPXHEI0 YHACIIIOK OCBITU B Kamuisipax yBIFHYTUX
MEHICKiB. BUHUKHEHHS IIUX MEHICKIB MPEICTABISIETHCS K PE3yIbTaT 3MUTTS PIAKUX
I1apiB, 110 YTBOPMIJIUCS HA CTIHKAaX Kamuspa YHACTII0K afcopOIii mapu.

SIBunie KoHAEHCAIlIl He ¢ 3MiITyBaT 3 Qi3udHOI0 ancopOiiero. EnemMentapua
TeOopis KamisIpHO1 KOHAEHCAllll He BpaxoBye cHeu(ivHO1 A1 TOBEPXHEBUX CHUJI.

BinMiHHICTE TIOIMOJNIEKYASPHOT aAcOpOIIiT B KamUISIpHOI KOHGHCAIII] MOJATae B
TOMY, 1110 BOHA BIIOYBA€ETHCS TUIHKU HA MJIOCKUX MOBEPXHIX.

[Tpu apcopO1ii, KanuIAPHOIO KOHCHCAIIIEI0, IO CYTPOBOIKYETHCS, YACTO
CIIOCTEPITa€ThCS SABUIIE TICTEPE3UCY, KO 130TepMU afcopOIrii 1 gecopOirii He
criBnaaaroTh. Ha sBummax agcopOiii 1, TOJJOBHUM YHHOM, KaIMUIIPHOT KOHASH A1
3aCHOBaHa peKyrnepailis (MIOBEepHEHHs B IPOCTIP) JIETIOUMX POIYMHHUKIB, 110
BTPAYaIOTHCA MPU TEXHOJOTTYHUX TPOIIecax.

XiMiYHa aacopOIs.

Bomna 31iiicHIO€TBCA 32 paxXyHOK XiMigHUX cuil. Jly»ke gacTo pizuuna aacopOris
nepeaye XiMIIHIN — aficopOTHUB, aAcOpOOBAHMI i i€t0 PI3UYHUX CUJI, TTOTIM
3B'SI3YETHCS 3 ICOPOCHTOM BXKE XIMIYHUM XIMIYHUMH CHJIAMH.

[ligBuiieHa TeMmepaTypa 3MeHITye Pi3uuHy aJcOpOIIiIo 1 CIIPHUse XeMOCOPOIIii.

TunoBum mpuUKIaAOM XeMOCOPOITii MOXKE CIYKUTH afcopOIIist KUCHIO Ha po3i. Ha

HOBCpXHi € aTOMHU BYTJICIIIO 3 BUIBHUMU BAJICHTHOCTAMMH, IO MOKHA ITPECACTABUTH:



NS NS\ 3anaxu HEHACUYEHOCTI aTOMIB BYIJIELIO Ha

C C C TIOBEPXHI BYTiJIIS MOXKe aicOpOyBaTUCS KUCEHb.
7NN N
Cc ¢ ¢ ¢C

[Tpu cipo61 gecopOyBaTH aACcOPOTUB MUIIXOM
HarpiBaHHs

O O O 3 MMOBEPXHI BiAAAISIE€THCA HE KHCEHb, a OKCHIN

| | | BYIJICLIO.
C

NN N
C ¢ ¢ ¢C

Tertora ajgcopOIi.

diznyHa aacopOIis € EK30TEPMIYHUM TpoIecoM. Po3pi3HSAIOTH 1Ba CITocoOn
BHpa3y TEIJIOTU acopOIIii — IHTerpasibHy 1 qu(depeHIianbay.
[aTerpanpHa TemIoTa ancopoOIii uyr. € 3araJbHOI0 KUTbKICTIO BUIUTHBCS MPH
azcopOIii Teruta, BimHECeHe A0 1T ajcopOeHTy:
Quar. = Q / m, 11e
Q — 3arayibHa KUTBKICTh TEILJIa; M — Maca aJIcOpOCHTY.
JudepeHniaabHa TEMI0Ta afacopOLii quyug. € BITHOIIEHHIM J0JATKOBO TeIla, 1110
BHJIUTHITIOCS, JTO JOJATKOBO aJIcOpOOBaHOI KUIBKOCTI aIcOpOTHBA:
Qundp. = dQ /dn
JudepeHniajbHOIO TEIIOTOI aAcOPOLil HA3UBAETHCS TEILIO, 110 BUILITUIOCS
MIPU JOATKOBIM afacopOIii Majaoi KUTBKOCTI aJcopOTHBa 1 mepepaxoBaHe Ha 1 Horo
MLJIb.

HIBuakicTh ajcopOIii.

[IBunkicTe AudepeHiiaabHoil aacopOIlii Ha HEMOPUCTHX aacOpPOCHTaX 3BUYAITHO
BEJIbMH BeJIMKa. Y 0araTh0X BUIIAJKaxX aJcopOIliiiHa piBHOBara gocsaraeTbes 3a 10 —
20c., mpuaomy 90 — 95% ancopOTuBa 3B'A3yI0ThCA aIcOPOCHTOM Bxke 3a 1 — 2c¢.
[TpakTUuHO MPUNMAETHCS, IO MIBUIKICTH aACOPOIIiT BU3HAYAETHCS MIBUAKICTIO, 3
KO0 aJICOPOTHUB J0CSTA€E MOBEPXHI aICOPOEHTY, TOOTO MBUAKICTIO AU Y3ii.

PiBHSHHS MIBUIKOCTI aacopOIiii mpuiiMae BUTIISL;

da/dt =K (apes —a1);



1
a=k1"

3 MiABUINEHHSIM TeMIIEpaTypHy MIBUIKICTH aJCcOpOIIli 3pOCcTa€, 3 HIIO — MPU
MiABUIIEHHI TEMIIEpATypH aIcOpOIIis, IO BiAMOBIa€ PIBHOBAKHOMY MOJSATAHHIO,
najae.

Bruius Ha aacopOIlir0 BJIACTUBOCTEN aJICOPOCHTY.

Ha 3nmatHicTh ancopOeHTy agcopOyBaTu ra3u CUIBHO BIUTUBAE HOTO MOPUCTICTH 1
Gbi3u4He MoNsSTaHHS.

AmopdHi agcopOeHTH Kpalie aacopOyroTh ra3, HiK KpucTtaiiyHi. L{e moscHoeTbCs
THM, 10 TIOBEPXHS aMOP(PHOTO aJCOPOEHTY MIOPCTKA, HA BIAMIHY Biff TOBEPXHI
KpHucTana.

Jlo HalmomupeHImmx agcopOeHTIB BIAHOCATE: AEPEBHE BYT LIS, CUIIMKAreb,
PI3H1 MPUPOJIHI CUITIKATH, ATFOMOTEIIb 1 A TFOMOCUITUKATEeTIb.

Brumus Bi1acTuBOCTEN ancopOTHUBA.

I"a3 apcopOy€eThest TUM Kpallle, YUM JICTIIIE BiH 3PiKYETHCS, YAM BHIIE HOTO
KPUTHYHA TEMIIEPATypa i YMM BHIIE HOTO TEeMIIepaTypa KUITiHHI.

AppeHiyc BCTAHOBHB, 0 KUIBKICTh aIcOPOOBAHOTO razy 30UTbIIYEThCS 13
3pOCTaHHSIM KOHCTAHTH a B piBHAHHS BaH-nep-Baanbca.

JlnHamiuHa aacopOiis.

JAunamiuna agcopOuis — 1e agcopOiris, Koyu ra3 abo cymilll, 1o aacopoyeThes,
HOT0 3 MOBITPSIM MPOITYCKAIOTh Yepe3 1Iap aicopOeHTY.

JluHamiyHa aKTUBHICTH aJICOPOEHTY ICTOTHO BIIPI3HIETHCS BiJl HOTO CTATUYHOT
aKTUBHOCTI.

CratuyHa afcopOIliiHa aKTUBHICTh MPH JaHIN TeMIlepaTypi 1 KOHIICHTpaIIii ra3y
BU3HAYAETHCS KUTBKICTIO aICOPOTHBA, TIOTNIMHEHOTO OJUHUIEI0 MacH aicOpOeHTY
MIpY BCTAHOBJICHH1 PIBHOBArH.

JluHamiyHa aKTUBHICTH aJICOPOEHTY XapaKTePU3y€EThCs TPUBATICTIO MPOITYCKAHHS
ra3zy abo Horo cymiiiri 3 MOBITPSIM Yepe3 IIap aicOPOCHTY 10 MOMEHTY BHUSBICHHS

MepIInX CiAIB ra3y 3a mapoM ajacopOenty. Lisg BenuunHa 3aneXuTh SK BiJ CTATHYHOT



aKTUBHOCTI aJIcOPOCHTY, TaK 1 BiJl IHIIUX YMHHHUKIB, & cCaMe BiJ] CIIIBBIIHOIIIEHHS MK
TOBIIMHOIO 1 TJIOMICIO APy aIcCOPOCHTY, AlaMeTPy 3€peH aicOpOeHTY, KOHIIEHTpaIlii
ra3y 1 MBHUAKOCTI Horo mpoTikaHHsa. ToMy quHaMidHy aJCcOpOIliI0 MOXKHA
XapaKTepu3yBaTH TUILKHA YacOM, 1110 MPOTIKAE A0 MPOCKAKyBAaHHS Ta3y yepes miap
a7IcOpOEHTY 3a TaHUX YMOB TPOILIECY, 1 HE MOYKHA XapaKTePU3yBaTH KIJIbKICTIO Ta3y,
a7copOOBaHOIO OJIMHUIICIO Macu a00 00'eMy ancopOeHTy. JlnHaMiuyHa aKTUBHICTh
aacopOeHTy netanbHO BuBYanacs lllunoBuMm, a moTiM JlyOMHUHUM 1 IHITUMU
YUYCHUMH.

AJicopO11is rasiB 3 iX CyMIIIEN.

Ancopbitis ra3iB 3 X CyMmilne Mae BeIUKe MPaKTUYHE 3HAYCHHS, OCKIIBKA YMOBH,
MU SIKUX aJCOPOEHT OTOYEHU aTMOC(HEpOI0 OTHOTO SIKOTO-HEOY b ra3y, Ha
MPAKTHUIIl 3yCTPIYAETHCA PIAKO. AJCOPOIIis Ta3iB 3 iX CyMilllei 3 MOBITPSIM
BiIOYBAa€ETHCS MPHU PEKyMepallii pO3UMHHUKIB, PYU KOHIUIIOHYBAaHHI MOBITPS, IPU
ounnienHi CO,, Boguro, NHs.

[Tpu apcopO1ii 3 ra30BOi CyMmiIi KOXKHUN OKpEeMUM Ta3 aacopOyeThCs 3aBXKIU B
MEHIIIN KUIBKOCT1, HDK sIKOM BimOyBanacs afacopOliis 0HOTo 1poro raszy. [Ipu npomy,
YUM Kpallle ra3 acopOyeThCs, TUM Kpallle aacopOyeThCs BiH 3 CYyMIIII.

AncopOitis 0HOTO Ta3y MOXE HACTIILKH MEPEBEPIIYBATU aCOPOIIiI0 1HIIOTO,
3MIIIAHOTO 3 HUM Ta3y, 110 aacopOIlis ApYroro ra3y NpakTUYHO He BiIOYBA€THCA.
30KkpeMa, 1€ CIIoCTepiraeThbes Mpu aacopOIlii aKTUBHOCTI BYTULIIAM 3 TIOBITPS TapH
OpraHIYHUX PO3YMHHUKIB, KOJIHU BIUIMB MOBITPS HA aJCcOPOIit0 Mapyu PO3YNHHUKIB
HIKYCMHUH.

3acTocoByIOUYH a7cOpOSHT, HE MOKHA 3a0yBaTH, 1110 BiH MIr paHilie aacopOyBaTu
Ha cebe Toit abo iHmMiA ra3. [HoAdl Te, Mo MpuiiMaeThCs 3a aacopOIliio, YacTo € JIUIIEe

BUTICHEHHSIM 3 TIOBEPXH1 aJICOPOSHTY IHIIIOTO Tra3sy.



Jlexuiss Ne5
3ansaTTsa 3: AxcopOuisa Ha Mexi po34yuH — ra3 (2 roxa.)
1. TIloBepxHeBuii HATAT. [IOHATTHA NMPO MOBEPXHEBO-AKTUBHI i MOBEpPXHEBO-
IHAKTHBHI PeYOBUHH.

. Pisussuus I'uooca.

2
3. Pisassuusa HInnmikoBCbLKOIO0.
4

. IIpaBuio Tpavoe.

s. ByaoBa aacopOiiiHOro mapy Ha MeKi pO3YMH — ras.

1. Cuua, airouya Ha OJAMHULIIO JOBXKHHHU MEK1 PO3JLTY 1 [0 00YMOBIIIOE CKOPOUEHHS
MOBEPXHI PIIUHU, HA3UBAETHCS CHJIOI0 MIOBEPXHEBOr0 HATATY. BoHa 3aBxau
HaIpaBjieHa TAaHT€HIIIAIBHO 10 TIOBEPXHI PIAUHHU.

[TuToma BibHA MOBEPXHEBA EHEPT1S YMCEIBHO PIBHA OBEPXHEBOMY HATITHEHHIO
1 MO3HAYAETHCS G (TUIBKH JJIsI BANIAJKY OJTHOKOMIIOHEHTHOI PIAWHM).

[loBepxHeBe HATATHEHHS MPOMOPIIiiiHE BHYTPIIIHBOMY TUCKY 1, OTXKE, YUM
CWJIBHIIIIE MIKMOJIEKYJIIPHI B3a€MO/111, TUM BUIIE TIOBEPXHEBE HATITHEHHS.

[Tpu miagBUIIIEHH] TEMIIEPATypU MOBEPXHEBE HATSITHEHHS PIIUH 3HIKY€EThCA. s
BU3HAYCHHS G HA MEXI1 piIMHA — Ta3 a0o piuHa — Mapy 3aCTOCOBYIOTh METOIH
KaIuJIApHOTO MITHATTA, 3BAXXyBaHHA a00 paxyHKY Kpamneib, HalOUIbIIOTO TUCKY
MyXUPIIIB, BIAPUBY KUTBIA 1 1H.

Pinunu, 6;1M3bK1 MO MOJISIPHOCTI, 3MIITYIOTHCSA OJWH 3 OJHUM Y BCIiX
CHIBBIIHOIIEHHAX 1 OUISI G HUMH PIBHO HYJIO. SKIIO piTuHA 0OMEXEHO PO3YMHEH]
OJIMH B OJJHOMY, TO G Ha MEXI1 pilUHA — PIAMHA MPUOJINU3ZHO PIBHO PI3HUII MIXK G
B3a€EMO HACHUYCHHUX PIAMH HA MEXI iX 3 MOBITpsM (paBuiio AHTOHOBa, 1907p.).

Bci po3unHHi pe4oBUHM MO 1X 31aTHOCTI afcOpOyBaTUCS Ha MEXKI plANHA —
MOBITPs AUIATHCS Ha ABl rpynu: [TAP 1 ITIP.

[TAP 3m1aTH1 HarpomMa)KyBaTHUCS B IOBEPXHEBOMY IIapi, 1 MPU LIbOMY
BinOyBaeThCs mo3utruBHa aacopoOiis I > a. [IAP nmoBuHHI BOJIOAITH G MEHIIIUM G

po3unHHUKa. B3aemonis Mixk monekynamu [TAP 1 Monekynamu po3unHHUKA 3aBKIU



MEHIIIE B3aEMO/IIi MK MOJIEKyJIaMu PO3YMHHUKA. Takum unHoM, [TAP — pedoBunm,
10 3HWKYIOTh MIPU PO3YMHEHH1 MOBEPXHEBUM HATAT PO3YMHHHUKA Gj.

Ho kmacy I[TAP (BogHi po3urHU) BIAHOCUTHCS OUTBIIICTH OPTaHIYHO POIYMHHUX Y
BUTJISIAI 3'€THAHB: KUCJIOTH 1 iX COJ1, CIUPTH, edipu amiHu 1 1H. JJi1 HUX ©
3HIKYETHCS 3 pocToM C 13 mporo cainye, mo do / dC < 0.

c

do /dC <0

»

C

PeuoBuHa, 1110 MiBUIIYE G MPU PO3YUHEHH] HA3UBAIOTHCS TOBEPXHEBO -
IHAaKTUBHUMHU. J10 HUX BITHOCATHCS MaiKe BC1 BOJHI PO3YMHHU €IICKTPOJIITIB — KUCIIOT,
JyTiB, COJEH, TOOTO PEYOBHH, AUCOIIIOIOYNX HA 10HU 1 OLIBII TOJSPHUX, HDK BOJA.
s aux do / dC >0
(o] Taknm unHOM, ITAP Hakanu4yrOTHCS B IOBEPXHEBOMY
~ mrapi, a [1IP 3HuIyI0THCS 3 HBOTO.
do/dC>0

»
»

C

2. PiBasHHs ['u66ca nms agcopOiii Ha MeX1 PO3YHH — ra3 JO3BOJISIE€ BCTAHOBUTHU
3B'SI30K MK HAJUJTMIITKOM aJIcOpOOBaHOi pedoBHHM B oBepxHeBomMy mmiapi (1),
koHueHtpaiieto [IAP B po3uuni (C) 1 noBepxHeBuM HaTsAroM (G). bymo
3anponoHoBane [ 'n66¢com B 1876p.:

C do.

RT dC’

do C
-——=G 00c); = —¢G
dC (Tu6bc) RT

G — moBepxHEBa aKTUBHICTb.

3 piBHSIHHS BUXOJIUTh, 1110 SIKIIO G 30UIbIIYETHCS 3 KOHIIEHTpauieto, To I' <0 abo

KOHIIEHTpaIlis PO3YMHEHO1 PEUOBUHU B IIOBEPXHEBOMY IIapi MEHIIIE HIXK B 00'eMi



po3unny. HaBnaku, sikio 6 3MeHyerbes 13 30uibeHHsM C, o I' >0 1

KOHIIEHTpaIlis pEYOBUHU B MTOBEPXHEBOMY IIapi OiNIblie, HK Y BChOMY 00'eMi.
Bennuuny (— do / dC) Ha3uBaroTh MOBEPXHEBOIO aKTUBHICTIO a00 ['16OcoM.
[TpaBunbHicTh piBHSHHS ['100ca Oyna migTBepkeHa ociaigamMu OpyMKUHa.

3. Tlpu mopiBHAHO BEIMKHUX KOHIIEHTPAIlIAX 3HIKEHHS B 4aci ¢ 13 3pocTaHHsM C

omucyeTbes piBHsSHHAM [lumkoBckkoro, 3ampomnonoBanoro B 1908p.:

A=oc,-0 :GOBln[%+1J, e

. . 1
B — koncranra, piBa 0,2 npu temneparypi 20 °C; — — KOHCTaHTa, HA3UBAEThCS
A

MUTOMOIO KaIIAPHOIO MOCTIHHOI0, XapakTepHa 11 KoxxkHoi [TAP.
PiBasinnus [lnmkoBchkoro 100pe 3aCTOCOBHE JII OOUHMCIICHHSI G JKUPHUX KUCIIOT
3 HEBEJIMKUM YHCJIOM aTOMIB BYTJeIt0 B MoJiekydi (1o Cg).

Sx 6yno nmokazane Jlenrmtopom B 1917p., KOPUCTYIOUUCH PIBHSIHHAM
[umkoBCchbKOTO B AU EepeHIiaIbHOMY BUTJISII1, MOYKHA TIEPEUTH BiJ PIBHSIHHS
['u606ca no piBHsHHS JIeHTMIOpAa.

4. Monexynu [TAP 3Buune nudinbHi, TOOTO MaIOTh MOJAPHY 1 HEMOJISIPHY YaCTHHY.
[TonspHotro yactuHOO MOJeKyd [IAP MOXXyTh OyTH TpynH, 110 BOJIOAIIOTH BETUKUM
munonbHUM MoMeHTOM: - COOH: - OH; - NHy; - SH; - NO,; - CN 1 T.11. HenmonsipHO1O
gacTuHOI MoJiekynu [TAP 3Buuaiino € amidatuyai abo apoMaTHUHI paguKau.
JloBkMHA BYTJI€BOAHEBOTO paJliKajia CUIHHO MO3HAYAETHCS HAa TIOBEPXHEBIM
AKTUBHOCT1 MOJIEKYJIH.

Jtokiio, a mizHime Tpay0Oe BCTaHOBWIIH, IO TOBEPXHEBA aKTUBHICTh PEYOBUH Ha
MEX1 PO3YMH — MOBITPS TUM BHUIIE, UMM OLIbIle JOBXHHA BYTJIEBOAHEBOTO paNKaa,
MIPUYOMY B CEPETHBLOMY BOHA 30UIBIITYETHCA B 3,2 pa3u Ha KoxHY Mexxy CH,.

[ame ¢opmynroBanns npasmna [rokio — TpayOe 3BOUTHCS 10 TOTO, 110 KOJIH
JIOBKMHA JIAHIIIOTa OLIETOBOI KMCIOTH 3pOCTaE B apupMeTUUHIN mporpecii,

MOBEPXHEBA aKTUBHICTh 30UIbIIYETHCS B TEOMETPUYHIN.



[TpuunHi 3anexHOCTI, BcTaHOBIEHOT [{fokino — TpayOe mosnsarae B Tomy, 1o i3
301BIIEHHSM JTIOBKHUHU BYTJIEBOHEBOTO JIAHIIIOTA 3MEHIITYEThCS PO3ZUUHHICTD
KUPHOI KMCJIOTH 1 THM CaMHM 30UTBIIYETHCSA MPAarHeHHs 11 MOJIEKYN MepeuTu 3 00'eMy
B MTOBEpPXHEBUH 1map. [laHe mpaBuio BUKOHYETHCS MIPU TeMIepaTypax OJu3bKUX 10
kiMHaTHOI. [Ipu O11BII BUCOKUX TeMIepaTypax BiAHOMICHHS 3,2 3MEHIIIYEThCH,
MparHy4u OJMHUIIl, OCKUIBKH 3 MiIBUIICHHSIM TEMIIEpaTypy MOBEPXHEBA AKTUBHICTh
3HIDKYETHCS B pE3yJIbTaTl AeCOpOIlii MOJEKYI 1 BIAMIHHICTh MK IIOBEPXHEBOIO
AKTUBHICTIO TOMOJIOT1B 3IJIaJKYEThCS. JlaHe MpaBMiIo JOTPUMYETHCS JTUIIE IS
BoAHUX po34uuHiB [TAP. J51s po3unHiB IMX PEUOBUH B HEMOJAPHUX POZUMHHHUKAX
npaBuio [rokio — TpayOe 3BepTaeThes, OCKUIBKY 13 30UIBIICHHSIM BYTJIEBOIHEBOTO
naHIora po3unHHICTh [IAP B HEMONsApHUX piIMHAX 3pOCTAE, 1 pEYOBUHA IIPaTrHe
MIEPEUTH 3 TTIOBEPXHEBOTO IIAPY B PO3UMH.

5. MoHoMomneKyIspHi TUTIBKY Ha TIOBEPXH1 BOJIU MOXKYTh 3HAXOAUTHUCS B TPHOX
MOJIATAHHSIX: Ta30MOAI0HOMY, piAKOMY 1 TBepIOMY. Piaki 1 TBepi MOBEPXHEBI TLTIBKH
HA3UBAIOTHCSI KOHACHCYIOUMMU. ATperaTHe MOJSITaHHs TUTIBKA BU3HAYAETHCS
MOJICKYJISPHUMH CHJIAMH, TIFOUUMH M1K MOJIEKYJIaMHU TLTIBKH.

- TazomoaiOHI MOBEPXHEBI ILIIBKH.

ko cuiy, Air041 MK MOJIEKYJIaMH B TUTIBIII HEBENHK1, TO MoJieKynu [TAP
MIParHyTh PO3CIATUCA 1O HIN 1 BIAJIATUTUCS HA BENMKI BifcTaHi. B pe3ynpraTi
TEIJIOBOTO PYXY MOJIEKYJIHM BECh Yac MEPEMIIIATHCS TI0 TIOBEPXH1 BOAM HE 3aJICKHO
OJIMH B1Jl OJTHOTO, 1110 0OYMOBJIIO€ TTIOBEPXHEBUH TUCK, TIIOUUNA B HATIPSIMI,
MPOTUIICKHOMY ITOBEPXHEBOMY HATATHEHHIO. TaKy IMJIIBKY Ha3WBAIOTh JBOBUMIPHUM

razom. Opienrairis monekyin [TAP B agcopOiiitHoMy 1m1api Jyisi ABOBUMIPHOTO Ta3y:

——| [
(s e Ty

PiBHAHHS MOJSTaHHSA JBOBUMIPHOIO ra3zy 0yIno 3amnpornoHoBaHO OpyMKUHUM i
aHAJIOT1YHO TPUBUMIPHOMY:

(A+0/0)(0-B)=RT, ge



(p+a/V? (V-b)=RT (3-x MipHOro)
0, B — BIAMOBIAAIOTH MOCTIMHKUM a 1 b B piBHsIHHI Ban-nep-Baanbca;
A=0p—o0;
o=1/T.
PeuoBruHaMu, CTBOPIOIOYMMH Ha BOJI1 ra30MoI10H1 TUTIBKH, € OPTaHiuH1 CIIOIYKH 3
Iu(ITEHAUMA MOJIEKYJIaMHU, 1110 MalOTh CEPEIHBOT0 paguKala, HalpuKiIal, >KUPHI
KHUCIIOTHU (C]Z — sz).

- KoHaeHCVIOYl IJIIBKH.

SIK110 TaHTeHINAIBHO A1I041 CUITM MK BYTJIEBOJHEBUMH pagiKaIaMi MOJIEKYJIT
[TAP B noBepxHeBiii MBI BEJIUKI, TO MOJIEKYJIM MHYTh YTBOPIOIOUU KPYIIHI
KOH/ICHCYIOU1 OCTPOBH, B SIKUX TEIUIOBHM pyX CHJIBHO yTpyJaHEHUH. B 1iux octpoBax
MOJIEKYJIH OPIEHTYIOTHCA MapayieIbHO OJMH OAHOMY 1 MEPIEHAUKYISPHO MOBEPXHI

Boau. Opienrauis Mmonekyia [TAP B agcopbuiiiHomy mapi At KOHACHCYI0UOT IIT1BKH.

AR IZA ) PeqoBUHAMY, CTBOPIOIOYHUMHE Y BOJII B 3BUYHHUX YMOBaX

KOH/ICHCYIOU1 TUTIBKH, € OPTaHidH1 CIOJIYKH 3 JU(PUIBHUMU MOJIEKYJIaMU, 1110 MalOTh
JIOBTUX BYTJIEBOJHEBUX PaJUKAaIIB.

KonaeHcyroul TTiBKY 3BUYHO PiIKi 1 MOJIEKYJIM B HUX MEPEMIIIAIOTHCS JOCUTh
BUIBHO.

OKpiM IaHMX IUTIBOK ICHYIOTb 1 PO3TSTHYTI IUTIBKH, IPOMDXKHI 10 BIACTUBOCTSX
MDXK Ta30MO0I0HUMH 1 KOHACHCYIOTh. TaKi MIiBKU yTBOPIOIOTHCS, HAPUKIIA, 3
KOHJICHCYIOYHMX TUTIBOK TIPH MiABUIIICHHI TEMIIEPATYyPH.

[TpyurHa yTBOpEHHS PO3TATHYTHUX IJIIBOK — 30UTBIICHHS 13 3DOCTaHHSIM
TEeMIIepaTypu KIHETUYHOT €HEeprii BYIJIEBOJHEBUX PAIUKAIIIB MOJIEKYJI, CTBOPIOIOUNX

KOHJICHCYIOUY TLTIBKY.



Jlexuiss Ne6
3ansaTrs 4: AxcopOuia Ha Mexi TBep/e TiJI0 — po34uH (2 roa.).

1. MonekynsapHa aacopOIlis 3 po3unHy.
2. lonHa agcopOrris.

3. OOmiHHa agcopOiis.

4. SlBumie 3MO4YyBaHHS.

5. Ilonsarrs apcopOmii.

1. KinpKiCTh peUOBUHHU a, MOJICKYJISIPHO ajicopOoBaHe 1T. afcOpOEHTY 3 PO3UUHY

OOYHUCTIOETHCS TT0 HOPMYIIL:

a=0=aV 009
m

Co 1 C| — MOYATKOBA 1 PIBHOBaKHA KOHIICHTpAIIii aacOpOTHBA, MOJIb/J;

V — o0'em po3umHy, J1.; m — Maca ajcopOeHTy, r.; 1000 — my1s nepexnaay B MMOJIB/T.
3aneKHICTh MOJIEKYJISIPHOI PIBHOBaKHOI acopO11ii 3 pO3unHY Ha TBEPAOMY TiJi

BiJl KOHIIEHTpAIlii IbOTO aICOPOTHBA XapaKTEPHU3YEThCS 3BUUHOIO 130TEPMOIO

azcopOIIii 1 AJ1st po30aBIeHUX PO3UYHUHIB OMUCY€EThCs piBHIHHAM Dpelnixa:

(a=x/m=pc""

pasn.) @00 PIBHAHHAM JleHrMropa.
Bennuuny ['u66coBcrkoii ancopOiiii MO)KHA BU3HAYUTH 110 BUPA3Y:

”(NO_N)

b

F:

m-S,
m — Maca abcopOeHTy, TI.; Sy, — MUTOMA IOBEPXHs afACOPOEHTY; N — 3arajbHe
YHCJI0 MOJII PEYOBHHH B po34nHi; Ny — MOJIsIpHA YacTKa afacopoTuBa m0 aacopOii; N
— MOJISIpHA YacTKa IIPH PiBHOBa31 3 aJIcOPOCHTOM.

BIuiiB npupoIHOTro cepeaoBUIIA.

Yuwm ripiie aacopOyeTbes cepeloBUIIE Ha aACOPOSHTI, TUM Kpallie
BiIOyBaTUMETHCA aICOPOIIis pO3UNHEHOI peYOBUHHU. UnM O1bIIIe TOBEPXHEBE

HATSATHEHHS CepeIOBUINA, TUM MEHIIIE 11 MOJIeKyIsipHa 310HICTh A0 aacopOiii Ha



TBEPIOMY TiJil 1 TUM Kpallle Ha HhOMY aJICOPOYEThCA pO3UMHEHA peYOBUHA. ToMy
azicopOIlisl HAa TBEPAOMY Tl 3BUUAMHO J00pe Hie 3 BOJHUX PO3YMHIB, HIK 3 PO3UHHIB
BYTJIEBO/IHIB.

Brumis Bi1acTUBOCTEN ancOpOEHTY 1 aCOpOTHBA.

Ha agcopOitito 3 po3urHIB CHJIBHO BIUIMBAE TOJIAPHICTD 1 MOPUCTICTH aJCOPOCHTY.
[TonsapHi ancopbeHTH kpaie aacopOyOTh HEMOISPHI aACOPOTUBH, a IOJIAPHI —
MIOJIAPHI aIcCOPOTUBMH.

BruB mopucTtocTi ancopOoTuBa 3aneXuTh BiJl CIIIBBIIHOIICHHS PO3MIpIB Tip
azcopOIis 1 Mmosiekyn agcopOtuBa. [Ipu 361bIIeHH] TOPUCTOCTI aICOPOCHTY
azcopOIIis MaJTUX MOJIEKYJ aJCOPOTHBA 3 PO3YMHIB 3BUYANHO 3POCTAE MIPU MATHX
po3Mipax MOJIEKYJI.

IIpaBuwio Pebingepa: PeuoBuna C moxxe azicopOyBaTucs Ha TOBEPXHI PO3ALTY
¢a3 A 1 B B Tomy BUNIaAKYy, SKIIO HasSBHICTH pedyoBUHU C B MOBEPXHEBOMY IIIapi
MIPUBOJAUTH JI0 3PIBHIOBAHHS PI3HUIIL MOJISAPHOCTI IUX (a3 abo MieneKTpuIHOT
MPOHUKHOCTI €5 < &c < €g 200 €5 > &c > &p.

I3 30inbIIEHHAM MOJISIPHOT Bary 34aTHICTh PEYOBUHH aICOPOYBATHCS 3POCTAE.

[TonsapHi rigpodinbHi moBepxHi 100pe ancopOytoTh [TAP 3 HenmomsipHUX piAMH 1,
HaBITaKU HEMOJIAPHI rigpodoOHi moBepxHi 100pe aacopOyoTh [IAP 3 HemonmsapHux
piauH.

Brumus yacy, remneparypu 1 KOHIIEHTPAIll PO3YHHY.

I3 301nbIIEHHAM MOJSPHOI Barv KUCJIOTH Yac aacopOIiifHOl piBHOBAaru
30imbIIyeThes. [lpy miBHIIEHH] TeMIIepaTypu afcopOIlis 3 pO3UYUHY 3MEHIIYEThCS,
poTe, y pasi MiABUIIEHHS PO3YMHHOCTI 13 30UTBIICHHSIM TeMIIEpaTypH afacopoIis
TEX MOXKE 3pocTaTd. BIiuB KOHIIEHTpAIlli pO3YHHY Ha aacopOIIif0 HOCUTH CKJIaIHHM
XapakTep 1 3aJIeKUTh BiJ BIACTUBOCTEH afcOpOTHBA 1 pO3UMHHUKA.

IMoustrsa xpomarorpadii.

Ha niporiecax amcop06i1ii 3acHoBaHa XpomMartorpadis, 3aporroHOBaHa POCIHCEKUM

yuernum LIBetom B 1903 porii mpu po3niieHH1 XJ10podily Ha OCHOBHI YaCTHHH.



Meton B HAMMPOCTIIIIOMY BUTJISA/I TIOJIATAE B TOMY, 110 Ye€pe3 TPYOKy (amcopOuiiHy
KOJIOHKY) HallOBHEHY aJICOPOEHTOM, MPOIYCKaIOTh MPOTATOM JTOBIOI'0 4acy pO3YuH
CyMiIlll pe4OBUH, SIK1 HEOOX1AHO po3aLIuTH. [Ipu IboMy Ha afcopOeHTI y BEpXHIN
YacTHHI TPYOKHU BIIKJIAAAIOTHCS KOMIIOHEHTH CyMillll, IO CUIIBHO aJIcOpOYIOThCS, 1
T.J.

VY pe3ynbTati Mo JOBXKHHI CTOBIA aJCOPOEHTY YTBOPIOIOTHCS 30HU, HACUYEHI1
OKpPEMHUMHU KOMIIOHEHTAMH CyMiIlli. SIKIII0 KOMIIOHEHTH MalOTh pi3HE 3a0apBiICHHS, TO
30HH JIETKO PO3PI3HUTH 3a KOJIBOPOM, SKIIO0 BOHU Oe30apBHI, ajie 3110H1 10
JIOMIHECUEHII11, TO JJIsl BA3HAYEHHS MEX MK 30HAMH 1Iap acOPOEHTY AOCTIIKYIOTh
B YO cBiTdi.

Xpomarorpadis ofieprkaja ITUPOKe BXKUBAHHS MTPH PO3AICHHI 1 OUHIIICHHS JTIKIB,
pEYOBHH, BiTaMiHIB 1 T.1. BOHa 103BOMMIIA PO3UTUTH BIIKPUTI €JIEMEHTH:
enHmTeiHi 99, depmiii 100, menaenesiit 101.

2. Ha axcopOuii 10HIB iICTOTHUM MO3HAYA€ThCs MpUpoaa aacopOenty. lonu 3matHi
NOJISIPU3YBATHUC, a1COPOYIOTHCS 3BUUAHO HA MOBEPXHSX, 10 CKIAJal0ThCS 3
MOJIAPHUX MOJIEKYJ 200 3 10HIB. ToMy 10HHY aACOpOIlit0 Ha3UBAIOTh TOJISPHOIO
aacopOIiero. MikpoAUTSTHKY MIOBEPXH1, HECYUl TEBHUH 3aps/l, aAcOpOyIOTh
MPOTUIIEKHO 3apskeH] 10U, [Ipu 1boMy 10HH €NIeKTPOIITIB, HECYydl MPOTUIICKHHIMI
3HaK, O€3MOCePEeHBO HE acOpOYIOThCSA, alie i 1€ CHII eIEKTPOCTATUIHOTO
TSOKIHHS 3aJIMILAI0ThCS MO0JINU3Y aAcOPOOBAHUX 10HIB, YTBOPIOIOUH 3 HUMH Ha
MOBEPXHI aICOPOCHTY CTPYM 3BaHUM MOJABINHUI €ICKTPUYHUN Iap.

Pi3HM1I 10HIB CUIIBHO BIUTMBAE HA 1X 3/1aTHICTh aJcopOyBaTHCs. 3 10HIB
OJTHAKOBOT'O 3apsiy MaKCUMAaJIbHY aJICOPOIIIHY 3JaTHICTh MPOSIBISAIOTH 10HU
HalOUIBIIOr0 po3Mipy. [IpuunHa — Benuka MoISApU3YEMICTh TAKUX 10HIB.

AncopOuiiiHa 31aTHICTh 10HIB CHJIBHO 3aJI€KUTh BiJl CTYINEHsI OKUCICHHS. YuM
OUTBINIE 3aps 10HA, TUM OUIBIE HOTO aacopOIiiiHI 310HOCTI.

3. O6miHHa azfcopOList COCTEPIraeThCsl B TOMY BUIAAKY, SKIIO Ha MOBEPXHI

aZIcOpOEHTY BKe a/IcOPOOBAHMIA €IEKTPOIIT 1 MPU KOHTAKTI I[BOTO aJICOPOCHTY 3



HIIUM enexTpositoM. [Ipu 3BuuHIN agcopOiii acopOeHT MOTIMHAIOYH TIEBHA
KUIBKICTb 10H1B, OJIHOYACHO BUKJIMKA€ B PO3UMHI €KBIBAJIEHTHY KUIbKICTh IHIIMX 10HIB
TOT0 K 3HAKY, 110 BUTICHSAIOTHCS 3 TOBEPXHI.

OOMiHHa afcopOIIiss Ma€e psJT 0COOTMBOCTEH:

Bona cnieuudiuna, To0TO 10 0OMiHY 3/110H1 TUIBKY NEBHI 10HMU;

OOmiHHa afcopOIlis He 3aBXKIU 3BOPOTHS;

[Ipotikae 61IBII TOBOJI, HIXK MOJIEKYJISIPHA a7COPOITis;

o [Ipu oOMiHHI# aacopOIIii MOke MiHsATHCA 1 pH cepenoBuIna, HATPUKIAT;
ancopbentr H + Na"+ CI' —= agcopbentNa' + H + CIT pH<7
ancopbent OH + Na' + CI' —= azncop6enr Cl' + Na'+ OH pH > 7

OO6miHHa afcopOIlis MUPOKO 3aCTOCOBYETHCS TIPH 3M'SKIITYBaHH] BOJIH 32

JOTIOMOT'OI0 TIEPMYTHUTA 10 CXEMi:

HCQM}QI/ITZ_ 2 Na" + Ca* + SO42' —— nepMyTHTz' Ca®" + 2Na' + SO42'
JIETKO pereHepyBaTH (00pobka koHil. pozunHoMm NaCl)
4. Jlo siBumia aacopOuii 6Ju3bKi SBUIIA 3MOYYBaHHS.

3MouyBaHHSA 1 KDAEBUM KVT.

SIK110 MOJIEKYTU PIIMHK B3a€EMOJIIOTH 3 MOJIEKYJIaMH TBEPJIOTO Tijla CHUIIBHIIIIE,
HIX MK c00010, TO piIMHA PO3TIKAETHCS MO MOBEPXH1, TOOTO 3MOYYIOYH ii.
Po3srikanHs Bi1OyBa€eThCs 10 THX MIp, TOKU PIAMHA HE TIOKPUE BCIO MOBEPXHIO 200
MOKY IIap PIAUHU HE CTaHE MOHOMOJIEKY s ipHUM. Lle siBuIlle Ha3UBa€THCS TOBHUM
3MOYYyBaHHSIM.

SIK110 MOJIEKYTU PIIMHMA B3a€EMOJA1I0TH OJIMH 3 OJJHUM 3HAYHO CHIIBHIIIE, HIXK 3
MOJIEKYJIaMH TBEPJIOTO Tiia, pO3TiKaHHs He Oyzae. PinnHa ctupaTuMeThes B Kparuii.
Mix UMY BUITaIKaMU € TIEPEXiIHI BUMAJKU HETIOBHOTO 3MOUYYBaHHSI, KOJIA Kparuis
YTBOPIOE 3 TTIOBEPXHEIO TBEPAOTO TiJIa MEBHUIM PIBHOBAXHUHN KYT, 3BaHUIN KPA€BUM

KyTOM a00 KyToM 3MouyBaHHs. KpaeBuil KyT, yTBOpIOBaHMI KpaIljeo Ha OBEPXHI



TiJIa CKP13b BUMIPIOIOTH 3 00Ky pimuHu. UMM MeHIe JaHui KyT, TUM piAMHA Kpalle
3MOYY€ TIOBEPXHIO.

0> 90°

G113 (51’20089

TakuM ynHOM, Ha OJTUHULII TOBXKWHU TIEPUMETPa 3MOUYBaHHS JIIOTh TPU CHUITU
G12; 023 1613. Toal yMOBa piBHOBAaru cuil BUpa3uThes piBHAHHAM HOHra:
023 =013 T Gl,zcose, 3BIIKU:

O0,, — O

— 2,3 1,3

cosh= =2 -2
01’2

Bennuuny cos, 1o xapakrepusye 34aTHICTh PIAUHN 3MOYYBaTH MTOBEPXHIO,
HA3WBAIOTh 3MOYYBAHHSM 1 MTO3HAYal0Th yepe3 B. OueBuHO, 1110 IPU TOBHOMY
smouyBauHi 0 = 0, B = +1, npu mosHOMy Hesmouysanmi 0 = 180°, B = -1.

3 IBOX piWH Kpallle 3MOYy€ JJaHy TOBEPXHIO Ta, MPU PO3TIKAHHI SKO1 MOBEPXHEBA
€HEPTig CUCTEMH 3MEHIIIYETHCS HA BEIIMKY BEIMYUHY.

3MOuyBaHHS Ma€ BEJIUKE MPAKTUYHE 3HAYCHHS. B TEKCTUIIBHIM MPOMUCIOBOCTI

XOpOIIIe 3MOUYYBaHHS BOJIOKHA a00 TKAHUH € BaKJIMBOIO YMOBOIO s (hapOyBaHHS,
OUTeHHs, MPOCOYEHHsI, MpaHHA 1 T.1. [Ipu nmyniHH1, cnaiiku, 3BapKu MeTalliB
HeoOXigHe Xopolie 3MouyBaHHs. Ha sBumax Bu60Op4oro 3MouyBaHHs 3aCHOBAHO
30aradeHHs pya — QuioTarris.
5. Ho aBumr aacopOiiii 1 3MO4yBaHHS JOCUTH OJW3bKI ABHUIIA aare3ii (KoJu JIBi
B3a€EMHO HEPO3YMHHI PiAUHH, 200 piauHa 1 TBEpAe TU10 abo ABa TBEpAl Tiia
MIPUBOASTHCS B TICHUM KOHTAKT OJMH 3 OJTHUM 11 JII€0 IETKOMOJICKYJISIPHUX 200
HIIUX CUJI CUJIIBHO MPUITUTIAI0TH OJUH J0 OJTHOTO 1 AJIs PO3UICHHS 1X HEOOX1THO
JOKJIACTH 3YCUILIIA).

Po3pi3HAI0TH TpU BUIAIKH aAre3ii:

e Anresis MiX JIBOMa piAuHaMu: poOOTa aaresii B JaHOMY BUTIAIKY

BU3HavyaeThes Mo popmyini Hronpe: A/ S =0, + 06,3 — 013



e Ajresis MK PIAMHOIO 1 TBEPAUM TLJIOM: poOOTa aaresii B JaHOMY BUIAAKY
BU3HAYA€ThCs 10 popmyii: A /S =61, + 61,080 = 015 (1 + cosh)

e Anresis MiX TBEpIUMH TiJIaMH: poOOTa aaresii B IbOMY BUMAAKY HE
MO’KJIMBO BU3HAYMTH, BUXOJIIYM 13 3HAUEHb IOBEPXHEBOTO HATATHEHHS,
OCKUIbKH TIOBEPXHEBE HATATHEHHS HE Ha MEX1 TBEPJIOTO Tila — MOBITPS
HEBIZIOMO.

JU1 OSICHEHHSI 1TaHOTO BUMIAAKY aare3ii OyB BUCYHYTHUH psiji TEOPiid —
MmosekyinspHa (Ilebpoitn, Mak-JlapeH 1 iH.); eleKTpuyHa, PO3BUHYJIA €IEKTPOHHUN
(depsirun, Kpotosa 1 Cminra) i audysiitHa Teopis, MPUKIaIeHa 10 OKPEMOTo
BUNAJKY ajresii nojgiMepy 1o noniMmepy (Borombkuit) 1 iH. YHiBepcanbHOI Teopii He
ICHY€ 1 IOSICHUTH aJre3ito B TOMYy ab0 1HIIOMY BUIIAJAKY MOXHA BUXOJSIUU 3 PIZHUX

TEOpI.



Jlexuist Ne7
Tema: EjlekTpokiHeTHYHI SIBMIIA HA TOBEPXHI
AUCTIEPCHUX cucTeM (4 rOATUHM)

3ausaTrsa 1 (2 roa.): 1) [loHATTS PO €NEKTPOKIHETUYHI SBHINA

2) EnexTpokiHeTUUHUHN TTOTEHITIAT

3) Honstra JELI

4) Metoau BU3HAUYCHHS €IEKTPOKIHETUYHOTO MOTEHITIATY

5) IIpakTyHe 3HAYCHHS CICKTPOKIHETUYHUX SIBHIII
1. EnextpokiHeTHuHi sBUIIA OyIU BIIKpUTI mpodecopoM MOCKOBCHKOTO
yHiBepcuteTy @.®. Peiiccom B 1808 p. mpu AOCTIIKEHH] €JIEKTPOII3Y BOIH.
ImM 6yB BimKpHUTO HepeHeceHHs YaCTHHOK (AUCIepPCHOT (has3u) B eIeKTPHYHOMY MO,
SKE OJIepKaJI0 HA3BY eJEeKTPodope3y, a TAKOXK SIBUIIE IEPEHECEHHS PIAMHY B
MOPUCTHUX TLIAX i JIEI0 SICKTPUIHOTO OIS — €JICKTPOOCMOC.

[Tpuunna 000X siBUII, 3HalAeHNX PeiiccoM, ogHa 1 Ta K — HAsSBHICTh
PI3HOMMEHHHMX 3apsAiB 0114 TBep0i 1 pinkoi gasu. [Ipu enexrpodopesi B pe3ynbrari
BUHUKHEHHS €JIEKTPUYHOTO TIOJISI MK €JIEKTPOJaMU, 3aBASIKA MAJIOMy PO3MIpY
YaCTHHOK TJIMHU, B1IOYBa€ThCA MEPEHECEHHs ( - ) 3apsHKeHOI qucnepcHoi gasu 10
(+) enextpony. [Ipu enexTpoocMocCi 3 MPUUUHU TOTO, 110 YACTUHKU TICKY JTyKe
BaXKKI1 M1/l BIUTMBOM €JICKTPUYHOTO MOJIS M0 KaMuIspax, 1o € B mapi micky, 10 ( - )
EJIEKTPOAY TepecyBaeThbes (+ ) 3aps/KeHa piauHAa.

Hanani 6ynu 3HaliieHo ABa SIBUILA MPOTUIICKHUX eIeKTpodopesy i
€JIEKTPOOCMOCY.

SBuie npoTtuiexHi enextpodopesy 0yino Bigkputo B 1878 p. lopHOM 1 oaepxkaiio
Ha3By edekty JlopHa abo moTeHIiany celiMeHTaIlli.

SBurie npoTuiexHe exekTpoocmocy 0yio Binkputo KBinke B 1859p. 1 onepxano
Ha3BY NOTEHLIay MPOTIKaHH a00 MOTEHI1aTy Teuii.

Bci woTupu siBuIa, OCKUTBKYA B HUX B1IOYBA€ThCA MEPECYBaHHS YaCTUHOK a00

PIAVHYU TIpU TOAATKY Pi3HUII MTOTEHITIaIiB a00, HABMAaKH, BUHUKAE PI3HUIIST



MOTEHITIATIB MIPH MIEPeCyBaHH1 YaCTMHOK ab0 PIAMHM, OJEpKalld HAa3BY
CICKTPOKIHETUYHUX SBHIII.

2. EnexTpokiHeTHWYHI SBHINA B TUCTIEPCHUX CUCTEMAX MOJKIIMBI 32 HAABHOCT1 Ha
MeX1 po3ainy a3 moABIMHOTO eNIEKTPUYHOTO MIapy, M0 Mae Tudy3Hy OyI0BY.

[ToTen1ian, 110 BUHUKAE HA TUIOIIMHI KOB3aHHS MPHU BIAPHUBI YaCTUHU AU Y3HOTO
apy, Ha3UBAETHCS EICKTPOKIHETUYHUM MOTEHITIAIoM 1 { ( A3€Ta ) — MOTEHITIaIOM.
[TnomuHa KOB3aHHS MOKE 3HAXOAUTHUCS Ha PI3HIN BiACTaH1 B MDK(a3HOT MOBEPXHI.
L[5 BimcTaHb 3a7€XKUTh BIJ MIBUAKOCTI pyXy (a3, BSI3KOCTI cepeoBuIla, mpupoaa ¢as
1 1. B1ADOBIAHO BiJ BC1X YMHHUKIB 3aJIE)KUTH 1 3HAYEHHS XK.

VY 3aranpHOMY BUNAAKY ( — MOTEHITIAN 3aBXKIU MEHIIE TOTeHIlany Tudy3HOTro
mapy 1 BOHO TUM OLIbIIe, YMM MEHIIIE MPOTSKHICTh TU(Y3HOT YACTUHU TTOABIHHOTO
EJEKTPUYHOTO mapy. TaKuM YMHOM, BC1 YNHHHKH, 110 BIUIMBAIOTh HA TOBIIUHY
nudy31HHOTO MIapy, 3MIHIOIOTh 3HAYCHHSI K - TOTEHITIaTY.

BusnauyBaHi 3a TOOMOT010 €JIEKTPOKIHETUYHUX SIBUII] 3HAK 1 3HaYeHHA ( -
MOTEHI[IATY ITUPOKO BUKOPUCTOBYETHCS IS XaPAKTEPUCTUKH €IEKTPUUHUX
BJIACTMBOCTEH MTOBEPXOHB IMPH PO3TJIAI acopOIii aaresii, arperaTUBHOI CTIMKOCTI
JTUCTIEPCHUX CUCTEM, CTPYKTYPOYTBOPEHHS B 1abOpaTOpisX.

3. KBiHKe MOACHIOBAB €JIEKTPOKIHETUYHI SBHUINA BAHUKHEHHAM O11s1 MK(pa3HOT MeX1
MOJIBIHOTO €NEKTPUYHOrO mapy. ['eapmMromnsl; po3BuHyB iaei KBinke 1 mpu po3risi
EIEKTPOKIHETUYHUX SIBUII] BUXOJIUB 3 HACTYITHUX MOJIOKEHb:

- €NIEKTPUYHI 3apsI MOBEPXH1 PIIUHM 1 TBEPIOi a3y MPOTUIICHKHI TIO 3HAKY 1
pO3TalloBaH1 MapaiesibHO OJJUH OJJHOMY, B Pe3yJIbTaTi BUHUKA€ NOABIMHUN
€JIEKTPUYHUN 11ap;

- roBituHa JIEI Mae po3mipu O61U3bK1 10 MOJICKYJISPHUX;

- P €JEKTPOKIHETUYHUX SBUILAX 1A PIAVMHU, TPUIETIIMKA 10 TOBEPXHI TBEPAOT
(ba3u, 3aTUIIAEThCS HEPYXOMUM, OCKUIBKH PEIITA PIAUHU, 110 3HAXOIUTHCS MOOIHU3Y

MOBEPXHI, pyXoMa JI0 Hel MPUKIIaICHUI 3aKOH TePTS;



- epedir piiuHu B oJBiMHOMY enekTpuuHoMy mapi npu EKS BinOyBaeThes
JaMIHAPHO 1 BUPAXKAETHCS 3BUYHUMH T1IPOJIMHAMIYHUME PIBHIHHIMU;

- JIEII mokHa po3rigaaT K INIOCKOMApaIeIbHAN KOHAEHCATOD;

- po3noain 3apsiaiB B JAEI He 3a5exuTh B HAMPY>KEHOCT1 MPUKIAIEHOTO
€JIEKTPUYHOTO TMOJIS 1 30BHIMIHS PI3HUI MOTEHITIAIB MPOCTO HAKIAAA€ThCS HA MO
JAELL

- TBepJa (asza € NieIeKTPUKOM, PiTMHA TPOBOJIUTH EIEKTPUUHUN CTPYM .

Buxoasun 3 nux nosoxens ['enbMroibl, a mizHine CMOIyXOBChKHIMA
3aMpONOHYBAIM PIBHSIHHS, 0 3B'A3y€ ( - MOTEHITIAN 13 IIBUIKICTIO eeKTpodope3y
ab0 eJIeKTPOOCMOTHYHOTO IEPEHECEHHS :

U=¢l{H/4nn,

ne H — rpagieHT nmoTeHIiany 30BHIITHBOTO MOJIS; € — AOCOJIIOTHA JIIeTIEKTPUYHA
MIPOHUKHICTH PEYOBUHU; 1] — IMHAMIUHA B'SI3KICTh piguHu; U — MIBUAKICTH
nepecyBaHHs PiIMHU 1010 TBEPAOI CTIHKHU.

A00 pIBHSHHS MOX€E MaTH BUTJISIL BIAHOCHO ( — MOTEHINATY:

e=4nnU/ (e H)
4. EnextpodopeTnyHi METOIH:

- Meton 'urropda. Bin ananoriyauii MmeToay, BAKMBAHOMY JJIsl BU3HAUEHHS YHCEl
nepeHeceHHs 10H1B. Yepe3 KoIoiAHUIM pOo3uHH, MOMIIIEHUH B ClIeLialbHy CYyIUHY,
MIPOIYCKAIOTh MPOTATOM JESKOT0 Yacy eJIEKTPUIHHUA CTPYM 1 TIOTIM B ITpodax
PO34MHY, BiliOpaHUX 3 PI3HUX MICIlb, AHAITUYHO BU3HAYAIOTh KUTBKICTh TUCIIEPCHOT
(ha3u, 1m0 mepPeMICTHIIACS IO OJTHOTO 3 €JICKTPO/IIB.

- Metoxa pyxomoi mexi. HaGyB mmpoke momupeHHs, 3aBAsiKi CBOild MPOCTOTI.

[TpuHIIMT 3aCHOBaHMI Ha HATJIA 32 MIBUAKICTIO MIEPECYBAHHS M1 BIUTHBOM
EJIEKTPUYHOTO MOJIS MEX1 MK 3BUYATHO KaJaMyTHUM a00 3a0apBIE€HUM KOJOITHIUM
PO3YHMHOM 1 MPO30p0or0 0€30apBHOIO CHEIIATBHOIO «O1YHOIO PITUHOIO». [{7s

TOCIIHKEHHS TPO30poro 6€306apBHOTO 30J110 BUKOPUCTOBYIOTH CIeialibH1 MPUHOMH,



CIpUSIIOU1 IPOSIBY MEX1, Hampukiaa ocBitienns Y ® ceimiom. [Ipu Bubopi 6igno1
PIIMHU KEpYIOTHCS BUMOTaMH JI0 1i CKJIaJy 1 BIACTUBOCTEH.

- Mikpockomiyauii 1 yaIbTpaMiKpOCKONIMYHUNA METOAN. BOHM BUKOPUCTOBYIOTHCS
IUIS BU3HAUEHHS €1eKTPO(OPETUYHOT PYyXIUBOCTI 1 3BOJSATHCS JJI BU3HAUEHHS
IIBUIKOCTI IEPECYBAaHHA 1HAUKATOPA KOJOIIHUX YACTUHOK B €JIEKTPUYHOMY TIOJI1 32
JIOTIOMOT'OI0 MIKpOCKOIa abo yibTpaMmikpockorna. [lepeBara nporo Mmetony nepen
MOTIEPEIHIM TOJISATaE B TOMY, IO MPHU JOCTHKEHHI 32 JOTTOMOT'0I0 MIKPOCKOTIA
YACTUHKH 3HAXOASATHCS B OJJHOMY 1 TOMY K HaBKOJHMIIIHBOMY iX CE€pelOBUII] 1
BIZICYTHS MMOBEPXHS PO3JUTY MK KOJIOIJHOIO CUCTEMOIO 1 O1YHOIO PiAMHOIO. [HIIOIO
NepeBarolo JaHOro METOly € Te, 110 AJI1 BU3HAYEHHS JOCTAaTHBO TyXKe Maja KUIbKICTh
PO3UHHY.

Henomnik — He MOXHA BUKOPUCTOBYBATH €JIEKTPOGOPETHUHY PYXJIUBICTh YACTUHOK
B PO3YMHAX 3 OUTBII MEHIII 3HAYHOIO KOHIICHTPAIII€I0 AUCTIEPCHOT (pa3u, OCKIIBKH B
TaKMX pO3YMHAX HAIJIA] 3a EePEeMIILEHHAM OKPEMOi YAaCTUHKU HEMOKIUBUI.
Po30aBneHHs ) CUCTEMH YY>KOPITHOIO PIAMHOIO 3aBXK/IM BILUTUBAE HA 3K - TIOTCHITIAL.

Jlanuit MeTOI MOYKHA 3aCTOCOBYBATH 1 710 po3unHiB BMC, okpeMi MOJeKyIHu sSIKuX
B YJIBTPAMIKPOCKOM1 HE BUAHI. JIJIT IIbOTO B PO3YMH BBOJASTH MaJli YACTUHKHU KBaPILy
abo Byrius, ki aacopOyroTh Ha cebe BMP.

EnexkrpoocmMoTnyHi MeToam.

- BU3HAUYEHHA 3a 00'€eMOM DpIiJUHHU, 1110 IEpEHECEHa IeKTPOOCMOTHYHO.

Jliis BU3HaueHHs ( - MOTeHLIady M0 LIbOMY METOJY CJiJl €KCIIEPUMEHTAIbHO
BU3HAYMUTH 00'€M PIIMHM, IEPEHECEHOI Yepe3 Kamuiap abo mopucTy MeMOpany,
MUTOMY €JIEKTPONPOBITHICTh PO3YUHY 1 CUILY CTPYMY, MPH SIKIA TPOBOAUTHCS
eJeKTpoocMoc. PemTy BennuuH 6epyTh 3 TOBITHUKA.

- BU3HAUEHHS I10 €JIEKTPOOCMOTHYHOMY THUCKY.
[Tpu oMy croco61 BUBHAYAETHCS TUCK, III0 BUHUKAE B PE3YNIbTATI

€JIEKTPOOCMOTHUYHOI'O PYXY PIAMHHU.



5. EnexTpokiHeTHWYHI sSBUILA MAIOTh BEJMKE MPaKTHYHE 3HAYeHHS. BukopucToByroun
iX, MO’KHA BU3HAYaTH X - MOTEHIIIaJ, a 3a JJOOMOTI010 eJeKTpodope3y MoKHa
po3aAuIATH Ha dpakiiii 1 XapakTepu3yBaTH TaKOXK CKJIQJHI CyMIllll, SKUMU € IPUPOIHI
OUTKH 1 1HIII BUCOKOMOJICKYJIAPHI €IEKTPOTITH.

Enekrpodopes 3acTOCOBYIOTh /111 HAHECEHHSI TOHKOTO 11apy YACTUHOK KOJIOITHHUX
PO3MIpiB Ha MOBEPXHIO MPOBIAHOTO MaTepiany. L{lum cmoco6oM oaepKytoTh BETbMH
OJTHOP1IH1 OKPUTTS, TOBIIUHY SKHUX JIETKO peryatoBaTu. st HaHeCeHHs
CTPYMONPOBITHUX MOKPUTTIB €IEKTPO(HOpPE3 BUKOPUCTOBYIOTh IPH BUPOOHHUIITBI
130J1bOBAaHUX HATPIBAIIBHUX CITipajieil 1 aKTUBOBAHUX KATOJIB JIJIsl paaiojaMIl, 0 €
METaJIEBUM JPOTOM, TOKPUTUM TOHKUM IIAPOM OKCHUJY JIY)KHO3EMETbHOTO METaly.

Enexkrpodopes 3aCTOCOBYIOTh TaKOXK AJIS MOKPUTTS METAJIEBUX JeTaled KaydyKoM
[UISIXOM BIJKJIaJICHHS HA 1X TOBEPXH1 YAaCTUHOK Kay4dyKy, II0 MICTSTHCS B JaTEKCaXx.
B narekc (BogHa aucriepcis Kaydyky) 3a3Jaieriib MOXKHa BBOJAUTH YCUIIIOIOY1 KayuyK
HAINOBHIOBAYl1 1 BYJIKaH13yl04l areHTH.

EnexTpoocMoc BUKOPUCTOBYIOTH MpU 00€3BOAHEHHI MOPUCTUX MaTepiamiB. s
IIHOTO BOJIOTY Macy MOMIIIAI0Th MiXk €JIEKTPOJaMH, MPHU I[bOMY BOJIa B €IEKTPUIHOMY
0JI1, 1110 YTBOPUIIOCSI, IEPECYBAETHCA 10 OAHOIO 3 HUX, 3BUYHO KAaTOAY, /1€ BOHA 1

ctikae. EnexTpoocMoc 3acTOCOBYIOTH 17151 00€3BOAHEHHS TP (QUILTPYBAaHHI.



Jlexniss Ne8
3ansarrsa 2: ByaoBa noABiiiHOr 0 eJIeKTPUYHOr 0 mapy (2roxa.)

Bunuknenns JIEIL na mixkda3HuxX MOBEpXHSX, SIK 1 aACOPOIis, € PE3yIbTaTOM
B3aeMoIii TOTHYHUX (a3, 3aBASKM HaIMIpHIiN moBepxHeBii eneprii. JEI
CKIIAJIA€ETHCS 3 10HIB OJHOTO 3HAKY, 010 MIIIHO MOB'A3aHUX 3 JUCTIEPCHOIO Y pasi
J1030J1eH, TBep010 (ha30r0 (MOTCHIIMAIBU3HAYAIOUN 10HH ), 1 €KBIBaJIGHTHOI KIJTBKOCTI
MPOTUIIEKHO 3aPSIHKEHUX 10HIB, 110 3HAXOASITHCS B PIAKOMY ITHUCTIEPCIHHOMY
CepeoBUII MOOIN3Y MiK(a3HOi MOBEPXHI (MPOTHUIOHH). MK MPOTHIOHAMU 1
BUTbHUMH, HE BXOAATh B JIEILl ioHaMu TOTO K 3HAKY, 110 3HAXOATHCS B P1AMHI, ICHY€E
TWHaMIYHA piBHOBara. J{ucmepciitHe cepeIoBUINE MPEICTABISETHCS 3aBXKIN K
oesmepeppHa (aza, BrumB skoi Ha JIEILl Bu3HadaeThes i1 T1eIeKTPUIHOIO
MPOHUKHICTIO.

BinmianicTs Mix Teopismu 6ynoBu JIEI mossrae B OCHOBHOMY B pI3HOMY
TIYMa4yeHH1 CTPYKTYpH I1apy NPOTHIOHIB.

Teopis 'easmronsna — [leppena.

JEI mpencraBiaseThes MIOCKUM KOHASHCATOPOM, OJHE OOKIIaJaHHS SKOTO
MOB's13aHO 0€3MOCEePETHBO 3 MOBEPXHEIO TBEPAOTO Tijia (CTIHKOI0), a 1HIIIe
OOKJIaJlaHHsI, HECY4e MPOTUIICKHUM 3apsij], 3HAXOAUTHCS B PIAMHI Ha TYyXKe Maii
BifcraHi Bix nepmioi. [lorenmian B takomy JIELLl magae BenbMu kpyTo (10 mpsimiii), a

3HAY€HHS MMOBEPXHEBOTO 3apsily G BUSHAYAETHCS IO POpMYyIIi:

478"
1€ € — AIeJEKTPUYHA TPOHUKHICTH CEPEIOBHUIIA; (g — PIZHUIISI TIOTEHITIATIB MK
JTUCIIEPCHOIO (ha3010 1 PO3UMHOM; O — BIJICTaHb MIJK OOKJIaTaHHSIMH.

Cxema 6ynoBu takoro JIEILl mpuBenena Ha MaJItOHKY:



M

Hana cxema Oynosu JIEII e nosicHioe

PSI OCOOTMBOCTEH €NEKTPOKIHETUIHUX

saBuIl. OCHOBHUM HEIOIIKOM IIi€]

pAacTEOR

cxemu € te, o topumHa JEIL

TE. Teno

I'enemrombia — [leppena gyxe mana i

++++++++

HaOJIMKAETHCA 10 MOJICKYJIAPHUX PO3MIPIB.

+J 0 —== X SAx6u Teopis ['enpmronsua — [leppena Oyna
MPaBUIBLHOIO, TO MPU OCITaHH] KOJOIMHUX YACTUHOK B PiAMHI a00 mpu
MPOJIABIIIOBAHHI PIAMHI Yepe3 Kallisip He TOBUHEH OyB OM criocTepiraTucs ehexT
JlopHa abo moTeH1iaa IPOTIKaHHs, a SBUIIE eNeKTPodOope3y 1 eNEKTPOOCMOCY He
Oynu 6 MOXJIHBI.

Teopis ['yi — YUenmena.

Hana teopis AEII 3 nudy3iitHuM mapom npoTHIOHIB, 3aPONOHOBAHA HE 3aJI€KHO
onuH Bix ogHoro ['yi (1910) 1 Yenmenom (1913).

ITo teopii ['yi — YenMeHna nmpoTHIOHU HE MOXKYTh OyTH 30CepeKEHI TITLKH OIS
MDK(pa3HOT MOBEPXHI 1 yTBOPIOBATH MOHOIOHHUH I1ap, a pO3CIsHI B PIAMHHIN (a3l Ha
JesKii BifcTaH1 Big Mexi po3airy. Taka crpykrypa JEILL Bu3HauaeThes, 3 0JHOTO
00Ky, enexTpornoaeM Outst TBepaoi pa3u, mparHyduM NPUTITaTH €KBIBAICHTHY
KUTBKICTh TTPOTHJICIKHO 3aPSAIHKEHUX 10HIB MOXKIIMBO OJIMDKYE 710 CTIHKH, a 3 IPYroro
00Ky, TEIJIOBUM PYXOM 10HIB, YHACIIIIOK SIKOTO IPOTHUIOHU MIPArHyTh PO3CIATUCS Y
BCHOMY 00'eM1 KHUIKOIO (a3H.

VY 6e3nocepeaniil 01M3bKOCTI Bil MDK(}A3HOT MEXK1 IEPEBAKAE 1Sl CICKTPUIHOTO
moJisg. 3 BUJAJIEHHSAM Bl MibK(]a3zHOT MeXi Chiia I[LOTO TOJIS MOCTYMOBO cladIae i
BUSBJISIETHCS BCE CUJIBHIIIE PO3CIIOBaHHS MPOTUIOHIB MOJBIMHOTO MIapy, B pe3yIbTaTi
TEIJIOBOTO PYXY, YHACHTIIOK YOTO KOHIICHTPAIlisd MPOTUIOHIB MAaJa€ 1 CTa€ piBHIN
KOHIIEHTpAIlii TUX K€ 10HIB, 110 3HAXOAATHCA B IITUOMHI piakoi pa3u. Takum 4uHOM,

BUHUKAE PIBHOBAXHUN AU Y3HHIM 1Iap MPOTHUIOHIB, MOB'I3aHUX 3 TBEP0IO0 (ha3oro.



3 npyroro 60Ky, 110 3HAXOAATHCS B PIAMHI 10HU TOTO K 3HAKY, 110 1 aficopOoBaHi
CTIHKOIO MOTEHIIMAJIBU3HAYAIOUN 10HH, BIAIITOBXYIOTHCS EICKTPUYHUMH CHIIAMH BiJ
TBepA01 Pa3u 1 WayTh B TIUO1IHB po3uuHy. Lle 00ymMoBIIO€E po3moin
MOTECHIIMAIIBU3HAYAIOUMX 10HIB 1 TPOTHiI0OHIB B qu(y3Hiit wactuni JEIL, mo nokazane

Ha MaJIOHKY:

A

1 — KoHIIEHTpAIliSI TPOTHIOHIB;
1 2 — MOTEHIIMAJIBU3HAYAl04a 10HIB;
T X — BiACTaHb BiJ IIJIOCKOI CTIHKH.
C 2
X =

bynosa JIEI o I'yl — YenMeny npuBeIEeHO HA MAJIIOHKY:

[ToreHmian mo i cxemi mmajgac He 1o

[==

MPSIMOIO, a M0 KPUBIH, y 3B'I3KY 3 TUM, 110
KOMITCHCYIOUMM 3apsi CTIHKY MPOTHIOHH
PO3MOICH] HEPIBHOMIPHO. 3 CXeMU
BHUJIHO, IO €ICKTPOKIHETUYHUM MOTCHITIAT

BIIIMIHHU BiJl HYJIS 1 HE PIBHUI 3aralbHOMY CTPUOKY

noteHuiany. Jlana cxema J103BOJISIE 3pO3YMITH, YOMY
Pi3H1 YNHHMKY BILJIMBAIOTh HA 00M/IBA MOTEHINIAIN MO-PI3HOMY.

VY ocHoBi Teopii ['yi — UenMena nexats Ti kK (i3UUHI YABICHHS, 1110 B OCHOBI
Teopii cIbHUX enekTpouiTiB Jlebas — ['tokkens.

Teopis 'yl — Uenmena noOpe MosCHIOE TaAIHHS K — MOTEHIIIaTy MpHY 301IbIICHH]
KOHIIEHTpaLii MPOTHUIOHY 1 3pOCTaHHS MOTO CTYIMEHS OKUCIICHHS.

Henoniku: 1) Teopis He 6epe 10 yBaru po3MipH 10HIB, PO3TIAIAI0UN 1X SIK TOYKOBI
3apsau, sIK1 MOXKYTh OJM3bKO MIAIMTH 10 CTIHKH, 110 1 00YMOBIIIOE OLTBIL BUCOKI
3HAYEHHS PO3paxyHKOBUX BEJIMYUH; 2) BOHA HE MOSACHIOE SBUILE NIEpe3aps iK1 —

3MIHM 3HAKY €JIEKTPOKIHETUYHOT O OTEHI[1aTy IPU BBECHHI B CUCTEMY €JIEKTPOJIITY



3 0araTOBaJICHTHUM 10HOM, 3aps/i SKOTO MIPOTUIICKHUHN 10 3HAKY 3apsAly AUCTIEPCHOI
(da3u; 3) He MOSCHIOE PI3HOI MIii PI3HUX 3a TIPUPOJIOI0 MPOTHIOHIB OAHIET 1 TIET XK
BanenTHocTi J{EILl; 4) He 3acTOCOBHA /711 KOHIIEHTPOBAHUX PO3YMHIB.

Teopis lITepHa.

VY 1924p. Utepn 3anpononysas Teopito Oynosu JEIL, B sikiit BiH 00'e1HaB cxeMu
I'enemrombia — Ileppena 1 I'yi — Uenmena.
Bin BUX0uB 3 IBOX MEPEAyMOB:

e [oHM MalOTh TOYKOBI LITKOM TMEBHI PO3MIpPH 1, OTXKE, [ICHTPU 10HIB HE
MOXYTh 3HAXOJUTHUCS 10 TIOBEPXHI TBePAO1 da3u OamxKYe, HK Ha BiJICTaHI
10HHOTO pajiycy;

e Bin BpaxyBaB cnenuQpiyHy, He eIEKTPUYHY B3a€EMOJII0 10HIB 3 TOBEPXHEIO
TBepa0i dasu. Llsg B3aemois 00yMOBIIeHa HAsIBHICTIO Ha JACSIKIA Mamii
BIJICTaH1 BiJl MOBEPXHI MOJISI MOJIEKYISIPHUX (aICOPOIIIIHUX) CHJI.

3rigno lTepHy, nepiwuii map abo nekiibKka Mepiux mapiB IpOTHIOHIB
MPUTATYIOTHCS 10 CTIHKH MiJ] BIUTUBOM SIK €JIEKTPOCTATUYHUX, TaK 1 aCOPOIIHHUX
cw. B pe3ynbpTaTi 1IbOr0 YacTUHA MPOTUIOHIB YTPUMYETHCS TIOBEPXHEIO HA JTyKe
OJM3BKIN BIACTaH1, YTBOPIOIOYH IUIOCKHI KOHAEHCATOP, IepeadaueHnil TeOPiero
I'enemromnbia — [leppena. Lleit map, B sKkoMy criocTepiraeTbes pi3ke maaiHHA
€JIEKTPOIOTEHITIay Ha3UBAIOTh I'eIbMTOJIBIIEBCHKUM (IITEPHOBCKUM 200
afCcopOIIHNIM).

[HI11 MPOTHIOHM, B PE3yJIBTATI TEILUIOBOTO PO3KHUIAHHS, YTBOPIOIOTH AU(PY3HY
YaCTHHY MOABIMHOTO APy, B sIKi BOHU PO3MOAUICHI 3T1IHO TUM K€ 3aKOHaM, 1110 1 B
audy3Homy mapi I'yi — Yenmena. Lo yactuny 1mapy Ha3uBaroTh mapom ['yi.

Cxema JIEII no [lItepHy noka3zaHa Ha MAJIFOHKY:



3 cXeMU BUJIHO, 1110 ITOBHE MHaJIIHHSI

MOTEHITIATY (¢ CKIAAA€ThCS 3 TIAIHHS

noTeHIany ¢z B nudy3uiit vactuni JEIL 1
PI3HMII MOTEHIIATIB (P — (P ) MK

oOKJIalaHHSIMU KOHJeHcaTopa. Miciie Mexi

KOB3aHHA B TAKOMY mapl 3aJJMIIA€EThCA A0 UX

nip He sicHuM. [Ipu BBeIeHH1 €NEKTPOIIITIB B CUCTEMY
I y3HAN MIap CTUCKATUMETHCS 1 BCe OUIBIIE YHUCTO MPOTHIOHIB MOTPAILIATUME B
azcopOmiHuM map.

Ha posnonain ioniB B JJEIL mo Teopii llITepHa cunbpHO BIIIMBAaE mpupoia
MPOTUIOHIB. SIKIIIO MPOTHIOHU MAIOTh PI3HUN CTEMIHb OKUCJICHHS, TO TOBIIMHA
¢ y3HOTO IIapy 1 YUCJIO MPOTUIOHIB B aACOPOIIIHHOMY IIapi BU3HAYAETHCH,
TOJIOBHUM YMHOM, CTYIIEHEM OKHCIICHHS 10HIB 1, 0OT)Ke, 00YMOBIIOIOTHCS
€JIEKTPOCTAaTUYHUMU cwiiaMu. J{udy3Huii map TuM ToHiue 1 { — moTeHIian TuM
HWDKYE, YUM OUIbIlIe CTYMIHb OKUCIEHHS MPOTHIOHIB.

SIK110 MPOTHIOHU MalOTh OJHAKOBHM CTYIIHb OKkucieHHs, TopmuHa JEILL 1 yncio
MPOTUIOHIB B AU(PY3HOMY IIapi BU3HAYAIOTHCS CHEIU(BIUHOIO acOPOIIHHOI0
3[IaTHICTIO, 00 YMOBJICHOIO iX MOJISIPU3YEMOCTHIO 1 THAPATAIIIETO.

3HayeHHs  — MOTEeHIliaJly BUBHAYAETHCS IPU €JIEKTPOKIHETUYHUX SBUILAX HE
TITBKK XapakTepom nafinHsa noteHmiany B JELLL ame 1 xapaktepoM pyXy piiuHH
mo6JM3y TBEPA01 MOBEPXHI, 3aJIEKHUM BiJl 11 BTACTHBOCTEH PEOIOTIH.

bynosa JIEIII 3 cheprnyHUX YaACTUHOK.

Jist chepruIHNX YaCTUHOK TIPH MOPIBHSIHO HEBEIMKUX 3HAUYEHHAX MOTeHIIany @0
HaOJIKEHUI BUpa3 JUIsl MaliHHA MOTEHLialy 3 BiAcTaHi OyB nanuii JlebaeM 1
I'tokkenem:

®=(por /a)exp [- = (a—1)], ne
I — pajlyc YaCTUHKH, a — BIACTaHb BiJ 1i HEHTPY. 3aps YACTUHKHU ( 3aJICKUTh BiJl

HOTCHHiaHy TaKUM YHMHOM:



q=re (1 +ar) Qo
1

; - paaiyc ioHHOI aTMocdepu (1e6aeBChKUI paiiyc)
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