





MHHUCTEPCTBO OFPA3OBAHH S U HAYKH PO
TOMCKHUI FOCY ZAPCTBEHHbINM YHUBEPCUTET

T.C. MunakoBa

AJICOPBIIMOHHBIE
T[TPOLIECCHI
HA TTOBEPXHOCTH
TBEPJIbIX TEJI

Vuebnoe nocobue

H3natensctBo TOMCKOTO YHHBEPCHTETa
2007



Y]JIK 541.183.5 (076.5)
BBK I'583.2a73
Mé61

Peuensent — B.E. Ocmposeckuii, XaH]. XUM. HayK, 3aB. CEKTOPOM
«Kanopumerpus B aacopbuuu u karanuse» HU®XH um. JI.5. Kapnosa
(r. Mocksa)

Muanaxosa T.C.
M61 Ancop6uMoHHbIE MPOLECCH HA IOBEPXHOCTH TBEPABIX Tel: YuebHoe
nocobue. — Tomck: H3n-Bo Tom. yH-Ta, 2007. — 284 c.

ISBN 978-5-7511-1799-3

B yue6Hom nocobuM npeacTaBneHb! TCOPETHHECKHUE, MPAaKTHYECKUE W METOAKYE-
CKHE MaTepHanb! y4eGHOro cneukypea «AacopGLMOHHBIE MPOLECCH: NPOrpaMMa jiek-
LIMOHHOTO KYpCa, M1aHbl KOJIJIOKBUYMOB, CEMHHAPCKHE 3aHATHA C Teopuell, npumepamu
p 3aja4 M 3a M Q1A CaMOCTOATENBHOTO PEMICHUA, YaCTh U3 KOTOPKIX CO-
CTaBjieHa HA OCHOBAHMM JKCnepuMelTansHbix pedynbtatoB HUP u HUPC, sbinonHen-
HbIX Ha Kadenpe dusmueckolf u konnounHoM xumuu ToOMCKONO rocyJapCTBEHHOrO
YHMBEPCHTETA, JaHO OMNMCaHHe a6oparopHpix paboT, HOCAIMX  HayvHO-
HCCNEeNOBATENbCKUI XapaKTep Mo TeME Kypca, MPHBOAMTCA CNMCOK MHAMBHAYaNbHBIX
3ajlaHuii TEOPETHUECKOrO XapaKTepa ¢ YKa3saHHWeM AWTepaTypbl. JUIA KOHTPONA 3HaHMA
CTYNECHTOB COCTaB/ICHb! (POH KOHTPONBHBIX 32J1aHHIH ¥ NPUMEPHBIE TECTHI.

Jina CTyZeHTOB XMMHYECKOro (aKy/bTeTa, CeLMatM3HpyIoImuXca B obnactu aa-
cop6umn U KaTanu3a, a TAOKE ACMUPAHTOB, HAYUHLIX COTPYAHHKOB U npenoaasarench,
HMHTEPECYIOIMXCA ITUM HANpaBIEHHEM HaYKH.

VJIK 541.183.5 (076.5)
BBK I583.2a73

ISBN 978-5-7511-1799-3 © T.C. Munaxosa, 2007



IIPEJJMCJIOBHUE

JanHoe yue6Hoe nocobue (yueGHO-MeTOAMUYECKHiiT KOMILIEKC) HalH-
CaHO Ha OCHOBe ChelKypca «AACOpOLMOHHBIE MPOLECCHI», OCYLUECTB-
JIsEMOro aBTOPOM Ha kadespe hH3NUeckoif ¥ KOJUIOMAHOH XMMUH XUMH-
4ecKoro ¢akynsreTa TOMCKOrO rocyJapCTBEHHOTO YHHMBEpPCHTETa s
CTYIEHTOB, ClELMANU3UPYIOIHUXCA B 061acTy aacopbumu ¥ KaTtanusa.
VYuebHblit Kypc «AACOPOLMOHHBIE MPOLECCHI) BKJIOYAET JIEKLUH, CEMH-
HapckHe U 1abopaTopHble 3aHATHA.

B kypce M3y4alOTCs OCHOBHBIE 3aKOHOMEPHOCTH aACcOPOLMOHHBIX
SBAEHHUi1, NPOTEKAIOLIMX Ha rpaHuLle pa3zeia ras (nap) — Teepaoe Teno, 1
HEKOTOpBble BOMPOCH! aACOPOLMOHHOIO B3aUMOAEICTBHS Ha rpaHHLE pas-
Jiena TBepoe Telo — pacTBop. PaccMarpuBatoTes kiiaccHukauus spne-
HMi copbuuK ¥ agcopbLMK MO pa3nMH4HBIM NPH3HAKaM, TEpMOAMHAMHKA
3TUX ABJIEHUH, METOHB! ONpeJeieHHs M pacyeTa TEIUIOThI M SHTPOMUM
ancopbuuu, (yHOaMEeHTaNbHbBIE TEOPHH ancopOLMH, KHHETHKa aacop6-
LM ¥ AecopOLuMM; U3NaraloTcs 3akOHOMEPHOCTH MPOTekaHHs aacopOuu-
OHHBIX MPOLECCOB Ha MOPHUCTHIX TENAX, B HAHOAUCHEPCHBIX CUCTEMAX, a
TaKKe HeKOTopble Bonpockl (oTocop6uun. Ocoboe BHUMaHHe yleneHo
COBpEMEHHBIM MNPEACTABICHUSIM O MEXaHH3ME 3JIEMEHTApHBIX aKTOB aj-
copbuuy.

B panHOM nocoGMM OCHOBHOE BHMMaHHME YHEJEHO NpaKTHYeCKOi
yacTH creukypca. Ilo cojepykaHHio OHO BKJIHOUAET NATh pasfenos. B
nepBoii 4aCTH NpeAcTaBieHsl paboyas nporpaMMa JeKLIMOHHOTO Kypca, B
KOTOpOii ONpefeneHs! LeiH, 3aJa4i U TpeboBaHHs K YPOBHIO OCBOEHHs
Kypca, 1aHO OCHOBHOE COZIepKaHHe JIEKIIMOHHOTO Kypca, pacnpeneieHne
yuebHBIX YacoB MO TeMaM M BHAaM pabot. IlpeacTamieHs! CnMCOK oc-
HOBHO# M JOMOJIHUTENBHOM JIUTEpATyphl, CIMCOK METOAMYECKHUX pa3pa-
60Tox kadeapsl ¥ QUCCEPTALMOHHBIX PaboT, 3aliMIEHHBIX COTPYAHMKA-
mu kadenps! N0 TeMaTHKe Kypca «AncopOunoHHBIE npolecch. B ator

3



paszien Takoke BK/IOYEHBl BOMPOCH! KOJJIOKBHYMOB IO JIEKLIMOHHOMY
KYPCY M TJ1aH CEMHHAPCKUX 3aHATUH.

BTopas, ocHOBHas 4acTh, COAEPXHT BOMPOCH TEOPUM, IIPUMEDLI pe-
IIEHMs 3afay M 3afaHus K ceMHHapaM. CeMMHapCKHE 3aHATHS UMEIOT
LIeJIbIO 3HaKOMCTBO C METOJiaMHi pacyeTa BeJMYHHEI aficOpOLMK M OCHOB-
HbIX (U3MKO-XUMHYECKHX MapaMeTpoB aACOPOLMOHHBIX MPOLECCOB,
NPOTEKAIOWIMX HAa TBEPABIX TelaX, MOAy4eHHE MPAKTHIECKHX HABLIKOB
NOCTPOEHUS M30TEpM, M306ap, M30CTEpP aACOpOLMH, aHanM3a JKCIEpH-
MEHTANILHBIX U PaCYETHBIX JAHHBIX. B CBA3M ¢ 3THM B MOCOGHH TOBOJILHO
MOJIHO HM3JI0XEH TeOpPeTHYeCKHH MatepHal, HeoOXOOMMBIH A MOAro-
TOBKH CTYJCHTOB K CEMMHApPCKHM 3aHATHAM. YTO KacaeTcs MpPUMEpOB U
3ajiay, To GonblIas yacTh UX B3STa U3 AUIUIOMHBIX paboT, MarKCTEPCKUX
M KaHAMJAATCKMX AMCCEpTaLMil, OTYETOB MO HayYHO-HCCIIEAOBATENLCKUM
TeMaM, BBIMOJIHEHHBIX MOJ PyKOBOACTBOM aBTOpa H APYTHX Mpenojasa-
Tene#t Kadenpel. TakuM o6pasom, B mocobuu NpeACTaBlEHbl IKCMEPH-
MEHTaJILHBIE Pe3yJbTaThl, MOMYYEHHBIE Ha kadenpe Gpuanyeckoi U kon-
nouaHoit Xxumun TI'Y B TeyeHHe MHOTHX JI€T, MOCKOJIBbKY OJHHM H3
TNaBHBIX HayYHBbIX HamnpaBiieHHii kadenphl seasercs «Aacopbuus U Ka-
Talnu3».

B Tpetbeit yacti mocobus onucaHb! nabopatopHble paGoThl Mo an-
copbLMy, UENBI0 KOTOPBIX SABIAETCS OCBOEHHE CTYAEHTaMM CTAaTHYECKHX
METO/IOB U3Y4YeHHs aAcopOLMM M3 ra3oBbIX (apoBbiX) a3 WK M3 pac-
TBOPOB Ha TBEPABIX MOBEPXHOCTAX, MOJYYeHHE JKCMEPHMEHTAIBHBIX
JaHHBIX W JanbHeiiinee ux obcyxieHue. B xone cneunpaktukyma cTy-
JIeHTBI OCBanBalOT paboTy Ha BaKyyMHO# ycTanoBke, pH-mMeTpe, dpoToko-
JIOpUMETPE, CNEKTPOGOTOMETPE, H3Y4atoT ancopOLMIO NapoB BOABI, Na-
poB 6eH30n1a M Opyrux apcop6aToB Ha OKCHMAaX, cyib¢uaax, Gpropuaax
META/IOB, 1I€0JINTaX, T.€. HAa Pa3lMYHbIX aicOpPOEHTaX M KaTalu3aTopax.
PaccyuTLIBAIOT TEIUIOTEI afcOpOLMH, SHEPTHH aKTHBALMK afcopOuHMu H
JecopOLuH, CTPYKTYPHblE XapaKTEPHCTMKH MOPHUCTBIX Tel, U3Y4aloT
KHCJIOTHO-OCHOBHEIE CBOHCTBAa MOBEPXHOCTH afcOpPOEHTOB M KaTalu3a-
TOPOB METO/IaMH aicOPOLIMH M3 PacTBOPOB 3JIEKTPOJIMTOB MM KpacHTe-
neit (MHauKaTopoB). Jlns kaxao# paboTel MOMeMEHb! NIPUMEpPHbIE IL1aHbl
0(OpMIIEHHS OTYETOB.

YeTBepras yaCTh — 3TO MHAMBUIYanbHLIC 3a[aHUS C yKa3aHHEM Te-
MBI, CBA3aHHOH C coliepxaHneM Kypca «ANCcOpOLMOHHEIE Mpouecchl». B
CIHCOK JIMTEPATYPh! K KaXJOMY 3alaHHIO, Kak MPaBUIIO, BKJIIOYEHb! MO-
Horpaguu, HayyHele CTaTbH M3 OTEYECTBEHHBIX MJH 3apyGesKHBIX XKyp-
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HanoB, aBTopedepaTs! auccepraunii. CTyAEHTbI M0 KeNaHUI BHIGHPAIOT
O[HO M3 3aJaHuii, MPOBOAAT MOMCK HOMOJHHTENLHON JIUTEpaTyphl MO
TeMe 3alaHus, MUILYT pedepaT M AeNaloT COOOIUeHHe Ha CeLHalbHO
3anaHUPOBaHHBIX CEMHMHAPCKUX 3aHATUAX. [Ipy 3TOM JoknaguHku u
CJIyIIaTe/U MOJy4aloT Yrny6ieHHble 3HaHus 10 pa3HbIM pa3aenaM Kypca.

Hakonen, B naToM pasgene noco6us aaxbl GOHIA KOHTPOJIBHBIX 3a1a-
HUA ¥ NpUMEpHBIE TECTbl AN KOHTPONSA 3HAHUI CTYJEHTOB MO HEKOTO-
PbIM BONpOCaM M3y4aeMoro Kypca.

IIpu HanucaHum 3TOoro ydebHoro mnocobus 6bUIO HCMONB30BAHO
6obi10€ Yucno MoHorpaduit, 0630pos, ctateil. CChIKM Ha OCHOBHBIE H3
HUX AaHbl B paboueii nporpamme Kypca «AACOpOLMOHHbIE POLECChI», a
Taioke B pasgaenax «CemuHapb», «JlabopaTopHblii mpakTHkyM» U «UH-
JUBUAYaNbHbIE 3aJaHUAN.

ABtop 6narosapeH Buxtopy Edumosuuy OcTpoBcKOMYy — 3aB.
cexktopom «Kanopumerpuss B aacopbuuu u  katanusze» HUDXHU
um. JI.A1. KaprioBa — 3a corjlacue BBICTYNHTh PELIEH3EHTOM NocobHs, 3a
TPYA MO MPOUTEHHIO PYKOMMCH, LiEHHbIE 3aMe4aHus, KOTopsle OblIn yu-
TeHbl B OKOHYATENbHOM BapHAHTE M3JaHHA, 3a MPaKTHUECKYH MOMOLIE
NpY U3/0XKEHUU MaTepHana Mo MHOTOLEHTPOBOH afcopOLUuH. ABTOD Bbi-
paxaeT MNpH3HATEJBHOCTh IMpenojaBateniM kadenapsl Gusuueckodt u
komnouaHoli xumuu TI'Y 3a nobpoxenatensHoe OTHOLUEHHE; aclupaH-
TaM, JUIJIOMHHKaM, Hay4yHbIM COTpYAHHKaM Kadeapbl, KOTOpble MOJy-
YUIIM SKCMEPHMEHTAIbHBIE JaHHbIE M TEM CaMbIM MOMOIVIM COCTaBHTh
JIOBOJIbHO OONBILION CMHMCOK MPHMEPOB M 3ajiad, NPEACTAaBNEHHbIX B M0-
cobuH, HEOOXOMMMBIX CTYZEHTaM M BCEM JKEMAIOLUM [l OCBOEHHS Kyp-
ca «AncopbuuoHHele npoueccel»; FO.D. MuHakoBy 3a nomouwib npu
o(hopMIeHHH NOoCOOHA H NOCTOAHHYIO MOAJEPKKY.

ABTOp ¢ 61arofapHOCTBIO MPUMeET JIFoOble 3aMeyaHus U MpeIoKe-
HUS, Kacalolyecs cojepxanus uiu oQopMiIeHHs JaHHOro nocobus.



1. PABOYASI IIPOTPAMMA' KYPCA
«AJICOPBIIMOHHBIE ITPOIECCHI»,
KOJUIOKBHYMBI

OPOIPAMMA KYPCA, PEKOMEHAYEMAS JIMTEPATYPA

Leav Kypca: 03HAKOMHTH CTYJEHTOB C NOHATHIHBIM anmapaTroM
ZIVMCLMIIMHEL, OCHOBHBIMH 3aKOHOMEPHOCTAMH afCOPOLMOHHBIX sBje-
HUii, IPOTEKAIOIIMX HA rpaHMlle pa3jena ras — TBEpAoe Teo Ha MOpHc-
THIX U HENMOPHCTHIX aAcOopOeHTax, KaTanu3aTopax, B HAaHOCHCTEMaX, C
KHCJIOTHO-OCHOBHbBIM COCTOSHHEM NMOBEPXHOCTH TBEPIbIX TEJ.

3aoaua Kypca: ocBoeH¥e CTYICHTAMH pa3lesioB Kypca, npelycMoT-
PEHHBIX Y4YeOHbIM [UIaHOM, M HEOOXOAMMBIX MM B HayuHo-
UcclieoBaTeNbekoi paboTe IIpH BBIMOKHEHHH KYPCOBBIX, OaKanaBpCKHX,
IMILIOMHBIX paboT M Marucrepckux aAucceptauui. K ocHoBrbIM pasae-
7aM Kypca OTHOCATCA: KiaccHukauus $BIeHHA afcopbLHH, TepMOIH-
HaMHKa M KHHETHKa aacopOLiH, TEOPUH MOHOMOJEKYJISPHOU M MOJHUMO-
JeKyJIspHoil afacopOLHH, 3aKOHOMEPHOCTH NPOTEKAHHA afAcopbuuH B no-
pax W MHKponopax, 0Co6eHHOCTH afCOPOLUMOHHBIX ABIEHHH B HAHOCH-
cTeMax, COBpeMEHHbIE NPeACTaBleHHs B Hayke 06 ancopbumu.

Tpebosanus K yposHio 0C80eHUR Kypca:

— CTyneHT Ho/KeH UMETh NPEACTaBIeHHE O MECTE aiCOPOLIMOHHBIX
SBeHui1 B HayKe O MOBEPXHOCTH, B IIPOM3BOACTBE, B OHITY.

— CTyAeHT OOMXKEeH 3HaTh OCHOBHbIE NOHATHA, TEOPHH, 3aKOHOMED-
HOCTH aacopbuuu.

— CTyJeHT A0/bKEeH YMeTh (MMeTh HaBbIKH) IPOBOAMTE aficOpOLMOH-
Hble 3KCNEepPUMEHThI, aHATU3UPOBaTh aACOPOLMOHHBIE CUCTEMBI, AENATh
BBIBOJIbl O MEXaHM3Me H3y4aeMbIX POLECCOB.

ConepiaHse JEKIHHOHHOr0 Kypca

Beenenue. Coaepxanve npeaMmeta. Mcropuueckuit ouepk. OcHOB-
Hble TOHATHA, 3aKOHOMEPHOCTH; KiaccuHKkauus ABJAEHHH copbuuy u

1
TIporpamma COCTaBlieHa B COOTBETCTBHH C [OCYRapCTBEHHbIM O6Pa3OBATENbHBIM CTaH-
[AapTOM.
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azcopbuun. OCHOBHbIE CI0COOBI ONHMCAHHA PaBHOBECHS afCcOPOLMH: H30-
TepMBbl, H306apsl, H30cTepB! aacopbunn.

KpuTepuu pasnuuus ¢puznyeckoil M XuMu4ecko ancopbunm.

IMpupona cun, neicTeyromux Mexay agcopbatoM u ancopbeHtom
npu Qu3nueckolf M Xxumuueckod axcopbuuu. Dueprus ¢usnyeckoi an-
copbuun. INotenunansubie kpusbie JlenHapa-Ixouca. TeopeTuueckue
pacuéTbl aICOPOLIHOHHBIX XMMHYECKMX B3aMMOJIEHCTBHIA.

OkcrnepuMeHTalbHble MeTobl M3yueHWs afgcopbuuu. BecoBoit u
OOBbEMHBIH MeToAbl M3yueHHs ancopbLuM Ha rpaHuue pasjena ras —
TBEPAOE Teno. Mertonsl U3yyeHus amcopObuuu M3 pacTBOpPOB (TrpaHHUbE
paszena pacTBOp — ra3, TBEpJOe TeJi0 — PacTBOp).

TepMoanHaMuka noBepXHOCTHOTO cnos. Meroa 'nb66ca. Meton cnos
KOHEYHOH TONLIMHBL.

TepMoaunamuka ancopbuun. Tennota agcopbumun. Knaccuguxaums
TerioT ajacopbuuu. Kanopumerpuueckuil Meron onpeneneHUs TeIUOT
ancopbuun. Metozasl pacuéra temiot usnueckoit ancopbuun. IMmupu-
yeckue ypaBHEHHs JUis OLEHKU TEIUIOT XMMHUeckoi aacopbuuu. DHTpo-
nus apcopbuuu. Merone! pacuera 3HTponuu ancopbuuu. ITpobiema
MHEPTHOCTH aficopOeHTOB.

PaBHOBecHe Ha OHOPOAHBIX H HEOJHOPOJHBIX TOBEPXHOCTSX.

Teopusa Jlaurmiopa. BeiBoa ypaBHEHHs M30TepMbl (KHHETHUYECKHUi H
CTaTHCTUKO-TepMOAMHaMHueckui). [IpMMeHerne ypaBHenus JIsHrmiopa
K peaibHbiM cucTeMaM. PeanbHbiit ancopbupoBaHHsli cnoil. [Tpeacras-
JIEHHS O HEOAHOPOAHOCTH MOBEPXHOCTH MO PEAaKUMOHHON CNOcOOGHOCTH
pa3sNMYHBIX afACOPOUMOHHBIX LEHTPOB, pa3BuBaeMble B 50—60-x romax
XX B. Porunckum, TéMxuHbIM, 3enbaoBuueM U ap. U3otepmbl TéMkuHa,
OpeiiHanmxa kak GopMbl BbIpaXKeHHs MpPeANoNoXeHHH 0 HeOJHOPOAHO-
CTH NOBEPXHOCTH. M30TepMbl ancopbLMK MONeKy Ha HECKONBKHX LeH-
Tpax OJHOPOZHOH MOBEPXHOCTH KaK albTEpHATHBA NPEATONOXEHUAM O
HEOJHOPOAHOCTH MOBEPXHOCTH MO NpPEACTaBJIEHHAM, pa3BHBaeMbIM B
pabotax B.E. OctpoBckoro. CpaBHeHHe (OPMBbI PasIM4HBIX H30TEPM M
rpUMeHeHue ypaBHeHUH H30TepM afcopOLMH K ONBITHHIM AaHHBIM. B3a-
IMHOE BIHAHHE aicopbHPOBaHHbIX YaCTH L,

Kunetuka agcopbuun U necop6bumu. OCHOBHblE 3aKOHOMEDHOCTH.
KuneTuyeckue ypaBHeHus IJ18 afcopbLMM Ha OJHOPOAHOH M HeomHo-
POIHO¥N MOBEPXHOCTH, MHOrOLEHTPOBOH afcopbuuH ¢ auMccoumanueit U
6e3 auccounauuu ancopObUpoBaHHBIX uyacTHU. Pacuér 3Hepruu aktuBa-
LMH.



B3aumocBs3b KHHETM4YECKMX W aJCOPOLUMOHHBIX XapaKTEPHCTHK.
O6u11e 3aKOHOMEPHOCTH NPOTEKAHUsS MOHOMOJIEKYIAPHOH afcopbuuu B
CHCTEMaXx ras — TBEpAOE TeNo.

[MonumonexynspHas ancopbuus. Teopus INonanu. Teopus u u3oTep-
ma BOT. H3otepma ApaHosuua. Teopus nonMMonexyiapHo# ancopbunu
Ha HEOJHOPOAHBIX MOBEPXHOCTAX.

VaenbHas NOBEPXHOCTH TBEPABIX Tell. AACOpPOLMOHHbIE W Heaxcopb-
IIMOHHbIE METO/Ibl OMpeJeNeHUs YAeNbHOW MOBEPXHOCTH TBEPABIX TEI.
AKTHBHasi NMOBEPXHOCTh aJCOpPOEHTOB M KaTanu3aTopoB. BHelruss mno-
BEPXHOCTb TBEPJBIX Tel.

CoBpeMeHHble Npe/cTaBieHus B afcopbiyn. Mexanusm aacopbuuu Ha
NOYNPOBOAHUKAX U AUIEKTpUKaX. B3auMOCBA3b MONEKYNAPHBIX U 2JeK-
TPOHHBIX MIPOLIECCOB HAa NOBEPXHOCTH MOTYNPOBOAHUKOB U JUINEKIPHKOB.

®otocopbums. OcHOBHbIE NMOHATUS U 3aKOHOMEPHOCTH. MexaHusm
(oTOCOPOLIMOHHBIX MPOLIECCOB.

Apcop6uus Ha nopuUcThIX Tenax. PasHoBuaHocT nop ancopbeHToB U
UX CTPYKTypHble Tumbl. Knaccudukanus ancopbeHTOB MO MOPUCTOCTH.
MojenbHble pa3sHOBUAHOCTH MOP M 3aKOHOMEPHOCTH aacopbLUMH B HHX.
H3otepma B oTHOCHTENBHBIX koopauHatax. [Ipo6iaema TOHKUX nop.

AncopbUHMOHHBIE METOAbI H3Y4EHHs KUCIOTHO-OCHOBHBIX CBOMCTB
MOBEPXHOCTH TBEPABIX TEJ.

Ancopbuus B HAHOKOMINO3UTHBIX cucTeMax. OCHOBHbIE METOABI MO-
TyuyeHUs HaHoaucnepcHslx cucTeM. OcobeHHOCTH NpoTekaHHs B HHX
aAcopOLMOHHEIX MPOLIECCOB.

Ancopbuus B NpOMBILIIEHHOCTH. MeToabl nposefeHds ancopbuu-
OHHO-ZlecOpOLHOHHBIX npoueccoB. [IpoMeleHHble agcopbeHThH!. Ak-
TUBHbIE yriau. CulIMKaresnu 1 anoMorenu. MosekynspHele cHTa.

3akoueHue.

CemHHapcKue 3aHATHS

1. OKcnepUMeHTanbHble METO/bI M3yueHHs aAcopOLUuu Ha rpaHuLe
paszena ras — TBepAoe Tesno. Pacuer BenuuuHsl aacopbuuu B 06beMHOM
¥ BECOBOM MeTOJax.

2. M3o6ape1 ancopbuuu. IToctpoeHue U3o6ap ancopbuuu nmo 3kcre-
PHMEHTANBHBIM JaHHBIM, UX aHAIH3.

3. Tennotsl apcopbuun. Knaccudukauus tennot ancop6uuu. Pacuer
Tennot ¢u3nyeckodi ancopbuuu no ypasHeHusm Knaneiipona — Kiay-
suyca ¥ bepunra — CepnuHckoro.
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4. Teopun MoHOMONEKyJSpHOH ancopbuuu. IlocTpoeHHe H30TEpM
MOHOMOJEKYNApHOH amcopOLKK, OMUCaHHEe MX Pa3NHYHBIMH (PYHKLHO-
HAIBHBIMH 3aBUCHMOCTAMH, NpeiuioxkeHHbIMA JIoHrMiopoM, TEMKHHEIM,
Opeiinanxom, OCTPOBCKHUM H Jp.

5. OHeprus akTHBaUM# afcopOUMH. PacueT L... 0 ypaBHeHHsIM Ap-
peHHyca U ¢ NPUMEHEHHEM METOZa KKOHTPOJHpYIoLei nonock» Porus-
CKOTO.

6. Teopnn nonumonexynspHoit ancopbuuu. TlocTpoenne n3oTepM
NOJHUMONEKYNAPHOM afcopOLMU Ha TBEpABIX Telax W NpoBepka MX Ha
MOJYMHAEMOCTb YPaBHEHHAM JUIS MONUMONEKyNspHO# agcopbuun. Ten-
JI0Ta MOAMMOJIEKYIApHO# ancop6uuu.

7. YaeneHas noBepxHOCTh TBEpAbIX Tel. Pacuer BeqHUMHBI YAeib-
HO} MOBepXHOCTH NO ypaBHeHuto BAT.

8. Tlopucteie copbenThl. [TocTpoeHHe CTPYKTYPHBIX KPHBBIX M OMpe-
ZleJieHHe pa3MepoB Iop.

9. OcobeHHOCTH ancOpOLIMOHHBIX SBJIEHUI B HAHOAMCIIEPCHBIX CHCTE-
Max.

10. KonTponeHas pabora.

JlaGopaTopHBIH NPaKTHKYM

Pa6oTa 1. MU3yyenue agcopbuuu ra3oB U MapoB Ha MOPOLIKOO6-
pa3sHBIX TBEPABIX Tenax (BKIOYAs HAHOMATEPHUIIBI).

Pa6oTra 2. U3yyeHHe KHUCIOTHO-OCHOBHBIX CBOWCTB MOBEPXHOCTH
TBEPABIX TeJl pa3HOi CTENeHN IUCMEPCHOCTH MeToaoM pH-MeTpHH.

Pa6oTta 3. HuAMKATOpHBIA METON ONpENEeNeHUs] KHCIOTHO-
OCHOBHBIX CBOMCTB MOBEPXHOCTH TBEPABIX Ten pa3HOH CTEMEeHH Iuc-
MepPCHOCTH.
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PACINIPEAEJIEHHE

10 TEMAMH
Ne Haumenopauue paszaenos, Bcero AyZAUTOpHBIE Ca-
/o TeM 4acoB 3aHaTHA (4 MOCT.
Jlex- | Cemu- | JIa6. | pabora
LMK Hapel | 3aH. cTy-
JieH-
TOB
1 2 3 4 5 6 7
1 | Beeaenue. OcHOBHBIE NO-
HATHS, 38BUCHMOCTH, KJ1ac-
cuukauua apneHuit copb-
LMK 1 ancopOuum 4 2 2
2 | [pupoaa cun mpu aacop6-
uun. Kputepuu pasnuuns
(usnueckod U XUMUYECKOU
aacop6buuu. H3orepmel,
H306apkl, U30CTEPHI a1-
copbuumn 24 4 2 6 12
3 | DKkcnepuMeHTaNbHbIE METO-
Abl U3YYEHHS ancopOLumM 72 2 2 32 36
4 | DHeprus ¢pusnyeckoi u
XHUMHUYECKOH ancopOuu.
Tpo6nema uHepTHOCTH
azncopbenra 4 2 2
5 | TepmomuHaMMKa NOBEPXHO~
cTHoro cnost. Meron I'n66ca.
Meron cnos xoHe4HO# Ton-
L{HHBI 4 2 2
6 | Tennora ancop6uuu. Mero-
Ab! pacyéra v onpeaeneHus
TEIIOTH ancopOLHH 56 2 2 24 28
7 | Ourtponus aacopbuuu. Me-
TOABI pacyeTa SHTPOMHUHU
ancopbiuu 8 2 2 4
8 | Axacop6bunoHHOE paBHOBECHE
8.1 | Teopusa JIanrmMiopa 12 4 2 6




YYEEHBIX YACOB KYPCA
BUJAM PABOT

1

2

8.2

Peanshblit ancopGuposan-
HE1 cnoit. Msorepmsr Tém-
kuHa, Ppeifnanmuxa

83

H30TepMBI MHOMOLICHTPOBOH
acopOLMK Ha ONHOPOLIH.
noBepxH. OctpoBckoro

8.4

8.5

8.6

BsaumHoe BrusHHE ancop-
GHpPOBAHHBIX YACTHIL
Kunernka ancopbuun u
necopbumu. OCHOBHbIE 3a-
KOHOMEPHOCTH.DHEprus
aKTMBALIUM alcopOLuu
B3auMOCBA3b KMHETHYECKUX
M ancopOLMOHHBIX XapaKTe-
PHUCTHK

Tonumonexynspuas an-
cop6uus ([1A).

Teopus Ilonsnu.

Teopua u usorepma BOT.
Teopus 1A Ha HEOAHOPOR-
HBIX [TOBEPXHOCTSAX

52

26

VaenbHas NOBEPXHOCTh
TBEPABIX TEN

20

10

Ancop6Lus HA NOPHCTHIX
Tenax

24

PoTtocopbuus

Ancop06uus B HAHOAHC
MEPCHBIX CHCTEMAaX

CoBpeMEHHBIE IPEACTABIIE-
HHS B ancopOuun

AncopGLHOHHEIE IPOLIECCH
B MPOMBILIEHHOCTH

Hroro

388

54

36

108

190




KOJLUIOKBHYMbI: TEMbI, BOIIPOCBI

Teoperuueckuii MaTepnan Kypca «AJaCOpOLHOHHBIE MPOLECCHDY CTY-
JEeHThl CHAI0T B BHIE KOJJIOKBUYMOB, IUIaHbl KOTOPBIX NpEACTaBlICHbI
Huke. 1{enbio KonIoKkBUYMOB AB/AETCS TEKYIMHH KOHTPOJL 3HAHHH CTYy-
[IEHTOB, HanpaBJieHHBIH Ha ycBOoeHHe marepuana aucuuruubl. [To pe-
3y/NbTaTaM Cclaud KOJUIOKBMYMOB CTYAEHTb! MOJy4aloT Jubo 3a4eT mo
JAHHOMY pa3feiny, nubo oueHky. B mepsoM ciyuae, caas Bce KOJUIOK-
BMYMBl, CTYAEHTBl JOMyCKAIOTCA K cJaye dK3ameHa (NpH YCIOBMH Bbl-
MOJHEHUA INPaKTUYeCKUX paboT, UHAMBMAYaIbHOTO 3aJaHMS W KOH-
TponbHOH paboThl). Bo BTOpOoM cCiydae y CTyHdeHTa HakaruIMBarOTCA
OLEHKH MpH cAaye KaxJOoro KOJUIOKBUYMAa H, YUMThIBAas BHIMOJIHEHHE
BCEX OCTANBHBIX paboT MO JAaHHOMY KYPCY, CTYAEHT MOXKET MOJYUHTh
oflyio OLeHKY, He cliaBas 3K3aMeH MO NaHHOMY NpeaMeTy B CECCHIO.
Takum o06pa3oM, KOHTpOJb 3HAHWH CTYJEHTOB NpU M3Y4YE€HHH Kypca
«AJcopOLHOHHBIE MPOLECCHIY) OCYLUECTBIAETCA C UCMOJb3OBaHHEM 3jie-
MEHTOB PEHTHHTOBOH CHUCTEMBI.

KOJIVTOKBHYM 1. Copbyus. Adcopbyus. Iipupooa cun npu adcopb-
yuu. Tepmodunamuxa adcopbyuu. IKcnepumenmanbHOe usyyenue
aocopbyuu

1. Copbuus. OcHoBHBIE MOHATHA, Kiaccudukauus. [Tytu pa3sutud u
3HaYeHUe COPOLIMOHHBIX ABJICHHH.
2. Ancopbuus. Knaccudmkauus senenus agcopbuun.
3. OcHOBHEBIE 3aBUCMMOCTH MpH ajacopbuuu. H3oTepmsl, u3obapsl,
M30CTepbl afACOpOLMH.
4, Kputepuu pasnuuus ¢uandeckoi 1 xuMudeckoi ancopbuum.
5. [pupozna cun v pacuér sHepruu Gpusuyeckoii ancopbuuu.
6. O MeToaax pacuéra XeMOoCOPOLIMOHHBIX B3aUMOJEHCTBHIA.
7. DKcnepUMeHTalbHble METOAbI M3yYeHHs ancopbuuu.
7.1. Ancop6buus Ha rpaHuLEe pa3jena ras — TBEpAOe TeJo.
7.1.1. Metonsl MOArOoTOBKH TBEPAOH NMOBEPXHOCTU K ancopb-
LIMOHHBIM UCClIENOBaHUAM.
7.1.2. Craruyeckue MeTOAb! U3y4eHHs afcopbiuu.
7.1.3. luHaMU4ecKue METOABI.
7.2. Ancop6uus Ha rpaHulie pasaena pacTBoOp — TBEpAOE Teo.
7.2.1. Ctatyeckue METOABI H3yYeHUs aacopOuuH.
7.2.2. luHaMHU4ecKHe METOABI.



7.3. Ancop6buus Ha rpaHulle pa3fena ra3 — pacTBop.

8. TepMoaMHaMHKa TOBEPXHOCTHBIX ABICHUM.
8.1.Merox I'n66ca. MeTon cinos koHeuyHoit TonmuMHbL. CymHOCTh
Y CPaBHMTEJIbHAS XapaKTePUCTHKA ABYX METOJOB.
8.2. Ternora ancop6umnu. Knaccuguxauus ternor ancopbumun. Ka-
JIODUMETPHUECKUH METOJ OINpeJeneH!s TemoT aacopbuuu. Me-
TOABl pacyéra TemnroT ¢u3Myeckod ancopbuuu. IMNUpHUECKHE
YpaBHEHUs 1 OLEHKY TeIIOT XMMHUYECKOi ancopbuuu.
8.3.0nTponus agcopbumu. MeTtoapl pacueTa 3HTPONUH aacopo-
uuu. [lpobnema nHepTHOCTH AACOPGEHTOB.

9. BpeMs «KM3HM» YaCTUL B aACOPGMPOBaHHOM COCTOSIHHH.

KOJUIOKBHYM 2. Pasnosecue, Kunemuka u obujue 3aKoHomMepHocmu
MOHOMONEKYIAPHOU adcopbyuu. MHozocnolinan (no1uMOREKYIRPHAR)
aocopbyus. Teopuu adcopbyuu

1. Knaccugmkauus usotepm aacop6uuu.
2. Teopus Jlaurmiopa. OcHOBHBIE NOJNIOKEHUS TeopHH. KuHetHue
CKUil M CTaTUCTHKO-TEPMOAWHAMHYECKHt BBIBOABI ypaBHEeHHs JIoHT-
miopa. PasHsie (opMBI 3amucH ypaBHeHHUs. AHaMM3 ypaBHeHHUA JIaHr-
Miopa. TIpMuHHBI NPUMEHUMOCTH ypaBHeHHs JIEHrMIopa K peaibHbIM
MOBEPXHOCTSM.
3. Usotepma I'enpu. BeiBon ypaBHenus I'enpu. OcobeHHocTH H30-
TepMbl I'eHpu.
4. PeanbHblit aicOpOUPOBaHHbIH CIIOM.
4.1. TIpeanonoxeHus O HEOAHOPOAHOCTH MOBEPXHOCTH IO peak-
LIMOHHOM CHOCOGHOCTH Ppa3NUYHBIX aJCOPOLMOHHBIX LEHTpOB,
pa3BuBaeMbte PoruHckuM, TéMmkuHbM, 3enbnoBuuem u ap. Ilpu-
YUHBI U3MEHEHUs TenJOThl aacopOLHU C POCTOM CTEHEHHM 3afion-
HEHHs MOBEPXHOCTH.
4.2.B3anMHoe BIMAHKE ancopOHpOBaHHBIX YaCTHL, pa3Hble TOUKH
3peHHs.
4.3.¥30TepMbl MHOTOLIEHTPOBO# aficopbLMK Ha OJAHOPOAHBIX NO-
BepxHocTax (B.E. OctpoBckuii).
5. CpaBHeHHe GOpPMBI pa3iMyHBIX M30TEPM M MPUMEHEHHE ypaBHe-
HUt M30TepM aicopOLIUH K OTIBITHBIM JAHHBIM.
6. CxopocTs ancop6uuy u aecopbunu:
6.1. JIaHTMIOpPOBCKAs KUHETHKA alCOPOLIMOHHBIX POLIECCOB.
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6.2. Kunetuka ancopbumu Porunckoro — 3enbaoBuua; BBIBOA
YpaBHEHHS U1 HEOAHOPOAHOM U OAHOPOAHOM MOBEPXHOCTH.
6.3. Kunetuueckuii 3akoH BaHxema.
6.4. PasnuyHble BeIpaXKeHUs MU CKOPOCTU JECOPOLIMOHHOrO Mpo-
necca (JIsnrmiopa, Kana, AppeHuyca).
6.5. KnuHeryka MHOroleHTpoBoi ancop6uuu Ha OAHOPOAHEIX M0-
BEPXHOCTSIX.
7. DHepruu akTHBaLMK afcopbuuK U aecopbuun. MeTozsl pacuera.
8. B3auMOCBA3b KMHETHYECKMX M aACOPOLIMOHHBIX XapaKTepPUCTHK.
3aBMCHMOCTb MEX/Y TEINOTOH ¥ 3Heprueil akTuBaluMu ancopbuuu U
HX U3MEHEHHEM.
9. Ob1He 3aKOHOMEPHOCTH MPOTEKaHUs afcopOLMOHHBIX NPOLECCOB
Ha OJHOPOAHBIX H HEOLHOPOAHBIX MOBEPXHOCTIX.
10. INoreHuunansHas Teopus ITonsHu. O6wiue npencTaBneHUs o 1o-
TeHLMANBHOM MoJie axcopbeHTa. ANCOPOLUMOHHBINA MOTeHUMan U af-
cop6iHoHHBI 06beM. XapakTepucTuyeckas kpusad. BosmoxuocTH
Teopuu [onsuu. CoBpeMeHHbIH aHaNu3 TeOpUH, HEAOCTATKH.
11. Teopus BAT. OcHoBHble monywieHus. Beison ypaBreHus BOT.
AHanus ypaBHeHus. 3HaueHue ypaBHeHus bOT.
12. H3orepma ApaHoBuya.
13. Teopus monuMonekynsipHoi ancopOLUM Ha HEOAHOPOJHBIX MO-
BepxHocTax. Obuiue nonoxeHus. AHanu3 ypaBHeHHs. BbiBoabl aH-
HO# TEeOpUM O HEOJHOPOAHOCTU MOBEPXHOCTU aicOpGEeHTOB MpH (u-
3u4eckod ancopbuuu. Temnota usnyeckoit ancopOuuu.

KOJIVIOKBHYM 3. Yoensnas nosepxnocms adcopbenmos. Aocopbyus

Ha nopucmetx copbenmax. Ipobnema monxux nop. Aocopbyua
6 npoMsLULNIEHHOCIU

1. OnpegeneHye BENUUHUHBI TOBEPXHOCTH TBEPIBIX TEI.
1.1. Du3nyeckuit CMBICT MOHATUA «YNeNbHAsA MOBEPXHOCTHY.
1.2.MeToze! onpeneneHus yaensHoi NOBEPXHOCTH.
1.2.1. HeancopbuuoHHbIe METOABIL.
1.2.2. Onpenenexye BeIHYMHBI YAEIBLHOH MOBEPXHOCTH Ha OC-
HOBaHMM aJAcOpOLMOHHBIX AaHHBIX (MeTonx JIsHrmiopa, BOT,
[apxunca u 0pa).
1.2.3. ipyrue MeTon! orpeieneHus yaenbHo! mOBEpXHOCTH.
1:3. PasgmenpHoe onpenefneHHe MOBEPXHOCTH METOAaMHM XeMo-
copOuuu.



2.

3.

1.4, Onpenenenue BETHUNRBI BHELLHEH OBEPXHOCTH.
[TopucTele ancop6eHTsI.
2.1. Pa3HOBHIHOCTH NOP aACOPOEHTOB U UX CTPYKTYpPHBIE TUIIbI.
2.2. Knaccuduxauus aacopbeHTOB M0 CTPYKTYPHBIM THIIAM.
2.3. MozenbHble BUAbI 0P M 3aKOHOMEPHOCTH KOHAEGHCALMU B
HHUX.
2.4. Ocobennoctn ancopbiin B MUKpOIOpax.
2.5. VpaBHenue Jy6ununa — Pagyluxesuua,
2.6. OnpeneneHue pa3mMepos nop.
AncopOuMOHHBIE MPOLECCH] B XMMHUYECKOH IPOMBILIIEHHOCTH.
3.1. dusuyeckas afcopOuus B NPOMBbILLIEHHOCTH. OCHOBHEIE CTa-
IKH aAcopOLMK B POMBILIEHHOM TpoLiecce.
3.2. Merone! nmpoBeAeHHs anCcOPOLUHOHHO-AECOPOLMOHHBIX Mpo-
ueccos. Tennora anuabaTnyeckoro pasorpesa npu aacopoLuH.
3.3. IlpoMblineHHbIE 3ACOPOEHTBI.

3.3.1. TpeboBanus Kk NPOMBILIIEHHBIM aCOpOeHTaM.

3.3.2. AKTUBHbIE YI/IH.

3.3.3. Cunukareny u alloMoresu.

3.3.4. LleonuTsl.

KOJIJIOKBHYM 4. @omocopbyus. Ocobennocmu adcopbyuu
8 Hanooucnepcuvix cucmemax. Coapementivie npobnemst adcopbyuu

1.

(DOTOCTHM)U'IHpOBaHHLIC npouecchbl Ha NOBEPXHOCTU TBEPABIX TEN

npH BO30Y)XIAEHHH B 06J1aCTH COOCTBEHHOrO M HECOGCTBEHHOrO Mo-
TTIOILEH L.

2.

3

®otocopbums u poroaecopbums.

2.1.OcHoBHBIE 3aKOHOMEPHOCTH GOTOCOPOLMOHHTO 3ddekTa.

2.2. Kunetuka ¢potocopbimmn Ha TBEpABIX TENax.

2.3. ®oTocopbLHOHHAsA eMKOCTh afcopbeHTa.

2.4, ®oTocopOLMOHHAA aKTHBHOCTb M KBAHTOBBIH BBIXOA.
2.5.CrniexTpbl A€HCTBUS U CNEKTPabHAs 3aBUCHMOCTb KBaHTOBOTO
BBIXOJA.

2.6.ITocTcopbuys Monexyi.

. ®oTonecopbuus M GoTORUCCOLMALNA aNCOPOUPOBAHHBIX MOJIE-

Ky

4.

Apcopbuus B HAHOKOMIIO3HUTHBIX CHCTEMaX U Ha HaHOMaTepUanax.
4.1.0611ue cBeieHHs O HAHOCUCTEMAX M HAHOMATepHaiax.

4.2. OcobeHHOCTH aiCOPOLMOHHBIX MPOLECCOB B HaHOAMCHEPC-
HBIX CHCTEMAX.
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5. CoBpeMenHble npobnemMsl aacopoLuH.
5.1.CoBpeMeHHBIe afcOPOLMOHHBIE YCTAHOBKH, MX BO3MOXHOCTH
M nIpobJIeMBI.
5.2. Yucrora 3xkcnepHMeHTa.
5.3. Ancop6uuoHHBIE MOJIENH U HX peaTU3aLius.



2. CEMUHAPHI (IIPAKTHYECKHE 3AHSITHST)
10 KYPCY «AJICOPEIIMOHHBIE
MPOIIECCHI»

CeMUHapCKie 3aHATHUA UMEIOT CBOEH LeNbI0 M3y4eHHE TeopeTHye-
CKOro Marepuala 1 OCBOEHHE METOJIMKH PacyeTOB TEPMOAMHAMHYECKHX
U KMHETHYECKUX [apaMeTpoB aJcopOLMOHHBIX NPOLIECCOB NO IKCIEPH-
MEHTaNbHBIM JaHHBIM, MOJy4YeHHbIM, B OCHOBHOM, Ha aiCOPOLIMOHHBIX
YCTaHOBKaX KJIacCH4ecKOro THNa. DTO Mo3BoNfeT CTyJEHTaM U APYTrHM
M0ib30BATENAM JAHHOTO 1OCOOHA MOHATH CaMyl0 CYIIHOCTh afcopOuu-
OHHOrO 3KCIEPYMEHTA, HAY4HTHCS BBIABNATE OCHOBHbIE 3aBUCHMOCTH
aficopOLMOHHOrO PaBHOBECHA U KMHETHKHM M JieNiaTh 3aK/IIOYEHUE O BO3-
MOXHOI#i Npupoze afcopOLMOHHOrO B3aUMOAEHCTBHUSA, IPOYHOCTH CBA3M
Mexay ancopbaroM W ancopOeHTOM, CTPYKTYPHBIX XapaKTepHCTHKAx
ancopOeHTOB M KaTanu3aTopoB. JTO TAKKe AAET BO3MOXHOCTh aHAmH-
34poBaTh Hay4Hyl JMTEpaTYpy N0 BONpocam aacopOuvu ¥ KaTanusa,
MICTO/Ib30BAaTh MOSyYeHHbIE 3HAHMSA NPH BBIMOTHEHHH KYPCOBBIX, AH-
MNOMHBIX, HAYYHO-HCCIIEN0BATENIbCKUX paboT M MaruCTepcKuX Auccep-
TaUHH.

KpoMme npeAcTaBleHHBIX HibKe 8 CEMHUHAPCKUX 3aHATHI 3arlaHUpo-
BaHbl ¥ MPOBOIATCS TEOPETHUYECKIE CEMHHAPCKHE 3aHATHA ¢ 0OCYKIEHH-
eM Takux pasfenos, kak «Knaccudukauus spneHH# copbuuu u ancopt-
uuny», «@ortocopbuns», «CoBpeMeHHble NPEACTaBleHHA B agcopOuum»,
«OcobeHHOCTH ancOpOLMOHHBIX ITPOLIECCOB B HAHOMMCIEPCHBIX CUCTe-
Max» M Ap., B COOTBETCTBUHU ¢ «PaGoueit mporpaMMoit» kypca «Ancop6-
LMOHHBIE mpoliecchly. [Tepeuens BONPOCOB, paCCMATPUBAEMBIX HA TaKHUX
CeMUHapaXx, M3OKeH B [1aHAX KOJUIOKBHYMOB.



CEMHHAP 1. JxcnepumeHTaAbHbIE METOABI H3Y4eHHA aACOPOuHH
Ha rpaHHIie pa3jeaa ra3 — Teepaoe Tejao. Pacuer BetHIHHBI
afcopbuu B 06eMHOM H BECOBOM METOAAX

Aocopbyuonnan mepmunonozun u obujue onpedeneHus

Ancopbuus ra3oB W napoB MpexacraBiaseT coboll mpouecc, mpote-
Kalomui B cMcTeMax ra3s (nap) — TBEpAOE TeNO U NMPUBOASLIMI K yBenu-
YEHHIO KOHLIEHTPALMH ra3a MM Napa Ha NOBEPXHOCTH TBEPAOrO Tena no
CPaBHEHHMIO C €ro KOHIEeHTpauueil B ra3oBoii win mapoBoil ¢ase. Spne-
HHUe ancopbuuy HabMrogaeTcs Taloke Ha FPaHHLAX pa3fiena ra3 — pacTBop
M pacTBOp — TBepioe Teno. B ABYX MOCNEgHHUX CIy4asX MPOUCXOAMT
KOHLEHTPUPOBAHHE PacTBOPEHHOT'O B XUIKOCTH BEIECTBA Ha MOBEPXHO-
CTH XHJKOCTH WJIM TBEPAOTO TEJIa COOTBETCTBEHHO.

BemiectBo, Ha NOBEPXHOCTH KOTOPOro MPOMCXOAMT aacopbuus, Ha-
3piBatoT ancopbenTom. Ilornomaemoe (ancopbupyemMoe) BeLieCTBO Ha3bl-
BaloOT ancopbaToMm, a BemecTBo, cnocobHoe ancopoHpoBaTkCs, HO LLe He
aficopbUpOBaHHOE, — aICOPOTHBOM.

KomnuuecTBo ancopbupoBaHHOrO BELIECTBA BHIPDKAIOT YUCIOM MO-
nei, YUCIOM MoJeKyJl, YACIOM rpaMMOB M OTHOCAT MX K €MHULIAM Mac-
CBl WJIM MOBEpXHOCTU ancopbenra (Monw/r, r/r, MOJ‘lb/MZ, /M un T.4.).
O6biyHO BenuMuMHA ancopbuuK o6o3HauaeTcs OYKBOH «d», XOTA HC-
NOMB3YIOTCS U Apyrue 06o3HaueHus «/%, «n’» u T.10. MHOra KoAHYECTBO
afcopOMpOBaHHOIO BELIECTBA M3MEPSIOT ero 0ObEeMOM, OTHECEHHBIM K
HOPMAJIbHBIM YCIIOBHAM (HeM®/r, HeM®IM?).

CmamuyecKue u OuHamMuy4ecKue Memoost UIMepeHua aocopbyuu

CymecTByeT oGIUMpPHBIA apceHall METONOB MCCIEN0BAHUS COCTaBa U
CTPYKTYphl MOBEPXHOCTH. B oblieM ciyuae BemuuuHBl anacopbuud Ha
MOBEPXHOCTY TBEPABIX TeN MOrYT OBIThb MPAMO M3MEpPEHBI [0 H3MEHE-
HASM:

— Maccbl aficopbenTa;

— JaBJieHUs ra3a npu GUKCHPOBAHHBIX 3HauYeHUAX V u T;

— obbema raza npu QPUKCUpOBaHHBIX P u 7.

H3mepenune BennuuHbl ancopbuuu (T. e. KONMYECTBa ancopoupoBan-
HOTO BEl|eCTBa) OCYIIECTBISETCS CTATUYECKUMM M AMHAMHUECKMMU Me-
TOJaMH.

IIpsiMble aCOPOLMOHHBIE M3MEPEHHs MOTYT OCYLIECTBIATHCA B YC-
JOBMAX, KOTa MepeHoc ancopbTHBa Ha MOBEPXHOCTH afcopbenTa ofy-
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CJIOBJIEH TPEeHUMYLUECTBEHHO AWQdy3Heit Wi MOTOKOM rasa-Hocurels,
NIPUHY IUTENBHO NEPEMELIAEMOTO OTHOCHTENBHO aficopbeHTa (pasnuyHble
NPOTOYHbIE UITH JMHAMHYECKHE METO/IBI).

ITpu ucrnonb30BaHMM AMHAMUUECKHX METOAOB afiCOPOEHT NOMELLaoT
B KOJIOHKY, Yepe3 KOTOPYIO NPOIYyCKaloT ra3-HOCHTENb, He afcopOupylo-
Lunics Ha ancopbeHTe U coliepXKaluuif ra3 Uiy nap, aicopGLHIO KOTOpo-
ro Heo6xoauMo onpenenuTs. KonmuuecTro aficopGHpOBaHHOIO BelECTBA
B 3TOM Clly4ae ONpeAeNsAIOT no yObu KOHUEHTpaLuH aacopbTuBa B ra-
3e-HOCHTEJIE B pe3ybTaTe afcopOoLuu.

— R

Puc. 2.1. PeakuuonHsiif cocyn o6semM-  Puc. 2.2. PeakuuoHHBI# cocys BecoBo#i

HO# BaKyyMHON yCTaHOBKH: BaKyYMHOM YCTaHOBKH:

1 — peakunoHHas koj16a, HaxoAsAsACs 1 - xBapueBast UM METANIYECKAS
npu T onbita (312 YaCTh HAXOAUTCA B crupank; 2 — KOXyX K3 MouGae-
ne4u, 1460 B cocysie Jlproapa ¢ Kus- HOBOFO HJIM KBapLUEBOro CTekna; 3 —

KHM a30TOM J/I1 CO3JaHUsl HU3KHX KBapLieBasi HUTh; 4 — yauleyka ¢ o6pas-
Temneparyp); 2 — ancop6eHT; 3 - no- oM

BYIIIKA, OX/IAXAAeMast KHIAKUM a30TOM;
4 — 4acTh PeaKiHOHHOrO COCYAa, Haxo-
pmamascs npu T

K craruyeckuM MeToJaM H3MEPEHHs BENMYHHBI afcopOLHH OTHOCAT-
cs1 06BEMHBIH MeTOZ (BONIOMOMETPHUECKHHA) U BeCOBOl (rpaBUMeTpHYe-
ckuif). Oba MeToa A1 CBOEro OCYLIECTBICHUA TPEOYIOT HATMUMA BakKy-
YMHOH YCTaHOBKH, cOCTOsiLleH U3 4 GIOKOB: PEaKLMOHHOIO COCya, U3-
MEpHUTENBHOM YacTH (CHCTEMBl MaHOMETPOB), CHCTEMBI A MONYUeHHH,
OYHCTKM M XpaHeHHs ra3oB HIM NapoB afcop6aToB, CHCTEMB! OTKAuKH
Ui ToNyyeHuss Bakyyma ((opBaKyyMHBIE H BBICOKOBaKyyMHbl€ HAcO-
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Chbl), a TaKKe MOXeT ObITh CHCTEMa yMnpaBieHus U o0pabOTKHM HaHHBIX
(5-it 6n0k). Cxema ancop6LUMOHHO-BAKYYMHOH YCTaHOBKM MpeJCTaBiieHa
Ha puc. 3.1 (cMm. JlabopaTopHslit npaktukyM). [IpunuunuansHoe pasnu-
Yyde 0OBEMHOH M BEeCOBOH BaKyyMHBIX YCTAHOBOK 3aKJIOYaeTcs B TOM,
4TO B MEPBOM Ciydyae QuKcupyeTcs W3MEHEHHE KOJu4ecTBa rasa MM
napa B pe3y/nbTaTe MX ajcopOLUMH WIH HecopOLMH Ha MOBEPXHOCTH aj-
copbeHra (Mo M3MepeHHIo JaBleHus B paboyel YaCTH yCTaHOBKH), @ BO
BTOPOM — yBenu4yeHHe (yMeHbIIEHHe) Macchl agcopbeHTa npH COOTBeT-
CTBEHHO afcopbuuu umu gecopbuuu. PeaklMOHHBIE cOCYABl ANsA pac-
CMaTpHBaeMbIX YCTAHOBOK M300paxeHs! Ha puc. 2.1 n 2.2

Bo Bpems ancop6uuoHHOrO onbiTa paboTaloT ABa 610ka YCTaHOBKH:
PeaKIMOHHBIA cocyl M M3MepuTenbHas 4acTh K3 Tpersero 6yoka ycra-
HOBKH (cocyaa Ans XpaHeHHs afcopOTHBa) MepHOIHYecKH [OJAETCS Oll-
peleneHHOoe KOIMYECTBO ra3a Ml napa Ha acopOeHT.

B o6vemnom memode BenuuuHa ancopOLMM pacCUMTHIBAaETCS Kak
yObLIb KONMYECTBA MOJIEH ra3a B Mpollecce YCTaHOBNIEHHS afcopOLMOH-
Horo paBHoBecus. JIns pacyera yucna Moneil rasa-agcopbata ucnons3sy-
eTcst ypaBHenue Menneneera — Knaneiipona.

Hocne TPEHHPOBKH 00pasiia U JOCTWKEHHA B CHCTEME BaKyyMa He
xyxe 107 ITa, nepeKphIBalOT KpaH Ha PEaKLMOHRYIO KOJ0Y ¢ 06pa3iomM 1
BIIyCKAIOT ONpENEJEHHOE KOJNMYECTBO Tra3a B H3MEPUTENbHYIO HacTb.
IMycts nameputensHas 4acts (066eM Vyyy4) COCTOMT U3 MaHOMeTpa Mak-
Jleona, No3BOMSAIOLLEro ONMPEAENUTh JaBleHHe B YCTAHOBKE B MHTepBate
(10" -1.5 mm pt. c1.) U U-06pa3Horo MaHoMeTpa Ajls M3MEPEHHsS BBICO-
KX faBnenuit (1-600 MM pT. cT.). JlaBlieHHe ra3a B U3MEpPHTENBHON yac-
T no Mak-Jleony o6o3HauuM kak Py. Torna, npegnosaras, 4to ras 06-
NlafiaeT CBOMCTBAMHM MIEaNbHOTrO rasa, KOJHYECTBO MoNeil rasa ng ompe-
nensioT no ¢opmyne (2.1), rae R — razoBasi noctosiHHas, 7) — KOMHATHas
TeMIeparypa:

51 AT @1
RT

3aTeM OTKpPBIBAIOT KPaH Ha PEAKLMOHHYIO KOJOY ¥ HOMUAAIOTCS YC-
TaHOBNEHHS afcopOLHOHHOrO paBHOBecus. JlaBleHue, COOTBETCTBYIOLIEE
3TOMY MOMEHTY, 0603HaYAIOT KaK Ppg,,. Konnuectso Moneii rasa, ocras-
meecs B cucreMe (peakLMOHHasA konba + M3MepuTenbHas 4acTh) MOCHe
afncopOLUMH Mpesy, TAKKE ONPENENAIOT IO YpaBHEHHIO MeHpaeneesa —
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Knane#ipoHa, y4uTbiBas, 4TO YacTh peakLMOHHOH kONObl HAXOAUTCA NpU

TEMIepaType OIbITa, a JOBYLIKa — MPH TEMIIEpaType KUAKOTro a3oTa.
TakuM 06pa3oM, NPHHAB, YTO Vpeax. « mpn Ton — OOBEM PEAKIUOHHOMH
KoN6Bl, HAXOMALIEHCs MPH TEMIEPATyPe ONbITa; Vpeawy « Tk — 00BEM peaK-
LIHOHHOH KONOBI, Haxo,llﬂllleHCH NpH KOMHATHOM TeMneparype; Vi —
06beM NOBYLIKK NPH Tga; Viuw — OOBEM H3MEPUTENBHOH YacTH ycTa-
HOBKH; Ton, Ta, Tx — TEMIEPATYPBI OMBITA, XHUAKOTO a30Ta U KOMHATHast
COOTBETCTBEHHO, KOJIMYECTBO MOJEH Ta3a Apeyy ONPEAENAIOT MO GopMyIie
Ppaau 4 peax. x npu Ton + Ppaaﬂ ) Vlloa " PP“" ( umin ¥ Y peax "IK) . (22)

“paen R-T.. R-T.. R-T,

.Obee KONMUECTBO aacoOpOHPOBaHHOIO BELIECTBA B MOJIAX Paccuu-
THIBAIOT, KaK PA3sHHILY Mo H Apagy:

B pacuere Ha eAMHMLY Macchl aacopfeHTa m  monydyaioT

A monb . A mons
a=— , Ha BEJINYMHY yAeNbHOHN MOBEPXHOCTH (S) — o = ———.
m 2 m-S M
B gecosom memode vcnons3oBaHue BecoB Mak-beHa — bakpa no-
3BOJISET HEMOCPEACTBEHHO OMPENENHTh KOJIMYECTBO aJCOpOMpOBaHHOTO

BElECTBa MO npuBecy afcopbeHTa. na 3Toro Heo6XOJAMMO 3HATH KO-

3(GUUMEHT 1YBCTBUTENLHOCTH CHMpATH f_z_, T.e. €€ pPacTsXKEHHE Ha
MM

| MM npM yBENHYEHHH Macchl YallleykH Ha f rpaMMOB.

C noMolbio kaTeroMeTpa GUKCHPYETCS HyJEBOE MONOKEHUE CIIMpa-
11 Np ¥ n010KeHHE Npapy, COOTBETCTBYIOLIEE 2/ICOPOLIMOHHOMY paBHOBE-
CHIO MpHU ONpeJeieHHOM PaBHOBECHOM JlaBNieHHu ajacopbara. Ecnu uepes
M 0603HAaUNTE MOJIEKYSIAPHYIO Maccy ajcopbara, g — HaBecKy ancopbeH-
Ta, S — ero yAelbHYIO nonepxuocn, TO BeJU4YUHY aacopbuuu (mecopb-
LMK) B MOMB/T MIH MONB/M’ MOXKHO PacCYMTaTh, COOTBETCTBEHHO, [0
dopmynam:

AZ_—_———f.(No—N)=f'ANM0/Ib; (24)
M M
f-(No-N )=vaN MOnb . (2.5)
M g M-g 2
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a=f‘(No—N)_ f-AN mon (2.6)
M-S-g M-S-g um?

IMonyyeHHsle BenuunHb! ancopblMu ra3’oB Ha MOBEPXHOCTH anCcop-
6eHTOB MpH pa3HBIX YCIOBUAX JAIOT BO3MOXHOCTb MOCTPOUTH H30TEPMBI,
1306apbl UM H30CTEpPH! — OCHOBHBIE 3aBMCHMOCTH TIPH aAcopOLHH.

H3omepma adcopbyuu npenctabnseT cobolf 3aBUCHMOCT BETMYHHBI
azcopbLUM OT paBHOBECHOTO JaBleHUs UM PaBHOBECHOH KOHLIEHTPALMH
npu nocrosiHHoH Temnepartype T.

H306apa adcopbyuu BbipaxaeT 3aBUCUMOCTb PaBHOBECHBIX BEJMYHH
azcop6LMK OT TeMnepaTypsl IpH OCTOSHHOM JaBneHuu P afcopbtusa.

Hzocmepa adcopbyuu BeIpaXkaeT 3aBUCHUMOCTb PaBHOBECHOTO JiaBlie-
HUs P OT TeMIepaTypsl IpH a=const.

Ananutnyeckas cBs3b MeXAY M30TepMaMH, U306apaMH U H30CTepa-
MM amcopOuuM MokeT ObITh MonydeHa U3 aHanusza Qynkuud a=f{P,T),
paccMarpuBaeMo# Kak HenpepblBHas (DYHKLHS IBYX He3aBUCHMBIX apry-
MeHTOB P u T. CtaHgapTHele npueMst AudepeHIUpoBaHUs ITOH (YHK-
LIMH MO3BOMAIOT MONYYUTH COOTHOILEHUSA THNA

0a = |pa/dP|.dP +|oa/dT|,dT
285071

2.7
rae |8a/ dP|T— NpOM3BOJHAs M30TEPMBI afcopbLuu nmpu Temnepatype 7T,
a ]6P/6T|a H |aa/ar[ p — COOTBETCTBEHHO NPOM3BOAHbIE U30CTEPBI U M30-
6apel ancopbuuu.

Upe3BbluaiiHO BaXKHBIMM MOMEHTAMH IIPH 3KCIEPUMEHTANLHOM OIl-
pefeneHny BENMYMH aacopOLMHU ABNAIOTCA YMCTOTA OMBITOB, & UMEHHO
NOJy4€eHHe CTaHAAPTHOH MOBEPXHOCTH ancopbeHTa U Ka4ecTBO YCTaHOB-
ku. O6 3TOM moapo6HO paccMaTpuBaeTCs Ha KOJUIOKBHYMAX C IIpHUBJIEYe-

HUEM JIMTEPATYPHBIX UCTOUHUKOB [3, 4], a Taroke B rnase 3 JaHHOrO Mo-
cobus.

JIMTEPATYPA

1. Oxcnepumenmansueie meTonrt B ancopbuuu ¥ xpomarorpaduu / Toa pen.
A.B. Kucentpa. M.: M3a-so MI'Y, 1990. 316 c.
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4. Tomac Joc. Tomac V. Tereporennsit karanus. M.: Mup, 1973. C. 50.

OPHAMEPBI H 3AJTAHHSA

Ifpumep 1

PaccuutaTe BenMUMHY afcopOLMM KHUCIOpoJa Ha moMHHOGOpe
ZnS-CdS-Ag, umes crenyromue nauHsle: Toy = 50 °C, T, = 26.8 °C, Py =
=0.572 MM pT. CT.; Ppapy = 0.470 MM PT. CT.; Voo = 520.4 CM3 Voeax. x =
=102.1 em>; Vieax. « npu Ton — 15.9 CM3 HaBecxa apcopbenta m = 1
YAeneHas MOBEPXHOCTh afcopbenTa S = 0.3 M 2/r.

Pewenue. Jina pacuera BenuuHHbl afcopObunH ucnonslyem Gopmynei
2.1)-(2.3).

KonuyecTBo Moneit rasa, HaXOAALMXCA B M3MEPUTENBHOMN 4acTH yc-
TAHOBKH Mg , pacCcuUThIBaeM 1o ¢opmye

Po Visuu _ 0.572mm pm.cm.-520.4 cm’

R-Te  760-1000- oosz—"ﬁﬂ’l (26.8+273.2)K
b -

hy —

Muoxutenu 760 u 1000 B 3HaMeHaTene BBOAATCA AN INepeBoja
MM pT. CT. 4 M’ B aTtMocdeph! U TUTPbl COOTBETCTBEHHO.
Ipu ucoons30BaHNU APYTOH CUCTEMBI €MHHULL

0.572-133.37a-520.4c?

) =0.159-10"" moas.
8.314— ”CK 10%-(26.8+273.2)K
N6

Tak kak B 3a4auye He yka3aH oObeM JIOBYlIKH, OyneM cuMTaTh, 4TO
JTa 4acTb peakUMOHHOH konbb Haxogutca npu Temnepatype 7. Torma
OKOH4aTeNBHO (hopmyna (2.2) Ang pacyeTa #p,s, MPUMET BHA
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P +V

pasn "\’ umm.y

peak.x npu TK) + Ppaan 'Vpeax,x npu Ton _

n =

pasx R'Tk

0.470-(520.4+102.1~15.9) 0.470-15.9
760-0.082-300-1000 760-0.082-323.2-1000

=0.0000153 + 0.00000037 = 0.0000157 = 0.157-10"* moze.

B cootBercTBuMH ¢ dopmynoi (2.3)
A =0.159-10* - 0.157-107* = 0.002:10™ monb = 210 mMmosb. C
y4YEeTOM Macchl ancopbeHTa 1 BEIMYMHbI ero YAenbHO! NOBEPXHOCTH

2 10 MMO!lb_66 14 Mmone MMONb
12:03Mm*/2 M

Itpumep 2

PaccumraTe BenuuuHy agcop6uuu GeH3ona Ha XpoOMaTOHE MpH cre-
JYIOWUX YCIOBHUSAX:

Ton = 289 K; P~ 61.55 MM pT. CT. — JaBieHHe HaCBILIEHHOrO Mapa
6ensona npu 7= 289 K; P = 55 MM pT. CT. — paBHOBECHOE JIaBJICHHE M1a-
pa-ancop6ata; Ny = 364.58 MM — HayalbHOE MOKa3aHUE KATETOMETPa;
N = 364.4] MM — noka3aHue B MOMEHT aAicOpOLIIMOHHOr0 paBHOBeCUH; f=
=3.15 Mr/MM — K03 (UIUEHT UYBCTBUTENLHOCTH CHUPANU; Meeysona =
=78 r, g = 38.8 Mr (HaBecka ancopbenTa), S = 1 M’/r.

Pewenue. Pacuer BenMuMHBI afcopbuuu npoBoauTes no dopMyiam
(2.4) n (2.5). IloacraBnsieM B popMysy Heo6GXOOUMBIE JaHHBIE:

3.15—-(364.58-364.41) mm
MM

a= =0.0138=1.38-102—=
38.8 M2 M2

=1.38-102—,
2

3adanue 1

PaccuntaTh BelM4HHBI afcOPOLMM KUCIOPOAA HA UMHKCYIb(uaHOM
momuHodope, HUMest cnenylomue naunbie: Py = 0,572 MM PT. CT;
T, = 26.8 °C; V“m—5204cm m=17; Vpea « = 102,1 o’ S—
= 0,3 M*/r; Vp x npn Ton = 15,9 em; ; Po — HayanpHOE JaBNeHMe KUCIopoaa B
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U3MEPUTENIbHOH 4YacTH (MM pT. CT.), P — paBHOBECHOEe [aBJICHHE
(MM PT. CT.); Viysuy — O6DEM HIMEPUTENBHON YACTH; ¥ peax, x — OOLIHI 06D~
€M PeaKUHOHHOH KONOBL; ¥ pewyu npu Ton — OOBEM peakLIMOHHOH KONOBI MpH
Ton; m — Macca ancopbenta; S — yaenbHas MOBEPXHOCTh afacopBeHTa.

[To nmonyyeHHbIM JaHHBIM OCTPOUTH H306apy aacop6uuu. [Iposectu
e€ ananus.

Ne o/t 7,°C P Ne o/n T,°C P
1 26,8 0.471 6 250 0.472
2 50 0.470 7 300 0472
3 100 0.471 8 350 0.470
4 150 0.472 9 400 0.467
5 200 0.470
3aoanue 2

H3yyenue apcopbuuu BomopofAa Ha cynbhHAe UMHKAa MPOBOAMIOCH
06beMHBIM MeTOJOM. PaccuMTaTh BenHYMHY aAcopbLMM MpH pasHBIX
TeMmreparypax, uMes cleaywouye naHssle: P = 1.406 MM pt. ctT.; T =
=22.8 °C; Vyp.a= 393.6 ¢M’; Vpear « =79.85 M’ Vpear. umputon = 34.3 cM’;
Vies= 8 CMJ; m=2r,5=1.0 M.

Ne PaBHOBecHOE Ne PasHoBecHOe
n/n fom v nasnesue, P,y | 0/0 dom NaBneHue, Py,

1 - 150 0.860 7 26.5 0.957

2 - 120 0.906 8 60 0.962

3 -90 0.927 9 90 0.967

4 -60 0.940 10 120 0.968

5 -30 0.956 11 150 0.978

6 0 0.965 12 180 0.978

Mo nojyyYeHHBIM NAHHBIM MOCTPOUTH U306apy ancopbumu, MpPOBECTH
ee aHanum3.

3aoanue 3

Usyuenue agcopbuuy BonopoAa Ha cyibduae LUHHKA MPOBOAMIOCH
00bEMHBIM METOAOM Ha BaKyyMHOH ycTaHOBKe. PaccuMTaTh BENHMUMHY
agcopbuuy, uMmes ciepyowue naHHele: Py = 0.747 mm pt. ct.; T =
=22.8 °C; Vi, «= 393.6 cM’; Vpeax. « =79.85 M’; V4 mpu Ton = 34.3 eM’;
Vios =8 CM3; m=2r;85=1.0 M2T.
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Ne T o, PasHosecHoe Ne T oms PasHoBecHoe
n/n °C nasneuue, Py | n/m °C naBiedue, Poyay

1 -150 0.504 7 235 0.554

2 —120 0.518 8 60 0.559

3 -90 0.531 9 90 0.555

4 —60 0.540 10 120 0.563

5 =30 0.549 11 150 0.564

6 0 0.554 12 180 0.565

ITo mosyueHHBIM AAHHBIM TIOCTPOUTH H306apy aacopOLMH, NPOBECTH
€e aHaIH3.

3aoanue 4

Hsyuenue ancopbumu Bogopoaa Ha cynbuie LMHKA MPOBOAKIOCH
00BbEMHBIM METOAOM. PaccuuTars BeNHUMHY ancopOuuH, UMes crenyio-
e paHHbie: Py = 0.896 MM prt. cT.; T, = 20. 7 °C; Vigwu = 393.6 CM
Voea x = 79.85 M3 Voear. w npwe Ton = 34.3 oM’ Vigo= 8 oM’ m=2 13
S=1.0 M.

Ne T om PaBHoBeCHOE Ne T ons PasHoBecHOE
n/n °C Japrienue, Ppapy n/n °C JAaBneHue, Ppypy

1 -150 0.578 7 24 0.675

2 -120 0.615 8 60 0.678

3 -90 0.638 9 90 0.679

4 —60 0.644 10 120 0.681

5 -30 0.664 11 150 0.682

6 0 0.667 12 180 0.683

ITo momy4eHHBIM pacHeTHBIM JAHHBIM IOCTPOUTH H300apy apcopb-
UHH.

3adanue 5

Hsyuenne ancopbuuu Bopopona Ha cynbduae UMHKA MPOBOAUIOCEH
00beMHBIM BaKyyMHBIM METOROM. Paccuntath BeTMYUHY afcopOLuy npH
pasHBIX Temieparypax (cM. Tabnuiy), umes cneu%/}omne OaHHble: Py =
=1.223 MM PT. CT.; TK-245°C Vs = 393.6 c™M pmx =79.85 em’;
VoumpnTon=34.3 cM’; Vioy=8 o, m=21;8=1.0 mr.
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Ne T ons PasuosecHoe Ne T o5 PaBHOBECHOE
w/a °C nasnenue, Py, wn °C jasiiesue, Py,
1 -150 0.822 7 24 0.909

2 -120 0.856 8 60 0.909

3 -90 0.860 9 90 0.916

4 -60 0.870 10 120 0.919

5 -30 0.902 11 150 0.925

6 0 0.904 12 180 0.928

[To nonmy4eHHbIM pacyeTHHIM HaHHBIM IOCTPOHMTH H306apy azcopl-
LKH.

3aoanue 6

Hsyuenne ancopGuun Bopopona Ha cynb$HAe LHMHKA IPOBOLWIOCH
00BbEMHBIM (BOTIOMOMETPUYECKMM) METONOM. PaccunTtarh BeMUYMHY aj-
copObuMH MpU pasHBIX TEMIIEPaTypax (CM Tabuuuy), umes cnenyloume
JauHble: Py = =1, 333 MM pT. cT.; T = 25.0 °C qu—3936 oM’
Vioeax. « 79 85 om’; Vicaxx npn T on = 34.3 oM’ Viy= 8 cM; m=2 1}
§=1.0 M.

Ne T ons PasHoBecHoe Ne T o PasHosecHoe
/n °C NaBAeHue, Pyey | /00 °C Jasnenue, Pogy,

1 —150 0.892 7 24 0.992

2 —120 0.924 8 60 0.993

3 -90 0.949 9 90 0.996

4 —60 0.966 10 120 1.004

5 -30 0.979 11 150 1.012

6 0 0.989 12 180 1.017

IonyyeHHble JaHHbIE MCNONB30BATh A IOCTPOEHUs M300aphl an-
copbuuu.

3aoarnue 7

H3zyyenune agcopbuuu Bomopoaa Ha ZnS'Cu npoBOJUIOCE BOJIOMO-
METPMYECKMM MeTONOM. PaccuuTaTh BENMUYMHY aJCcOpOLUM MPH pa3HbIX
TeMInepaTypax (CM. Ta6nuuy), umest cneuy}omue IaHHbIE: Po =0.735 MM
pT. cT.; Tx = 18.5 °C;  Viypyu=2393.6 om’; Vieax. £ = 79.85 cm’;
Voeax. wnpn Ton = 34.3 CM3; Vios= 8 eM;m=21;S= 1.0 M.
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Ne T o PapHOBecHOE Ne T on PasHOBecHOE
n/m °C DaBAeHHE, Ppyoy n/n °C nasneHue, P

1 -150 0.506 7 21 0.555

2 -120 0.522 8 60 0.557

3 -90 0.531 9 90 0.559

4 -60 0.537 10 120 0.561

5 =30 0.544 11 150 0.563

6 0 0.550 12 180 0.565

HOJ'Iy'-lCHHLIC JAaHHBIC HACHOJIB30BATH MJIF NOCTPOCHHA u306apm an-
copbLMu.

3aoanue 8

Usyyenne agcopbumu Bogopoaa Ha ZnS'Cu mposoamioch 00BEMHBIM
BAKYYMHBIM METOIOM. PaccuuTaTh BEIMYMHY aaCOPOLMH TPH PasHBIX
Temmepatypax (cM. Tabnuiy), HMMES CIICOyOIIME AQHHBC: Py
=0.890 MM pr. cT; T = 18.1 °C; Vo= 3936 oM’ Vpeax. ~
=79.85 eM”; Vicaxx mpu T on = 34.3 CMS; Vies= 8 CM m=2r, S 1.0 M/

Ne T om Pasrosectoe Ne T om PasHOBecHOE
/n °C nal:leuuc, wn °C nasiienue, Ppg,
PaBH

1 -150 0.608 7 20 0.666

2 -120 0.627 8 60 0.672

3 —90 0.637 9 90 0.675

4 —60 0.645 10 120 0.678

5 =30 0.653 11 150 0.680

6 0 0.661 12 180 0.682

TMony4yeHHBIE JaHHBIE MCTIONL30BATh ANA MOCTpOEHHs H300aphl an-
copOuuu.

3aoanue 9
Hsyuenue ancopbuun Bogopoaa Ha ZnS-Cu npoBoAnIocs 06-eMHBIM
BaKyyMHBIM MeTofioM. PaccunraTs BennuuMHy afcopOUMH NMpH pasHBIX
TeMmnepatypax (cM. Tabnuuy), HMes cneny}oume naHHbple: Py =
=1.22 MM pT. c1; Ty = 19.9 °C; Vs = 393.6 cM*; Vigar. ¢ = 79.85 oM
Vpeax s npn T on = 34.3 CM Vis=8cM;m=2r;S=1 O M/
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Ne T on PasHoBecHoe Ne T ons PasHoBecHOE
n/n °C nasieHue, Posy | /M °C nasaenue, Py,

1 -150 0.828 7 21 0.913

2 -~120 0.854 8 60 0.921

3 -90 0.871 9 90 0.926

4 -60 0.883 10 120 0.930

5 -30 0.895 11 150 0.928

6 0 0.906 12 180 0.997

IlonyyenHsle naHHBIC MCMOB30BaTh i MOCTPOEHHs H306aphl ai-
copOLHH.

3aoanue 10

H3yueHue ancopbuun Bonopoaa Ha ZnS Cu poBoaunock 06beMHbIM
BaKyyMHBIM MeTofoM. PaccuutaTe BenHuYMHY ajfcopOLMU NpH pasHBIX
TeMmrepaTtypax (cM. Tabnuily), nMes cneqyiouiue AaHHele: Py = 1.316 MM
pT. ¢1.; Ty = 26.1 °C; Vs = 393.6 CM3; Vieax « =79.85 CMS; VoxopuTon =
=34.3 cM>; Vyos=8 eM; m=21; S = 1.0 ML

Ne T ons PaBHOBecHOE Ne T ons PaBHOBecHOE
n/n °C JaBnenue, Py, | /N °C JIaBNEHHE, Ppypy

1 -150 0.889 7 26 0.980

2 -120 0.918 8 60 0.989

3 -90 0.937 9 90 0.993

4 -60 0.948 10 120 0.997

5 =30 0.960 11 150 1.002

6 0 0.966 12 180 1.005

ITony4yeHHble naHHBIE MCIONB30BaTh AJIs MOCTPOEHMs u3o6apel ai-
copOLy.

3aoanue 11

PaccunTats BeanuuHy ancopbuuu 6eH30/1a Ha XPOMATOHE U MOCTPO-
UTb U30TepMY afcopbiuu B koopauHartax (a mons/M™ — P/P;) , nMes cie-
nywoine nauHele: Ton = 289 K P gemona= 61.55 MM pT. cT.; No=
=3642.58 muM; f = 3.15 mr/mm; m (Macca ancopbenra) = 38.8 mr; Sy, =
=1wm/r.
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P, MM pr. cT. N, MM AN P/P,
2 364.55 0.03 0.033

5 364.53 0.05 0.081
14 364.48 0.10 0.227
20 364.45 0.13 0.325
30 364.43 0.15 0.487
40 364.42 0.16 0.650
46 364.42 0.16 0.750
S5 364.41 0.17 0.894
58 364.40 0.18 0.942
61 364.38 0.20 0.990
61.55 364.37 0.21 1.000
61.55 364.37 0.21 1.000
61.55 364.25 0.33 1.000

T — TemnepaTypa OnbITa; Ps—

JAaBJICHHE HACBILICHHOr O napa 6eHsona

NpH TeMneparype onbita; P/P; — OTHOCUTENbHOE AaBJACHUE Napa ajcop-
6ara — 6eH30na; Ny — HayanbHOE MOKa3aHHe KaTeToMeTpa; N — nokaszaHus
KaTeToMeTpa NpH aacopbLyoHHOM paBHoBecuH; AN = Ny — N; M — Ha-
Becka aficopbeHTa; S — y/iebHas NOBEPXHOCTh aJCcOpOEHTa.

3aoanue 12

Hcnone3ys ucxonHele faHHbIE W JaHHbie TaGHULBI, pacCYHTaTh Be-
JUYMHBI ACOPOLMU M NOCTPOUTH M30TepMbl afcopbuuu u aecopbuuu
napoB BOALI Ha 06paslie OKCHJA MarHus, MpeJBapUTENbHO BaKyyMHPO-
BaHHOr0 Mp¥ KOMHATHOH TemmepaType B TeueHHe 24 4. Macca HaBeckH
40 Mr, 4yBCTBUTENLHOCTE cnMpanu f = 2,22 mr/mm, Ny = 351,916 mm.
VYaensHas noBepxHOCTb obpaszua 58 M . Temneparypa onsita 27 °C,
NaBJIeHHe HACKILLEHHOTO napa 6eH3ona 26.78 MM pr. cT.

P, MM pT. cT. | N, MM [ P,MM pT. cT. | N, MM
AJICOPBLINA
2 351,096 19 350,170
3,5 350 748 22 349,996
5,2 350,574 24 349,796
7,5 350,529 26 349,651
10 350,412 263 349,648
13 350,302 26,5 349,358
17 350,279
TECOPBLVG
24 349,583 5 350,417
22 349,726 3 350,587
18 349,970 1 350,650
14 350,088 0 350,717
9 350,290
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3aoanue 13

Paccuurats BenuuuHbl agcopOuuy MmapoB BOABI Ha 00pasle OKchzaa
MarHsi, TPEABAPUTETILHO TCPMOBAKYYMHPOBAHHOTO TPHU TEMIICPATYPE
573 K B Teuenue 4 u. U3yuenue axcopOumu mpoBOAMIOCH BECOBBIM a/-
COpOLMOHHBIM MeTOIOM. [loCcTpOouTh M30TEPMBI aacopOLMKM U Aecopo-
uun. Macca waBecku 40 Mr, YyBCTBUTENBHOCTh CIHpaTu [=
=222 wmr/mm, Ny = 356,766 mm. YperapHas mNOBEpPXHOCTh 0Opasiia
58 M*/r. Temmepatypa ombita 28 °C, J1aBICHHC HACHIICHHOTO Tapa GeH-
3oma 28.35 mm pT.CT.

P,mMpr.er. | N, MM [ P,mmpr.cr. | N, MM
AJICOPBLIVIS
1 356,223 16 354,416
3 355,626 19 354,407
5 355,176 21 354,246
7 354,978 24 354,104
9 354,711 27 353,930
11 354,487 28 353,676
14 354,432
JECOPBLIVA
27 353,785 7 354,360
25 353,882 5 354,840
21,5 353,975 2 355,486
16,5 354,088 1 356,296
12,5 354,159 0 356,766
3aoanue 14

Hicnonp3ys McxoiHble NaHHBIE M JaHHble TaGMULbl, pPAacCUUTATDH
BEJIMYUHBI aJCcOPOIMH M NOCTPOUTH U30TEPMBI ancopbuuMu U aecopb-
LMY napoB BOABI Ha o6pa3siie OKCHJAa MarHus, NpeaBapuTeNbHO OTTpe-
HUPOBAHHOTO B BaKyyMeé NpH KOMHATHOH TeMmmepaType B TeueHHe
244, Macca HaBecku 40 Mr, 4yBCTBUTENBHOCTH CHUpAIM f=
=2,22 mr/mMM, Np = 346.633 MM. YienbHas MmOBepXHOCTH oOpasia
55 MY/r. Temneparypa onsita 28.5 °C, naBieHye HaChIEHHOro napa
6Gensona 29.22 MM pT.CT.
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P,mmpr.cr. | N,mv | P,mMpr.cr. | N, MM
AJICOPBIUA
1,5 346,550 17 345,811
4 346,408 19 345,666
6 346,320 21 345,605
8 346,165 23 345,574
10 346,066 25 345,336
13 345,936 27 345,040
15 345,855 28 344,670
TECOPBLIVIS
27 345,078 13 345,815
25 345,167 10 345,954
23 345,226 7 346,078
21 345,335 5 346,146
17 345,570 3 346,195
15 345,660 0 346,425
3aoanue 15

PaccuutaTh BesMuMHBL aACOPOLMM U MOCTPOUTH M30TEPMY aacopb-
LU MapoB BOALI Ha oOpaslie OKCHAA MarHug, MpeABapuTeabHO 00pabo-
TaHHOro B BakyyMme npu Temnepatype 573 K B teuenue 4 4. U3syuenue
ajicopOLIMK MPOBOAMIIOCE BECOBBIM aJCOPOLMOHHBIM METOAOM. Macca
HaBeckn 40 Mr, 4yBCTBUTENBHOCTh cmupanu f = 2,22 Mr/mMM, Ny =
=324.803 mM. YaencHas noBepxHocTh oOpasna 55 M. Temneparypa
ombita 23 °C, AaBjieHue HachieHHoro napa 6ensosna 21.07 MM pT. CT.

P, MM pT. CT. | N, MM | P, MM pT. cT. ] N, MM
AJICOPBLIMA
1 324,535 13 322,859
2,5 324,123 14 322,811
5 323,446 16 322,590
6 323,248 17 322,316
8,5 323,034 20 321,887
10,5 322,973 21 321,725
3aoanue 16

Ipu u3yuenun aecopOuUMHM DapOB BOABI C MOBEPXHOCTH OKCH/A Mar-
HUS BECOBBIM aACOPOLIMOHHBIM METOOM [ONlY4Y€EHBI CIEAYIOLIHE JAHHbIE.
PaccuuraTs Be/lMUYMHBI, KCMONB3YS UCXOQHBIE AAHHEIE, yKA3aHHBIE B 3a-
JaHuu 15.
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P,mMmpr.cr. | N,mm_ | P,mMMpT.cT. | N, MM
JECOPBLIMA
24 322,049 10 322,758
22 322,227 8 322,710
19 322,535 6 322,826
17 322,600 4 323,086
16 322,746 3 323,864
14 322,806 2 324,253
13 322,794 0 324,803

3aoanue 17

Hcnone3ys ucxXoiHele JaHHBIE M JaHHbIE TabJMIEl, PaCCUMTATH Be-
JIMYMHBL aACOPOUMH U MOCTPOMTH M30TEpMbl ancopOuuu u AecopOumMu
n2ZpoB BOJIbI Ha o6paslie OKCUAA MarHus, NpeABapUTENIbHO TePMOBaKYy-
MHpOBaHHOro npH Temnepatype 573 K B Teuenue 4 u. Macca naBecku
40 Mr, 4yBCTBUTENBHOCTH CrMpany f = 2,22 mr/mm, Ny = 329.820 mm.
VYiensHas MOBepXHOCTH oOpasua 24 M2/r. Temmnepatypa onnita 23 °C,
JaBNeHue HachIeHHOro napa 6ensona 21.07 MM pT. CT.

P,mmpr.ct. | NymMm | PmMpr.cr. | N,mm
AJICOPBLIMSA
1.0 329,270 11,5 327,270
20 328,815 14,5 327,157
3,5 327,920 17,5 326,612
7,5 327,500 19,5 325,870
9.0 327,377

3aoanue 18
ITpyu u3yuenuu gecopOLUU NapoB BOABI ¢ IOBEPXHOCTH OKCHIA Mar-
HH3 BECOBBIM aACOPOLIMOHHBIM METOJOM NONYUEHBI CIEAYIOLME AaHHBIE.

P,Mmpr.cr. | N,mM | P,MMpT.cT. | N, Mm
JECOPBLINA
18 326,386 7 327,001
14 326,548 5 327,260
12 326,677 3 328,168
9 326,810 0 329,820

PaccuMTaTh BeM4MHBI, HCTONB3YS HCXOIHBIE JaHHBIE, YKA3aH-
HBIE B 337aHuy 17.
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CEMHHAP 2. Ai306aps1 agcopbuun. IloctpoeHne n3obap agcopbuun
110 IKCNIEPHMEHTAIBHBIM JAHHBIM, HX 2HAJIH3

Dusuueckan u XuMuU4eCcKan aocopoyun

OCHOBHbBIM NpPU3HAKOM, [I0 KOTOPOMY MOXHO KJIaCCH()MLUMPOBATh B~
JeHue ancopbuuu, Apnsercs NpUpona cuil, AeHCTBYIOWIMX MexAy aacop-
GeHTOM U ancopbaToM. Pasnuuaior GU3MYECKYIO X XMMUUYECKYIO ancopl-
uuio. Pusnyeckas ancopOLua BbI3BIBAETCA BAHAEPBAaNbCOBHIMH CHIIAMH,
TEMH K€ CHMJIAMHM, YTO M MOJEKYNSpHOE B3auMOfEHCTBUE, T.€. CHIaMu
B3aMMO/EHCTBUS MOCTOSHHBIX U MHAYLMPOBAHHbIX JUNoNeil U KBaApyro-
nei. Ssnenus $pusnueckoif amcopbuuu 6aM3kM K SBIEHHIO KOHAEHCALMH
ra3oB W mapoB. Xumuueckas aacopOuus (xeMocopOuus) BBI3bIBACTCS CH-
JlaM¥, BO3HMKAIOILMMH B pe3ysbTaTe IepepacrpeaeieHus 31eKTPOHOB Me-
AAYy ancopOMpyeMbIM BelLECTBOM W TBEPABIM TEJIOM, T.e. 00pa3oBaHHEM
xumuueckux casseii [1. C. 8-11].

XeMocopbLus ~ 3TO XUMUUecKoe B3aUMOZEHCTBUE ra3oB WM NapoB
C MOBEPXHOCTSIMU TBEPABIX Tel, He MpUBoOjsiilee k 00pa3oBaHUIO HOBOH
obveMHo# dasbl. 3avacTyto xeMocopbuus sABnfeTCS HauanbHOM crajgueit
tazoBoro mpespallieHus TBEPAOrO Teja B CUCTEMaX, B KOTOPhIX 06paso-
BaHue HOBOH TBepo#l a3l TEPMOAUHAMUYECKU BBIFOAHO (HANpUMEp, B
cuctemax Cu/O,, Pd/H, 1 ap.).

YCTaHOBEH PR NMPUGIMKEHHBIX KPHTEPHEB, HO3BOJISIOMIMX JKCHe-
pYMEHTaNbHO pasnu4aTh QU3MYECKYI0 M XMMMYECKYIO aacopbuuio
(tabn. 2.1) [2. C. 73-75; 3. C. 25-27; 4. C. 24-28].

Tabruya 2.1
Pasnuunn ¢puznueckoit u xumuueckoii ancopbumnn
YcnoBus npoteka-
HHS aAcopOLHY 1 dusnyeckas Xumuueckas
XapaKTePUCTHKA ancopbuus aacopbuus
ancopGuHoHHO#
CHCTEMB!
1 2 3
1. Temneparyphas Kax npasusio, He Mo- | YacTo BBICOKME TEMINEPATYpBHI,
obnacrhb MET 3HAYUTENLHO O/IHaKO MOXeT HabmoaaTecs U
NpEBBIIATL TEMNEPa- | HU3KOTEMINEPATypHas XeMO-
TYPY KOHAEHCALHH cop6uus (Hanpumep, aacopouus

ancop6ata, npy 3T0M CO ua xenese)
HEOOXOAMMO YHHUThI-
BaTh 3aBUCMMOCTh
TEMIMEPATyphl KOH-
JIEHCAUHMH OT ynpyro-
CTH Napa, KPUBH3HBI
NOBEPXHOCTH H JIp.
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IIpooonwcenue mabn. 2.1

1

2

3

2. 3aBUCHMOCTH
KOJIM4ECTBa aicop-
6HpoBaHHOrO rasa
OT TEMINEPATyph!

YMeHbuIaercs ¢ poc-
TOM
TEMMNEPaTyps!

Hcrunnai xemocopbums B ToM
obnactu TeMneparyp, B KOTOpO#
OHa MJIET AOCTAaTO4HO 6HICTpO,
JIOIDKHA YMEHBLIATHCSA C TEMIIE-
parypol Kak IK30TEpPMHYECKHH
npouecc. Ho Bennunya aktusu-
posanHoit ancopbuuu pacTer ¢
TEMnepaTtypoi

3. Bpems ycraHoB-
NeHuns ancopoLMoH-
HOTO paBHOBECHS

Ha otkpniTo#t no-
BEPXHOCTH HIET
NPaKTH4ECKH MTHO-
BEHHO, HO MOXET
JIAMUTHPOBATECA MENI-
NIEHHO# CKOPOCTHIO
nuddysun B TOHKHX
nopax, npH crepuye-
CKMX 3aTPYIHEHHAX

Bpems ycTaHoBaeHHA
ancop6LUMOHHOTO paB-

HOBECHS, KaK NMPaBHO, BEJHKO,
TaK Kak CKOPOCTh YCTaHOBJICHHA
XeMancopOLMOHHOrO paBHOBE-
CHsl OTPaHHYMBAETCH MIOBEPXHO-
CTHOM NOABHXHOCTBIO ANCOP-
GHPOBaHHBIX YACTHLL, OHH 3a-
HHMAaIOT HE N0 OHOMY MECTY H
NEpPBOHA4ANBHO MEXY HHMH
06pa3yloTcs Mabie MyCTOThI,
HeJI0CTaTO4HbIE nd aficopbuuu
JOTIONHHUTEABHBIX Moeky1. Ho
BO3MOXHA M ObicTpas xemo-
copbuus

4. CxopocThb aj-
cOpOLMH 1 3aBHCH-
MOCTS €€ OT TeMIie-

paTypbl

Bonsinas ckopocTs,
(NpaKTH4ECKH MTHO-
BEHHBIH poLecc,
€CJIM HE OCNIOMKHEH
apneHuamu nuddy-
3uH), 6e3 snepruu
aKTHBaLMK

CxopocTb xemocopbu1u o6eru-
HO BLIPKAETCH KaKO#H-~TO KO-
HeuHo# BenmyMHoOlt M 61CTPO
CHHIKAETCA C IOKPEITHEM, 0CO-
6enno, ecnun ancop6upoBaHHse
4aCTHLLb! 3aHUMAIOT HECKOJIBKO
LIEHTPOB MK ECITH XeMocopouus
COMPOBOXAAETCSA NOBEPXHOCT-
Hoif mepecTpoiixoif u nocneno-
BaTe/IbHBIM 06pa30BaHUEM JBYX
xeMancopbupoBaHHsIX a3,

Ho moxkeT mpoTekaTs M NpakTH-
4YECKH MTHOBEHHO, 6e3 SHepruu
aKTHBalMH.

Jlns akTMBMpOBaHHOM ancop6-
UMM — NpAMas 3aBUCHMOCTh
CKOPOCTH OT TEMMNEPATYpbl
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IIpodanncenue maba. 2.1

2

3

5. CoxpaneHue Mo-
JieKynamu agcopbara
CBOEH MHAUBUIY-
anbHOCTH

Kak npasuino, mone-
KyJibl ancopbara co-
XPaHSIOT CBOH MHIH-
BUAyalbHblE CBOACT-
pa. OniHaxo npu o6pa-
30BaHUH MOHO- HIIH
MOJIUCIIOEB OHH MOTYT
B3aUMOZEHCTBOBATh
Mexay coboit (Ha-
npHMep, YTJIeBOAOpO-
Jibl CBOMMH HYHKIMO-
HaJIbHGIMH TPYIIIaMH)

Monekyns! ancop6ata H3MeHs-
10T CBOH MHIMBUAYAIbHBIE
cBOMCTBA NPH BOZHHKHOBCHHH
KOBAJIEHTHOM, HOHHOM MJIK KO-
OpJAMHALMOHHO} cBs3H. B mo-
CHEMHEM CITy4ae, & TAKKE MpH
06pa3zoBaHHH BOJOPOAHOH CBA3M
BO3MOXHO COXPaHEHHE HHINBH-
nyansnoctd. Kpome atoro,
MOJIEKY 1Bl MOTYT JMCCOLMHPO-
BATh U ACCOLMMPOBATECA

6. O6paTumocTs
(neo6paTHMOCTB)
npouecca aacop6-
LHU

O6paTtumasn, T.€, Ha-
6monaerca cobnaze-
HMe U30TEpM ancop6-
LMY M aecopbumu,
0/{HAaKO HEKECTKOCTh
CTPYKTYPbl HEKOTO-
phix ancopbeHToB
MOXET NPUBOAUTD K
HECOBNAEHUIO Nps-
Moro u oGparHoro
NpOLECCOB

AKTHBHPOBaHHasi aCOPOLIKA, Kak
npaBuno, HeobpaTuMa — u30Tep-
MBI aficopbLK U JecopOLmny He
coBnaaatoT. XemMocopOius, npo-
Texalouas ¢ G0N0 CKopo-
CTbIO, 6€3 3HEePTMH aKTHBAUKH,
o6parrma UK yactu4so obparu-
Ma (Hanpumep, xemocopoums
BOJIOPO/A METALIAMH TPy b
MIAaTHHBI ¥ HEKOTOPHIMH JPYTH-
My — 06paTUMa WK HacTHIHO
obparnma mpu 500-600 K)

7. Tennora ancop6-
MM

10-50 k[x/Mons. B
ciyydae cnenuduye-
cxo#t Gu3nyeckoi
afncopbLHH MOXET
HMETh GOnbILEE 3HA-
YeHHe

80400 xJx/Mons. Oanako aas
XeMOcOp6LIMH, XOTA U PEAKO,
BO3MOJXHEI MaJible BEMYUHBI
TEIUIOT aAcopOLMH, MEHEE

80 xJx/mMonn

8. Yucno aacopbu-
POBaHHBIX CIIOEB

[onumonexynsapHas
ancopbuus, nepexo-
Asinasi B KOHAEH-
CalKIo, BHILIE HEKO-
TOPhIX KPUTHYECKHX
3Ha4YeHUH YIIpyrocTu
napa, KOTOpbIE 3aBH-
CAT OT CTENEHHU KPH-
BH3HBI IOBEPXHOCTH.
Ho B HekoTOpBIX City-
qasx (HanpuMep, TOH-
KOIIOPHCTBIE aCOp-
6GenThl) yucno dusmn-
YeCcKH aacopbupo-
BAHHBIX CIIOEB MOXET
OrpaHH4HUTHCA BIUIOTH
10 ofiHOro

Kak npasuiio, MoHOMONEKY 1D~
Hasn aacop6uua. Ho B cnyyasx,
KOTJa B YCAOBHAX XeMOCOpOLMM
MOXET MPOUCXOJUTH TBEPIO-
TeNbHBINA Ha30BbIA Nepexon um
KOTJa H3MEHeHue cB060aAHOM
3HEPryH A TAaKOro [epexoaa
TONONHUTENBLHO, HO MO MO
a6CoMIOTHOM BENUMHE, MOTYT
TPOHCXOAMTH MPOLIECCH] BHE-
ZipeHus atoMoB aacopbara B
I0ANOBEPXHOCTHRIE CIIOH afl-
cop6eHTa, YTO yBEIHYHUBAET
KOJINYECTBO aiCOPOHPOBAHHOTO
BelllecTBa 6o/ee EMKOCTH MOHO-
ciost
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Oxonvanue mabn. 2.1

1 2 3
9. Cnenuduinocrs Mamno crienndutna. QOueHb crielMUIHA,, TaK KaK
ancopbuuu Ho ectsb cityuau, B npeAcTaBaseT coGoit noBEpXHO-
KOTOPBIX CriELHw4- CTHYIO XHMHHECKYIO PEaKLHIO

HOCTb BBIPaX€EHA JO-
BOJbHO CHBHO (az-
copOLHs ra3oB Ha
OpPTaHUYECKHX ITOTH-
Mepax)

CylueCTBleT H JpYTHE KpDHTEPHH pa3NINYHs. O‘{CBPII.lHO, YTO TONBKO
HCTOJIb30BaHHE HECKOJBKIX KPUTEPUEB MO3BONAET OTHECTH aAcopOunuio
K ¢u3nLeckoit Wi XMMUYECKOH.

[TonesHsie CBEICHHA O BUIaX a,ncop61um Ha HCCleayeMOM aacop-
GeHTe Npu U3MEHEHHU TEMIEPATYPbl MOXHO M3BJIEYb U3 aHaIM3a M306ap
azcopbLuu.

H3obapa aocopbyuu

Hzo06apa adcopbyuu BblpakaeT 3aBUCHMOCTb PABHOBECHBIX BETMYUH
ancopOLHH OT TeMINepaTyphbl PH MOCTOSHHOM JaBieHuH P afcop6Tusa.
O61uit BUA H306ape! ancopOLMK NpeAcTaBieH Ha pyc. 2.3.

Puc. 2.3. Tunossle u306apsl
xeMocopbuuu

KpuBas A Ha 3TOM y4acTKe COOTBETCTBYET PaBHOBECHOW HM306ape
¢u3Myeckoil ancopOLMK, SKCNOHEHUMANBHO yObIBatowel ¢ poctoMm 7, a
xpuBas C ~ paBHOBecHOM (oGpatumoif) nsobape xemocopGuuH, pacrno-
JIOKEHHOM B 06nacTH 6onee BEICOKMX TEMIEPATYP.
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IMepexoa oT (u3nueckoii ancopbLMn K XxeMocop6LMH OCyliecTBIseT-
cfl 1o WTpUxoBol#t kpuBoii B. TakuM IepexoliaM COOTBETCTBYET 0061acTh
HepaBHOBECHOM ancopbuun, TMMHUTUPYEMOii SHEprueil akTHBaUUH XeMo-
copbuuu unu aecopburu. dopma 3TOH KPUBOH 3aBUCHT OT HANpPAaBIEHUA
npouecca (noBslieHHe WK CHWKeHHe 1) U BPeMEHH BBIAEPIKKU A0 yC-
TaHOBJIEHUs KBa3upaBHoBecus. O6nacTs nepexoa 4acto HasblBaOT 06-
JlacTBI0 HeoOpaTHMOit ancopbLKH, Tak Kak 34ech Ald MOJIHO#H Aecopbuuu
IPOCTOro BaKyyMHpoBaHUs 06bluHO HepocTaTouHo. [Ipu TeMneparypax,
COOTBETCTBYIOLIMX yKa3aHHO# obnactu, axcopbar Moxer ascopbupo-
BarbCcsi B pasHbix (opmax. IIpu 3TOM HalO MMETh B BHIY, YTO BIIOJIHE
MOXeT ObiTh ABe (HOPMbI: MPH MaibIX MOKPHITUAX — ancopOUpoOBaHHbIE
aTOMBI, NpH 6ONBIIMX — MOJEKYNbl UK ABYX3apsAHble aTOMHbIE HOHbBI U
OJIHO3aps/HbIE MOJIEKYJIApHble MOHBL. UTOGB!I cOCyillecTBOBAaNM pa3Hble
(hopMBl Ha NOBEPXHOCTH, Y HUX JOMXKHBI ObITH 6NIM3KHE CBOGOHBIE HED-

ruM, YHaye ofiHa nepetnsia 6sl B apy-

ryto. B cBa3u ¢ 3tum obaacts B Mo-

XET XapaKTepH30BaThCd HECKOJNb-
KUMH nogbeMaMH ¥ cnagamu. Heo6-
XOJUMO MOMHHUTb, YTO YBENUYEHHE
afcopOLUMU ¢ pOCTOM TEMIepaTypbl

npu P=const He sBIsETCA OJHO-
3Ha4HBIM JI0Ka3aTeJLCTBOM HMEHHO

7.°C  xemocopbuuu. Hanmpumep, npu ¢u-
=200 -100 0 100 3U4ecKoi ancopﬁuuu MOJIEeKYyJ ap-

Puc. 2.4. Hao6apa ancop6uuu roHa W asora Ha ueonutre NaX Ha

BOZOPOAA Ha BUKeENE n3obape UMeeTCs MaKCMMYM, KOTO-

pBlii ABISETCH CNEACTBHEM OrpaHH-

ueHHOH AH(GY3UH MONeKy uepe3 MUKPOINOPBI Maoro pasmepa (MeHee

0.4 HM) npu HUM3KMX TeMnepaTypax. Boo6uue k ananusy usobap axcop6b-

IMH NPU HU3KMX TeMIepaTypax Heo6X0AUMO OTHOCUTHCS OYEHb BHHMa-

TeNbHO, TaK KaK HepelKH ClydaH, ONHUCaHHbIE B JIUTEpAType, KOrAa IpH

BeCbMa HM3KUX TeMIeparypax HabNrojanack QMCCOUMATHBHAZ XEMO-
copbuus.

Knaccuyeckum npumepoM M306apsl B IIMPOKOM HMHTEpBale Temepa-
Typ sABNsieTCs U306apa ancopbumK BoJopoaa Ha Hukele (puc. 2.4).

Ipu HU3KKX TemnepaTypax Habmonaercs GbIcTpOe yMeHblieHue (u-
3uyeckoii ancopbunH ¢ BopacTanlem Temnepatypsl. [1pu Temnepatypax
Boite (—100 °C) nabmonaercs xumuueckas afcopbuus, TaKKe yMeHb-

¥V, mn HOTT /r
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IIAWasncs ¢ pocTOM TeMlepaTyphl. B mpomeskyrouHoit obnactu ap-
cop6uus BO3pacTaeT C POCTOM TEMIIEPATYpbl, YTO fIPH IK30TEPMUUECKOM
npouecce HeCOBMECTUMO ¢ npunuunom Jle-lllatense. 310 ykasbiBaeT Ha
MpoTekaHWe HEPaBHOBECHOIrO Mpolecca B AAHHOM HHTepBane Temiepa-
Typ. Ilpn Manbix Temnepatypax TONIBKO HeGoONbilas YacTh MOJEKY MO-
XET MPEeO/0NeTs aKTUBALIMOHHBIH Gapbep M XUMHYECKH CBA3aThCA C [10-
BEPXHOCTBIO HUKENS, T.e. XeMocopbupoBarbcs. [Ipu Bo3pacTaHuM TeMie-
paTypbl pacTeT HX YHCJIO M COOTBETCTBEHHO BEJIMYHHA XeMOCOPOLHH.
Toneko Npu 1OCTaTOYHO BBICOKMX TEMIIEpaTypax OHO HauyMHaeT yObiBaTh
B CBAI3M C T€M, UTO B 3TOH 061acTH rnaBHLIM (paKTOPOM CTaHOBHTCH Bpe-
Ms XH3HH MOJIEKY]l Ha MOBEPXHOCTH, KOTOPOE TeM MEHbIle, 4eM BhbIile
TeMIreparypa.

OTMeTHUM elue Of|Hy 3aKOHOMEDHOCTbH: 4€M Bbillle HayanbHOe faBlie-
Hue, NIPM KOTOPOM HauynHaeTcs ancopbums, a,CleNoBaTENbHO, YEM Bhlille
paBHOBECHOE JaBlieHHE MpH aAcopbLMH, TeM BbIILE JNEXUT H3obapa an-
copbuuu B cemeiicTBe H306ap. DTo noka3aHo Ha puc. 2.5.

Ecny y sxcnepMMeHTaTOpa HMeeTCs HECKOJIBKO H30TepM ancopbuuy,
TO ,MPOBEs BEpPTUKANbHBIE MpPAMbIE, COOTBETCTBYIOLIUE MNOCTOSHHOMY
JIaBIICHHUIO, MOXKHO UMETh JIaHHbIE Ui MOCTpoeHus 1306ap axcopbuum; 1
Hao60poT, UMes pan U3obap ancopOUUH, MOXHO MOCTPOMTH H3OTEPMBI
aacopbuuu 1g nanHoro aacopbara Ha JaHHOM afcopOeHTe.

OnHako 2KCIepUMEHTanbHO CHATHe M300ap ancopbuuM CBsA3aHO C
onpeAeneHHbIMA TPYAHOCTAMH. [Tokaxem 3To.

ITycts Py — naBneHue ancopOTHBa B H3MEPUTENBHOH 4acTH yCTaHOB-
ku. I1o 3T0i BenrnyMHE pacCUMTHIBAETCSA YHCI0 MOJieH rasa, KoTophle 6y-
JyT y4acTBoBaTh B afcopOLUOHHOM npouecce, o dopmyne (2.1). TTocne
3alycka rasa B peakUHOHHYIO 4acTh U YCTAaHOBJEHHS afcOpOLMOHHOro
paBHOBecHs JaBJieHHe ra3a B M3MEPHMTENBHOH M DPEaKIMOHHOH YacTaX
CTaHOBHTCH PaBHLIM Plpm [dopmyna (2.2)] npu TeMneparype omsbita 717.
Takum o6pa3oM, U3MEHEHHe AaBJIeHHs OT rqo [HO P]F,,,,H MPOHCXOIMT B
pe3yJbTaTe AByX MPOLECCOB:

— mepexoja rasa U3 U3MepUTENbHOH 4acTH B BaKyyMHUPOBAaHHYIO pa-
Hee peakLMOHHYIO YacTh;

— mpouecca ancopOuMu rasa Ha ajcopbente npu Temneparype T .

IMpu Temneparype ombita T > T B ciiydae (usuueckoil ancopouuu
yacTh afcopbarta fecopbupyercs M JasjieHde B paboueH 4acTH ycTaHOBKH
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YBENH4YHBAETCA: Pzpa,,,, > P'p,,,,,. IMpu aKkTUBHPOBaHHOM XHUMHUECKOH aj-
cop6LHK OHO YMEHBINAETCS 32 CYeT yBelnuHBatoLleica agcopbumu ¢ poc-
TOM Temneparypsl. B mo6oM ciyyae OHO He paBHO P'pm. Ho no omnpege-
NeHuIo u306apa ecTh 3aBucuMOcTh a = f (T) npu P = const. Takum obpa-
30M, JKCIEPUMEHTATOpY HeoOGXOAMMO J0OMBaThCs, YTOOBI NMpPH pasHbIX
TeMIeparypax ONbiTa paBHOBECHOE JaBiieHHe GbUIO OZIHUM U TeM Ke. ITo
JIOBONTBHO CJIOXHO.

Ha npakTtuke pomyckaetca CHATHe M300ap aacopOuuy NpH 3amycke
OMNpEe/IENICHHOr0 KOJIMYECTBa ra3a, COOTBETCTBYIOIIErO TaK Ha3bIBAEMOMY
HayansHOMY AaBiieHHIO rasa-aacop6ata Pp. OnelT NpoBOAMTCA MpH MNO-
BBIIIEHHH TEMIMEpaTyphl Yepe3 KakHe-TO WHTEepBalbl, MPH KakA0H TeM-
neparype JOXUAAIOTCA YCTaHOBJIEHHA paBHOBecHs. PaBHoBecHOe nasiie-
HHe NpH Kaxaoil TeMmneparype 6yaeT CBOe, HO T4 3HAYEHMA HE JOIKHBI
CHIIBHO OTJIMYATBCS, U3MEHEHHA He JOJDKHBI mpeBbiate + (5-10) % ot
NEepBOHAYANBHOIO 3HAaYeHUA. AHAIN3 TakuX U306ap MoxeT GbITh HCNONb-
30BaH [ CYAeHHA 0 (U3HUeCcKOH WM XMMHYecKo# npHupoae ancopb-
LIMOHHBIX MPOLIECCOB, HO M3 pAfa TakuM 06pa3soM CHATBIX M306ap yxe
HeNb3s NMOCTPOMTH U30TEPMBI NPH pa3HBIX TeMIepaTypax.

B HUXENpUBEAEHHBIX MpUMEpax U 3afaHUAX YKa3bIBAIOTCA Hayalb-
Hble 3HaueHHus AaBlieHuA rasa-ajacopbara B M3MEPUTENBHON 4YacTH ycTa-
HOBKH Mepej 3alyckoM €ro B peakLioHHY10 konby. IpuBeeHHbIe Beu-
4HHBI afcopbLUMK paccuuTaHsl no ¢opmynam (2.1) — (2.3). Crenens 3a-
MOJHEHHA PAaCCYMTHIBANACH Kak OTHOLIEHWE BENMYHHbI afAcopOLuMH a K
BENHYMHE aJcOpOLMH MPH MaKCHMalbHOM MOKPBITHH NMOBEPXHOCTH aj-
copbeHrTa.
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IIPUMEPBI H 3A IAHHS

Hpumep

HMoctpouTts n306apel ancopbiy Kucnopopa Ha pytune (TiO), uc-
HOJIE3Ys AKCIIEPHMEHTANBHBIE aHHble TabmuLb! (Py — HauaNpHbLIE JaBie-
HMS KHCIOPOJd, MM PT. CT.; 0. — BelMYMHA ancopOLyy, MMOIB/M ,
06— CcTeneHb 3anonHeHus).

T, °C Py =0.504 Py =0.844 Py=1.518 Py =2.359
010°[010° | a-10° | 6-10° | o 10° [ 610° | a-10° [ 6°10°
-100 | 4.14 1341 [524 [432 |842 |695 [11.72 | 9.67
-50 | 369 |3.05 |48 |[398 |727 |[600 |931 |7.68
0 331 [273 | 451 {372 | 707 |58 |864 |7.13
50 324 1267 | 431 355 |681 |562 844 |6.96
100 |371 |[307 |48 400 |729 |6.02 |922 |76l
150 | 400 |330 |567 |468 |829 |6.84 [1072 | 885
200 |[3.47 |286 |529 {437 [798 |659 | 1006 | 830
250 |257 |212 [412 [390 [692 {571 |919 |758
300 | 1.8 1153 [376 (310 |[564 |4.66 | 787 | 649

TMpoananu3upoBats NONyYeHHBIE M300apbl, ONpENENHTh TEMIepa-
TypHble 06acTi GpU3MYECKOH W XUMHUYECKOH ancopOLMy.

a-10°, Mmom/ad’

Puc. 2.5. M306aps! ancopOLMH KHCIOPO-
Jia Ha PYTHJIE TIPH Pa3HbIX HaYANbHBIX
JAaBneHusx agcopbara
(Pg, MM pr. cT.): | — Py =0.504;
2-Py=0.844; 3 - Py=1.518;
4-Py=2359

-150  -50 50 150 250 T,°C
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Pewenue. Kpusble u3o06ap ancopObuuu MOXHO NOCTPOUTL B KOOPAH-
Hatax 0. — T unu 6 — 7: no ocu abCUUCC OTKIAABIBAIOT TEMMEPATypy B
rpagycax llenscus unu KenbsuHa, 10 0cH OPAUHAT — BENUUMHY aacopb-
LMK MK cTeneHp 3anonHeHus. Ha puc. 2.5 usobpaxeHsl u306apel an-
copbLuy, MOCTpPOEHHBIE B COOTBETCTBUM C JaHHbIMM TabJMLUBI, Kak
GYHKUMSA BEMYMHB! aXCOPOLMM OT TEMINEPaTYPhl ONbITa NPH PasIMUHBIX
HayajbHBIX JaBleHUAX kucnopoja. Kak BUAOHO U3 pHUCYHKa, C YBeauye-
HHEM HayaJbHOro JiaBlieHus rasa-agcopbara BenmMYHMHA aJcopOLMH BO3-
pacTaeT BO BCEM TeMIIEPaTyPHOM WHTepBalle, B Npefeie OHa JOJKHa
BO3DAcCTH J0 KaKMX-TO MaKCHMalbHbIX 3HAYEHUH MPU COOTBETCTBYIOLHX
Temneparypax. Kpubie usobap pacnonaratorcs TeM Bbiiue, yem Golblue
BeJIMYMHa HAYaIBHOrO aBeHHs.

M3 xoma n3o6ap agcopbunuu MOXHO CAeNaTh 3aKIIOUEHHE O TOM, YTO
Ha MOBEPXHOCTH PyTH/Ia MMEET MECTO HECKOJIBKO BHUJOB ancopOuuu Ki-
cnopona, a uMeHHo: B obnactu Temmneparyp —100...+50 °C, cyns no
YMEHBLIEHHIO BENMYHHBI aicopbOLUK ¢ POCTOM TeMIepaTyphl, Habmona-
ercs usuyeckas aacop6ums. Ipu Temnepatypax 150-300 °C Taxke Ha-
6r01aeTCs NajieHHe BEIMYMHBI afcopOLMM C POCTOM TeMIEpaTypsl, HO,
YUYHTBIBas JOBOJNBHO BBICOKME TEMIIEpaTyphl, MOXKHO AeJaTh Mpearnono-
XEHUs O XUMUYecKol ofpaTuMoii agcopbumu. Temneparypsl 50-150 °C
cKopee BCero MOXKHO OTHECTH K TeMIiepaTypaM, NpH KOTOpsIX Habmroma-
eTcs aKTUBMPOBaHHas aJcopOLMs, XapakTepu3yloLascs pocTOM Kak Be-
JIMYUHB! afcopOLMH, TaK ¥ CKOPOCTH afcopOLUM C yBelMieHHEM TeMIe-
patypel. OKkoHyaTenbHble BBIBOIBI O BHAAX afcopOuUMM KMCIOpoia Ha
NOBEPXHOCTH PYTHJIA MOXKHO CJeNaTth, IPOBe/s MCCIeNOBaHHs MO onpe-
JIENIEHHIO TePMOJIMHAMMYECKHX M KMHETUYECKHX NapaMeTpoB Mpouecca:
TEIUIOT afcopOLUMK U SHepruy aKTUBALUK aAcopOLMH.

HM3ortepmsl ancopbumn U3 Takux u306ap NOCTPOUTH HEBO3MOXNKHO, TaK
KaK B PUMepe JaHb! TOJbKO HayalbHble JaBleHus ancopOTHBa M He yKa-
3aHpl pABHOBECHBIE IaB/IEHHsA U1 KaXI0H BETMYUHb! afcopOuyy.

3aoanue 1

Hoctpouts n306apsl ancopbuuu kucropoaa Ha anarase (TiO,) , uc-
nonp3ys 3KCIEPHMMEHTaNbHblE JaHHble Tabuuusl (Po — MM pT. CT.; @@ —
MMOIIB/M? , © — CTelneHb 3anoHeHHs).
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T.°C P, =1.76 Po=1.90 Py=2.55
@l0’ 0-10° «l0° | 610° o10° 0-10°
-100 2.27 1.87 2.86 2.36 3.19 2.63
=50 131 1.08 1.68 1.39 2.03 1.68
-25 - _ ~ - 1.95 1.61
0 1.20 0.99 1.69 1.40 2.00 1.65
24 1.24 1.02 1.72 1.42 2.02 1.67
50 - - - - 2.10 1.73
100 1.46 1.21 - - 2.23 1.84
150 — - 2.19 1.80 2.55 211
200 2.33 1.92 2.56 | 211 3.26 2.69
250 - - 3.90 3.21 4.43 3.62
300 5.26 4.34 5.68 4.68 6.39 5.27

[MpoaHanu3upoBaTh MOIy4eHHble H300apEbl, ONPEAECIHTH
TypHble 061acTh Gpu3nyecKolt 1 XMMHYECKOR axcopOuu.

3aoanue 2

IMocTpouTs H306aphl afcopOLMH KUCIOPOa Ha JUOKCHAE LIMPKOHHS,
MCHONL3YA SKCIEPUMEHTANIbHEIE JaHHbIE TabnuIsl (Py — HayalbHbIE JaB-
JIEHHs1 KHCIIOPOJia, MM PT. CT.; 0t — MMOJIb/M’ , @ — CTereHp 3aNONHEHNH).

TeMmrepa-

T,°C P, =0.29 P, =0.79 Po=1.49 P,=237
«10° | 010" |10’ [ 010° | o10° [ 010° [ 10 [ 0-10°
2100 | 262 | 217 454 [375 |78 [650 | 1178 [ 9.72
50 | 120 1099 |201 [166 [279 [229 [506 [ 4.17
0 1.23 | 1.01 190 [ 157 [219 [180 [341 [ 282
22 | 142 | 1.17 | 183 [ 151 [245 [202 [3.,52 | 2.89
50 [1.35 |1.12 | 199 {164 [240 |1.98 3.83 | 3.15
100 | 129 | 107 [196 [ 161 [229 [1.89 3.64 | 3.00
150 | 1.22 | 1.00 [1.69 [139 [2.00 | 165 347 | 2.87
200 | 1.13 | 093 [160 [ 132 [1.92 | 158 3.04 | 2.51
250 (133 |1.10 [1.77 [146 [226 |[3.62 3.64 | 3.00
300 — - 234 {193 — - 387 | 3.20
350 | 224 | 185 [292 1241 |3.64 |3.00 463 | 3.82
400 — — 3.60 | 2.97 - — — —
450 | 3.64 | 3.00 |443 {366 |515 1425 591 | 4.88
[poaHanu3upoBaTh MONY4EHHbIE M300apbl, ONpPEAENUTH TeMmepa-

TypHble 0671acTH (pr3necKol 1 XMMUYECKOH ancopbuuu.
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3aoanue 3

TocTpouTts H306apsl a1coPOLMK BOJOPOJA Ha JUOKCHAE radHUs, AC-
HOJIB3Ys IKCIEpUMEHTalIbHBIE JaHHBIe Tabnuust (Po — MM PT. CT.; O —
MMOJIB/M? , 8 — cTeneHp 3aN0JIHEHNS).

T°C [ P,=022 | P,=043 Po=0.88 Po =142
o'10° a'10° o-10° o-10°
—100 1.92 2.78 4.26 6.18
=50 1.65 2.62 3.96 5.61
0 1.07 1.71 2.90 4.87
25 0.83 1.37 231 4.46
50 0.76 1.26 2.63 5.14
100 0.68 1.20 247 5.05
150 0.62 1.41 2.39 4.90
200 0.65 1.03 222 4.51
250 0.76 1.21 2.50 5.35
300 0.98 — 3.40 7.10
350 2.17 3.03 5.53 9.72

INpoananusupoBath MOJYYEHHBIE H300aphl, ONpPEAENUTh TEMIepa-
TypHBle 06acTi GU3NIecKol U XuMirieckol agcopbuum.

3aoanue 4
TocTpouts K3062aphl ancopOLMKM KHCIOpPOJa Ha AMOKCHAE radHus,
UCIONB3YsS 3KCIIEpUMEHTaNbHbIe JaHHbIe Tabnuubl (Pp — MM PT. CT.; @ —
MMOJIb/Mz, 0 — cTenmeHb 3aMoJHEHHU).
T,°C P, = 140 Py = 1.53 Po=222 Po=237
10’ [610° | o10° 1010°| «10° [010°] al10° 9-10°
-100 14.44 11.9 15.66 12.9 18.18 15.0 22.66 18.7
-50 3.55 2.93 6.16 5.08 6.24 5.15 8,71 7.19
0 2.09 1.73 3.70 3.05 4.54 3.75 5.87 4.84
25 2.72 2,24 3.88 3.20 4.89 4,03 6.50 5.36
50 2.86 2.26 4.32 3..57 5.13 423 6.46 5.33

100 - - 341 2,81 - - - -
150 1.74 1.43 3.04 2,51 3.72 3.07 4.65 3.84
200 - - 337 2.78 — — — -
250 247 2.03 - - 4.65 3.83 6.43 531
300 - - 4.14 3.64 - - ~ -
350 3.74 3.09 - - 6.03 4.97 7.42 6.12
400 5.62 4.63

450 5.00 4.13 6.74 5.56 7.87 6.50 | 9.28 7.66

INpoananusupoBarh NOJTy4eHHbIE H300apbl, ONIPEAENUTH TEMIIEpa-
TypHbIe 06nacTu Gu3Kueckoil ¥ xumMudecko ancopbuuu.
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3adanue 5
IMoctponTe H306apsl ancopbUMK BOAOPOLA M KUCIOPOAA Ha Cynbdu-
Jle LHHKA, WCIIONB3ys ODKCHEPUMEHTaNbHble JaHHbie Tabmuuel (Py —

MM PT. CT.; 0 — MMOJIB/M®).
Ne Temnepa- Benuunna ancopbumu Beunnunna ancop6umu
n/n Typa, °C BOOPOA, MMOTIL/M?, KHMCIIOPOAa, MMOJIB/M?,
a-10° a-10°
P;=0802 | P,=1319 Py=1.023 | Py=1.463
1 -150 0.308 0.604
2 -100 0.190 0.364 0.667 1.440
3 -50 0.140 0.269 0.201 0.380
4 0 0.100 0.211 0.165 0214
5 25 0.098 0.197 0.164 0.204
6 50 0.107 0.231 0.223 0.300
7 100 0.125 0.275 0.446 0.502
8 150 0.138 0.300 2.080 4.620
9 200 0.165 0.315 5.560 7.390

Iposectu ananu3 u3o6ap agcopbuuu. Kakue Buapl agcopbunn ume-
IOT MECTO B PacCMaTpHBaeMoit ciucreme?

3adanue 6
IMoctpoutk u306apsl agcopbuuu Bogopoia Ha cynbume KamMmus,
- HCTIONB3YyA IKCIEepPHUMEHTaNbHEIE JaHHble Tabmuupl (Pp — MM PT. CT.; @ —

MMOJ‘IL/MZ).

Ne | Temneparypa, | Bemiuuna ancop6umi BOIOPOAA, MMOME/MS, o 10°
n/n °C Py =0.588 Py =0.842 Py=1.32
1 -150 0.863 1.08 1.500

2 -100 0.520 0.610 0.841

3 -50 0.300 0.376 0.610
4 10 0.270 0.328 0.530

5 22 0.294 0.356 0.585

6 50 0.321 0.398 0.637

7 100 0.463 0.487 0.804

8 150 0.530 0.600 0.911

9 200 0.600 0.749 1.090

Tposectu aHanu3 u3o6ap ancopbuuu. Kakue Buasl ancopbunu nme-
10T MEeCTO B paccMaTpuBaeMoi#t cucteme?
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3aoanue 7

Moctpouts n3006ape! axcopbuMu KMCIOpoZa Ha cynbuae KaaMHs,
UCTIONb3Ys SKCHEPUMEHTAIbHBIE KaHHEIE TAOAULE! (Py — MM pPT. CT.; & —
MMOJIB/M2).

Ne Temneparypa, | Benuuuna agcopbuuu kucnopoaa, Mmons/m?, a +10°
n/n ° Py=1.07 Py=1.09 Po=1.15 | P,=1.36
1 -100 1.290 1.700 2.640 4.37

2 -50 0.401 0.426 0.730 1.54

3 10 0.297 0.320 0.682 1.46

4 22 0.308 0.368

5 50 0.315 0.387 0.643 1.49

6 100 0.400 0.455 0.771 1.54

7 150 0.490 0.525 0,854 1.70

8 200 0.621 0.736 0.947 1.88

Iposectu ananu3 uzo6ap ancopbuuu. Kaxue BUabI ancopOuuu mme-
0T MECTO B pacCMaTpUBaeMoil cucteme?

3aoanue 8

Moctpouts u306aps! ancopbuuu CO u a3oTa Ha momuHogope K-71, -
TIONE3Ysl SKCTIEPUMEHTANBHBIE JaHHble Tabmuupe! (Po (N;) = 2.02 MM pT. ¢T,,
Py (CO)=1.32 MM pT. CT.).

Ne Temneparypa BenuunHa ancop6Lum, MMoas/m?, o107
n/n omeira, °C OKCHAa yriiepoJa a30Ta
1 -90 14.8 9.1
2 -60 7.8 8.6
3 =30 5.1 7.6
4 0 4.0 6.5
5 20 5.3 7.0
6 50 4.6 7.8
7 100 4.0 7.8
8 150 3.8 7.5
9 200 3.8 7.9
10 250 3.5 8.5

TIpoBecty ananus u3o6ap ancopbuuu. Kak paznuuaores ancopbuus
OKCHJIa yriiepoaa M a3ota Ha Zn-cynb(uanHom nomMuaodope?

3aoanue 9

Hocrpouts u3obape! ancopbuuu CO M asora Ha momuHOdope K-57,
HUCTI0NB3Ys SKCTIEPUMEHTAIBHBIE JaHHbIe Ta0nuLbl (Po (N;) =2.3 MM pr. cT.,
Py (CO)=1.37 MM pT. CT.).



Ne Temneparypa BenuunHa ancopbuum, MMons/M?, a'10°
n/n onsita, °C OKCHZa yraepoaa a3oTa
1 -90 9.5 8.9
2 —60 7.0 8.0
3 =30 5.6 7.4
4 0 4.5 7.0
5 20 42 7.3
6 50 4.0 7.2
7 100 39 6.9
8 150 3.7 6.8
9 200 3.6 7.0
10 1250 3.4 8.0

IlpoBecTu ananus uzobap ancopbuun. Kakue Buabt ancopbuuu uMe-
10T MECTO B paccMaTpuBaeMoii cucteme? YkasaTh pa3uuus B ancopoiu-
OHHOIi CIOCOGHOCTH MO OTHOIUEHHIO K OKCHIY YIJIEpOAa U a30Ty JaHHO-
ro momuHodopa.

3aoanue 10

IMocTpoutk u306ape! afcopbiLMK BOAOPOAA Ha Cyib(uje LMHKA, HC-
NIONIb3yst 9KCIIEPUMEHTANbHbIE JaHHble Tabmuupl (Py = 1.319 MM pr. cT.;
m=3r).

Ne n/n Temnepatypa o107,
onbita, °C MMONB/M>
1 -150 0.60
2 -100 0.36
3 -50 0.27
4 0 0.21
5 23 0.20
6 50 0.23
7 100 0.28
8 150 0.30
9 200 0.32
10 250 0.40

TIposecTu ananu3 u3obap agcopbuuu. Kakue Buasl ancopbuuu ume-
10T MECTO B paccMaTpuBaeMoit cucteMe?

3aoanue 11

ITocTpouts U306aps! ancopbLUK KHCIOpoaa Ha cynbOHe LIUHKA, HC-
110JIb3ys IKCNIEPUMEHTAIBHBIE JaHHble Tabnuisl (P =1.463 MM pT. CT.;
m=3r).



Ne Temneparypa o104,

n/n onsira, °C MMoib/M’
1 -90 1.44
2 -60 0.40
3 -30 0.30
4 0 0.21
5 22 0.20
6 50 0.30
7 100 0.50
8 150 4.62
9 200 7.39
10 250 10.50

[IpoBecTH aHamu3 H306ap ancopbuuu. Kakue Buapl ancopbuun uMe-
I0T MECTO B paccMaTpuBaeMoii cucreMe?

3aoanue 12

IMoctpouts u306aphi afcopbuuu BOAOPOAa Ha cynbduie Kaamus,
HCTIONB3YS KCIIEpUMEHTANIbHBIE NaHHble Tabnuupl (Pg =1.318 MM pT. CT.;
m=3r).

o | Temneparypa «l10?,
n onsira, °C MMOJb/M?
1 -150 1.50
2 -100 0.84
3 -50 0.61
4 10 0.53
5 22 0.59
6 50 0.64
7 100 0.80
8 150 0.91
9 200 1.10

Kakue BLIBOJbI B OTHOLIEHNH ancopbuuoHHoro npouecca Ha CdS
MOXHO cAeNnaTh U3 aHanusa uzobap?

3aoanue 13

Toctpouts u306aps! ancopbuuu kucnopona Ha cynbdune KagMmus, uc-
TONB3YsA SKCTIEPUMEHTANbHbIE NaHHble Tabnuusl (Py = 1.357 MM pT. CT.;
m=3r).
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Ne | Temneparypa o107,
/n omsrra, °C MMoIB/M?

1 -100 4.37

2 -50 1.54

3 10 1.48

4 50 1.50

5 100 1.54

6 150 1.70

7 200 1.88

OnpenenuTs TeMriepaTypHble 06nacT# (QU3MYECKOl M XMMUYECKOH
afcopbuuu kucmopoga Ha CdS u caemats npeanolnoxenue o ¢opmax
a/Icop6UpOBaHHOTO KUCIOPOAa.

3aoanue 14

IMoctpouTs M306ape! ancopOLHMy KUCIOPOAa Ha CYIb(UAE PTYTH, Uc-
T0L3Ys IKCTIEpUMEHTabHBIE AaHHBle Tabnuipl (Po = 1.396 MM pT. cT.;

m=3r).

Nen/m | Temneparypa 107,
oneira, °C MMOJIB/M
1 -150 1.14
2 ~100 0.81
3 -50 0.50
4 =25 0.45
5 0 0.50
6 25 0.61

ITposectn ananu3 u3obap ancopbiuu. Kakve BUIBI ancopOumu ume-
IOT MECTO B paccMaTpHBaeMoii cucteme?

3adanue 15

IMoctpoute n306aps! ancopbuuyn kucaopoaa Ha momuHodope JK3-2,
UCIIONB3YS SKCIIEpUMEHTaNbHBIE AaHHbIe Tabmuipl (Py =1.40 MM pT. cT.;

m=3T).

Ne Temnepatypa al0?,

n/n omeita, °C MMONB/M?
1 -90 2.6
2 -60 1.7
3 -30 13
4 0 22
5 21 2.5
6 50 34
7 100 3.8
8 150 4.5
9 200 7.7
10 250 14.5
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TpoBectu aHanu3 uzobap agcopbuuu. Kaxue Buas ancopbuun nme-
10T MECTO B paccMaTp1BaeMoii cucteme?

3aoanue 16

TMoctpouTs M306aphb! aacopOLKMK OKCH/A yrileposia Ha moMuHodope K-57,
MCIIONb3Ys JKCIIEPUMEHTANBHEIE JanHble Tabmuupl (Py = 1.37 MM prT. cT;
m=3r).

Ne /n Temnepatypa o107,
onsta, °C MMOITB/M?
1 -90 14.8
2 —60 7.8
3 =30 5.1
4 0 4.0
5 22 5.3
6 50 4.6
7 100 4.0
8 150 3.8
9 200 3.8
10 250 3.5

OnpenenuTs TeMIepaTypHele o6nacTH ¢u3MuecKodl U XMMHMIECKOU
azicopObLMM OKcHaa yriepoia Ha Zn-cynbGHaHOM MOMHHOGOpPE M Clie-
JIaTh IpeanonoxexHue o GpopMax afcopbRpOBAHHOIO KMCIOPOAA.

3aoanue 17

Toctpouts M306aphl amcopOLMM OKCHIa YIepoja Ha oMHMHO(ope
32, ucnonk3ys 3KCrepUMEHTANIbHBIS JaHHble Tabnuie! (Py— 2.28 MM pT. CT.;
m=2r).

Ne /it Temneparypa onsira, “C 0107, Mmons/M®
1 -90 37.8
2 —60 22.8
3 -30 11.2
4 0 6.8
5 21 5.1
6 50 42
7 100 4.6
8 150 7.1
9 200 10.0
10 250 11.9

OnpenenuTh TeMIepaTypHele obnacTi (u3Mueckoll W XUMHUECKOH
ancopbuun CO Ha ZnS~ZnSe moMuHodOpe U cAenaTh IpearnoNokKeHue o
¢opmax ancopGHMpoBaHHOTO KHCIOpOAa.
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3adanue 18

[NocTpouts n306apel apcopbumu kucnopoga Ha momuHogope Cd-375,
HCTIONB3Ys IKCIEpUMEHTANbHBIE JaHHble Tabmuupl (Pp =1.351 MM pr. cT;
m=2r).

Ne n/n Temneparypa onsita, °C a 107, Mmoes/m®
1 22 1.03
2 100 1.54
3 150 177
4 200 430
5 250 10.00
6 300 11.10
7 350 11.00
8 400 9.83
9 450 9.20

[poBectu ananu3s usobap agcopbuuu. Kakue Buapl agcopbuuu ume-
IOT MECTO B paccMatpuBaeMoi cucteme? Caenatb NpearnoyioxKeHHe O
topMax ancopOUPOBaHHOIO KMCI0pOAA.

3aoanue 19

[Moctpouts u306apsl ancopbuMM Kuciopoja Ha JioMuHOGOpe
Cd-375 (1), ucnone3yst IKCEpUMEHTANbHbIE AaHHbE Tabnuubl (Py =
= 1.216 MM pT. CT.; Ppasy = 0.72-0.71 MM pT. CT.; m =3 I).

New/n | Temneparypa onsira, °C | o107, mmons/n?
1 18 8.03
2 60 8.06
3 90 8.20
4 120 8.45
5 150 8.70
6 180 9.20
7 210 9.66
8 250 11.13

[MpoBectu ananu3 u3o6ap aacopbuuu. Kakue Buab ancopbuuu nme-
10T MECTO B paccMaTpyBaeMoii cucreme?

3aoanue 20

[Moctpouts u306apel ajgcopbuuu kuciaopoja Ha moMuHodOpe
Cd-375 (3), ucnonp3ys 3KCIepUMEHTaNlbHble AaHHble Tabnuubl (Py =
= 1.392 MM pT. CT.; P paen = 0.837-0.819 MM pT. cT.; m =3 1).
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Ne /m Temneparypa onsita, °C a-107, MmMone/mM*
1 20 6.30
2 60 6.30
3 90 6.33
4 120 6.50
5 150 6.56
6 180 7.06
7 210 7.80
8 250 9.16

[TpoBect# aHanus u3o6ap agcopbuuu. Kakue Buapl ancopbunu uMe-
10T MECTO B paccMaTpHBaeMoi cucreme?

Jaoanue 21

[Moctpouts u306apel ancopOLMM  KMCIOpoja Ha JoMHHOQope
Cd-375 (4), ucnonb3ys IKCIEpUMEHTANLHBIE AaHHBle Tabmuuel (Py =
= 1.202 MM PT. CT.; Ppgy = 0.72-0.74 MM pT. CT.; m =3 1).

Ne /nn TeMneparypa onsita, °C | a- 107, mmons/m
1 20 5.40
2 60 5.34
3 90 5.45
4 120 5.63
5 150 5.25
6 180 5.56
7 210 5.80
8 250 5.90

Onpenenuts TeMmnepatypHble o0MacTd ¢u3M4YecKod M XMMH4ecKo#
afcopbuuu kuciaopoma Ha Cd-cyneduaHoMm oMHHOGOpE M chenaTh
fpeanonoxesye o popMax ancopbMpOBaHHOTO KUCIOPOJA.

3aoanue 22

IMocTpoute u306apsl amcopbumu kucnopoga Ha mommHodope
Cd-375(2), ucnone3ys 3KCNepUMEHTaNbHble JaHHble Tabmuubl (Py =
=1.100 MM pT. cT.; m =3 1).

Ne n/n Temneparypa onsita, °C a- 107, MMonB/M”
1 21 0.41
2 100 0.48
3 150, 0.62
4 200 1.10
5 250 243
6 300 3.80
7 350 5.80
8 400 7.60
9 450 8.00
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IlpoBectn aHanu3 u3obap ancopGuuu. Kakue Buapl ancopbuuu ume-
IOT MECTO B paccMatpvBaemoii cucteme? Crenate npefnojioXeHHe O
topmax ancop6HpoOBaHHOIO KUCIOpOZA.

CEMHHAP 3. Tenaora axcopSnun. Pacuer Temiors! pH3nueckoii
aacopbnnu no ypanHennsm Kianeiipona — Knaysuyca
# Bepunra — Cepnunckoro

Knaccuguxayus menrom adcopbyuu

Tennota agcop6buun faet npsAMyro HHpOpMaLHIo 06 SHEPruM CBA3M U
npupone aacopGLIMOHHOrO B3aUMOJEHCTBUA KaJIOH maphl ajcop-
6at/ancopbeHT, a 3aBUCMMOCTb TEIIOT afcopOLMH OT 3aloNHEeHHA Xa-
paKTepU3yeT IHepPreTHYECKYI0 OJHOPOJHOCTh WJIH HEOJHOPOIHOCTH MO-
BEPXHOCTH aacopOeHTa, COCTOsHUE aAcOPOHPOBAHHOTIO CJIOA.

B Teopun aacop6Luu pasninyaioT YEThIPE THIA TEMJIOT aACOpOLMH:

1. MiHTerpansHas KanopuMeTpUueckas TeIUIOTa g,, MpeAcTaBsiolas
cofo#l KoNnMuecTBO Teria, BbAENsIOeecs B NpoLecce ancopbLuu eau-
HMLIBI KOJIMYECTBA BelecTBa afcopbaTa Ha MOBEPXHOCTH ancopbeHTa.

2. fnddepenunansHas kajopuMeTpuyeckas Temuora g — 6eckoHey-
HO Majoe MpupalleHue Terla Mpyd M3MeHEHHWH CTEeNEHH MOKPLITHA Mo-
BEPXHOCTH Ha 6€CKOHEUHO MaJlylo BENMYUHY.

3. Usoctepuyeckas unu AuddepeHLManbHasg TepMOAHHAMUYECKas
Temnota: q,;,=qq+RT.

4. VuTerpansHas TepMoauHaMUyeckas Terora: g,=q,+RT — w/T, rae
T — NOBEPXHOCTHOE AaBlieHue, I — BeluyMHa afcopOLUy B MOJISX Ha elu-
HHlle IOBEPXHOCTH.

Ocnoenule memoOvl onpedenenus mennom adcopbyuu q [1]:

a) U3 U30TEpM ancopOLMHK NyTEM MOCTPOEHHs M30CTEp M Mocnenylo-
LIEero pacyeTa U30CTEPHUECKHX TEIUIOT aficOPOLIMH Gjy;

6) U3 pe3synpTaToB rasoxpomarorpaduueckux H3MepeHuii oGremoB
yaep>XUBaHUsA V, mpH 04eHb MalbIX KOHLEHTpalusx aacopbTuBa B BUIE
Tak HaseiBaeMbIx AuddepeHIUanbHbIX TEMIOT afAcopOLMM NMPH HYIEBOM
3aMOJIHEHUM TOBEPXHOCTH ¢o MyTeM MOCTPOEHHs 3aBHCHMOCTH InV; ot
1/T, Hak/IOH KOTOpO# paBeH gy/R (cneayeT NOMHUTB, YTO 3TOT METOJ, Ja-
€T 3aHKEHHBIE Pe3yJIbTaThl, €C/IH BKJIaJ HEPaBHOBECHOCTH BENHK);

B) U3 NpAMBIX KaJIOPUMETPHYECKUX U3MepeHui B Buae nuddeperuu-
aNbHBIX TEMIOT afcopbuWM NpH pasHbIX 3aMONHEHUSX MOBEPXHOCTH

35



Memoowt pacuema

Wsocrepuueckas Terwora aacopOLMu ¢js; ONPEACTACTCS ¢ HCIIOIb30-
BaHveM ypasHeHwst Kimanieiipona — Knaysuyca

4y = RT*-(0InP/8T), =-R-(0InP/2(1/T)),
a muddepeHLmanbHas TewioTa aacopOLMM ¢y YHCICHHO PaBHA HU3MCHC-

Huro sHepruM [ enpmronbua AF ripu ancopOLmm, B3STOM C OOpaTHBIM 3HA-
KOM, T.C.

2.8)

g, =—-AF =RT*-(8nP/0T), - RT =
=-R-(@mP/5(/T)),-RT.
CrnenosatensHo, q., = q, + RT.

29)

Usocrepuueckas TemoTa CpaBHUTENIBHO c1abo 3aBUCHT OT TemIiepa-
TypbL [Tostomy ompenernstomee eé ypasHeHve (2.8) MOKHO MPOUHTErpH-
POBaTh, CUYMTAsL, YTO ¢iy B JOCTATOYHO Y3KOM TCMIICPATYPHOM HMHTCPBAIC
HE 3aBUCHT OT TeMIiepatypbl. B pesynbrare nomyuaem

mp=- . mpu a=const, (2.10)

RT
rae C — xoHcTanTa uHTerpupoBanus. OTC0Aa Crocod BEIMHCIEHUS §is; U3
OKCIICPUMCHTA/IBHBIX JAHHBIX TIIPU IIOCTPOCHHUU HX B KOOpAHHATax

In P — — . Tanrenc yrna HakToHa TPsIMOM paBeH — ?
T
q, =-1ga-R. 2.11)

IIpu vHTErpUPOBAHUY YPABHCHES B ONPECICHHBIX MPEICTAX HMMCCM

.

ar _q,( 1
R jT2 Rl T;J @12)

T

Hcnonb3yst naHHOE ypaBHEHHUE, TCILIOTY aACOPOLIMM MOYKHO PacCUM-
TaTh 1o opMyIIe

P — 2.13)



rae P> u P, — paBHOBECHbIC JaBICHUs Npu Temrieparypax 7, u 77. coot-
BSTCTBYIOIIVX JAHHOMY 3HAUCHIIO BSTUMUHEI aJCOPOLIM.

U3 paccMOTpeHHBIX OOIIMX COOTHOIUEGHHH TEPMOAMHAMUKK ITOBEPX-
HOCTHBIX SIBJICHMI CIICAYeT yPaBHCHME U pacuera m3MeHeHud audde-
PEHUMATBHOU BHYTPSHHEH SHEPrUM B BUIC

~0AU /0a=RT*|oIn P /37|, ~RT* (dIn Py /dT). (2.14)

B stom ypaBHenun BenuuuHa RT 2|{j]n P/ 6T| paBHa H3OCTCPUUCCKOM
TCIUIOTe ancOPOLMH ¢y, @ BemmauHa RT*(dIn P, / dT’) — TeIUIoTe uemape-

Husl (KOHACHCALMM) ¢ SKUAKOHM (ha3el umMcTOro aacopbara B OTCYTCTBHC
agcop6uwm. [losTomy pasHocTs

4. —9q, =9 =-0AU/da (2.15)

HA3BIBACTCA YUCMOIl Mennomoil adcopdyuu. Ita BEeNUIMHA XapaKTePU3Yy-
et B3aumozelicteue agcopbat — axcopOeHTr.

3HauYCHHE YUCTOM TEIUIOTHI aZCOPOLMEM MOKHO PAacCIMTaTh IO yPaB-
nenuro bepurra — CeprivHckoro

Oln X
¢ =p-RT* ——-RThX, (2.16)
Olna
rae f — xo3(hduIMeHT TeIIOBOTO PacuIdpeHus aacopbara, X — OTHOCH-
TenbHOE masnerue P/, | a— BemmauHa ancopGim.
/7 *8s

Benuuuny yucTOM TEIIOTH aacOpPOLMK, KaK PasHULY MEKAY TEILIO-
TOM ancopOLMK B IEPBOM CIIOC ¢ M TEIUIOTOH KOHACHCALMH aacopbara ¢;
MOXHO PacCYMTaTh, UCTIONB3Ys ypaBHeHue BT, u3 mpulnrmkeHHOTO BbI-
pakeHus A1 KOHCTaHTE! C

g =RT'InC, . (2.17)

U3 rpadmka 3aBUCUMOCTH ¢i5; OT (I MOXHO CIENaTh 3AKIHOYCHHE O
XapakTepe MOBEPXHOCTH M O BEJIMMUHC B3aUMOACHCTBHs ancopbar — aji-
copbar u agcopbar — agcopOent. [Ipu OTCYTCTBUM B3aMMOICHCTBUS al-
copbar — ancopbaT Ha UACATBHO OAHOPOJHOM MOBEPXHOCTH i HE AOJDKHA
3aBUCETh OT ¢, 4 HA HECOTHOPOIHOM MOBEPXHOCTH MPOUCXOAUT 0OIEE MK
MCHEC PE3KOC MAJCHHUC iy C POCTOM &, B3aUMOJCHCTBHE aacopdar — af-
copbar MPUBOIAMT K POCTY TEILIOTHI C POCTOM BEJIMMMHBI aACOPOLMH.
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Ilpu nonuMmonekynspHoit aacopOLuK, €Clv BBINOJNHAIOTCA MPEANo-
Joxxenus Teopuu BOT, Tennora apcopbuun J0MKHA 3aBUCETb OT KOJIHYe-
CTBa afcopBMpOBaHHOTO BeUleCTBa, TaK Kak 4acTb MapoB ajcopbata ai-
copbupyetcs ¢ TenyoTol ancopOLuy g, a YacTb — C TEMJOToH KOHAeH a-
MU g1, IPUYEM COOTHOILHEHHE MEXJY KOJMYECTBAMM BELIECTBA, a/COP-
61pOBaHHOrO ¢ TEMJOTOM ¢ U C TEMJIOTOH g, U3MEHsETCd N0 Mepe aj-
copbuuu. MHTerpaibHasn TEMIOTa NOJMMONEKYJISPHOH agcopOuuu B OT-
CYTCTBUE B3aUMOIEHCTBHsS MexAy anacop0HpOBaHHLIMH MoJjieKylaMH Q
CBsI3aHa C OTHOCHTENILHBIM [aBJieHHeM ypaBHeHHeM (5]

(2.18)

roe ¥V — KONM4ecTBO ancopOGMpOBaHHOTO OTHOCH-

TeJIbHOE [aBJIEHHUE.

OTo o3Hayaet, 4TO B Cily4ae, eciy crpaeejusa Teopus BOT, 3apu-
cuMocth O/V OT x HOJDKHA BBIp@KATbCS MPAMOM JMHUEH ¢ TaHreHCcoM
yrna HakjOHa, paBHBIM TemloTe cMauMBaHus (g, — qr). OTpe3ok, orce-
KaeMblii 3TOH NpsIMoii Ha OCH KOOPAMHAT, PaBeH TEIIOTe aaCopOLMH g).

Kanopumempuueckoe onpedenerue mennoms: adcopbyuu

DkcnepuMeHTanbHOe orpesieieHre TenIoThl ancopbLuun MoxeT GbITh
OCYILIECTB/IEHO B KaJOPUMETpax PpasMYHOro THUMA: H30TEPMHYECKUX,
anuabaTHyeckux, KOMNEHCAHOHHBIX, KAIOPUMETPax C NOCTOSHHBIM 00-
MeHoM. Kaxcaplif W3 3THX KaJlOPMMETPOB UMEET CBOM OCOOEHHOCTH, HO
MO3BOJISET N0 U3MeHeHHIo Temmepatypsl cucteMsr AT onpemenuts ko-
JIMYECTBO TEIUIOTHI (), BbIAEIMBLUEHCH UM TOTJIOLIEHHOH B pesylbrare
NIPOTEKAHHs B K&JIOPMMETPE ONPEAENIeHHOro (PU3MYECKOTo UM XUMHUe-

ckoro npouecca: O — ¢ AT | rae ¢ — noctosiHHas kanopumetpa [2—4, 6].
Ilpu u3MepeHUM WM pacueTax TemIoThl aacopOuM¥ HeoHXOXUMO
CO3HaBaTh, 4YTO JUIA TOro YTOOBl JaHHBIE O TEemIoTax axcopbuuu Mornu
6BITh YCNIEHIHO MCNONBb30BAHBI IS BBIACHEHUS MEXaHH3Ma afAcopOLHOH-
HBIX U KaTalMTHYECKHX MPOLECCOB U I XapaKTEPUCTHKHU MOBEPXHOCTH
ancop6eHTOB Kak KOMIIOHEHTA aJCOPOLIMOHHBIX W KaTAIHTHYeCKHX Mpo-
IIECCOB M B TO )K€ BPEMA — KaK HEOThEMJIEMOH 4acTH TBEpAOro Tela, u3-
MepeHHble TeMIOThl afcopOLUM He NOMKHBI BKJIOYaTh B cebs TemnaoThl
KakMx 6bl TO HU 6bLIO NO6OYHBIX mpoueccoB. [TocneaHue MoryTt GbiTh
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CBfi3aHbl ¢ mpoueccaMu Juddy3un NOBEPXHOCTH — TBEPAOE TENO, B TOM
uucre, ¢ audoy3ueii npumeceii, ancopbUpoOBaHHBIX BELIECTB M TPOJYK-
TOB B3aUMOJEHCTBUs [puMeced ¢ ancopOUpOBaHHBIMM BelNeCTBaMH, a
TaKKE C Mpoueccamu agcopbuuu npumeceii (HanmpuMep, NapoB cMa3Ku),
13 rasoBod ¢a3pl U necopOLMK MPOAYKTOB 3THUX B3aUMOJEHCTBHI (4alle
BCEro — BOJbI M MOKCHMAA yriepoja) ¢ noBepxHocTH aacopbenra. Oco-
GEHHO 3TO OTHOCHTCH K XeMOCOpOLHMHM, KOTOPYIO OGBIYHO MPUXOAUTCS
U3y4ath [pH TEMIIEPATYpax He HUXE KOMHATHOH, KOrAa MpoLecchl Mpo-
TEKAIOT JOCTATOYHO OBICTPO IS UX TOUHOTO M3MEPEHHs, IPH KOTOPOii U
110604HEIe MPOLECCH MAYT HACTONBKO BHICTPO, YTO MOTYT BHOCHTH BECH-
Ma CYUIECTBEHHBI BKIajg B M3MepseMble TemioBble dddexTsl. Taxum
006pa3oM, O YHCTOTE U KOPPEKTHOCTH IKCIEPUMEHTA BCerAa HOJDkeH
MOMHHUTH yHeHBIH-UCCIIeJoBaTeb.

JIMTEPATYPA

1. ®enenonos B.5. Beenenne B pusnueckyto Xxumuio GOpMHPOBaHHS CynpaMo-
NeKyNspHO#i CTpykTypet amcopOentoB M karanusaropoB. Hosocubupck: H3g-Bo
CO PAH, 2002. C. 44-51.

2. Kapuayxoe A.IT. Ancopbums. TekcTypa AMCNEPCHBIX M MOPHCTHIX MaTepHa-
nos. Hoocubupck: Hayka, 1999. C. 100-115.

3. Bopeckos I'. K. Tereporennsiii karanus. M.: Hayka, 1986. 304 c.

4. Komapos B.C. Ancopbenthl n ux csoiictBa. Munck: Hayka u texuuka, 1977,
248 c.

5. Ocmposcxui B.E. /| JAH CCCP. 1973. T. 208. C. 654.

6. Ostrovskii V.E. Differential microcalorimeter for isothermal measurements of
heat effects in two-phase systems and examples of its application //Review of scien-
tific instruments. 2002, Vol. 71, Ne 3.

NPUMEPBI H 3AJTAHUSI

IIpumep 1

B tabauue npeacTaBneHbl AaHHbIE N0 afAcopOUMKM MeTaHa Ha rpadu-
THpoBaHHOM caxe P-33 npu uerslpex temneparypax: 113, 123, 133,
143 K. INocTpouTh M30TEpMbI aAcOpOLMH AN yKa3aHHBIX TEMIEPATyp,
uzoctepsl aacopbuuu B koopauHatax IgP — 1/T, paccuurath TemoThI
azncopOuMu U HalTH MX 3aBUCUMOCTB OT BEJIMUMHBI aacopOuuu.
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Pewenue
Ilns pacyera Temnor agcopbuuy mo ypaBHeHuto Knaneiipona — Knay-

3uyca (2.10) Heo6xoauMO MOCTPOUTH M3OCTEPHI B KOOpAUHArax In P

(nu 10 p_l) 0 IKCIEPUMEHTANLHBIM [aHHBIM, MPEACTaBICHHBIM B
T

Tabnuue (cM. c. 61).

Puc. 2.6. H3octepr ancopbunu Merana Ha rpaduTiporanHoii caxe P-33

[MpuHMMas BO BHMMaHHe, YTO MHTErpUpoOBaHue ypaBHeHUs Kianeii-
poHa — Knaysuyca npoBoauTCs MpH YCIOBHH HE3aBUCHMOCTH TEILIOTHI
agcopbLUMH OT TEMMNEpaTyphbl, OMNpeAeNeHHe U30CTEPUYECKON TEMIOTH!
azcopbumy, oTHOCALIEHCS K JaHHOM BENMYMHE @, CBOAMTCS K OMNpexese-
HHUIO HaKJIOHa MPAMBIX, U3ocTep ancopbumu. TaHreHe yria HakIoHa Kaxk-

Il0#i u30CcTEpH paBeH Alnp/A— W npeacTaBnseT coboi BeNMIuny ——
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JUIs NaHHOM BenUYUHBI ancopbuum a. BennuuHa Tanrenca onpeaensercs
aubo rpaduyecky, 1ubo MeToZOM HauMeHbIIMX kBanparos. Ha ocHosa-
HUM puc. 2.6 nposefeHo rpaduyeckoe oMpefe/enue TaHreHca yria Ha-
KJIOHa MpAMO#i, COOTBETCTBYOLIee BenuuuHe afcopouuu 0.120 Mmonk/r.

tga =ﬂ9__ =-0.06-10°.

(7.4-83)-10
Toraa rennora a,ucopﬁuuu ¢ pasHa

g=—(~0.6-10")-2.3-2= 2760 xan = 276 xocar -4.18 = 11.5
MOfbL

Puc. 2.7. M3MeHeHue TennoT afcopOumu ¢ yenuueHHeM
3aN0AHEHHA NOBEPXHOCTH ancopGenTa

TaxuM e o6pa3oM pacCYMUTBIBAIOTCS TEIUIOTH afcopOLMK IS BCeX
YKa3aHHBIX B TabNule 3Ha4YeHUH BENMYUH afcopOLMU U [0 3TMM AAaHHBIM
CTpOMTCS rpadMK 3aBUCHMOCTH TEIUIOT aicopOLMHM OT BENHYMHBI aj-
copbuum (puc. 2.7) UK CTENEHH MOKPHITHA MOBEPXHOCTH ancopOeHTa,
€CJIU TaKue JaHHble UMEeIOTCs.

Itpumep 2

Ecnu B pacnops>keHHH 9KCIIEpUMEHTaTOpa UMEIOTCS TOJIBKO JIBE U30-
TepMbl afcopbLyK, B 3TOM Cllyyae TEmIoTy aacopOUMH MOXHO paccuu-
TaTh N0 ypasHeHu:o (2.13)
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Puc. 2.8. UsotepmMbt ancop6unu MeTana Ha rpadutvposadHoi caxe P-33
npu Temneparypax: /- 133 K, 2 - 143 K

BuifupaeM  3HaueHHe  BENMUMHBI  ancopbuuy, — HanpuMep
0.09 MMonIB/T; TPOBOAMM MpPSAMYIO, [apajenbHylo oc nasnenus. M3
TOYEK MepEeceueHns NpAMOi ¢ KPUBBIMH M30TEPM aJCcOpOLUH OMyCcKaeM
nepreHaUKynapbl Ha och JaBneHus. [Tonyyaem paBHOBECHEIE NABICHUS,
COOTBETCTBYIOLUME JAHHON BemnuuHe ancopbuuu: 120 MM pT. cT. mns
usotepmbl 2 (143 K) 1 50 MM pT. cT. — ana usorepms! / (133 K).

[To popmyne (2.13) paccyuThiBaeM g:
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120

8.314-In—-133-143

_ 8.314-0.875-133-143 -138 kJIx .

3aoanue 1

143-133

INo maHHBIM, PUBEACHHBIM B TaO/IMLE, IOCTPOUTD H30CTEPHI AACOPO-
LMK MeTaHa Ha rpaduruposannoii caxke P-33 B koopaumarax lglP — 1/7,
paccuMTaTh TOIUIOTHI aiaCOPOIMM IS YKA3aHHBIX BOIMYHH aJCOPOLWIH
JlaBnenue P BBIpakeHO B MM PT. CT.

No a, 113K 123K 133K 143K
W | MMOIB/T 1T = UT= T = 1UT=
=8.85107 =8.13107 =7.52107 =6.99-107
1 0.0075 0.28 0.90 2.18 5.15
2 0.015 0.53 1.59 4.08 935
3 0.030 0.87 2.68 7.20 17.35
4 0.080 2.13 7.90 243 64.30
5 0.110 14.4 48.0 146.0 340.00
6 0.130 119.0 266.0 542.0 —
3adanue 2

[o maHHBIM, IPUBEACHHBIM B TaOIHULC, TOCTPOUTh M30CTEPBI ancopo-
uuM MeTaHa Ha rpadurupoBanHoit caxe P-33 B koopaunarax 1gP — -1/7,
paccumrarh TEIUIOTHl aaCcopOLMK T VKA3aHHBIX BEIHUYUH aacopOLMu.
JlaBneuvic P BBIPAKCHO B MM PT. CT.

No a, 113K 123K 133K 143K
/I | MMOJL/T 1/T= 1T = 1T = UT=
=8.85:107 =6.13-107° =752:107 =6.99-1073
1 0.010 0.38 1.15 287 6.60
2 0.020 0.66 1.98 5.20 12.16
3 0.050 1.19 4.00 11.40 28.80
4 0.100 5.50 20.40 65.00 170.00
5 0.120 50.50 128.00 146.00 340.00
3aoanue 3

[o maHHBIM, MOTy4EeHHBIM U3 aAcOpOLIuM mporaHa Ha neoaure KNaX
IPY PasHbIX TEMIICPATypax, MOCTPOHTh M30CTEPHI aAcOPOLWM ¥ Orpese-
muts i depeHImanbHbIC TEIUTOTH aacOPOLMH MIPH YKA3AHHBIX BCITHYIH-
Hax aacopOumm. JlasneHue P BHIPaKEHO B MM PT. CT.
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Ne a,moms/r | 20°C | 30°C | 40°C | 50°C | 60°C 70°C

n/n
1 0.10 0.16 0.26 0.35 0.56 0.89 1.23
2 0.40 0.51 0.89 1.32 2.10 3.35 4.80
3 0.70 0.77 1.37 2.15 3.67 5.75 8.60
4 1.00 1.00 1.89 3.12 532 8.45 12.95
5 1.60 1.84 3.55 6.35 10.60 18.20 28.50
6 2.40 8.60 16.40 30.50

3adanue 4

ITo faHHBIM, MONYYEHHBIM M3 aacopOLMy nponaHa Ha neonute KNaX
NpH pasHBIX TeMIepaTypax, MOCTPOUTH U30CTEph! aJcopOLuy ¥ onpene-
auth auddepeHnanbHble TEMIOThl aACOPOLMHU NIPH yKa3aHHBIX BENH4H-
Hax afcopbuuy. [laBnesue P BEIpaXeHO B MM DT. CT.

Ne a, MMOJIB/T 20°C 30°C 40°C 50°C 60 °C 70°C
n/n
1 0.20 0.29 0.50 0.69 1.05 1.68 2.41
2 0.50 0.61 1.05 1.60 2.60 4.15 6.10
3 0.80 0.83 1.53 2,44 417 6.60 10.0
4 1.20 1.20 232 3.96 6.63 11.15 16.90
5 1.80 2.41 4.57 8.26 14.15 24.30 38.50
3aoanue 5

Ilo aaHHBIM, HONy4YeHHBIM U3 afcOpOLMKU NTponaHa Ha neonute KNaX
IIpH pas3HbIX TeMIepaTypax, MOCTPOUTh M30CTEPH! aACOpPOLMM U ompene-
uTh AuddepeHnnanbHble TENNOTE aAcOPOLKM IPU YKa3aHHBIX BENHYH-
Hax agcopbuuu. [laBneHue P BLIPDKEHO B MM PT. cT. Micnone3ys pacyeTsl
B 3ajlaHusX 3 ¥ 4, HATH 3aBUCHMMOCTDb TETLIOTH! acopOLuH MpolaHa Ha
YKa3aHHOM LIEOJIATE OT BENUYHHBI aCOPOLIMH.

Ne a, Mmonn/r | 20°C | 30°C | 40°C | 50°C 60 °C 70°C
n/n

1 0.30 0.40 0.70 1.00 1.55 2.58 3.60

2 0.60 0.69 1.21 1.87 3.14 496 7.45

3 0.90 0.92 1.71 2.76 4.74 7.50 11.40

4 1.40 1.45 2.86 5.00 8.30 14.30 21.60

5 2.00 3.25 6.25 11.70 { 20.02 35.00

6 2.20 4.80 9.50 17.80 | 32.75
3aoanue 6

U3 jgaHHBIX MO afcopOLuUM 3TaHa Ha rpadurupoBaHHOM caxe P-33
Ipy YeTblpeX TeMIIEpaTypax HaiTH U30TEpUYECKHE TETIOTh aacopOuuu
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Ans  yKa3saHHBIX BeJMYMH aacopbuuu. B Tabnuue P BblpakeHO B
MM PT. CT., aAcOpOLHs @ — B MMOJIB/T.

P | a P a
~115°C -100°C
0.06 2.8 0.28 34
0.50 38.6 1.62 33.7
1.44 81.0 3.57 70.4
7.25 93.8 9.19 83.7
26.08 103.9 17.39 88.6
-70°C -85°C
0.64 0.9 0.98 33
3.61 54 3.50 16.8
8.19 144 5.48 33.2
15.23 344 8.75 55.0
28.43 58.6 13.94 69.2
23.86 78.1
36.04 83.1
3aoanue 7

M3 nansbix mo apcopbuuu 3TaHa Ha rpaguTMpoBaHHON caxe P-33
NpH HeThIPEX TEMIepaTypax HalTH M30TepHuECKHe TEIUIOThI afcopOLmMu
Jnsg  ykasaHHbIX BeJMYMH ajacopbuuu. B Tabnuue P BblpakeHO
B MM DT. CT., ancopbLis @ — B MMOJIB/T.

P a P a

115°C —100°C

0.12 6.0 0.81 8.9

0.62 54.4 1.96 70.4

3.89 89.7 4.84 76.0

11.10 96.7 11.83 85.6

38.28 109.7 20.41 89.9
-70 °C —85°C

1.67 2.4 1.97 7.4

491 7.66. 4.11 21.2

10.39 19.9 6.35 40.8

18.49 41.9 10.23 61.1

35.72 65.0 16.59 72.6

2743 79.9

43.63 85.3

3adarue 8
W3 panpeix mo ancopbuuu 3TaHa Ha rpadMTHpOBaHHONM caxe P-33
APU YeThIPEX TeMIeparypax HaHTH W30TEPUYECKHE TeIUTOTHI ancopOuuu



JUIs  yKa3aHHbIX BeNMYMH ajgcopbuuu. B TaGmuue P BblpaXeHO B
MM PT. CT., a/ICOPOLIUS @ — B MMOJIL/T.

P a P a
115°C -100 °C
0.34 38.6 1.62 33.7
0.76 68.5 2.62 60.6
4.71 90.9 5.63 78.2
18.16 100.3 13.95 86.5
46.51 114.5 37.51 95.0
=70 °C -85°C
3.61 5.4 2.67 11.0
6.42 10.5 4.87 27.7
12.71 26.4 7.26 47.7
22.57 50.3 11.97 65.6
4297 69.5 20.74 76.2
31.20 81.4

3adanue 9

Mo naHHBIM, NOMYYEHHBIM M3 aACOPOLIMH NAPOB NPONAHa HA LIEONTHTE
LiNaV npu pasHbix TeMmneparypax, OnpefejuTh auddepeHuuansHbie
TEMJIOTh! ANCOPOLIMH NIPH Pa3HBIX BeTHYMHAX aJCOPOLHH.

Ne a P, MM pT. CT.

n/n MOJB/T 0°C 24°C 50°C 75°C 100 °C
1 0.10 0.77 2.05 5.55 12.08 22.90
2 0.30 2.10 5.65 15.80 34.80 67.35
3 0.80 4.43 12.73 38.00 86.55 177.70
4 1.40 7.09 21.10 67.30 161.40
5 2.00 10.60 35.30 121.50
6 2.40 16.10 57.00 212.50
7 2.80 30.30 117.80

3adanue 10

Mo naHHBIM, NOMY4EHHBIM U3 ancopOLMH NapoB NPONaHa Ha LeoUTe
LiNaV npu pasHeix TeMneparypax, onpeienuth auddepeHumanbuble
TEIUIOThI AACOPOIMH NMpH PA3HLIX BEMYMHAX afNCOPOLIMH.
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Ne a, P, MM pT. CT.

n/n MOAB/T 0°C 24°C 50°C 75°C 100 °C
1 0.20 1.47 3.95 10.90 23.35 45.20
2 0.50 3.15 8.65 24.85 55.15 110.55
3 1.00 5.27 15.35 46.75 109.10 226.00
4 1.80 9.08 28.95 97.50 244.20
5 2.20 12.65 43.50 107.10
6 2.60 21.35 78.75
7 3.00 47.50

Hcnione3ys pacuetsl B 3afaHusax 9 u 10, HaliTH 3aBUCUMOCTb TeNjO-
TbI aACOPOIUH OT BENHYHHBI a0COpOLHH.

3adanue 11
Mo naHHBIM, TONMYYEHHBIM M3 aACOPOUMHM MpONaHA HA LEOJUTE
LiNaX npu pa3HbIx TemrepaTrypax, OCTPOUTE H30CTEPbl U ONpENeHTh
nudepeHLMaNBHbIE H30CTEPHYECKHE TEIIOTH! a1COPONMH.

Ne a, P, MM DT. CT.

n/n Mons/r 24°C 50°C 75°C 100°C 130°C
1 0.04 0.07 0.24 0.68 1.20 3.10
2 0.18 0.30 0.98 3.00 7.00 18.10
3 0.40 0.75 2.86 1.72 19.05 46.40
4 0.70 1.85 6.82 18.05 42.20 100.06
5 1.00 3.60 12.75 32.80 76.50 180.30
6 1.60 8.82 30.90 81.10 187.20

3aoanue 12

[To naHHBIM, mMONyYyeHHBIM M3 afcopbuUMM IpomaHa Ha LiEONUTE
LiNaX npu pa3sHbIX TemmepaTypax, NOCTPOMTb M30CTEPHI U ONPENENHUTh
IuddepeHIHaNbHBIE H30CTEPHYECKUE TEILIOTE! AACOPOLMH.

Ne a, P, MmpT. cr,

n/n MOJB/T 24°C 50°C 75°C 100 °C 130°C
1 0.08 0.12 0.40 1.15 2.70 7.00
2 0.20 0.34 1.10 3.25 8.15 20.15
3 0.50 1.08 4.03 10.70 25.75 62.15
4 0.80 2.40 8.55 2235 52.35 124.50
5 1.20 5.05 17.85 46.00 106.80 246.50
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3adanue 13

Tlo nanHBIM M3ydenns ancopOuunm npornasa Ha uneonute LiNaX npu
PasHpIX TeMneparypax, IIOCTPOMThL H30CTEph! U onpenenuts Audepen-
LHaNbHbIE H30CTEpPUYECKHE TEILUIOTH afCOPOIHH.

Ne a, P, MM pT. CT,

n/n MOJIB/T 24 °C 50°C 75°C 100°C 130°C
1 0.14 0.22 0.73 2.18 5.40 13.55
2 0.30 0.55 1.90 5.30 12.95 3235
3 0.60 1.45 5.30 14.10 33.32 80.05
4 0.90 2.98 1045 27.25 63.60 151.20
5 1.40 6.75 23.70 61.70 142.30

Hcnone3ys pacuers! B 3anauuax 11-13, HaliTH 3a8BUCUMOCTE TETIOTHI
ancopbLHHK OT BeMUHHBI aACOPOLMH.

3adanue 14

IIpu ancop6uun CO Ha ApeBecHOM Yriie HaiiieHO, YTO IS TOrO YTO-
6l IIpM pasHBIX TeMmepatypax ancopbuposanock 10 cm’ rasa (0GbEM
npuBendH k 1 atm u 273 K), Tpebyrorcs cnepyloiye qaBneHus:

T,K 200 210 220 230 240 250

P, MM pr.ct. 30,0 37,1 45,2 54,0 63,5 73,9

HaiiTi M30cTepHuecKyio TEIUIOTY, COOTBETCTBYIOLIYIO AaHHON BejH-
YUHe afcopOLuH.

3adanue 15

Ancopbius napos 6en3ona Ha cununope 075.

Ucxonusle nanuble: f = 3.15 mr/mm; HaBecka obpasua = 40 mr; T, =
=18 °C, P;= 67.61 MM pT. CT., Ny =363.694 mMm.

P, N, AN, P/Pg a10°7, a10
MM PT. CT. MM MM r/r MMonb/T
1 2 3 4 5 6
2 363.680 0.014 0.03 1.10 1.41
6 363.592 0.102 0.09 8.03 10.30
11 363.568 0.126 0.16 9.90 12.72
20 363.428 0.266 0.30 20.95 26.86
28 363.377 0.317 0.41 24.96 32.01
35 363.352 0.342 0.52 26.93 34.53
41 363.326 0.368 0.61 28.98 37.15
51 363.260 0.434 0.75 34.18 43.82
61 363.030 0.664 0.90 52.29 67.04
63 362.880 0.814 0.93 64.10 82.17
67 362.371 1.323 0.99 104.19 133.57
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Mpodonxncenue mabruye:

1 2 3 4 5 6
JECOPBLIUA
65 362.542 1.152 0.96 90.72 116.30
63 362.592 1.102 0.93 86.78 111.20
61 362.680 1.014 0.90 79.85 102.37
54 363.025 0.669 0.80 52.68 67.54
39 363.156 0.538 0.58 42.37 5432
34 363.247 0.447 0.50 35.20 45.13
16 363.336 0.358 0.24 28.19 36.14
6 363413 0.281 0.09 22.13 28.37
2 363.421 0.273 0.03 21.50 27.56
1 363.440 0.254 0.02 20.00 25.64
0.5 363.461 0.233 0.01 18.35 23.53

IMocTpoUTE H30TEPMBI afiIcCOPOLMH | AecOpOUMM M pacCUUTaTh TEILIO-
ThI anicop6uHH napoB OeH3ona Ha CHIMIIOpE, HCIONb3ys ypaBHeHHe be-
puHra — CepnuHcKoro.

3aoanue 16

[Tpu u3yyeHuM agcopOUMU MapoB BOJABI Ha OKCHJE MarHus, IpesBa-
pHMTENbHO BaKyyMHPOBAHHOrO NMPU KOMHATHOM Temmeparype B TeYeHHe
24 4, nonyyeHs! cleayloude AaHHbIE:

P/P, a, MMOJIB/T P/P, a, MMoJis/T
0,05 1,5 0,65 52
0,10 2,9 0,70 5.4
0,15 3,7 0,75 5,7
0,20 4,1 0,80 6,1
0,25 4,3 0,85 6,4
0,30 4,4 0,90 6,8
0,35 4,6 0,95 7.3
0,40 4,7 0,96 7,4
0,45 43 0,97 76
0,50 4,9 0,98 7.8
0,55 5,0 0,99 8.0
0,60 5,1

[TocTpouTs H30TepMy aacopOLMH U pacCYMTATh TEIUIOTH ACOPOLHH
napoB Bozibl Ha MgO npy pa3HbIX BETHYHHAX afCOPOLUH [0 YpaBHEHHIO
Bepunra ~ CepniuHckoro.
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Sadanue 17

Ilpu uzyyennn afcop6LMM MapoB BOAB! HA OKCHIE MarHus, rpejsa-
PUTENEHO TEPMOBaKyyMHpOBaHHOTO npu TemnepaType 573 K B Teuenue
4 y, NoNMy4eHs! CeyOLIKeE NaHHbIE:

P/P; a, P/P, a, MMOJIb/T
MMOJb/T

0 0 0,60 7,3
0,05 1,8 0,65 7,4
0,10 3,5 0,70 7,5
0,15 4,7 0,75 7,7
0,20 5,4 0,80 8.0
0,25 5,9 0,85 8,3
0,30 6,4 0,90 8,5
0,35 6,7 0,95 8.8
0,40 7,0 0,96 8,9
0,45 7,1 0,97 9,0
0,50 7,2 0,98 9,2
0,55 7,3 0,99 9,5

IMocTpoutk H30TEepMy afcopOLMH M pacCYUTATh TEIUIOTH! aAcopOLMM
[IpH pa3sHBIX BENMYMHAX azcopOuuu mo ypasBHeHuio Bepunra — Cepnus-
CKOTO.

3aoanue 18

Ipu n3yuennu agcopbLuy NapoB BOJBI HA OKCHAE KaubLiis, NpeaBa-
PUTENIBHO BaKyyMHUpPOBaHHOTO MpM KOMHAaTHOH TeMmepaType B TeYeHHe
24 4, posnyyeHk! CIeRYIOIME JaHHbIE:

P/P, a, MMOJIb/T P/P, a, MMONb/T

0 0 0,65 2,6
0,05 0,2 0,70 2,9
0,10 0,4 0,75 3,2
0,15 0,6 0,80 3,5
0,20 0,7 0,85 3,8
0,25 0,7 0,90 4,1
0,30 0,9 0,95 4,5
0,35 1,1 0,96 4,6
0,40 1,3 0,97 4,7
0,45 1,6 0,98 4.8
0,50 1,8 0,99 4.8
0,55 2,1 1,00 5.0
0,60 2,3
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IocTpouTh M30TEpMy aACcOPOLIMM H PaCCUMTaTh TEIUIOTHI afcopbuu
IpH pasHbIX BeNMYMHaX azcopOluu no ypaBHeHHIo Bepunra — Cepnud-
CKOro.

3adanue 19

[pu u3yyenuu aacopOunu NapoB BOAbl HA OKCHJE Kanblus, Npeasa-
PHTEBHO TEPMOBAKYyMHPOBaHHOTO IpH Temnepatype 573 K B Teuenre
4 y, monyyeHs! CHeyIOIUHE JaHHBIE:

P/P, a, P/P, a, MMoJI»/T
MMOAB/T

0 0 0,65 8,1
0,05 1,6 0,70 8.2
0,10 32 0,75 8,5
0,15 4,8 0,80 9,0
0,20 6,0 0,85 9,5
0,25 6,4 0,90 10,1
0,30 6,8 0,95 10,9
0,35 7,0 0,96 11,1
0,40 73 0,97 11,3
0,45 7,6 0,98 11,5
0,50 7,7 0,99 11,8
0,55 7,9 1,00 12,2
0,60 8,0

IMocTpouTs H30TEpMY aficOPOLIMM U PACCUMTATh TEIUIOTH! alcopOLHUU
NpH pasHBIX BelHYMHAX aacopOUuu no ypabHenuio Bepunra — Ceprnun-
CcKOTro.

3adanue 20

Ipy uzyyeHun ancopOLUMK MAapOB BOALI Ha OKCHIE MarHus, nMpeaBa-
pUTENbHO BaKyyMHPOBaHHOIO NpH KOMHATHOH TeMIepaType B Te€YeHHE
24 y, nonyyeHsl CASAYIOIUHE JaHHBIE!

P/P, a, MMOJb/T P/P a, MMOJIb/T

0 0 0,65 2,8
0,05 0,3 0,70 3.0
0,10 0,5 0,75 3,1
0,15 0,8 0,80 3,3
0,20 1,0 0,85 3,6
0,25 1,3 0,90 4,1
0,30 1,5 0,95 4,8
0,35 1,8 0,96 5,1
0,40 2,0 0,97 52
0,45 2,2 0,98 5,5
0,50 24 0,99 59
0,55 2,5 1,00 6,1
0,60 2,7
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INocTpouts u3oTepMy afcopOUMK M PacCUYUTATh TEIUIOTHI afcopOLMH
TpH pa3sHBIX BENMYMHAX ancopbuuu no ypasHeHuto Bepunra — CepnuH-
CKOro.

3aoanue 21

TIpu usyyenun agcopbuuu napoB BOAbI HA OKCHJIE MAarHus, npejpa-
PHTENIbHO TEpMOBAaKYyMUpPOBaHHOTo Ipu Temmneparype 573 K B Teuenue
4 4, NONMy4YeHE! CIEAYIOLIUE JaHHbIE:

P/P; a, P/P, a,
MMOJIB/T MMOJb/T
0 0 0,60 6
0,05 0,9 0,65 6.3
0,10 1,8 0,70 6,7
0,15 2,7 0,75 7,1
0,20 3,6 0,80 7,6
0,25 4,5 0,85 3,1
0,30 5,0 0,90 3,6
0,35 5,3 0,95 9,0
0,40 5,5 0,96 9,1
0,45 5,6 0,97 9,2
0,50 5.8 0,98 9,3
0,55 59 0,99 9.5

ITocTpouTk M30TEPMY aACOPOLMM M PACCUMTATh TEILIOTHI afCOpPOLUM
NpY pa3HBIX BeNUYMHax aacopbuuu no ypasHenuio Bepunra — Cepnus-
CKOTO.

3aoanue 22

Ilpu 312 K ¥ naBnexuu 1.21 TOpp Ha MOBEPXHOCTH MUKPOIIOPUCTOTO
riMHKcTOro afacopbenTa copbupyercs 1.37 MOIb*KI 11apoB METHJIOBOTO
cnupta. Takas xe aficopOLHAs JOCTUraeTcs IpHY MOBBILIEHAY TeMIIepaTy-
pst 1o 320 K u yBenuueHus fasneHus 1o 3.16 topp. BeruucauTh sHTaNB-
NHI0 aAcopOLMM METUIOBOTO CIIUPTa NpH JaHHON CTENeHH 3amoNHeHUs
NIOBEPXHOCTH.

3adanue 23

JNlaBnenue npu aacopOuuu Hekotoporo konuyectsa CH, 1 r mpesec-
Horo yruis paBHo 42 Topp npu 313 K u 261 topp npu 363 K. Beauciuts
TEIIOTY aAcOpOIMH IPU AaHHOH CTENEHH 3aNoTHEHHS.

73



3aoanue 24

Ipu ancop6uuK 3TaHa Ha NOBEPXHOCTH rpagUTUPOBAHHOR CaXKH CTe-
neHp 3anonHeHus 6 = 0.5 focTuraeTcs NpH CIEAYIOUIMX 3HAYEHUAX TeM-
nepatypsl u nasnenus: 173 K, 2.15 topp u 188 K, 7.49 topp. Haiitu u3o-
TEPHYECKYIO TEMUIOTY afcOpOLIMH.

3adanue 25

Onpenenuts SHTANBNUIO aACOPOLIMHM OKMCH a30Ta Ha GTopuae 6apus,
eciu s aacopbuuu 4 M’ rasa npu 233 K neobxonumo co3nate Aasle-
uue 40.7 Topp, a npu 273 K- 206.5 topp.

CEMHHAP 4. TeopHH H ypaBHEHHS HIOTEPM MOHOMOICKYIAPHOH
agcopbuun

Teopua u ypasuenun usomepmot JIanemiopa

OCHOBBI COBpeMeHHOH TeopuH afcopOuuu O6buM 3anoxeHbl MpBuH-
rom JIsHrmiopoM B 1916 r. [1]. OH Hcxoaus U3 TOTO, YTO CHJIbI, KOTOPBIE
NefiCTBYIOT Mey aToMaMH KpPHCTalla ¥ atoMaMH afacop6HpoBaHHOro
BELIECTBA, UMEIOT TY XK€ CaMylo MPUPOAY, YTO M CHIIbI, AEHCTBYIOLIME
MeXJy COCeLHHMHM aTOMaMM KDUCTAllla, M SBISIOTCA Pe3yJbTaToOM XH-
MHYECKO# HEHACHILIEHHOCTH MOBEPXHOCTHbIX aTOMOB KpucTaiia. Ilpo-
JO/DKHTENBLHOCTE MpeObiBaHuA ancopOUpOBaHHbIX MOJIEKY] Ha TMOBEpX-
HOCTHM 3aBUCHT OT MHTEHCHBHOCTH MOBEPXHOCTHBbIX cuil. B pabote [2]
JIsHrMIOp paccMOTpEN aHATUTHUUYECKH IIECTh ciyyaes aacopOLMH, KOTO-
pble AOCTaTOYHO NOAPOGHO onucaHsl B [3].

OCHOBHbIE NONOXEHUA T€OpHH JIDHrMIOpa MPUMEHUTENBHO K XEMO-
cop6uuu MOryT 6bITh CHOPMYIHPOBaHBI ClEAYIOUIMM 006pazoM:

— MOBEPXHOCTh aACOPOEHTa MOXKET COAEpPKATh aJCcOpPOLMOHHBIE
LIEHTPHI WM IPYIIB! LEHTPOB OQHOTO, ABYX UM Gonee BUIOB;

— ajcopbLHOHHBIE LIEHTPbl KaX/I0r0 BUAA OJMHAKOBBI M0 aCcOopOLM-
OHHOM CMOCOOHOCTH, MX YKMCIIO MOCTOSHHO, XapaKTEpPHO AJi AaHHOM fo-
BEPXHOCTH, 00yclioBiIeHO ee Guorpadueit 1 He 3aBUCUT OT TeMIepaTypsl;

— azncopbuus MOJEKY/, aTOMOB, HOHOB U T.A. MPOUCXOAMUT HA OT-
JeTbHbIX aACOPOLMOHHBIX LEHTPAX, MPUYEM KKAbIM M3 HUX MOXET
yAepXUBaTh He Gonee 4eM OAHY MOJIEKYNY, HO JBYXaTOMHas MM Tpex-
aTOMHas 4acTHLIA MOXKET aicopOUpoBaThes ¢ AUCCOLMaLMe Ha ABYX UAH
Tpex MOBEPXHOCTHBIX LIEHTpaX COOTBETCTBEHHO; B Mpefene Ha MOBEpX-
HocT 06pasyeTcs MOHOMOJEKYNIAPHBIiA 0 ancopOuUpoBaHHBIX YACTHL;
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— OJHEprus cBA3M Bcex aacopOMpOBaHHBIX YacCTHIL € aAcopOupyio-
LMMU LIEHTPaMK OJIMHAKOBA, TEILUIOTA aAcopbuMy Ay AaHHOM Temmepa-
TYpbl ~ BEJIMYHHA TNOCTOSHHAs M HE 3aBUCHUT OT CTENEHM 3arlojIHeHUs
MOBEPXHOCTH;

— B3aMMoJeHCTBHE MexAy aacopOMpOBaHHBIMHM YacTULIAMH OTCYT-
CTBYeET.

PaccMOTpUM MOBEPXHOCTh, Ha KOTOPOH MMeEITCs aAcopOLHOHHBIE
UEHTPbI MONbLKO 00HO20 copma.

Hns cnyyas, koraa kaxpaas Monekysa agcop0ata aacopOupyercs Ha
TaKo# nosepxHocTH 6e3 AYCCOLMALMK U 3aHHMAET OfHY JJIeMEHTapHYIO
TJIOLIAAKY, ypaBHeHHE W30TepMbl afcopOumun JIsHrMIopa HMeeT BUJ

bP
1+bP

rae 0 - cTeneHs 3anoNHEHUs NMOBEPXHOCTH, paBHasi OTHOUIECHHIO BEIHYH-

(2.19)

HBI afcopouuu (a) npy naenednn P k MakcamanbHo# ancopbumu (4, ),

COOTBETCTBYIOLLEH 006pa3oBaHHIO MOHOCIIOS, T.€. @ =—. Cyye-
a.,

TOM TIOCJAEAHEr0 BbIPKEHMA MMeeM Haubonee YacTo BCTPEYaroLLyo:d

topMy ypaBHeHus JI3HrMiopa:

P
—a, L. 2.20)
1+bP
O6wuii Bua uzotepmsi JIsurmiopa npeacrapieH Ha puc. 2.9.
Puc. 2.9. Uzotepma ancopbunu
JIsnrmiopa
p
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VpaBuenne JIaHrmiopa MoxeT OBbITh 3amHCaHO B pasHbIX (opmax,
nojly4eHHBIX MyTeM npeobpasoBanus (2.19), ¢ yaerom (2.20):

1——=bP; 2.21)

=bP, (2.22)

KonuuectBo afcopOHpoBaHHOrO raza MOXET ObITb BBIPOKEHO Kak
3KBHBaJIeHTHBI 00beM (V) s a moneit ancopbata

V =22.414a (2.23)

MIIM KaK YUCIIO MOJIEKYN A1, aicopOMPOBaHHBIX HA TOBEPXHOCTH.
Torna ypaBHeHue JIsHTMIOpa NpeAcTaBisSeTCs B BUIE

bP
-V Toep @24
n =n, bP . (2.25)
1+6P

Hmxuuit MHAexc (m) ykasblBaeT, Kak U mpexcle, Ha BENWYHHY MPU
MOHOCJIOHHOM MOKPBITHH.

Ecnu paccmarpuBaeTcs aacopOuus Ha rpaHMOax pasaena TBeproe
TeJIO — pacTBOP MJIM ra3 — pacTBOp, PaBHOBECHOE JaBjieHHe P 3aMeHAeTCS
Ha BENMYMHY DaBHOBECHOH koHUeHTpauuu (c). U ypaBHenus (2.20),
(2.19) u (2.21) npuobpeTatot BHI

—g (2.26)
"1+ke’ '
- ke 2.27)
1+ke’ )
—— =kc. .
—o C (2.28)
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Dusuueckuit CMBICT @, d,,,0 0cTaeTcs NpeXHUM, T.e., COOTBETCT-
BEHHO, BEIMYMHA afcopOLHU MPH kakOH-TO paBHOBECHOH KOHLEHTpaUUu
ajgcopbata, BenHYMHA aacopOLMH MPH MOHOMONEKYISPHOM MOKPBITHH
MOBEPXHOCTH aficopbeHTa M CTENEeHb 3anoJHEHUsA MOBEPXHOCTH MpPH CO-
OTBETCTBYHOLIEH BeNHYMHE PAaBHOBECHOW KOHLEHTpaLUH. AACOpOLHOH-
Hbift k03dduLMerT B ypasHeHusx (2.26) — (2.28) B amix ciyuasx o6o-
3Hayaetcs OykBoil k& u g, ecnu BenvuuHa ancopbGuum obo3HauaeTcs
I'mrl,.

r=1, (2.29)

1+ac’

YpaBHeHue JIanrmiopa (2.19) MoxeT 65ITh BHIBEAEHO KMHETHUECKHM,
TEPMOJMHAMUUYECKMM Y CTaTHCTHKO-TEPMOJMHAMHUYECKUM METOJaMH.
[Ipu 3TOM CMBICH KOHCTaHTBI « b » OMpeaenseTcs Kak OTHOILEHHE KOH-
CTaHT ckopocTeif ancopbuuu U Jecopbuny, T.e.

b=— (2.30)

0 - 10
Ecm k =k"-e &k, =k -e T 10 orHowenne xoHcrant

3AMULLIETCH KAk
E,
k0. RT EinEy
— =Kk -er @231)
k.o RT

Jlns apcopbumonnoro npouecca L, —E_  — g, Torna u3 (2.30) u
(2.31) cnenyer

b=—=u« -gf", (2.32)

k
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U3 craTueTHKO-TEpMOAHHAMUYECKOTO BEIBOAA YpaBHeHUs JIsHTMIOpa
C y4eTOM CYMM IO COCTOSHMAM MOJEKY.JI afcopbara B rasosoii dase u
ancop6UpoBaHHOM clloe

3
3 s $
b=| ] il 233)
2zmkT | kT .,
[TocnenHee ypaBHeHHE MOXHO NPEACTABUTH B BUJE
b=b, e, (2.34)
rae
y = h l if" (2.35)
2emkT | kT

TakuM obpasoM, kakuM Obl myTem He OBLIO MOJNy4EHO ypaBHEHHE
JIsurmiopa, koa¢pduument storo ypasHenus b 3aBUCHT rIaBHBIM 0Gpa-
30M OT TeIJIOThI aJiCOpPOLIMM U NOCTOSHCTBO ero MpH JaHHOH TeMmnepary-
pe Ais JaHHOH aACOpOLMOHHOM CHCTeMbl O3HAYaeT HE3aBUCUMOCTD TeM-
JIOTBI aACOPOLMM OT CTENEHH 3anONHEeHHUS.

U3 tepmoauHamMHUyeckux coofpaxkeHUH KOHCTaHTa ancopOLMOHHOTO
paBHOBECHS CBS3aHa CO CTaHAAPTHBIM U3MeHeHHeM 3Hepruu I'nb6ca:

AG® = AH® —TAS® = —RT Inb;

TOrpa
b=e?r =b, (2.36)

Coomeemcmeue 3KcnepumenmansHsIX 0aHHbIX ypasrenuto JIanemiopa

KoHcTanThl ypasHeHus JIsnrmiopa yro6Ho onpeJensts rpadpuyecks,
npeobpa3sosas ypasHeHue (2.20) B cneayroltie GOpMBI i IOCTPOUB Mps-
MOJIMHEHHBIE 3aBUCMMOCTH B COOTBETCTBYIOIMX KOOpAUHATAX:
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OTpe3ok, OTCEKaeMbIM MO OCH a0CLMCC TOMYYEHHOM MPsAMOM, paBeH

—— a TaHIeHC yI7a HAKIIOHa — ——.
a ab

2.38
a ab a, a @3%)

Jluneapuzatms usotepmel JIanrmropa (puc. 2.10) gact BO3MOXHOCTH
paccuuTaTh MOCTOsIHHBIC ypaBHeHw (2.20):

1 1
od ——; 1ga——. (2.39)
ab a

Pla

Puc. 2.10. M3otepma JIsHrMiopa
B KoopmHaTax Pla — P

2-1 MeTox 60JIee TPEATIOYTUTENEH, TAK KaK BEMMMMHA ¢, OTpene-

JIACTCSL M3 TAHICHCA YITIA HAKIOHA MPSMOM, a HE IO BCJIIMYMHE OTPE3Ka,
OTCEKaeMOr0 Ha OCH OPAMHAT, KaK B ciy4ac 1.
BosmoskHb! v apyrue muHEHHBIC (HOpMBI ypaBHCHUs JI3HIMIOpa:
a o-a a
3) —=b-—ry) —=f(a). (2.40)
a.P a. P

3710 TOXKE YypaBHEHHE MPSMO JIMHHUM. OTPE30K Ha OCH alCLmCC paBeH

', @ TAHI'CHC yIJIa HAKJIOHA TPSIMOY — —— .
a
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' ” 2.41)

HpI/I HU3BCCTHOM am BCIIUIUHY b MOZKHO OIIPCACINTb K3 TAHICHCA yIIa

HAKJIOHA MPSIMOIL

CyIecTBYIOT U APYTHE CTOCOOBI, MO3BOIIOIIME PEMIUTL BOTIPOC O
TOM, OTIMCBIBAFOTCSI JIH OITBITHBIC JAHHBIC M30TepMOit JIsHrMiopa [3].

HO TIPEKAC YEM ACTIaTh BBIBOAbBI O COOTBCTCTBUM ITOJIYYCHHBIX AaH-
HBIX M30TepMe JIPHTMIOpa, HEOOXOAMMO YUUTHIBATE CICAYIOLIMC BAYKHBIC
MO-MCHTBI.

Bo-riepBbix, HamO ObITH YBEPEHHBIM, YTO U3MEPEHHbIC IaBICHUS PaB-
HOBCCHBI 10 OTHOIICHHMIO K KOJIIMYCCTBY XEMOCOPOLIMOHHOTO BCIICCTBA.
Y6emutecs B 3T0M BO MHOTHX CITy4asX OTHIOAb HE IPOCTO.

Bo-BTOPBIX, JOUKHO OBITH KOPPEKTHOC IMPOBCIACHHE JKCIICPUMCHTA,
VCKITIOYAIOIICE, HAPUMED, BIMSHUC BAKYYMHOM CMa3KM MM JPYTHUX I10-
GOUHBIX MPOLIECCOB, HA aACOPOLIMIO, KOTOPBIC MPUBOIAT K HEBEPHBIM pe-
3yJBTATaM.

B-TpeThux, HE CICAYCT MCMONB30BATH Ty U30TCPMY T OTHCAHKS
JAHHBIX. JUTsI KOTOPBIX OHA HE MPEAHa3HaYeHa. B 4acTHOCTH, H30TepMa He
MIPSIHA3HAYCHA UL OIUCAH IPOLIECCOB aACOPOLIMM, B KOTOPBIX KHKAAS
Mosekya agcopbara 3aHMMacT Ha TIOBEPXHOCTH HECKOIBKO aaCcOPOLMOH-
HBIX LICHTPOB. Tak, mpu xemMocopOimu GeH301a U APYTHX apOMAaTHYCCKUX
VIJICBOJOPOJOB KAKAAsi MONCKysa azcopbara MOJKET 3aHMMaTh COMb U
Gornee aaCOPOLMOHHBIX LIGHTPOB, IPU AWCCOLIMATHBHOM XeMOCOpOImm
a30Ta KKIas MOJICKY/Ia MOKCT 3aHMMATH YCTBIPE, @ MOKET OBITH TKE U
mIeCTh aACOPOLIMOHHBIX IICHTPOB (€Ciau aacopOuMs IHMCCOLMATHUBHAS U
Ka)KZ[LII\/’I aToOM 3aHMMACT ABA WIHU TPHU L[CHI‘pa), TIpu Z[I/ICCOI_H/IaTT/IBHOﬁ Xe-
MOCOPOLIMM  KHCIIOPOAA KAKAAs MOJICKYJIa MOXKCT 3aHUMATh IBA WK UC-
THIPE aACOPOLMOHHBIX LICHTPA ¥ T. 1.

B cnyuae xe ¢usmaeckoit aacopOupin 0OBMHO HE BBITIOIHASTCS OJHA
U3 OCHOBHBIX IIPCATOCHUIOK, JICKAIIUX B OCHOBEC BBIBOAA STOM HU30TCPMBIL,
a MMCHHO MOHOCJIOMHOC TOKpBITHC MoBEepxHOCTH. Pusmyeckas ancopb-
LS, B COOTBETCTBUM C Apyroi wmsorepmoi JIaurmropa, kotopas Oyaer
paccMmoTpeHa Janee (ceMuHap 6), MOKPBIBACT MOBEPXHOCTh HE MOHOCTIOEM,
a MHOIvmMH CJIOAMHA aI[COp6I/Ip0BaHHI>D( MOJICKYJI. HpH‘leM y4acTku C
TIOJIMCIOMHBIM TIOKPBITHEM ITOBCPXHOCTHU HAYUHAIOT ITOABJIATBCA YKC Ha
MIEPBBIX CTAAMSIX aACOPOLIMK. KOTa MOHOCIIOHN ©INe AAJIeKO HE 3aIlOHCH.
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Haunbie o gusnyeckodt agcopOumy, Kak NpaBUIO, HENPUIOAHBI JJ1S NIPO-
BEPKHU U30TepMbl (2.19).

Hecobntogenne BelilensnoxkeHHbIX TpeOoBaHM crnocoGCTBOBANO
TNIOABJIEHHIO MHEHMs, YTO paccMaTpuBaeMas u3oTepMa JIsHrmiopa yacto
HEBEPHO OMMCBIBAaET sBNEHME XemocopOuuu. B nureparype mossumice
He COBCEM MpaBUILHBIE OOBACHEHHS TOrO, YTO M30TepMa JIsHrMiopa pea-
KO ONHCBIBAET U30TEPMbI XeMOCOPOLIMM BO BCEM HMHTepBase 3anoNHeHu
MIOBEPXHOCTH M B TO XK€ BPEMS 4YacTO BHINONHSAETCA B 0ONACTH CPERHHX
3anoNHeHu# [4].

MOXHO NMpHUBECTH ABAa U3 MHOTMX NPUMEPOB, B KOTOPBIX H30TepMa
JIaurmiopa 6b11a HCIIONB30BaHa BECbMa YCIIELIHO.

1. OmmerT ¥ Bpynayap [5] u3 uzotepM agcopOuun paccuuTany M3o-
CTEpHYECKYIO TEIUIOTY XeMOCOpOLHMH a30Ta HAa NPOMOTHPOBAHHOM XKe-
JIe3HOM KaTalM3aTope, KOTopas OKa3alach MOCTOAHHOM, YTO rOBOPHIIO O
TOM, YTO NOJy4eHHble HMH MPU Pa3HBIX TEMNepaTypax U30TepMbl GbUIH
JI3HIMIOPOBCKOTO THIA.

2. Yanpepna [6] paccunTan u3 H30CTEP XEMOCOPOLMM TEIUIOTHI Xe-
Mocop6LMH KHCIOpoAa Ha cepeGpe U TMONMYYHN JBYXYPOBHEBYIO KPHBYIO
¢ ABYMs mapauienbHbIMU abcLycce y4acTKaMM U C MEepeXORHOH KpUBOl
Mexay HuMHU. Takum oGpasoM, OH nokasai, YTO MOBEPXHOCTb OAHOPOL-
Ha, a KUcnopoa aacopbupyercs B ABYX (opMax, npuyeM XeMocopOLy:ix
cHadana ujer B oAHo# ¢opme, a 3aTtem — B Apyroi ¢opme, T.e. MOMET
6biTh omucaHa AByMs uzoTepmamu JIaHrmiopa. B nanbHeiiuem: 3aBucr:-
MOCTH, TNONY4Y€EHHbIE ITHMH aBTOpPamH, GbLIM MOATBEPXEHBI MpPAMBIMY:
u3MepeHUAMH TemnoT xemocopbuuu [7]. ITomoOHbIX mpumepos ObLIO
Hemarno.

IIpuyunst nessinonnumocmu ypasnenun JIrnzmopa

OnHUM K3 OCHOBHBIX NMONOXEHUH TeopuH JISHIMIOpa, NPUBOASALIMX K
n3orepMe (2.19), ABnseTcs OAHOPOAHOCTb MOBEPXHOCTH. DTO JOJDKHO
NPOSIBIIATBLCA B NIOCTOSHCTBE TEMUIOTH afCOPOLMH C POCTOM 3aMONHEHHS.
OnHaKo IKCTEPUMEHTATOPbl HAaOJIOJAIOT yMEHbIllEHHE TEILIOT aacopb-
UMM C YBENMYEHHEM IOKPBITUA MOBEPXHOCTH aAcOpOMpOBaHHBIMH Yac-
TULIaMH. DTo crnoco6cTBOBasO nossneHMIo B 30-x rogax XX B. MHEHHA O
TOM, 4YTO Ha MOBEPXHOCTH afCcOPOEHTOB NUOO NMOBEPXHOCTHBIE LEHTPHI
HEOAMHAKOBBI MO afAcOpOLMOHHON (M KaTaMMTHYecKON) aKTMBHOCTH M
MOryT GbITh OXapaKTep130BaHbl HEKOTOPBIM HENpPEephIBHBIM paclipejene-
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HHEM M0 aKTUBHOCTH (3TO Ha3BayM GHorpaduueckoil HEOQHOPOOHOCTBIO
MOBEPXHOCTH), TM60 LIEHTPb! OJIMHAKOBBI IO aKTHBHOCTH, HO AKTUBHOCTh
KaX(IOTo HEeHTpa CHIDKAETCH B pe3yNbTare NOABICHHUS PANOM C HUM Xe-
MOCOp6UpPOBaHHBIX MoNeKyl. ITpuuem yeM 6oblie XeMocopOMPOBaHHBIX
MONeKyN, TeM Oonblie MeHseTcs NepBOHauanbHas aKTUBHOCTH 3TOrO
LEHTpa, T.e. aKTUBHOCTb KaXIOr0 LiEHTpa U BCeX CBODOIHBIX LEHTPOB
BMECTE B3ATbIX YMEHBLIAETCS MO Mepe YBENUYEHHs CTENeHH MOKpPBITHS
NOBEPXHOCTH afcopOaToM (3TO Ha3BajlM MHAYLMPOBAHHOM WIIM HAaBEAEH-
HOH HEOJHOPOAHOCTBIO NOBEPXHOCTH MM 3()(eKTOM B3aUMHOTO BIIHS-
HUA xeMocopOupoBanHbIX dacTul). O6e 3TH GopMbl HEOJHOPOJHOCTH
MOBEPXHOCTH JOMKHBI MPOABNATH ce0s B HEMPEPHIBHOM U3MEHEHUH Ten-
JIOT XeMmocopOLMM 1O Mepe YBEIMYeHHMs CTEeNEeHH IOKPHITHUA MOBep-
XHOCTH.

OnHako No Mepe yNydlIeHMs TEXHUKH XeMOCOpPOUMOHHBIX U Kallo-
PUMETPHYECKHX HM3MEpeHUIt M pacluMpeHHUs TemnepaTypHolt obiactu
u3MepeHuii (MepBble U3MEPEHHUs TEIUIOT XeMOCOpOLUY NpH TeEMNeparype
Bbillle KOMHATHOH ObUTM BbiNoNHEHB! B Havyane 60-x rogoB XX B. B Ha-
LIeH cTpaHe) cTajlo NOABNATECA BCe Gonplie paboT, aBTOpbl KOTOPBIX CO-
o0LIaNi O TOM, YTO MOJIbHBIE TEIIOTH XEMOCOPOUMH MOCTOSHHBI MK
NOYTH NOCTOSIHHBI B LIMPOKOM HMHTEpPBale U3MEHEHHs NMOBEPXHOCTHBIX
TIOKPBITHH, T.€. HH B3aMHOE BIMSIHME XEMOCOPOUPOBAHHBIX 4ACTHL, HH
Guorpaduyeckas HEOAZHOPOAHOCTH NOBEPXHOCTH HE MPOSIBAAETCA B Tell-
nortax xemocopbuuu. K HacTosiieMy BpeMEHH H3BECTHBI TaKHE HaHHLIE,
Hanpumep, A cnenyrowux cucrtem [8):

H, Ha Fe, Ni, Pt (uepHoit), Pt/SiO,, PtYW/SiO, , Pt , Pt (nopoiok),
Ce,Dy, Lu,Er, Tmu Yb ;

0, Ha Fe, Ni, P/W/SiO;, Nb, W, Mn, Co, Mo, Ta, Ti, Cu, Ag,
W/Si0;; Ir(5%)/SiO, u Ir(0.5%)/SiO,;

N; Ha Ni 1 Fe/ALLO3/K;0 katanusatope;

CO na Ni, Cu-komnonent ZnO/Cuy(OH,)/Al,O; katanusatope, Dy,
Ni (nopomok), Ni/K (nopowuiok), Ni/Cs (mopowox) Pt (nopouwok), Pt/Rb
(nopoiuok), ¥ Pt/Cs (nopoiuok);

CH;=CHCOOH Ha V/Mo, V/Mo/Cu, V/Mo/P 1 V/Mo/Cs katanu3a-
TOpE.

HC=CH Ha Pt; H;C—-C=CH na Pt; H;C=CH,Ha Pt u T1.1.

B cBs3u ¢ HanM4MeM 3TUX paGoT GHIIO BRICKA3aHO MHEHME, YTO He-
BO3MOXKHOCTb ONHCaHUs M30TepMOHi JISHIMIOpa METOAMYECKH NpaBHiib-
HBIX OJKCIMEpUMEHTANBHBIX M3MEPEHHUIT XeMOCOPOLMOHHBIX pPaBHOBECHMH
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06yCIOBNEHO He HEONHOPOAHOCTBIO MOBEPXHOCTEH M HE B3aHMHBIM
BIIMSHMEM XEMOCOPOUPOBAHHBIX YACTHLL, @ TEM, YTO MOBEPXHOCTb ONHO-
poJHa MO XeMOCOpOLMOHHOM aKTMBHOCTH LEHTPOB XEMOCOPOLHMH, HO
xemocopbuus kaxaoi monexynbl afcopbara B 3THX CHCTEMax NpOTeKaeT
¢ auccouuauned iy 6e3 UCCOLMALIMK HA HECKOJIBKUX LIEHTpax MoBepX-
HOCTH (MHAYe roBOps, kKaxkaas MoJiekyna afcopbaTa cBA3aHa HE C OHUM,
a C HECKOJIbKMMH aTOMaMH 110BEpXHOCTH aacopbeHTa).

Takum o6pasom, B HacTosuiee BpeMs CyBIECTBYIOT TPH pasHbIX MOA-
Xonla kK OOBACHEHHIO TOrO, MOYeMy HEKOTOpble METOAMYECKH NpaBUNb-
HBIE IKCIIEPHMEHTANIbHBIE JIAHHbIE O PABHOBECHH XeMOCOpOLHMHU He onu-
ChIBAIOTCs PACCMOTPEHHOIH Bhbile n30TepMoii JIaurMiopa:

1. INoBepxHocTH GHorpadUieckd HEOAHOPOIHBI.

2. TloBepxHocTH 6uorpaduueckd OTHOPOIHBI, HO MPOSBIAETCA B3a-
UMHOE BIUAHHE XeMOCOPOUPOBAaHHBIX YaCTHLI.

3. IToBepxHOCTH OAHOPOAHBL, HO B PAJIE CUCTEM Kaxias MOJEKyla
ascopbara 3aHMMaeT Ha NOBepXHOCTH Gonee OAHOro ancopGLUOHHOrO
LIEHTpa.

B cooTBeTCTBMM C KOKIBIM U3 ITUX TPEX MOAXOLOB 6bINO BHIBENECHO
6oJbL1I0e YUCNIO YpaBHEHUH A% U30TEPM M, KaK NPaBUiIO, C HCIIONB30Ba-
HUEM OINpeleNeHHoro Meroaa npubmmwkenus. Huwke paccMOTPUM Heko-
TOpBIe NPHUMEPH! BHIBOJAOB U30TEPM XeMOCOPOLIMM, OCHOBAHHBIX Ha KaX-
JIOM U3 3TUX noaxozoB. Bonee noapo6Ho pa3nuuHble crnocobbl OMHcaHNs
u30TepM aacopbuuu onucausl B [3, 9, 10].

Jozapughpmuuecxas usomepma adcopbyuu

Jlorapumudeckas u3orepMa afcopbuuu BrepBble 6blna MOdyUYeHa &
KayecTBe dMIUpHyeckoit ¢popMyisl B pabote @®pymkuna U Llnsiruna 111
s o6BACHEHHS BUJA NOJNAPU3ALIMOHHONW KPWBOii, W3MEPEHHOH TpH af-
copbuuK BOAOPOAA HA NNaTUHOBOM JNEKTPOAE.

IMagenre TemaoT ancopbLMU C POCTOM CTENEHHU 3amonHeHUs ObL1o
00BACHEHO MOBEPXHOCTHON HEOAHOPOJHOCTBIO, HENPEPLIBHO U3MEHSIO-
weiics N0 Mepe M3MEHEHHs CTENeHU NOKPHITHA noBepxHocTH. Obuuit
BUJl ypaBHeHHs NorapudMH4ecKkoi H30TepMbl TAKOMH:

a-clnP+C, (2.42)

rae ¢ u C — ko3pdHLIMEHTH].
IMosaxee ypaBHeHUE NorapudMUuecKod H30TEpMbl GLLIO BBHIBENEHO
TEMKMHLIM U3 TPEANOIOKEHUs TMHEHHOrO NafieHus TEMIOT aacopOLMu ¢
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TIOKPBITHEM, KOTOpO€E MOXET 6biTh 00yCII0BIEHO MO0 HEONHOPOAHOCTHIO
NOBEPXHOCTH ancopOeHTa, JHG0 HHAYLMPOBAHHOH HEONHOPOJAHOCTbHIO,
KOTOpasi SIBJIAETCA Pe3y/bTaTOM B3aHMHOTO BIIMAHHMA ancopOMpOBaHHbIX
yacTull. BeUIO ONY6IMKOBaHO HECKONEBKO BbIBOJOB YPaBHEHHs Jorapud-
MHYecKoi# H30TepMbl [9,11-13], pacKprIBatOIUX CMbICH KO3(dHLIHEHTOB
yPaBHEHHSI.

PaccMOTpHMM B BO3MOXHBIX BbIBOA YpaBHEHHs1 TEMKHHA.

Ilepawiii 6v1603. B 06b1uHOE ypaBHeHue JI3HIMIOpa /11 ORHOPOAHOM
MOBEPXHOCTH BKJIHOYAIOT YC/IOBHE JIMHEHHOTO MafieHus TemioT ancopo-
UM ¢ nokpeiTeM [13]:

q=q,(1-ab), (2.43)

e ¢ — KOHCTAHTa, ¢, — TerioTa ancopOumH npu 6=0.

Torna ypaBHenue JIsHrmiopa

q
b . by P- oJRT (2.44)
3anuuiercs B popme
o e =y
——=b, P e R, (2.45)
-6 "
Jlorapugmupys u npeobpasys ypaBHeHue (2.45), noinyyaeM aanee
nP=—InB,+3% f;n—_, (2.46)
RT 1-8

iz

9o
rne By, = b, e "* u ue 3asucur ord .

Jlin xeMocopbumn ¢, - & >> RT u B cpeiHeM HHTepBasle 3amonHe-

Hui, rae In OYeHb MEAJIEHHO MEHAETCA ¢ 0, OCHOBHOE H3MEHEHHE

v
InP o6ycnorneHo H3MEHEHHEM YlleHa 9o ~rm . OTO HECIIPABETH-

BO MpH 3HAYCHHUAX 9 N 61M3KHX K HYJIH0 HJIHM €AWHULE, KOrja BEJIHYHHA

In M3MeHseTcs BecbMa ObicTpo ¢ U3MeHeHneM 6. B cpeameii xe
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obnacty 3anonuenuit (t.e. npu & ~ 0.5) MoxHO 6e3 cylieCTBEHHOH

ownbky npeHe6peus usMeHeHueM In H MPUPABHATE €ro K HyJIo.

B atom cnyuae ypasHenue (2.46) CBOAMTCSA K BEIPOKEHUIO

9,99 _ InB, +In P, (247
RT
WU
RT
0= In(B, - P). 2.48)
U4

OTO ypaBHeHHe, Bblpaxaollee iuHeiiHoe usmeHeHue & ¢ InP, u
€CThb JlorapudMUyeckas u3orepMa, unu uzorepma TEMKHHA.

BTopo# BbIBOA ypaBHeHMs M30TepMBl TEMKMHA Uit HEOJHOPOAHOM
NOBEPXHOCTH MOXHO Halitu B [3, 11-13]. Humxe mpencraBieH BeiBOZ,
JadHel# B [13]. B 3TOM cnyyae moBepXHOCTL NPECTABISETCS KaK Hempe-
PHIBHBII Pl OXHOPONHBIX 3IEMEHTOB dS, Ha KaXI0OM M3 KOTOPBIX TEIIO-
Ta agcopbuuu nocrosHHa. [Ipeanonaras, 4To KaXIplid U3 3TUX JJIEMEH-
TOB [TOJYMHACTCA YpaBHEHHUIO U30TepMbl JISHrMIOpa, nomyyaem:

p.otir
a by-P-e (2.49)

q, b
l+b,-P- eAT
sHauenue 6 s Beelt IOBEPXHOCTH HAXOIUTCA MHTErPYPOBAHUEM:
0= jest. (2.50)
INockonbKy g nanaet MuHEHHO ¢ S, TO

g =q,(1-aS). (2.51)

ToncraBnss ypasHenus (2.50), (2.51) B (2.49) u cuuras, uto obiwas
MOBEPXHOCTh PaBHA eIUHMULIE, TOTy4aeM

! .P.o /RT
0= J.B_()}_)_E_C;Tds, 2.52)



9/
rae, kak u npexxae, B, = b, - e 7*7. Ilocie unrerpuposanus
1+B,-P

_1+BP 2.53)
14B, P-e Yt

d=—"1In

llanee BBOAMTCA AONyLEHHUE, YTO B ONpeleeHHOM HHTEpBAJIC 3a-
MOJIHEHUA NMOBEPXHOCTH JABJICHUE AOCTATOYHO BEIHKO, 4yTOb6BI BO -P
3HAYMUTEJIbHO MpEBBILIANO €AUHMIY, HO JAOCTATOYHO Malo, 4TO6BI

()
B,-P-e Vir ObUI0 3HAYHTENBHO MEHbLIE EAUHULBL 3TO MO3BOJAET

YIPOCTUTH ypaBHeHHE (2.53):

g=FT. In(B, - P). (2.54)
9,x

Takum obpa3soM, ypaBaeHus (2.48) u (2.54) UMEIOT OAUH H TOT *e
B[ JUIs TIOBEpXHOCTell ¢ Guorpaduueckoit ¥ MHIYLMPOBaHHON HEOXHO-
POAHOCTHIO TIPH BBEJEHMH NMpPEANONO0KEHHS O JIMHEHOM U3MEHEHKH Te-
TJIOTHI aACOPOLIMH C POCTOM CTEMEHU MOKPBITHA.

VpaBHeHHe norapupMHuUeckoil H30TEePMbI YaCcTO 3alUCHIBAIOT B hopMe

8=clnP+C, (2.55)

rae c:ﬂ; a C:EInb’o.

9@ 9y

JUtst mpoBepKH, OMUCBHIBAETCA JIM M30TepMa afcopOuuM ypaBHEHHEM
TéMl(llea, NPOBOAUTCS NMOCTPOCHUE IKCNEPUMEHTANBHBIX OAHHBIX B KO-
opauHatax 6 — InP. ITpu 3TOM nOAydaeTcs NpPAMOIMHEHAS 3aBUCH-
MOCTBb C TAaHFE€HCOM YrJjla NpsiMoH, PaBHBIM C, M OTPE3KOM, OTCEKAaeMBbIM
Ha ocu opauHar, paBHeM C .

OnHako Noay4MB M30TEPMBI MOHOMOJIEKYNAPHOH ancopbuuu, crnps-
MUB HX B COOTBETCTBYIOLIMX KOOPAMHATAX, SKCIIEPUMEHTATODP HE JOSDKEH
JenaTh NOCMEIUHBIX BHIBOJOB O COCTOAHHH NIOBEPXHOCTH aACOpGLHOHHOM
cHCTEMBbI M MexaHusMe aiacopbuuun. Heo6xoauMo, kak MUHUMYM, UMETh
pe3ynbTaThl 10 ONPEAENEHHUIO TEMIOT afcOpOLMU U KUHETHKe ancopOIiu-
OHHOro mpouecca. M Toraa yxe nenatb oxOH4aTeNbHbIE BHIBOALL O TOM,
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Y€M Ke BBI3BAHO OTKJIOHCHHE Pe3yJbTATOB XeMOCOPOIIMOHHOTO UCCIIER0-
bP
BaHUs OT ypaBHenus JIanrmiopa B opme @ = @, ——— , ONHCHIBAIOTCA

St oHy norapudMHUEckoil H30TepMoOii aficopOLMK MKl KakoH-mubo apy-
roi. ABTOpbI HEKOTOPBIX YpaBHEHUH MPETEHAYIOT Ha BBIBOJBI, HE COOT-
BE1CTBYIOINME JEHCTBUTENBHOCTH, CTPOIUM HAYYHBIM IIPEACTABICHHAM.
CTyneHTy, aclHpaHTy H KaXAOMY, KTO BCTYNaeT B NPAKTHKY MCHOJB30-
BaHUsA HAYYHBIX 3aKJIOYECHHH, M0J1€3HO MOHMMATh, YTO 3TH 3aKIIOUEHHUs
He abCONMIOTHBI M YTO MEPEX HX MCMONB3OBAHUEM HAO 3ayMaThCs.

H3omepmbl MHOZOUERMPOBOU XeMOCopbyuu Ha 0OHOPOOHOU
nosepxmnocmu

Kak yxa3bIiBanoch paHee, 6ONbLIOE YHCIIO IKCTIEPHMEHTAIbHBIX JIaH-
HBIX CBUJIETENBCTBYIOT O TOM, 4TO [IOBEPXHOCTH aACOPOEHTOB (M KaTa/H-
3aTOpPOB) OAHOPOAHEI, HO B Al CHCTEM Kaxas MoJleKyJa aacopbeHTta
3aHMMaeT Ha NI0BEPXHOCTH 60Jee OHOTO anCcOPOLHOHHOTO LEHTDA.

HaunGonee npoctoii BapuaHT MHOTOLEHTPOBOH ancopOumu, a UMeH-
HO — aficopbuus ¢ AMcconManyei Ha 1Ba aJlaToMa, Kax/pld M3 KOTOPbIX
3aHMMaeT 10 OZHOMY LEHTPY M MOXeT CBOOOJHO MHMIPHUPOBATh MO IO-
BEPXHOCTH, paccMoTpeH JIanrmMiopoM B [2]. 3TO COOTBETCTBYET, Hanpu-
Mep, AUCCOLMATUBHON XeMocopOLuH BONOpPOAA, KOTJAa KaXAbIH ajaToM
CBs13aH C OJJHUM MOBEPXHOCTHLIM LIEHTPOM.

B sToM cnyyae uszorepma JIaHrMropa MMEIOT ClEAYIOMIMH B

bP (1 —6)? =07 (2.56)
P=0%/b(1 -6y 2.57)

TlonoxurenpHoe pelieHne 3TOro ypaBHeHusA OTHOCHUTEJNBHO O naet
8= alay = (bP)"2 /1 + (bP)". (2.58)

YT06bl POBEPUTH, ONMHMCHIBAIOTCS JIH OMBITHBIE [JaHHbIE YPaBHEHHEM
(2.58), ero yno6Ho npeacTaBuThL B BUJE

JP 1 P

—_——t— 2.59
wfb-am a 259)

n

a

87



VYpasHenue (2.59) sBnsercs ypaBHEHMEM IpSAMOH B KOOpAKHaTax

JP

(—- \/— P), npuyeM HaknoH npsMoii JaeT BO3MOXHOCTb ONpEAETHTE
a

BEJIMYMHY ajcopOLUM NPU MOHOMOJIEKYIAPHOM MOKPHITHH, a OTPE30K,
OTCeKaeMblii Ha OCH OpPAMHAT, — 3HaueHue b [3].

Jins aHanMTHYECKOro PacCMOTPEHMS KMHETHYECKOro BBIBOAA H30-
TepM aacopbuuu GoJiee CIOXHBI BECbMa PaclpoOCTPaHEHHBbIE CilyYaH, KO-
raa ancopOLus MoNeKya NMPOMCXOAUT ¢ Auccoumanueii uau 6e3 aucco-
HMauny, HO KaKaas ancopbupoBaHHas 4acTHLia 3aHMMaeT JBa Min 6osee
a/copOLMOHHBIX LeHTpa. CIOXHOCTh PACCMOTPEHMS TaKMX Cily4aeB Xe-
Mocopbuuu cocTouT B cneaytomeM. Ecnu kakpas agcopbupoBasHas
4acTHlla 3aHUMAET OfMH LEHTP, TO CKOPOCTh aACOpOLMM IPONOPLHO-
HanbHa jonie cBo6opHol mosepxHocTH (1 — ) (0 — creneHp MOKPLITHS
nosepxHocTh). Ecnu kaxaas Mojekyla JUCCOLMUpYeT Ha cBOGOIHO
MMIDHPYIOILIME ATOMBI, 3aHUMAIOLINE MO OJHOMY LEHTpY, TO s al-
cop6LuK JBYXaTOMHOH MONEKYIIbl HYXXHO HMETh JIBa CBOGOLHBIX LIEHTpA,
ciy4aifHO pacnosioxeHHbIX psaroM. Ho BeposTHOCTE TOro, 4TO OJMH Ka-
Ko#-n1u60 ueHTp cBoGozeH, paBHa (1 — 0), a BEpOATHOCTb TOrO, YTO ABa
PAZOM pacloOXKEHHBIX LEHTpa NPH COyJapeHUH C HUMH MOJIEKYJIB! rasa
okasanuch cBo6oAHBIMH, paBHa (1 — 0)2, T.. MPOU3BEACHUIO BEPOATHO-
cTedl Toro, uro kaxaslt U3 HeHTpoB cBoboaeH [17]. Korna xaxnas usac-
THLA (ATOM MM HEAUCCOLMUPYIOLLasA Mosiekynia) 3aHuMaeT 6osiee ogHOro
LUEHTpa, CUTyauus MeHseTcs. B 3ToM ciydyae BEpOATHOCTB TOrO, 4TO
CTIKHBAIOILAACA C [TIOBEPXHOCTHIO YacTHLA BCTpeYaeT OAUH cBOOOAHBI
MOBEPXHOCTHBIA aTtoM, Toke paBHa (1 — 0). Ho BeposATHOCTE TOTO, UTO
KaXKaplii U3 pANOM pAaCIOJIOKEHHBIX aTOMOB TOXE OKDKETCA NpPHU ITOM
cBo6oaHbIM, Yixe He paBHa (1 — 0). Do sBNAeTCA pe3yAbTaTOM TOro, YTO
NIOCKONBKY kaXkaas paHee amcopbupoBaHHas uacTuilia 3aHuMaeT Gonee
OJHOTO aficOpPOLMOHHOrO LEHTPa, U €C/IM KaKOH-Nu60 M3 COCeqHUX LIEH-
TPOB YK€ 3aHAT, TO CPEAHAA BEPOATHOCTH TOTO, YTO APYTHE COCEAHME
HEHTPBI TOXE 3aHATHI, [IOBBILICHA 110 CPABHEHHIO CO CpeIHEH CTEeNeHBIo
TNOKPBITHS TOBEPXHOCTH. AHaNOrM4Horo thna 3¢dekt AoMKEH mnpo-
SIBUTHCA, €CJIM OJMH M3 NOBEPXHOCTHBIX LEHTPOB, C KOTOPLIMH CTaJIKUBa-
ercst afcopbupyroliasics 4aCTULA, 3aHAT. [103TOMY BEpOATHOCTH TOTO,
yto Tpebyiomeecs Ang agcopOLUMH YUCAO PAIOM PACIONONKEHHBIX LEH-
TpOB n cBo60aHO, yxe He paBHO (1 — 0)". BToT daxT cnenyer yuecTs npu
BbIBOJIE H30TEPMbI XeMOCOPOLUH.
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MuorouenTposas XeMocop6Lua XapakTepHa Jjis OpraHUHECKMX MO-
Neky, HanpuMep GeH3onma M APYTUX LMKIM4ECKHAX MONEKYJ, JUIs a30Ta,
KHCJIOpPOJia ¥ MHOTHX APYrUX ra3oB.

Bonpoc o supe usotepM MHoroueHTpooit ancopbuuu B Haubonee
obiiem Buae M Ans psga ocobbIX 4aCTHBIX ClyyaeB pemieH B paGoTax
Octpogrckoro u TéMkuua [3,9,12]. B 31ux xe paborax nonyueHsl ypas-
HEHUA IJI1 CKOPOCTH MHOTrOLEHTPOBOH XeMocopOUMH. DTH ypaBHEHHS
6ynyT paccMoTpeHsl B cemuHape 5.

Jns BeIBOAA M30TEpM afcopOLUH UCIONB30BANM KMHETUYCCKUI Me-
Tod. Haxoaunnu ypaBHeHHe s CKOpPOCTH ancopOuuu B Buje

va=a Pf(8) (2.60)
W 1715 CKOPOCTH AecopOLuH B Bule
ve— B fi (6) .61)

¥ TIPMPABHHMBANHU 3TH YPABHEHHS [UIsl COCTOSHUS PABHOBECHS.

Huaue roBops, 4To6bl OfpefieIUTh BUA NMPUBEJCHHBIX YpaBHEHUH U
BUJI COOTBETCTBYIOLIMX H30TepM XeMocopbuuu, TpeGoBanoch omnpese-
1UTh (YHKLHKOHaNbHBIE 3aBUCUMOCTH CKOpOCTeil agcopbuuu u gecopb-
LMY OT CTETIEHH TOKPLITHA NMOBEPXHOCTH, f(B) u f; (0), T.X. 0. U P — KOH-
craHThl. Jlng Ny4illero MOHUMaHMsA PAacCCMOTPEHHBIX 3afay U crnocoboB
TIPUMEHEHHS U30TEPM M ONMHCAHHUA SKCMIEPUMEHTANBHBIX JAHHBIX 06pa-
THMCS K puC. 2.11, rie a HnmocTpupyeT aacopbLuio MonekyJbl 6eH3ona,
a b u ¢ — agcopOuMIo, HapMMep MOJNEKYNl KHUCIOPOAa, KOrja Kaxabli
aToM B3aUMOJGHCTBYET ¢ ABYMs MOBEPXHOCTHBIMU LIEHTPaMH, HO aACop-
GupoBaHHble Tapel aTOMOB HE He3aBUCHMbl, a AUGdyHaMpyIOT Mo mno-
BEpPXHOCTH BMecTe. 3fech TpeOyeTcs y4ecTb, YTO aAcopbuUus Kawaoi
MONEKYJIbI TIOHHKAET BEPOATHOCTb afCOpOLMM APYTMX MONEKyNn Ha co-
CeJIHUX C Hell MecTax; HarpuMep, LIGHTp MONEKynsl, ancopbupytomeiics
PAJIOM € MONeKynoH, n306pakeHHOM Ha puc. 3b, He MOXET HaXOAUThCA B
Toukax 3, 4, 3, 2 u T.A. B.E. OctpoBckum [3] nonyueHa tatoke usorepma
xeMocop6OLuu 0ns ciydas, Koraa kaxaas AByXaTOMHas MOJIeKyNa XeMo-
copbupyetca ¢ guccounauueii, M Kaxablif 3 aTOMOB 3aHUMAaeT ABa I10-
BEPXHOCTHBIX LIEHTPA, U aflaTOMbl MUTPHPYIOT N0 NOBEPXHOCTH He3aBu-
cumo apyr ot apyra. Jlna pacyera f (0) ucnons3zoBanu nmpuGnuxkeHue,
npeanoxexHoe bete [15], B cneayroumem suje:

An0 + Bnl E_\I"l \L—:‘znZ , (262)
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rae & — BEPOATHOCTH TOrO, YTO 3aHAT LIEHTPAJbHLIM aToM; &; — BEpOAT-
HOCTb TOTO, YTO 3aHAT KakoH-1u60 U3 aToMOB, G KalilUX K LEHTpalb-
HOMY; 1o PaBHO HYJLIO, €CJIH UEHTPANBHBIA aTOM CBOGOJEH, U PaBHO efy-
HHUILIE, €CNTM OH 3aHAT, #; — KOJIMYECTBO OnkalilliuX K HeHTpaJbHOMY 3a-
HATBIX aTOMOB (32 BBIYETOM TEX, KOTOPbiE OTHOCATCA K TOH ke paccmar-
pYBaeMo¥i Ipymre, YTo U LEHTPAJIbLHBIA aToM, eClI OH 3aHAT); £ BBeleHa
Jng Toro, 4ToObl y4ecTb, 4To QyHKUMH & ¥ &» He ABNAIOTCA HE3aBUCH-
MBIMH; A U B — KOHCTaHTHl, g — CTATUCTUYECKHIA BEC NAHHOTO PaCiIviio-

KEHHUA.
18

|

Puc. 2.11. Monenn ancop6uuu Ha rpauu (100) Ky6uueckoro kpucran-
na (b) v Ha rpanu (111) kyOHUECKOTO rPAHELEHTPUPOBAHHOIO KPH-
craua (a ¥ ¢) Is cly4aeB aacopOLUuU YacTHIL Ha YeThIpEX LIEHTpax

(b ¥ c) ¥ Ha cemu ueHTpax (a)

Ha ocHoBe npuBeneHHOro pacnpezeneHus ObUIM MOJIy4eHbl ypaBHe-
HHMA U30TEepM aicopOLMH 1A afncopOLMH, NPOTEKAIOLIEH 10 HECKOJIbiUM
mexaHusmam. [Tonpobuele pemenus nanbl B [3,10]. YpasHenus nsotepm
NpuBe/ieHB! Hibke. Bo BCcex M30TepMax n — KOJIMYECTBO MOBEPXHOCTHBIX
UEHTPOB, KOTODLIE 3aHUMAET aJcopOUpOBaHHAf MOJIEKYNa; Zz — YHCIO
TMIOBEPXHOCTHBIX LIEHTPOB, KOTOPbIE MOTYT ObITh NEPEKpPbLITH ancopOupo-
BaHHOH MoJeKyJiofi npy ee MoBopore HAa 360° OTHOCHTENBHO LEHTpaNb-
HOTo (3aKpEIJIEHHOro) NOBEPXHOCTHOTO NeHTpa (ueHtTp 0 Ha puc. 2.11),
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HE CuuTan LEHTpaNbHOIo LI€HTPa, BOKPYTr KOTOPOIr'o MPOMCXOAHMT Bpalue-
Hue. Hanpumep, nns a, b u ¢ (puc. 2.11) umeem z = 18, 8 u 6 cooTseTct-
BEHHO.

st ciyyas, koraa Ha OQHOPOAHOW TOBEPXHOCTH KaKAas MoOJeKyna
xeMocopOupyeTcs ¢ 06pa3oBaHieM MOABWKHBIX MJIEHOK HAa HECKOJBLKHX
LeHTpax 6e3 AuccolMalMU WM XeMocopOupyeTcs ¢ Auccourauueid, HO
ofa aToma MHIPUDYIOT, OCTaBasCh psAJOM, WM HE MHMTPHPYIOT BOBCE, 4
TIOJBHXKHOCTE AOCTHIaeTCA 3a CYET afcOpOUNHMOHHOrO paBHOBECHS, T.e.
peakuui ancopbuus/aecopOius, H30TepMa XeMOCOPOLIMH UMEET BUAL

P =(1/bc)[0 /(1 - 8)" [1 - (n—1)8 /z]™" =(1/bc)fi(B).  (2.63)

3neck b — ancopOUMOHHBIH K03DGULMEHT; ¢ — CTATUCTHYECKAs KOH-
CTaHTa, KOTOpas 3aBUCHT OT z U n; K= 1/bc.

Hns cnydas xeMocopOuuu ABYXaTOMHBIX MOJIEKYJI C JQUCCOLMALIMER

Ha MOBEPXHOCTH, KOTAA K&XKIbIH M3 [ABYX agaTOMOB 3aHMMAaeT /JBa aj-

COPOLMOHHBIX LEHTPa ¥ aJaTOMbl MUTPUPYIOT 110 MIOBEPXHOCTH He3aB-
CHMO OJMH OT APYTOro, H30TepMa UMEeT BUA

P=K0*[1+(@z-2)01>/(1-06)'=K£(®). (2.64)

I1poananusupyem ypaBHenue (2.63). Ilpy n=1 OHO mHepexoauT B
o6br4HyI0 M30TepMy JIsHrMIopa, npu 3ToM ¢ = 1. Ecnu onpenenuTs Benu-
unHy 1/bc kak xo3uLMeHT TponopUHOHANEHOCTH MexXAy P u 6 B 06-
nactd 0 << 1, 1o (2.63) mpenckaspiBaeT Gonee OBICTPbIA AanbHERLIMIHA
poct P ¢ 6, yem uzorepma Jlanrmropa. Hanpumep, npu n=7u z = 18 (pu
xemocopbuuu 6eH3ona Ha rpaiu (111) xybuueckoii rpaHeneHTpUpOBaH-
Ho# peuretku) u npu 0 = 0.5, cornacHo ypasHenuio JIaurmiopa P = 1/be,
a mo ypaBHeHHI0 (2.63) P = 10,7/bc.

Y1065 MpoaHaNU3UPOBATL HATHUHE COOTBETCTBHA MEXIY ypaBHEHH-
eM (2.63) U 3HauYeHHSMU DABHOBECHOTO JABJIEHHS, U3MEPEHHBbIMH TpH
pa3HBIX 3HaueHUsX O, HyXHO cAenaTh MpeRNOJOKEHHE O BO3MOXHBIX
3Ha4YeHUAX 1 U 3aTEM TPH KAXKIOM U3 MpeAroaraeMblX 3Ha4CHHUH 1 1 [IpH
3HaYyeHUAX z, OTBEYAIOIMX Pa3HbIM IPaHsAM KPHMCTaNIa, MOACYMTAHHLIM B
COOTBETCTBUM C pHC. 2.11, paccuuTaTh 3HaueHHs f1(0) ¥ OTIOXKUTH UX HA
rpauKe IPOTUB COOTBETCTBYIOIMX 3HAYEHWH DaBHOBECHOTO NaBJICHHA.
B ciyuae ecu 3aBMCHMOCTh BBITOJNIHAETCA, MpAMas JOJDKHA TpPOHTH de-
pe3 Hauano KOODRWHAT, TpPHYEM YIJIOBOH Kkoa(uimeHT OyneT paBeH
1/bc.
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IpoaHanusupyem teneps ypasHeHue (2.64). YTo6bl cONOCTaBUTh 3TO
YPaBHEHHE € JKCMEPUMEHTANbHbIMH NaHHBIMH, CIefyeT 3aAaThCi BO3-
MOJXHBIMH 3HAYEHHSIMH z, PacCUUTaTh f>(6) NpU pasHbIX 3HAYCHHUAX z H
Janee NefiCTBOBaTb, Kak OMHCAHO Bbllle MPUMEHHUTENLHO K YPaBHEHUIO
(2.63).

Ecnu 3apaHee MexaHM3M XeMOCOpPOLMH He M3BECTEH, TO €CTh CMBICI
CBEPHUTH IKCNEpUMEHTANBHBIE JaHHble CHavYala ¢ ONHOM, a MOTOM € Jpy-
ro#t U3 paccMaTpuBaeMblx U30TepM (2.63) u (2.64).

HHtepecko conoctaBuTh ypaBHeHus (2.63) u (2.64) ¢ ypaBHeHHeM
JorapudMuyeckoit U3oTepMbl. Jiis 3TOro clefyeT paccunTaTh NPH Hame-
pel 3amaHHbIX 3HA4YeHUsAX z U n 1A pasHbIX 3HaueHHH 6 cooTBETCTBYIO-
mue uM 3Hadenns f(0) unu f1(0) 1 3aTeM HaHecTH paccuMTaHHbIE 3HaYe-
Hus Ha rpaduk B koopauHarax f{0) npotus 0. 3ateM Ha TOT ke rpaduk
clieflyeT HaHeCTH KakWe-TO IKCHEepUMEHTalIbHbIE JaHHBIE, KOTOpBIE, Kak
3apaHee YCTaHOBJIEHO, OTBEYalOT jJorapudMHUueckoit H3oTepMe, COBMEC-
TUB NPY TOM TOYKH OBYX M30TEpM, OTBEvalolye 3HayeHHsM O = 0.5
(B)KHO OIHY TOYKY M30TEpPM Ha rpadyke COBMECTHTh, M JIy4lllE BCErO,
€eciu 3Ta Touka GyfeT nocepeanHe NOKPHITHH, T.e. npH 0.5). HmMeHHO Ta-
Koil mpueM ucnonb3oBaH B pabote {10]. Okasanock, YTO Kak BhILIE, TaK U
Hibke 3HadeHns 0 = 0.5 kpuBble, OJIHA U3 KOTOPBIX OTBEYAeT YPaBHEHHIO
(2.64) nns puccouuaTHBHOR ascopbuuu ¢ o6pa3oBaHMeM IBYX HE3aBH-
CHMBIX TaHTeseif (B 3TOM cly4yae Ha pasHbIX IPaHAX KpPUCTaLla MOXET
6BITh IS KaXIO# rautend n = 2,4 unu 6), a Apyras — 3KCEpUMEHTalb-
HbIM JJaHHBIM, paHee ONMUCAHHBIM JlorapuMUUYECKOH H30TEPMOii, coBMa-
JIaioT B Npefienax BO3MOXXHOH HETOYHOCTH 3KCNEPUMEHTANbHBIX JaHHbIX.
OTo 03HaYaeT, YTO ONMHMCAaHUe KAKHX-HOO 3KCMEepUMEHTANLHBIX NaHHBIX
norapuMH4eCKOi U30TEPMOii HH B KOEM ClIyyae He FOBODHT O TOM, YTO
OCHOBHOM NpPUHLMI, [OJOXEHHBIH B €e OCHOBY, T.6. HEOZHOPOLHOCTh
noBepxHocTeil, JeicTBUTENBHO UMeeT MecTo. (HyKHO NOMHHUTB, YTO BBI-
BOZBI KaK JIOrapuMHUECKoil H30TEPMBI, TAK U H3OTEPMBI 11 MHOTOLIEH-
TPOBO# xeMocopbuuu caMu no cebe sBsroTCS NpUbNMxKeHHBIMH [10]).

Yt06b1 ONpERenHTh, ONMCHIBAIOTCS JIH OMBITHLIE JaHHbIE H30TEPMOii
(2.63), MOXCHO HCIONB30BATh ClIEAYIOIYI0 MeToauky. CHavana no onsir-
HBIM AaHHBIM 178 ycnoBuit 6<<l ompepensior 1/bc kax koapdunueHTt
NpONOpUHOHATBEHOCTH MexAy P v 0 (B obnactu I'eHpu Bce HU30TEpMBI
OTBEYAlOT MPOMOPLUHUOHANBHOCTH 3THX BENMYMH). 3aTeM ANs mpeanona-
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racMoro 3HaueHHus n ¥ JUis 3HaueHHi z, COOTBETCTBYIOLIMX CIy4asdM Ha-
JIM4MUs YEThIpEX MIM IecTH Gmbkaimux cocenell Y KaXA0ro noBepxHo-
CTHOro aroma azcopbenTa (HauGonee yacThle CIyyaH JUIs KpHCTaIHye-
CKUX TEJN) CTPOAT B KOOpAMHATax § — P TeopeTHuecKHe KPHBBIE, pacCyu-
TaHHBIE N0 ypaBHEHMIO (2.63). 3areM Ha 3TOT rpadMK HaHOCAT TOYKH,
COOTBETCTBYIOIIUE PE3YIBTATAM ONBITOB, M CPABHHUBAIOT MX PACIHONIONKE-
HME C pacroNokKeHHEM TEOPEeTHIECKUX KPUBBIX.

AHaNOrHYHBEIM 06pa3oM MOXKHO IPOBEPHTE BO3MOXXHOCTh OIMCAHHsA
OMBITHBIX JJAHHBIX N30TepMO#i (2.64), HO IpU ITOM IPUHUMAIOT 1 =4.

Fe/K,0/A1,0; karann3atope: SKCIIEPHMEHTHI (TOYKH) —
u3 nucceprauud A.E. Pomanymkuno#t (HUOXHW
um J1.A1. Kapnosa, 1950), npsAMbie — N0 ypaBHEHUIO
P=6%(1+26)?/ K (1 - 0)", oTBenarowuemy auccomma-
THBHOM aiCcop6LMK a30Ta, KOra KaxIblid aTOM 3aHHMaeT
11Ba ancopOLMOHHEIX UEHTPA HA OHOPOAHON TOBEPXHO-
ctu [Ostrovskii V. Dokl. Phys. Chem. 1989. Ne 307.
P. 1165). Ludpsi HAa pUCYHKE OTBEHAOT HOMEPaM H30-
TEPM B AHCCEPTALMH
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Ha puc. 2.12 nokazaHo cOnocTaBle€HHE HU30TEPM C 3KCTIEPUMEHTAIIb-
HBIMHU JaHHBIMH, MONYy4YeHHBIMH B paboTe PoMaHyIIKHHON M ONMMCaHHbI-
MM TaM Jorapudmuyeckoif n3otepMoi. [lpuBencHHBIH pUCYHOK MOKa3bI-
BaeT, YTO 3TH AaHHbIE BIOIHE MOTYT OBITH OMHMCAaHbl H30TEPMaMH, BhIBE-
JIEHHBIMH JUIA OMHOPOJHOH MOBEPXHOCTH.

H3omepma Ppeiinonuxa

C umenem DpeifHanuxa cBSI3aHO IMIHUpHYeckoe M Haubonee paHHee
yPaBHEHHe H30TepMBI aficopbuuu

0=p-P/", (2.65)

rae n > 1, a mapaMeTpsl 74 3 OGBIYHO YMEHBIIAIOTCS C MOBBILIEHHEM
Temnepatypsl. KoHctanTta B 06b14HO Konebnetcs B LIMPOKHX Mpeienax.
DusuyeckHif CMBICT CTaHOBMTCA ACHBIM, €ClM NpUHATH P=1, Torma B
npeicTaBnser cobOi BenM4MHY CTENMeHHW MOKPBITHA MpH PaBHOBECHOM

AaBJICHHH, DAaBHOM €IHHHIIE. ITokasarenr — XapakTepu3yeT CTelNeHb
n

npubminkeHus u3orepmsl k npsamoit. Koadguuuents! ypaBHerns Opeiin-
JUIMXa JIerko HaiTH rpaduyecky Mo U30TepMe, MOCTPOEHHOM B Jorapug-
MHYECKHX KOOpAHHaTaxX 1q8 -1gP:

196 =198 +—IgP. (2.66)
n
OTpe3ok, OTCeKaeMblil NpAMOH Ha OCH KOOpAMHAT, OyZ#eT npencTaB-

nath 1qf, a TaHreHc yria HaK/IoHa npsMoi k ocd abecuuce — —.
n

Jins onucanus usotepmsl [ THIA ¢ moMoubio ypaBHeHus Ppeitnpnu-
Xa, KOTopoe mpencTaBnseT coboif ypaBHeHMe Napabonbl, HeoOXOAUMO

NPUHATH NP ManbIX AaBIeHUAX ko3(puuueHT — = 1, a npu Gonbuux —
n

paBHbIM Hymo. TakuM 06pa3om, KOHCTaHTa — JOJDKHA MO CYLIECTBY
n

ABNAThCA pyHKIMel P.
Honroe Bpems ypaBHeHHe DpeiHIIMXa CUUTANOCH IMIIMPHYECKOH
¢opMynoi, omMChIBalOLIEH HEKOTOpble M30TEPMbI ancopOuMH. AHanu3
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3aBUCHMOCTH, Bemyllell k cTeneHHo uzotepMe Ppeitnimxa, 6bu1 Bnep-
Bble naH 3ensnosuuem [16]. OH, ucnonp3ys npeacTasnesus o 6uorpadu-
4eCKOM HEONHOPOJHOCTH MOBEPXHOCTH, O KOTOPhIX Mbl TOBOPUIH BhILIE,
ZloKasajl, YTO €CJIH NOBEPXHOCTh 3KCMOHEHLMATLHO HEOAHOPOAHA 1O Te-
mioTaM aacopouuy, To HU3oTepma aﬂcopﬁuuu Ha TaKo#l NMOBEPXHOCTH B
HEKOTOPOH 06acTH NMOKPHITUH MOBEPXHOCTH agcopbaToM OyleT onuch-
BaThCs IKCMOHEHLMaNbHON (yHKIMell ¢ mpexHell oroBopkoii 06 sHTpo-
nuy afcop6uuu. Beisox ypaBHeHus OpeliHanyxa, JaHHbIH 3enbJ0BHYEM,
CBOJMTCS K CJEAYIOIIEMY.

HOBerHOCTHBlC HEHTPbI paaGnBamTcx Ha HECKOJIBKO THUIIOB, KaX-
Jbiii M3 KOTOPBIX XapaKTepH3yeTcs olpeneieHHOH TennoToil ancopbLuy
H BBINOJIHEHUEM MOACIIH H3HI‘MIOpaZ

O _pppep .V @2.67)

YuuteiBas 3TO, MOXXHO 3aNHCaTh:

q
» /RT
6. =

S (2.68)
1+, -7 . p

Ecnu Ha noBepXHOCTU MMeeTcs IV, LICHTPOB, KOTOPBIE ONMPEAE/AIOTCA

ypasncHueM (2.68), To obmas crenexs 3anonHeHns @ Gyner npeicras-
JieHa, Kak

7 — (2.69)
2N
Bonpiiioe Yucjio ueHTpOB Ha HOBCPXHOCTH MO3BOJIACT cyMMﬂpOBaHHC
3aMEHHUTH HHTCFpHpOBaHMeM

Iq)(q).bo.e%zr. P, g
1+6b,-e/R0 P

[ p(g)dg

(2.70)

>
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rae ¢(q) — HekoTopas ¢yHkuus g. UMenHo 3aech 3enpaoBuu caenan
OCHOBHOE HOMyLIEHHE O TOM, YTO JOJISl Y4acTKOB C OMNpefesieHHOH Ten-
NoTOM axcopOuMM IKCMOHEHUHAIBHO YMEHBILAETCs ¢ pPOCTOM TenOThl
azfcopbuuu, T.e. PyHKIUA pacripeie/leHUs UMEET BUA

¢(4)=C'e %‘;qg =g,—Clné. 2.71)

Jlns obnacTu nasneHui, NpU KOTOPBIX 3allOJHEHHE YYacTKOB C Mu-
HUMaNBHOH TennoTo# agcopOLuu HeBenuko, peieHue ypasHeHus (2.70)
JIaeT BIpaKEeHHE, TOXAeCTBeHHoe ypaBHenuio Ppeitnamixa

Ing= Eln P+ const (2.72)
9o
WK
0=p0-Pn. 2.73)

YpaBHeHHe PpeltHEXa MOXHO BBIBECTH M TEPMOJHHAMUYECKUM
nyteM. 310 656110 crenasdo Pupunom [12] Ha oCHOBaHUM ypaBHEHHS H30-
Tepmbl 'n66ca npy ycnoBuy, 4To H3MeHeHHe CBOGOHOM MOBEPXHOCTHOM
SHepruu npu agcopbuuu rasa dF nponopiUoHaNEHO U3MEHEHHIO 06bemMa
dV ancop6upoBaHHOro rasa u aGComOTHOM TeMnepartype:

dF = -nRTdV (2.74)

T7ie n — KOHCTaHTa. IHTerpupoBaHUe 3TOr0 YpaBHEHUs IPMBOJMT K
— =nRT. (2.75)
v

Ecnu ¥ — uncno Monekys, ancop6upoBasHbIX Ha 1 oM NOBEPXHOCTH,

TO OHO PaBHO Z’ rae A — momank, NpUXoAILIAicsS Ha ancopbupoBaH-
HYIO MOJIEKYNY, ¥ YpaBHeHHe (2.75) npuHUMAeT BUA

F-A=nRT. (2.76)

370 YpaBHEHHE aHANOTHYHO YPABHEHHIO COCTOSHUS IS HI€AJILHOTO
rasa B TpeXMEpHOM npocTpaHcTse. [loacTapnss BenuunHy dF u3 ypasHe-
Hud (2.74) B ypaBHeHue ancopbuuu [n66ca



1 dF

yo .9 @77
RT dinP
ToJIy4aeM BbIpAXKEHHUE
- 2.78)
dinP

KOTOPOE NMpPH MHTErpUPOBAHHM JAET

(2.79)
rae P — koHCTaHTa.

Onnako ponyuieHue, conepxalleecs B ypaBHeHuU (2.74), sBnsercs
JIOBOIbHO COMHHTENBHBIM, T.K. CHUIbl, 00YCJIOBIMBAIOLIKE pacLIMpenHe
uIeanbHoOro rasa, M Cullbl, 06ycnoBiAMBaIOLIME XeMOCOpOLHMIO, UMEIOT
pasHyto npupony. Hekotopsle afcopbLHOHEBIE CHCTEMBl TIOLYHHSAIOTCS
3TOMY YPaBHEHHIO, HO KOHCTaHTa 7 00BIYHO NPEBBILIAET EAUHHULLY TOJIBKO
TOrAa, KOrAa Npu agcopOuuMM NPOMCXOAMT ZUCCONMALMS; NMPH 3TOM 7
[PUMEPHO PABHO YMCIy PaAMKANIOB, 06pasyloLIBXCs U3 KaxI0H MoJeky-
N ancopbupyemoro BeuecTBa. OfHAakO Takoe OOBACHEHHE HEMPUMEHH-
MO K CMCTEMaM, MOAYMHAOLIMMCS ypaBHeHUI0 MpeiHanuxa, HO Uit KO-
ToprIx 1 gocturaer 10 unu 15 npu ancopbunn HeGoNbIINX MONEKYIT.

TakuMm obpa3oM, ofHO# W3 AByX (QyHKNMiA, norapudmuyeckod unvi
3KCMOHEHLMANBHOHA B UX MpocTo# HopMe, MOXHO ONMUCATh NPAKTHUECKH
N6y HenpephiBHYIO GYHKLHOHANBHYIO 3aBHCHMOCTD, TPOU3BOAHAS OT
KOTOpOi He MeHseT cBOi 3Hak. OJJHaKO BO3MOXKHOCTb ONHCATh KaKyko-
J1160 3aBUCUMOCTb OJJHOH U3 3THX (QyHKLMII HU B KOEM Cllydae He JOCTa-
TOYHA JUIA CY)XKAEHUS O MEXaHM3Me ABJIEHUs, ONUCHIBAEMOTO paccMaTpH-
BacMbIMH (byHKHMﬂMM, €CJIH KOHCTAHTBI, ONpEACIAIOLINE BUI (byHKU,HO-
HaNbHOH 3aBUCHMOCTH, He oOmnpeleieHbl U3 HE3aBUCHMBIX 3KCHepu-
MEHTOB.

B 3akmoueHue pasfena Heo6X0AMMO OTMETHTh, YTO KPOME OMUCaH-
HBIX YPaBHEHHH MMEIOTCs elle W Jpyrue, BblBe[EHHblE IJIsl OMUCaHUs
M30TEpM MEPBOro THMA, MOHOMOJEKYIApHOH aacopbuuu. K HUM oTHO-
carcs uzotepMbr Paynepa — IyrreureiimMa, Kucenesa, I'enbdanma —
Mpuwa — JleGosuua U apyrue. 34€Ch OHU HE PACCMATPUBAIOTCA, HO 06-
parum BHMMaHME Ha clefylolee. Y paBHEHUs U30TEPM CyLISCTBEHHbI 11
Tpex uefeif: kak cnocob onucaHus ABJNEHMs M AanbHeMlIero MUCmosb3o-
BaHHUsA JTOr0 ONMCAHKS AN NpPaKTHYECKHX Lienedl — pacyerta aacop6epos,
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TEIUIOT aAuabaTU4YecKoro pa3orpesa, KOJIUYeCTB TpebyeMoro agcopGeHTa
JUIs KAaKHMX-TO Lienei, BBIYMCIEHHA TEeMIepaTypHbIX IPaHHL] JUIS BBIMOJ-
HEHMA OIpe/IeNIeHHbIX aJIcCOPOLMOHHBIX 3a1a4 M Mp., KaK CPEACTBO MOHU-
MaHHs PHPOABI MPOLIECCa U KaK MPOMEXYTOUHOE CPEACTBO ANS pelle-
HHUA Gosiee CIOXHBIX, 4eM agcopOums, 3ama4 (HanpuMep, CBA3aHHBIX C
KaTanu3oM, [{ns BBINIOJHEHHs 3TUX 3aja4 BaXKHbI TPU (hakTopa: MpocTo-
Ta ypaBHEHHs (YeM Mpollie ypaBHEHHe, TEM OJHO3HaYHEe MOXHO peLlaTh
3afaud, [ KOTOPBIX YpaBHEHUs MpeIHa3HAY€Hbl, U aHATU3UPOBATH pe-
3yJbTaThl) U OIIOpPA YPaBHEHUS HA KaKUE-TO TOYHO BBIABICHHbIE U XOPO-
110 OrpaHHYeHHble ABNEHUA. UTO KacaeTcs XeMOCOpOLMH, TO HAcTOsIHE
paBHOBECHS MOXCHO M3MEPUTh Ha MPAKTHKE JajeKo He BCEraa, MO3TOMY
TIpeXx e 4eM OMUCHIBATH Pe3ybTaThl M30TEPMaMH, HYXHO BbIOpaTh Moj-
XOJALIME TEMIIEPATYpBl, loka3aTk 0OpaTUMOCTH (1eCOPOUMOHHBIMH OITbI-
TaMM), OTCYTCTBUE NMOGOYHEIX ABJEHHUI (YaCTO UMEIOT B CUCTEME JIOBYII-
Ky M Ty#a 4To-TO AecopOupyercs ¢ ofpaslia, YTO He aHaJH3HpyeTcs) U
otcyTcTBue aubdy3un BHyTps 06pasua u o6patHo. Toneko mocne Bcero
3TOr0 €CTh CMBIC/I MPUMEHATh U30TEPMB], HHAue BCE BBIBOJBI MOIYT OKa-
3aThCA HEKOPPEKTHBIMH.
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HNPHMEPDBI 1 3AJAHMSA

Ilpumep

B Tabn. 1 npuBeneHsl pe3ysbTaThl 3KCNEPUMEHTANBHBIX MCCIIE0Ba-
Huif agcop6unu CO Ha cmoge npu 90 K. [IpoBepHTh, ONUCHIBAIOTCS JIM
9TH 9KCNepUMeHTallbHble JaHHble ypaBHeHneM JIanrmropa (2.20). Pac-
CYUTaTh TOCTOSHHBIE ypaBHeHMs JIaHrmiopa. IIpoBepuTh ypaBHeHHUs
Témkuna, Opelinanuxa u ypasvenue Jlanrmropa (2.58) ans nanHoit an-
COpPOLMOHHOM CHCTEMEL.

Tabnuya 1
P10% a10°, P-10%, a10’, Pla
MM pT. CT. MMOJIL/T Pla MM pT. CT. MMOJL/T

1.23 2.39 5.16 45.3 7.27 62.3
1.97 3.88 5.08 54.5 7.50 72.7
5.66 4.68 12.09 71.3 7.49 95.2
7.56 5.31 14.24 79.1 7.94 99.6
10.5 5.73 18.32 105.9 8.16 129.8
22.8 6.34 35.90

Pewernue

1. TTo axcnepuMenTanbHBIM HaHHBIM Tabn. 1 ctpoum H3oTepMy aa-
copOuuu B koopaunarax a — P (puc. 2.13)




Jna npoBepku, ONUCHIBAETCH JIM AaHHAsA U30TepMa ypaBHeHueM JIoH-
rMiopa (2.20)

bP
"1+bP’

HEoOXOAUMO HCTIONB30BATh JIMHEHHY0 (opMyny ypaBHeHus JIsHrmiopa
(2.38)

P 1 P
a ab a,

[POU3BECTH MOCTPOEHHE SKCMEPUMEHTANBHEIX JJAHHBIX B KOOpAMHATaX
Pla — P, npeaBapuTenbHO paccyuTaB BenuvuHy P/a. (B nanHoM npumepe
OHa mpejcTaBneHa B Tabn. 1). M3 puc. 2.14, rpadmuecku onpenenseMm
TAaHIEHC yr/a HAaKIOHA MPAMOH U OTPE30K, OTCeKaeMblif PSMOii Ha OCH
abcuuce, 1A HaXOXIEHHWA KOHCTAaHT ypaBHeHUs JIsnrMiopa mo dopmy-
nam (2.39)

1 1
d:——' tga = —
0 ab g a,
(20-5)
Pacuer nokassiBaer, uto tga = ————— =117,
(14-12)-10

1 -3 MMoTb
=—=8510" ——
117
Ortpesok, oTcekaeMblii NPAMOii [0 OCH OPAHHAT, KaK CIEAYeT U3 rpa-
¢uka, paeH 3. Torna 3anuuem

TOrJa a,,=

1

=—; b ==
33 a, b 33-85-10°

Kak cnenyet u3 puc. 2.13 u 2.14, nannsle no agcop6iuu CO Ha cnio-
Jie OMUCHIBAIOTCA ypaBHeHHeM M30TepMmbl JIanrmiopa. OnHako UHTEpECHO
MOCMOTPETh IPUMEHEHHUE APYTHX YPABHEHU, PACCMOTPEHHBIX B AAHHOM
CeMHHape, K yKa3aHHBIM 3KCIIePUMEHTANIbHBIM JaHHBIM, J{JId 3TOro BHe-
CeM HeoOXOnMMble JaHHBIE B TabNl. 2 M cle/laeM [OCTPOEHHE B KOODAH-

Hatax (Ina -In P) - ypasuenus (2.65) u (2.66); B koopaunatax (a —
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InP) — ypaBHenue (2.55) u B koopamHatax (——— w/}’ ) — ypaBHEeHUs
a
(2.58), (2.59).

Puc. 2.14. U3orepMma ancopOumm okcuaa yraepoaa (2)

Ha cmone npu 90 K B koopavuarax Pla— P

Tabruya 2
Z K]
P10 a0, Pla InP ma | P” | (P
MM DT, CT. | MMOJB/T

1.23 2.39 5.16 —4.40 —6.04 0.11 46.03
1.97 3.88 5.08 -3.93 -5.55 0.14 36.08
5.66 4.68 12.09 -2.87 -5.36 0.24 51.28
7.56 5.31 14.24 -2.58 -5.24 0.27 50.84
10.5 5.73 18.32 -2.25 -5.16 0.32 55.85
22.8 6.34 35.90 —1.48 -5.06 0.48 75.71
45.3 7.27 62.3 -0.79 —4.92 0.67 92.16
54.5 7.50 72.7 —0.61 —4.89 0.74 98.67
71.3 7.49 95.2 -0.34 —4.89 0.84 112.15
79.1 7.94 99.6 —0.23 —4.84 0.89 112.09 |
105.9 8.16 129.8 0.057 —4.81 1.03 12623 |
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inP

Puc. 2.15. Hsorepma ancopbunu okcuaa yrieposa (2) Ha cmoze
npu 90 K B koopaunarax Ina—InP

nP

Puc. 2.16. U3orepma ancopbuuu oxcuaa yriepona (2) Ha cmone
npu 90 K B koopaunnarax a — InP




20

0 0.2 0.4 08 08 1 1.2
P2

Puc. 2.17. H3otepma ancopbumnu okcuaa yrieposa (2) Ha cnoae

upu 90 K B koopaunarax VP Jp
a

Kak BHAHO M3 MOJNYYEHHBIX 3aBHCHMOCTEH, afcOpOLIOHHas cHCTeMa
CO/cnona my4ie BCero ONMCHIBAaeTCs ypaBHEHHEM H30TepMbl JIsHrMiopa
(220). [Ins Gonee KOPPEKTHOro 3aKJIIOYEHHs HEOOXOMMMO paccyHTaTh
K03(hpULHEHTE! KOppeNALUH NPAMBIX, a TaKke HMETh (Ha YTO yKasblBa-
JIOCh B TEOPHH K CEMHHApy) CBe[ieHHs O TEIUIOTaX U 3HEPrusxX akTUBALUH
azcopbuuu.

3adanue 1
Umerotcs cnepyromye faHHeie 1o aacopbuun CO Ha ApeBeCHOM yr-
ne nipu 270 K:

P, MM pT. CT. 100 200 300 400 500 600 700
Viem® 10.2 18.6 25.5 314 36.9 41.6 46.1
TIpoBepHTh, MOAYHHAIOTCA JIM 3TH JaHHBIE YPaBHEHUSM H30TEPM MO-

HOoMonekynapHo#i aacopOuun? PaccunTaTe NOCTOSHHBIE YPaBHEHHs, KO-
TOPBIMH OTIMCHIBAETCA JAHHAi M30TEpMa.

3adanue 2
B pesysnbTate U3yyeHus ancopOLMH a30Ta Ha aKTHBUPOBAHHOM YTJIe NpH
—78.5 °C 6bU1M TIONY4EHEI ClIEAYIOLINE 3KCIIEPUMEHTANBHBIE JaHHBIE:
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P,MMpT.cT. 14 46 135 253 518
V, em/r 5.06 14.27 23.61 32.56 40.83
I[TpoBepuTs, kakoMy ypasHeHuto — JIanrmiopa, Témkuna nin Opeiin-
JJIMXa — NOMYMHAIOTCA 3KCTIEPUMEHTaNbHbIE NAaHHBIE, H pacCYMTaTh MO-
CTOSIHHBIE ypaBHEHHUS.

3aoanue 3
Paccuurats nocrosHuble ypasHenus JIsHrMiopa amcopbuud aprosa
Ha yrie npu —78.5 °C, ec/ii U3BECTHBI CIEAYIOUHE NaHHbIC:
P, MM pT. CT, 19 24 542 984 129 218 295
v, eM/r 3.77 5.09 10.02 15.56 18.81 24.84 28.14
IpoBepuTh, ONUCHIBAIOTCA JIM 3TH SKCHEPUMEHTANbHbIE JaHHbIe
ypaBHeHMsMHU TémkuHa, @peltnanuxa.

3aoanue 4
HmetoTes creayromue gaHHele 110 afcop6uun Bogopoga Ha MnO npu
444 K:
P, MM pT. CT. 3 22 48 77 165
V, em? 57.1 833 950 981 1009
ITpoBepUTh NOTYHHAEMOCTb ITUX AAHHBIX ypaBHEHUAM JIsHMIOpa,
TémxkuHa, OpeitHanuxa, OcTpoBCKOTO.
HaiiT nocTosiHHBIE YpaBHEHHUA.

3acanue 5

HmeroTes cnefyomue AaHHble N0 ancop6LuUi BOLOpOAa Ha OKCHAE
MapraHUa npu temneparype 305 K:

P,mMMpr.cT. 44 51 63 121 151 230 269

V, eM’ 156.9 160.8 163.8 167.0 169.6 171.1 171.6

IpoBepuTs, NOAUMHAOTCA M 3TH NaHHBIE ypaBHeHUAM JIsHrMiopa,
TémkuHa 1 Opeltnanuxa. HaliTy nocTosHHBIE ypaBHEHHS.

3aoanue 6

JlaHbl 3KCTIepMMEHTalbHBIE Pe3yIbTaThl U3YYeHUs XeMocopOLMH BO-
JIOpoia Ha MEAHOM NOpOLIKe npy Temnepatype 25 °C:

P, MM pr. ct. 0.105 0.170 0.295 0.325 0.540 0.890 1.065 1.765 2.15

V, e 0.239 0.464 0.564 0.559 0.659 0.761 0.800 0.941 0.995
P,mmpr.cT. 3.62 451 745 9.58 2048
v, cM? 1.121 1.160 1.281 1.300 1.471
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IMpoBepuTh, MOTUHHAIOTCS M 3TH JaHHBIE ypaBHEHHMAM JIsHrMiopa,
Témxuna, Ppeiitmnuxa. HaiiTh KOHCTAHTHI ypaBHEHHS.

3aoanue 7

Hwmerorest cnepyrouve nanHole no agcop6uuu CO Ha JpeBECHOM yr-
ne npu 270 K:

P MM pr.cT. 100 200 300 400 500 600 700

V, cM’ 102 186 255 314 369 416 461

[TpoBepuTh, MOOUMHSIOTCS JIM 3TH NaHHLIE ypaBHeHUsM JIDHIMIOpa,
Opeitnanuxa, TéMkuHa, OcTpoBCKOro.

3aoanue 8
OKcnepuMeHTanbHble JaHHBIE 1O aacopbuuM a3oTa Ha xeinese (To-
Jy4eHbl DMMETOM U prHayapOM) npu Temneparype 396 °C.

Ne P, V,em’ 1gP gV PV
o/n MM PT. CT.
1 25 2.83 1.397 0.451 3.0976
2 53 3.22 1.724 0.507 3.4000
3 150 3.69 2.176 0.567 3.8380
4 397 4.14 2.598 0.617 42110
5 768 4.55 2.885 0.658 4.3850

[IpoBepHTH, KAKOMY YPABHEHHIO M30TEpMBI MOHOMOJNEKYJSIDHOH aj-
copOLKMK TOAYHHSIOTCS 3TH IaHHEIe.

3aoanue 9
HmMmelotes cnepyiomue JaHHBIE 0o ajcopbumM  Bojopoja Ha
MnO/Cr,0; npu Temneparypax 305 u 444 K:

T=305K T=444K
JaBnenue, Bemuuna JlaBnenue, Benvuuuna
MM PT. CT. ancopbimm, cM’ MM PT. CT. ancopbuuy, oM

44 156,9 3 57,1

51 160,8 22 83,3

63 163,6 48 95,0
121 167,0 77 98,1

151 169,6 165 1009
230 171,1

269 171,6

[IpoBepuTh, MOAUMHSIIOTCS JIM ITH JaHHbe ypaBHEHUsAM JI3HrMIOPa,
Opeiinannxa, TémMkuHa.
Haiit x03)()MIeHTE] YypaBHEHHS.
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3adanue 10
OKCepUMeHTalIbHBIE JaHHble M0 XeMOCOpOLMU BONOpPOfa Ha Mel-
HOM nopouuxke npu 25 °C:

Ne P, Bemmunna Inp InvV PV
n/n MM PT. CT. ancopbumu V, cm’
1 0.105 0.239 -1.254 —1.431 0.439
2 0.170 0.464 -1.172 -0.768 0.366
3 0.295 0.564 -1.221 —0.573 0.523
4 0325 0.559 -1.124 -0.583 0.581
5 0.540 0.659 -0.616 —0.417 0.819
6 0.890 0.761 —0.166 -0.273 1.169
7 1.065 0.800 0.063 -2.223 1.331
8 1.765 0.941 0.568 —0.061 1,876
9 2.150 0.995 0.765 —0.005 2.161
10 3.620 1.121 1.286 0.114 3.229
11 4.510 1.160 1.506 0.148 3.888
12 7.450 1.281 2.008 0.048 5.816
13 9.580 1.300 2.800 0.262 7.369
14 20.480 1.471 3.019 0.386 13.922

IMpoBepuTh, NOQUUHAIOTCA JIM 3TH AaHHBIE ypaBHeHUAM JIsHrMiopa,
Opeitnanuxa, TémkuHa,

3aoanue 11

Hmerotea cnepyromue gaHHele no agcopbuuu ¢peona Ha ALO; s
xpomaTtorpaduu (ALO; —I):

Oxcnn Pogee 10% MM pT. CT. o 10°, Mome/M”

37 0.30

0.58 0.48

ALO; -1 0.78 0.69
0.98 0.80

1.81 1.52

2.69 2.05

3.56 2.34

ITpoBepuTh, MOAYMHAIOTCA JIM 3TU JaHHble YpaBHeHUAM ['eHpu, JIou-
rmiopa, Opeitnpnnxa, TéMxuHa.

3aoanue 12

Hmerotea cnenyomue gaHHele no agcopbuuu ¢peoHa Ha okcupe
anoMuHus coctaBa 98% ALOs; 2% C (ALO; - II):
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Oxcun Py 105, MM pr. ct. | 0°10°% mons/m*
0.41 0.42
0.60 0.61
AlLO, -11 0.81 0.81
1.01 1.00
1.49 1.43
2.15 1.85
2.87 2.17

TpoBepUTh, NOAUUHSIOTCA N1 3TU JaHHLIE YpaBHeHUsaM [eHpu, JIaH-
rMiopa, Dpeitnanuxa, TéMxuHa, OcTpoBCKOTO.

3aoanue 13

HMerotes cnenyromme naudble no agcopOuuu ¢GpeoHa Ha okcuie
amoMHUHUsA coctaBa 98% Al,Os; 2% Al (ALO; —I1I):

Okenn Poga’ 10%, MM pT. CT. a'10°, Mons/M®
0.32 0.32
0.51 0.52
0.90 0.88
AlLO; - 111 1.62 1.50
2.04 1.78
2.55 2.00
3.20 2.18

[1poBepUTh, MONUUHSAIOTCSA M 3TH JaHHble ypaBHeHUsM ['enpH, Jiou-
rmiopa, pelinanmxa, TémkuHa, OCTPOBCKOTO.

3adanue 14

B Tabnuie npencraeneHbl SKCIEPUMEHTANLHEIE JaHHbIE 110 ancop6-
uuu ¢peoHa-22 Ha OKCHIE MarHus, MOJYYEHHOrO NpH MPOKANKe rHApo-
KCMa MarHus npu Temnepatype 500 °C.

OKCHL | Ppggu’ 10°, MM PT. CT. a-10%, Moas/M*
0.31 0.11
0.68 2.02
1.13 2.57

MgO -1 1.76 3.09
2.45 3.47
3.88 3.68
3.94 3.68

[1poBepUTH, IOAUUHAIOTCA JIU 3TH JaHHble ypaBHeHUsaM ['enpy, JIou-
rmiopa, Opeinanuxa, TémkuHa, OCTPOBCKOTO.
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3aoanue 15

B TaGIIP[LIC NpEeACTABICHB! IKCIIEPUMEHTAILHLIE JAaHHBIE 110 ancop6-
1Mu $peoHa-22 Ha OKCHAE MarHus, MOJy4YeHHOro NP NPOKAIKe MMApPO-
KCHJa MarHus npu temmneparype 360 °C.

Oxcun Py’ 107, MM pT. CT. o-10%, Mons/M®
0.42 1.09
0.55 1.37
0.61 1.46
MgO-11 0.81 1.87
1.09 2.38
2.15 3.29
3.81 3.62

TIpoBepuTh, NOAYUHSIOTCA JIM 3T AaHHbIe ypaBHeHHsM IeHpH, JIau-
rMiopa, Opeiinanuxa, TéMkuHa, OCTPOBCKOrO.

3aoanue 16

B Tabauue npeAcTaBieHbl IKCIEpPUMEHTaNbHbIE JaHHBIE N0 aAcopb-
MM QpeoHa-22 Ha OKCUJE MarHus, MONy4E€HHOro MpH MpoKaike rHApo-
KCHia MarHus npu Temreparype 500 °C.

[T Proer 10°, MM pT. CT. | 0 10°, mons/m®
0.38 0.43
0.50 0.66
0.68 0.92
MgO - 111 0.89 1.20
1.51 1.69
2.87 2.13
3.55 2.14

T1poBepuTh, MOAYMHSAOTCA JIM 3T AaHHbIe ypaBHeHUAM [eHpH, JIoH-
rMiopa, Opeiinanuxa, TéMkuHa.

3aoanue 17

B Tabnuue npeacTaBieHB! KCTEPUMEHTaNbHBIE AaHHbIE ancopOumuy
CH,4 va momutodope K-67. Tloctpouts rpaduk usorepmsl ancopbiuuw,
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Ne n/m Prssss MM PT. cT._| a'10%, vmons/r
1 0.027 0.13
2 0.050 0.20
3 0.075 0.40
4 0.11 0.96
5 0.23 1.33
6 0.33 1.44
7 0.43 1.49

Kakum ypaBHeHHeM omuchbiBaeTcs H3oTepMa?

3aoanue 18
B Tabnuue npencTaBlieHB! 3KCHEPUMEHTANLHBIE JaHHbIE ancoOpOLMU

CH,4 na momunodope CdS. Iloctpours rpaguk H3oTepMbl ancopGuuy,
T =19.5°C.

No Pranms a10%
n/n MM PT. CT. MMOJIB/T
1 0.011 0.02
2 0.029 0.10
3 0.036 0.15
4 0.124 0.85
b 0.193 1.40
6 0.275 2.81
7 0.307 4.03

KakuM ypaBHeHHeM OMUCEIBaeTCA u3oTepMa?

3aoanue 19

B Tabnuue mnpeacTaBicHb! 3KCIEPHMEHTANLHBIC JaHHBIE ajzcopbuuu
CH; na momunodope K-67. Tloctpouts rpadux H30TepMBl ancopbuu,
Ton=18°C.

Ne Praan, a'10%,
n/n MM PT. CT. MMOJIB/T
1 0.015 0.04
2 0.048 0.30
3 0.118 0.62
4 0.211 1.57
5 0.329 3.17
6 0.447 3.48
7 0.486 3.19

KakuM ypaBHEHHEM OINMCHIBAETCA U30TEpMaA?
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3adanue 20
B TaGJmue MpeJCTaBleHbl 3KCNEPUMEHTANbHbIE JaHHble acopOuuu
noHoB Zn** na momuHodope ZnS-CdS-Ag. Hoctpouts rpadux u3oTepmel

afcopbuuu.

Ne /n C, a-10%, mons/r
1 0.890 0.220
2 0.651 0.198
3 0.452 0.096
4 0.349 0.052
5 0.245 0.193
Onucmaae’rcx JIM JaHHad H30TEpMa YpPaABHCHHEM HSHPMEOpa?

Opeitngnuxa?
PaccuuTtaTh KOHCTaHThl ypaBHEHHUH.

3aoanue 21

B 'ra6maue NpeACTaBIeHbl SKCIEPUMEHTAILHBIE [aHHbIe ancopOiLuu
uoHoB Be’ Ha momuHotope ZnS-CdS-Ag npu 22 °C. IlocTpouts u30-
TepMy agcopOuuu.

Ne n/n C, a'10*, mons/r
1 1.21 0.39
2 0.76 0.39
3 0.53 0.35
4 0.41 0.32
5 0.26 0.24
6 0.16 0.15
7 0.10 0.05
OnuceiBaeTcs /1M JaHHas M30TepMa ypaBHeHHeM JIsHrMropa?

Dpeiingnuxa?
PaccuuTaTh KOHCTaHThI ypaBHEHHUA.

3aoanue 22

B 'raGmme NpeJCTaB/eHbl SKCNEPUMEHTANbHEIE JaHHble ancopOuuu
HOHOB (NO;) Ha oMuHodope ZnS-CdS-Ag npu 20 °C. IocTpouts n3o-
TepMy afcopOLuH.
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Ne /n [ a10”, Mons/r
1 0.101 38
2 0.202 17.0
3 0.282 218
4 0.403 28.2
5 0.685 35.0
6 1.008 39.6
7 1.130 40.3

OnuceiBaeTcss N JaHHas M30TepMa YypaBHeHueM JIsHrmiopa?
Opeitanmxa?
PaccyuTaTh KOHCTAHTHI YPaBHEHMUS.

3aoanue 23

B Tabnuue npencTaBneHsl SKCEePUMEHTANbHbIE JaHHBIE afcopOiuu
monos NH," Ha momunodope ZnS-CdS-Ag npu 23 °C. IlocTpouTs rpa-
¢uK u3oTepMBbI afcopbLMN.

Ne n/nt C, a10*, mon/r
1 0.193 -
2 0.192 0.4
3 0.191 0.7
4 0.190 1.2
S 0.186 3.1
6 0.183 5.0
7 0.176 7.2

OnuceiBaeTcs JiM JlaHHas u30TepMa ypaBHeHHeM JIsHrmiopa?
Opeituanuxa? PaccunTaTe KOHCTAHTHl ypaBHEHHA.

3adanue 24
PaccyuTaTs NOCTOAHHBIE YpaBHEeHUs JIsHrMIOpa ancopOLUMy aprosa
Ha yrie npu —78.5 °C, eciu M3BECTHbI CIIEAYIOLINE JaHHbIe:

P, MM pT. CT.... 19 24 542 984 129 218 295
V,eMfr..nn. 3.77 5.09 1002 1556 1881 24.84 28.14

[TpoBepHTH, ONUCHIBALOTCA JIM 3TH IKCIIEPMMEHTANIbHBIE JaHHbIe
ypaBHenusamy TémkuHa, PpeliHanuxa, JIsurmiopa?

3aoanue 25

Hcnone3ys sMAMpUYEcKOe ypaBHeHHe afacopGuun 6 = p}{' C KOH-
crantamu B = 0.023, 1/n = 0.4, nocTpouTs M30TEpMy ancopbuuu CO; Ha
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aKTMBMPOBaHHOM yrne npu temnepatype 313 K B unreppane naBaeHu#H
ot 300 no 4000 Ila.

3aoanue 26
Kaxcapiii 1 M? crrosl ancopbupyeT onpesieNieHHOe KoNuuecTso ¢oc-
reHa npu temneparype 273 K. Pe3ynbraTel npuBeeHbI HUXE:
P, ITa 0.37 0.91 1.58 3.15 7.53
6, Mr/m’ 0.123 0.197 0.258 0.327 0.366
Haiitu koHcTanTh! ypaBHeHHMsa JIsHrMropa M afacopbuuio rasa mpu
nasneduu 5 Ia.

CEMHHAP 5. Kunernka aacop6uun, Meroabl pacaera Hepruu
AKTHBAaLHH ajcopbuun
Cxapocmyb adcopbyuu u decopbyuu 6 modeau /I3nemiopa

B pamkax HauGonee pacrnpoctpaHeHHOH Moaenu JI3HrMiopa KuHe-
THKa aJcopOunu mpeacTaBnaseTcs TakuM obpaszom: ecnmu N — 4HCIO ak-
TUBHBIX LIEHTPOB aAcopOLMK Ha MOBEPXHOCTH, N — uucno aacopbupo-

BaHHBIX MOJIEKYJ, TO CKOPOCTH aIlCOpGLIHH OMMUCHIBACTCA BBIDAXKEHUEM

‘fi—]:'= a-P(N'-N)- BN =v,-v,, (2.80)

rae a:p.%m;ﬁzv-e

Tepsriii unen ypasHenus (2.80) npeacrasnser co6oii uucno mose-
Kyn, IpUXOAAUIMX M3 ra3oBoii ¢asel 3a 1 ¢ Ha 1 cM® noBepxHoCTH (CKO-

pocTh ancopOuUMK V,), a BTOPOii YIEH BRIPDKAET YHCIO MOJIEKYJI, YXO-
JAMMX C MOBEPXHOCTH B rasoBylo a3y ¢ TOH ke MIOaaM U 3a TOT Xe
TIPOMEXYTOK BpeMeHu (CKOpocTh fiecopbuuu v, ); m — Macca ancopGu-
poBaHHOH Monekynbl, S — ee 3¢ deKkTuBHas niIoLanb; O — BEPOSATHOCTE

TOrO, 4TO ra3oBas MOJIeKyNa, MOMaBlias U3 rasa Ha ancopGUMOHHBIH
LIEHTP MOBEPXHOCTH, OKAXKETCH 3aKPEIUIEHHOH Ha HeM; V — BEPOATHOCTH
JdecopOuMu ana aacopOMpOBaHHOW MONEKYIbl, OTHECEHHAs K EAMHHUIE

BPEMCHH; BEJIMYMHA i — 7 — BpEMS XXKU3HHU rasoBoit MOJIEKYJBI B aACOD-
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GMPOBAHHOM COCTOSHUM; g — IHEPrHsi CBA3M aACOPOMPOBAHHON YaCTULBI
¢ ancop6UHOHHBIM LeHTpoM (audPepeHImanbHas TennoTa aacopoLmm).
VpasHenue (2.80) MoxxeT 6bITh 3aNUCAaHO Yepes CTENeHb 3al0NHEeHHA
B opme
do
a7=k" -P(1-68)-k, 6, (2.81)

£, -E,
1] d,
rme k, =k -e /RT,akd=k2-e Ar.

k, v ky— KOHCTaHTBI CKOPOCTH ancopbuuu U AecopOLKH;

E, n E;— 3Hepruu aktuBauuu ancopbuuu u necopbumu.

HuTterpupys nepBoHayaisHoe ypaBHenue (2.80) npu HavyanbHBIX yc-
noeusx N = 0; ¢ =0, nonyyaem

=——7il-e ) (2.82)
1-7¢&
P
IIpu nocrarouy”o manbix ¢ N<<N , uTorga

—=q-N"-P Wl — =P, (2.83)
dt dt

Jins onHOponHOH NIOBEPXHOCTH CKOPOCTH XeMocopbuuu u Jaecopb-
MM MOKET GBITH 3allcaHa Taloke B BUAE YPaBHEHHH:

-E,
v,=x-n,-S-(1-6)-P-e /RT, (2.84)

_Ed
dexd'nx'S'H‘e AT’ (2.85)

raie n, — YACJIO LEHTPOB Ha 1 M (ripu aacopbLHK aTOMOB Ha YMCTOH MO-
BEPXHOCTH METALIOB N, ~ 10 M'Z); § — yZeneHas MOBEPXHOCTh; X — 1
HM 2 — nopsaox aacopouu.

Takas kunHeTHKa yacTo HabmonaeTcs B AEHCTBHTENBHOCTH, HO Jlaie-
KO He Bcerza.

CKopocmb MHOZOUeRmMPO8oii adcopbyuu

PaccMOTpeHHe, NpHMBEJEHHOE BbIlIE, OTHOCHTCS Kk aacopbuuu Ge3
JLUCCOLMALIMK ¥ B Clly4ae, KOria afcopbUpyoiLascs MOoJeKyia 3aHUMaeT
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OJIH MOBEPXHOCTHBIH LeHTp. Mexay TeM B 60OIBLIMHCTBE CUCTEM, B KO-
TOpPBIX MPOMCXOAUT XeMocopOLMs, afcopOupyioliascs MOJeKysa 3aHu-
MaeT 6osiee OIHOro IIOBEPXHOCTHOTO LIEHTPa MM AUCCOLIMMPYET Ha aTo-
Mbl, KOKABIH M3 KOTOPHIX 3aHMMaeT OJMH, ABA, a BO3MOXHO, M TPU az-
COpOLIMOHHBIX LIEHTpa, ecld aAcopOUpYyeTcs TPeXBaAeHTHBIN 3/1eMEHT.
Bo Bcex 3THX CllyyasX CKOPOCTh XeMOCOPOLMM JOIKHA CHUXKAThCA ObI-
CTpee, YeM MPONOpLMOHANBHO 3HaueHuo (1 — 0), T.k. Ang xeMocopOuuu
HEOOXOAUM He OAMH aACOPOLMOHHBIA LEHTP, a HyXHO, YTOObI pAAOM C
HUM Ha HYXKHBIX MECTaX OKa3ajuChb HeOOXOAMMBIC NOMONHHTENbHbBIE
cBOOOAHbIE UEHTPEL. BepOATHOCTE TOro, YTO CYHIECTBYET OJMH CBOGOA-
HEI LEHTp NponopLUoHanbHa 3HaveHuw (1 — ). BeposaTHocTu Toro,
YTO PALOM €CThb BTOPO#, TPETHif U T.I. CBOOOAHBIE LIEHTPEI, IPONOPLIUO-
HaBHBI KXK/as y)Ke HEKOTOPBIM APYTrUM (HYHKIMAM OT 6, a BEPOATHOCTH
TOTO, YTO BCe 3TH CBOOOJHBIE LIEHTPHI UMEIOTCA PANOM Ha HYXHBIX Mec-
Tax, MPONOPIMOHAIbHA POU3BEIEHHI0 BeposTHocTeil. Ha crioco6 pacue-
Ta 3TUX BEPOATHOCTEil BIMSET W TO, MUTPHPYIOT JH ancopOUpOBaHHbIE
4acTHULB! U HAXOOUTCA JIM KaXKAas afcopOUpoBaHHas MoJeKyJla Ha MNo-
BEPXHOCTH KaK eAWHas 4aCTHLAa MJIM OHa pachajaeTcs Ha aTOMBI U 3TH
aTOMBI CBOOOJIHO MUTPUPYIOT MO MOBEPXHOCTH. [loaToMy mpenckasaHue
cKopocTeit XeMoCOpOLUM peaNbHBIX MOAEKYJ aHATUTUYECKUMHU ¢opMmy-
JlaMM — HempocTas 3ajaya U COOTBETCTBYIONIME YPABHEHMS JUIA PasHbIX
MEXaHM3MOB aJCOPOLIMM NOMXKHBI CYIIECTBEHHBIM 06pa3oM pa3nuyaThes.
Hanpumep, ckopocTth xeMocopbuuu OeH30:1a, MOJeKysla KOTOPOTo 3aHH-
MaeT ceMb afcOpOLMOHHBIX LIEHTPOB, H CKOPOCTh JUCCOLIMATHBHOM xe-
MocopbLMHM BOJOpOZA, KaXKABI aTOM MOJeKylbl KOTOPOTO 3aHUMAaeT
OLHMH aJICOPOLMOHHBI LEHTP, HENPABUIBHO GbUIO GBI MBITATHCA ONMUCATDH
OZHMM M TEM K€ YpaBHEeHUEM.

AHanuTHYecKoe onucaHue CKOPOCTH MHOIOLIEHTPOBOH apcopbuuu —
cTapas 3afaua. BrepBele 1711 yacTHOTrO chyyas AUCCOLUMATUBHOMN ancopb-
LIM¥ BOJIOPOJA, KOI/ia KaXKIBli aTOM 3aHUMAeT OJHO MeCTO, Gbu1a pelueHa
Pobeprcom ¥ Munnepom [1], KOTOpble MOJY4HIM I CKOPOCTH XEMO-
copbLuH v, cleayloliee ypaBHEeHHe:

va=ag P(1-0)[z/(z-9)], (2.86)

rae z — YUCJIO NOBEPXHOCTHBIX LIEHTPOB, KOTOPBIE MOryT OBITH nepexpol-
ThI aiCOPOMPOBaHHOM MoJIeKyJI0# nipu ee nosopoTe Ha 360° oTHOCHTENB-
HO LIEHTPAILHOrO (3aKperIeHHOro) MOBEPXHOCTHOTO LEHTpa; o'y — af-
copOLMOHHSIH KO3 PHLIUEHT.
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B nanenefimem mapanuch npuGAmKEHHbIE PEILEHHs U U1 HEKOTO-
PBIX IPYTUX 4aCTHBIX MEXAHH3MOB XeMOcOpOLHH, HO B Haubonee obei
dopMe perienue paccMaTpuBaemoii 3aiauM s PA3NHUHBIX MEXaHH3MOB
xemocop6uuu 6b110 naHO OcTpoBckuM M TEMKHHBIM B pamkax NpHOIH-
*keHus bete B paGoTax, UMTMPOBABLINXCs B MPEABLIAYIUEM CEMHHape (ce-
muHap 4 [9,15]). YpaBuenue

Va=0o(n, Z)otg P(1 - 0)" {z/[z—(n~-1)0]}"""  (2.87)

JiaeT CKOpOCTh XeMOocopGLMH Ul Takoro mnpoliecca, Koria Kaxpas af-
cop6HpoBaHHas MOJIEKyJla 3aHUMAET Ha IOBEPXHOCTH 7 AACOPOLIMOHHBIX
LEHTPOB 63 IMCCOLMALHH WM KOr[ia OHa JUCCOLMHpYeT, Ho 06a aToMa
MUTPHDPYIOT, OCTaBasCb pPAJOM HJIM HE MHIPHPYIOT BOBce. 3ieck »n—
KOJIMYECTBO NMOBEPXHOCTHBIX LEHTPOB, KOTOpHIE 3aHHMAaeT anacopbupo-
BaHHas MOJIEKYna; o'(n, z) — CTATUCTHYECKas KOHCTAHTa, KOTOpas 3aBH-
CHT OT 77 M z; 0U'p M Z HMEIOT TOT XKe CMBICIL, YTO U B ypaBHeHUH (2.86).

VpaBHenue (2.86) nomyyaercss u3 (2.87), ecnu NpHHATD 1 =2, NpH
atoM o'(n, z) = 1.

Jna xeMocopbuuyu 6eH3ona Ha ceMH afcOpOLHMOHHBIX LEHTpax IpH
n=7uz=18 nomyyaem

va=o op' P(1~0) {3/3-8]}%, (2.88)

npu 3toM a'(n, z) ~ 0.001, T.e. HanMuKMe 3TOro KO2pPHULMEHTA CHIDKAET
npumepHO B 1000 pa3 3¢dexTUBHOCTL COyAapeHHii MONEKyN ¢ MOBepX-
HOCTBIO IIPH XeMOCOPOLIHH.

Jins xeMocop6LHH KHCIIOPOMa, KOTAA KaXias MOJEeKyia XeMocopou-
pyercs Tak, YTO KaKIblii aTOM 3aHUMaeT JBa aNcOPOLMOHHKIX LieHTpa Ha
rpaHu kpuctanna (111) (cM. puc. 2.11 B cemunape 4), T.e. Monekyna B
LIEJIOM 3aHUMaeT YeThIpe aAcOPOLHOHHBIX LIEHTPa; YPaBHEHUE HMEET BUA

va=02 o' P(1-6)'[2/2-0)]" . (2.89)

DTHM ypaBHeHMeM OBUIH OMUCAHBI CKOPOCTH X€MOCOPOLMH KHCIIO-
pozna Ha cepebpe, u3mepennsie Jlo6posonsckum [2]. (Prc 2.18.).

CkopocTs 1ecopOUMH MpPOMOPLHOHANbHA CTENEHH MOKPHITUS IO-
BEPXHOCTH, €CIIH MOJeKkynbl xemocopGupytorcs 6e3 auccouuanny. On-
HaKO B TeX CJIyyasX, KOra XeMocopOIus AMCCOLMaTHBHAs, a AecopOuus
MPOMCXOLHUT B pe3yNsTaTe peKOMOHHAMH XeMOCOPGHPOBaHHBIX ATOMOB,
310 He Tak. B pabore [3] momyveHo B npubamkeHuH bete cnenpyiolee
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YPaBHEHME I CKOPOCTH PEKOMOMHATHBHOH necOpOLMM M3 HETOUBUX-
HBIX TJIEHOK:

vi=k 20 {[1+(z-2)0]/(z-0)}. (2.90)

r-107%%, molec. Oy/s m’ hPa
12-]

Puc. 2.18. 3aBHCMMOCTB CKOPOCTH X€MO-
copOLMH KHCI0poaa Ha cepedpe OT cTene-
HH TOKPBITHS NOBCPXHOCTH: KpHBas pac-
CyMTaHa o ypasHeHuiO (2.89), Touku —
9KCIIEPHMEHTANIBHBIE HaHHbIE

=~

3710 ypaBHeHHe npeAckasbiBaeT Gosiee GHICTpOE MaZieHUE vy 1O Mepe
yMeHbLIeHHs 6, YeM ypaBHEHHE

(2.91)

KOTOpOE€ CHpaBe[UIMBO B Cllyuyae OTCYTCTBMA Aucconmauuu. Hanmpumep,
eciu z = 6, u npu usmeHeHuu 6 ot 0.1 mo 0.8 3HaueHue v, coryiacHo
ypaBHeHHio (2.90) yMeHbiiaerca B 16 pa3, a COracHO YpaBHEHHIO
(2.91) — nvue B 5 pas.

310 paccMOTpeHHe MOKa3bIBaeT, YTo OBICTpOe MafeHHe CKOPOCTH Jie-
copOLuM C MOKPBITHEM OTHIOAB He 00A3aTENbHO CBA3AHO C HEOXHOPOJ-
HOCTBIO ITOBEPXHOCTH.

Ypasnenue Pozunckozo — 3envoosuua

B paje ciydaeB kuHeTHKa aacopbuu, B 6olee HiM MeHee LINPOKOH
obnacTi 3anosiHeHHOH, ONKCHIBAETCA YpaBHeHMeM PorumHckoro — 3elb-
Josu4a (nipu P = const):

TIe C M Y — KOHCTaHTBI.
TMocne unterpupoBanus (2.92) umeem
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N(t)=—In (2.93)

X |~

HIIK Yepe3 CTCIIeHDb 3anoJIHEHUs

(2.94)
0 =k-n(t+1,).

TIpumenuMocTe ypaBHeHUs Poruuckoro — 3esa0Buua K 607b1IOMy
YUCIYy 3KCIEPUMEHTANBHBIX AaHHBIX ObLIa MokasaHa pAZoOM HCCIeZOBa-
Tenedl. B HekoTopeIX ciyyanx (afcopbuus kucnopona Ha TiO,, Ha ZnO u
JIp.) BBINOJIHSETCS YpaBHEHUE THNa

VYpasHeHue 3enpaoBuya — POruHcKoro Ans ycnoBuii, xoraa agcop6-
111 TPOUCXOAHUT NIPU NIEPEMEHHOM JAaBiieHuH (4], uMeeT BUA

v, =k, P exp (g 9). (2.96)

3To ypaBHEHHE MOXET ObITh BHIBENEHO, €CIH MPHHATH, YTO B HEKO-
TOpOil 0051aCTH M3MEHEHH MOKPBITHI MOBEPXHOCTU ancopbaToM, KOTO-
pyI0 Ha3Balu o6NacThiO CPeHUX NOKPLITUM, MOBEPXHOCTH JIMHEHHO He-
OJHOpPOZHA MO TemoTaMm aacopbuuu. Ha ocHoBaHuu 3TOr0 66110 NpHHS-
TO CHUTATh, YTO €CJIM CKOPOCTh XeMOCOPOLMH Kakoro-nubo agcopbara Ha
KakoM-TH60 ancopbeHTe omuchiBaeTcs ypaBHeHMeM 3enbaoBuua — Po-
TUHCKOTO, 3TO O3HAuaeT, YTO TeIIoTa XeMocopOLMK AaHHOro afcopbara
Ha JaHHOM aJCcOpOEeHTe MEHAETCsS NMHEHHO C NOKPBITHEM, T.e. MOBepX-
HOCTb JJAHHOTO aacopbeHTa paBHOMEPHO HEOAHOPOLHA.

Opnako B.E. Octposckuit [5] nokasan B 1989 r., uto ypaBHeHue
3enpaoBMYa — POTMHCKOrO ONMCBHIBAET B HEKOTOPOH 00JacTH CpegHUX
TIOKpBITHI TNOBEPXHOCTH TalOK€ M MHOIOLIEHTPOBYIO XeMmocopbuuio Ha
OJHOPOJHOM MOBEPXHOCTH, @ 3TO O3HAYAET, YTO BBHIIONHAEMOCTH 3TOTO
ypaBHEHUs IIPU ONMCAHUM CKOPOCTEH XeMOCOPOLUM HE MOXKET CIyXKHTh
JI0Ka3aTeNIbCTBOM TONBKO HEOZHOPOJHOCTH MOBEPXHOCTH. PaccMoTpum
3TO AOKa3aTeNbCTRO.
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Crenyer BBIACHHTB, OZMHAKOBO MJIM NO-pasHOMY 3aBUCHUT OT 6 Cko-
pOCTb XeMocopOLMH, ONKCHIBaeMas B 061aCTH CpeHUX NOKpEITHiE ypaB-
HeHHeM 3enbaoBUYa — POrMHCKOro U KakUM-1H60 ypaBHEHHEM AJiA CKO-
POCTH MHOTOLIEHTPOBO# XeMOCOpOIMH (aHANMTHYECKH 3Ta 3aBHCHMOCTh
ONMUCHIBAETCSA [0-Pa3HOMY, HO 3TO €llle He 3HA4YUT, 4TO (hakTHYecKUe 3a-
BHUCHMOCTH OT 6 B OorpaHM49eHHON o6nacTu u3MeHeHus O paznuyHsl). Ec-
M OKaxeTcsd, YTo (pakTHuecKHe 3aBUCHMOCTH B kakol-To obnacTu no-
KPBITHI OAMHAKOBEL, 3T0 6yJieT 03Ha4aTh, YTO B 3TOM 00JIACTH NOKPHITHI
paccMarpHBaeMsle (DYHKIMHM HEpasNUYUMEBI U YTO BHINOJHUMOCTBH H30-
TepMsl 3enbaoBHYA — POTHHCKOrO B 3TO# 06NacTH H3MeHeHHit 6 He sBa-
€TCA I0Ka3aTeIbCTBOM HEOJHOPOJAHOCTH IOBEPXHOCTH.

Cpasnenue ypasnenuii Pozunckozo — 3envoosuua c ypasneHusmu
xXemocopbyuu na 0OROpoOHON nosepxnocmu
MHOZOAMOMHBIX MONEKYPL

VpaeHenue 3enbaoBuya — POrHHCKOrO MOXKHO NPEACTABUTH B BUAE
vi—k,Pexp(-g0) 2.97)
WK nocJie TorapuMHUpOBaHus
Inv,= In(k,P)—g¥6. (2.98)

C atuMm ypaBHeHueM Mbl GyleM CpaBHMBAaTh ClelylOHIHE TPH YpaB-
HEHUs /11 CKOPOCTH MHOTOLIEHTPOBOM XeMoCOpOIHH:

1. YpaBrenue ans cnydas takoil XeMOCOpOUMH JBYXaTOMHEIX MOJe-
Kyl C guccoldandedl UX Ha NMOBEPXHOCTH, KOTAA KaXIBIA H3 agaTOMOB
3aHMMaeT 1Ba aJcOPOIMOHHBIX liEHTpa C 0Opa3oBaHMEM MNOABHMAICHOM
TUIEHKH, BBIBEEHO B [S5]:

Va=ka P(1-0)' 2/ (z—0) . (2.99)
3nech uneH, 3aBHCANIHIL OT 0,
£i®) =1 -0)'2/(z-0); (2.100)

2. VYpapHeHHe Ins ciydas, KOrza xeMagcopOuUpoBaHHas MoOjeKyna
3aHUMaeT /1Ba afCopOIMOHHBIX NEeHTpa 6e3 AUCCOLMAlMK MIH eclM OHa
JMCCOUMHMPYET, HO 00a afaToMa MUIPHDYIOT, OCTaBasCh PAIOM, MIM He
MHEIPHpYIOT BoBce [6]:
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va=k, P(1-0)*z/ (z-6). (2.101)
3neck uneH, 3aBucsmuii ot 9 [10],
£,(0) =(1-0)Yz/(z—9). (2.102)

3. YpaBHeHuHe /1% QUCCOLMATHBHOMN afcopOLuM IBYXaTOMHBIX MOJIE-
Kyl ¢ 06pa3oBaHHEM MOABIDKHBIX IUIEHOK, B KOTOPBIX KaxKibli amaTtoM
3aHUMaeT OJIMH MOBEPXHOCTHEIH LieHTp [7],

Va=k, P (1-6)% (2.103)
3nech 4ieH, 3aBUCSAIMi oT 9,
£(0) =(1 -0y~ (2.104)

Ha puc. 2.19 nokasano, 4yto B koopauHaTax 6 npotus Ig f(0) kaxnas
n3 dynkumii £1(0), /2(0) u f3(6) MoxeT GBITH aNNPOKCUMHPOBAHA MPAMBI-
MH JIMHUSMH B MHTepBane nmokpeituii ot 0.1 no 0.5-0.6. D10 o3Hauyaer,
4YTO BCE PaCCMOTPEHHBIE CIy4ad MHOrOLIEHTPOBOM XeMocopOLHU Ha On-
HOPOAHO} MOBEPXHOCTH OMMCHIBAIOTCSA B YKa3aHHOH 06acTH M3MEHEHHUs
HOKPBITUH MOBEPXHOCTH, T.€. B 06JaCTH CpeHUX NMOKPBITHH, H30TepMOH
3enbaoBuya — Porusxckoro.

0.6-|0

Puc. 2.19. CkopocTb MHOTOLEHTPO- () 4-
BO XeMOCOPOLMM HA OHOPOJHBIX
NOBEPXHOCTAX; NPAMLIE IPOBEACHAL
10 paCCYHTAHHBIM Todkam: I~ f;(8);

210 3-£0) 02-

00 Ef©®] o

Takum 06pa3oM, BO3MOXKHOCTb ONMCAHHS IKCIIEPUMEHTANBHBIX JaH-
HBIX O CKOpOCTH XeMocop6IH H30TepMoii 3enpaosuya — Porurckoro He
ABJISETCS [0KA3aTeJIbCTBOM HEOJNHOPOJHOCTH MOBepXHOCTH. B npensl-
AylleM ceMHHape Mbl BUIAECIH, YTO OINHUCAHHE IKCNEPUMEHTANBHBIX NaH-
HBEIX O PABHOBECHH XeMOcopGLMH norapudMHueckoli H30Tepmoii ToXe He
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ABJIAETCS JOKA3aTeJLCTBOM HEOJHOPOLHOCTH MOBEPXHOCTH afcopOeHTa.
TakuM 06pasoM, pelarUMHU ABISIOTCS AaHHbIE O TEMUIOTax XeMocoph-
1My, a dopMmanbHbie METOBI, OCHOBAHHBIE HA MOAYUHAEMOCTH WIIH He-
MOAYUHAEMOCTH NAHHBIX O PaBHOBECHAX HIIM CKOPOCTAX MPOLECCOB
(opmanbHBIM ypaBHEHUSM, HE MOTYT PacCMaTPUBATLCA B Ka4eCTBE JOKa-
3aTeNbCTB NMPU pELIEHHH BOTMPOCA O TOM, OAHOPOIHA MJIM HEOJHOPOLHA
MOBEPXHOCTb.

Yipaeuenun onn ckopocmu aocopbyuu u decopbyuu
Banuxema — Bapma, Keana
Kpome paccMOTpeHHbIX, U3BECTHO MHOXECTBO IPYrHX (opMalbHBIX
ypaBHEHUH, NpEINOoXKEHHBIX JUIA OMMCaHUA CKOpOCTed Xemocopbuuu.
Tak, BO MHOruX Ciy4asx KMHETHKa ancopOuuy B 06NacTH HE CIULIKOM
GobILMX 3anoJHEHUt yNOBIETBOPSET TaK Ha3biBaeMOMY 3akony BaHxe-
Mma:

A4
—=k"-P.6” (2.105)
dt

UJIM B MHTErpanbHoif dopme
O=c-t'". (2.106)

TMocnenHee ypaBHeHe HOCUT Ha3BaHHe ypaBHeHus BaHxema — bapra.
CkopocTb fecop6uuy AN OXHOPOLHBIX TOBEPXHOCTE}! BhipakaeTcs
ypaBHeHueM JIaHrMIopa

v, =k, 6, (2.107)

_Eﬂ
rnek, =k, -e AT.
=Ky

Jns kuHetnkd Aecopbuuu B oOnacTd cpelHMX 3anoiHeHuit JIan-
TMIOp MPEANIOKHUIT YPaBHEHHE HA HEONHOPOAHOHR MOBEPXHOCTH
v, =k, e, (2.108)
rae ky, p — NOCTOSHHBIE.
CywecTsyer ewe ypapHenue KpaHa jis cKOpocTH AecopOLyH € 3KC-
NMOHEHIHAIBHO HeOﬂHOpO)IHOﬁ MMOBEPXHOCTHU:
— k" .0
v,=k;-07, (2.109)

rae k,, B, N — NoCTOsHHbIE.
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Memoost ipacuema 3nepzuu akmusayuu adcopbuyuu u decopbyuu
DHEprul aKTUBALUMM afcOpPOLMM  PACCUMTHIBAIOT TO YPABHEHHIO,
aHaNIOrMYHOMY YpaBHEHHUIO AppeHuyca:
-E y
0 )
k,=k,-e /", (2.110)

rae k, — KOHCTaHTA CKOPOCTH anCOpGLHM; E,

~ 3Heprus aKkTUBALMK
0
ancop6umy; K, — NpeXdKCNOHEHIMANBHEIA MHOXMTEb.

Iocne norapupmuposaHus ypasHenus (2.110) nonyyaeM ypasHeHHe
npsMoit

Ink.=Ink, —-_ . 2.111)
RT

[MocTpoeHne  SKCNEepUMEHTANBHBIX  JAaHHBIX B KOOPAHHATAX
Ink, — — nossonser paccunrate E, AHAIOIHYHbLIM MYTEM PACCHHTHI-

BalOT JHEPrHIO aKTHUBALMH ,U,GCOp6LUAPI.
B neGonpmom HHTEpBaJic TEMIEPATYP, CHUTAA 3HEPrUIO aKTUBaLlMH
HOCTOﬂHHOﬁ, MOXXHO, TPOUHTErPUPOBAB YPABHCHHE

= E"z,dlnka=———2dT, (2.112)
aT  RT RT
OIpeae/INTh QHEPIrHIO aKTHBALUH M3 YypaBHEHHUS
. (T, -
e _EL 2T T’), (2.113)
k  R-T,-T,

roe k,u k, — KOHCTaHTBI CKOPOCTH ancOPOLMH, COOTBETCTBYIOLIME TEM-
neparypam 73 u 7, .

B [8] m3noxeH mpubnuxkeHHblH MeTon POrvHCKOro — «MeTox KOH-
TpoNUpylolleil Monockl» sl pacueTa 3HEPruy akTUBaLUMK ancopbuuu. B
60—-80-€ roap! OH JOBOJIBHO WMPOKO HCIOB30BAICH.

CyTb METOJa 3aK/II0YaeTcs B TOM, 4TO 1o dopme u3oTepmbl ancopl-
MM MOXKHO 3aKNIOUYUTh O XapakKTepe pacrnpelesieHns TenioT aacopouuy.
1 HAoOOpOT, 3Has (YHKILHIO pacnpeAcaeHHs, MOXKHO BBIBECTH COOTBET-
CTBYIOlllee YpaBHEHHe M30TepMbi azcopbuuu. Poruuckum 6bu1 mpeaso-
seH NMpUOIHXKeHHbIH oOLIMi METOR BhIABIEHHS CBA3M Mexny (pyHKuUHMs-
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MH pacrpesie/ieHus TenaoT aAcopOLMH U ypaBHEHHsMU H30TEPM aacopl-
MM, Ha3BaHHOM MM MeTOJOM KKOHTpOJHpYowel nonocs». MeTox NpH-
MEHHMM K MOBEPXHOCTH ¢ GONBIUMM pa3IMyMeM TeIIoT aacopbuuy, T.e. Co
3HAYUTENBHON HEOAHOPOAHOCTHIO. B 3TOM cilydae yyacTku ¢ GonpIIUMU
3HAYeHUAMH TEIIOT ancopbLUuH, IPH ONpeeNeHHOM faBiieHuH Py, GyayT
NPaKTHYECKH MOJHOCTBIO NOKPBITEI aJCOPOMPOBAaHHBIM BELIECTBOM, 2
YYaCTKH C MaIbIMH 3HAYEHUSIMH TEIUIOT afcopOUMH ocTaHyTcs cBoGon-
HbIMH. TIpOMexyTOuHble 3HAYEeHHs CTENEHH 3aNOoNHEHHS OTHEJbHBIX
YYacTKOB COOTBETCTBYIOT HEKOTOPOMY MHTepBany MiMeHeHus g. Obnac-
TH MOJIHOTO 3anoJHeHUs U CBOOOAHOM YacTH NMOBEPXHOCTH Pa3feIsIoTCs
061acThio, OTBevaroLeil y4acTkaM O CpeJHUMH CTENEHAMH 3al0HEHHS,
KoTopasi Gblia HasBaHa POrMHCKMM «KOHTpONUpYloleii nonocoi». 3Ha-
yeHuio 0 = 0.5 oTBeuaeT TouKa neperu6a KpUBOIi 3aM0NHEHHs B 06naCTH
«KOHTPOJHMPYIOLIEH MoJockl», a ypaBHeHHe JIsHIrMIOpa UMEET BUA,

by exP(qO%]'l ‘A

=05, (2.114)
1+, exp(q"%m l.p
U3 KOTOpOro clenyer
=—RTIn(p, P) (2.115)

Ilpx noBbILIEHMH AaBieHUS A0 P, KpUBas CTeleHeH 3anoiHeHus
CMECTUTCS BJIEBO M TOJOBMHHOM CTeNeHbo MOKPHITHA OyneT oTBedaTs
MeHbLUas TemIoTa.

qr: =—RT(b, - P,) (2.116)

dopma KpHBOH MpH 3TOM He U3MEHSETCs, KpUBas TONBLKO CABMIaeT-
csl, TaK KaK JOCTIDKEHHE NPY HOBOM JaBJIeHUH TOM ke BelUIHHBI O5 Mpo-
HCXOIUT AN BeeX Og NMPH 0MHAKOBOM U3MEHEHUH ¢, 8 KMEHHO:

4,4, =RT ln[% J 2.117)
2

TouHO Tak ke M3 3aBUCUMOCTH HEPaBHOBECHOM CTENEHH MOKPHITHA
OT BPEMEHH MOXHO HalTH QyHKIHIO pacnpeleneHus SHEPruy aKTHBALUK
Eg apcopOuuu 1o nosepxHOCTH HIIH MO U3BeCTHOM (yHKIMM pacnpesie-
JieHUs YCTAHOBHUTb BHJI KHHETHYECKOTO YpaBHEHHs afAcopOLHK.

B 3aBMCHMOCTH OT BEIMYMHBI SHEPrMH aKTHUBALMK aAcopOuuy Ha
Pa3MYHBIX yHaCTKax MEHAETCH Bpems JOCTHXKEHMsS ONpeAeNeHHOi cTe-
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MEHH MOKpPHITH. Mcxoas U3 ypaBHEHUs CKOPOCTH afcopOLIHK Ha onpefe-
JIEHHOM THIIE Y4acTKOB
s

chef- )07

dt (2.118)

In—
1_

0=ku-expL— ]~P-r.

RTI

3T0 cnpaBelIMBO B YCJIOBUSX, KOIla CKOPOCTBIO A€COPOLIMK MOXHO
npeHebpeus.

IMpu onpeneneHHOM BpeMeHH aacOpOUMH T) Y4aCTKU C MaIOi Benu-
YHHO# HEpPruM akTUBalUMH GYAyT MOKPHITEI MOYTH MOJHOCTBIO, @ YYacT-
KU ¢ 60JbIIO} dHepruell akTMBaLMM OCTaHYTCS MOYTH cBoGoaHBIMH. O6-
JaCTh MEPEMEHHOro MOKPHITUS M 06pa3yeT «KOHTPOJIMPYIOLLYIO MOJIO-
cy». Tlpu yBenuyeHUH BpeMeHH ancopbLHMH 10 T; KKOHTPOJIUPYIOLIAst
NON0Ca» CMECTHTCS BIPaBO Ha BEJHYHHY, OTBEYAIOILYI0 H3MEHEHHIO
SHEpPTHH AKTHBALIMH:

AE:RTlnT2T ) (2.119)
]

DHepruo akrupBalMy agcopOLMH B 3TOM CIIy4ae MOXHO pacCUMTarh
[0 YPaBHEHUIO

E =RT1n(k, ) 2.1200

Ilna pacuera mo 3Toli ¢opMmyne Heo6XOOMMO MOCTPOMTH KHHETHuE-
CKHe KpHBbIE B KOOpAMHATaX Juis AByXx Temneparyp T u Ty

— BennumHa ancopbumm a —spems - @ = f(z);
~ Benuunna agcopbumk a — In 7 @ = f(In7); nuneiHocTs STHX 3a-

BMCHMOCTEH MpejnosaracT paBHOMEPHO-HEOJHOPOAHBIH Xapakiep Mo-
BEPXHOCTH ancopbeHToB;

— BennuuHa aacopbuun a — RT In v a= f (RT In r); B COOTBETCT-

BHM C ypaBHeHHeM (2.119) npaMble B 3THX KOOPAMHATAX JU1A TEMIIEPATYP
Ty u T, DOMKHEBI OBITH NapatienbHbIMU.
Tak kak Npeanojaraercs, YTO SHEpPrus akTUBaLMU HE 3aBHCHT OT

Temneparypsl, To 11 Ty u T, ypasHerue (2.120) sanuiuercsa

E =E, =RT,In(z, -k,)=RT, In(z, - k).  (2.121)
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W3 3TOro COOTHOLICHUS U MCTIONB3YSI IIOCTPOCHHBIC TPA(hUKK 3aBUCH-
moctu (a — RT In 1), MmoxHO Ha¥itu Ink)

RT,Inz, - R Inz, (2122)

Torma sHeprust akTUBaLMK JUTSI JAHHOH BSIMYMHBI ancopOLmM Haxo-
qures 1o (opMyIaM ¢ UCHIOIB30BAHUEM BCC TEX KC TPaUUCCKUX 3aBH-
cumocreit (a —RT In )

E =RTInt, + R Ink,; E,=RTInz,+RT, Ink, (2.123)

MeTox «KOHTPOIMPYFOIIEH MOMOCh» POrMHCKOTO ABIACTCH MPUOIU-
JKEHHBIM M MOXET OBITh MCIIOIB30BAH KAK OLICHOYHBIM MPU PacyeTe SHEP-
MM aKTUBALMH aACOPOLIMH.
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INPUMEPBI U 3AJJAHUA
Ipumep

B Tabmuue mpeACTaBIEHBI PE3yJIbTATHI MCCACAOBAHUS KHUHCTUKU al-
copOLwu kucmopoaa Ha tomunodope K-67.
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No Ton, T, a 10% No Ton, T. a 10%,

o/ °c MuE | MMomb/M oo °C My | Mvoms/M
1 5 164 1 5 -
2 15 17.1 2 15 19.0
4 45 17.9 4 45 19.7
5 300 60 17.9 5 350 60 19.9
6 75 18.2 6 75 20.0
7 90 184 7 90 20.1
8 105 184 8 105 20.3
9 130 18.6 9 160 204
10 145 18.7 10 175 20.6
11 160 18.7 11 190 20.6
12 175 18.7 12 210 20.6

Paccunrars SHepruro akTHBaLMK aACOPOLIUU U €¢ 3aBUCUMOCTD OT Be-
JTUYUHBI aACOPOLIUM, UCTIONB3Y S YPABHCHUE AppeHUyCa.

Pewenue

HO JAAHHBIM, TMNPCACTABICHHBIM B Ta6m/me, CTPOUM KHHCTHUICCKUC
KPUBBIC aACOPOLIMHM KUCIOPOAa Ha TIFOMUHO(OpE LA YKa3aHHBIX B Tabmu-
ue Temneparyp (puc. 2.20).

Puc. 2.20. Kunetrka agcopOuuy Kucaopojia

Ha momuHOdope K-67
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Jins pacyera 3HEpruM aKTMBALMHM ancopOLMH KHcCIO0poga Ha JIOMH-
Hodope K-67 MoxHO Bocnons3oBaThes ypaBHeHueM (2.113), ecnu ume-

10TCA CBelleHus O KOHCTAHTaX CKOPOCTH afcopOuUMM MpH TeMIepaTypax
300 u 350 °C:

k, _E(1,-T)
k ~ R-T,-T,

Ecay Takux JaHHBIX HET, TO MOXKHO B NIPHBEJEHHOE YPABHEHHE BME-
cT0 K| 1 K, NoACTaBUTb 3HAYEHUs BPEMEHH afcopOLMM OJHOIO M TOro
e KoJM4ecTBa ajcopbara MpH pasHBIX TeMmneparypax. Jing sToro Ha
rpaduxe 3aBHCMMOCTH BETMYMHBI aficopouuu oT BpeMeHH (puc. 2.20)
BmﬁupaeM olpefie/leHHOe 3HaY€HHe BENHYMHBI afcopOLyHM, Hanpumep
175107 mmons/M?, IIPOBOAMM IIPAMYIO, NapajulebHyl0 ocH abcuucc
(BpeMeHH) uepes obe KkuHeTHueckue kpuBbie. M3 Todex mepecedyedus
OMyCKaeM MepEHIMKYNAPbl Ha OCh BPEMEHH H ONPEJleieM BpeMs, 32
KoTopoe npH Temrnepatypax 300 u 350 °C aJ:(cop6npoaa.rlocs Bmﬁpauﬂoe
KoJM4ecTBO Kucaopoga. U3 rpaguka BugHo, uro 17.5 107 MMonb/M® K-
cnopoza azcopbupyercs npu temneparype 300 °C 3a 20 MuH, a IIpH TeM-
nepatype 350 °C — 3a 4 mun. Tak Kak Bpems aficopOUMH M KOHCTaHTa
CKOPOCTH aacopOuuM HaxoiaTcs B oOpaTHOH 3aBHCHMOCTH, TO ypaBHe-
Hue (2.113) npuobpeteT BrJ

7 _E(-T)
7
HepeHMCLlBaeM ypaBHeHMe JJ1s1 ONIpEACICHUS SJHEPTUH aKTUBaLUU

In

n2.R. T-T,
E
H [IO/ICTABJIAEM B HErO MMetoIuecs y Hac AaHHble. [Tonyuaem:

In7-8.3-623.2-573.2
623.2-573.2 MOJIb
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Beibupas pasnuuHele BeMYKMHBI ancopOuuu (B Mpelenax MpeacTaB-
JIEHHOT O rpadrka), MOXXHO HATH 3HAYEHUA SHEPTHU aKTHBALUH a/icOp6-
LMH NPY pa3IMYHbIX MOKPHITHAX MOBEPXHOCTH.

3aoanue 1
B rTabnuue npeacraBlIeHE! pe3yNbTaThl HCCIEAOBAHUA KUHETHKH aji-
copbit CO Ha somuHodope Cd — BeO.

Ne Tons 7, a-10%, N | Ton T, a-10%
w/n °C MHH MMOJIb/M? /i °C | mun | mmone/M?

1 5 5.50 1 5 6.40

2 15 5.80 2 15 6.60

3 300 30 6.00 3 350 30 7.30

4 45 6.05 4 45 7.40

5 60 6.10 5 60 7.45

6 75 6.15 6 75 7.50

7 90 6.15 7 90 7.50

PaccunTaTh 3HEprur0 akTHBAlMM ancopOLMM W HAWTH ee 3aBHCH-
MOCTb OT BENHYUHBI 3[COPOLUH, MCMONB3YA ypaBHEHHe AppeHHyca H
METOJ] KKOHTPONHUpYIOLIe# Mosock» Poruxckoro.

3aoanue 2
B Tabnuue npeAcTaBieHbl pe3ynbTaThi UCCIEJOBAHUA KAHETHKH aJl-
copbuum kucnopoja Ha momuHodope Cd — BeO.

Ne Tons T, a-10%, Ne T on T, | a-10°%
/it °C MUH | MMOJIB/M> /i °C MuH | MMONB/M>
1 5 3.8 1 5 7.5
2 15 5.2 2 15 8.5
3 30 5.8 3 30 9.2
4 45 6.4 4 45 9.7
5 60 6.6 5 60 10.0
6 | 300 75 6.8 6 350 75 10.3
7 90 7.0 7 90 10.4
8 105 7.2 8 105 10.5
9 130 74 9 130 10.7
10 145 7.5 10 145 10.9
11 160 715 11 160 11.0
12 175 7.5 12 175 11.0
13 190 11.0

127



PaccunTars 3Hepruio akTHBallUM aAcopOLUHMM, HCHO/b3Ys YpaBHEHHE
Appenuyca. ITocTpouTth rpaguk 3asucuMoctd E, ot BenuuuHsl ancopb-
LIHH.

3adanue 3
B Tabnuue nmpeacTaBiaeHsl pe3yNbTaThl UCCNEJOBAaHMS KHHETHKH e~
copbuuu kucinoposa Ha momuHopope Cd — BeO.

Ne Ton T, D- 10°, Ne Ton T, D- 10°,
n/n | °C MHH | MMoms/M? n/n °C MuH | MMonb/m’
1 5 15.9 1 5 17.8
2 10 16.2 2 10 18.3
3 15 16.3 3 15 18.5
4 | 300 [ 20 16.4 4 350 20 18.7
5 25 16.5 5 25 18.8
6 30 16.6 6 30 18.9
7 45 16.6 7 35 18.9
8 50 16.6 8 45 18.9

PaccyuTaTh 3HEprul0 aKTHBALUMK AecOpPOLUH, UCIOJb3Yys ypaBHEHHE
Appennyca. Kakum ypasHeHHeM ONHCBIBAaeTCs KUHETHKA JecopOuMM B
JaHHOl cucreme?

3aoanue 4
B Tabnuue NpeacTaBneHbl pe3ynbTarbl UCCIEJOBAHUA KUHETHKH aji-
cop6uuu CO Ha momuHogope Cd — BeO.

Ne Ton T, a 10°, No Tom T, a 10°,

w/n °C MHH MMOIB/M? n/n °C MHH MMOB/M>
1 5 13.5 1 5 15.0
2 10 139 2 10 15.5
3 15 14.2 3 15 15.8
4 20 144 4 20 16.0
5 25 14.5 5 25 16.3
6 300 30 14.6 6 350 30 16.4
7 35 14.8 7 35 16.4
8 40 14.9 8 40 16.5
9 45 14.9 9 45 16.6
10 60 14.9 10 50 16.6

PaccyuTathe 3HEPrui0 aKTHBALMK afcopOLMM M ee 3aBUCHMOCTB OT
BEJIMYMHBI 3/1COPOLIMH, HCTIONB3Ys ypaBHEHHE AppeHuyca.
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3adanue 5
B Tabnuue npencraeneHsl pe3ynsTaThl HCCNENOBAHHS KUHETHKM ajl-
copbuuu CO Ha momunogope K-67.

Ne T z, a-10%, Ne T T, a-10%,
n/m | °C MUH_ | MMOJIb/M n/n | °C MBH | MMoJas/M
1 5 5.50 1 5 6.50
2 15 5.70 2 15 6.90
3 30 5.90 3 30 7.10
4 300 45 6.00 4 350 45 720
5 60 6.00 5 60 7.30
6 75 7.35
7 90 7.40
8 105 7.40
9 130 7.40

PaccunTarh SHEprul0 akTUBaLUMM ancopOuyU K ee 3aBUCMMOCTH OT
BENUYUHBl ancopbuUuy, UCMONB3ys ypaBHeHMe AppeHuyca. CpaBHUTH
[OJly4YeHHbIe JaHHble C PaCCUMTAHHBIMU MO METOAY «KOHTPOJMpPYHOILEH
OJIOCKI» POrMHCKOrO.

3adanue 6
B Tabnuue npenctaBieHbl pe3ynbTaThl MCCIEN0BAaHUS KMHETUKH Je-
copbuuu kucnopona Ha momuHodope K-67.

Ne Ton, . | D10° Ne Tom T | D10°

a/n °C MUH | MMOnB/M® wn °C MiH | MMONB/M®
1 5 294 1 5 35.8
2 10 31.2 2 10 37.1
3 15 31.9 3 15 38.4
4 300 20 325 4 350 20 39.2
5 25 33.0 5 25 39.7
6 30 33.2 6 30 40.0
7 35 33.5 7 35 40.3
8 40 33.5 8 40 40.5
9 55 33.5 9 45 40.5
10 60 40.5

PaccuuTaTh 3HEPryI0 aKTHBALMH AecopbLMM M ee M3MEeHEeHue, MC-
noJb3ys ypaBHeHUe AppeHuyca.
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3adanue 7
B Tabnuue npeAcTaBiieHbl Pe3YJIbTaThl HCCIEMOBAHUMS KUHETHKH Jic-
cop6uun CO Ha momuHodope K-67.

Ne T T, D 10° Ne Ton T, D 10°
wn | °C MUH | MMomb/M® n/n °C Min | MMome/M®
1 5 7.3 1 5 11.9
10 9.2 2 10 12.5
3 15 10.4 3 15 13.0
4 300 20 10.9 4 350 20 13.5
5 25 11.2 5 25 13.8
6 30 114 6 30 14.0
7 35 11.7 7 35 14.2
8 40 11.7 8 40 14.3
9 60 11.7 9 45 144
10 50 14.5
11 55 14.5
12 75 14.5

PaccuutaTh JHEpPruio akTHBAlMK AecOpOLUM M €€ M3MEHEeHMe, HC-
MoJB3ys ypaBHeHUE AppeHHyca.

3aoanue 8
B tabauue npencrabieHbl pe3ynbTaThl MCCIEN0BAHUA KHHETHKH afl-
copbuuu kucnopoga Ha momunodope Cd-(686),.

Ne Ton T, a 107 Ne Ton t, |a 10°
n/n | °C MHH | MMONB/M? wn | °C MHH | MMonb/m*
1 5 3.20 1 5 4.80
2 15 4.00 2 15 5.60
3 30 4.40 3 30 6.00
4 300 45 4.60 4 350 45 6.40
5 60 4.80 5 60 6.60
6 75 4.80 6 75 6.70
7 90 4.80 7 90 6.90
8 105 6.90
9 130 6.90

PaccuuTarh 3HEpru0 aKTMBalMM afACcOpOLUMM U €€ 3aBUCHUMOCTh OT
BEJIMYMHE! aNCOPOLMH, HCNIONB3Ys ypaBHEHHE APPEHHYCA U METOJ KKOH-
TpoAUpyIoueit monocen» Poruxckoro.
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3aoanue
B Tabnuue npeacTapneHbl pe3ynbTarThl HCCNEXOBAHUS KHHETHKH Jie-
copbuuu kucnopoaa Ha moMuHopope Cd-(686),.

Ne Tony T, D' 10°, Ne Ton T, | D 10°,
/o °C muH | MMonn/M® n/n °C MuH | MMoB/M®
1 5 9.6 1 5 11.1
2 10 9.8 2 10 11.3
3 15 10.0 3 15 11.5
4 300 20 10.0 4 350 20 1.7
5 35 10.0 5 25 11.8
6 30 11.8
7 45 11.8

Paccuntars 3HEPruI0 aKTHBALMM JHECOPOLMH M €€ 3aBUCHMOCTH OT
BEIMYHMHB] fecopOLUH, HCTIONB3ys ypaBHeHHe AppeHuyca. Cpenarb Bbl-
BOJIbI O XapakTepe ancopOLuM i COCTOSHUH NOBEPXHOCTH aicopGeHTa o
pesynbTaTaM pacyeToB, IPOBEAeHHBIX B 3afannix 8§ u 9.

3aoanue 10
B TaGJmue NpeACTaBJIEHbI PE3YJIbTAThl UCCIIEAOBAHUA KUHETHKH an-
copbuun kucnopoaa Ha roMuHodope Cd-244.

Ne Tons 7, a-10%, Ne T ons T, a-10%,
n/n °C MHH | MMOIB/M® n/n °C MUH | MMons/M?
1 5 0.46 1 5 0.88
2 210 10 0.64 2 250 10 1.14
3 15 0.68 L 3 15 1.20
4 20 0.70 4 20 1.24

[TocTpouTh KMHETHYECKHE KPUBBIE, M [I0KA3aTh, KAKMM M3 IPHUBEJEH-
HBIX B TEOPETHUECKO} 4acTH CeMHHAapa yPaBHEHMH OHH ONHCHIBAIOTCA.
PaccunTarh 3HEPryi0 aKTHBALMK afcopOLMH, UCIIONB3Ys ypaBHEHHE Ap-
penuyca.

3aoanue 11

B Tabnuue npeacraBneHsl pe3yNbTaTkl HCCIEA0BaHHA KMHETHUKH ajl-
copbuuu kucaoposa Ha momuHodope Cd-379.
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Ne Ty, t, |a-10°, Ne Toons r, |al0’,
n/n °C MHH | MMOnIB/M® n/n °C MHH | MMOIB/M®

1 5 0.23 1 2.5 0.30

2 10 0.37 2 8 0.53

3 14 0.46 3 13 0.60

4 210 20 0.53 4 250 23 0.64

5 25 0.55 5 35 0.67

6 30 0.56 6 50 0.69

7 40 0.56

IMocTpouTs KHHETHYECKUE KPUBLIE, U I0KA3aTh, KAKAM W3 MPUBEJEH:
HBIX B TEOPETH4eCKOH 4acTH CeMHHapa ypaBHEHHH OHH OMHUCHIBAOTCA.

Crenatb BHIBOABI O MEXaHU3ME a,ucopﬁunom-{oro npouecca.

3aoanue 12

B tabnuue npeacTaBjIeHbl Pe3ybTaThl UCCIEA0OBAHUA KHHETHUKH Jie-

copbuun kucnopoaa Ha moMuHogope Cd-380.

Ne Tom 7, | D10, N | Tom 1, | D-10%,
n/n °C MuH | MMosn/M? n/n °C mub | Mmonn/m’

1 8 0.23 1 5 0.36

2 18 0.48 2 15 0.63

3 210 25 0.53 3 250 23 0.69

4 35 0.55 4 35 0.73

5 50 0.55 S 45 0.76

6 60 0.55 6 58 0.77

7 65 0.79

8 85 0.81

9 100 0.84

10 125 0.86

11 140 0.86

PaccuuTaTs 3HEprul0 akTHBALKU JecopOLMM M ee 3aBUCHUMOCTb OT
BEJWYMHBI AecOpOLMH, HCTIONB3Ys ypaBHEHUE AppeHuyca.

3aoanue 13

B tabnuue NpEaCTaBJCHEI pPE3yabTaTbl UCCIACAOBAHUA KHHETHKH ali-

copbuuH kucaopoaa Ha momuHogope Cd-381.
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Ne Tors r, |a-10, Ne T ons T, |a-l0’,
n/n °C MHH | MMomE/M? n/n °C MuH | MMons/m®
1 5 1 5 0.60
2 10 0.40 2 10 1.20
3 15 0.46 3 20 1.58
4 20 0.48 4 32 2.39
5 25 0.53 5 45 2,70
6 150 30 0.53 6 250 75 3.02
7 35 0.53 7 85 3.10
8 105 3.23
9 135 3.28
10 155 3.28

IocTpouTs KUHETHMYECKHE KPUBBIE afcopOLMH, TIPOBECTH UX aHANU3.
Kakum KHMHETMYECKMM YpaBHEHMEM OHHM ONMCHIBalOTCA? PaccuutaTth
3HEPrulo aKTUBALMK afcopOLuu.

3adanue 14
B Tabnuue npeacTasnieHbl pe3ynbTaThl MCCAEAOBAHHA KMHETUKU aji-
copbuuu kucnoposa Ha momunodope Cd-375.

Ne Toms T, a-10°, Ne T ons T, a-10°,
/n °C MuH | MMons/m® w/n °C MMH | MMOnB/M’
1 2.5 0.56 1 2.5 1.62
2 2.5 0.57 2 2.5 1.72
3 2.5 0.59 3 5.0 1.92
4 250 2.5 0.60 4 400 2.5 2.01
5 5.0 0.60 5 3.5 2.45
6 7.5 2.45
10 2.45

[MocTpoUTE KMHETH4eCKHE KPHUBBIE aNcopOLIMM, IPOBECTH UX aHANU3.
Kakum kMHeTHYeCKMM ypaBHEHHEM OHHM ONMCHIBAIOTCA?

CEMHHAP 6. M30oTepMbl H TEOPHH NOJHMONEKYJAPHOH
aacop6nHH Ha TBEPABLIX TelaX. YpaBHEHHS HIOTEpM

Knaccuguxayun usomepm adcopbyuu

Jlo cux nop npu paccMOTPEHMH afcOPOLIMOHHOrO PaBHOBECHS MBI HE
BBIXOIMJIM 338 PaMKU¥ MOHOCIONHOI'O MOKPHITHS MOBEPXHOCTH aicopbeHTa
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MoJiekysiamMu ancop6ara. OIHakO MHOTOUYHMCIICHHBIE JKCIIEPUMEHTANBHLIC
JaHHble 0 Gu3nyeckoit agcopbuuy yKa3bIBalOT Ha TO, YTO MPH MOBBILIE-
HMM JaBNieHUs Mapa ajgcopbuMs He OrpaHU4MBaETCs OJHHUM CIIOEM, &
NPOJOIDKAET PacTH, epexos B 06BEMHYIO KOHAEHCAUHMIO, KOrja AaBe-
HHe napa afcopbara 61M3K0 K YIpYTOCTH HAaChILEHHOro napa axcopbara
npu Temneparype onsita. C. BpyHaysp, JI. [Jlemunr, B. emunr,
E. Tennep [1], 0600muB 3KCIIEpUMEHTANbHBIE AaHHbIE, NPEAJIOKHUIN
knaccuUKALMIO U30TEPM aficOpOLMM, OCHOBaHHYIO Ha aHanu3e ux ¢op-
Mbl. FIMH BBIZENIEHO MATH TUNOB M30TepM (puc. 2.21), M3BECTHBIX Kak
knaccudukauus usotepm BT win bpynayapa.

Puc. 2.21. Knaccudukaius uso-
tepMm BAAT. VI TN u3orepM
npeanoxen I'perom v CHHrom

OTHocuTenbHOe fasnexue, P/Ps

H3sotepmsl 1 THIa OTHOCATCS K MOHOMOJEKYISAPHO# ancopbuu, 3a-
KaH4MBarolelcs o6pazoBaHMEM MOHOCIION HAa MOBEPXHOCTU afcopbeHTa
(atot BUA ancopbuum GblT paccMOTpeH B ceMuHapax 4, 5). M3otepmsl 1
THIA, UMEIOIIME AOBOJLHO Pe3KUil oabeM NpH HEOOIBLIUX OTOCUTENb-
HBIX [JaBJEHUAX W HEKOTOPBIH MOABEM NPH OTHOCHTENBHBIX AABIEHHAX,
61M3KMX K €AUHULE, XapaKTepHbI [l (M3aACOPOLIMH B MHKPOIIOPUCTBIX
chcTeMax ¢ npeHebexumMo Mano# MOBEPXHOCTHIO MOP KPYMHBIX pa3Me-
poB. Ouu GynyT paccmotpeHsl ganee (cemunap 8). Tam xe Gyayrt pac-
cMOTpeHbl M30TepMbl IV U V THIOB, KOTOphlE YKa3blBAlOT Ha HalH4Me
Me30I0p Ha NOBEPXHOCTH aACOPOEHTOB M ABJIEHHE KalMJUIAPHOH KOH-
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nencauuu. Usorepmsl II u III TunoB XapakTepHbl IS HEMOPUCTBIX HIH
MaKponopHcThIX agcopbeHToB ¢ cunbHbIM (II) nnu cnabeiM B3aumozeicT-
BHEM aficopbat — afcopbeHT. C mo3uuuii MOHOCIOMHOTO MOKPBITHA TaKHe
H30TEPMBI OB BACHHTE HEBO3MOXKHO. 31ech TPeOYIOTCS HHBIE MOAXOMbI.

IMonumonexynapuas meopun Honanu

Teopus IMonsauu (1915 r.) ocHoBaHa Ha MpeACTaBNEHUM O MOTEHLM-
IBHOM MOJIE MOBEPXHOCTH TBEPAOIO TeJa, B KOTOPOE «II3JaloT» MOJeKy-
nbl ancopbara. [Tpu 3TOM axcopbupoBaHHbIA cloif mogobeH atMocdepe:
BOJIM3HM [TOBEPXHOCTH TBEPJOrO TeNla OH CXKaT, @ B HAPYXKHbIX COAX — pas-
pexxeH. Mnes moTenumansHoro nois 6bLia BbICKasaHa paHee OHKeHOM,
WneuHbM ¥ Ip.

B caMoM ILMPOKOM NMOHMMaHHUK MeXaHu3M axcopbuuu B Teopu Ilo-
JiTHH TpeAcTaBiseT coboif MexaHu3M, B KOTOPOM B3aHMOAEHCTBHE Mex:-
Iy ancopbatoM M ancopbeHTOM MPOMCXOAUT uepe3 OrpaHUuUBalOLIyIO
MOBEPXHOCTB, 4€Pe3 KOTOPYIO HE MEPEXOAUT HH OJIHO BEIIECTBO, HE MPO-
HCXOIUT Mepenaiy 3MeKTPOHOB, HeT obux opbuTaneii Mexay ancopba-
TOM H ancopGeHTOM, T.e. COOMONalOTCA YCIOBHS TEPMOIMHAMUYIECKOTO
pasHoBecus I'm66ca. Cam [Tonsnu nuiner: «Axncopbuusa ra3oB Ha Mmo-
BEPXHOCTH TBEPAOIrO TeNa ABJIAETCS Pe3yJbTaTOM MPHTAXKEHHUS, KOTOpOe
06yCI0BNIEHO MOTEHLHANIOM, 3aBUCAIHM TOJIBKO OT 3aHMMaeMOro MoJe-
KyJlaMM ra3a MOJOKEHHA B POCTPAHCTBE, U MOITOMY OT NPUCYTCTBHUS B
MOTEHLMAIBHOM M0JIe IPYTUX MOJIEKYJI 3TOT NOTEHLHa He 3aBHCHTY.

HarnsgHoe mpeicTaBieHHe O MOTEHUHAIBHOM [0J€ JAIOT 3KBHIO-
TeHUHabHEIE IOBEPXHOCTH, NPOBENEHHBIE BAOJbL MOBEPXHOCTH afCcop-
6enTa (puc. 2.22).

R A%

Puc. 2.22. Cxema paspe3a aacopOUHOHHOIO NpOCTPaHCTBa
N0 NPEACTaBIEHUSM TEOPHH NONUMONEKYIIAPHOH ancopOuun
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€ — aacopOLUOHHBIHA NOTeHIMaN, UMEOLIUI MaKCUMalIbHYIO BEIUYM-
Hy y MOBEPXHOCTH aacopbeHTa U yObIBaIOMmIMii M0 Mepe yaaneHus oT Hee.
O6beM, B KOTOPOM [eHCTBYIOT a/cOpPOLIMOHHBIE CHIIBl, HA3BIBAETCA all-
COpOLIMOHHBIM 06BEMOM (@ ).

OueBHAHO, eciiH MEXIY ra30M U MOBEPXHOCTHIO aficopbeHTa ycTaHo-
BUJIOCH PaBHOBECHE, TO NMpH NepeHoce HeGONBLIOro KOMMYECTBa azcop-
6aTa u3 rasoBoii dhasel B afcopOuUpoBaHHEIH ClO# MonHas cBoboIHas
JHEPrus CHCTEMbI HE OJDKHA MeHAThcA. TakuM o6Gpazom, pabora &, co-
BepLIaemas aficopOLIMOHHBIMU CHIIAMU NPU TiepeHoce aacopbaTa u3 raso-
Boit (ha3bl Ha PaCCTOSHHE X OT MOBEPXHOCTH, JOJKHA KOMIIEHCHPOBATLCA
yBenuueHreM cBoOOAHOM aHepruu aacopbara, 0GyCIOBIEHHOM ero cxa-
THEM:

= |"VdP = RTln&. (2.124)

AncopbLHOHHBIH 06beM @ HAaXOAUTCA MPH YCIOBHM CYIIECTBOBaHHs
aJICOpOLIMOHHOrO CJ0A B XKUAKOM COCTOSAHMU. TOrja 3aloNHeHHas UM
qacTh 06bema paBHa Ha 1 r ancopbenra

p=aM=aV,, (2.125)

rae d — MIOTHOCTh BELIECTBA B XXHAKOM COCTOAHHUH.

Puc. 2.23a. Xapaxrepucruyeckas kpusas

@
ITpu nomowmu ypasHenuit (2.124) u (2.125) MoxHO nepeiiTd ot
OBBIMHBIX KOOPAMHAT U30TepM ancopbiuu g — P K KoopaMHaTaM £ — ¢

1 TIOJYYHTh KPHBYIO, HA3bIBAEMYIO XapaKTepUCTHUecKO# (puc. 2.23a).
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[MonsiHu o6Hapy»uJ1, YTO TAKHE KPHBBIE, MOCTPOEHHbIE 110 3KCIEPH-
MEHTaJIbHbIM JaHHBIM H30TepM, 061a0al0T 3aMeyaTeNbHbIM CBOHCTBOM —
OHM MHBAPHAHTHBI N0 OTHOMIEHHUIO K TEMIIEPATypE, T.€. MHOXECTBO M30-
TEPM JIOXKATCA Ha OAHY KPHUBYIO & — @. DTO yKas3biBaeT Ha MpOABJIeHHE
1i2,ABUCHUMOCTH aJCOPGLIMOHHOIO NOTEHUHAIA H aiCOPOLMOHHOrO 06Tbe-
Ma OT TEMNEPATypBhl, T.e.

de _o, de
dT ar

CBOMCTBO XaPaKTCPUCTUUCCKOM KPHBOIl MMCET OIPOMHOC IPAKTHYC-
CKOE 3HAYEHHC, TaK KaK MO3BOJIACT MO OJHOM SKCICPUMEHTANBHOM H30-
TepMe aICOPOLIUMU MONTYYUTh YSPe3 XapaKTCPUCTHUCCKYHO KPHUBYIO COMCH-
CTBO M30TEPM IS JIEOOBIX Temriepatyp. bomee Toro, M.M. [ly6urHun noxka-
341, YTO MOTCHLMATHHAA TCOPHA aACOPOLIMK JAcT BO3MOXKHOCTH BBIMKC-
JIUTh M30TEPMBI PA3IMYHBIX [APOB HA OJHOM M TOM K& aICOpOCHTE IO
XapPaKTCPUCTHUYCCKON KPHMBOH, TaK KaK COOTHOLICHHC aJCOPOLIIOHHBIX
MOTCHUMATIOB PA3IMYHBIX IMAPOB MPAKTHHMCCKM HE 3aBUCUT OT aacopOLu-
OHHOrO o6beMa. M3 3Toro ciueayet, YTO KOOPAMHATBHI TOUCK XAPAKTSPH-
CTMMECKUX KPHBBIX TSI Pa3HBIX aAcopOaToB B CIIydac OJHOTO M TOTO XKE
ancopOeHTa IMPU BCEX 3HAYCHISIX aACOPOLIMOHHOTO 00BEMa HAXOMATCS B
MOCTOSHHOM OTHOIIEHUH 3=€1/€;, T.€. KPUBHIC ABLIOTCS a()(PUMHHBIMH, a
HasbBaOT KO3(pprumenToM adhurHocTu (puc. 2.236).

=0. (2.126)

Puc. 2.236. Addunnbie XapakTepu-
CTHYECKHUE KPUBbIC

¢

O1croma creayer, YTo. MOCTPOUB XAPAKTCPUCTUHCCKYIO KPHBYIO IO
SKCIICPUMCEHTATBHOM H30TEPME aacOpOLIMK OOHOTO aacopbara M 3Has Co-
otBercTByrOmuMi ko3 drwent adduruaocTH M1 Kakoro-mrbo aacopda-
Ta, MOXHO HAMTH M30TCpMy aacopOLWH Tsi 3TOro BTOPOro aiacopbarta.
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COOTBETCTBYOLIM K0 dULHEHT addHHHOCTH AN kakoro-n16o ancop-
6aTa, MOXHO HaliTH U30TepMy aacOpOLHMH Ul 3TOro BToporo aacopbara.
OnycaHHbIi NpHUeM NPUMEHUM K afcopOLMHM CXOAHBIX ra3’0B HA OLHOM
ajicopbeHTe unM K aacopGUuM OJHOrO ra3a Ha CXOAHBIX ajacopbeHTax.
OTOT pe3ynbTaT BechbMa BaKeH A/ TEXHOJOrMYeckuX pacyeToB. Koag-
¢duuments abdhuHHOCTH A8 HEKOTOPHIX ancopbeHTOB HalifieHb! M CcBe-
JEeHbI B TaORNLIBL.

CoBpemeHHblil aHanu3 teopuu TosisHH NPUBOAMT K 3aKJIIOYEHHIO O
TOM, YTO MPUYMHOH MHOTOCNOHHON aacopOLMH MOTYT ABJATHCA AMUCIEDP-
CHOHHBIE CHJIbI, @ XapaKTepUCTHUYeCkHe KpHBbIe TTosaHM yKa3bIBalOT Ha
JanbHOIEHCTBUE ITHX CHII B Pe3yJIbTaTe UX afl ANTUBHOCTH.

Teopus IMonsHH He MoTepsiia NPaKTHYECKOrO 3Ha4eHUs ¥ B HACTOA-
1iee BpeMs, OJJHAKO OHa UMeET CIIeAYIOLHE OCHOBHbIE HEAOCTATKH:!

1. OTcyTCTBYET aHANMTHYECKOE BbIpaXKe€HHE AN M30TEPMBI MTOJUMO-
JIEKYJISPHOM afncopOLMH.

2. Ha ocHOBe MOJIOKEHHA TEOPHM HENb3s OMPENEeNMTh OCHOBHbBIE
CTPYKTYpHbIe apaMeTpbl ancop6eHTOB.

OTH 3a1auM peuleHb! B Teopuu BIT.

Teopua u ypasnenun usomepmer 59T

Bpynayap, OmMmer u Tennep B 1933-1940 rr. paspaboranu TeopHio
noJuMorekynspHoil afcopbuuu (teopuio BOT), npuMeHHB TeopeTuye-
ckyto Moaens JIaurMiopa fnst ciydas, koraa aacop6bius He orpaHUYMBa-
€Tcs oJHMM croeM [3]: omHopoJHas MOBEPXHOCTh, OTCYTCTBHE HOKOBOrO
B3aUMOAEHCTBUA aACcOPOUPOBAHHBIX MONEKYN, YMEHbLIEHUE mentomol
adcopbyuu om cnos K croio no mepe YOaneHus om nogepxHocmu om q, 00
gi. Tlpu sToM aBTOpHI Teopuu BOT BBEnu NOMONHHUTENBHOE MPEANONO-
MEHHE K paccMOTpeHHIo JIBHrMIopa 0 TOM, YTO HeoOXOAMMO YYHTHIBATh
TONIBKO JABE TEMIOTHI — TEIUIOTY aacopbuuu g; (Ternory ancopbuuu B
NEPBOM CJI0€) U TEIUIOTY KOHJAEHCALHUH g (TemnoTy aacopbLuu Bo Beex
TIOCNENYIOLUIMX CnosX). Tarke noapasyMeBanoch, YTO MOJEKYJbl afcop-
6aTa He 3anONHAIOT HA MOBEPXHOCTH MOCNENOBATENBHO CJIOH 32 cloeM, a
MOTyYT elle A0 3aBeplUeHHs OJHOro CILTOLIHOIO CJIOS YKe 3aHUMATh Mec-
Ta B CIEAYIOLIMX aACOPOLMOHHBIX cnosix. XOoTsa BNOCIEACTBUH XHILIOM
(1946 r.) usorepma BOT 6bina BbiBeeHAa METOOAMHM CTATHCTHYECKOM
TePMOJHHAMHUKHY, HO €€ ODHIHHANBHBIA KHHETHYECKUH BBIBOA HHTEpECEH
U noyuureneH [4].
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Iycre Sp, S1,57 ..., S; — NOBEPXHOCTH, MOKPBITHIE COOTBETCTBEHHO 0,
1, 2, ..., i-M cnosmu Monekyn ajacopbara. IIpy paBHOBECHH CKOpOCTH
KOHJIEHCALIMK Ha Sy paBHA CKOPOCTH HCMapeHus U3 S , 4To JaeT

a,-P-S,=b -5, e Y, @.127)

rie q) — TemIoTa ancop6uuy B NEPBOM CJIoe, Npeanosaraemas MOCTOSH-
HOH (TaK kak MOBEPXHOCTH aficopbeHTa ONHOPOAHA); @ U b — KOHCTaH-
ThL
YpasHenHe (2.127) dopMaibHO HAEHTHYHO ypaBHeHUIO JIsHTMIOpa.
AHanoru4yHoe paBHOBECHE MeXKy MEPBBIM H BTOPHIM CHOAMH MoJie-
KYJl BBIpaXKaeTcs KaKk

a,-P S,=b,-S,-¢ . 2.128)

O61as HopMynHpoBKa paBHOBeCHs MeXAY (I —1)-M U i-M crnoAMuU:

-4
a,-P-S,, =b-Se /¥, (2.129)

O61as miowans MOBEpPXHOCTH TBEPAOro Tena U obuui obbeM afi-
copGHpOBaHHOTO ra3a COCTaBAT COOTBETCTBEHHO:

S=>5,, (2.130)

1=0

@.131)
i=1

rae ¥y — 06beM 3anoNHEHHOrO aficOPOLIMOHHOTO MOHOCOSA, OTHECEHHBIH
K efMHHULIEe noBepxHocTH. [lenenue ypasHenuii (2.131) Ha (2.130) naer

v v
SV, V,
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rne V, — ancopOupoBaHHEIi 006bEM 3aNONHEHHOTO HAEATLHOIO JIOKAIH-
30BaHHOTO MOHOC10s. Jlasiee BBOAATCH YNPOIMIAIOLIME NPEANONOKEHHS:

(2.133)

%=%=...%. (2.134)

OTo 03Hayaer, 4TO CBOKCTBa BTOPOTO H NOCHEAYIOLINX CJIOEB B OT-
HOLUEHHH PaBHOBECHs MCNIapeHHWe — KOHJEHCalUMs Te e, 4TO W IS Io-
BEPXHOCTH 06BEMHO XKHIKOCTH.

VpaeHenue (2.128) moxeT ObITh NEpenucaHo Kak

S =y-8, (2.135)
e y= 4 eq%T

AHanoruuHo, ucnonb3ys ypaBHeHus (2.133) u (2.134), moxHo nepe-
nucaTh ypaBHeHue (2.129) kak
S,=x-5,, (2.136)

9
rae x= P-e L/RT. (2.137)

B o6mem cnyuae
S=x-8_=x"1.8=px1.5=C-x"-8, (2.138)

. (91-a1)
c—i—%’i.e i (2.139)

rae

[NoncranoBka ypasHeHus (2.136) B (2.132) naer

C-Sy Y i-x'

- T (2.140)

1+C-2‘xi
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CyMMa B 3HaMeHaTene mpencTaBnseT co6oif cymMMy 6GeckoHeuHoi
reoMeTPUUECKOH MPorpeccun U MOXeT ObITh 3aMcaHa Kak

Y oxl =, (2.141)

CyMMa B 4mCIIUTelIe MOKeET OBITh [IepenuUcata Kak

=00 1=
Zi-x":;ci- S (2.142)
i=1 d 4 (1-x)
[MoacraHoBka 3THX pe3ybTaToB B (2.140) naet
14 C-x
(2.143)

Vo (1-x)-(1-x+C-x)

Ha oTKkpBITOH MOBEPXHOCTH BeJM4YMHA aACOPOUMH NPU HACHINEHHH
6eckoHeyHa. CnenoBatensHO, JUIs TOTO 4TOOBI MONY4UTH V= oo mpu
P=Pg, x B ypaBHeHuH (2.143) nomxen 661Th paBeH eauuuile. [ToaTomy n3
ypasgeHus (2.137) cnepyer:

J-Ps -e%T =1, (2 144)

2
x= (2.145)

TloacTtanoBka (2.145) B ypaBHenue (2.143) naet BeipakeHHe

V. -C-P

(2.146)

(Ps-P) |1+(C-1)-

KOTOpOe U3BECTHO Kak npocTas ¢opma ypaBHenns BOT.
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Puc. 2.24. M3orepMa nonumosexy aapHoH
ancopOuuu

P/Ps

Ono MosxeT GBITh IpeficTaBiIeHO B JMHeHHOM dopme (puc. 2.25):

P 1 Cc-1 P
e (2.147)
V.-C V..C Pe
Puc. 2.25. H3orepMa moauMonexynspHoit
ancopOuMH B KoopAuHaTax ypaBHeHus BOT
(nuuetinas dopma)
Taxum obpasom, rpadux 3aBucumocTy ——————— OT */p  J01-

Vial-£/

C-1
XKEH AaBaThb NPAMYIO JIMHUK C HAKJIOHOM ( )4 .C H OTpPE3KOM, OT-

CEKacMbIM Ha OCH, %, Nak Ecnu caenatn JONIOJIHUTEIBHOE IIPEATNOJIO-
m

xenue (2.148), To BenuuuHa C NpUMET BHUI, BhIPaXXaeMbili YpaBHEHHEM
(2.149):
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=1 (2.148)

C=e 78T (2.149)

YneH ¢, — qi, COOTBETCTBYIOLMIA pasHHLe MEXAY TEIIOToH ancopb-
UMM B [IEPBOM CJIOE U TEIUIOTON KOHAEHCALUH, HAa3bIBAETCA YUCTOM Terio-
To# ancopbuuu. Takum o6pasoM, npoctoe ypasHeHue BIT obecneunsaet
B PaMKax MOJENH OLEHKY TerUI0Thl aacopOLMM M IUIOIEAN MOBEPXHOCTH
TBepaoro Tena. Haiins mo cnpaBouHUKy g, erko BEMUCHUTE ¢, .He cre-
IyeT, OfHAKO, NpeyBeNU4MBATh 3HAYEHHE TAKOH OLEHKH, OHA SBIAETCH
BECbMa HEHaJIeXHOMH, BO-NEPBBIX, U3-3a NOMYIIEHUH, IPUHATBIX B MOJENH
53T, BO-BTOpBIX, U3-3a 6OJBLIOH MOrPELIHOCTH NPH IpauIeckoM Orpe-
Jenexuu BelnurHsl C.

Mpoctoe ypaBHenue BIOT onuceiBaeT Gonee WIM MeHee aAE€KBaTHO
uzotepMbl TunoB II u III, npuueM THN u3oTepMsl ABIseTCs (QyHKUMEH
BennyYMHbl KoHcTauThl C, Ho B ofiemM Tonbko M3oTepMsl THMa II, coot-
BETCTBYIOIINE BHICOKUM 3Ha4eHUAM C, NalOT HAJeHHbIE 3HAUCHUS Vp,.

Maremaruueckas npupona ypasHeHus BOT narnsaHo BuAHa, Kornma
OHO MEPECTPOEHO B clexyoulyto dopmy [5]:

1
—_——————, (2.150)
V, 1-x 1+(C-1)-x
e x= % . Torma uzorepmsl agcopOuum y_ flx) aBnsior coboit
S s v,
Pas’HOCTb MEXIY BETBSAMH JABYX MPAMOYTrONbHbIX rumnepon, mpeicTas-
NISIOLIMX TEepBLIM U BTOPOH 4NeHbl B MpaBoi 4acTu ypaBHeHus (2.150).

vV
TMepsas umeet acumnroThl npy — = O u x=1, a Bropas —npu — =0 u

14
B/ =-1.(C-1) n nepecexaer ock V/V,, mpu — = 1. Pasnocts Mesx-
/s g
Jly 5TMMu AByMs KpuBbiMu jaet u3otepmy BIT, dopma koTopoit cTporo
onpenensercs Benuunoi C. [insa C>2 uszotepma cootsercTByeT THy II,
ecau xe C <2, To Tuny IIL
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Puc. 2.26. Teoperuueckue usorepmbt BT
JUIst PA3MMYHEIX BETMYUH KOHCTaHTHI C:
1-1;2-10; 3-30; 4-100; 5 - 1000

0.2 04 0.6 PIPs

Touka neperu6a Ha xpuBoii Tuna II we o6s3aTeNnbHO COOTBETCTBYET

BeNMYMHE — = |, KaK 3TO HepelKO yTBEPHAAIOT. BiIHAHUE KOHCTaHTBI

C Ha popMy H30TEpMEI MOXKHO BUJETH Ha pHC. 2.26.

Ecnu agcop6uus u3-3a HefiocTaTka ajcopO6LUOHHOTO MPOCTPaHCTBA
orpaHM4eHa NPH HACBLILEHUH 1 cnosMu [3], ypaBHeHHe uzotepmbl BOT
TpUMeET BHJ,

(2.151)

x, C u V,, UIMeIOT TOT ke ¢u3MIecKuil CMBICH, YTO U paHbilie. YpaBHEHHE
(2.151) , onuceiBarowiee ancopObLMIO B orpaHH4YeHHOM ofbeMe, HalpHUMep
Kanwuisipe, o6bIYHO Ha3blBalOT ypaBHeHueM bOT mms n cioeB. 310
ypaBHeHHe MpeCcTaB/sieT HHTEPEC C [BYX TOYeK 3peHus. Bo-nepBbiX, ero
MOJXHO paccMaTpHUBATh KaK 3MIHUPHYECKOE TPEXKOHCTAKTHOE YpaBHEHHE
H30TEPMBI, H, BO-BTOPbIX, NP n=1 ypaBHEHHE NpH Ho6bIX 3HayeHusx C
NepexoauT B ypaBHeHue JIsHrMIopa (B OTIIHYME OT MPOCTOrO ypaBHEHHUs
B3T, xoTopoe nepexoauT B 3Ty dopmy npi x << 1 u C >>1)

(2.152)
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OTO BEIpaOXKEHHE IKBUBAIEHTHO ypaBHeHHto JISHrMiopa, eclu mpH-

HATH, YTO

B pabotax [3,7] uccnemoBan ciyyai, koraa afgcopGUMOHHOE HACHI-
lleHHe JOCTHraeTcs npu Oonee HU3KOM [JaBieHHH, 4eM Pc ABTOpEHI
IPEANOIOKHIIIH, YTO 3TOT 3Q(EKT CBA3AH ¢ KAMUIUIAPHON KoHIeHcalell.
B pesyabraTe yuera kanuIApHOH KOHAeHCAUUH ObUIM MOny4YeHs! ypas-
HEHHMS M30TEpM aficopOLMH, B KOTOPBIX, KPOME TpeX [apaMeTpoB ypaB-
HeHus (2.151), mpucyTtcTByeT €lE ¥ 4YeTBepThIf mapaMeTp, 3HayeHue
KOTOPOT'O 3aBUCHT OT TEMJIOTH! KOHAEHCAlMH napa afcopbara. DT ypas-
HEHHs BECbMa CJIOXKHBIL.

CyuecTyioT onpeneneHHble npo6eMsl, CBA3aHHbIE € IPUMEHEHHEM
usotepMel BAT Kk skcrepuMeHTanbHbIM pesynabraTaM. J[is MHOTHX CHC-

TEM OHO OmpaBbiBaeTcs B o6aacTd P/ — (05~ 0.35.
s

CoBepLieHHO ACHO, 4TO Teopus U Meron BIOT moutu Bcerna mpume-
HAIOT B YCJIOBHAX, KOTIa HH O{HO M3 MPHHATBIX aBTOPaMU JOMYILEHHH He
BBIMONHAETCA: BO3HMKAET BOMPOC 06 OJHOPOIHOCTH MJIM HEOXHOPOZHO-
CTH MOBEPXHOCTH PealbHbIX aficopOeHTOB M KaTalHu3aTOPOB; MOJIEKYJIBI,
ajcopbupoBaHHble Ha 3TO} MOBEPXHOCTH, B3AUMOJEHCTBYIOT APYT € ApY-
roM; TEIIOThl, BblAeJseMble MpH afcopbLHH BTOPOro M MOCNIERYIOHX
cJloeB Moekys, kak cyuTan JISHrMiop, He paBHBI IpYr IpYTy M He paB-
HbI TEMJIOTE KOHAeHcaluy napa B o6beMHo# dase. Kpome Toro, B Momenu
BOT CKpHITO HesBHOE AOMYILEHHE O MOCTOAHCTBE BENHUMHbLI ancopbu-
pytolieii MOBepXHOCTH. B neHcTBUTENLHOCTH /1S MOPUCTEIX TEJ 110 MEpE
ancopbLnK MOBEPXHOCTb OJIOKHpYETCs paHee MOIJIOLIEHHBIMH MOJEKY-
namu. Ecnu Ans KpyIHOMOPHUCTBIX ancopbeHToB 3TOT 3ddekT B obnacTu
ripuMeHeHus ypaBHeHUss BOT He3HauMTeNleH, TO 1 TOHKONOPHCTRIX OH
MOXET NPUBOJUTH K CYLIECTBEHHBIM OLUMOKaM.

Tem He Menee, BeposTHO, kak cuutan [.K. Bopeckos [8], B pe3ynbTa-
e 33aMMHON KOMIMeHcaluun HapyweHui ypasieHue BOT, npumenennoe
K afcOpOLMOHHBIM NaHHBIM, MOJYYEHHBIM Ul PeallbHbIX TBEPAbIX Tell,
[laeT pa3yMHbIEe BEIWYHHBI TOBEPXHOCTH, HAXOAIIMECS B XOPOIIEM CO-
OTBETCTBUM MPAKTHIECKH BO BCEX CIy4asX C H3MEPEHHSMH OPYrHMH He-
3aBUCUMBIMHM MeToziaMH. VIMes B BHZY ero HeJOCTaTOYHYIO TeopeTHye-
CKY!0 0GOCHOBAHHOCTb M 3Ha4HTENbHbIE OTKIIOHEHHs peajibHOro MpoLec-
ca ancopbuuu OT MOCTYJIMPOBAHHON MOZIENH, GONBLINHCTBO MCCNENOBa-
Teneil cuutaior ypaBHeHne BOT ymaunol momysmmupuueckoii dopmy-
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JIOH, MPOCTO M ZOCTATOYHO TOYHO CBSA3BIBAIOLIEH BETHUUHY aICOPOLHH C
KOJIMYECTBOM MOJIEKYJ, TpeOYyIOWMUXCA Uil MOHOCAOHHOTO MOKPBITHS
NOBEPXHOCTH.

Ypasnernue uzomepmot nOIUMONEKYNRPHOU
aocopbyuu Apanosuta

INpuHuunuaneHo Apyras mojenb ajgcopbuu 6bL1a MCnoNb30BaHA
I'JI. ApaHoBHYEM TpH BHIBOJIE YPaBHEHHS H30TEpPMBb! MOJIUMONEKYJISp-
HO# ancopbuuu [1,9]. CoxpaHuB ocHOBHElE AomyiueHus Teopud BOT,
ApaHOBH‘l NpUHAJI BaKaHCHUOHHYIO MOJIECIb ancopﬁuuouﬂoro cJjiod, co-
TJIACHO KOTOpO# MCrapeHHe MOJIEKYJbl C MOBEPXHOCTH aacopOLIHOHHOM
TUIEHKH BeJeT K 06pa3oBaHUIO BaKaHCHU, KOTOpass HE MOXXET OCTaBaThCA
HEe3anoNHEHHOH, W POXAeT HOBYIO BAKaHCHIO, B TOM YMCIE€ H BHVTPH
cnosi. Tlpu agcopbuuu Monekyna, nomasLias W3 rasoBodl ¢asel Ha mo-
BEPXHOCTh aJCOPOMPOBAHHOMN TUIEHKH, BBI3BIBAET TaKHe NpPOLECCH! pe-
JlaKcalMH, KOTOpble NPHBOAAT K HCYE3HOBEHHIO OIHOM M3 BaKaHCHi
BHYTPH CJIOfl, YTO paBHO3HaYHO copOluu Monekys! B HeM. TakuM obpa-
30M, BO3HUKACT AUHAMHUYECKaAA KapTHHa MNpOoLEeCcCOoB, MPOUCXOAAIIUX B
camMoM ancopOLUMOHHOM cjloe, M MONUMONeKyspHas ancopbuus MoxeT
KBaNUGHULMPOBATLCA KaK aacopOLKs B 3TOM Clloe.

VpaBHeHHe ApaHOBUYA UMEET BUJL

a= (2.153)

To, uto B 3HameHaTese BBOAMTCA cTeneHb 0.5, MMmeeT pelsaioulee
3HaueHKe, MPUBOJS K CyLIECTBEHHOMY PacLUMPEHHMIO MHTepBaia MpUMe-
HHUMOCTH ypaBHeHHs (2.153). VpaBHeHue ApaHOBHYA XOPOLIO OMMCHI-

BAIOT JKCIIEPUMEHTAIbHBIE JaHHbIE B UHTEpBaJle
TOTJa KaK Te )K€ JKCNIEPUMEHTANBHBIE JaHHBIE YNOBJIETBOPSAIOT ypaBHe-
Huto BAT nuiue B uHTepBane ~ 0.05-0.35.

B ypaBHeHuu (2.153) BenuyMHa a UMEET CMBICA M3OBITOUHON an-
copbuuu, a BennukHa C npuobpeTaet 3HaueHuUe:!

146



q1—4r
c=Pm| r (2.154)
P

[J€ Py U Px — UIOTHOCTb HACHINICHHOTO Mapa ancopOTHBa M KUAKOTO ai-
copbara, cooteercTeeHHO. Mcrombsyst TabmuMHBIC 3HAYCHUSA Py U Px,
MOKHO W3 KOHCTaHTHI (  BBMHCIUTH IOCTATOMHO  JOCTOBCPHO
q;.YpaBHCHHC H30TCPMBI afcopOLiy ApPaHOBHMHA, IO KOTOPOMY MOMKHO
OIPCACIIUTD 3HAYCHHUS ), ¥ C MMeeT crieayromuii Bux [10]:

P,
1 P (2.155)

(. p 4 amC+amP
«(1-2%)

N
L1t ipoBepKy ypaBHEHHUS CTPOUTCS IPa(uK B KOOPIMHATAX

/A

OTpe3ok, OTCeKkacMbIii Ha OCH OPAWHAT, PAaBCH , TAQHICHC yria

a

m

1
HAKIOHA MPSIMONA — —— .
am
Hzotepma nomumonekynapHot ancopOipu ApaHoBH4Ma CBA3aHA C U30-

tepmoit BOT npu C > 1 mpocThIM COOTHONICHHUEM
1-17

Hcronp30BaHKe 3TON M30TEPMBI MO3BONSACT YCTPAHUTh CHCTCMATHUC-
CKYFO IOTPENTHOCTD OIPSACTICHHS Y ASITBHOM TIOBEPXHOCTH aacopOeHTa.

Teopus nonumonexynsapuoii adcopouuu Ha
HEOOHOPOOHBIX HOBEPXHOCHIAX

Jra Teopwus sBISACTCS pedyiabraroM cuuTtesa teopun bOT u teopuu
MOHOMOJIIEKY ISIDHOM aacoOpOLIMK HAa HEOJHOPOIHDIX [MOBEPXHOCTSIX.
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Kax n3BectHO, npu MOHOMOJEKYNIAPHOH ancopOuuK HeB3aUMOAEHCT-
BYIOIMX MEXTy coboif MONeKyJl Ha OAHOPOAHOM moBepxHOCTH Audipe-
peHLManbHas TennoTa aAcopOLMH He 3aBHCHUT OT KOJHYEeCTBA aucopbu-
poBaHHOro BeuiecTBa. IIpu noaUMONEKyIsApHO# ancopbuMu, eciu Bbl-
MONHAIOTCA npeanojioxkenus teopun BIT, Tennora ancopbuuu aomkHa
3aBHCETh OT KOJMYECTBa aJCOpPOMPOBAHHOIO BELIECTBA, TAK KAK 4YacTh
napos ajcopbarta agcopOupyercs ¢ TersoTol aacopbuuu gy, a 4acTb — ¢
TEMIOTON KOHIEHCAIUH g, NPHUYEM COOTHOLIEHHE MEXIY KONHYEeCTBaMH
BEIlieCTBa, afCcOpOMPOBAHHOrO € TEMJIOTOH ¢ ¥ C TEIIOTOHA g1, U3MEHS-
ercs mo Mepe agcopbuuu. MHTerpansHas TemnjoTa MNONMMOJEKYIAPHOH
ancopbLUMK B OTCYTCTBUE B3AUMOAEHCTBUA MEXIY aJAcopOMpOBaHHBIMH
Monekylamu Q cBsi3aHa C OTHOCHTENBHBIM laBlieHHEeM ypaBHeHueM [11]

(2.156)

rae ¥V — konryectBo ancopbupoBaHHOrO napa, x =

— OTHOCHTEN L
Y2

HOe JaBJieHHe.

3JTO O3HauaeT, 4TO B Cilyyae, eciM cnpaBeanuBa teopus BOT, 3aBu-
cuMocTs O/F OT x JOMKHA BHIPAKATHCA NPAMOM NHUHHEH C TaHreHCOM
yrila HaKJIOHa, PaBHBIM Te[IOTe cMmauuBaHHs (g1 —qi). OTpe3ok, oTce-
KaeMblif 3Toi npsiMoit Ha OCH KOOpAMHAT, PaBeH TEIUIOTE afcopOUHHu ¢,
OG6BIMHO CYUTALOT, 4TO TeopHto BOT MOXHO MCHONB30BaTh IS ONHUCAHUSA
apcopbuuu npu x >> (0.04-0.05), koraa Mecta Ha MOBEPXHOCTH C MOBbI-
IEeHHOM afcopOLIMOHHON COCOBGHOCTHYKE 3aHSATHI aACOpOUPOBAHHBIMH
Monekynamu. FlIpy 3TOM HEOJHOPOAHOCTb MOBEPXHOCTH YyXe He HMrpaer
6onewoii ponu. Korna x < (0.04-0.05), teopus B3T He onuckiBaer pe-
3yAbTaThl U3yueHus ancopbuuu napoB. HekoTophble monaraiot, 4To 3To
TNPOUCXOAUT U3-3a PE3KOH HEOJHOPOAHOCTH MOBEpXHOCTEH ancopOeHToB.
Ha ocHoBaHMH paccMOTpEHHsl 3aBUCHMOCTH TEMJIOT aiACOpOLMHM OT CTe-
TNEHH NMOKPLITHSA NpH MasblX 3HaueHusx P/Ps B [11,12] npuusro, urto 3a-
KOH pacrpejiec/ieHusl MeCT Ha MOBEPXHOCTH MO aacopOLMOHHOM cnocob-
HOCTH SIBJISIETCA 3KCIOHEHIMAILHBIM.

YpaBHEHHE H30TEpMBI 3COPOLIMH Ul 3TOTO Cllyyas HMEeT BUJ
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V=;;.7.D 7D x
sinzy (1-x)" (1-p)-(1-x)" (2.157)

2-y \1-x) " 3-y U-x) 4-y 1-x)

ey,

roe D=V, -exp ; ¥ — 6e3pasMepHas BEIMUMHA U 0. — OTHOILIEHHE

MHHHMAaJIbHOM Ter10Thl aacopOLUMK B EPBOM ClIOe K TEIUIOTE KOH/EHCa-
uuu.
B ofnactu jocTaTo4HO ManbiX 3HaueHUit x ypasHenue (2.157) nepe-
XOJHUT B ypaBHeHHUE
'
y-Zrb _x (2.158)
sinzy  (1-x)™*

Tocne norapudmmposanus (2.158) nonyyaem

. (2.159)

3HayeHus YA D moxHO OnpeacinuTb U3 rpacbm(a, TNOCTPOCHHOI0 E

KOOpAMHATaxX lg[V : (1 - x)] npotus lg

7f‘—x)'

JIng nonuMepHsIX cOpOEHTOB 3HAYeHHUs y nexar B mpefenax ot 0.4
1o 0.7, nnsa cunukareneit y = 1.

Teopus MONUMONEKYJIAPHOH aacopOLMM Ha HEOAHOPOAHBIX IMOBEPX-
HOCTSX JaeT BO3MOXHOCTb 3HaUMTEJILHO Jy4lIe OMUCATh M30TEpMbI afl-
copbLHM ¥ 3aBUCHMOCTD TEILUIOT aAcopOuuy OT JaBieHus, YeM oObIuHas
teopust BT [13,14].

B 3aioueHne Heo6XOAMMO CKa3aTh, YTO K HACTOSLUEMY BpPEMEHH
Hpe/UI0XEHO MHOTO M30TepM MOIMMONEKYNApHOH aacopbuuu. ITo H30-
TepMmbl Xt0THHra, Mak-Munnauna u Tennepa, I'apkunca u FOpa, Xumna,
@penkens — Xency — Xunna u Ap. Kaxcnas U3 HUX MMeeT NONOXUTENb-
Hble MOMEHTEI M HenocTaTkH [9,15].
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IIPUMEPBI 1 3AJJAHAA

Ilpumep

B Tabnuue npencTapneHb! pe3ynsTaThl M3ydeHHs agcopOnuM mapos
BOAB! Ha cunukarene. [loctpouts U30TEPMBI ancOpOLMH B PasHBIX KOOp-
JUHATaX ypaBHEHUH NONMMONEKYISpHO# afAcopOLMH U NOKA3aTh, KAKUMH
YypaBHEHHAMH ONIUCHIBAETCA JaHHBIH ancopOLHMOHHEIR Mpolecce.
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AACOPBLIMA

a PP, [ (PIPJNa(1-P/PJ) 107 | lgfa(I-P/Py) | \gl(P/P)/ (1-P/PY]
0.88 | 0.02 2.70 1 -0.058 -1.63
1.02 0.04 4.10 i —0.010 -1.38
1.49 0.09 6.30 0.134 ~1.03
1.75 0.15 0.097 0.174 —0.77
1.89 0.16 0.103 0.199 —0.71
2.22 0.22 0.127 0.240 —0.55
270 | 031 0.168 0.269 —0.34
3.04 | 0371 0.194 0.280 —0.23
3.64 | 0.447 0.222 0.304 —0.09
4.00 | 0.490 0.240 0.309 —0.02
430 | 0.535 0.267 0.301 0.06
4.80 | 0.596 0.307 0.288 0.17
5.00 | 0.610 0313 0.290 0.20
6.45 | 0.685 0.337 0.308 0.34
7.25 | 0.710 0.338 0.323 0.39
12.10 | 0.780 0.293 0.425 0.55
13.40 | 0.800 0.299 0.428 0.60
20.90 | 0.850 0.272 0.500 0.75
37.00 | 0.945 0.464 0.300 1.24
51.30 | 0.965 0.536 0.254 1.44

P/Ps

Puc. 2.27. H3orepma ancopbuny napos BOAbI HA CUIMKArEe
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PIPs

Puc. 2.28. CnipamiteHue 30TEpMBb (CM. pHc. 2.27) B KOOPAHHATAX
ypasHenus BOT

b4 02

/ 0.1 “

19((P/Ps)(1—-P/Ps))

Puc. 2.29. IMoctpoenue usotepMsl ancopbumu (cM. puc. 2.27)
B KOOPAWHATAaX yPaBHEHHUS NOAUMONEKYJIApHOH ancopbuuu (2.159)

Pewenue. ViMes 3HaYCHUA OTHOCHTENLHOTO AABNEHUA U COOTBETCT-
BYIOLIME MM 3HAYEHUs afCcOpOLMH, MOXHO cpasy B TaGnuuly, NpEjBapH-
TENbHO PaccuMTaB, MOMECTUTh T€ NaHHbIE, KOTOpbie MOTPebYIOTCA Ham
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JUIS TIOCTPOEHUS M30TEpMBI afcopOUuK B KoopAHHaTax ypaBHeHHs BOT
(2.147) n ypaBHeHus nonuMolexynspHoit ancop6buuu (2.159). Hcnons-
3ys JaHHble TabNMLb], TOCTPOHM H30TEPMB! ancOpOLMK NapoB BOAB! Ha
CUIIMKarene B pa3HbIX KOOpAMHATAX:

1) a ~ P/Ps (puc. 2.27); 2) (P/Py/a(l-P/Py)] — P/Ps (puc. 2.28);
3) Igla(1-P/Py] — 1g[(P/Py/(I-P/Py](puc. 2.29).

U3 puCYHKOB BHAHO, YTO 3KCHEpUMEHTANbLHbIE AaHHBIE MO ancopb-
LMY [AapOB BOABI Ha CHNMKarelle OMMChIBalOTCA ypaBHeHHeM BOT npu
OTHOCUTeNbHbIX NaBnenusnx P/P; = (0.05-0.38), a ypaBHeHHeM MOIUMO-
nexynspHoit ancopbuuu (2.159) — npu P/P, = (0.02-0.05). 310 cootseT-
CTBYET MPEACTABJIEHUSM O COCTOSSHUM NIOBEPXHOCTH CHIIMKArens.

HHTepecHO NOCMOTPETH, IPUMEHUMBI JIM JpyTHe YpaBHEHHUS H30TEPM
TIONIMMONEKYNApHO# afncopBLMK, paccCMOTPEHHbIE B TEOPETHYECKOH dac-
TH [aHHOTO CEMHHapa, K 06Cy)XIaeMbIM KCIIEPUMEHTANLHBIM TaHHBIM?
IpenocTaBnsercs 310 caenarh CTyAEHTaM.

3adanue 1

[lpu u3yueHnn afcopOLUMH MapoB BOIBI Ha OKCHAE MarHus, NMpensa-
PHUTENBHO BaKyyMUPOBaHHOTO NMpH KOMHATHOH TeMnepaType B TEUCHHE
24 4, mony4eHs! JaHHblE, NpeAcTaBleHHbIe Ha puc. 2.30 n B Tabnuue.

a, o/t

Puc. 2.30. Mzorepma
ancopbuun
NapoB BOAbI HA OKCUIE
MarHus

0,5
P/Ps
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P/Pg a, MMOJIB/T P/Ps a, MMOJIB/T
0.05 1.5 0.65 5.2
0.10 2.9 0.70 5.4
0.15 3.7 0.75 5.7
0.20 4.1 0.80 6.1
0.25 43 0.85 6.4
0.30 4.4 0.90 6.8
0.35 4.6 0.95 7.3
0.40 4.7 0.96 7.4
0.45 4.8 0.97 7.6
0.50 4.9 0.98 7.8
0.55 5.0 0.99 8.0
0.60 5.1

IpoBecTy aHaIN3 U30TEPMBI, IOKA3aTh, KAKUM YPaBHEHHEM [1ONHMO-
NekynsapHo# ajacopbuuu oHa onMceiBaetcs. PaccuuTarb KOHCTAHThI
ypaBHeHus.

3aoanue 2
[lns cucTeMmbl Bojia — CHNMKaress 6bun nonyuens npu 25 °C man-
Hble, CBeJIeHHbIe B TaOMHILy.

AJICOPBIIMA ALCOPBLIUA
Ne n/n a, MMOJIB/T P/Pg Ne n/n a, MMOJIB/T P/Pg
1 0.88 0.023 11 4.30 0.535
2 1.02 0.040 12 4.80 0.596
3 1.49 0.086 13 5.00 0.61v
4 1.75 0.146 14 6.45 0.685
5 1.89 0.163 15 7.25 0.710
6 2.22 0.220 16 12.1 0.780
7 2.70 0.312 17 13.4 0.800
8 3.04 0.371 18 20.9 0.850
9 3.64 0.447 19 37.0 0.945
10 4.00 0.490 20 51.3 0.965

Iloka3aTp, kKakoMy M3 YpaBHEHHH A MOIUMONEKYNApHOH ancop6-
HHUH TOAYMHAIOTCA MpEACTABNCHHbIE JaHHbIE. HallTH KOHCTaHTHI ypas-
HEHH1.

3aoanue 3
B Tabnuie npeacTasieHbl SKCIIepPUMEHTANBHBIE JaHHbIE afCOPOLMH
napos Boibl Ha moMuHodope K-67 (T, =21 °C, Ps =18.6 MM pT. CT.).

154



Ne n/mr P/Ps a10" o
1 0.35 0.15
2 0.40 0.30
3 0.45 0.70
4 0.50 1.10
5 0.55 1.70
6 0.66 3.17
7 0.79 4.80
8 0.88 7.93
9 1.00 18.7

JIECOPBLIMIS
1 0.88 7.90
2 0.68 3.20
3 0 0

1. [TocTpouTs M3oTEpMY aacopOumu B KoopauHarax a — P/Ps.

2. BbIACHHUTB, KaKUM YPaBHCHHEM OIHCHIBACTCA JaHHAsA M30TepMa —
ypasHeHMeM BOT wnmm ypaeHenuem Apanommda (2.155), onpezemurs
KO3 (PMLIICHTHL YPaBHCHUH.

3aoanue 4
B Tabnuue npeacTaBieHbl IKCIEPUMEHTAILHEIE JAHHBIE a1copOLmu
napos Boabl Ha momuHOoope Cd (To; = 21 °C, rg=18.6 MM pT. cT.).

No /it P/Pg a-10°, /v
1 0.35 0.10
2 0.40 0.25
3 045 0.40
4 0.50 0.60
5 0.55 0.90
6 0.79 3.54
7 0.88 5.00
8 1.00 12.40

1. IToctpouts rpaduk U30TEPMBI aACOPOLIUH.

2. BorAcHUTH, KaKUM YPaBHCHHEM OIMCHIBAETCs JAHHAs U30TEpMa —
ypasuenueMm BOT wnu ypasHenuem Apanosuda (2.155).

3. Onpepenutsb KO3 (PPULHCHTHI YPABHEHHH,

3aoanue 5
B tabnuue mpeacTaBieHbl 3KCIIEPUMEHTATBHBIC JAHHBIE afcopOLmMu
napos Boabl Ha momuHOpope K-67 (T, = 18 °C, Ps =15.5 MM pT. cT.).



No ‘P/Pg a-10", /v
1 0.30 0.2
2 0.35 0.4
3 040 0.6
4 0.45 1.1
3 0.50 22
6 0.53 23
7 0.71 3.0
8 0.87 4.1
9 1.00 8.6

1. Tloctpours rpad)uk M30TSPMBI aACOPOLIMM.

2. BBIACHUTB, KaKMM ypaBHCHHOM OIUCHIBACTCA JaHHAA H30TEpPMa —
ypasuennem BOT win ypasHenuem Apanosuya (2.155).

3. Onpeaenuts k03 ()ULMCHTH! YPaBHCHHUIA.

3aoanue 6

Ipu u3yueHUU aacopOLIM NMapoB BOABI HA OKCHIC MarHWs, IPSaBapHU-
TEJIBHO TEPMOBAKYYMHMPOBAHHOTO mpu Temmnepatype 573 K B teuenue 4 u,
IOJTyYCHBI CIICAYIOLINC JaHHbIC!

‘P/Pg a, MMOJIB/T P/Pg a, MMOJIb/T
0 0 0.60 7.30
0.05 1.80 0.65 7.35
0.10 3.50 0.70 7.50
0.15 4.70 0.75 7.770
0.20 5.40 0.80 8.00
025 5.90 0.85 3.25
0.30 6.35 0.90 8.50
0.35 6.70 0.95 8.80
0.40 7.00 0.96 8.90
0.45 7.10 0.97 9.00
0.50 7.20 0.98 9.20
0.55 7.25 0.99 9.50

1. [Toctpouts rpamk U30TEPMBI aACOPOLIMH.

2. BbUICHUTB, KaKMM yPaBHCHUCM OIKCHIBACTCS AAHHAA H30TEPMa —
ypasaenuem BOT wnm ypasrenuem ApaHoBuua.

3. Onpenenuts K03 () ULMEHTH YPaBHCHHUI.

3aoanue 7

IMpu usyuernn agcopOumy Mapos BOJABI Ha OKCHMAE KadbLuA, MpeIBa-
PHTETEHO BaKVYMUPOBAHHOTO MPY KOMHATHOM TEMIIEPAType B TeucHue 24
Y, IONTYYCHBI CNICAYIOIUE JAHHbIC!
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P/Pg a, MMoats/T P/Ps a, MMOJIB/T

0 0 0.65 2.60
0.05 0.20 0.70 2.90
0.10 0.40 0.75 3.20
0.15 0.60 0.80 3.50
0.20 0.65 0.85 3.80
0.25 0.70 0.90 4.10
0.30 0.90 0.95 4.45
0.35 1.10 0.96 4.60
0.40 1.30 0.97 4.65
0.45 1.60 0.98 4.75
0.50 1.80 0.99 4.80
0.55 2.10 1.00 4.95
0.60 2.25

1. ITocTpouTts rpaduk u3oTepMst ancopoumu.

2. BbICHHTB, KaKHM YpaBHEHHEM ONHMCHIBAETCS JaHHas M30TepMa —
ypaBHeHneM BOT unu ypaBHenneM ApaHoBHYa.

3. Onpenenuth ko3bdUIHEHTB! ypaBHEHHIA.

3aoanue 8

Ipu u3ydeHuu ancopbLuM NapoB BOJk! HA OKCHAE KalbLiMs, peJBa-
pHMTEIBLHO TEpMOBaKyyMMPOBaHHOIO npu Temneparype 573 K B Teuenue
4 4, NONY4EHbI CIEAYIONIME NaHHbIE:

P/Pg a, MMOJIB/T P/Pg a, MMOJIB/T

0 0.65 8.1
0.05 1.6 0.70 8.2
0.10 3.2 0.75 8.5
0.15 48 0.80 9.0
0.20 6.0 0.85 9.5
0.25 6.4 0.90 10.1
0.30 6.8 0.95 10.9
0.35 7.0 0.96 11.1
0.40 7.2 0.97 11.3
0.45 .5 0.98 11.5
0.50 7.1 0.99 11.8
0.55 7.8 1.00 12.2
0.60 8.0

1. TTocTpouthb rpaduk U30TEpMBbI afcOpPOLMH.

2. INpumenutsb ypaBHeHus BOT, ApaHoBuya, OcTpOBCKOro k AaHHOMH
H3oTEpMeE.

3. Onpenenutsb k03hdUUMEHTb YPaBHEHUH.
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3adanue 9

Ilpu u3yuenuu afncopOuuu NapoB BOABI HAa OKCHAE MarHus, npeisa-
PUTENIEHO BaKyyMHMpOBAaHHOTO NPU KOMHATHOH TeMmeparype B TEYEHHE
24 4, nony4eHsl cleayoLHe JaHHbIE:

P/P a, MMOJI/T P/Pg a, MMoJI»/T

0 0 0.65 2.80
0.05 0.25 0.70 2.95
0.10 0.50 0.75 3.10
0.15 0.75 0.80 3.25
0.20 1.00 0.85 3.60
0.25 1.30 0.90 4.10
0.30 1.50 0.95 4.80
0.35 1.75 0.96 5.10
0.40 1.95 0.97 5.20
0.45 2.15 0.98 5.50
0.50 2.35 0.99 5.90
0.55 2.50 1.00 6.10
0.60 2.65

1. ITocTpouTs rpaduk U30TEpMbI aacopOIUH.

2. Npumenuts ypaBHeHus BOT, AparnoBuya, OCTPOBCKOroO K AaHHOK
M30TepMe.

3. Onpenenuts K03 DULUMEHTHI ypaBHEHHUH.

3aoanue 10

[lpu u3yyeHuu apcop6luuu MapoB BOABI HA OKCHIE MarHus, npeapa-
PUTENBHO TEPMOBaKYYMUPOBAHHOrO nmpu Temmeparype 573 K B Teuenue
4 4, DOMyYeHs! ClIeNYIOLUME JaHHBbIE:

P/Ps a, MMOJTB/T P/Pg a, MMOJIB/T
0 0 0.60 6.0
0.05 0.9 0.65 6.3
0.10 1.8 0.70 6.7
0.15 2.7 0.75 7.1
0.20 3.6 0.80 7.6
0.25 4.5 0.85 8.1
0.30 5.0 0.90 8.6
0.35 5.3 0.95 9.0
0.40 5.5 0.96 9.1
0.45 5.6 0.97 9.2
0.50 5.7 0.98 9.3
0.55 5.9 0.99 9.5

1. [ocTpouTs rpaduk U30TEPMBI aAcOpOLIMH.
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2. lNpumennts ypasHeHus BOT, ApaHoBuda, OCTPOBCKOro K JaHHOH

H30TEPME.

3. Onpenenutb K03pGHLMEHTH] ypaBHEHHH.
4. Tlpu Hanuyuy pe3ynbTaTtoB pacyeTa, NPOBEACHHBIX B 3aJaHUAX 6—
10, BLLIBMTE BIHAHME TEMIepaTypHO-BaKyyMHON 0bpaboTku Ha agcop6-

LHUOHHYKO cnocoGHOCTh OKCHIAOB MarHuf M KaJlbLUHsf MO OTHOLIECHHUIO X
mapam BOABbI.

3adanue 11
[Tpu ancopbumy napoB METHUJIOBOTO CIIMPTA HA MHKPOMOPUCTOM [JIH-
HHCTOM ancopbeHTe NosyyeHs! cleayouHe BeNHYHHbI ancopoLHu:

P/Ps

0.01

0.07

0.25

0.44

0.64

0.90

a, MOJIb"KI'

0.70

1.00

1.28

1.55

1.85

2.55

IMocTpouTh H30TEpMY ancopOLMH, NMPELIOXHTb €€ aHAIMTHYECKOe

ONMMCAHHE U pacCUUTAThL 3HAYCHUE ay,.

3aoanue 12
H3zyyeHa apcop6uus napos 6eH3ona Ha cununope — 0,75 (nocne 4 4y
TepMHUyeckoit 06paboTku npu 150 °C), m = 36.2 mr; No= 364.244 mm.

P, T.°C Ps, PP N AN a'10%, a'10%,
MM PT. CT. MM PT. CT. r/r MMOJIB/T
9 15.8 61.24 | 0.147 | 364.0.56 | 0.188 | 16.36 20.97
15 16/0 61.85 | 0.243 | 364.048 | 0.196 | 17.06 21.87
30 16.2 64.47 | 0.480 | 363.984 | 0.26 | 22.62 20.01
39.5 16.4 | 63.093 | 0.626 | 363.939 | 0.305 | 26.54 34.03
49 164 | 63.093 [0.777 ] 363.808 [ 0436 | 37.94 48.64
515 164 | 63.093 | 0.816 | 363.690 | 0.554 | 4821 61.80
55 16.1 | 62.101 | 0.885 | 363.545 [ 0.699 | 60.83 77.98
57 16.2 | 62.470 | 0.912 | 363.427 | 0.817 | 71.09 91.14
59 162 | 62470 |0.937 | 363.170 | 1.074 | 9346 | 119.81
60 16.2 6247 | 0.961 | 362.008 | 1.274 | 110.84 | 142.13

l'Iocrpomb U30TEPMY a.IICOPGLIHPl, NPEeAJIOXKUTh €€ aHATUTHYECKOoe

ONUCAHHUE U PACCYUTATh 3HAYCHUE ayy.
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CEMHHAP 7. Y neibHAasl NOBEPXHOCTH TBEPABIX TeJI.
Meroab! onpenesieHus BeAHYHHBI YAeILHOH, AKTHBHOH H BHEMIHEH
NMOBEPXHOCTH

Jins TeopeTHYecKUX MCCIeNOBaHUH U MpH NPAKTHYECKOM HMCIIOJb30-
BaHUY aZICOPOEHTOB M KAaTAJIM3aTOPOB BECEMA BAXKHOM XapaKTePHCTHKOK
ABJIAETCA yAeNbHas MoBepXHOCTh. Ilepes HauanoM (pU3HKO-XMMHYECKOTO
3KCMEePUMEHTA MO U3YUEHHIO NMPOLECCOB, MPOTEKAIOLINX HA MOBEPXHOCTH
TBEPJOro TelNa, a TakXkKe MOC/e ero OKOHYaHUs, XKeNaTeNbHo, a YacTo co-
BEPIUIEHHO HEOOXOAMUMO 3HAaHUE BENTHYMHBI YNENBHON NOBEPXHOCTH TEX
o6pasLoB ancopGeHTOB, KaTalM3aToOPOB, Ha KOTOPBIX MPOBOAUTCA HCCile-
JlOBaHHe.

DuluYeCKuu CMICA ROHAMUA (YOCNbHAA NOCEPXHOCMD)

JlroGoli Meton onpeneNeHns yAENbHONW NMOBEPXHOCTH BKIIKOYAET H3-
MepeHHe HeKOTOpoit (pM3MUeCKOli XapaKkTepUCTHKH, KOTOpasi 3aBeOMO
Ka4eCTBEHHO 3aBHCHUT OT of1lel IUIoLafy NOBEPXHOCTH TBEPAOrO Tela U
MOXeT GBITh KOJHYECTBEHHO OTHECEHa K BeJMYMHE MCTMHHOM yAeNbHOM
TIOBEPXHOCTH.

BaxxHO MoAYepKHYTh, YTO pa3iMuHble METOABI Jal0T OTANYAIOLIHeCs
pe3yJIbTaThl ¥ 4TO 3THX pa3NHuMi creayer oxuaark. [Ipobaema 3awmo-
4aeTcs B TOM, YTO NPU BHUMATEJILHOM aHaJIM3e NOHATHE (yAeNbHas Io-
BEPXHOCTB)» CTAHOBHTCS JOBOJIBHO HEONpEAeNeHHbIM.

OuEeHUTDb, HACKONBKO TPYJHO ONMDENENMTh TOUHBIH CMBICH TMOHSTHS
«yZenbHas NMOBEPXHOCTLY TBEPAOrO Tesla, MOXHO, PaCCMOTPEB BOMPOC O
IUIMHE HEKOTOPOro y4acTka 6eperoBoil THHMH MEXAY JByMs TOYKaMH Mo
kapte [1]. Ha nepseiif B3rsa, anuHy GeperoBoif JIMHHM MeXAy ABYMS
TOYKAMH MOXKHO OMNPEAEIUTEL NPOCTO Kak paccTosHue Bojb Gepera. Oxn-
HaKO 5CHO, 4TO AnuHa Geperopoii IMHUM Gosblie NPAMOH, COEAMHSAIOLLEH
KpaiiHue npuGpexHbIE TOYKM, TAK KaK B Hee BXOAAT IJIMHEI Geperos
MHOrOYHC/ICHHEIX 3a/IMBOB, raBaHei, MBICOB M T.A. IlpuueM c yBemiue-
HHEM MaciuTaba u3pe3aHHOCTh Geperopoit TMHUM BO3PACTAET, U NOITOMY
NP KOKIOM TMOCHeAyIoleM yBelanueHuH Maciutaba jiauHy Geperosoii
JIMHMHU NIPUXOJUTCS YMHOMXATh HA HEKOTOPBIM IMOCTOAHHEIM MHOXUTEb.
3TOT MPOLECC MOXHO MPOAOKMTE A0 GECKOHEYHOCTH, NMPUHUMas BO
BHMMaHHE OT/IENBHBIE KAMHHM Ha Oepery, OTAe/bHbIE ECUMHKH H, HAKO-
HEll, IOBEPXHOCTb OTAENBHBIX MOJIEKYN M aToMoB. HeoGxoaumo Ha ueM-
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TO OCTaHOBHUThCA. I'eorpadsl B TAKOM Cilyuae MPUHUMAIOT BO BHUMaHHe
AMWb U3rubbl, IMHA KOTOPBIX GONBLIE HEKOTOPOrO MPOM3BOJILHO BbI-
6paHHOro pasmepa.

AHanoruyHeiM o6pa3oM HepenKo MOCTYNAKT M UCCIIeN0BaTeNd MpH
OLleHKEe YAeNbHOM MOBepXHOCTU. IIpH 3TOM MUHMMANLHEIN pasMep npu-
HUMAaeMbIX BO BHUMaHUE HEOZHOPOAHOCTEH MOBEPXHOCTH OMpPeNessioT,
HCXOMf, Hanpumep, M3 paspeluatoiiefl CocoGHOCTM MHMKPOCKOMA MM
pasMepa Moniekyn aacop6ara.

AGCONIOTHYIO BENMYHHY YNENbHOM MOBEPXHOCTH, CBA33aHHYIO CO
CBOHCTBAMM MOBEPXHOCTHBIX aTOMOB U MOJIEKYJ, BUAOM HEOAHOPOLHO-
CTH U T.A., IPAKTUYECKH H3MEPUTh HEBO3MOXHO, 1a U HEOOXOAUMOCTH B
sToM HeT. Mccnenopareneit 06514HO MHTEpeCyeT Takas BeNMYHHA YIeib-
HOM TOBEPXHOCTH, KOTOpas COOTBETCTBYET MX METOJYy HUCCIEHOBaHUS.
TakuM 00pa3oM, MOHATHE «yAeNbHast MOBEPXHOCTHY SBIAETCS OTHOCH-
TeNnbHbIM MOHATHEM. J[eHCTBUTENBHBIN CMBICH €ro onpelensercs MeTo-
JIOM M3MEPEHHUs U Teopyeit 3TOro MeToza.

Headcopbyuonnsie memoost onpedeneHus yoeasHoii nogepxnocmu

Bce Metob! onpeneneHus yAenbHO NOBEPXHOCTH TBEPABIX T MOX-
HO pa3sfienuTs Ha JiBa BUJA: C UCHONB30BAaHWEM aJCOPOUMOHHBIX JaHHBIX
(MBI UX Ha30BeM anCcOpOLMOHHBIMH METONAMU OMpefieleHHs YAeNnbHOl no-
BEPXHOCTH) U C UCIONB3OBAHUEM Da3IMYHBIX MAPAMETPOB, MONYYEHHBIX
JpyrMMu cnocobamu (HeaacopOUMOHHEBIE METOAb ONpeleNeHus YAeNbHOM
MOBEPXHOCTH).

Hagnem paccMoTpeHHe C ITOCHEHUX.

HimepeHue yoenvHoll nosepxnHocnui meeposix mei no mepmoou-
Hamuyueckum xapaxmepucmuram. Ecnn xaxum-nn6o o6pasom uimepe-
Hbl TaKME TEPMOJMHAMUYECKUE BeJIMYHHBI AN CUCTEMBbI TBEPLOE TeJo —
HOKOCTb, KaK TEIJIOTa PACTBOPEHHS MM TEMI0Ta CMayMBaHMs, TO
MOXHO OMNpeJesnTh YJeJIbHYIO OBEPXHOCTh TBEPAOro Teja. [Ipu atoM
UCIIOJIb3YIOT YpaBHEHHUS, CBSA3BIBAIOILME TEILIOTY CMayMBaHUA TMOPOLIKA
KaKOH-1u60 KUAKOCTHIO C AAaHHBLIMU MO TEMIEPaTypPHOM 3aBUCHMOCTH
KpaeBoro yrja CMauMBaHUs TOM e HUAKOCTH:

(2.160)
WIH (2.161)
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rAe g — TemioTa cMauMBaHHs, OTHECEHHasd k 1 r mopomka; £ — nojHas
MOBEPXHOCTHAs 3HEPIUs rpaHull pasaena; SV — Teepnas MOBEPXHOCTb —
ajficopbunonHast nienka; SL — TBepaas NMOBEPXHOCTb — KUIKOCTh; L-
ra3 — KHIKOCTB; S — Y/e/bHAA NOBEPXHOCTh TBEPAOTO Tena, eM/T; oy —
MOBEPXHOCTHOE HATAXKEHUE XKUAKOCTH.

VkazaHHble ypaBHEHUs HEJIErKo UCMOoMb30BaTh Ha npakTuke. Ho ecnu
HMEETCS BO3MOXHOCTb OLEHUTh BENHUUHBI, CTOSLIME B CKOOKax ypaBHe-
Huit (2.160) u (2.161), U MOMHS, 4TO OHM pacCUHMTHIBAIOTCA Ha 1 o,
MOXHO, KaJlOPUMETPUYECKH ONPEAEIUB TEIJIOTY CMAYHBaHHA g, PACCUH-
TaTh S.

MoxHo onpeaenuTh yAeabHYIO NOBEPXHOCTh TBEPAOrO TENA, BKIIO-
4as cieayroimue onepaiuu. CHavana TBepAoe Tejo NPUBOAUTCS B PaBHO-
BECHE C HAaCBIIIEHHBIM NapoM, NpU 3TOM 00pa3yeTcs MOBEPXHOCTHas
mnenka. Ecnan teneps uccnenyemelii o6pa3sen Norpy3uth B JKMAKUI af-
copbat, To NOBEPXHOCTh pa3felia MieHKa — ap MCYE3aeT U BbLAENAETCH
TemnoTa, cooTBeTcTByolWas ¢ =S - E,; , oTkyna u Haxonart S, npeanoia-
ras, 4to 3Hepruu E; moBepxHocCTe# pa3siena afcopOLMOHHAs NJEHKa —
nap 4 XHAKOCTb — Map NPUMEPHO OAMHAKOBBL. ONUCAHHBIH METOA TaloKe

JIOBOJIBHO TpyZeH, Ho 'apkuHc u FOpa ycneuiHo npMMeHHIIM ero K cHc-
TeMe TiO; — H,0.

Yoensnas nosepxrnocms u ckopocms pacmeapeHus meeposix men

Cpenn pasnMuHbIX METOJOB ONpEAENEHHS YAEIbHON MOBEPXHOCTH
0co60e MECTO 3aHUMAET METOA ONPEAENIEHHs NOBEPXHOCTH PACTBOPHMBIX
MaTepHalloB 110 CKOPOCTH MX pacTBOpeHHs. OCHOBaH OH Ha MpeAnosoxe-
HHUHM O TOM, YTO NPH AAHHOH TeMrepaType HayanbHas CKOpDOCTh pacTBO-
PEHHUs MPONOpLUMOHANbHA YAeIbHOH MOBEPXHOCTH TBepAoro tena. Ilpen-
NOJIOKEHHUE 3TO IKCMEPUMEHTAIBHO NMPOBEPEHO Ha obpasnax kaMeHHOH
conu. IIpu pacTBOpEHHH CKOPOCTB NPAMOro M 06paTHOro (OCaXKAEHHs)
TIPOLIECCOB CBSI3aHA C YAENbHOH NMOBEPXHOCTBIO TBEPAOro TeNla COOTHO-
LIEHUAMH:

(2.162)
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TOe k. = D'CO/;k2 = «s - 11 — KO3 duLHMeHT quddy3un BAONL OCH; T —

TOMUNHA ¢10s; Cy — KOHLUEHTpALMsl COJH Y MOBEPXHOCTH; dNaCl — AKTHB-
HOCTh pacTBOPEHHO# COJH.

Ecnu ofpasen; oMbiBaeTcs CTaLMOHAPHEIM NMOTOKOM BOZbl, MPOLECC
pacTBOPEHHUs NOBONLHO TOYHO OMMCHIBAaETCA BbIpaxkeHHEM 11 Ry . Ilpu
PacTBOpEHMH B MOCTOSHHOM ofbeMe BOABI CKOpPOCTDb MpoLecca onpeje-
nsercs anreGpanyeckodi cyMmmoii Ry u R,. Ilonp3ysch 5THMH JaHHBIMH,
MUXHO OLIEHUTD YAETbHYIO MOBEPXHOCTL MOPOLIKOOGpa3HEIX 06pasLios.

Inexmpoxumuseckuit memoo onpedencHus yoensHoi nosepxnocmu

DTOT METOA OCHOBAH Ha JIHHEHHOM XapakTepe 3aBMCUMOCTH NOTEH-
Lyasa 3JIEKTpoJa ¢ OT BpEMEHH MPOMYCKAHUs MOCTOAHHOIO TOKa

-@=k-g+const, (2.163)

rie g — 3apsl, MpOLIeALINH Yepe3 3NeKTPO, PaBHbIi NPOM3BEACHHUIO TO-
kaHaBpems, g =1 -1

JIuHe#HOCTh KpHBOU 3aps)KeHHA MO CYIHECTBY O3HAYaeT MOCTOSHCT-
BO €MKOCTH JBOiHOro cinos. Takum o6pa3oM, Mpu nepexone OT OJHOH
CHCTEMbI K Apyrofi KOHCTaHTa k JOMKHA MEHAThCS MNPOMOPLHUOHANLHO
NJIOINAZM 3NEKTPOAa, a OTHOIEHHE BENHYMH Ky U k; Ans OBYX BJEKTpO-
JIOB JJaeT OTHOLUEHUE UX YAeNbHBbIX NoBepxHocTeil. boyaen u Puaun [1]
noKasanu, 4TO JJI TBEPIbIX META/VIOB UCTUHHAA MOBEPXHOCTD, Kak npa-
BHJIO, 3HAUUTEJIBHO MEHbILe KaKyluekics, MM reOMeTpUUECKON noBepx-
HocTd. [ MIAaTHHUPOBaHHOW IUIATHHB! OTHOLUEHHE ABYX IUTOIHAAeH
pasHo 1830.

Onpeoenenue yoen1sHoil nOBEPXHOCMIL HA OCHOBARUYU AOCOPOKUOHHbIX
0annbvIxX

Ypaaﬂenne Jl:mmmpa a=a,- HE 4YaCTO BBIMOJHACTCA i

peanbHbIX NMoBepxHocTeil. Ho TaM, rae oHO AEHCTBUTENLHO BBIMOJHAET-
Csl, BeJIM4MHA TIOBEPXHOCTH MOXKET ObITh OmpelesieHa U3 JNUHeapHu3aluy
3aBUCUMOCTH a/P — a unu P/a — P HaxoXneHHEM 4, — BEJUYHHBI afl-
copBLuK npU MOHOMOJIEKYIAPHOM MOKPLITHH MOBEPXHOCTH aacopbaToM.
3nas nuowaaky So ofHOH Momekynbl afcopbara, yaeabHYIO TOBEPXHOCTD
S onpenensioT 13 BhIpaXKeHUA

163



o =4, N, S, (2.164)

rae Na — uncno Aporapuo.

Merox BAT. B Mmarepuanax 6-ro cemMuHapa GbINO yKa3aHO, uTO
ypaBHenne BAT HeocTaTOHHO OGOCHOBAaHO, HE MMINEHO HEJOCTATKOB,
OJIHAKO CBUZETENLCTBOM €ro MOMyNAPHOCTH M MPU3HAHUSA ABJAETCSA NpH-
HaTHe Metoda BOT pasnuuHeiMH oULMaNbHEIMUA OpraHaMM B Kaue€cTBe
CTaHJApTHOM METOOMKM OMNpEAENeHUs BEIUYHHBI yJeJbHON IOBEPXHO-
cti. MosxHo 6e3 npeyBenuyeHus cka3athb, 4To Meroa BT okasan riy6o-
KO€ BJIMAHUE Ha pa3sBUTHE TEOPUH M NPAKTHKU aAcopOLMM U KaTanu3a.

Ina yno6ersa ypasHerne BOT oberuso npeobpasyroT k BUAY

P P ,C-1P
a(P,-P) a,C a,CP’

(2.165)

3A€Ch g — paBHOBECHas BeJIMYMHA afcopbLMM, U3MepeHHas NpU PaBHO-
BECHOM OTHOCHTENBHOM JHaminenun P/Pg, a, — emkocTh MoHochos; C —
KOHCTAHTa, CBA3aHHAas C TEIIOTOH aacopOLyH B IEPBOM CIIOE M TENNOTO#
KOHAeHcaUuH aacopbara.

VpaBHenue (2.165) BblpaxaeT JMHEHHYIO 3aBUCHMOCTh MEXAY
P/a(Ps— P) u P/Pg, xoTopas onpae/siBaetca B odnactu P/Ps= 0.05-0.35.
V HeKOTOpHIX CHCTEM, HalpuMep a30Ta Ha rpa@MTHPOBAHHOM yrie NpH
77 K, nuHeitHocTh rpaduka HapywaeTtcs yxe npu P/Pg=0.1. K3 naxnona
npAMoii U OTpe3ka, OTCEKAEMOro €10 Ha OCH OpAMHAT, BbIYUC/SIOTCA 06e
KOHCTaHTBI: C H a,. KoHCcTaHTa a,, JaeT BO3MOXXHOCTb MO YpaBHEHUIO
(2.164) onpezmenuTh yAeNbHYIO NOBEPXHOCTh aficOpOeHTa WM KaTanu3a-
Topa. AGCOMOTHAA TOYHOCTh METO/A, OLIEHEHHas Ha OCHOBaHMH CpaBHe-
HHUA C yJeJbHOM NMOBEPXHOCTBIO 0Opa3LOB, ONpeNe/eHHOM APYTHMH Me-
TomamH, cocTtaBiser 10-15%. OTHocHTeaLHAsA TOYHOCTD, UMEOLIas Hau-
6onee BaxxHOe 3HAaYE€HWE B GOJIBLIMHCTBE MCCJIEJOBaHUH, ONpenenseTcs
IKCNEPHMEHTANBHON TOUHOCTBIO M3MEPEHHS BENMUYMHBI afCOPOLIMK U A
CTaHJAapTHOro 06bEMHOro MeToa U3Mepenuii coctaenser 1-3% [2,3].

Meton BOT nonyckaet ucrnonbs3oBaHue moboro KOHAEHCHPYIOUIEro-
s napa, HO YTo6bI pe3yNnbTaThl U3MepeHHit Obu1n Gosiee TOYHBIMH, MOJiE-
KyJIbl JOJDKHBI GbITE HEOONBLIOrO pa3Mepa ¥ NPUOIN3UTENBHO chepuye-
ckoit Gopmel. CresyeT BBIGHpPATh TakHe Napbl, ¢ KOTOPBIMM YAOGHO pa-
60TaTh Npu TeMIepaType M3MepeHHil U IS KOTOPBIX JIErKO H3MEpHTH
naenenve B uuTepsane P/Ps ot 0.05 no 0.35. Ioaxomsawmmu ancopbara-
MM C JTOH TOUKM 3PEHHs, & TAKXKE BBMAY MX JOCTYNMHOCTH, MOTYT Cly-
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XKTE KPHIITOH, aproH ¥ a3ot. Yaie Bcero HCnons3yroT a3oT. YTo6si oT-
HouteHue P/Pg nexano B untepsane 0.05-0.35, napunanbHoe JaBiieHHe
asota npu temneparype 77 K momkuo cocrasnste 10-100 xIla. Ecnu
ofwas BeNHYHHA MOBEPXHOCTH 06pa3sua MeHblue HECKONbKUX KBaIpar-
HBIX METPOB, KOJIHYECTBO aicOpOUPOBaHHOrO BELIECTBA COCTABIAET
JHMIUB MANYIO J0JIO O6ILEro KONMYECTBA MOCIENHETO, ¥ TOHHOCTh H3Me-
peHuii CTaHOBUTCA HenocTaTouHol. Onpenenss npu TeMmnepatype XHA-
Koro azota aacopbuuio napa ¢ Gonee BBICOKOH TeMIIEPaTypoil KUMEHHs,
MOXHO TNpH 3HaYHTeNbHO GoJlee HU3KUX aBNEHUAX TONYYHTh TE XKE Be-
srmzHel P/Ps. KonuuecTBo BelecTsa B ra3oBoi ¢ase MpH 3TOM CUIBHO
YMEHBLIAETCs, a afcOpOHpPOBaHHOE BEINECTBO COCTABMIAET 3HAYHTEILHO
6onbiyio aomo oblero KOIUYECTBa, YTO CYIECTBEHHO MOBBILIAET TOY-
HOCTb M3MEpEHHif. [ TakuX M3MepeHHUH MpH HA3KHUX NaBJIEHHAX 4acTo
MCTIONE3YIOT KPHIITOH, AaBJIEHHE TapOB KOTOPOro MPH TEMIEpaType XU/
Koro a3ota paBHo npumepHo 0.4 kIla. OnHako MPOBOAMTL M3MEpEHHUs
TIPY HH3KHX JaBJIEHUAX HECKONBKO CIIOXKHEE, TaK KaK anmnaparypa JOmxK-
Ha ObiTh 60JIe€ FEpMETHYHOI.

Tlepen n3meperneM afcopObLHH HEOGXOAHMO YyAAIHTL H3 YCTaHOBKH
U ¢ obpasua Boay U aacop6upoBaHHbie raszpl. O6bIMHO C 3TOH HENbIO 006-
pasel| HarpeBatoT B BakyyMe. Eciu 3Toro He cienarb, To MeajieHHas fe-
cop6uus B mpouecce W3MEPEHHH MOXXET NMPHBECTH K OLIHOOYHBIM pe-
3ynbTataM. FamepeHHs MOXHO NMPOBOJHTH BECOBBIM HIIM OOBEMHBIM Me-
ToaaMu. Obpa3sel OTKayHBalOT B BaKyyMe NpH BhIOpaHHOI TeMNepaType,
TocJIe Yero OXJIAXAAOT A0 TEMMNEPaTyphl XHAKOTro a3oTa (MM JpYroro
COKMXKEHHOTO rasa) U BBJICPXKHMBAIOT A0 yCTaHOBJEHHUS paBHoBecus. Mc-
XOZIs U3 PaBHOBECHOTO JABJIEHHS, PACCYHTHIBAIOT, OCHOBLIBAAChL Ha raso-
BbIX 3aKOHaX, KOJMYECTBO aJcOpPOMpOBaHHOro rasa (asoTa, KpUNTOHa,
KCEHOHa MJIM JApyroro ajacop6ata). 9Ty nmpoueaypy NOBTOPSAIOT H MOJy-
YalOT CEpHI0 BEIMYUH afcopOLUM, COOTBETCTBYIOUIMX YBENHHHUBAIOLIE-
Mycsl paBHOBECHOMY JaBJIEHHIO C TeM, YTOOBl 3aT€M BOCIOJIB30BATHCS
ypaBHeHHAMH (2.165) 1 (2.164). «ITocamouHy0 MoWanKy» MOJIEKYJIb Sy
afcopbUpOBaHHOTO ra3a MOXXHO ONPENENHTH MO MIIOTHOCTH XHAKOCTH;
OIHAKO CKa3aTh HABEPHSAKA, YTO YNaKkOBKAa B MOHOCJIOE TaKas e, Kak H B
ofbeMe XUAKOCTH, HE TpeACTaBnsfeTcs BO3MOXHBIM. [ToaroMy mis Ha-
JIEXHOCTH CllefyeT NMPOBEPUTh METOAMKY, M3MepAs aacopOLHio Ha aj-
copbeHTe, MOBEPXHOCTh KOTOPOro ONpefie/leHa HE3aBUCHMBIM METOIOM,
HalpuMep Ha HemopHCTOM BELIECTBE, COCTOAILEM M3 ONHOPOIHBIX KPH-
CTAIJIOB HNH 1IapHK9B. TakuM cnoco6oM YCTaHOBJIEHO, YTO NOCAJO4HAs
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nnomanxka asora pasHa 0.162 HM’; 3Ta BEIMYKHA XOPOIIIO COTNACYeTCs C
BEJIMYMHOH, paCCYUTAHHOH MO MIOTHOCTH XHAKOCTH.

B nocnenHee Bpems Bce Gonbllie HeCNeAOBaTENEH CUMTAIOT, YTO BMe-
CTO a30Ta, MMEIOLIEro 3HAYKTENBHbIA KBAAPYNONbLHBI MOMEHT (M, 3Ha-
YUT, MPOABNSIOIETO W3BECTHYIO CNEUHM(UYHOCTE AACOPOLMOHHOrO
B3aUMOJIEHCTBHA) U IJUTMIICOUAHYIO (GOpMY MOJIEKYJBI, ClelyeT np1Me-
HSTH AprOH, MPAKTHYECKH He YYBCTBHUTENIBHBIH K MOJAPHOCTH MOBEPXHO-
CTH ¥ UMEIOILMI CTPOro CPEepHUUYECKYIO CHMMETPHIO 3JIEKTPOHHOrO 06ia-
ka aToMa. [lns aprosa So=0.176 M .

ViccnenoBaHust MOKasbIBAKOT, YTO TUIOLIA/AH, 3aHUMAEMbIE MOJIEKY.I2-
MH ancopbaToB, He NOCTOSHHBI, @ MOTYT HECKOJIBKO U3MEHATECA B 3aBU-
CHMOCTH OT XMMHUECKO# NpupoAs! noBepxHocTH [3]. Tak, npu agcop6-
uuu GeHsona Ha rpagUTHPOBaHHOM TepMW{ecxon caxe S;=0.40 uM’, a Ha
IHAPOKCHIMPOBaHHOM KpemHeseme Sp =0.49 nm’ . Eme 6onee cyurect-
BEHHOE pa3nu4ie MMEeT MECTO MpPH MOAM(HLMPOBAHMH NOBEPXHOCTH
ancopbenTtos. [IpumeHeHHe HECOOTBETCTBYIOIEH BENMYMHBI ancopOuy-
OHHO# IUIOLIAAKH IPUBOANT K HCKAXEHHIO NOJTyYaeMbIX BEJIHYHH y/ENb-
HOM TNOBEPXHOCTH, €CNIM pacyeT MPOBOJUTE N0 YpaBHeHHIO (2.164), Hesa-
BUCHMMO OT Bbifopa MozenbHO# u3oTepMel. [IpuHATO, YTO B HaUMeHbLIeH
CTENeHH pearupyloT Ha XMMHYECKYIO NMpPUpOAY MOBEPXHOCTH afcopbeH-
TOB a30T, KPUNTOH M aproH. TeMm He MeHee U Ul a30Ta HEKOTOPBIE aBTO-
Pbi PEKOMEH/YIOT HCNIONE30BATE PA3HEIE MOMIEKYIAPHbIE MIOLAKM (ot
0.135 0o 0.175 um ) B 3aBMCHMOCTH OT XMMHYECKHX CBOHCTB [10BEpXHO-
CTH MaTepuaioB, He MOA(UIMPOBAHHBIX WX MOAN(HIMPOBaHHBIX pa3-
JIMYHBIMK OPraHMYECKUMH COENWHEHHAMH.

Kak yxe oTMeyanoch, UCIONE30BaHHE B KayecTBe aacopbaToB Be-
IECTB C MaJioif ynpyYrocTelo Mapa Mo3BoJseT Pe3KO MOBBICHTH YYBCTBH-
TENBHOCTh METOJA, HO MPH YCJIOBHM TOYHOH PErHCTpalMH KOJHYECTBa
aacopbupoBaHHOro BelllecTBa. XOpOIIMe pe3yNbTaThl B 3TOM IUIaHe JaeT
UCMONB30BaHHE PafHOAKTHBHBIX CHETYHMKOB, PUMEHAS B KayeCTBe aj-
copbartoB 5Kr nnn ' Xe. B 310M Criyuae MOXKHO H3MepHTB [IOBEPXHOCTh
o6pasLa, paBHYIO BCEro HECKOJIBKUM KBaJPaTHBIM CAaHTUMETpPaM.

Ecnu xoHcTaHTa C JOCTaTO4YHO BeNMKa, TO H30TepMa ajacopGuuu
MMeeT JIOBOJBHO YeTKUil Mepexoj OT KpYTOro noabeMa K MpsMOJIMHer-
HOMY Y4acTKy, T.€. XOpOLIO ONpeAesseMylo TOUKY B, KOTOpYIO CUMTAIOT
COOTBETCTBYIOIlEH MOHOMOJIEKYJIIDHOMY TOKPBITHIO TOBEpXHOCTH.
VY eNbHYIO0 OBEPXHOCTE MOXCHO ONpPENENUTh 110 OpAMHATE TOYKH B n3o-
TepMbl afcopbunu (@ — P/Ps) MM NpOBECTH NMPAMYIO Yepe3 Hayajo Ko-
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OpIO#HAT U TOYKY, U3MEPEHHYIO pu P/F; =0.2~0.3, u nony4uth Ha-

KJOH ana ypasHeHus BOT, pasHblt o6paTHOH BenMuMHE MOHOCNIOS, B
CrCTBETCTBHH C YPaBHEHHEM

P 1 P 2166
a(Py-P) a, P (2.166)

Taxoit npocToif # OLICTPBIH cocod TpedyeT ToNbKO ORHOMN KCHEpH-
MEHTAJbHON TOYKM M TONE3EH NpH ONpencJCHUN MOBEPXHOCTU CEPHUH
06pa3LoB OXUHAKOBOU MPHPOIBI.

B HacTosdmiee BpeMsa AJis yNpOLIEHUss METOAMKH pacueTroB IpPH Bbl-
YHCJIEHWH YJAeIbHOH MOBEPXHOCTH YacTO MCMONB3YIOT MeToA TéMKHHa
{4], cyTh KOTOpOrO 3aKIIOYaeTcs B TOM, YTO koHcTaHTa C 3TOro ypaBHe-
HUs i1 JAHHOTrO aﬂCOpGTHBa [IpUHUMAaETCA HOCTOHHHOﬁ, HE3aBHCHMOM
ot npupozs! afcopbenTa. Tak, [ aproHa NpHHATO MOCTOAHHOE CPENHEE
3HaueHHe 3TO! KOHCTaHThl, pasHoe 50. Torna B ypaBHenun BOT Tpeby-
€TCsl ONpPENENUTE TONBKO OAHY KOHCTAHTY dyy, H OHO MOXET OBITh Npeo6-
pasoBaHO K BULY

(2.167)

Takum 06pa3oM, U3MEPHB BCETO OIHY TOUYKY M30TEPMEI, IIOJIy4HB Be-
JMYUHY @ IPH KaKOM-TIHG0 P/ Py, MOXHO N0 ypaBHEHHIO (2.167) Bb1YKC-
AUTB dyy U HAliTH Sy, 10 Gopmysie (2.164).

¥IMEHHO Taxas METOAMKA pacyeToB MpPHHATA B OOJBUIMHCTBE pabo-
TAIOLIMX y Hac B CTPaHe YCTAHOBOK M0 METOAY TepMOAecOpOLIMH.

Metoa BOT NOCTOAHHO COBEpPLICEHCTBYETCS. JHAYMTENILHOE YCOBED-
LIEHCTBOBAHHE €ro GbUIO JOCTUTHYTO MPH MPHMEHEHMH amnapaTrypel U
MpUHLMIIOB ra30Boi xpomarorpaduu. Bennurna ancopbuun B 3TOM CIy-
yae U3MEPSAETCs N0 H3MEHEHHIO KOHLEHTpalMK ajicopbaTa B MOTOKE rasa-
HOCHTEJIA, poXoAsieM yepe3 obpasen. bnarogaps BeicOkOH YyBCTBH-
TENILHOCTH JIETEKTOPOB- yAaeTcss (pPUKCHPOBATh BECbMa HEGONBLINE H3ME-
Henus KoHUeHTpauuy. ITo ¢opMe KPHBBIX MONy4YEHHBIX XpOMAaTOrpamMm
MK MO MIOWAAY MMKOB PAaCCUUTHIBAIOTCA PABHOBECHBIC BEJIMYMHBI all-
cop6LHH 1 [0 HUM — BEJINYHHEL TIOBEPXHOCTH. B COBpeMEHHBIX XpOMaTo-
rpagu4ecKuX YCTaHOBKAX 3Ty OMEPALMIO BBIIONHSET MHTErpatop. Xpo-
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MarorpaduyeckHe yCTaHOBKH H3MEPEHHs MOBEPXHOCTH MO CPaBHEHHIO C
BAKYYMHBIMH MHOrO MpOIUE B KOHCTPYKUMHM M MOHTaKE, HE COAEpKaT
PTYTH M He TpelyroT kBanuduUUpOBaHHOro obCIy)XMBaHHA, HE yCTynas
MM B TOYHOCTH.

U3 cymecTBytomux xpoMaTtorpaueckux METOLOB ONpeAeNeHUs Sy,
HauGonblllee MpU3HAHUE MOMYYHII METOA TEMIOBO}H necopbuuy, ¢ momo-
H[bIO KOTOPOTO MOXHO M3MEpPAThH YAENbHBIE MOBEPXHOCTH TBEPABIX Ma-
TEPHAJIOB C Pa3HOM XMMHYECKOH NPUPOIOH, AUCIIEPCHOCTBIO U OPHCTOM
CTPYKTYpOii. MeTOA oueHb MPOCT ¥ UMEET BLICOKYIO UyBCTBUTEBHUC I,
4TO [103BOJIAET ONpEJENATs yAebHble nopepxHoct ot 0.01 g0 600 M/r.,
B xauecTBe noABHHOI#T a3kl UCIIONB3YIOT cMech a30Ta ¢ reaveM (5% N,
no o6semy).

Pacuert Sy, NpoBOAAT MO MJIOWAAAM AeCOPOLMOHHBIX MUKOB:

S,
P — ) B (2.168)

” Snm(n( ) g

TZie Snuxa — TUIOLIAAL AecOpOLIHOKHOrO MKKa; g — HaBecka obpasia; 3Hay-
KOM (3T) OTMeUeH 3TalOHHBII obpasell.

B kauecTBe 3TalOHHBIX 06pa3sLOB ¢ U3BECTHOH Sy, HCHIONB3YIOT 06-
pasipl ¢ HOBEPXHOCTBIO, 6IM3KOM MO XUMHUYECKOH MPHpPOAE K HcClefye-
MOMy copOeHTy.

B nocnenHee BpeMs BBITycKalOTCA 0GbeMHBIe aACcOpGLMOHHBIE yCTa-
HOBKH, cHabxeHHble OBM, xoTopble 3a1al0T NporpamMMy M3MepeHHil U
06pabaTsIBaIOT pe3yNbTaThl, YTO O0eCreYHBaeT BBICOKYIO MpPOU3BOAH-
TENBHOCTD ONpPEAENeHUs MOBEPXHOCTH.

B 3awmoueHne HeEoOXOOUMO OTMETHTh, YTO CYLIECTBYET MHOTO pa-
60T, MOCBSAIIEHHBIX BapHaHTaM HHTEPNpETallud WJIM HOBBIM MeETOAaM
BeIBOAa ypaBHeHHs BOT, ero Monudukanmy, a Takxe NOUCKY albTepHa-
THBHBIX METOROB pacyeTa YAeNbHOH MOBEPXHOCTH, TaKkke Ga3upyroLMX-
s Ha aficopOLMOHHBIX H3MepeHHsX [5].

Omnocumensustii memoo I'apkunca u I0Opa

Hupokas pacnpocTpaHeHHocTh MeTona BOT npuBena k MHOroumc-
JIEHHBIM My6/IMKAUUAM MO MOBOAY €ro AOCTOMHCTB, HEJOCTATKOB, MOJIU-
(uKauuni, Ho CTOMT OTAATh JaHb U APYTHM METOJaM.

CapkuHc ¥ ¥0p [6] npeanoxunu coBepilieHHO HOBBIN MOAXOA K M3-
MEPEHHIO BETMYMHBI MOBEPXHOCTH METOAOM ajcopOuuu rasos. OHu Ha-

168



UM aHANOTHIO MeXAYy MOBeAeHHEeM aJicOpOHpOBAHHBIX CIOEB Ha MO-
BEPXHOCTH TBEPJbIX TeJ U HEPACTBOPHMBIX NOBEPXHOCTHBIX IJICHOK Ha
KUAKOCTAX. ITo uX npencTaBleHNAM, JBYMEPHOE IOBEPXHOCTHOE JaBJIe-
ke T THIOTETHYECKOH KOHIEHCHPOBaHHOH TUIEHKH >XUAKOCTH, ob6pa3o-
BaHHOW MOJIEKYNaMHM ra3a ¥ yAEpXHBAaeMOH y MOBEPXHOCTH, CBA3AHO €O
cpeaHei niolaneio, 3aHUMaeMoi 01HO# afcop6MpoBaHHON MoseKyoi
So, YpaBHeHHEM

7 -b-1-8,, (2.169)

rae b u [ — KOHCTaHTHL
B T0 xe Bpemsa

T=03-0,
re gs— NOBEpXHOCTHAs 3Heprus agcopbeHTa; o — NOBEPXHOCTHAs 3HEp-
rus agcopbeHTa nocne aacopbuuy Ha HeM rasa ob6bemom V.

Torna nebonbliive U3MeHeHUs 7 OYAyT CBA3aHb! C U3MEHEHHEM Sy
o

o =-1-85, =-6o. (2.170)
Jns Sp MOXKHO HamucaThb
A =V.-8/V-a, (2.171)

rae V — o6bem ofgHoro Mosis rasa; a u ¥ — uucio Moneit u o6sem ancop-
6MpOBaHHOIO rasa; S — yJenbHas MOBEPXHOCTh ajicopbeHTa.

3aBHCMMOCTb MeXIY AaBleHHEM U 00BEMOM aiIcOPGHPOBaHHOrO rasa
NpeACTaBUM B BUJIE TOXIECTB:

[6lnP) _(alnP\ (37!‘\ E(alnP) (om) (88 9179
v ), " ox ), \ov ), "Uan ). \as, ), or ),

3anMiiieM M3BECTHOE ypaBHeHue H30TepMbl aacopbuuu ['mb6ca B
topme

LalnPJT

e u3MeHeHHe d7T COOTBETCTBYET M3MEHEHMIO JABJEHHMA HA BENTHUMHY
dln P; C — noBepXHOCTHAS KOHLEHTPALMA, BBIPAKEHHAT YUCIOM MO-
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Nell, NPUXOMAIMXCS HA MJIOLIA/b, PABHYIO 1O BENUYHMHE YAENbHOH mno-
BepXHOCTU S. C MOXHO ONpPEAEIUTH Kak

C=—=a—. (2.173)

Ha ocHoBauuu ypasuenuit (2.170) — (2.173) nonyyaem

(omp\ _1(7-S)
\a7 I, RT-a-¥

HHTerpupoBaHie 3TOro ypaBHeHHs AaeT

s

Inp=—-——"
2RT-a-V?

+const. (2.174)

CrneposatenbHo, rpaduyeckas 3aBUCMMOCTh InP oT 1/V’ nomxua

ObITh JIMHEHHOM, ¥ 3HaueHHe YAENbHOH NOBEPXHOCTH PacCYUTHIBAETCA MO
tdhopmyne

a\b

S-= %(@A —r-(t1g7)%, @.175)

1
rae ¥ — yros HakJIoHa npsMoil In P — F’ K — KOHCTaHTa, hu3nueckuit

CMBICTT KOTOpOI siceH U3 ypaBHeHus (2.175).

ABTOpbI TEOpUH TONIAraii, YTO K 3aBUCUT TOJIBKO OT TEMIEPaTyphl U
npypoas! aacopbara ¥ He 3aBUCHT OT NMPUPOAB! NOBEPXHOCTH. OHU yT-
BepXKAaM, YTO HAJIEKHOE 3HAYEHUE K MOKHO NONYYUTh C HMCIOJIB30Ba-
HMEM HE3aBUCHUMOTO METOJa ONpEAeNeHUs BEIUYHHBI IOBEPXHOCTH, Ha-
NMpyMep, OCHOBAHHOTO HAa W3MEPEeHUM TEmIoThl cMauuBanus (2.160),
(2.161). Torna nony4yeHHOe 3Ha4€HHeE S MOMKHO MOJCTABHTEL B YpaBHEHHE
(2.175) 41 monyyuTb KOHCTAHTY K, 3HaYeHUE KOTOPOH NPHUMEHUMO KO
BCEM TBEPABIM TeNaM ¢ ZaHHBIM ajJcopbaToMm.

Merton I'apkunca — }Opa Hailienn J0BOJIBHO IIMPOKOE NPUMEHEHHE, HO
BCE JKe 3HauUTeNIbHO ycTynaeT metony bOT.

Memo oL onpedeneHus yoensHoil no6epxXHOCMU, UCNONL3YeMble
'MeHee WUpoKo

Jlns onpepeneHus ynensHOM MOBEPXHOCTH TBEPABIX TN MOTYT OBITH
HCHONB30BaHb! U Apyrue MeTonbl. K HUM OTHOCSTCS, Hanpumep:
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— METOJl, OCHOBaHHBIi Ha yCOBEpIIEHCTBOBaHHOH JlybuHHHBIM TeO-
puu INonaxy, npuMeHsiowelica ANA ONpeaeeHUs BeTHYHHB TOBEPXHO-
CTH pasfHyHbIX yrieli;

— METOJ, 3aKJTI04aIOWMACA B U3MEPEHHH MOBEPXHOCTHBIX MOTEHLMA-
JIOB, BO3HMKAIOLMX NpH aAcopOLMM Ha NOBEPXHOCTH METAaIM4YECKMX
TIEHOK;

— METOJ, MCTIONB3YIOIHH H30TEPMY B OTHOCHTEJBHBIX KOOpAMHATAX.
OTOT METOA paccMOTPUM MOApPOGHee.

I'paduyeckoe u3obpaxeHHe HM30TepM afcopOUMM B KOOpAMHATaX

a- % 4acTO He JaeT YeTKO BhIpaxKeHHOM MHQOpPMALUU O CTPYKTYpE H
s

COpOLMOHHON XapaKkTepUCTHKEe H3ydaeMbix ancopbeHToB. IToatomy
B.C. Komapos [6] npeanaraer cTpouTh u3oTepMy aficopOuuu B KOOpIH-

Hatax (9:/1“11—(%'” B Buae kBajpara (puc. 2.31); dmax — npe-

JieabHas eMKOCTb nornoueHus npu P/Ps=1.

B oJTOM cilyuae M3OTEpMbl MO-
pasHOMY pacmoJlaraloTCsi OTHOCHTEJIBHO
npsiMoif NMHUHM AB, XapakTepHusyromiei
OpsAMO  MPOMOPLMOHANBHYIO  3aBUCH-
MOCTb OTHOCMTENBHON aacopbuuu ot
BENIYYMHBI OTHOCHTENLHOTO JaBieHUA
ancopOara.

Kpusas / Ha puc. 2.31 xapakrepHa
IS HEMopHCTBIX azmcopbeHToB. H3o-
TEPMbl, PACMOJIOKEHHBIE BhILUE JTHHUH
AB (xpuBaa 2), COOTBETCTBYIOT ai-
copOLMH Ha MEJKONOPHUCTBIX aAcop-
GeHTax; H30TEpMBl, JIeKALIKE HHUXKE
nuuuu AB (kpuBas 3), COOTBETCTBYIOT
ancopbuMy Ha KPYMHOMOPHCTHIX aj-
copbentax. KpuBas 4 ykaspiBaeT Ha
CMEILAHHO-NIOPUCTYIO CTPYKTYpPY af-
copbenToB. HakoHel, H30TepMa B OTHOCHTENBHBIX KOOPAMHATAX MOXET
ABaXKAbl epecekaTh JIUHMIO AB. Takue U30TepMbl XapaKTepHb! Ui af-
copbeHTOB ¢ OrpaHM4eHHBIM pasMepoM nop, o6beMHOe 3amoJHEHue
KOTOPBIX MpOUCXOAUT npu P/Ps < 1, u cooTBeTcTBYIOT M30TepMam IV u
V tunoB no kiaccugukauuu bpyHayapa. Kaxnmas kpuBas Ha puc. 2.31

Puc. 2.31. H3otepmbi ancopGumu B
OTHOCHTENEHBIX KOOP/HHATAX
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as
XapakTepusyercs koappuLMEeHTOM £ — /;ﬂ, CBUIETENLCTBYIOMM 06
Ps
JHEpruM B3auMOAeHCTBUsS MOJeKyN agcopbara ¢ TOBEPXHOCTHLIO MOpHUC-
TOrO Tena.

TTonB3ysch H30TEPMaMH, MTOCTPOEHHBIMH B OTHOCHTENBHBIX KOOPAH-
HATaX, MOXHO PAaCCYMTaTh BENHYMHY YAENbHOH MOBEPXHOCTH MO YypaB-
HeHHIO

k. a
Sy :T'S“’ (2.176)
3T
I/IE MHIEKC X OTHOCHTCS K TBEPAOMY Tely, TOBEPXHOCTh KOTOpOro Heobxo-
JIMMO OTpeJENUTb, a Ky U Sy — K aICOPOEHTY € U3BECTHOMN MOBEPXHOCTLIO:

7/ Ymax

UTak, nocTpoeHue U30TEPM aJICOPOLIMH B OTHOCHTEIBHBIX KOOPAMHA-
TaX MO3BONSET BBIACHUTH CTPYKTYPHBIE OCOOEHHOCTH aACcOpOEHTOB,
NpeAcKa3ath UX 00JacTh NPaKTHYECKOrO NMPHUMEHEHHs, HCKIIOUHTD pa3-
HOYTEHHE HU30TEePM, MOAYYNTh HHPOPMALHUIO O MPOYHOCTH CBSI3H MEXAY
agcopbaToM M aAcOpOEHTOM M, NMpH HANHYMH JTANOHA, ONpEJENHTh
YAENbHYIO OBEPXHOCTh afICOPOEHTOB.

Pazoensnoe onpedenenue axmuenoii noeepxXHOCMt MEMOOOM
xemocapbyuu

Kax npaBHno, 06].l.la)] BE€JIMYHHA NMOBEPXHOCTH OTIHYAETCA OT aKTHUB-
HO# TIOBEPXHOCTH, HIIH JONH MOBEPXHOCTH, NPUXOALIEHCS HA AKTHBHEIE
LIEHTPbI, HAa KOTOPbIX MNPOHUCXOAAT CHCUHQ)H'{CCK&H XCMOCOp6HHﬂ HIIH
KaTalMTHYeCKue npeBpailieHus. OOMHpHLI JKCNepMMeHTaNbHBIN Marte-
pHan NoKa3bBa€T, YTO BEIHUYHMHBI AKTHUBHOM NOBEPXHOCTH MOryT KOJE-
6arbcs OT OYeHb ManbIX Honelf o6luelt NoBepxHOCTH, ONpeaeNneHHOM Me-
ToaoM BOT unu kakuM-1Mb0 MeToAOM, N0 BEJIMYHH, OYEHL ONMH3KHUX K
TaKOBBIM JUIS BCeH ynenbHON MOBEpPXHOCTH. Tak, i cucTeMbl U300y-
TaH — aJlOMOCHJIMKATHEIM Katanu3aTop, UConb3ys 2“C-n306yraﬂ, 65110
NOKa3aHO, YTO aKTHBHAas MOBEPXHOCTb KaTallW3aToOpa COCTABIIACT MeHee
1-10™ MOHOMOJIEKYJIAPHOTO MOKPEITUS MOBEPXHOCTH. B TO ke BpeMs y
METa/IMYECKUX IUIEHOK, MOJYEHHBIX HCHapeHHeM, OY€Hb 4acTo Mo-
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BEPXHOCTb, Majaioiias Ha JOMKO AKTHBHBIX UEHTPOB, BecbMa Oiu3ka K
Benu4uHe 06mieit MoBepXHOCTH (MM B TOYHOCTH paBHa eif). DToro Heb-
35 CKa3aTbh O METAIMYECKUX KaTaJu3aTopax Ha HocuTensx. Jloctynmuyro
TIOBEPXHOCTE METaJlj1a ONIPEAENAIOT O KOJIMYeCTBY ra3a, KOTOPBIH XeMo-
copbUpyeTcs Ha MeTale M MPAKTUYECKH HE ancopOHUpYeTCs Ha HOCHMTE-
Je. B kayecTse aficop6aToB A/ TaKWX U3MEPEHHMH walle BCEro HCIMONb-
3YIOT KMCJIOPOA, a TaKxe BOAOPOJ H MOHOKCHA yriepoza.

CyTb MeToaa O4eHb IPOCTa, OHAKO MPAKTUYECKU OCYUIECTBHTH €r0
Heserko. Heobxoaum nox6op ycnoBuii, IpH KOTOPBIX AOCTMraeTcs Mo-
HOCJIOHHOE TMOKpBITHE METajula, MaKCHMaibHO YYMTHIBAETCS NpUpOAa
MeTaia ¥ HocuTesd. s kaxao# CHCTEMBI 9KCIIePMMEHTAbHO oTpe/e-
JISOTCA CBOM ONTHMAaNbHbIE AaBNEHHE U TEMIIEpaTypa, NPOBOAATCH OIbl-
Tl C YUCTBIM HOCHTEJIEM [UIsl ONpeJeNeHHs ero BO3MOXKHOTO BKJIaja B
BeauunHy agcopbumu. Hocurenn ¢ Gonpmoil yaenbHO# noOBEPXHOCTHIO
ancopbHUpYIOT BOJOPOA B 3HAYMTENBHBIX KOJHYECTBaX, OCOGEHHO MpH
HU3KHX TemmeparypaX. B 3Tux cnyvasx xemocopbuuio Heo6Xoaumo
NpOBOAMTH NpH bosiee BBICOKMX TeMIepaTypax.

Jns onpeneneHus MOBEPXHOCTH METala HeO6XOAMMO 3HATh, CKOMb-
KO aTOMOB Ha MOBEPXHOCTH 3aHMMAET KaxJax MOJIeKyJia rasa u IioLajs,
NPUXOASALLYIOCH Ha KaXMbli MOBEPXHOCTHBIH aToM MeTtanna. Jlns Bomo-
poJa CTEXHOMETPHUYECKOEe YMCJIO NOYTH BCErJa PaBHO ABYM, MOCKOJBKY
MoJieKysla BOJ0opoja O6BIYHO AMCCOLIUMPYET IPH afcopbLuH, U Kaxabli
aTOM 3aHMMaeT OMH aToM MeTansa. MOHOKCHA yriepoaa aacopbupyer-
C2 B JNIMHEHHOH MM MOCTUKOBO# popMe M 3aHMMAET Ha NOBEPXHOCTH
OZIUH WJIM []Ba aTOMa METINA COOTBETCTBEHHO.

Yucno aToMOB, NPUXOAALMXCS HA €AUHUIY NOBEPXHOCTH METAna,
NPUMEPHO OXMHAKOBO M cOOTBETCTBYeT ~10'° aTOMOB Ha KBanpAaTHBIH
metp. Jina Fe, Co u Ni 3ta BenuuuHa paBHa (1.5-1.6) 10" ar./m?, nns
Ag—1.15 -10" ar./M%. Haubonee noApo6HO H3yyeHa XeMocopOuus BO-
JIOpoia Ha IIaTHHE M HUKeJle, a TalKe M Ha JPYTHX METalax; HCKIIoue-
HWe COCTaBJseT TOJNbKO Nannaguil, B KOTOPOM BOJOPOA PacTBOPSAETCS.
BMecTo Bozopoga B 3TOM Cllyuyae Jlyyllle MCOONB630BATE KMCIOPOA MPH
O4YeHb HU3KHMX JaBJEHUAX, a elle JIyullile MOHOKCH/, yTiiepoaa.

Ha cepebpe wucnonb3yercs xemocopbumns kucnopopa. Boobuie an-
copOLus KHCIOpOoZia MPUMEHSETCA HeacTo, 4To obbsAcHsAeTCa Heonpene-
JIEHHOCTHIO CTEXMOMETPHYECKOrO YMCJIa M NETKOCTBIO Ui MHOTUX CHC-
TeM oGbeMHoro okucieHus. OOHAKO B HEKOTOPBIX ClyyadX NpH npa-
BUJILHOM BhIOOpE YCNOBHMii ynaeTcs MonyyuTh MOHOCIOH xeMocop6Hpo-
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BaHHOro kucnopoaa. Ero 3ateM BOcCTaHaBNAMBAIOT BOJOPOAOM M ONpee-
JISIOT KOJIM4eCTBO obpasoBaBlueiics BoAbl. Takoli MeToA onpejaeneHus
YAENbHOH MOBEPXHOCTH HA3bIBAIOT TUTPOBAHUEM.

PaspnenbHoe onpezneneHue NoBEpXHOCTH METOJOM XeMocopbLuH yac-
TO MPUMEHSAETCA K CJIOXKHBIM OKCHMAHBIM CHCTEMaM. B kayecTse npumepa
MOXHO TPHBECTH HCCIIEIOBAHUA, B KOTOPBIX aHAJHU3MPOBAJICA COCTaB
TIOBEPXHOCTH CEpUM KaTalTM3aTOPOB U3 OKCHJOB XpOMa M allOMMHHS M0
OTHOCHTENBHOM CMOocOGHOCTH 3TUX KaTalu3aToOpoB XemocopbuposaTh
KHMCJIOPOZ M MOHOKCHJ YrJlepoja NpH HM3KUX Temreparypax. Pesynsra-
Thl, MOJyYEeHHBIE NPU 3TOM, NOKa3alld, YTO KONMYECTBO KMCIOPOJA, Xe-
mocopbupoBaHHoro npu 77 K, MoxxeT BMOJIHE 3aKOHOMEPHO XapaKTepu-
30BaTh JIO/0 MOBEPXHOCTH CMEIIAHHOIO KaTaau3aTopa, KOTOPYHO 3aHH-
MaeT OKCHJ XpomMa.

CenextHBHas XeMOcOpOLMs ra3oB Ha CIOXHBIX CHCTEMax MO3BOJIET
TaloKe OnpeleNuTh CpeAHUA pasMep JacTULl HAHECEHHOrO MeTalula, eCiil
M3BECTHO €ro KOJIMUECTBO M MpEAMoaraeTcss onpeeieHHas ¢opma yac-
THL, JTOT METOJ MOXHO NPUMEHHMTh B LUMPOKOM AMANasoHe pa3MepoB
4acTHULI, B TOM HHCIIE H TOTAA, KOra MeTO YIUMPEHUs IMHUI Ha PeHTre-
HorpamMMmax He npurofieH. OZHaKo clieflyeT NMOMHHUTb, YTO IJIS U3yUEHHs
xemocopbLuM HeobxoauMa oueHs YMCTas BbICOKOBAKYyyMHas yCTaHOBKa,
3KCIIEPUMEHTHI ClIelyeT NPOBOJAUTL OUYEHb TLIATENBHO H CTOMb XeE TLua-
TeJIbHO HHTEPIPETUPOBATH [0JIyUeHHbIE Pe3yIbTaThl.

Onpedenenue 6euduHbl 6HeUIHEll NOGEPXHOCMU

B pszne cnyuyaes Tpebyercs 3HaHUE BeJHYHHBI BHELUHEH MOBEPXHOCTH
TBepaoro Tena. Jlis 3Toi uenu Moryt GbiTh [PMMEHEHbI METOAbI, MO3BO-
JIAIOLLIME ONpeeNuTh pa3Mepbl YacTull. JUIs TOHKO M3MeSbYEHHBIX Marte-
PHaIOB [IPY ONpEAETEHNH pa3Mepa YacTHL U pacnpeleNeHus Ux Mo pa-
JiMycaMm IUMPOKO MCHOJIB3YETCs CEAMMEHTALMOHHBIR aHanu3. JlocTaTouHo
XOPOLLYIO OLEHKY BEHUYHMHbI BHELIHEH MOBEPXHOCTH U151 HEMOPHCTHIX Te
MOXXHO MOJY4HTh TNYTeM T[PHMEHEHHS ONTHYECKMX M 3JEKTPOHHO-
MHKPOCKOMHYECKUX ONpeaesieHuif pasMepa yactull, B To sxe Bpems, npu-
MEHss 3/MeKTPOHHO-MUKPOCKONUYECKH METOl, MOXHO MOJIy4uTh CBEfle-
HHS O KOJIMYECTBE KPYMHBIX 0P U MX pacnpeaeneHHy [0 pasMepaM.

C noMolLBLIO PEHTIEHOCTPYKTYPHOIO aHanu3a OnpeaenseTcs Kak
BHYTDEHHS%, TaK U BHELUHsAA [OBEPXHOCTb YACTHL, TaK KaK 3TOT METO
NO3BONAET HAXOAWTH MpEAENbHbI AHAMETp YacTHll, MPEACTABMSIOMX
co6oit OT/ENbHbIE MEJIKME KPUCTANIBI, a HE pa3Mep arjlioMepaToB, KOTO-
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pbie 06pa3yloTcs W3 MenbYallliMX YacTULl U NMOITOMY MOIyT obnanarh
NOPHUCTOCTBIO.

OueHuth BeNUUMHY BHEWHeN IOBEPXHOCTH TBEPAOLO BelLeCTBa
MOXHO N0 NMaJEHUIO JaBleHus rasa, NPOXOAMBILEro uepes IIOTHbIHA o
TOHKO M3MEJIbYEHHOrO MaTepHana. Jis onpejeieHus BENUYMHBI MafACHUs
AasnieHust AP UCMONB3YIOT MPUHYAUTENbHBIA OTOK ra3a oA AaBleHUeM,
CPeAHss CKOPOCTh KOTOPOro yepes MonepevHoe ceueHue KaHana JJIHHOH
L paccuunteiBaetcs no dhopmyine

k-n-L

[Ji€ # — BA3KOCTb, (' — 3KBUBAIIEHTHBIH MAMETp MYCTOT MEX/Y TBEPZbI-
MH yacTMUaMH. BenMuuHa 3TOro mycToro npocTpaHCTBa ONpEENnseTcs
OTHOLIEHHeM 00beMa MyCTOT K 0ofLueil NMOBEpPXHOCTH BellecTBa B CIIOE.
Eciy ¢ — BenuuKHa MyCTOro MPOCTPAHCTBA HA €AMHHULYY 06beMa, TO

¢
(1 - (Z’) -8y
B TakoM cilyuae CpeiHss CKOpOCTb ra3a, U3MepeHHas [0 BCed Iio-
1AM NONePEeYHOro CeueHus o, B ¢ pa3 Goiblue cpeakeil ckopocTH
(U,), B nycToTax Mexay 4acTénamu, 1 03ToMy

JBa nocnefHux ypaBHEHUs MOTYT NPUMEHSTBCS JUIS PacyeTa BelH-
Y¥HBI NajleHys AaBlIeHUs B HEMOABIKHBIX CIOAX TBEPAbIX BellecTs. To-
[Za MoJy4aeM ypaBHeHHe

U = (2.177)

(-p) S} knL’

13 KOTOPOTo paccyMThIBaeTcs Sy .

B nuTepatype no aacopOLHOHHBIM NPOLECCAM M FEeTEPOreHHOMY Ka-
Tanu3y MOXHO HalTH U APYTHe METOIb! ONpeleeHHs yaeIbHOH NoBepX-
HocTH TBepAbix Ten. Kak ykaselBajloch B Hauyaie 3TOro pasjena, JKcre-
PYMEHTATOp BbLIOMPAET TOT METOA ONpEReseHUs yAeNbHOM NOBEPXHOCTH
Ui u3ydaeMblx 0OpasloB, KOTOpBIi Gonmee Bcero mo  (U3MKO-
XMMMUYECKUM CBONCTBAM COOTBETCTBYET METOAY HCCIE0BaHHUS.
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OPAMEPBI H 3AJAHUSA

Ifpumep

Mo naHHEIM, NOJNYYEHHBIM IO ancopOLMH MapoB KPUITOHA HA CHJIH-
KareJie, ONpeeNnTh BeNWYMHY HOBEPXHOCTH ancopbeHTa. Hnoma,us, 3a-
HMMaeMas ogHoif MoleKyJol KpunToHa, coctaBiser 21,5 A% Hanectn
HOJy4eHHOE 3HAYEHHUE ay, Ha H30TEPMY aicopOLIuH.

Ne a, MMons/T P/Pg Ne a, MMOAL/T P/Pg
/i /n
1 0.591 0.029 5 1.202 0.240
2 0.821 0.077 6 1.363 0.339
3 1.003 0.141 7 «<mn 1.300 0.302
4 1.109 0.192
P/Ps
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Pewenue. TIo naHHbIM, IpUBEJEHHBIM B TabuLle, CTPOUM H30TEPMY
ancopbunu KpUNToHa Ha cusukaresne (puc. 2.32).

Hns onpepenenus ynensHO# MoBepXHOCTH acopOeHTa HEOOXOAMMO
HalATH BETHYHHY @, 4TOOKI 3aTeM BOCIIONB30BATHCS ypaBHeHHeM (2.164).
CaenaeM npeanonoxenue, 4To ancopGUMOHHEIH NPOLECC HA MOBEPXHO-
CTH CHJIMKAress COOTBETCTBYET ipecTaBieHusM Teopud BAT u uszor-; -
Ma ancopbuuu omuceiaetcss ypaBHeHHeM BT (2.165). Iins mposeprv
3TOT0 MPEANONOKEeHUsT HEOOXOAUMO IMOCTPOUTH H30TEpy aacopbuuu B
koopaunarax (P/Pgy)/la(l1-P/Pgy)] -~ P/Ps. BeluucnseM 3HauyeHus
(P/Pg)/la(1-P/Pg)] v 3aHOCHM B TabmuLy.

P/Pg a, MOJIB/KT (P/PI/a(l1-P/Pg)]
0.029 0.591 0.051
0.077 0.821 0.102
0.141 1.003 0.164
0.192 1.109 0.214
0.240 1.202 0.263
0.339 1.363 0.377

Crpoum rpaduk 3aBUCHMOCTH 3TOMH BenuuuHsl ot P/Ps (puc. 2.33).

_
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Kak Buano u3 puc. 2.33, 3aBUCHMOCTb B KoopauHartax (P/Ps)/la(l-
—P/Pg)] — P/Ps npeacraBiser coboil npAMYIO JTIHHHIO, YTO CBHAETENLCT-
BYET O TOM, 4YTO M30TepMa aacopOLMU KPUIITOHA HA CHIMKareje MOAYH-
Haerca ypasrenuro BOT. Haknon mpsamoii maet suauenue (C-1) a,C =
=1.067, a oTpe30K, OTCEKaeMBblii Ha OCH OpAMHAT, JaeT 3HaueHue 1/a,C =
=0.012. CnoxuB 3TH ABE BEIWYHHEI, IOJy4aeM 1/a,,:

(C-1Ya,C + 1/a,C = 1/ap = 1.067 + 0.012 = 1.079;
am = 0.927 mmons/r; C=(1/a,,)/(1/a,C) = 1.079/0.012 = 89.9.
VrenbHas IOBEPXHOCTb, pacCUUTAHHAs 110 ypaBHEHMIO (2.164):
S = a, SyN,;=0.927-107-21,5-10"2°-6.023-10%=120 m?/r.
3adanue 1

Ilo usorepMe ancopbuuu Gen3zona onpeuenu'n, YAENbHYIO MOBEPX-
HocTb ancopbenta (T=293 K, Sp=49-107"' ™M 2

P/Pg 006 0.12 0.20 0.30 0.40 0.50
a, MOJB/KT 040 0.55 0.68 0.83 0.98 1.20
3adanue 2

ITo uzorepMe amcopbuuu GeH3Ona ONpENENUTH YAENbHYIO IOBEpX-
HOCTb aacopbenTa (T=293 K, Sp=49-10 MZ):

P/Pg 0.05 0.10 0.15 0.20 0.25 0.30
a, Mmoar/kr  0.31 0.53 0.69 0.83 0.96 1.10
3adanue 3

Mo wusorepMe ancopbuuu GeHzona onge,uemnb YAEIBHYIO TOBEpX-

HocTb aacopbenta (T=293 K, Sp=49 - 107 M)
P/Pg 005 0.10 0.15 0.20 0.25 0.30
a10>, moms/kr  3.85 525 6.30 7.13 7.87 8.59

3adanue 4
ITo u3orepMe amcopbuuu GeH3ona ONPEAETHTb YAETbHYIO MOBEDX-
HocTb aacopbenTta (T=293 K, Sp=49-10™ Mz)!

P/Ps 0.04 0.08 0.16 0.22 0.27
a10, moms/kr  3.48 4.83 6.24 7.24 8.05
3adanue 5

Io u3oTepMe ancopbuuu Gensona ongeﬂem«nb YAENBHYIO MOBEpPX-
HocTb aacopbenTta (T=293 K, Sp=49- 107%° )

178



P/Ps 005 0.10 0.15 0.20 0.25 0.30
a, mons/kr  0.25  0.40 0.49 0.57 0.65 0.72

3adanue 6
ITo u3otepme apcopbuum Gensona OMPEJIENNTh Y/IENBHYIO NOBEPX-
HocTb afgcopbenTa (T=293 K, §;=49-107"m )

P/Pg 0.05 0.10 0.15 0.20 0.30 0.40
a, moss/kr  0.36 0.51 0.60 0.68 0.82 0.98
3aoanue 7

[To ¥~otepme ancopbumu Genszona onpenenwrb YAENbHYIO TNOBepX-
HocTb afncopbenta (T=293 K, Sy =49 107" m )

P/Pg 005 0.12 0.19 0.26 0.34 0.44
a'10%, Moms/xr  3.10 593 7.95 9.90 12.10 15.30

3aoanue 8
Mo m3oTepme aacopbuuu GeH3ona ONpeNeNUTh YAENbHYIO IOBEDX-
HocTb afcopbenrta (T=293 K, S, =49 10 Mz):

P/Pg 0.05 0.10 0.15 0.20 0.25 0.30
a, mosis/xr 0.18 0.26 0.33 0.37 0.42 0.46
3aoanue 9

[To u3oTepme ajpcopbuum Genszona on?e,uenwrb YHOENbHYIO TOBEPX-
HocTb agcopbenta (7'=293 K, Sp=49-10"

P/Pg 0.06 0.12 0.20 0.30 O 40 0.50
a, moan/kr 040 0,55 0,68 0,83 0,98 1.20
3adanue 10

Mo m3otepme apcopbumm Gensona onpeuenmb YAEeNBHYIO NMOBEpX-
HocTb ancopbenra (T=293 K, So=49 - 10%m )

P/Pg 0.05 0.10 0.15 0.20 0.30 0.40
a, Moas/kr 0.36 0.51 0.60 0.68 0.82 0.98
3aodanue 11

Mo u3oTepme ancopbumy aszota onpe,ue.ﬂmb YAENBbHYIO NTOBEPXHOCTh
ancop6enta (T=77K, So=16.2- 107" m?):

P/Pg 0.04 0.09 0.16 0.20 0.30
a, MOAB/KT 2.20 2.62 2.94 3.11 3.58
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3aoanue 12
INo usorepme ancopbuuu asota onpenemns YAETBHYIO MOBEPXHOCTh
apcopbenta (T'=77 K, Sy=16.2 - 1072 m%:

P/Pg 0.029 0.05 0.11 0.14 0.20
a, MOJIb/KT 2.16 2.39 2.86 3.02 3.33
3aoanue 13

ITo uzoTepme ancopbuuu asora ONpEAENHTE YAENLHYIO 0BEPXHOCTE
ancopbenta (T'=77K, So=16.2 - 107 M%):

P/Pg 0.02 0.04 0.08 0.14 0.16 0.18
a, MOJIB/KT 1.86 2.31 2.72 3.07 3.12 3.23
3adanue 14

[To maHHbBIM, NONYYEHHbIM MO aAcopOLUKUK NapoB KPUITOHA HA CHIIH-
Karelne, ONpENENAUTs BeNUUMHY MOBepXHOCTH ajcopbenta. BykBoi «a»
oTMeyeHa AecopOLMOHHAs TO4YKa. Hnomaab, 3aHUMaemasi OfHON MoJie-
KYZIOi KpunToHa, coctasnser 21,5 A% Hauectu nonyuensoe 3unauenme
a, Ha U30TepMy afacopOLuu.

Nen/n | a, Mmonb/T P/Pg
1 32,675 0.0189
2 61.763 0.1543
3 68.738 0.2204
4 71.235 0.2454

5 «m» 57.384 0.1211

3aoanue 15

ITo faHHbBIM, MONMYYEHHbIM NPH U3MEPEHHH aficopOLMHU mapa KpuM-
TOHA Ha PYTHIE NMpPU TEMNepaType KUAKOro a3oTa, ONpPEACIUTh Benuuu-
Hy NMOBepXHOCTH afcopbenTa. [Tnowans, 3aHUMaeMyIo oaHou Monexynoi
KpUNTOHa Ha noBepxHocTH TiO,, NpHHATE paBHOl 19,5 AL

Nen/m | a, MmoAB/T P/Ps Ne a, MMOTB/T P/Pg
1 14.1 0.00214 5 36.6 0.1850
2 20.9 0.00846 6 393 0.2342
3 322 0.09220 7 395 0.2538
4 35.5 0.15860 8 45.6 0.3932
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3adanue 16

1o naHHBIM, MOJMYYEHHBIM NIPH M3MEPEHUH aacopOLMKu napa KpUI-
TOHA Ha pyTUJe NIPH TEMIIEPAType XKUAKOTO a30Ta, ONpPEAENUTL BETHYH-
Hy NOBEPXHOCTH afcopbenTa. [1nomank, 3aHuMaeMyto OfHON MOneKy 10t
KPUMTOHA Ha 110BepXHOCTH TiO,, NPUHATS paBHOit 19,5 A%,

P/Pg 0.00214  0.00846  0.0922 0.1586  0.1850
a, mMons/r  14.1 20.9 322 35.5 36.6
P/Pg 0.2342 0.2538 0.3932

a, MMOJIL/T 393 395 45.6

3adanue 17

o nanHbIM, NONY4eHHBIM U3 afCOpPOUMH MapoB KPUIITOHA HA CHIIH-
Karene, ONPEJENUTL BENHMUYMHY NOBEpPXHOCTH. I[lnolans, 3aHuMaemas
O[(HOH MOJIeKyNo# KpunToHa, coctasnset 21,5 A% Hauectn NI0JTy4YEHHOE
3HaY€HHE ay Ha H30TepMy aJCcopOLUH.

Ne /n a, MMOJIb/T P/Pg
1 0.5910 0.0292
2 0.8213 0.0770
3 1.0027 0.1410
4 1.1093 0.1920
5 1.2022 0.2400
6 1.3625 0.3390

3aoanue 18

Tpy uccnef0BaHUH afncopbLUK a30Ta Ha 1 I' aKTMBMPOBAHHOIO YISt
npu 273 K nonyueHst cnenyroliue pesyiabTathl (065€M NOITIOLIEHHOTO
ra3a epecYrTaH K H.y.):
P, Topp 45 92 18.6 40.2
V, emr! 1.12 222 4.22 8.02
BBIICHUTB, ONUCHIBAOTCS JIM 3TH JaHHble U30TepMoOH JIsHrMiopa, u
OMpeJeNnuTh oAb IOBEPXHOCTH afcopbeHTa, eclii B IUIOTHOM MOHO-
cloe MolleKyJia a3oTa 3aHuMaer roias 0,162 M2,
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3aoanue 19

BBMHCANTE [UIOLIANL MOBEPXHOCTH KaTauu3atopa, 1 I' KOToporo mpH
06pa3oBaHiH MOHOC/I0% aficopOupyeT mipH H.y. 83 r a3ota. anHﬂTB, 4TOo
3¢dexTHBHas II011a/Ib, 3aHATas MOJIEKYJIOH a30Ta, paBHa 16.2:10™ 200

3adanue 20

VYaenbHas moBepXHOCTh aKTHMBHPOBAHHOrO yrnﬂ 400 m>r'. Mot~
HocTh MeraHona npu 288 K pasna 0.7958 r M . Onpenenuts MakcH-
MaJIbHOE KOJINYECTBO METAHOJIa, KOTOPOE MOXET a,ucopﬁnpoaa'rb 1 ryraa
npu 288 K npu o6pazoBaHHH MOHOMOJIEKYJIAPHOIO CJIOS.

CEMHHAP 8. Hopuctbie copbeHThI. 3aKOHOMEPHOCTH
NpoTeKaHHsl COPOLIMOHHBIX MPOIECCOB HA MOPUCTLIX copbeHTax.
Onpenenedune pamMepos nop

MHorue BecbMa BaXkHbie afcOPOEHTHI M KATalM3aTOPbI ABJIAIOTCS
BeLIECTBAMU €O cnabo pa3BUTOH WM CHIBHO pa3pyIUEHHOH CTPYKTypo#
M MO3TOMY XapaKTepHU3YIOTCS OTPOMHOH BHYTpEHHEH MOBEPXHOCTBIO OT
JIECATKOB JIO COTEH KBaJpaTHbIX METPOB M BechbMa pa3sHoo6pasHo#i mo-
PHCTOCTBIO.

ITopucrocTe afcOpOEHTOB M KAaTaIM3aTOPOB, pasMep ¥ (opma mop
OKa3bIBAIOT CYILECTBEHHOE BIUsHIE HA UX aficOPOIMOHHYIO COCOOHOCTh
¥ KaTaJUTHYECKYIO aKTHBHOCTb. ITOpHCTBIMU ABIAIOTCA HE TOJBKO aj-
COpOEeHTBI M KaTalu3aTOpbl, HO ¥ MHOTHE MaTepHallbl, UCNIONb3YEMbIE B
TeXHUKe U ObITy. [T03TOMY M3yueHHe MOPUCTOM CTPYKTYpBI pa3iH4HBIX
0OBEKTOB U CHCTEM ABNAETCA BaXKHOH 3ajaueid. [Ipexxae Bcero, omnpepe-
JIMMCSl C HEKOTOPBIMH OCHOBHBIMH MOHATHAMH, HCHONb3YEMBIMH TIpH
PacCMOTPEHHH NOPHCTON CTPYKTYPHI TBEPABIX TEN.

HopucTocTh — 3TO OTHOLUEHHE 06BEMA OTKPHITBIX MOp K obleMy
o6beMy OPHCTOrO TBEPAOTO Tea.

OTKpeITan NMopa — NONOCTh MM KaHAN, CBA3aHHBIH C BHELIHe# no-
BEPXHOCTBIO TBEPAOTO TeNa.

3akpeiTasg mopa — NONOCTb, HE CBsi3aHHAd C BHELUHEH MOBEPXHO-
CTBIO.

IycToTa — nycTO€ MPOCTPAHCTBO (MPOMEXKYTOK) MEXY HaCTHLUAMH.

Arnomepat — ancam6I1b )KECTKO CBA3aHHBIX JPYT C APYTOM YacTHLL,

Arperat — aHcaMOJ1b PBIXJIO M €1a60 CBA3aHHBIX YACTHIL.
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Kopa — cepaueBuHa mopbl, B KOTOPOM NPOUCXOAUT KOHAEHCALMA.
Ilepen xanunnspHoil KOHIeHcalMeH CTEHKH MOp Y¥Ke NOKPBIThI afcopb-
LIHOHHO# MJIeHKOH TOMIIMHOM T. Panuychbl HOphl ¥, U KOPHI 7x Pa3HyaloT-
caHA2 Tir,—r=27.

Knaccuguxayus nop u nopucmsix men no pasiuunsim npusHaKam

Hanuuune nop, pasnuuve ux no pasmepam u GopMe ano BO3MOXK-
HOCTb Ha OCHOBAHMM M3Y4eHUs afcOPOEHTOB, MPUMEHEMBIX Ha MpPaKTH-
K€, Knaccu(MLUMpoBaTe MX MO CTPYKTYpHBIM ThnaM. Takas kinaccuduka-
UMsl 3HAYMTENBHO obnerunna MCCIeAOBaHHUs BBICOKOAMCIEPCHBIX TEN U
packpeiia GofbllKMe BO3MOXHOCTH Hay4HOro nojaxoja B noabope anacop-
6eHTOB W KaTanM3aTOpPOB I NMPaKTHYECKOrO MX MCIONL3OBAHMA B Ca-
MbIX Pa3THYHbIX 06NacTaX.

B pa3Hoe Bpems 6bUIO NPEAIOKEHO HECKONBKO Kilaccubuxanuii.

IMepBas nomnbiTka Takoi kiaccudukauuy 6bu1a caenaHa Kenur, Ko-
TOpasi Ha OCHOBaHMHM BEIMHUMHBI CPEAHEro paauyca nop nelTanack pasje-
JUTb afacop6eHTh! Ha 4 rpynnbl (aACOpPOEHThI, B KOTOPbIX HE MPOUCXOOUT
WK, Ha060pOT, NPOMCXOAUT KaNMMUIIAPHAA KOHIEHCALMs, KPYIHOMOpHC-
Thle acopbeHThl, ancopbeHThl, cnocobHbie MOMMIOATE KPYIHBIE MOJie-
Kybl). OTa knaccudHKalus He NoJyyuiIa HAyuHOro NpU3HaHusl.

MM. [lybuHud pa3znenusn akTUBHBIE YIJIM Ha MENKONOPUCThIE H
KPYMHOMNOPHCThIE, NPEATIOXKHMB B KAXJOM ClIyuyae CBOM ypaBHEHHMs, OMH-
chlBatoLIMe ancopouHio.

C. Bpynaysp, JI. Jlemunr, Y. Jlemunr u J. Tennep npeanoxuiu
S TUINOB CTPYKTYPHBIX U30TepM (CM. puc. 2.21), 4-i 1 S-i BUIBI KOTOPBIX
XapaKTepU3yIOT KalHJUIAPHYIO KOHAEHCALMIO Ha NIOPUCTHIX copOeHTax.

Haubonee npusHaHHOW M 4acTO Mcnone3ylolleitcs wiaccuduxaumeit
asnsercs knaccubuxanus A.B. Kucenesa [1], koTopblii aenut ancopGeHTs
Ha 4 CTPYKTYPHBIX THMAa: HEMOPUCTBIH, OJHOPOAHO-KPYTHONOPHUCTHIH, 01~
HOPOJHO-TOHKOMNOPHCTHIH, cMeltaHHbiil. KaxaoMy U3 3THX THNOB OTBe-
4aloT ONpeAeNeH bl BUA U30TepM aacopbuuu — gecopbuuu 1 qudbdepen-
uManbHas KpuBas pacrpejeneHuss mop no pasmepaM. Kinaccuduxaums
A.B. Kucenesa 6bina nononseda M.E. Heilimapkom, koTopelit BBE npome-
XYTOMHBIE [PYNNbl acOPGEHTOB: OJHOPOAHO-YILTPanoOPHCTbie, ONHOPOI-
HO-CpeHETNIOPHCThIE U AP.

B 1972 r. B xauecTBe odunuanbHbix pekomengauunii IUPAC npunsra
knaccudukauns M.M. JlybunuHa, ocHoBaHHas Ha pa3mepax nop [2]. ITo-
phl ¢ 3QGbexTHBHBIM pasMepoM H < 2 HM Ha3sbIBAIOT MUKponopami, B
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nunanasone 2 HM < H < 50 HM — mezonopamu u npu H > 50 HM — maxpo-
nopamu, NpuieM 1og pasmepoM H mnoppasymesaertcs AuameTp Haubonb-
el OKpY»KHOCTH, KOTOpas MoxeT ObITh BmucaHa B IUIOCKOE CeYeHHe
nopsl NpoU3BONbHOM GopMbl. DTa knaccudukauus Gasupyercs Ha OCO-
6eHHOCTAX MeXaHU3Ma aficopOLMY B Opax pa3HOro pasMepa.

B Mukponopax noteHuuan afcopOuMH MOBBILIEH M3-32 CHOXEHHA
JUCMEPCHOHHBIX MOTEHIHANIOB GIIM3KO PAaclONOXKEHHLIX CTEHOK MOp, Mo-
3TOMY TaKHe MOpbI 3aMONHSAIOTCA MPH MAJIbIX OTHOCHTEJIbHBIX JaBJIEHUAX
P/Pg. Tennora ancop6uuy B TaKMX NMOpax BbILIE TEMUIOTH OOBIYHON KOH-
JIEHCallM1 COOTBETCTBYIOLero afcopbara B sxuakoctb. Kpome Toro, Muk-
pomopsl pasMepoM [0 ABYX MOJEKYNSApHBIX JAHaMeTpoB afcopbata
(~0.7 um nns apcopbumu asota npu 77 K) Ha3bBaOT yasmpamukpono-
pamu, a pa3MepoM B 2—5 MOJIEKYJIIPHBIX AMAMETPOB — CYNepMuKponopa-
Mu. ITO JONONHUTENBHOE pasfeneHue ob0yclOoBIEHO TeM, 4TO YNbTpa-
MUKPOIIOpPH! 3aN0JIHSAIOTCS Ge3 06pa3oBaHUst MOHOCIIOS Ha MOBEPXHOCTH
Nop, a B CyNepMHUKpornopax cHayana (opMHpYeTcs MOHOCJIORHOE no-
KpbITHE, a Jajee M3-3a HAJIOKEHUS TUCHEPCHOHHBIX MOTEHLHANOB B OC-
TaBLIMXCA Y3KMX 3a30pax [POUCXOAUT CMOHTaHHOE 3arnojiHeHue (Koome-
paTUBHbIA MeXaHU3M 3anoiHeHus no Cuury [3]).

B Me3onopax cHayana NMpOUCXOAUT MOHO- Y MOJMMOJNIEKYNSpHas aj-
copOLMs Ha MOBEPXHOCTH, a 3aTeM 00BEMHOE 3aMOIHEHHE 10 MEXaHU3MY
KanwuiApHO# KOHAeHcauuu. TemnoTsl ancopOLMK MpH TaKOM 3amu/IHe-
HUM OOBIMHO GJNM3KM K TEINIOTaM KOHIEHCAUMH aacopbata B HKHUIOKOCTE.
Pasmep Makponop CIMIIKOM BENMK Al OCYLLECTBJIEHUS KalM/UISPHO
KOHJIGHCALIMK, MO3TOMY B TaKMX MOpaxX NPOUCXOAUT JHIUL obpaTumas
MOHO- ¥ NOJIMMONEKYJIIpHas afcopbuus.

ApcopbGeHTsl, MMelOLIMe TOPbl C MPEHUMYILECTBEHHBIM pa3MepPOM B
JuanasoHe MHKpOIOp, Ha3bIBAIOT MuKponopucmsimu (MIH, COOTBETCT-
BEHHO, YIbMpamukponopucmuimMu 6o cynepmuxponopucmoimu), B aina-
TIa30He ME30M0p — Me30NOpuUcCmbiMY, B UANa30He MaKpONOp — Makpono-
pucmbmu. CUCTEMBI C TOPaMM Pa3HbIX TUIOB Ha3bIBAKOT, COOTBETCTBEH-
HO, MUKDOMEIONOPUCTbIMY, MUKDOMAKPONOPUCIMbIMY W T.J. WK PAsHo-
pOOHO-nopucmeimu. B nocneiHeM ciiyuae ancopOuns IpOUCXOMUT OAHO-
BPEMEHHO B MOpax BCEX THIIOB BILUIOTH AO MOJIHOTO 3aNOJHEHMs MHKpO-
1op, Janee npoJo/nKaeTcs B Me30- ¥ MaKpomopax 110 MEXaHH3MaM MoJu-
MOJIEKYJIApHO# afncopbuuu, 3aTeM B ME30MOpaxX HAYWHAETCA KamWLiAp-
Hasd KOHJEHCAUMsA NpH MpPOAOJKAIOLIEHC MONUMOJIEKYNApHOM ancop6-
UMM B KpPYMHBIX ME30- U Makporopax. [lociie npefensHOro 3anonHeHus
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ME30MOp MpOJOIDKAETCS JIMILE MONHMONeKyNsapHas aacopbLuus Ha Mo-
BEPXHOCTH Makponop [4].

Knaccuduxauus M.M. Jly6ununa Gasupyercs Ha 0COGEHHOCTAX Mexa-
HU3MOB aacopOLuy B NOpax pasHOro pasMepa, HO He YyUHTbIBaeT Mopdons-
THIO 3IEMEHTOB MOPHCTOTO TENa, MX B3aHMHOE pa3MellieHHe U CBA3HOCT.

Knaccudukaiun, oCHOBaHHbIE Ha FEOMETPHUECKOM CTPOEHHH, MpE..
narasiick B paborax MHOrMx aBTopoB. OfHa U3 HaubGonee NOMyNAPHLX
6buta naHa B 1958 r. A.B. KucenesbiM [1], npeanoxuBLIdM pa3feinTh
BCE MOPHUCTbIE TeJla Ha [1Ba OCHOBHBIX KJlacca: CHCTEMbl C KOPMYCKYNsAp-
Hoit u ry6uaroii cTpykTypamu. KopnyckynspHble NopHCThIE TEla COCTO-
ST M3 CIMIIUMXCS WK CPOCLUMXCA 4acTHL pasHo#l ¢opMbl M pasMepa, w
Nopami SBAIOTCA MPOMEXYTKH Mexcy 3TUMH dacTulamu. B ry6uathbix
Tenax HEBO3MOXHO BbIAENUTh OTAEJIbHbIE EPBUUHbBIE HACTULBI, U MODBI
B HUX MPEJCTABNAIOT CETh KaHANIOB U MOJIOCTeil pa3nu4HOi GopMb! U ne-
PEMEHHOro ceyeHus.

TTono6Has Mopdonoruueckas cUCTEMaTH3aLUs TUITMYHBIX MOPUCTHIX
MaTtepHanoB 1o GopMe WX MEPBUYHBIX TEKCTYPHBIX 3NEMEHTOB pa3BUBa-
nace A.TI. KapnuayxoBbim [5]. B ero paboTtax BelaeneHo wecTs HanGonee
THIMYHBIX GOPM YACTUL B KOPIYCKYJISPHBIX cUcTeMax: cepbl WK OBa-
JIbl, TIACTHHBL, UFTIbI MM BOJIOKHA, BEPETEHA, CIIOILHbIE TPYOKH U MHO
rorpaHHuky. JIONONHUTENBHO BbIAENEHbB! KIacChl CMELIaHHBIX CTPYKTY]:
KOpIyCKyNspHO-Ty6uaThie (B NEpBUYHBIX YACTHLAX TOHKHE MOpbI rybya
TOTO CTPOEHUA) ¥ ryGUaTO-KOpPIYCKyNsApHbIe (B KPYMHbIX MONOCTAX Ty6-
4aTBIX CHCTEM OTJIOXEHHMs MENKMX 4acTL) Tena. OaHako 3ta knaccub#
KallMA HEe OXBaThIBAET BCE UMEIOLLIUECH CTPYKTYPBbI.

JI.B. Panymikesuu [4] ams 6onee o61iuero cTaTUCTUHECKOTO OMMCAHMY
MOPUCTHIX Cpej MpeJIoKUI kinaccuUUMpOBaTh UX Cpasy MO ABYM Ipu-
3HaKaM: a) MexaHu3My oOpa30BaHHs WIIM MPOUCXOXACHUA U 6) obLuen:
xapakTepy TeKcTypbl. 1o mepBoMy NpM3HAKY BbIJENEHBI JIBE OCHOBHLL:
IPYINIBL: CHCTEMbI CIOXKEHMA U CUCTeMB] pocTa. CUCTeMBI CloXeHUs obpa-
3YIOTCA MPU CilydaifHOM coeAHEHHH (CyMMHUPOBAHHM) MEPBHUHBIX YaCTHLL
WM MX arperatos. B ciyyae HEMOPHCTLIX YacTULL ITO aHAOr KOPIYyCKy-
nsapHeix cucteM A.B. Kucenepa. CucteMbl pocTa — pe3ynbTaT pasBHTHA
(pocTa) CUCTeMBI NOP, HANIPUMEp B MPOLIECCAX BHITOPaHHs, PaCTBOPEHHS U
T.A., WK OPUEHTUPOBAHHOTO POCTa Kapkaca TBepAoi ¢asbi, npoucxoas-
ILEro, B YaCTHOCTH, Npy 06pa30BaHUM LEEOJIUTOB, KOPAJIIOB U T.A.

Knaccudukalus no BTOpPOMy MpPH3HAKy — oOLIEMY XapakTepy Tek-
CTYpb!, BBIIENSET CUCTEMBI C UETKO YMOPAJOUEHHO! U pasynopsaoUeH-

185



HOH CTpykTypaMu. JlononHuTeNnsHo obpaieHo BHUMaHnue Ha CHCTEMbI C
NPaKTHYECKH 3aKPBITHIMHM NOPaMH (MEHOMIACTBI, MeHbl, CHIBHO CIEYEH-
HblE MaTepHabl U Ap.), KOTOPble TPEOYIOT 0COObIX MOIX0N0B.

[1puBeneHHsIi kpaTkuit 0630p NOKa3bIBaeT, YTO AOCTATOYHO YHHBED-
canbHas M NpOCTas KIACCH(HKAUUA NOPUCTBIX MaTepHAIOB, IKBUBANIEHT-
Has KJIacCH(UKaUMH KPUCTaNIMYECKUX BelecTB, oTcyTcTByeT. OnHako,
10 CYTH, CYLUECTBYET CUCTEeMa B3aMMOAOIMOIHUTENbHBIX KiacCHPHKalUUii,
YUHTBIBAIOLIAs YNOPAAOYEHHOCTb, XapaKTePHYIO MOPGOIIOruIoO M pa3Me-
pbl Ha pa3sHbIX HEpapXMYECKUX YPOBHAX, CTeleHb CBA3HOCTH, COCTaB,
FeTEpPOreHHOCTH Pa3sNUYHOTO pPOAa M T.A. JTa CHCTEMa B MPHUHLHUINE T0-
3BOJIIET JAOCTATOYHO OINMpEAEeNeHHO KJacCH(pUUUpOBaTh MPAKTHHECKH
1t060€e MopyUcTOe TENO MO PacCMOTPEHHOMY KOMILIEKCY MpPH3HAKOB, KO-
TOpBLil NpH HEOOXOAUMOCTH MOXeT ObITh paclunpeH [4].

ModenbHbie 6udbl nOP u 3aKOHOMEPHOCMU KANUWLILAPHOU
KOHOeHCayuu Ha nopucmolx copbenmax

XapaxTepHoil 0COBEHHOCTBIO aiIcOPOLIMA B ME30MOPHCTHIX CHCTEMAX
ABJIsIETCA MPOTEKaHHE KAaMWUIAPHOM KOHAEHCaluH, KoTopas Habaronaet-
Csl IPH OTHOCHTENIbHOM JIaB/IeHMH NapoB MeHblle eauunupl (P/Ps < 1) u
TEMMNEPATYPE HIKE KPUTUYECKOH TeMnepaTypbl aAcopOLMH NPH YCIOBHH
CMayHBaeMOCTH CTEHOK Mop aacopbupoBaHHOH ¢asoil. IMpuunHOi Ka-
NHIIAPHONA KOHIGHCALMHU sABJseTCS 0Opa3soBaHHE BOTHYTBIX MEHHCKOB
ajicopbupoBaHHo#t (a3bl, paBHOBECHOE JaBNeHHe P Hajg KOTOPBHIMH OfIpe-
nensiercss ypaBHenueM Kenvsuna (ToMcona)

- (2.178)

370 ypaBHEHHE CBA3bIBACT AABJIEHHE HACBILLEHHOro napa P Haj Bbl-
MyKIBIM (3HaK IUIOC») WM BOTHYTBHIM (3HaK «MHHYC») chepHuecKum
MEHHCKOM pajidyca » ¢ NAaBJi€HHEM HacbilleHHOro napa Ps Haj ruiockoit
MIOBEPXHOCTHIO KHUIAKOCTH, MMEloLed MonsapHblit 06beM V,, U mosepx-
HOCTHOE HaThikeHue ©. T’ — aGcomoTHas TeMneparypa, R — rasosas 1o-
CTOAHHadA. YpaBHeHHe MOXeT GbITh 3anmucaHo B hopme

(2.179)
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Ilpu r = o P=Pg, 4TO COOTBETCTBYET ILIOCKOH moBepxHocTH. Ipy
J060M Ipyrom MojioXUTENEHOM 3HaUYeHHH r AUIS BBITYKJIOH MOBEPXHO-
ctu P> Pg u TeM GoJibiue, 4eM MEHBIIE ¥ B COOTBETCTBHH C YPABHEHHEM

P = rRT 2
ﬁ)s e @127

a 15 BOTHYTO# MOBEPXHOCTH P < Pg B COOTBETCTBUH C BHIPOKEHHEM
=e "T | (2.181)

Y TEM MEHBIIE, YEM MEHBLIIE 7.

Takum oOpasoM, ypaBHEHHs MOKa3bIBAalOT, YTO KOHAEHCALMA rapa
TpH BBIMYKJIOM c)epUYECKOM MEHHCKE HauuHaeTcs Mpy OonblieM, a Mpy
BOTHYTOM — IIPH MEHbILEM JaBJIeHHH, YeM Ha ILIOCKOM OBEPXHOCTH.

Ilpu chepuyeckoM U LMIMHAPHYECKOM MEHHCKAX ABa pajMyca Kph
BH3HBI [I0Jy4alOT CeYeHHEM MOBEPXHOCTH paszeiia AByMs B3aUMHO IEp
NEHAUKYIAPHBIMH TIOCKOCTAMM, KaXaasd M3 KOTOPBIX NMPOXOAMT HYepe:
HOpMaJlb, BOCCTAaHOB/IEHHYIO M3 TOUKH MOBEPXHOCTH. Jls chepuyeckor:
MeHucka 06a panuyca KpMBHM3HBI PaBHbI APYr APYTY U CPEAHMH pammyc

paseH 7y (—+-1 = —). [Tpu uununapruyeckolt hopme MEHUCKA 1= 7y,

rl rl rM

12
ry= . Torna uMeeM — =-— H 7, = 2r, (HalOMHUHAEM, YTO 7y — PAJHY..
r, r,
m

x
KOpbl, CEpALEBHHbE NOPbL, B KOTOPOH MPOMCXOAMT KOHAEHcaLHs). Ypap
nenvie KenbBruHa MO3BOJIAET ONPENENUTH 7, A HE ry,. UToObI mepeiitu c7
7m K pa3sMepy Kopsl, Heo0Xonumo 3HaTs ee GopMy u KpaeBoid yrom 6 me-
My KamWUIAPHBIM KOHJEHCATOM M aacopOLuoHHol nnexkoit. Jing cqz-
PHYECKOrO MEHMCKA 7y = ry, cos 6. [Ipu ucnons3oBanuu ypaBHenus Keii. -
BMHa Aomyckaetcs, uTo 6 = 0, a cos 6 = 1, Tak kak onpeaenuts & B mope
MpaKTHYECKH HEBO3MOXHO.
Hcxoms U3 BellleckasaHHoro, ypaBHeHue KenbBuHa ans cdepuue-
CKOT'O MEHHCKa PUHHMAET BH]
207,

P _, IRT
AS —e (2.182)

HJIM C YUETOM 0003HauYeHUA Z m _ K
RT
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P —_ £
A,s =e ', (2.183)

AN UMIAMHAPHYECKOrO MEHUCKA
K

Bf = . (2.184)

KanunnspHas koHAeHcauus Bo3MOXHa B 06paTUMOH ¥ HeoOpaTuMOit
¢opmax. Heobpatvmas kanuiuispHas KOHJAEHCALUS XapakTepusyercs
TeM, uTO AecopOLMOHHAs BETBb HA M30TepMe BCerja Bblile aacopbunon-
Ho# — HabmonaeTcs ructepesuc. [pu o6paTHMOH KanWLIAPHOH KOHAEH-
cauuH ancopbLMOHHbIE U AecOpPOLIMOHHBIE BETBH COBNA/IAMOT.

IlpenctaBneHus o MexaHu3Me ob6pa3oBaHMsA WM OTCYTCTBHA rucTe-
pesuca Ha u3oTepMax afacopOuum — aecopbnuu 6a3upyoTCs Ha HECKOJb-
KMX MOZENBbHBIX BUAX [OP, OCHOBHBIMHM M3 KOTODBIX ABJISIOTCSA:

1. Konycoo6pa3Has nopa co cepuiecKuM MEHUCKOM.

2. Knunoo6pasHasi nopa ¢ LHIMHAPHYECKMM MEHHUCKOM.,

3. Liunuuapuueckas nopa, 3akphitas ¢ OfAHOro koHua (npo6upkoo6-
pasmas).

4. IiunuHapuyeckas OTKpbITas nopa.

5. ByTblikoo6pa3Has nopa ¢ LUIMHAPUYECKMMH MONOCTAMH.

6. ByTblkoo6pa3Has nopa ¢ CyKaroLIMMHCA NOJOCTAMH.

7. ByTbuikoo6pa3Has nopa ¢ paclIMpaOLMMHUCS NIONOCTAMH.

8. ITopa kpyrnoro ceueHusi ¢ MOCTENEHHO M3MEHAIOLIUMCA paiuy-
COM.

9. [Topa B BUAe MPOMEXKYTKAa MEXAY JIOTHOYNaKOBaHHBIMH rnoby-
JlaMH OIMHaKOBOrO pa3Mepa.

10. lllenesuanble NOps! ¢ NapaieTbHbIMU CTEHKAMH.

CylecTBylOT [OBE MpPU3HAHHbIE TEOPHH KANUIIAPHO-KOHIEHCa-
LUOHHOTO rucrepesrca. OfHa M3 HMX OCHOBaHa Ha NPEICTaBJIEHUH O
JByX ¢opMax MEHHMCKOB C Pa3IMuHOH KPMBHM3HOH MOBEPXHOCTH, obpa-
3YIOLUMXCS [IPY 3aMOJIHEHHMH TIOPBl ¥ OCBOGOXAEHUH €€ mpU AecopOuuM.
Jlpyras cBs3biBaeT rucrepesuc ¢ obpa3oBaHMeM npu aacopbuuu M ne-
copbuUMM MEHKCKa OfMHAKOBOH (OpMBbI, HO C pa3NMuHON KPUBH3HOH B
pa3sHBIX 4acTAX MOPLL. DTH [BE TEOPUH HE SABMNSAIOTCS ATBTEPHATHBHBIMH,
o6a MexaHH3Ma UMEIOT MECTO B Pa3HbIX MOPHUCTBIX CUCTEMAX WM B pa3-
HBIX UX 4acTsX.

B nopax 1-3 THnmoB mpoucxoAaMT obpaTUMas KanunispHas KOHAEH-
cauus. TakyM nopam COOTBETCTBYIOT M30TEPMbI O€3 METIH rucTepesuca.
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B BeplMHe KOHyca WJIM B MeCTe MepeceueHus JBYX IUIOCKOCTeH KIHHa
HauuHaeTcs 3apojpiieobpa3oBaHue, NPUBOsLILEE K MOSBACHUIO cepu-
veckoro (1-if THI) uiaM uMaMHApudeckoro (2-i Tum) MeHucka. B ooux
cily4asx npoLecc ucrapenus 6ynetr ToOUHO obpaTeH mpoueccy KOHAeHca-
uyu, 6yneT NpoxoAauTs B COOTBETCTBUM C ypaBHeHUsiMH (2.183) ans 1-ro
TiNa, (2.184) — ans 2-ro Tuna, v NO3TOMY NETAs Ha U3OTEPME OTCYTCT-
ByeT. Ecnu nopsl agcopbeHTa npeactasnsitoT coboff LMITMHAPBI, 3aKpbl-
Thie C OJHOro KoHua (npobupkoobpasueie) (3-# THM), TO KOHAEHCALHUS B
TaKKUX MOpaX HAYMHAETCS C 3aKPLITOrO KOHLA Kamuispa ¢ 06pa3oBaHH-
em nosnycdepuieckoro MeHucka. Ero panuycel 7 M r, OAUHAKOBBI M paB-
Hbl 7'y, KOTOPBIH B CBOIO OUepesb paBeH ry. Takum o6pa3om, KanumispHas
KOHJIEHCALINs, NPUBOAALLAS K 3aMOJHEHHIO BCeH MOpBI, MPOUCXOAUT MpH
OTHOCUTENILHOM JaBJIeHUH B COOTBETCTBUH C ypaBHenueM (2.183). [Ipo-
LlecC HCMApeHHUs HaYMHaeTCs TakkKe O C(hepHueckoro MEHUCKa Y OTKphl-
TOr0 KOHLIa Kamuuispa MpUd TOM JK€ CaMoOM JaBieHHM [ypaBHeHHe
(2.183)]. [Tetnu ructepesuca 31ech Takke He HabnonaeTcs.

Ecnu umnunapuveckas nopa OTKpbITa ¢ 0G0MX KOHLOB (OTKpBITAs
UMIMHAPUYEcKas 1opa), NPoLecC OTIHYAeTCs OT BBILIEONMCAHHOrO, Tak
KaK TpH KOHJEHCALUH MEHUCK UMeeT LIMIHHAPHUeckyto dopMy (mpoLecc
MHULMUpYETCs MJIEHKOH Ha cTeHkax UMIMHApa). KonaeHcauus npoucxo-
OUT [pU OTHOCHTENBHOM JaBJeHHHM B COOTBETCTBUM C YpaBHEHUEN

— ¢ " U NPUBOJAUT K MOJTHOMY 3allOJIHEHHUIO MOPBI.

VicnapeHue ke U3 MONHOCTBIO 3aMONHEHHOH MOphl MPOHCXOAUT €~
cepuyeckoro MeHUcka Ha 0OOMX KOHL@X Kamujuispa U kopa ocBobok-
JldeTcs TPH OTHOCHUTENILHOM JaBJIEHWH, ONPEAENseMOM YpaBHEHHEM

=¢ '~ . Hawuzorepme HabnmozaeTcs neTss ructepesuca.

Pa3sHOBHOHOCTBIO LIMITMHAPUUECKOH MOpB! SBAsSETCS Mojenb GyTsul-
koobpa3Hoi nopbl. E¢ MOXHO MNpeACTaBUTh KaK 3aKpLIThIH C OJHOrO
KOHL@A LIMJIMHAD C Y3KUM TOpAOM Ha Apyrom koHue. Xoj npolecca Ka-
NUIISPHOH KOHJAEHCALMK B TaKOH Mope pa3iuvaeTcs B 3aBHCUMOCTH OT
Toro, 6yaeT nu paguyc noyoctd Gonblie UM MeHblIEe yABOEHHOH Bey-
YMHbBI pajuyca KOpbl B ropje. B mepBoM cilyyae KOHOEHCaLMs, Ha4yas-
UINCH Y OCHOBaHUsl MOPbI, NPUBEJET K MOJHOMY 3allOJIHEHHIO KaK M0J0C-
TH, TaK ¥ ropJia nopsl Npy OTHOCUTENLHOM JaBJIEHHH B COOTBETCTBHH C
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2K
ypaBHEHUEM %“ —-e ™ rmer, paauyc noaoctu nopst. icnapenue u3

NIOJTHOCTBIO 3aMOJIHEHHOM NOopbl HAYHETCHA € nonycq)epuqecxoro MCHHUCKa
2K

B ropne mnopbl MpH OTHOCHUTENBHOM JaBAEHHH % =e ", rOe rp—
s

paauyc ropJsa nopsl, 1 6yaeT npoJoNkaTecs A0 TEX NOp, I0KA HE 3aKOH-
YHTCA MCMApeHHe M U3 KOpsI miockocTd. TakuMm obpasoM, ancopOuuon-
Has BETBb METJIM JAET BO3MOKHOCTb PAcCCUMTAaTh PafHyc KOpbl B MONOC~
TH, B TO BpeMs Kak JecOpOLMOHHAs BETBL [103BOJISIET PaCCUMTATL PafivyC
KOpBI B ropJe.

Ecnu xe r,/ r, > 2, TO KOHAEHCALMA IPORMAET B ropie, HO HE CMOXET

pacnpoCTpaHUTBCA Ha MOJIOCTh A0 TEX MOp, [OKa JAaBJIEHUE HE BO3paCTET
2K

mo P/ = '~. Hcnapenne npou3oiifieT Tak xe, Kak B MEPBOM Clyyae,

T.€. IPY AaBAEHUU % =e ™ WCNApUTCs BeChb KOHAEHCAT U3 BCeil Kopsl
‘s

6y ThLK006pa3Ho# MOPBI, U Ha u3oTepme GyaeT HabnoAaThCA METAA ruc-

TepesHca.

Ecnn nonocts GyThlikoo6pasHO# mophl mpeAcrabnseT coboit yce-
4YeHHBI KOHYC, mpolecc OcBOOOXAEHHA Kaxaoi M3 pasHOBUAHOCTEH
Takoii nope! OyAeT 3aBUCETh OT OTHOILEHUA Fyy/ Fa U Ty / Py 5 Fis Ty — Pa-
Juychl KOpel B HaubGoJee y3koM ¥ Hauboree LIMPOKOM MECTaxX MOpBI.

TIpu paccmoTpenuu amcopbeHToB ¢ OyThUIKOOGPa3HBIMH NOpaMu
6onee peanbHbIM ABAAIOTCA MPEACTABICHUA O TOM, YTO IONIOCTH MOp Ka-
KMM-T0 00pa3oM B3auMocBA3aHbBl U 00pasyior 8-if BUA MoOp, T.e. NOPHI
KpYIJIOro ce4eHHs C MOCTENEHHO U3MEHAIOMUMCS pajJMyCcOM, MEXaHU3M
KOHJEHCALMH U MCMApeHHA B KOTOPBIX GyJeT HaXOAHTECA B COOTBETCT-
BHH C PACCMOTPEHHBIM.

HeBaThlit BUA NOp NpeacTaBnsfer coboii ynpoileHHY0 MOAENb Mo-
PHCTBIX TeJl, COCTOAMIUX M3 C(hpepHYECcKHX HacTll, KaxJas H3 KOTOpBIX
HaxOAWTCA B KOHTAaKTe C ABYMs WiM Oojee coceHUMHM 4acTMLaMH. B
TakMX NOpaX KOHJAEGHCAlUsi MHHLUUDYETCA ancopOLMOHHOM MIEHKOH B
NpoMeXyTKaX MeExIy COMpuKacaroluMucs riaobynaMH M MPHBOAMT K
06pa3oBaHMIO KOHAEHCATa € MOBEPXHOCTHIO NPUOIM3UTENBHO TOPOH-
nansHoH ¢opMmbl. C mnoBbllIeHHEM [ABNEHHA MEHHCK IPOJBHIaercs
BHYTpb MOPBI 10 TEX MOP, MOKA COCEAHHE MEHUCKH He CONBIOTCH APYT C
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apyrom. Torna mpubnusutensHo cepuueckas MOJIOCTs panuyca ro CKay-
%

K006pa3H0 3anojIHAeTCd MNpH OTHOCHUTEIIbHOM JaBJICHHUH

IMpouecc necopbuuu U3 3anonHeHHON MOPHI O HEKOTOPOH CTENEHH aHa-
JIOTHYEH PAacCMOTPeHHOMY R GyThlnkooOpasHoOif MOphl: HCMapeHHe Ha-
YHHAETCA C MOyC(HEepUYECKOro MEHUCKA B TOpJIE MOJNOCTH, U MOCIEAHSS

CKa‘{K006p83H0 ocBoboXAaeTCH npu OTHOCHUTENBHOM  AAaBJICHUH
2K

=e ", TAe r; — panMyc OKPYXHOCTH, BIMCAHHOH B rOpJO MOPSI.

IMockonbky 7y <r. , B AAHHOM CITy4ae FHCTEPE3UC UMEET MECTO.

MHorue cHCTEMBI COCTOAT M3 MIACTHHYATHIX, YeuryfyaThiX 4acTull,
MEXY KOTOPBIMM BO3HMKAIOT 1lejieBUAHEIEe nopsl (10-i Bux). B uaeans-
HOM Clly4ae, KOIJa CTEHKH LIENH MIIOCKHE U PacToioxkeHbl NapajLieNbHO
Jpyr Opyry, NpUYMHA THCTEpe3HCa BbIABSETCS COBEPLIEHHO OTYETIMBO.
B npsMom npolecce agcopbuuu Npv AaBlIeHUM HMXKE JaBIEHUA HACkHl-
LeHHOTO Mapa, KanuUIApHas KOHJEHCAlWs He MUMEET MECTa, MOCKOJIbKY
panMyc KpMBM3HBI IJIOCKOH MOBEPXHOCTH paBeH GeckoHeunocTH. C yBe-
JIHYEHHEM AABJIEHHUs [1apa TOJLIMHA afCOPOLMOHHOM MNEHKH Ha MpOTH-
BOTOJIOXKHBIX CTEHKAX YBEeJIM4MBAaeTCs N0 3HaueHUs dy/ 2 (di — IMpUHA
1ieNeBUAHOA KOPBI), NPH KOTOPOM IJIEHKH COMKHYTCS Y 110pa 3al0JHUTCA
ajgcopbatom. Eciu mmupuHa mopbl Goibilie HECKOMBKHUX AWAMETPOB, CO-
cTosiHMe aficopbarta GIIM3KO K XUIOKOMY, HCMApPEeHHE MOXET HauaTbes C
LIWIMHAPUYECKOro MEHUCKA M MPOAOMKATECA [0 TOJHOro 0cBO60MAEHHS
kopbl. Takum oOpa3zom, MexaHH3M 3arojiHeHUs W OCBOOOXIEHHS MOpBI
COBEpLLUEHHO pa3jiMyeH: afcopbLys B MpAMOM IMpPOLIECCE M KaMWIIAPHOe
ucnapeHus — B obpatHoM. Ho 310 B MzeanbHoMm cimyyae. Ha mpakruke
CTEHKH LLENEBUAHBIX MOP, KaK MPaBHio, He NapanenbHbl U H3IMEHSIOTCS B
npouecce aacopObuuu 4 JecopOuuH u3-3a HexecTKOCTH ancopbeHToB [3].

B nanHoOM pa3jene paccMOTpeHa KlacCH4ecKas TEOpHs KamHispHOH
KOHIEHCAlUU B MOJENAX ONMHOYHBIX 31eMEHTapHbIX mop. B peanbHbix
ancopGeHTax M KaTanusaTopax Mopbl pasHOro pa3Mepa M pasHoif (opMbl
B GONBILMHCTBE ClIy4aeB CBf3aHbl ApYyr C APYroM B €AUHYIO JabUPUHTO-
GOpasHyl0 CHCTEMY, B KOTOpO# CyxeHHs (ropjia nop) uepenyiorcs ¢
pacuIMpeHUsAMHU (MOJIOCTAMM).

B3auMOCBA3b MOp BHOCHT BaXKHble OCOGEHHOCTH B MpOLECC Kalui-
JISPHOM KOHIEHCALMK, KOTOPbIE NPOABSAIOTCS IMaBHBIM 06pa3oM B Mpo-
uecce UcnapeHns koHaeHcara u3 nop. Ilpu aecopbuuy koHaeHcaT BHYT-

191



PH 3epHa, €ClM NaXxKe OH HAXOAMJICA W B LIMPOKMX MOpax, OKa3bIBaeTcs
6/10KMpOBaHHBIM XKHAKMUM COPOATOM, 3aMMPAIOLINM €ro BbIXOI K IepH-
tepuu 3epHa, U TONBLKO [IPH CHIXKEHHH [aBJIE€HMs 10 OMpejesieHHOH Be-
JIMYMHBI, 3aBUCALIEH OT COOTHOILIEHHS Pa3MEPOB MOp B 3ePHE U OT Xapak-
Tepa MX CBS3H, HAYMHAETCA HCIIapeHHe KOHJAEHCAaTa U3 BHYTPEHHHX 00-
nacteit 3epHa. ITH 0coGeHHOCTH AecopOUMH napa U3 3epHa afacopbeHTa
T103B0J1AET O6BACHUTD ¥ KOJIMYECTBEHHO ONKMCATh TEOPHs MEPKONIALMH.

Axrnuiickoe cyioBo «percolation» o3Hayaer npocaduparue, QUILT-
pauuro. XoTs B HEKOTOPhIX OTEYECTBEHHBIX paboTax 3Ta TEOpHA MONYUH-
/a Ha3BaHHe TEOPUH IPOTeKaHHs, B GOJBLIMHCTBE CIyuaeB BCE XKe YNoT-
pebGAsIOT TEPMUH «TEOPUs NepKONALMU». TIpUMEHEHHe TEOPUH Mep¥ons-
LUHWH K ONUCAHHIO Kar[VlIlIl)]pHOﬁ KOHACHCAUUH BO B3aMMOCBS3aHHOMN CUC-
TeMe JaHo B [5].

Ocobennocmu u 0cHogst meopuu adcopbyuu 8 MuKkponopax

Mexanuam agcopbuuu Ha MHKPOIIOPUCTBIX afcopOeHTax, pasMepsl
NIOp KOTOPBIX COM3MEPHUMBI C pasMepaMH acopOupyeMBIX MoleKyll, cy-
LIECTBEHHO OTJIMYAETCA OT MeXaHu3Ma ajJcopOLHHM Ha HENOPHCTHIX M
KPYIHOMOPHCTBIX aacopbeHTax. DTo CBA3aHO C HaloMEHHeM MOTeHLHa-
JIOB MTPOTUBOMNONIOXKHBIX CTEHOK MOp M Gosiee BBICOKON 3Heprueil cBA3M
MoneKys ancopbara B MHKpOTIOpe.

AncopbUus B MHKpOIOpax He COIpOBOJXKIaeTcsi 00pa3oBaHHEM al-
COpOLIMOHHBIX CI0EB — MPOUCXOANT 06BEMHOE 3amoHeHHe aficOPOLIMOH-
HOTO NPOCTPaHCTBA.

Ha u3oTepMe HeT TOuKH, yKa3sblBatolled Ha.eMKOCTb MOHOCHOA (mua-
TO Ha M30TepMe CBUIETENBCTBYET O KOHLE 3allOJHEHUs 0P U He COOT-
BETCTBYET 3aBEPLIEHHOMY CJIOIO).

VaenpHyi0 MOBEPXHOCTh MHKPOMOPHCTOro copbeHTa paccuMThIBaTh
HE HMEET CMBICNIA, TEPAET CMBICI IOHATHE BEeIUYHHBI OCANOYHOM ILITO-
La/IKH, MPUXOASILEHCS Ha OHY MOJIEKYy B aficOPOLIOHHOM clloe.

ToHATHE NOBEPXHOCTHOrO HATSXKEHUA IS aficOpOLMH TepseT Pusu-
4EeCKYIO CyLIHOCTb B MUKPOIOpaX.

Ancopbuus B Mukponopax — ocobelit BUA aacopOLuu, pH KOTOPOM
ancopGar He MpeACTaBAseT OTAE/LHOH (hasbl, HajeneHHo#l omnpeneneH-
HbIMH (HM3MKO-XMMHMYECKMMH CBOHCTBaMH. Afcop0ar B MuKporope
npeAcTaBaseT coboi Uenouky Monekys, B3aHMOCBS3aHHBIX APYT C ApY-
FOM JIMLUb B HanpapJeHMH BIOJb KaHaja Mopbl, TaK Kak NpH aacopbuuu
He 00pasyloTCs noceaoBarte/lbHble aICOPOUHOHHBIE CTION.
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B 1947 r. M\M. JIy6unus u J1.B. PanylukeBHd Npeanoxuiu ypasHe-
HHeE JUIS OLEHKH 00BeMa MUKPOTIOP HO 06JIacTAM H30TEPMbI afcopOLMH,
OTHOCALUNMCS K MaJibiIM H CpeNHHUM JaBJIEHHAM. Oun PasBuJIHA TEOpPHIO
a}ICOPGLIHH HOIIHHH, OJHHM H3 INaBHbIX IapaMeTpoOB KOTOpOﬁ ABAACTCA
BEJIMYMHA €, ONpelesseMas BbIpOKeHHeM

.9=RT1nP%. (2.185)

IMonsuu HasBan € afcopOLMOHHBIM MOTEHLMANOM, oaHako M.M. Jly-
6uHMH npeanouen TepMuH «nuddepeHHanbHas MonspHas paboTta az-
copbuum».

CornacHo M.M. Jly6unuHy, B MUKpONopax IMPOUCXOAUT HE IOCIOH-
Has ajicopbuiMs Ha CTEeHKax, a o6beMHoe 3amnoiHenue. I1o3Tomy BTOpHIM
1apaMeTpoM SBIIAETCS CTeNeHb 3anofHeHMs Mukponop 6, onpepense-

Mas BbIpAKECHHEM
W
6= AV , (2.186)

rae Wy — obimii 06seM Mukponop; W — 06beM MHKPONOD, 3aN0HIEMbIX
npH HekoTopoM P/Ps.
CornacHo OJHOMY H3 OCHOBHBIX NOCTYNaTOB, O ABnsgeTca QyHKUUER &

6= f(%J 2.187)

rae B — koadduurent ahGuUHHOCTH, MM NTOAOOUS, KOTOPbIH NPUBOAMT K
COBMAJEHHNIO XapaKTePUCTHYECKUX KPUBBIX 3aBUCMMOCTH € OT € 1M pas-
JIMYHBIX aiCOPOTUBOB C XapaKTEPUCTHYECKOH KpUBOH 1jid HEKOTOpOro
ancopbara, NpOM3BONLHO BHIOPAHHOrO B KayecTBe cTaHAapTHOro (Jy6u-
HUHbIM BLIOpaH Gensom). [ToaToMy ns cranpaptHoro napa B = 1. Jlo-
MONHHUTENbHBIE JONYUIEHNs, OCHOBaHHBIE Ha 3KCIEPHMMEHTANILHBIX JaH-
HBIX, COCTOAT B TOM, YTO OTHOLUEHHE €)/€; A1 Moboi napsl agcopbaroB
HE 3aBMCHMT OT 0, OTKyJa clefyeT, YTo  — KOHCTaHTa, HMeloilas CBOe
co6cTBeHHOE 3HaUeHHe A1 Kaxaoro ajacopbara.

IpuHsAB, YTO pacnpefiefieHHe CTENEHH 3aNOJIHEHHMs MMKPOIOp IO
nuddepeHuuanbsHoid MonbHOH paboTe ancopOLUMM ONMCBIBAETCA raycco-
BOii kpuBoOit, M.M. JIy6unuH 1 JL.B. PanyiikeBuy nonyyuny BbIpaxkeHUe
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6 =exp (2.188)

roe k — ele o4MH XapaxkTepucTHYeckuil mapametp. Pewas coBmectHO
ypaBHeHus (2.185) — (2.188), nonyunm

W =W, exp(-| & ‘RT]nI P, l y o (2189)

W, inl Ps ’ 1 @190)

rae B=FR* (2.191)

Yt0661 MOXHO 65110 NOCTpOUTs rpaduxk, ypaBHenue (2.190) cnenyer
npeobpa3oBars:
(2.192)

InW =InW, - D} In|

Ps.
p

rae D = B(T/B)".
B atoM ypaBHeHuu W — aficopb1poBaHHOE KOIMYECTBO, BEIPOKEHHOE

rae O - IUIOTHOCTh a,ucopﬁa'ra B

B BUJE 0ObeMa KUAKOCTH: W = N/,
p

Mukpornopax. I1py Temnepatypax, A0CTaTOYHO HH3KHX IO CPaBHEHHMIO €
KPHUTHYECKUMH, Hanpumep BONM3M TOUKM KHMNEHHsA ajncopbTHBa, P

MOHO IIPHHSATH PABHOM MIOTHOCTH HOPMAIBHOTO XUJKOTO afcopOTHBa.
IMapameTp k B ypaBueHuH (2.188) BelpaxkaeT LIMPKUHY rayccoBa pac-
npejie/ieHrs KyMYIATUBHOTO o6bema MUkpornop W o HOpMaIn30BaHHOM
pabote agcopbumuu €/B 1 onpenenseTcs NO3TOMY MOPUCTOH CTPYKTYpOIf.
Takum ob6pasom, koHCTaHTa B Taioke [ypaBHeHus (2.190), (2.192)] xa-
paKTepusyeT MOPHUCTYIO CTPYKTYpPy aacopbeHTa, M B COOTBETCTBHH C
9TUM OHa ObL1a Ha3BaHa CTPYKTYPHOH KOHCTaHTOH aacopOeHTa.
CornacHo ypaBHeHuwo (2.192) rpadux lybounuHa — PanymkeBuya,
T.e. 3aBHcuMocTs InW [unu In(w/p,)] ot [In(Py/P))?, oTcekaeT Ha ocu op-
JMHAT OTPE30K, pPaBHBI jorapudmy obmero o6sema mukponop Wj. Ilo
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Jlnst nocTaToMHOTO GOBLIOTO YKCIa CUCTEM TPa(UKU JCUCTBUTCIIBHO
HUMCIOT BHI IMPAMBIX X MOTYT 6LITI> JIMHEWHBIMH B OY€Hb IIHUPOKOM UHTCP-
BaJIC OTHOCHUTCITBHBIX JABJICHUI.

PaccMOTpeHHBIC BBIIC VPABHCHUS SIBUIMCH OCHOBOW HM3BECTHOM COH-
yac Teopuu 3arnonueHuwst mukporop (TO3M), paspaGoraHHOM MWKOIOH
akagemuka Jlyoununa. O6mee ypasuenue TO3M samuchBacTCs B BUIES

o W/Wn —oxp 7& (2.193)

[TapameTp F, — XapakTepuCTHYECKas YHEPrusi aacopOLwmu, Bo3pacra-
OIIAsA ¢ YMEHBIICHUEM CPEIHETO Pa3Mepa MUKPOIIOP, IIOKA3aTeNlb CTEIC-
HU 7 ONPCACIACTCA 3HEPIeTHYCCKOH OZHOPOJHOCTHIO aacopOeHTa, ero
3HA4YCHMS OOBIYHO MCHSIOTCS B MpeAeiax 1—3, BO3pacTas C yBEIMUCHHUEM
SHCPTETHYCCKOM OTHOPOAHOCTH. J/11 LICOTUTOB, HAIIPUMEP, OH PaBcH 3.
VpaBHeHue npu 7 = 2 Ha3bBAOT ypaBHeHHEM JlyOunuHa — Paaymkesuua,
a TpU TPOM3BOJIBHBIX /7 — ypaBHeHueM JlyOmnuHa — ActaxoBa. B [5]
npeacrasiaeHo ypasaerue TO3M, cocrosiiee U3 ABYX WICHOB:

(2.194)

€
W.=W, exp /3? +W,, exp

0 0

WHpekest 1 ¥ 2 OTHOCATCS K TICPBOI M BTOPOW MUKPOCTPYKTYPaM CO-
OTBETCTBEHHO.
Teopun 06bEMHOTO 3aIMOIHEHMS TIOP ITOCTOSHHO COBEPILICHCTBYESTCS.

Onpedenenue pazmepos nop

Ucnons3ys ypasuenue Kenbsuna

MOXKHO ONPEACIHTD Pa3MEPhI IOP TBEPABIX Teld. B mopax pasiuuHo# (opMeI
NIPH aACOPOIMH 00PA3yIOTCS KaK CEepUUCCKUe, TAK U LHIHHAPHYECKHE Me-
HHCKH, TTPH AeCOpOLMU — TONIBKO cepudeckue. [ToaTOMY Halue BCEro wc-
MOIB3YCTC ACCOPOLWIOHHAST BETBb M30TEPM LI OMpEAcicHus 3P eKTus-
HBIX Pa3MepOB Mop. PeanbHble n30TepMBI a1COPOLIMH — AeCOPOLIH 0GBIMHO
XaPAKTCPH3YIOTCS KAKHM-TO HAKJIOHOM, OOYCITOBJICHHBIM HAJIHYHEM Ha TI0-
BEPXHOCTH aICOPOCHTOB W KaTAlIM3aTOPOB IMOP PA3IHMHBIX Pa3MEPOB U
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pasNuyHBIX pasMepoB u ¢opM. Jas ompeneneHus pasMepoB Mop M pac-
npelenenus Ux No pafuycam Mpou3BoaiT [6]:

— MOCTpOEHME CTPYKTYPHOH KPUBOH, npencTapasioutyio co6oi 3asu-
cUMocTh 0GbeMa mop ¥, 3anoNHEHHBIX MPH AaHHBIX BETMYHHAX OTHOCH-
TENBHBIX AABJIEHHH Pé , OT MX [UaMeTpos d;

s

— noctpoenue AuddepeHanbHON KPUBOA pacnpe/eneHus nop no

pa3mepaM B koopauHatax 4V/A4d ot de,
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[IPAMEPBI 1 3AJJAHHS

ITpumep
Jlns cucTeMBl BORA — CUIMKaresb 6uu1M monyuens npu 25 °C cne-
AyloLiue JaHHble, CBEAEHHBIE B Tabnuity:

AJICOPEOMZT AJICOPEIHA
Ne /it a, MMOJIB/T /P Ne a, MMOJIB/T F/P.
I 0.875 0.023 16 121 0.78
2 1.02 0.040 17 13.4 0.80
3 .49 0.086 18 20.9 0.85
4 1.75 0.146 19 37.0 0.945
5 1.89 0.163 20 513 0965
6 222 0.220 ECOPEOITA
7 2.70 0.312 I 50.5 0.978
8 3.04 0.371 2 48.6 0.920
9 364 0.447 3 384 0.815
10 4.00 0.490 4 31.1 0.805
11 4.30 0.535 5 235 0.773
12 480 0.596 [ 13.9 0.760
13 5.00 0.610 7 8.5 0.705
14 6.45 0.685 8 5.9 0.652
15 7125 0.710 9 5.0 0.605
10 438 0.580
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TTocTpOHTH CTPYKTYPHYIO KPUBYIO H ONPEAETHTh 3(P(EKTHBHBIH AHaMETP
u 001uii 00BEM mop.
o H,O = 71,97 anw/cm. Benvnunuza nosepxuoctu S = 320 M.

Pewenue
1. TTo 3KCHEPUMECHTAIBHBIM JAHHBIM TAOIMIBbI CTPOUM H30TEPMY ancopo-
UM — JECOPOLUHM B KOOPAHHATAX BEIHYMHA afCOPOLMH @ — OTHOCHTEILHOS

PlPs

Puc. 2.34. HzoTepma azicopOLHH NapoOB KPHNITOHA HA CHIIHKATeJIe

2. BeibupaeM Ha u30TEpME TOUYKY, KOTOPOM COOTBETCTBYIOT OIpene-

JICHHBIC 3HAYCHMA d A 7D , 1 pacCUMTBIBACM 1A 3THUX 3HAYCHMI Ava-
Ny

MeTp nop o ypasHeHvio KenbBuna, sammcanHoMy B ¢opme

% (2.195)
RTIn %
rae d — InaMeTp mop; © — nosepxuocmoe HaTsDKeHHe azcopbarta,

o(H,0) = 71,97 nuu/cm = 71,97 apr/em?; V,, — MonsApHbI# 06BeM ajcop-
Gara, V,, = 18/1 = 18 cM’/mons; T — aBcontoTHas Temnepatypa; R — raso-
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Bas MOCTOsAHHadA, R = 8,3-107 spr/(Mone-K); F, S/P — BeNIM4MHa, oOpaTHas

OTHOCHTE/ILHOMY JaBJIEHHIO.
Haxomum o6beM xuaxoro afcopbara, COOTBETCTBYIOLIErO 3HAUEHU-
SM a A1 KaKA0H TOukH 1o gopmyne

L 3
o™ \__:gfmom,\'V ("L ' (2.196)
ril U r i " momsl
Pe3yJIl>TaTl>l pacqemB 3aHOCHM B Taﬁﬂ. 1.
Tabnuya 1

a P/Pg Ln(PyP) d, cM V
50.50 | 0.978 0.022 953-10% 0.909
48.6 | 0.920 0.083 252:10° 0.875
384 | 0.815 0.205 102-10% 0.691
31.1 | 0.805 0.217 96.6:107F 0.56
235 | 0.773 0.257 81.6:10° 0.423
13.9 | 0.760 0.274 76.5-10° 0.25

8.5 0.705 0.35 59.9-10° 0.153

5.9 | 0652 0.428 49-10° 0.106

5.0 0.605 0.503 41.710% 0.09

4.8 0.58 0.545 38.4-10° 0.086

Hcnone3ys naHnble TabnMLblL, CTPOUM KPUBYIO 3aBHCHMOCTH V oT d
(puc. 2.35). Jlns ynoGcTsa nocnefylomux pacyeToB AWAMETP NOP BbIpa-
aum B A. TlonyuenHsle pesyasTaTel MOXKHO NIPECTABUTE H B HAHOMETpAX,

T T T T
200 400 600 800 dh

Puc. 2.35. MurerpansHas kpusas ¥ = F(d)



Kpupas V ot d MoxeT numeTh pasiuuHbiif BUI, HO U3 X0Za ed yxe 6y-
JET BUJHO, HA Kakue pa3sMeph! IOp MPUXOJUTCA OCHOBHAs 4acTh o6beMa

nop.

3. TlpousBoauM rpaudeckoe AuddepeHnupoBaHme, 3aMeHsid 3Haye-
HHs TPOM3BOAHON OTHOHIEHHEM KOHEUHBIX NpupalueHunii 4V/A4d. Pesynb-
TaThl rpaduueckoro aAndQepeHpoBaHus 3aHOCKM B Tab. 2,

Tabnuya 2

Ad de AV AV/Ad
50-60 55 0.02 0.002
60-70 65 0.05 0.005
70-80 75 0.09 0.009
80-90 85 0.26 0.026
90-100 95 0.06 0.006
100-110 105 0.12 0.012
110-120 115 0.03 0.003
120-130 125 0.02 0.002
130-140 135 0.01 0.001
140-150 145 0.02 0.002
150-200 175 0.05 0.001

200-300 250 0.06 0.0006

—p

»o

Puc. 2.36. Pacnpenenenue nop no pasmepam
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Crpoum rpaduk 3asucivoctu AV/Ad ot dgp, M3 KOTOPOro MOKHO BH-
JIETh XapaKTep PacTpeeeHus Mop M0 pa3MepaM U OTIPEAEIIMTh AUAMETP
I10p, COOTBETCTBYOUMI MakcuMyMy (Puc. 2.36).

Heo6x0a1Mo y4ecTs, YTO BEIMUCIIEHHBIE 110 GopMyne 3HaUYeHHs Jua-
METpOB MOpP MeHbllUe MCTHHHBLIX JHAMETPOB Ha BEIHUHHY 27T, rjae T —
TOJIKHA CJIOA MOJEKyN, anacopOHUpOBaHHEIX K Hayaly KalWUIADHOH
KOHZAEHCallWH. BeNU4HHY T MOKHO OLICHHUTh, pa3fieliiB 00beM aacopbu-
POBaHHOIO BEeLIECTBA Ha BENUYUHY YAE/IbHON NOBEPXHOCTH:

2.197)

r "wmom) 1
Torna neficTBuTenbHbIA JUaMETp NMOP HAXOAUM 1O GopMyJe
d, +2:-7=dmmer, (2.198)
Ecnu u3 rpaduka MOXXHO TOYHO ONpENENUTh BENMYMHY afcopOuuu
npu %s =1,T.e. 4 o TO MOXKHO OTIPEAENHTH OO 06BEM Nop

V..=a. V.- (2.199)

3aoanue 1
Jinst cuctemsl GeH30M — cunMKarenb ObUTy modydeHsl npu 20 °C cre-
AylollMe faHHBIC, CBeEHHEIE B TaONHIYy:

Nen/u | a,mmonsir | PP, Newn | a,mmonslr | P/P,
AICOPBLIMA AJZICOPBLIMA

1 0.44 0.056 20 17.2 0.882
2 0.66 0.108 21 18.8 0.906
3 0.81 0.161 22 19.0 0.942
4 0.83 0.191 23 19.1 0.966
5 0.89 0.216 24 19.2 0.999
6 1.09 0.287 JECOPBUMA
7 1.17 0.330 1 18.98 0.948
8 1.43 0.479 2 18.78 0.880
9 1.62 0.551 3 18.75 0.876
10 1.71 0.573 4 18.70 0.852
11 1.88 0.634 5 18.18 0.839
12 2.08 0.660 6 17.65 0.832
13 2.35 0.714 7 14.67 0.810
14 2.43 0.734 8 7.14 0.770
15 2.93 0.763 9 3.60 0.724
16 3.35 0.782 10 2.67 0.686
17 431 0.808 11 2.11 0.646
18 4.90 0.826 12 1.91 0.61C
19 9.00 0.846 13 1.77 0.585
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IToCTpOHTs CTPYKTYPHYIO KpHBYIO, HalfTH pacrpejelieHue mop o
3¢ hexTUBHBIM IMaMeTpaM 0Lk 06BEM MOP.

o CeHg = 28.88 ‘spr/cm?, moTHOCTS Gensona 0.8790 r/cM’, MONBHBIA
obbem V,, = 78/0.8790 = 88.74 cm’/Monb, Ps=74.66 MM PT. cT. Benmuuuna
nosepxHoCTH S = 300 M/T.

3aoanue 2
Hna cucremsl GeHson — cwinnop 0.75 Geutn monyuens! npu 18 °C
cleayrolHe NaHHbIe, CBeJEHHbIE B TabIuIly:

P N AN P/Pg al10°, or a'10%, MMOsE/T
1 2 3 4 5 6
AJICOPBLIMS

1 363.483 0.102 0.02 8.03 10.30
3 363.421 0.164 0.04 12.92 16.56
5 363.397 0.188 0.07 14.81 18.98
8 363.348 0.237 0.12 18.66 23.93
10 363.288 0.297 0.15 23.39 29.99
12 363.261 0.324 0.18 25.52 32.71
14 363.229 0.356 0.21 28.04 35.94
17 363.206 0.379 0.25 29.84 38.26
21 363.180 0.405 0.31 31.89 40.89
24 363.157 0.428 0.36 33.71 43.21
26 363.131 0.454 0.39 35.75 45.84
29 363.111 0.474 0.43 37.33 47.86
34 363.071 0.514 0.50 40.48 51.89
38 363.059 0.526 0.56 4142 53.11
42 363.040 0.545 0.62 42.92 55.02
44 363.038 0.547 0.65 43.08 55.23
48 363.022 0.563 0.71 4434 56.84
52 362.997 0.588 0.77 46.31 59.37
54 362.973 0.612 0.80 48.20 61.79
56 362.966 0.679 0.83 53.47 68.56
59 362.870 0.715 0.83 56.31 72.19
60 362.830 0.755 0.89 59.46 76.23
62 362.767 0.818 0.92 64.42 82.59
63 362.732 0.853 0.93 67.17 86.12
67 362.140 1.445 0.99 113.79 145.89
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ITpodonicenue mabnuyo:

1 2 3 4 5 6
JECOPBIINA

P N AN P/Pg a-10°, riv a+ 10%, MMons/T
61 362.198 1.387 0.90 109.23 140.03
59 362.323 1.262 0.87 99.39 127.41
56 362.519 1.066 0.83 83.95 107.63
53 362.664 0.921 0.78 72.53 92.99
50 362.814 0.771 0.74 60.72 77.84
50 362.114 0.771 0.74 60.72 77.84
48 363.956 0.629 0.71 49.54 63.51
46 363.062 0.523 0.68 41.19 53.80
42 363.131 0.454 0.62 35.76 45.83
40 363.221 0.364 0.59 28.67 36.75
38 363.279 0.306 0.56 24.10 30.89
36 363.324 0.261 0.53 20.55 26.35
34 363.396 0.189 0.50 14.88 19.08
32 363.401 0.184 0.47 14.49 18.58
30 363.446 0.139 0.44 10.95 14.03
28 363.478 0.107 0.41 8.43 10.80
27 363.490 0.095 0.40 7.48 9.59
26 363.490 0.095 0.39 7.42 9.59
22 363.493 0.092 0.33 7.25 9.29
21 363.493 0.092 0.31 7.25 9.29
20 363.500 0.085 0.30 6.69 8.58
19 363.500 0.085 0.28 6.69 8.58
16 363.511 0.074 0.24 5.83 7.47
13 363.523 0.062 0.19 4.88 6.26
11 363.527 0.058 0.16 4.57 5.86
8 363.530 0.055 0.12 433 5.55
7 363.533 0.052 0.10 4.10 5.25
5 363.545 0.040 0.07 3.15 4.04
3 363.552 0.033 0.04 2.60 3.33
2 363.560 0.025 0.03 1.97 2.52

ITocTpouTh CTPyKTYpHYIO KDHBYIO, HalfTH pacnpefieleHHe Mop o
3¢ ¢eKTUBHLIM luamMeTpam U obmui 066EM nop. Ps= 67.61 MM pT. cT.,
Np =363.585 MM; naHHble 110 GeH30y B3SThL U3 3anaHus 1.

3aoanue 3

Jnst cucreMbl 6eH301 — XpoMaToH (mOcie NpeaBapuTensHOH 4-ya-
COBOH BakyyMHOM 06pa60TKH ancopGenta npu T =150 °C) 6eu1n momy-
ueHsl nipu (16~17.5) °C cnenyromue nanusle, CBeSHHbIE B Tabnuny:
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A,[[COPELU/I}I
P T Pg P/Pg AN | @10, | al10%
r/r MMOJB/T
2 16 61.853 | 0.0823 | 364.547 | 0.004 | 0.325 0.42
8 | 164 | 61.093 | 0.127 | 364.536 | 0.015 | 1.22 1.56
16 16.0 [ 61.853 | 0.259 364.498 | 0.053 4.30 5.52
28 16.0 | 61.853 | 0.453 364.495 | 0.056 | 4.55 5.83
41 16.0 | 61.853 0.663 364.490 | 0.061 4.95 6.40
47 16.5 | 63.406 0.741 364.490 | 0.061 4.95 6.35

49 0.773 | 364.490 | 0.061 { 4.95 6.38
53 0.836 | 364.486 | 0.065 | 5.28 6.77
56 17.0 | 64.991 [ 0.846 | 364.481 | 0.070 | 5.68 7.29
55

59 17.0 | 64.991 | 0908 | 364.477 | 0.674 | 6.01 7.10
62 17.0 | 64991 | 0923 | 364.472 | 0.079 | 6.41 8.22

60

64 17.0 0.969 | 364.468 | 0.083 | 6.74 8.64

63

64.5 0993 | 364.468 | 0.083 | 6.74 8.64
JECOPBLIMA

64 17.0 | 64.991 | 0.985 | 364.468 | 0.083 | 6.73

61

59 17.0 [ 64991 | 0.908 | 364.470 | 0.081 | 6.50

57 17.5 | 66.610 | 0.856 | 364.475

53 0.796 | 364.475 | 0.076 | 6.17

44 17.5 | 66.610 | 0.661 | 364.480 | 0.071 } 5.76

46 0.691 | 364.480

29 0.435 | 364.490 [ 0.061 | 4.93

17 0.255 | 364.498 | 0.053 | 4.30

10 0.150 | 364.523 [ 0.028 | 2.20

8 0.120

5 0.075

3 0.045

1 0.015

TTocTpouTh CTPYKTYPHYIO KPHBYIO, HaiiTH pacmpejieieHHe nop Mo
B(b(bel(THBHbIM JuamerpaM 1 obuuit 06EM mop. N() =364.551; 6 C¢Hg =
=28.88 apr/cm’; [UIOTHOCTE Gensona 0.8790 r/cm’, MonsHEI 06BeM ¥y, =
~78/0.8790 = 88.74 cM’/Monb. P — B MM pT. CT. PaCC‘lHTaTb HenocTalo-
Ljue JaHHble TabauLbl.
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3aoanue 4
[
Jlns cuctemsl 6eH301 — XpoMaToH 6suM nomydesst npu 21 “C cie:
JyloLIHe JaHHble, CBEAEHHBIE B TAOMHILY:

P P/Pg N AN a10%, a'10%,
o/t MMOJB/T

1.00 [ 0.013 338.948 0.022 0.49 0.63
4.00 | 0.051 338948 | 0.022 0.49 0.63
7.00 | 0.089 338948 | 0.022 0.49 0.63
250} 0.317 338940 | 0.030 0.67 0.86
44.0 | 0.558 338915 0.055 1.23 1.57
48.0 | 0.608 338.910 | 0.060 1.34 1.72
545 1 0.691 338.910 | 0.060 1.34 1.72
57.5 1 0.729 338.900 | 0.070 1.56 2.00
62.5 | 0.792 338.886 | 0.084 1.88 2.40
67.5 | 0.830 338.845 0.125 2.79 3.58
70.5 | 0.894 338.808 | 0.162 3.62 4.64
72.0 | 0913 338.800 | 0.170 3.79 4.86
73.0 { 0.925 338.800 | 0.170 3.79 4.86
70.0 | 0.887 338.810 | 0.160 3.57 4.58
64.0 | 0.811 338.845 0.125 2.79 3.58
49.5 | 0.627 338.885 0.085 1.90 2.43
29.0 | 0.368 338910 | 0.060 1.34 1.72
140 | 0.177 338.920 | 0.055 1.12 1.43
8.0 0.101 338.940 | 0.030 0.98 0.86
6.0 0.076 338.940 | 0.026 0.55 0.75
4.0 0.051 338.950 | 0.020 0.42 0.57

ITocTpouTh CTPYKTYPHYIO KpUBYIO, HaliTH pacnpefieieHue mop Mo
3(1)(1)exmaﬂmm JvaMerpaM U obiuuit 06BéM mop. No =338.970; 0 C¢Hs =
=28.88 apricm’, rmomoc*rb Gensona 0.8790 r/cm’, MOJIBHBIA 00beM Vy, =
=78/0.8790= = 88.74 cM’/Moib, P — MM pT. cT., Ps=78.899 MM pT. cT;
Mmacca HaBeckH 35 Mr.

3aoanue 5

Jna cuctemel 6eH3on — xpomatoH Gbui nomyuedsl npu (17-18)°C
CNeyIOIIHE NaHHbIE, CBEJEHHBIE B TaO/HLLY:

204



AACOPBLIMA
P T P P/Ps N AN al10°, a107,
r/r MMOJIB/T
3.00 | 174 66.283 0.045 359.690 0.00 0.00
8.00 | 174 66.283 0.121 359.690 0.00 0.00
10.0 18 66.261 0.147 359.690 0.00 0.00
16.0 18 68.261 0.234 359.681 0.006 0.38
20.0 18 68.261 0.293 359.680 0.010 0.63
26.5 18 68.261 0.388 359.665 0.025 1.51
29.5 18 68.261 0.432 359.644 0.046 2.89
34.5 18 68.261 0.505 359.644 0.046 2.89
39.5 18 68.261 0.579 359.644 0.046 2.89
46.0 18 68.261 0.674 359.644 0.046 2.89
54.5 18 68.261 0.798 359.695 0.095 5.98
59.5 18.2 68.931 0.863 359.510 0.180 11.32
62.0 | 18.2 68.931 0.900 359.410 0.280 11.61
65.5 | 18.2 68.931 0.950 359.075 0.615 33.68
66.0 | 18.5 69.947 0.944 358.885 0.805 50.64
67.0 18.5 69.947 0.958 358.723 0.967 62.82
68.0 | 18.2 68.931 0.987 358.545 1.145 72.02
JECOPBLIN
64.0 | 18.2 68.931 0.929 358.800 0.890
60.0 | 18.2 68.931 0.870 359.054 0.636
52.0 | 18.2 68.931 0.754 358.366 0.324
55.0 | 182 68.931 0.798 358.300 0.390
410 | 182 68.931 0.595 358.500 0.190
44.0 | 182 68.931 0.638 358.548 0.232
295 | 18.2 68.931 0.428 358.602 0.088
320 | 182 68.931 0.484 358.622 | 0.068
20.0 | 182 68.931 0.290 358.655 0.035
23.0 | 182 68.931 0.334 358.660 0.030
24.0 | 182 68.931 0.348 358.670 0.020
120 | 182 68.931 0.174 358.683 0.007
1.00 | 18.2 68.931 0.615 358.690 0.000

TlocTpOUTE CTPYKTYPHYIO KPUBYIO, HaliTW pacnpeierneHue mop Mo
a¢dexTUBHEIM AaMeTpaM U obmuii 066éM 1op. Nc, =359.690; ¢ C6H6 =
=28.88 3pr/cM2 TIOTHOCTS Gersona 0.8790 r/em’, MonbHbIH 06BeM V),
=78/0.8790 = 88.74 cM’/monb. P — MM pT. CT.; Macca HaBecku 50 mr. Pac-
CUUTATh HENOCTAOIIME AAHHEBIE Ta6nnuu, npuHumas, urto f =
=3.15 mr/mMM (k0o dHuLMEHT YyBCTBUTENBHOCTH BecoB Mak-Bena — Ba-

Kpa).
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3aoanue 6

[Tpu u3yueHuu apgcopOuMH NapoB BOABI Ha OKCHAE MarHus, npejpa-
PHTENBHO BakyyMHPOBaHHOTO NPH KOMHATHO# TeMIepaType B TeYeHHe
24 4, noMyyeHs! Clefyomue JaHHbe:

Ne P/Pg a, a, Ne P/Pg a, a,
/i MMOJIB/T MMOJIL/T n/n MMOJbB/T MMOJIE/T
(ancop6.) (necopb.) (ancop6.) | (necopb.)
1 0 0 3.7 13 0.60 5.1 5.5
2 0.05 1.5 3.9 14 0.65 52 5.7
3 0.10 2.9 4.2 15 0.70 5.4 5.9
4 0.15 37 4.3 16 0.75 5.7 6.2
5 0.20 4.1 4.5 17 0.80 6.1 6.5
6 0.25 43 4.7 18 0.85 6.4 6.7
7 0.30 4.4 4.8 19 0.90 6.8 7.0
8 0.35 4.6 4.9 20 | 095 7.3 7.3
9 0.40 4.7 5.0 21 0.96 7.4 74
10 | 045 4.8 5.1 22 0.97 7.6 7.6
11 0.50 4.9 5.2 23 0.98 7.8 7.8
12 | 0.55 5.0 53 24 0.99 8.0 8.0

[TocTpouTh M30TEpMEI agcopbumu — necopbuuu. PaccuuTats pasme-
DBl TIOP M IOCTPOMTB CTPYKTYpHYO kpuByto. Temneparypa onbita 20 °C.
HeobxonuMbie A pacyerta JaHHBIE B3ATE M3 IPUIOKEHHS WK U3 CIIpa-
BOYHMKA.

3aoanue 7

[Tpu apcopbumu napoB BOJABI HA OKCHAE MarHMs, NpEIBapHUTENLHO
TepMOBaKyyMHpOBaHHOTO IIpH Temneparype 573 K B Teuenue 4 u, nomy-
4eHbI CleylolHe JaHHbIEe:

Ne P/P, a, a, Ne P/P; a, a,
n/n MMONB/T | MMOMB/T u/n MMOB/T MMOJE/T
(ancop6.) | (mecop6.) (ancop6.) | (necop6.)
1 0 0 0 13 0,6 73 8,30
2 0.05 1.80 1.80 14 0,65 7,4 8,40
3 0.10 3.50 4.10 15 0,70 7.5 8,50
4 0.15 4.70 5.50 16 0,75 7.7 8,60
5 0.20 5.40 6.80 17 0,80 8.0 8,70
6 0.25 5.90 7.40 18 0,85 8.3 8,80
7 0.30 6.40 7.60 19 0,90 8,5 8,90
8 0.35 6.70 7.80 20 0,95 8,8 9,10
9 0.40 7.00 7.90 21 0,96 8.9 9,12
10 0.45 7.10 8.10 22 0,97 9.0 9,14
11 0.50 7.20 8.15 23 0,98 9,2 7920
12 0,55 7,25 7,25 24 0,99 9,5 9,50
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[TocTpouTts H30TepMEl ancopbuuu—mecopbuuu. Paccuutath pasmepst
[Op M NOCTPOMThL CTPYKTYPHYIO kpuBylo. Temneparypa onsira 20 °C.
HeobxomuMble i pacyera JaHHBIE B3ATh M3 IPUIOXKEHUA WIH U3 CIpa-
BOYHHKA.

3aoanue 8

Ilpu u3yyenun apcopbuuu napoB BOJBI Ha OKCHAE KANLLMA, peBa-
PHUTENBHO BaKyyMHUPOBaHHOrO NpPH KOMHATHOH TeMIepaType B TE€YeHHe
24 4, noyy4eHs! cleAyIoIne JaHHbIe:

Ne P/Pg a, a, Ne P/Pg a, a,
n/n MMOJIB/T | MMONB/T n/n MMOJIB/T MMOIB/T
(aacop6.) | (mecopb.) (ancopb.) | (mecopb.)

1 0 0 1.10 13 0.60 2.3 3.60

2 0.05 0.20 1.60 14 0.65 2.6 3.80

3 0.10 0.40 1.95 15 0.70 2.9 3.90

4 0.15 0.60 2.00 16 0.75 3.2 4.00 .
5 0.20 0.65 2.10 17 0.80 3.5 410 |
6 0.25 0.70 2.40 18 0.85 3.8 420
7 0.30 0.90 2.60 19 0.90 4.1 425 |
8 0.35 1.10 2.90 20 0.95 4.5 445 |
9 0.40 1.30 3.00 21 0.96 4.6 460 '
10 0.45 1.60 3.10 22 0.98 4.8 4.75

11 0.50 1.80 3.20 23 0.99 4.8 4.80

12 0.55 2.10 3.45 24 1.00 5.0 4.95

TocTpouts M30TepMbl agcopouuu-aecopduun. PaccuuTars pasmeps!
nop M NOCTPOMTb CTPYKTYPHYIO KpuBylo. Temnepartypa omwita 20 °C.
Heo6xoquMele [Uis pacyera JaHHbie B3ATb U3 NPUIOKEHUS WM U3 CIpa-
BOYHMKA.

3aoanue 9

Ilpu u3yyeHud ancopbuuu napoB BOJbl Ha OKCHIE KanbliMs, NpeaBa-
PUTENEHO TEPMOBaKyyMHUpPOBaHHOro npu Temnepatrype 573 K B TeyeHue
4 u, NoNMy4eHs! CIEAYIOLIME NaHHbIe:
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[ P/Pg a, Ne P/Pg a, a,
/n MMOJIB/T | MMOJB/T w/n MMONBT | MMONB/T
(ancopb.) | (necop6.) (ancop6.) | (mecopb.)
1 0 0 0 13 0.60 8.0 9.8
2 0.05 1.6 1.6 14 0.65 8.1 9.9
3 0.10 3.2 3.2 15 0.70 8.2 10.0
4 0.15 4.8 5.0 16 0.75 8.5 10.2
5 0.20 6.0 6.9 17 0.80 9.0 10.4
6 0.25 6.4 7.8 18 0.85 9.5 10.6
7 0.30 6.8 8.4 19 0.90 10.1 10.7
8 0.35 7.0 8.8 20 0.95 10.9 10.9
9 0.40 7.3 9.1 21 0.96 11.1 11.1
10 0.45 7.6 9.3 22 0.98 11.5 11.5
11 0.50 7.7 9.4 23 0.99 11.8 11.8
12 0.55 79 9.6 24 1.00 12.2 12.2

IocTpouTe n30TepMbI agcopbuun — gecopduuu. PaccuMrtats pa3me-
PbI 110p U IOCTPOUTE CTPYKTYPHYIO kpHBylo. Temmepatypa onsira 20 °C.
Heobxomumbie 41g pacueTa aHHBIE B3ATh U3 NPUIOXKEHUA UM U3 CIpa-
BOYHHKA.

3aoanue 10

Ilpu nsydenun agcopbuuu napos BoAbI HA OKCHAE MarHus, Ipejsa-
PUTENBHO BaKyyMHMpPOBAHHOIO NMpPH KOMHATHOH TeMIlepaType B TeueHue
24 4, NONyUeHBI CleYIOLIUe AaHHbIe:

Ne P/Ps a, a, Ne | P/Pg a,

n/n MMOJB/T | MMoJB/T | n/m MMOJB/T | MMOJIB/T
(amcopb.) | (aecopb.) (ancop6.) | (necop6.)

1 0 0 0.7 13 | 0.60 2.65 3.3

2 0.05 0.25 1.0 14 | 0.65 2.80 3.6

3 0.10 0.50 1.3 15 | 0.70 2.95 3.8

4 0.15 0.75 1.5 16 | 0.75 3.10 4.0

5 0.20 1.00 1.6 17 | 0.80 3.25 4.2

6 0.25 1.30 1.8 18 | 0.85 3.60 43

7 0.30 1.50 2.0 19 | 0.90 4.10 4.6

8 0.35 1.75 2.1 20 | 0.95 4.80 4.8

9 0.40 1.95 2.3 21 | 096 5.10 5.1

10 | 045 2.15 2.5 22 (097 5.20 5.2

11 | 0.50 2.35 2.7 23 1098 5.50 5.5

12 | 0.55 2.50 3.0 24 | 099 5.90 5.9
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[NocTpouts H30TEPMBI afcopbuun — Aecopbuuu. PaccuuTaTs pasme-
PBI IOp H TIOCTPOUTE CTPYKTYPHYIO kpuByio. Temnepatypa onbita 20 °C.
HeoGxonuMsle mist pacuera JaHHBIE B3STH U3 MPUIIOXKEHHUS WM U3 CIIpa-
BOYHHKA.

3adanue 11

Ipu u3yueHun ancopOLUK MapoB BOJABI HAa OKCHJAE MarHus, nMpeiBa-
pUTEIEHO TEpMOBaKyyMHpPOBAHHOro npu Temmneparype 573 K B TeueHue
4 y, NoNyYeHb! CIERYIOLIME AaHHBIE:

Ne 1 P/Pg a, a, Ne | P/Pg a, a, 1
n/n MMONB/T | MMOJB/T n/n MMONB/T | MMOJB/T
(ancopb.) { (mecopb.) (ancopb.) | (mecopb.)
1 0 0 0 13 | 0.60 6.0 6.2
2 0.05 0.9 0.90 14 | 0.65 6.3 6.4
3 0.10 1.8 1.80 15 10.70 6.7 6.8
4 0.15 2.7 320 16 0.75 7.1 72
5 0.20 3.6 4.80 17 | 0.80 7.6 7.7
6 0.25 45 5.50 18 | 0.85 8.1 8.1
7 0.30 5.0 6.00 19 | 0.90 8.6 8.6
8 0.35 5.3 6.30 20 | 095 9.0 9.0
9 0.40 5.5 6.40 21 0.96 9.1 9.1
10 | 0.45 5.6 6.35 22 | 0.97 9.2 9.2
11 0.50 5.8 6.30 23 [ 0.98 9.3 9.3
12 0.55 5.9 6.20 24 | 0.99 9.5 9.5

IMocTtpouTts H30TEpMBl afcopbuuu—aecopbumu. PaccunTats pasmep:
Mop M IMOCTPOMTH CTPYKTYpHYyIO KpuByio. Temnepatypa omsita 20 °C.
Heob6xomuMble s pacueTa AaHHble B3ATh M3 MPUIOKEHHS UIH U3 Cripa-
BOYHHKA.

3adanue 12

M3 panneix no aacopbuuu 6ensona npu 25 °C Ha cuiukarene c
yIenpbHOH MOBEpXHOCTHIO 23 MY/T OLICHHUTS pa3Mepbl nop. 3HayeHHUs
TMOTHOCTH Y MOBEPXHOCTHOrO HaTshkeHus Gexsona npu 25 °C B3aTe u3
CMpaBOYHHUKA.
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AJICOPBLII JOECOPBLIMA

Ne n/n a, MMOJIB/T P/Pg Ne /n d, MMOJIL/T P/Pg
1 0.047 0.062 1 5.150 0.985
2 0.072 0.148 2 1.309 0.980 |
3 0.096 0.252 3 0.380 0.940
4 0.121 0.410 4 0.269 0.895
S 0.132 0.534 5 0.222 0.815
6 0.162 0.660 6 0.181 0.720
7 0.195 0.800 7 0.166 0.680
8 0.224 0.835 8 0.163 0.664
9 0.258 0.885 9 0.138 0.622
10 0.401 0.940 10 0.145 0.560
11 0.680 0.955 11 0.121 0.382
12 0.753 0.966 12 0.089 0.191
13 1.905 0.988 13 0.075 0.120
14 2.610 0.990 14 0.062 0.083
15 4.001 0.995 15 0.049 0.047
16 5.200 1.000 16
3adanue 13

W3 mauHbix o agcopbuuu napa 6ensona npu 25 °C Ha cUIHKarese ¢
YAENBHOH MOBEPXHOCTHIO 66 M /T HalTH pacnpeneseHHe Nop No pasme-
pam H obmuii o6seM nop.

AJICOPBLINA JECOPBLIMA

Ne n/n a, MMOJIB/T P/Pg Ne v/ a, MMOJIB/T P/Pg
1 0.097 0.062 1 6.976 0.974
2 0.166 0.133 2 6.928 0.934
3 0.209 0.169 3 6.842 0.896
4 0.242 0.214 4 6.443 0.884
5 0.318 0.363 5 5.519 0.873
6 0.330 0.399 6 4813 0.866
7 0.378 0.519 7 3.585 0.853
8 0.437 0.618 8 2.737 0.842
9 0.488 0.681 9 1.777 0.827
10 0.579 0.755 10 1.224 0.800
11 0.769 0.811 11 0.769 0.753
12 0.996 0.835 12 0.568 0.710
13 2.624 0.884 13 0.465 0.639
14 3.538 0.902 14 0.398 0.545
15 5.932 0.965 15 0.299 0317
16 6.978 0.990 16 0.159 0.108
3adanue 14

ITo mauHbIM, NONyYeHHBIM U3 afcopOLMK napoB Gexszona npu 30 °C
Ha CHJIMKArene, ONpeAe/UTh: pacnpeleneHie ofbeMa nop Mo paguycam,
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3(pexTuBHbI aAuameTp nop U obwuii o6bem nop. B Tabnuue npuBeneHs!
TO4YKM JecopOuHOHHOM Bereu KpuBoii. IlnoTtHocTs Gensona d =
=0.8683 r/cm . IToBepxHoCTHOE HaTsxeHue 27.86 muH/CM.

Ne/m a, MMOIIB/T P/Ps Ne n/n a, MMOJIB/T P/Pg
1 9.419 0.996 11 0.703 0.868
2 9.027 0.987 12 0.522 0.830
3 7.224 0.979 13 0.428 0.796
4 5.352 0.965 14 0.359 0.741
5 3.870 0.956 15 0.323 0.715
6 2.287 0.943 16 0.258 0.663
7 1.266 0.919 17 0.248 0.586
8 1.019 0.901 18 0.221 0.493
9 0.832 0.885 19 0.195 0.404
10 0.798 0.877 20 0.182 0.324

211




3. JABOPATOPHBIM TPAKTUKYM
«METOJBI UHCCIIEAOBAHUS AICOPBEHTOB
N KATAJIU3ATOPOB»
(Aocapbyuonnsie npoyeccoy)

PABOTA 1. H3yuenue adcopbyuu napoe 6006t unu 6en3ona na
nopowKooGpasnsLx meéposix menax

Lleny pabomul: NONy4YUTH 3KCIEPUMEHTANBHbIE JAHHBIE U IOCTPOUTH
n3oTepMy aacopbuuu — aecopGuuu napos BOAb (Mnu GeH3ona) Ha Mc-
cnegyeMoM obpasiie; ONpeAeNuTh, KAKUM YPaBHEHHEM ONMCHIBAETCH U30-
TepMa ajcopbuuu; no ypasHenuio bepunra — CeprnMHCKOTO BBIYMCIHTD
TENJoThl afcopOLMM NPH pasHBIX BelU4YUHAX ancopOLuu; mo aecopOuu-
OHHOW BETBH CTPYKTYPHOH KpMBOM paccyuTaTh pa3Mephl IMOp, HaiTH
pacnpezienesue ux no a¢qekTHBHBIM nMamMeTpaM U obiuit o6veM nop.

3adavu:

1. 3HaKOMCTBO C BaKyyMHOM yCTaHOBKO#.

2. IlpuBeneHue BakyyMHOM ycTaHOBKM B pabouee cocTosHue (cMa3ka
KpaHoB, 0OHapY»KEHHE Teyu, IpoBepka paGoTel HaCOCOB, MPOBEPKaA yCTa-
HOBKH Ha FEpMETHYHOCTD M T.A.).

3.Tlonyyenye HaBbIKOB M3MEpeHMs aBieHMs ¢ nomoupto U-o06-
pasHoro MaHoMeTpa U MaHomeTpa Mak-Jleona.

4. Tlonyyenue 3KCMEPUMEHTANbHBIX JAaBHBIX M pacuéT BeJUYMH af-
copbuuu U necopSuMM mapoB BoAsl, 6eH3051a Ha UcceayeMoM obpastie.

5. ITocTpoenue U30TepM ajacopbuuy — aecopbLiU B paslnUyHbIX KO-
OpAMHAaTax.

6. lpumeHenue ypaBHeHUs Bepunra — CepnuMHCKOro ais onpejene-
HUsl «YMCTOM)» TENNOTHI afcopOLUH.

7. Pacyér pa3mMepoB Mop U MOCTPOEHME UHTErpaNbHbIX M AnddepeH-
LMaNbHBIX KPUBBIX Pacrpejie/ieHus nop no pa3Mepam.

8. Hanucauue oTuéra v €ro 3auura.

Illupokoe pacnpocTpaHenue ajcopOLUOHHBIX SBJIEHMH NPUBOAMT K
HeOOXOAMMOCTY M3MEpPATH afCOPOLUOHHYIO CIOCOBHOCTH TBEPABIX TeN
110 OTHOIUEHHIO K Pa3lM4HbLIM ra3aM M napam.
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[MpsiMoe 3KcepUMeHTANBHOE ONpefesieHHe BeIUUMHbI ancopounu B
cucTeMax ra3 (map) ~ TBEPAOE TENO MOXET OCYLIECTBIATHCA JIMGO Mo
M3MEPEHHIO Pa3sHOCTH AaBneHMil ra3a o M nocie ancopbuuu (BosoMo-
MeTpuueckHii, obbeMHEIA MeTon), THOO no mpuBecy aacopbeHTa (Beco-
Boii MeTton). [Tockonbky Npe/BapuUTENbHO, Nepe] onpeeneHueM aacopb-
LIMOHHOM CNOCOBHOCTH, MOBEPXHOCTH afcopbeHTa AOMKHA ObITH OCBO-
6oxcaeHa OT afcopOMpPOBAHHBIX ra30B H MapoB, HMETh OMpefeNeHHOe
CTaHJapTHOE COCTOSHME, BCe OMBITHI 10 ancopOLMM B CHCTEME ra3 —
TBEPAOE TENO MPOBOAATCS B BAKYyyMHBIX YCJIOBHSAX, Ha BAKYYMHBIX yCTa-
HOBKaXx.

Baxyymnas ycmanoeka. Texnuxa pabomsi

INpuHuMnUanbHas cxeMa BaKyyMHOM yCTaHOBKM IpejCTaBl€Ha Hé
puc. 3.1.

BakyyMHas ycTaHOBKa Uil afCOPOLMOHHBIX MCCAEA0BAHUH COCTOMT
U3 5 610K0B:

1. Cuctema HacocoB Ajif CO3AaHus HEOOXOAUMOro paspexeHus B yc-
TaHOBKE.

2. CucreMa MaHOMETPOB /il H3MEPEHHUS 1aBJICHHUS.

3. CucreMa nonyyeHus, OUUCTKY U XpaHeHHs rasos (11apoB) — afacop-
6aros.

4, PeakUMOHHAs 4acTh.

5. BakyyMHBIe KpaHBl.

PaccMOTpuM yCTpOCTBO M Ha3HaYEHHE KaX(I0ro U3 3THX 6IOKOB.

1. Baxyymuuoie nacocvt. B paborax no usyyeHu1o aacopOLHN BBICOKO-
JINCTIEPCHBIMH Teamy ¢ 06Leii MOBEePXHOCTHIO B3ATOH HaBecku 1-5 M U
Bhille B OONBIIMHCTBE CyyaeB AOCTaTOYHO [EpBOHAYANBLHOE pa3pexce-
uue nopska 10~ 10 MM pr. cr.

[Mpy TakuX AaBNEHUSX MOJEKYNbl ra’a MPaKTHYECKU CTAKMBAIOTCS
TOJNBKO CO CTEHKaMH COCyla M He B3aUMOMEUCTBYIOT Mexay coboil. Ho
Hacochl, COCOOHBIE AaBaTh pa3pexkeHHe MopsaKa 107 MM pT. CT., 0ObIU-
HO paboTaloT NMILb NPH YCIOBHH, YTO OTKa4MBaeMblii MU ra3 BEIOpachI-
BAeTCA B MPOCTPAHCTBO ¢ AaBneHueM He Bbimie 0.01 MM pt. cT. [Toatomy
KPOMe OCHOBHOrO (BBICOKOBAKYYMHOr0) Hacoca HeoOXOAMMO M0Jib30-
BaThCd elle NpeaBapUTeibHbIM (GOpPBaKYyMHBIM) HacocoM, KOTODBIA
coznaeT TpebyeMoe MPOMEKYTOYHOE HaBjeHHe B ocoboM pesepByape
(¢opbannone), cayxalieM MPHEMHHKOM JUIs ra3os, yAanseMblX M3 3Ba-
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KyupyeMo# yacTd npuGopa. CylHecTBYIOT pa3lMyHbIe KOHCTPYKIIMH Ha-
cocoB 000HX THIIOB.

®opsakyyMHbiif Hacoc (6 Ha pHC. 3.1) JOJDKEH AaBaTh paspexeHHe
nopsizika 0.01 MM pr. ct. [IpeAnoYTHTENsHO UCHONb30BaTh GOpBaKyyM-
Hble MacJIfHEIE HAacOCHI, Jaiolue paspexenue nopsaka 0.001 mm pr. cr,,
Hanpumep BH-461, BH-461M. B nanHoM ciyyae MCIONB3yeTCs Hacoc

I

Puc. 3.1. Cxema BakyyMHO#H BECOBOM YCTaHOBKH:
1 — copburonHas a4eiika ¢ npy:KHHHbIMK BecaMn Mak-Bena — Bakpa;
2 — maHometp Mak-Jleoaa; 3 —konba c ancopbarom; 4 — U-o6pasHbiit
MaHoMeTp; 5 — AU y3HOHHBIN MaCISHEI Hacoc; 6 — GopBaKyyMHBIH
Hacoc; 7 — JIOBYHIKA; @ — M — BAKYYMHbIE KpaHbI

Ecau ¢opBakyyMHBI# MacisHbiif Hacoc paboTaer mioxo, TO B 60Jb-
HIMHCTBE CNYy9aeB 3TO INPOMUCXOJMT H3-3a pPa3IMYHBIX 3arpA3HEHHIt.
OueHb OMACHO, €CIM B HACOC MOMANal0T TBEpAble YacTULb! (Halpumep,
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OCKOJIKM CTEKNa M/IM YacTHIlbI TREPAOro aficopbeHTa mocne aBapuu ycra-
HOBKH). MacJio Hacoca He [0JDKHO cofiepKarh JIETyuux mpumeceit. Mac-
o, elle He OhiBilee B paboTe WM 3arps3HEHHOE B IpOLIECcCe HKCILTyaTa-
UMM, CleqyeT cjerka nporpeTb Noj BakyyMOM OT ApYroro Hacoca (B
KpaiiHem ciyyae, OT BOOOCTPYHHOr0) 10 MCYE3HOBEHHUS MeHbl. Temnepa-
Typy mocTato4Ho AosecTH 1o 150 °C. Cam Hacoc npu cMeHe Macia npo-
MBIBAIOT YHCTBIM MacjioM.

Ilpn ocraHoBKe Hacoca B Hero HeoGXOJHMO HemeMJeHHO Bmyc-
THThL BO3AYX, TAK KaK HHa'e Macji0, NPOHHKAaA NOX AciicTBHEM
BHEINIHEr0 NAABJIEHHA B OTKAY€HHO€ NPOCTPAHCTBO, MOXET 3anoj-
HHTH YCTAHOBKY.

CoBpeMeHHbIe HAacOChl CHaOXEHbI NPEAOXPAHUTENBHBIM KJIANAHOM,
HE NpPOMYCKAIOUWMM Macio B YCTaHOBKY. B Hanuuun Takoro kiamasa
crefyeT yOeaUThCs MO NaclopTy Hacoca.

ITo mocTiKeHMM B CUCTEME Bakyyma He Xyxe 1072107 mm pT. CT.
s 6onee rinybokoro Bakyyma B paboTy BCTYNalOT BBICOKOBAKYYMHbIE
HacoChl Pa3NM4HBIX KOHCTPYKLMA. B ycTanoBke, npeacraBneHHOH Ha
puc. 3.1 (5), ucnons3yercs CTEKISHHbIA napoMacisaHblit AU(dY3HOHHBIH
Hacoc. HpHHLlldH neﬁcmm TaKoOro Hacoca COCTOUT B TOM, YTO HarpeTbie
C TMOMOIUBIO SNEKTPUYECKUX CMUpanelf mapel Macna, BBIXOAS M3 colUia
Hacoca, HanpaB/AIOTCS B CTOPOHY Narpy0ka, COeIMHEHHOro ¢ opBaky-
yMHBIM HacocoM. TIpy 3TOM 3aXBaTHIBAIOTCS MOJIEKYJIBl rasa U3 OTKayH-
Baemoro obvema ycraHoBku. [TogHUMAasCh U3 COMUIA BBEPX, Mapbl Macia
KOHIEHCHPYIOTCS B OTPOCTKaxX nmarpybka, oxyaxaasch Ha ero CTEHKax M
pasroHssck No ¢pakiuaM, Tak kak narpybok umeeT BbicoTy J0 40 cM.
[MocTeneHHO Macio B TpeX OTCeKax, B KOTOPHIX NOMELICHBI CIUpay,
npuoBpeTaeT pasHblil LIBET — OT CBETJIO-KENTOr0 0 KOPUUHEBOTO. Biuxe
K OTKayuBaeMoMy o0BbeMY YCTAaHOBKH (ppakKiiys Macia UMeeT HauMeHb-
Iee NaBleHHE HAaChILEHHOrO napa.

JudbdysuonHbIH Hacoc BIJIIOYAETCs TOTAA, KOrAa NaBjieHHe B yCTa-
HoBke He Gonee ueM 107 MM pT. cT. PaboTaer Hacoc ¢ BO3MYILIHBIM OX-
naxneHdeM. B anddy3HoHHBIX Hacocax MCMONB3YETCS Mac/io C HU3KUM
JiaBieHHeM HachilleHHoro napa (107 —107"% mm pT. ¢1.). HacTo ucnosns3y-
eTCsl Ba3eIMHOBOE MacJIo.

I[Mpu pabote ¢ GopBaKyyMHBIM M OCODEHHO MapoMacisHbiM AUddy-
3HOHHBIM HacocoM TpebyeTcs cobyIOAaTh OCTOPOXHOCTL M IpaBHIa,
npeayCcMOTPeHHbIE MHCTPYKLMEH 10 UX 3KCILIyaTaLMH.
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2. HMsmepenue Oasnenusn. H3mepenwe naBnenus ot 760 o
0.1 MM pT. CT. MOXHO NIPOM3BOIMUTE C MOMOLIBIO pryTHOTO U-06GpasHoro
MaHOMETpa, KOTOphIi NpencTaBnieT coboif cTeknsHHYl0 Tpy6Ky, COrHY-
Tyi0 B Buge Oyksel U. [lnMHa kaxporo KojeHa MaHOMETpa He MeHee
800 Mm. BHyTpeHHuii muamerp Tpy6ok 15-16 Mm. Ipu Takom nuamerpe
KaMWUIAPHbIE ABIEHHS OTCYTCTBYIOT.

Bropoe koneHo U-obpasHoro MaHoMeTpa 3akaHYMBAeTCsd BaKyyM-
HBIM KPaHOM H I0CJI€ 3aJMBKY PTYTH OTKaYHBAETCS JO BHICOKOTO BaKyy-
Mma. I[aaneﬂne, T.C. Pa3HOCTh yPOBHeﬁ MEHHMCKOB PTYTH B KOJIEHAX MaHO-
METpa, MOXHO U3MEPHUTH C TOYHOCTBIO 0.5 Mmm PT. CT. «Ha rnas» no Mui-
JIMMETPOBOH IIKasie, HAaHECEHHOH Ha 3epKajio H YKpEmJIeHHOH mno3anu
maHoMmetpa. [Ipu paboTe ¢ kaTeTOMETPOM TOUHOCTh M3MEPEHHH COCTaB-
nset 0.02 MM pT. CT.

JU1 u3MepeHHus JaBleHHs HUKe 2-3 MM PT. CT. NOJB3YIOTCS MaHO-
MetpoM Max-Jleona (puc. 3.2). Konen Tpy6xu / npunansaioT k ToH vac-
TH YCTaHOBKH, rie TpeGyercs u3MepuTh JaBiieHue. TakuM obpasom, Ko-
rja pTyTh onymieHa (cM. puc. 3.2), nasneHue B GajsloHe 2 paBHO H3Me-

psi€MOMY JaBJIEHMIO.
| l | OtkpbIBast KpaH 3 B CTOPOHY OTTS-

HYTOrO KOHYMKA, B pe3epByap 4 BIIyC-
KalT BHEUTHHK BO3AYX, IIOA NaBJICHH-
€M KOTOPOTO PTYTh HOAHMMAETCSs MO
cpenHeit TpyOke BBepX M 3alOJHAET
6annon 2. Haxopawmuiics B mocienteM
BO3AyX CXKHMAETCA U MNEPEBOAUTCA B
KamHAp 6. 3Has 00beM v; U faBleHHe
D2 CXATOro BO3Jyxa U 00beM vy rasa 1o
I CKaTus, MOXHO 1o dopmyie: Boitns —
Mapuortra

Py = PV, 3.1

paccYMTaTh M3MepAeMoe JaBlICHHE p.
O6veM [0 CKaTHi V| paBeH CyMMe
obbemoB GamioHa 2, WUPOKOH TpyGKu
no metkd C u kanunnspa 6. 3tu Benu-
YMHBI ONPEAENAIOT 0 BIHAHBAaHHA Ma-
HOMETpa B ycTaHoBKY. O6bem Gannona
2 HaxOoJAT MO BeCy PTYTH MM BOJBI,

Puc. 3.2. Manomerp Max-Jleona
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KOTOpble 3anuBaloT g0 MeTkd C B mepeBepHyThI MaHomeTp. Jins npo-
BEPKH MOCTOSHCTBA MOMEPEYHOr0 CEYEHHs KanmuIspa uepes Hero mnpo-
TOHAIOT CTONOMK PTYTH ANMHON 30—40 MM U U3MEPSIOT JUIMHY CTOJ0MKa
B HECKOJIEKHX MosoxeHusax. Ecau mmnHa cronbuka pryTu mpu ero nepe-
MeLIEHHH BIOJb Kanuspa MeHseTcs 6osiee ueM Ha 2-3 %, To A/ ToY-
HbIX paboT Tako# KanuiIsp BOOGLUE HE MPUTOJEH.

Ecnu mMaHoMeTp npegHasHayeH TONBKO A1 KOHTPOJIA BaKyyma, TO
MOYHO BOCIO/Ib30BaThCs KaNMUIAPOM He OUeHb PABHOMEPHOH LLIMPHHBL.

Panuyc kanunnspa paccuMThIBalOT no dopmMyne

3¢ =, 32)

rie m — Macca cTonbuKa pTyTH, onpeeNieHHas B3BeLUMBaHHeM; ¥ — Paly-
yc kanunnspa; [ — cpeaHss IMHa cronbuka pryTH; 13.6 — MIOTHOCTH
PTYTH.

Ilpu oueHb TOUHBIX paboTax MIOTHOCTh PTYTH OepyT Mo Tabauue
ClpaBO4HMKA, B KOTOPOH NMpHBEJeHa ee 3aBUCMMOCTb OT TEMIEPATypEl.

JlaBieHHe ©xaToro ra3a HaXoAsT MO Pa3sHOCTH YPOBHel PTYTH B Ka-
nuispax 6 u 7. Paguycbl 060MX KanunnspoB JOMDKHbl ObITE OXHHAKOBBI,
M03TOMY Pa3sHOCTh YpoBHell 3aBHCHUT HCKJIIOYUTENLHO OT Pa3sHOCTH JaB-
neHul, ¥ NONpaBKy Ha KalWIIAPHYIO AeNPECCUIO BBOJUTD He TpebyeTcs.

JlaBneHue paccUMTHIBAlOT U3 NokalaHuii MaHoMeTpa Max-Jleoga no
cnenyroweh dopmyrne:

=K (3.3)

17

7z
rae by — paccTOsHUE OT YPOBHS PTYTH B 3aMasiHHOM Kanuwuispe 6 10 KOH-
ua 3anasHHoro Kanuuisapa, MM; A, — pacCTOSHHE MEXIY YPOBHAMH PTYTH
B 3aMasHHOM 6 U CPaBHUTENBHOM 7 Kanujuiapax, MM; ¥ — o6seM paboueit
4acTH MpH OMyLIeHHo# pryTH (6e3 oTcekaeMoro PTYTBIO obbrema MaHo-
MeTpa Vvpvn); ¥V — TO ke, Tipu MOAHATOHN pTyTH; K = 77 Ka,,,m,mpa/vm -

KOHCTAHTa MAHOMETpa, onpejenseMas NpH kanubpoBke.

Ipu Maneix h; BTOpLIM YJIEHOM B 3HAMeHAaTesle MOXHO NnpeHebpeys.
OGBLIYHO PTYTE B CPaBHUTEILHOM kanuspe, 7 MOABOASAT K KOHLY 3ama-
AHHOrO Kanuuiapa 6, Toraa by = hy u P= Kh?

Dopmynsl as pacdeta P noxasmaano-r, YTO TOYHOCTb OTCYETA IO
MaHOMETpY TEM BBILIE, YeM MEHBLIE PaAUyC Kanujuispa r ¥ uem Gonbiiue
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o6beM wyp. Ha npaKTmce maHoMmeTpoM Max-Jleoga Henb3s M3MepATh
ZIaBnenus Hwke 10° MM PT. CT., IOTOMY YTO NIpY AMaMeTpe Kanuispa
MeHblle | MM PTYThb NpHUNMNaeT K CTEHKaM, MOAHMMAETCA CKayKaMH.
O6bem Gamnona 2 genaioT o6bi4HO He Gonee 250 CMJ, TaK Kak, BO-
NepBbIX, CTEKI0 MOXET He BbAEpXKaTh Harpy3kH MpH ciHiikoM 6onbluom
yBENMYeHHH o0beMa, 3amoHAEMOTrO PTYThIO, H, BO-BTOPBHIX, NMpH 6ob-
IHUX VMt KKJ0€ U3MepeHHe TpeOyeT CIIMILIKOM MHOTO BPEMEHH.

TouHOCTL M3MEpeHHHt yMEHbILAeTCs C MOHWKEHHEM aBlieHUs B CHC-
TeMe, TAK KaK INPH ITOM YMEHBIAETCA BLICOTA cronba pryt hy. Ilpu
ZnaBiesnsix okono 107° Mm PT. CT. h; COCTaBJISET BCErO OKOJIO 1 MM, Mo-
3TOMY TOYHOCTL OTCHETa bechMa HesHa'uTeNbHa owunbxa MOXET Aoc-
Turatb 100%. IIpu naBneHun 10 Mm PT. CT. HaJ PTYTbIO B Kanuuspe 6
OCTaeTcs CTOJIb HE3HAYMTENbHBII My3bIpek rasa, YTO PTYTh NPHIIMNAET K
KOHIY Kanmu/uifpa U OTPLIBAETCA OT HEro JIMLb MOCje TOro, Kak ypoBeHb
PTYTH CTaHET 3aMETHO HH)KE METKH 4.

Ilpn H3MepeHHAX JaBJIeHHA MaHoMeTpomM Mak-Jleoga pryTH
JOJIKHA TONHHMATBCH MEJJICHHO, TAK KaK NpH GhlcTpoM nogbeme
BO3MOKHLI aBapHH H3-32 TOJYKOB HJIH YAapoOB PTYTH 0 CTCHKH NpH-
6opa. Iipn HopmaabLHO# paGoTe Ha 0OHO H3MepeHHE JaBJCHHA Tpe-
Oyercs 0Kk0J0 MHHYTHI. OTKa4ykKa BO3/yxa H3 pesepByapa 4 NpOH3BO-
JHTCH 4Yepe3 TPYOKy 8, cOeIHHEHHYIO ¢ pe3epBYapoM €MKOCTBIO 5—
20 21, B KOTOPOM CO3/IaH «3amac BaKyyMa».

ManoMerpoM Mak-Jleoga MOXKHO BOCMOJIB30BATHCA JUIA MPOBEPKH
NONHOTHI OTKAYKH BO3AyXa [10CJIEe 3aIHBKH B COOTBETCTBYIOILYIO aMIlyIy
Kakoro-nubo nerydyero aacopbara. IIpu 3THX npoBepkax HeoGXOAUMO
co37aBaTh B KanW/LIApe AaBileHHe, NpeBILIaloliee JaBleHHe HachlLleH-
HOTO napa aacop6arta, T.e. NOAHUMATh PTYTh B CPaBHHTEIbHOM KalMJLIs-
pe 7 3HAYMTENbHO BBILLE, YeM Npu OOBIYHBIX M3MepeHHUsX AaBnexus. Ko-
ria Bo3AyX MOJHOCTBIO BHITECHEH U3 YCTAHOBKM, B KaNWIsApe 6 Haj pTy-
TbIO 06pasyeTcs JIMLIb OAMH CNIOH U3 MUAKOTO aacopbarta.

OueHb BAXHO NPOCNEAMTS, 4TOOBI B MECTE CNas kanuuispa ¢ Gaio-
HOM 2 He ObUIO Cy)XeHMf Kanwmnsapa. Ilpu ManeiilueM cyXXeHMH JErko
NPOMCXOHT OTPRIB NOCNEHER Kaniu PTyTH, NiepeTekaroLleil B 6amioH 4.
OTa Kans, 0CTaBasCh B KaNmJUIApe, 3anpaeT 4acTbh BO3AyXa B BEpXHEM
€ro OTpe3Ke, W HM3MEPEHUA [ABJEHHA OKa3bIBAIOTCS HENPaBHIIbHBIMH.
Y1o6B! yRANHTE Karlio U3 Kaluuspa, HEOGXOAMMO MONYYHTb XOPOLUK
Bakyym, Toraa pTyTs, MOAHMMAIOILAACA B KamMJUIApeE, CONbETCs C Kar-
nefi.
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3. Cucmema nonyuenus u xpanenusn adcopbamos moxcem GbiTh Ca-
Mol pa3Hoo6GpasHoit. OHa MOXET CTaUMOHApHO MpPUNAUWBaThCi K yCTa-
HOBKE MJIM BaKyyMHO MJIOTHO NMPHCOEAMHATLCA BO BPEMs 3amycKa aacop-
6ata u3 pasnuyHBIX GAUIOHOB ¢ rasamu. CUCTeMa OYMCTKH GyZeT 3aBu-
CETb OT YHUCTOTHI HCIIONB3YEMOrO ra3a Wi napa.

Ha puc. 3.1 ancop6ar (Bozna, Genson u gp.) HaxoguTea B Konbouke 3,
KOTOpasi OTCOEAUHEHA OT U3MEPUTENILHOM YacTH YCTAHOBKM BaKyYMHBIM
KpaHOM 6.

4. Peaxyuonnas xonba 8axyyMHoOU ycmano6xu — 3TO COCyH, B KOTO-
poM HaxoauTca obpasel, AnA UccneaoBaHus. Popma peakLIMOHHOM! KoGb!
M €€ cofiepxaTeibHas YacTh B 065EMHOM M BECOBOM METOAAX pasnuya-
totes (eM. puc. 2.1, 2.2).

5. Baxyymuvie kpanvi. Bee 6e3 uckiioueHHUs KpaHbl U8 BaKyyMHO#R
YCTaHOBKHM JOMXHBbI ObITh «BaKkyyMHbIMH». OCOGEHHOCTb UX KOHCTPYK-
LIMK COCTOMT B TOM, YTO y HUX NpobKka BHYTPH Nonas U B MydTe Npu OT-
Kauke YCTaHOBKHM 0fpasyeTcs BakyyM, Gnaroaaps sTtomy npobxa Baasiu-
BaeTcs B My(iTy noj JaBlCHHEM BHELIHEro aTMOC(EPHOro AaBlieHHs M
Jaxe MpH HEOCTOPOXKHOM MOBOPOTE KpaHa NMpoOKy HENb3A HeYasHHO BbI-
JepHYTh U3 My(Thl. FIX pasMepb! 3aBUCAT OT LIMPHHbBI CTEKNAHHBIX TPY-
60K, K KOTOpbIM OHH NPUNAUBAIOTCA.

Yucio KpaHOB BaKyyMHOM YCTaHOBKH JOIKHO ObITh MUHHMAILHBIM,
TaK Kak KpaHbl He TOJNIbKO 3aMe[JIAIOT OTKAayKy, HO M MOTYT ABJATbCA
¥~TOYHUKOM T€YH. XOpOLIO JEPXKHT BAKyyM JIMLIb NPABHIBLHO CMa3aH-
Hbiit kpaH. Takoit kpaH NpH MOBOPOTE He JAET HUKAKUX MOJNOC B CMasKe.
ITepen HauanoM paGoThl CleqyeT NPOBEPHTH Ka4YECTBO CMa3Ku BCEX Kpa-
HOB. [lepeMa3ath CleyeT He TOJbKO KpaHhl C [OJI0CAaMHU, HO U KpaHBl,
NOBOPAYUBAIOLUMECS CIHIIKOM TYrO, TaK KaK 3TO SBJISETCA NpPH3HAKOM
Hayana 3aTBepJAEeBaHUsA CMAa3KU.

B Ge3neitcTBylolleM KpaHe cMa3ka TBepACET ObICTpEE, YeM B KpaHe
paboTatolem, No3ToMy KpaHsl, ynoTpebinseMbie pelKo, CleAyeT Bpema
OT BpeMeHHM clierka nosopayusate. Heobxoqumo cieautsb 3a TeM, 4To6b!
KpaHb! He HAXOAMNKCH BOIM3MU neueil WM APYruX HCTOYHHKOB TEIJa, Tak
KaK BA3KOCTh CMa3KM NpH HarpeBaHHHM GBICTPO Najfia€T M uepe3 KpaH Ha-
4YWHAET NpocauuBaThCs Bo3ayX. Ecinu u3bexarh 61M30CTH MedYH Hellb3s,
TO KpaH CiieAyeT 3auHiiaTh OT HarpeBaHus acbecToM MM BOAAHBIM OX-
JXACHUEM.

[1pu cbopke BakyyMHOH ycTaHOBKM Heobxomumo cobmioaats apa oc-
HOBHBIX YCJIOBUs: NPUTUPKa KPaHOB Jo/kHa ObiTh GesynpeuHoit, a Bes
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YCTaHOBKa %KeCTKO 3akperieHa. KpaHb! MpoBepsOTCH MPH HX CMa3bIBAHUH
(06 3TOM CcKa3aHO BbIili€); BCA YCTAHOBKA KPEMHMTCA Ha METalIHYECKOM
Kapkace, KOTOPbIit He KOpOGHTCA ¥ He AeOPMUPYETCS CO BPEMEHEM M He
FOPUT NpH craiike ycranoBku. Kapkac cobuparoT u3 nosoc yrioBoro xe-
JNle3a Ui Jropaiis 25%25 MM U npefctaBaset coboif paMy ¢ ropuzoHTaNb-
HBIMHM nepewnagvHaMu. Pasmep, ¢opma U pacnofioKeHUe nepeKknajiuH
MOJIHOCTBIO ONpPEJENAOTCS HAMEYEHHBIM PACHONOKEHHEM JleTallel KOH-
CTPyHpYeMOH YCTaHOBKH.

Obrapycenue mexu

Iepen HauanoM paboTh! cneayeT y6eaUTHCS B FEPMETHYHOCTH BaKy-
YMHO#H ycCTaHOBKM. [[nf 3TOro yCTaHOBKY OTKa4MBAlOT [0 MpPeNEbHO
BO3MOXXHOTO BaKyyma M, 3alepeB BCE€ KDaHbl, OCTABJIAIOT HA HECKOJILKO
4acoB WJIM HOUYb, MOC/IE Yero MpoBepsAIOT JaBJeHHe NOCNeA0BaTENBHO BO
BCEX OTCeKax, pa3fieNeHHbIX kpaHaMH. [Ipy HanMuMu TeuW NaBieHHe B
COOTBETCTBYIOIIEM OTCEKE OKa3bIBAETCS NMOBBLILIEHHBIM.

KpynHble Teun o6HapyxuBatoTcs Jierko. Jinsg oOGHapy»eHHMs TOHKO#
Te4YU NONb3YIOTCA cHeunanbHbIMU npubopamu. Yalle Bcero npuMeHseT-
cs MCKpOBO# pa3psaxa TpaHcopMaropa Tecna. Cnoco6 noucka Teuu co-
CTOMT B TOM, YTO He3a3eMJIEHHBIM 3NeKTpoZoM TpaHcgopMmaropa Tecna
NpOBOJAT NO BHEIHeH MOBEPXHOCTH CTEKJINHHBIX YacTell yCTaHOBKH, OTKa-
4aHHOMH IO BaKyymMa OT HECKOJIbKHX MHUJUIMMETPOB 10 5107 MM pt. cT. Ilpn
31oM Habmonaercs CBeYEHHE JNEKTPHUYECKOrOo paspsia, NpoHcXofslee
BHYTPH yCTaHOBKH. LIBeT cBeueHus ¢ yBennueHUeM BaKkyyma O6bLIMHO MEHs-
ercs OT mypnypHo-6enoro 1o cnabo-rony6oro.

Korpaa ocTpue anekTpoga HaXOAUTCS OKONO MECTa TeuH, paspsn ob-
pasyeT TOHKHH MCKpPOBOH My4OK MEXIy OCTPHEM 3JIeKTpoJa U OTBEpPCTH-
eM B crexne. Ecnu anektpon npubamxaeTcs K METAIMYECKUM HacTAM,
TO CBEYEHHE MPEKPAILACTCS U MOABAETCS HCKPA MEXIY 3NEKTPOLOM H
NOBEPXHOCTHIO MeTamna. [loaToMy BONM3M MeTaJNIMHECKHX HacTed
TpaHcdopmarop Tecna He npumeHuM. KckpoBoii paspsan He OonxeH
OBITH CJIMILKOM CHIBHBIM, YTOGB! He BbI3BATh MpOOOi CTEKNAHHOH CTeH-
Kku npubopa.

IIpasuna pabomer ¢ pmymvio

SIROBUTOCTL PTYTH 3aCTaBNAET UCKATh anmapatypy, He Tpebyoiuyio
ee npumeHenns. OHAKO PTyTHbIE NPHOOPBI O4EHb HAafleKHbI U NPOCTHI, &
HO3TOMY €llie LIMPOKO MPHMEHSIOTCS B JabOpaTOPHBIX BAKYYMHBIX yCTa-
HoBkaX. B ycraHoBke, n3obpakenHol Ha puc. 3.1, nBa Takux npubopa:
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« < pa3Hhlil MaHoMeTp M MaHoMeTp Mak-Jleona. B cBS3u ¢ 3TUM creny-
€T YZeiSTb MHOTO BHUMaHUs BONPOCaM OXpaHbl TPyAa.

Jlaxe koraa ycTaHOBKa UCTIPaBHA M PTYTh HAaXOJUTCHA B 3aMKHYTOM
NPOCTPAHCTBE, Napbl PTYTH, BhlbpacblBaeMble OpBaKyyMHbIM HAcCOCOM
BMECTE C OTKAauMBAEMbIM BO3LYXOM, OTpaBistoT atMoctepy nabopaTo-
puu. UTo6bl U36€XaThb 3TOro, K HAcoCy NPUCOEANHSAIOT PE3UHOBBIH
LLUIAHT, APYTOH KOHELl KOTOPOro BBIBOJAAT HA YNHILY WU nof Tary. OnHa-
KO Hafie)XHee BCero OTKAYUBATh YCTAHOBKY CO PTYTHIO BCErAa uepe3 OX-
NOKAAEMYIO XHUIKHM a30TOM JIOBYLIKY, T€ Napbl PTYTH JODKHBI NOJHO-
CTbIO KOHJEHCHPOBAThCA. DTOT KOHAEHCAT MEpHOJUYECKH CMBIBAIOT
a30THOM KHUCJIOTOH.

Heobxonumo cneputs, 4ToObI B Cllyyae aBapud WM IIpH CMEHE pTy-
TH B pe3epByapax HU Ha CTOJie, HU Ha MOJy HE OCTaBajoCh PasiUTOH H
HecoOpaHHO# PTyTH, KOTOpas, MOCTENEHHO UCMapsasch, HANOMNTO 3arps3-
HSET BO3AYX TOMELUeHUs M MOXET BbI3BaTh XPOHWYECKOE OTpaBJiCHHE
pabotarommnx. Cobuparh MenKde Kariu pasiuToi pTyTH yAoOHO Men-
HbIM aMalbraMUpPOBaHHLIM LINATENEM, CAENaHHLIM H3 PacIUIIOIEHHON
TONCTOM MeqHOM NTPOBOJIOKH, MY CTEKNAHHOR TPyOKOH C TOHKO OTTAHY-
THIM KOHUOM. DTa Tpy6ka NprcoeMHAETCS pe3sMHOBBIMH TPyOKaMH yepes
JIOBYIIKY K BOJOCTPYHHOMY Hacocy. IIpu pabore Hacoca BO3LyX Ha-
CTOJILKO CHJIBHO 3aCachlBA€TCs YEPE3 OTTAHYThIH KOHYHK, YTO YBJIEKAET C
co60# naxe Menpyailiive Kanii pTyTH, 3alaBlIMe B TOHKHUE LIETH, OTKY-
Jla X Hesb3s W3BNeub MefHoil jonmaroykoil. Bea cobpannas pTyTs 3a-
NEPXKUBAETCSA B JIOBYIIIKE.

YT106bl MO BO3MOXHOCTH COKpaTUTh pacTeKaHHe PTYTH, IPOJIMTOH
TNIpY aBapyy, NOA LUTATHBhI C YCTAHOBKOH HAlO MOACTaBUTL MOAJOH CO
CTEHKaMHM BBICOTOM 45 cM. UToObl YCTaHOBKa HE Kayaiach U He CABUra-
nach, WITATHB TPUKPEIUIAIOT K cToly. COOTBETCTBYIOIME OTBEPCTHUA B
LUTATHBE JOJDKHBI ObITh NIPENYCMOTPEHBI.

Bce TpyAHOROCTYNHbIE MECTA, T.€. IUENH MEXAY MOMIOHOM H CTO-
JIOM, Mexy IITaTUBOM M TOAJOHOM, CTBIKM IOJIOC YIJIOBOTO JKENE3a,
yIibl TIOZAOHA M T.I. JOJKHBI ObITh 3alUTAK/IEBaHbl U 3aKpalleHbl, YTOObI
pasGpblaranHas HiIM PONUTas PTYTh Moryia 6eITh cobpaHa 6e3 ocTarka.

Becosoii Memoo usyuenun adcopbyuu Ha meeposix menax

BecoBoii METOA OCHOBaH Ha B3BELIMBAHUU afcopbeHTa BMecTe C aj-
copOUpOBaHHBIM BEIECTBOM, BennuuHb! ancopbuuu, U3MepeHHbIE STHM
METOJOM, B KO TOYKE HE 3aBHCAT OT MPEABLAYIMX U3MEpPEHHUH, Mo~
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3TOMY MOrpPEIHOCTH OTAEbHBIX H3MepeHuil (Cy4aiiHeie MaM cUcTeEMa-
THYECKHE) HE CyMMUPYIOTCA, KaK B OGBEMHOM METOAE.

BaxHBIM MpeuMyLUECTBOM BECOBOIO METOAA SBNAETCS TO, YTO B Be-
COBBIX yCTaHOBKax He TpebyeTcs 3HaTh 0OBEMBI EMKOCTEH, BXOAALIUX B
pabouyto (M3MEpUTENBHYIO) YaCTh YCTAHOBKH, H €CIIM M3MEPEHUS BEAYT-
cs B MHTepBaJie JaBJieHuif, nanekoM OT AAaBJIEHUs HacChILIEHHOro mapa
ancopbara, TO AOCTATOYHO TEPMOCTaTUPOBATh TOJBKO IPOCTPAHCTBO, B
KOTOPOM HAaXOAUTCS afAcopOeHT.

INpu Bcnons30BaHUM BECOBOTO METOAA, OAHAKO, BO3HMKAIOT TPYIHO-
CTH B ONpeJe/ieHNH TeMINepaTypsl ajcopbeHTa, Tak Kak MCTOHHHK Terlla
(w4 xoso0a) 4acTo OTAENEH OT aAcopOeHTa BaKyyMHPOBaHHBIM WM
3anoJIHeHHBIM NMapaMu afcopbarta npocTPaHCTBOM.

VcTaHOBKa C NPYXUHHBIMH KBapLIEBbIMH BECaMU BBHITOAHO OTIMYa-
eTcsi OT APYrHX BECOBBIX YCTaHOBOK KOMMAaKTHOCTBIO, OTCYTCTBMEM B
M3MEPUTENIBHOM O00BEME METanNnu4Yeckux JeTanel, a npu Hanuiuy roTo-
BBIX KBapLEBBIX IPYXHMH NPOCTOTOM M3roToBjeHus. OQHAKO 4eM HyBCT-
BUTENbHEe MpY)XHUHA, TeM MeHbllle ee NpeaenbHas Harpyska. Orcioga
TNaBHBIA HEJOCTATOK MpYXXHHHbBIX KBaplEBHIX BECOB — MX HeGobilas
OTHOCHTEJIbHas 4yBCTBHUTEJIBHOCTb, M MOITOMY HE PEKOMEHIYETCs HC-
NOJb30BaTh 3TH BECHI, KOrAa afcopOlLis HeBejuKa, TaKk KaK TOYHOCTh
u3MepeHHii GyieT HeqoCcTaTOuHA.

Becwi ¢ npysrcunoii
Cxematnyeckoe H3oOpaxeHue BecoB Mak-Bena — Bakpa mano sHa
puc. 3.3.

Puc. 3.3. PeakuMOHHBIH COCYHl BECOBOH BaKyyMHOH YCTaHOBKM:
1 — KkBaplIEBas UM MeTaJINIeckas CIIMPah; 2 — KOXKyX U3 MOJH6-
ZIeHOBOT'O WM KBAapLIEBOTO CTekAa; 3 — KBapLeBas HUTE; 4 — 4ailedka

NG ¢ obpasuom

N4

BHyTpu LeBbHONASHHOTO CTEKIAHHOrO KOXKYXa 2 Ha KpIOYKEe Moj-
BellleHb! KBaplLieBas MpyXuHa /, kBapLiesas HUTh 3, K KPIOYKY KOTOpPO#
nojBelleHa yaieyka ¢ 06pasuom 4. BepxHuil KOHUMK CTEKNSTHHON HUTH
(MM HIDKHME KOHYMK IIPYKMHBI) CIIY>XMT yKa3aTejleM BECOB, N0 CMeLle-
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HHIO 3TOTO yKasarens cyast o6 u3amMeHeHuH Beca ancopbeHTa. B xauectse
MaTepHaia Ui M3rOTOBNEHUS OPYXHH MCNONB3YIOT IUIABNEHBIA Mpo-
3paqHbifl KBApL, UMEIOLIMA [PAaKTHYECKH HyneBod koadduuueHT pac-
mupeHus. KpoMe Toro, B KBapLEBBIX NPY)XMHAX JaXe TPH JUIUTENLHOM
HaXOXXJEHUU UX B HATPY>KEHHOM COCTOAHMU HE BO3HMKAeT HeoOpaTHMBIX
JepopManui.

YyBCTBHTENBHOCTh BECOB, T.€. PACTSXKEHHE MPYKHUHBl HA EIUHMIY
maccel (MM /T), BeIpaxaeTcs GopMysoit

N-N, 78D3n7 3

rzie N — yAJMHEHUE MPYXKHHB! OT HArPY3KH 7 U COGCTBEHHOrO Beca; Ny —
YIJTHHEHUE NPYXKHUHBI 0T co6cTBEHHOTO Beca; D U d — IMaMeTphl BUTKOB
TIPY>XHHBI U HUTH, U3 KOTOpOU OHa H3TOTOBIEHa; G — Moaynp ynpyrocTs
MaTepuana HUTH, Jiis TTasneHoro keapua 6-10° r/cm?; 7 — uncno BHTKOB.

W3 dopmynsl (3.4) ciaepyer, 4TO OpU OLMHAKOBOM YHUCIIE BUTKOB M
MX JMameTpe abCoNIOTHas YyBCTBMTENBHOCTb MPYXHHBI GYOET TeM
6oible, 4eM TOHbLIE HUTH. [IpH OAMHAKOBOM JiMaMeTpe HUTH YyBCTBH-
TeNbHOCTh IPYXHHBI BO3PAacTaeT C yBeNWYEHUEM YHCIA BUTKOB U MX
muvaMetpa. OHaKO YeM 4yBCTBUTENbHEE NPYXKHHA, TEM MEHbLIYIO Ha-
Ipy3Ky OHa MOXET BblAEpxaTh. [103TOMy npy BbIGOpE MPYXUHBI HE Clie-
JlyeT CTPEMMTBCS K Haubonblied ee 4yBCTBHTENBHOCTH, TaK Kak TOrAa
Macca aacopbeHTa 6yner Mana. OBIT paboTh! TOKA3bIBAeT, YTO NPH Mpa-
BHJIBHOM N0A60pe HaBEeCKH aficOpOeHTa OTHOCHTelbHas 4YBCTBHMTENb-
HOCTb (pasfieneHHblit Ha Maccy aficopbeHTa mpUBeC, COOTBETCTBYIOLIN
HauMEHbLIEMY HaJIeXHO U3MepuMoMy pacTsxeHuo N — Np) y Bcex BecoB
C KBapLieBBIMH NpY>KHHaMH GIM3Ka U COCTaBIIAET OKOJIO 11107 o/r.

ITpu manoii Macce azcopbeHTa amcopOuMs H3y4aeMOro BeLLECTBa
MOJKET 3HaYMTENBHO MCKKAThCA aacopOuuel npuMecei, aecopbupyro-
ImuXcs ¢ MOBEPXHOCTH CTEKIAHHBIX JeTanelt ycTaHOBKH. [ToaToMy Beerna
HaJil0 CTPEMHTLCS K TOMY, 4ToObl CyMMapHas MOBEPXHOCTb B3ATOM Mac-
cbl afcopbeHTa BO MHOrO pa3 NpeBbIlaNa BHYTPEHHIOO MOBEPXHOCTh
crekna. Ilpu BEIOOpE MpPYXKHHBI HY)KHO MCXOAUTH M3 TOrO, YTO OHA IIPH
MaKCHMallbHOH Harpyske He JOJDKHA YIUIMHATBCA Goliee yeM B JBa pasa.
YuuteiBas BO3MOXKHBIH NPMBEC B pe3ynbTaTe afcopbuuu, cienyer 6parb
MaKCHUMaJIbHYIO A7l HMEIOWIEHCA MPY>KHHbI HaBecKy afcopbeHTa, YToGbI
NOJIHOCTBE) HCHOJIL30BATh YYBCTBUTENBLHOCTD MIPYXKHUHBI.
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Ecnu npuxonutcs pabotate ¢ amcopbentamu, cinabo agcopbupyto-
IIMMH M3yYaeMOe BeLIeCTBO MJIM UMEIOIMMH Manblif HachinHO# Bec (a3-
POCHIIBI, C0KH M T.A.), dy4lue BoIGHPaTh NPYKHMHBI ¢ GonbiueH 4yBCTBU-
TeNBHOCTHIO. B 1.5-2 paza MOXXHO MOBBICUTH 4yBCTBUTENLHOCTE TIPYKH-
HBbI 32 CYET YBEJHWYEHUS YHCIA BUTKOB. Tak KaK H3rOTOBHTEL JAJHMHHYIO
TPY)XMHY HaMHOTO C/OXHEE, MOXHO [0C/I€e0BaTEbHO COEAUHATE JBE
npyxuHsl. OnHako paboTaTh ¢ JAMHHBIMA MPYXHMHAMU HEyAOOHO, a Bbl-
UIpBHILI B YyBCTBUTENBHOCTH MOJy4yaeTcss HeGOMbmoR. OOBIMHO UCTONE-
3yIOTCA PYXHUHBI C YUCIIOM BUTKOB 0koJyio 50, JMaMeTpoM BHUTKOB 12—
18 MM u nuametpom HuTH 0.1-0.5 mMM. H3Mepenus OynyT HamexHee, ec-
JIM UCTOJIB30BATh MPH 3TOM BEChl C KOPOMBICJIOM KOMIEHCAIlMOHHOTO
THMA.

Kanubposxa npyscunnpix eecos

YTo6b!1 OnpeenuTh 4yBCTBUTENBHOCTh MPYXXHHBI ¥ YCTAHOBHUTH €€
NIPUTOAHOCTE 11 U3MEPEeHHUHi, NpoH3BoAAT KanuOpoBKy. MHorna xanu6-
POBKY MPY>XHHBI JIeNaloT BHE YCTAHOBKH, OJHAKO pe3ynbTaThl OyAYyT Ha-
JiexcHee U kanubpoBark yno6Hee HEMOCPENCTBEHHO B ycTaHOBKe. CHaya-
Jla ONpEIeNsioT MONOXKEHHE BECOB ¢ MycToit yameukoi 4 (cM. puc. 3.3),
T.€. YAJTMHEHHE MpPYXXHHBI 0T cobcTBeHHOro Beca Ny Jind sroro u3meps-
IOT C MOMOIIIBIO KaTeToMeTpa (MM OTCUETHOH TPYOBI C OKYJNAPHBIM MUK-
POMETPOM) PACCTOSHME MEXAY ykasaTeleMm BECOB M ualleukoit 4. 3to
PaccTOSHHE M MOCNENYIOLIHe ero U3MEHEHUs AOJDKHbI H3MEPATHCA C M10-
IPELIHOCTBIO, He mpeBblmatomiei 0.01 MM. 3ateM MPOBONOYHBIM KpIOY-
KOM M3 CTEKJISHHOTO KOXYyXa BHIHUMAIOT BKJIAJBILI ¢ HOJBELIEHHBIMU HA
HEM BecaMd. OTy OMepalyio HY)XHO MPOHU3BOAUTH OYEHb OCTOPOXKHO,
cliefis 32 TeM, YTOObI JIETAH BECOB HE KacalluCh KpaeB KOXYXa.

B vauieuky 4 akkypatHO knagyT rupbky BecoM 0.05 r M, nmoMectis
Bechbl 06paTHO B KOXYX, OMpENENAOT HOBOE MOJOXEHHE BecoB N, T.e.
yAJMHEHUe TpyxHuHbl oT Harpy3ku 0.05 r u cobctBeHHoro Beca. Pas-
HOCTb MEXXIY 3TMMH IBYMs oTcueTaMM N — Ny JaeT BENUYUHY pacTske-
HUS TIPYXHUHBI OT Harpy3ku 0.05 r. Takum >xe nyTeM onpeaensioT pacrs-
XEeHHe MpYXHUHBI oT Harpy3ku B 0.1; 0.2; 0.3 r u T.a. Harpy3ku MoxHo
yBEJIMYMBaTh [0 TEX MOP, MOKa MPYXXHUHA HE YATHHUTCA NPUMEPHO BIBOE
MO0 CPaBHEHHIO C HEHArpy)XeHHbIM cocTosHueM. IIpu Gonee cuibHOM
pacTSXEHUH MPYXUHBI MOXET HapyLiaThcs 3akoH ['yka M Jake MoxeT
pa3opBaThCs MPYXKUHA.

Jens pacTsXeHUe MpYXYHBI HAa COOTBETCTBYIOLIU BEC, ONpeAesiOT
4YBCTBUTELHOCTD MpPYxHHbI € (3.4), BhlpaxkeHHY0 B Mm/r. KanuGposky

224



MO>HO 3aKOHYWTh, ECIH PaCXOX/JECHHS B BENHUYMHAX YyBCTBUTENBHOCTH
He npespialoT 0.2-0.8%. B npoTuBHOM ciyyae kanuGpOBKY HYXHO 1o~
BTOpUTb. ECny 4yBCTBUTENBHOCTb MPYXHHBI HE 3aBUCHT OT HarpyskH,
T.e. cobmonaercs 3akoH ['yka BO BceM ManasoHe Macc, TO OHa NPHToaHa
ans paboTel. [lng pacyera ancopOGUPOBAHHOTO KOMHYECTBA BELIECTBA
yAoOBee Monb30BaThCS HE YYBCTBHTENBHOCTHIO BECOB €, @ KANMMGPOBOY-
HbIM k03 duLMeHTOM £, I/MM:

(3.5)

3azpyska adcopberma Ha 8ecbi

B3BelMBAlOT Ha MPYXMHHBIX Becax MyCTYIO yallleyky 4, 3alUChIBa-
0T MIOKA3aHMs KaTeToMeTpa Ny, 3aTeM B YallleuKy HachlNaloT afcOpOeHT,
Npe/iIBapUTENBHO B3BEILEHHBI Ha aHATMTHYECKMX Becax, M 3amMeydaloT
nokasauus karetomerpa N, Urob6el onpemenuts Maccy aacopOeHTa,
YMHOXaIOT Pa3sHOCTb N, — Ny Ha Kann6poBOYHbIN k03(DPUIMEHT NPYXKH-
Hbl f. JIBa HE3aBUCHUMBIX B3BEIIMBAHUA aJcOopOeHTa HA aHATUTHYECKHX U
NpPYXHMHHBIX Becax 00ecrevnBaloT HaJleXHOCTb ONMpEeNeH!s Macchl aj-
copbeHTa U KOHTPONb KaNHOPOBKH MPYXHHBL

Omxkauka yemanosku, adcopbenma u aocopbama

Chnayana OTKauMBarOT (OPBAKyyMHbIM HacoCOM HHXHHIT OamioH
MaHoMmeTpa Mak-Jleoaa U Tonbko mocie 3Toro, cobmojas Bce NpejocTo-
POXCHOCTH MPOTUB paclbineHus ajcopbeHTa B 06beMe yCTaHOBKH, Hauu-
HaloT oTkauky. CHayana BeyT ee (opBaKyyMHbIM HaCOCOM 0 JaBJICHUS
107-107 mm pT. CT., 3aTeM Bimo4aloT audoysuonneli Hacoc. OaHo-
BpPEMEHHO MOKHO HauMHaTh HarpeBaHue ajfcopOeHTa, eClM 3TO Mpeano-
naraeTcs o yCloBHaM dkcnepiMenTa. TemnepaTypy cineayeT NoAHMMATh
OueHb MeJJIEHHO, TaK Kak WHaye MOXKET MpOU30HTH BeIOpoc aacopbeHTa
M3 Yalleyky BCIEACTBUE OYpHOTO BBIAENEHH: C €r0 MOBEPXHOCTH afcop-
61poBaHHbIX [A30B H 1APOB.

Cunraercsi, 4TO aficOpOEHT OTKa4aH, €CIM OCTATOMHOE JABIEHHE MO
MaHoMeTpy Mak-Jleoaa HE mpeBbILIAET 1107 mMm pT. CT. H 3aMETHO He
yBenuuuBaeTcs, ecny Ha 10 MUH nepekpbITh kpaH (7). AncopbeHT cuuTa-
eTcsl OTKa4aHHBIM, €CJIM [OCTOSHHBIN Bec 0Opasila COXpaHsAeTcs B Teue-
Hue pabouero AHsA [IpY NOCTOSHHOW TeMIepaType OTKAa4KH.

KoHTponb NoNHOTHI OTKAYKH XHUAKOro ajacopbara OT paCTBOPEHHBIX
B HEM ra3oB yLOOHO NMPOM3BOJAMTE C MOMOIBLIO MaHOMeTpa Mak-Jleoga.
Jlns 3TOro Hafo Map, HaXONSAIMUACA B MAHOMETPE, CXaThb, MOAHAB PTYTh
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BBIILIE 3aMasHHOrO KOHUA KaluiUlspa [0 Npejena, OrpaddyeHHOro npo-
UUTH(OBAHHBIM CTEK/IAHHBIM KJIAMAaHOM, 4TOOBl NaBiieHHE B KamuuisApe
MPEeBBICUIIO JaBlIEHME HACHLILEHHOrO mapa ajcopbara Npy AaHHOH TeM-
neparype. Beck nap npu 3ToM CKOHIEHCHPYETCS, ¥ eCJIH [IPH MOJHOCTBIO
OTKa4YaHHOM BO3AyXe B 3aNasHHOM KOHLE KalWUIAPa Haj PTYTBIO OCTa-
eTcs My3bIpeK rasa, 3Ha4MT, OTKAYKy Hano nmpojomxats. Korma amcop-
6eHT U ancopbaT OTKauaHsl, 32aKPHIBAIOT BCE KPaHbI, BBHIKIOYAIOT HACOCHI.

Jins onpeneneHus UCXOAHOH Macchl afcopbeHTa B OTKauaHHOM CO-
CTOSIHUM PasHOCTb MeXZIy PacTsiKeHHEM IpPYXMHBI BECOB JO M IocHe
OTKAykK afcopOeHTa YMHOXAIOT Ha KanuOpoBOYHBIA K03(dULHEHT f 1
MOJNy4aloT MpH 3TOM YObLIB B Macce afcopbeHTa npu otkauke. Borunta-
I0T 3Ty BeIMYMHY U3 NMEepBOHAYaIBLHOM HaBeckU aficopbeHTa ¥ MomyyaoT
BEC OTKa4yaHHOro ajfcopbeHTa my, K KOTOPOMY CIIEAyeT OTHOCUThL HU3Me-
peHHBbIe Jasee BeJHYMHbI aAcopOLHH.

H3mepenue senuuuner adcopbyuu napos adcopbama. [locmpoenue
usomepmel adcopoyuu

Onpenenenyie BenMYKMHBI aacopOUUy B BECOBOM METO/Ie CBOAUTCH K
OMpENENEeHMIO YBETHYEHHUs Beca afcopOeHTa B 3aBUCMMOCTH OT AABJIEHUA
napa azgcopbara Ham HuM. Ilpexxae YeM HayaTh M3MepeHHE M30TEPMbI
afcopGLUMK, YCTaHABIHBAIOT ONpEIENeHHYI0 TEMIEPATypy MeYd WM CO-
cyna JIetoapa, B KOTOPBIX MOXET HAXOAUTLCA YaCTh PEaKLMOHHON KONGBI
¢ obpa3uomM (cM. puc. 3.1). 3aTeM OTKpBHIBAIOT KpaH (6) [PH 3aKPBITHIX
KpaHax (@) U (6) ¥ BIIYCKAIOT ONpeJeNeHHOe KONH4ecTBo agcopbara, u3-
mepid ero nasnenne no U-o6pastoMy manoMerpy. OTpbiBatoT kpaH (a),
TIpY 3TOM B pe3ynbTaTe ajcopOLUK NPYXUHHBIE BEChl HAYMHAIOT pacTs-
rUBaTbCH, M IOCJE YCTAHOBJEHHA anCOpOLUMOHHONO paBHOBECHS IPH
JlaHHOM 3HaueHuU P/Pg MOXXHO MO KaTeTOMETPY ONpeleNHTh BETHYHHY
Npasu.

Cnexmyer uMeTh B BUAY, YTO BPeMs YCTAHOBJIEHHS afCOpOLMOHHOrO
paBHOBECHS HE OJMHAKOBO [ pa3HbIX afcopbeHToB U aacopbaros. [a-
e JUIA OfHOM M TOH e cHcTeMBl ancopbeHT — ancopbar OHO 3aBHCHT OT
BeJIMYMHBI OTHOCHTEJBHBIX JaBieHuit napa P/Ps Ilpu oueHb Majkbix 3Ha-
ueHusAx P/Ps paBHOBecHe Ha afcOpGEHTaX C HEOLHOPOAHOM MOBEPXHO-
CTBIO B ClTyyae CHIbHOH afcopOLMM ycTaHaBINBAeTCA 0OBIYHO MeJUICH-
Ho. IIpy cpeannx 3sHaueHusx P/Ps BpeMs YCTAHOBJIEHHs PABHOBECHS CO-
KpallaeTcs, a B 06;acTi GONbIUMX BENMYMH OTHOCHTE/bHBIX JABIEHHIA,
KOrja B aficopOLMOHHOM IpOLeCCe 3HAYMTENbHYIO POSb MIPaeT KamuJ-
NisipHas KOHAEHCAUHsl, YCTAHOBJIEHUE PABHOBECUS OMATh 3aMEJIAETCH.
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Briyckas nopuusmu azicop6ar, f0CTeNeHHO YBEN1uMBas ero AaBjeHHe
B YCTaHOBKE, H3MEPAIOT BEJIMYMHBI aacopOLMM NPH AaB/eHHAX BIUIOTH A0
JlaB/ieHUs HAChILIEHHOro napa ancopbarta. JlaHHble H3MEPEHHA 3aHOCATCS B
Tabnuuy. 10 MonyyeHHBIM JaHHBIM CTPOAT M30TEPMY aAcOPOLMH B KOOP-
AMHATax BEJIMYMHA aacOpPOLMH — OTHOCHTENBHOE JaBlIeHHE.

3akoHuMB ancopOLMIO, MPUCTYNAOT K npoueccy Aecopbuuu. OT-
KpHIBAIOT KpaH (6) M OTKA4MBAlOT 4YacTh afcopbaTa U3 W3MEPHTENLHOM
4acTM YCTaHOBKH. 3aKphIBAIOT KpaH (6) U (QUKCUPYIOT MOJOXKEHHE MpY-
JKHHBI MPY BHOBb YCTaHOBHBLIEMCS faBineHuH B U-06pa3nom mMaHoMeTpe.
Takum o6pa3om, NonyyaroT BETHYHHBI AECOPOLMHU TIPH BCE YMEHBLUAIO-
UIMXCH 3HAYEHHAX JaBjieHns. JlaHHbIe H3MEpEeHHUs 3aHocATCA B Tabuuy.
IMo nomyyeHHRIM JaHHBIM CTPOAT H30TEPMY AECOPOLIMM B TEX XK€ KOOPAH-
HaTaX ¥ Ha TOM e rpaguke, rae GbLia MOCTpOEHa H30TepMa aiCOpOLHH.
JlBe KpHBBIE MOryT COBNAJATh B Ciy4yae oOpaTUMOlf aacopOLMu WM MpH
HaJI{YUM Ha MOBEPXHOCTH aAcopbeHTa KOHYCOOOpasHBIX, KIMHOBHIHBIX
WM LUIHHAPHYECKUX 3aKPBITBIX C OAHOrO KoHLa nop. Ilerns ructepesuca
/1M HECOBMNAICHHE H30TepM afcopbumu U aecopbumu Gynet Habmoarecs
npy HeobpaTuMol afcopOLMH WK PH HAJIMYHK Ha MOBEPXHOCTH pas/iHy-
HOTO BH/1a T10p, HE YTIOMAHYTHIX BHILLE.

Jlanee NpoBOAMTCA aHANN3 MOTy4YEHHBIX H30TEPM acOpOLMH:

1. OTHecenHe n3oTepM aacopOuUMK K ONpeseseHHOMY BHIY MO Kjac-
cudukaunu Bpynayspa u Kucenesa.

2. IIpoBepseTcsa MPUMEHNMOCTE K MOTYYEHHBIM 3KCIIEPUMEHTAIBHBIM
JdaHHbIM ypaBHeHHH BT, ApaHoBH4Ya, NONHMMOJIEKYJIAPHOR ancopOLUu
Ha HEOAHOPOAHBIX MOBEPXHOCTAX OcTpoBCckoro — TEMKHHA, Ha TOHKOMO-
pucThix copbenTtax Jly6unuHa — Panyimkesnua ¥ ap. PaccuuTeiBarotcs
H30CTEPHYECKHE TEMUIOTHI ancopbLuy.

3. PaccunThIBAlOTCS paflychl IOpP U pacnpe/ie/ieHHe X Mo pa3Mepam.

Ha ocHOBaHHH MOJNy4YEHHBIX JAHHBIX AENAIOTCS 3aK/MIOYEHHA O MeXa-
HH3Me aacopOLMOHHOrO mpouecca B HcclefyeMoit cucTeme aacopbar —
aficopbeHT.

3Kcnepu.ueumajlbuan uacms

Kak 6bu10 yka3aHO BbllUe, Liesb JaHHOH naGopatopHo#t paGoTel 3a-
KJIIOYAETCA B TOM, 4YTOOBI MONYYHTH 3KCIMEPHMEHTANbLHbIE AAHHbBIE IS
pacyeTa BeJM4YMHB! afCOpOUMHM MApOB Ha MOBEPXHOCTH Mopolkoobpas-
HBIX TBEPABIX TeJl, MOCTPOUTE H30TEPMY aAcOpOLUH — AecopbLH U pac-
CUMTATh pa3Mepbl NIOp M UX paclpeae/ieHHe N0 paguycam.
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Jins BBINONMHEHMs NOCTaBJEHHOMN LN M0 3afaHHIo [PErnoAaBares
NPOBOAMTCS M3yueHue ancopbLUUOHHOM cMcTeMbl map — ancopbeHT: Ba-
KYYMHasi YCTaHOBKa NPUBOAMTCS B pabouee COCTOSHUE; 3arpyxaercs B
yauleyky BecoB Mak-Bena o6pa3sell; NPOM3BOAMTCS OTKAuKa YCTAHOBKH,
BaKyyMHas TpeHUpoBKa obpasiia cHayana p1 KOMHaTHOH TeMnepartype,
a 3ateM IMpu TeMmepatype omnbita. B paGouel Terpanu HeoOxomuMo 3a-
nucath Bee cBeieHus 06 obpasie, ancopbare, ycnoBHsX OMNbITA.

Hanpumep: [lata sxcniepuMenTa — 20 ceHTs6ps 2007 r.
Ancopbent — MgO, xv; naBecka — 30 Mr. Axcop6ar — napsl BOJbI.
T= 298 K, T,,=298 K, TeMnepaTypa TpeHupoBku obpasua 598 K, npn-
JOKUTENBHOCTD — 4 4 B BakyyMe nopsiaka 107 MM pT. cT. Ng=393.5 mm;
f= 3107 r/mm; Sy=25 M.
JKcrnepuMeHTaNbHEIe JaHHbIe 3aHOCATCS B Tabnully.
Ne Bpewms, P, P/Pg Npaens a, a,
wn MHH MM pT. CT. MM r/r Mone/M>

ITocne 3aBepueHus afncopOLOHHBIX H ACOPOLIHOHHBIX OMBITOB pac-
CUMTHIBAIOT BEJIMYKHB! afcopOLuu — AecopOLMU MO ypaBHeHUsM (2.4) —
(2.6), 3anonusOT TabNAMIUY pacyeTHBIMH JAHHBIMU O BeIMYHHAX aacopb-
LMK WK mecopbLuuu B pacueTe Ha eJUHHULY Macchl aacopbeHTa WK Ha
€AMHHULLY IUIOLaAM MOBepXHOCTH. Ha OCHOBaHMM MONYYEHHBIX pacyer-
HBIX JaHHBIX CTPOAT U30TEPMBI ajcopbuuu U gecopbiuu o6bIYHO B KO-
opauHarax a — P/Ps. Hactynaer BpeMsi aHanu3a u3oTepM ancopbuuu u
KCIONB30BAHUA UX Ul pacyeTa IapameTpoB aAcopOLHMOHHOro mpouecca
CUCTEMBL.

Ipexne Bcero, No BUAY KPMBBIX U30TEPM OTHOCAT UX K H30TEpMaM
TOrO WJIM MHOTO THIIAM B COOTBETCTBMH C BbIGpaHHBIMHU KiaccuUKaLUs-
mu: Bpynayapa, Kucenesa, MIOITAK u ap.

3aTeM BbLACHSIOT, KAKHM YpaBHEHHEM OIMCHIBAIOTCA M30TEPMBI aj-
copbuuu: ypaBHenueM BOT, unu TéMkuna — OctpoBckoro, uiau y6u-
HUHa — PanylikeBuya u T.4. st 3TOro U30TepMy CIpSMISIOT B KOOPAU-
HaTax yka3aHHBIX yPaBHEHHH B UX NPAMONHMHEHHBIX gopMax.

OnpenensiioT, 10-BO3MOKHOCTH, KOIQPHULIHEHTH ypaBHeHUil. U3 tic-
Jly4EHHBIX dKCIIEPMMEHTAIBHBIX U PaCYETHBIX JaHHBIX, U3 BUAA KPHBBIX
M30TEPM JENAIOTCS TIPEATIONOKEHHS M 3aKIIOYEHHUS O XapakTepe ancopb-
LIXOHHOIO TIpOLiEcCa, MMEIOIIEro MecTo B H3ydaeMol ancopGLUOHHOIM
cucTeMe.
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[onyueHHbie H30TEpMBI afCOPOLMH — AecopOLMU Janee MCIOoNb3Y-
IOT AJIS pacyeTa TemJoThl ancopbLUMH —~ H30TepMy ancopbuuu, ¥ s pac-
4eTa NOPUCTOCTH anacopbeHTa — u3oTepmy Aecopbumu. Tennotel ancop6-
LMK ONpenensioT no ypaBHeHHio Bepunra — CeprnuHCKOro, €y B pac-
NopxKEHWH IKCIEPUMEHTATOpa UMEETCs M30TepMa aacopbuuu Ans ol-
HOR TeMmepaTyphl, M no ypasHeHuto Knaneiipona — Knaysuyca — ecnu
M30TEPMBI CHATHI IPY ABYX M Gosiee Temneparypax.

W3 u3otepMm aecopbuuu no ypaBHeHusM (2.195)+2.199) paccuuThl-
BAlOT AMAMETPhI MOp M HAXOAAT paclpeieleHde MX Mo pasmepam (cM.
cemuHap 6). O6061uas nonyueHHble JaHHbIE, AEAIOT 3aKIIOYEHHE O CO-
CTOSHMH MOBEPXHOCTH aAcopbeHTa ¥ MexaHU3Me afcOpOLMOHHOTO Ipo-
1ecca B KOHKPETHOM cucTeme afcopbat — agcopOeHT.

Tpu Hcnons30BaHUHM BaKyyMHBIX YCTaHOBOK OMMCaHHOTO THUMA JKCIIe-
PHMEHTATOPY CJIEAYET IOMHKTL O BO3MOMKHBIX BJIMSHUAX Ha afCcOpOLHOH-
Hble MpOLECCHl, KOTOpble MPH 3TOM HM3Y4aloTCs, MOGOYHBIX Mpolieccax:
napb! CMa3ku M PTYTH, NPHCYTCTBYIOLIUE B YCTAHOBKE, pasjiMyHble aj-
cOp6LIOHHO-AecOPOLIMOHHBIE NPOLIECCHI CO CTEKISAHHBIX YacTed yCTaHOB-
K4 U Ap. [ yMEHbLIIEHUs TaKoro BIMSHUS HEOOXOAMMO NPOBOAMTE KOH-
TpoJIbHBIE ONbITH 6€3 00pasiia, HCNONb30BATh JIOBYINKH € OXJIaXNAAIOLMMH
CMECSAMM HJIH C XUIKMM a30TOM IS BBIMOP@)KHBAHHS NpHMeceH, HE Oc-
TaBMNATh HagoNro obpasel B YCTAHOBKE HE 3alLUMILEHHBIM OT BPEOHOrO
BJMSIHUS, MCIIONB30BaTh OeccMa3oyHble METAUIMYECKHEe BeHTWUNH, Oes-
PTyTHBIe MaHOMeTph! 1 T.4. [Togpo6Hee 06 3TOM MOXHO HaliTH B [7].

JIMTEPATYPA

1. OxcnepumenmansHvie METONB! B ARCOPOLIMH M MOJIEKY IApHOA XpoMaTorpaun
Moz pea. 10.C. Hukuruua u P.C. [lerposo#i. M.: Han-so MI'Y, 1990. 316 c.

2. Hzpanoea E., Ocmpoeckuti B.E. | TAH. 1975. T. 221. C. 1351.

3. Kypuna JI.H., Koeans JI1.M. Tpaxtuueckue pa6oTsl no ancopbumu u rerepo-
rennomy karanusy. Tomck: M3n-so Tom. yu-ta, 1987. 119 c.

4. lonamkun A.A., Illemposa P.C., Il[epbaxosa K /I. 3ana4n k CEMMHApCKUM 3a-
HATUAM 10 Pu3nyeckoit xumun. Ancopbuns. M.: MY, 1982,

5. [lauman C. HayuHsle ocHOBBI BakyymHoii TexHukd. M.: K, 1950. 695 c.

6. Munaxosa T.C., Kosans JI.M. Ancop6unoHHbBIE APOLECCHl H reTEpOreHHbIH
karanu3. Tomck: U3p-Bo Tom. yn-ta, 1990. 208 c.

7. Ostrovskii V.E. Some problems in adsorption and calorimetric studies of the
steps of catalytic processes // Journal of Natural Chemistry. 2004. Vol. 13. P. 123—
147.

229



Hpumepnesiii nnan omuema no pabome 1

1. TTopucteie copbentsl, ux knaccudukanus. OcobeHHOCTH H30TepM
ancopbuMu Ha NOPUCTBIX copbeHTax. 130TepMBI B OTHOCHTEBHBIX KOOP-
JMHaTaX Kak XapaKTepUCTMKa MOPUCTOH CTPYKTyphl afcopbeHToB. Mo-
JeNbHble BUJbI NOP M 3aKOHOMEPHOCTH MPOTEKAHUA KaNUJUIAPHOH KOH-
JIEHCALMH B HUX.

2. BecoBoii MeToA U3yyeHHUs ancopOLMH Ha MOPHCTHIX cOpOeHTax.

BakyyMHas ycraHoBka, CxeMa ¢ yka3aHMeM OCHOBHBIX OJIOKOB ycTa-
HOBKHM (CHCTEMa HacoCOB /UIs MOJy4YEHHs BBICOKOTO BaKyyma, CUCTEMA
M3MEPEHHUs JaBeHHs, CHCTEMa MOJYYeHUs M XpaHeHHus aacopbaTos, pe-
aKIMOHHBIH cocyn U Ap.).

2.2. IlpoBepka repMETHYHOCTH YacTel YCTaHOBKHM, CMocoObl Ha-
XOXEHHA H YCTpaHEeHHUs Teuell B yCTaHOBKe.

2.3. TonroToBka ycTaHOBKM K paboTe — cMa3zka KpaHOB, KanuO-
poBKa cridpany BecoB Mak-Bena — Bakpa, ounctka ancop6ara u ap.

2.4. Metoanka afcopOLMOHHBIX M3MEpEHHI Ha BaKyyMHOM ycTa-
HOBKE BECOBOTO THMA.

3. PacyeT BenMUMHBI ancopOLMM MpPH Pa3HBIX OTHOCHTENbHBIX JaB-
JeHusax napa — anacopbarta. Ifoctpoenue usorepM ancopbuuu M necop6-
1HH M0 3KCTIEPUMEHTANIBHBIM JaHHbBIM.

4. Anamus usotepM ancopbuun — necopbuum Genzona (napos Boxpl)
Ha M3y4aemblx obpasuax (nMpoBepka MOAYMHAEMOCTH ypaBHeHusm BIT,
Jy6ununa — Pagyuikesuya u ap.).

S. Pacyer «4MCTOH» TemnoTel ancopbuuH no ypaBHeHuio BepuHra —
CepnHcKoro.

6. Pacuer mopucToii CTPYKTYpPbI HCCIELyeMbIX aACOPOEHTOB (pacuer
pa3MepoB Mop, MOCTPOEHHE KPUBELIX paclpelelieHHs MOp [0 paauycam,
pacueT obiero o6breMa nop).

7. OBcyxaeHHe MoNyYEHHBIX pe3yILTaTOB.

8. BrIBOZBI

9. Jlutepatypa.

PABOTA 2. Hyuenue Kucaomuo-ochosnsix ceoticme nosepxnocmu
meéposiLx men memodom pH-mempuu

Lenv pabompl: neenenosarh KMCIOTHO-OCHOBHBIE CBOKMCTBA MOBEPX-
HOCTH a/IcOpGEHTOB M KaTanu3atopos pH-MeTpHUeCKHM METOOM, onpe-
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KHUCJI0THO-OCHOBHBIE napameTpsl (KOIT), cpaBHUTH NonyyeHHble
pe3ynbTaTsl ¢ pe3ynbTaTaMH U3YYeHHs KMCIOTHOCTH 06pasioB JpYrHMH
MeToJaMH.

3aoavu:

1. U3yuyenne Teopuu k pabote.

2.3HaKoMCTBO C METOAMKON OmpeneneHds KHCIOTHO-OCHOBHBIX
cBoicTB pH-MeTpHYeckMMH MeToaMuL: onpeaeneHue BenuunHsl pH H3o-
HOHHOrO COCTOSAHUS (PH,yr); H3MeHenune pH BonHO#M cycnensuu TBepaoro
azicopbeHTa BO BpEMEHHU.

3. BoiGop 061eKTOB HccneaoBaHus (110 3a[iaHMI0 NpenoaBaTes Wil
0 COTNIACOBAHMIO ¢ HAyYHBIM PYKOBOJIHTEIEM CTYJEHTa B COOTBETCTBHM
¢ remarukoit HUPC).

4.TlpoBeneHHe IKCIEPHMEHTA.

5. TTocTpoenue rpadMkoB 3aBHCHMOCTeH:

— u3MeHeHHe pH BofIHO# cycrieH3nH BO BpEMEHH;

— H3MEHEHHE KHCIOTHOCTH CPefibl B CHCTEME 3NIEKTPOUT — aJcop-
6ent B pesynbrare ancopbunn (ApH= pHp — pHpass) A4 pasHeIX 3HaYe-
Hu# pHo;

— HaxoskAeHHE BETMYUHBI PH gy

6. AHanu3 NOMyYEHHBIX PE3YNIBTATOB.

7. Hanucanue oTuéTa 1 ero 3aiura.

Obuue npedcmagnenun 0 KUCI0MHO-0CHOBHBIX C80CMEAX
nosepxnocmu maeposix mes

KHCnOTHO-0CHOBHBIE CBOMCTBA MOBEPXHOCTH TBEPAOrO TeNla GopMu-
pYIOTCS B XOJie ero CHHTe3a M OTPaXKaloT 0COOGEHHOCTH ero CTPYKTYphl U
peakLHOHHOH crnocobHocTH. OHH KOpPEeaHpYIOT MPaKTHYECKH C JIIOOBIM
napaMeTpoM TBEPAOro Teja: ¢ COAEPKaHHWEM NpHUMeceH, LIMPHHOH 3a-
npeleHHO# 30Hbl, ONITHYECKUMH CBOMCTBAaMH, TEMNEpPaTypoH npeaBapH-
TensHoM 06paboTkH, KaTaNMTUYECKOH aKTHBHOCTEIO H T.J1. [1-4].

Ha cerogus cuuTaetcs oblienpH3HaHHbIM, 4TO ONHOH M3 XapaKTepH-
CTHK, HaWly4iiMM o6pa3oM OTpakalolUX PeaKLMOHHYIO CNOCOOHOCTH
MNOBEPXHOCTH B JOHOPHO-AKLENTOPHBIX B3aMMOAEHCTBHAX, SBAAIOTCA
KUCJIOTHO-OCHOBHBIE CBOHCTBa, B KOTOPHIX NpOSIBIAIOTCS NPaKTUYECKH
Bce (pyH1aMeHTaNbHblE NapaMeTphl TBEPJOTro TeNa.

CornacHo COBPEMEHHbIM BO33pEHHAM, MOBEPXHOCTH TBEPAOro Tena
6udyHKUHMOHANBHA, OCKOJBKY NpeACTasiseT co060i COBOXYNHOCTD lleH-
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TpoB JIbtouca W LeHTpOB bpeHcTesa Kak KMCIOTHOTrO, Tak U OCHOBHOIO
THIA.

JIbIOHCOBCKUIA KMCTOTHEBIN LEHTp MNpeACTaBnseT co0Ooif BaKaHTHBIHA
ypOBEHb aToMa MeTallla WAH JIOKANM30BAHHOE HAa HEM MOBEPXHOCTHOE
COCTOSIHHE, CMOCOGHOE aKLEeNTHPOBATh EKTPOHHYIO Napy UM 2JIeKTpo-
HO-JIOHOpHBIE MonexkynspHeli ¢parment. OcHoBHBle UeHTPHI Jlbtonca
06pasoBaHbl JBYX3JEKTPOHHBIMH OpPOHTANIMH aTOMa KMCIOpOAa Ha Mo-
BEPXHOCTH M BCTYNAIOT BO B3aHMOJIEACTBHE C nepejadeil 371eKTPOHOB Ha
JHepreTHyYeckuil ypoBeHb afcopbupoBanHoil Mosiekynbl [5).

Ep

Eun

Ey

Puc. 3.4. 3oHHas MoAenL MOBEPXHOCTH TBEPAOIO OK-
CHIa E5' | 5~ — PACCTOAHKE OT Ef 0 30HEI IPOBOIU-
MOCTH 4 BJIEHTHO# 30Hb1; U — wnpHHa 3anpeineHHoH
3oHbl, AE xapaxtepusyet orknoHeHue yposus Gepmu
OT cpeAHecTaTUcTHYecko! cepeanHbl mupuust U/2

TIpyHamne;KHOCTh LEHTPOB K JIBIOMCOBCKOMY THILy OMNpeJenseTcs
HaJIM4MeM aKHEeNTOPHOTO UM JIOHOPHOTO MOBEPXHOCTHOTO CocTosHus. K
MOABJICHUIO WIHUPOKOTO CIEKTPa MOBEPXHOCTHBIX COCTOSIHHH NpUBOAUT
HapylleHHe MepHOAMYECKOro MNOTEHLHAna Ha MOBEPXHOCTH TBEPAOro
TeJla, BBI3BAHHOEC 06pBlBOM NEPHOAUYHOCTH PELUETKH, NMPUCYTCTBHEM
pa3HoobpasHbIX MaKpo- U MUKPOZE()eKTOB, a TAaKoKe Pa3iM4HbIX NPOIYK-
TOB XUMHYECKHX MpeBpallleHHi B pe3ynbTaTe mpeaBapuTenbHOil obpa-
60TKM MaTepiana M ero KOHTaKkTa ¢ okpyxatwoueit cpenoif. C Touku 3pe-
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HHSl 3aCeJICHHOCTH MOBEPXHOCTHBIE COCTOSIHUS MOTYT ObITh NPEACTaRJIEHb!
TpeMs 30HaMH: BaneHTHOM 30HOH (B.3.), chopMHUpOBAHHOM ABYX3/IEKTPOH-
HBIMM YPOBHAMHM Hemertaia, 3oHoi mposoaumoctu (3.I1.), obpasoBaHHO#M
BAaKaHTHBIMU YPOBHSIMM METajL1a, U 3ampellieHsoii 30Hoi (3.3.), 3aceneHHo
ONHO37eKTPOHHBIMU YPOBHAMM METAIa U HEMETa/U1a, Kak aKLEeNTOPHOro
TaK ¥ JOHOpHoro tHna (coctosiiua Tamma u Hloknu) (puc. 3.4).

B ycnoBuAx TepMOIMHAMHUYECKOrO PaBHOBECHs COOTHOLUEHME KOH-
LIEHTpalMi JOHOPOB U aKLUENTOPOB, paclpe/elieH!e UX 110 3HEPrUiM OIl-
penensercs nonoxxeHueM yposHs ®epMu Er B sHEpreTHueckoM crekTpe
NOBEPXHOCTHBIX COCTOSHUI. YpoBHIO DepMU OTBEYAET YPOBEHb PaBHO-
BECHOTO 3JIEKTPOHA, NPEACTaBAAIOLUNA CPEAHECTATUCTHUECKYIO BEIUYH-
HY OT COBOKYMHOCTH BCEX COCTOSHMI Ha MOBEPXHOCTH JOHOPHOIO M aK-
LENTOPHOro TUNOB. YpoBeHb epMH Ha3bIBAIOT YPOBHEM XUMHUUECKOIO
noTeHuuana 3nekTpoHoB. [lonoxenne Erp Ha MOBEpXHOCTH 3aBUCUT OT
€ro MoJIOXeHUs B 06beMe U NpU NMPOYUX PABHBIX YCIOBHSAX ONMpPEACsicT
PSR MOBEPXHOCTHBIX CBOKCTB (ancOpOLIMOHHYIO CIOCOGHOCTB, CTEMeHs
3apsKEHHOCTH MOBEPXHOCTH, CKOPOCTH M HallpaBjieHHE MNPOLECCOB C
yuyacTHeM MOBEPXHOCTH, PEaKUHOHHYIO CNOCOOHOCTE XeMocopbHpoBaH-
HEIX YacTHL ¥ Ap.).

———m e - —— = =

Puc. 3.5. Cxema pacronoxeHns ypoBHeH pasHol CTeNeHH 3aCENeHHOCTH Ha TIOBEpX-
HOCTH GMHApHOTO WHPOKO30HHOIO OKCHAA

B obiiem cny4ae (hopMmalibHas DHEpreTHueckas CXeMa rUIoTeTHye-
CKOM, peKOHCTPYMPOBAHHOH MOCE packojia, HO ellie He FMAPOKCHIIMPO-
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BaHHOWM MOBEPXHOCTH Okcupaa, Y kotoporo Ep coBmagaer ¢ cepeauHOM
WHPHHBI 3anpelieHHON 30HbI, MOXHO NPOWUTIOCTPUPOBATh CXEMON,
NpUBEAEHHO Ha pHC. 3.5.

O6a tuna coctosiHuit LLloknu B Tako#l Monenu pacnonaratorcs BOIH-
3u Eg, coctosnus TamMa — y COOTBETCTBYIOLUMX KpaeB 3anpelieHHOH
30HbI. CTPYKTYPbI 30HBI IPOBOAMMOCTH M BaJIEHTHOMN 30HBI (POPMHUPYIOT-
€1 M3 QHCKPETHO-JIOKAIBHLIX MOA30H, 00pa30OBaHHBIX YPOBHAMH, chop-
MHPOBaHHBIMU TAKXKE 10 CTPOSHUIO M COCTABY MX JIMTaHIHBIX cdep.

C Touku 3peHus Teopuii KUCIOT U OCHOBAHUH BaIEHTHAs 30HA W 30Ha
NIPOBOIMMOCTH TpEeCTaBNIEeHb! alpOTOHHAIMHY LIEHTPaMP — OCHOBaHHAMH
u kucnotamu Jlstouca. CocrosuuaM Tamma u Llloknu oTBeqaoT «oxHO-
3JIEKTPOHHBIE KUCIIOTBI U OCHOBaHUA» [S].

Hapsny ¢ anpoTOHHBIMH LieHTpaMH Ha NOBEPXHOCTH TBEPAOrO Tena
[IpUCYTCTBYIOT Ouorpaduueckue NPOTOHHBIE KHUCIOTHI MW OCHOBAHMS
Bpenctena, npeacrasnstomue co6oii pe3ynbraT B3aMMOAeHCTBHSA Mose-
Ky BOAb! U €& ¢pparMeHTOB C alPOTOHHBIMU LEHTPaMH.

VYxe B MexaHu3Me 06pa3oBaHMA [IPOTOHHBIX LEHTPOB IPOSABIAETCA
pasiMvMe yKa3aHHBIX THIOB alPOTOHHBIX COCTOAHUA. Axcopbuus Mone-
KyJ BOIbl HA ORHOJIEKTPOHHBIX MOBEPXHOCTHBIX YPOBHSAX NpPOUCXOIUT
[0 FOMOJNIUTHUYECKOMY OUCCOLMATUBHOMY MeXaHU3My ¢ obGpa3zoBaHHeM
KHMCJIOT ¥ OCHOBaHHit BpeHcTena pa3HOi KUCIOTHOH CHUBI B 3aBUCUMOCTH
OT Toro, kako#l Tn coctosiHuii — llloknu (A) unu Tamma (B) yuacTByeT B
3TOM mnpouecce. C KMCIOTaMM M OCHOBaHMAMH JIbtoMca BO3MOXHBI JBa
THINA B3aUMOJCHCTBHA MOJEKYN BOABL: JUccOUMaTHBHBIH (B) U Moneky-
nsapubd (7). Jluccouualius Mosiekyn BOAbl NIPH 3TOM NPOTEKAaeT reTepo-
auTUdeckd. Moneky/sapHBIA MeXaHH3M peau3yeTcss Takxke B Npolecce
CMApaTalidM TBEpPAOro Tela B pe3ynpTare ancopOLMM BOAbI Ha KUCHOT-
HBIX M OCHOBHBIX lieHTpax Bpencrena no ocHoBHOMY () U KHCIIOTHOMY
(E) tuny (puc.3.6).

Pa3nuuus B MexaHu3Max B3aMMOIEHCTBMA MOJIEKYJ BOAbL C OIHO-
3NEKTPOHHBIMH NOBEPXHOCTHBIMM LIEHTPaMU U LeHTpaMu JIptouca roso-
PAT O TOM, 4TO 06/1aCTh BO3MOXKHOIO CYIIECTBOBAHMS NPOTOHHBIX lEH-
TPOB [IO/KHA OrPaHMYMBATBECA HOHHBIM NpOU3BEAcHUEM Bonsl pKy =
=pH + pOH=14, a ux KUCIOTHOCTb ONpEHENATLCA IHEPreTHKOH aToma
BOJIOPOJIa, AKTUBHOCTHIO €r0 HOHA.
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DO 30" -H°
+ H -OH
5" - OH’
30" 30-H"*
+ H°** -OH®" «
ChN 3-OH°"
lon O -H”
+ H°'-0OH™ (
3" - OH°
HU"’
:O1  Cxemal
H
Cxema [
n
30 /-- . Hm -OH Cxema E

Puc. 3.6. MexaHnusm B3auMoeHiCTBHA MONIEKY N BOABI C pasiH4HbIMH
LEHTPaMH Ha HOBEPXHOCTH OKCHAO0B (IOACHEHHE B TEKCTE)

YacTo B kauecTBe MOJENHM Y (PEHOMEHONOrHYECKOM PacCMOTPEHUH
MOBEPXHOCTH TBEPJOro Tesa UCIONb3YIOTCS OKCH/BI, kKak Haubonee Usy-
yeHHBIE CUCTEMBI M MMeolIue B coctaBe Guorpaguyeckux HEHTPOB BO-
Zoponocoaepxkauue GyHKUMOHaNbHEIE rpynmuposkr (H®* u OH®). Tax,
Ha puc. 3.7 npuBeJieHa cXeMa 4aCTHYHO HErHAPaTUPOBAHHON MOBEPXHO-
CTH okcuaa aMboTepHoro Tumna, Er KOTOPOro coBmagaeT ¢ ypoBHEM Heit-
tpansHocTH (Y, = pK, = 7). [4] KucnoTHas cuna U TMN UEHTPOB BbIpa-
*keHbl B equHuuax pK,. Jinsa ynpoieHus ¢usaacopOupoBaHHas Boja He
paccMaTpuBaeTcsl.
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Puc. 3.7. ®opManbHas KHCIOTHO-OCHOBHAA CXEMa YaCTHYHO AETHAPATUPOBAHHOM
NOBEPXHOCTH OKCHAA

Hosepxuocn, OKCHZia MOXKHO NPEACTABHTH JBYMSA [PYNNAMH LeH-
tpos Jistouca (3™, 0? "), Ha KOTOPBIX acopOHUPOBaHbI MOJIEKY bl BOIBIL.
YBennuenue 3HaueHuil pK, OTBevaeT OBBINEHHIO SIEKTPOHOAOHOPHBIX
CBOMCTB DHEPreTHYECKUX YpOBHell Ha MOBEPXHOCTH, YMEHBIIEHHE — aK-
LIENTOPHLIX. Bo3pacranue axuentopHoil cnocobGHOCTH YpOBHA (aTtoMa
MeTalla) CIoCOOCTBYET MOBBILIEHHIO KUCIOTHOCTH LeHTpa Bpencrena
(pK, < 7). Ilpn nepexone 37eKTPOHAa OT BOAOPOZAA Ha OpOMTanb atoma
KHC/I0pO/ia, B Pe3ybTaTe OTPhIBa NPOTOHA, obpasyercs nentp Jisiouca
(:-)O ), Ba KOTOPOM BO3MOXHA aACOPOIUS MOMEKY BOMIbI 10 KUCIOTHO-
My Tuny (pK, < 0). C yBenu4eHHeM SOHOPHBIX CBOMCTB MeTajlla OCHOB-
Hble IeHTphl BpeHcrena npu orpsise OH-rpynms! 1a0T KMCIOTHEIE [EH-
pul Jlstonca (). Ha smux nenTpax Bo3MOXHa afcopGuus MONeKyl
BOJIbI (IOHOPA) IO KOOPAMHALMOHHOMY MEXaHU3MYy.
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Cnesa ¥ crpasa OT YpOBHA HeHTpajbHOCTH Pacroiaralorcs ABe cMe-
1aKHbie 06acTy. B kMcIOTHOM pernoHe 3HaueHuil pK,, HaXOAATCA KHCIO-
Tol Bpencrena u ocioBaHus JIbtouca, B OCHOBHOM — KUCNOTH! JIbloKca
ocHoBaHHMs BpeHcrena. [lepexon oT 0AHOro TUMNa LEHTPOB K APYroMy MAET
yepe3 parMeHTs! BOAbI, «3aKperuIeHHbIe» Ha alpOTOHHBIX LEHTpaX.

Takum o6pa3oM, 6asHc COCTaBIAIOT anpOTOHHBIE LIEHTPBI, HA KOTO-
PhIX JIMILB B ONpe/ie/IeHHOM 3HEpreTHYecCkoM WHTepBale HaACTPaHBatoT-
¢ COOTBETCTBYIOIME (pparMeHThl BOABL, 00pasys OpeHCTenoBCKylo 00-
nacTe. C TOYKM 3peHHUs yUYeHHS O XHUMUYECKOM PaBHOBECHH U3MEHeHUe
HamnpsKeHHOCTH 1101 LeHTpa (KOOPAMHALMOHHOE 4UCIO0, PUPOAA U 3a-
pAl MOHA) ONpPEeJENUT CTENeHb UOHU3ALMHN «3aKPEILICHHOTO» aToMa BO-
Z0poJa U KMCIIOTHYIO cHIly LieHTpa bpeHcrena.

H3meHeHHe B 2/EKTPOHHON CHCTeMe MOBEPXHOCTH 00pasloB Noj
BJIMAHUEM KaKHX-TH6O0 ($aKTOpPOB NMPHUBOAAT K CABUTY B COOTBETCTBYIO-
IIEM HaMpaBleHUU U KUCIIOTHO-OCHOBHOTO PaBHOBECHS, BbIpaXarouleMy-
Cs B M3MEHEHHUH COOTHOLIEHHUs EHTPOB, KX KOHCTaHT AUCCOLMALMH. DTO
MpPOABIAETCS B M3MEHEHUM paclpe/leleHUsl MOBEPXHOCTHBIX LIEHTPOB MO
KHCJIOTHO-OCHOBHOH CHJI€ U CABUTY BCErO CHEKTpa MNM ero parMeHToB
B OIpeAcJICHHOM HallpaBnE€HHH. Boone cnenyeT 3aMETUTh, YTO ACJICHHUE
KHCIIOT Ha JIbIOMCOBCKHEe M GpeHcTenoBckue — ycnosHo. ITo JIetoucy,
6peHCcTeNOBCKAs KUCNOTA — YAacTHBIH cilydail, korga KUcIoTo# ABaseTcs
TIPOTOH.

Ocoboii npobieMoii TpU uCCAEN0BAaHUH KUCIOTHOCTH SBNSAETCH BoI-
00p KOPPEKTHOH IMIKalbl U3MEPEHHUs CHIbl KHCIOTHBIX U OCHOBHBIX LIEH-
TpOB. B pacTBOpax cHna NPOTOHHBIX KMCIOT U OCHOBaHUH onpenenseTcs
TepMOJUHAMUYECKUMHU KOHCTaHTaMU — Hy U pK,, (dyHKIUS KUCAOTHOCTH
U kucnotHas cuna). [Ipu uccnenosanuu B rasoBoi (hasze B kayecTBe KpH-
TepUs OLIEHKH MPENTIOKEHO CPOACTBO K NMpOTOHY — PA (B COBpeMEHHBIX
MeTOZaX KBAaHTOBOH XHMMHUH TPOTOHHYIO KMCIOTHOCTb OOBIMHO OliCHUBa-
10T BEJTWYUHOM 3HEpPruu OTpbIBA [IPOTOHA OT MOBEPXHOCTH, GM3KOM O
cmeiciy PA).

HauGonbumme ycmexu B OOOOIEHHOM OMUCAHUM  KHCIOTHO-
OCHOBHBIX CBOMCTB moBepxHocTH nosyyensl E.A. Taykwtucom [6, 7).
WM pa3spaboraHa METOZONOrHs KOJIMYECTBEHHOTO M3MEPEHUs KHMCIOTHO-
OCHOBHBIX XapaKkTepPUCTHUK TOBEPXHOCTH, CYTh KOTOPOii 3akioyaercs B
CIeAyIOIEeM:

— HA TOBEPXHOCTH MMEETCs TPH THUIA LEHTPOB — JILFOUCOBCKHE,
OpeHcTen0BCKUE U OCHOBHBIE. [IpMMeHAEMblE METOAMKH NOJDKHBI OAHO-
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3HAYHO MAEHTHGUUMPOBATbL 3TH THIB! LenTpoB. Hanbonee addexTBHbI
I8 YKa3aHHOW Lemd MeTOAMKH, OCHOBaHHbIE Ha HCIOJIb30BAHHH
HK-cnextpockonuu.

Cuny ueHTpoB HEOOXOAMMO ONpPEAENATh B TEPMOAMHAMHUECKHX
wkanax. J{ns OpeHCTeZOBCKUX ¥ OCHOBHBIX LIEHTPOB NpENaraeTcs Uc-
nons30BaTh wkany PA. PA onpenenseTcs Kak SHTanbnus peakuuii B ra-
30BOii hase:

AH = A"+H" (uns kucnors)) u BH =B + H' (ans ocHopauus).

Cuna NpiOMCOBCKMX KUC/IOTHBIX LIEHTPOB OMpPEJENISseTCs SHTAIbIMelH
afcopOLMM OCHOBaHUS — 30HAa. B kauecTBe ONTHMAaILHOrO 30HJA MpE-
JlaraeTcsl MCIoJb30BaTh MOHOOKCH/L YIiiepoa.

C ucnons30BaHMEM M3JI0XKEHHOro mojaxoaa B MHcTuTyTe KaTanusa
CO PAH 6bU10 u3yueno Gonbluoe 4ucn0 TREpAbIX Bellects [6].

Knaccupurxayus memodoe onpedenenun Kuca0mHo-0CHOGHbIX
ceoticme nosepxHocmu meeposLx men

IMonHoe onucaHue KUCIOTHBIX (OCHOBHBIX) LIEHTPOB TBEPAOrO TeENa
IIpeANoaraeT ONpe/eneHHe UX CHIIbl, KOHLEHTpaUMH (YMCa) U THIA.

Cuna KMCIIOTHBIX LGHTPOB XapakTepHu3yeT CHOCOOHOCTH Cpelbl OT-
JaBaTh NPOTOH WJIM ONpeJeNnseTcs cnocoOHOCThIO MOBEPXHOCTH MEPeBo-~
IUTh aficopbHpoBaHHbIE MOJEKY/Ibl OCHOBaHUA M3 HEHTpalbHOH B CO-
NPSXXEHHYIO KHCJIOTHYIO dopMy.

KoHLIeHTpalus KUCIOTHBIX LIEHTPOB M3MepsAeTCs KOJMYECTBOM OC-
HOBaHHs, PEarupyrollero ¢ TBepAoil KHUCIOTOH, M BBIPAXKAETCS HHCIOM
(unu B MONSX) HA €AMHMLY Beca WM €IMHHUY yJenbHOH MOBEpXHOCTH
apcopbenTa. Tun kucnorHo-ocHoBHBIX LeHTpoB (KOLY) 3aBucut ot npu-
polbl MOBEPXHOCTH, ee Ouorpaduu, o6paborku, cnocoda xpanenus. Kax
yXe yKasplBanoch, pa3iuyaioT OpeHCTefoBCkHEe (MPOTOHOMOHOpPHbIE U
MPOTOHOAKLENTOPHBIE) U JILIOUCOBCKHE (IJIEKTPOAOHOPHBIE U 3JIEKTPO-
akuenrtopusle) KOLL.

Bce MeTop! onpesieneHus KMCIOTHOCTH U OCHOBHOCTH HOBEPXHOCTH
MOJKHO Pa3feNiuTh Ha TPU GOMbLINE IPY MBI

ITepsas rpynna BkmoyaeT B cebs METOJbI, OCHOBaHHbIE Ha HOHHOM
obMmeHe M aacopbuuHy U3 BoAHBIX cpel. CycneHaUpoBaHHbI B BOje af-
copOeHT MK KaTanu3aTop TUTPYIOT OCHOBaHHEM (U1 ONpeneseHus K-
CJIOTHOCTH) MM KMCIIOTOH (111 onpeneneHus ocHoBHocTH). [Ipu katuo-
HOOOMEHHOH ancopOLMM 1eNoYH MPOTOH MOBEPXHOCTH 3aMEIUAeTCs Ha
uonb! wenoynoro metamna (Li*, Na', K*). Touky xoHua TiTpoBanus on-
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pemenstoT AM60 ¢ MOMOILBIO MHAMKATOpa, MO0 MOTEHIMOMETPHYECKH.
TakuM myTeM onpenensioT Y1CI0 KHCIOTHBIX LeHTPOB. CHly KHCIOTHBIX
LIEHTPOB MOXXHO OMpeAenuTh, usmenas pH cpeapl npu MoHHOM obGMeHe:
Tak, B pacTBope cojeii wenounbix Metamios (NaCl, CH;COONa) tonkko
CHJILHO KMCJIOTHBIH BOJIOpOJI MOBEPXHOCTH o6MeHMBaeTcs Ha Na'; moa
petictBrem menoun (NaOH) obmeHy nozBepraercs U ciabokuciblii Bo-
Jopon noBepxHocTHbIX OH-rpynm.

BHyTp#H 3Toif rpynnbl pa3inyaloT TakKHe crnocobbl:

1. O6meHHas ancopbLKsa U3 BOAHBIX PaCTBOPOB COMEH.

2. TutpoBaHHe BOOHBIX PacTBOPOB (NOTEHLHMOMETPHYECKOE M KOH-
JYKTOMETpHYECKoe).

3. Ancopbuus uHaukatopos I'aMmmera 13 BoqHO# cpenpl.

Bmopas rpynna METOIOB OCHOBaHAa Ha aAcopOLMH Ha MOBEPXHOCTY
TBEPABbIX TeJl cnabblXx OCHOBAaHMI MIM KHCIOT M3 HEeBOAHBIX cpen. [lpu
ITOM CYCIMEeH3HIo 06pa3La B BHIOpaHHOM PacTBOPHTENE THTPYIOT IS BbI-
SIBJIEHHA TOYKH 3KBHBAJICHTHOCTH, YTOOBI ONpelenuTh KOAMYeCTBO KH-
CJIOTHBIX LIEHTPOB, JHOO NMpPOBOAAT aACOpOLMIO LBETHBIX MHIMKATOPOB
['amMeTa — 1151 onpesie/ieHNs CHMbl LIEHTPOB.

B 3to0# rpynne paznuuarot:

1. TUTpOBaHHE MOBEPXHOCTH Ci1abbiM OCHOBaHHEM (KHCJIOTOM) B He-
BOJIHBIX CpeJax.

2. Ancopbumio nuaMKaTopoB ["laMmeTa U3 HEBOAHBIX CpeA.

Tpemes rpynna MeTOROB — aacopbLMs KUCIOT ¥ OCHOBaHMM U3 raso-
Bo#t ¢assl. [lo konuyecTBy ancop6HpOBaHHOTO OCHOBAHHA WM KHCJIOTHI
CYZIAT O KOJMYECTBE LIEHTPOB HAa MOBEPXHOCTH, @ I10 MPOYHOCTH CBA3M C
NOBEPXHOCThI0 — 06 Mx cuiie. Ancop6Lys NMPOBOAMTCA B BaKyyMe WM
npy oObIMHOM JaBJIeHHH, B IOTOKE MJIHM B CTATHYECKOM PEXHMe; MOXKHO
UCIIONB30BaTh M UMITYIbCHYIO METOAMKY. B kauectBe aacopbaToB mpu-
MEHAIOT MUPHAMH, XMHOJNHH, aMMHaK M ONpPEIE/ICHUA KUCIOTHOCTH;
teron, okcun yraepoma (IV) mna onpemeneHus ocHoBHocTH. Couetas
3t Metoanl ¢ MK-cnektpockonueii, MOXHO pa3nu4aTh JIBFOUCOBCKHE M
GpeHCTeNOBCKME HEHTPhL. B 3Tojt rpynne MCNonb3yOT CleayolHe 3Ke-
NepHUMeHTaNbHBIE METOMBL:

1. BakyyMHuiii (06beMHBIH MK BECOBOM) METOA.

2.MeTona TepMOnporpaMMHpOBaHHOH AecopOLyH.

3.MmnynbcHbIi XpoMatorpaduieckuit MeTon.

[prMeHseMble METOAB! HCCIEOBAHMA KHUCIOTHO-OCHOBHBIX Xapak-
TEPUCTHK TBEPAOTO Te/la MOXHO KiacCH(HLMpOBaTh HHade, pa3feanB HX
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Ha QU3MYECKHE U afcOPOLHOHHO-XUMHUYecKUe. K (u3nteckuM MeToaaM
OTHOCATCA cnekTpockonuyeckue (MK-, YO- u BUaUMAas COEKTPOCKONHUA),
AMP, OIIP, paioume UHPOPMALMIO O MOBEPXHOCTHBIX COCTOAHMAX B
WIMPOKOM 06nacTH 3HEeprui; K 3TOH e rpynine METOA0B MOXHO OTHECTH
METO/bl TEPMOIPOrpaMMHPOBaHHOM JiecopOLMH, MO3BONAIOIKE ONpeae-
JIMTh 3HEPrUM CBA3M aACOPOUPOBAHHBIX HA MOBEPXHOCTH HACTHL. AX-
COPOLIMOHHO-XMHUYECKHE — 3TO METOABI, OCHOBAaHHBIE Ha aAcopOUMH Ha
rpaHuLax pasjiesia ra3 — TBepJoe TeJlo WK PacTBOp — TBEPAOE TeNO.

HesaBucumo ot xapaktepa kiaccMUKauuM MOXHO CHOpPMYIHpO-
BaTh TpeGOBaHUA, NMpenbsABNseMble K METOAaM Ul HaAeXXHOH OLEHKH
KHUCJIOTHO-OCHOBHBIX CBOMCTB MOBEPXHOCTH:

— HafIe)KHO UAEHTUGULMPOBATH B3aUMOAEHCTBHE MOJIEKY/I-30H/0B C
IPOTOHHEIMH M aNPOTOHHBIMH LIEHTPaMH;

— B ONpeJeIeHHO 1iIkane YUCIEHHO XapaKTepHU30BaTh CHIY OTAENb-
HBIX LIEHTPOB;

— ObITh NPUTOAHBIMHU AN HE3aBUCUMOTO HaXOXAEHUS Kaj¥Aoro THIa
MIOBEPXHOCTHbIX LIEHTPOB.

IMepen skcnepuMeHTaTOpaMy, B 3aBMCHMMOCTH OT 3afay MCC/ieqoBa-
HUS ¥ UMEIOLIUXCA BO3MOXHOCTEH, CTOUT npobiaeMa BbGOpa METOAUKU
M3y4eHHUs KMCJIOTHO-OCHOBHBIX CBOFCTB IIOBEPXHOCTH TBEPAOTO TeNa Ans
OMpeAeNeHNs] UHTErpasbHOil KHCIOTHOCTH, MOJYYEHUS paclpeaeieHus
AKTHBHBIX LIEHTPOB MO KMCJIOTHOH CHJIE, OLEHKHU UX COAEpPXXaHHUs, UAEH-
THOUKALMK ¥ OubdepeHUNaUUH 0 NPUHALIEKHOCTH K alpOTOHHOMY
WIH OPOTOHHOMY THIY M, HAKOHEL, COOTHECEHHs CO CTPYKTYpHO-
MeXaHM4ECKMMHU N1apaMeTpaMy COOTBETCTBYIOWUX (yHxunoHanos. Kax-
Jlas U3 3a1a4 MOXeT ObITh pellleHa ¢ MPUBJIEYEHHEM KOMIUIEKCa METOROB.
B cnpaseanuBocTH 3TOro y6exJaloT pe3yNbTaThl MCCIIEAOBaHMMA, MOJy-
YEHHBIE, HANPUMED, B AUCCEPTALHOHHBIX paboTax [9—15], BbIMONHEHHbIX
Ha kadeape Gu3nyeckoit 1 komnouaHok xumun TCY.

Hannas naGopatopHas paGoTa UMEET CBOE LIebI0 0CBOEHHE METOAA
pH-MeTpuu, ABIAIOWErocs ONHUM U3 CIIOCOOOB OLEHKH HHTErpalbHOM
KHCJIOTHOCTH MOBEPXHOCTH TBEPABIX TEI.

Kucnomno-ocnoensie napamempst nosepxuocmu
méeeposix men: pH,py pPHopsy pPHiyr

Korza voHHOe TBepOe TeNo MOrpykaercs B BOJHBIA pacTBOp, Ha
MNOBEPXHOCTH POMCXOAUT aACOPOLMs NPOTOHOB K MOHOB FMAPOKCHNA. B
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ofieM ciyyae nOBepXHOCTh MOHHBIX TBepIblX TeNl penko OblBaeT Hei-
Tpa/llbHO#, W 3TO MPMBOAMUT K HEPaBEHCTBY 4MCNA aacopbMpOBaHHBIX
(unu necop6UpOBaHHBIX) MPOTOHOB M MAPOKCUIBHBIX rpynm. IloBepx-
HOCTb C pe3yJbTUPYIOHMIMMH KHUCIOTHBIMU CBOMCTBaMH OyZET mpH 3TOM
OTAABaTh NPOTOHBI (MM aacOpOUpOBaTh MOHBI MMAPOKCHIA) B COOTBET-
CTBUM C peakiuei

H’ at OH‘pac‘m = (Hzo)a: (36)

rje uHaeKc «a» obo3Hauaet ajcopbupoBaHHble YacTHLbl. Takas peakius
YBEJIMYMBAET KHCIIOTHOCTb BoApl, Aenas pH < 7, u BbI3bIBaeT NosBleHHE
Ha MOBEPXHOCTH TBEPAOTO TeNa CyMMAapHOro OTPMLATENbHOro 3apsia,
JUIsl KOMIEHCallMM KOTOporo Tpebyercs HekOTOpoe KOJMYECTBO MONOXKH-
TeNbHBIX HOHOB M3 pacTBOpa. YT06bl BOCCTAHOBUTH 3/1EKTPHYECKYIO Hell-
TPaabHOCTH TBEPAOrO TeNa, Heo6XonMMo BO6aBUTE K CYCTIEH3HM PacTBO-
PHMYIO KHC/IOTY, KOTOpast yMeHbIIaeT KOHLEHTPaLUIO OH pycrs
M cIBMHET paBHOBecHe peakiuy (3.6) BreBo.

C Apyroit CTOpOHBI, €CIM TBEPAOE TeJO NpeACTaBIsET cob60i TBepaoe
OCHOBaHHe, TO NpH 06pa3oBaHUM CYCHEH3M) B HelTpalbHOH BOJE Ha ero
noeepxHoctH OyayT amcopbupoBaTbCsi MPOTOHBL, M B pacTBope GymyT
octaBaTbcsl M36bITOyHble MOHBI OH . B pesynsTaTe pacTBOp CTaHeT Oc-
HOBaHMEM, a TBepOe TENO MpUOOpEeTeT MonoUTENnbHeIA 3apsan. Ecnu
caenarb pacTBop 6osiee OCHOBHBIM, 106aBUB paCTBOPHMMOE OCHOBaHHE, TO
MOBEPXHOCTH TBEPAOTO Tejla MOXET CTaTh SJIEKTPUYECKH HEHTpaIbHOM.

Takum obpasoM, usmenenns pH pacTBopa, KOHTaKTHpYIOLIETO € TBEp-
JIbIM TEJIOM, OTPaXalOT KMCJIOTHO-OCHOBHBIE CBOXCTBA [TOBEPXHOCTH TBEP-
Joro Marepuana. M3sMeHeHHe KMCIOTHOCTH BOAHOM CYCIEH3HH MpPOHCXO-
IWT BCEACTBHME AMCCOLMAlMu moBepXHocTHbIX OH-rpynm, ancop6uuoH-
HbIX TMPOLIECCOB € YYacTHEM HOROB BOAOPONA M FMAPOKCHUNIOB (cxeMa bB),
JMCCOLMALIMM MOJEKY] BOJbI 10 eTEPONMTHYECKOMY MeXaHH3My (cxema
B). YkazaHHble npoLecchl MPUBOAAT K 06pa3’0BaHMIO JBOMHOrO 3JEKTPH-
YEeCKOro CJI0f Ha rpaHuie pasfena (a3, KOTOPBIH, Kak H3BECTHO, XapaKTe-
pu3yeTcs OmpeleneHHbIMU 3HAYEHUAMH @o-, §- U 'V-IIoTeHnNaNOoB. YYUTHI-
Bast 3T0, Mobas cUCTeMa TBepAoe TENO — Boja (MM PacTBOP JJEKTPOIIHTA)
Oyner xapakTepu3oBaThCs, MO KpaiHed Mepe, TpeMs 3HayeHusMmd pH:
PHusr, PHug, PHuer:

pHur — 3TO 3HaveHHe pH, KOTOpOE COOTBETCTBYET M303JEKTpHYe-
CKOi#l TOUKE, T.e. COCTOSIHHIO CMCTEMBI C JBOHHBIM 31EKTPHYECKHM CJIOEM
NPy HYNeBOM 3HaueHHHU @o- W {-moTeHuuana. KaxnoMy voHHOMY TBep-
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JoMy Tedy, TAKUM 00pa3oM, MOXKHO COMOCTABUTL HEKOTOPOE 3HaueHHe
pH,:rs Ha3biBaeMOe «H30935exTpHYecKoit Toukoity (MIDT), npu koTOpoM
TIONHBI 3apsaf MOBEPXHOCTH B BOAHOM DacTBOpE paBeH HyINIo, T.€. MO-
BEPXHOCTb 3JIEKTPHYECKH HeHTpasibHa.

pHm; — 9TO 3Hauenue pH, npU KOTOpPOM, B OTCYTCTBME ApPYrux ai-
cOpOMpPOBaHHLIX HOHOB, TIOTHOCTh MOKPLITHA HoHamu H' paBHa not-
HOCTH MOKpPbITHA HoHaMu OH ™ miH, uTo TO XK€ camoe, HabmonaeTca pa-
BeHcTBO ancopbuuu H' u OH ™ noHos.

OTnHuMe TOYKH HYNEBOrO 3apsAia OT M303NEKTPHUYECKOH TOUKH CO-
CTOUT B TOM, YTO OHHM OMNpEAENsIOTCS pasHbiMu crniocobamu [8]. Ecnu
UBT onpenensrot MeToROM anekTpodopesa, U noiay4yaemoe 3Hauenre pH
COOTBETCTBYET MOMEHTY, KOT/Ja 3apsil BOMU3H MNIOCKOCTH CKOJIBXEHHS
oTcyTcTBYeT, To TH3 onpefenstoT no KpUBbIM TUTPOBaHHSA U QUKCHPYIOT
To 3HaueHue pH, npu koTopoM Ha o6pa3oBaHMe 3apsia Ha MOBEPXHOCTH
HE PacXOfAyrTCs HH KUCI0Ta, HU OcHOBaHMe. [103TOMy, U3MEHSAS HOHHYIO
CHIy, MOXHO YBEJNMYMUTh aAcOpOLMIO NPOTHBOMOHOB BHYTPH CIIOf
LTepHa, Haxoasmerocs OIHM3KO K MOBEPXHOCTH, TO €CTh OyJeT mpouc-
XOIOUTh ancopOLUs AOMONHUTENBHBIX 'HAPOKCHIOB. CyMMapHOe 4YMCIO
3apsKeHHBIX LIEHTPOB MPH 3TOM YBENHYMBAETCs, HO NpHU 3JeKTpodopese
3aps]] CHapyXH IUIOCKOCTH CKOJIBXKEHHS CHIDKAeTCs, NMO3TOMY NpH J0-
6apnenun conu TH3 u UDT moryT nepemeinaTsbes B MPOTHBOMONOMXKHBIX
HanpaBneHusXx. B pa36aBieHHBIX pacTBopax M B OTCYTCTBHME crelUH-
4yeckol aficopbLHK 06 TOUKY HaXOAATCA o4eHb OJU3KO ApYr K ApYTy.

[ockossky B 06leM ciyyae B HOHHOM o6Mexe momumo H' u OH”
YYacTBYIOT M JApYrHe WOHbI, 3HaueHHe pH, npu koTtopoM Habmionaercs
PaBEHCTBO aAcopbLUM NMPOTOHOB M FMAPOKCHA-MOHOB, CUHTaeTcs Gonee
NpaBUIBHBIM ONpPEAENHTh, Kak W30MOHHYIO MIH H30NPOTOHHYIO TOUKY.
Takum obpazom, pH, — 3T0 To 3Hauenue pH, npu koTopoM npu Hanu-
YUK B PACTBOpE pa3fMuHbIX MOHOB yCTaHABIMBAaeTCsA paBHas afcopOuus
KHCJIOTHBIX ¥ OCHOBHbIX rpynmn. Ha Bennunny pH,,; Oka3bBarOT BIUAHHE
CaMbl€ CHIIBHBIE KHCIIOTHbIE H OCHOBHbIE IPYIIbI C KOHCTAHTAMH JHCCO-
uuauuu K, n K,. To mkane pH nonoxxeHne H30HOHHOM TOYKM pHypr
omnpejensieTcs ypaBHEHHEM

PH yyr — ’ 3.7
rae Ky — KOHCTaHTa JUCCOLMALUM BObL
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Bce BbIIEH3NOKEHHOE JIEKUT B OCHOBE OMpENESeHHUs H30MOHHOM
TO4YKH (pHuu;) TBEPIOOro Tena, 3HaueHUe KOTOpOW CBHIETENLCTBYET 06
obmel KMCIOTHOCTH MJIM OCHOBHOCTH MOBepXHOCTH. CyIIECTBYIOT He-
CKOJBKO cnocoboB ompeneneHHs pH,u,, CBEJEHHS O KOTOPBIX MOXHO
Haitty B [15 -20]. 3mech paccMoTpeHbl ABa crocoba, KOTophble SBIASIOTCS
Pa3HOBUHOCTAMH METO/A MOTEHLIMOMETPUYECKOrO TUTPOBAHMUA

1. Onpenenenne 3HaueHus pH BOOHOro pacTBOpa 3/]€KTPONHMTA, NpH
KOTOPOM He MPOUCXOOMT HM3MEHEHHs ero KUCIOTHOCTH MpH KOHTAaKTe ¢
TBEPABIM TENOM (4TO COOTBETCTBYET BESIMUNHE PH ).

2. Onpenlenenyie u3MeHeHus 3HauyeHus pH BogHOH cycrieHsuu uccre-
IlyeMOoro TBEPAOrO Tejla BO BpeMEeHH BILIOTh N0 YCTaHOBJEHHs ancopl-
LIMOHHO-3/1eKTPOXUMHUYECKOrO PaBHOBECHUS, XapaKTepU3YIOLIErOCs BEJH-
4uHOM pHyyr (KMHETHKA U3MEHEHUA PH cyclien3uu).

Ixcnepumenmansnas yacms

Memoouxa usmepenua pHyum 1-m cnocobom

Jns onpepenenus BenuuuHbl pH,,, HeoGxomumbl u3Mepenus pH
BOIHBIX PAaCTBOPOB COJjeii 10 M nmocie agcopOLMOHHOrO B3aUMOAEHCTBHS
¢ tBepanIM TenoM. C 3Toit uensto ucnonesyrores pacteopbl 0.1 M KClI co
3HaueHuAMH pH oT 2 1o 10; pasnuyHas KUCIOTHOCTE paCTBOPOB CO3/aeT-
cs nyteM npubaBieHHs K pacTBOPY XJIOpPHIA KaiHs ONpeleneHHbIX K-
anyectB HCl unn  KOH. Bce pacTBOpB! roToBATCA Ha GUAMCTHANHPG
BaHHo# Boze. HaBecku (0.2 r) o6pa3ioB 3achiMalOTCs B KOHUYECKHE KO-
651 1 3anuBatotcs 15 ma pacteopa KCI. ITnotHO 3akpbITsie KONOHI € Cyc-
MEH3UAMU BCTPAXMBAIOTCA Ha MEXaHMYeckoill Meluanke B TeueHHe 2 ya-
COB JUIl YCTaHOBJIEHHS ancopOLHOHHO-AECOPOLIMOHHOTO paBHOBECHUS.
IMocne oTcTaMBaHMA (GUIBTPAT OCTOPOXKHO CIIMBAETCS B MOTEHLIMOMET-
puueckylo sueiiky pH-mMeTpa Wi MOHOMepa M OnpefenseTcs KOHUEHTpa-
uust HOHOB BogopoJa. [1o pasHocTH 3HaueHuii pH 1o u nocne agcopBunu
(pHo n pH,) onpeznensercs u3mMeHeHue KucaoTHOCTH cpeasl (ApH) B pe-
3ynbTaTe ancopbLUMK NpH OnpeleneHHbIX 3HaYeHnsx pHy pacTBopa. Jkc-
nepMMeHTalbHble ¥ pacueTHble JAaHHbIE, MOJy4YeHHble AMs pa3HbIX 3Ha-
yenuit pHy, 3aHocATCs B Tabnuuy:

Ne pHo pH ¢unsrpara ApH = pH, —pH, PH,urr
wn
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Crpoutcs rpaduk sasucumoctd ApH ot pHy, Ha koTopoM TOYKa ne-
peceueHUs TpAMOM C OCHI0 abCLMCC COOTBETCTBYET BENHYMHE PHyur
(puc. 3.8). Takum o6pasom, npu onpefeneHnoM pHy pactsopa KCl 3na-
ueHne pH, okasbiBaeTcs paBHbiM pHo, a pa3Huua atux BenuyuH ApH
paBHa Hynw, T.e. ApH = pHy— pH, = 0 1 nabnrogaetcs toxaectso pHo =
= pHK = pHmﬂ

IIpsaMble B koopauHatax ApH — pHg B 3aBHCHMOCTH OT YMCTOTBI
TBEpJOrO TeNa, CUJIbl KUCIOTHBIX U OCHOBHBIX LIEHTPOB Ha €ro IoBepx-
HOCTH, Ae(PEKTHOCTH M CTPYKTYPHBIX XapakTepUCTHK MMEIOT pas3HbIH Ha-
wioH. O6pastpl 6e3 npuMeceit ¢ CUNBHBIME LIEHTPAMH XapaKTEPU3YHOTCS
JIMHEHHBIM X0[0M 3aBUcHMOcTH ApH ot pHy ¢ yriioM HakjoHa npsaMo#H K
ocu pHp B 45 rpan. IlpucyrcTeue npuMmeceit B o6paslic yMeHbLIAET yroi
HaxJIOHa NpsAMOH, a MpH HaNU4YMu ABYX 1 Gosee (a3 JHHEHHOCTb Hapy-
L1aeTcs, U SKCIEepUMEHTAIbHbIE AaHHbIE YKIAbIBAOTCA B JBE NpAMBIE,
Jaoumue ABa 3Ha4eHus pHyy,. TaHreHe yriia HaxioHa npsaMo#i k ocH abe-
LHcc Mbl Ha3Banu o6MeHHOH crnioco6HocThiO TBepAoro Tena (OC). 3Haue-
HUst pHyyr 1 OC HaxonsTcs aHaNUTUUECKH, HALIpUMep, MyTeM aIMpoOKCH-
MalUH 3KCIIEPUMCHTANBHEIX JaHHBIX B nakete «Originy. Omubka n3me-
peHuii napameTpa ApH, 3aBucsIas B 0CHOBHOM 0T onpefenenus pH pac-
TBOpA JI0 M mocie afcopbuuu, cocrapnset ~ 5%. [TorpemHocTs pacuera
napaMeTpa pHy; =% 0.1 en. pH. IorpeiisocTs pacyeTa BelUYHHBI 06-
MeHHo# cnoco6HocTr (OC) = * 0.02 oTH. ef.

Kak mnokazanu HCCJIeA0OBaHU4, NpOBEACHHBIE TNOJ PYKOBOACTBOM
T.C. MunakoBoii [9-13, 26], BenuuuHa pHy,, KOppenupyeT ¢ XUMuUue-
CKMM COCTaBOM CHCTEM, ¢ ()a30BBIM COCTaBOM, C JIKOMHHECLEHTHBIMH,
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¢doToCOPOUUOHHBIMM M (DOTOKATAIHTHYECKMMH CBOMCTBAMH  TBEPABIX
Tell, ¢ Ka4eCTBOM ONTHYECKOH kepamuku. U3ydanuch cynabduasl Metan-
JI0B MOATPYNIB! LMHKA, MOMUHOGOPHI Pa3HEIX KI1acCOB, NOMYHPOBOAHHU-
KH, IUMPOKHH KpPYT MaTepUasioB /s onTuyeckod kepamuku. Ha npumepe
cuctemnt SiOy'Bi;O; nokasaHo, Y10 TOuKaM U3NOMa JUarpaMMBbl KMCJIOT-
HOCTH COOTBETCTBYIOT 3KCTpPEMallbHble TOYKH AMarpammbl ¢a3zoBoro co-
CTOSHHUs CUCTEMBI, a B cicTeMe ZnS — ZnO napametp pH,y,, M3MeHseTcs
JWHEHHO MNpPH aJlMTHBHOM YBENMYEHHUH KOHUEHTpauuu npumecd ZnO u
9KCTPEMAILHO — IPH MOSIBIEHHH HOBOH ha3bl npUMecH.

Memoouxa usmepenus pHyum 2-m cnocobom

B paborax [17, 21=29] ykazaHo, yTo pH-MeTpUyeckue HU3MepeHus B
BOJIHOH Cpe/le OTPKAIT KUCIOTHO-OCHOBHBIE CBOMCTBA TBEpHBIX Be-
ulectB. B nuteparype (4] LIMPOKO H3BECTHO MHEHHE O BO3MOXHOCTH
JUCCOLMALMH MOJIEKYNT KOODAMHALMOHHO-CBA3aHHOH BOAB!I HAa KHCIOT-
Hbix eHTpax JIsoMca No ocHOBHOMY Mexanusmy D' ...OH7/H", a Ha oc-
HOBHBIX IleHTpax JIlouca — no kuciotHomy 307...H/OH'. B stoM ciy-
yae B pacTBOp JOJDKHBI nepeiitu nonst H' 1 OH™. MsMeHeHue BennunHEl
pH B cOOTBETCTBYIOLIEM HANpaBIEHHH YKAXKET THIl alnpOTOHHBIX LEH-
TpOB, NIpeobaaatoIMX Ha TOBEPXHOCTH.

Mertoauka npoBefeHHs 3KCHEPUMEHTa i U3ydeHHs KuHeTHku pH
CYCIIEH3MH 3aKJII0YAETCA B CIEAYIOIIEM: B OTEHLMOMETPHYECKYIO Auei-
ky BBOAsATCsA 10 Mn 6GuancTuanupoBaHHo# Boasl ¢ pH ~ 7 , u nocne cra-
6unM3aLmMy NOTeHUUANa CTEKISHHOTO MEKTPO/la ORHOBPEMEHHO C BKIIIO-
4yeHueM cekyHnomepa Bebimaercs HaBecka (0.1 r) obpasua. Cycnensus
HeNpephIBHO MepeMellnBaeTcs ¢ NOMOLIBIO MarHUTHOM Mewanku. [lep-
BEIE 3aMepBl KMCJIOTHOCTH CYCMEH3HH TpousBoastcs 4yepe3 5—10 ¢ koH-
TaKTa, MHTEPBAJl MEXAY MOCNEAYIOIHMY 3aMepaMi yBENNUUBAIOT. Duk-
cHpyeTcss W3MeHeHHE KHCIIOTHOCTH 10 HAaCTYIJEeHHs aiacopOuuOHHO-
necopbuxonHoro paBHoBecus (He Gonee 2 4). 3HaueHue pH B 3TOT MO-
MeHT npefcTaBnser coboi BenuuuHy pH .

ABToph! pa3paboTaHHO# MeTOAMKH [4] yTBEPXKIAOT, YTO BENHYHMHA
usMeHeHus pH cycneHsuu 3a nepseie 5—10 ¢ kOHTaKTa TBEpPAOro Tena ¢
pactBoputeneM (Bomo#) ApH = pHjy — pHy naer undopmaumo o Bo3-
AYUIHO-CYXOM COCTOSHHUH MOBEPXHOCTH, PH KOTOPOM B3aUMOJEHCTBHE B
CHCTEME TBEPAOE — PaCTBOPHMTENb BBIPAXKAETCH B AMCCOLMALMU MOBEPX-
HOCTHBIX TPYIII 32 CYET B3aMMHBLIX HampsHKeHHOCTeH ux noneit. Bpems
crabunusauun pH cucteMbl obpasell — BOJA IOC/IE BHECEHHMs HABECKH
CBS3aHO C W3MEHEHHUSAMHU B TOBEPXHOCTHOH KHMCIIOTHOCTH W, CJIENOBa-
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TEeNBHO, C BO3MOXKHBIMH CTPYKTYPHBIMH [peoOpa3oBaHUAMH, UMCIOLIMMH
MECTO KaK Ha TIOBEPXHOCTH, TaK U B 00bemMe 0Gpasua.

Ha puc. 3.9 npefcTaBieHb! KHHETHYECKKE KpuBbie pH B BOAHBIX CYC-
HeH3UsX (TOPHUAOB LIENOYHO-3EMENBHAIX METAILIOB.

5,6+
§,2-

48

Ah-ad 4

T Y T y T T
100 200 300 400 600 800 tc

Puc. 3.9. Knnernueckue kpusbie n3meHenns pH BoaHbIX cyc-
HeH3HH PTOPUIOB IENOHHO-3EMEBHBIX METAIIOB M MArHHA:
1-MgF, (1); 2 - MgF, (2); 3 - CaF,; 4 - SrF,; 5 — BaF,

Jins pasubix I1I3M msmeHenust pH cycreH3uH BO BpeMEHH HMeeT
pa3Hbiil XapaKTep, YTO YKa3bIBaeT Ha pa3lHyHe B KHUCIOTHO-OCHOBHBIX
cBojicTBax moBepxHocTH ¢ropunos. Usmenenne pH cycnensun (pHeyen)
BO BpPEMEHH TIpOTeKaeT Al KaXJO0ro TBEPAOro BEIECTBA C XapaKTEPHBIM
XOJIOM KHHETH4ECKHX KPHBBIX, C pa3lM4HbIM PAcIONOKEHHEM HX OTHO-
CHUTENBHO YPOBHS KMCIOTHOCTH HCXOAHOTO 3nekTponuta (pHy), ¢ pasHbiM
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BpPEMEHeM YCTaHOBJIeHHs paBHoBecHs. Tak, U1 HAHOAHCIIEPCHOTO OKCH-
Jla MarHus, Kak IoKasanM Haild MCCliedOBaHus, 3a nepebie 5 ¢ pH pesko
BO3pacTaeT OT 7 0 paBHOBECHOTO 3HadeHHA PHpas = 11.5, yxasbiBas Ha
HallYHe CHUJIBHBIX OCHOBHBIX LIEHTPOB Ha MOBEPXHOCTH 3TOoro obpasua.
WnnuBuayaneHOCTh KMHETHUECKUX KPUBBIX PHeyen=f (1) ABNAETCA OTpa-
HEHHEM KHCJIOTHO-OCHOBHBIX CBOMCTB MOBEPXHOCTH TBEpAOTO Tena H
MCMOfB3yeTcs A NPUONMKEHHON OLIEHKM MHTErpanbHOH KHCIOTHOCTH
TIOBEPXHOCTH kak Mo ofImeMy Xoly KpMBBIX, Tak M MO 3HayeHusM pH B
3KcTpeManbHbIX ToYKaxX (pH,u) MM B MOMeHT paBHoBecHs (PHo). I1pn
CpaBHEHMH HECKONBbKHX 06pa3LoB Hcnone3yioT Bennuunbl pH nocne 10 ¢
(pHyo), 2 muH (pHy) unu kakoro-nu6o Opyroro BpeMeHH ¢ MOMeHTa 06-
pasoBaHHs cCycleH3WM. B MOMEHT ycTaHOBJEHHUsA aAcOpOLMOHHO-
JecopOLMOHHOTO paBHOBecHs pH cycneH3nuy oTBeyaeT BeMUduHe PH .

JlaHHb1# cioco6 oueHkH pHy,r BBIFOAHO OTAHYAETCS OT APYrHMX CIO-
co60B cBOEH 9KCIIPECCHOCTBIO, MOGUIBHOCTBIO M NPOCTOTOH Odopmie-
Hus. KpoMe TOro, JOCTOBEPHOCTh M HAAEKHOCTh OLEHKH U30OTOYKA CO-
ctaBnaoT 90 %, a norpeurnocts — 0.05 en. pH.

MaTtemaTtuueckoe OfMCaHHe KNHETHYECKUX KPUBBIX C PUMEHEHHEM
pasmMYHBIX MaTeMaTHYeCKHX MOAeNed AaeT BO3MOXHOCTH MCIONB30Ba-
alia KNHETHYECKMX KOHCTAHT ypaBHeHMH 1A OmMcaHHs MeXaHU3Ma KH-
CJIOTHO-OCHOBHbIX NPOLIECCOB 4 OLEEHKH KHUCJIOTHO-OCHOBHBIX MapaMer-
poB TBepIoro nopoukoo6pasHoro Bewectsa [26]. B [28, 27] nokasaHkl
BO3MOXXHOCTH KOMIIBIOTEPHO# 06paboTk¥ KpHBBHIX MOTEHLIHOMETpHYe-
CKOT'O TUTpOBaHUs, Nonyuusileit HasBaHue pK-cnexTpockonuu.

K cpedcmeam uzmepenusn, BCIIOMOraTeNbHbIM YCTPOHCTBAM, PEaKTH-
BaM, MaTepuanam JJI1 AaHHOH paboThl OTHOCATCA:

— pH-meTp unu MOHOMEp; B HACTOsILIEe BPeMs UCIIONB3YyeTCs MYJb-
utect YIJI-101, umerommit nmporpaMMHoe obecrieuenne Ui MOAKIIIO-
4CHUS K KOMIBIOTEPY, Ha KOTOpOM Mpou3BoAuTcs ofpaboTka skcnepH-
MEHTaNbHBIX AaHHBIX;

— 3NeKTPOABI: XJIOpUcepeOPAHBIH, CTEKIHHBIH;

— nabopaTopHbIii BCTpAXUBATENb;

~ apcop6unoHHble KONGBI ¢ MPUTEPTHIMHU IIpoGKaMH;

— CTakaH4MKH AN u3MepeHus pH, a Taxxe pasnuuHas XxuMHYeCkas
riocyfa ANs PUrOTOBNEHHA U XpaHEHHs PacTBOPOB.
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Ifpumepnsiii nnan omuema no pabome 2

1. Teepable KUCIOTHI M OCHOBAHMS.
2. Knaccuguxauus KHCIOTHO-OCHOBHBIX LEHTPOB HAa MOBEPXHOCTH
TBEPABIX TEJl.
3. Ilpupoja NBIOMCOBCKMX M OPEHCTEJOBCKHMX LIEHTPOB Ha MOBEpX-
HOCTH TBEpABIX TEIN.
4, B3auMOCBA3b  KHUCJIOTHO-OCHOBHBIX M (PM3UKO-XMMHYECKHMX
CBOHMCTB TBEpABIX TEll.
5.Knaccudukauus MeToNoOB ONpEfENEeHUA KHUCIOTHO-OCHOBHBIX
CBOWCTB MOBEPXHOCTH TBEPABIX TE.
6. OrnipesieneHne KHUCIOTHO-OCHOBHBIX CBOWCTB MOBEPXHOCTH TBEp-
JIbIX TE€JT METOJaMH MOHHO-00MeHHO# afcopbunu.
6.1. CymHocTs MeToZIOB omnpejenenus pH H30MOHHOro CocToAHuUS
M KMHETHKM u3MeHeHus pH cycreHsuu B cHcTeMax ancopbeHT —
pacTBOp 3JIEKTPONUTA MK aICOPOEHT — BOAa.
6.2. MeToauka MpoBeAEHUs UCCIIEJOBAHHUHA.
6.3. PesynbTaThl M HX 06CYyX/ICHHE.
7. Jlutepatypa.

PABOTA 3. Huouxkamoprotii memoo onpedenenus
KUC0nHo-0CHOBHbLX CBOUCME NOGEPXHOCIU MBEPObIX men

Ilens pabomer: uccnenoBaTb KMCIOTHO-OCHOBHBIE CBOIMCTBA MOBEPX-
HOCTH TBEpAOro Tena (B AUCIEPCHOM WM HAHOAMCIEPCHOM COCTOSHHM)
HH/IMKAaTOPHbIM MeToZoM. Clienath 3aKiIFo4eHHe O THIIE M CHIIe KUCIIOT-
HO-OCHOBHBIX LIEHTPOB MOBEPXHOCTH M3y4aeMoro obpasua.

3aoauu:

1. Uzyyenue TeOpMH MHAMKATOPHOIO METOA.

2. 3HaKOMCTBO C METOAMKOH.

3. [IpuroroBneHne pacTBOPOB HHANKATOPOB.

4. TlonyyeHHe HaBBIKOB PaboThl Ha POTOINEKTPOKOIOPUMETPE, CHEK-
TpodoTOMETpE.

5. I1poBeneHune 3KCIEpUMEHTA.

6. Pacyér BenuuuHBI aacopOlLMM WHOWKATOPOB M NOCTPOEHHE CHEK-
TpoB PLIA (pacnpeseneHus LIEHTpOB afcopbuum).

7. CpaBHeHHeE NMOJY4YEHHBIX PE3YNBTATOB C pe3ynbTaramMu pH-MeTpun
A1 Mccaeayemoro obpasiia, Mosy4eHHsIX B paboTe 2.

8. Hanucanue otuéTa M ero 3aijura.
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Hnouxamopnsuii memoo. Pynxyun I'ammema.
Cuna Kucromunsix u OCHOGHBLX KEHMPOos

WupaukaTopHblit METO] sIBNISETCA OJHUM H3 NMepBhIX U Haubonee Mpo-
CTBIX CIIOCOGOB PErMcTpaLy KHCIOTHO-OCHOBHBIX LIEHTPOB Ha NOBEPX-
HoCTH TBepAbIX Tes. OCHOBY €ro MpeacTaBiseT Mpouecc aacopoLUua HH-
JIHMKaTOpoB, pK, KOTOPHIX B KaXJOM OTHENBHOM Clyyae OTBEYAET KH-
CIOTHOM CHJIE COOTBETCTBYIOLIMX LIEHTPOB Ha MOBEPXHOCTH. 3HAYEHHE
PK, ABIS€TCS OCHOBOIMOJIAraloll¥M NapaMeTpoM HHIMKaTOPHOro MeToJa.

OCHOBHBIMH JTOCTOMHCTBaMH METOZAA ABJNAKOTCA NMPOCTOTA, AOCTYM-
HOCTb M BO3MOXHOCTb M3yueHHs BCEr0 KOMILIEKCA XapaKTEpHCTHK —
KOHLIEHTPALIMH, CHIIbI U pacripefieNleH|st LEHTPOB, PyHKLMH KHCIOTHOCTH
H,, cocTaBnsoLMX KUCI0THO-OCHOBHEIH napametp (KOH) noeepxHocTH
M €ero U3MEeHeHHe 10 BIMsHUEM PasHOro pozia BO3EHCTBUH, B TOM YMC-
ne ¢ MpUBIEYEHUEM 3NEKTPOHHOH CMEKTPOCKOMMM aacopOHpOBaHHBIX
HHAMKATOPOB.

INpo6nema omnpeneneHus CNEKTPa KHUCIOTHO-OCHOBHBIX [EHTPOB
npuobpena ocoboe 3HaYEHHE B CBA3H C MCCIIENOBAHHEM aKTMBHOCTH MO-
BEPXHOCTH TBEPAOTO BEIECTBA B Pa3/IMuHBIX Mpolueccax. Pa3putHe MH-
JIMKaTOPHOrO MEeTOJa MPUMEHUTENBHO K peLIeHHI0 3TOH 3ajauM Lo B
IOBYX HampaBieHusX — THTPUMETPHH U CHIEKTPOGOTOMETPUH PacCTBOPOB,
YTO MO3BOJIMIO NMOJNYYaTh KONHUECTBEHHBIE OLEHKH CyMMapHOIo colep-
MaHUA KMCIIOTHO-OCHOBHBIX LIEHTPOB JIBIONCOBCKOTO U OpEHCTEeI0BCKOrO
Tuna. MHAMKaTOpHBIA METOA MOXET MPOBOAMTLCA B XKHUIKUX M ra3oBBIX
cpezax, MyTeM THTPOBaHMsA B BOXHBIX M HEBOJHBIX CPeJiaX, BU3yalbHO H
cnekrpodoromerpudecki. B nanHofi paborte ucrons3oBan crektpodo-
TOMETPHYECKHH METOl, MO3BONAIOLINN He TONbkO 3a(UKCHPOBATH LIEH-
TPbI Ha MOBEPXHOCTH C OMNpefeNeHHbIM 3HaueHneM pKj, HO K NPOBECTH
JuddepeHIMaLIO UX HA TPYNINBI ONPEAEIEHHOrO KHUCIOTHO-OCHOBHOIO
TWNa, @ CeNOBATENbHO, UAEHTUHULUPOBATh UX MPUPOLY, XapaKTep pe-
KOHCTPYKLHH W NepepacnpeneneHus.

MeTon UBETOBLIX HHAMKATOPOB OCHOBAH Ha TOM, UYTO, aACOpPOUPYSCh,
HHAMKATOP MOXKET MEHATh OKpacKy, KOTOpas ABJIAETCA MEPO# KUCIOTHO-
cTH (OCHOBHOCTH) MOBEPXHOCTH. B kauecTBe KUCIOTHO-OCHOBHBIX MHAHU-
KaTOpPOB HCMOJb3YIOT cllabbie OPraHMYECKUe KUCIOTH! M OCHOBAHMA, OK-
packa mMoneKynapHOH ¥ MOHHOH (HOPM KOTOpBIX pasnnyaeTcs. ITO CBsA3a-
HO C TeM, YTO B MpoLlecce AUCCOLMALMY MHIMKATOPA MPOUCXOJUT TAyTO-
MepHas MeperpynnupoBKa, NPHBOAAILAA K W3MEHEHHIO CTPOEHHMs MoJle-
Kynbl, 06yCIOBNHBAIOLIETO OKpacKy coeauHeHHs. Hsydyenue cBolicta u
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CTPOCHHUS KHUCJIOTHO-OCHOBHBIX HHAUKATOPOB B BOAHbLIX paCTBOpax Mnoka-
3bIBAET, YTO HECMOTPS Ha CJIOXKHOCTb MPOLECCOB, ONPEACIISIOIIUX U3ME-
HEHHE HMX OKpack, MX MOXKHO OMNHUCATh C NMOMOLUBIO KJIacCH4ECKOro

YPaBHEHHS KHCJOTHO-OCHOBHOTO paBHOBecusi Hind <> H* +Ind™ (HInd -
MonekynsipHas ¢opMa; fnd — aHHOHHas (OpMa), XapaKTEepH3yIOLIErocs
KOHCTaHTOH AMCCOLHAaLMH

K = TH” " Ind

(3.8)
AHind

The dy.,d,_,-,dy,y— TEPMOAMHAMUYECKUWE aKTHBHOCTH NPOTOHA, OC-

H*?
HOBHOM M KUCIOTHOH ¢opm uHAMkaTopa. KoHCTaHTa AMccoLManyu HH-
QMKaTOpOB 3aBHCHUT OT MHOTHMX (hakTopoB — pH, HOHHOI CUJIBI pacTBOpa,
(ha30BOro cocTaBa UCCEAYEMbIX CUCTEM, IPUPOABI PACTBOPUTENS.

Cua KUCNOTHBIX HEHTPOB NOBEPXHOCTH TBEPJOrO Teja Onpeleser-
sl CMOCOOHOCTBIO NOBEPXHOCTH NMEPEBOAMTH aJCOPOUPOBaHHbBIE MOJIEKY-
JIbI OCHOBaHMs M3 HeHTpanbHOH (DOPMBI B CONMPSIKEHHYIO KHCIIOTHYIO.
@ynkuus kucnotHoctd ['ammera Hy ecTe Mepa KHMCIOTHOCTH cpelibl, B
KayecTBe KOTOPOH B JaHHOM Clly4ae BBICTYNaeT MOBEPXHOCTb TBEPAOro
BeuiecTBa. MYHKLMA KMCIOTHOCTH B Clly4Yae NMpPOTEKAHHUs peakLuH C Ie-
peHOCOM MPOTOHA OT NOBEPXHOCTH K MHAKKATOPY-acopbaTy paBHa

H :_M:pKW + 1gl]n_dl (3.9)
° f[-llml ) l‘HI dl

a B CJIy4ae peakuuy ¢ MepeHOCOM JJIEKTPOHHOH Naphl OT MHAMKATOpA K
[I0BEPXHOCTH:

S L | [mar] (3.10)
f Alnd [A ]
rae GH* ,d ,— AKTUBHOCTH TMpPOTOHA M KHCJIOTHI JIstouca (alcuen'ropa

n
7 QU
[Hind] = [amnd]
UMM nap HeHTpalbHOE OCHOBAHHE — COMPSKEHHas — KHUCIIOTa;
S s Seana > fama — COOTBETCTBYIOWME KOIDOULMEHTH akTUBHOCTH. Ta-

SJICKTpOHHOﬁ I'Iapbl) COOTBETCTBEHHO, — KOHIIeHTna-
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Kum oOpasoM, Hy ompefenser BeJUYUHY WHAMKATOPHOTO OTHOMIEHHS

Ind” U Ind” , OTBEHYAIOLWETO COOTHOILEHHIO Pa3IHuHBLIX (GOpPM
[Hind [4Ind]
HHAUKaTOpa.

Hcnonssyercs u apyras ¢opma 3anHCH An8 KMCNIOTHO-OCHOBHOTO PaBHOBECHS
unauxaropo. Koncranta pasHosecus peakunn BH* <> B + H " pasna

K st — -— . N @3.11)
BH* J BH* “BH*
re g — TEPMONMHaMUHECKas aKTMBHOCTh NPOTOHA, Cpg,Cpp . — KOHUEHTpAUSA

o ..
ocHoBatnd B u ero npotounsuposannoii gopmer BH'; f,, fBH. — ko3dduLmenHTs!

AKTMBHOCTH.
Obosuaums —Ig K ... = pK , nonysaem u3 ypasHeunus (3.11)

lga,. - /s = pK -iglm _ g (.12)
BH* s

rae Hy — Tak HalpiBaeMas GyHKUMS KMCIOTHOCTH, XapaKTepu3yioinas MpPOTOHOAO-
HOPHBIE CBOKCTBA NOMOr€HHO#M Cpejibl.

Cuna xucromuulx yesmpoe TNOBEPXHOCTH TBEPAOro Teja, COornmacHo
Vonnuury, onpeaensiercs cnocoGHOCTBIO MOBEPXHOCTH NEPEBOAUTH ajf-
copOupOoBaHHbIE MOJIEKYJIbI OCHOBAHHS W3 HEHTPANbHON B CONPSKEHHYIO
KUCJIOTHYIO dopMy.

Cuna OCHOBHBIX LIEHTPOB NMOBEPXHOCTH TBEPAOIO TeNa ONpeaeseTCs
KaK CMOCOOHOCTb NpeBpalaTh aAcopOUpOBaHHBIA JNEKTPHYECKH HEM-
TpaNbHbIA KUCIOTHBIA MHAMKATOP B €ro COMPSHKEHHYIO OCHOBHYIO ¢oOp-
My, T.e. CIIOCOGHOCTb MOBEPXHOCTH NEpeJaBaTh 3JIEKTPOHHYIO mapy aj-
cop6UpOBaHHOMN KHUCIIOTE.

Memoo eu3yanvrol oyenKu U3MEHERUR OKPACKU
uHOUKAmMopos

Oxpacka MHAMKATOpa, aAcOpOMPOBAHHOIO Ha MOBEPXHOCTH, CIYKHT
Mepoil ee KUCIIOTHOCTH: €C/IM OKpacka COOTBETCTBYET KMCIOTHOM (opme
MHAMKATOPa, TO QYHKLUA KUCIOTHOCTH IOBEPXHOCTH Hy paBHa WM HU-
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xe 3HayeHus pK, uHaukatopa. MeHblune 3HaYeHUs Hy COOTBETCTBYIOT
6onblueil kucnotHol cune. Takum obpasom, JUid MHIMKAaTOpPOB, U3Me-
HSIIOIMX CBOIO OKPacKy, KHCIIOTHas CUJla MOBEPXHOCTH TeM Gouiblie, YeM
Huxe pK,. Hanpumep, TBeproe Teno, faollee XelTyio OKpacky npu aj-
copbuuu GensansanerodpeHona (pK, = — 5.6), Ho becuBeTHOE TIpH an-
copbuuu aHTpaxuHoHa (pK, = — 8.2), MMeeT KHCIOTHYIO cuiy Hg Mexy
-5.6 u -82. Tsepmoe Teno, umeromee (GyHKIUIO KUCIOTHOCTH
H < -38.2, 6yner nepesoauTs B KUCIOTHYIO (GOpPMY € COOTBETCTBYIO-
IMM U3MEHEHHEM OKpacKH BCe OCHOBHBIE WHAuKatopwl (¢ pK, +6,8 +

—8,2). Ecnu TBepmoe Teno He M3MeHsAET OKpackd HH OJHOIO M3 3THX
WHAUKAaTOPOB, KMCIOTHas QyHKIHMA 3Toro aacopbenta Hy = + 6.3 wu
naxe Hke (Hy > + 6.8).

IMpakTuecku onpejeneHue KUCJIOTHOCTH MPOBOAUTCSH ClIEAYIOLIMM
obpazoM. Okono 0.2 Mn o6pa3La B OpomKoo6pa3HOM BUJE OMEILAIOT B
npo6upKky ¢ 2 MJI HEMoJSPHOrO PacTBOPHMTENs, COAEPHAILEro OKOJIO
0.2 Mr uBUKaTOpa, U HEKOTOpOE BpeMs BCTpAXHBaIOT. Ecli nMeeT mo-
CTO ancopbuKsl, TO CpaBHUTENBHO OBICTPO HabMOAaeTCs pe3Koe U3MeHe-
HMe LBeTa WHAMKaTopa. B kauectBe pactBopHTeneii Gepyt GeHzon, uzo-
OKTaH, JIeKaNMH, LMKJIorekcaH. B oTAenbHBIX Cilyuasx As onpeneneHus
CHITBI KHCJIOTHBIX LIEHTPOB MCMONB3YIOTCA U Hp — HHIHMKATOpBI (apUiMe-
TaHOJBI, pearupyrouye ¢ o6pa3oBaHHeM HOHOB KapOoHHu#).

WHaukaTopHbiii MeTon ObUT MpeuioxkeH YOJUIMHIOM M APYTHMMH HC-
ceJioBaTeIsIMH U LIHPOKO HCTIONB30BANICA BO MHOTUX HCCIIEIOBaHHSIX.
IMpenmymecTBo MeTosa, HECMOTPS Ha HEKOTOPbIE OrpPaHMYeHHUs, 3aK/IH0-
YaeTcs B BO3MOXXHOCTU CPaBHUTENIBHO MPOCTO OMPEeNEeNIuTh OTHOCHTENb-
HYIO CHJIy KUCIOTHBIX LIEHTPOB. TPYAHOCTU B OmpenesieHUH U3MEHEHUs
LIBETa AN OKpAIIeHHbIX HJIH TEMHbIX 06pa3LOB MOXHO MpPEeOAOJIETh, HC-
nosb3ys cMech HcciefyeMoro obpa3ua u 6enoro BellecTBa C U3BECTHOM
KHCJIOTHOCTERIO HJTH CMIEeKTPo(OTOMETpHUecKUit METO peruCTpaLMu.

Cnexmpodomomempuuecxuii Memoo

Bcrenctsye HETOUHOCTH ONpEENeHHs TOBEPXHOCTHOM KUCIOTHOCTH
BH3YallbHbIM METOJOM C NMPUMEHEHHEM MHAMKaTOpoB [aMmeTa uccrieno-
BaHMs MPOBOAATCA criektpodoTroMeTpuyecki B Y®- u Buaumoi obnac-
TAX CMEKTpa.

Ancop6Lus KpacuTess — akT MCHOBEHHBIN. 3HauUTeNbHAs pa3HUIA B
CKOPOCTAX aCOPOLMH KpacHTeNs M IHEPreTHYECKOW NepecTpoiku mo-
BEPXHOCTH MOJ BO3AeHCTBHEM BOJBI, CBA3aHHOW C U3MEHEHHEM YIJIOB U

252



ANUH CBS3¢H B PELUETKE, MO3BOJIAET 3aPErHCTPUPOBATh T€ M3MEHEHHUs B
KHCJIOTHO-OCHOBHBIX XapakTePUCTHKAX LIEHTPOB afcopbuuu, KOTOpbIE
NIPOMCXOAAT B pe3yJibTaTe paspyllieHHs eCTECTBEHHOro MAPATHOro Mo-
KpOBa NpM AaHHOU TeMnepaType. B cBA3M ¢ pa3sHbIM CTPOEHHEM, IJICK-
TPOHHOHA CTPYKTYpO# ¥ 3HaueHuAMHU pK, Ans BOAHBIX PaCTBOPOB peareH-
Thl B3aUMOJEHCTBYIOT C Pa3sHbIMM LIEHTPaMH, OTJIMHAIOLUMMHUCS APYT OT
npyra sHeprue#t cea3u. Hanuuue nonoc B cnexTpe ancopObusy roBOpHT 0
NPUCYTCTBUY Ha MOBEPXHOCTH Pa3IMYHBIX IHEPrEeTHYECKUX TPy LEH-
TPOB, KOTOPBIE MOTYT GBITH OXapaKTEPH30BaHb MHTETPAILHBIM 3HAYCHH-
eM pK, onpenensiolmyM UX TUIT U CILTY.

JanHan MeTOLMKa NO3BOJISET OLEHHTh CYMMapHYIO KMCIOTHOCTh MO
JIstoucy u bpeHcTedy ¥ BHIDa3sHTh ee yepe3 OpeHCTeNOBCKyIO KHCNIOT-
HOCTb. YBEMYEHME KOJMYECTBA LIEJOYHBIX LIEHTPOB B CriekTpe Gyner
rOBOPUTH 06 yCUIIEHHM aKLIENTOPHBIX CBOKCTB, YMEHBIUEHUE HX COAEP-
XaHWs — O BO3PAaCTaHUHU AOHOPHBIX.

ITonGupas 1 npuMeHss 60MbIIOE YUCTIO HHAMKATOPOB C Pa3IMYHBIMU
3Ha4€HUAMHU pK,z, MOXXHO OXBAaTHTh MHTEpPBaJ TBEPABIX BeLIECTB ¢ GoMb-
UM pa3iMideM B QYHKUMM KMCJIOTHOCTH, CPaBHHTENBHO MPOCTO Olie-
HUTb OTHOCHMTEJILHYIO CHIIy KHMCJOTHO-OCHOBHBIX LIEHTPOB, NPHCYTCT-
BYIOI[MX Ha MOBEPXHOCTH, H, ONPEAEIUB KOHUEHTPALMIO, MOJYYUTh pac-
NpeesICHUE UX 110 TUIY M CHIIE.

Hcropus MeTona HauMHAETCS C TOrO MOMEHTA, Koraa [FamMmer, BbI-
IBUHYB B 40-X rogax mpeicTaBieHHe O (QYHKUWM KMCJIOTHOCTH JUIA Xa-
PaKTEPUCTUKM BOAHBIX PACTBOPOB, MNPEAJIOXHII CEPUIO HMHIUKATOPOB,
NO3BOJIAIOIIMX KOHTPOJIMPOBATh Pa3/IM4HBIE CPE/ibl B ILMPOKOM [1anaso-
ne pH. YomnuHr nepenec noHaATHe (PyHKUMM KMCIOTHOCTM Ha Ciy4Hait
TBEPABIX MOBEPXHOCTEN U BNEPBLIE MPUMEHHUI METOJ I MCCIIENOBAHUA
Pa3NMYHBIX KJ1ACCOB BELIECTB, HCMONB30BAB Js 3TUX Lenell Habop «uH-
auxatopos 'ammeray. IlocnemoBarenu YosmHra pacluMpuid accopTH-
MEHT pearecHTOB M JOCTYNHbIA [nd uccnefoBaHuit Auanaszon Hy. B
Tabn. 1 npencrtaBiieH MepeyeHb WHAMKATOPOB, HUCMOJB3YKOLIMXCA B Ha-
CTOslee BpeMs Ul ONpPEAESICHNS KUCIOTHO-OCHOBHBIX CBOHCTB TBEPABIX
Te.
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KHCI0THO-0CHOBHBIE HHAHKATO pol

Tabnuya 1

Ne /ot Huaukarop PK, Ama, Iepexon
HM OKpackH

1 2,4-AUHUTPOAHUIIUH -4.40 360 6.11.— XKENT.
2 2.4-nuxXn0p-6~HUTPOAHUIHH -3.22 6.11. — xenT.
3 n-Hutpoaudennnamun -2.40 6.1 — 6.11.

4 4-X 10p~-2-HUTPOAHUIKH -0.91 410 6.11. — XenT.
5 O-HutpoaHunux -0.29 410 6.11. — *KenT.
6 IukpuHOBas KKCAOTA +0.71 6.1 — 6.11.

7 Kpucrannuaeckuit puonerossit | +0.80 580 6.11. — puon.
8 n-HuTpoaHunux +1.10 364 6.1, — *KenT.
9 BpunnuaHTOBSIM 3eneHbH +1.30 610 6.u. —3en.
10 DykcHH (OCHOBaHHUE) +2.10 540 6.11. — MaHH.
11 M-Hutpoanunun +2.50 340

12 M-XTIOpPHUTPOAHUTHH +3.34

13 MerunoBstif opamxesbii +3.46 460 HET. — OPaHK.
14 n-XIOPHUTPOAHUIMH +3.98 6.11. — XKEnT.
15 BpoMmdenonosiii cuHuit +4.10 590 HEJT. — CHH.
16 MeTunoBsIi KpacHBIH +5.00 430 HENT. — KpacH.
17 XpusonauH +5.50 MENT. — KPacH.
18 0 — ANHUTPOGEHON +6.00 6.11. — *KenT.
19 BpoMKpe300BEIH IMypnypHsii +6.40 540 KENT. — MyPIL.
20 o-HutpodeHon +6.90 6.11. — XKeaT.
21 n-Hutpodenon +7.15 360 6.11. — xenT.
22 BpoMTHMOIOBEIH CUHHM +7.30 430 HKENT. — CHH.
23 DeHONOBBIH KPACHEIH +8.00 430 KEJT. — KpacH.
24 M-HutpodeHon +8.40 6.11. — xenT.
25 TumonoBsI cUHUR +880 | 430
26 n-Xnopdenon +9.38 6.11, — xKenT.
27 Iupokarexux +9.45 MENT. — MypIL.
28 DeHon +10.0 6.u. — 6.1
29 Hunbckui romyGoi +10.5 640 po3. —roun.
30 Tponeoaun 0 +12.0 440 6.11. — xenT.
31 HnaurokapmMuu +128 | 610 6.1. — cHH.
32 MaHHuT +13.1 6.1 — 6.11.
33 OTHACHIIHKONB +142 | 200 6.1, - 6.11,
34 m-JIunurpobeHson +16.8 315
35 2.4-IUHUTPOTONYO NI +17.2 250 6.u. — 6.1
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3Kcnepumenman bHAR Yacmoy

Memoouxa onpedenenun xkucromruocmu
UHOUKAMOPHLLM MEMOOOM

AHanM3 NOBEPXHOCTHOH KHCJIOTHOCTH 1O acopGuuM KpacuTenel u3
BOIHOH cpeApl [POBOAAT cleayloiluMm obpasom. HaBecku o6pasua
(0.02 r) nomewalOT B MepHble POGHPKH €MKOCTHIO 5 MJI, TPHIHBAIOT
HyXHbli 06beM HHIMKATOPA C ONpEJENeHHbIM 3HaueHHeM pK,, NOBOAAT
JIO METKH pacTBOpHTENIEM U BhINEPXKHBAIOT B TeyeHHe 2 Y4 (10 YCTaHOB-
NeHus paBHoBecus). ONHOBPEMEHHO MPOBOAAT «XOJNIOCTOM» OINBIT, Y4H-
THIBAIOIHH BJIMAHHE B3aHUMOAEHCTBHA 06pasua ¢ pacTBOPHTENIEM Ha M3-
MEHEHHE ONTUYECKOH MIOTHOCTH B pouecce aacopbuuu kpacutens. s
3TOro HaBeckH o6pa3ua 3anuBatoT 3—4 My pacTBOpUTeNd (B AaHHOM CIIy-
1€ — JUCTHJUIMpoBaHHas Boja). O6e HaBeckd NepeMeInMBalOT BCTPAXH-
BaHueM. Ilo okoHd9aHun copbLMH pacTBOPEI LEHTPHDYTHPYIOT, AEKAHTH~
pyloT. PacTBOp ¢ HaBeckH a; (POTOMETPHPYIOT OTHOCHUTENBHO PacTBOPHU-
Tens (BoAbl), moiy4yas 3HayeHHe Dj. B JekaHTaHT «XOJIOCTOro» OnbITa
Jo6aBnsoT HeobXonuMBeIii 06BbeM pacTBOpa MHAMKATOpPA, PaCTBOPUTEND
(Boay) 0 S MII H ONpPEAENAOT ONTHYECKYIO INIOTHOCTh Dy OTHOCUTENBHO
pactBopuTens (BoAwl). [IpeABapHTENBHO ONPEAENAIOT ONTHYECKYIO IJIOT-
HOCTh MCXOJHBIX PacTBOpOB MHAMKaTopa Dy Bce onpeneneHus nposo-
natca Ha orokonopumerpe KOPK-2 B xiosetax ¢ / = 1 cM npu JuimHe
BOJIHBI, COOTBETCTBYIOLIEH MaKCHMyMY MOTJIOUIGHHA pacTBOpa MHIMKa-
TOpa.

KoHueHTpauHIo akTHBHBIX LEHTPOB (g) JAHHOH CHIIBI, S5KBUBANEHT-
HYIO KOJNIMYECTBY ancopGHpPOBaHHOTO KPAaCHTENs, paCCUMTHIBAIOT MO ¢op-
Mmyne

|D0 —| |, [0 T4 313
q 4y, = Ml SRR
vE D, a

a,

[€ Cing — KOHLEHTPALUA UHAUKATOpA, MONB/T; Vipg — 06BbEM HHAMKATOPA,
B3ATOTO A aHanu3a, MII; Dy — oNTHYeCKas INIOTHOCTh pacTBOpa MHIAH-
karopa Ao copbuuu; D) — onTHYeckas [UIOTHOCTh PACTBOPA UHIAMKATOPA
nocine copbiuu; D; — ONTHYECKas IUIOTHOCTh PacTBOpa MHAWKATOpa B
«XOJIOCTOMY OIILITE; 4), a; — HaBeCkH 06pa3sua COOTBETCTBEHHO B «pabo-
4YeM» U «XOJIOCTOM)» ONbITAX, T.
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3HaK «—» COOTBETCTBYeT OJHOHANpaBleHHOMY H3MeHeHHIo D) u D,
OTHOCUTENBHO Dy, T.6. D1 u Dy > Dy unu D) <Dy, Dy <Dy .

3Hak «+» COOTBETCTBYET pa3HOHANpaBIEHHOMY H3MeHeHHIO Dy, D
OTHOCHTENBHO Dy , T.6. Dy> Dy, D, < Dy v Dy < Dy, D, > Dy

Pesynbrathl Bcex U3MepeHUil M pacueToB KOMWYecTBa COpOGUpOBaH-
HOTO HHJMKAaTOpa Hy>KHO cBecTH B Tabnuuy. Ha ocHOBaHUH MOMy4eHHBIX
JIAHHBIX MOCTPOUTh KPHUBYK) paclpefeieHHs KUCIOTHO-OCHOBHBIX LEH-
TPOB Ha TMOBEPXHOCTH HCClefyeMoro ofpasua B KOOpAHMHATax

qua = f(pKa )

PeaynnTaTel n3mepennii H pacueTa KoanuecTBa cOpGHPOBAHHOrO

HHIHKATOPA
Ne Clnas Vinas G
wn | Ind | pK, HM MOJb/T Mi | Dy | Dy D, Pe

MOJIB/T

OTHOCHTENbHAs NOrPEIHOCTE PE3YNLTATOB ONpeNeeHHs COAepika-
HHS aKTHBHEIX HEHTPOB He npesbimaeT 15%.

IMockoneky Hy MOBEPXHOCTH ABNAETCSA BEIHYUHON CPEIHECTATUCTH-
4eCKOH, ee NPHOIHKEHHO ONpPeENAIOT U3 CNEKTPOB pacrpejie/ieHus Ku-
CJIOTHO-OCHOBHBIX LIEHTPOB MO $opMyne

ST SNT.Y (.14

C

Hmes criekTpel pacnpesieNieHHs LEHTPOB afcopOLuM Ha MOBEPXHO-
CTH, MOXXHO OTAENLHO PacCHUTHIBATh Hy /s LeHTpoB JIblouca i LIEHTPOB
BpeHerena.

Kak noxasano B [4], 3KciepHMEHTANIbHBIM KPUTEPHEM OLIEHKH H3Me-
HEHUs JOHOPHO-aKLENTOPHOrO PABHOBECHS MOXET GbITh KOMILIEKCHAs
XapaKTEepHCTHKA, B KauyeCTBE KOTOPOH MOXKET BHICTYyNaTh KHUCIOTHO-
ocHoBHeii mapametp (KOIT), ceasbiatowmuit kooneparusubie (Hg) u no-
KanbHble (pK,;) cBOHCTBa IOBEPXHOCTH TBEPAOro Tena.
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B Ttabn. 2 u Ha puc. 3.10 B kauecTBe nmpuMepa NMPUBENEHB! KPHBbIE
piChpelieNIeHls HEHTPOB aacopOLy Ha MOBEPXHOCTH GTOPUAIOB LIENOU-
HO-36MENBHBIX METaJlIoB, MOCTPOEHRbIE B KOOpJMHaTax

q. = f(PK,)TAE g ¢ — COnepXaHUe aKTHBHLIX LIEHTPOB, SKBUBAIICHT-

HOE KOJIMYECTBY aAcOpPOMPOBAHHOrO MHIMKATOpa NAaHHOH KHMCIOTHOMN
cunbl (pKy).
Tabauya 2
Pe3ybTaThl H3y4eHHS KHCIOTHO-0CHOBHBIX CBO#HCTB (ropHaos
I[€e/104H0-3eMeJbHLIX METALI0B HHAHKATOPHBLIM METOAOM

. 9.k -10* Mons/T
PRe MgFg) | MeFa2) SF, | CaF, BaF,
03 | 299 116 1163 | 75 534
0.8 2.95 121 4093 | 155 0.28
L1 2.40 2.13 390 | 4.80 168
i3 761 417 0 5.87 0.88
2.1 437 0.66 225 | 269 133
25 7.65 5.59 1296 | 322 7.56
35 5.44 2.12 725 | 9.46 3.70
4.1 2.83 4.5E 0.92 25 0.51
5.0 1.23 3.75 14.9 10.5 6.49
64 1.55 3.40 138 | 042 1.30
72 722 6.67 187 | 950 1.38
73 4.08 5.36 526 | 5.6 10.4
80 1.84 2.93 586 | 5.86 2.65
8.4 125 2.5 2.56 | 5.3 0.83
105 | 08 6.10 171 4.5 141
120 | 047 18.1 208 0 14.6
12.8 | 4.5 5.11 262 | 357 1.5

Ha ocHOBaHMM HCClieNOBaHus TMAPOKCUIBHOTO NIOKPOBA, KMCJIOTHO-
OCHOBHBIX CBOMCTB NOBEPXHOCTH (TOPHMIOB IEIOYHO-3EMENIBHBIX Me-
TalJIOB U MarHus pasiuuHbiMu Metogamu (puc. 3.9, 3.10) B xaHauAat-
ckoii aucceprauun A.B. Pynakosoii [12] (nayu. pyk. T.C. Munakopa)
BIEpBLIE COCTABJIEHO NPEACTaBIeHHE O JOHOPHO-AKIENTOPHOH MOAenu
nosepxHocTd MeF,, BkIouatowieli KUCIOTHO-OCHOBHYIO CXEMY € M-
¢epennuanmeii obnacreft uentpos JIptouca u bpencTena, KMCIOTHO-
OCHOBHOU MapameTp, CBA3bIBAIOLIMI JJOKAIbHbIE U KOONEPATUBHbIE CBOMH-
CTBa MOBEPXHOCTH, U UX ONHUcaHHUe. YCTaHOBJIEHO NpOABNEHHE B CIEK-
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4 10 * o/ v

N

4 2 5 2 4 & &8 10 12 14 16 u pK

Puc. 3.10. Ciek1ph! pactipe/IeieHIs IIEHTPOB acopOIMI Ha
TIOBEPXHOCTH (hTOPH/IOB IIETOUHO-3eMENBHBIX METAIIIOB U
marHus: 1 — MgF, (1), 2— Mgk, (2), 3 — Cal,, 4 — StF»,

5 —BaF,

Tpax pacrpeaencHus LEHTPoB axcopOiwi MeF, xumudeckoi npHupoas!
KaTHOHA M aHWOHA, 30HHOM cxeMbl kpuctamios MeF,.
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Mpumepnsiii nnan omuema no paome 3

1. ®yukuus Fammvera, pK, n pK,.

2. IHIMKATOPHBIHA METOJ ONpeleneHusi KUCIOTHOCTH M OCHOBHOCTH
MOBEPXHOCTH TBEPABIX Tell.

2.1. Teoperuyeckue OCHOBBI METOJA.

2.2, Usyuenne ancopOuMH MHAMKATOPOB METOLOM (OTOKOIOPHU-
MeTpHU. MeTonuka.

2.3. PacueT BenMuMHBI aficop6LUMMY MHAMKATOPOB Ha HCCIEAyeMbIX
obpasilax, noctpoenue crnekrpos PLIA.

2.4. O6cy>x/eHUe IONY4YeHHBIX pe3yJiLTaToB.

3. 3akmovenue (aHanmu3 pe3yNBTaTOB W3YYEHHsI KUCIOTHO-OCHOBHbIX
CBOHCTB MOBEPXHOCTH HM3yYaeMbIX aiCOPOEHTOB, MONYYEHHBIX Pa3HBIMH
METOJIaMH).

4. lutepaTtypa.

JIUTEPATYPA K JIABOPATOPHBIM PABOTAM 2 ¥ 3

1. Tanabe K. TBepable KUCNOTs! M ockoBanus. M.: Xumus, 1973. 183 c.

2. Moppucon C. Xumuueckas $u3vka MOBEPXHOCTH TBepaoro Tena. M.: Mup,
1980. 488 c.

3. Adcopbyus u3 pactBOpOB Ha MoBepxHocTsx TBepasix e / [lox pea. I'. Ilap-
¢ura, K. Poyecrepa. M.: Mup, 1986. 485 c.

4. Hevunopenro A.I1. [JoHOpHO-aKLENTOPHBIE CBOACTBA MOBEPXHOCTH TBEPABIX
OKCHIIOB U xanskoreunaos: Jluc. ... k.x.u. CII6., 1995.464 c.

5. Kyopswoea A.H. KHCIOTHO-OCHOBHBIE CBOHCTBAa IOBEPXHOCTH OKCHAOB
KPEMHHA, ATIOMMHHSA, [MHK3, MarHMA M MX M3MEHEHMS B MPOLECCAX CTPYKTYPHO-
XMMHYECKHX npeBpatueHuii: Jluc. ... k.x.H. J1,, 1987. 221 c.

6. layraumuc E.A. Karanus u karanusatopsl. (PyHAaMmeHTalbHblE HCCNEAOBa-
#ua. HoBocubupck, 1998. 88 c.

7. Xumusn NPUBUTBIX AOBEPXHOCTHBIX coennHennii / [Ton pea. I.B. Jlucuukuna.
M.: ®uamatnur, 2003. 589 c.

8. Munaxosa T.C. Ancop6uuoHHBIC, KaTalnuTHueCkue M Apyrue ¢usmko-
XMMHYECKHE CBOJiCTBa CyJb(HMAOB META/LIOB MOATPYNmsl UMHKA: JIMC. ... K.X.H.
Tomck: TI'Y, 1967. 176 c.

9. bopoouna T.A. ViccnenoBanue aacopOLUHMOHHBIX M (OTOCOPOUMOHHBIX MpO-
UecCcOB Ha LMHK-CynbuaHbIX kpucTamiopocdopax: uc. ... k.x.H. Tomck: TI'VY,
1978. 163 c.

10. Epemuna H.C. TloBepXHOCTHblE CBOHCTBA OKCHIOB KpeMmuus, Gepuinug,
CBMHLA M UX BIMSHUE HA BJAro3atiUTHOE NEHCTBUE MOMUMEPHBIX IIEHOK M MOKPLI-
Twii: Juc. ... k.X.H. Tomck: TI'Y, 1984. 163 c.
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11. Mewepaxoe E.II. Copbumonusie, ¢oTo- M PEHTTEHOCTHMYIHPOBAHHBIE
npoLeccs Ha (GTOpMmax WieNOYHO3EMCIBHBIX METANNOB ¥ MarHus: JIMc. ... K.X.H.
Tomck: TI'Y, 1995. 156 c.

12. Pydaxoéa A.B. OUIMKO-XMMHMS MOBEPXHOCTH (TOPUIOB ILENO4HO-
3eMENBHBIX METALIOB M Marius H GOTOCTHMYIHPOBAHHLIE MPOUECCHI, MPOTEKAIOIIME
Ha Hux: JJuc. ... k.x.H, Tomck: TTY, 1999. 160 c.

13. Hxonnuxosa JI.®. B3auMOCBA3b NOBEPXHOCTHBIX U CTPYKTYPHbIX CBOMCTB
Cyns(hpuaa UMHKA C ONTHYECKMMH XapakTEDHCTHKaMM H3JENHH Ha €ro OCHOBE:
Juc.... x.x.H. Tomck: TI'Y, 2002. 138 c.

14. bonomoe B.B. Bnuanue cnoco6a MognMLMpoBaHHs HA IPUPORY AKTHBHBIX
LIEHTPOB H KATAIMTHYECKYIO aKTHBHOCTH LieonuToB THna ZSM-5 B mpouecce copme-
CTHOM KOHBepcHM HM3WMX ankaHoB C3;-C4 W MertaHona: [luc. ... k.x.H. Tomck: TT'Y,
2007.119¢c.

1S. Kucnomro-ocHoensie cBoiicTBa nosepxHoctH TBepasix Ten. Y. 1. JlaGopa-
TopHeie paGothl / Cocr.: T.C. Munakosa, B.H. Benoycosa, JL.®. Hkonuukosa,
T.I1. Ornesa. Tomck: TTY, 1991. 34 c.

16. Memooduuecxue MaTepuansl 1 NpakTHYeckue paboThl M0 ONpPEAEAEHHIO KH-
CNOTHO-0CHOBHBIX cBoiicTp nosepxHoctd / Cocr.: J1.®. Hronnukosa, T.C. Munako-
Ba, K.B. Hxonnnkosa, }0.C. Capkucos. Tomck: TTACY, 2003. 30 c.

17. Cornell R.M., Posner A.M., Quirk J.P. //J. Coll. Int. Sci. 1975. Vol. 53, Ne6.
P. 1667-1690.

18. bBeiimc P. Onpenenenue pH. Teopus n npakruka. JI.: Xumus, 1968. 400 c.

19. Parks G.A. and de Bruyn P.L. The zero points of charge of oxides // J. Phys.
Chem. 1962. Vol. 66, Ne6. P. 967-973.

20. Heuunopenxo A.I1., Kyopauiosea A.H. Viccnenobanue KHCIOTHOCTH TBEPABIX
nopepxHoctelf Merogom pH-merpuu // Xypuan npuknaguodt xumuun. 1987. T. 60,
Ne 9. C. 1957-1961.

21. He penko AT, Byp T.A., Kanoyoe C.H. VHankatopHsiii MeTon
MCCIIEN0BAHHMA NOBEPXHOCTHON KMCIOTHOCTH TBEpABIX Ten // Xypuan obiuel xumuu.
1985. T. 55, Bemn. 9. C. 1907-1912.

22. Hronnuxosa JI.®., Munaxosa T.C., Heuunopenxo A.I1. TIpumenenue UHIu-
KaTOPHOI0 METOJA MCCNEN0BAHHA CyNb(HA LIMHKA MAPKH «IUIS ONTHYECKON KepamH-
ku» // ¥ypuan npuxnanHo#t xumun. 1990. Ne8. C. 1708-1714.

23. Maiidanoackasn JI.T. O B3alMOCBSI3H 2COPOLMOHHO-KaTaM THUECKMX U
IpYrux GU3NKO-XUMHUECKHX. ... Aptoped. guce...a.x.H. Tomek: TT'Y, 1967. 41 c.

24. Maiidanoeckas JI.I. O BOZOPOAHOM MOKa3aTene U303NEKTPOHHOTO COCTONA-
Hus aMoTepHsIX Karanusatopos // Tpyast Beecoros. kong. «Karanutuueckme peak-
UMK B XKUIKOH dasen. AnMa-Ata, 1963. C. 212-217.

25. Cysmanos O.A. O BOJOPORHOM MNOKa3aTeNle M3OINEKTPOHHOTO COCTOSHUS
oxcuaos // Tpyast I xoud. Monompix yueHsix-xumuxos r. Tomcka. Tomck, 1970,
C. 121-130.

26. Munaxoea T.C., Hronnuxoea J1.M. u dp. MateMaTHuecKoe OMMUCAHUE KHMHE-
THYECKHX KDMBBIX MPH HCCEJOBAHHM KHMCIOTHO-OCHOBHBIX CBOWCTB MOBEPXHOCTH
TBepakIX Te Merofom pH-metpun // IlonndyukunonansHble XuMHYECKue Marepua-
Nl M TexHONOruK: Marxep. kong. Tomck: TI'Y, 2007. C. 346.
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27. Psasanoe M.A., yoxun b.H., Acxaboe A.M. U3yueHne KHCIOTHO-OCHOBHBIX
cpoicTB BoaHbIx pacTBopoB CuSO, Meronom pK-cnexrpockonuu // [lpoGnemsr Tep-
MOAMHAaMUKM MOBEPXHOCTHHIX sBNEHMi M ancopbumsa. HMeawoso: Mpan. roc. xuM.-
TEXHOJ. YH-T, 2005. C. 92.

28. Pasanoe M.A. u 0p. Ucnons3osatue pK-CneKTpOCKOINH NPH M3YUCHHH KH-
CIIOTHO-OCHOBHBIX CBOMCTB JMCMEPCHBIX CHCTEM M BOAHBIX PacTBOPOB IEKTPOIH-
ToB // TlonudyHKUHOHANBHBIE XUMHUECKHE MaTepUanst M TexHONOrMK: Matep. koHd.
Tomck: TTY, 2007. C. 241.

29. Cauxcos FO.I", I'agpurenxo M.A. TlpuMeHeHHE BHYTPHUKOMILIEKCHBIX CO-
enuHeHuit B rasoBoii xpoMmarorpagpuu. CI16.: Cnewnut, 2003. 135 c.

B 3axniouenue paznena 3 ciefyet OTMETHTb, 4To JabopaTopHeie pa-
60Thl, MpeacTaBieHHble B y4eOHOM NMOcOOMHM C MX TEOpPETHYECKOH Ya-
CTBIO, COCTaBJISIOT OCHOBY J1abOpaTOpHOTO NpAakTHKyMa MO METoAaM
UCCIeRoBaHUA afcopOeHTOB M KaTaiu3aTopoB (adcopbyuontsie npoyec-
cw). C ydeToM Hay4dHBIX HHTEPECOB CTYAEHTOB, TEMAaTHKH 6akanaBpCKux
paboT CTYAEeHThl B paMKaxX y4eGHOro BpeMeHH, OTBEAEHHOTO Ha MpaKTH-
yeckue paboThl O JaHHOM AMCLMIUIMHE, IO PYKOBOACTBOM IIpenojana-
TeJIsl, MOTYT BBITIOJIHATE Taloke cleAytoune paboTel:

1. U3yueHue ancopbuuu ra3os (O, CO, CO,, ¢ppeoHoB K Jp.) Ha 110-
BEPXHOCTH Pa3AnyHBIX acOpPOEHTOB M KaTalu3aTOpoB OOBEMHBIM BaKy-
YMHBIM METO/IOM C HCIIONIB30BaHHEM MaHoMeTpa [IupaHu Juis U3MepeHHs
naenenus. OnpepeneHue TEINOT ancopOLMH, JHEPTUM aKTUBAUMHM aj-
copbuMu u necopbLUuH.

2. OnpejeneHne KUCIOTHO-OCHOBHBIX CBOHCTB aaCOPOEHTOB U KaTa-
JIM3aTOPOB METOAAMH:

— NOTEHUUOMETPUYECKOTO TUTPOBAHUS B BOAHBIX H HEBOJHBIX Cpe-
nax,

— aicOpOLIMH MHANKATOPOB U3 HEBOJAHBIX CPEA.

TMpu 3TOM 3afaHus BK/IIOYAIOT PA3HbIE NIEKTPOJMTEI, PACTBOPHTENH,
KOHLEHTPALIUH UCTIOJIB3YEMBIX BELECTB, TEMIEPATYPHI OTLITOB.

Mo kaxnoii BeINONHEHHOH NabopaTopHoii paboTte odopmisloTCs H
3alIMLIAOTCA OTYeThl (Kak HeGONBbIIMe KYpcOBble paboThl) MHAMBHAY-
aNbHO MUIM TpYMNoi u3 2—3 CTYAEHTOB NPH KOJUIEKTHBHOM 06CYXIEHUH
TI07lyYeHHBIX IKCTIEPUMEHTANIBHBIX M PaCuUeTHBIX JAaHHBIX.
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4. AHAUBUIY AJILHEIE 3ATAHUS

Tema 1. HOJIYYEHHE H H3MEPEHHE BbICOKOI'O
BAKYYMA

3aoanue 1.1. Tunst Hacocos

Jluteparypa:

1. Dxcnepumenmanvubie MeTonp B ancopbuuu U xpomarorpaduu /
Ilox pen. A.B. Kucenépa. M.: Uzn-o MI'Y, 1990. 316 c.

2. Kenvyes H.IJ. OcHoBbl ancopbumonHol TexHuku. M.: Hayka,
1976.

3. I'powroscxuii A. Texxuka BrIcOKOro BakyyMa. M., 1975.

4. I'nasxoeé B.A., Munosanosa P.4. VuebHas naGopaTopus BaKyyM-
HO# TexHUKU. M.: Atomusnar, 1971.

3adanue 1.2. Tuns: manomempos

Jlurepatypa:

1. I'powrosckuii 4. Texnuka Beicokoro Bakyyma. M., 1975.

2. fsuman C. HayuHbie OCHOBB! BakyyMHO# TexHukH. M.: UJI, 1950.
695 c.

3. I'asxoe A.A., Murosanosa P.A. YuebHas naboparopus BaKyyM-
Ho# TeXHUKH. M.: ATomu3snat, 1971.

4. OxcnepumenmanvHble METOAbI B afncopOLUMH U xpoMmaTtorpaduu /
Ilon pen. A.B. Kucenésa. M.: M3n-o MT'Y, 1990. 316 c.

Tema 2. A3OTEPMbI MOHOMOJIEKY JISPHOM
H HOJJEMOJIEKY JIAPHOM AJ{COPEIIAHA

3aoanue 2.1. Pazeumue Memooos onucanus usomepm adcopbyuu &
PaMKax ocHOsHbIX nocmynamos meapuu JInzmiopa

Jlutepartypa:

1. Ocmposcxuii B.E. // Yenexu xuMuu, 1976. T. 45, B, 5. C. 849-
876.
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3adanue 2.2. H3omepmot muozoyenmpoeoii adcopbyuu

Jlureparypa:

1. Ostrovskii V.E. Paradox of Heterogeneous Catalysis: Paradox or
Regularity // Ind. Eng. Chem. Res. 2004. Vol. 43. P. 3113-3126.

2. Ocmposcxuti B.E. /{ JAH CCCP. 1989. T. 307. C. 1165.

3adanue 2.3. Hzomepmul adcapbyuu Jle Bypa, donsmepa u
opyzue

Jluteparypa:

1. @enenonos B.b. Beeneune B pusnueckyro xumuio GopMUpoOBaHHs
CyMpaMOINeKyIApHO# CTPYKTyphbl ancopOeHToB M kaTanuszaTopos. Hoso-
cubupck: U3p-so Cub. ota. AH, 2002. C. 44-51.

2. Kapnayxos A.II. Apncopbumns. TekcTypa QUCTEPCHBIX M OPUCTHIX
Mmatepuano. HoBocubupcek: Hayka, 1999. C. 100-115.

3aoanue 2.4. Ypasnenue Apanosuua

Jluteparypa:

1. Apanosuu I'J1. I/ Xypu. ¢us. xumun. 1988. T. 62, Ne 11. C. 3000-
3008.

2. Apanosuy I'JI. I/ XypH. ¢us. xumnu. 1988. T. 62, Ne 12. C. 2529—
2533.

3. Kapnayxos A.Il. Apcopbuus. TexcTypa JUCHEPCHBIX U MMOPUCTHIX
MarepuanoB. Hosocubupck: Hayka, 1999. C. 115-119.

4. Qenenonos B.B. BeeneHue B ¢pu3nueckyio XMMuio GOpMHpOBaHHs
CynpaMoNeKyIspHOH CTpyKTyphl aacopbeHToB M kaTtanusatopos. Hoso-
cubupck: U3a-so Cub. ota. AH, 2002. C. 44-51.

5. Xumua TNpPUBUTBIX MOBEPXHOCTHBIX coenuHenuit / Ilox pen.
I".B. Jlucuukuua. M.: dusmarnut, 2003. C. 300.

Tema 3. TEPMOJAHMHAMHMKA ANCOPEIIAA

3aoanue 3.1. TepmoOuHamMuka nOGepXHOCMHBIX RENEHUU.
Memoo I'ubbca u Memoo cioa KOHEHHOU MOLUUHbI

JInteparypa:

1. Pycanos A.H. ®a3oBble paBHOBECHSt M MOBEPXHOCTHBIE ABIEHUS.
J1.: Xumus, 1967.
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2. Penenonoe B.5. Beeaenne B pusnueckylo xumuio GopMHUpOBaHUA
CynpamoseKyIApHO# CTpYKTYphl afcopGeHTOB M KaTanusatopos. Hoso-
cubupck: Usa-po Cub. ota. AH, 2002. C. 44-51.

3aoanue 3.2. Iumponua aocopbyuu

JInteparypa:

1. Kapnayxos A.1l. Ancopbuus. TekcTypa AMCIEPCHBIX U MOPHCTHIX
marepuainoB. Hopocubupcek: Hayka, 1999. C. 132-145.

2. Tomac [xc., Tomac V. lereporenHbdi katanud. M.: Mup, 1973.
C. 66-79.

3adanue 3.3. Karopumempuueckue memoowt onpedeneHus men-
Jiom adcopbyuu

JluTeparypa:

1. bopeckos I' K. I'eteporenHslii katanu3. M.: Hayka, 1986. 304 c.

2. Kapnayxoe A.II. Ancopbuus. TekcTypa AMCMEPCHBIX U MOPHUCTHIX
Martepuanos. Hosocubupck: Hayka, 1999. C. 100-115.

3. Xumun nNpUBMTHIX MOBEPXHOCTHLIX coeauHeHuit / [lom pen.
I".B. JIucnuxuna. M.: @usmarnut, 2003. C. 309-316.

4. Ostrovskii V.E. Differential microcalorimeter for isothermal meas-
urements of heat effects in two-phase systems and examples of its appli-
cation //Review of scientific instruments. 2002. Vol. 71, Ne 3.

3adanue 3.4. Hexomopsie npobnembl a0COPGYUOHHBIX U Kaiopu-
MeMPUYECKUX UCCNIe008aHUIL

JlurepaTtypa:

1. Ostrovskii V.E. Some problems in adsorption and calorimetric
studies of the steps of catalytic processes //Journal of Natural Chemistry.
2004. Vol. 13. P. 123-147.

2. Tomac [i., Tomac Y. I'eteporenuplit karanus. M.: Mup, 1969.
450 c.

3. Kapnayxos A.1l. Apcopbums. TexcTypa AMCIEPCHBIX U NOPHCTHIX
Mmartepuainos, Hopocubupck: Hayka, 1999. C. 100-115.
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Tema 4. PU3UKA H XHUMHS IOBEPXHOCTH

3adanue 4.1. Amomapno-«ucmsie nogepxnocmu

JInteparypa:

1, Kucenée B.®., Kpvinos O.B. AncopOLuoHHbIE MPONECChl HA MO-
BEPXHOCTH NONYNPOBOJHHUKOB U AU3NekTpukoB. M.: Hayka, 1978. 234 c.

2. Bonvxenwmeiin @.P. DNEKTPOHHbIE MPOLECCH HA MIOBEPXHOCTH
IOy IPOBOJHUKOB NpH xemocopbuuu. M.: Hayka, 1987. 431 c.

3. Oypa K., Jlugpwuy B.I"., Capanun A.A. u dp. Beenenue B GU3NKY
nosepxHocTH. M.: Hayka, 2006. 490 c.

4. Apmemves FO.M., Pabuyx B.K. BBeneHue B reteporeHHsiit ¢oto-
karanus. CI16.: M3a-Bo CII6. yH-Ta, 1999. 300 c.

3adanue 4.2. Peansnas nosepxnocms oKcuooe

Jlutepartypa:

1. Kucenés B.®., Kpvuioe O.B. AncopbLnoHHbBIE NPOLECCH HA IO-
BEPXHOCTH MOJYNPOBOAHUKOB 1 ANW3NeKkTpuKoB. M.: Hayka, 1978. 234 c.

2. Boavkenwmetin @.D. DNeKTPOHHbIE NPOLECCH HA MOBEPXHOCTH
HOJIyIPOBOAHUKOB IpH xemocopbuuu. M.: Hayka, 1987. 431 c.

3. Oypa K, Jlugpwuy B.I", Capanun A.A. u Op. Beenenue B Gusuky
noBepxHocTU. M.: Hayka, 2006. 490 c.

4. Apmemves FOM., Pabuyx B.K. BBeneHue B reteporeHssiii ¢oro-
karanu3. CII6.: W3n-o CII6. yu-Ta, 1999. 300 c.

Tema 5. HCCJIENOBAHHUE CTPYKTYPhI HOBEPXHOCTH

3adanue 5.1. MemooOs: uccnedo8anus cmpykmypsi nogepxnocmu

Jluteparypa:

1. ®enenonos B.5. BeneHue B GU3UUECKYIO XUMUIO (OPMHUPOBAHUS
CYNpamMOoNEeKyISpHOH CTPYKTYphl acopOeHTOB M KaTanu3aropoB. Hoo-
cubupck: H3n-so Cub. ota. AH, 2002. 413 c.

3aoanue 5.2. Cmpyxkmypa kpemnezema

JIutepatypa:
1. Xumus TpUBUTHIX IIOBEPXHOCTHBIX coeAuHenunit / Tloxm pen.
I".B. Jlucuukuna. M.: ®usmarnur, 2003. C. 38-57.
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Tema 6. KACJIOTHO-OCHOBHBIE CBOMICTBA
MNOBEPXHOCTH

3aoanue 6.1. Hcnonssoeanue za3oeoii adcopbyuu ona onpedene-
HUR KUCTIOMHOCMU NOGEPXIOCMU MEEPOLLX men

Jluteparypa:

1. Kpbuwoe O.B. I'eteporennbiii katanus. M.: UKL «AkafieMKHH-
ran, 2004. 679 c.

2. [Mayxwmuc E.A. Karanu3 u katanu3atopsl. @yHNaMEeHTajlbHbIE
MCCJ‘I:}IOBaHHﬂ. HoBocu6upck, 1998. 88 c.

S.h

3aoanue 6.2. Memoo onpedenenua Kuciommocmu nosepxrocmu
nymém aocopbyuu u3z'pacmeopos

Jlurteparypa:

1. Heyunopernko A.Il. [IOHOpHO-aKLIENTOpHbIE CBOMCTBA MOBEPXHO-
CTH TBEPABIX OKCHOB U XanbkoreHunos: Iuc. ... a.x.H. CII6.: CII6I'TH,
1995. 560 c.

2. Munaxosa T.C. AncopOuuoHHble, KaTAIMTUIECKHE U OpyrHe $u-
3UKO-XHMUYECKHE CBOWCTBA Cynb(HMAOB METAIIOB MOATPYNIbl LIUHKA:
Huc. ... x.x.H. Tomck: T['Y, 1967. 176 c.

3. Hewunopenxo A.Il., Kyopsawoea A.H. Hccnenosanue KUCIOTHOCTH
TBEpABIX mnoBepxHOcTelf Meromom pH-metpuu // JKIIX. 1987. Ne9.
C. 1957-1961.

4. Moppucon C. XuMHnueckas ¢pu3MKa MOBEPXHOCTH TBEPAOTO Teja.
M.: Mup, 1980. 488 c.

3adanue 6.3. Huouxamopnsiii Memoo onpedeneHus Kuciommo-
cmu nosepxnocmu meéposix. men

Jluteparypa:

1. Hewunopenxo A.I1., Bypenuna T.A., Konvyos C.H. UHaMKaTOpHbIit
METOJ MCC/IeJOBAaHUs MIOBEPXHOCTHOM KHUCIOTHOCTH TBEpPABIX BELIECTB //.
XKypnan obrueit xumun. 1985. T. 55, Bein. 9. C. 1907-1912.

2. Hewunopenxo A.Il. JIoHOpHO-aKLENTOPHbIE CBOWCTBA IOBEPXHO-
CTH TBEPABIX OKCUAOB U XajbkoreHuaos: Jiuc. ... a.x.H. CII6.: CII6I'TH,
1995. 560 c.

3. Pyoaxoga A.B. ®U3MKO-XMMHS NOBEPXHOCTH PTOPUIOB LIENOUHO-
3EMENIbHBIX METAUIOB M MarHus U (OTOCTHMYNMPOBAHHLIE MPOLECCHI,
nporekatomiye Ha HuX: Juc. ... k.x.H. Tomck: TI'Y, 1999. 160 c.
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4. Hronnuxosa JI.@. B3anMoCBsA3b MOBEPXHOCTHBIX U CTPYKTYPHBIX
cBoficTB cynbduaa LMHKA C ONTHYECKUMH XapaKTepUCTHKaMU HM3IeNuil
Ha ero ocHoBe: Jluc. ... k.x.H. Tomck: TT'Y, 2002. 138 c.

5. Mameeesa I H. ®u3uko-XMMHUYECKHe CBOMCcTBa cCOpbEHTOB, MO-
IMPULMPOBAaHHEIX alleTUNALIETOHATOM METAJIOB, M MX MCNONB30BaHUE B
rasoxpomarorpapuyeckom aHanuze: Juc. ... k.x.H. Tomck: TI'Y, 2002.
154 c.

Tema 7. AXCOPBIHOHHBIE ITPOIECCHI
B HAHO/MCIHEPCHBLIX CHCTEMAX

3aoanue 7.1. Memoost nonyueHusa cucmem ¢ HAHOPAIMEPHLIMU
yacmuyamu.

Jlureparypa:

1. Cepzeee I'. 5. Hanoxumus. M.: Hi3n-so MI'Y, 2003. 288 c.

2.Coper O.B., Lagadic I, Volodin A., Klabunde K. Alkalin tarth ox-
ide nanoparticles obtained by aerogel methods. Charakterization fnd ra-
tional for unexspecietly high surface chemical reactivities / Chem. Mate-
rials. 1997. Vol. 9, Ne 3. P. 2468-2480.

3aoanue 7.2. Ocobennocmu adcapbyuu 6 HAHOOUCREPCHBIX CUC-
memax

Jluteparypa:

1. denenonos B.b. Beenenue B PU3NIECKyr0 XUMHIO GOPMUpPOBaHUs
CYTIpaMoJNIeKyIApHOH CTPYKTYphl ancopbeHToB M karanusaropos. Hoso-
cubupck: Msn-so Cub. ota. AH, 2002, C. 276-297.

2. I'ananos A.HU., Qanunenxo H.b. u op. CopbumonHsle U ¢oTokara-
JIMTHYECKHE CBOKCTBA HaHOpa3MepHbIX cucTeM // IonudyHKuMOHANbHBIE
XHMHuYECKUEe Marepuanbl U TexHonoruu: Matep. koHd. Tomck: TI'Y,
2007.C. 315.
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5. ®OHJI KOHTPOJIbLHBIX 3AIAHHUM
U IPHUMEPHBIE TECTBI 110 KYPCY
«AICOPBIIMOHHBIE MMPOLECCHI»

DoH/1 KOHTPOJbLHBIX 32 aHMH
Adcopbyuonnvie npoyeccet

1. Yto obuiero 1 kakoBbl pasauuus QUIMUECKOH U XUMHUYECKOH afi-
copbuuu?

2. Kak MOXXHO paccuMTaTh 3Hepruto Qu3nyeckoi u XUMHUYECKO# an-
copbuuu? Kakue cBeneHus o6 azcopOLHMOHHOM MPOLECCE MOXKHO MOTY-
YUTh U3 TAKUX paC'-lCTOB?

3. Jlna psaaa ancopObLMOHHBIX NPOLIECCOB MOJYYEHbI CIeAyIoLMe Be-
JIMYMHBI TeOT ancopdumu: 6 k[Hx/Mons, 25 kx/Monb, 100 kJDHK/MOE.
YTo MOXHO CKa3aTh O PUPOZE CHII, AEHCTBYIOILUX MEXIy agcopbaToM U
ancopOeHTOM B K&KIOM Cliyyae?

4. Copmynupyiite obiiie 3akOHOMEPHOCTH NPOTEKaHHUs ancopbiu-
OHHBIX MPOLECCOB HA OAHOPOAHBIX U HEOXHOPOAHBIX OBEPXHOCTSX.

S. Tokaxute QyHoaMeHTaNbHOE 3HAYEHNWE U pa3BUTHE TEOpETHYE-
CKUX NpencTaBneHuii JIaHrmiopa B ancopbuuu.

6. Kaxue ancopGLMOHHBIE CHUCTEMEI OMUCHIBAIOT Teopuu [lonsHu,
BOT u nonuMonexynsapHo# agcopbUMK Ha HEOJHOPOAHBIX NOBEPXHOCTAX
Temxuna?

7. Uem pykOBOACTBYETCS 3KCIIEPUMEHTATOP NpHU BbibOpe MeToAa Of-
peliefieHUs. yAeNsHOi MOBEPXHOCTH TBepaoro Tena? Bbl 3aHMMaeTech
ancopOLMOHHBIMYU U KaTaIUTHUECKMMH HccenoBaHuaME. Kakue meTons!
Be! BeiGepeTe 1 nouemy?

8. IToyeMy Ha OfHMX M30TEpMax aAcopOuMU — NecopOLUM UMEIOTCS
NEeTIM rucTepesyuca, a Ha APYrux Ux Het?

9. B yeM cocTouT npo6nema TOHKUX nop?

10. Kak Bbl cebe npeacTapiseTe XUMHUIO OBEPXHOCTH ancopbeHTa U
karanusartopa? Hanomarepuanos?
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TIpuMepHbIe TECTHI IO KYPCY «ANXCOPOIHOHHBIE POMECCHI»

1. TlornouieHue ra3oB 4 NMapoB NMOBEPXHOCTBKO TBEPAOrO Tejia Ha-
3bIBAETCA:
O abcopbuuet,
O pacTBOpeHHEM,
O anpcopbuueii.

2. BeiuecTBo, Ha KOTOPOM NMPOHCXOAMT aAcopOLKUs — ITO:
pacTBOPEHHOE BELIECTBO,

TMOTJIOTHTENb,

azcopbeHT,

abcopOeHT.

oooag

3. Yro sBnsercs ancopOeHTOM B ciyyae aicopOLMH Ha rpaHHLe
pasjiena ras — pacTBop?

O ras,

O pacTBOD,

0 noBEPXHOCTh XHIAKOCTH,
O wuHoe.

4. Yro sBnsiercs aacopbaTtoM npu afcopOLMH Ha IPaHMLE pasjesia
ra3 — pactsop?

O ras,

0O pactBop,

0O pacTBOpPEHHOE BEILECTBO,
0O wuHOe.

5. H3otepma ancopbumu:
a=f(P) T=const,
a=fT) P =const,
P=fIT) a=const,
a=fc) T=const.

oooao

6. W3zobapsi afgcopbuuu:
O a=fI) P=const,
O a=fP) T=const,
O 6=fP) T=const,
O P=f{T) a=const.



7. VYpaBHeHue JISHIMIOpa BeIpaXaeT:

3aBHCHMOCTB BEJIMYMH aJCOpPOIHU OT AaBJICHMA,
3aBUCHMOCTb [JaBJIEHHs OT TEMIEPATYpBl,
3aBUCHMOCTh BE/TMUUHB! aACOPOIMHU OT TEMIEPATY B,
3aBHCHMOCTb TEIJIOTBl OT KOHIIEHTpAIHH.

Ooooa

8. Temrora agcopOLHA 3aBUCHT:
OT JaBJICHUA,

OT TEMIepaTyphl,

OT CTEMNeHM MOKPBITHA,
OT BHJIa ajicopOLyH.

Ooooao

9. ®axTopsl, OTAUYAOLIHE (PU3NUECKYIO afACOPOLHIO:
O HU3KME TEMIIEPATYPEHI,
O BBICOKHE TEMIEPATYpHI,
O 6onblixde CKOPOCTH,
0O cneuudUYHOCTS.

10. Kakne u30TEpMBI XapakTepH3yIOT (U3MYECKYI0 aacopOuuIo
(xnaccuduxauus bpynayspa)?
1-ro Tumna,
2-ro TUIa,
3-ro Tuma,
4-ro Tuna,
5-ro Tuna.

ooooao

11. BenuuuHa afcopbuuu pacCUUTHIBAETCA B:
MOJB/T,

v,
KI/MM,

r/c.

Ooo@oa

12. Temnoty gu3nyeckol afcopOLMu MOXKHO PaCCYUTATH MO:
0O ypasHenuro Knanefipona — Knaysuyca,
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O ypasHenuro I'n66ca — 'ensMronsa,
O ypaBHenuto Kupxroda.

13. CkopocTb afncopOLHH 3aBUCHT OT:
O TeMneparypsl ONbITa,
O paBneHus,
O npucyTCTBUA NpUMecel Ha MOBEPXHOCTH ancopbeHTa,
0O cTreneHu 3aroJHEHHUs.

14. Kaxue ypaBHEHHS ONUCHIBAIOT XUMHUYECKYIO ancopbuuio?

O f=clnP+C.

15. Kakoe u3 ypaBHEHHM# ONUCBIBAET NUCCOLMATHBHYIO XeMOCOpO-
u?

o 0=p-pPh,
O O=chP+C,
bP
D = H]
1+bP
o  6=@P)Y?/(1 + ®P)?).

16. I1pu kakoM BuAe nop HabmoOAAETCs NETNs FUCTEpe3uca Ha U30-
Tepmax afcopbuun — necopouuu?

O koHycoobpasHele,
O O6yTeUIKOOGpa3HbIE,
O 1weneBuaHbIE,

O xJIMHOOOpa3sHBIE.

17. Ilpu kakoM BHAE MOp He HaGNIOJAETCs METNA rucTepesnca H%PI-
30TepMax afacopbuun — aecopbuun?
O UOWIMHAPHYECKHE, OTKPHIThIE C ONHOTO KOHLA,
0 UWIMHAPUYECKUE, OTKPHIThIE C 060MX KOHLOB,
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0O  koHycoo6GpasHbIe,
O  6yTsuKo06pasHsle.

18. YpaBHeHUs, ONUCHIBAIOIME MOHOMOJIEKYJISPHYIO aJcopOIHMIO
(1), nosumMonexypHyto ajcopoumio (2), azcopounio B Mukpornopax (3):
O  ypasHeHue Jly6unuHa — Panyiukesuua,
O ypaBHeHue JIsurmiopa,
O ypaBHeHue BOT.

19. Ilpy HuCIONB30BaHMM KakUX YypaBHEHHH M30TEpM ancopouuu
MO3KHO PaccuuTaTh BEIMUHHY YAEIbHOH NOBEPXHOCTU?

bP
1+bP

7PS _ c-1

P ¢ ay-c Pg
1 /PSJ m 'm

a a=a

o 6=p-P",
] G=chhP+C.

20. Ha noBepXHOCTH TBEPABIX KUCJIOT IPEUMYIIIECTBEHHO KaKUeLeH-
TPHI ONIPENENAIOT UX CBOMCTBA?
O  kucioTHHe nertphl BpeHcrena,
O  KMCIIOTHbIE LeHTpbI JIbtouca,
O  ocHOBHBIE LIEHTPkI BpeHcTena,
00  ocHoBHble LIeHTpbI JIbloKcCa.
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NPAJIOKEHHAS

ITpunoxcenue |

OCHOBHBIE OBO3HAYEHHUA

A — BenuunHa ancopObuuu, Mok

a — BEJIMYUHA ancopOuMH, MONL/T

@ — BETHYMHA ancopOLMK, MOMb/M?

a,, — BeNI4YMHa acopOUrH, COOTBETCTBYIOMIAA MOHOCIIOK
b — ancop6LUMOHHBIHA K03 PHLHEHT

¢ — KOHUEHTpALKs

I' - ancop6uus Ha rpaHuLe passaesna ras — XUIKOCTb
D — xoa(pduumeHt nupdysnn; onruyeckas nioTHOCTH
d — pasMep 4acTULbl; AMaMeTp 1nop; AecopOLns

E — 3Heprus akTUBaLMK

E,— 5Heprus akTHBaLMH ancopOLuu

E;— 3Heprus axtuBauuu aecopbumu

/ — xanubpoBouHbIi ko3 dHIHeHT NpyxuHbI BecoB Mak-Bena
G — sHeprus ['u66ca

g—3apan

Hy — QyHKUMA KUCHOTHOCTH

] — MHTEHCHBHOCTh CBETa

I — vHAeKC KOMIMOHEHTa

Ky — KOHCTaHTa JUCCOLMALIMH BOABI

Kk — koHcTaHTa Bonbimana

Kq — KOHCTaHTa CKOPOCTH afcopOuuu

kg — KOHCTAHTa CKOPOCTH KecOpOLUH

0
k 2 — MPEIKCTIOHEHLMANbHBIA MHOXHMTEN B YPABHEHHH CKOPOCTH ancop6uuu

k 4 — IPEJISKCTIOHEHIMATIBHBIM MHOMHTEND B YPABHEHHH CKOPOCTH AcCOp6LMM

M — MonekynspHas Macca

m — Macca ancopbeHTa

No — umucno Monelt ancopbara; HauanbHOE NMOKa3aHWE KaTeTOMETpa
Npasw — uMCIO MOTEH aficopbara npu ancopSLMOHHOM PaBHOBECUH

Ny, N, ... —noKa3aHus KaTeToMeTpa NPY pacTAKEHHH NPYKHMHHBIX BECOB
Mak-beHa — Bakpa

7 — KOJIU4ECTBO MoJieH

ng — YKuCAo Monel rasa fio ancopouuu

Mgy — YHCIIO MOJIEH ra3a nocine agcopounn

A~ — KONUYECTBO aACOPOUPOBAHHBIX MONEKY Nl

P — BaBlieHHE

Po — HauanLHOE JaBlieHHe ra3a (napa) aacopbara

ps — AaBNEHNE HACHILIEHHOTO Napa

pH — Bonopoansii nokasarens
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pH,,: — BonopoansIit 110Ka3aTeNb HIOUOHHOIO COCTOSHHS
pK — norapudM KMCIOTHO-OCHOBHOIO PaBHOBECUA
pK, — KOHCTaHTa AUCCOLMALMY M0 KHCIOTHOMY THITY
PK, — XOHCTaHTa IUCCOLMALIMM 110 OCHOBHOMY THITY
Q - TennoTa NOAUMOEKYIApHOH ancopOuuu
q — TennoTa ancopoLUMK
q;~ MHTerpaJsHas Tennota aacopbuuu
q1sr — A30CTEPUYECKAst TEMIOTa acopOLHH
— muddepeHuransHas Tensora aacopouum
g - 4UCTas TENoTa aaAcopouuH
qo — Teruiota aacop6uuu npu 0 =0
R — yHuBepcanbHas ra3obas 0CTOAHHAs
Ry~ cxopoctb pacTBopeHus
R, — cxopocTb ocaxaeHus
¥ — paguyc nop
Fq— CKOPOCTH aficopbuun
r4 — CKOPOCTH Aecopbuuu
S — 3HTpONUA cUCTEMBL
S, — yA€NbHas noBepxHoCTh 06pasua
§ — IoLIaAk MOBEPXHOCTH paszena
T.— Temneparypa
T, — KOMHaTHas TeMneparypa
t — BpeMs
T — BpEMs JKH3HH MOJIEKYJIbI
¥ — MonbHbI#t 06BeM ancopbara, o6uem rop
Ve — EMKOCTb MOHOCIOS
v — CKOpOCTh
v, — CKOPOCTb afcopOLMK
v4— CKOpOCTh necopOumnn
7 — OCMOTHYECKOE AaBleHHE
Wy — ob1mit 06seM MHKpOTIOpP
X ~ OTHOCHTENEHOE JiaBNIeHHE Napa
B— koo duumenT ypaBHeHna Opelinannxa; k03¢ ULMEHT 0GBEMHOTO PaCLUMPEHHA
ancopbara
y — K03 PULIMEHT, XapaKTEPU3YOLINHA THI HEOTHOPOAHOCTH
A — pa3HHLA BEIHYHH
6 — TOMIMHA Cos
€ — 4yBCTBUTENLHOCTD NPYXHUHM; 2ACOPOLMOHHBIN NoTEHLMaNn
6— creneHb 3anoiHeHUA NOBEPXHOCTH ancopbeHTa
p — GyHKuM pacnpeneneHus
& — IOBEPXHOCTHOE HATAKEHHE
T — XapaKTepUCTHYECKOE BpeMs ancopbuuu
Tp — Bpemst konebaHus aacopbupoBaHHOMN MONEKY b
¢ — ancopbuxoHHBH 06BbeM; NoTEHLIMan 3MekTpoaa
 — M0CaA0YHaA MIoLaAKka agcopONpOBaHHOM MONEKY b
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Hpunoscenue

EJMHMIIbI H3AMEPEHMA ®H3HYECKHX BEJIHYHH

BenuuuHa EnuHuna CsA3b ¢ APYTUMH EAMHALIAMH
H3MEpEHHS B
CH
Macca KHJIOrpaMM 1xr=10’r=10°Mr
(xr)
JTinuHa Merp (M) 1M=10"cM= 10°uM = 107A
Inowans keanpatuet | 1 M>=10% cM?
Merp (M%)
O6seM Kybuueckui | 1m0 =10°n=10%cM’
merp (M)
JaBnenve nackans ([Ta) | 1 6ap = 10°TTa = 750 Topp
1 arm = 101325 ITa = 760 Topp
1 Topp =1 MM pr. cT. = 133.32 ITa
OHeprust Tioxoyns () | 1 Ik = 0.2390 kan =10"klx = 107 3pr

1 xan = 4.184 Jx (To4HO)
CDCK[‘pOCKOﬂH‘lCCKHC CAHWHHLIBI

1 5B =8065.5 cM™ = 1.6022- 107" [Ix=
=96485 hx-Moms™' = 23060 kan-mons™
1o =1.239810*B =

=1.9864-10"% ik = 11.963 Iix-Monb™ —
=2.8591 Kanmonn
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TIPOU3BO/JHBIE EJUHHIIbI CH

Ipunoscenue

Ouznyeckas BeTHIHMHA Haspanwe eauruIet O6o3Haue-
HHE
IToBepxHocTh KBaJIpaTHBII MeTp M
O6beM, BMECTUMOCTh KyOHYECKUI METp M
Cuita, Bec HBIOTOH H
ITnotHOCTH KIWIorpaMM Ha KyOuue- KI/M®
CKMI MeTp
VY nenpHbli 00heM KyOUUecKuit MeTp Ha KU- M/KT
JIOTpaMM
IToBepxHOCTHOE HATSDKEHHE | HBIOTOH Ha MeTp, MkoyTh | Him
Ha KBaIPaTHBIH METP Jhx/n?
VienbHas IIOBEPXHOCT KBaJIpaTHBIA METp Ha KH- MY/KT
MaTepuaia JIOTpaMM
OHTpoIms JUKOYIIb Ha KEILBUH JLx/K
Bemuurna agcopSrmu MOJIb Ha KBapaTHbI MONB/M
METp
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ITpunoscenue 4

DOYHJAMEHTAJIBHBIE PH3UYECKHE IIOCTOAHHDIE

Bemunna Cum- 3HaueHe PazmepHocTh
BOI

CKOpOCTh CBETa B c 299792 458

BaKyyMe (TO4HO)

HocTosmmas [Tnanka 6.26075-10™* Jhc-c

DIeMEeHTAPHEIH 3a- 160218107 K

pian

Uricio ABarasipo N, 6.022 14-10% Moib |

Koncrarta BoimbL- K 1.38066:10 % Toe KT

MaHa

I'a30Bast IIOCTOSHHASL R 8314510 T K- voms ™
1.987216 xar K -moms ™!
0.082 058 rarwK ! moms™!

IocTosmmas ®apa- F 96 485.31 Kot Mo ™

Jest

CTaHJapTHOE YCKO- G 9.806 65 Mc

PpeHue cBOOOTHOTO (TO4HO)

T1aIeHHs




Tpunooicenue

TPEYECKMI AJIGABUT
BykBbi Hassanue ByKBBI Hassanue
Aa ansda N, v HIO
B, B bera E & KCH
Ly ramMma 0,0 OMMKPOH
A S JenbTa I,z nu
E, & 3MCUIIOH P, p po
Z,c A3€eTa 2,0 cHurmMa
H, n JTa T, t Tay
[CH:] T3Ta (TX3Ta) Y,v HICHJIOH
ILi fiota D, 0 bu
K, = Kanna X, %1 XU
AA namMbaa Y,y ncu
M, u MIO Q, o oMera

Hpunoowcenue 6

MPUCTABKH JJIs1 OBPA3OBAHHA KPATHBIX

M JOJILHBIX E/UHHIL
Kparocte 1 | Haumenosanue CokpatileHHoe 0603HaueHEe
DOBHOCTD NPHCTaBKK pycckoe MEXAyHapoa-
HOE
10° rura r G
10° Mera M M
10° KWUIO0 K K
10* TrexTo r h
10 niexa e da
107! nely I d
1072 CaHTH c c
107 MUJUIH M m
107 MHKpO MK i
107 HaHO H n
107 HKO n p
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TTpunoocenue

MOBEPXHOCTHOE HATS)KEHUE BOJABI IPH PA3JIMYHBIX

TEMIIEPATYPAX

T,°C o'10°, T,°C o'10°, T,°C o'10°,
Tiox/m® Tx/m? Jhi/m?

10 74.22 17 73.19 24 72.13
11 74.07 18 73.05 25 71.97
12 73.93 19 72.90 26 71.82
13 73.78 20 72.75 27 71.66
14 73.64 21 72.59 28 71.50
15 73.49 22 72.44 29 71.35
16 73.34 23 72.28 30 71.18

Hpunoxcenue 8

JABJEHUE HACBIIEHHBIX IIAPOB BO/JbI IIPH

PA3HBIX TEMIIEPATYPAX
T.°C MM T,°C Pg MM T.°C Pg, MM
5 6,5 15 12.8 25 23.8
6 7.0 16 13.6 26 25.2
7 7.5 17 14.5 27 26.7
8 8.0 18 15.5 28 28.3
9 8.6 19 16.5 29 30.0
10 9.2 20 17.5 30 31.8
11 9.8 21 18.7 31 33.7
12 10.5 22 19.8 32 35.7
13 11.2 23 21.1 33 37.7
14 12.0 24 22.4 34 399
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Hpunoxcenue

CBOWCTBA BOJIbI H BOJSHOT'O TAPA, HAXO,JAINHUXCH

B PABHOBECHH
T, TInoTHOCTD, r/cM’ IlaBnenvie napa, TMosepxHocTHOE
°C XKUJIKOCTh nap IMa HaTaxenue, H/m
0 0,99987 4,85-10° 6,108-10° 75,65
10 0,99973 9,40-107° 1,2271-10° 74,22
20 0,99823 1,729-10™ 2,3368-10° 72,74
30 0,99567 3,037:10 42417-10° 71,20
40 0,99224 5116110 7,3749-10° 69,00
60 0,98324 1,302:1077 1,9919-107 66,24
30 0,97183 2,934-107* 4,7359:10° 62,68
100 0,95838 5,977-107" 1,0132510° 58,92
120 0,9434 1,121-107 1,9854:10° 54,97
150 0,9173 2,547-107 4,7597'10° 48,75
200 0,8649 7,862-107 1,5551-10° 37,68
250 0,7992 1,998:1072 3,9776:10° 26,05
300 0,7122 4,621-107 8,5917-10° 14,37
350 0,5745 0,1136 1,6537-107 3,68
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