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CapunkuiaE.M., BypxanmosnTI, C. Pexkmemeranisl # cuiaeel, Ou-
.M., X
SHKO.xHMHYeCKMil ananm3 B meTamrrosenenue. M.: Hayka, 1980,

B moHorpadum TPUBOAATCHA CBEfIeHAsA O KPHCTATMIMTECKOH CTPYKTYpe, 0co-
GeHHOCTAX MEKATOMHOI cBA3M M (UBHUECKHX CBOMCTBAX PeKUX MeTapiaos. Pac-
CMaTpUBAIOTCA OCOGGHHOCTH B3AMMOJEHCTBHA DPEJKUX METAJUIOB IO IpyINaM
IepuouuecKoil CECTeMsl (fBOJiHEE, TPOIiHEe M MHOrOKOMIOHOHTHHE JHATPAMMbL
© COCTOSHEA), BONPOCH COSJAHMA M NPHMEHEHHS CINIABOB Fa OCHOBE PEJIKUX Me-
taiioB. I[PHBORATCH OCHOBHLE IIOJOMCHAS M SaKOHOMEDPHOCTH QU3HKO-XHMIYe-
CKOT0 aHAJM3a, PASBUTHE €T0 METOJOB, 0COGEHHOCTH SKCIIEPIMEHTANbHOI TeXHUKY,
HeoOXoMuUMOit [Jist WCCIeOBAHHA DEJKHX METAIIOB X cIMABOB. PaccmaTpm-
BaeTcsa IpEMeHeHue (MBHKO-XMMHIECKOTO aHAaIM3a K DPelIeHHI0 MeTajljioBejlue-
cKEX 3ajjatli BHGOD ONTHMAILHOTO COCTAaBa CINIABOB, Pa3paboTKa PeMMOB Iac-
THuecKoi fedopmaruu m TepMudeckoii oGpaGorku. IIpuBojsTCsT peayabTaTh aHA-
Jn3a OTHeIHHBIX CHCTEM DPEJKHX MeTaJIoB Ha MOHOKDHCTAJIMIECKOM YpPOBHE,
OTMeueHE OCHOBHHEE TEHJGHIMM ¥ 3a[aYd B PASBUTHN (U3MKOXUMUM M METaJlIo-
BelleHnA pejkux Meraunos. MoEorpagus MoKeT OHTb IOIesHa HayYIHHM COTPYA-
HAKaM, 3aHAMAIOMAMCS WCCIENOBAHMEM M paspaboTHOl CINIABOB PEfKUX MeTal-
108 B QU3MKO-XUMHYECKOM aCIEKTe, a TaKKe pafoTHHKAM DPOMHIILIEHHEOCTH, HH-
TepecyII¥MCA BOLNPOCAMN ILPOMBBOMCTBA ¥ NPHUMeHEHHA DelKUX METAIIOB &
CIIABOB. .
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HPEINCJIOBUE

Hammcars a1y KHHIY aBTOpOB HOGYIMIN [Ba O0GCTOATENLCTBA:
BCe BO3pacTalOIIasd POJb PEJKHX METaJIOB M CIJIABOB B HAYYHO-TEX-
HUYECKOM IIPOIrpecce U OTCYTCTBHE JUTEPATYDHI, M3jaralomei B usm-
KO-XMMUIeCKOM aCIeKTe BOLIDPOCH MCCIENOBAHMS K Pa3paboTKY CINIaBOB
PCIKAX METAaJJIOB, TeXHOJOTHM HX NONYyIeHHA M IHpuMenenus. Memxay
TeM, KaK II0Kasaja HPAKTWKa, TAKOM IOAX0X K IpoGieMe pemgruX
METAJIOB M CILIABOB OKasalacA HamGojee IUIOHOTBODHEIM. llosromy
COCTaBJI€HUE IJIAHA KHATH, NMOA0OP MaTepualda ¥ ero MCTONKOBANHE
OCYIIECTBJIEHN aBTOPAMU ¢ (PUBHKO-XUMHUYECKUX IIO3HIHI.

B kuure m3i05KeHH OCHOBHBIC IPAHIMIE I 33KOHOMEDHOCTH (PH3H-
KO-XHMHUIECKOro ananmsa, chopmynmponanuue H. C. Kypmakosum u
pasBuTHE ero IKoJoi. PaccMoTpensl Teopermueckme m bECmepEMeH-
TAJTbHbIE METOAB (M3WKO-XMMIYECKOI0 aHAJM33, HX PasBHTHE HA CO-
BPEMEHHOM JTalle.

YuuTHBasA PUIMKO-XUMHUECKYI0 HANPABIEHHOCTh JAHHOH MOHOIpa-
$un, sHaunTeTHHOE BHAMAHUE B HEil y/eTeHO BOIPOCAM B3aMMOAEHCT-
BHS POJIKUX METaJIOB APYT € APYTOM, C APYTEMH BIEMEHTAMH IepHo-
AUIeCKOH CHCTEMEl (METAIaMi ¥ HeMeTaJIaMu), B3AHMOCBABU CTPYK-
TYPHl ¥ CBOMCTB B COOTBETCTBUH C IIOJOKEHHEM PeTKHX METAJIOB B
uepuoyumyeckoi cucreme. [lpusonarcsa gannsie o cTpykType m cBoiicT-
BaX CIJaBOB Ha OCHOBE PEKHX M TYTOMIABKAX METAJIOB, HMEIOIIUX
SHAYNTeNbHOe TeXHWYeCKoe mpuMenenne. llokasama nmomoTBOpHOCTE
pusuro-xuMmIecKoro moxxoONa RiaA Hay4HOrO 000CHOBaHMA M BHOOpA
ONTHMaNBHEIX TEXHOJOIHYECKUX IIPOLECCOB HOJNYIeHHS M 0GpaGoTKH
M3Menuii U3’ PENKUX METAJJIOB M CILIABOB.

ABTOpHL ¢ GIarOZapHOCTHIO TPHMYT 3aMEYAHUS THTATOIOH IO CO-
ACpPiKanmio faHHOH MOHOTPAUH M LOCTAPAIOTCA WX Y4eCTh B MOCIEAYI0-
Ieit paGore. ,

3a momomp mpm odopmennn pyxomucy aBTopsl Gaarogapar M. U.
Beaogoponosy n 1. B. Baacosy.
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[losiBeHEEe HOBHIX OTpaciedl TeXHHKH — ATOMHOH, 9JeKTPOHHOI,
pAKeTHO-KOCMITYeCKON — BEBATAET MuOTOOOpasubie M HEIPEPHIBHO
Bo3pacTAlomue TpeGoBaHMA K HEOPTAHNIECKEM MATepualaM, B TOM
quene MeTajymuecknM. Yacro pemrenme 3a7ad, CBA3AHHLIX C ITUMU TPe-
GoBAHMAMH, JOCTHTAETCS IPEMEHEHHEeM DeJKUX METALIOB, MX CIIaBOB
1 coeunennit. TpeGoBaHus COBPeMEHHON TeXHUKH M BRI3BAIN K JRUSHN
OSBJIEHIe HOBOH OTPACIU — IPOMHIIIEHHOCTH PEAKNX METaJLIOB, &
raKye COOTBETCTBYIOIIET0 HATpPABJICHHA HAYKH — QUMKOXHMUM U
MeTAJIJIOBETIeHHAA PEeJIKAX MeTaJI0OB U CILIABOB, B OCHOBE KOTOPOI'O
JeskaT paspaboTKAa TEOPeTHULCKHX OCHOB CO3JamMA HOBHIX MarTepma-
JOB 1A OCHOBE PEJIKAX METAJJIOB C 33[aHHHIM KOMIIIEKCOM PU3HICCKAX
CBOMCTB, METOOB UX HONYyYeHHA H 00paGoTKM, a TaKKe MBHICKaHue
o6nacTeil TPOMBIIITIEHHOTO HCIIOIb30BAHMSA. .-

Kak IOKA3LBaeT OIKT, B KOMIJIEKCE METOJIOB, MCHOJNBL3YEMBIX ME-
Taja0BeeHTEM, BeIyIee MecTo 3aHUMaeT dusMKO-XxUMIUCCKHH aHa-
M3 MeTaJIMgecKUX CHCTeM, T. €. CHCTEMAaTHIeCKOe MCCIIe[0Banue
¢U3MUECKUX CBOHCTB CINABOB B BABHCUMOCTH OT M3MEHCHUA X
xEMuIeckoro u $asoBoro cocrasa.

DH3MKO-XMMATECKHH AHATA3 KAK HAYIHO® HALpaBJenue cHOpMu-
popajicst B Hadate XX B. Ero ocuopomoioskuuk akagemux IH. C. Hyp-
HakoB mumcai: «CoBMecTHOH HempepsBHOE paboToil Teopum U JKCHE-
pUMeHTa Ha HANIAX IVa3aX PACKPHIBAETCA HOBAA MOTPAHMTHAM o6aacTs
XIMATIECKOTO 3HAHMUA, KOTOPAsA HMEET IeNbio OIpejieleHne XUMUIeCKon
OPEPONEL OfIHO- ¥ NOJTMKOMIOHEHTHBIX CHCTEM HA OCHOBAHUH W3YICHUA
COOTHOIIOHUI MEKIY COCTABOM ¥ (YHBHKO-XMMHYECKUMU CBOMCTBAMH.
Aty 06IacTh MOKHO Ha3BaTh (USMKO-XUMUYECKHM aHAIH3OM. Asaa-
fich 110 CYIHOCTY CBOel 3a/laYM OJHOM M3 IJIaB TeopeTHIecKOd XuMHUM,
Pu3HKO-XMMAYECKAH aHANHA3 NMEeT fecanciIeHHbIE TPUIOKEHNA B MO~
FPAHUIHHX HayKaxX ¥ TeXHHKE).

Hajmo oTMeTATh, UTO, HCIONB3YA [a;ke CPABHUTENHHO MPOCTHIE ¢n-
3WYeCKEe M3MEPEHUA W OMHPAsch Ha (GYHIAMEHTATbHEIE 3AKOHE! TEPMO-
MEHAMAKY, (U3HKO-XMMIIECKHH aHAIU3 IO3BOJMI CRENATH ray6boxune
BHIBONIH 7 0606mennus. JlocTaToyHo CKasaTh O IPAPOAE TBEPIRIX PacT-
BOPOB M XMMHYECKHX COEIMHEeHHI.

HauGoasmuit BRI B IPECTABIEHNA 0 IPUPORE METAIIHIOCKHUX das
1 yclIoBHAX MX oGpasoBaHmsA BHECIH B HaIled cTpane H. C. Kypraxos,
C.” ®. jKemuysxmwit, H. WU. Cremamos, T. I Vpaszos, C. A. Ho-
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romer, B. f. Amocos, A. B. Hmxomaes, U. B. Tananaes,
H. B. Arees, C.T. KonoGeesckmii, A. A. Bousap, 1. M. Kopumnosn
E 7[p., W3 WHOCTPAaHHHX  ydeHHX — B. 10M-Posepu, H. Morr,
0. Ky6amescxuii, K. 'mneiinuep, A. Jlapkes, P. T'yppu, I1. Bex, ®@. Jla-
Bec, B. Hosoruei@ u pp.

Cuna (UBMKO-XMMHYECKOIO aHAIN3a B €r0 KJIACCHIeCKod ¢opme
COCTOMT B TOM, UTO TOJy4aeMbie IIOCPeJICTBOM €ro BHIBOJHI, OCHOBAH-
HEe HA JAaHHHIX ONLITA M MaTeMaTHYeCcKOM aHAJH3e, He 3aBMCAT HM OT
KAKNX THIOTeTMYECKHX IpeJCTaBIeHmit o cTpoenmn Bemectsa. ITyTem
FeoMeTPHIECKOTO aHAJIM3A XHMUIECKAX AUArPaMM MOKHO TOJBKO YyCTa-
HOBHATH, KaKWe IpeBpallleHus MPOTEKAaoT B TaHHOH cHCTeMe, HO Heldb-
3f OTBETHTH HA BOIPOC, KAK H IOYeMy OHH IpoTekawor. Opmako Ha
COBpeMEHHOH CTaiud PpasBUTHA (GUBMKO-XMMHUIECKOTO aHaIU3a ero
pesyJIbTaThl BCe Yallle CBABHBAIOTCH ¢ NAHHHIMU TEOPETHIeCKOH $usuKE
1 XUMHU, HCIOJB3yeTCs HOBeilllasg SKCIePUMEHTAIbHAA TeXHHUKA, B
toM aueae 1 IBM. Xapaktep (Qu3HKO-XMMHYECKOTO B3AHMOJENCTBUSA
KOMIIOHEHTOB AHAIM3UPYETCH Ha OCHOBe JJIEKTPOHHOTO CTPOEHNs CBO-
GOJHLIX ATOMOB, a TaK/Ke SITeKTPOHHOTO CTPOEHHA TBEp/Oro Texa
(sonst Bpumnmosna, mosepxuoctn Mepmm m T. 1.). G mOMOmIBIO DTHX
IpeJCTABIEHUN yiike [eNaloTcs MOTBITKH IPOrHO3a H pactera $usn-
qecKHX cBOMCTB oTAenbHHX (as. CrA3b GUIMKO-XMMUIECKOIO aHAAU3A
€O CTATHCTHIECKOI (U3MKOI, DIEKTPOHHON Teopueil MeTallJioB M KBaH-
TOBOIl XWMHe#l MO3BOJNAET B M3BECTHOH Mepe He TOJIBKO OOBACHUTD,
HoueMy ¥ KaK IPOTEKAloT PE3UKO-XMMHYECKNE TPOIIecCHl, HO M MOTOHTU
K pacdeTy AUarpaMM COCTOSHUA, IPOTHO3Y BOZHMKAIOMUX IpH B3awMO-
IeHCTBMU KOMIOHEHTOB (a3, peaKIHil, KOTOPHIe BOSHUKAIOT MeKTy HAMM,
K pacueTy ¢mamuecKux cBoiicTs. Bce 5To 3HAUMTEIBHO COKPAIIAET 005-
eM HKCIepPHMeHTAJbHON DPaGOTH 10 IOCTPOEHHMIO AMATPaMM COCTOSHUA
¥ CO3TAHMIO HA HTOH OCHOBE HOBHIX CIIABOB ¢ 33/[AHHBIME (QU3UICCKUMH
cBOliCcTBaMH.

PaszpaGoTka MeToJoB pacuera QUINYECKUX M XUMUYECKHX CBOHCTB
1I03BOJAET B PANE CIyYaeB HA TOJBKO T€OPETHUECKH ONpEesyHTh CBOJ-
CTBa METAJUIMIECKHX CILIABOB TOTO WJIHM HMHOTO COCTaBa, HO M NMOHATH
IPUPOAY MPOUCXOMAIIMX IPOIIECCOB, TAK KAK pacyer CTPOHMTCHA Ha OIpe-
nenennoit ¢usmueckoil Mopmexan. IIpmmepom MOTyT CIYKHTR Ipen-
CTaBIeHHA O 30HHOM CTPYKTYype DHePTeTHYeCcKOro CIOKTPA 3IEKTPO-
uos, mopepxuoctn Qepmu. PazpaloTka u npuMeHenne MeToJa ICEBO-
TOTeHIMAA0B K pacyeTy JJIeKTPHMUECKHX ¥ YUPYIAX XapAKTePHCTHK
RIS WENTOYHHIX U TOJMBANEHTHHX MeTajjloB pas3BWiM Hajbllie
NpeicTaBIeHHA 006 DIeKTPOHHONH CTPYKType (9KpaHupymoomee ei-
CTBMe BHYTPEHHUX JJIEKTPOHOB, pa3fejieHue HJIEKTPOHOB HA BHYTDEH-
HMe ¥ BaJIeHTHHE, IIPEACTABIEHASA O CAMOCOTIACOBAHHOM IOJIe U Cpefl-
YeM TIoTeHI(uaJje IP! JIeKTPOH-dIeKTPOHHOM B3aHMOJeHCTBUN).

Hayka o MeTajiiax M cIilaBaX BIHTHIBaeT B cefsA Bce JOCTUIKEHUSA
€CTeCTBeHHEIX (YHIAMEHTAIbHHX HAayYK, B NEepPBYI0 odYepenb (uanuku
1 xumun. MoKHO CKasaTh, YTO MeTalIoBelenue WM GUIAKOXUMHA

METaJIJI0B — 3TO CHHTE3 (i)I/ISHKH METAJJIOB M XHMUHN METAJNIHYECKUX
CO1aBoB.
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OcHoOBHHE HpPHHIAON ¥ ‘3aKOHOMEDHOCTH (HU3HKO-XUMIIECKOTO
aHANM3a B PaBHOW CTEHEHN CIpPaBefIMBLI Kak AJsl HEOPTaHHIeCKHUX,
Ta® W JJAf OpPraiWIecKUX BemecTB. : :

B macroameit monorpaduu aBTOpHl UHTAMNCE B (QU3AKO-XUMUIEC-
KOM aCIleKTe M3JI0/KHTh MATepHa 0 PeKHX MeTaliax ¥ cmiasax. Pent-
KHe MeTAJTH 0XBATHBAIOT OOINPHY [0 IPYNIY 3JTeMEHTOB IePUOJIuIeCKOH
CHCTeMBI: PACCEAHHLIE DIeMeHTH (MHIUi, TaJlIni, peHuii), peAKo3eMelb-
HBIe MeTaXasl (CKamgmii, WTTpWil, JaHTAHUM), HEpexogHble TYyTro-
nnasrue Meranrsl IVA — VIA rpynn, OIaTHHOBHE M TPAHCY paHOBHIE
MeTasrinbsl. Kaskada u3 mepeuncie HHHX TPYII MeTAIOB XapaKTe pU3yeTCHA
cennmuecKuMu (QE3AIECKHME M XMMHYECKHMH CBOUCTBaMH, HMeeT
cBon 06racT TpUMeHeHHWs B coBpeMeHHOil Texmmre. B Momorpagun
PacCMATPHBAIOTCA B OCHOBHOM PEfIKHE MeTaJlIbl, oTHocAmmecHd K IVA—
VIA rpynmaM [epuogHdecKOH CHCTeMH, PeHWil, IIATHHOBLIE M pell-
KO3eMeJbHEE MeTaLIbl, BOMBIIHHCTBO U3 IepPeYncIeHHbIX 31eMEeHTOB Xa-
PaKTepU3yeTCs TYLOIJIABKOCTHIO M BEICOKOH XUMUYECKOH AKTHBHOCTHIO.
Ha npumepe 2TuX 00eKTOB aBTOPH XOTeNM IIOKA3aTh, YTO HjeH Quan-
KO-XUMIYECKOTO aHAMM3a He ycrapend. be3 HEX HEBO3MOKeH Hay4IHO
660CHOBAHHEIM HOIX0] K BOIpOcaM paspaboTKU CILIABOB C 33/AHHLIMH
QuU3NIECKUMH CBOMCTBAMU, METOOB M DE;KUMOB HX IJIABKH, JHTHA,
ILracTHIecKoi AedopManuu, repMrieckoil o6paboTKU, OTUCTRY BeeCTB,
CHHTEe3NpPOBAHUA MOHOKDHCTAIIOB W T. [I.

Heob6xonuMo manpHeiimee yrayGienue MCCIeJOBaHME B 3TOM Ha-
IpaBieHun: u3ydenue Gas Ha COBpeMeHHOM PU3NYECKOM ypOBHeE, IPHB.IE-
wéHME JUCIOKAIMOHHLIX HpPeNCTaBIenuil, yIeT KpPUCTALIOTrpapuIecKuX
neeKTOB W OpMEHTAINI IHPH WCCAeOBAHAN JHATDAMM COCTAaB — CBOM-
CTBO HA MOHOKDHCTAIJIAX, oNpe/eleHne KOHCTAHT YHCTORITUX MeTAJLIOB,
NpHBJICYCHEEe HOBEMIINX METOJXOB aHAJIM3a COCTABA U CTPOSHNUH BELIECTR,
uemonssoanme OBM mis yupapienums DKCOEPEMEHTOM H 00paboTKH
AaHHBIX # T. 1. ’ ’

Hayuno-uccienopareasckne paGoTel B 00MaCTH PEJKHX METAJLIOB
I CIJIABOB, B TOM 9HCJe Ha MOHOKPHCTAIIAYECKOM YPOBHE, PE3KO yBe-
auunan o6beM 3HAHWH B 06JaCTH METAIJIOBEleHAA H PU3AKO-XUMHUIeC-
KOTO aHAJNM3A, CHOCOOCTBOBANY JadbHelNIeMy PAa3BHTHIO SKCHCPHMEH-
TAJILHON TEXHMKM W TeOPETHYECKHX METONOB pacdera CILIaBOB, IpU-
BIEUEHUI0 CMEJKHBIX HAYK K peIeHuIo 3a7ad PHIAKO-XUMHYECKOTO
aHaIM3a, IO3BOMWIM pa3paboTaTh PAN METALIMYECKHX MaTepHaloB
€O CBoOiicTBaMH, HEeOOXOAUMBIMA IS COBPOMEHHOHR TEXHHMKH. -

TJIABA 1

OCHOBHBIE TIOJIOKEHUA
OU3NKO-XUMUYECKOT'O AHAJIMSA

1. NIPUHIVIIBI I/IFBAHOHOMEPHOCTI/I
GU3NKO-XIIMUYECKOT'O AHAJU3A

3ajaua QUIMKO-XAMHIECKOTO aHAIH3a — HCCJAeHOBAHMe HpeBpalleHui
B XUMHICCKHX PABHOBECHBIX CHCTEMAX ¢ IIOMOIIBI0 TeOMEeTPHYECKHX
n ¢umsuyeckux MetonoB [1-—3]. Dusmko-xuMmYecKuil apajins omepH-
pyer TaKMMH IIOHATHAMM, KaK TepMOIWHAMHUYEeCKas CHCTeMa, KOMIIO-
HeHTHl, ass, TepMOIMHAMIYECKOe paBHOBecHe H T. J.

B oramume oT mpemaparuBHOTO MeTofa (MBMKO-XHMHYECKHil ama-
W3 U3y9IaeT UPUPOLY | cocTaB ofpasylomuxca B cucreme ¢as, He HpH-
feras K WX BHIJEIEHUIO ¥ aHAIN3Y; B €T0 OCHOBE JIe;KAT U3ydeHue PyHK-
IUOHAJTBHON 3aBHCHMOCTH MEKIY (U3MYECKHMHU CBOHCTBAMHU XHWMHU-
gecKoil paBHOBecHOHl cucreMBl U (akTOpaMW, OHpeNeNsOMUME €€
paBHOBECHOE COCTOSHNWE: KOHIeHTpanmei x, fasienueM P um remmepa-
typoit - I'. (Du3uKo-xMMHIECKME aHANU3, M3yUad KOJIUIeCTBEHHEIC H3-
MeHeHusT GusNvecKuX CBONCTB B (YHKIWU OT IIapaMeTPOB paBHOBeCHA
(cocraB, paBienwe, TeMieparypa), olpefeaseT KadeCTBeHHEE IIpe-
BpalleHusd, NPOTeKAlIAe B CHCTeMe (IHMCJI0, XHMUYECKYI0 HPHDORY
¥ TpaHmisl cymecTBoBanud ¢as, o0pasylomuxcA B pea3yabrare B3au-
MOJICHCTBHA. KOMIOHEHTOB NpM 3aJAHHBIX IlapaMeTpax paBHOBECHS
CHCTEMEI). :

B. fI. Anocos m C. A. Horoguu moguepKuBawT, 9T0 (HUIUKO-
XUMHYeCKMIl aHAJN3 = ABJIAETCA JUATEKTHYECKHM METONOM IIO3HA-
uuga [2]. epexon oT kKonnmYecTBEHHEIX M3MeHEHU PU3MYOCKUX CBOHACTE
K Ka4eCTBOHIHM H3MEHEHHSIM, IPOTEKAIOIMUM B CHCTEME IIPH W3MEHEeHUA
apamMeTpoB PABHOBECUHA, OCYINECTBJIACTCA C TOMOIIBI0 I'eOMeTpHYec-
KOTO aHANH3a XMMHYECKUX AUATPaMM, KOTODHEE CTPOATCA B KOODHH-
Hartax ¢aKTOp paBHOBecus — cBoiicTBo. Ilogo6HO TOMY, Kak B MaTe-
MaTHiecKOM aHalu3ze (QYHKIMOHATBHAS 3aBUCHMOCTH ABIAETCH BasK-
HeHINUM ¥ OCHOBHEIM HOHATHEM, B (H3MKO-XMUMHIECKOM aHAJIM3€ XAMU~
YecKad [MAarpaMMa COCTAB—CBOWCTBO, OTpaskaiomas (YHKIHOHATb-
HYIO . BABUCUMOCTD (PMBUYECKMX CBOHCTBO OT XHMHUIECKOTO COCTABa,
TaK;Ke ABAAETCA OCHOBHHIM moHsTHeM [3]. OmamM m3 upumepoB xumu-
HeCKHX OMarpaMM (JjmarpaMM COCTaB—CBOMCTBO) ABISETCH J@arpaMMa
COCTOAHHUSA; Y KOTOPOil CBOHCTBOM fABJAAETCA TeMmeparypa (asoBHX Hpe-
Bpamenuii.. B To ke BpeMs JuMarpaMMEl  COCTOAHHMA B- KOOPAHHATAX
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€OCTaB~—TOMIIEPATypa OTIAYAIOTCA OT ARATPAMM COCTaB— CBOMCTBO TeM,
YTO NOKA3HBAIT e YACTHOS CBOHCTBO ONpENeJeHHOH (a3, a KPUBHIE
MM IOBEePXHOCTH pasHOBecHs (a3, T. e. obxacTH MX YCTOHIEBOIO
CYIECTBOBANMSA; Hepexo[ 4Yepes IDAHMIE HTUX 00JacTell COOTBETCT-
ByeT IipeBpalenuio ofuoi asst B Apyryio [4]. B orumuume or nmarpamm
COCTaB—CBOMCTBO, B KOTODHX (U3MYECKHUiT CMBEICI HMEWT TOJBKO
TOYKM JIMEUE MM NOBEPXHOCTEH, BHPAKAIOMMX OIPENeNeHHYI0 3a-
BUCHMOCTD, B JBarpaMmax COCTOSHHSA JI00afd TOYKA AWATPAMMBI HMEeT
¢u3angecKWit CMEICA, TaK KAK OTPasKaeT OOPeIeJeHHOE COCTOAHHE
$as,, HAXOHAMUXCA B PABHOBECHH.

B saBucumocTH 0T UYHMCIa HapaMeTpPOB, ONPEHENAIONIAX COCTOAHHE
CHCTEMH, [uarpaMma COoCToAHuA u3o0paskaeTcA B IPOCTPAHCTBE J1060TO
gucara uamepenuii. Ormedas sinavenue xummuecknx guarpamy, H. C. Kyp-
HAKOB MONYEePKHUBAJ, 9TO0 ¢ MX NOABICHHOM (XHMHA LOJYYaeT MeRIY-
HAPOJHKIA TeOMeTPHYECKM HA3HK, AHAJOTWIHHIA H3EIKY XHMHYECKHX
dopmya», M «Bce Jeraim Ipollecca XMMHYECKOTO B3aHMOTEHCTBHA,
HaOpuMep HOABJIEHHE HOBHX (as U OIpefeseHHEX coefuHeRud, ob6pa-
30BaHHE KUAKUX A TBePIHX PACTBOPOB, HaXOXAT cebe TOUHOe H OIpefe-
JIeAHoe OTPayKeHNe B TOM FeéOMeTPUUECKOM KOMILIGKCO® JHHME, IOBEpX-
HOCTell ¥ TOYeK, KOTOPHH o0pasyer xmMmmuecKylo puarpammy» [1].
Ilo o6pasnomy BrIpaskenHo oxHOro u3 Oamxaimmx yyernukos H. C. Kyp-
HaroBa, mpod. H. W. Cremanosa, «xmarpamMma — Hallle OpYHHUE, ©
KOTODHIM MBI HAeM B GOfl 3a Io3HaHHe BEINECTBA, a CJIEHOBATEILHO,
3a OBJAJCHHECM BEIecTBoOM» [D].

B ocunoBe $usmKo-xMMATIECKOTO aHANM3A JEKAT ABA OOMHUX II0JIO-
JHeHUA — NPUHIHEO HeUPEePHIBHOCTH W IIPHUHIMO COOTBETCTBUA, c(Op-
myauposasunie pmepswre H. C. Hypunakosmu. B. SI. Anocos =
C. A. Ilorogur maror caegyiomue (GOPMYJIUPOBKHE STHX IIPHUHIHIOB.
Ilpunnun nenpeprBROCTA: P HeIPEePHIBHOM M3MEHEHNH IIapaMeTpoB,
OUPEReNAMUX COCTOAHME CHCTEeMEl, CBOACTBA ee OTHENBHEIX ¢as
W3MEHAKTCS HeNPEePHBEO, B TO BPeMA KAK CBOHCTBA CHCTEMBI, B3ATOM
B I1€J10M, H3MEHAIOTCA TO}i¢ HeIPEPHIBHO, HO TPH YCJIOBHH, UTO HE BO3-
HUKAIOT HOBHE a3k M He MCYe3al0T crapsie. lIpuHnum cooTBeTCTBHA:
KOKIOMY KoMIiekcy ¢as, HaXOAAmMuXxcA B JaHHOHE cHCTeMe B PaBHO-
BOeCHH, COOTBETCTBYET Ha juarpaMMe OIPelelTeHHHH reoMeTpHYecKHM
o6pas, TlpHHIUIE HEIPEePHBHOCTH M COOTBETCTBHA JeKaT B OCHOBE
HAIEX IPelCTaBJIeHdA O J@arpaMMax COCTOAHHS K DKCIEPHMEHTAJh-
HBIX MeTofax umx mocrpoenus. G nmarpaMMaMHd COCTOSHUA HePa3pPHIBHO

CBA3AHBI Aar'pPaMMBbL cocTaB—CBOICTBO. B KoMILIeKce »TH AAarpaMMer .

XapaKTepu3ylT He TOJBKO PAa3jH4YHbIC COCTOAHUA CIJABOB B 3aBU-
CHMOCTH OT . COCTaBa, TeMIepaTypHl, JaBjeHAsd, HO OJHOBDEMEHHO M
(HBUKO-XUMHUECKUE CBOHWCTBA ITHX CIIaBOB IPH 3affaHHBIX IapaMer-
pax paBHOBeCHA.

JlmarpaMMa COCTOANHA [aeT BOSMOMKHOCTE y0TaHOBMTL (haz3oBu#A
COCTaB CILIaBa OIpeleNeHHON KOHI[eHTpPAUud B YCIOBUAX PaBHOBECHA,
Ka4ecTBEHHO W KOJHMYECTBEHHO OXapaKTepusoBaTh HAXONANHECH B
pasnoBecur (asbl, IIPOAHATH3UPOBATH IPOIECCH KPHCTAJIH3AIHMN,
a TarKe (asoBbIX MPOBPAIEHAN. B TBEPAOM COCTOAHNY, IPOMCXOMA-
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wWux OpHM HarpeBe M OXJIa:KTEHHM, KaYecTBEHHO OXapaKTepU30BATH
CTPYKTYPY CIlIaBa, MOJYyYaeMyIo B pe3yabTaTe (a3oBHX IpEBpAINCHHH,
u 1. . B cymuocT: roBops, B AMAarpaMMaX COCTOSHUA U JUarpaMMax
COCTaB—CBOMCTBO 3aJOKeHa IPAaKTUYECKH BCcA HHGoOpMAnusa mo ¢u-
3UKO-XUMHIECKOMY HCCIEOBAHUIO CTLIABOB, HeobGxoqumas A paspa-
0OTKH HOBHX KOMITO3MI{HIA,

Ilpn mocTpoenmM 1 aHaju3e QAATPAMM COCTOAHUA BarKHOE 3HATE-
HUWe UMeIT (YHKIUM cocTosinud — Buyrpesuas U u cvBoGogmas F
SHEPTUH, TepMOAuHAMIYeCKUi noTeHnuas &, suTaasuusa H , sarponus S.
U3 paccMoTpeHms 3aBHCHMOCTH STHX (YHKIHI OT IapamMeéTpoB paB-
HOBECHH MOKeT OHITH HOJydYeH OOMmMuil BUN IMarpaMMmbl COCTOSHHA.
Hak maBecTHo, 3aBHCEMOCTH MEKIY QYHRIUAMEA COCTOSHUSA, MOAYYeH~
nuie Ha ocuose I m II saronos repmomunammru (U = F 4+ 1'S; H =
=F -+ PV + TS), newar B O0CHOBe TepMOJMHAMUYECKOTO AHATIH3A
ouarpaMm cocrosipud. a4 pelllenusi psga BOOPOCOB (HBWKO-XHMUTEC~
KOTO aHaJ#W3a Ba)KHOE BHATCHUE HMEeT MPEJCTABICHUE O XMMHYECKOM
notennuane. HampuMep, ¢ IOMOmMBI0 TPEACTABICHHA O XAMHUIECKOM
MoTeHNuaje BEBOTUTCA HPaBUIo (as, 3HaUeHHe KOTOPOTO B PU3NKO-XU~
MUYECKOM amaliuse TpyAguo mepeoienurth. CyIHHOCTH 3TOTO HpaBHIA,
copMyrupoBaunoro B obOme# ¢dopme I'mGOcoM, 3arniogaeTcd B TOM,
910, IMeH, ONPeIeIeHHYI0 TePMOIAHAMUYECKYIO CHCTEMY, MOKHO IIPOH3-
BOJIBHO 3afaTh JUII OIPeJeJeHHOe YHCI0 HapaMeTpoB, OMPENeIAIOmMIX
ee COCTOSIHME; OCTaJIbHbIE JKe MapaMerTphl LOJYyYaT 3HAYEHHS B 3aBHCH-
MOCTH OT 3HAYeHWI IapaMeTpoB, BHOPaHHEIX TPOU3BOIBHO. B anammrm=
JecKofl ¢opMe TPaBHIO BamiCHBaercs cielyiomuM obpasoMm:

rie C — BapUAHTHOCTH CHCTEMbI MM YHUCIO cTenenei ceobos, K — qnc-

J0 KOMIOHEHTOB, () —YHCJO PABHOBECHHX (a3, 2 — YHuCiIo BHeHIHEXv

(haKTOpOB paBHOBECH: (TeMumepaTypa U JaBACHHe). ‘
[Ipu mocrosnHOM AaBieHUM MOKHO UPUHATSH:

C=K—9¢+ 1.

IIpaBuno ¢as mMupoKo mcHoAb3yeTcHs HpU aHaiu3e PasoBHIX paB~
HOBecw#, B TOM umcae Meralrmieckux cucrem. OuHo mosBosifer o0bsc-
HUTHL KPUBHIE OXJ}KHEHUA CIJIABOB, CBH3aHHEE C IPOI{ECCAMH KPUCTA .
Jusanun ¥ GasoBEHX HPeBpAMEHAN B TBEPHOM COCTOAHHH, BO3MOKHOCTS.
CymecTBOBaHMA (ja30BOrO paBHOBECHS IPH 3afaHHOH TeMmmepatype,.
YCTaHOBHTH OTKJIOHEHWE PEaNbHOH CTPYKTYPHI CIJIABA OT CTPYKTYPH;
COOTBETCTBYIOWIEH cocToAHMIO, OimuaKoMy K pasuHoBecroMy. IIpasumio
$as maer BO3MOKHOCTH KOHTPOJHPOBATH IIPABHIBHOCTE Hoc'rpoeHmI
AuarpaMM COCTOSAHUA.

Caepctauem us npasmia ¢pas I'n66ca spasercs npasmao I'. Masmnra
0 unene a3 B compmracanmuxcsa $asoBHX 061acTAX: ABA TPOCTPAH-
CTBA COCTOAHUA MOTYT I'DAHHYUTH MEKAY c000il 0 HEKOTOPOH MOBEPX-
HOCTH JHIOE B TOM CHAydYae, eciam 9Yueao $a3 OJHOTO IPOCTPAHCTBA
Ha enumuny GonsIoe MM MeHbHIe umcia (as APYyroro NpoCTPAHCTBA.:

TaCTHOM caryyae [JIS ABOMHEIX CHCTEM, H300paskaeMEX HA MIOCKOCTH,

9.



N0 KpHBHM JHHEHAM pasfena ¢asoBnx obnacTei MOryT IDaHMTATEH
dasoBrie o0macTu, UmMCIO Haz B KOTOPHX OTIMIAETCA HA GJMHHIY.

Bompoc o umcae $as B CONPHKACAIOMUXCA (HasOBBIX obmacTaAx A
JIBONHEIX, TPOHHBIX M MHOTOKOMIOHEHTHBIX CHCTeM IIOAPOGHO paccMoT-
per B paGotax [87, 88]. :

BaskHoe sHaueHde IIpW aHAJIu3e [UEATPaMM COCTOSTHUA HMEIOT Ipa-
BIUIO PHIYATA J(7IA JBOMHEIX CHCTEM ¥ IIPABHJIO IEHTPA THKECTH (nas Tpoii-
HHIX CHCTeM), KOTODHIE MO3BOJIAIOT ONPEJeIUTh KOJMYeCTBEHHEIe COOT-
HOIIeHMS HAXONAMMXCA B paBHOBecMH (a3, OLEHUTL MHTEHCHBHOCTH
KpHCTAIIM3anuy ¥ (a30BHX INpEBpAieHHH B TBEPAOM COCTOAHMM.
OGo6menHoe TPaBUIO LEHTPA TAKECTH [ MHOTOKOMIOHEHTHHIX CU-
creM maercsi aBTopamu paGor [87, 88]. -

CoefyeT yIOMSHYTh TAaKke O 3aKOHAX [EHCTBYIOMEX Mace, pacupe-
nenenus u npuuune Jle IllaTenne, mmelomux BajkHOe 3HAYEHHE LA
aHAJM3a PaBHOBECHOTO COCTOAHHUA.

Ofmue NPUHIWOB IOCTPOCHWS M AaHALH3A OHOKOMIOHEHTHHIX,
IBYX- M TPEXKOMIOHEHTHBIX [HArpaMM COCTOAHUSA nofpobuo #3JI0-
skembl B KamuTaabHoM Tpyne B. f1. Anocosa u C. A. IToromgmua [2]. Io-
pTOMY B PaMKaX HaHHOI MOHOTpaguu Ml He GyIeM KacaThCA STUX BOIPO-
coB. Jlasa m3o0paskenus YeTBEPHBIX CHCTEM ppuberaoT K IPOCTPAHCT-
BEHHOMY METOIY U300 paKeHNA, IPe/I0/KEeHHOMY BHIAIOMUMCA PyCCRUM
kpucramnorpagom E.C. Qenoposrm. Ilpm mccaefobanmn IATEPHHLX
CHCTEM MCIOJB3YeTCS MeTOR ONTHMAIBHEIX IPOEKIM. Iogpo6ro m306-
pakenme MHOTOKOMIOHEHTHHIX XMMIYECKHX CHCTEM DaccMaTpuBACTCH
B paGore [6]. Meroqs m3oGparienns YeTBEPHAIX CHCTEM DACCMOTDEHBL
A. M. Baxapossm [89]. Ananus reoMerpm¥ecKuX 06pasoB AHArpaMMEL
COCTaB—CBOHCTBO IIOBBOJIET CHENATh ONPEIENeHHHe 3aKJIITCHIA
0 (U3MKO-XMMUYECKON HpUPOTE Toif mam MHOK (asH pPaBHOBECHOR
JATPAMMBL COCTOSHEA. OTa 3ajjada pemaeTcs Kak ¢ IOMOMBIO Jua-
rpaMM, 0ToGpasKalOIIX BaBUCHMOCTH CBOACTB OT COCTABA M TEMIEDATy-
pH (DOXMTEpMbI), TAK H JUAarPaMM 3aBHCHMOCTH CBOHCTB OT TeMIepa-
TYPHL 1 JIaBJIeHYA IPH HOCTOAHHOHA KOHIIeHTPALIY (M30KOHIIEHTPATOPDI).
Tipn amaiuse KOHAEHCUPOBAHHBIX METAIIMYECKAX CHCTEM [0 MOCIOA-
HEro BPEMeHH pacCMAaTpHBANHUCEH GOJIBINeHl JacTbio AMArpaMMbi, OTpas
JRAIOMIe 33aBECHMOCTH CBOMCTB OT COCTaBA U TeMIEPaTyphl. B menpmei
CTETCHI HMCCIGNOBATACH AMATPAMMEL JaBleHue —cBofcTBO. Y Hac B
cTpaHe BIMAHKE FABJIEHNS HA CTPYKTYPY H CBOHCTBA BEIIECTBA M3ydyaeT-
51 NIKOMOH aKaneMmka Bepemarmma. Bimsuume nanenus Ha (asobsie

HpeBpAIIenus METAJLIMIECKAX CHCTeM PacCMaTPUBACTCA B pabore [7]. -

IIpu uccieT0BaHUY BAUAHUA [ABJICHAA 10 60 xGap Ha TEATpaMMy CO-
CTOSHUA CHCTEMBI YIIepoj—MapraHel]—HUKeJIb yCTAHOBJIEHO, 9T0 C yBe-
Jiw9eHreM JABIEHHS IMOBePXHOCTH JUKBHUAYC ¥ COTHAYC CMEMAIOTCHA K
Gosree BEICOKEM TeMmepaTypaM [99]. 3mauunrepHOe BIMAHNE OKAZHIBACT
NaBJIeHHE HA MPOTEKAHNE HBTEKTHIECKHX H NEPUTOKTHICCKAX pearIui.
Ha mpuMepe cucTeMbl CBHHOI—AJIOMAHMI MOKA3aHO, YTO YBEJIMICHUE
NapieHus N0 55 KOap MOBLINIAeT TeMIEepaTypy KPUCTAIM3ANNN SBTOK-
e ¢ 288 mo 422° C [100]. YcranoBreHHON 3aBHCMMOCTH OTBEYAET
ypasuenne: ¢t(°C) = 288 4- 5,456P — 0,0467 P2. .
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2. TOTOJIOTHA U METPHKA
. XMMIYECKOM THATPAMMBEL -

Vuerne .0 -pPaBHOBECHOH marpamMe ‘cocTaB—CBOMCTBO - WMeeT . 1Ba
Hampasirenus [5). L S
1. TomomOTHA XAMUIECKOH JUATPAMMEL, T. €, H3ydeHne oGIIHX Teo-
MeTPUYECKUX CBOMCTB JHAarPaMMhl, HEH3MEHHEIX IIPH €6 npeobpasoBa:
. TOMQIOTAYeCKHe CBOMCTBA AUATPAMME  ObuTH yCTaHOBJIEHE
paboramu H. C. Kyprakosa (1, 4, 8]. Passumrue TOHOJOTHE MHOTO-
KOMIIOHEHTHHIX CHCTEM HAuLIo oTpaskemme B pabore [87].

2. MeTpuka XWMWYECKOW = J[HATPaMMBI, = T.. €. TEOpeTHICCKOe
[OCTpOeHM® JHMATPAMMEL HA OCHOBE B3aKOHOB, YIDPaBJAIOIAX XM
YeCKHMH NpPEeBPALIEHAAMY. DTH MCCIeJOBAHMS YCTAHABIABAIOT KOJM-
TeCTBEHHYIO CBA3H MEMIY OJIEMEHTaMH [UarpaMMbl JaHHOTO THIA
W, 4T0 0COGEHHO BAayKHO, CBA3b MEKIY BeIWUMHAMH, XapaKTepi-
3YIOLEMH TpOTecc, UPOTeKAomui B cHcTeMe, M TeoMeTPUIeCKUMU
cpoiicTBamu auarpaMmbl. OIHEM ¥3 OCHOBOIIOJIOKHIKOB paGoT B BTOM
nanpasiaennn 651 H. M. Cremamos [5]. , A

PaccMOTPEM HEKOTODHie OCHOBHEI® IOJIOeHUA TOMOJOTHA XUMM-
yeckoil muarpaMmil. Hak M3BecTHO, OCHOBHHIMH HOHATHAMH. TOLOJ0~
I SBIAIOTCH KOMIUIEKC I CHMILIEKC, A OCHOBHOM ee MeTol — pas-
Guenme (GUTypH Ha OpocTefline HIEMEHTH — CHMIICKCLE.

IIpu wccieoBaHAM PABHOBECHS B CUCTEMe HA OCHOBE AUArpaMM
COCTAB — CBOMCTBO BayKHO 3HaHme o0mero CTpod auarpamm, T. e.
TOTO, 4TO ABJASAETCH OOMUM [IJIs BCEX BUOB nmarpamm [2, 4l

TomoJIOrMI0 XUMAIECKOI JrarpaMMbl OIIPeAegioT OCHOBHBIEC HPUH-~
LUIE PU3UKO-XMMHYECKOTO. AHANM3A — COOTBETCTBUA U HEIPEPHIBHO:-,
cti, COCTABHEIMEA YaCTAME XMATPAMMEL COCTOAHUA ABIAKTCA KOOPAH~
HATHBI CHMILTEKC (qEarpaMMa COCTaBa) ¢ COCMHUTENbHBEIMU JI1EMEH-
TaMy, 00pA3yWOIUEMU KOODHUHATHHIA OCTOB M $as0Bhil KOMILIEKC,
BsauMuOe pacmososkenne FeOMeTPHYECKUX JJIEMEHTOB OIPEeNeJIACTCH
IPOTeKANIMIME B cHCTeMe peakmusmu. B obnleit gopMe MIA MHOTO-
KOMIIOHGHTHON cucTeMh (asOBHI KOMIJEKRC HPe/ICTaBIAST .coboi
3Bes[y ¢ BepUINHON, W3 KOTOPOH HCXOAAT JYIH C 3AKIIOUCHHHIME
MKy HEME ITOBEPXHOCTAME U 3aKITI0UEHHEIME MO Ky TOBEPXHOCTAMA
o6beMamu. JImme mpocTeiilmime RHATPAMMBI COCTOAHUA MOTYT OLITh
COCTABIEHE M3 KOODAUHATHOTO CHMIJIEKCAa M COOTBOTCTB yiomei
dazosoit 3Besmpl. Ecam B cmcreMe o0pasyioTcs HOBHE BEIIECTEA, TO
AnarpaMMma uMeeT Gojiee CI0KHOE CTPOEHME W MOKET 6nTH paséura Ha
npocreiimue (BTOPHYHEIE) NHATPAMMEL. ,

B cayuae mBOMHEIX cmcTeM JIMHHH, OTBEYAIOIUe COCTaBy XMMI-
YECKOTO COeNUHEHHUS, NEJAT TOLOJOTHYECKH AUArpaMMy Ha HECKOJb-
KO TIPOCTHIX (BTOPHMYHBIX) AEATPAMM; /sl pasOHeHus CIOKHEIX TPOH-
HEIX cmcTeM HpHOeraloT K MeTOJY TPHAHIYIAUMM, & TETBEPHEIX —
K reTpasupanud (pa3bumenye HAa BTOPHIHLIC rerpasapsi). Cdopmymnm-
POBamb mpaBWia M HpPEJIOKEHEl COOTHOIIGHMS MEXNy IapaMerpaMi
TPHaHTYAANAN TPOUMHBIX CHCTEM C n30MOpPHEIME TPOMEKYTOTHBIME

dazamu [91].
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JmarpaMmbl  cOCTaB—CBOACTBO HpM BceM pasHOOOpasum HX
¢$OpM IOKA3HBANT YAHBATENBHOe EIUHCTBO B cBoeM crpoemum [2].
H. C. KypraxkoBsM GBLIO BHICKa3aHO TIOJOKEHHE, COIJIACHO KOTODO-
My HOJHTEPME B-KOMIOOHEHTHOH CHCTeMBl aHAJOTHYHH IO CTPOGHHIO
uzotepme (n--1)-KommomenTHOX cmcTeMH, T.e. B (n--1)-kommo-
HEHTHOH CHCTeMe OJWH M3 KOMIIOHeHTOB TIeoMeTPHMUecKH Hrpaer Ty
JKe pOJb, UTO TeMIeparypa B n-KoMHOHeHTHO# cmcreme. Ilpm sToM
IIOA4ePKUBAJIOCH, UTO 9TO AHAJOTUA, a He TOMKAECTBO, TAK KAK HENb3A
TeMOepaTypy Ha HOJIATEPMAX CUMTATH TOKIECTBEHHOH KOHIEHTPALUH
Tpersero kommonenTa. lIpmBefeHHOe BEHINIe ITOJOJKEHHE OCHOBBIBA-
eTcs Ha TOM, UTO TOHOJIOIHMA HM3yd4aeT mpeofpa3oBaHHe IIPOCTPAHCTBA,
paccMaTpuBas HMCKIIOYMTENBHO 9HCIO M OTHOCHTEIBHOE IIOJIOMKEHUEe
reoMeTpMYeCKAX 3IE€MEHTOB, He IPMHUMAA BO BHUMAaHUE UX PasMEpH.
AHanorus Me;KIy OCHOBHHME HOHATHSAMM TEODHM TPYNI H TEOPHH
XEMIYeCKOr0 DPABHOBECHs (HAaIpuMep, MHBAPHAHT IPYIOH aHAJIOTHU-
YeH XHMHYOCKOMY MHBAPUABTY CHCTEMH) SABIAETCA IPUUYMHOA CXOf-
CTBa TAKMX PA3HHKIX IPEIMETOB, Kak Ipeo0pasoBaHMe HPOCTPAHCTBA
M OmpeBpamenue B PaBHOBeCHHIX cHcTeMax. MEicab o6 3To#l aHaIoruu
6uuta Brickasana H. C. KypraxoBeM, 9TO IO3BOJMIO eMy copMyrH-
POBATh OJHO M3 BAKHOHIIMX IOHATHH TOIONOTMA XHMUIECKOH MIH-
arpaMMEl — TMOHATHE O XHMUICCKOM MH[IUBUNEG H CHATYIAPHOR TOUKe:
«X UMUUeCKU - MHAMBAL, UPWHANICKAMHAI ONpeJeleHHOMY XuMAde-
CKOMY COeIMHeHWI0, IpefcTaBiser (asy, KoTopas ofmajaerT CHHIY-
JADHHIME WJIM [AJbTOHOBCKHMH TOYKAMH HAa JHHHUAX €6 CBOMCTB.

CocTaB, OTBEYAIONAMA 9TAM TOUYKAM, OCTAOTCA TOCTOAHHBIM DA U3Me-
HOHHEE (HaKTOPOB paBHOBecHA cucTeMsy. CHATyIspHAA TOYKA IPH BCEX
npeo6pa3oBaHUAX KOODIHHAT He MEHAET CBOEr0 XapaKTepa B OTAHIHE
OT APYTHX SKCTPEMAXHHBIX TOUYGK HA JMATPAMMaX COCTaB—CBOHCTBO,
KOTOpPHEe MOT'YT HCYe3aTh U MOABIATECA BHOBb IIPH COOTBOTCTBYIOIMUX
mamenennax koopumnar. Yuenme H. C. HypmaxoBa o CHHIYIADHHX
TOURAX ABAAETCH NaibHeAImIM passuTaeM npexcrasrenni [. 1. Men-
neneea o pactopax. Cormacmo MennereeBy, HpPOM3BONHAA CBOM-
¢TBa IO KOHIEHTDAIIMM IIpeTepIeBAaeT PaspHB B TOUKe, OTBEYAlOIeil
KOHHEHTpanuu o0pa3oBaHHA OIPEeNeHHOr0 HeIUCCONMUPOBAHHOTO
coenmmenus. KacaTenpnas B 5TO# TOUKEe KPHBOM CBOHCTBA CTAHOBATCA
HEOLpeIeI6HHOMN; MMeITCA B IIPee ] bHEIX ee monoenusd. Taxuu 06-
pasoM, np¥ 06pazoBaHNA HEAUCCOEMPOBAHHOTO XUMAIECKOTO COEIUHE-
HUS BOSHUKAET KayKylleecs IPOTHBOpETAe C IPHHIUIIOM COOTBETCTBHS.
910 mportmBopeume ycrpamsercs, ecau, cormacro H. C. Hypaakosy,
OpAHATH, UTO CHHIYJADHASA TOUKA ABJIAETCH IepeceveHuHeM IBYX BeT-
Beii ofHON U Toif e HempeprBHOX KpuBoi. CuCTEME, B KOTOPHX OHa
na6aroaeTcd, HA3HBAKTCA PANHOHAJBHLIME B OTJIHMYHE OT Hppanu-
OHAJNBHHYX, XapPAKTOPH3YIOMHUXCA IPHCYTCTBUEM IMCCOIMAPOBAHHBIX
B OIpefeeHHOA cTenenu coefnuennii. CHATYIAPHEE TOUKM ABIANTCA
reoMeTpUMYECKON XapaKTePHCTHKOH 3aKOHOB MOCTOAHCTBA COCTaBa
¥ KpPATHBIX OTHOHIEHWH. ,

IIpn o6paszoBanuy| AUCCOMUAPOBAEHEOTO COSHUHOHAA CHHTYJIApPHAA
TOYKA OTCYTCTBYeT, M HA KPMBOH IABKOCTH IOABIASTCA MAKCHMYM,
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Puce. 1- Bup KpHUBBIX JNKBATYCA H COMBAYCa B 3aBHCHMOCTH OT HNpPOYHOCTH COenH~
HeHMA NpH IIaBIeHHH

Prc. 2. H3oTepMAvecKas AHArpaMMa BBIXO[a COCMHEHHA AB B cucreme B — A
£ 3aBHCHMOCTH 0T 3HAYEHHS KOHCTAHTH pasHoBecnsa K

IIyHKTHpHEE JIMHAA — U30TEPMLl DPACTBOPMMOCTH TPETHEro uHRupPHepeHTHOr0 KOMIOHEHTA
B NBOHHON cmcteMe B — A

%OTOpH HAGMIOlaeTCA M HA APYTUX KPHBHIX CBOHCTB. H. C. Hypna-
xoB 1 C. ®. HMemuyxuanil ycTaHOBHAUN (YHAAMEHTAJBHOE IIOJOKE-
HEe, COTIAacHO KOTOPOMY IIpH KOHIDYSHTHOM IUJIaBIEHHM pajHyc
KpUBH3HH JMHAN IJIABKOCTH M OTKIOHEHME MaKCAMyMa KpHABOR
IITaBKOCTA OT CTEXHOMETPHYECKOTO COCTAaBa BO3PACTAlT IPOIOP-
TUOHAJBHO CTEHeHH [HCCOIMAIAM COeJAMHEHWS HA COCTABIAIILNE
ero rommomentil [2]. Ilo Bmgy MakcummMymMa Ha KDHBOH ILIAaBKOCTH
MOKHO CYJIUTh O MPOYHOCTH 00pasyomerocs COeNnHeHUs. Ha puc. 1
npuBeleH BHJ KDUBHX JHKBAAYCA M CONHMAYCA B 3aBUCHMOCTH OT
LPOYHOCTH COEAMHEHNs] IPH ITaBIeHEH. XMMHIECKOMY COEIUHEHUIO,
He IACCONUUPYMEMY B JKHIKOM M TBEPJOM arperaTHbX COCTOAHHAX,
OTBeuaeT CHETYJSIPHASA TOUKA (PAHOHAIBHEIN MAKCHMYM), o6pa3oBag-
HasA mepecevenreM BeTBell MuKBHUAyca L u connayca S. Ecaum coennaenne
He pacTBODAET CBOMX KOMIIOHEHTOB, TO 001ACTH CYMECTBOBAHMA
TBEpPAKX PacTBOPOB CTATHBAaeTc B OPIHHATY. XummgeckoMy coenn-
HeHwio, AACCONMUPOBAHHOMY B RHIKOH (ase M He NACCONUAPOBAH-
HOMY B TBepJOif, COOTBETCTBYET PAaNWMOHANBHbIL MAKCUMYM, ofpasoBaH-
HEH IepeceyeHUeM BeTBei coXmayca B cHHTYIApHOH# Touke M,
coBmamalomell ¢ MAaKCHMyMoM Ha KpEBO# mmkmmyca. llpm orcyr-
CTBUHN PacTBOPHMOCTH KOMIIOHEHTOB 06J1aCTh CYMECTBOBAHUA TBEPILIX
DacTBOPOB CTATHBAETCA B ODAMHATY, OTBEYANIMYI0 XAMHIECKOMY
COeIUNEeHUIo, NUCCOIMUPOBAHHOMY B wugkoi gase. B caywae mme-
couanum XAMHIECKOTO COGIWHEHHSA B TBEpAO# M AEUAKOX (asax
CHHTYJIApHAA TOYKA OTCYTCTBYeT, a KPUBHE JHKBHAYCa H COJAAYCA
KacaloTCA < B TOUYKe MAKCEMyMA (MDDANHOHAJBHEI MAKCHMYM).
B oranmume or coenmueBHi, KOTOPHIM OTBEUAET CHHIYJIAPHAA TOUKA
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(maapTOHH/EL), H. C. KyprakoB npemjioKun Ha3hBaTh MX 6Gepro-
JEfaMu. p "
| B cpasm ¢ GoapmuM HHTEpeCOM XHMUKOB K AecTeXmoMeTpude-
CKUM COGJMHEHHAM B IOCJEJHUE TOJEI YYeHwe H. C. Kypuaxosa
o' Gepromnmpax mnpmoGperaer akTyauabnocTh. Ifpumepom ¢as Gep-
TOMIMAHOTO THOA - ABIANTCS TYTOIUIABKHE KADGHIH IIePeXOJHEIX
MeTajjioB. = . /

| PaccmoTpEM OCHOBHEE THIEL AHarpaMM COCTOAHHA, YacTO BCTpe-
Jal0muecss Ha NPAKTUKE. Ha6maiogaercs Goasimoe MuorooGpasue
JBOAHBIX TPOHHBIX M MHOTOKOMIOHEHTHEIX KOHJI@HCHPOBAHHHX CH-
cteM, XapaKTepu3yoOMUXCA HAJHIMEM B OIpefleleHHbIX TeMIeparTyp-
HO-KOHIIGHTPAIHOHHEIX 00JaCcTAX JKUJKAX U TBEPALIX DPacTBOPOB,
XOMHAYECKUX COCNUHEHHH MaThTOHHIHOTO Miu GepToJIuIHOT0 THIOB,
BOSHUKAMIIAX B Pe3YITaTe MPOTOKAHUA TeX WM WHEIX PU3URO-XH~
MuuecknX xppomeccoB. CymecTBYOT pa3iHUHEe IPHHIEIL KIac-
cHpEKanMU AUarpaMM cocrommmA. Iloimanyi, HamGOMbmmi HHTEDEC
HPeACTaBIAET KiIacCuQUKAIUA, B OCHOBY KOTODOH HOJIOKEHO yBead-
qeHme CTeleHN XEMUYECKOro Baammoneicrsus [88]. B mawane rTaxoro
pAfa. HAXONATCA AMATPAMMEL,  KOMIOHEHTH . KOTODHX HHEDPTHHL: JIPYT
K JIpyry, 3aTeM amarpaMME ¢ TBEPJABME pacTBOpaMH M, HaKOHeI,
¢ XUMHYECKUMH COeJUHEHMAMH.

Hapsany. ¢ Tomosorueii BakHoe sHaveHue UMeeT M METPHKA XH-
METECKOH MHATPaMMEI, KOTODAs, KaX YiKe OTMETaIoCh BHINe, CTABUT
CBOEH safauedl ycramopienme oOmM@X [JIA BCeX [HATPAMM . JaHHOTO
THIA KOJAUYECTBEHHBIX 3aBUCHUMOCTEH ME:K[y TeoMeTPHICCKUMH. diIe-
MEHTAMH JHAI'DAMME M H3MepAEMBIMH CBOWCTBaMH. .

Wexona u3 3aKoHa JeACTBYIOIMHEX Macc GBLTIO BEIBEEHO ypaBHE-
HHE- H30TePMH pEaKIUHi, CBA3HBAIOMEe COCTAB HCXONHON CMECH I;
BHIXOJ coefuHeHHA iy M KomHcramTy pasHoBecua — K [5]. Ilomy=
YeHHOe YpaBHOHHE HO3BOJMIO PACCUMTATH BHIXOHL COCNUHEHHA B 3a-
BACHMOCTH OT COCTaBa IPU PABIUIHHEIX 3HAYCHHAX KOHCTAHTH JUC-
conuanuu (puc. 2). s ypapmemms msorepmsl peaknuu f(z, y) = O
U ypaBHEHHS, CBA3HBAKINEr0 BHXOX COEJIHHEHHA J ¢ AAHHEIM CBOH-
cteoM MY (y,m) = 0, MO’KHO HOJYUYNTH ypaBHEHHE H30TEPMUIECKOL
AMarpaMMH cOcTaB—cBocTBO ¢(zn) = 0. B KauecTBe Takoro cBo¥i-
eTBa OHUIa paccMOTpeHAa M30TepMHIECKAas PacTBOPHMOCTh TpPETBEro
nHAAGHEPEHTHOTO BeMeCcTBA B OMHAPHOM DAcTBOpATENe, KOMIIOHEHTH
KOTOpPOTO 06pasyloT XxmMmieckKoe coefmuenme [5].

“AHaJI]?IB MOBEPXHOCTH BEIIEIEHHA IBOHHOIO COelHHEHAS B TPOii-
HOH cHCTeMe IO3BOJWJI IOJNYYUTHh YypaBHeHHe KPHBOH IIABKOCTH
9TOr0 COeWHeHWsA, NUCCOMUMPOBABHOTO B kmakoil dase. Tem cambim
BOeDBhIe aHAJUTHIECKH OHIIAa BHpasKeHa B ABHOM GopMe CBA3L MEKAY
PaguycoM KPHBHMSHHK IJaBKOCTH M. CTEIEeHBIO JUCCONMAIMM XHMUIEe-
ckoro coegunenns [5]. AmanuruuecKad cBA3L MEKAY OTUME BeJHINHA-
MHE JaeT BO3MOKHOCTH pacdeTa CTeNeHH JHCCONUANNH COeNUHEHUS
H& OCHOBE HCCJENOBAHUA COOTBOTCTBYIOmeH AWarpaMMEL COCTOAHUSA.
OJIHa‘IJ(OA.ypaBHeHI/Ie H. 1. CrenanoBa cIpaBelINBO JHIIL A CLyYaR
Maoll CTeNeHU AMCCONMAIMH, TaK KaK TpefyeT 3HAHHA ABYX FHIO-
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TeTHUECKAX ROAMUMH: TEIIOTH H TeMIepaTypHl IIABJICHUA CO6JUHE-
HEA IpU OTCYTCTBUM AUCCOUUANNAH [5].

YpaBHeHue KpuBoil IIaBKOCTH UCCOIUPYIOMEro COC/IMHEHIA 6ri10
noxyseno tawxe H. B. Mummaev.® Onmako 0HO OKa3ajJoch HepU-
MEHEMHM [ OPaKTHIecKOro pacdera, Tak KAk QYHKIUA TeMOepa-
Typsl W HeKoToporo mapamerpa K Obira mpefcTaBieHa B HeABHOH
jopme. ‘

JansrefilmuM IIaroM BIepejy B TOM HAUPABICHUH Gerna paboTa
[4], B mOTOpOi ymamoeh CBA3ATH PANMYCH KPHBHSHH JMHUA JAKBU-
Iyca ¥ COMHAYCA ¢ COQTBETCTBYIOMUME KOHCTAHTAME MNECCOLHMAINH
¥ BeJIMYAHONW CIBHMTa MAKCHMYMA.

3amaud MeTPHKHM XUMYYeCKoH JUarpaMMbl PemIalTCs M TePMO/LH-
HaMOUeCKUMHI MeTONaMH, KOTOpHE HO3BOJAKT HCCIeJ0BATH BO3MOH-
HBle THUIOB AAarpaMM COCTOAHMA H HUX DBOJIOIMIO [OJ BIMAHHEM
PABIMIHEIX AKTOPOB, & TAKHKE ABATH JOCTATOTHO YHOBJIETBOPHTE]L-
Hoe OmMCAHHE JMarpaMM COCTOAHHSA KOHKDETHHIX CHCTeM.

T'eoMmeTpuaeckume CIOCOOH IDEACTABICHUA JHArpaM COCTOAHUSA
CTaHOBATCSH HEYTOOHEIME IIPH PACCMOTPEHAY MHOTOKOMIIOHEHTHBIX CHC-
TeM. YiKe IPH PACCMOTPEHHM TPEXKOMIOHEHTHON CHCTEME BOSHUKAIOT
oHpejeeHHEe TPYAHOCTH H3-32 HeobxomumocTH u300paKeHUA CH-
¢TeMH B 1[eJOM B TePCIeKTHBHOM BH/e, YTO BHOCHT CYIIeCTBEHHHI®
morpenmEocTH, 0Co0eHHO B ciaydae GOABIIOro KoaXdIecTsa Iepece-
KAIOMAXCSA mMoBepXHocTei ciaoskuol gopmer. IIpuxonures mpuberarth K
M30TePMHUYECKMM M IOJHTEPMAYECKUM PaspesaM, 9To AaeT BO3MOKHOCTD
T0y4aTh TOUYHHE HJAHHbIE TONBKO A [UCKPETHEX TeMIEpaTyp
u cocTapoB. Eimme Goipmme TPYNHOCTH BOSHUKAKT IpH Nepexole
K UeTBepHBIM H (0Jiee CJIOKHHM CHCTeMaM.

B mepcneKTHBHOM BHJe YOTBEDHYIO CHCTeMY MOKHO HpPEICTaBUTH
TONBKO HW30TEPMUIECKAM TETPAdipoM HIH HaGOpOM TeTpasipoB A
AuckpeTHEx Temmeparyp. llommTHM IPUMENHTH HIeU MHOTOMEpHOR
reoMeTpnH He OGIerYmiu MCCIeJOBAHMe M HCHOJIb30BaHUE MHOTO-
KOMIIOHEHTHHIX auarpamm cocrogumsa. OAHEM H3 BHXO0B SIBUJIOCH
apaguTHUecKoe ommcamme mmarpamm cocrosmma [9]. Hammoit (pase
HIM KOMILIEKCY (a3 COOTBETCTBYeT OIIpefel]eHHbIH reoMeTpHIecKui
06pas mim ypasHnerre (IPUHIAI COOTBETCTBIA). Ilpuuem ypaBHEHHA,
OTBevalmAe ONpeeleHHEM (asaM, NOJKHH OLITH HENPEPHIBHHIME.
B COOTBETCTBAH C IPHHIUIOM HempephiBHocTH. IIpefcTaBienue CIOK-
HBIX TOBEpPXHOCTell AuarpaMM COCTOAHHA B anreGpanueckoii gopme
HCKII0YAeT HeODXOMMMOCTs MX IPOCTPAHCTBEHHOTO WH300paskeHHA.
VpaBHeHus TPAaHHIHHIX NOBEPXHOCTEH MOTYT OHITH KaK SMIUPHICCKH-
MH ¥ TpeJCTABICHHHME B BHJE CTEIEHHOTO pANa (mommmoMa), Tak
W TOJyIeHHEIME IIyTeM TePMOAMHAMHYECKOrO aHANTH3a HAXOMAMUXCH
8 pasHoBecuu (as. ’ L s

IlocTpoenme pmarpaMM COCTOAHHUA B asnreGpanmaeckoil gopme co-
9eTaeTcA ¢ DKCHEPHMEHTAIHHHIMM METOZAMU nccaeqoBadns (asoBHIX
paBHoBecmii. Ilpm aareGpamueckoM m300parKeHUN amarpaMM COCTOf-
HUSA JOCTATOUYHO DKCHEPEMEHTAJIBHO OIPEIeNUATS - TONIBKO Tpanunsl
onmopasHmx ofmacTeil ¢ JBYX(PasHEIMH, a TpaHHOH TpexpasHbix
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obxactell ¢ ABYX(asHEIMU JJIA TPEXKOMIOHEHTHHX ¢uCTeM MOIyT
ouTh paccumtams  [9]. BoaMommoct: airebpamiegroro cmocoba
n306pakeHHs AMAIPaMM COCTOSHMA BHAYUTENBH( DpaCHIAPAITCA
¢ mpumerenueM 9BM. YpasHenna moBepXHOCTel pagiena ¢as o6rIHO
3aIACHBAIOTCH B BHe MOJHHOMOB PAa3IUYHOH CTOUGHN B 3aBHCUMOCTH
OT CIIOFKHOCTH HUX (QODPMEL.

JKCIePEMEHTAIBHO OLpENeNAI0TCA TeMIepayypel, COOTBETCTBYIO-
[IHe pPaBHOBECHOMY CYIECTROBAHMIO (a3 OIpPelleJeHHOro COCTaBa.
Ha ocroBe 5KCIepUMERTAIbHAX JAHHBIX (I0/CfaHOBKOM TeMIepATyphi
I He3aBUCHMEX IEPeMeHHEX KOHIEHTDAIHil KOMIOHEHTOB) paccud-
THBAOTCA K0d(QPUIHERTH HOIMHOMA ¥ TAKHM 00pa3oM OIpeNesseTcs
ypaBHeHue, ONUCHBANEe IHOBEPXHOCTE pasjieia. ITpamenenme JBM
mospoasger o6paGorars GoJBMIOE KOJIMYECTBO DKCHEPEMEHTATBHHX
HAHHEIX ¥ OIpEeReauTh KOdPPHOUEHT AJIA PaBIAYHBIX THOBEPXHOCTEHR
MHOTOKOMIOHEeHTHOH cucTembl. Bhininm mokazaubl BOSMOKHOCTH aJTe-
Gpamgeckoro cmocoGa M300paKeRMs JUATPaMMbl COCTOAHWS HA LpPH-
Mepe MarpaMMbl IFIABKOCTH TPORHO CHCTEMbI aJOMUHEM —MarHIH—
nuuk [9). CocraBiss cuCTeMBl YDaBHEHHH OTACIbHEIX IOBEPXHOCTEH

‘pasfiena, MOKHO OnpefeJuTh JUHHHA HX mepeceueHusd, oTpakampnue

MOHOBaPHAHTHLIE paBHOBECHA.

3. CTPOEHUE U KPUCTAJJIOXUMUNYECKRE ®AKTOPDI
OBPA30BAHUA METAJJINYECKUX ®A3

MeTaas O6GHYHO HMEIT KpHCTAINYecKWe CTPYKTYPH, Yame BCero
FeKCATOHANBHYI0 ILIOTHOYNAKOBAHHYI (rmy); KyOHMYecKywo rpame-
HeHTpAPOBAHEYWH (INK) AW KybmiecKylo 005eMHO-I[eHTPHPOBAHHY IO
(onx) (pme. 3). HexoTophiM MeTalraM cBoiicTBeHHBI poMbosapHIEC-
Kasg, poMOHdYecKas M TETPArOHAJIBHAA CTPYKTYDHL «Hctununier
MeTaJLIH: Melb, cepebpo, B30J0TO H HApYrAe — KPHCTAILIHYIOTCH
B THK pemerky. TyromiaBkue MeTalljibl VA (pamaguii, HEOOHI,
rauran) u VIA (xpom, MoambpeH, BOJBb()paM) rpyIH EMEIT ONK peler-
Ky, a peHEid, pyTeHHil, OCMAA — THY. Mertanan IITA (pegkoszeMeib-
unie) 1 IVA (tarawm, HNUpPKOHMUI, raHMiA) TPYNI, a TaKMKe TPaHCYpa-
HOBEIE 3JEMEHTH — HOJHMOPQHH, HH3KOTeMIepaTypHas HX MOIH-
JpuKanms mMeeT Iy pPeIIeTKY, a BEICOKOTeMIEpaTypHaid — ok [31].
VciopHad TpaHANA pasfena CTPYKTYPHBIX ocofeHHOCTel MOJKET

6BHTH OpoBeeHa MeKAY HOATpPYyHIaMH IVA u IVB. CaeBa or sTOM .

TPAHUNH BCJIEJCTBHE HEHAIPABJIEHHOCTH METAJJIHYECKOH  CBA3M
HIeMEHTH HMEIT IPOCTHE CTPYKTYDH IUIOTHeHIMX INAapOBHIX M
GAM3KAX K HAM YHOAKOBOK, cIpaBa BCJI[CTBMEe HAIpPaBICHHOCTH
M OrPaHWYEHHOCTH YHCTIa KOBAJEHTHEIX cps3ell KpucTalIMIecKue
CTPYKTYpH 3HQUHTeIBHO Pa3HOOOpasHee U CIOMKHEE [10].
XuMugeckne COCIAHEHHA HMMEIT GoJbIIel YacTbl0 CJOMKHEIE
KpHCTAJIMIecKHe CTPYKTyph. lHewoTophle W3 HHX HPEICTAaBJAIOT
coboifi KOMOMHANUHM HIH COCTABHEIE YACTH OCHOBHEIX KyOHaecKHEX

CTPYKTYD.
16

Pre. 3. KpacrainnuecKHe CTPYKTYPH! METALIOB

1 — xy6uueckas OODEMHO-IIEHTPHpOBAHHAST (OUK); 2 — KyOmuecKas rpaHeneHTPMPOBAHBAZF
(TIK); 3 — TEeKCArOHAJBbHAA INIOTHOYIAKOBAHMAA (PHY)

PeayapTaThl MHOTOYHMCIEHHBIX YKCHEPUMEHTANBHBIX HCCIE[0BAHUR
B3aMMOJEHCTBAA PpA3JIHYHbIX HIEMEHTOB IIEPHONMIECKOH CHCTEMHI,
a TamKe HEKOTOPHE TeopPeTHIecKue coo0pasKkeHHA MO3BOJUIM yCTa-
HOBHTDL DA NOIYIMONPHYECKHNX HPH3HAKOB, OUPEAEJSIONAX CKIOH-
HOCTHh KOMIIOHEHTOB K 00pasoBaHWI0 KAAKNX H TBOPAHIX PacTBODOB:
u xmMmudgeckux coemumenmit [11—23].

HecmoTps Ha, Kasaxoch OH, cyry60 dKCHePEMEHTANbHEIA MOAXOLK,.
PUBIKO-XAMUIECKAA aHANW3 NO3BOJIMI IOJYYHTh [aHHEE QYHAa-~
MEHTAJIBHOTO 3HAYEHHHS O XHMHIECKO# HPHUpPOfie TBEPHAHX DPacTBOPOB:
[24]. C moABieHmeM pPeHTTEHOCTPYKTYPHOTO aHAJIX3A MHOTHE HCCIEN0-
BaTeJl IpPHAABAJIU Dellajolllee 3HAUCHWE JHUNIb B3AHMHOMY IeoMeTpH-~
YeCKOMY PACHOJOMKeHHI0 aTOMOB B TBEpHHIX pacTBopax. Memamy tem
CHCTeMaTHUeCKOe NCCIeNoBaHEe TeINIOBHX 3(deKrToB o6pazoBaHmsz
TBEPIAWX PACTBOPOB, WX (U3MIECKHX CBOUCTB C UBMEHEHHEM COCTaBa
YKa3HBAeT HAa XMMHYECKYI LIDHPOAY aKTa PAcTBODEHMA OIHOIO Me-
TaqIa B ApPYroM, Ha HaJlWYMe MOIEKYJIADHHX 06pasoBaHUi B «CTa-
THCTUYeCKHX» TBEPAHX pacTBopaX. (OHU3UKO-XHMUYECKHA aHAIHAS:
TBEPAKX pPaCTBODOB JBOHHHIX, TPOMHHX M Oollee CJIOKHHIX MeTaa-
amyeckux cueTeM noatsepskmaer Barasm J. M. Mermnexeesa ma pact-
BODH KaK HA CJOKHEIE CHCTEMH, COCTOAIHE W3 COBOKYIHOCTH CO€-
AMHEHUH pacTBOPHUTENA C PACTBOPEHHHM BeIECTBOM, HpHUIeM CoeJu-~
HeHHA HAXOHZATCA B PAsimuHOM cTemenmm Rmccommaruu [12, 24, 25).
pu ompemerenHHx ycI0BEAX B TBEPHHX PacTBOPAX MOrYT HpOTe-~
KaTh KPHCTANIOXHMHYECKUE pEaKOu¥, CBA3AHHEE ¢ YHOOpAJO0Ye-
HueM (ofpasoBammeM coequHenmit HKypmakosa, mampumep, CuzAu,
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CuAu). ITpu »toM, kax monueprmsaer H. C. Kypnaxop, TBepIbE
PAacTBOp IO OTHOUIGHHIO K STHM COeJIMHEHHAM HUTPAeT fy ke poJb,
9To ¥ KMAKHE PACTBODH HpH IOJYYeHHH GOIBIMHCTRA KpPHCTALIA-
gyeckuX BemecTB. B peayibrate OGIIHPHEIX HCCJIEJOBAHHHM IIPENCTa-
parensmz mroxst I. C. Kypmakosa paspaGorana/KiaccHuKanus
MeTaJIAYeCKAX TBePAEX PAacTBOPOB U KPHUTepWH MX 06pasoBaHUS.

Pasnuuator TBepHHe PacTBOPH 3aMEIIeHHs, BHEJPEHHA W BHTIH-
TaHHWA; TocaefHHe ofpasyloTca Ha 06ase XMMHUYECKHX COGJAMHEHNH,
HampuMep KapGuUIOB IePeXOTHHX MeTaurtoB. TBepimsie pacTBODEL
BHE/IperHusl 06pa3yTCs IPH PACTBOPEHWH B METAJIax MeTannonnb(;;
(C, N, H, O, B) n umeioT o4enb OrpaHHICHHHA KOHNEHTPAIUOHH
UHTEpBaJ CYMEeCTBOBaHMA.

Ilo coBpeMEeHHHKIM BO33PeHHAM B3aWMHAA PAcTBOPEMOCTE dIEMeH-
-TOB JPYT B ApYTe oOmpefeixseTcsa TpeMmsa (akTopamu: KPUCTALIOXH-
MEuecKuM (Iof[o0Me KPHCTAIIMIECKHX DeMeTOK pacTBOpUTerd H
pacTBOpAEMOro DIeMeHTa), Pa3MepHHM (PasHMIa B ATOMHBIX pa-
JIMycax KOMIIOHEHTOB,) XMMHYECKHM (BeIMYMHA DIIEKTPOOTPHNATE.N5-
HOCTH, OTOGpajKamas NOJIO0/KeHHe JJIEeMEHTOB B NEPHOANIECKOH
.cucTeMe, TOYHEe — DHEPIHI0 CBASH MEKAY JBYMA BIeMeHTaMN).
Jlns o6pasoBaHUA HENPEPEIBHOE pPAcTBOPHMOCTH MM INAPOKOH
.06JIaCTH TBePAHX PACTBOPOB 3aMEIIEHUA MEKIY MeTalJlaMu neoOxoau-
MBL CXOJHOE CTPOCHHE BHEIIHHX OJIeKTPOHHBIX 0GOJOYeK AaTOMOB
B3aUMOICHACTBYOMUX KOMIOHEHTOB, H30MOPPHOCTH HMX KDHUCTAJLIH-
gecKMx pemeTok, He(GoIbIas pasHENAa B ATOMHHIX [HMaMeTpax
(me Goabme 8—15%). -

Ilpn GoabmmoM pasiumymm B DTHX NPU3HAKAX METAJLIBL 6IIJIOX0
B3AUMHO PACTBOPAIOTCA B JKUAKOM M TBEPAOM COCTOSAHHMAX M OOHApPY-
JKEBAIOT OONBIIYI CKIOHHOCTh K 00pa3s0BaHMIO MekAy coboit xmmu-
qeCKHX COGMUHEHHH ¢ HAJIWMYdeM pAa3IUYHBX BHUIOB CMEIIAHHOW
CBSI3W MERIY aTOMaMd, OT MeTaJIWYecKOd MO UHMCTO HOHHOM [26].
Kak 6rmto mokasamo C. T. HomoGeeBckuM, Tpanuna TBepAOro pa-
.CTBOPA  OTBEYAET MHHMMYMY  TePMOIMHAMHYECKOTO IIOTEHIMA]IA
W KpPUTHYECKOH 9IEeKTPOHHOU KOHIEHTDPAluH. Ilpu pacTBOpEHUM
B-MeTAJIJIe DJIEMEHTOB ¢ PA3IUYHON BAIEHTHOCTHIO OyIeT HPOUCXOUTE
W3MEHEHHe B. 3aMOJHEHAN SHepreTHIecKod 30HH. B pesyiabraTe mpe-
JleIbHAA -PacTBOPUMOCTH OYHeT 3aMeTHO HN3MEHATHCA [13, 271

IIpu pacTBOpeRHWH JIETHPYIOIEro KOMIIOHEHTA BOSHUKAET yn%yraﬂ
neopManusa KPUCTANINIECKOH peMeTKH TBEPIOro pacTBopa. VICKa-
JReHHA KPUCTAJIUIECKOH PeNIeTKH, BOSHUKAIOMHUE BOKPYT PaCcTBODEH-
HOTO aToMa, TeM OoJbIIe, yeM GOJIbIIe PasHAINA B aTOMHBIX AHaMeTpax
PACTBOPHTEINs M JETHPYIMmEro KOMIOHEHTA. IIpepea pacTBOPUMO-
'CTH 0TBeYaeT TAKOMY COCTABY, IPH KOTODOM CHJIA YIpyroi gedopMa-
IJMA KPHCTANINYECKOH penreTkn Gojblle He BO3pacraer M Bgnanae'r
BTOpaA asa, YTO IPMBOJAT K YMEHBIIOHHIO HAIDAKEHHM. & PaBHE-
nme Jloycona oImpeJesAaeT 3aBACHMOCTh JHEPIUH mepopmanum UpE
JIeTUPOBAHUN TBEPAOL0 DPACTBOPA OT MOAYJIEH C[BUTA M. MOJADHHIX
©06BemoB wmeThix KommoHenToB [28]. C

_ OMOoEpmuecKoe IDABHJIO, CBA3HBalomee Ipefleli PacTBOPUMOCTH
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B TBEPJOM COCTOSHUH C PasMepHHM aKTOpOM, OLIO BIepBbie chopMy—
auposano [Owm-Poszepu. Ilpu sToM KpmTepmem Rust ompefeneHHs pas—
MepOB AaTOMOB CJIY:KHT HaHUMEHBINEe pACCTOAHHE MeKTY aTOMAMH -
KPHCTAINAYECKOA PEMIETKA, JTOT METO] OIpeeIeH s TeOMETPUYECRUX,
Pa3MepoB aroMd ABAAETCH BeChbMAa HPOH3BOJBHBIM, IOCKOJIBLKY Ha
pasMepax pacTBOPEHHOTO ATOMA OTPAKAIOTCH CJIOMKHHE B3aUMOIeH-
CTBHA aTOMOB B TBepmom pactsope [29]. v

B pa6orax mo Teopum cmiaBoB 6oBIIOe BHUMaHHE YJegAeTCH
TaKKe (PaKTOPY 2IEKTPOOTPUIATENHHOCTH, KOTOPOH XapaKTepusyer
CPOJICTBO K JIEKTPOHY M ABIAETCA QYHKIHEH 3JTEKTPOHHOTO CTPOE-—
wus atoma [21].

z]= 0,31 [(n-+1)/r] + 0,50,

rae n:—:KOJIPI‘IeCTBO BaJeHTHHX 3JE€KTPOHOB, r — ATOMHBIH pagmyc.

ONEeKTPOOTPHUIATENBHOCTh % CBA3aHA ¢ PaboTodl BHIXOMA BIEKTpPO™
HOB ¢ JuHednbiM ypasrenueM x = 0,449 — 0,15 [30]. Yem Goxpme
OTJIMYAIOTCA JIAEKTPOOTPULATEIBHOCTH BYX 2JeMEHTOB, TeM GO0JbIIe
BEPOATHOCTH 00DA30BAHEA YCTOWUUBOTO MOHHOTO COGLUHEHWS.

CrTOHHOCTE K 06pasoBaHMIO COGNUHEHHH ABIACTCH DIEKTPOXH-
MIIeCKEM aKTOPOM, OTPAHMIMBAIONAM HHTEPBaJ 06pa30BaHUA TBEP-
aeix  pactBopos [20]. Baaummas pacTBopuMocTh 0GHYHO GHBaeT
BCEIZla MaJa, eCJH DPa3HUIRa B BEIUIMHE DIEKTPOOTPUIATEIBHOCTH:
9J1eMeHTOB IpeBsmaer ——0,4" egmuUIHL.

Ob6aacTb cymecTBOBAaHMA TBEPABIX PACTBOPOB OTPAHMYHBAET TAKIKE:
BamentHbiél daxrop. Ilo IOm-Poszepu u Peitnopy [17], sueprua caasu
MouKHA YOHIBATD, €CJIM UHCIO0 BAIEHTHHX BIEKTPOHOB PACTBOPAEMOTO:
9JIeMEHTA MeHbIIe YuCjIa BAJEHTHBIX 9I€KTPOHOB ¥ pacTBopuTens [17].
HoaToMy pacTBOPEMOCTS JIETHPYIOMIET0 2IEMEHTa B MeTaJlIe-pacTBOPH-
Tene TeM GoJblie, YeM GoJblie ero BaJeHTHOCTS.

Ha rpaguxax Jlapkema—I'yppm, BHpasKaomumx 3aBUCHMOCTH
BeJMIMHEl MAKCHMAQJbHOH DPACTBOPEMOCTH B TBEPAOM COCTOSHNNI
Pa3JIMIHEIX JeTHPYIONUX 3JIeMEHTOB OT aTOMHBIX JHAMETPOB PACTBO-
DUTENISE M pPAcTBOPSAEMO# T0GaBKH M BEIHYMHB 3ICKTPOOTPHIATEdb-
HOCTH 2THX dJeMeHTOB [21], mo ocm aGemmee OTKIANEBAIOTCA ATOMHEIE
DPaMyCH 9JE6MEHTOB, a IO OCH OPAMHAT— YJIEKTPOOTPHIATENbHOCTE.
Hlas ompefenenns mpefesoB PACTBOPEMOCTH CTPOATCH BCIOMOIATENb-
HbIe DIJEOCH: BHYTPeHHHHA (¢ Goapmoil ochbio pasmepom 40,2 emu-
HHI[ 3JeKTPOOTPHIATENLHOCTH M Maxod 8% pasmumel B aTOMHBIX
panmycax) u Buemnntt (+4-0,4 snexrpoorpunarensroctu, +15% pasuu-
Isl B aTOMHEIX pajmycax). I'padurm crposrcs A ompemeaeHHBIX
MeTaJI0B-pacTBOpUTE e M MOTYT GHITH HasBaHk rpadukKaMm pac-
TBopHMocTH. B mpemesax Manoro smammca HAXONATCH MeTaJH,
o6pasyiomue HeOTpAaHWYEHHEE TBePHHE DACTBODH ¢ JAHHEIM MeTal-
A0M-pacTBOpuTeaeM. Mesxay ManeM u GOJNBIIAM DIJHICAME PACIIO-
J1aral0TCA METaJNBI ¢ OTPAHMIEHHOHR PACTBOPHMOCTHIO B MeTaje-pa-
CTBopmTene. 3a mpenenaMu GOABIIOTO DIIUICA PaZMEPHKIN W BaIEHT-
HbUE harTODS! HEGIaTONPHATHE 1A 06Pa30BAHMA TBEPIEX PACTBOPOB.

akue rpagmrm Obm mocTpoemn: muA wrrpmA [31], Hmobuma
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{puc. 4, a) [32], penns (puc. 4, 0) [33] m mpyrux MeTAILIOB. N3 srux
epaduKoB BUIHO, HAHpUMep, UTO HHOOHA JOJKeH 06paBOBH}{;iITK
HempepHBHEE DPSANH TBEPABIX PACTBODOB C MeTaJIaMA VA n
rpynn. PerosemeabHEIe METAJLIH, /IaleKO OTCTOAMUE OT 60JIBIINH-
¢TBa TYTOIJIABKAX - METaJJIOB, Malo pAacTBOPUMHL B TmOCIeHAX
B TBEPIOM H JKUIKOM cocTOAHHAX. B caydae moanMOPPHEIX METATIOB
rpaduKz pacTBOPEMOCTH He00XOAUMO CTPOHTH JUIA onpeneleHHOR
MoRE(QUKAIIE ¢ COOTBETCTBYIOMEM LepecyeroM ATOMHOTO papayca.
PacTBOpUMOCTE OJIHOTO ¥ TOTO ’Ke METAJTa B pas/IAiHBIX MommpuKa-
IEAX TOJMMOPPHOTO METALIa MokeT GHTB COBEPHICHHO pasIuIHOM.
Ilo-BEgUMOMY, HMMEITCA HEKOTODHE 3aKOHOMEPHOCTH, CBA3AHHEE
¢ TOJIOKEHUEM DJIEMEHTa B MepHOJHYeCKOH cucTeMe H ero coco0HO-
C£TBHI0 CTAOGMIN3UPOBATh Ty HJIM HHYIO MoAPUKALHAI0 moaMMOPHHOTO
‘MeTajia.
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Hapgo oTMeTuTsh, 9T0 HpH B3aMMONEHACTBHM PA3IMYHHIX SJIEMEHTOB
MMeeTcs PAJ UCKIIOYeHHH W3 ONMCAHHHX BHIIEe HONYIMIADHYECKHX
mpasua pacTBopumoctn. Cpemu Hamfosee TYromIaBKHX MeTaIIOB
TAKHEME HCKJIIYCHHAMHU ABJIAIOTCA CHCTeMH BOAbPpPAM—XPOM, Ba-
Hauii—TaHTaX M JApyTHe, B KOTOphiX HabmiogaeTca o0pasoBanue
TPOMEKYTOYHHX (a3, HeCMOTPS Ha M30MODPPHOCTH KPHCTAINIMISCKAX
peuieToX KOMIOHEHTOB U GAaronpHATHEE AJAA 00pa30BaHNA HEIPEPHIB-
HHIX TBEDPAHX PACTBOPOB pa3MepHHE (ParTop ¥ (aKTOpP SJIEKTPO-
OTPULATEIHHOCTH,

Juarpavmnr  Japkema—I'yppm B KoopammaTax aTOMHHIH pa-
JHYC—3JIOKTPOOTPUIATEABHOCT NOCTPOEHH TaKxKe JJIA HeKO-
TOPHIX MeTacTaOHABHHIX TBEPAHX DPACTBOPOB 3aMeH[eHHA, IOJYYeH-
HBIX MeTO[OM MMIIIAHTANUN HOHOB (CILIABH HMKEJA, BaHAAUA, Geplil-
Jus) [553]. Ilpenmomxeno mpaBmio o6pa3oBaHHsA MeTacTaGMIBHEIX
PACTROPOB 3aMEIeHHA: AMILIAHT HPYEMbIe aTOMbL JJOJKHEL HMETh aTOM-
HEE pagmyckl B Ipepedax oT —15 pmo -+40% papmyca aToMoB
pacTBOpUTENs H SIEKTPOOTPHIATEIBHOCTH B npemenax —-0,7 ot
DIEKTPOOTPHUIATENBHOCTH pacTBopuTens [553].

1lpu onmpepesnenum B3aWMOJEHCTBUS HIEMEHTOB, KpOMe IepeIC-
JIGHHHIX BBHINIe KPHTEPUEB, OYeHE BaJKHHIM ABJIseTCA XKpurepmi I'min-
Aebpanma m MoTTa M PacTBODHMOCTH B JKUAKOM cocrosnmm [34]:

o (V14 V2) (8 — &) < 2RT,

rme V —aromuHil o0BeM saeMeHTa, § — mapaMeTp pacTBOPHMOCTH,

onpenensemuii pasenctsoMm O = (AE/V)'/:, AE — temnora cyGian-
Manum.

Morr ma ocHOBe amammsa 529 JBOHHHIX cHCTEM IIOKA3aJ, YTO
kputepuil I'masmebpanna m Crorra cmpasemius s 59% cayuaes
118]. MorT BBea B mHepaBencTBo I'miabmeGpania pasimume B BIEKTPO-
OTPULATEIBHOCTH, IPEANOJOKEE, HYTO €CJAH HMEeTCH TeHIEHIEs
K 06pasoBaHHI0 COENMHEHHH, TO OTCYTCTBHE PACTBOPHMOCTH B HTOM
cay4ae MeHee BEpPOATHO :

1
2 (Vi --V2) (81 — 82)> — 2RT
- 23060 (eny — eng)® ’

rge K — umcno cBaseil, KOTOpoe ompefejser XapKTep B3awMoJeii-
CTBHA KOMIOHEHTOB: npH K < 2 MeTa/LIEl PACTBODAKTCA B SKUAKOM
COCTOAHMH BO BeeX Ipomoprusax, mpum K > 6 mpemmonaraerca o6-
Jlacth pacchoenma, mpu 2 < K < 6 BzamMopeficTBHe B3aBHCHT OT
pasmepnoro gaxropa. [laa mociegHero caydas IOCTPOEHA CTATHCTH-
qeckad kpusad (puc. 5). Ilpu ananmse tex xe 529 cucreMm KpuTepuii
Morra oxasmBaercs cupasemaus aas 80% ciyuaes. Ilaa Bcex Bo3-
MOJKHBEIX JBOHHHIX CHCTEM COcCTaBieHa Tabauya KputepueB I'mib-
Hebpanma m Morra, 3JI€KTPOOTPUIATENBLHOCTH M APYTHX BEJIHYHH,

Heo6)[(,OImMBIX I IpeACKAa3aHHA B3aHMONEACTBHA [IBYX 3JEMeH-
ToB [35].
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Jlna ompejeleHHsA CKIOHHOCTH METANJIOB K 00pasoBaHUI0 IIpOMe-
JKYTOUHBIX METAJIHIECKAX - as Ky6amesckuM ObuT BBENeH IIapa-
MeTp OTHOIIEHUS - TEHJIOT cy0auManuy  KOMIOHEHTOB La/Lg, T2k
KaK Temxora . cy(AuManun sABJIAETCH KOJIWUYeCTBEHHOR * XapaKTepu-
CTHKO}i 9HepruM CBA3E WYHCTOTO MeTallla. KyGamesckuM Obrra Ipes-
gosxena Qopmysa JIA OKHAAEMOrO COeJMHEHUA :

‘NALA [G* (A)cn C* (A)Me'r] NBLB [C* (B)cn — C* (B)Me'r]
c* (A)MBT o* (B)Me'l‘ . ’

Al

rme N —MoufApHHe 0T, L—remnora cybmmmanuu, C * __cpenuee KO-
OpAMHANUOHHOe YACJO, CH-—CILIAB, MeT-—MeTalLL.

Ilas pAga XUMUIECKUX coemHeHni W3 3TOTO ypaBHeHUA GhlIH pac-
CUmTAHLL SHAYCHHS TEIIOT CYGIMMAIM W IOCTPOGHH KPUBHIS, IIDH
rorophix AH ;=0 mpu pasiMIHEIX COTETAHUAX La/Lg u Ra/Rp. llo
DTEM KPHBBIM, HCXOJS U3 3HAUCHMH TeMJIOT cyGIuManun U aTOMHEIX Pa-
[UYCOB, MOKHO B DAfe CTydae 3apaHee yCTAHOBUTH BO3MOKHOCTDH 00-
Pa30BAHUA COEIMHEHUS MEKIY NBYMA MeTajllaMH. :

Mertajinaeckne coefnHeHnsa m (assl HA UX. OCHOBE 06pasyiorca BO
MHOTHX MeTaJLIauecKux cucreMax. OHI MMEIOT HHIMBU/YAJIBHEE KPHC~
TaJINYeCKAe CTPYKTYPH (KaK IPaBUIO, CIOKHBE) M [0 CBOEM XHMH-
YeCKHM U (UBHYECKHM CBOMHCTBAM DE3KO OTIMIAIOTCH KAK OT HHCTHX
METAILIOB, TAK I OT TBEPABIX PACTBOPOB. MeTalqATecKue COIUHEHIA
XapaKTepU3YIOTCS HATUIHEM CMeIIanHoil (MeTaITNIecKol, KOBaIEeHTHOR
# uonHoi) cBA3H. OXHAKO OT COS{UHENNHA HOHAOTO I KOBAJICHTHOTO TUTIOB
XEMETECKEE COEMMHEHHS METAJIOB OTIMIAlOTCA TpeobramanmeM Me-
TAJLTHYECKON CBAZH MEKIY PA3HOMMEHHHIMH aTOMAMH U METAIINIeCKHA-
MH CBoficTBaMy (METAJAMYeCKHi GJeCK, 9ICKTPOIPOBOJHOCTD, HOIO-
JRATeNBHER TeMIOepaTypHHH KOdQOHIHEEHT BIeKRTPOCOMPOTHBICHUT,
TeIIONPOBOHOCTh U, B M3BECTHRIX YCJIOBHAX, cHocoGHOCTh K IIacTh-
gecKoit medopMaIynm). -

XyMEUEeCKIe COGINHEHHSA O6pasyloTcs IpPeHMYIMeCTBEHHO MEMRAY
TeME KOMIIOHEHTaMH, KOTOpHE Hamboiee CHIBHO OTIHIAITCH APYT
OT pyra CBOMM DJIeKTPOHHEIM CTPOCHHEM, XUMUTCCKUMIL X puaHIeCKEMHT
cBOilcTBAMH, T. €. JAJIEKO PACHOJOKeHH IpYT OT ApYyTa B HepHOANIECKON
cucTeMe, MMEIOT 3HATUTENBHO PasIUIAIOIIMACA ATOMHEIR o6seM m pas-
JWYHOe KPUCTANIMIECKOe CTPOEHHE. B macTosmee BpeMsA M3BECTHO
ceame 10000 aBYyX-, TPeXKOMHOHEHTHHX H GoJiee CHOKHBEIX METaJj-
TmIecKuX coegmmenumil. Mx wmcio GymeT BospacraTh IO Mepe HMCCIIeRo-
BaRAA (GUBMKO-XHMHIECKUX CHCTEM B IHPOKOM [HAla30He TeMIepaTyp
7 mapaennit. [[py KPHCTAIMM3ANHUE PacIIaBa MeTALIHIECKAE coeume-
HOA WIE 3aTBepIeBAIOT KOHTPYIHTHO, WJIH o6pasyioTca B pe3ylbTaTe
COOTBETCTBYIOIUX DPeARNMI MeTy TBepfoi H SRETKON (asaMu, WIH
B TBepHAOM COCTOSHHUM.

X uMEIecKoe cOeWHeHHe OMPe/leJIeHHOTO COCTaBa (mazbronmy) 06-
JajaeT CBOMM THIIOM IIPOCTDAHCTBEHHOH pEIIeTKH, YIOPATOICHHEIM
PACIIONIOFKEHEEM ATOMOB, IPOCTHIM CTEXHOMETPHIECKUM COCTaBOM X
CUHT'YJSPHKMIA TOYKAMH HA IarpaMMax cocTaB—cBoitcTBO. MeTanmmuae-

22.

il

CKIie COeMHeHNA ePeMefHOr0 COCTaBa (GepToIn/iE) 06aafaroT JacTHY-
H0 YIOPAMIOYCHHBIM PACIIONIOKEHIEM aTOMOB; CTEIleHb YIOPANOYCHHOCTH
X MeHSeTCA ¢ COCTapoM M TeMumeparypoir. Ouum mmeiorT cobcTBeHHOE
KpPHCTaJIMIecKoe CTPOeHHe, HO JIMIIeHE CHHTYJIADHHIX TO4YeK Ha Jua-
TpaMMax €OCTaB — CBOMCTBO. MeTaiqmuecKas CBA3h B HUX BHIDAMKEHA
Gosree ompesiesieHHO, YeM B JajbToHnfax.Beprosamns: mo cBoeit npupo-
e 33HUMAIOT NPOMERYTOUHOE -JIOJIOMKeHHEe MEXAY TBepIHMM DPaCcTBO-
PaMH M XHMUYECKUME COEJMHEHHAME — AanbTongamu. OHE, Kak I
NATBTOHAAB, HMEIOT KPHUCTAJIIMIECKYI0 pemerKy, OTJIHYHYI OT CO-
CTABIAIMHUX KOMIOHEHTOB; HO B TO jKe BpeMsd, KaK U TBepisle pacT-
BODH, XapaKTepu3yITCA ILIABHHIM H3MeHEHHWEeM CBOMCTB B Ipefleslax
onnoponnocta pass. H. B. Arees, paseusaa npegcraBienns H. C. Hyp-
HaKOBa 0 GepTOIEAAX, IPelJIO/KHI PAcCMaTpUBaTh HX KaK TBep/He
PAcTBOPH HA OCHOBE (MHUMBIX» XUMHIECKHAX COCIUHOHUM, HAXOMAMIXCA
3a IpeferaME OXHOPOAHOCTH (ashl, He CYIECTBYIOIUX PpeajpbHO IpH
IAHHHX YCJAOBUAX paBHOBecHA. BepToNInAL ARCCOLUHPOBAHKEL B YKHU[-
KoM 1 TBepfioM coctosiauu [36]. Cremens gucconmanum HX A3MEHACTCH
B 3aBHCHMOCTH OT COCTaBa M TeMmeparypi. MakcuMmalbHasA CTENeHb
YUOPANOYCHHOCTH JEKUT 32 HPEfIeIaMu. ITPaHUIET ¢assr. BeccoopHo,
5OJBINON HAYIHHN ¥ NPAKTHICCKHN HHTepec MmpefCcTaBIAN0 OB mOIy-
qeHMe (MHEMEIX» COSIMHEHUA B BuAe MeracTabumabueix ¢as. He mexiio-
YeHO, UTO OHM 06JaJal0T KOMIIEKCOM HHTEPECHBIX PU3NIeCKHX CBOMCTB.
Buammo, ¢ OOMOImMBI0 COBPEMEHHEIX TeXHHYECKHX CPEACTB 3Ty 3a-
Iagy MokHO OyHer pelmmTb. B paAne cucteM Mo:KkeT OHTH . OCYHIECTBIIEH
HeIIPepHIBHLIA Iepexo) OT FAIbTOHUAOB K GepTosIuIaM B TBEP/OM CO-
croanau. llpu comocraBleHHH aHAJOTHYHBIX B KPUCTATIOXAMAYECKOM
OTHOIEHAK (a3 TeIOTH 00pa3oBAHUA . JANBTOHHAOB OoJblIe, YeM
Sepronaunos [36]. Meraninmdeckne COeIUHEHHA HMOIOT CIOMKHOE H
XapaKTepHOe KDHCTANIUICCKOE CTDOCHIUe: f-daser obiamaroT CTPYK-
TYpoll THIIA XJOPHCTOTO Iie3mdA, y-Passl UMEIOT CIO0KHYI KyOUMecKyIo
CTPYKTYpPY € D2 aToMaMu B DJeMeHTapHOH sAueiike. Merasimiec-
KHe COeJMHEHWS IIpU CINIaBIeHUU BeAyT cebA KaK CaMOCTOATEJbHEIE
KOMIIOHEHTH H MOTYT 00pasoBBIBATH MEKAY coGOH cMecH, OI'DAaHHYEH-
HEIe IJIN Jia’ke HellpepHIBHbIE TBePAbIe PACTBOPE, B KOTOPHIX 06pasymo-
mue HX MeTaIhl H30MOPPHO 3aMEIAIT APYI Apyra B peleTHe coenu-
HennA. MHorme MeTaJLIMYeCKUe COSTUHCHUSA MOJHOCTBIO MJIH YaCTHIHO
JMUCCONMAPYIOT TPHU HATPEBAHWH, YCTONYHBOCTL COEJMHEHWA HAXO0-
AUTCA B OPAMOH CBA3W ¢ BEJUYMHON CBOGOIHON 3HEPTHM, TeIIOTOX
obpaszoBanusA u Temmeparypoi miasmemus [1, 2, 12, 19].

Hexona us ocobennoctell XuMHUYECKOH CBASH M KPHCTALINYECKOTO
CTPOEHHA, PAsIMIAIOT CIEAYIOMIe IPYIIIbL MOTATTMICCKUX coeUHEHUH
[90]: coenunenus KypnakoBa, coeuHeHHs ¢ BaJEHTHHIM OTHOUIGHEEM
aTOMOB, JIEKTPOHHEE coequuenusA, ¢ass JlaBeca, HEKeJIb-apCeHHA-
Hble $ashl U COeFHEHMA METAJJIOB C HeMeTajsaaMu (rmapuisi, 60pmas,
KapOuyjsl, HETPHAH, CHIMIMAL, OKHCAn Meraixos) [1, 2, 26].
cHCoeauuenuﬂ KRypuarosa uoﬁnapymenm BO MHOFAX CHCTEMax

ajamyneM Ooaplumx o6aacTeil pacTBOPUMOCTH B TBEPAOM COCTOAHUI.

emepb ecTh MHOI'G OCHOBAHMH IOJArath, 4TO. BO BCEX CHCTEMax C
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HeIpepHBHON PaCTBOPEMOCTBIO KOMIOHEHTOB; KaK IDABUJI0, P ompe-
[eIeRABX YCAOBAAX MOIFKHEL 06PA3OBHIBATECA COSIMHEHUA Kypuaxosa.
Temmepatypa YIODSAZOUYEHHA COEJMHEHMH, KAK IPABHJO, COCTABIAET
0,55—0,63 Tgg. '

K coenumenmam IypHakoBa cleiyer Takie OTHeCTH O-(aswl —
MeTasTmIecKne coequHenna meraiioB VA m VIA rpynm ¢ MeTairaMu
VIIA uam VIII rpymmer. 9ti assl HMEWT TBEPHOCTH HNOPALKA.
1200 Kre/MM® I BHICOKOE BIEKTPOCOIPOTHBICHUE. O-(paskl XapaKTepusy-
J0TCA TEeTParOHAIBHOHE CTPYKTYpOWH ¢ 30 aToMaMH B DIEMEHTApHOML
saefike. ATOMBI PAacloJaraioTcs IOCIOHHO, M CTPYKTypa mMMeer 60Jb-
o€ CXONCTBO ¢ IeKCATOHAJIBHOH ILIOTHOYHAKOBAHHOM. Ha mpouecchr
o6pasoBanusa U cTabHIU3aUUA O-$as OKAZHBAIOT BIMAHNE KAK pasmep-
HELA, TAK ¥ DIEKTPOHHBIA PaKTODHL. :

MeTaniHaecKae COeOUHEHUA — 6aiewmmuozo muna  00pasyloTCa
MeMKy  CHIBHO  DICKTPONOJOKHTOJNBHEIME M  DIEKTPOOTPUIA-
TeNBHEIME DJEMEHTAMM, HaJeK0 OTCTOAmUMH [pyr OT Jpyra B
IepUOTUTeCKOl cueTeMe. ITH COPIHHEHNU XapaKTepu3yIoTCA BHICOKVMMU
3HAUEHHAMI TEIWIOT 06pasoBaHUA, TEMIEPATyp 3aTBepieBaHusd, HU3-
KOH 5TEKTPONPOBOAHOCTHIO M 3HAYATENBHOH XPYIKOCTRIO HpH 00BI9-
HEIX TeMmepaTypax. o

Juexmponnvie coedunenus, mo IOm-Posepn, xapakrTepusyloTcA IIo-
CTOSHEEIM COOTHOIIHWEM YHCJIA BHENIHHX JJEKTPOHOB K IHCIY aTOMOB
B peMenTApHOM Aveiike: 3/2,21/13 1 7/4. IlpaBmiry BaJIeHTHOCTH OHU HE
HOTUMHAIOTCS. JAEKTPOHHELE COSIAHEHHA 06pasyloTCsa Npu B3amMojei-
cTBUY DieMenToB 1B HOArpYIN MM HeKOTOPHX HePeXOHBIX JJSMEHTOR
¢ smemerramu 11—V rpymn (moprpymmsr A). Ha mmarpammax cocTos-
HEA OJIEKTPOHHEIM COeJJHHEHHAM OTBEYAIOT o6JacTd TOMOTEHHOCTH
pasiuIHOl MpOTAKeHHOCTH. V38BECTHE YETEpE TUIIA KPHCTALIIHIeCKOH
CTPYKTYDHI FJIA BIEKTPOHHBIX coequuennit: 0GHEMHO-IIeHTPEPOBAHHAL
KybmaecKas pelleTa THIA [-IaTyHH, CIOKHAA KyOmuecKasA pemeTHa
TAIa P-Mapramna, CIOKHAsA KyOmdecKas pemeTka THIla y-JaTYHH I
TeKcarogajbgas peIeTKa THIA COeNMHEeHUs CuZns. Crpoenme 3JeR-
TPOHHBIX COE[IHHEHMH OGBACHEHO ¢ KBAHTOBOMEXAHMIECKHX IO3UIMIE
[18, 27, 13].

Hox gasamu Jageca NPUHATO TOHMMATD METALIMIECKIE COeMHEHN,
uMelomue 6oJibIIell JacTBI0 COCTaB AB, m KpHCTAIIA3YIMHIeCsH
B OJHON W3 XapaKTepPHBIX IIOTHOYIAKOBAHHBIX KyOGHMYeCKUX MM TeK-
caronamsaex crpykryp tama MgCu,, MgNi, u MgZn,. lns gas Jlaseca
IHOAYHO COOTHOUIEHYE ATOMHEIX DPaIAyCOB KOMIIOHEHTOB B TpeJeIax
1,15—1,68 u mpeobaananue MmeTajmaeckoit cpasd. OcoGerHOCTHIO
HeKoTOpHX (a3 Tnma AB, ABIACTCH HAIMIME y HUX IOJMAMOPPHLIX
UpeBpalIeHnil, 3T0, HAIp¥Mep, OTHOCHTCA K cOeTUHEHMUAM PEERA C.
PeIK03eMeNbHEIMI . METaJLIIaMH [37, 38l ‘

K nukeav-apcenudnnn $Hasam OTHOCATCA METALIMICCKUE coequHEe~
HHOS, KPHCTRILIN3YIOmuecH B rexcaronaypHoil pemerke Tmma NiAs
¢ KOODJMHAIMOHHEIM YHCIOM BOCEMB. Onm otkpurel H. B. AreeBrm
u E. C. Maxapossim. CmereMa MOAOGHEIX $a3 MOKeT IPEACTaBIATE
060l TOMOIOTHIECKHI DS COSNUHEHMI ¢ HePeMEeHHEIM THCIOM aTOMOB
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B 9JleMEHTapHOW Adelike M ¢ HAGOPOM DABNMYHHIX THIOB XHMHIECKOH
CBS3M — OT MOHHOR g0 Merajmieckoir [39].

CymecTsyer 6oJblIOe YACTIO COC[MHEHU METAJIIOB C. HeMeTalJIaMH
(KHCIOPOTOM, BOTOPONOM, YIVIEpOOM, a30ToM, GOpOM, KpeMHHEM),
KOTOPHIE TAKHKE JOJRHBL GHITH OTHECEHB K METALINYECKAM COSTUHeHUAM,
‘TaK KaK B UX CTPOEHUH HpeoliafaeT MeTalIMmIecKas CBA3b U OHU NPO-
SBJIAOT THOHYHEEC METAJLIHYecKue cBoiicTBa. Takde coelMHeHHs HpH-
HATO JeIUTh HA [Be TPYIIE: €CIW PA3NHYHA aTOMHBIX PaJHyCcOB Me-
Tamrouaa (4) u meramna (B) cpaBHHTEIbHO HEBEINRH (r 4/rg > 0,59),
T0 06pasytorcs $ass ¢ 0COOBIME, ACTO CJAOHHMA TAIAMH YHOPALOICH~
HHX KPHCTALTHIECKHX DEIIeTOK, IpefcTaBiAimue co0oi OOhIHbIE
MeTaJlIIecKAe CoeNmHeHusa; eciu sKe ra/rp < 0,09, T0, Kak TOKasal
Xoarr, 6oapmme aToMH MeTajila GopMAPYIOT COGCTBEHHYIO KyOHIeCKyI0
WK TeKCAaTOHANBHYI0 peileTKH, a MeHbIINe aTOMHEl HeMeTajula paclo-
JIaralTcd B THPOMERYTKAX MEKTY aTOMaMu MeTajla, IPH 9TOM BO3-
HEKAOT TaK HasbBaeMbie (PAaskl BHEIPEHHs, KOTOPHE OYeHb pPacHpocT-
PaHEHE CPeO¥ MeTAIMYecCKHX COeJWHeHHH, COJepIRAUX HEeMeTAJLIbL.
Daspl BHEIPEHHSA OTINIATCA YIOPALOICHHEIM PACIIONON(CHAEM aTOMOB,
TIPOCTHMH CTEXUOMETPUYECKIME COOTHOIIEHNAME KOMIIOHEHTOB, a TAKKe
BHONIHMMYE OTJWIHTeJGHEIME LpUsHaKaMu MeTasummdeckux Teq [40].

Jlns Bcex COETMHEHHMI METAMJIOB ¢ HeMeTa/JlaMd XapaKTepHa

CMelllanHasA MeXKaTOMHasA CBA3b.

Pasnoofpasme THIIOB MeKaTOMHOM CBABH B KPUCTAIIAIECKUX CTPYK-
TYp cO37aeT Yy MeTaJIMYeCKUX COefUHeHUH Haamume ocoObIX QUIMKO-
XHMOYECKUX, DJICKTPUYECKAX, YMACCHOHHHX, MATHATHLIX, ONTHYOCKUX,
MEXAHUIECKUX W APYTHX cBoiicte. Tak, mampumep, 3AeKTPHICCKHE
CBOHCTBA MOTYT H3MEHATHCA OT CBEPXIPOBOAMMOCTH B KHIKOM TeJIHH
{0 TONYIPOBOTHIKOBEIX CBOHCTB mpu OObYHBIX TeMmeparypax. J[lu-
CHJIMOU MOJHMOJeHA B OTIMYME OT MoJubeHa YCTOMIMB HAa BO3IyXe
Jo 1700°C. Tercabopugu peAKO3eMENBHEIX MeETAJIOB OTIHYAIOTCH
BHICOKUMY TEpMOSMUCCHOHHHIMHA CBOHCTBAMH, COENWHEHHs IapaMar-
HUTHEIX MapraHna u penus o0aajaioT (eppoMarHHTHEIMA CBOMCTBA-
MH ¥ T. 3. [24]

TakuM 06pasoM, Ha OCHOBE aHANM3a YCTAHOBJIEHHHX KpPHUCTaJLIo-
XUMAYECKEX (PAKTOPOB MOKHO CHEJATH IPeIBAPHTENBLHOC 3AKIIYEHNEe
:;p(;lymeCTBOBaHHI/I npenmonaraeMux $as B paBHOBECHOH cCHCTeMe W UX

poxe.

4., TEPMOOJMHAMNYECKOE OIINCAHUE
®A30BBIX PABHOBECHI

{HOCTpOGHHe OUATPaMMBI COCTOSHMA He ABIAETCA PO3YJBTATOM TOIBKO
?{Ié;:TOI‘O OMUMpU3Ma; OHO HONYMHAETCH 3aKOHAM TePMOJUHAMEKY.
CJI0 cremeneit cnoﬁony,cncTeMm, ompeneaseMoe mpasaioM I'mb6ea,
g‘%ﬁ;ﬁqg;ny A3MepeHui reoMeTpMYeCKAX BIEMeHTOB AuarpaMsl [4].
o /i IMarpPaMMEL MOKeT OBLITh HOJYYEH N3 PACCMOTPEHHA Tep-
MATecKnx QYHKIml, XapaKTepHUayION[AX pABHOBecHe CHCTEMEI:
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BHYTpeHHe#l u cBOGOJHON SHePIHU, TEPMOJMHAMHIECKOrO HOTEHIAAIA.
3asmcuMoeTh 9THX (YHKOMH OT HapaMeTpPOoB, ONPENeNsmdX COCTO-
SHWEe CHCTeMBI, MOKET OHTh BHIpDasKeHA IPM IIOMOIM TeOMeTPHIECKHX
o6pa3zoB.

TepmoHaMuYecKoe onmucanme (asoBHX PaBHOBECHI JleqaeT BO3-
MOJKHEIM TeoperHdeckmii pacuer amarpamm cocrosnua. Wmes paccum-
TaHHYIO B OTpPeIeJeHHOM NpUGIMKeHAN THArPAMMY COCTOSHMS, MOKHO
CBECTH K MEHEMYMY 00heM paGoThl II0 ee 9KCIePHMEeHTATbHOMY LOCTpPO-
enmio. TepMoTHHAMAYECKHUI AHAJIM3 TO3BOJSIET PEMHTH M O0PATHYI
3aflady: HA OCHOBE HKCIEPHMEHTATBLHO HCCJIEI0BAHHOM IMarpaMMbl CO-
CTOSIHHA ONpeNelITh TePMOAHHAMUYECKUe CBoicTBa cucTeMsl. [lua-
rpaMMa COCTOSHYSA II03BOJAET ONEHHTH TaKHe CBOMCTBA CIIABOB, KaK
TOITOTH MJIABJCHUS U PACTBOPEHUS, DHEPTHI0 PacTBOPEHUsd, DHEPTHio:
cMelnenusi 1 T. H.

PasButre MeTOHOB pacueTa AUATpaMM COCTOSHUA HAYaJ0Ch C
omy6auKoBaunbX B Korne XI1X — mauamze XX B. paGor Banr-T'odda,
1. Ilipenepa, Ban-Jlaapa m Apyrux yduembix. Baskmoe 3Hauenme JIf
pasBUTHS TePMOIMHAMUIECKHX METOJI0B pacdera (asoBHIX PaBHO-
Becuii UMeeT TeOpUS DETYIAPHHX DPacTBOpoB, paspaboranHas I'mib-
nebpanaoM.

IpuMenenue TepMOAMHAMUYECKOTO aHANN3a K MCCIEROBAHUIO IHA-
TpaMM COCTOSHUA MOApobHO paccMorpeno B paborax [41—46]. Ilo-
9TOMY B PAMKaX HACTOAMEH MOHOTPAa(UY IPUBOAATCA JIMIIb HEKOTOPLIE
M3BECTHBIE HOAXOOE K TePMOIMHAMIIECKOMY Pacyery fuarpamMm cocTo-
saums. OcmoBuag 3aJada IpHE pacdeTe AUArpaMMbl COCTOAHNA CBOTUTCHA
K ONpefeJenuio TepMOIMHAMUYECKOr0 MOTeHNHaja  WId ¢B00OHOIE
OHePIUH B 3aBHCHMOCTH OT TEMIEPaTyphl, NABICHUS U KOHIEHTDallui
KOMIOHEHTOB BO BceX (azax, KOTOpHE MOTYT BOBHHKHYTh B [aHHOM
cucreme [2]. Jaa 6umapusix cuctem mo Metomy Posebyma crposites
I0BEPXHOCTH TepPMOTIMHAMUYECKOTO OTEHIHANA KaK0il (assl Kak dyn-
KIWME TeMIIepaTyphl W KoHIjenTpanuu. B msorepMmiecKOM CeTeHHI
HOJY9aloTcA KPHUBHE 3aBHCHMOCTH TePMOIMHAMUIECKOTO HOTEHNUAIA
(cBOGonHo# smeprmu) or Konmenrpanuu. (DopMa m B3amMHOE pacIo-
JI0JKeHMe KPUBHIX ONPEHEINANT KOHIEHTPAIWI0 HAXONAMUXCA B PaB-
HoBecuu ¢as.

TepMoaMHAMUYECKAH IOTEHIWAN MOKeT GHTH OUpeNeleH JKCIepu-
MEHTaNbHO TIyTeM U3MEDeHHA TeIIOeMKOCTH, OHTAIBIHAH, TepMO-
BIIERTPOJBIFKYIIeH CHIbL, IAapUHAIBHOIO [aBJIeHHA HapoB KOMIO-
HeHTOB cucTeMbl & T. K. OIleHKa TOYHOCTH SKCIIEPHMEHTAJIBHBIX METONOB
onpefieJieHdsA TePMONMHAMAYECKHAX CBOMCTB JlaeTcsi B pa6ore O. Ky-
Gamesckoro [47]. VimeloTcA HOUKTKM TeOPeTHYECKOTO OIpPeIeIeHUL
TepMOIMHAMUYECKOTO IOTeHIHAla C IOMOMBI0 METOJ0B CTAaTHCTHYEC-
koit gusuxu [48]. Basknoe 3mauenme mpu pacdere (asoBhix paBHOBECHIA
EMeeT NPENCTaBIEHMe 0 XUMHTeCKOM HOTeHIMaie, KOTOPHE ABIAETCH
NapIAaJILHBM TePMOIMHAMITIECKUM TOTEHI[HAIOM M BHIParKaeTcs uepes:
AKTUBHOCTH KOMIIOHEHTa B PacTBOpE: ' :

= @2 + RTlna;, -
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TAe | — XOMUYecKHil IMOTeHIMAJ i-I'0 KOMIOHGHTa B CTAHTaPTHOM
COCTOSINUM, @; — AKTUBHOCTH i-T0 KOMIIOHEHTA B PACTBODE. a; = Z;V;,
Ihe z; — KOHIEHTpaNuA, P; — KO>QOHIMEHT aKTHBHOCTH.

JHasd aKTWBHOCTH KOMIIOHEHTOB B DacTBOpDe ¥ IPHPABHMBAH WX
XUMAYECKUE MOTEHINAIE, MOKHO OIPEeATE TUHUH (A3OBHIX DABHO-
BeCuil.

Hax m3BecTHO, TepMOIMHAMMYECKHH HMOTEHNHAT CHCTeMH G BhIpa-
JRaeTcA depes ee sHepruio U, surpoumio S u o6weMm V cooTHoImmenmem
G =U —TS§ + PV. 3anaua onpenenenus G CBOAUTCA K OIpeETCHUIO
U, SV xak ¢ymrnuit 7, C, P. Jlna qByXKOMIOHEHTHOH CHCTEMbI
mosmao U, S u P BHpasuth 4epes mapuuaibHble BeawdmHnl [43]:

U= —z)Us+ 2Ug + Uyas,
S = (1 —x)SA+xSB+SKOHd)+Sﬂ361
V=_ — ) VA'{‘-Z'VB + Vuses

T/ Skonp — KOHQUIYDAUMOHHAS DHTPOUMA WJIH DHTPONUA CMeIIeHUA

Uuso, Susg, Vuss — U30HTOUHBIE TepMOAMHAMUYECKHE BEJIMYMHBI, Xa-

paxTepusyioue CcTeneHb OTKIOHEHHA OT UAEAJbHOTO DPAacTBOPA.
s TepMonmuHaMUmUECKOTo pacueTa @arpaMM COCTOSHHS MCIOMNb-

3YIOTCS cJeftyomue nanboJiee pacopoCTpaHEeHHbIe MOeNH PACTBOPOB,

‘OCHOBAHHBIE HA NOIYIEHUN HE3aBUCHMOCTH YHEPIUH CHCTOMBI OT XapaK-

Tepa paCUpPEIeIeHUusI aTOMOB. :
1. Upeanpubie pacTBOPHL:

Uuss = 0; Suss = O; Vn36 =0;
Skong = — RI(1 —2)In (1 — 2) + zInz];
Gew =RT [(1 —2z) In(1 —2) 4+ xln z].

2. Hempeansnsie pasGaBiennsie pacTBOPHL: Vi U Uyys — IO-
CTOAHABL U HE BaBHCAT OT cOCTaBA Suys = 0; Syonp = ﬁg,@.
3. Perynsapueie pactBopsi: Uyss = (1 — z) 20, THe .© — dHepruA
CMelIeHWA MJIM B3aumMooOMeHa (IIapaMeTp B3aUMOJEHCTBHA).
WN36rrounas sneprus B 9TON MOJENH OTJIMYHA OT HYJIHA, HO HE HB-
JAAeTCSA BeNWYAHOM IIOCTOAHHOM, a M3MeHAETCA ¢ KOHIEHTPAIHe:.
Tak xak @ He 3aBucHT oT cocTaBa, Uy, B IepEOM TpUGIMKeHU AB-
Jisietcsa Hapaboanueckoi Gymrmueii. '
4. ArepMmyeckme pacTBODHL:

Unse =05 Vias = 0; Sias 5= 0. Tax kax Uysg = 0;

AKTHBHOCTH KOMIIOHEHTOB He B3aBHCAT OT TeMIEPaTYPhl. "Syss = 0 3a
CueT M3MeneHus KojieGaTelbHON HHTPONMH, CBA3AHHOH C OTKJIOHEHHEM
TeII0eMKOCTH pACTBOpA OT 3aKOHA AQIUTHBHOCTH Konma-Hejimana.
Bmgznalg(;}sylm u ,u%yrne MOJeJH PacTBOPOB, OTAMYAIOIUIAECHA PasHEIM
oo cuMocTd U 56 OT KOHIGHTPALUH IPH Suap = 0; Momenn, yun-

Hue. TeMIEPATYPHYIO . 8aBACHMOCTh JHTAJIBIHMN - ¥ HHTDPOIHH,

B .
KJaj a3oBHIX IIePexOHOB BTOPOIo POJa B BEJHIMHY CBOGOTHOH. SHep-
tvu g v, . | ‘ » , : R
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Mpensosxen pAx Mofejei, B KOTODHX pHEpPIHsl PacTBOpa 3aBHCHT
OT PACHOJOMEHHA AaTOMOB B KPUCTAJIINIECKO# pemeTke. dtH Mofenu
pasBUTHL /UIA MCCIEOBAHEA IPOIECCOB ATOMHOTO YIIODSAIOYeHUs .
[lpu manwumu B GEHADHOW CHCTeMe NaJbHero mopsika cobopHas
pHeprusi B Mozienu bperra H BuabaMca BHPAKaeTCA COOTHONIGHMEM

[42, 491
F=(@—2) Us-+2Up+ (1 — z) zo + Un*—T8(z, M),

rge S(x; m) ompepenseTcs TUIOM pemerku u cruxnomerpueit, U —
pHeprus YNOPAAOYeHusd, 1 — mapaMerp JajlbHero MOpsfKa.

Nmetorea Mojienn, OTHOCSIUECH K TBEPJBIM pacTBOpaM BHEApe-
mus 50, 51]. OcHoBHag TPYAHOCTHL UPH ONMCAHVN TBEpAHIX PacTBO-
poB BHEJPEHHs 3aKJIIOUAETCHA B BHUNCJEHE DOHTPOINAM PacTBOPA,
TaK KaK B DTOM CIydgae BHEJPEHHLIe aTOMBI He 06MeRHBAIOTCA MeCTaMU
¢ aTOMaMH OCHOBHOTO KOMIOHEHTA. PaspaboTassl MOJenH, MO3BOJIAIO-
mue OLeHHBaTh YOPYrylo SHEPTHIO i IpeficKa3biBaTh BO3MOKHEIE THIIBL
$as mmeppenns [51, 521.

Bajkzoe 3HadeHHe B TeOpUH pacTBOPOB, B qaeTHOCTH B TEOPHY
pEeTyIAsAPHBIX PACTBOPOB, AMeeT KBasUXAMMIECKasd TPAKTOBKA dHEPIIM
oxmemrerns min BaammooOmena [44, 592]. CorzacHo 3ToMy HOAXONY B
KOHJeHcupoBanHoi $aze paccMaTPABACTCA B3anmMoreiicTBEe TOJIBKO:
MEKIY COCEJHHMH aToOMaMH fes yuera JalbHOAEHACTBYIONEro B3am-
MOJeHCTBS; TP DTOM YIMTHIBACTCA TOIBKO BKJAJ 9SHEPTHH XWMU-
qecKkoil CBA3W. OHEpTMsA PAacTBOpa NPUHAMACTCH paBHO cymMe
sHepTHii B3auMOJIeUCTBHA GmusKaimmx map aromos 1—1, 22, 1—2:

N
0 =32 QU;—Uu—Ux)

re Z — KOOPAMHAIMOHHOE HUCITO KBABMKPHCTAIIHIECKOH PEUIETKH,.
N, — ofmee 9HCIO aTOMOB B {1 r.atom pactsopa. Hecmorpsa ma PAL
cephe3HHiX HOMYIIEHNAH, KBa3HXMMUYECKWIl ITOJXO[ JaeT BO MHOTHX.
caydasx YAOBIETBOPHTENBHOC COBIAJICHNE ¢ JKCIePHMEHTATBHHIMI
JAHHEIMU.

PaccMoTpuM IpEMeHeHHe HEROTOPHX Mojeiefi K ampajmsy JaHa-
rpaMM COCTOAHHA. AHAIA3 WATPAMMEL COCTOAHHSA IBTEKTHIECKOTG:
THOa, XapaKTepH3yomedcs HempepHBHO#l PaCTBOPAMOCTBIO B KU~
KOM COCTOSHAM B TIPHOIMKEHMH WMJeaJbHBIX pacTBOpPOB, HO3BOJAET
BHBECTH ypaBHeHHe JHKBHYCA (ypaBHEHHE lipenepa): ‘

ATug
R

— In x5, yae = (’1/T"1/Trm)a

e X; wac — KOHIEHTpAIMsA  HACHILCHIA {-KOMIOHCHTa B  HHI-
KoeTH, A; — TemioTa IVIABIEHUA i-KOMIIOHEHTa, [ nm — TeMHEpa-
Typa ILIaBJIEHUA.

Teopusa naealbHHX pacTBOPOB’ B IpHMEHEHNH K SKUJKOMY ¥ TBEpP-
ZOMY pacTBOpaM JaeT BO3MOKHOCTD ONHCATH AUaTpaMMy  COCTOSHHSA
THOA CHTaphl ¢ HEIPEePHIBHOM PACTBOPUMOCTHIO KOMIIOHEHTOB B TBEP-
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nom u xmuKkoM cocrosnmax. Ha ocHoBe omuCamusi KOHIIEHTPanyuoH-
HOFO M3MEHEeHHs TepPMOJInHaMHIeCKOro MOTeHIna1a SKHZIKOM M TBEPROM
$as mpu remmeparype Hmwke Iny OMHOTO M3 KOMIOHEHTOB M BHIUE
T, HPYroro BHBONATCH YPaBHEHHA, COBMECTHOE DEIICHNE KOTOPHX
HO3BOJAET PACCUMTATh KPHBHE JIMKBHAYCA H COMHMAYCA [44].

B
e Mt 4 YA _Mmft 4
zg R \T 7B}’ z, R \T o Ta ’

THE Z4, B, Ya, Yp — MOJIDBHEE [OIH KoMmoHenToB A u B B sREAKOW
¥ TBepjoi (azax.

HpI/I OTCYTCTBHM paCTBopE}\IOCTH B TBEepPAOM COCTOAHNNA TIPHUBE—
leHHble yPABHEHHsS IIEPeXOAAT B ypaBHeHMe Ilpenepa, COBMECTHOE:
pelenne KOTOPHIX II03BOJIAET OHODEIeINuTh DBTEKTHYICCKRYIO TOURY
(xa + zp = 1, T = T o)

B caydae orpaHEdeHHOH BSAMMHOW DacTBOPHMOCTH KOMIIOHEHTOB
B TBEpAOM COCTOAHHNH, HpﬂpaBHHBaﬂ uX XuUMHUYecKue IMOTEeHIHAJbE

Opu paBHoBecHu (a3, MMeeM [441:

% —
BEa9) _ A exp(— AHg/RT),

¥ B(uac)

-
17 %@mo _ Bexp(— AHGIRT),

1— 9”% (Hac)

rnme AH — mapn@aibHas DHTANBIUS PacTBOPEHHA, O n § — pasbas-
JEHHEHEe DPACTBOPHI, B KOTOPHIX pacTBOPEHHKI® BEMECTBA MONUMHAIOTCA
saxkony [empm, a PacTBOPHTENM — 3aROIY Payas.

Takum 06pa3oM, 3HafA TEILIOTY IIABAEHHA MIN SHTAJIBIAIO PACT—
BOPEHIA, MOKHO DACCYMTATh KPUBHE JMKBHAYCA u coxmmyca, Ipe-
[eJIbHYI0 PACTBOPHMOCTH B TBEPOM COCTOAHUY, M, naobopotr, H3:
IAHATPaMMBL COCTOSIHUS MORHO OLpEeIeHTh COOTBETCTBYIOIIHE Tep-
MonuHaMpueckne coicrsa. lIpmvenenwe TeOpUH peryisipHKX pact-
BopoB mossoimio [53, 54 ¢ eI{MHO} TOYKM 3PEHHs OINCATH OCHOBHEIE
THOH JHATPAMM COCTOAHMA: HEIPEePHBHL PAX TBEPAKX DPAaCTBOPOB,.
B TOM YHCJE ¢ TOIKAMH MUHHMYM W MaKCHMYM, SBTEKTHYECKUH, Te-
PUTEKTHUECKWi, a TaKKe PACCIOeHHE. B npuOamsKeHUn TEOPHH pery-
JAPHHIX PAcCTBOPOB KOHIEHTPALWOHHAS 3aBHCHMOCTH cBoGopHO
oHeprmE (assl MoKeT OHTh BHIpaeHa CIAeLyIOHM YPaBHEHHEM:,

F (1 — z5)apo -+ (1 —a8)Ua -+ 205+ RT[(1 — 25) Inza +
+ aplnag] — T [(1 — z5) Sa -+ 2585l
Vaurmsas yeaous pasHosecus das mpm I' u V — const(dF=0),
MOSKHO HOIYIHTH (GOPMYIH, CBA3KBAIOIIEE TeMOepaTypy ¢ KOHIEHT-
panusMH paBHOBECHHX ¢as:

F—yho® 4y

SA —RIn[(1 —zg)/(1 —yp)]

1'25,(1) . (1—xB)2(1)l——(1—yB)2u)S+?»B

Sgn—Rln(xB/yB)

T:
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Puc. 6. [ImarpamMmsi cocToA-

k.3 HAA
¢ Y g o — WHeANLHOTO TBEpHOre pact-
BODA;
S .
@ ﬁ 6 — @y > Oom > 03
o ¢ — TO e, HO Ogy 00jee 1oJjo-

JKATEILHAA BeJMYAHA

tx+ﬁ

7
" /i +y
8 — TO Me, HO wgy Oosee orpu~

A 5 A V 5 narenbHas
Z—>

S
2 — gy < Ocu < 03

The g M Yp — KOHIEHTPAIHI KOMIOHEHTA B = ﬁcnaxoﬁ u TBEpIOH
pasax; 05 n ol — sHepruu CMEIIeHHA B TBepHON ¥ KuAKoH (asax.

AHanu3 ypaBHemmii $azoBOTO DPABHOBECHS, HOMYICHHHX B upu-
GamKeENY PeryJIAPHEX pacTBOPOB, TO3BOIMIL CTAHOBUTE CBA3D
MKy THIOM THATPAMMEL COCTOSHHS ¥ XapaMeTpOM, Xapart epnﬁym-
TEM Me/KaTOMHO® B3aMMOJ|efiCTBHE, — JHEPIHeH cvemenus ©. Ecan
‘BA3H MEKTY OJHOMMEHHHIMH W DasHOMMEHHBIMU aTOMaMu OBUHAKOBA
(0=0) 1 B YMCTHIX KOMIIOHEHTAX mabmonaercsa $asoBoe npeBpameHmf
¢ TemIOBHM d(HEKTOM, HMeeM MarpaMMy THIA «CATapin © HemnpepHs
HEIM PAKOM TBEPIHIX W JKHAKHX PacTBOPOB. BzanMmoe OTTaIKHBAHMIE
COCeJHIX ATOMOB Da3HOLO COPTA BHIBHIBACT ocaabuenmne MBH{aTOMHOI-I-
CBA3H B TBEPHOM PAacTBOPE, UTO. MOKET IPUBECTH K TIOARJI SHILIO MI/IHI/I;
MyMa TeMIepaTypHl IIaBIeHHA I PACCIOCHHUIO. Yem 6oee nono&cmennﬁ
WA DY HTOM DHEPIHA CMeNIeHUs ®, TeM HIHE MUHEMYM Ha lépm;o_
LIABKOCTH ¥ BEIe KPHTHYECKAd TEMIepaTypa PacClOCHI. npe
Jete MOsKeT 0GpasoBaThCs IPOCTas 9BTEKTHKA (puc. 6) [44]. Ypasuenne
KPUBOH DACCTOEHMA TBEPHOTO PacTBOpA JMEET BUJ

; 122

RT o = MR

Ilpn sroM KpuruuecKas TeMIepaTypa ompeyensercs W3 yPaBHEHHA

T, = 2z (1 — z)o/R.
Kpupasi paccaoeHnsl CHMMeTpuiHa OTHOCHTEIBHO KOHIEHTPaNR
.C = 0,5, nosromy © = 2RTx. D10 ypaBHEHHE MOKET GBITh MCIOJNB-

INeHNA.
30BAHO JIA pacdeTa HHEPTHM CME

Eciu B TBEpOOM pacTBoOpe Teﬁueﬁunﬁsu 00 beIHACHHIO aTl?l\;OLf-
BHIpaJKeHa CHJIbHEe, YeM B jRHIKOM (oL > ©5), To monydaem Juarp

30

MY COCTOSHHS ¢ MAKCHMYMOM, B IPOTHBHOM CJIyd9ae ¢ MHHEMYMOM..
O6masa Touka (max MIN min) ompefenAercd M3 YypaBHEHUA
L s L_ 8
x=T§n+m—S—§—m—-—x2 = Tfn—l-ﬁ—:gf)——(i—x)z.
nn nn

OrpunarenbHas BeJIMYMHA SHEPTHM B3aUMooGMeHa TBEPAOYO pact-
Bopa ®5 Beger He TONBKO K IOABJEHUI0 MAKCHMYMa Ha KPMBOH ITas-
KOCTH, HO ¥ K YNOPSAJA0YEHUIO BCIECTBHE YCHICHHA B3aMMOJEHCTBASA
M@y Pa3HOMMEHHBIMH aroMaMu. B KoHedHoM HTore MOKeT obpa--
30BaThCcH TpoMexyrounas dasa (puc. 6, 2, 9). B cooTBercTBmm
¢ III 3akomom repmogmumamuku (S— 0 mpu 7 — O0K) npm mmskux
TeMOmepaTypax HOJKHO MMETh MECTO PACCIOeHHe MM YIOPSAN0oIeHHe
TBepforo pacrBopa. OpHako Ha MmpaKTHKe dTo 4acTo He Habuxonaer-
¢, TAK KaK CKOPOCTh HPOIECCOB DPACCIOEHHH MIH YIOPARKOYEHHS
craHoBUTCA Oeckomeuno Majio#. B pesyaprate moinydaerca Mera-
cTabUABHEIL PacTBOP, XapaKTepPUsYOIHWACA OIpPefeleHHo# DHTPO-
mueit pazynopAmnoueHHOCTH (Skong)-

Peayaprarnt B. fI. Ilmmeca oTHOCHTeIBHO CBA3M MEKATOMHOTO-
B3aUMOJeHcTBA ¢ THUIIOM JHATPAMMEL COCTOSHNS HAULUIW JaJbHei-
mee passatne B paborax Il. C. Hamenenxoil, koTopas ija aHaxusa
HOBEPXHOCTeH CBOGOJHON SHEPTUM M PA3IWUHHIX CIYyIaeB PABHOBECHA
$as mcmompzoBama reomerpmueckuit Meron Posebyma [43, 55].

B pesynprare reoMerpuuecKoro HMCCAC[OBAHMA ~ TEPMOJMHAMU-
YeCKUX IOTEHUHWAJ0B, HAXONAMuxcsa B paBuHosecuu $as, Omim ycra-
HOBJICHH CJeAyIIHe KPATEPHH DPA3IHYHHX THIOB JHAPaMM COCTOH-
HUS: ‘

ol = 0% < 2RT — pgmarpaMMa COCTOAHHA THIA (CUTraphD;

ol < w5 < 2RT — puarpaMMa COCTOAHHA € TOYKOH PaBHMY
KOHI[EHTparui# ¢ min;

0% < ob < 2BT — pnarpaMMa COCTOSHMA ¢ TOYKOH paBHRIX
KOHIIGHTpPanu# ¢ max;

ol < 2RT; ®% > 2RT — upn nebounpmoi pasuune Tp um 14
AMarpaMMa COCTOAHHA 9BTEKTUIECKOTO THIA € OTPAHMYEHHOM pac-
TBOPHMOCTBIO B TBepfoil dase; :

ol < 2RT; ©5 > 2RT; T'p > T4 — gnarpaMMa COCTOSHHA He-
PATEKTHUECKOTO THIA ¢ OTPAHNYEHHOH PACTBOPUMOCTHIO B TBEPOM.
COCTOSAHUH; o
' or > 2RT; ©% < 2RT — puarpaMMa COCTOAHMA C OTPAaHHYEHHOR
PACTBOPHMOCTBIO B IKAXKOX ¢ase U HeOTPaHWYCHHOHE B  TBEPHOH;
- ol > 2RT; @5 > 2RT — pmarpaMMa COCTOSIHHA C OTPaHHYEHHOH
pacrBopuMocTbi0 B obemx ¢aszax. ' :

IIpumenenne Teopum pPeTryIAPHEIX PACTBOPOB [JiA CIydasd, KOTHAa
Viss %= 0, mMo3BONMNO TIONYyYNTH ypaBHeHHs (Pas30BOT0 PABHOBECHA
B xooppumartax I'—P—C [43, 55]: '

(hg + PAV ) +h(@+ PVE) + y% (@5 - PV5,
(hg + PAV ))/RT S, (P)—In (1 — 2p)/(1—yp) ..

-RT=
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Puc. 7. Ilepexof JMarpaMmMbl coCTOAHMA THIA
(@) B DBTEKTHIECKYIO

Locmal

«cHrapsi» B nepn'remnqecx:ylo

S
(hp + POV + (4 — o+ PVE) — (A — yppR(e® + PVgy

RT Mg+ PAV Ty
_—n_
RTE (P) Yp

mwenTa npu P = 0, Tim (P) —

; — Ta ITaBJeHusa {-To KOMIO
TR N oa AV, — m3MeHeHue 00

TemmepaTypa IiiaBilenns XpH napaenuun P,
ema npu (asoBHX npeBpanieHuAx. »
Ilpu P = 0 ypaBHeHHS NEPeXOAAT B ypaBHEHHE, IOIy16HEO®
B. fI. MumecoM, CBASKBANIES reMueparypy ¢© EOHIleHTpglII/IHME.
PaBHOBECHHIX $as. Ha pmue. 7 cxeMaTHIECKH HOKA3AHBL H30 apude
aaa T—P—C puarpaMM.
CKH%e;?\?:nnﬂamnqecﬂne MeTOj(sl pacgera MHPOKO nplimnexaloTca ;J;J];:{!
aHaiM3a IPOLECcCcoB obpasopanus u TEPMATECKON AMCCOMmAIy
XEMEAYECKAX COeJHHEHMI. B npuOIuKeHny JHHEUHON 3aBncuMogf£
HEPIH¥ CMEIIeHHs "OT KOHIEHTpanud M . Temnepa'ryph:) cr;on&'znn_
+ypaBHEHH® KpHBOH IMKBHAYCA KOHTPYSHTHO ILIaBAMIEr
seuns Tama AB [46):-

L
® 1
Aap— '70’ (1 — 2wp)® — o (T + 527 —ha® — 2’”)
T = oL 1
_ _zﬂ- (1 — 20) + ok (—Z- 4 By — 4ad — 2x> —

—Rlnks(t—o) -+ Shy
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Kax yme ormedaisoch, H.C. Hypmakosbim OBLIO yCTAHOBJICHO
PyHIAMEHTABHOE IOJOKEHHe, COITACHO KOTOpOMY Pajuyc KPUBH3HBI
. TOJOMKeHHe MaKCUMyMa KpPHBHIX IUIaBKOCTH HENOCPEeJICTBEHHO
CBAZANBI CO CTENEHbI0 AWCCOMUATIAM XHMWYECKOTO COeJMHEHNA Ha
obpasymoiie ero KOMIOOHEHTHL. A. B. Muonseepckuii, UPUHHMAHA,
yto ¢opMa KPUBHIX JUKBHAYCA ¥ COIHAYCA onpeyesnsercsa $opmoi
KPUBHIX TEPMOJMHAMAYECKOTO IOTEHIHala U, HCIOJIL3YH ypaBHeHH®
TePMO[HHAMUIECKOTO IOTeHIHANA Ban-Jlaapa, Hoaydma ypaBHEHHUSA,
CBA3HIBAIONINE PAfAYCH KpuBHSHE Pl W S ¢ KOHCTAHTAMH ICCO-
ymmammn K& u KS m cpsuroM MakcHMyMa § [4l:

ol — A4 A (KL - a02)/(KL + 1)
T ORI, VK- AKE - 1) — V (KE 4K )
% (1 — 487,
1 _ (K5 48K S £+ 1)

P8 = o =5
© R, VKD + 4K D+ ) — V (KE 4K + 1)

riae A — TemynoTa ITaBIC€HHA COEIMHEHUA.

Jlxa coepuienusa, AUCCONUNPOBAHHOTO B mugKoi Qasze w HeHUC-
COIMPOBAHAOTO B TBEPHOH Qase, KS u p5 = 0, a MaKCUMYM COOTBET-
CTBYET CTEXHOMETPUYECKOMY COCTaBY (8 = 0). Papuyc KpHBH3HEL
AMRBHAYCA O CBSI3aH CO CTENEHLIO JIACCOLMAIUM B kol dase
ol cuexyiomuM ypDaBHCHHEM:

1 I8 ol

pl =4 =3
4 RTIU!

Tlpu BHBOJE IPUBEEHHHIX BHINE ypaBHeHuil JAomycKalach Hapa-
GosnuecKkasa gopMa KPHUBHIX JTHKBHIYCAa M COTHAYCA BOJIN3N MAaKCHMY-
Ma; He YUATHBAJach TaKiKe 3aBHCHMOCTD A OT CTEHNEHH JUCCO-
HUATIN.

Dt ypapHeHmus OblIN BHIBEIEHH TEPMOAMHAMUYECKIM nyrem Oes
jomymenns o Gopme KPMBHIX BOIM3M MaKCHMyMa [56]. Tpu Kg =0
n 6 = 0 ypaBHeHHe uMeeT BH[

I 1 L L L
o= e (Map + AQ7a"),
Tmax

L .
re AQ” — MojpHAA TeIIOTA AUCCONUAIAN coelMHeHNsA B JKHIKOU
daze.

Onenka [MCCONMAIMY COEJWHEHNH MpeITOHeHHEIMI METoaMA
uMeer ompejeennne TpyaHocTH. A ompejeaenns pajuyca KPHBU3-
Wbl B TOUKe MAKCHMyMa Tpefyercsl JeTasbHEIN amaius dazopoil nu-
arpaMMbL BOIU3H cocTaBa CoegHHEBUA. r[[aHHI)Ix 0 TemJaoTax Aucco-
IManMu coefuHeNHit B JKuAKo# gase, HeoOXOIMMBIX JJdA pacuera,
Tak:Ke HEeMHOTO.

Tokazaga BO3MOJKHOCTH OLpEJeJEHHA PaAuyca KPUBH3HEL, a CJe-
IoBaTelNbHO, IApaMeTpoB JmcconmanuuM B mpubiuKeHIN  TeopuH
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pery;ApHHX PACTBOPOB HA OCHOBE JAHHEIX 06 SHeprUAX CMeIleHnd
KOMIOHEHTOB B TBepfioil u sempmKoil §asax [46]:

ol = 2RTABIQRTHE — ob).

Benpumna SHEPTMH CMENIEHHA KOMIOHEHTOB B KUmKO# dase,
HeobxoMMad JUIA ONEHKH CTEIEeHH AHCCONMANMN COENMHEeHHA, OIpe-
Jendercs W3 YPaBHEHHSA [46]:

L
_ RTInkah(1 — k) — 5 (1 —225)* =

TAB
— SAB(1aY —T)— ACp [(Tﬁf —T)—Tln— } ,

AB
rne Spy — MOJBHAA HHTPONUA IJIABJICHUA.

JUisi ONEHKH IPABWIBHOCTH HPEI0REHIOTO pacuera CTEeHEHN
[HCCOTMAIMN COeUHEHNA B JRMIKOHA (ase OBLIM COMOCTABIEHBL pa-
J@ychl KPHBUBHH ILIABKOCTM HEKOTOPHX coepuuennit AMBY, mo-
JyUeHHbIE PACUETHEIM I DKCIEPUMEHTAIDILIM HyTAME, KOTOpHIE IO~
Kasajgd MOCTATOTHO XOpollee COTIacoBAHME [46].

IlpuBeleHHLIMI METOfIAMH pacdera J[axero He OTPAHUINBAIOTCH
BOZMOKHOCTH TEPMOITHAMIYECKOTO aHAIN3A. Ho 3HaYATEIHHOE KOJIH-
gectB0 paGor, MOCBAMEHHBX TEPMOJMHAMUTIECKOMY aHaIM3y JAMa-
rPaMM COCTOSIHHS, HMCIOJb3YeT OIMCAHHEIE BHINE® MOJENNn Healb-
HHX ¥ PEryiApHBIX PacTBOPOB. JTO CBASAHO C TEM, HIO IMarpaMMEE
COCTOSHNSA, BHUMCIEHHBE B TPUOIMKEHUH Moneneil HealbHbIX
U peryiaspHEIX pPacTBOpoB, B GoJNBUIMHCTRE CJIyd4aeB HKavYeCTBOHHO,
4 9aCTO W KOMMIECTBEHHO COIMACYIOTCH € DKCIEPUMEHTANBHRIMU HKaH-
guv. Coracme pacdera ¢ 9KCIIEDHMEHTOM JlaeT BOBMOIKHOCTD po-
FHO3NPOBAHMA HEM3BECTHHX JHATPAMM COCTOSHIA CHCTEM PeJKuX
¥ TYTOIUIABKUX METaJlJIOB.

Pacuersl THATPAMM COCTOSHHA DPAfa HOJNYNPOBOJHAKOBALX cueTeM
Ge—Si, InSb—GaSh, InSb—AISb, InSb—InAs, InAs—InP,
Cu,S—Ag,S, Cu,Se—Ag,Se moKaszamu, UTO 3TH CHCTEMEL YIOBIETBO-
pUTENLHO ONMCHIBAIOTCA B NpUOIMKeEnN  PeTYIsSPHBX  PACTBOPOB
[57]. Teopermueckmil pacuer puarpaMM COCTOAHUHA Ag—Au mosBo-
JUA YTOYHWTH PAsHOCTH TEMOEpaTyp JHKBHLYCa U COJIMAYCA, MAKCH-
MaNbHOEe BHAUEHHe KOTOPOH, Kak IOATBEDAMI TINATEJLHO BHINIOJTHEH-
HBLil HKCIEPUMEHT, He IIPeBblaeT 2.1°C [58]. Pacuer pmarpaMm
COCTOAHKS THTAHA, NUPKOHMA, TaHTalza ¢ YIAepoLoM BBITIOJTHEH
B paGore [59]. B mpulimyenun nieanbHbX I peryispHBX PacTBOPOB
pacCUMTAHEl JHATPAMMBL COCTOAHUA ~MPARTHUCCKM BCceX [(BOMBHIX
H HeCKOIbHKWX TPOWHBIX CHCTEM HMepeXOJHHX TYIOMmIaBRUX MeTaJLJIOB
9.r0 W 3-TO [IMEHHX HEPHOKOB HepHOINIECKOA CUCTEMBL [45, 59].
VaurHBasg, UTO JAHHEE O TePMOAWHAMUTECKUX cBofcTBAX BTHX
MeTaJLIOB OOJNbIIel JacThi0 OTCYTCTBYIOT, aBTOPHI pabors [45] mpen-
JOKIIE NPHOIMKEHHbIe METOJEL OIEHKH IapaMeTpos cTa0HIBHOCTH
da3 KOMIIOHEHTOB (sHTANBIAE ¥ paTpoImil ($azOBHIX TmepexoyoB)
J TapaMerpos B3amMofielicTBEA (2HEpTHH CMeITeHuA).

34

Foxan/e-amom
Homeg zpynnsi

T T T
4000 +
2000
- - N
] ahe? § r\§:
2000 3 e S 7000 %
SNy ~. '\: S
N X §
0 l ! ey ! 3
I’{h wl \k~
& = o
=1000 ]
=2000 N o
v ir Co NiCu Zn
W 04 ﬂ,ﬂ 2h Zr Nb Mo Tc Ru Rh Pd Ag cd

am.dons Hf Ta W Re Os Ir Pt Au

Puc. 8. Pacuernbie KpUBEIE 3aBHCEMOCTH CBOOOJHOI SHEPruUM OT KOHIIEHTPAIHM
B cueteme W — Rh npu 2400K

Puc. 9. PasHocTH suTadbimii 5 srTpommii riy (&) u onk (B) monuduranmit nepexoxn-
HBIX METAalIOB

TTapamerps cTabuabHocTd (a3 DAeMEHTOB, MPUHATIE KA oxuoil
NOATPYIIe, IPUHAMAIOTCA PABHBIMK 110 BelWYHHE. ITpu sTOM paceMa-
TPUBAIOTCH IapaMerpsl CcTabUIBHOCTH Kak YIS cTa0MIBHHX, TAK
W Uis  HecTAOMABHHX MOAUQUKANNNA KOMHOHEHTOB. OnpegeneHne
VKa3aHHBX HapaMeTpoB NPOM3BOAKIOCH Ha OCHOBE YKCIEPUMEHTAJIb™
HO WCCHEMOBAHHKIX (a30BHX AUATPAMM M C Y4eTOM JMIHPHIECKOTO
nopxoga Jlamcmema, HMCHOOAB3YOMEro TEPMOJMHAMHHECKUE JlaH-
ubie 0 TBepaBIX pacTeopax [60]. Ha puc. 8 mpupesienbl paccyuTAHIbO
RpUBLIE ¢BOGOHAA dHEPTHA — KOHIEHTPAIHA CHCTOMBL W—Rh npnm
2400 K, a ma puc. 9 mpejcTaBieHbl yCpPeJHEHHLIC A KasRmod moj -
Tpynnmel mapamMeTpsl CTa0HIBHOCTH PAa3IHIHBIX mopuduraIid nepe-
XOJIHBIX METAJIN0B KaK (QYHKIMH aTOMHOTO HOMepa TPYIIIH [45]. .
Asnropayu pabors [45] mpuBogATCA TaK:Ke PacCIMTaHHBIE HME U3ME-
HeHns ¢BoOoHO dHepruy Ipu Pa30BHIX IepexoiaX YACTHX METaJlIoB.
?GappaMeTp B3auMOIeficTBISA HRUAKON (Pass oIpefenderca CIepyomyuM

a30M:

ol = l0+lp7

T
clle l, —cocTaBifoIass BHYTPEHHETO IaBJICHUS, lp — DIIeKTpOHHAA
OCTaBAAIOMAA OHNpPEeJeIAITCA COOTHOLICHMAMMI

Ly = 0.3 (Vi + V) [(— HViyls— (HlV )P
lo = 2 (@, L(i + /)/2) — ¢, (0)/2 — 92 ())/2},
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e ¢,(i) m ¢, (j) — QyHEIHN, BHpasKaoye 3aBACUMOCTH YCPeIHeH™
HOTO BHAUCHWS SHTAIBINH WMCHAPEHMs OT HOMEpa IPYIOUEL TepHOAH-
YecKOHW CHCTEeMBL.

Tlpu omenxe mapaMeTpoB paauMopeiicTeus TBEpABX (as pery-
JAAPHHX DPACTBOPOB € PABJIMYHBMA KPHCTAJUIAIECKAMIL PerIeTRaMi
[45] yumrHBanMCH TaRKe BJIEKTPOHHLIE cocTapIAgIOmye IS JAHHOE
KPHCTAJINYECKON CTPYRTYPH 1 COCTABJIAIIIE, OMpefelAeMbe NCKa-
JKeHEeM KPUCTATINIeCKON DeIIeTKH. PaccuntaHH TapaMeTpsl B3a-
HIMOJIeHCTBUA TYTOIVIABKAX —IEePeXO/iHbIX MeTaJJIOB Tpex OOoIBINHUX
epPUONIOB.

Jlns  TePMOJMHAMHUECKOTO OIMCAHHA $asoBoro  paBHOBECHS
B-gpassr (omK) € JRUFKOCTBIO A IBYXKOMIIOHEeHTHO cueTeMbt i — |
mapr@aibEbe CBOOOJHHE BSHEPIUHA KOMIIOHEHTOB (M| XWMHIeCKue
[OTeHTIMAE) ONPEeeNAI0TCA BHPAKCHUAMI [64]:

X = Ff + RTIn (1—2)+ 23

¥ = F¥+ RTlnz + (1 — x)2L;

Fé = F! £ RTIn (1—2)- Bz%

Fi =F; +RTIn (1 _2)+B(1l—2)?
Venosusa xByxdasnoro f—iK-paBHOBECUS:

Filag = Fizas  Filos = Fi'[tn.
OTryna

AFF® — RT In (1 — 2,)/(1 — 2g) = 238 — @l
AFE™ — RT In 275 = (1 — 2)°B — (1 — @)L

W3 pTux ypaBHEHHI OMPEAeIAITCH 3aBHCAMOCTH TeMIepaTyph
$asoBoro paBHOBECHsS OT KOHIEHTDAIMH. Ecau mpepmonaraerca Cy-
mmecTBoBaHue e-asH (rmy), o-pass (TTIK), TO MONYIATOT JOUMOIHMTELL=
HO 5 map COOTBETCTBYIOIUX ypaBHeHuit, ONUCHBAIOMNX paBHOBECHA:

e—m,o&—-m,ﬁ—a,s——anﬂ——a.

CpaBHeHUe PacCIuTaHHBIX (¢ yueToM OTpefeNeHHbX HapaMeTposn
CTaBWIBHOCTH U B3amMojeicTBus) M DKCIIePUMEHTAIBHBIX JAHHBIX
[aeT yZ0BIETBOPUTENBHEIE De3YHbTATHL mis cucrem Zr — Nb, Zr —
Ta, Hf — Ta, Rh — Pd, Ir — Pd [61]. VerIoueHne CoCcTaBIfgeT
JIWMb cHCTEMa HPWAME—IIaTHHA. JIlna cmereM nupKounii —Huobmit
7 LUPKOHMI—TaHTaJd pacder AaeT HeCKOJIbKO 3aBHIIEHHBEE, & [
cucteM radBuUBA-TaHTAN, ponﬂﬁ——nanna}mﬁ, npuunﬁ—naﬂﬂannﬁ —
HECKOJBbKO 3aHHyKeHHbIe 3HATOHNA KPUTUUeCKOH TeMIepaTypsl pac-
caoeaus — Tg.

IIpaBwiibHOCTH PacueToB HOATBEPR/IAETCA TaKHKe ABOMHBIMH CH-
cremamu (Mo, W) — [(Ru, Os) Pd] (puc. 10) [61]. Cmerembt (Mo, W)—
(Ru, Os), ®ak u MHOTHE [[pyTue, XapaKTepu3yoTCs OTPUILATeIbHRIMI
HmapaMeTpaMu B3aHMOJEHCTBHS, oTpaykafomuMu o0pasopanue B HIX
coewHeHmil. Pacder mokasbiBaer, UTo CHCTEMa Mo ubnes —IIaTHHA
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Pue. 10. ComocTaslieHne JuarpamMM COCTOAHUA W u Mo ¢ Mmerannamu VIIT rpynnst
pACCUMTAHHEIX B npuGMKEHNN Pery/sIpHBIX PacTBOpoB (yronmeHupie anHuM) ;
¢ JKCTIepUMEeHTAJNbHBIMH JAHHBIMM (TOHEHME JMHIIH) ’

I

Re a4 78 0sRe ay g8 Rh

7 7 y

P
ryif};plﬂib.lxd)a:onme ;t(n.'(irpaMMm Re ¢ Os u Rh, paccunTannbie B NpHOIMKEHHN pe-
g pacTBOpOB (yTONINEHHbIE INHUK), N NOJyYeHHEIe DK
crepruMeHTa
nyreM (TOHKHMe JIMHUM) ’ Y plMeRTATRIEY
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Puc. 12. ComocrasieHue PACCYHTAHHEIX (yroniueHHbIe JAMHUH) W 3KCIepHMen-
TaJII:HbIX (ToHEHE auaan) GasoBbIX MAIPAMM C YUETOM 00pa3oBanusA COeXUHeHUN

EMeeT 0CTaTOIHO MHPORYIO o6nacTh cTadbmibHoOl e-assl, a B CACTEME
MoJIuOIeH —IALTaJMil oHa y3Kasdl. B cucTteMe BoiabdpaM—naaTHHA IO
pacuery AOJKHA 6miTh yakas obuacTb e-(aspl, HO DKCTICPUMEHTATBHO
oHa He obHapykemna. e-gasa ne oGHapysieHa U B CHCTEME BoJbPpaM—
masIafmii, 94T0 COOTBETCTBYET pPacCYMTaHHBIM uonommemi};}:m mapa-
MeTpaM B3auMOJeUHCTBUA. Tlmarpamme Re—(Ru, Os) ‘(pnc: ) npo(m,l};
mapaMeTphl BHYTDPEHHETO [aBEHASI W OHEPIMH HCKajkeHus B U
Manp, COmOCTABIEHNE PacieTHHX 1 JRCIEePHMEHTabHbIX nuarganm
Re—(Rh, Ir) moxassiBaet, 410 npH paciere GHIIM IMPUHATH 3aHUAEH-
HEle 3HaUeHWs HapaMeTpoBn B3aUMOJIeACTBUSA. s Re(R
Ipu pacuerax CHCTEM (Zr, Hf) — (Mo, V%); 1(E)\Zr, O) ——(Rhe( 115
0s)l; (Rh, Ir) — (Pd, Pt); (Nb, Ta) — [Re(Ru, s)q) aM;I R
(Pd, Pt)] yauThBazoch paBHOBeCHe TBepPJIHX PacTBOPOB ¢ @as Jla-
peca 1 coepuHenmsyu Hypuaxosa [45]. ComocTaBieHne a;c{cfnepn I\?[H
TAMbHBIX M DACUCTHHX pPe3ynbTaroB i cucrem (Zr, ) — (Mo)
Ha pHC.
Hpeilff:ggeggecm I:mmmne coe;mzieﬂnﬁ, GuuIn mepepacCYnTAHBL 33
JAuarpaMMbl COCTOSTHUS M3 72 HBOWHEIX CHCTEM (JiaB(é:—(baBm c ;
— 2/3 m ¢asst Hypuakosa THIA AuCus ¢ 23, = 3/4). paBﬂggme pac-
cUNTAHAKX ¥ PKCIePUMEHTATBHBIX Juar paMM TIPOBEIeHO A 20 CHCTEM
[45]. B 12 cayuasax paccunTaHHbe THATPAMMBL OKa3aluCh B Pa3yMHOM
coraciym ¢ DKCUePHMEHTOM, B JCBATH — crexmoMeTpudecKue Passl
coctaga Iy = S/4 TPHCYTCTBYIOT HA amarpaMmax achepmmeETaanI)-
HBIX, HO WMEIOT OTJIUYHYIO OT e-pasn CTPYKTYDPY. 'Ho pacq;alTH ?;HiiiM-
¢ LyUIIAM, 9eM B npubImKeHuE PeryIApHbX pachop(I))}i.1 uPt) Cnme'_
Zr— (Pd, Pt), (Nb, Ta) — Re, Nb —OSJ (Nb, Ta) — (Pd, Pt). Lz e-
Ml TAHTAL—PYTEHHH I TAHTAJL—OCMIM HE cojiepsKaT CoeMHeHnn co
craBa iy, = /4. JlnA aTHX cHCTEM pacter npuBex K xynmnx pesynl\f]/—I
caraM, deM B NpuOImKeHHN peryisipHHX pacTBOPOB. BTOpaM
paboTht [45] sHaunTeabHOE BHUMAHAE yieseno TepMOJEHAMIIECKO 1?;
OMMCANTIO TPEXKOMITOHEHTHBIX CHCTEM TyromIaBKAX MeTalloB, B TO!
queie cofepyKamiux  COeJUHeHUs: MoT1G e R —BOIBOPaM—O0CMUl,
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APROHUAA —TaHTAI —BoJdbdpaM, pennii—BoJabPpaM—TaHTaN, peHNH-—
radunit —monubaen. ComocraBienne TEOPETHIECKUX M IKCIEPUMEH-
TalbHEX TAHHHX TOKa3HBaeT MEePCIeKTHBHOCTh NMPUMEHEHHKIX pacde-
toB {45].

Honxon Kaydmana K pacdeTy JBOWHBIX NUATPaMM COCTOAHMSA OT-
HOCHTEJIBHO LPOCT, HO B TO jKe BpPeMs NPUMEHEHHEe ero OrpaHUYeHo
1S psaxa cuereM, HampuMep s cmetem ¢ P3M, a rarke cepeGpo—
IWHK, cepebpo—KaaMuii, 30J10T0 —aTIOMAHHI, axoMuERH —uEIHi [97].

3HaunTeNbHEE YCHeXH B pacdere QUarpPaMM COCTOAHHA ObUIH JO-
cturryTs B paborax O. C. UsamoBa c¢ corpymmukamu, I'. M. Kys-
nemosa u ap. [92—95]. Asropamu pabotst [95] npesosken TepMoaNHA-
MHUYECKHH pacderT MOIHTEPMUYECKHX pPaspesoB MHOTOKOMIOHEHTHBIX
cuctem. TTpeposxennbiii MeTo]l GBI TPUMEHEH JULSL pacuera HoJuTepMu-
YeCKYIX Pa3pe3oB B CHCTEMaX FaJIuil —WHAUN —MBIIIBAK, MeIb—XPOM—
NUPKOHUH, aNOMAHUA—MeIb—MarHuid. ABTOPH [98] ma ocHoBe
[IpeIo;KeHHoll Mojiein HeyMOPANOYEHHOT0 TBEPJOro PacTBopa pac-
CAETANY JJIA CHCTEeMH cepefpo—Melb KPUBbe OTPaHUYEHHON PacTBO-
puMocTH ¥ M30HTOYHOM cBOBOHON DHEPIUM IIK TBEPABIX PACTBOPOB.
PeayabTaThl pacdera COIMACYKTCA ¢ IKCIEPHMEHTANbHBIMHA JAHHBIMA.

_ 5. IPUMEHEHIIE 3BM
B OU3UKO-XUMNYECKOM AHAJIN3E

Ipumenenne IBM saBngeTcsa ofHOM M3 BasKHEIX TeH/IeHIUA COBPEeMeH-
HOH HAYKM M TexXHHKHW. AHaams paboT, IPOBOAHMHIX B CCCP n 3a
pyGesxoM, HO3BOJIsET BHAENUTH CIeAyIoOIe YeThipe HampaBieHns
npuvenenns 9BM B MeTamToBemYeCKEX M (UBMKO-XUMHUIECKUX HC-
CHeTOBAHUAX.

1. TporrosmpoBaHUe JUArpPaMM COCTOAHUS], QUBMKO-XUMHUICCKUX
[POI{eCCOB, METAIHYECKNX coefmHennit W ¢as, #uX CTPYRTYPH H
CBOMCTB.

2. MogenupoBanue GpU3NKO-XMMUIECKUX MPOIECCOB M CTPYKTYPHI
das.
3. Kourpoap m ympaBierne (QU3nKo-XUMUIECKAME IIPOIECCAMH.

4. ApToMaTH3amuA HaYYHBIX MCCIEKOBAHHI.

VcrioanTen bHKE WHTepeC HpejpcTaBisger HcHolb3oBanme JBM
MISL HAYYHOTO UpOTHO3WpoBanusa. Vgew m MeTomsl Teopmu O0ydeHms
MallUH pacio3HaBaHMI0 ofpasioB ONMCAHKI B paAfe paGor {61—63].
ABTopst pabot [64, 65] Brepsrie memonbaosanu obywaromuecs IBM
MU pacHo3HABAHUA QU3MKO-xEMUUecKuX ob6bexroB. Mx moaxox co-
CTOUT B TOM, UTO HCCIexyeMble 00BEeKTH Pa3dnBalOTCA HA KJIACCH IO
usBecTHEM IpusnakaM. IIpupojga 06beKToB ¢ NPHCYMMUME UM 3aKOHO~
MePHOCTAMHE B BHIe YHCIOBOTO Kojia BBoauTcss B mamate IBM.
B maMsars Mamue BBOAMTCH Takke 00yvalomas MOCIeToBaTeIbHOCTD,
cojiepsxamag THPOPMAIIMI0 0 IPUHALIEKHOCTH OOBEKTOB K ompese-
JeHHKIM KIaccaM-o6pazam. [lamee mpomsBopurcs ofyvenme MallMHLI
o ompegeneHnesM anropurmaM [66]. B peayabrare ofyuenus OBM
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BHIpabaTHBAETCs pelalliee NPaBuio, Mo ROTOPOMY 3aJaHHBIA 00BEKT
OTHOCHTCH K OJ[HOMY M3 W3BECTHHIX KiaccoB. Ha ocHoBe pemaiomero
npasura 9BM ompemeiser YHCIGHHYH BOIMIMHY, 06abIIyI0 WIN
MEHBIIYI0 OIPEelleHHOT0 TMOpOra, pPasfe’fiomero jBa KIacca.

C MOMOWIBI HTOTO MeTOoAa OBUIM NPOrHO3MPOBAHB XUMHYECKUE
COeIUHeHNA, THIH peaxiuii ux obpasoBaHms, OTEHEHE KOHIEHTPA-
HMUOHHH MHTEePBAJ TOMOTEHHOCTH (a3, a TaKke UHCIEHHOE 3HAYCHUE
HEKOTOPHIX (U3UIECKHX CBOUCTB [64, 65, 67, 71]. ben cpenan mpo-
rros 10 Tnmos Meramawdeckux das: AB, A,B, A;B, dasm Jlaseca,
runa CugCa, CrgSi (A15), P-ypama (D8¢), CsCl (B2), NiAs (B8y),
y-narynb (D8, ), a B mocaeqHee BpeMs U CJIORHBIX OKHUCJIOB THIA
nupoxgopa [72]. Ilpm sToM mexoamiu U3 HA3BECTHOTO NOJOKEeHUA O
CBS3W JUATPAMM COCTOSHHSA ¥ CBOMCTB CINIABOB € HEPHOAWIECKUM
3akogoM. CpaBHUTENBHAs OMEHKA DA3AMIHBIX HMCXOMHBIX JNAHHBIX O
XUMEYeCKHX 9JEMEHTaXx NoKazajia HanGoapmylo WHPOPMATHUBHOCTDH
JMaHHBEX 00 9JIEeKTPOHHOM CTPOSHHH aTOMOB [68].

Cpsasp mudopMarnuu o6 DIEKTPOHHOM CTPOSHUH aTOMOB XUMUTE-
CKIX 5/6MEHTOB ¢ WHQOpMAIueil o cHCTeMax, UMH 00pasyeMuXx, H
Hajia pelIaioiee MPABMIO LA KIACCHUPUKAIME HEM3BECTHLIX CHCTEM
Ha 6asze sKcnmepEMenTaibHo maydennmx [68]. IIpm npornosupoBaHuu
XEMUYECKHX COIMHEHHH WX KOMIOHEHTH OIUCHIBAIOTCA TOIBKO
3IEKTPOHHBIM CTPOGHHEM H30JUPOBAHHBEIX ATOMOB. Takoe ommcaHme
TMPUBOUT BCE XHMUYECKHE DIOMEHTH K OMHAKOBHIM YCIOBUAM CPaB-
HeHdsi — YCAOBHAM raso06pasHoro COCTOAHUA [71]1.

Axaroputmsl  o0ydeHMA  KiIacCHQUKAIUM PUBMKO-X UMIIECKHX
ofbexToB ommcann B paGorax [64—68].

Jlo cuX mop CYMTANOCH, UTO THIl AHArPAMM COCTOAHMA, ocobeHHO-
CTH B3AWMOJEHCTBHA KOMIOHEHTOB B OCHOBHOM OUDEAEIANTCA UX
BHeULHel »IeKTponHOM crpykrypoii. Hax oTMedaeT H. B. Arees,
AWATpaMMa COCTOAHHS SABJIAETCSA BHPA/KeHUEM MEeATOMHOTO B3auMo-
TeficTBHS KOMIIOHEHTOB; CTPOGHNE AWArpaMMbl COCTOAHMA OUpere.-
eTCsi XMMWYECKHMU CBOMCTBAMU €e KOMIOHEHTOB, T. €. CKIOHHOCTBIO
aTOMOB TOTO WJI¥ HMHOTO KOMIOHEHTA OTJaBaTh WJIHM UPUHEMATE Ba-
JenTHbe diekTponb. Ho ¥ dIeKTPOHBI, HaXOAsIHMecH Ha Goitee
rayGoKknX 0B0MOUKAX, WO-BHMMOMY, OKAashBAKT ONPEAENCHHOE
pIngnme Ha TOBeJeHHe MeTalJoB NpPH CIIaBJeHUM; HA IpuMepe
peaKo3eMeNbHbIX METaJJIOB 9T0 TOKA3aHO B OTHOUIGHUM 3JIEKTPOHOB
f-obomouxu [73]. IIpornos coeguHenui THLA A4,B, ocobenno moxy-
WeHHHIX TyTeM CHHTEe3a DIEMeHTOB ¢ OGOJNBUIAM TOPSIKOBRIM HOME-
pOM, TIO3BOJIfAET CJleliaTh BHIBOM 06 ydacTEu B UBMKO-XHMUIECKOM
B3aMMONIefiCTBIE 2JIeMeHTOB He TOJBKO BAIGHTHBIX J/IEKTPOHOB, HO M
HIERTPOHOB, JeKanux Ha Goree rIy0oKHX YPOBHAX [72].

[pumenerne DBM a0 Bo3MOIRHOCTh NPOrHO3UPOBATE € BEPOAT
moethio S0—95% Bce cayuau oOpasoBaHUA XUMUTOCKUX coequHeHni
runa AsB, AB u AB, u3 105 u3BeCTHBIX dJIeMEHTOB Ha OCHOBEe BBO/UI-
MBX B MAIINHY MAHHHX 06 3IEKTPOHHOM CTPOCHMM WX aTOMOB.

Jlnsi mporHO3a CYIIECTBOBAHMA BOBMOMKHBIX coequuenuin A B
[68] B ofy9ammyl0 MOCIENOBATETBHOCTH GHIIO BKIWYEHO 332 omu-
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caHHHX B auTeparype coeaunenus (taba. 1) aroro Tuna u 811 cayuaes
OTCYTCTBUA CoefuHeHuil Takoro Tuma. M3 paccMOTPEHHBIX aBTOpaMu
paboret [68] 7903 ciydaes peanbHo CYIMECTBYeT MOPAAKA 3000 mBoii-
HBHX coequuenuit Tuna A,B. Bua cperan TakiKke NPOrHO3 TUIA Peak-
nunit o6pasosanusa 174 coefunenuit A,B, copmaaromuil ¢ sKcnepuMen-
toM 6omee geM Ha 909% [64].

TaGaxuma 1
JlanHbIe TPOTHO3A eoequHeHMi ¢ moMom{kio IBM

Coemypenme Honnqgcgggqerll{;;l;mepos HOuMl}ng;goggg?;Henmﬁ
A3B 332 >>3000
A,B 136 >2000
AB 172 >3000

Han6onpee KoIHYeCTBO COEIMHEHHH BceX TpeX THUIOB TPUXO-
NUTCSA HA PeiKo3eMelbHbe DJIeMEHTH, & COeIMHeHNA TUIA A 4B B Goab-
HIOM KoJImdecTBe 06pasyloT U TPaHCYPaHOBEE dJIeMEHTHL.

DBM 6uuta ofydena Takyke paclo3HABAHUIO ABYX MPOCTEHIINX TH-
OB JUarpaMM COCTOSHHSI — M30MOPQHBIX M HBTERTHYECKHX CUCTEM
|67]. VinTepecHo OTMETHTH 4TO TNpH KoHTpode dPPeKTUBHOCTH Ipo-
riosa IBM Gesommbouno «y3Hamar 35 cHCTeM U3 LPeAbABIEHHbHX 39.
BT cmesan mpoTHO3 TeMIepaTypsl Hepexofa B CBEPXIPOBOJALLee
cocroaname coexuuennit A B, cpefn KOTOPHX MHOIO CBEPXHPOBOJIHHU-
rop [69]. Omubra mporxHo3a cocTaBuia OKOJO 15%.

Ha upumepe ¢as Jlaseca cocrara A,B Tumos MgCu,, MgZn,,
MgNi, mokasana s¢deKTuBHOCTH NPOrHO3a THNA KpPHCTAJLINYecKoll
CTPYKTYpPH Ha OCHOBE [AaHHHX 00 JJIeKTPOHHOM CTPOCHHM aTOMOB
[70]. Konm4aecTBO MCXOAHBIX JAHHHX AJA 00y4eHHSA MOKeT ObTh Cy-
IECTEEHHO YMEHBIIEHO KaK HCKIOYeHreM Malno HWHGOPMATHBHEIX NPH-
MepOB, TAK M TYTeM OMEHKH HAJe;KHOCTH YKCIePHMEeHTANBHEIX JAHHBIX.
Ilaist BrisBaenust ommbor B ofydaiomeM MaTepuaie KaRAbd npuMep
MOKeT GLIThL MCKII09eH U3 o0ydYeHHusA M IO CCTAIBHBIM IPUMEpaM Mo-
;xeT GHITH CIeTAH0 3aKIIOUeHIe 0 ero NeTUHHoCTH nan Aomuocty. Ho
nociegoBaTeNbHOe MCKIUeHNe o0ydanmuX IPUMEpOB A OLEHKH
NX HaIeKHOCTH TpeGyeT 3HAYHTEIbHEIX 3aTPAT MAIMHHOrO BPEMeHM.
HaMensisi aITOPUTM, MOKHO KaK COKPATUTh, TAK I yBEANIHTH BpeMA
omenkn [70].

B pa6ore [71] maercst craTncTudecKas OIleHKA M aHAJIU3 IPOTHO3A
TeMIepaTypH IMIABIeHNs TYTOIIABKUX coefunenuii. CymuocTs mpex-
JTO;REHHOT0 MeToja IPOTHO3WPOBAHHWA TeMIeparyp HJIapjieHus Co-
CTOUT B COCTABNEHNA YIIOPSLOUEHTOTO CIIHCKA TYTOMIIABKUX COe/IMHEHUH
B TIOPSIIKE YBeIHIeHHsA TeMITeparyp IIaBIeHns, KoTopsie mMudpyores
HopaaKkoBkiMu HoMepamu. OfHOBpEMEHHO OIMCHIBAETCS DIEKTPOHHO®
CTPOGHIe M30JUPOBAHHBEIX ATOMOB COCTABJISIOIUX COCUHEHHST KOM-
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OOHeHToB. Ajaroput™ 00yJeHHs Eaaccuuranuy QUINKO-XHMHYECKAX
00BeKTOB NOMOIHAETCA MHOTOKDATHHIM pasbueHUeM Ha RIACCH yIIO-
psnouennoro cmucka [74]. IlepBonauanbmmii mopor pasémenus om-
PefiesieTcss LPOUBBOLBHO W MOCPEICTBOM 00 ydeHus 9BM, seipabaTsi-
Baercs pemaioliee IPABUIO, OTHOCALLEE BaJaHHHIA 00BEKT K OTHOMY
W3 IBYX KiaccoB. B jaibHefineM, nepeGupas mOCIe0BATEeNbHO IO~
POTE I npousBOAs KB pa3 o0yJeHne, yCTAHABIUBAIOT IIOPOT, TIPHA
KOTOPOM HCCIej{yeMbli 00BeKT MEeHseT OPHHAIEKHOCTh K KIACCy.
Iocnennuii mopor M LIPUHAMAETCH 3a NPOTHOBHPYEMYIO BeNHIHHY.
Asropamu paborer [71] mpoBesiena omeHKA OTKJIOHEHHA IPOTHOZUPYe-
MOTO IOPOTa OT SKCIePUMEHTANbHO M3MEPEHHOH BEIMYMHEL M Ha 0C-
HoBe CTATHCTUIECKOTO AHaIM3a [OKA3aHA BO3MOKHOCTH WIPOrHO3a
YUCJIOBHIX 3HAYCHHIH CBOMCTB XMMUYECKUX COCMHEeHUN IIpM ONUCAHUM
KOMIIOHEHTOB JJIEKTPOHHBIM CTPOGHUEM WH30JIMPOBAHHBIX ATOMOB.
Hpumenenue IBM s ananusa das Ha ocHoBe faHHHIX 00 oleKT-
POHHOH CTPYKType HCXOZHBIX KOMIOHEHTOB eille TOJIbKO HAaTHHAETCH,
U 3jech, KOHEUHO, €CTh 0OJbIIMe TPYAHOCTH, CBSSAHHEIE C HECOBEP-
MeHCTBOM AITOPUTMOB PacHo3HAaBaHUsA 06Pa3oB IPUMEHUTEIbHO K (u-
3UKO-XUMHYECKIM 00bheKTaM, 04eHb GOJBIION TPYHMOEMKOCTRI0O BBOJA
8 DBM nmcxomHBIX JaHHBIX 00 3JIeMeHTaxX U UX COYeTAHUSAX, OTCYTCTBIEM
ANTOPATMOB [ MHOTOKOMIOHEHTHBIX CHCTeM, KOIWYeCTBEHHBIX J(AH-
HHIX 0 CHIaX Me;KATOMHOM CBASM B MeTAaJLIaX, cINIaBaX M COGNMHEHUAX.
Ho uMeHHO u3-3a HEOCTATOUHOH paspabOTaHHOCTH KOJUYECTBEHHOM
TeopUH METALIWIeCKUX CIIABOB CTATHCTHYECKHE METOJH, 0COOeHHO
B cllydae paluoOHAJbHOr0 mpuMeHenus JBM, BechMa IepcneKTUBHEL,
gTo ¥ OBLIO MOKA3aHO HA HEKOTOPHIX NPHWBEJeHHBIX BHINEe IpHMepax
[75]. Hecomuenro, uro mpumenenune JdBM mina mporuosa cyiectso-
panusA $as, IPOTHO3a CBOMCTB M HIPOTEKAIOMUX (QU3NKO-XUMUIECKUX
mporeccoB o0erduT mepexof oT GeHOMEHOIOIMYeCKOro K MHKPOCKO-
TUYECKOMY NOAXOAY IPH H3yYeHNH (QU3UKO-XMMUIECKUX OGBEKTOB.
HBM nHaumBAIOT HAXOXNTH TPUMEHEHUE IS MOAeIN pOBAHAA U3NKO-
XEMUYECKHAX IIPOTECCOB, PA3JIMYHEIX arpPeraTHHX COCTOAHUM ¥ T. JI.
C nomompio DBM mpoBepamach ofiHa U3 NPeJIOMKEHHHX Mojesed
SKUIKOTO COCTOAHUA (CTPYKTYpa :KMAKOCTH XapaKTepU3yeTCd CHHIO-
Hueit 5-To MopAIKA, BANPEIMEHHON 1A TBEPABX KPUCTAIINIECKHX TeJl
[76]). Ha ocHoBe cocTaBIeHHOH NPOTPaMMEI JJIA BOCHPOM3BEJICHUS
KOMIIAKTHOTO, HO AabCONIOTHO XAaO0TWIECKOTO pAacIpefeleHUs TodeK
MaIlIHA, OTIPABJ AACH OT NIPOU3BONBHON TOYKH, KaK OT IeHTpa, IO-
CIeqoBaTeIbHO BHOHPATa DPACIOIOKEHMEe BOKPYr TOYKH, 3aMONHAA
o6beM (II0 yCAOBUAM MEKIY TOUKaMU MMEJI0Ch HEKOTOPOe MAHAMAMTb-
Hoe paccTosamme). PamuanbHas QyHKOUA pacmpefeleHHsd, MOMyIeH-
Has ma ocHoBe maHHHX JBM, oKasamach CXOZHOH € pe3ynbTaTaMu,
MONYIeHHBIME JIA PeaTbHEX kuAKocTeil. Pacxommenna o6bsacHA-
JAMCh OTCYTCTBMEM Y9€Ta KOPOTRONEHCTBYOINMX MEKaTOMHEIX CHJL
oTTaNKuBanuA ®m mpmrswenus [77].
Onucamo MofelHpoBaH@E IIPOIECCOB SaPOKAEHHA U POCTa KPHC-
tamroB ¢ moMompbio 9BM [78]. B ocuoBy uccaefopanua Onia mono-
JReHA MOJEJNh MOJEKYJISPHOTO KPHUCTALIa ¢ IPOCToll KybOmdecKod pe-
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LeTKON C y4eToM B3amMOJeHCcTBUA TOJBKO GpKalimux  cocemew.,
VoTaHOBIEHO, UTO 3aBUCHMOCTH CKOPOCTM 32POMKIEHUA M CHROPOCTH
POCTA OT CTEIeHN TePeoXJIayK[eHNs COOTBETCTBYET TeopuHu, a 3aBUCH-
MOCTH OT Me;K(Pa30BOil PPAHUYHOM cBoGonHON pHepruu P umas (Ha-
Gai0maeTcsA MPONOPIUOHAIBLHOCTD Pisy, JipyrmM npuUMepOM MOKeT
cayxuth npuMenenne 9BM gns MojesnpoBaHiil IBUKCHHUSA JUCIOKA-~
IMOHHOTO CeTMeHTa depe3 ClydaiiHo pacIlpe/elenHLIe TOYEUHEIE
[PeNATCTBYSL B INIOCKOCTH CKOJIbKEHUA [79]. Meroj 0CYIIECTBIACTCA
B IIOCJIE0BATEIbHOCTH: TeHepHpoBaHue C nomompio IBM CHCTEMEI
cydaiiHBIX MPENATCTBUM, IPOTHOCTE KOTOPBIX 3ajaeTcs HempepHBHOM
¢yHKUmeN B Bume pacupejienenus I'aycca, ¥ ABUKEHNMe NHCIOKANAM
yepes 9Ty CHCTeMY IyTeM TOCJIE/0BATeIBHBIX IepecKoKoB uepes
CepHI0 TTPOMEKYTOUHBIX IO OFREHNM.

B kauecTBe npuMepa nNpUMeHEHUS HBM pi4 KOHTPOJA U yupasJje-
Hus UBHKO-XHMEYECKUME IIPOIECCaMI MOFKHO TIPUBECTH IpUMeHeHHe
9BM misi yOpapieHHs IPONECCOM BbIpANMBaHMA MOHOKPHUCTANIOB
KPEeMHUS U3 KEAKOH Gashl mo METOY Yoxpaascroro [80]. 9IBM obec-
JeumBAET KAUeCTBO MOJYYaeMEX MOHOKPHCTAJLIOB IO 1IECTH Hapamer-
paM, B TOM UHCJe KOHTPOJTHUPYETCH M obecriegmBaercs IMoJyueHne 3a-
JAMHBIX ITOTHOCTH AHCITOKATUH, dAEKTPOCOIPOTHBICHIA, reoMeTpun
KpucTajgia u T. . -

3rech HAJO OTMETHTH TaKKe MHUPOKOE MPUMEHEHUE TeXHUYECKOH
KuGepHeTHKH, T. €. MCIOXb30BAHME DIEKTPOHHBIX CXEM KOHTPOJA H
yIIpapieHusi ¢ 00paTHOM CBA3BIO. B wacTHOCTH, 0CYIeCTBIeHHE IIaB-
110fi PeryIUPOBKH MOILHOCTH ¥ TOKA HPH naasMeHHO-IyroBoil ILiaBKe
Ha OCHOBe PaspaboTanHOil THPHCTOPHOW CXeMbl HO3BOIMIO 0CYIIeCT-
BUTH TOYHYIO PEryIHPOBKY FeoMeTPUM BHPAIUBAEMBIX MOHOKDHCTAJ-
;0B Boub(paMa, W M3MEHATH MX HPOPMIL DO 3afaHHOU mporpamme.

B cayuae npumenenus JBM pia anaiusa I KOHTPOJA TEKCTYPH B
XOJOHOKATAHBX CTAIBHHX JmcTax Ghiia Ipepjokena BHUHACINTENb-
Has chmeTeMa, HO3BONSINAs IPOBOAHTH ABTOMATUIECKOE TOCTPOCHUE
womocupx guryp [81]. Jlanubie co cueTIuKa ABTOMATHEECKOrO Au-
¢parromerpa mepdopupyoOTCA HA JEHTE, Kotopaa mocrynaer B 9BM,
BHJAIOMYI0 HONIOCHYI0 QUTYPY.

HBM maxoauT Bce Gosee NMMPOKOe UPUMEHEHHE B aBTOMATH3AILMM
HAYIHHX WUCCIeJ0BAHUMA. O6paboTKa M aHAJXH3 HKCIEPUMEHTATBHBIX
PesyaBTaTOR BO MHOTUX 0GnacTAX HAYKHU, HANPUMED B anepuoit du-
3WKe, CeTOMHS He MHCIUTCA Ges DBM. 9BM maumnaer HaXOoJUTh BCe
Gosee mMupoKoe HPHUMEHEHNEe U B aBTOMATH3ANNU PU3UKO-XUMHIECKUX
HecaenoBaHHH.

B pabore [82] ommcama cXeMma dJEKTPOHHOIO Gr0oKa BHBOmA TMHD-
poBoit mEdopManuE C PEHTIeHOBCKOTO muppaxromerpa JIPOH-1 na
nepdodenTy JIA MOCeNyoIero BBoAa B 9BM. IlpumeneHne 9IeKTPOH-
Horo GoKa 3HAUMTEIBHO COKPATHIO BpeMdA HOATOTOBRU pndopMann
A OBM.

IBM MoskeT WCIOJb30BATBCA IS JKCIPECCHOTO OIpeIeJeHUs
KpucTaorpadguIeckoi OpMeHTHPOBKY MOHOKPHCTALIOB [83]. Hug-
DaKMUONHAS RapTHHA, MoJyuaeMas IPH 00IyueHuH MOHOKDPHCTAILIA
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MOHOX poMaTHIeCKHM DEHTIHOBCKUM NYTKOM, IPOEKTHDYeTCA He
Ha meHKY, NPOABICHUE KoTopoii Tpefyer HPOAOIKATENbHON SKCI0O3H-
UEHE, a ¢ MOMOMBIO CHENUAILHOIO JIEKTPOHHOTO Gioxa mepegaercd
Ha TejreBH3WOHHSI KpaH. Pesynprars gudparnun Boaarcs B 9BM,
KoTopas ONPEJesACT OPUEHTHPOBKY. Ipyrum mpumepoM mnpumene-
HEa OBM MoskeT u6me pacmudpoBKa CIOKHBIX KPUCTAIIAYSCKHX
CTPYKTYp ¢ HU3KOM CUHTOHMEH.

Kar pauce oTMmedanoch, JBM Moryr ¢ ycmexoM uCHOTR30BATHCS
M oGpaboTKM DKCIEPUMEHTATBHBIX [AHHBIX, 0C0o0eHHO JIJIA HAXOMK-
[eHEs yDaBHOHMIl TIPH AHATATHYECKOM ONMCAHWY JHATPAMM COCTOf-
HEAL. Boapiioe KOJMIECTBO UCCISOBAHHEIX JMarpamM COCTOAHUA
[BOMHHIX ¥ TPOHHHX cucTeM (mopsimka 20 Tec.) co Beel ocTPOTOH
CTaBHT BOIPOC O XPAHEHWM ¥ IOHCKe dTofl HaydHOH WHPODPMAINM.
B macTosImee BPeMs 5T0 HATHHAIOT OCYIIECTBIATH ¢ MOMONIBI0 MANINH.
OneuM U3 cnoco6oB BBOJA MH(YOpPMAIUHM ABJIAETCA AHAIUTIIECKOE
ommMcaHWe [HATPAMM COCTOSIHUA, T. €. HPeCTaBIeHHe ONpe/eleHHBIX
reoMeTpudecKnXx 06pasoB B BUAE MaTeMaTHYeCKUX MOMEJNEH.

3BM mmpoko HCIOIb3YIOTCA JJIA PacYeToB AuarpaMM COCTOAHUS
{45]. Ilpumenenme DBM mo3Boimio IIPeofoNeTh BHYHCIUTENILHEIC
TPYAHOCTH, CBA3AHHEE C peureHmeM OOMBIIOro YHCIAa YPaBHEHWH,
HOTyYaeMHX MeTOfaMH TepMojuiaMuku. Astopamu paGorsl [49]
paccuuTaHB B HPHOIMKEHMH DPeryJiAPHBIX pPacTBOPOB 72 nBOiiHBIE
CHCTGMBL TYTOIIABKHX METAJIOB, PAX TPOUHBIX CHCTEM, BBefleHH B
nmamars JBM amreparypueie mamHNe 06 HMEOIMEXCA [UArpaMMax
COCTOSHUA W OPranumsoBaH O0aHK TaKUX [aHHBIX.

B paGote [96] ananmsupylorcs pasjiddHbIe METO[Bl pacdyera [Ha-
TpaMM COCTOSHAA MHOTOKOMIOHEHTHBIX CHCTEM € IIOMOIBIO 9BM.
OTMe‘IaeTC}E OTCYTCTBHE YHHBEPCAIBHOTO IOAX0[a K OIEeHKe (asoBRIX
paBHOBECHil, KOTOPHE PACCMATPHUBAIOTCA B PA3JIMIHOM NPUOIMIKEHAN.
OnHako Cco3TaHHLE IS pacdeTa MojeNH NO3BOJNAIT MONYIATH pe-
3yJbTATHl, Y/AOBIETBOPAIONINEG PeATHHEIM CHCTEMaM.

C moMOmpbI0 MHPOPMAIHOHHO-TIOACKOBBIX CHCTEM MOKHO € BHICOKOH
CTeNeHLI0 TOYHOCTH BBoxmTh B OBM meobxomumyio uHopMaiuio
o6pabaTHBaTh €6 W HaxofuTh BepHee orTBersi [84]. B arod pa60Té
OTMEYAIOTCH JIBA ACIeKTA obpaboTku mHpOpMaUN — JOKYMEHTOIpa-
¢uaeckuit m Paxrorpadudeckuii. Jloxymenrorpaduieckas IacTh WH-
PopPMAIMOHHO-NIOACKOBOM cHCTeME obpabaThiBaeT Iejbe JOKYMEHTHI
(cTaTpm, MOKIAmsl M T. A.), a ParrorpaguyecKkas — XPaHUT H obpa-
fareiBaeT OTHedbHBE (QaKThl, U3BJICcUeHHEE H3 HAYYHBIX MaTepUAaIoB.
Iaa ¢usnko-xuMuyecknx o0BeKTOB, HaIpUMep U AHarpaMM co-
CTOAHNA, MHPOPMAMMOHHO-TIOUCKOBAS CHCTEMA HOMKHA HMETh CBOU
nH«i)opMaHHOHHr:Iﬁ AsHIK. s mpemcTaBieHus guarpaMM COCTOSHUA
B QopMe JIMHEHHOH MOCIeI0BATEILHOCTH KOMOB, KOTOPHE MOKHO
peectu B 9BM, BBojurca momaTme guamko-xuMmdeckoro rpada [85].

K gmeny samad, pemaembix uaopMaruoHHO-TIOUCKOBOM CHCTEMOI,
OTHOCATCA MOJAYYCHHWe YPABHEHHH JWHAN U MOBEPXHOCTEH IpeBpaile-
HOd, OIpefejenne PasAUTIHHEX CEUYeHHH, HPOCIeRMBAHIE MPOIECCOB
KpUCTANAN3ALNY, TOA00P CIUIABOB IO 3aJlaHHEIM MapaMeTpaMm u T. A.

T'JIABA 11

HKCTIEPMMEHTAJILHBIE METO/IbBI
MCCJEIOBAHNMA TTMATPAMM COQTOHHHH
1 TUATPAMM COCTAB — CBOUCTBO

JlmarpaMMEL COCTOSAHHUA CTPOATCA C ApUBJIEICHNEM IIHPOKOT0 KpyTa
HKCOEPIMEHTAIBHBIX — METONUK ~— TepMUIecKui, MHBRDOCTPYKTYPHEL,
peRTreHorpaduIecKui aHaINSH, A3MeHEeHHe DIeKTPOPUINICCKAX K
MEXAHUIECKMX CBOMCTB B 3aBHCHMOCTH OT cocraBa i T. A.

IMocTpoenne 1 aHAIN3 AHATPAMM €OCTaB— CBOMCTBO MIPAIOT permalo-
Wyl0 poib UpH paspaboTre CIUIABOB C 3aAHHBIMZ CBOHCTBaMH. Ta-
K¥e MUaTrpPaMMBI IOCTPOHBI sl MHOTUX nBOMEBIX ¥ Golee CIOKHEIX
smerammdeckux cucreM. llorasano, 4TO cpoficTBa OT/ENbHEIX $as u
CHCTEMBI B T€JI0M ABJIAIOTCH CJIOKHOM (yHKOUel MHOTHX $aKTOpPOB —
cocTaBa, TeMOeparypwi, jfapieHus u T. II.

1. OCHOBHBGIE 3AKOHOMEPHOCTI
N3MEHEHUS OU3UYECKUX CBOWCTB
11 JAJIBHEUUEE PA3BHUTHE SKCHEPUMEHTAJIBHBIX
METOJOB OIBNKO-XIMIYECKOTO AHAJIM3A

CoracHo KiIaccHEKAIuH, paspaboTaHHOMl H. C. Kypuakosmm, cy-
MECTBYIOT TPH THOA MeTAJLIHYECKHX das: 1) TBEpjse PACTBODH,
2) nanpToHU/E, 3) GepTONTUBL. Teep/slil pacTBOP ABJIACTCSA ¢dasoi me-
PEMEHHOTO C€OCTaBa CO CTATACTHYECKUM paciupefieIeHueM aToMOB.
VlzoTepME CBOMCTB TBEPABX PAacTBOPOB U3MEHSIOTCHA MO0  IIABHBIM
KPHUBHM, BTOpas IPOM3BOJHAA KOTOPHX HMEET HOCTOAHHBIN 3HAK (B
psme cIyuaeB Mojker HabaI0faThCA nuneiimas 3asucmmocth). Hampu-
Mep, M30TEPMEl TBEDIOCTH, MOy yHpyroctH, mpefiela IPOYHOCTH
JIMIOT BHJ HEIPEePHBHEX KPHBHX, 00palleHbX BELIYKJIOCTHIO BBEPX;
VHeNbHOH  DIEKTPONPOBOJHOCTH, TEeMIEPATYPHOTO RKosdPuIuenTa
9IeKTPOCONPOTHBIEHHA, OTHOCHTEIHHOTO Y/UIMIEHUA U Cy/KeHHs
IJIOMATH TOLEePEeTHOTO CedeHns — HeNPEPHBHEIX KPUBBIX, oGpamen-
HBIX BHINYKJI0CTHI0 BHH3. M3orepMbl tepmo-dJIC MoTyT OHTH obpate-
HBL BBITYRJIOCTHIO 1 BBEPX M BHU3. Vlamemenne mapamerpa KPHCTAJLIH-
YecKoil pemIeTKE TBEPAHX PACTBOPOB SABIAEICA B IEPBOM npulanxe-
Hup numelHol QyHKUme#R (3aKOH Berappa); ofHaKo B pe3ynbrare
MeIKATOMHOTO B3aMMOJ[eHeTBHA HaBI0faerca OTKIOHEHHe 0T a/yIuTHE"
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Pne. 13. Uamenenne rTrepno-
CTH H DJIEKTPOCONPOTHBICHH ST
JABOMHBIX MeTa/ImYeCKax
CHJIABOB B 3aBHCHMOCTH OT
THIA JHATPAMMBL COCTOAHHA
a—

l{?ﬁ:g}gg?:ff}}{aﬁ cMech (apgpu-

6 — TBepHbiil pacTBop (ma
paboJja
o0panieHHAA BHIYE i
e YKJIOCTBIO

8 — CMEIIaHHBI ciIyvaii;
e — 00pasoBaHUe NAJILTOHMEA;
& — obpasopauue Geprosnnna

Chodembo

HOCTH KaK B IOJIO;KUTEJIbHYIO, TaK M B OTPUIATENBHYI0 CTOPOHY. 3a-
KOHY aIHTHBHOCTH HOAYMHAETCH ¢ HEe3HAYUTEILHBIM OTRJIOH}(;;I ,
usMeHeHue yaensroro obsema. CremeHb OTEIOHEHMS XapaxTe S
MeHeHus (M3UYECKUX CBOUCTB OT aiJUTHBHOCTH B H3B€CTIII)Oﬁ cf ern
OTPAKALT CHIY MEKATOMHOTO B3ammojeiicteuda. Yem cmapHee BseHeHH
JeiicTBHE MEKTY Pa3mOPONHBLIMU aTOMaMH B TBEPJOM PacTBO e
CUJIbHEE 3TO OTKIOHEHHeE. pe, e
n OcHoBHBIE THIIBI W30TEPM CBOHCTB CHCTEM, B KOTODBIX XHMIH
S:;gle ﬁgﬁﬁgiﬁm (nanmonmém) obpasyior TBepabIe pHCTB(;pLI co c:(?:
1 TaMH, MOL'YT OBITb NOJIYYEHE IIYyTeM COUYETAaHUA TPOC-
Teimmx (BTOPMYHBEIX) AWATPaMM COCTaB—CBOIL o
pa36nBjieTc;1 CHCTEMA ¢ XWMUYOCKIM COGJII/IHGHI/I((E)M.CTII/}(;:)TGE:IH }Z(;f)%%h‘le
KaKgof W3 5TUX BTOPHYHBIX CHCTEM MOJGKHEL UMETH BUJ nJIaBH;B
KPHMBHX C BBIIYKJIOCTHIO, 00PaLlieHHONU BBEDX WMJIM BHH3 11¢3pecelcari)}(f
muXcsi Ha Op/MHATe COefMHEHWA (CHHTYIApPHAA TO‘II{a), NszoTepmu
Oﬁ6p&3(?}BaHHBI6 mepeceueHneM JIBYX BeTBel, SBISOTCH I;enpe I)IEH i
KPHBOH W COOTBOTCTBYIOT OJHOM KUAKOI mam Teproli daze XIEMI/I‘I(;)CPE
Koro coepuHenunsi. Uame Ha 0asze XMMUYECKOTO COeIMHEHUA 06pasy-
zogsggooBrg}?érgxqggnme TBepAble PACTBOPH, HO MHOIJA HMeer Meg)To yu
a TPEPHIBHOTO PAAA TBEPABIX PacT .
ciomc'rB 0T COCTaBa AalbTOHUIOB xapam%lllmzsyel;ca ﬁogf;miglgﬁifg
gTIB); qu;(():TBeoupOB, KaK YiKe 0TMeYaJioCh, HAJIWINeM CHHTYJIAPHONR TOYKH,
meil cocTaBy ONPEIeaeHHOT0 COeIUHEHHA, MOMYUHAIMEroCs
3AKOHY TPOCTHIX KPATHHIX OTHONICHMII. Y JaJbTOHHUJOB, COCTaB KOTO-
chiX (l)_il‘Be‘IaeT CUHTYJIADHOH TOUYKe, CTENEeHH YIOPAJOYEHHOCTH CAM3Ka
. Ilo mepe yBennvenus KOHUEHTPAIINH TOTO MU MHOTO COCTABIAIO-
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Mero KOMIOHEHTA CTeNeHb yIOpSA0ICHHOCTH yMeHBHIAeTCH, YTO COI-
POBOJEIAETCA  YBeNWYeHHeM TBEPIOCTH, yMeHBIIEHIeM DIeKTPOIpo-
BOJHOCTH M TeMIEPaTypHOTO K09(UTIMEHTA DIEKTPOCONPOTHBICHMA.
JlanbToHUAR ¥ OepTOJIMABL NMEI0T Gojee BEICOKME 3HaueHuUs TBEPHO-
¢tH M 9IEKTPOCONDOTHBJIEHHA, YUeM 06pasoBaBIINe WX HCXO[HEE
KOMIIOHEHTBHI.

Cnexyer TOA4EPKHYTDH, UTO CHHIYIADHAA TouKa, OOHaApYyKeHHAA
Ha amarpaMme KaxoTo-nmGo ofiHoro 13 CBOMCTB, MOIJKHA DPOABIATECA
TaKyKke Ma KPUBHIX BCeX JAPYTHX CBOUCTB ¢ase. B cmeremax mppanmo-
HAJTBHOTO THTA TOJIOYKEHNE DKCTPEMAIBHEIX TOUEK Ha KPHBRIX CBOIICTB
oTBeYaeT HeoMUHAKOBOMY COCTaBY JUIA Pa3IHIHBIX cpoitets [101, 102].
D10 eme pas IOATBEPHKIAET Heo6X0IuMOCTh M3YUeHMs KOMIJIEKCa
QUBHKO-XUMIIECKUX CBOHCTB 1A 00'beKTUBHOTO OTPAKEHUA Xapax-
Tepa B3AUMOJIEHCTBUA KOMIOHEHTOB.

BaKOHOMEDPHOCTH M3MEHEHHs (uamIecKnx cBOHCTB GEpPTONIHJIOR,
XapaKTepHBYIOIMXCA qacTHIHON YIOPASOYEHHOCTHI0, KaK YiKe oTMeHa-
J0CH, HE OTIMIAIOTCH OT TBEPHHIX pPacTBOPOB.

Iepexon o1 opHOoQasHOM ob6xacT K MBYX(asHO# COMPOBOKAAETCA
Pe3RHM H3MEHEHHeM YTIO0BOTO Kod(PuuUenTa HB0TEPMEL CBOMCTB.
WsmereHue Gu3HIeCKUX CBOACTB nByx(asHEIX CHCTEM B II€PBOM IIpi-
GIIsReHEn IOMYHHAETCA 3aKONY aTIATHBHOCTH. XapaKkTepHBIe M30TeP-
MEUeCKHe KpUBHI® H3MEHeHHs SIEKTPOIPOBOJHOCTH U TBEpROCTH
B 3aBHCHMOCTH OT THIA J@arpaMmbl COCTORHMI ¥ npupops a3
IpejicTaBIeHsl HA PHC. 13. Ilepexop x oOpaTHOMY cBoficTBY HWIH OPY-
ToMy cmoco0y BHpasKeHus KOHIEHTpaLun MOJKET IPUBECTH K OTKJIO-
mermio or anmurmsHocTH [2]. OTkiomenme oT aJUMTIBHOCTH 9YacTo
HabIofaercsa TpU H3MEHEHWH YAERTPOIPOBO/HOCTH B TBEPROCTH.
H. C. Kypuakos orMedaj, 9T0 M30TCPMEL dusMIecKAX CBOMCTE ABYX-
$asHBHX CHCTEM IpAMOIMHEHHB!, eClll CHCTeMa HaXOAUICs B cTabuib-
HoM cocroAEMM. HampuMep, IPH YCKOPEHHOM OXJIAKIEHIN CILIABOB
SRTEKTHUECKOH CHCTEMB OBTEKTHKE OTBEUAET MAaKCUMyM TBEPHOCTH
M BJIEKTPOCOIPOTUBJICHHSA, 9TO CBASAHO C© AECHEePCHOCTHI0 DBTEKTUYE-
cKoit CTPYKTYpH. B paBHOBECHOM COCTOSHME CIIAB DBTEKTHIECKOTO
cocraBa He JOJUKEH 3aHEMMATh 0COGOTO IONOKEHUs Ha n30TEepPMaX
cpoiicTs. To4KH, oTBeUawMue IPaHUNAM onmodasHbxX H npyx¢asHbIX
oGacTeil, MOTYYAIOTCA TPH Irepecedenui IBYX pa3IUYHKX KPUBHX,
1 COOTBETCTBYIOIEI MM COCTaB, B OTIMIHE OT CHHTYJAAPHOHA TOUKH,
3aBHCHT OT TeMIeparypHl.

TakuM 00pazoM, CBONCTBA ABIAIOTCH pyHKIEEH HE TOIBKO COCTA-
Ba, HOo ¥ cTPYKTYpsl. Ilpm ofiHOM U TOM 3ik€ XMMHUYECKOM COCTaBe MO-
ket GBITH pasHas CTeNeHb NPHOIMKeHNA K PaBHOBECHOMY COCTOSHAUIO
CHCTEME I COOTBETCTBEHHO DasHble IUCIO, (opma, B3amMHas OPHEH-
Tarus 3epeH, KOIMYECTBEHHOe COOTHOMIEHNE (a3, YTO CKa3LIBAeTCH
A Ha (uBHYECKHUX CBOMCTBAX. 910 06CTOATENBCTBO 0COOEHHO BajKHO
VYHTHBATH TPU WCCIEJIOBAHMN CHCTEM PEAKIX MeTasIoB, XapaKTepu-
3YIOMUXCA BHICOKOH TYTOIIIABKOCTbI0, B KOTOPBIX TPYAHO, & YacTo
NPaKTHYECKM HEBO3MOMKHO JIOCTUTHYTH PABHOBECHOTO  COCTOSHMA.
IlosromMy 1pum UCCIEOBAHHH JHArpaMMm COCTaB—CBOMCTBO CBOMCTBA
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paccMaTpupaioTcs B HEPA3PHIBHON 3aBHCHMOCTH OT COCTABA U CTPYK-
TYPHL.

B nHoBoemmmpii mepMox IOCTpoeHHE ImATPAMM COCTAaB—CBOHRCTBO
PaBJIHIHEIX MeTaJINYCCKHX CHCTeM B OCHOBHOM OFPAHHYMBAIOChH
MEXAHHYECKEMY, JNEKTPHYECKEMH M TEPMODICKTPHYECKIMI CBOMCT-
Bamu. Ilpm sToM McclefoBaHMSA IpPOBOAMIHCH TPH KOMHATHON WJH
6uuskmx x xommaTHOW Temmeparypax. A. A. Bowsap [14] pacmpo-
CTPAHWJI puarpaMMbl COCTaB—CBOHCTBO Ha JHTEHHLIe CBOHCTBA, A
C. W. Ty6xun [103, 104] — ma mebopmupyemoctd cmiapos LBETHBIX
Meranios. B HacToAmee BpeMs 3HAUMTENHHO PACHIMPUJICH KPYT H3Y-
9aeMsIx cpoiictB. Uucao ¢usmveckux cpoiicTs, HCIOJIL3YEeMEIX B u3n-
Ko-xummyeckoM aHaxmse, k 40—50-M romam mocTHramo Tpex jecsr-
KOB; cediYac MX B HeCKOJBKO pa3 6oxbme. M3ygarores sakomomeprocTn
N3MEHeHUA CBePXIPOBOAAIMMX, YHDYTMX, MATCHUTHEIX, DMHCCHOH-
HEIX, ONTHYECKHX W JPYTHX CBOMCTB B 3aBHCHMOCTH OT XHMHYECKOTO
1 $asoBoro cocraBa cmiaBos. McciegoBaHre MHOTHX CBOMCTB IPOBO-
AUTCS B IIMPOKOM WHTEpBaje TeMIepatyp (0T TeMHeparyp, 6Iu3KHX
K abCOJIIOTHOMY HYJII0, JI0 TeMIepaTyp ILIaBJIEHHA); HCCIeYeTcs
BIUAHIE PAa3IUIHBIX QAaKTOPOB, ONPENENAMUX PABHOBECHE CHCTEMEL,
Ha BHUJ AMarpaMmbl cocTaB—cBoiicTBo [26, 105, 106].

IlpusenieM meKoTOpHle IPHUMEPH, WILIIOCTPUPYIOLME W3MEHEHHe
TPAMIHOBHEIX A1 PUBHKO-XMMHUUECKOTO aHANu3a CBOUCTB (MexaHu-
YeCKHX, 9JEKTPUIECKHX) B -CHCTEMAX ¢ pPeAKEMH Merajuiamu. HKak
n3BectHo, MeTaXiabl VA um VIA rpynm moutn meorpaHWYeHHO pacTBo-
PHMBL IPYT B JIpyTe B sKUIKOM M TBEPIOM COCTOAHHUAX. J17a HBOAHBIX
HeIpepeBHEIX TBEPAHX PAcTBOPOB Ho 3aKkoHY HypHakoBa Makcumym
YOPOUHEHNUs H TBEDJOCTH B 3aBHCAMOCTH OT COCTaBa OPHXOJUTCHA Ha
40—60% [107]. TlpuumEaMm 2TOTO CIYKAT YBeAWUEHHE WCKAKEHMil
KPUCTAIINIECKOH POIMOTKE MeTANNa-0CHOBE ¥, HO-BUAUMOMY, yBe-
JIM9eHne [0 HeMeTaIIIMIeCKol (CKopee BCETo, KOBAJEHTHOH) cocTaB-
AATOMEH Me/KaTOMHOM CBABHM C IOBHINEHAEM COHNEPARAHMA APYIOro
KoMIOHenTa B TBepyoM pactsope [108]. B pucmokammomnmx Tepmu-
HaX yOpoYHeHNE B TBEPAHX PACTBOPAX —— PE3YJABTAT B3aHMONEHCTBUS
Kpucramigorpaguieckux pedextor (mmcaokammil, BaraHCUU u T. ).

TAKOM CHCTEME MPeNATCTBUAMI [BUIKEHHIO NUCIOKAIHMI CJIy:KaT
UCKa/KeHNsA, BO3HHKAWNME B DeNieTKe M3-3a DA3JWuusA Pa3MepoB
aTOMOB, WIU OCOGEHHOCTH YIPYIOIro HOBEJEHHS MaTepHalda BOJINU3H
PacTBOpeHHLIX arTomoB. [IpupocT mampsskeHus: cjBuTa WPH JTerupo-
BaHUM 3aBUCHT OT PasHOCTH Pa3MepPOB ATOMOB, Pa3HOCTH MOIyJeil
C/IBMTa pemeToxk W Koumentparuu [109].

TsepnocTs cmmaBoB B cucreMax HUOGHA—MoONHOTeH M HUOOHEH-
BOsb(pam mpexpcrasmena Ha pme. 14 [110].

Jdext yUpouHeHHs TBEPOTO pPACTBOPA NPAMO IPOLOPIHOHA-
JleH DasHUIle B aTOMHBIX PajHycax PACTBODHTENs W DPaCTBOpPAIOMe
moGasrm [11]. Ir1a 3aBHCHMOCTE MOMKeT GHITEH BHIDAKEHa B BUIE
YUPOUHeHHS B QYHKIMH OT M3MEHeHHs Iapamerpa pemerku (puc. 15)

(Aa — pasHmna B aTOMHKX pajgumycax HHOGHA U PacTBOpAOMIEIt
noGapxm) [112].
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Pnc. 15. OtHOoCHTENBHOE YBEMN- 700 | Mo
JYeHHe TBEPOOCTH HHOOMA uUpH
20°C B 3aBHCMMOCTH OT CTelleHH
HCKQKeHHsT ero KpmeTajmdec- AR
Koil pemieTKH IpM JermpoBaHMM
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HUPKOHHEM b ‘: 2
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3 — 10 at.% aerupyiomell noGaBKHK v i 1 1 [
g 4 4 & 4 .
Aa-107%

ITpu ouewsr BHICOKMX TeMIepaTypax HepPBOCTENEHHOE 3HAYCHHE
npuobperaer BAHAHWE Jerupyiomeit fo6aBKH Ha TEMIEPaTypy ILIaB-
JEeHHA MeTalaa-oCHOBH [112].

3HaqH3eJILH1)1171 uHTepec mpespcTaBisger pa3paboTKa CIIABOB ¢ TEM-
llepaTypou IIaBieHns Gomee BHICOKOM, weM y Monmbmema. Har cie-
AYeT U3 JUarpaMm COCTOSIHUSA, TOYKY IVIABIOHHA MONUGNEHA ITOBHI-
WanT BOXbYPaM u TaHTad. CITaBH CHCTEME MonubeE—BoabpaM,
IIPATOTOBIEHHEIE METOZOM HYTOBOI BaKYYMHOH ILTaBKM ¢ PACXOJ[yeMBIM
9IEeRTPOJIOM, OBIIM MCCIAEN0BAaHLL BO BCEM HHTEPBaNe KOHIEHTPAIII.
Ecau nnasra nexommaix Momubaena u Boabdpama mpuBogMIa K 06pa-
30BaHUI0 TIpy0oil cronbuaroit CTPYKTYPHL, TO OIS HBOWHHIX CINIABOB
MoJnGieH —Boabgpam HaGII0IAT0CE 3aMETHOS usmenardyenue sepua [113].

Ha puc. 16 mpusenensr npenens KPaTHOBPEMEHHON M AAATENBHOMH
UDOYHOCTH STHX CHJIABOB B 3aBHCHMOCTH OT cocrasa. Ilpm comep:xa-
Hun o 30% BoandpaM oxrasmBaer CpaBHHTenbHO ciaaboe BiIHANNe
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Pue. 16. Iipeges HpOYHOCTH CIVIABOB CHCTEMBI MONMOAEH — Boabppam

1 — KpaTKOBpeMeHHAasA IPOYHOCTh Hpm 20° C mocje OTHUra JJIA CHATHA Hagpﬂmennﬁ; 2 —
40 e, IOCIe PEKPHACTAIIINBAIAN; 3 — KPATKOBpeMeHHAR IIPOYHOCTD TP 980° C mocje OTHKH-
Ta IJIA CHATHA HANPsKeHNWH; 4 — MIATeNbHAasA IPOTHOCTD (mpu 980° C 3a 110 9) mocje OTHU-
Ta A CHATUA HAUPKEHUil; 5 — TO ke, NOCJE PEKPUCTAIIIU3ATINA

Puc. 17. IAeKTPOCONPOTHRJICHUE JUTHIX CINIABOB CHCTEMBI MOIuOieH — peHuii
Omuur opua 2400° G

Ha IPOYHOCTs MonmG/eHa, 4T0, IO-BEAUMOMY, OOBACHAETCH Hue6ob-
moit pasHHIE aTOMHHIX DagAyCoB HTHX KOMIOHEHTOB U cnaGBM XH-
MHATECKAM B3amMojeiicTBmeM ux Opu 06pa30BaHEM TBEPAEIX PacTBOPOB.
Bojee Toumble TAHHHE O CBOMCTBAX CIIABOB 9TOH CHCTEMBI MOKHO
651710 GBI HOIYIATH IIPH PAGOTE € BHCOKOTHCTHIMA BOLBHPaMOM B Moaus-
JIEHOM.

Ha puc. 17 npusefeHo M3MeHEHHE SIEKTPOCONPOTHBIEHUS CILIA-
BOB pemms ¢ MoaubmeHoM. XapakTep M3MEHEHHS BJIEKTPOCOMPOTHB-
JIEHHA W TEIUIOBOTO DPAaCIIUPEHHs MOJHOCTHIO COOTBETCTBYET 3aKOHAM
Kypmakoa. Ha ocHoBaHHEM HcCIe[oBaHHSI HOAOGHHIX JUarpaMm co-
CTaB— CBONCTBO OHIIK M3yYeHH! $a30BHE PaBHOBECHA B COOTBETCTBYIO-
MEX cHcTeMax ¢ ydacrueMm perns. Ha mepsbiii B3IJIAJ OTKIOHEHNE OT
sakomoB HKypHakoBa Ha0nI0faeTcsi OpH M3YIEHAN MEXaHMICCKUX
CBOMCTB TBEPALX PACTBOPOB MONUG[eH—peHnil U BOJIbQpaM—Ppenui.
B mpejenax TBepiBX PacTBOPOB 37€CH MMEeT MeCTO ONHOBPEMEHHOE
yBeJWdeHHe IJIACTHYHOCTH ¥ TPOYHOCTH IIPH JIETHPOBAHMA PEHHEM.
(B 6oXbMIHECTBE CIydaeB € YBeIMYCHHEM KOHIEHTDAIUMI TBEPJBIX
PAcTBOPOB HPOYHOCTH pacrer, a IAaCTHYHOCTH nagaer.) Opwoit m3
BAKHEANINX NPHINH TOBHINEHHs IVIACTHYHOCTH Bolbdpama I 1\1(2.711/16—
JleHa OpH JernpoBaHuy penneM (PeHWEBEHIH B(b‘bfiHT) ApJadeTcs HedTpa-
JiM3anusA OXPYNUMBAKOIIEro AeicTBHsA IPEMeced BHEPeHns [108].

Hume B KadecTBe HpUMepa LPUBOJATCA HEKOTODHIe JHMarpamMMbl
€OCTaB—CBOICTBO, MOCTPOCHHABIE IS PANA PEIKHX METaJJIoB ¢ IpU-
BJI€YEHHEM HOBHIX (PUAMdIecKnx cBoicTB (paboTa BHXoza, TeMIepaTypa
mepexojla B CBEPXIPOBOJAMEE COCTOSAHWE M T. m) [114, 122].
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CpepxmpoBopsgmue XapaKTePUCTUKH CIIaBOB CIEAYIT SaKOHO-
MEPHOCTAM (PU3NKO-XIMHIECKOTO aHalm3a, Kak U APYTrHe PusndecKne
cpoiictBa cucrem. CilegoBaTelibHO, OCHOBHHE 3aKOHOMEpHOCTH (u3n-
KO-XUMHYECKOT0 aHAaJIM3a MOTYT OHTH pacmpocTpaHedsl Ha o61acTb
HU3KKUX TemOepaTyp. Bce cmimapnl merannnmdeckux cucreM, o6pasoBan-
HBIX CBePXIPOBOJHUKAMH, He3aBHCHMO OT (a30BOr0 COCTaBa M KpPH-
CTAJINYECKOH CTPYKTYpH ¢as o06JajalT CBEPXIPOBOIMMOCTHIO
(puc. 18). :

B npoiimbix cmcremax 1npum o0pa3oBaHHE HENPEPHIBHOTO PAXA
TBEPABIX PaCTBOPOR TeMIeparypa Hepexoja H3MEHHETCS HeIPePHBHO
u 4vacto apmutaBHO. llpm Hammuum mommmopdmsma y oOfHOrO WK
000X KOMIOHEHTOB-CBEDXIPOBOAHUKOB Ha KpuBoit Iy — cocraB Ha-
bmofaercss MakcumyM (puc. 18). B cmmasax-cmecsax (wmampumep, 3B-
TEKTHYECKHX), 00pPA30BAHHEIX [BYMA CBEPXNUPOBOJHUKAMH, Ty u3-
MeHsercA aIMTHBHO ¢ W3MeHeHueM cocrtaBa. Eciu ojguH M3 Kommo-
HEeHTOB He ofajaeT CBEPXHOPOBOAUMOCTHIO, TO B Takux cmecax ITx
COXPaHAETCA 10 TeX IOop, I10Ka KOJNIECTBO CBePXIPOBOIHUKA He CTa-
HeT HeusMepuMo MaubiM. Bo Bcex cayuasx Ty cIiaBsoB M coepuHe-
HAl BHIme, wem Ty xoTA Obl OJHOTO M3 KOMIIOHEHTOB. JTO IO3BOJSIET
IpefickazaTh Ka4ecTBEHHO (a 9acTo ¥M KOJMYeCTBEHHO) m3Memenue Ty
T00HX MeTalTHYECKUX CINIABOB HA OCHOBAHWH JAHHBIX JHMaTpaMM
COCTOAHUS, 4TO ¥ COBIAZAET ¢ YKCIEPUMEHTAJABHBIMH fAanpumu [115].

OcoGenHo 1moApPOGHO HCCAELOBATUCH CBEPXTPOBOJANINE XaAPAKTE-
PUCTUKH CINIaBOB cHCTeMB HuoOmi—nmpronmit (puc. 19) [116].

Kputnueckoe Maruutnoe mose N KPUTHYECKUA TOK ABIAIOTCH TyB-
CTBHUTEIbHOM XapaKTepHCTHKOH W3MeHeHns (asoBOro COCTaBa; Ie-
perubsl Ha COOTBEICTBYIINIMX KPHBHX C€OCTaB—CBOHCTBO OTBEYAIOT
IPefelbHON KOHIGHTPAHHUH TBEPAOTO pacrsopa NpH [aHHOH TeM-
neparype [117].

CpepxmpoBojHNKAMH SABJIAITCA MHOTME TBEPAbie pPACTBOPH Ha
OCHOBE MeTaNJoB ILIATHHOBOH TIPYyUOH. 3aBUCHMOCTH KDPUTHUECKOI:
TeMIepaTyphl NePexoia TeKCATOHAJIBHBIX TBEP/LIX PaCTEOPOB Ha OCHO-
Be PYTEHUA OT KOHIEHTPAIMU Jerupymomeid Jo0aBKE IoKa3aHa Ha
puc. 20 [118].

Kpurimueckasa temmeparypa mepexojia B CBepXIPOBOJISINEE COCTOS-
HIe MOKeT 3HAYATENBHO BO3PacTaTh HPH 00pa30BaHHH MeTaJInye-
CKIX coefwHeHnil; HampuMep, o-as3bl CITaBOB BOXb(paM—peHni
I BOAbPpPAM—OCMHEH HMEIOT TeMIepaTypH Nepexofia COOTBETCTBEHHO
8 u 4K. B macrosmee Bpems uspecto okoxo 2000 merammumueckux

coenuHenni-cBepxuposogaukos [106].

CBepXIpOBOfAIe COSNNHEHHS MOMKHO OOHAPYKUTH B JIHOGHIX
MeTAIIMYeCKNX cUCTeMaX, 00pA30BAHHEIX KaK CBEPXNPOBOJAIIIMIE,
TaK M HECBEPXHNPOBOJAIIMME KOMIOHEHTAMH; KAaK HpPaBUIO, B XOJe
Kpupoif Tx—cocTaB TaKue COCWHEHHA BHIENAITCH CHHTYJIADHBIMI
TouramMm nim Makcmmymamu (puc. 21, 22). Ounm umeoT BHCORKue 3Ha-
1EeHUA JIEKTPOHHON TOIIOEMKOCTH M IJIOTHOCTH DJICKTPOHHHEIX COCTOMA-
umit na mosepxmoctu Mepmm.

HauGoxee BrCOKan Temmeparypa mepexoma (23,4 K) o6mapy:xena

51



20 == ===,
=== = FHOD s
/ oS _
@+ =
o> (j L | 2600t 5"(;50)
7 K 6 6+ (7-0s
“ ot NN
. Rk
s b
¢ Ti-v %
Nb-W i Z ‘jﬂ
| I ] i ” Bl L I |
Nb W W w 2 NbY W 4y & Os
ﬂ/ﬂ.u/o

Puec. 18. 3aBHCHMOCTh KPHTHYECKOHl TeMHepaTyphl NEpeXofa B CBEPXNpoBojAIIEe
cocrosnue T, OT COCTABA CIIIABOB B [IBOHHbIX CHCTEMAX [16]
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Prc. 19. 3aBHCcAMOCTD KPUTHYECKOTO TOKA (1) M KPATHYECKOTO0 MAFHMTHOr'O HOJA
(2) oT cocraBa CIIABOB CHCTEMBI HHOOHH—NUPKOHMIT

Puc. 20. 3aBUCEMOCTb TeMIepaTyPHl Hepexoia B cBepxnponofsimee cocTosame T
OT cOCTaBa TBEPABLIX PAacTBOLOB HA OCHOBE PYTeHHA

y Nb;Ge. Coepuneninsg NbsSn u ViGa nMeor deroMeHaTbHEE 3HAYe-
HAS KPHTHUECKHX (PaspymIalOmEX CBEPXNPOBOAALNEe COCTOAHUE)
marautabX noideit — 250 u 210 kI'c coorsercTBerno. Boobme makcn-
MaJbHOE 3HAYCHHE BCeX TpeX CBEPXIPOBOAALIMX XaPaKTEPUCTHK
HaOmiofaerca y Merasiamdeckux coegmmernii Nb(V); X (rmge X —
0JI0BO, KpemHmit, ramami) ¢ pemerkoit tuma CriSi(p — W) [119].
CeepxmpoBopsimue cpoiicTBa HalJIOFAOTCA TaKKe Y COCMUHEHUH Me-
TAJLIOB IJIATUHOBOW rpynmel ¢ saementamu 11IB—VIB rpymm, o6-
pasyomux cTpykrypy tuma B-W, o-Mn, ¢as JlaBeca, o-¢as, a Takmxe
TeKCcaroHalbHYyl ILUIOTHOYHIAKOBaHHYI0 pemeTky. Temmeparypa me-
pexofia B CBEPXIIPOBOJAILEE COCTOAHUE M3YYATACH TAKIKE AN CILIaBOB
cucreM HuoGuii—THTaH, BOAbYpPaM— peHuil, BOIbPpaM—ocMUE U IP.
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Puc. 21. [Imarpamma cocTongms | T, cmiaBoB ecmcTEMbI BaHAWIi-—RpPeMANH

Puc. 22. lnarpamma cocroannsa m T, cnraBoB cucTeMsl HHOGHIT-—070BO
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Puc. 23. Vamenenne paGorTsi 47
BBIXO[A JUIA CIVIABOB CHCTEMbI ° °
" _ p
ommbien—pennii [121] 7.4 Ll L4
H

IIpn mayvennm TepMOSIMUCCHOHHEIX CBOWCTB CIIABOB CHCTEM Taf-
HEH—cKanguil, Moambxer—nuobuit, Monmbpen—penuit [120—122]
OOKa3aHo, 9T0 B 00gacT TBEpAKX PACTBOPOB JABOUHHX CHCTEM Ha-
OaofaeTca MOHOTOHHOE W3MEHEHHE pabGOTH BEIXOJa KAk Ha MOHO-,
Tak ¥ Ha HodmKpucraaaax (puc. 23). Pabora BHXoJa ompejeraiach
MeToJ[0M TepMoTOKa B Bakyyme 4-1072 MM pr. cT. dtuM MerosoM ObLia
oupenenena paGora BHX0IA CHIABOB CHCTEMB MoJuOIeH —HHOOHI
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[121]. B caydae momorogasmoii cucrems pabora BEXoga cMmecu (a3
ompefensercs pasencteom [123)

N
\!
P = i%ll fi(Pi7

rae f; — momsa Tora, OTAABaeMasg HATHAMH i-TO Tnoa; @; — padora
BHIXO/Ia HATHA TAKOrO JKe TUIa.

Wsmenenne paboTH BEIXO/la DJIEKTPOHOB B CIyYae TBEpHIBIX pac-
TBOPOB (cHCTEMBI MOJHOIeH—penni, MoaubaeH—Huobuit), mo-BHIH-
MOMY, B 3HAUMTEIBHOH CTENEHH OIpeNeNsAeTcs W3MEHEHHeM IapaMeT-
POB KpPHCTaJIMYECKON DPEIIeTKE M CBA3aHHOTO € STUM M3MeHEHIeM
TOTeHIHAAbHOT0 6Gapbepa Ha TpaHUIle MeTalia.

Ilotennmapubiii Gapbep Ha T'PaHHIe MeTajla CBA3aH ¢ DapaMer-
POM KpHCTaIIMYECKOH DPELIeTKH ciefyomuM coorHomennem [124]:
W, = Ce*2a, thoe a — mapamerp peIieTKH.

IMICCHA KaToOB 3aMeTHo YORBAeT mpu BO3[efCTBUN KUCIODOAA.
Opmako IA TakKUMX METAJNIOB, KAK THTAH, TMHPKOHWH, TagHHH, 3TO
BIUSNKE HESHAYUTENBHO, IOCKOIBKY COOTBETCTBYIOIIUE OKHUCIHL
OBICTPO YAANAOTCA € IMOBEPXHOCTH. Loablioe BIuAHNE OKa3bIBaeT
KHCIIOPOJ] Ha DMHCCHIO BoJbpama.

Brme 6510 paccMOTPEH0 BAUAHEE JIETHPOBAHMUA Ha TEPMOIMUCCHIO
TYTOIIaBKAX MeTa:IoB B Baxyyme. OnpejieseHHEI WHTEpec DPexcTaB-
JAsIeT WCCJEAOBAHME BIUSHUA JIETHPOBAHWS HA TEPMOIMHUCCHIO TYIo-
MIaBKAX METANIOB B MAaPaX MEJT0YHEX U IEI0YHO3eMeIbHHX MeTaII0B.
PaBoThl B 2TOM HaIlpaBJIeHMH TOJHKO HAYMHAIOT PasBHBATBCA. 37€Ch
VIS TOJYYEHHS JOCTOBEPHEIX Pe3yIbTaToB 0COOEHHO IIIOJOTBODHEIM
MOJKET OKa3aThCA Meroj] (U3HKO-XHMUYECKOTO aHaIN3a M yCTAaHOBJE-
HIIe KOPPEJANWA MERIY TePMOIMUCCHOHHBIMU I APYTUMH (QusHYecKn-
ME XapPaKTePUCTHKAMH METAJJIOB U CINIaBOB.

Hauunaior nceaemoBaThes ONTHYECKHE CBOHCTBA PETKHX MOTAIOB
[168, 169]. Ilpm stoM ycraHoBieHa Gonbiias pasHUIa 3HAUEHHIT Koo~
PUIIENTOB OTPAsKeHHs, MOJYIEHHBIX JJIsf MOHO- I IOJHKPUCTAILIINIe-
ckux obpasmos [169]. B mmpoxoii ofaacTu cuexrpa Koadppuiment
orpaiienna R jig mMomorpucrasia Moaubjena B HECKOJNBKO pa3 mpe-
BHIIAeT KODQOUIMERT OoTpaskeHus IiIa moaukpucransia. Pasmuna s
smavennsax R pua miockocreit (110), (111) u mrockoctn (100) momo-
KpHCTadI0B Bojbpama m moaumGmena gocruraer 20%, uro ropasmo
GoJspine ciaydaifHON oIMHOKM M3MepeHnii.

B mocnemmme rojsl mpH MCCHEOBAHWU [(HATPAMM COCTOSHHA Ha-
PALY €O 3HAUNTEIBHBIM PACIIMPEHMeM Kpyra (uanmieckux CBOUCTB,
H3MEPSAEeMBHX B (QYHKIMM C€OCTaBa, YBeJWUeHHeM TEeMIepaTypiore
AUaTa3oHa DTHX M3MepeHHil M3ydaercs BINAHUE Pa3JMIHBIX (aKTo-
POB Ha BHUJ| AATPAMMBI COCTaB——CBOMCTBO. BaskHoe 3naueHue B Qusu-
KO-XAMIYECKOM aHaji3e MMeer aucmepcHocTs cucremsl [29, 125].
HucnepecrocTh MoKeT M3MEHATHLCA B MIHPOKUX Ipefenax (oT atomap-
HOTO WJINM MOJEKYJAPHOTO YPOBHA /10 KPYNHHBIX MOHOKDHCTAIIOB)
U OKa3bIBATH DU 3TOM CYIECTBEHHOE BIAMSAHEE Ha 0COOEHHOCTH B3am-
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MOMeHCTBHA KOMIIOHEHTOB. IT0 TpedyeT JOTONHATENBHON KOOpIMHA-
THL B i@arpaMMe COCTOsAHHA. B ciKaroM BHje HOIHAA YeTblpexdneHHas
Qopmyna (UBMKO-XHMAYECKOTO aHalHN3a NMeeT CIeAYyOINHHA BUJ
[125]: cocraB-—CcTPYKTYpa—IUCIEPCHOCTH—CBOMCTEO.

OueBUAHO, HA [HUCHEPCHOCTh CHCTEMHl OKA3HBAeT ONpelelIeHHoe
BIANAHAC HANPAKEHHOCTh rpaBuTammoHHoro moks. Iloaxoe mwmu wac-
THYHOE OTCYTCTBHE TIPABAUTAIMN IIPHUBOMUT K YBEIWIEHHI0 CTEIeHN
mucnepcHocTy, MoRHO TIpefcTaBATh, Yr0 B CJAydYae IOJHOCTHIO WIH
49CTHYHO HE CMENIMBAIIIAXCA B BEMHHIX YCIOBHAX PACILIABIEHHEIX
MEeTAJIJI0OB IPU OTCYTCTBHM TPABHTAIMOHHOIO Lo 00pasyercs cMech
OTHOCHTEIbLHO PAaBHOMEPHO pacupefelieHHHX B o0beme KUuKunX ¢as
B jucuepcHoM cocrosunmu. Ilepexon or mpakTHYECKH WIOCKOU mOBEPX-
HOCTH Pasjesia MEKIY ABYMSA KUAKUMH CIOSME, He CMEMUBAIOMUMICS
B 3eMHBIX YCJOBHAX, K AHCHePCHON dopMe B KOCMOCE MOKeT CIBHHYTH
PABHOBECHE CHCTEMBI B CTOPOHY YBEJIMYEHUS B3AaMMHOH PaCTBOPHMO-
CTH KOMIIOHEHTOB HJIM IPHBECTH K LOSBJIEHHI0 HOBHX (ha3.

Hanpumep, B bsrcmepumeHTax, TnpoBemesnnx Ha «Crafinabey
B CHCTEMAX 30J0TO—TepPMaHUN (OTCYTCTBHE PACTBOPHMOCTH B TBEPOM
COCTOSIHMHK) ¥ CBUHEI—IOUHK—CYpbMa (00JacTh HeCMENIMBAeMOCTH
B JKUIKOM COCTOSHNM), YCTaHOBJIEeHa 6ollee BHICOKAs IO CPABHEHUIO
C 3eMHBIMEH YCJIOBHAMHU OJHOPOTHOCTH 06pasioB, a Tak:xe Golee BHICO-
Kad CTeIeHb NuMCHepcHOocTH uX cTpyKTypH [126—128]. B oGenx cucre-
MaXx o0HapysKeHH HemsBecTHble paHee Gassl, HpUYeM B CILIaBAX CHCTEMEL
30J0TO—TrePMAaHN BOBHHUKIA CBEPXIPOBOAMMOCTD HA MACCHBHEIX
oGpasnax mpu 1,5 K. ¥ sTux jKe cmiIaBoB, NPATOTOBIEHHKX Ha JeM-
Jie, CBEPXIPOBOIMMOCTHh NPOABJIAETCA TOABKO HA TOHKHX HIEHKAX
npu 1,7 K. B 10 s%e BpeMs ogHopoaHbe B 00ORYHEIX YCIOBUAX paciia-
BHL 9BTEKTHIECKUX CHCTEM B I'DAaBUTAUMOHHKIX NOJAAX HOPAJKA HECKOIb-
KIX HECATHKOB g (Co3[aBaeMBIX OpH IeHTPuYrHpOBAHNE) pacciau-
BalOTCA Ha OTHAenbHHEE ;Euaxue (aser [129].

Ilpu wmccnemoBanmu BaammopelicTBusa MoaubaeHa ¢ TaJliWeM B OFH-
HAKOBBIX TEMIIEPATYPHHX YCIOBHSX Ha Jemie W OpOMTAIBHOM KOM-
nnexce «Coios» — «Canory B mepBoM ciaydae obGuapy:keHo o6pasona-
nwe coepmHennA MoyGa, a Bo BTOpOM — Gonee GOTaTroro TralimeM
MoGas,.

Hax wmsBectHo, Hauboiiee MOCTOBEpHBIE JAHHBIE O (QHUIUIECKUX
KOHCTAHTaX ¥ CBOMCTBAX BEMIECTB MOKHO MOJYIATH TOJIBKO HA BHICO-
KOYMCTHX M MOHOKpHCTaimmdecknx obpasmax. Ho kpumecramnm pame
¢ KyOMYeCKOil pemeTKOH XapaKTepUBYIOTCH BHAYUTENLHON aHH30TPO-
nvefl UIWIECKUX CBOMCTB, HANPUMED MEXAHUIECKHX, DMUCCHOHHEIX,
ONTHIecKNX. Pe3K0 BHPayReHHASI AHU30TPOUHUA CBOMCTB OPOABIAETCS
M Ha MHOTO(A3HBIX CIUIABAX ¢ HAOPAaBIeHHOU cTpykrypoi. Ilostomy
UPH HCCAENOBAHUW NMATPAMM COCTOAHHUA M AWArpaMM COCTaB—CBOM-
CTBO Ha MOHOKPHCTATHHOM YpPOBHE HE0OXOWMO YUHUTHBATH BIHAHHE
KpucTamaorpaduaeckoil opmeHTaruud. B 9ToM ciaydae HM30TePMH CO-
CTaB—CBOHCTBO CTPOATCH A OMpedeleHHBIX KPucTaiiorpaduaecKnx
OPHeHTaI[Wi.
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2. HEROTOPBIE OCOBEHHOCTH
USMEHEHUA CTPYKTYPHL U OU3NYECKIIX CBOUCTB
CIICTEM B MOHOKPHCTAJLTINYECKOM COCTOAHITN

Paccmorpum Heroroprie cucremsr PeIKuX MeTallJioB, WCCIeoBaHHbe
Ha MOHOKDHCTALINYECKUX obpasmax.

Cucrema moanGuen—mnmno6nii. Bee CILIAaBH UCCIETOBAHHON CHUCTEMEI
BEIpDAMMUBANACE € KPHCTALIOrpadHIecKuMnI opuentTupoBkamu [100]
u [110]. Orknonenue ODPHEHTUDOBKHA 0T 3aJaHHOTO HANDABIEHUS NPH
BHPAMMBAHNY C 3aTpaBRoll cocrasasmo 1—5° [130].

Tonkas cTpyKkTypa MOHOKDHCTANNOB CILTABOB €O CTOPOHBL MoO-
anbmena xapakTepusyercs HEKOTOPHIM yBeINYEHWEeM IJIOTHOCTH [HC-
JOKaLWA, H3MenbUeHMeM O6JI09HOH CTPYKTYDHl W yBeJHUEHHEM Pazo-
PUEHTHPOBKM OJOKOB € yBeIWdYenmeMm CO/IeP}KaHUA  JTerupyoero
9JIEeMEeHTa.

Trepgocts m yreasuoe AIEKTPOCOIPOTUBICHIE MOHOKDPHCTAILIOR
CIJIaBOB MoJUOAeH —HMOOHI WM3MeHsIoTes B dyHKIUM cocTaBa, Kak
O s TOTUKPUCTANINIeCKUX 06pasiioB, B COOTBETCTBHM ¢ 3aKOHOM
H. C. Kypuakosa. Bnauenue atux croiicts BO3pacTaer Mo Mepe Jerm-
POBAHMA ¥ NOCTHIaeT MaKCHMAAbHOM Benwanuel npm 50%-HoH KOH-
LeHTpanun TBepaoro pacteopa. MakcuMaabHOMY 3HATEHMIO TBEPHOCTH
W YHEJILHOTO HIEKTPOCONPOTHBJIEHUS COOTBETCTBYET MAKCUMA/bHAS
MIOTHOCTE -QUIyD TpaBJeHAS M HauboXbnras Pa30pHeHTHpoBKa cy6-
sepen. Ha puc. 24 nuskuag kpusas noxassiaer H3MeHEeHUe TBepPHOCTH
MOHOKPHUCTAILIOB CUIABOB CUCTEME MONubLen —nuobui, a Bepxnas —
9THX JKe CILIABOB, NOJYYCHHBIX METONOM AYroBOil BAKYYMHOH IIABKL.
Brarogaps Bmcokoit ancrore mo OpAMecsAM BHEIDEHMSA MOHOKPHCTAJ-
JnYeckne o6pasubl CINIABOB XapaKTepPH3YIOTCA MEHBIINM 3HATOHZOM
TBEpROCTU M Jyuniedl 06pabaTHBAaEMOCTHIO MO CPABHEHHIO € COOTRET-
CTBYIOITUME CIIABaMU, IOJYYeHHHIMA AYTOBOI BaKYyYMHOH INIaBKOIf.

YcTaHoBIeRa cymecTBernans aHN30TPONNA MEeXaHNYECKUX CBOMCTE
Monoxpucramios cmraBoB Mo—Nb. HauGoxpuryio NIaCTUIHOCTE,
Kar W B clIydae HCXOAHHIX KoMmmomenToB (pme. 25) [130], mmetor mo-
HOKPUCTAJIH CIJIABOB ¢ opueHTHpPOBKOI [110].

Pasnuna B smawenwax npounoctw u mracTmmocTH MOHOKPHUCTAJI-
0B ¢ opuenrnpokamu [100] u [110] mocruraer 50%. Ipu arom nus
T06BIX  KpuCTammoTpadmaecKnx OPUEHTUPOBOK  MOHOKDUCTALIL
CITaBoB Moanben —HuOGHI NPOABIAIOT 3AMETHYI TIACTHIHOCTE BoO
BCGM mHTepBase KoHIeHTpauuii. B To ke Bpems nonmkpucramnnde-
CKHe CIVIABBI MOJUOIeH —HIOGUi TeXHUIECKOH YHCTOTH, TOXyIeHHbe
BaKYyMHOH AyroBoii mJIaBKOH B objacTm Rounentpanuit 40-—609;,
ABAAIOTCA XPYNKUMA ¥ HOKA3HBAIOT IPH HCOHNTAHNAX HA PacTSiReHHe
npu 20° C HyneBHe yaauHenme u Cy;XeHue IIONePeTHOr0 CeYeHmus.
InacTuarOCTE MOHOKDHCTAITOR CITABOB Moaubyien —umobuit napaxy
C KpPHCTANIOrpaPuueckoil OpPUEHTHPOBKOWH ONpenensieTcss ypoBHEM
Coflep;kaHWA mpuMmeceil BHegpeHusA. Bonee ray6okasg oumcTka aTHX
CIVIABOB B MOHOKPHUCTANIMYECKOM COCTOSHHH OT YTIepoia IyTeM
CHENMATBHEIX TEXHOMOTUIECKAX IPHEMOB CIIOCOGCTBYeT faibHeimemy
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Pue. 24. Mexannueckue cBoHCTBA IIPH PACTSKEHWH M MIKPOTBEPIOCTH CIVIABOB
MOJMONeH — HMOOMil

Hpuceranaorpadudeckas opuweHTalus B HanpaBieHMM NeWCTBMA Harpysku [110]

Pne. 25. AunzoTponna MexaHudecKBX CBOHCTB TIPH PACTAKEHMH MOHOKPHCTAJIIOB
MOJHOAeHa

HOBBIIEHNI) MX IVIACTHYeCKMX cBoiictB. Tak, cremenb pedopManmuu
0 DaspylleHHA MOHOKpHcTaana ciiaBa Moambiuen—20% nuobusa
(spucrannorpaguueckast opmentuposka [110]) mocae cHuwxenms co-
HAepsxanusa yraepoga ¢ 0,02 mo 0,005 mac.9% mnpm ocamke BozpacTaer
¢ 20 1o 609%.

ITpencraBasercss uHTEpeCHBIM H3yYeHHe [PYTUX (PUIMIECKUX
CBOMCTB cucTeMbl MoJaubmen—mumobuii, ocobenno TePMOIMUCCHOHHBIX
[122]. Pabora BEIXO/la MOHOKPHCTAJJIOB CIIABOB MOJII/I6}16H—HI/IO6I/II:'I
usMepsgach ¢ rpanu (111), Koropas xapakTepmsyeTcsi MAHMMAIbHOM
paboToit BHXofga W Hamboabliel IJIOTHOCTHIO TOKA B OIK MeTaJJax.
I10 obaerdano NpoBejeHME U3MEPEHUH U YMEHBIIAIO OTHOCHTEIbHYIO
AOJIO PACCEAHHBIX DICKTPOHOB B HKCIEPHMEHTa/IbHOM npun6ope. 06-
pasunl umceaegoBanuch B npubope ¢ miaockoit reomerpuein [121] u B
upoexrope tuna Mapruua. B repmosmumccmonnoM mpoexrope 6RI uc-
cienoBan cmaap Moambaena ¢ 42% uwmobus (puc. 26). Harnagno sug-
Ha anmaoTponuA padoTH BHIXO[a ChIaBa, KQTOpad uMMeeT MHOJIHOe
CXOACTBO ¢ aHu3oTpommell Moiubgena. YeTKo BHIABIAGTCA BHIXOJ
nanpasiernit (110) B Buge oTgesbHEX TEeMHBIX OSTeH.

WNamepenne TepMOSMHCCHOBHBIX TOKOB NpPOBOJWIOCH B ofiacTh
remneparyp 1350—1700 K. as cnnaBos o6napyskeHo 3HaYHTEIbHOE
YBeJiHueHWe DMUCCHOHHOTO TOKA C IOBHIIEHWEM TeMIepPaTypHL.

Ifpn ompegenennu paGoThl BEIXO4a MO TPAMBIM Pruappcona oxa-
3aJI0Ch, UTO MOCTOAHHAA A HMMeer 3HAUEHUS BhHIIIE, 4eM y KOMIOHEH-
ToB cuiasa gisa rpanu (111) (rabn. 2). Hdas pama gpyrEx cmiaasoB
3navenusa mocToAHHOH A emie GoJiee BHICOKHE.

Pesynsrars nccaegoBanus mokasanm, 4To JeTHpoBaHHe MOJHOTe-
Ha HEoOWeM MPUBOMUT K ILIABHOMY, MOHOTOHHOMY U3MEHEHHIO PaGoThi
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