
YJJl{ 536.7I 

YPABHEHHE COC'l'omooI HEKOTOM METAJIJIOB 

B.~.KypOII8T8HXO , H.C.MmmeBa 

B pa6bT8 np:imo,nwro,r M8T8M8TB118CI<8Ji «x>PM8 8R.OBOMB'DI01'0 yp8B
B8Hl!SI OOCTO.RHlUI, npm.teHHMoro ,l1.1IJI OmtC8BJIIJI CBOICTB B81118CTB B 
l!IHPOROI 06.nacTR JIJIOTBOCT81 lI ,IT,8llJI8Hd; _ l;!P8;zi.718I'88TM, . 
ocrocHOBHB88TCJi lI o6CYJr,ItB8TCJI «x,pMS ROaqxfll!Jln{8BT8 I'pJJBalseHa; 
nplilllO,Wl:TM pesym;TaTB CpaBH8HlIH C axcnepnteHTaJII,HHMII ;lt8Jl
HHMH, c Teope TlJ'lecKHMH .ItBBHHMI! , no.nyqeamnm no MO.Il.8JDI 
TOM808~8pMH C.IIODpaBRBMH H C l!Pyt'BMH ypa]!B8HJIJDom COCTOR
BltJI. Hs.zraraeTCJI cnoco6 onpe,neJiemur tmCJieBBHX SHaqeHJdt napa-

8TP0Il ypaBH8HlJJI COCTOJIHBJI C IIOMOlltJ,J> M8TO~ CXOJIJ,8JD1181'0 
ltOIIYCRB. 

Yp8llB8HlI8 COCTOJmlilll B8~8CTB8 JIBJDl8TCJI BaJalOI COCTSBHOI 
'q&QTI,J) M8T8M8TB118CltlilX MO.Il.8JI8! OIIJIODIHHlt ope.II., IrpJDfeH118MHX .1t,JDI 

OmtCatnVI II!llPOROl'O ltllacca qmsnecimx Dp0Il8CCOB. Bo.n.mlmcTBO ypa>
Hemt! COCToaJDIS C Y.II.OBJieTBopHT8JII,HOI TO'l!BOCTI,J) OIIli!ICH:BaeT IIOB8.Il.8-

BH8 B8~8CTB B OTBOCJ!'T8JIT,BO ysxol o6JiacTH H81!18B8BJIIJI Tepll:);QBS)IH
qeClO!IX :ee.,m,nm, ue HMe.11 <12sneo1toro CMHCJJ8 sa ee npe.Il.8JJBIGI. K 
T8lO!!M IIJDO OTB8CTH YP8BB8BltJI COCTOIDIBJI HS [I], [2]. Eon PJ1Jt 
ypaBBead COOTORBJJJI, ltOTopHe BB8 o6JiaoTII npBM8HBIIOOff ~1)1' ¢}Hs•
qeCRH npaB.II.OJIOJl06BH8 pesynTS'l'H [3]-[7]. 

Ilp• II001'p08JUD! yp811B8BHJ! COCTOJDDlll, TO eon· npH :eiroope B 
o6ocuo:eamm S8BBCDECT8:I! M8:s.ey' TepM0,1l;IDWOIA8CDJIJII B8JIJl"IDIBSJOI JiT 

npz onpe,ne.xemor 1DICJiemmx saaqem B8JIJiT"DIB, BXO.Itl!IIIIIX :e am SSBH
CD1ocn, BOSBBR88T B806XO,JODIOCTI, peman ~qy OIITJIDSSitD C 
npoTlll3ope"l8DtlDOI lll)yr 'JfPYI'Y TPe6013SBJUM[, Tax , no:eHmeJDie roqaocTJiT 

P8Cllll!P81Ute odJiacm npntemnaocu ypaBBeBltJI cocTO.l!Bli!JI np:imo,nwr 
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R ero yCJIOl!H8Hlm 11! R y.nopollt8mm CTOHMOCTl1! M8T8M8TJrCl8CRml: 8RCll8PH
M8HTOB, llpOBO~ C 11!Cll0Jlc80B8HH8M 8TOro yp8BH8HlL!{ · COCTomntH. 

Illapoitoe pacnpocTpBHeRze n~:wro '1'8R aasHBaeMOe .ItBY'IJI8HHoe 
ypaBH0Hl!El COCTOsmwr [8 ] 

P=P~(~)-t-PT, E=E.QC(~)+E.T ' (I ) 

P~~ v°"~~" (o"'-1), 
R -r~E.T , r = con.ist ' 

~OK , C OK - IIJIOTHOCTI, liJ CROpOCTl> SBYRS RPHCTaJIJiit"l8CROro Be-

!!(8CTB8, ~ -~/~oK, P'/C H Ex CBJISBHH yp8.BH81U18M 

P;-c(~) - ~2. dJdJ~w. • (2> 

3TO ypaBH8BJll'.8 COCTomtHJI llpll!M8Hl!MO J1,lfJT. OmtCamtJt CBOl~TB ROH.lt8RCH
poBaHHOro COCTORJmJI B8!!(8OTBa B6JmSH y.napHoft rutW868Tt:l CIIJIOIIIROI'O 
B8l!l8C'l'Ba H llpll! B8 OJIBIUROM BHCOR'.l!X ,ll,8BJI8HlUCC. IlpH MO,!t8.7Il!pOB8Hl!l! 
,ItBmttem ROH]t8BClfPOB8HRBX cpe;a: ero y.no6aee npm«erurn. B Bl'I.ll:8 
58l!HCZMOCTl!'. p OT f H E. 

ii. 
/1 Co"') [!1 i t'\l-i+1 . 2 ~ti/ 

P-rf\.E.-+ru-1 - hi ~OKcOK+ n.<.n.,-1) ~ 0KcoK · <3) 

060SH8"UIM 88Tp8TH Bp8M8HR 3BM, Beo6XO,IO!Mli8 1f)IJf. Bl:AlJCJI8KRJI p no 
88,ll,8HHI,IM ~ H E.. C IIOMOl!ll>ll (3} -qepes tlo H 6y,JteM }1,lfJT. cpaBHe
mm H8M8PJITI, 88Tp8Tll Bp8M8Hl! 1f)IJf. Jm6oro YP8BH8HWI COCTOR:BltJI B 

e.inm:mxax t 0 • 

. 3aTpaTH YP8BH8HIDi COCTOJlllIDI ns [5] Bllf.Jta p - p (_~ , E.) , 
T - T (._~ • E. ) , BM81Jll8I'O O6JiaCTI, llpltM8HWMOC'l'lt O ~ ~ ~ 4+4, 5 it 

-0,05 ~ n -'S- 15+20 , r.zte n-P/~01/~~\( ' PaBHH 3 • to • 
3aTpaTH ypaBB8HJIUI COCTOJlllltJI HS ~3], HM81Jl{8ro o6JJaCTI, IIpDe

RHMOCTlt o--. ~ ~ 6t-8 H O ~ n-.: IO paBHH 6 •Uo • 
3aTpaTH YP8BH8HKR COCTOJlllJIUI HS [ 4] BH,ll,8 P- p (~, T) , 

E. - E ( ~ , T) c O6.JiacTl>Jl upJ1MemnrocTK O ~ & E: 4, 5+5 :a: 
-0, ~ ~ n ~ 20.25 paBHH IO· t 0 • 

Ha!COH~, S8Tp8TH yp8BH8Hlffl COCTOIIBJUt C 8JI8KTpORJWMH 'lJI8HaMH 
HS [6] H Jl.lt8PHOA ROMIIOH8HTOI HS . [9 l pal!Hll ~ 300 t 0 • 

XOTJI ygaSaHHll8 .BHlll8 o6JiacTH llplDl8HllMOCTH yp8BH8HJ!ft COCTOS:
Hll!JI YR888HH O'18HI, IIpH6Jnm8HHO, BH.ltHO, 'ITO C paC111Bp8HH8M o6JiaCTl! 
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I[J)B118BEI00'1'11 ypam18JDDI COCTOJD!JUI paC'fYT B'. ero 88TJ)a'l'H. B CM8B'. 

0 8'l'BII 88,lta"IS CORJ)81118HB'.11 SSTJ)ST ypaBH8JDIJI COCTommJI I[J)JI O;ll;B~ 

:Bp8111eHHOII pa011111peJDD1 · 06JracTH ero I[J)Bll8HJDIOCTB'. <SylleT aK'f'YaJD,JIOI 

l! '1'8'11808 lo!HOI'IIX Jie'l'. 

PaccMOTpD ypaBHemre COC'l'omml H)la ( I) 0 88Bl(OlDIOCTI,II r(E) 
IlocxOJI!Jcy' E-E.(~,T), '1'0 r-r(E(~,T)) , B'.,t810DI odpas011, 
paCOll8.'fl)D88MOe . YP8BRene OOC'l'OSIBIUI DPJIB8)r,118D'l' 1t ll00'1'8TO'UO 

lllJl!pOKOMY uaooy. 

BoSr.11811 88BBOJIMOCTI, r(E) ll llll,Jl8 

r (E)-r~.,. t, A~~~K, {4) 

b~,E. - ~ii2.E~1t 
.£,- ~'-.---=_,_,_._,__ ' 

b~~ -t i~E. T 6~5E~* ( 5) 

A~1<-con.,st .~~t-con.,st, L-1, 2 ... 4, l-1,2 ... ~, 
E.~,.- con.st, lta"l80'!'B8HB8JI 88BJlCDOCTI, r OT f_o9-E_ upne-

,n8B8 Ha p:a:c. I. BeD"DIBS E i,* - rpamrmHe SHa"leHU aBepro, 

upz ltOTOPHX DPOBCXO,JlJIT nepeXO.l OT ~MYJIH C HOll8p011 ~ 1t ~ 
)O"JI~ c HOllepOM iJ + 1 • Ilepexo.l OT o,ItRoli ~IIYJIH 1t ,11pyrol ~•~ 
:XO,JlJIT DP• coxp8H8HD HenpepmmocTH r(E.) B upO:l'.SllO.lROI -a;t • 
llp11 E. ~ E.5 , r- r 00- con,st. 

r 
20 

PJIO . I. amJ!ODOO'fli r 
asl-.--L-~ ..... -:::__..L...-~ O'l' eog,E .1t1J1I fe 

I} I 

?I 



IIoTeHnHa,n,HHe cocTaBJDmJnte ,naBJieRM lit BHYTpeRHeft aHepro 

BOSI,M8M B BH,11;8 

2. 6 t 
'P: (<')-o c Z: c:i,tt, rrp:e: ~ < ~11- , (6) 

«:, )Ok OK !,-O 

r.n:e ~ = I, 2, C),,_ - mmHJIR rpamma IrpKM8Bm4OCTH MO,D;8JIK ~II MS 
XOJIO,D;HOl'O B01Jt8CTB8. IlpH ~ ~ O.,,.. J?~ BOSI,M8M B BH.n;e 

p~ -z10h. ( kOo(..- Lo~), (7) 

r.n:e °l - sapa:.n:, K , l,. , 0<-,,., - nap8M8TJ)Il YP8BH8Hlm COCTOJUml! . 

!:aBllfCm.!OCTI, E.~(8) ,n:.,m ( 6) H ( 7) no~88TCJI noCJie HHT8rpHpOB8-

Hl!H (2) • lmCJieHHH8 3H8'l8'11M pll,It/3 nap811~TPOB onp8Jt8JDD)TCSI H3 

YCJIOBd HenpepNBHOCTlit g('fHRD;ld lit nepBHX np0HSBO,?llmX nplit nepexo.n:e 

OT O,D;HOft ilx>PMYJm It :iq>yroft. 
3TO coxpamaeT ROJDf!i8CTBO 38BHCHMHX n:apSM8TpOB ypaBH8Hlm 

cocTOJilllJH .n:o 44. .IlJm orrpe,n:eJieHJm 'DICJiemmx sHa'lfeiml Mme napa

M8TPOB HSMH HCnOJII,3OB8JI!lfCI, CJI8,eyD!tH8 8KCllepHM8H~aJII,HH8 .It8RHH8 

H .It8HHH8, llOJIY'l8HHH8 C llOMO!IO',I> T8Op8TH'll8CimX MO.ll.8JI8ft: 

- .It8HHH8 no y,napHOMY ClKSTlitD CllJIOl".'.lliJC H noplitCTliOC o6pasttOB 

B TOM ze B:z,ne z o6~eMe, RaR B [4]; 
- saBlitcHMOcrn P~(o), E~(8) :e: ml)HI,Ie 8.,JOJa6am, noJij"leB

HHe IIO MO,n:eJilt ~II [ 61, [ 9]; 
- 3H8'18mut ~OI< , c:!0._ , T8IIJIO'l'H cy6.m!!Malnm Q_ lit SH8'118mt8 

ROajxlmn!0HT8 I'pmaftseHa ro nplit B0pMSJIE,Hla yCJIOBHHX. 

IIpH onpe,n:eJieHmr 8B8'18M II8p8M8TpOB litCllOJII,3OB8JICSI M8TO,D; 

CROJII,3Jlllt8ro .n:onyCRa [IO], rrpBMeB:JIMHft R SlWl'IBM H8JIHH8ftHOro 

rrporpaMMlJI)OBaHl'lR'. c q,ymanreft KS'lf8CTB8, · co.n:eplrSllleft cy,a,y RBa.YQ;)a

Tlit'lHHX OTRJIOHemtft 6esp88M8PBHX SH8'18md!: .It8B,7!8HWl, paOC'IHTamml'. 

no yp8BH8HHD COCTOJIHml no ~ lit [. , OT sa.namrax SH8'18M .Ila»
JI8HHH, COOTB8TCTB~ T8M ze C8Ml,IM ~ l! [. , 8 T810lt8 .It8HRH8 no 

T8IIJIOT8 cy6JI:BMamm lit ~e no T8nJIOBOMY pacumpemm npH nocTMH

HOM ,It8l!JI8Hlnt . 

Ha p!itc. 2 npB11e.n:eHH a,cneplitMeHTaJII,HHe ·,naHBHe no y,napHOMy 

CllSTKD t,.e., .n:o ,It8l!Jlem ro3 rna, a T810!t8 y,napHHe a)tHa6aTH, no

.ny-qeHHHe no .It8RHOM1 yp8BH8HKJ) COCTOlUllm - no ypaBH8HlitD COCTOH

HRII n [ 4) • .AHaJroI'lf'l'lllle .JaiHRHe ,n:.,m Fe rrp:irae.n:eHH Ba p!itc. 3. 
Ha pzc. 4 H 5 npmioMTM y.napHtile 8.,JOJa6am ,n:.,m A.t H F~ , 

nOJIY'lf8HHH8 n o ,If,8HHOMY yp8BH8BHI) COCT.ommJl, ·no yp8BH8Hlitll COCTOH

HRII l!S [6] , [9] B o6Jl8CTH BHOOltKX ,If,8BJ[8Hd. 
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Prno 
750 

o L _&~~_j_ _ _L _ _J 

(}..f 1./J [5 2.0 

Pmo 
J(J 

I} '--~"""":..__J'------'-----' 

0.?.5 125 1?5 a 

?3 

P:li!c. 2. Y,napJWe 8,10,Ia6aTH 
~ CMODIHOro il nopKCTl:lJ: 
o6pa3IlOB '!1 
I - Slo = 2, 7I r/cM , 
2 - t'o = l,39 r/.cM', 
3 - ('o = I,35 r /.cu', 
4 - §', = 0, 91 r/cM-:J. 
-- ,,.p8BH81D18 COCTOR1mJI 

,1J,8HHoA pa60T1,1 
- - - Yp8BH8mI8 COCTOR1mJI 

:H3 [4] 

P:li!c. 3. Y,naplllle a,It11a6aTH 
~ C!IJIOlllHOrO il nopKCTHX 
o6pa3IlOB ~ 
I - ~o = 7,85 r/cM, 
2 - §lo = 4,29 r/qM 3

, 

3 - 90 = 3,552 r/.CM'!1, 
4 - . s,o = 2,707 r/C)l-:,. 

- - Yp8BR8HlJ8 COCTOJIBU: 
,1J,8HRO! pa60Tli 

- - - Yp8BH8ID!8 COCTMHllfJI 
iIS [4] 
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Pl!lc. 4. Y.DapHli8 8,lll!868TH 
;ztJm CIIJIOIIIHOI'O lt IIopJIC'J'RX 
06p88[(0B ~ 
I - 9o = 2, 7I r/CM , 
2 - 90 = I,93 r/cu~, 
3 - S,o = I,35 r/CM". 
- - YpaBR8Blt8 COCTOJmllll 

,lT,8BROft pa60T1i 
- - - Yp8l!H~Hlr8 ~OCTOJlll.mt 

JlS (6J, (9J 

Pl!lc. 5. Y.MpHH8 8,lll!868TW 
.Jt,1111 CIIJIOIDHOI'O lt IIOPBCTHX 
o6pasnoB 
I - ~o = 7,85 r/CM~, 
2 - S'o = 4,29 r/r,,~ . . 
3 - 90 = 3,552 r

1
'/.cM ~. 

4 - f>2. • 2, 7r:J'/ r CM 3 • 
- - YpaBH8HK8 COCTOSBJIR 

~ol pa6om 
- - - Y~8BJl8 COCTOJDDUI 

JIS [6], (9) 



IlpoBe~eRHoe cpa:eaeBJle ll0.lt'l'B8PQ88T y~OBJieTB0pJJT8JII,BYJ) Toq
HOCTo ,ll;SHHOro YP8BH8HRJI COCTOIIBRII B B8CoMa lilHPOROM .10mnasoae 
Z3M8H6Hl'lSI O H n . 3a'l'p8Tl:l BP8M8RH 3BM HS Bl:l'DICJI8Hl!e p JIO ~ 
HE IIPH O.D;liOM 06pa111emm R 3TOMy yp8llH8Hl'lJ) COCTORHJ!!SI COCTSJI
JIS!DT to . TaRHM o6pasou, ,ll;SHHOe yp8llBeHH8 COCTO.mmSI :HM88T 
umpORYJ) 06JISCTL IIPli!M8HBMOC'l'H H B TO Z8 Bpel!H B8CoMa 3ROHOMH"UIO. 

I. ByxaJro:szq M.II., Pnmm C.JI. , .A.lreRcaHJIPOB A.A. Ta6JIHilR T8IrJIO
\t)HSlfll8CRZX CBO!CTB BO,l!Jl JI BO~oro napa. - M.: Us,n.-:so CTaH
,ll;SpTOB , 1969. 

2. Me!icoa s., Cnepmmr T. BnpJlaJII,H08 ypaBH8HH8 COCTOmlM. - M.: 
Map, 1972. 

3. KO:eaJI8HRO r.B., CrulOl!HBROB A.T. Ta6~oe yp8llH8BHe COCTOa
HIDI BO.D;li. - ·Bonpocu STOMBOI Bayml H T8XBm, cep. M8!l'. "}I 

nporp. ,mCJI. pem. s8,ll;Sq MaT<fEsmm, ! 979, BHJI. 4(6) , 40. 
4. CanomraROB A.T., IIepllll!Ba A.B. I!OJiy3MtmpR8CROl3 ypa:sHeHHe 

I
'). COCTOIIBRII M8T8J7JIOB B llll!pOROM ;ItH8n8SOH8 DJIOTBOCTel H T8Mnepa
J Typ. - Bonpoce 8TOMHO! B8yRR li! T8XHHKH, cep. MeT. II nporp. 

1lllCJI. pem. sa,ll;Sq 118'1$1SBU, ! 979, BHJI. 4(6), 47. 
5. RyponaT8HRO B.~. Yp8BB8HHSI COCTOJDD!Ji H8KOTOpmc B8ll(8CTB./.IIOKJI. 

aa Y Bceco1>s . ceMl!!Bape no u:o~eJIJD! uex. cIIJIODiHOI cpe,l!Jl. - Pl!l
ra, ! 979. 

,(,{, 6. KaJ.omom R.H., I{ySoJmll8 Jl.B. Ta6JJ:JilI(H T8pMO;ItHBSMn8CRl!IX <fJYHR-
v 7 Ill!!! B8ll(8CTB8 npll BLICOROI K0~8H'l'P8UD 3Heprmr . - M.: HIIM AH 

CCCP, ! 975, IIpenpl!IHT Ji 35. 
7. ~POll A.~ . , Ho:emto:e B.r. , Y:eapo:s B.B. IIpDeHemre MO;ItH!lm

IlJll)O:emmol a>JteJm Xap'l'pB~HS-CJiaTepa ~ pacqeTa ypa:saemrl 
COC'l'OJDIJISI BetQ80TB8. - BonpOCl:l 8TOMHOI HayJCII II T8XHB10!, oep. 
M8T. • nporp. 'DICJI. pem. sa~q MB$SIID, ! 979, BHII. 4(6), 
27. 

8. 3en.Jio:en H.B., Palsep ll.II. bs.111ta Y.ttnl>BliX :BOJIH H BHOOKOT8M
Jiep8TYJ)BlilX I'a.JIPO;ItHB811B"t80KIIX OJremtl. - M.: Hayxa, !966~ 

9. Komme11 B.Il~ o Tep110;ItHB81111Ke JJ.1tep o,lUloaTOEoro Bell(eoTBa. -
~ { B 06.: tJ:iOJI. 118'1'. M8X8HIID OM. ope,10I, HOBOOH611pOK, !977, 

'1'. 8, Ji· 6. 
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