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UCliO HCCR8JlOBAJmlt lii>UlO JIOCJillll[8BO 113Y'f8DJO ero ATOM.BOlt H MarUTBOil CTpyxTyp. PeaT­

/4/ BIFe01 noKaaano, 'ITO no coe-

JlBIIeD8 OTBOCB'J'CB )[ CTpyJt'J'YPBOMy THJI7 ll8poBCKRT8 C 8TOM8MH B H.ll8An&Rb1X IIOnOlK8UBX. 

.ll~U~W~elmae accae.lloii8BIUI o6a8pylKHO, 'ITO aneweaT8pB8.R nei!Ka BIFeOa poM6oaApB'I:8CKK 

aCKalJCeaa
121 (• •S,962 + O,OCIIA , a • a9Pal' +a' l HeltTpoaorpacjlH'IecKRM accneAoBABReM 

/6 71 
IIOnRKpHCTAIUIK'IecDX o6pa311.0B 

1 6wno yCTABOBneBO, 'ITO llpH TeMIIepaTyp8X BRlK8 

T !I' • 870°C B BIFeOa JJpOBCXOJlHT 7110pll.ll0'18BR8 MArBHTBhiX MOM8BTOB HOBOB Fe I+ c 

olipaaoBA.KHeM MarUTIIOlt CTpyJt'l'fPhl TIIJIA C o HUAII:BX CBeA811Rlt 0 BAIIp8BneiiiiR M8rDT-

/6/ 
BWX MOM8BTOB H3 IIOII}"DIT& B8.11l>3.R 6bUIO, TA)[ J[A)[ OTII:nOB8BHJI OT ll:y()R'I8CII:Oil CRMM8TpRH 

ucnepaweaTan&ao ae o6a8p7lJCeBhl. BYno BhiKCIIeao T8KlKe, 'ITO &KcnepaNHTan&ahle HBTea­

CHBJlOCTJI uepBhiX Mllii:CHNYMOB B8lt'!J>OBOrpaMMhl Cyll[8CTB8HBO OTnR'I810TCJI OT p8C'IHT8RBhiX 

JlnK HA8Am.JIWX liOIIOlK8HRil ATOMOB B &n8M8BTApBolt H'leltxe, 3TO 6hlll0 CB.R38BO C OTII:noaen-

8M CTJI7KTYPY OT HA8ARIIROro nepoBCII:IITA. nonolKebe ATOMOB B aD8M8RT8paolt R'leltxe 

81 Fe01 ( HX OTnR'I:He OT DOnOlK8BHH B K.ll&AII&BOII CTpyJ[Typ& THIIA D8P<?BCII:HTa RHlK8 liy-

. /5/ 121)1 
J18'J' BA3hiBAT&CR CM811[8BH8M) li:CCneAOBAIIOC& aD811:Tpoaorpacjlx'lecKII , peBTresorpacjlR'1:8CU 

111 /8/ 
a aeltTpoaorpacjlR'I:ecxa • Hccne.lloBABHe noKaa8no O.llHAKo, 'ITO npa TewnepaTypAX Bhlllle 

T !I' '!ACT& CB8pXCTpyJ[TypRhiX MA)[CHM7MOB ( Dep~RA'IAm.JIO OTHOCRMWX II: MarsRTIIhiM ~-

neii:CAN) ae HC'18388T DOnBOCT&IOiRA 3TOM OCROBABHH Dpe.llDOn8ranOCII0 'ITO RM8-

eT csepxcTpyxTypy THDa aaltllea11oll p811ee y 
/19/ 

8 DocneABee BpeM.B YA8110C& DOil}"UITL 0'18BL Nenxae MOROII:pHCT8nnhl BIFe0
1 

/10 211 
( CM. 1 

) , 0.!(11811:01 .!lOCT8TO'IBhl8 .!lnH peBTreaorpacjlB'I8C)[Oro RCCII8.!lOBABRH ( C oiiHR811ahiMR 

paaMepaNR • 0,1 MN). Tll[8TenLIIhlll IIOHCII: CBepXCTpyJ[TypJIHX OTJNllK8Dlt lie llan peaynL-

TATOB; 118 3TON OCIIOBABHH 7TB8plK.Il88TCH OTCyTCTBB8 CB8pXCTPYII:'J'YPhl B BIFaO I • /IO/ • 

BIFeO 1 accne.noB8nc• T8KlKe c IJOUOII[LJO peaOII811caoro nornoll[8DH 
Ill/ 

y -ny'lelf • 

Ill/ 
3xcnepaweKT8nLIIhl8 .!lABBhle 

npasneaaew NAriiHTJU)ro MOM8RTA 

'ITO 8T0Mhl Fe ...... 
RRT8pllpeTHpoBAIIhl B llp8.!liiOIIOlJC8RHII1 'ITO yron M8lKAY 118-

;: II OCLIO [ 111) COCT8BnH8T nxlio 00°; nROO 18° R 

8 



HaeTOSlmae RCC118AOB8.8J!e KM8IIO J(IIIIlbJO ReDOI!MOI!Ia'l'lt pll,ll Dp8HM1Jil8CTJl N8'1'0Aa Jl~ 
/12-14/ 

N8HR llponeTa upH Jl&IITpoHOrpaciJH'I8CIOIX HSN&peBHSIX B HCC118AOila.JliDI N&rllHTliOII: H 

aTONHOII CTPYJ[TYP BIFe08 • 

A.Dnapa'r'Tpa H Me'I'OAHII:a BCQneAOIIIlJIHll 

HeTPOilorpaMM:hl BIFe0
8 

6:&IIIR BOII)"l8lll>l :a na6opa'I'OpBH Jl81TpoHHOII: cjJxaHII:H OH.fiH 
/18/ 

118 HNllynloCllOM peu:TOpe 6:&1¢TPbiX seiTpoHOJI HBP • npa &TOM 6HII DPBM8118B Ne'I'OA 
/12-14/ .. 

Bp&NeHR uponeTa , JtoTOpYII: u03110ml8'1' non)"lll'l'lt 6om.moe paspemeHRe • o«<nae'rll 

6om.mBX N8JKIIIIOCJI:OCTHblX paCCTORHRIIo 

CxeMa cDeJtTpoMeTpa no :apeMeiiB nponeTa uoJtasaBa u pBC. 1. BMoTB;rJO Jt u:TDIIOII: 

aoae 1 BM!IYnJtCJioro peaJt'I'Opa IION&mea unoc:ull :SAM8AnBftmt 2 TOnlllBHOII 4 eN;. 3aMeAIIB­

ftnJo upencTa:anKeT co6oll Jtopo6Jty0 :sauonaeBB:YJO BOJloll: c DP•Nec:J>JO 018% 6opaoll: UGn.O'I'Iol·. 

n~ Jl911TpOHOB IIpOXOJ:IliT qepes CT8nlo80II: JI:OIImlMil'I'Op S C9M8pGIICitorO TJ[Jl8 (paeXOAH-
2 

MOCTlb - 20°, CyMMSpHOe C8'19JlJ(8 1))[88 .. 100 X 110 NM ) , IION8Dl8Jlllblll B Cftll8 sana peu:-

TOpa, qepeS 114Jt)7M8blll H811TpoiiOBO.Il 7, OltliO BOASIIIOII 3amBTbl 9 B paCC8BII48TCS 118 o6-

pasne a •. PacceUilblll 110):1 yrnaMB 90° 81111 82° ll:y'IOlt BpGXOA8.11 '18p83 J[QIIII8MaTOpH 8, 

BA8JITJ['IBbl8 JtOM8MaTOpy IS cTeB8 p&U:TOp8o 3aftN p8CC8li8Jibl8 11811TpOHbl per8¢TP8poBII­

nBCio CllBIITBIIIIllllBOHHblNJI .ll8T8J[T0p8NJI S. OJtpyz8UbiNJI Cll08N Jtap6BJ:I8 6opa B BOAblo Bcs 

ycTUoBII:a oJtpylKe8a salllBTOII B3 6eTou~o~x 6nOJtOB .of:. HMJ~ym.ebl sa J:teTeltTopa uocne ycB­

neiiJIS 8 cjJopM8poBJtB IIO.Il8B8IIJ[Clb aa NHOrOJtaaa»Bblll apeweuoll aaamrsaTOp. Hcuom.soaaa~ 

. lllblll: CllBHTBnnsmilouNII c'leT'IBJt aei!Tpoaoa li.IIOIIUIAWD 300 cw
2 

118 o6orameaaoM B 
10 

oDB-
/18/ . 

call IS p8ooTe • 

06p8sen BlFe08 

s 
p83N8pGM 120 X 80 X 8 NM l"QTOB81lCJI 110 o!ibl'IBOII K8p8M8'18CXQII 

TeXBc>n:OrBB nyTeM O.llll0'18C0Bor0 OTlKBr8 cup&cCOBaiiiiOII CM8CB Bl 2 08 B Fe 2 0 1 IrpB 

780°C. PeBTN!BorpacjJB'IeCitll ycT8Bo:aneuo, 'ITO IS DpeAenax 'I)'BCTBBTem.aocTB M8TOJ:t8 o6pa .. 

.sen •• coAeplKan noeropoaux np8Mecell:. 

3XCII8pxM811TAnlbllbl. peayneT&Tbl B BX o6paoOTB8 

Heii:TPoaorpaMMbl oopuaa BJFeOa • DOII)"l811Hbl8 npB T8MI18pa'r'1p8X 20 • 450°C 

TN • 87Q°C) B yrnaX paccesus 26 • 90° B 82°, DOJI:&3a8bl 88 pRe. 2. H8 OCSIX 

OPAHII8T OTIIOlKeHO 'IBCIIO C'leTOB B J[8R8IIalt BpeNeuoro aR8IIB3aTOp8 B 38BBCRMOCTB OT 

AIIBRbl BOIIIIbl aeiiTPOIIOB A • npBB8li8Hbl Bllli8JI:Cbl po:M60&llpB'I8CXOII Sl'I&IIXJr a~ • 2 •~~: , 

a' a "' 89°81' ( a J[ • 8 0988 ~ ) J B CX06Jtalt ylt8S8Bbl Bllli8JI:Cbl BCTBHIIOII poM6oaApB-

'18CXOII R'I811JtB (eM. IIBlK&) C, •a • •x•..;;: B. "a "' 89°18' • 3JtC118pBM8RT81DoRble ASH-

4 

• 

'• 
\ 

... 

.I ,. 

IIW8 oiSpalle'niJNUIBa. 110 top:Myae B..,.rpam.aoll: BB'l'88CBJIIIOCTB nBciJPAQBoJ 
/171 /18/ 

uoa • fipa ywore TeMDeJNI'J'YPIIOl'O 4tuTOpa • noraomeoa 4topwyna 

rAe 

4 I 
1ltl&t • o(1 0 A JF >ut •A(A), 

~ ... t 
1o A• 

.. BJI'J'eacBII.KOC'nl CSpnacJtoro uaxciiWYMA, 

- ecil4teJtTJ[IS8HII: caeJt'l'p, Da,qaJOIIIIrll: aa o6paseu , 

.. 4t&Jt'I'Op llOBTOpdNOCTB, 

-·· lft(llzl +1&7j ·'"· ) F • fhl • • . 

A ( A ) - 4taJI:TOp uoriiOIJl8llHBo 

• -WI - tjlaxTOp '.lletlu. 

C'l'pYBTypHHII: 4taJI:TOp
0 

HaTeacBBBQCTlb 6perTOBCBOro Maii:CBMyMa Ollp8A81111.11aClb llpB BOMODlB C:YMMI 

rpyutry Jt81181l0&0 DPBII8liii8lKAIIIBX Jt li811HOM)' MU:CBMyuy, e ISbi'IB'I'a!IBeM 4to 
/18/ ' Cll8JtTp Ollp8.1leBsnCII DO Me'I'O.Qy, OllBCaooMy IS paiSOTe • 3aiSBC8~ D 

'l'pOaoa IS oCSpaue oT AnB!lbl aonay npoaepanac• MeToAow nponycxuaa
1 

,111 
8 ~enax TO'IBOCTB BSMepeall: S8BBCBMOCTlb BBTellCBBIIOCTB MU:CB~dJa 
ae otlaapyJKeu. 

npouepan&Cio BlfftllCBBIIOCTlb 6parroBCXRX MAXCBM)'MOB aell'l'poaorpaMI 

npB liBYX yrn8x pacceaoa. Pesynlo'I'ATY ycpeAun•c•. Beca W ut onpeAan: 

IIBSI p83YDlb'I'8TOB Dpouepoa BeiiTpoaorpaMM1 DOl!J''I8RRb1X llpB AISyx yrnax p.! 

TOM 118ll8lii:BOCTB X8lii:DQrO B3M9p811BRo Beero 6blll0 BpOM8p8BO 18 M81tCBMyl 

181 MOrnB tlbiTlb CBep811H C 8li8IIOrB'IIIbiMB pe3ylllbT8TaMB p8f5oTbl (cu. pBCo 

nBIIBR cjlo11a .llaiilbHBX M8XCBM)'MOB (uoene 811) 88 MOliCeT 6b1Tlb IrpOBelleRa C 

6blDB BCJI:DJO'Ieay BS llOCil8liYIODlBX pac'leTOBo 

lis epaiSsesaa aeiiTpoaorpauu, uony'leRRblX npa TeMnepa-rypax B~o~me a 

BBllll01 'ITO MaltCBM)'Mbl C ~ + k + f • _2a + 1 COXI!_I!_.f!ll_~l!_ _!JpJI __ IShiCOXOII 

(aa ac_XIJJI)~!:!!_~~~-~~CBMTOB( l!L}). B CBR3B C 8TBM 61>1n BccneAOBIIR BOI 

BAJOTCR BB 8TH MU:CBMyMbl llpBC)'TCI'BB8M IS 06paaue DpBMecell Ap:yrBX cjlaa, 

P1lKBB&8Mbllt peBTreJi:orp8cjJB'I8CI:Bo5biD CBRTe3BpoBIIB 06p8sen aaB6onee Bepo 

Bl 1 0 1 • 2 Fe1 01 ( tjlasa ( 1 :2) ) B uonyqeu ero aeiiTpoaorpaMM8. B pesym 

H8BHII C 11811TpoaorpaMM!IMB BIFe01 6blno )'CT8HOBJieHo, 'ITO '18CTlb nBIIBII 

/10/ .QeltCT"BBTelllbiiO. MOliC8T H81l8r8TlbCR 88 M&JI:CRM)'Mbl Bll'e08 { CM. ) • 0AB· 

'IBCIIO e&JilbBbllt nBBBII c!Ja3H { i:2) DpBXOliBTCR 88 Te )''18CTXB H911TpOROrp8MI 

MYMbl xorepeaTsoro paccesrirBSl ae ol5aapylKBBIIJOTCII aoo6me; xpoMe TOro, o 

BHTeReRBROCTlb M8XCRM)'M8 {400)RMR8TCR R 6es Toro qpe3Bb1'181tHO S8HHlKeHJ 

88 Bee liOIIlKH8 6b1JI8 H8D8r8TlbCSI CAMaS CB11lbH8R IIHRBR cjJ&Sbl { 1:2). Ha 8TO 

MU:CHM)'Mbl C h + k + f• 2a + 1 p8CCMaTpBBaiOTCSI HaMB XU BbiSB8HHbl8 I 

Typoll. liRABDHpOB8RH9 BC&X IIHRHit IIOX8S8JIO, 'ITO RCTHRHOit 8JI&M8RT8paolt II' 

5 



eAOBaJIHe ut.t:eno uenblD Rcuom.aoaan Plf.ll upeHM1JDecT11 M8'1'0Aa ~~~ 
/12-14/ 

pouorpacjJH'18CitBX 113M8p8JIBllX B JIC!:n8JlOisaJUDI MarJIBTIIOII ll 

BIFeOa • 

a B Me'I'OJllllt& IICCneAOBaJillll 

BIFeOa 6bUIH uonyqeuw B na6opa'I'OpliK aello:rpo:OOII cjlllallltll OH.RH 

ltrSI 
pe 6wCTpWX sell'l'po.IIOI!l HBP • fip11 &TOM 6wn upliMeaea M8"1'0A w ·. 

, xoorophlll u03BOnlleT non)"Uin 6om.moe paapemeJIBe a ofSnac'l'll 

eTpa uo Bp&MeBH uponeTa uoxaaii.IIA sa p:.c. 1. BnnoTBYlD 1t uTos:oll 

peaxTOpa uot.t:emes: nnoCXJIII aaweAnBTenJt 2 TonDXBBOII 4 cw;. 3aMeAna-

6oll xopo6Ky, 3&llorures:ayJD JIOAOII c upaMec:JolD 0,8% ISopaoll ua.IIOTW· 

xoAl!T qepea cTam.aoll xonnBwa'I'Op S CQnnepoiiCitoro Tllml ( pacxou-
2 

110e ceqea•e o~;aa - 100 x 110 ww ) , not.t:emeaawll B cTeae aana peu-

blll H811TpOBOBOA 7, OUO BO.IUlBOII 3AIIUIThl 9 ll paCC811BA8TCll B& o6-
0 0 . 

llOA yrn&WB 90 BnB 82 D7'10it llpGXOABD '18pe3 ltonnBM&TOphl 8, 

py B CT8.118 pa&lt'I'Op&o 3aT8M pacceiiBBW8 aeiiTpOHhl periiCTpBpoaa­

hiWB A8Telt'I'Op&WB 81 oEp)'llt8UblWB Cll08M lt&p611A8 6opa R BOAblo Bell 

3&DXBTOII R3 6e'I'OBJ(b1X ISDOXOB 4, HWByiDoCbl R3 JleTeXTOpa nocne yCR­

DOAABAIIBCb aa ws:orox~blll apeweuoll aa&nBaa'I'Op, Hcnolllo30B&a~ 
2 to 

II C'leT'IRJI; aell'l'pOBOB JUIODXAAJolD 800 OM ll& OISorameBHOM B OllR-

s 
pa3M8pOM 120 X 80 X 8 MM l'QTOBRllCB DO o6b1UOII EepaMR'I8CltOII 

O'IBCOBOI'O OTliCHra cup8CCOB&BBOII CM80R 81 2 Oa • Fe2 0 8 npR 

>R'IecU ycTBBOM8B00 '1'1'0 B llp8A8D8X 'I)'BCTBRTenbliOCTB M8TOA& oiSpa­

TOpORHIIX Jl'PRMecell, 

3xcnepRM8BT&nbllbl. pe3YnbT&Tbl B BX o6paiSOTit& 

BIFeOa 

yrnax paoceiiRRB 26 

o D011}"18BBhl8 npR T8MD8p&TypaX 20 R 450°C 

• 90° R 52° 0 DOJI;&38llbl II& pRe, 2, Ha OCIIX 

ono c'leTOB B xaaanax Bpet.t:eaaoro aaauB3&TOpa B aaBRCHMOCTR oT 

·HOB >. • fipBB8A8Bbl aBAeXchl poMISoeApB'Ieexoll sqeiiEB a~ • 2 •~t , 

a It • 8,963 ). ) J B Olt061taX )'U3&Hbl BBA811:Cbl RCTBRBOII poM608ApB-

• BHlKe) 0, a 11 a alt• ..;1: B. CIR • 89°18', 3E«:n8pBM8BT8nbHhl8 ABB-

4 

• 

:II,;! 

) 
·'· 

ftl8 oiSpaC5a'l':wunB~ llO topJ.yae B.,..l'paiDoJIOI B.,..BOBUOCTB gtp&l:lQioUWX MaltOBwyM-
/17/ /18/ 

MOB • 0.,.: ,....,.. T8M-pA'J'ypBOI'O cjlu'I'Opa B J10l'IJODX8Dll cjlopwyna BMee'l' BllAI 

I'A8 

4 J 
Jllll.l •oU0 A jF >~a.t •A().), 

J 1a1r.l - ..,...CRIIJIOC'I'Io 1Spero11ea:oro MaJtcBWywa
1 

J0 A 
4 

- ~lt'I'IIBIIWI CB8J;'I'p0 JlallAJDIItBI aa OISpaaen 

j - 4taJt'I'Op llOB'I'Op .. MOC'I'B0 

-w1 lftOoa1 +1171 +1.1 > 
r • f"• • • 
A ( A ) - ljtaa:'I'Op ll01'11011{8BD, 

• -w I - .. x'I'Op ·lleiSu. 

C'l'pYJ:'J'ypBbll 4taJt'I'Op, 

HBT8.RCRBBOC'I'Jo ISp&M'OIICBOI'O MHCBWyMa Ollp8Jl8nli.IUICJo DpB DOMODXB CYMWBpoBa!IRB 0'18'1'0B 

rpynnw J;AB8DOB0 DpBB8All8lKAII{BX It Jl&HBOM7 M&ltCBM7J47 o C Bbl'IBT8Bli8M cjloaa, 3cjJcjleJtTBBHWII 
/18/ 

cnenp oupeQenuCH uo MeTOlly, ouoauoMy a paiSoTe • 3aaaoawocTJo nornomeHRII s•ll-

/18/ TpoBOB B oiSpaaae OT JlnBHW BODIIbl llpoB8pllll8Cio MeTOAOM llpoDyCJ;8BBJI0 ODBO&IIBWM B , 

B llp8.Q8D8X '1'0'11100'1'11 B3M8peDI 38BBOBMOO'I'Jo BBT8BOBBBOCTB M&ltCBMyMOB OT llDHBbl BODIIW 

ae oiS!IapylKeaa. 

fipoM8plln801o BIIT8BCBBBOCTJo ISperroBCJ;RX WAII:CRMyMoB B8ltTpoaorp&MM, DODy'18HIIhiX 

npa llBYX yrn8x paoce•u•. PeaynJoTaTw ycpeAunacJo. Beca •~akt onpeAensnac• aa opaue­

ua pa3yDJoT8TOB DpOM8poB B8liTpoaorpaMM, DODy'l8llllblX DpK AByx yrD8X p8CC811BHSI C y'le­

TOM UA8lKBOCTB Ji;8lKAOI'O BI!IMep8BBIIo Bcero ISblnO DpOM8p8110 13 M81tCHMYMOB
0 

Ha BBX 10 

18/ 
Morna ISblTJo cBepeBbl c &118DOrB'IBbiMB peaynJoT&T&MR pa6oThl (cw. pac. 4). Tax J;aE ... 
nBBBII cjloaa ll&nbBRX MAII:OBMyMOB (Docne 511) 88 MOlK8T 6biTJo llpoBell8118 OllB03li&'III0

0 
OIIB 

6hiDB BOitlllD'I811W ll3 DOCn8llYIOIQBX p80'18TOB, 

Ha Cp&BII811RR 11811Tpollorp&MM0 nony'I8BBhiX DpR T8MD8p8Typax Bb1W8 B BHlK8 Tlf 

BBARO, '1'1'0 MAII:CRMYMbl 0 ~ + k + f • .2a + 1 COXPII.~B~J! JIPB _Bf,IOOKOIL_Te!fD.8P~TYPe 

( 3!11 . BCII:nJD'I811ReM M&ltCBM)'MOB ( 1ll_j) • B OBII3B C 8TRM 6~ RccneAOBa.ll BODpoc, 118 Bhl3bl--. -·····------·---- J, 

BaiOTCII na STB M&ltCRMyMW npacyTcrBBeM a o6paaue npar.cecell ApyrRx cjlaa, nnoxo o6Ha-

P7lKBBaeMhiX peaTreliorpacjla'I8CJI:B.Bhln cBIIT83RpoBall otSpaaeu aaaiSonee B8poiiTBoll npaweoa 

81 1 0 1 • 2Fe1 01 (cjlaa8 (1:2) ) a nonyqeaa ero aeliTpollorpar.cr.ca, B peaynbT&Te ee cpaa-

11811BII 0 lleiiTpo!IOrpaMM!IMll BIFeOa 6blnO ycTaHoBneJtO, 'ITo 'IBCTJo DIIDII cjla3bl ( 1:2) 

/10/ 
Jl8IICT'BRT8DJoiiO. MOlK8T II&Dar&TJoCII B& M&ltCBMyMbl Blfe08 ( CM, ) • 0llii8Eo ISom.moe 

'IRCDO OBnJollblX nBIIBII cjlaabl ( 1:2) UpBXOllHTCSl R& T8 Y'IBCTII:R R811TpOIIOrp&MM
1 

rne MBII:CR­

MyMW JtorepeaTaoro paocesrllall 11e oiSaapylKHBAJOTcll Boo6me; xpoMe ororo, OTHOCRTenJoll811 

BIIT8IIOBBBQCTJo M8EORMYM8(400)11Bnii8TCB R 683 Toro 'lp83Bhi'I811Bo 38RRlK8BROit
0 

TOrAa KBK 

88 1198 llonlKR& 6wna ll&naraTJoCSI C&M8ll CRnbRBB nRBRSI ljlaaw ( 1:2), Ha STQM OCHOBBHBH 

M&ltORMyMhl c h + k + l- 2a + 1 p8CCM&TpBBAIOTCSI B8MH lt811: B!>I3B8BH!ol8 BTOMIIOll CTpyx-

TYpoll, HBAIIDBpoBaaae BCex nRBHll DOit83ano, 'ITO RCTBBHOII eneMe!ITapaolt H'leltxolt BIFe0
1 

( ·'.'t 

5 



r-··· 

SIBliSieTCSI Y.llBOeBHBSI (no Oei'&eMy) ~-~~~9.1lpB'18Citall B'laillta C .. • VSk B o(_. ,.89°18' 

(pH C. 3) ;: COO'!BeTCTBYIOIDBe HB.IleltCbl M81tCHMYM011 DpBH.Il8BW sa pBCo 2 11 CJtOISJtAX. 

Heoeixo.llHMO OTMeTHTb
1 

'ITO MBrBBTHBII CTpYJtTYJNl 81Fe01 ( 'l'liJI G ) TaJ[ll[8 ODBCK -

saeTCSI npHB9.1l8HHOA BbiW8 y.llBOeHHOA 8118M8BT8p110A B"'8illtOA, Talt lt8lt .... Alta C &It, • Jalt 

(c o6'&eMoM B 8 paa eion&mBM oei'beMa oei¥'1110A D8po11CDTIIOA .... au) 118 llllliii8'1'a 8118M-­

Tapsoll. OTciO.Ila cne.llyeT, 'ITO npe.llnouraeMAB aTON•a• cHpxCTpYJt'fYPll • aabeuu pa-

see MarHHTHBII CBepxcTpYJtTypa BIFe08 C011DII.IUIJO'ro 

B CBS13H C STHMH .llBHBbiMH 88MB eibll10 OCYJD8CTJWI8BO D011TOpB08 OUp8A8mtBB8 aTOMBiollt 
171 

CMemesHA B BIFeOa MeTO.IlOM 1 B OCBOBBOM COBD8,1l8JOIDBN C BCD~0118UWM 11 • 

x/ 17/ 
B Ka'leCTBe HCXO.IlBOII BbleiHpanaC& CTpyltTyp&. B3ol5palK8U81l sa pBCo 3a • Ku B 11 

nepBOH8'18libBO npe.llDOliaranOCb1 'ITO CTpyxTypa oeina,!laeT OABBN aneMeBTOM CBMt.i8TpBB 

oc&IO 3. B aToM cnyqae nonoJKesHe aTOMOB (npoCTpascTMiliiU rpynna R S) 'raxo110: 

Fe 1 
l(a) (x,x,x) 0 X 

Fet 
-I( 

Fe 2 
l(a) c X ·" Fe2 

Bl 1 
l(a) c 

X Bit - 0 

Bi 2 l(a) c Xat
2 

• " 
02 S(b) (xyz, yzx, zxy) c xo:a • ", Yos • ~, • - 0 

02 

o, S(b) (xyz, yzx , zxy) c x 0 -~, Y. .o, 
I Ot 

•o, • o 

nps STHX 3Ha'leHHSIX KOOp.llHHBT CTpyKTypa OTHOCBTCSI K THDY BAean&soro nepoBCitBTBo 

r.lle 

Onpe.lleneHse aTOMH&IX cMemeasll npoBO.IlBnoc& MRHBM81IH381lBell cjlysltllBB 

~- I. wbkf 
hkf 

2 2 2 

IFpacn I -k1Faxcn11 • 

W bkf - CTBTHCTH'!eCKHe Beca OTpaJKeHI'lll1 

2 
I F I - cTpyKTypH&III <j>aKTop, nonyqaeM&III pacReTHbiM nyTeM, 

pac'! 2 
I F I - axcnepsMesTan&ao onpe.llenensblll cTpyKTypHbiii <j>axrop, 

9KCD 

k - M8CillTa6H&III <j>aKTOp. 

x/ Ha pHc. Sa H B npHBO.IlHMbiX HHJKe HCXO.IlHbiX xoop.llHHaTax aTOMOB sa'!ano xoop.llB-

HaT B&leipaHo B aToMe Bl
1 

• Bee pac'leT&I 6&!liH npo.llenaHbl TaKJKe .lln>l ycTaHOBitH c aa-

qanoM' xoop.llsaaT s a ToMe Fe 
1 

, npH'18M 6&11111 nonyqea&l asanorH'IIi&le peayn~oTaTbl. 

6 

• 

'·'i, 
lj 
~ 

MBDM8nB31lllBll It ocymecTMllnac& sa Mam•ae ~ MBacx-2~ rpaAseE 

KoopABBa'r8 D +1 TO'IItB H8XO.IlBl18Cb H3 XOOp.llHR8Tbl 

Xn+l •Xn +A.~ 
dX 

rne A -sxcnepuMeaTan&Ho no.ll6BpaeMall senH'IHBa. 

n -soli TO'IKH no 

nn11 yCJtOpeHHII cnycxa 

JIB$[ A B 38BHCBMOCTB OT 

• 
• 

x MHHBMYMY npe,llycMaTpHBanac& BOaMc 

• Bo BCeX TO'IKBX Bbi'!HCIIIIIICSI TBXJKe c 

HOCTB 

fipOCTp811CTB811H8SI rpynna 

OCR S 8TOMOB Fe H B! 

h~Fpac'l. - kF sJtcn.l 

R • • 

I k F axcn 
bkf 

R3 .llODyCJtaeT cne,llyiOJDIIe CMem811HSI 8TOMOB: 

H BpoB3B01IbHbl8 CM81D811HSI 8TOMOB 0 I II 0, 

B CBSI3H C TeM1 'ITO HH pegTresorpacjlH'!8CitH 1 HH 3li81t'rpOHOrpacjlH'18fl 

.ll&liHC& cBepxcTpyxTypa&te pecjlneKC&I, 6blno npe.llnonoJKeso, 'ITO ; 

('ITO COOTBeTCTByeT OTCYTCTBHIO BKII8.1l8 8TOMOB 

fiOSTOMY DpH B&l6ope Ha'!ana KOOpAHHBT B &TOMe 

ae Bap&HpoBBnHc&. 

B! 

Bi 

B pecjmeKCbl c h ' 

napaMeT'1bi X 
811 

B CBSI3H c TaM, 'ITO .llonycxanHc& CMemeHHH aTOMOB Fe 1 R Fe 2 T • 

.f. XFoa + 0,5 H806XO.IlHMO 6&1110 y'IHT&IBaTb BKJ18A MarHHTHOrO p8CC8SIHIISI E 

cTpyltTypawe, so H n o6&t'!Hble pecjlneKC&I. B 3TOM cnyqae B sem<'IIIHY cr> 

.llHnH eme .llBB napaMeTpa - 5 H fj , onpe.llenHIOIDI!e ar'-cjleKTHBaoe KBl 

aToMa Fe -HI ( 5 ) H yron Me:IK.Ily oc&IO [111) H aanpasnesHeM MaraHTaorc 

Bo BCeX CliY'IBHX npH MHHHM81IH3BDHH ~ aa6niO.Ilanoc& cMerneaae 1 

HY CTOpoay. 3TO rOBOpHT 06 OTCyTCTBHR Jl8HTp8 CHMM8TpHH B CTpyKType 

paccwo'rpei!J!SI npoc'rpasc'r*easwe rpynn&t RSc RS R3m H R32 

8T0Mbl BC8r.lla CM81081Il1Cb TBK, 'ITO Yilt •z 01 H XO:J = y
02 

, 'ITO CBH.Il8T 

IIH'IHH B CTpyltType DIIOCKOCTH CHMMeTpHH m TaXHM o6paaoM, .llliH B!F 

HRT8 DpOCTpaHCTB8HHSR rpynna R3m , 'ITO CODD8.1l88T C pe3ylibT8T8MH J 

B pSC'I8Tbl BBO.IlHIICR H30'rpODHhtA TeMnepaTypHblll cjlaKTOp ne6ag B <j>c 

DpH'I8M Ct 

Fe H B! 

BXO.IlHliH B ~ KBK yTO'IHSieMb18 napaMeTpbl m1 -MaCCI 

) • nporpaMMB Dp8.1lYCM8TpHB8liB BBe,lleHH8 KaK HHJlHBY.IlYBlibH~ 

xoacjlcjlxnHeaTa c , oeimero AnH BCex cop'roB aToMoB. Pac'!eT&I noxaaan 

MHHHMYM ~ COOTBeTCTByeT M81lbiM 3U8'{8HHHM C o.alKe npH T E 

-..L' I 
m jj'V• 1 3TO COOTB8TCTByeT M8liOMy BJIHSIHHIO T9!In0Bl B8liH'IRH8 

OltOH'I8T81IbHbiA peayn&T8'ro 

x/ fiOliOJKeJiHSI la H lei HB OCR TDeTbero DOpSI,IlKa B DpOCTpaHCTBeHHOI 

HM810T napaMeTpOB, a 2c - HMQQT D8HTp CHMM8TpRH, 

7 



otl1>EIMY) poMtl09/lpR'ItiCit8R nelllta C .. •VSk R ~ •89°18' 

He RHil&ltCbl MaltCHMyMOa npHB8J;t8RW R8 p.C, 2 B CII:OISII:U. 

HTb, qTO MarliRTH8R CTpyttTYJI& BIFe01 ( 'l'liJI G ) TUlK8 OIIBCK -

e ynsoeuHoll eneMeiiTApHoll W'1811Koll, TU 11:0 II"Mlbta c •a' • Ia~: 

n&mHM ol51.eM8 ol5•"l.HOII U8poBCUTBOII ... ltD) 118 DU8'2'Cil 9118MU~ 

, 'ITO npeAnonaraeMall 8TQMR8R CMpxCTpYJt'l'ypa R 11811.11:8UU pa-

yii:Typa BIFeOa COBD8A8JOT, 

A8HHbiMH H8MH 15blnO ocymeCTBn8110 UOaTOpll08 OBpaJ;t8li8RR8 aTOMRWX. 
171 

MeTOilOM, B OCHOBBOM COaii8A8101ltRM C RCDOIIW!IOBaUWM a 

x/ 17/ 
oil: Bbt6apanac& cTpYJtTypa, aaoCSpalKeUas aa psc. Sa • Ku • a 

ranoc&, 'ITO CTPYKTypa o15naAaeT OAIIRM &neMeRTOM CIIMM8TpRR 

nonolKBHHe aTOMOB (npoCTpaacTaeuu rpyuna R 8) Tuoao: 

e I l(a) (x,x,x) c x,.•l -~ 

e ~ l(a) c X 
Fe~ •" 

II l(a) c 
X Btl - 0 

12 l(a) c XBI:i • ~ 

0~ S(b) (xyz, yzx, zxy) c xo2 • ~' Yo:~ • "· • - 0 0~ 

01 S(b) (xyz, yzx , zxy) c x 0 - ~. Y. .o, 
1 01 •o1 • o 

•Opi1HH8T CTpyKTypa OTHOCHTCH K THIIY Hl188nbHOrO nepoBCitHTa, 

HbiX CMBIUBHHil: 11pOB011HI10Cb MHHHM811H38UBBII ~yBitnHH 

2 ~ ~ 

}; W hk!' I F pacn I -It IF axcnl 1 • 
hkf 

cxae seca oTpaJKealfll:, 

bill tjlaKTop, nony'laeMbiil: pacReTBbiM nyTeM, 

HTanbHO onpeAeneuablll: cTpyxTypHbiil ~altTOp, 

llpHBOilHMbiX HBlKe HCXOllHbiX KOOpi1Hli8T!IX 8TOMOB Ha"'ano ltOOpllR-

Bi 1 o Bee pac'leTbi ObinH npoAenaHbl Tax>Ke llnH ycTaliOBXH c !la-

Me Fe 1 , npa'leM oblllB nony'leHbl aaanorH'IHbte peayn&TaTbl, 

6 

• 

~· 
MRDMamraan•• 41 ocymecTansnac& aa MamRI!e "Maacx-2' rpaAHeHTHbiM MeToAoM. 

KoopARUTa a +1 TO"'ItR BaXOAHnac& B3 KOOpJlHH8Tb1 n -BoA TO'IKH no 

Xa+1 •Xa +A.~ 
dX 

rAe A -excnepHM8BT8nbBO UOiltlHpa8M8R BenH'IHHa, 

llllfl yCB:opeaas cnyc11:a 41 X MHBHMyMy npeAycMaTpHBanaC& B03MOlKHOCTb H3MBH8-

DR A B 38BHCJIMOCTH OT 41 • Bo BCeX TO'IX8X Bbi'IHCnHnCH T8KlKB tjlaltTOp BBAOCTOBep-

IIOCTH 

h~Fpac"'. ltF axcn.l 

R • __;___ ----- • 

hk1 It F axcn 

npOCTp8liCTB8JIH8H rpynna R3 AOllyCK8BT Cll81lYIODIH8 CMeDXeliBH 8TOMOB: CMeiUBHHH BAOIIb 

OCR 8 8TOMOB Fe B Bl H .llpoB3BOnbHble CMemeHHH 8TOMOB 0 1 11 0~ 

/6/ B CBR3H C TaM, 'ITO IIH peHTr8HOrpa~B'I8CJ:H, HH aneKTpOHorpatjJH'IeCKH He !1!101110-

11811HCb CB8pXCTpyKTypHbiB petjlneKCbi, 15binO llpBAilOIIOlKBHO, 'ITO 

('ITO COOTB8TCTByeT OTCYTCTBHIO Blt118118 8TOMOB 

noaTOMy llpl! Bbitlope H8'18118 KOOpAHllaT B BTOMe 

Xa•t X 812 + 0,5 

81 B pe~neKCbl c b + k + f • 2n + 1 ) o 

Bi napaMeT,bi X 
811 H XBI2 BOo6me 

ae sapbBposanac&. 

B CBH3H c TeM, 'ITO Aonycxanac& cMemeaaa &TO MOB Fe 1 a Fe~ TaKae, 'ITO "},.
1

.;. 

.f. XFe2 + 0,6 H806XOAHMO 6blnO Y'IHTb!BaTb BKnaA MarHBTHOro paCCBHHHSI He TOI1blt0 B csepx-

CTpyKTypHbla, HO H B Otlbi'IHbiB pe~BKCb!, 8 STOM cnyqae B BBnli'IHIIY 41 llpH 20°C BJCO-

IlHnH eme Asa napaMeTpa - S H {3 , onpeJlenSJIOilllfe ar"tjlexTHBHoe KBaHTosoe '!Keno 

8TOM8 Fe +I ( S ) H yron MBlKAY OCbiO [111] H HanpanneHHBM MarHHTHoro MOMBHTa lf31 

Bo BC8X cny'I&SIX llpH MHHBM811H38UBH <I> HaoniOAanocb CMeiUBHHe BCex 8TOMOB B OA-

HY CTOpoHy, 3TO rosopBT 06 OTCyTCTBHH neBTpa CHMMBTpHH B CTpyKType H HCKI110'189T H3 

. x/ 
paccMoTpeJIBSJ npocTpaacTseaHble rpynnbl R3c 1 RS 1 R8'1n H R32 • Hao6opoT, 

8TOMbl BCerAa CMBIU8llBCb Tax, 'ITO Yilt •Z 01 B '0:1 • y02 , 'ITO CBHABT811bCTByeT 0 Ha-

nH'IBB B CTpyxType llnOCKOCTB CBMM8TpBH m TaKHM o6paaoM, JliiSJ BiFe08 6bma npa-

BBTa npocTpaacTsaHHaR rpynna RSm /6 7 10,21/ 
, 'ITO connaoaeT c peaynbTaTaMH paooT ' ' • 

ol I 

B p~C'18Tbl BBOABnCH B30Tp0l1Hb!ll: TBMnepaTypHbill: ~aKTOp Jle6aSI B tjlopMe e -.....-·'dikf , 
npB'IBM 

Fe H 

c, 
Bi 

BXOAHnH B 41 xax yTO'IHSIBMbiB napaMeTpbl m1 -M8CCa 8TOMOB 0, 

) • nporpaMMB npeAyCMaTpHBana BB8118HHe K8K HHAHBYAY811bHbiX c I • Tax H 
xoa#xuaeaTa c , o6mero An" acex copToe aToMos. Pac'l:eTbl noxaaana, onHaKo, 'ITO 

MHHHMYM 41 COOTB8TCTByeT Ma.'lbiM 3H8'18HHSIM C !'.a>Ke ITpH T = 460°C, T8K 'ITO 

-~·~ 
B8nH'IHH8 o d ,. I 3TO COOTBBTCTByeT M8IIOMy BI1HSIHHIO T8!In0Bb!X KOne6aHHA Ha 

Olt011:'18Ten&Hblll PB3YI1hT8T, 

' x/ nono>KeHH~ Ia H 16 Ha OCR TD8Tbero nopHAKa 
' ' I 

HM910T llapaMBTpoB, a 2c .... HM98T llBBTp CHMM8TpHH, 
B llpOCTp8HCTBBBBOII rpynne R32 He 

7 



r·-

Haq~aoe 3B8'18BB8 R lllUI BCXOllBbiX D8pllM8TpOB ( BllHIUoBhlll D&poBCKBT) COCT811-

nanO 77%; COOTBeTCTBTmW8R p8CXOUBMOC~ Te0p8TD'l8CKB p&CqBTilBBhiX B 81tCD8pBM8BTilnb-

DpBB8U8.11A u pRe. f Koseuoe asaqeue R au napaMeTpoll Fa 
BhiX 3Bil'I8BBII j hkf 

BC8X 8TOMOB1 DpBIMill8BBhiX B 

20°C COOTB8TCTIMIBBOo 

T8tllllUl8 1, COCTilBnR8T 8,08% B 12% llnB T8Mn8p8T1Jl 45()
0 

B 

Qnpeneneua opB8BT8DHB M8rBBTBbiX MOM8BTOB 

/8-8/ B patSoTax ycTa.&oaneaa npBB8M8lltBO~ MaruTaoA CTpyKT)'Phl BIFe08 It TB-

ny G • HeATpoaorpaMMhl, noeyqeaable 1!1 aTB<X pa6oTax, paccMaTpaaanwc& B upB!SliBllt&BRB 

Ky!SB'IecltOI 9n8M8BTapaoA gqalltH; DOeTOMY OpB8BT8DBR MarBBTBhiX MOM8BTOB B3 TaX aaa­

Bb!X oupenenesa !ShiT& ae Morna. 

Bb!COK08 paapemeaae M8TOil8 BpaM8HB npon8T8 li03BOnBnO pacmaDBTb MSKCBMYM ( 111) 

B8 llBil -( 111) B (ill) 
1
B8CMOTpH B8 M8liOCTb pOM608JlpB'I8CKOrO BCit8lK8HHR. 

TOT ljlaxT, 'ITO MAitCHMYMbl 1111J DOnBOCTbJO HC'I838JOT DpR aarpeB8RRH Bbllll8 TN 

D01t83h1Bil8T
1 

'ITO OU ODp8Jl8nlllOTCH ll8liBKOM M8rBBTBhiM paCC8liRR8M aeATpOBOB. 3Kcnepa -

M8BT8nbB08 OTBOW8BB8 HBTeBCBBBOCT&I 8TBX UByx M8KCRMYMOB COCT8BnH8T: 

~ x/ sIll - 0,66 • 

Jru sru 

MolltBo noKaaaTb, 'ITO pac'leTaoe oTaomeHBe JIll /Jru B 38BHCBMOCTH OT yrna 

f3 Fe 1+ B OC1»JO (111] 
xxl 

M8lltllY aanpaaneaaaM CDBB8 BOBS COCT8BliR8T 

8 alag/3 
Sui q Ill - I I I - li 

8 ru q_ + qlll + qui 8 -•ID f3 
Ill T 

g 
-KBilllp8Thl B81tTOp8 MllrBBTROro paCC8RBBH. rne qbkf 

Ha pac. 4 npencTa&neaa paccuTaaaaa Kpaaall aaaacaMoCTB 8111 /Sru OT {3 • 

3JtCDepBM8HT8libR08 3H8'18RH8 OTROW8RRR BRT8RCBBROCT811 B npeaenax OWB!SKB excnepBM8BT8 

COOTB8TCTBY8T M81tCHMyMy KpBBOII npB {3 • 90°. 3TO 3R8'1HT1 'ITO M8rRBTRbl8 MOMaRThl • . =~ 
BOBOB Fe OpB8BTRpOB8Rbl nepneHilBKYliHPHO poMtl081lpB'18CitOII OCR 

~ Talt )[Sit 8TH JlB8 M81tCRMyM8 HllxOilHTCH DliH3KO npyr X npyry, MOlKBO BM8CTO OTHO-

IIl8BBH cTpyKTypiDIII. cjluTOpoB 6paTb npocTo oTaomeaae nnomaneA MaKcaMyMoa. 

xx/. B cnyqae poM!Soenpaqec~toA sneMeaTapaoA ll'l&IIKH TODbltO STOT yron a MoJKeT DhiTb 

onpenenea. 
vW /19/. 

0
B npa aanoJKeaaa npenaapBTenbHhlx peaynbTaTOB 

{3 • 0 , 'ITO ocaoab!BanOCb aa aepacmenneaaoM M&KCHMyMe 

BOCTR p88KTOp8 (a onpeneneHHe {3 H3 MRRRM8liB381lHR ~ 
ny'IRTb 6onee nocToaepayJO aenR'IHHy. 

8 

• 

pa!SoTbi 6hln npllaeaea yron 

I 111 J. noahlm8RB8 MOIIl-

) nano BOaMoJKHoqTb no-

f t 

t, 

06CylKil8HH8 p83YlibT8TOB 

Kax OTMeqeao Bbime, 'ISCTb MaKcaMyMoB BbicoxoTewnepaTypHbli HeAT! 

npoaananapoaaaa a npennonoJKeaaa cymecTBOBaHHH Hnep.aoA CBepxcTpyxTyp" 

oo .. eMy poM6oenpaqec~toA aneMeHTapaoll aqeAKoA; o~>ma ocymecTaneHa (c 0 

3YlibT8TOM) npOBepK8 B03MOlKHOCTH npacyTCTBHSI npBM8CB cjlaabl ( 1 : 2) B 
x/ 

Aaanoraqable MaKCHMYMbi TOA JKe aaTeacaaaocTH 6blnH o6sapylKeHbi aeaa: 

/8/ /22/ 
o6paa!lax B paooTax a • CymecTayeT, onHaxo, pan ljlaxToa, npoTaaope• 

/10/ 
BaRRIO aTOM<XOA caepxcTpyKTYPbl a BiFe0

8 
, aanoJKeHH&Ix a • OcTasns 

xOlKil&HBR no aToMy aonpocy, Mbl npHHHMaeM ranoTeay caepxcTpyKT)'pbi, a~~< 

'ITO nocnenyiO!IlB8 91tCn8pHM8HTbl BHecyT SICHOCTb B cymeCTBO npo6neMblo C 

BBH HBT8pnpeTRpyiOTCH 9KCnepHM8HT8DbHbl8 peaynbTSTblo 

ATOMH8H caepxcTpyKTypa BiFe08 onHCbiB88TCSI pOM0091lPH'l8CKO~ S. 

ltOA YllB08HHOro (no OTHOW8HHIO K HCXOilHOMY nepOBCKHTHOMY Ky6y) OO~rl 
/8/ Tr{; 

COBII81l88T C BbiBOilSMH paOOTbl • 0nHSKO CHMM8Crv STOMHOil CTpyKTyl)bt 

B81l8RTpOCHMM6TpH'lHOll llpOCTpSHCTBeHHOil rpynnol!. 316m r a He Rlc ( H 

/8/ /9/ 
It ltOTopoA B paocTe no aHanorHH C LaA£o8 OTHOCHTC!I R!Fe03 

pH'IHbte rpynnw R3 ana R3m npennonaraiOTCR TaKJKe aa ocaone accneno 

/21/ 
• fpynna CBOACTB OopaaJIOB CHCT8Mbl 81Fe08 - Pb (Fe li Nb li ) 0 8 

TSKJKe npa eneKTpoaorpaljlaqecKoM accnenoaaaaa lliFe08 
!51 

113 pHC. 3,6 H TSDDRUbl 2 BHilH01 'ITO KHCDOpOilHb!A KapKSC 81Fe0 8 

OTHOCHT8libHO cna6o. nonH91lpbl Bi0 12 HCK8lK8Hbl T8M1 'ITO JieHTp8DbHbtil 

CHlibHO CM8U!eH K Tp8M 8TOM8M I{HCDOpOil8o 06a nODH91lp8 Ri0
12 

B npe 

9KCnepaMeHT8 OllHHSKOBbl H He IIMH onpe,lenlleTC!I CBepxcTpyKTypa. ~BepXC~ 

!!ReTCH He9KBIIB8DeHTHOCTbiO CMell!~l_!l!_i!.,,,'!_'!~.~~,25!'l!!~c\ll B ilBYX. _!J_O!Jl!~_!!~_l<__. 

CMemeHbl B OllHOM Hanp8Bll8HHH 0 HO Ha p83Hbl8 paCCTOSIHH!Io 3To H 11pHBOI1H 

HHIO caepxcTpyKTyphi. ;, 

Cpenn MeJKaToMHbiX paccTOHHHI1, npaaeneHHbtX a Ta6naue 2, oGpamaeT 
0 

aae paccToBJIHe Bi-0 (2.10 A ) • 3To, no-BHI1HMOMy, yKaai>maeT aa c 

38llHIO CBH3ll. 

B OTHOUI9HHH RSIIpanneHHH CMeUieHHii 8TOM013 II B OTHOWeHIIH 11pOCTp8E 

peaynbTSTbi aamel! paooTbi connanaiOT c pe3ynbTaTaMa, nony'!eHHhiMH eneK~ 

/5/ 
B • npocTp8HCTBeHH8SI rpynrra R3m a cnepxcTpyKTypa 

/10/ 
cTaaneRHIIM o ceraeToeneKTPH'!ecTne 9Toro coenaaean11 

RiFe08 He np< 

ABTOpbi Bhtp8lK810T CBOIO npH3H8TenbHOCTb npoljl. 4>.n. lllanHpo, npoljl. 

K.M.H. BeHeaneay aa nocT<>BHRbll1 anTepec K pa6oTe a ueHHbte coaeTbi. 

xl Ha pnc. 4 npoannJOcTpapoaaHo xopomee cooTBeTcTaae HHTeacanaocT 

D ll81-!HOJ1 pa60T8 H a/8/ l 9TO KacaeTCSI H caepxcTpyKTypHbiX MSKCHMYMOBo 

9 



••n• R 
nna acxonawx napaMeTpoB (anea~aYA nepoacaaT) cocTaa-

TBymM8R paCXOAHMOCT~ TeOp8TD"'&CBB p8C"'BT8BBYX R 9BCD8pBM8BT81lb-

DpBB9AeBa aa pac. f Ko.aeuoe aaa"'e.BDe R nna napaMeTpoa 

8H.BYX B T861U1118 1, COCT8BnSIH 8,08% B 12% AM T8Mnep8T1Jl 450° B 

Onpenene.BBe opae.aTanB.B Mar.aaTBYX MoMeBTOB 

/ ycTaaoaneaa npRB8JVI8lKIIO~ M8I'.BBTHOA CTpyaTypy B!Fe08 a TR-

p8MMY, nOny'"'9.BBY8 B 9TRX p860T8X0 p8CCM8TpBB8IUICb B llpR6.11BlK8BBR 

apsoll gqeAB.Bj DOSTOMY opB8BT8UBH M8I'BBTBYX MOM8BTOB 83 TGX A8B-

b .ae Mor.na. 

meaae M8T048 Bp8M9BB Dp0118T8 D03BOIUIIIO p8CM8DRTb M8BCBMYM ( 111) 

,aecMOTpH B8 M8110CTb pOM60&ApB"'8CitOI'O BCit8lK8BBR. 

wa~:cauyMY I 111} nonaoCTJom BC'IeaamT npa aarpeB8BBB BYWe TN 

onpenensnoTCB nena~:oM war.BBTBYM pacces.BBeM aeATpoaoB. 3~:cnepa -

ae BBTeHCBBBOCT8A 9TBX ABYX M81tCRMYMOB COCT8BIIB8T: 

Jill 

Jr11 

x/ 
sIll - 0,66 • 

sri! 

T&, "'TO pac"'eTaoe oTaowe.BBe J 111 I 1111 B aaaac&MOCTR oT yrna 
a+ xxl 

lnesHeM CnHH8 HO.Il8 Fe H OCJ>m (111] COCT8BIIJI8T 

Stu 

sru 

2 
q Ill 

2 2 2 
qlll + qlll + qlll 

,p8TY B81tTOp8 M8I'.IIHTHOI'O p8CCeJI.IlHR. 

•m2fJ 
8 1l 
T -•m fJ 

IACT8BII8H8 p8CC"'BT8HH8H 1tpHB8JI 38BHCHMOCTR S111 /STII OT {!J • 

3H8"18BH8 OTHOW8BHB RHTeHCBBBOCT8A B npenenax OWH6XB SKCDepBM8HT8 

HMyMy ltpHBOA npR {!J • 90°. 3TO 3H8"1HT, "'TO M8I'HBTHb18 MOM8HTbl 

· xxx/ 
BpOBaHY nepneBJIHByiiBpHO poM60SApH"'8CitOA OCR 

JIBS M81tCHMYM8 B8XOABTCR 6nH3KO Jlpyr It Jlpyry, MO)I(HO BM8CTO OTHO­

cil81tTOpoB 6p8Tb npoCTO OTHOW8HH8 DIIOM8JI811 M8KCHMyMOBo 

M60SJipH"'8CKOA 3118M8BT8pHOA R"18AitB TOIIbBO STOT y!'OII H M0)1(8T 6YT1> 

R3110lK8.BHB npe]IB8pRT81lb.llYX pe3yllbT8TOB 

Bb!BaiiOCb H8 aepacmenneHHOM M8KCBMyMe 

onpeJ18118HBe {!J H3 MBHBN811R38DHB /II 
Bepaym B811H"'HHy. 

8 

• 

pa6oTbt 6bln npaaenea yron 

I 111 1. noaYweaae Mom-

) 118110 B03MOlKHOCTb no-

, 
t 

·~ 

,fl 
~,. 

06cy~eaae pe3yii&TaToB 

Kalt OTNe"'eHo Bbtme, "18CT& MaxcaMyMoB BhtCoKoTeMnepaTypabl:i: aeATpoaorpaMM 6hma 

DpOBBJIBDBpOB8R8 B np8JIDOIIOlK8HBH CyM&CTBOB8HHH HJI8pHoA CBepXCTpyKTypbl c YllBOeHHOII no 

o6'beMy poN6oanpa"'ecswll aneMeHTapaoll aqellxoA; 6htna ocymecTaneaa (c oTpauaTen&HbiM pe­

ayn&TaToM) npoaepxa B03MOlKIIOCTH npacyTCTBHH npaMeca cjla3bl (I : 2) B o6pa3ne BiFe0
8 

. 
x/ 

AaanorB"'Hble MSXCHMyMbt ToA JKe HHTeacasaocTH 6blnH o6aapylKeHbl H938BHCHMO sa Jlpyrax 
/8/ 1221 

o6paanax B pa6oTax a • CymecTayeT, onaaxo, pHJI cjlaxToB, npoTHBope'lamax cymecTBo-

/10/ 
B8BHIO 8TOM<ROII CBepxcTpyKTyphl B BiFe08 , H3110lK9HHhiX B • 0CT8BIIHH B CTOpoae pac-

X0~8RRH DO STOMy BODpocy, Mbl DpHHHMaeM I'HDOT93Y CBepxcTpyKTypb!
0 

BMeH B BIIJIY TO, 

"'TO DOCII8AYIOMR8 SKCD9pHM8HTbl BHecyT BCHOCTb B CyWeCTBO npo6n9Mbl
0 

C STOll TO"'KH 3pe­

.BBB BBTepnpeTHPYIOTCB aKCD9pHM8HT811bHbl8 pe3yllbT8Tblo 

ATOMHaB caepxcTpyKTypa BiFeOa ODHCb!B8eTCB pOM60SilpH"'8CKOA S/l::>M8HT8pHOII gqel!-

KOA YllB08HBOI'O (no OTHOWeHH 10 K HCXOilHOMY nepOBCKHTHOMy Ky6y) OO'beMa (pH c. 3). 3To 

/8/ T£ 
COBD81l89T C BbiBOil8MH pa60Tbl • 0nH8KO CHMMeCf'v 8TOMHOI! CTpyKTypbl onHCbiB8eTCB 

aeneaTpocHMMeTpH"'HOII npocTpaHCTBeaaoll rpynnoll. 3/6m , a ae Rlc (ana RSm a R3c ) , 
181 /9/ 

1t KOTopoi! B pa6cTe no aaanoraa c LaAio8 OTHOCHTCH RiFe0
8 

HeneaTpocHMMeT-

pH'IHbte rpynnLt R3 ana R3m npennonaraiOTCB TSKJKe H8 OCHODe HCCnenOB8HHB M8I'HHTHbiX 

/21/ 
• fpynna R3m naAneaa 

I~ 

CBOllCTB o6p83DOB CHCT9Mbl B!Fe08 - Pb (Fe ~ Nb ~ ) 0 
8 

TSKlKe npa anexTpoaorpa<jlaqecxoM accneAOBSHHH BiFe0
8 

113 pac. 3,6 H T8DIIHUb!_ 2 BHIIHO, "'TO KHCIIOpOilHb!l! K8pK8C BiFe0
8 ne<jlopMHpOB8H 

OTHOCHT911hHO Cll800, nonH91lpbl Bi0 12 HCK8lK9Hbl TeM, "'TO ll9HTp81lbHbll1 K8THOH Bi 

CHIIbHO CMemeH K TpeM 8TOM8M KHC110p0JI8. 06a DOIIH31lp8 Ri0
12 

B npenenax OIIIHOOK 

9KCDepHM9HTa OllHH8KOBbl H He HMH onpe.1e11B8TCB CBepxcTpyKTypa. ~BepXCTpyKTypa onpe]le-

~HeTCB He9KBHB81l9HTHOCTbiO CMelll~f!IJ.lL ~!.<?.~.<:!..!!,_!!{~!W.<\8 B llBYX .. !f.()~H3lJ!~X _____ Fe06 , o6a onn 

CM9W8Hbl B OIIHOM H8Dp8Bn9HHH 0 HO Ha p83Hbl8 paCCTOBHHH. 3To H DpHBOAHT K B03111IKHOBe-

HHIO CB9pXCTpyKTypbl. .. 

Cpenn M8lK8TOMHbiX pacCTOBHH11, npHB9119HllhiX B Ta6naue 2, o6pnmaeT ue ceoSI DHIIM8-
o 

aae paccToBnae Bi-0 (2.10 A ). 3To, no-BH/lHMOMy, yKa3t.IBaeT aa can&HYJO non11pn-

38UHIO CBSl3U, 

8 OTHOIJJeHHH H8DpllBil9HHB CMemeuHJ"I 8TOMOB H B OTHOIJJ9HHH DpOCTp8HCTB8HHOI! rpyDDbl 

pe3yllbTBTbl uaiJJell paooTbl coanana10T c pe3yn&TaTaMH, nonyqeaubtMH anexTpouorpa<jlaqecxa 
/5/ 

B • npocTp8HCTBeHH8B rpynna R3m H CBepXCTpyKTypa 

/10/ 
CT8BIIeHHHM 0 cerHeT03118KTpH"'8CTB9 STOI'O C09UHH9HHB 

BiFeOa ae npoTaBope"'aT npen-

ABTOpbl Bb!plllK810T CBOIO DpH3H8TellbHOCTb npo<jl. <l>.n. lllanapo, Dpo<jl. f.C. X<uanoBy H 

K.M.H. Beueaueay 3a noCT0HHHbll1 HHTepec x pa6oTe a ueHHbte coaeTbt. 

x/ Ha pti(l. 4 npoannJOcTpapoaaao xopowee cooTBeTcTBHe HHTencasuocTell, aaMepeaHblX 

B •118HHOII paoote R B(8/ i 9TO K8C89TCB H CBepXCTpyKTypHbiX MBKCHMyMOB, 
'I> 

9 
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6. C.B. Kacenea, P.n. Oaepoa, r.c. :lKAaBoB. llAH CCCP, 1i§., 1255, 1962. 
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PyxonHCb nocTynana 8 aanaTem.cxal! OTAen 
2 anpenH 1966 r. 

10 

I
. 
\ .. 
'i 

,'i f: 
' 

t 

,\ 

Ta6nana napaMeTpbi, xapaii:T8pH3YJOIUR8 CTpyKTypy 

... - -I 20°C _ :_ : ---
_: _ 4S0°c 

~il o,oo o.oo 

XBi 0,50 
2 

o.r 
Xre1 

0,24 0,23 

Xre2 
0,70 0,.10 

Xol 
o,4I 0,42 

Yo - o,o5 
1 

0,05 

Xo 0,44 
2 

0,4-4 

Zo - o,oa 
2 

o,oe 

s 2,20" 8 

f3 ~ 90° 

R I2,7P$ e,oe 

- - - - - - - - - - - - - - -- - - -- - -- ~ 

tt 



naTepaTypa 

• Chem.,_§2, 779, 1957. 

r.C. )I{JiaBoB, C.n. Conom.eB, E,B, Beayc, B.B. 11BaBoBa, C.A. 4>eAynoJII, 
B. KpacTannorp ., !i,, 620, 1960. 

H.n. CMoMBHHOB, E.r. 4>eceno, 11,H. Beru~eB, KpacTannorp., !i. , 958, 

I A.r. TyToB • .QAH CCCP, m. 815, 1960. 

hCIUIII, IO.H. BeaeBileB, r.c. )f(AaBOB. KpacTannorp., i. 846, 1964; 
158 • 6, 1968. 

OaepoB, r.c. )f(JiaBOB • .QAH CCCP, H!i. I 1255, 1962. 

KmBHKHH8, P.n. OaepoB, r.c. )!(naBoB. 4>TT, §.I 8812, 1963. 

Mam.neB, .Q.M. Kawxnep. Hall. AH CCCP, cep.,Paa., 6§, 436,1964. 

eta Crystal., 9,1019, 1956; B.Derlpetli, J.E.Drumheller, F.Lavea, K.A.Mullor. F.Waldner, 

·7, 1965. 
10.~. ToMaWDOIIbCitlll!, IO.H. BeBeBneB, B.H. neTpoB, r.c. )f(AaBOB, 

BOB, .llaccepTanHH MrY, MocKsa, 1965; 
HOB, A.C. BacKOB, M.B. nnoTBHKOB, IO.H. Beaeanea, B.C. IlJJIHH91Ibo 

CCCP, cep. ,Paa., ~ , 2029 ( 1 965). 

icz, W.W.Nitc, I.Sosuowska, J.Sos11owsld, F.L.Shapiro. Third United Nations l11temational 
oaceful Uooa of Atomic Enerl!Y A (Co11f. 28)p)488. 

• nanynoaa, 11. CoCIIOBCitBo 4>1T, §. I 1869, 1964. 

CocaoacKa, E. CocaoacKB, 4>.n. Illanapo. MaTepaanbl coaemaBBH no 
pacceHHHIO M9AJI9BHblX B81!TpOHOB B KpHCT8JIJI8X H JKIIIIKOCTHX 64. 

111~11 2081, .lly6Ba, 1965 r. 

H liP• ATOMH8ll aaeprHH, 1Q_, ·437, 1961, 

r.4>. IllHM'I8K, A.A. IllKaTyna. nTa, £ • 59, 1963. 

•• Jl, 259, 1963. 

a, T.A. Maqexaaa, c. Ha6b!B8H9ll, 11. CocHOBCKa, E. CoCHOBCKH. npe-
11 2411, .lly6aa 1965. 

E. CocHOBCKH. c.B. KaceneB, P.n. OaepoB, npenpHHT 011~11 P-1909, 
64; MaTepH81Ibl MeJKAysapOABOrO CHMII03HyMa IIO HeynpyroMy pacceH­

'POHOB B TBepAb!X Tenax H )KHJIKOCTHX, BoM6ell, 1964, 

nhcKall • .llaccepTanHH 4>XI1 HM. Kapnosa, 1965. 

aa. AH CCCP, cep. ,Paa., £!!. , 1035 ( 1965). 

ltani. Sol. St. Commun.,_a, 271 ( 1965). 

PyKoJIHch nocTynana B B3AAT9JibCKBII oTnen 
2 anpena 1966 r. 

to 

• 

( 
; ,.J 

ji, 

·~ ' 1',1. 

t 

Ta6nxna napaMeTpb!0 xapaKT8pB3YIODIB9 CTpyKTypy BiF.Oa 

----: 450°c _: _ _ :_ ioic"" 

X:sil o,oo o.oo 

0,50 XBi o,so 
2 

X?el 0,24 0,23 

X?e2 0,70 0,70 

Xol o,4I 0,42 

"ol - o,os o,os 

Xo 
2 

o, 44 o,44 

o,oe Zo - o,oe 
2 

s 2,20 I' B 

f3 90° ~ 

R 12,7~ e,o~ 

- -- - - - - - - - --- - - - - - -- - -- ~ - ---- -

'JI 
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Ta6nuna 2 MelK8TOMHbi8 paCCTO.HJIBll B CTpyltType BIFe0
1
(aA ) 

- - - - - - - - - - - - ~ - - - - -.- I 
;•~ean•aaa ; 450°0 : 20°0 
,e~p,yx~ypa : : - - - - - - --- - - -- -- - - -- ---- - - - -- -

Pe(1) - Pe(2) 6.94 6.52 6,36 
..tU(1) 3.47 3.26 3,31 
Bi(2) 3.47 3.68 3,62 
0 (1) 1.98 2.34 2,38 
0 (2) 1.98 1.73 1,73 

- - - - - - - - - - - -- -- - - - - - -- - - - -
Fe(2) - .1'31(2) 3. 47 2.84 2,73 

Bi(1 1) 3. 47 4.!0 4,20 
0 (1 I) 1,98 1.96 2,02 
0 (2 I) 1,98 2.II 2,05 

- - - - - - - - - -- - - - ·- - - -- - - - --- -
Bi(1) - 0 (1) 2.82 2.10 2,08 

- - - - - - - -- - - -- - - - - - - - - - - ---
Hi(2) - 0 (2) 2.82 3.64 3,66 

- 0 (2') 2.82 2.08 2,06 
- 0 (1") 2.79 2.91 2,92 
- 0 (1" 1) 2.79 2.91 2,92 

- - - - - - - - - - -- - - - - - - -- -
Bi(1 1) - 0 (1 1) 2.82 3.59 3,61 - - - - - - - - - - - -- - - - - - - - -- - - - -
0 (1) - 0 (1) 2.79 2.60 2,58 

- 0 (2) 2.82 2.75 2,74 

- - - - - - - -- - - --- - - - - -- - - -
0 (2) - 0 (2) 2.79 2.90 2, 92 
- - - - - - - - - - - - - -- - - -- - - - - - - -
0(1 1) - 0(1 1) 2.79 2.97 3,00 

0(2 1, 2.82 2.89 2,90 
- -- - - - - - - - - - - - - - - - -- - - - - --
0(2 1) - 0(21) 2.79 2.57 2,56 
- - - - - - - - - - - - - - - - - - -- - - - - - -
0(1") - 0 (1 11 ) 2.79 2.97 3,00 
0(1"') - 0(1"') 2.79 2.97 3,00 
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CxeMa cneJtTpoMeTpa no BpeMeHB nponeTa (eM. TeltcT) c 

c~eMitOA DOA nByM.H yrnaMB pacceHHBll. 
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a 2 MelK8TOMHbi9 paCCTOBBBJI B CTpyJI:Type BIFe0
1
(BA ) 

- - - - - - - - - - - - -.- - - - - - i -
;x~ean~saa ; 450oC : 20oC 
CTP,YKTypa • I 

- - - - ! - - - - -·- - - - - - - - - - -
e(2) 6.94 6.52 6,36 
1(1) 3.47 3.26 3,3! 
1(2) 3.47 3.68 3,62 

(1) I.98 2.34 2,38 (2) I.98 I.73 I,73 
- - - - - - - - - - - - - - - - - -

(2) 3. 47 2.84 2,73 (1 I) 3. 47 4.Io 4,20 (1 I) I,98 1.96 2,02 ( 2 I) 1,98 2.II 2,05 - - - - - - - - - - - - - - - - - -
(1) 2.82 2.10 2,08 - - - - - -- - - - -- - - - ---(2) 2.82 3.64 3,66 ( 2 ') 2.82 2.08 2,06 1") 2.79 2.9! 2,92 1"1) 2.79 2.91 2,92 - - - - - - --- - - - - - - - -(l I) 

2.82 3.59 3,6I 
- - -- - - - - - - - - - - -- -1) 2.79 2.60 2,58 12) 

2.82 2.75 2,74 
- - - - - - - - - - --- - - - - -

2.79 2.90 2,92 - - - - - - - - - - - - - - - - - -) 
2.79 2.97 a,oo , 
2.82 2.89 2,90 

- - - - - - - - - - -- - - - - - - -
2o79 2.67 2,66 

- - - - -- - - --- - - - - - -") 
2.79 2.97 3,00 Ill I ) 

2.79 2.97 3,00 

12 
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P B c. I. CxeMa cneJI:TpOM&Tpa no BpeMeaa nponeTa (eM. TeKcT) c O.llHoBpeMeHHoA 
c~eMxoA noh .llBYMR yrnaMB pacceaaas. 

" 
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P 11 c. 2a. HeATpoaorpaMMbi BiF•0g , nonyqegabie MeToJloM BpeMeHR nponeTa npa paaHb!X 

ycnoBR>tx: a- 26 • 00 , T • 20 C; EyKBOA a OTMeqea MaJtCRMyM, B03HRKmRA 
OT pacce>tHHA Ha MaTepHane neqKR Jln>t aarpesa o6paana. Bcnnecx npR .\ •4,5 A 
(aa a H 6) o6ycnoBn&H 6b!CTpb!MH HeATpoHaMR, 
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