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6-16 DID 1965r. 1 .liJ<Sse upomAU oeiiUap DO upocJ;~~eu811 lf!llliJ 

IIOBl88011poB8BBHX OP8l a paCC81llaD BeltpoBOBo 

B paCSote ceosapa upuuaao 7UOU8 oao:a:o 120 \'lllla~oa u Ol 

yqaotB~ 01S~lBB8BBOro 1180!11f7!8 al8p811X IIOCB8l0B8BIIe 

Ha oeoaape CSIID oC!CJQeBII BOnpoos, o:aaaaa&He c 11oua~OB8BJ 

I!OMBOI C!P)'ft1lli a liiB81111D nraetaBOB, IJ!a&OBYX D8P8XOlOB a KliUJ 
BOre COC!OUD B81l801B8 •etol&D p&C081l111Ul BeltpoBOB a lltte~l llac 

.liiJI DJCluB8qiUI B OprBOIIatet IJKno Dp&l0!8BJI8BO !ODIO 4 lOB 
IIO!OJll& • BOIID B aaoto .... oCSopaaa. 

OOBOBIJD p&IS0!7 DO DDlrD!OBK8 lOXI&AOB B neqa~ DPOleBIBa 

t.A.FHBOBA a A.B.CTPEJKOB. 

j, 



-t' ._. .... ,,. 

COJ!EPI !HIE 

BBJ!fP8HBBX uarBB!rBHX DOXel upa 
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6-16 ~ 1965r. a lJdae upOXDlKI ceKBaap DO upo6aeuax wxaau 

IOII)Ii8BOBpDB8BIIHX CP8A I p&OC811DII Bd'fpoBOBo 

B pa6o'fe aeKBaapa upaaBUaao f'IC'fBa oso.o 120 W~a .. oa aa C'fp&B

f'&C'f~ 0d~8ARB8BBOro BBC'fl'f7'f8 I;JI8pBHX accae;JIOBIBBio 

Ha 0811BB8pe diiU 06CJZA8BB BODpoCB 1 CBJI88BBH8 0 1001:8;JIOB8HUKI 

8'f011BOI C'IPJI'f7lll I ;JIBB8KID 118rB8'fBIOB1 ta&OBHX D8P8XOAOB I B~'fR8o

IOrD coc'fOilBD a~ect:aa ae'fCABBB pacceaau aehpoaca a lflt&B'fa llecc6aJ8pl. 

liD 11Jd.UK8~ B Opri0Kit8'f CIHJIO up8AC'f8BJI8BO 'fOXHO 4 ACUU8 1 

IOtOJBe a aoua a aacto .... c6opaas. 

0CBOBBJD pa60'f7 DO DDArD'fOBB8 ;JIOKI&AOB B ueqa'fl DPOA818 ... 

t.A.PRBOBA a A.B.CTPEIKOB. 
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I. VetORH •auepea11 BBJJpeaBIX uar&B!BHX noxal 

Meto~ HOC!8AOB8BBH uarBITBHX CBOIC!B B8~8CTB8 UOEBO paBA8!HT~ BB ABB rpynuw. VeTOlY 

nepBOI rpynDK 1 !8KB8 KBK H3U8p8BIB BBKBrBiqeaHOC!I H8CY.8HIH 1!1 p8CC8BBIB Bel!pOBOB 88 

UBrBHTBHX no~pemetK8X 1 ABD! CBBABHIH 0 8B8q8HBSX USrBH!HYX 1018H!OB B!OIOB I BOHOB H 0 

X8p8K!8p8 HX ynOpftAOq&HHft, Me!OlY BTOpOI rpynnY nOBBO!RmT onp&Ae!HT~ HanpHE8BHOCT~ 

BayTp8HHIX uarHITBHX noxal, ABIO!Bym.-i B ~BHHOU U8T8PH8!8 B8 8!01BY8 HAPB• S!HUH 18!0A811 

HB!BD!OH: 

I. »ar&BtBYI HABPBYI peaoaaac. 

2. TOBKBB CTPJK!JpB !IBII napauarBHTBOrO 8!8KTPOBBOrO p830B8B08. 

3, H318p8HIH !8~081KOOTI npa BI8KHX'!8108p8TJp8X. 

4, ~aRT »~ccdayapa. 

5, Yr!OBBB KOppe!BUHH J( - HBByq&BBB. 

6. YrnoBoe pacnpe~eneBBe RAepaoro Baxyqesaa opae&TBPOBBHBYX HASP (asaaotponaa 

H3!yq8Bift I 80CHI8!PIH j5 - aanyqe&lft). 

r-
B nepeqBC!eBBYX 18!0A8X ftApo Hrp88T po!~ IHBMSTmpHOro npOdHIKB, H3U8PRD•ero BHJTpi8!0M

B08 00!8. Ba no!~8BBOI BB ODY!8 3Heprll B38HUOAeiCTBift IBrBH!HOrO UOU8~!8 ftAPB C BHJ!peB

BII nOB81 £, t 8!88 8B8q8&18 H~8p&oro ~ - ~8K!Op8, KOlBO BYqHC!BT~ BBnpBI8BH8 3~8K!IB

BOro uarsnsoro noxa H -H/"P no ~opuyJie 

f Jl. = h w = i ~ N II~" I (I) 

-12 
r~e }IN :.3, IS ·/0 ~8~~ - HABPBYI IBrBB!OB, 8 td - q&CT0!8 !8p10pOBCKOI np8U8CCII. 

C~8C!B8B!ym pon~ npl onpe~8!8BHB BBY!P8HBIX uarBH!BYX noxal Hrpaet Bp818 CDIBOBOI 

pexaxcau•• a.extpossol odonoqsa, He SAPO ~elcTByet onpeAeneaaoe uaraataoe none np1 ycnOBII, 

qfO Bp818 pe!8KC8UII ~r (CP8AB88 Bp818 B38HIOA8IC!BIB nOIB C ftAPOI) dOBAm8 nepHO~ 

xapuopoBcKOI npeueoo•• HAP& B stol none: 
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7:>-L= 
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;t 

ff /" N H ~tptp 

EcnH 8TO JCBOBBB He BYnOBH88TCB, TO mBpHBB ypoBHBI CB8px!OIKOictpJK!YpY CT 

HHUOI C pB8HOCT~m SHeprHI UBE~J COC8AHBUH ypoBHftUH 1 HBH don~me ee, TOrAB HB 

nona,~elcTBymmas.aa aApo,ae dyAeT euet~ oupeneneaaoro aaaqeaaa. BcnenctBHe 

B HBIHOrHX cnyqaftX ~onroro Bp8M8HH penaKCBUHH MOEHO HBBBHT~H onpeAeniT~ ~ 

ne"CTBymmee BB SAPO B napauarHHTHYX UBTepHBBBX, B M8rHeTHK8X HHEe TeunepaTy 

T8HnepaTypy HeenR) BTOHHYe HarHHTHYe IOMeHTY BCBenCTBI8 OdUBHHOrO B38HU0~8~ 

ca TBKHK odpaaou, qTo xa~~YI aTOM aueeT cpenaee no Bpeueaa aaaqeaze aauars 

HBnpaBBeHHH MBrHHTHOI OCH. Tor~a HB H~pe DOHBBHBTCH MSrHHTHOe none, ROTOpO 

TeunepaTypol TBKHM Ee odpB30H RBK H HBMBrHHqeHHOCT~ ~OHBHOB, 

MeTo~ a~epaoro aarHHTHOro peaoaaaca noaBonaeT nonyqaT» aaadonee toqawe 

BHyTpeHHHX MBrHHTHYX nonel, HO HeOdXO~HUOCT~ padOTY C B~COKHUI PBAHOq8CTOTS 

uaoraa aaTpy~aeaaau Texaaqecxoro xapeKTepa. Kpoue aToro aadnmneaae peaoaaac 

OdycnOBB8BO CT8BK8MB AOU8HOB I B08TOIJ H8B08UOEHO onp&A8BIT~ B&DpaBn8BI8 Ul 
AeactBymmero Ba SApo OTBOCBTBX&BO BaDpaB!8BBR BSKBrHHqeHHOCTB Odpaana. 

ITepBYe TpH H3 nepeqHCB8HHYX M8TO~OB TpedymT npaueaeHHH M8KpOCKOOHqecKC 

M8T8pi8B8, H B CBH3H C STHH H3MepeHH8 HOE8T 6YTh npOBe~eHO B npHBUBD8 TOB~f 

B~X R~ep B OCHOBHOM COCTOHHHH, 

B aeTo~e HCc~e~oBaHHH yr~oaoro pacnpene~eHMH ua~yqeHMH anep, 

BSHHYX BO BHyTpeHH8M llOBB 1 BpeMH EH3HH j3 - BKTHBHOrO H~pa ~OBEHO 0YT~ ) 

~OBrHU 1 qTodY MOrna dYT~ ~OCTHrByTa CTBUHOHBpHBH OpHeBTBUHR ft~ep. 0HO nOBEl 

Bpeueaa SAepaoH penaxcaUHH B ABHHOK o6paane, KOTopoe ynpasnaet nponeccou OJ 

B UBTO~BX,OCHOBBHHYX H8 HCnOBh30B8HHH a~eKTS Meccdayapa B BOSIY~BHIH 

KOppeBHUBH Y- aanyqeHHH,tOqHOCTh H3MBp8HHH BBBICHT OT BpeueBI EH3HB BOB( 

COCTOHBHH SA8pHOro ypOBHH. B nepBOM Cnyqae 3TO BOT~ BPBMH EBBHH p830H8HCHO 

COCTOHBHH, BO BTOpOU- Bp8UH SHBHH npoMeEyToqaoro COCTOHHHH 1'-JI KBCKBi 

SHSHH a~epaoro ypOBHH 88 HM88T CTOB~ npHHUHnHBB~HOrO BHaqeHBH KBK Bp8UR 8!1 

p8B8KC8UHH, XOTH KOpOTK08 BpBUR EH3HI B03dy&A8HHOrO ypOBHR MOEe! C~Bn8T~ HI 

B8~8HM8 HSMepeHMR BHYTPBHHero BO!H, HO OHO H8 BBHHBT HB onpenen8HHOCT~ BOX: 

HB anpo. TaK, HSOpHUep, B U8TOne yrnoBOI KOppeBHUHH BO UHOrHX C!~BHX HAPS 

Bp8UH EH3HI npOMBEYTOq&orO COCTOftHIH COB8pWHT~ TOn~KO H8dOn~mym qact~ OOBHI 

(ABBB ( I 0), HO BTO HB uemBBT onpe~B!H!~ BHeprHm HX B38HMOA8"CTBHH C UBrHI' 

IBUepeHMH cpenHero yrna OOBOp0!8. 

7 



I. Ue!O)H ISMepeall BHl!peHHIX MBrHB!HHX nonel 

KDrHHTHYX CBOIC!B Be~eCTBO MOKHO pos~eXITD BO ~e rpynuw. Ue!O~ 

HSKepe&BH HOMOrHBqeaHOC!I HOCY.eHBH lXI pocceBHBH BeH!pOBOB HO 

~DDT CBe~e&Ba 0 SBOqeaBHX KOrBH!BYX MOMBB!OB B!OKOB I BOHOB H 0 

IAwnaeaaa. Ye!o~ BTopol rpynnu nosaonmoT onpe~enH!D aonpaaeaaoO!D 

nonel, ~eHC!Bym~X B ~OBBOM KB!epaone BB O!OMHYe ~pa. OTIMB K6!0~8MB 

naaal napauoraB!Horo aneKTpoaaoro peaoaoaoo. 

BBSKHX.!eKnepa!ypax. 

J( - asnyqeaBa. 

lacnpe~enea1e a~epaoro Bsnyqeaaa opaeaTBpoaaaHHX ~ep (oaaso!ponaa Y-
aanyqeaaa). 

pOnD UaRHBTmpaoro npo6HBK8, HSKepam.ero BHY!PI8!0M

R8 OnH!B SHeprBI B38HKO~eiC!BBa MBrRB!HOrO 1018~!8 ~pB C BHytpeB

~- waK!opo, KOKBO auqacnHTD.BBnpaaeaae a~eK!IB-

;: h UJ = 3 )' N /-I if'!' ' (I) 

- ~epBHI KOrRBTOB, 8 ~ - qocTOTB nopKOpoBCKOI npe~eCCIIo 
onpe~eneRHH BByTpeHBBX KarRBTBHX nonel Hrpae! BpeKa CRBHOBOI 

o6onoqxa. Ha ~po ~elc!aye! onpe~eneaaoe KDrHB!BOe none npB ycnoa111 

~~ (cpe~aee apeKa BSDHKo~elc!B&a nona c ~OK) 6onDme nepao~ 
B a!oM none: 
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• 

7: .> _j_ = 
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j/N H;tprp (2) 

EcnH STO ycnOBBB Be BHnOnHHBTCa, TO mBpiBB ypoBBel CB8px!OBKOlc!pyK!ypH CTBHOBHTCH cpaB

HHKOI C pBSHOCTDD SHeprll K8E~Y COCB~HHMH ypOBHaUa, ana 60nDme ee, TOr~a HBnpBEeRBOCTD 

nona,~elcTBym•aa.ua a~po,ae 6y~eT aKeTD Ollpe~eneuaoro suaqeaaa. Bcne~c!BHe SToro TOnDKO 

a aeuaorex cnyqaax ~onroro apeKeaa penaKca~aa uoaao aa~eaTDCa onpe~enaTD uaraataoe none, 

~e"cTBYD•ee aa a~po B napaKaraaTHHX uatepaanax. B uaraeTHKBX HIKe TeKnepaTypu Kmpa (ana 

TBMDepaTypy Heena) BTOMHH8 MBrHHTHHe MOU8HTH BCne~CTBHB 06MeRHOro BSBHUO~elc!BHa CBaSHB8DT

Ca !BKHM o6pasou, q!o RBK~HI aToM aueeT cpe~aee no apeueaH saaqeaae aauarazqeaaocTB B 

HBnpaaneaaH MBrHHTHO~ OCa. Tor~a HB H~pe nOHBnaeTCH UBrHaTHOB none, KOTOpoe MBHH8TCa C 

TeunepaTypol TBKHM Ee o6pa30U KBK H HBMBrHHqe&HOCTD ~OM8HOB. 

MeTo~ a~epaoro uaraaTaoro peaouaaca nosaonaeT nonyqaTD aau6onee ToqHHe saaqeaaa 

BHyTp8HHHX MBrRHTHHX nonel, HO H806XO~HMOCTD pa60TH C BHCOKaUH pa~&OqBCTOTBMB npHBO~HT KO 

uaorau saTpy~aeaaau TexaaqecKoro xapaKtepa. Kpoue storo aa6nm~eaae pesoaaacaoro caraana 

06JCXOBn8BO C!eBRSKH lOKeROB B DOSTOyY BeBOSMOZBO ODpe~&nBTD HanpaBXeBBe KarBB!BOrO nOna, 
~81CTBYD•ero Ba ~po OTBOCH!8XDBO BanpaB~OBBR BaKar&BqeHBOCTH 06paa~a. 

TiepBHe TPB aa nepeqacneaHHx ueto~oB Tpe6ymT npuueaeHaa uaKpocKonaqecxoro xonzqecTBB 

MaTepaana, H B CBB3H C STaM HSuep8HB8 UOK8T 6HTD npOBe~eBO B npHB~Bne TOnDKO ~H CTB6B~D

B~X R~ep B OOHOBHOU COCTOHHHH. 
~ 

B uero~e acone~oBaHHB yrnoBoro pacnpe~eneHBH xa~yqeHHH SAep, opxearapo-

BBBHYX BO BHYTP8HH6M OOXe, Bpeua KaSHH j3 - BKTaBHOrO B~pa ~On~HO 6HTD ~OCTBTOqHO 

~o~rHM, ~06H uorna 6HTD ~OOTHrByTa CTa~aOHBpHaa opaeHTB~BH H~ep. 0HO ~OnKHO 6HTD 60nDme 

apeueaa ~epaol penaxca~H a ~aaaou o6paa~e, KoTopoe ynpaanaet npo~eccou opueata~HB. 

B U6TO~ax 1 0CHOB8BHHX Ha aCDOnDSOB8BHH S~eKT8 Mecc6ayapa H BOSKy~eBHH yrnOBOI 

KOppena~aH Y- HSnyqeaHa,!OqHOCTD H3U8peBBB 88BHCaT OT BP*MeBH ZHSHI BOs6y~eBBOrO 

COCTOHHBB ~epaoro ypOHHHo B nepBOU cnyqae 8TO BCTD BpBUH ZHSHH peSOBBBCBO B036~eBBOrO 

COCTOHRHB, BO BTOpOU- Bp8MH SBSBB npoueayTOq&OrO COCTOBHBH /'- Jf KBCKB~B. 0~H8RO Bpeua 

KBSBH H~epHOrO ypOBHH Be HUeeT CTOnD npaauanHBnDBOrO SBaqeRBB KBK apeua aneKTpOBBO~ 

pen&KCa~aH. XOTH KOPOTKOB Bpeua XHSHH B036~eBBOrO YPOBHa MOZB! C~Bn8TD B8B03UOXBHU npo

B8~8HB8 HSMepeHaH BBy!p8RHero nona, HO OBO BB BnaBeT HB onpe~eneBROCTD nona,~eiCTBYD•ero 

aa ~po. TaK, aanpBuep, a Ke!o~e yr~oaol xoppen~a• ao uaorax cxyqaax ~pa ycneBa~ sa 

apeua KHSBH npoueaytoqaoro coctoaaaa coaepWB!D !OHDRO ae6o~Dmym qacTD noxaoro o6opota 

(~axe< ! 0), ao aro ae uemaer onpe~en&!D aaepram ax aaauuo~enctaaa c uaraata~u noxeu nyTeu 

B3MepeHHB cpe~Bero yrna nOBOpOT8. 
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i, 

I 

" 7 



IIO&ST 

2. llpOBCXO!neHBe U81'HBTHMX DO~elt Je~CTBYmmax HB ftAPO 

raMBHDTOHRBH, ODBCYBBm~lt U81'HBTHOe B38HUOAeiCTBBe ~pa C aneKTpOHHOit 060HOQKOit, 

6Y!D DP8ACT8BneH B BHAS! 
~_, - .. ... { lrr - -
..-v,.. = -j)'NI.H:J~~ =- 2!/!'N I~ T { J' (r;) r 

' 
r~)j, .t-: + 

+ r,.J 
' 

- ( ..... -
( 

.Jr, Sc··Yi.J 
r$ 

(3) 

rAe fi - UBrHe!OH Eopa, / N - ~epHYI UBl'HeTOH, J - HAepHYit l'HPOUBl'HHTHYll iJ)BK!Op, 

I - CDHH ~pa, if ,si, ('"': - PBAHYC-BSKTOp, CDHHOBYit yrnOBOit IIOUeH! H op6i!TBHDHYit 

yrnOBOit IIOUBH! i -ro aneK!pOH8. TorAB onepBTOp IIBl'HHTHOl'O DOHH B TOQKe RIPS HUee! 

iJ!OPIIY 

~ [ .flT - ~ -H =-2AL - 1
/. !(F;l+ .!i +(J?..f~·r,)_ S;}\] 

~'P r i 3 ' / fi J r~ r.s lj ' 
(4) 

8 IIBl'HH!HOe DOXB, JBIC!B;(m.ee HB ~po, BYQBCHRBTCR KBK CPBAHBe 3HBQ8HHe 3!01'0 onepeTOpa. 

DepBuR qxsH 

H5 =- ;u~< 2 (/f(o}5 ,./ 2 -/'f(oJs~/}> 
(5) 

TBK HB3HBBeUYit KOH!BKTHYR UeH tiPMi ORHCYBBBT HenocpeAC!BeHH;(m CBR3D ~pB C s' aneRTpo-

BBIIHo S!o B38HIIOAeltCTBHS BlleeT UeCTO TOl'AB, KOl'AB DHOTHOCTD B !OQKS ~pa ~ 3HBKTpOHOB C 

npoTHBOROHO&HO HBRpBBHBHHHUH CRIIHBUH HS RBHReTCR TOQHO OJHOR H TOR ae, T,e. KOl'JB 

/ 'f ( o) s1 /
2 

J:. / 'f ( oJ s 1/ 
2
· 

Paaaana pacnpeJeneHHR nnoTHOCTB S anexTpOHOB c'npoTHBonono&BHIIH HanpaaneRHHIIH 

CDBROB RORBHRB!CR !Ol'A8 1 KOl'AB BTOU HUBS! Q8CTHQHO 3BnOnHeHH;(m 1181'RHTH;(m 060HOQK:f ( ~el 

B cnyqas nepeXOAHYX uB!annoB rpynnu aeneas ana qj( B cnyqae anaueBTOB peAKHX aeuenD). 

OdUeHHOe B38HUOASitCTBBS aneKTpOHHYX CRBHOB He38ROnReHHOit OdOHOQKB CO CRHHBUH Jl 

aneK!pOHOB DpHBOAB! K npH!R&eBBm 3HBK!poHOB C napa~e~DHYIIB CRBHBUH H K OTTBHKHBBRKm 

BHBK!poHOB C 8HTBD8PBAienDHYMR CRBHBUH, BcneJCTBBe 8!01'0 B38BBOAe~CTBBR, ecnB ~ 060HOQK8 

H8XOABTCR BB:f!pB HeBBDOnReHHOit 3HBK!poRROR odonoqKI, B ftAPe BOSp8CT8eT RHOTROCTD ~ 

aneKTpoBOB CO CRBHOB, BHTBRBpannenDRYU peaynDTHpym•eBJ CRBB:f aneKTpOHOB Re38RORRBHHOit Odo

~oqxB, I B8 HAPD AeltCTByeT UBl'RHTBOB none,npOTBBOROHO&BOe DOHm, C03A8~e1Q' R8U81'HBQeHHOCTD 

aeaanonaeaaol o6ono~. 

8 
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Btopol USB B iJ)OpiQ'nS ( 4) OII.IOYBBe! none, COBABBHOe peaynDTBP:fiiJIIIIU I 

yrnOBKB UOUeHTOB i_ aneKTpoBOB qaCTBQHO aeaanonReHHOH o6onOQKR. 

H~, = -Jj< r -J.> < '-_,..> ::- ijS< r-J.> () .. -2}<S .>, 

l'Je Ji - iJ)BK!Op 1JaSAeo Opdi!BHDBYII BMBA B BBrRH!BOB none, AeRC!BYJ 

•cqsaaeT, xorAB opdR!anDHYII yrnoBoR uouen a~eKTpOHOB L .::. 0 · 

TpeTBit USB iJ)opBynY (4) ODBCYBBS! BKn&A B 1181'BBTHOS none HB ~pe. ~ 

JBROnDBKII B38BUOAeRCTBBSU CO CDBRBIIB aneKTPOHOB 

~ =-2} < 3? r 5, rJ _ :J > . 
r r rJ 

~BDO~DBYR BMBJ ICqeaaeT !Ol'AB 1 KOl'AB CRHH-OpdBTBnDHOe B38BIIOABIIC!BI8 On! 

qecKSR pelle!KB Oc5JIBJ8e! K:f6B"'8CKOR CBUUeTpllelt. 

B AB~DBelBeu PBCCIIO!plll BiJ)!J)eKTBBHKe 1181'HHTKe nona, AeRC!B;(miiiiiB BB II) 

COeABHeHIIRX K8H88B,H orpBHBqHIICR 3AeCD TOHDKO BeCKO~DKHUH 38Beq8BBHIIB 1 &a 

COeABReHHRX PBAKHX SeUeHD. 

2,!. PonD CBUUe!pBB KpiiCTBHnlqeCKOl'O DOnR 

B cnyqas nepeXOJBYX anelleHTOB rpynnY aeneas CBR3D CDBH-Op6B!8 34( I 

C.l8d8 H 311ROnHeBB8 fi opdB! 38BHCIIT 0! BeJIHqBHY B CBUUeTpHH KPHC!BJIHII' 

pac.enneBie opdl! B KpHC!BHXIqecKOII none USnO DO CpBBHBHBm C OdUSBBKII B81 

aneKTpOHOB, o6oJIOQKB 1/aanonsRetoR cornacHo npaBHn:f XyRAB· Sto DPBBHJI< 

OCHOBHOR Tepll BJieKTpOHHOII KOBiJ)Bl':fPBDBI 1111eeT H8BdOJIDm8e H3 B03110&HKX 3H8' 

CRIBB S 
IIOIIeBTaL. 

H BCJieAOTBHe 3!01'0 

Benopu ~· i: 
CBIIOe 60HDmOe 3H8QeHHe DOHHOl'O opdBTBHDB< 

CKnBAHBBmTCR 8HTHDBPBHJieJIDB0 AIR OdOJIOQKB, 

lleHDme qeJI RBDOnOBHB:f H fllP8HHeHDB0 

UocneAOBB!BnDHOCTD 38ROJIBeHIR JL 
Kpaotanx•qecxoe none ycTpBHR&T 

AIR 060HOQKR, 38DOJIHeHHOit dOHDme qeu 

OdonoqKH ROK838R8 H8 PIC.!, 

BYpo•AeHae opdat. B nolle c xydaqecxol 

BYpo&AeHHe qaoTIIQHO CHIIUBe!CR 1 qfO npoHBnR8TCR B p83ROC!I 3BepriB Ue~ ( 

H3 KO!OpKX nepBBft 110&8! dYTD 38HRT8 6 3JieK!pOB81111 (TpexxpaTHOe BYpOJ;Aelll 

4 3JI8K!pOH811B (AB:fXKpBTHOe BHpOJ;AeHBe). B KPBCTannBqecKOU none C 6oJiee HI 

qeu K:f6HQ8CK8R 1 ROHBnfte!CR JBHDHeimee OHR!He BYPOJ;AeHIIR op6HTo B AOCT8TO' 

JIBQeCKOII DOlle H RpB HB3KBX teunepatypax npBBHHO ly&AB"He pa6oraeT"B 38R< 

3d. o6onoqKJI ynpaBnReT TenepD yae !J)aKTop EonDUMSHa, exp (- W / trT) , l 

9 



2, fipoHCXO!A6BH8 uarBH~BHX DOnal i8~C~Bymmax BB ft4p0 

onxc~am~A uarux~aoe Baexuo~eAC~BHe ~pa c ane~poaaoA o6onoqKoR, 

H B Bll~e: 
-.. - [ /7T ... , -!/'NJ.H~fJfJ=-2Ij/NI~ y{ (r;)-1-, 

.... ..... (....,... ';I' u ,t._ ( .Jr1 si · r; J _ _->_,-,} 
~ r..J + rs rJ , 

' 

(3) 

a Eopa, )'N - ~epauA uarae~oa, 4- a~epauA rxpoxarHHTHHA ~ax~op, 
~ ~ ~ d 
~· ~~·, t.· - pa~HyC-B8KTOp 1 CnHHOBHl yrl!OBOA KOK8B~ H op6HT8llbHUR 

-ro ane~poae. Tor~a onepsTop uarBHTBoro nona B ~oqae a~ps xxee~ 

[ 
,ITT ...., " ...,. .... ~ - u --2AL -5, !(F;)+ .E. +(Jr,.rs,·.r.J_ .:!.L) 

/' i 3 fi J r.r rs J 

(4) 

lkeR~Bymmee aa ~po, Buqacnae~cH KBK cpe~aee aaaqeaxe a~oro onepaTopa. 

; li) < 2 (If ( 0) s,. I 2 - / 'f ( 0) s 1 I J > 
(5) 

~BKTHHR qneH t8PKI OnHCHBBeT Henocpe~CTBBHHym CBH3b ~pa C ~ 3li8K~PO

UBCTO TOr~a, KOr~e nl!OTHOCTb B ~oqae ~pe Jt anBKTPOHOB C 

cnHHBUH HB HBliHBTCH Toqao O~HOR H TOR &8 1 T,e, KOr~e 

I If r oJ S1' I 2 :~.I 'fro; s ~I 2• 

~~Bli8HHH DnOTHOCTH $ aneKTpOHOB c'npOTHBOnOl!OEBUKH Banpe&neHHaUH 
\ 

, HOrAe eTou xueeT qacTaqao aanonaeaaym uarax~aym o6onoqKy ( ~el 

ue~annoB rpynnu aeneas ana q;F B cnyqae aneueBTOB PBAKHX aeuenb)• 

3l!8~pOHHHX CnHHOB B838nOnHBHHOR 06onoqKH CO CnHHBUB jl 

K npHTHEBBHm Bl!eK~poHOB C nep8n18nbHUKH CnHHBKH H K O~T8l!KHB8HHm 

cnHHBUH, Bcne~C~BH8 a~oro B381KOABAC~Bia 1 ecnB $ o6onoqxa 

lbaanonaeaaoR ane~poaaoA o6onoqKI, B ~pe aoapac~ae~ nno~HOCTb jf 

BHTHnapannellbKUK peayl!bTHpym~eKy CnHBy 3HBKTpOBOB B83BnOnHeHHOR o6o

U8rBH~HOe none,npOTIIBOnOl!O&BOe nonm, C03~emmeuy HBUBrHHqeHHOC~b 

8 

• 

BTOpol qaes B ~Op~e (4) OniOUBBB! none, C03~8HH08 peayHb!Hpym~U op6H!BllbHUK 

yrHOBHK UOKeH~OK L_ BnBK!poBOB qeCTHqHO HBBBnDnHBHHO" 060HOqftft, 

H_~, = -JJ< r ·J.>< 1.-+,):::- iJ'< r-J.> (). -2)<5>, 
(6) 

rAB J1 - ~BK!Op ReHAB• 0p61~8HbBUI BKnB~ B uarBH~HOB none, ABICTBymmee BB ~po, 
acqeaaet, KOrAB op6H!BnbBHI yrnOBOI KOUBB! aneK!POHOB ~ ;O · 

Tpe~IA qxes ~PKYXH (4) ODICHB88! BRIBA B KBrBHTBOB none B8 ~pe, S!OT qHBH o6ycnoBneB 

~lnOnbHUK B38HUOAeiCTBieU CO CDIBBUI aneK!pOHOB 

~ =-2} < 3?f5.rJ J > 
r r - rJ . (7) 

lanOnbBUI BKnBA JCqeaae! !OrA81 KOrAB cnas-op6H!a!bBOe B88HKOAeiC!BH8 cns6oe H KpiCTsnna

qecKaa pemetKs o6nsAset xy6aqecKol c•uuetpael. 

B ~SHbBelleK pSCCMO!piK B~K!IBBHB HSrHHTUB nona, ~elctBym.-e BS ~pe ~e B IOBHUX 

COe~IBBBHRX Benesa,H orp8HHqHKCH BAeCb ~OHbKO BBCKOnbKIIUH 8SKeqsHHHKI 1 KaCB~HKICH noneA B 

COeAHBeHHHX peAKHX SeUelb. 

2,1, POHb CHKUe~piH KpiC!BnnlqeCKOro nona 

B cnyqae nepexo~BHX anexeatoB rpynnu aeneas CBHBb cnaa-op6aTa 3,{ aneKTPOHOB oqesb 

CX868 H aanonB8Bie e{ op6&! 3SBHCHT 0! BBnHqHHU H CHHKe!piH KpHC!Slll!HqeCKOrO nona. ECAB 

psc•enneBie op61! B KpHC!Snn;qeCKOK none KBnO DO CpSBHBBHm C 06K8BBHK B3SHKOABICTBI8K 

a.leKTposoa, o6onoqgs 31 aanonsaetca cornacso npaBH.IY XyaAs. Sto npsBxno rnscHT: 

OCBOBBOI TBPK aneK!pOBBOI KOBWHrypSUHI HKeB! BSH60nbme8 13 B03KOEHHX aasqesal nonaoro 

cn&BB S 1 Bcne~cTBHe a~oro cexoe 60l!bmoe asaqesae nonaoro op61TBXbBOro yrnoBoro 

KOKBB!B.L.. . Be~opu ~· Z: CK.llB~HBBMCa 8HTBD8p8Hl!BllbHO Ana 060l!0qKH 1 aanOnBBHBOI 

KeHbme qeK aanonOBHBy H napanl!BllbBO Ana 060JIOqKB, aanonHtBBOI 60l!bme qeu HanonOBHHY 

nooneAOBBTBnbBOCTb aanonHBHIH Ji 06onoqKB nOK888H8 HB PIC,!. 

KpHC!BnnlqecKoe no~e yCTp8Hae! BHpO&ABHIB Op61!. B none C By6HqBOKOA CIKKB~pael 

BUpoll,ltBBIB qaonqso CBIU88!0a 1 q!O npoauaetca B p88HOC!I BBeprHH UeJQY op6H!8KH dE I ad, 
18 ROTOpHX nepBea KOEBT 6HTb 88HaT8 6 anBK!pOBBKH (TpeXKpBTHOB BHpOE~BHH8) 1 8 BTOpaa 

4 3lle~pOB8KI (AByxKp8TH08 BHPOE~BBBB), B KpHCT8liHHqecKOK none C 6onee HH3ROI CHKUeTpHel, 

qeu Ky6aqeCK8a, noBBnHB!Ca ABHbBBimee CHH~IB BHPO~BHHH op61T, B ~OCTaToqao CHnbHOK RpHCT8a

A&qeCKOK none I np& HHSKIX !BUnepatypex Dp8BHHO Xya~a"He pa00T86T"K aanol!HBHH8K COCTOHBHI 

3d. o6onoqKx ynpaBnaeT Tenepb yae ~e~op EoJibUKasa, exp (-W/KT) , rAe W - paaaocn 

' 
9 
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SHepraD ypoBHe~. BCJIBACTBBB STore, uoryT ROHBHThCH ABB 3~eKT8, OK83HB8~~8 BJIHHBBe H8 

IIBrHHTHOB ROlle, ~eACTBYDIIBB He HApO: 

I. ACHIIMBTPHH pacnpeAeJieHHH CRHHOB 3JieKTpOHOB HB38ROJIHBHHOM o6onoqsz B~3~B8BT 

ROHBJIBBHB AHROJihHOrO BKJIBAB ~J)' 

2. 3aryxasae nonsoro op6HTBJIAHOro yrnoBoro 11011es:ra snes:rposoB seaanonsessoa oCSonoqxa 

npHBOAHT K HCqe3HOBeHHD op6HTBJihHOrO BKJIBAB ~ • 

B CJiyqae peAK03eMeJihH~ SJielleHTOB CRHH-Op6H!8JihHOe B3BHIIOAeMCTBHe B seaanOJIHeHHOM ~ 

o6onoqse asaqsren:r.so csn:r.see, qeu B 3cf o6oo~~oqse nepeXOAHHX ue:rannoB rpyn~ seneaa. 

BcJieACTBBe CHJII>HOa CBH311 CRHH8 C op6HTOa, ROJIHHa yrJIOBOa IIOIIeH! SJieKTpOHHOM o6onoqKII ~ 

HBJIHBTCH XOpOWHII KBBHTOB~II qHCJIOM. B KPHCTBJIJIHqecKOII none, 06Ji8ABD~ell BHCOKOM CIIIIIIBTpHeM, 

HJIH B cnyqae B~POSABHHH Kpauepca, HIIBD~ero lleCTO AJ!ft seqersoro qHCJI8 3JI8KTPOHOB q;( 060JIOqKH, 

AOIIHHH~YD~HM BKJIBA B IIBrHHTHOB ROJIB HB HApe ABDT op6HT8Jil'>H~B TOKH. Ha6JIDA8BIIHB IIBrHHTHYe 

nona AOCTHrBDT HBCKOJibKHX IIHJIJIHOHOB SpCTBA• TonbKO AJIH qersoro qHcna 3JI8KTpOHOB ~~ 

o6onoqKH B CHJibHHX KpHCTBJIJIBqecKHX ROJIHX C AOCTaToqso HH3KOM CHIIII8TpHeM(2o7+~- Kp8THOe 

B~po~esse snesrpossoro ypoBHH css11ae:rcn, B~c:rynaer aaryxasae nonsoro yrnoBoro IIOIIeHTa;T s 

ncqeaa~T KBK Op6HT8JibHYa,TaK H AHROJibH~M BKJIBAY BO BHYTPBHHee IIBrHHTHOe ROJIBo 

2.2, ~pffieKTHBH~e MBrHHTHYe ROJIH B HOHH~ COBAHHeHHHX xeneaa 

li!OH f:'eJf I!MeeT SJieKTpOHHY~ KOH\f111rypal.lllll 3t/J' H HBXOAHTCH B COCTOHHHII i!$pf. J 

06JI8A8D~II c~epsqecKOM CHIIIIBTpHea (L~o) • B CBH3H C 3THII op6HTani>HHa BKJIBA B MSrHHTHOB 

none, AeacrBy~~ee sa BAPO xeneaa,paBeH HYJID. B cna6o11 KpacrannaqecKoll none Toae ser 

AHROJII>Horo BKJIBAB H BHyTp8HHee ROBe o6ycnoBn6HO TOnbKO KOHTBKTHHII B38HIIOABMCTBHeU ;epiiH. 

SKcTpanonHpOBSHH&e AO 0°A( MSrHHTHHe ROJIH, H86JIIDA8elllile B COeAHHeHHHX TpeXBaneHTHOro 

~eneaa,nue~r oqes:r. CSnaaKHe BeJJI!qssy, rpynnspyD~Hecn oRono asaqasan- 530k~. TaK,eanpallep, 

a reMarnre ,42 0_, ~~~ 5IO K':i /I/, B wepparax rpynny mnasenea H !J'I'tp saxoAI'ITCH B 

npeAenax 500-550 1< t /2/. 
ByqncJieHIIH KOHT8KTBOro '!JIBH8 ~epiiH, npOBBABHHHe Ba'tCOHOII H ~pHUe&OM !31 npH ROUO~ o6o6-

~eHHOrO 116TOA8 XapTpii~OKB, B KOTOpOII npHHHIIBBTCH BO BHH118HH8 06116HH811 ROJIHPH38~11H, AS~ 

3Haqesse - 630 ICi1 , 6JIH3KOe K BBJIHqHBe, H86JI~~8BMOJ! H8 ORY!B. B T86JII'IJ16 I npHBeAeHH BKJIBAIII 

ROJIHPII38JIHH 3JI6KTpOHOB nocneAOBBTBJibH~ S 060noqeK B uarHHTHOe ROJIB, Ae~CTBYJl~Be Ba 

BAPO TpeXBBJIBHTHOro XeJieaa. 

IO 

~ 

T&CSJillll 
T80petJiq8CKK8 asn8BU BKJIUOB llO.IIBJlliB&Itllll $ oCSo:noqes 1 ll&rsuso8 110.118, 
B8 ll,llpo ae:n8aa 1 aos8 Fe 3 f {3 J; 

OCSo;~oqK8 

I 
2 
3 

1101:8 

Hp{n) 
-50 
- 1790 
t IZIO 

- 630 

npasuaa 10 BBD&HHe, uo 8Baqesu H,. , :iiiDCJieBsllle AU S oCSo;roqex, noqqaJ 

BIIIU!8HIIll AB'!X Oq8BJ, CSon:r.ux DC8JI 1 npll,llC!8BJIBIIIIUIX BUIIAIII 0! 8;118ftpOBOB $ 
1 S oCSo;roqa an 8Bn8BIIll nopfiA.I& 109 3), corJI&CII8 reopu c on~~~ro11 •ouo c'll!~ 
'!AOBJI8!BOpB!8Jil'>Biilllo OpiiDBOa BeC!OJII>mJJX OT;BBqJJa 8KCR8piiii8HT8Jil'>HIIIX asaqallll Jll 

COeAIIH8HIII !p8XB8;!18H!HOro .18.11838 HBJIBD!CH no BC81 BepoH!HOCTII RpftlleCII 110881:1 

Hos Fl"" 1111eer aJieK:rpossYII KOH\f111cypa~ 3«.~ B CJiaCSoll KPIICfin.~~nec,Jroll 1 
.r 

IIOB 1 OOrJI&CBO np&BIIJI'! XyHJ18 1 HaXO,IIII!CH B COC!OHHIIII :1) y BCn8AC!BII8 !Oro, qro 

Jlfte!QII OpCSII!a.lll'>HIIII B~;JI; ,)/t. :B U8rBUB08 n0.1e, ;J;aiC!B'!JJIII88 88 ll,llpO. l!lcD KJ 

naJie OCS.IaA&et K'!6Kq8CKOI ciiKIIetpiiBl, •earol a~:e.KTpoH B pesy.u:r.rar8 oCS11essoro 

BIIH aaceJIB8! B paBHOI CteneBII BCe !pK BJiPO.IJI8HBIIIe COC!OHHIIH Gl~ • TaKaS CIIBC 

COXpaBH8! K'!6JiqecKyll CKIIII8!pHII pacnpe~eJieHIIH cnRHOB 3D( 8JI9K!pOBOB K Be Aae~ 

BKJiaA8 B llarBB!HOe none. S!O! BKJI8A nOHBJIHB!CH !On:r.KO np11 BBBKOI Olllllle!pllll E 

tcOro nou, KO!Opoe CHKIIae! Blllpo.IJI8HIIB d.f OOCTOHBIIa B JIBBT IIPIIJIU8rllll &ace~ 

8.1eK!poHOII Bll.le .11618~ 8H8pre!BqecKBX COC!OHHHI. 

C AP'!fOH C!OpOHIII 1 CBH!IIe Blii~BHIIII opCSIIT KPIIC!a;BJIHqec.IIIM no;reM 0 ;J;OC!8 

Clllllle!pll81 npJJBOAII! K O!KIOBeRIIRM or npaBIIJia l'!BAa. B peayn:r.:rare aroro npaac 

BBe no.11soro opCSJJtanisoro UOIIes:ra • aoqaaaoBeBII8 BKJI&Aa AVk :a Maraar1oe non 

nonO.IeBIIe SABOl'> BaiiHOrO CJIO-ye 1 q811 B 0.11~88 KOHOB ~ J -I H 1108!011'! llp8,118;11 

B8CSJID,ll8811111X noJiel 1 A8HC!B'!DJIIIIX Ia HJIP8 AJ11X:B8.118H!HO ro .18.11888 1 8B8U!BJII>IO 1111 

B Pe C03 H!Jf>f' .. !70 KS /4/, :a Pe -"; H ~ 330 .11 I 5 1, a :a nr1eur8 1: 
• 480 KB I 6 ;. 

3. MarBH!Ball O:&e!!X!OIK8H C!p:n:qpa r UBD 

P88'!;11l'>!8! B8811110;J;8lO!BIIH Mar&IIT&Oro 1101188!8 BJIP8 _/':: J)'NI 0 M&rHIIf 

ecn peCJ118JUJellle so~~epaoro Blepretnecxoro ypous co anuoy I 1a 2I1-/.IOIIDO 

l'IIIID 

" E:: Eo+ 3-flNHmx, (8) 
rae E -a1epl'llll Bilpo:Uelloro '!PDBIIH, j - SAepllllll l'JipollarBH!HIIII ¢8K!Op1 ./ 

M&rsetol, a lrl~ =:..I, l-i, .... . , I - ll&rlll!&llle KBaaroue uco~a. 

II 



nOHBIITbCH ~BB S~eKTB, OK83~BB~~H8 BJlHRRII8 H8 

HB ll~po: 

cnHHOB aneKTpOHOB HeaanonHBHHO~ 060JlQqKB B~3~B88T 

Jt.J)· 
op6HT8JlbHOrO yrnOBOrO KOMBHTB SneKTpOHOB BBSBnOnHBHHO~ o6onoqKII 

op61!T8JlbHOrO BKn8~8 lit. • 
euenbH~ aneueHTOB CnHH-Op6HT8nbHOe B3811MO~eACTBHe B ReaanonHeHHO~ ~ 

cunbHee, qeu B 3.1 o6onoqxe nepexo~aux ueTannoB rpyn~ aeneas. 

cnHHa c op6HTO~, nonB~~ yrnoBon uoueHT aneKTPOHHO~ o6onoqxa ~ 

HTOB~M qucnoM. B KPIICT8JIJillqecKOM none, o6na~a~~ey B~COKon CHMMBTplleA, 

Kpauepca, 11Me~~ero uecTo ~nH HeqeTHoro qucna aneKTPOHOB q;f o6onoqxa, 

Ha H~pe ~eDT op61!TBJibH~e TOKH. Ha6n~~ae~e uarHHTH~e 

apcTM. TonbKO ~H qeTaoro •mcJla sneKTPOHOB 'If 

nonHX C ~OCT8Toqao HH3KOM CHMM8Tplleli1 (2jllj - Kp8THOe 

aaTyxauae nonHoro yrnoBoro uoueH!a;r 11 

BHYTPBHHee MBrHHTHOB none. 

BT 3JIBKTpOHHy~ KOH\PHryp&l.UI~ 3J.f" II HBXO~IITCH B COCTOHHIIII 
8Sff . .I 

CIIMMeTpllelil (L~o) • B CBR3H C 3THM op6HT8JlbH~M BKn8~ B MBrHHTHOe 

R~po zeneaa,paBeH Hyn~. B ona6ou KpHcTannaqecxou no11e Toze seT 

BH)'TpeHHee noJle o6ycnOBJ!8HO TOJ!bKO KOHTBKTH~M B3811MO~eli1CTBHBM ~epMH. 

COB~IIH6HIIRX TpeXBBJleHTHOro 

8 BBJIHqiiH~, rpynn11py~~BCR OKOJ!O SHaqeHHH- 530k~. TaK,H8npHMep, 

/I/, B {j!eppaTax rpynn~ mnl!aenel! H ~'l"J> Haxo~HTCH B 

qneBa ~epMI!, npOBe~eHH~e BaTCOHOM H ~pHMBHOM {3} npll nOMO~ 0606-

' B KOTOPOM OPIIHHMB8TCH BO BHHM8HHe 06M8HH8R nOnRpH3BUHR, ~8~ 

Ha6n~~aeuo~ aa on~Te. B Ta6naue I npzBe~eH~ BKnB~~ 
nocne~oBaTenhH~ S o6onoqex B uarHIITBoe none, ~elilc~~~~ee He 

zeneaa. 

IO 

.. 

Ta6Jlaua I 
Teopeorll'leCBile uneau liBJII,liOB llWIBJlii88UJIIR $ o6oJloqex B u arRRTRoe none, ,llellcn11J11!ee 
a a ll,llpo aeneas • aoa~ Fe ' 1 {3 J; 

06onO'lK8 

I 
2 
3 

no:.:e 

Hp(.n) 
- 50 
- !790 
t IZIO 

- 630 

Upasuaa BO Bllllli&HBe, no aaauau Hr , BY'I!Icneasae AU S oCSolloqex, noJIYq&JJTCll nyTell 

BH'IIITaHilll ;IIB)'X oqeu CSOJU>DX Ucen, npB;IICTaBJlll~ BJWI,liH OT 8llell'1'pOHOB $f R s'J (AliB 

1 S OCSO:IOqD 8TII 8B8118HRII nopR;IIB& !09 3), OOrliBCIIe T80pD C O~TOII IIO&BO C'IIITBTlio BUOliHe 

)'AOBJ18TBOpBT811lio~. llpBq&HOII H860~lioDX OTllllqBI! 8KCneplllleHT8JllioHHX aaaqe&BI Alii pa8HHX 

C08AIH8HHI TpeXB&lleRTHOro &eJI838 IIBJIIIIJTCH no BC81! BepoRTHOCTR npl!lleCB KOB8~8RTHtiX CBRBell. 

i40H !(2+ Blle&T aneKTpOHHYJJ KOHtJ/Br)'P8UJDI 3d.'. B cna6o11 Bp!ICTannnecKOII none STOT 
J' 

BOB 1 OOrnSOBO npaBBJI)' l)'H;lla t BSXO~TCR B COC!ORHU J) y BClleACTBJie TOro, qTQ npll = 2 nOIIB-

llll8TOll Op<IRTBJilioHHI B~B,ll J/1.. ll Y&rHBTB08 no:.:e, ,lleJIC!B)'Illl88 BB ll,llpo. Ecu KpJICTBnuqecBOe 

no:1e OCS:I&,li88T B)'CSaqeOBOI ClllllleTpael, ll&CTOI &:leBTpoB B pesy.u»r8T8 OCSIIeBHOrO BSaHIIOABICT

BBll aacellfteT B p&BHOI CTeneHB BC8 !pB BIIPO~eHHH8 COCTORHBft GfE • TaK&ll CII8Cb COCTORBKI 

COXp&RReT KY6Jiq&OKYIJ OHIIIIe!pBJJ pacnpe;~~eaeHKR CDIIHOB 3~ aneRTpOHOB H He ~ae! ABUOnlioHOrO 

BR118,ll8 B IIBrRBTHOe DOJI8o S!'OT BBn&,ll DOIIBJIBe!Cll TOnbRO npll RHSKOI CHIIII8TpBB KpMCT8liJlRqec

KOro nOllll, KOTOpoe CHIIII&eT BHpo&;II8HB8 ~C COCTOHHill II ~eT npBBKllerlliJ 88CeJieHIIJ meOTHII .. 
aneBTpoHOII HB&e neaa.-:r &HepreTBqeoKRX COCTOHHHI. 

C AP)'rOII CTOpOHH, CHIITBe BHpo&AeHBll Op<IBT KPHC!aJiliHqecBIIII nollell C ,liOCTaTOq&O HBBKOI 

CKIIIIeTpBel npBBOAB! K O!BliOHeHilllll OT npaJIIJla l)'B;ll&o B p8B)'nhT8Te 8TOro npoiiOXO~T 88T)'XH• 

HBe nOBHOro Op<IB!&lllioROro IIOIIeHT8 B RC,e8HOBeHil8 BBn&A8 ).Vk B 118rBBTHOe DOne. KaB BB;IIHO, 

nonoaene a;~~eo:r. B811BOro cnouee, qe11 B cnyue BOHOB ,Pe 3 
f 11 no aTOll)' npe;~~e:.: saaqeallll 

HaCSJIJJA&e~:r nonel, ,lleiCTB~ 88 IIAPB AB)'XBBli8HTBOro aeneat, 8H8'111!8JilioBO ope. Hanp!lllep, 

• Pe CO_, H9f'fi" !70 B8 /4/, • Pe .<; H "! 330 B8 1 5 ;, a • Karaeute .4 .J (J.s II~ 
•48088/6/. 

3. MarHIITH8ll OB8UX!OBK8ll CTPDUpa r llllHU 

Pea)'JilioTBT BB&IliiO,lleiOTBIIR ll&rHRTJioro IIOKena RAP&/ = 1./'~ri ll KaraH:rlll:lll noa811 II 
eOTrt p8CIIl8UJieHR8 R,llepaoro 8HepreuqecKoro ypoBHll CO OnRHOII I B8 2I~/ BOIInOHeBT C aaep

l"UUIIII 

" E = Eo+ 3-?N Hmx , (8) 
rAe E -aaepl'llll BBpo~easoro :ypoEB, 3 - l!Aepsal l'IIPOKarHHTBHI tflanop, ~ N- RABPHlll 

ll&rHeToa, a lrJL::. I, l-i, .... . , I - Karanaae BBaHTOBHe qacna. 
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B Oellllell cnyqae oela ypoBHfl, MelK,ny KOTOpLIIIIIJ npOIIJCXO)IIIJT f - nepexo,n, P8CIIle!UieHLI, 'ITO 

npHBO)IIIJT It pacmenneHHm Jl - JIIIJHHIIJ H8 HeCKOnhKO KOIInOHBHT. qiiJCJIO KOMnOHeHT 38BIIJCIIJT OT 

3H8'1eHHU CnHHOB H,npa B OelOIIJX COCTOHHHHX IIJ orpaHH'IeHO np8BIIJJI8UH OT0opa ,nnH H3ny'leHIIJH 

)18HHOU MYJihTHnOJihHOCTIIJ. qSIIle BCerO IIJIIBmT IIBCTO ;D;HnOJihHLI6 IIJ KBa,npynOJihHLie nepeXO)ILI. ~HnOJID-

HLIIIII nepexo,nauiiJ ynpa:anHeT npaBHno oT6opa ~ tnr ::: 0, ! 1, · , a K:aa,npynon»HLIIIII nupexo,naull-
;;r,., 

npaBIIJIO OT6opa - L117l:r = 0, !:f, t .t. Ha PHC. 2 nOK83 8HO p8CIIlBnRBHIIB ypOBHelt H,npa re 

uellt,lly KOTOPLIMH npoiiCXOIIIIT 11ecc6ayapo:acKIIIl nepexo.n I~ Y' ;oJ5 . &roT nepexo.n Tllna M 1 H 

np8BIInO OT6opa L) lrti = 0 1 t 1 orp8HII'IIIB8BT )10 meCTII IIIIJCJIO KOIInOHSHT )"- JIIIJHIIJII. P83HOCTh 

8Heprlllt KpaltHIIX KOIInOHBHT paBHB 

tJE =LJE+3LJE=(aor34)iliYH H D , dr' , (9) 

r,ne 9-o • II 9- - RIIBPHb!B rHpOII8l'HIIJTHLie if!BKTOpLI OOHOBHOl'O II B036yJK,neHHOl'O OOOTORHIIIl. 

P11o .3 npe,noTaBnReT 11eoo6ayapo:aoKHlt oneKTp nHHIIJII 1'/, 'IK:1J .s-~ a reuaTHTe Fe2 0 
~OCTBTOIIHO 3H8Th l'llpOII8l'HHTHHlt if!BKTOp 0)1H0l'O IIJ3 OOOTOHHI!Il, ueJK,ny KOTOpLIIIII 1111eeT 

IIBOTO r -nepexo,n, 'IT06LI 113 113MepeHHLIX pacmenneHI!lt B Me006aypOBOKOII oneKTpe onpe,neJII!Th 

118l'HIITHOB none f/, ,nellCTBYDIIlee H8 R,npo (a TS!atB l'HpOI!Bl'HIIJTHLilt i))aKTOp BTOpOl'O COCTORHIIR). 

B ony'lae n l'e paooTOHHIIJO I c:Ar /.:eK ueJK,ny KpaltHHIIIIJ KounoHeHTBIIII / JIIIHIIJIIJ oooT:aeT

oT:ayeT M8l'HIITHOB none 313 K3. 

0THOOIITenhHBfl :aepORTHOOTh nepeXO)IOB )IJIR OT)IBJihHLIX KOIInOHBHT )! ni!HIIJII onpe,neJIRBTCH 

Bblp8lKBHI!eM 

< I
0 

mtJ LM/ Im;> 2 
pi..M (B), 

(IO) 

___,. -r,ne <ItJm.L M/I~~-r)~Koa~Pif!lll.(lleHT KJiedllla-lKop,naHa, onHOblBBJOIIllllt OBR3h aeKTopo:a I" IIJ I 
qepea none 113JIY'IeHIIR ( L M) o MyJihTHnon»HOOT»m ,? t.. IIJ c uarHIIJTHLIII KBBHTOBiiM IIIIJcnou 

M = /11- Mo • <l>yHKQIIJH ~ A1 (B) onHOLIBaeT yrno:aoe paonpe,neneHIIe llany'leHIIH OTHOOIITen»HO 

0011 KB8HTOB8HIIfl, KOTOpSH B )18HHOII CJIY'ISB HBnReTOH ~npaBnBHIIJBII IIBl'HIITHOl'O nOJIHJ;D;eltOTByJO

' mero Ha H,npo. 

B HBH8118l'Hli'IBHHOII o6pa3Q8 npOIIOXO)IIIT yope,nHBHIIJB no HanpaBJIBHIIHII 118l'HIITH0l'O nOJIH II ,nnH 
r1 

)IIIJnOJihHLIX nepeXO)IOB (cnyqalt f'e IIHT8HOIIBHOOTII KOIInOHBHT IIIIBIOT OTHOIIlBHIIB 3:2:1, 'ITO 

Bli)IHO 113 pliO. 3. B OJiy'l88 H811Bl'HH'IeHHOl'O o6p83U8 OTHOWBHIIJB IIHTBHOIIBHOOTelt KOMnOHBHT 

Jl- niiHIIH 38BIIOIIT OT yrna Ct IIBlK)Iy HanpaBJIBHIIHIIII H86JIJO~eHIIfl H HBII8l'HHqeHHOCTH. ~yHKUIIII 

f'LM (e) ,nnR )lllnOnhHiiX H KBa,npynonhHiiX nepeXO~OB npliBB)IBHii B T86JIIIUB 2. 

12 
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"" ~YHKQIIH yrnoaoro paonpe;~~eneHHH F''- (@) 

~llnon»Hiie nepeXOII!i 

L=1 

Kaa~pynon»HHe nepeXOII!i 

L:::2 

P." ( 91 - .1. :Jinze 
I - ~ 

P./''reJ = f (-to~~ 1e) 

Pz" (e) = f.llit 28 u.rz & 

P/1 (e)= f '"1 12f? C4j ze; 

P1 n(&)=~ Jinze (lu~nle) 

'.1: 

HanpaaneHHe BHyTpeHHero K9rBHTHOl'O nOJIH1;D;eiC!Bym.ero B8 R)lpO O!BOCIT 

HBII9l'BII'I8HHOCTIIJ o6paaua, IIOZHO Onpe,nSJIBTh, B86JI~8H C)IBHr KOIIfiOB8BT ~ -

BH8WBHII 118l'HIITHiiil OOJI811. EonH Banpa:an~BB8 nona )18iOTBymlll8rO B8 ~pO 8BfHn 

BJIBHHm H9118rHII'IBHBOCTH, TO BB811lH88 118l'HIIJTH08 none nOBIIZBeT none B8 ~B.il 

r- JIHBIIH B Keoc6ayapOBOKOK oneKTpB Yi18HhlllBBTOH. 

4. llarBIITIIlie cBoltoue reTHTB oL-Fe ()0 II , !locnel!OB&BBHe pp11 
affiWeK!a Ueoc6ayapa 

ilpllllepOII npHKeHeHIIJH 31PifleK!9 llecc6ayapa IIJIH IIOOJI8)10B8HHH c:aoac!B 118l'B 

H3UepeHHH 118l'HHTHHX nonea,l!eltCTBymllliiX H8 Hl!P8 zeneaa B reTHTe. llarHIITBBH 

OTPYK!yp8 JIHHJIH 14,4 nG ~~ Pe. B reTIITB npll KOIIHSTHOlt TellnepaType 61iJI9 0 

, Xp!iHKBBII'IBK 11 Kyll~raBqyuou /7/. Tau KaK H3KepeBIIH llaKpocuon!l'lecuoa ua•aru 

.t !!e 001{ noKaaSJIB, 'ITO auaqeu!le 11arHHTBOlt :aocnpHIIII'IHBOO!II X =3.10-5 

118l'HII!BHX B8.8C!B, 8BTOpH npHIIlJIII K BLIBO)Iy, 'ITO l'BTIIT npB KOIHBTBOA !8Knep 

CKOUneBOIIpOB8HHiiil 8HTHif!eppOII9rH8THKOH. YJiy'IWBBIB paapemam•eA onoco6HOOTH 

annapa!ypH noSBOJIIIJIO 06Hapyz11Th, 'ITO B KeCc6ayapOBOKOII oneKTpe npil KOIIBST 

Cym8CTBym! )IBB KOIInOHBH!H C 6nHBKIIIIII HHT8HOIIBHOOTHioll 1 KOTOpH8 O!Beqam! liB 

IIBl'BIITIUIII nOl!HII /8/ • OnpeleneBBe 8B8'18Hd 3THX HSrBII'rHWC nonel nOK888l!O, 

H,nep B l'8THT8 )IBltOTBYBT none fi
1 

= (282:!: 5) It;> 1 BS 'IBCU ~ep - nolle I 

Ueoo6ayapoaoKIIB oneKTPii nonyqellli IIJIB nopomuoo6paauax nornoTHTenel 113 KHHe 

11 11a CIIHTBTII'IBOKoro oL. PeOO# ue OTJIIIqaJOTOB ;~~pyr oT ;~~pyre. fllallepeau 11 

npll p83HLIX T81108patypax B npe;~~ene OT 77"K )10 373G~ nOK838JII HBOZII)IBH 

HOlt 38BIICHIIOCTH /9/ JI806pazeHHOlt BB pao.4. tie pllo.5 npe;D;OTSBJIBBH OpiiKBp!i 

'18HHHX IIJIH '18TiiPBX T811nepa!yp o6pa3Q8. ilpH BH3KIIX TBKnepaTypax 068 nOJIH II 

6niiSKIIe aanpaseHHOOTH H IIX aKcTpanon!UlHB 110 0 D K ,naeT ooalleoTuoe SBaqeu 
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ypoBHll, M8lK.llY KOTOp!lllliJ npOIICXO)IIiJT ~ - nepeXO)l;, PBC!Jl8!IJ!8HU, qTO 

jl - RIIHIIII Ha H8CKORbKO KOIIITOHBHT. qliJCRO KOMITOH8HT aaBI!CiiJT OT 

B 060IIX COCTD!IHIIHX II DrpB!II!qeHO ITPBBIIRBIII! OT6opa ,llJ!ll liJ3RyqeHiiJ!i 

Til. q8Ule :acero HMB~T IIBCTO )l;HITORbHUe liJ KBa)l;pynoRhHUe nepeXO)l;U, ~liJITORD

BJI!IeT npaBI!JIO OT60pa L'l tnr .:: 0, ! f, · , a KBa)l;pyrrOJibHUIIH rrepeXO)l;aiiH

Jla PliO. 2 OOKa38HO pac!JlenneHHe YPOBHeM llll:PB rrAe 
Oll:HT 11ecc6ayapo:acKIIM nepexo.11 If, f 10Jf • 3ToT nepexo,ll Tllrra M1 11 

ll:O meeT!! 41iJCJIO KOIIITOHBHT jV- JIIiJHiiJiiJ, Pa3HOCTb 

paBHa 

!JE
1
_,=iJE .. +3LJE= (io r3J))INHJ (9) 

- !i;ll8pHhl8 rHpOII8rHiiJTHU8 WSKTOpU OCHOBHOrO H B036yE)l;8HHOro COCTO!IHI!ll. 

Mecc6ayapo:acKI!ll cneKTp JIHHIIH It,{ '1.<-:~J -'~ B reuaTHTe 11:2 0 
rHpoMBrHHTHUM WBKTop O)l;H0rO liJ3 COCTO!!HIIll, IIBJK.llY KOTOPUIII! 111188T 

, 4T06u 1!3 H3MepeHHUX pacll(enJieHI!li :a Mecc6aypoBCIWM cneKTpe onpe)l;eJIHTD 

;llel!CTBYIO!Jl88 H8 !i;llpO (a T8KJK8 rl!poMerHI!THUM ljlaKTOp BToporo COCTO!IHII!i), 

I t!l>f /ce,f 118l!C,lly Kpal!Hi!llll KOIIITOHBHTBIIIiJ / JII!HIIIiJ COOTBBT-

k3 

•!ITHOCTb nepeXO;llOB )l;JIH OT)l;8JibHUX KOIIUOH8HT )I JlliJHI!IiJ 0Up8.li8JIH8TCH 

m .. LM/ Im;> 2 Pt (61), 
(IO) 

.....,. -
)-KoaW<!JHU118HT Knedma-JI(op;llaHa, orri!ChlBa!Ol!llll! CBH3b :aeKTopo:a I., H I 

( L M) c !.lyJibTI!rrOJibHOCTDJO 2 '- 11 c MarHIITHhiM K:BaHTO:BhiM 411CJIOU 

~M (B) OITI!ChiBaeT yrJIO:B08 pacnpe;lleJieHI!B 1!3JiyqeHHH OTHOCIITBJihHO 

TOpS!! B ;ll8HHOII CJ!yqae HBJillBTCll Ha!lp8:BJIBH11811 118rHiiJTHoro ITOJIHJ.llel!~TBYD-

06pa3[\8 rrpOIICXO.llliJT ycpe)l;H8H118 ITO H8rrpaBJI8HI!llll IIBrHIITHOrO ITOJ!ll II ,llJIH 

(CJ!yqaM r
1J7e IIHTBHCiiJBHOCTII KOIIITOHBHT 1!11810T OTHOm8HII8 3:2:1, qTO 

CJiyqae H811BrHH48HHOro o6p83U8 OTHOmeHHB liJHTBHCIIBHOCT8M KOIIITOHBHT 

OT yrJia Ct 118JK,lly H8rrp8:BJI8HIIllllliJ H86JIIO.li8HiiJll liJ H8118rHH48HHOCTiiJ. ~YHKUiiJiiJ 
OJihHhiX II KBa;llpyrrOJibHhiX nepeXO)l;OB rrpHB8)l;8Hhl B Ta6JIIIU8 2. 
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M 
~YHKUHB yrJIO:aoro pacnpe,llBJIBHI!ll F'L (B) 

nHhoJibHhle nepexoAY 

L=f 

KBaJ~pynoJihBUB nepexoAY 

L=.2 

P,"'(91 =..! $t"t, 2e 
~ 

P./'reJ = f (f-~> C05 
7e) 

P/ (e) -= .J. si" 1e t!DJ
2 & 

2 
Fz_ tf (/9): f CtJf L C 61 C<Jj l@ 

P/2(BJ=f si11 28 (lo~t!D1l&) 

l"a6JIHU8 2. 

HanpaBJIBHBe BHYTPBHHero KSrBiiJTHoro OOJIH 1 ,lleMc!:BymJilaro B8 ftAPO O!HOCiiJ!BJihHO aanp&BJIBBBB 

H811BrHiiJq8HHOCTH o6paaua, IIOZHO Onpe.li8JIB!h, B86JI~8ft C,llBHr KOIIOOHBH! JV - JII!HiiJI, B!l3B8HHHI 

BBamBIII UBrHiiJTHHII DOJI811. ECJIH H8Dp8B~~HB8 DOJIH ,ll81CT:BYJOl!l8rO BB ~po 8HTHD8p8JIJI8JihBO H8npa

BJI8HID H8KarHiiJq8HHOCTH, TO BH8mH88 118rHIITH08 D0~8 DOHiiJZ88! DOJI8 B8 H,llp8 B paC~8DJI8BI8 

r- JIIHHII B KeCC6ayapoBCKOII CD8K!p8 YII8Hhm88!CH. 

4. llarHHtBUe c:aoMcua reTHta oL-Fe ()()II , accJie.llo:aasBHe npa nolloll!l! 
affiWeKta lecc6ayapa 

llpBIIBpOII DpHIIaHeHI!ft 3~8K!8 llecc6ayapa ~ll BCCJI8,llOB8HiiJH C:BOl!C!:B K8rH8!1iJKO:B KOryt 6Y!~ 

liJ3118PBHiiJH KBrHBTHYX DOJI8I,,ll8MCTBYJOlllBX B8 B,llp8 Z8JI888 B rBTiiJT8, IIBrHHTHBH CB8px!OHKaa 

CTPYK!ypa JIIIHBiiJ !4 ,4 n$ Tl· Pe. B reTHT8 npH KOIIHBTHOI TBIIDBPB!ype 6h!JI8 o6aapyzeHa 

XphiHKBBiiJqaK liJ KynhraBqyKoK ;~. TeK KBK aaKepeaaa KeKpocKonHqecKol BallarHiiJqasaocta o6paaua 

ot PeOOII noKaaBJia, 4TO aseqesae KarHHTBol :aocnpHHKu:aocTa X =3,!0-5 tBnllqHo ,IIlia napa

uaraH!HBX B8~8C!:B, BBTOpH OpliJmJIB K :BhiBO,lly, qfO raTiiJ! npB KOIIHB!HOI TeKnapaType HBJIHB!CH 

CKOIIDBBCiiJpoBBBHYII 8B!IiJ~BppOII8rH8TiiJKOII. YJiyqmaBBB paapemam~el CDOC06HOC!IiJ liJ3118pliJT8XhBOM 

annapatypY DOSBOJII!JIO 06HepyEiiJTb, 4TO B Kecc6eyapo:BCKOII CD8K!P8 npl KOIIHSTHOI !811D8P8Typ8 

CYJilBC!:Bym! )l;BB KOIIOOHBH!Y C 6JIB8KiiJIIH liJHT8HCH:BHOC!HIIIiJ, KOTOpY8 O!:Beqanf ,llByK :BHYTPBHHiiJII • KSrHHTHHII OOJIHII /8/. 0np8,1l8JI8HI8 SHBqaHd 3!HX KSrHiiJTHUX DOJIBfi DOK888JIO, 'ITO H8 480Tb 

H.liBP B reTiiJ!8 ,ll8llCT:BYBT DOJIB l-f
1 

= (282±. 5),..;. , He qacn ~ep - DOJIB Hz. = (342±. 7)li"OI. 

llecc6ayapo:acKI!e cneK!pw nonyqaHH ~H nopomKoo6peaawx nornoTIITBJiel HS KHHepaJihHOro raTHTa 

H Ha CHHteuqecKoro tL Pe 0011 He OTJIHqeDTCH )l;pyr OT ,llpyre. l'la11epeaaa K&rHHTHHX nonel! 

npliJ paaHYX tewepaTypax :a npe,llBJI8 OT 77•K ,llO 373"K DOK838JII HBO:W:IiJ,llBHHYM XO.ll T8Knepatyp

HOl! 88BiiJCiiJIIOC!B /9/ liJS06pazeHHOI H8 pBc,4, He pliJc,5 npe.liCTaBJI8HH DpliJKBPY CDBKTpO:B, DOJiy

qeHHUX ~H qeTYPBX T81108PB!yp o6paaua. llpB BK3KiiJX T8KnepaTyp8X 068 DOJIH liJIBD! oqaHh 

6nHaKIIa HanpRzeHHocu H ax aKctpanoJIIUlHR .liD () ° K .liB aT coBKecTHoe aHaqeHHe ( so5±. 5) x., . 

I3 
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llo uepe BOBpaCTBllBH TeunepaTypY KBrHHTBY8 nOHH n&ABmT, BO BX paBBOCTh B03p8CT8eT. iloxe 

H, BC'IIeaaeT npa TeunepaType oKoJio 340 °K , a none Hz. - npB TeunepaType OKOJIO 

370 "K • &roT peayJihTBT noKaBYBaeT, 'ITO reTHT o6JiaAaeT ;ztByus TO'IIKBKH HeeJIH. 8To KOEHO 

06~HCHBTh C~8CTBOBBHHeK '118TYpeX KBrHBTHYX nO;ztpemeTOK. 0;ztHoa nape no;ztpemeTOK OTBe'IIB6T none 

ff, , BTOpOH nape - none Hz. MaKpOCKOOH'IIeCKHB KBrHHTHUe MOMBHTY KBllAOH napy no;ztpemeTOK 

KOYneHCBPYDT ;ztpyr ;ztpyra H BCne;ztCTBBe 3TOrO reTBT o6na;ztaeT CBoacTB8KB CKOUOBHCBPOBBHHOrO 

8HTB~8ppouar&eTBKB B HHTepBane TeunepaTyp ;!!0 370 "K . Cy~eCTBOBBHBe ;ztByx nap no;ztpemeTOK 

MOlleT 6YTh BY3B8HO BCCHUeTpii'IIHYK pacnOJIOlleHHeY BO;ztOpO;zt8 no OTHOillBHHm K HOHSM KHCnOpOAB, 'ITO 

YOrno 6Y npBB8CTB K p88HOCTH CBepX06UeHHOrO B88HUO;zt8HCTBHH U8Jl;lly napauH BOHOB &eneaa. 

PeayJihTBTY, nony'lleHBYe npB nOKO~ 3~~eKT8 Mecc6ayapa, HBillJIH nO;ztTB8pll;lleHB8 B peayJihTS

TSX HBKepeHBa KBrHHTHOa BOCnpHHM'IIHBOCTH B6nHBH TBKnepaTyp nepeXO;llOB. llpa TBKnepaType OKOJIO 

340 ° K sa6nm;ztaeTCH asouaJIBH aaBIICHMOCTB )( (T) THnH'IIHSl! MH nepexo;ztoil BToporo poAa. 

AHOUSJIHH B6JIBBB TeunepaTypY 370 "K TOlle cy~eCTByeT, HO 088 uesee 38UeTBB, 'ITO HBXO;l!HTCH 

B COrJISCHB C fi0B8;ll8Hi18U BHTeHCHBHOCTB KOMOOH8HTY uecc6ayapoBCKOro cneKTpa, OTB8'11Bm~eA 

nonm H1. ,KoTopas 6YCTpo na;ztaeT B npe;ztene TeunepaTyp uellt,lly ;ztByul! TO'IIKBKH nepexo;zta. 

3a nOCJie;ztHee Bpeul! 6YJIH ony6JIHKOBBHU peayJihTBTY HauepeHBH uecc6ayapOBCKBX cneKTpOB 

reTHTB, npoBe;zteHHHX TaKB;ztOH H ;ztp. /IO/ H Pocci!Tepou II Xo;ztECOHOM /II/. 3TH BBTOpY HSWJIH 

TOJIDKO O;l!BO 3H8'118HBe uarHBTHOrO OOJ!ll, 'ITO MOEBT 6YTh BY3B8HO MeHhmea paapemam~ea cnoco6-

HOCThm H 60JihilliiUB CTBTHCTH'IBCKHUH OWH6KBMB 3KCnepBM8HT8JIDHYX TO'IBK. BTopoA npH'IHHOa 

pa3HOrJIBCBl! HX peayJihTBTOB C peayJihTBTBUH KPBKOBCKOH rpynnY UOrJia 6YTh KBKBH-TO paBHHliB B 

XHYH'IIBCKOU COCTBBB o6p83liOB. KpaKOBCKOH rpynnoA 6YJIB npOBB;llBHB T~BTBJ!hHBl! npOB8pK8 'IIIICTOTP 

ynoTpe6Jil!euYX 06paanoB. PeH'lreHorpa~li'IBCKHH BHBJIHB ;l!BJI ;ztH~WPBKnHOHHYD KBpTHH~ THITH'IHJm 

;!!Jill c<.-FeOOI{ I He 06HSp:fllBJI HIIKBKHX npaueceA C TO'I.HOCTDm S%. lllauepeHBH ;zteil)HnBTB UBCCY B 

nponecce ;zterll;ztPBTilBBnllH np11 nepexo;zte ./- Pe ooll -tiP~ .. o .1 noKaaana HeaHa'IIITeJIDHO 

60JIDmee (Ha ""-' ¥ 11
/., ) CO;ztepEBHlle BOAY B UIIHepaJihHYX o6paanaX, 'IBM ~ Hz. 0 HB O;ztiiY 

UOJieKyJ!y reTIITB. Ho TPYAHO npe;ztiTOJIOXKTh, 'ITO TBKOH Hli'IITOEHYH 1136YTOK BO;l!H ( O;l!HB MOJieKyJIB 

~0 HB 25 KOJieKyA reTBT8) 6YJI npll'IIBHOH ITOHBJI6Hil! BTOpoA napY YBrHIITHYX ITO;ztpemeTOK, ;ztam~X 

B uecc6ayapOBCKOU cneKTpe KOUITOHeHTY CO cpaBHHYOH IIHTBHCIIBHOCThm. 
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6 • s. t. w~}..ll"f"· .P~ . .!.± , tto r (tHo) 

.,. A.XpYHKeBil'll, ~.Kynhraaqyx. Coae~aHae no s~eKTY Mecc6ayapa, ~y6sa, Hm&l 

s. ,4.z. ~l,_-·lu, .J.1 . .t4~a-w~.t. ~~f.'~, 689 (I963) 

9. A . .<. Httr~~·~, ~.!.~~CUt~. K. Tonr~. f'~ . .te/leu. 

IO. T: Ttt~, M.h-,_,A, Y .8a-tlld, T. ,.Yut~.n.WUl., M, flw~. i 
/l.;a.~-~0 I v tf,tltoA., II. Tc.~i. ;t. I'~. h~. ;t"?

II • .;11.;. ~l/u, A.f. M. l(()~u>1r, J· .7u"-j'. !Yu.d. Chem. 

"' 
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~eunepa~ypH uaraa~aHe nona na~a»!, ao BX paaaocTD :aoapacTae~. no~e 

Teunepa~ype oKono 340 °K , a none fl~ - npa ~eunepaType oROno 
nOK83HBaeT, qTQ reTHT o6na~ae~ ~ByMH TOqKaUH Heena. 9TO MOEBO 

aaeu qeTHpex uarHHTHHX no~pewe~oK. O~ao~ nape no~pewe~oK o~:aeqae~ none 

_ none Hz. MaKpOCKOnHqecKBe uaraHTHHe uoMeB~H Ka~o~ napH no~pemeTOK 

~pyra B BCne~CTBHB 3TOrO reTHT 06na~ae~ CBO~CTBBMH CKOMnBHCHpOBaHHOrO 

:a IIHTep:aane TeunepaTyp ~o 370 D K • Cyi!IBC'!BOBaaBe ~yx nap no~peme'!OK 

aCCHMBTpHqHHM pacnonoEeHHeM BO~OpO~a no OTHOWBHBD K HOHaM KBCnopo~a, qTO 

K paaaocTII c:aepxo6ueaaoro :aaaauo~eMc!BBa ue~ napaua aoao:a zeneaa. 

nonyqeaBHe npB nouoi!IH a~~eK!a Mecc6ayapa, aamnH no~'!:aepz~eaae :a peaynD'!a

~HH!HO~ BOCnpHBMqHBOCTH B6nB3H !eMnepa!yp nepeXO~OB. fipB TBMnepa!ype OROnO 

CH BHOBBnHH 38BHCHBOC!H )( (T) TKnHq&aH ~H nepeXO~OB BTOpOrO po~a. 

eunepa!ypH 370 • K Toze CYIIIBCTByeT, ao oaa ueaee aaue!aa, q'fo HSXO.ltBTOB 

BHHBM HHTBHCIIBHOCTB KOMnOHBHThl uecc6ayapOBCKOrO cneKTpS, O!Beq&Dllle~ 

6HcTpo na~aeT :a npe~ene reunepaTyp ue~y ~BYMH ToqKaMB nepexo~a. 

:apeua 6hlnB ony6JJI!I(OBBllbl peayJJDTBTH aauepeaa~ uecc6ayapo:acKI!X cneaTpo:a 

TaKa~o~ H .ltP• /IO/ H PoCCIITepou H Xo,!t&COHOY /II/. 9'!1! BBTOpbl aamJJH 

uarHHTHOrO nonH, qTQ MOEBT 6b1TD BHSBBHO BBHDWB~ paapemaDllle~ CnOC06-

CT8TIICTHqecRHMH OWH6KBMH 3KCnepi!MeHT8nDHHX '!QqSK. BTopoH npl!qi!HO~ 

C peayJJbT8TBBH KpBKOBCKOH rpynDH MOrna 6WTD KBKBR-TO p83HBU8 B 

o6paano:a. KpaKOBCKO~ rpynnoH 6Hna npOBB~BHB TIIIBTBJibHBH npo:aepKa qBOTOTU 

• Pea~reaorpa~HqecKI!~ aaanaa ~an ~H~~PBKUHOHBYD KBPTHB~ THnaqaYD 

06HapYJlHn HHKaKHX npauece~ C Toq.HOCTl>lll S'%. VlauepBHBH ~e~BUIITB YSCCH B 

.1- Pe ooll -ttl Pt! .. o J noKaaanH aeaaaqa'!enDHO 

CO.ltBPEBHHB BO~H B MBBepanDHhlX o6pasnax, qey I fi~O HB o~ay z 
npe~nonOEHTb 0 qTO T8KO~ HHqTQXHH~ H86HTOK BO~H ( 0~88 YOneayna 

reTHTa) 6bln npHql!aOM nOHBnBBHft B!OpO~ napH uarBHTBHX no~peme!OK, .ltBDIIIHX 

CneKTpe KOBllOHeHTH CO CpBBHHMO~ BHTBBCHBHOCTDD. 

Ilf. 

4: 

J!H'!epanpa 

. 
I. o.c. "''st~&U, A.w. S..,_,-. ~· lleY ..Utleu ,i,412)!960) 
2. A.:l. H"'¥Atewie.~, ?J.!. ~~- k. T~ .kt4 ~· lbd>... 28,423 (I965) 

3. /i.('. W".Ur- . .J].Tzee--.., ~· Jtt..¥. . !S 202 (I96I) 

4. K. ~1'14, A. Iu, ;t. ~· H~. J'r¥-- 1:!., n~ 1 I.UI() 

5. S.K. lfe.-dj..u;-. ~· &..--. !M.. , 13 /1911) 

6• s.t. w~};l"fR· + . .1..:!:..., Ito r (tHo) 

·r. A.Xphlaae:aaq, ~.KynDraBqyx. CoBeliiBHHe no a~eK'!y Mecc6ayapa, ~y6sa, BDHb !962 

a. l!.l. ~tuvlu, ~.1. tt4~a-wc-u..i. AM;.~f.'~, 689 (I963) 

9, A..:z. ~~~·Ctl, ~ . .r. ~JAM"~~- .<-. ro.,,.a, J>~, . .tuleu. I7,93 (I965) 

IO. T. T~~, /YI.JA..,..,..a, Y. ~a-lllcl, T #ua,.,.~. M. f/w~. T. .fk'"'li;,., 
IV.Ja.-.,~JWio, V tf,«.,A., /1. T4-~i. ,/· I'~. h~. ,;14.;'1- .!£, /i'ri'(I.#Vj 

II . .JW]. ~llu, A.f. M. llctJlj~, J· .71Ulj. !Yud. Ch4m. 27,63 (!965) 

~ 
' ' I) 

• 
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lle~OA HSKepeHHH C fiOKO~D S~KTB MScc~ayapa 3~8KTHBHHX uarHHTHHX no~eK,~eHCTBYD~ 

HB BTOKHYe ftApa, Hasen mHpOKOB npKKeHBHHB B HBy'IIBHHH C!rpyKTypy uarHHTHYX Ka!repH~OB. B 'IIBCT

HOCTH, 3~0T KBTOA fi08BOBHBT O~Hapy&BBBTD KBrHHTHYB DOAPBWBTKH H HCC~B~OBBTD KX Teunepa!ryp-

808 DOBe~eHHB B BHTH~ppouarHBTHKBX. Ha npzuepe reTHTB ot- feOOHaTH BOSKOSHOCTH ~Nl!H ll0KB-

36BH B pa~oTe A. XpwHXeBH'I!a HAP· [4] 

HIKe ~YAJT O~CYZAeBH HBKOTOpNe peayBDTBTN pa~OTN no HBY'IIBHHD KBrHHTHOH CBBpXCTPYKTYPH 

~ppHTOB ~Rna HOPKBBDHOH mnHHBBH. 

B RccneAoBaHHo» Hau ~PPRTe 2"' l=e.z. 04 Bce wrHHTBHe I!OHH zeneaa ( F~ 1~ 3dS") 
aaaRKamT OXT&BAPR'I!ecxze ya~ B rpaHeueHTPRPOBBHHOH pemeTKR HOHOB Kl!cnopoAa. TiocxonDKY Te

Tpaa;u;pzqecxHe ysnw A aaua~w HeuarHHTHWH HOHBKI! UI!HKa (2~~.1~ .3d"')J OTCY!rC!rBYJOT CllnDHHe 
1· ] CBepxo~ueaawe BSBI!»OAeHcuxa THna A- 0 -&. Kax ycTaaoB~eHo [ 2 , BHTI!\fleppouarHHTHoe npeBpa-

~eHxe npH !rBKDepa!rype OKOBO 9,5°~ CBHBBHO CO C!rB~I!liHSBUHeK cna~OH KOCBeHHOH CBHSH B pe

meTKe B·. S~eK!rpOHHHH uexaHHSK uarHH!rHOro BaaxwoAeHc!rBHH HOHOB zeneaa B OK!ras;u;pxqecxHX 

yanax B AOCTBTO'IIHOH C!reDeHH He HBY'IIBH. Taxze He onpeABliBHa ;!10 CHX nop CnHHOBaH CTPYK!rypa 

B pemiiTKH [~]. Tioa!roMy npeAc!raBnBeT HHTepec zccneAoBaHHe a!roK cHcTeuw KBTOAOM a\fl~KTa 
llecctlayapa. 

F n EwnH npoi!SBBABHN HauepeHHH cneKTPOB peSOHBHCHoro norno~eHRH !4,4 KaB ar- nyqea e 
B nopomxoo~paauou \PHnDTpe HS UHHKOBoro \fleppxTa npx HHSKHX !rewnepa!rypax. HeKoTopwe peaynD!ra

™ DOKaSaHH Ha pHCyHKe I. CneK!rpy npH Te14nepa!rype 4,2° K COOUBTC!rBye!r S~KTI!BHOB uarHHT

HOB none ( 4?0z5)~~. Tipx Teunepa!rype 5,5°KuecctlayspoBcKHK cneK!rp pac~enneH ua ABe xouno

aeuw C ~l!H8KHJ4H HHTBHCIIBHOCH!rKH II SHa'l!eHIIRKH nonell ( 435z!0) i'~ H (390z!0) "'L 
Bwme 9,5°~\fleppHT CTaHOBHTCH napauarHeTHKOK H B uecctlayapOBCKOJ4 OllBKTpe Ha~nJOABeTCH 

TOBDKO KBSApynOBDHOe BSai!MOAe~CTBHe CO cpeAHHK SHB'IIeHHeM pac~enneHHH (0,35JP,02) 1414/CeK. 

HBAO OTK8!rHTD 0 'ITO B MBrHHTHHX cneK!rpSX,KBSAPYDOnDHOB pac~enneHHe no'I!TH HC'IIeaaeT. 

BenH'I!IIHB XKKR'I!eCKOrO CABHra npH KOI4HBTHOl! !rBUnepa!rype (0,57JP,02) KK/CBK H SKC!rpa

nOl!HPOBaHHOB K HyneBOK TBKDepaType 3Ha'I!BHH8 Sqi<peKTI!BHOrO nonH (530z20) !'!) llOATBBpUal!lT 

'S -SliBK!rpOHHym KOH\f!HrypauRD ~ HOHB zeneaa II ero OKTBSAPH'IIBCHOB llOBOEBHHe. 
\ 

~BOKHym UarHHTHYI!l CTPYKTYPY npH TeunepaType 5,5°~140ZHO oti~HCHKTD CBBAY10~14 o(lpaaou. 

0KTaa;u;pH'IIBCKHB YBliHB O~paaymT 'IIBTHpe BSBHUOnpOHHKal!l~He rpaHBUBHTpHpOBBHHHB Ky~H'IIB-
0 KHe pemeTKit C pee! poll ~118J118BJIII:B OTHOCHT6BDHO ;ztpyr ;u;pyra HB paCCTOHHII6 ~ Q1/T B HanpaBneHHHX 

;llllaroaanel rpaaeH Ky6a. BCXBACTBHe 3H8'11HTenDHHX paCCTOHHHK KBZAY HOHBYH B OAHO~ DOApemeT

KB ( f a.YT ':1:. 6 A) O~YBHHW B8BHIIOA6KCTBH8Y BHYTPH no,llpemeTKH IIOZHO npeae~pe'I!D. no TBOpHH 

la~eTa H KHTTena(4J no;u;pemeTKH CKOK6HHHpOBBHH B ABB MA6HTII'IIH~e napw. S!rO e~e He 06~HCHHBT 
liBOKHoro cneKTpa, DOCKOBDKY nonOZBHHH HOHOB zenesa O;liHHBKOBH. 

20 

• 

0;!1HaKO B pa6oTe[5] npe;u;nonaraXOCD, 'ITO npH HHBKRX TBKDepaTypax B ~ 
UI!HKOBOro \fleppHa YOI:BT npOIICXO;liiiTD TeTperOHBBDHall lleiiJOpllliUHH. B TaKOK 

BaeT npoc!rol pac'l!eT [6] B nplt~ai!ZeBIIII uoneaynapHoro nona, B pemeTKe 6 11M 

JIIIX CDIIHOBHX COCTOHHHll C 8HeprHRMII 

Ei =--.t Ms. { l'l,tl - I :1 .. 1} 
El. =-l.M2.{11 '1,,1-1 1.,.\ -I'),,,} I 

r;u;e ':lu 1 ~11. 1 ~•l- KOHC'f&BTH otlueBBYX CBBaeA1a H-wrHitTBHH uouea~ BOHOB. 

BUACI> T8TperOHBBDH8H llfliiloPIIliUI!II B HanpaBliBBIIII ( OOi). CXBIIB COCTOHHBK C 

pzc.2. 

~o68BIIM0 'ITO BB~II'IIHB TBKOH H8KOnniBeapaol CBBpXCTPYKTYPN J40ZB'f o61 

ODH'fOB DO· onpe;ll8li8HHm cnBHOBOA pellb!rKR IIBTO;!IOII B8K!rpOHBOI ~~QIII' (3: 
B 88BHCHIIOCTII OT CTBDBHit BCKaiiBHBH ( Jty'jf.l)CIUIHOBH8 COC'fOliBIIH 880;!1 

R IIOZHO OZH;li8TD ABOKHOrO llllrHHTHOrO \fla80BOro nepexo;u;a npH 'f8Mnepef7Pii D 

aaeprxo E! 11 E1 • STo o6'1>acaaeT paaaaey 118rHit'tRHX nonea npa uunepeQ"Je 

KJ B IIBHBB CBH3aRHOK CDHHOBOII COC'fOHBIIII CDIIH-DDBROBBH p8llaKC8UBH 60188
1
C 

T8'fe npeueCCHH 8liBKTpORHOrO CDitRB yMBHDMBHIIB ~KTBBHOrO DOllll B 8'f0U CO 

3HB'IIH'f8BDBO. 

H H ' e p a ' x p a 

f. II. 2_ HryrJL.iewiczJ>.S. J(u(J~wczui. I /1.. Tom a ed 
P~!>. ,t..e.tf&,.s, n ,!JJ (f!J(s). 

, 2. J. 8_ G oode~t.ou.J/o_ 
1 

f1~,_et·i3m. ,a,..d tft.t. Ck,..icd 

3. 
II. 

lit b.t. P1iltiJivlrs
1 

New- York- LoH' 
J. M. HJ~ iiiiJS 

1 
L. H. Cortiss 1 PA:Js.l.elf. IDl 1 {460 

Y. ]a .t.fe:l, C _ IL ittee 
1 
P~~. ltev. !], '-'o (195l) 

5". M. Jl).t.~ik~, \l.. Yos ida, Pror. Th.eor. P~~. f!, H-
G. !t..'P. Si~"-~, A.P.&. Si""~ I 1.P,). 504:. ).1r. sl.(rr 
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0 nouo~D aW¢eKTa Mecc6ayapa a~eKTHBHHX uarHHTHHX none~.~e~cTBYD~ 

mapoKoe npHYeHeaae B aayqeaea CTPYKTYPH uarHHTHHX KSTepaanoB. B qacT

.. oaBonaeT o6aapy1HBBT» uarHHTHHe no~pemeTKH H accne~OBBT» KX TeunepaTyp

Ha np11uepe reTHTa tL- FeOOH BTl! BOBKOJtHOCTH 6Hml noRa-

I{ ~p. [4) 

peayn»TBTH pa6oTH no aayqeHIID uarHHTHO~ CBepxcTpYKTYPB 

( 
J+ r) 

HBKH (f)eppue z~~,. "Fez. 04 Bee KarHIITHBe IIOHbl a:eneaa F~ I 3d 
yan~o~ B rpaHeueaTpapoBaHHO~ pewijTKH HOHOB Ki!Cnopo~a. ilocKon»KY Te

aaHHTH HBKBrHIITHWII HOHBKII UIIHKB (211.2.~ j J '")) OTCYTCTBYIOT CltJI»HBe 

Tlma A- 01.:&. KaK YCTBHOBneao [ 2] ' BHTII(f}eppouarHIITHOe npenpa

CBH38HO CO CT80HHH88UH6~ CH860M KOCBBHHOM CBH3H B pe-

KBX8HH314 KBrHitTHOrO BSBIIUO~BMCTBHH HOHOB EBH638 B OKT83~paqeCKIIX 

He onpe~eneaa ~0 CIIX nop CnHHOBBH CTpyKtypa 

npe~CTBBHHBT IIHTBpec HCCJ16~0B8HHB 3TO~ CMCT6Kbl K6TO~OU 3~\f!eKTB 

f Sf 
HSMepeHIIH cneKTpOB peaOH8HCHOro norno~BHHH !4,4 KaB ar- nyqe~ e 

H3 UltHKOBOrO (f)eppaTa npH HMSKIIX TeunepaTypaX, HBKOTOpble peayJI»TB

CneKTpy npM TBMnepaType 4,2°K COOTBBTCTBYBT a~KTHBHOe UarHMT

TeMnepaType 5,5°Kuecc6ayapoBCKM~ cneKTp pac~ennea aa ~Be Kouno

M 3HaqeHHH14H none~ (435±IO)k~ H (390±IO)K~. 

CTBHOBMTCH napauaraeTHKOU H B K~CCOayspOBCKOM oneKTpe H80HJ0~86TCH 

BSBHKO~e~CTBMB CO cpe~HHM SHaqeHitBM pac~enneHMH (0,35!9,02) 1414/CeK, 

uarHMTHbiX cneKTpax KB~pynon»Hoe pac~enneHae noqTH acqeaaeT. 

CKOrO C~BMra npa K014H8THO~ TeunepaType (0,57±0,02) 1414/CeK H SKCTpa-

8\lli.f!eKTitBHOro fiOJIH (530±20) !'~ no~TB8pllt~8JDT 

~eneaa H ero OKTaa~paqecKoe nOJioa:eHae. 

TeunepaType 5,5°~uoa:Ho o6~HCHHT» cne~y10~u o6paaou. 

yan~o~B 06paayJDT qeT~o~pe B38HIIODpOHKKBDmHe rpaaeueHTpHpOBBHHble KyOaqe-

• <lpUeJIIeHII!Ie OTHOCIITBn»HO ~pyr ~pyra HB paCCTOf!HHe~ a.fi B aanpaBHeHHf!X 

Bcne~CTBite 3HaqMTeH»HHX paCCTOf!HHM ue~ MOHBMH B O~HO~ no~pemeT

B38HMO~e~CTBM614 BHyTpa no~peweTKH KO&HO npeHe6pe~. ilo TeOpHit 

napH. 8TO e~e He 00bflCHHeT 
nOH0&6HHH HOHOB &eneaa O~HHBKOBbl, 

20 
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O~aaKo B pa6oTe[5] npe~nonaranoc», qTo npa HHSKHX TeunepaTypax B l16~ecKo~ pemetKe 

QMBKOBOrO (f)eppR!B KOIB! DpOHCXO~HTD teTparOHBn»HBH ~~OpUBQHH. B T8K014 cnyqae, KBK DOKBBW

BBB! DpOCTOI pacqeT [6] B DpH6aKK8HHH UOHBKYHHPHOrO nonfl, B pemetHe 6 HUBD!CH ~BB CT86Hn»-. 
HHX CDBHOBbiX COCTOHBHR C aaeprHHKB 

e. =--.t Ms. { l'ctl - I :1 .. 1} 
E1. =-.tM1 {2.1 '1,,1-11.,.1-1 'J .. j}, 

r~e :Jit ,,12. I lc)- KOHCT8BT14 o611e1111HX CBIISell,aM·uarHII'lBBII KOKBHT HOHOB, ilpH pacqete yqJITH

aaa&C~ T8TparoH8JI~B8H ~~PMBUHH B HanpasneBBH (OOi), CXeiiB COCTOIIHHII CnHBOB JK888H8 88 

pac.2. 

~o68BHM, qfo B&nBqHe TBKOII BeKOXJIIHeapaoll CB8pXCTPYKtypH uoaet o6~HCBHTi aey~8qy 

OIIH'lO:B no onpe~eneBID! CUHHOBOII pellb!KH lleTO~OK BBIITpOHHOit ,U~IUIB" ( 3]. 
B 38BHCBKOCTH Of CteneHH BCK&BeBBB ( Jt~jn)CDBBOBHe COC!OHBBB &eOAHH8KOBO CT86MJI»HH 

B IIOKBO OE~8Ti ~BOMaoro 118rHHTHOrO WSSOBOro nepexo~a DpB Teunepatypax nponopQBOH&IiBYX 

aaeprao E~ 11 E1 • Sto o6~RcaaeT p8SRHQY 118rBIITRbiX nonell npa teKnepatype 5,5°t, nocKcm.-

11 B BeBee CBII38HHOI4 CDHHOBOII COC!OIIBBII ODBH-QDBROBBH penaKOBQHB 60188 CB000l8&H1 H B peaya»

TB!e npeuecc&ll aneKTpoaaoro cnxaa yKeH»meaae ~K'lHBHoro non11 B atou coctORBHB 6oaea 

SHaqatenao. 

B 11 ! e p 8 ' x p a 

J.. ll.l. H,.ynliewicz
1
J)S. J(ulJ~wczul, K. Tom~ fd 

Plrtfs. k~s In I !JJ {("5). 

• 2. J. B. G oode~t.ouslt, I M~~t.ei"i''" .a~~.J tlu.. cJ..e.,..iccJe Bo,.d, 

3. 
1.1 . 

ltd. pqjtiJivtrs
1 
N~w- York.- LoHdDII.. {963. 

J. /1. H .J~ iittJS 
1 

L./1. Cot-tiss 1 P+Js.llev. i.E£ 1 {460 (1.!5"~). 
Y.Jat,tet,C.II-ittee, P~~.ltev. !], 1'o (11J5.1). 

5". M. To.c.h-ik\
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I. B B 8 R 8 R B 8 

YZe Cp&BHHTB~bHO ~8BRO P83BBB8DrCR BCCR8~0B8RHR B 06i8C~B C!pyK!yp B ~RHBKBKB rBep~CrC 

rena B KB~C!B C HCnCR~30B8KI8K R8l!pOHOB, 8 B R8CrOR~88 Bp8KR S!B HCCX8~0B8HBR BB~CB 

B 60i~BBK K8CM!86e. He~BBC Baq&RB npBKBBR!~ BelrpOBY B HCCHB~CBaBBHX ~830BYX nepeXC~CB, 

npoHCXO~~ C~HBaKOBC KaK B !Bep~, !BK H B KH~KIX CHC!eKaX. 0cc6eBHO BB!BpeCBYKB OK&-

3SRBC~ Bccne~oaaHBa KaraarRYX ~aaoaYX nepexo~oa Broporc po~a. B ~an~Belme• 6y~r xparxo 

oUBcaBw Bexoropwe pa6orw B area o6nacra, 6onee nonBo 6y~r npe~craaneBY nccne~BBe pa6orw, 

aaBeorBYe aaropy 1s ny6naxaaal,na6o awnonaeBBYe c ero yqacraeK. 

nepBYK axcnepaueBrcu, B xorcpcu 6Ync c6pa~eao BHBHBBBe Be a&oaan~Bo cxn~&oe pacceRHae 

ael!poBOB B6XISI reKDeparypy Kmp1, RBnftm!CH aaHepeBBH a~K!BBBoro ceqeBBH pacceaBBH 

Belrpo&oB B aeneae npa awcoxax reKDeparypax, Koropye npoaexa Kaccenc a Hareu (I). 
3!1 BCCXB~OBBHBH BaqanBC~ C aen~ npoaepxB !80pBB BHB&m!Ol8 ,onBCKBaD~BI BBynpyroe 

paCCBHHBa Bel!pcBOB B nOXRKPICTBXHBX. Kaccanc H HareM o6p&!lnH BBBKaBH8 BB CHC!8H8!B-

qecKB 3Baqi!Bn~BY8 O!KnOBBBBH 0! !BOPBB ~R H8HBp&BBI B 6onea BUCOKIX !BUDeparyp&X H ~R 

6on~mHX ~BB BOXB. Ha~BHBOB BUB a~BK!HBHOB ceqeBBB Baynpyroro paccaHBIH npa 800° K 

aaaqaren&ao 6o~&me oaa~aeHOro. Aaropy BB caorn1 o6~HCHH!~ raxoe 6on&moe aecornacae. 

B 6onee no&~HIX HCCX8~0B8BHHX 1 KaCaDmHXCH BBI!pOBRYX B8KBpeBBI ~8K!BBRYX oeqeBBI 

KBnB38 0 DB H ll&XBBCKH (2), 8 T8Ka8 BB38BHCHKO C! BHX ~HH KBH838 H HHBBXH CKB8Ipc (8) 
yC!8BOBRXR 1 q!O B~BKTHBBCB ceqe&BB ~OC!Hr88! KBKCHKBn~OI BBXHqBBY roq&o npB !BUDeparype 

Kmpa, qrc CBH~8!8H~C!BJ8! 0 KBrBI!BOU npcBCX0~8BBB p&CCBHBIH. B 8!0 ae cauoe BPBKR 

YaK-Pel&on~~c 1 Pacra (4) roae aaaeran1 noxoaaa a~eB! a uar&erere, npaa~a. ax 

ICCXB~OBBBRH KBCBXHC~, rn&BHYH o6paaou, ynpyroro HBrBH!HOrO OTPBKBHBH np1 paaBYX !BKDepa

!ypax, HO KpoHB B!OrO aBTOPY o6p&!HXI !8Ka8 BHBHBBBB BB ~~~YSHOBBOB p&CCBHBBB no~ KaRYHH 

yrRBHB, nOHBIHD~BBCH B6H13H !BHnep&!ypY Kmp1. ~H BSKBpeHHI 8!01 COCTBBXRD~BI BCnOH~SOBBXCH 

npa6naawren~&o aoaoaaeprer1qecxal nyqox BelrpoaoB c ~niB~ BOBBY 1.08 A. 
HH~yaBoe paccesBae ae6nm~anoc~ no cxeue, npe~craBne&aol &a pacyaxe I.I. 06paaea uaraermra 

ycraH&BHHBBHCH B HOHOSHBprerHqecKOK nyqKe no~ 6perrOBCKHU yrnou, 88!8K 18 3TOrO nOXOKBHBH 

o6paaeq noaopaqaaanca Ba ~ocraroqao 6on~oa yroR rex, qro6w 6perroBCKoe orpaaeaae Be awe -

!0 K8CTa. Peayn~!a!Y 13M8p8HBI nOKBSa&H Ha pac. I.2. TeKUeparyp&aH 38BHCHUOC!~ ~~~ya

HOro paCCBHHIB nOK838H8 &a pRe. I.3. YaK-Pelaon~~C H PHC!B HB!Bpnparap~ CBOB paayn~!B!Y, 

OCBOBYBBHC~ aa TBOPHH, Baa-XOBS • PBcy&OK I.4. RBXHB!CB HnnDCTPBniBI, npe~C!BBXmD~el 

nOBB~BHI8 CHC!BKY CnBHOB no Mepe B03paCT8HBR .!BHUeparypw. TeopHH BaB-XOBS , np~C!8BnBI

B8H Ba B!OM CBKHHBpe npo~eCCOpoH fianca, o6~HCHRB! nOHBXBBBB HB!BHCHBHOrO p&CCBHHHH BBI!po

HOB cy~aCTBOBaHHBM ~mK!yBQHI HBUBr&Bqe&HOCTB B6XI31 !8HD8p8!ypY MarBBTHOro nepexo~a. 
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HeH!pOHY HB !BKHX ~DKTyaqa~paccaBBBD!CH !BKHK KB 06p880K KBK I 018!
0 

~DKTYBQHRX DnO!HOCrl B OIC!aKB KH~KOCT~ - nap, ~CB8~BHHOI ~C KPB!Iqecxo 

ooo6man npo~eccop fiBR, Ba&-Xoa· paapa6oraR reopam xparaqecKoro »araa 
aaanor1qaym reopaa, c.nouo~ Koropol OpBmrala a Uap&aKa cnacana xp 

CBB!a B raaax (7). 0&1 06Hapyaana Cy~BC!BOBBHIB !SCHOR 88BHCHMOC!B ~~ 

anaHBHTBpHHX uarBHTHYX UOUBB!OB C S&epraal I C yrROBYM pacnpe~SR8BI8K pa 

repm, Diann a BBnaaaco B (B) , a uae Jlay,ll ( 9) npoaa.u • 

KBJIB38, a YaK-Pel&on~~C H PHC!B (IO) • JVIH aan~eppOHBrHH!HOI CKBCB KO 

npOBBpKH reopHR Baa-XoB8 • 

YnOKHHY!KB, a TBKKB nocneAYD.ae 3KCnepBH8H!K 0 npOBB~BHHHB B 60!88 n. 

nOK838RH, qro p&CC8HHHB BBITpOHOB KOKBT npe~OC!BBH!~ QBHHym HH~p»aqam 

BOSBBKam .. X B ynop~oqe&HOI HarBH!HOI CHCT8H8 B6XH3H KPI!BqeCKOR !0 .... 

llap&UBJI~BO C pBSBII!HBK BOBYX BKCnBpHHBH!BX~BYX KB!O~OB BaC!yJIU 8B; 

B o6nacra reopn •araeuaua. Pa6orw, oco6eaao aarepec&He .-u npo6JreKY lfll: 

BOSHHKBm .. X B KPI!HqeOKOI !oqae, BYnOHBBJIB HOK6 B CaiRO (II), raKK8H4, 

' llopraa (I2). llpOBB~BBHHB HKII BYqHCXBBIH aarHH!BOI BOCnpHHRIBOC!I ,IIIJI Ill 

BYMB TO~ KDpH nOK838XH nponopaHo&aH~BOCU BOCnpHBRIIBOC!B ( 7- 7c) 

KaK STO 6YBO nOKa38BO B CCBpBKBHHKX !BOpHRX. 

Yopa, KaBScaHH (!3) H KOI.IIIH~cn (I4) ony6nBKOBana pa6o! 

PBXBKCBQIH B KpH!HqeCKOR 06H8CTI 1 a B nOCRB~BBB Bp8KB ~amep (IS) 

orpaaaqe~aocr~ reopaa Opamelaa-UepBHKe B Benocpe~craea&oR 6naa1 

Kmpa. 

laKpo H ~p. (I6) B I962 rOAY BYDOXBKRI HCCXB~OBBHBB, KO!OpY8 

C!BnBBHJm 38BHCHUOCU (r- r,) ~ ;liJIJI KBJI838 1 8!0 TBDB nO~!BB~aDr 
Appo! (I?), KO!OpKe BS~aBHO npoHSBBHH 18UBPBBHH BOCnpHHnBBOCTH. Peaynl 

laKpO 1 K8CBmmHBCH BpeKSHHHX npOQBCCOB ~ll!C!yaqaa B8KBrHnBBBH 1 B8 nO) 

BH~eaaa Baa-XoBS &o,&~aaKo 1 cornacyurcs c peayn~tarau BYqacReHBR KOI 

Uen~D ICCHB~OBaBBR KPHTHqecKOrO pBCCBHHBR HBI!pOHOB B KBJIB88 H %pOKI 

~an~&elme• 6y~er H~TH peq~ 6onee no~po6ao, sansercR nonyqeaae no uepe ao 

!OqBYX peayn~!8!0B 0 nOSBORRmmHX cp&BBH!~ IX C TBOPB!HqecKHUI npB,llCK888BBl 

IT. HCCRBBOBBHIB KpB!Rqecxoro paccaHBBR B aepeae 

I. Onaca&ae sKcnepaKeHra 

B accne~oaaoren~xo• qearpe PHC (Ha&IR) rraccenR, Enaaoacn, Bp; 

Hax&CSH (I9) BYnOXBHXH SKCnapRHBB! &a !HKBXOBO~BOK peaB!ope D~ 
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I. B ~ eX e B He 

pea~•~e~ca accxexo~aBHR ~ odlao~a c~pyK!yp a lHBBKIKI T~epxoro 

.X~30~8BB8B BBITpOBO~, 8 ~ B8CTOR~ee ~p8Mft 3TH BCCX8l0~8BIR ~8X1fCR 

B8QSXB npHMBHR!~ Hel!pOBH ~ HCCX8l0~8BBHX ~830~HX nepeXOXO~, 

KBK B T~epxux, T8K H ~ &HlKBX CHC!BB8X. 0co6BBBO BB!BpeCBHBB OK8-

HHTBHX ~aao~HX nepexoxo~ BToporo poxa. B xax~aelmeu 6yXJT KpaTKO 

~ atol o6xacta, 6oxee nonao 6yXJT npexcta~xeaw nocnexBHe pa6otw, 

16XHK8UHI
1

XH60 ~HDOXH8HHH8 C ero yqactBeB. 

, ~ KO!OpOB 6HXO o6pa~eHO ~HBB8HB8 BB BHOB8X~BO CHX~H08 P8CC8HHI8 

Kmpa, ft~X~CR H3B8p8HBR 8~8K!~Horo C8Q8BBR p8008RHBH 

BHCOKHX teBnepatypax, Kotopwe npo~enz Kaccenc a HateM (I). 
BHeamto~~;a ,onacw~am~el aeynpyroe 

lnOXHKPHCTBnnax. Kaccenc H HaTBK o6p8!BXH BBBB8BB8 B8 CHC!BBBTB-

TBOpBH ~H H3KBpeBBI B 6onee BHCOKHX !BKUepatypBX H iBH 

a~eKTB~aoe ceqeaae aeynpyroro pacceaaaa npa 800° K 

ABTOPH ae cuornz o6~HCHHT~ raxoe 6on»moe aecornacse. 

KBCBD~XCH BBifpOBBHX B3M8peHBI ~BKTBBBHX C8QBBBI 

HBBBBHCHBO OT BHX XXB seneaa H HHKBXH CKBalpc (3) 

CBQBHBB lOCTHrBBT BBKCHBBn»BOI BBXHQHHH TOQBO npH !BBnepa!ype 

0 BBrBH!BOB UpoBCXOSXBBBB p8CCBHBHHo B 9!0 se CBBOB BpeBS 

(4) TOSB 38K8TBXB DOXOBHI 3~8K! B KBrBB!HTe, Up8Bl8, HX 

rn&BHHB o6p830K, ynpyroro B&rHH!BOro OTPBBBHHR DpB paaHHX !8Knepa

o6p8!HXH TBKSe BHHK8HBB H8 XH~YBBOHBOe paCCBHBBe DOl KBXHKB 

!BBnepaTypH Kmpa. nna H3BepeBBI 3!01 COCTaBnRD~BI HCDOX»BOB8XOR 

lpretaqecKal nyqoK aeltpoaoB o xnBBO~ BOXBH 1.08 A. 
6nmxaxoc» no oxeue, npexctaBneaaol ua pacyuKe I.I. 06paaen Karaeta!a 

nyqKe nox 6perroBOKHK yrno•, aa!eK aa atoro noxoaeuaa 

XOCT8!0QHO 6onbmOI yrOX !BK, QT06H 6perrOBCKOB O!p8BBBB8 Be HK! • 

H3MBPBHBI DOK838BH H8 pee. 1.2. TeKnepa!ypH8ft SB~HCHKOO!» lH~ya

Ba pBc. 1.3. MaK-PeiHOXbXC B PHC!B HB!epnpe!Bpym! CBOB peayX»TBTH, 

• PacyHOK 1.4. RBXRB!CB BXXDC!panael, npexCTBBXBD.el 

uepe BoapactaaaH TeBnepaTypw. Teopaa Bau-XoB& , npexctaBXea

IPo~eccopo• llanou, o6~acaaet noH~nesae BBTeHCHBBoro pacceaBBB ael!po

aauaruaqeaaoctB ~6naaa teBnepaTypH uarBBtaoro nepexoxa. 
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Hel!pOHH HB !8KHX ~DKTY8UB~pacceBB8~CB !8KBK B8 o6p830B K8K B OBBT, paCC8BBaBMHI B8 

~DKTYBUBBX DXO!HOC!B B OBO!BKB BHXKOCT» - nap, lOBelBBBOI lO KpBTIQ80KOrO COC!OBBBBo Kaa 
ooo6~ npo~eccop naa, Baa-Xoa' paapa6otan teopam Kpataqeoxoro BBrBITHoro paooeRBBB (6~ 

8H8!0rBQHJ» !BOpKB, C.DOMO~ KO!OpOR Op&BTBIB H UepBBKB OUBCBnB Kp8TBqeCK08 P8008BBB8 

OBe!a B raaex (7). Oaa 06HBPYBBXB Oy~eCTBOBBBHe !8CBOI 38BHCHKOC!B Meaxy KOppe!RUBBI 

3X8MBBT8PBHX KSrBB!BHX BOK8B!OB C 

repm, Wanx H BHXKBBCOB 

aeneas, 8 l.laK-PeR&OJiblC H PHC!e 

npoBepKH teopaa Baa-XoBS • 

aaeprael a c yrnoBHB pacnpexene&Jea paoceaaawx ael!poaoa. 

(8), 8 !BKS8 Jlayx (9) npoBaiB BCOJI8XOB8BBB iBR 

(IO) - JtJIH aan~eppouar&atBol ouca xo6anta c ne.um 

YnOIBBYfWB, a !BKBB UOCXBXJD.ae 3KCDBPBBeBTH, npOB8lBBHH8 B 6onee U08XB88 Bp8KR 1 

DOK838XH, Q!O pSCCBBBBe BelfpOBOB MOBS! DPBXOC!8BKT» ~eHHYD HH~PKaUHD 0 HBX8HHRX, 

B03BBK8D..X B ynOp8XOQ8BHOI KSrHB!HOI CHCT8B8 B6JIBSB KpB!BqBCKOI Toqxa. 

llapSUBJI»BO 0 P83BH!B81 BOBHX 8KCD8pBMBB!8niHHX IB!OlOB BBC!ynBJI aaaqHTBn»BHI nporpBCO 

B 06XBC!B !80pBI BBrHB!B3B8o Pa60TW, OC06eBBO IB!epeCBHB AlB npo~BBH KBrBB!BHX BBXBBBI1 

BOSBHKBD .. X B KpB!IQBCKOR !OQKB, BHUOJIBBJIB ~OK6 I CaiKC (!1), raKK8Xi 1 l.fapaau H 

' l.lopraB ( 12). flpOBBlBHBHe BMII BHQHC!eHBR IBrBBTBOR BOCUPHBHQKBOC!B XBft KOlBXB relaea6epra 

BHIIB !O'IKII KmpB UOKBSBXH nponopnHOHBn»BOC!» BOCUpHBHQHBOCU ( 7- 7 r;) ~ , 8 Be (i-7 c.)J 
K8K 3!0 6HXO DOKBSSBO B OOBpeMBHHHX TeopHRXo 

Mop11, KaBacaKH (13) B Konau»cKB (14) ony6naKoBenll pa6otw no nponeccaa 

penaKcanBH B MpH!HQeCKOI 06XBCTB, 8 B UOCJIBlBBB BpSKR ~BRep (15) UPOXBCOKy!HpOBSJI 

orpB&Hqe&BOCT» TeOpBB Opamelaa-UepBBKB B BBUOCPBlCTBeHBOI ~BSOC!B TeKUepa!ypw . .. 
Kmpa. 

laKpo B XP• (16) B !962 rOXJ BHUO!BBJIB BCCI8XOB8BIB, KO!OpHB yK83HB8~ BB 

C!BUBBBym aaBHCHIOCT» (r- 7,) ~ lJB K8JI838 1 3!0 !8KK8 DOl!Bepaxa~ HOYBC B 

Appo! (17), KO!OpHe BexaBBO npoH3B8XB B8BepeHHB BOCUPBHKqBBOC!B. Peayn»Ta!H ps60! 

iaKpO ,KBCBD .. BCB BpeKeHBHX npo~BCCOB ~DK!YBUBH BBKBr&BqBBBB, H8 DOl!Bepaxa~ npex-

BBXBHBR Ba&-XOBa H0 1 0lHBK01 COrXBCYDfOB C peayn»TB!aMB BHQBCJIBBII KOUWHDCKOrO (IB). 

Uen»m BCCXBAOBBBBI KpBTBQeCKOrO pBOOBBBBB ael!pOBOB B BBJI888 B xpoKe, 0 KO!OpHX B 

xen»aelme• 6yxeT BlTB peq» 6onee noxpoouo, aBnaerca nonyqeaHe no uepe sosuoaaocta caKHX 

!OQHHX peaynbTB!OB, D03BOXBD .. X Cp8BHIT» BX 0 TBOpBTBqecKHMB UP8i0K888BBBBB. 

fl. HCCJIBAOBBBBB KpB!IQBOKOrO paCCBHHBR B aeneae 

I. Onacaaae aKcnepaKeHTa 

B Kccnexoaaten»eKOM neutpe PWC (~auaa) naccenn, BJraaoBcKB, Bpya 

HHn»CBH (19) BHUOXBBXH SKCnepBMBBT BB !BBB!OBOiHOI pe8K!Op8 DR iJ 
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~B 88KBP8B81 dw~ 8CDO~WOB8B CDe~pOMB~p BelrpOBOBt DOKB88BBMI B8 pac.I.5. HC~O'IBBKOM 

8elrpoBOB CayKIH BO~BMI PBCCBBBB~BXA, DOYB~BBBYI B ropH30H!BnAUOK CKBOSBOK KBHB~B Bd!BBI 
I~ i'. 

BU8BIIOI 30BK. ilo~OK BBirpoBOB, DBllBIJIIUIII BB p8CCBBB8!8nAt DOPlWCB 6xi0 .n;/CAP ce~r 
PacC8ftBBK8 BBirPOBY DPQXO~B 118p88 6ep~I8BYA WKIA!p B D8l!BH8 B8 KOBOKpBC!~ CHIJ~, 

o~peuJJUI ~uKO aelrpoBY o ~naoll aoxBK 4.28 A . Dpi!BBKBII BO aaauaBae CTPYK!YP1 

liQ888, BB!OpY 8CDOJrWOBU8 8~1 l(HBBJ BOHBM BO H368lii8BIB KBKIX-BK<!;y~A <5perroBCKIX 

o~paaeaal B o6p88QB. IOB03BBpre!I118CK81 n;yqoa, DPQny~BBBYI qepea KOHXIK3~0p C ;yrnoBOI 
I 

p3CXOUJ«lMJoll 25, DB~BJI BB 06p38BQ, B8XO~IIIIUIICII B BBey;yKBOII DB'IIJI. 

06paaeQ, 8BrO~OBHBBBYI 88 Dpa8KpiO!UH8118CKOro lii8H888 BYCOKOI 'IIJIC!O!Y, 8K81 WoPIY 

Ull8Qpll MBIIB'fpoM 20 D. 1'IIJI!YB811 B08110aBOCU KBOrOKp&!BOro paC~BliB8ll, BBrOpY BYDOJIBHJU! 

taBle 83aepea8a c 6onee !OBK8BI o<!paauaBI !DniiUIBOI !2 a 4.3ua. BIIIIB8e !OJIIIUIBK o6paaqa aa 

pea;yHA!8! IBMBpeBII 6a&O B88BB'IIJI~BnABOB. ~e~eK!OpoM CRYli!IB C118!11BK, Be BM81JIIUIII Kep!BOro 

oehieu. CntuK <!1m aanonBeB o<!orallt&BBYM 8 
10 

PJ llO 96% a o<!JI&JIU 3~BK!BBBocnm 98% 

MR BBII!poBOll 3B8priB 5'rneV • Cqe!UK liM8C!8 C KOJIJIHYB!OpOM DOMBJIIBJIC.B B3 PBCC!OBBIII 

2.8• ot o<5p&3UB BB teneaae, ~BIJIII&II aoaaozaoOTA npoBaBOliHTA aauepeBIII l!H.B peaBHX yrnoa 

peccesa8s. 

~ aBanaaa aBepraa pecceaBBYX aeAtpoaoa <!Hn npaueBea KOBOKpact~ qaBKa. CneKTP 

na~a~ Bel!poBOB onpe~exanc11 ta81e npa nouo1111 •exaaaqecaoro npepYBBTBHII Beltpoaoll ueto

~o• apeaeBa nponeta. C uena ynyqmeBaa xonnaKeUBB <5yno BCKniJ'IeBo nonBoe otpazeBae BeltpoBOll 

88 OTBBK8X BOJIJIBKB!OpOB t Mft 11ero · •neperopo~aa ll B!HX ItOUIMB!OpBX 6Ynl C~BH8BY 13 !8!8-

BOBKX Dn8C!BBOKo 

0C0<58BB08 liBHKBBIB dwno 0<5p8J118BO B8 KOB!pon• teunepatyp o<5p83Q8. 0! DOC!OBHO!ll8 

!BMD8p8typY liO BpeMBB8 8 DO o<!paauy 88li8CI! B SBB'IIJI!BJI.BOI C!8D8B8 B&nH'IIIIB8 B8<5JIIJ~88BOrO 

~~a. 

no~orpes o<5paaua npoaoxo~an ll li&IJ;yKBOI ne1111 c aona<!l(eBollol cnapanAD, BaaoTaaaoll 

Bl rpydy B3 OKICH aarBBIIo rpeiJJ11811 CDBPBXA COC!0Kn8 B8 ~paX 8838l!BCHMO DHTBDl&XCB qactell 

~II B03MOIXOC~8 JBBBAIBBB.B BBIBH8!BHA80ro rpel(BBB~B. BoKp;yr CDHpBJIB 6YnR DOKB~BBY lll!B 

~8BliP811&Calx !BDJIOliYX 3KpaBa aa aoxB<!Jl&BOliOII WOliArB. HatepeH811 teunepatypy o6paaua 

npoaaliO;liii.I8CA Dpl DO~«>IIIII tpex KBu<!poBeBBYX tepuonap pt- Pt , 10% A'h , pacnolloaeaBYX 

DO o~ol ll llepxael 11aot8 o6paa~a, ll cepel(BBe 1 caaay. 

iaa O!e6a.aaaua• teunepat;ypa ;yno~pe6n~~nac• tepuoDapa xpouenD - anmuenA, DO~Knm~ea

BBR X KOB!po~ABO-D8!8.,.811 BJIBB!poBBOI CROTBIB. To1180C!A C!8<5BJII38QII COC!8l1Jilln8 i O,I°C. 

ilaro~BPII !OMJ, 11!0 IB!BBC8BBOMA PBOOBBBBYX Belrp080ll IK88! 011BBA OC!pYI MBKCiuyM ll 

!01188 impl, rp&~8BB! !BKDBP8~JpY ODp8~8HIIHOB DO DOJIOIBHHIJ &!OrO K8BCHM1UB 

O! paaBHX 1180!81 o<5paaua. noxaaa&aa tepuoDap MBoroape!BO KOB!ponlpollenlc• liO llpeaa 
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npo~o~zxre~DBYX asaepeBBR,npxqex rewneparypa Kmpa npuBRKBDaCD sa penepaym 

repaonap saapennanac• ll ue~Bou 6noxe 1 BBXOARliBCA ll coc~e ~pa c ra.,.RJ 

Cll ll liO~B uemeJIKB npe~OXPBBHB8 DOHliJIBBIB BB3B8qR!8XABYX WnJJK!JBUHI !BMDBp 

BBBIBII enJJUBBIBBYA KOlll;yX DB'IB 1181 l!Oll!IBOB O%n8~888Bo Caaaa liYOOKIB !8~ 

B;y!BB B 3!011 DB'IB, p8BBHB8CA !000 • C • 

Pea;ynATB!Y aaMepeall, ool(epza .. e yrnOli11J 1 teaDepat;yp&;yJJ 8Bli80BMOC!I 

p&CCBRBBYX aeirpoBOll, DOK838BY B8 p8c.I.6. i~BII 113 KpBBKX COO!BB!O!li;TB! 

yrn;y p&CCBIIBIII. Hauep&BIII Dp0ll0l(8BICA B ;yrliOliYX Dpouezy!K8X 118p83 K8~8 : 

1- Jf/.. D D o~ ~o /~ • B teunepaType Kmp8 ato! npe~ex <5Yn yliBJIB'IBB l!O 9 . Bee 
() 

T-T, .., .t Dpoaal!OJ1Kn8CD c non&M D)"'Kou,t.e. c n;yqxou liYCotol 6 cu, xc 

B~opol KOJIJIIKB!Op. BdJII31 !8MDBp8!JPY Kmpl, rl(B 88BIICBUOC!A IB!BBCBBBOC!I 

O'IBBA CIRABBII, BYCO!B D;yqKB COKPB~BJIBCA ~0 I~, rJIBBBYI o<!paaou ~II !OrQ 

B8!011BOC!el, BY8li8BBYX rpa~B8B!OK ~BKnBpa!yp&. 

Cne~p DUBIJIIIIX (a), 8 !8818 pacce!IBBHX ael!poBOB (<5) MB 6=2,S
0 

DOK838B 88 pac.I.7. A8BJIB8 3BBpr81 peCCBRBBYX BBI!pOBOB DpoBOllliJIOB DPI lllll 
() •c T" . " ,. BB 2 B !8 BYIB 'e• ll yrliOBOK RB!BpB8HB 0! 2 l(O 4 • Hauepe81B DpOI3l 

ICDOXD80B8BII CDe~pouetpa C M080KpBC!8JIJIOM IUIBK8. HaCKOliDKO 3!0! CDOC0<5 C 

TBXABYM ~II ICOJI~Oli88HII CD8K!p& p&CC811BBYX BBI!pOBOB, BBC!OJIAKO OR OK83~ 

l(HB 8B8JIB88 D8l(81J.Br0 D;y'IKB, !BK KBK peaynD!B! B 3B811H!BXABOI C!BDBHR 8881 

B8XOllRJICII nl 8B8BI31pJ8MYA KpBC!BJIJI ll D8p8XliBJIAKOM BJIR 18 BBDBPBB~BJIDHOU l 

U080XpOM8tOp;y. S!O 38!p~BBBIB <5YnO DpBOl(OJIBBO 18M8p8BIBI CDB~pa DB~BIJlllll 

aeTo~ou speaea8 Dpone~a. 

2. 06p860!K8 peayJIA!BTOB 
_, A 

A. Onpe~eneBie liJIIBY KOPPBHIIIUIR ~ I K08cW!BUH8B!8 llB~BKB 88 C 

Ba8-XoB8. 

fipiB8U811 0 11!0 KpB!B'I~K08 p&CCBIIBIB llliJIII8!CB ynpyriM, KOlBO BB OCHOBI 

1aaepeBRI, e !BKIB WCPK1JIY J~HII a~eKTHBHoro ceqeBBII nerxo nony'I:MtD teunepc 

liJIIBY KOppeli!IQBH! 

d6' 
d./2 I 2 1 . 

= (~;y2 2Ns;s+tJ I f{K) r2(K~+~/) 

Tax KBK BBBJIIS aBepraa Bel!poBOB (pac.I.7) Be noaaon11eT npiKB&at• c~ataqec 

TO Cli8AJB! peayJID!B!Y liJIII ~/, DOJIY'IBBBY8 Be OCBOli8BIII ¢QpK;ynY (!), DpiBl 
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lb~DaOBBB cneK!pOMB!P BeirpOBOB, DOK83BBBHI BB p8C,l,5, HC!OqHBKOM 

pacCBBBB!BAb, DOMe~eHBHA B ropBBOB!albBOM CKBOSBOM KBBB.B Bdu881 

I!J "' DB,liBilJIIIIII BB pBCCBBBB!BAb, DOpi!,IIK8 6xl0 11/CA? ce~r 

qepea C!epaiAIBBHA ~Bnb!p I D8,li&U8 B8 MOBOKpBC!anl CBil.liH, 

c ,llniHOII BOABH 4,28 A . ilpi!BBMBR BO BBIII8B88 C!PYK!YPY 

3!1 ,llniBY BOBBH BO 1368&8BIB KBKIX-BBC!y}lb C!perrOBCKIX 

~OBOB&Bpr8!8qBCKBII nyqoK, DPQfiY~BBBHI qepea KOBXIIIB!Op C yrnoBOI 

oC!peaeu, B8XO}IRJIIIIACR B BBRJYMBOA neqa, 

88 D~IKPIC!&nnlq8CKoro 18B838 BHCOKOI qiC!O!H, IIIBn ~p_,. . 
Yqi!HBBR BOIIIOIBOO!b IIKOrOKpB!BOro p&CCBHBIH, BB!OpH BHDOIHH!B 

!OBKIIII o6p83D8111 !OBJIIIIBOII 12 I 4,31111, BIIRBIB !OBJIIIIBH 06p83n8 BB 

aeaaaq8!Bn»aoe. ~e!eK!opou cnyaan cqB!qiK, ae 811BilliiiiA llep!Boro 

,liO 96% I OduB,liBn BcfxPBK!HBBOC!I>I) 98% 

• Cqe!qJK BII8C!B C KOXRHMB!OpOII DOIIB~&nCR BB PBCC!OHBII 

}181l.BA BOBIIOXBOCTb DpOIBBO,liiTb 13118p8BIR ,llnR paa&HX yrnOB 

p8CC8RBBHX BeATpOBOB C!Hn DpiUBHBH MOHOKpHCT&nx DHHKB, CneKTp 

le,lleARnCH !BKSB DpH DOUOJIIII UBXBHiqecROrO npepuBB!BBR BBI!po&OB IIB!Q

DBBAD ynyqme&IH ROnniKSDII C!HnO HCKnJlqeao DOnHOB O!p81BH88 HBI!pO&OB 

, AIR qero ·neperopO,liKI B B!IX KOAniM8TOp8X C!Hnl C,liBABIH 88 !1!8-

6HAO OC!pa~BHO B8 KOH!pOBb !BMDBPB!YP oC!paaua. 0! DOC!OBHC!BB 

I DO OC!paany 38BICB! B 3&eqaTenbBOI C!BDBBI B8Biqa&a BBClnll}IBBIIOrO 

lbDOICXO,liHA B B8!1YIIKOA ueq1 C UOAI6,liBHOBOI CDip&nH, BBMO!BHHOA 

, rpell~BR CD8panb COC!0Rn8 13 !pBX B838BICIIIO DIT81l~HXCR qacTel 

&eaena!BnbHOrO rpa,liiBH!B, BoKpyr CDip&n8 C!Hnl DOMB~BBH ,liBB 

3Kp8B8 13 MOnB6,liBHOBOA ~nbrl. HauapeHBR !BUDBpB!;ypH 06paaua ~ 

!pax KBliiC!poaaBBHX !BPKonap Pt- Pt , 10% A1h , pacnonoaea&HX 

B Cepe}IBBB I CHBay. 

yno!pee!nsnac» !Bpllonapa xpouen» - anlliiBllb, DO.liKnllqea

aneK!poaaoA CHC!BM8, ToqHOC!b CT86MnBB8QII COC!BBnsna ! O,I°C, 

IBBOC!b PBCCBHBHHX BBtrpOBOB IMB8! oqeab OC!pHI IIBKCIIIYM B 

ODPB,liBnRACR DO DOAOIBHHil BTOrO IIBKCHIIYIIB 

ilOKB38BBR !8pMOD8p IIBOrOKpB!BO KOH!pGnlpOBBniCb BO BPBMH 
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npo.liO~XHreJ»HWX R311epeHIR,nplqell rexneparypa Kmpx npHHKIIanac» aa penepaym roqKy,Xono,liHHe ru8X 

TBpKODBp 88Kp8Dn&n10b B MB}IROM 6JIOK8 R BBXO,liHnHCb B 000;1}18 ~bll8P8 C ra~RII l»,liOM,HBXOA~BH

CR B BO,ll8 M8M8l!KB npB;liOXPBBUB DOR.BJI8BI8 BBBBBqll!BnbHWX illD:IlK!YBDII !BMD8p&!ypu BH88 0 •c . . 
BaemBII SAiliiiBIBBHI KOIYX neqa IB81 BO,liRBOB OXIB~BBIB. C&IIBR BYOOKBR !BIID8p&!;ypa, ,liOCTKr-

B;y!BR :a B!Oi ueqa, pa:aBII.Il80b !000 "C. 

Pea;yn»TBTY IBKepeHIA, OO,l1Bpi8 .. 8 yrAOB1Jl 8 !BMD8p8!1PB1Jl 88B808MOO!I IB!BBOIBBOO!I 

pBCOBRBBWX aeifpOBOB, DOK838BH B8 plc.I,6. K~BH 83 KPIBYX COO!BB!CtByBT 0Dp8,llei8BBOMJ 

yrn;y p&CC8HBIH, H3M8p8BBH DpoBO,lii.8Cb B yrAOBYX DpOMBKy!KBX qepea KB•.IIHB I5 ' B Dp8}18~8X 
1 ~ a." " 0! }10 J /~ . B TBIIDBPB!;ype Kmpa !ItO! npe,llen 6YA y:aenneB .110 9 . Bee R3MBPBHIH Blille 

0 • 
T-Tc. "'.$ Dp013BO,liBUCb C DOABHM DyqKOII,T,e. C nyqKOM BHCOtOI 6 011, KO!Opul nponycKBA 

B!Opol KOAIIMB!Op. B6A838 !BMDBPB!ypY Kmpa, r}le 38B8CKMOC!b 8B!BBCIBBOCt8 Of tBMD8p8!1PJi 

oqBBb C8.bBBH, BliCOTB DyqKB COKpa~an&Cb ,liO I~, rn&BBYM o6p830M AIR !OrO q!odH 1868•8Tb 

Betoq&octel, Bli3B8BBYX rpa,llaBBTOM !8MD8pe!ypY. 

Cnenp DB;IlBilUX (a), a taR•e pacceHBBYX BBI!poBOB (6) ,llnH 61.::2,5'
0 

, ((JT =,1° 

DOK838B 88 p8c.I.7. AB&nM3 aaepr11 pacceHBBYX BBHTpOBOB DpOBO,liR.CH np8 ,liByx !BMDBpatypax 

&a 2 q 8 IS "C :aume Tc., B yrno:aou IB!ep:aBlle O! 2 ".110 4" • Hauepea1e npo8BBO.l1Hnoc• npl 

ICDOAb80B8BBI CD8KtpOMB!p8 C IIOBOKpiCTBAnOM UIBKB. HaCKOAbKO 3!0! cnoco6 6HA YAOBAB!BOp8-

TBAbBHII }lAB ICOAB,li0B8R8H cneKTpe p&OCBHBBYX H8fiTpOBOB, BBC!OAbKO OB OK83BnCH RBDpHrO,liBHM 

,liAR BB8A888 D8,ll81l~ero nyqH8 0 TBK KBK peaynbTB! B 3B&qi!BAbBOA CT8D8Ha 38BHCen Of TOrO, 

R8XO,lii~CH AI 8B8A83apyeMHI KpiC!BAn B napexnen~BOM ana •e BBD8p8AABn~HOM nono•e&H8 K 

MOHOXPOMB!Opy, 3to 88tp)',liHBR88 6wno npeO;IlOBBBO 88Mepe&88M cneRtpa D8}181l_.X ael!pOBOB 

MB!O}IOM Bp&MBBI npo~eta. 

2. 06pa60TK8 peayAbTB!OB 
_, A 

A, 0npe,l1Bn8BIB ,liAIBH KOppBnHIUIB ~ I KOacixPIUIBBTB ,liBcfxPy311 88 OCHOBBBHI teOpll 

Baa-XoB&. 

llp8&1MBH, q!O Kpl!lqecKOB p&CCBHBBB HBAHetCR ynpyr111, MOXBO BB OCHOBBBII DpoBB;IlBBBYX 

83118p&BHA, 8 tBKIB ~pMJRY ,llnR acfxPeKTaBHOrO ceqeB8H AerK~ncn;yql!~ !BIIDepaTyp&YJl 38BICHMCC!b 

,liA8Bii KoppBAHDIH! 

d6' 
d./2 

1 . 
f2(Klo~-~/) 

(I.I) 

TaK KBK 8H&nH3 aaepr8H B811TpOBOB (pac.I.7) BB D03BGnR8! DPIMBBI!b C!BTKqeCKOB Dpl6nii8BBB, 

tO CAB,llye! peayAbfBtH ,llnH ~f' uonyqe&BHB BB OCHOB8BH8 ~pliynH (I), DpBHRT~ KBK 
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DpB6ABI8BBH8, 8 Dp8BUlaY8 BY'lKCHBBBH npOBBC~B, OCBOBYB8HC~ 88 60488 ~oqaoi ~pKyA8: 

dtr = /(e 2l 2 2AitS(S~f)jf(l{)l R r k~d.k A K 2 . 
d.n. l;,c•/ ]Jim K.. I j t;•(K~o~-J!,j .A "'K'+W 2 

(!.2) 

non»ayRC~ BYI883JIOZ8BBOi Ke!OABKOI 0 CB8'l&n8 0Dp8~8JIBJI AiHBY Koppengqga K8B ~YB~m ~ 

~ewepe~yp11, non~aysc~ cnn'leCKBK npa6n .. eu8u. BennaBH ~, .liJIR cooue'l'C'l'Bymux dT~T-7c 

DOnyqHJI ~811 3KC~p800JillllU UB811mct O~p831t0B BpBBYX ;!10 nepeCB'lBHBll C OC~ fY .I 
pac.I.8. Peayn~e~w npe;zt~8Bnesw B ~a6n1ueJr. 

I • .llen~sebea o6pe<lo~Kol p8ayn~~e~oB unuoc~ onpe;zteneBBe BeJII'IKBH A as &8BJIJIS8 

CDe~pa BeHTpoBOB, C DOCJIBAYm~M 60JI88 DO;ztpo6BYJI BW'lHCJI88H8M ~, C HCIIOJii30B8888H 

UO;!IB~BQBPOB8BBOR ~PJIYJIW 0 KO'l'Opym BYBBJIB repm, illann B BBJIBRBC08 (8): 

do= CC~tSt /j(KJ/2J_,rix.{1+o(.J2 . -t z>t J'{.(.z.,rf·I-.I .. J&l) 
dR. . r,z -- o(.~(t+-.)(9l~ o[ot.'+(1~-.)&~+o(. 2(f~Jioi.)2 

Z.je "'=~ K. ) .. ~:..A!_ I 

Ko "=~ / .t 
tl.t :L d.l 

.f 
(1.3) 

napBU8TpJl 88XO;ztHJICH Dy'l'BJI B8HJIY'lll81 DO~rOBKB p8C'l8!BOrO pacnpe;zt8JI88BH 888prBB .liJI8 

BKCD8pBUBH'l'8JI~BWX peayn~~B'l'OB (pHC.I.9). Teope'l'B'l8CKB8 CDe~p& BW'lHCJiliJIHC~ D~BII yq8'1'8 

D8PBH'l80rO CDe~pa B ~pKynY .liJIR 3~8K'l'BBBOro C8'l881B (!.3). 

He pBc.I.IO, npe~c'l'aanamuu aasacauocu nonymlpHBH4A/A O'l' KBII~pa'l'a yrna paccaHBaBIR, 

cpaBHHBaBTCR H8CX04LBO 8KCD8pHM8R'l'8JI~8WX peayn~'l'B'l'OB C peayn~~B'l'BIIB BW'lBCJI88BR. 

.liJm Uy:lt C8pBI HSMepeBBR 0 BHI10JI88RHWX npB T-T, = 2 ° C B !8 °C, DOJIY'l880 118 08110ro nyqmero 

no~rosa 2~A= 11 t a 6 • Bw'lloneBB8 nposo~uac~ 11eto~o11 B'l'epeuai. Casque sexo~•• A , 
0'11'1'88 BBnB'liBY %1 DOJIY'IBBBOI BS C'l'8'l'IC~I'l80KOro npi6A .. 8BB8 0 38'1'8111 BO'l'8Bn88 88~88808 

./l B ~PIIYJ11 (!.3), BOK8U Je1 0 ;l!BmJIIYI) 88UY'lll88 corn&COB8HB8 3~8~HBBOrO 08'18818 .liJI8 

OOO~BB~C'l'B~81 KpiBOR 88 pac.I.8. nocne ASyKPB'l'BOI B'l'BPBQIB 6HJIB DQny'lBBW 'l'BKIB 388'18818 

napalle'l'poB :;e 1 a A, 'l'l'O 8e6on~aoe IBJieseuae O;zt8oro as 8h 88 BnBano S8B'lB'l'BU80 Qa 

888'18818 ;ztpyroro nepaMe'l'pa. He PIC. I.9 B I.IO npe~C'l'BBABBH KOB8'lBH8 peayn~B'l'W. 

llpiHBB BY'liCJI88808 888'18888 Jl 88 OOHOBBHIB ~plfYJIW (I.3), 8 yrnOBW8 paonpe;zt8JI88BH 

BH'l'8BOIB800'l'B C DO;l!rOBKOR BX B 3BOD8pBM8H'l'B»~BHJI 'l'O'lKBM (pao.I.8h U8'l'O;zt011 BBBM88~11BX 

KBB;ztpa'l'OB DOJIY'IBHO 388'18818 :lt1 B Y"; 1(T} /r, 2 {T,) • Peayn~'l'B'l'H ,llll8 z,-l npe~C'l'8Bn8BH B 

'l'B6JIBQe I, a rpa~ O'l'HOIIeHI8 r,'{T)fr,l(T._) DOKSSBH 88 pac. I.II. 

B. Onpe;ztenesae .liJIBBH KOppeJI8URB BB OC80BBHBII 'l'BOPBB ~Hmepa. 

.ll06BBO'lHHI 888JIB3 p83YJI~'l'B'l'OB npoB8~8B 88 OOBOBSBII 'l'eOpBI ~IIepa (!5), KO~Opwl 88;!181-

BO o6p&'l'BJI BHBIIBBie 88 orp&HI'l8HI8 ~eopBI OpamTeiBB-UepBIIKB II OCDBpBBBJI Kopp8~HOCT~ 
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~yBKQBI BoppenftQKH B B8D0Cp8;zt~B8BBOI 6»130C'l'H K TeMnepa'l'ype Kmp1. Kopp8K'l'l 

~yBKQII KOppenKQBII ;ztae~Oft ~OPifYJIOR 

} f (o)= v-.s(s+1) exp(-¥.,./l) 
ft 1f71"t;1 lf-E 

Bse;l!8818 ~yBBQIB KOppBJIKQBH B 3'1'011 Bl~e npHBO;ztl'l' K ~puyne ;ztn8 S~K~l 
I f 

B XO'l'OpOR KOB~IIQIIB~ .,z~ .& 3BU8B88 K08~HUR8~011 (. • •j, Y.E 1 : 
" rL, K•-fllt; - ~ 

M&nwll 'liOJIOII DOpB;ztKB 0,!. llon~ay8C~ BWpB&eBIIeM liJill ~K'l'HBBOro 08'18818, Dj 

~1mepoa, npOBe~eBW BW'lHCJI8HI8 'l'BM CBKYM Me'l'O;zt011 0 KBK UOO'l'YDBJIB DPI BCDOn~at 

Bas-loBe. B BY'lBcneaaax npHH8TO pssee aa~eauoe asaqeuae napauetpa ~·~yaJ 

Uapa11e~p E 6Hn onpe~enea as nose~eBI8 ~o aara6a 'l'eopeuqeoKBX KPBBWX, no; 

3KCD8PI118H'l'8JI~BH8 'l'O'IKJJ 88 piC • I .8 • BeJIB'liiBB :1:1 88 BnB88'1' BB 113r16, HI 

KpBBOI IBBHOHIIOC'l'l (IB'l'BBOBBBOC'l'~)-I 0'1' V~B~pa'l'B yrJIB paoceiB8BI8. CallOS 

OOBBBI8 B ~pll8 BCBX JIIBIR DOJIY'l8HO ;ztJI8 f = 0.I5. 3a&'leBI8 ;!IJIIBH &appe; 

BY B 'l'B6JIIQe I. 

3 • .ll1CCKYCII8 H BHBO~W. 

Bo&MOI800'1'~ CpBBB8BI8 pe&yJI~'l'B~OB 0 nony'l88BWX B ODICSHHOM 3KCD8piMBB'l't 

~pyriX pa60'l' BBJI8e'l'Cft 0'188~ orpB8B'IeHHOR BBKAY B8dOn~moro BOHB'l80'l'B8 88BJIO: 

I 18-38 p83JIII'lBHX MB'l'eUB'l'l'leCKBX lle'l'O~OB o6pa60'l'KI peayn~'l'S'l'OB. 

Te11 se ueuee o ~en~ npe;ztc~asneBII8 peayn~TB'l'OB paaHwx pado'l' Ba p11c.I.: 

'l'Sitle 388'18818 ;ztnBH KOppeJIBQII, KO'l'Opwe nony'lllnB ]AC ROT H liP• (16), I 

illBU B BIIJIKHHCOII (8). PaaHBQ8 0 KBB'BB;ztBO 88 PIICYBK8 0 ~OBOJI~HO 3ft, 

lle:l,lly ;!IJIHBOR Kopp8H8QBII CDHIIOB II MBrHH'l'HOR BOCDPIIIIM'IIBOC'l'~ CyllleCfBYB! 

RBI! 38BBCHIIOC'l'~ .'(X, 1";) 2: ~' • BWIB C;zteJIBBS DORY'l'KB BBII'l'l 067>l!CR8HB8 'l'BKO 

H8COO~B6'l'C'l'BBD peayn~'l'B'l'OB DY!BII Cp8BH6HIB MBrHH'l'HOII BOCDPH~M'IHBOC'l'B ;!IJI8 I, 

;l!JIB 'l'BMnBpBTYP JliiB T, • 0KSSYB88'l'C8 0 '1~0 B B B'l'OR 06JIBC'l'B TeanepaTyp PB' 

peayn~TBTOB ropaa;zto 6on~me 'l'O'lHOC'l'l aaaepeual. Peayn~TaTu, KOTopwe nonyqlln, 

n11pc (20)
1

oTJIB'lBD'l'C8 ~a 6% oT peayn~TBTOB Apace H MIIJ!nepa 

Of peayJib'l'S'l'OB ilO'l''l'8pa(22). Mo&BO npe;ztDOHOZI'l'b 1 'ITO 3'1'0 paCXO:I,ll6HI8 dYJI' 

pa3AI'll811 B3U8pl'l'Bn~HOR M6'l'O~HKH 1 a BC3HBKRO BC»B]IC'l'BI8 CDBQH~I!'leCKIIX CBOR 

o6paauoB. Hanpauep, 88 MBrHH'l'Hym BOCDpi!IIM'IIIBOC'l'~ Uory'l' OK638'1'~ B8KO'l'Op08 B 

meBC'l'BB KpBO'l'BHJIII'leCKOI peme'l'KHj napBMBrHII'l'BHB aarpR3B8BH8 'l'SK&e OK83YB8D'l' 

BHB8BBe 88 MBrBH'l'Bym BOCDpHBM'lBBOCT~. 
.2. 

Cornacuo Teopeuqecsu pa6o'l'aM (II,12) (X, r,) ]lonzao 6uu nponopua 

KaK BH]IHO 88 pllc.l.I3
1 
rpa~BK ( X1 ti) :lv B BH]Ie 36BIICIIMOC'l'B 0'1' (T- T,;.) "'-

5 °C ..:.. = r.ao± o.o4 . 
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BNQHCli8HBH npoBeC!I, OCBOBNBBRC~ B8 6o~ee !OQBOI ~pwyne: 

2 21lA.srs~-f) 11 (If)/ , r k~di A /(2 

371m K,. ) t; 1(k~+J(.,j A 2K'+wz 
(!.2) 

ltoseBBOI Ke!OABKOI, CB8Q&n8 OHpeAeBIB A!BBY Koppen~& KBK ~YB~D 0! 

C!&TneCKBK npll6liRJ:eHBeK. BeBBQBBii ~~ ABR COOTB8!0TBJDIIUJX d T = T- Tc 

liJIBeiBHX Otpe3KOB KpiiBYX AO nepeceqeHIH C 00~ 6~ 

.. A11..,.,.RRJIARN B !86liHUei, 

la<5otKol peayni>tatoB BBnMoo~ onpeAenene BennHBH A aa aaanaaa 

0Cli8AJD~K 6o~ee HOAP06BHK BYQHCli8BBeK ~, 0 BOHOli~OB8BB8H 

KOTOpym BNB8liH repm 1 Wann H BBnKHBCOH (8): 

d.x. { 1+<A)2 . of J( d'[.t.lt (f-1-.t..) 62) 
<4 ~(1+~)B 1~ 2 o{ot.Z+(1-1-~) &ljf"''{1+/foi)Z 

...J!.!._ I 
: /r., 

J'= h1.11.. y- I 
tl.t. :L d.t 

~ 
(1.3) 

nyT8K HaHnyqmel DOArOHKH paCQe!BOrO pacnpeAellaHHB 8BeprBI Al[B 

li~TBTOB (pHO.I.9). TeopaTHQeCKH8 One~pu BYQHCliHliHCl> DYf8K yqB!8 

ABB 3~8K!HBBOrO C8Q8BHH (1.3). 

• CT8BliHilliiEII 38BHCHIIOCU DOJIYMHPHBii c.A/J. 0! KB8Ap8!8 yrna p8CC8JIB8BIIH1 

3KCDepHHeHT8lll>BYX peayni>T8!0B 0 peaylll>T8!8KII BYQIClleBHH. 

BYnonaeaaux npa T-T, = 2 ° C 11 18 °C, nOJiyqeao liB oaHOro nyqmero 

Buqacnea•a npoBoAanac~ HetoAo• 11tepau1a. Caaqana aaxoA•• A , 
H3 C!a!HC!HQ80KOrO npH6liHZ8BHH 1 38!8K1 BC!8BliHH B8AA8BB08 

~f , ABD~ BaHnyqmee COrli8COB8BII8 a~e~HBBOrO OeQeBIH Al!B 

pac.I.B. nocne AftyKpatBOA HT8P8UHII dH~I DOJIYQ8BY !8K18 aaaqeBIB 

H3K8R8HHe OABOrO H3 BHX Be BliiMO 3B8qlf8~BO 88 

Ha pee. 1.9 H 1.10 npeACT8Bli8Bii KO&eqBiie peayn~atY. 

3B8Q8HI8 Jl HB OCHOB8HIII ~pMyXY (!.3), 8 yrliOBY8 paonpeAelleBIH 

IX K 3KOD8pHU8HT8lll>BHK !OQK8K (pHc.1.8h He!OAOK B8HKeB~mBX 

X1 H 'r, 
1
(T) /f1 

2 (Tc) • PeayJI~B!Y AlB z;' npeAC!8Bli8Bii B 

r,•(r)j 'l,l (T._) DOKa38H B8 pac. 1.II. 

Koppe~RUHH Ba OCHOBBHHB teOpBI ~Hmepa. 

peayJII>TaTOB DPOB8A8B H8 OCBOB8BHI te0p11 ~Bmepa (15), KO!OpYI B8liB

orpaHHQ8HBR teopaa OpsmTeRaa-UepHBKe a oonapHB&n aoppeK!ROC!~ 
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~YBKUHI Koppa~RUHH B B8DOCpelCTB8BBOI 6JIH30C!H K teKDepatype Kmpi. Kopp8K!R08 BYpBS8BHe 

~YBKUHI KOppenRUHH Aaetca topHy~ol 

) f (o}= fl'oS(s+1) exp(-Xoll) 
It 1f71"t;1 l t-E (I.4) 

BBeA8BIB ~YBKUBH KOPPaHBUHH B 8TOK Bile npBBOlHT K ~puyne ll!B 8~eKti!BBOrO CeQ8BBH 1 
I f 

B KotopoR KOB~fiiUBeBt .. z~ z. aa•eaea KOB~H!UIBRTOK (. • zJ i Y.E , rle E BBJ!Reorcs 
" rL, K«~J!O - <1 

K~K QBCliOK DOPHlK8 0,1. lloJI~ByHC~ BYPBZ8BB8K lliB ~K!HBSOrO ceqeBIIIB, npHBelBRBOro 

~Bmepou, npOBBlBBY BYqHcJieHBH T8K caKYH 118TOlOK 1 KaK DOCTyDaJIB Dpl HCfiOJII>30BaSBH teOpHH 

BaH-loBS. B BYqHCJieBBHX DpllHR'rO paRae Ha8AaHH08 3BaQaHIB nepaueorpe AH~Y31lH .A I =II • 

llapaHetp E dHn ODP8A8liBB IS DOB8l8BIB AO 1!3rH68 T80p8!1QeCKIX KPIIBYX, HOAOrHBHBYX DO~ 

3KCDepiKBS!8JI~BYe TOqKI S8 PIC. 1.8. Benaqaaa ~1 He BBIBB! SB aar16, B86JI~B8KYi HB 

KpiBOI IBBHCHKOC!I (IR!8BCHBBOC!~)-I 01' KBalp&TB yrlla pacceHBBRIH. Ca11oe xopomee cor~a-
COB8BI8 K ~pHe BCeX liiBIIA nonyqeHO lliH ~ = 0.!5. 3aaqeBHR lliBBY KoppeJIR~HB npelCTSBne-

BY B ta6.111ue I. 

S. AiCCKYCIR H BYBOlY• 

Bo&MOSBOCT~ Cp8BB8SIH pe3yJII>!a!OB 1 nonyqaRHYX B ODICBHHOK 8KCH8pHH8HT8 1 C peayJII>TaTBKI 

lPYrBX pa60! BBJIH8!CR oqeai> orpaHBQeHBOR BBillY Se6on~moro KOJIHqectB8 aH8J!OrHqHYX pa6ot, 

H 13-88 p83JIHqBHX K8!8KaTBqecKBX Ke!OlOB o6pa60TKII peaylll>!STOB. 

Tell Be BeBee C ueJI~ DP8lC!8BJIBHIH peayJII>TaTOB paaHHX pa6ot Ha pac.1.12 HSHeCeHY 

taue 3B8Q8BBR ABHH KOppeJIBUHH, KOTopwe DOJIY'lHliH )AC ROT H AP• (16), a 'raKe rapm, 

Wann • ~BBHCOH (8). Paaalua, KBK'BBABO aa pacyRKa, ~oBoni>so aRaqaoren~HaH • 

YaSly Al[BBOR KOppeliRUHH.CDHHOB II KBrHH'rROI BOCDPHHIIQBBOCT~ cymeC!ByaT H8D0Cpe~CTB8H

BBH aaBICHKOCU ,'(X, l";) 2: ;' • EW!a C~enaHB DODHTKa HaRTII 067>RCRBBHe TaKOHY 60JI!>mOKy 

B8COO!Be!C!BBD peayJI~TBTOB DytBK cpaBHBBIH HBrHHTHOI BOCDPHHIIQHBOCTB ~JIB zeneae, 13KepeHHOR 

~ teKDepatyp JHI8 T, • 0KB8YBaetCR, QTO H B BTOR 06JIBCTI TeKnepatyp paCXO~HIIOCT;& 

peayJII>!aTOB ropaa~O 60lll>W8 !OQHOOTI ISHepeHIA. Peayni>TBTY 1 KOTOpae fiOllyQBJIH CBKCIIBT B 

nape (20)
1

0TJIHQamTCR Ha 6% OT peayn~TaTOB Apace H MHJ!Jiepa (21) B RB 3Q% 

ot peayni>TaToB noTtepa(22). Mozao npelnonoxHTI>, QTO aT~ pacxo~eaae 6uno BYBBaso se 

pa3liHqJ8K 1!8Kepl!8lll>HOA HeTO~HKH 1 8 B03HHKll0 BCJie~CTBBB CDBUil~HQ8CKBX CBORCTB pa3JIIlQHYX 

o6p83UOB. Hanpauep, BB HarHHTHYD BOCDPillliiQHBOCT~ lloryT OKa3aTI> BBKOTOpOe BJIIIHHB8 H8COB8p

meHC!B8 KpHC!aJIJIBQ8CKOR pemeTKB; napaHarHBTHYe 38rpR3HBHHB TBKZ8 OKa3YBaDT DOXOXee 

BJIHRHHe Ha uarSHTHym BOCfipHHKqHBOCTI>. 
~ ~ 

Cornacao teopeuqecKHK pa6otau (II,12) (X, r;) AOlllltHO CSau nponopulloHanso (T-T,) ~ 

KaK BHAHO Ha pBc.1.I3
1 
rpa~i!K ( K1 t;) :/.. B BH~a 88BilCiliiOCTH OT (T- T,:.) "'- AaeT AJIB (T- Tc.):> 

5°C "'-= r.so±o.o4. 

~ 
'• ' ~I 
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llpll E =0.10, 0.15, nado 0.20 npaueseHBB ecnp8»neHHOM ~opuyxu ~11m epa 

DPBKTIIqeCKB ~BeT TBKOH 118 CSMYH peaynbTST, a HMBHHO ~ =1.29% 0.4. HeHSBBCTBB npaqiBB 

OTKnOHBHIH OT STOI 38BHCHKOCTI ~ TBKnepaTyp dXH3KHX K TOqKe Kmp1. fipaE~8, ~Hmepa npe~EB

~en nOHEXBBBB TSKOro p~~B OTKnOHBHIA B SBEHCHKOCTI 4/3, O~HBKO MY BB UOIIBK C nOXHOI 

YEBPBHHOCTDm YTB8p~8Tb, qTo HBmH peaynbTBT~ HBXamTCH no~TEep~BHIBM TBOPHI ~~epa 

PeEHWM Odp830U H8dXD~88M08 OTKnOHBHIB MOEBT d~Tb E~SEBHO paanaqBHMI SKcnepiUBHTBXDBHMI 

yDnOEHHMH. Bo-nepEHX, no uepe DPI6XHIIBHBH K TeunepaType Kmp1 3H8qiTBXDH0 paCTBT 3BaqeBI8 

yrXOEOA paCXO~HUOCTH nyqxa HeHTpOHOE H p8CCqiT8HHWB nonpaEKH B8 yrnoEyD paapemaD~ CnOCOd

BOCTb OKBB~EBDT BXBHBIB H8 KOHeqHWe peayXD!8TB. Bo-ETOpBX, ~8118 oqeHD MBXBI rpa~HBBT 

TBMDBP8TypB B odpaane, XldO nOHEXBHHB MHOrOKpBTHOrO pBCCBHHBH EdXISM TBMDBP8Typ8 KDpl 

KOrJT OK838TD BXHHHIB B8 peaynDT8TB 13K8p8HHA. 

0K838XOCD HHT8p8CBHK, qTQ 3KCTpanOXHDBH DpHMOI qaCTI KpBEOI B8 PIC. 1.!3 ~0 napeceqe-· 

BHH 0 E8pTHK8XDHOA OCDD YK83BE8BT BB Cy~8CTBOE8BI8 HadOXDmOI, HO IOBaqaOI BenlqHHB JC1 • 

K COIISXBHID, BB~OCTBTOqBBH TOqHOCTD H3M8p8HIA BB n03EOXH8T cqJT8TD 3TOT BBBO~ TE8p~O 

YCTSBOBXBHRBB ~BK!OM. 

ID. ~CCp8ROE8HIB KpHTBqeCKOrO p8CC8HHHH D Xpoue 

OdOCBOESBIB 3KCDBPIMBHT8. 

Matepecym~e BBC B, COdC!BBHBO roBOpH, ~0 CIX nop e•e BB BBHCBBHBB8 MBrHBTBB8 CEOACTEB 

xpoua dBnH np1qaoA toro, "o nocne »BnonaeHBH sKcnepBueata c aeneaou dsxo pemeao ICCne~oBSTD 

KPITiqecKOB p8CC8HHIB BBA!pOHOE B S!OM M8T8XX8. Sa DOCXB~HBB rO~ SBTB~eppouarHHTHOI 

CTpyxType xpoua DOCBHmaHO MHOrO TBOPBTHqecKBX H 3KCnepBMBBT8XDHBX padOT C npaUBHBHHBM 

K8!0~8 ~~~PBKDIH BBATpOBOB K B~BHHqaouy KPHCT8nly. He BXO~H B no~pOdBOC!H S!BX pa6oT, 

KQIIBO IX, COrXBCBO OCBOEB~M BBEPnSK, KXBCCH~HDHPOB8TD BB n&e rpynnB. K DBPBOA, 6onaa 

KBOrOqiCXBBBOA, npHB8nB8118T !8 pa60TB, KO!O~e nBR HBTepnpeTSnHH 3KCD8pHMBHTBXDHBX 

peayXDTBTOB DOXD3ym!CR UOnBXDD MSrHHTHOA CTPYKTYPB C XOK8XH30E8HBBMH MOKBHT8KH (I-6); KO 

ETOpol rpynne O!HOCHTCH pa60TB, Od~HCHHD~B KSrHHTH~B CEOAC!BB XpOU8 npH DOUO~H BOXB 

DnOTHOC!R DOXHpB38UHH CnHHOB (7,8). 

EC!D BBCKOXDKO epryMBH!OB npOTHB DPHBRTHH TBOpBB X0¥8XB30E8BBBX CDBHOB B DOXDSY 

BTOpOA !BOpHB, BB!InHqHO~ ~H OdliBC!I M8rBBTH3M8. 3TH 8pryKBB!B DOnp06BO 06CynBJI 

Oaepxayaap (7) B CBOBA TBOPBTBqeoKoA pa60TB 0 BlnKBHCOB I ~p. (9) KOBCTBTBPOBSXB 

O!CY!OTBHB D8p8K8rBHTBOrO p8CCBHBBH BB~TpOBOB KSK BlEB, TBK I BBme TeunepeTypB Haena , 

KO!OpOB ~OXIIBO ROHEHT~OH B cnyqae JIOKBXHBOEBBBBX CDHBOB - 3!0 HBnHBTCH OnBHU H3 BBWBYK838B• 

HBX 8pryKBHTOB. TaK&e B nOnDBy !BOPHB BOXB DnO!HOCTH DOXHPH38DHB CniBOB ydenHTBXDBO 

CEHn8TenDCTBY8T IBKBHBHBB 3B!pODBI. fipHBHKBH AIH XOKBXH30E8BBBX CnHHOB EBXBqiBy OKOXO 

DOXOBBBB uarBBTOB8 Bopa Ba aTOM, HKeeK, qTo 88 B08P8CTBHIB BHTPODBI npHXOnHTCH 0,7 
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KaJiopHII sa rpanyc npa nep,exone 11epea toqey HeBXR (38.5°C). S!a aeJIBq 

8HB'IHTBXDH08 113YBHBHIIB SHTpOnHH, KOTOPOB nOXZHO XerKO BBdXDnSTDCH 3KCRB 

odaapyaBTD ato, KOTOp!ia npe~npHHIIJI e•e B 15153 rony roxD~as(IO), oneT: 

OTCYTC!BHB TBKOrO dOJIDWOrO HSMBHBBIH. BanOXHBHHWB n03;iiBBB donee DOnpOCIBJ 

eUKOCTI B6JIH31 KpHTBqecKOA TBUnep8Typ!i ROK83al!B, qfo H3UBBBBHB SB!pORBR 

p8EHIIJIOCD TOXbKO 0.0044 Ken/rpanyc (I!). 8!0 3HaqeHHB KOSHO nerKO Od~HC 

TBOPIH Oaepxayaapa • 

YqHT~B8H HepaapemeHHJD npodJieuy uarHHTHOA uo;~~enw xpoK8, aarepecso 

KpHTHqecxoe paCCBHBHe HellrpOHOB H CpaBHHTb 

lleneaa. 

ero c peaynDTataKB, 

2. MarHHTHBH CTPYKTypa XpOM8 no TBOPHB EOXH DXOTHOCTI CnHHOE. 

Xpou HMBBT o6~eKHOUBHTPHPOE8HHJD KY6Hqec¥ym CTPYKTYPY C DOC!OIHBOI 

llepeXOn 113 8HTII¢eppouarHHTBOrO COCTOHHHH B napauarBH!BOB BBCTYfi88! 

OKOXO 39 °C .HeATpOBHHB nH~p8K!lBOHBHB ICCXBnOESHHH DOIC838XI ROHBXBHIB BH: 

CBTBJIXHTH!iX OTpSliBHHA, COOTBB!CTBJD~ B OdpaTBOI pametKB Banpa: 

TOqKSU C KOOp;!IHHBTBKH Q1 = (0.96; 0; 0) II ~ = (1.04; 0,0). CornBCBO Tp• 

no~06BHU o6p830U nOBEJIHD!CH 8~8 DO nBS C8TBnXBT8 DpH OCTBBmHXCH ~Byx Be: 

TaKHU o6paaou, KB~BH roqKa KpHCT8XXOrpa¢BqecKOA o6pBTHOm pemeTKH OKPYII• 

KB C8!BXXIIIT8MIII, O!nSXBHHWMI OT HBB BB is 7;' • CorneOHO TBOPIR 0Bepxey88Jill 

BIB B XpOUB OCHOB~B88!CR BB Cy~BCTBOEBBHB BOXHOEOA DnO!HOCTH DOXI!pii38DI: 

~BMOCTH C nepHO~HqHOCTDD, BB COO!EBTCTEJD~BA DOC!ORBHOI pameTKB. BOXBOBI 

UXOTHOCTI B8M8rHBqeaHOCTH onpe~eneB ~8U8TpoU nOEBPXBOCTR ~Bpilll t 8 , 

ilnOTHOCTb B8U8rBIIqeHHOC!B nBH XIIHBRBBX EOXB EBpBIIBBTCH ~puynol 

.. 
)1 (f):: IZJ'l f'c,~ e;cp(l.lii6r)c().s{fir), 

r~e n.:: ~ft711, )' - HanaeTCII uarHeTOHOU Bops, G - EBittop o6panoA 

COOTBBTCTEBHHBA YBrBHTHHA l))opM~SKTOp, P, - HBXHBTCH BBXIII'IHBOI, 8 l -
DOXHpH38DHH. 3Ta l))opuyna OTHOCIITCH K TBK H83!iEBBUOA 11rHdKOA 11 UOnBXI(~ 
B KOTOpOA nXOTHOCTD nOXHpi18BDIIH CnHHOE HUBBT B KS~OA aneUBHTBpBOI llqBA 

nOEBnBHIIB, KBK EOXB8 DXOTHOCTH CnHHOB AnH 3XBKTPOHHOrO rasa. 

B KpallHeR UOnBXI, TBK H83~BBBYOR 11 T:Bep;~~oA 11 KO;!IenB { ~) 
DOXI!pH3BUHH cocpenOTOqeaa BOKpyr HOHS B UBHTpe 3XBM8HTapHOA H'BIKH. lloa 

qaCTD EOXHB DnOTHOCTH CnHHOB DOXHOCTb~ onpe;&eni!BT SMDnHTYnJ H H8np8EXBB 

STOY cnyqae, KBK DOKBSBX Oaepxeyasp , nxo~HOCTb HauarseqeuaocTI EBP 

31 



o, 0,15, na6o 0,20 npaueseaae acnpaunesaoK ~opuynu ~amepa 

ze caYYH peaynLTBT, 8 HU8BBO ~ =1,29% 0,4. HeaaBeOTBB npH~BBB 

CHUOCTH ~ Teunep&Typ 6HH3KHX K TO~Ke K»pB. llpauna, ~Hmepa npenBH• 

OTKnOHBHBK B 38BHCHUOCTB 4/3, onBBKO UH Be uoaeu 0 nOHBOH 

qTO HBWH peayHLTBT~ HBHHDTOH nonTBepzneseeu TeopHB ~xmepa 

OTKnOHeHHe UOZeT 6~TL B~BBBHO paanHqHHMH SKOnepBUeBTBHLHHUX 

no uepe npe6HHZ6HBH K TeunepaType K~pB 3BB~BT8HLHO PBCTBT 8B8~8BI8 

se~posoa a pacc~BTBB~e nonpaBKH sa yrnoay» pa8pemam~ cnoco6-

aa J(oseqHHe peaynLT&TH. Bo-BTop~x, naze o~eHL uan~H rpanaesT 

HH60 nOHBHBHHe UBOrOKpBTHOrO pecceHHIH B6HH3H TeUnep&TypY KDpB 

sa peaynLTBTH aauepeseK. 

HHU, qtO 3KCTp&nOHHUBH npHUOI qacTH KpiBOI BB pHC. 1.I3 AO D&peceqe-· 

YK83~B88T HB cymecTBOBBHBe H860RLWOI, BO IOBeqaOI BBHB~HBH Je1 • 

o~nuuaa TQqBQCTL H3UepeHII Be D03BOHHeT C~BTBTL 3TOT BHBOA TBepno 

roaopa, AO OIX DOp eme BB BHHCBeHHHe UBrHBTBH8 OBOIOTB8 

nocne aHnonseHHH axcnepauesTa o zenesou 6~no pemeso aocnenoaaTL 

B BTOU ueTanne. 3a nocnenaae ronH aaTaweppouarHHTBOA 

TeopeTa~ecxax a axcnepeueaTanLaax pa6oT c npaueaeaaeu 

K BAHHH~HOyY KpHCTBnny. He BXOnH B nonpo6BOCTH BTHX pa60T 1 

BHB9ABU 0 KnBCCH~B~BpOBBTL BB nEB rpynn~. K nepBOI, 6onee 

Te pa60TH 1 KOTOp~e AHR HBTepnpeTBDIB 3KCDepBU8HT8HLHYX 

0 HOK8HH30BBHBYUH UOUBHTBUH (1-6); KO 

UBrHHTBYe CBOHCTBB XpOUB DPH nouo.- BOHB 

DPBHHTHH TeOpHI HOK8HB80B8BBYX ODHBOB B DOHDSy 

AHH o6naoTa uarseTaaua. 3Te apryueBTY nonpo6so o6oynan 

TeopeTaqecKoH pa60Te, BBHBBBCOB I AP• (9) KOBOTBTHPOBBHB 

paoceHBIH BBITpOBOB KBK HBze, TBK H BYWB T8UD6paTypH HeenH 1 

H B OH~Be HOKBHBBOBBBHYX ODKBOB - 8!0 HHHHBTOH onBBH 18 BYWBYK888B• 

ITOHL8y TeopBI BOHB DnOTHOOTH DOHHpH88UBI ODIBOB y6enMTBHLBO 

BBTpOnHB. llpHBHUBH AHR HOKBHH80B8HBYX ODHBOB BeHB~IBY OKOHO 

Ba aTOU 0 MUeeu, qTO HB B08PBCT8BI8 3HTpODBI npaxonHTOH 0,7 
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xanope11 sa rpanyc np• ne,exone qepea TO~KY HeenH ( 38.5° C). S!a aenause xepaKTepeayeT 

3H8qHT8HLHOe H3U8H8HIIe SHTpODBH, KOTOpOe non&HO nerKO HS6n~nBTDCR 3KCDepBU6HT8HLBO. llODHTKB 

06Hapy&BTb 3TO, KOTOp~e npennpBHRH eme B 1~53 r~ny ronLAUBB(lO), OT~eTniJO DOKaaanB 

OTOYTOTBHe TBKOrO 60RLWOrO BSUeBeHBR. B~nonHeH~8 nOS~Bee 6onee DOAp06BHe 113UepeHIH Tenno

eUKOCTB B6HB8B KpHTHqeoKOI Teunepa!ypH DOK83Bnl, qTO HSUeHeHBa SBTpODIR B TOI TOqKe 

paBHRnOOL TOHLKO 0.0044 KBH/rpanyo (II), 3To 3BB~eHH8 UOZHO nerKO o6~RORBTL 0 nouomL» 

TeOpBH Oaapxayaapa 

YqiiTHBBR sepaapemeHHJ» npo6neuy uarHHTHoK uonene xpoua, estepecHo eccne~oaaTL 

KpHTHqecKOe paCC8RBBe HeATpOHOB H cpaBHHTL 

lleneaa. 

ero 0 peayHLTBTSUH, nonyqeHHHUH AHR 

2. MarHHTHBR CTPYKTYPB XpOMB no TeopHB BOHR nnOTHOCTB CnBBOB. 

Xpou HM88T o6~eUHOU6HTPHPOB8BHYD xy6aqecY;y» CTpy8!ypy 0 DOOTORHHOR pemeTKOA Gt = 2.88. 

TiepeXO~ 113 SHTHWeppOUBrHBTHOrO COCTORHHR B napauarHHTBOe BBCTynaeT Dpl T8Kn8p8Type 

OKOHO 39 °C .HeATpOHHHe nB4iPBKDHOHHHe IOOHMOBBHBR DOit838nB DORMesae HH&e T8Kn8p8TypY Hee.u, 

CSTenHHTHUX 0Tp8ll8HHI 1 OOOTB8TOTBY»mHX B o6p8TBOI pemeTK8 BanpaaneHBBU [100) K 

TOqKBU 0 KOOpnHH8T8MH (]1 = (0.96; 0; 0) H ~ = (1.04; 0,0), CorHSCHO !pe60BBHBHII CHUUe!pHH 

DOA06BHU o6p830U DORBHR»TCH eme DO naa OSTeHHBTS DpH OOTBBWBXCR ~Byx BBDp&MeBBBX Y H Z , 

TaKBU o6paaou, KB~SH TO~KB KpHCT8HnOrpB4!Bqec¥.OI 06paTBOI pemeTKB OKpyzesa meCTL» UBrHIITBY• 

ua ceTenni!Taua, oTnaneHBHIII4 OT see sa Is Z' • Cornaoso Taopaa Oaepxayaapa,uarsaTsoe ynopiiJioqe

sae B XpOIIB OOBOBYBBeTOR HB OYmBOTBOBBHHB BOHHOBOR DnOTHOOTI DOHHpiiBSUBH aneKTpoBOB DpOBQ

~BUOOTH 0 nepHO~HqHOCT~, Be OOOTBBTOTB;y»meA DOCTORBHOR pemetKB. BOHHOBOI BeKTOp Gi 
DHOTHOCTH BBUBrHBqeHHOOTH ODpeneneH AHBUeTpOU OOBepXHOOTB ~8puJI 1 8 IUBBHO Q = 2 Kp • 

llnOTHOOTL BSKBrBBqeHHOOTB AHH HHHe~BYX BOHB BYpaaaeTOR ~puynoA 

h (i) = n.l'l ~I f!lfp(J.lii.6r)c41(tir). 

!J.I. 
J - ~ 

ue n.= *PjJTt'l., )I - RMHBTOR uarHeToaou Bopa, G - aeitTop o6pa_:soH pemeTKB, a ,. 4 
COOTB6TOTB8HHYI UBrHHTHHI ~pU~SKTOp, P, - HMH8TOR BeHH~BBOH, 8 e - HBDPBM8BB8U 

nonRpH38UBH. 3!8 ~puyna OTBOOHTOR K TSK B83~B86BOI "rH6KOII11 UOAeHB (~ ~ ~~ 
B KOTOpoll nnOTHOCTL OORRpHBBUHH OnHHOB HUeeT B KBJ~AOI 3H8U8HTapHOI aqeiKB Toqso TBKOe &e 

noae~eHHe, KSK BOHHB nnOTHOOTH CnBHOB nnH aneKTpOHHOrO rasa. 

B KpallseA uonen11, TBK sea~aaeuoK "TBepnoA" uonena { ~) , BOHBB DnOTBOCTH 

nonHpH38UIIH cocpenoToqeHa BOKpyr BOBS B U6HTpe 3H8M8HTapHOI H~eHKB, ll03TOyY ~eHTPBnLHBH 

qacTL BOHH~ DnOTHOOTH CDHHOB DOHHOOTL~ ODpe~enHeT 8UDnHTyny H HanpBBHeHHB OOHRpHSBUBio B 

3TOU cnyqae, KBK DOKBSBH 

~ 
Ouepxay8ap , fiROTHOCTL HSMarHHqeHHOCTB BHpaaaeTCH ~puynoA: 

\ ,, 
3I 



t11 (r): _/l Po[fu(r-f.J/ 2 cos (if). 
IJ.2. 

CyuKHPOBBSIB DPOIBBO~B!Cft DO TO'IKBK KpHCTB!liOrpa~B'IBCKOI pemeTKB, 8 KOB~BUBBST~~ypDe 

npeo6p880B8SBH ~YBKI{B! (2) HKBDT BH~: 

h =Mi. ~L e.xp{27h.f()c()s ~i. 
K / r~ ~.. , IJ.3 

r~e k: 27!G tQ HBJille!Cft BBKTOpOK p8CCBHSBll. IJpi!SURDI!BJIDB8ft p&3HBI{B lfe:IJ!Y ~Opll;y
!BHI, ODHC~BBD~MH 068 KO~BJIH, 06~HCHliB!Cft cy~eCTBOBBHHeM p83BYX KSrHHTBHX ~BKTOpOB ,t~ B 

/K . .llJia "ra6xol" ao~ena auaqeaae aarHIITBoro qJBKTopa {& a&BIICIIT OT Be~opa o6paTHolt 

pemeTKI jj. , 8 He 0! BeKTOpa pacceaBHH, KBK B 11TBep~Oit 11 110.zteJIH. B aaBI!CHIIOC!H OT ~~S~ Q , 
caTennBTH Toqxa G uoryT nezaTD aaa 6Jna:e, taB • ,naJIDIIB OT seii. 

ECJIB DpBH8HIITD "rH6Kyll KO~BJID K XpOify, TOr~a TO'IKB {J (0.96,0, 0) l!BJili8TCll caTBJIJ!IITOK 

TO'IKI (0,0,0), a !O'IKB ~~~~ (I.04,0,0) - caTBJIJIHTOK TO'IKH (2.0.0). 

ECJIB 068 TO'IKB Q1 H Q2 JIBZBT B6JIII311 TO'IKII (I,O,O), TO COOTBeTCTBeHHHe Hll HHTeHCHBHOCTH 

O!pBZ8HHft BeiTpOHOB ~OJIZBH paaJIB'laTDCH sa aopft~OK B8JIH'IHH~. llpi!HIIIf&ll BO BHHKaHHe npoaopuao

HBJIDHOCTD H&rHHTHOrO 0Tp8:18HHH BeJIH'IHSB I'~ 1 CQHT88M,GTO CHllhHHKH OTpa:leHHliMH Ha BOJIBax 

nJIOTBOCTB CDHBOB B 11 rH6KOit11 KOJ18JIH HBJIHDTCH CBT8JIJIHTH TO'IKH (0,0,0). ~pyrHe OTpazeBHll H3-38 
z 

M8JIHX ~6 . aoryt 6HTD naze TPY.ztBo aaueTB~IIH. 
HHT8BCHBBOCTH CaTeJIJIHTBHX 0Tp8:18HBit B 11TB8p,nolt" IIO,li8JIH Be 6yJIYT ,liH~epeHI{HpOBaBH, TaK 

KaK 3BB'IBBHB IIBrBHTBOrO ~aKTOpB B STOll cnyqae S8BHCHT OT B8KTOp8 p&CC8HBHllo ECJIH 3T8 MOJ!eJID 

DPIM8BHKa K XpOKy, TO, ODyCKaH BOnpoc 0 DOJIHPH38I{HH, CJ18JIOB8JIO 6111 OZHJIBTh npeBHWBBHB DOPll.ztK8 

IO% HBTBBCHBHOCTH cateJIJIHTOB Q1 BBJI HBTBHCHBHOCTl!llll CaTBJIJIHTOB 6(2. • 

JH~paRUHOHH~e B8ltTpOBBH8 ISMepeHill DOK838JIH (pac.IJ. I d ), 'ITO pa3BHI{8 HHTeHCHBBOC!el 

~!ft 060BX CBTeliJIHTOB ftBllli8TCll B8CKOJIDK0 60JIDII81 H B HTOre COCT8Bllli8T 30%. 0Bepxayaap B 

CB08lt T80pHII rOBOPHT, 'ITO BBTHqJeppOif&rHeTHSM XpOKa UOZeT Cll8JIOB8TD HS nocpeJ!CTBBHROI 
\ 

KO~eJIH, 'ITO KaZBTCR BepORTBHK, 160 068 npeJ!CTaBJIBHBH8 rHDOT83~ l!BliHilTCll HJI88JIH3HpOB8HH~KH 

I ODHCHBBilT KpaltHHe CliY'IBH BOJIB DJIOTROCTH CDHHOB. 

3. 0DKCBBH8 8KCn8pHKeHT8 

Beppyu-»m~ep, BnHBoBCKH, MaKKHBtom a Bpaya (II,I2) BHDDJIHHJIH axcaepauesT 

BB TOM ze CBKOM CD8~pOKeTpe S8ltTpOBOB H DPH HCD0liD30BBBHH ~pyrHX ~068BO'IHHX yCTponcTB, 

KO!OpHKH DOJ!h80B8JIHCD UpH HCClle~OB8HHRX KpHTH'l8CKOrO paCC88BHR BeltTpOBOB B xeneae. HeKOTO

pas KO~H~HK8I{BR YCTBHOBKBDO OTHOWeHHmK npe~HJIY~el KaC8li8CD paCCTBBOBKH o6p&SI{B H8 OCH 

8H8liHSHpym~ero CUBK!pOKetpa. S'fo 611110 BHSBBBO D0Tpe6HOCTDD apOB8J18BHR H8M8p8BH~ BJ!Oih 

onpe~elleBBHX KPHCT8llliOrpa~H'l8CKHX aanpBBJIBBHit. BnarOJIBPR Be38BHCHUOMy UOBOpOTY CTOJIHK8 

32 

• 

o6p&SI{8 H Ul8'18 caeKTPOHe!pa KOZHO 6HJIO HCCI8JIOB8TD .ztH~paKUKOHHH8 a~eK! 

B o6p8!BOK pem8TK8 B6XR8H TOqKR (I,O,O) I (0,!,0) B npOHSBOIDBHX RBDP8BliE 

Mosoasepretaqecaal Uf'IOK aelrposoB c ~aao~ BOJIBH A = o.sssAi 6Hll 

OtpazeBBH OT KpBC!alll8 UIBK&. ~ yc!paseSBR apHKeCH BTOpOrO DOpl!~KB, KO! 

B8CKOIDK0 npOU8BTOB, nepe~ KOIJIHK8TOPOK CG8T'IHK8 6HJI UOHe~eB ~liDTp HS ap 

TeaaepaTypa D8'1H CT86HnH3HpOBali8Ch C TO'IBOCTDil ± O,I°C apH DOMO~ T 

yCT8BOBKH, KOTOpolt 00liD30BBliHCD ·a HSKepeBHRX C :1818301. 

4. llaKepeBBR 

PeaylhT&rH H3MepesaH,npoBe.zteHH~ npH KOMHB!SO! teunepa!ype (23°C) UOK , 
I. Ha pacysKe BI~HH C8T8liiH!~, npHB8JII8ZB~Ie COOTBB!CTBYDQBB TO'IKBK o6pe! 

TOZe DOKB38BBHe BB 3TOK :18 pHCYSKe. fpa~HK "~ C~ ,, DOS83HB8 

M&rBHTHHX OTpazesalt B~OliD Baap&Bll8BIIt Jl00/ H JbiO}. o!H KPIBHe UOKB8WBBD 

BOllS BaMarRH'leSBOCTI noaepe'IBOit UOIRpH8ai{BH RBllfi8TCH 60ihmelt JIIR jtOOJ, •q 

Bepol!TS0
1

npaqaaon STOK 8CHKM8TPBH 6~ll0 TO, 'ITO BCCJie}!yeMHit KpHC!Bllll XpOHa 

UBTO~OK DpOKaliKH DOJI B8Dpli:18SH8M H '18CTH'IHO COXp8B8BBH8 BBYfpeBBI8 BaDp~ 

o6p8SOB8HB8 H8CHIIHeTpHqBoro BHYTP8HH8rO KBrBHTHOrO DOliRo TaKas HB!8pDp8T 

C pesyliDTBTaMH, KOTOp!i8 DOJiy'IHliK MOBTaKBO B MapKyC (I3) 1 HCCie~ 
CBOHCTB8 XpOM8,0Xll8~8SBOrO BHX8 TO'IKH 88818 B CMIDHOU KBrBHTHOM UOJie. 

BSHUBHHB peayliDTBTH BTO~ pa60TH 61illO npOB8J18BO DOJiy'leRBe K&rBHTBO~ aHHBOT 

nYfeu aarpeBa ero .zto tewepaTypH B~me teunepaTypH Hell!H , a aaTBB oxn 
xoUHataoK teuaepatyp~ B npacyTCTBRH aapyasoro aarHHTBoro nona. ITone aaapa. 

I kOe npHKJI8~BaiOCh Dapan&BnhHO K Hanp&Bli8SHD fl00}. Cp&BB8HHe KST8BCHB 

OTpazeHBM (IOQ) H (OIO) DOK93810 YU8HDII8HHe nepBOrO H3 HBX sa 8%. IJocne B' 

B8 BHWe TN H 0Xll8:1~8BHH 6ea UOil! ,110 TO! lite cauolt TeKaepaTypH, HSTeHCHBH• 

K CBOHU CTBp~K SBa'leBHHM •. JlOUOliHHTellbSH8 HCCll8J!OB8HHll JIIR 6oll88 DO~po6sor• 

SToro 3~8KTB 88 6HIH apo~,neBH, ITOSTOMy HST8pnpeTBUHR ero BepDKB 88TPY.ztH 

Hanpauep, IIIBPBB R TaBeA ( 4 )
1 

apoBO.ztR aaenorK'IBH8 aaKepeHBR C nolle 

aaueTHlll BBKBKOrO H8U8BeHHR B HHT8HCHBHOCTH• 

Ha OCBOBBBBB 1!3Kepeaalt uarBHTHHX OTpazesalt BHll8 TO'IKB Henns (plc.IT.I 

R8HliY'lii8H DO.ztrOHKH KpiB~1BH'IHCJI8SBHX ~~H MarHHTSHX 0Tpazesalt,6HJII onpe.zte: 

TypBBR ~YHKI{HR palpemBSHll, MBrHHTBH8 ~eKTOpH, CT8D8HD DOliRPK38UBH I ~a~o; 

~e~pMai{HD Ky6H'l8CKOit CIMU8TpHH. Ha pHCysKe BH.ztKO, 'ITO DOlly'IBHO XOpomee Cl 

HSKepeHBI apOB8~8B~ B6JIH8H TO'IKH (IOQ). Corli8COB8HHOCTD C B8MepeHHRIIII, I 

K TO'IKe (OIO), 6111!8 B8YJ10Bli8TBOPHT81hHOit, npH'IHHOit 8TOMY MOrliO 61iTD aecxo: 

:188118 KpHCTB!Ia,noCJie 060pOTa JIIH npOBe~eSBH H8H8peBBI BOKpyr TO'IKB (010) 

33 



l PoX /t~(i-l Jj 2 
cos (ii). 

/., Il.2. 

no roqKau Kpucrannorpa~uqecxol pemeTKB, a Koa~HUBBHT~~YP»B 

fE {xX e.xp(27ii,f[)cos QL 1 
i.. 

rr.s 

HBHHBTCH BBKTOpOU pBCCBHHBH. IlpHHUBIT~BR»HBH P83HBDB ue~ ~Opuy

UOABRH, o6~HCHHBTCH cymecTBOBBHBBU PB3HYX UBrHBTHYX ~BKTOpOH ~~ B 

3HaqeHB8 uarHHTHOro i}BKTOPB hr 38BHCBT OT HBKTOPB o6pBTHOit 

BBKTOp8 paCCBHHHH, KBK B "TBep.ztOit 11 MO.ll8RH. B 38BBCHUOCTH OT .ztnii!H~ Q , 
RBZBTh KBK 6XHKB, TBK B .ztBR»RB OT Bee. 

UO.ztBRh K xpouy, TOr.ztB TOqKB Q (0.96,0, 0) HBRHBTCH CBTBHRHTOU 

~~ (I.04,0,0) - CBTBRRHTOU TQqKH (2.0.0). 

H Q2 RBZBT B6RH3H TQqKH (I,O,O), TO COOTBBTCTBBHH~e HU HHTBHCHBHOCTB 

pa3RH~8ThCH HB ITOpH.ztOK BBR~qBH~. llpHHHUBH BO BHHUBHHB rrpoDOPDBD
~ 

~TDBZBHHH aen~q~He ~'~ , cquraeu,qro CHRhH~ 0Tpa%8HHHUH Ha BOHHax 

(O,O,O). ~pyrue orpazeHBH ~a-sa 

OTpBEBHBit B "Taep.ztolt" MO.liBRB He 6Y.llYT liH~epeHDHPOBBHH, TBK 

UO.liBR» 

OZH.li8Th rrpeB~WBHHB ITOPH.liK8 

t/1 HB.ll IIHTBHCBBHOCTHUH CBTBRRHTOB ~J! • 

lltTpOHHHB BBUepeHBH DOK838RH (pHc.Il. I d), ~0 p~3HBD8 HHTBHCIIHHOCTBI 

lanHBTCH HBCKORhKO 60Rhmelt H B HTOra COCTBBRHBT 30%. 0Bepxayaap B 

BHTHI}eppouarserHau xpoua uozer cne.ztoaar» ma rrocpe.ztCTBBHHOI 

B60 o6e ITpB.ztCTBBRBHH~B rHITOTBSY HBRHDTCH Hli88R~3HpOB8HHYUH 

BORH ITROTHOCTH CDIIHOBo 

U8KKHHTOW II Bpays (II,I2) B~DORHIIRB 3KCnepHUBBT 

HBHTpOHOB H npB BCDORh30H8HHH .ztpyrHX .zt068BOqH~X ycrpoRCTH, 

HCCRB.liOBBHHHX KpiiTHqecKoro pBCCBHHBH BBitTpOHOH B zeneae. HeKOTO

DO OTHOWBHHDK npe.ll~liYmBit KBCSRBOL paCCTBHOHKB o6paana HB OCB 

3!0 6YRO BY3BBHO IT0Tpe6HOCT»D npOBB.liBHBH IISUepeHHlt B.liORh 

Banpaanesult. Bnaro.ztapH BBBBHHCHUOyY DOBOPOTY CTORHKB 
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o6paana H rrneqa CDBKTpOUBTpa UOZHO 6wno HCCXB.ztOBBTh AH¢p8XDHOHHHB 3~BKTY, npOHCXO.liHmHB 

B 06pBTHOit pBWBTKB,B6XH3H TOqKH (I,O,O) M (O,I,O) B npOHSBORhBHX HanpaBRBHHHX. 

MoHoaH~prB!aqecKHlt nyqoK seiTposoa c .liRHBolt aonaH A = 0.855Ai 6Hn rronyqes uero.liOM 

OTp8ZBHHH OT KpHOTBRXB DBBK8. ~ YOTpSHBHBH npHUBOH BToporo DOPHliK8, KOTOPBH COCTBBXHRB 

HBCKOXhKO ITPODBHTOH, nepe.zt KOXRHUBTOpOU cqerqHKB 6Hn nouemeH i}HRhTp H3 ap6HH. 

Teuneparypa ueqa cra6HnH3HpoaanacL c roqHoCTLD ± o,I~C npu nouo~ rolt xe cauoa 

YCT8HOHKJI!, KOTOpolt DORL30H8XHCh B HBU8p8HHHX C zeneaou. 

4. >lauepBHBII 

Peayn&rarH uauepeHHK,npoae.zteHHHX np11 KOUHBrHolt reuneparype (23°C)
1

rrouaaaHH aa pac.Il. 

I. Ha pHCYBKB HH.liHH CBTBRXHTY, npHB8~BZ8mB8 COOTBBTCTHYDMBU TOqKaU o6p8TH0lt pemBTKH, 

TOZ8 ROK888BBH8 HB STOM :&e pHCYHKe. fpa~HK 11 ~ C~ ,, DOK83YB88T XO.ll IIHTBHOHBBOOTI 

uarHHTHHX orpaZBHBH B.liOXL BanpaaneBBit [IOOJ II /0!0}. 3TH KpBHYB DOK83HBBDT, qro 8UDRHTY.ll8 

aonH sauarsuqeHHOCTB rrouepeqaol rronapuaan•• HBXHBTCII 6onhmelt .ztnH /tOO], qeu .liRH fOIO]. 
BepoRTH~rrpuqHHcH aroU acauuerpHH 6Hno ro, qro accne.ztye»YH Kpucrann xpoua 6~x rronyqeH 

UeTO.llOU ITpOK8XKH ITO.ll HanpHZBHHBU H qaCTBqso COXPBH8HHY8 BHJ!pBHHHB BBDp~eHHH BH8BaiB • 

o6paaoaaHBe secuuuerpuqHoro BHyrpeHHero uarsarHoro uona. TaKBII HHrepnperaDHII corxacyercl! 

c peaynLrarauu, Koropye rronyqanu Uosranao • KBPKYC (I3),uccne.zt1R uarHHTHHe 

CBOltCTHB XpOU8,0XH8K.liBBHOrO HHZB TOqKH HeeXH B CHXLHOU UBrHHTHOU none. IlpHHIIM8H BO 

BHBIIBHHB peayRLTBTY STOlt pa60TY 6YRO npOBe.zteHO ROnyqeHH8 uarHHTHOit 8HH30Tp0RHB B XpOMB 

rryreu Harpeaa ero .210 reunep~ypy BHme reurreparypH Henn~~ , a aareu oxna~eHBH .210 

KOUHBTHOH TBURepa!ypH B npHCYTCTBIIH HapyZHOrO uarHHTHOro ITOXII. Ilona H8DpHZ8HHOCTLD OKOXO 

I kOe DpBKR8~B8XOCh IT8p8n!BILHO K H8Rp8BXBHHD fl00}. CpaBB8HB8 IIHTBBCHHIIOCTBI .liRH 060IX 

orpazenal (IOO) 11 (OIO) noKaaano yueHLmeuae rrepaoro ua sux He 8%. nocne arop11qsoro Harpe

aa HHWB TN II OXHBZ.ztBHHH 6eS ROXH .210 TOit Ke C8110lt TBUDeparypH, HHTBHCHHHOOTB BBPH?RHOL 

K CHOIIU CTBpHU asaqeHHIIM. J!OROJIHHT8JlhHH8 HCCJIB.liOBaHHII .liRH 6cnee DO.llp06Horo IISyqeBBH 

aroro .3~8KT8 He 6HXB DpOBBA8HW 1 DOSTOyY HHTBPRPBTBDHH eFo aepLua 88TPYliHHT8XLH8. 

Hanpa11ep, IIIHpas 1 Tasel (4), upoao.ztB aHanoraqBHe uauepeHHH c none• fO kOe_, He 

88UBTHXH HHKBKOrO HSIIBHBIIHII B HHTBHCHBHOOTII• 

Ha OCBOH8BHH HSUepeHHit UBrBHTBHX orpazeHHit HBZB roqKH Henna (pHc.Il.I) UBTO.ztOU 

HBHnyqmelt DO.ztrOBKH KpBBHX,aHqHCRBHBYX .liXH uarHHTHHX OTpazeHHit,6YXI onpe.ztene&H: anrrapa

TYPHBII ~yHKDHII PBlpemeHHH, uarHHTHHB ~BKTOpY, CTBDBHL n~~HpHaanHH H ~SKTOp, yqHTHHBDmHH 

.zte~puanBD KY6Hqeoxol CIIUUBTPHH. Ha pHCYHKe BH.liHo, qro nonyqeHo xopomee cornacae .liRII 

uauepBHIII rrpoBe.zteB~ H6AHSB roqKH (IOO). CornaCOBBHHOCTL C HSMepeHHIIUH, OTHOCIImBMHCH 

K TOqKB (OIO), 6Yn8 BBY.liOHJIBTBOpHTBXLHOit, rrpaqHHOlt 3TOUY uorno 6YTL BBCKOXhKO KOCOB DOXO

ZBBHB KpHCTBU8,DOCX8 OClOpOTB .UH ITpOHB.ztBHHH HSUepeHHit BOKpyr TOqKH (010), B KOTOpOII 

' ~ 
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aeAtpoBH aeuaoro peooemBanBo# aa ~pyrol qaotK oOpaa~. H&Mepe&aa, BWnonueaase ~ te»ne
patyp, H8QBB8R 0! 39°C BDKO!# AO 400°C, O!Q8!AIBO ROB838XI DO&BieHHe KpB!HQeOKOro p80081-
HBRo Peayn»T8!H 1 no~eHBH8 ~ !OQKH 00pa!HOI pemetBB (!00) B BanpBBn8HBH 0!0 1 ROB8-
3BBH 88 pHOoll 2. llOXOaae B8W8peHBR, O!HOOR~80R B coce~Hel !OQBe (0!0) 00HBP11&1Bt ~0 
BYBe !OQBB Henn~ »lrBB!B8R 8HH80!pOnBR HCQeBaet. 

5. 3~peKTHBHOe ceqesae KPH!BQBCKOrO paCCeBHHR. 

Ma~BR HBTBBCHBHOCT# B KpH!HQBCKOU paCCBBHHH He R03BO.l!Bn8 RpDBBCTH 8B8nHB BBeprBB 

pSCCBRBBHX HBITpOBOK. H!IK 1 B8 KOHCT8!~pOBBH0 1 B KBKOI CteneHH pSCCBBHHB BBATpOBOB B XpOM8 

BBnBB!CB BeynpyrBM. 0CHOBHB88Ch,OABBK01 H8 peaynhT8!8 HCCnBAOBBHBI 0 B8.11830M, MH ROnh30BI-

.liHC# CT8THCTHQ8CKHM npHO.liHBBBHBM, RpHHHMSB1 QTO rrpeaeOpeBBBHB HeyrrpyrOOTB B8~8T ~ 

peaynuaTSH,. rrpl!BO,ltRIJIHM B H8l!XY.ltmeK CJiyqae K BeCKOJI#KORpO~eH!HOI omHOKe. 

~OpMy.ll8 a~eKTHBHOrO CBQBHHB B CTBTHQeOKOK npa0nHBeHHB .ltJIB KPHTHQeCKOrO p8CC8BBBB 

B6JIB3H !OQKH o6p8TBOI peme!KH BH88! BRA CyKMH,pBCTBrHBB~IIIB~CB HB 6 CB!BXXH!OB BOKpyr 

KOHIIB BBK!Opa "f ! 

riAr -:I 8~(R)j1(f,.- ~~ 
till -- r ~[r;- f J .,. z 

Z'm 1 /1r I 

(ll.4) 

rAe 'fm:: f: + ~ , I (f) aanaetcR uersii!BHM l))opu«lJaKtopou .ltJIB "ra6Kol" HO,llena. CornacBo 

TBOpHB 0Bepxayaapa napauetp ,e HK88! npoK~OQHOe 3BBQeBI8 M8B,lly !8MB, KBKHB rrpe~l-• -
AI! o6e IIO,li8JIR. ~BKTOPfi 8.p ( K) yQH!IiBBM KB:I,lly ,llpyrHKB BKnnB!y;IUII R RO.l!BPRBBIUUI BOJIB 

n.l!O!HOC!H CRHHOB. 

6. Peayn»tB!Ii 

llon»BYBC# «lJopuynol (ll.4),npH ROMOIJIB BHQHC.l!H!B.li#HOI MBmBBH npOBB,liBBO cp8BB8HH8 

TeopeTHQeCKHX KpHBiiX 0 peay.li#!BTSMH aauepeaBA. Cao6o~BiiK napalletpou, nO KO!OpOyY HA8! 

RO,llrOHKBJRB.liR.liCR ~/ 1 TO BOTh B8.liHQBB8 00pe!B8R BCBOIIOA A.l!HB8 KOpp8.11RQHH CnBBOB. 

He pRe. n.a noKaaaBH teoperyqecKHe JtpHBYe, AB~IIIBe sa11 nyqmee npacnoco6ne&ae K 

3KC08pBUBHT&nhBHM !OQKBII. B!iQHC.li8BHR 3B8Q8HBR ~/ 61i.l!O npoB8A8HO A.l!B BC8X 3KCD8PHUeB!8.llh

BiiX ABHHiiX 88 PHC. ll.2, O,liHSKO A.l!R 6on»mel RCHOCTH 88 pBc.Il.3 noKa3aBO TO.li#KO BICKO.li#KO 

KPBBiiX. KaK 61iHO rrpe,liBHA8HO, ~ OK888HOC# B npe,llenax !OQHOCTI 3KCDepH118H!8 Be 3aBBC~eA OT 

teunepatyps. 

Ha~eBo, qro teurreparypa~ aaB~CHMOCT» x, 

x12 ~ (T- TN) t. 1 t o.t 
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HOKHO npeACTSBH!h B BH,ll8! 

Kpoue !OrO, ~IBB KOPP81B~I CRBBOB BKeet KOBeQHOe 3B8Q8BI8 B !OQKe 

a~ec» BBABO 6oaee otqetnBBo qeu ~B aeneas. 

?. BsBO;IUII. 

llp8AC!8B.l!Re!CR BBTepeCBKK cp8RBeHB8 11eB.lt1 teunepaTypBOI 38BBCBIIOC!AD 

pBCCeBBBHX Bel!pOBOB B xpOMe C BHBnorHq&HKB peSy.llhT8T811B A.l!R 88.11838, ROK8 

II B 4. KpatnecKOe pacceRHBe B sB.llea,e acqeaeeT oqea» 6Yctpo no uepe BOap 

!8BD8patypw. ~B&Qe rOBOpB, CB.llbBKe ~KTyBQHB B811BrHBq8BHOCTI, OTBe!CTBeB 

paccea&le B seneae, BHOTyrramt B ae6on»max rrpe,llenax Teunepatypy Blima toqKB 

83 WtppollarBH!HOrO COC!OBBIR B napauarBH!BOe BSCTyDBeT npBRIIBDHBH#HO B np 

AH&nOrHQBHe «lJn~KTYBQIH B xpoue, CBR38HBHe C rrepeXOAOM BB!H«lJeppouarHM' 

B D8p8MBrHB!B08 COC!ORHBe, BCQ888M donee yuepeHHO, KBK 8!0 BHABO H3 !SUR• 

HH!eHCIIBBOCTBo TBKOI M8A.118BBiiA nepeXO,ll CBB38B C He60.llhmHK H3MeHeHBeM BBep: 

Dp&,liBB,lleX 0Bepxayaap ~B IIO,liB.llll BOXB n.l!OTHOC!I ROXRPH3BQBB CRHBOB B X . 

CK838BO pasee, 3!0 IIBMeHeHie RB.l!Be!CB DO uea»mel uepe BB ARB DOPHAKB MeH~ 

BBIIeBeHHB aBeprHI .lt.l!R uarHITHOI CTpyK!YPH C .liOKB.liBSHPOBSHHiiMB KSrHH!BK.. I 

.. 
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pacceaBanac~ sa ~pyrol qao~ o~paaQB. Haaepeaaa, Bwnonaeaawe AXR taKne-
0~ 39°0 BDnOt~ ~0 400°C, Ot~!AKBO D0K888~ DOBBIBBB8 KpBtHQ80KOro p&OOSI-
1 nonyqeaawe AXR ~oqaa o~pataol pematKI (IOO) a aanpaaxaBHH OIO , noaa-

2. noxo&Be aauepesaR, otsoca~eoa K coce~ael tOQBe (OIO) o~B8P71K1Ko ~o 
Y8rBH!B8B SHHBO!pODKR ICQ8388t. 

ceqesae Kpa~aqecKoro pacceBsaa. 

sooTh a KparaqecKou pacceBHHH ae noaaonana npoBec~a aaanaa aaepraa 

~~IK 1 He KOHCT8THpOB8H01B KBKOH CTBDBHH paCC8BHH8 Hel~pOBOB B XpOH8 

OcaoawaaBc»,o~aaKo,aa peayn»~ate uccne~oaaaal c zeneaou, KW non»aoaa

QTo npeae6peaeaue aeynpyrocta Be~et K 

t
BO~RmHM B HBHXy~meu cnyqae K BBCKOnhKOnpOUBB!HOI OmH6Ke. 

8KTHBHOrO CBQ8HHB B C~BTHQBCKOB npa6nai8HHH AlB KpH~HQ&CKOrO paCCBBBHB 

BHA cyuuw,pactBraaamme~cB sa 6 cetennKtoB BOKpyr 

riff -J:. 8i(K)/1(i,.- Q) 
dJz-_ r 2{ft(-f)+z--

~m ' "' ' 
(n.4) 

,C (17) BBnRSTCB uarua~HWU ~PUWBKTOpOU AlB "ra6Kol" UOABnl. Corn&CIO 

napauetp ,e HKeet npoU~TOQHOB 8B8Q8BI8 KBIAY !BUB, KBKBB np&~l-, . -
leR~onu 8i (tr) YQH!WBBm! U&BAJ APYrHUI SUDni!YAY I nonBpi88UBD BonB 

~p~40H (n.4)1 npa nouo~ BWQBCniT&nhHOI UBmBBW DPOBBABBO Cp&BB8HK8 

c peayn»~ataUH eauepeaaH. Cao6o~aw• napauetpoa, no KotopoMJ •Aat 

J£1 1 tO BC!b B&nH'liiBS 06p8T88B BCKOIIOII AIHJJB KOPP&nHUHH CDBBO:B. 

noKaaaaa teope~necKHe JtpHBae, ABDIIUI& aaa nywee npKcnoco6naBBe K 

~OQK8U. BwqacneHBB SHBQ&HIR Z 1 6ano npoB&ABHO AlB BCBX 8KCn&pHH8Ht8nh

• n.2, O~HBKO AlB 6on»mel BCHOCTH HB plc.Il.3 nOK83aHO ~on»KO HICKOn4KO 

npe~BH~BHO, ~ OKBSBnOCh B np&Aenax TOQHOCTI 3KCnapBKBHT8 H8 3a:BHCHm&l OT 

TeKnepa~ypaym 38BHCHMOC~h ~~ 

X-12 ~ (T- TN) 1.1 t O.f 
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KOlBO np&ACTB:BHT» B BHAB: 

KpOB8 toro, AIIBB HOPPBnBUII cnBBO:B BH88! KOBBQHOB 3B8Q8HB8 B TOQKB nepexo~a, QTO 

8~8Ch :SHABO 60~86 OTQSTnBBO QBK AlB 18~888. 

7. BWBO,llll· 

fip&AC!&:BnBSTCB BBtepeOBYB CPBBBSBBB HBIAJ t8KDBp8~ypBOI 38BHCBHOC~AD BBTBBCBBHOCTB 

p&CCSBBBWX B&lfpOBO:B B %pOB8 C 8B8BOriQJJWKI pesynhTBTBKB A!R l&neaa, nOK838BHH8 BB PBO. 

II B 4. KpltBQ6CK08 paCCBBHB& B 16!83~ BCQ8888T OQ8Hh 6ac~po DO aepe B03p8CT8HBR 

T8BU&patypY. ~B&Qe roBOpR, CB~hBY8 ~BTY8~HB B8BBrHHQ8BHOCTB, 0TB6~CTB6BHW8 38 KpHTBQ&CKOB 

pacoesa1a B aeneae, awctynaDT B ue6on»mBX npe~enax teMnepatypa Bwme tOQKH KDpH, nepexo~ 

88 ~appoaar&HTHOro COCTOHBIB B napaaarHHTBOB H8Ctynae~ npHHUHnHSn»HO B npe~enax ~0 l00eC. 

AaanorBQBHB WnDKTYBUHH B XPOII8 1 CBBSBHBwB C nep&XO~OU BHTH~&ppouarHH~HOI Ctpyatypa 

B n&p8K8rBBTB08 COCTORHI&, BCQ838DT 6onee yaepBHH0 1 KBK 3~0 BH~HO HB teunepaTypaoro XOAB 

HH~&BCHBBOCTI. Taaol KBA!BBBYI nepeXOA CBB38H C He6on»mBK H8H&B6HH8K aueprHB, KOTOPYD 

np&~BHA6n 0Bepxayaap ~B KO~ena BOnB DnOTBOCTB nonBpi3BUBH CnHHOB B XpOKS. K&K 6WIO 

CKB38BO pBH6B 1 3!0 H8K8HBBI8 BBnBSTCB no II&H»mel KBpe BB ~8 DOPB~KB KBH»ma BBnHQHBY 

HBHBHBBHB aaepr11 A!B HBrHRTBOI C~pyKtypa C nOKBni&HpOBSHBWIII IIBrHHTBYKH IIOIIBHTBHH. 

~ 
I ,, 

.. 
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(b) INELASTIC 

Pac. I.I. reoueTpaa &Kcnepaueate B o6pet&OM npoctpeaotBe: 

8) KPBC!8XR,YCT8HOBH8BBHH no~ 6perroBCKBM yrno•; 

6) KpBCT&nn n6Bep&yt 0! 6perrOBCKOro B8Dp8BBBBBft II 

MAGNETIC NEUTRON DIFFRACTION FROM Fe.Ot 

, ..... (1"1 -.... 

PHO .I .2. Peayni:.'.fB'.ffi H8U8p8HIIH BH!BBCHBHOCTH pacCeftllllfiX Beli'lpoBOB l 

~fl peaHYX nonoaeHHH o6paane H ~ft paaHYX teMDepatyp. 
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Pac. I.I. 

Pllc.I .2 • 

~· 

(0) ELASTIC 

k' ____ ... - 1'"'' --
k •.• •::;::==-• 

( b} INELASTIC 

reoMe!p&ft 8KCR8p&M8B!8 B o6p8THOM npocTp8BCTB8: 

8) Kp&C!8An 1 YC!8HOBX8HBH~ ROA 6perroBCKBM yrnou; 

6) KpHCT8XX ROB8pHy! 0! 6perrOBCKOro B8Rp8BX8Bift BB 5°, 

MAGNETIC NEUTRON DIFFRACTION FROM Fe,O, 

SCilTT[IUNG ANGLE 0(GII£U 

PeayX~!8!Y H3M8peHBH BBTBHCHBHOCTB peCCBftHBHX BBHTpOBOB B M8rB8!1!8 

~a peaHHX noxoaeaa~ o6paana a ~a paaBHX teunepatyp. 
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Pee. !.3. 

Pic. !.4. 
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TEMPERATURE· DEGREES C 

Teunepa~ypHSH 38BIICHYOCT~ IIH~SHCIIBHOC~B p&CCBHHHHX Hel~pOHOB B61H31 

6perrOBCKOro HBDPBBISHHH A!H DIOCKOC~el (III). 
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Cxeua ynop~O~BBHH CDIIBOB B ~yxYeTpOBOI peme~Ke B 88BIICIIYOC!B 0~ 

Boapac~aHBH !eunepa~ypw. 
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Pac.I.S. 

Pee. 1.6. 

~ 
I 

5KcnepBYBH~ai~H8H yc~SHOBKBo ITyHK!IIpHBS IBHHH oa&aqae~ DOIC 

aaanaaap;r»mero cneKTpoueTpa npe aauepe&HHX asepreTnecxoro 

pacCBHHHHX HBI~pOHOB. 

.... ,_ 
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§ 
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II) 
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~~ 

.l ~ • Q ~ ~ 
T-Tcln"c 

3SBHCBYOC~~ B3118pH8110l IIHTBHCHBHOCTB paCCBHHHYX BB~pOBOB 

qzcna sa KPHBYX oasa~am~ yron pacceHHHH B rpaAYCSX ~s KO' 

BYUOIHRAIC~ 1311ep8HIIH. 
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TEMPERATURE - OEGFIEES C 

Teunepa~ypBBH 38BHCHUOCT~ HHTBBCHBBOCTH pBCCBHBHHX &eA!pOBOB B6nB8B 

6perrOBCKOrO BBnpaBXBBBH !BH DnOCKOC!eA (III). 
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Cxeua ynop~O~BHKH CnHBOB B !ByxUeTpOBOA pemeTKB B BBBHCHUOCTH OT 

B08p8CT8HHH TBUnepaTypy, 
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PHc.I,S. 

PHC, 1.6, 

\~ 

5KcnapBUBBTBn~B8H yCTBBOBK8, llyBK~HpB8B XHBHH 03B&qaaT nono&eBBB 

8H8XH3Hpym~ero cneKTpOUBTpB npH B3Uep8BHHX asepreTBqecKOrO CDBKTpB 

p8CCBHBHYX BBATpOHOB. 

,... .... 
iii 
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T·Tcln"c 

38BHCHUOCT~ H8U8pB8UOA HBTeBCHBBOCTB p8CCBHBHHX BBA!pOBOB BYme Jr, 

qHCX8 B8 KPHBYX 03&8qaDT yron pacCBBHHR B rpBAYCBX ~H KOTOporo 

BYDOXHHnBC~ BBUBpe&HB, 
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PJic.I. 7. 

Pwc. I.B. 
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4.7 

CpaBHBHBB CUeKTpa BetfpOBOB UBABO~KX HB o6paae~ (a) H pBCCBHHBHX (6). 

Yron pacces:HBH 2.5° , JjT = 2•c. 
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o- -,a-· 20
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· JOx ro· 

(SCATTERING IWGI..E. inRADIANS2 

rpa~BK 06p8THOI HBTBBCHBBOCTB, H3UBPBBBOI KSK ~yHK~IH 0! KBBAPBT8 

yrna pacceHHIH. 
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Pac.I.9. 
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CpBBBBBIB B8MBPBBBOrO cneK!pa paCCBHBBHX BBI!pOBOB CO Cno 
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At present there two •ethods of 1nTest1gat1on of aiacle .agnon groupa are kaown: 

a/ the neutron •ethod 

b/ the photon •ethod 

a/ The neutron •ethod aakee use of the .agnetio inelastic soatter1ag of aeutroaa. 

The neutrons used here haTe the aaae order of energr as or less than the eaer&r Taluea 

eaoouatered ia the upon eaergr bands. Ill auoh a oaae the ODe-ll&gDOD soatter1Ja& leads 

to T1sible and •easurable ohaagea iD the •o•entua and eaergr apeotra of scattered 

aeutroas. These ohaages ooata1D inforutioa about the diapersiOD relatioaa and life

ti•e• of t~e aagnona inTOlTed ia the scattering prooeaa. Ill pr1aoiple thaT oan &1T• 

oo•plete inforaation about the .agnOD exoitatiaas. This reT1ew will ooata1D a a .. ewbat 

arbitrar,r preseatatiOD of the experiaeatal teohaique and results obta1aed •• far b7 this 

•ethod. 

b/ The photon •ethod Bakes use of the phen .. eaoa of reaoaaaoe absorption ef aioro

waTe quanta (photoas) Which takes place Whea the photon ener87 eqllala the enera7 of a 

p&rt1oalar -snoa exoit•t1on allowed b7 the bouadar,r ooadit1oae. !hie effect is known 

as PMSWR and oan be obserTed ia thia .agnatic filae (1). As 7et this •ethod is in 

general inferior (difficulties with interpretation) to the neutron one and we will 

llOt diaouaa it. Ill oaee of AJ'IIR we do not haTe to use thin filae but we obta11l the 

ener87 gap B1 i.e. B•(q • o) olll7. 

I!Reriaental teohp1guea ot the atptrop •ethod 

All exper1•eatal teohaiques are baaed oa the ••• ot the ener&r and ••entaa 

oollaerT&~n lawa applied to the Olle-.agnon soatteriag of lleutroaa: 

A: (.t2- ,ez)- E / .... , . 
2 m.. " - e /n '1 / ~ ~ ~ ...,. (1) 

. IC=-..•+""-4i+l!.9-
where ea -1 or +1 fOr oreation and destruotioa reapeotiTelT• The double differ!lltial 

oroaa-aeot1oa J.!il.¥£. for~~~~lae are rather iJTolTed (2) ad ooata11l a oertaia 1Jteae1t7 

law Whioh ia gOTerned b7 a&SJlet1o at .. io .fora factors and aagnet1o structure factors. 

Row&Ter, these factors decide OlllT the T1sibilit7 of .a~JlOil eoatteriag and aet the 
~ 

looal1sat1oll of -poa peaks. The sue ia tne ot the polarisat1oa iateaa1t7 faotor 
,{,(; 

which auat be included illd~when a polarised neutroa beaa is used. Ae far as the 

•&POD eoatteriag ia oolloerned the iatoraatiOD ooaoern1Ja& the apia BT•t .. dlaaaioa 
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is extracted •inl7 froa the looaliaat1on and shape of the 1Jelast1c peak1 

oroae-seotiOile are Dot •eaaured. The illtells1t7 factors, iaoludiag the po~ 

oae, are used, 1D oaee of lleoeseit7o whea the identifioatiOD of the obae: 

peaks agaillet the baokgrouad peaks (phollOil or elaat1o) is dou'btful. Per tl 

we will focus our attentioa OD the oonsideratiea of the apl1oatiou of 1 

The geo•etr1oal repreaentatiaa of equatioas (1) are aurfaoea defiae1 

n q-Teotor (reoiprooal) apaoe. These surfaces, called eoatter1ag aurtaoe1 

se .. etrioal looue of the aDd po1Dto of the scattered aeutrona waTe Teoto: 

the iapiDSiag beaa of neutroaa ie specified b7 a siasle waTe Teeter k0 (e 

!hue uauall7 at least ODe aurfaoe corresponds to &Ter,r bl'&lloh of •asnoa e: 

an ideal experi•ent oae would like to •eaaure the ooaplete ge .. etr7 of th 

av.rfaoea ia T&rioua atta1ullle experi•ental ooaditiona. The •oat eae oeul 

oOTer all the poiata in the Brillnin soae. Then one would haTe the MillO 

a&pOil waTe Tector depeadenoe ia eTer.r place and eTer.r direotioll in reeip 

apaoe ef the inTestigated .apetio or,ratal. Ill praotioe this would daaaad 

ring, with proper aoourao7 0 the •oaellta of scattered neutroas b7 •&DT dif 

•ental conditions i.e. different k
0 

and or,ratal orientations. Saoh a taat 

7et ·been andertaken, iastead one •easures (using the apeotroaetrio teohD1 

positions of a oertaia li•ited auaber of poiats llelOJllillg to particv.lar 1 

surface ud l7iag on a partio-.lar or,ratallographio axis hkl , or aeaaux 

the d1ffraotioa technique) the aagular extension of the aoatteriag surfaa 

Speotr .. etrio teoha1gae 
The deTelop•ent of lleutroa apeotro•etrT prodaoed a nua'ber of 1aatra

oan &ll&l7ae the •oaentua speotrua of scattered neutrons (:l). These iastn 

to two olaases1 

a/ tille of flight sptptr .. eters 

b/ 0£7atal apeotroaetera 
Tiae of flight apeotroaetera use a aua-er ot principles for the prod-.oti• 

•ODoenerget1o beaas 'but, 'beoause of the identical deteotiOD BTBtda,• tll.t 

olaasified as low luainoait7 aaltiohallael neutroa ... entua apectr .. eters. 

contra£7, or,rstal apeotroaetera are high 1ua1noa1t7 eae oh&llllel neutrOD 1 

troaetera. Thus, for the inTestigation of narrow lines (peaks) pertillellt 

one-phonea or Olle-B&SJlOII. aoatter1ag the or,rstal apeotroaeters should prr 

ada»ted. Apart fro• this, the triple axis or7etal speotroaeter is a acre 

beoause there exist at least six •odes of operation (see fig. 2 and J). 
1 
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ant there two aethods of inTestigation of eiagle aagnon groupe are known: 

neutron aethod aakes use of the aagnetio inelastic soatteriag ot neutrons. 

used here haTe the aa.e order of eaergr as or leas than the energr Taluea 

in the .. gnon anergr banda. Ill. such a case ,the en-gnOA soatteriJa& le&da 

and aeasurable changes in the aoaeatu. and eaergr spectra ot aoattered 

ese changes oontain inte~tion about the dispersion relations &Ad life

ll&gnons inTolTed in the aoatteriag prooeaa. Ill. priaoiple thq oan g1Te 

ion about the aagnon excitations. !his reT1ew will contaia a a .. ewhat 

lbreaentation of the expert.eatal technique and results olltained ae tar b7 this 

photon aethod aakea use ot the phen .. eaon ot resonance allao~tioa et Rioro

(photona) which takee place when the photoa eaercr eqnala the energr ot a 

aagnon excitation allowed b7 the bouadar,r conditions. !hie effect is known 

be obserTed 1D thin ~~&&netic filaa (1). ~a 7et this aethod is ia 

or (difficulties with interpretatioa) to the neutron one end we will 
it. Ill. oase of A7KR we do not haTe to use thin filaa but we ollta1a the 

B•(q • o) onl7. 

IXPeriaental techniques are baaed on the uee ot the energr &Ad ••entaa 

laws applied to the one-aaguon aoatteriag of neutrons: 

lt.: ( .t 2_ .tz)- E r .. l . 
2m " - c "'Lj-/ r ~ ~ ~ (1) 

n;:: .... ~ '-.(.4l +£~-
or +1 for creation and destruction reapeotiTel7. !he doullle differential 

£lfE- toraulaa are rather iDTOlTed (2) and contain a oertaill 1atGe1t7 

&OTerned b7 aagnetio atoaio fora factors and aagnetio atraoture taotera. 

e taotora decide onl7 the T1eibilit7 of a&gnoa aoatteria& Gd not the 

of aagnon peaks. !he s1111e is tiMae of the polariut1oa iatenait7 'raoter 
,/,(j" 

included iadJ2£E when a polarised aeutroa beaa is used. ~. tar aa the 

ering is concerned the iDfo~tion ooacerniJa& tbe apia STet .. d7aaaioa 
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is extracted aainl7 troa the localisation and shape of the inelastic peaks, absolute 

oroaa-aeotioas are not aeasured. The intenait7 taotora, including the polarisation 

oae, are used, 1i case of neceaeit7, when the identitioation ot the obaerTed aaguoa 

peaks aga1nat the background peaks (phonon or elastic) is doubtful. For this reason 

we will tooua our attention on the consideration of the iaplioations ot equation (1). 

The geoaetrioal representation ot equations (1) are surfaces defined in aoaentu. 

or q-Teotor (reciprocal) apace. These aurtaoea, called scattering aurtaoea, fora the 

ge .. etrioal locus of the end poiato ot the scattered neutrons waTe Tectora k when 

the iapiagiag beaa of neutrons ia specified b7 a siasle waTe Teeter k0 (see fig.l). 

!hue uaual17 at least one aurtaoe corresponds to &Ter,r branch of aagnoa spectra.. Ill. 

an ideal experiaent one would like to aeasure the coaplete geoaetr7 of the scattering 

surfaces in T&rtoua attainable experiaental conditions. !he aoat one oeuld do is to 

oOTer all the pointe in the Brilloain soae. Then one would haTe the aagnoa ener&7 

aagnon waTe Teotor depeadenoe ia eTer,r place and 8Ter7 direction in reciprocal 

spaoe of the iDTeetigated aagnetic cr,ratal. In practice tbis would deaand tbe aeaau

ring, with proper aocurac7, the aoaenta of scattered neutrons b7 •&DT different experi

aental conditions i.e. different k
0 

and cr,ratal orientations. Such a task has not as 

7et ·been undertaken, iaatead one aeasures (using the speotroaetric technique) the 

poait1oaa of a certain liaited nuaber of pointe belongiag to particular scatteriag 

surface and l7ing on a particular or,ratallographio axis hkl , or aeaeurea (using 

the diffraction technique~ the angular extension of the scattering surfaces. 

Speotreaetrio teoha1sue 

The deTelopaent of neutron speotroaetr, produced a nuaber of instruaents'which 

can anal7se tbe aoaentua spectra. of scattered neutrons (J). These iaatru.ents belong 

to two olaaaea: 

a/ t~e of flight apectroaetera ,. 
II/ or,rstal speotroaetera 

!iae of flight speotroaetera use a nuaber of principles tor the produotioa of pulsed 

aonoenergetio \eaaa but, because of tba identical detection 117ateas( theT should be 

classified as low luainoait7 .. ltiohallnel neutron aoaentua apectroaetera. oa the 

coatrar,r, or7stal speotroaetera are high luainoa1t7 one channel neutron aoaentua spec

troaetera. Thus, tor the inTeatigation ot narrow lines (peaks) pertiaent to the coherent 

one-phonoa or one-aagnon scattering the cr,ratal spectroaetera should prOTe better 

ad_,ted. ~part troa this, the triple axis cr,ratal spectroaeter is a aore flexible tool 

because there exist at least six aodea of operation (see fig. 2 and J). Owing to this 
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flexi~ilitT one can choose at wi~- to follow Y1rt~al1T &YerT track in the moaentu• 

ener&T apace. In particular, constant •omentum transfer and constant energr transfer 

•odes of operation were used. ~he •eaauring procedure is exact1T the same as when 

dealing with phonon soattering. Reoent1T it was prOYed possible to studT phonons and 

aagmons with po!Tor,rstalline (powder) samples. In auoh a case, because ot the conserYa

tion laws, sharp breaks in the scattered neutron spectrum are formed{4). The lcca

liaation of these ~reaka depends on the magnon dispersion relation. 

Diffraot1on teohl!iBJ 

The diftraotion technique oan be applied when the •asnon scattering is con

fined to narrow cones about the Yeotors ~0 • One then •easurea~~i.e. the angular 

distribution of the scattered neutron intensitT (5). For this reason, this technique 

does not deaand Ter,r high intensitT neutron beams as do the •ore adTanced triple 

axis spectrometers. It can haTe a Yer,r good resolution tor low q Yaluea. A neceaaarT 

ooadition .for ita appl1oat1an is the closeness of the scattering surtaoe ooncentrated 

around a certain reciprocal lattice node. Thea we oan apeak about the scattering cone 

and •eaaure its angular extension~ in T&rioua directions. How the scattering sur

faces and acatteriag oonea eYolTe oan be seen in the general oaae
1 

i.e. tor &AT form 

of the dispersion law, b7 the aid of a ai•ple graphical construction. For this we 

use a neutron lattice (I.L.) formed b7 the neutron constant energr transfer / B • E / 

liaes and .. gnon lattice (K.L.) formed b7 .. gmon constant ener&r linea {see fig.l). 

Beoauae of the singularities in the~ situated at the edge ot the soattering 

cone, t~e boundar, of the cone is welldefiaed (see fig.4). In order to see quioklT 

how the scattering surfaces eTOlYe in Tarioua situations, it is conTenient to oonsi 

dar the one-di•enaional representation along the axis (kc)•ot the scattering cone 

(see fig. ') {6). As oan be seen, the scattering ooae will be formed for a YarietT 

of different aagnon dispersion relations. The pro~le• is how to extract the intor

aation contained in f{48) • ~he beat one can do is to compare the results with oal

oulationa based on a certain theoretical •odel of dispersion relation. Formulas haTe 

been calculated tor the oaae of the quadratic B• • Dq2 (7) and linear E• • hoq (8) 

dispersion laws. ~rasnicki (9) has obtained formula~ tor the •ore general case of 

•square root• dispersion relation E• • B {<1 + Aq2)rt ~ Where with -1 tor q ___ 0 

one obtains quadratic law with D = j BA. and linear law when f<< 1 he = B fl. This 

sqaare root law fits the actual aooustio branch in •agnitude •uoh better then the · 

quadratio one does. The diffraction technique giTes data for .. all q Yalues and tor 

acoustic aagnon ~ranches {bands) with not too high ener!T gaps Bg• There are two 
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yarietiea of this technique, one using a White ~ea. and ene aaing a •oaooh 

beu of neutrons. The latter ie adTantegoua ~eoauso it maT reyoal &DiaotrOJ 

in -gnon spectra •ore easi!T. One maT still single out the ao-oallod -1 

scattering technique - in tact the diffraction technique applied to aoattoz 

oonneoted with 1: • (000). It has a speoial adTantage tor the inTeatigatiea 

with quadratic dispersion law (10). Then, in the abseneo of internal (aai• 

or external aagmet1o fields, the width , ie independent of the aeutron .. 

•agnitude, and a wide band ot neutroa energies can ~. used {seaiwbite -eaa) 

fro• this, po!TorTstalline aamplea can b·e iDTeistigated, 1f oae is not iate1 

anisotropies, which is iapoasible with other diftzaotion teohniquee •. 

l4§at1fioatioa of aagpon Peat• 

It oae suspects that the peak obaerTod is not ot. -snoa origiD oaa 

this in one of the following w&Ta: 

a) app1Ting a aagnetio field 

b) using polarised neutrons 

c) obserYing the temperature Tariatioa of intenaitioa 

a) Field dependence •s the first and still is the •oat treqaont1T 1&84 

It was used bT Brookhouse (11) and Lowde (12) in their pioneering worko on 

ring pertoraed with aagnetite and iron respeotiTelT. The intenaitT of scat1 

on the orientation of aagnetic •o•ents in the suple. In the case of elast: 

Tibrational scattering of unpolarized neutrons the orientation sensitiTe il 

tor i8 : 1-(Ziii) 2 
(2) 

tor the case of •agnon ao~ttering it is: 

f+{i m) 2 
, (J) 

.... -t 
where ;t and /'1'1- are sostering and magnetisation unit Teotora respeoti· 

• b) The polarisation sensitiTe 1DtensitT taotor for terroaagnon or fer 

scattering i8 {lJ) : 
/'"1 {~ .... )z .... ... )(,.. .... ) {4) r, = 1f Z.·m .s 2 Ep( x.} Jt:. m 

unit Tector of incident neutron polarisation 
1 

p degree of I where 

neutron beaa polarisation. 

For p • 1 and 

f' • 0 when ugmon8 are created ( E. • -1) 1 

P • 4 when ~~&gnons are annihilated (~ •+1). 
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one can choose at wi~- to follow Ti~t~ally OTer,r track in the aoaentua 

In particular, constant ao.entua transfer and constant energy transfer 

ion were used. The aeasuring procedure is exactly the saae as when 

phonon scattering. Recently it was prOTed possible to stud7 phonons and 

polyor7stalline (powder) aaaplea. In suoh'a case, because of the conserTa

sharp breaks in the scattered neutron speotrua are foraed(4). The looa-

these breaks depends on the aagnon dispersion relation. 

tion technique can be applied when the aagnon scattering is con

cones about the Teotors ~0 • One then aeasurea~~i.e. the angular 

the scattered neutron intensit7 (5). For this reason, this technique 

Ter,r high intensit7 neutron beaas aa do the aore adTanoed triple 

~a.•t•~~- It can haTe a Ter,r good resolution for low q Taluea. A neoeeear.r 

application is the olosoenesa of the scattering surtaoe concentrated 

reciprocal lattice node. Then we oan apeak about the scattering cone 

angular extension r in nrious directions. How the scattering sur

taring cones STOlTe oan be seen in the general case, i.e. for &D7 fora 

on law, b7 the aid of a aiaple graphical oonstruatien. For this we 

lattice c•.L.) foraed b7 the neutron constant energy transfer IE m E I 
lattice (M.L.) formed b7 aagnon constant energy linea (see fig.l). 

the t:t"'f situated at the edge of the soat t ering 

of the cone is welldefined (see fig.4). In order to see quickly 

situations, it is oo~enient to oonai 

representation along the axis (k
0

) •of the scattering cone 

can be seen, the scattering ooae will be formed for a Tariet7 

aagnon dispersion relations. The problea is how te extract the infer

The beat one oan do is to coapare the results witi cal

on a certain theoretical aodel of dispersion relation. Formulas haTe 

for the case of the quadratic E• • Dq2 (7) and linear "• • hoq (8) 

ed in r{46). 

• [raanioki (9) has obtained formula~ for the aore general case of 

• dispersion relation E• = B {Cl + Aq2)~t ~ where with -1 fer q ~ 0 

quadratic law with D =jBA and linear law when f<< 1 he • B ~. This 

fits the actual acoustic branch in aagnitude auoh better then the · 

does. The diffraction technique giTes data for saall q Taluea and for 

branches (bands) with not too high ener&r gaps Eg• There are two 

48 

• 

Tarieties of this technique, ene uaing a white •eaa and one asing a aoaoohroaat~o 

beaa of neutroDa. ~he latter ia adTantogous beoaaso it a&7 reToal an1aotro»io offoots 

iD aagnoD speotra'aore easily. ODe a&7 still single out the so-oallod aaall angle 

scattering technique - in fact the diffraction technique applied to seatter1D& ooDe 

connected with 1: • (000). It has a speoial adTantage fer the inTestigatia ef aapoDa 

with quadratic dispersioD law (10). ~hen, in the absenoo of 1Dtoraal (&Disotr0»7) 

or external aagnetio fields, the width r is iDdependent Of the DeutrOD W&Te Teotor 

aagnitude, and a wide baDd of neutroD energies oan be used (seaiwhite •e-). Apart 

fro• this, polyor7atalline aaaples can be iDTeatigated, if one is Dot interested iD 

anisotropies, which is impeaeible with other diffraotion techniques. -

~atifioatiop of !&SDRP Peat• 
If one auapeota that the peak obaerTod is Dot ot aagnoD origiD one oan.cheok 

this in oDe of the follOwing wa7s: 

a) applying a aagnetic field 

b) using polarised neutrons 

o) obserTing the teaperature TariatioD of inteDaities 

a) Field dependence was the first and still is tbe aost freqaeDtl7 used criterioD. 

It was used b7 Brookhouse (11) and Lowde (12) in their pioneering works OD aagnoD soatte

ring perfo~ed with aagnetite and iron respeotiTely. ~he iDteDsit7 of scattering depeDds 

on the orientation of aagnetio aoaeats in the saaple. In the case of elastic and aagneto

Tibrational scattering Of UDpOlarized neutrons the Ori~tatiOB aens1tiT8 intensit7 fao-

tor is : 
( - ~) :z. 1- Zlll. (2) 

for the case of aagnon so~ttering it is 

_, _, 1+{Z·m) 2 
, (J) 

where ;e and ~ are scattering and aagnetisation ~t Teeters respeot1Tel7. 

• b) The polarisation senaitiTe 1ntensit7 faotor for ferroaagnoD or ferriaagnoa 

scattering is (lJ) : 

("'/ r-- ..,Jl ... ... )r ....... J r.:: 1f z.., -1-2.l~(x.} z. m 
p 

(4) 

where I unit Teeter of incident neutron polarisation 
1 

p degree of incident 

neutron beaa polarisation. 

For p = 1 and 

P • 0 wllen magnons are created ( l. • -1) 1 

F' • 4 when magnons are ann1h1lated (a;. •+1). 

~ 

~i 
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In the conditions when ;r#hi oDIT the intensitT ooaponent due to aasnon scattering 

depends on polarisation and the background of the other effects oan be eliainated. 

If the polarisation of inoideat beaa is p
0 

the polarisation of the aasnon scattered 
beaa is (14): 

... [ .... ... )l1P.-. -,U;e(il·nf)- 1~(~111 .../. 

-f+(il ,;t.;z +,i E(P,-Jl.)(ie·ni.J 
of scattered neutrons when the incident 

_, 
P= (5) 

The polarisation beaa is polarised was inTesti-
gated bT Drabkin et al •. (15), who aeasured the polarisation ohanges in the case of 

an iron saapla. ThaT used the diffraction technique and saall angle scattering around 

~ • (000). !he neutrons incident on the single cr,retal of iron were polarised bT a 

reflection froa a aagnetised airror and the polarisation of scattered neutrons ana!Tsed 

bT a second airror. The airror technique is partioularlT wall fitted to eaall angle 

scattering ezperiaante beoauee the beaa obtained is Ter,r narrow but not aonoohroaatic. 

The eaaple was placed in a aasnetio field H • 26 kG which produced the aner&T gap 

Bg • ~4H • 0.25 aaV in the aagDon spactrua. Than the scattering cones for aagnon 

absorption and distruction haTe different widths, this being obeerTad in the polari

sation dependence of the intanaitT at the edge of the canes. The aagnon scattering 

of polarised neutrons has bean inTaetigated bT Ferguson and Saena (16) and bT Saauel

een and Riete (17) on aagnetite. ThaT used the diffraction technique with a aoaoohro

aatio beaa polarised bT reflection froa co0•92ra o.oa or,rstal and obtained full agree

aent with the foraula (5) •. These experiaente did not giTe new inforaation about 

the aagnon spectra but corroborated the ~orreotneee of theoretical foraulae and de

aonstrate the potentialities of the polarised neutron technique. 

c) Magnone as phonons are Bose tTPa quasipartiolee and their population factors 

increase with teaperatura, resultin& in the increase of the aagnon peak intensities. 

On the contrar,r, structure factors of aagnatio elastic and aasnetOTibrational scattering 

decrease with teaperature proportionallT roughlT to the intrinsic aagnatisations. 

It soaetiaes happens, that the eqUilibriWI orien\a~ion of the ionic epins changes 

with teaperatura (for instance such is the nature of Morin transition in heaatita). 

Then the taaperature change influences the aagDon aoatteriq intenaitT threugh the 

orientation factor (i·nl). Such tranaitiane oan be partioular1T helpful in the inneti

ption of antifarr-gnata which are not seneitiTe to external aagnet1o field and 

pelariaation of the inoideat beaa. 

Jlltriaepts 114 raagl$! 

In order to iDTest1pte aagnoas with reuanable aoourao7 one has to haTe, as a 

nle, larae 11&4 good qulitT siqle or,retals of aagnet1o aabstanoee because the tnioal 
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yaluae of the total cross-section for aaanon scattering is of the order 

libarns per aagnetic ion. Most of the experiments done eo far dealt with 

enar&T aagnons and in the reaion of eaall q Talues i.e. with the initia 

the dispersion relations for the aoouetio aagnon band. The experiaenters 

dispersion constants D or o. OnlT in two oases (7e3o4 and MDF2) were the 

peraion relations aeasured up to the boundar,r of the Brillouin zone and 

1T ooaplete aagnon spectrua was aeaeured onlT in Mn72• At the saae tiae, 

of teaperature changes in aaaaon spectra and aagnon ener87 widths or lif 

aagnon exoitatione, begins to ~a attacked experiaentallT• It is belieTe 

detailed and accurate 1nTestigation of aagnon dispersion relations and • 

widths will r&Teal "anomalies• caused bT interaction with the other que 

solid state phTeioe. Because the experiaents are as Tet neither 57steaat 

theT will be collected and presented according to the substances on whic 

been performed. 

Maaaet1te F~ 

In spite of the ooaplexitT of the magnetic unit cell it has been 

of the largest nuaber of neutron inYestigations, probab1T because larae 

aaaaetite are easilT found in nature. Me Re7nolds and Riate were the fil 

in it, in 19,4, the inelastic aagnetic scattering. Later, Brookhouse tl 

to find the character of the aaaaon dispersion law for small q Talues, 1 

aagnetio field for identification of aagnon peaks (19,20). He used the s] 

technique with a or7stal neutron speotroaeter but obtained Ter,r poor re1 

spite of the fact that his saaple crystal was 6'xJ2xJ aa larae it was d: 

8&7 which tne of dispersion relation was better fitted to the experia~ 

This was established in fayour of the quadratic one bT the work of Riet 

and Janik (21) in 1959 who used the diffraction technique with a whit 

and oOTered a wide teape~ture range 
• 

froa R.T. up to the critical point 

good qualitatiTe agreeaent with the predictions of Elliot and Lowde (7) 

were then checked b7 Jaorot (2J) and Riste (24) in Saol&T where theT ae 

rature changes in the acoustic aagnon branch using the speotroaetrio te 

a tiae of flight cold neutron speotroaeter. TheT peroeiTed there for th 

the neutron aagnon scattering surface. But the best resolution for the 

aagnons was obtained bT Brookhouse and Watanabe (25) who used the spec 

aique both on a triple axis spectrometer (for higher energies) and a rc 

tiae of flight speotroaeter (for eaaller energies). For the first tiae, 
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when ~#hi only the intensit7 co.ponent due to aagnon scattering 

ion and the background of the other effects can be el~nated. 

of incident baa. is P0 the polarimation of the ~gnon scattered 

... -"'~ ... ) [ - '"') 17 ---2E.J/!!(K:.·h1 - l-1- (t]{! 111 ..tP. 
~~-ril tit.J 1 +.z EfP..-Jl.Jrit·ni.J (') 

of scattered neutrons when the incident beam is polarised was inTesti

et al •. (15), who aeasured the polarisation changes in the case of 

Ther used the diffraction technique and saall angle scattering around 

neutrons incident on the single or,rstal of iron were polarimed bT a 

aagnetimed airror and the polarisation of scattered neutrons analysed 

~he airror technique is partioularl7 well fitted to s~ll angle 

s because the baa. obtained is Ter,r narrow hut not aonoohra.atio. 

ed in a aagnetio field H • 26 kG which produced the enerS7 gap 

aev in the aagnon spectrwa. Then the scattering cones for aagnon 

t~•otion haTe different widths, this being ohserTed in the polari

the intensitT at the edge of the oones. The ~gnon scattering 

has been inTestigated hT Ferguson and Saenz {16) and hT Samuel-

on aagnetite. ThaT used the diffraction technique with a aonoohro

h7 reflection from co0•92Fe o.oa or,rstal and obtained full agree

(5). ~hese e~eriaents did not giTe new information about 

corroborated the ~orrectness of theoretical for.ulas and de-

lentialities of the polarimed neutron technique. 

phonons are Bose tTPe quasiparticle& and their population factors 
resulting in the increase of the aagnon peak intensities. r&tD?Aa 

factors of magnetic elastic and ~&netOTihrational scattering 
proportionall7 roughl7 to the intrinsio aagnetiaations. 

happens, that the equilibriua orienta~ion of the ionic spins o~ea 
for instance such is the uature ef Morin transition in he~tite). 

change influences the ~&non scattering intenaitT through the 

(~·~). Suoh transitions oan ba partioularl7 helpful in the iDTesti

•a.a~n•~s which are not sensitiTe to exterual aagnetio field and 

e ~ons with reasonable aoouraoT one has to haTe, as a 

qualitT single or,rstals of aagnetto ••batanoea because the tTPioal 
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Taluea of the total orosa-seotion for aagnon scattering is of the order of a few ail

libarns per magnetic ion. Most of the experiments done so far dealt with the low 

enerS7 aagnons and in the region of aaall q Talues i.e. with the initial parts of 

the dispersion relations for the acoustic aagnon band. The experiaenters obtained the 

dispersion constants D or c. Onl7 in two oases (Fe3o4 and MnF2) were the aagnon dis

persion relations aeasured up to the boundar, of the Brillouin zone and the practical

IT complete aagnoa apeotrua was aeasured onlT in MnF2• At the saae tiae, the prohlea 

of teaperature changes in aagnon spectra and aagnon ener&T widths or lifetiaes of 

aagnon excitations, begins to ~e attacked experiaentallT• It is belieTed that the tature 

detailed and accurate inTestigation of aagnon dispersion relations and aagnon enerS7 

widths will reTeal •anomalies• caused -T interaction with the other quasipartioles of 

solid state phTsics. Because the experiaents are as 7et neither STSteaatic nor nuaeroue 

theT will he collected and presented according to the substances on which theT haTe 

been performed. 

Magnetite F~ 

In spite of the coaplexit7 of the aagnetic unit cell it has been the subject 

of the largest nuaher of neutron investigations, probabl7 because large OrT8tals of 

aagnetite are easilT found in nature. Mo ReTnolde and Riste were the first to netioe 

in it, in 1954, the inelastic aaguetio scattering. Later, Brookhouse tried in 1957 

to find the character of the aagnoa dispersion law for small q Talues, and used a 

aagaetio field for identificaticn of aagnon peaks (19,20). He used the spectrometric 

technique with a orTstal ~eutron spectrometer but o~tained TerT poor resolution. In 

spite of the faot that hie saaple cr7stal was 65x)2xJ .. large it was difficult to 

8&7 which tTPe of dispersion relation was better fitted to the experiaental points. 

This was established in faTour of the quadratic one hT the work of Riste, Blinowski 

and Janik (21) in 1959. who used the diffraction technique with a white neutron beam 

and coTered a wide teaperature range froa R.T. up to ~e critical point. TheT found 

good qualitatiTe agreeaent with the predictions of Elliot and Lowde (7). These results 

were then checked hT Jacrot (2J) and Riste (24) in Sacl47 where thaT aeasured the teape

rature changes in the acoustic aagnon branch using the speotroaetrio technique with 

a tiae of flight cold neutron spectroaeter. TheT perceiTed there for the first tiae 

the neutron aagnon scattering surface. But the best resolution for the high enerST 

aagnons was obtained bT Brookhouse and Watanabe (2') who used the spectroaetric tech

nique both on a triple axis spectrometer (for higher energies) and a rotating 0r7stal 

tiae of flight spectroaeter (for saaller energies). For the first tiae, the whole 

~ 
', 
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aooast1o ~rsaoh and parts of two optic ~ranches were o~aerred and theoretical oarres 

fitted ~T Glasser aad Milford (26) (see fig. 6), !her measured also the ~1ft of the 

aagnon peaks oaaaed ~T t .. peratare increase, it was qaalitat1TelT the saae as that 

foand b7 R1ste (27). Kow&Ter, ther did not noticed the broadening of aagnon peaks pro

bablT partlT ~eoaaae of the reaolation and partlT because ther did not reached close 

enough to the critical point of, magnetite (T0 • 85, 01). The.problea frequeatlT disoassod 

is the t .. perature dependence (28,29) of aagnoa energies for the giTen q Taluee. !his 

can be inferred froa diffraction teohD1qae aeaauremeate of Riate et al. (21,27) aad 

of Diaitr1jST1d et al. (JO). !he former showed that there is a certain teaperatare 

aarked T1 abOTe which the a&gaOD energies start to decrease TioleatlT. !his temperature 

aPPeared to be atronglT ener&r dependent. !his seeaed to be in agreeaent With the the ... 

retioal calculations of Iakaaura and Bloch (28) taking into account the aagnoa - aagnen 

interaction. HoweTer, the aeasurements of Diaitr~Ti6 et al. found a weaker eaergr de

pendence of the temperature behaTiour of aagaon energies. The dieorepaaor between 

these two results probablT lies in resolution, !hie was f1Te t1aes better in the oaae 

of the second inTest1gatiea. The temperature dependence has no sharp bending pointe 

and it is rather difficult to define &AT temperature like ! 1• But indeed the lower 

energr aagnona are aore teaperature resistant thea the higher ener&r ones (see f1g.7). 

It maT be interesting to notice that tor ~ooa teaperature data obtained With dif

fraction teohD1que lrasaiok1 (9) was a~le to get tullT aat1staotor.r agreeaeat With the 

calculated acoustic ~ranch ebtained b7 Glasser and Milford (26) troa the data JiTen 

b7 Brookhouse and Watanabe (25). Thus the oorreotaea ot the diffraction teohD1que has 

been checked fer the first tiae b7 direct ooapariaoa With the data troa the apeotroaet

rio teohaique. !hese diffraction teohD1que aeaeureaeate r&Tealed anaoooantable aa.,.etr.r 

1a aagnoa scattering ceaee which as ret. can be e~l&1ned oal7 b7 the aee~t1on that 

tor eaall q Taluee the dispersion relation has aoae aaoaal7 or boooaea atrenglT aa1ae

trop1o. This ie aiailar to the effect found b7 Fr1kke and Riste (Jl) 1A oubio cobalt. 

!heae works dealt also With the broadDiag of aagnon peaks, !he lifet1aea et aagnoae 

deduced froa the broadeD1ag are ot ooaparable aagnitu~ for all i~eatigated energies, 

being lower tor higher energies and decreasing T1olent1T when approaohiag !
0

• 

In general the results oont1ra the Tal1dit7 of the apia waTe theor.r baaed on the 

eiaple Heisenberg HaailtoD1aa With JAB • -2.4. aeY and JBB• -0.1 z JAB aad ita 8%tene1ee 

to higher teaperatures, taking inte account the aagnon - aagaoa interactions. 

~ 
Ia ~ antiferroaagnet With ntile structure haTing a siaple spin order (!068°1) 
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and two magnetic ions per unit cell. B7 now it represents the most compl4 

gated and beat understood ant1ferroaagnet. Okazaki et al. at Harwell (J2; 

with the spectroaetric technique the aagnon dispersion relation in two dl 

and [001] up to the zone boundar;r. The;r !ound a considerable Talue of ez 

caused b;r the &Diaotrop;r field Ha • 8.8 kG, Bg • 1.08 meV (He • 556 kG), 

- 1.76°1 (O.l5J mev), J
1 

• o.J°K (0.028 meY) in agreement with AFMR data. 

the dispersion relation forT • 0.06%Tc , 0.74%T 0 and 0.92%T 0 o .Low (JJ) b 

theoretically the teaperature dependence of aagnon energies in MDF2 B(q, 

account the dTnamioal interaction of aagnons b7 retaining the fourth powe 

magaon operators. This gaTe an amazing agreement up to the T • 0.9xf 0 (see 

it a&7 be due to the fortuitous oonoellation ot higher order terms. 

~::!._~_:_!:Q_ 
It ia an antiferromagaet exhibiting a Ter;r weak ferromagnetic oompoaent 

four magnetic iron ions in rhombohedral unit cell. It has been inTestigat 

fraction technique, first b7°Riste and Wanic (J4) and then b;r Diaitr1JeTi 

Vinca (J5). The;r haTe obaerTed onl;r the low l;ring aagaon branch and found 

c[u:!J • 25.5:!: 1.0 km/sec and that ~IOJ > c [nl] • The good fit of the 

dispersion relation was obtained !or the exchange integrals J 1 • J 2 • -2. 

neT (this conference) has inTestigated hematite with spectrometric techniq 

two low l7ing branches apparentl7 di!!erent Telocit1es. This discrepancy 

• b;r further measurements on the same sample. R1ste~ measurements showed a 

rature behaTiour as in the case of magnet~. 

P;rrrhotite Fe7s8 
P;rrrhotite is a !errimagnet haTing a Ter;r ooaplioated structure coap 

mixture of Fe++, Fe+++ ions and a certain number of Tacancies. The meaeur 

done at Vinca b;r KraaD1od, W&Dic et al. (J6,J7) who used m&1al7 the dif: 

technique with a monoohromatio beam. Two magnon branches were obserTed bu· 

initial part of the acoustic branch could be inTestigated with relatiTelT 

!rom room temperature up to about 400°C (T 0• J20°C). Strong anisotropy ot 

branch was disCOTered. The theoretical dispersion relation could be titte4 

aeasure d one assuming that two exchange integrals. J 1• J 2 = -1.1 meV are d~ 

zero. The ~emperature beh&Tiour o! magnon peaks showed that in prrrhotite 

energ;r magnons seem to be acre temperature resistant than the lower enerl 

Tersel7 to the situation found in magnetite. The magnon lifetiaes begin 1 

sharplT at approziaatel;r the same temperature T • 0,8X1c at which their e1 
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aad parts of two optic -ranches were •-serred aad theoretioal ourres 

and Milford (26) (see fig. 6). !her measured also the shift ef the 

increase, it was qualitatiTelT the saae as that 

HoweTer, the7 did not noticed the -roadeniag of aagaoa peaks pro

of the resolution and partl7 -•cause ther did not reached close 

tical point of aagnetite (T0 • 85581). The. p~oblea frequeatl7 discussed 

dependence (28,29) of aagnon energies for the giTea q Talues. This 

diffraction technique aeasur~&Rts of Riste et al. (21,27) and 

al. (Jo). The former showed that there is a certain teaperature 

energies start to decrease Tiolsatl7. This t~peratare 

energr dependent. This seeaed to be in agreeaent With the the ... 

lfakaaura and Bloch (28) taking into aooout the B&gDon - aagasa 

the aeasurements of Diaitr~Ti6 et al. found a weaker energr de

t~perature behaTiour of aagnon energies. The disorepano7 between 

probablT lies in resolution. This was fiTe tiaes better in the case 

tigation. The temperature dependence has ne sharp beading poiats 

to define BAT teaperature like t 1• But indeed the lower 

aore temperature resistant then the higher energr ones (see fig.7). 

eresting to notice that for ~ooa teaperature data o-tained With dif

lraanioki (9) was a-le to get full7 aatisfaotor,r agreeaont with the 

-ranch obtained b7 Glasser and Milford {26) froa the data giTea 

Watanabe (25). Thus the oorreotnes of the diffraction teohDique has 

tiae -7 direct ooaparisoa With the data froa tho spectr .. et-

diffraotion technique aeasureaeats reTealed aaaccoantable &sBJBetr,r 

explained oal7 -7 the· assiiJIPtiOD that 

dispersion relatioa has soae aaoaal7 or -•ooaea strsagl7 &&iso

to the effect found b7 Frikke and Riste {31) 1A cu-io cobalt. 

With the broadaing of aagaon peaks. The 11fet1aes of B&gllons 

ening are of coaparable aagaitude for all iDTestigated saerS.ea, 

energies and decreasing T1olentl7 when approaching !
0

• 

results ooatira the Taliditr of the spin waTe theor,r -•sed on ths 

Hamiltonian with JAB • -2.4. aeY aad JBB• -0.1 x JAB aad ita extensiOD 

, taking into account the aapon - aagaoa interaotiODs. 

With rutile structure haTing a siaple spin order (!•68°Jt) 
0 
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aad two magnetic ions per unit cell. B7 now it represents the most oompletelr inTesti

gated and best understood antiferromagnet. Okazaki et al. at Harwell (32) haTe aeasured 

with the spectroaetric technique the aagnon dispersion relation in two directionsflooJ 

and [ool] up to t'he zone boundarr. The7 found a considerable Talue of energr .gap~ 
caused b7 the an1sotrop7 field Ha • 8.8 kG, Eg ~ 1.08 meV (He • 556 kG), and J 2 • 

- l.76°I (0,153 aeV), J 1 • o.J°K (0.028 meV) in agreement with ~FMR data. The7 obserTed 

the dispersion relation forT a 0.06xTc , o.74xT
0 

and 0.92xTc· .Low (JJ) has oaloulated 

theoreticall7 the teaperature dependence of magnon energies in MDF2 E(q,T) taking into 

account the drnamical interaction of magnons b7 retaining the fourth power terms in 

aagnon operators. This gaTe an amazing agreement up to the T • 0.9xT 0 (see fig.8) but 

it mar be due to the fortuitous oonoellation of higher order teras. 

~~~~-=..!:.6_ 
It is an antiferromagnet exhibiting a Terr weak ferromagnetic oomponent and haTing 

four magnetic iron ions in rhombohedral unit cell. It has been 1nTestigated b7 the dif

fraction technique, first b7°Riste and Wanio (34) and then b7 Dimitr1JeTi6 et al. at 

Vinca (35). The7 haTe obserTed onl7 the low l7ing magnon branch and found: E~l.OMeV, 

c[lllJ • 25.5:!: 1.0 km/sec and that 'l).IoJ > o [ul) • The good fit of the calculated 

dispersion relation was obtained for the exchange integrals J 1 • J 2 • -2.1 M~V. Al11cha

noT (this oonferenoe) has inTestigated hematite with spectrometric technique and found 

two low l7ing branches apparentl7 different Teloc1ties. This disorepancr can be resolTed 

b7 further measurements on~the same sample. Riste~ measurements showed a siailar tempe

rature behaTiour as in the case of magnet~. 

:7rrhotite Fe7s8 

P7rrhotite is a ferrimagnet haTing a Ter7 complicated structure composed of a 

mixture of Fe++, Fe+++ ions and a certain number of Tacancies. The measurements were 

done at Vinoa b7 Kraanicki, Wanic et al. (J6,J7) who used mainlT the diffraction 
• 

technique with a monochromatic beam. Two magnon branches were obserTed but onl7 the 

initial part of the aooustio branch could be inTestigated with relatiTelT good resolution, 

from roo• temperature up to about 400°C (T
0

• 320°C). Strong anisotrop7 of the acoustic 

branch was discoTered. The theoretical dispersion relation could be fitted to the 

aeasured one assuming that two exchange integrals J 1= J 2 = -1.1 meV are different from 

zero. The ~emperature behaTiour of magnon peaks showed that in p7rrhotite the higher 

energ7 magnons seea to be more temperature resistant than the lower ener&T ones, oon

Terselr to the situation found in magnetite. The magnon lifetiaes begin to decrease 

sharpl7 at approximatel7 the same temperature T • 0.8XT
0 

at which their energies start 
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to ~all Tiolentlr. It is di~~ioult to take into account the resolution o~ the aethod, 

A war o~ doing so wae presented in (9). The in~oraation about the aagnon litetiaes in the 

oaee ot diffraction technique aar be obtained troa the slopes ot aagnon peaks it one 

kaows the slopes corresponding to the unbroadened aagnons. The anal7sis aade by 

J:rasuok:i suggests that at R,T, .the 11fet1aes ot aagnons are allready relat1Te:ti 

short, because the slope widths (A f' ) are larger than those resulting troa inetraaen

tal resolution. The7 oan be shortened by the disorder in. the magnetic lattice, Such 

an etteot waa found in disordered 64FeJ6Ki alloy (JS) (see fig,9). Besides th1a, the 

coaparison ot aeasured 6/'(d~dependeaoe with the .esUaated reeoluUon cane i,e, AI'~<!) 
tor not broadened aagnone shows that aagnons of certain energy (E•• lJ., aeV) haTe re

duced broadaing, but the effect should be contiraed b7 aore accurate aeasureaents (see 
fig. 10), 

1m! 

This cubic antiterroaagnet wae inTeetigated at Harwell (J9) at 4.2 °1: (T
0
=l20°1). 

Single or,rstal eaaple and the twin rotor tiae of flight speotroaetrio technique were 

used. Magnone at 42 points ot reciprocal space lying in the plane 110 were localized. 

Two theoretically predicted aagaon branches (for q up to 0.20xq
8
ax) were found (see 

fig,ll), The least square fitting procedure applied to this 42 pointe and one point 

tor- q = 0 obtained troa AFMR measurement gaTe 1 J 1 • -O.JJ! 0.04 mev, J
2
• -0.29! 

H ~ U ~ . O.OlJ aev, 11 • 1.18 x lO mevxoa , 9K2 - 1:1 • 2.0x10 meVxom , where J
1 

is between 

the nearest neighbours and.MnOMn • 90°, J 2 is between the next nearest neighbours 

where~nOMn • 180°, 11 and 12 are anisotropy constants. 

co0, 92Fe0, 08 b~oobalt stabilized b7 ir~n 

Sinclair and Brookhouse (40) measured the dispersion relation in the direction 

[111) up to about '0 meV using the triple axie spectrometer. They fitted the theoreti

cal cune based on the Heisenberg aodel Baailtouan with nearest neighbours interaction 
\ 

onlT, which gaTe JS • 14.7 ! l aev and Bg • l.J ! o., aeV. Frikk:e and Riste (Jl) aade 

measureaente tor the low q region using the diffraction technique and found an anoaal7 

(irregularity) in the dispereion relation which showed itself as an assraaetrr ot the 

aagaon scattering cone. The.anoaalT wae located at q1/~ax • 0.067! o.oJ tor the~loJ 
direction, 0.072! O.OJ tor[lll]and 0.078! O.OJ tor the~OOjdireotion. The7 found from 

the data abave ql that ~ • 84 ! § , JS • 6.94 ! 0.7o meV and Bg• 2.9 ! 0,6 mev. Ther 

ascribe the anoaal7 to the interaction between magnetic localized electrons and the 

conduction eleotrone i.e. they belieTe it ie the Iohn etteot. In the laet inTe8tigation 

done in Brook:haTen (22) , where the polarised incident beam was used, the anoaal7 
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appeared to be less pronounced, but because of the poor etatistioe nothing 

be establiehed. There is a possibility that the anomalT, if it ie real, ~ 

b7 strong magnetoelastio coupling i.e. by phonon- aagnon interaction. 

Ill~ 

Riste et al. (22) using the diffraction technique with the polarised J 

measured, in the region q/~ax • 0.05 - 0.11, Em • J - lJ mev, the aieeett 

denoe of r and fitted to it the one resulting from the quadratic dieperl 

They found ~ • 162! 2' t.e. D •• J40! 4' aeVxA02 which ie in satietaoto1 

with the Talue D • 400 !20 aevxi2 obtained b~ Hatherlr et al. (Ja), taki~ 
the difference in the applied tecbniquee. 

.Iron yg its all.2.U.. 

Iron was the first crystal inTestigated b7 towde (12) and einoe that 

again been measured by towde and Uaak:antha (10) and latelT Dy BatherlT et s 

inTestigatione oOTered a nuaber of compositions of the Fe-Bi alloy erstea. 

last-aentioned works small angle scattering and the diffraction technique 

The cut-ott angle of the scattered intensity cone wae measured because if we 

Dq2 and !neutron • dk2 then ~· ~ irrespeotiTelT ot neutron energy. Im 

subtract the background, a magnetic field was applied and the difference of 

obtained between the situations when the sample was magnetised oorrespondim 

and perpendicular to the scattering plane. The measurements were pertoraed 

line samples with the white neutron beam from the DIDO reactor. The D Talue 

found by extrapolation since the aeasureaents were made in e&Teral teaperat 

100 and 400°K. The theory of magnon renoraalization holds that the teapera 
~2 

denoe of D has the form: D • constx/1 - Cf ). This dependence has been 
0 

by data obtained on Fe3o4, Ni and Fe (see fig. 12). An interesting reeult 

is the obserTation of the o*anges in D Tarsus the composition troa 10~ Fe 

There is a transition between the b.o.o. structure of Fe to the t.o 

ot Ni. As iron is added to nickel the D Talue is lowered, whioh praves that 

integral J of Fe - Fe bonds in the f.c.o. structure is negatiTe. 

~l:!W.!!!!.!! 

There is important progress in the inTestigations of aagnon diepersion 

or magnon dispersion constants. BoweTer, srsteaatio meaeureaents ot aagnon 

or anomalies in the dispersion relations or energy widths has not been as 

These inTestigations are hindered by the technical difficulties. The aTaila 

large single orrstals of specific substances and (or)intense neutron beaas 
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It is difficult to take into account the reaolution or the aethod, 

was presented in (9). The inforaation about the aagnon lifetiaes in the 

technique aay be obtained froa the slopes or aagnon Peaks if one 

corresponding to the unbroadened aagnona, T~e ana!rsis made by 

at R.T. the lifetiaes or aagnona are allready relatiTel/ 

slope Widths (..:I r ) are larger than those resulting froa instraaen-

oan be shortened by the disorder in. the magnetic lattice. Such 

disordered 64FeJ6Bi alloy (J8) (see fig,9), Besides this, the 

61'(<l~dependence With the .estimated resolution cune i.e • .:JI'~<!J 
llagnons shows that aagnons of certain energy (Ea• 1J,5 aeV) h&Te re

should be confirmed by acre accurate aeasureaents (see 

was inTestigated at Harwell (J9) at 4.2 °1 (Tc•l20°1), 

twin rotor time of flight spectroaetrio technique were 

points of reciprocal space lying in the plane 110 were localized. 

cted magnon branches (for q up to 0.20xqmax) were found (see 

square fitting procedure applied to this 42 points and one point 

from AFMR measurement gaTe : J 1 • -O.JJ! 0,04 mev, J
2

• -0.29! 
u ~ n ~ . 10 mev·xca , 9K2 - K1 • 2. OxlO meVxcm , where J 

1 
is between 

and~ llnOMn • 90°, J 2 is between the next nearest neighbours 
K1 and K2 are anisotropy constants. 

stabilized by iron 

(40) measured the dispersion relation in the direction 

spectrometer, They fitted the theoreti
~ Heisenberg model Hamiltonian With nearest neighbours interaction 

14.7 ! 1 aev and Eg • l,J ! 0.5 aev, Frikke and Riste (Jl) aade 

region using the diffraction technique and found an anoaa!y 

dispersion relation which showed itaelf as an &asymmetry of the 

The anomaly was located at q1;~ax • 0.067 ! o.oJ for the~loJ 
for[lll]and 0.078 t O,OJ for the~OOjdirection. They found from 

~ • 84 t § , JS • 6,94 ! o.7o aev and Eg• 2.9 t 0,6 meV, They 

o the interaction between magnetic localized electrons and the 

they belieTe it is the Kohn effect, In the last inTeitigation 

, where the polarized incident beam was used, the anoma!r 
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appeared to be less pronounced, but because or the poor statistics nothing aore could 

be established, The~e is a possibility that the anoaa!r, if it is real, a&T be caused 

by strong magnetoelastio coupling i.e. by phonon- aagnon interaction. 

Ill~ 

Riste et al. (22) using the diffraction technique with the polarised neutren beaa, 

measured, in the region q/~ax • 0.05 - 0.11, !
11 

• J - lJ aev, the missettiag depen

dence or r and fitted to it the one resulting from the quadratic dispersion relation. 

fhey found ~ • 162 ! 25 i.e. D •• J40 t 45 aeVxA 02 which is in satisfactory agreement 

with the Talue D • 400 t20 aeVxf2 obtained by Hatherly et al. (J8), taking into account 

the difference in the applied teohniquea. 

l~yg its all2.IL 

Iron was the first crystal inTestigated by Lowde (12) and sinoe that tiae it has 

again been measured by Lowde and Umakantha (10) and lately by Hatherly et al. (J8) whose 

inTestigations cOTered a number of compositions of the Fe-Bi alloy systea. In the two 

last-aentioned works small angle scattering and the diffraction teohniq~e were used, 

The out-orr angle of the sca~red intensity cone was measured because if we haTe E • 
2 II 

Dq
2 

and !neutron • dk2 then ~· ~ irrespeotiTely of neutron energy, In order to 

subtract the background, a magnetic field was applied and the difference of intensities 

obtained between the situations when the saaple was magnetized correspondingly parallel .. 
and perpendio~lar to the scattering plane. The measurements were performed on polyorystal-

line samples with the white neutron beam froa the DIDO reactor. The D Tal~es at 0°1 were 

found by extrapolation since the measurements were made in seTeral teaparat~res between 

100 and 400°K. The theory of magnon renoraalization holds that the temperature depen-
'12 

denoe of D has the form: D • constx/1 - cf ), This dependence has been confirmed 
0 

by data obtained on FeJo4, Ni and Fe (see fig, 12), An ilteresting result or the work 

is the obserTation of the changes in D Tarsus the co•position from 10~ Fe to 100 ~ Bi. 

There is a transition between the b,o,c, structure of Fe to the f,c,c. structure 

of Ni. As iron is added to nickel the D Talue is lowered, which prOTes that the exchange 

integral J of·Fe- Fe bonds in the f,c,c. structure is negatiTe. 

ConclusiO!!.!!. 

There is important progress in the inTestigations of magnon dispersion relations 

or aagnon dispersion constants. HoweTer, systeaatio measurements or aagnon energy width 

or anomalies in the dispersion relations or energy widths has not been as yet undertaken. 

These inTestigations are hindered by the technical difficulties. The aTa1lability or 

large single crystals of specific substances and (or)intense neutron beaas are neoessary. 

~ 
\ )\ 
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Fig. 1 Construction of the scattering surface for the case of pyrrhotite Fe
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Section line within the plane (11·0) around t = (00·1) for~8 • 4lc, 

-- neutron lattice lines, --- •agnon lattice lines. 
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Jig. 2 Si•plified draft of the triple axis speotro.eter. The situation corresponds 

to the energy analysing teobniqu (J6). 
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Fig. 5 One diaeneional picture of scattering, the construction along the axis of the 
scattering cone (6). 
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Fig, 10 The elope widths (proportional to the eneru-widths) of the ~~&&Don diffraction 
~ peats in Fe7s8 Tereae aiseetting .angle, i.e. Tersae energ, of the aagnone 

(9,37). 
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Fig. 11 Spin waTe dispersion relatione in a [100] direotion for KDO at • 

Experiaental pointe aarked U Correspond to the upper branch, tho1 

to the lower branch (39). 
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Fig. 11 Spin waTe dispersion relations in a [100] direotioa for KilO at 4.2°1. 

Experiaental points aarked U correspond to the upper branch, those aarked L 

to the lower branch (J9) • 
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Fig. 12 The spin waTe stiffness parameter D for three aaterials plotted against Tf (20). 
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