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AAAAATEA

CoBpeMeHHbII HayYHO-TEXHHUUECKUI MPOrpecc XapaKTepHu-3yeTcs
HENPEPBIBHBIM BO3PACTAHHUEM TEXHUKO-3KOHOMHYECKMX I[0Ka3at-
eneil MammH, NpuUOOpPOB M COOpPYXEHHH. DTO 00yClaBIMBaeT
HENpEepBIBHBIM pOCT TpebOBaHUII K YPOBHIO M Pa3HOOOpasuio
pabouynx CBOMCTB MaT€pHaIOB. YCJIOBUS MacCO-BOTO IPOM3BOICTBA
TpeOylOT ONpEeAeIeHHOTO0 YypPOBHA TEXHOIO-TMYECKHX CBOWCTB,
00ecreurBaoLINX 3KOHOMUYHOCTh M3TOTOB-JIEHUS M HaleXHOCTHU B
BKCIULyaTaluy U30ETUH.

Bce BO3pacTarolIie TpeOoBaHMA MPOMBILIIEHHOCTH
OpPHMEHTUPYIOTCS Ha pa3pabOTKM HOBBIX CIUIABOB, OOJIQJalOIINX
NOBBIIIEHHBIMM M 3KCIUIyaTallMOHHBIMM XapakTepucTUKamu. B
Hacrosuee Bpemd uX kKomudectBo gocturia 10000. CymectByio-
masg cucremMa pa3paboTKM CIUIaBOB METOIOM Npo0 ¥ OMmHO0K
nepecTajia yIOBJIETBOPATh COBPEMEHHBIM TpeboBaHusaM. OHa rmo-
Diomaer Bce OONblle BpeMeHH M CPeICTB W JlaeT Bce Oolee
CKpPOMHBIE KOHEeUHble pe3ynbTaThl. B 90-x romax Obuia mpemmoxeHa
cucteMa pa3pabOTKM  CIUIaBOB C  ONTHMAJIbHBIMU  CBOWCTBAaMHU
NOTyYMBILAs Ha3BaHME «CHUHTE3a CIUIaBoB». (CHOBHBIMU HH-
CTPYMEHTaMH CHUCTEMBI SBJISIOTCS: (DU3MKO-XUMHUYECKMH aHalu3,
[epUOANYECcKas CHUCTEMa 3JIEMEHTOB, ITOCTPOEHHE MaTeMaTHMYECKHX
Mozeneld CIUIaBOB KakK (DyHKIIMH HUX CBOWCTB Ha OCHOBE
IVIAHUPYEMBIX B3KcrepuMeHToB. OoHMM M3 peIIallliuX 3TaloB
CHHTE3a SBJISETCS CHCTEMa-THYECKOE COIOCTABIEHHE AUArpaMM CO-
CTOSHMS CIUIaBOB C MX cBoWcTBamMH. /[t BBIOJTHEHUS! BSTOMH
orepanyy HeOOXOOMMBI MOJTHBIE CBEIEHUS O METacUCTeMe JHarpamm
COCTOSIHMS JUId KaxIOH OCHOBbI cIulaBa. llomaemsromad Macca
TEXHHYECKUX CIUIABOB paclojla-raeTcd B Ipelesax HaydyalbHbIX
YYaCTKOB JMArpamMMbl C pPa3IMYHBIMU JIETHPYIOLIMMHU J100aBKaMH.
[TosToMy (pakTHUECKHM HEOOXOAWMBI TOJNBKO HAYalbHbIE YYacTKU
METACUCTEMBI AUArPaMMbl COCTOSHUSL.

CywecTByomye  METOOsl  CHUCTEMAaTH3alUM  CIUIABOB, K
COXAQJICHUIO, HE IO3BOJIIOT MEPEHTH K KOJMYECTBEHHOMY aHAIU3Y
TaKHUX CHUCTEM, YTO CYLUECTBEHHO CHMXKAeT BO3MOXHOCTH M IOJIE3H-
OCTb HCIOJIb30BaHUS JaHHOIO METO/A.



CgoiicTBa CIJIaBOB, OCOOEHHO MHOTOKOMIIOHEHTHBIX CHCTEM,
OIIPENEJIAOTCd HE TOJNBKO COCTaBOM KOMIIOHEHTOB, HO M TEXHOJ-
OIMYECKMMH YCJIOBUSIMH MX IOJIyYeHHUs. YYeT TEXHOJIOTMYECKHX YCJIO-
BUMA IIpU CHHTE3€ CIUIABOB BBI3BIBAET OIPOMHBIE TPYIHOCTH Yy MC-
cneposareseil. Janeko He Bceria ynaercs NepedTr K KOJIMIECTBEHHOMY
OIMCAaHUI0 WX BIMSHMSI Ha CBOWCTBAa CIUIaBOB. be3 pelieHus 3Toro
BOINpPOCAa TPYOHO OXHAATh CYILIECTBEHHOTO HPOIBUXKEHUS BIIEpEN B
BOIPOCE CHHTE3a CIUIABOB C 3apaHee 3aJaHHbIMH CBOWCTBAMH.

Mertacuctemsl HauaIbHBIX YYaCTKOB CIUIABOB (PaKTHYECKH CBHI-
€TeJIbCTBYIOT JIMIIb O JOCTHKEHMH HE PAaBHOBECHBIX, a KBa3HPaBH-
OBECHBIX COCTOSHHUH M B 5TOM CMbICJIE TOXIECTBEHHO HE
OIUCBIBAIOTCS U3BECTHBIM IpaBuiioM (pa3. IlogoOHOro poma cocros-
HMS, HAalpUMep, B CJIOXHBIX CHIMKATHBIX CHUCTEMax IMOTpeboBamu
HOCTPOeHUsI 0co00il Teopun CyOIMKBHAYCHBIX COCTOSIHHH UIS
KOTOpbIX mpaBwio a3z ['mbb6ca ects yactHeii ciydait [1]. Mcnoms-
30BaHHE HAyaJIbHBIX YYaCTKOB METAaCHCTEM JUIl CHHTE3a CIUIABOB
OpUTHHAIBFHBIM 00pa3oM paccMmarpuBasioch b.B. I'ymaeseim [2] ms
IIOCTPOEHUS! B TOM 4YHMCIIE U CIUIABOB C Hamepes 3ajaHHbBIMUA TEXHOJI-
OTMYECKMMHU CBOMCTBAMM: TPELIUHO-YCTOHUUBOCTBIO (T), HMOPHUCTO-
cteio (0), XHUAKOTeKy4decThio (A), TexHomormynocthio (Yy). Hacrto-
qmias paboTa CTaBUT CBOEH LENbI0 MOKa3aTh, YTO AIIEKTPOHHOE
CTPOEGHHE KBa3UAaTOMOB JIETHPYIO-IIMX, IPUMECHBIX 3JIEMEHTOB B
CTAJISIX U KAYECTBEHHO M KOJIMYECTBEHHO OIpEEIsieT M0 CYLIECTBY
PacTBOPUMOCTh 3THX 3JIEMEHTOB B TBEPHOH, XKHUAKOU (haze xesnesa, a
TaKXe II03BOJISIET JaTh KJIAacCU(PUKALMIO 3JEMEHTOB B CIUIaBax
Kene3a MO UX 3JIeKTPOHHOMY CTPOEHMIO: (peppuTH3aTopsl (Kjacc
A), aycrenusaropsl (kmacc b), mepmuruzatopsl (kmacc B) u 1.1, u
JaeT cTporoe (PU3NKO-XUMHUYECKOe 0OOCHOBAHME TEXHOJIOTH-YECKHM
napamerpam ctajieit (T, O, A, Y). C 5Toii 1e/bI0 UCIIOIb-30BaH METOJ
KOMIIBPIOTEPHOTO ~ MOIEJIMPOBAHUSL  CBOWCTB ~ MaTe€pUaloB  Kak
(pyHKLMM 3JIEKTPOHHOIO CTPOEHHS MX KBa3MaTOMOB (MOJEIb
KgsaMB), KOTOpBII YCHEIIHO MPUMEHSIICA AJIs1 IOCTPOEHUSI MOJEIIeH
KapOounnbeix a3 [3], mwieHOYHBIX Mare-puaioB [4] W usMKo-
XUMHUYECKUX CBOICTB LIBETHOIO CTEKJA [5] M CIIy’XHUT OCHOBOW BO-
obme KHOEpHETHYECKMX MoOIelnell B MaTepHalOBEIeHUH (CM.
KyTtonun CA, KoTiokoB B.U., ITncn-yeHko I"M.
«Kubepaetnyeckue monenn B MaTtepuanoseneHum», HoBocubupck:



Chem. Lab.NCD, 1996. C. 232). YauBepcaib-HOCTh BO3MOXHOCTEH
MeTtoga akTHdecKn Oasupyercss Kak Ha OCHOBaHMSX TepH-
OIMYECKOr0 3aKOHA B COBPEMEHHOH (QOpMYJIH-POBKE: «CBOMCTBa
DJIEMEHTOB U 00pa3yeMbIX MMH MPOCTBIX U CJOXHBIX COCIMHEHHN
HaxXOHITCH B IEPUOIUYECKON 3aBHUCHUMOCTU OT IOPSIKOBOIO HOMEpPA
3JIeMeHTa (3apsja 4apa), WIM 4YTO TOXE CaMOe MEePUOANYECKOro
3aII0JIHEHMS JIEKTPOHAMU YPOBHEW M MOAYPOBHEU UX aTOMOB», TaK
U Ha MPUHIMITAX «YCTOHYNBOCTA CUMMETPHI», C(HOPMYTUPOBAHHBIX
crnenyomuM obpazom [cM. C6. «DIeKTpOHHOE CTPOEHUE U CBOHCTBA
TYTOIUTABKUX coeinHeHud H MerawioB», Kwes: UIIM AH YCCP,
1991, c. 21):

1. BO-TIepBBIX: «...IBIIEHUS W TPOLIECCHl MPOTEKAIT B (PHU3HUKO-
XUMHYECKUX npoueccax YCTOWYUBO, eciu MEXaHU3M
JIUMHATHPYIOIIETO MPOIecca ecTh (PIIOKTYyaIns»;

2. BO-BTOPBIX: «CHUMMETpHUS (PUIUKO-XUMHUECKONH CHUCTEMBI
MOANEePXKUBACTCS MEXaHU3MOM (DITIOKTYallMl €€ YacTeil Mo 3aKOHY
pactpenenenus: Ilyaccona-CMOmyXOBCKOTO, B MPOTHBHOM CiIydae
CUMMETpHS HApyIIaeTcsl 3a c4eT HeoOpaTUMOro MpOTEeKaHWs MpOIl-
eccoB nu(p¢y3un, B3aUMHOW MHIpAUM, TYHEIHMPOBAHUSA, KaH-
ANUPOBAHUS U T.II. POLIECCOB TUHAMUKM».

B 3aximrouenne ABTOPBI CYUTAKOT CBOMM IMPUATHBIM JOJI'OM BbIPA3UTh
IMPU3HATEIIbHOCTD 3a MHOrue roabl COBMECTHOI'O AaKTHUBHOI'O
coTpyaHuuecTBa gokTopam TexHuuyeckux Hayk: O.H. Marannkomy, E.JL
IMpsixuny. Cremxyer OTMETHUTh OCOOBIM BKJIaJ KaHIUIATa XUMUYECKMX HAykK
I0.A. ®ponoBa, B cBoe BpeMs 3alIUTHBIICIO AWUCCEPTALUIO IOL PYyK-
OBOJICTBOM OJIHOTO M3 aBTOPOB HACTOALIEH MOHOTrpacud U BHECHIETO
CyHleCTBCHHBII;‘I BKJ1ad B q)OpMI/IPOBaHI/Ie OaHKa JAaHHBIX MW Ha4YaJIbHbIX
MpeACTaBJICHUN OINKUCAHUA KOMIIBIOTEpHBIMU  MOICISIMA  CBOUCTB  KOH-
CTPYKIMOHHBIX CTAJICH.



OmHuM M3 OTBETCTBEHHEHIIMX  BJIEMEHTOB  MOCTPOCHUS
COBPEMEHHOM Teopuu (PU3MYECKOr0 MATEPHATIOBEICHUS SIBIISIETCS
BBIOOP OCHOBOIIOJIATaI0IINX IIPUHLIUIIOB, YBS3BIBAIOLIUX
tuznueckue, (U3NKO-XUMUYECKHE M MEXaHMYECKHe CBOWCTBAa CO
CTPOEHHMEM U CTPYKTYPOU TBEPIOTO TeJa.

Co3paBuiasgcs B HacTosilee BpeMms IpoOJieMHas CHUTyauusi ¢
OJHOM CTOpPOHBI YTBEPXKAAET, YTO MaKPOCKOIMYECKHE CBOMCTBa
MaTEpUAIOB HE 3aBHCAT OT AaTOMHOM CTPYKTYPBI M 3JIEKTPOHHOTO
CTPOEHM BEILECTBA, a, C APYIOd, B COOTBETCTBHH C IMOJIOXEHUAMH,
JlexalmyMi B OCHOBe mepuoguueckoro 3akoHa .M. Menneneesa
yTBepXIaeTcsl Kak pa3 obparHoe.

Pazymeercsa cienyer MTOHMMATbh, 4TO co3JaBIasics
napajoKcajipHas CUTyalusl HE €CTb MpOCTasd ‘“‘TOYKa 3peHUsd’ TeX
WIA WHBIX aBTOPOB, a OTpaxaeT IO Pa3sHOMY OCMBICIMBAEMBII BO-
3MOXHO OIMH U TOT X€ 9KCIEpPUMEHTAIBHBIA MaTepHal, B PE3YJbT-
are d4ero BbIpabaThiBaeMble B ATHUX Ciydasx (popMmbl abCTpakIuu
IPUBOMAT K IIOCTAaHOBKE M pA3IMYHBIX AaCHEKTOB OSKCIIEPUMEHT-
QIbHON IIPOBEPKHU.

Ilog kBa3sMaTOMHON MOZEINBI0 BELIECTBA IOHUMAETCS TAKOE KO-
HJICHCUPOBAHHOE COCTOAHHE (XKHAKOE WIM TBEPHOE), KOTOPOE CO-
CTaBJIECHO W3 KBa3WaTOMOB, T.€. IO CYIIECTBY KBa3WYacCTHII,
MTPEACTaBIIAIONINX TaKylo CYNEepIO3ULIHI0 YaCTHLI, 4TO
pacrpenieleHne  KBa3WM4YacTHIl IO  MMITyJIbCaM  COBIajacT ¢
pacripeseneHueM B uueaabHOM rase. Takum o0pa3oM, KBa3zMaTroM
npencTasiageT coOoi aroM, OKPYXEHHBIH OOIaKOM OPYIHX aTOMOB.
B »sTtom cMeicne KoH¢urypauuoHHas wmopens Bewectsa (KMB),
pasgutas [.B. CaMCOHOBBIM NpPHUMEHUTENBHO K [OHUMAaHUIO
KBa3MaToMa, TPEACTaBIIeT COo00i YCTOWYMBYIO KOH(HIYpALHUIO
3JIEKTPOHOB, BO3HUKILIYIO B CYNEPHO3ULUH S, p, d,  — BIEKTPOHOB.
Takasg Momenpb yXe 1Mo CyIIECTBY COIEPXKHUT MpUOIMXKeHne caaboil u
CHJIPHOM KYJIOHOBCKOM BHYTPHATOMHOW KOPPEIALMU, HOHUMAET
TBEPHOE TEJIO KaK CYHEpPHO3ULIMI0O aTOMHOM WM 30HHOM MOJIENIH
BEIIECTBA. DTa MOJEIb B KBAHTOBOMEXAHWYECKOM IOHUMaHHU BBO-



IMT Tpu pemieHun  ypasHeHust IlpeauHrepa juid  Takoi
KOH(UTYpAIIMIOHHOW CHCTeMbI TaMIJIbTOHHAH XaObapma, yrmo-
BJIETBOPAIOIIMI MHTEPNOSALIMOHHON TEOPUH, B KOTOPOM IpPO-
ABJIFIOTCS B Ka4eCTBE KOHEUYHBIX PE3YJIbTATOB OJHO3JIEKTPOHHO-
30HHAS U aTOMHasi MOJEJIb BEILECTBA.

B ommume OT KBaHTOBOMEXAaHMYECKOIO IMOAXOAA  METOJ
NpUOIMKEHNS CITydailHbIX (pa3 I KBa3HMYACTHIl KJIACCHU(UIMPYET
COCTOSIHME 3JIEKTPOHHOIO rasa IO IUIOTHOCTH, paccMaTpuBas CH-
CTEMY OCHOBHBIX, KOJUIEKTUBM3MPOBAHHBIX U JIOKAJIM30BAaHHBIX CO-
croganii (KJIQ) Kak COBOKYNMHOCTh COCTOSHHH, TIJe TIUIOTHOCTh
SJIEKTPOHOB N ompepenseTcs Kak (yHKIMS  Oe3pa3MepHOro
napameTrpa I, I3MEpeHHOro B OOPOBCKHX pajuycax dy

1 3 4 3
— (eM /anexTpoH) = — TUr,ld)) 1)
n 3

Craructuyeckas mozens (KJIOQ) MLHA. KopcyHckoro ¢ ydetom
HOJSIPOHHBIX M-COCTOSIHUH, T. €. COCTOSIHHI, B KOTOPbIX HPUHUMAIOT
ydacTHE COCTOSHHUSl THNA BAJICHTHBIA BIEKTPOH-(OHOH, T.€.
BIIEKTPOH — KoJjieOaTenbHble COCTOSHUS KOHAEGHCHUPOBAHHOH CH-
CTeMbl, TIO3BOJIMJIM BBIYMCIUTH DHEPIUI0 OCHOBHOTO COCTOSIHUSI
kBazuaromoB 1 Mozenu KITOIT:

2,21 0,916
B = 220N - 0918 s g N tn, +
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e z — o0lllee YUCIO DIIEKTPOHOB, paBHOE 3apsuy aroma; Ny —
YUCIIO JIOKAJTM30BAaHHBIX 3JIEKTPOHOB; (Z — Ny) — YHCIIO JIOKAIU30-
BaHHBIX AIIEKTPOHOB.

Torma, mo KpailHell Mepe, OCHOBHble 3HaueHus1 Fy cooTBerct-
BYIOT CaMOi WHTEPEeCHOM, MPOMEXYTOYHOM 00IacTH pealbHbIX MET-
amoB (r; = 1,8 + 5,6). K, coOTBETCTBEHHO, METALIONOAO0OHBIM (ha-
3aM © JieTupoBaHHbIM cTansaM. [lpu sToM Koa(pduumentsr a, b
npuanmator 3HadeHuss B KJIO cootserctBenno 1,79 m 2,66, a
mozenu KITOIT npuHUMAaloTCsl paBHBIMH TPEM.

Ykaxem, uro pasputue wmomemn KIIOII xak craTucTudgeckoro
npuOMMKEeHNs  KBa3MaTOMHON — MOJIENIM  BEIleCTBA  WMeeT  CBOE



nporoinkeHde B pamkax cranpaptHeix coctosnuil (KITOIIC) u ynpy-
rux cmeriennii B TBepaoM Tere (KITOITYC), passutThix B moOcTenHee
BpeMs.

Pone mraBHOro repod B TEOPETHUKO-TIOIEBOM MOAXONE K
ONMCAHUI0 KBa3sWYaCTHI JUII MOCTPOEHUS KOJIWYECTBEHHON TEOPHUU
SJIEKTPOHHBIX O00OJIOYEK CIIOXHBIX MOJIEKYN, KOrga CyLIecTBYeT
B3aUMOJICHICTBIE MEXIy JIEKTPOHAMH B 3aiade MHOTUX TeJl, UTPaeT
¢ynkuus I'puna G, npo KOTOPYIO TOBOPAT, YTO OHa €CTh (PYHKLHS
pacrpocTpaHeHHs WIM aMIUINTyJa BEPOSTHOCTH, OIHCBHIBAIOIIAS
MOBEICHNE KBa3WM4YacCTHIl BO BpPEeMEHM M IpocTpaHcTee. IIpu sTom
OIHOYACTUYHAs (DyHKLMs |'pHMHA HENOCPEACTBEHHO BBIIAET BpPEMEHA
KM3HA M SHEPrMM KBa3WYaCTHUL, a IByXxuyacThyHas (yHKums G,
npeiacTasisgd coOOH  aMIUIMTYHy BEPOSITHOCTH, IIO3BOJISIET HAWTH
OIHY YaCTHLy B IPOCTPAaHCTBEHHO-BPEMEHHOW TOYKE I3, £3, OPYTYIO
— B TOYKE Iy, l4, €CIM UX BBIIYCTUIIM B TOYKH I, ) U I, b, a
TaKXe IO3BOJIIET HAWTH 3HAYEHHS BSHEPIMM M BpEMEHa XH3HH
KOJUIEKTUBHBIX ~ BO30YXHEHHMH,  MAarHUTHYI0  IPOHHUIIAEMOCTb,
DIIEKTPUYECKOE COINPOTUBIIEHUE W LEJIbId COHM JPYIMX HEpaBH-
oBecHbIX XapakTepucTHK. CylecTByeT [Ba SKBHBAJIEHTHBIX CIIOC00a
BbluMcienus GyHkuuid ['puna. OpouH 3akiioyaercss B - peleHUU
OECKOHEUHOH  HWepapXuM  HEJIMHEeHHBIX  JuddepeHInaTbHBIX
ypaBHEHHWH, a JApyrod — pacrojioxeHun QyHkiwii ['puHa B
OECKOHEUHbI pAf TEOpHH BO3MYIIEHHH WIM B NpPUOIHXKEHHN
CyMMBI 3TOrO psana. OmHako, 06a »TH MeToma TpeOyIT arpHOPHOTO
3HAHMS WIM HaJlaraéMelx Ha cucreMy JudgepeHunanpbHbIX
YPaBHEHUI TPaHWUYHBIX YCJIOBUH JUId WX PELICHWS WINA 3HAHUI CH-
CTEMAaTHYECKOTO MeToza YaCTHYHOTO W BBIOOPOYHOTO
CYMMHUPOBaHUS, ONUPAIOIIErocd Ha TEXHUKY auarpamMm DeiiHmana,
COCTaBJIIEMBIX JJIS SHEPIMH ) M KBa3HMHMMITyJibCa K KBa3M4YacCTHUIL
¢pyakmmm I'puaa G(w, K). Hmerorcss mpekpacHble PYKOBOICTBA,
KOTOpBIE PacKpbIBAIOT KaK HalISAHOE, TaK M CTPOrOE CONEpXaHUE H
TEOpETUYECKHEe BO3MOXHOCTM TEXHUKM yHkuuu I'puna wu
muarpamm @eifHMaHa Ul ONMCAHUS CBOMCTB B KBasudactuu. OnoH-
aKo, TOCKONIBKY 53TOT mojaxon Oasupyercd OojbIIedl 4YacTbio Ha
WHTYUTHUBHOM IIPEACTABICHUN O COCTOSHUM KBAa3WaTOMHOH Cpenbl U
He TpeOyeT MOCTPOeHMSI KOMIBIOTEPHOW MOIENH, alpHOpU Tosarad,

4ro BenmuMHa A MeXNY Yixcnepuvenr — Ypacuer PABHA TOXIECTBEHHO



HYJTI0, YTO, BOOOIIE TOBOPS, NMPOTUBOPEYUT HKCIEPUMEHTY, TO pac-
CMOTPEHHIO 3TOTO OOIIETEOPETHYECKOr0 MOIIHOTO METOfa 371eCh He
Oyner yzmensaTbcs BHUMaHMSA. OmHaKO, MOXHO yKa3aTh, YTO pacyer
3TUM METOIOM DHEPIUM OCHOBHOIO COCTOSIHUSI 3JIEKTPOHHOIO ras3a B
npubmkennn Xaptpu U Xaprpu-Poka Kak (PyHKIUH Iy PUBOIMT
K TEM X€ MEPBbIM TPEM COCTABJSIOLIMM, YTO U B ypaBHeHUU (1),
ecnu mojrarath Ny = 1.

AMmiTyga BepOSTHOCTH, WM AByX4acTHuHad (yHKuMs Ipuna
G(K, 1), KOTOpas OINHUCHIBAECTCS:

1

w-g —Z(Kw +iT'

G(K,w) = 3)

e G(K, W) paccMarpuBaeTcsl Kak (PyHKIMs, oOpaTHas pa3HOCTH
DHEPTUH WU —Whoy = & — 1 T;' C JIEHUCTBUTEILHON U Majoi MHUMOM

.-l
YacTbl0 — 1T, , KOTOpasd XapaKTepU3yeT BpeMs XKU3HU KBa3uya-

CTMLBI C WMIYyJIbcoM Kk, mpu 3ToM 2(K, W) — ONHUCHIBAET
“o0o6mieHHoe mmonie” Wi “3(peKTUBHBbIH MOTEHIMAT , KOTOPbIH
JeCTBYeT Ha 4acTULy C MUMITyJIbcOM k BCII€ICTBHE B3aUMOJEHUCTBUA
€€ CO BCEeMHU OCTAIbHBIMU YaCTHLIAMU CHCTEMBI.

He ocranasnmuBasgce Ha MeTomuke BbluucieHuss G(K, ) 10
ypaBHeHHO (3) U METONOJIOTUU BBIYUCIEHUS CYMMBI 2(K, () TaKHX
BBIYMCIIEHMI B KBAaHTOBOMEXAHMYECKOH CHCTEME B3aUMOACHCTBUS
KBa3uyacTul, B oOnactu mnoBepxHoctu MepMu yKaxeMm, UTO JUIs
BJIEKTPOHOB B METALIONOAOOHBIX (pa3ax M CIJlaBax pa3pbiB

4
HeNpepbIBHOCTH BOIM3U |k| = kr CYLIECTBYeT ¢ TOYHOCTbIO 0 10

5B(!), a ckadyok (pyHKIUU pacHperesieHds MO UMITYJIbCaM CYIIEeCT-
BYeT U B CHCTEME C B3aUMOJICHCTBHEM, OfHAKO TPU 3TOM BEIUYMHA
CKayka MeHblle 1, a DTOT BaXHbId TEOPETUYECKHH BBIBOL IO-
3BOJISIET, UCTIOB3YS MIPEACTaBIECHUS OIJHOBJIEKTPOHHOTO
npuOIIKeHnsl, CTPOUTh KapThl pacnpenenenuss osHeprun E
BJIEHTHBIX DJIEKTPOHOB IJISI KBAa3UAaTOMOB KOHAEHCHPOBAHHOH CH-
cTeMbl B (popMe 3aBucumocTeil E(k) Kak Uid METaJuloB, UX CIUIaBOB,
TaKk ¥ Kapounos (puc. 1 a-B), UCTONB3ysd B KayecTBEe MPUOTMXEHHS
oObuHblil  moreHiman Tomaca-@Pepmu, HO 3aMeHsss €ro B
NPaKTUYECKUX pacyeTax TaKuMH 3HaYeHUsIMH 3 EeKTUBHBIX
NOTEHLUAIIOB, KOTOpble Obl I TIyOOKOJEeXalluX YPOBHEW KapThl



pacnpeseneHus 3IeKTPOHHBIX IOJI0C ObUIM paBHBI WIM ONH3KH HX
NOTEeHUMAlaM  HMOHHW3alMu, a [JII YpOBHEH W  INOAYypOBHEMH
BJIEKTPOHHBIX  II0JIOC ~ ONMCBIBAINCH OBl  IICEBIOKYJOHOBCKHM
noreHuuanoM tumna noreHuuaina Creiitepa:
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Puc. 1 a—B. Kaptel pacnpenenenns sHeprun (E) BaJIeHTHBIX DIEKTPOHOB B a.€.M.
(1 aem = 27,2 »B) B 3aBucuMoctu ot KBazuumnyisca K g meranna (Mo, Fe) (a),



craBa cocraa FeCr (6) n kapbuna xene3a cocrasa Fe;C (B).
CrnowHsle TuHUM MeTauioB Mo, Fe; IyHKTUPHbIE — XpoMa, YIJIepoaa;
MarHuTHele yucia nopyposHeii 0, 1, 2 npocrasieHsl ¢ IPaBoil CTOPOHBI.



DOHeprus @epmu (E,), 9UCIO DIEKTPOHOB B TOJIOCE,

LIMPUHA TI0JIOCHI U MIOTHOCTH N(F)
coCTOSHMI B criaBax xkenesa (Fe) ¢ sp—anementamu (2) /6/

Tabuua 2

Cocras Yucso »1neKTpoHOB [Iupuna n(E), 5B Er
spd-niono-
Fe d s p(d) chl, 5B Fe D 5
FeAl 2 7 2 0 19,3 0,53 0,13 0,57 2,18
Fe;C 2 6,35 2 1,65 16,3 0,65 0,22 0,73 0,41
Fe;Si 2 6,20 2 1,80 17,1 0,67 0,22 0,70 -0,28
FeSi 2 6,40 2 1,60 16,32 0,58 0,22 0,74 -1,36
FeSi, 2 6,06 2 1,94 17,68 0,64 0,22 0,68 -2,58
Fe;Sn 2 6,4 2 1,6 174 0,69 0,21 0,69 -1,9
FeSn 2 6,4 2 1,6 15,0 0,81 0,24 0,80 -1,6
Fe,N 2 3,57 2 5,43 18,77 0,56 0,40 0,69 0,27
Fe;P 2 7,5 2 1,5 15,23 0,67 0,23 0,85 -1,09
Fe,P 2 10 1 0 17,95 0,72 0,15 0,72 2,7
FeP 2 7,1 2 1,9 17,68 0,67 0,22 0,74 -1,36
FeP, 2 7,2 2 1,8 16,05 0,69 0,24 0,81 —1,22
FeAs 2 3,12 2 5,88 20,4 0,47 0,39 0,64 -34
FeSb 2 3,80 2 5,20 16,3 0,61 0,44 0,80 2,12
Fe, 0y 2 413 2 5,87 19,0 0,55 0,41 0,74 -3,26
FeS 2 3,35 2 6,65 20,94 0,52 0,42 0,67 -3,13
FeSe 2 4 2 6,0 20,67 0,60 0,39 0,68 -2,18
FeTe, 2 4,19 2 5,81 16,32 0,67 0,48 0,86 -1,77
2
Vg 0—e™,
r
e A, eM ™, — SKPAHU3UPOBAHHBIN [TOTCHIUAIL.

OnHako, 1719 W309HEPreTMYECKUX COCTOSHUU Map SIeKTPOHOB,
BBIPOXJIEHHBIX IO CIHHY, T.e. BapbOHOB, JjII pacyera BOJTHOBOM
(PYHKITUM MHOTODIEKTPOHHBIX aTOMOB MOCTOSTHHBIE DKPAaHUPO-BaHUS
A, BO3MOXHBIE JIII COOTBETCTBYIOIIMX O00OIOYEK U MOA000TI0YEK
aTOMOB 3JIEMEHTOB, MOTYT OBITh BBIYHUCIIEHBI W3 TEOPUH (PITIOKTY-
alMii ¥ TaKuM 00pa3oM, HE TONBKO COCTOSTHUS ONU3KHE K MOBEPXH-
octu MepMu B KBAa3HATOMHOW KOHJACHCHU-DPOBAHHOW cpejie, HO U
caMH DHEpreTHYecKre COCTOSHUS B yMpoleHHoW monenu (puc. 1 a-B)
MOTYT OBITh YTOYHEHBI B PaMKax KBAHTOBO-(UIFOKTYAIIMOHHON MOJENH
CTPOEHUS TYTOIUIABKUX COEIWHEHUN B TOM YHCJIEe W TaKHe COCTOSI-
HHs, KOTOPbIE OTHOCATCS K CTPYKType M DHEPreTHKe IEHTPOB Jed-




exTooOpasoBaHusd. TepMoauMHAMUUECKHE CBOICTBA U paclpenesieHne
SJIEKTPOHHBIX TIOJIOC B KapOWmax d-TIepexOodHBIX METAIOB YAauyHO
UHTEpHpeTUpyTca B pamkax moaenu KsaMB.

Puc. 1 w 1abn. 1-2 mMo3BONSIOT cHenaTh HEKOTOpble OOIIHe
3aMe4YaHns OTHOCHTEIIBHO 3JIEKTPOHHOTO CTPOEHHsSI KapOumoB (d—Met-
AJUIOB M CIUIABOB XeJle3a C SP—BIIEMEHTaMHM B 3aBUCUMOCTH OT HX
NOJIOXKEHUsI B NEpUOAMYEcKOr cucteme aneMeHToB. [Ipexne Bcero
ClieIyeT OTMETHTh, YTO B OOJBIIMHCTBE CIIy4yaeB JeHCTBHUTEIbHOE
YHUCIO 3JIEKTPOHOB HA IOLYPOBHSIX AaTrOMOB KOHICHCHPOBAHHOMN
Cpezbl OKa3bpIBaeTcsl APOOHBIM, A MOJOXKEHHE 3aHATBIX M CBOOOTHBIX
YPOBHEH OT/IMYaeTcsl HE TOJIBKO OT IOJIOXEHHUs yPOBHEH M 4ucia
5JIEKTPOHOB HA HHUX I aTOMOB B CBOOOZHOM COCTOSIHUM, HO U UIS
OIHOPOIHBIX ATOMOB, HAXOMALIMXCS B KOHIEHCHPOBAHHOM COCTOS-
HUM. Bce BajleHTHBIE 3J€KTPOHBI METAIOB HaXOOITCd B S— M d—
1oJ10cax, a p—3JeKTPOHbI aTOMOB YIJIEPOAa NEPEXOsIT B d—I10J10CYy.
Omnnako, HecMOTpsl Ha (hOpMabHOE Ha3BaHWE d-TIOJIOCHI, OOJIbIIas
4acTh 3JIEKTPOHOB B HEMl HAXOIITCS B P—COCTOSIHMSAX, TaK Kak ¢
YBEJIMYEHUEM 3HAYeHMI KBasuumIlysibca (dp— U di— BETBH CTpEM-
ATCSl 3aHATh HU3KO®HEPIeTUYECKyl0 4YacTb d-T10JI0CBI  aTOMOB
ymiepoza.

Jlns GonmpIIMHCTBAa KapOMIOB XapaKTEpPHO 3allOJTHEHHE AIIEKTpPO-
HaMu d-110JIOCBI aTOMOB MeTaljla 3a CYeT Ilepexola BaIeHTHBIX
SJIEKTPOHOB OT aroMoB yriepoma. Takum oOpazom mocrienHue
ABJIIOTCS JIOHOpaMM, a d-110J0ca aTroMOB MeTaia oOJaiaer
aKLEeNnTOpHeIMH ~ cBOicTBaMH. MCKIIIOUeHHEM — SIBJISIIOTCS  aTOMBI
TUTAaHA U BaHauWsl, KOTOPbIE B OTJIMYME OT BCEX NPYIMX d—METAIIOB
MHXEKTHPYIOT OOJIBIIYI0 4acTh S— M d—BAJIEHTHBIX IEKTPOHOB B d—
nosiocy aromMoB ymiepona. I[IpocMmaTpuBaercsl Takxe oOIpeleneHHas
3aKOHOMEPHOCTh B M3MEHEHUM aKLENTOPHBIX CBOWCTB M B 3aBUCHUM-
OCTH OT aTOMHOTO HOMEpa M KaxXIOM Ppsiy NEepPUOIUYECKOH CH-
crembl. Tak, Hampumep, e€ciyM aTOMbl THUTaHA M BaHAIUS SBJISIOTCS
IOHOPaMH 3JIEKTPOHOB, TO CJEYIOLIME 32 HUMH LIUPKOHUH U HHO-
Omii yXe 3axBaThIBAIOT U3 d-1omochkl atomMoB yrmepoxa 0,54 u 1,72
3JIEKTPOHA COOTBETCTBEHHO. Eme OoiplyMH aKIenTOPHBIMH CBOM-
cTBaMu oOnamaroT racHuid W TaHTal. Takas Xe 3aKOHOMEPHOCTb
HaOJomaeTcss M VIl METAUIOB OPYTHUX TPYIHI, MEepeXoi BaJECHTHBIX
BJIEKTPOHOB OT aTOMOB MeTa/lla K aTOMaM YIJIepoja CIEAyeT pac-
CMAaTpUBaTh KaK yBEJIMYEHHE IEKTPOHHOH IUIOTHOCTH B OKPECTHO-



CT4X JIMOO aTOMOB MeTaia, JMOO aToMOB yriepoia KapOwjia.
O6mas mmpuHa  spd—momocy  KapOWIOB — yMEHbLIaeTcd ¢
YBEJIMYEHWEM aTOMHOIO HOMEpPa B KaXJIOM Psly, COOTBETCTBEHHO
yBEJIMUUBaeTCsl IIOTHOCTh cocTosHUl — n(E)/3B — B okpecTtHO-
CTAX aTOMOB MeTallla M yMEHbINaeTcsl BOJIM3M aTOMOB YINIEpOAa.
Ilon  mmotHocThIO  coctosHuit  (E)/»B  moHmmaercd  4mcio
BJIEKTPOHOB, NPUXOMJIIMXCS Ha OOUH 3JIEKTPOH-BOJIBT IIHPHUHBI
BJICHTHOW IIOJIOCHI, a INMPUHA I[OCJIEAHEH OTCYMTaHa OT JHA
1oJ10CHl 10 ypoBHS MepMu MOXET CIyXHUTb Mepoil sHeprun ®epmu
KapOWJIOB.

Cnenyer oxwumate, yto »Heprusd cBsizu Me-Me u C-C, u Me-C
B KapOMmax TakKxXe OINpeleNnsiercss IUIOTHOCTBIO — COCTOSHUIA,
pacCUMTaHHBIX OTHEJIBHO JJIs aTOMOB METaUla M aTOMOB YIJIEpOAA.
Kax mpaBuiio, mIOTHOCTh COCTOSHUHM JUId aTOMOB METalla B Psy
MOBBIIIAETCS C YBEIMYEHUEM aTOMHOro Homepa. CoOTBETCTBEHHO U
SHEPIUS CBA3M MEXJAy MeTAUIMYECKMMH aToMaMH B KapOmmax
noskHa pactd. [l Sp—sieMeHTOB ymiepoda, KpPEeMHHSI U OJIoBa
yCTaHOBJIEHA OOpaTHasl 3aBUCHMOCTH, T.€. YBEJIMYEHHE IUIOTHOCTU
COCTOSHMH ~COIPOBOXIAETCS YMEHBLIEHHEM SHEPIMU MEXaTOMHON
c3u. OOBACHSAETCS TO TeM, Y4TO y d-MeTauioB HauOOIbIIas IUIOTHO-
CThb COCTOSHMM IIPUXOOWTCA HA BEPXHUM Kpail IOJIOCBl, a Yy Sp—
3JIEMEHTOB, a TOM YHMCIIe M /IS YIVIepojia, HauOosbliasl IOTHOCTh S
u d(p) COCTOIHUI HaxOOUTCS Ma JIHE DHEPreTHYeCKOW 3O0HBI.
[MosToMy y xapbumoB IV u V rpynm mno Mepe yBeTHMYCHUS
ATOMHOIO HOMEpa CJIelyeT OXHMAATh YBEJIMYEHUE HEPIUU CBA3U Kak
MEXJy aTOMaMH MeTalla, TaK M MEXIy aToMaMu yriepoga u
YMEHBILIEHNE 3HEPIUU CBS3U MEXIY Pa3HOPOIHBIMU aTOMaMH.

DHeprus aToMHU3aUUHA KapOMIOB OINpeessIeTcs Mo YPaBHEHHIO:

Q= AP Me((298) — AP Me(298) — AP Q298)

e AP yeqp9sy — TemnoTa oOpa3oBaHusl KapOUIOB U3 3JIEMEHTOB;
AR p298) — TemoTa cyonuMarmu Metaiuia; AHP a9y — Temora
cy6mumanuu rpacdura.

DHeprug cBa3u Me—-Me — KaK COCTaBHYK 4YacTb DSHEPIUU
aTOMM3alMM  MOXHO ONpPEHESUTh IO IUIOTHOCTH COCTOSIHMH,
npuxopsieiics B Kapoumax Ha s U d-Tomockl Metauia. [Ipu sTom
npejanosiaraeTcsd MpsMas 3aBUCHMOCTb BEJIMYMHBI SHEPIUU  CBS3U
Me-Me or 1otHocth — coctogHuil.  Hampumep,  sHeprus



MEXATOMHOH CBA3M B METAVIMYECKOM TUTaHe paBHa 112 kkan/r-
aTOM, a pacCYMTaHHAsd IUIOTHOCTh COCTOSHUU IS HErO COCTAaBIISET
0,46 »n/»B. B MoHOKapOume THUTaHa IUIOTHOCTh COCTOSIHHIA,
NpUXOAALIAscd Ha aToOM TUTaHa, coctasisger 0,24 31/3B u, coorse-
TCTBeHHO, »Heprus cea3u Ti-Ti B kKapOume Oyzmer paBHa 59 KKaj/r-
atoM. ITogoOHBIM TiyTeM paccuuTana dHeprud csizu C-C, 0HAKO B
MocjeqHeM ciiydyae NpUHAMAaach oOpaTHas 3aBUCHMOCTh DHEPIUd
CBSI3M OT TUIOTHOCTH COCTOSHWH, NpUXOMdIieiics B Kapomie Ha sd(p)—
nionocy yrepona. CoorserctBerHO »HEprus cBsa3u Me-C npeacTapisier
co0Ol pasHUIly MeXIy SHeprueil aroOMU3allid U CyMMOW DHEpPIHil CBS-
seit Me-Me u C-C.

B Tabn. 3-4 npuBesieHa pacCUMTAHHbBIE 110 HACTOSIIECH METOIUKE
BesmauHbl sHeprin ces3u Me—-Me, C-C u Me—-C, Fe-D, D-D, Fe—Fe,
YIOBJIETBOPUTEIBHO COTACYIOIIHECS C W3BECTHBIMH 3KCIEPUMEHT-
ATbHBIMU TaHHBIMH O CBOMCTBaM KapOWIOB U COEAMHEHUH XeJe3a C
sp—snemenTamu. Bunno, uto xapoumasl Co,C, Co;C u NizC umeer
OTpHIlaTeIbHbIe 3HAUYeHUs sHeprun cBiI3u Me—C. DTO CBHUIETEIbCT-
BYET O HEBO3MOXHOCTH 0Opa3oBaHHs KapOMIOB KOOANbTa U HHUKEJs
B CTaHOApTHBIX ycioBusax. HecTaOMIbHBIM COEIMHEHUEM SIBISIOTCS
u Kapbua Xesnesa, y KoTtoporo sHeprus cBs3u Fe—C xoTs u mumeer
MOJIOXKHTETbHOE 3HAYeHHe, OJHAKO IO BEJIWYMHE OHA 3HAYMTEIHLHO
oriamyaercd or »Hepruu cBi3u Me—C, pacCUNTaHHOW VI APYTHX
KapOWIoB. YUWTBhIBAS CpPABHHUTEILHO BBICOKHE 3HAYEHUS BHEPrHU
cBa3n  Me-C jang  xapOWIOB THTaHA W BaHaiWs, Cleayer
MPEAIOIOKNTh CYIIECTBOBAHUE y HUX KOBAJIEHTHOM CBA3M MEXIY
Pa3HOPOAHBIMUA aTOMaMH, YTO TMOATBEPXKIAETCS HDKCIIEPHUMEHTATHLHO
BBICOKMMH 3HAYEHHUSIMH DIIEKTPOCOMPOTUB-JIEHHS U TBEPAOCTH U
MOHIKEHHBIMA 3HAYEHUSIMH MOIYJIS HOPMAIIBHOW YHPYTOCTH IO
CpPaBHEHHUIO C XTHMH XapaKTEepPHCTU-KaMHu Uil KapOwnoB TradHUA,
TUTaHa U OPYTUX METaJUIOB.

Pazuteiii mopxom K TMOCTPOSHHIO KBa3MATOMHOW — MOMIENTH
BemecTtBa (KBaMB) mo3BojiieT HE TOIBKO KOJIMYECTBEHHO OIIEHHTH
DHEPTUI0  XUMUYECKOTO B3aMMONEHCTBHS MEXIy aToMaMH B
KapOWiHBIX (pazaX, HO M pACCUMTATh CTeNeHb WOHHOCTH (i),
KOBAJIEHTHOCTH (q) U MeTalim4HocTu (), rue

i+g+n=1



e i= BdMe=O) _E(C-0O _ E(Me- M)
Q Q Q
Ta6muna 3
Dueprus ce3u (E,) Me-Me, C-C, Me-C
B KapOugax d—mepexomHbIX MEeTALIOB
Kap6un E; E, Q E. n
Me—Me, Cc-C, Kapouna; Me-C,
KKaJI/MOJIb KKaJ1/MOJIb KKaT/MOJTb KKaJI/MOJIb
TiC 59 75 328 194 0,18
ZrC 178 122 364 64 0,49
HfC 207 180 400 13 0,52
vC 91 85 336 160 0,27
NbC 171 145 394 78 0,43
TaC 154 200 395 39 0,39
v,C 62 77 340 201 0,18
Nb,C 224 115 363 24 0,62
Ta,C 195 190 400 15 0,49
MoC 175 150 380 56 0,46
wC 112 200 382 70 0,29
CrG 99 170 283 14 0,35
Mo,C 234 145 427 48 0,55
w,C 136 180 381 65 0,36
Mn;C 64 150 233 19 0,28
Fe;C 101 160 263,7 2,7 0,38
RuC 137 145 325 43 0,42
OsC 78 210 350 69 0,22
Co,C 136 180 267 -49 0,51
Co;C 138 180 262 -56 0,53
Ni;C 173 170 263 -80 0,66
Tabmuna 4
DHeprus ceasu (E,) 9-D, Fe-Fe, Fe-D
B COEJJMHEHUSIX XKese3a C Sp—aeMeHTaMu
Q sHeprus DHeprusi CBI3U B KKaI/MOITh n
ATOMM3ALIUH;
KKaJI/MOJTh Fe-Fe D-D Fe-D
FeAl 180 83 38 59 0,21
Fe;C 263,7 101 160 2,7 0,61
Fe;Si 215 105 76 44 0,35
FeSi 227 91 75 61 0,33
FeSi, 227 100 76 51 0,34




Fe;Sn 182 107 38 37 0,21
FeSn 192 127 45 20 0,23
Fe,N 216 88 110 18 0,51
Fe;P 218,2 105 51 63 0,23
Iponoxkenwue Tab. 4
Q sHeprus DHeprust CBI3M B KKaI/MOIb n
aTOMU3alu;
KKaJ1/MOJTh Fe—Fe D-D Fe-D
Fe,P 218.,5 113 33 73 0,15
FeP 209 105 49 55 0,23
FeP, 222 108 53 61 0,24
FeSb 180 73 72 35 0,40
FeAs 190 95 61 34 0,32
Fe, O, 189 86 — — —
FeS 163 93 40 30 0,26
FeSe 189 93 53 53 0,28
FeTe, 155 104 38 13 0,25

HccnenoBanve mpupoisl XUMUYECKOTO B3aMMOACUCTBUSI PEHTICHOD-
MHUCCHUOHHBIMM METOJIaMHM B CIUIaBaX U COMOCTABJICHUE BTHX PE3yJIbT-
aTOB C pacueTaMH, NPOM3BOAUMBIMU IO KapTaM pacIpeie/ieHus
SHEPIUM BJICHTHBIX JIEKTPOHOB B NpuOmxerHun KsalMB, M0O3BOSIIIO B
HATYpHOM DKCIIEpUMEHTe yOEIUTbCd B HEOOXOTUMOCTH U JIOCT-
ATOYHOCTH MOJETTUPYEMbIX MPECTABICHUN KOHIECHCUPOBAHHOU CPEbl
B MPUOJTMXEHNN KBa3UaTOMHOTO CTPOSHUSI KapOWIIOB U CILIaBoB [6, 7].

[Tony4ennsle pe3ynbTaThl MO3BOJISUIN HAAEIThCH HA IUIOAOTBOPH-
OCTb KCIOJIb30BAHUS JIaHHOI MOJEIHn npu OIMCAaHUH
MaKpOCKONMYECKUX  (PU3UKO-XUMUYECKUX CBOWCTB, HAlpuMeEp,
CIUTAaBOB METAJIOB M TMOJyYeHHE B KOMIIBIOTEPHOM BDKCIEPUMEHTE
pelamniux MpaBWwi, MO3BOJIOMIUX MPEICKa3bIBaTh UCKOMOE CBOMU-
cTBO Chacy KaK (DYHKIMIO CTPOEHHsS BIIEKTPOHHBIX IIOJIOC IOAPEIL-
eTKHM MeTaslia.

[IpexncraBienue XUMHYECKOM Cpelbl, B KOTOPOW B3aUMOJAEHCTBUE
MEXIy DJIEKTPOHAMHM BaJIEHTHOM IOJIOCBI pacCMaTpUBAETCsl Kak
B3aUMOJIEHICTBUE  KOJUIEKTUBU3UPOBAHHBIX, JIOKATU3OBAHHBIX U
MOJIIPOHHBIX ~ COCTOSIHUHM  3JIEKTPOHOB, TO3BOJWIO MPEACTABUTH
DIIEMEHThl B BHUJE YOPOILIEHHBIX 30HHBIX CTPYKTYp (Kapt
pacmpenenenusi), a KapThl pacipeeeHns JIeKTPOHHBIX mosioc (puc.l)
NPEACTARIISAIOT cOO0N 3aBUCUMOCTU dHepruu E BaleHTHBIX BIIEKTPOHOB
OT BeNUYMHBI KBazumMmyibca F(k) Tpu 3HaYeHUsIX DIaBHOrO (n =




1,2,3...), opburamsaoro (I = 0,1,2..., n — 1) ¥ MarHuTHOrO M =
0,1,2,3) xBaHTOBBIX umcen (puc.l). bnaromaps m-pacuiereHuro p—
rosioca pasfenserca Ha po, pi, p.1; d-momnoca Ha dy, d), dp, d_j, do—
MOATIONOCKHL. B cHiTy cUMMETpUH paccMaTpUBAIOTC TOJTBKO MOJTOXKHT-
ebHbIC 3HAYCHHS .

Kpussie E(k) (puc.l) paccunTaHbl BIUIOTh JO 3HAYEHUS

/3
k. = 4%@2 =2418 (6)

B UHTepBaie 3HaueHuil »Hepruil oT Fn, = 1,0 a.e. Eux = 20 ae.
(1 a.e. = 27,23 »B)

[TonyvyeHHbie 3aBUCUMOCTU DHEPTUM BAJIEHTHBIX 3JIEKTPOHOB OT
BeIMYMHBl KBazuumimyibca F(k) [3-5] packianpiBaii B psj IO
nojuHoMaM YeOblllieBa U OrpaHMYUBATIUCH KBAJIPATUYHBIM UJICHOM.
JJisl 9TOro PHEPrusi OCHOBHOTO COCTOSIHUSI DJEKTPOHOB IS JaJIbH-
edmmx pacueroB Ha DBM 3amaBanach psjaom

E(k) = b K (k) + b,R (k) + b, F,(k) (7

e Py(k), Pi(k), Po,(k) — monunom YeOsbieBa, oTpaxarolye HHBA-
pUaHTHOE, JTUHEHHOEe U KBaJpaTUYHOE U3MEHEeHue S, po, p1, do, d,
d, — BaJICHTHBIX TIOJIOC BJIEMEHTa;

Py(k) =1
Pi(k) = (k-T7) ®)
Py(k) = (K - 14k + 35)
b, by, by — KO>(PUIMEHTHI TIPH COOTBETCTBYIOIIUX IOJMHOMAX

YeOpImena.

Takum 06pa3oM, Kaxjas KpuBas U3MEHEHUS SHEPrUd BaJICHTHOU
MOJIOCHI OT BEJTMYMHBI KBA3WHMITYJIbCA TMPENCTABIISIACH TPeMsl KO-
sacppunmentamu X, Xp, X3, 0TOOpaXamoIUMi HHBAPHAHTHOE, JIHH-
eiiHoe W KBajJipaTHYHOE ee m3MeHeHue. PacmpeneneHne BaJeHTHBIX
AIIEKTPOHOB TIEPEXOAHBIX METAUIOB, HMEImuX S, dy, di, dr—
BaJIEHTHBIE I1OJIOCHI, MPEACTaBIAIOCH JIBEHALATHIO
koddunmenramu YebpimieBa X;—Xj, COOTBETCTBYIOIUMHU YEThIPEM
TpuagaM KoaddgunuentoB by, b,, b;. g ommcanus morI0CHOM
CTPYKTYpPBbl p—3JIEMEHTOB, UMEIOIINX S, Py, Pj—BaJEHTHbIE MOJIOCHI,
TpeboBasioch JieBATh Kod(dummeHtoB (X, Xi3 u Xp —
K03(p(PULINEHTH MPUHIMAIICH PABHBIMHU HYJTIO).



KosdduimenTs! paccauTsIBamnCh UCXOI U3 3HAUYSHUH (DyHKITUH
E(k), B3aThIX B 13 pa3nu4HBIX TOYKAX B HHTEpBAJE H3MEHEHUS
kBazummirysibca 0 < k < kp,. Bce pacuersl mpou3BOOWIMCH Ha
SBM.

Hcnonp3oBanne  koddpuiiieHToB  YeOblimeBa  MO3BOJSET IO
ypaBHEHUIO (7) BBIYHCIIUTbL SHEPIHI0 BAJIEHTHOH IIOJIOCHI 3JIEKTPOHOB
V11 COOTBETCTBYIOILMX 3JIEMEHTOB, PMMEHEHHE METOfla KOMIIbIOTEpH-
Or0 MOJEMPOBAHUS, C UCIIONIb30BaHNEM Kod(duimentoB YeObiiesa u
3HaueHus sHeprud @epmu (Tabn. 5), JaeT BO3MOXHOCTh YCTAHOBHTD
CBI3b MEXIOY (PU3MKO-XMMUYECKUMH  CBOWCTBaMM  CIUIaBOB U
BMIEKTPOHHBIM CTPOEHHUEM JIETUPYIOIIMX BJIEMEHTOB B (DOpME JIMHEHHBIX
(9) WM AMCKPUMUHAHTHBIX 3aBUCHMOCTEl 1o Kiaccam A, b, B, I, mo-
3BOJIIIOILMX KOJIMYECTBEHHO BbIMUCIATH cBoiictBa (C): Temmeparypy
NPEBPALLEHUs 3JIEMEHTa B CIUIaBE METAaCHUCTEM Ha4albHBIX YYacTKOB,

IIPE/IENIbHYI0 paCTBOPUMOCTH 371eMeHTa (at. %) B TBepHou (), XKUIKOM

(B) dase.

q‘eup = Z GIAX: + B 9
Cicop — TEOPETHYECKHM PACCUUTBIBAEMOE CBOKCTBO; X; — KO3huLm-
eHTsl YeOblllieBa JIETUPYIOIIETO KOMIIOHEHTa CIliaBa, B — TOCTOSH-
HBII WIEH.
Tabnuua 5
YucnenHsle 3Ha4eHud Koddbuiuentos YeOblesa
u sHeprun Mepmu JIETHPYIOIIUX DIEMEHTOB 2—5
Onement | YposeHnb 3nauenns koaumentos Yebpiesa YposeHn
Depmi; BAIEHTHOCTUA
Er, 5B b b b 10J10C
0,343 0,065 0,016 s
C 4,35 0,140 -0,029 0,008 Do
0,254 0,047 0,011 P
0,311 0,058 0,014 s
Mn -10,60 0,044 0,010 -0,003 dy
0,031 0,008 -0,003 d
—0,082 0,016 —0,004 d
0,293 0,054 0,013 s
Si 1,63 0,000 -0,002 0,001 Do
0,086 -0,015 0,003 Di
0,629 0,114 -0,026 s
P —-6,80 0,323 0,055 0,011 Do
0,234 0,041 -0,009 Di




S -1,10 -0,395 0,071 -0,016 s
—0,079 0,011 —0,001 Po
-0,249 0,047 0,011 s
Cr 0,68 0,036 -0,001 0,001 dy
0,031 -0,001 0,001 d
—0,048 —0,011 —0,004 d,
Iponomrxkenne Tabm. 5
DriemeHT | YpoBeHb 3Hauenus koaduienToB YeObiiiesa YposeHb
Depmy; BICHTHOCTH
Er, 5B by b bs 0JI0C
-0,134 0,025 0,006 s
\ 2,04 0,103 0,014 0,001 dy
0,109 0,014 0,001 d
0,028 —0,001 —0,001 d,
—-0,091 0,018 0,005 s
0,129 0,019 0,002 dy
Ti 2,58 0,165 0,025 0,003 d
0,091 —0,013 0,001 d,
0,162 0,030 0,007 s
0,043 -0,003 0,001 dy
Nb 0,54 0,029 0,000 0,001 d
—0,063 0,014 —0,004 d,
-0,216 -0,040 -0,009 s
0,008 0,003 -0,002 dy
Mo 0,68 0,021 0,008 -0,003 d
—0,116 0,023 —0,006 d,
-0,587 0,106 -0,024 s
-0,346 0,065 -0,016 dy
Ni -9,25 -0,423 0,076 -0,017 d
—0,456 0,082 —0,018 d,
-0,408 0,075 -0,018 s
-0,018 0,024 0,007 dy
Fe 247 -0,143 0,028 0,007 d
—0,197 0,037 —0,009 d,
-0,404 0,074 -0,018 s
0,119 0,024 0,007 dy
Fe 2,45 0,140 0,027 0,007 d
—0,192 0,036 —0,009 d,
-0,399 0,072 -0,017 s
-0,121 0,024 0,006 dy
Fe 2,45 -0,127 0,026 0,006 d
—0,186 0,035 —0,007 d,




B Ttabm. 6 npuBemeHBl  pe3ylbTaThl  KOMIIBIOTEPHOTO
monenupoBanHas (C) criaBoB Ha ocHoBe xenesa: O, B, T, xak
(yHKIIUM HEOOXOIUMOro M JOCTATOYHOTO YHciaa Kodh(UIHEHTOB
Yeo6bimesa X;. Ilpu »TOM Kak T[OKa3bIBAET aHAIHM3 BBICOKHE
3HaueHHs KO3((HULUUEHTOB KOPPEIALMH  CBUAETEJIBCTBYIOT O
(pyHKLIMOHATPHON 3aBUCHMOCTH MEXJy HCKOMBIM CBOMCTBOM U
BJIEKTPOHHBIM CTPOEHHEM JIETUPYIOIIUX KBa3HaTOMOB KOMIIOHEHTOB
B Ipelesiax Kjacca JIETUPYIOIIUX »IIEMEHTOB: A — Qeppuru-

3atopoB; b — aycreHuzaTopoB; B — nepnuTusaTopoB U T.JI.
Tabnmmma 6
Bnusauue SJIEKTPOHHOI'O0 CTPOEHU KBA3MaTOMOB
Ha paCTBOPUMOCTD DJIEMEHTOB B XKe€JI€3€

Kiacc YpasHenue ces3u Koaddu-
BIIEMEH- LIUEHT
TOB M0 KOppeJtsi
(2] uu
MOJIeNnu
T, = (1258,9 + 813,3 X, — 33979,3 X, — 27809,1 X;, +
+ 57,0 Xo) 0,99
A o =(79,53 +1684,98 X; — 148,11 X, + 2518,77 X5 +
+ 548,02 Xjp) 0,98
B=(43,14 -1122,74 X;; — 5,875 X;3) 0,97
T, = (1458,1 + 22034,46 X, — 24330,39 X, + 27809 X, +
+ 1,517 Xi3) 0,99
b a = (20,75 + 194,02 Xj, + 0,981 Xi;) 0,87
B = (25,06 + 358,14 Xi, + 0,982 Xi3) 0,87
T, = (1362,9 + 83989,8 X — 81468,9 X,) 0,68
B o= (17,64 + 1740,93 X; — 7500,69 X + 7724,24 X, —
- 2,877 Xi3) 0,94
B = (9,90 — 7756,56 X, + 9608,57 X, — 84,69 X, 0,85
T, = (1291,2 + 1494,59 X, — 36532,59 X,) 0,92
r a = (-2,05 - 3571,50 Xs — 652,56 Xg) 0,97
B = (1448 + 57,35 Xjo— 2,79 X3) 0,99
Tabuua 7
DKcnepeMeHTalbHble [2] U pacueTHbIe 3HAYEHUS
[apaMeTpoB PaCTBOPUMOCTH 3JIEMEHTOB B Xelle3e
Knacc | Ore- Temmneparypa Ipenenwbhas pactsopum- | IlpenensHas pacTBOpUM-
MEHT npespaernst; T, C | ocrs B xukoii dase; O, | octb B TBepoi thaze; B,
% ar % ar
BKCII pacu. DKCIL pacu. DKCIL pacu.
Al 1232 1241 53,0 52,1 59,0 47,1

Si 1250 1250 20,0 19,8 25,0 33,6




\4 1468 1453 33,0 34,2 33,0 32,3
A Cr 1507 1472 23,0 26,8 23,0 26,8
Zn 708 778 43,0 42,5 90,0 92,7
Mo 1445 1495 24.0 19,8 24.0 21,3
w 1540 1532 14,0 14,7 12,0 12,2
Mn 1473 1473 9,6 9,6 13,0 13,2
Co 1499 1502 16,5 13,2 19,5 15,3
Ni 1512 1507 3.8 8,2 5,2 9,5
Iponomxenne tabm. 7
Kiace | Drne- Temneparypa IpenensHas pactBopuM- | IlpenenbHas pacTBOpUM-
MEHT npesparnenns; Ty, C OCTh B XHIKO# (hase; O, | ocTb B TBepuoii ase; [3,
% ar % ar
DKCIL. pacu. DKCII. pacu. DKCII. pacu.
b Os 1543 1539 2,7 4.4 1,6 4,7
Zn 1538 1541 2,8 2,8 2,0 2,8
Pt 1519 1520 2,3 0 3,6 0
C 1498 1500 0,5 0,1 23 2.4
Cu 1478 1478 6,7 6,0 10,3 104
B Ru 1536 1521 5,0 4,9 6,5 6,6
Rh 1515 1526 2,9 33 4,2 4,3
Pd 1478 1478 33 4,0 6,5 6,1
B 1381 1530 0,01 0 7,2 0
Mg 1515 1362 0,2 1,2 1,7 9,9
P 1048 1172 4,3 4,9 17,0 8,7
S 1365 1279 0,3 0,4 20,0 17,7
Ti 1289 1286 9,8 9,7 16,0 15,5
Gd 1037 1026 35,0 32,6 50,0 40,9
Ge 1220 1105 16,0 13,9 24.0 29,5
As 840 1103 9.4 11,8 24.0 27,6
r Se 1520 1180 0,1 0 6,0 14,3
Y 1350 1281 1,0 16,6 8,2 17,0
Zr 1306 1362 7,5 6,4 8,8 9,9
Nb 1372 1360 2,8 6,8 10,6 134
Jn 1470 1363 0,9 3,5 34 9,9
Sn 1128 1194 8,3 11,9 30,3 254
Sb 1002 1195 17,0 10,7 33,0 254
Hf 1350 1419 2,0 2,6 7,9 6,5
Ta 1440 1409 2,8 1,3 7,9 9,0

W3 ypaBHeHwii Tabn. 6 u Tabn. 7 ciemyeT BaXHBIA BBIBOJ: CBOWA-
CTBa JIETUPYIOLIMX BJIEMEHTOB JaHHOI'O KJIacca OINUCBIBAIOTCS CTPOrO
(yHKITMOHATTLHBIM BKJIAOM 3HadeHWi KoadduiprenToB YeObieBa




JaHHOTO KBa3WMaTOMa JIETHUPYIOIETO 3JeMeHTa, T.e. CIeln(puKoi
AIIEKTPOHHOTO CTPOEHUS.
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Ta0anenoai b eaeaca

Knaccudukanus auarpaMMel METaCUCTEMBI Xelle3a, JaHHas [2] u
MoApasesdiomas sIeMeHThl Ha JeThipe Kiacca: A, b, B, I' go cux
Op HE HMella CBOEro OOOCHOBAaHHMS C TO3MWLHH 3JIEKTPOHHOTO
CTPOEHHS BJIEMEHTOB, BXomiamux B kiaccel A-I'. Ilpensimymmii
pasnen Hacrosiueid paOoThl MO3BOMIMJI HAWTH NpaBHia, MO3BOJISIOLINE
KOJIMYECTBEHHO  CBI3aTb  CBOWMCTBA  JICTUPYIOUIMX,  IPUMECHBIX
3JIEMEHTOB C MX KBAa3UAaTOMHBIMH 3JIEKTPOHHBIM cTpoeHHeM (Tabi.o,
7). IlpuueM u© TemiepaTypa NpeBpalleHUs, U IpeleibHas
PacTBOPUMOCTh ®JIEMEHTAa B TBEPHOW, XUIAKOW pasze Kese3a ecTbh
thakTHyeckn  (PyHKIMS  BJIEKTPOHHOIO  CTPOEHMs  KBa3uaTroMa
3JIEMEHTa. DTOT BaXHBI BBIBOI IO3BOJISUT HajlesThCsl JlaTh KJlac-
cudpukammio knaccam: A, b, B, T' kak c¢ynkuun @, xoropad
pasnmenser, «IMCKpUMUHHpyeT» kiaccel A, b, B, I' mo obmemy
Halbopy NPU3HAKOB, XapaKTepHbIX [UI1 KaxJoro Kjacca.
Muckpumunupyomas ¢ynkuna @, crpomnrace Ha OBM  no
nporpamme «DIDROB», ucnone3yorieil pacrnozHaBanue o6pa3oB U
paspaboranHoii B.H. KotiokoBeiM [8]. Hcrnonb3yemas MeTomuka
paHee OblTa YCIEIIHO NMPHUMEHEHa JUI MPOTHO3UPOBAHMS THUIA KpH-
CTAUIMYECKOH CTPYKTYphl [9], peakumii KpuUCTAUIM3alWAW (IUCT-
eKTUKa, TMepuTeKTHKa) OuHapHbIXx cucteM [10] kak QyHKIMH
3JIEKTPOHHOTO CTPOEHHS KOMIIOHEHTOB.

B pesymbrare mocTpoeHms BeKTOpa AMCKpuMuHanmu P, Ha
DBM u yTOYHEHHS LIeHTpa pa3jielieHus obriacteil IMCKpUMUHAIMN
yOAIoCh HaWTH CJlegylollue MpaBwila I HpeacKa3aHus IMpH-
HAIUTEXXHOCTH »IIeMeHToB K kiaccam A, b, B, I'. Kmacc ¢peppurn-
3atopoB — A. Ecmu xoaddummentst Yebprmesa: X, Xz, Xj3 mis
3JIEMEHTa NPUHUMAIOT OJHO M3 CIEAYIOUIMX 3HAYEHUH B MOpPsIKE MX
HepapXUYEeCcKOl MOCIeN0BaTEIbHOCTH:

X, £-0,134
X, 2 -0,006 (10)
~0,68 < X3 < 4,35
TO 3JEMEHT MPHHANIEXUT K Kiaccy A — deppuruzaropon. Hc-

NOJTb30BaHUe 3HAYeHUH Kon(duimeHToB YeOblesa Juisd JIEMEHTOB,



NIPUBOJIUMBIX, HAIpUMEp, W NMpHIOXKeHusx pabor [4, 5] mozsossger
OTHECTH K »HIIEMEHTaM Kiacca A: BaHAAWiA, XpOM, ATIOMHHHIA,
KpeMHUH, MONUOIeH, HHOOW M MarHuii, a jJaHHble paboTsl [2] K
BTOMY KJIACCY OTHOCHT: BaHAIWM, XpOM, AIIOMUHUM, KPEMHUU, MO-
mubneH, nWHK, Boib(pam. [lpenckazarenpHas cwia mpaswia (10)
cocrapnger 71,4%.

Kiacc aycrenusaropos — b. IIng knacca b nmapamerpsl X, Xjo,
Xj3 nmuckpumunupyroomue ¢ynkupio P, 1o umepapxuyecKkomy
NPUHIIMAITY HA «CBOM—YYyXOii», COCTABISIIOT MPABUIIO BUJIA:

X, £ -0311
X, < -0,004 (1)
X3 €-5,17

K »TroMy kiaccy mo JaHHOMY TpaBWIy OTHOCSTCS BIIEMEHTHI:
MapraHel, KoOanbT, HUKeNb, IUIATHHA, OCMHUH, WPWIHH, T.e. BCe
aNIeMeHThl  Kiaccudukanuu pabotsl  [2]. OnHako 1O JIAHHBIM
npasuna (11) smemMeHTsl: radHUM, TaHTaN, BOJb(paM, KaaMui, Meab
JIOKHBI TakXXe NpuHamIexaTe kKiaccy b. I[lporuBopeune moxer
OBITh CHATO TOJBKO TINATEIBHBIMH PE3yJIbTATAMHU JOMOIHUTEIHHOTO

HKCIIEPUMEHTA.
Knacc nepnutuzaropo — B. IlpaBuino oTHeceHUs: saeMeHTa K
JAHHOMY KJIACCY UMEET TaKOW MEePAPXUYECKUUN BU:
X, £-0,358
X, < -0,011 (11)
X5 = -3,80

DJIEMEHThl PYTEHUH, PpONUH, NalaJiuii, MEPIUTHBIA YyIIepon
(3Hauenua koroporo mig X1 = (=0,37) + (-0,42)) oTHocarcd K
sTomy Kiaccy. IlpotuBopeune ¢ paboroii [2] BbIpaxaeTcs TOIBKO
IOBYMS DBJIeMeHTaMu (Medb, 30JI0TO), 4YTO cocTaBmgeT 66,66%
COBIMAIEHUH MO JaHHBIM TpaBuna (12) m paboroii [2]. DremMeHTsl,
He MpUHamIexalye no noirydyeHssiM npaswiam (10) — (12) k kimaccam
A-B orHocsTCa K Kyaccy I, uto cocraBnser 84% coBnaneHuil.

ITonyuennsie npasuia (10) — (12), Bo-nepBbIX, CBUAETEIBCTBYIOT
00 00IIHOCTH KIacCH(PUKAIIMN HIEMEHTOB TOJIBKO M0 OTPaHUYEHHOMY
YUCITy Pa3IM4YHbIX 3HAYEHUH OJHUX M TeX Xe Ko3(h(UINEHTOB
YeObimea: X; — WHBAPUAHTHOMY W3MEHEHMIO TMOJIOXKEHHUS S—
MOAYPOBHSI 3JIeMeHTa; X|, — KBaJpaTHYHOMY HW3MeHeHwio d(p)—
MONYPOBHSl BJEMEHTa: ero BeJuyuHe sHeprun Pepmu — Xis.
Cnenyer oTMeTuTh, 4TO K Kjlaccy B — mnpuHamIeXuT Jumb
NEPJIMTHBIA yriepox, i koroporo X; = (=0,37) + (-0,42) nusa



ymepon, i koroporo X; = (-0,37) + (=0,42) mnd coeguHeHUI
PasIMYHOIO COCTaBa, a HE KBAa3HMaTOM CBOOOIHOIO YIVIEpOaa, UIs
KOTOpOIO X =
= —0,343.

Bo-Bropeix, mpasuia (10) — (12) cdakTHueckn MOATBEPKIAIOT U3
(hyHHaMEHTAIBHBIX COOOpaXeHWi 00 3IEKTPOHHOM CTPOEHHHU
KBa3MaTOMOB 3JIEMEHTOB BO3MOXHOCTH KJIACCU(DUKALUU BJIEMEHTOB,
nmpeayiaraeMelii B pabore [2] U yKa3plBalOT HA MYyTH €€ yTOYHEHUS B
CMBbICJIE MEPEANCIIOKALMH OTIAEIBHBIX 3JIEMEHTOB U3 KJlacca B Kjacc
(racpuuii, TaHTad, BombpaM W T.JA.), a, BO3MOXHO, U OfH-
OBpPEMEHHOE IOSBIIEHHE OTHOTO M TOTO Xe AlIeMeHTa B 000MX Kilac-
cax (Bompthpam — xmaccel A, b; memp — xmaceet b, B u T.1.). B-
TPETBUX IIOJyYEHHBIH pe3yJbTaT MOXHO paccMaTpuBaTh Kak
CIIEJICTBUE MPOSIBJICHUS] MEPHOIUUYECKOrO 3aKOHA, IJie BIEKTPOHHOE
CTPOEHHE aTOMOB M3MEHSETCSl NEPUOANYECKH, YTO U MPOSIBIIIETCS B
KapTax pacupelesieHHs SHEpruM 3JIeKTPOHHBIX I10JIOC KBa3HMaTOMOB
3JIEMEHTOB M, €CTECTBEHHO, B IPUHATOH (popMe (pUKCAlMU TaKUX
cocTosHMi B BHIe Ko3unmenToB Yeorimmesa (7), (8).

3. EAAEPOPUEA YEATATOU, 7/DETANE A NOAs&e
E 6ECRET-OETEXANEAR 1 TARU O80T TE TAexANEED
NATéROA NOAEE

B [2] nmyrem aHanu3a QuarpaMM METACUCTEM B TOM 4YHUCIIE U
Kene30—37IeMeHT ObI0 OOHapyXeHO, YTO TaKHe TEeXHOJIOTHYecKHhe
CBOMCTBAa CHHTE3HUPYEMBIX CIUIAaBOB KaK TPELIMHOCTOMKOCTh (T),
HOpHUCTOCTh (), KUIKOTEKY4eCTh (A), 3(hheKTUBHOCTD TEpPMHUYEC-KOU
o0paboTkn (Yy) MOXHO B OTHOCHTEIBHBIX EIWHHUIAX B POy
JIETUPYIOIIMX WJIM IPUMECHBIX 3JIEMEHTOB B CIUIaBE BBIPA3UThH B
BUJIE OTHOCHTENIbHBIX Oe3pa3MepHBIX BeTHYWH (pHc.2) B dopMme cu-
CTEMbl YPaBHEHUH:

0 5-_0b ,_ ob ,y:a_b (13)

oa oa Lbc oa [bd cd
U TeM CaMbIM OTHOCHTEJIbHOE 3Hau€HUE DBTEKTHUKH (IIpeBpalIlleHHUs)
3a[JaHHOTO JIETUPYIOIIEro, MPUMECHOIO BJIEMEHTa B CIUIaBe U 00-
JIaCTh COCTaBa COOTBETCTBYIOIIEH YacTW OUarpammsl (puc. 2) gBis-




I0TCSl HEOOXONUMBIMH U JIOCTATOYHBIMH TapamMeTpaMH JUIs OLIEHKU
TEXHOJIOTHYECKUX CBOMCTB CIUIaBOB T, O, A, Y, B OTHOCHTEIHHBIX
emuHUax. OOHAKO MOXHO W3 (PU3UKO-XMMHUYECKHX COOOpaXeHui
IOKa3aTh, YTO KaKMe-TO 3HadeHus To, Oy, Ao, Yo —TEXHOIIOTHUECKUX
CBOUCTB CIUTAaBOB OYAyT SBJATHCS WHBapUAHTAMU (IIOCTOSHHBIMU
BEJIMYUHAMH) ISl JAHHOTO KJlacca JIETHPYIOIINUX, MPUMECHBIX BIie-
MEHTOB, HalpuMep, JUId CIUIABOB Xeje3a B MpenesiaX KiaccoB: A —
teppurtnzatopoB, b — aycrenmuszaropos, B — mepautuzaTopoB u
T.I., WIH, COOTBETCTBEHHO , p, d—AIIEMEHTOB CILIaBAa.

t

g c

Puc. 2. Onpezenenue BeIUYUH TEXHOIOTHYECKHX CBOICTB CIUIABOB
U3 BUIA y4acTKa METAaCHCTeMBbI CIUiaBa: a) T, O, A; 6) Y

JelCTBUTEIbHO, 3TOT0 CJEAYyeT OXHUIaTh B CHIIY IOJYYeHHOM
cuctembl kputepueB (10) — (12), B pamMKax KOTOpBIX IMOJIy4eHa
npuemyieMasi  kjaccuuKanus CIUTAaBOB  XKelie3a [0 OOIIHOCTH
AIIEKTPOHHOTO CTPOEHUS JICTUPYIOIIUX, TPUMECHBIX RJIEMEHTOB
cmmaBoB. Torma Mexmy mapHbIMH BenmauHamu: Top — T, & — O, Ag — A,
Vo — Y HOOMXHBI CYIIECTBOBATh 3aBUCUMOCTH Yepe3 KaKyH-TO
cdbyskuuio pacnpenenenud B ¢dopme oneparopa: fy, f fy, f, Tax,
9T0OBI IMEJIO MECTO IO KpaiiHell Mepe COOTHOIIEHHE:

Th=T1*Fh
& =0 15,



Yo=Y 1, 14)
A=A A6,

3Has WHBApUAHTHOE 3HAYEHHE COOTBETCTBYIOIIMX TEXHOJIOTHMYECKUX
napamMeTpoB CIUIABOB, T.e. To, Oy, Ao, Yo, U UX OLEHKH IS PasTHYHBIX
aneMeHTOB KiaccoB A, b, B, I' U3 HavyaabHBIX y4acTKOB MeETacHu-
creM (13) MOXHO ompenenuTb BUJI omneparopoB f, f5, fy, £, T.e.
(pyHKIMIi pacripefieSieHUs JIeMeHTa, PUMECH B CILIaBe.

Ecnu npuHSTh BO BHUMaHKE, YTO B CIUIaBaxX Xeljie3a peub UIET O
pacrmpenelieHuy JIETUPYIOIIEero, MPUMECHOrO d»JeMeHTa B TBEPHOi,
Kuakoi asze, kotopad ecth W = O/f (tabn. 7), To dyHkuuu f;, f;,
f, o0s3aHBl cojepXKaThb B CBOEM ONMCaHUM BelnuuuHbl . [lng
XapaKTEPUCTUKH K€ JTUTEHHBIX CBOWCTB CIUIaBOB Ag — A (PYHKIIHS
f\, BHINMO, MOXeT OBITh OIKUCaHa MEpOH, XapaKTepu3ymolen
U3MEHEHHE XWUMHUUYECKOTO B3aMMOJICHCTBUS [UIS 3JIEMEHTa, TMPUMECH
CBI3U D — D OTHOCUTEJIBHO DHEPrUM aTOMHU3AIMK COCTaBa CIUIaBa, T.e.
BeJTMUMHON N (5), pacueT KOTOpoil naH i d, p-5ieMEeHTOB, B3auM-
OJICHCTBYIOIIMX MeXIy coOOl B KapOWUmHBIX (pajlax CIUIABOB XKejie3a
(tabm. 3, 4).

KaxoB xe anamutuueckuil BuI yHKuwmii f;, f, £, fy, aprymeHtamu
KOTOPBIX SIBJISIOTCS MTApaMeTPhI.

Kak noxkazano [3] ¢yHkuus pacrpenenenus Jerupyomero, npu-
MECHOTO »JIeMeHTa B KapOWIHBIX (pa3zax, JIMTEHHBIX CTAIIX €CTh B
nepsoM npuOIMXKeHun (yHKUus pacrpenenenus: Ilyaccona, a Bo-
BTopoM [aycca. OrpanuumuBasgchk IlyaccOHOBCKHMM, T.e. OpOYHOB-
CKUM pacripefielieHeM MPUMECH, JIETUPYIOIEro 37eMeHTa B CIUIaBax
KeJie3a, BOCIIOJIb3yeMCsl IOKa3aHHbIM yTBepxkiaeHueMm A.M. SArmomom
[11] o ToMm, 4TO OGpOYHOBCKOE JIBUXEHUE B (Da30BOM IPOCTPAHCTBE
0o0paTuMoO | JUIS BTOTO «HAJO JIUIIb, YTOOBL... pacrpesieliecHue Bepo-
STHOCTEU coBMagaio mo (opMe ¢ KAHOHMYECKUM paclpelesieHueM
I'u66ca». [Mosromy MoxHo 3ammcath s (14), manpumep, (15) u
(16) ¢ ucnonbp3oBaHUEM MapaMeTpoB W, N:

To = T exp(-w),

& = 3 exp(-w),
Yo = Y exp(-w), (15)
Ao = A exp(-n).

T=Tyexp W,

0 = §pexp w,



Y = Yo €Xp W, (16)
A= Ag exp N.

Pacuerst no ypaBHenuaMm (15) U3 gaHHBIX MPUBOAMMBIX [2] OTH-
ocuTesbHO T, O, Y, A, (0 ¥ NP UCIONB30BAHUN BeTMUuH N (Tabm. 3, 4)
MO3BOJIMIIM  PEKOMEHIOBATh CJIEAYIOIME 3HAUYEHUS TEeXHOJIOTHYECKUX

napameTpoB To, Oy, Yo JUId KIJIACCOB JIETUPYIOIIMX, MPHUMECHBIX
BJIEMEHTOB CILIABOB C XKEJIC30M:

Kitacc: A b B r

[TapameTp
To 0,352 0,454 0,496 0,581
& 2,26 1,18 62,2 130 a7
Yo — — — 0,579

a 119 d ¥ p-3IEeMEHTOB, COOTBETCTBEHHO, Ag = 1,27 1 Ag = 11,2.

B Tabn. 8 mpuBeneHbl pacyeTHbie 3HaueHHd T, O, Y, A UId Hek-
OTOPBIX BJIEMEHTOB, KOTOPbIE BIIOJIHE YJIOBIIETBOPHUTEIHHO COBITAJIAIOT C
BEJTMUMHAMU, PEKOMEHIyeMbIMU B [2] 11 CIUiaBoB Xese3a. TeM cambim
B OTJIMYME OT [2] JlaHa KiiaccuhpuKaipss TEXHOJIOTMYECKUX MapaMeTpOB:
TPEMHOCTOMKOCTH (T), mopuctocTu (), XuuaKoTekydectd (A) u -
eKTHBHOCTU TEepPMHUUYECKOi 00paboTku (Y) Ha OCHOBaHUM (hH3UKO-
XAMUYECKUX TIPEICTABICHUH O PacTBOPUMOCTH IEMEHTOB B TBEPIOM,
XKuakoit aze (W = 0O/B) U I0MM U3MEHEeHHs] METAUTMYHOCTU CBSI3ei
JIETUPYIOIIMX, TMPUMECHBIX BIEMEHTOB D — B B pacTBOpax Keje3a U
KapOuaHbIX hazax (N).

Tabmnua 8
CorocrasjieHre OTHOCUTENBHBIX 3HAYEHUI TEXHOIOTMYECKUX ImapamMeTpoB

IUTS CIUTABOB XeJjie3a: TPELIMHOCTOMKOCTH (T), MOPHUCTOCTH (O), KumKoTeKydectr (A)

1 (p(HEeKTHBHOCTH TEPMUUYECKOil 00paboTKH (Y), pEKOMEHIyeMbIX MO JaHHBIM
D
paboTsl [2] 1 pacyeTHBIM IyTeM o cooTHoureHusM: (16), (17)

DieMeHT C Si Cu Mn Co Mo Cr \4
t E 0,78 | 0,84 [ 0,95 |1 0,97 [ 0,99 | 0,95 | 0,98 | 0,87
o /2/ 100 — 12 15 2,1 3,5 1,6 —
)\B 17,6 9,9 6 0,23 1,7 3,2 1,3 2

0,61

t E %6 0,78 | 0,87 | 0,95 1,0 0,96 | 0,96 | 0,96
o] pacuer (16), (17) 206 | 50 | 138 | 150 | 168 | 61 | 61 | 61
)\B ’ 15,6 — 1,7 2,2 2,2 1,8 1,7




* Tlpu siervpoBaHuK CTajleid, HAPUMED, THTAHOM, LIMPKOHHEM. HHOGHMEM pacyeTHbIe
suavenus Y = 0,579 exp(0/f) pasuel (cM. Tabm. 7) coorBerctBenHo: 1,15 1,45 0,8, a mst
HTHX XKe IeMeHTOB [2] peKOMeHIyeT 3Ha4YeHHs] B TOYHOCTU paBHbie 1.

Cnenyer uMmeTh B BHIY, UTO JIaXXe TakKue 3HAYSHUS CXOIUMOCTEH
MEXIy DKCIEPUMEHTOM M pacueToM KakK MPUBOAMMBIE B TaOi. 7, 8
OOBIMHO  CUMTAIOTCS BIIOJIHE TPUEMJIEMbIMU, TaK KaK IS
o0cyxjlaeMoil  3aJladl  «JOCTATOYHO OOECIEeUUTh OIpejeieHue
BEJIMYMH XOTS OBbI B Tpejieniax OJHOro nopsyjika» [2, crp. 38].

4. TTi0dTaTed eT1Tupodd 100 1T4adedé
TroeTecaoee 0do1TeTae+aneed
daee1Ta éeoly fioasaé

DKcriepuMeHTaIbHbIE  pe3yJbTaThl  HCCACAOBAHHUSA  BIHSHHUS
TEXHOJIOTHYECKHX YCIOBHH JINTBA Ha cBOFcTBa craieH. JAna nomydeHus
OOBEKTUBHON HMH(OPMAIIMH OTHOCHUTEIFHO BIIUSHUS TEXHOJIOTHYECKUX
YCJIOBUI JIUThS HA YPOBEHb MEXAHMYECKUX CBONCTB CTaH, WUC-
cliefjloBaHNE TPOBOIWIM MO HECKOJbKMM HarpasleHusiM. B mporecce
MOATOTOBKM OOpa3lioB BapbUPOBAIUCH HECKOJIBKO MapaMeTpoB: MapKa
CTaIK, CHOCOO JIMThs, pacHoiioXeHue obpasla B OTIMBKE IpU
TEepMUYECKON 00paboTKe Mo pexkumaM, pekomeHayembiM TY, TonmmmHa
CTEHKH OTJIUBKH, TEMIIepaTypbl HarpeBa JjIs HOPMATU3ALUU U 3aKTKH
00pa3loB, MOTYyYEHHBIX TOPSIUM 1e(POPMUPOBAHUEM U3 CITUTKA.

B kauectBe peabHBIX 3HAYEHH MEXAHMYECKHX CBOWCTB CTaJled
UCIOJIB30BAINUCH CpelHUEe apU(PMETHYECKHe 3HAYeHHS IO pPe3ysbT-
ataMm 3-X U3MEepEeHUH, MOJIyUeHHBIX HPU UCTBITAHUU 3-X pa3pbhIBHBIX
U 3-X yIapHbIX 0Opa3IoB.

HccnenoBanus MpoBOAWINCH Ha oOpasiiax cramud Mapku 25X212MJ1
u Mapku 23XT'C2MDJT.

AHamu3 TOMyYeHHbIX Pe3ysbTaToB MOKa3all, 4To Wil 0O0MX MapoK
CTaJIM pacroyioxkeHue o0pasla B OTJMBKE MPH TEPMHYECKOH 00paboTke
HEe BIMJIET Ha YpPOBEHb MEXaHHWYECKHX CBOWCTB. DTO TOBOpUT 00
OIHOPOJTHOCTH CTPYKTYpPbl 00Opa3LIOB MO BCEM HAIpaBlICHUSIM.

B tabm. 9, 10 npuBeneHsl pe3ysIbTaThl SKCIEPUMEHTATBHBIX UCCIIe-
JOBaHUI MEXaHWYEeCKHUX CBOWCTB craneil Mapku 25X2[2MJ1 u
23XIC2M@J1, monydyeHHbIX NPU Pa3UYHBIX CIIOCO0aX JIMTHSI: B
kokwib (K); mo BeiwiasmsieMbiM Mofesisiv (BM), B necyaHo-IIMHUCTYIO
srnaxunyio (I1I'B) u necuano-rmmuuctyio cyxyio (III'C) dopmy.



[TocTpoenne KommprOTEPHBIX Moe/Iel I pacyera CBOHCTB CT-
amun mapku 23XT'C2MJI. TloctpoeHre KOMITBIOTEPHBIX MOJeNei
NPOBOOWIM C IIOMOIUBK CTAaTHCTUYECKOIO PErpecCUOH-HOIO aH-
amm3a. g monmydeHus OOBEeKTHBHON HMH(MOPMALMM W JIETAITBHOTO
U3y4YCHUS! BJIMSHUS TEXHOJIOTMYECKMX YCJIOBUH Ha MEXaHHYecKue
CBOMCTBA CT&IM aHAINW3 B3KCIIEPUMEHTANIbHBIX PE3YJIbTATOB IIPOBO-
IOWIM,  TIOC/IEOBATEeJIbHO  YBEJIMYMBAas  YUCJIO  BapbUPYEMBIX
apameTpoB.

Ha mepBoMm »Tame i KaXmoro crnocoba JHMThS HCCIIENOBAIOCH
BIIMSTHUE TEMIIEPATYPHBIX PEKUMOB HOPMAIM3ALMU U 3aKaIKH Ha
YPOBEHb MEXaHUUYECKUX CBOWCTB NP OIMHAKOBOM TOJILIMHE CTEHKU
OTJIMBKH. AHIM3MPOBAJIOCH M3MEHEHHWE IPOYHOCTHBIX CBOICTB
npezenia IpoYHOCTU Og, Mpesiesia TeKydecTH Oy, TBepaocty HRC, a
TaKXe IUIACTHYECKUX CBOMCTB: OTHOCH-TEJIBHOTO YIMHEHHS O,
OTHOCHUTEJIBHOTO cyxeHus ), ynapHoit askoctu KCV.

Ha ocHoBe mnoyueHHBIX 3KCHEPUMEHTAIBHBIX PE3yJIbTaTOB (CM.
tabm. 9, 10) ObUT MOCTPOEHBI PErpecCHOHHBIE YpPaBHEHHs, OTpaxkaro-
II1e U3MEHEHHE COOTBETCTBYIOLIUX CBOMCTB.

B Tabn. 11, 12 npusenens! nomydyeHHsle ypaBHeHus. OQTHOCHTENb-
Has MOIPEIIHOCTh NpakThyeckKu He mnpesblmana 15%. Tompko B
OIHOM cJIydae, NpH CIOcO0€ JIUThS MO BHIUIABISIEMBIM MOJEIISIM,
OTHOCHTEJIbHAS TOTPEUTHOCTh pacuera mpuOmmxkanack K 33%. B
HEKOTOPBIX ClydadX He YAIOCh IIOCTPOUTb PETrPECCUOHHBIE
ypaBHeHHS. DTO OOBSICHIETCS MAJION BEJIMYMHON HKCIIEPUMEHTATbHOM
BBIOOPKM ¥ JOCTATOYHO BBICOKOH MOTPEIIHOCTBIO HM3MEPEHUS
JAHHOU XapaKTEPUCTUKHU.

XapakTep 3aBUCHUMOCTEN M3MEHEHHS MEXAaHMYECKHX CBOWCTB OT
Temreparypsl npouecca Hopmamusammu I u 3akanku T;, He3aBUCHMO
OT TOJIIIUHBI CTEHKH OTJIMBKM coxpansaics (cMm. Tabm. 11 u tabm. 12).
B GomnpmmHCTBe cityyaeB yBeiandeHue T, MOBBILIATIO IUTACTHYECKHE
CBOMCTBAa (OTHOCUTEJIBHOE YHJIMHEHHE, CYyXEHHEe, YIApHYI Bs3-
KocTb). IloBblIanocs 3HaueHHe TBEPAOCTH M Ipenesia MPOYHOCTU
obpasuos. He coBcem sceH ocraeTcs OTBET Ha BONPOC OTHO-
CHTENIbHO BIIMSHHMI Ha Ipesiesl TeKy4ecTH, TeM Oojiee 4TO BeINYHHA
Op, OOBIYHO U3MeHsieTcs cuUMOaTtHO BenuuuHe O, Mg Gornee
TOYHOTO OTBETa Ha BTOT BOMpOC Tpebyercss OoNMbIIUi  00BeM
BBIOOPKH, KOTOPBIl OTCYTCTBOBAI.



Tabmna 11

3aBHCUMOCTh MEXaHUYECKHX CBOHCTB ctamu Mapku 23XI'C2M®JT ot Temmeparypsl
PEXUMOB HOPMAJIM3ALMK M 3aKaJKH (TOJIIMHA CTEHKH OTIIMBKU a = 10 MM)

Cnoco? YpaBHeHene cBs3U MeX1y IapamMeTpamu En. Cpennee OrHocu-
JIAThS U3M. apuM. TebHas
3HaYEHUE ounoka,
BEJINYHMH %
BM |q, = 2557 - 0,0297T, — 0,097, Kr/MM” 138 1,5
0, = 166,0 = const Kr/Mm? 166 2,0
0=-2,1 +0,008T, % 6 33,9
Y = 24,17 = const % 24 12,9
KCV = 469 = const Kk | 469 6,0
HRC = 48,36 = const ell. 48 1,2
Ore gy, = 132,6 = const KI/MM™ 133 2,7
0, = 124 — 0,0039T, + 0,046T, Kr/Mm® 167 0,25
0 =-49,1 + 0,034T, + 0,022T, % 7 13,7
Y = 26 = const % 26 20,9
KCV = -858 - 0,268T, + 1,63T, KIGK/M? 512 6,0
HRC = 22,5 - 0,0038T, + 0,029T, ell. 48 1,1
B | g, = 2357 - 0,026T, - 0,071T, kr/vm” | 138 0.8
0, = 152,5 + 0,016T, Kr/mm? 168 0,6
0 =-12,85-0,0065T, + 0,026T, % 6 11,6
Y =203 -0,03T, + 0,029T, % 18 9,4
KCV = -2158 + 1,38T, + 1,23T, KIGK/M? 465 15,6
HRC = 33,9 + 0,002T, + 0,012T, ell. 48 4,3
* Crioco6s1 uthst: BM — [0 BBILIABISEMBIM moaensaM; I[II'B — B mecuano-

[IMHUCTYIO BIaxHyo ¢opmy; [II'C — B mecyaHo-IIHHUCTYIO CyXyio (opmy

Tabuna 11




aBUCHMOCTh MEXaHUYECKHX CBOMCTB CTAIM MapKu OT TeMIIepaTyphl
3 23XT'C2MdJ1
PEXUMOB HOPMAIU3alMU M 3aKaIKU (TOJIIIMHA CTEHKU OTIMBKH a = 30 MM)

Crioco6 YpaBHeHene CBI3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
TS U3M. apudm. TesbHas
3HAYEHUE omInoKa,
BEJINYHMH %
IrcC | gy, = 1753 - 0,043 T, Kr/MM® 133 1,8
0, = 137,2 - 0,0287T, + 0,053 T, kr/mm® | 163 1.8
0=-144 + 0,029T, + 0,021 T, % 10 4,0
Y = 40,38 = const % 40 4.4
KCV = -80,75 + 0,127T, + 0,527T, 191 P Yive 576 3,1
HRC = 47,44 = const ell. 47 33
Tabn. 12
Crioco6 YpaBHeHeue CBI3U MEX]ly IapameTpamu En. Cpennee OrHocu-
UThS U3M. apupM. TeJIbHAs
3HaYEHUE ounoka,
BEJINYHMH %
OIB | gy, = 128 — 0,029T, + 0,03T, Kr/mMm” 130 1,6
0, =117,3 - 0,009T, + 0,053T, Kr/Mm” 162 0,2
0=-13,1+0,009T, + 0,014T, % 9 10,0
Y =-60,8 + 0,078T, + 0,021 T, % 38 7,2
KCV = 576,6 = const KIGK/M? 577 7,8
HRC =424 + 0,05T, efl. 47 65,0
* Cnoco6er mutesi: BM — o BeimmasisieMbiM Mogertsiv; IITB — B mecuaHo-

[IMHUCTYIO BIaxHyo ¢opmy; [II'C — B mecyaHo-IIHHUCTYIO CyXyio (opmy

YBennuenne temmepartypsl 1, mpouecca HOpMaIW3alud B OCH-
OBHOM OTPHLIATEJIPHO CKa3blBAIOCh Ha IIPOYHOCTHBIX CBOHCTBax
crami. HezaBuUCUMO OT TOMIIMHBI CT€HKHM OTIMBKH (a = 10-30 mm)
IIpU TIOBBIIEHMH 1}, yMEHBIIAINCH 3HAYEHWs Mpenesa TEKy4ecTH
Op2 ¥ NIpefajia MPOYHOCTH Op.

Boree cnoxHas KapTuHa HaOIoAanach NpU MCCIEAOBAHUM ILIac-
TUYECKUX CBONCTB CTaId. IIpyn paznuuyHON TONIIMHE CTEHKH OTJIUB-
ki (a = 10+30 MM) ¥ pa3IMuHBIX CIIOCOOAX JIMThS XapakTep 3aBH-
CUMOCTU OY€Hb CHJIBHO H3MeHsicd. CliesiaTh OZHO3HAYHBINA BBIBOJ
[0 BCEM HCCJIENyeMBbIM BapuaHTaM KpaiHe 3aTpyxHuTesbHO. i
nonydeHus Oojiee MONMHOW KapTHHBI YHCIIO BapbHpPYyeMBIX Mapa-
METPOB B BKCIIEPUMEHTE OBUIO yBEeTMYEeHO. 3aBUCHMOCTH MEXaHH-
YECKUX CBOMCTB OT TOJILIMHBI CTEHKH OTJIUBKH a U TeMmeparypsl T
u T, Juid pa3IM4yHbIX CIIOCOOOB JINThS MPUBENCHBI B Ta0M. 13.

Tabmuna 13




BiugHMe TOJNIMHBI CTEHKH OTIMBKM Ha MEXaHH4YECKHe CBOWCTBA
cramu Mapku 23XT'C2M®JT

Cnoco? YpaBHeHene CBI3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
JIUTHA u3M. apuom. TeNbHas
3HaYeHUEe ommoKa,
BEJINYMH %
BM | gy, = 254,7 - 0,3a - 0,03T;, — 0,09T, Kr/MM® 135 4.8
0, = 165,2 = const krimv® | 165 1,8
0=1,34 +0,16a + 0,003T, % 8 6,2
Y =-2,8+0,73a+ 0,027, % 34 9,3
KCV = 5257 + 7,8a- 0,13T, 91 FVive 547 5,1
HRC = 43,3 — 0,05a + 0,006T, ell. 48 1,7
Iponomxenne tabi. 13
Cnoco? YpaBHeHene CBI3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
JIUTHS u3M. apuom. TeNbHas
3HaYeHUe ommoKa,
BEJINYHMH %
nre gy, = 132,5 = const Kr/MM® 133 ]
0, =134,5-0,18a— 0,016T, + 0,05T, | xr/mm* | 165 1,1
0 =-34,6 + 0,15a + 0,018T, + 0,021 T, % 9 11,7
Y =-0,92 + 0,73a + 0,027, % 31 15,1
KCV = -602 + 3,2a + 1,08T, 91 FVive 495 7,5
HRC = 23,2 — 0,03a + 0,025T, ell. 48 2.4
OrB | gy, = 170,6 — 0,4a — 0,03 T, Kr/MM® 134 2.4
g, = 145,6 — 0,322 - 0,009T,, + 0,04 T, Kr/Mm> 165 0,8
0=-14,7 + 0,14a + 0,02T, % 8 10.6
Y =-18,1 + 1,0a + 0,037, % 28 13,1
KCV = -881 + 5,6a+ 0,64T, + 0,64T, 91 P Yive 521 15,6
HRC = 40,3 — 0,06a + 0,009T, ell. 48 5,1
* Crioco6sl uthst: BM — 10 BBILIABISEMBIM mouenam; III'B — B mecyaHo-

[IMHUCTYIO BIaxHyo ¢opmy; [II'C — B mecyaHo-NIHHUCTYIO CyXyIo (hopMy

XapakTep 3aBUCUMOCTH CBOWCTB ctaiu Mapku 23XTI'C2M®J1 or
TEMIIEPaTYpPHbIX PEXHUMOB IMPOLUECCOB HOPMAIM3ALMM U 3aKaJIKd
omucaH Bbiie. Mcronb3oBaHMe pacIIUPeHHON BBHIOOPKU C TPHB-
JICYEHUEM PE3yJIbTaTOB JJI Pa3jIM4YHOM TOJIIIMHBI CTEHKU OTJIMBKU
MO3BOJIJIO TIOYYUTh OoJiee MOJHbI Habop ypaBHEHUH.

Pe3ynpTaThl KOMIBIOTEPHOTO MOJECIMPOBAHUS TMOKA3bIBAIOT, YTO
TOJNIIMHA CTEHKHM OTJIMBKM OKAa3blBa€T CYLIECTBEHHOE BJIMSHUE Ha
cBoiictBa cramu Mapku 23XTC2M@JI. JIinsg Bcex croco0OB JIMThS
XapakTep BJUSHUS NMPAKTUUECKU HEU3MEHEH. YBeJIUYeHUEe TOJIIIUHBI
CTEHKM MPUBOAUT K TMOBBIIIEHUIO [IACTUYECKUX CBOMCTB (OTHO-




CUTEJIbHOTO YIJIMHEHHS, CYXXEHMs, yOapHOH BS3KOCTH) M K yMEHb-
IIEHUI0 MPOYHOCTHBIX CBOWCTB (TIpenes MPOYHOCTH, Hpenesl TeKy-
9YeCTH, TBEPHOCTh). Pe3ynbrar — 10CTaTOYHO MHTEPECHBIN U AAIEKO
HE OYEBUJIHBII.

[TonmyyeHHble 3aKOHOMEPHOCTH MOXHO OOBSCHHUThH CIEHLYIOLIUM
0o0pa3oM. YMeHbIlIeHHe TONMIMHBI CTEHKH OTJIUBKH JOJIKHO TIpH-
BOIUTH K Oosiee ObICTpOMY TeMIly oxJaxiaeHus Vi oOpasma, T.e. K
yBeJIMYeHUI0 ddekTa 3aKanuBaHusl oOpasna. DTO JOIKHO TpH-
BOAUTH K YBEJIMYEHHUIO MPOYHOCTHBIX M YMEHBIIEHHUIO IUIaCTHYeC-
KuX CcBOMCTB. Ilpy yBelIMYEeHUH TONLIMHBI CTEHKH OTJIMBKU TEMII
oXJaxaeHns Vi OTJIMBKHM CTAHOBHTCS Ooiee paBHOMEPHBIM, B Pe3yJib-
TaTe€ 4ero IOBBIMLAIOTCS IJIACTUYECKHUE CBOMCTBA M YMEHBIIAITCA
IPOYHOCTHBIE.

HaunGomnee clTOXHBIM OKa3alicsl BOIIPOC OLEHKH BIUSHHUS criocoba
JIUTBS Ha MEXaHWYecKue cBoicTBa cranu. [l KojaudyecTBEeHHOM
OLICHKH HaOMIONAIOIIMXC SKCIIEPIMEHTATBHBIX —PEe3yJIbTaTOB HEo0-
XOIMMO OblTO BBeCTH (hOpPMalIbHBIE KPHUTEPHUH, KOTOpBIE KOJIH-
YECTBEHHO OITMCHIBJIM Pa3IM4YHbIe CIOCOOBI JIMThd. B KauecTse
TAKOTO KPHUTEPUS MOXHO BBECTH TEMII OXJIaXHEHUs V; OTIMBKU
CTaJIM, BBIPAXEHHBI B OTHOCHTENbHBIX enuHMLax. Ilpu crnocobe
JTUThd B BbIIaBsemble Momenu (BM), Temm oxmnaxmenus oOpasia
UMeeT camoe HH3Koe 3HadeHue. Temm oxmaxmeHus oOpasma mpu
crioco0e JMThS B MECYAHO-IIIMHHUCTYIO CYXy0 (hOpMy BBIIIE, YEM B
BBIILIABIIIEMBIX MOJEISIX, MAaKCUMATBHOTO 3HAYEHHs TEMII OXJIAXIECHHsS
obpasua JOCTUTaeT MPH JINThE B METALTMYECKUI KOKWIb.

MeTomoM caMOCOITIaCOBAaHHOTO MOMCKa OBUIM MOJy4YEeHBI perpec-
CHOHHbBIE YpaBHEHMS IJIsI pacyera CBOICTB CTalId IpU paclperne-
JICHUW TEMIIOB OXJaXIeHHs oOpasma 1o crocobaM JIUThS yKa-
3aHHBIM B Tabn. 14. B tabn. 15 npuBeneHsl 0600MEHHbIE YpaBHEHUS
IUISL pacyeTa MEXaHWYeCcKUX CBOWCTB cTaiu Mapku 23XT'C2MO]JI.

Tabmnua 14

CoOTHOIIIEHHE TEMITOB OXJIAXKJACHUA 06pa3ua IIpU pas3In4YHbIX crocobax JIUThsI

Crioco6 JuThst B BbImutaBi- B necuano- B necuano- B xokunb
sieMble MOJEIM | IIMHHUCTYIO CYXYI0 | IJIMHUCTYIO BIaXHYIO
opmy Popmy
OG6o3HauYeHne BM Irc I1I'B K

Temn oxmax-
JIEHYs], OTH. €]I. 10 25 30 70




Tabmuua 15

BiiusiHEE TEXHOMOTMYECKHMX YCTIOBHUIA JIUThSl HA MEXaHUYECKUE
cpoiicTBa ctanmu Mapku 23XT'C2M®JT

YpaBHeHus cBsi3u En. usm. OrHocur.

omrmoKa,
%
Opn = 191,0 — 0,24a — 0,024T, - 0,03T, Kr/MM” 3,0
0, =151,1 - 0,187a— 0,01T, + 0,03T, Kr/Mm> 1,5
a=-164 + 0,15a + 0,006T, + 0,015T, % 12,4
Y =-74-0,15+0,84a + 0,024T, % 13,7
KCV = -126,8 + 5,532 + 0,55T, 91 P Yive 10,9
HRC = 35,6 — 0,05a + 0,013T, e 1,8

AHanmu3 MONy4YeHHBIX ypaBHeHMi (Tabn. 15) mokaspiBaeT, 4TO
BEJIMYMHA TEMIla OXJIaXIEHHd BOLLIA TOJIBKO B YpaBHEHHUE s
pacueTa OTHOCHUTENBHOTO cyxXeHud. [Ipu yBequMueHUW TemIa
OXJIaXIeHUs 3a CYeT HU3MEHeHHs crocoba JIUThS W HM3MEHEHUs
TOJIILIMHBI CTEHKH OTJIMBKH IIACTUYHOCTh CTaJM yMeHblaercsd. Tot
(hakT, 4YTrO BEMMYMHA TEMIMa OXJaXIeHWd He BOILIa B Jpyrue
YPaBHEHHUS MOXHO OOBSCHHTh HEAOCTATOYHOH DKCIIEPUMEHTATbHON
BHIOOPDKOH W Pa3HOPOAHOCTBIO PE3YJIbTATOB. DTO IMOATBEPXKIACTCS
pe3yJbTaTaMi pacyeTa MEXaHHYEeCKHX CBOMCTB IO KaXIOMY CII-
ocoOy B otaenbHocTH (cM. Tabn. 11 u 12). Bonee cymectBenHoe
B/IMSHUE BEIMYMHBI TeMIIa OXJaXAeHUd V,; Ha MeXaHWYeCKHe CBOW-
cTBa OBIJIO OTMEYEHO MpU M3y4YeHUH cTaiau Mapku 25X2I2MJ1.

IIpoBeneHHble HMcceqoBaHUS MO3BOJIWIM KOJIMYECTBEHHO OXapak-
TepU30BaTh BIIUSIHUE TEXHOJOTMYECKUX YCIOBUH Ha CBOWCTBA CTallH.
[Nomyuennple ypaBHeHust (Tabm. 13, 15) MO3BONSIOT pacCUUTHIBATH U
MPOTHO3MPOBATh CBOWCTBA CTAJIM B paMKax 3aJlaHHBIX TEXHOJIOTH-
4YecKuX yciaoBuil. B Tabn. 16 mpuBeneHbl 3KCHepUMEHTaIbHbIE U
pacueTHble 3HaUYEHUs MCCIeIyeMbIX BEJTUYMH, MOJIy4YeHHBIE 110 ypaB-
HeHusIM Tabm. 15.

IocTpoenne KoMIbIOTEPHBIX MOJE/EH I pacdeTa CBOHCTB CT-
amu mMapku 25X212@J1. MzyyeHne 3aBUCUMOCTH CBOWCTB CTaIM OT
TEXHOJIOTUYECKUX YCJIOBUN MOITY4YEeHHS MPOBOAMIM IO CXeMe aHal-
OTMYHO cxeMe wucciefoBanusi cramu Mapku 23XIC2M@JI. Ha
HEepBOM 3Tane I Kaxaoro cnocoda JIMThsl UCCIEIOBAIOCH BIUSHHE
TeMIepaTyp WIH PeXHMMOB HOPMAlIM3allMM M 3aKaJKd Ha YpOBEHb
MEXaHWYECKUX CBOMCTB IPU OIWHAKOBOW TOJILIMHE CTEHKH OTJIMB-
KH. DKCIepUMEeHTAIbHbIE pe3ysIbTaThl mpuseneHsl B Tabn. 10. Perpe-




CCHOHHbIE YpaBHEHHMs, OIUCHIBAIOINNE 3aBUCHMOCTh MEXaHHYECKHX
CBOUCTB CTalld OT TEMIIepaTypbl HAarpeBa IMpOIECCOB HOPMATU3AIUU
T, v 3akanku T,, npusenens B T1a6n. 17 u Tabm. 18.

Pe3ynbTaThl KOMITBIOTEPHOTO MOJIETUPOBAHUS MMOKA3BIBAIOT, YTO B
OOJIBIIMHCTBE CIyYaeB, HE3aBUCUMO OT TOJIIIMHBI CTEHKU OTIIUBKH,
MIOBBIIIIEHUE TEeMIIepaTypbl HarpeBa mporecca 3akanku T, Gmaro-
NPUSTHO CKA3bIBAIOCH HA MPOYHOCTHBIX U IUIACTUYECKUX CBOMCTBaX
cram. [TomydyeHHble pe3ybTaThl COMIACYIOTCSI C JJAHHBIMH T10 CTAIN
mapku 23XTI'C2M®IJI.



Tabmuua 17

3aBHCUMOCTh MEXaHWYECKHX CBOHCTB ctamu Mapku 23XI'C2M®JT ot Temmeparypsl
PEXUMOB HOPMAJIM3ALlMK U 3aKaJIKH (TOJIIMHA CTEHKH OTIIMBKU a = 10 MM)

Cnoco? YpaBHeHene cBs3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
JIAThS U3M. apuM. TebHas
3HaYEHUE ounokKa,
BEJTUYMH %
BM (g, =272,8 - 0,165T, — 0,022T, Kr/Mm°
o, = 271,9 - 0,093T, — 0,06T, Kr/mm?
0 =12,42 = const %
Y =197,2 - 0,15T, - 0,025T, %
KCV = -33,70 - 0,88 T, + 3,22T, KK/
HRC = 70,3 - 0,035T, + 0,0007T, ell.
Irc gy, = -49,7 + 0,0075T, + 0,142T, Kr/MM”
0, = 128,0 = const KI/MM®
0 = 13,4 = const %
P = 32,0 = const %
KCV = -5936 + 2,34 T, + 4,34T, KK/
HRC = 20,2 - 0,0013T, + 0,021 T, el.
Ire 0o = 93,9 = const KI/MM~
0, = 120,9 = const KI/MM®
0=-137,8 + 0,03T, + 0,12T, %
Y =-440 + 0,195T, + 0,285T, %
KCV = -6256 + 295T, + 4,25T, I/
HRC = 38,52 = const ell.
* Crioco6s1 uthst: BM — [0 BBILIABISEMBIM moaensaM; III'B — B mecuano-

[IUHUCTYI0 BIaxHyo ¢opmy; [II'C — B mecyaHo-IIHHUCTYIO CyXyio (opmy

Tabmmua 18

3aBHCHMOCTh MEXaHWYECKHX CBOHCTB ctamu Mapku 23XI'C2M®JT ot Temmeparypsl
PEXUMOB HOPMAJIM3ALMK M 3aKaJKU (TOJIIMHA CTEHKH OTIIMBKU a = 30 MM)

Crioco6 YpaBHeHene cBs3U MexX1y IapamMeTpamu En. Cpennee OrHocu-
UThS U3M. apupM. TeJIbHas
3HAYEHUE ounoka,

BEJTUYUH %

BM Oy, = 88,48 = const KI/MM~ 88 6,4

o, = 120,16 = const kr/mm® | 120 2,4

0 =-654+ 0,04T, + 0,044T, % 16 2.4

Y =-157,3 + 0,207, % 41 34,7

KCV = 4288 + 1,27T, + 3,82T, kM | 659 20,5

HRC = 36,34 = const ell. 36 3,5




Iponomxenne tabm. 18

Cnoco? YpaBHeHene CBI3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
JIUTHA u3M. apuom. TeNbHas
3HaYeHUe ommoKa,
BEJIMYMH %
IrC |g,, =107,8 — 0,1 T, + 0,085T, Kr/MM® 90 6.2
o, = 211,35 — 0,082T, — 0,0097T, kr/mm® | 123 3,0
0 =-3,13+0,015T, + 0,0065T, % 17 8,9
Y =-32,5-0,035T, + 0,127, % 47 9,9
KCV = -3501 + 0,25T, + 4,05T, kI 623 5,9
HRC = 54,6 — 0,021 T, + 0,003T, efl. 37 2,2
OIB | gy, = —49,7 + 0,0075T, + 0,142T, Kr/MM” 96 7.3
o, = 128,1 = const Kr/Mm> 128 3.4
0 =11,49 = const % 11 38,7
P = 32,0 = const % 32 48,6
KCV = -3464 + 1,52T, + 2,78T, k™M 723 73
HRC = 37,62 = const ell. 38 3,1
* Crioco6sl uthst: BM — 10 BBILIABISEMBIM mouenam; III'B — B mecyaHo-

[IMHUCTYIO BIaxHyo ¢opmy; [II'C — B mecyaHo-IIHHUCTYIO CyXyio (opMy
IIpOoTHBOpEUNBBIME OKa3aJIUCh PE3YJIBTAThl IO CBOMCTBAM CTaU
25X212MJ1 npu crmocobe JHUThS TIO BHIUIABISIEMBIM MOJIENSM.
Kpome Toro, He ynanoch MOJIy4nuTh KOPPESILUOHHBIX 3aBUCHMOCTEN
IUISI HEKOTOPBIX CBOMCTB CTaIM MOJIyYEHHOM NpU OPYrux criocodax
nutks. JaHHblll BOmpoc Tpebyer Gosee aeTallb-HOM MPOpabOTKH W
GonpMii 00beM BBHIOOPKH. YBelnueHue Temmneparypbl Harpea T
npolecca HOPMATM3AaLUUH B OOJb-IIMHCTBE CIyYaeB OTPHULIATEIHHO
CKa3blBAIOCH Ha IPOYHOCTHBIX CBOWCTBaX CTald. B HEKOTOPBIX
CITy4asiX MOBBIIAINCH IUIAC-THYECKUE CBOMCTBA, XOTS OJHO3HAYHBIN
OTBET Ha BTOT BOIPOC HaTh TpyaHO. IIpm mocTpoeHuu 3aBHCHMO-
CTEH OT TOJNIIMHBI CTEHKU OTJIMBKHA OJHO3HAYHBIM OTBET YHAIOCh
MOJIyYUTh TOJNBKO JUI IUIACTUYECKUX CBOWCTB CTalIH. XapakTep
BIIMSHUS aHA-JIOTMYEH TOMY, KOTOPOW HAOMIONAICSd y CTATH MapKu
23XT'C2M®JI. INonyueHHble ypaBHEHHs NpUBeNeHbl B Ta0m. 19.
XapakTep AaHHBIX 3aBHCHMOCTEH MOXHO OOBSCHUTH BIMSIHHEM
TOJNIIMHBI CTEHKH OTJIMBKM Ha TEMIT OXJaxnaeHus obpasma. Ilpu
YBEJIMYEHUU TONIIMHBI 4 TEMIT OXJIaXAEHHs IMajaeT, 4yTo CHocoOCT-
ByeT YJYYLICHHIO IUIACTUYECKUX CBOMCTB. YPOBEHb ITPOYHOCTHBIX
CBOHCTB HOKeH cHmXarbcs. M3 Tabm. 19 BHAHO, YTO TBEpHOCTH NpHU

YBCIII/ILICHHI/I a YMCHBH_IaCTCSI.
Tabua 19




BrnusHne TONMMUMHEI CTEHKH OTIMBKM HAa MEXAHHMYECKUE CBOWMCTBA
cTanmu Mapku 25X2I2®J1

Crioco6 YpaBHeHene CBI3U MeXIy IapamMeTpamu En. Cpennee OrHocu-
TS H3M. apudm. TelbHas
3HaYeHUEe ommoKa,
BEJINYMH %
IIB |o, = 45,6 — 0,047, + 0,09T, Kr/MM® 94 7,4
0, = 142,8 — 0,06T, + 0,04T, Kr/mMm? 124 5,4
0=-33+0,18a+ 0,04T, % 13 38,8
Y =-180,7 + 0,4a + 0,21 T, % 34 42,0
KCV = -4864 — 2,6a + 22T, + 3,6T, 91 FVive 689 16,1
HRC = 38,9 — 0,04a ell. 38 3,6

* Crioco6ul uThs: [ITB — B MecyaHO-IIMHUCTYIO BIAXHYIO (hOpMY;

Brugnane criocoba auThs (C y4eTOM TOJIIIMHBI CTEHOK OTJIMBKU U
TEMIIEPaTYPHBIX PEXUMOB IIPOLECCOB HOPMAIM3ALUUU U 3aKalIKH) Ha
MexaHuyeckue cBoictBa cranu 25X2I2MJ1 oueHnBan Takxke, Kak
u g cramm 23XT'C2M®JI, mo Temny oxJjaxmeHus V; OTIIUBOK.
[MonyvenHrple ypaBHeHUs npuBeneHbl B Tabi. 20. [Ipu nepexone or
croco0a JIUThs B BBIILIABISEMBIX MOICISAX K JINTHIO B KOKHJIb, TEMII
OoXJaxneHuss V; yBeJMYUBAETCI. DTO IMPUBOIUT K YBEJIUUYCHHIO
IIPOYHOCTHBIX CBOMCTB M YMEHBILEHHIO IUIACTUYECKHX. YMEHBLICHHE
TOJIIIUHBI CTEHKH OTJIMBKH TaKXe CIIOCOOCTBYyeT Ooiiee ObICTpOMY
OXJIAXJEHUI0, a CJIENOBATEJIbHO, TIIOBBIIICHUI0 IPOYHOCTHBIX U
YMEHBILIECHUIO IUIACTUYECKUX CBOMCTB. I105TOMY BEesMUMHA 4 BXOOUT
B ypaBHeHus1 (cM. Tabm. 20) i pacueTa MPOYHOCTHBIX CBOWCTB CO
3HAKOM (—), a U1l pacyera IUIaCTUYECKUX — CO 3HaKOM (+).

Tabnuma 20

BnusHne TeXHOTOTMYECKUX YCTIOBHI JIMThS HA MEXaHHMYECKUE CBOWMCTBA
cTanmu Mapku 25X2I2MJ1

YpaBHeHene CBA3U MEXJy HapaMeTpaMmu En. uam. | OrHocutensHas
omunoka, %
Oop = 71,2 + 0,42V, — 0,32 — 0,55T, + 0,074T, Kr/MM® 10,9
0,=1755 + 0,44V, — 0,3a - 0,06T, Kr/Mm® 9,0
HRC = 43,5 + 0,08V, — 0,52 — 0,007T, en. 27,0
a=-33,0-0,16V, + 0,16a + 0,02T, + 0,03T, % 37,5
P =-126 + 0,39a + 0,156T, % 18,1
KCV = 4575 + 3,0V, — 27a + 1,6T, + 38T, KLk 3,6

OrHocuresbHas MOrpeHIHOCTb  IMOJTYUYCHHBIX ypaBHeHI/Iﬁ, 3a
HUCKJ/IIOYEHUEM BCJIMYMHBI OTHOCUTCJIBHOIO CYXEHHSA CTallu, HE




npesblIaeT 25%, 4TO SBIAETCS BIOJHE MPUEMIIEMOM TOYHOCTHIO,
YUHUTBIBAas CIIOXHOCTh TOCTAaHOBKM 3alayll M HeOONbIIoln 00beM
BBIOOPKH SKCIIEpPIMEHTATBHBIX M3MepeHuil. [lomydeHHble pe3yabTarhl
MO3BOJISIIOT  KOJIMYECTBEHHO OLIGHUTHh BIMSHUE TEXHOJIOTMYECKUX
YCJIOBUI Ha NPOYHOCTHBIE M IUIACTUYECKUE CBOICTBA CTalU. DTO
JaeT BO3MOXHOCTh II€JICHANpPABIEHHO BHIOMpATh ONTHMATIbHBIE
TEXHOJIOTUYECKHE  YCJIOBUSI  [OJyYEHMs CTIM C  3aJaHHbIMH
napamerpamu. [lonydeHHble ypaBHEHMs I103BOJISIIOT IPOTHO3HMPOBATh
CBOMCTBAa CTaaM [UIl HEHCCIINOBAaHHBIX KOMOWHALMN TEXHOJ-
OTMYECKHX peXuMOB. B Tabm. 21 mpuBelieHbl DKCIIEPUMEHTAIBHBIE U
pacyetHbie (1o ypaBHeHHSM Tabiu. 20) 3HaYeHUs] CBOMCTB CTaIU
25X2I2]J1.

Caéep-aiea

B pesynprate mpopenaHHOW pabGOTHI TOMYy4YEHBl MOJENH, MO-
3BOJISIIOLIME C TO3ULMU BJIEKTPOHHOro crpoenust teopun KsaMB
pasgenuTh SIEMEHTBl Ha KJIacChl IO PacTBOPUMOCTH B XKeJe3e.
ITonyyeH uepapxuvyecKuil JMCKPUMHUHAHTHBIM BEKTOpP pa3ieieHus
35ieMeHTOB Ha Kjacchl. ComlacHO OLIEHKaM, pasjielieHHe 3JIEMEHTOB
3aBUCUT OT IOJIOXEHUs! sHepruu ypoBHd Pepmu (X)3) U nepepacnpe-
IeJIeHNe 3JIEKTPOHOB Mexny S, d, dy 1 dr-BaIEHTHBIMH COCTOSHUSIMU
AMeKTpoHOB (KoadpuimenTsl X, Xs u Xj;). [lorpemmocTts moctpoe-
HUi Mopenu He Huxe 20% orH. MerogoM KOMIBIOTEPHOIO
MOJIEIIMPOBAHMUS HOJTy4EeHbI ypaBHEHU:, M03BOJISIIOLIME
paccuuThiBaTh U IPOTHO3MPOBATh IapaMeTpbl  PaCTBOPUMOCTHU
JIEMEHTOB B XKeje3e. llpenenbHble pacTBOPUMOCTH 3JIEMEHTOB B
Xenese B Kugkoi (O) u TBepmoit casze () B KaxmoMm Kiacce Io
Pa3sHOMY 3aBUCHT OT paclpenesieHHs] BaJICHTHBIX 3JIEKTPOHOB.

[NosmyyeHHble ypaBHEHHMS MO3BOJSIOT PACCUUTBIBATD M IIPOTHO3HPO-
BaTh YMCJICHHbIC 3HAYEHMS NIPEIE/IbHBIX PACTBOPUMOCTEN 3JIEMEHTOB B
XKeyese M TEXHOIOTMYECKUX CBOMCTB CIUIaBoB: T, O, A, Y C OTHOCH-
TEJTBHOW TIOTPEIIHOCTRI0 B mpeneniax 25%. DTo BIOJIHE NpHeMieMas
TOYHOCTb, YUUTBIBAs CJIOXKHOCTh MOCTAHOBKH 3aIavH.

MeTonoM KOMIBIOTEPHOIO MOJEIMPOBAHMS IOJIy4YeHbl MaTeMaTh-
9YeCcKHe MOJIEJH, IMO3BOJMIIINE KOJIWYECTBEHHO OXapaKTepHU30BaTh
BIIMSIHUE TEXHOJOTMYECKHX YCJIOBUH Ha MeEXaHMYEeCKHe CBOICTBA



craein 23XTI'C2M®JT u 25X2I2MJ1. [IpoBeneHHble pacyeTsl MOKa-
3pIBAIOT, YTO IIOBBILIEHUE TEMIIEpaTypbl HarpeBa HpoLecca 3aKaaku
B OONmpIIMHCTBE  CiIydaeB  ONarompusITHO  CKa3bBaeTcs  Ha
MEXaHMYECKMX U IUIaCTMYECKUX CBOMcTBax craneil. IloBblmieHue
TEeMIIepaTypbl HarpesBa IMpoLecca HOPMaIU3alud (PYyHKLIHMOHATIBHBIM
oOpa3oM BIMSET Ha IUIACTUYECKWE CBOWCTBA CTajlell MapKu
23XT'C2M@IT u 25X212MJ1. YBenuueHre TOMIIUHBI CTEHKH OTIHBKHU
NOBBIIAET IUIACTUYECKHE U IMOHMXKAeT NPOYHOCTHBIE CBOMCTBA CT-
asefl. DTO MPOUCXOOUT M3-3a2 TOTO, YTO IMPU YBEJIUUYEHHM TOJIIMHBI
CTEHKHM OTJIMBKH CKOPOCTh OXJIAXIEHUS 00pasla yMEeHbIIAETC.

Bmusgane crocoba MThS Ha MeXaHWYECKHEe CBOWCTBA CTalH
XapakTepu3yeTcs TeMIIOM oxJiaxaeHus V; oOpasua. Ilpu mepexoxe
OT croco0a JIUThS 110 BBITIABIIEMBIM MOJEISM K JIUTHIO B MECYAHO-
DIMHUCTYI0 CYXYIO, BIaXHYyI0 (pOpMY, JIUTBIO B KOKWJIb TEMII
OXJlaXaeHus oOpasla Bo3pacTaeT. DTO NPHUBOAUT K YMEHbBLICHHIO
IUVIACTUYECKUX CBOMCTB M MOBBILIEHUIO MPOYHOCTHBIX CBOMCTB CT-
aneil. IlonmyueHHble ypaBHEHHUS MO3BOJISIIOT KOJIMYECTBEHHO OLIEHUTH
BIIMSHUE TEXHOJOTMYECKHX YCJIOBUH Ha MeEXaHMYECKHe CBOICTBa
crameit  23XI'C2M@JI wu  25X2[2@JI. OHE  MO3BONAIOT
IIeJIeHANpPaBIeHHO  BBIOMPATh  TEXHOJIOTMYECKHE  YCJIOBHS UL
NOJTy4eHHs 3aIaHHBIX CBOWCTB CTallel, MOTPELIHOCTh PEe3yJIbTaTOB
pacuera He npesblIaeT 25% OTH.

[TonmyyeHHple pe3ynbTaTbl I10 MCHOJIB30BAHUIO KBa3MaTOMHOMN
monenu BewlectBa (KsaMB) mno cymecTBy NOOTBEPXAAWT, YTO
TEXHOJIOTUYECKHE CBOMCTBA CIUIABOB, TPEIIMHOCTOMKOCTD (T), MOpU-
crocth  (8), Xumkorekydectb (A), 3(EKTUBHOCT TEPMUYECKOU
00paboTKH (Y), ONTUMH3ALKS PEKUMOB JIUThS CTaNlel (hyHKIMOHATBHO
3aBUCUMBI  OT  (PU3MKO-XMMHYECKOH  IPUPOAbl  B3aUMOAEHCTBHS
JIETUPYIOILMX, [IPUMECHBIX 3JIEMEHTOB B TBEPHOH, XUIKOM (hase mnpu
UX TEPMUYECKOHN aKTHUBALMM, a XapaKTep M3MEHEHUS 3THUX CBOICTB
ompenensgercs: pyHkuuen pacnpenenenns ['n6Oca.
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KommnbiorepHble MOIeIn KOHCTPYKLIMOHHBIX CBOMCTB cTayeit

Hayqﬂoe HU3JaHue

Cocrasuremn  Kyrommn Cepreit Anekceesuy,
Incuyenko I'puropuit Mutpodanosud,
Kanpar Asppeit CranucnaBoBu.
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