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POWLIO SHAIOT, 4TO BEXHEHLIMMN 3NEMEHTAMN CTPYKTYPbI, OT KOTOPBIX. 8 3H2-
WKTENbHOM Mepe 38BMCUT KaUeCTBO MATeparnos, ABAAIOTCA BHYTPEHHME NO-
BEPXHOCTW D83Aena — rpaHuub! 3gper ¥ mexdasHble rpanuubl. flostomy B
nocnieane roAbl MHTEPeC K HUM uccnegoBateneit BHoBb Boapoc. IT0 suipa-

‘ JKABTCA B yBenuueHun umcna ny6nuKauuii, WpoKo# nporpamMme wccnepose-
Hwii, npunATtoi 8 CCCP, B ocHoBHOM, B pamiax Hayuvoro Cosera AHCCCP
"GuanKa, XUMHA U MEXaHMKA NOBEPXHOCTW'', NPOBEASHUK CepuK CemMuHapoB
n, Haxoweu | Bcecoioarnoi KoHtepeHUMN "[pannubi 3epe B meTannax”’
{oxTAGps 1983 r.). B pancHeitIem 9TH. KOH(epeHUMH NpeanonaraeTca cae-

- ABTH TPAANUMOHHBIMK. ' ‘
" FpaHuubt 38peH B KpueTannax — APKWiA npumep AMANBICTUHECKOFO BANHCT-
8a npomsononoxmocnﬁ. CoueraHue B CTPYKTYpe rpanvu 4eTKO BbIPE
JOHHBIX BMNEMEHTOB KPHCTANANYECKOTO nopaaKa ¢ HEYNOPAAONEHHOCTHIO
B pACTIONOMXeHUW aTOMOB, caofcTaeHHOR cKOpee WUAKOMY W amopchHOMY
COCTORHMIO, NPWBOANT K CYU oCTBAHHLIM OCOGEHHOCTAM TOPMOAMHAMN-
YOCKOTO OACBNMA. FPaHNLL ¥ KWHETUKW NPOUCXOAALWNX B HUX NpoUeccos.
310 — C OAHON CTOPOHbLI. A ¢ ApYroi, rpaHuubl 3epeH — Te INBMOHTBI CTPYK-
TYpbi MeTannos, Kotopsie 8 SHAUMTENbHO Mepe - ONpeRenAloT NPOMHOCTH
1 HAAGKHOCTH AsTaneit | KOHCTPY KUWA. . : ‘
 CneayeT NMOAYEPKHYTb, 4TO OCHOBHO® smnmuq";ﬁ@ﬁ&i : KHWUT, Bbillea-
wmux 3a nocneatue roas! (Opnos A.H., Nepese3seHues B.H., Puibun B.B.,
Koceeuu B.M., Vieenes B.M.; Manathuk f1.C., ®enaperko AM.) Geuno o6~
pawieHo Ha CTPYKTYPY rpaHuy 3epeH — o6nacTe HAywHOW AGATENLHOCTH,
- ROACTBATENbHO Pa3BMBAIOLLYIOCA HamGonee BLICTPO. TepMoAMHAMUYOCKUM
C8OIiCTBAM rPaHML 3epeH W KuHeTHKe npoueccos Ha rpaHuuax 6uino yae
NeHO rOPa3R0 MOHbLLE BHUMaHUA. YNOMAHYTHIO npo6nemb! o6cyxaanucy
B OCHOBHOM B 0630pax, BpeMA OT BpemMeHu NOABNABLINXCA Ha CTPaHNUax
HBYWHOMN NEPUOANKH. - ' o : _
_ Toutn coBepuieHHO He OTpaXeHs! B nUTepaType paBoTsi noO uccneao-
‘o saHMio ceaiicTs W npousccoB B GuxpucTannax, COASPKALUMX WHAMBHAYaND: .
' Hyo rpasuy C W38ECTHLIMKY FeOMaTPHYBCKUMM, KpucTtannorpadmuecki-
MU W XMMMYGCKMMM XBPBKTEpUCTUKAMA. tAccnepoBanne VHAMBHAYaNBHBIX
 FPaHMLL HECDABHEHHO CROXHE® METOAMYECKN, HO pesKo Boapacraiouwe Tpy-
J0BMKOCTD U ASMTENLHOCTL aKCnepumeHTa NonHoCTbIo oKynaloTcA nHtop-
MOLAOHHON  LUBHHOCTBIO NOAYYeHHbIX PE3YNLTETOB. Kax oxasanoch, CTa '
| TAMECKME N KWHETUHECKWE XapaKTePUCTUKM. UHAVBUAYANbHLIX TREHWL 36- . -
o pei CYWACTBEHHO OTAMUEIOTCR OT WHTErpanLHbIX, OMMCHIBAIOLIMX rpaHMuL -
B ’ ‘ B KoHrnomepave 3eped — nomxpucranne. Hawu ycnexv KaiK B NOHWME- -
‘ HMM . QM3MIKM FPAHML, TBK W B PassnTvi TalAX BAXHBIX NpUACKEHW, KaK
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Fnase I. ATOMHAA CT PYKTYPA BONLUWEYT NIOBbIX
FPAHUL 3EPEH

1. PA3BUTHUE NPEACTABIIEHWURA O CTPYKTYPE FPAHWLL, 3EPEH

U3 peex obnacreit hnsKHKM rpaHMu 3epen TEOpeTHYecKDe W IKCNEPUMEHTANLHOS UOCNE-
AOBARME CTPYKTYPbl FPBHUU Pa3BMBANUCL HaMGONE8 MHTEHCUBHO. 38 . OTHOCUTENRHO
KOPOTKOS. BPEMA CO3AAHL) (DOPMANLHAA rEOMETPUYECKAR TEODMA CTPYKTYPSI rparuy,
02 A6heKTOB, NEPECTPOBK CTPYKTYPLI, OTHBUAIOWMX PAANUUHLIM MPOUECCEM B rpauw
usx U Cc ux yuactmem. He yauBUTENLHO, 4TO MMEHHO 3TOMY pa3AGNY TeODPWM rptmu
MOCBAWEHO U HauGONbILee KONMYECTBO MOHOrpadwmit n cGopHukos. B uacmnmeﬂ KHN-
Te 8BBAGHMS AAHHOIrO pA3AeNa NPecneayeT abe uenu — KPaTKO O3HAKOMMTL YKNTATENA
C COBPOMEHHBIMM NPEACTABNBHUAMMW O CTPYKTYPS rpaHWY 36peH M aaTh xpa‘mnﬁ 06
30p paGoT B. 310/ 0GNACTH, BLINONHEHHLIX B NOcCneaHee spemn. 3a Gonee noapo Gk
MW CMPBBKAMM Mbi OTCLINGSM uYnTaTenn K MoHorpadmn A.H.Opnosa, B.H.Mepesesen-
uesa u B.B.PeGuna [1], B.M.Koceenya, B.M.Uesnesa, 11.C.Manathuka AN, Ooao-
perko [2] n kuure [ 3].

. B #CTOpPWMM pasBUTMA 'NPEACTaBNeHMIA O CTPYKTYpe GOnblleyrnosbix rpanuy 3epeH
s KPUCTANNAX 4€TKO NPOCMATPUBBIOTCR Aaa nepuoaa. Mepsuii xapakrtepen npeacras-
nenvem o Goneweyrnosoik rpaHMue seped Kak GecCTPYKTYpHOK amophdHoi oBnactw.
10T BIrNAA Ha CTPYKTYPY GONLIWGYrnoBOi rpavuubl aepwanca Gosnee nonysexa —
OT Teopun amopdHoro uementa (Posexraiiv, Bunbu, OcMOHA M Ap.), nepeoxnamaen-
HOA nmaxocu (Ke), Ao BaKeHCMOHHOR mosenM [xMBKWUHCE W CNUBUMXCA AASP AMC-
noxaunid 8 mogenu fln. Cioaa ke CReayeT OTHECTM W OCTPOBKOBLI8 MOABNH MOTTE M
Cmonyxosckoro. HecOMHEHHO® . AOCTOMHCTBO 3TMX Teopuit — cuauveckan NpPocTo-
Ta # BOIMOXHOCTL NPOCTBIX (PUINKO-XMMUHECKNX OUGHOK CBOHCTE rPaHWL — SHEPrkM,
ancopbuny, KOHUBHTPEUNM BAKAHCWIE U T.4.

Tax, 8 MOAENM FPEHMULI — NEPEOXNANKAGHHOM XNAKOCTH 3HBPrUA FPaHMUSL] onpe-
AENNETCA KaK CKPLITAR TENNOTA NNABNGHMA NPU COOTBETCTBYIOULEH TeMNEPaTYps Nnioc
ABe BHeprun paspena TBePAOS TENO — MXMAKOCTL. [INA CROA B TPH 8TOMHBIX Anametpa
3TA 3HEPIr¥MA OKA3LIBAOTCR POBHON 05 Dx/m?, wro npeacramnrerca pasymusim. Bos
MOXHOCTb CYWECTBOBAHUA ¥UAKOA NPOCNOAKK B TEEPAOM TENe BLITEKAST M3 YPaBHe-
ma Knaysnyca — Knaneiipoxa:

dT/dp = TAVA, )

rae A V — usmetieHne oGvema npu nnasnenwn; L — CKPLITER TENNOTE NNBBAGHWA.

N3 seipaxennn (1) cneayer, yto anna HOpPMansHeIX BLIECTE (0GbEM KOTOPRIX Npu
ANSBNEHUK YBENMIMBAETCA) COXPEHNTS MAKOCTD HUNE TEMNEPATYPL! NNABNEHUA MON-
HO, NPUAOKME K KOl “OTPUUATENBHOS' [ABENEHWE — BCBCTOPOHHUE PacTRrusaioiline
HaNPANXEHUA. 3TO COTNACYETCA C NPEACTABNEGHUAMM O HEANYWN B NOBEPXHOCTHBIX CROAX
PACTArMBAIOUIMX HANPRAXBHUI 1 O "' PLIXNOCTM” rPaHMUbI 38peH.

Mo Morty crpykryps. Gonu.upyrmloﬁ TPARNLLI 3TO . oc'rpomcu XOpOWero ComnpRe-
HWA DBLIETOK 38DEH, KOTOPHIS “MNABAIT" 8 MODE PESOPHEHTUPOBEHHOID marepuana.
Mopens Motra Guina cospava ann ONUCAHNA MNUTPAUWN TPBHUL 38PEH U 38PHOIrPaHUW-
HOrO NPOCKAans3LIBaHNA. KuHeTMKE 3THX Npoueccos ONPBASNASTCA NNABNEHNEM OCT-
POBKOB XOPOWBro CONPAXEHWA HA CTOPOHE rPaHuubl, NPUNEraloWwed K 3spHy ¢ Bone
Wei sHeprueit, W KPUCTANNUIBUMER X HE NPOTHBONONOXHOH CTOpoHe. TaKen asTanu-
3BUMA NOIBONAST CPA3Y HAHTH SHEPrMIO W SHTPONMIO MPOUECCS — ITO COOTBETCTBEH-
HO 'SHBPIUA W SHTPONUA NABBNEHUA, 8 BAMNCTBEHHLIR NAPEMETP — pasMep OCTPOBKOS.
Monene MoTTa. 480T WMpPOKWI NPOCTOP AnA- yTouHeHwid. Tak, JokiKUHC npeactas-
ARN Pa3YNOPRACHENHYIO OBNACTS KAK KOHUSHTPHPOBAHHLIA PECTEOD BEKSHCUN B KPUC-

-Tanne. B 3ToM cny4se 3HEPruA rpaNuuLl AONKHE GbiTh CBASANA C M3GHLITONHLIMA BAKSH-

CMAMK ¥ C ynpyrnmu AshOPMEUMAMK, CONPOBOXAAIOWNMH OCTPOBKH xopouwero cof-.
prxeun. OusHKY ASI0T ANA pasMepa ocTposkos — 5—10 aTomos. -
Mo Cmonyxoscromy MaNOYrnoBbLIe 4HETO AACNOKAUMOHHLIE FPBHMLLI NNBBNO Nepe-

7.
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o
, i Type rpaHuL NeXUT TaK H
- WeHHBIX NPEACTABNEHWA O CTRYIKTYDS «nac-
B ocnose ,'ee: mK cosnanatoumx yanos (PCY), kotopan ::c?‘::“;;o e
BB e poHGapra u Yuncona (1949 r.). B sToil ‘.’Ba‘m)a n:;w“pex paso-
- caueckolt pe fpW ONPeaBNeHHsIX ‘(0cO6bix MW CREuManbHLIX T an40
m&?éuq?mm KPHCTENNE OTHOCHTANLHO Apvmf:w":::";“g:‘oa pw mnm' nuec-
: HUX MONOT COBMaAaTH C NOMO oAy 1o
Koi peleTI op.g:or:ou:'p“ 3T0M APUHUMABTCA, YTO rpanvua, nmsegﬂe:rﬂgy:;?ﬁﬂa_
g o ot
KTYPOil, NEPMOA KOTO : ocoBbImMu,
navs womm:ﬁ:iuwvxxm'ma. Taxsa rpaHvuua ApRXKHE :gﬁ?tzae::nmux cne.
z?:';:':::” CBOWCTBAMY, PE3KO OTNVUBIOLMMH ee z:'erga“::::au ONMCAHMA CTPYKTY
EH? . B panbHeitlem 8Ce COBPOMEHHE CTOW KOH-
uuan:pr;o&: m:n?%smu BHICTPOGHSI HA OCHOBE 3TOW, CPABHATORLHO NPO
‘Pl »
¢ 4 1e, nposeaeH-
uen;mn. SpWMEHTBI, HIHE Y)KE BECbMa pasHogGpasHsie U -MH:MI'O:;::::::I 3 ::cmm“_
: K outibiX, CTROTO 3J8RSHHBIX KPUCTannorpaguueck rf eKpACHO NOATBEPH-
Hoie Ha OANG WTepeane NABPBMETPOB PBIOPHEHTUPOBKM 3BpEeH nPK p:-oeprau Yunco-
m“.wm?c:.n:mt:p:::omemé HUCTO FEOMETPHUECKON KOHuen:::luxp?apeAmsndnuﬁ o
oo gt i paBoTbl HEUMHBETCA BTOPOW NepHoA B "“9""; u Teopum KpowGepra
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“m"u' T cn::oﬁ;a"omn ALMA MO BPBMeHN, NBPHOA HA3BATL reom :,Te::'r:a‘:\euuu o
fea coB BMB‘I:lb;e Mosenn CTPYKTYPl FpaHuuy Gasupyiorcs 260?1 He amopdHYI0
B p:mua sepeH nan MexcpasHaR rpannus npeacra R yeckoe” 06paoBa-
oot “Jﬁo rp.eou.\ecma MEXAy ABYMA Kpuctannamm, a 'KPMCTB""':MM O GnanaeT YR-
:::q:ho'-‘zmnyer oA 3TAM noHumaTe? Tpenas Bcero 1:;.0!'0 rp:,npeaennefm' ke
'pg“;““mﬁ' NepHOAKYECKO CTWKWB‘:“'mﬁ;?(p:: lopuc-ranmnoa WO NBPHORWIHOCTb
v yTpaMu  0Bpedy! . \ K-
“""""321%"1"3&2?:’232% 48 FPaHAUS OTAMYSIOTCA OT COOTBETCTBYIOUMX XEPAIC:
:pu"" ""1 KPMCTAANOB, NEXAUMX NO 088 CTOPOH! orurpenuuu,-bl casnena npeACTaBARET
rm ETPWIEGKAR TOOPWA CTRYKTYPH BMYTREHHEA rRamnitel BSCl b, CP oo
" ULl C MOMOWBIO Y6PEAOBEHWA Y4acTKos X p%ena ¢ “xopowero”’
wpww::mi?apa‘unmx KPWCTBNNOB, COCTEBNRIOUMX FPAHMLLY. :
cOrnaco | pew ; o

_uwe n Hecoenasaowme) obpasyior XapaKTepHulii - y3op. OaHy us pew

/COXPBHUTCA, 'HO COBNAABIOWMMM CTAHYT APYrWe ysnbl, a

.Nepuoa nonwuoit pewern HABNOXeHUH, OUEBHANO,

{

COrI8COBAHMA NPEACTaBNAINT co6oi  yvac

TKHM, FAG HB rPAHKUE AOCTUIAaTCA YACTUWHOS
COOTBETCTBYE POLUETOK MEXAY CO6oit. sl

Y4acTku “nnoxoro’ coOTBETCTBUA NPEACTEBNRAIOT coBou RUHONHBIC 26K ThI, UMEKO-

ume xapakrtep AMCNOKAUWA unu ycTynos. YuacTku XOPOWero ¥ NAOXOro COOTBETCTBUA -

Ha rpanMue ONUCHLIBAKNTCA CNOMOWLIO peweTiy cosnaagioumx yanos (PCY) v rionvon

pewerky Hanomenwit (MPH) u pewetku sepHorpannunsix casuros (P3C) . Octanosnmcn

Gonee noapo6HO Ha 3TMX MOZAERAX CTPYKTYpbI. .

2. PEWIETKA COB_“AAAIONMX y3nos (Pcy)

Mycre Gukpactann, conepwawmit rpannuy 3epeH, 06pasoean ABYMRA ‘Kpucrannuuec . -
© KM pewetkamn L, u L,, passepHyTLIMW OAHE OTHOCUTENbHO Apyroit Ha yrom p,

8 NNOCKOCTL FPBHNULI B GUKPUCTANNE ONPEAGRAGTCA HOPMANLIO N. Toraa npu onpepe-
NeHHBIX SHAYEHMAX YINE PAa3BOPOTA ¢, KK YXKE OTMEYANOCH BLILIE, Y3CTL Y3N08 pPelus-
Tok L, u L, 6yasT coenapate. Takue yriel @ W cOOTBETCTBYIOWME rpasmiibl 3epeH
Ha3pIBAaT CcnNeumManbHb Mu. OBGLEMHYIO RONI0 COBNAJAIWMX Y3NOB B ORHON
u3 pewerox L, n L, npnHATo oBo3navats I-!. 3uavenue I, ouesuaHo, PaBHO. OTHO-
wenwio o6vema anemenTapHoit Aueliku PCY k atomHomy o6bemy. Yem mesbwe T,
TéM KOpoYe NepuoR NOBTOPABMOCTM B MNOCKOCTU rpaHugbl W, CNeAOBATENLHO, Bbilue
€0 YNOPAAOYSHHOCTL. PasopmeHTMPOBKY, OTBEYAIOLIME HU3KMM T, HA3bIBAIOT Cneunans-
HbiMW MOTOMY, Y4T0 CBOWCTRA COOTBETCTBYIOWMX PaHULL CUNLHO OTIIMYAIOTCA OT CBOHCTE
" TAK HB3bIBAGMbLIX rPAHWY OGLLErD TMNA, C YINBMM PA30PHBHTUPOBKH, 'AINEKUMW OT
- cneunanuHeix. Crieumanshsie rpaHnubl 06nanaicT GoNes HW3KUM NOBEPXHOCTHBIM Ha-
TANKBHUEM, HUSKWMM BKTUBALMOHHLIMA TIAPBMETPAEMN (IHEPryA aKTUBALMMK, SHTPOMKA
GKTHBAUMM N BKTUBAUMOHHBLIA 06beM) murpauun [ 4, 5] ¥ BpICOKMMKU aKTMBAUNOHHBI-
MY NEpaMeTpaMun norpaHnyHon mdxpyswn [ 6, 7). . ]
- 1C reoMeTPMYECKON TOYKM 3PEHMA CNEUMANLHLIMM MOKHO CUMTATL rpaHniel ¢ KaK -
yropHo Gonswmumu (MO onpeaenenHbiMu anaueHuamn . OgHaxo n3anvecKn cneunans-
HbIMM MOXHO CUMTATD NULUL CPaHMUbLI, CBOWCTBA -KOTOPbIX POANLHO OTAWYAIOTCA OT
rpeHuy obwero TMna. OYeBMAHO, YTO NpPK AOCTATONHO GONBWMX. I NEPMOSUNHOCTD, Mpa-
Mnupl Gyaet yxe odeHb cnabo enuATh Ha ee caolictea. O pasymHoN B86NMYMHE BEpX-
HeW. FpaHnLsl T HeT 6AMHOTO MHEHMA. T10-BMAMMOMY, OHA 38BUCAT OT TEMNEPaTYPbI MPO-
BOAMMOTO 3KCMOPUMENTA, XaPAKTEPUCTHIS MCCNEAYEMOrO BOILECTRA W T.A. .
Cnoco6 avennTuseckors noctpoenua PCY 6uin npeanoxen Mpummepom [9]. Mepe-
YeHb CTIGUMANBHLIX YTNIOB PA3OPMBHTMPOBKK ANA Kybuuecknx peweroxk npu T < 50
MOXXHO HaiiTH B OpuTnHansHoi paboTe [ 10] u monorpatdmn [ 1]. . '
C NOMOWBIO NPEACTABNEHNA O PEWeTKAX COBNAAMOLIAX YINOB MONHO knacoudu- -
UMpoOBATH Crieguansibie rpaHuupl. CUY MM ETPUNHLIMY HE3bLIBAWTEA CNO-

KHanbHble FpaHul b, npoxoaAawwuwe no TIIIOQKO‘CTRM CHMMET

pun PCY. Mpannus, COAEPKBLUME (KPOME COBMAARIOWIMX

Hecosnaaaowme yanel pe-
man,uL,,,muaa'oTcn HECUMMETPUNHBIMMN. PR

3.NOMHAR PEWETKA HATIOKEHUA (NPH) - - B

Ecnw PACCMOTPETL HANDXEHWE ABYX B3BUMHO MPOHNKAIWMX PELETOK L,
BapHYTLIX HB CGUMANLHLIAI YIrON v, TO OKAXETCA, YTD yinsl sTUX peluetox (coBnaaaio:
OTOK " MOMNO .
4TO 3TOT XBPAKTEPHMIN Y0P
, yanel, NpeXXAe CORNAABBILNGE, '
Pa3nenATCA. JnemeHTapHbIe BEKTOPb! TPBHCNAUMA, KOTOpLIE COXPAHRIOT Y3OP HON3I-
MOHHLIM, 06PA3YIOT TaK HASLIBAGMYI0 NO A HY K P8 W 8 T K Y HEROXeHUR
{NPH)- (displacement shift complete lattice — DSC — B aurnuiickoil TepmuHonorum) .

_ MEHBLWE, YeM fIBPHOA PeLeTOK
1+ ¥ Ly, 8 Takke nepwon PCY. Kak PCY, Tak u pewerkn L, n L,, nahnorcn noape-

CMECTUTH MO OTHOWEHNIO K peweTKe L, Takum oBpasom,

o

# L, pay- ]
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Hbl® TOUKK —
) :{ ‘—‘-, UCXOAHOB NONOXEHUE PeLUeTOK, 6 — nocne casura L,
Tunach He sexTop d'; 8 —pannua A8 mexay Link,

Y ; HbIE NMHMW — CABABY NnocKocTed TIPH:
e oeTOR: - N0Ge ¢ we seKTop Ar =d; PCY cmec-

' # peweTKkn HanowaHwi.
. eayeT w3 crnocoba NOCTPOBHUR MONHO n
gg::;m; n:ntmm;‘ogymoﬁxu MPH camsan c o6vemom V, sneuennpnqu AYSI KN

peiueTiku L, COOTHOWBHNEM [10]:
Y el ' HOLLIGHNEM:
O6sem anemenTapHoil aueiiku PCY censan c o6vemom V; cooT : o
V. =1LV,
chemumnmo, o6bembl IneMeHTapHeix nueek PCY w nePH nannpmé;n”:;:u';:
o6patHeiMu. Bonee Toro, anA KYGMUOCKAX PQILETOK PBLIBTKH fPH .:’ POy nen
06paTHel MK. VX CTPYKTYPHBIE MBTPHUN! Sp ¥ Sp YAOBNETBOPAIOT COOT! :
A 4 v
§5,=1.

- wan matpuua [ 10]. ) '
m‘Hln p:l‘::.m‘r “[1] nao%:nmono HENoXeHNe NPOCTbIX nyﬁuuacmx“peworotz r:;lcn s; .,l;: '
noBepHYTIX Ha OAMH W3 cneunankHeix yrnos ¢, a takxe PCY u MPH ann 2

(2)

(4)

4. PEWETKA 3EPHOTPAHUMHBIX CABUIOB {P3C})

' KOCTH rpanuubl B
envu peweTku TMPH He yunTBIBAETCA NONOXEHKE fNOC
:"p:wnomctp:‘ ‘Po:»:ma NPH onpspennAeTcA Nulis napaue'rpem:n T::u?:“wfc :::
cnn' K 36pHOT :
Tl OMKpW na. Mexcay Tem, ANA aHanNW3a NepecTpoe e e —
r Wros 8 NAOCKOCTH PSHUULI i MWFPBUMK rpa
:.om;p:"u‘:::; :‘:'ndmanuﬁ HeAOCTaTOUHO. AnA 3Toro Obina co3faHa TaK uawuom!:
padurka SePHOrpPaEAHNUYHBIX CABUTOBR (P3C) [1_1,12].500(1:;:
STON BCNOMOTETEALHON PEOWETKW ONPeAenRIOTCA NONOXEeHNEM MAOCKOCTH T::o :o '.
OH¥ ABNAIOTCA NPOBKUMAMW BEKTOPOB CABWIOB B peumEKaa; l’.‘;‘o :Kl;:; :l::. :“ i
! on
. {IPH Ha NNOCKOCTM, NAPANNENLHBIE NNOCKOCTH rpaHKUBI. B e newse™
NBASET C NAOTHOYIAKOBAHHOH NNIOCKOCTLIO PCY, 7o pewerxa :
Ko#h I"'IPcH nBo u;x OCTaNbHLIX CRYHSAX NEpUoA peu;a;gna P3C meHblue, YeM NEPHoA
H, » pewetka MNPH ABAABTCA NOAPBLISTKO .
p.mﬂ'::‘ugrmu:tle pewerku MPH u P3C nossonnrioT aHanu3auposaTth MCK!’:::
CTPYKTYPY rpsHuusl. TaK, 8 4aCTHOCTH, BEKTOPS Bpprzpzpr:::mu::lo):‘ ?Ig:rn oy
1. BLIPEXBIOTCA YEPe3 InemeHTapHuie B8O
“m;'l::uc:: K;:l:nmx F’r:PH u P3C HaMHOIo MeHbiue nepuons xpucnnnuuocnm; pc:::‘e;
vox L, » L,. BosnukseT BONPOC, UmeeT Nu DUINUBCKHA CMBICTT NPHMEHEHN

10.

"menkux” pewerok? B pabote [8] npeanaraerca PA3YMHbIA DMIMUECKNii KpuTepui
npuMeHeHuA TaKkux mopenei. Npeanonarserca, yto pewerku MPH u P3C umenT tn-
MYBCKUIA CMBICH, T.0. IHOPreTMUECKNIA penbed Ha rpaHuue AGHACTBMTENLHO MMeeT ne-
puoanunocts NMPH n P3C nuwb B ToM: cnyuse, eciv aMnanTyna TeNnoBsbix «oneGanmit
8TOMOB He NPeBsILIAET NEPHOAA 3THX BCROMOraTensHLIX PEWeToK. B npoTwaHom cny-
488 MCONbIOBAHWE BCMOMOTATENLHLIX PEJLBTOK HE UMEET (U3NYECKOro CMbicna. Ove-
BUAHO, 4TO nepuon pewetku MPH ¥em menbiwe, vem Gonble I, a NEPUOA PBLIBTKM
P3C ~ ewe v KpoMe TOro — uem GONLWE Yron & OTKNOHEHUA NIOCKOCTH pasuLLl oT
nnoTHoynakosaunoit nnockocty PCY. Taknm 06pasom, yem HWXe Temhepatypa skc
nepumenTa {r.e. YeM HWXKE rOMONOIMUBCKAR TOMNEpaTypa T/Typ ANA 48HHOTO MaTe-
puana, rae T, — TeMNEPaTYpPa MNBBNEHWAR), ToM BLILE AOMNYCTUMbIE 3HAYEHUA L u @
(14]. 3va TouKa 3peHnA NOATBEPXASETCA M IKCnepumeHTansHo [ 13]. MNpu noHmkexnnu
TeMNBPaTYpL! cneuuantHeie CBOHCTBA NPOABARIOTCA y Bce GOMLIWErO YWCNa rpaHuy.

5. HYNb-PEWETKA

Kaxk ywe 0TMewanocs, 6ONLLWKMHCTBO rpaHUL COCTOMT M3 YEPeAYIOWM XCA YHECTKOB XO-
POWEr0 COOTBETCTBMA, KOTOPO® ONUCHLIBAETCA gpaazmax moaenn PCY, mexay koto-
PhiMW HEXOAATCR YYBCTKW NAOXOr0 COOTBETCTBUA BUCROKAUMM WU ycTynsl. [eomer-
PHI0  AMCNOKAUMOHHLIX CBTOK MNM DAAOB ANA AAHHOW Manoyrnosoil MaW Gonvlweyr
NOBOMA rPBHUUBI MOXKHO ONPERENINTE C NOMOLLLIO METOAA TAK Ha3bIBAEMBIX Hyne-pewe-
Tok, paspabotanHoro Bonnmarom. Hyne-pewerks oGpasyerca COBOKYNHOCTMO TOYOK,
49pe3 KOTOPbIe MOXHO NPOBECTU OCL NOBOPOTS , NEPEBOAALISTO pewieTKy L, B pewer-
Ky L,. HynepeweTtka cOCTOMT M3 BCEX TAK HASLIBAGMbIX 3KBUBBASHTHBIX NOIMUMHA
B KpMCTaNAe, KOTOPbLIE NEPEBOAATCR OAHE B APYTYI0 NPY NOBOPOTE P. IV ""IKBUBANEHT-
HbI@ NO3KUNNK’’ HE OBA3ATENBHO COBNAAAIT C Yanamu peweTiky. Takum o6pasom, pewer-
K@ COBNAARIOWMX YIIOB — YACTNBIA CRyuait HYN b-PeLIeTKH.

Hynw-pewetka cywectayer npu nwobuix 3HaueHMAX . OaHaKo npu CNeUVANbHLIX
Yrnax passopoTé B 'HEKOTOPLIX US YINOB HWyNb-PeLIeTKU NEXAT OAHOBPEMEHHO Y3nb)
L, n L, pewerkn — comnagaoume yansi. Ecnu PACCMATPMBATL MBNOYINOBYIO IPaHU-
Uy, TO pPACNONONEHNN® HYNL-yINOB B NNOCKOCTU MANOYINOBOW rpaNuubli OnpeanenneT
FEOMOTPMIO COTIKM AMCAOKBUMIA, U3 KOTOPLIX COCTONT TaKEA rpanvua. Tak, AnA rpaxun-
Ubl HAKNOHA YINbi HYN-PELIETKY BbIPOXKARIOTCA B IMHAN, NAPANNEN bHLIe OCH NOBOPOTA.

Fpaknubs ¢ yrnom pasopuertposkn, GANIKUM K CNEUMBNBHOMY, COCTOAT M3 yuacT-

KOB XOPOWEro COOTBOTCTBUA, CTPYKTYPE KOTOPSIX 8HANOFUYHA CTPYKTYpe cneuuasns
HOR rpEMVULI, PB3ABNEHHBIX CBTKON AMcnoKauwi. ['eOMETPHA 3TOA COTKW AMCOKAUME

ONPeAeNAGTCA BTOPWUHON HYnb-peweTkoil [ 1]. Mpnu sTom pons yrna ¥ Npu nocrpoexnu
BTOPUYHOR HYNb-POLLBTKU UIPaeT yron Ay = ¢ — vj- 3necy ¢; — cneumnansHeiit yron
PEIOPUSHTUPOBKHK. - )
3epHorpannuHsie NMHEAHLIe AeIEKTHI, O KOTOPLIX YK HE Pas YNo MUHENOCS, MOTYyT
AMBTH PASNUUHEIA xapeKTep. Kaxk Npasuno, negeKTsi ANCIOKEUMOHHOMO TMNA, BEKTOD
Bloprepcs KOTOpPsIX MeHble BeKTopa Bioprepca peweTouHsIx ANCAOKAUKA, CBRIBHLI

| € 38PHOrPAaHWUHBIM YCTYNOM. OAHEKO MOrYT CYLLECTBOBATH KK YCTbIe ycTynsl, nonn

HANPXEHNI | BOING KO TOPLIX NpeHebpexxMO Manbl, TaK 1 AeeKThI WACTO AuCNOoiKa-

cragnaowme cobo MEMEHTL! PABHOBECHOH CTPYKTYPLI FPBMULLLI, PACTIONOMWEHbL! TK, )

/- 4TOGNI CBA3AHHEA C HAMM YNPYraA SHEPIUA W, B KOHEYHOM cvere, NOBEpPXHOGTHO® Ha-

TRAXOHIE BCE! rpaHUUbL! GoINN MuHUManbHLI. OAHBKO HE FPAHUUEX MOPYT COASPMETLCA
H. 3NOMEHTLI HEPEBHOBECHON CTPYKTYPb: MHAMBMAYANLHLIE 38PHOTDEHWYHBIE ANCNOKE-
AN, 36DHOTPEHUYHEIE AKCIIOKAUUK, BOAMMKIIMEG ' 8 PO3YNLTATE NOrNOWEHUA W AnC-
AOKAUNM PEWBTOUHLIX AMCAOKAUMS U T.4.
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*AHBNOrMYHbLIM 06pPa30M MOXKHO
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1Y = AN,
X Pem::'m L, n L, onpeaennioT HOBYIO MPH-pewerky — MNPH- 2I'II:1!:- 1coovﬂr;o~|:eur:::
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Pe3yfLTaTe PENaKcauMu, CBASAHHO c Tem, Y ' ro’co e O e vaat.
OAHE C APYTON, rpanmua 6yasT COCTORTH M3 yHaCTKOB XOpOLWe! Kot yaann
e npeacrasnmi’ coGOM AMCAOKAUMN HECOOTBETCTBUA. ol Vi
::-:1 ::;\o:n:;mﬂm:eeoorswmnn onpepenAeTcA HYNb-PeLIeTKOR, noctp:eu:;co:onn;
'HEpPanaKcMPOBAHHBIX pewerkax MPH-1'w NPH-2. Kak xopoio auano n3 pu

WMBLIYIOGR [PEHALY MOXHO PACCMATPUBATHL Kak HEKOTBPEHTHYIO' FPAHNLY MEKAY pe- ‘

werkamw MPH-1 » NPH-2.

Puc. 2. Buibop ‘M, n M, ana nocTpoe
HKA MeX(Pa3HbIX FPEHUL Pa3aens mex-
Ay peweTikKamy 1 n 2. MNokaaghs! TaKxe
pewerku 7', 2 w MPH-1, NPH-2 [191
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. Puc. 3. Mexdaanen rpanmus, o6pasosaHan peiuetkamu 7 u 2 (daser 7 n 2), uso6pe-
MOHHBLIMK HA pHC. 2. Pacctonnne mexay 3r/ onpeaanferca O-peweTkod, o6pasosan-
' Ho# pewerkamu. lIPH-1 u MPH-2. B sepxHen yactu pucyHka u306paxeHsl sexTopa cTy-
. neHedR 8y, , §; ¥ BEKTOP Bioprepca 3Ir-uin

‘ '. eponuysl

B pamkax Taxod 060GWEHHOR MOAenW aunuo 4vo rpannua MEXAY KpucTannamu
€ PaannuHoli CYPYKTYPOR, ABXE NPW CaMBIX “'CNEUMENbHEIX’ PEIOPUBHTAUMAX, Heripe
MBHHO CORGPMUT MACNOKAUMK HECOOTBETCTBMA, KOTOPbI@ MOXHO NOCTPONTL € NOMOLLLBIO
metoaa Sonnmana. XOTR MexAy pelieTKamm L, v L, HeT NONHOTO COOTBETCTBUR, MOX-
MO nocrpoun CPBAHICIO, YNPYFo ABOPMUPOBAHHYI0 POWETKY M, KOTOPYIO MOMHO
Ha3saTs “athbexMBHOR"  peweTkoi cosnagsowmx yanos. Toraa AnA 0606LEHHOrO
CAy4an TOX@ MOXHO ONpeasnuTL 3HaYeHMe I, K&K W ANA rpaMwvy Jeped. Oanako Te-
neps 3TO- 3HdueHwe AnA kpuctannos L, u L, 6ypst pasnuuneim. Tak, anm pelwertok
L, v L,, n30oGpaxetHbIX HA PHC. 2, 3T 3HAYEHWA COCTABNAIOT, COOTBOTCTBENHO, =
=3un Z, =4.B pabote [ 15] NpUBOAATCA PACCHNTAHHBIO 3HAYEGHWA Z, u Z,, a Takme
crpyK'rypnue maTpuusl ann pewetok (IPH-1 u MPH-2 anAa KyGuwecko# (Ni, Al) u
opropombuueckoit pewertok (Ni, Nb) .

NpeanoxenHan BonHe n QiopaHom oGo6wennan moaens PCY-[IPH yxe nossonuna
8 PRAB NPAKTUMECKM BAXKHLIX CNy4aes NPOAHANU3WPOBATh CTPYKTYPY MexdasHbix u
MENIBPEHHBIX Fparmy.

OaHNM #3 CYWecTBEHHBLIX ycnexos 000GWEHHOW Moaenw cneayer cuivath onuce
me rPEHAL MBXAY F.U.K. ¥ O.8.K. PELIETKAMM, B YBCTHOCTHA, B TAKUX NPAKTUMECKH
[BOXHBIX CRYuaAX, KaK Mexdasnbie rpaHuubl B NATYHAX U cTanAx. B amx cuctemax
bm vacTo HaGNIORANT MedasHbie rpaHULbl, NPU OPUEHTELUMOHHOM COOTHOLUGHNN
“thes, xorpa nnockocT (111) r.u.k. peweTkw nemaT napannensHo-nnockoctam (110)
7OM.K. pewertku. Mpu 3tom nnockocts rpaHuibl TOWE 6NM3KAa K OPUBHTAWARM 3THX

0CKOCTeH. OPUEHTAUMOHHO® COQTHOLIBHWE MEAY peme'rkamu 06biyHO OnNucbiBaeT-
-pasopusHTaumeii Hucuamu -- Bacoepmana [1101 [011]o w.x. W Kypatomo-

—~ 3akca [0‘|1]|.u K. ] [111]o u. K Pesynna'ru aHann3a aTMX OPUEH TBUNOHHBIX
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THOWEHMIA ANA NATYHM W CTanu {sexTope! Bloprepcs nucnox::uﬁ 8 NPH-pewertke,
“mcuue B8EKTOPHI PCY-peluetoK) paccMoTpeHb! B paBotax [ 16—-18]. @:an —
“;.1‘~Mongnb Bowre ¥ JLOPEHE NPUMEHANK TAKXE ANA ONUCBHARA n(aem ) st
“ K. = T.Ny. 8 xoGansre [ 19, 20], rpaHKubl MEXAY TMTaHOM r.ny.) nr Apur
A .;’ € ru.K. peWweTKon [19]. Kpome TOFO, OHE NOJBONAST ONUCATH CTPYKTYPY pﬂ:
' "“‘»"',' HEKYGMYECKUX MaTepuanax. OTAenbHLIS NONBITKA ONUCANWA TBKWX MPaHKL, Han
ﬁ:::,.p, 8 rexéaroHanbHelX METANNAxX, ABNANUCL W PaHble. Taxkue rpuuuuu":nq:m:
' HO3MBATH rpaHnuamu GNU3KOro COTpPRXEHURA. Ho ecnun parblue pacCMaTPUBAN iy
rpaHuubl ¢ I, = I,, TO HOBSR MOAEND NOZBONAET, B NPUHUMNE, ONKUCETL U ADY

wausi ¢ £y # Z,. -

" 7. MOLENYN CTPYKTYPHBIX EAWHMLL, NOAWUIAPOB,
MCK?IHHALWIG ¥ CONPATAIOWNXCA NIOCKOCTEA

MMCEHNAR CTPYKTYPhl FPaHMU, O KOTOPbIX coobuianocs Bbiwe, OCHOBaHbI Ha
?::::S;:ecxom nonxg:p. chonnuhu napaMeTpaMK TAKNX MOAENEH RBAAIOTCA CTPYK-
TYpe COCTABMRIOWIMX FPAHKULY KPUCTANNos U NapameTpel passopoTa 3Mx Kpugmnno:
0 OTHOWEHMO K rpaHnue. TeoMeTpuuecKus MOABNM, XOPOLUO ORNCLIBAA Habnmoga
MYI0 AeeKTHYIO CTPYKTYPY FPaHMU, TONbKO 0GLACHAINT 0. 3TN MoAeNn e conepmt
CaMW NO Ce68 IHEPreTMHECKOrO KPUTEPHA or6opa, KOTOPbLIX NoIBONKA Gbi HA KX ocn:
B6 TOUHO N PBACKA33Th AeheKTHYIO CTPYKTYPY rpsHiu pasnena. 'Mccnoaona b
peansHyI0, PeNaKcUPOBBHHYIO CTPYKTYRY rpaHAL NO3BONAIOT MBLWNNHLIG sxcncpumo;
Tol’, B XOA® KOTOPGIX MOABNUPYETCA CTPYKTYPS FpaHVULl HE ocrose Kaxoro-nubo

8CKOr0 KPUTEPHA. . )
suegr.':fup:mm’ 8 ‘r’axmp: WUCCNAOBAHUA CTPYKTYPbl FPaHWL C NOMOLLLIO nonoqgﬁ uon‘-’
" 1O MMKPOCKONWM ¥ 3N8K TROKHOW MMKPOCKONYUY NOJBONNUAN COSABTL APYTON “A3kIK’
A ONNCaHWA CTPYK TYPb! FPpBHAU. N .
o Opuum n3 cn?:zoﬁoa OMUCAHUA CTPYKTYED! BHYTPBHHUX. rpgunu pasaena Ges np;:-
NeusHMA BCMOMOTATENbHBIX PELIETOK RBARETCA MOABAL CTPYKTYPHLIX eauluu. ;
moaens yaoGHa Anm onucaHnA NioGsix rpaHMu: Kak cneunanbHbix, TAK ¥ rpawig o
wero mna. Ha cneunancHoli rpannue CTPYKTYPHOR 8AMHNUGHR MOXHO uaaaf; e
MEHT WS HECKONbKMX aTOMOS, NePUOAKYECKHU NOBTOPAIOWWACA Ha rpaHvue. Taium
NEMEHTOM MOXET GhiTh, HENPUMED, rPYNNa aTOMOB, PACNONOXKEHHaR MEXAY mymz
coceaHMMM cosnaaaioutmu yanamu [21]. CTpyKTYpYy rpaHwu, C Yriom pnppuen'm
POBKH, NONBUINM MEXAY YFNéMu Pa30PUEHTMPOBKM ANM ABYX CNBUMaNbHLIX rpaHku,
MOXHO NPeACTasMTL 8 Buae HaGopa nnn ""pacTeOpR”’ CTPYKTYPHEIX eantnu ABYX ‘mnou:
¥3 KOTOPBIX MOCTPOBHHI GNUKBALING CNEUMBnbHLI® MPaHNLLI. 371a naen Geina peannao
sana B pAae moaeneit [ 22, 24]; wua nux pabora A.N.Poirt6ypaa [ 24] npeacresnmeTcn
HanGonee coBeplieHHOW. PaccmarpneseTca rpaduua ¢ pasopueumposxoﬂg (¥), npome-
KYTOUMOA MEXKAY ABYMA CNEunanbHbiMn PAIOPUBHTUPOBIKAMM ¢, U ¥2i CTPYKTYPa ee
npeAcTasnmeT COGOA 48peAOBEHNE YHBCTKO® (cpacetox) cocepmux creunansHeix Fpe-
. HUW.  OHEPrUm TAKOW TpaHWUL ONPEAENABTCA NoBsepxHOCTHON aHeprueii € (p) MUKpo-
CKONMYECKM OAHOPOAHON rpaHMULY, YNPYro# aHepruen (Eyngl Muxponckamuﬁ,_
BOBHWKBIOWHX BOAN3M rPaHNLBI H3-38 HEOAHOPOAHOCTH U, HAKOHEU, 4TO BBCLMA cyu;u'cf:
BEHHO, BHEPrMi, CBA3AHHOA C OGNACTAMA Nepexoas Mexay daceTamu {alwe)?):

L A
E® = '21[__{_ felpix) + a(Woildx + E (o 0)); (8)

Ch X — KOOPAMHATA BAON FPAHNLLL! TPOTANEHHOCTbIO 2 L. ~ .
‘?E:nu sasu:::ocn e(p) onucbiBaeTCA KpMBOH ¢ MaKcuMyMoMm (8 TO, uTO 3T0 mﬁg-r-
" BMTENLHO TBK, NOATBEPWAAETCA IKCNBPUMENTAMM NO MIMBPBHWIO OPUEHTBUMOHHOR 3a-
BACHMOCTU MOBEPXHOCTHOrO HATRXEHWA rPAHUL HaKNOWa [11), ssipaxenve (8) non-
HOCTMIO BHANOTMNHO BLIDEXEHNIO ANA CBOGOAHOH 3HEPrUK PAcnaAaloWeroc Crnaea.

¥

|
4

"Takum . 0Bpasom, rpaHULE ¢ HEKOTOPOW NPOMEXYTOUHON (MEXAY CReuManbHbIMK)
PasopMBHTUPOBKOA MONKET PACNACTLCA Ha HU3KOIHapreTueckue daceTku, noaobHo
TOMY, K8K OAHOPOAHIA CNNas — Ha CNOM C KOHUGHTPAUMAMY, OTBOUBIOUINMIA MUHK-
Mymem csoGoanoit aHeprun. epMoaMYHOCTL. YOPEROBAaHUA (DECeTOK MHUHUMUIMPYET
Heprvio rpaHnusl, B Tex cnyuanx, Koraa onepauma MuHMMUsauMK ymnkuuw ¢ SE/ON
BO3MOXHA (T.6. BAAAM OT CNOUMBNLHLIX OPHOHTAUMA, NOCKONLKY BONN3IM HMX pasMep
aceTKM COCBAHBN CNBUMANLHOW OPUEHTAUMW. CTDEMMUTCA K HYNIO) , OHA A8eT paBHOBEC
HEIA NEPUOA W DaBHOBECHYIO 3HEPIMIO £,. pACNABILGIACA rPaHNULI KAK PE3YNLTAT KOH-
KYPOHUMK MEXAY IHEpruei MckameHnwih s6av3u rpaHMubl, KOTOPEA TEM MEHsle, Yyem
MeHuwe nepuoa H,, n aueprveii nepexoaHoi oBnacTn, 0GPATHO NPOMNOPUMOHEN bHOI
SHAYGHMIO 3TOFO NEPHOAS. JHEPrMA TPaHWUL! KEK (YHKUMR PA3OPHEHTMPOBKKU W =
= (v — ¢, } /g, —p,) onncuiBaeTcR BoIDANEHNEM

Eglw) = ¢, + le; — )w + AE (W) = ¢, (e, — ¢ ) +
ohlag)? 2flw) 12
4n{1—v) ¢ n? > ©

rae AE, (W) — NPOBLILBHHUE IHEPrUK HAA SAAMTHBHOK CYMMOW 3HEpruv (aceTox
CReUManbHbLIX FPaHUU; €, W €, — SHePruM o.nuopg&noﬁ FPAHUILL] B CIBUUANBHLIX OPUBH-

TAUMAX @, M ¢, coOTBETCTBEHHO; flw) = -2 [ (rw — Y)In(2siny)d Y. E, (w)

RocTUrseT Maxcumyma B6nuan cepeauHsl uurapaoana MEXAY CNauManbHbiMK PE30PUBH-
TUPOBKEMM, 8 PBBHOBECHLIW NBPHOA, HBOGOPOT, MUHUMANeH NPA w = 1/2,
JKCnepMMeHTaNbHLIE ABHHLIE 1O SHEPIMW FPBHNY B8 MEAW U aniomuknn [ 22] yaoe-
NETBOPNTENLHO ONKUCLIBRIOTCR BbipSKeHWEM (9) npu /, OT HECKONBKMX A0 ABCATH
neproaos PeLIsTKH. : : .
NpUNUMNUBALHBIM OTAKUMEM ONMCAHHONW MOABNM OT AMCKAWHALMOHHOK [22] mB-
NAAGTCA Y4BT 3HEPruM NePexoAHbIX MeXAy daceTkamu oOnacteit. MNpeHeSperkeHus sTum
(haKTOPOM NPUBOANT K TOMY, HTO NEPUOA MExAy haceTkamu H, CTEHOBUTCA PEBHbIM
CBOBMY MWUHWMANLHOMY 3HAYENMIO. YHET 3HepPrMM NBpexoAHbIX 30H mMeway dacerka-
MW, BHANOFUYHO YHOTY SHEPIruM BISMMOABHCTBUA CTYNeHeK B Teopun GOPMLI KpucTan-
NOB, NOSBONAET NPUIATH K KAYECTBEHHO HRBOMY DPEKTY — CIKETIO JGPHOCPAHUUMBIX
AMCNOKAUNA W nepexoay mx B dacerku. Takum oGpasom, 8 paGoTe [24] npeackassr
BROTCA NEPMOAMYECKSA NONOCMATOCTE CTPYKTYDbl FPaHMUbI C NEPHOAOM, NAARIOLINM

N0 M6Pe YARNSHNA OT CNUNanbHOA OPMEeHTHPOBKHY U COCTEBNRIOWMM OT COTEH A0 AECAT- )

KOB MEXBTOMHEIX PICCTONHMA.

MNo-8HAMMOMY, ‘SHBUWTENbHLI UHTEPEC NPBACTABRAET PASBMTHE ITUX NPEACTABNGHMA
B 06nacTs OTANUHLIX OT HynA TemnepaTyp. Kak oTmesero B patote [ 24], yuer auTpo-

MiAHLIX HEKTOPOB MOXET NPUBOAMTE K (PAIOBOMY NEPEXOAY OAHOPOANBR FpaMMuA —

caceTouHan rpaHnus.

PaccmoTpeHHan paGoTa NPUHAANENNT K TOMY OTHOCUTENBHO OULe MANOYUCIEHHOMY
pasaeny paboT, KOTODPLIN 3AKNAALIBAET TPETMA NEPUOA B CTPYKTYPHBIX MOABNAX rpe-
HUL, NEPUOAR MUKPOCKONMUYECKU OBOCHOBAHHBIX  FHEPTETHHECKN OTOBPaHHLIX MOABNEN.

Pa3snTne NpeAcTaBReHMA 0 CTPYKTYPE MMAKOCTEH W aMOPDHLIX TBEPALIX Ten NO3-
BONMNO COSAATH GLLE OAHY MOASNL ANA ONUCAHUA CTPYKTYPb!I MEMDAIHEIX N MEX3IBpEH-
HbIX Fpammu pesaena — moaens nonuagpos [ 6, 23]. B pamrax stoit mogenu npeano-
NAraeTCR, 47O FPAHULUA NOCTPOGHAE W3 MHOTOrPBHHWUKOB, TEK HA3LIBAGMbIX NONAWIAPOS
BepHana, ¢ noMOwWeI0 KOTOPBIX omi-mq ONUCHLIBABTCA CTPYKTYpPa nmAaKocrted. C no-
MOU\LO NONVSADOB ONPEAGNEHHOTO TUNE = UX BCErO BOCEMb — B BEPLMHEX KOTOPIX
PACNONOXEHB! Cthepb! OAMHAKOBOIO PBAMYCH, MOXKHO 38MONHWTL NPOCTPEKCTEO NpPW
NMoGOM CRy4aitHOM PACNIONOMXEHNH TaKWX chep. BCe rpaHu TaKUX NONKUIAPOB NPEACTESs-

- AMET 0060/ PABHOCTOPOHHME TPEYTONBHUKK, PEGRO KOTOPLIX POBHO YABOBHHOMY

pasnycy cdepsl. Takue nNONWaAPL! NNOTHO 3ANGNHMOT HPOCTPEHCTEO U € UX NOMOULLIO
MOXHO ONWCETL CTPYKTYDY FPaHWUBI, PACCMATDUBAA 3TW NIONN3APLI KBK CTPYKTYPHbIE
nemenTel TAKOA rpaHuusl. HauGonee NPOCTLIMWU CPeaM BOCLMM THNOB NONU3APOS:
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Gunupammaa RECATUIPAHHKK. ‘Us-
‘e}rpaneuewrpuposanmﬁ Ky BUHOCKOR CTPYKTYPO# MOXKHO npea-
”;Mo‘ﬁbﬁ YraKoBKH TeTPaIAPOs Y okrazapos. Cneunanuhele rpaHuuLbl
1 COCTORT W3 fIPEBUNLHO 4EPBAYIOUMXEA MHOTOTRBHHUKOB 0AHOTO — ABYX -
- Yon metwue E, TeM npowe CTpyKTYpa rpaHuusl, COCTABNEHHAR U3 MHOTOTPaH-
.. Tak, BAOKS rpamus! wakhowa ¢ &= B (190) 8 T.U.K. YepenyoTch YeTbLIpHAA:
FPSHHNKK A ASCATAT DAHHKKN, S
oABNbL NONUIAPOB wawbonee ypoGHa anA ONUCAHNA PB3YNLTETOR MOABNUPOBBHNA
BYKTYPb! rpaHaL ¢ nomoiuso’ IBM, Hepenosauue MHOTOrpaHnKos 8 cTpyKTYp®e
ymepHbiit pamop.‘uasmouuuﬁ cB806OAHBIA .

JKHO ONMUCHIBATL KBk ceoero poaa As (
GbeM B UBHTDE Kaxaofro MHO FOTPaHHN KA npeacrasnreT coboit yno6HO® MecTo AnR
aromos. Taxnum 06paom, BCREACTBME CBOEW yhnsepcanb:

Ob.eopmuu MEXKY 38N bHBIX ] .
1 AETCA BEChMA nepcnexTHBHOW ANA ONNCaHNA CTPYKTY-

Phbi FpaHAL Y HEKOTOPLIX WX CBOWCTB.

KYB3AP,  NEHTATOHANLHAR

Fnasa ll. TEPMOAWHAMUKA TPAHWL, 3EPEH

© 1. PA3BUTHUE NPEACTABNEHUA O TEPMOANHAMUKE

rPAHML, 3EPEH ‘ ‘
Tépmmuammacxuﬁ METOA — OfuH u3 Haubonee obuwx MeToaoB wuccne-
poBaHuf, OH csoboaeH oT MOAenbHbLIX AONYWEHNA O BHYTPEHHEM yCTPOWCT-
B9 W3yusemoro o6veKTa nnu ero noBeReHnuA.

TepMoMHaMnKa ' NOBEPXHOCTHBIX ABNEHWA — KnaccuyecKuit  paspen
TePMOAMHEMUKI C MPeKPacHo Pa3BUTLIMK mevoponorved, TepMuHONOTHER
i MHOrOUMCNIEHHbIMH GRECTALMMA NPUNOKEHUAMN K CaMbIM PasHbIM. CHC-
femem 1 npoueccam. CxoacTso MEX(DaZHBIX ¥ MENIEPEHHBIX rpaHM1LL HBCOM-
HeHHo. Bo BCAKOM cnyude OHO AOCTATONHO ANA TOTO, yto6bl UCNONL30BATL
_fipu oBcyxaenvn CBOMCTB MOCNeAHNX METOAbI ¥ NOHATUA - PBBHOBECHOMH
TEPMOANHAMAKW mexasHbix TpaHuu. OpHaKo HernocpeacTBeHHoe npu-
metieHue 3ITMX npeacTaBneHnit K rpasuuam 3epeH HaTanKMBaeTCA Ha PAA
_ TPYAHOCT®W, BhI3BAHHLIX BNONHE PeanbHLIMM OTAUUMAMN rpaHni, 3epeH oT

- medxcha3HbIX rpaHvu pasaena.

. Wanaraembii Hwxe paspen nocTpoeH nyTem nocneaoBaTensHoro npu-
MEHBHWA TOPMOAMHMUNECKNX METOJOB WMCCNEROBAHWA PaBHOBECHBIX MNO-
. BepxHocTe#i (B nepeyto ouepeab meToaa Mm66ca) K rpaHuuam 3epeH B Kpuc-
tannax; O BO3MOMHOCTM 3TOrO CBAAGTENLCTBYET aHANW3 rpaHuL 3epeH KaK

_ 06beKTa PaBHOBECHOM TEPMOAUHAMHUICH.

| 2. TEPMOAWHAMMKA NOBEPXHOCTH

T

R

Ocnosm TepMOAUHAMUYECKEA xapam‘epuc'mxé nosepxHocTM — nosepx-

. HOCTHOE HaTRXeHve O. AnementapHan pabota § W oGpammoro yBenu4eHna
- nsowaaw riosepxHocTm A Ha d A ‘ ‘
AW =0BA '

(10)
8

: IPOMCXOAMT NPYU NOCTO . ) B

oucremot V AHHbLIX TOMIN g
! " I:oensueuuux XUMHUYECKUX NOTeHUMAnNax h:::wm T, o6veme
j (1=1,2...k rne k — uncno komnoHenTos) , To KOMMoHenTos
R (1)
m@9=-""—§:uNmKH . B .
noTemuman Futca’ (:ullecll. N 33bIBAEMIA GONLLIOH TEPMOAMHEMMUGCIKH g
cBOBOAHER SHepruA) . ; — uMcno atomos i-rqro KOMMNOHeHTa; F -

” ;
3 hopmyn (10) w (11) cneayer, 4T0.8 cicTeme ¢ NOBEPXHOCTbIO:

aQ = *pdv;SdT LA
: (2 Mgy +odA, (12)

rae p— .
A® p— paBneHue; S — HTPONUA CUCTEMBI, OTKYAA:
=-—pV +0A. |

B- coorsercreum c 13)
Teo .
KUX NoTeHuManos PEMO/ © MankIX MIMEHGHUAX TEPMOAMHAMMYEC-
o . -
= (=) = (9 oF
A R U N Il & o
_ 06 ‘
= () L= (90 . :
oa b, v = (37) ; .
’ oa V.Twt (14)

N

— BHYTPEHHAA SHEPruA cucTe-

- 3pecs N + wacno vacTuy B cucteme: U
F — caobogHan sHeprMA; G — TtepmMoauHamuvec-

-Mb!'; H — autansnun;
KU noTeHuwan.
CoorseTcTBeHHO:
U=rs - e |
o PV +UN+GA; dU =TdS — pdV + udN + odA:
=TS +uN+0A; dH =TdS +Vdp + ' (o
” P vud‘N +o0dA; (16)

T ==pV+uN+ : = ‘
0A; dF = —~SdT — pdV +udN + odA; (17)

G=uN+o0A: ,
Q=-pv+ o’A' Zg = =SAT+Vdp +udN +oda; (19)
[ = -sdr-— . -
Anr cucrem Ges pdV — Ndu+odA. (19)

eta n i
G =uN. B cucTeM:: c MOBBPXHOCTU TPMOAUHAMUIECKMIA -NOTeHUMAN
YKe He paseH: npomem:fiﬂ’;“m TOPMOAMHBMUECHUA mf@ﬂiu“::
M4eCcKOro ’ ‘
o B.BeGAeM noTeHuuan, o6nagarowmii sTuM ynog:;::uc::xn?: o el
=G - 0A; db = -SdT + ‘a TROM:
nocKonsKy ‘ Vp +udh - Ado;

G=uN+o0A,

¢

(20)

(21)
A
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& = uN. ! (22)
" Takum O6GPAsOM, XMMMUECKWi noTeHuman ONHOKOMMNOHEGHTHON. CHCTEMBI
. © NOBSPXHOCTHIO BCTb NoTeHunan ®, oTHECEHHbII K OAHON YacThue.

Kak esuato us dopmynsl (12), pasHosecue, T.e. MUHUMYM TEpPMOAVHE-
. MMYECKOFO NOTEHUMANa CUCTeMbI C NOBEPXHOCTLIO npv NOCTORHHBIX 06vEMme,
Tomnepatype ¥ XVMUUECKUX fOTeHUNARax KOMMNOHBHTOB, COOTBETCTBYET
3KCTPeMYMY /IOUWAAK NOBBPXHOCTH A: MuHAMYMYy npu ¢ > 0w makcu-
mymy npu 0 < 0. OGbl4HO 3HaueHue A He OrpaHuueHo ceepxy — nosepx-
HOCTb, W3ruGanch, MOXeT yBenuuMeath CBOIO MAOWAAL AO TeX NOP, noka
cMCTEeMa He CTaHET rOMOreHHOW. CnefoBarensHo, eciu Ha namexeHue dop-
Mbi HE HANOXeHbl OrpanvueHMa, pasHosecHoe NOBEpPXHOCTHOE HaTRXEHUe
0 He MOXeT GblTh orpuuafenbubm‘, W PEBHOBECUIO CMCTEMbI OTBEYAET MUHU-
Ma/IbHO BO3MOXHO@ 3HausHWe A. KOHKpeTHBI e BWA 3anaun O Mu-
HUMYME ‘fNOWAaM NOBEPXHOCTU ONPEAGNAETCA rpaHMuHbIMK  YCIIOBUAMM.

3. rMBECOBA TEPMOAUHAMUKA NOBEPXHOCTHLIX ABNEHVA

MeToA TepMOAMHEMMUUECKOrO OMUCaHNA nosepxHocTeil pasaena B paBHO-
BecHBIX cvcTemax Obin NPeanoXeH rwe6com B 1876—1878 rr. Csoicra
NOBEPXHOCTHOTO CNOA B METORS MM66ca BLIBOARTCA U3 CPBBHEHWA CUCTE-
Mbl, COAGPXalLei NOBEPXHOCTL paspena, C WaeanbHoi CUCTEMOiA, COCTOR-
Wweit YONbKO N U3 06LeMHbIX dhas. B oTnmuue oT aorn66cosckoro npea-
CTaBneHuR O MNOBEPXHOCTAX, METOA Tn66ca NO3BONAET ONNCATbL HE TOMALKO
MexaHuyeckoe noseaeHue fnoBepxHOCTe! Kak ''paCTRHYTHIX fNeHoK'’, HO
M UX TepMOAMHEMUYECKUE caoictea, oBepxHOCTb, COTNAacHo m66cy, —
NepexoAHbIk CNOV MEXAY ABYMA ORHOPOAHbIMM 06nacTAMM & W B, Ton-
LYHE KOTOPOTrO HAMHOrO MeHule APYruX pazMepoB CUCTeMbI {""Heoa-
HOpOAHAaA NneHKa, KOTOPaR pasnenfAer OAHOPOAHLIE WM MOYTM OAHOPOA-
Heie macchl”) (Mn66c) . Ecnu M — HEKOTOpbLIii SKCTEHCMBHLIA NapaMerp
cUcTeMbl, TO 8r0 MOBBPXHOCTHAA - 4acTb (nNOBEPXHOCTHBIN U36LITOK) MS
ONPEABNMTCA KaK PasHOCTL {136bITOK) MEXAY NONHBLIM 3HAYSHUEM M w ero
o6veMHOM yacTio {(MHOrAaa MeToR n66ca HasbLIBAIOT METOAOM n36LITKOB) ¢

MS =M - (M +M), (23)
rae Ma ’ Ma — cocTasnfAlume M, OTHOCALLMECH COOTBETCTBOHHO K oﬁumaM

anb.
Nycte m* u mP — o6vemHbie nnoTHocTH M B oBnactax a n § cooTeeTcT-

pexHo. Toraa
WS = M= (m® VP V). -

! Echm pacnpoCTpaHWUTL NOHATUE NOBEPXHOCTHOTO HaTAXEHUA KA qunuoaecmu
nepexoaHsie o, 7O B 3TOM Chnyuse noaepxnocmoe-uammeme moweT GuiTh ¥ OT-

PHUBTEN bHLIM.
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- COOTBETCTBYET 3HAYGHUIO nohepxuocr HOTO CryueHun

OnHaxko Takoe onpeaeneque Henonk

ypasHeHuit (23) u (24) Heo6xoammo glana'r

pa: 2 € b Cnoco6 Bbi
,:: 'row: :::;gx:::::ug vacren, Tatqm o6pa3om, Aocra'roﬂzge';gozg:,w
Bl a0 vecTy on BEMA CHCTEMbI 3BHUMEET KaXAaR us obnacreit u:'(:
T enanwe Boex sgqux NapameTpoB Ha 0GbeMHble u nosepxuoc’ruue
Pegenan V% u V¥  (pasywmeerce, npw yonommn Vo 1 vh 1 pS oM O
e R 7] + + = ,
q:ca:; ongﬁr;:: sza:::nue, HO _3KBUBANEHTHLIE METOAL! Tepl;:g::;:ax:
romeCCaR 1O PXHOCTH. CylwetTBEHHO, YTO XOTA CaMU 3HaueHUs
oot o anger é(oa Pa3sHLiX MNapameTpos ONPEAEnRIOTCA 8y160pom
ot (e LEMA HA NOBEPXHOCTHYIO W OGBEMHYIO 4YacTH, coor-
T X :ée uuanbHoble csnsu) "MeXARY u3bbiTikamm Hocm" abco-

ol Japaicre :';onzg;nazy:e:a:;o:: hoBEePXHOCTHBIX W36bITKOB.
0BpasoM: NOBEPXHOCTHBLIN U3GbITOK 03691:);? cl::::;:::;m;:azmyﬁxux

V=0 v+ V= Vv,
mgr V — nonHbiit 06vemM cuctemsl. )
aKku 7

ok ?Hyzggaozon:;npeanmbm NePeXOAHLIA CNOit 3ameHAETCA reoMeTpu-

oo uvlisal I}:gg;) r;loaepxuoc'ruo — TaK Ha3bIBaemoii pa3pensio-

prosiicneidii . Ha puc. 4, a npuseneHa cxema uameHeHus

Rove X rapanTHOCTH @KOTOPOro 3KCTeHCUBHOrO cBOCTBE M (KoOpAM-

oo e 3uaqem:°::4m" K nosepxHocTu pasaena). Baanu or nomepx-

o ase o 5 o COBMaAAOT ¢ 06LEMHBIMU NAOTHOCTAMY CBOMCTE

v W ,ua 8 NEepPexoAHOM Cfloe — OTMIMYABTCA OT ITUX 3Ha-
801 nuHMed 0603HaveHa pasnenAlowan nosepxHocts MMb6ea.

Ecnu 6t
cBonCTBa ¢a3 COXpaHAnMCchL Ha yposHe O06beMHbLIX 3Ha4eHun, 1O
’

m (x) meHAnacL Gl :
Mo cnnowuHbiM napan,
YeHUe MOﬂpeAengnocb KaK . PannefibHbim n“mﬂM, " Oﬁmee 3Ha-

M= m*Vve + mbyE,
(26)

n N

n36bITOK paH v :
RaHHoro ceoiictea; m* — nosepxHoCTHOE cryigenme (us6biTox

NOCKONLKY AnA ucnon b30BaHUA

&y |

N

! a

P" . 4. CXOMG wnn '
'’ Y o ‘
C m'mp 1OULBR npumeHeHue MeToaR um K Mema".”‘ nosepx-
HOCTRAM paaaena ‘a) U K rparuuam 3epeH (6) . ”nouﬂﬂb au-"m|x°'a""b'x yuacTKonm
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[image: image11.png]: uy nn ] i "hpaebiuocm paspena) sToro csoiictea; A — fno-
) 4 nosepxHocyu pesnena: .
: v Vo mA. (27)

rdicim 0Gpasom Mbmno»_saoaun U3GLITKN W CTYLGHNA Pa3NUUHbIX Tep-
giamMmMueckux napameTpos. CryuieHue KONMYecTBa BeWECTBAa B PABHO-
0% CUCTeMB HOCUT cheuManbHoe HassaHue — apcopbuma (T'). Ona /-
O KOMNOHEHTa, B cooTeeTcTBUM C (27), Nonyynm:

Ny =nZVe +nf VP +T,A, | (28)
rae N; — uucno avomos /-Toro KOMNOHEHTa; n, — aTOMHbie NNOTHOCTH.
Teomertpuuecku m® pasHa MNIOWAAN 38WTPUXOBAHHONW (PUrype! Ha puC. 4,
Ho ogvoro ypasteHua (23) (k8K. BUAHO M3 puc. 4) HEAOCTATOYHO ANA
onpeaeneinAa V* u VP, Hed6xoammo ele OAHO YCNOBME — HYKHO 38A8Tb
TOuHOe MONOXeHMEe YCNOBHOW pa3jenAioweii nosepxHocTv. Beeaem na-
E= VoV, . ‘ (29)
" Ecnu £ 3apaHo, ypasHenne (25) oaHosHauHo onpemenmer V* u VP u,
CnepoBaTeNibHO, BCE MOBEPXHOCTHbIE W3GbITKU. TTOBEPXHOCTHLIA W3BLITOK
> MOXGHO Tenepk NPeACTaBUTL Kak:

MS=M-vm +vim — m). o (30)

. Ainn mexdasHbIx rpawuy paspena m® # mP u 3HaueHMA NOBEPXHOCTHBIX

~ M3BbITKOB 3aBUCAT OT BbIGOPA NONOXEHUA YCNOBHOW paspenAiowiei nosepx-

HoctM, v.6. OoT £. HeonpeaeneHHOCTs KOOPAMHATH! £ COCTABNAET TONWMAHY
peansHoro nepexoAHoro cnon. Kasanoc, Gbl, CTOAb ManaA HeONPEABNEH-
HOCTb He MOXET CYIlleCTBEMHO W3MEHUTL 3MBuGHME (M3NHECKMX napamer-
pos. OaHaKo Aeno B TOM, YTO CMEWeHHE DA3AECNAIOWLEH NOBEPXHOCTY Ha
TONUMHY NEPexXOAHOro CNOA NPUBOAUT K HU3MEHeHWIo NOBEPXHOCTHLIX W3-
GbiTKOB TOrO )Ke MOPAAKA, YTO W CBMW NOBEPXHOCTHbIE M3GLITKM. MosTOMY
HOOAHO3HAYHOCTL NOBEPXHOCTHLIX NAPAMETPOB. ABNABTCA NPMHUMNKANLHON.
" OAHaKo CylueCTBYeT 3HaueHWe, NOBOPXHOCTHLIH WU3GLITOK KOTOPOro
He 38BMCUT OT NOMOXEHUA PAa3AENAIOLLeN noéegxuocm. 310 — Gonbloi
‘notenuman 2. felicteutenstio, & = —p V®, QF =_pVP, orkyaa o6rem-
HbI6 MOTHOCTU NOTeHUMana 2 pasHbI: ‘
W == ‘ . (31)

‘B cdomq*rcxauu ‘¢ ypasHeHuem (24) AnNA NOBepXHOCTHOTO M3GLITKA
- 2, KaK n106oN IKCTEHOMBHOM BYHKLMM, iMeeM:

Q¥ =aspy, ’ | - (32)
. Te. NOBEPXHOCTHLIH M3BbITOK 025 He 38BMCHT OT KoOpAMHaTH! £.

-~ Cpestusan (32) u (13), nonyuwm:

ﬂs’; = 0-34, . )
2

c e

-

(33)

;
b

T.e. B metosle 'M66ca NOBEPXHOCTHOE HaTRKeHWE pasﬁo NoBepPXHOCTHOMY
CryweHmio noveHunana 2. ' : e : o

WU36uiTkn W cryweunn ApYrux TepMOAUHaMUYECKUX yHKumii Mdmuo »
BbIPasUTL vYepes o u I‘,./ﬁnn 3TOr0 3amMeTMM, YTO ONpeAeneHHe NOBePXHOCT-
Horp N3IBbITKA IKCTOHCUBHOrO napamerpa (24) o6nagaer csoiictBom nu-
HeliHoCTH, T.e. :

My 4 bl = ol 4o, e

FAG 85 M 8; — MHTEHCUBHbLIE napamerpsl, OMHOKOB!:IG"B oBeux chazax. .
Ann ceo6oaHoit sHeprum Fenemronsua F nonyuum

Fo = (@+ZuN)S=q5+ TNy (35)
vCryw.eHue c806OAHOI NOBEPXHOCTHOM aHeprum 'ensmronsua
FS/A = = 6+ ZT,p,. = (36)

CryweHue avepruv "'n66ca
65 _ I

= — = Iy, S S {3
CryweHve sHTponuu ' ‘
s s ‘ ' :
- _ an ., S _ do ) ,
S = T =5, (3
Crywexue BHyTpeHHei sHeprum . '
S S S
vd o Fo+rsS do ‘
= y =0+ZIlNu -T > (39)

3ameTMM, uTO onpeneneHMe NOBEPXHOCTHONO HETAXEHMA 0 vepes pa
6oty o6psTMmoOro yeenuuenua nnowaan NOBepxXHOCT Ha 8 A — COOTHO-
wenue (10) — npu thukeupoBaHHbIX JHaYEHWUAX COOTBETCTBYIOIWMX TepMO-
AMHAMUYECKNX NapaMeTpoB ABNAeTCA HauGonee ob6uwmm (Kakue napamer-
pel mKcupyloTeR — 3aBuCUT OT aHanuanpyemoit eutyaimu) . OgHako vacto
BCTPE48ETCA OnpeaeneHne. ¢ Kaxk Crywexue HBKOTOPOro TepMOoAMHaMUyec-
Koro norexuuana, Yauie Bcero — cso60AHOM aHeprum Menbmronsua:

o= FA. - (40)

~ Mpwn noctoAnHwix T, V, ; ato paBeHcTEBO BLIMONIHAGTCA, KaK Mb! BUAE-
M, C TOYHOCTLIO A0 YneHOB X l", H;. 3admxcuposas o6vem, umcno yacTuy

. KBXAOro KOMMNOHEHTAa W TeMNepaTypy, MOXHO AOGUTLCA TOYHOrO Beinon-

HeHUA ypasHenua (40}, Ho npu atom HEOXXHO MOMHUTL, YTO M3MeHeHue NNno-
aan nosepxHOCTM paspena 03HauaeT usMeHeHue KOHLEHTpauwu B obeme.
Meton 'n66ca HamBonee ussecTeH u valle BCero MCNonb3yercA, XOTA,

- KK Mbl Y)XKe@ NoAuepKuBanM, He ABnAeTCA @AMHCTBEHHbIM. PaccMOTpUM

ABa npumepa [25, 26] . : . S
Nycms acnonHuTenbHLIM ycnosuem, HaknagbiBaembiM Ha cucremy,: Gy-
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[image: image12.png]1% ~. ) .
m{v!ﬁ’ = 0. Torga NOBEPXHOCTHbIA M36LITOK OGLEMa He PaseH HynIo. Beiicr-
" ufensHo, B cooTseTcTBMM ¢ (34), noBepxHOCTHBIN M3GLITOK Q) pasen:

Q= (-pV -i-oA)s =-pVS +0A, (41)
- QTKYAS
Vo= (42)
Ve - A

‘Beoan napametp
7= VeV - V), (43)
_nonyuaem ’
MS =M —mP(V = VS +q(V - V(P - m%). (44)

Cpastmuan sbipameHnA {30) u (44), HaxOAMM CBA2L MEXAY 3HAYBHUA-
My, nony4eHHbiMKu MeToaom Tu66ea (M1) u AaHHBIM MeTOAOM:

M = M+ = Al (1 — ) + ) | (45)

" Xapr, uayueA casosbie nepexoasl B OAHOKOMMNOHEHTHOW cucTeme, MC-

fions3oBan MeToa, onpeaennembiit ycnosuem: N° = 0. CoovBeTcTBEHHO,

AnA Kk-KOMNOHEHTHOI# cucTembl X N,.s = 0, 1 NOBEPXHOCTHbIN UIGHLITOK
o6vema k =1

£ W
Vo= v - L_=7‘_1..._. , ’ (46)
o .

i=1

fAe N, — GTOMHAA MNOTHOCTb /-TOO KOMMOHEHTA, 3 CBA3b NOBEPXHOCTHBIX
13bbiTKOB no Xapty (Mi) u M66cy (Mf,) naetch GopmMynoi:

_ v k k 4
M5, =M +mV (v~ 2 N/ T on) | (47)

Euie pas HanomHum, 4To BbIGOP TOrO UNK MHOrO METOA3 ONPEAenAeTCA
KOHKPETHLIMW YC/IOBUAMM 384841 1 cooGpaxkeHnAMM yao6eTea.
BepHemca k ypasHetmio (12) . inA noBepXHOCTHbIX NapameTpos,

dQS = —pdVS - S5dT - I N du +0dA, (48)
i=1
oTKyaa (cpasHmBan {41) w (48) ) Haxoaum:

k

Ado = —sdT —_ZINfdu,+Vsdp5 (49)
i=

‘ S ne vS
" [AnA yAaenuHbIX 3HAYEHWA S = a—-, T, = —Af—, = Y ypasHeHue (49)

npuobpevaer BUA:
22

e e . el e e

K
do=-s55dT - Z T;du +vSdp. (50)
i=1

J10 — ussectHoe ypaBHeHve aacopBumn MM66ca, KOTOpos cBA3LIBaET
“3meHeHMEe MOBEPXHOCTHOrO HATAKEHWA C U3MEHEeHMEeM TeMNepaTypsl U Aas-
fleHUA B CUCTEME U XWMMHYECKUX NOoTeHumanos o6vemHbix ¢as. OHo cnpa-
BEANMBO ANA NI0GaiA NOBEPXHOCTH, 6CAK OHA HEXOAWUTCR B PABHOBECUM C pas-
AenArembiMK el0 o6vemamu. Ecnu 3Ta nosepxHoCTL — rpaHuua pasaena cas,
TO, B COOTBETCTBUM C npasunom taz MNb6ca, uucno creneHeli ceoboabs C
C=k+2~1f {51)

\

rae kK — YACNO KOMNOHEHTOB; f — YACNO HAXOARWMXCA B pasHosecun has;
2 — 4ACAO BHELUHNX MHTEHCHBHBLIX MEPEMEHHLIX — AABRGHWE M TeMnepary-
pa cucTeMbl — PaBHO uuCANy KOMNOHeHTOB K. Yucno e andeperynanocs
8 npasoi yactv (50) paBHO k + 2, cneaoBaTensHo, OMW He MOryT GbiTb
BC8 HE3aBUCUMBLIMU. YTOGBI NOBEPXHOCTHBbIE CTYWEHUA MOXHO GbiNO npea-
CTaBsuTb B BWAE HACTHLIX MPOM3BOAHBIX NOBEPXHOCTHOrO HAaTAXKEHNA [0
OAHOM U3 NEPEMEHHDBIX, HEOBXOANMSI fIBe AONONHUTENbHbIE CBAWS. OnHon
U3 HAX MOXOT 6biTb BLIGOP METOAa pacyeTa MOBEPXHOCTHBIX CrYLLEHW.
Tak, 8-meToge M66¢ca (B yakom cmeicne) = 0, u wucno mdpeperuma-
NOB B Npasoit yacTw Aud)d)epgﬂuuana {60) ymenbwaerca ao k + 1. Teneps
ypasHenmne (50) npuoBperaer Bua

k

do=-sdT - I T,du, (52)
i=1 '

anpu

: k

T =constdog = -~ % Fidy,. (63)
i=1

- ggcoa HamGonee pacnpocTpaHeHHan ¢OpMa ancoOpBUMOHHOO ypaBHeHun
7} R

Kak ywe otmeuanocs, anddepeHunansHbie cBssu MeXxay noBepXHOCT-
HbIMI CTYLLEHMAMW HEUYBCTBUTENLHL!I K BbIGOPY NONOXeHWA pasgennioLledi
NOBEPXHOCTH, XOTA CaMK NOBEPXHOCTHLIE CrYLWEHWA OT STOro, pasymeer-
cA, saBucAT. MNMokaxeM 3ro Ha nppmepe ypasHexua (53). BuiGepem Age
paspensiowme nosepxHocTH A u A, ancopbuMm H8 KOTODbLIX paBHa in l",
coorseTcTeeHHO. OyeBuaHO, YTO '

T =T, = (e} - D, (54)

rae C}", Cf — 06BemHble KOHUEHTPAUWN /~TOr0 KOMIMOHEHTa B thazax, a A —

! ®ukcaunn nasnequn u TeMNepatypsl He aaeT sddexTa, NOCKONBKY napannens
HO C yMeHbleHUEeM uncna antdiepenuvenos 8 npaeoit yact (50), yMeHsLwAEeTCA yue
no cTeneted ceooasl C 8 cOOTBETCTBMM ¢ Npasunom a3 M66ca (51).
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[image: image13.png]' ¥ peanenfioLMMU NGBEPXHOCTAMM, 3HaK A onpenenAeTca,
JorkeHuem HORBPXHOCTEH A u A oTHocuTensHo a3 a u f: ecnn. A
oeHa Bwke K (ase a, dem A, To A > 0, Echn noanepxmears Tem-
YYPY B CACTOM@ NOCTORHHOI, ANA KBAOH W3 (a3 CNpaBeAnMBo Ypas-

e Fn66ca — [iorema

k s k
= Z Cldu; dp= Z Cldu. (85)
\ i

‘Orcions ypa'au‘euu‘qvpaauoaemn a3 umeeT BuA:

tix

£ (cx - chrdp, = o. B .8
e [ . L B o \ |
s Buipaxenuii. (53) n (54) c ywerom (56) lkony-mu:

do = — i’f)l I‘dul._. - (57)
‘ M paBHeHWE (52). AeficTBUTENBHO MHBAPHAHTHO OTHOCUTEND-
'ﬁo“?;ld:'(‘::m' :::onmomeﬁ- noBepxHOCTH, 4To W TpeGosanock Aokasare.
Ewle OAHS CBASL OMNPEAGNAETCA BLIGOPOM NONOXKEHUA PA3AENAIOLIEN
NOBEPXHOCTH Fu66ca. OGeivHo 370 AenaloT TaK, yTo6bl ancopbumnn ogno-
"'ro n3 KoMnoHeHToB (pacTBoputenn) Gbina paeHa Hynio. CyrreHreitM u
Apam npeanoxunv npo'sop.wrs-.'paamnmomynoé floBepPXHOCTE MEXAY nepe:
XOAHLIM CMIOEM M OGBEMOM KOHABHCPOBAHHOA (ha3bs. Baxgnoe AOCTOUHCT:
B0 Takoro cnocoBa B cneayiouiem. Ecnn sTopar ¢hasa paspexxeHHaR, YO
PAacHETHRI éua‘iwumn.noaepxuocmsng CryuieHuit COBNAAAIOT C PoanbHbIMK
KOHUGHTPAUWAMM, NAOTHOCTAMM W T.A., CYLIECTBYIOWMMK B noaepxuocr;
"Hom.cnoe. ANA 3TOro BbIpasuM AnddepeHuMan XMMHUYeCKOro noTeHunan
OAHOFO M3 KOMMOHEHTOB (ANA ONpPeAENeHHOCTH — NEPBOro, PacTBOpPUTENS) V;
8 3ATeM M NOBEPXHOCTHOTO HATAXKEHUA — 4epe3s OCTantHble — U3 ypanuguu
(66) w (63): :
: ‘ ki la 8 ‘ _ |
. _ du. '
2, O 7 O A (58)

J )dl-‘lv : (59)

- ﬂapmetpu 'F(i)i = F,. -0 —c—a-:-cT' ’
- ancopGumamn Tu66ca. Onu, B oTnvumé ot ahcopbumii T, He 38BMCAT OT NO-
-, nOXBHMA pasgenmouieit nosepxoctw. T'(y); npeactasnAer coboit sacopt-
WO /-TOFO KOMNOHEHTA, OTHECEHHYI0 K DAasAenAIolIe NOBEPXHOCTH, Ha

Ha3biBaAIOT OTHOOMTB!’ILHb}MH

%

Kotopott 'y = 0,/ uHave rosopa, sksumonAapHoi (cMm. puc. 4, 4) no orﬂo-

WEHMIO K NEPBOMY KOMNOHEHTY. [INA ABYXKOMTIOHSHTHOH CHCTEMB! ¢ rpany-.

ueii pasgena ¢as TaKoi MOAXOA NOIBONAET OWEHb HarnNAAHO BbIpasuTs an-

copBunid (sToporo Komnowenra) I' ' ' '
© do [

B =-—=_....._._dl_ .
r n T T . (60)

A1y dopMyny uacTo ynotpe6naloT U AnA onucaHuA aacopbuum Ha rpaxu-

Uax 3epeH, He 3aMe4an, YTO B 3TOM CNYY488 .CUTYBUMA UHAA.

4. NPUMEHUMOCTb TEPMOAUHAMUKU NOBEPXHOCTHBIX ABAEHUA
K FPAHWLAM PA3ZENA B TBEPAbIX TENAX ' o

"OcHosHOE OTIMuME rPaHUL, 3eped OT Mex(asHbIX nosepxHocTeit pasaena

C TEPMOAMHAMMUYECKOH TOYKK 3PEHUA ONpeAENABTCA CBONCTBAMM paspenne-

- 'MBIX UMK OBbemoR: no o6e CTOPOHb! OT rPaHMLbl 38peH NeXUT OAHE M Ta

e a3a; paspenfemMbie e1o 06nacTH OTNMUYAIOTCA NULLb OpueHTauMeii 8 NPocT-
patcTee (noa hasoli Mbi nounmasm vacTs CHCTeMb) C ONPBABNEHHOK (ByHK-

- UWWOHBNLHON  32BUCMMOCTLIO MEXAY NapameTpamu COCTORHWA, Hanpumep,
33BMCMMOCTBIO XMMUYECKOTO MOTEHLMENE OT WHTEHCUBHLIX MEPEMBHHBIX —

TeMNepaTypbl, RABNEHWA, KOHUGHTPauUMi WM T.A.). Ecnv Her HUKaKkoro cne-
UMaNbHO . BLIAENEHHOIO HANPABNGHUA — NPOCTPAHCTBO M3OTPONHO — Tep-
‘MOAMHBMMYECKHE cBOICTBA 3TUX obriacTell 0AnHaKoBbl. Takum o6pasom,
C TePMOAMHAMMHECKON TOYKM 3pEHMA rpaHMua 3eped — “‘BbIPOXKAGHHLIN' -
cnyvait mexdasHoii nosepxHoct [25]. 3To BbIPOXKAGHUE MOXKHO CHATH,
.EC/IM BBECTU TEPMOAWHEMWYECKYIO CUAY BEKTOPHOrO MAM TEH3OpHOro Xa-
PAKTEPa W HapywnTb TeM CaMbiM M3OTPONHOCTL NpOCTpaHcTea. Hanpumep,
6CM MOMECTUTL MArHUTOBHWUIOTPONHLIN KpUCTann 8 MarHUTHOe none, Xu-
MUYECKWIA NOTeHUVan a3oToB B 3sepHe Gyaer 3aBucers, Kpome 06biuHbIX
CKanApPHbLIX NEPeMEeHHbIX, BlUIe' U OT OpUeHTauMK 3epHa OTHOCWTENLHO Mar-
HATHOrO nonn. B aTom cnyueae 3epHa, pasgeneHHbie rpasuuei, npeacras-

- IAIOT pasHLIe TepMoAuHaMUveckue dasbl, a rpanmua sepex Gyaer o6nagath

CBOWCTBaMM. MeXha3HON NOBEPXHOCTH. .

TpaauuMoHHO. CYMTAETCA, 4TO rpaHuua 3epeH — HepaBHOBOCHbLIN aedexT
‘Kpuctanna, [leiictButensHo, B GeckoHewHOM Kpucranne 3HEPIrUR FpaHn-
Ubl 6ECKOHEUHO BENMKA M He KOMMNEHCUPYeTCA (kax B cnyuse Tennosbix

' BKAHCHIA) pocTOM KOHGUryPaUMOHHON 3HTpONMN. MexHO nu rosopuTs

O paBHOBECHOW TepMOSMHaMUKe HOPaBHOBECHbIX Aetbextos? PaccmoTpum
370 noapoGHes, } - C
PasHosectue cuctems ¢ rpaHuuammu pasgena (B ToM uicne U ¢ rpaHu-
UaMn 3epeH) OTBeEWaET MUHUMYMY COOTBETCTBYIOWIEr0 TEPMOAUHAMMUYEC-
KOro NOTeHuMana npu ONPeRENeHHbIX FPaHUUHBIX ycnosuax. Bes Takmx
yenosuid  (orpavuvennit) - cywiectsosaHue © no6oii pasHOBecHOIt nosepx-
HOCTY HEBO3MOXHO, Tak KaK B 3TOM CRyYse MUHUMANLHAA NAOWAAL (10
BepxHocT (a ChefoBatensHo, U MOBBPXHOCTHLIE BKNAA B TOPMOAMHAMM-
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[image: image14.png]ueCKmit noTeHuman) pasHbl Hynio. He cneayet 386b1BaTh, 4TO M Mexda3-
HBA NOBEPXHOCTL MOBLIWAET CBOGOAHYIO 3HEpruio Kpuctanna, U cucreme
sbiroaHee 6uiTh oaHodaszHoi. Beedernem OfpaHNyYeHWit Mbl 3 aC T @ B-
n A eM cucremy GuiTe AByxdasHo#, unu ABYX3@PEHHOM W T.A. JTH Orpaku-
WGHUA MOTYT HOCUTb Pa3NUUHLIN XapaKTep: TepMO AN HAMUNYECK nin-—
MOCTOAHCTBO 3KCTEHCUMBHBIX TEPMOAWHAMWUUECKUX MEPeMEeHHbIX (o6nem,
YMCNO YaCTML M T.A), MMM FeoMeTpuYeCKUH — KOrpa BEBOARTCA
WECTKUE TeOMETPUYECKNE CBA3W, ONPeAenmiowe TOYKM UAW NUHUK, Yepes
KOTOpbI@ AOJKHA NPOXOAUTH NOBEPXHOCTL Pasaena.

Ecnu B AByxdasHol cucTeme 3admKcupoBaTL Temnepatypy, obvem ¥
YACNIO 4acTMU TaK, 4To6bl MUHMMYM CBOGOAHOW 3HEpruW OTBEuan Cywiect-
gsogaHvio AByx a3, TO nepexoAa aToMoB U3 dasu B pasy He Gyaet — Beab
. o6LeMbl, NPUXOAAWMECA Ha aTOM, B Kaxaoi u3 das pasnuunbl. Cucrema
ocraHeTcA AByx(asHoi C OMpeAeneHHo, OTAMYHOW OT HYAA, NAOLLAALIO
mexcasHoit nodepxHocT. [NA rpaHuL 3epeH cUTYyauun UHaR — Nepexoa
aTOMOB 46pe3 . rpaHuLy W3 3epHa B 36PHO K TEPMOANHAMUNECKUM athdex-
tam 06beMHOrO XapaxTepa He npusoaut. CrienosatensHo, rpaHuubl 3epey,
He sacmicnpoBaHHLle B Kpuctanne, He MOryT BbiTb paBHOBECHbIMW. BoT
B yem cMuICh pasbi O HEPaBHOBECHOCTU FPaHNLL 3epeH — ANA HUX O AH U X
NMMWb TEPMOAMHAMUYECKHNX orpaumenuﬁneaocTaTowno.B
STOM CMbICNIe OHW MeHee PEBHOBECHbI, MeM MextpasHbie rpaHuubl. Ho ec-
AV CYLLECTBOBAHME TPaHWubl 3epeH oBecneueHo reoMerTpuUieckumu orpaum-
YeHWAMMK', U OHA HaXOAWTCA B PABHOBECHM C PasfenAeMbiMW €0 3epHamn,
TO rpaHuua 3epeH — Bnonte pasHOBeCHbIA 06BEKT M MOXeT BbiTh Npeame-
TOM M3YYeHWR PaBHOBECHON TEPMOAVHAMUKHN.

5. METOA NMMEECA NPUMEHUTENBHO K FPAHULLAM 3EPEH

Hassanne 3toro naparpada oGycnoBneHo CyLECTBEHHLIMU TePMOAUHAMM-
YECKMMM OTAMUMAMM rpaHiAL 3epeH OT MexchasHbix nosepxHocTen. B csolo
ouepeAb, 3T OT/MUMA CBA38HLI C YXKE YNOMWHEBLIMMCA CBOWNCTBOM MeEX-
38peHHBIX TPaHWly — OHU Da3nenAloT OAnHaKosbie, dasbl. MepBoe oTnKuue
COCTOMT B TOM, YTO ANA rpaHuy 3eped noaepxnoémue n36uiTkK ntoGoro
SKCTOHCUBHOFO IHAYGHWA He 38BUCAT OT BbIGOpa rn66CcOBOI pasaenaioLLeit
nosepxHocTH. [lelicTBuTensHo, TaKk Kak obnactu o U B, pasnenexHbie rpa-
HAUel 3epeH, 3aHATLI OAHOM K TOil xe. dasoit, oGremHbie NAOTHOCTU m°
umb 3KCTEHCUBHOrO 3HaueHuA M pasHbl Mexay co6oil: m*=mf=mY.
MosepXxHOCTHBIE U3BLITIKK MS [& cooteercTBMM C (30) ] pasHbt

MES=M-vm¥Y (61)
W He 33BUCAT OT ONpEleNAIOWIEro MONOXEHNE YCROBHOM pasaenflowed® no-

1 310r0 MOXHO AOGUTLCA, 30KPENMB, HENPUMEP, FPBHNLY HE NOBEPXHOCTH KpMCTan-
N8 KEHABKAMM TEPMMNECKOrD TPasneHua, a B ofibeme — yacTMuamm STOpPOi asel,
WNA TPONHBIMKU CTHIKEMMW.
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%

50

8epxHOCTM napametpa £. EcrecTBeHHO, uTO ITOT pesynsTaT — husnueckoro
XapaKkrepa U He 3aBUCUT OT anbLTepPHaTUBHLIX BapuMaHTOB MeToaa u66ca
B LIMPOKOM cMsbicne. Taxk, AnA NOAXOAA, ONPEASNAEMOTO ycnoBHem 25 =
= 0, AnA rpaluy 3epeH nonyuum (44)

S - v d
M —M—m(V—-——;—A), (62)

T.8. 3HaueHue HeszasucAwWiee OT napameTpa 7, aHanora &. HarnAaHO Hesaeu-
CMMOCTb NOBEPXHOCTHLIX U36LITKOB OT MOJIOXMEHUA pasgenAioweit nosepx-
HocTn Fu66ca snana s puc. 4, 6.

BtopaR 0COGEHHOCTb TEPMOAMHAMUKM FpPaHML 3€peH 33KNIOYaeTCA B
TOM, 4TO ANA CUCTEMbI C FPaHMLBN 3epeH NMUCNO CTeneHeit cBOGOAbLI Ha eau-
HUUY Bonbuwe, yem B cnyvae mexdasHold nosepxHoctu {cm. (51}). Taknum
o6paszom, B cnywae rpaHul 3epeH Bce audhepeHuvanti B MpaBoil 4acTy
ypasHewuA TuB6ca (52) HesasMcumbl (B cnywae rpaHMU 3epeH ypaBHeHMe
Mw66ca — [fiorema (56) He HaknaabiBaeT Ha CUCTEMY HUKAKUX CBA36N,
Tak kak Cf = Cf anA scex 7). MNoBepxHOCTHbIE CryweHWA Ha rpaHUuax
3epeH, B OThMuMe OT MexasHOW NOBEPXHOCTH, He 3aBUCAT OT NONOXKEHUA
paa.qenmomeﬁ NOBEPXHOCTW W CBA3a8HbI TONBKO CO CBOMCTBAMM Camoil
rpaHuubl. :

B uacrHoctM, Hanuume nMilHeld creneHu CBOGOAL!I AAET YHUKAMNLHYIO B
TepMOANHAMUKE MOBEPXHOCTHLIX ABEHUA BO3MOXHOCTb NPUMEHUTL YpaBs-
HeHWe apcopbuMmM K CRyuyaio OAHOKOMMNOHBHTHOW CUCTeMbI, T.8. K TpaHu-
uam 3epeH B uMcTOM sewlectse (AnA MexdasHoil NOBepPXHOCTH MoAO6HaR
NOCTaHOBKA BOMNPOCAE NWWEHA CMLICNS, TaK KAK NpPU NOCTOAHHOR Temne-
patype TaKaR cuUCTemMa HynbBapuaHtHa). B sTom cnyuae ypasHvenue (52)
npuobperaeT BUA:

do = -85dT - Todyp. . (63) -

Mapametp 'y umeeT speck CMbICH aBTOAACOPBUMM Ha rpaHnue 38peH
B YACTOM BeulecTee. Buipakan [ yepe3 TepMOAWMHAMMYECKNE XapaKTepuvc-
™KK obbema U yuuTeiBan, yto S° = Iy ,,' , — MOBEPXHOCTHOE Cryuye-
HUe FHTPONUK, NPUXOAALWEECA HA OAWH NOBEPXHOCTHLINA aToM, fonyuum [27]

do=~To(sS — s¥dT - 1 QYdp, (64)

rAe‘ S; — SHTPOIMA, NPUXOAALLIAACA Ha ORUH aTom B obveme, a S¥ — atom-
Hblit 0GbeM BELUECTBA CUCTOMBI. °

Orcrona

do _ v
(-o—;)r—“roﬂa. (65)

do v
= S_ W _ 39
( o7 )p Fo (S, — S3) = - - - (66)
rReCh ¢ — yAensHan Tennota o6pas’oBaHUA TpaHuUbl — YAENbHOe nosepx-
HOCTHOE CTYWIEHUE FHTANLITN,

YpasHennn (65) u (66) cBMAETENLCTBYIOT O NPUHUMNMANBLHON BO3MOX-
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[image: image15.png]3 OnpeneneHitA 8BTOAACOPGUMY (MOBEPXHOCTHOM MNOTHOCTH ATOMOB
arvue ‘3epeH) ¥ NOBEPXHOCTHON SHTPOMMU B MaKPOCKONNYECKOM IKC-
oHTe. OugHNM BO3MOXHLI 3heKT 38BUCUMOCTM MOBEPXHOCTHOTO
MeHWA OT aasneHuA. TpumeM, 4TO rpaHuua vMmeeT MINOTHOCTb KUA-
, T.e. NpAMEPHO Ha 2 % MeHblIylo, Yem 061EM, U TONUMHY B TPH aTOM-
CNOR, aToMHblil 06bem v ~ 10 cm® /monb. B NpearionoXkeHuu nuHed-
| “saBucumocT o (p) ANA W3MEHEHMA NOBEPXHOCTHOrO HATRAXEHWA Ha
0,1 Bw/m®  (3naveHne, cpasHumoe C aGCONIOTHLIM 3HEYEHWEM 0 ~ 03—
“08 Ax/m®) pocratouHo Assnewmna ~2,7 - 10° KMa, 4T0 IKCnEpUMeHTaNb:
' Ho BnohHe AOCTUNMMO. HacKONbKO Ham U3BECTHO, MOMbITKW W3MepeHuA
NOBEPXHOCTHOFO HATAXKEHWA TPaHWLL 36peH NOA AasneHWeM A0 cux nop
He npeanpuHMManuch. Mexay Tem aBsT0aacop6UMR TeCHO CBA3aHA C NOHA-
TMem cBo6oaHoro o6vema B COBPEMEHHbIX TEOPUARX CTPYKTYPbl rpaHul
seped. OHa CBMAETENbCTBYET O TOM, HAECKONLKO MNOTHOCTL BOWECTBA B
_ rpeHuvLe OTNUYAETCA OT NNOTHOCTH BellecTsa B oGbeme.
~ AacopbuMA Ha rpaHMuax 3epeH B MHOrOKOMMOHEHTHbIX CUCTeMaX Tak-
We OTNMuaeTCR OT aacopbuun Ha MexdasHbix nosepxHoctAx. Ee ocHoe-
HOE8 OT/MYME B TOM, 4TO 8ACOPGUMA BCeX KOMMOHBHTOB Ha rpaHuuax e
peH UMeIOT OnpeaeneHHoe 3HaueHMe W B NPUHUMNE MOTYT GbiTb N3MepeHsI.
PaccMOTPUM 3TO Ha npumepe GuHapHoi cucTemsl. U3 ypaBHeHnit Fn66ca
(63) n Fu66ca — Atorema (56) umeem: ‘
1 fc T1)dp, pT = const, (67)
rae C — KOHUEHTPaUVA BTOPOIO KOMITOHEHTa. .
3roT pesynsTar Gbin Briepssie nostyyed CneTrakom u Cneiisepom 8 1961 r.
Ha OCHOBEHWM 3TOFO CMMTANOCh, YTO WIMEPEHHA MOTYT faTb NWULUL NUHENH-
Hylo komGuHawmo I'y u I'z, ‘B8xopAWY0 B NPaByI0 4acTb ypaBHEHWUR (67)
(anA rpaxmy 3eped napametpbl 'y u I'; He 3aBucAT OT BbIGOpa nonoxe-
HUA Pa3AeNAIOWIS NOBEPXHOCTM U OAHY M3 HUX HEeMb3A, KAK 3TO AenaeTcA

do=—{I"} -

hna mexchasHeIX NosepxHocreil, oBpatuTe B Hyns). 370 ReACTBNTENBHO

TeK, @CAM AABNGHME B CUCTEME OCTaeTCA MOCTOAHHBIM. Ecnu xe aasnenue
B cucTemMe MOXEeT MeHATecA, To I'y u I'; onpeaenstoTcA cuctemoii ypas-

~ Hennii [27]: |
8o - _ _ c o,
(:ﬁ?)P,T =--—F Pl)(-szr—)p'r, (68)
do - v C op ,
(;;,—')c'-r""Vl Iy =y - gy i op’)C,T' (69)

U3 (68, 69) BLITEKAET NPUHUMNWENLHER BO3MOXHOCTL PAa3fe/bHOTO
onpeasneHuA ancopbumnin KOMNOHEHTOB Ha MEX3epPeHHON rparuue.

6. ANCOPBLUA HA MPAHULIAX 3EPEH

:‘(lgu:uunuanman BOSMOXHOCTb  PasgensHOro onpeaeneHMA  aacopbium
. MMOHEHTOB Ha rpaHuuax 3epeH TpebyeT 3HaHMR 33BMUCUMOCTM nosepx-
nOCTHOl'O HaTAXOHUA rpaHUL 36peH OT KOHUEHTPauMW U assneHuA. Ho Ko-
Bu:wec'rsennux A3HHLIX O BAMARHWN ABBNGHWA HA NOBEPXHOCTHO® HATAXEHME
HAcTOALIGe BpeMA HeT. CnegoBaTensHo, HYXMO HaliTh Taxue XapakTe-
p|«:|'||‘ay:<';,T br:n;ueo ooc;asnmomue 8ACOpPOUMHN, KOTOPLIE MOXHO 6bINO Gbi
pacc HO
oy A ‘nuu.lb 33BUCHMOCTU MOBEPXHOCTHOrO HATAXEHUA OT
e o(‘)‘aﬁ;p:;umca “KG Moaem. Pae;:mrpuM FPaHULY 36peH KaK OAHOPOAHbIN
wuHo! & u nnotHocTeo p°; ‘TOTA3 8ACOP6UMA /-TOTO KOMNOHEHTa

= S
P] = 8s(ci ps - ,-P). (70)
rae C;, C, — KoHueHTpauua (aTomHbie BOnM) i-Tore KoOMNOHeHTa B

TPaHKLe 1 3epHE COOTBETCTBEHHO; P — MNOTHOCT.
H  BeliecTea
W3 seipaxerun (70) BbiTexser, 4To 1ATTRA® OGkeMo sepHs.

k k
2 I=58p5 % ¢5- $ = =
i=1 i b i=lc’ 8pi=zl ci_s(ps_‘p)‘=r‘°' (71
Mockonbky oGvemuan u r

. PaHU4HaA nnoTHocTU He cosnaaator, X I, # 0.
Ty ABnRerch BacHoi X8paKTepUCTUKOIA rpPaHUL, 3epeH; B YMCTOM ae';hecr
Bé OHa cosnanser ¢ asToaacopbumeit [27]: I'y = — —17- (ff_)r Y pas-

3 .

Hete (70) mMoxHO NpeacTasuTh B BUgE o ¥

L, =380%C] ~c) +5C,(05 - p) : (72)
nnm .
I, =T +C,T,. | )

Ka:a:oum .oGpasom, ancopﬁumo“ i“TOTO KOMNOHeHTa Moxcuo‘npenc'rmmb
g ;-:l'ronmyoo ns AB)?( 4aCTeH — KOHUEHTPALUOHHOM I‘,’ ¥ NNOTHOCTHOM
¢ ’,.'o 1?140 cT:o::io‘;:;::;:lmeot:rasnmouum aacop6umu onpenenfAeTcA pasauuuem
rpaHuubl u o6veme 3sepHa. KoHueHTpa
‘ ‘ . LUMOHHaA e
z;:::;m:: ag:zpﬁmn nr?mausaer HBCKONIbKO COCTaB rpaHuubl 3epeH
ob6vemHoro. I, — aro uucno atomos /

: ; B /-TOTO COpTa, KOTO
::::o 3"6’”,""’ B CUCTEMY, HaxOARWYIOCA B paBHOBECUM, Npu vn:;orepf::::3
oM yse:n:e::: nnouum;k NMOBBPXHOCTU Ha eauHnuy, 4To6bl o6uwiee

acTu TeMe ¥ oGbeMHbIe KOHUGHTPaUUN BO BC 3¢
ex ¢asax ocra-
TMCh . NOCTORHHLIMM (oﬁyem CUCTeMbl NpPU ITOM AOMKeH ua‘temm):

, oN;
= (L), |
h A .n, ci (74)

W3 ypasHeHuit ('}1) ¥ (73) cneayer, yto

k
Z.T, =0

i=1

(75)
o |






[image: image16.png]b,
roe

§ "",Ecnu noacrasuts (73) B ypasHenve FnGGea, To NonyHUM:

! K k £

do=—-2 ,F;d“i'm‘.zlcid"‘i:"i lrid“i_
; i=1 i= =

k
- X I‘I'.du,. -~ To Qcpdp; T,N, = const ; (76)

i=1

. k
-Te £ Cv;dp
o .z, i

. k = -
-1 j- N
r ncp = ( xz CI) , C P o6bemMHan KOHUEHTPAUUA ~TOr0 KOMNO

i=1
weHTa B 38pHe, aTOM/CM® . :

Taxkum 06pasom, B NpaBoit 4acTM YPaBHEHWA ub6ca NOABRRIOTCA ABA
cnaraembix; Bropoe (—T'o Qc pd p) wcue3aeT, ecnv AaBneHwe B- cucTeme
OCTOARHHO (Nepsoe CraraeMoe OCTaeTCA, NOCKONbKY i, 38BUCUT HE TONBKO
oT pasnenvn). CnepoBartensHo, ypasHehue rué6ca 8 dopme (53) ocraer-
CA CNpaseATMBLIM N ANA KOHUEGHTPAUMOHHBIX COCTaBMAIOWMX BACOPOUUN
l"; W, COBMECTHO C ypasHeHnem (76), nossonner paccuuTaTy U30TepMo-
n3oBapsl I‘,f KOMNOMEHTOB MO W3BECTHLIM W30TEPMaM NOBEPXHOCTHOrO
HETRXKEHWA FPaHWUL, 3epeH W XMMUYECKOro noTeHuuana (akTVBHOCTER) KOM-
NOHEHTOB B 3epHe. TaK, ANA ABYXKOMMOHBHTHON CUCTEMbI U3 (76) wn ypas-

wennn Mu66ca — Nrorema (56) honyuum:

v d
do=—Tidu ~ Thdp = -2 7
370 — MaKCUMYM TOrO, YTO Njbl MOXEM MOfNy4uTs B paMiax Teopun
M66ca — NoO 33BUCUMOCTH ,noaepxrbcmoro HATAXKEHNA ME@K38peHHON

rpaHuusl OT COCTEBA CUCTEMbI ONpEAEnUTH KOHUEHTPaUMOHHbIe COCTas-
nAowMe aacopbumu, T.e. NOBEPXHOCTHbIE CrYLBHUA yucna aTOMOB KOMIIO-
HeHTOS. [ANA ONpeAeneHUA XapAKTePUCTUK nosepxHOCTHOTO  (3epHorpa-
HUUHOTO) PacTBOpa 3TO HEOBGXOANUMO, HO HEAOCTaTOuHO. HyxHo 3HETHL OCO-
GeHHOCTW NOBEJGHNA 8TOMOB K&XAOrO KOMMNOHEHTE, WX aKTusHOCTb. AApY-
UMM CNoBaMu, HEOBXOAUMO HaiATV XMMUYECKVIA NOTeHuUan atomos 3ep-
HOTPSHWYHOTO PacTeopa.

7. NOBEPXHOCTHbIE (3EPHOFPAHV|‘-IHBIE) PACTBOPDBI

" YpaBHeHUA TOPMOAMHAMWUKA NOBEPXHOCTHLIX ABREHWIA ¥ TepMOAUHaMKU-
Kn "oGbeMHbIX” CUCTEM B OfNpeaeneHHOM Cmbicne noAoGHLI: COOTHOWe-
HWA MEXAY MOBEPXHOCTHBIMW W36bITKaMK {Cryu\eHMAMN) paSNAUHLIX Tep-
MOAMHAMUYAECKX NapaMeTpos UMEIoT TOUHO TaKol e BMA, KaK U AnA
06beMHbIX 3HAYBHMIA, TONLKO ponb o6vema urpaeT Nnnollans NOBePXHOCTH,
a ponb ASBNEHWA — NOBEPXHOCTHOE HaTAXEeHWe (c o6patHbIM 3HaKoM) .
Tak, ecnu aHeprvua 06bemMHok thaabl :

W=18 -pv+Z pNY, (78)
i=1 '
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s

TO NOBEPXHOCTHLIA U36LITOK 3HEpPruun

U =T8S 3 s
TS +0A + X u; N7,

i=1

(79)

Hy:mm:oszgnner ?opmanwo pPaccMaTpuBaTL NOBEPXHOCTb KaK JBywmep-
Hyo y CBOEIt 38BUCAMOCTLIO XAMMUECKNX MOTEHUMANoB [ OT WH-

BHLIX NapamMeTPOB NOBEPXHOCTW: TeMNepaTyphl, nosepx:cocmoro
HaTAXXENMA ¥ KOHUEHTPauMu. B pasHoBecMU XMMMUYECKME NOTEHUUanLI NQ-
BOPXHOCTHBIX 8TOMOB MO 3HAYEHUIO COBNAAMOT C OGBLEMHLIMM (WHaue are-
Mbl Nepexoaunnn Gel ¢ nosepxHocTH B 06b8M UK B 0BPaTHOM Hanpasnexuy) .

S
BT, 0,C7) = u(T,p,C)). (80)

""BeeaeHue’” HoBOM hassl He BCTynaetT B NPOTMBOPeUME C NPABUNOM ¢as
F'w66ca, l'lO(iKOﬂbe BMECTe C HOBOA ha3oit B CUCTOMY BXOAMT M HOBLIN
VMHTEHCUBHLIK NapaMeTp — MOBEPXHOCTHO8 HATAXKeHME, BBEAGHME 3TOrO
napamMeTpa KOMMNEHCMPYET YMEHbLUBHUE YMCna crenen;ﬁ csobopbl, Bbi3-
B28HHO@ NORB/EHUEM HOBOW ha3bi. ' '
] YpeasHeHue .'(80) No3BONAGT MNOAYYMTL PAA OGWUX COOTHOWEHUA ANA

OBEPXHOCTHOW ¢hasbl, ecnu B ypasHeHun aacopbumu (52) ucnonssosars
AndxbepeHumMansl MOBBPXHOCTHBIX XMMUYECKUX NOTEHLMANOB, BbIPANKEH-

0“8 aus s
-2r—L =1; zr—L = _sS, 2k |
ary T I:r"d_cf_ -0 (81)ean
s

o uy -

Ddu3yueckuii - (—L ‘
» Tu K cmuc:: ( %0 )ci' 7 ONpeAenAeTCA No aHanoruu ¢ oGvem-
Ho# ePMOAMHAMUKON (—0_— 3TO aHanor AasneHMA p) — 370 RapuMans-
! MONAPHbIe Nifowaan (A}, saHuMaEMLIe KaXALIM KOMNOHEHTOM B NO-
BepXHOCT. AnA Hux BLINONHAGTCA COOTHOWEHWE:
ITA =1 (82)

s

o u’
Mocneawee B pAay ypaswenwii (81) Z T, -—ﬁs- = 0— NOBEPXHOCTHBIIA
aua11_1or ypasHeHuA Mn66ca — [iorema. 2
. TepmMoanHaMiUeCKkan TeOpUA, pPacCMaTPUBAIOWEAA Mexda3
. ’ ! H noee -~
HoCTb Kak chasy, Guina NPeANnoXeHa ANA GUHapHLIX cucTem B 1 941': AA )llz;
x0BuuKuM. TMepexoaHslii cnoit mexay dasammu cuMraeTca ORHOPOAHOM n.poo-

noiikoi. [ina nosepxHocTM pa '
3en8 KOHAGHCUPOBAaHHOW U rasosor ¢has
NPaKTHYeCK BCA HOOARHOPOAHOCTb COCPEAOTOYEHA B Mouomnexynnpfrm'

cnoe. AnA TPBHKL, 3epeH CUTYaUMA, NPUHLANKANLHO HEe OTANYERCH OT no-;

BOPXHOCTM pasfena KoHAeHCMposaWHan tasa — ras, Gonee cnoxHan. flaH-.
Hble MUKPOCKOMMYECKMX HabnIoAeHWii CBUAGTENLCTBYIOT O 'rbM, yTO KpHC-
TannorpagMyeckan WMpKHE rpaHMubl 3epeH COCTABNAET A8 — ™M Mex-

- 8TOMHLIX paccTORHMA. CoBnagaeT nu 3Ta BennuWHa ¢ 30HOW ‘‘TepPMOAWHA-
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[image: image17.png]g Ha avoT «apn’-,
BOTDKHB! PESYITHTATL] TEPMOMHAMUUECKHUX U3MEDEHUA. C
seZioM ' aKTMBHOCTM B OGbemuol (a,) nosepxHOCTHOMA (sepHorpe-
%ﬁbﬁ) ’(a‘f) casax Asyxxomnoneumoi‘ cuctemut. Toraa, NpuM NOCTOAH-
X TemnepaType W [aBneHuu, pasHoBecue MeXay 06beMHOR © NOBApX-
wMocTHOl thasamu [ cm. ypasHenve (80) ] neer - - - .
“I ;g\"l cT +k Tlnai(ci) = “;'p = “isct((o) + E
“kTinad (o, CY. | | (83) -
. . Buibepem cTaHABPTHbE c,oc'ljohuun' TaK, YTOGbI aKTUBHOCTA YUCTBIX KOM:-
‘noHeHTOB Gbina pasHbl eauHnue (U B 0GvemMe n Ha nosepxHoctu) . Uz (83)
< n(80) npuC;~> 1nonywm: . ,
ey = Herl9)s : ' ‘ (84)
. The 0; — NOBEPXHOCTHOE HBTAXEHWe YNCTQro /-TOTO KOMMNOHEHTa, Wi, -8
HalleM GCMy4se, NOBBPXHOCTHOE HATAXKEHWE rpaHuubi 3epeH B i-TOM KOM-
nonente' . Toraa, u3 seipaxerun (80) -

R

<Oil”" * “aacopbUMOHHOR” HeoaHopoaNocTM? OTBeMTS

KTin =L | . {88)

K] S =
K er (q_i) - ’{'i cv (o) = ;

MNonaran, yto (0 — o;) mano so BCOM WHTepBane KOHUEHTPauuii, pasno-

HUM u‘,s“ (0) B pAa Teiinopa n OrpaHUYMMCA NUHEAHLIM YNEHOM:

. o uy
S S i .
Wer 0= 47 (a,-)‘ * ), r I"/(o = o).
B pesynetate non!uum: _ _
=0 +'-k—7--ln—f-"—.- (87)
' o A a8, ‘
i ' .
RS s
A. = o ( Obj ey

Y A
WcKniownm us ypasHeHuiA (87) nepemeHHyio O
A A, lo;, —a,)

.1 )p, Toy

.ff_; = (L) A, kT " .. (s8)
a, a,

Ypasuenun (87), (88) HOCAT Ha3BaHWE YpaBHEHWH )nyoéuuxoro. Onu -

_ NO3BOARIOT MO NONYYEHHON KOHUEHTPaUMOHHOH 3saencumoc a(C)  us-
. BOCTHEIM TEPMOAMHAMUYECKMM XapaKTepucTuikam o6vemHoro pacrsopa
...ONPeAe/MTh AKTUBHOCTL 8TOMOB NAHHOTO COpTE B NOBEPXHOCTHOM pacT-

sope Kak dbyHkumo obvemHoll KoHueHTpauun. fpeactasnerve e O no-

' [1089PXHOCTHO® HETAIKEHH® YHCTOTO KOMNOHEHTE He ABARETCA KOHCTBHTOM, Noc- -
KONWKY PECCMETPMBEIOTCA HE TONBKO KOHUGHTPBUMOWHbIE, HO TemnepaTypHsie u Gs-

PANECKNE 38BUCHMOCTH. :

(86)

| 8 oTAuKe OT ; i OHO HE 38BUCUT OT KOHLEGHTPALMHN. .

BEASHMM TOMOB B PEHMYHOM DAaCTBOPE MOMET ABTbL MX 8KTUBHOCTb, OT-
HECEHHAR, 6CTECTBOHHO, K UX FPAHMYHOW KOHUGHTDAUWM, T.6. K fone &T0-
MO8 A8HHOTO COPTA OT O6GLIEr0 KONMYECTBA ATOMOB B rpaHMLie.

- OAHAKO MOBEPXHOCTHLIE ATOMDI, KOTOPbLIM NPUNUCLIBAIOTCA onpenenem-
Hbi@ 3HAYEHWA XUMMUNECKIMX MOTOHUMENOB, — 3TO NOBBPXHOCTHbLIE U3GbiT-
I 4Mcna 4acTMU B CMCTeMe, & He PeasnbHbie aTOMbI NOBEPXHOCTHOrO (3ep-
HOTPaHNYHOrO) cnon. TIOBBPXHOCTHLIE BKTUBHOCTH W NOBEPXHOCTHbIE KOH-
USHTPAUMK — 3TO AKTUBHOCTY M KOHUEGHTPEUMM He 8TOMOB, COCTAaBRAIOWMX
FpaHuLy pasnens, a n3buiTounbix. aTomos B8 metoae MuG6ecs. CooTeeTcTsue
MEXAY TEePMOAMHEMUYOCKUM NOAXOAOM, M3NONEHHLIM BLILE, U MOASNS-
HbIMU TEOPUAMM BOSMOXHO <MLL B CNYY8S, KOTAR KONIMYECTBO ’‘TEPMO-
AAHEMUYECKNX"', “U36LITOYHLIX” BTOMOB COBNAAAET C KOMYECTBOM ETO-
MOB peanbHeiX (UM MOAeNbHbIX) .

Ann mexdasHbix nosepxHocTeli pasgena sToro aoGuaaloTcA, onpepe-
NeHHLIM 0GPaIOM PasMewan Pasaennioulylo NOBEPXHOCTL. TaK, ecnu B cc-
Teme ras — XMAKOCTL NPOBECTH YCHOBHYI0 PasfieNAIoWlYI0 NOBEPXHOCTH
MEXAY NOBEPXHOCTHLIM MOHOCNOBM U OGLEMOM XMAKOCTU, TO, NOCKONL
KY MNOTHOCTL rasa NpeHeGpeNdiMO Mana No CPEBHEHUIO C NNOTHOCTHLIO ¥MA-
KOCTH, -3HaYeHMA ancopbumu — 370 NPOCTO YMCNA aTOMOB ABHHOTO COpTa
:“ :méuuue NNOWAAM  NOBEPXHOCTHOrO CNOA, 8 NOBBPXHOCTHAA KOHUEHTPa-

i \
C; =T/IT,. (89)

Takum 06pasoMm, 3HaR NOBBPXHOCTHYIO AKTMBHOCTE KAK dyHKumio no-
BOPXHOCTHOi KOHLBHTPALMK, NOAYYMM NONHOE ONWUCAHUG TEPMOAUHAMMU-
4eCKuX CBOHCTB NOBBPXHOCTH. ' ‘

B cnyvse rpaHuu 3epet CUTYBUMA NPUHUMNUBNLHO ADYTaR. MNosepxHocT-
Hble CrYWeHMA, KaK yxe coOGLAaNnoCcy, UHBAPUBHTHBI K NONOXEHWIO pas-
AenAiowieid NOBEPXHOCTH, U 3HAYGHWA BACOPGUMI Ha rpaHMLax sepeH Bcer-
A8 GYAYT CYWECTBEHHO OTAMNSTLCA OT 4MCNA STOMOB B rpaHWue. Bbixoa
"3 NONOXEHWA, CNEAOBATENbLHO, 38KMIOMAOTCA B OTKAse oT Mmertoaa [u6-
6ca, B KOTOPOM MOBBPXHOCTHOG CryuieHWe 06bLemMa pPasHO Hymio. AnbTep-

Puc. 5. Cxema, unniocr i T ) :
e u;;on: CTPHPYIOWEBA NPUMEHENUS - METOAB CNOA MOCTORHHOR TOAWMHLI . \ :
| a—K qngenanmm NosepxHOCTHOrO 06Bema; & — K ONpeaeneHio ancopGumnm
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_nﬁﬁpusm noaxoA HOCWT HasBaHne METoAa MIOBEPXHOCTHOTO CAOR KOHEeY-
" HoM _TONWMHbI [26]. B Hem nONHOCTbIO COXPaHAGTCA WAGONOrMA METOAA
i66ca, B 4BCTHOCTH CUMTaeTCA, uTo (pasbl OAHOPOAHbI, HO Tenepb QHW He
CONPVIKAECAOTCA  BAOMNL FEOMETPUHECKO MOBEPXHOCTH, a pa3HeceHb! Ha
KOHe4HOoe paccToAHue (puc. 5) . B pesynbrate CYMMapHbiIli 0GseM (a3 Menb-
we AonHoro o6vema CUCTEMbI wa 3HaueHue nepexopHoro cnon V©. Coot-
BETCTBEHHO, MO-UHOMY BbLIPBXKAIOTCA U NoBepXHOCTHbIE CTYWeHUA APYrux
napameTpoe, Hanpumep, Ycna yacTuy: . '
N =N-n" vV =N =nYv+aV Vo (90)
~ NockonbKy OBOPXHOCTHO® CrylueHue o6bema He paBHoO Hynio, B aa-
cOpOUMOHHOM  YPaBHEHWUN Tw66ca NOABNRETCA uNeH, coaepxaumin  aud-
thepeHunan PABNEHUA:

. k
da=—dsdT—iE T,du +v°dp, ©1)
. it
rae v — ynensHoe noBepxHOCTHO® cryuiexne obrema.

Teneps uncno audibeperunancs 8 npasoit 4acTM YpasHeHuA rw66ca
Ha eauHuuy Gonblue, Yem wucno creneHeit cBoGoAbl, 1 BLIGOP NapameTpa

VS paer wam Ty csofoay, KoTopen B cnyuae mexhasHbix NOBEPXHOCTEN .
06ecneYnsanach 3aBUCHMOCTbLIO NOBEPXHOCTHBIX CTYUIBHUA OT NONONKEHNA |

pasfenAIoulsit NOBEPXHOCTH. WmeHHo BbiBOP v noasonmeT AO6MTLCA COOT-
BETCTBUR M3BLITOUHBIX MOBEPXHOCTHBIX NapaMeTpos mofenbHbIM, JT0 3Ha-
yeHMe HYXHO BbiGUpaTL TaK, yTo6bl YACNO aTOMOB B FpaHnue 3epeH cos-
nagano ¢ COOTBETCTBYIOWMAMK MOBEPXHOCTHBIMM  CTYLUSHUAMM. PaccmoT-
pum HanGonee n YIo MOAENb TPaHulbl — crioli TONWMHOM & W NNOTHOCTHIO
ps. Buibupan = §, no6MBEEMCH CONOCTaBUMOCTH TepMO AMHAMUHECKUX
3HayeHW ¢ MOABNbHLIMU.

NMoavepkHeM, 4TO B MeTOoAe CROA KOHEYHOM TOMUWMHBLI COXPaHAIOTCA
BCe NEpeYUCsieHHble Bbille AOCTOMHCTBA metopa Tw66ca. Kaxasih n3 me-
TOMOB WMeeT CBOW OGNacTb NpuMeHeHWA, rae OH Haubonee yaoGeH. Me-
top Tn66ca uenecoofpasHo WCNONL3OBaTHL npn OnNUcaHnun noBepXHOCTeH,
pasaenfAloumMx Ase pasnuutbie dasel. Metoa cnoA KOHEYHOW TOMWMHLI YAO-
GeH AnA aHanusa rpakwu, no 06e CTOPOHbI KOTOPLIX NEXHT OAHA W Ta Xe

. ¢hasa: MexsepeHHbie rpaHuubl, AOMEHHbIe CTeHKU, TOHKWe ANeHKN U T.A.

C BBepieHuem napamerpa NOABNAETCA ABHAA 38BUCMMOCTL f0BEpX-

HOCTHOTO (38PHOTPAHMMHOFO) XMUMMUYeCKOro noTeHuuana oT ASBNGHWUA

u$ =0, T.C.p). (92)
CoOTBETCTBEHHO W3MEHAIOTCA u 3epuorpaHme|e 'repmomnamuuecme
Toxaecrsa (81): '
~ZT,04f/00) = ZT,A; = 1; T 0u0p = v
s

]
9 .

B et -

Bup ypasHenuin Xyxosu .

UWKOr0 HE MEHAETCR, HO 3H

or . 3HaygHUA aacopbumnit KomrioHeHTOB B Haluei M::;wn:ﬂa:{)a::;:x
Zop;aneuuem (70), a wicno napamerpoB MOXeT GbiTb YMeHbLLWEHO nepexo-
( K KOHUEHTPaUWOHHBIM KOMNOHEeHTaM aacopbuvun. BaxHeim ceoiicT-

BOM ngpnenuux RBNASTCA UX HE3ABMCUMOCTb OTHOCUTENLHO BbIGOpPa 3Haye-

min vS?, DelicteutensHo:

= G v
I, | rf+v¥ovc, (94)

(bjunekoom G oTMeveH NapameTp, BbIYUCHEHHLIA NO METORY I'ﬁ66ca)
;=T - =16 ‘ 5
i =T, = GZII, =TF +/¢;p" - Fcp'zc, =P, (95)
YTO W @NpefenneT YKasaHHYI0 WHBAPMEHTHOCTL YPasHeHWi  aacopbumu

KoHueHTpaunoHHsie Kol .
napen, MIMOHEHTLI aACOPBUMM BLIPAXKAIOTCA 4epes OAMH

I, =2z(c} - c),

rae Z = 8 pS. >

YpasHenue (96) nosso )
o r,’ NAGT HaM ONpeAenuTL COCTAB rPaHuiLl 3epeH:
P= Gz ©o7)
YpasHeHun )KyXoBULKOro COAEPIKAT TOT xe napameTp Z:

A=) | !
i o c;=1 " (“}'”c,=1'

“lﬂK’ cXxema onpeaeneHuA T
’ e ePMOAUHEMUYECKUX X8 T
. paK
HOrpaHUYHOro pacTsopa npuoﬁpe‘rae'r.cneny.o"m"“ BuA: epucTUic  3ep-

JxcnepumMmeHTanbLHO U3Me ‘
1 peHHaR 3asMcumocTs 0(C)
TepMoaMHamMvKka obve o)’
AHaMUIKa oy MHoro pactaopa i, (C), a, (C)
KoHUeHTPaunoHHbIE KOMNOHBHTb! {87)
ancopbumm I, (C, 2)
(&
(97)
Coctas rpaHnie! 3epev

C:."’ o5 AKTMBHOCTY KOMMOHEHTOB

B rpaHMLe 3epeH af {C 2)

TepmoaHamuKka sepHor
paHUuHOro
pactsopaa; P (C/P,2), uiP (C[P, 2)

Taxkum
06pa3om, NO 3IKCNEPUMEHTANLHOM 3aBUCUMOCTH nNoBePXHOCTHO-

ro Hata
MKEHUA paHul 3epeH OT cocTaBa o(C) 1 TepMOAMHBMWYECKMM CBOMCT-

* Qped
padxos B.E. TepmMOAKHEMUKA HENOABMHLIX W CTAUMOHEPHO ABMKYLULIMXCR

rpaHvu 3epeH. AsToped. KaHa. aucc. YepHoronoska, UOTT AH CCCP, 1981 r.
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[image: image19.png]Bam 06veMHOro’ pacTsopa Mbl ONPEAENAeM TEPMOAUHBMHWYECKHE CBOWCTBA
3@PHOTPAHWYHOTO PECTBOPA — KOHUEHTDAUMW W 8KTUBHOCTM KOMMOHEHTOB .
B rfﬁanuue 3epeH. B pAMKaX OAHONAapaMeTpuyecKon mopaenw..B. uwacTHocTy,
NPEANOXKEHHAR CXeMa [O3BONAET HBATM SHEPreTMYECKNe XapaKTepucTh-
KW* B3BMMORBIHCTBUA aTOMOB B 3epHOTPAHUYHOM PacTBOPe APYr € ADYroM —.
TENsiOTY CMELLGHNA U C rPaHNLe 3epeH — TeNNoTy aacopbuun.

Mapamerp £ ~ eMKOCTb rpaHuUbl — HE MOXET 6biTh OnpeaensH 4YUCTo
TepmoanHamuveckn. W3  paHHbIX GONBLUKHCTBA WOHHO-MUKpPOCKONUYeC-
KMX, 3NeKTPOHHO-MUKPOCKONUYECKNX W, OCOGEHHO, OXe-CNeKTPOCKOnU-
deckux uamepenuli cneayer, yro Z OTBeYaeT eMKOCTH ABYX-TPEX MOHO-
"aTOMHBIX CNOes.

. 8 QKCHEPHMEHTAI!bHHE METOAb! ¥ PE3YNBLTATSI
- USYMEHUA AQCOPEUUM HA TPAHULLAX 3EPEH

Ouetib HEMHOTOYNCNBHHbLIE BKCNBPUMEHTaNbHbIE METORLI M3YyueHuA aacop6-
UMM MOXHO pasbute Ha. ase rpynnbl. NoAsuBIMECA 3a nocneaHwe ropebl
METOAL! ' NepPBON rpyrinbl CBA3AHLI C. NPAMbLIM 8HANM3OM COCTaBa Nepsoro
NOBEPXHOCTHOrO CNOR (MAM_ HECKONbKUX CNOEB) ¥ PACYETOM aACcOpPGUMM
- no chopmyne (86) I'; =2Z (e - c;), npuseaeHoit B pasaene 7. Hanomium,
470 B 97T0¥ opmyne ¢; = N7 n ¢, = N; — MONbHLIM AONAM /-TOrO KOMMNOHEH-
78 B rpaHuie U o6veme -(rpaHMuHoM u 0GLEMHOM PacTBOpPax), Z — eMKOCTb
rpaHuubl 3epeH.’ 3HauYeHU® Z OMPEAGNAGTCA PASpPEeiLeHMeM METOAR aHanu3a
M ABAAETCA B HEKOTOPOM CMbICNie NapameTpoOM METOAS; B CBOIO Ouepeas,
3apaHue Z onpegenfeT TOMWMHY rpaHuUbl 3eped. BuluucnenHan Takum o6pe-
30M aacopbUMA NPeACTaBNAET KOHUGHTPAIMOHHYIO YACTL NONHON aacopb-
WM W ABNABTCA M3BLITONHO! B rHGGCOBOM CMBLICNE, 3TO — NOBEPXHOCTHOS
CryuieHue uacTuy /~Toro copra. CeAss MEXAY 3ACOPGUMAMU KOMMOHEH-
108 B8 6MHADHOM PacTBOpe ABETCA OYEBMAHLIM ypasHexwem: I'; + T3 = 0.
MeToab! BTOpOA rpynnsl CBA38HBI € WUCNOSMLIOBAHUEM 8ACOPGUMOHHO-
ro ypasHeHwn "u66ca. Mpu coGnioaerun ycnoeua I'y + I'; =0 ceAss, mexay
ancopOuneit U NOBEPXHOCTHLIM HATAXKEHUEM UMOBT BUA:
_ - Dydp, _ RTr'dIna,
A e ey (el
~ Takum O6pa3ICM, 8CNM U3IBECTHLI W3OTEPMbl NOBEPXHOCTHOTO HATANKE-
A 0 (N3) W aKTMBHOCTH a; (N;), uHTerpupoBarue aToro ypasHeHus (ua-
LWe BCero rpamyeckos) NO3BONAET PacCYMTaTh aacopEUKIO.
* OcHOBHbIMA TPeBGOBBHMAMM K METOAAM 8HANU3A COCTaBa rpaHuubl AB-
NRIOTCA BLICOKOS paspewexne no rnybuHe (CONOCTaBMMOE C MEKATOMHbIM
PACCTOAHVEM) W OTCYTCTBME WCKEXEHWA, rNasHbie WCTOYHUKN KOTOPLIX
. 3arpA3SHEHME NOBBPXHOCTU W noTepu npu ucnapeHun. [ink 6opu6bl C 3arpas-
HeHvem BCe MaHuNynaAummM ¢ o6pasuaMu U CBMM W3SMEPEHUR NPOBOAAT B
" paKyyme He xywe 107! T u Ha cBexenpuroToBneHHbIX NOBEPXHOCTAX.
.- Caesamii norpaHuuHeifi M3NOM 4alie BCEro MOAYYAOT NYTeM Pa3pYLIeHUR
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obpasua 8 kamepe npubopa. 310, ecrecTBeHHO, CHNLHO chepy me-
CNBAYEMbIX OGLOKTOB — NPUXOAMTCA OrpaHuuMBaTucA mnnam‘ ::
nu;uamoummu 36pHOrpaHNYHOe CXpYNYMBaHUe. : '

. DO3MOXHbIe noTepu Npu . MCNapeHnu NPUBOAAT K Orpamu !
Bana Temngpatyp usmepenua. Kak npasmuno, waﬁupwm::'lﬁc:.ol(:’::g:
HEHT UMeeT MeHbluee NOBEPXHOCTHO® HaTAXEHMe, CNeAOBaTENnLHO, O Go-
. fie6 neTyy, NOCKOMNLKY MNOBEPXHOCTHO® HATANEHME W TernioTe cyﬁ;muluun
XOpowo KoppenupyloT mexay coboii [28]. B paGore fiu u Cu [29] 6Guino

.. PacCYUTAHO CeMelCTBO KpuBbLIX, COOTBETCTBYIOWMX BPEMEHHONW 38BUCH-
. MOCTM nosepxHOCTHOro cocTasa npu Pa3NUYHLIX 3HAYEHWAX nNapameTtpa

ucnapeHun £, pasHoro

=4 8
D-N(t) (2umk n)tiz "’ ‘ (99)

rae N°(1) — KOHUGHTPOUMA aACOPGUPYIOUIBIrOCA KOMMOHEHTa B MOMeEHT
BpBMeHM t Ha paccTonHun d ot fNoBepxHOCTH; d — TonWMHA CNOA, cocTas
KOTOpOro oTnuuaercA oT o6veMHOro: a — Koahdmumenr oGora'umma-
JL:’ ;u:o:fdm;:em anchdbysun; m — atomHan Macca; p — paBHOBECHOS Aﬂb’-
Cco IOLLErocA K H -~ pa;

e Sonbum‘:u:y m OMnNoHeHTa; T —~ Temnepatypa; k — nocToAH-

Mpn £ < 0,001 ucnapenne ouens cnato BAWAGT Ha pasHosecke (puc. 6).
No-suaumomy, ana xaxaoro KOHKPETHOrO Cnnasa MOXHO BLIGpaTL m-n'e;;
Ban Temnepatyp, 8 KOTOPOM DABHOBECUE AOCTUIAeTCA 3a pasymHoe mpe-
MnK- 6es noteps, cBA3AHHMIX C vcnapeHuem.

POMe paspewseHuA no rnyGuHe MeToa AOMKeH yaoen
HbIM  8HaNUTUYECKUM TpeGoBaHMAM — qysmuranwyoa:n, GTT:::::; 06;6';:
MOXXHOCTL onpepenexua nioboro anemeHTa, oGvem nonyyaemoii u'mtop-
Maumm u T.A. BepoATHO, uaeansHoro MeToAs, OTBEvAIOWero BCeM TpeGo-
BAHWAM, He Cywectsyer. Bce MeTOAbI OCHOBSHBI Ha B38MMOABICTBUM Nep-
BUYHOMO M3anyueHuR (peHTreHoBCKOro, noroxa ANBKTPOHOB, HOHOB M Ap.)
C BOwecTBOM ' M aHanu3e pacceAHHOro unu BTOPUYHOTrO u3nyveHua [30].
WUssecTHo Heckonbko gecaTios Takux metoaos. OaHako Haubonsusee pac- -
npocTpaHeHue nonywunu [31]: Oxe-anexTpoHHan criexTpockonua {03C)
PeHTreHoBCKEA hOTO3NEK TPOHHAR cnextpockonuA  (POC), vawe Haau:

N D
o & Q

N¥(t)/N o)
£
L3

Puc. 6. 3asucumocts ancopbuun - Ha 4z
BHeWMaA NOBEPXHOCTH OT BPeMeHU Npu 0 S
PA3UYHBIX 3HENEHWAX napametpa wc- w: gt

1
naperna £ {undpsl y kpussix) Bpena(o eil/f/lldﬂxai'od‘yp) w

N 437’
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f- 3N
A HHOTO PAaCCeRH ;
: mﬁ:ﬁ.m:;ee::m (lell\vl:é’:)B VI“) VOHHBIA'
i e T . CTPaHeHHbIX METO-
B ' OAHWUM W3 CaMbiX PAcNpacTpa _
j’f"f'ia 'menmfnm::g:;":oc:aaa NOBOPXHOCTEA TBEPAbIX Ten cTan h:l-:-
o .ﬂ‘gm;fot Mevoa ocHosaH Ha audidepeHunansHom axanuse 3:::@;.
':mm(jccx‘logrc; cnexTpa BYOpUuHbIX O)e-aneKTpOHOB. npakmgec:umpsonee
1 Whigh TeA nvwb OXKe-3neKTPOHLI, :oﬁpasoaaau.meca Ha rnyGuH e
mv;oo #m. MsnyueHue ¢ Gonblupx raybuH He AOXOAMT AO A ropa.
g':;)a'uoﬁ I;Knan B AeTEKTUDYEMbI CUrHan AAloT nepable OAUH-TPH
. N
,(0'p3;m::|e no nosepxHocw 8 metoae O3C ropasao xy):iﬂ :::ont; "
PEAGNABTCA, FNABHLIM 06pasoM, fIMHEHbIM pa3Mepom neps

ol o A xumuueckoro aHanusa (ICXA),
g qrqKTpOCKOﬂM::l u(nCMP) MNM  HW3KO3HepreTuecKoe
'MWKPOBHaNK3 MW Macc-CnexTpo-

) BCE-
KA SNEKTPOHOB, KOTOPbIN B Ny4WMX COBPOMEHHBIX CNEKTPOMeTpax .

T’m " M“::m:pz'uo:y:;eh::;' MeToAa: AOCTATOYHO BLICOKARA ‘(VBCTBMTQIII’:
udc?‘? :::b nposeaeHu ANEMEHTHOrO aHanW3a NOBEPXHOCTHOrO :n:u;”::z-
3 HM, BbiCTpOTa NONYYEHUA CTeKTpa ¥ aosmomuo;lt Cupy
:‘e::i g?:ax 3NEMEHTOB, CneAylowmx 3a renvem B Tabnuue em;ema:
Takum o6pasom, Oxe-cneKTp AaeT KOAMUeCTBEHHYIO (uud:pm?; O
ge NpPUNOBEPXHOCTHOTO CNOA, B oo::;:m:‘ucc"ﬂm:: | ‘-‘rl:sa ::enuem Jeanow
Tome MOKTPO:OBB)OK;XO g:::?:& 32] .' OCHOBHaA TPYAHOCTb Npn UCNONL-
mmm'n:er:za 03C — neoﬁxob.mocn OueHEk TOYHON mnuﬁpoaﬁm:) x:':
::nonuomy,oﬁpasuy ANA YCTAHOBNEHWA CBA3U MEXAY a;anr::::-;y::e | One
KA UM 8ro MHTerpanbHon nnou:a%b:l)ocu :::u::;g:bu:oe:a ?mu heebiiing
METOA -
O:H?':n"z:un:::e:“:o:rpanmaumcn npuMeHeHUR (TONBKO K vnoc;r:ﬁ:
%mx NKUM MBTEPMAnaMm, AAIWMM CBEXMIA MEXKPUCTaNANTHLIN Ma:meg;
:ohpupybpaauurenmo HU3KMX Temneparypax) . noaonwg 6:::1;0:1 Bp mep
nATHE H8 NO3BOARET uccnenoaaryt; ;u:::oezng 1:::‘;:" m HocTs 8 ARo”
| bl: BO BCAKOM Cn
:mym::: r:epen PEHTFEHOBCKUM MUKPOaHANN3OM 1::1:0 mt:;azue:;g:
cmeid. HecmOTpA Ha 3TH OrpaHnueHun, Gonbluan 4acTe uH oot
TaTOB GbINia NONY4eHa METOAOM ?zscl:-ancopsuun Ha rpasuua :
wagxx;zl"vgcxea:;:aﬁzmmn SNEKTPOHbI BHYTPEHHUX oﬁonoue:é
B036YKAGHHLIE MNAAMOWNM PEHTTEHOBCKUM  U3nyyeHHeMm. Ifunemu‘oe:;ro
SHEDIWA 3TMX 3NGKTPOHOB pPaBHA PA3HUUE MEXAY 3Hepruew naaa oulero
peug:enoacxoro thoToHa W 3Heprueii csAsn. CneposatensHo, 3™

. MeToa -
POHb! XapaKTepU3YIoT NPUPOAY STOMOB W WX BaneHTHoe cocToRHue. M

‘ nna-
ACXA, kak u 03C, nossonreT UccneposaTh NOBEPXHOCTHbI ;o:;:: o(; ‘:3.
#6a ¢ cl:mpep.enﬂn Bce 3feMeHTLI TAXenee renma. XoTa p;mr HoBCKOs e,
nyveHue o6nanesT Gonee BLICOKOW MPOHUKAIOWEA CMOCOGHOCTLIO,

38

- B _ANaNasoHe 3Heprui, KOTOpbie UCMONBL3YIOTCA B Metone ICXA (Heckosns-
Ko KIB), paspewseHue NMo rny6uHe nULbL HEMHOrUM xyxe 03C wn cocras-
nAer 06-3,0 um. Hanpotus, paspewenwe no NOBEPXHOCTU — HaMHOro
XY@, TaK KaK PeHTreHOBCKMe Nyul TPYAHO CHOKYCHpPOBaTh, M oGnyuenuio

" NOABEPraeTCA y4aCTOK NOBEPXHOCTH paamepoMm oT 2 o 10 mm.

OctioBHbie meToawI, ucnonesyloumwe MoHHoe obGnyueHue, — 3ato MCBW
n CUP. Cneayer MOAYBPKHYTL, YTO MOHHBLIE NYYKM BbLI3LIBAIOT HaMBONLLIME
U3MEHEHUR B NOBEPXHOCTHOM Croe, STO — paspywaowme MeToAb! aHanm-
3a. B 3tom cnyuse, KaK U npu aHanuse 3NEKTPOHOB, MOXHO M3MEPATL YuC-
710, 3HEpreTM4eCKOe W NPOCTPAMCTBOHHOE pacnpeaeneHMe MOHOB. B  me-
Toae MCBW ananuanpyerca Macc-CnexKTp BTOpUYHBLIX, a8 B8 MeTone CUP —
SHBPreTUYECIHI CNOKTP OTPEEGHMBIX NEPBUYHBIX OHOB.

Paspewenue meross MCBU no rnybuHe onpesenAetcA rnyGuHoii npo-
HAKHOBEHMA NEPBUYMLIX MOHOB B8 o6pasey M rAyGmHoit BbIXOma BTOpPUY-
HbIX NOHOB, yuyacTBylowMX B GOPMUPOBaHUM Macc-cnexTpa, U CcocraBnAer
8 cpeaHem 1,0-10,0 nm. Takum oGpasom, paspelLeHne 38BUCMT OT aHep-
MM ¥ NPUPOALI NEPBUYHBIX HOHOB (0GBIYHO 3TO MOHBI Ar*, OF u apyrve
C 3HEPrMei OT HECKONBKMX COT A0 HECKONbKMX THICHY 3B), or nnorHoc-
™M TOK2 NePBUuHLIX WOHOB (CNeAOBATeNLHO, OT CKOPOCTU MOHHOMO Tpae-
NeHUA) , OT MaTepuana o6pasua U T.4., U MONET MEHATLCA B A0BONALHO WKPO-
Kux npepenax. OcHOBHLIM NpeuMyLLECTBOM metopa CUP mBnretca Bos-
MOXHOCTL aHanMsa CoCTaBa MepBOrO MOBEPXHOCTHOrO CNOA — MOHOCNOA

" [34]. 3vo ocobento saHo anA n3yyeHuA apcopbumn, KoTOpan BO MHO-
TUX CNYY8AX COCPBAOTOUEHA B MOHOCNOE,

Paspewenve meronos MCBU u CUP no NOBEPXHOCTM MEHAETCH B LUU-
POKHX Npeaenax 8 3aBMCMMOCTM OT KOMCTPYKUWM MOHHOM fYWK n coc-
TasnAeT oT 10 MkM? A0 10 Mm3.

Monesan wonwan mmkpockonum paet H306paxkeHne aTOMHOrO CTPOEHUA
NOBEPXHOCTH, yBenueHHOe NpumepHo B 10° pas, B coveTaHuu C BU3yanp-
HbIM HaGnioneHnem- “CBeTALIX NATEH” Ha 3KpaHe unu Macc-cneKTpomer-
PMYECKUM 8HANMIOM 8TOMOB, BLIPBAHHBIX INEKTPUNECKUM nonem. B OCHO-
Be MeTOAA NeXKMT MOHW3BUMA MHEPTHOIO 438 B CUIILHOM 3NeKTPUYECKOM
fione okono ocrpuA. HanprxenHocTs nonp mocturaer 3 - 10'° B/m npu
Anametpe octpuA okono 0,1 Mkm. Taxue nons NPUBOAAT K BO3HWKHOBE-
HUIO B MaTepuane HanpAXeHuld, GNU3KUX K TeOpeTUYECKOU MpovHOCTY,
¥ K paspyweHnio o6pasua. 3TUM METOAOM MOXHO 8HaNU3NPOBaTL TONLKO
Martepuans!, AOCTATOMHO MABCTUYHBIE, NPU BbLICOKNX TemnepaTypax v cunb-
Ho oborauteHHsie NpuMecsio. Moatomy, HeCMOTPA Ha BbiCOKOE paspetue-
tue (0,2-0,4 Hix), metop He NOAYWMN pPacnpoCTPAHEHUA ANA W3yueHUA

) anoopﬁu,uu HA BHELHUX WM BHYTPEHHMX NOBEPXHOCTAX pa3saena B TBEpAbIX
Tenax. )

. 'YnomAaHnem euie meToab! 3NeKTPOHHOW cneKTpockornuu. O6pasusl npea-
CTaBnAlOT co6oi ToHKMe donbru C rpamuueit, NapannensHoil NNOCKOCTH
nyuxa. AHanusMpyeTcA  sHeprua BTOPUYHOTO PEHTIEHOBCKOTO U3Nyde-
HUA, UAM U3MEPAIOTCA XapaKTepUCTUYecKUe NOTepH 3HepruM NPOXOARLMX
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) g
BbIXOAE TPaHULLbLI 3epeH Ha BHEWLHIOW NOBEPXHOCTL Kpucranna, unu y!

noB B TPOWHBIX CTbikax. Takve 3KKCNBPUMBHTb! NO3BONAIT cpw:‘?::t
mexay cofoto. rpaHnusl ¢ pasHoii OpneHTMpOBKOW B om-lc:: rp::x* Ko N
YTO SHEpruA pasHb

tepuane. Ouu nokasanu, B 4aCTHOGTH, 5 '

38METHO PA3NUUaTLCA, YTO MUHUMYMBI 3Heprun neuc'l_'sutenu;a:::;:s’;‘rx

Teopun peweToK _

a yrnbi, 6mm3Kue K- cneunanthibim 8 T .

‘:n:s y[1]. 'u 1.A. O630p pesynwLTaTos, fIONYUueHHbIX METOAOM TPOitHbIX

CTLIKOB, MOXHO HaiATH B paboTe [11. .

Hanu'lme OCTpLIX MWHUMYMOB NIOBEPXHOCTHOTO  HaTAXKEHUA :nr;"M c::
UManbHBIX OPUBHTAUMAX WCNOAb3YETCA ewe B OAHOM oTHOCHTEN

W

—

|

. HO YCTaHOBWTH, KaKue rpaHuibl obna-
" AAIOT Manoit sHepruen.

Toae, npeanoxextom Weomonom [35] u peanusosatHom Mnefitepom [36].
Ecnu Ha NonMpoBaHHYIO NOBEPXHOCTL MeTanna BbiCkINaTs NPU AMdXpY3UOH-
HbiX TeMNepaTypax maneHbKne MOPOLUIMHKK TOrO ke BEWIeCTBA, OHW, Npu-
nexancs K noanoxke (pwmc. 7_, 6) , GyAyT NOBOPaYMBATLCA TaK, YTOGLI yMeHb-
WHTL 3Heprwo BHOBb 06GpasopaBweiicA rpaHuibl. TIoCKONEKY MUHKUMYM
MOBEPXHOCTHOrO HATAXKEHUA 3R6Ch ,

ocTpuiit (yrnosam npouasogHam no- - l

BEPXHOCTHOIO HaTAXKEHUA B 3TOW TOY- Copelno

Ke He CTPEMUTCA K HYNIO, a Tepnut

PaspeiB), MOPOWMHKK Yepe3 KoHeu-
HOE BPEMA OKaXKYTCA TOYHO B Crieuu-
anbHbIX PAa30PUBHTaUMAX C NOASNIONK-
Kot (puc. 8) . Takum obpazom, mox-

7-10°na

i

HHITERCUOHOCITIS

Puc. 8. WUHTEHCMBHOCTL paCcCeAHHOIO
PEHTreHOBCKOTO N3NYYEHUA OT OPUBHTa-
uMn noanoxku 8 cepebpe npu 10°
(armocteproe) w 7-10° Na. Buawo,
¥TO U3MEHEeHUe MMAPOCTATHYECKOTD A8B-
fIGHMA NPUBOANT K NORBAGHUIO HOBOrO

nuKa [52] PasopienauLs

[OnA onpeaeneHMA aGCONIOTHOrO 3HAYEHUA MOBEPXHOCTHOrO HaTAKe-
HUA paHWLLI 3epeH HAAo 3HaTh MOBEPXHOCTHOE HATAXKEeHWe STANOHHOW No-
BEPXHOCTM: BHeluHeli (HB3aBUCUMO OfpENENEBHHOe METOAOM HYfL-NON3y-
yecTM) , manoyrnosoil {aMcrnokauvoHHoi) rpaHuubl U T.A4. flonydaowme-
CA 3HaYeHWA NOBEPXHOCTHOrO HATAXKGHUA YCpPeAHeHbl No GonbloMmy uuc-
ny rpasny. XOTR MeETOA COBMECTHOrO U3MEpeHWA yrna 8 BepwmHe Kawas-
KW M HABTAXEHWA CBOGOAHON NOBEPXHOCTH B NPUHLMIG NPUMEHUM K 6M-
KPMCTannam C OAMHOYHOM rpaHuueil, OIHAKO, ero MpPaKTUYECKOoe OCYLUBCT-
BReHne BeCbM8 3aTPYAHUTENLHO. . _ ‘

.OT ammx .HeaOCTaTKOB CBOGOAEGH METOA MNABaIoWero KnMHa, npeano-
WeHHLIA 1 peanv3oBaHHbiit Bnepsbie lbIOMOHOM ANA BHelWHel nosepx-
Hoctw mean. Ero cxema nokasasa Ha puc. 7, 9. Teepablit oCTpLIA KnAMH
W3 MaTepuana, He CMauuBaeMOro W3yyaeMbiM MET8NNOM, NPWKaT K ero
NOBePXHOCTU C M3BECTHOI cunoii P. fMoa ocTpuem KnuHa obpasyetcA Ta-
KaA e KaHaBKa TePMUYeCKOrO TPaBfieHNA, KaK W OT FpaHullbl 3epeH; Tonb:

KO Tenepb Mbt 3HaeM Cuny, AEMCTBYIOLLYIO Ha BEPLIMHY KEHBBKMU €O CTOPO- -

HBl KNUHA, U, USMEPAR ABYrpaHHLIN Yron, MOXeM paccuvTaTh NoBepxHOCT-
HOe HaTAXeHWe BHOLHeR MOBepXHOCTU. ECnM, KaK MOKasaHo Ha pUCYM-
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“Ke; Ha 3Ty e NOBepPXHOCTb BLIBECTW paHALY 3epeH, TO ee MOBEPXHOCT-
' HO® HaTRXeHue

o= _If_ sinfg , (100)
R I sin 9P

rpe L — pAnnMHaG KnUHa B HanpasneHuMm, neprneHANKyYnApHOM NNOCKOCTH

pucyHKa,

K coxanennio, 3a 20 ner, npoweawnx ¢ MOMeHTa onybnukosaHna pa-
6oTbl LisioMOHOM, OMUCaHHLIA METOA HUKTO He pa3BuBan M He NPUMeHAN.
BepoATHO, 3T0 OGBACHAGTCA €r0 YPesBbLIYEaMHON TPYAOBMKOCTLIO.

Ha puc. 7, e nokasaHa cxema eluie OAHOrO BO3MOXHOFO MeTOAa onpe-
AeneHus abCONOTHOTO 3Ha4eHMA MOBEPXHOCTHOTO HETAXKEHWA, 8 TaKke '
OAHOBPEMEHHD W BHeWHeit MOBEPXHOCTN, W BLIXOAALWEH HA Hee rPaHWLbI
seper. Ha rnaaxkyio NAOCKYI0 NOBEPXHOCTb KPWUCTanna MOMeLLaeTCA nnac-
TMHKE U3 HecmauvBaemoro martepuana (ana mHorux metannoe — Cu, Au
W Apyrve — TaKum martepuanom Moxet 6biTh rpagwmT) . Ha 3Ty xe nosepx-
HOCTb BbIXOAMT pPaHWLA 3epeH, WM BAOAL JIMHWK ee BbIXOAA NpW Harpese
06pasyeTCcR KaHaBKa TEPMUYECKOro TpasneHwR. TakaR KkaHaska He Gy-
AeT HEOrPaHWYEHHO pacTM, Kak 370 Gbino 6bi Ha cBOGOAHOW# MOBEPXHOC-
M. Ee poOCT NpeKpaTMTCA Tem paHbwe, yeM Gonbiie rpys, Npwxkumalomin
MNacTUHKY K MNOBePXHOCTH.

370 nNpov3oiineT, KOrAa WM3GLITOYHBIA XUMWUYECKUIA NOTeHuMan aTtoma
Ha WCKPWBNEHHOW NOBEPXHOCTH KaHaBKK oS Q/R (2 — obvem oaHoro
aTomMa) CpaBHAEGTCA C YyBenuMueHWeM XMMMUYECKOro noTeHuwana nop nnac-
TUHKOIi, OBYCNOBIEHHBIM AaBneHMeM NNacTHKM Ha obpasey P /S (S —
nnowaab KOHTaKT8 NNacTUHKKM ¢ 06pasuom). MMoBEPXHOCTHOE HaTAXEHWE

BHElWHe! NOBePXHOCTM KpucTanna = P R/S, a noBepxHOCTHOe HaTA-
WEHWE FPaHMUbl MOXHO Onpeaenvts Tenepb Mo ABYrpaHHoOMY yrny npu
BepluMHe KaHaBKW. KpMBW3HA NOBEPXHOCTM KaHaBKM, KaK W ABYrpaHHbIA
yron, mornu 6bi GbiTh OnpeaeneHbl Mpu NOMOWW MUKpouHTepdepomeTpa.
OnHako 3TOT MeToA, KOTOpbI MOXHO 6blno 6bl Ha3BaTL METOAOM paB-
HOBECHOIN KaH@BKU TEepPMMYECKOro TPaBfieHMA, MOKa, K CoXaneHwulo, He
peanu3oBaH. v ‘

Bbiwe coo6wanocs, YTo FPaHWLUbl 3epeH NpeaCcTaBnAOT cO60M BbLIPOXK-
ABHHBIA Cnyyair mexha3HO NOBEPXHOCTM, W YTO CHATUE TAKOTO BbIPOX-
LGHVIA BHEWHVM MONEM fAenaeT rpaHully ¢ TEPMOAMHAMUYECKON TOUKM 3pe-

HMA MexdasHoi NoBepxHOCTbIO. OTCI0A3 MOXHO WU3Bneub uaelw aGeontoT-

HOFC MeTOZAa W3MEpPEHWA 3HEepruM FpaHuLibl 3epeH, He ONUPaloWerocA Ha
NPOMEXYTOUHLI OTHOCUTENbHLIA MeTOA. 3aKpenus rpaHALy Ha nmosepx-
HOCTH 06pasia U HanoXuB MO8, Mbi CO3AAAMM Pa3HULY YAenbHbIX 06LeM-
HbIX CBOGOAHLIX 3Heprwit aepeH (f; — fi}, BcneacTBMe 4ero rpaHMua npor-
HeTCR KaK pesuHosan membpaHa noa AHCTBMEeM NPUNOXKEHHOrO AgsTe-
tmMAa (puc. 7, ). MoBepxHOCTHOE HaTAXeHWe rpaHuuel ¢ = R(f; — fi).

ATOT MeTOA TaKxe He Gbin peanv3oBaH. KOHTPONMpPYeMaA pasHOCTb
cB06OAHBLIX Hepruit AomKHa 6bITb AOCTAaTOMHO Benuka, nHave paguyc oka-
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Hi
‘“:,e“'r':::ii :nuu.mou Bonblwmm, 4To6bLI ero MoXHo 6bino u
o M:::::Tuo. Kak aroro ARobMTLCA, NoKa He AcHo.
onpeo Bk :::: x:oaepxnoc*mux ABNEeHWA Takke paeT cBOI MeToq
eRomann O ccf:e gcmoro HaTAxeHuAa. Mo paHHbIM NPAMOro mukpo-
et o “:c T:al-mn NpumecHoro cocrasa NoBEPXHOCTH MOXHO
WioHHOTD. ypeH l'u%esc Ha]:menue_ nyTeM wnHTerpuposanHus aacop6-
OORMTS aeen T 16C . Takum o6paszom yganocs BOBORLHO TOYHO
e v oat ua'mmeu@e BHelUHell nosepxHocTH B cnnasax

Hukens [37]. 3vor ‘meros B KOMOBMHaUMKM ¢ uamepeHmem

3MepuTL ¢ pocra-

Moaso,
ABOAA UTOF Hawemy KpaTtkomy o63opy 3KCNEPUMEHTANbHLIX MeTO-

Gonee wuw i

u"am”uxreré?snou apcopbuum Ha rpalnuax obwero Tuna, vem Ha cne-

Bep)(HOCTI-;O PHOTPaHMYHOe HaTAXeHME O6kIvHO cocrasnser 0,3—-05

aCTH :o HATAXGBHUR BHewWHelt nosepxHocty, TemnepaTy;;Hanls o

oy bip@keHa cnao. AGconioTHoe: SHavyeHue 3epnorpaumnof e

usocr o HatRXeHMA cocTasnnet 0,3—1,5 fw/m? °ne

bec o :rc;;e::;m:’uu ancopbumnn Ha FPaHULLAX 3epeH Ham 60nbLMi WUHTe-

om0 o nrer g:er‘ Ha BONpock! o creneHn o6Gorawenns nosepxHocT-

oo o a'.qoo y6uHe cnon, o. TePMOAUHAMUYEC KM X XapaKTepucTKax

il uecnenopm"aan W, 8KTUBHOCTH KOMIOHEeHTOB) rpaHnyHoro pacraopé

o Tou i oﬁnacrm' Gr:’poaenenuue Ha rpaHuuax sepex cau.qerenbcraylo;
, b oborawtexHun — "

o damorpo ot 8WeHNA — oveHb yaKan u cocraesnner 2—5 arom-
n Xun ‘

o oﬁonrzou(:e L:g]ﬂnﬂﬁoc;léeuxu oborawenun nosepxHocTy BBenu Koad-

Mpu pacverax z onpeaej;nor ua( Qo:ul;f —Gcge e bS]

™ MoHOTnOR oareRee v SIMBO NPUHKUMBIOT pasHbIM emMKoc-

ar/cm*). Anamms

i . pe3yneratos,

Hs: l(«;x;:::: KOHUEHTPauoHHO! 38BUCMMOCTY noaepxuomngn?: y:::: vo.

- KaHszn‘:Mn:;:ue METOAOM COBMECTHOrO n3aMepexua yrna a‘s):;
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‘ Ko MUMeHT obor. .
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[image: image23.png]udﬁ o6paTHoi PacTBOPUMOCTHU Csl. Ova 3aBUCUMOCTD BLINONHAGTCA B UM-
poKUX npepenax: OT cucTem C HEOr PaHNUEHHOM paCcTBOPUMOCTBIO (Fe—Ni,
Cu—Au ¢ § ~ 1) AO CHCTEM C PaCTBOPUMOCTbIO Co ~ 1072 n p~10* (Cu—BIi).

B pabore {33] nokasaHo, uTO sagneumocts B(Co) YAOBRETBOPUTESNLHO

ONUCHIBAETCA YPaBHEHNEM igp=08 — i1g-Co.

Hixe npuseAeHsl pesynbTarsl NPAMOro ONPeeneHUA 36pHOrPaHNUHO
apcopbuny MeToaoMm 03C no AaHHbIM PasHbix asTOpos. KaK BUAWO, KOH-
yeHTpaUMA npumecu Ha noBsepxXHOCTU MEXK3epeHHbIX M3NOMOB, ycpeaHen-
HaR MO MHOTUM TrpaHAuam, HamHoro Gonuuue pacTBOpMMOCTM U BOXOANT

B HEKOTOPLIX CAyyaAx A0 60 %, NOATBEPKAAR TeM CambiM pesynbTarsl,

nonyuextsie KOCBEHHbIM NyTeM:

Cuctema (pactaopw-  OGuemnan PecTBOPNMOCTb, Crp,% (at.)
" rens — npumecs) % (ar.)
Cu-—Bi 05 4-60
W-P - 30
a= Fe-S 0,035 10
a = Fe—~Sn 1.3 15—-25
Crans — Sb 10 6 {
Crans— P 18 9

Tonbko. AANA ABYX CUCTEM nocTpoeHa NONHaA nsoTepma apcopbuwm, T.e.
sasucuMocCTs aacopbuvmn Ha rpaHuuax 3eped OT KOMUEHTPaUMKM BO BCOM
MHTEpBane BO3MOXHBIX KoHueHTpauuin. O6e cucTemb! Cu—Au [40] n Cu—Ni
[41] ~ ¢ HEOrpaHWYeHHON pacTBOPUMOCTLIO. [nA oGenx cnCTEM aacop6-
uMI0 paccunTLIBanU. C NOMOULLI0 YpaBHeHNA ru6G6ca, a naotepmy 3epHOrpa-
HWUHOTO HATAXEHWA ONPeaenAm METOAOM KBHEBKW TepMUYecKOro Tpae-
nexuA (AnA cUCTeMb! Cu—Au — NO AaHHBIM Xunnapaa v ap.) . OcxosHoe
pasnuuxe 3aKnig4aeTcA B TOM, YTO NOBEpXHOCTHOE HaTAXeHve CBOGOAHON
NOBEPXHOCTY ANA CUCTEMbI Cu—Au onpepenAny MeToAOM Hynb-nonayvec-
™, @ ARA CUCTeMbI Cu—Ni — HOBbIM METOAOM [37], octioBaHHbIM Ha MC
MONL3OBAHWN ABHHBIX O oBePXHOCTHOM COCTaBe ¥ ypasHenuA JKy XoBHIKOTO.

Wsotepma 3@pHOT PAHWYHON apcopbuvu B cucteme Cu—Au ana 850 oc
npuseaeHa Ha pwMC. 9, a. 3aBUCHMOCTDb Teu (C) wvmeeT OCUMNAUPYIOWNA
xapaictep: ao 50 9% (at.) Cu rpaHuubl 3epeH oboraweHbl Meabio; npu co-
aepwannn Gonee 50 % (ar.) Cu — 30ROTOM. N3meHeHue 3KaKa apcopbummn
CBR3EHO C HANMUMEM MMHAMYMA3 Ha u30TepMe NOBEPXHOCTHOTO HATAXEHVA.

"Wsotepma 3@pHOT PaHUUHON apcopbuun B ‘cucTeme Cu-Ni ann 950 oc
npuseaeHa Ha puc. 9,6 3epHOrpaHnyHbIA PacTsop o6oraiieH Meablo npv
BCEX KOHUGHTPAUMAX; MAKCUMYM apcop6ummn cooTBeTCTBYET 50 % (atr.)Cu

v 8 1,5 pasa npesuiluaeTt MAKCMaNbHYIO aAcopEuMIo Mean Ha BHeWwHe no- .

BOPXHOCTH B 3TOM e CACTeMe ©-10°ua-10° monb/M?, COOTBETCT-
genHo) . B paborax ®paaxosa (cm. npumeuaHne Ha C. 35) . u {411 npuee-
AeHbl pe3ynbTaTbl ONPeABnoHuA HEKOTOPbIX TEPMOANHAMUUECKNX nape-
MeTpOoB TpaHul, 3epeH '~ TennoT apcopbuvu u Tennor CMeLLUeHUR. — B pa3-
HBIX cucTemax. B cucremax ¢ Heor paHUUeHHON PacTBOPUMOCTbLIO TENNOThI

ancopbuvv Hesenuku (0,05 3B B cucTeme Cu—Au n 0,02 3B 8 cucteme
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Temb! z:u—AT:n _’.‘c.c..)‘::ocm()me“ma Gonbwe u Gnuskcn K OGLeMHEIM (AnA oy
COOTBETCTBAHHO) . Co‘:f:em'12 °. 2 ann octems Cu—Ni — 0,13 4 0 mc:g-
o et o S SRS sore o skt <
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- NA0 Do lowee  GONbUM o
et et Kot
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hexTol, cansan::::o:: mpmuac” HauGonsimii uHTepec, "°°K°":<°Y ?:;
HUX HanGonee ApKo. MimenHo o Ha rpaHuuax sepe, NMPORBNAIOTCA B
8ul Fe~P, Fe—S, Mo—~C K GCTEMAM TAKOFO KNacca OTHOCATCA cnuia-
* WeHTPaLAN Bro;;oro KOM" ";l:e\:‘r;e. B KOTOPBIX HUNTOXHO® N3MEHEHUE KOH-
KueAcaoﬁcraa oporo K KOpeHHLIM 06pa3OM MeHAET MexaHWuec-
HaNU3 TEPMOAUHEMUKN
) aacopbuny B ‘
BOPHMOCTLIO CHCTEMaX. ¢ OrpaHy “
WHTepE&NOM :::m ?) :35079 ®dpagkosa. Mockonbky ana p;a:::n: "\ a'im'
HO HeN3BecTHa nu;oMom TepMOAUHaMUKa 0GtemMHOrO pacTeopa y06:|M-
npMXOATCA ";Bmmnp'\:a:m' O CBOACTBAEX 3ePHOrpPAHWUYHOTO pac‘rsol:a ‘
38BUCUMOCTH  MEXK3BPEHH ceoficra OPUTeNA U KOHUEGHTPALMOHHOM
popsisenpitelion OF0 NOBEPXHOCTHOrO HaTAMEHMA. Wmeo
o ) & veron nmmecmxnoreﬂuuanoa pacteoputena (u;) w numeca
ONPaBOK K YPSBHEHUAM UALaNbHbIX pac-rao:;{)g RO m'::-

PETUYHBIX UNeHOB B
: 10B BKNIOYMTENLHO NpPUM
¥ ANA 36PHOTPaHUYHBLIX PACTBOPOB: PUMSHAMB! Kalc AR OBLeMHLIX, Tak:
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FPaHUYHYI0 KOHUBHTPaUWIO C°> — u3 . T o
‘ég;)ﬁ(maomfsm ypasHeHuem Fw66ca u ypasHeHnem 66ca — [liorem

Tb KaK
LGHTPAUMOHHYIO KOMMOHEHTY ancop6umun MOXHO NPeACTaBy

ds/dC  _ . 90/0C i (105)
r=-0-05"7%:c 3, /aC

aK na-
AnCOPGUMOHHER MKOCTL TpaHiubl Z BXOAMT B 3TV YpaBHEHnA K

pamerp.

/ eT CMbICA
Dnr cuctem € oueHb y3KUM UHTEPBaNoMm pacTBOPUMOCTU UMe

&
3

a fFe-Sn

|
3

1
8

(6-60)fC 107, An/n?

42/z,

1 2 J

TO-
ro H8TRAXKeHWRA FPaHuL 3epeH oT cOCTaB8 B HOKO

-0

Puc. 10. 38BUCUMOCTS NOBEPXHOCTHO
" pbiX cHCTEMAxX
' B8 HOKO-
Puc. 11. 3aBucnMocTb PACCYNTBHHON TBNNOTHI aacopBuun Ha rpaHuuax sepeH
c. 11.

TOpbIX CNCTEMBX OT napametpa Z:

1 — Cu—Sb; 2 — §-xeneso — Sn; 3 — 5-wene3o P; 4— Cu-—Au

PacCMaTpUBaATL 3HEYEHUA TEPMOAWHAMMUYECKMX XapaKTePUCTUK  rpaHWy-
Horo pactsopa npu C —> 0; B 3TOM criyuae Tennota '‘cMeweHVA’” €5 u Ten-
nota apcopbunun umetoT BUA:

1= 2007 — -\ (ao - (a2
_ff_ T (1= 2a0’) 5 (ag” —a? {0')?) (106)
k (1t -—ao)? ‘
g=kTIn{1 - ao’), (107)
v ( do )I oo ( o°0 " . "
rae 0 = (5==llg o oi 0" = (—5)lg = gi rAee — Tennoma “cmewe-

HWA' B 06bEMHOM pacTsope.

WTaKk, ANR ONpeaeneHUA 'OCHOBHBIX XapAKTEPUCTUK 368PHOrPEHMYHOM
thasel AOCTATONHO, KpOME CBEAGHMIA O TEPMOAUHAMUKE OGBEMHOrO PacTBo-
pa U o napamerpe z, 3HaTb 3HaueHUA Nepaoi M BTOPOW NPOM3BOAHLIX MO-
‘BE8PXHOCTHOTO HATAXEHWA NO KOHLUEHTPauuN npumecy 8 Toyke C = 0.

Ha puc, 10 npuseneHa 3aBUCMMOCTb NOBEPXHOCTHOIO HATAXEHMA rpa-
HUW 36peH OT COCTaBa AnA cuctemsbl O-xeneso — P, Cu—Sb, 5-xene3o — Sn.
Ha puc. 11 tennotei aacopbumm u cmewenns kak ¢yHKUMM aacopGUMOH-
HOM emiocTU rpanvie! Z. MpuBeseHHbie YPaBHeHWA U CXeMa pacueTa [oc-
TATOWHO YHWBEPCANbHbLI, NOITOMY ARA CPaBHEHWA npuseAeHbl 3HaAYEHUA

W g, onpepeneHHbIe ANR YXe M3BECTHOW Ham cuctembi Cu—Au AaHHbLIM
METOAOM.

Mopsenem HekoTopsie uToru. Mei BMAenM, Kak ‘'paboTaeT’’ U3NOMEH-
HaR cxema TEPMOAWHAMMYECKOrO aHanu3a aacopbuuy Ha rpaHuUax 3epe,
KaKk OHa No3BonAeT NONY4YaTh KONMYECTBEHHbIE A3HHbIE O B3aMMOASICTBUN
8TOMOB B TPaHM4HOM DacTBOpe W3 pe3ynbTaToB MAKPOCKOMMUUBCKUX N3Me-
peHuii. OpHako cBeaeHMA 06 apcOpGUMOHHON eMKoCTH TpaHuusl Z Moryy
6biTb NONY4eHLI TONLKO U3 NPAMbLIX MUKPOCKONMYECKUX IKCMNepUMEHTOB,
TaK 4TO 3Aech TEPMOAMHAMUYECKME U MUKPOCKONMYECKUE WMCCNefOBaHUA
B38MMHO AONOAHAIOT OAHO APYroe. BecbMa 3aMaHYMBO 6bINO Gbl W3BMEUL
CBeAABHUA 00 aACOPGUMOHHOI eMKOCTU U3 MOANILHBLIX TEOpWIi TpaHuy, 3e-
PeH, OAHEKO B HACTOALIeE BPEMA CAENaTh 37O ewe He NPeACTaBAAETCA BO3-
MOXHbBIM. '

B cucteme ¢ HeorpaHuverHoit pacTBopumocTeio (Cu—Au) Tennota ap-
copbuuu umeeT oTHoCUTensHO HeGonbluyio BenuuwuHy (~ 0,06 3B), a Ten-
5I0Ta CMeWeHNA B 3epHOrpaHMYHOM pacTBope Onw3ka K o6GveMHol Ten-
note cmewennA (~ —0,12 3B). B cucremax ¢ y3KMM WHTEPBANoM pacteo-
pumocT TennoTta aacopbuvu senmka (0,7—0,9 3B), Bcneacrsue uero rpa-
HU4HLIA pacTBop nepecTaeT GbiTb Pa3BaBneHHBIM NPWU TaKUX ManbIX KOH-
UEHTPaUUAX, Korga o6GbemMHbii pacTBOP ewle BRONHE MOXHO CYMTaTh pas-
GasneHHbIM. 3HaueHWA TenNOTbl CMELUEHUA B NOBEPXHOCTHOM pacTsope
TaKWX CHUCTEM, HanpoTUB, OKa3blBAOTCA MPU BCEX PasyMHbIX 3HAYEHURX
napameTpaZ ManbimMu.

3HauMTensHbIM  HEROCTATKOM 3KCMEpUMEHTANbHLIX 3aBMCMMOCTeN AB-
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SMUECKIHM * peaynbTa ko . '
; TOM anco 2 ' ‘
. HOCTHOFO HATAXeHMA I g P6UMN MOX®BT GoiTs (
cop pekpucnn‘maauunpa::;“ 36peH, YTO CywiecTBeHHO M:«mm rosepx-
‘HocTHoro HATAXGHUA. ¢ Kop‘m““" HOBOW haser u TAm(‘:mm“ i
UWMOHHLIM ypaehormon T HUGHTPaUMGH BaKaHCHii- onpene :1"3" nosepx-
PEHHBIX HUKe “SOTepM.v‘azssca' c OAHO“ mm_ﬁbl, " ?::1? MCOP&
CHiA 8 BHYTDBHHEl copbumn, ¢ Apyroii. B cnyvae M 13 paccmort-
ARCOPEUMOHHO® p PaHMue paanena ecrecrseHHo cuu'ra:tcopmm B:,:::;

~ 3ynbTate nonywm Bt MOX®T NONacTs He Gonee, 4em oaHa iy
AR pas BLID@XEHHE,. B KOTOPOM fesan ua AHa vacTvua. B pe-
8368BGHHbIX PECTBOPOS, nesan yacTs — ypasHerue M66ca

T UX MPOUCXONKABHUR, yCpeRHeHHoCTb 1O '
My uMcny rpanau, 8 OCHOBHOM — FpaHull o6wero Tvna. fAnA TOro
Gt ‘ycfaubgmb CBA3b MEXAY CTPYKTYpOiA W TEPMOANHEMUUYECKUMM
. GRONC amMn Fpanml, HeoBGXOoAUMS! WCCTIGAOBEHMA HA OZMHOUHBIX rpaHu-
. _‘yax ONpeAeneHHoro tMna C© onpeaeneHibiMUA KpucTannorpad:mecmmn

" XapaKTepUCTUKaMU.

T MWPBQHH BAKAHCHA HA FPAHMLLAX 3EPEH

ot " To' onpeaenexuio, Kpucrann uyucToro BeuecTsa npeactasnfeT coboi on-

" NONUKPUCTENIKYHO

HOKOMNOHBHTHYIO CUCTEMY. OAHaKO ¥ B CAMOM UUCTOM Kpucranne Bcer- an

A8 NpUCYTCTBYET Npumech (npasag, secLma cBOeO6pasHan) — BaKaHCUM. _Cs a0 _ zbc, pasan — uaorepma Nexnrmiopa:

: ManaR KOHUSHTPAUMA DaBHOBACHbLIX pakancuit C§ (nawe npu TemMnepary- kT dc, ';T;CL—, :

pe nnaBnexnA "~ 10~%), ecrecTBeHHO, He MOXET 0Ka3aTb CyulecreeH- 3pecy C - B ‘ : (108)

; HOFO BIMAHUR Ha TepMOAMHaMHUECKHE caoiictea kpuctanna. Oaxako B = by exp| T n KOHUEHTDaUNA - SaKancwi: b =

. rpaHvuax 3epen, Gnarofapn aacopbuun, KOHUEHTPaUMA gaKaHcui, a, cne- pacTBopuMOCTL - °‘{?°P5Mouuaa‘ ﬂocTOﬂl"lHaﬂ- _C° (C'g)/ (C?) 6 =
aoBaTenLHO, W CBA3aHHBIE C HUMW TEPMOAMHEMUYECKNS abeKTbl, MOTYT HoBecHan BaKaHcwii B rpaHuue u 06 i | ,)rp n (8oF° _

KOHUGHTDALMA BaKaHCHi B 3THX O 5"’;'::; COOTBETCTREHHO, T0. pes

Mpu 3TOM CReAyeT yuecTd 0COBeHHOCTH BAKaH- YpasHenue (108)
nocne uurer

6biTh SHAWATENHLHO BBILIE.
it KaK npumecn. {ucno gaaHcwii N, B oThuume OT aTOMOB TpUMecH, KOBCKOro: pHPOBaHUA )
onpepenAeTcA MUHIAMYMOM CBOGOAHON 3HEprUM KpucTanna, a He 3aaser- , ’ o RaeT ypasHeHue Tuna Wuw-
cA wssHe. Nostomy, Kak ¥ AnA pPABHOBACHOFO W3NYUeHWA aGPN, = 0o o — 4 5 ’ '
npy NOCTOAHHBIX TemnepaType W A3BneHUH, 8, nockonbky (0 G/0 N.')_,' oo . Oo =—2kTin Ce ) ‘

T0 B paBHoBecHv MMUUeC- 1+6¢ ' _— (109)

rRe 0p, Mo cMuich ‘
Y BbiBOAa,
uao;mee PaBHOBECHOMY oocfgnn:lgae
3 Boblpaxenun (109) CJ'IQAYO‘I: '

=p, — XMMUYECKOMY noTeHumany gaKaHCyi,
Knit noTeHuvan gaKaHCWii  paBeH HynIo. JinA  pas6asneHHbIX pacTOpOB

0 4+ k T In C., NOCKONLKY Hg (1,c3) = 0, 10 W° =—kTinC w PXHocTHoe HATAXBHWE rpaHULL), OTBe-

B, =K s
u: = kT (CB/CZ). Ho Toras, B COOTBETCTBUM C (50)', apcopbuvn pas- B a o ‘
HOBECHBIX BaKAHCAN HE W3MEHUT TepMOAVHAMAUECKHX CBOWCTB rpaHulibl. KaHcui B8 o6pasue ceepx mm:e"‘: nio6oe noseiweHne ‘KOHUEHTpaY ‘
: HOTO' 3HAYeHUA (co ""
XPaHAIOWeecA B

TeueHu
€ BPOeMEHN, ROCTaTOuHOrO ARA  yCT:

BseT Yoy '@HOBNBHWA paBHOBe
Kn, AeHbLIeHNe CUR TPaHk-
‘ cAenaHHuie B pabore . [42], mox a::'c:onnoﬁ SHeprun rpaHuuel. gue:-

BakaHcuAmu B8 C /C° =~ “10° I0T, 4TO0
‘ Mgt R ‘ ' nepecs
0_60983&158 ot 800 K) »n’;ﬁ )K::: (ato ovseuaer 38Kanxeu::;:: o6pasua
~0, R)Kluz CBOGOAHY'O‘ " Sve MHUEBOrO
. pr“.o g rpa"uuu H

a

Moao6Hwiit ; ;

- HOAXOA K ar" B CI

cBoiicTea aedbe Ha/M3Y  BAMAHMA " :

j . KToB - BaKaHCwit .

- Huuam thas, Aucmxmunp“:.:“m He TONbKO K rpaHuuam ::p:: P ocTHele
feHue - fachexToB ‘W T.8. lFosBopA o , HO U K rpa-

" B T8 . BAUAKUN - )
4YeCKYIO CTOpOHY agm:’,’,:°"ﬂ“”°"°5""‘“° UMeIoT B B::Kaumu Ha riose- -
“MbiX npoueccos. Ho, kak o BAKAHCUX' NOBbLILLAIOT cxbpocrv :"cmwm"m-
NeKT ~ MOBLIWEHME MAUM, cyuwlecTs Agoby3vion-

WIeH| o) TBYOT U T@ "
sHepruo rpamu“ue KOHUGHTPaUNN  BaKaHCUi .cml::!onfiuammecmu ac-
pasgena. 310 wmoNeT OK“m'" MXaeT ' MOBePXHOCTHYIO

1) TbCA CYWIBCTBEHHBLIM
anAa

lMonojxeHue MeHAETCR, KOTAa ICOHLEHTPALUMA BakaHcwit B KpucTanne oT-
nuyaeTcR oT paBHOBECHON. BO3MOXHOCTH TaKoW CHTYaUumM MHOro pa3 06
cyxaanach B nurepatype — NOCKONbKY 3apoXcaeHue W vicueaHoBeHne Ba-
KBHCUIA NPOUCXOAMT He B KAXIOM yane KpUCTanANYecKo# peweTky, a Tpe-

6yer mddyawm oT WCTOUHMKOB WM K CTOKaM, B KpucTanne B TeueHue
AMTENLHOTO BPEMEHH MOXET COXPAHATLCA HepaBHOBBCHaA KOHUEHTPE
UMA BaKBHCHH [42]. 3vaunTensHo BuicTpee npousoiineT nepepacnpeaene-
HUe BAKAHCWII HE ManbiX pacCTORHUAX; TMO3ITOMY MOXHO TIONYYNT KPMC
Tann, 8 KOTOPOM YCTSHOBANOCHL 4acTWHHO® - TepMOAUHAMU4ECKOS paBHoO-

Becue Mexay rpaHuueit 3eper Wv KPUCTaN/INYBCKUX ¢as n o6vemoMm npu

HepaBHOBECHOH 'KOHUEHTPaUNN paKarowi B Hem (3t0 CnpaBeannBeo  NULLL

g TOM Chnyuee, Koraa rpaHuua, nopo6GHO wmarpuue Kpucranna, ABRAGTCA
TONLKO "I'lpOBOAHVIKOM" sakamcuit) . B pabote [42] paccMOTpeH UMEHHO
TaKol Cnyusii — BbICOKaRA KoHUeHTpauMA  (OTHOCUTENBHO paBHOBECHON,

KOHEUHO) WN3OLITOUHBIX paKaHcvit' w aacopbuus ux Ha rpaHuue 3epem. on-
BOCHBIMW BAKEH-

} HanGonee npocToit cnoco6 nonyueHnuA Kpuctannos C HEPEBHO 3HeprM n ,
CWAMK — PpesKoe WIMEHEHWe TeMNepaTypsl npeasapuTenbHO oToNOKeHHOro obpasus. 308 OBOPXHOCTU - IKCNOHe

B panbHeiilwem peub naeT nuib 06 N36LITOUHBIX BAKEHCUAX notomy, YTo B8 0GbIuHBIX BaHWA 3apoabLItua. "‘.&"ﬂnmo yBenuumsser me

yenosuAx A0GMTECR YCTO'WMBOFO HenochiueHMA oGvema sarancnAMu  (Hanpumep, . - Al POATHOCTL 0Gpa- :
 npW PO3KOM nosuu:euuuﬁeunepa-rypu) BacLMa SATPYAHUTENLHO. . . T
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Mt 8acopBumv, Pates enon: oNREHAPOBBHHON CPERDR (““:.mene 30HBI NOTPaKUY

BOpXHOCT P aTOpOro Tna OGCYNABSTCA BONOC O W Fe OvnuaHa OT OGveM-
w rasom. B aspavax :GT:::T" B KOTOPOR KOHUEHTPBUMA NPUMECH

woih acopBumy, 1.e. v 3

MEHTOB B 9TO# J0He. ancopbunu
HOrO SHBUEHUA, ¥ Dﬂ:‘ﬁpeﬁﬂ;:‘;‘:“:“;mﬁ aHAnW3 A30TEPM NOTPBHMUHOR  aAcopOuM
Nocneposaren s

: HOCTHbIA {BHYT-
w & patore { 43]. GuemHslii PACTBOP — NOBEPX by
- gt p""-o::?:pnma wc:”:;e;"ua sepen) . OrpaHnunmcn GuHapHLIMU Pac
"peHHAR NOBEPXHOCTE, r

”%:;QONMM CTATHCTRUOCKYIO cxemy

KBHOHMUYECKOS pacnpaaeneHue Tu66ca:
G=-kThhZ

cremut) -Z (o6boMHOTO )
il ':w ')";‘ (Z")n" exp (—n” U, /& Thexp (—ny U,k ...
2’ Wx (Zx X x

pacuera sﬁepruu ru66ca G, McnonbL3YoWylo

(110)

creopa) , TO
sopa) Z (noBepxHOCTHOTO Pa!
pecTeopd a1

z=wzh 2z

. . Z, — cramcTuuec
i cucremer; Z, ¥ £, . Z°
A CYMM8 COCTORHMA ro pacteope; Zx
3pece 2 — mmﬂ:‘;‘”.: e ‘4_,.0 w 2-ro u«)mnonﬂ-l“)'a °g?t":“m¢:mmoa'nop-
e ,WM"';‘:?;,: :omupxnocmm pactsope; 11, W n"un’.-‘.:aegxnocmm pacreopéx;
" z:x - 10 soHHO B OGBEMHOM BEPOATHOCTH,
soro W BTOPOFD COPTS mw;mw:.r:apmauoaouumo (KOHW"YP'“"::::"::&&N pact-
Wa Wy~ m::::thmu 2TOMOB NEPBOTo W BTOPOTO COP
Ul ] 3 = TN '

o6vem-
'om.n“m'pxw.;&m"“"“w npumeck (sTOMOS ‘;:::?Mo::;;:'u:m::gm one-
PaaHoB! : TBETCTBYET M o
CTBOPEMU COO 3BOAHOM WAW PEBEHCTB
HeIM # MOBBPXHOCTHBIM DA \oLLeW WACTHOW NPOM pnd
N0 COOTBETCTBY ofonx pecTsopax.
TOMbI, T.0. PSBEHCTRO HY! ro KOMMOHeHT8 8 ("pacr-
aToMO8 BTOPO copre {"pa
xum-mm:. ::;::u:;:":m“m NOCTOMHCTBA 4UCsa aTomoB nepsoro cop
HAMYM ‘ !
o mvlﬂ"):""“ wcna mect. - TMCTHUOCKOM BbIBORE WIOTEPM BA
o OXENHOrO BuiIG CREAYeT, UTO AP 78 caoGoaa sbibopa. :
e PeTHKY NPAACTEBNAEGTCA AOBONLHO Gonswan \s NpH ONPERENGHWN XU~
copbupn 180 Y A38H8 C BHIGOPOM NOCTOMHHLIX BENHUM iy
Bo-mplb':;i:::a: O6cyanM BOIMONHLIO anwropnama:;o Goplol:o copnms  EveMHOM
MMYECKOTO 1 . ANA 8TOMOB NEPBOTO W anowEHHN,
T eeymopmacual, i poTe0n s
=g, ,
ol weambi; 8 TaKOM pacTBope OSuCe TITC L nepsoro, T8K W BTOParo
v rys :‘y::n' mm'cmnecmx pacuerax anf 'mm-o:aaueapmm" (wn ynopRao-
OHO erYP“ TaepAblﬁ pacTe wM
Toms! 06pasyloT ‘ saensHo. Oroso
copra. OAHAKO, 6CcTW & ), T0 g, W §; BXOANT pA3AL o
op 38MOUIGHNUN) , 1 Opbl 38MeLLe
usHHeWl  TBEPALIA Wpﬂﬂ'“m ;wm 8TPMBATS YNIOPARDUEHHbIE nepp.b:’ p::;:.l:m”p py
cpa3y, 4TO M He CNO MECT ANA STOMOB NBPBOrD ¥ BTOPO CTBOPOB 3BMBLISHHA
Yo X 7-1‘03 o eMy ANA HEYMOPAAOUESHHBIX TBEPALIX P&
NOM pEcTBOpe. panH

8 pacverax (MrypupyeT TONLKO Iy =0x* Ix
50

2000

=n=constnn,‘r+ nZ=n, = const.

- 80P — pa3besnenHsil) , nubo 0 = L.

Mpumem Kak nepswiét noctynar,
A8 NOCTOAHHO, T.0. g5 + g5 = const.

38MeTiM, 4T ANA 06bemHoro pacTsopa 3T0 He 06AsatensHo Tax. Han
B8 sepHe (06beME) KOMNOHeHTHbI 06pa3syioT- pacTBOp 3BMELWEHNM, 8 B rpaHuye 36pHa
{nosepxHocTHOM pacTsopel — BHEADPEHUA, TO BOIMOIKEH HBCKO MNEeHCUPOBaH HbIH
nepexoa 8TOMOB NpPUMEcH U3 3epHa Ha rpaHuuy. Torsa B 06L8MHOM PBacTBOpe AOMX-
Hbl NOABUTLCA NYCTbIe Yanbi. Mpumem, oanako, Kak BTOPO# NOCTYNAT, 470 B O6beMe

MMEETCR DABHOBECHBM KOHUSHTPSUMA BaKaMcuil (N, = n®), vorge nuwwue y3nbl ne-
A s = /g

NeIHYT U ¢ ¥ const (aonyctum, uro ng HE 38BMCHT OT KOHUBHTPaUMW NpWMeck B
pacTsope) .

Ecnu npenebpeus ucnapexuem u Apyrumu
HBHWI0 BewlecTBa B pactsope,
co6nI0A3I0TCA yenosun:

n, + n)" = const;

HTO HMCND MECT B NOBEPXHOCTHOM pacrsope scer-

pumep, ecnn

dhdexramn, npusoanwmmn K Hecoxpa-
TO MOXHO NPWHATL, KBK TPeTHIA NOCTYNaT, 4TQ BCerpa

n, + ")’r' = const.
C yuetom PPUHATBIX NOCTYNBTOB AAHHAR CUTYBUMA LENUKOM ONMpPeRenAeTCA arvec-
Taunen 06B8MHOTO U NOBEPXHOCTHOTO PBcTBOPOB: 38MEILGHUR U BHOADBHUN,
Ecnu u 8 36PHE} M B rpaHMLe BOINMKAIOT HeYNOPAAOYeHHbLIE TBEPALIe PacTBOpPLI
3aMBLUEHUA, TO CNPEBEANNBLI YCNOBMA: n, +n, =n=consty ny +ny = n, = const,
T.8. HOCKOMNEHCUPOBEHHOIO Nepexoaa us oGvemHoro pacrsopa s NOBEPXHOCTHLIW HeT

{ecnu aTomMs1 Nnpumecy nepexoant s FPaHNUY, TO Ha NX MECTO B 3EPHO MPUXOAAT BTOMbI
pacraopurenn) .

Ormemum TBKe, 4TO B 3TOM cnyuse g=n, +n, +ng,. NoayepkHem, 410 Her ycnoamit
N, = const unn Ny = const, OGKIYHO NPUHUMEEMbIX 1no Nuioncy) npu onpeaeneriu
XHMUUECKOTO NOTEHUMENa B PacTBOpPax.

Ecnu B 06B9me BO3HMKEET TEepALIA pACTBOP 3aMmeweHnn,
BOP ABAAGTCA TBEPALIM PACTBOPOM BHEAPEHWA, TO BO3SMOXEH,
HECKOMNeHCUPOBAHHLIA NBpPexXoa aToMOB Npumecn u cnpaseanues! ycnoBwa® n =

= const u Ny = const, T.e. 8TOMb! NEPBOFO COPTE 33HUMAIOT BCS Yans! cOOTBETCTBYIOWM X
PLIBTOK U MOTYT TONBKO MEHATLCA MECTEMW MEAY COBON.

Haxoweu, ecnn oBa pacraope PBRRIOTCA PAcTBOPAMU BHBAPEHNA, TO NOCTORHHLIM
ABARETCA TONLKO YACNO MECT: g,, 92,950 Iy

Takum 06pazom, MOxHO PACCMOTpeTs Gneayiowme 4eTLIPe CHTYaUMK.
1. Kax o6wemumiit, Tak u NOBEPXHOCTHAIA PacTBOpbLI ABNAIOTCA HBYNOPAAO YEHHBI-
MU TBEPALIMU PECTBOPEMM JBMEIWEHUA: § = const, g, = const. Kpome Toro, n, + n, =

8 NOBOPXHOCTHLIA pacT-
KaK OTMe4anoce Bbiwe,

X : .
2. B sephe — taepauﬁ( PACTBOP 30MEWEHNA, B PEHNUS — BHEAPEHNA: n, =const,
N = const. Kpome 100, gj, = const, g’ = const. \ L

3. O6e pacreopes menmioTca- TBEPALIMM PACTBODEMN BHEADEHURA: g, = const, 9y =
= const, g, = const, g, = const.

4. B 3epHe npumecs oBpasyer Tme
MBLIGHNA, )

Ms: OrpaHnYMIMCcA PacCMOTPeNNEM, KaK HaubBonee BOPOATHLIX,

Unil, HO naKe NPH TBKOM OFpaHUUGHUM pasxoobpague BO3MONHOCTE! HEMHOrO npe-
BOCXOAUT TO,

KOTOPO® B03HMKEET Npu 8ACOPGUMHM HA NOBBPXHOCTH pasaens TBEpAOE
Teno — ras.

BepHemen « o6cynanemomy BONPOCY O BAPHAUMMX CTATUCTMYECKMX MOAENeN, uc-
Nosne3yemsiX NpK Be1BORE HIOTEPM BACOPEUUH.

Caoboas swiBope camasHa Tekwe ¢ NepPecTAHOBOYHOM
ANR K&XA0H M3 paccMaTpuesemuiX fioacucrem (o6vemHe
PACTBOD) BOIMOXHBI TPH CHTyauM. Mepean,
MoHbILG YuCna MecT, T.e. N < g,

PABIA PACTBOP BHBAPEHNA, & B rpaHNWe — 3P

nepabiX ABYX CUTya-

BEPOATHOCTMO. B npuHuune
i paCTBOP, NOBEPXHOCTHLIA
KOTAS WACNO 4acTUU MPUMECH. HOMHOTO
cneosatensto, 6o C = n,/g < 1 (o6vemHsili paci-

<1 (nonpxnoc*muﬁ pecTeop — peaGasnen-
b1
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it} . TOrRa NEpPECTBHOBOUHYIO BEPOMTHOCTE MOXHO 38MNUCATH NO
:ax 90 3anMCLIBAIOT 8 pacnpenenexvn Bonbumana:

we i ; ) ewe Asa sapuaHTa. BTO-
ONBHOM KOHUSHTPaUUK BO3MOXKHb . Bro-
P pac'rsOp:”_:mu ’:acm 8 06L8MHOM ¥ NOBEPXHOCTHOM paﬂ::‘:t(:n:::(meuun
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CTh
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= glinilg — nmL s
. ou, TPETWIl, KOrAa B KaXKA0e MeCTO MOXET NONACTb HEOrPaHUYEHHO
uac:.ul"o;‘T: — auanm: pacripeaenesva Boae — JinwTeiina:
’ .

= + n)/glnl. ‘ -
g . TO 8C8 TPV BAPHAHTA MOTYT 8 npuHYUne cymecmoaauﬁxa:;T; gyd:::ﬁ
- Yuntoisan, 4 NOBEPXHOCTHONO PACTBOPOB, Mbl BUAMM, YTO Pa3HOO pao e cuTvaunh
" HOrO, TAK # “szom cnyvaii apcopbuMn Ha NOBEPXHOCTH TBBPAOe 1'::0 opomoeT
how orp npe:m WMCNa BACOPBUMOHNBIX MeCT o= const), Gea yuera Hooms .
nos orpaume(u ='const) 1 BITMMOABIACTBUA TOMOB NPUMECH MEXKAY R ol b
NOBEPXHOCTH Han geponruoch yunTsiaet obwee umcno eocmnn:o deavotl
o (o i p op, NOBEPXHOCTHLIA pacteop). Ecnu s ¢ase um Lovioin
B e s :'m-mux copros atomos (cutyauma ~ mnuuuanH:nn  nopni.
::::u: ﬁ&:ﬁ:x) eaio 310 HEOBXOANMO ymmsa;:" ﬁn::cmn:r;:c;é fr ppa mep, oo
‘ y T BB
::n:::;:n e:’;';;:::‘:':‘,‘Muos.rnf:n:u;:fng‘bomu?‘mso-mv‘po BOPOMTHOCTL B BUAG

(112)

(113)

{114)

0+ 0+ b g ' : (1185
n%1 a1 - Pl gt | |
T e e eas n cnyuen, Koras oGa pact-

b wa an
npum Bbiséaem nsoTepmy aacopbul vl nil
sopaa ?:n.::;'.cn ppug:mnuu‘m neypropnmumuumu‘ TBEPABIMU DACTB
em, yto U; =0,aU, =U.Toras )
LUGHUA. ]‘Ip@u M 1 o
Ix
m

n, ng nyU : (116).
@) Zp Fepl ).

no
z= -‘i—| 2,17 42,)™
" : = a/on
| h ‘= col [~ n, +n, =g = const, TO 2
n, +n = const, n, +n, = constun, .
--—gz; :3':?0/071, =5‘/0 n3. Nostomy ¢ yuetom Gopmynsl Crupnuur
= x

=Ing - —InZ, +
(o l"z/on’)9.9x=const =Ing — Inn, e
+ 7= —In2y "= U/ T=0,
" +1nZ, — Ing, +Inny +inZ; —InZ .
: ; - " = .
. Beeaem C=n, 4, 0 =nyh,mb=2Z,Z¢ expllU/k T /{2Z,2Z;) v naiinem 117)

| ‘ : n npea-
Mbt nonyuuny usotepMy [eHpu. AHandrwuHbili BUA MMEET WIOTEpME, ecrn pe,
. Mt

no. 470 H [ Oop BHeA- -
NONWA TS, 8 NOBEPXHOCTH o Gmy“cﬂ m‘mm“ biN TBDpAb'ﬁ pacTsop -
"

” ”»
MR, ANA KOTOPOro & =Ny /9% . -
mﬁ avom cnywae 6'=b’C, rae b’ = Zy exp (UK T)z —b}'OXD (Z"I'/Ifn?-sumuomy, o
- 3ameTtum, um’]pacxpuuu sbipaxesun ann Z,,'Z,, ; ] ,{, R
HO CBA30TL NPEA3KCHIOHEHUMENLHBIe MHOXWUTENW by W by ¢ xapa

' ' ' naH-
muB?oc;:: l.rl'pynﬂa HI0TEPM NONYNAETCA, 6CNKM OTKA3ATHCA OT rpeGO::;:T p:::::b "

HOCTH W NPUNATH, 4TO 8 NOBEPXHOCTHOM PECTBOPS KANAOS MECTO ; !

Gonee yem OaHa YACTHUA. B 3TOM CNyuse HIOTEPME, UMEST BUA -
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bC ; |
LG * (118)

nnu, ecnn 06vemHbIN pacTeop — pasGaenennsii,
beC
B ——— ' 1
1+b6C (119)

1ot pesynerar COBMNAASET C M3OTepmOi TNanrmiopa unu Xyxosuuroro. Nosanee
nsorepma (119) Guina nonyvexa Max fluwom. Mpu C < 1 u b C < 1 06a ypasnenun
NepexoanT B saion Menpw, :
) Kosddmunenr b, nponopundHansHuil exp (UA T), bakmuecku coaepwut pacr-
' BOPUMOCTb, TOUMBE OTHOWSHME PAcCTBOpUMOCTER NpUMECH B rpammue u B 36pHe
(C3/0,). AsiicTentensio, tennora 8AcopBuMn unu Tennova nepeaocas atoma npume-
o4 u3 o6kema Ha rpamuy U peana Pa3HOCTH TENNOT 6ro pacTsopetna s oBueme gue
fpaHnue q,, ecnu 38 HONs OTcyers APUHATL SHEepruo (’rmnoeonep»kauue) aTtoma npu-
Mech 8 ToH chase, ¢ koropoit 006a Haww pacTBOpa HAXOAATCA: B pasHosecun (Hanpu-
Mep, & rasosoii case) . Taxum 06pasom,
Ci/Co ~ expllg ~ q Mk T] ~ exp (UAT) ~ b,

. ®akmuecku Tor xe pesynuTat nonyuen Max Nnvom, Tax Kax Yy Hero U = £ — g,
_ rae £ — sneprun PacTBOPeHUA B NepmoHavanLHO HEUCKaMOHHDLIX yanax (T.e. 8 oGveme) ,
8¢ — B NePROHAYANLHO MCKAXEONHBIX, KOTOPBIO COCPEROTONEHB! Yy rpanuy sepen.
. Nocrieanan rpynna uaorepm ancopbunn nonyvaeres, KOraa 8 xawaoe ancopBumon-

8 =5bCl{1 ~bo).
Ecnm e atoro orpanuyeHun Her, 1o
0 =bC/1 —~C - bC). (121)
Ecnu npunato, yro Ty cootaercrayer oaHo KPaTHOMY 38MONHBHNIO BCBX aacopGunon-
HbIX MecT, 10 B PACCMATPHBEEMOM CNYYas MOXeET G ' > Ty, a cneaosarensHo, 8 > 1
U ABXKS NDH ONPOABNSHHMIX YCOBUAX @ oo, Buipaxewma (120)., [121) NpeAacTasnAIOT

4 Tennova aacopSumu & moGom CNoe, HBYNHBA CO BTOPOro, peswa Tennote KOHAGHCE-
uu}, a aiiibu»g're C OANOW TennoTol aacopbumm anm scex Cnoes, paccMoOTPeHHOM
DNanrmopom (1918 r.) . Pesynuter Nanrmiopa Guin nonyvexn Ku ]
POUMK He BHeWHe NOBEPXHOCTM 3 rasosoi (asw u umen BMA 6 =bp/(1-bp).
Ouesnamo, b = P!, rae p, — namnerine HacsiluenHoro napa. Mpup —+p,, 6w T — o,
NPOUTXOANT KOHASHCAUMA. ’

AnanoruuHan usovepma ana cnyuam, Koraa Ha NOBepXHOCTH BOIHUKEST TBepAsti .
pacTsop mHeapenun, nmeer sup

0 = b1 - bT). ) : (122)

Wnrepeco obcyanTe uanveckuis CMBICN  OrpaHMyBHWA, BO3HUKAIOWMX npuw ue
none3opsannk usorepm (121) n (122). Nerxo BUAETS, ¥TO Kpusam 0 (C) nperepne-
B80T paspuie: nph C* = (1 +5) = uny (6! ¢ o6pawaerch 8 =, a ipu C > C* usme- .
HRETCA OT — 20 ~1 npu €~ 1 (unm HC > 1), Takum 06pasom, KOHUeHTpauuR B8 . -
o6beme He MOmer NpesocxoauTs HeKOTOpOro KPUTHHOCKOrO 3HaypHun C*; 8 nNpoTue-
HOM cnyuee u3oTepma aacopBumu TepAeT dmsnueciuit cmpicn (8 '< 0); peus, cneno-
BaTenaHo, maer o Kakom-To Apyrom Asnennu. Kawerca OYeBUAHLIM, YTO 3TO ABRe-
K1e — Boinenenue dessi (0 — ) u.yo KPUTHYBCKOR 3HAYEHUE KOHUEGHTPAUMU COOT-
Bercreyer PacTsopumoc™ npumecn s oGremHoM PacTBOpe, HaxoamwemcA B pasHo-
8ecwK ¢ dasoir, Buiaenawweiicn Ha rpanmye (8 NOBEPXHOCTHOM pacTsope) .

Mpw wynesoi rennove 8ncopbumu (U = 0; b = b,)C* = (1 +8y)"!; yem Gonbwe
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[image: image28.png]tennoTa aacopbunv {U > 0}, Tem meHbwe pacTBOPUMOCTh. Hanpoms, ecan NpUmecs
ropodpobua (U < 0}, To c*—1.

flerko TaKke BWABTH, YTO NOCKOABKY b = C,/C,, T0 ycnosue c*< (1+b)7}
BMBANEHTHO YCROBKIO C, + Cp < 1, 7.6. 8 33BACMMOCTW OT vennoTbl aacopbumm me-
HAGTCA TONBKO KOWCTAHTA PaBHOBECHOTO pacnpenenéHna npumecn mexay oGbeMom
W rpaHnuei. )

o cux NOp Mbi Y4 TelBanu crenenn cBo60Abl, CBASAHHLIG C sbiGopom NG oGBEM-
HOTO ¥ NOBEPXHOCTHOTO PacTsopos (38MOWLEHMA UMK BHEADSHUA, xapaKtep IHTPONMA-
Mo curysumu) . Mpu aTom npeanonaranock, 410 rpaHUua 38peH OAHOPOAHE (U = const)
¥ ATOMBI NPNMEcH He B3aMMOASICTBY 0T mexay coboi. [lansHeiiune waru, KaK u B
Teopuu aacopuun Ha BHELNEH NOBBPXHOCTH, MOTYT 6biTh CBA3AHbI C YYOTOM nwboro
w3 amnx addexTos. 3ameTiM, 4TO ANR apcop6uvn 3 TBepROro pacrsopa Ha rpaHuity
30DHA OHW UTPAIOT, BEPORTHO, Gonee CyweCTBEHHYIO pOnb, Yem NpH ancopbuun W3 re-
3080/ hasl.

MNpw yuere B3BMMOAGRCTBNA YacTl apcopGata MOXAY coGoit B oblem cny4ae TPYA-
HO 38NMCATH BbIpBKEHAR ANA NepecTaHOBOYHBIX BEPOATHOCTEA C YYOTOM GnnxHero no-
pRaka. Tloatomy 384848 POLIABTCA NErKO TOMLKO B MORGNM PErYNADHBIX PacTBOPOS

{npuGnuxenne Bpsrrs — YunsAmca) , KOTAB BBOAAT Tennoty cmowenna (A = ¢, —
— 1/2(e;, + €2). €j — Meprwn NAapHOFO B3BMMOABHCTBUA wacwy i-Toro u k-toro
KOMNOHeHTOB) , HO pacnpenensHne 4acTu NO-NPEXHEMY CUNTEIOT cryusiinbim. Toraa
. Bbip@aeHHE ANA CYMMB! COCTORKMIA MOXHO NONYHTH, 8CNH BCIO NPABYIO 48CTb BbIPE-
werna (111) yMHOXMWTL Ha expl—Z A(nf‘ﬁ’ /29, k T). B HanncanHoMm muoxutene Z —
KOOPAMHALMOHHOR Yucno. MNocrne meeudmpoaauun nonyuum, Hanpumep, BMECTO
waoTepmbl 8 = b.C/{1+b c)
bCoxp{—ab) 123)

(O I ——————
1 +bCexpl—cb)

‘Buipawenue (123) ABnReToA usotebmoﬁ" Opymkuna, B 3TOM BbIpaXeHul a =
€1 Y €2
= Z A/ T. Ouesnaro, npu le;, 1 > | | Tennota cmewenna A < Ouna<O.

Torpa npw Gonsumx 14l > kT 68 — 1; sssmoneiicTeine NPUBSOAUT K HACLILLBHWIO.
HanpoTus, npn A > Ona> 0 HACHILLGHNE HE POCTNTEBTCA.

AHanus BbiPBKEHNA (123) noka3bipaeT, ¥vo Npw TeMnepaTypax HWKe KpuTHuec-
ot (T, H&8 naorepme 2acOp6UMN CYWLECTBYET CKAUOK, ncvessioumit npu 6,p =
= 1/2nm T =2Z Al2 k. :

AHanoruiHbim 06pasoM BMECTO nsortepmel 8 = bC/{1 — C + bC) moxwHo nony-
4NTL NIOTEPMY ‘ .

" bCexp (—ab) , ) (129)
1 —C +bCexpl{—ab .
ABNAIOWLYIOCA PBIBATHEM HIOTEPMBI PpyMKuHa ®
KOHUGHTPAUNA. .

Ans BBIBOAA N3OTEPMBL NONMCAONMHOM aacopbumnn, 8 TaKKE ancopfuvy HA HEOAHO-
ponHoli noBepxHOCTH PEUMOHAINBHO paccMOTpeTe Npouecc OBMEHB HACTULEMN MEOXAY
NOBEPXHOCTHLIM PECTBOPOM (noacncTemoit} 1 06¥eMHbIM PacTBOpPOM {repmocTatom)
¢ nomMouibio Gonbworo KEBHOHWUECKOrO pacnpepsneHun rw66ca. Mpw TaKOM ROAXO-
fie CPOAHEE UAGNO YacTHU fipumecy B pactaope
nx = A‘gé!g'{z')r'v, . . (125)
rae Z=z Zp, — Gonvwian CTATMCTUYECKEA CYMME. ‘

B HSNMCAHHOM BbIPAKEHUN CYMMUPOBaHUE -IPOUSBOMNTCH no BCEM BO3MOXHBLIM
COCTONHUAM, OTAMUBIOWIMMCA PBINUUHBIM YUCIOM vectu; Zpn, — CTBTMCTUMECKSA
cymme COCTOMHWIA (B TOM CMeicre, KaK Wbl 88 ynotpebnanm pauplie) AnA 7 wacTMU
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0 =
paseanusylc 80 sceii obnacv

B NOBEPXHOCTHOM PAaCcTBOPE; A |
> Tosepxoct PO, A — TOPMOANHIMUMECKER 8KTH '
Takupmuoup?as ;nep:; ; )é:::::enuﬁ noTexunan “mu: ??&zm:pmm"m”
, cA
Anu1pa:lnmm.|x, MHTEPBCYIOWMX Hac cu'r';a::;“wmo fonuiucil crepueaackod W':::;
. M 06 5 ‘
- -r:nnun,b::::p xurmoposg:xoﬁ ancopbuun B NOBEPXHOCTHOM PaCTBO
o Gnomman, coA paul::": anb yacMu, unu oaHy Yactuuy. Toraa ana ne; pe uMeT-
e 00 a XZ4,, ANA BTOPOA — T8 o e
Pt ke 1 +A2Z,., annn 4, aacop-
Z= (1422,
s 2 . (128)
1x cosnapser c '8
amuaa * oalX " pacmos::;uuoﬁ - T c'ramqmuecxoﬁ CyMMOA anm oaHoro
cnonuayn |
YR ypasuenun (125) u (126), nonyunm 06biuHYI0 NAHrMIOPOBCKYIO H30

TepMy 0 = L C/(1 + bC) ann
ooy 8 =2 Cil Kouuenrpauuﬁ?m“m"mm pactsopa unu 6 = b C/(1 ~ C+ b C)

Mpw onucaunm aacop6u
péUMM Ha Heo [1 HOCTM HEOGXOAMMO 38AaTHLC:
" gnopoauoﬁ nosepx
aﬂnwnuocrm TeNNOThl 8ACOPGUMM OT ‘‘HOMEpE Mem:" dU/d'I" Bxupu T8, KO ll:
TeNNoTa8 apcopbunn NPUHNMAEET ANCKPeTHbie SHauerum U,, U, ) T 1o
ir 27 ¢

™ Habop b; ~ exp(U/k T), Toraa =+ + Uy mowwo ssec-

; '1+b,C°
.C (127)

. ,— AONA MECT C TennNoToW A pﬁu"" U o‘lan“ﬂo Ta=1
B BapuaMTe TOM KnHa (a“w ‘ " y / '

dUMT = const): POUNA HE OAHOPORHO-HBORHOPOAHOH NOBEPXHOCTH;

0_____1__|n1+bmaxc

y 1+ by, C’ (128)

rae b ~exp (U n ’
max m x/k b ~

U, - a i bin ~exp Win/k T vy = -

mﬂ}l HanGonbLLee N HauMeHbLLee 3naqgn"'m.rm°"m . (puma;( Umin)/ kT; UmaX’

A ONUCAHWA aacopbuun Ha
HoHHO MemCrEm R oo rpalnue mMoaenyu HeOAHOPOAHON NOBBPXHOCTH HECOM-

2. B cnyvee no
i ot os:n:cn;ﬁnoﬁ ;Aeopcuuu CNBAYET MPUHATDL, YTO CYWIECTBYIOT CO
¢ 2, ..., N~ vacTuu, MopyepkHeM, YTO ANA BHYTPeHHeNH aa:o‘z;-

unu, no-suaumomy, 6onee
n orpaWmueno. CYWECTBEHHLIM ABNANETCA Cnyysii, KOrAd 06100 YCNO Cnoen

Heo6xoanmo 3a
MBTUTB, 4TO MOAen :

ancopbunn BT, w &, MONIOKEHHAA B OCHOBY TEO|
c8060aHLIS yanbi . 3::1 M roro 4TO HA nosopxiocTH “M“‘:’TM P::H::nucnoﬁmﬁ
NOAABPKUBAGTCA 'p.una bl, KOTOPLIO 38HATI OAHOW, ABYMA W T.A. YacTH o
UMNMENBHO HeNpMM m“::"::?:“f:":“em' mexay cnoamn. Taxan M:::::.' :D:T:
Npumecs 0Gpasyer A 8AcopOuMM Npumeceid He !
npumecy u?:cr‘Lo uB obeme TBepauii pacteop samewienwn. B ;znuuo . o
Bty coo-rs: TONA SBHMMBIOT OZHM M T8 e MECTa M BCe Criow (M Snyuse Brome
Kpoms No o me""::::ﬂo Bce 6 (ponm caoGoaHbIX MECT B /-TOM cn:ei. 2;1' 2
BHEADEHHR, B KOTOPBIX a'm‘::l: ::;o poro 9p = 1. Oauaico ann T“p“"g P:::g:;’
KeH MBCcH 3aHMMBIOT "

Ml aTOMOB PECTBOPUTENA, ITO ONNCaHME, no-aunuuzao; n:::;:;n:m““m ot flones

B cooreeTgrBumM ¢ n
PUHATEIMY ANA ON W ’
wn (s WCAHUA BHOWMHeH
cnoe | "r';»op, B3T), Gyaem oTnuuats cocTomnua xorn rhoonOun NbeACTaBNakuR-
Z,,) unm 80 & " (zz s A8 HCTULA HAXORUTCH B NEPROM

), Tpetee
32 nepsbiM Mexay coboii uepaanu-:;mu, 1.8, ;1123;):12;:'1-23 Husie BGS nocneayloume

a=exp(U,/kT),' asz =23x =,,, =2
nx’
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HO.
4YTO HaYano NOonoxe! ‘
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Ao crenened sanonnewnn 0 = 0,4 + 0,5. Nostomy gt CAPAMANGHIA 20 6 = 0,95, no-
BUANMOMY, rOBOPDMT B NONLIY npeacTasnexwit o MOHOMONEKYNAPHOH  aacopBuuu,
nn6o nonumonexynapHoil, Ho ¢ 3aN0NHEHUEM OrPaNNYEHHOTO YMCNA Cloes.

Cneayer noavepknyts, wto anms BHYTPeHHelR 3anaun “GeckoHewnylo” aacopSumio
8 aAyxe BIT Tpyano ocmeicnuTs manveckn. Ham kaxnercn, 410 anm ONUCAHUA aacopt-
UMK HA rPaHNLAX 38DEH MOTYT OKAE3ATLCA NONESHLIMMK W30TepMbI Nonucnoinoik aacop6-

. UMW C OFPBHUYEHMBIM YHCIIOM cnoes — ypasronue (131). Bosuukaioumit wa 310 cragmum

" npeassipeneun’ PACTBOD ewe He npeacTashreT cobol dasy u no3TOMy MOXET GbiTh
onucan & TepmuHex aacopbumu. Kak cripsseanmso oTmeueHo s 0630pe [ 44], oTnuuue
31010 NOAMCNOAHOTO aacop6aTa oT BIT-ro Ha BHewHel AOBEPXHOCTU B TOM, 4TO B HEM -
STOMbI NPUMECH NEePeMeLuaHbI C aTOMaMU MaTpMUub), 8 HE BHOLUHOH NOBEPXHOCTH — C

. BAKAHCHAMMK, ) '
B paccmarpuseemoit cuTyauun Gonowoe 3anavenwe npnoGpetaer BssumogeicTens

. 8T0MO0B aacopBara mexay coboit, WU3secTHo, yT0 yuer atoro B83aMMOpeiicTBUA NpuBO-
(AMT K M30TepMaM TMNa OpymknHa unu deyneps (ypasmernn 123 4 124). B 0630pe

Se n Te s wenese npu 800 °C u suickaszano peanonoxenne, YT0 oun Gones scero
C0OTBETCTBYIOT  W3OTepme ®Daynepa ¢  rennorol cMowenua 0,23 (Te) o
0,36 sB/atom (Se).
' Boanwnkaer sonpoc, nousMy e.BuineneHue Gasul vawe NPOMCXOAMT HE rpanKuax
3eped, a He 8 06beme, rae aveprum B38UMOAGHCTBMA ATOMOB UMEST TO e 3HeYGHNE?
Mlo-enaumomy o6pasosanue 3poasiwa caser (rpynnsl atomos, Kknacrepa) Ha rpamu- -
- e o6nervyeHo sHepreTMvecKu {rennore aacopbuuu) u cBA3aHO c MEHbLLM MM SHTPONWIA-
Hbimu novepAamu. Mpu Takom noaxome onATs BO3HMKaET NpoGnema CBA3N CO CTPYKTY-
POAA, cTenensio COBPLISHCTBA rpakuy. '
_Bosgpawency’ 8 3T0A ceAm K ananusy #30TEpM, AdIOUMX “BecKOHewHYIO" ancop6-
WMI0, OTMETUM,. YTO NPEMMYWIECTBEHHOS 3apoxaehme has GyaeT, BOPOATHO, npounc-
XOANTs Y TeX rpaHuy, AnA. KOTOpPbIX PRCTBOPHMOCTL (rpaHuuHan) Gonowe, » Gyner
TéM BOPORTHEE, YoM Gnume Cs X sammuuue. Bor noYeMy, HaBepHO, Ma "O0cO6LIXY wnu
Gmmsknx Kk uuu‘rpunnunx,l (Hanpumep, nonurouuaoaannux),’nax Npasuno, 3apox-
AekHun a3z ve HaBniogseTcen,
3agaun BTOPOro ™mna (CM.. c. 50) pewsiorca no TUNY TEOPUM PErynapHbIx pacTeopos
c ypopnao‘uenuem. OgHako « MOPrun cMmeweHnA aoBeannerca Tennota ancopbunm —

3ynbTaThi POLGHUA TAKOMN iana-m 8 pabove [47] anm GunapHoro pacteopa B moaenn
Bperra — Yunvamca. ’ )

B COBePLIBHHOM pacTaope, Koras vennorta CMBWEHNA A paswa Hynio, HSMQHO“HG

KOHUBHTDAUMN HEBAIOABETCH. TONLKO B fepBOM cnoe. B pacteopax, Gnuakux Kk cosep-
weHHbiM {la ! € 1), a=2Z A/kT, rpe A = €12 — 05(e,, +¢,,); ej — sneprum nap-
HOrQ B3BMMOAAACTBUA 8TOMOB /-TOro U k-TOro opT08; Z — KOOPAHHBLUNOMHOE weno;
k —_"nomnnnan Bonwumana; 7 — TeMNepaTyps, M3MEHAETCR cocTas ABYyX — Tpex
cneayioumx cnoes. Mpn a > 0 KOHUeHTpauKA saTyxseT MOHOTOMNHO; npun o < 0 pasmi-
us MEexAy XraToMHOW ponell KOMMOHEHTa A B /-TOM CNOS OT NOANOKKK ¥ KOHUONTDE-
uneii C4 — SHAKOMNEPEMEHHAR W 3aTYXAHNE HOCHT ocCuUMNANPYIOUMiA xapaKTep.

! HanGonbwmit uHTepec NpeACTEBNRET aHanW3 uMCheHHbIX pewewnith ans cnyuaes,
CBA3AHHLIX C CUNILHBIM OTKAOHEHMEM B OGLEMHOM PACTBOPS OT MAGBNLHOCTH U BONL-
‘woil  TennoToii agcopGumn. 3ametum, 410 yCnoBuR ycTolunsocti pacTeopa orpaHu-
YNBBIOT PA3PGIIGHHLIA ANANAIOH naMeHeHui a; 8 paBoTe [47] -6 < a < 2. Ainn onu-
CaHuA TeNNOThLI 84C0P6GUMK BBEAGM B COOTBETCTBUM ¢ [ 47] napamerp 8:

€8 — €4 vz

B = rx i —k—T(eABf- g - . (134)
3neck u HNe €g M e4 — 3HEPrUM B3aMMOAGCTBUA C noanoXKoi atomos 8 w A °
. &7
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Ha puc. 12 npuaenehel peaynsTaThi WWCNIBHHOTO MOAGNNPOBAHUA - (aasneuupcn
x; ot HOMepa cnoRA) pacnpeaeneHun KOMNOHEHTa A B aAcOPGUMOHHOR 30He ANA g =
= 10, v = 1/3 [ nnockocTs {(100) & r.1.k. pewere], C = 0,5 v pasmuix a. Nockonexy

g = 10 (Gonwwan TENNOTA ancopbuun) ,* nepseeiit cnoii  COCTOMT NPBKTAYECKH 13 A

(x; =1).
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E Puc. 12. PacnpepeneHne npumecn

B 30He NPUrpaHKuYHoON apcopbuvu.

5 0 75 20 PO3yNLTATHI UMCNEHHOTO MOAGAM-

PaCCIMOAKUE DM OBEPXHOCTIY posatua [47]. OGosHaueHuA cM.

(vucna amoMwsIX ca0ed) B Texcre

MOAVJ\IO) o OTKNOHeHKne cocTasa

Kak 6bin0 OTMEYEHO Bbitle, ANA nebonsumx (no
npavem npu o > 0 — n3meHenme

Ot 06BEMHOTO COCPBAOTOUEHO B ABYX — Tpéx CNOmX,

MOHOTOHHO, 8 Npr a < 0— ocunnnvpyiowee.
Tipu6ankenne K rpaHALam O6NBCTU YCTORUMBOCTH MBHRAST CHTYauwio. Mpn «

=—-595 n a = 1,96 aACOPGUMOHHAA 30HS, cOCTas KOTOPON OTAUYEH OT 06HeMHOro,
saxpateizaet 10—156 cnoes. '

11. PA3OBLIE NEPEXOALI HA FPAHULUAX 3EPEH

nepexofoM, CyliecTsoBakue KOTOpOro uc
GeyRnanu  Teoperuuecky, Crano sepHOrpa-
wnuroe nnasnenve [36]. Moa 3TvMm TEPMUHOM MNOHUMEETCA nnasnexne
camoit rpaHuibl 3epeH npu YCNOBHAX, KOrAa o6LeM KpMCTanns Haxoaut-
cA B TBepAOM COCTORHWW. WWorpa ¢ 3epHOTPAHUYHBIM MNaBREHNEM cMme-
WMBSIOT NOFIMKEHME TemMNepaTypbi NNasneHnA NONUKPUCTanNs, obycnos-
NEHHOE HANMUMEM MEX3epeHHbIX rpeHul. 3pece nonHen aHanorvR C Tam-
nepaTypoii NRaBReHWA Manbix yacTMi, KOTOpad Tem HWXe (npw npowx
paBHbLIX yCnoBuAx), 4em meHblue pamsyc vacTubl. [eCTBATENbHO, nycre
cpeaHni ?asmep 3gpeH nonukpucTanna V, Toraa NoBePXHOCTb OAHOFO 36p-
na k V23 (k — woaddmument topmbl) , @ teoboaHbIe SHEPrUN nonuKpuc-
Tanna v MMAKON Kannn o6veMoM. Vo paBHbl F. u Fm— COOTBETCTBEHHO:
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VICTOpMYECKWN NepBbIM TaKUM
Kanu 3KCnepMMeHTasbHo W O

TR Ve rokvi e gy, kY,
T

Fa = 5 Vo. Vil © o 013s)
o
] TKyna (136)
%~ .= ok Vo/V2I3,
3necs £, £~ yaenwnsie o | (137)

;:;::o 1(w W MAKOM cocToAHMY: e;n “bl:lqc: o oRbla SHoprin seluscras a
8H (U3meHeHue, ¢ T4BEPXHOCTHOe
 SHeprue oaoGas Hn;ﬁoﬁnpgm P nriasneHuy npeueﬁper:ea:' N P
MO C SHEpreil Masxse OBEPXHOCTH KpwcTanna u )muxoc';upasuo —
Pasnaran f POHHBIX IpaHuy) ' fo cpase-

x T B
nna + B PRAA no cren
asneHun 7, umeem: eHAM A

AT = ok Tnn/L Vl/s:

T= Tﬂn ~ T 86nM3n Touky

Welomon caenan ewison

NPy Temnepary
: Pe, OTAMYHOI o
BKpatye, xon er T Temneparypei n :
‘ 0 paccyxae naBnesua K
Haxoanwanca g paeToaecuu zuﬁ'&';mﬂuua — 3710 camocmar:':flz:r;:a.qaeor'
‘MOB B IpaHuye 06vemom. - Xumu . - thaza,
- BOH Yeckuia n S
Tenna, ﬂocxonf:y T::mmeckomy noTexumany u, aTOMOsT:H:g:n K; avo-
; ! '
Yeckux novenumanos aromo NpenennercA pasencrs owe Kepuc-
NN8BNEHUA rpaHmyLs 'Gwm's B o6veme Kkpuctanna u s MMAKOOM Xumu-
Apyrumu cno coBnafaTs ¢ Toukoii CTH, TOuKa
oBamy OYKOU nnas
HOBECHbIE achbeKTLs "ﬂaz:;::a FPaHnubl, Kak ABneHKe 3::::M:mp""ra:na.
o6vemHoit K FPerauvA npumecy " 0.  Pas-
) OHUBHTpauu v 1o rpaiuyam
HUTb 3TOT BLIBOA, BUMA ToueuHbIX AedeKTOB M T.p — e :n::";‘:-"aﬂ -
H3me-

Pesynurar Wl
bIOMOHa npepacra .
ocHoBaHMK. Kak m“mgen BARGTCA CTpaHHbIM My,
(4

O Heno:
3MOXKHOCTHN nnasneHuna FPaHUUbI 3epeH

U BoT Ha Kakom
HeCKM  HacbiWeHHbIii

1. Cosepwiernan '
pewerka s . :

AOM cocTonmm npu T ; "'A“GP‘_ ‘= 2.)Kuakan dasza npu T
n’ = nn

=0 l T
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" plom COCTORKUN
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:,1 4.1 [pannua 8 B86pAOM COCTORHUN 5. Xuakan ¢asa ¥ To. Harpes

: .n'puTo;AGg= HaAT;AG4=—S,KAT

- jémnepg'i'vpa nnasnesun 3epi-‘a, a To — rpannusl; Sye ¥ Sk —

" 3peck Thn
' sHTPOTMA TBOpAOH ¥ MUAKON a3, COOTBETCTBEHHO.
NockonNLKY «
"AG, + AGy + AGs AG, =0, - (139)
.70 NOHWKEHWe Temnepatypsl’ fnaeneHunA
S : - (140)

AT o = AGM@I(S,K N E ‘ ‘
nocTasneHHbi lllb1oMOHOM, ocranca Ges oTBe"

, g pasHoBeCUM C 06vremMoM. KpucTanna,.
1o nepexoa e 8 wnaxyo dasy HM nepaTypb! Nnasnexua Kpve-
yTo npw. 3ToR Temneparype (To) wpucrann HaxXOAMTCA

Tanna O3HaueeT,
v ¢ coBcTBeHHbIM pacnnasoMm. Ho np¥ vemneparype 7 = To <

Tem . HeMeHES, BONPOC, -
Ta: ecnv rpawuua sepen HAXOAUTCA

B pasHOBECY
<Tun u > pj®. Kaw xe 3T0 BO3MOXHO?
BLiBOA YpaBHeHwit ¢ noMOLLIbi0 METOAS TePMOAMHAMNUBCKUX uMKnos
N3 Y4eHWKOB ru66ca pacckassl-

TpebyeT Gonbuion OCT

BaerT, xax Tw66c sanyTanch nph pasbope unkna KapHo. Mpn HANONEHHBIX
fn ycnosuAX — rpaHnua NOCTOAHHOTO o6vema CO3A8ETCA ynpyroi pectop-
Malmeit COBEPLIGHHOTO KpW e BO3MOXHO, echv XMW~

vyecKue noTeHuunans! aromos B

SN =T

cranna — PasHOBE!

o6veme ¥ rpannue pasHb!
' ' (141)

_: fipn 9TOM pagneHne 8 obveme Kpu‘c-ranna He pasHO pasneHwio 8 Fpe
HMue 3epeH: AeiicTBUTENLHO, "y pepats”’ cged:opwipoaaunbm Kkpucrani
pasneHve. 3epHa 8 uausseﬁ

MONHO, TONBKO NpUnoNMe K Hemy Hexotopoe
WeHWIO K TpaHuue ponb MCTOUHVKA ABBNEHWAL p° =

cxeme WrpaioT no oTHO '
= p + Po (sewectso 8 rpaHuue PacTAHYTO, nostoMmy Po < 0) . PasHose-
cve He HapywuTcR, ecav y6paTh OAHO W3 36peH, 3ameHus ero cOOTBETCTBYIO"

' LM AGBRIGHUEM P: .
o pVS =T - w5, 7). (142)

T ypaBHeHWA (142) , npeacTagnAeT co
" MbiM 3HBKOM) NpW n30TepMUUECKOM nepexone’
K rpanue. J7a paboTa B unxne Nu o6o3naueHs uepes AG Ao
neHVW rpaHuubl A G; He pasHO Hynio, KaK ato nonaran flu, 8 pasHo p
[48] . OTkyA8 TemnepaTypa nnasnexuA rpaHnub! .

R <

1
y " Ann op
‘ HO KO
. Pasel) maxcuman MPOHEHTHOW cucTembl ¢
bHO | Mex

. no X nepem TaR U CTHO® H
,.C=°(11-'3—2‘1-2 | Prhoc
, 2 s - NOBEPXHO ' 3
y 8ep 08 HAaTRXeHUE) | |
v i PABHO 3:

PasHOCTb meouuuawuoicmx noTeHuManos, CTORWAA g npasoit uac-.
’ Goit paboTy pechopmaummn {c obpar-
OT COBEPLUBHHON pelueTrH |
. Npn nnaas- an
v ;’ A rpanuy 3
; . 8peH
. CA 8 rpakmue o - .
'8 0AHOBPeMeHHO Tpem ég’:um aUHULY MeHbLwe, uTo noss,
. 1 . g onneT l"ax‘SM'ry

To=rf~m+AGA‘lg +4 6, s
C dmsuvecioi o
- BOPWEHH KoM Toukw 3 (143)

Boamoxm
Y10 B8 Tomzcr:e:::o"",rpanuuuorga';:;':z‘_m:soauﬁ nepexon?
" Aa ? oro e
’ MaeA:r: 38pHOrpaHMYHbIX A;::c MmO wcvmecms::::a 1 poaa oanavaer
30BOrO nepexoaa Ha » PasfeneHHbIX Mei bas e vo.uuo“ oﬁbemuoﬁ'
MextbasHoii ﬂoaepxmm"ou nuhueli (s cny-
MHbIX U B TOuKe ne
ABe NOBEPXHOCTHBIX ;::z;;a,

A0MKH
- l'loacqel: mmemc'aman ase o6re
MOHH| eneHeit cs
bIX  nosepxHocTHOro :;io Abl (C yyetom B pag
TAXEHUA) ‘"°Kaab|sagfy MHTBHCUBHBLIX Nepe-
we B

dus.. =
Kiy = du,, .
YpasHenue (145) (14
pasHos onpen '
HeHuA ﬁ“ﬂ' Kotikperhui B:ﬂaef KpUBYI0  3epHor (145)
BUCAT OF Wt —'Knaﬁeﬁpgn: PasHeHuA Paanoaee::w“"om thasosoro
8b16paH; N — B AaHHOI — @Hano
300K0H°Huqecnom_ ":::O::u'gpnamanoro c::o‘:";a dusuueckoii cury::uzp:::
HaTAXeHUe 1 TeMnemwpanflﬁce ne,(,eMéHHHM“ 0:::::? nosepxHocTH
s =u (o CA no
dud, = (20 7). Taxm otpasom:
do )rdo + ( { 1)) JT
. s (4 L4
oar ‘o 7
’ (147)

CN0 06BeMHbLIX
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Napamerp A — 370 yAenbHaA NNOWaAs, T.e. MNOWAAL, 3aHWMaeMman B
NOBEPXHOCTA (rpaHMLe) MONeM BellecTas. ‘
W3 (145 — 147) nonyuum:

S

do al 66‘;' )0

( e )g = —'-—-——d—;'s-—— , (148)
al do )T

do . _ 4SS . T .
( e )g = — - | (149)
rAe Npon3BoAHbie BepyTCA BAONL KpuBoi pasHoBecvA ¢as 6.

YpasHenne (149) — NOBEPXHOCTHBIN aHanor ypasHennus Knayauyca —

Knaneiipoa. Kax n3BecTHo, 06BBMHBINA dazosbiii nepexoa 1 poaa xapex-
TEPU3YETCA. CKaUKaMU fepablX MPOU3BOAHLIX TEPMOAMHEMWNYECKOTO NO-
TeHuuana — 3HTPONUKU W qﬁiem.’l‘loaepxuoctuuﬁ we ¢asopbiii NepPexoa
1 posa AOMMEH XapaKTepu3oBaTLCA (s merope MnG6ca) ckaukamu no-
BEPXHOCTHOM 3HTPoNUM A 85 v monApHoi nnowaan A A,
) o us dns
YpasHenne (149) He oueHb YAGUHO B TOM CMbiCne, YTo { T oM (5-;—)1-
TPYAHO ONpeAesMMEl 3KCNBPUMEHTaNLHO. '
YpasHerue (64) anA Kanao# U3 NOBEPXHOCTHBIX a3 umeer BUA:
do = —Toy (85, — SNdT — To1 v, dp, (160)

do = —Tos S5, — SNdT — Toz 4, dp. (151)

s (150, 151) c yuetom (65, 66) nonyuum ypasHenue Kpweoit thaso-
BOro pasHOBeCHA e — ypaBHeHue Knaysuyca — Knanefipona 8 nepemen-
HbIX, AONYCKAIOWMX 3KCNepUMeHTanLHoe obcyxaeHune: :

ar . _ do a , |
(7;-), = A{( o )T} /A.{ -7 )b ‘ (152)
3amMeTUM, YTO YpasHeHue (152) BbiBEAGHO HaMW B NPEANONOKOHUAX

metopa "ub6ca. o
BriepBble NOBEPXHOCTHbI aHanor ypasHeHwA Knaysuyca — ‘Knane#tpo-

Ha B Buae (152) Gein nonyued Xaptom. MepemextHbiMy y XapTa ABAAIOT-

cA Temnepatypa M AssneHue. Ecnu B8 meToAe u66ca cucTema C rpaHMuei
cpaBHWBaNac, C CUCTemoA Ge3 nosepxHOCTH, HO TOrO e o6wema, T0 B B8-
puaxte Xapra obpaseu CpapHeHWR (MoHOKpwMcTann) ponxed obnapate
TaKUM XKe, KBK W GukpucrTann, umcnom aToMoB. Noatomy noBepxHOCT-
Hoe crywexue atomos (ancopbuuA) 8 metoRe Xapra pasHo Hynio, Ho 38
TO He PEBHO HYNIO NOBEPXHOCTHO® CryuieHue oGvema. Mockonbky B rpe-
‘Wme Xapra Het aTomMOB”, OGeccMbICHeHHQ PaCCMATPMBATL ANA OAHO-
KOMMOHEHTHOM CUCTEeMbI XUMWYECKHHA NOTeHuuan atomos B rpanmue. fina
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|
i

auddeperumana e NoBpXH
Hue B yxgaau‘ﬂux nepemeHHbI

do= VFap - Sqr,

OCTHOrO HaTAXeHWA

X UMeeT Bua: PaHUUL! sepen ypashe-

rae V¥ = (22 ‘ -
9p 'T.N T 36PHOTD&HMWHO® Crywiewwe o6nema; s

Qo i
"'( -=) -3 WYyHOe
, BpHOrpaH 08 C
dg‘ P, N ul TyuieHue SHTpONUu.

3080M
us has Nepexose ypasHenne (153) cnpasegnuso AR nio6oit
AsSdT - Aldp =g
‘W YpasHeHue Knayan . o {154)
(.dT) _ A'vg yea — Knanefipoua umeer eua;
dp e~ S

5 as , (155)

e Av° = A d
»( o e 485 =—ad(2,

d OHATHO — “BMC"MOCTM(iL) ( aa.
dp '€

Fo NpespaiueHnn.

3ametum,
YeCKM onpem“:natzngzm o2, ot & wero SXOAAT npocr
MEHEE LBHHLIM, uem WCMMOCTH, npencragnrerca Ham 3 e dusn.
| poaa ' YpasHeHue (149). Mocn P1CTHYeCKU
B. rpaHuue Kax 6AHee CBAR3LIBAET nepexog

::c; ;3P (::o#zt:;nxm KpuBsie 3asucumoc-
OMaMKM B TOuKe e
iy e haso,
cog:::fn;.a gzgml;:na:nm u.rrpuxoa:: n::;:
®
eaonord smo HUI0 W Temneperype
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Sesnticre, Mocremne MOryT 6biTe Nony4eHbl U3 (149) awddeperunpo-

Jperipecta. TocneaHue
BAHVEM YMCIUTENA W 3HameHaTens no

yacTe ypasHeHuA Knaysuyca — ‘Knaneitpona npuHUMaeT BMA Heonpeae-

H

R N .

KOAAMUMEHT TEPMUYECKOrO Pac-- .
b W T.A). CBASH MEXAY HAKNOHOM KpWBOH B TOU-
aMi BTOPLIX NPOM3BOAHLIX [BETCA YPaBHEHMAMMA

T w o (8 TOuKe nepexoaa NpPasan .' _‘

0 .
NEHHOCTH —— ):

S S . ,_
as’, ds,) s ‘
V ( )a_( aT a Aca ‘ (156) .
do - _ T - . , )
I. ( ar )’ - (—-——a 2) (-—a—L) TA(-—b—f-)a !
aT 0 aT ¢ '
H asS oA o
2% L) A=), |
( i el oT (157)
do 2 - _ T
( daT )9 - a. 2 ) _ (_0__!_) A(TZ)T
{ g T da T a
/ C - . d:s - 6; )
TaK KaKdus=—ssdT-—Adou { aa')T (——-—ar )o

M3 (156) n (157) nony:naem: : _

' A
e do_\ - (2o y2a(2Ly ., (158)
ACT = —Talgr), (gl = Tl el e
| oA, | (159)

A2, = = (55, Al

n eTj cs, (i)r' "] (—EA—)G VUMEIOT ACHLIM . (Pr3KYeCKuiA
393'1 :'lo cg,omengseHHo TennoemMKoCTe TIOBEPXHOCTU v(rpauuub;)-
o HHOM NOBBPXHOCTHOM HaTRXeHWW (awanor oGaeMgou TennoeMm
- npu "9?(;“ M30TEPMUYECKER CIMAMEBMOCTb W Tepmuueckoe ;;asc:g?uzr:‘v;e
":::::xuociluoro (rpaHuyHOro) CnoA. nganeuun {156) -:e L e
YeHbl ANA. MOBEPXHOCTV B8 ruGbcoBOM MOAXOAE (negeme;:; O
BapuaHTa Xapra (nepemertbie pu T) ypasHeHuA peuKHmeecm; o
Aoé il popa B nosepxHOCTU Bbll"l‘,lﬂAH':, ecrectaeﬂuo,mmt e o
AMYMEM OT COOTBETCTBYIOWMX YypaBHeHwii anA oGvema

OrpaHUYHLIA UHABKC S : \
A‘c;=—r(—;17)3A-(’deT' | | |
ot dp o (161)

A, = (), Ay
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‘Hanomuum, 4to B wactHIx NPOM3BOAHLIX YpaBHEHMH, onWcsiBaIoLIX
thasosble nepexosb:, MbI dwKcupoBam nvws ORHY nepeMeHiYIG  (maiar

mep, 8 (162) (L), (22.) wnu s (160, 161) (22 iy

U T.A.), MeXAY Tem Kak, CTPOro roBOpA, HYXHO yKaaslga'rs asa dukeu-
PpoBaHHbIX Napametpa. Mot HaAeeMCA, 4TO yMTaTeNb NOMHUT, 4To rm66cosc-
KMii NOAXOA 8 faHHOM Cny4ae xapaKTepeH NOCTOAHCTBOM 06LeMa cucrems,
& noaxoa Xapra — uucna Yacvy B Heit. Moatomy nepaHTHYHOE Hanucanwune
COOTBETCTBYIOWMX MPOU3BOAHBLIX AOMKHO GbiTh: AnR ypasHeHua (152)

{u apyrux, rae ucnonsayerca noaxon I n66ca): ( a; v v (—"LT.)p v
u T.8.; anAa (160), 5“6” (v apyrux, rae ucnonesyerca noaxoa Xapra) :
(— Vr ne —3';_— )p, v ¥ T-A. O6 370M He creayer 3a6bigaTs.

.}
(?psmnepumeﬂranmumu Pe3ynbTataMu No 3epHOrPaHNYHLIM ¢asosbLIM
fNepexonam neno o6CTOMT cnoxkHee, yem ¢ TeopeTuyeckum o6ocHOoBaHUeM
UX BO3MOXHOCTW. Y>e OTMeuanocs, 4To nepebiM hasoBbiM nepexoaom
Ha rpaHuuax 3epeH, KOTODbIif nbiTanuce 06Hapy»MTb, GbINO Tak Ha3eiBae-
MO8 nnasneHue rpaHuy seped. Yucno pabot, nocsAieHHbIX obeyxaenmio
3TOro ABMEHWA U NONLITKAM ero IKCMEPUMEHTAaNLHOFO 06GHapPYEHUA, aoc-
TaTouHO BeNMKO, OCOBEHHO Ha (hoHe eaNHUUHBIX vuccneaoBanmii, oTHocA-
WHMXCA K APYrUM BO3MOXHbIM (ha30BbIM nqpexoaaMsrpauuanaepen.
Noapo6Hbiii  0630p 3KCNepUMeHTanbHbIX PaboT, NOCBALWGHHBIX NOUC-
Kam 3toro adipexta, aaH B [35]. 3pece e mbi PacCMOTPUM e3ynsTaThi
3TUX 3IKCMEPUMEHTOB C TOYKW 3peHuA nposefeHHOro TepmMoauHaMUvec-
‘KOro aHanusa, ‘
AdxbexT nnasnenna rpanny 36PEH UCKAanNU pasnUYHbLIMKM MeTORaMU: Me-
XGHNYECKUMH, DPEHTIEHOBCKUMM, C NOMOLLbIO BHYTPEHHEro TpeHus, Muk-
Popaamorpadmuyeckoro aHanu3a, onTuueckoit W 3NeKTPOHHON MUKpocKko-
nuu. MexaHuueckuit meTos OCHOBEH Ha TOM, YTO NpU NNaBneHuK rpaHuy
GuicpucTann, pacTArvsaembiii NEPNeHAMKYNADHO rpaHuue, AomweH pac-
NanaTeCA Ha ABa MOHOKpWCTanna — 3epHa, HecmMOTpA Ha BHewHIo0 npoc-
TOTY ¥ y6eAUTenLHOCTb, METOR TaUT B cebe MHOXECTBO "NOABOAHBIX" Kam-
Hed. Bo-nepsbix, Kak yxasan Mak JluH, pasgenequs Kpucrannutos mo-
XeT ObiTo Bbi3BaHO BbICOKOTEBMNEPATYPHLIM  MEXKPUCTANIMTHLIM paspy-
Wwennem. Monaraot [35], yro YCTaHOBUTb, BLI3BAHO. M Habniofaemoe pas-
PyweHue Gukpuctanna nnaenexmem”’ FPaHuubl MOXXHO, NpoBOAA 3KcChe-
PUMEHT NDU Da3NNUHBIX HBNPAMEHUAX W CKOPOCTAX Harpesa: MeXKpuc-
TANAUTHAER XPYNKOCTb CYWWECTBEHHO 38BMCUT OT atnx napameTpos, Torga
K&K Temneparypa "nnasnennA’” rpammipl He gomkHa. Ho AnA nioBoro ta-
30BOr0 NpespaweHun | poaa tvkcupyeman TeMNepaTypa nepexoaa CyuiecT-

3 . BEHHO 38BMCUT OT CKOpocTU ee n3meHeHun. Mpu nnasneHumn aro XOpOoLo

U3BECTHbIN et nepeoxnamaeHus.: Neperpesa npu nnaenexuu npakTv-
YeCku He GbiBaeT. [eno B TOM, 4TO 3apoAbILIM HMAKOW a3kl NOABARIOTCA
Ha cso6oAHOl nosepxHocTH obpasua, rae sHeprus mx 06pa3oBaHUA MUHU-
mansHa., Ecnu UCKNIOYUTL 3ITY BOSMOXKHOCTL (Kak, Hanpumep, B aKcnepu-
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[image: image34.png]menTax Xalikuna n Bene 1939 roaa, rae NOBePXHOCTL OXNAXAANach, a 06-
pasey Harpesancn U3HYTPM) , TO, HapAAY C nepeoxnaxaexvem, Gyaer Hab-
MIOABTLCA ¥ onpeaeneHHsiid neperpes. [py nnaeneH rpaHiUel 3apOALILIK
AOMKHLI NOABNRTLCA BHYTPU TBepaoi ¢hasui. Mostomy ToT thakT, ¥TO Tem-
nepaTypa pasAeneHWA KPUCTA/UMTOB He 3aBUCHT OT CKOPOCTH Harpesa, He
'ABNAETCA NOBOAOM B NOMb3Y “NNaBneHUA’ rpaHuLbi KaK npuunHb adibexTa.

Mpu nonHoM CMauMBaHUM CTPeMnexne WUAKON KaNUNRAPHOW NPOCnoi-
Ky c6AM3UTL ABa NOCKKX 3epHa ByneT
7= 2 om_rlﬁ, (162)
rAe G, — NOBEPXHOCTHO® HaTAXeHWe Ha rpaHvue XuaKocTs — ras; & —
WKWPHWHAE FpaHnLibl.

Mpy WwMpuHax FpaHuauel & ~ 10"7 CM ¥ NOBEPXHOCTHOM HaTAXEHUM

—¢ ~ 1,0 - x/m® Hanprenme 7 GyaeT nopAAKa ~10° MH/cm?. B '[35]
BbLICKa3bIBBGTCA MHeHWe, 4TO ypaBHeHwe (162) W uMcneHHble OUEHKW Ha
ero OCHOBE CNpasefnuBb! NWWL NPU NONHOM CMAUMBaHWM ¥ AOCTaTOYHO
Gonuliom paauMyce KpuBU3HbL. ITK COMHEHUA Heo6oCHOBaHHL!, [lecTu-
TenwHo, “‘nnasnexue’’ rpaHMubl GyaeT SHepreTMYecKU BLIFOAHO Npu 0 >
> 20,_,., FAe 0 — NOBEPXHOCTHAA cB06OAHAR 3HEPTMA MEX36PeHHOW rpa-
HUULI, 8 0 _  — MOBBPXHOCTH paspena Teepaoe — »uaKocTb. flpu Henon-
HOM CMauvBaHWu ypasHeHve (162) HeckonbKo U3MBHAETCA:

2 0y_.pCO8 6 200, — 07y (163)

F [ '
rRe O, — NOBEPXHOCTHO® HETAXEHWE FpaHHUL! pasaena Teepaoe Te-
no — pacnnas.

W3 (163) BMAHO, YTO CYWIBCTBEHHOE CHWKEHUe T BO3MOXHO NULLbL Npu
6, 6nmakom Kk 7/2, T.e. Npu O, _ ~0,_,. B 3TOM cnyuae Kpuvepwit ¢ >
> 20,_, GesycnosHo e BLINONHABTCA, ¥ ‘NnasneHue’” rpaHuLel Tepmo-
- AMHBMMYECKH He ONPaBAaHoO.

PaccCMOTpUM BO3p®KEHWE, CBA3aHHOE C TeM, 4YTO Npu oueHKe Kanun-
NAPHO# CUNbI WUCNOMbL30BANOCH 3HAYEHUE NOBEPXHOCTHOTO HATANEHWA, Xa
paKTepHOe ANA MBKPOCKONMueckux 06wexToB. Bonpoc o ToM, A0 Kakux
3HAuGHMII PAAMYCA YBCTUbI NPBBOMEpeH MAKPOCKOMUUYeCKUi NOAXOA, NOA-
HMMANCR HEOAHOKPATHO. 3TO CBA3AHO He TONLKO C 3apayamu U3UKN anc-
NepcHOCTW. UYepes CTaAMIO 33POXKABHWR, 4epes o6pasoBaHue 3apoAbilien
M MX POCT NMPOXOAAT BCe cUCTembl C (hasoBbIM nepexoaom | poaa, u 3aeck
6e3 NpeacTaBneHwii 0 NOBEPXHOCTHOM HaTAXeHUM 06BLEKTOB MONeKynAp-
HbIX paamepos He oGoiTuCL. YpasHehne, onpeaenAiouiee 3aBUCUMOCTb NO-
BEPXHOCTHOTO HATRXEHUR OT PAANYCA KPUBM3HLI NOBEPXHOCTH, 'HOCHT ANWH-
Hoe HasBaHue ypasHenua Mm66ca — Tonmena — Kenura — Badiba:

1 A

T =

A
21+ = + = (=]
oo _ R, R, 3 s (164)
m R‘ A A 1 -y r
142 — [T+ — + — (—)"]
R, Rg 3 Rl'
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- HOBPeMeHHO COo CT PemMneHnem Kk wynio paanyca yacTuybi.

The A — paccTosmue .Me wieit k
J .MeXAy aKBUMOnNA CTbIO
¥ NOBEPXHOCTbIO HATAKBHUA H‘. proft pesaenaio flosepxto

Anna OAHOKOMMOHEHTHOI4 CUCTEMLF 1
;eot;r:o BelecTaa no o6e CTOPoHsI OT H
OT0 CNOA 38MeHUTL Ha p.
8BHLIE 06BLEeMBI CO ’
SonHc 18 CeACTBYIOWM X .
PLUPOBATL NONOXKeHUe Paifenniowei NosepxHOCTH, cnegn npflJ a:TOIEﬂc::

HUA, TO Nonoxexue pasaenaoweit no-
Y NOBepXHOCTHOro HaTAXOHUA, HocuT

ePBAR pacnonoXeHa TaK, 470 Kom-
€8 He U3MeHUTCH, ecnu y4acrku nepe-

[ 22 =
a7 lh=n, =0 (165)

IPXHOCTU BBLINONHAETCA NpocTan thop-
CT AaBNeHU BHYTPM Kanmm u B ok-

Toneko anm paspenaloweli nose
Ma ypasHeHun KeneeuHa ana pasHo
Pyxaiouem ee nape:

Ap = 20/R, .

Ypasnerne (166) BLIPAXKAET ‘‘MexaHuvyeckue”
o noaxoas —~ mexaHuveckoe aelicTeue peanvHoit
BaneHTHO NeACTBMIO ruGKON NneHku HYnesoi ton
NoBepXHOCTH HaTAXeHuA R u NOBEPXHOCTHO®
HO cuMTaTL, YTO M nosepxuo‘crs HaTH
NIeXAaT BHYTPU NepexoaHOro cnom; u

(166)

CBOICTBA ru66coBCKO-
rpaHuub! pasgena axsu-
LLMHLI, UMeIOWeii paguyc
HaTAXeHue 0. EcrecTsen-
MBHUA M IKBUMONADHER NOBEPXHOCTL
CreAoBaTentHoO, BepxHUit npeaen A —

cywecTaeHHo

TONUWMHE NepexoaHoro cnba. fnA -
. YacTMY, pa
Bonswe A, uHterpuposarue (164) peer: U, papMyc KoOTopbIx

) (167)

rae. -

ae e cmiue::‘:::;e 4 ana nnockoro cnos, He 38BUCALLEE, MOHATHO, T R

A muctise aHanu3 nokassiBaet, 4TO ANR HMAKON Kannw na;;amer .
ITs nonoxwreneH, a anA nyswipbka — oTpuuaTeneH. Onn c:

‘MbIX |
non):c ﬂn::cn:nsxux YaCTUL, ANA KOTOPLIX HepaseHcTBO A/R < 1 Y8 He
» MOBBPXHOCTHOE HATAXKEHME O ROMKHO CTPEMUTLCA K Hynio :;'-

- Kak oTmetun ewe Mm66c
,» 3TO NpeaoTs
HoeTs A p. Mpu yenosuk A/R > 1 us (164) uph::ue:‘e'r ofpauisHue 8 Gectouen-

Ino~ inC + Inr,

oot (168)

| (169)
(169) nenanucsy ouenkn usmeHerun no-
GHblIeHWeM paauyca vactuubl. Tak, anAm
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Ha ocHose ypasHenuit (167),
BEPXHOCTHOTO HaTFkeHMA C ym





[image: image35.png]Kanenb aproxa NOny4YeHo: A £0,3 Hm; Kannu guameTpoM ~ 10 HM uMeloT

fIOBEPXHOCTHO@ HaTAXeHWe, NOHWXEHHO8 MO CPaBHeHWIo C NNOCKOM NoBepx-
HOCTbIO Ha ~ 6 %. OAHAEKO 3KCMEPUMEHT, KaK HW CTpaHHo, e 3ameuaer’’
38BMCMMOCTV MOBEPXHOCTHOIO HaTANEHWA OT paaMyca KpuBU3HbLI. Cunra-
NOCb, YTO 3TO CBA3AHO C ONpefeneHHbIMA METOAMHECKUMN NOTpPeLHOCTA-
MU paboT, OCHOBAHHbIX Ha M3MEPeHUM NapaMeTpOB FOMOreHHOro 3apoAbILLe-
06pa30BaHUA XMAKOCTM B Nape. OaHaKo HeaaBHWe 3KCNepuMeHTbl CamGna

W Ap. NO WCNapeHNio Mankix Kanens ceiHua (auameTpom meHee 10 HM)

TaKKE He NOKA3aNM YMEHbIUEHWA MNOBEPXHOCTHOTO HATAXEBHWA CO CHUXE-
HueM pa3mepa Karlens. B nocneaHue rofibl NPOBEASH PAA MBLKHHLIX 3KC-
NepUMEHTOB, U3 KOTOPLIX, B YAaCTHOCTW, CNEAYeT, YTO A®Ke ANA HACTMLLE.
B 1337 atomoB (370 OTBeuaeT Auamerpy ~ 4—6 HM) “sdpbexTMBHOE NoBEpX-
HOCTHOE HaTAXKeHWe'’ HEeMOHOTOHHO. 3aBUCUT OT TONUWMHbI NOBEPXHOCTHOrO
cnoA. [ipyr¥mMu CnoBaMM, U ANA 3TUX YaCTHL MOXHO FOBOpUTL O noBepx-
HOCTHOM HaTAXeHUu. .

HakoHew, cneayeT OTMETUTb, YTO MHOrOuMCneHHble B fnocneaHee Bpe-
MA 3KCRIBPUMEHTHI NO KOoanecueHun, onepupytoume ¢ YacTuuami 3—10 um,
TaKKe He A3I0T OCHOBAHWIA roBOpWUTb, NO KpaliHei mepe, O pesKoi 3asu-
CUMOCTHY NOBEPXHOCTHOrO HaTAXEHUA OT PAANYCA KPUBU3HLI.

Takum o6pasom, ectb yGeauTenbHbié AOBOAbI NPOTUB CaMO BO3MOX-
HOCTM OGHapY»MTb 3iheKT '‘NnasneHnA’” rpaHnLbl PaCCMOTPEHHLIMU Me-
XaHUYECKUMU METOABMA. ‘

fonbiTin o6HapY»MTL - 3PeKT NNABNEHUA MEX3BPeHHbIX rpaHuy ¢ no-
MOLUBLIO ONTUYECKOVW MeTannorpagmm, peHTreHorpadmueckux W paavorpa-
M4ECKUX METOAOB OCHOBA3HLI HE MPEAMONOXEeHUN (vacto HemBHOM), uTO
pacnnaBneHHaA 30H& MMeeT 3HauuTensHuie pa3mepbl. Tak, "rpapveHTHoe
nnasneHne’ o6pasus, KOrAa rPaAMEHT TeMNepaTypsl HanpasfiieH No AnW-
He rpaHuubl, MOKAa3ano, YTO Ha rpaHULaX 3epeH, HaXOAAWMXCA B Henna-
BALIGNCA 30He, UMBIOTCA Menkue nopsl. Mocneanue Gbinu NPUNKCaHL! NNaB-
NEHWIO PaHULbi: MeTann NNaBUTCA, PAacLUMPRETCA, &8 NpU KpucTannusa-
uuy obpasyeT nopbl. ECNM CYMTaTL, YTO NNaBneHWe rpaxnulbl MAET C TaKUM
e ‘U3MEHEHWeM NNOTHOCTW, KK W KNAaccu4ecKuii ero BapuaiT (Heckons-
KO NpPOUEHTOB), TO HETPYAHO NOACYUTETD, yTO OAHA — ABe NOpbl Anamer-
pom ~ 5 MKM CMOCOGHBI aKKYMYnuMpoBaTth W3meHeHne oGbema npu nnas-
neHun 1 CM? rpaHvubl, T.e. BU3YansHO OGHapY»MTb 3TW NOPb! NPaKTH-
YeCKu HeBO3MOXHO. [lanee, BoBCe HeoBA3aTenbHo, YTOOLI- NNOTHOCTL rpa-
HUUbLI 3epeH NpW NNAaBReHWM ymeHblanach. [paHvubl 3epeH — 3TO Nepuo-
aMveckoe 06pa3oBaHMe, CTabMNU3MPOBaAHHOE - KPUCTaNNUYECKUM nonem
paspenAembix @0 3epeH. He MCKNtOYeHO, 4TO ANA CHCTeMbl SHepreTn4ec-
KU BbirOAHEee MOXET OKAa3aTbCA CUTYaUMA, KOrAa rpaHuua . 3eped umeeT
NAOTHOCTb HWXKE MJOTHOCTM pacnnasa AaHHOro sewecrsa. B 3atom cny-
¥ae NPV NNABNGHWM FPEHMLA AOMKHA HE PACUMPATLCA, a8 CxumaTseA. Kpo-

M@ TOFO, 8KKOMOAAUMA 06beMHbIX 3((PEKTOB, BCIIN OHW 6CTb, MOXKET NpoMC-

XOAUTL NyTem o6pasosaHuA pAaa aucnokaumi. MocTaHoBKA 3KCNepUMEH-

T08 NO O6HapyxeHwio ahdeKTa NnaBneHMA rpsHUL NO PasauuMio B nor-
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:uo:.g‘euuola PEHTIEHOBCINX nywelt vacTAMM o6pasua,
THOW Neuu, MmesT aHanornuHeie MeToaMyeckue 1

b I '
CMepUMeHTL! Mankcmana u Bonpa no HabnIoABHUMIO TOMKMX nneHoK

BMUCMYTa B. 3NGKTPOHHOM MWK ‘ 6ean
pocKone cuuTaloTcH
- Hau6on
oo ;}r:i?::.en::-ou CYWeCTBOBAHUA NnaBneHuA rpawuy. '&Jom?ﬂ:
8 : mg (60—-300 Hm) nneHky sMcMyTa

eMnNeparypul Ha ~ 25 i mmiioloss

HXe eMnepaTypul nna ‘ ROMO LUbIO
T Pb BIIGHUA. SQIGM C
AOKTPOHHOTO ﬂYu‘lKﬂ cospasanca pacnnasneHHbIk y4acToKk BUCMYTa, noC-
g

ne vero 'HaGmionanw, Kak sep
A YT ce6R B 3TMX
ey YyCnoBuax 3e
Ubl. ABTOpbI 0BHapy#amnM, yTo BAONb rPaHvL 3epeH u ooog::uz :xr;gﬁ':
H8A 30HA, NPOCTUPAIOWAACA Ha ~ 5 KM

HbIX CTbiIKax nNoAsnAeTca pacnnasneH
14 BupHL pacnnasneHHan 30Ha u Tem-

:: 06e cTopoHs! rpaHuus:. Ha puc.
10 y
" o:a :::cr;:; ::unxocm B TPOWHOM CTbiKe M fo FpaHuuam sepeH. Cyusect-
gy fom uwnu&b::e :mmcn' ﬁ)makoc'm (TemHoe nonel)’ cBUaeTenbCT-
8 ONKHU BAONL PEHML — He NPWUYUHa, a
, & cneacT-
HO, Npouecc uaeT cneayiowMm 06pasom. Neperpes yacty n:ec:-

sue. Beponr

KU N '
PUBOANT K NnaBneHwo ee U noRBNeHMIO HeKOTOporo oGvema neper-
pactpasnuBaeT kaHeBKM Baons rpaHuy,

ge‘roﬁ WUAKOCTH. 3T MMAKOCTS
310
H;': Ko:ue::p:::m‘ NMAKOCTe — TBOPAOE TENO, KAK BCEraa, NOBbILLEH-
NnaBneHMR yua NPUMECEH, YTO eCTECTBOHHO, NMOHMBeT Temneparypy
""Km”"”ey ”:':‘.’3 30poH, HEXOARUMAXCA B KOHTBKTe C ¥uAKoCTHO. Mpo
KOCT™M no rpaduuam sepen — xo TP
— XOpOWO W3BECTHBIt .
MMK:T':;‘:"H';"ﬁ:mKT, He CBA3AHHbIA C NnasneHnem rpamuy 3epe: b Make
’ W BIrNAA, UCNONM3OBAHME B Kay v
6CTBE MHCTPYMeHTa
ANSBIIGHUA rPaHUL 38peH METOAE BHYTpeHHEro TpeHus. Mons.

o6Hapyxenun

nexune '
APYroi rpaHuuHoit thass: ¢ CYWECTBEHHO OTAMYHLIM SHaYeHMeM MO-
MOXET GbITb QGHADYNEBHO HE KpUBLIX TemnepaTypHoii 3a-

noGbisasiuero s’ rpe-
eROCTATKM.

AYnA ynpyrocmm

ch. 14. Mukpodororpadun wac-
TUYHO pacnnasneHHoR nneHKu Bi,
NONYYEHHBA B TPEHCMUCCHOHHOM
SNeKTPOHHOM MuKpockone. Tem-
Ho® none— uakan dasa (M.E.Glic-
sman, C.L.Vold)






[image: image36.png]BUCUMOCTA BHYTPEHHEro TPeHWR ¥ MOAYNA ynpyrocm. DeiicTanTensHo,
S6AU3K TEMMepaTypL! NNABNEHWA anioMUHUA U ero cnnasos - Habmopanch
MK BHYTPEHHEro TPeHWR; TemnepaType, Npu KOTOpPOA OTMedeH NuK, OT-
BOYANO pe3Koe NafeHue MOAYNA YNPYrocT, obpasua. 370, Ha Haw B3rNAA,
MOXET GuiTs CBA3aHO ¢ (hasOBLIM MEPEXOAOM Ha rpanvue fIOABNIGHNEM
BbICOKOTEMNEpaTypHoi hasbl ¢ "HU3KMM MOAYNSBM Ynpyroct. VimeHHo
BO3HAKHOBBHME TaKOW a3kl U MOXET NPUBOANTE K MKY BHYTpeHHero
"TpeHWUA. '

Takum 06pasom, 8 HECTOALLEe BPOMA’ HET y6eanTentHLIX AOKA3ATENLCT
"nnagneHnA” rpeHuy 3epeH. Ewe’ pas oTmetUMm, 41O nnasnexdne Mexse-
peHHLIX FpaHUL B OGLIYHOM, KNACCUYECKOM CMbICne B PaBHOBECHOW COH-
Tyauum TepMOANHEMUYECKH HEBO3MOXHO. Tomex 3toro adwbexTa, Tem
He MeHee, OKa3ancA Monesex, MOCKONLKY NpUBREK BHUMAHWE K BOMNpPO-
cy 0 (ha30BbLIX Nepexofsx B ABYMEpPHbIX cACTeMax, B YaCTHOCTH, TpaHu-

" uax 3epeM. )
thasoBbiX NEPEXOA0B Ha rpaHuue ocobbiii uHTepec,

Cpean BO3MOXHbLIX
Ha HaW B3rNAA, NPEACTABNAIT KOHUGHTPAUWOHHLIE dasosbie MEPEXOAbI.

9TOT UHTEPEC CBA3EH C YKe HEOAHOKPATHO YNOMWHABLIENCA cnocobHocTLI0
rpaHuy 36peH aKKYMYnuposaTb aromb! npuMecu. 3T0 MOXET NPUBOAUTL
K TOMY, YTO A@xe B pas6aBnieHHOM 0GbeMHOM pPAacTBOPE KOHUEHTPaLUMA
npUMecH Ha rpaHnue MoXeT 6LiTe BbicOKON. osTOMY KOHUEHTPaUMOH-

Hule ¢asossie NEPexXOAb! Ha rpaHuuax 3epeH MOTYT OXXMASTLCA AAXe B CUcC-

Temax C O4eHb HU3KOM NpaaensHO! PacTBOPUMOCTLIO.
PaccMOTpMM ypaBHeHue apcopbuvm ru66ca 8 Buae (50) cooTseTCTBEH-"

HO ANA Kaxaon n3 3epHOrpaHNiHbLIX thaa:

do=—s$dT = T T du +vidp, - (170)
I
do=—s3dT - ZTpdu;+ vidp. (171)
W3 {170) u (171) nonyuaem:
(172)

k
AvSdp - AsSdT — Z AT, dy; =0
i=1

CooTtHowesve (172) ana ABYXKOMMOHBHTHOH CUCTeMbI BrepBble nony-
yeHo XapTOM B pamkax. yxe o6cymaaBweincA TePMOAMHEMUYECKON MO~
AeNY rPaHVLbI 3ePEH M HA3BAHO UM 060o6uieHHbIM ypasHervem Knaysuyca —
Knaneipowa . YpasHenve (172) onucbiBasT HeKOTOpoe reoMeTpuuecKode
mecto Touek asoBoro nNepexoad — foBEPXHOCTL B (k + 2) -mepHOM NpoCT-
pancrse. Mapamerpel As°, ASSw AT, ONpeReNAIOTCA KaK CKBYKW COOT-
BETCTBYIOLMX NepBbiX NPOM3BOAHDLIX MOBEPXHOCTHOFO HATAXKEHUR O

A = A, (173)

_ do
Al':, = A(- T;;)Trp' (174)
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TakoBsl TepMoaHammueckue o
HWIHBIX (hasoBbIX nepexogos. Ka
“eckue NoAXoAs! K aHanuay storo

Ewe B konye WeCTUABCATLIX

o6ocHoBaHuA  BO3MONHOCTH 36pHOrpA-

KOBbI e cTatucTuuec
c NEBCKIE,  MUIKPOCK!
mobGonbITHeliero HBMHMH’? posKon

i o fipoueccax ynoprao ¢
1. Ecrm MeXAY CTPYKTYpPHBIMU memnram“:::n:u;pa:::.: .
, e~

AY L] AmKTaMH -‘"nu ™
' KAy  ancopu
83aumo, poUpoBaHHbLIM
aepx,,og;ﬁ";::e, TO ero cneacrsuem (xak w B my:'u '::;amn MMeeTCA
nepexon Tvna p::;: “J:na). gwm' (unn, BepHes, mosxer 6N:Suuu Ha nio-
~ = Oecrnopapok. Te ¢azosbiii
AomxHa GbiTe ~ 0,5 T, Takoit sui0a cnea MRNepaTypa Takoro nepexona

TeMnepatypel  ha3oBeIX nep V8T U3 Toro, wro K i

‘ pexooe n ; puTHYOCKite

T ponopuu

a GecnopAaxa, a uucno CBA3eii atoma ¢ eoee:::::am: 'n:::m oy
Y CTPYKTY-

KUHa, Y "
NPk TemnepaTypax, HuKe HeKOTOPOI Kpumuec?:;pr::n:m-

T =2zA2k
« Ha8 Hel aonweH Habnio,
ASTLCA
;pumueckoﬁ CTeneHu sanonHenusa . = 05 ScK“OK' " e
M:s::zro NpeBpaleHnA nNopRaok —-"Gecnc;p;\uor::T :K::OK o e pons
nn . \ 1
OTHOCTW aTOMOB B rpaHuue NpuseseHa Ha puc. 1;m3:::m

B3HHLIA yvacToK -
asyxdasHan obnac
Ho cocywecTayiotT 06e rpaHnuHsie thaski. To AMArpaMMbl, rae OAHOBPeMeH-

Ycnex
W B DA3BNTHW NpeACTaBNeHWi o CTPYKTYpe rpanvy 3epeH n
0380-

nNpeAcTasneHuii. (hasoBLIX NepexoAax B FpaHMUe C MORENbHBIX

paTyp cneuunansHan rpasuua svepre-
H(;OOGDBXGHMFI ﬂqtp, 4T0 3Ta BbLIrOA-
CTHi0 peLleTKH cosnasaloumx ya-

muec@ BbiroaHa. s cameix obumx
HocTb “OfpesenneTcR o6paTHOil nnoT!

Puc. 15. ®asosan auna i
MOB 8 rpanmye Auarpamma nnoTHocTH ato-
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nos (PCY) I — uem Gonvwe Z, Tem meHee ablronua rpasnua. Coberaen- ‘ ? Takum o6pasom, 8 Touke T,
HABA TPAHCNAUMOHHEA CUMMETPUA W CABMIOBLIA NOTeHuManbHbidl penbed . CrieunansHan rpanuya — o6y, 0 AOMKBH NpoucxoanTs thasospsis nepexon
CNeLManbHOl rpaHnubl ONMCLIBAETCA NONHOW PeLIeTKON HanoXeHxuii iﬂPH) ' ' floaxona Taxoit nepexog m"”:'ﬂan&rpanuua B pamxax PaccMoTpenHoro
npuuem vem Gonbiue X, TeM MeHble NEpUOA PeLeTKN Hanoxexuid. Oue- Sl PAT QMKCUPOBEHHOCTD Tomme eH ObIT> nepexosom | popa; 3a 370 roso-
BMAHO, 4TO Yem 6Gonsuie 3TOT NepuoA, Tem Gonble rnyGuHa noTeHuuans- o Pa3nUNMe FDEHMUHLIX dhas. TaKP:;Ypbl nNepexoaa u Kpucrannogmsuveckoe
HoW AMBI A U, oTBevaloweit yany MPH. Npu ‘ : i 870, RonKeH ckasaTh akcrepumeny [50].
Aug ~ kT (176) ' s

ChNeuMansHen rpaHuvLia nepectaet GbiTh 3HEPreTMUECKM BbLIAENEHHOMW, nepe-
craeT GuiTe cheumansHoit [8]. Ecom 6bi 38BucumOCTs A Ug (Z) Gbina u3-
BeCTHA, peweHue ypasHeHuA (176) paBano MakcumanbHoe 3HaueHve s
E(Eﬁﬁ.{), NpM KOTOPOH FPaHMUa ewe OCTaHeTCA cheunansHon. Mostomy
AnA ‘onpefieneA I MPUXOAMTCA SHANM3NPOBATL He NOTEHUMANbHYLO,
a reomeTpuuecKyio ‘rnybuny’’ yana NPH. U3 kputepna’ Finnnemana (cpea-
HeKBBAPATUYHEA aMNIMTYAR Tennosbix koneGaxulii atomos 8Bnu3n Temne- -
" paTypel nnasneHuA coctasnaet ~ 10 % MHOIO AMameTpa) U 3aBMCMMOC-
™ napametpa by [PH ot Z (bg #HbAJZ [51], b — NOCTOAHHAA peLLBTKU
KpucTanna) asTopst paGotbt [8] nonyuaioT oueHky X

max OT TeMnepatypei

Puc. 16. 3aaucumocr, =
: %
T

Bonpoc o 8bi60pe xapaxTepucTvic CUCTEMbI,

no uames
MOXHO CYANTL O chasombix nepexoaax e rpaHuuax IMEHBHMIO KOTOpPBLIX

z ® 26a(T_ /T, (177). . y 110 3epen, neran .
max ( -n ) » L’:"' Xaprom; 3KCMepMeHTanLHOe WsyvyeHue thasosbix nl:pexowo P o
rae T__ — TemnepaType NnasneHun; & & 1 — HekoTopbii KoathMuUMeHT, UaX 3epeH HaTankueeeTcA Ha CywecTeeHHble TpyaHOCTH CII\‘::lBM Ha rpa-
’ . Hagex-

HbiM  (TepmoauHamuvecku) 6Gwino

no 6u1 on
PeKTepUCTUK rpaHuusl, B nepsyio ouepen‘:m
B pocrarouHo Gonbwom “HTepBane 3xaueHwii

Te 1

m:n:pa:y;.puk RasneHun, KOHUBHTPaLMNK, OPUBHTAUMOMHBIX XapaxkTtepuc-

ot .rpanu CoxaneHuio, metoanka OnpeaeneHUA NoBepXHOCTHOrO Ha-
L 38peH ncknouMTenLHO TPYAOEMKA 1 npumMeHuma auws

npu  gocra ' |
'CTATONHO  BbICOKMX TemnepaTypax. Ckauok NOBEPXHOCTHOrO Ha-

TAXeHUA
pom, mwe:r ca:em.r:pu Temnepatype ~ 0,7 T an+ OBHapy>eHHbI [neiite-
y O HEPBHOBeCHYIO NPUPOAY, Tak KaK pasHoBecwe

CocylecTyiowmx NoBepxHOCTHBIX
HAIX HATXHWTE & TOUKE Nepaxane, $a3 TpeGyeT pasewctea nosepxmocr-

Mpv nccnenosarmu SHEPrUM rpaHuy 3sepen MeTogom Weiomong — KpH-

HTaUMA MOHOKpPUCTanNMY
cnen OCKMX wa
BHHLIX C MeaHOM MOHOKPUCTanAnMyecKkosi NOANOXKON — IE:e';or:p T&'g‘]'

Koropmh DOMKEH YYWTLIBaTL TO OBCTOATENHLCTBO, YTO KpUCTann ¢ peiuet-
KO/ rpaHWubl 3epeH, BepPOATHO, nnasuacA Gbl fpu Gonee HM3KOA Temne-
paType, YeM peanbHbii KpUCTann sepeH (moxer 6biTb ). V13 BbIpa)KeHUA
(177) cneayef, uto npu om?ﬁ W ToV e Temnepatype = ANA PasHbIX
matepuanos Gyaer pasnnuxa’

MonyyeHHLIA Pe3YNLTAT 03HAYEET TAKXE, YTO CHEUMENbHEA rPaHKUE MO-
XeT OCTaBaTbCA TAaKOBOW NULLG B ONPeAGNEHHOM WHTepaane Temnepatyp.
Ha puc. 16 npusenena sasucumocts Z . (T) — cnnowHan nuHwA. Bua-
Ho, MTO NP 7T < Ty T < Emax W rpaHnua ABNAGTCA cneunansHoi. Mpum
T>ToZ> Em ax ¥ TPaHnLa NepexoauT B 0GbiuHy!o.

NOHUe IHepreTUvecKux Xa-
NoBepXHOCTHOro HaTAXeHuA
MHTEHCUBHbIX napamertpos —

! Nposenennuiit sHanus n cootHowenne (177) ortHocaTeR, BOOGWE roBOpPA, K rpa-
HMUAM XOPOLWErD CONPRKOHUA — FRAHUUSM, PA3ABNAIOWMM 36pHE, PA3OPHEHTUPOBEH-
HLI8 HA CNOUMANLHLIE Yrfbl, U NEXBUME B NAOCKOCTAX C HAMGONLIOH NNOTHOCTHIO
coBnagaowWMX ysnos. ANA rpanMus!, NPOXOAALSH NO NPON3BONLHOA nnockoctu MPH,
HOOGXOAMMO ACNONHNUTENAHO DACCMATPUBAETL W NOTBHUMENLHLIA pensed peleTkn 3ep-
Horpamureix casuros (P3C). Ow menee "‘rnyBox’’, yvem penved MPH, scneacteue
Yero PAIMBIBAETCA Y6 Npu Hn3ix 7, I u 0 (0 — OTKNOHEHMe NNOCKOCTM 3anera-
WAR rpaHuuel OT GamcHoi nnockoc NMPH) ;

P3C 3
I ax ® 26laT  /T)sin’e. (178)

Mpu aocratouno Gonewmx T ¥ £ u Mansix 6 cABUrosuil noTeHumansHb¥l penved
Ha rpanmyex He yysctayeT P3C v onpenennerca nuwe MPH [ 12]. :

Kak summ, n B 3TOM cnyuyae gomwes (unu, Bepxee, Moxer) Habnioaatecn ¢aso-
Soii NBPEXOA CNEUNANLHAN rpaHvLa — 06GLIYHAR rpaxuua.
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[image: image38.png]npocKans3biaine) oGHapyxMBalOT Gonee BbLICOKYI0 UYBCTBUTENBLHOCTH
K W3MEHeHWIO CTPYKTYpbl IpaHnubi, 4eMm TEPMOANHAMUYECKNE XapaKTe-
PUCTUKK. 3HauuTenbHbIE HAReXAb! BO3NAra/MCh Ha OGHAPYMEBHHBIA U Ae-
TanesHO WCCNeAOBaHHLIN B nocneaHee BPEMA adpexTt cKauKkoo6pa3Horo
W3MEHEHNA NOABWKHOCTM FpaHuuibl W ee napamerpos — aHeprum aKTuBa
UMM, NPeA3KCIOHeHUKanLHOro mHoxmtena (83, 54]. Okasanocs, 4To Ha6-
MIOQ8eMOe ABRGHME HA CBA3BHO C PABHOBECHLIM 3epHOrpaHnyHLIM ¢aso-
8biM nepexoaoM, a obycnosneto ABVKYILGACA rpaHuubl O ancop6upo-
BaHHLIX Ha Hell atomos npumecn. JTO NOATBEPKAGETCA, B YaCTHOCTH, CUMb-
HOW 38BMCHMOCTLIO TEMNEepaTypbl CKauka oT MEHRIOUWGACA B Y3KOM WH-
Tepsane ABMXYLIEIH cUnbl murpaumu rpaHuubt [65, 56].

UieneHanpaeneHHoe Wu3yueHne KUHETMMECKNX ¥BPEKTEPUCTHK — HEcoM-
HeHHO, fAOAOTBOPHLIA NYTL TNoMcka U WNCCNBAOBAHWA  38PHOTPAHUUHBIX
thasoBbIx nepexopos. Ham NPeACTaBAAETCA, YTO CAMbIM NepcneKTUBHLIM
2 3TOM CMbICNe MHCTPYMEHTOM ABAAGTCA addysua u, ocoberto, Haunbo-
nee "WAAAWMIA’’ 68 BapUaHT — usoTonHan abdysun. Ondxby3voHHbIX
pabot, NOCTaBREHHBLIX C Uenbio noucka 3epHOrpaHKuHbIX (ha3oBbIX Nepe-.
XOA0B, NOKA HET, HO OHM BMONHe MOA cvny COBPEMEHHBIM IKCNepumeH-
TaneHbLIM METOAAM.

B nocreaHee BPEMA BO3POC MHTEPEC K ABYMEDHbLIM cMCTeMaM, KaK Ho-
CUTENAM COOTBETCTBYIOUMX (PMUYECINX CBOWCTB — 3NeKTpPonpoBOAHOC
T, CBEPXNPOBOAMMOCTH, MarHesma u T.A. CneayeT cKasaTh, 4TO B 3TOM
CMbICNe rpaHmusl 3epeH O0GnaaaleT OrpoMHbLIMA, AO CUX nop, K coxane-
HUIO, NIOYTY He WCNONL30BaHHLIMA BO3MOXHOCTAMK. PaspaboTanHbie HbiHe
NPEUNSNONHHBIE METOAbI BbLIPAUIMBAHNA KPUCTannos fO3BONAIOT nonyuars
GukpucTanm4eckne 06pasibi, KpucTannorpagmyeckve napameTpsl KOTO-
pbix 38aaHel (M onpeaenetbl) C TOYHOCTLIO He Xyxe 5'. TakaA TOYHOCTb
rapaHTMpYeT CTaBUNLHOCTL M3NYECKUX cBoiicTB BUKpUCTannos.

Pa3koe OTAUYME CTPYKTYPbl W TePMOANHAMUYECKWX CBOWCTB rpaHnubl
OT COOTBETCTBYIOWNX xapaKTepucTMk o6vema KpucTanna nossonrer OXM-
£ATL ABKE OT XMMMUECKW YMCTOW rpaHmiibi BECbMA HeoBbluHbiX (ranvec-
KUX XapaKTepucTuk. HanomHum, uTo WMpHHa rpaHuubl B NOASBAAIOLIEM
GOnbIIMHCTEE 3KCNEepUMEHTOB onpeaenAnacs B 1-3 HMm, T.e. ANA KpUCTan-
Nna pasyMHbIX PasMepoB peub AeHCTBATENBHO UABT 0 ABYMEPHOiA NpOCnoiKe.

[lanes, Aaxe HesHaunTensHan npumecs B KpWCTanne CyuecTBeHHO u3-
MEHAET COCTEB W COBWMCTBA rpaHMubl 36peH; KOHLEHTPaUWA npumecu Ha
rpaHuUe MOXeT CYUIECTBEHHO NpesbilaTL npenen pacTeopuMOcTH B 06beM-
Ho ¢pase. Takum OGpPa3OM, NPUHUWMUANEHO BO3MOYKHA CUTYaumnA, KOraa
npn BBeABHWW, Hanpumep, theppOMarHnTHOW NpuMecH B NapamarHetis,
Mbl nonyuum (eppoMarHUTHYIO FpaHuLy 3epeH 8 napamarHuTHOW MaTpu-
ue, CBEpPXNPOBOARAUIMIA nNepexoA B TpaHuue, OKPYXBHHOU HOPMANbHLIM
MeTaNNOM, U T.A4. PaccunTaTh 3apariee CBOACTBA rpaHuuUbI C 388HHbIMW OpvieH-
TAMOHHBIMMA  COOTHOLLEHWAMU CeAvac He' NPeACTaBNABTCR BO3MOXHBIM,
TaK 4TO CMCTeMbl, KpucTannorpadmueckue napameTphi, BUA W KOnMuecT-
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BO MpUMECH, 8 TaKKe U3Me,
patgr B e ot oo mp)::ns; Mm3uvecKne XapaKTepucTUKU BbIGH-

HauuTenbHoe “YMcno paboT NOCBAWEGHO U3y4eHW '

Huy 3epeH 8 nonynposoaHnkax [57]. ‘Hanmze wlgc;r;::gguzo:y%rz:
rpaHMusl © CyliecTBeHHO 6onee HU3KON cuMMmeTpueli, yem obGnem K:uc-
Tanne, BLICOKAA MAOTHOCTbL COCTOAHWIA € HEHACLIWEHHLIMU CBA3AMU NOS-
aonm?'r roBOpMTb O MPUCYTCTBHMW: B KpUCTanne ABYMepHOHi oGnacty C BbI-
coxoi Kouueutpgu.ueﬁ cBOGOAHLIX HOCUTENel, 4To, B CBOIO OuepeAb, No3-
BONAGT MPUMEHUTL K aHaNU3y STOrO BOMPOCA XOpPOWO paapaﬁo*ra'nuy!o
tbuamecxu WABONOrVIO NEPEHOCa 3apAAE B NONYNPOBOAHUKAX.

HTEpeCHbIe pesynLTaThl B atToit oBnacty nonyuensl B.M. ' .
sapuukon [58, 59], usyuaswmnmu 3né|<1ponboa‘c,mm:érsb gﬁuimgra:n?)r}ga-
MaHUR pasnMuHOin pasopueHTMpoBKN npu HU3Kkux (a0 0,02 K) Temnep:
TYpax. Vlccn:uoaanu rpaHuubl HaknoHa (100) ¢ yrnom pasopueHtMposiu
ot 6 50 30”. UcxonHeie MOHOKPUCTaNNL! repmaHuA obnanamM Kak aneKT-
POHHOW, TaK ¥ ABIPOYHOW NPOBOAMMOCTEIO (KOHLEHTPauMR K3GbITOYHOMN
npumeck coctasnaAna 4 - 10'3 — 2 . 10'% cm™?). Mpanuub xe 3epen Gu-
KPUCTANNOB COXPaHRNM' BLICOKYIO ALIPOYHYI0 MNPOBOAMMOCTL BNAOTL A0
0,02 K. Npu yrnax naknona > 259 31eKTPONpPOBOAHOCTb FPaHMLL! U3OTPON-
Ha, @ NPY MEHLLMX 38BUCUT OT HENPABNEHUMA TOKA OTHOCWTENLHO OCU nep-
BUYHBIX KPaeBbLIX AMCNOKaumii. 3HaR 3HaueHue MpPOBOAMMOCTH TPaHULbI
MOXHO I'IOI:I'bITaTbGI OUGHUTb TONWMHY NPOBOAALLGIrO CROA — ADYI'MMM'
Cnosamu, "'aNeKTPUHECKYIO” WIMPUHY [paHMUbI. 3Haueuﬁe, nonyvyeHHoe
8 paGoTe (\ ~ 1,6 HM), npeacTasnAeTcA pasymHuIM. Mpu atom cwuTanocs,
4TO YMCNO NPUMECHBIX 8TOMOB B rpaHule NpeHeGpedMO Mano (dsmom:
Han aacopbuMA He yuTbiBanach). CaMeiM MHTEPECHLIM pae3ynbTaToM pa-
60Tbl, H8 Hal B3rNAA, CNEAYET CYATaTb NOSMYYEHHYIO 38BUCHMOCT XapaK-
TEPUCTUK 3NEeKTPONPOBOAHOCTM FPEHUL OT Yrfia PasOpUeHTUPOBKU ¢ 3epeH
6ukpucTanna. OneKTPONPOBORHOCTL FPaHUL, C YFOM pa3opreNTUPOBKM
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[image: image39.png]Gonbwe ~ 9° He 3asucuT OT ¢ (puc. 17, &). AnanoruuHan KapTMHa Anf
NoABWKHOCTH HocuTenew 3apAaa (puc. 17, 6).

AHanu3 3KCNepMMEHTOB 8BTOpbl NPOBOART B PaMKax AWCAOKAEUMOH-
Hoit Mogenu rpaHuu Puaa — Woknn, 4TO, BEPOATHO, AONYCTUMO ANA Ka-
YECTBEHHLIX OLEGHOK. KOrAa PaccTORHME MEXAY AMCNOKAUMAMK AOCTATON-

‘HO Mano (GonbluMe Yrabi PasOpPMEHTUPOBKW 3epeH), NPOBOAMMOCTL rpa-

HUUBI HOCUT MeTannuueckui xapaktep. C yBenuueHWeM PacCTORHUR Mex-
AY AMCNOKAUMAMW TPOBOARWIMA cnoit nepectaeT GbiTb OAHOPOAHBIM, W
NPOBOANMOCTL Pe3KO yMeHulaeTcA. MpoucxoauT nepexoa or meTannuuec-
KOW K BKTHBAUMOHHOW nposoaumocTk. Tpu ABYMEPHOW NPOBOAUMOCTH,
KaK B FPaHMLaX 3eped, 3TOT MEPeXOA NPOMCXOAUT NPU NPOBOAUMOCTH (58]

p-l = (p-l)min ”":',"' g ,4'10_5 OM-lf (179)

rpe h — noctoaHHan MnaHKa; @ — 38pAA aNeKTpoHa.

AKTMBUMOHHAEA NPOBOAUMOCTL PEANM3YETCA NpLhKKamu u3 OAHOro
NOKANM30BAHHOIrO COCTORHUA B ApYroe, 4To, cneayR MoTTy, paccmorpes-
WweMmy TaKoi NpOUECC ANA TPEXMEPHOH Cpeabl [601, 8 AsymepHOM BapuaH-
Te, NPUBOANT K 3aBUCUMOCTH:
p~t = p5 exp[ATo/M) 1], (180)
XOPOLLUO COrNACcYIoWeHCA ¢ 3KCNepUMeHTOM [591.

WUraKk, Gbin oGHapyweH [58] 3epHOrpaHUYHLIA (hasoBblii Nepexoa Tuna
meTann — nonynpoeoAHUK. $asoBLIi Nepexoa BecLMa cneundmued — OH
HacTyNaeT NpyW M3MEHeHWW WHTEHCUBHOTO NapaMeTpa — yrne pPa3opUeHTU-
' poBKM 3epeH Gukpuctanna y. Hexotopan HeoBbIYHOCTE TaKOro napamer-
pa — ABAGHME uMCno ncuxonornveckoe. Ecnu skcnepumeHTsl fo: onpepe-
NEHMIO TeMNepaTYpHOM W 6apuyeckoli KOOPAMHAT TOUKM NepexoAd Npouc-
XOAAT OBLIYHO TaK, KaK 3TO W OMUCLIBAGTCA YpasHeHWeM Knayanyca —

KnaneiipoHa, 8 UMEHHO — MEHAA Temnepatypy W AaBneHus, onpepenAem
nonowexue neperwba (Mnu cKauka) Ha COOTBETCTBYIOWMX 3aBUCUMOCTAX
ofipeAeneHHeIX CBOWCTB, TO, HanNpUMep C KOHUEHTPAUMOHHLIM thazosbim
MepexoAoM Aeno o6cTont uHave. Mul He “poGasnAem’ Npumecs B obpa3seu,
8 W3MepReM XBPAKTepMCTWKM o6pa3’ilos pasnuyHoOro COCTasa, ONpeAenAn
TaKMUM 06pasoM TOUKY (MAM SIMHUIO) KOHUBHTPEUMOHHOrO ¢a3oBoro nepe-
xons. TaK e noctynan# v aBTopsbl pabotel 68]. BnpoueM, Ham n3BecTHa
CUTYaUMA, KOFAA YrON Pas’opueHTMPOBKKM 36PEH MEHRETCA B IKCMEepUMeH-
Te HenpepsiBHo. OHa peanusyetcA B meTtoauke lbiomona — Tneiitepa on-
PeAeNeHNA OPUEHTUPOBOK FPaHUL, 3epeH C HUSKOW 3HEpruei, Koraa MoHo-
_KPUCTANNINYECKWe WAapUKM, NpuneueHHble K MOHOKPUCTBAINUYECKOH FOA"
NOWKe, MOBOPAYMBAIOTCA TaK, 4TOGLI MOBEPXHOCTHOE HaTAXEBHME Mexce-
PeHHOM FPaHHLibl WAPUK — NOANOXKKA GbI0 MUHUMANLHLIM [386].
PaccMOTPMM 3TOT ~MHTEPECHbI Mepexosi METOAaMM  TePMOAMHEMUKY
thasosbix npespauieHnii. [lnA 3TOrO Hafo MMeTh OMPeAeneHHOP NPeacTas-
nexue o Tvne casosoro nepexoaa. BonbwwMHCTBO Ha30BLIX NEPEXOAOS
MeTann — MIONATOP, MeTann — MONYNPOBOAHWK OTHOCUTCA K MEpPexoAsm
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MPU- ABHHLIX NEPEMOHHLIX MOKeT
oKaz3ar

BONMUMHAE  3KCNBPMMEHTANLHO  AOCTYNHa.

TeMMEPATYPHYIO 38BUCUMOCTL Yrna pasopueH

NPOBOAMMKOBI '
poso TUR NPOBOAWMOCTY IPaHUL, 3epeH MEeHAETCR

nepBoro popa [61, 62]. Cneayer, KoHeuHo 3aM8TUTH
’ ’ , 4TO
:nmeym:::c;:o : ynpuuumemuocm o6vemHoro tasosoro :;e”:panuo;::::
o s roty p:ay 8lue He rapaHTUpyer Toro, 4To 36PHOT PaHUYHbIH
cotoreame, Mot O 3TOMY Xe NyTW; nocneaHee cnoso 3nech, Kak
3ynLTaTh ('pnc. 19) A:;“::T::::T:meuom:&n3KcnepuM9HTaanble 4 pe:
SymT , 4TO 38PHOrpPaHUYHbLII -
Hmm,eg::::;; n':.:;ac::'ro_ RONYNpPoBOAHUK NpoucxoauT Becbma pesko‘.ml(sg-
Ao, o e ocre YHO AnA ycTaHOBNeHUR TUNa nepexoaa, ana yTBep-
FOKS e oA MbIf Nepexos - I posa. Ho 3107 onuiTHLIN dakr —
PaccmoTpum ycn:a:m ‘pearon.

Koo TPUM eucrem:—m“o“wﬂ ABYX 3epHOrpaHuyHbIX ha3 B ogHo-
s oy area oncre ypasHerua (145-147) . Mpu atom 6ynem umers
menmnen oo sso M MHTeHCUBHLIM NapameTpom, Kpome Temneparyps!
g eron cuwrga n;r;nmposm ¥ 3epeH GuxpucTanna. npouwe. sceré
o (o,—a.) " PXHOCTHO® HaTRxeHWe yHKuueit yrna ¢. Torna

3, T dv (181)

~

U ypasHeHnA (145—147) npusumaror BMA:

94, = (24 LaT+ (2K, (o0
1) oT v s 2 I79%

(182) .

Q
w
2
]

dus ] S )
o1 W dTH (=B () de. (183)

s
Kak u npexae — ( o“‘””)¢ w— ( 2 Kim)

7 NOHATEH — 370 XapaKTepuc -
HOHUA. NOBBPXHOCTHOrO HaTAXEHWA pu u3meHeHn y‘:\a mszmm noos
Ku 3epen. Us (182--183) nonyyum: PasoptHmpos:

a“S S

A (—— __d
(dw) - (OT)iP A(O‘;')V’. 34
oT e A[(o“ do - (184)

ous )
55T 7] a5y
Ypastenue (184), xax n (148), (162) —~
HetuAa Knayanyca — Knaneiipona,
ABnAIOTCA T 1 ¢. B ogHOM w3 Bapua

do
Hyio T— )T'

NOBepPXHOCTHLIN aHanor ypas-
KOTAA MHTEHCHBMbIMU nepeMeHHBIMY
HTOB (184) MbI coxpaHumm fnponssoa-

Taxoe Hanucanue ypaBHeHnA Knaysmyca — Knaneiipona

bCA YNOGHLIM, Nockonsky 3Ta
YpasHenve (184) onpegenser
TUPOBKK ¢, NpU KOTOpOM nonY-
H&8 wmeTannu-
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Asanu3 KomnoHeHToB (184) npueoaMT K VHTEpecHsIM BbIBOASM. Yue-
AUTENb YPAaBHEHUA, BEPORTHO, chabo 3aBMCUT OT Yyrna pasopueHTUPOBKWU
A ONpeAenAeTcA B OCHOBHOM XapaKTepMCTUKaMK nonyn%oaounuxosoﬁ

A METaN/MuecKoi 3epHorpaHuuHbix as. PYHKUMA xe ( Lt ).,., WOCTKO

2
dy
CBA38HHEA C MOBEPXHOCTHBIM HATAXKBHWEM, AOMKHA HEMOHOTOHHO MEHATL-
CA C POCTOM Yrnia Pas’opueHTaunmn 3epeH: = MUHUMYMbI AOMKHBI OTBS-
WaTb CMeuUanbHLIM FPaHWWAM B PeLIeTKe COBMSAAIOUWMX Y3NoB. Mostomy
" YHKUMA (—‘!L)e AOMKHa BbiTe ocumnnupyiowedi. Mo AsHHLIM 60o-
Tol [68] yKasaHHbIX OCUMANALMIA oﬁnapymrio He Gsmgjd:ynkumo ( —d—;?—),
g [68] He paccmaTpusanu, HO W3MEPRAM 38BMCUMOCTL SMEKTPONPOBOA-
HOCTW FpaHuL, MOABIKHOCTM HOCUTENeR,  IHeprvuu aKTBauun anexTpo-
COMPOTMBAGHUA OT YrNa PasopueHTHPOBKU 38PeH 6uKpucTanna, s 3aBu-
CMMOCTY TarOKe AOMKHbI ocumnnuposate. MPUYKH ITOMY MOXET 6biTh HEC-
KonbKo. OAHa U3 HUX — NOCTATOYHO Y3KWil MNTEpPBAN Yrnos pasopueHTa-
um — (6-9) — (26—30°). BTopam — HW3KaA TOUHOCTL BbLIPAWMBEHWA
Gukpuctannos. TpetsA — 3HaUUTENLHBIA WAr NO ¢ MEXAY WCCNeA0BAaHHbI-
mu 0o6pasuamu. B pesynbTaTe cneumansHble rpaHuubl M CBA3aHHAA C HAMM
HEMOHOTOHHOCTb BbINAMM W3 IKCNEPUMEHTAaNLHOrO W TEOPeTUYECKOTO aHa- .
nu3a. HakoHewu, Creayev 3ameTuTb, Y70 B KauecTse "naGoyeli KapTUHEI"'
a8TOpel PYKOBOACTBOBANWCH AMCROKAUMOHHOM MOZensio FpaHul, ~ 38peH. .
MocneaHRA OveHb ACHO ONUCLIBEET fIPOUECC cENUIKEHNA AVCnoKaumi © poc-
TOM Yyrna pasopyeHTUPOBKM 3epeH, HO HWuera He roBopuT O cneymnanbHbix
rpaHMLax U CBA3BHHOW C HUMM MEPUOANYHOCTH CBOWCTB MEN3EPEHHBIX
rpasny,. .

B nocneaHee BpeMA NOABWIUCL OCHOBAHWA FOBOPUTL O 38PHOTPAHMUHBIX
a30BLIX MepPexoAax TWUNa CBEPXNPOBOAHUK — HopMmanbHbii meTann. 8
paGote XalikuHa u XnoCTUKOBA PACCMOTpeHa C8epXNPOBOAMMOCT Aedop
MWPOBAHHBLIX KPUCTANNOoB ONnosa [63]. Okasanocb, YTO TemnepaTypa caepx-
NPOBOAAWBro Mepexoaa Tﬁ aechopMMpPOBaHHLIX KPUCTANNOB Bbilie, 4YeMm
cooTBeTcTByioulee 3Havenue T nepechopMupoBaHHoro onosa: To <
<Tg< (Tc+0.15K)- '

ABTOpbl CBA3bIBaNM 3TOT bheKT €O CBEPXMPOBOMMOCTLIO AUCHOKE-
umii. OaHaKO HeAaBHO BLIACHNNOCH [64], uro HaGnioaaBlUAACR CBEPXMPO-
BOAMMOCT> OGA3BHE CBOMM MPOMCXOXKABHWEM. HE AWCNOKAUMAM, a ABOHA-
HUKOBLIM rpaHuuam B onose. Kpucrannut, AeopmMupoBalHsie Tak, yToGb!
MCKMIOUNTL ABOMHWKOBEHME, NOKAa3anu OTCYTCTBHE CB8PXNPOBOAMMOCTH
8 o6nactu TemnepaTyp, npesuilalumx T. +#eneOpPMMPOBAHHOTO KpHUC-
tanna. Jlpyroi HarnAAHbIA ONbLIT COCTORA B TOM, 4YTO ANVHHLIA KpucTann .
Gbin MIOTHYT TaKUM 06pasoMm, 4TO Ha OAHON ero CTOpoHe nocne pexpucTan-
fM3aMN OKa3biBaNach ABOWHMKOBAEA FpaHWLE, & Ha ApYrod — JNCAOKaE-
UMOHHBA 30Ha. MamepeHuA OGHapy»Mm CBepXipoBOAMMOCTb TOALKO 4ac-
™ o6pasua ¢ ABOHMKOBOWH rpaHMueil. OueHi TONUMHLI CBEPXNPOBOAR-
wero cnoA W o6pa3ua, CBA3aHHOIO C ABOHHMKOBONA rpaHuiieil, NoKasanu, YTo
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106 < W< g,

rpaHuubl. B pesynurare PHbIX (DOHOHOB — KoneGamus 2800
OAH
XECTKO CBA 3T0ro B GUKpUCTaNNe BosHUKaeT aam,,,.,,,;"“".“

PXNpoBOAUMOCTS

HapyxeHHyio asTopamm paore: [64] RSOHHUKOBO rpawmusI, o6-

12. PABHOBECHAR ®OPMA FPAHUL 3EPEH

HauHem ator pas, :
; AleN ¢ BONpoca: moxHo
: hm BooGwe rosqpu
Th O pasHoBec-

HOW hopme rpawmy 3
‘ 8peH, Tpaau
RedekTamu Kpuctanna? Ov WMOHHO cuuTaioumxcn HepssHoBecHbiMm

"
M reomeTpuyeckux (rpaHuya 3epeH) ycnosuii.

Ho uyro TaKkoe
paBHOBecHan a
floruu rosopuTs 0 pasHoBecHoi ¢‘2::Me ”';::?W&mm? N moxHO nn no ama-

yacTuy:
Q8 = = AV
$0dA = fo(B 81 +5 +¥ dxdy = min
Npi n3cnepumeTprueckom ycnosuu ’ e
V=g Zdxdy = const,
(186)

Fae Z = Z(x,y) —
= 02/y; olf YPasHeHue nosepxHocTM kpuctanna: F = 9 2/ x; &=

= TNoBe
MR ee OpueHTUPOBKY. PXHOCTHO® HaTmueHue AaHHOli rpaum, dhymi-

Pewennem Bapuayn
comeiicTaa nnocmﬂ:ﬁ?"“"“ 3apawn (186), (186) menmerca oruGmousan

5x+$‘y,_z=_1_ -IF%’
A A NARS T

(187)
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raeé A — NOCTORHHaA, 3aJaBaemaR YypasHeHMeM CBA3N — MOCTOAHCTBOM
ofmnema Kpucranna.
dopMy KPMCTanna MOXKHO ONpeAENUTL CreAyiowmm o6pasom: us Ha-

uana KOOPAWHAT NPOBOANM pPaaMyc-BeKTOp C HanpaBnAloWUMN KOCUHY-
camMm D u J, anMHa KOTOPOro NponopuMoHansHa NOBEPXHOCTHOMY HaTRXe-
‘wmo 0P, ) naHHOI rpaHvubl. Yepes KOHUbI 3TUX OTPE3KOB MPOBOAUM
NepneHaMKYNAPHbIE K HUM NNOCKOCTH, OruGaioulan KOTOpeiIX — YypasHe-
une (187) — wu aaer dopmy Kpuctanna. ITo NOCTPOEGHUE OTPaXKaeT 3aKOH
Bynbha.

- Kak noxasaxo J1.[.NawHaay, dyHkumA o (5, §) o6naaaeT onpemeneHHbl-
My ocoGeHHOCTAMM. Bonpexu cyuiecTBoBaBlemMy AONToe BPEeMA MHEHWIo
0 TOM, uTo GnuaKkue NO OPUEHTUPOBKE FPaHN KPUCTanna moryT uMeThb Co-
BEPLIEHHO Pa3sHbIe 3HaueHWR 0, 3Ta YHKUUA HenpepuIBHan, T.e. ANA ABYX
rpaHeit ¢ GECKOHEYHO MAanbIM PasnUuMeM B OPUEHTMPOBKE NOBEPXHOCTHOS
HaTAXEHME TaK)Ke pPa3nuuaeTcA Ha GECKOHEYHO Manoe aHauerue. '

| Ewe 8 1915 r. N.3peHdecr B paBoTe ‘‘3aMe48HMA O KanNWNAAPHOA Teo-
puu KpucTanaudeckoi opmel’’ NoKasasn, YTo Ha rpaHAX KpuctTanna, oTK-
TIOHAIOUWXCA OT MAOCKOCTA C HU3KUM NOBEPXHOCTHLIM HaTRXKeHNeM, BO3-
HUKaT KOMI‘IGHWIPYIOUMG cTyfeHbKM, ‘‘BbiGupaioline’”’ opueHTaumio ¢
BHOCAWME AOMONHMTENbHYIO 3Hepruio. MMeHHO Hanuuue 3ITUX CTyneHex W
o6ycnosnuaaeT BTOpYI0 0COGEHHOCTL hyHKUMK ¢ — OTCYTCTBUE ONpeneneH-
HOW NPOM3BOAHOI NO OpweHTauuu. [leAcTBUTENtHO, YBENMYMBAA OTKNOHE:
HUWe rpaHu OT crieuuansHol (FpaHu ¢ HUSKUM 0) , Mbl NOBLILLIGEM YMCHO CTY-
neHeK W, HA06OPOT; TakMm 06pasom, OTKNOHAR rpaH, Ha d ¢ B pasHbie
CTOpPOHbI, Mb! NONyYaeM ABA 3HAYEHWA MPON3BOAHON d o/d ¢. PasHocTs
3TUX NPOU3BOAHLIX ONPEAENABTCA 3HEpPrueil KOMMEHCUPYIOWNX CTYNeHeK —
ANA CHMHFYNAPHOW Fpe8HN ¥ 3HEpruei B3aMMOAENCTBMA CTyneHeK — ANA
rpaHeii ¢ MPOMEXYTOYHLIMA OpUEHTaUMAMW. Pa3HOCTb MPOU3IBOAHbLIX MO-
BepXHOCTHOro HatAxeHna kpuctanna A(d o/d ¢) 6uicTpo y6siBaeT No mepe
OTKNOHEHUA IPaHN OT CUHIYNAPHON OPUEHTaUMY. _

B pesynstate fiepBoit ocobeHHoCTM (hyHKUMM O NAOCKOCTL KpMUCTanna,
6NM3KaR K CeUMans>HOW — rpaHn C HU3KUM MOBEPXHOCTHLIM HETAXKeHuem —
6yneT MMETb CTYMOHLKW Ha GONbIUIMX PBCCTORHUAX OAHA OT APYTOi; 3TW
PECCTORHWA, KaK HETPYAHO BUAGTb, W eCTb (B NapameTpax pewweTkw) WH-
AeKCbI ABHHOM nnocKocTh. Beneacteue BTOPOA OCOGEHHOCTM MOBBPXHOCT-

" HOrO HaTAXKEHWA, NNOLWAAL FPaHW, NOCTPOEHHOW YKa3eHHLIM Bbllle CNoco-
‘Gom, nponopuuoHanubHa pasHocTM A(d 0/d @) aByx 3HaueHwi NpPOU3BOA-
HOM NOBEPXHOCTHOrO HAaTAXKEHWUA.

Takmm o6pazom, B CO34aHWK PaBHOBECHOW OFpaHKW KpucTanna yuact-
BYIOT MAOCKME YYBCTKM CambiX pasHbIX IpaHeid, Mpuyem MNAOWAaAL rpaHu
Tem Kopoue, Yem Gonuiwe ee kpucrannorpadmyeckue WHAEKCHb. ITO 03
Havaer, YTo pasHoBecHan copma KpucTanna Gyaer COCTOATL U3 HeBons-
WOr0 YACNE NAOCKWX YYACTKOB C HU3KOW 3Hepruei, COBAMHEHHbIX Nnas-
HLIMW 3aKPYFNeHWAMW, FAe '‘COABPKETCA’ BCeBO3MOXHbie (aT0 CNOBO
MXKHO NMCaTb U PasfensHo) KpucTannorpagmyeckine NIOCKOCTH KpUCTanna.
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e .:; ’:;ﬁ M;oll.lle‘rwu r:(puon:::n UBNOKEHHYIO BBILLIE CXEMY ONpeAeneHWA
_ : bHOMY 36pHY, K rparmue 3spen?
pesHo peH? nA nosepx-
! gy A;o:::m:p:::umroﬁ su;u:. OfpeaencéHMA paBHOBeCHOH cbop:)au
- PHeCKon — C HeY OCHOBAHWIH UuKCHpoBaTE 061eM
t_m'ae;m' ;e ”r;r:: ::::upo-mu 670 thopmbl, NOCKONLKY No 06Ge CTOPOHbI rpauu-'
ool : l;:)::r :b:.am Cnryaumio mosxHo HM3MEHUTB, 6CNTU HA CUCTe-
. ! 8HM3OTPONHOE None — ma
- » rHUTHO® NoO-
| m,“no;ep ::npnmuun ¥ T.A. Toraa no o6e CTOpoHs rpaHuusl 6yayr ne-
o aroph AVHEMMYECKN paannuNsie (hasbi, a cama mexhasHan rpauuua‘
canosu PSBHO3HAUHON MeNaPE3HON NOBEPXHOCTH, 1 K Heil NpHMEHMML)
:na Y4eHHbie Bble peaynsTaTsl, Ecrm e NPOCTPSHCTBO M3OTPONHO, rpaHm
| (18‘6’?3“:2"" ofnacti ¢ omHaKosLIMK thasamu, u pons ypnnenu;a CBA3K
sl MKHBI UrpaTs, Kaxk rosopwnocs sbiwse, onpepenexMbie reomer-
bl mt:'rp;nmeﬂnn. Tak, Mmoo 38KpenMTL rpaHMLY Ha BHeluHel
 epoTT g;:u;,b 38CTEBNTS MPOXOAMTL 4YEPEs ONpeReneHHbLIE TOuKY.
, pal u-r ! NOBGPXHOCTHOR HETAKEHME DEHWLLI HE aasncenc;
|8 Gut OBSEXHOCTS HynenoR nanmacrme eocs SOPMS CO0TBETCTRgRS-
_ 8COBCIOM KPUBMAHDI, OTBEYAIOWSA 3aaH
| HBIM FDAHWYHBIM yCNOBUAM. Umen ) ' o ananms
| X HO Ha 3TOM OCHOBEH OCTPOUMHLINH aH
i Ma;nuuc_a NPoUeccoB PoCTa 3epeH B TONKMX NKCTax K nnexiKax. Oeoﬁennznc::
, :: cﬂ: a:pen B TOHKUX MNeHKax COCTOMT B TOM, YTO Ma BHeLUHENH nosepx-
o ucTa n.snmyu;a:lcn TpaHnua crabunusmposana KaHaBKOs TepMn-
romoro Tr::’a;n”euun. BoiTH M3 Hee rpaHnua mMoxer s TOM cnyuae, ecnu yron
: Ubl K CKJIOHY KaHasku Gonbiue 71/2 — '
370 noTpebyeT ysenuueHma nnowaam rpaHnusI. 2 = & meomsom cnysae
. ;l'axnm o6pasom, dopma M30TPONHOIA rpavnuel 36
”unneuxax OTBEYaET MUHUMYMY nnowaam nose
‘a'om' :;na:y;r:ﬁxr;a ABe oauHakosbie oKpy»HOCTHM paauyca 7. 3tum Kavecr-
KpweHsHa oo ::H:u:a;u;b;rzpa BPAaLWEHNA UBNHOM nuHuM, nannacosa
OKe pasHa Hynio. Yr
BepXH on no )
ul"pm ;Im K nnockoctn nucra w = §/2, rpe b — Tonmnnanxom oo
| biX 3epeH GyayT nepemewatuca o T patw-
TH4ecKoro, onpepenAemoro M3NOXeHHLIM Bbiwe

» 4TO KPHUTHUECKUIT nic).
He nucrTa, a8 aKcnepument "0“7’:;9”@:::7 :aamp PassH nNpumepHo TonuM-

Looo

PeH B Tdnknx nudrax
PXHOCTM urypul Bpauge-

I parmu b1 TR
W Enmsrane K’:P"“) (o Kpafineit mepe, rpammuLl xopowero -conpaxermn
Wt 113, 38] p;;u + K8K 1oKa3LIBaIOT TeOPMA M aKCnepuMeHT, aHu3oTpon-
nreT ",m.em - 1103TOMy, ecnu peys uaet o pasHosecHoV topme, npeacras-
M ANR BHewn eﬁ""’"‘" OTPETL NOBEAGHWE BHMIOTPONHON rpaHMub! 3epen. Kax
rpaHvusl  OTBeya o KPUCTanns, HexoTopbie opueHTauMM Takoil
AaHHeIM  [1] ra'l?ue %::zr;ﬂm _NOBEPXHOCTHOrO HaTAXEHWA. Cneayn
’ MU PaHMUL! B K|
uT pucranne (n
; azupasopueumpoaka 3epex oTBevaer crieunanbHoit) Gyaem na‘afn"u ycnosuu,
AMU Xopowwero cooTeeTcTBMA, KpaTKo — Xopowumu T OpHEH-
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[image: image42.png]Puc. 18. BO3MOXHbI8 (OPMbI FPaHMUL! 36PEH NPU OTKNOHBHUK OPMEHTaUMK OT 0coGod:
1 — KOMnNeHCUPYIOWME CTYNEHBKW; 2 — MBKPOCKONUYecKHe thaceTrku; 3 — daceru,
06pasoBaHHLIe CTYNSHYSTLIMW YYECTKAMW FDAHUULI, OPHUEHTBLMK KOTOPLIX OTNINYAIOTCR

ot 0co0Gbix ‘

MNpu Manbix OTKNOHEHMAX OT XOpOoilUel OpUeHTaUMKM B KpucTanne Ha
rpaHuie MOryT BO3HMKATL KOMNEHCHpYIOUWME CTYMEeHLKM, Hecyuue [o-
GaBOYHYIO 3HEPrUI0 — 8HENOrWYHO - TOMY, KaK 3T0 MPOUCXOAMT Ha rpaHAX
xpucranna. [pyran BO3MOXHaR KOHGUrypauMa — 3To o6pasosBaHue MaK-
pocKkonuueckux aceToK, OpPMEeHTUPOBaHHbLIX BAONL 6Gnvkaklmx Xopo-
wmx opveHtauuit (puc. 18). PaBHOBeCHaR KOW(UrypauHA AOMKHA BKNIO-
YaTh NUWbL OAHY TaKylo aceTKy, NOCKOAbKY CYMMEPHaR NPOTAXXEHHOCTbL
rpaluitbl BAONL KABXAOrO M3 ee NPAMONMHENHbIX y4aTKOB He 3aBUCHT OT
uncna ¢aceToK, a KaxAblii U3NOM TpaHUiibl BHOCUT B cucTemy ApoGasou-
Hyi0 sHapruio® .

dopma cneumansHOi rpaHWLbl 3epeH C Y4Y4eTOM aHU30TpOnMM noBepx-
HOCTHOIO HETAXEHWMA paccmoTpeda 8 pabote [65]. BhewHee reomerpu-
4OCKOe YCNOBME, HANOXEHHO8 Ha CUCTeMy, — FpaHuuUa 3aKpenneHa B Tow
kax A nw B (puc. 18). Nycte 0; ¥ 0, — NOBEPXHOCTHLIE HATRXKEHUR ABYX
COCBAHUX XOPOLUMX OPHEHTAUMIT, Yron Mexkay KoTopbiMu pased 8, vy M vz —
HOPrvM CTYNGHEK, OTHECBHHLIB K WX BbicoTam hy u h;. Ecnu Gl rpaHuua
Gbina M3OTPONHOA, TO 88 paBHOBecHaA thopma npeacTaBnAna Gul COBAMHAIO-

wme TOukH A U B oTpesok npAmoi (8 ABymepHOM cnyuse) . Mpy cunbHOM -

1 Bevxywian cuns ucHesHOBEHMA “nnilmnx” HBceToK OGLICTPO NABARAST C ysenuue-

- HMOM UX PaMep8, TAK YTO B DPOANBHOM IKCNEPUMEHTE He OGM3aTesLHO peanisyeTCcR

KOHEYHO® COCTOMHME C OAHMM M3INOMOM. [TONKITKH, . K8K 3TO AENSETCA HEKOWPLIMK

WUCCNOAOBATENAMM, ONPOABNATL JHEPTUI0 OPUEHTAUMIA TDAHULL! B KPUCTAnne NGO COOT-

HOLLGHNIO Pa3MepOoBs (HaCcCETOK HEOCHOBATEeNbHBI, TAK KaK OTHOCHTENLHLIe pasMeps! Hal-

MOpBeMbIX (DECETOK ONPEABRAIOTCA HE TEPMOAUHAMUYECKUMM, 8 rEOMETDUHECKWMM
M KMHETHUECKIUMN NPHIKHEMK. )

82

2000

—— T e i

b
/
i

ﬂ

@HN3OTPONMU NOBEPXHOCTHOrO HaTAXEHMA ( ') o6paso
HWe CTyneHex aHepreTMyecku ueaurg‘uno? u(:;s:ozzéu:: :oz&.)af o
g)a(:;n(n, 3anor6ano'r B nnockoc'rgx 1XOPOUMX OpueHTaumii. Ecnu Zf‘“ﬂ,—
»r;a - Zl' To obpa3sosatmne ctyneHek sHepreTuuecku BO3MOXHO, U d)'opM;'
mnuotnl‘a | AOMXHA NpPeACTaBNATL COGONH ““NECTHUYMBIL Mapw’ AB. B uano-
‘Boamo m:’a;;r:r:‘z :;ﬁ:::??a: ;.::: 3NeMEHT — B3aMMOAeiiCTBME CTyneHek.
3TOT thakTop? Pacvyer noKassiBaer, w'::"::oam OMPATYPRLAR, o ycrs
MonHan sneprus TpaHuubl MOXeT GbiTe 3anucaHa 8 suge:

E= o0, — x;) + x37, txE ] oy lh ~ xy) +
+ X172 + X168, (188)

;:: 5 l;u i;‘; COOTBETCTBEHHO OTHOLLGHUA BLICOT cryneHek h,, h, K paccros-
Y HUMU; KOHCTBHTBI €; U €, xapaxTe "
c PU3YIOT UHTEHCUBHOCTbL
B3aUMOABICTBUA CYYNeHeK: cMbicn
‘ i ; anwmH 1y, h, x; u x; Acen w3 puc. 18
B;auuoneﬁcraue MEXAY CTYNeHLKEMM CYMTAETCA YNpyrum, u ero 3ueprm;
o %amo NponopunoNantHa KBaapary pacctorHua [67).
afa4a, TakuM 06pa3oM, CBOAMUTCR K HaXOXABHUIO TaKUX 3HayeHuis £,

W §2, KOTOpbIG, MUHMMMIHPYR BbIpaX
i o py paxenne (188), aaoT otnuuHLIe oT HynA

- g9 y;
sl' D — e
sin & — (cos 6) tg ¥

fpu atom no duanveckomy cmuicn
Y BenMWMH £ MMEIOT CMBICH NUWe M
3Ha4eHun B uHTepBane 0—1. Heo6xoaumsie YCROBUA MUHUMYMA:: g

.13
ax, ST ot 3¢ £ + 231' §2 =0,

oE
ax, - M T 0 +3af] +268 = 0. e

B [65] awanuampyerca gocrar '
OYHO NPOCTAA CUTYAUMA, Korpa =
PMB3GMbLIE XOPOWME OpWEeHTaUMM K . ertrur:
BaeMs pucTannorpacuyeck :
O =0y 20,7y gy oy, ST pachun W IKBUBANGHTHbLI:
Toraa cucrema (189) BbLIPOXKAETCA B

3tb+ 28 = 4,
3¢} + 28 = o, (190
rae & = (o - 7)/e. (191)

Mpu & < 0.cucrema (190) we -u ' "
v . ‘UMEET MONOXMTeNbHLIX pelenmii. 310
Clyua oTBevaeT uuctomy thacetupoBanmio — OTCYTCTBUIO CTYNeHeK. np; ‘

8 > 5 nonoxurenshble pewendn (190
PelueHHe OTBouseT OTCYTOTBMIO d)aco'rox). He MOTYyT 6bITb 06a MeHble 1. 3T0

Mpy 0 < a < 5 gee PeLWweHNA cucTemb! (1}90) MOXHO péﬁﬁwrs Ha ABe
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[image: image43.png]i ' AOBNETBOPAIOWME YCNOBWIO &
rpynnbt. K nepsoil OTHOCATCA DELUEHUA, Y.
=§,,koBTOpoir & FE. AR = & = £ xybuueckoe ypasHeHve
32 +28 =g
: HbIli KOpeHb.
8 untepsane 0 <a <5 nmeeT 0AMH NONOXMUTENbHbI
AHanu3 nokassiBaer, 4to B obnactu 0 < £, £, < 1 cucrema (190) He
vMeeT HepasHbLIX KOPHe. _
Takum 06pazom, B 38BUCHMOCTW OT 3HaueHWA napameTpa a = ~(a -7/e.
BO3MOXHbI TPU KaYeCTBEHHO pPasnM4HbIX BapuUaHTa paanoaecuou‘ ¢opmbi
@)K3CPEHHON IpaymLibl:
) 1) .:e <0- rpa":uua pas6usaeTcA Ha (aceTKy, 3aneraoline To4Ho B Nnoc-
KOCTAX C 0CO6O OpueHTauvei; :
2) a> 5 — rpaHnua He o6pasyeT ¢aceTok; _ 3
3; 0 < a < 5 — crynexvatbie (haceTKu OTKIOHAIOTCA OT MNOCKOCTeH
") Wit ¢ TAbl. :
C XOPOLLIGH OPUBHTaUMER HB ONPEAENBHHBIE KOHeUYHbIe Y !
: ":lloarmecxbe" aHaueHue @ = 5 NONYwMnoch 8 NPEANONOXeHUU, YTo 3a
KOW B3aGMMOAGHCTBMA CTYNEHEK CNPABEANMB ADKe NpY DPACCTOAHWUAX, cpaaa'
HAMBIX C MEXATOMHbIMW. [lO3TOMY TOUHOE 3SHa4eHWe YKa3aHHOro qucné
MOXeT GbITh APYTVM, XOTA KaueCTBOHHuIE BbIBOAL! PAGOTLI COXPEHAIOTCE
B cune. - ]
BO3MOXKHOCTb NOCNEAHel BECbMSE HETPMBMANLHOW cHTyauMm nonrs:g;; )
. ABIOT ANEKTPOHHO-MUKPOCKONUYECKWE WCCNIBOBAHWA reomeTpin ( i
(60) -rpanycHBIR rpaHWL ABOWHMKOBOIO TMNA B NAEHKaX cepebpa Ha cnio
ae [66]. Bbino OGHApY)eHO, YTO NORABAAIOLLEE GOMLLIMHCTBO TAKHX rpa-
Huy pasbupaeTcA Ha chaceTky, PAacnonoXeHHbIe B fSIOCKOCTAX, 6nmaKunx
K 0CO6bIM OPUEHTAUMAM .{112' , HO He 3aneraiT TOYHO B argx NNOCKOCTAX,
8 UMeIOT MaNoYrNOBOE OTKNOHEHWE OT HUX, AOCTHTraoLee T 6".

(192)

Fnasa ll. AMGOY3NUA NO MPAHULAM 3EPEH

1. PA3BUTHUE NPEACTABNEHUA O AMSOY3UN
no rrAHUUAM 3EPEH

KuHeTnueckue CBOWHCTBA, Npexcae Bcero AvddY3UOHHER NOABKKHOCTL
aTomoB, — Haubonee pa3sBUTLIA pasnen (M3MKU TPaHWLL 36peH, VMeowWwnn
CaMYIO ANMHHYIO WCTODMIO W 3HBUNTENbHbie NpPaKTMueckue vnpm'lomeuu;
[35, 68]. C oavoii cTOpoHbi, AmdbysA TecHO CBA38Ha CO c1'pw<rypoM
rpaHuiL, 38peH W ABAAGTCA ROCTATOMHO YHWBEPCANLHLIM nucrpymm-oc
WCCMEAOBEHMA 3TON CTPYKTYPbi W MOX8HNSME MEepPeMelieHUA aTOMOB;
Apyro#i — npouecc aucdysuu cyusecTseHbiM 06pasom onpenenner Kune-v
MKy Gonee CNOKHLIX NPOUBCCOB W HKCINYATALMOHHbIE CBOMCTBA MATEPHANOB.

NoyunTensHbit Npumep npuseaeH B moHorpadmm . lisiomoxa. AnekTpo-

moTopsi pabotaior npu 160 OC. ToWkan MeaHSA OGMOTKA OKWCIARTCA,

.84

RXA000

-

W 3MeKTPOMOTOD BIXOAMT W3 CTPOA. MpeanoeHo NoKpsiBaTL Meab TOH-
KUM Cnosm 6naropoaHOro M NpaKTUYeCKU He OKWCNAIOWErocA npu aToit
Temnepatype cepsGpa. OaHaKo cepeSpo M meab B3MMHO AMdibyHAMPYIOT.
Cneunanucra npocar PACCYMTATb, KAKOW TOMUMHBI HYXEH Chobi cepebpa,
uToGbl 4epes 5 ner _Ha nosepxHOCTU Meau Gbino Gbi He meHee 99 % cepebpa.
3anau8 KaXeTCA 3NOMEHTAPHON, OHAKD HYXHbI cBeAeHNA O Koadduumei-
Te ssanmuoit andibysum. Mpu 160 °C Takux onbitos 6CTeCTBEHHO HUKTO
He CTABUA — CIMLUIKOM HW3KEA TEMMNEPaTypa U CAULIKOM AONTO HAAO AATH,
OAHAKO 6CTh DE3YNLTaThi ONBITOB, NPOBSAGHMBIX B MHTepBane Temnepa-
TYp 750—1050 °C. Ecnu NPOIKCTPANONMPOBATL 3TH A8HHLIE Ha MHTepe-
CYIOLLYI0 Hac Temrt PY. OusHuTy KoaddmumeHT anddysun, a 3atem —
no dopmyne /2D t — nyTe audiby3un, Mbl NONYWIM OTBET: CIOA B 1 MKM
X88TUT MO KpP&AHEH Mepe Ha CTO neT. CKeNnTMK NOCTaBUT ONBIT U yGeamT-
CA, NTO TEOPUA HWYErO He CTOMT: 4epe3 ABa.AHA OGMOTKA OKMCAMTCA. B
4eM xe neno? Hawm Asmneie oTHOCMMCE K OGbemMMoil mudidysnm, a npu
150 °C anddyana no rpanmam 3epeN B cMCTEMe MeAL — cepe6po HacTons-
KO 6hicTpee 06HLEMHOI, YTO MMEHHO OMA ONPeAeNAET CYMMAaPHYIO CKOPOCTL
npouecca, NPMBOAALLEro K Pa3PYLIeHNIO OBMOTKH. : .

WUssectia suiasowanca pons, Kotopyo urpaetT andidyaua no rpaHu-
UAM 36peH B XaponpouHbix cnnasax. Kak npeasuno, nonatka rasoeqit Typ-
GiHbI paspyliaeTcR B Npouscce IKCNAYATaUMM NO rpasmuam 3epes. Ecnm
YKPeNUTL rpaHnusl NyTeM -mukponeruposaHua [68], 3axpbie ux anA
BPOAHLIX NPUMECEH, MOXHD 3aMETHO YBENMYMTL pabouyio Temneparypy,
BPeMA [0 pA3pYWWeHHA M, COOTBETCTBOHHO, MOWHOCTL U PeCYpC ABKIaTenA.

WUctopun uccnenosaima andbdysun no rpaHmuam 38pEH HACYMTLIBAGT
Gonee 60 netv. [LOCTaTOUHO YCNOBHO B Heli MOXHO BbIZEAUTD TPU nepropa.
MNepewifi, Korpa o npouecce cyaunu no 3asucUMOCTH CKOPOCTH NPOHUKHO-
BOHMA BEWLECTBA B MONWKPUCTANNMYECKOM MaTepuane OT pasmepa 3epHa.
Bropoit csmaan c wuccneposanmem amddyamm coberTBeHHO o rpaHvuam
36peH, HO B nosMkpUCTannax. DTOT Nepuoa, NPOAOTKAILMICA M B Hac-
ToAWee BPEMA, AAn UeHHeALMI maTepuan ANA NOHMMEHWA PONM rpaHny
36peH 8 AdDYaun, YCTAHOBMEHMA OCHOBHBIX 38KOHOMEPHOCTEH M Knac-

CMODUKEUMN, PA3BUTHA TexHONOruu. Creayer, OAHAKO, MOMHMTb, 4TO MONY-

YeHHble TAKMM OGPa3OM A8HHBIE BCErRa yCpeAHeHbl No aHcamM6nio rpaHuy
W MO3TOMY XBpaKTepuayloT He WHANBUAYANLHYIO FPaHWLY 36peH CO BCe-
MU ee 0COGEHHOCTAMM, @ YCDEBRHEHHO® BNMANME BCEX IPaHWL, 36peH Ha Ku-
HOTUKY AM(DYIMOHHLIX NPOYECCOB B NOAMKPUCTANIMHECKUX marepuanax.
HakoHeu, Tpetwii nepuos, oxsaTuiBaowmii 8 OCHOBHOM nocneaHee Aeca-
TMneTMe, CB8A3aH C NposeneHnem AuddyIMOHHBIX ONLITOB B BUKPUCTaNNAX
C &TTeCTOBAHHOW OAMHOMHOM rpaMuueii, MHave rOBOpA, OAHO3HAYHO On-
PeneneHHol. B  KpucTannorpactmueckom, FEOMETDUYECKOM W, K&K Npasu-
N0, XMMHUYECKOM OTHOLLSHUM.

Mepssie oneiTel No audibysum no rpamvuam 3epeH B meTannax Gwinu
nposeneHsl 8 1922 roay (a Ha conAx — ewe paHbwe), koraa Xeseww W
OG6pyueaa, wuayuan camoaM(hysnio  PaaMoOaKTMBHBIX W3OTOMOB CBMHUA,
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[image: image44.png]OBHBPYHUMM, HTO B CBMHLOBOW (hosibre C MaNoiA PENIMYMHON 3epHa CKOPOCTL
amdbysun 3HaunTenvHo Gonblle, YeM B KPYNHO3EPHUCTOH CBUHUOBOA OT-
nuesKe. leitcc W Baw-TIWMNT nonyuwwnu aHanorvuHbie pesynsTarsl Npu Uc-
cnenoBalnu B3aumHoM andbysun monuBaeHa v sonbgpama: npu Harpe-
Ba MonM6aeHOBBIX Y BONLGPEMOBLIX MOHOKPUCTANNOE 8 TeueHue |, _341« npn
2400 °C nuwaxoli ‘3ameTHON Andiby3vm He Gbino OGHApYXeHo, & B cMe-
v nopowkos auddy3uio Habnioganu yxe npu 1300 °C.

CucremaTMueCKne MCCnefoBaHMA byrakosa v COTPYAHMKOB, NPOBeAeH-
Hbie B Hayane TPWMAUATHIX FOAOB, NO3BONWAW YCTEHOBUTL NEpBbLle 3aKO0-
HomephocTu. Oxasanocs, 4TO Npu ' uamepenmn xosbduuventa anddysun
D umHKa B MOAMKPUCTANNNYECKON MEAM C AOCTATOMHO MENKUM 3epHOM

8 LUMPOKOM WHTEpBAne TeMmNepaTyp HapyLiaeTcCA NMHEAHAA 38BUCUMOCTL

mexay InD w o6partHoii Temnepatypoit 7!, BbiTeKaloWan U3 ypasHeHHA
Appennyca, '

D= Dyexp(—E/RT, , : (193)

rae Dy — npeapaKcroHeHunanbHbiiA Muomvimns; E — 3neprva akTvBaumMm;
R=28,32 x-monp~! K~! — rasosan nocroAnnan (puc. 19) . _
fipn Temnepatypax, meHbwmux (0,6-0,7) T qr SKCNEpMMEHTANbHbIE TOY-

KW OTKAOHAIOTCA KBEpXy OT NPAMOiA. 3TO OTKNOHEHMEe OKasanoch CBA3SH-

HbIM ¢ BKnagom audibysan no rpaHmuam seped 8 o6umii andeyanoHHbLIA
inD

Puc. 19. 3asncumocts Koaddumunenta aud-
tdysuu D B noauKpucranne oT TeMNEpaTyps!.
UitpuxosaR AMHUA COOTERETCTBYET IKCTPANo-.
NARMK BLICOKOTEOMNOPATYPHLIX A8HHBIX. OTK-
noHeHNne OT 38KOH8 APPBHUYCE NPH HUIKUX
TeMnepatypax csasano ¢ auddbysuelt no rpa-
HULAM 3epeH

novok: KoadduuneHT norpaHuuHo audpysun D’ Gonbwe o06LeMHOU, a

aHepruA axktusaumn mexbwe (£° < E) — 3T0 M NPUBOAUT K OTKNOHEHMIO
OT 3aKoHa AppeHMyca NpW CPasHUTENLHO HM3KKMX Temnepatypax. Mpu yse-
nuueHMn pasmepa 3epeH IgbeKT CTAHOBMACA MeHes 3aMeTHbIM, B MOHO-
Kpuctannax oH OTCyTCTBOBan.

3ameTnM, 4TO BbIAENUTL NOrpaHuuHbIi NOTOK Ha (hoHe oGbveMHOro TpyR-
Ho. [leficTBUTeNnbHO, 6CnM BCNOMHMUTbL, YTO COTNAcHO MNePBOMY. 38KOHY Pu-
Ka andiby3MoHHbIA NoTOK :

I ~A-D-YC, (194)
rae A — nnoulaab MONepeyHoOro CEYeHWA, M MPUHATL, YTO FPARMEHT KOH-

ueHTpaum ¥ C amddyHAMPYIOWEro BEUIECTBE OAMHAKOB, KaK B O6bLEME

38pHa, Tak U MO rpaHuue, To OTHOI.LIQH‘IO MOrpaHnYHOro NoToKa K o6bem-
HOMY MOXXHO 3armcaTe B BUpe :
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SNOHHLIA KNUK'')

' AD’ 8D’

—— ——— P !

/ AD ryD ° (195) |
Co

3necy & '~ cpepHnan WupuHa rpaumubl; ro — ¢

Beipaxenue (195) cnpaseanueo (c 'rouuogmo mﬁemr:pmz‘:::
TeNA NOPAAKA eAMHWULI) ANA NNOTHOYNaKoBaHHLIX Wwapos-3epen. N '
ro =100 MKM U § ~ 1 Hm BKAaAb! rpaHny u o6vema B obumii MM.NOI::
Huilh notok COMOCTaBUMbI NpU YCROBWUM, YTO KoapdmumenT norpan‘;uuoﬁ
anbdyanm npessituser KoahpmumenT 06LeMHOI Mmbdysun He mewee
YeM Ha b nopaakos. Mpu D/D ~ 10° NOrpaHnyHbIA NoToK eocrumm,'
Bcero 1 % or o6vemHoro. MNostomy npasunsioe onpeaeneHue napamerpos

norpaHuyHoit aucysun Tpeyer K
neHuR NoTokos. PeGyeT KOppeKTHOro matematuueckoro paspe-

2. ONPERENEHNE NAPAMETPOB aH®
NO FPAHWMUAM 3EPEH foorun

Mogens, npessunsto n:apenmouan OcHOBHOe thuanveckoe cdnepamue npo-
:oeccar 3epHOrpaHnYHO* AM¢¢Y_ u: onepexasiowyio auddyaumo BewecTs
no poarmuo"u nocn_ GAYIOWMH YXOA 6ro C rpanuubl B 0Gvem (" mdyamon-
" ;:ocs),M::::"ng:anoma ®uwepom 8 1951 r. KoHueHTpaymoHHbi
(chi,QO). vwepa umeer opmy "mjdxbysuounoro Knuua' -
l<m::m.uep thakTuvecku paccmotpen auddysuio 8 Gupucranne; Bo sca-
;s cnyvae 3epHa B ero Mogenu HacTonbKO BenUKM, yTo adubysuoHmHbie
m‘ro::ﬂg;o COCaAHNX 3epeH He BCTpeuaoTCH. pannua 8 mogenu Puwepa -
AHAA M30TPONHaA nnRacTuHa wmnpuHoit &
+ PacnonoXeHHas ne
REHANKYNAPHO nosepxuocm, MeXAy ABYMA nNonybecKoHewMbiMM 3epuz

Puc. 20. WsokoHyeHTPaLMOHHBI fpodune nNpn sspHorpamnuHow mmdbdysun ("auddy-

Puc. 21. Mogens nnacTue — rpaHnubt (no Guwepy)
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[image: image45.png]mn (puc. 21) . MpeanonaraeTca, yto D’ ® D, 06a KoadbuimueHTa He 3aBK-
cAT OT KOHUAHTPaUMM AuddyHAMpYtouiero BeeCTBa, KOMUEHTPaUMA fnoc-
TORHHa Ha noBepXHOCTM 06ps3ua u 1o celeHio rpaHMUL! Ha ABHHOM Tny-
GuHe y. . '

Mocneadee NpeanonoxeHve, T.e. npeHeGpexeHne rpaaueHTom KOHUEHT-
pausn B NONEPEYHOM HANpasneHu B nnacTvHe — rpaHuue, .¢m3anuecku o3-.
HauaeT, uTo AnddysuA No rpanuue ycnesaer CKOMNEHCUPOBATL U3MEHE- |
HVMe KOHUBHTPALMMN, cBA3aHHOE C ''OTCOCOM’ BellecTsa B ob6vem. B atom
cRy4ae AOMKHO BLINONHATLCA YCnosue

AcC/ €0, (196)
' rpe A C’ — nsmeHeHHe KOHUEHTPaUMK NoNepeK rpaHnLLbl. ‘
Kak noxasaHo 10.M.Muwmteim 4 U.M.PasymoBcrnm {69], ato ycnosue
NPUBOANT K HEPaBEHCTBY *

(6//Dt)\/D/D’ < 1, (197) |

1.6. B Mogens duwepa He 3anoxeHo TpeGosahue, KaK aro o6bluHO cum'@or |
yro6bl rpaHvua Gbina YsKod MO CPaBHeHWIo ¢ FAY6MHOM NMPOHVKHOBEHMA -
no weii. Ycnosue (197) moxer 6biTb BhiNOAHEHO U ANA WHWPOKON rpa- |
ust (8 ~/D’t) 38 cueT BTOPOro COMHOXUTENA, echm D” > D. v

Pacnpenenetve AudbyHAVPYIOULero sewectsa B8 obbveme onucbuaujgb! ‘
06biuHBIM YpaBHeHnem andipy3vn W

ac ac a%c
— = 4 ——
at Dl ax? ay? )

d HavanbHbIM#U ¥ FPEHNYHBIMKU ycnosuAammi
Clx,v.0 =0, ay .
C(X, 0, t) Co,: ' (1%) ‘
C(i—z_.' y/ t) = C'(V, t), ! '

1

B stux ypaeHeHuax C(x, y, t) — KouueHTpa.(un 8 o6weme, a C'(y, t) —

'8 rpanvue. JTY NOCNEAHIOID MOXHO HATH U3 YPAaBHEHWUA GanaHca BeWeCT-
Ba 8 rpaHnue. ‘
ac’ ac’ 2 ac
o =D —— +t — , 21
at b ay? s bt ax )x= _g_ (200)

Bropoii uneH B NPaBoOi YacTV YPaBHEHWA (200) xapakTepuayet “orcoc”
8 06beM. v

TouHoe pelLeHMe CUCTEMbI YpaBHeHWH (198) — (200) npeacTasnAeT
JHAUMTENbHLIE TPYAHOCTH, NoaTomy Puuiep caenan PAA-YNPOLUAIOWLUX NPea-
NONoXKeHuiA. ) '

1. XoTR § ABAAETCA rnapamMeTpoM MOAeNH, duisep ANA YUCTIEHHbIX oue-
HOK NpuHAN 3Hauetme & = 05 HM. Dudby3anoHHblit NYTb B o6veme nmeeT

| sHayeHwe NopAAKE /D't n B peasnbHbix YCIOBUAAX IKCNepUMEHTa COCTaBnAeT
. MMKPOHbI. Flo3TOM

A=38/yDt' <1 | (201)

unu, APYTMMKA CNOBAMK, WKWpKHa " adysnoHHoro KnuHa” (puc. 23) Ham-
HOro GONblUE ILWMPWHLI rpaHuubl 3epHa. HepaseHCTBO (201) noasonner
CYLLIBCTBEHHO YNPOCTUTL MCXOAHYIO CUCTEMY ypaBHeHWN.

Bo-nepBbix, B ypasHeHun (200), wneH, CTOAUWI B nesoi yacTh, Ham-
'HOFO MeHbLUE BTOPOTO YNIeHa B MPaBoi 4acTy, U UM MOXHO NpeHappeus.
B camom_pene 9c/0t ~ c’/t, a (2/8)D(dC/ox) ~ (2/5) (D C’,}D ty =
= (2D t/)(C'/h) > (9C7/0t). NpereGpewerne uneHoM aC’/dt o3ue
uaer, Ut0 duwep OFpPaHUUUNCA NPUBNNIKEHHBIM, KBA3UCTaUMOHApHBIM pe-
| LUEHWEM.

Bo-BTOpbIX, MOCKONbKY Mbl npeHebperaem u3MeHeHneM KOHUBHTPE

‘umm Ha amue 5, B ypastenunx (198) u (200) MOXKHO 3BMEHWTb rpaHuy-

_Hoe ycnosue npu x = 5/2 Ha ycnosve npu x = 0. .
2. Ecnm "otoiTn’’ OT noBepxHOCTM o6pasua Ha pacctoAHue y >4Dt

"I (BbIHTM U3 30HBI o6vemHoil anddysun), To NPOHUKHOBEHWE sewscTea
. 8 norpaHvuHylo o6nactb GyaeT OCYU\eCTBNATLCA TO/NLKO yepes rpaHuuy.

Ha atom ocHosaHuu Guwep npeHebper B ypasHeHUU (198) unevom 8“C/0 y?
0 CPaBHEHUIO C YNEHOM 02C/0 x?, 1.0. BEPTHKANbHLIM NOTOKOM. Ha camom

' pene BepTMKanbHbIi NOTOK BO3HWKEET AAxe TOrAa, KOrAa BelecTsO nona-
- paeT B 06BLEM TONLKO 4epes rpaHuuy. KOHUGHTPAUMA KaK B rpaHuue, Tax
. ¥ BHe ee Ha pasHbIx rny6uHax Gyaer PA3NIAUHON, YTO ROMKHO NPUBOAUTL

K BEPTMKaNbHOMY NOTOKY. B ornmuve or ®uwepa Yunnn; Bopncos ¥ Nio-

6os; Muumu 1 Pasymoackwit- [70] we npeHeGpernn 3TUM UNEeHOM. CpasHu-
* BaR peweHnA duwepa u Yunnna, Ne Knep nokasan, YTO pasnuune mano
. W npeHeBperaTs BEPTUKANLHLIM NOTOKOM MOXHO B TOM cnyuse, ecnvu rny-
 6MHa NMPOHWKHOBEHWA BOLLECTBA MO rpaHuue L HamHoro Goneiue dem no

obuvemy:

Ly Dt (202)

370 3HaWMT, uTO " pnchhy3MOHHBIA KNMH'' — Y3KWA: 6r0 BbICOTA HaMHO-
ro Gonbwe wWHpUHL. feiicTauTensHo 6°C/A y* ~ C/L?, a 0*C/lx* ~C/Dt.
Hue mbl yTOuHUM HepaseHcTso (202), nocne Toro Kak NONYYUM B ABHOM
-BuAe BbipaxeHue AnA L. ’ C

3. B rpaHnutom yenosun C(O, vy, t} = C’ KoHueHTpaumA C’ 3aucuT OT'
speMedu. OaHaxko duliep NpU peweHun ypasHeHnA (198) npexe6per 3TOM
38BUCUMOCTBIO. DTO TaKKe AONYCTUMO TOFAA, KOTAS BbINONHAGTCA Hepa-
seHcteo (202). BoicTpan rpanuuHan andiby3un - noanepIMBAET NOCTOAH-
HYIO KOHLLEHTDPEUMIO Ha FpaHiue B TOUKeE ¥. : ,

C yueTOM CfenaHHbiX YMPOLULEHMI  MCXOAHAA . CUCTeMa ypasHeHwi pas-
6MBAOTCA Ha ABA HO3ABUCMMbIX YDAIBHEHUA

08t = DO*CAX*);
Cix,y, 00 = 0; C(0,y, t) =C" = const (203)
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[image: image46.png]W DUPCRY?) + = D), = 0;
c’(0, t) = Co. (204)

Pewenue ypasHenun .(203) nmeer 06bIuHbIN BUA PeWeHnA 3apaauu and-
tyaum B nNonyBecKoHeuHbIH pGpaseu ¢ MOCTORHHOW KOMUEHTpauueR Ha
NOBEPXHOCTH:

C = C’erfcx/2/D 1), {205) |
rae , !
z .
etfcz =1 — 2 T exp(—£)dE. (208) |
N |

Lmdbepeunpyr (206), nonywum (0CRx),_ o = —C'A/nDt, a |

NOACTABNAA ITOT Pe3ynuTaT B YpasHeHue (204), Haﬁnem, yTO

pr 2 _ 2 NB o, | (207)
day? 5 nt : ‘
PelLieHe 3TOrO YPABHEHUA MOXHO NPeACTaBUTL B BUAE ‘

C’ = Coexpl—y/L), , (208)

rae ,

L = (6D"\at12v/D) 2. (209)

Msi nonyuinu, cneayR Ouwepy, B ABHOM BUAE BbipaxeHue AnA rnyén-
Hb! MPOHWKHOBEHWR BELIECTBA NO rpaHuue. Kak BMAHO U3 3TOMO BbIPAXE-
wun, L ~t1/4, a ne t1/2, kak ann o6vemHoi andysum.

Ann onpeaenevuA KoaddbUuKeHTE norpannuHoi mbdysun (a Tounee,
npousseaeHuA 5 D) HeoGXOAMMO CRPAMUTL 38BUCUMOCTL C’(ly) 8 koop-
« puHarax In C’ — y, NO TaHreHcy yrna paknoHa onpeaesmTs L, v panee, 3HaR
KoahdmumeHT o6vemHoil auddysnu D v spemn ¢, no dopmyne (209) paccum-

TaTh 3Hauenme 5 D’. HapAay € KOHUEHTpEUMEN MOXHO usmeyms nonHose
KONMVYECTBO BBILECTBA B paHuue, B TOHKOM Cnoe No ABHHOW rny6une —
NOCNOAHYI0 aKTUBHOCTH

a) = 7"? oDt (210)

A70 BHIPAKEHNE HEMOCPECTBEHHO NONYYAETCA WHTErpUPOBaHWEM BbIpY-.
weHuna (205) . |
. Dpyroi#t cnoco6 onpeaenesun 8 D’, npeanoxeHHbiii fle Knepom n yao6-
HLIl NpY UCNONL30BAHWN BBTOPaAMOrpadmy, — Mo Yray Npw Beplumke M30-.‘
" KOMUGHTPAUMOHHOrO KOHTYPa (NMHUM pPABHOTO MOMEPHEHUA Ha GBTQD*\
anorpamme) (puc. 20) : ‘ , |

N |
€tg0 = —{ o), _ conge = L/VADL. 211)
xX=0 .
" BelptkeHue anA L NO3BONAET B ABHOM BUAE YTOUHWTL YCNOBMA, Npi
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KOTOpbIX CNPaBEANUBO HepaseHcTBo (202). NoacraBnAA seipaxexne (209)
8 (202), nonyuum

B=6D/DJDE> 1 (212)

(y Nle Knepa 2 § > 10). o
Bonbluve 3HaueHMA [ COOTBEICTAYIOT HUSKMM Temnepatypam (Gonb-

WM oTtHowewuAM D’/D) v manbiMm, ‘spemeHaMm AWDQYIMOHHOrO OTHHMIA,

T.0. AgiicTBNTENbHO Y3KuM AndibysnorHbIM KnuHbAM. Ecnu ycnosme (212)

He BbLINONHABTCA, TO pacyeT No Ouiiepy; AseT 3aHWXKeHHble 3HadYeHuA & D,
fipuyem OWMBKa TeM MeHbWS, qem.suml Temneparypa. MoatoMy aHeprua
aKTMBaUWUM, PACCUMTAHHER TakuM 06pasom, 60NbLIB HCTUHHO. ’

AHanus TouHOrO, pewenuA 3agaw dWwepa [71, 72], nonyvenoro
‘npeanonoxexnn, yTo unedom D 3*C/0 y*' 8 ypesrernun (198) moxHo npe-
#e6peub, NPHBOAUT K ABYM OCHOBHbBIM BbIBOAAM.

1. Npu noacTaHoBKe 3KCMNEPMMEHTOB CneflyeT MMeTb B BUAY, 4YTO Ma-
nsiM M Gonbwmm A (201) COOTBETCTBYIOT fABE CYLIEBCTBEHHO . Pa3fiMuHbIe
3KCNEPUMBHTanNbHbLIE CUTYaUMN.

ManbiM A, a 370 HamGOnee 4acTO BCTPEHAIOUWICA B IKCNEpUMEHTE chy-
yalf, COOTBETCTBYET 30HA KBasucTayoHapHoi andipyaum [ ycnoswe A < 1
nossonAeT npexebpeys uneHom A C'/0 t B8 ypasHesun (200) ]. B 3toli 3o0me

‘HeNL3A pasfenvHo onpeaenute D 1 5, Tak Kak OHW BXOART B pelueHWe B

BuAe Mpou3BefeHVA. 30HA KBa3UCTauMoHapHoi anddyann 4o0CTaTOYHO BENU-
Ka: npu A = 0,1 “HeKBE3UGTEUMOHAEPHLIA XBOCT'' KOHUEHTPELLMOHHONW Kpw-
Boit HaxoautcA npu C/Co < 1073 — 107%. Yem Gonbiue A, ToM AnuHHee
'xBOCT": Npu A = 1 oH nexmt 3a C’/Cy <0,1. Moatomy npn

=2y (Ptap _ v i g
N> 1uw = g (=) ﬁ“wx > 4-8

MOXHO paspensHo Halitm D’ n & (BnepBbie HAa TaKyld BO3MOXHOCTL Gbino
ykasaHo B.T.BopucosniM n B.A.Mo6osbiM) . OaHAKO 3TO OYeHb TPYAHbLIA
aKcnepuMeHT (HU3KME TeMNEPATYpLI, Manbie BpeMeHs auddysun, HU3-
KME KOHUGHTpaumu) , Tpebylowmii BLICOKONYSCTBUTENbHLIX METOAOB aH&aNW-
3a. Mo-BuAMMOMY, OH MOXET GbiTb NpoBeAeH C NOMOWBIO PAaMOAKTUBHBIX
WN3OTONOB MAWN MACC-CNEeKTPOMETPUM BTOPHUYHLIX WOHOB, HO AO HACTORLUErO
BPEMEHWU TaKMX AaHHbIX HeT. Mpu A > 1 HaAo NONL3OBATLCA TOUHLIM peLUe-
Hvem [71], ucnone3yn NOCTpoeHHLIE ANA 3TOM UENV HOMOF PaMMB!.

2. inA Manbix A 1 He civwKom Gonswmx w (A= 0,1, w'g 1; A = 0,01;
w3 A= 0,001, we 4) nam He CAULLIKOM ManbiX KOHUGHTPAUMHA MOX-
HO N0NL30BATLCA NPUBAUKEHHBIM BHANUTUYECKUM pelueHueM, Gonee yA0G-
HbiM, YOM HOMOrpPamMMbI, IPBACTEBIIAIOWME TOYHOS peiueHue. pu X=01
OHO OTAWYEETCA OT TOWHOTO He Gonee, yem Ha 1 % 8 uHTepsane C/Co =
= 0,1 — 1, » He Gonee, yem Ha T0 % npu C/C, = 0,01 — 1. CornacHo aaH-
Huim paGoTei [71] npuGnuixentoe pewenve umeeT BUA: .

C'lo = exp(—qi1w =~ qw? ~ q3°). (213)
T
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m % nk 2.
= B SE—
BN = Z T —nla-ki2)

a2z =1 02412k 2,2,
K12k

%0 = 1

= A YeTHLIX 1) nm = (ANA HEYEeTHLIX n). )

np"A,:ano':'ﬁH(:: peleHre MOXHO WCMonL30BaTh AR OTHOWEHWUR nocnoi-
. Ide. . ’

HM?:’:::?::OGCJ::OZATVL q:GmeM cnydae nWHEAHaA CBA3b MEXAY InC’ wnn
INg W rny6vHO NPOHMKHOHEHUA y, CUMTaBLLAARCA XApaKTepPHbIM Npu3Ha-
KOM 3epHOrpaHuuHoi andicbysnn, He coxparfuleltfn. AKCNoHeHTbl duwepa
AnA KoHueHTpaumn (208): C/Co = exp(—m w) = exp(~0,751 w) n
Bopucosa — Ilio6osa AnA NOCHONHON aKTUBHOCTY /o = exp{—w), B KOTO-
pbIX TaKam CBA3b CYLIECTBYeT, ABNAIOTCA acumnToTHYeCKNMU  hOPMEMU
Bbipaxenvn (213) npn'q; =q3 = 0 u A = 0. OTnnune ITMX KCNOHEHT OF
(213) mand B unTepeane koHueHtpaumit C’/Co > 0,3 q/qo > 0,1. Otme-
MM, 4to B pabotax [71, 72] uucnenHbie 3HaueHnA KosthduumneHToB an
SKCMOHEHTEX HecKONbKO pasnmnuaotcA: C/Co = exp(—0,816 ) u q/go =
= gxp (—0,978 w) , COOTBETCTBEHHO.

YTouHeHHbIW B8 paboTe [70] xpuTepuin manocTu a'apmxanbuoro "0;:::
ameet sua B> A, rae A = (Cyunnn — Couwep) /CYunan: 370 Her;:a: "
BO BbIMONHAGTCA HUKe 30HbI NPAMONA o@eyrg;cm;)?gfru, T.. Np

uHTepeane KoHuexTpauwih C'/Co .
> ﬁe::;mf:;: y >p\/ Dt xapaxTepusyet UcKaxeHNe d:opMu A:d:?z
3WOHHOTO KfMHA, BbI3BAHHOE BEPTUKANLHOW COCTABNIAIOWLEHA no-ro:c;sy.o_
Ka)KeHVWe HeCKOMbKO BbipacTaeT C ray6vHoii, ORHAKO, NPU coo-rm;ﬂ cTevie
wem noabope 3Haueumit B {y3xui mm:(::og:::f ::::: : ;r::zt meHHoM
iHOM MHTepsane OHO MO ,
Ko?t?:»ﬁa;‘ﬂﬁ?asom, 8 Hg:mnu;ee BpeMA MMBIOTCA TOYHbI8 pemel-l:lﬂa N:';:
penv duuwepa M WX acuMnToTH4eckue pasNOXEHUA, nosaonﬁloux:ﬂ B o
BUCMMOCTM OT 38Aa¥N KOPPEKTHO BLIGUPaTL YCNOBUA 3Kcnepm: X
- TOoA yccrieA0BaHUA U Crocob 06paboTky pe3ynsTaTos sxcneplgmem . ——
DOna onpenenexnA Ancbhy3MOHHBIX XBPBKTEPUCTUK O bIYHO

. KT
KOHUEHTpaUunoHHbLIe Kpusbie, UCNONBLIYA METOA NOKanbHOro pexTreHocne

panLHOro aHannsa {73], nnn Kpussie nocnoliHol aKTUBHOCTM —C nombcl)u;::
paMoaKTUBHbIX W30TONOB [74]. Ormetum, 4TO B nocneakue ronB o
WCCNEAOBAHUM Y3KUX ANGDIDY3NOHHBIX 30H (Hanpumep, nud)d()ys::n e
NOBEPXHOCTHBIX CNOAX, B TOHKWUX nneHKax u T.‘A.l) nonyunnn (n Jooxum
. Bce 6Gonee LUMPOKOE pacnpocTpaHexne meTtoasl, obGnaaatoimne sb ot
NPOCTPAHCTBEHHLIM Pa3PBLLIEHUEM (2-5 wum), B nepaylo ouepefb, M
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CNeKTPOMETPUA BTOPUYHBIX uoHOB [75], a Taxxke Oxe-cnekTpockonua
¥ PeHTreHOBCKAR (hOTOINBKTPOHHAR CNeKTPocKkonuA (ICXA) .

AnA  NONyYeHMA KOHUBHTPAUMOHHBIX KPUBLIX (MPU  OTHOLWEHHAX
C’/Co > 0,06—1,0) ypno6Hee MeToa NOKansHOro PeHTreHoCNeK TpansHo-
ro aHanMsa, xoTR 8sTopaavorpadma oGnanseT He XyAWMM (a B 3nNeKTPOH-
HO-MWUKPOCKOMNUYECKOM BapMaHTe AaXe NyywnMm) paspeweHuem. OpHako
NPV NPOBEAGHMM CUCTEMETUMECKUX MCCNeAOBaHUIA Ha GOMLLLIOM KONMYecT-
86 06pasOB C rpaHMLamMu PE3HOTO TUNA MAnble BPeMEHHble 3aTpPaThi npu
¥16KTPOHHO-30HAOBOM  8HANU3E OKAa3bLIBAIOTCA CYLUIECTBEHHBIM NpPenMy-
wecraom. - ‘

CxemM8 CHEMKW KOHUBHTDAUWMOHHBIX KPHBBIX NpH W3YYEHUM 3epHOrpa-
HWAYHOK andibyaun (AnA OfMHOYHON rpaHMubl) NOKasaHa Ha puc. 22. Aud-
Y3HOHHBIA KNUH NEPECcEKBIOT 3NEKTPOHHLIM 30HAOM 33 CnNOeM O06beM-

Puc. 22, Cxema CveMKM nNocnesoBaTensHOro
PAA2 MUKPOPEHTrEHOrPaMM NPY  W3yYeHUN
. 38pHOrpaHMYHOA AMddysuM AnA OAMHOUHOR
rpaHuy LI

d ~— pacCTOAHWA MeXAY NepeceKaeMbiMu
nnockoctAmu; L — ray6uHa *anddyanon- A

HOro KnuHa (“38WTPUxOBBH cnod auddy-
3aHTa)

HOA anddysum B8 5~10 cevenmnax: L > (5—10)d. BepmHsi MUKPOpeHT-
réHOrpamM OTOXAECTBAAIOT C KOHUeHTpauneh B rpaHuue. [levann, ceAsax-
Hble C yueTom ahdexTta pasbasneHun, BbLIGOPOM BeNMUUHBI KOHLLEHTPaLUK
Ha noBepxHOCTH Co ¥ AP., MOXHO HaiiTh, Hanpumep, B pabote [76].
‘OKCMNEPUMEHT, MPOBOAUMBLIA C UENLIO NOCTPOBHUA KOHUEHTPaLUOHHBIX
KPHBLIX METOAOM NOKANLHOrO PeHTTeHOCNeKTPANbLHOrO aHanuaa, OTBevaeT

" TPe6oBaHMIO ManocTM A; OAHaKO APYroi GespasmepHbiii napametp § Moxer

6biTb NPN 3TOM AOCTAaTONHO GONLIWIMM, YTOGbI MOXHO 6bIn0 MCNonb30BaTh
IKCNOHeHTY ®uiepa. ITO O3HauaeT nposeseHne AMMPDYIUOHHLIX OTKUIOB
ApU AocTatouHo HM3KuX (okono 0,57,), Temnepatypax u 8 AoCTaTOYHO

- Y3KOM TemnepatypHom uxtepsane (ot 0,5 ao 0,7T,,). B cayyae nposeae-

HUA 3KcnepuMmenTOB Npu 6osiee BLICOKUX TeMrnepatypax umMepAemble 3a

cnoem o6bemHOW AMMIPY3MM KOHUEHTPaUMM NONaaaloT B WHTEPBan, rae

C'/Cy < 0,1 u, cneposarensHo, npumeHeHue nuHeapusyembiX ¢opm ana
06paboTKy pesynbTaToB IKCNEPUMEHTA ABNAGTCA He3aKOHHLIN. B 3tom cny-
Yae B  38BMCMMOCTHM OT KOHUEHTpauWOHHOro uHTepsana D'S onpesensior
Ha OCHOBaHWM NPUGNKEHHOro aHanuTwyeckoro peweHwa (213), wan no

Tabnuuam, NOCTPOEHHLIM NO pesynbTaTaM YUCNEHHOrO CYeTa TOYHOro pe-
WeHnA.
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KoppeKTHuIt BbIGOp YCIOBWi IKCNEPUMEHTA ¥ METORa MareMaTuies 2. MouTM BCE WCCAEAOBATENW OTMEMEIOT aKTUBAUMOHHBINA . XapakTep

KOro ONMCaHWA pe3ynsTatos obecneywBaeT TOWHOCTL onpeaenedun D'S anemenTa "
et (19 pHoro akta authysum, KOTOPLIR MOXHO Onucath ypasHeHneM
He xyxe 5%, E' —5-10% nd D"q—50-—100%., K coxaneHwio, NpoBepKY Appenuyca (193) D' = D), exp (~E'IRT).

Ha KOPPeKTHOCTb He BblAepXuBaeT 3HaUMTeNnbHOE 4uCno MOCﬂGAOBﬂHV’ﬁ, OHeprun BKTUBAUMK I'IOI'pﬂHM‘IHOFI EI v obvemHoin E A“¢¢Y3"“:

BbIMONHEHHbIX HA NONUKDUCTAANEX. N : kLx/MORb, ANA HEKOTOPbLIX 3/18MEHTOB npvBeAeHLl HUXe:
Ewe OAHO 3aMeuanne. B moaenu duwepa NPUHUMAETCA C =C npn

x=0, T.e.,, 4TO B YCNOBWAX PAaBHOBECWA KOHUEHTPaLMA Ha rpaHule paBHa : AT —— £ £ EV.E
KOWUEHTPauuy B obbeme 3epHa. TeM CambiM He Y4WTLIBAETCA aACOP6- _ aneMeHT
uuA. CBA3b MEXAY COCTaBaMu NoBepPXHOCTHOro u_ o6beMHOro pacTsopoB Ag (ranK). . . . Ag 85,7 184,3 0,47
6uina noapobHO paccmoTpena B8 . Il. B npocteitwem cnyyae (anA pas- Ni lraek) . .o o o Ni 108,7 275,0 0,40
GaBneHHbIX PacTsopoB) 3arta CBA3b AAeTCA nsotepmoii empu: ¢ =KC Fe ((r.u..x).). .. .Fe 123&9 §83,8 0,56
npn x=0, rae K — K T pacnpepenenun. Jlerko nokasatb, 4TO Co (ru.x) ... .Co 163,0 67,5 0,61
P ne 03thUUMEHT pacnpea Pb (rux) ....Pb 65,6 108,7 0,60
ypasHexue (208) octaerca npwu 3TOM B.cune. Oanaxo 8 ypasHehun (210) Cr lomk) .. Cr 1923 3060 083
cneayer 8D’ 3amenuTh Ha KSD', Torpna wamepenHan 3HEpPruR aKTMBauwu Foq lou.K) . . .Fo 167.2 250,8 0,67
rpaHvuHoi auddyaun GyaeT BKNIOUATL SHEPTUIO B3aWMOAEACTBUA NpuMme- Cd rn) ... Cd 54,3 76,1 Lic) 0,71
oy ¢ rpaHuuei. Ha ato Bnepsbie B yerkoil dropme ykasan Knouman.’ 708 {Lc) 068
Monenb ®uiuepa opMansHo npeanoxeHa anA Gukpucranna. OaHako Zn (rn) ... 20 ‘ 598 1:%2 & 3 g';]’
8.NpUHUMNE €6 MOXHO NPUMEHATb M ANA ONUCAHWUA anchdysun B noNUKpuc- Sn. . .vu.....5n /39,9 '95.3 0,42
vanne npu OBWW, YTO NOTOKM OT COCEAHUX 3€peH He NEPeKPLIBAOTCA, Cu {ra.k) ....Co 92,0 230,7 0,40
1.e. ro >/Dt, rae ro — cpeanwii paauyc 3epHa. Cu {ru.x) ....Cd 485 138,4 0,35
Ebinv TIPEANCXKeHbI U APYrMe MOAENW, Hanpumep, MOAeNb NOAMKPUCTAA- Cu (ru.x) ... -ﬁ" 102,4 ;33'6 8'22
fla, COCTOAWEro M3 MNOTHOYNAaKoBAHHLIX LIPOB-3ePeH, 3aBepHYThIX ' B’ Co {rux) ....Fe 1308 3. '
" v - fe., {ru.x)....Co 1379 303,0 0,46
chonbry’’ rpaHuu (B.F.Boxw*reuu, W.A.Maruacon, W.J1.Ceetnos). lpa- Ni (ra.x) ... .Co 1338 2705 0,49
Huubt o6pa3yloT 8 3TOW MoAenu cnnolunyp cetky. AuddyHanpyouee se- Fey lou.k) .. .Co 196,56 263,3 0,74
WeCTBO PAacnpensiAeTcA MeXAy asyma  Qiazamu {rpannuer w ob6vemom) Fay fou.k) .. .Ni 181,0 268,7 0,70
8 COOTBETCTBMM C PaBHOBECHbIMU (C'/C=K) # KnHETH4YECKUMY (D' » D) Mo (oa.x). .. W 219 ansg 0,68
W loux).....Th 376,2 501,6 0,75
xapaKTepuctuKamu 3tux ¢as. [inA KpynHeiX 3eped MOAENb wapos Aaet
pe3ynbrar, 6am3Kkuit K (DUIWEPOBCKON IKCNOHEHTE; OAHAKO ANA Mansix Npumeuatnune: Ag Ni, Fe,, Co, Pb, Cu umeioT ru.k. pewerky; Cr Fe,,
seper ¥ (unu) OGonblwux BpemMeH avddyaun pesynsTaThl CYULECTBEHHO Mo, W o.u.Kk. pewerxy; Cd, Zn r.n. peiueTky, Sn TerparoHantHylo pewerky.

pasnuuMbl. 3Ta Moaests Gubina npumetieHa AnA pacueTa napamerpos And-
¢dysum no rpaxuuam 6n0KOB. Brnnakve naen Boinu ncnonbsosaHsl flesu-
HeiM ¥ Mak—Kannymom u Hepasxo B.B. Criesosbim u coastopamn [77]
ana onucaHnA awddysuu B NORMKpUCTanne, COAEPKALLEM 3EPHA Cnyvait-

TpeasKcnoHeHUNaNbHbIE MHOXUTENN D'y norpannuHoit camoaungbysum
HEKOTOPbIX METannos npu 8§ =5-10"% cm npuseaeHs! HNxKe:

- ; 'T paTy % D' . 3
1ot hopmbl W pasMepa. ":::;,m,'g:;' or om'fe
: Ag (ru.K) .. ov oo oo 350600 0,03
3. AUOOY3NA NO FPAHULLAM 3EPEH B NOMUKPUCTANNAX .Y R I 200490 0,002
.Y P 340420 086
Otomy BOMpoCY MOCBALIEHO HECKONbKO o63opos [35, 68], nosromy Au {FlLKD - oo e e o 367444 0,006
OFPaHUMMMCA KPETKWM NEPEYUCIBHMeM OCHOBHBIX DE3YIIbTATOB. ' Fo, {rak). ....o.. 918—-1014 2
1. YckopenHan (no cpaBHeHuto ¢ o6bvemuoi) auddysna no rpaHuuam ;77(;_;1'.(‘) """"" 3;::‘6;9 :)'(5)7
3epeH COXPaHRETCA 40 BLICOKMX, NPEANNABMNLHLIX TeMnepatyp. ABTOpaano- N 8e0—~1100 0.01
rpaduyecKue WCCNeAoBaHWA NOKa3anu, YTO NpU U3y4eHUU camoandihy3un Pb (ru.K) .........200-260 16
xenesa no KpaiiHeit mepe 4o 1200 °C, a 8 cnyuae camoaudipy3un HuKenA Feg oK) . .ovne ' 580650 13
po 1370°C (0,95 T,,) HabnionaeTcR NpevMyLieCTBEHHAR avdysva no Foq 501682 0,22 s
, : Ufouk)..ooveeeee — 300—-2-10
rpaHuuam 3epeH [102]. . W lowk.) _ 330
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[image: image49.png]Bonee noapobHbie CBEAGHMA MOXHO HaATH B ped_)épa'manomf; »ypHane
Diffusion and Defects Data”.

3. CpaBHuBaR 3HaYeHMA D' co axaveHnAMn KoahdpnuMeHTOB OGBEMHONM
antdyaun, Mbl NPUXOAWM K BbIBOAY, YTO OTHOLIEHWE D'/D~10°-10°
(npu 8§ =5-10"8 cm) 1 C POCTOM TemnepaTypbl OHO YMeHbLUAETCA.

4. DHepPrvuA aKTMBAUWN NOrpaHnvHOR Andihy3un 3aMeTHO MeHblue 3Hep-
rum axKtuBauwm obbemuol andidysun. OTHOWeHwe E'/E wonebnercA anA
paanuuHeix Bewects B npeaenax 0,36-0,7, ApuYem AnA MeTannos ‘¢ r.u.K.
pewieTKoi# OHO Heckonbko Hwke (0,35—0,55), wem ¢ o.u.k. peLueTKoit
(0,65—0,7).. 310 oTHOweHwWe cnerka BO3pacTaer C noBblweHneM Temne-
PaTypb! pacreopuTens.

5. Mpu oGcyXAaeHUU YUCNEHHOFO 3HaYeHWA D'y cnegyer wumeTb B BuAY
ABEe TPYAHOCTW. Bo-nepsbiX, CPaBHUTENHLHO Y3KWA TemMnepaTypHbiii UHTEp-
Ban N3MepeHun D' npueoauT K Gonblwoi owmbike B  U3MepeHUU D'y, noa
TOMY MHOFME 3Ha4eHWA He ABRAIOTCA AOCTOBepHbIMU. [INA HaAeXHLIX pac-
-4eTOB WHTEPBaN n3MepeHWl cocTapiAeT O6bIMHO (0,5~0,7) Thn B cOOT-
. SeTCTBUN C KPUTEPMAMU NPUMEHUMOCTH pac4yeTos no duwepy. ,
Bo-BTOpLIX, M3 IKCMEPUMEHTa Mbi NOMyYaeM Nulib NpowaseaeHue 80’ C s
W, CNEAOBaTENbHO, MpousseaeHve GD'o, A3 W TO B NPEANONOXeHWH, YTO
He 3aBMCMT OT TemnepaTypbl. YucnedHoe 3HaueHue
LiUPMHBI FPaHMULl ABARETCA napameTpom Teopun. OHo KoneGnetcA oT
05 nm (mopens Ouwepa, Kpuctannorpacgmuueckue mMoaenu CTPYKTYpbl
rpavny, 3epeH} no 10~* (momenb lepupukeHa u [lexTApA, COrnacHo Ko-
Topot npu T=T,. D' =D; wmopenun HepaBHoBecHoi cerperauwu). Ecnu
npuHATL 8 = 0,5 HM, TO B GONbWMHCTBE Cny4aes (3a uckntoueHnem ypaHa)
aHauenun D, HaxoamTcA B wutepsane 1072 — 1 cm?/c, xapaktepHom anA
o6bemHOl anddbyaun NO - BaKaHCUOHHOMY MexaHuamy. [ledcTeutensHo,
COFNBCHO TEOPUM NEPEXOAHOro COCTORHUA ANA 06BemMHON andibyaun {781

WHPUHE  FPaHUILbI

Cd (r.n) .

Zn. . .0 e
MpunmeusHune: Ag Au, Fe,', Ni, Pb umetor r.i.k. peuerky; Fe,, U, W
o.u.k. pewetky; Cd, Zn r.n. pewerxy. i

..

" Do = fyA%v exp (S*/R),

rae daxTop KoppenAuun f U reoMeTpUMeckuii MHOXNTENb Y UMEIOT 3Have-
HUA MOPRAKA BAMMMULI, KBAAPaT AnuHbl ckauka A? ~107'% em?, uactora
KoneGawmii ‘v~ 10'2~10'3 ¢
R=28,32 Ox-monb~! K*! rasosan noctoanuan;' D'y MOXET U3MEHUTLCR ,
scnenctBue uameHenun S* (apyram creneHb pasynopAAOYEHHOCTH Nepexoa-
HOTO COCTORHWA B rpaHuue, Yem B o6beme) u f #f, 0QHAKO, ABTL Cy-
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. 50110 o .+ WeCTBEHHOro Bbixoaa.3a Npepenti uHTepsana {1—10"3) cm?/c Ges wIm
o , 3 uame-

-2g<1>—$gg g.gg _ ;. -HeHMR MeXaHW3Ma Andipy3uM HeT OCHOBaHMIA. : *

- 51128 oo w5 W3 u3nOXeHHOro ACHO, CKONb BaxHO 6biN0 6bl 3HaTL WMPHHY rpaHu-

bl 3epHa B moaenn Guuiepa u 8 pacueTax no duwepy. '

4, AMOOYIUOHHAR LIUPUHA FPAHULDI 3EPHA

» UlupuHa rpaHuL) 3epHa Kak oGnacti, B Koropoﬁ yucneHHoe 3Havyexue
- ONPEAENAEGMOro CBOWCTBA OTAWYHO OT ero 3HaueHuA B oGbeme, pasnuuHa
AnA  pasneix cBoicTe. Tak, KpucTannorpagmyeckan wWupuHa rpaHuubl,
T T.e. WupuHa oﬁnqcm, B KOTOPOW OCYLLeCTBNIAETCA Mepexof OT yvacTka
PeleTKkK ¢ OAHON OPMEHTMPOBKON K YYacTKy ¢ Apyroi (OoT oaHoro 3ep- .
WA K APYroMy) , COCTEBNRET HECKOMLKO MEKaTOMHLIX PacCTORHWI ¥ Gnus-
Ka K 3HaveHwio 0,5 HM, npuHATOMy ®uwepom. Ecnu e npuHATs 3a Lwmpn-
My rpaHuubi pasmep o6nactv HepaBHOBECHO! cerperauuu, TO OHa BO3-
PacTaeT A0 MUKPOHE W AaXKe AECATKOB MUKDOH. '
ﬂucbdaysuoanan WHPUHA rpaHuLbl 3epHa — 3TO NUHElHLIA pasmep 06-
. nacTy, B8 KOTOpOK HabGhNioaaeTCA nNpeuMyuiecTBEHHOE, YCKOpeHHoe (no
" CPaBHeHui0 ¢ 06beMOM) NpOHWKHOBeHWe BewlecTsa. Moapo6Hoe M3yveHue
- AnhhySMOHHOA WHPHHLI TPaHUUbl GO NPOBEAGHO METOAOM 3NeKTPOH-
HO-MUKpOCKONUYecKod asTopaguorpacwmm [74]. Beino, B YacTHOCTH, Noka-
" 38HO, 4TO Npu camoanthdysun B Hukene AudhY3MOHHAR WWPHHA rpaHuL
aspeH cocraenner 4—5 mkm (puc. 23), He 3aBUCUT OT TemnepaTypsl U cna-
1, ' 00 38BMCUT OT PECCTOAHWA OT NoBepxHOCTW o6pasua. MoayepkHem Takoke
. MeOAHOPOZHbIN  xapaKTep pacnpeseneHun AndibYHAUPYIOWIErO BewlecTBa
8 OKPEeCTHOCTH TpaHWusl, rae oHO OBpasyer- Knactepbl. AHanNOruuYHLle Bbl-
aoau' (o wupuHe rpaHuubl. u oﬁpgsosauuu KnacrepoB) Gbinu caenaHsbl Rpu

(214) At

W sHTponun axTveaumu S* =~ (1-3)R;

Puc. 23. Quddysnonnan wupuna r - | ‘ s -
paHuuLl sepHa (ca
* 3NEKTPOHHOMUKPOCKONUueCKeR aampanuorpezuma,(xwwwm ® wakens, 1000°C,
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Ha rpaHuMuax 3epeH HWKENA W BaHAAWA, MONYYEHHbIX OAHUM W3 aBTopoB
3TOW KHWUrK. Pa3nuuHbie SNeMeHTbl NO-pasHOMY BAMAIOT HA ancdysnoHHye
WKUPHHY: ONOBO, CBUHEW, KaAMUW, BUCMYT YBENUMMBAIOT ee B Hukene (po
8-10 MKM), BO3pacTaer HeOAHOPOAHOCTb anchdby3sMOHHON NPOHWLLaeMOCTH
norpaHnuHoi obnactu. Bonwthpam, HanpoTvs, yMeHbluaeT ee 0 3—4 MKM ¢
aenaet 6onee OAHOPOAHOM.

3ameTuM, 4TO 6OMbLWAA WHPUHE O6NAcTH NPevMyLIeCTBEHHOTO NPOHUK-
HoBeHWA Belectsa npu Avdipysun no rpaHuuam OTHIOAL He npeanonaraey
6ONbIWION WMPUHBI CAMOW FPaHUUbl, a8 MOXET 6biTb NPOCTO CNEACTBUEM
" andby3uoHHOro oTcoca’’ BellecTsa ¢ rpaHuubl B 06beM, B COOTBETCTBUM
¢ Moaenbio ®uwepa. JeicteutenpHo, rayéuna o6bvemHoit guddysun umeer
anavenme nopaaka (Df) V2. Ecam npuwAte E~34T,, Do=~1 cm/c,
T=~0,6T,,ut ~ 100 4, To (Dt) V2 ~3 mrm. ‘ '

Taxum obpasom, B npouecce norpannyHoi anddysun MOXHO obHapy-
#uTb avdxbyHavpylouiee BeleCTBO B AOCTATOUHO wupoKoit obnactu B8 OK-
PecTHOCTH rpaHMubl 3epHa, HO cama no ce6e wvpuHa 370N O6GNacTn Hu-
4ero He rOBOPUT O €@ MPOUCXOXKAEHUW, B YaCTHOCTH, He MOXET CAYXUTb
KpUTEpUEM CTIPaBsefsiuBocTH MOAENU "oTcoca’’, OCYWeCTBAREMOrO CO CKO-
pocTbio o6bemHol andiyaun.

MoaTsepxaeHMeM moaenn Ouiepa 60 6bl BbinonHenue 3axkoHa C =
= ¢’ erfc (x/24/Dt) nnA pacnpeneneHnA KOHUEHTPauuu acbyHapylouiero
gewecTsa no HopMmann K rpaHuue. Oanako 3TO He BCEraa Tak. B pabote
[74] 6bina unsyuewa camoanddysua HUKENA MO rPaHWLaM Npu 1000 °C
(0,747}, nonyueHHLIX METOAOM $1eKTPOHHO-MUKPOCKONWUYECKOH aBTo-
papuorpadmun. Craructuveckan 06paboTKa AaHHBIX NOKasana, 4YTo 4YUCNo
3acBeqeHHbIX 3epeH (HOTOIMYNbCUM, NPONOPUKOHANbHOE duchy npoavd-
tyHaupoBaBLUINX aTOMOB 63N, y6biBano no HOpManu K rpaHuue no 3a-
KoMy exp (—ax) ¢ a~0,4-0,5 MM,

B pabote [79] 6bin npeanoxex ApYroVi MexaHm3m yxoaa BellecTsa
C rpaHuubl, CBA38HHbIA C BO3MOXHOCTLIO BOSHWKHOBEHUR NpU anddysun
npumecH B NPUrpaHUYHON 30He AMCNOKaUWi, KOTOpble TPAHCNOPTUPYIOT
atombl nipumecy. MoABReHUe AVCNOKaUWA B npurpaHnvHoi 3oHé Habnioaa-
M U 06CYXKANKM MHOMVE 3KCMEepUMEeHTaTopPb!. '

B NpeanoXeHHO MOAenn rpaHWUa 3epHa paccMaTpuBaercA KaK ¢a3a
CO CBOVMM TEPMOAMHAMMMECKVMMW  CBOWCTBaMM, OTAENEHHaR OF o6vema
"CTEHKON" — MOBEPXHOCTLIO, HA KOTOPON CKaYKOM MEHRETCA MOABWKHOCTL
aTOMOB KaK npumecw, TaKk u pacteopuTenn. Pacnpeaenenue npumecu
Mexay rpaHuueii u 06beMOM He ABAAETCA TEPMOAUHAMUNECKU pasHosec-
Hbtm. W3-3a GoNbLION Pa3HULL! MOABWKHOCTER NpuUmech He ycnesaeT yxo-
AWTb C rpaHnubl B o6vem. B pesynbTaTe Ha "creHKy' pedcTBYeT AaBReHwe,
aHaNOrwyHOe OCMOTMYECKOMY AasneHwio B pacteope. OHO 3aBuUCHT OT pact-
sopumocT B obbveme U Ha rpaHuue, COOTHOLWEHNA «oatpuuveHToB Aud-
dy3uu, BpemMeHU W CTPEMUTCR K HYNIO, ecnu Ko3hpMUMeHT pacnpeaeneHuA
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- HepaBHoBEeCHOro COCTOAHMA, . nocne necbopmauml -3

npUmMecH Mexay 3epH
OM ¥ rpaHuuen
3HaYeHUIO. panue
Npocruie ouenkin nos
NOKa3sbLIBAlOT, 4TO gaxwe n

or ob0 , ; PU HebonbwKux oTKn ‘
o :)aner:::i?:r;epacnpeneneuma {nopaaka 1%) apaenenue Mome'lo‘H::::ux
ranackanei. JToro pgocrar i

. O4YHO, 4TOBLI y *“ ’’
rame ae , Yy "“cTeHkun’”’ Bos-
ke 06:::::?“:” M OHW _paaGeranucs BHYTPb KpuCTanna; COOTBeTCTB::-
nepeMema.ow;x ‘; neraoLeil K Tpahuue, co3naeTcA noBbIeHHaR nNoTHOCTL
P emeOLL "MAMCIIOKGI.LMM.‘ MNpu atom BosmoxHbi asa BapuaHTa. B
oo :m €CH C rpaHuLibl 6yaeT No-NpexHEMY ONMKUCHLIBATLCA y;;aa-
Ko Komaycm, HO ¢ 3dheKTUBHBIM Ko uumeHTom, Kak B Moaenu

, Hek '

Syl "“gno B&ADSTV’I:OHOB CMeuleHne - ecTb CyMma cMelleHws B
oy o 4 o PYeHHOM™ oGbemax. B atom BapuanTe BaxHa nnor-
o ucne aumi, HO He UX ABIDKEHMe. Bo BTOopoM — aswmxywmecn guc
PEHOCAT ¢ coGoii aTomul npumecu. B Npepene, ecnu koadhu

ICT peMuTcA K PaBHoBecHOMYy

© -UMEHT norpaHuyHON au
anddysnn oveHs Benux (D'/,-L >v; L —rny6buxa andg-

hY3UOHHOrD NPOHWUKHOBEHWA no rpaHuye;
U AMCNOKauMM He TOPMOS3ARTCA co apemeHeIM
NpoHnKHOBeHUA ~vt. Ecnu BeIGpaTs 'mnmm’o
3yvecTn 3Hauewme v= 10719 — 108"
y3auoHHaA wupuHa rpaHuub) cocTas!
Ka; ¥ npu “anddyanoHHom otcoce”.
ce _M3Nox
e mcne::::: :pT::::Tcn K nud)_d)ysuounqﬁ wupuHe rpannus). flo
v ocrearo BpeMe U BOMPOC O YMCNEHHOM 3HaueHMM & B mogenu
—— mKawB:: ToiM. OaHaKo nocnegHue 3KcnepumenTsl [80],
5y auwmon B,e e T, 4TO Npu pacyere NO ToyHOMY pelueHwmo [72]
POATHO, peaynutar 3T0T Gyper NPOBEPATLCA, OAHAKO, He

1

V — CKOPOCTb AMCNOKauwN),
LIMPUHE 30MHbI YCKOPEHHOro
e anA auddy3noHHON nosn-
cm/c n npuHATs t ~ 100 v, To Auch-
UT OT fOneit A0 AECATKOB MUKPOH,

5. AMOOY3IUA B ABUXYILUXCH IP,
AHULLAX
M MHRAYUUPOBAHHOE AN®OY3INEN ABLHI")AKEHHE FPAHUY

Ckopocrs
3epe?: i Kr:;c::l.::ﬁz A:::d)ysnu, B TQM uncne aumdidyaun no rpavuuam
e ommalr xommemcg B HEpaBHOBECHOM COCTORHWM, MOXeT
He oo o npm:::”:ra;:koaou ANA pasHOBeCHOro Kpucranna [68].
MoRIBEY s e ogg»émom OT BpeMeHW Kko3duumeHTa cu-
by wikens B HUKene, OTONOKeHHOM npu 1000 °C
(o st [6,8]a :;aro«e AehOPMUPOBAHHOM U HEOTONOKEHHOM
yae HMe 3aBUCUT OT BpeM;HM oa:;c'l(m:uirgnx:ogmbdwsuu ® nepaoM cIY:
, biTb, @ BO BTOPOM — gns
A - aBUCUT U MeHAeTCA
omane n;M q:gp::;::;n BHauane aoapacraerv, a8 3arem napaer. O6vAcHAeT-
ne mo e cnomuu:nwo ¢ Audbysmeli 8 aedopMuposaHHOM MeTan-
o 0T cn fpoueccsl pexpucTannusauMm M pocta 3eped
PEMeLLIBHNEM rpaHuy 3epeH, BO3HUKHOBEHMEM U ucueauo:
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