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1 BBE,IJ;EHHE 
.,, - ,,,.,, 

<l>1rnH11ecK1re CBOl!:cTBa IIH3KOpa3Mepm.rx yrnepo,n:HhlX cncTeM OTJIB'laioTCJI OT. 061>~Mm'.r~ 

yrnepo,im.ix o6pa30BaHni!:, 'ITO n o6ycJIOBJIHBaeT' IIOBhlIIIeHHLifi K HllM HHTepec Kll.K C llillCTO 

Hay'lHOl!: TO'lKII
1
3pemrn, TaK ll B IIJiaHe nx rrpaK~H'leCKoro llCIIOJib30BaHHJI [1;2]. MHorne oco-

6eHHOCTH iiiarHHTHO-pe30HaHCHOro rrorJIOIIIeHn~ n TpaHCilOpTHhlX JIBJieHnfi B 3THX CHCTeMa:,c 

MoryT 6hlTb ofri.11cHeHhl B paMKax MO,n:eJIH o6pa3oBaHHJI KBa3H'laCTllII nma COJIHTOHOB, no~ .. 

JiilpOHOB ll T . .n:., o6pa3JIOIIIHXCJI npll onpe,n:eJieHHLIX ycJIOBllJIX. Po.rib 3JieKTpOH~3JieKTpOHHhlX 

KoppeJIJIIJ;llfi 3,n:ecb MO~e-r' 6hlTblTilRJI(e'BeCbMa' cyIIIeCTBeHHa. :IIpn:i.i:epoM Hll3KOpa.3Mepiii.rx 

CRCTeM JIBJIJIIOTCJI Tpe~ono.n:o6ime cTpyKTyphi, 'cpopMHpye~hle, B, aJIMMe npll ~hlCOK~iiHepre

Tll'lHOM • HOHHOM ?6ny.'le~mi [3-5]. I{ HacTOJ1II1:e~,Y Bp/~MeHH yc?TaHOBJI~fO, -ii-a ~?Hhl B¥COKllX 

3Hepmlt o6pa3J!OT crrerrmjm'leCKlle IIpOTJIJI(eHHhle .n:ecpeKThl - TpeKll. B,n:OJib nyTH 3ap11llieHHOl!: 

qacTHIIhl, II pe.n:11onarae.Tc11, 'ITO HOII~hle TpeK1r ·rrpe,ilcTaBJIJ110T co6ott· cTeplliiieo6pM~hle Ma

Kpo.n:ecpeKThl C IIOHlllI(eHHOl!: aTOMIIOl!: IIJIOTIIOCTb!O BaKaHCHl!: no TpaeKTOpn:ii ,n:BHllieHHH' llOHa, 

rrp1r'leM o6oJIO'lKa TpeKa HMeeT IIOBhlIIIerrHyro aTOMHYIO IIJIOTHOCTh, cocTOJIIIIYIO H3 Mell(.D:oy~: 

3eJibHhlX aTOMOB. BHyTpll llH.D:llBll,n:yaJibIIOro TpeKa BCJie,n:CTBlle npol(eCCOB aTOMHOl!: peKOH

CTPYKIIllll rrpll BhlCOK03HepreTll'lHOfi llOIIHOl!: HMIIJiaHTal(Hll C03,n:a!OTCJI MO,n:llcpllI(HpoBaIIIIhle 

o6JiaCTll C HeTeTpa3,n:pH'leCKllMll aTOMHhlMll KOIIcpllrypaIIHIIMH. IJpH MaJihlX ,n:03aX o6JIJ'le

Hllil TaKlle MO.D:ll!pllIIHpOBaHHhle o6JiaCTll He JIBJIJIIOTCJI rrenpephlBHhlMll B.D:OJib IlJTll llOHa. IJpn 

6oJiee BhlCOKllX ,n:03ax, ,Kor.n:a HMeeT MeCTO nepeKphlTlle TpeKOB, o6pa3J!OTCJI rrenpephlBHhle 

KBa3HO.D:HOMepHhle ,MO.D:ll!pllIIHpOBaHHhle HeTeTpa3,n:pH'leCKlle crpyKTJphl. ,; -TonbKO HaJill'llle 

n1rx CTPYKT,YP MOllieT o6ecne'lnTh B03MOlliHOCT~ nepeHoca uocHTeJiel!: 3ap11.n:a:·' c · iroM'oIIIb!O 

KBa3H'laCTllII Tlllla COJIHTOIIOB, B03HllKa!OIIIHX npn TaKHX ycJIOBllJIX. 

UeJib!O HaCTOJIIIIefi. pa6oThl JIBllJIOCb 1r3yqerr1re ycJIOBllfi cpopMllpOBaIIHJI MO,n:HqlllI(llpOBaH

HhlX KBa3HO,n:HoMepHhlX cTpJKTYP H B03MOlliIIOCTH .Bo36Ylli.D:~IIHJI B ·HHX ciiHHOBhlX BOJIII. 

2 METO,IJ;HRA 8KCIIEPHMEHTA 

B HaCTOJIIIIefi pa6oTe llCCJie,n:oBaJIHCb o6pa3I(hl up1rpo.n:rroro aJIMa3a THIIa Ia (KOHIIeHTpa

I(llJI a3oTa 1019 CM-3), HMr:tJiaHTHpoBaHHble noHaMH J':{e.n:n (63 M3B, 5 • 1014, CM72
), HeoHa 

(26,7 M3B, 5 • 1014 cM-2 ) n IIHKeJIJI (335 M3B, 5: 1014 cM- 2 ). TeMnepaTypa, KOIITponlipy

eMaJI c noMOIIIbIO TepMonaphl, B rrpoIIecce 'o6nytremrn rre rrpeBMrnana 300 K ~hlCOKOTeMne

paTypHr.rfi OTJKHr o6Jiy'leHHhlX o6pa31(0B upoBO,n:llJICJI B rpacp!j:TOBOM KOHTe.ll:rrepe B BaKyyMe 

10-4 Ila. 1-faMepeHHJI 8IIP upoBo,n:HJIHCb Ha cneKTpoMeTpax "Radiopan'.'.• ll "Vari<l-n" B 

X-.n:1raua3orre. C1rrHaJI OT noHOB Cr 3TaJioHrroro o6pMIIa py61rHa ncuoJib30BaJICJI ,n:JIJI KoH

TpoJIJI .n:o6poTHOCTll pe30HaTopa ll ,n:JIJI KaJIH6pOBKll aMIIJIHTY.D:hl MarIIHTHOfi COCTaBJIJIIOIIIe.ll: 

H1 rroJIJI CBlJ. lfaMeperrn11·a6coJI10THol!: KOHI(eHTpan1r1r crrnnoB upoBo,n:HJIHCb c ncrroJib30Ba

IIHeM yrOJibHOJ:O 3TaJIOHa. 

' r 

3 PE3YJihTATbl 11.0BCY~,IJ;EHHE 
06Jiy'leHne o6pa3I(Oll aJIMa3a HOHaMll .B:HCOKllX 3Hepmtt upnao.n:nT .H IIOJlBJieHnlQ. B. cneK

Tpax, 8IIP cna6o aHH30TJ>QIIHOfi JIHIIHH ,II&paMarHHTIIhlX nenTpOB (TIU),· xap&KTepn:3y19° 

11Ie.ll:c11 g-cpaKTOpOM, 6JIH3KllM K 2,0027, n p11.n:a CHJibHO aHll30TpOIIJlhlX JIHHHJ:t: ( CM. pnc.1,3). 

· P.e"c.uii::t~ia\ m,:mrr,' 
n~-,wx sccJe1a:1ud 

6HSJ1HOTEMA - -~ 
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1-1, re 
· • Pnc.1. ·CrreKTp 8IIP anMaaa, llMIIJiaHTnpoBaHrroro noHaMll Cu c ilileprnell 63 M3B:· 

a)·nnocKocTI. llMnnirnTannn (111) nepnerr.n;nKyIDiprra MarHllTHoll KOMnorreHTe H1 CBq

noJUI; v;=-9316; 86 Mrn; 6) 'WI0CKOCTb llMIIJiaHTaIIllll (lll) napaJIJieJII.Ha MarHllTHOl!. 

KOMIIOHeHTe H1 CBq-IlOJUij V = 9318,47 Mrn 
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C1rn1,110 a1111aoTporrnL1e yaKne nun1111 cooTBeTCTBJIOT TO'le'lHLIM pa,n;11an110HHLIM ,n;ecpeKTaM B 

perneTKe anMaaa. UenTpamnan cmir11eTHaJI n111111n B crr~KTpax 8IIP, xapaKTep113yIO!IlMCH 

aH1130TpOIIJILIMH g-cpaKTOpOM, IIIITCHCHBHOCTI.IO, rn11p1111ol!. l! cTeIIel!I,IO acuM~eTp1111 [4], o6y

CJIOB/JCI!a pe30HancnLJM rrornome1meM na IIO,l(BlllKHLIX KB11.3H'laCTIIIIaX, npe,n;rroJIOJKllTeJII.HO 

CO/JIITOHaX B Tpe1<01IO,D;06HL1X KBa3110,l(HOMCpHLIX CTpJKTyp'ax, o6pa3JIO!IlllXCH B nponecce BLl

eOK03HCpreTll'llIOH IIOHHOH IIMII/JaJ1Tan1111. 

IlpoBe,neHHhl~ K nacTOHII.l,eMy BpeMCHH aBTopairn 3KCIICp11MCHTLI no 113J'lCIIIIIO KUHCTUKU 

nornome1111n. II e1111110Bol!. ,D;HllaMIIKII MoryT 6hlTb pacCMOTpeHLI B Ka'lCCTBe ,D;OKa.3aTe/JbCTBa 

Toro, 'ITO perlleTpllpJCMLJe ellllrJICTJILle /111111111 B a/!Ma3e, 06/JJ'lCIIHml BLICOK0311Cpl'CTll'll!LIMII 

IIOHaMII, o6yCIIOB/JeJ!LI TIU, KOTOpLie HB/JHIOTCH KBa311'laCTIIUaMII Tlllla eO/JIITOHOB. '.l{nn TaKIIX 

KBa31!'laCT111i necnapemrne Cllllllbl ne /J0Ka/11!30BaJILI 11a 0,l(II0M aT0MC, a o~o6meeTBJICHLI yJKe 

ne11oii neno'!K0H at0M0B yrnepo,n;a, 113 J{0TOpLIX C0CT0IIT MO,D;ll!plllll!POBanuan CTpyKTypa, 

c03,n;a1111an B~IeC>K(l311CpreTH'!IILIM II0H0M np11 CBO~M TOpMOJKeHIIII.- IIo,n;po6noe 01111ea1111e 3TIIX 

3KC11CpUMCHTOB 11 06CJJK,D;CHl!e 110/JJ'!.eUHhlX pe3JnbTaTOB fiy,n;eT 011y6,11IKOBaHO Il03JKC . 

.l{o110111111TC/JhllLI~ ,l(0Ka3aTeJibeTB0M 1rna311qaeTll'lHOl!. np11po,n;L1 emir11eTHLIX JIUHIIH HBJIH

IOTen ,n;aHH!,IC 110 1130li:p0HH0MJ OTiKIII')' 3/!Ma3a, ·06Jiy'ICIIIIOMJ BLICOH0311CpreTll'IHLIMII IIOHaMII 

IIHl{CJIH. vlce11e,n;oBaHIIH 113MCHeHIIH lIIIIPIIIILI e1111rneTHOH JIIIIIIIII np11 OT}KIII'C II0Ka3LJBaIOT, 

'ITO oua HCMOIIOTOHII0 113MeHHCTen C poetoM TCMI1epatyp1,1 (p11e.2), npwieM 3TII 113MCl!e

mrn HB/JHIOTCH ,l(0BO/JLHO eymecTBeHI!LIMII. B IIHTepsa11e TeMnepaTyp 650- 700°C rn11p11na 

/111111111 B03paCTae1: OT 5,3 ,1(0 7,7 re II 3aTCM JMeHLlIIaCTCH ,no 3,3 re B 0611aeT11 TCMUepa

typ 750-850°0. HMeHH
0

0 Ta1mc II0BC,D;CHIIC llillplllll,I ellHrJICTHOH JIIIHIIII ,D;0Ka3LIBaCT TO. 'ITO 

COOTBCTCTBJIOil.l,IIC nu 06ye110B/JCHhl 1rna311qaeT111.1,a~111 . .l{nn 06L1 11HL1X IIIC IIMCIO!Ill!X rny-

60KIIC ypoBHII B '3a11pCII.l,CHHOH 30HC 11' eo,n;epJKa11.1,11x o6opBaHIILIC CBH311. ( HanpllMCp, IlC'HTp 

Si-GS B KpeMHIIII (6]),,TaHoe II0BC,l(CJ!lle lIIllpllHhl JIIIHIIII HCB03M0JKII0 . .l{nn IlCI!TpOB, eo,n;cp

JKaII.1,IIX 06opBaH11hle eBH311, 113MCHCIIIIC' Ulllpllllhl /JIIHIIII 11p11 OTJKllrC o6Li'lHO HC3Ha'll!TC,1bHO 

11 He' M0}l{CT 6LITL'1icM0110ToI111h!M B mo6oM e11y<iae. C ,n;pyroii eTopoHhl, napaMarn11THhle 

1rna311qaeTUJlhl, l!MelO!IlllC TaKJKe rny6oHl!C JJ>OBHII B 3a11pe11.1,eHHOH 30He, 0611a,n;a10T 6011ee 

lllllp0HIIM pacnpe,n;ene1111eM B0JIHOB0l!. cpyHKI.1,1111 (,n;11n TOIIOJI0I'll'leel{IIX CO/JIIT0H0B B IIOJilla-

1.1,eT~JieHe, nanp11Mep, aon'uo'sarr qiy11K1.1,11n oxBaThl_BacT ,n;o 45 aTOM0B yrnepo,n;a (7]). l{poMc 

Toro, KBa311qaeTIIIlhl HB/JHIOTen 110,l(BIIJKI!h!MII B npe,n;e11ax paenpe,ncne1111n BOJIHOBOl! q>yHKI.1,1111. 

3TO onpe;.1,eJIHCT IIX BbleOKJIO qyseTB11Te/Jh1iocTb K eTpJKTypi°ihlM ncpecTpoiiKaM TJ>CKOIIOJW6-

llblX 0611aeTeii II IIJ)Ol.l,CCCC TCJ)MOo6pa6oTim, Bhl3blBaeMblX, BepOHTIIO; aHTIIBal.l,l!CH ,D;Blllli<'HIIH 

BaKaHCl!l!. [8]. ,. . . • . 

B non1,3y npe,n;nmKen11oii 11,n;e11 npo11cxmK,n;en11a ocnoBHhlX peaonaucHLIX n111111lt B 11Mn11an

T11poiiamrnx anMaaax TaK}!{e CBll,D;CTCnhCTBJCT eosna,n;eHlle g-~JaHTOpOB 11a6mo,n;aCMLIX III{ [4] 
C g-cpaKTOJ)OM ITU, na6JIIO,D;aeMh!X 8 IIOJil!al.l,CTII/JCJIC [9-11]. 

IIp11 iiecJIC,l(OBaJIIIII o6pa3UOB a/!Ma3a, 06ny11e11110ro HhlCOl{O:➔IICfircr11•111h!MII II0HaMI! M<'J.1,11 

II HIIKCJIH, BIICpBLIC 6hllla o6napyJKeIIa aim30Tp01111H CIJeKTJ)0B ~➔ IIJ> 0TH0CIITC,1bll0 Ma!'IHl'f

HOH J{0MIIOHCIITI,J H; no.iin CBlJ, conpoiioH{AaIOil\aHCH H0;l;IIIHI~:OsciiiZ~M 8 CIICHTJ)C J.l,Ol;O,I;i11-

TCJ!hll!JX '~'IIHHfi. ::ho n111ino HJ p11c.l, r;.1,e npc,nd'a11i1c1111 CIICHTJH,I ~➔ IIP 06pa:11.1,a am1a:1~: 

IIMil/JaIITllpOBaHnoro ll0HaM11 MeJ\H, B ei1y•1ac, H0I"J.l,a IJ 1 11epnen1111Ky1111p11a IIJIOCIHJCfH HM-

1111anTan1111 ( 111) (p11c. I a), ll B c11y•iac, Imr,na II I napaJI/JCJibl!a llJI0CH0CTll I llMIIJiaUTalUIII 

06paa1.1,a (p11c.l6) •. B ncpB0M eny•iac II0MHM0 OCIIOBH0il J)C30HaHCH0i! JIIIIIIIII L1 ,nono,11111-

TC/II,IJO B03Hl!KaIOT cpaBHIITC/JhHO lllllflOl{IIC JIIIIIHII -L2 II' L:i,- 80 BT0J>0M CJIJ'l11l' pcrl!eTpllpy

eTCH TOJihH0 /JIIIIIIH L1, 

3 
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Pn:c.2. 3aBHCIIMOCTJ, lllllp11Hhl CIIHrJieTHOfi JIIIHIIII aJIMa3a, IIMITJiaHTllpoBaHHOro HOHaMII Ni 

c 3uepr11el!: 335 M3B, OT TeMnepaTyphl ornmra 
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P11/3. CneKTp 8TIP aJIMa3a, IIMITJiaHT11poBaHHoro 110HaMH Ni c 3Heprnel!: 335 M3B II 

OTO)l(ll(eHHOro JI.O 700 °C; v = 9446, 11 Mrrr 
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TI pH IICCJieJI.OBaHHII 06pa3rra aJIMMa, HMITJiaHTHpOBaHHOro HOHaMH. HHKeJIH, B. cnyqae, KO

rJI.a IlJIOCKOCTI\ IIMITJiaHTailHII o6pa3rra (llO) nepneHJI.IIKYJIIIPHa H1/B
0

c~eKTpa:/c.8TIP Tal{ll(e 

IlOJIBJIIIIOTCH JI.OllOJIHIITeJibHble JIIIHHH 12 H 13. 8TOT 3q>q>eKT B03pacTaeT IlOCJie TepMn:qecKo:lt 

06pa60TK11 '06ny'IeHuoro aJIMMa: YJKe uocne H3oxpoHHorci OT)l(HI'a npn TeMnepaType'350 °C 

n BhlIIIe JI.ononii:ineni:Ii:ble JIHHHH pernCTpnpyroTCJI n B cnyqae, Kor.ia.iuiocKocTh'irMmiauTa-
rr1111 06pa3rra napaniien1,ua H 1 (pnc.3).' ' 1 

' ,. ' ,:•• ~ 

Tio aHaJi:ormi' C pe:iyn1,TaTaMH; i10Jiy'IeHHhlMli ua' aJIMil3HhlX nJieHKax,' llMIIJiaHTHpcfaaliHLIX 

IIOHaMH 6opa [12], MO)l(HO npeJ{JIOJIO)l(HTh, qTQ JIHHHH,12' li 13 CBJI3aHbl C nu:, o6M'!HO lIMe

lOilllIMll cnuriieTHyIO JllIHHIO 1{ 
1

B cuei{Tpe 8ITP. JlHuim 11, L'i"n 'L3 upeJI.CTaBJIJIIOT'co6ott 

pe30HaHCHhlt! MOJI.hl aHH30TponHhlX° CJIHHOBhlX BOJIII;: ll°CTO'IHlIKOM B036yll(JI.eHHJI KOTOJ)hlX' RBJill

eTCJI napaMarHIITHaJI CHCTeMa llOJI.BlI)l(HJ,IX KBa3lI'IaCTHil.' CooTHOIIIeHne •'aMIIJIHTy.zi'n: 'm:ii:pnH 

AaHHblX mrn11ii, A,Jlll' KOTOphlX paCCTOllHl!e MelK,D.y HIIMII no,1:1':iuH;CTCll KBMP~THq110My li11cnepc'i'iott~OMY co

OTHOilleJ!lllO, no.zio6uo ypaBHeHIIIO KnTTelIJI ,riJIH TOI!KlIX MeTaJIJIH'IeCKlIX q>eppoMar:ini:THhlX 
IlJI~HOK [13]: ;, , ' 

w = Ak2 +wo, ., 
k == n1r/d, 

f. ,, 

I 

(1) 
(2) 

rJI.e d - 3q>q>eKTlIBHaJI TOJIIlIIIHa lI3MepJieMblX CTPYKTyp; n - rrenoe qiicno lI paBHJieTCJI 3 

11 5 JI.JIJI MOJI. 1 2 n 1 3 cooTBeTCTBeuuo; A - K03q>q>nn11eHT, xapaKTepn:iyro~irri: 11eJJ1Iqnny 

3JieKTpOH-3JieKTpOHHhlX KoppeJIHITHl!:. 

0JI.HaKo ycnoBIIJI ua6nroJI.eHIIJI crrnnoBhlX ·BoJIH B aJIMM~hlx uneuKax n"'B ~eoToiruKennoM 

o6pa~ne aJIMa3a, o6ny'IeHHOM, mirrpii:Mep, ironaMri: MeJI.R;·~ymecTBenno 6TmrqaroT~. B neo

TO)l(JReiinoM MOIIOKplICTaJIJie aJIMa3a CIIlIIIOBble B~JI!Ihl na6JI!OJI.~!0Tci: JllIIIIL'ii cnyiiae; K◊ri(a H1 

llepue1IJI.lIKYJI11pHa JIJIOCKOCTII lIMIIJian;aITl!II o6pa3rra, T.e. napaJJJJeJILHa ', !Iaup~B'ne!IHK> 'n01i:
HOI'O Tpei<a (p11c.la), n: u'e ua6JIIOJI.a!OTCJI upn O~KJIO!IeHim OT JI.alIIIOro uaupaBJienmi:': ,(puci.ls). 

. 0THOIIIelllIJI A/d2 , JIOJiyqeJI!Ible B COOTBeTCTBlllI C (1) II, (2) paBII~ 6,6-107 c·1 II 6,4;107 i:~1 

AJIJI o6pa3UOB aJJMaJa,'' IIMJIJiaHTHpOBalIIIh!X lIO!IaMn' IIIIKeJIH H MeJI.!I COOTBeTCTBeHHO'B 

cnyqae, KOrJI.a H1 nepne!IJI.lIKYJIHPHa JIJIOC.KOCTlI HMJIJiaHTaITHlI o6pa3ITOB. BepoJITIIO 3TOT 

3q>q>eKT CBJI3aH C aHH30Tpoimefi B636y~JI.eHHJI cJnii6BLIX BOJIII' H '06,iJI~Hiie; a!IlI30TpOlllIIO 

CIIeKTpOB. 8ITP iiTHOCHTeJibHO MarnlITHOH COCTlllllIJIIOille:ll: CBll,-uoirn:}H{ • Aiin~~Tpon~JI 

B036yll(JI.eHn~ cnHHOBhlX BOJIH cTaH~BHTCJI Bnoirne uonJIT!Ia, ecJIJI ~pnnJITh ao •11iiin.1;H1Ie 'itB~-

3HOJI.IIOMepuyIO npHpOJI.Y TpeKoJIOJI.06HhlX MOJI.Hq>nrrnpoBaHHhlX CTPYKTYP, qiop~~pykMux 'ripn 
TopMoll(eH~lI BLICOK03,nepreTn'Inoro non a. · ,. · · · ', : ·:' ·" ·" · · · · 

' ' I , / ' ', • , ' , ! '.' •: , .: , , . ; , ' 

qTO KacaeTCJI o6pa3rra aJIMa3a, o6Jiy'IeHHoro lIOHaMH N1 C ,rneprne:lt 335 M3.B lI OTO)l(-

ll(eHHOro JI.O TeMUepaTyphl 350 °C n Bbllile, 11 KOTOpOM ClllIIIOB~e BOJIHLt ym'.e na6JIIOJI.a!OTCH .n 
,' .. ':. ' .·,, ',. . 1 , Y•r . ' . '' · [ , ' ' ' ' 

B CJiyqae, ·KorJI.a Mar.iinTnaJI KoMnonenTa H 1 uoJIJI CBq uapannen1,na unocKOCTH lIMJIJianTa-

111111, TO 3TOT cpaKT CBHA:CTCJibCTBYCT 06 ; YCHJICHRH , 3Jie~'Tpini:.'3neKT})OHHLIX 

KoppenJ11111ii, ceir:iaiiHLix c aTOMaMH yrnepo,1:1a a TpeKono,1:106HL1X cTpyKTypax. ~-Ha .. 

3~0 yKa3blBaeT n BeJIJI'IJIHa A/d2, JI.OCTJiraIOillaJI 3na'Ie1IHJI 1, 2 • 10~ c:-1 uocne ornmra upn 

700 °c. 8TO MO)l(eT 6blTJ, CBJI3a!IO C OT)l(lirOM TOqetJ!IhlX ,zie'qieKTOB upn 3TlIX TeM~epaTypax. 
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4 _ -BblBP,[I;bl '.I 

Jlpo~~,n;~HHhl~ 9IIP-~~~~~;OBa~~~UOKa3aJm o6pa30BaH~e B aJIMa3e.TpeK~no~o6m,1x KBa-
"- __ ,.. ' ' , -' ' _, ' ' . .,. . , ~ .. ' ' . ' .'' 

3llO,!l;HOMepHh!X HeTeTpa9,n;pn11eCKllX .CTPYR,TYP IIOCJie BLICOK09HepreTll'1HOl!: llOHHOl!: llMIIJiaH-
T~~~ll. \r~T·~~OB~~Ho, '1TO cn~r~eTHaH HHTencHirn~.ir JIHHHH 9IIP xapaKTepH~yeT co6ol!: MO
,!l;llqi,i:qHpoaaHnLie.n:oHHLIM. 06Jiy11enHeM 'o6JiaCTll ll H~JIHeTCH CJie,!l;CTBlleM p'e30Ha!ICHOro no-

"' I, • , ... ' L ( • < '• ~ ~ • ', , , , , , J, ', , ' •' , • , , , 

rnomeH.llH Hii IIO,!l;BlllRHLIX KBa3.ll'1aCT:li:qax, rrpe,n;rroJIOlRHTeJib!IO. COJI.llTOHaX. 
1 

, 

.. , .,<)6H~P:Y~ell~-~ c1~~~TB,_e1IHL!e HeM~ll~TOHHLie ll3~elle~~H lllllP!'lHLI Cll!lrJieT!l?l!: JI.llllllll 9HP 
IIP~\O!~~fe,?61'.HCHHI<,>T~fl-B pa,J~U{<l:X MO,!l;(:Jlll.II!),!l;~lllR!ILIX KBa3H'1ac:rn~ ll,~BJIHIOTC~ eme 0,!l;HllM 
_rr,oK~~-aTeJibC,T,B,?M. ~x cym_ecTB_OBa1,rn_1;1,•. . . . . ' ' . ', ' ' 

BrrepBLI~ B_ TpeKorro,n;o6HLIX Mo,n;n:qiH:qnpoBaHHLIX cTpyKTypax, cqiopMHpoaammx BLICoKo-
-, ,• ,, <.f';, ti'.'" __ , • .;_·. , · .,' !,.,.,,, , , - n • , , " · · ~ -IB 

9HepreTll.'):HLIM 'llOHHLIM 06Jiy11eHneM B MOHOKpllCTaJIJiax. aJIMa3a, Ha6mo,n;aJIHCb IIpll KOMHaT-
HOl!: ;eM~~p~;yp-~ crrHuoa~e B0~HLI Hoaoro THrra, c~H3aHnLie c KBa3H11acTm~aMH'. Brrep~Lie 06-
napyJReHHaH aH.ll30TporrnH crreKTpoa 9IIP OTHocnTeJibHO MarnHTHol!: KOMrroneHTLI rroJIH CBlJ: 
orrpe,n;eJIHeTcH, BepOHTHee Bcero, aH.ll30TpOIIHel!: B036yJR.n;eHll11 CIIllHOBLIX BOJIH IIOJieM CBlJ: B 
TpeKono,n;o6HLIX RBa3HO,!l;HOMepHLIX CTPYKTypax. 06Jiy11e11m.rx aJIMa30B. HaJilll'.J"lle CIIllllOBLIX 
,BOJIH B 06Jiy11eJ1HLIX aJIMa3aX rrpe,n;cTaBJIHeT co6ol!: rrpOHBJieHHe cyir(ecTBOBal!llH ycTOl!:'lllBLIX 

J /.; j • ~ 

KYJIOHOBCRllX Koppeirn:qnl!: ,n;aJibHero nopH.n;Ka B aJIMa3e npll KOMHaTHOl!: TeMrrepaTypc. 
··:,1. - . .-,,, 
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PyKOIIllCb noc-rynWia B ll3A3TeJlbCKHH OTAeJI 
20 arrpe.nll 1995 roAa. 
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