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HEROTOPhIE 3AROHOMEPHOCTJtI «l>A30BhIX P - T-,Il;IIArpAMM 
II IIOJIJtlMOP«l>HhIE IIPEBPAII{EHJtlH 3J1EMEHTOB 

IIPJtI BhICORIIX ,Il;ABJIEHJtlHX 

B . B . EOOO1.u;,ttOOa 

1. BBE,D;EIUIE 

Pa3JIIPIHhle CBOHCTBa Bem;eCTB, TaRHe, RaR cmHMaeMOCTh, TeMrrepaTypa 

rrJIaBJIeHHH, R03<P<PHU;HeHT TepMH'IeCROrO pacllHpeHHH H T. p;., B 06hI'IHhIX 

YCJIOBIIHX 06HapYJI\HBaIOT rrepHOp;H'IecRYlo 3aBHCHMOCTb OT aTOMHoro HOMepa 

3JIeMeHTOB. 

RaR rrORa3aJIH Bepem;arIIH II JIHxTep 1 H 3aTeM PH6HHIIH 2, 06m;Hff xapaR

Tep rrepnOp;H'IHOCTH coxpaHHeTCH BrrJIOTh P;O p;aBJIeHHll: 500 x6ap, op;HaRO 

C POCTOM p;aBJIeHHH Hp;eT rrOCTerreHHoe CrJIaJ-HHBaHHe rrepHOp;H'IeCROll RPHBOH, 

TaR 'ITO rrpH O'IeHh BhICORHX p;aBJIeHHHX OHa 06paTHTCH B MOHOTOHHYIO <PYHR

U;HIO OT aTOMHoro HOMepa 3. ,lJ;pyrHMH CJIOBaMH, rrpH CTOJIb 60JIhllIIX p;aBJIe

HHHX 3JIeMeHThI rrepecTanyT OTJIH'IaThCH p;pyr 0'1' p;pyra rro XHMH'IeCHHM H <pH3H

'IeCRHM CBoffCTBaM. 

I13BecTHO, 'ITO 2 / 3 3JIeMeHTOB rrepHop;H~IecRoll CHCTeMhI l'lMeIOT aTOMhI 

C He3arrOJIHeHHbIMH BHyTpeHHHMH ypOBHHMH H, HaR rrORa3aJIH 3HcrrepHMeHTbI, 

p;aBJIeHHe crroc06Ho nepeBop;HTb 3JIeHTpOHbI Ha BaI{aHTHhle ypOBHH C 66JIb

mHMH 3HeprHHMH. TaH RaR P;JIH ocym;eCTBJIeHHH rrop;06HbIX 3JIeI{TPOHHbIX 

rrepexop;OB B pa3JIH'IRhlX 3JIeMeHTax Tpe6yeTcH pa3JIH'IHaH 3HeprHH, TO eCTe

CTBeHHO, 'ITO rrpOHCXOP;HT OHH rrpH pa3JIHQHbIX p;aBJIeHHHX. HaHMeHhmee 

p;aBJIeHHe 3JIeRTpOHHoro rrepexop;a H3BeCTHO cehac P;JIH u;epHH; rrepexop; 

3JIeHTpOHoB H3 COCTOHHHH 4f B COCTOHHHe 5d ocym;eCTBJIHeTCH Bcero rrpH 

7 x6ap. CRa'IR006pa3HaH rrepecTpoHRa 3HepreTHQeCKOrO crreKTpa 3JIeI{TpOHOB 

corrpoBomp;aeTcH CKa'IK006pa3HbIM H3MeHeHHeM 3JIeRTpOrrpoBop;HOCTH Bem;e

CTBa, rr03TOMY CHa'IRH 3JIeRTpOCorrpOTHBJIeHHH rrop; p;aBJIeHHeM MoryT CJIY)-[,HTh 

HHp;HRaTOpaMH 3JIeI{TPOHHbIX rrepexop;oB. Op;HaKo HymHo CRa3aTb, ~ITO CKa'I

Ro06pa3Hoe H3MeHeHHe 3JIeRTpOrrpOBop;HOCTH corrYTCTByeT H rrOJIHMoP<PHOMY 

rrepexop;y B Bem;eCTBe - H3MeHemno RpHCTaJIJIH'IeCHOH pemeTKH. Pacrr03HaTb 

3JIeRTpOHHhIH rrepexop; HaM rrOMoraeT peHTreHOBCRHH aHaJIH3, rr03BOJIHIOm;HH 

OIl,eHHBaTb aTOMHbIH 06'beM p;o rrepexop;a H rrOCJIe Hero. B CJly'Iae u;epHH, 

HarrpHMep, peHTreHOBCHHff aHaJIH3 rrORa3aJI, 'ITO rrpH p;aBJIeHHH 7 x6ap 
CRa'IR006pa3Hoe H3MeHeHHe 06'beMa Ha 7,7 % BOBce He corrpOBOJ-Kp;aeTCH H3Me

HeHHeM RpHCTaJIJIH'IeCROH pemeTRH, OHa rro-rrpeJ-RHeMy OCTaeTCH rpaHeu;eH

TpIIpOBaHHOll Ry6lI'IeCRoH. Ou;eHI<a me HOHHhIX pap;HycoB rrOI<a3aJIa, o'ITO 

rrpH 3TOM rrepexop;e HOHHbIH pap;Hyc H3MeHHeTCH CI<a'IROM C 1,85 p;o 1,71 A 4. 

BrrOJIHe BepOHTHO, 'ITO H B u;e3HH rrpII p;aBJIeHHH 42,5 x6ap ocym;ecT

BJIHeTCH 3JIeRTpOHHhIH rrepexop; . ~e3Hff 3aHHMaeT oc060e MeCTO cpep;H p;pyrHx 

3JIeMeHTOB TeM, 'ITO 6s-, 5d- H 4f-cOCTOHHIIH ero 3JIeI<TpOHOB 'Ipe3BhI'IaHHO 

6JIH3I<II 3HepreTH'IeCI<H. BbIJIO rrOp;C'IHTaHO, 'ITO p;aBJIeHHe 45-50 n6ap 
.6yp;eT p;OCTaTO'IHO, 'IT06T>I rrepeBeCTH ero ep;HHcTBeHHhIH BHemHHH 3JIeI<TpOH 
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U3 COCTOHHlIH 6s B COCTOHHlIe 41 U npeBpaTUTb TeM caMhlM ~e3:u:H U3 MeTaJIJIa 

B U30JIHTOp. IT pu nOCJIe,n;yro~eM YBeJIIf'IeHlIU ,n;aBJIeHlIH nOHBJIHeTCH B03-

MomHOCTb nepexo,n;a aToro aJIeKTpOHa B COCTOHHlIe 5d, a B aTOM CJIYlJae ~e3UH 
CHOBa ,n;OJImeH CTaTb MeTaJIJIOM 5. RaK BH,n;HO U3 puc. 2 (CTp. 98), npa 

,n;aBJIeHUU 42,5 1£6ap ,n;eHCTBUTeJIbHO Ha6mo,n;aeTcH BHe3aIlHI>IH POCT aJIeKTpO

conpOTUBJIeHlIH, KOTOPhlH CMeHHeTCH pe3KUM na,n;eHlIeM npH He3HalJUTeJIbHOM 

YBeJIIf'IeHlIU ,n;aBJIeHlIH. 

ITpu~UImaJIb:a:o aJIeKTpOHHhle nepeXO,ll;hl B03MomHhl ,n;JIH Bcex aJIeMeH

TOB, HMeIO~UX He3anOJIHeHHhle ypOBHlI. TeOpeTIf'IeCKUe paClJeThl o~eHUBaIOT" 
p;aBJIeHlIH aJIeKTpOHHhlX nepexo,n;OB B 10-100 1£6ap. OlJeBU,ll;HO, 'ITO no,n;06-

HaH nepecTpoiIKa aTOMOB npUBe,n;eT K nOJIHOMY U3MeHeHUIO XUMIf'IeCKUX 

CBOHCTB, nOCKOJIbKY XUMU3M onpe,n;eJIHeTCH aJIeKTpOHHhlM CTpoeHueM BHemHUX 

o6'OJIOlJeK. MomHo omu,n;aTb, 'ITO B YCJIOBHHX BhlCOKHX ,n;aBJIeHUH Mhl nOJIyquM 

HeCKOJIbKO UHyIO nepuo,n;HlJeCKyro Ta6JI~Y aJIeMeHTOB, TaK KaK U3MeHe

HHe CBOHCTB aJIeMeHTOB CKameTCH Ha nOJIOmeHlIU UX B nepHo,n;ulJeCKOR 

Ta6JIu~e 6 . 

,1J;aJIbHeiimee YBeJIIf'IeHHe ,n;aBJIeHlIH npUBep;eT K pa3pymeHuIO aJIeK

TPOHHhlX 060JIOlJeK, Be~ecTBo nepeH,n;eT B COCTOHHlIe nJIa3Mhl C ifJHKcupoBaH

HhlM nOJIOmeHHeM (<rOJIhIX») H,n;ep UJIH H,n;ep C OCTaTKOM aJIeKTpOHHOH 060-

JIOlJKU. Pa3JIUlJHhle TeOpeTIf'IeCKUe o~eHKU p;aIOT pa3JIUlJHhle 3HalJeHlIH ,n;JIa 

,n;aBJIeHUH, npu KOTOPhlX npoucxo,n;UT pa3pymeHue aTOMOB U KpUCTaJIJIUlJe

CKOH pemeTKU. CpaBHUTeJIbHO Hep;aBHue paClJeThI A6puKOCOBa 7 nOKa3aJIU, 

'ITO I{pUCTaJIJIUlJeCI{aH perueTKa 06H3aTeJIbHO coxpaHHeTCH P;O p;aBJIeHlIH 

100 000 1£6ap, npIf'leM Bce aJIeMeHThl npH CTOJIb CUJIbHOM cmaTUU 6y,n;YT 

06JIa,n;aTb O,ll;HOH KpUCTaJIJIUlJeCKOH pemeTKoH C Hau60JIbmeH aHeprueH CBH3U. 

Cehac Tpy,n;HO CKa3aTb, KaKOH UMeHHO Tun pemeTKU 6y,n;YT UMeTb CUJIbHO 

cmaThle aJIeMeHThl, HO aTO 6y,n;eT pemeTKa op;Horo U3 Hau60JIee cUMMeTpIf'l

HhlX TunOB: Ky6If'1eCKaH 06~eMHo~eHTpupoBaHHaH UJIU rpaHe~eHTpupoBaH
HaH, JIu60 reKCarOHaJIbHaH nJIOTHoynaKoBaHHaH, npIf'leM OTHomeHHe ocei 

nOCJIe,n;HeH ,n;OJImHO OTBelJaTb YCJIOBHIO MaKCUMaJIbHOH aHeprHH CBH3H. 

flTaR, pa60TaH ,n;ame C MaKCUMaJIbHO ,n;ocTHrHYThlMH ,n;aBJIeHUHMH, MLl 
HMeeM ,n;eJIo C KpHCTaJIJIlIlJeCKHM Be~ecTBoM, Be~ecTBoM, 06JIa,n;aIO~HM KPH

CTaJIJIHlJeCKOH pemeTKoH. ECTeCTBeHHO, 'ITO Bhl60p TOH e,n;HHCTBeHHOH ifJOPMhl 

pemeTKH, KOTOPOH 6y,n;eT 06JIa,n;aTb CUJIbHO cmaToe Be~ecTBo, Mo}KeT 6hITJ>. 

OCHOBaH Ha Ha6JIIO,n;eHUH nOCJIe,n;oBaTeJIbHOCTU, C KOTOPOH o,n;Ha KpHCTaJIJIH

lJeCKaH pemeTKa CMeHHeT ,n;pyryIO B Kail{,n;OM H3 paCCMaTpUBaeMhlX aJIeMeHTOB

nepHo,n;HlJeCKOH Ta6JI~hl no Mepe pOCTa ,n;aBJIeHHH. 

RaK H3BeCTHO, H3MeHeHue BHemHlIX YCJIOBHH (,n;aBJIeHHH HJIH TeMnepa

Typhl) B onpe,n;eJIeHHhlX CJIYlJaHX npHBo,n;HT K H3MeHeHHIO paBHOBeCHor(). 

cTa6uJIbHOrO COCTOHHlIH Be~eCTBa, COOTBeTcTByIO~ero MHHHMYMy TepMo,n;H

HaMUlJeCKOrO nOTe~HaJIa. ,1J;aJIbHeiimee 'll3MeHeHHe ,n;aBJIeHHH H TeMnepaTyphI 

npHBe,n;eT K TOMY, 'ITO Be~eCTBO 3aHMeT COCTOHHue HOB oro YCTohHBoro

paBHOBeCUH, T. e. nepeHp;eT B ,n;pyryIO ifJa3Y. STOT npo~ecc npOHCXOP;HT, CKa

meM, npH nJIaBJIeHUH Be~eCTBa JIH60 npH H3MeHeHHH ero KpHCTaJIJIIf'IeCKoit 

CTpyKTyphI. rpaHlI~a MemAY ,n;BYMH TepMOp;HHaMlIlJeCKH YCTOii:lJHBhlMH ifJa3aMH 

npoxop;HT no RPUBOH paBHoBecBH, Ha ROTOPOH OHB HMeIOT paBHhle TepMop;B

HaMIf'leCRHe nOTeH~BaJIhl. TaKHM 06pa30M, HaHeCH Ha nJIOCROCTb KpBBhle

paBHoBecBH Mem,n;y pa3JIIf'IHhlMB ifJa3aMB Be~ecTBa B RoopP;BHaTax: p;aBJIe

HHe P B TeMnepaTypa T, Mhl nOJIyqaeM ifJa30BYIO P - T-,n;n:arpaMMY aToro

Be~ecTBa. 

OlJeBHp;HO, 'ITO Mhl He MomeM o~eHBTb nOCJIep;OBaTeJIbHOCTb, C ROTOpoi 

B aJIeMeHTax op;Ha RpBCTaJIJIIf'IeCRaH CTpyKTypa CMeHHeT ,n;pyryIO nop; p;eH

CTBHeM ,n;aBJIeHHH, OTBJIeKaHCb OT HX P - T-,n;BarpaMM. <Da30Bhle P - T
,n;BarpaMMhl cehac nOCTpoeHhl YiRe P;JIH MHorHX aJIeMeHTOB. PaCCMaTpHBaH 

o,n;RY 3a p;pyroH P - T-,n;HarpaMMhl B TOH nOCJIep;OBaTeJIbHOCTB, B KOTOpOF~ 
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aJIeMeHTbI CTOHT B rrepHO~H'IeCKoii: CHCTeMe MeH~eJIeeBa, MOIKHO 3aMeTHTb pH~ 
HHTepeCHbIX oco6eHHocTeii: *). 

ITepBoe, Ha 'ITO MbI HeBOJIbHO o6pam;aeM BHHMaHHe, aTO TO 06CTOHTeJIb

CTBO, 'ITO ifJa30BbIe P - T-~HarpaMMbI aJIeMeHTOB O~HOii: H TOil: IKe rpynrrbI 

BeCbMa CXO~HbI rro BHeillHeMY BH~y, npH'IeM rro Mepe pOCTa aTOMHoro HOMepa 

Ha6JIIo~aeTCH HX nOCTeneHHoe H3MeHeHHe. 8TO H3MeHeHHe 3aKJIIO'IaeTCH 

B «CTHrHBaHHH» ~HarpaMM B 06JIaCTb MeHbillHX ~aBJIeHHii: H MeHbillHX TeMne

paTyp; B HeIWTopbIX CJIY'laHX, HanpHMep ~JIH aJIeMeHTOB IV-B rpynIIbI, npo

HCXO~HT CMem;eHHe ~HarpaMM B nOJIe OTpllll;aTeJIbHbIX ~aBJIeHHii:. 8TO 06CTOH

TeJIbCTBO, o6m;ee ~JIH Bcex rpynn nepHO~H'IeCKoii: Ta6JIllll;bI, ~aeT HaM OCHOBaHHe 

B n;eJIOM pH~e CJIY'laeB npe~CTaBHTb ce6e B03MOIKHbIii: BH,ll; P - T-,ll;Ha

rpaMMbI KaKOrO-JIH6o aJIeMeHTa B TOM CJIY'Iae, ecml ,ll;HarpaMMbI ero COce,ll;eii: 

no rpynne YIKe nOCTpOeHbI. 

PaCCMaTpHBaH P - T-,ll;HarpaMMbI, MbI MOIKeM 3aMeTHTb TaKIKe, 'ITO' 

MHoroo6pa3HIO aJIeMeHTOB OTBe'IaeT H MHoroo6pa3He ifJOPM ifJa30BbIx rpaHllll; 

MeIK,ll;y pa3JIH'IHhlMH MO,ll;HlpHKan;HHMH. PaCCMOTpeHHe npH'IHH TaKoro MHoro-

06pa3HH, oco6eHHO npH'IHH OTpHn;aTeJIbHbIX HaKJIOHOB KpHBbIX nJIaBJIeHHH 

H rpaHllll; MeIK,ll;y TBep~bIMH ifJa3aMH, MO}KeT nOCJIYIKHTb TeMoii: Cnen;HaJIbHOrO 

HCCJIe,ll;OBaHHH, HaM IKe XOTeJIOCb 6bI OCTaHOBHTbCH TOJIbKO Ha O,ll;HOM 06CTOH

TeJIbCTBe. 

XapaI{Tep 3aBHCHMOCTH TeMnepaTyphl nJIaBJIeHHH OT ,ll;aBJIeHHH o6cYIK

,ll;aJICH O'IeHb illHpOKO. ITo MHeHHIO aBTopOB pa60T 8 H 9, KpHBhle nJIaBJIeHHH 

,ll;OJIIKHbI 3aBepillaTbCH B KpHTH'IeCKoii: TO'IKe. KpoMe Toro, 6bIJIO BbICKa3aHO 

npe,ll;nOJIQ}KeHHe, 'ITO KpHBhle nJIaBJIeHHH 6Y,ll;YT nO,ll;HHMaTbCH ~O H3BeCTHoro 

TeMnepaTypHoro MaKCHMYJl1a, a 3aTeM na~aTb. B aTOM CJIY'lae MOIKeT OKa-

3aTbCH, 'ITO npH ,ll;OCTaTO'lHO BhlCOKHX TeMnepaTypax HHKaKHM, ,ll;aIKe CaMbIM 

BhlCOKHM, ,ll;3.BJIeHHeM He y~acTcH 3aCTaBHTb Bem;eCTBO 06peCTH KpHCTaJIJIH

'leCKyro CTpyKTypy 10. 

BpH,ll;IKMeH Ha OCHOBaHHH paCCMOTpeHHH CBOHX aKcnepHMeHTaJIbHbIX 

,ll;aHHbIX 3aKJIIO'IHJI, 'ITO HOpMaJIbHbIM BH,ll;OM ~JIH KPHBOii: nJIaBJIeHHH HBJIHeTCJI! 

MOHOTOHHoe B03paCTaHHe C ~aBJIeHHeJl1 ll. 8TOT xapaKTep 3aBHCHMOCTH 

y~OBJIeTBOpHTeJIbHO onHCbIBaJICH ypaBHeHHeM CHMOHa, HMeIOm;HM BH,ll; 

P + Po=bTC
, 

r,ll;e b H C - nOCTOJlHHble BeJIH'IHHbI, a Po - BHyTpeHHee ~aBJIeHHe, HOTopoe 

Heo6xo,ll;HMO npeO,ll;OJIeTb, 'ITo6b1 TBep,ll;Oe Bem;ecTBo paCnJIaBHJIOCb rrpH a6co
JIIOTHOM HyJIe 12, 13. 

MHeHHe BpH,ll;IKJI1eHa 6bIJIO 06m;enpHHHTblM O'leHb ,ll;oJIroe BpeMH, o,ll;HaKo 

3a nOCJIe,ll;HHe rO,ll;bI 6bIJI nOJIY'leH 3Ha'IHTeJIbHbIH aKcnepHMeHTaJIbHbIii: MaTe

pHaJI B 60JIee illHPOKOM ~Hana30He ,ll;aBJIeHHii:. PaCCMaTpHBaH P - T-,ll;Ha

rpaMMbI pa3JIH'IHbIX aJIeMeHTOB, MOIKHO BH,ll;eTb, 'ITO OTpHn;aTeJIbHblii: HaKJIOH 

KPHBOii: nJIaBJIeHHH YIKe HeJIb3H C'lHTaTb aHOMaJIHeii:: ' aTO HBJIeHHe CTOJIb IKe 

3aKOHOMepHO, KaK H ee nOJIOIKHTeJIbHbIii: HaKJIOH. "YpaBHeHHe CHMOHa crrpa

Be~JIHBO JIHillb npH MaJIbIX ~aBJIeHHHX H COBceM He COOTBeTcTByeT HCTHHe 

B Tex CJIY'laHX, KOr,ll;a KpHBbIe nJIaBJIeHHH HMeIOT OTpHn;aTeJIbHblii: HaKJIOH 

(KaK aTO Ha6JIIO~aeTCH y BHC.MYTa, CypbMbI, raJIJIHH, KpeMHHH, repMaHHH 

H ,ll;pyrHx aJIeMeHTOB) JIH60 npOXO~HT 'lepe3 MaKCHMYM (KaK B CJIy'lae n;e3HH, 
6apHH HJIH TeJIJIypa) HJIH MHHHMyM (KaK aTO npOHCXO,ll;HT y n;epHH) . 

Heo6xo~HMO OTMeTHTb, 'ITO, nO-BH,ll;HMOMY, MOHOTOHHbIH xapaKTep KpH

BOH nJIaBJIeHHH HBJIHeTCH npHHa~JIeIKHOCTbIO aJIeMeHTOB, y KOTOPhlX no.u; 

,ll;eHCTBHeM ,ll;aBJIeHHH He rrpOHCXO,ll;HT H3MeHeHHH ynaKoBKH aTOMOB B TBep

,ll;OH HJIH IKH,ll;KOH ifJa3e. 

*) 0630P q,aaOBhlx P - T-~HarpaMM OXBaTbIBaeT pa60Thl, ony6JIHKOBaHHhle no 
Mali: 1965 r. 
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OOm;eH TeHp;eHIl;liIeH B CMeHe rrOJIlIMOP<PHb1X MOP;lI<pHKaIl;1IH :3JIeMeHTOB 

C POCTOM ,llaBJIeHlIH HBmleTCH rrepexop; K 60JIee IIJIOTHO yrraKoBaHHhlM, K 60JIee 

yrropHp;OlJeHRhlM CTpYKTypaM. 8TOT rrepexop; corrpOBomp;aeTCH B03paCTaHlIeM 

Koopp;lIHa~lIOHHOrO lJlICJIa 1I YBeJIlI'IeHlIeM KO:3<p<plI~eHTa 3arrOJIHeHlIH rrpo

cTpaHcTBa . OlJeHI; 'IaCTO 06m;eH P;JIH Bcex :3JIeMeHTOB rpyrrllnI HBJIHeTCH rrOCJIe

P;OBaTeJI-l;HOCTb, C KOTOPOH Kpl!l.CTaJIJIl!l.lJeCKaH cTpyKTypa OP;HOH rroJIl!l.MOP<PHOH 

MOP;lI<PlIKaIl;liIlI CMeHHeT p;pyryIO rro Mepe pOCTa p;aBJIeHlIH. B HeKOTopblX rpyrr

rrax, HarrplIMep IV-B, V-B, :3Ta rrOCJIep;OBaTeJIbHOCTb COBrrap;aeT C TOM, C IWTO

pOH rrplI 06b1'IRhlx YCJIOBlIHX 1I3MeHHeTCH KplICTaJIJIlI'IeCRaH cTpyRTypa rrplI 

rrepexop;e OT :3JIeMeHTa K :3JIeMeHTY BHyTPl!l. rpyrrrrbI. 8TlI TeHp;eHIl;lIlI TeCHO 

CBH3aRhl C Ha6JIIOp;aIOm;lIMCH rrOp;061IeM <pa30Bhlx P - T-p;lIarpaMM 1I BMeCTe 

C HlIM MoryT CJIymlITb OCHOBaHlIeM P;JIH rrpep;rrOJIOmeHlIn 06 em;e He 1I3yqeHRhlX 

RplICTaJIJIlI'IeCKlIX CTpyRTypax lIJIlI Bo06m;e TPYP;Hop;ocTyrrHblx MOP;lI<plIKaIl;lIll: 

. BbICOKoro p;aBJIeHlIH. 

B rrpaRTlII{e BbICOKlIX p;aBJIeHlIH P;JIH 1I3YlJeHIDI CTpyKTyp rrOJIlIMoP<PHbIX 

MOP;lI<PlIRaIl;lIH lICrrOJIb3yroTCH peHTreHOBCKlIe KaMephl p;aBJIeHlIH pa3JIlIlJRhlX 

KOHCTPyK~lIH 14-19. Bce OHlI OCHOBaRhl Ha rrplIMeHeHlIlI B Ka'IeCTBe cocyp;a 

p;aBJIeHlIH, cop;epmam;ero lICrrbITyeMoe Bem;eCTBO, MaTeplIaJIOB, OTHOClITeJIbHO 

rrp03pa'IRhlX P;JIH peHTreHOBCRlIX JIY'IeM; 'Iam;e Bcero p;JIH 1I3rOTOBJIeHlIH cocyp;a 

BhlCORoro p;aBJIeHlIH peHTreHoBcRoH RaMephl lICrrOJIb3yeTcH aMoP<PHhlH 60p, 

6eplIJIJIlIH lIJIlI aJIMa3. B :3TlIX CJIyqaHx BMeCTe C 06pa3~oM B rrpo~ecce pac

CeHHlIH peHTreHOBCKlIX JIYlJeH rrplIHlIMaeT yqaCTlIe 1I cocyp; p;aBJIeHlIH, 'ITO 

rrplIBOp;lIT K YBeJIlIlJeHlIIO 06m;ero <poHa Ha peHTreHorpaMMe 1I rrOTepe pHp;a 

pe<pJIeRCOB OT 06pa3~a, oco6eHHo pe<pJIeKCOB cJIa60ll: lIHTeHClIBHOCTlI. Orrepa

~lIH peHTreHOBCKoH C'.beMRlI B RaMepax p;aBJIeHlIH lIMeeT 1I pHP; p;pyrlIX Tpyp;

HocTeH, ROTOPhlX MIll He 6yp;eM KacaTbCH, op;HaRO Bce OHlI CTaBHT peHTreHO

CTPYKTYPHbrii: aHaJI1I3 rrop; p;aBJIeHlIeM B pa3pHp; Ha1I60JIee Tpyp;HbIX <p1I3lI'IeCRlIX 

:3KCrreplIMeHTOB cOBpeMeHHOCTlI. 8TlIMlI TPYP;HOCTHMlI 1I 06'.bHCHHeTcH ceii'Iac 

OTCYTcTBlIe pe3YJIbTaTOB P;JIH MHOrlIX 1I3 1I3BeCTHhlX rrOJIlIMoP<PHhlX MOP;lI

<plIKa~lIH BhlCOKoro p;aBJIeHlIH pa3JI1I'IRhlX Bem;ecTB. 

B CBeTe 1I3JIOmeHHOro CTaHOBlITCH OlJeBlIp;HO, HaCKOJIbRO BamHbI 060CHO

BaHIlhle rrpep;rrOJIOmeHlIH OTHOClITeJIbHO KplICTaJIJIlI'IeCRlIX CTpyRTyp <pa3 

BbICOKoro p;aBJIeHlIH. PaCCMOTplIM Terrepb rrOJIlIMOP<P1I3M :3JIeMeHTOB rreplIop;lI

qeCROH ClICTeMIll Ha OCHOBaHlIlI <paRTlI'IeCKOrO MaTeplIaJIa. 

2. IJJ;EJIOqHhIE METAJIJIhI I-A rpYIIIIhI 

Bce m;eJIOlJHbIe MeTaJIJIhl rrplI 06hI'IHbIX YCJIOBlIHX RplICTaJIJI1I3YIOTCH 

B cTpyKType Ry61I'IeCROH 06'.beMHO~eHTplIpOBaHHoH, TlIrra A2 *), C RO:3<P<PlI

lJ;lIeHTOM 3arrOJIHeHlIH (OTHOmeHlIe 06'.beMa, 3aHlIMaeMoro aTOMaMlI, K 06'.beMY 

BceM H'IeHRlI) cp = 0,68. IIplI OXJIamp;eH1I1I JI1I60 rrop; p;eHCTBlIeM p;aBJIeHlIH lIX 

KplICTaJIJIlI'IeCRaH CTpYKTypa 1I3MeHHeTCH. 8TO XOpOmOBlIp;HO Ha <pa30BbIX 

P - T-p;lIarpaMMax, ROTOPbIe rrpep;CTaBJIeHbI Ha plIC. 1. 
Ha1I60JIee 3aROH'IeHHhlH BlIP; B 06JIaCTlI p;aBJIeHlIH p;o 60 1£6ap **) lIMeeT 

P - T-p;lIarpaMMa n; e 3 1I JI. I'I3Y'IaH 1I3MeHeHlIe 06'.beMa n;e3lIH 1I ero :3JIeK

TpOCOrrpOTlIBJIeHlIe B 3aBlIClIMOCTlI OT p;aBJIeHlIH, BplIp;l-RMeH YCTaHOmIJI cym;e

CTBOBaHlIe p;ByX rrOJIlIMOP<PRhlX rrepexop;OB-rrplI 23 1I 45 1£6ap 20,21. Ocooo 

BamHbIMlI Torp;a Ka3aJIlICb pe3YJIbTaTbI, HaHp;eHRhle P;JIH rrepexop;a, IIp;ym;ero 

rrplI 45 1£6ap, TaR KaK :3TOT rrepexop; corrpOBOmp;aJICH yp;lIBlITeJIbHO 60JIbmlIM 

CRa'IROM 06'.beMa (12 %) 1I 1I3MeHeHlIeM :3JIeKTpOCOrrpOTlIBJIeHlIH Heo6bI'IHOrO 

BlIp;a - RplIBaH lIMeJIa BlIP; rrlIRa. BrrOCJIep;CTBlIlI n;e31IH rrOCJIymlIJI 06'.beKTOM 

*) 3p;eCb H p;aJIee MhI HCrrOJIb3yeM 0603Ha'leHHlI CTPYRTYP, rrpep;JIOmeHHhle B «Struk
.turbericht» . A2 - Ry6 06'I>eMHOn;eHTpHpOBaHHhlH, TlilII DOJIb<ppaMa. 

**) 1 6ap - 106 iJun/c},£2 = 1,0197 Kr/Cj\t 2 = 0,98692 HOpM. aTM. 
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PIle. 1. l1>aaoBhle P - T-J\lIarpaMMhl Li, Na, K , Rb Il es. 
HplmbJe llJIaBJlCHHfI rroJlyqCHI>l MeTO)1;OM AT A B pal'ioTe ". TO'lRaMJIl Ha OCH aI'iCI\JIlCC )1;JIlarpaMM Li 
H Na OTMeqCHbl TeMnepaTYPbl rrOJlHMop(jJHbIX rrcpCXOAOB ", SBeSAO'lRaMH Ha Bcex AHarpaMMaX ol'iosHa
'leHbI KOOpl(HHaTbI rrOJlHMop(jJHhlX rrepeXOI(OB, ol'iHapymeBHble no CKa'IKaM 3J1eKTpOConpOTHBJleHHII ". 
lIo CHaQHaM 3J1CKTpOConpOTHBJlCHHH nOCTpoeHa BepXHHH HpHHaH nJlaBJleHHH Rb H yqacToH (jJaSOBot\ 
rpaHKlIbI RbI - RbII, rrpoBCACHHhlit Ha I(HarpaMMe crrJlonrnoll: JlJIlHHell: '0 . AHal'paMMa CS)1;O 60 n6ap 
nOJlyqeHa MeTOAOM ATA B pal'ioTe ", rrOJlHMop(jJHble nCpeXOl(hl npH 175 n6ap ol'iHapymcHbi no CHaQKaM 
3J1eKTp OCOnpOTHBJleHHH ". Ha 3THX I(HarpaMMax H l(aJlee n pel(nOJlaraeMbie (jJasoBbie rpaHKlIbl HaHe-

ceHbI nYHKTHpHblMH JIHHHHMH. 

7 Y<I>H, T. 88, BbIn. 1 
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O'leHb MHOrHX HCCJIe,n;OBaHHH; He,n;aBHO OhlJIO nOKaaaHO, 'ITO KpHBaH aaBHCH

MOCTH 3JIeKTpOCOnpOTHBJIeHHH n;eaHH OT ,n;aBJIeHHH HMeeT CKOpee BH,n; OCTpHH 
C nJIOCKOH nJIOm;a,n;KOH Ha BepmHHe 22. 

Ha pHC. 2 npe,n;CTaBJIeHa 3Ta aaBHCHMOCTb BMeCTe C KPHBOH, HaH,n;eHHoH 

BpH,n;mMeHoM. TaKoH BH,n; aaBHCHMOCTH p;aJI BoaMomHOCTb YTBepm,n;aTb, 'IT() 

B O'leHb yaKoM HHTepBaJIe ,n;aBJIeHHH (Bcero 0,5 /'i,6ap) cym;ecTByeT em;e o,n;Ha 

MO,n;H<pHKan;HH n;eaHH CsIII. 
<1>aaoBaH P - T-,n;HarpaMMa 3Toro MeTaJIJIa onpe,n;eJIeHa ,n;o 60 /'i,6ap 

H nOKaahlBaeT rpaHHn;hl OOJIaCTeH CTaOHJIbHOCTH Tpex MO,n;H<pHKan;HH

CsI, CsII H CsIV 23 . IDTpHx-nYHKTHpHOH JIHHHeH B paHoHe 175 /'i,6ap 

AR r--,r--'---'---r---'---r--.---'---~ 

To 
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20 10 80 80 

PlIC. 2. 3aBlIClIMOCTb 3JreKTpoconpOTRBJrellllH CS 
OT ;u;aBJIeIDIH (no pa60Te 22). 

illJ<aJIa AaBJIeHl'Ili AOJI)HHa 6b1Tb nOnpaBJIeHa IlJIli HPHBO:ll: 
BpHA)I{MeHa 3t : 100 x6ap no cTapo:ll: rrrnaJIe cooTBeTcTByeT 

80 n6ap no HOBO:ll:. 

Ha pHC. 1, a HaHeceH Y'laCTOK 

rpaHJiIllbI Mem,n;y <paaaMH BbICO

Koro ,n;aBJIeHHH, HaMe'leHHhlH 

no CKa'lKaM 3JIeKTpOConpOTHB
JIeHHH B paOOTe 24. 

PeHTreHOCTpYKTYPHbIM aHa

JIHaOM no,n; ,n;aBJIeHHeM OhlJIH 

onpe,n;eJIeHbI KpHCTaJIJIH'leCKHe 

CTpyKTYPbI MOp;H<pHKan;HH CsII 
H CsI II 22. OKaaaJIOCb, 'IT() 

Hcxo,n;HaH KYOH'leCKaH oo'])eM-

HOn;eHTpHpOBaHHaH pemeTKa . 

no,n; ,n;eHCTBHeM ,n;aBJIeHHH nepe

CTpaHBaeTCH B pemeTKY OOJIee 

nJIOTHYIO - KY0H'leCKYIO rpa

Hen;eHTpHpOBaHHYIO THlla Me,n;H 

(THn Ai) C nOCTOHHHOH opemeT

KH a = 5,984 ± 0,01 A (npH 

41 /'i,6ap). ,IJ;aJIbHeii:mee YBeJIH

'leHHe ,n;aBJIeHHH npHBo,n;HT K 

TOMY, 'ITO npH 42,2 /'i,6ap no

HBJIHeTCH HOBaH MO,n;H<pHKan;HH, 

HMeIOm;aH TY me KpHCTaJIJIH

'l0CKYIO CTPYKTYPY - Ry6H'l0-

CRYIO rpaHen;eHTpHpoBaHHYIO 

THna Ai, HO C MeHbmHM napa

MeTpOM H'leHKH: a = 5,800 ± 
± 0,007 (,n;JIH 42,5 /'i,6ap) . Pac

'leThI nOKaahlBaIOT, 'ITO HaOMOP<PHbIH nepexo,n; B n;eaHH C coxpaHeHHeM KPHC

TaJIJIH'leCKOH CTPYKTYPhl MomeT OhlTb peaYJIbTaTOM BHYTpeHHeH nepeCTpOHKH 

aTOMOB, a HMeHHO peaYJJbTaTOM nepexo,n;a BaJIeHTHbIX 3JIeKTpOHOB Ha 6s-co
CTOHHHH B COCTOHHHe 5d 5, 32 . . 

8JIeKTpOHHbIH nep'exo,n;, KOTOPhlH BHemHe BbIpamaeTCH HaOMop<pHhlM 

npeBpam;eHHeM THna Ai -+ Ai, ocym;eCTBJIHeTCH em;e Y o,n;Horo 3JIeMeHTa -

pe,n;KoaeMeJIbHOrO n;epHH . B 3TOM CJIyqae no,n; ,n;eHcTBHeM ,n;aBJIeHHH npOHC

XO,n;HT nepexo,n;' 3JIeKTpOHOB Ha COCTOHHHH 4/ B COCTOHHHe 5d. 
B paOOTe 22 ObIJIH nOJIY'leHbI ,n;eoaerpaMMbI H OT MO,n;H<pHKan;HH CsIV, 

o,n;HaKO B 3TOM CJIY'lae He OhlJIO BoaMomHOCTH npOBeCTH YBepeHHoe HH,n;JiIllHpO

BaHHe ,n;H<ppaKn;HOHHhlX pe<pJIeKCOB . IIoJIyqeHHhle peHTreHOrpaMMhl ,n;aIOT 

OCHOBaHHe npep;nOJIaraTb HaJIH'lHe B CTpYKType 3TOH MOp;H<pHKan;HH ,n;e<peK

TOB ynaKoBKH HJIH CTPYKTYPY CO c,n;BoeHHhlMH OCHMH c reKCarOHaJIbHOH nJIOT

HoynaKoBaHHoH pemeTKH nop;ooHo TOMY, KaK no ocym;eCTBJIHeTCH ,n;JIH .pep;KHX 

aeMeJIb THna JIaHTaHa (pemeTKa THna A3')" 
B CBHaH C 3THM CJIe,n;yeT OTMeTHTb, 'ITO CTPYKTYPhl: KyorieCKaH rpaHen;eH

TpHpOBaHHaH THna Ai, reKCarOHaJIbHaH nJIOTHoynaKoBaHHaH THna MarHHH 
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A3 H nma JIaHTaHa A3' -O'IeHb 6JIH3KH no ynaKoBKe CJIOeB. 8TO nOJIOIfWHHe 

6yp,eT nOHHTHO, eCJllI paCCMOTpeTb pHC. 3 H 4, Ha KOTOPlllX npe,n:CTaBJIeHhl 

3JIeMeHTapHllle H'IeHRH 3THX Tpex CTpyRTyp. lITaR, ,n:JIH Mo,n:HqlHRaD;HH BhlCO

I<oro AaBJIeHHH CsIV KaiReTCH BnOJIHe BepoHTHoH cTpyRTypa reRCarOHaJIb

BaH nJIOTHoynaI<OBaBBaH T1'ma A3. 
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P.KC. 3. PacnOJlOfl{em<re aTOMOB B Cl'pYKTypax ret{CarOHaJIbFIhlX TlJIOTHO
yrralwBaHHhlX. 

a) THlT Mg A3; 6) THfI Ln A3'. 

P y 6 l:I A l:I H 06JIaAaeT <pl:I3l:1'IeCKl:IMl:I l:I Xl:IMl:I'IeCRMMl:I CBOHCTBaMl:I, 

BeCbMa 6JIl:I3Kl:IMl:I I{ CBOHCTBaM D;e3HH, H MOIf{eT l:IMeTll no,n:06HYIO D;e3l:1IO 

<Pa30BYIO P - T-AHarpaMMY. ECJIH 3TO nOJIOiReHHe BepHO, TO ,n:HarpaMMa 

py6H,n:l:IH 6y,n:eT l:IMeTb Bl:IA, 6JIl:I3KHll: K 

TOMY, 'ITO MOiRHO Bl:IAeTb Ha Pl:lC. 1, 3. To 

}Ke caMoe MOiRHO OTHeCTl:I l:I K K a JI l:I IO: 

CeH'IaC Ha ero P - T-AHarpaMMe yCTa

HOBJIeH JIHrnll Y'IaCTOK KPl:lBOH nJIaBJIe

HHH AO 60 1£6ap 27 l:I ABe TO'II{l:I, rAe 

6bIJIH 3a<pl:IKCHpOBaHhl CKaQKH 3JIeKTpOCo

npOTHBJIeHl:IH 28 . 3,n:eCb l:I B ,n:aJIbHeHrneM 

B03MOiRHhle <pa30BbIe rpaHl:ID;hI npoBe

AeHbl nyHKTHpHbIMH JIHHHHMH. 

JI l:I T l:I H H HaT pHIl, B03Mom

HO, 06HapY}KaT 60JIee npOCThle AHarpaM

MhI, "<ITO CB1I3aHO C 60JIee npOCTbIM CTpoe

Hl:IeM HX aTOMOB . Y JIHTHH H HaTpHH 

rpaHHD;a Me,RAY <pa3aMl:I I H II BhIXOAHT 

t (III) 
~!.-4 :::. 
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PRC. 4. PacrrOJIOmeHlIe aTOMOB 1t. 
Ha OCb TeMnepaTYP H HH3KoTeMnepaTypHaH Cl'pyKl'ype Ky6H'IeCKOH rpaReI\ellTplI-

<p a3a 6hIJIa l:ICCJIeAOBaHa npH aTMoc<pePHOM pOBaRRoii: TIIIIa eu Ai. 
AaBJIeHHl:I. PeHTreHOCTpYKTYPHhlll aHaJIH3 3J1eMeHTapRaa aqelllia H306pamcRa B 
nOKa3aJI, 'ITO nOCJIe nOJIl:IMOP<PHoro ' reKCarOHaJlbRblX ocax. 

nepexoAa 3Tl:I MeTaJIJIhI l:IMeIOT perneTKY 

reKCarOHaJIhHYIO nJIOTHoynaKoBaHHYIO (THn A3), aHaJIOrHQHYIO perneTKe· 

MarHl:IlI 29. 

ITo cpaBHeHHIO C HCXOAHOH Ky6H'IeCKOH 06'LeMHOn;eHTpl:lpOBaHHoii: CTPYK

Typoii 3Ta CTpyKTypa 60JIee KOMnaKTHa, OHa l:IMeeT Koa<p<PHD;l:IeHT 3anOJIHe

HHII cp = 0,74. 
7*' 
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3. ~EJIOlIH03EMEJIbHhIE METAJIJIhI rp"YIIIIhI II-A 

8JIeMeHTbI II-A rpyIIIIhl paCCMOTpRM B Toii IIOCJIep;OBaTeJIbHOCTR, B KOTO

poii OHH CTOHT B IIepHOp;H'leCKOii Ta6J1ln~e. MeTaJIJIH'leCKHii 6epHJIJIRii IIPR 

06J:iI1IHhlX YCJIOBRHX KpRCTaJIJIR3yeTcH, KaK Hero cocep; MarHHii, B pemeTKe 

reKCarOHaJIbHOii IIJIOTHOYIIaKOBaHHoii (THII A3). Hyamo OTMeTRTb, qTO 

B rpyIIIIe II Ta6JI~hl e~e p;Ba :meMeHTa - ~RHK H Kap;MHii - HMeIOT IIop;06-

HyIO pemeTKy, H eCJIH Hp;eaJIbROe OTHomeHHe oceii P;JIH 3Toro THIIa CTpyKTyp 

cia = 1,63, TO 6epHJIJIHii H MarRO HMeIOT '!yTb CIIJIIOCHYTyro IIO OCR C HqeiiKY, 

a ~RHK H Kap;MHH HMeIOT H'IeHKY, HeHOpMaJIbHO BhlTHHYTyIO IIO :)TOH OCR . 
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Pile. 5. P - T-AllarpaMMN Ca II Sr (no AaHHLIM MeTOAa .IJ:TA 36). 
f{PYffiKaMlf OTMe 'le llbl YCJlOBHfI, rrpH HOTOPhrX B pl'IlIffiMeH Ha6mOllaJi CH a 'lHl'I 06'heMa " . 

B e p H JI JI R ii 06JIap;aeT HeCKOJIbKO He06hl'lHhlM BhlCOKOTeMIIepaTYP

HhlM II,?JIHMOPtPH3MOM - IIpH 1254° C ero KpHCTaJIJIH'leCKaH cTpyKTypa H3Me

HHeTCH B CTpyKTypy Ry6HqecKYIO 061>eMHO~eRTpHpOBaHHYIO (THII A2) 33, IIpH

qeM BhlCOKOTeMIIepaTypHaH tPa3a 06JIap;aeT 66JIbmeii IIJIOTHOCTbIO. B03MomRO, 

'ITO 9Ta tPa3a HBJIHeTCH YCTOHqHBOii H IIpH BJ:JCOKHX p;aBJIeHRHX. B 9TOM CJIy

qae rpaH~a Mem)w p;ByMH tPa3aMH CO CTpyKTypaMH A3 R A2 IIoiip;eT C OTPH

~aTeJIbHhlM HaKJIOHOM H IIpH KOMRaTHOH TeMIIepaType IIepeCe'leT OCb p;aBJIe

HRii B paiioHe 93 .,.6ap, rp;e Ha6JIIOp;aJICH pe3KRH CKa'lOK 9JIeKTpOCOIIpOTHBJIe

HRH, IIpHIIHcJ:JBaeMJ:Jii IIOJIHMOPtPHOMY IIepexop;y 34. 

Y Mar H H H He 6J:JJIO HaHp;eHo IIOJIHMOPtPH3Ma HH C POCTOM TeMIIepaTypbl, 

HH IIOP; p;aBJIeHReM. BIIJIOTb p;o 500 .,.6ap 9JIeKTpOCOIIpOTRBJIeHHe MarHHH R3Me

HHeTCH MOHOTOHHO, IIOKa3J:JBaH JIHmb HeCKOJIbKO JIerKRX MaKCHMYMOB H MHHH

MYMOB 35 . RpHBhle IIJIaBJIeHRH 9TH X MeTaJIJIOB e~e He IIOJIyqeHhl. 

<l>a30BJ:Je P - T-p;HarpaMMJ:J K a JI b ~ R H H C T P 0 H ~ H H IIOCTpoeHhl 

P;O p;aBJIeHHii 40 .,.6ap 36; OHH IIOKa3aHhl Ha pRC. 5, a H 6. RpHCTaJIJIH-

3yIO~ecH IIpH 06J:iI1IHhlX YCJIOBHHX B pemeTKe Ky6H'1ecKoii rpaHe~eHTpHpo
BaHHoH (TRII At), 3TH MeTaJIJIJ:J C HarpeBaHHeM HCIIhlTJ:JBaIOT IIOJIRMOPtPHhlii 

IIepexop; C H3MeHeHHeM CTpyKTypJ:J Ha Ky6H'1eCKYIO 061>eMHO~eHTpRpOBaHHYIO 
(THII A2). M3 tPa30BJ:JX p;HarpaMM CJIep;yeT, qTO BJ:JCOKOTeMIIepaTypHhle tPa3J:J 

<lTRX 9JIeMeHTOB YCTOHqHBJ:J H IIpH BhlCOKHX p;aBJIeHRHX. HymHo OTMeTHTb, 

qTO Ha MaTepHaJIaX, HMeIO~X 3HaqHTeJIbHhle IIpRMeCR, Ha6JIIOp;aJIRCb YCToii

qHBhle tPa3hl CO CTPYKTYPOH reKCarOHaJIbHOii (THII A3), op;HaKO OqHCTKa Ca 

H Sr II03BOJIRJIa YCTaHOBRTb, 'ITO MaTepHaJIhl 6e3 IIpRMeceH HMeIOT JIRmb p;Be 

OIIRcaHHhle BJ:Jme tPa3J:J 38 . B03MomHO, 'ITO CKaqKliI 061>eMa, Ha6JIIOp;eHHhle 

BpRp;mMeHOM B KaJIb~HR R 'CTpO~RR (Ha P - T-)l;HarpaMMax OHH 0603HaqeHhl 

KpymKaMR), 06YCJIOBJIeHhl HMeRHO IIpHMecHMH. PeHTreHoBcKo aHaJIH3 tPa3J:J 

BhlCOKoro p;aBJIeHRH CTpOH~RH, IIpoBep;eHHJ:Jii IIpH 40 .,.6ap R KOMHaTHoii 
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TeMIIepaType, y6ep;HTeJIbHO p;OKa3aJI ee Hp;eHTJiIllHOCTb BblcoKoTeMIIepaTYP

HOH MOP;HtPHKaD;HH 39. TOmp;eCTBeHHOe CXOP;CTBO KpHBhlX 3aBHCHMOCTH 

aJIeKTpOCOIIpOTHBJIeHHH OT p;aBJIeHHH CTPOHD;HH H KaJIbD;HH II03BOJIHeT IIpep;

JIOJIaraTb, 'ITO nepexop;hl B CTpOHD;HH npH 35 1'>6ap H B KaJIbD;HH IIpH 

375 1'>6ap 35 HMeIOT Op;HHaKOByro npHpop;y; aTH KpHBhle MOmHO YBHp;eTb 

Ha pHC. 6 H 7. B aTOM CJIyqae rpaHHIJ;a Memp;y TBepp;hlMH tPa3aMH KaJIbD;HH 

IIoHp;eT BHa'IaJIe napaJIJIeJIbHO KPHBOH IIJIaBJIeHHH, nOBepHeT B CTOPOHY OCH 

p;aBJIeHHH, MHHyeT Koopp;HHaTY 

P = 375 1'>6ap, T = 20° C H nepe

Ce'IeT OCb p;aBJIeH1IH B 06JIaCTH 

a6COJIIOTHOrO HYJIH TeMIIepaTYP IIOP; 

IIpHMhlM yrJIOM. B aTOM CJIyqae, 
~2,0 

KaK no 6hlJIO 11 P;JIH ru;eJIO'IHhlX Me- !:l 

TaJIJIOB, P - T-p;HarpaMMa CTPOH- 11.8 
D;HH 6yp;eT «cmaThlM» Bap1laHTOM ~ 
P T ~ /" - -p;1IarpaMMhl CBoero IIpep;hl- ~ 

p;yru;ero cocep;a - KaJIbD;1IH. 
48 

• 2!l( } IlJOfflt:pMhI • 77 • 
- MOIfCUMYM, 
- MUHUM!lM 

MeTaJIJIJiIlleCK1IH 6 a p 11 H IIO 

CB01lM CBO:D:CTBaM ropa3p;o 6JI1Ime K 

aJIeMeHTaM rpYIIIIhl I -A, p;a H Kp1l

CTaJIJI1I3yeTcH OH IIp1l 06hl'lHhlX 

YCJIOB1IHX B peIIIeTKe K y6JiIlleCKOH 

06'beMHOD;eHTp1lpOBaHHoH. Ero tPa30-

BaH P - T-p;HarpaMMa, IIOKa3aH-

Q~~--"~VO~~~~V~~M~V~~~~V~~Si;W~~~~~~~ 
P'lfO 

PRC. 6. 3aBRCHMOCTb :meKTpoconpOTHBJIeIDIIl 
Sr OT AaBJIeHHJI (no pa60Te 35). 

HaH Ha P1lC. 8, Tome BeCbMa HanOM1IHaeT P - T-p;HarpaMMhl ru;eJIO'IHhlX 

MeTaJIJIOB. IIocTpoeHa tPa30BaH p;1IarpaMMa 6apHH IIO p;aHHhlM HeCKOJIbK1IX 

pa6oT: Kp1lBaH IIJIaBJIeHHH p;o 70 1'>6ap HaHp;eHa P;H<p<pepeHD;1IaJIbHO-TepM1I

'IeCK1IM aHaJI1I30M (MeTop;oM ,1l;T A), a P;JIH rpaHHIJ; Memp;y TBepp;hlM1I 

20 

o JOO 400 300 800 
p .. trQ 

PRC. 7. 3aBlIcm,lOcTb :lJIeKTpOConpOTRBJIeHHJI Ca OT p;aB
JIeHlIJI (no pa60Te 35). 

<pa3aM1I BaI - Ball IIOJIyqeHhl pa3HOpe'l1lBhle p;aHHble. ,1l;HtPtPepeHD;HaJIb

HO-TepMJiIlleCKHH aHaJI1I3 p;aeT rpaHHIJ;y C IIOJIOmHTeJIbHhlM HaKJIOHOM 40, a 

MeTOp; CKa'IKOB aJIeKTpOCOIIpOTHBJIeHHH - tPa30BYIO rpaHHIJ;y C OTpHIJ;a

TeJIbHhlM HaKJIOHOM 41. "Y'IaCTOK KP1lBOH IIJIaBJIeHHH H tPa30BaH rpaHHIJ;a 

BaI - Ball, IIocTpoeHHhle no aTHM p;aHHhlM, Ha pHC. 8 0603Ha'IeHhl IIITPHX

nYHKT1IpHhlMH JIHHHHMH. IIpop;oJImeHHe KP1IBOH IIJIaBJIeHHH 11 tPa30BaH 

rpaHHIJ;a Ball - BallI B paHoHe p;aBJIeHHH OT 140 p;o 400 1'>6ap Tome HaH

p;eHhl no CKa'IKaM aJIeRTpOCOIIpOTHBJleHHH 35. "Y'IaCTOK rpaHHIJ;hl Memp;y TBep-
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,n;hlMH !J!a3aMH B paHoHe 15-20 1£6ap nOJIY'leH BpH,n;iRMeHOM 1'13 H3MepeHHH 

CKa'lKa 06'beMa npH nOJIHMop!J!HOM nepexo,n;e 42. PeHTreHOBCKHH aHaJIH3, 

npOBe,n;eHHhlH npH KOMHaTHOH TeMnepaType ,n;o ,n;aBJIeHHH 60JIee 60 1£6ap, 
He 06HapYiRHJI KaKHX-JIH60 H3MeHeHHH CTpyKTyphl BnJIOTb ,n;o 59/'i,6ap, Kor,n;a 

r."K OOjil/ti . 
~Mr-~~~~~~~~~~~--~~~~~~~~-; 

1100 "-
IMO~ 
.900 ~ ~, Jl(l/rllf 
8{J(J • \ 

7(}() \ \ _ 

/ \ r " 
/j{]0 . / \ 

500 \ \/ \\ 
400 ~ 

~',.~ ~ " ,' " o ~~/j{] ••• M .... __ ... N_._ 
P,IfO 

PRe. 8. <l>aaonaH P - T-JCffarpaMMa Ea. 
Kpl1BaR nJIaBJIeHl1R 11 yqacTO}( illasoBoH rpaHHI\hI B patioHe 60 ,,6ap, 
npOBe)l;eHHble CnJIOmHoi! JIHHHei!, nocTpocHbI no )l;allHbThl MeTO)l;a 
,ll;TA 40. ¥qaCTOH rpaHl1I(bI B OOJIaCTH 15-20 ,,6ap naJ.\l1:eH BpH)l;lRMe
HOM no CHaq}(aM 66'bCMa ". rnTpRX-nynHTI1PHoi! JIl1Hl1eiI rrpOBe)l;eHbI 
}(pUBaR nJIaBJIeHUR 11 illaaOBaR rpaHl1lla, DOJIyqenHble MeTO)l;OM CHaq
HOB COnpOTI1BJIeHlfR B pa60Te"; 3Tl1M )He MeTO)l;OM Hait)l;eH yqaCTO}( 

)l;lIarpaMMbI OT i40 11:0 400 ,,6ap " . 

,n;H!J!paK~HOHHaH KapTHHa H3MeHHJIaCh, COnpOBOiR,n;aHCb pe3KHM B03paCTa

HHeM 3JIeKTpOCOnpOTHBJIeHHH 43. ,IJ,aHHhIe peHTreHOCTpYKTypHOrO aHaJIH3a 

nOKa3aJIH, 'lTO Mo,n;H!J!HKa~HH Ball HMeeT CTPYKTYPY reKCarOHaJIhHYIO nJIOTHO

ynaKOBaHHYIO THna A3. 

4. METAJIJIhl rpYIUIbI II-B 

RaK MbI YiRe ynoMHHaJUI, ~ H H K H K a ,n; M H H HMeIOT CTpyKTypy 

reKCarOHaJIhHYIO nJIOTHoynaKoBaHHYIO THna A3, CHJIhHO BhlTHHyTyIO no OCH 

c . OTHorneIDle oceH ,n;JIH ~HHKa cia = 1 86, a ,n;JIH Ka,n;MHH cia = 1,89, T. e . 

MeiRaTOMHhIe CBH3H B reKCarOHaJIhHhlX CJIOHX CHJIhHee, 'leM B,n;OJIh OCH C 

MeiR,n;y CJIOHMH. Y pTyTH CHJIhl CBH3H B KpHCTaJIJIlPIeCKOH perneTKe em;e CJIa-

6ee H npH 06bPIHhlX YCJIOBHHX OHa cym;ecTByeT B BH,n;e iRH,n;KOCTH. I1pH3aTBep

,n;eBaHHH pTyTh KpHCTaJIJIImyeTcH B a-Mo,n;H!J!HKa~HH C perneTIWH pOM6H'leCKOH 

THna A10 C O,n;HHM aTOMOM B H'leHKe. STY CTpyKTypy TOiRe MO}KHO onHca'rh 

B reKCarOHaJIbHhIX OCHX; Tor,n;a OKa3hlBaeTCH, 'lTO B 3TOM CJIY'lae OTHorneHHe 

oceH cia = 1,94. 
lITaK, MeTaJIJIhl rpynIThl Il-B 06JIa,n;aIOT BeChMa PbIXJIOH CTPYKTYPOH 

C 60JIbrnOH aHH30TpOITHeH !J!H3HlJeCKHX CBOHCTB; TaK, ,n;JIH Ka,n;MHH, HanpH

Mep, CiRHMaeMOCTh no OCH c B ceMh pa3 60JIbrne CiRHMaeMOCTH no OCH a. 
Ha nOJIHKpHCTaJIJIlPIeCKHX 06pa3~ax Ka,n;MHH H ~HHKa nOJIHMOp!J!H3M 

He 6hlJI 06HapYiReH ,n;o 100 1£6ap 37. O,n;HaKO Ha MOHOKpHCTaJIJIaX Ka,n;MHH 

BpH,n;iRMeH Ha6mo,n;aJI OT'leTJIHBhle CKa'lKH 06'beMa B 06JIaCTH,n;0 10 1£6ap 44; 

OH ,n;aiRe nOCTpOHJI Y'laCTKH !J!a30BhlX rpaHH~, npe,n;nOJIaraH 3,n;eCh nOJIHMop!J!

Hhle nepexo,ll;bI. Ha !J!a30BOH ,n;HarpaMMe Ka,n;MHH, nOKa3aHHOH Ha pHC. 9, 6, 
,n;aHHbIM BpH,n;iRMeHa cooTBeTcTByIOT KopOTKHe BeTBH B paHoHe 10 1£6ap . 
P eHTreHoBcKHH aHaJIH3 6hlJI npOBe,n;eH Ha nOJIHKpHCTaJIJIlPIeCKHX 06pa3~ax 
Ka,n;MHH H He nOKa3aJI KaKHX-JIH60 H3MeHeIDlH CTpyKTyphl ,n;o ,n;aBJIeHHH 

16 1£6ap 46; B03MOiRHO, 'lTO BpH,n;iRMeH Ha6JIIO,n;aJI ,n;B OHHHKOBaHHe MOHO-
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KpHCTaJlJlOB no,ll; ,ll;aBJleHHeM, TeM 6oJIee, 'ITO ,ll;Boii:HHKoBaH11e B Ka,ll;MHH H,ll;eT 

<lpe3BbI'laIlHO JIerKO 47. 

<Pa30BaH P - T-,ll;HarpaMMa p T Y T H nOKa3aHa Ha pHC. 10;:BH,ll;HO, 

<ITO rpaH11n;a Me/H,ll;Y TBep,ll;bIM11 !JJa3aM11 a 11 ~ 11,ll;eT nO'IT11 IIapaJIJIeJIbHO 

900 /l(ljQIf. 

:~ 
600 
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400 
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200 

100 
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400 

300 II 
200 

100 
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(J) P, If 0 0) P'IfO 

PIIC. 9. P - T-.n;Rarpa~1MbI Zn R Cd. 
HpHDbte IlJIaDJIemUi IlOJIY'IeRhI MCTO)(OM .D:TA " . Y'IaCTK I{ rpaHII~ Mell<)(Y 
TSep)(bIMH <l>aaaMH Cd Hait)(eHhI no Cf{a'lt{aM OO'beMa Ha MOHOf{PI1-

CTaJIJIaX 44. 

~-Hg YCTo:wmBa IIpH HH3KHX 

ee HCCJIe,ll;OBaJl11 C IIOMOm:bIO 

RP11Boii: nJlaBJleH11H. TaK KaK MO,ll;11!JJ11Kan;11H 

TeMnepaTypax 11 aTMOC!JJePHOM ,ll;aBJIeHHH, 

HH3IWTeMnepaTypHoii: peHTreHOBcKoii: TeX-

HHKH 49. AHaJIH3 nOKa3aJl, 'ITO !JJa3a BbI- r,0l( Pm!/mb 
COKOrO p;aBJIeHHH ~-Hg 06J1a,ll;aeT CTPYK- 1l00r-.----.---,----.---".---.---r---r-.-----, 

TypOii: TeTparOHaJIbHoii: 06'beMHOn;eHTpH

pOBaHHoii: C ,ll;ByMH aTOMaM11 B JI'IeflKe 500 
H OTHOIlleHHeM oceii: c / a = 0,706. B :3TOii: 

CTpyKType Kam,ll;bIii: aTOM HMeeT ,ll;ByX 400 
6JIHiHaiiIIIHx coce/1.elr B HanpaBJIeHHH 

OC11 c, TeM CaMbIM aTOMbI KaK 6bI CBJI3bI

BaIOTCH B Y3KHe BepeHHn;hl, BbITHHYTble .300 
B,ll;OJIb :OlTon OCH. IIp11 HCCJIe,ll;OBaHHl'l 3JIeK-

TPOCOIIpOT11BJIeHHJI y ~-MO,ll;H!JJ11Kan;11H 200 
pTyTH ,ll;O 100 r;,6ap IIOJlHMOP!JJH3Ma 37 

He 6bIJIO OTMe'IeHO. 

roo 
5. PE)J)W3EMEJIbIIblE 8JIEMEHTbI 

Pe,ll;K03eMeJlbHble 3JIeMeHThl OTJIH'Ia

IOTCH 60JIbIIIOii: 6JI1130CThIO !JJHS11'IeCI{11X 

o '---:107-::ZIl~JIJ:7-1.~O-5I.-:':7J-tli-:":,(}-:::70::-&-:''(j::--:'gO~/00 
P,IfO 

II X11MH'IeCK11X CBOii:CTB, 'ITO HBJIJIeTCH 
CJle,ll;CTBHeM oco6eHHocTeii: HX 3JIeKTpOH- PRC. 10. <DaaonaJI P - T-.n;RarpaMMa 

Hg (no .n;aHHhIM pa60Tl>I 48). 
Horo CTpOeH11JI. 06bI'IHO 3TH MeTaJlJIbI 

paSp;eJlJIIOT Ha ,ll;Be IIO,ll;rpyIIIIbI - n;epHe-

ByIO (OT Ce ,ll;O Gd) H HTTpHeBYIO (OT Tb ,ll;O Lu); B IIpe,ll;eJIax 3THX IIO,ll;

rpyIIII CBOIICTBa JIaHTaHH,ll;OB CXO,ll;HbI em:e 6oJIee. MbI paCCMOTpHM JIHillb 

(l,ll;HO H3 3TH X CBORCTB - IIOJlHMOp!JJH3M. 
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IIpH OOLI'IHLIX YCJIOBHHX BCe 9JIeMeHThl HTTpHeBOii IIOlJ;rpYIIIIhl KpH

CTaJIJIH3YIOTCH co CTpYKTypoii reKCarOHaJILHOii IIJIOTHOYlIaKOBaHHOii THlIa Mar

HHH (THII A3) C OTHomeHHeM oceii cia = 1,6. IIcKJIIO'leHHe 3lJ;eCL COCTaBJIH

eT JIHmb HTTepoHii, OOJIalJ;aIOm;Hii KYOH'leCKOii rpaHeI\eHTpHpoBaHHoii 

pemeTKoii. 

'CpelJ;H 9JIeMeHTOB I\epHeBOii IIOlJ;rpYIIIIhl HaOJIIQlJ;aeTCH OOJIbmee pa3Hooo

pa3He KpHCTaJIJIH'leCKHX CTPYKTYp. a-JIaHTaH, a-npa3eO)J;HM H a-HeOlJ;HM 

HMeIOT pemeTKY reKCarOHaJILHYIO IIJIOTHOYlIaKOBaHHYIO, (THII JIaHTaHa A3') 

C OTHomeHHeM oceii cia = 3,2. 8Ta CTpYRTypa xapaKTepH3yeTcH CMeHoii 

r,°K I/eptlu 
~Wr-~~~r-~~r-r-~~~ 

1100 )...... )/(udl{, 
1000~ 

fmJ 
500 ;I 
400 ~ 

300 rfIlr 
200 ~ 
100 

/ 
/ 

i 
/ 

/ 

IJ ~11J~21J=-=30'::--:'41J'::--::&J~81J'=-:!70~8IJ=-=!J(J':--:!ltl"="'IJ --:'111Jc=---:-!~1J 
~IfO 

PIIC. 11. <I>aaoBaH P - T-JllIarpaMMa Ce 
' (no pa60TaM 51 II 59). 

T'paHlu~a 'V .... a nOJIyqeHa MeTOI(OM CI~a'll\ OB 
06'beMa, B03MO)f(Haf! rpaHHI\a ljJas a-CellI (mTpHx
nYHKTHP) nOJIY'IeHa HS KPHBhIX SaBHCHMOCTH 

3JIeKTpoconpOTHBJIeHHf! OT l(aBJIeHHf!. 

CJIOeB B ynaKoBKe BHlJ;a ABACA ••• 

CaMapHii TaKme oOJIalJ;aeT reKcaro

HaJIbHOii nJIOTHoynaKoBaHHoii pe

meTKoii, HO , C Imoii ynaKoBKoii 

CJIOeB --:-ABABCBCACA ••• -H OTHO

meHHeM oceii cia = 7,25; OlJ;HaKO 

HCTHHHOii CTPYKTypoii caMapHH HB

JIHeTCH POMoo9,n;pH'leCKaH. ~eTaJI
JIH'leCKHii n;epHii npH OOhl'lHLIX yCJIO

BHHX HMeeT lJ;Be CTaOHJILHLIe 4>a3hl: 

OlJ;Ha H3 HHx-y-n;epHii C pemeTKoH 

RYOH'leCKOH rpaHen;eHTpHpoBaHHoi, 

lJ;pyraH - MeTaCTaOHJILHaH 4>a3a 

~-n;epHH C reKCarOHaJIbHOH nJIOT

HoynaKoBaHHoH THna A3, OOJIaCTb 

CTaOHJIbHOCTH KOTOPOH Ha P
T-lJ;HarpaMMe em;e He (mpelJ;eJIeHa. 

EBPOllHH OOJIalJ;aeT CTPYKTYPOH Ky
OH'leCKOH oO~eMHOn;eHTpHpOBaHHoH. 

Ceii'lac lJ;JIH Bcex JIaHTaHH,n;OB 

3a BeCbMa MaJILIM HCKJIIO'leHHeM 

YCTaHOBJIeH TeMnepaTypHLIH nOJIH

MOP4>H3M, npH'leM Bce BhlCOKOTeM

lIepaTypHhle MOlJ;H4>HKaIJ;HH HMeIOT 

Ky6H'leCKYIO 06~eMHOI\eHTpHpOBaH
HyIO CTPyRTypy. ,ll;JIH ~MHorHX JIaHTaHHlJ;OB H3BeCTeH nOJIHMop4>H3M H no,n; 
lJ;eiiCTBHeM BhlCOKoro lJ;aBJIeHHH. RameTCH BeCbMa BepOHTHhlM, 'ITO HMeIOm;He 

CXOlJ;HLIe cBoiicTBa JIaHTaHHlJ;hl 6YlJ;YT OOJIalJ;aTL CXO,n;HLIM nOJIHMop4>H3MOM H 
npOHBHT OOJILmOe nOlJ;06He B P - T-,n;HarpaMMax. R COmaJIeHHIO, Mhl pac

nOJIaraeM ceii'lac CJIHmKOM CKy,n;HLIMH CBe,n;eHHHMH OTHOCHTeJIbHO P - T - lJ;Ha

rpaMM pelJ;KHX 3eMeJIb. 

Ha pHC. 11 nOKa3aHa P - T-lJ;HarpaMMa n; e p H H. IIpeBpam;eHHe 

y --+ a B n;epHH-OlJ;HO H3 caMhlX npHMe'laTeJIbHLIX XOTH OhlIiOTOMY, 'ITO HBJIHeT

CH H30MOp4>HLIM nepexo,n;OM; 9TOT lIepeXOlJ; IIpH KOMHaTHOH TeMlIepaType 

conpOBOmlJ;aeTCH 3Ha'lHTeJIbHLIM CKa'lKOOOpa3HLIM H3MeHeHHeM oo~eMa, 
B TO BpeMH KaK CTpyKTypa MO,n;H4>HKaIJ;HH BhlCOKoro ,n;aBJIeHHH OCTaeTCH 

no-npemHeMy KYOH'leCKOH rpaHen;eHTpHpOBaHHOH 4. 

OopaTHLIH nepeXOlJ; a --+ y C nOHHmeHHeM lJ;aBJIeHHH H,n;eT C HeKOTophlM 

3an03,n;aHHeM, rHCTepe3HCOM, npH'leM C POCTOM TeMnepaTyphl 9TOT rHCTepe-

3HC YMeHLmaeTCH. 'YMeHbmaeTCH TaKme !1 V (CKa'lOK oo~eMa npH nepexo,n;e) 

H !1Q (TenJIOTa nepexo,n;a). 8TO OOCTOHTeJIbCTBO B CBoe BpeMH ,n;aJIO IIOBOlJ; 

,n;JIH npe,n;nOJIOmeHHH 0 TOM, 'ITO 4>a30BaH rpaHHI\a MemlJ;y a- H y-MOlJ;H-

4>HKaI\HHMH 3aKOH'lHTCH KpHTH'leCKOH TO'lKOH C Koop,n;HHaTaMH 280
0 

C , 

18,5 -nr ICJ,£2 50. HymHo CKa3aTL, 'ITO HeCKOJIbKO n03me YBeJIH'leHHe TO'lHO

CTH 9KcnepHMeHTa n03BOJIHJIO npo,n;JIHTb rpaHHn;y ,n;o Koop,n;HHaThl 400
0 

C, 

20 l'i.r ICJ,£2 H lJ;aJIO B03MO}KHOCTL lJ;YMaTb, 'ITO 9Ta ' 4>a30BaH rpaHHI\a Bce me 
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BhlXO)1;HT Ha KPHBYIO nJIaBJIeHHH 5. O)1;HaRO He)1;aBHHe peHTreHOBCKHe HCCJIe

)1;OBaHHfl nOKa3aJIH, 'lTO npH )1;BHlReHHH B)1;OJIb <pa30BOH rpaHHl:J;hI C YBeJIH'le

HHeM TeMnepaTyphl MOIRHO HaOJIIO)1;aTb nOCTeneHHOe COJIHlReHHe pe<pJIeKCOB 

(111) ooeHx <pa3. 8KCTpanOJIHIJ;HH ,11;aJIa )1;JIH KOOp)1;HHaThl HX nOJIHOrO CJIHH

HHH, T. e. ,11;JIH napaMeTpoB BOaMOIRHOH KpHTH'leCKOH TO'lKH, aHa'leHHH 350-

400
0 

C H 20-22 K6ap 52. 

B CJIY'lae a -+ 'Y-nepeXO)1;a B IJ;epHH Ml>I HMeeM nOI{a e,11;HHCTBeHHhIH npH

Mep, KOr)1;a rpaHHIJ;a MelR)1;Y ABYMH TBep)1;hlMH <pa3aMH aaKaH'lHBaeTCH KpHTH

'leCKOH TO'lKOH. 

MHTepeCHO OTMeTHTb, 'lTO 3RCTpanOJIHIJ;HH <paaOBOH rpaHHIJ;hl B 3TOM 

CJIY'lae npHBO)1;HT K mHpOIWMY MHHHMYMY Ha KPHBOH nJIaBJIeHHH, cYIIJ;e

CTBOBaHHe KOToporo HaOJIIO)1;aeTCH TOJIbKO ,11;JIH IJ;epHH. 

Ha pHC. 11 mTpHx-rryHKTHPHOH JIHHHeH 0003Ha'leHa rpaHHIJ;a MelR,11;y 

<pa3aMH a H CellI; OHa aaMe'leHa B paOOTe 51 no HeperYJIHpHOCTHM aaBHCHMO

CTH 3JIeKTpoconpOTHBJIeHHH IJ;epHH OT )1;aBJIeHHH. MOIRHO npe)1;nOJIOIRHTb, 'lTO 

CTpYKTypa MO)1;H<pHKaIJ;HH CellI oYAeT KOMnaKTHoH, CKopee Bcero reKcaro

HaJIbHOH nJIOTHoynaRoBaHHoH. 

BecbMa omi3KHMH CBOHCTBaMH OOJIa,11;aIOT JI a H T a H, n p a a e 0 )1; H M 

H H e 0 )1; H M. RaK Mhl YlRe rOBOpHJIH, npH OOhl'lHhlX YCJIOBHHX OHH HMeIOT 

KpHCTaJIJIH'leCKYIO CTPYKTYPY THna JIaHTaHa (A3') - reKCarOHaJIbHYIO 

nJIOTHoynaKoBaHHYIO C OTHomeHHeM oceH cia = 3,2, T. e. npHOJIH3HTeJIb

HO B)1;BOe 06JIbmHM, 'leM Y OOhl'lHhlX MeTaJIJIOB, OOJIa)1;aIOIIJ;HX pemeTKOJr TH

na A3. ITPH HarpeBaHHH pemeTKa THna A3' HaMeHHeTCH B KYOH'leCKYIO 

OO'beMHOIJ;eHTpHpOBaHHYIO, KaK 3TO 'laIIJ;e Bcero H HaOJIIO,11;aeTCH AJIH MeTaJI

JIOB. Y JIaHTaHa npH aTMOC<pePHOM AaBJIeHHH OTMe'leHa eIIJ;e oAHa MO,11;H<pH1{aIJ;HH 

~-La, HMeIOIIJ;aH CTPYKTYPY KY0H'leCKYIO rpaHeIJ;eHTpHpoBaHHYIO THna Ai. 

BhlcoKoTeMnepaTYPHaH MO)1;H<pHKaIJ;HH, KaK 3TO MOIRHO BH)1;eTb Ha <pa30BoH 

P - T-,11;HarpaMMhl, KOTopaH )1;aeTCH Ha pHC. 12, a, YCToiI'lHBa H npH BbICO

KHX AaBJIeHHHX. MCCJIe,11;OBaHHe ee KpHCTaJIJIH'leCKOH CTPYKTYPhl eIIJ;e paa 

nO)1;TBep)1;HJIO H)1;eHTH'lHOCTb BhlcoKoTeMnepaTypHoH <paabI <paae BhlCOKoro 

,11;aBJIeHHH H nOKa3aJIO, 'lTO CTpYKTypa THna JIaHTaHa (A3') nO)1; AaBJIe

HHeM nepeCTpaHBaeTCH B CTPYKTYPY KYOH'leCKYIO rpaHeIJ;eHTpHpOBaHHYIO 
THna Ai 55. 

TO'lHO TaKHM IRe nOJIHMOP<PH3MOM OOJIaAaIOT COCe)1;H JIaHTaHa - npa

aeO)1;HM H HeO)1;HM. ITOJIHMOP<PHaM npaaeO,11;HMa paHee OhlJI YCTaHOBJIeH no CKa'lKY 

HanpHlReHHH C)1;BHra 56 H no CKa'lKY 3JIeKTpOConpOTHBJIeHHH 21 npH 50 K6ap, 
a y HeO)1;HMa HHKaRHX aHOMaJIHH B CBOHCTBax He OhlJIO HaH)1;eHO )1;0100 K6ap 20. 

PeHTreHOBCRaH AH<ppaKIJ;HH n03BOJIHJIa C O'leBHAHOCTbIO nOKa3aTb, 'lTO 

Y OOOHX 3THX MeTaJIJIOB nOA AaBJIeHHeM oCYIIJ;ecTBJIHeTCH nepecTpoHKa KpH

CTaJIJIH'leCKOH CTPYRTyphl no cxeMe A3' - Ai, KaK H Y JIaHTaHa 55. R cOlRa

JIeHHIO, P - T-,11;HarpaMM ,11;JIH 3THX MeTaJIJIOB He nOCTpoeHO, HO HaM Ka}KeTCH 

BeCbMa BepOHTHhlM, 'lTO 3TH OJIH3KHe aHaJIOrH JIaHTaHa OY,11;YT HMeTb O'leHb 

CXO)1;Hhle C HHM P - T-)1;HarpaMMhl. 8TH rHnOTeTH'leCKHe AHarpaMMI>I C <pa30-

BbIMH rpaHHIJ;aMH, npOBe,11;eHHbIMH nYHKTHpHhlMH JIHHHHMH, Mhl npHBO,11;HM 

Ha pHC. 12, 6 H 6. BnOJIHe BepOHTHO, 'lTO OTpHIJ;aTeJIbHbIH HaKJIOH MelR)1;Y 

<pa3aMH A3' - Ai coxpaHHTCH, HO oY,11;eT H3MeHHTbCH OT 3JIeMeHTa K 3JIe

MeHTY, H n03TOMY, eCJIH TPOHHYIO TO'lKY MelR)1;Y <pa3aMH A3' - A2 - Ai 

Y JIaHTaHa MOIRHO Booopa3HTb ceoe B nOJIe OTpHIJ;aTeJIbHhlX n;aBJIeHHH, 

aHaJIOrH'lHhle TpoHHble TO'lKH Y Pr H N d OY,11;YT JIelRaTb YlRe B nOJIe peaJIbHhlX 

AaBJIeHHH, npH'leM Y nOCJIeAHerO - npH 06JIbmHX AaBJIeHHHX. TaKoH BH)1; 

P - T-AHarpaMM MO}KeT OO'bHCHHTb HaM, nO'leMY Y npa3eoAHMa H HeoAHMa 

npH aTMOC<pePHOM )1;aBJIeHHH He HaOJIIOAaeTCH MOAH<PHKaIJ;HH co CTPYKTYPOH 

KYOH'leCROH rpaHeIJ;eHTpHpOBaHHoH. 

,D;aJIee BCTaeT Bonpoc: OYAeT JIH B 3THX MeTaJIJIaX OCYIIJ;eCTBJIHTbCH 

H30MOP<pHbIH nepexoA, aHaJIOrH'lHblH TOMY, KOTOPhlH npOHCXO)1;HT B IJ;epHH 
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npH' ;n;aBJIeHHH Bcero 7 .,.6ap H KOTOPLIH conpoBom;n;aeTcH nepecTpoHKOH 

pemeTKH THna Ai B pemeTKY r paHen;eHTpHpOBaHHYIO Ky6H'IecKYIO - COKpa

m;eHHYIO? IIoKa ;n;JIH nO;n;TBepm;n;eHHH TaKoro npe;n;nOJIOmeHHH HeT ;n;aHHLIX, 

XOTH ocym;ecTBJIeHHe TaKoro nepexo;n;a y La, Pr H Nd KameTCH BnOJIHe BOS-. 

MomHLIM. 

B nOCJIe;n;Hee BpeMR nOHBHJIHCb C006m;eHHR 0 nOJIHMoPtPHsMe no;n; ;n;aB

JIeHHeM y r a ;n; 0 JI H H H H 57 H caM a p H H 58. RaK MLI yme ynoMHHaJIH, 

/ll7l1ml7l1 

HeOQUN 

200 

o If} tf} 30 
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PJiIC. 12. P - T-JwarpaMMhl La , Pr II Nd. 
rp3JlHl(a Mea<gy (jlaSaMH a H (3 JIaHTaHa Hail:geHa no CKa'u<aM 8JIeKTp OCorrpOTHBJIeHIDl··. P - T
gHarpaMMhI Pr H N d-nmOTeTH'IeCKHe. A OCTOBepHl>1MH lIBJIlIIOTClI T nJI' TeMrrep aTyphI nepexoga a .... 'Y 

H KOOpgHHaThI nepexoga HB (jlashI a B (jlasy BhICOKoro gaBJICHHlI ". 

caMapHH npH 06LI'IHLIX YCJIOBHHX 06JIa;n;aeT BeCbMa npHMe'IaTeJIbHOH KpH

CTaJIJIH'leCKOH CTPYKTypOH. ECJIH ee paCCMaTpHBaTb B reKCarOHaJIbHLIX OCHX, 

TO 3Ta H'IeHKa OKaSLIBaeTCH O'IeHb C~JIbHO BLITRHYTOH B HanpaBJIeHHH OCH C; 

ee SanOJIHRIOT aTOMLI, paCnOJIOlReHHbIe B ;n;eCHTH 'Iepe;n;YIOID;HXCH CJIORX. 

ABTopLI pa60TLI 58 nOJIyqHJIH npH ;n;aBJIeHHH 40 .,.6ap H TeMnepaType 300
0 C 

HOBYIO tPasy, KOTopaH B MeTaCTa6HJIbHOM COCTOHHHH COXpaHHJIaCb H nOCJIe 

CHRTHH ;n;aBJIeHHH H 6LIJIa HCCJIe;n;OBaHa C nOMoID;bIO peHTreHOBCKHX JIyqeH. 

AHaJIHs Ae6aerpaMMLI nOKaSaJI, 'ITO HOBaR tPOpMa HMeeT CTpyKTypy reKCa

rOHaJIbHYIO nJIOTHoynaKoBaHHYIO THna JIaHTaHa A3'. 

OAHaKO BOnpOC 0 cTa6HJIbHOCTH 3TOH MO;n;HtPHKan;HH CaMapHR nO;n; ;n;aB

JIeHHeM 6y;n;eT paSpemeH OKOH'laTeJIbHO TOJIbKO TOr;n;a, KOr;n;a npH ;n;aHHbIX 
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YCJIOBMHX (40 K6ap M 300
0 C) 6y,n;eT npOBe,n;eH peHTreHoBcluIH aHaJIH3 , ,IJ;eJIo 

B TOM, "<ITO MeTaCTa6HJIbHhle !}lOPMhl pa3JIH"<IHhlX 8JIeMeHTOB MoryT 61>ITb nOJIy

'leHhl B YCJIOBHJIX BeCbMa ,n;aJIeKHX OT 06JIaCTM MX YCTO:H-qHBOCTM. BCnOMHHM, 

HanpMMep, MeTaCTa6HJIbHhle !}la3hl yrJIepo,n;a 59 ,0. 
6 0 6 "E ifpOO(/U 

MJIH KpeMHMJI ,0 JIa,n;aIOnl;He CJIO'HHhlMH KpH- i2tJor-~'--"'----'--:'~~~~~---, 

oCTaJIJIM"<IeCKHMH CTpyKTypaMM; O,n;HaRO Ha !}la30- 1100 )/((/cll( 

RbIX P - T-,n;HarpaMMaX 8THX 8JIeMeHTOB 

paHOHbI HX cTa6HJIbHOCTM nOKa eme He HaH

.,n;eHbI. 

1000 V 
900 

800 
To me caMoe OTHOCHTCJI M K ra,n;OJIHHHIO; 

,n;JIH Hero MeTaCTa6HJIbHaJI !}lopMa 6hlJIa nOJIy

"<IeHa npH 40 K6ap M 400
0 

C . PeHTreHOBCI\MH 

aHaJIH3 nORa3aJI, "<ITO HOBaH !}la3a 06JIa,n;aeT 

CTPYRTYPOH THna CaMapHJI, MMeIOTCJI TaKme 

CJIe,n;hl !}la3bI, 06JIa,n;aIOm;eH CTPYI\TYPOH THna 
JIaHTaHa A3' 57. 
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Y ra,n;OJIHHHJI BpM,n;'HMeH OTMe"<IaJI H CRa"<IRM 

06'beMa, M aHOMaJIHM xo,n;a HPMBOH 8JIeRTpOCo

npOTMBJIeHMH npM ,n;aBJIeHHM 20-25 K6ap 61. 

o '--A::-'fJ-.a-;!;'O:--.30--;!;;--;'10;;--'50=--:{j(J:f::-.i!='O-&-::':'O:--~7.!9:-A-':!'OO 
,0,110 

O,n;HaRO BOBce He O"<IeBH,n;HO, "<ITO 8TOMY nepe- PRC. 13. P - T-,ARarpaMMa Eu 
Xo,n;y cooTBeTcTByeT HaH,n;eHHaJI MeTaCTa6MJIb- (no ,AaHlIhlM MeTO,Aa .D:TA 65). 

HaH !}la3a. ABTopbI pa60TbI 57 npe,n;JIaraIOT 

CJIe,n;YIOm;yIO cxeMY CMeHbI HpHCTaJIJIM"tleCKHX CTpyRTYP npH nOJIHMop!}lHhlX 

nepexo,n;ax no,n; ,n;aBJIeHHeM y pe,n;R03eMeJIbHhlX MeTaJIJIOB : reRCarOHaJIbHaJI 

nJIOTHoynaRoBaHHaH (THn A3) -+ THn' CaMapHJI -+ THn JIaHTaHa (A3') -+ Ry6 

rpaHen;eHTpHpOBaHHbIH (THn A1). QT06hl ,n;ORa3aTb ,n;eHCTBeHHOCTb 8TOH CXeMbI 

10 .30 40 50 
RIIO 

PRC. 14. <l>aaonaH P - T-,n;Ha
l'pa?<lMa Yb (no ,AaHHhIM MeTo,n;a 

.D:TA 63). 

HJIH ee HeCOCTOJITeJIbHOCTb, He06xo,n;HM peH

TreHOCTpYRTYPHhlH aHaJIH3, npOBe,n;eHHbIH 

B YCJIOBHJIX BbICORHX ,n;aBJIeHHH. 

Pe,n;K03eMeJIbHble e B p 0 n H H H M T T e p-

6 H H 60JIee noxomH Ha m;eJIO"<IH03eMeJIbHbIe 

MeTaJIJIhl; 8TO cnpaBe,n;JIHBO B OTHorneHHH HX 

XHMH"<IeCKOH aRTHBHOCTM (OHH ,n;BYXBaJIeHT

Hhl) H TaRHX !}lH3M"tleCRHX CBOHCTB, KaK RpH

CTi),JIJIH"<IeCKaJI CTpYKTypa, JIeTy-qeCTb, Tyro

nJIaBKOCTb, TenJIOBOe pacrnHpeHHe H cmH

MaeMOCTb. 

ilo,n;06He CBOHCTB eBpOnHJI H HTTep6HJI 

CBOHCTBaM m;eJIO"<IH03eMeJIbHhlX MeTaJIJIOB 06'bJIc

HJIeTCJI cTa6HJIbHOCTbIO HanOJIOBHHY 3anOJIHeH

Horo II nOJIHOCTbIO 3anOJIHeHHOro 4j-COCTOHHHJI 

8THX 8JIeMeHTOB. I1x !}la30Bhle P - T-,n;Ha

rpaMMhl, KOTopbIe Mhl npMBo,n;HM Ha pHC. 13 

'If 14, BeCbMa nOXOJI<H Ha ,n;HarpaMMhl m;eJIO"<IH03eMeJIbHhlX MeTaJIJIOB. 

EBponHH HMeeT KPHBYIO nJIaBJIeHHH C JIPKO Bhlpa'ReHHhlM MaKCHMYMOM 

no,n;o6Ho TOMY, "<ITO Mhl BH,n;HM ,n;JIJI 6apHJI. RaK H m;eJIO"tlH03eMeJIbHhlH 6apHH, 

eBponHH KpHCTaJIJIH3yeTCJI B CTpYRType Ky6H"<IeCROH 06'beMHOn;eHTpHpOBaH

HOH (THn A2) . C"<IMTaeTCJI, "<ITO CRa"<IOK :meKTpOC{)npOTMBJIeHMJI, KOTOPbIH 

Ha6JIIO,n;aeTCJI B eBponHM npH 150-160 K6ap 62, CJIe,n;yeT OTHeCTM 3a C"<IeT 

nOJIMMop!}lHoro nepexo,n;a C M3MeHeHMeM perneTRM Ry6:11"<IeCKOH 06'beMHOn;eHTpH

pOBaHHOH B reKCarOHaJIbHYIO nJIOTHoynaRoBaHHYIO TMna A3, T. e. 3a C"<IeT 

TO"<IHO TaKoro me CTPYKTypHoro M3MeHeHMH, RaKoe MMeeT MeCTO B 6apHH 

npH 59 K6ap 63. 

ECJIH CXO,n;CTBO Mem,n;y 8TMMH ,n;ByMH MeTaJIJIaMM CTOJIb BeJIHKO, TO B 

eBponHH npH ,n;aBJIeHHM nOpJI,n;Ka 30 K6ap RameTCJI B03MomHbIM nepexo,n; 
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BII,D;a A2 -+ A2 aHaJIOrll'lHO TOMY, 'ITO MOmeT npOIICXO,D;IITb B 6apIIII npB1 

17 1£6ap. 
Pe,D;R03eMeJIbHhlH II T T e p 6 II H no CBOIIM CBOHCTBaM 6JIllme BcerO' 

R m;eJIO'IH03eMeJIbHOMY cTpoHn;ruo, II, RaR <ITO BII,D;HO 113 pIIC. 6 II 14, <pa30Baa 

P - T-,D;lIarpaMMa <lTOrO <lJIeMeHTa BeCbMa noxoma Ha ,D;lIarpaMMY CTPOH

n;1IJ1 63. IIpII 06hl'IHhlX YCJIOBIIJlX II CTPOHD;IIH, II IITTep611H RpIICTaJIJIII3Y1OTCJI 

B pemeTRe Ry6l1'IeCROH rpaHen;eHTpllpOBaHHOH (Tlln Ai), ROTOpaJl C YBeJIlI'Ie- ~ 
HlleM TeMllepaTyphl nepeCTpallBaeTCJI B pemeTRY Ry6l1'IecRY1O 06'beMHO

n;eHTpllpOBaHHY1O. KaR BII,D;HO 113 P - T-,D;lIarpaMM, rpaHlln;a Mem,D;Y U- II ~-
<pa3aMII <lTIIX <lJIeMeHTOB IIMeeT OTpHn;aTeJIbHbIH HaRJIOH, BhlCOROTeMnepaTypHaJl 

<pa3a ORa3hlBaeTCJI cTa6HJIbHOH H npH BhlCORHX ,D;aBJIeHHJlX. PeHTreHOCTPYR-

TYPHhlH aHaJIH3, npOBe,D;eHHbIH B YCJIOBHJlX BhlCORHX ,D;aBJIeHHH, C O'IeBH,D;-

HOCTb1O nO,D;TBep,D;HJI nOJIHOe TOm,D;eCTBO <lTHX ,D;BYX MO,D;H<pHRan;HH 64. 

6. METAJIJIhI III-B rpYIIIIhI 

HeCMOTpJl Ha TO, 'ITO ,D;JIJI MeTaJIJIOB III-B rpynmI nOCTpoeHhl ,D;OCTa

TO'IHO nOJIHhle P - T-,D;HarpaMMhl ,D;O ,D;aBJIeHnH 70 1£6ap, <ITa rpynna RameTCJI 

HaH60JIee TPY,D;HOH ,D;JIJI RaRHX-JIH60 o606m;eHHH. KaR 6Y,D;eT BH,D;HO HHme, 

r al1l1uu 
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PlIC. 15. Cl>aaoBLIe P - T-AlIarpaMMLI AI , Ga II In (no AaHIl LIM MeTOAa ,uTA 65). 

eCTeCTBeHHO paCCMOTpeTb BMeCTe aJI1OMHHHH, raJIJIHH H HH,D;lIH H OT,D;eJIbHO 

TaJIJIHH. 

A JI 10 M H H H H npH 06hl'IHhlX YCJIOBHJlX HMeeT Ry6l1'IecRY1O rpaHen;eH

TpHpOBaHHY1O THna Ai pemeTRY H He o6HapymHBaeT nOJIHMOP<PH3Ma HH no,D; 

AaBJIeHHeM, HH C H3MeHeHHeM TeMnepaTYPhl. 8TOT MeTaJIJI HMeeT 3Ha'IHTeJIb

HY10 <lJIeRTpOnpOBO,D;HOCTb, ROTOpaJl CJIerRa H MOHOTOHHO YBeJIlI'IHBaeTCB 
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no,n; ,n;eHcTBHeM ,n;aBJIeHHH ,n;o 100 ~6ap 20. RPHBaH IIJIaBJIeHHH aJIIOMHHHH, HaH

,n;eHHaH MeTo,n;OM ,n;HIPIPepeHn;HaJIbHO-TepMH'IeCKOrO aHaJIHSa B pa60Te 65, 

nOKasaHa Ha pJilC. 15, a. 
r a JI JI JiI H B 06JIaCTH ,n;aBJIeHHH ,n;o 100 ~6ap JilMeeT TpH Mo,n;JilIPHKan;HH; 

ero IPaSOBaH P - T-,n;JilarpaMMa rrpe,n;CTaBJIeHa Ha pHC. 15, 6. <Dasa, cym;e

CTByIOID;aH B 06JIaCTJiI HJilaKJilX ,n;aBJIeHHH, JilMeeT 0PTOpOM6Ji1'IecKYIO CTpyKTypy 

C BoceMbIO aTOMaMH B 9JIeMeHTapHoH H'IeHKe. RalR,n;hlH aTOM B 9TOH CTPYK

Type JilMeeT JIHmb o,n;Horo 6JIJillRaHmerO coce,n;a (Koop,n;JilHan;JilOHHOe 'IHCJIO 

(K. 'I.) paBHO 1), T. e. aTOMhl co6paHhl IIapaMJiI -«MOJIeKYJIaMJiI». CBHab 

MelR,n;y TaKHMJiI napaMJiI B pemeTKe ,n;OBOJIbHO MaJIa, JiI MeTaJIJI B 9TOH CTPYK

'fype JilMeeT HJilaKYIO TeMnepaTYPY nJIaBJIeHliIH. C YBeJIH'IeHJileM ,n;aBJIeHJilH 

npOJilCxo,n;JilT JilSMeHeHJile KpHCTaJIJIJil'IeCKOH CTPYKTYPbI, Mo,n;HIPHKan;JilH Gall, 

RaK nOKaaaJI peHTreHocTpYKTypHhlH aHaJIJilS 

no,n; ,n;aBJIeHJileM 66, 06JIa,n;aeT pemeTKOH TeTpa- r.·c Tonnuli 

rOHaJIbHOH rpaHen;eHTpHpOBaHHOH (K . 'I. = 4,8) 500 

-C BeCbMa MaJIhlM OTJIJil'IJileM OCH c OT OCJiI a, 
'faK 'ITO OTHomeHHe cia = 1,104 npJil 30 ~6ap; 
rrpJilMe'IaTeJIbHO, 'ITO JilMeHHO TaKYIO CTPYKTYPY 
JilMeeT npH 06hl'IHbIX YCJIOBJilHX MeTaJIJIH'IeCKJilH 

JilH,n;JilH - THn A6. 

900~ 

300~ 
B pa60Te 65 ,n;eJIaeTCH npe,n;nOJIOlReHHe, 200 

'ITO CTpYKTypa IPaahl GallI 6y,n;eT Ky5H'IeCKOH 

06'beMHOn;eHTpHpoBaHHoH (THn A2); 9TO npe,n;

nOJIOlReHJile BnOJIHe npaB,n;ono,n;o6Ho, TaK KaK 

66JIbmaH 'IaCTb BbICOKOTeMnepaTypHhlX IPaa 

MeTaJIJIOB JilMeeT JilMeHHO TaKYIO CTPYKTYPY. 

HaM KalReTCH, 'ITO BepOHTHa TaKlRe JiI ,n;PyraH 

/ 
/ 

/ 
/ 

III 

1I0aMOlRHOCTb - CTpYKTypa Ky5Jil'IeCKaH rpaHe- -/00 '--~~~'-'-'~~--'----'----'---' 

n;eHTpJilpOBaHHaH THna A1, Jil50 CTpYKTypa 

TeTparOHaJIbHaH THna JilH,n;JilH JilMeeT CTOJIb MaJIOe 

OTJIJil'IHe OT Ry6a rpaHen;eHTpJilpOBaHHoro, 'ITO 

JIerKO MOlReT nepeCTpaHBaTbCH B rpaHen;eH

TpJilpOBaHHhlH Ky5 no,n; ,n;eHCTBJileM ,n;aBJIeHHH. 

TeTparOHaJIbHaH rpaHen;eHTpJilpOBaHHaH pemeT

Ra JilH,n;JilH (THn A6, 4 amlR-tt, R . 'I. = 4) npH 

PRe. 16. <l>aaOBaJI P - T-ARa
rpaMMa Ta (no AaHHhlM MeTOAa 

,I(TA 65) . 

illTpHx-nYHllTHpOM nORasaHhI rpa
HHI\hI MelHAY cjJaaaMH, HaitAeHHhIe 
BpHAlHMeHOM · MeTOAOM CRa'JROB 

OIi'beMa 'B. 

06hl'IHhlX YCJIOBHHX HMeeT eID;e MeHbmyIO paaHHn;y MelR,n;y OCHMH, cia = 1,077. 
IIepexo,n; A6 -+ A1, KaK nOKaaaJI peHTreHoBcKHH aHaJIJila, oCYID;e<,:TBJIHeTCH 

Y MeTaJIJIJiI'IeCKOrO H H ,n; H H IIpH aTMocq,epHoM ,n;aBJIeHHH C YBeJIH'IeHHeM TeM

nepaTyphl 67 . IIo9TOMY, KaaaJIOCb 6hl, rpaHJiln;a MelR,n;y TBep,n;hlMH IPaSaMH 

MOlReT nOHTJiI TaK, KaR JiI,n;eT nYHKTHpHaH JIHHJilH Ha pHC. 15, 8. ROHe'IHO, 

YKaaaTb MeCTO Bhlxo,n;a ee Ha KPJilByro llJIaBJIeHJilH cei'Iac HeBOSMOlRHO . 

IfTaK, paCCMaTpHBaH 9JIeMeHThl IlI-B rpyIIIIhl, MOlRHO BJiI,n;eTb y HHX 

06m;yIO TeH,n;eHn;HIO K rpaHen;eHTpJilpOBaHHOH Ky6Jil'IecKoH CTpyKType. 

CJIe,n;yIOID;HH aa HH,n;HeM B 9TOH no,n;rpynne T a JI JI JiI H JilMeeT P - T
.,n;HarpaMMY (OHa rrpe,n;CTaBJIeHa Ha pHC. 16), OTJIJil'IHYIO OT ,n;HarpaMM 

·coce,n;eH no rpynne JiI BeCbMa HanOMHHaIOID;Yro P - T-,n;JilarpaMMhl n;HpKOHHH 
JiI TlITaHa. 

RaK BH,n;HO Ha ,n;HarpaMMhl, B 06JIaCTH ,n;o 60 ~6ap TaJIJIHH JilMeeT TpH 

MO,n;JilIPJilKa.I~HJiI . <Daaa, cTa6Ji1JIbHaH npJil 06hl'IHbIX YCJIOBJilHX, o5JIa,n;aeT CTPYK

'fYPOH reKCarOHaJIbHOH nJIOTHoynaKoBaHHoH THna A3, BhlCOKOTeMnepaTypHaH 

4aaa - CTPYRTYPOH Ry5H'IeCKOH 05'beMHOn;eHTpJilpOBaHHoH. IIo,n;o6Ho TJilTaHY 

JiI l,l;HPKOHHIO BhlCOROTeMnepaTypHaH IPaaa TaJIJIJilH JilMeeT 56JIbmyIO nJIOT

BOCTh, 'IeM HHSROTeMnepaTypHaH IPaaa, T. e. C POCTOM TeMnepaTypbI npoJilc

XO,n;JilT nOJIHMOPIPHhlH nepexo,n; C OTpHn;aTeJIbHhlM CKa'IKOM 05'beMa - y,n;eJIb

HhlH 05'beM Ha aTOM YMeHbmaeTCH . 
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,11;aBJIeHlIe nOHlImaeT TeMrrepaTYPY nepexoAa A3 -+ A2; rpaHHD;a MemAY 

3TlIMH <pa3aMH HMeeT oTpHD;aTeJIhHhlH HaKJIOH. I1PH AaJIbHeHmeM YBeJIH'le

HHII AaBJIeHHJI o6e 3TlI <pa3:bI npeTeprreBaIOT H3MeHeHHe; aTOM:bI nepecTpaH

aaIOTCJI B pemeTKY Ky6H'leCKYIO rpaHen;eHTpHpOBaHHyIO. B03MomHaJl CTPYK

Typa <pa3:bI TlIII 06cymAaJIaCh H C TO'lKH 3peHlIJI TepMOAHHaMlI'IeCKHX AaH

HhlX 69 II Ha OCHOBe KOHD;enn;HH 3anOJIHeHlIH npOCTpaHCTBa aTOMaMH 70; aBTophI 

ooeHX pa60T npHmJIII K 3aKJIIO'leHHIO, 'ITO 3Ta MOAH<PIIKaD;HJI 6YAeT HMeTb 

CTpYlhypy Ky6lI'IeCKYIO rpaHen;eHTpHpOBaHHYIO THna At. PeHTreHocTpYK

TYPHhlH aHaJIlI3 3TOH <pa3:bI nOA AaBJIeHlIeM AOKa3aJI cnpaBeAJIHBOCTb 3TlIX 

npeAJIOmeHHH 16. 

7. METAJIJIbI IV-A rpYlIlIbI 

110JIHMOP<PH3MOM COBepmeHHO oco60ro pOAa 06JIaAaIOT T H T a H, D; H P K 0-

H II H II r a <p H H H. Cym;eCTBYIOm;He npH 06:bI'lHhlX YCJIOBlUIX HX a - <pa3:bI 

C pemeTKOH reKCarOHaJIbHOH nJIOTHoynaKoBaHHOH (THn A3) npeTepneBaIOT 

H3MeHeHHe H C YBeJIlI'IeHlIeM TeMnepaTyp:bI (B ~-<POPMY), H C POCTOM AaBJIeHHH 

(B W-<P0PMY)' ,11;mI THTaHa H n;HpKOHHJI MeToAoM AH<p<pepeHD;HaJIbHO-TepMH

'leCKOrO aHaJIH3a HaHAeHbI rpaHlIn;hI MemAY a- H ~-MOAH<pHKaD;HJlMH, a AmI 
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P, IfO 

PHC. 17. <I>aaoBhle JJ:HarpaMMhI Ti l'I Zr (no JJ:aHHhIM MeToJJ:a ,ll;T A 71) . 

D;HPKOHHH, BAOOaBOK, onpeAeJIeHhl yqacTKH rpaHHD;:bI Memp;y <pa30H B:bICOKOrO 

AaBJIeHHH W H MOAH<pHKaD;HHMH a H ~ . MhI rrpHBOAHM Ha pHC. 17, a 
P - T -p;HarpaMMY THTaHa, a Ha pHC. 17, 6 P - T-AHarpaMMY D;HpKOHHH 

(no paooTe 71). 

B:bICOKOTeMnepaTypHhle ~-<pa3:bI 3nn MeTaJIJIOB OOJIaAaIOT CTPYKTYP0H: 

OO'LeMHOD;eHTpHpoBaHHoH KYOlI'IeCKOH, KaK H Y OOJIhmHHCTBa MeTaJIJIOB . 

OAHaKo Bce me aTH nepexoAIJ HBJIHIOTCH aHOMaJIhHhIMH, TaK KaK conpo

BomAaIOTCH CKa'lKOOOpa3HhlM YMeHbmeHHeM OO'LeMa, nOCJIe 'lero B:bICOKOTeM

nepaTypHaH ~-MO)J;H<pHKan;HH HMeeT nJIOTHOCTb OOJIbmyIO, 'leM Y a-<pa3:bI. 

9TO OOCTOHTeJIbCTBO MOrJIO O:bI CJIymHTb OCHOBaHHeM AJIJI npeAnOJIOme

HHJI 0 TOM, 'ITO <pa3a B:bICOKOrO AaBJIeHlIJI 6YAeT HMeTb TY me CTPYKTYPY· 

K TaKOMY me B:bIBOAY nplIBeJIO II paCCMOTpeHHe <pa3:bI BbICOKoro AaBJIeHIIJI 

C TO'lK1I 3peHHJI TepMOAHHaMlI'IeCKIIX AaHHhlX 72. II Ha caMOM AeJIe, peHTre

HOCTPYKTYPHhlH aHaJIH3 aTHX MeTaJIJIOB, npoBeAeHHhlH npH AaBJIeHHJlX 

60JIhme AaBJIeHIIH n epeXOAa , rrOKa3aJI, 'ITO <pa3:bI B:bICOKOrO AaBJIeHIIJI Y TIITaHa 

II D;HpKOHHH 06JIa~aIOT CTPYI{TYPOH Ky6lI'IeCKOH 06'LeMHOn;eHTplIpOBaHHOH 73 . 

<l>a3a AaBJIeHIIJI TIITaHa II n;lIpKOHIIJI 6hIJIa Ha3BaHa W-<pa30H no aHaJIOr1I1I 

co CTPYKTYPOH, BCTpe'laIOm;eHCJI Y CnJIaBOB TIITaHa II n;lIpKOHlIJI 74, 75 . B:bICO

KOTeMnepaTypHaJl ~-<pa3a 3TlIX MeTaJIJIOB II <pa3a B:bICOKOrO AaBJIeHIIJI, 

U)-<pa3a, He nOA06H:bI TomAecTBeHHo, oAHaKo IIX MomHO C'llITaTb 1I30MOp<PHhlllm. 
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RaK 6bIJIO IIOKaaaHO )J)IH I]HPKOHHH, nepexop; Me}l,p;y 3THMH <pasaMH Hp;eT 

6es CKa'IKa 06'beMa H He HMeeT rHCTepeSHca; rpaHHI]a MeiKp;y <pasaMH napaJI

JIeJIbHa OCH p;aBJIeHHH. BOSMOiKHO, 'ITO H P;JIH THTaHa rpaHHn;a MeiKp;y aHaJIO

rH'IHhlMH <pasaMH TOiKe nOHp;eT IIapaJIJIeJIbHO OCH p;aBJIeHHH. 

IbaK, CeH'IaC MOiKHO CKasaTb, 'ITO <paSOBbIe p;HarpaMMbI THTaHa H I]Hp

KOHHH HMeIOT MHoro 06m;ero, H XOTH KpHBble nJIaBJIeHHH HX em;e He CHHTbI 

(OHH JIe}KaT P;OBOJIbHO BbICOKO no TeMnepaType), op;HaKO CKopee Bcero H OHH 

6YP;YT HP;TH nop;06HbIM 06paSOM. Y 3JIeMeHTOB 3TOH IIop;rpynnbI nOCJIep;OBa

TeJIbHO OT Tl K Hf pacTyT TeMnepaTypbI nJIaBJIeHHH H TeMnepaTypbI nepe

xop;a a - ~, a p;aBJIeHHH, npH KOTOPbIX npOHCXOP;HT nepexop;bI a - 0), YMeHb

rnaIOTCH. CJIep;yeT OTMeTHTb, op;HaKO, 'ITO B CBHSH C TaKOH nOCJIep;OBaTeJIbHO

CTbIO MOn>HO 6bIJIO 6bI oiKHp;aTb y ra<pHHH nOJIHMOP<PHSM npH p;aBJIeHHHX, 

MeHbrnHX 60 K6ap, HO CKa'IKOB 06'beMa HJIH 3JIeKTpOConpOTHBJIeHHH y 3T01'O 

MeTaJIJIa He 6bIJIO Ha:ti:p;eHo, a peHTreHoBcKHH aHaJIHS nop; p;aBJIeHHeM He nOHa

saJI HSMeHeHHH CTPYHTypbI. Bonpoc 3TOT 6yp;eT perneH, HOHe'IHO, C nocTpoe

HHeM rpaHHI] Men<p;y nOJIHMOP<PHbIMII MOP;H<pHHaI]HHMH ra<pHHH B nOJIe P - T. 

8. 8JlEMEHTbI IV-B rp~I IIIIbI 

C POCTOM nopHp;KOBoro HOMepa 3JIeMeHTOB rpynllbI yrJIepop;a Ha6JIIOp;aeTCH 

nOCTeneHHoe HSMeHeHHe HX <pHSH'leCKHX CBOHCTB OT MeTaJIJIOHp;HbIX y yrJIe

pop;a, nOJIynpoBop;HHHOBbIX y KpeMHHH H repMaHHH P;O MeTaJIJIH'IeCHHX 

y OJIOBa H CBHHI]a, HOTopble npH HHSHHX TeMnepaTypax HBJIHIOTCH YiKe CBepx

npOBop;HHKaMH. TaKiKe nOCTeneHHO OT 3JIeMeHTa K 3JIeMeHTY HSMeHHeTCH 1'1 HX 

KpHCTaJIJIH'IeCHaH CTpyKTypa. IIPH 06bI'IHbIX YCJIOBHHX y1'JIepop; HMeeT reKca

rOHaJIbHYIO CJIOHCTYIO CTpyKTypy B rpa<pHTe (THn A9), KpeMHHll 1'1 repMaHHH 

-Ky6H'IeCI<YIO aJIMaSHYIO (THn A4), 6eJIoe OJIOBO (~-Sn) HMeeT perneTHY 

TeTpa1'OHaJIbHYIO 06'beMHOI]eHTpHpoBaHHYIO (THn A5), a CBHHeI] - Hy6H'Ie

CKYIO rpaHeI]eHTpHponaHHyIO (THn At). CXeMaTH'IeCHH 3Ty nOCJIep;OBaTeJIb

HOCTb CTpyKTyp B rpynne yrJIepop;a MOiKHO sanHcaTb TaK: A9 -+ A4 -+ A5 -+ 

-+ A1. Bce 3JIeMeHTbI 3TOii rpyITllbI nop; Bosp;eBcTBHeM p;aBJIeHHH HJIH C HSMe

HeHHeM TeMnepaTypbI HCllbITbIBaIOT nOJIHMoP<PHb1e nepexop;bI. IIpH 3TOM OKa

SbIBaeTCH, 'ITO MOP;H<pHKaI]HH BbICOKoro p;aBJIeHHH 06HapYiKHBaIOT Ty }Ke 

nOCJIep;OBaTeJIbHOCTb B CMeHe CTPYHTYP, HOTopaH Ha6JIIOp;aeTCH B rpynne npH 

nepexop;e OT 3JIeMeHTa K 3JIeMeHTY. 8TO HBJIeHHe JIerKO nOHHTb, eCJIH pac

CMOTpeTb B Toii iKe nOCJIep;OBaTeJIbHOCTH <paSOBble P - T-p;HarpaMMbI. 

Ha pHC. 18, a CnJIOrnHOB JIHHHeB MbI nocnpOHSBOP;HM <PasoBYIO p;Ha

rpaMMy y I' JI e pOP; a no pa60Te 76. CTa6HJIbHOM <pOPMOH yrJIepop;a UpH 

06hPIHbIX YCJIOBHHX HBJIHeTCH rpa<pHT, a MeTaCTa6HJIbHOil ~ aJIJ\fas. rpa

HnI]a Men<p;y 3THMH p;ByMH <pasaMH no p;aHHhIM pa60TbI 76 BbIXOP;HT Ha I{Pl1BYIO 

nJIaBJIeHHH npn 130 K6ap H 4100° K, a P;JIH HpnBoii nJIaBJIeHHH aJIMaSa npep;

JIaraeTCH SHa'IHTeJIbHbIH OTpHI]aTeJIbHhlH HaKJIOH, TaK HaK CKa'IKH 06'beMa 

B rpa<pHTe, Hailp;eHHbIe B yp;apHbIx BOJIHaX 78, npHHHThl COOTBeTCTBYIOm;HMH 

nJIaBJIeHHIO. BTopaH TpoilHaH TO'IKa Ha p;Ha1'paMMe (CJIep; BbIxop;a Ha HPHBYIO 

nJIaBJleHHH rpaHnI]M Memp;y <pasaMH a JIMaS - rpa<pHfl'-II) JIemHT npH 630 r;,6ap 
'H 1300° K. flo p;aHHbIM p;pyron pa60TbI 77 3Ta TO'IHa JIennn npH 600 K6ap 
H 2900° K, a rpaHHI]a Memp;y rpa<pHToM H aJIMaSOM BbIXOP;HT Ha HPHBYIO 

nJIaBJIeHHH npH 150 r;,6ap H 3300° K. IIos}He 3TH aBTopbI, paCCMOTpeB nop;

P06HO CBoBcTBa 3JIeMeHTOB IV-B 1'pynllbI H Ha03JIeHTpOHHhlX C HHMn coep;H

HeHHB, 06paSOBaHHbIx 3JIeMeHTaMH III H V rpynn, npep;nOJIO}HHJIH, 'ITO 

P - T-p;Ha1'paMMa yrJIepop;a p;omlma HMeTb HeCHOJIbHO HHOB. BHP; 79. Ha 

pHC. 18, a rHnOTeTH'IeCHHe rpaHHI]bI Me}l<p;y <pasaMH, npep;JIOiKeHHble 

3THMH aBTopaMH, npOBep;eHbI rnTpHx-nYHHTHpHbIMH JIHHHHMH. B p;aHHOM 

CJIY'lae CHa'IHH 06'beMa rpa<pHTa, Hanp;eHHbIe B yp;apHhlx BOJIHaX 78 , 6YP;YT 

COOTBeTCTBOBaTb nOJIHMOP<PHOMY nepexop;y aJIMaSa B rpa<pHT-II. 
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I1PH aTOM 6hlJIO CAeJIaHO npep;IIOJIOmeHHe, 'ITO KpHBaH IIJIaBJIeHHH aJIMa3a 

6yp;eT HMeTb ropa3p;o MeHbmHH OTpHn;aTeJIbHhlH HaKJIOH H 3aKaH'lliBaTbCH 

B TPOHHOH TO'lKe C KOOpp;I1HaTaMH 600 ,.6ap II 2700° K; MOp;I1«pHKan;I1H rpa

«pHT-II 6yp;eT I1MeTb CTpyKTypy TIIIIa 6eJIoro OJIOBa TeTparOHaJIbHYIO 06'.beM

HOn;eHTplipoBaHHYIO (TIl II A5) II o6JIap;aTb KPliBOH IIJIaBJIeHIIH C IIOJIOmIlTeJIb

HhlM HaKJIOHOM 77. ECJIH co BpeMeHeM aTH IIpeAIIOJIOmeHIIH OIIpaBAaIOTCH, TO 
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0) P,HO ---PHC. 18. a) <I>aaOBaJI P - T-,ll;HarpaMMa C (IIO ,ll;aHHLIM 76). 3Bea,ll;O'lKaMH OTMe'leHhl Tpoi-

HhIe TO'lKH ,ll;liIarpaMMM. Hai,ll;eHHhIe B pa60Te 77, RpYiI{KaMH - ROOp,ll;HHaThl CRa'IlWB 06'heMa, 
IIOJIY'IeHHhIX B Y,ll;apHhIX BOJIHaX 78. illTpHX-rryHRTHPHhIMH JIHHHJIMIiI HaHeceHhI «paSOBhle 
rpaHlIIUoI H TpeyrOJIbIDIROM - ROOp,ll;lIHaThl TpoiHOi TO'lKH, IIpe,ll;JIOlReHHhIe B pa60Te 79. 
3amTpHXOBaHa 06JIaCTb IIpaRTH'leCROrO IIOJIY'IeHlilJI HCRYCCTBeHHhIX aJIMaaOB; 6) P - T
,ll;HarpaM)w Si H Ge, IIoJIY'leHHhIe MSTO,ll;OM ~TA 79. 3Bea,ll;o'lKoi OTMe'leHhI YCJIOBHJI IIOJIH
MOP«PHoro IIepeXO,ll;a B Si 81. P - T-,ll;HarpaMMa Sb IIOJIY'IeHa MeTO,ll;OM ~TA 79 (CIIJIOillHaJI 
JIHHHII); rryHRTHPOM 060SHa'leHhI «paaOBhle rpaHlIIUoI a - ~,HaH,ll;eHHhIe paC'IeTHhlM IIYTeM 79, 
IDTPHX-rryHRTHpOM - rpa:a:m:thI, 06HapYlReHHhIe C IIOMOm;blO peHTreHOCTpYRTypHoro aHa-

JIH3a IIO,ll; ,ll;aBJIeHHeM 25. 

aTO 6yp;eT JIY'ffilHM p;OKa3aTeJIbCTBOM npaBOMO'lHOCTH BhlBOP;OB, CAeJIaHHhlX 

Ha OCHOBaHHH aHaJIOrHH P - T-«pa30BhlX p;HarpaMM aJIeMeHTOB nepHOAH'Ie

CKOH CHCTeMhl. 

Ha pHC. 18, 6 npHBOAHTCJI P - T-AHarpaMMhl K p e M H H H H r e p

M a H H H, HaHAeHHhle MeTOAOM AH«p«pepeHD;HaJIbHO-TepMH'leCKOrO aHa

JIH3a 79. I10JIynpOBOP;HHKOBbIe KpeMHHH H repMaHHH IIOP; p;aBJIeHHeM 200 
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H 120 K6ap COOTBeTCTBeHHO IIepexop;RT B MeTaJIJIH'IeCKOe COCTOJlHHe S1. RaK 

IIOKa3aJI OIIbIT, HaKJIOH KPHBOH nJIaBJIeHHJI <pa3bI BhlCOKoro p;aBJIeHHJI repMa

HHJI nOJIOmHTeJIeH, TaKoH me 3HaK HaKJIOHa npep;nOJIaraeTCJI H P;JIJI KPHBOH 

nJIaBJIeHHR <pa3hl BbICOKoro ,n:aBJIeHHJI KpeMHHJI. CTPYKTypa <pa3 BbICOKoro 

p;aBJIeHHJI 3THX 3JIeMeHTOB HCCJIe,n;OBaJIaCb peHTreHorpa<pHlJeCKH, H aHaJIH3 

nOKa3aJI, 'ITO OHH 06JIap;aroT pemeTKoH THna 6eJIoro OJIOBa (THn AS) - TeTpa

rOHaJIbHOll 06'beMHOn;eHTpHpoBaHHoH S~. 
RaK Mhl yme ynoMHHaJIH, MeTaJIJIR'leCKOe, HJIH 6eJIoe, OJIOBO IIMeeT 

CTpyKTypy TeTparOHaJIbHYro 06'beMHOn;eHTpHpoBaHHYIo (THn AS) C OTHome

HHellI ocen ci a = 0,S4S. C nOHHrReHHeM TeMnepaTyphl p;o 13,So C npOHCXOP;HT 

nepecTpoiiKa ;)TOH pemeTKII, MOp;II<pIIKan;IIJI a-Sn - cepoe OJIOBO - IIMeeT 

pemeTKY Ky61I'lecKYro THna aJIMa3a II Bce CBOHCTBa nOJIynpoBop;HIIKa. 

Ha pHC . 18, e npHBep;eHa <pa30BaJl P - T-,n:HarpaMMa OJIOBa (no pa60Te 79) . 

06JIaCTb cTa6HJIbHOCTH ceporo OJIOBa JIe}KHT B nOJIe OTpHn;aTeJIbHbIX ,n:aBJIe

HFIll, <pa30BbIe rpaHIIn;bI Memp;y a- H ~-Sn H KpHBaJl nJIaBJIeHIIJI a-Sn pac

C'lHTaHhl. Ilop; p;enCTBHeM p;aBJIeHHJI ~-Sn npeTepneBaeT nepexo,n: B MOP;H<pHKa

n;Hro Snll 83, KOTOpaJl, KaK nOKa3aJIH peHTreHOBCKHe IICCJIep;OBaHHJI, IIMeeT 

CTpyKTypy TeTparOHaJIbHYro 06'beMHOn;eHTpHpOBaHHYIO 25, 6JIH3KYro K Ky6H

'!eCKOll 06'beMHOn;eHTpHpOBaHHOII (THn A2). B03MomHOCTb nepexo,n:a OT 

pemeTKH 06'beMHOn;eHTpHpoBaHHo:i1 TeTparOHaJIbHOH TlIna AS K 06'beMHOn;eH

TplIpoBaHHo:i1 Ky6H'leCKOH B OJIOBe 6bIJIa paCCMOTpeHa TeOpeTHlJeCKH Ha 

OCHOBe KOHn;enn;HH 3anOJIHeHHJI npOCTpaHCTBa 84 H, KaK Mhl BH,n:HM, no,n:

TBep,n:UJIaCb. 

C B H Hen; npH aTMOC<pePHOM p;aBJIeHHH P;O caMoro rJIy60Koro OXJIa}K,n:e

HHH coxpaHHeT pemeTKY Ky6HlJecKYlO rpaHen;eHTpHpOBajIHYIO THna Ai. 
Ilop; p;aBJIeHHeM nOJIHMoP<PHhlH nepexop; y CBHHn;a 6hlJI 06HapymeH nplI 

161 K6ap 85, npH'IeM H3Y'leHHe pJI,n:a CnJIaBOB Ph - Bi ,n;aeT OCHOBaHHe npep;

nOJIaraTb, 'ITO <pa3a BhlCOIwro ,n:aBJIeHIIH CBHHn;a 6y,n;eT IIMeTb CTpyKTypy reK

CarOHaJIbHYIO nJIOTHoynaKoBaHHYIO THna A3 86 • 

IITaK, paCCMaTpHBaH <pa30BbIe P - T-,n;HarpaMMhl 3JIeMeHTOB rpynnbI 

yrJIepop;a, MbI MomeM OTMeTIITb pH,n; xapaKTepHbIX oc06eHHOCTeH. Bo-nepBbIX, 

3TO 'IHCTO BHemHee CXO,n;CTBO B O'lepTaHHH ,n;HarpaMM. IlocJIe CHJIbHO paCTJI

HYTOll p;HarpaMMhl yrJIepo,n;a CJIep;YIOT yme 60JIee C}l<aThle ,n;lIarpaMMhl B CJIyqae 

KpeMHHJI II repMaHHJI H yme COBceM KOMnaKTHaJl p;HarpaMMa OJIOBa; COKpa

IIJ;eHHe H,n;eT KaK no OCH p;aBJIeHHH, TaK H no OCH TeMnepaTYp. IloJIe CTa-

6HJIbHOCTH MO,n;H<pHKan;HH co CTPYKTypO:i1 rpa<pHTa JIemHT B CJIyqae KpeMHHJI 

H repMaHlm B 06JIaCTH OTpHn;aTeJIbHbIX ,n;aBJIeHHH; TO rRe npOH30mJIO 

H C <pa30R, HMerom;en CTpyKTypy THna aJIMa3a (a-Sn) y OJIOBa. MORmo 3aMe

THTb TaKme, 'ITO <pa3hl, HMerom;He o,n;HHaKOBhle CTpyKTYPhl, HMelOT OP;HH H 

TOT me 3HaK HaKJIOHa KPHBOR nJIaBJIeHHJI, MeHJleTCH JIHmb yrOJI HaKJIOHa 

KpHBOil. Ra3aJIOCb 6bI, p;HarpaMMY Ka}I<,n;oro 3JIeMeHTa MomHO nOJIY'lHTb, 

«paCTHHYB» p;HarpaMMY coce,n;a, CJIe,n;yrom;ero 3a HIIM B nepHo,n;H'IeCIWH 

Ta6JIHn;e. 

lITaR, paCCMOTpeB <pa30BbIe p;HarpaMMhl 3JIeMeHTOB rpynnbI yrJIepo,n;a, 

MomHO CI<a3aTb, 'ITO C POCTOM ,n;aBJIeHHJI nOJIHMOP<PHb1e MO,n;H<pHKan;HH CMe

HJlIOT p;pyl' ,n;pyra B CJIep;YIOm;eR nOCJIep;OBaTeJIbHOCTH: reI{CarOHaJIbHaJl CJIOHC

TaR A9 (rpa<pHT) -+ aJIMa3HaJl A4 (aJIMa3, Sil, Gel, a-Sn) -+ TeTparOHaJIbHaJl 

06'beMHOn;eHTpHpoBaHHaJl AS (rpa<pHT-ll, Sill, Gell, ~-Sn) -+ nceBp;0I<y6H

'leCKaR 06'beMHOn;eHTpHpoBaHHaJl (Snll) -+ I<y6HlJecI<aJl rpaHen;eHTpHpOBaHHaJl 

Al (Ph) -+ reKCarOHaJIbHaJl nJIOTHoynaKoBaHHaJl A3 (PhIl). 
CMeHa KpHCTaJIJIHlJeCKHX CTpyKTyp nop; p;eRcTBHeM p;aBJIeHHJI COnpOBO}K

,n;aeTCH POCTOM K . 'I. HJIH, MomHO CI<a3aTb, 'ITO npH CMeHe CTPYI{TYP no,n; p;e:i1-

CTBHeM p;aBJIeHHJI YBeJIH'lHBaeTCJI I<03<P<PHn;HeHT 3anOJIHeHHJI <p (OTHomeHHe 

06'beMa, 3aHHMaeMoro aTOMaMH, K 06'beMY BceR 3JIeMeHTapHoR JI'leHlm). 8TO 

OT'leTJIHBO BHP;HO H3 Ta6JIHn;bI. 

8 Y <DH, T. 88, llbJll. 1 
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IIOCJIep;OnaTeJlbHaJl CMeHa RpHCTaJIJIHqeCRHX CTpyKTyp 
aJIeMeHTOB IV - B rpyIIIIhI C POCTOM p;aBJIeHllJl COIIpOBOlR,lIaeTCJI 

POCTOM K. q . H Koai!>i!>HIIHeHTa aanOJIHeHHJI npocTpaHcTBa <p 

THn 
A 9 A4 

I 
A5 A2 Ai A 3 pemeTKH 

K. q. 3 4 I 6 6,2 6-76 12 
I 

<p 0,171 I 0,340 I 0,535 I 0,680 I 0,740 0,740 

Cym;eCTBYIOm;aJI nOCJle~OBaTeJlbHOCTb ifJaaoBhlx ~HarpaMM ~aeT OCHOBaHHe 

npe~nOJlaraTb, 'ITO B TaKOM me nopH~Ke Oy,n;yT CMeHHTb ~pyr ~pyra MOAHifJH

Kan;HH BhlCOKoro ~aBJleHHH y Bcex 3JIeMeHTOB rpynnhl yrJlepo~a, T. e. y OJIOBa; 

KpeMHHH, repMaHHH H yrJlepo~a MomHO omH~aTb cym;ecTBoBaHHH ifJaabI 

CO CTPYKTYPOH KYOH'IeCROH rpaHen;eHTpHpOBaHHOH H reKCarOHaJlbHOH nJIOT

HoynaKoBaHHOH THna A3. 

9. 8JIEMEHThl V - B fP"YIIIIbI 

<1>aaoBhle AHarpaMMhl 3J1eMeHTOB 3TOH rpyuIIhl TOme oOHapymHBaIOT BnOJlHe 

OT'IeTJlHBYIO nOCJle~OBaTeJlbHOCTb C POCTOM nopH~KOBoro HOMepa; 3TO MomHO 

BH~eTb yme ceiI'Iac ~ame Ha BeCbMa HenOJlHl>IX ~HarpaMMax. 

<1>ocifJop npH OOhl'IHhlX YCJlOBHHX HMeeT HeCKOJlbKO aJlJlOTpOnHl>IX ifJOPM -

OeJlhlH, meJlThlH, KpaCHhlH ifJocifJop, HO HaHOOJlbIJ:IJni HHTepec npe~CTaBJlHeT 
nOJlynpoBo~HHKOBaH MO~HifJHKan;HH - 'IepHhlH ifJocifJop, npOHBJlHIOm;aH CBOH

CTBa, OJlHaKHe K 3J1eMeHTaM V-B rpyIIIThI. OPTOpOMOH'IeCKaH C O~HOH n;eHTpH

pOBaHHOH rpaHbIO (8 aTOMOB B H'IeHKe, K. 'I. = 3) KpHCTaJlJlH'IeCKaH CTPYK

Typa 'IepHOrO ifJocifJopa xapaKTepHa TaKme H ~JlH O~HOH Ha aJlJlOTpOnHhlX 

MO,D;HifJHKan;HH MhlmbHKa. 

¥ CTOiI'IHBOH ifJOPMOH MhlmbHKa HBJlHeTCH TaK HaahlBaeMhlH MeTaJlJlH

'IeCKHH MhlmbHK, HMeIOm;HH pOM003~pH'IecKYIO CTPYKTYPY TlIlla A 7. B 3TOH 

me CTpYRType KpHCTaJlJlHaYIOTCH H OCTaJlbHhle 'IJleHhl V-B rpYUlI1,I - cyphMa 

H BHCMYT. 
Ha pHC. 19, a nOKaaaH Y'IaCTOR P - T-~HarpaMMhl 'I e p H 0 r 0 ifJ 0 e

ifJ 0 p a. Ero KPHBaJI nJlaBJleHHH onpe~eJleHa ~o 20 1'i-6ap 87, a rpamI:IJ;hl 

Mem~y MO~HifJHKan;HHMlI HaMe'IeHhl JlHillb TO'lKaMH npH KOMHaTHoH TeMne

paType. IJepexo~ B ifJasy PH HaH~eH no CKa'IKY OO'heMa npH 50 1'i-6ap 20 

H C nOMOm;bIO peHTreHOCTpYKTypHoro aHaJlHSa npH 80 1'i-6ap 88; nepexo~ 3TOT 

BHJlhlH H conpoBom~aeTcH OOJlbmHM rHcTepeaHcoM. RaK nOKaaaJlO peHTre

HOBCKoe HCCJle~OBaHJIe, OPTOpOMOH'IeCKaJI CJlOHCTaH cTpyKTypa 'IepHOrO ifJoc

ifJopa PI B 3TOM cJlY'Iae nepeXO~HT B CTpyKTypy THna MhlmbHKa A7. IJPH 

~aJlbHeHmeM cmaTHH npH 124 1'i-6ap npOHCXO~HT HOBaH nepecTpoHKa aTOMOB, 

H MO~HifJHKan;HH PIlI HMeeT CTpyKTypy KY0H'IecKYIO npHMHTHBHyIO 88. . 

<1>aaoBaH P - T-~HarpaMMa MhlmbHKa npe~CTaBJleHa Ha pHC. 19, 6. 
3~ecb ~OCTOBepHO HaBeCTHO Tome HeMHoro 3J1eMeHTOB. RpHBaH nJlaBJleHHH 

nOCTpoeHa ~o 60 1'i-6ap MeTO~OM ~HifJifJepeHn;HaJlbHO-TepMH'IeCKOrO aHaJlHaa 89, 

a nOJlHMopifJHhlH nepexo~ B ifJa3Y AsH aaifJHKcHpoBaH npH 100 1'i-6ap, npH'IeM 

npH HCCJle~OBaHHH 3Toro Bem;eCTBa no~ ~aBJleHHeM BpH~mMeH He BH~eJl 
peaKHX CKa'IKOB OO'heMa, XOTH H OTMe'laJl aHOMaJlbHOe nOBe~eHHe ~eKpe
MeHTa OO'heMa npH ~aBJleHHHX, npe~eJlbHhlX ~JlH ero YCTaHOBKH -100 1'i-6ap 20. 

Ha KPHBOH 3J1eRTpOConpOTHBJIeHHH OH OTMeTHJI O'leHb ObICTPhlH cna~ npH 

100 1'i-6ap, 'ITO ~aJlo BOaMOJKHOCTb npe~nOJlOmHTb, 'ITO B ~aHHOM cJlY'Iae 

HaOJlIO~aeTCH nOJlHMopifJHhlH i:repexo~ 21. B03MomHaH rpaHHn;a Mem~y OOhl'I

HhlM MhlmbHKOM H ifJaaoH BhlCOKoro ~aBJleHHH npHBe~eHa HaMH Ha pHC. 19, 6 
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nYHKTHpHoii: JIHHHeii: . Mhl CKJIOHHhl ;n:YMaTb, 'ITO CTpyKTypa cpa3hl AsH CKO

pee Bcero Ky6HlJeCKaH npHMHTHBHaH; y6e;n:HThcH B aTOM HaM nOMomeT pac

CMOTpeHHe cpa30BhIX P - T-;n:HarpaMM CYPhMhI H BHCMYTa . 
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PIIC. 19. a) P - T-p;lIarpaMMa 'lepnoro IPocIPopa. I{j)HBaJ'I nJIaBJIelIHH naiip;elIa MeTop;OM 
)J;T A 87; HPY)I{}{OM OTMe'leIlhl YCJIOBIIH, rp;e 6LYJIn 06napYiHeIlhl CHa'lOH 06'beMa 20, rpe
yrOJIbHHKOM - HOOp):IHHaTLY nepexop;OB, 3aIPHKcnpOBaHIlhlX MeTop;OM penTreHOBCHoii: P;1I
IPpa~lIH 88. 6) P - T-p;IIarpaMMa As. RpIIBaJ'I nJIaBJIeIDIJ'I onpep;eJIerra MeTop;OM )J;TA 
B pa60Te 89; 3Be3p;O'lHOll 0603Ha'leIlhl Koopp;IIHaTbI nOJIIIMOPIPHOrO nepexop;a, OTMe'leHHOrO 
no CKa'lHY 3JIeKTpOConpOTUBJIeIDIJ'I 21; 8) P - T-AllarpaMMa Cypbll1bI. BepXHJ'IJ'I KpHBaJl 
IIJIaBJIeHIIH HaHp;ena B pa60Te 89, HIIlRHJ'IJ'I - B pa60Te 87. RpYlRKOM 0603Ha'lena npep;
nOJIaraeMaJl TpOMnaH TO'lHa 87, TpeyrOJIbHIIROM - Koopp;lIHaTa nOJIHMOPIPHorO nepexop;a, 
HaHp;eHHoro peHTreHOCTpYKTYPHbIM aHaJIII30M 90, 3Be3p;O'lHoii - Hoopp;HnaTa nepexop;a, 
OTMe'leHHOrO no CKa'lKY 3JIeHTpOCOnpOTHBJIeIDIJ'I B pa60Te 91. z) P - T-P;HarpaMMa BHcMYTa 

no p;anIlhlM MeTop;a )J;T A 89. 

MeTaJIJIHlJeCKaH C Y P h M a, HMeIOmaH CTpyKTypy THna A 7, JlBJIJleTCJI 

aHaJIOrOM CBOHX coce;n:eii: no rpynne - MhlIIIhHKa H BHCMYTa; ceii:lJac H3BeCTHhl 

8* 
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TpH MO,Il;H~HKa~HH CypbMhl. Ee KpHBaH n~aB~eHHH HaHAeHa AO 70 K6ap, 
H, KaK STO MomHO BHAeTb Ha pHC. 19, e, A~H nepBhlX AByX <i>aa KpHBaH n~aB
~eHHH HMeeT OTpHrr;aTe~bHhlH HaK~OH, A~H TpeTbeH - no~omHTe~bHhlH. 
B pa60Te 89 Ha KPHBOH II~aB~eHHH o6HapymeH OAHH MHHHMyM - BhlXOA 
rpaHH~hl Me mAY AByMH TBepAhlMH ~aaaMH ShIl H ShIll. RPHBaH II~aB~eHHH, 
HAym;aH Ha pHC. 19, e HHme IIepBoH, OIIpeAe~eHa B pa60Te 8]. I1HTepecHO 
OTMeTHTb, qTO B STOH pa60Te 6hl~O cAe~aHo IIpeAIIo~omeHHe 0 TOM, qTO 
Ha P - T-AHarpaMMe CypbMhl Ao~mHa cym;ecTBOBaTb em;e OAHa TpOHHaH 
TOqKa, HMerom;aH KOOPAHHaThl 37 K6ap H 8400 K. BepoHTHee Bcero, STa IIpeA
IIo~araeMaH TpOHHaJI TOqKa cym;ecTByeT Ha caMOM Ae~e H HB~HeTCH MeCTOM 
BbIXOAa Ha KPHBYro IIJIaBJIeHHH rpaHHrr;hl MemAY TBepAhlMH ~aaaMH ShI H ShIl. 
IIoJIHMop~HhlH IIepeXOA SbI - ShIl COIIpOBomAaeTCH OqeHb Ma~hlM CKaqKOM 
06'beMa, IIOaTOMY He o6HapymHBaeTCJI B aIIIIapaTax CO «CBo60AHhlM IIOpmHeM)}, 
~HKCHpyrom;HM CKaqKH 06'beMa IIpH IIOJIHMOp~HhlX IIepexoAax. OAHaKO cym;e
CTBOBaHHe STOH MOAH~HKarr;HH 6hl~O C OqeBHAHocTbro IIOKaaaHO B peaYJIbTaTe 
peHTrel):OCTpYKTypHoro Hcc~eAOBaHHH 90. IIpH yBeJI~eHHH AaBJIeHHJI AO 
70 K6~p AH~paKrr;HOHHaH KapTHHa OT 06LJqHOH MOAH~HKarr;HH ShI HCqeaaJIa 
H IIOHBJIHJIHCb pe~JIeKChl OT ~aahl BhlCOKoro AaBJIeHHH ShIl. AHa~Ha peay~b
TaTOB IIOKaaa~, qTO aTa MOAH~HKa~HJI HMeeT CTpyKTypy Ky6HqecKYro IIpH
MHTHI\Hyro. PeHTreHoBcKHH aHaJIHa Aa~ BoaMomHOCTb YCTaHOBHTb CTPYK
Typy H TpeTbeH ~aahl CYPhMhl - ShIll, nOHBJIHrom;eicH npH 85 K6ap; OHa 
OKaaliJIaCb reKCarOHaJIbHOH n~oTHoynaKoBaHHOH THIIa A3 C OTHomeHHeM 
oceH cIa = 1,58. 

IIoAPo6Hee Bcero HCCJIeAOBaHa ~aaoBaH P '-- T-AHarpaMMa BHCMYTa. 
Mhl BocnpOHaBOAHM ee Ha pHC. 19, e no pa60Te 89. CYAJI -no STOH AHarpaMMe, 
B HHTepBaJll3 AaBJIeHHH AO 100 K6ap cocym;ecTByroT nHTb nOJIHMOp~HhlX MOAH
~HKarr;HH. Hyamo aaMeTHTb, qTO BpHAmMeH BHAe~ Bce BoceMb MOAH~HKarr;HH 
B aTOM HHTepBaJIe AaBJIeHHH 37. RpHCTaJIJInqeCKaH CTpyKTypa HaBeCTHa ~Hmb 
AJIH 06LJqHOrO BHCMYTa BiI- OHa pOM6oaApnqeCKaH THna A7. B nOCJIeAHee 
BpeMH AeJIa~OCh HeCKOJIhKO nOllbITOK nOJIyqHTh peHTreHOrpaMMhl OT ~aa BhlCO
Koro AaBJIeHHH BHCMYTa, OAHaKO Bce OHM He YBegqaJIHCh ycnexoM 16,92-94. 

8TO cBHaRHo, Bo-nepBhlx, C BeChMa yaKoH o6~acThro YCTohHBOCTH MOAH~H
Karr;HH Bill. IIOJIyqeHHbIe Ae6aerpaMMhl, BepOHTHO, HBH~HCb peaYJIbTaTOM 
C'beMKH cpaay Tpex MOAH~HJ{arr;HH BHCMYTa, BiI: Bill, BiIII, nOTOMY qTO 
B peHTreHOBCKHX KaMep_ax AaBJIeHHH 06hlqHO cym;ecTByeT HeKoTophlH rpa
AHeHT AaBJIeHHH. RpoMe Toro, peHTreHoBcKHe C'beMKH aToro SJIeMeHTa IIOA 
AaBJIeHHeM aaTpYAHHlQ;r<:H ero CJIHmKOM MaJIOH pacceHBarom;~H cnoc06Ho
CThro, TaK -qTO Ha IIOJIyqeHHhlx peHTreHorpaMMax BIIOJIHe BoaMomHa nOTepH 
pe~JIeKCOB ~So cia60H HHTeHCHBHoCThro. 

He HMeH peaYJIhTaTOB peHTreHOBCKoro aHaJIHaa ~aa BhlCOKoro AaB~e
HHH BHCMYTa, Mhl MomeM cehac TOJIhKO CTPOHTh paaJIHqHhle npeAnOJIOmeHHJI 
OTHOCHTeJIhHO HX CTpyKTyp. HanpHMep, B pa60Te 89 AeJIaeTCH aaK~roqeHHe, 
qTO CTpyKTypa MOAH~HKa~HH Bill 6JIHaKa K reKCarOHaJIhHOH C TpeMH aTOMaMH 
B JIqeHKe, nOTOMY qTO B cn~aBax Bi - 1'1 HMeeTCH <i>aaa, nocTpOeHHaJI no THny 
TBepAhlx ~aa aaMem;eHHH, KOTopaH 06JIaAaeT reKCarOHaJIhHOH HeynopHAOqeH
HOH CTPYKTypOH. ,[(pyrHe aBTophl 94 nOJIararoT, qTO pemeTKa ~aahl Bill 
6YAeT BeChMa 6JIHaKOH K Ky6HqeCKOH 06'beMHOrr;eHTpHpOBaHHOH, IIOTOMY 
"ITO B6JIHaH KPHBOH IIJIaB~eHHJI B mHAKOM BHCMYTe o6HapymeHa BOChMHKpaTHaJI 
lWOPAHHarr;HJI, T. e. Kaa{AhlH aTOM HMeeT BoceMh 6JIHmaHmHX coceAeH 95, 

a cehac yme MomHO nepeqHC~HTh HeCKO~hKO npHMepoB, KorAa CTp'yKTypa 
~aahl BhlCOKoro AaBJIeHMJI Bem;ecTBa HMeeT Ty me IWOPAHHarr;Hro, qTO 
H }KHAKOCTh B6JIHaH KPHBOH nJIaBJIeHHH. 

B pa60Te 94 AeJIaroTcH npeAIIOJIOmeHHH OTHOCHTe~hHO KpHCTaJIJInqeCKHX 
CTpyKTyp H AP-yriu MOAH<i>HKari;HH BHCMyTa: Bill --+ A2, BiIII --+ A3, 
BilV --+ A2, BiV -+ At. 



<l>A30B hlE P - T-.D:HArPAMMhl H IIOJIHMOP<l>HbIE IIPEBPAm;EHMH 117 

Ho BepHeMCH CHOBa K · q,a30BbIM P - T-.n:HarpaMMa~ ~meMeHTOB V-B 

rpynIIhl. Bce OHH HMeIOT MHoro 06m;HX qepT. Bo-nepBhlx, aTO qHCTO BHemHee 

CXO.n:CTBO pHCYHKa .n:HarpaMM, KOTOPbLK, CJIerKa H3MeHHHCb, nOBTopHeTCH 

OT coce.n:a K coce.n:y. HaKJIoH KpHBblX nJIaBJIeHHH HCXO.n:HblX q,a3 nOCTeneHHO 

H3MeHl'IeTCH OT nOJIOmHTeJIbHOrO y q,ocq,opa .n:o OTPHIIaTeJIl,HOrO y BMCMYTa; 

CKopee Bcero, CTOJIb nOCTeneHHO 6y.n:YT H3MeHHTbCH H HaKJIOHhl rpaHHn; Mem.n:y 

HX TBep.D:bIMH q,a3aMH. C POCTOM nopH.n:KOBoro HOMepa aJIeMeHTOB P - T-.n:Ha

rpaMMhl KaK 6Y.n:TO CTHrHBaIOTCH B CTOPOHY MeHbmMX .n:aBJIeHHH H TeMnepaTYP, 

TaK 'ITO .n:HarpaMMY Kam.n:oro H3 aTHX aJIeMeHTOB MomHO nOJIyqHTb, paCTH

rHBaH HJIH cmHMaH P - T-.n:HarpaMMY ero coce.n:a no rpynne . 

CaMhIM 3aMeqaTeJIbHblM OKa3blBaeTCH TO . 06CTOHTeJIbCTBO, 'ITO nOCJIe

.n:OBaTeJIbHOCTb B CMeHe KpHCTaJIJIHqeCKHX CTpyKTyp nOJIHMopq,HbIX MO.n:Hq,H

Kan;HH Tome OKa3blBaeTCH o6lIl;eH: OPTOpOM6HqeCKaH pemeTKa C O.n:HOH n;eHTpH

pOBaHHoH rpaHblo (qepHhlH q,ocq,op PI) -+ pOM6H'leCKaH THna A7 (PIl, As, 

Sh, Bi) -+ Ky6 npHMHTMBHhlH (PIlI, AsIl?, ShIl, Bill?) -+ reKCarOHaJIbHaH 

nJIOTHoynaKoBaHHaH una A3 (ShIll, -+ BiIIl?) -+ rpaHen;eHTpHpOBaHHaH 

Ky6HqeCKaH THna Ai (BiV?) . B COOTBeTCTBHH C TaKOH nOCJIe.n:OBaTeJIbHOCTbIO 

CTpyKTyp Ha6mo.n:aeTcH YBeJIHqeHHe KOOp.n:HHan;HOHHoro qHCJIa npH ynaKoBKe 

aTOMOB, T . e. C POCTOM .n:aBJIemm Kam.n:blH aTOM nOJIyqaeT Bce 60JIee TeCHoe 

oKpymeHHe coce.n:HMMH aTOMaMH (K. 'I.: 3 -+ 6 -+ 12). 

B nOCJIe.n:OBaTeJIbHOCTH CTpyRTyp PH.n:OM C 0603HaqeHHeM HeKOTophlX 

Mo.n:Hq,HKan;HH Mhl nOCTaBHJIH BonpOCHTeJIbHhle 3HaKH - HX CTpyKTYPbI elIl;e 

He YCTaHOBJIeHhl, HO BhlH.n:YT JIH OHH H3 aToro CTpOHHoro PH.n:a? PaCCMOTpeHHe 

aJIeMeHTOB V-B rpynnhl B pa60Te 96 nOKa3aJIO, 'ITO npH 06hlqHhlX YCJIOBHHX 

.n:JIH HHX aHepreTHqeCKH Bhlro.n:HhlM HBJIHeTCH nepexo.n: OT npHMHTHBHoro Ky6a 

K pOM6oa.n:pHqeCKOH CTpyKType THna A 7 H 'ITO BHCMYT cpaBHHTeJIbHO JIerKO, 

T . e. npH He CJIHmKOM 60JIbmOM .n:anJIeHHH, MarKeT 6hlTb nepeBe.n:eH B MeTaJIJIH

qeCKOe COCTOHHHe C KpHCTaJIJIH'leCKOH CTPYKTYPOH Ky6HqeCKOH npHMHTHBHOH. 

CTPYKTYPY A7 OqeHb JIerKO HapMCOBaTb ce6e, npe.n:CTaBMB .n:ne CJIerKa BhlTH

HyThle no .n:HarOHaJIH rpaHen;eHTpHpOBaHHhle pellIeTKH CMelIl;eHHhlMH o.n:Ha OTHO

CHTeJIbHO .n:pyroH Ha OqeHb MaJIYIO BeJIH'lHHY - n03Hn;HOHHhlH napaMeTp U. 

B Ky6H'leCKOH rpaHen;eHTpHpOBaHHOH pellIeTKe MomHO Bhl.n:eJIHTb aJIeMeH

TapHhlH pOM6oa.n:p, HMeIOlIl;HH yrOJI npH BepllIHHe, paBHhlH 60°. ECJIH B3HThle 

HaMH .n:Be rpaHen;eHTpHpOBaHHhle pemeTKH CMem;aTb .n:o Tex nop, nOKa n03M

n;HOHHhlH napaMeTp He CTaHeT paBeH U = 0,250, TO B pe3YJIbTaTe o6pa3yeTcH 

pemeTKa C aJIeMeHTapHOH HqeHKOH B BH.n:e npHMHTHBHoro Ky6a. TaKHM o6pa-

30M, CTpyKTypa THna MhlllIbHKa A 7 HBJIHeTCH JIHllIb He60JIbllIHM OTKJIOHeHHeM 

OT npHMHTHBHoro Ky6a; MeHee Bcero aTO OTKJIOHeHHe .n:JIH BHCMYTa H 60JIee 

Bcero P;JIH MhImbHKa. BhlcoKoe .n:aBJIeHHe CHHMaeT HCKameHHe CTPYKTYPbl A 7, 

H OHa nepexo.n:HT B Ky6 npHMHTHBHbIH. 

VlTaK, eCJIH BHCMYT BnHChlBaeTCH B 06m;yIO nOCJIe.n:OBaTeJIbHOCTb aJIe

MeHTOB V-B rpynIIhl, Mhl MomeM omH.n:aTb y Hero CJIe.n:YIOlIl;YIO CMeRY CTPYK

Typ: BiI - pOM6oa.n:pHqeCKHH THn A7, Bill - Ky6 npHMHTHBHhlH, BiIll -

reKCarOHaJIbIIbIH nJIOTHoynaKoBaHHhlH THn A3, BiIV - Ky6 06'beMHOn;eHTpH

pOBaHHhlH, BIV - Ky6 rpaHen;eHTpHpoBaHHhlH. 

10. 3JIEMEHTbI VI-B fPYIIII bI 

113 aJIeMeHTOB VI-B rpynIIhl Mhl paCCMOTpHM TOJIbKO CeJIeH H TeJIJIYP 

H3-3a 60JIbllIOrO Cxop;CTBa HX CBOHCTB M elIl;e nOTOMY, 'ITO .n:JIH nOCTpoeHHH HX 

q,a30BhlX P - T-p;HarpaMM HMeeTCH 60JIee Bcero .n:aHHhlX . IIpH 06bIqHhlX 

YCJIOBHHX CeJIeH HMeeT ReCKOJIbKO aJIJIOTpOnHhlX Mop;Hq,HKan;HH, RO TepMo.n:H

HaMH'leCKH YCTO:ffqHBOH q,OPMOH HBJIHeTCH TaK Ra3hlBaeMhlH cephlH CeJIeR, 

HMelolIl;Hll CTpyKTypy reHCarORaJIbHYIO THna A8; B aTOll me CTpYHType KpH- . 

CTaJIJIH3yeTcH H TeJIJIYp . 
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B ynaRoBRe THna A8 y Ra'H,n;OrO aTOMa 6JIHmaHmHMH COCe,n;HMH ORa3bI

BaroTcH O,n;HH HHmHHH aTOM H O)J;HH BepXHHH, JIemam;He Ha O,n;HOH BepTHRaJIH, 

TaR 'ITO BCH CTpyRTypa pa36HBaeTCH Ha BepTHRaJIbHhle CllHpaJIbHhle n;enO'IRH. 

MHTepeCHO OTMeTHTb, 'ITO B ' OCHOBe CTpyRTyp THna A8 (THn CeJIeHa) 

H A7 (THn MhlllIbHRa) JIemHT TpeXCJIOHHaH Ry6H'leCRaH ynaRoBRa, TOJIbRO 

Bblpom)J;eHHe Ry6a ,n;JIH aTHX )J;ByX CTpyRTyp H,n;eT B ,n;ByX npOTHBOnOJIOmHhlX 

HanpaBJIeHHHX. ECJIH B HOpMaJIbHOM Ry6e npHMHTHBHhlH pOM6oa,n;p HMeeT 

yrOJI npH BepllHHe GO°, B CTpyRType THna A 7, RaR Mhl aTO yme BH)J;eJIH 

B CJIY'lae MDIllbHRa, CypbMDI H BHCMYTa, aTOT yrOJI MeHblle 60°, TO B CTPYR

Type THna A8 OH 60JIblle 60°. 
RaR BH,n;HO H3 pHC. 20, a, P - T-)J;HarpaMMa C e JI e H a H3Y'leHa O'IeHb 

MaJIO. RpHBaH n iraBJIeHHH onpe,n;eJIeHa Bcero ,n;o 10 K,6ap 97, a 0 nOJIHMOPcpH3Me 

no,n; ,n;aBJIeHHeM CBH,n;eTeJIbCTByeT H3JIOM Ha RPHBOH 3aBHCHMOCTH )J;eRpeMeHTa 

T. ' K 7i. moo r-~,-~-.~~~wn~yp~-.~--.-. 
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PRC. 20. a) BOBMOJimaH P - T-~RarpaMMa Se. KpRBaH nJIaBJIeHTHI oTlpe,l\eJIeHa no 
CKa'lllaM 06'beMa 97; OTMe'Iem.r Koop,n;RHaThl nOJillMOPcPm.rx nepeXO,l\OB: KpYmKOM - IISJIOM 
Ha KPIIBOii: SaBHCHMOCTH ,n;eKpeMeHTa 061>e1>1a OT ,n;aBJIeHRH 37, 3BeS,l\0'IKaJlm - CKa'IKII 
<1JIeKTpOConpOTHBJIeHIDI 21 , 98. 6) <l>asoBaH P - T-,l\HarpaMMa TeJIJIYpa, nOCTpoennaH 
MeTo,n;OM .IJ:TA 99, 100. 3Be3~0'IKOH 0603Ha'leHa l{Oopp:llHaTa nOJIHMopcPHoro nepexop:a 
Tel - Tell, HaH,l\eHHaH peHTreHOBCKHM MeTo,n;OM 102. KpymKH II Y'laCTOK cPaSOBOii: rpa
JIBIU>I Tell - Telll - pe3YJIbTaT HCCJIe,l\OBaHRH ,n;eKpeMeHTa 061>eMa TlO,l\ )J,aBJleRHeM 68 . 

06'DeMa OT ,n;aBJIeHHH npH 63 K,6ap 37 H CRa'IRH aJIeRTpOConpOTHBJIeHHH npH 

46 K,6ap 21 H 128 .,.6ap 98. MomHO )J;YMaTb, 'ITO nepBhle ,n;Ba CRa'IRa OTHO

CHTCH R O,n;HOMY H TOMY me nepexo,n;y Sel ~ Sell, Tor,n;a rpaHHn;y MerR,n;y 

aTHMH cpa3aMH MomHO npOBeCTH TaR, RaR Mhl npOBeJIH ee nyHRTHPHOH JIHHHeH. 

CTOJIb me npe,n;nOJIOmHTeJIbHhlH xapaRTep HMeeT RpHBaH nJIaBJIeHHH cpa3hl 

Sell H cpa30BaH rpaHHn;a Sell -+ Sell!. 

<Pa30BaH P - T-,n;HarpaMMa T e JI JI Y P a onpe,n;eJIeHa ropa3,n;o nOJI

Hee; OHa npe,n;CTaBJIeHa Ha pHC. 20, 6. B pa60Te 99 onpe,n;eJIeHa ero RpHBaH 

nJIaBJIeHHH ,n;o 50 .,.6ap C O,n;HHM rJIy60RHM MHHHMYMOM npH 30 .,.6ap, ROTOPhlH 

HBJIHeTCH MeCTOM Bhlxo,n;a Ha RPHBYro nJIaBJIeHHH rpaHHD;hl paBHOBeCHH Mem,n;y 

cpa3aMH Tell H Telll, a B pa60Te 100 Ha RPHBOH nJIaBJIeHHH Te HaH,n;eH MaR

CHMYM. IIepexo,n; TEll ~ Tell conpOBom,n;aeTCH O'IeHb He60JIbllHM CRa'IROM 

06'DeMa, CTOJIb He6oJIbllHM, 'ITO, yme nOCTpOHB cpa30BYro rpaHHn;y Mem)J;y 

Mo,n;HcpHRan;HHMH Tel H Tell, BpH,n;mMeH npOCHJI He npHHHMaTb ero pe3YJIb

TaThl CJIHllROM Bcepbe3 68. IIpH ,n;aJIbHeHlleM YBeJIH'leHHH ,n;aBJIeHHH B TeJIJIype 

6bIJIO 3acpHRCHpOBaHO em;e ,n;Ba nepexo,n;a npH 45 H 70 .,.6ap; aTH nepeXO)J;hl 

conpoBom,n;aJIHCb yme BnOJIHe OT'IeTJIHBbIMH CHa'IRaMH 06'DeMa 37 H aJIeHTpO

COnpOTHBJIeHHH 101. 3,n;ecb HHTepecHo OTMeTHTb, 'ITO peHTreHOBCRHH aHaJIH3 

n03BOJIHJI «YBH,n;eTb» .nOJIHMOPCPHhlH nepexo,n; npH 15 K,6ap 102. ORaaaJIOCb, 'ITO 
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~enOl:I:9'IHaH CTpyKTypa Hcxo,n;Horo Temlypa Tlma A8 no,n; ,n;aBJIeHBeM nepe
XO,n;BT B CJIOBCTYIO CTPYKTYPY TBna MblmbllKa A 7; 6bIJIO nOKaaaHO, lITO nepe
xo,n; 3TOT He COnpOBOJ-H,n;aeTCH HB CKalIKOM 06'heMa, HB BaMeHeHBeM nJIOTHOCTB. 

BoaMOIHHO, waaoBaH rpaHB~a Tel-II BbIXO,n;BT Ha MaKCBMYM KPHBO:i1 
nJIaBJIeHHH. ,ll;aJIbHelimee HaMeHeHBe CTPYKTYPbI npOHcxo,n;BT npH 45 r.6ap; 
3TO BH,n;HO Ha ,n;e6aerpaMMbI, KOTopaH 6bIJIa nOJIYlleHa OT waabI TeIII no,n; ,n;aB
JIeHBeM, o,n;HaKO pacmBWPoBaTb ee nOKa e~e He y,n;aeTCH 102. ECJIB cpaBHHTb 
Tenepb waaoBbIe P - T-,n;HarpaMMbI CeJIeHa H TeJIJIypa, TO 6y,n;eT HCHO, lITO 
OHB He HBJIHIOTCH HCKJIIOlIeHBeM Ha 

T.·C 
o6~ero npaBHJIa - ,n;BarpaMMa TeJIJIY - iooor-,....,,......,--r-,--,-:AI:::.::Mr.::::tJ.Jrc0-,-,--.--.--.-..--, 
pa HBJIHeTCH CJ-HaTbIM BapBaHTOM ,n;Ba-
rpaMMbI CeJIeHa. STO 06CTOHTeJIbCTBO ( 
nOaBOJIHeT ,n;YMaTb, lITO CeJIeH 6y,n;eT ~.---
06JIa,n;aTb TOlIHO TaKHM }Ke nOJIBMOPWBa-
111 OM , a BMeHHO A8 --+ A 7. 1500, ~ 

CJIe,n;yeT OTMeTHTb TaKJ-He, lITO y 
3TBX ,n;ByX 3JIeMeHTOB TaKJ-He MomHO 

Ollm,n;aTb nOHBJIeHBH MO,n;BWHKaD;BB CO 
CTPYKTYPOH Ky6HllecKo:i1 npBMBTHBHOH, 1000 

TaK KaK nOJIOHHH, CJIe,n;YIO~BH B 3TOM: 
rpynneaaTeJIJIYPOM,06JIa,n;aeTCTpYKTY-
pon npHMHTBBHOH Ky6HlIeCKoH. 

11 . rpYIIIIA iREJIE3A 
500 

:--'0 

J 

<DaaoBaH P - T-,n;HarpaMMa }K e
JI e a a HayqeHa B OlIeHb mHpoKOM 
,n;HanaaOHe ,n;aBJIeHHH H TeMnepaTYp. 
fIpH aTMocwepHOM ,n;aBJIeHHH ,n;o TeMne ° 50 

...-------
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paTYPbI 1179° K cTa6HJIbHa Mo,n;HWBKa- Puc. 21. !.l>aaoBaH P - T-AlIarpallura 
~HH a- Fe co CTPYKTYPOH Ky6HllecKoH 
06'heMHO~eHTpBpoBaHHoR, KOTopaH aa
TeM CMeHHeTCH wa30H y- Fe C pemeTKoH 
Ky6HllecKoH rpaHe~eHTpHpoBaHHoR. 
fIpH ,n;aJIbHeHmeM HarpeBe (T = 1674°I{) 

Kp~lBaR n J1aBJ1eHII.R onpeAeJ1eBa MeTOAOM 
ATA "0. rpaBHqhI a - 'Y H a - e no
CTpOeHbJ no AaHHblM paaJ1 HQHhIX MeToAoB, 
cp aaoBblc rpaBHqbl Y - 6 H 'Y - e BhIQBC-

neBbl B 103. 

aa waaoH C rpaHe~eHTpBpoBaHHoii Ky6HlIecKoH pemeTKoH CJIe,n;yeT BbICOKO
TeMnepaTypHaH wopMa 6-Fe, KOTopaH, KaK H 60JIbmilHCTBo BbICOKOTeMnepaTYP
HbIX Mo,n;HWHKa~BH, HMeeT CTpyKTypy THlla A2- Ky6 06'heMHOn;eHTpHpoBaHHbIH. 

Ha pHC. 21 nOKaaaHa wa30BaH P - T-,n;BarpaMMa - peaYJIbTaT 06-
pa60TKH ,n;aHHbIX OlIeHb MHorHX awropOB 103. BOJIbmOe KOJIHlleCTBO pa50T 
nocBH~eHo HaYlIeHHIO paBHoBecHoH KPBBOH Me}H,n;y a- H y-WaaaMB. OHa onpe
,n;eJIHJIaCb ,n;BJIaTOMeTpIIlleCKB 104, no CKaqHaM 3JIeHTpOConpOTHBJIeHHH 105, 106, 

no TenJIOTaM nepexo,n;a a --+ y 107, no CKalIKaM TenJIOnpOBo,n;HOCTB 106 H B y,n;ap
HbIX BOJIHaX 108 , 109. 

PeaKoe HaMeHeHHe HaKJIOHa 3TOR rpaHB~bI ,n;aJIO OCHOBaHBe npe,n;nOJIaraTb, 
qTO a,n;eCb Ha waaOBOH ,n;HarpaMMe Haxo,n;HTCH TpoirHaH TOlIHa H lITO, KpOMe 
(1- H y-waa, cy~ecTByeT e~e o,n;Ha Mo,n;HWHKa~HH J-HeJIeaa; QHa 6bIJIa HaaBaHa 
e-Fe no aHaJIOrHH C e-waaOH K05aJIbTa. 

CnpaBe,n;JIHBOCTb 3TOrO npe,n;nOJIOIl{eHHH ,n;OKa3aJI peHTreHOCTpYHTypHbIH 
aHaJIH3, C nOMO~bIO KOTopOro 5bIJIO nOKa3aHO, lITO e-Fe HMeeT CTpyKTypy 
reKCarOHaJIbnyIO nJIOTHoynaKoBaHHYIO THna A3 103 , 17. 

<Da30Bble rpaHH~bI y - 6 H Y - e 3KcnepHMeHTaJIbHO He onpe,n;eJIHJIHCb, 
OHH BbIlIHCJIeHbI B pa50Te 103, a HpHBaH nJIaBJIeHHH onpe,n;eJIeHa C nOMO~bIO 
,n;HwwepeHD;HaJIbHO-TepMHlIeCKoro aHaJIH3a 110. e-wa3a J-HeJIe3a, BepOHTHO, 
YCToiPIHBa ,n;o BeCbMa BbICOHHX f,laBJIeHHH; BO BCHKOM CJIYllae B y,n;apRbIX 
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BOJIHaX ,n;o 4000 x6ap' He 6bIJIO 06HapymeHo KaKHX-JIH60 CKa'IK006pa3HblX 

H3MeHeHHH rrJIOTHOCTH HCCJIe,n;yeMoro Bem;eCTBa 111. 

06paTHMCH Terrepb K COCe)1;HM meJIe3a - K 0 6 a JI I> T Y H H H K e JI 10. 

R06aJII>T rrpH 06D1'IlIIJX YCJIOBHHX HMeeT )1;Be MO)1;HtPHKa~HH: reKCarOHaJII>HaH 

THrra A3 (e-Co) cTa6HJII>Ha )1;0 7550 K, rrOCJIe 'Iero rrOHBJIHeTCH BblCOKOTeMrre

paTypHaH y-tPa3a co CTPYKTYPOH Ky6H'IeCKOH rpaHe~eHTpHpoBaHHoH (urr Ai), 
cym;ecTBylOm;aH BrrJIOTD )1;0 rrJIaBJIeHHH. ¥ HHKeJIH rrOJIHMOPtPH3Ma He HaH)1;eHO, 

OH 06JIa,n;aeT CTPYKTYPOH Ky6H'Iec:{{OH rpaHe~eHTpHpOBaHHOH THrra Ai . 
RaK H BO Bcex paCCMOTpeHHblX paHee CJIyqaHX, MbI MO}KeM CKa3aTI>, 'ITO 

B rpyrrrre meJIe3a C YBeJIH'IeHHeM rrOpH)1;KOBOrO HOMepa rrpOHCXO)1;HT CMem;e

HHe tPa30BblX P - T-)1;Harp.aMM B CTOPOHY Me!ll>illHX )1;aBJIeHHH H TeMrrepaTYp. 

Ry6H'IeCKaH rpaHe~eHTpHpoBaHHaH H reKCarOHaJII>HaH tPa3b1, cocym;ecTBYIO

m;He B iI<eJIe3e B YCJIOBHHX BbICOKHX ,n;aBJIeHHH, CMeHHIOT ,n;pyr ,n;pyra B K06aJII>

Te yme IIpH aTMoctPePHOM ,n;aBJIeHHH; TeMIIepaTypa rrepexo,n;a rrpH ;nOM HHme, 

'leM y meJIe3a. 

I1paKTH'IeCKHM BblBO,!l;OM H3 TaKoro paCCMOTpeHHH MomeT 6bITb 3aKJIlO

'IeHHe 0 TOM, 'ITO Y HHKeJIH npH HeKOTopOM ,n;aBJIeHHH MomHO Oilm,n;aTI> cym;e

CTBOBaHHe e-tPa3bI CO CTPYKTYPOH reKCarOHaJIbHOH rrJIOTHoyrraKoBaHHoii: 

THrra A3. 
<l>a30Bble P - T-,n;HarpaMMbI rrOCTpOeRbl ,n;aJIeKO He ,n;JIH Bcex 3JIeMeHTOB 

rrepHo,n;H'IeCKOH CHCTeMbl, H rrOTOMY, ,n;eJIaH nOWTKY 0606m;HTI> yme H3BeCT

Rble tPaKTbI, MDI 6b1JIH BblHym,n;eHbI OCTaBHTI> 6e3 BHHMamIH MHoro HHTepec

HDIX Bem;eCTB. 

3HaHHe P - T-,n;HarpaMM rr03BOJIHeT HaM o~eHHTb Te rrpo~eCC:bI, KOTopble 

rrpHBo,n;HT K CMeHe KpHCTaJIJIH'IeCKHX CTpyKTyp; KpOMe Toro, orrHpaHCI> 

Ha cym;ecTBylOm;He nOCJIe,n;OBaTeJII>HOCTH B CMeHe rrOJIHMOPtPRblX Mo,n;HtPHKa

~HH BHyTpH Kam,n;OH rpyrrIIbl Ta6JI~bI\ MDI MomeM yme ceHlJac CTPOHTI> 

rrpe,n;rrOJIOmeHHH 0 CTpyKTypax He HCCJIe,n;OBaHHblX em;e peHTreHorpatPH'IeCKH 

HJIH Bo06m;e TPy,n;Ho,n;ocTynHblx Mo,n;HtPHKa~HH BbICOKoro ,n;aBJIeHHH. RpOMe 

Toro, 3HaHHe KpHCTaJIJIH'IeCKHX CTpyKTyp tPaa BblCOKoro ,n;aBJIeHHH Bem;ecTB 

HJIH XOTH 6b1 npe,n;nOJIOmeHHH" 0 HHX nOMorYT HaM B nOHCKax HOBblX Bem;eCTB 

no,n; ,n;aBJIeHHeM C 3apaHee 3a,n;aHRblMH CBoHCTBaMH. 

* * * 

MTaK, paCCMOTpeB tPa30Bble P - T-,n;HarpaMMbI HeKOTopblX 3JIeMeHTOB 

nepHo,n;H'IeCKOH Ta6JI~bI, MIiI MOrJIH y6e,n;HTbCH B TOM, 'ITO CBOHCTBa nepHO,n;H'I

HOCTH pacnpOCTpaHHIOTCH H Ha tPa30Bble ,n;HarpaMMDI. MbI MOrJIH y6e,n;HTDCH 

H B TOM, 'ITO P - T-,n;HarpaMMbI 3JIeMeHTOB O,n;HOH H To-H me rpynIIbl HMelOT 

BeCbMa cxomHH 06m;HH BH)1;, O)1;HaKO OHH nOCTeneHHO H3MeHHIOTCH, CTHrH

BaHCI> B 06JIaCTH MeHl>illHX ,n;aBJIeHHH H TeMnepaTYP no Mepe pOCTa nopH,n;KO

Boro HOMepa. MHoro06pa3HIO 3JIeMeHTOB COOTBeTcTByeT MHoro06pa3He tPOPM 

tPa30BblX rpami~. 06m;eH TeH,n;eHIJ;HeH npH nOJIHMOPtPH3Me 3JIeMeHTOB no,n; ,n;eH

CTBHeM ,n;aBJIeHHH HBJIHeTCH CMeHa 60JIee PhlXJIblX KpHCTaJIJIH'IeCKHX CTPYK

Typ CTpyKTypaMH 60JIee nJIOTHDIMH, 06JIa,n;alOm;HMH 60JII>illHM Koop,n;HHa~HOH
HDIM'IHCJIOM. Ha tPOHe 06m;ero rrpaBHJIa MOilmo YKa3aTb pH,n; CJIyqaeB, Kor,n;a 

no Mepe pOCTa ,n;aBJIeHHH 3a CTPYKTYPOH C 60JII>illHM K03tPtPH~HeHTOM 3arrOJI

HeHHH rrpOCTpaHCTBa CJIe,n;yeT CTpyKTypa C MeHbillHM 3Ha'IeHHeM cpo 8JIeK

TpOHHDIe nepexo,n;bI B pH,n;e CJIyqaeB corrpOBOm)1;alOTCH TaKme coxpaHeHHeM 

CTpyKTYPbl, KaK 3TO rrpOHcxo,n;HT, HarrpHMep, C ~epHeM rrpH 7 x6ap, C ~e3HeM 
IIpH 42,5 x6ap H, B03MomHO, C 6apHeM rrpH 17 x6ap. I1pHMe'IaTeJII>HO, 'ITO 

nOCJIe,n;OBaTeJII>HOCTI> B CMeHe KpHCTaJIJIH'IeCKHX CTpyKTyp o,n;HHaKOBa ,n;JIH 

Bcex 3JIeMeHTOB rpyrrIIDI H, KpOMe Toro, ,n;JIH pH,n;a rpyrrn OHa COBrra,n;aeT 

C nOCJIe,n;OBaTeJII>HOCTblO, B KOTOPOH o,n;Ha CTpyKTypa CJIe,n;yeT 3a ,n;pyroH 

B rpYlIIIe no Mepe pOCTa nopH,n;KOBoro HOMepa 3JIeMeHTOB. 
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B HeKOTophlX CJIY'IaHX OKa3bIBaeTCH, 'ITO P - T-AHarpaMMa aJIeMeHTa 

HMeeT 60JIbme CXOACTBa C AHarpaMMaMH aJIeMeHTOB coceAHeii rpyIIIThI, HarrpH

Mep AHarpaMMa 6apHH noxoma Ha AHarpaMMDI m.eJIO'IHbIX MeTaJIJIOB. 

CJIep;yeT OTMeTHTb TaK}IW, 'ITO AJIH rrpeArrOJIOl-HeHHll 0 BHAe KpHCTaJIJIH

'leCHOH CTpyHTyphl MOp;H<pHKan;HH BhlCOKoro p;aBJIeHHH MoryT 6bITb yqTeHhl 

TaHHe MOMeHTbI, HaK cym.eCTBOBaHHe rrOAo6HbIX CTpyHTyp Y TBepAhlX paCTBO

POB aTHX aJIeMeHTOB, BeJIH'lHHa CHa'IKa 06'I>eMa rrpH rrepeXOAe H BHP; HpHBorr 

aJIeKTpOCorrpOTHBJIeHHH B paiiOHe AaBJIeHHH rrepeXOAa; BamHO TaKme H TO 

06CTOHTeJIbCTBO, 'ITO B pHp;e CJIyqaeB KooPAHHan;HOHHoe 'IHCJIO <pa3bI BbICOHoro 

AaBJIeHHH paBHO KOOPAHHan;HOHHOMY 'lHCJIY mHp;KOH <pa3hl B6JIH3H KPHBOH 

rrJIaBJIeHHH. 

Bce aTO BMeCTe B3HToe rrOCJIymHJIO OCHOBaHHeM AJIH pHAa npeArrOJIOme

HHii 0 B03MomHhlX CTpyKTypax MOAH<pHKan;HH BhlCOKoro AaBJIeHHH HeKOTO

phlX aJIeMeHTOB. B03MomHO, 'ITO 6epHJIJIHH rrOCJIe rrepexoAa rrpH 93 1f,6ap 
6YAeT Ky6H'IeCKHM 06'I>eMHOn;eHTpHpoBaHHbIM, KaJIbn;HH npH 375 1f,6ap 6YAeT 

HMeTb nepeXOA TaKme B CTpyKTypy Ky6H'lecHYro 06'I>eMHOn;eHTpHpoBaHHYro. 

y pTyTH B03MomHa CTpyKTypa reHCarOHaJIbHaH rrJIOTHoyrraKoBaHHaH Tl'lIIa 

MarHHH, a y raJIJIHH H HHAHH BrrOJIHe BepOHTeH rrepeXOA B CTpyKTypy I<y6H'le

CKyro rpaHen;eHTpHpOBaHHYro 6e3 CHa'IKa 06'I>eMa. Y Bcex aJIeMeHTOB IV-A 

rpyrrrrbI MoryT cym.eCTBOBaTb <pa3hl co CTPYKTYPOH reHCarOHaJIbHOH rrJIOTHO

yrraKoBaHHon, BKJ,Iro'IaH H yrJIepoA. Y aJIeMeHTOB V-A H VI-A rpyrrrr MomHO 

omHp;aTb rrOHBJIeHlJe MOp;H<pHKan;HH co CTPYKTYPOH Ky6H'IeCKOH rrpHMHTHBHOH, 

a y HHKeJIH rrpH BhlCOKHX AaBJIeHHHX AOJImHa cym.eCTBOBaTb <pa3a co CTPYK

TYPOH reKCarOHaJIbHOH nJIOTHoyrraHoBaHHOEr:. 

AHaJIOrH'lHhle 3aKOHOMepHOCTH MOl-HHO Ha6JIroAaTb He TOJIbHO Ha <pa30BbIX 

P - T-AHarpaMMax rrpOCThlX aJIeMeHTOB, HO H Ha AHarpaMMax HeKOTophlX 

npOCThlx coep;HHeHHEr:, B 'IaCTHOCTH raJIOreHHp;OB m.eJIO'IHhlX MeTaJIJIOB, coep;H

HeHHEr: THrra AB, OHHCJIOB H TOMY rrOAo6HbIX coeAHHeHHH. 
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