HOBOE
B XKN3HWN, HAYKE,
TEXHUKE

3/1972

CEPUA
XmMmMna




IO. B. lNopioHosB,

AOKTOP XMMHUECKMX HAYK

6. 1. Cymm,

KaHaMAAT XMMHYECKHMX HAYK

CMAYUBAHUE

M3LOATENLCTBO «3HAHUE»
Mocksa 1972



613
ri72

r72

Topionos IOpuit BaneppsiHoBnuy

Cymm Bopuc Jasunosuy
CmauuBanue. M., «3uaunue», 1972

54 c. (Hosoe B xusHH, Hayke, TexHuke. Cepust «Xumus», 3)

sIBjieHHe CMauMBaHHUS TBEPIbIX TeJ PA3JNHYHLIMH KXHAKOCTAMH
OuYeHb LWIHPOKO PACHPOCTPAHEHO B NPHPOLE, TEXHHKE H © MOBCENHEB-
HoM GhiTy. Ha nepBhlii B3IV cMauHBaHHe BLIMVIAHT OYeHb MPOCTHIM
H NOHSATHHIM AIBJIGHHEM, OJHAKO, HA CaMoM Jefie 3TO CJIOXKHBIH (u-
3uKO-xuMHuecKuil npouecc. OcoGeHHO MHOro npoGieM B 3TOH 06Ja-
CTH BO3HHKJO B nocjefiHne 20—25 JieT B CBSA3H C IIMPOKHM HCNOJbe
30BaHHEM B COBPEMEHHOH TeXHHKE XHAKHX MeTa/VIOB B KauyecTBe
TEIJIOHOCHTeJIel, a TaKxe — CO3laHHeM HOBEIX MaTepHaloB H IIO-
KphiTHit. O6 OCHOBHEIX 3aKOHOMEDHOCTSIX CMayHBaHHS TBEpJBIX TeJ
PA3IHYHEIMH XKHIKOCTAMH (B OCOGEHHOCTH — KHIKHMH METalNIaMH),
O pa3jHYHBIX npo6ieMax, BOSHHKAIOWMX IPH H3YYeHHH CMayHuBa-
HMSI, paccKasbiBaeT 3Ta 6pouropa.
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NPEAMCIIOBUE

CMaynBaHHe OTHOCHTCS K 4YHCJy Hambojee pacmpocTpaHeHHBIX
(GH3UKO-XMMHYECKHX SBJEHHH, NMPOHCXOAALIMX NMPH KOHTAKTe TBep-
IbIX TeJ C XKHAKOCTAMH.

CmaunBaHHe HrpaeT oueHb GOJIBIIYIO POJb B TMPOTEKAHHH MHO-
JKECTBa NMPHUPOJHBIX H TeXHHYECKHX mpoueccoB. Tak, Hampumep, OT
CMauHBaHHSA IOYBBI BOJOH CHJIBHO 3aBHCHT ee mjogopoxue. bes xo-
POILLEro CMayuBaHHSA HeJib3sl 06eCIeUHTb HAJeXKHYIO0 CMa3Ky NOAIIMI-
HHUKOB M JPYTHX y3JIOB TPEHHS B pPa3/IMYHBIX MAll{HAX W anmaparax.
Kpacka Jo/KHa XOpowo CMayuBaThb OKpALIMBAEMYIO NOBEPXHOCTb.
CmaunBaHue UTpaeT BaxKHeHIyI0 poJb B IIpolecce pasjeseHus U 06o-
rauleHusi pya merogoM duoraunu. MHorna cmaunBaHue Hexesarelib-
Ho. Hanpumep, uToGbl cnenarb TKaHH HENPOMOKaeMbIMH, HYKHO,
yT06B! OHH 11710X0 CMaYHBAJIHCh BOAOH, — Ji/151 3TOTO HX IPONHTHIBAIOT
CrenHaJbHbIMH BeLIECTBaMH (MX 4acTO HasblBAalOT BOJOOTTaJIKHBalO-
mumu). Jpyroi nmpuMep «BpefHOro» CMAauuBaHUA: B psAje CJIydyaeB
HCTOLIeHHe He(TAHBIX CKBaXKHH CBf3aHO C TeM, YTO BOJA, XOpOLIO
CMayHBas MOYBY H FOPHbIE MOPOABI, NPENATCTBYeT T€M CaMblM MpO-
HHKHOBeHHIO HettH B cKBaxuHy. IlepeueHbp npumepoB, HJMOCTPH-
PYIOIIHX BaxKHOE 3HAUeHHE ABJEHHA CMayHBaHMf, MOXKHO JIETKO
YBEJTHUHTD.

CMauuBaHHe IIHPOKO PaClpuCTPaHEHO H B MOBCEJHEBHOM OBITY.
Takue nposanyeckue 3aHATHA, KaK MbITbe PyK H NOCY[bl, CTHPKA,
TOXe CBfi3aHbl CO CMaynBaHHeM. UepHHJa HO/KHBl XOPOLIO CMayu-
BaTb MUCYYI0 6ymMary, K/aei — ckJjenBaeMble npeaMeTsl. Moxer ObiTh,
13-3a 3TOH «OObIIEHHOCTH» CMaYHBaHHA, H3-3a TOT'O, YTO OHO 3HAKOMO
NPaKTHYECKH KaxKAOMY 4YeJIOBeKYy, CMauyHBaHHe Ha IepBbIf B3IVIsL
BLI[VIIAMT OYeHb IIPOCTHIM W MOHATHHIM fBJeHHeM. B neficTBHTENb-
HOCTH 3TO COBCeM He.Tak. HecmoTps Ha CBOIO BHELIHIOIO NPOCTOTY
¥ HesaTeHJIHBOCTb, CMauMBaHHEe OKa3bIBAeTCA CJOXKHBIM IO CBOEH
npupoze ssjeHHeM. Jlo cux nop MHOrHe BOIIpOCHl, CBA3aHHbIE C MeXa-
HH3MOM CMauyHBalOLIEro NeACTBHSA KULKOCTEH, HeJb3si CUMTaTb pe-
II€HHBIMH.

B cmayuBaHuH BCceraa y4yacTBYIOT TPH «IEHACTBYIOLLMX JIHLA» —
TPH pasyHuHble (asbl (pasok HasbIBa€TCA ONHOPOAHASA YACTb CHCTEMbI
C OAMHAKOBLIMH (DM3HYECKHMH H XHMHYECKHMH cBoicTBaMu). OnHoi
H3 STUX (a3 Bcerha ABJAETCS XKUAKOCTb, BTOpo#l (asoit — TBeproe
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Teso, a HHOrAa Apyras XKHAKOCTb, HE CMELIHBAIOLIAsCs C MepBOii.
Hakonen, tperbsi (asa, 0 KOTOpOH HHMKOrja He/b3si 3a0hbIBaTh IPH
aHa/IH3e IBJIEeHHS CMauHBaHHUs, — 3TO Ta cpela, B KOTOPOH HaXonsT-
cs nepBble ABe (asbl. OyeHb YacTo TPeThbs pasa — 3TO OKPYKAIOULHE
Hac BO3JyX, HO €l0 MOXeT OblTb H Kakasi-nubo KHAKOCTb. IlycTb,
HaTpuMep, KamJs PTYTH JEXHT Ha TMOBEPXHOCTH crekJja. YKuaxas
PTYTb H TBEPAOE CTEKJO — 3TO NepBble jABe (asbl, yyacTBYIOUIUE B
CMayMBaHHH, TpeTbe#l sBJsAerca BosfyX. Ho miacTueky ¢ pryTHQi
KarJjeii MOXKHO TIOMECTHTb B COCYX, 3alOJHEHHBIH XHIKOCTbIO, Ha-
npuMep, AHCTH/JIHPOBaHHOH Bono#. Toraa Tperbeii dasoli, yuactByio-
mef B CMauuBaHHH, GYAeT y¥e He ras (Bo3JyX), a XKHUAKOCTb (BOja).

XapaKrep cMayMBaHHf 3aBHCHT OT CBOHCTB BCEX TPeX KOHTAKTH-
pylomux ¢a3. O6blyHO HaHOO/Iee BaXKHYIO POJIb UTPAIOT B3aHMOAEH-
CTBHS1, IPOUCXOASAILINE Ha MOBEPXHOCTH CONPHKOCHOBEHHS YKHAKOCTH
CO cMauyHBaeMbIM TesioM. [To3TOMy mo coBpeMeHHOH Hay4HOH KJjacCH-
¢uKanMKH CMauMBaHHe BXOAMT B IPYNNY TaK Has3blBaeMbIX MOBEPX-
HOCTHBIX siBJIeHMH. DTa rpynna BecbMa OGIIHPHA H pasHOOGpasHa,
NIOTOMY YTO [IPAKTHYECKH BCE B3aUMOAEHCTBHS JIIOOLIX TeJl — IKHIKHX
H TBEpAbIX — HAYHMHAIOTCA Ha MOBEPXHOCTH, MO KOTOPOH OHH COMpH-
KacaloTcsl ApYT C JPYroM H ¢ oKpyxkaroiiefi cpenofi. Bo MHOrux ciay-
4asxX 9TH [POLECcChl OKA3LIBAIOT CHJIbLHOE BJMsIHHE Ha CBOHCTBa MaTe-
pHaJIOB M HA WX TOBejleHHe BO BpeMeHH sKcnayatauuu. CMaunBaHue
MOXKeT ObIThb CBOeOOPasHBIM «HMHIMKATOPOM», TaK KakK MO XapaKkTepy
CMayuBaHHsA, MO €ro 3aBHCHMOCTH OT PasJH4YHBIX (PaKTOPOB MOKHO
IIOJIYYHTh LIEHHYI0O HHPOPMALMIO O B3aHMOAEHCTBHH MOBEPXHOCTH
TBEPJOro TeJsa C KHIKOCThIO.

[asi BBIICHEHHS! 3aKOHOMEPHOCTEH CMauyuBaHHS, pasyMeercs,
HEJIOCTATOYHO YYHUTHIBATh TOJbKO HPOLECCHl, NPOHUCXOASIINE Ha IO-
BEPXHOCTH KOHTaKTa CMauyMBalollEeHl »KHUIKOCTH CO CMayuBaeMbiM Te-
noM. Heo6xomuMo 3HaTh MHOTHE HHJIHBHAyaJibHblE CBOHCTBA W 0CO-
GeHHOCTH Kaxmo# U3 Tpex ¢as, yuacTByouux B cMayuBaHuu. [loato-
My aHa/ju3 fIBJEHHS CMauyHBaHHA MPOBOAAT HAa OCHOBE HECKOJbKHX
HayyHbIX AucHuniuH. K uX uyucay oTHOCATCS (u3HuecKas XHMHA
MOBEPXHOCTHHIX ABNeHHH, (U3HKAa H XUMHsA TBEPIOro Tena, TMAPO-
IMHAMHUKa, MOJIEKyJspHasi ¢(H3nKa, (U3HKA KHIKOrO COCTOSIHHS,
TepMOAMHAMHKA, YueHHe O (a30BbIX DPABHOBECHAX H HEKOTOpbie
IpyTHe.

Taxum o6pa3soM, npobneMa CMauuBaHHA OKasbiBaeTcsl Kak Obl Ha
CTHIKE HECKOJIbKMX Hay4HbIX HampabJjeHu#. Xopomo H3BEeCTHO, YTO
cefiuac 0COGEHHO YCHEIIHO H ObICTPO Pa3BHBAIOTCS MMEHHO morpa-
HuuHble 06sacTd 3HaHus. Tor GoJsblIo# mporpecc, KOTOPBIH JOCTHI-
HYT 32 NOCJIe/Hee BpeMs B IOHUMaHUM SIBJEHHS CMauyMBaHHsl, TaKXKe
BO MHOTOM CBSI3aH C TéM, YTO B 3Toi paboTe NpHHUMA/H ydyacTue yde-
Hble pasHBIX ChelHanbHOCTel. Pal MpHHIMNHANLHO BaXHBIX, QyH-
JIaMeHTAJbHLIX PEe3Y/bTaTOB IOJNYYHJIH B 3TOH 006/MacTH COBETCKHE
yuenvie — A, H. ®pymkun, I1. A. Pe6unnep, B. B. [lepsrumn,
B. I1. Emoruu, B. H. Epemenko, B. I'. Jleuu, B. K. CemenueHko,
A. B. Tay6man, E. . Qykun, H. A. Barosun, C. H. Tloness,
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I0. B. Haiinuu u npyrue. JleranbHeie nceneqoBanusa B o6aacTy cMa-
YHBAHHS NPOBEJH H WHOCTPAaHHbe yyeHble — JIsHrmiop, Xapkumc,
Anam, 3ucmad, Kunrepu, Paiinu.

Elie HefaBHO HCC/ENOBaHHA CMayHBaHHs NPOBOIMJHCH CO CpaB-
HUTEJIbHO Y3KHM KPYroM XHAKocTe#l. B ocHOBHOM 3TO OblIM Boja u
opraHuueckue XHIKOCTH, Hanpumep, GeH30J, KEPOCHH, Pas3jHyHble
cmasoynbie Macsa. CTpeMHTeNbHOE Pa3BHUTHE COBPEMEHHOH TEXHHKH
norpe6oBa/o HM3yueHHs CMauHBaHHA IOJHMEPaMH, CXKHXKEHHEIMH
rasaMu (asoT, KHCJIOPOJ, H Ap.), PaciJiaBJIeHHBIMH COJNSIMH, OKHCJ/IaMH,
miakaMu. OfiHOM H3 HauGoJsiee akTyaJsbHBIX IIpo6seM B 3Toll oGiacTu
CTaJjI0 HCCJIeloBaHHe 3aKOHOMEPHOCTel cMauHBaHHs Pas/IHYHbIX TBEp-
JIbIX TeJ XKHIKUMH MerasnjaMu. JleHCTBHTENBHO, JOCTATOYHO TOJBKO
IePeYHC/INTh TaKHe BaXKHeMllHe NPOH3BOACTBEHHbIE IPOLECCH], Kak
na#ika, CBapka, JHiThe, POH3BOJCTBO MeTaJlJIOKEPaMHYECKHX H3Je-
JIMH, TENJI09HepreTHKa C HCIOJb30BaHUEM XKUJIKHX METaJIOB B Kaye-
CTBe TeMJIOHOCHUTe/1eH, 4TOoObl NPeACTaBUTh, HACKOJIbKO HEOGXOMHMBI
cefiuac ryy0oKHe 3HaHHS O CMAaYMBAHHH Pa3/HYHBIX KOHCTPYKIHOH-
HBIX MaTepHaJoB XHIAKHMH MeTajiaMH. IloHATHO mosToMy, uTO CMa-
YHBaHHE XKUJKHMH MeTa/lJlaMH U3yyaeTcs BecbMa MHTeHcHBHO. Cei-
yac 0 5TOMY BONpPOCY HaKONJeHa JOBOJIbHO OoJiblliasi HayuyHas HH-
dopmauusa, Noab3ysach KOTOPOH MOXKHO B psle C/lydyaeB 3apaHee
NpenBHIETb, KaK OyJeT NPOHCXOAUTb CMayHBaHHE B ONpPeNeseHHBIX
ycaoBusix. Bosee Toro, 3Hasi 3aKOHOMEPHOCTH CMaYUBaHU$, yAaeTCs
B HM3BECTHBIX IIpelle/lax YyNpaB/sATb STHM SIBJEHHEM, YTO NPHHOCHT
Gosbwioft 3¢deKT B COBEpLICHCTBOBAHHH TEXHOJIOTHH MHOTHX IPOH3-
BOJCTBEHHBIX IIPOLECCOB.

CmauuBaHKe XHAKHMH MeTa/JlaMH NpeicTaB/sieT ropasgo Gosee
C/IOXKHOe fiBJIeHHe, YeM, HanpuMep, cMayuBaHHe BOJOH HJIM OpraHH-
uecKUMH XHAKOCTAMH. OfHa, HO JaleKo He eIMHCTBeHHasl NpHYHHA
3aKJ/II0YaeTcss B TOM, 4TO Yy GOJIbIIHHCTBA METaJVIOB TeMIepaTypa
1JiaBJIEHHs] JOCTHI'AaeT HEeCKOJIbKHX COTEH H ThICAY IPajycoB, T. €.
VieTaJ/IJIbl HaXORATCSl B PaclJIaBJ€HHOM COCTOSIHHHM TPH OuYeHb BbICO-
kux Temneparypax. CoBepILlEeHHO $ICHO, YTO INPOBeJeHHe 3KCIepHu-
MEHTa/IbHBIX HMCC/IEJOBAHMH NPH CTOJb BBICOKHX TeMIeparypax He-
CpaBHEHHO CJIOXKHee, YeM H3yueHHe CMayuBaHUsl BOJM3H KOMHATHOH
reMIeparyphl.

Cnenudunueckye 0co6eHHOCTH H 3aKOHOMEPHOCTH CMauyHBaHUs
TBEpIbIX Tesl XHAKHMU MeTaslJlaMH HeJb3sl pacCMaTpUBaTh B OTPhLIBE
OT OOWHX (HU3HKO-XUMHUYECKHX  3aKOHOMEPHOCTeH CMauyHBaHHS.
[losTomy B naHHO! paGoTe mpexnae Bcero GyAyT H3/10XKeHbl HMEHHO
oblIMe MOHSATHS M 3aKOHBI CMauuBaHus. [lajiee, Ha OCHOBE 3THX MO-
HATHH M 3aKOHOB OYAYT pPacCMOTPEHBl OCHOBHBIE 3aKOHOMEPHOCTH
CMayMBaHHsA TBEPAbIX Tel U OCOOEHHO MeTasJioB KHIKHMH Me-
TaJjJiaMH.



YTO HA3BIBAETCH CMAYMBAHUEM!

Bonpoc, nocraB/ieHHbIl B 3aro/loBKe, MOXKET BbI3BaTbh HEKOTOPOE
HejoyMeHHe. Ha nepBbifi B3rJIsiffi KaX<eTCH, YTO OTBETHTb Ha HEro
HACTOJIbKO JIETKO, YTO HET HUKAKOH HaJoGHOCTH B CrelHasJbHOM 06-
cyxaenuu. Hago, onHako, uvMerb B BUAY, YTO HYKeH He NPHG/IH3H-
TeJIbHBIH ONMHCAaTeJbHbIH OTBET, a CTPOroe HayyHOe OfNpefeseHHe,
OkasbiBaeTcsi, YTO JaTh CPaBHHTENbHO KPATKYIO M BMECTE C TEM HC-
YepnbIBaIOLIe MOJHYI0 XapPaKTEePHUCTHKY CMauWBaHMSI KaK (U3UKO-
XHMHYECKOTO fIBJIEHHSI COBCEM HENPOCTO.

Ecnu B3Tb HayJauy AecATOK y4eOHHKOB O Gu3uKe, Gpu3HIeCKOHR
M KOJIJIOWJHOH XMMHH WM MOHOrpaduil, CHernuaJbHO MOCBSLIEHHBIX
BOIpPOCAaM CMayHMBaHHs, Mbl HafileM CTOJIbKO JKe Pa3HbIX olpejeseH i
cMaunBaHHus. KoHeuHO, pacxoxKleHHsi MEXIY OTHeNbHbIMH Olpele-
JIEHHSIMH He GyAyT HOCHUTb NPHHUMIIMAJILHOTO XapaKTepa, HO BCe XKe
B HEKOTOPBIX CYLIECTBEHHBIX MOMEHTaX pasHHLA MOXKeT ObITb BeCbMa
omyTtuMoi. Tako#t «pasHoGoil» B onpeneneHusix oGbscHsercs, pa-
3yMeeTcsl, Npexae BCEro TeM, YTO sBJEHHe CMayuBaHHA CJOXKHO H
MHOTOTPaHHO.

MHorue cyuecTBeHHbIE YepThl CMAaYHBAHHS XOPOLIO K JIAKOHHYHO
orpaxkaet (oOpMyJaHpOBKa, NpuBefeHHass B «KpaTkoii XxuMHueckoii
sHuMKJIonenun» (M., 1965, 1. 4, crp. 922): «CMaunBanue — siBJIeHHe,
BO3HHUKAIOIee NIPH KOHTAaKTe TBEPABIX TeJ C XKHAKOCTAMH B Pe3YJb-
TaTe MOJIEKYJSIPHOTO B3aHMOAEHCTBUSI MexIy HUMH». B aToM ompe-
Ie/IeHHH NIpexJe BCero XOTesloCh Obl NOAYEPKHYTh CJIOBA «B PE3YJb-
TaTe B3aHMOLEHCTBHS MEXJAY HHMH», T. €. MEXAY KHUIKOCTAMH H
TBEpABIMH TesiaMu. UTo6bl yOemuThCsl B TOM, HACKOJBKO BaXKHO 3TO
MOJIOKEHHe O B3aUMOJAEHCTBHM KOHTAKTHPYIOIIUX (a3, PacCMOTPHM
HECKOJIbKO IPOCTBIX OIBITOB,

BosbmeM jBe cTek/siHHBIE NMJIACTHHKH, TIIATEJNbHO OYHCTUM HX
OT MaJsIeHIlMX CJENOB XKHPa M APYTHX 3arps3HEHHH M YCTaHOBHUM B
CTPOrO FOPH30HTAIbHOM NOJ0KeHUH, HaHeceM nunerkoll Ha nosepx-
HOCTb OAHOH IJIaCTHHBI HeOOJIBLIYIO KAIJII0 YHCTOH BOABI, Ha ApPY-
ryio — Kano uyucrofl prytd. [loBeseHue aTux Kanenab GyLeT coBep-
IIEHHO Pas3/IHYHbLIM.

Kanns Boapl, e1Ba KOCHYBLIHCH TIOBEPXHOCTH CTeKJsa, GbICTPO
NpeBpPaTHTCA B MJIOCKYIO JIYXKHIY, IJIOMAAb KOTOPOH HaMHOIO IIpe-
BLICHT HauaJbHYI0 IMOBEPXHOCTb KanJsu. Kamjsi pTyTH COXPaHHUT
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IIOYTH B TOYHOCTH CBOIO MCXOAHYIO mapooGpasHyio ¢opMy. Ecsm
CJIerKa HaKJOHHTb MJIACTHHKH, IOJOXKEHHE BOASHON J1yXKHIB! MIOYTH
He usMeHuTcs1. Jlaxe ec/iu nepeBepHyTh CTEKJISIHHYIO IJIACTHHKY TaK,
4yToOHl CMOYEHHAsl BOJOH MOBEPXHOCTb OKasaltachb BHM3Y, — BOja
BCe paBHO He OTOPBETCS OT CTeKJa. PTyTHas kamus npu HeGoJbLioM
HaKJIOHE MJIACTHHKU GbICTPO CKaThIBAeTCs C Hee — NMPHUMEPHO TaK e,
KaK CTaJbHOM WIapHK CKaThIBAeTCsl MO HAKJIOHHOH miockocTH. [pu
ITOM Ha CTeKJe He yjaeTcsi OOHapyXHTb KaKHX-JHOO CJes0B NpeGhl-
BaHHSl PTYTH Ha €ro MOBEePXHOCTH.

B mepeBone Ha Hay4HbIH f3bIK PE3YJ/BTATBl STOTO ONbITA MOXKHO
3anucath ciegyiomuM ob6pasom: «Bopma cmaunBaer ymcroe crekJo,
a pPTYTb — He CMauuBaeD.

Hecko/bKO H3MeHHM ONBHIT. Bo3bMeM BMECTO CTek/a CBHHIIOBLIE
NJIaCTHHKH H TIOMECTHM HX B KIOBETY C OUYHIIEHHBIM MPO3pPayHbIM
Ba3eJMHOBBIM MacJ/ioM. 3ayHCTHM OCTPBHIM CKaJibllesleM HJIH HOXOM
[I0BEPXHOCTDb NJIACTHHBL. 1pH 9TOM MBI yAa/uM cJIOH OKMCJa CBHHIA.
RasesMHOBOe Mac/io NpensTCTBYET OKHCJEHHIO OYHMLIEHHOH MoBepx-
HOCTH CBHMHLA KHCJIOPOJAOM BO3AyXa, TaKHM 00pasoM ONBIT MPOBO-
JHUTCS CO CBHHIIOM, JIHLIEHHBIM OKHCHOP nyeHku. CHOBa HaHeceM Ha
o6pasLibl JiBe Kamne/bKH — YHCTOH BOABI K UHCTOH PTYTH. Pesysbratht
ONbITa OKAa3bIBAIOTCS1 NPOTHBONOJIOKHBIMY MO CPAaBHEHHIO C HaHece-
HHEM TeX Ke XHMJAKOCTell Ha CTeK/nsHHble NacTHHKH. Kannsa Bonwl
COXPAHHUT CBOIO [Mapoo6pasHyio ¢GopMy H NPH HaKJOHE CBHHLOBOP
NJIaCTHHKH CKAaThIBaeTCsl ¢ Hee. 3HAuUMT, BOJa HE CMOYHJA CBHHEILL
Hanpotus, Kanas pTyT GbICTPO IpeBpallaeTcs B JOBOJIbHO 60JbLIYIO
JIYXKHILy C XapaKTepHHIM 3ePKaJibHbIM GJIECKOM, T. €. PTYTb XOPOLLO
CMauHBaeT CBHHEL.

O6a ONHCaHHBIX OMBbITA HOCAT YHCTO KayeCTBEHHBIH XapakTep H
npefesbHO NMPOCTH. TeM He MeHee BHMMATeJIbHBIH aHANH3 MOJYYeH-
HBIX Pe3yJbTaToOB NO3BOJISIET CHeNaTh HEKOTOPhie BAaXKHBIE 3aKJoue-
HHSl M, UTO He MeHee CYIIECTBEHHO, — MOCTaBUTb NPHHLHUIIHANbHEIE
BONpPOCH!, Kacaiouyecsi MPUPOAbl CMayHBaHHsA, H HAMETUTb NYTH LIS
TOro, YTOObI BHISICHHTb, KaKHe 3Ke CBOHCTBA TBEPABIX TeJ U JKHIKO-
CTell WrpaloT 31ech Haubosee BaXKHYIO POJb.

B o6oux onbiTax ¢urypupoBanu ABe XKHAKOCTH — BOAA H PTYTh,
KOTOpHIE OYeHb Pe3KO OTJIHYAIOTCS 10 GOJBLLIMHCTBY CBOHCTB: IJIOT-
HOCTH, TEIJIO- U 3JEKTPONPOBOJHOCTH, CIOCOGHOCTH BCTYmMaThb B XH-
MHYECKHe peakIliH, PacTBOPATh pasjHuHble BellecTBa U T. . DblIO
6Ll, OIHAKO, HENPaBUJIBHO HCKAaTh OCHOBHYIO NPHUHHY CMauyHBaHuS,
COMOCTaBJsIsi CBOMCTBA TOJBKO KuAKocTell. leficTBHTEJbHO, Bojia
CMayKBaeT CTEeKJIO0, HO He CMauKBaeT cBHHell. PryThb, HanpoTus, cMma-
UHBAeT CBHHEL, HO He CMayKBaeT CTeK/0. TOYHO TakKe M CBOHCTBA
TBEpIOro Teja caMy no cebe elle He MOT'YT ONpenenuTb, OyIeT mpo-
HCXOIHTb CMauMBaHHE HJIH HET: CTEKJO CMauHBaeTcss BOZOH, HO He
cMauuBaercsi pryThio. CiielloBaTesbHO, NMpPOBeIEHHbIE ONMBITH MOKa-
3bIBAIOT COBEPIIEHHO SICHO, YTO CMauyMBaHHe 3aBHCHT B II€PBYIO Oye-
pelb OT XapakTepa B3aHMOZEHCTBHS MEXIY KOHTAKTHPYIOLIMMH Be-
HIECTBAMH. DTO B3aHMOJEHCTBHE JOJKHO GBITh JOCTATOYHO HHTEHCHB-
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HBIM, YTOGLI yAepHMBaTb KalJIO *KHAKOCTH BO3Jie TBepJOH MoBepx-
HOCTH, — 00 3TOM CBHAETE/ILCTBYET OIIBIT C HAKJIOHOM H TiepeBOpayH-
BaHHeM CTEKJ/ISAHHOH IJIaCTHHBI, CMOYEHHOH Kalied BOJBI.

O 3HauuTeNbHOMH CUJ/Ie B3aHMOAGHCTBHS MEXAY XKHIKOCTBIO H CMO-
YeHHOH €10 NMOBEPXHOCTbIO BechbMa Har/AAHO TOBOPHT CJeLYIOLIHI,
TaKXe O4eHb INPOCTOH 3KcrmepuMeHT. KoHell TOHKOH, TiaTesbHO
00e3:KiPEHHO CTEKIAHHOH Na/04YKH ONYCTHM B NMPOOGHPKY C YHCTOH
BOfIo#. BEIHYB MasiouKy, YBHAUM, YTO Ha €€ KOHLE BHCHT KallJisl BOLBL.
3HayuT, CHJIBI B3aHMOJEHCTBHA MEXy CTeK/JIOM H BOAOH OKasasuch
JOCTaTOYHO BEJIHKH, YTOOBI OTOpPBaThb HeOOJMbLIOH OO0BEM BOALI OT
OCTaJIbHOH MacChl KHMAKOCTH, T. €. CHJbl IPUTAXKEHHA MeXIy MoJe-
KyJlaMH BOJbl H CTeKJia GoJbllie, 4eM MexXIy MoJieKkyJamu Boasl, Ha-
IIPOTHB, €CJIM TAaKOH e CTeK/ISAHHOH NaJ/IOYKOH KOCHYTbCS MOBepX-
HOCTH YHCTOH PTYTH, BO3Je Najouku obpasyercs HebGosbliasi BMf-
THHA, SIMKa — TaJOYKa Kak Obl OTTajlIKMBaeT PTYTb.

EcrecrBeHHO, BO3HHKAaeT BONPOC O MPHPOJE CUJT B3AHMOAEHCTBHS,
BJHAIONMX Ha BO3MOXHOCTb CMauMBaHHA. Brosnne oueBuaHo, uto
CHJIa TSIXKECTH (Bec KalJiM) He MOXKeT MrpaTh 3JeCh ONpelesiouei
posd. ¥YjenbHblit Bec prytd B 13,6 pasa Gosiblue, ueM y BOAbI, HO
TOPH3OHTaJIbHO YCTAaHOBJ/IEHHAas CTEKJ/SHHAsA IJIaCTHHA CMAauHBaercs
BOJOi1, a He PTyThi0. DoJee TOro, Xopolo H3BECTHO, YTO CMayHBal0-
1as XKUAKOCTb MOXKET NOAHHMAaThCs B y3KHX TpyOKax (OHM HasbiBa-
I0TCSl KalW//sipaMu), T. €. ABHraThCsl B HalpaBJ/IeHHH, MPOTHBOINO-
JIOXKHOM JIeHCTBHIO CHJIBl TAXECTH.

OcHOBHYI0 poJib B CMayMBaHHH HIPAIOT CHJBI, IPOHCXOXKIEHHE
KOTOPBIX 00YyCJ/IOBJIEHO OCOGBIM SHEPIeTHYECKHM COCTOSIHHEM NOBepX-
HOCTHOTO CJIOSt JIIOObIX Tel B KOHIEHCHPOBAHHOM COCTOSIHHH.

OTH CHJIBI YaCTO HA3blBAIOT KaNWJISPHBIMH, TaK KaK HMEHHO OHH
ofecreyuBalOT MOABEM CMAuHBAIOIUX KHAKOCTEH B Kamuapax.
Korza »xuaKocTb cMauuBaeT NOAJIOKKY (TBEPAYIO HJIH KHUAKYIO), STH
CHJIbI 3aCTaBJISAIOT HAHECEHHYIO KallJ/il0 PacTeybcsl Ha HEKOTOPYIO IJIo-
ulanb, NPEeBBHILIAIONLYI0 IJIOMANAb HayaJbHOTO KOHTakTa. [losToMy
MOJKHO TpPEIJIOXMTh M TaKoe onpenesneHHe cmauuBaHHsA. CMaunBa-
HHeM Ha3blBaeTCsl (DH3HKO-XUMHUECKOe SIBJEHHEe CaMOIpPOH3BOJIBLHOIO
yBeJHYeHHS IJIOWAAM KOHTAKTa KHIKOCTH C MOBEPXHOCTbIO TBEp-
Joro Tena IOJ JAeHCTBHEM MNOBEPXHOCTHBIX (KamHJVIAPHBIX) CHUL.
OueBHHO, YTO 1J1f1 BHISICHEHHS] 3aKOHOMEPHOCTeH CMayHBaHUS HeoO-
XOAHUMO IPEXKJEe BCEro pPacCMOTPeTb NPHPOAY STHX CHJI.

XAPAKTEP CUJ1 BBAUMOAENCTBUA
nPU CMAYUBAHUM

IIpoBenenHoe Bhlle 06CyKAEHHE MPOCTEHIINX IKCIEPHMEHTOB, B
KOTOPBIX HabJII0JaeTcsi CMauUBaHUe, 3aCTaBHJIO TIOCTaBHTb €CTECTBEH-
HBbIHl BONPOC: KakKOBa NPHpoJa CHJ, 00ecleyuBaomUX OTPHIB KallJiH
OT OCTa/IbHOH JXHAKOCTH, €e NpPOYHOe CLEINJEHHe C MOBEPXHOCTBIO
TBEPAOTro TeJla M paclpocTpaHeHHe KalJi Ha CPaBHUTENbHO 6OJIbLIYIO
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IJIOIAAB? DTOT BOIPOC OUEHb CJIOXKEH, HO OH HACTOJIbKO BaKeH AJis
MOHHMaHHUs ABJEHHI CMauUBaHHs, YTO XOTA Obl KpaTKoe 00CyK/eHHe
CHJ1 B3aUMOJEACTBHS MEXAY KHAKOCTBIO M TBEPALIM TeJIOM IPeJcTaB-
JISIETCAl COBEPILEHHO HEOOXOLUMBIM.

Cuubl B3auMOJIeICTBH S, WJIH CHJIbI CBSI3H, YCJOBHO Pasje/fioT Ha
XuMHYyeckue H ¢usanueckne. X UMHYECKHM CBA3SM CBOHCTBEHHA CIO-
COOHOCTb K HACHILIEHHIO, KOTOpash XapaKTepH3yeTcsl KOJHYECTBEHHO
BaJIGHTHOCTbIO. X IMHUYECKHE CBSI3H MOXKHO pacCMaTpPUBaTh Kak BHYT-
pHMOJIEKY IS PHbIE, TOCKOJIbKY OHH CTATHBAIOT APYT C APYTOM OTZe/b-
Hble 4acTH OAHOH MosieKyJbl. TumH4HbIE OPMBI XHMHYECKOH CBA3H—
HOHHAsi U KoBaJleHTHas. VoHHble CBA3M XapaKTepHH! LJIsi MOJIEKYJl
MHOTHX HEOpraHHYeCKHX COeJMHEHM, HanpHMmep, LIeJOYHOraJsoHi-
ueix coneft NaCl, KBr u . 1. KoBaneHTHble CBAI3H NMpPHCYLIH Opra-
HHYECKUM COEJHHEHHSIM, HanpuMep, MNpelejbHEIM YIJIEBOZAOPOLAM.

B orsuune OT XHMHUECKHX CBfi3ell CHJIBI  MEXMOJIEKYJISIPHOTO
NpUTAMEHHs He HachimaioTcsl. OHU JeHCTBYIOT MeXIy MOJEKYJ1aMu
C HACHILEHHBIMM XHMHYECKMMH CBSI3fIMH. TUIHYHbIE NMPHMEpHl Be-
IEeCTB C Npeol/IafalomuM BJAHSHHEM MEXMOJEKYAAPHBIX CHJI — 3TO
CXUKeHHble Taskl ¢ HU3KOH TemnepaTypol KuneHHs (BOAOPOA, asor,
KHc0pon). M3-3a HeHachlaeMOCTH MOJIEKYJISIPHBIX CHJ HX OOBIYHO
OTHOCAIT K Ipynne (Qu3n4ecKuX CHJ (XapaKkTepHbIM INPHMEPOM YHCTO
¢usnyeckoll cuJsbl B3auMoeHcTBUS, HECMOCOOHOM K HaCHILEHHIO,
IBJISIETCA CHUJ1A BCEMHPHOTO TATOTEHHS).

B paccmoTpeHHOM npuMepe cMauMBaHHS CTeKJia BOJOH XHMHYe-
CKOe B3aHMOJEHCTBHE NPAKTHYECKH He NposABaaaock. Ecin cpasy xe
nocjie CMauyHBaHUS CTEKJsa CTPAXHYTb KalJiO BOAbI H IPOBECTH 3a-
TeM XHMHYECKUH aHa/H3 ee COCTaBa, OH OKa)eTCs TaKHUM e, Kak
y BOAbI J0 HaHeceHHs Ha cTekso. CienoBartenbHO, B JaHHOM Ciyuae
CMauuBaHHsA B3aHMOJEHCTBUE KHAKOCTH C TBEpAOH NOJJIOKKOH He
HNPUBOLHJO K NpPEBPAIlEHHIO XKUAKOCTH B Jpyroe BemecTBo. Moxuo
MOITOMY 3aKJIOYHTb, YTO CMayuBaHHe ObLIO OGECHEYEHO IJIaBHBIM
00pa3oM CHJIaMH MeXMOJIEKYJ/ISIDHOTO B3aHMOAEHCTBHS — MOJIEKY-
JISIPHBIMH CHJIaMH.

Hapsizy ¢ HenaceiaeMocTblo Apyrasi BaxKHefulasi ocoGeHHOCTb
MOJIEKYJNSPHBIX CHJI COCTOHT B TOM, YTO OHH SABJAIOTCS GIU3KOAEH-
CTBYIOIHMH, T. €. BEJHYMHA CHJbl B3aUMOJEHCTBHA MEXKAYy 4YacTH-
LaMH GbICTPO yMeHbIUaeTcs PH YBEJHYEHHH PAaCCTOSHUS MEXAy HH-
MH. DTy 0COGEHHOCTb MOJIEKYJIPHBIX CHJI HILIIOCTPHPYIOT, HAallpUMep,
clenyrole JaHHble. BepHemMcs K ONBITY C MOTPY2KEeHHEM CTEKJISTHHOM
najouyku B BoAgy. Ecin mocie BBITaCKHBAHHSI MAOYKH SHEPTHUHO
CTPSXHYTb C Hee KalJ/Io BOJbl, Ha TOBEPXHOCTH CTEKJa BCE K€ OcTa-
HeTCsl OueHb TOHKHH cJoH XKuakocTH. Ero mpucyrcrsre MoxHO 06-
HapyXKHTb pasHbIMHM cnoco6amu. CylIeCTBYIOT YYBCTBHTE/bHBIE Me-
TOAbl, KOTOPbIE NO3BOJISAIOT KOJNHYECTBEHHO OLEHHTb TOJIIHHY OCTaB-
merocs ¢10s. DTH MeTOAB! NOKa3blBAlOT, UTO MO KpafiiHel Mepe Mo-
HOMOJIEKYJISIPHBIH (TOJILIMHOM B OAHY MOJIEKYJY) CJIOH CMayHBalo-
WeH KHUAKOCTH MOXKeT COXPaHATbCA Ha MOBEPXHOCTH TBEPAOTO Tesa
u nocne cOpachiBaHHA Kamau. UToObl yAaJHTh MOHOMOJEKYJISIPHEIR
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cJIoff, HYXXHEI 6oJlee SHepTHYHbIe BO3ZEHCTBHSA, HAlNpuUMep, Harpes B
BaKyyMe.

Cayuan cMauuBaHuS C Npeo6/ajalolmuM BIHSHHEM MOJIEKYJISip-
HBIX CHJI OYeHb LIHPOKO paclpoCTPaHeHbl B NPUPOJE H TEXHHUKE.
Bot noyeMy BO MHOI'HX ONpelleJIeHHAX SIBJEHHSI CMauHBaHHUSA, B TOM
yuc/e U B IPUBOAUBIIelics Bhile popMynHpoBKe U3 «KpaTkoit xumu-
YeCKOH SHUHMKJONENHH», 9acTO MNOAYEPKUBAeTCs AeHCTBHE HMEHHO
MOJIEKYJISIPHBIX CHUI.

BMecte ¢ TeM Takoe Bblfie/IeHHe 0COGOH POJIH MOJIEKYJISIPHBIX CHJI
BBHI3BAaHO B M3BECTHOH CTeNleHH H YHCTO HCTOPHYECKHMH NpPHUHHAMH.
Iouaroe Bpemsi, npumepHo 10 30-X rofloB HLIHEIIHEro BeKa, CHCTeMa-
THYECKHE MCCIeIOBaHUS CMaYMBaHUS NPOBOAMJIM TOYTH MCKJIIOUH-
TeJIbHO Ha CHCTeMaX, B KOTOPBHIX B3aHMOAEHCTBHE XKHAKOCTH C TBEp-
IbIM TEJOM MOXHO OBbIJIO paccMaTPHUBaTh C JOCTaTOYHOH TOYHOCTHIO
KaK pesyJibTar AeHCTBHSA OAHHX JIHIIb CHJ MOJIEKYJISIPHOTO PUTSIKE-
HufA. VIHTepecHO OTMETHTB, YTO CaMO INpeICTaBleHHEe O HaJWYHH B
NPHPOJe MOJIEKYJISIPHBIX CHJI BO3HHKJIO B HayKe Kak pa3 B CBfI3H C
H3yueHHeM fBJIEHHH CMAuHWBaHM{, ellle 3aJ0Jro JO CO3JaHHS MoJe-
Ky/napHoi ¢usuku. B 1743 r. dpanuysckuit matematuxk Kiepo, ana-
JIM3UPYS TNOABEM CMAYHBAIOMIMX KHAKOCTEH B Y3KHX KalHJISPHBIX
TpyOKax (mo JathiHH capillus — Bosoc), BBes mpencTaBieHHe 00
YHHBEpCaJIbHBIX CHJIAaX MOJIEKYJISPHOTO NMPUTAKEHHS, AeHCTBYIOIHUX
MeXIy YaCTHLAMHU XKHIKOCTH H creHKoH TpyOku. B 1806 r. sHame-
HUTBIA (paHIy3cKHii MaTeMaTHK, acTpoHOM H ¢usuk Jlamnmac yka-
3aJl NPUHIMIHANBHO BaXKHOE CBOMCTBO CHJI MOJIEKYJISPHOTO NPUTS-
JKEHHSl — pe3KOe yMeHbllleHHe C yBeJHUeHHeM PaCCTOSTHUSI MEXIY
yacruiiaMu. Pusuyeckne 060CHOBAHHS CHJI MOJIEKYJISIPHOrO IPHTH-
JKEHHUSI U KOPOTKOTo pajuyca HX HeHCTBHSA ObLIM NMOJy4YeHbl MHOTO
nosxe. B 1873 r. ronnannckuit dusuk Ban-nep-Baanbc nokasai, uro
OTJIMYHS CBOHCTB PeasIbHbIX I'a30B OT HiealbHbIX 00YCJIOB/IEHBI MpexK-
Jie BCEro MeXMOJIEKYJISPHBIM IPUTSAKEHHEM, KOTOPOe CTAHOBHTCA 3a-
METHBIM NIPH YBeJHUeHUH JaBJIeHHA U OHHKEHHH TeMIepartypHl rasa;
B CBfI3H C 3THM MOJIEKYJISIDHEIE CHJIBI YaCTO Ha3bIBAIOT TAKKe CHJIaMH
Ban-nep-Baanbca, B 1930 r. nemenxwuit ¢pusuk @. Jlongon passua
KBaHTOBO-3JIEKTPOCTATHYECKYIO TEOPHIO MOJIEKYJSPHBIX CWJI H IO-
KasaJl, YTO OHH JeHCTBUTE/IbHO Ype3BbYalHO Pe3Ko yOHIBAIOT C yBe-
JIMYEHHEeM DPacCTOSTHHSI MEXJy YaCTHLaMH (MPONOPIUOHAJBbHO Cellb-
moii cremenn). B 50-x romax unen-koppecnonzenr AH CCCP
B. B. Hepsrun nposea cosmectHo ¢ M. M. AGpukocoBoit upesBh-
4ailHO TOHKHE 3KCIEPHMEHTHl U HENoCPEJCTBEHHO H3MepHJ OYeHb
MaJible, 10 0,001 auHEL, CHJIB MOJIEKYJIsApHOTO NPHTSKeHHs. C yueTom
5THX pesyJbTatoB uieH-koppecrnonaent AH CCCP E. M. Jludmun
NOCTPOUJ OGILYI0 H CTPOTYIO TEOPHIO MOJIEKYJSPHOTO NPHUTSKEHHS
JBYX TeJs, OTAEJEHHBIX APYT OT ApYra OueHb y3KOH IIEJbIO.

Mouieky1sipHbIE CHJIBL I€HCTBUTEIBLHO HIPAIOT OYeHb BaXKHYIO POJIb
B SIBJIEHHH CMayMBaHHsl, HO Obl10 Obl HENPaBUJbHLIM CYHTATh, UTO
XHMUYECKHMH CHJIaMH B3aMMOJEHCTBHS BCErja MOXKHO IOJIHOCTbIO
npeHe6peyb, Baxuelfituas ocoGeHHOCTb CMAYWBaHHf COCTOHT B TOM,
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UTO OHO OINpEJe/IieTCA He CTOJbKO HHAMBHAYaJbHBIMU CBOHCTBaMH
JKHUAKOCTH U TBEPJOTO Tesa, a HX B3aHMOZEHCTBHEM. DTO HAIlOMHHAET
CHTyalHIO, BO3HHKAIOUIYIO I[PH OMNHCAHHH XHMHUYECKHX CBOHCTB.
CriocOGHOCTH 3/1€MEHTa WJIM BellleCTBa BCTYHaTb B pasjMYHBIE peak-
MU 3aBHCAT, KOHEUHO, OT €ro XHMHYeCKOH NMPHPOAH], HO NpPOSBJIsA-
IOTCS 3TH CIIOCOGHOCTH He H30JIMPOBAHHO, a NMPU KOHTAKTe (B3aHMO+
JedicTBuH) ¢ ApyruMu BemectBaMH. CiyyaeB cMauuBaHKsl TaK MHOTO,
OHHM HAaCTOJIbKO PasHooOpasHbl MO NPHPOJE KOHTAaKTHPYIOIIHX Be-
IIECTB, YTO BO MHOTHX CHCTeMax 6oJbilyl0, a HHOTAA H OCHOBHYIO
poJib HrpaeT XHMMHYECKOE B3aMMOAEHCTBHE MeXAY XKHIKOCTBIO H
TBepAbIM Te oM. OCOGeHHO CHJIBHO XHMHUECKOe B3aHMOAEHCTBHE
nposiBisiercs NPH BHICOKHX TeMmlepaTtypax, TaKk KaK HarpeBaHue
OOBLIYHO  Pe3KO YBEJHUYHBAET CKOPOCTb IpPOTEKaHHS XHMHUYECKHX
peaxuui.

Takum o6pasoM, B KaxKJIOM OTAEJbHOM cJyyae HeoOXOAUMO TIA-
TeJILHO pa3o6parbecsl B XapaKTepe B3aHMOAEHCTBHH, Npexie yeM pe-
IIHTb, KaKoe U3 HHUX sABJsfercs noMuHupyomuM. Heo6xonumo Tak:xke
YYHTHIBaTb, YTO HENOCPEICTBEHHBIA aHa/IN3 CHJ1 B3aUMOJEHCTBHA,
HX KOJIMYECTBEHHBIH pacuer BOOOIIE CONPSKEHbI C OYeHb GOJIbIIHMU
TPYAHOCTSIMH, MHOTHE H3 KOTOPHIX /O CHX NOp He INPEOIOJIEHH.
3nech Hesb3s 060iTHCH Ge3 METONOB KBAHTOBOH MEXaHHKH H XMMMH,
a pacyerbl OObIYHO MOXKHO IPOBECTH AO KOHLA TOJBKO C MpHBJeYe-
HHeM BblUHCIMTeNbHBIX MamuH. [TostomMy no cux mop B Teoperuue-
CKOM HCCJIEIOBAaHHHM CMauyuBaHUA IpeobiafaeT MaKPOCKOMHYECKHIt
MeTOJ, OCHOBAaHHLIH Ha NPHBJIEYEHUU psAla NMOJOKEHHH TepMOLWHA-
MUKM, MoJIeKyJsApHO# $hu3uKkH, ruaposuHamuky. [Ipu atom ocaboe
BHUMaHHe y[eJAeTcs aHaJu3y 3HepreTHYeCKOFO COCTOSIHHA NMOBEpPX-
HOCTHOTO CJIOfl TBEPIBIX TeJ H KHIKOCTeH.

BHYTPEHHEE [ ABNEHME YXMOKOCTEH

DHepreTHyecKHe CBOHCTBA MOBEPXHOCTH MKHAKOCTEH H TBepABIX
TeJl Ipolle BCero pasbuparh Ha MpHMepe, KOTAA YHCTash OLHOKOMIIO-
HeHTHasl JXHIKOCTb TPAHMYUT C BO3LYXOM, B KOTOPOM COLEPKHTCSA
HachlleHHbIA map 9To# XKuakocTH. Takas cucreMa HaXOZUTCS B Tep-
MOJIMHAMHYECKOM PaBHOBeCHH (CKOPOCTb HCIapeHHs C MOBEPXHOCTH
JKHAKOCTH PaBHAa CKOPOCTH KOHJEHCAlUUH MapoB).

CpepHue paccTosiHHSL MeXJAy MOJIEKYJaMH, HaXO[SAUIMMHCS B
BO3JlyXe, BecbMa BEJIHKH — OHH HAaMHOTO IPEBLILIAIOT COOCTBEHHbIE
pa3mepel MosiekyJ. I[TosTomy B3auMOZEHCTBUS MEXAY OTHENbHBLIMH
MOJIEKYJ/IAMH TPAKTHYECKH HeT, OHO NPOSBISETCS JIHIIb B MOMEHT
CTOJIKHOBEHHSl OTHEe/NbHBIX MOJIEKYJ NPH HX XaOTHYECKOM Iepeme-
IIEHHH.

CoBepiieHHO NO-HHOMY B3aHMOJAEHCTBYIOT MOJIEKYAbI B JKHAKOH
tase. I1noTHOCTD KHIKOCTH BO MHOrO pas GoJiblle MJIOTHOCTH ee
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napoB. Hanpumep, npu KOMHaTHOH Temmeparype MJIOTHOCTb BOAbI
B 6-10% Gosblile MJIOTHOCTH HACHILIEHHOTO BoAsiHOro mapa. C yMeHb-
IIEHHEM paCCTOSIHUSI MEXJAY MOJIeKYyJaMH CHJIbI B3aHMOAEHCTBHs
MeX1y HUMU Pe3KO BO3PacTalioT, I03TOMY B XKHAKOCTH CHJIbI MOJIEKY-
JSIPHOTO B3aUMOAEHCTBUS BO MHOro pas GoJibille, 4eM B Iape Wiu B
rase.

PaccMoTpuM Tenepb Kakylo-JHOO MOJIEKYJy, HaXONALLYIOCS B
ofbeMe XKHIKOCTH, HA JOCTATOYHO OOJIBIIOM PAaCCTOSTHHH OT ee Mo-
BepxHocTH (puc. 1). Dra MmosekyJsa, Hanpumep MosekyJaa A, okpy-
JKEHa CO BCEX CTOPOH COCelsiMH — TaKHMH Ke MoJeKy.amud. Pac-

Puc. 1. Cuasvt e3aumodeticmeusn
MEHOY MOACKYAAMU, DACNOAOINEH~
HoiMu 8 obweMe ogudKocmu, 8
cpedHem B3AUMHO KOMNEHCupytom
(ypasnosewusarom) Opye  Opyea.
¥ Mosexkyn nosepxHOCMHO20 CA0A
maxas KOMReHcayus omcymcm-
syem  (F3<fy).

CTOSIHMS MEXJY OTHENbHLIMH MOJIEKYJaMH B CPEJHEM OJHHAKOBHI.
Tostomy cuna fy, ¢ KoTopoit MoneKysa A NPUTATHBAETCA MOJEKY-
Joit A, B cperHeM OyJIeT MOJHOCTbIO ypaBHOBeIEeHa CHJIOMN, Hanpas-
JIeHHOH B JHaMeTpajbHO MPOTHBONOJOXKHYIO CTOPOHY, — CUJIOH
NpHTsKeHUs1 K MoJiekyJse A,. CoBepiieHHO aHaJOrHYHO MOXKHO MO-
Kas3aTb, YTO GYAyT B3aHMHO YPaBHOBEIIEHBI CHJIbI MOJIEKYJISPHOrO
NPHUTSKEHHS, JEACTBYIOLIME 10 BCeM APYTHM HanpaBJIeHHsSM.
MouJiekyJibl, pacmnoJioKeHHble B NOBEPXHOCTHOM CJIO€ KHMAKOCTH,
OKashIBalOTCSl B COBEPIUIEHHO MHbIX YCJOBHSX, ueM B obbeme. [leficT-
BHUTEJIbHO, MOJIEKYJIBI lTapa HAXOAATCS OT HUX ropasjo Jajblie, YeMm
coceHHe MOJIEKYJBl KHMAKOCTH. [losToMy cusia npuTsiKeHus f,,
HanpaB/ieHHasi B CTOPOHY BO3JyXa, BO MHOTO Pa3 MeHbILE CHJIBI NPH-
TSiKeHHs [y, JeficTBylomell B NPOTHBONOJIOXKHYIO CTOpPOHY. Pe3yiib-
THpYIOLIAs CUJIa, MPOTNOPIHOHAJbHAS PA3HOCTH CHJI MOJIEKYJISIPHOTO
npuraxenus (f, — f,), HanpaBieHa TakuM o6pasoM BHYTPb KHI-
KOCTH. DTa CuJIa, OTHECeHHasi K eNMHHIE NMOBEPXHOCTH (HampuMep,
K 1 cm?), HaskiBaeTcsl BHYTPEHHUM HaB/ieHHeM. BHyTpeHHee qaBJeHne
JuaKocrell ouenp Benuko — 11 000 amm pas Boxwl, 2400 amm ans
criupra, 1400 amm ans sbupa. Hanuuue BHyTpeHHero JaBJIeHHS NPH-
BOJIHT K TOMY, 4TO *KMAKOCTH OueHb TPYRHO CxKUMaTb. [las sToro npu-
XOJHUTCA CO3/1aBaTh KOJIOCCA/bHbIE BHEILIHHE 1aBJIeHH s, CONOCTaBUMBIE
C Be/IHYHHOM BHYTpPeHHero nasnenus. Hanpumep, nasienue B 200 amn
yMeHbInaer o6beM Bogp! Beero Ha 1%, a o6vem pryrd — Ha 0,1%.
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Takum 06pasoM, CHJIBI MOJIEKYJNSIPHOrO NMPUTSKEHHSA, AeHCTBYIO-
e Ha MOJIEKYJbl MOBEPXHOCTHOIO CJIOSl XKHIAKOCTH, HE KOMIEHCH-
pyiotcsi. OTO NPHBOAHUT K TOMY, YTO MOJIKYJIbl [TOBEPXHOCTHOTO €105
OKasblBalOTCA B 0COGOM 3HEPreTHYECKOM COCTOSIHHH IO CPABHEHMIO C
MOJIEKYJIaMH, Haxoismumucs B obbeme, [leficTBHTeNbHO, AJA mepe-
MELIEHNs OTAe/bHOM MOJIEKYJIbl XKHAKOCTH U3 ee o6beMa Ha MOoBepX-
HOCTb Heo6X0oAMMO 3aTpauuBaTh paboTy MO NMPEOJOJNEHHIO CHJ BHYT-
peHHero JaBneHHs. 3 3akoHa coXpaHeHHsi SHEPIHM HM3BECTHO, YTO
3aTpayeHHas paboTa yBeJHuHBaeT SHepruio cucremsl. Caenosaresb-
HO, MOJIEKYJ/IbI TOBEPXHOCTHOIO CJofi oOsafailoT GoJiee BHICOKOM,
H30BITOYHOH SHepTHel, YeM MOJIeKYJbl BHYTPH KHAKOCTH.

CoBeplieHHO OYeBHMAHO, YTO 0cOGOe 3HepreTHYeckoe COCTOSHHE
MOJIEKYJl TOBEPXHOCTH JHO/IKHO OKasblBaTh YPE3BbIYaHHO CHJIbHOE
BIHsIHME Ha NpPOTeKaHHe BCeX NMOBEPXHOCTHBIX fBJEHHH, B TOM YHcJe
U cMauuBaHuA. BHyTpeHHee JaB/ieHHe HELOCTATOYHO IOJHO XapakTe-
pU3yeT 3HepreTHYeCKHe CBOHCTBa NOBepXHOCTHOro ciosi. Ilostomy
AJISl 3TOH LleJIH HCNOJB3YIOT APYIYI0 XapaKTePHCTHKY — YAJNbHYIO
CBOGOJHYIO NOBEPXHOCTHYIO SHEPTHIO.

YAENbHASl CBOBOAHAS MOBEPXHOCTHAS DHEPTUSA
(MOBEPXHOCTHOE HAMPSYKEHME) YXUAKOCTEH

Bcem xopoio ¥3BecTHO, KakK BbIAYBalOT MbUIbHBIE nmy3blpu. Ha
KOHYHKE TPYGOuUKH (MM CONOMHHKH) IOMEINAIOT KalJio MBUIBHOMN
BOJIBl M OCTOPOXKHO AYIOT B Tpybouky. Torna cHavasna nmosiBuTCS Ma-
JIEHbKH I MBLIBHBIH My3bIpeK, MOTOM OH CTaHOBHTCS GoJiblle K GoJblie
U, HaKOHel,, NepejKBasCh BCEMH LBETaMH pajyrHd, OTPHIBaeTCA OT
Tpy6ku. Ha nepshlii B3rasx BCe OUeHb NMPOCTO M, BEPOSITHO, Aaxe
TPYAHO NMpPEeACTaBUTb, YTO MBUIbHBIE MY3bIPH MOTYT CKPHIBATh KaKHe-
aubo TtaiiHel. Ho mocraBEM Takoii BONMpOC: HAa YTO 3aTpauyMBaeTcs
paboTa npu BAYBaHUH BO34yXa B MbLIbHBIH Ny3bipb? OKasbiBaercs,
YTO Ha STOT BONPOC HeNMb3 OTBETHTb BepHO 6e3 yuera 0cobbiX CBOHCTB
TIOBEPXHOCTHOTO CJIOA KHAKOCTEH.

Ilo mepe yBennueHHa oObeMa INYy3bIpsi NOBEPXHOCTH MBUILHOM
NJeHKH pacteT. B oTvinuue or mysbipbka 06beM MBUIBHOH MJEHKH
IpH BbIyBaHUH He H3MEHSeTCS, OH Bce BpeMsl paBeH 00beMy HCXOJ-
HOM Karlljli MbJIbHOTO PacTBopa, KOTOPYIO IIOMECTU/IH B HayaJie OIkiTa
Ha KOHYHK TpyOku. O6bem mienku V=4nR®h (R — pamuyc mny-
3bIpbKa, h — To/muuHa nieHku). OTClofa cienyer, YTo ¢ yBeTHUeHHeM
paaMyca MBUIBHOTO Iy3bipbKa TOJIIMHA MBIIBHOH TMJEHKH Oyner
yMeHbIIAThCs 06paTHO NPONOPUHOHANBHO KBajpaTy pajuyca. YBe-
JIMYEHHE NOBEPXHOCTH Ny3blpbKa IIPH HEH3MEHHOM o0beMe MbLIbHOH
IJIEHKH O3HayaeT, YTO MHOTHE MOJIEKYJIbl, HaXOJMBLIHECS paHbilie
BHYTPH JKHJIKOCTH, OKa3aJuchb Ha ee noBepxHoctd. Ho, 4toGr1 MoJte-
KYJIBl MOTJIM BBIHTH Ha IIOBEPXHOCTb, HYXKHO HPEOJ0JIETb CONPOTHBIIE-
HHe CHJI BHYTPeHHero jAaBJjeHHnsi. bes 3aTparhl paGoTh TaKo#l nepeHoc

13



MOJIEKYJ/l M3 OoGbeMa Ha YIOBEpPXHOCTb npousoitu He Moxer. Crego-
BaTenbHO, pabora, coBepiuaeMasl NPH BbHIIYBAHHH MBUIBHOIO NY-
3blpsl, PACXOAYeTCs Mo KpaiHel Mepe 4aCTHYHO Ha IepeMelleHHne Mo-
JIeKyJ XHAKOCTH H3 I1yOHHBI TMJIEHKH Ha ee INoBepXHOCThb. HeobGxo-
JIMMOCTB 3aTpaThl paGoTHl Ha NepeHoc MOJIEKYJ U3 o0beMa Ha IoBepX-
HOCTb U BbI3BaHa TeM, YTO MOJIEKYJIbl IOBEPXHOCTHOTO CJlos1 06/1aAal0T
u36biTOuHO! 3Hepruedl. OfuH W3 (yHAAMEHTaJbHHIX 32KOHOB IIPH-
POZBl — BTOPOE HayaJsio TepMOJHHAMUKH — YTBEPXKJAeT, YTO COCTOsA-
HUe C H36LITKOM SHEPIMH CPaBHHTEJNbHO HEYCTOHYHBO: CHCTeMa
CTpPEMHTCSI CaMONPOH3BOJIbHO H30aBHTLCA OT 3TOr0 M30bITKA M nepeii-
TH B HauoJiee yCTOHUHBOE MOJIOXKEeHHe — C MHHHMaJIbHO BO3MOXKHOH
sHeprueil. Tak, TenJora caMonpou3BOJIbHO IEPEXOLHT OT TeJia ¢ Gosee
BBICOKOH TeMmIepaTypod K OTHOCHTEJbHO XOJONHOMY TeJy; KaMHH
CKaThIBAIOTCA C TOp; CXKaTas MJH COTHYTasi NMPYXKHHA CTPEMHTCS
pacmpsAMHTbCS, a CKAThH ras — 3aHaTbh Ooabwuii o6beM. Kak mo-
kasan B koHue XX B. kpynHefiunii aperpuiickuil GUsHK-TEOpPETHK
JI. BonbuMaH, cMBICA BTOPOro Hayasla TePMOAMHAMHKH 3aKJ/i04a-
ercsl B TOM, 4TO NPHPOJA CTPEMHTCS OT COCTOSIHUH MeHee BePOATHBIX
K Gosee BeposTHeIM. IloaTomMy B cucreMe CaMONpOM3BOJNBHO, T. €.
6e3 3aTpaThl paGoTbl H3BHE, MOT'YT IIPOHCXOAHTH TOJBKO TaKHe Ipo-
1IeCChl, KOTOpbe BEAYT K YMEHBIIEHHIO H30bITKa SHEPTHH CHCTEMbl B
1IeJIOM.

B cBere mpHBeAEHHBIX BBbILIE NMOJOXKEHHH TePMOAMHAMHKH H 3a-
KOHa COXDaHEHHS! 3HEpPTHH HeOGXOAMMOCTb B 3arpaTte paGoThl Ha
niepeMeLlieHHe MOJIEKYJ U3 o0beMa KHIKOCTH Ha ee NOBepXHOCTb 03-
HayaeT, YTO Ha NMOBEPXHOCTH MKMIKOCTH MOJIEKYJbl 06saanaioT 60Jb-
el sHepruei, yeM B oGbeme. ITo3TOMy Bech IOBEpXHOCTHBIH CJIOH
JKHAKOCTH HMeeT H30BITOYHYIO CBOGOJHYIO SHEPTHIO MO CPaBHEHHIO
¢ o6vemoM xkuakoctd. (TepmuH «cBoGozHas» noGaBisiercs NMOTOMY,
YTO B COOTBETCTBHH CO BTOPHIM 3aKOHOM TepMOAMHAMHKH B ¢opme
paboThl MOXKHO peaju30BaTh HE BCIO BHYTPEHHIOIO SHEPIHIO TeJa,
a TOJIbKO HeKOTOpylo ee 4yacTb. [1o mpensioxeHHnio HEMELKOro (u3Hu-
ka I'. lenpMronbia 3Ty yacTb HasblBalOT CBOOOJHOH 3HEPrHEH CH-
CTeMBI.)

OueBnziHO, 4TO yMeHbllleHHe CBOGOIHON MOBEPXHOCTHOH 3HEPTHH
JKHIKOCTH MOXKET [IPOH30HTH, €CJIH YMEeHbIUUTCA oblas nOBePXHOCTb.
H3BecTHO TakKe, 4YTO NPH IOCTOSHHOM OObeMe BellecTBa MHHH-
MaJbHYIO NOBEPXHOCTb HMeeT uap. MeHHO mosToMy Bee XKHMAKOCTH
crpemaTcsl npHobpecTy chepuyecKylo, 1apoobpa3Hyo NOBEPXHOCTb,
Tak, HanpuMep, KamJ# pochl HA JIUCThSIX MJIM Ha TPaBe HMeloT Gopmy
mapa. Ha sToM xe mpuHmuNe — CTpeM/I€HHH K MHHHMaJbHOH MO-
BEPXHOCTH — OCHOBaHa OTJIMBKAa Apo6u. Kamiu Xumkoro CBHHIA,
najas ¢ JOCTaTo4HO GOJIbILOH BHICOTHI, YCHEBAIOT 3aCThITh; B PE3YJlb-
TaTe MOJYYaloTCs LIapPOBUAHEIE APOGHHKH.

Crpem/ieHne XHAKOCTH K YMEHBILEHHIO NOBEPXHOCTH OCOGEHHO
HarJVISAHO JeMOHCTPHPYET CTaBIUMI KJACCHYECKHM OIBIT, TNPOBEAEH-
Hblfl BriepBhe GenbrufickuM yuensim Ilnaro (1873 r.). Kanumo pacru-
TeJIbHOrO Macsla NOMeILaloT B cMech Boibl H cnuprta. CocraB cMecH
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nonbupaercs Tak, YToGhl ee MJIOTHOCTD GbljIa TAKOH Ke, KaK y Macya.
[TostoMy mo 3akoHy ApxuMena CHJa TSXKECTH He OKa3blBaeT B 3THX
YCJIOBHSIX HMKAKOIO BIMSAHUA: KamJisl HaXOAuTcs Kak Obl B YCJIOBHAX
HeBecoMocTH. OnbIT NoKasbiBaeT, YTO KalJs Macia nprobperaer
crporo mapoo6pasHyio ¢opmy.

Hapsany ¢ onbitom [1nato u3BecTHO W MHOTO APYTHX 3KCIEPHMEH-
TOB, KOTOpbie yOeNUTENbHO JOKA3bIBAIOT HaJIHUHe CBOGOJHON IOBEpX-
HOCTHOH 3Hepruu. OnHAKO NMPOCTO BEJIHYHHOH CBOGOLHON MHOBEpX-
HOCTHOH 3HeprHH elle HeJb3fl ONHO3HAYHO OXapaKTEpPU30BaTb CBOH-
CTBA NOBEPXHOCTH XKMJKOCTH Ha I'PaHHUIE C TOH HJIH HHON OKpYKaio-
e cpeoft. JleficTBuTENbHO, YBEJAHYHB Maccy KanuH B onbite [1nato,
Mbl aBTOMAaTHYeCKH YBEJHYHM H CBOGOJHYIO NOBEPXHOCTHYIO SHep-
THIO, IIOCKOJIbKY IIOBEPXHOCTD KallJIH Bo3pacTeT. B To xke Bpems oue-
BHHO, YTO CBOKMCTBA IPaHHIb! pasfiesia He NOJIKHBI IPH 3TOM H3Me-
Huthesl. UToObl H36eKaTh TaKOH HEONpeNeNeHHOCTH, SHepreTHYeCKHe
CBOCTBA TMOBEPXHOCTEH XapaKTEPU3YIOT YAEJbHOH BEJHYHHOH, T. €.
OTHOCSIT CBOGOJHYIO IIOBEPXHOCTHYIO SHEPTHIO K e[UHHIE IJIOMIanH.
dra BeJMuHHA — yAenbHas CBOOOJHAs IOBEpXHOCTHASA JHEPrus
(o6ruHO OHA OG03HauaeTcs rpeyeckoil OyKBok C) MpejcTaBasieT Bax-
HeHuylo (H3HKO-XMMHYECKYI0 XapaKTepPUCTHKY IOBEPXHOCTHOrO
c/ost XKHAKOCTEH.

Jnst pacuera yaenbHOH CBOGONHO!N NOBEPXHOCTHON SHEPTHH HOJIb-
sylorcsi ypaBHenuem o=(A/s)r, rae A — paGora oGpaTHMoro u3o-
TEpPMHYECKOro mpoiiecca 06pa3oBaHUsi HOBOH TOBEPXHOCTH IJIOLLAbIO
s, uHpeKkc «T» yKasblBaeT, YTO NPOLECC HOJKEH COBEpIIaThCS NPH
TIOCTOSIHHOH TeMmepartype (M30TepMuuecKH). PasMepHOCTb yaeNbHOMH
cBoGOAHOH NOBEPXHOCTHOH 3Hepruu — 3pe/cm® B cucreme CGS,
Oaxcoyas/m®* — B cucreme CH.

[TosicHuM, noyeMy HeoGXOAHMO CTOJIb CTPOTO OTOBOPHUTH YCJIOBHS
o6pa3oBaHKs HOBOH MOBEPXHOCTH — H30TEPMHYHOCTb H 0GPaTUMOCTD
npouecca. Kak H3BeCTHO, BeJMUMHA COBepLIaeMOl Haj CHCTEeMOH pa-
GOTBbl 3aBHCHT HE TOJIbKO OT HauaslbHOTO U KOHEYHOTO COCTOSIHHH CH-
CTEMEI, HO U OT TOTO, IIPH KaKHX YCJOBHAX (4acTO roBOpAT — IO Ka-
KOMY NyTH) coBepuiascs npouecc. ITostomy Ge3 TouHoro ykasaHusi
YCJIOBHH, MPH KOTOPLIX onpejessercss yienbHas cBoOOLHAs IMOBEPX-
HOCTHas 3Heprus, ee Hesb3s ObWIO Obl ONMpeJeNuTb OXHO3HAYHO.
CpaBHHMM B CBSI3U C3THUM JBa poliecca 06pa3oBaHHs HOBOH IOBEPXHO-
CTH — H30TepMuuYecKuli M axuabatuyeckui. [lonnaa cBoGojHas
sHeprusi cucreMl F=U—T S+os, rne U — BHyTpeHHsisi SHEPrusi
CHCTeMbl, MpONOpLUOHANbHAs abcomoTHoH Temneparype T, S —
suTponus. OueBHIHO, YTO B H30TepMHYECKOM 06paTHMOM Mpoiiecce
nepBble JBa YJeHa B IPaBOH 4acTH 3TOrO yPaBHEHHA HE H3MEHSIOTCH.
3HauuT, BCs 3aTpayeHHasi paGota A GyzeT pacxonoBaTbhCsi TOJBKO
Ha yBeJIHYeHHEe TOBEPXHOCTH S H MOXKHO MOJb30BaThCA /IS pacyera
yAeNbHOH CBOOOJHOH MOBEDXHOCTHOH 3HEPTHHM YKAa3aHHBIM Bbille
ypaBHeHueM o=(A/s)r. ApnuabatHueckuil mpolecc COBepLIAETCSH
oueHb ObicTpo, Ge3 TemsiooGMeHa C OKpy:Kaioliefl cpeioil, MO3TOMY
TeMneparypa KHIKOCTH 00si3aTesbHO uaMeHuTcs. OueBHAHO, UTO B
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3THX YCJOBHSX 3aTpayeHHas paboTa MoiJer He TOJBKO Ha U3MEHeHHe
CBOGOLHOMN NIOBEPXHOCTHOH 3HEPTUH, HO H Ha H3MeHEHHe BHYTpeHHeH
sHepruu cucreMbl. [TostoMy npupaBHATH 3aTpaueHHy paGoTy H3-
MEHEHHUIO CBOGOAHOH MOBEPXHOCTHOH 3HepruH Obio Gbl CepbesHOoi
OLIHOKOH.

HyxHO Takxe OTMeTHTb, 4TO ypaBHeHHeM 0=(A/s); MOXKHO
N0/1b30BATbCA ellie NMPH ONHOM OrpaHUYEHHH: yjledbHas CBOGOAHAs
TMOBEPXHOCTHASA 3HEPTHs HE [O0JI)KHA 3aBHCETb OT BEJHUHHbI NOBEpPX-
HocTH. COrJiacHO ONpeleseHHI0 3TO YCJIOBHE BHITOJNHAETCS, INOKa
TIOBEPXHOCTb JKMAKOCTH NOCTAaTOYHO BeJIHKa (pasMep Kallj¥ 3HayuH- -
TeJIbHO OoJiblue paauyca JAeHCTBUS MOJIEKYaapHBIX cua). [Ipu coGio-
JIEHHH YKa3aHHOTO YCJOBHSI YAEJbHYIO CBOGOAHYIO MOBEPXHOCTHYIO
SHEPTHIO MOXHO TAK:Ke ONPEeAeNnTb, Kak paboTy o6paTUMOro mepe-
HOCa B MOBEPXHOCTHBIA CJIOH H3 OKpYXKalolle#l cpeapl BCeX MOJEKY.JI,
HIYLIMX Ha [OCTPOHKY €IHHHUIB! NMOBEPXHOCTH. B 3ToM cMbicsie
ylenbHasi cBoGoAHAsi MOBEPXHOCTHASl 3HEPTUA XapaKTepu3yeT pas-

B C
Mg P ON

Q Puc. 2. Cxema onvima 942 uz-

0 o ,

Meperus  yOeavHol 80600HOU

NOBEPXHOCMHOU 9HEpeuu nAeH-

KU, NOMEUWEHHOU Ha NnpososoH-

A D Holi pamre.,

HHIly 3HEPTHH MOJIeKyJl NaHHOrO BelleCTBa B «MOBEDXHOCTHOM» H
«oOGbeMHOM» cOCTOsIHMAX. Takol moaxon oco6eHHO onpaBAaH M Har-
JISIIeH 1J1S1 YUCTBIX OZHOKOMIIOHEHTHBIX KMJAKOCTeH, IpaHHYalluX C
coGCTBEHHEIM MapoM, KOTAa IJIOTHOCTb hapa npeHeGpeXuMo MaJa
N0 CPaBHEHHIO C MJIOTHOCTbIO KHUIAKOH (hasbl.

Bcerna, xoraa B paccMoTpeHHe BBOAMTCS Kakasi-n160 gusuyeckas
HJIM XHMHYECKasl BeJIMYKMHA, HeoOOXOIHMO YKa3aTh crocol, No3BoJIfI0-
1M OnpefesuTh 3Ty BeJHYHHY 3KcrnepuMeHTanbHo. OfMH H3 BO3-
MOXKHBIX CIOOCOGOB 3IKCIEPHMEHTAJbHOTO ONpele/eHHs YAeNbHOM
CBOGOLHO! MOBEPXHOCTHOH 3HEPTHH KHUAKOCTH O Obll MNpeiJsoxeH
B 1878 r. 3HAMEHHTBIM  aHIVIMACKHUM  (DU3HKOM-TEOPETHKOM
k. K. MakcsenoM.

I[To npososiounoit pamke ABCD Moxer CBOGOIHO CKOJMb3UTb Ha
neteJbkax OuYeHb Jierkasi IpoBosioyHas mepeknaaauna MN nnuHo# x
(pHc. 2). Mexxay BepxHneit croponoit pamku BC u nepeknanunoit MN
MOMeILLAIOT MJIEHKY XKUAKOCTH. [la1s1 npoBeeH st onbiTa yA0GHO B3ATh
MBUIBHYIO BOLYy, TOTZa IIJIEHKA MOJYYHTCS JOCTaTOYHO YCTOHYHBOH
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(MBUIbHBIE TY3BIDH JIONAIOTCS HE cpasy, a CYLIECTBYIOT HOBOJILHO
nonaroe Bpems). Takas n/eHka OyAeT CTPEMHTHCS YMEHBLIHTb CBOIO
MOBEPXHOCTb; OHA OyleT COKpallaThCs H INOTAHET nepeknaaguny MN
BBepx. IloaBecuM K nepek/iajuHe rpy3 — HECKOJbKO NPOBOJOYHBIX
KpioukoB obmwum Becom Q. Ilpu Hekoropo#, BmoJHE onpeneseHHOH
Harpyske Qo COKpalleHue nJeHKH He POUCXOAHUT: mepeKaajuHa BH-
CHT HENOABHIKHO. JOCTaTOYHO, OAHAKO, UYTb-4yTb YBEJHYHUTb Ha-
rpy3Ky, H Nepek/ajuHa BMecTe C I'Dy30M BHOBb HauHET MeJJIEHHO
JIBUTaTbCSl 10 paMKe, HO Ha 3TOT Pa3 BHHU3 — YBeJHYHBasi IOBEPX-
HOCTb KHIKOH nyeHkn. Koraa nepeknaiuHa omyCTHTCS Ha BBICOTY
h, rpy3 Qo coBepiut paboty Qoh, MpH 3TOM MJIOWAAb MJIEHKH YBEJH-
yhsach Ha 2hx (Ko3(hdHIMEHT 2 BBeleH IIOTOMY, YTO y IJIEHKH JBe
nosepxHocty). CiefoBatesibHO, 00mas CBoGOfHAsT MOBEPXHOCTHAs
3HEprusi MJEHKH Bo3pocja Ha BenuuuHy 2hAxo. ITockoibKy TpeHHe
neTenek O MepekaaquHy mnpeHeb-
pEeXHMO MaJlo, a OmycKasnach Iie-
peKJ/iajiHa OYeHb MEJJIEHHO, Mpo- Bozayx
necc o6pasoBaHHsl HOBOH MOBepX- {q
HOCTH XKMIKOCTH MOXHO B JaHHOM
ciayyae C JOCTAaTOYHOH TOYHOCTBIO \\
CYMTAaTh H30TEPMHUYECKHM U obpa-
tumMbiM. OTClOZ@ CHpaBefJIMBO pa-
BEHCTBO COBEDUIEHHOH pPaGOThl U =—T
npupameHus CcBoOOAHON NoBepX-
HocTHOH  3Hepruu: Qo.h=2hxo.
3Hasi BeJHYHHY Harpy3kH Qo, NpH
KOTOpO#H ObIJIO NOCTHTHYTO PaBHO-
BECHE, H H3MepHB LIUPHHY DaMKH
X, MOMKHO JIeTKO  ONpelesuThb
yAeJIbHYIO CBOGOJAHYIO MOBEpPXHO-
CTHYIO SHEPIio: 0=(Qo/2x. Puc. 8. Cxema npubopo 04s usmepe-
Iloxany#i, HauGosee WIHPOKOE  ,yq ydesvroii ceobodrol nosepxrocm-
pacnpocTpaHEHHe TIOJNYUHJ CIO-  Hod sHepeuu oUOKOCMU  MemodoMm
co6 H3MepeHH s, BBeleHHbIH B 1a06- %’ecng;tzaﬂs:;tf:egtgﬂfgug u%fzwtzom
paTOpHyiO NPaKTHKY  aKaJEMHKOM MY, o‘legttelfﬂylo Z"/n/zowfzod /luuueg,
I1. A. PeGuniepoM, — MeTOX HAW-  Fnaaenue 6 Kanuarspe cmanem max-
GosiblUero AaBjeHusi oO6pa3oBaHHUs CUMANLHBIM.
nysbipbka. CylHOCTb MeTona 3a-
KJII04aeTcs B cienyomeM (puc. 3).
B mpo6upky ¢ HCc/IelyeMOH KHMAKOCTbIO BCTaBJSAIOT CTEKJISHHYIO
TpyOKY, KOTOpasi 3aKaHYMBAeTCA KaNHJ/JISAPOM C BHYTPEHHHM JHa-
merpoM okoJso 0,1 mmu. Huxnuil cpes kanuasispa norpyaioT B XKHUJ-
KOCTb Ha rJIyGHHY okousio 1 mm. Jlanee BHYTpH TPyOKH CO3ZAIOT 1aB-
JleHHe, NPH 3TOM Ha KOHYHKE KalM/Jifpa BbIyBaeTcs Ny3blpeK Bo3-
nyxa. Ilo Mepe moBblileHHS! JaBJ€HHs OObEM INy3blpbKa pacrer.
Korzma panuyc mysbipbka CpPaBHSIETCS C PaAMyCOM KamnuJjusipa, Aas-
JIEHHE CKAyKOM MajiaeT, a My3blpeK CPLIBAETCS C KOHUHMKA M BCIJbI-
BaeT BBepX. VamepuB jaBjieHHe, NPH KOTOPDOM MPOHCXOIHUT CPHIB
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nysbIpbKa, M 3HAas PajMyC KanWIsipa, MOXHO JIETKO' PaccuHTaTh
yIEeJbHYIO CBOGOAHYIO TOBEPXHOCTHYIO SHEPTHIO MKHAKOCTH.

Ha ocHoBe MeToja HauGOJIBILETO NABJNEHHS Ta3a B Iy3bIpbKe
npod. IT. I1. TlyraueBuu CKOHCTpyHpOBaJ BeCbMa TOYHBIE NPHGOPHI
ANsl H3MEPEHHsl yAe/NbHOH CBOOOAHOH ITOBEPXHOCTHOH SHEPIHH pas-
JUYHBIX XUAKHX MeTaJJoB.

PesyabTaThl onbiTa ¢ paMKoil MakcBeslia MOXXHO aHAJIH3HPOBATh
MOA APYTHM YIJIOM 3PEHHS] — HE C «9HEPIeTHUECKHX», a C «CHJIOBBIX»
nosuuui. PaccMOTpUM CHOBAa pPaBHOBECHOE MOJIOKEHHE MepeBHIKHOMN
nepekaaguHel MN, NOCTHIHYTOe NpPH -TIOABEINHMBAHHH K Hefl CTpOro
onpeneneHHoro rpysa Qo. B COOTBETCTBMM C 3aKOHaMM MeXaHUKH
paBHOBECHE TeJla 03HAYaeT, YTO NPUJIOKEHHbIE K HEMY CHJIbI B3aHMHO
ypaBHoBeluBatores. CriejoBaTe/bHO, Ha epeknaiuHy MN B MOMeHT
paBHOBeCHS 0JIXKHA JIeHCTBOBATb HaNpaBJ/ieHHas BBepX cuna Q'= Q,.
Ora cuIa OPHEHTHPOBAHA NAPaJJ/eNbHO NOBEPXHOCTH IJIEHKH H Kak
Gbl CTpEMHUTCS CTAHYTDh €e. B CBfA3H C 3THM BO3HHKJIO NpeENCTaBIIEHHE
O TOM, YTO [IOBEPXHOCTHBIA CJIOH KUAKOCTEH HAXOAUTCS B CBOEOGpas-
HOM HATSIHYTOM COCTOSIHUH, KOTOPOE MO2KHO YNOAOGHTb COCTOSIHMIO
pacTsiHyTO#l pesnHOBOH nyieHKH. COOTBETCTBEHHO M CHJy, (CTSTH-
BAIOLLYIO» OBEPXHOCTb XHAKOCTH, HAa3BaJH CHJIOH NOBEPXHOCTHOTO
HaTsKEeHHS.

CuJ/1y mOBEpXHOCTHOIO HATSIKEHHS NPHHSATO OTHOCUTb K eIHHHUIIE
JJIMHBL TTOABHXKHOH TI'DAaHHULbI KUAKOH INJIEHKW MM Kamid. Takast
yJe/bHasl BeJHYMHA TPH «CHJIOBOM» PAaCCMOTPEHHH NOBEPXHOCTHBIX
fIBJIEHHH Has3blBaeTcs MPOCTO IOBEPXHOCTHBIM HATSIKEHHEM >KHIKO-
cru. Tak, HanpuMep, B c/lydyae ABYCTOPOHHEH IVIEHKH Ha NPOBOJOY-
HOH paMKe TOBePXHOCTHOE HATsKEHMe JIeFKO paCCYUTHIBAETCS H3
GanaHca CHJ TIpH PaBHOBECHH; OYEBHIHO, OHO paBHO Q'/2x=0. Pas-
MEPHOCTb MOBEPXHOCTHOTO HATS:KeHUS — (CHJsia/[/IHHA), T. €. B CH-
creme CGS — duna/cm. Takum 06pa3oM, YHC/IEHHOE 3HAYEHHE MO-
BEPXHOCTHOTO HATSXKEHHS B TOYHOCTH COBMAJaeT CO 3HAYEHHEM
yHenbHOH CBOOONHOH MOBEPXHOCTHOH SHEPruu kuikocrell. Pasmuyune
pasMepHOCTeH KaxKylleecs, Tak Kak ape/cm®=ounalcnm.

Kasasioch Gbl, MEXIY «CHJIOBBIMY H «9HEPTeTHYECKHM» MOAXOLOM
K OIMHCAHHIO MOBEPXHOCTHOTO CJIOSI HET HHUKAKUX MPUHIUIHAJbHBIX
passnuyuii, KpOMe UHCTO TEPMHHONOTHYECKHX, H TMOITOMY BHIGOP O
HOI'O WJIH IPYTOro TePMHHA ABJSETCS TOJbKO JeJoM BKyca. Crop ke
O TOM, KaKOH H3 HHX Jiydile ¥ IpaBU/IbHee, NPENCTABASETCA CTOVIb
JKe GecCMBbIC/IEHHBIM, KaK 3HaMeHHTasi JUCKYCCHSi — C OCTPOro HJIH
TYNOro KOHLA cjefyeT pa3buBaTh fAila, — B 3HAMEHHTOM pOMaHe
Ix. Cudra o mpuxmiouenuax [yanusepa. B neiicrButesibHoCTH,
CHTyaLHsi 3eCb TOpPasjio CJOXKHee, NMOCKOJNbKY OHa CBfi3aHa C pas-
JMuHAMH PusuyeckKuMH. [leno B ToMm, YTO TPaKTOBKA MOBEPXHOCTHOTO
HATsXKEeHHS] KaK peasibHOH cuJbl, AeHCTBYyIOLEH MO KacaTeNbHOH K
NIOBEPXHOCTH XKMJKOCTH, CBSI3aHa C ONpEE]EHHBIMH 3aTpyaHe-
HHUSIMH,

B camom [nene HecKOMINEHCHPOBAHHBIE MOJEKYJ/SIPHBIE CHJBI I10-
BEPXHOCTHOTO CJI0sl CO3AAI0T PaBHOAEHCTBYIOILYIO CHJTY BHYTPEHHETO
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ZaBJleHusl. DTa cusa HanpasJieHa BHYTPb KMJKOCTH, IO NepIeHMH-
KyJIsipy K ee 0OBePXHOCTH, a OTHIOAb He BJOJIb OBepXHocTH. HaJee,
aHaJIOrHsl MEX]Y COCTOAIHHAMH HATAHYTOH pPE3HHOBOM INJIEHKH U
TNOBEPXHOCTHBIM CJIOEM XKHAKOCTH, KOTOpas MCIOJIb30Basach IpH
(OopMYJIMpOBKE TMOHATHS CHJBl TOBEPXHOCTHOTO HATSIKEHHS, OKa-
3biBaercss npH OamKaiieM pacCMOTpeHHH 4dHcTo BHemHed. Tak,
paBHOBECHOE MOJIOXKEeHHe MepeKJaJjiHHbl Ha pPaMKe C MbLIbHOM IJeH-
KOH (pHC. 2) He 3aBHCHT OT pasMepa IJIEHKH IO BEpTHKAJH, T. €.
OT pa3Mepa B HanpaBJIeHHH JeHCTBHA BHEIHeH cuabl Qo. Hanporus,
NpH pacTsi:KeHHH Pe3UHOBOM MJIEHKH, KaK H J1060T0 IPYroro TBepAoro
Tesia, UMEHHO 3TOT pa3Mep Hrpaer Gosbiyo poJb. IlycTb pesunoBas
TJIEHKa, C TIONepeyHbIM cedeHHeM S* 1 MoayJeM ynpyroctd E Harpy-
KeHa cusioft Q, [ — n/nHa nyieHKY B HanpaBJgeHut cuabl Q. Torga mo

3akoHy ['yka ynnauHeHHe o6pasua Al=-Sg,;l-E-, T. € YeM JJHHHee

o6paser, TeM 6oJibile €ro yIJHHEHHE K MOMEHTY yCTaHOBJIEHHSl paB-
HOBECHSI MeXKJy BHeIIHel Harpy3KoH M BHYTPEHHHMH HampsiKeHHs-
mu. Eie BaxkHee ciepyoliee o6CTOATENbCTBO. PaBHOBecue Xupkoi
IJIEHKH Ha paMKe C MepeK/aajiuHoi HeycrtoHunBoe. JlocraTouHo enpa
YBEJIMUHTb HArpy3Ky BEHIlIe DPABHOBECHOTO 3HaueHHs Qo, U MJEHKa
Oyner pacTAruBaThbCsl 10 TeX NOp, NOKa He JonHer. Huutoxuoe
yMeHbHIEHHEe Harpy3KH 110 CPaBHEHHIO ¢ (o BBI30BET 6€30CTaHOBOYHOE
cokpailenne nseHku. [Ipu Harpy:keHHUM TBEPIBIX TeJ paBHOBECHe
MOKeT OhITh YCTOHUMBBIM MO KpalHeH Mepe NMpH HampsKeHHSAX HHXKe
npesesia TEKy4ecTH HCIbITyeMoro Marepuana. Eciu K npysxuxe Gbin
HOJBeIlieH I'Py3, a IOTOM 3TOT IPY3 HECKOJNbKO VBeJHUYeH, JJIHHA
NPYKHHB! YBeJIHYUTCS NMPONOPUHOHANBHO JONONHHTENBHOH Harpys-
Ke M HAaCTYIIUT HOBOE MOJIOXKEHHE PaBHOBECHS (3TOT MpHUMEp H3BECTEH
KaXkJOMy — TakK paboTaloT IPYXHHHBIE BEChI).

[lepeunc/ieHHble pas3/inyusl B CBOHCTBAaX IOBEPXHOCTHOTO CJIOS
JKHAKOCTEHl W pacTsHYTOH pe3uHOBOH NJIEHKH KOPEHSITCS B CaMoH
NIPUPOJE XKUIKOTO M TBepAoro cocrosinus. IlpH MexaHuueckoMm Ha-
rpy2KeHHH TBEPABIX Tes1 paboTa BHEIIHHX CHJ peobpasyercs B ynpy-
ryio sHepruio JedopmuposanHoro obpasua. JKuakocTn H3-3a oueHb
ObICTPOrO IMepeMeleH sl MOJIeKYJ/l He MOTYT aKKyMYyJHpOBaTb yIpy-
T'yI0 3HEPTHIO, [I03TOMY Ha CaMOM JeJieé B HHX He MOXXeT BO3HHKHYTb
cusa YNpyroro npoTHBOAEHCTBHA NedopMaluH, aHaJOTHYHAs BHYT-
PEHHHM HamnpsXKeHHSIM B TBEPAOM TeJle. (YTpyrue CBOACTBA XKUAKOCTH
MOT'YT IPOSIBUTLCS TOJLKO NPU OYeHb OLICTPOM Harpy:KeHHH.)

Takum o6pasom, cuja, obecrneuuBaonlasi PaBHOBECHE IJIEHKH,
CBsi3aHd HE C (YIPYTHM HaTSXKEHHEM» [OBEPXHOCTHOTO CJIOS MMIKO-
CTH, @ CO CTPEMJIEHHEM ITOBEPXHOCTH XKUAKOCTH 3aHSITh MUHHMAJIbHO
BO3MOXKHYIO MJIOIaJb.

Tem He MeHee TEPMHH «I0BEPXHOCTHOE HaTsXKEHHe» U ceHuac npu-
MEHSIIOT, NIOXKaNyH, yalle, yeM TePMHH «yJeJbHas CBOGOAHAs MOBepX-
HOCTHast SHEpPTHsi», HO Tenepb B OGOMX C/ayYasX MOHMMAIOT, KaK
NpaBUJIO, ORHY H Ty Ke (DU3HUECKYI0 BEJHUYHHY — paboTy
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06paTUMOro mpouecca H30TePMHYECKOTO 0Opa30BaHUA eNHHHUBI HO-
BOH MOBEPXHOCTH XKHJKOCTH.

Takoe npenmouTeHHe, OKasblBaeMOe TEPMHHY <IOBEPXHOCTHOE
HaTsiXKeHHe», CBsI3aHO, BePOATHO, C UCTOPHEH PasBUTUS HCCIIEIOBaHH s
HOBEPXHOCTHBEIX ABJIEHHH.

[MoHsTHe MOBEPXHOCTHOTO HATSXKEHHA KaK CHJIBI, JeHCTBYIOLIEH
[0 KacaTeJbHOH K TOBEPXHOCTH XKHIAKOCTH, I0-BHAHMOMY, BIEpBLIE
sees B 1751 r. Cernep (u3obperaTesib KoJieca, BpALAOIIErocs 3a
CYeT PeaKTHUBHBIX CHJI, CO3JaBaeMblX CTPysaMH Boabl). [lo3juee, B
1805 r., Jlannac oueHb IIMPOKO HCIOJb30BaJ/ CHJIOBOE IpENCTaBJie-
HHe [TOBEPXHOCTHOTO HATSXKEHHS] B CBOMX HCCJIEJOBaHUSIX [0 Mare-
MaTHYeCKOH TeOpHM KanMJ/SAPHBIX fABJEeHHH W cMauuBaHusi. Takum
06pasoM, MOHfATHE NOBEPXHOCTHOTO HATAXKEHHS IOSBUJIOCH 3a[l0/T0
J0 TOro, Kak aMepHKaHCKHM TeopeTukoM ['u66com B 1878 r. Gblna
Co3/laHa TepPMOAMHAMHKA NOBEPXHOCTHBHIX sBJeHMHA. Ilostomy B pa-
6orax, MOCBSILIEHHbIX Pa3JM4YHBIM NOBEDXHOCTHBIM SIBJICHHSM, J0JI-
roe Bpems npeoGsajaja CuU/IOBasi, @ He 3HepreTHYecKkas TPAKTOBKA,

Hcnonb3oBaHne CHJIOBOrO MOAXOAA MO3BOJIMJIO YCTAHOBHTb PSij
Ba)XKHBIX YDaBHeHHH, HO HMeJO ¥ CBOH OTpPHLATe/NbHblE CTOPOHBI.
Makcses, B 4acTHOCTH, OTMeYaJl, YTO YHCTO MaTeMaTtuyeckas gopma
pabot Jlansaca ¢ ucnosb3oBaHHeM NPEACTaBJEHHs O CHJe IOBEPX-
HOCTHOTO HATSXKEHHS1 OTBJIEK/Ja MHOTHX YYEHbIX OT HCCJEN0BaHMS
JedCTBUTe/IbHON (U3UUECKOH INPUPONBI KAaNHJLISAPHBIX sIBJEHHH,

Cefiuac mpejcraBJjeHHe MOBEPXHOCTHOTO HATsKEHUSI KaK CHJIBI,
JeHCTBYyIOIeH 1O KacaTeNbHOH K MOBEPXHOCTH XKHAKOCTH, OOBIYHO
HCTIOJIb3YyeTcsl YUCTO (popManbHO — [/l OOJIerYeHHs pasHuHbIX
pacueroB. [leso B TOM, 4TO €C/IH B pacyeT BXOAAT yleJbHble CBOGOJ-
Hble [IOBEPXHOCTHblE 3HEPrHH, JJ/s COCTABJIEHUS 3SHEPIeTHYECKOro
GanaHca HYXHO 3HATb M IJIOWIAAb KHAKOH noBepXHOCTH. OGBIYHO
3TH TIOBEPXHOCTH He SIBJISIOTCA MJIOCKUMH, I0O3TOMY pacyeT NJoliaau
COMNPSIKEH C H3BECTHBHIMH TPYAHOCTAMH. Ecay e mpencraBisith no-
BEPXHOCTHbLIE HAaTAMXKEHHS KaK CHJIbl, JeHCTBYIOIIHE HA €NUHHIY /M-
Hbl KOHTypa, OTPaHMYMBAIOLIEr0 MOBEPXHOCTb KUAKOH (pasbl, MOXK-
HO CPaBHHTEJIbHO JIETKO COCTAaBJ/ISITb OObIYHbIC ypaBHEHHS CTaTHye-
CKOTO paBHOBECHSI.

HurepecHo orMeTHTD, 4TO MOAOGHBIH (GOPMAIBHBIA MPHEM LIHPOKO
NpUMeHsIeTCsl B MEXaHHKe H B CONPOTUB/EHHH MaTepHaJOB, TOJIbKO
TaM JesaioT OoGpaTHYI0 3aMeHy — BMECTO CHJIOBbIX COOTHOIUEHHI
3alUCHIBAIOT HEpreTHYecKHe; TOrAd B COOTBETCTBHH C NPHHLHIOM
BO3MOXKHBIX IIepeMellieHHH 3HAYMTe/JbHO YNPOLIAETCA pacyeT Cui,
AEACTBYIOIUX HA CHCTEMY, HaXOAAILYIOCS B DaBHOBECHH.

[TpuHUKD BO3MOXKHBIX NepeMelleHuil mpuMensan ewe [annnei,
HO HauGoJ/ee MOJHO ero passus B 1788 r. ¢paHiyscKuil MaTeMaTHK
¥ Mexanuk Jlarpanx. BoamoxkHO, 4To 3TH paboThl, BHINOJHEHHbIE He-
3afloqro 10 nosiBjaenus teopun Jlanaaca (1805r.), cnocoGersoBaiu
B M3BECTHOH Mepe CTOJIb LIHPOKOMY PacipoCTPAaHEHMIO NPEACTABJIE-
HH# O CuJie OBEPXHOCTHOTO HAaTHXKEHHS KUAKOCTEeH.
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BJIMSAHUE TEMNEPATYPbI M NMPUPOALI XKUAKOCTHU
HA NOBEPXHOCTHOE HATSXKEHME

Ilpu o6cyxaeHMH npocTeHIUMX MNPHMEPOB CMaYHUBAHUS BHILIE
OB1/I0 IOKA3aHO, YTO OCHOBHYIO POJIb B SIBIEHHH CMauHBaHHs HIPAIOT
B3aHMOJEHCTBHUS, IPOHCXOASILHE HA TOBEPXHOCTH CONPHKOCHOBEHHS
JKUAKOCTH C TBEPIBIM TeJIOM. DHepreTHYeCKoe COCTOsSHHE II0BEpPXHO-
CTH XKMJAKOCTH XapakTepusyercsl BeJIHYMHOH YAeJbHOH cBOGOLHOM
NOBEPXHOCTHOH SHEPTUH HJIH, B APYTroH TEPMHUHOJIOTHMH, BEJHYHHON
MOBEPXHOCTHOTO HATSKEHHS KUAKOCTH. JInsi BHISICHEHHS 3aKOHO-
MepHOCTell CMauMBaHHS Ba)KHO 3HATh, KAaK 3aBHCHUT NOBEPXHOCTHOE
HaTsI)KEHHe JKHIKOCTeH OT MX NMPHPOABI M OT TeMmmepartyphl. Kak u
paHee, OylleM paccMaTpHBaTb NMOBEPXHOCTb YUCTOH OJHOKOMIIOHEHT-
HOM XXHAKOCTH, I'paHMYaliell ¢ COOCTBEHHBIM HACHIIEHHBIM MapOM.

3aBHCHMOCTb I0BEPXHOCTHOTO HaTsXKeHHs OT TeMIepaTyphl Brep-
Bble HccaefioBan Beaukui pycckuit xumuk 1. M. Mennenees
B 1860 r. MenneseeB nposeJ TiATe/bHbIE IKCIEDHMEHTE! C HECKOJIb-
KHMH KHIKOCTAMH (BOAOH, 3(MpOM, CIMPTOM) M YCTaHOBHJ, 4TO Y
HHX NTOBEPXHOCTHOE HATSXKCHUE YMEHBIIAeTCs C YBeJHYEHHEM TeM-
nepaTypel NPUMEPHO MO JIHHEHHOMY 3aKOHY, T. €. CHHXKEHHE IIo-
BEPXHOCTHOTO HATAMKEHHA MPSMO NPONOPLUHOHANBHO NPUPOCTY TEM-
neparypel. AHaJIH3HPYS MOJIYYEHHYIO 32BHCHMOCTb [OBEPXHOCTHOTO
HaTSXEeHHs OT TeMrneparypbl, MeHzeseeB npHIles K CleRyIOIEMY
BaXXHOMY BBIBOAY: IJIfl KaxKAOH >KHJKOCTH JOJIKHA CYLICCTBOBAThH
Takasi Temnepatypa Ty, IpH KOTOpOIi ee MOBEpXHOCTHOE HaTsIXKEHHE
CTaHeT PaBHBIM HyJO. DTy Temnepartypy Meunpesees nassana «aGco-
JIIOTHOH TOYKO# KHMICHHA», Mo3:Ke pycckuit ¢pusuxk M. 1. Apenapuyc
NPENJIOKUS Ha3BaHMe «TeMreparypa abCoJIOTHOrO KHIIEHHs», cefi-
yac OOWENPHHATHIM CTa] TepMHH — «KPUTHYECKAs TeMMepaTrypas
(MM «KpHTHYECKAs TOYKa»). B KpuTHUecKoll TouKke MOBEPXHOCIHOE
HATSXKCHHE PABHO HYJIO — 3TO €HAYHT, YTO MpPH 3TOH Temmneparype
HCYe3al0T BCe Pas3/IHYMsA MEeXKY 2KitAKOCTBIO H ee HaChILIeHHbIM TapoM,
T. €. CYWIeCTBYeT yxke ToJbKo ofHa (ha3a. [lo Bripaxkenuio Menne-
JieeBa, IPH KPHTHUECKOH TeMmrepatype «BCSl XKHAKOCTb HOJIKHA CHe-
JlaTbCsl TesloM Ge3 clensieHuss — rasoM, T. €. NMPeBPaTHTLCS B Hap»
I. U. Menpenees. Cou., V, AH CCCP, M., 1947, ctp. 40. Bse-
114 MIOHATHE 00 «abCOMOTHOM TOuKe KlmeHusi», MeHIeneeB pacKphul
ray60KO NpUHUMMHANBHOE 3HAYeHHe MOBEPXHOCTHOTO HATSAXKEHHS
BO BCeX ABJICHHAX KOHTAKTa pas/uyHbIX (as.

B nanbHeiinleM 3aBHCHMOCTH NMOBEPXHOCTHOrO HATSXKEHHSI O OT
TemnepaTtypsl 7' Oblla U3yueHa IS MHOTHX JKMIAKOCTeH M Tpemsio-
JKEHDbI PA3/MyHbLIe IMOUPUHECKHE H TROPETHUECKHE COOTHOIIEHHS AJIst
ONHCaHHs CBA3H MeXAY 3TUMH BesnunHamu. Tak, B 1886 r. P. dtsem
npennoxun ypapHenne 6=K(Tx—T)v's, rie K — KoHCTaH1a, 3a-
BUCSLIAS OT IPHPOAbI XUAKOCTH, U — MOJBHbBI 06BbeM XHIKOCTH.
210 ypaBHeHHe Y/OBJIETBOPUTEJIbHO BHIMOJHSETCS AJIsi MHOTHX Opra-
HHYECKHX XHIKOCTeH NMpH Temneparypax, DaJeKHX OT KPHTHUECKOH
(T'x). /Inneiinoe yMeHbilueHHe NOBEPXHOCTHOTO HAaTSXEHHS C POCTOM

21



TeMneparypsl OGHAPYKEHO M Y MHOTHX XKHIKHX METaJJIoB — KaJlusl,
HaTpHsi, 0J10Ba, PTYTH, MarHus, alloMuHus u Ap. Hanpumep, y prytu
B unTepBase ot 24 o 353° C npH HOBBILIEHHH TeMmnepaTypsl Ha 1°
MIOBEPXHOCTHOE HaTskeHHe yMenbiuaercs Ha 0,19 spe/em?, y xun-
KOro oJ10Ba NpH Harpebe Ha 1° cuuxenue pasHo 0,078 ape/cm®. Ta-
KuM 06pa30M, YMEHbIIIEHHE NOBEPXHOCTHOTO HATAXKEHMs IIPH Harpe-
Be XapaKTepHO JJIA MHUIKOCTeH pasHOH Npupossl. KakoBbl npuyuHbi
3TOH 3aBHCHMOCTH?

Brio Gbl HEMpaBUJbHBIM CYHTATh, YTO 3TH Pe3yJbTaThl OGbsC-
HAIOTCSI YMEHbLUEHHEM CHJl MOJIEKYJIIDHOTO B3aMMOAEHCTBUS mnpu
Harpese. 3 Takoro mpeinosioxeHus HeH3GEKHO CIlesyer, YTO NpH
JOCTHXKEHHH KPUTHUECKO TeMIepaTyphbl CHJIBI MOJIEKYJISIDHOTO B3aH-
MOJEHCTBHUS JOJIKHBI CTaTh PaBHBIMH Hy/O. Mexn1y TeMm, Kak u3BecT-
HO W3 TEOPHH peasbHBIX ra3oB (reopust Ban-nep-Baasbca), moseky-
JISIpHOE B3aMMOJeHCTBHE NPOABJSAETCA W B CXKATBIX Napax H rasax.

VMeHblIeHHe TOBEPXHOCTHOTO HATSIMKEHHs NPU HarPeBaHHH KU~
KOCTeil CBSI33HO B OCHOBHOM C TeM, YTO NIPH MOBBILEHHH TEMIepaTyphl
BO3PACTAeT KHHETHYeCKas 3HEPTUs TEelJIOBOrO IBHKEHHsS MOJeKyJl
B 00BbEME KHUAKOCTH U B ee IOBEPXHOCTHOM cJioe. [Ipyrumu ciioBamu,
HarpeBaHHe CIIOCOGCTBYET YBEJHUEHHIO IIOBEDXHOCTH, T. €. OHO
JeHCTBYET IMpPOTHBOMOJIOKHO CTPEMJIEHHIO MOJIEKYJSIDHBIX CHJl K
YMEHBIUEHHIO TOBEPXHOCTH.

HeckoMneHcHpOBaHHbIE MOJIEKYJ/SPHBIE CHJIBI B [OBEPXHOCTHOM
CJ10€ JXMAKOCTH BO3HHKAIOT [IOTOMY, Y4TO PACCTOSHHA MEXKIY MoJle-
KyJlaMH JaHHOTO BELIECTBa B rasoBod (mapoBoil) (ase o6blYHO ro-
paszio Goubllle, YeM B MHIKOCTH, H H3-3a MAJIOTO pajuyca AedCTBus
MOJIEKYJISIPHBIX CHJI B3aHMOJEHCTBHE MOJIEKYJl OBEPXHOCTHOIO CJIOS
C MOJIEKyJIaMH napa npeHe6pexxuMo MaJjo. Takoe Honmyuienue Brosine
onpaBAbIBaeTcsi, KOrja nap JOCTaTOYHO Pa3pexeH, T. €. BajieKe OT
KPHTHYECKOH TeMrnepartypbl. Ec/u e NJIOTHOCTH KHAKOCTH M napa
COM3MEpPHMBI, TIOBEPXHOCTHOE HATSXKEHHE Ha TIpaHHLE XHIKOCTH
C IIapOM 3aBHCHT U OT IVIOTHOCTH Mapa. DTy 3aBUCHMOCTb OTParKaer
ypaBHeHHe, ycTaHoBJeHHoe B 1921 r. coBeTckuM ¢usukom A. . Ba-
YHHCKHM Ha OCHOBaHMH OOpaGOTKH GOJ/IbIIOTO 3KCIEPHMEHTaNbHOrO
marepuana: 6=C (8,,—98;)%, rne C — HekoTOpasi mocTosiHHasi Ansi
JIaHHOT'O BEIECTBa BeJNUKHA, O, ¥ 8; — NJOTHOCTH KHUAKOCTH U Ha-
chllleHHoro napa. M3 ypaBrenusi Baunnckoro ocoGeHHO oTueT/HBO
BH/IHO: MCUE3HOBEHHE NMOBEPXHOCTHOIO HATSKEHUsl HMEHHO IPH KPH-
THYECKOM TeMIepaType CBSI3aHO C TeM, YTO B KPHTHYECKOH Touke
IJIOTHOCTb HACHIEHHOTO Iapa CTaHOBUTCS PAaBHOM IJIOTHOCTH KH/I-
KOCTH.

PaccMoTpuM Temepb, KaK 3aBHCHT IIOBEPXHOCTHOE HaTSIXKEHUe
AHAKOCTH OT €€ MPUpPoAb!. Jls 9TOr0 CHOBA BOCMONb3yeMcst MpubIiH-
MEHHOH CXeMOH IJIi aHaju3a MOJIEKYJISIPDHBIX CHJI, NelCTBYIOLIHX
B TIOBEDXHOCTHOM CJIO€ XMAKOCTH. B pamkax stoit cxeMbl ypenbHas
cBOGONHAST MOBEPXHOCTHAS SHEPTHA ONpEAESIAeTCs ABYMs BeJHUH-
HaMM: YHCJIOM HECKOMIEHCHPOBAHHbIX CBsidedl Ha 1 cu® moBepxHOCTH
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n paGoTo, KOTOPYIO HYXKHO COBEpUIUTb /Il MepeMelleHus OXHOM
MOJIEKYJIBl U3 06beMa Ha MoBepXHOCTb. [lepBasi BesqMUHHA 3aBHCHT
OT MJIOTHOCTH KMIKOCTH: YeM GoJibllie MJIOTHOCTb, TeM GoJbliee KO-
JIHYECTBO MOJIEKYJl MOXKET Pa3MECTHTBCS Ha OXHOH M TOH Ke MJIOLa/LH.

JleACTBUTENIbHO, eCJIM BelecTBO HMeeT MOJeKYJsApHbIH Bec M K
nsiotHoctb 8, T0 B 1 cM® comepxutca NO6/M monekyn (N — umcio
Asoranpo). Torna ofbem, 3aHMMaeMblii OZHON MoJIEKYJNOH, paBeH
(M/NS) cm?, a 3annMaemas eto nJowmanb s;=(M/N§)?? cu®. Orciona
ypcs0 MoJiekysn Ng Ha 1 cm® paBHo: Ny=1/s,=(N8/M)?{®. Hanpu-
Mep, IJs1 BOIBI NIpH KOMHaTHOH Temmepatype Ny~ 10'% cu =% (6=
=1 elem®, M=18).

OuenuMm Temepb BTOpYIO BenuuuHy. Ilpouecc nepeMemenus
MOJIEKYJIbl Ha NOBEPXHOCTb MOMHO TNpPHOJMIKEHHO MpeiCTaBHThb
caenyiomuMm  ob6pasoM. IlycTb B o6beMe JaHHYIO MOJIEKYJY OK-
pyaeT HEKOTOpOe YUCJO z OIMKAHIIUX coceliell, T. €. 3Ta MOJIEKY-
na uMeer z cBasefl. [Ipu mepeBome MoseKyJ/ibl Ha NMOBEPXHOCTb STH
CBsI3M HYKHO pasopBathb. [loaToMy ueM npouHee Kaxjasi CBSI3b HJIH,
KaK TOBOpAT, yeM GoJbllle 3Heprusi CBsi3H, TeM GoJibiue paGorta, KO-
TOPYIO HYXXHO 3aTpaTHTb Ha o0pasoBaHHEe €IHHHIBI HOBOH NOBEpX-
HOCTH, TeM Bbllle yJeJbHasi CBOOOAHAsI MOBEPXHOCTHAs SHEPIHUS.
CiieoBaTe/IbHO, MOXHO OXKHAATb, YTO MOBEPXHOCTHOE HAaTsiKEHHE
Oyzer GoJsblue y XKHUAKOCTeH ¢ 6oJiee NPOYHBIMH CBA3SIMH.

Cuny B3aMMOIEHACTBHSA MEXKIY MOJIEKYJaMH JXKHAKOCTH MOXHO B
M3BECTHOI Mepe 0XapaKTepH30BaTh TEMIIEPATypPOH KHIIEHUS HJIH Tel-
JoTol HcrapeHus. Bricokast TeMneparypa KuleHHsl CBUAETE/NbCTBYET
06 OTHOCHTEJbHOH NPOYHOCTH CBs3edl B NAHHOH XXHJIKOCTH: AJI HX
paspeiBa U IepeBoia MOJIEKYJ] B MapoByi0 ¢Gasy NPHXOAUTCS 3aTpa-
y¥BaThb CPaBHHTEJNbHO GoJbluylo pabory.

JleHicTBUTE/IbHO, HAHMEHBIUHM MOBEPXHOCTHHIM HATsXKeHHEM 00-
JIaJJAlOT CKHMIKEHHbIe Ias3bl C OYeHb HU3KOH TeMmepaTypol KUNeHus:
y XKHAKOTO as3ora (Temneparypa Kunenus — 196° C) =8 ape/cm?,
y *)upkoro Bogoposa (npu — 259° C) o=23 ape/cmu?, y JULKOTO ren s
npu —269° C (Bcero Ha 4° Bbiue aGCOMIOTHOTO HYJIs) IOBEPXHOCTHOE
HaTsKeHHe MeHbue 1 ape/cm?.

B oprannyeckux KHAKOCTAX B OCHOBHOM IpeoGiajfaioT ciabble
MOJIEKYJ/ISiDHblE B3aUMOJEHCTBHA M MOBEPXHOCTHbIE HATSXKEHHS TaK-
ke HesesinkH. Hanpumep, npu koMHaTHOH Temmnepatype y GeHsoua
0=26 spe/cm?, y sTHaOBOrOo cnupra — 22, y apupa — 16 spe/em®.
Y Boxel cBA3H GoJsiee NMPOYHbIE, COOTBETCTBEHHO U MOBEPXHOCTHOE
HarsikeHue Bbiue: npu 20° C oHo paBHO 72,6 spe/cm®. ¥ pacnaas-
JIEHHBIX cosledl ¢ noHHbIM THnoM cBsisu (NaCl, KBr) npu remnepary-
pax 800—900° C moBepXHOCTHOE HATSXKEHHE COCTABJISIET OKOJIO
100 ape/cm®. Y. KUAKMX METasJIOB IIOBEDXHOCTHOE HAaTsIKEHHE J0-
CTHraer HeCKOJIbKHX COTEH W ThiCsiu pe/cm®. Harpumep, y pTyTH npu
KOMHATHOH Temmepatype 0=470 spe/cm?, y KUIKOTO HHKeNs O=
=1600—1700 spe/cm® (nukenp nmasurcs npu 1452° C).

Eme Har/isgHee comocTaB/sThb NPOYHOCTh CBsA3efl He C Temmepa-
TYpoH KHIIeHHS, a C TenJsloToH ucnmapeHuss xkupakocreéi. IlpH atom
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OTKpPBIBAeTCs1 BO3MOXKHOCTD CII/IaTh PUGIHKEHHYIO KOJIHYeCTBEHHYIO
OLIEHKY MOBEPXHOCTHOTO HATSAXKEHHA B 3aBHCHMOCTH OT Psjia CBOHCTB
xuakoctd. Cxema pacyeTa Takosa.

TepMonuHaMuueckoe paBHOBECHe, KaK H3BECTHO, BOBCE HE O3Ha-
4aeT, YTO MOJIEKYJIbl XKHAKOCTH HeMOABHKHO 3aCThIIM HA OJHHX H TeX
xe mecrax. HampoTus, Bce BpeMsi IPOMCXOIHT MHTEHCHBHOE TEIJIO-
Boe JiBHKeHHe MoJieKkyJl. OTienbHble MOJIEKYJIbl, MpHoGpeTas 3a cyet
CTOJIKHOBEHHSl CO CBOHMH COCEISIMM 3HAUHTENbHYI0 KHHETHYECKYIO
SHEpPrHIo, MOTYT «BLICKAKHBATh» Ha MOBEPXHOCTb, a HauGoJsee sHep-
THYHblE U3 HUX OTPHIBAIOTCS OT MOBEPXHOCTH H NEPEXONsiT B rasoBYIO
dasy — ucnapsorcs. CiegoBarenbHo, pabora w, nepeBoia MOJIEKY-
Jbl ©3 00beMa KHAKOCTH Ha MOBEPXHOCTb COCTABJISIET HEKOTOPYIO
JoJio paGoThl Wy, KOTOPYIO HY2KHO 3aTPAaTHUTb Ha HCIapeHHe OLHOH
MosiekyJisl. B 1886 r. Credan nokasan, uyTo y psna KHIKOCTel pa-
6oTa mepeBoJia MOJIEKYJl Ha MOBEPXHOCTb COCTABJ/AET MPHMEPHO IO-

JMOBUHY PalOTLl HCTIAPEHHS, T. €. WeAIoW;.

Bripa3um Tenepb 3HaueHust paboT W H W, uepe3 MaKPOCKOMHUECKHE
XapaKTepUCTHKH KHAKOCTH. YJe/bHas CBOOOAHAs TOBEPXHOCTHAs
aHeprust 0=Ngw,, rae Ny — 4yucao Moneky. Ha 1 cm? moBepXHOCTH.

Kak nokasaHo Bbie, N, = (N8/M)?/3. IlockosbKy ws=—;w,,,
HOJNYUHM:
o= -‘? (NS/M)2/3. )

Tensory ucnapenus Q, o6bIMHO BBIPAXKAIOT B KAJOPUSIX H OTHO-
CAT K OJHOMY IpaMM-MoJio BeulecTBa. Urto6bl HaliTH paboTy ucma-
PeHHSl W, OHOH MoJsekyJbl B eauHuuax CGS, TenJoTy ucHapeHus
HYKHO BBHIpasuTh B sprax. Tak kak 1 xaq1=4,18-10%pe, w,=4,18.
107 Q,/N. IloacraBuB Belpaxkenue Ajsi paGoThl w, B ypaBHenue (1),
HOJYYHM

4,18.107.Q,
o =220 0 (Vo M), @)

PaccunTaeM ¢ NOMOMWIBIO 3TOTC YpaBHEHHS! NOBEPXHOCTHOE HaTs-
skeHue pryTu. ¥ pryti §=13,6 e/eu®, M=200 &/ moro, Q,= 14200 xas/
mone. lloacraBnas STH 3HaueHHsl B ypaBHeHHe (2), NOJNYYHM 0=
=580. spe/cm®, uto nmpuMepHO Ha 25% BbIlLIE SKCIEPUMEHTANBHOTO
snauenusi 470 ape/cm®.

dopmysa (2) 6blia npensoxena CrehaHoM Ha OCHOBAHHH yKa-
3aHHBIX TPOCTHIX MOJEJBHBIX NpejcraBieHui eme B 1886 r. Ecrecr-
BEHHO, YTO 3a Mpoluejuee BpeMs OblIH MpeJOoKeHbl Topasno GoJee
TOYHBlE METOABl pacyera MOBEPXHOCTHOTO HATSXKEHHS KHUIKOCTEH
pasnuuHOi npHpoasl. B wacTHOCTH, A/l XKHAKHX METalIoB npod.
C. H. 3agymMkuH pasBua B MOC/TEIHHE TOAbl TEOPHIO, KOTOpasi M03-
BOJISIET Y4eCTb BJIMsHHE GOJIbLIIMHCTBA CYLIECTBEHHBIX (aKTOpoB (B
TOM YHCJle H KBAHTOBOMEXaHHYECKUX 3(WPEKTOB) U 1aeT B Psifie CAyyaen
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6nM3Koe COBMAaJieHHe pPAaCCYMTAHHBIX BEJIHYHH C  3KCIEpHMEH-
TaJIbHBIMH 3HAYEHUSIMH.

Crnenyer Take OTMETHTDb, UTO Hapsy C TEOPETHUECKHMH ypaBHe-
HUSIMH J/11 pacyeTa NOBEPXHOCTHOTO HaTsXKEHHs NpeAjaraiucbh H
pas/nuyHbIe 3MNHPHYECKHe cooTHoweHus. Hanpumep, ana Hekoro-
PBIX KHAKHX MeTa/JOB (HaTpusi, 0/0Ba, CBHHLA, cepeGpa, MenH,
KaJsius) yIOBJETBOPHTE/IbHO BBINOJIHsETCS (opMyJia, MpeaJoKeHHasa

B 1951 r. mpo¢. JI. JI. KyHuueim: 0=444,5%—110 apefcm?,

rae ¥ — paGora Bbixona 3/eKTpoHa, R — pajuyc aToMa MeTasja.
HenaBHo noktop xumuueckux Hayk B. B. JlasapeB skcnepumenTasb-
HO IOKasaJl, YTO M3MepeHHe palboTHl BHIXOAA 3J/EKTPOHA NO3BOJISIET
C OYeHb BBICOKOH TOYHOCTbIO CYAHTb O NOBEPXHOCTHOM HAaTSXKEHHH
MEeTaJlJIOB, YTO OTKPbIBaeT GOJIbIlIHE MePCHEeKTHBb! AJ1S1 HCC/EeNOBaHHUSA
NOBEPXHOCTHBIX CBOHCTB METa/l/IMYeCKHX CHCTEM.

CBOBOAHASl MOBEPXHOCTHAS DHEPIUS
TBEPAbIX TEN

B siBJieHMH CMayMBaHHS Hapsdy C XKHUAKOCTBIO y4acTBYeT U TBEp-
goe Teno. [loBepxHOCTHBIE CBOHCTBAa TBEepIbIX Tel OKa3blBalOT Ha
cMayuMBaHNE HE MeHee Bax{HOe BJIMSIHME, 4eM CBOHCTBA JKHIKOCTEH,
OCHOBHO!! 3HEpreTHYEeCKOH XapaKTepHCTHKOH MOBEPXHOCTHOTO CJ0s
TBEPABIX Te1 ABJSETCA yle/bHash CBOOOAHAs MOBEPXHOCTHAs JHep-
rusi, paBHasi paGoTe o6paTHMOrO H30TEPMHUYECKOro mpouecca obpa-
30BaHMsl eMHUIBI HOBOH moBepXHOCTH. Kak u y xuakocreit, Ha/u-
ypne H3ObITKa CBOOOAHON OBEPXHOCTHOM 3HEpPruy o6yC/IOBJIEHO B KO-
HEYHOM cueTe OJHOH M TOH e MNPHUHHOH — HeCKOMNEHCHPOBAaH-
HOCTBIO CBsI3€H MOJIeKYJl (HOHOB, aTOMOB), HAXOASALIMXCS HAa rpaHHLe
¢ apyroii dasoil. dra o6WHOCTL NPUBOAUT K TOMY, YTO MHOTHE 3aKO-
HOMEPHOCTH, yKa3aHHbE NPH aHA/IHM3€ 3HePTeTHYeCKOro COCTOSIHHSA
I0BEPXHOCTHOTO CJ10s1 JKHUAKOCTEH, CpaBeJHBbl U 1J51 TBEpIbIX MO-
BepxHocTell. Tak, ynenbHasi cBoOOAHAs MOBEPXHOCTHAs 3HEPrus
B 000HX c/a1yuasix TeM GoJiblue, ueM NpouHee CHJIbI ciiensiedus. [loato-
MY Yy MOJIEKYJ/ISIDHBIX KPHCTaJJ/OB, KOTOPble MJaBATCS NpH CPaBHH-
TeJIbHO HEBLICOKUX TeMIepatypax, yAe/bHasl cBOGOJHAs MOBEPXHOCT-
Hasl HEPrUs Maja (eAMHHUbI U NECSTKU 3pe/cm?), a y TYromJIaBKHX
MeTa/lJIOB H aJjMasa — BeJiHKa (Thiciuu dpelcm?). Kak u y Xuako-
crefi, yAeabHas CBOOGOLHAsA MOBEPXHOCTHAst SHEPrHs TBEPABIX TeJ
npu HarpeBaHuH y6biBaer. OfHaKO HapsALy ¢ NepedyHcaeHHBIMI OOLIH-
MH YepTaMH MeXK1y CBOOOAHBIMH IOBEPXHOCTHBIMH SHEPTHSMHU KHA-
KoCTeH W TBepABIX Tesl eCTb MHOTO NPHHIMIHAJBLHO BaXKHBIX PasJiu-
upii. BosIBIIMHCTBO M3 HUX OOYCJIOBJIEHO TeM, YTO CTPOEHHE NOBepX-
HOCTH TBEpPJAbIX T€J1 HECPAaBHEHHO CJIOXKHee,

Ilpexpe Bcero CBOHCTBAa KHJKOCTell H30TPONHbI — OHH He 3a-
BHCSIT OT Mecra usMepeHus. Ecau 61 Mbl uMesnt npuGop, M03BOJSIO-
uuil NpPOH3BOAUTL JIOKAaJbHble H3MepeHHs yleJbHOH CBOOOAHOH Io-
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BEPXHOCTHO# SHepPTHH XKHUAKOCTEH Ha O4YeHb MaJbIX y4acTKax KaKoii-
JIH60 TMOBEPXHOCTH, MOJYYeHHbIe 3HAUeHHS! OblM Obl OJHHAKOBBIMH
HE3aBUCHMO OT MECTa M3MepeHHs, IIOCKOJbKY NOBEPXHOCTb KHAKO-
CTH SHEPTeTHYEeCKH OLHODOIHA.

B TBepabIX KPHCTaJJHYECKUX Teax CHTyalHs COBEpLICHHO HHas.
CBoiiCTBa NOBEPXHOCTH KPHCTAJIOB, B TOM YHCJe U YAeabHas CBOGOA-

Puc. 4. Ydenvrvie c80600Hble NOBPPXHOCHIHBIE BHEPRUU PABAULHBIX epatel Kpucmaiia
HeoOUHAKO8bL.

Hasi TIOBEPXHOCTHasi 3HEpPrus, AJf Pas/MYHBIX KpHCTasiorpadmuye-
CKHX TpaHel HeONHHAKOBBHI.

IeficTBuTeNIbHO, Yyie/abHasl cBOOOAHAs MOBEPXHOCTHAS IHEPTHs
npuG/IHXKEHHO PaBHA IPOU3BEACHHIO YHCJA CBA3eH, NPHUXOAALMXCS
Ha eIMHHIY MOBEPXHOCTH, Ha PaboTy, KOTOPYIO HYXKHO CBEPLIHTH
1J1sl pa3peiBa OTAENbHOM cBsA3u. CpPaBHHUM C 3TOH TOUYKU 3PEHHUs YAeb-
Hble CBOGOAHbIE NMOBEPXHOCTHBIE SHEPI'HH Pas3/MYHbIX KPHCTaJIHye-
CKHX TpaHed.

BosbmeM 17191 mpuMepa KPHCTaJI € IPOCTOl KyOUYECKOH pemeTKo
(puc. 4). Cnenaem paspes no naockoctu ABCD (touku A, B, C u D
Jexar nocepenuHe pebep ky6a). Iljisi 3Toro HyKHO pasopBarh ue-
Thipe cBsidu. [1OCKOJIBKY PacCTOSTHHSI MeXAy y3JlaMH pelleTKU OjiH-
HaKOBbI, MPOYHOCTb BCEX 3THX CBA3el oxuHakoBa. [locne paspesa
o6pasyercsi HOBasi MOBEPXHOCTb, IJIOMWIafb KOTOpO# paBHa 2a°
(@ — nnuHa pebpa KyOuueckol sueHkH).

BosbMeM TaKoil ke KpHCTaJl1, HO paspes CAeJaeM Mo Apyromy —
no nJjockoctd AEFC (roukn E u F Takie HaXofgsiTcsi Ha CepelHHe
cooTBeTcTByIOWUX pebep). Uucno pasopBaHHBIX CBfi3eHl, Kak H B
NepBOM CJyyae, paBHO YeThIpeM. PaccTosHHSI Mex1y B3auMOAeHcT-
BYIOIMMH YaCTHIIaMH He U3MEHWJIHChb, 3HAUMT, U NPOYHOCTb OTHEJIb-
HBIX CBf3eH Takas e, Kak ¥ IpU paspese mo muaockoctd ABCD.,
OgHaKko nJolagb HOBOH MOBEPXHOCTH, o6pasylouieiicss B pe3yJbrare
paspesa, CTajla MeHblLe: JIerko MOKasaTb, YTO IIOIAAb KBajgpara
ABCD B /2 pa3 Oojblie, ueM MJOWaAb MNPAMOYroJbHHKA
AEFC. CooTBeTcTBeHHO, H paboTa, KOTOPYIO HY2KHO 3aTPaTUThb, YTO-
6b1 0GpasoBaTh | cu® HOBOH MOBEPXHOCTH, NPH paspese KpHCTasia

no myiockoctu ABCD Gyzer B /2 pas MeHblue, YeM TpH pa3pese
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no njockoctd AEFC. 3naunt, B urore miockocte ABCD u napai-
JieJibHbIE el TPaHM KpucTa/ia GyAyT MMeTb YAeJbHYIO CBOOOIHYIO
TIOBEPXHOCTHYIO SHEpPTHIO B 1/ 2 pa3 MeHblie, uyeM miaockocte AEFC
U mapaJjiesbHble eil rpaHu.

Bwmecre ¢ TeM Jaxe B Hpejiesiax ofiHOH rpaHy ylesnbHas cBoGogHAs
IIOBEPXHOCTHAsl 3HEPTHSI XUMHUYECKH YHCTOIO BEIIECTBA HE OCTAeTCs
noctosiHHOH. Jleso B TOM, YTO rpaHH KPHCTa/l/IOB HPEACTABJAIOTCA
3epKaJbHO IVIaJKHMH JIHIID NPH OCMOTPe HEBOOPYXKEHHBIM IJ1a30M.
IIpumeHeHHe TaKHX COBPEMEHHBIX METOJOB HCCJENOBaHHA, Kak
9JIEKTPOHHAsi U aBTOMOHHAs MUKDOCKOIHS C paspellleHHeM 10 He-
CKOJIbKHX aHI'CTPEM NOKa3aJ/io, YTO Ha aTOMHO-MOJIEKYJISIPHOM YpPOB-
He peasjibHAasi KpHCTa/lIHYeckash NMOBEPXHOCTb BOBCE He SIBJISETCS
raanko#i. Ha camom gmesne Ha Hell MMeercsi MHOXKeCTBO pasHooGpas-
HBIX CTyIEeHel, BajuH, H3JIOMOB.

Eute cioxHee cTpoeHNe NMOBEPXHOCTH B IONHKpUCTanax. [Tomu-
KPUCTaJ/bl COCTOSIT H3 OTPOMHOTO YHCJ/1a XaOTHUECKH OPHEHTHPOBAH-
HBIX MEJKHX MOHOKPHCTa/VIMKOB (HX YacTO Ha3blBAIOT B TaKHX CJy-
uasx 3epHamH). Ha HapyXHyI0 MOBEPXHOCTb TBEPAOTO TeJa MOTYT
BBIXOIHTb caMble pa3HOOOpasHble KpHCTaJsorpaduueckye rpaHu—
M C MaJbIMH, M C OOJBLIMMH, H C IPOMEXKYTOYHBIMH 3HAUEHUSIMU
yIenbHOH CBOGOAHOI NOBEPXHOCTHOH 3Heprun. Pasmepnl 3epen o6bIy-
HO COCTaBJ/IIIOT HECKOJbKO JecsiTKOB MUKpoH (1 mxk=10"*% cu), T. e.
na 1 cu® HapyKHOH NMOBEPXHOCTH BBIXOISIT TPAHH HECKOJNbKHX COTEH
ThicsiY 3epeH. COBepIIEHHO OYEBHAHO, YTO MPH 3THX YCJIOBHAX 3Ha-
yeHre CBOOOJHON IIOBEPXHOCTHOH JHEpruH, OTHeCeHHoe K 1 cm?,
NPEACTaB/sAeT 3aBeIOMO HEKYI0 YCDENHEHHYIO YCJOBHYIO XapakTe-
PUCTHKY.

Vi3yueHHe NOBEPXHOCTHBIX CBOHCTB TBEPABIX TeJ 3aTpyAHSETCS
He TOJIbKO BJIHSIHHEM KPUCTAJLINIeCKOH cTPYKTYphl. He MeHee BaxHY10
posib HrpaeT TO O0OCTOATENbCTBO, YTO II0OBEPXHOCTb MOJHMKpPHUCTA-
Jia JjaxKe NocJle TIaTeJbHOH ONMPOBKY M PECTaBIsET CJI0XKHOE XaOTHU-
YyeCKoe YepeJloBaHue BIaJAHH U BBICTYINOB, IMy6MHA M BHICOTA, KOTO-
PhIX COCTaBJSIIOT 10 KpaliHeil Mepe 10/ MHKpoHa. Takum o6pasom, 1 B
3TOM OTHOLUEHHHU ITOBEPXHOCTb TBEPAOTO TeJa ropasjo CJIOXKHee, YeM
TI0BEPXHOCTb XKMAKOCTEH, —OHa 06/1a1aeT NPUYYAJTHBLIM MHKPOPETbe-
(oM, KOTOpBIH NPH COOTBETCTBYIOLIEM YyBeJIMYEHHH HarOMHHAJ Obl
TOPHBIH MeH3a)XX C MHOTOYHCJ/IEHHBIMH BEpLIHHAMH, XOJMaMH, JIOJH-
HaMHM, YLIeNbsMH, NJaTO.

Ecrb, HakoHel, eme ofHa — TpeTbs — rpynna (akTOpOB,
OCJIOXKHSAIOWKX ONpele/ieHHe CBOOONHOH MOBEPXHOCTHOH SHEpPTrHU
TBEpABIX TeJ. MHorue cBoficTBa TBEepJOH MOBEDPXHOCTH 3aBHCAT He
TOJIbKO OT XMMHYECKOH NPHUPOALI BElleCTBa, HE TOJLKO OT KpHCTaJ-
Jorpaguyeckoil OpHEHTHPOBKH 3epeH, BBHIXOASIIMX Ha MOBEPXHOCTD,
¥ MHKpopesbeda, HO H OT cnoco6a MOJyYeHHs! 3TOi MOBEPXHOCTH.
Jliobas Mexannyeckas o6paboTka (pesaHue, uuthdoBaHue, NOJHPOB-
Ka) HCKaXXaeT CTPYKTYpPY IPHIOBEPXHOCTHOLO CJIOSi Ha TWIyGHHY 1O
HECKOJIbKHX MHKPOH. Marepuan BG/JM3M TOBEPXHOCTH KaK OBl «3a-
NIOMMHAeT» MCIOBITAHHBIE UM MeXaHu4YecKue BasneiicTBus. Ilocrne okoH-
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yaHHs MeXaHH4YecKoH 006pabOTKH B MOBEPXHOCTHOM CJIOE ellle JJIH-
TeslbHOEe BPEMSl MOTYT COXPaHATbCS OCTaTOYHbIE HaNpsKeHUs, B 0CO-
GeHHOCTH IpPH TeMIepaTypax HAaMHOTO HMKe TOYKH MNJaB/eHusi. B
pe3yJ/ibTaTe H3ObITOYHAA JHEPrusi [PHUIOBEPXHOCTHOTO CJOS TBep-
JIOTO TeJla ONpeesisiercss y»xe He TONbKO HeCKOMIIEHCHPOBAHHOCTBIO
cBfA3ell MOJIEKYJ/1 OJHOTO JIHllb HAPYKHOTO CJIosl, HO U psAja NPYTux
cJ10eB, Haxoasuuxcsl B6iu3H nopepxHoctH. KoHeuno, Takoe cocrosi-
HMe He SIB/ISIETCS TepPMOAMHAaMHYeCKH paBHOBecHbM. [lsist oGecneue-
HYS paBHOBeCHS HeOOXOAMMO NMPOBECTH AJHTENbHbIA HarpeB (OTHKUT)
TIpH JIOCTAaTOYHO BbICOKOW TemIeparype H CHATb OCTAaTOYHble Hamps-
senust. ONHAKO MpPaKTHYeCKU He BCeraa ylaeTcs rapaHTHPOBaTh,
YTO TEpPMOJMHAMHYECKOe pPaBHOBECHE YCTAHOBHJIOCH IOJHOCTBIO,
a ¥u3-38 3TOTO MOT'YT BO3HMKHYTb 3HayHTeJbHble OWIKOKH B OLEHKE
yAeJbHOH CBOOOIHON IOBEPXHOCTHOH 3HEPTHH.

Bce mepeuuc/IeHHBIE Bbillle 0COOEHHOCTH peasibHOH TBepjoil mo-
BEPXHOCTH 10 CPAaBHEHMIO C MOBEPXHOCTBIO XKHAKOCTefl 06YCJ/IOB/IEHB!
B KOHEUYHOM cueTe OLHOH NMpuyuHOH. B XuixocTsix Mosiekyssl o6iia-
JaloT GOJIbLION MOABHKHOCTBIO H IPHHHMAIOT HHTEHCHBHOE YyYacTHe
B TEIJIOBOM JBHXKEHUH. B TBepapix Tesax nmpouecch TeNJoBOro (ug-
(y3HOHHOTO) MNepeMelleHHs MOJIeKYJ/, aTOMOB, HOHOB HPOTEKaloT
ropasio MelJieHHee.

D10 pas/uuue MOABHXKHOCTEH CKa3blBaeTcs TaKke B TOM, 4YTO
CTpeMJIeHHEe K YMEHbUICHHIO IOBEPXHOCTH, KOTOpOe CTOJIb SIPKO U
HarJISHO MPOSIBJSETCS Y KUAKOCTeH, Yy TBEpPIbIX Te/ NpPaKTHUECKU
COBEpILIEHHO HE3aMeTHO H IPH TemiepaTypax, [JOCTaTOYHO JajeKHX
OT TOYKH I1J1aBJIEHHA, OHH COXPAHSIOT NPULAHHYIO UM (opMy Heorpa-
HHYEHHO JoJiroe BpeMs. TosbKo npu Temneparypax, GIH3KHX K TeM-
neparype nJ/asJeHus, A1H(OY3HOHHbIE MPOLECCH MPOTEKalT B TBEP-
JIBIX TeslaX HAcTOJIbKO ObICTPO, 4TOOBI CTPeMJ/eHHe K MHHHMYMY CBO-
GoiHO# MOBEpXHOCTHOH 3HEPruM ObLIO peanu3oBaHO. XapaKTepHbI
B 9TOM OTHOLIEHHH CJenyloliye HabJofeHHs.

Ecay Ha NMOBepXHOCTH KpHCTa/ia cienaTh LapanuHy, a 3aTeM
Harperb obpasel, IO NOCTaTOYHO BBICOKOH TeMIepaTtypbl, KaHaBKa
NIOCTENEeHHO Mcye3aeT, «3ajeunBaercs». pyroit npumep. Ecau nse
KPYNUHKH KPHCTA/JIMYECKOro BellecTBa, HampuHMep, KaKoH-HHOYIb
COJIH, CONPHKOCHYJHUCH APYT C APYIOM, OHU NPH HarpeBe CpPacTyTcs
B OJHY KPYIHYIO YacTHIy, TaK KakK IIPH 3TOM MOBEPXHOCTb yMeHb-
IIATCST M COOTBETCTBEHHO YMEHBIUMTCS CBOOOANAs IOBEPXHOCTHAS
9Heprust (3TOT Mpollecc CeKaHHs TBEPABbIX YacTHL, uMeeT OoJbiloe
3HaueHHe B MOPOILKOBOH MeTasylyprHHu).

[Ipu HU3KHX TemmepaTypax BJHsAHHe CBOOOJHOH NOBEPXHOCTHOMH
SHEPTHHU NposABJseTcs 6oJiee OTUETVIHBO B MpolleccaX, CBA3aHHLIX He
C yMeHblU€EHHeM, a ¢ yBeJHdeHHeM noBepxHocTH. OueHb nokasaTeseH
B TOM OTHOLUEHHH POCT KDHCTaJ/lJIOB H3 MEPEeChllleHHOro pacTBopa.
Ecau npunath HeoOXOAMMBlE Mephbl IPEIOCTOPOKHOCTH, BbIPAILU-
BaeMblil KPUCTaJJ1 NPHHUMAET TaKylo OTPaHKy, YyToObl €FO [TOBEPXHO-
cTHas cBoGoAHas 9HEpPTHsi Obula MUHHMajabHa. B oTiuuue OT XKHA-
Kocrefi HauMeHbl1asl CBOOOAHAs IOBEPXHOCTHAS SHEPTHsl KPUCTA/IOB
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He 06513aTe/IbHO COOTBETCTBYET MUHHUMAaJ/IbHOMY 3HAYEHHUIO Hapy:KHOH
noBepxHocTH. M3-3a aHH30TpOMMHM KpHCTALJy MOMKET O0Kasarbcs
BbIFOJHee MMeTb Oo/bliHe MO NJIOLLAAH IPaHH C MaJjoil ylenbHOH
cBOOOAHOI MOBEPXHOCTHOH Hepruell, ueM rpaHy C MeHblIeH NoBepx-
HOCTbIO, HO C BBICOKOH 3Hepruell. B cBfisu ¢ 3TUM, Kak nmokasaJj npod.
91. E. Tery3uH, noBepxHocTb KpHCTa//1a B YCJIOBHAX T€PMOLHHAMHU-
YeCKOT0 PaBHOBECHSl Ha I'DAHHULIE C HACHIIEHHLIM [1aPOM CAMOMNPOH3-
BOJIbHO MOKPBIBAETCS CHCTEMOH DPeOpHCTBIX CTyNeHel — 3TO BbIXO-
IAT IpaHu ¢ HeGOJIbIIOK yAesbHOH MOBepXHOCTHOH sHeprheii. B pe-
3yJibTaTeé BO3HHMKAeT TaK Has3biBaeMas eCTeCTBEHHAs LIePOXOBATOCTb
TBEpPIOH IOBEPXHOCTU — €llle OfHA YCJOXKHAIIWAA NpHYUHA A4
H3MepeHHsl YAeNbHOH CBOOONHOH TMOBEpXHOCTHOH JHEPTHM TBep-

IBIX TeJl.

DKCrepUMeHTaJbHOe H3MepeHHe YAesNbHOH CBOGOLHOH MOBepX-
HOCTHOH 3Hepruy KPHUCTaJ/IJIOB 3aTPyLHEHO He TOJIbKO CJIOXKHOH H Heojl-
HOPOJIHOI CTPYKTYPOH M reoMeTpHel TBepiod nmoBepXHocTH. UToGbl
HUMeTb NpaBO NPHUPABHATbL paboTy, 3aTpauyeHHyl0 Ha oOpasoBaHue
HOBOH MOBEPXHOCTH, M HpHpalleHHe CBOOOAHOH MOBEPXHOCTHOM
SHepruM KpHcTasia, Heo6X0AMMO 06ecreyuTb YCJIOBHS 00paTHMOCTH
1 H30TePMHYHOCTH npouecca. Mexnay TeM Jo60oe MexaHHIeCKOe BO3-
JlefCTBHE CONMPSAXKEHO C HeoOpaTHMBIMH TOC/ENCTBHAMHU, TaK Kak
BCSIKOMY paspyLUEHHIO MpejulecTByeT mJactuyeckas Hedopmaius
Tesa. PasBHTHe TPELIHH IIPH XPYNKOM paspyLIEHHH MPOUCXOIHUT CO
CKOPOCTSIMH B COTHH H THICAYH M/cex, TOTa KaK 0GPaTHMbIH mpouece
O ONpeJeJieHHIo JI0/XKEH coBepllaThcsi GeCKOHewHO MeasieHHo. Ha-
KOHell, MeXxaHH4ecKHe CrocoObl cO31aHHs HOBOH MOBEPXHOCTH HEH3-
0eXKHO CBSI3aHbl CO 3HAYHUTEJbHBIM HCKaXKeHHEM MPHIIOBEpPXHOCTHOTO
c/los, 03TOMy pabora paspyuieHusl, OCOGEHHO MJIACTHYHBIX TeJl, MO-
KeT Ha JBa-TPH NOpfAJKa NpeBbllliaTh HCTHHHOE 3HAYeHHe yIesbHOMH
CBOOOHO! TOBEPXHOCTHOH 3HEpTHH.

[lepeunciennrle TPYAHOCTH NpPUBEJH K TOMY, YTO BIJIOTB JO He-
JIaBHEro BPeMEHH B Hay4HOH JIUTepaType NpaKTHYeCKH He OblIO J0-
CTATOYHO HaJ(eXKHbIX IKCNIePUMEHTANbHbIX JaHHBIX O BeJIMUHHE ye/b-
HOH CBOGOHON 1OBEPXHOCTHOH 3HepPTuH GONBIIHHCTBA TBEPABIX TeJ.
Pasnnuua Mexxay JaHHBIMH, N0JY4€HHBIMH pPa3HbIMH METOAaMH, GbLIH
B psile ciyyaeB HenoMepHo Besquku. [lo cyuiectBy, Bce Teoperuye-
CKHe YpaBHeHHS M pacueThl, B KOTOPHIX (UIypuHpOBasa yjelbHas
cBOOOJHAs! NIOBEPXHOCTHAsI 3HEPrus, MOBHCAIH B BO3AyXe, TaK Kak
UX Hesb3fl OblJIO MONBEPTHYTb 3KClepHUMeHTa/bHOH nposepke. Ta-
Kasi CHTyalusi, pasyMmeeTcs, KpaiiHe 3aTpyJAHsJ/a NpOBeJieHHe HC-
cneloBaHui B 06/1aCTH MOBEPXHOCTHBIX SIBJIEHHH, B TOM YHCJ/e H SB-
JIeHHsl cMauuBaHHusl. JoCTaTOYHO CKa3aTh, YTO OJHO M3 OCHOBHBIX
ypaBHEeHHH cMauyuBaHUs (ypaBHEHHe KpaeBoro yrJsa, Kotopoe Oyner
paccMoTpeHo Huxke) eute B 1957 r., T. e. uepe3 mo/1TOpacTa Jer nocJse
TOro, Kak OHO Obl10 BhiBenieHO T. IOHrom, ocrnapuBajocb MHOTHMH
yueHbIMH. TpyaHO npuBecTH APYToff mpuMep CTOJb AJIHTENbHOTO
OTCTaBaHHA 3KCIEDHMEHTa OT TEOPHH, ja ellle B OJHOH H3 aKTyaJb-
Helimux oOnactefi Hayku. Bce 9To sMIIHKE pas nmoAuepKHBaeT, Ka-
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KHe 6oJiblIHe TPYAHOCTH CBA3AHbI C H3MePEHHEeM CBOGOIHON MoBepx-
HOCTHOH 3HEpTHH TBEpIBbIX TeJl.

Toabko HemaBHO ObLIM IPENJIOXKEHBI H Pa3BHTHl JOCTATOYHO Ha-
IEXHble M TOYHble H3MepuTesnbHble Meroabl. ONUH M3 HHX — Tak
Ha3blBaeMbIH METOJ «HYJleBOH noszyuecti». Mues storo Merona cxon-
Ha C H3MepeHHeM NOBEPXHOCTHOH HEPIrHH KUIAKOH MJEHKH, HaXOMsA-
eHcs Ha MPOBOJIOYHON paMKe C NQABHIKHOH NepeKJ/afHHOH.

Tonkas ¢osibra oyeHb YHCTOrO MeTaJlJ1a IOMEIAeTCs B TOHKOCTeH-
HBI KOXKYX M3 TOro ke Merasja. KoxyX 3amoJsiHsercsi XMMHYeCKU
YHCTHIM HHEPTHBIM ra3oM, OObIYHO aproHoM uiu renueM. Ilpu Takoit
IIOCTAHOBKE OIbITa OO€creunBaeTcsi TePMOLHHAMHUECKOE PaBHOBECHe
TMIOBEPXHOCTH TBEPJIOTO TeJla C HAChIlleHHBIM napoM. [lanee KoXyx
BMecTe C ()0/1bIOl HarpeBaloT 10 IOCTaTOYHO BLICOKOH TeMIIepaTypbl—
Ha HECKOJIbKO JeCSITKOB I'PAfycOB HIXKe TOUKU NJIaBJEHHUS.

B «npennnaBuibHON» 00J1aCTH MeTasibl 00JafAl0T CBOMCTBOM
TNOJI3Y4ecTH — MOJA AeHCTBUEM HeGOMBIIMX HArPy30K OHH MOTYT IMo-
CTENEeHHO YMIHHATbCS. Ecnu Xe rpys, npuBelleHHBIH K ¢oJbre,
C/UIIKOM MaJi, ofpasell, HanpoTHB, OYZET CTPEMHTBLCH COKPATHTHCH
B pasMepax, TaK KaK yMEHbIUEHHE CBOOOIHOH NOBEPXHOCTHOH 3Hep-
THH NpeBbllIaeT yBeJHYeHHe MOTeHIMaJNbHOH HEPIHHU 0JHKMAEMOro
rpysuka. TakuM 06pa3soM MOKHO ONIPENEHTh BeC IPy3a, IPH KOTOPOM
JOCTHraeTcsi PaBHOBECHE, M pacCUuTaTh YAEJbHYIO CBOGOAHYIO
MIOBEPXHOCTHYIO SHEPTHIO MeTaJlia.

[puHUMNHANbHO BaKHOE JOCTOHHCTBO METOAA «HYJIEBOH MOJ3Yy-
YecTH» 3aKJII0YaeTcsl B TOM, UTO H3MepeHHe IPOU3BOAUTCS B YCIOBHAX
paBHOBecHs, II03TOMY HCKJ/IIOHAIOTCS BCe MOTPELIHOCTH, CBSI3aHHbIE
¢ HeoOpaTHMBIM XapaKTepoM INpoleccoB o6pa3oBaHUSl MOBEPXHOCTH
TBepHoro Tesa. C NOMOIIBIO 3TOrO MeToia OblIH U3MEpPeHb! Ye/bHEIe
cBOGOJHEIE TIOBEDXHOCTHBIE 3HEPTHH MHOTHX TBEPABIX MeETaJslJIOB.
DTH uU3MepeHUS IO3BOJHUJH IPOBEPUTb MHOTHE TEOPETHYECKHE BhI-
Boibl, B wacTHOCTH, NOATBEPAHJIOCE, UTO Y TYTONJIABKHX METaJlJIOB
yAenbHass CBOOOJHAsi IMOBEPXHOCTHAsl SHEPTHA BeJHKa (Hampumep,
y Bosbpama oHa paBHa 2900 spe/cm?), a y JierKolsIaBKHX — CpaB-
HHUTeJbHO HHU3Ka (685 ape/cm® y osioBa). lasi MHOTHX METaJlJIOB JO-
CTaTOYHO TOYHO BBINOJIHAETCS NMPONOPLHOHAJIbHAS CBA3b MEXIY CBO-
60ZHOH NMOBEPXHOCTHOH 3HepPruell W TemJoTo#l cyGauMauuy.

Hapsny ¢ pa3BuTHeM 3KCIepHMEHTaJbHBIX METOLOB B MOCJELHHE
rojbl BBHINOJHEHO TaKXkKe MHOTO TEOPeTHYECKHX PacyeToB YAe/bHOH
CBOGOHOM 1IOBEPXHOCTHOH 3HEPruH pas/HYHBIX TBepAbIX Tes. Tak,
npod. B. SI. ITunec pa3Buj TeopHIO, OCHOBAHHYIO Ha yuyeTe CUJ B3a-
MOZeHACTBIA MeXAy O/HKaHUIMMU COCEAMH B KPHCTa/lJIM4ecKOH pe-
weTke (TaK HasblBaeMoe JIOKaJbHO-KOH(QHI'YPALMOHHOE HPHOMHKe-
HHe—B HeM He paccMaTpUBaeTcs B3aHMOAEHCTBHE C GoJee JaJeKuMH
atomMamu uiau HoHamu). ITpod. C. H. 3apymkun o6ocHoBajl KBaHTO-
BOMeXaHHYEeCKyI0 TEOPHIO pacuera yJeJbHOH CBOOOAHOH IIOBEPXHO-
CTHOH 3HepTHM TBEPJLIX METAJJIOB. DTH METOAbI cefiyac LIMPOKO NpH-
MEHSIOTCS [/ aHaJH3a Pas3/IMYHBIX IIOBEPXHOCTHBIX SIBJEHHH.
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TEPMOAMHAMMUYECKHUE YCNOBUA CMAYMBAHMSA

ITpu o6cy:KHeHHH pe3yJ/bTaTOB OMBITA C NMOIPYKEHHEM CTEeKJISH-
HOH MasJo4ku B BOAY Obli clieflaH BLIBOA: /151 CMauMBaHHSI Heo0Xo-
MO, YTOOB! CHJIBI MOJIEKYJISIPHOTO TIPUTSIXKEHHS JKHJIKOCTH K TBEp-
Jioli NoBepXHOCTH Obl/H OOJIbILIE CHJ CLENJEHHS MEXAY MOJEKYJIaMH
caMoli cMauuBamomiel xupkoctu. IIpsiMo#i pacueT 3THX CHJ OYeHb
CJI0XKEeH, N0TOMY AJist ONpee/ieHHsl yCJIOBHI CMauyuBaHHSA COMOCTAaB-
JISIIOT HE CHJIBl MOJIEKYJISIPHOTO B3aHMOJEHCTBUSA, a YAeJbHBIE CBO-
GofHble NOBEPXHOCTHBlE SHEPruM Ha TIpaHHLAX pasgena Ttpex ¢as
(3KHIKOCTH, TBEPIOTO Teja W OKpyXKaiouieHd cpeasbl).

Paccmorpum cayual, Kor-
Ja Kamjas KHIKOCTH HaHe-
CeHa Ha IJIOCKYIO TBEpAYIO
noBepxHoctb. CpaBHHM JBa
COCTOSIHUS ~ CHCTeMBl — Ha-
yaJibHOE, KOTAA KamJs TOJb- ) 6)
KO TIPUKOCHyJach K IO-

BEPXHOCTH IJIACTHHHI H CMO- Pue. 5. @ 3

. Puc. 5. dopua xanau cmanusaroumerd  scud-
deHHAA IUIOWAAb MPARTA- o n) s ougubnoid momenm xonmakma c
YeCKH paBHa HYJIO, H KO- meepdoti nosepxrocmyio (a) u nocae cma-
HEeYHoe, KOrJa KalJsi MpH- ausarun (6).

obpena XxapakTepHyio GopMy

IJIOCKOBBITYKJIOH JIHH3b! (pHC. 5). M3meHnenue moBepxHocTd u ¢op-
MBI KamJii [POH3OLLIO CaMOIPOM3BOJNbHO, 0e3 3arparbl pPaboThl
u3BHE. B COOTBETCTBMH €O BTOPBLIM 3aKOHOM TEpPMOAMHAMHUKH 3TO
03HAyaeT, YTO MPOILIECC COBEPILAJICS 33 CYET YMEHbLIEHHS] CBOGOJ-
HOH 3HEpPTHH CHCTEeMbl (B JAHHOM CJyyae — CBOGOLHOH MOBEpXHO-
CTHO! 3HEpPruH) B LIEJIOM.

[TycTh 0 COMPUKOCHOBEHHS C NOAJIOXKKOH KaIJist uMeJia IoBepX-
HOCTb Sk M TIOBEPXHOCTD IJIaCTHHbI paBHAa S,; B KOHEUHOM COCTOS-
HHUH TIJIOWAflb COTMPUKOCHOBEHHS KamJH CO CpeloH 0003HauuM S
H TJIOLIA b KOHTAKTa MEXKAY KUIAKOCTBIO U TBEPALIMTENIOM S . 0603-
HauuM yJIeJbHYI0 CBOGOXHYIO MOBEPXHOCTHYIO SHEPTHIO HAa I'PaHHIE
TBEpJoe TeJIo — Cpefa O,, Ha IPaHHIe XHUIKOCTb — CPela 0, M Ha
Mex(asHO# TpaHUUE TBEPHOE TeNO — KUIKOCTh Opy. lOra B Ha-
4aJbHbIi MOMeHT o0ias cBOGOAHAsA NOBepXHOCTHas 3Heprus E,=
= 8x0x+ S;0;, @ B KOHEUHOM COCTOAHHH E,= S0+ SpmOmut
4(8S;— Sux)0,. Heob6Xonumoe ycsoBHE caMONpPOH3BOJILHOTO IIPO-
TeKaHHsl Tpollecca COCTOMT B BHIIOJHEHHH HepaBeHcTBa E,<<FE;.
IopcraBuB 3Hauenuss E, u E, u cpenaB mpocthie ajreGpanuecKue
npeo6pa3oBanysi, MOJYYUM CJEAYIOLlee YCJIOBHE:

Oy — O S — S
T Tm> )KST)RK. (3)

O

3Hak JIeBOH YaCTH 3TOro HepaBEHCTBA 3aBHCUT TOJILKO OT MPUPOAbI
KOHTaKTHpylomux ¢as. Eciu coctaB aTuX (a3 TakoH, YTO G =>Cp,
JieBasl 4acTb HepPaBeHCTBA II0JIOXKHTeJbHA. DTO 3HAYUT, UTO NMPOLECC

31



HU3MeHEHHs TOBEPXHOCTH M (POPMBI KAl MOXKET COBEpILaTbCs CaMo-
NPOU3BOJIBHO H B TeX C/1y4asnX, KOrja MoJIOXUTe/NbHa H PaBas 4actb,
JMmb 66l 10 aBCOJIIOTHOM BeJiMuKHe OHa Oblia MeHble JieBol. Cuaeno-
BaTe/IbHO, TaKoil MpOLEeCC MOXKEeT A0 ONPeAe/eHHOTO MOMEHTa COMpo-
BOX/ATbCSi YBeJHYEHHEM MOBEPXHOCTH CONPHKOCHOBEHHS KHAKOCTH
Q cpenoit (S, >S,). OueBHaHO, YTO ONHOBPEMEHHO OyJET MpPOHMCXO-
JUTh H YBeJHYEHHe MJIOWAAH S;, KOHTAKTa XKHAKOCTH C TBEPLOH Nno-
BepXHOCTbIO. Takum 06pasoM, €C/H BbINOJIHAETCS HEePaBeHCTBO I10-
BEPXHOCTHBIX HATAMEHUH 0;>>O0ug CMAYHBAHHE TEDPMOAMHAMHYECKH
BO3MOXKHO.

PaccMoTrpuM Jpyro#i BO3MOXKHEIF ciyuall, xoraa cBOKCTBa rpa-
HHYalHKX a3 TAKOBbl, YTO 0,<O,,;. 1Ora JeBasi 4acTb HepPaBEHCTBA
(3) oTpunaresbHa, H OHO MOXKeT GOBITb BbIIOJHEHO JIHIbL NPH TOM
YCJIOBKH, YTO H NPaBas €ro 4acTb TOXKE OTPHIaTe/NbHa. DTO BO3MOK-
Ho, eca S<C Sk, U O3HauaeT, YTO CaMONPOHU3BOJLHO I1POTEK IO
TpoLecC He MOKET NMPHUBECTH K YBeJIHUEHHIO MJIOULAH COIPHKOCHO-
BEHHS JKHIKOCTH C OKpYyKaiolleH cpeloli H COOTBETCTBEHHO — MJIO-
[MaJH KOHTAKTa C TBepIblM TeJsioM. KHaue rosops, cMauuBanue B aTUX
YCJIOBHSIX TEPMOAWHAMHYECKH HEBO3MOXHO.

Takum o6pasoM, HeoOXoQuMoe TepMOAHHAMHUYeCKoe YCJOBHE
CMaUHBaHHS COCTOUT B TOM, YTOOHI yAe/nbHas CBOOOAHAS MOBEPXHOCT-
Hasl 9Heprus TBepJOro Tejia Ha IpaHHLe co cpeloit (0,) Oblna 6oablie,
YeM Ha I'DaHHLe C XHAKOCTbIO (Oqy). IlpakTHueckoe Henodnb3oBaHue
9TOr0 yCJOBHSI BO MHOTHX C/1ydyasx 3aTPYAHEHO HJIH HEOCYLIeCTBHMO
13-3a OTCYTCTBHS JOCTATOUHO HAJCXKHBIX SKCIEPHUMEHTabHBIX HJIH Te-
OpeTHYeCKHX NaHHBIX O BeJIHYHHE YAeLHOH cBOGOAHOH OBep X HOCTHOMH
9HEPTUU TBepAbIX Te/ Ha IPAHHLE C Pas3JHYHBIMU XKHAKoCcTIMU. Onpe-
JIeJIeHHBIH HEJ0CTATOK COOTHOWleHUs (3) COCTOHT Takxe B TOM, YTO
B HEM He OTpaxKeHbl B IBHOM BHJ€ B3aUMOAEHCTBHE KULKOCTH C TBep-
JIO# MOBEPXHOCTBIO M CLEIJIEHHE MEXAY MOJieKyaaMH KUAKOCTH.
B cBsi3u ¢ 91UM 417 ONpefeneHUst YCJIOBHH CMauHBaHUS MOJIb3YIOT-
cs ellie ONHHM KPHTepHeM,.

Jlns XapakTepUCTHKH CHJl CLEMJIEHHS MEXAY ABYMs pasHBIMH
BemecTBaMu (ppannysckuft yyenoiii [lionpe Bees1 B 1869 r. noustue
o paGote anresuu W, (adhesion o3Hauaer «npuannanue»). Pabora
ajresdu IO ONpeleseHHI0 paBHa paboTe H30TEPMHUYECKOrO Mpoliecca
OT/leJIEHHS! OJHOTO BellecTBa OT APYroro B pacuere Ha | cu® moeepx-
HOCTH, O KOTOpOH OHH conpHukacaiucb. Ilycth S, — nJaomans
KOHTaKTa JKHIKOCTH C TBepAbM TesioM. [Ipu ornenenun obpasyrorcs
ABe HOBble IMOBEPXHOCTH: OHA H3.HHX — 3TO [OBEPXHOCTb TBEPAOTO
Tesa C yHeNbHOH TOBEPXHOCTHOH 3Heprueil o,, Apyras — noBepx-
HOCTb XHIKOCTH C yIeJ/bHO{l MOBEPXHOCTHOH 3Hepruefl o,. o or-
Jle/leHHst yResbHass CBOOOIHAs NOBEPXHOCTHAsi 3HEPrHsl TPaHHLbl
paszenia coCTaBJ/if/a Oy. PaboTy, 3aTpaueHHYIO Ha OTAeseHHEe JKUJ-
KOCTH OT TBePLOH NojioKKH, o6o3naunm W. Torna no sakony coxpa-
HeHHs! SHEPTHH HMEeM PaBeHCTBO (0,1 Oy Syx=0pu Swsw+ W, oT-
Kyla pabora aaresunt W,=W/ S, =0,10,—0m OueBurHo, 4TO
pabora aare3un Tem GoJblle, YeM CHJIbHEE MOJIEKYJISIPHOE NPHTSIKe-
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HHe XHUAKOCTH K TBepJOH NOBEPXHOCTH, T. €. 4YeM Jyylle CMayHBaHHE.
Hcnonbays BblpaKeHnue 15 paGoThl aire3uH, ycjloBHe CMauuBa-
nusa (1) MoxHO 3amucatbh B Bule

W, — 0, >0. 4)

[To npensioxeHHI0 amMepHKaHCKOro (H3HKO-XHMHKa XapKHHCA
paory, Hy»KHYIO AJISl pa3pblBa CTOJ0a KMIKOCTH C TOMNepeyHbIM
ceuenveM 1 cu?, HasbiBaiorT paGoTOH KOresuu (Kore3usi — CuenJieHHe
Mex1y MoJieKyJiamH ofHoro BeulecTa). [lockosnbKy npu TakoMm pas-
peiBe 06pasyioTcsi iBe HOBble MOBEPXHOCTH C YAEbHOH MOBepXHOCT-
HOIl 3Hepruell oy, pabora Koresun W,=20,, OTKyla 0=/ ,Wy.
[MoacTaBuB BbIpaXkeHue 1J15 MOBEPXHOCTHOTO HATSXKEHHS KUAKOCTH
B HEpaBeHCTBO (4), MOJNYYHM YCJIOBME CMayMBaHHsA B Cjeaymolleil

opme:
Wa_% W/R>O' (5)

CootHowenuns (4) u (5) nokaseiBalOT 0COGEHHO HATVISIIHO, KAKYIO
GoJBLIYIO pOJIb B SABMEHHH CMauMBaHMA WIPaeT B3aHMOAEHCTBHE
MeXKIy KHIKOCTBIO H TBepJoil noBepxHOCTbIO. UpesBbiuaiino addexT-
UbIM K yOenuTeNbHbIM NOATBEPIKAEHHEM ONpejessioliell posin 3Toro
B3aMMOJIEHCTBUS SBJSIETCA CJAELAYIOWMH ONBbIT: JIETYUK-KOCMOHABT
CCCP I1. P. Ionosuu uabmionan, Kak Bener cefs cMauyuBaromas
KHUAKOCTL B ycjaoBHsX HeBecoMocTH. CdepHueckasi CTeKJsiHHaS
KoJs16a Obly1a 0 cepelHbl 3ar0JiHeHa Bojoi. Bo BpeMmsi op6uTaibHOrO
nosleTa KOCMHYECKOTo Kopab.isi Boja npuHsia ¢opMmy nosoit cepu-
uecKoil 000JI0UKH, BHYTPH KOTOpOIi pasmectuiical Bo3ayx. OueBHAHO,
YTO MPH TOM IJIOLIAJb CONPHKOCHOBEHHS BOIbl C BO3LYXOM YBEJH-
yisiach, cBo6OJHAs MOBEPXHOCTHAs SHepPTHs pasjesa 3TUX (a3 Bo3-
pocaa. BaxHee, onHaKo, 4TO BABOE YMEHbLIMAACh NJIOWIalb KOHTAKTa
BOJIbI cO CTeKJoM. B pesysbrate oOuwnil 3amac cBoGOIHOH MOBepXx-
HOCTHO! 3Hepruu yMmeHbliuJscsi. Meron pacuera ¢opMbl TOBEPXHOCTH
cMauuBaolell ¥ HecMauuBarowed XUIKOCTH B YCJIOBHSX HEBECOMO-
ctH paspaboraH akazemuxoM B. B. Ulysefikunbm.

KPAEBOM YrOJi — MEPA CMAYMBAHMUSA

Ias musyueHus cMaduBaHHUsA, KaK U BCSIKOTO JIPYroro siBJieHys,
HeoOXOQUMBl KOJIHYeCTBEHHble H3MepeHHs M pacyersl. UToObl cpas-
HUBAaTb CMayMBaHHE B Pa3JIMUHBIX CHCTEMax M HCCJEOBaTb BJHsAHHE
pa3HooOpasHbIX (U3UKO-XUMHYECKHX (DAKTOPOB, HYXKHO BHIGPATDb
TaKylo BeJIMYMHY, KOTOpad MOrJa Obl CJAYXHTb XOpOIEH «MepKOH»
CcMauuBaHHA, T. €. Hecsa Obl JOCTATOYHO MOJHYI0 U OOBEKTHBHYIO
uHopMaLuIO 0 Xapakrepe cMauuBaHHs. [TocKOMbKY B cMauHBaHMH
y4acTBYIOT OJHOBPeMeHHO Tpu (hasbl, 3aBEAOMO SICHO, YTO CMAyHBa-
HYe B LIeJIOM HeJb3fl ONUCAThb CKOJbKO-HUOYIb YAO0BJIETBOPHTEILHO,
€CJ/IH NpUBJEKaTh IJs 3TOH leH Kakoe-HHOYIb PHu3nyecKoe HJIH XH-
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MHYecKoe CBOHCTBO TOJIbKO OfHOH u3 3THX ¢a3. Kasasoce Gbi, B Ka-
yecTBe TAKOH XapaKTepHOH BeJHUHHBl MOXHO BHIOpaTh YAEJNbHYIO
cBOOOHYIO [IOBEPXHOCTHYIO SHEPTHIO HA TPaHHIE XHAKOCTH H TBEp-
JIOro TeJa, TaK Kak OHA OTPaKaeT B H3BECTHOH CTeleHH MHTEHCHB-
HOCTb B3aHMojeicTBust Mexny HuMH. OpHako npu o6CyKIEHHH Tep-
MOAHMHAMHYECKHX YCIOBUH CMauuMBaHHS GbUIO BBISICHEHO, YTO 3Ta
BeJIMYMHA TaKXKe HeNOCTaTOYHA /s XapaKTepHCTHKH CMayMBaHus.
JleficTBUTENIBHO, TIPU OJHOM ¥ TOM K€ 3HAYEHHH Oy, HO NPH. PA3HBIX
3HAUEHHSAX O, MOTYT ObITb KaUECTBEHHO pas/HUYHble Cydan—CMayuu-
BaHHE MNpPU O,>>Cpy U HECMauMBaHWE HPU Op<Orpy.

ITapamerpoMm, 3aBuCAlIMM OT CBOHCTB BceX TpeXx (a3, sIB/seTcs
pabora agresun W;. OnHako ompenenuB 3KCHepUMEHTaJbHO 3Ha-
yeHHe paboThl aire3uu, elle Heslb3sl OJHO3HAYHO OTBETHTb HA BOI-
npoc — GyJeT Jd HPOUCXOJHTh CMauHBaHHE B NAaHHON CHCTeME WU

Bo3ayx 8

H-(u,n.Koc'rb

V////////////\ 7T //A o

Teépaoe Teno

Puc. 6. Beauduna xpaesoeo yzaa onpedessiemcss coOmHowenuem mendy yoesbHoimu
€60600HbLMY nosepXHOCMHbIMU IHepeuamu O, Oy u O,y Ha mpex epanuyax: meepdoe
meao — cpeda, meepdoe meao — acudKocme u ocudkocme — cpeda.

HeT. B camMoM fesle, Kak MOKasbIBaeT COOTHOLIEHME (4), MPH ofuHAa-
KOBOH pafoTe ajiresud, HO pa3HBIX IOBEPXHOCTHBIX HATSXKEHHAX
JKHIKOCTH MOXKeT HalMofaTbCsi W CMayHBaHHE M HeCMauyMBaHHe.

YHuBepcaJbHOH KONHYECTBEHHOH XapaKTEPUCTHKOH CMauHBaHUsA
SBJISETCS. TaK HasbiBaeMbli KpaeBod yros. YtoObl 06BSICHHTD (pH3H-
YyecKHH CMBIC/ KpaeBOro YIVia, pPacCMOTPUM CJEAYIOWHH IpocToit
npumep.

BosbMeM anmoMHHHEBYIO IJIACTHHKY, TIHIATEIbHO 00€3XKUPUM ee
NIOBEPXHOCTb U HaHeceM HeCoJblIYIO KanJo BoAsl. Ha Bosayxe aJio-
MHHHH IOKPHIT IJIEHKOH OKHCJa, KOTOPBIH XOpOIIO CMauHBaercs
Bonoil. Eciu nocraBuTh MJacCTHHKY T'OPH30HTAJNBHO HAa YPOBHE IJia3
H NOCMOTpeTb Ha Hee cOOKY, BHIHO, YTO Kamjs npuobpena gopmy
CUMMETPUYHOH I1JIOCKO-BBINYKJOH JMH3bl. [IOBEpXHOCTH KHIKOCTH
Ha IpaHHUlle C MJIACTHHOH — MJIOCKast, @ Ha I'PaHUIE C BO3LYXOM —
BbiNyKaas (puc. 6). 3aMKHyTas JIMHHS, OTPAHHYHBAIOUIAsl ITOBEpX-
HOCTb pasjiesla TBEPAOro Tela M KallJlM, Ha3blBaeTcsl INepUMETPoM
cmauuBanus. [IpoBefeM B Kakoi-1H60 TOUKe MepUMeTpa CMaYHBAHHUS,
HanpuMep B Touke A, KacaTesibHYIO K NOBEPXHOCTH KallJH. ¥Yros 0
HaKJ/IOHA TOH KacaTeJbHOH K IIOBEDPXHOCTH IIJIACTHHBI H Ha3bIBaeTCs
KpaeBbiM yriom (puc. 6). Urto6bl H36exkaTb HeONpenesIeHHOCTH,
KpaeBOH yroJs Beerja OTCYHTHIBAIOT B OJHY CTOPOHY — OT Kacarellb-
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HOH B CTOPOHY KHIKOCTH. VIHBIMH cJIOBaMH, BTOpOH /iyd KpaeBoro
yrJ1a IPOXOAUT MO I'PaHULE TBEPAOTO TeJsla C XKHAKOCTbIO (iuHus AB),
a He ¢ okpyxaromwei cpenoii (AB).

B paccMOTpeHHOM MpHMepe KOHTaKTa BOJBI C MOBEPXHOCTHIO OKHC-
Jia aJIIOMHHHST KpaeBoil yrosi octpuléi (8=60—65°). MHas kapTtuna
HaOmofaeTcs NMpH HaHECEHHH HAa TaKylo e MOBEPXHOCTb Kalllu
pTyTH — OHa mpHoGperTaer QopMy ueyeBHUb. B JaHHOM ciyyae
KpaeBoH yroJs Tymo#.

OnpenenuM ycnoBHs, MPH KOTOPBIX (opMa KallJH Ha TOPH30H-
TaJIbHOHA TBepIOH NOBEPXHOCTH CTAaHOBHTCA paBHOBecHOH. J/1s sTol
LeJH MOXHO NMpPHMeHHTh ABa crnoco6a. IlepBriii croco6 —anepreru-
yeCKHH — OCHOBAH Ha HCIIOJIb30BaHHH OOLIETO MOJIOXKEHHsI TepMo-
IAMHaMHKH O TOM, YTO COCTOSIHHIO DaBHOBECHSI COOTBETCTBYET MUHH-
MaJIbHOe 3HaueHHe CBOOOJHOH SHePruH cucreMbl. B ciyuae cmauu-
BaHHA B 3HepreTHYeCKHil GasaHC OObIYHO BXOJAAT TOJNBKO MOBEPX-
HOCTHBIE IHEPTHH, TaK KaK M3MEHEHHEM IIOTeHIHaJbHOH SHEpruu
KanJ/¥ B CBSI3H C NMOHHMXKEHHEM LIEHTPa TSAKECTH B GOJIBLIHHCTBE CJIy-
yaeB MOXKHO npeHeGpeub. CBoGOAHAs MOBEPXHOCTHASl SHEPTHS CH-
CTeMBI CKJIaJbIBAETCA H3 SHEPIHHM TPeX MeX(asHbIX TPaHMIL TBep-
Jloe TeJIo — ras, TBepJoe TeJI0 — XHIKOCTb U XKHUAKOoCTb — ras, Jia
pacuera ¢opMbI KallJiH, COOTBETCTBYIOIell MHHIMYMY obLieil cBoGox-
HO¥ TOBEPXHOCTHOH 3HEepruH, HeOGXOAUMO 3HATb He TOMbKO YAE/NbHbIE
cBoGO/HbIE [IOBEPXHOCTHbIE SHEPIHH Ha BCEX TpeX Mex(asHbIX rpa-
HHIaX, HO M IIOWAAH ConpHKocHoBeHMs ¢a3. IloBepxHocTh TBEp-
JOro TeJla B epBOM NPUOIHKEHHH MOXKHO CUHTATb MJIOCKOH, TO3TOMY
pacuer AByX nJomazgeil CONpPHKOCHOBEHHs (TBeploe TeJo — ras H
TBepJi0e TeJI0 — KHAKOCTb) He NMpeACTaB/aseT 3aTpyAHeHuil. [loBepx-
HOCTb JKHAKQCTH He fBJIieTCA [JIOCKOH, II09TOMY pacCyHuTaTh
ee miaowaip cjoxHee. FI3-3a atoro cocrab/ieHHe HEpPTreTHYECKOro
OanaHca ¥ Haxox[IeHHe YCIOBHH MHHHMAJbHOCTH CBOGOLHOMH noBepX-
HOCTHOH 3Hepruy NpeICTaBJSIOT B LE/JIOM XOTS M BIOJIHE paspellH-
MyIO, HO BCe Ke JOCTaTOYHO TPYAOEMKYIO 3ajauy.

Iasi onpeneneHuss ycJaoBHH paBHOBECHSI Iopasfo Npolie BTOPOH
crocob pacyera, OCHOBaHHBIH Ha TOM, 4TO [I0BEDXHOCTHbIE HATSKEHH S
Ha rpaHuUax ¢as, yyacTBYIOIIMX B CMauHBaHHH, MOXKHO (opMaJsbHO
paccMarpuBaTh KaK CHJIbI, OTHECEHHble K €JHHHIIE IePUMeTPa CMauu-
BaHHfl (BO3MOXKHOCTb CHJIOBOH TPAaKTOBKH IOBEPXHOCTHOrO Hars-
JKEHHS MBI yXKe 0OCYyKIajiH).

B mo6oli Touke mepumerpa CMauMBaHHs, HanpuMep B Touke A
Ha pHC. 6, NPHJIOKEHB! TPU CHJIBI: OBEPXHOCTHOE HATSXKEHHE O, Ha
rpaHulle TBepJoil NOBEPXHOCTH CO CPeNoi, MOBEPXHOCTHOE HaTsIKe-
HHE O Ha TPaHHULE TBEPAOTO TeJIa € XKHAKOCTBIO M MOBEPXHOCTHOE
HaTSXKEHHE Oy, Ha IPaHHLe XKUAKOCTH co cpenoit. [Ipu paBHOBecuH Bce
TPH CHJIBL JOJIKHBl ypaBHOBellMBaTbcA. PasjoxuM MO MNpaBuIy
napajuiesiorpamMMa CHJIY Oy Ha JBe COCTaBSIOMHKX. BepTuKasibHas
COCTaBJIAIONIAs PABHA 0xSin0 H ypaBHOBelIMBAETCs: CONPOTHBJIEHHEM
TBEPAOH MNOBEPXHOCTH. ['OpH3OHTaJbHAsi COCTABASIOUIAA Oy coSO
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IeACTBYeT BIOJIb MOBEPXHOCTH TBepporo tena. IlpH paBHOBechu
0, =0mx+0,Cc080. Orciofa onpenessiercss BeJM4HHA KOCHHYyCa Kpa-
€BOro yria:

cos O = Or —Omx | (6)

Ok

YpaBHeHue (6) MoKasbIBaeT, YTO KPaeBOH YroJ 3aBHCHT TOJIBKO
OT NIPUPOABI TPEX KOHTAKTHUPYIOWHUX has.

Brie ormeuasioch, 4TO A/t CMAauHBaHHS HeOOXOAMMO BbIIOJIHE-
HHE YCJIOBHSl 0,=>0 5. VI3 ypaBHeHus (6) cienyer, uTo Npu 6,>>0px
3HAUEHUS] KOCHHYCA KPaeBOTro yrja IIOJIOKHUTENbHBl, T. €. “TIPU cMa-
YUBaHHK KpaeBble Yribl octpble (0°<<0<<90°). HanpoTus, XuukocTh
He CMayHMBaeT AaHHYIO TBEpPAYIO MOBEPXHOCTb, €CHH 0,<Opy, NPH
aToM c0s0<C0 u cooTBeTcTBYyOUME KpaeBble yribl Tymble (90°<<O<C
<<180°). Takum 06pa3oM, M3MepHUB KpaeBOH yros, MOMKHO yCTaHO-
BUTb XapaKTep B3aUMOAeHCTBHS MeKAY KHIKOCTBIO M TBEPIbIM TeJIOM
H TOYHO OTBETHTb Ha BOIPOC — €CTb JIM CMauHBaHHUe B JAHHOH CH-
CTeMe ¥ NpH AaHHbBIX YCJOBHSX WJIH K€ CMaudBaHHe OTCYTCTBYeET.
Bonopasnenom mexny cMauuBaHHMeM W HecMaudBaHHeM siBJIsieTCA
KpaeBoil yros 0=90°.

YpaBHeHUe, ompejesisiollee BeJMYHHY KPaeBOro yIfa, MOXKHO
3amucatb B HECKOJIbKO HHOM Buue. lcrnosmb3dyst nousitue paGoThl
agresun W,=o0,+0yu—0,x ¥ 3aMEHHB Pa3HOCTb (O,—Opy) Ha
(Wy4—0y), moayuum:

Wa—o
cos O =22 O,

0]
H
YpaBuenue (7) mosBoJisieT CAesnaTh CaAEAyIOUHe BbIBOABL Yem
CHJIbHee MPHUTSKEHHEe XKUIKOCTH K TBEPIOH NMOBEPXHOCTH 1O CPaBHe-
HUIO C MPUTSKEHHEM MOJIEKYJ »KHIKOCTH APYT K ApYry (T. e. ueMm
Gosbiue pabora aaresun W, mo cpaBHEHHIO C IOBEPXHOCTHBLIM HaTS-
JKeHHeM XKHJKOCTH Oy), TeM octpee KpaeBoll yrosa. Hanporus, uem
6oJiblile TOBEPXHOCTHOE HATSIKeHHe KUAKOCTH 0 CPaBHEHHIO ¢ pa-
GoToft axresuu, tem Gosblue KpaeBol yros. Takum obpasom, BesH-
YHHAa KPaeBoro yrJa MpsIMO CBA3aHa C TeMH CHJIaMH MOJIEKYJISPHOro
B3aHMOJIEHCTBHS, OT KOTOPHIX 3aBHCHT B KOHEUHOM HTOre CMadlBa-
Hue. VIMeHHO Mo3TOMy KpaeBoil yros M NpeACTaB/sieT KOJHYeCTBEH-
HYI0O XapaKTepHCTHKY CMauylBaHHS.
YcioBHS paBHOBECHS! Kall/id Ha TBepAOH ITOBEPXHOCTH U BeJHYH-
HYy KpaeBoro yr/a Bhepsble onpeiennsn anriuiickuii ¢usuk T. IOHr
B 1805 r. IOHT coBepiIeHHO He MOJb30BaJICS MaTeMaTHYeCKUMH BbI-
kaagkamu. Ilo cioBam k. MakcBessia, «meroanl paccyxaenus Oura
BCETla KOPPEKTHB! U 3a4aCTyI0 BeCbMa H3SIIHBI, HO HHOTJIa OHH OY€eHb
3aTPYIHUTENBHb! 1715 OHUMAHHS M3-33 MeJaHTHYHOrO UTHOPHPOBA-
HMS MaTeMaTHYECKHX CHMBOJIOB» [UHT. 10 cratbe E. Orowan. Proc.
Roy. Soc. London, A. 316, 473 (1970)].

BosMokHO, yTO MMEHHO no 3Toi mpuuuHe paborhl IOHra Gbliu
JoJIroe BpeMsl TOpasjio MeHee H3BECTHBI, YeM MaTeMaTHUeCKHe HCcJle-
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HOBAHMSl TOBEPXHOCTHBIX SIBJEHHH, OIHOBDPEMEHHO MPOBENEHHbIE
Jlannacom.

Jlnsi MHOTHX NIPAKTHYECKH BaKHbIX 3a7ay HEOGXOLMMO 3HATh, Ka-
Kasi XUJKOCTb JIydllle CMaYHBAET TOT UJIM HHOH TBEepABIH MaTepua —
BOJA MJIM e yr/eBOAOPOAb! (renTan, Genson u T. 1m.). Uto6wl mosy-
YHTb OTBET HA 3TOT BONPOC, U3YYaIOT TaK Ha3bIBaeMOe U3OHPaTeNbHOe
cMaunBaHue. Vcenenyemyio noBepXHOCTb NPHBOAAT B KOHTAKT cpasy
C IBYMfl JKHIKOCTSIMH — BO-

JOH H KaKHMM-IHOO YrJyeBojo- MaacTurky

ponom (puc. 7). [lanee usme-
psAloT KpaeBoit yros, oGpaso-
BaHHBIH BOJOH C NOBEPXHOCTBIO
TBepiaoro Tena. Eciau xpaesoii
YroJl OKa3blBa€TCsl OCTPHIM, 3Ha-
UHT JAHHBIH MaTepuas Jydilie
cMaunBaercs Bofol. Takue Ma-
Tepuasbl HasblBAIOTCS  THAPO-
¢usbHbIME. K HUM OTHOCsTCH,
HampuMep, KBapll, KaJbluT,
MHOTHE OKHCJIbl MeTaJl10B. Ma-
TepHasbl, Ha KOTOPLIX KPaeBoi
yroJl BOAbI IIPH H3GHpaTe/IbHOM
CMauHBaHUHU TYNOH, Ha3bIBAIOT-
ca rugpodobubiMu. Hanpumep, Ha napadune 0=105°

KpaeBoii yros rnpeicraeiisieT BecbMa HarJIsIAHYIO U yAOGHYIO Xa-
paKkTepUCTHKY cMaunBaHusl. ONHAKO B PALE C/yUaeB BOCINOAb30BATh-
cs1 3ToH XapakTepUCTHKOH He ynaercs. OueBHMJHO, YTO KOCHHYC He
MOXKeT ObITb GoJiblie efuHuLbl. [T03ToMy, KOT/a HMeeT MecTo Hepa-
BEHCTBO (0,—O0p)/0x>>1, Kan/s ¢ paBHOBECHBIM KPaeBbIM YIJIOM He
MOKeT 00pasoBaThCsl H JKMAKOCTb PAacTEKAeTCsl MO TBEPAOH MoBepx-
HOCTH, MOKPHIBasi ee TOHKHM cJjioeM. Takoe HOBeleHHe XXHIAKOCTH
Has3bIBaeTCs TMOJIHbIM CMauMBaHHeM WJH pacTekanueM. [Ipumensior-
€Al TakyKe TePMHHBI «HEDaBHOBECHOE» MJIH «KHHETHYEeCKOe» CMauHBa-
HHe (B OTVIMYHE OT «CTATHUECKOTO» HJIH «PABHOBECHOIO» CMAYHBAHHUS
B cHeTeMax, IJle YCTaHaBJIMBaeTCs KOHEUHBI PaBHOBECHHIH KpaeBoi
yrogt). Pactekanue naGmiofaercsi, HampuMmep, B psje CJyuyaeB KOH-
TAKTa KHUAKUX MeTasJoB ¢ TBepAbiMH. OueBHAHO, UTO AJISI ONHCa-
HHSI CHCTeM, B KOTOPLIX NPOHCXOJHT pacTeKaHHe, [OHATHE KPaeBoro
yria OKa3blBaeTCsi HeMpUMEHHMbIM H B 3THX CJyyasX MHCIOJb3Y-
10TCSl ApyrHe KpPHUTepHH, B YacTHOCTH CKOPOCTh pacTeKaHHsi (CM.
HHUKE).

Iyl ©3MepeHHsl KpaeBoro yrJa NpUMEHSIIOT HECKOJbKO METOJOB.
[pu wucc/ieoBaHMM MPO3PAYHBIX JKHUAKOCTEH YAOGEH MEeTOJ HaKJIOH-
HOH IIaCTHHKH, [peLJIOXKEHHBI aHIVIMACKUM YYeHBIM Anamom
(1925 r.) u nosagHee yCOBepLIGHCTBOBAHHHIH amepuKaHueM XapKuH-
com (1940 r.). [lnacTuHa ANMHOH HECKOJNBKO CaHTHMETPOB IOMEIla-
eTCsi B 3a)KHUM, MO3BOJIAIOLIMH DEeryJupoBaTh YroJ ee HakJoHa K
ropu3oHTasH (puc. 8). ¥YroJs MeHseTcs 10 TeX Nop, MoKa NoBepXHOCTh
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XKHAKOCTH He GYAeT CTPOro ropuaoHTaabHOH. O4eBHIHO, 3TO BOSMOXK-
HO JIMIIb B TeX C/Iydasix, KOTjJa yrosl HaKJOHA MJIACTHHBLI K TOPH30H-
TajJ¥ OKAasblBaeTCsl PaBHBLIM KpPaeBOMY YTJIY.

Jlns Hermpo3pauHbIX KHUAKOCTEH, B TOM YHCJe XKUAKHX METaJ/lJIoB,
HHOT/Ia NPUMEHSIOT METOZ B3BelunBaHusi miaacTUHKH. CyTb MeToza 3a-
KJII0YaeTcs B cJIefyiolieM. B :KHAKOCTb MOrpy2KalT TOHKYIO IVIACTHH-
Ky IWHPHHOH @. BHU3 MJIaCTHHKY TAHET NOBEPXHOCTHOE HaTsXKeHHe
JKHMIKOCTH C pesyJIbTHpYIomel cuioll f=2accos0. [asg ypaBHOBewIH-
BaHHS HYXXHO NDHJIOXKHTb K ITACTHHKE CHJy f/, HanpaBlIeHHYIO
BBepx. OmnpenesnyB 3KCNepUMEHTANbHO 3HaueHHe [ M 3Has MOBepX-
HOCTHOE HaTsiKeHHMe RMJKOCTH, JIETKO PacCuuTaTb KpaeBOH yTroJ:
cosB=f"/2ac. Hegmocratox 3TOrO0 MeToja 3aKJ/IOYaeTcsi B TOM, 4TO
JaJeKo He Bcerja ecTb CBENCHHA O ITIOBEPXHOCTHOM HAaTSIXKEHHH
JXHIKOCTe#l MMEHHO IIpH TOH TeMmmepaType, IIPH KOTOPOH H3Mepsercs
KPaeBoH yroJi, Mo3TOMY MpH-
XOIHTCA IPOBOAUTL JOMOJ-
HHTeJIbHOE H3MepeHHe I10Be-
PXHOCTHOTO HaTSXKeHus],

Insi u3MepeHUs KpaeBbixX
YIJIOB XUAKHX METaJVIOB M
JpYTUX BeLIeCTB IPH BHICO-
KHX TemmepaTypax HauGo-
Jee MNPUTOJieH TaK HasbiBa-
eMblii MeToj  MoKosiedics
KaIJid, IO3BOJISIIOIUN ONHO-
e BPEMEHHO U He3aBHCHMO OIl-

penensTb U INOBEPXHOCTHOE

Puc. 8. Hsmepenue kpaesozo yeaa © memo- HaATsKEHHe pacnjasa. Me-
00M HAKAOHHOU NAQCMUHKU. TOX COCTOMT B TOM, YTO H3y-
yaeTca (opMa Kamiu KHj-

KOCTH, pAaCIOJIOX€HHOH Ha ropu3oHTalbHOH noBepxHocTH. Kam-
Jas  ¢ororpadupyercs ¢  yBenuueHueM B 5—6 pas, u yxe
Ha TpOEKIHMH MpPOBOAAT KacaTeJibHble K  KDHBOM, OrpaHHYH-
Balollell TOBepXHOCTb xHAKoctH. [lpu pasmepe xanenr 5—10
MM TAKOH CIIOCOO MO3BOJISIET ONPENeNsTh KpaeBhle YIVIEl B HHTEpBa-
Je 20°—160° ¢ TouHocThio 4-1°. BecbMa coBepleHHBIE YCTAHOB-
KH, TO3BOJIAIOLIHE C BBICOKOH TOYHOCTBIO HM3MEpsTh  KpaeBble
yIViBl TpPU KOHTAKTE JKUIAKMX METa/JIOB C Pas/IMUHBIMH MaTepHuasa-
MH B TIJy6OKOM BakyyMmMeé HJIM B armMocepe HHEPTHREIX TasoB,
Co3NaHbl MOJ pYKOBOACTBOM aKajemMHKa Akajgemun Hayk YCCP
B. H. Epemenko u JokTopa Texnuyeckux Hayk IO. B. Haiiguua.

Teopernyuecky BeJIMYMHA KPaeBOTO yIJia 3aBHCHT TOJbKO OT MpH-
POZbI BELIECTB, yYaCTBYIOMUX B CMAauMBAHHH, T. €. OT Y/eJIbHBIX CBO-
GOAHBIX NMOBEPXHOCTHBIX SHEPTHH Oy, Oy U Oy, Ha COOTBETCTBYIOLIMX
rpanunax pasgena. OgHako NpH 3KCIEPUMEHTAJbHOM H3MEPEHHH
KpaeBOTo yrJja HeOOXOAHMMO YUHTHIBATH H HEKOTOpBlE JpYyrHe (ak-
Topbl. Tak, BeJqMYHHA KPaeBOro yrja oObIYHO 3aBHCHUT OT TOTO, Kak
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oH (opMHpYeTCss — TIPH HATeKaHHH KHIKOCTH Ha TBEpPAYIO MOBEPX-
HOCTb HJIM K€ NPH OTTeKaHuu. HamoMHUM Xopowmo M3BeCTHBIH Ciy-
yaif — CTeKaHHe Kar/iu JOXKJ.M0 OKOHHOMY CTeKsny. KpaeBo#t yroa
B HMKHEH uacTH Kamiy (pYU HaTeKaHWH Ha CTeKJI0) 3aMeTHO GoJIblIe,
yeM BBepXY (IpH OTTeKaHum). Pasinune KpaeBbIX YIVIOB IpH HaTe-
KaHH{ M OTTEKAHHU KUAKOCTH Ha3bIBaeTcsi THCTEPE3HCOM CMauyMBa-
Husi. [ucrTepesuc 3aBHCHT OT CKOPOCTH MepeMelleHHs HepuMeTpa
CMauuBaHHs, OT CTPYKTYPHl TBEDAOH MOBEPXHOCTH U PsiAa APYTHX
HOPUYHUH.

Tlpu usMepeHHH KPaeBBIX YIVIOB HEOOXOAMMO TaKXKe YUUTHIBATh,
YTO YCTAHOBJIEHHE TEPMOAMHAMHYECKOrO pAaBHOBECHS ITPOMCXOIUT
He MTHOBEHHO, a uepe3 HEKOTOpoe BpeMsi, 3aBHCsIIEEe OT CBOHCTB
KOHTaKTHpyIOUKX BeuiecTB. IlepHon BpemeHH, B TeueHHE KOTOPOro
KpaeBoit Yrosa NpPONO/IKAeT H3MEHSTbCS, B psilie CJydyaeB MOXKET
ObITh OYEeHb BeJIMK, B OCOOEHHOCTH NPH GOJBIICH BA3KOCTH XKHIKOCTH
(rakoBel, HanpuMep, MHOrHE noauMepsl). IToaToMy npexaeBpemernHoe
H3MepeHHe KpPaeBoro yrIJja MOXKeT NPUBECTH K GOoJbinofi omubKe.
YToObl MCKJ/IOYMTH 3Ty OIUMOKY, B psle cJaydyaeB H3y4yaioT 3aBH-
CHMOCTb KpaeBoro yrJyia or Bpeme-

HH KOHTaKTa. 17 3To# uesy npH-
MEHSIIOT KUHOCBEMKY HJH (oTo- ines A=
CHEMKY. \ Y~

[Ipu u3mepeHHu KpaeBbIX YI- \7 \/

JIOB HeOGXONHMO TaKxXe YUHTHI-
BaTb, YTO peaibHas MOBEPXHOCTL Musponpogusospansa. no-
TBEpPABIX TeJ — He EIJIOCKaﬂ» a sep)éuoc;nu NOAUKPUCMANAULECKOZO
MMEeT BECbMa CJIOKHBIH MHKDPODPE-  yuuka nocse mpassenun 6 asommuoil
ﬂbeq). L[ax(e 1ocJie€ OYEHb TIIATEJIb-  Kucaome (yseauderue no 6epMuUKaAId —
HOH 06paboTKH, HanpuMep 1000, no eopusonmaru — 100  pas).
3/IEKTPOXUMUYECKO MOJHPOBKH,
Ha MOBEPXHOCTH BCE PABHO OCTAIOTCSI MHOTOYUC/EHHBbIE BNAXHUHBI H
BBICTYNBl B HECKOJIBKO JECSITHIX JoJie MMKDOHA. DTH HEPOBHOCTH
YBeJHYKBAIOT (GaKTHUECKYIO MOBEPXHOCTb TBEPAOro Teja MO Cpas-
HEHHIO C HJlea/IbHO I'V1a1KOH NoBepXHocThio B K pas. BennuuHa Koag-
¢duieHTa wepoxoBatocT K onpeessieTcs ¢ HOMOIIBIO CHeHaNbHbIX
npubopoB — MHKponpoduorpagos. B kauectse npumepa Ha puc. 9
nokazaHa mnpodujsorpaMmMa IOBEPXHQCTH IOJHMKDHCTANLJIHMIECKOTo
LIHHKA.

YBesueHHe HCTHHHOH MOBEPXHOCTH TBEPAOTO Tejla NPHUBOLHUT
K TMPONOPUHOHANIbHOMY VYBEJMUYEHHIO CBOOOZHOH TNOBEPXHOCTHOMH
snepruu. [TosTomy npu pacueTe KpaeBoro yrJjia BMECTO MOBEPXHOCT-
HBIX SHEPTHH O, M Opy, OTHECEHHBIX K 1 cm?, HYXKHO MOACTaBASATH
yBeJHueHHble 3Hauenus Ko, U Ko,. C yyeToM 3TOl nmonpasku Kpa-
eBo# yroJ1 0’ Ha peanbHOH TBEpPHOH MOBEPXHOCTH ONpeNe/sieTCs CooT-

HoLIeHueM

cos 6’ =&'—;% =K 9T—;R3T’§= K cos0, ®)
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rie 6 — KpaeBoil yros Ha HieabHO IVIaAKOH TBepIOH MOBEPXHOCTH.

YpaBHenue (8), yuHThIBaloOlLlee 1LIEPOXOBATOCTb IOBEPXHOCTH TBEp-
abix Ten, npemioxeno P. Benueénem B 1936 r. Crporuii Tepmosau-
HAMHYECKHH BBIBOJ 3TOTO COOTHOLUEHHS IPOBEAEH YJIEHOM-KOppec-
nougentom AH CCCP B. B. depsarunem (1946 r.).

B HeKkOTOpHIX C/Iyuasx 3KCIepUMeHTasbHble 3HAUEHHS KPaeBhIX

YIJIOB He COIJIacyIOTCS C TeopeTHyecKuM ypaBHeHHeM (8). Hanpumep,
KpaeBo#l yros pTyTH Ha NOJHPOBAHHOH NoBepXHOCTH candiupa MeHb-
1e, yeM Ha uiugoBaHHO# (T. €. GoJiee wepoxosartoi). [To-Buaumomy,
3TH OTKJIOHEHHS CBA3aHBl C TeM, YTO MHKPOBBLICTYIbI MOTYT IPH OII-
pelesieHHBIX YCJOBHAX 3aMelIATb NepeMelleHHe NepHMeTpa CMa-
YMBAHHS, MNOTOMY JIJS YCTAHOBJIEHHSI DPaBHOBECHOTO 3HAaYeHHA
KpaeBOro yIiya HY»KHO 6osiee LJIHTeIbHOe BPeMs, YeM Ha CPaBHHTE/b-
HO TVIaJIko# MOBepXHOCTU. VIHBIMH cJlOBaMH, THCTEPE3HCHbBIE IBJICHHSA
Ha [IepOXOBaTOH MOBEPXHOCTH MOTYT ObITb 3aMeTHee, YeM Ha rJaj-
KOH.
DBoJibiioe mpakTuueckoe 3HaueHHe, Hanpumep, B [POH3BOACTBE
METaJJIOKePAMHYECKUX H3JeNHH MEeTOIOM CHEeKaHHS B INPUCYTCTBHH
KHUIKUX MeTa/JIOB HMeeT CMayMBaHUe NMOPUCTHIX Tes. B Tex cayuvasx,
KOTZa XHIKOCTb TOJHOCTBIO CMaiMBaeT CTEHKH Mop, AJsl pacuera
KpaeBoro yrqa Op MOJb3yIOTCS COOTHOLUEHHEM

cosOy=a,e s0,+ oy, 9

e 0.y — J0Js MOBEPXHOCTH, NPHUXOASALLASCA Ha TBepAbl MaTepHai,
oy — JOJI1 TIOBEPXHOCTH, 3aHATas mnopamu, (o,+a,=1), 0, —
KpaeBOH Yros »KHAKOCTM Ha CIVIOMIHOM yuyacTKe TBepHoi mo-
BEPXHOCTH.

AHanoruyHoe ypaBHEHHe NPHMEHSeTCA B Tex CJjyyasx, Koria
fIOBEPXHOCTb TBEPLOrO Tesla COCTOUT M3 yepelyloliuxcs HeGOMbIIUX
y4YacTKOB Pas/H4HOH [1PUPOIbL:

cos 0 = o, cos B, -+ oz cos Oy, (10)

TI€ 0ty M Oy — JIOJIH TIOBEPXHOCTH, MPUXOASILLIUECS HA MEPBbIH H BTO-
poit marepuan, 0, u 0, — COOTBETCTBYyIOIE KpaeBhblie YIJIBI.

YNPABNEHUE CMAYMBAHUEM

KoHTaKT KHAKOCTEH C TBEpABIMH TeJaMH IIPOHCXOAHT BO MHOTHX
NPUPOAHBIX M TeXHHYECKUX Ipoueccax. B ognux cayyasx cMauuBa-
HHE TBepJof MOBEPXHOCTH HEOOXOAMMO 1Js HOPMaJbHOTO MpOTeKa-
HHSA npolecca, B IPYrUX cayyasix cMauHBaHHe UTPAET BPEJHYIO POJlb.
TTosToMy uyacTo BO3HHKaeT HeOOXOAHUMOCTb B PEryJHPOBAHHH CMa-
ypBauus. Jlyis 3TOH Lesd NPUMEHSIOT HECKOJBKO CIOCOGOB.

BoJsibilioe pacrnpocTpaHeHue MNOJYYHJ CNocob, OCHOBAHHBIH Ha
TOM, YTO MOBEPXHOCTHBIE HATSIKEHHS XKHAKOCTEH M TBEPABIX TeJ MO-
FyT CHJIBHO yMeHbLIATbCsl NpPU J00aBJEHUH ONpPEeAJNEeHHBIX IpHMe-
cell — TaK Ha3hiBaeMbIX [OBEpPXHOCTHO-AaKTHBHBLIX BeILeCcTB (COKpa-
menno — ITAB). Hanpumep, mpu KOMHATHO! TeMmmepaType MOBep-
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XHOCTHOE HaTSKEHHe Ha IPaHHLE YHUCTOH BOJBI C BO3AYXOM COCTaB-
JsieT oKoJio 73 3pe/cm®. Ecnu pacTBOpPHTH B BOjie HEMHOTO TEKCHJIO-
Boro cnupta CgH ;;OH (HeckosbKo rpaMMoB Ha JIUTP), IOBEPXHOCTHOE
HaTsXKeHHe CHHM3UTCS NPHUMepHO BABoe. [pyroii mpuMmep: IpH pact-
BOpeHuH B 1 2 uncToffl pTyTH 2,5 2 Kanus noBepXHOCTHOE HaTsXXeHHe
Ha TpaHHlLe C BO3LYyXOM CHHKaeTcsi mouTH Ha 50 %.

Bansinue ITAB Ha noBepxHOCTHOE HaTsXeHHe NPOLIE BCEro 00b-
ICHHTb Ha NpHMepe BOAHBIX pacTBopoB. PaccMoTpuM moBeneHHe mo-
JIEKYJ1 TEeKCHJIOBOrO CnHpTa B Bofe. MousekyJsa crupTa COCTOHT H3
JBYX YacTeif, KOTOphle Pe3KOo Pas/IHYHbl 110 CBOUM XHMHUYECKHM CBOM-
crBaM. OfHa 4acTb — 3TO HemnoJsipHas YIJIeBOLOPOAHAs IeMNoukKa
CH,—CH,—CH,—CH,—CH,—CH ,—, npyras — ruapokcuibHas
(nonsipuas) rpynna — OH (mopoGHbIe HEOTHOPOJHBIE MOJIEKYJIEI
Ha3blBaIOTCA AMQPUILHBIMH).

Monexyna MNonspHas Henonapras
BOAbI 4acTh 4acTh

AuduneHan
a) Moner?yna MAB 6) B)

Puc. 10. Juuasrote moaexyavr nosepxtrocmuo-axmusroeo seujecmsa (ITAB) e
o6venme 6006l (@) u Ha ee nosepxrocmu npu masol Konyenmpayuu I1AB (6) u npu
Odocmusceruu npedeavtoti adcopbyuu (8).

Uro6bl Takasi MoJieKyJa MOI/a MPOHUKHYTb B 00BEM BOJH,
HeoOXOMMMO PasopBaTh CBS3H MeXIy HECKOJbKHMH MOJIEKYJ/aMH
BOABI M Pas3JABHHYTb HX Ha HeKoTopoe paccrosiue (puc. 10, a). Panee,
JIO TPOHHKHOBEHHA MOJIEKY/IbI CIHPTA, CHJIBI B3aUMOJAEHCTBHSA MEXKIY
MOJIEKYJIaMH BOJIbI B CpeiHeM ObIIH TIOTHOCTBIO KoMNeHcHpoBaHs!. Ilo-
sBJIEHHE MOJIEKYJIBI T€KCHJIOBOTO CIIMPTa MEHSIeT SHepreTHUECKHi Ga-
nanc. YacTb MOJIEKYJISIPHBIX CHJI yKe He Gy leT KOMIIeHCHPOBAThCS MOJI-
HOCTBIO, TaK KaK yTIJIEBOJLOPOAHAA YacTb AU(UILHOA MOJEKYJbl CIHp-
Ta B3aUMOJEHCTBYET ¢ MOJSPHBIMH MOJEKYyJaMH BOJAbI TOpasfo cJa-
Gee, ueM MOJIEKYJIbl BOAbI APYT ¢ ApyroM. Hemosnnas KomneHcauus
CHJ1 B3aHMOJEHCTBHSI MPHUBOJHT K TOMY, YTO MOJIEKYJbl BOIbl CTpe-
MsTCS KaK Obl BBITOJKHYTb «HENpPOIUEHRIX TOCTEH» — MOJIEKYJIbI
cnupTa — M3 CBOefl cpeibl Ha MOBEPXHOCTb BOJbI.

[Tonas Ha mOBEPXHOCTb BOJIL, MOJeKyJia TeKCHJIOBOTO CHMpTa
MOXKET pPAacroJIOXHUTBCA TaM «co BceMmu, ypo6erBamu» (puc. 10, 6).
TuppokcuspHas rpynna — OH Gyzer onywena B BOAy, a JIMHHBIH
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YIVIEBOZOPOAHBIN «XBOCT» PACIOJIOKUTCA BIIOJIbL HOBEPXHOCTH pasjena
BoJa—BO3AyX. ['MAPOKCH/IbHAst rpynna JOCTaTOUYHO CHJILHO B3aHMO-
JeficTBYeT C MOJIEKYJIaMH BOJIbl, XOTsSl U HeCKOJbKO ciabee, yeM Mo-
JIEKyJIbl BOIbl APYT C APYroM. YT/eBOIOpPOAHAs Lemnb, OyAy4H opH-
€HTHPOBaHa NapaJijieJIbHO TIOBEPXHOCTH BOAbI, TaKxe OyleT, XOTa
¥ B He0OJIbLIOH CTeneHH, KOMIEHCHPOBaTh YacThb H3OBLITOYHBIX MOJIe-
KYJSIPHBIX CHJI, TaK KaK HeGoJbliIoe B3aUMOJeHCTBHE MeXAy BOJOM
U YIVIEBOJOPOAHOHN Ienblo Bce xe HMeercs. Takum oGpasoMm, A
pasMelieHHs] MOJIEKYJl CIIHPTa Ha MOBEPXHOCTH yKe He NPUXOAUTCH
NPeosioieBaTh CHJIbI CLEIVIEHHS] MeXKIy MoJieKyJiaMu Boubl. [TosTomy
IUISI CHCTEMBI B LI€JIOM 3HEPTeTHUYEeCKH BHITOJHEe PacloJioKeHUue IHu-
GUIBHBIX MOJIEKYJ HAa NMOBEPXHOCTH KUAKOCTH, U NEepeXxof MOJIEeKYJI
[1AB u3 o6pemMa Ha MOBEPXHOCTb MOXKET MPOUCXOJHTL CAMOINpPOU3-
BOJIbHO. B COOTBETCTBHM CO BTOPHIM HayaJOM TEPMOLHHAMHKH Ta-
Koil Ipouecc MOXKeT NMPOUCXOAHTh, €CJIH OH CONPOBOXKAAETCSl YMeHb-
IIeHreM CBOOOIHO!N MOBEPXHOCTHOM 3HEpPTHM CHCTeMbl. B JnanHOM
clyyae IUIOMIAfb TOBEDPXHOCTH KOHTAKTa KHIKOCTH C BO3JYXOM
ocTaeTcsl HemsMmeHHOH. CiiefloBaTesbHO, CHHXKeHHe oOIlero 3amaca
CBOOGOIHOH MOBEPXHOCTHOH 3HEPTHM MOXeT GBITb JOCTHT'HYTO TOJIBKO
3a CYyeT YMeHbLIeHHs] OBEPXHOCTHOI'O HATSIXKEHHS BOJIBI HA [PAHHLE C
BO3/lyXOM B pe3yJibTaTe KOHLUEHTPHPOBaHUA Ha Hell AUPHIBLHBIX MO-
aekys TTAB.

H36bITOK MOBEPXHOCTHO-aKTHBHOTO BEILECTBA B IIOBEPXHOCTHOM
CJI0e 1O CPaBHEHHIO ¢ 00beMOM HasbiBaeTcsi ajcopOuueii H OGBIUHO
u3MepsieTcsi B eMHHLAX moab/cm® wau e/cm®. Ancopbuueil HasbiBa-
eTCsl TaKXe H CaM NpOoLecc CaMOIPOH3BOJBHOIO KOHIEHTPHPOBAHHS
BellleCTBa Ha NOBEPXHOCTH pasjena ¢as. ['n66c mokasan TeopeTnyec-
KH, YTO BeJIMYMHA aACOPOLHH BO3pacTaeT C yBeJHUEHHEM KOHIEHTpa-
uun ITAB B pacteope. Korna Bce cBOGORHBIE YYacCTKH IOBEPXHOCTH
pasfiesa GynyT 3aHATel Mosiekysaamu [TAB, nocruraercs mpemenbHasi
agcopbuua M (opMHpyeTCsl HAacCHILEHHbIH MOHOMOJIEKYJSIPHBIA ajf-
copbuuoHHbIfi c1oét (puc. 10, 8).

I[To npepnoxenuto akagemuka I1. A. PeGungepa crnocoGHOCTb Be-
IECTB CHHXKATh MOBEPXHOCTHYIO HEPTHIO Xap aKTePH3YIOT BEJTHYUHOH
NOBEPXHOCTHOH akTuBHOCTH G. Ilpu HeGONBIIHX KOHIEHTPAUHAX
G ~ (06 ,—0)/c, T1ie 0 o U G — NOBEPXHOCTHBIE HATSIKEHH S YHCTOM KU~
KOCTH H pacTBopa C KoHLeHTpauueil ¢. IToBepXHOCTHAs aKTHBHOCTh
3aBHCHT OT NIPUPOIHI PAacTBOPSEMOTO BelllecTBa. B npejenax ogHoro ro-
MOJIOTHYECKOro psja (HanpuMep, CIHPTOB HJIH OPTaHHYECKHX KHCJIOT)
NOBEP XHOCTHAS aKTHBHOCTB 10 OTHOLIEHHUIO K BOJIe 3aKOHOMEPHO BO3-
pacTtaer c yJJIHHEHHEM YIVIEBOAOPOJHOH 4acTH AH(HIBLHOH MOJEKY-
Jipl, TaK Kak IPH 3TOM INPUXOAMTCS pBaTh OoJibllle CBSI3€H MEXAY
MOJIEKYJIaMH BOAbI 17151 nepeBoia moJiekysbl I[TAB B o6mem. Coort-
BETCTBEHHO yBeJHUHMBAETCs SHepreTHUeCKHH BBIUTPHIII NPH iepexofe
MoJIeKyJ/il M3 o6beMa Ha moBepxHocTh. CorsiacHo mpasuiy TpayGe
(1891 r.), no6aBnenue Kaxjaoi HoBoil rpynnsl —CH ,—yBennunBaer
MOBEPXHOCTHYIO AKTHBHOCTb YJIEHOB TOMOJIOTHYECKOTO psja NpH-
MepHO B 3 pasa. IToBepXHOCTHas aKTHBHOCTb B 'OMOJIOTHYECKOM psi-
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Iy MOXKET BO3pacTaTh JHIIb JIO ONpefe/eHHbX mpeenoB. Jemo B
TOM, UTO, KOTJIa YHCJ/IO YIyeBofopoAnbix rpynn—CH ,— cTaner caum-.
KOM BEJIHKO, BEUeCTBO IIPAKTHYECKH He MOMKET pacTBOPSATbCA B
JIOCTaTOYHBIbIX ~KOHLEHTPAUMAX B BOJe H B JDYFHX MOJSPHBIX
pacTBopax.

Jna pacueTa MOBEPXHOCTHOTO HATAXKEHHS BOIHBIX DPacTBOPOB
TIAB mosib3yloTCsi ypaBHeHHEeM, KOTOpPOe Ha OCHOBAHMH OGLIMPHBIX
9KCMEPUMEHTAJIbHBIX HCCJAEJOBAHHH YCTAHOBHJ PYCCKHA XHMHK

b. IMumkosckuit (1908 r.): 6,—0=Bln l'+% . Benuuuna B

ABJAeTCS KOHCTAHTOH roMosioruyeckoro psina I1AB, Bennunsa A 3a-
BHCHT OT [IOBEp XHOCTHOH aKTHBHOCTH BelllecTBa. Y paBHeHue IlInmi-
KOBCKOTO TPUMEHHMO /ISl TOMOJIOTOB, COep:KallkX He GoJiee MIeCTH
aToMoB yriepofa B Mojekysae ITAB.

[ToBepXHOCTHOE HATSXEHHE XKHAKHX MeTaJ/JIoB HauGoJjee CHJIBLHO
MOTYT CHH3UTh OIpEJeJeHHblEe MeTajJIMyecKue npumecH. s Bhl-
Gopa MOBEPXHOCTHO-aKTHBHEIX MeTajsioB npod. B. K. Cemenuenko
NPENJIONKHI HCIIONb30BATh B KaueCTBe KPHTEPUSI BeJHUHHY 0606-
[IEHHOTO MOMeHTa m=eZ/r, The e — 3apsl 3JeKTpoHa, Z —
BaJIEHTHOCTb MeTaJlyia, + — 3(GheKTHBHbIH paauyc HoHa. Ilo Teopuu
CeMeHUEHKO TOBEPXHOCTHO-AKTHBHBIMH SIBJISIIOTCS TaKHe BeHIECTBa,
Yy KOTOpPBIX OOOCLIEHHBIH MOMEHT MEHbILE, YeM Y DPacTBOPHTEJIs.
Teopusi 06OGLIEHHBIX MOMEHTOB XODOILO COIJIaCyercsl CO MHOTHMMH
9KCNePUMEHTaJbHBIMH JIaHHbIMH, B YacTHOCTH, C M3MEpEHHSIMH Mo-
BEPXHOCTHBIX HAaTsSIKeHHMH PTYTHBIX H OJIOBSIHHBIX DacTBOPOB.

Ipyroii myTb onpefeseHHsl MOBEPXHOCTHOH aKTUBHOCTH JIBYX-
KOMIIOHEHTHBIX MeTa/JIMYeCKHX CHCTeMaX pasBHT B paboTax mpodec-
copoB B. §1. [Tuneca, §1. E. Terysuna, E. JI. llykusa. B stux mc-
cJIeJIOBaHUSX NI0OKa3aHO, YTO afAcopOiys IPUMECH H CHHKEHHE NOoBepX-
HOCTHOTO HAaTsKEHHsI NPOHUCXOAAT OOBIYHO B TaKHX CHCTeMax, B
KOTOPHIX TeIMJIOTa CMeLIeHHs MOJOXKHTe/bHa.

[NpaBusipHbIl BHIGOP MeTaJJIMUECKHX NpPUMecel, CHHXKAIOUIUX I10-
BePXHOCTHOE HaTsKeHHe KUAKHX MeTaJJIOB, HMeeT BaxKHOe 3HaueHHe
AJs psna oTpacnell TexHHKH. Hanpumep, B COBpeMeHHBIX 3Hepre-
THYECKHX YCTaHOBKAaX, B TOM YHCJI€ HCTIOJIb3YIOUIMX iePHOE TOIJIHBO,
B KauecTBe TEIJIOHOCHTeJNell 4acTo NMPHMEHSIOT He BOJy, a XKUIKHE
MeraJiibl. [1o MHOrHM TemiohH3HUECKHM CBOMCTBaM YAOGHBIM TEMJIO-
HOCHTEJIEM siBJIsIeTCs KU Kas PTyTh. ONHAKO IPH HCIBITAHHH EPBBIX
HKCMEPUMEHTaAbHBIX YCTaHOBOK, DPabOTaBIIMX Ha pPTYTH, OGHapy-
JKUJICSI Cepbe3HBIH HeNoCTaToK. PTyTh muoXxo cMayuBana cTagdbHble
CTEHKH TeMI00OMEeHHbIX annaparoB. l3-3a 3Toro myswippbkH PTyT-
HOT'O Mapa CKOJIb3WJIM BJIOJb CTEHOK TPyO, CKalJMBaJauch H obpa-
30BLIBAJIH MapoBble «MELIKH», T. €. 3HauuTeJbHas 4acTb TPYO Obuia
BanoJIHeHa He XXHUAKOCTbIO, a nmapoMm. B pesysbrare pesko yxyjwa-
Jlach TeIJIonepeaaya OT CTeHOK K PTYTH H COOTBETCTBEHHO PE3KO CilH-
¥Kajica KoaduiHeHT noJe3Horo JedcTBuA Beell yeraHoBku. A, H, Jloxk-
kud 1 A. A. Kanaes npemyioxunu B 1946 r. pna yayumenust cma-
YlIBaHUS CHHXKATb MOBEPXHOCTHOE HATsKeHHe DPTYTH, PacTBOPSISI B
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Hell HaTpuil, Kamuit wiu MarHuf. [leficTBUTe/bHO, NPHMEHSS 3TOT
crnocol, yAa/10ch 3HAYHTEJbHO YJYUIIHTH YCJIOBUS TelJonepeayH.

PaccmoTpum Tenepb HEKOTOPHIE CMOCOGH! yNpaBJIeH sl CMauYHBaHH-
eM, CBSi3aHHbBle C H3MeHeHHeM paGoThl aaresHH.

Bosibiioe pacnpocTpaHeHHe MOMYYHJIH METOAbl, OCHOBAaHHLIE Ha
TOM, YTO MOBEPXHOCTb TBEPJOTrO Tesla 3apaHee, elle J0 KOHTaKTa C
JKHIKOCTBIO, MOKPBIBAETCS TOHKHM CJIOEM WJIH IUIEHKOH CrenHaibHO
nopo6GpanHoro Bemectsa. [o cyiiecTBy, NpH 3TOM B CONPHKOCHOBEHHE
C XUJAKOCTBIO NPHBOAUTCA YiKe IPYyTroe BellecTBO, KOTOPOE [0 CBOeH
NIPUPOJIE MOXKET PE3KO OTIIMYATHCS OT MaTepuasia MNOMJIOKKU. Takas
3aMeHa MOXeT MPUBECTH K KauyecTBEHHOMY H3MeHEeHHIO XapaKTepa
B3aHMOJIEHCTBHSA MEXAY MKHJKOCTbIO U TBepAbiM TesioM. CooTBeTcT-
BEHHO U B&IHYHHA KPaeBOro yIyla MOXeT H3MEeHATbCHA B OYeHb ILHPO-
KHX npegenax. Hanpumep, uncToe cTekJ10 O4€Hb XOPOLIO CMaYHBALTCS
BOJIO#, OHO OTHOCHTCS: K UHCJY FMApOGUIbHBIX MartepuanoB. OxHako
CTEeK/NAHHAs MJIACTHHKA, MOKPHITas TOHYAHUIMM CJI0eM CTeapHHOBOH
KHCJIOTBI, CMauHBaeTCs BOJOM TaKKe IJIOXO, KakK mnapaduH, —
KpaeBoil yros oxasbiBaercsl TynbiM. [lonoGHass of6pabGoTka TBepoH
[OBEPXHOCTH, B pe3yJbTaTe KOTOPOH OHa IepecTaeT CMauyHBaThCs
BOJOH, HasbiBaeTcs ruipodobusanuell. DTOT NpHEM HMeeT BaXKHOE
NpaKTHYecKoe 3HaueHHe. Hampumep, uToObl 0OO€CHEUHTb BOJOHe-
NPOHHIIAEMOCTb TEKCTHJ/IBHBIX TKaHeH, HX MPONMHTHIBAIOT CHEHaJb-
HBIMH OPTaHHYeCKUMH BeleCTBaMH, KOTOpbie IJI0XO CMauyHBaloTCs
BOJOH.

Ilpu mHcmosb30BaHMM METOJla HAHECEHUS! NOKPLITHA HEOOXOAMMO
BBIMOJIHATH IBa 00s13aTe/IbHBIX YCJIOBHA: TJIEHKA NOJXKHA HPOYHO
CUEMVIATECA C TBEPAbIM MaTepHajoM H II0XO DacTBOPATHCS B KHUJ-
KOCTH.

JIpyrofi cnoco6 uaMmeHeHHsi paGoOTH ajare3sun B H3BECTHOH Mepe
JHaMeTpalbHO NPOTHBONOJIOXEH TOJLKO 4YTO PacCMOTPEHHOMY H CoC-
TOHUT B 00paGoTKe MOBEPXHOCTHOTO CJIOS JIJiIst YAAJIEHHS C Hee pasiiy-
HBIX NMOBEPXHOCTHBIX IIEHOK M mpuMeceli. BiinsiHHe Takux nieHok
0COOEHHO CHMJIEHO oluyllaercst MPH cMauHBaHMHM MeTanjoB. Cgo-
GojiHasA INOBEPXHOCTHAsE SHEPTUs META/JIOB OueHb BeJIHKAa — COTHH
U Thicsiul spe/em®. TlosTomy MeTassibl XKaJHO afCOPGHPYIOT H3 OK-
pyxaiouleli cpelbl Te BeUleCTBA, KOTOPHE MOTYT NMOHH3HTb HX IIO-
BEPXHOCTHYI0 3Hepruio. Ilo oTHOIEeHHIO KO MHOTHM MeTan1aM Golib-
IIOH TMOBEPXHOCTHOH aKTHUBHOCTbIO 06/ajaeT KHCAOPOA. Bricokas
aficop6unonHas CNOCOGHOCTb MeTaJJIOB HCMNOJAb3yeTCsi, HalnpHMep,
g cos3NaHus IMySokoro Bakyyma. B oTkaumBaemoil kamepe pac-
NBUIAIOT KYyCOYeK MeTasla (Tak Ha3blBaeMblil reTTep), KOTOpHiii
MOYTH MOJHOCTBIO TOIVIOUIAET OCTAaBWHHACA B Kamepe ras,

Takum oGpasom, NOBEPXHOCTb TBEPABIX METa/JIOB OYeHb YacTo
3arpsisHeHa pPa3MUYHbIMH HNPUMECHMH, MOKPbITA CAeJaMH KHpa;
B 0cOGeHHOCTH 6OJbilive BAMSHUC HA CMauHBaHNE OKashiBalOT OKHC-
Hble TIJIeHKHU.

OKHCHBIe IUIEHKH MeTa/llIoB — COSJMHEeHUsl C TNOJSPHOH MM
HOHHOH cBfi3blo. [To3TOMy OHH XOpOILIO CMauyMBAIOTCH BOLOH MJIH
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OpPraHHYeCKUMH JKHIKOCTAMH € JHGHIBHBIMEH Mosekyaamu. Op-
HAaKO MKHIKHE MeTaVibl, HMeIOll{e COBEepLIeHHO HHOH (MeTaJliu-
yeCKHH ) XapakTep CBfI3H, CMauHBAIOT OKHCHbIE IVIEHKH CPaBHHUTENb-
Ho miaoxo. ITosToMy B Takux BaKHeHIIMX MpoLeccax, Kak CBapka
¥ maika, A1s obecreyeHus: XOpOLIEro CMaiuBaHHS H HAJIEXKHOTO KOH-
TakTa COeNMHSEMbIX fHeTanell Heo6XoquMO H306aBHTbCA OT OKHCHBIX
MJEHOK H MOJYYHTb YHCTYIO METa/JIHYeCKyl0 NOBepXHocTb. [las
3TOH LeMH NMPUMEHSIOT TPaBJeHHe Pa3JHYHBIMH KHCJIOTaMH, HCHOJb-
3yI0T onpeje/seHHble Guockl. Korna npyMmeHeHue TpaBureseil u quio-
COB 1O KaKHUM-JUGO TEXHOJOTMYECKHM NPHYMHAM HEBO3MOXKHO, A
ya/eHHsT OKHCHOH MJIeHKH NPH NaiKe NPHUMEHSIOT HHCTPYMEHTHI,
HCMOJIb3YIOLHe YJIbTPa3ByKOBble KojeGaHus.

Tpetnit cnoco6 n3meHeHus: paboThl aireé3uH OCHOBAH Ha pacTBOpe-
HHM B :KHJIKOCTH BELIECTB, I0BEPXHOCTHO-aKTHBHBIX Ha FPAHHULIE XKH/I-
KOCTH C TBepAbM TesoM. OueHb YacTO ONHOBPEMEHHO MPOHCXOLHMT
¥ CHMXXEHHE [IOBEPXHOCTHOIO HATSXKEHHs XXHUAKOCTH Ha TpaHHLE
¢ Bo3xyxoMm. PaccmoTpuM, HanmpuMep, c/ydaid KOHTakTa BOJBI C Ma-
padunom. [Tapadun otHocuTca K rufpodoOHEIM MaTepHaiaM, U BOJAa
o6pasyeT Ha HeM Tyno# kpaeso# yros. OTcyTcTBHE cMayHBaHus o6yc-
JIOBJIEHO TEM, YTO MOJISIpHble MOJIEKYJIbI BOAbI O4YeHb 1260 B3aHMO-
JIeACTBYIOT C YIJIEBOLOPOAHBIMH MOJIEKyJlaMH TapaduHa, T.e. MaJsa pa-
Goraaare3un. PactBopuM B Bozie HeMHoro 6yTuJjiooro cniupta C,H OH.
JuduapHble MOJIEKYJBl CIHPTa aAcopOMPYIOTCS HA TPaAHULE BOXBI
C BO3LyXoM. B pesysbraTe CHHXKaercs NMOBEPXHOCTHOE HATSXKEHHE
Bofbl. Ecsiu Gbl Oosiblile HIKAKHX M3MEHEHHH B CHCTeMe He IPOH30LI-
JI0, YMeHblLeHHe NOBEPXHOCTHOIO HATSXKEHUS XKUAKOCTH B COOTBET-
CTBHU C ypaBHeHHeM KpaeBoro yrJja (6) mpuseso Obl k YXYALLEHHIO
CMayHBaHHs: KOCHHYC KpaeBOTO YIJia BO3pacTaer o aGCOJIIOTHOMY
SHaYeHHIO, HO NMOCKOJbKY B JaHHOM CJ/ytae OH OTpHLATe/eH, 3TO CO-
OTBETCTBYeT ellle GoJiblLEMY «3aTyIJIeHHIO» KpaeBoro yrJa. B peficr-
BHTEJBHOCTH pAacTBOpeHHe GYTHJIOBOIO CIHPTAa B BOAE MPUBOUUT K
yJayduieHnio cMaunBaHus napadusa. IIpoHcXomuT 310 MOTOMY, YTO
MOJIEKYJIbl CIIHPTa aAcopOUpYIOTCsl TaKkKe Ha IpaHHUle Boja — Ma-
padun. OpHeHTHPOBKA MOJIEKYJ CIUPTa HA 3TOH TPaHHLE ONpefe-
JisieTcsl MPaBUJIOM, NpelsoxeHHbIM akaaeMmukoM I1. A. PeGunnepom:
MOJIEKYJIbl TPEThEro BellecTBa Ha Mexk(a3HOH rpaHule pacrnoJarair-
cs TaK, 4To0bl YMEHBLIUTb Pa3HOCTb NMOJNAPHOCTeH MeXIy KOHTaKTH-
pyomumu dasamMu. IT0 O3HAYaeT, YTO MOJAPHBIE TPYMNBI MOJEKYJ
CIHPTa IOBEPHYTCS! B CTOPOHY BOJbI, a HEMOJMSIPHbIE YIVIEBOLOPOAHBIE
LeNoYKH — B CTOpoHy mnapaduna. [losiBjieHHe TakuX OPHEHTHPO-
BaHHBIX MOJIEKYJl PE3KO MeHsieT yCJOBHS B3aHMOJEHCTBHA HAa MeX-
tasHoll rpaHuue. Korja foJisi MOBepXHOCTH pasjienia, 3aHATas Mo-
JexysnamMyd OyTHJIOBOrO CHPTa, CTaHET NOCTATOYHO BeJHKa, B3aHMO-
JeficTBHe MeXAYy BOAOH MU MOJAPHBIMH TIpyNNaMH Cnupra Gyger
npeobnajamowum. B pesysnbrare nponsoiifier Tak HasbiBaeMas CHAPO-
dunusanus — napadus OyJeT cMauuBATLCA BOJOH.

Ilopo6Hoe u3MeHeHHe MeK(pa3HOrO NOBEPXHOCTHOTO HATSIMEHHUS
NPUMEHAETCA, HampuMep, IPH OMNPBLICKUBAHHH pacTeHHH Ne3uHu-
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HUPYIOIHUMH KHAKOCTAMH. [ToBepXHOCTH JIHCTHEB OOLIYHO OBIBAIOT
NOKPBITHl TOHYAHIIMM CJIOEM KHpA, KOTODBIH NpensiTcTBYyeT cMauH-
BaHMIO MX Bono#. IlostomMy Kanu BogHOro pactBopa GyAyT MHJIOXO
YAEPKUBATbCA JUCTbIMU. UTOOBI ofecneyuth Xxopoilee CMauuBaHHE,
K JE3HHOHUHDYIOUEMY pacTBopy JA06aBaAsOT T'HAPODHIH3YIOLLHE
BeILleCTBA.

Eue oguH crnoco6 u3MeHeHHs] KpaeBOTo yIJia OCHOBAH Ha PaccMoT-
PEHHOM BhIIlIe BJIHSHHM IiepoxoBaTtocTd. HanoMHuM, uto ecnu XKuj-
KOCTb CMauyMBaeT TBEPAYIO JIOBEPXHOCTb, KPaeBOH yroJ C yBejnye:
HMeM ILepOXOBAaTOCTH NoJKeH yMeHbluatbcs. [loatoMy B Tex ciy-
Yasx, KOTJa XKeJaTebHO 110 BO3MOXKHOCTH YMEHbIIHTb KPaeBoi yro,
HanpuMep, NpH naike, TBEPAYIO NOBEPXHOCTb MpelBapHTENbHO MOJ-
BEpralT KakoH-nu60 abpasuBHOH 00paboTKe — 3auHINAIOT ee Ha-
MHJIbHUKOM MJM I'DYOBIM HaXKAAKOM.

CpaBHHTENIbHO HEIaBHO Hauald IPUMEHATH elle [Ba crnocoba
yaydmeHuss cMauuBaHuA. OIOMH W3 HUX HpENJIOXKeH aKaJeMHKOM
AH BCCP E. I'. KoHOBaJIOBbIM U 3aKJIOYAETC B TOM, YTO TEYEHHE
CMayKsaloued XKHAKOCTH MO KaMWIIsipaM MOXKeT ObiTb 3HaYHTE/BHO
(B mecsATKM pas) YCKOPEHO MNOA [efiCTBUEM YJbTPasBYKOBBIX KO-
Je6aHuil.

Hpyroii cnoco6 oCHOBaH Ha TOM, YTO NMOBEPXHOCTHOE HaTSKEHHe
XKHUJIKOCTEH 3aBHCHT OT BeJIMYMHBI 3JIEKTPHUECKOrO MOTeHIHaJsa Io-
BEPXHOCTH (TaK Ha3blBaeMblHl 3JeKTpoKanuIspHbIH 3hdekt). Oco-
GEHHO CHJIbHO 3Ta 3aBHCHMOCTb IIPOSIBJISIETCS, Y KHAKUX METaJlJIOB,
HaXOASIHUXCA B cpelie aJjeKkrTponauta. Hanpumep, coOTBETCTBYOLIMM
H3MEHEHHEM IIOTeHIHa/]a MOXKHO CHH3UTh MOBEPXHOCTHOE HATsXKeHHe
ptyTH npumepHo Ha 25%. B coorBercTBUM C ypaBHeHHEM KPaeBOrd
yraa (6) Takoe CHHXKEHHe MOBEPXHOCTHOTO HATSIXKEHMS MKHIKOCTH
MOXKeT BbI3BaTh 3HAUMTENbHOE yJIyullleHHe cMauuBaHusA. Ha ocHo-
Be 3Toro Merona A. I. DBrixoBckuil CyHIeCTBEHHO YCOBEpHIEH-
CTBOBAJ TEXHOJIOTHIO HECKOJbKHX IPOMBILICHHBIX IIPOIIECCOB, B
KOTODPBIX BaXKHO O0eCHeYdTb XOopollee CMayHBaHHE MaTepuaja XKuj-
KHM MeTaJLIoM.

OCOBEHHOCTH CMAYMBAHHMS TBEPABIX TEN
HUOAKUMU METATIITAMHU

Heo6xo0MMoe TepMOJMHAMHUECKOe YCJIOBHE CMauHBaHMUs MOBEpX-
HOCTH TBEDABIX TeJ KHAKOCTAMH, HE3aBHCHMOE OT XMMHYeCKOH NpH-
poibl colpHKacalomuxcsi ¢as, onpenensier HepaBeHCTBO (4). Bax-
Helimasi creunduyeckas oCO6eHHOCTb KUIKHX METaJJIOB 0 CPaBHe-
HHIO C TAaKHMH MKHMAKOCTSIMH, KaK BOA2, OEH30JI, KEPOCHH H T. L.,
COCTOHT B TOM, YTO NOBEPXHOCTHOE HATSXKEHHE METaJIJIOB O, OOBIYHO
BecbMa BEJIHKO. Y JIErKONJIaBKHX METaJIJIOB OHO COCTABJISIET HeCKO/Ib-
KO COT gpe/cm?, y TYrom/aBKHX — HECKoJbKo Thicau. [lostomy cma-
YMBaHHE YKHIAKMMH METa/ViaMH TePMOAHHAMHYECKH BO3MOXKHO TOJBKO
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B TaKHX CHCTeMaX, B KOTOPHIX M pabora axresuu W, 1OCTaTOYHO Be-
JIHKA.

Pa6ora aaresuu omnpefensieTcsi B KOHEYHOM CYeTe MPOYHOCTHIO
CBfI3H MEXJy MOJIeKyJ/laMH (HOHaMH, aTOMaMH) XKHAKOCTH H TBEPLOTO
tes1a. JIJsi OLEHKH MPOYHOCTH 3THX CBsidefl Lesecoo6pasHo paccMat-
puBaTh JBa NpENENbHBIX CJay4as B3auMoAeHcTBHA: (pU3HUEcKoe H
xuMuyeckoe. QDusHuecKoe B3aMMOLEHCTBHE OCYLIECTBASETCS CpaB-
HHUTEJbHO C1a06bIMH MOJIEKYJ/ISIDHBIMH CHJIAMH. DHEprusi MOJIEKYJsip-
HBIX CBSI3efl HEBeJIHKA — OHA COCTaBJSAET OT HECKONbKHX JeCsThIX
JI0 HECKOJIbKUX KKaa/mone. TloaToMy HeBeska u paboTta aire3uu: B
cucTeMax c¢ npeobsajalomuM (GU3MYeCKHM B3auMOJEHCTBMEM OHA
He npesbiliaer npuMepHo 100 spe/cm®. OueBHgHO, YTO NpPH CTONb
HeGOJIBIINX 3HAYEHHSIX paboThl airesMy CMauyuBaHHE BO3SMOXKHO
JIMIIb B KOHTAaKTe C XKMAKOCTSIMH, TIOBEPXHOCTHOE HaTSIKEHHE KOTO-
pBHIX MaJlo — He GoJlee HECKOJIBKHX JAecATKOB ape/cm®. TakoBul Be-
[eCTBa C HU3KOH TemmepaTypol mJaBJeHHS.

DHeprust XMMHYeCKHX CBsi3eH, K KOTODBIM YCJIOBHO MOXHO OT-
HECTH U MeTa/lJIMUecKHe CBSI3H, COCTABJISI€T NeCATKH, a B HEKOTOPHIX
cayuasix — COTHH KkKaa/monb. COOTBETCTBEHHO 3HaueHHsi pPaGoThl
ajre3ud B CHCTeMaX C XUMHUYECKHM B3aHMOJEHCTBHEM 3HAYHTENbHO
Gosblie, yeM MNpH (PU3UUECKOM B3aNMONEHCTBUM: OHH HOCTHTAIOT He-
CKOJIbKUX COTeH M Thicsd ape/cm®. TlpH TakMX BHICOKMX 3HAUEHHSIX
paboThl aire3uu XKHAKHE METa/ibl B IIPHHLUIE MOTYT CMauHBaTb
TBepJble NOBEPXHOCTH.

Takum oOpasoM, NpPHHUMNHANbHAA OCOGEHHOCTb CMayHBaHHUSI
KHIAKUMH MeTaJslJlaMH 3aKJIIOYaeTcs HmpexJ]e BCero B TOM, UTO 3JeCh
6osibMIyI0 pOJIb MPHOOpETaloT pas3/iMuHble XHMHYeCKHe H (PH3HKO-
XUMHYECKHe IPOIEeCcCh, IPOHCXOAsIINe Ha IpaHule pasjena ¢as, —
o0pasoBaHue HOBBIX XMMHYECKHX COeJUHeHHl, B3aHMHOEe pacTBope-
Hue. DTO NPHBOJUT K TOMY, YTO B psJe CJydyaeB YCJIOBHSI KOHTaKTa
MOT'YT MOCTelleHHO MeHsAThcsa. [losToMy MHOTZa KpaeBoil yroJ B Mo-
MEHT HaHeCeHHS XKUJKOTO MeTa/lia TYNoH, a uepe3 HEKOTOPOe BpeMs
OH cTaHOBHTCA ocTpbM. Hampumep, npu HaHeceHHH XKHIKOH Men,
copepxauefi 2% xpoma, Ha rpaduT Haua/lbHLIH KpaeBOH yroa B
BakyyMe npu Temneparype 1250° C pasen mpumepro 140°, a uepes
yac OH CTaHOBHTCH MeHbiue 40°.

Ipyrasi xapakTepHast 0cOGEHHOCTb CMaYHBAHUS KUIKUMH MeTaJi-
JlaMH (TIOMHMO BJIMSTHUSI BDEMEHH KOHTaKTa) COCTOHT B CHJIbHOM BJIHS-
HuM Temmepatypbl. M3aBecTHo MHOro ciyudaeB, KOrhaa IpM TeMmepa-
TYype HHXKe HEKOTOPOro KPUTHUECKOTO 3HAUEHMsl CMauHBaHusl BOOOILe
HeT, HO mpH Oosiee BBHICOKHX TeMmIeparypax JOCTUraercs OuYeHb XO-
poiuee cmaunBanue. Hanuune Takoro cBoeoGpasHOro TeMmeparyp-
HOTO «T0pOoray CMauHBaHUs CBS3aHO C Te€M, YTO IPH HU3KHUX TeMnepa-
Typax XHMHYECKHe peaKLUHH Ha MeX(asHOH rpaHulle NPOTEKaIOT
CJIMUIKOM MeAJIeHHO.

INockosbKy cMaudUBaHUe JKHIKHUMH MeTa/llaMH TaK CHUJIBbHO 3aBHU-
CHUT OT NpOTeKaHus (PU3UKO-XUMHUYECKHX M XMMHYECKHUX IIPOLECCOB,
3aKOHOMEPHOCTH CMAayMBaHHsI B 3HAYUTENbHON Mepe ONpenelsiorcs



XHMHYeCKoH NpHponoi TBeproro tesa. B cBsisu ¢ atum 1e/necoobpas-
HO DacCMOTPeTb HECKOJbKO OCHOBHBIX CJIy4aes.

Tyromnnaskue oKHc/Ibl OOBIYHO MJIOXO CMAYUBAIOTCA TAKHMH XKHJ-
KHMH MeTaJlJlaMH, KaK PTyTb, CBHHel, Xene30. B To ke Bpems He-
KOTOpble KUAKHE METaNJbl — UHPKOHHH, THTaH, AaJIOMHHHH —
CMauKBalOT OKHCJIEHHbIE MOBEPXHOCTH OUeHb Xopowmo. AKaleMHK
AH YCCP B. H. Epemenko u noktop TexHudeckux Hayk lO. B. Haii-
IWY YCTAHOBHJIH Ha GOJIBIIOM IKCIEpHUMEHTaJbHOM Marepuaje, 4to
B CHCTeMax MXHJKHH Merany — OKHCeJ BaxKHEHILIYI0 poJib Hrpaer
npouecc B3aHMOZeHCTBHS pacmiaBa C KHCJAOpoaoM okucnaa. ast
CMayHBaHHUs1 He06XOMHMO, YTOOH JKHJKHI MeTaJsJ1 Obll OoJiee aKTHBEH
0 OTHOLIEHHIO K KHCJODOAY, YeM TOT MeTaJsJ, KOTOPbIii obpasyer
naHHbefi okucesn. Torza Moxer mpofiT peaklusi BOCCTAHOBJIEHHS
OKHCJia U TIPOU3OHTH CMauuBaHHE.

Jlpyras BaxHasi Tpynna — 3TO B3aHMOJeHCTBHE XKHIKHX MeTaJl-
JI0B ¢ rpauTOM U aJMa3oM. DTH CHCTEMBI HMEIOT BaXKHOe MPHKJIafHOe
3HauyeHHe. AJIMa3bl, B TOM YHC/I€ CHHTETHUECKHE, PUMEHSIOTCS s
H3TOTOBJIEHHS] Pa3JMYHBIX WHCTPYMEHTOB — IIH(OBAJIbHBIX KPYIOB,
pesnos, 6ypoB Anis OypeHHs CKBaKMH W T. I. JlJjsi 3akpenyieHus
anMasa B HHCTPYMEHTE YaCTO NPHMEHSIOT KHIKOMETaJJIHUecKHe
npynoH. KOHTaKT XHIKHX METaJvIoB ¢ rpaguToM NPOUCXOLHT B sifep-
HbIX peakTopaX. COOTBETCTBYIOLME XKUAKHE METaJIbl LIHPOKO NMpH-
MEHSIOTCA M /151 Nallku rpagura.

I'padut u anmas npencraBisior, Kak U3BECTHO, a/lJIOTPONHBIE MO-
audukauuy yriaepofa. MHTeHCUBHOe XHMHYECKOe B3aHMOJEHCTBHE
C yI7epofoM OOHApYKMBAIOT MKHIKHE METaJJibl, OTHOCSIIHECH K
YHC/Iy TaK Has3blBaeMbIX MEPEXOAHBIX METasJIoB. XapakTepHasi 0Co-
GeHHOCTb NepeXOIHbIX METasJIOB 3aKJ/I0Yaercss B TOM, YTO BHYTpEH-
uue d- WK f-ypOBHH B aTOMAX 3THX META/JIOB HE MOHOCTBIO 3anoJ-
HeHBbI 3JeKTpoHamu. ITosToMy nepexopusle MeTasIbl 00J1a1aI0T CPaB-
HHUTEJbHO OoJiee BBLICOKOH XHMHYECKOH aKTHBHOCTBIO, UeM Herepe-
XOJ(HBI€ MeTaJlJIbl C MOJIHOCTBIO 3aMOJHEHHBIMH BHYTPEHHHMH 3JIEKT-
POHHBIMH ypoBHAMH. Ilpu B3aHMONEACTBMH MepPeXOAHBIX METaJIIOB
¢ yrjepoioM 00pa3yloTcsl XHMHUECKHe COeIHHEeHHS — KapOHubl,
M03TOMY TaKHe MeTa/lJbl Has3blBAlOT TaKKe Kap6uuo06pa3yomuMH.

DKcrnepUMeHTasbHbIe HCC/IeOBaHHA NMOKa3aJ/d, YTO MHOTHE Iepe-
XOZHBlE MeTa/ijibl — LMPKOHUHA, THTaH, BosibdpaM, BaHagu# — Jei-
CTBHTEJbHO OYeHb Xopollo cMauuBaioT rpadut. Hanporus, Henepe-
XOJIHble MeTaJi/ibl (cepebpo, Melb, 0JI0BO, HHAMH, TaJjIuH, CBUHEL U
JIp.) He CMayMBaIOT NOBePXHOCTb rpadura u anMasa, o6pasys Ha HHX
Tynble Kpaesble yrubl. s obecriedeHHst CMauHBaHUA rpaduta H
asi\ a3a HemepeXOAHBIMH KHIKHMH MeTa/llaMH B HHX DacTBODPSIOT
kap6unoobpasyomue ajaementl. Hanpumep, KpaeBoH yros XKuakoi
Meqi Ha ajiMmase B Bakyyme npu 1100° C paBen 145°, a Ha rpadure
B TeX Xe ycnoBuax 6=140°, 1. e. B 060UX cJyyafx KpaeBble YIJIbl
Tylble ¥ CMauuBaHHE OTCYTCTBYeT. PacTBopeHHe B Melu NPHMEPHO
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10% TuTaHa HAacCTONBKO YJydlllaeT CMauyHBaHHE, YTO IIPOHCXOLHUT
pacTeKaHue pacmnjaBa 1o NOBEPXHOCTH rpadHTa U anMmasa.

Crenyrouuii K/aacc, BecbMa BaXKHbIH B HayYHOM M NPHKJATHOM
OTHOLUEHHSX, MNPENCTAB/AIOT CHCTEMBbl, B KOTOPBIX KOHTaKTHPYIOT
Mexay co00H XHAKHE U TBepible MeTa/JIbl. 151 STHX CHCTEM TaKiKe
B IIe/IOM NOATBEepIKAaeTcs ofllee IOJOXKEHHE O HeOGXOAHMOCTH XH-
MHYECKOrO B3aUMOJEHCTBHA [/ cMauuBaHuA., Tak, Hanpumep, cu-
cTeMaTHYeCKHe HCC/IeOBaHHSA B3aHMOJEHCTBHA HECKOJIBbKHX TBEPABIX
MeTaJsioB (kesesa, HUKess, MeAd, 30Jo0Ta, cepefpa) cO MHOTHMH
KHUAKUMH MeTajiaMu (cepe6poM, CypbMOH, TeJTypoM, IUHKOM, CBHH-
1IOM, KaJMHeM, OJIOBOM, BUCMYTOM, a/IiOMHHHEM) B aTMochepe BOZO-
polia MOKasaJH, YTO CMayHBaHHE IPOUCXOAUJIO B TeX CHCTEMax, IAe
npu Temmeparype onbiTa 06pasyloTCsi H/H XHMHYECKUE COEAUHEHHS
(aHTepMeTaNJIMAB) HJH 2Ke TBepAble PacTBOPHI (T. €. aTOMbl XKHAKOTO
MeTaJla MOTYT HJIH BHEIPATbCA B KPHCTAJJHYECKYIO PeLIeTKY TBep-
Joro mertaJJa, o0pasys TaK HasblBaeMble TBEDALIE PAacCTBOPHI BHEApe-
HHS, MJIH e MOT'YT 3aMellaTh aTOMbl TBEPJOro MeTajJia B y3Jax pe-
IIeTKH, o6pa3ys NpH 3TOM TBepJple pactBOpHl 3aMellleHust). B cucre-
Max, [Je OTCYTCTBOBA/JO M XHMHYECKOe B3auMojeiicTBHe (0Opa3oBa-
HUe HHTEPMEeTaJlIMAOB) H (PU3HKO-XHMHUecKoe (0OpasoBaHue TBep-
JbIX PacTBOPOB), CMauHBaHHe He HabJ/IONAJIOCh.

AnaJioryHbIe 3aKOHOMEPHOCTH OGHapYy KeHbl H B HEKOTOPHIX ApYy-
rux cucremax. Ilpu usyueHnu koHTaxkTa Menu, cepebGpa, 30J0Ta,
IJIaTHHBI, NaNaajus ¥ LHUHKA C KUAKUMH IIEJOYHBIMH MeTasJiaMH
B aTMocdepe aproHa xopoiuee cMauuBaHHe HaOJIOAANOCh B CHCTEMAX
¢ o0pa3oBaHHEM HHTePMETaJ/VIMIOB HJH TBEpPAbIX pacTBopoB. OsHo-
BpEMEHHO OblJI0 YCTaHOBJEHO, YTO ONpefesIeHHOe BJAHSHHE OKas3blBaeT
COOTHOLIEHHE ATOMHBIX PaaMyCOB KHMAKOTO H TBEpPAOr0 METaJJIOB.
CmaunBaHue NPOUCXOIU/IO HMEHHO B TeX C/ydasiX, KOria yKasaHHOe
COOTHOIlIEHHE He MPEeBBILIAN0 HEKOTOPOTO KPHTHYECKOrO 3HAYeHHS:
1,40 — pns xupkoro Hatpus, 1,56 — a4 xuakoro kanusi, Bums-
HHE COOTHOLUEHHS] aTOMHBIX pa3MepoB MOXKeT OblTb CBf3aHO CO cJle-
AyloWKUMH o6cToATenbcTBaMU. BO/M3H TBeplod MNOBEPXHOCTH Mpo-
HCXOIUT HEKOTOpast epecTpoiika B PacrnoJoKeHHH aTOMOB XHAKOCTH,
UeM GoJiblile pas/ivyHe aTOMHBIX pa3MepoB TBEPAOTO Tesa W MHIAKO-
CTH, T€M CHJIbHEE HCKaXKEHUs [peXHEero pacHoJOKeHUs aTOMOB
JKHJIKOCTH, TeM OoJiblue CBOGOAHAS NOBEPXHOCTHAS HEPTHUS HA MEXK-
(ha3HO! rpaHHLE U COOTBETCTBEHHO TeM Xy:Ke CMaulBaHHe,

PaccmoTpeHHble Bbille MPH3HAKM CMAYMBaHUs TBEPIbIX MeTaslJioB
JKUAKHMH CJeLyeT NPHUMEHATb C M3BECTHOH ocTopoxHOCTBbIO. [eso
B TOM, YTO METa/Jbl, KaK y2Xe 0TMe4aJoCh paHee, 06/1aaiOT YpE3Bhl-
yaf{HO BBICOKOH CHOCOGHOCTBIO K aJCOpPOLHH pas3/MYHBIX BELIECTB.
[TosToMy Ha NMOBEPXHOCTH METaJJIOB MOTYT MPOYHO YAEep2KHBAThCS
TOHYaHIIHe CJI0H 3arpA3HeHHH U OKHUCHBIX IJIEHOK, KOTOphie OOLIYHO
0Ka3bIBalOT OYEHb CHJIbHOE BJMSIHHE Ha xapakrep cMauuBanus. [lo-
Ka3aTe/bHbl B 3TOM OTHOILUEHHH MHOTOYHCJIEHHBlE 3KCIHEPUMEHTAJIb-
Hble JaHHble, To/1yYeHHble DY MCCJEJ0BaHHH B3aUMOAEHCTBUS TBep-
JBIX METaJUIOB C PTYThIO.
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B aTtMocdepHEIX YCIOBHAX PTYTb XOPOIIO CMauHBaeT METaJllbl, C
KOTOPbIMH OHa 00pasyeT XHMHUYeCKHe COeJHHeHHs: LIeJOYHble, Ie-
JIOUHO-3eMeJIbHEle, aKTHHM/RI, JJaHTaHUABI, CeJIeH, TeJYP, NalIanui.
Xopolo TakkKe CMayuBalOTCH MeTasJbl, C KOTOPLIMH PTYTb o6Gpa-
3yeT TBeplble pacTBOPH, — Melb, cepe6po, 30JI0TO, UHHK, KaaMuil,
rajuiii, WHIWHA, TaJaui, OJOBO, CBHHEL, mJjaTthHa. MerasJbl, He
B3aHMOJIEHCTBYIOLIME CO PTYTbIO XUMHYECKH H He o0pasyloliie TBep-
IbIX PAcTBOPOB, He CMayHBAIOTCA el0. TaKoBbl LUHPKOHHH, TradHHH,
BaHaAuH, TaHTaJ, XpoM, MoJnbaeH, Bo/ibdpaM, peHHui, xeneso, Ko-
GasibT, HUKENb, THTaH. Kasasoch Obl, 3TH JaHHbIE MOJHOCTBIO IOJ-
TBEp:KIAIOT o0llle IpaBujia O CMAaYUBAHHU KHIKHMH METaJJIaMH.
Okasanoch, OIHAKO, YTO OUYEHb TIIATeJbHAs oGpaboTka TBephoi
MIOBEPXHOCTH, TapaHTHpyowas AeHCTBUTENbHO IOJHOE YAaJleHHe
OKHCHOH IJIeHKH (Hanpumep, HOHHas GomOapAHpOBKa B BaKyyMe
IIpH TIOBBILIEHHOH TeMmIeparype), NIPUBOAHJIA K TOMY, 4TO PTYThb CMa-
yHBaJia TaKHe MeTa/llbl, KaK HHKEJb M €ro CIJaBbl, THTaH, HEKOTO-
pble MapkH cTand. IlosToMy npu peleHHM npaKTHYeCKHX 3ajay He-
06x0uMO OyeHb Gosbllloe BHHMaHHE YIeJATb YHUCTOTE MeTaJlinye-
CKOH TOBEpPXHOCTH.

B cooTBeTCTBHM C COBpEMEHHEBIMH TEOPETHYECKHMH IPejCTaBJie-
HUAMHM MOXHO C JOCTaTOYHOH JOCTOBEPHOCTBIO YTBEDKAAThb, YTO
TBEepABIH MeTajs OyleT cMauuBaThCsl JIOOBIM METAJIIHYECKHM pac-
nJaBoM, ecqH ofecreyeHa Haje:KHAas OYMCTKA €ro IOBEpXHOCTH OT
OKHCJIOB U NPEOTBpPAIlleHa BO3MOXHOCTb OKHCJIEHHSI NOBEPXHOCTH
KHCJIOPOZOM BO3JyXa HJIH KHCJODOIOM, PACTBOPEHHEIM B paciJaBe.
Hanpumep, amoMuHKE H €ro cnjaBbl, a TaKXKe HepKaBelollHe CTaJH,
Ha KOTOPHIX IOJyYyeHHe IPOYHbIX ClaeB OCOOEHHO OCJIOXKHSETCS
BCJIEACTBHE TPYAHOCTH MOJNHOTO yAAJEHHS C X IIOBEPXHOCTH CJIENIOB
OKHCJIOB, XOpPOLIO CMAauUBAKOTCS JIETKOMJABKHMH METa/JIHUECKHMH
NPUNOAMH IIPH 3auMIlleHHH HX IOBEPXHOCTH C MOMOLbI0 abpasHBa
nox choem npumnosi Ge3 jgocryna kuciopozpa. IlosyueHHble B TaKHX
YCJIOBUAIX CNAaH HMEIOT BLICOKYI0 NMPOYHOCTb, M NPH MeXaHHUYeCKHX
HCNIBITAHUAX paspylueHHe OObIYHO NMPOHCXOMHUT MO CJOIO CaMOro IpH-
10, a He 1O I'PaHHULle 3aTBEpJEBILEro NPUNOS C METAJIOM.

3AKOHOMEPHOCTHU NPOLLECCA PACTEKAHMA
XUMAOKUX METANNOB

B npupone u TeXxHHKe YacTo BCTPEYaIOTCs TaKHe CyYaH B3auMO-
NeACTBUA XKHUAKOCTEH U TBEPJBIX TeJ, KOIJAa KamnJjs, eABa KOCHYBLIHCh
TBEPJOH IOBEPXHOCTH, PACTEKaeTcsl N0 Hell Ha CPaBHUTENBHO GOJib-
IyI0 MJIOMaib B BHJAE IJIOCKOH «JIyXXHIb», 8 KOHEUHBIH KpaeBoil
yron He obpasyercs. Takoe B3anmMoOJeHCTBHE HasbIBaeTCsl pacreka-
HHEeM WJIH TOJIHBIM CMauyHBaHHeM (B OTJIHYHE OT OIPaHHYEHHOIo CMa-
YUBaHHUS, XapaKTePH3YIOIWErocsi OCTPLIM KPaeBbIM YIJIOM).

o HenaBHEro BpeMeHH O pacTeKaHUH KMAKOCTel GBIIO M3BECTHO
ropasjo MeHbllle, YCM O CMauMBaHUH. O2T0 6bLIO CBA32HO C HECKOJIb-
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XuMu npyunHaMi. OfHa M3 HUX 3aK/0Yasach B TOM, YTO BO MHOTHX
clyyasix Npolecc pacTeKaHHs Kalld 3aBepliaercs OYeHb GBICTPO,
yepe3 CYHTAHHbIE JOJIH CceKyHIBl. [loaToMy axcmepHMeHTaslbHOE H3Y-
yeHHe 3aKOHOMEPHOCTeH CMauWBaHHA B TaKHX CHCTEMax CTajo BO3-
MOJKHO JIMILIb IIOCJIe TOTO, KakK ObIM CO3JaHbl CKOPOCTHBlE KHHOKa-
MepHIL.

Hapsany ¢ nmonoGHBIMH OC/NOXKHEHHSIMH B IIPOBENEHHH 3KCIEpH-
MEHTOB HCCJIeIOBAaHHE pacTeKaHHs TOPMO3WJIOCh H 3HAUHTEJNbHBIMU
TEOPETHYECKUMH TPYAHOCTSIMH. JlocTaToyHO cKasaTh, YTO NPH pacre-
KaHHH DaBHOBECHEe NOBEPXHOCTHBIX HaTSxeHUH OOBIYHO He JIOCTHU-
raerca. IloaToMy nInsi onmHcaHMsl mpolecca Hesb3st IO0JIb30BaThCA
ypaBHEHHAMH paBHOBecHs (CTaTHKH), a IPHXOAUTCS pellaTb ropasyio
Gosiee CJIOXKHBIE NHHAMHUYECKHE 3aJayH.

HecMoTps Ha ykasaHHble TPYZHOCTH, YHCJIO HCC/IEIOBaHUH, IO-
CBSIIIEHHBIX mpobseMe pacrekanus, B nociepnue 10—15 yer 3nauu-
TeJIbHO BO3POCJ/I0. DTO CBA3aHO, C OLHOH CTOPOHHI, C pa3BUTHEM GoJiee
COBEpILUEHHBIX METONOB IIPOBENEHHs JKCNEepHMeHTa — KHHOCHEMKH,
aBTOpanHorpaduu U HEKOTOphIX Ipyrux. Bmecre c TeM pacrekaHnmue,
B OCOOEHHOCTH pacTeKaHHe XXHIKUX MeTasJioB, HrpaerT oueHb GOJb-
IIYI0O POJIb BO MHOTHX TE€XHOJIOTHYECKHMX Ipolieccax — naiike, cBap-
Ke, HaHeCeHHH NOKPHITHH.

BaxXHEIM CTHMYJIOM /ISl MCC/IEOBAaHHS PACTEKaHHsI IOCYKHJ
OTKphHITHII akaneMukoM I1. A. Pe6unnepom sdbekT ancopGuuOHHOTO
MOHHKEHUS IIPOYHOCTH. DTOT 3(eKT 3aKJouaercd B TOM, UTO IPH
PacTsKeHHH TBEpABbIX Tesl B NPHCYTCTBHH MOBEPXHOCTHO-aKTHBHBIX
JKUAKOCTEH NPOYHOCTb M INJIACTHYHOCTb MOTYT Pe3KO CHH3HTbCA M
y3Ke NpH HeOOJIbIINX HAaNpsKEHHSAX B o0pasliax BO3HHKAIOT TPeLlH-
HbI, KOTOpPbIE MOCTENEHHO Pa3BHBAIOTCS Ha BCe MONMepeyHoe CeyeHHe
H TPHUBOAAT K paspylIeHHIO TBephoro Tesa. MccnenoBanus, npose-
JeHHble mox pykoBoactBoM npod. I0. B. TopionoBa u mpod.
E. [I. lllykuHa, mokasanu, 4To NmpH nposiBieHuH sddekta PebuH-
Jlepa pOCT TPEUIMH paspyIueHUs Ompefessercs NMpOoLeccoM pacTeKa-
HHSl XKHJIKOCTH 1O CT€HKaM TpelluHbl. JI/s BbISICHEHHSI 3aKOHOMeEp-
HOCTeH paspylleHHs Pas/IMYHBIX TBEPAbIX TeJ IpH NpPOSBJIEHHH 3(-
tekra Pebunnepa okasanoch HEOOXOAUMBIM HCCJELOBaHHE NpoLEcca
pacTeKaHHS JKHUIAKOCTEH IO NMOBEPXHOCTH TBEPABIX TeJ.

TepmonuHaMuueckoe ycJOBHE pacTeKaHHSi Ha TJIaLKOH MOBEpX-
HOCTH 3aKJIo4yaeTcsl B TOM, YTOOH! yjesbHasi cBOOOAHAs IOBEPXHOCT-
Hasi SHepTUs TBEPIOro Tesa O, Gblia Gosbille CyMME! YIeJbHBIX CBO-
GOAHbIX IOBEPXHOCTHBIX 3HEPTHH Ha JABYX APYrHX MexdasHbIX rpa-
HUIIaX — TBEPHOTO TeJla C 2KULKOCTDIO (0 ) H JKHAKOCTU C OKPY¥Kalo-
meit cpenoft (0,). Takum o6pasom, HeOGXOAMMOE yC/IOBHE pacTeKas
HUSl OnpejensieT HePaBEHCTBO O,=>Cu O py.

Hapsany c BennunHO# yAenbHBIX CBOGOAHBIX OBEPXHOCTHBIX SHEP-
THH O, Oy H Onx OOJBIIOE BIHSIHHE HAa BO3MOXKHOCTb PaCTEKaHMs
OKasbIBaeT MUKpopeJibed TBepaoi moBepxHocTH. B ocobenHocTH APKO
BIHSIHHE MHKpopesnbeda OOGHapyXKHBaeTCsl NpPH KOHTaKTe XHAKHX
U TBepAbX MeTa/JoB. Tak, PTYyTb Ha IVIaAKOH MOBEPXHOCTH LUHKa



¥ 30J10Ta 06pas3yer KajJio C OCTPLIM KPaeBbIM YIJIOM, a Ha IIepoxo-
BaTOi MOBEPXHOCTH TEX Ke MeTas10B Hal/oAaercsa pacTeKaHHe pTy-
TH. AHa/nOrHyYHble PesyJsbTaThl IOJYYEHbl MPH HCCJIEJOBAHHM KOH-
TaKTa PTYTH, XKHIKOTO rajnius, cnsiasa Byna, —pacnJaBjeHHbIX
TIPHNIOEB CO MHOTHMH TBEPABIMH MeTa/ulaMH — cepeGpoM, MarHueM,
CBHHIIOM, M€JIbl0, OJIOBOM, KaMHeM, LIHHKOM, BHCMYTOM, aJIlOMHHHEM,
CypbMO#, XPOMOM, KeJI€30M, HUKEJIEM. B Ttex cayuasix, koraa Ha6Jio-
Janoch pacTeKaHHe JKHAKOTO MeTasula, OHO IPOHCXOAM/IO Ha JOCTa-
TOYHO MIEPOXOBATOH METAJNIMYeCKOH MOBEPXHOCTH, d Ha IVIaJKOH
TMOBEPXHOCTH pacTeKaHue oTcyTcrBoBajo. IlonoGHeie ciyyau oGHa-
py?eHbl He TOJbKO B METa/InUeCKHX cucreMax. Hampumep, xuakuit
YIJIEBOJIOPOJ, TEKCAlleKaH pacTeKaeTcsi 0 LIePOXOBATOH MOBEPXHOCTH
napaduHa, a Ha rJajKol oO0pasyeT Kalio ¢ KOHEYHbIM KPaeBbiM
yTJIOM.
Bansinve MHKpopesbeda Ha pacTeKaHHE CBSI3aHO CO CJIEAYIOUIH-
MU npuyxHaMu. PaHee GbLTO MOKa3aHO, YTO KPaeBOil yroJ Ha wepo-
X0BaTOH MOBepXHOCTH 0’ OTVIHYAETCs OT KPAeBoro yria Ha HjeanbHO
rJyiankoii mosepxHocTH O u coot-
HOILEHHE MeXJy 3THMH YIJIaMH
El ompenessieT ypaBHeHHe Benre-
=55 as1 — Jlepsiruna cos0’=Kcos6,
rie K — kosdpuiuueHT Imepo-
! XOBaTOCTH (OTHOIUIEHHE HCTHH-
HOH TNOBEPXHOCTH TBEPJOro Te-
Jia K HueajbHO Tyajgkoi). Hs
3TOro ypaBHEHHS CJeLyeT, 4TO
nNpH  JOCTaTOYHO  GOJIBIIOM
Ko3(hdULHEHTEe WEePOXOBATOCTH
Puc. 11. Boamoxrocmb — pacmexanus K>1/cos® kannsi ¢ koHeu-
scudKocmu no xawaexe sasucum om eesy- ~HbIM KDAeBBIM yIJIOM C(HOPMH-

YUHbL Yeaa 6 ee sepuiuxe, pOBaTbCﬂ y}Ke HE MOXeT, a
JOJI2KHO IPOUCXOAUTL pacCTeKa-
HHe.

Posnb Mukpopesibeda cTaHOBHTCS OCOGEHHO SICHOM, €CJIM Y4ecTb,
YTO Ha LIEPOXOBATOH NOBEPXHOCTH HUMEIOTCSI MHOTOUHC/IEHHbIE KaHAB-
KM ¥ Brnajunbl. IlycTb Ha MOBEPXHOCTH IOPU3OHTAJNBHOH MJIACTHHKH
Clle/laHa JUIMHHAs KaHaBKa C MOMNepeyHbIM ceueHHeM B (JopMme paBHO-
GeapeHHOTO TPeyToJibHUKA ¢ YIVIoM ¢ npu BepwnHe (puc. 11). Uto6bt
JKHIKOCTbh pacTeKajach BIOJb TaKOH KaHAaBKH, TPeOYeTcsl BHIMOJIHE-
HHe OCHOBHOIO TEPMOAMHAMHUYECKOro ycJOBHsi: oOmui 3anac cBoGoz-
HOH NOBEPXHOCTHOM SHEPTHM JOJIKEH YMeHbIUATbCsl. BhIsiICHHM, mpH
KaKoOM yTJieé B BepIIHHEe KaHAaBKH 3TO YCJOBHe OYJeT BBITOJHATHCS.

[Tycts B Kako#-ToO MOMEHT BpeMeHH IPaHMLa KUAKOCTH mepeme-
CTHJIaCh BAOJIb KaHABKH U3 MOJIOXKEHHUS 1 B MoJloxKeHHe 2 Ha paccTrosi-
nue x. [loBepXxHOCTb TBEpHOro TeJia Ha I'PaHUIlE C BO3LYXOM yMeHb-
IIMTCS MPH 3TOM MNPOABHIKEHHH Ha MJoOW@AAb 2 zx, 3aTO MJOLIAAb
KOHTAaKTa TBEPJOro Tesa C XKUAKOCTBIO BO3pPAcTeT Ha TaKylO e Be-
auyuHy. CyluecTBeHHO, YTO H3MEeHeHHE MJIOWAAN KOHTAKTa KHAKOCTH
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¥ Bo3qyxa OyJeT IpyruM: Kak BHAHO U3 puc. 11, oHO cocTaBHT 2 yx.
TakuM 06pasoM, yCJIOBHe TeUeHHS KHUAKOCTH N0 KaHABKe 3aluIueTcs
B BHAE HEPABEHCTBA Oy 22X >0y 22X 4 0y -2yx. Pasmepsl y u z
CBsI3aHBl JPYr C JPYroM MPOCTHIM COOTHOLIEHHEM y/z=sin(¢/2).
ITostoMy yciloBHe pacTeKaHHs MOXKHO YMPOCTHTb:

0y >0y + Os sing, an

Ec/iu Ha ryagkoil OBEPXHOCTH Kamjisi NaHHOH XKHIKOCTH HE pac-
Tekaetcs, a o6pasyeT kpaeBoit yroa 0, pasHocTb (0, — Opy) MOXK-
HO 3aMEeHHTb Ha Oy cosO (cM. ypaBHeHHe 6). CnenaB 3Ty MOACTaHOB-
Ky, MOJyYHM OKOHYATe/NbHO, YTO TEYEHHE KHIKOCTH IO KaHaBKe
TPEYroNbHOTO MpPOGHJIA BO3MOXKHO, €CJH BLIIOJHEHO  YCJOBHE

sin£<cos(9. st aTOTO, B CBOIO OYepenb, HYXKHO, YTOOB yroa NpH

BeplIMHe KaHaBKH Obu1 MeHblle pasHocTtd (180°—20).

Posib nofo6HbIX KaHABOK yOeIHTE/IbHO JEMOHCTPUPYIOT ClIeAyio-
mue onbiTel. PacnnaBneHHoe cepe6po B aTtmocdepe Boaopoia He
pacTekaeTcsi 1o NOJUPOBAHHOK MOBEDPXHOCTH 2Kese3a, HO pacTeKkaer-
csi mo wM(OBaHHOH MOBEPXHOCTH BAOJb LApamHH, OCTAaBJEHHBIX
Hax1akoM. PTyTb He pacTekaercsl Mo MOJHPOBAaHHOMY LIMHKY, a 06-
pasyer oCTphlit KpaeBoil yroa 0=7°. Eciu ke Ha OBEPXHOCTH UHUH-
KOBOH TMJIaCTHHBI IIpOpe3aTb  KaHaBKH  TPEYroJbHOrO  IIpo-
¢uasi, To pu yraax ¢=160° 1 MeHee pPTYTb pacrekaercs BIOJb Ka-
HaBOK, YTO XOPOLIO COIJIACyeTcsi C HPUBELEHHLIM BhHIIE YCJIOBHEM
¢<<180°—20. MHTepecHO B CBfI3H C 3THM OTMETHTb, YTO Y MHOTHX
METa/lJIOB H CIJIaBOB (MarHus, aJlOMHHMs, GDOH3BI, UyryHa, HEKO-
TOPEIX MapoK CTaJk) yroJ NpH BepIIHHE MHKPOYIVYyO/aeHHH Ha LJH-
(oBaHHO# MOBEPXHOCTH cocTaBJsieT B cpenHeM 168°. Ecau kpaesoit
yroJi XKHIKOTo MeTaJl/a Ha IJIanKoH M0BepXHOCTH AOCTATOYHO OCTPBIi,
TO TaKHe LIePOXOBATOCTH CIOCOGHHI 00ECIeunTh pacTeKaHue,

Onxa U3 BaXKHeHIUMX 3a7ay, KOTOPas BO3HHMKAaeT NMPH MCCJEN0Ba-
HHM pacTeKaHHs, 3aKJliouaercs B BbIICHEHHM KHHETHYECKHX 3aKOHO-
MepHOCTeH TOro mpouecca, T. €. B ONpefleleHHH B3aHMOCBSI3H MEX-
Ay MNJIOAAbI0 CMOYEHHOH MOBEPXHOCTH TBEPAOTO TeJa H BpeMeHeM
foc/e Hayasta KOHTAaKTa MeXIy »KHMAKOCTbiO H oOpasuoM. Bo MHorux
cayyasXx KanJis, HaHeCeHHasi Ha TOPU3OHTANbHYIO TBEpPAYIO MOBEPX-
HOCTb, pacTeKaercs 0 Hell CUMMETPHYHO, 00pa3ysa GoJiee WM MeHee
NpaBHJbHBEIA KPYT, PaflyCc KOTOPOrO MOCTENEeHHO yBeJIMYHBAETCH.
B rtakux cucremax yjnobOHee H3yyaTb 3aBHCHMOCTb pajuyca CMOYEH-
HOrO Kpyra r OT BpeMeHM Impolecca f, MOCKOJBbKY Pajuyc CpaBHU-
TeJIbHO JIETKO ONpelesseTcs KCIepHMeHTANbHO 110 0J0XKEHHIO epH-
merpa cMauuBaHus. ONHAKO JOBOJBHO 4acTO pacTeKaHHe H3ydaercs
Ha MeTaslJIHYecKHX MJ1aCTHHAX, Ha NOBEPXHOCTH KOTOPBIX MOCJe mpo-
KaTbIBAHHS OCTAeTCS TAK HA3blBAE€Mblll TEKCTYPHPOBAHHBIA CJIOH, rle
3epHa OPHEHTHPOBAHBI B HANpPAaBJIEHUH YCHJIHH, MPUIOMKEHHbIK NPH
ApoKaTke. B JIHTOM HJIH OYeHb XOPOILO OTOXMKEHHOM MeTaJJie TaKoH
[IpeUMyLIeCTBEHHOH OpHEeHTHPOBKH HeT. Ha moBepxHOCTH NJacTHH
C TEKCTYPHPOBAHHbLIM CJI0EM CKOPOCTb pacTeKaHMs BJOJIb HampabJie-
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HUSl TEKCTypHl GoJiblue, 9eM B nornepeuHoM. ITosToMmy nepumerp cma-
YHBaHUSA MPEACTABJSIET HE OKPYKHOCTD, a 3JIIHINC, Gosbllas OCh KO-
TOPOTO OpHEeHTHPOBaHAa B HaNpaB/JeHHH MNPOKATHIBAHMSA IMJIACTHH.
B Takux cryyasix KHHETHKY pacTeKaHHs MPHXOAMTCH XapaKTepH30-
BaTh C IOMOINBIO JBYX B3aHMHO MEPIEHAUKYJSPHBEIX PaanycoB (To4-
Hee, MOJIyoceH 3JJIMIICA).

Ouenb yAOGHBIM OGBEKTOM AJIS MCC/I€0BAHHA MHOTHX 3aKOHOMEp-
HOCTeHl pacTeKaHHsi XKHUAKHX METaJlJIOB IO NOBEPXHOCTH TBEPALIX Me-
TaJIOB AB/AAETCA PTYyTh., ONBITH CO PTYTbIO MOXHO NPOBOJHTD IPH
HEBHICOKHX (KOMHATHBIX) TeMIepaTypax. DT0 He TOJNbKO 3HaUHTEIbHO
obJieryaer YKuCTO SKCIEepUMEHTaIbHYIO CTOPOHY Jiesa, HO H oc1abnser
OCJIOXKHSIIONEE BIHSIHHE Pa3/MYHbIX XMMHUECKHX PeaKuuil, CKOpOCTb
KOTOPBIX, KaK H3BECTHO, PE3KO BO3PACTaeT MO Mepe MOBhIIEHHS TeM-
nepatypsl. Jlanee, npx KOMHAaTHOH TeMIEPaType CPaBHUTEBHO JIETKO
obecrieyuTh MOJNHOE YJaJeHHe OKHCHOH IVIeHKH M TapaHTHPOBaTh
TEM CaMbIM KOHTaKT PTYTH C YHCTOH METaJIJIHYeCKOH NMOBEPXHOCTHIO.
JI/is1 3T0r0 JIOCTAaTOUHO MOMECTHTb 06pasell B TaKylO CPeRy, KoTopas
MOXKET PacTBOPATb OKHCHYIO IVIEHKY, a C CaMHM METaJlJIoM B3auMO-
neiicteyer cina6o. Hanpumep, xoporo H3y4eHHBIH mporece pacreka-
HHSl PTYTH IO TOBEPXHOCTH NOJHKPHCTAVIHYECKOTO LIMHKA OCYILecT-
BJIS/IH B C/1a00M I1I€7I0YHOM pacTBOpe — BOAHOM pacTBOpe aMMHAKa.
HakoHen, pTyTh sIBJsIeTCA NMOBEPXHOCTHO-aKTHBHEIM DAcIyIaBOM IO
OTHOLIEHHIO KO MHOT'MM TBepJbIM MeTa/iaM. B ee mpuCYTCTBHH SIpKO
nposiBasiercs adpext PeGunpepa Ha TakuX MeTa/iax, Kak LHHK, Ja-
TYHb, 0/10BO. [lo3TOMYy 3HaHUe 3aKOHOMEpHOCTEHl pacTeKaHHA PTYTH
OKasbiBaeTcst HEOOXOAMMBIM I/l BEIICHEHMS] MeXaHH3Ma pocTa Tpe-
IKMH paspylleHHs NpH NpossieHuH 3¢dderTa afcopOUHOHHOrO MOHHU-
JKEHHS TMPOYHOCTH TBEPABIX TeJl.

XapaxTrepHble 0COGEHHOCTH PAaCTEKaHHS PTYTH BHIABJISIOTCS O4eHb
HaIJIAHO NPH KOHTaKTe C IOJUKPHCTA/JIMUECKWM LUHKOM. Onbit
MOKHO TTOCTaBHTb OYeHb NpocTto. IIHHKOBYIO IJIaCTHHY C JOCTATOYHO
1IepOXOBaTOH MOBEPXHOCTbIO YCTAaHABJMBAIOT IOPH3OHTAJbHO B pa-
CTBOpe aMMHaKa (1Jifl pacTBOpEHHUs OKHCH IUHKa). Jlanee HaHOCAT HA
TIOBEPXHOCTb MJIACTHHBI Ma/JeHbKYIO KamneJbKy PTYyTH. 3a IOJH ce-
KYHABl KanJsl IpeBpaliaeTcsi B IJIOCKYIO JIYXKHIY C XapaKTepHBIM
3epkasnbHbIM 6JecKoM. B TeueHue AsuTesbHOrO BpeMeHM (MOpSAKa
TpeX YacoB IIPH Macce KamnJ/H HeCKOJNbKO MUJIIHTPaMMOB) pamuyc Jy-
JKHIBl TIOCTENIEHHO YBeNMYHBAETCS NPONOPLHOHANIBHO BpEMEHH f B
crenenu Y/ ,. Tlo ucTeueHuu 3TOro BpeMeHH POCT HSITHA, CMOYEHHOTO
PTYTbIO, PE3KO 3aMe//I9eTCs H MOJHOCTLIO npeKkpamaercs. KoHeuHsIH
paguyc mJomiaay, CMOYEHHOH PTYTHOH Kamse# B 1 me, cocraBisier
18—20 mm. Ckopocth pacrekaHusi ptyTH B HHTepBase 0—90° C
TIOYTH He 3aBUCHT OT TEMIIepaTypel. ¥ BelHYeHHe Macchl PTYTHOH Kan-
JIM IPHBOJMT K TOMY, YTO pacTeKaHHe IPOHCXOAHT ObiCTpee.

3HayHTe/bHO CJIOXKHee HCC/Ief0BaTh MPOUECC pacTeKaHWs NpU
BLICOKHX TeMnepaTypax. BecbMa coBeplleHHbe YCTAaHOBKH, MpeAHas-
HayeHHbIe JJ1s 9TOH IeJH, CO3JaHHl NOJ, PYKOBOACTBOM YJ/IE€Ha-KOP-
pecnionnenra AH CCCP B. I1. EnotiHa ¥ JOKTOPOB TEXHHYECKHUX



Hayk M. A. Maypaxa u B. 1. Kocrukosa (1964 r.). B atux ycraHos-
Kax OCYLIECTBJSIETCH 3JEKTPOHHOJYUEBOH Harpes, YTO MO3BOJISIET
noBbiLiaTh Temnepatypy no 3000° C. Ilpu TakoH BBICOKO#H Temmepa-
Type MOXXHO H3yyaTb pacTeKaHHe JaxKe TaKoro TYTomnJaBKOro MeTaJ-
Ja, Kak BosibdpaM. ONBITE MPH BBICOKHX TeMIepaTypax IpPOBOASTCS
B yc/ioBUsAX Bakyyma. Ilpouecc pacreKanusi CHMMAeTcsi Ha KHHO-
IVIEHKY Cpasy B ABYX NpPOEKUHAX — CBepPXy, B ILIOCKOCTH TBepAOH
MOMJIOKKH, H COOKY.

[MpoBefeHHble 3KCMepHMEHTAbHbIE HMCCAENOBAHHA CTUMYJHPO-
BaJ¥ H pasBUTHE TEOPHH pacTeKaHHs KHAKOCTEH MO NOBEPXHOCTH
TBepAbx Tea. IlepBas cxema pacueTa, mpeisioxenHas B 1963 r.
E. . Ulykunsiv, [O. B. T'opronoseim 1 b. 1. Cymmom, ocHoBana
Ha CJELYIOMHUX COOOPaKEeHHsX.

[pu pacrekanuy, KaK 4 NpH CMaYHBaHHH, PACIPOCTPAHEHHE KU~
KOCTH II0 TBEPIOH IOBEPXHOCTH NMPOUCXOAUT NOTOMY, UYTO NPH 3TOM
yMeHbIIaeTcss cBOGOiHAs! [IOBEPXHOCTHAS SHEPTHS CHCTEMBI B LIEJIOM.
Bosnukaer Bonpoc: Ha 4To pacxoayercsi y6ulib cBOOOLHON moBepx-
HocTHOH sHepruu? Belp cMauuBaHHe KaxJIOro KBajpaTHOTO CaHTH-
MeTpa TBepAOH IOBEPXHOCTH <BBICBOOOXKIAET» 3Hepruio Ac=0,—
—0Opx—0y C YUETOM MIepoxoBaTocTH Ao =K(0,—0 ) —0y,. Io 3a-
KOHY CQXpaHeHHs SHEpIHH 3Ta JoJf SHePTHH JOJKHA HJH IT1peos-
pasoBaThCs B APYTYIO GOPMY SHEPTHH, /M 3aTPAaTHTbCS Ha COBeplile-
HHe KakoH-nmu6o paboTel. JIOrMYHO NPEANONOKHUTb, UTO SHEPTHs,
BBICBOGOXKaeMast [IpH CMauUBaHUH, PACXOLYETCs Ha IPEOLONEHHE CHIT
BSI3KOT'O COTIPOTUBJIEHHS B CJIOE PacTeKalollerocs XHUAKOTO MeTajlJia.

Cusy BSI3KOT'O CONPOTHBJIEHHS f, BO MHOTHX CJIy4asiX MOXHO JO-
CTaTOYHO TOYHO PACCYHTaTh C IIOMOIIbIO YPaBHEHHS, KOTOpOe Mpef-

vl
Jgoxun eme Heloton: f,= nSm? B stom ypasnenun S,— nosepx-

HOCTb KHAKOTO CJI0si, A — ee TOJIIMHA, ¥’ — CKOPOCTb TeueHwus
(B cayuae pacTeKaHHsl — CKOPOCTb IlepeMellleHHs IepuMeTpa cMa-
YHBaHMA), 1 —BA3KOCTb XKHIKOCTH. BA3KOCTE 3aBHCHT OT MPHPOALI
KHUAKOCTH U HaMepsieTcs B cucTeMe CG S B nyasax (B yecTb paniys-
ckoro Bpaua ITyasefins, Kotopeiii B 1841 r. uccieoBan TeueHne xus-
KocTefl B Y3KHX KamWISAPHBHIX TPyOKax, 4ToGbl OOBSICHHTDB. Psif
BOIIPOCOB, CBA3aHHHIX C KpoBooOpaulenueM): 1 naysa=1 efcm-cek.
Y GosbLIMHCTBA PACMJaBJAEHHBIX YHCTBIX METa/IJIOB BA3KOCTb COCTAaB-
JISIeT COThIe IOJIM Nyasa (canTunyassl). [IpumepHo Takas e BASKOCTb
y BOJZHL

YpaBrenne HbioTona nmokaseiBaeT, YTO CHJIa BSISKOTO CONPOTHB-
JeHus TeM Gosbiue, yeM ToHbIue cyofl. IIpu pacTekanuu cioit xupn-
KOCTH OGBIYHO O4eHb TOHOK. Hampumep, Kamis pTyTd Maccod 10 me
yxe yepe3 15 cer mocie KOHTaKTa € IJIACTHHON MOJHKpPHCTAJ/IHYe-
CKOTro LMHKa pPacTeKaeTcs B BHJe Kpyra pajgdycoM 5 s, IPH 3TOM
TOJIUIMHA €105 cocTaBasieT okoao 10 mx. B mpouecce pacrekanus
MOBEPXHOCTb KHAKOCTH Sy pacTeT, a TOJLIMHA c10s A, HaNpOTHB,
ymenbmaercs. O6a 3TH 0GCTOATENbCTBA NPUBOAAT K YBEJIHUEHHIO
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CUJIbl BSI3KOTO COMpPOTHBJIEHHS W KakK CJAEICTBHE — K YMEHbLIEHHIO
CKOPOCTH pacTeKaHus.

[pupaBHUBas yOHIIb CBOGOXHOMN NMOBEPXHOCTHOH 9HEPTHH paborTe,
3aTpayuBaeMoii:- Ha INpeofo/ieHHe CHJIEI BA3KOTO COMNPOTHBJIEHHS B
TIOCTENEHHO YTOHBUIAIOUIEMCS CJIOE JKHIKOTO MeTajla, MOXHO YCTa-
HOBHTb KOJIMUECTBEHHYIO CBSI3b MEXIY PaJUycoM CMOYEHHOTO Kpy-
ra r ¥ BpeMeHeM pacrekaHus f. PacueT mokasbiBaeT, YTO KHHETHue-
CKMH 3aKOH paCTeKaHMsl ONHCHIBAeTCSl ypaBHEHHEM

r= (mAo/n)1/4¢1/4, (12)

rae 6 — IJIOTHOCTb KHIKOTO MeTaJslJia.

HemnocpencTBeHHBI!l pacueT BeJMYHbI AC 3aTpyAHHTENEH, Tak
Kak B GOJIBIIMHCTBE CJIyuaeB 3HAUEHUS YJIeJbHbIX CBOGOLHBIX IO-
BEPXHOCTHBIX SHEpriii TBEPAOro Teja Ha MpaHHULE CO cpefiofl U C XKHA-
KUM METaJIJIoM JIHOO COBCeM HEH3BEeCTHHI, JHOO OLEHHBAIOTCS C TaKoM
MOrPEINHOCTBIO, KOTopasi MpH pacuere Ao Henpuemsema. IToatomy
IJIsl ONpeje/ieHHst BeHYUHBl AC MCNOMB3YIOT HECKOJNbKO KOCBEH-
Huix npueMoB. OIMH H3 HUX 3aKJ/IOYaeTCsl B CJELYIOIIEM.

Ecsnn xuakuii Merans Ha TJIafKoi TBepHOH MOBepXHOCTH o6pa-
3yeT Kallio C OCTPhIM KPaeBbIM yrjioM 0, pasHOCTb (Gp—0r,,) MOXKHO
3aMeHHTb Ha 0,,co80. Torna Ac=o,, (Kcos8—1). Bce BenHuHHEI, BXO-
Jsiiue B NPaBYIO YacTb 3TOTO ypaBHEHHS, MOXHO H3MepHTb J0CTa-
TOYHO TOYHO.

JIpyroit cnoco6 COCTOMT B H3y4YeHHH NMOABEMA KUAKOrO MeTalia
BBEpX IO MOBEPXHOCTH BEPTHKAaJIbHO PACIOJIOKEHHOH MeTassuye-
ckoii nytactuHbl. OGpaser nomelnaercss B COCyJ ¢ HAKOCTbIO, pacT-
Bopsitowed OkHCHYIO nueHKy. Hipknu#i Kpalt Merasminueckoi miaa-
CTHHBI IIMPUHOH @ NPUBOAAT B KOHTAKT C JKHAKHUM METaJJIOM, HaJH-
TBIM Ha JHO cocyzia. Eciiu TepMoauHAMHUeCKOe yCJIOBHE pacTeKaHHs
BBIMOJIHSIETCS, TOHKAasi KUJKas MJeHKa GyleT MOCTeNeHHO NOAHH-
Matbcsl BBepX MO IactuHe. Takoi mopbeM GyHeT NPOHCXOLHUTH 1O
TeX Iop, NOoKa yBeJHYeHHe NMOTEeHUHANbHO! SHEPTHH MJIEHKH He CTa-
HeT paBHLIM YMEHBLIEHHIO CBOGOLHOI NOBEpXHOCTHOH 3HEPTHH CH-
crembl. [Tycte A — cpennsis TomuuHa TJIEHKH, H, — KOHeuHas
BBICOTa ee NojbeMa, 0 — MJOTHOCTb KHJKOrO MeTamia, g — YCKO-
peHue CHJIBI TSKeCTH. Toria yMeHblieHe CBOGOAHON NOBep X HOCTHOH
SHEpPTUH NpH NoibeMe IVIEHKH Ha Bhicory H, pasio AcH,a. Coort-
BETCTBYIOIIEE YBeJIHYEHHe MOTEeHIHaNbHOH SHEPrUHM COCTaBJisIeT

GAHoag%—" (1—12—9- KoopJuHaTa leHTpa TsxecTH miaeHkH). Orciona

HaXOJHUTCs BeMHuHHA Ao = —% oAgH,

BTopas npuHuunuaibHasi 3ajiaua, BO3HHKAIOWAsi IPH HCC/IEHO-
BaHHH pacTeKaHHs JKUIKHUX METaJJI0B, 3aKJ/IOUaeTcsl B onpejeseHHH
MJIOLIAlH, KOTOPYIO MOXKEeT CMOUYHUTb KamJs C H3BECTHOH Maccoil m.
MoxHO Gbuto OBl NPEAINONOXKHTh, YTO PAClpocTpaHeHHe KHUAKOTo
MeTaJjsia 6yJeT NPOUCXOJUTh O TeX MOP, MOKa CJOH He yMEeHbLIAeTCs
JO MOHOATOMHOH TOJILIMHEI, T. €. IIOBEPXHOCTb TBEPAOro MeTajsa
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GyZeT TMOKpHITA aTOMaMH XHAKOrO MeTajia B oiuH ciol. IlpoaHa-
JIU3UPYEM B CBfI3H C 3THM HMEIOLIHECS SKCIePUMEHTANbHbIE JaHHLIE.
Hanpumep, Kanis pTyTd ¢ Maccoil 1 me, pacTekasch Ha nuHkKe, 06-
pasyeT K KOHUY Inpouecca Kpyr paguycom 1,8—2,0 cu (nsomags
cmaunBanus npumepHo 10 cx?). Paccuutaem Tenepb, KaKyio noLiab
TIOKPbI1 Obl MOHOATOMHBIA CJIOH pPTyTH. ATOoMHBI Bec pryTH 200.
3uaunr, B Karie ¢ Mmaccoit 1 me comepxutesa 3-10*® aromoB. Opuu

aToM PTYTH 3aHMMaeT ILIoWanb okoso 10 Az, 3HauuT, obwas mnio-
IaJilb MOHOATOMHOTO MOKPBITHA cocTaBu/aa Owl 3-1018.10710 cp2=
=3000 cu®—B 300 pa3 Gojblle SKCIEPUMEHTAJBLHOTO 3HAYEHHS.
Takoe 6oJibllioe PaCXOXKIEHHE MEXIY SKCIEPHMEHTOM H PacueToM
N0Ka3bIBaeT, YTO INpPEeANoJoxKeHHe 06 YMEHbIIEHHH TOJUIMHE CJI0s
XKHAKOCTH IO MOHOAQTOMHOTO CJIOsl HEBEPHO, a Ha CaMoM JeJfie pacTe-
KaHHe peKpalaeTcs ellie Toraa, Koraa cIoH XKUIKOro MeTajlia HMeeT
CPaBHHTEJLHO GOJbIIYIO TOJMUMHY. B CBfI3H ¢ 3THM BO3HHKaeT BO-
MpoC: Kakue e MPHUHHb OOYyC/IOBJHMBAOT OCTAHOBKY pacTeka-
HUA?

Takux NmpuUYHH, BOOOIIE roBOpsi, MOXeT GHTh HeCKoabKo. OnHa
U3 HUX yKasaHa akaneMukoM A. H. ®pymrunbM (1938 r.) u useHom-
koppecnougestom AH CCCP 4. M. ®penkenem (1943 r.). B Ton-
KHX CJI0SIX KMAKOCTH ToawuHo# oT 0,1 Mk W MeHee NMOBEPXHOCTHOE
HaTsXKeHHue MOoXKeT ObiTb 60JIblle, YeM B TOJICThIX. TOrAa NpH HEKOTO-
po¥ OCTaTOYHO MaJsIOH TOJLIMHE CJIOSl TePMOAHHAMHYECKOe YCJIOBHE
pacTeKaHHsl 0,>0y Oy YKE IepecTaHeT BHINOJHATbCSA; COOTBET-
CTBEHHO jaJjbHeilllee pacTeKaHue OyJeT HEBO3MOXKHO.

Hpyras npuyvHa, KOTOpash MOXKET CKasaTbCsl OJHOBPEMEHHO C
NepBOH, 3aKJIOuaeTcs B TOM, UYTO BSA3KO€ CONPOTUBJIEHHE TOHKHX
CJI0eB XKHIKOCTH (Takxe nopsiaka 0,1 mx u meHee) MoxKeT GBITh aHo-

Q
MasbHO Besnko. Hanpumep, BsisKocTb cs10s pTyTH TosuHo# 100 A
npumepHo B 100 pa3 GoJblue, yeM B TOJCTBIX CJOSIX (ZaHHbIE npod.
A. P. Peresis1). OTi CBOHCTBA JOCTATOYHO TOHKHX CJIOEB KHJKOCTH
BIepBhie  OoOHapyKeHbl  ujeHoM-koppecnoniedtoM AH CCCP
B. B. JepsaruHsim.

B cucremax, rie pacrexaHue obecreunBaeTcsi Gjarogapsi Jocrta-
TOYHO Pa3BUTOH IIEPOXOBATOCTH TBEPJOH MOBEPXHOCTH, OHO MOXET
NpPeKPaTHTbCA B TOT MOMEHT, KOTJa TOJILIHHA €105 CPAaBHAETCA C Bbl-
cotoil MUKporpebewkoB. [lanbHeilllee pacTeKaHUe XKHJIKOCTH HeH3-
GeKHO MPHBOAMJIO Obl K YXONY »KHMAKOCTH C BepIUMH TpeGelIKoB, a
oHH 06/1aal0T GosbIIHM H30BITKOM CBOGOLHOH NOBEPXHOCTHOH 3Hep-
ruu. OueBHIHO, YTO TaKoe MepeMelleHHe XKHAKOCTH SHepPreTHUECKH
HEBHITOJIHO, OHO NpuBeso Obl K Bo3pacTaHuIO ofliell cBoGOAHOM No-
BEPXHOCTHOH SHEPrHH CHCTEMEL.

PaccmoTpeHHble TRM NPHYMHBI HE CBfA3aHBI C HHAMBHAYaJILHOM
NPHPOJOH KHUIAKOCTH M TBEPAOro Teja, a o0yCJOBJEHb chelupuue-
CKHMH CBOHCTBaMH TOHKMX CJIO€B XKHAKOCTH H MHKpoOpesbedoM TBep-
Joii moBepxHocTH. Ilpu pacTekaHumM XMAKHX MeTa/JIOB GOJIbIIYIO
poJIb B OCTaHOBKE Mpoliecca MOT'YT UIPaTh U HEKOTOPhIe Apyrue ¢ak-
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TOpHI, creuupHUHbIe HMEHHO IJIS1 MeTAJVIHUeCKHX cHcTeM. HanomHuw,
YTO CMAuUBaHHE XKUIAKUMH MeTa/JIaMH IPOUCXOAMUT B GOJbIIHHCTBE
c/lyuaeB TOTAA, KOTJa KOHTAKTHPYIOIIHE BellecTBa 00pasyloT XHMH-
yecKHe COeNHHEHNs] HJIH TBepIble PacTBOPHL.

O6pas3oBaHHe XMMHYECKHX COEJJHHEHHMH NPHBOAUT 4YacTo K TOMy,
YTO CBOMCTBA CHCTEMbI OLICTPO H3MeHsOTCA. B ocoGeHHocTH 3TO 3a-
METHO TIpH BBICOKHX Temreparypax. Hanpumep, npu KoHtakte MHO-
THX TYTOIJIaBKHX XHAKHX METa/IIOB ¢ IPadHTOM yiKe uepe3 HEeCKOJIb-
KO CeKYyHJ Toc/Ie Haya/la pacTeKaHHs NPOHCXONHUT o6pasoBaHKe Kap-
6uIOB M BSI3KOCTb pacljiaBa Bo3pacTaeT HACTOJNbKO CHJIbHO, YTO
JanbHeillee pacTeKaHHe CTAHOBHTCSI HEBO3MOXKHBIM.

B cucremax c o6pasoBaHueM TBepABIX PACTBOPOB GOJILILYIO POIb
urpaer npouecc aubdy3un KHAKOTO MeTaslja B TBEPAYIO NMOIJIOKKY.
B pesyJ/ibrate no Mepe pacTeKaHHf NPOHCXOXHUT MOCTENEHHOE YMEHb-
[IeHHe KOJIMYECTBA XKHIKOTO MeTa/ia M YTOHbIUEHHE pacTeKarolie-
rocsi cJosi, 4TO, €CTeCTBEHHO, CIOCOOGCTBYET OCTaHOBKe Ipolecca.
IS TaKHX CHCTeM YacTo HaG/iofaeTcs CJeAYIomasi 3aBHCHMOCTD:
yeM BHILIE PACTBOPUMOCTD KHAKOTO METajl1a B TBEPJOM, TEM MEHbIIIE
mJolagb CMauuBaHUA OT OJHHaKoBOH mo Macce Kanuu. Hampuwmep,
PTYTb 3HAUMTEJBHO JIyullle PACTBOPSETCHA B KaJMHH, YeM B LHHKE.
CoOTBeTCTBEHHO H IJIOWIAJb, CMOUEHHAasi B Pe3yJbTaTe PacTeKaHUsi
OIMHAKOBBIX Kamejb PTYTH, HAa LMHKE 3HAUUTEJNbHO OOJIbILE, YeM
Ha KaJMHH.

Jns MeranMyecKHX CHCTeM, B KOTOPBIX OCHOBHAas INpPHYHHA
NpeKpalleHtsl pacTeKaHHs CBfi3aHAa MMeHHO C Jupdy3uell xupKoro
Metaasa B TBepAnl, mpod. E. 1. Hlykun coBmectHo ¢ 0. B. Topio-
HOBbIM ¥ B. JI. CymMmMOM pasBHJI KOJIMYECTBEHHYIO TEOPHIO, KOTOpast
N03BoJISIET MPEACKa3hIBaTh BJAHSIHME psija (aKTOpPoB, HApUMED TeM-
nepaTypel pPacTBOPUMOCTH Ha BeJHYMHY CMOYEHHOH NOBEPXHOCTH.
B ocHoBe TeopuH JIeXKHT CpaBHEHHE CKOPOCTH ABYX IIPOLECCOB —
pacTeKaHHUs XXKUAKOTO MeTaJlla 110 TBepAOH NOBEePXHOCTH U J1ddy3HOH-
HOTO NPOHHKHOBEHMS paciJiaBa B 0O6beM TBepJOro MeTajna. Mexny
STHMH JIBYMsl NpOLECCAMH NPOHCXOAHUT CBoeoOpasHasi KOHKYPeHIHs,
a MIMEHHO, YeM ObICTpee HJET pacTeKaHHe H YeM MelJleHHee IPOHUC-
xomut aucddysua B obrveM, TeM Gosblie OyNyT pasMepbl CMOYEHHOH
MOBEPXHOCTH.

PaccMoTpuM BecbMa pacnpocTpaHEeHHBIH M NPAKTHUECKH BaXKHBIH
ciayyail — HeGoJbllasi Kamjis 2KHAKOTO Maral/ula pacTekjach o
HOBEPXHOCTH T'OPH30HTAJIbHO YCTAHOBJIEHHOH MeTaJslJIM4ecKoil mJac-
THHBI. OGBHIYHO CMOYEHHasi IOBEPXHOCTb HMeeT GOpMy HOYTH IIPaBUJIb-
Horo kpyra. M3 Teopunm caenyer, uto miomwaib 3TOro Kpyra mpsiMo
NPONOPLHOHANbHA Macce XHIKOrO MeTajyia B CTeNeHH °/; u obpar-
HO NpPOMNOPIHOHA/NbHA KOPHIO UETBepPTOH CTENeHH H3 NPOH3BeleHUs
(Co2D). 3necb C, — pacTBOPUMOCTb KXMJAKOTO MeTajja B TBEPAOM
(e/cM®), D — xoadduuuent obvemHoll nutdysum (cm?/cex). Takum
o6pa3oM U3 TEOPUH CJIELYET, UTO yBeJHYeHHe paCTBOPHMOCTH B TBep-
JIoM MeTaJljie IOMXHO TPHBOJAMTL K yMEHbILIEHHIO CMOYEHHOH NoBepX-
HOCTH (IPH OJHOH M TOM € Macce XHJAKOTo MeTasuia). DTOT BLIBOK
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Teopun OOGBACHAET yKa3aHHYIO BIUE 3KCNEPHMEHTANbHYIO 3aBHCH-
MOCTb: yMeHbIIeHHe IVIOlafl CMauyuBaHHS DPTYTbIO NPH Nepexone
OT HHHKA K KaJMHUIO (COOTBETCTBYIOIIHE 3HAYEHHS PacTBOPHUMOCTEH —
npumepro 0,1 u 25 %).

B nonoGHBIX CHCTeMax MOBBLILIEHHE TeMIepaTyphl TaKikKe NpPHBO-
IMT K YMeHbIIeHHI0 CMO4YeHHOH nosepxHocTH. HarpeBanue Binsier
Ha HECKOJIbKO (PM3UKO-XMMHUYECKHX haKTOpOB, OT KOTOPHIX 3aBHCST
CKOpOCTb pacTekaHus u AuddysnoHHoe morJioulenue. B vactHocth,
NpH NOBHIIEHHH TeMIIEPATYpPEI A0/KHA HECKOMIKO yMEHbLIMTCH BA3-
KOCTb JKHAKOTO MeTaslia, a 3T0, B CBOIO Ouepellb, MOXET YCKOPHUTb
pacTekaHHe H, Kasanoch 6bl,—pasMepbl CMOUEHHOH MJiolanu. OnHako
Ha caMoM JieJle NIpH TNOBBILIEHHH TeMIepaTyphl CMOYeHHas! IJIoliafb,
KaK TpaBHJO, yMeHbllaercss. Hanpumep, miomanb Kpyra, cModeH-
HOTO Kamiefl pTYTH Ha [OBePXHOCTH LHHKa npHu 60° C, npumepHo Ha
40% wMeHbllle, yeM NpH KoMHaTHOH Temneparype. IlpuuwHa Takoit
3aBHCHMOCTH 32KJII0YaeTCs B TOM, 4TO OOLIYHO H3MEHEeHHEe TeMIIepaTyphl
CHJIbHee BCEro BJIHSET Ha BeJIMYUuHY Koahduuuenta oopeMHuol fudiy-
3uu. [losTOMy NMpH HarpeBaHHH CKOPOCTb AH(Y3HOHHOTO MOIJIOLIe-
HHS YBEJIMYHBAETCS 3HAYUTENBHO GOJIblle, YeM CKOPOCTb pacTeKaHHUs.

Teoperuueckoe omMCaHHe KHMHETHKH DPAaCTeKaHHSl XKHIKHX Me-
TaJJIOB (@ TaKKe APYTHX KHAKOCTell) M0 MOBEPXHOCTH TBEPABIX TeJ
IpeACTaBJsseT MHTEpeC HE TOAbKO B IIaHE CKOPOCTeH JBHiKe-
HHS CMauMBaloleH JKHIAKOCTH, HO M /A8 OUEHKH HEeKOTOPhIX
APYT#X BaXKHBIX XaPaKTEPHUCTHK B3aHMOJNEHCTBHS MEXAY JKHAKOCTDIO
U TBEpJbIM TeJOM, Hampumep, pabotel aaresud W, Ilpu orpanu-
YEeHHOM CMauyMBaHHM paboTy aire3MH MOXHO DacCYHTaTh, H3MEPUB
KpaeBoit yroa (ctp. 36). Jlis cucTeM, B KOTOPHIX XHAKOCTb pacTe-
Kaercsi, TaKoi crnoco6, OYeBHAHO, HENPHUIOAEH, MOITOMY HCIIOJIb3YIOT
cnenytouuit npueM. I'lo onpenenenuio Wy=0,— 0, — 0, (cTp. 32).
C 1pyro#t CTOpPOHBI, IPH PaCTEKaHHH Ha IJ1aJKOH NOBEPXHOCTH HMeeT
MECTO CJelyIoliee COOTHOIIEHHE MEXIy BeJHYHHAMH CBOGOAHBLIX
NOBEPXHOCTHBIX 3Hepruii: Ao=0,—0,,—0, (ctp. 55). Cpenas
3aMeHY O,—O0p = Ao + oy, mnoayuum W,=20,+Ac. Takum o06-
pasoM, €C/Id 3KCNEePHMEHTaJbHO HaHTH 3aBHCHMOCTb pajiiyca CMo-
YeHHO! TMOBEPXHOCTH OT BPEMEHH, MOXKHO C IIOMOLIbIO ypaBHEHHS
(12) paccuutaTb BeqMUHMHY Ac H Jasee — paboTy airesuH.

Jpyroe npakTHYecKH Ba)KHOe INpHJIOXKEHHEe pacCMOTpeHHbE CO-
OTHOLIEHUS] MOTYT KMeThb JJIA TNaifKH, NOCKOJbKY CMauyMBaIoOLlyio
CNOCOGHOCTb PA3/IMUHBIX MeTaJlJIMYeCKHX INpPUIOeB HMHOroja Xapak-
TEPU3YIOT BEJMYHHOH INOBEPXHOCTH, KOTOPYIO CMauyMBalOT KamjH
OIMHAKOBOH Macchl.

PaccmoTpenHble KoJIHueCTBEHHble 3aKOHOMEPHOCTH OTHOCATCH K
CPaBHHTEJNIBHO TMPOCTBIM CJIy4YasiM pacTeKaHus XKUIKUX MeTaJlJIoB.
Ha npakTHke JOBOJIbHO 4acTo BO3HHMKAIOT ropasfio 6oJiee C/IOXKHbIE
curyauus. Hanpumep, ecnu Kamjis XKMAKOrO MeTalyla BeJHKa MO
cBoeMy 00beMy, MPH COCTaBJEHHH 3HepreTHueckoro GanaHca He-
00XoA¥MO NPHHHMAaThb BO BHHMaHHe ellle ONMH BaXKHHIH dakTop, a
HMEHHO, yMeHbIUeHHe MOTeHUHAaJbHOH 3SHEPTHH KalJjH BCJ/eICTBHE
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[IOCTENIEHHOTO TNOHHMKEHUsI ee LEeHTpa TsXKecTH. BuusHue storo
(akTOopa MOMKET NP ONPEJEJGHHBIX YCJIOBHAX  CYLECTBEHHO
H3MEHHTb KHHETHYeCKHH 3aKOH pacTeKaHHSl MO CPaBHEHHIO C CHC-
TeMaMH, B KOTOPbIX JOCTaTOYHO YYHTHIBaTh TOJBbKO H3MEHEHHE CBO-
GoxHOM MOBEPXHOCTHOH SHEpTHH.

B HEKOTOPHIX CHCTEMax pacTeKaHHe MXHIKOTO MeTaJljia MOXKET
IPOHCXOAUTD NOJ CJIOEM OKHCHOH mjeHKH. TakoBa, HampHMep, CHC-
Tema PTyTb — cBHHell. JlocTaToyHO XOTA Gbl B OJHOM MecTe yHajuTh
OKHCHYIO IIJIEHKY CBMHIA M OGECNeYUTb HeNOCPeACTBEHHbIH KOHTAKT
PTYTH CO CBHHIIOM, KaK PTyTh HaUHHAeT PacHpOCTPaHATbCA BOKPYT
KallJIi TOX OKHCHOM IVIEHKO!M H MOXKeT CMOYHTb JOBOJIBHO GOJIBIIYIO
nJIomaAb MO CPaBHEHHIO C MJIOMAJAbI0 HAYaJbHOTO KOHTAKT4.

Oco6eHHO CJIOXKHBI JJIsi TEOPETHYECKOTO OMHCAHHs CHCTEMbl, B
KOTOPBIX TPOHCXOIMT HHTEHCHBHOE XHMHYECKOe B3anMoJeficTBHe
MEXAY KHIKHM MeTaJJIoM H TBEpABIM TeJIOM.

HccnefioBaHKe U pellleHHe 3THX 3ajau, a Takke psia IPYrHX
npeAcTaB/Isier GOMbINOl HHTEepeC B NPHKJ/IAAHOM H HayYHOM OTHOLLe-
HHUH.

Msbl pacckasaju JuiIb 00 OCHOBHBIX, OOUIMX (PHU3HKO-XMMHYECKHX
3aKOHOMEPHOCTAX CMayHBaHHs TBepAblX Tesl. Ha ocHoBe aTux 3ako-
HOMEPHOCTEH MOXKHO B psifie C/1y4yaeB JOCTATOYHO TOYHO NPENBHIETD,
GyZeT Jii MMeTb MeCTO CMauMBaHHe B TOM WJIM HHOH CHCTeMe, IpoaHa-
JIM3HPOBaTb, KAKOE BJHMsSIHHE MOI'YT OKa3aTh Ha CMauMBaHHe Pasjiuu-
Hble (U3HKO-XHMHYecKHe (akTopbl. Takum obpasom ceflyac MOXKHO
TIPOTHO3KHPOBATh HajnuMe (HJIH OTCYTCTBHE) CMAaUHBaHHs B Psifie CH-
cTeM, a TaK:XKe YNpaB/sTh NPOLECCOM CMAuHBAHHA B KeJaeMOM Ha-
npaBiaeHuu. M Bce e Hy>XHO NOAUEPKHYTh, YTO, HECMOTPS Ha GOJb-
o o6beM 3HaHUH, KOTOPHIH cefiuac HaKOIJIeH B 9TOH 06J1acTH, MHO-
rde HUHTEpPeCHble M BaKHble BOMNPOCH ellle He peweHbl. Jleso
B TOM, YTO 3HAaHME TOJbKO OOIHX 3aKOHOMEpPHOCTeH CMauMBa-
HHSL He BCerja OKasblBaercs JOCTAaTOYHBIM: JJISi pelleHHs psja
KOHKDETHBIX 3a/laiy HYXXHbl NOJAPOOHbIE SKCNepHMEeHTaJbHble CcBeje-
HHsi 06 OCOGEHHOCTAX TOH MM MHOH cHCTeMbl. PaccMoTpuM, Hamp-
Mep, NPAKTHYECKH BaXKHbIf C/lyyall — CMauMBaHHe Pa3JIHYHBIX TBEp-
JIBIX TeJ1 pacTBOPaMH BHICOKOMOJIEKYJIiPHBIX COeMHEHHH (T0JIMMepOB).
Bs3KocTh TAaKHX PacTBOPOB BO MHOrO pa3 GoJiblie, YeM y BOAbL H 2KH]I-
KHX METaJJIoB, a IJIaBHOE, — BfI3KOCTb B JIOBOJIbHO IUHPOKOM HH-
TepBajle CKOPOCTEHl TEUeHHsi He fBJISeTCsl NOCTOSIHHOH BeJHYHHOM.
[TonsiTHO, uTO AJA yNpaBJ/ieHHsl CMauHBaHHEM M pacTeKaHUeM B Ta-
KHX CHCTEMax HYXKHBI IOAPOOHBIE SKCIepHUMEHTaJbHBIE MCC/IeI0Ba-
Hus. IlepeueHb TeOpeTHYECKHX H 3KCIEDUMEHTANbHBIX MNpoGieM,
pellieHHe KOTOPhIX HeOOXOMMMO 1Jisi yT/yG/IeHHs] U PaCIUMPeHHs 3Ha-
HHE O MeXaHH3Me CMauMBaHMs M PAaCTEKaHHs, JOBOJbHO OOIUMpEH.
OnHako GOJBIIOE YHCJIO HepelleHHBIX MpobjeM H HX  CJOXHOCTDb
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Bcerja OBIM XOPOLIMM CTHMYJIOM JJISl NPOBENEHUS] HAYYHBIX HCCJIe-
JoBaHH#. Mbl y2Ke OTMEUAJIH, YTO B IIOC/EJHHE HECKOJBKO JIET YHCJIO
pabor, HanmpaBJIeHHbIX HA H3y4YeHHe CMAYHBAHHS, 3aMETHO BO3pOC-
J0. MoxKHO No3TOMY HafiesiThCs, UTO Y2Ke B OJIHKaHImMe Tofbl B 3TOM
obnacti ¢u3udeckofi XUMHH OYAYT NOJYy4YeHbl HOBLIe HHTepecHbIe
pesy/bTaThl, KOTOpBIE MO3BOJAAT OTBETHTb XOTS GbI Ha HEKOTOpGHIE,
ToKa ellle He BBHIACHEHHBIE BOIPOCHI.
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