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/1,2,3/ 

ax noxa3aHO B pa OTaX , xosp~HTHBBaH cuna ~ene3o-Hexeneawx cnna-

BOB ~BCTBBT9nbH8 -K 'B03A9ICTBBD HeiTpOBBOro o6~9HHH • 

.llaBHhle HCCneAOBaHHH 6h!nH UOCBSIIII9Hhl H3Y'I9BBD BnHHHHH B30XpOHHOrO OT

~Bra Ha xosp~HTHBHYD cuny ~6AeBoaoro nepMannoa, o6ny'leHHoro HeATpoHaMB 

B BAepBOM peaKTope. 

1. 06pa3~hi a xx npHrOTOaneiUie 

HccneAOB8HHH npOBOAHnHCb H8 o6pa3~ax, AnKHS KOTOphlX p8BHBn8Cb AB8A~a

TB MBnnHMeTpaM, 3xcnepHM9BThl CO 3B8'1BTen&BO 6onee llnHHHhlMH o6pa3~8MB 

B9CbMa TpYABhi, H UOSTOMY .[lnH TOrO, 'IT06hl yM9BbWBTb pa3M8rBB'IHB8DWHA cjlax

TOp, Ka~AhiA o6pa3e~ COCT8BnBnC51 B3 30 UpOBMO'IeK AH8MeTpOM 48 MBKpOH, pa3-

AeneBHh!X Apyr OT Apyra UpBMepBO 5Q-MBKpOHBhlM CnOeM OKBCH M8rHBH, 0AB8KO 

Aa~e npx Taxex pa3Mepax nonBOCTbD npeBe6peraT& BnHHBHeM pa3MarBH'IHBaDwe

ro nona TOp~OB o6pa3~a 6wno aen&Ss. Kax noxa3anH sxcnepBMeHTw1 BnH51HBe npx

BoAHno K 38MeTHOMy YM9BbW9BHD OCTaTO'IBOA BBAY~H o6pa3~0B. llns npeAOXpa

BeHHH OT M9X8HH'I9CKHX U0Bpe~A9HBA npOBMO'IKB UOMemanacb B K8UHnngp H3 OKH

CH 6epennHH C BHy'!'peHHHM AHaMeTpOM 0,4 ~~~~ B C TOnWHHOII CTeHKH B 0,2 MM. 

8 ASHHOM CnY'Iae OKHCb 6epiUIJIB51 YAOBneTBopseT BCeM Tpe60B8HBBM , BanaraeMh!M 

sxcnepHMeBTOM, - BBnasc& cna6onapaMarHBTBhlM AHsnexTpHKOM, oaa xopowo npe

BOABT Tenno, M9X8HB'I9CKH fiPO'IH8, U03BOnHeT UpOB3BOABTb OT~r o6p83UOB npH 

141 
Bh!COKHX TeMnepaTYPSX B cna6o 8KTHBHpyeTCH B peaxTope • npxrOTOsneBHhie 

TSKHM MeTOAOM o6pa3~hl OT~HranBCb UpH TeMnepaTYpe 120Q°C B aTMocljlepe 
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BO.QOPO.Qa B Te"'eHJle .QBYX "'aCOB. Pa3mi'1Hble o6pa3Ubl OTnH'Ianacb Apyr OT .Qpyra no 

MarHHTHbiM xapaKTepHCTHKaM He 6Mee '19M Ha 10%. 

.llns o6ny"'eaas o6pasnhl .sanaasanacb B repMeTH'IHYIO aniDMHHHeayro aMnyny, 

KOTopas noMemanaCb B Kanan peaKTOpa, rAe oxnaJKAanaCb UHpKynBpyromei!: BOAOA, 

HMeBmelt TeMnepaTypy, 6nH3KYIO K 30°C. 06lly'19HHe npOH3BOABnOCb B aKTJlBHOi!: so-

12 12a~l!TDOH He ABYX pa311H"'HbiX peaKTOpOB C UOTOKB.MII llpHMepso paBHbiMII 10 H 8•10 
CM Cel 

KaK noKasana peaynbTaThl aKcnepsMeHToa, TeMnepaTypa o6pasnoa so apeMsi o6ny-

'leHHH 6blna 6nasKa K TeMnepaType oxnaJKAaawei!: ax BOAhi." 

06ny'leHHe o6pa3UOB llp0113BOAH110Cb p83mi'IHbiMII HHTerpanbSblMII ll0T01![8MH 
· 16 17 aeii:TpOH 

6biCTpblX seii:TpOHGB OT 6·10 . .QO 2,9•10 CM2 

06ny'leHHI>Ie o6pasni>I aeKOTopoe apeMH •ahlcBe'laaanacb" , a saTeM npoaaao

ARnac& 113MepeSHl1 KOSp!UITHBHOi!: CHilbl llpH B30XpOHHOM OTlKHre. I130XpOHHblil: OTlKHr 

npoaonancn cnenyrowaM o6pasoM: o6pasnbl BhiAeplKHaanHCb npa TeMnepaType OTlKa

r a a Te"'eslle onsoro "'aca a aTMoc~pe aonopona a Menneaao oxnaJKnanacb. Bo 

apeMs OTlKHra c noMombro TepMoperynHTopa TeMnepaTypa o6pasnoa nonJlepJKaaanacb 

c TO'IHGCTbro AO 1 °C. BpeMSJ OTli<Jlra 6hlno BI>I6paao aKcnepaMeHTa.llhso. 11sMepeHHSJ 

KOap~THBHOA CHilbl npOH3BOAHilHCb npa KOMS8TSOil: TeMnepaType. 

II • AaToMaTa'leCKHA aa6panaoHHI>IA MarHeTOMeTp 

Jlng IICCileAOB8HBSI MarHHTHbiX XapaKTepHCTHK nepMannOSJ llpiiMeHSinCSI BH6pa
/5-9/ 

UHOHHI>llt MarHeTOMeTp , B Jl8HHOM Clly"'ae o6nanarowalt pSIAOM npeHMymeCTB IIO 

cpaaseHHIO C ApyrHMII MeTOAaMH. 

B BH6paUBOHHOM MarHeTOMeTpe o6pasen IIOMewaneSJ B llOCTOSIHHOe MBrHHTHOe 

nMe B llpHBOAHnCSI K8KIIM-nB6o CUOC060M B KOHe68T¥J>HOe ABHlKe'HHe. Kone6nrowlll!:

CSI MaFSHTHblil: MOMeHT C03AaeT B llpOCTp8HCTBe OCUHnnapyromee MBrHHTHOe none; 

Ha HeB:OTOpOM paCCTOSISHH OT o6pa3na paCUOHOlKeHa npaeMHaSJ KBTYWKa, MarHHTHI>Iil: 

llOTOK 'lepe3 KOTOpyro H3MeHSJeTCSI IIpH KOJie68SIISIX o6pasna, npa STOM B npHeMHOl!: 

K8Tyl11Ke B03HHKaeT nepeMeHHB.SI S,A.C, 38BHCSIWBSI OT 8MillliiTYAI>l KOJie6aaail:, 'laCTo

Tbl KOne6aaalt, MB.rHIITHOrO MOMeHT8 o6pasna II B38HMHOrO pacnonolKeHHSI o6pasna 

H npaeMHOl! KB.TyliiKH: 

• 

f 
I 

d4> 

d t 
= k ,

1 
A (I) M sin (I) t 

1 

( 1) 

4 

rAe A,(IJ 
- aMnnHTYAB H '18CTOT8 ~tone6aaai!:, k - KO~$$allHeST, 38BH 

asaHMBOrO pacnono}l{eSHSI o6pasna II K8TYWKII• M - MarHHTSblll MOM! 

Hs ljlopMYilhl ( 1) BHJlHO, 'ITO a.Jl,C.,, B03HHK810WBH B npHaMHOll K8TyWKe 

aaaacHT oT aena'II!Bhi MarsaTsoro MOMeSTa o6pasna. Ecna Koa$$anaes 

ocTaJOTCSI nocTO.SIBBblMH, TO aMilllHTYA8 f I 
MOlKeT oi>ITb Mepol! Mal 

MeHTa o6pasna. 
To, 'ITO JlllSI sachiiHeHBSI nepMannoH seo6xoAHMI>I cpaasaTe.llhHO s

1 

llSI (10 apCTBJl), onpeaenano KOSCTPYKTHBSbl8 OCOOeHHOCTH OllHCbiB8B~ 

MBTpa. ,llnSI co3A8HHSI nonH HCUOnh30B81lCSI CQneHOIIA (50000 BHTKOB 

8 
c aayTpesHIIMH naaMeTpOM 3 eM. Hanpaaneaae Jtone6as11A o6pasna 1 

so npanoJKeHHOMY nonro. 

Cor nacHO \ 1), aena'IHH8 carsana, IIHAY!lllpyeMoro B npaQSIBoll It< 

CRT se TO.llhKO OT aenii'IHHbl MaFSIITHOFO MoMeHTa o6p83Jla, Ho II OT l 

asaiiMHOro pacnonoJKeHIISI npaeMsoll Ka-rym 

TaJt}I{B OT aeJIB"'IIHbl K09$~HilE 
ne6asafi, OT ax '18CTOTbl 11 

a aaMeplileMoe aanpSIJKeaa:e saaacaT 

11 naaeltaocTII peracTpapyiDmeil: cxeMhl. Bee aTH aena'IHHI>I a Te"'esae 

sKcnepaMeHTa TpyAHO coxpaHHTb aeas!deHHbiMH1 noaTOMY TO'IHOC'l'b rrp 

6e asMepeHHSI aeaenaKB. /5/ 
B OIIHChiBSeMOM .MaFHeTOMeTpe, Jtalt H B 

6hln IIpH!deBel'l It 

MeTOA, U03BOilSIIOllliiA RCKiliO"'BTb 6o.llhWHHCTBO ~aKTOpOB, CHH}I{SIOWII 

MepeaHA. 3TOT !de'I'OA 3SKIIIO'IaBTCSI B TOM, "'TO KpOMB npaeMHQll ltST: 

mel! MaraaTHbiA nOTolt o6pasna, a cxe~y aKniO"'8eTCH eme o)lHa npa 

ItOile6nJOliiHACSI CHHXpOHBO C H3!depSieMI>IM o6~ 
H sTanoaBI>Ill o6pasen, 

npaeMHbie JtaTyWKII 
COe)lHHSIIOTCSI nocneAOB8TenbBO H s=pe'IBO, a cy1 

IIOB UOA89TCH sa BXOJl ycanaTenSI. B AaHHOM 
cny'IBe ponh a-ranoBso· 

ll031HSII1a HeOO.llhWaSI JtaTyWKB, qepe3 KOTOpyiO nporrycKaJICSI UOCTOHHE 

3.llC a npaeMaoA KaTyWKe aTanossoro o6paana asanoi'Jl'IHO ( 1 l 

B BHAe 

ll 
.. kliA(IJisill(ljt, 

rAe k - nocTOSIHHblA KOS$1jlHD;aeHT CBSISH, 
- 'I'OK, npOXOJlSIWHll 

syro KaTywKy. 
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'lacos. Pa3IDI"'HLJe oopaanbi DTna'l:anac& J:lpyr OT J:~pyra no 

.BKT9DHC"''A'l<AM He Donee '19M Ha 10%, 

.aanaaaanncr. a rep.MeTH'IlfYIO amoM.I!aaeayro a.Mnyny, 

Kaaan peaxTopa, rlle oxna*Aanae& napKynapyromeA Bo.QoA, 

, 6nH3KYIO K 30°C. 06ny"'eHHe IlpOH3BOLUinoc& B BXTHBBOA 3<>-

12 12aeATpog IIOTOKBMH IlpBMepao paBHbiMH 10 II 8·10 !{; 
CM CeK 

CIKCIIepaMeHTOB, T9MIIepaTypa Oopa3I(OB BO BpeMH o6ny-

T9MIIepa-rype oxna*AasweA ax BO.Qbi." 

06paanoa llpOH3BO.QHIIOCb PB3nH'l:HblM.I! HHTerpanbHblMH 

8 iol8 2 g 1017 neATpos: OT • J:IO , • CM2 
nOToxaM:a 

HeKOTopoe speMa: 'sbiCBe'!nsanacb• , a aaTeM npoaaao

KospnaTasa:oll can&I rrpa Haoxpos:aoM OTMHre • .l1aoxpoa:m1l! OTMI~r 
....... o6pa3oM: o6pa3nbi BbiJ:IepMI~aanHc& rrpa TeMrrepaType OT*H

'Iaca s aTMoc<Pepe BoAopo.Qa a Me.Qneas:o oxna*Aannc&. Bo 

lnoMow&IO TepMoperyna:Topa TeMrrepa-rypa o6paanoa IIOAAep*HBanacb 

BpeMR DTMI~ra 6LJno Bhiopaao sKcrrepKMeHTan&ao • .11aMepeaua: 

1IpOH3BOAHnHCb llpH KOMHBTHOJ! 
TeMrrepaType. 

, ABTOMaTH"'eCKHJ! BH6panHOHHbiA Mal"HeTOMeTp 

Mal"S:HTHblX XapaKTepHCTHK U9pMannO.Il IIPHM9H.Il11CS! BHopa/5-9/ 

, a AaaaoM cny'l:ae o6na.Qaromal! PRAOM rrpeaMywecTa no 

Mal"HeTOMeTpe Oopaaen llOMewanc.ll B llOCTOHHHOe Mal"HHTHGe 

cnoco6oM a Kone6aTen&aoe ABB*e'Hae. Kone6nroma,it

B rrpocTpaHcTae ocnannapyromee MaranTaoe rrone; 
RHHH OT o6paana -

pacnonoMeaa npaeMaaa: KaTywKa, Mara:HTHbil! 

H3MeaReTca: npa KOlle6aana:x o6paana, Dpa STOM a npaeMaoli 

nepeMeaaaa: a.A.c, aaancHWaa: OT aMnnHTYALJ Kone6aauA, 'IBCTo

MOMeaTa o6paana a aaaaMaoro pacnono*eaua: o6paana 

~ k.
1 

A(,) M siD(,Jt, 

(I) 

4 

rAe A,"' - 8MIIIIHTYA8 H 'IBCTOTa xone6aaall, k - KO~¢$HilH9HT, 3aBHCSiwalf OT 

saaHMHOl"O pacrronomeHHH Oopaana H KaTyWKBt M - M8l"HHTHblll MOMeHT Oopaana, 

!1a «jlopMylibl (I) BH.QHO, 'ITO 9,.Q.C., B03S:HKaiO!IlaSI B IlPH9L;IS:Oll K81'yWK9, liHHeliHO 

38BHCHT OT BeliH"'HHbJ M8l"HHTH0l"O MOM9HTa 

OCTBIOTCH IIOCTO.HHHblMH, TO 8MllliHTy.Qa f I 

MeHTa o6paana. 

o6pa'ana. Ecna xos«jl<jlanaes:Tbi k, A, Ql 

MOlKeT Ob!Tb Mepoll Mal"HHTHOl"O Mo-

To, 'ITO .ona: a:achi!lleHaH rrepMannoH a:eo6xoAHMhi cpaas:aTen&a:o a:e6on&wHe no

n.ll ( lO 9pCT9A) 1 Orrpeaenano KOHCTpyKTHBHhle OCOoeHI{OCTH OllHCb!BaeMOl"O Mal"HeTo-

MeTpa. Llna: co3.uaa:aH nona: acnOllbaosanca: coneaoa.Q (50000 BHTKoa) J:~nas:oll 30cM 

a c aayTpes:aaMH naaMeTpoM 3 CM, Hanpaaneaae Kone6aaKll o6pasna oLJno napannen&-

110 rrpHIIOlKSHHOMY noniO, 

Cornacao \I), aena'las:a caraana, BHD.ynapyeMoro s npa&S~a:oll KaTywxe, aaaa

caT ae TOnbKO OT BSIIH'IHHbJ Mal"HII'THOl"O MOM9B'Ta o6pa3na, HO B OT aMUIIHTy.Qbl K<>

neoaHBli, OT HX "18CTOTbJ H B38HMH0l"O paCIIOIIOlKSHHSI npaeMHOll KBTYWKH H o6pa3na, 

a H3M9pS!9M09 HallpS!lK9HHe 3aBHCHT TaKlKe OT aenK'IHHhi Kosljl<jlanaeaTa ycanaa: 

H IIHHSliHOCTH pel"li:CTpu:pyiOwell CX9MbJ, Bee 9TH BenH'IHHbl B T9'19HHe .QIIHTSn&HOl"O 

9KCUepaMeHTa TpyAHO COxpaHHTb HeH3MeBHhiMB1 Il09'1'0My TO'IHOC1'b npa TaKOM CUoco-

6& H3Mepeaua: a:eaenaxa. 

/5/ 
8 OUHCbiB89MOM .Mal'H9TOM9Tpe, ltalt B B· 1 6LJn IlpHMeaea JtOM1leHC81lHO!IHhlA 

MeTOJl, 1103BOIIRIOinHil HCKIIIO'IBTh C50n&InHHCTBO ljlaKTOpOB, CHHlKaiOinBX TO'IHOCTh .. H3-

MepeHHll. 3TOT M9TO)l 38KIIIO'IB9TCSI B TOM, 'ITO KpOMe UpH9MHQll KaTYWKB, H3MepHIO

well MaraaTHhiA nDToJt oopaana, B cxeMy BKIIIO'laeTCR eme onaa npaeMaag KaTymKa 

a sTanoaa&Ili o6paaen, xone6niOmHAe:a: cuaxpoaso c H3Mepa:eMLJM o6paanol.IJ:. 06e 

IlpHeMHb19 KaTymxa C09AHHHIOTCH IIOCnenoBaTelibHO H BCTpe'l:I{O, a CYMMB llX Clll".ijiJ

noa no.QaeTCH ua axo.Q ycHnuTenSI, B naa:aoM cny'l:Be pon& sTanoaaoro o6paana BLJ

nonaHna ae6on&was K&Tywxa, 'lepea ttOTopyro nponycKanca: nocT01!HBhill TOX, 

3L1C a npHeM:aoA KaTyUIKe aTanoa:aoro o6paana aaanora'l:HO (1) MOlKHO aanacaTb 

B BHJl9 

r -=k ArulsiDQlt, 
2 2 

l'.Qe k 2 - IlOCTOHHHblll KOaljl<jlanBeHT CB1!3B, 

a:yro KaTymKy. 
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(2) 

- TOK, npoxoAmnall 'lepea sTanoa-



Tox B 3T8llOHHOi! K8TYWK9 noa6Hp89TCH T8KHM 1 ~06~ CHf'HSn~ aayx 

npHeMHblX KaTyWeK KOMll6!HCHpOBSJIH apyr apyra. npa Bb!UOllHSHHH ycnOBHH 

r a t 
I 

1/" 
TO.K I H3MepHeTCB. noACT8BnBSI (1) H (2) B (3), llOny'IHM! 

k 
M R 

2 

k I 
I • 

(3) 

\4) 

T,e, B MOMSHT KOMll9HC81lHH TOK 'lepe3 3T8llOHHYJO KBTYlllltY llpSIMO llpOllOpllHOHanea 

M8f'HH'rHOMy MOMSHTy o6pa3D:a. npa 3TOM H960J1bwae H3M9H9HHSI 8MilllHTYAbl H 'lac-

/5/ 
TOTbi xone6aHall, ltaK noxaaaHo B , He BnHBJOT Ha peaynbTaTbi H3Mepeaail, He-

cymeCTBeHH~MH OK83b!BaJOTcSI TSKJKe H3MeHeHHll KOa<flcjlHilH&HTa ycaneHI{_B H 1TIIHeA

HOCTb BCei! CHCTeM~, TSK Kalt B 3TOM Cny'lae OHa Bb!UOUHlleT llHWb ponb HYllb-Ae-

TSKTOpa, 

Ha puc, 1 fi,QJta3aHbl OCHOBHhie 31l8MSHThl MeXaHH'ISCitOA 'laCTH BH6paUHOHHOf'O 

M8f'HSTQM8Tpa. 06pa3e!l (14) DpHBOAHTCSI B KOne6aTeUbHOe aBHlKeBHe npa llOMOWH 

AHHBMHKB (:.!), KOTOpb!i! llHTaeTCB OT 3BYKOBOf'O .reaepaTOpa,~ K Aflcjlcjlyaopy AIIHBMHKa 

npaxpenneaa nerxan Tpy6xa ( 3) AIIBMeTpOM 4 MM a MHHOA 900 MM, aa KOTopoA, 

KpOMe H3MepHeMOrQ o6pa3!la, 38KpenneHa 3TallOHH8SI KaTylllKB (5), .IJHH8MIIK IIOMeWeH 

B MBf'HHTHhli! 3KpaH (1) (lKelle3o apMKO, TOllliU!IHa 15 MM) AilS! YM9HbW9HHSI BllHBHHH 

MBf'HHTHbiX llOileJl AHBaMHita Ha llpHeMHhie K8TyWKII, npaeMHBH K8Tyllllt8 3T81lOH

HOf'O o6pa3!la (6) H 3TBilOHH8SI KaTymxa MOf'YT nepeMeWaTbCSI B Tpex B3aHMHO

nepneHAHKYllS!pHhiX HanpasneHHHX C IIOMOWbJO ycTpOi!CTBa (7), 'ITO He06XOAHMO llpH 

perynapOBKe MaraeTOMe'rpa, 06e K8TYlllKH llOMeWeHbl B M8f'HHTH~i! 3Kp8H (4), 

.llepJKaTenb o6paana (13) noasonHe'r YA06Ho aaxpenaTb o6paanhl llHllHHAPH'Ie

cxoi! cjlopMhi u· nepeMemaTb ax B npeaenax :w MM BAOnb wTaara (3), npaeMBaH 

xaTylllxa H3MepueMoro o6paana aaxpenneaa c noMOWbJO cnenaanbaoro ycTpoAcTBa 

(16), II03BOilSIJOWero 38KpellHTb OAHY HllH ABe llpHeMHhie lt8TYlllltH (15) (ABe lta

TyWKH 6onee YA06Hbl I!pH npOBeAeHHH TeMnepa'rypBhiX H3Mepeaai!) H riepeMeWaTb 

ax BAonb Tpex B3aHMHo-nepneaAHxynS!pHhiX aanpaaneaai!, a npa pa6oTe c ABYII1H 

KaTylllKBMIJ 3TO YCTpOHCTBO A8eT B03MOlKHOCTb Bp8W8Tb HX BOKpyr BepTHKanbHOi! 

OCH, BAOnb KOTOpoA KOile6neTCH 06pa3e!l, H YA81lHTb HllH npa61lHlK8Tb K o6paany 

6 

• 

oaHOBpeMeHtiO o6e KBTYWKH. 3TO II03BOllBaT llpOH3BeCTH BeCbMB TO'IHYIO HSC 

MarHeToMeTpa. 

ConeaoHA ( 11), coanaJOwHA 
JIQCTOHHHOe I!Olle, MOJKeT uepeMelllaTbCH B~ 

anH cMeHhl o6pasnoa. · nocne cMeHhl oop 
aepTHKBllbHOil OCIIt 'ITO He06XOAHM0 

coneHOHA aaxpennHeTCB T8K, 'IT06hl oopaaen HBXOAHliCH B USHTpe coneHOHAB 

none aaaoonee onHopoAHO. JlnH coaaaHHH oonbwHX nonei! ( 250 a) upaMeHl 

KOllbllB fenbMf'O.Jlbll8 ( 12): Konbll8 fenbMf'Onbll8 H COliSHOHA llOMeweHbl B M 

Hhiil axpaH ( 9), aaroToaneHHhiil H3 TeXHH'Iecxoro JKenesa. TonwHHa cTeaox 

coCTBBllBll8 15 MMo 31jlljleKTHBHOCTb TBKOf'O! 3Kp8H8 B e'I'HOWSHHH JIOCTO!IHHO 

/10/ 
MO)!{HO paCC'IHT8Tb, cornaCHO , IIO ljlopMyne: 

d 
b -20lg(1+1,33~t -) 

I D 

rAe d - TOlllllHHB CT8HKH 3Kp8Ha, 1L 
upOHHU89MOCTb MaTepHall81 b 1- 0' 

1111
e IIOCTOS!HHOf'O llOUH B AaUR09llll8X1 D - pa3Map~ axpaaa, 

3xpaHHpOB8HH8 IIOCTOIIHHOf'O IIOJ'IH, C0f'll8CHO IIOAC'I9Ty1 COCT8Bn5Ul0 23 AO.-

JlnH Toro 'ITOOhi onpeaenHTb ocnaoneaae uoMex, aMeJOWHX '18CTOTY 

/10/ 
MO)!{HO BOCll01.1b30B8TbCH ljlOpMynoJl 

1 [ 1 tOle- <-+ 
2 2 

d 
b .. 8,7- + 

2 II 

1 1 
+(-+-

2 6 
ILS ) 2 1 -- ' D 

1 
6 

D 

Its 
~ 2 + 

rne b 
2 

- ocnaoneHae li~Mex a aeua6ennax, s - rnyoaaa npoaaxaoseHHll 

M8Tepaan aneKTpOMaf'HHTHOf'O ll01.1H C '18CTOTOil 50 rn, 

B naaaoM cny11ae s -2 ~ MM a b I - 50 AOo 

B OTCyTCTBHe MarHHTHOf'O axpasa paoOTS c oopasuaMH, K03PilHTHBS 

KOTOpb!X COCTaBilHll8 COTble A01.111 spCT9Jl8, Ohl1.18 Obi 38Tpynaeaa H3-3a HBl 

HOf'O UOIIB H npOMhllllll9HHbiX IIOMeX. 

Ha pac, 2 aaoopaJKeHa: 6noK-cxeMa anexTpOIIHOA '!aCTa MarseToMeTp 

1.1H'IHe 0T BCeX paBea OIIRCSHHblX 
1 

118HB8H CXaMa o6eCII9'1Hi18e'l' 8BTOM8TII' 

KOMIISHCQUHJO CHf'Bal.IOB H3MepllaMOf'O H ST81.10BH0f'O oop83UOB, a T8KlK8 38 

3 Yll:bTaToa asMepeaaA sa nayuoopaaBa'J'HOM caMouacue. MaraeToMeTp pat 

Cll9AYJOlllHM Oopa30M, naaaMHK •n• IIHTBeTCH 0T 3BYKOB0f'O reaepaTopa • 

7 



wKe noa6apaeTCH TSKHM, qT06~ curaan~ aayx 

apyr apyra. flpH BbiDOIIHSHHH yCIIOBHH 

(3) 

H (2) B ( 3), IIOIIY'IHM: 

k 
2 

k I 
I ' \4) 

qepe3 aTSIIOHHYID KBTYWKY DpHMO IIpOIIOpiiHOHSIIeH 

aTOM SeOOIIblllHe H3MeHeHHH 8MIIIIHTyabi H 'l:Sc
/5/ 

, He BIIHHIDT HB peayllbT8Tbl H3Mepeaa.ll, HEro 

H3MeHeHHH KOacjJ!j>HIIHeHT8 YCHIIeH~H H ITHHall:

aTOM Cny'lae OH8 BbiDOIIHHeT IIHillb pOIIb HYIIb-lte-

aneMeHTbl MeXaHH'IeCKO.li '18CTH BHOp8ltHOHHOrO 

IIHBOaHTCH B KOIIeOSTellbHOe asa~eHae IlpH IIOMOillH 

aayKoaoro .reaepaTopa.~ K allljlljlyaopy aaaaMHKa 

AHSMeTpOM 4 MM ll WlllHOII: 900 MM, H8 KOTOpoll:, 

aTSIIOHHSH KBTYillKS ( 5), llHHSMHK DOMemea 

TOIIIllHH8 15 MM) ans yMeHbmeHHH BIIHHHHH 

IIpHeMHbie K8TyWKH, flpaeMH8H KBTYillK8 aTaiiOH

MoryT DepeMel!lSTbCH B Tpex B38HMHo-

C DOMOI!lbiD YCTpOII:CTsa (7), 'ITO Heo6xoaHMO npn 

KBTylllKH DOMel!leHbl B MSrHHTHbiA aKpaa (4), 

3BOIIHeT Y.ll06HO 38KpeDHTb 00p83Ubl IIHIIHHilpH'l:e

•npeaenax 20 MM snollb mTaara (3), flpaeMaag 

C DOMOI!lbiD CIIeUH81IbHOro YCTpOACTBa 

aBe IIplleMHbie KBTYillKH (15) (nae Ka

TeMnepaTypHbiX H3Mepeaull:) a riepeMel!laTb 

HanpaaneauA, a npa pa6oTe c nsy~a 

B03MO~HOCTb BP81ll8Tb HX BOKpyr 88pTHK81IbHOII: 

u yaanHTQ ann npu6nu~aT& K o6paauy 

OJ:IHOBpeMeHHO o6e KSTylllKH, 3TO D03BOIIHeT DpOH3BeCTII BSCbMll 'fO'IHYID H8CTpOII:K 

M8rHeTOMeTp8, 
Coneaoaa ( 11), coaaaromaA noCTOHHHOe none, MO~eT nepeMel!laTbCH aaonh 

sepTaKanhHOfi ocH, 'ITO aeo6xonHMO am1 cMea~ o6paauoa. · nocne cMeBhi o6paana 

coneKOHA aaKp81IIIH8TCH TBK, 'ITOOhl o6paaeu H8XO):IHIICH B UeHTpe COII8HOHA8r rne 

none aau6onee oaaoponao. llna coanaHHB oollbmax noneA ( 250 a) npaMeBHnHCb 

KOIIbUB fellbMrOIIbU8 ( 12): KanbiiB fellbMrOIIbii8 II COIIeHOHJ:I IIOMel!lell~ B MSrHHT• 

HbiA aKpBH ( 9), uaroTOBIIeHH~fi H3 TeXHH'IeCKOrO ~eneaa, TOIII!l.IUIB CTSHOK 3Kp8H' 

coCTBBIISIIIB 15 MM, 3¢J<!JeKTHBHOCTb TaKOrtr aKp8H8 B OTHOill8HHH IIOCTOHHHOrO no; 

/10/ 
MOli<HO paCC'IHT8Tb, cornaCHO r DO <!JopMyne: 

d 
b .. 20 lg ( 1 + 1. 33 ,., - ) , 

I D (5 

r ne d - Tonmuaa CTaHKH axpaaa, ll - npoauuaeMOCTb MaTepaana, b 1- ocna6ne· 

aue nocToaaaoro non!! B neuu6ennax, D - paaMep~ aKpaaa. 

3KpaHHpOB8HI'l8 IIOCTOSIHHOro DOllS!, cornaCHO IIOAC'18TY, COCT8BIISIIIO 23 ):(Oo 

llna TOrO 'ITOObl onpe,lleiii'lTb ocna6neaae IIOMeX, HMeiDI!lHX 'IBCTOTY 50 rn 1 

/10/ 
MO~HO BOCIIOIIb30B8TbCSI <!JopMyiiOII: 

d 1 1 1 
b z 8, 7 - + 10 lg - ( ( - + -

2 II 2 2 6 

+ ( _1_ + _1_ _e. ) 2 1 
2 6 D 

1 

D 
,.,s ) 2 + (6 

rne b 
2 

- ocna6neaae n·oMex B neua6ennax, s - rny6uaa npoaaKaoaeHHH B naaa1 

M8Tepaan aiiSKTpOMBrHHTHOrO DOllS! C 'IBCTOTOII: 50 rn, 

B ABHHOM CIIy'l88 S •2 ~ MM H b I • 50 ):(0, 

8 OTCYTCTBHe MSrHHTaOrO aKpaaa pa60Ta C o6pa3UBMH 1 KOapUHTHBHBSI CHIIB 

KOTOpb!X COCTBBIIHna COTb!e ):(OIIH 3pCT8):(8, ObiiiB Obi 38TpyAH8H8 113-38 ll81IH'IHSI 3E 

HOrO IIOIIH l'l npOMblllllleHHblX IIOMSX. 

Ha pac, 2 aao6pa~eua: 6no~t-cxeMa anexTpoaaoA qacTa MarHeToMeTpa. B OT· 

IIH'l:He OT BCeX paaee OIIHCSHHblX , ll8HH8SI CXSMB 008CII8'1HB8e'l' BBTOMBTH'IeCKYID 

KOMDeHC~UHID CHrHBIIOB S3M8pll:8MOrO H 3TBIIOHHOrO o6pB3UOB, B TBK~e 38DHCb pe

ay~T8TOB H3MepeHHA HB ABYXKOOpAHHBTHOM CBMOIIHCUS, MarHSTOM8Tp pa60Ta8T 

cnenyiDillHM o6pa30M, llHH8MHK 'll' DHT88TCSI OT 3ByKOBOrO reaepaTOpB '3f' H 

•7 
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,, 
I 

npaso.naT s xone6aTem.aoe .IIBH:H<eaae H3MepHeMbiA o6pa3en '06' 11 aTanoaayro xa-

Tywxy • L • ( 'ISCTOTa KOile6aa!IA 90 rn), KOTOpble ll.lf.llYIIIIPYIOT nepeMeHHhie a 

3.1lC s nplleMHhlX KaTywxax. flpaeMHhie aaTywxa L 
1 

a L
1 

COSIIIIHeHbl nocne.nosa

Ten&ao TaK, 'IT06bi f I H fl 6binH B liPOTBBOijla3e, CyMMS STHX ABYX caraanos 

(caraan p8368naHC8) nocTyn89T aa exo.n Y3Kononocaoro ycanaTenH •yy'. Ycanea

HhiA cara8n noll8eTCH H8 caaxpoHHb!A neTeKTop, onopaoe aauplii:H<eaae aa KOTOp&IA 

uocTyuaeT OT 3Byxosoro reaepaTopa '3f'. CaaMaeM&IA c caaxpoaaoro neTeKTopa 

CHrf(81l ycanHB8eTClil yCHilHTeneM TOK8 'YfiT"' H liOCTyl!SeT 118 peeepCHB.IIDIA neara

Tem. "'P .ll'. .llnH y.no6cTea aa6nroneaaH 38 pa6oToA cxeMbl uapannem.ao c CHaxpoa-

Hb!M neTeKTOpOM K BbiXOny Y3KOIIOilOCIIOrO 
ycanaTenH nonxnroqea ocnannorpaljl, 

PeeepcHBIIhlA neHraTem. upa epameaaa uepeMemaeT uonea:H<HhlA xoaTaJtT peoxop.na 

'P", K KOHIISM KOTOporo nonKil10'19H8 6aTapeH •s', Harrplil:lK9HHe, CHHM89MOe CO 

cpenaeli: TO'IKH peoxopna H C nonBH:H<HOro KOHT8KT8i
1 

llonaaTClil 118 aTanOHHyiO KBTyw-

Ky, C03Jl8B8lil B HeA TOK 
onpenenlii!Om!IA 3.llC f 1 • Ecna c~:~rn8nhl rxpaeMH&IX 

xaTywex uecKaMneacapos8Hhl1 peeepcasllh!A near8Ten& nepeMem8aT liOilBH:H<HhiA xo.li-

TSKT paOXO!Jn81 H3Malllillil T9M C8MbiM TOK 
aT8noaaoA KBTYWB:H e 11anpaeneaaa 

yMeH&WaHHH caraana P836anaHca. flpa shlnonneKHa ycnaBHH {3) caru8n p83681l8Hca 

p8B9H aynro II llBHr8Tanb OCT8H8snaeaeTCli!. Bo speMH HSCTpOli:KH 8BTOM8Ta'leCKOrO 

MSrHaTOMeTpa H9KOTOpoe BHHM8HHa 6binO ynenaHO YM9Hblll9HHIO IIOCTOHHHOA epeMaHH 

CHCT9Mbl 06p8THOli: CBlii3H C T9M 1 'IT06bl na:H<e llpH 38Bb!W9HHOM KoaljlljlauHeHTe YCHne

IIHH Tp8KT8 B CHCTeMe KOMII9HC8Uaa He B03HHK81lH SBTOMSTa'l:eCKHe KOne6aHalil, 

8 MOMeHT KOMrreHC81111a TOK l 
nponopnaoaaneH MarHHTHaMy MOMeaTy o6-

paaua { 4). Tox Mo:H<Ho perHCTpHpoeaT& rrpH6opoM • A
1 

"', exnroqeaab!M e nellb aT8-

noaHoA KaTylllKH 1 ana 38liHCbiB8Tb 8BTOM8TH'I:eCKH C8!'101IHCUeM, .llnH aToro B Uallb 

aT8nOHHOA KBTYWKa 
L BKiliO'I:eHo aTanouHoe coupOTaBneHae R 

1
, 11 H8rrpH:H<e-a1 a 

aToro COnpOTHBneHHlil, IIOn8eTCH H8 KOopnaH8Ty Y llBYXKOOp-
Hlle, CHHMSeMoe C 

nHHSTIIOro CSMOIIHCIIS. 

.llns ITHT8HHH coneaoana 'C• , coan8romero none, H8Maraa'l:aearomee o6pasen, 

11CnOllb30BB.IlCH reHepaTop HH3K0'18CTOTHbiX Kone6aaaA, feHepaTOp Bblp868TbiBSn Ha

llpli:H<eHHe Tpeyron&HoA ljlopMbl 'IBCTOTbi 0,001 rn. flpa aToM none BHYTPH coneaoana 

Me.nneHHO H3MaHHnoc& OT .. -27 a no • +27 a. Tox coneaoana MO:H<IIo peracTpll

poeaT& npa6opoM A2• llns asTOM8TH'IeCxoA 38naca eenH'IHHbi nons H8rrplii:H<eaae, 

CHHM8eMoe c aT81lOHIIoro conpOTaeneaaH 
R a2 , KaTopoe sknro'l:eao nocnenosaTen&-

8 

., 

HO B 
uerrh coneuoHil8, non8eTCH H8 xoopllHH8TY •x• caMouacna. T 

npa MellneanoM 

fipKM9P 38IIKCH 

H3M9H9HHII nonll C8MOIIHC9U Bbl'l9p'IHB89T BCIO neT; 

noKaaall 11a ·pac. 3. 

KoMneac81IHOHHhiii 
M9T01l HCKni0'189T 38BKCI'IMOCTb peayn&T8TOB 11:3 

wax aaMe11e1111ii 8MllniiTYnhi 11 '1:8CTOTbi xone68llllii 11 xoaljlljlauaeHTa yc11J 

B onacom8eMOM MarlleToMeTpe H3MeaeH1ist 8MnnaTynhi Kone68aaA c 

oT 0,1 no 0,5 MM a '18CTOThi e npenenax nonochi nponycK8HKH yea< 

x aaMeaeuaHM aaMepsaMoro caruan8 ue· 6onee 'laM 11a 1/2%, } 

20%) Koaljl~auaeHT8 ycaneuas ycanaTenH He enasna 118 no! 
na 

11eHHlil ( 

MeTp8. 

H 8 pac. 4. np11eenea8 aaeacaMOCT& eenR'IKHhl cara8n8 o6p831I, 

HHH o6p83U8 BllOllb WT8Hrll. 3Ta 386 iiCHMOCTb HM99T lllHpOKRi!: M8' 

sonHeT nerxo yCT8H8BilHB8Tb o6paaen e nonomeHaa, npa xoTopoM 1 

MaKCHM8ii&H8, flpa nepeMemeHaH o6pa3118 e aanp8eneHaliX, nepnell.ll 

re_. e so3MO:H<HhiX npenenax 11e o6Hapy:H<eao IIHK8KOrO R3MaHaHBlil C 

qyBCTBIIT9n&HOCTb BH6p8UHOHHOrO M8rHeTOMeTp8, orp8HH'I9HH 
-9 

MO:H<eT 6biTb Q'l:eab Bb!COKOil { 10 -wyM8MII npaeMHbiX 1t8TYIIlaK0 

CfCM /5/), 8 ll8HHOii p8t50T9 nOCTR:H<eHHe M8KCRM8llbHOA qyBCTBI 

HBnHnOCb aeo6xonHMbiM1 rr09TOMY 'IYBCTBBTen&HOCTb ABIIHOrO Mar&' 

-6 
10 en. CfCM. HB:H<e II COCTSBilHilB 

To'IHOCTb aaMepeHai!: 6hlna ae xyme 1%, 

!13 uenOCTSTKOB ea6paiiiiOBHOrO M8rlleTOM9Tp8 Bano OTMeTBT: 

peA& TO, 'ITO B3MepeBHll eenyTCH B OTKpbiTOi!: MBrHBTBOi!: nena, 

.QocTOHHCTBB 8BTOM8TB'19CKOrO BH6p81IHOIIHOrO MBrH9TOM9Tp8 

CH o6p83IIOM: 

BbiCOKSlil qyBCTBHTen&HOCTbi 

BbiCOit8ll TO'IHOCTb i 

Yll06CTBO R3MepeiiHA B onHopOAHOM none; 

6on&waH citopocT& uposeneaaH a3Mepeaai!:; 

8BTOM8TR'19CK8lil 381IHCb pe3yn&T8TOB. 

9 



'05' a: aTanoaayro xa-

UepeMSHH&Ie 

C08ilHH8Hhl llOCliSAQBB

CyMM~ .aTa:x aayx ca:raanoa 

yca:na:Tel!H 'yy'. Ycanea-

aanp!llKeaa:e aa KOTOp&Iif 

ca:axpoaaoro JlSTeKTopa 

aa peaepca:aa&Iit ABa:ra

napannellbao c ca:axpoa-

xoaTaKT peoxopaa 

CHHM88MOe CO 

noaaeTCg aa aTanoa!lyro J'BTym

• Ecna: ca:raan&I npa:eMH&IX 

nepeMelllaeT llOAilH*IIhlA KO.II:

KSTyms:a: B aanpaaneHHa: 

(3) caraan paa6anaaca 

llOCTOHHHOif BpeMe.a:a: 

K03~BilH8HTe yca:ne-

KOne6aaa:g. 

Mar&HTHOMy MOMSHTy 06-

' BKnroqeaa&IM a nellb aTa

~nH aToro 8 nellb 

a: aanps:JKe-

o6paaen, 

88YTPH c~neaoaaa 

MOJKao pera:cTpa:-

ao a uellb coneaoa:Aa, noAaeTCH aa KOOPAHHBTY 'X • caMona:cna. TaKHM o5paa oM, 

npa: Me)llJSHHOM H3MeHSHHH llOllH CSMOllHCen Bhl'lep'IHBaeT BCID neTnro rHCTepe3HC8. 

llpa:Mep aana:c& noxaaaa !Ia ·pHc. 3. 

KOMileHCS!lHOHH&Iil MGTOJl HCKniD'ISeT 38BHCBMOCT& peayl!hTSTOB H3MepeHBli OT ae60nh

WHX H3MeHe11Hlt BMlllll!TyJlhl H 'ISCTOT&I Kone68!1Hii: H KOacjlcjlHnHeHTa YCHl!SHHH yCHlJHTGliH. 

B ona:cBiaaeMoM MaraeToMeTpe a:aMellellllsl: ·aMnl!HTyJl&I xone6aaHlt o6paana npa:Mepao 

OT 0,1 JlO 0,5 MM H '18CTOT&I B npeJlellaX llOl!OC&I nponyCKSHHH YCHliHTSliH npa:BOJlH-

liH K a:aMeHeHRHM H3MepHeMoro ca:r11ana ae· 6onee 'ISM 11a 1/2%, He6ollbwae aaMe

aeaaH ( 20%) xoacjlcjla:nHeHTa yca:neHHH ycana:Tel!H 11e anasna: aa noxaaaaaH Mar!leTo-

MeTpa. 

Ha pa:c. 4. npa:se.cteaa aaaa:caMOCTb aena'IHHhl ca:raana o6paana OT nepeMeme

IIHH o6pa3!l8 BJlOllb WTBBI'H. 3Ta 3BB IICHMOCTb HMeeT IllHpOKHii: MSKCHMyM, 'ITO ll03-

BOlJHeT nerKO yCTBII8BliHB8Tb 06paaen B ll0li0*8HHH, npa: KOTOpOM Bel!H'IHHS CHrllalJa 

MaKCHMain.aa. llpH nepeMemeiiHH o6paaua B H8llp8Bli8HHHX, llepllSHJlHKYliSipH&IX WTSH

re_,a B03MO*HhlX npeaenax He 06Hapy*eHO BHKBKOrO H3Me!leHHH ca:raana. 

qyBCTBHTellhHOCTb BH6paUHOIIHOrO MSr!leTOMeTpa, orpa!IH'ISHIISH TennOBhlMH 

-9 -10 
WyMSMH ilpHSM!IhlX K8Tyiil8K, MO*ST 6&ITb Q'ISsb BhlCOKOlt ( 10 - 10 e.ll. 

CfCM /5/). B Jl8H!1Qlt pa60Te AOCTH*SHHe M8KCHM8llbHOlt qyaCTBHTel!bHOCTH lie 

HBl!HnOCh !le06XOAHM&IM, UOaTOMy 'IYBCTBHTellbHOCTb ABH!IOro MBrHeTOMeTpB 6hll!8 

IIHJKe H COCT8Bl!Hll8 10-6 eA. CfCM, 

Ta'i!IOCTb aaMepellaA 6hlna 11e xy*e 1%, 

Ha !le)lOCTBTKOB BH6paUHOHHOro MBr!leTOMeTpa HSAO OTMSTHTh B nepsyro 0'18-

peJU> TO, 'ITO B3MepeHBH BeAyTCH B OTKphlTOlt MBrHHTHOil nena. 

~OCTOHHCTBB BBTOMSTB'IeCKOrO BH6pauHOHHOrO MarHeTOMeTpa C KOlle6l!roWHM

CH o6paauoM: 

B&ICOKaH qyBCTBHT8llb.HOCTbi 

BhlCOKBB TO'IllOCThi 

YAOOCTBO H3MepeBHil B OAHopOAHOM none; 

60llbiil8H CKOpOCTh llpOB8A8HHB H3Mepe!1Hlt; 

8BTO~TH'i8CKBH 38UHCh peayllhTBTOB, 

9 



ID , MarHHTHble CBOilCTBS MOI1H6.tteHOBOrO nepMannOSI 

HaMarHu'leHHOCTb aacblmes:uH Mo.rl:u6.ttenoaoro nepMannoH 

C DOMOlllblO BH6pa.ttHOHS:OrO MarHeTOM8Tp8 DpOH3BO.ttHnBCb R3MepaHBSI TSKHX 

MarS:HTHbiX CBOltCTB MOnB6JleHOBOrO DepMannOH1 K8X H8M8rS:II'IeS:S:OCTb HaCbiiii8S:BSI0 

KOS:CT8S:T8 8S:II30Tp0DHII DOnHKpHCTannu'leCKHX o6pa3.ttOB1 TeMDepaTypa K10p11, lt09p-

UIITHBH851 CHna 11 ee 113Menes:ue DOll B03.tteilcTBIIeM s:eATpos:s:oro o6ny'leS:IIH. 

LlnS! B3MepeHIISI HSMSrHH'I9HS:OCTII H8Cbllli8HBSI MOI1H6.tteS:OBOrG D8pMannOSI 

MarHeToMeTp rpa.tty11po:sancs DO HIIKeneBOMY o6pa3uy ( Nl 99, 99%) DPIIMeps:o 

TOll JKe cllopMbl 1 'ITO II IICCne)lyeM&Ie o6pa3Jlbl, CnOlKS:OCTb rpiU{yllpOBitll H OCROBS:OI! 

HCTO'IHIIK OIIIH60K 6&Inll 38KIIIO'IeRbl B TOM, 'ITO M&rHHTS:Oe DOlle, B KOTOpOM MOlKHO 

6&In0 DpOBO.tliiTb 113MepeHIISI 6e3 CDellll8nbS:OI! peKOS:CTpyKUIIB Dpu6opa, 6&In0 s:e-

Jl0CT8TO'IHO JlnH JlOCTIIJKeHHSI-HSCbiiii8HHSI B S:BKene. rpiUlyBpOBK8 npOBO.tliiiiSCb B no-
0 . 

ne s:aDpHlKeHHOCTbiO 215 apcTe.tt DPH 20 C. 3s:a'lealle naMars:a'leas:ocTII s:achlm:es:IIH 

/11/ 3 
HBKenH Upll 9TBX yCIIOBIISIX 6&In0 HSI!.tteHO DO Ta6nuuaM INI -U5 raycc/CM , 

I 12/ 
Cornacao HaMarHII'Ieus:ocTb DepMannoH 

Cl SNI 
I ---1....... 

Nl a 
2 

• nepM, 
., 530 

S DepM. (7) 

3.ttecb S Nl H S - nnoma.tta DODepeqaoro ce'leHBH 
DepM 

s:axeneaoro a DepMannoe-

aoro o6pa3noa, a 1 a a 2- DOXa3aHBH Mars:eToMeTpa DPB B3Mepenaa HBxe.nH a Dep

MannoH COOTBeT.CTBeHHOo 

3 
3Ha'leHBe I a= 530 raycc/CM BDOIIHe cornacyeTCSI C Ta6m!'IHbiMB 3H8'19HII9-

/l3/ 
MB HSMarHB'IeHHOCTH KOMMep'leCKOrO M011116.tteHOBOrQ nepMannOSI • 

KoncTaHTa MarnaTs:ol!: 8S:B30Tp0DHH 

I13Mepes:ae ltoRCTSHT MarRHTHOII 8HH30Tp0DHII 06bl'IRO npOH3BOJlHTCSI Ra MOHo

KpHCTSIIIIH'IeCKHX o6paauax, 0JlR8KO B Cllny Taro, 'ITO Dpll DpH611BlKeHHH K H8Cblllle

HHIO, KOr)la HaMarHH'IHBSHHe UpOHCXOJliiT 38 C'leT Bpam:eRBSI BeKTOpOB CDOHTSHHOI! 

-aaMarHII'IeHHOCTH JlOMeROB1 MarHHTHOe none DpOH3BOJliiT pa50Ty KSK pa3 UpOTHB 

CHII 8HH30Tp0UHH 1 KOHCTSHTbl 8HH30TpODHH MOryT 5b!Tb H3MepeHbl II HS DOIIIIKpH

CTaniiH'IeCKOM o5pa3ne. 

/14/ 
Cornacao 1KOHCTaHTa H aauaoTponuu JliiSI nonHKpHCTannu'lecxoro o6pa3na 

10 .. 

l\AOJI{eT 6 b

!Tb Bbi'IHCDeHS 113 JlSHBblX B3MepeHIISI Dpii511HlKeHIISI BaMarHB'I9HE 

CbiiiielllliO no tjlop!IAYne: 

-1= • 105 

2 
SK 

H2 
• 

- aaMarHII'IeHHOCTb 1 
SIBIISilOIIISSICSI ciiYHK.tlH911 HaDpS!lKeBS:OCTB n 

3JleCb 
ro MarHIITHOrO nonS! H ; K - xoacTanTa 

8Hli30TPODHH. Ha piiC, 5 DO! 

qeaaaH sKcnepiiMeHTanbRO aaBHCIIMOCTb aenii'IIIHhl 1g (I •- I ) KaK ciiYBKI 

llbi lg H • Kax BHJlBO H3 uaxnoaa xp11aoll, cTeneBb, B xOTopyn JlOillKB& 

)leBa ~enH'IHBS H , Jlei\CTBIITenbS:O 6nB3Ka K 2. 113 9Toro MOlKS:O 3~ 
qTO BIIH5111Be ' TeKCTYPhl BCC119JlJ8t._lbiX o6pa3UOB B93R8'111TenbHO 

B p 

anons:e npuMeBBMbl x JlaHHOMY cey'la!O. 

Cornacao peaynbTaTaM 113MepeaaA 

K • 17 • 10
3 ~ 

nepM · • ~ ' CM 

/13/ 
'ITO cornacyeTCSI C Ta6nB'IHbiMil JlSBBbiMH 

TeMnepaTypa K10pB 

MOnB6JleHOBOrO· 

B XOBCT8BT8 

nepMannoSI 

K!OpB 

Llm1 H3MepeBIISI 38BIICIIMOCTB R8MSrHB'I8BS:OCTII H8Cb1Dl9BIISI MOnll( 

MannoSI OT TeMnepaTJPbl 113Mep51eMbiA o6pa3ell noMeuiancg B ne'lh, no.: 

nony'laTb TeMUepaTYPY JlO 700°C, 11aMepeHHe TeMnepaTYPbl Dp0113BOJlll 

Koneneaoll TepMonapoll, aenii'IBBS TepMo a • .tt.c. ciiiiKCBPO:sanacb noxaabl 

6opoM B no.ttaaanacb Ha pa3aepTKY no OCII X JlBYXKOOpJlBBSTBOrO 

Ha paaaepTxy no ocR Y noJla:sanocb s:anpS!lKes:Be, nponopn&os:anbH 

neacaUHH. nocTOSIHHOe uacbllll&IODlee none (215 apcTe.tt) coa.tta:sanOCb 

xoneu renbMronbna. PeaynbTSTbl 113MepeHIIII 3aBHCIIMOCTB_ I • • f(T) 

s:a puc. 6. 

Cornacuo 
113MepeHIISJM, TeMne_paTypa K10p11 IICC119JlY9MbiX o6pa3U 

e • 379°C • 652°K, 
/13/ , I13MepeHBl'l KORCTSB 

'ITO cornacyeTC!I C Ta6nii'IBbiMII .ttSRBbiMII 

napaMaraiiTaoA o6nacTB noxaaanu, 'ITO xoucTaBTa K10pB Jllll'l .ttaas:oro 

11 



Hbie caoAcTaa Mona6J~eaoaoro nepMannoSI 

H8Cbli!IeHHSI Mona6J~eaoaoro nepMannog 

BHfipanHOHHOro MarHeTOMeTpa llpOH3BOJ!BnHCh B3MepeSBSI T8XBX 

MOnH6J:~eaoaoro nepMannos, xax HaMaraa'leHHOCTb aacblmeaaSI, 

•OTnom.ur nonaxpacTanna'l:ecxax o6paauoa, TeMnepaTypa K10pa, xoap

B3Meaeaae noll B03lleAcTaBeM aeiiTpoaaoro o6ny'l:eRBH. 

H8M8r'HH'IeHHOCTH H8Chii!18HBSI MonBfilleHOBOr'O nepMannOSI 

a no aaxeneaoMy oCipaauy ( Nl 99, 99%) npaMepao 

BCCneJ~yeMble o6pa3Uhlo CnoJKHOCTb r'PSliYBPOBXB H OCHOBBOA 

flbinll 38KniO'IeBbl B TOM, 'ITO 
M8r'HIITHOe none, B KOTOpOM MOlKRO 

R3Mepeaaa Ciea cneuaanhaoA pexoacTpyxuaa npaCiopa, Cibino ae

ilOCTBJKeaaa ·H8Cbii!I8HB51 B RB:&:ene. rpaJ~yBp0BK8 npOBO)lHnae& B no-
0 . 

215 apcTen npa 20 C. 3aa'l:eaae aaMarHB'IeaaocTa aacblmeaas 

/11/ 3 ycnoaaSix 6bmo aaAneao no TaCinanaM INt .. 415 raycclcM • 
12/ 

H8M8r'HH'I8HHOCTb 

I 
Nl 

(I 

---.1_ 

a 
2 

nepMannog 

S Nt 

S nepM. 
=530 

(7) 

nonepe'laoro ce'leHBg aaxeneaoro a nepMannoe-

a 2- noxasaaas MaraeTOMeTpa npa H3Mepeaaa aaxen.H a nep
.. aeaao. 

3 
0 = 530 raycclcM anonae cornacyeTC.H c TaCinB'IRhiMB 

/13/ KOMMep'lecxoro Monaoneaoaoro nepMannog • 
3H8'1eHHB-

M8r'HHTHOII aaaaoTponaa 

M8r'HHTHOI! 8HH30TPOIIIIH 06bi'IHO npOB3BOiliiTCSI Ha MOHO

Onaaxo a cany Toro, 'ITo npa npaCinaJKeaaa x 

npOHCXOilBT 38 
HSCbii!Ie

C'IeT apameaaa aexTopoa cnoaTaaaoA 

MSrHHTHOe none npOH3BOilHT pa60Ty KSK paa npOTHa 

BHH30Tponaa MoryT 6bJTb H3Mepeabl a aa nonaxpa-

KOBCTaaTa a aaaaoTponaa nnH nonaxpacTanna'lecxoro o6pasua 

10 

MO>KeT 6biTb Bbi'IHCneaa B3 li8HHbiX H3MepeHHH npaCinalKeHHH H8M8r'HB'I9HHOCTB K 118-

CbiWeHBIO no tjlopMyne: 2 
SK 

-I= (8) • HI 105 • 

3aecb 
- H8M8r'HB'IeBHOCTb, 51BnSIJOI!I851CSI cpyHKUHeA H81lp51lK9HHOCTH npHnOlK8HHo-

ro Mar'HBTHOI"'O nona H K - xoacTaaTa aaasOTponaa. Ha pac. 5 noxasaaa nony-

qeaaaa axcnepaMeHTanbllo 38BHCHMOCTb aenH'IHHbl lg (I 0 - I ) KaK cjlyBKUHSI aenH'IH-

Hbl lg H • KaK aanao H3 aaxnoaa xpaaoll, cTeneHb, a KOTopyn nonJKaa CibiTb aoaae:-

H , neAcTaHTenbao Cinasxa x 2. Ha SToro MOlKHO sa:niO'IBTb, .ueaa ~enB'IHH8 

'ITO anJU!HBe ' TeKCTypbl 
/14/ 

Hccnenye¥b!X oCipasuoa aesaa'IHTenLao B pac'leThl 

anonae npaMeBHMbl K naaaoMy c!y'laiO. 

Cornacao pesynLTaTaM H3MepeaHil 

K nepM •1,7. 103 ~' CM (9) 

/13/ 
'ITO cornacyeTCB C Ta6nB'IHb!Mil Jl8HHb!Mil 

TeMnepaTypa Kropa 
MonHoneaoaoro· 

II KORCT8HT8 
nepMannoR 

KIOpB 

llnn B3MepeBBSI 38BHCII.MOCTII. H8M8r'HB'I9BHOCTH H8Cb!I!19HBH MOnB6ll911080r'O nep

Mannos OT TeMnepaTypbi B3MepKeMbiil o6paseu noMenianc.H a ne'lb, nosaonSISmyiO 
0 . 

nony'laTh TeMnepaTypy no 700 C. HsMepeHBe TeMnepaTypb! npoaaaoJlBnocb xpoMenh-

xoneneaoA TepMonapoll, aenB'IHBa TepMo a.J:~.c. cjlaxcapoaanacb noxa3b!B8IOI!IBM npa-

6opoM 11 nonaaanacb 11a pasaepTKY no oca X nayxxoopnaaaTaoro caMonucua. 

Ha pasaepTxy no oca Y nonaaanocb aanp.IIlKeaae, nponopuaoaanbaoe Toxy xoM-

neacauaa. nocTosaaoe aaCb!I!IaiOmee none (215 apcTen) cQ3naaanocb c noMoi!ILIO · 

KOnen renbMronbna. Pe3ynbT8Tbl H3Mepeallll 38BHCHMOCTII. I.- f(T) npaaene.Hbl 

aa puc. 6. 

'ITO 

Cornacao H3MepeaaBM, TeMne.PaTypa K10pa accnenyeMb!X oCipaanoa 

e • 379°C • 652°K, 
/13/ 

cornacyeTCSI C TafinH'IBb!MH Jl811Bb!Mil . • H3Mep~BBSI KOHCTSHTbl KIOpH 

napaMaraaTaoA o6nacTB noxasana, 'ITO xoacTaaTa KIOpB .nn.11 naaaoro aemecTaa 

11 
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I __ 

C • 0,3 r.rpa.tt. 

/13/ KoacTaHTa K10pa Bhi'IBCnSUUic& c noMOIIlbiO lflopMYnhl 

r.tte X 

c 
x• ----T-e 

3 - BOCUpBilM'IBBOCTb B rc/apC • CM , 

IV • KoapnHTaaaaH~cana o6nyqeaaoro Mona6.tteaoaoro nepMannos 

(IQ) 

(II) 

KaK noKaaan~~ B3Mepeaas o6ny'leHHhiX a peaKTopax o6paanoa, cywecTaeHHbix 

aaMeaeuil JtoapnHTHBaoil canbl (npeBh!WaJOwax 10- 15%) nocne o6ny'leHBII ae aa-

17 a~poa 6niO.Q8nOCb, Jloaa 6hiCTphiX HeiiTpOHOB B3MeHBn8Cb OT 0,6 .QO 2,9•10 C , 
TeMnepaTypa o6paana ao apeMSI aJtcnepaMeHTa npS!MbiM cnoco6oM ·He KOHTponapo-

o sanae&, O.QHaKo1 MOlKHO yTaeplK.ttaTb, 'ITO oaa He npea&Iwana 50 C, TaK KSK o6ny'le-

Hae npOBO.QilnOCb B llBYX pa3nB'IHblX peaKTOp8X1 DOTOKB 6biCTpb!X HeJlTpOHOB B ltOTo

ph!X ·OTnB'IanBCb UO'ITB H8 UOpS!IlOK B H8 pe3yn&T8Tbl 91tCDepaMeHT8 9TOT lflaKT 

OllH03H8'1HbiM o6pa3oM ae noanann, 

HaMepeaas B_Te'leaae aaoxpoHaoro 

o6ny'leHHhiX o6paanoa yaena'laaaeTCSI 

OTlKBra DOK83ana, 'ITO K09pUHTHBH8SI CHna 

DO'ITB B :l paaa. KoaTpOn&Hble o6p83Ub11 KOTo

C DO.QBepraBWHMBCB o6ny'leHBIO pa60'IHMH o6p83U8MB 

C HBMB BCe OIIepaUBH1 38 HCKniO'IeHBeM oc5ny'leHBSI1 H3Meae

K09pUBTBBHOI CBnhl 1 npeBbllll81011lBX 10-15%, He UOK838nB, 

p&Ie nparOToannnac& BMecTe 

R DpOXOJIBnB BMeCTe 

HilA 

Kpaable, aao6palK81011lBe noae.tteaKe KOapua'i'BBHOII: canhl o6ny'leHHbiX o6paauoa 
t 

B npouecce aaoxpoaaoro OTlKHra, aao6palKeHbl aa p11c. 7. 

BpeMH OTlKara - 1 'lac 6&mo Bb16paao T8KBM DOTOMY, 'ITO 38M9THOe B3Me

nepBhiX 10-20 MBHYT npa acex Heaae KOapURTBBROI CHnbl DpOBCXO.QilnO B Te'leHBe 

TeMnepaTypax OTlKBra (pac. 8), 

npa B3y'leHBB 38BHCBMOCTB lt09pUBTHBHOI CBnbl o6ny'leHHbiX o6p83UOB OT 

TeMnepaTypbl aaoxpoaaoro OTJKara 6hinO o6aapylKeHo T8KJKe, 'ITo oJiaoapaMeaao 

C yBenH'IEH ReM K09pUBTHBHoll CHnhl BlleT yMeH&Weaae OCT8TO'IHOA BHilYKDilH, llpH

'IeM Bllll STOll 38BHCIIMOCTB DOJI06ea BRilY KpBBbiX, H306palKeHHbiX 88 pllC. 1
1 

H MHHH

HH.QYKUHH neJKHT B llH8D830He TeMnepaTyp M8nbHOe 3H8'1eHHe OCT8TO'IHOil 

300-325°C, 

12 
• 

·~ 

B cany Toro, 'ITO .an11 accne.ttoBaHHbiX oc5paauoa BnBSIHBeM paaMaraJ 

nonS! npeae6pe'lb 6bln0 aen&3Sl, 8 y'leCTb 9TO BnBHHBe C .QOCTSTO'lHOil CTl 

aocTB He npeJ1CTSBnHeTCH B03MOlKHbiM, Kona'leCTBeHHbl9 H3MepeHBH STOre 

aen&351 C'IRT8Tb . .QOCTOBepHbiMBo 

V • HeKOTOpble aolipocbl Teopail aoa.aeACTBHH aeiTpoaaoro o6ny• 

aa MaraaTBLie caoi\CTB8 Mona6.aeaoaoro nepMannoH 

./lnH UOHBMSHBH npBp0.11hl B03.11eiiCTBBSI aeiTpOHHorO o6ny~eHBP HS ) 

caoAcTB8 Mara&To-MSII'KBx MaTepaanoa, aa aaw B3rnS!Il, .aonlKRbi 6b1Tb o 

.ayJOWHe 8KCnepaMeHT8nbRO nony'leRRhl8 lflaKTbl: 1) OTCyTCTBBe B03.11eiiCT 

aoro oc5nyqeaaH aa MaraaTahle caoiCTB8 B TOM cny'lae, Kor.aa TeMnep4 

qeRROro o6pa3118 ae npeBbiW8n8 100°C; 2) B3MeReBHe KOBpUBTBBROI 

na6.aeaoaoro nepMannoH uocne OTlKara upa TeMnepaTypax 150-500°G; 

aae B aena'IRB8 .M8KCBMyM8 K09pi1BTBBBOA CRDbl , aa6n101lSeMOrO IIPB 0 

qeaKhiX o6pa3UOB; 4) •38BBCBM0CTb B3MeaeKBSI lt08pllBTHBBOI CBDhl OT ~ 
aoro o6ny'leaaH. Taltoe o6'bSICHeaae MOlKBO nony'IBTb, paccMOTpea a• 

1. 06pa30B8BIIe .aelfleKTOB ltpBCT8nlUI'IeCKOI peWEl"l'KB 110.11 .aeiiCTBIIl 

aoro oc5nY'IeaaH a noae.aeue u npa OTJKBre. 

2. KoapuBTBBBaH cane MarHBTOMSII'Koro M&Tepaana, co.aeplK8wero 

peweTKBo 

1. 06pa30B8BBe Ae!fleKTOB KpBCTannB'IElCKOI pel 
D0.11 .QeiCTB&eM ael'l'pOHKOrO o6ny'leBBSI 

Ha Kpllc:Tanna'lecKYID peweTKY ae.ttenSIIIlaxcH M8Tepl!MOB .QeiCTBYI 

HOM, 6b1C'l'Pble ae1Tp0Bbl
1 

cTSnKBBSHCb C Slllj)SMB 8'1'0MOB peweTKB B lll 

HMUyl!bC H aaepraJO, ./lnSI a4J4JeltTBBBOJ'O B3y'ieRBH .ttell.cTBBH aeATpOBH• 

aa aeweCTBO aeo6xo.aaMo xopowo aaaTb nOTOK a aaepre-ra'leCltBA cnei 

0.ttH8ltO npll o6ny'leRBB B peSltTOpe UOTOKB 6hiCTphiX aeA'J'POHQB '18CT01 

B9C!>M8 npa6nalKeHH0
1 

a p8C'I9Tbl p8.QR8IlKOHHhlX a<jlqJeKTOB ae acerA8 I 

npoaaK851 arny6& KpacTamla'leCKOA peWeTKR, 6biCTpble Beii:TpoBbl 

wecTaeHHble aaMeHeHRSI paana'IHbiX caoll:cTB Taep.abiX '!'en. O.aaaKo a'l 

HOCHT CDOlKBblil xapaKTep a ,QO CI!.X nop BeT 38KOB'I9BH0il TeOpHK pat 

acplfleKTOB. 

13 



C • 0,3 r.rpa.Q. 

/13/ Bhl~HCnRnacb C UOMOWbiD ~OPMynhl 

c 
x• T-e 

3 a rc/apc • CM: • 

cana o6ny~eHaoro M:ona6.QeHoaoro nepMannoa 

(10) 

(11) 

H3MepeHaa o6ny~eHHhlX a peaKTopax o6paanoa, cymecTaeaabi:X: 

~HBHOA canbi (upeBbiWaromax 10-15%) nocne o6ny~eHaa He aa-

6hlcTpbiX HeATpoHoa H3Measrnac& 0'1' 0,6 .Qo 2,9·10 c 
17 H!;!fPOH 

BO BpeMa 8KCUepaMeHT8 UPHMblM CUOCo6oM ·ae ICOHTponapo

YTBep~.Q8Tb, ~To OHa He npeahlwana 50°C, TaK KaK o6ny~e
peaxTopax, UO'I'OKH 6biCTpb!X HeiTpOHOB B KO'I'O-

Ha nopS!Jlox H Ha peayn&T&Tbl axcnepaMeHTa STO'I' ~BKT 
He noanasrn, 

O'l'~ra noxaaana, ~To KoapnHTHBHaa cane 

ysena~asaeTca no~Ta B 2 paaa. KoaTpon&Hhle o6paauhl, KOTo-

c no.QaepraawaMaca o6ny~eHaro pa6o~aMa o6paanaMa 

see ouepanaa, aa acxnro~eaaeM o6ny'leaaa, H3Meae

npeaMwaromax 10-15%, He noKaaana, 
~romae 

noae.QeHae xoapna'i'HBHoA Cll:nhl o6ny'leHHbiX o6paanoa 
O'l'~ara, aao6pa~eHhl Ha Pile, 7. 

Bhl6paHo T8KHM UO'I'OMy, 'ITO 38MeTHOe H3Me

CHnbl UPOHCXO.QHno B Te'leHHe UepBhlX 10-20 MHHyT Upa BCex 

KoapnaTaaaoa canhl o6ny'leHahlx o6paanoa OT 

OT~ara 6bmo o6aapy~eHo Tax~e. 'ITO O.llHOBpaMeHao 

CHnhl H.QeT YMeH&Weaae 0CT8TO'IHOA Hlf.llYKUHH, npa

KpHBbiX, .11306pa~eHHb!X Ha PHC. 7
1 

H Maaa

HH.QYKUHH ne~HT a .llaauaaone TeMnepaTyp 

12 

• 

I 

B cany Toro, ~To .Qns accne.QoBaHHbiX o6paanoa BnHHHHeM paaMarHa~aaaromero 

nona upeHe6pe- ,6blno Hen&ag, a y~eCT& &TO BnH!IHRe c .QOCTaTO'lBOA cTene.Bbro TO~

aocTH He ~pe,llCT8B.IIHeTCH B03MO~Hb1M, KOnR'leCTBeHilbie H3MepeHas STOro acj$eKT8 

aenb3H C'laT8Tb . .QOCTOBepBblMH, 

V, HeKO'I'Opbie BOilpOCbl Teopaa B03.QetiCTBHH HeiiTpOHHOro o6ny'le8HR 

Ha MaraaTHhie caollcTB8 Mona6.Qeaosoro nepM8nnoa 

~na nOHHM8HHH UpHpO.Qbl B03.QeiCTBaa HeiiTpOHBOrO o6ny'leBHP 118 M8rHHTHble 

CBOIICTB8 M8rHHT<>-MHrXBX M8Tepa8nOB, 88 H8W B3rnS!Jl, Aon~Hbl 6b1Tb OIS'bHCHeHbl cne

.Qyrowae 81CCUepHMeBT8nbHO nonyqe&Hble ~81CTbl: 1) OTCYTCTBae B03.QeiiCTB.IISi aeiiTpOH

HOrO o6nyqeHaa H8 M8rHHTHble caoiiCTB8 B TOM cny'l8e, KOr.Q8 TeMnep8TYP8 o6ny

qeaaoro o6p83U8 He npeBbiW8n8 100°C; 2) H3MeBeHRe K08pUHTHBBOII CHlibl Mo

nH6J;IellOBOro nepMannosr nocne O'I'~Br8 npa TeMnep8Typ8x 150-500°C; S) noaane-

aae B senB'lBB8 .M8KCHMYM8 ltoapnBTBBHOII CBlib! , Ha6nro.Q8eMOrO !IpB OTlKare o6ny

'19BBbiX o6p8auoa; 4) ·3aBBCBMOCTb B3Meaeaaa xoapuaTasaoA canhl OT .Q03bl aeiiTpoa-

aoro o6ny'leaas, T8xoe o6'b$1CS:eHae MO~Ho nony'IBTb, p8CCMOTpea aonpocbl: 

1. 06p830B8BBe .Qe~KTOB ~pHCT8liliH'IeCKOII peWeTitH DOll .QeiiCTBBeM aeATpOH• 

aoro o6nyqeaaa a noae.QeHae u npa OT~re. 

2, KoapnHTaBH8B CHli8 M8rRHTOMHrltoro M8Tepaana, CO.Qep~wero .Qe~ltTbl 
peweTxa. 

l, 06p830B8HR9 J;le~eltTOB ltpaCT8nna'l&CKOII peweTKB 
UO.Q .QeiiCTBaeM HeiiTpOBBOro o6ny'I~BaH 

H8 !tpHCT8lilia'leCKyro peweTKY Be.QB.IlHWBXCH M8TepH8ROB .QeiCTByroT, B OCHOB

HOM, 6b1C'l'Pb19 BeiiTpOBbl, CT8liKHB8HCb C S!Jlp8MH 8TOMOB peWeTKH B nepe.Q8B8H HM 

HMnym.c a aHepraro, ~na aljlljleJtTHBHoro. aayqeHaa .neAcTBHH seATpoaaoro o6nyqeaas 

aa seweCTao aeo6xo.QHMO xopowo 3HaTb DOTO!t a aaepreTa~eCKBII cneKTp a:ei!Tpoaoa. 

0.QH8KO UpB 06ny'l9HHB B pe81tTOpe UOTOKH 6biCTpbiX HeiTpOHQB '18CTOT a3B9CTHbl 

BeCbM8 npa6na~eHHO, a pac~eTbl P8llll81lHOHHbiX acjxlleKTOB He BCarJ;I8 DOSTOM}' TO'lHbl, 

OpoHaKas arny6& KpacTannH'lecKoll peweTKH, 6hiCTpble aeiiTpoHbl Bbl3blaaroT cy

weCTBeHHhla a3MeBeHHH p83liH'IHbiX CBOIICTB TBepJ;IbiX Ten, 0.QH81t0 8TH a3MeHeHHH 

HOCSIT CliO~IIb!ll XapaKTep B .QO CHX nop HaT 38KOH'IeHHOA Teopaa p8.QH8UHOHHbiX 

acpljleKTOB. 
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/15/ 
Hcnon&ayg HeKoTopble ynpomeHHll, 3eATu coa.nan Teoparo pa.naauaOHHbiX 

nonpeJK.QeHaA, BblBOJlbl KOTOpoA KB'IeCTBeHHO COBITSJlBIOT C SKCnepaMeHTSilbHblMH 

/16,17 18/ peayn&TaTaMa. IloaJKe, B pa60Tax Jlpyrax BBTopon ' STa Teopag nony•uma 

JlBJlbHei!:wee p83BHTHe. 

OcaoBHbie Jlonymeaag sToA Teopaa cne.nyromae: 

- BCe B38HMOJleACTBHl! 6HH8pHbli 

- BCe CTOJlKHOBeHHll npOHCXOJlliT MelKJly JlBHlKYIIlHMCl! BTOMOM H STOMOM, KOTo

pbiA JlO STOI"'O HBXOJlHJlCl! B ITOKOe; 

-' npeJliTOJlSI"'BeTCll, 'ITO BTOMbl pacnOJlOJKeHbl CTBTHCTH'IeCKH, 

.llnll TOI"'O 'IT06bi BTOM B KPHCTanna'IeCKOA peweTKe CMeCTHJlCll H3 pBBHOBeCHo-

1"'0 ITOJlOJKeHHll B MeJK.Qyyanae,, eMy JlOnlKHB 6blTb coo6meaa HeKOTOpag MHHHMSnbHBH 

saeprag .Qnl! npeo.Qoneaag saepreTa'IecKoro 6ap&epa. 

Pac'!eTbl H peaynbTSTbl SKCnepaMeHTOB ITOKB3biBBIOT
0 

'ITO JlnH 60ilbWHHCTBa 

/18,19/ 
Bell!eCTB STS SHepi"'Hll 6nH3KS K 25 38 • IJOsTOMy B pacqeTaX PSJlHBilHOHHblX 

ITOBpelK.QeHaA JlJlll BCeX Bell!eCTB npHHHMSIOT E cl "'25 SB, H H3MeHl!IOT STO 3HB'Ie-

HHe Ton&Ko B TOM cny11ae, ecna Jlpyroe aaaqeaae E c1 cne.nyeT aenocpeJlCTBeaao 

H3 sKcnepHMeHTa. Bepoli:Tao, BenH'IHHa Ed 
38BHCHT OT Bell!eCTBS, HanpaBneHHll 

CMellleRHll STOMa B KpHCTBnJlH'ieCKOA pemeTJte H Jlpyrax ~BKTOpOB H B 6y.QymeM, B03-

MOlKHO, 6y.QyT npOR3BeJleHbl 6onee TO'IHble pSC'ieTbl, 

CTonKHOBeHHll HeHTpOHOB C l!JlPBMH BTOMOB KpHCTanna'ieCKOA peweTKH C'IRTa

IOTCl! ITpOCTbiMH CTOnKHOBeHRliMH THITS. TBepJlblX mapOB, flOSTOMy 9HepruTH'IeCKHH 

CITeKTp BTOMOB OTJlB'IH, H.CITbiTBBWHX CTOJlKHOBeHHll ·c HeATpOHSMH, JlSeTCg YPBBHe
/17/ 

HHeM 

N(E)dE. 
dE 

---- ( 0 ~ ·E ~ E "'"" ) , 
E"'"" 

3.QeCb . E mex - MBKCHMSilbHSll SHepi"'Hll, nepeJlSBSeMal! BTOMy pemeTKH 6biCTpbiM 

HeHTpOHOM, onpe.Qenl!eMSl! YPBBHeHHeM: 

E 
4 M 

1 
M 

2 
E I ( 12) "'"" (Ml+M2)2 

I"'Jle M 1 H En - Macca H saeprag aeATpoaa, M 
2 

- Maces STOMa peweTxa. 

3aepreTH'Iecxall: cnei{'I'p aeATpoaoa B peaKTope npocTapaeTCH OT 0 JlO 15 MsB. 

14 

• 

,, 
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Pac'IeT 'IHCna CMemeHHbiX STOMOB 06bi'IHO npOH3BOJlHTC51 B npeJlDDnO:II 

8
ce aell:TpOHbl o6nBJlBIOT scjJclleKTBBBOA SHepraeA B HBTepasne 1-:l Msa, 

/20 
TorJls cpeAHllll saeprall nepBB'IBO Bbl6HToro sTOMa cornscso 

E 
4 

A 
f Ms!l, 

3.QeCb A - STOMHblA aec B81Il8CTBS MBWeHH, a f - 6e3ps3M8pHbiA K 

y 'IHTblBSIOIIlBA SHH30TpOITRIO psCC81l:HB51 HeATpOHOB B KpRCTanne, ,lln51 H, 

f : 0,6
1201

• 38 

TaxoA psc'leT noKa3blBSeT, 'ITO 6biCTpbiA aelh:poa c sa~praeA 1 

• 10000 s HeM npR CTOJlKHOBeHBB nepeASeT STOMY peweTKR SHeprHIO 

cTollb 6an&myro saepraro, 6onee nerJtae 

HOHB30BSHHblMB H 'ISCTb saeprHH TepliiOT 

nee THJKenble sTOMbl TepliiOT aaepra10, a 

STOMbl (asnpHMep, SJliOMBBHi 

HS HOHH38DH10 JlpyrHX STOMO 

OCHOBHOM, 3S C'leT Cay.nspea 

sTOMbl 2, 3 R T • .n. noJtoneaal! STOMSMH pemeTU, C03.QSBS51 CMellleHBble 

/21/ 
Psc'leT noJts3biBSeT1 'ITO nonaoe 'IHCno CMemeHKbiX STOMOB 

.Qllllleecll as KSJKAbiA 6b1CTpb1A aeATpOH1 psaao: 

E 
ma 

Ncl 
4Ecl 

Llns JKene3a a HHJtens JtOnH'ieCTBO CMemeHHbiX STOMOB HS O.QHH I 

onpe.neneaae 'IHCna c: raa 1 Msa 6na3KO K 400. 3xcnepaMeHTan&aoe 

/22 :.!3 24/ 
MOB, npoae.neaaoe a pa60Tsx 1 1 

, no.nTaepJKAaeT sTH psc'leTbl. 

TaKHM o6pa3oM, aeATpoaaoe o6ny'leaae coa.naeT B aemecTae1 a 

'ie'!Hble .Qe~KTbl 1 T.e. B.tKSHCHH H BBe.npeBHble STOMbl. 

06pS30BSHae BSKBHCaa B KpacTanne npHBO.QHT K HeKOTOpOMY Cl 

MOB, OKpylKSJOIIlaX ee, 'iTO .QSeT B03MOlKBOCTb C'IHTSTb saeprBJO o6pal 

CaH paB.HOi!: ee ITOBepXHOCTHOi!: SHepraa, T.e. • 0 8 , rae o - noBel 

JKeaae. 

Bae.npeaae npoMelKyTO'IHoro aToMs .nonJKHO npHBOAaTb ana K YB
1 

poB sneMeHTapaoA ll'lei!:Ka npaMepao B 3 pssa, npa coxpaaeHHH ee KC 

ana K TSKOMY HCKSlKeHHIO 
/25/ 

6an&HOCTb OKpyJKeHHH 

<jJopMbl 51'1ei!:KH1 npB KOTOpOM1 BepOliTHO, KS 

3HepreTH'IeCKR 6onee Bbii'O.QHbiM liBJlli8TC 
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/15/ 
li HeKOTOpble yrrpOW9HHli, 3el!TU C03.Q&n TeOpHIO p8.QH8UHOHHblX 

biBOJlbl KOTOpol! KB'IeCTBeHHO COBII8.Q810T C SKCrrepaMeHT81IbHblMH 

/16 17 18/ 
IJ03lK9, B pa60TaX JlpyrHX 8BTOpOB ' ' ST8 TeOpHli rrony'llln8 

3BHTHe. 

JlOIIYW9HHli aTOfi TeOpHH cneJlyiOWHe: 

HMO}lel!CTBHli 6HH8pHbl; 

nKHOBeHHli llpOHCXOJlliT MelK.Qy JlBHlKYWHMCSI 8TOMOM H 8TOMOM, KOTQ-

HBXOJlHnCH B IIOKOe; 

araeTCli, 'ITO &TOMb! pacrronOJKeHbl CT8THCTH'IeCKH, 

'IT06bl &TOM B KpHCTanna'leCKOfi pemeTKe CMeCTHnCli H3 p8BHOB9CHQ

MeJK}lyyanae,, eMy JlOnJKHa 6biTb coo6weaa 

eo}loneaaH aaepreTa'lecKoro 6apbepa. 

HeKOTOp8R MHHHM&nbHBR 

a peaynbT&Thi aKCIIepHM9HTOB IIOK83biB8IOT, 'ITO }lnli 601IbWBHCTB8 

IIoaTOMY B pac'leTax paJlaauaoHHhiX 

Ed =25 as, H B3M9HliiOT aTO 3H8'1e-

/18 19/ 
epraR 6na3Ka K 25 as ' • 

li BCeX BeWeCTB llpBHHM810T 

Jlpyroe 3H&'Ieaae E d cne.ttyeT aerrocpeJlCTBeHHO 

a. Bepo!ITao, eena'IHHa Ed 38BHCHT OT BeWeCTBB, H81lpaeneHHli 

8 B KpHCTannH'I9CKOfi pemeTKe H JlpyrHX ~8KTOpOB H B 6y}lyWeM, B03-

Ilp01!3Be}leHbl 6onee TO'IHhle pac'leTbl, 

HHli HeHTpOHOB C liJlp8MH 8TOMOB KpBCTanna'leCKOll peweTKH C'IHT8-

CTOnKHOBeHHliMH THII8. TBepJlblX wapoe. noaTOMY saepruTH'IecKafi 

OTJl8'1H, HCIIbiT8BWHX CTOnKHOBeHBli C Hel!TpOH8MH, Jl89TCli yp&BHe-

dE 
N(E)dEm ( 0 ~ E ~ E mea ) • 

Emax 

M8KCHM81IbH8li aHeprHH, rrepeJl&BaeM&li 8TOMy peweTKH 6hiCTpb!M 

eJlenSI9M8li ypaBHeHHeM: 

E 
4 M 

1 
M 

2 
(12) 

(M +M)2 E, 
1 2 

max 

- M8CC8 B aHeprHli Hel!TpOH8, M 2 - M8CC8 8TOM8 peweTKII. 

crre1cr-p Hel!Tpoaoe B peaKTope rrpocTI!paeTCli OT 0 JlO 15 Mae. 
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Pac'leT 'IRena cMemeHHhiX aTOMOB o!Sbi'IHO rrpoH3BOAHTC51 B rrpe.ttnonolKeHHB, 'ITO 

ace seATpOHbi o!Sna.ttaiOT acjJclleKTHBHOA asepraeA B aaTepeane 1-:l Mas, /20/ 
TorJla cpeAHHH aaepraa nepBH'IHO eh!ISHToro &TOMB cornacao : 

4 
A 

(18) 
E • f Ma&. 

3.tteCb A - 8TOMHb!A sec eemeCTB8 MBW8HH, a 
f - 6eapaaMepHbiA KoacjlcjlanaesT, 

y 'IHThiB810UlHA 8BB30Tp01IBIO pacceSIBBSI ael!TpOBOe B KpBCT&nne. JlnB BBK8nH H lltene-

f 
• 0 6/20/ 

38 • ' • 
TaKoA pac'leT noxaah!B&eT, 'ITO 6hiCTphiA aeATpOB c aR!iiPrBeA 1 Mae B cpeA-

aeM npB CT011KBOB8BBB nepe.QaeT 8TOMY peUieTKB aseprHIO • 10000 9Bo IJpao6peT8SI 

CTOllb ISOllbDIYIO aseprBI0
1 

6onee nerKB8 &TOMb! (aanpBMep, aniOMBBBA) OK83b!B810TCSI 

HOHH30B8HHhiMB B 'l&CTb aaeprBB TepSIIOT H8 BOHB38UBIO .Qpyrax aTOMOe cpeAbl, So

nee T9lK8nhl9 &TOMb! TepSIIOT asepral01 B OCBOBBOM 1 38 C'leT COy.ttapeBBA C .QpyrBMB /15/ 

8TOM8MB peDI9TU
1 

C03.Q8B8SI CMeUleBHble &TOMb! 2, 8 B T,.Q, nottoneaBA , 

/21/ Pac'leT noK&3b!B8eT
1 

'ITO nonsoe 'lacno cMemeaahiX aTOMOB N 4 , npaxo-

JlHDieecH sa K&JKAhiA 6hiCTphiA aeATpOH, pasao: 

E mas 
N ·-----• 4E • 

(14) 

JlnSI JKene38 H BHKenH ttona'leCTBO CMemeHHbiX &TOMOB 88 O.QHH aeATpOH aaep

rHH 1 Mae 6naaxo K 400. 8xcnepaMeHT&nbaoe orrpe.tteneaae 'lacna cMemeHHbiX aTo

/22 :.!S 24/ 
MOB, npoee.QeBHOe e pa60T8X 1 1 

, nOATBepJK.QaeT aTB paC'leTbl, 

TaKHM o6pa30M, aeATpOHHOe o!Sny'leHBe C03A&eT B eewe CTB8, B OCHOBHOM, TC>-

'le'IHbie .Qei\JeKTbl
1 

T.e. B8K8HCHR H BHe.ttpeHRbie &TOMb!, 

06pa30B8HHe B8K8HCHH B KpBCT&nne npaeOAHT K aeKOTOpOMY c6naJKeBHIO &To-

MOB, OKpyJKalODlBX ee, 'ITO .Q&eT e03MOlKHOCTb C'IBT8Tb aaeprHIO o6pa30e8HHH BBK&¥-

1 
rAe U - noeepXHOCTHOe B8TH-

caa pasaoll ee nosepxsocTaoA asepraa, T.e. • us 

JKeaae. 
Bse.ttpesae npoMelKyTO'IHOro aTOM& JlOnlKHO npBBOAHTb ana K yeena'leBBIO paaMe~ 

poe aneMeHTapsoA a'leAKa rrpaMepso B 3 paaa, npa coxpaaesaa ee KOH~arypanaa, 
ana K T8KOMY HCK8lK9HBIO ~OpMbl 9'19HKB, rrpB KOT0pOM 1 eepOliTHO, aapyWBTCI'I CTB-

/25/ 6allbHOCTb OKpyJKeHBli , 8aepreTB'l9CKB 6onee BbirO.QHbiM !IBnHeTCI:.I o6pa30e8BBe 
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Kpay.llHOSa, T.e. COBOKYDSOCTII D + 1 
8TOMOB B.llOilb OCR KpHCT8./l./l8 BMBCTO D 

aToMos a H.lleanbsoM KpHcTanne • .Qng rpaseneaTpHposaaabiX KpHCTannoa ycToii:'IHBbiM 

1261 MO}f(BT 6b!Tb T8K}f(9 1"8ST9.1IbHOe DO.II0}f(9BHe BHBJlpeBBOI"O 8TOM8 

np11 DOBbiWBBIIII TeMnepaTypbi TO'IB'ISbiB JlB$eKTbl H8'111H8IOT MIII"pllpOB8Tb, KaK 

/16/ 
DOK838.1III MBOI"O'IHCneSSble 9KCD9piiMBHTbl , np11 UOBb!WBBIIH TBMDepaTypbl MOI"YT 

DpOHCXOJlHTb P83.1IH'ISble DPOUBCCbi; PBKOM6HB8UHll B8K8SCHII: H BSe.llpBSSbiX 8TOMOB 

Dpll Jl0CT8TO'IHOM HX C6./lll}f(9SHII, 38XB8T TO'IB'ISbiX .QeljleKTOB JlHC.IIOK8UIIliM11
1 

o6pa3o

B8SIIB KOMD.IIBKCOB TO'IB'IHbiX .llBijleKTOB II T.Jl. 

0.QS8KO pe3y.llbT8Tbl HBKOTOpbiX 9KCDBpiiMBBTOB1 DpOBB.IlBHSbiX Jl8}f(e Dpll C8MbiX 

HH3KHX TBMDepaTypax, SB MOI"yT 6b!Tb 06'bl!CH9Hbl 06pa30B8HIIBM TO.IlbKO TO'IB'IHbiX 

1211 JleljleKTOB. HeKOTOpbiB 113 SHX MO}f(BO UOBl!Tb, Y'IHTbiB8l! ODHC8HHbl9 5pHBKM9SOM 

'nax11 CMemeBIIll'. 

B peanbBbiX xpacTannax xapaKTep coy.llapesall: 
1 

no-sa.llHMOMy, 6onee C.IIO}f(Sblll:. 

KpoMe CM9lll810llliiX CTO.IIKHOBBBHII: B03MO}f(Bbl T8K}f(B 38MBlll810lllH9 CTO.IIKHOBBSHll
1 

T,e, 

CTO.IIKSOBBSHll, DpH KOTOpbiX Y.ll8p.RIOlll8ll '18CTHU8 nocne CTO.IIKHOBBHH.Il HM99T 9Bep-

I"IIIO MBHbWB Ed II 0CT89TCl! sa MBCTB Bbi6HTOH. HeKOTOpb!B 9KCnepHM9STbl
1 

sa-
, /28/ 

DpHMep, M8TBM8TII'IBCKHe' YK83b!B810T Ba TO, 'ITO COy.llapeSHl! B KPHCTanna-

'IBCKOII: PBWBTKe 8SH30TpOnSbl, 0.QS8KO B S8CTOl!Wee BpBMl! MO}f(SO C'IHT8Tb JlOK838S

BI>IM1 'ITO B3811MO.Ileil:cTBIIe 6b!CTpbiX SBJfTpOBOB C KpHCT8.1I.IIII'IBCKOH peWBTKOII: MBTan

.IIOB npHBO.IliiT1 B OCSOBSOM1 K 06pa30B8SHIO B DOC./l9JlB911: TO'IB'ISblX JlBijleKTOB THUS 

nap ¢pesKe.lll!, 

2. HexoTopbie aonpocbi noae.llesag sepaasoaecablx 

JlB$eKTOB B TB9p.QOM Tene 

06p830B8SSb19 UpH o6ny'leSHH B.llHSII'IHbl9 .QecjleKTbl - B8K8SCHH II UpOMB}f(YTOq

llbiB 8TOMbl - OCT8IOTCl! SBII3MBSHblMH JlHWb B TOM cnyqae, BC.IIH 06.1Iyqeaae B91lOCb 

UpH .ll0CT8TO'IHO SH3KHX TBMUepaTypax, KOI".Q8 DO.IlBH}f(SOCTb .llBijleKTOB CHiibHO OI"pa-

SH'Iesa • .Qng MBorax MeTannoa aTa TeMnepaTypa ae npeablwaeT Tpex-'leTbipex 

/25/ .llBCliTKOB 86CO.IIIOTHbiX rpa.llycoa 11ccneaoaaBal! OT}f(Jira .llOnonaa-

Tenbsoro o6ycnoaneasoro o6nyqesneM, aneKTPH'IecKoro conpOTaaneBHll Me-
/16,17/ 

T8./lll0B UOK838.1IH1 'ITO JlODOilHHTBilbBOe CODpOTHB.IIBHII91 B03SHK810lllee 38 C'IBT 

P8CC9l1HIIl! 9./lBKTpOBOB H8 TO'IB'IBb!X JleljleKT8X peWBTK111 UO./lBOCTbiO 0T}f(HI"89TCl! UpH 

TBMUepaType 3H8'1HTB.IlbSO 6onee HH3KOII:, 'IBM KOMS8TS8.1l, 

16 

.. 

Ecna TeMnepa-rypa .llOCTATO'IBO aenaxa, 'IT06bl o6ecne'IHTb nOABJ 

TOB B KpHCT8JlllB'19CKOlt peWeTKe, TO ORB HCUb!TbiB810T Pll.ll npeapameE 

B8K8SCHH H UpOMB~TO'IHbiB ~TOMb! npa BCTpe'l:e MoryT 8SHHI"HilHpOB8 

HHIOo seT .llOCTOBepSb!X KO./lH'I9CTBeSSb!X .ll8HSbiX 0 'IHC.IIB 8HSHI"HilHPYJO 

o.QS8KO p8C'IeT DOK83biB8eT1 'ITO B HBKene, 06./lY'I:BHHOM HHT91"p81lbRbll 

17 :l 
pb!X Heii:TpOIIOB 10 11/C.N , 38 C'leT 8HHBI'BilSD1HII IIC'l938eT Be 60.11~ 

'IB'IHb!X AecjleKTOB, 

Kalt B8K811CHH1 Talt II npoMe~TO'lllbie 8T0Mbl MOI"YT npa MHI"paD 

sa UOBepXROCTb TB./18 111111 H8 l"p8HIIIU>l ltp!ICT8MOB, B 9TOM ~'189 OJ 

cymeCTBOB8Tb K81t BayTpeaHae .QecjleJtTbl, 0.1lB8JtO, Bb!XOAH B8 rpaBBUy 

KOB1 Olill MeHHIOT cjlOpMy 3epll81 Bbl3b!B810T UOl!BneHae DYCTOT1 C03.1l810 

UOpiiCTOCTb, 

/25/ 
Helt()"J''pble IICCJlBAOBaTenH C'IIIT810T1 'ITO CTOKOM TO'le'lllblll 

cny}f(HTb .lliiCJlOK8UH111 BC91"A8 DpiiCYTCTBYIOWBB B M9T8M8X, .8 9TOM C 

UHll .QaljleXTOB UpHBOAHT K 38KpenneRHIO AHCilOKBUHlt 38 C'leT o6pa30B8 

ecna .QeljleJtT 8ACOp6HpyeT li8 OC8BOA ll!IRHB AIICilOKBUBH, HnH It C03A81 

/29/ 
B83b!B8eMoA 8TMOC$epbl KOTTpenna • 0.QH8Jt0 9TH UI C./lOK8UIIH T8Jt 

.liTHO, Hl"p8IDT l'll8BHYIO pO.Ilb B MOIIOKpiiCT81lllll'leCKHX 06p83U8X1 B TO 

xopowo OTOlKlKeliblx nonnpacTannax, c p83Mep8MB 3epll8 nOpBAK8 10 

noaepXHOCTb 39p911 (aJ Cll9AOB8TellbB0. B BepOliTHOCTb 8.1lCOp6naa .Qel 

sa UOPSIAOlt upeBblulaeT acjlljleKTKBHYIO Dn0lll8Ab 38XB8T8 .Qecjle~[T8 .llHCnO 

PacCMOTJ!BM aTH npoueccbl noapo6aee. EcTeTCTBeBHO npeanonoll 

WeTJte C a36b!TO'lllb!MB .QecjleKT8MH npOHCXOAIIT KpiiCT8JlnH38UIIll .QecjleK1 

Oasaxo Jtpac~naaauuH UpOMeJKyTO'IBbiX 8TOMOB Be.QeT Jt B9KOTOpOMY 

«!JopMbl 3epB8 BJIJI UOl!B.III!'II;HIO IIOBbiX 6nOKOB1 B TO apeMll KaK 

K8HCHA 03H8'189T poCT· 'OTJ!IIIlaTellbllbiX' KpBCT8./lllOB - nop, 

BbiMII BJtniO-..eRHHMB, 

'KpHCT8 

l!BilHIOWi 

P8BIIOB9CII851 KOHileHTpaUBH TO'le'I:HbiX .Qe«!JeKTOB B KpiiCT81lnH'IeC! 

MOlKeT 6b!Tb HaA.IleH8 B3 ycnOBHH MBIIBMyMa o6meA CB060ASOII: SHeprB 

. . /30/ 
paCTBOpOB B8K811CKBA H npOM9~TO'lllb!X 8TOMOB B peweTKe 

F·N 0 1~ u
8

+cu.,. +kT[.;(In~-l)+c(lnc+l)]l, 
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OKYIIHOCTH D + 1 8TOMOB BllOllb OCR KpHCTanna BM9CTO D 

M KpHCTanne • .Qng rpaaeneaTpHpOBSHHblX KpHCTannoa ycTOl!'iHBbiM 

/26/ raaTen&aoe rrono~eaae aae.npeaaoro STOMa • 

H TeMrrepaTyphl TO'i9'1Hhle .neljleKTbl HS'IHHSIOT MHrpapOBSTb. KaK 
116/ 

eHHbl9 SKCrrepaM9HTbl , IIpH IIOBhiW9HHa T9MIIepaTypbl MOryT 

Hble rrpOUeCCbl; peltOM6HHSilaH BSK8HCUJ! a BH9llpeHHblX STOMOB 

c6nH~9HHH, 3SXBST TO'i9'1HblX .neljleltTOB llHC.liOKSiliiHMa, 06paao-

O'i9'1HbiX .neljleKTOB a T.l(. 

H9KOTOpblX SKCIIepaM9HTOB, IIpOB9ll9HHbiX llB~e rrpH CBMblX 

MOryT 6b!Tb 06'bHCH9Hbl 06pa30BSHH9M TOJibKO TO'i9'1HbiX 

1211 ,Je H3 HHX MO~HO IIOHHTb, y'iaTbiBSH OilaCSHHb19 BpaHKM9HOM 

acTannax xapaKTep coy.napeaal!, no-aa.~:taMoMy, 6on:ee cno~ablll. 

TO.liKHOB9HHH B03MO~Hbl TSK~e 3SM9WSIOWHe CTO.llltHOB9HHH, T.e. 

OTOpb!X Y.llBpSIIOWSSI 'iBCTHUa nocne CTOOKHOB9HHSI 
aMeeT saep

ocTaeTCH HB MaCTe Bhl6aTol!. HeKOTOpbl9 SKCrrepaMaHTbl, Ha
/28/ 

eCKHew yKS3biBBIOT aa TO, 
'ITO coy.napeHHH a xpucTanna

'30TporrHhl. 0)lHSKO B HSCTOS!Wee Bp9MSI MO~HO C'iHTSTb .ll0KS38H

CTBH9 6biCTpblX H9J!TpOHOB C ltpHCTS.ll.liH'i9CKOJ! peWeTKOJ! MeTan

OBHOM, K 06pa30BSHHIO B IlOC.ll9.1lH9J! TO'i9'1Hb1X .neljleKTOB THUS 

pb!9 BOIIpOCbl IIOB9):{9HHSI 

$eKTOB B TBep):{OM Tene 
aepaaaoaecabiX 

PH o6ny'leHHH 9.1lHHR'iHhl9 .nefjleKTbl - BSKSHCRR H IIpOMe~yTO'I

CH HeH3MeHHhiMa naw& a TOM cny'lae, ecna o6nyqeaue aenoc& 

X T9MUepaTypax, KOr,lla ITO):{BH~HOCTb .ll91jleKTOB CHJibHO orpa

M9Tannoa sTa TeMrrepaTypa ae rrpeabiWaeT TpeX-'19Tblpex 

/25/ 
rpa.llycoa • Hccne.~:toaaaaH =~ra .~:tonorura-

aoro o6ny'leaaeM, sneitTpa'lecKoro corrpOTaaneHaH Me-

JIB, 'ITO .llOIIO.liHHT9JibHOe COUpOTHBJI9BHe, B03HHKSIOW99 38 C'leT 

HB TO'i9'1Hb1X A91jleKTSX p9W9TKR, IIO.liHOCTbiO OT~raeTCH UpH 

bHO 6onee HH3KOJ!, '19M KOMHSTHSSI. 

16 
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Ecna TeMrrepaTYpa .llOCTATO'IHO aenaxa, 'IT06hl o6ecrre'IHTb no.llBH~HOCTb .lle$eK

TOB B KPRCTSJlliR'I9CXOA pewe'I'Ite, TO ORR RCUb!ThiBSIOT p$1.ll npeap8W9HRA. Bo-nepab!X, 

aSKSHCHR R iipOM9~TO'IBhl8 ~T()Mbl npa BCTpa'le MOI'YT aHHIIJ'R.liRpOBaTb. K CO~lie

IUIIOr H9T .llOCTOB9pHb1X KOliR'I8CTB9HHbiX ):{aHHhlX 0 'IRCJI9 aHHRrRliRpyiOWBX .ll91jl9KTOB, 

O.llHSKO p8C'I9T UOita3biBSeT 0 'ITO B HHK9li9, o6nyqeHHOM BHTerpallbHhiM IIOTOKOM 6hiCT-

17 ~ . 
pblX aeATpoaos 10 a/eM , as C'leT aBBIIJ'Bli!IIlBB IIC'IeaaeT ae 6onee 10% acex To-

qe'IHhiX ):{aljleitTQB, 

KaK BSKaHCRB, TBK R iipOM9llcy'TO'IHbla aTOMhl MoryT IIPII MIIJ'PSIXHB BblXOAHTb 

aa noaepxaoCT& Tena BliH sa rpaaallbi ItpBCTannoa, B STOM cpyue ORB nepecTaiOT 

cywecTBOBSTb KSK BHyTpasBae J:tafjleltTbl, 0AHSK01 BhlXOAH Ha rpaaauy aepeH HliB 6no

KOB, ORB M9HHIOT ljlopMy aepaa, Bbl3b!BSIOT IIOHBli9.11B9 nycTOT, C03):{SIOT n,orpSHH'IHyiO 

nopBCTOCTb. 
/25/ 

HeKQ'l'Opbla BCCJI9.QOBST8liB C'IBT810T, 'ITO CTOKOM T0'19'1HhiX J:teljleKTOB Mory.T 

CliY~BTb .QBCliOKSilBB, ecer.aa iipBCyTCTBYIODlB9 B MeTannaX •. 8 9TOM cny'la9 a):{COp6-

UBH ):{eljleKTOB IIpBBO.QBT It 38ltp9II.li9RBIO ):{BCliOKSIXBA 3S C'I9T o6pa30BSHBSI 'ay6noa', 

ecnB .~:teljleKT ucop6apyeT aa ocesoll liBHBB J:tBCliOKallHB, BlUl K coaJ:taHBIO a6naaa AB-

/29/ 
cnOKSIXBB TSK H83b1Ba9MOA aTMOCijlepbi KOTTpenna , 0ABSK0 9TH iipOU9CCb1 0 aepo-

HTHO, BrpaiOT J'liSBHyiO porn. B MOHOJtpBCTaliliB'19CKBX o6pa3UaX, B TO BpeMH KSK B 

XOpOWO OTO)IOI(Q.IIbiX IIOliRHpBCTSli.liSX, C p83Map8MH 3epaa IIOp$1.llK8 10 MK, CyMM8pHSH 

noaepXHOCTb aepe.S (a
1 

Cli9AOB8Ten&H0. B aapOSITHOCTb 8ACOp611BR .lleljleKTa) XOTSI 6hl 

88 IIOp$1.llOK npa11bluiaaT S~KTBliHyiO IIliOIU8llb 3SX11sTs .aeljleKT8 ABC.liOKSIXBSIMB, 

PaccMOTpBM 9TH nponecchl no.~:tpo6aee. EcTaTc-raeaao npe.llnono~T&, 'ITO 11 pe

WeTKa C aa6biTO'I.IIblMH AeljleKT8MB npOHCXOART KpBCT8.llnB3811HSI A91jleKT011 ( IIpHMecel!), 

O.aaatto ttpac'l'!UlnB3811BH npoMe~yTO'IBhiX aTOM011 ae.aeT K settOTopoMy B3Meaeaaro 

ljlopMbl 39p.118 B.IJH IIOHBJI9liHIO HOBhiX 6nOK011, 11 TO 11p9MSI K8K 'KpHCT8.llllH38UHH' 118-

KSHCHl! 03.118'189T pOCT· 'OTpHI18T9llb.llb1X' KpHCT8llliOB - IIOp, SlllllliiODlHXCH H9MarHHT-

HblMH BKJIIOq9liBHMB. 

Pasoo11ecHaH KOH119HTP811Hll TO'Ie'IBhlX .aefjlaKTOB 11 KpBCTannB'IaCKOII peweTtte 

Mo~eT 6hlTb aal!Aesa B3 ycnOBHH MKHHMyMa o6mell c11o6o.aaoA 9sepraa cna6hiX 

. . . /30/ 
pacTBOpOB 118K8HCKBII H IIpOMallcy'TO'IHhiX 8TOMOB B peweTKe 

F-N
0

1e u
8

+ cu~.~ +kT[,;(Ine-O+c(lnc+l)]l, ( 15) 
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r)le U B B U M- aaeprBSl o6pa30B8HHSl B8lt8HCBB B 8TOM8 B M9lKJlOy3nBBj ~ H C -

KOHI19HTp8UBSl BBKBHCHI! B M9lKJloyaenbBbiX BTOMOBj NO - 'IBCnO yanOB peweTKH B 

eJlBIIBUe o6'beMa; k - KOHCTBHTa Eonbn:Malla; T - TeMnepBTYPB °K. Ha ycnosall 

~zO, 
a~ 

__.£.!__ = 0 cneJlyeT: ac 

~ ., e 
0 

"B 

kT 

"M 
c,. e ---r;:-

(16) 

(17) 

Paasan:a MelKJlY ~ 0 H C O CyWeCTB911H8 H onpe)len!leTCSl 3RB'UIT9nbllb!M paanB'IH9M 

a11epraa o6paaosaHBSl coOTBeTcTsyromax TO'Ie"!HbiX Jle<jleKTOB. TaK, aa pac'leTOB XaiiTBHr

/31/ 
TOHB cne)lyeT1 .'ITO SHeprHSl o6p830B8HBSl BH9Jlp911HOrO BTOMB B M9JlB )lOnlKIIB 

COCT8Bn!!Tb 5,1-6,1 SB, B TO Bp9MSl KBK SJleprBSl o6p830B8HBSl BBKBHCHH 1-1,2 SB, 

8 H9KOTOpblX cny'la!IX B KpHCTannH"19CKOII peweTKe HCTHHHBSl KOHUeHTpaUH!I 

Jle!j>eKTOB. MOlKeT 3Hil"'HTenbHO npesocXOJlHTb pas11osecsyro. MeTOJlOM ssece1111S1 Jl03Hpy

eMbiX KOnH'IeCTB llepaBHOB9CHblX )leljJeKTOB B ltpHCTBnnBqecKyiO peweTKY !IBn!leTCSI 06-

nyqeHBe KpHCTanna "18CTHU 8MB Bb!COKOI! aaeprHB, B '18CTHOCTB1 sel!TpOHSMH, 

OnpeJlenBM senii"'HHY nepeCbiWeiiH!I KPBCTanna'lecxoll peweTKB BaxaiiCBHMB xax: 

A -~-eo. (18) 

3)leCb e - HCTHHH8Sl KOHUeiiTpan:B!I JleljJeKTOB, ~ O - paBHOBeCH8!1 KOBUeHTp8UB!I, 

0):1118 H3 IlpB"'HH, o6ycnOBnRB810WHX OTKnOHeHHe KOHUeHTpan:BB B&K811CHI! 

/32/ 
paBIIOBecsoll, - sanaque B o6paaue BhmyxnhiX B sorayTI>IX nosepxaocTell • 

KonaqecTsesso CB!I3b M9lKJlY senaquaoll 

Ar -~. -~o 

( e,- KOHU9HTp8UB!I Balt811CBII B6nH3H UOBepXIIOCTH C PBilHYCOM KpHBH3Hbl r 
/83/ 

r - snepsble 6blna yxaaaaa naaecoM • Os o6paTan BHRM8HRe 11a TO, 'ITO 

11oweaRe ToMCOIIa-f&66ca, onpenenmomee R36hiTO"'BOe )lasneiiHe napa ( 11 P) 

3H HCitpRBneiiiiOII UOBepXBOCTH 

18 

• 

OT 

(19) 

) R 

COOT-

s6na-

AP • 
2o __E_p 

kT 00 

0 - aTOMHhlll oiS'heM, P .. - Jlasnes11e napa HBJl nnocxoll nosepxsoc· 

J[811HnngpBQe Jl8Bn9BBe), 89 CO)leplKRT MaCChi R, T8KRM o6pa30M1 MOlKeT 

MeBeBO It 'qacTRll8M'
1 

M8CCa KOTOpbiX paBB8 syniO, T,e, It BaltaBCRSIM, 

no aaanorRR c (16) MOlKHO 3anacaTb 

2o 
A, 

0 
kT ~ •.. 

3JleCb uopa B. KpRCTannR"19CKOM Tene ( T.e. 3aMKayTa!l sorayTaB nosep: 

lKeT 6biTb npencTaBnella UK '~tann!l nyCTOThl', KOTOpa!! oxpyJKesa 'naJ 

call, B&XOABWBMCH B paBBOB9CHR C K8Dnell:, 

BonpOCbl
1 

CB!I38BBhl9 C DOHBn9BH9M nop, BX pOCTOM R RC"'e3110B9 

-/S4r., 
'lanacb B uenoM pHAe pa60T (eM •. _;. BecbMa RIITepecllhiM HBnBeTCS 

"'TO BO MBOrHX cnyqaliiX DOphl KBK r OTpHll8TenbBhl9 ' KpHCTannhl RM 
/85/ 

orpasxy, 'ITO B KPIICT8.Wl1 B JtOTOpOM ()BII BhlpOCnH • J1a ypaBH9IIRSI 

onpenenRTb JtpBT~eCKIIII: paaMep DOphl, KOTOPBH MOlKeT CT8Tb n:eBTpO~ 

DBII H36biTO"'HhiX B8JtBBCHII:: 

r* • 
~0 

A 

n 
2o-• 

kT 

Taxoe JKe &hlpalKeaRe KpHTH"'eCKOro paARyca MOlKBO nony"'RTb 6onee • 

noBRH MBBIIMYMa CB060ABOA aaeprRB, CBSI3aHBOII: C B0311BKIIOB9BR9M Il' 

TOM cnyqae, KOrAa paABfC nopbl npeBhiWBeT ltpRTB"19CXBII pBiliiYC DpB 

CbiWeBBII, npORCXOAIIT KOBli9BCaUII!I B8KaBCBI II ysenii"19BIIe pa3Mepa l 

THBHOM cnyqae nopa paCTBOp!!eTC!I Do-B8K8BCIIOBBO II 'noeA8eTCB' ISC 

Korna nepeCblW9BB9 ManO ( ll - e- e 0 <<::' 1 ) ' .a pacCTO!IHll 

nopaMB senaxa n:o cpasaes1110 c naaeABbiMII pa3MepaMII nop ( cny'lall 

CTBYIOWIIX DOp), B3M9119HII9 paABYCa nopbl 
CO Bp9M9B9M MOlKIIO 3a 

ap 1 p -=-(--1) 
at . pi X I 
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aeprH.II 06pa30BBHH.II BBKBHCHH B BTOMB B M9mAOy3nHH; e H C -

HCHlt B M9mAOy3enbHhiX BTOMOB; NO - 'IHCnO y3nOB peweTKH B 

k - KOHCTBHTa Eon&uMaaa; T - TeMnepaTypa °K. 11a ycnoaali 

~ 0 cneAyeT: 

.; ., e 
0 

"a 
kT 

"M 
c ltf e-~ 

( 16) 

( 17) 

H c 0 cywecTileaaa H onpeAenHeTc.ll 3HB'IHTanbHhiM pa3nH'IBeM 

l.11 COOTBeTCTByiOmax 'I'O'Ie'IHhiX ne<jleK'I'oa. TaK, H3 pac'l:eToa XaaTaar-

o 3Heprag o6pa30BBHH.II BHeApeaaoro STOMa a Mana nonmaa 

3B, B TO .BP9M.II KBK aaepra.11 o6pa30BBHH.II BBKBHCHH 1-1,2 aB, 

ny'IB.IIX B KpHCTannH'19CKOlt peWeTKe HCTHHHB.II KOHIIaHTpBIIH.II 

'IHTenbao npeaocXOABTb paaaoaecayiO. MeTOAOM aaeceaa.11 noaapy

·BBHoaecHbiX AecjJeKTOB B KpHCTBnnH'I9CKYIO peWeTKy .IIBn.lleTCl! 06-

BCTHllBMH BbiCOKOlt 3HeprHH, B '18CTHOCTH
1 

HeltTpOH8MH, 

IB'IHHy nepeCbiUlaHBSI KpHCTannB'IaCKOlt peweTKB BBK8HCHSIMH KaK: 

A -e-e
0

• 
( 18) 

Sl KOHll9HTp8llHSI AecjJeKTOB, eO - PBBBOB9CH8.11 KOBII9BTp8UBSI, 

, o6yCnOBnBB810UlHX OTKnOHeHBe KOHII9HTpBllHB B8KBHCKA 

/32/ Be B 06p83Ue BhinyKnhiX B BOrHyThiX liOBepXHOCTelt , 

CBSI3b M9*AY BenB'IHHOlt 

A, .. .;, -eo 

OT 

(19) 

BaKBHCBlt a6na3B IIOBepXHOCTH C PaABYCOM KpHBH3Hhl r ) H 
/33/ 

Kaaaaa naaecoM • Oa o6paTan BHHMaaae aa To, 'ITO coOT-

6ca, onp.eAenmomee H36hlTO'IHoe Aaaneaue napa (A P) a6na

PXHOCTa 

18 

• 

AP • 
2o _o_p 

kT oo (20) 

0 - aTOMHhlA o61.eM, P .. - Aaaneaae napa aaa nnocKolt noaepXHOCTbiO, -.!.!__ -
. r 

Kananngpaoe Aaaneaae), ae coneplKII'I' MaCChl u, TaltBM o6paaoM, MOmeT 6hlT& npa-

Meaeao 1t 'qaCTHII8M', Macca KOTOphlX paaaa ayniO, T.e. 1t BaKaHCHSIM, 

no aaanoraa c (15) Momao aanacaT& 

A • 
2o 0 

kT 
e .. • (21) 

3neCb nopa B, KpHCT8nniA9CKOM Tene (T.e. 3aMKHyTaSI BOrHyTaH IIOBepXHOCTb) MQ

meT 6hiTb npencTaaneaa ltBK 'Kanns nyCTOThl', KOTopas oB:pymeaa 'na~oM' aaB:aa

calt, H&JtOASIIIlHMCH B paBHOB9CHH C KaiineA. 

BonpOChl, CBH;38HBhl9 C IIOS!Bn9HH9M nop, IIX pOCTOM II HC'I93HOB9HBeM, B3y-

( ·134t.' 'lanBCb B U9110M psne pa60T CM,. _,' • 8eCbM8 HH'I'epeCHhlM .IIBnHeTCH TOT cjJaKT, 

'ITO BO MHOrBX Cny'laliiX IIOphl K8K "'O'l'pBII8T9nbHhla "' KpHCTannhl HM910T Ty lKe 

/35/ 
orpaHKy, 'ITO II KPBCT8)UJ, B ltOTOpOM OBB BhlpOCnB • l13 ypaBBeBBSI (21) MOmao 

onpenenBTb KpBTIA9CKBA p83Mep nopbl, KOTOpag MOlKeT CTaTb 119H'I'p0M KOHA9HC8-

UBB B36biTO'IHbiX Balt8HCHA: 

r* • 
eo 
A 

0 
2o --• 

kT (22) 

TaKoe JKe BblpaJKeaue KPB'I'B'IeCB:oro paneyca MOJKHO nony'IBTb 6onee C'l'poro B3 yc-
/36/ 

nOBHSI MIIHBMyMa CB060AHOA aaeprBB, CB5138HHOlt C B03HIIKHOB9HHaM IIOpbl • B 

TOM cny'lae, KOrna paAHYC IIOphl npaBhlUl8eT KpBTH'IeCKBA p8ABYC IIPB naHHOM nepe

ChlUl9HBH, npOHCXOAHT KOBA9HC8UHSI B8KaHCIII B yaenB'I9HHe pa3Mepa IIOpbl, B npo

TBBHOM cny'laa nopa paCTBOpHaTCH IIQ-BaKaHCHOHBO H 'noenaeTCSI' oonee KpyiiBbiMH. 

Korna nepeCbiUlaHBa Mano ( A - e- e 0 <•( 1 ) , .a p8CCTOSIHHSI MeJKAy 

nopaMH senna no cpaaaeaHIO c naaeAHhiMH pa3MepaMH nop ( cnyqalt aeaaaaMonelt-

CTayiOmax nop), aaMeaeaae panayca nophi CO BpaMaHeM MOlKHO 381IHC8Tb B BHA9 .• 
iJp 1 ( _e_- 1) --=-- ll I 

(23) 
a t p• 

~. 
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' 
r.ue 

r ( t ) 
P"' 

r "' 
0 

3.uecb r* - aa'lallbHbii!: pa.uayco 
0 

r * ( t ) 

' 
X.,---

r • 
(24) 

0 

3TO ypaBHe!lHe OnHCbiBSeT H3M9H91lH9 p83MepOB nopbl B OAHOMepHOM 'npOCTpSHCTBe' 

paaMepoBo 

fpa~HK 38BHCHMOCTH CKOpQCTH CM9W9HHH TO'IKH 1 KOTOpa~ COOTB9TCTBYeT HS OCR 
/34/ 

p llaaaoi!: nope, npaaellea aa psco 9, B3HTOM sa o 11aMeaeaae paaMepoa peam.-

ffhlx nop B npouecce xoanecueauaa onachlaaeTca a ''npocTpaacTae' paaMepoa llBH-

JKeaaeM COOTBeTCTBYIOWHX TO'Ielt BllOllb OCR p o npa'leM TO'IKS p ( t ) • X (t ) t 

COOTB9TCTBYIOW8H UOpaM KPHTH'IeCKOI"O pa3Mepa, HMeeT ayneay10 CKOpOCTb. TO'IKH, 

1l8XOllHWH9CH cneBS OT X ( t) , COOTBeTCTBYIOWHe nopaM, pa3Mep KOTOphlX M9HbWe 

!tpBTB'IeCKOI"O, 6yllyT llBHI"STbCH UO aanpaBneBBIO K HB'Iany KOOPllHHST C pacTymei!: CO 

apeMeaeM CKopoCTbiOo 3To llBHlKeaae onaCbiBaeT npouecc pacTaopeaaa nopo To'IIta, 

H8XOllSWB9CH B llSHHbli!: MOMeHT cnpaBa OT X ( t) , llBHlKyTCll aanpaao, 'ITO COOT-

B9TCTByeT pOCTy nop, HM910WHX HSll!tpBTH'IeCKHe p83Mephl. 

Ollaaxo llBHJKeaae TO'IeK B 'npocTpaacTae' paaMepoa o6nallaeT eme OllHOA oco-

6eaaoCTbiO, CBH38HHOA C TeM, 'ITO paCTBOpeaae nop, HMeiOWHX nOllKPHTH'IeCKHe paa

Mepbl, .B pOCT 38 HX C'leT nop C HSllKPBT.B'IeCKHMH pa3MepaMH COUpOBOlKllSeTCH yMeHb

weaaeM aena'IHHbl nepechlmeaaa, a, aaa'IHT, a pocTOM KPHTH'IecKoro paaMepao YMeHb-

weaae nepechlme!lHll npaaelleT K llBHJKeHHIO TO'IKH x ( t ) BnpSBO CO CKOpOCTbl01 

aoapaCTaiQIIIeA no Mepe yC5hlna nepecblWeHaSL B npouecce caoero llBHlKeaaa TO'IKB 

x ( t) C5ylleT D.oroaH'l'b TO'IKH, llBHJKymaecH aanpaao, nocnellaae, oKaaaawacb cneaa 

OT x(t) 1 H8'1HyT llBHI"STbCll aaneBO H 6yllyT HC'Ie38Tb B HS'Iane KOOpD.HHSTo Cy-
1 

meCTBeHHhlA peayllbTST, cnellYIOWHA H3 npaBeD.eHHhlX ypaaaeaai!:, 3BKlll0'18eTCll B TOM, 

'ITO BHe 38BHCHMOCP.B OT HCXOllHOI"O pacnpellelleHHll nop no p83MepaM BHD. ~YHKUHH 

pacnpeD.elle!lHH aa llanexoA cTaD.aa npouecca 6ylleT OllHBM a TeM JKe (acaMnTOTH'Ie

cxaH ~aKuaa pacnpelleneaaH) a ycToA'IBBhlM ao apeMeaao B o6meM cnyue D.H~aa

oaahlA pacnall nepechlmeaaoro pacTaopa BaKaacaA, aaaepwarowaACll KoanecueauaeA 

MS!tpOCKOnH'IeCKHX nop, KOI"ll.S HX pacnpelleneaae no paaMepaM nOll'IBHeHo SCHMnTo

TH'IeCKOMY 38KOHy, MOlKeT 6b1Tb OUHCSH KSK COCTOSWHA H3 Tpex UOC.IIelly!OWHX CTS

llHAo nepaaa CTBll.BB, KOrlla nepechimeaae eme aenaxo, aaxnroqaeTcs a Bhma.~:~eaaa 

20 

-"' 

cTBopa aTOMSpHhlX BSKSHCHA H pocTa nop 38 C'leT HX ItOarynHUBH, 
pa pa /86/ 
aoe apeMH sToro npouecca : 

r I 
I 

D b ~o 

cpeAHHi!: paaMep, .QO KOTOpOI"O MOI"yT paCTH nOphl 38 C'leT BSKSHI 

I 
pacTaopa, D b - KOs~auaeaT lla~yaaa aaitaacaAo 

np
11 

paayMHhiX oueaitax t 1 aMeeT aena'IBHY nopllllita ceKyHD.o 

BTopaH CTSAHH HS'IHHSeTCllt KOI"ll8 · cpe.~:~Hae paaMephl nop eTa! 

KS KpHTH'IeCKHX: r.
2 

"' r*
2 

, 'ITO npoaaOAlleT BCnellCTBBe yMeHbWeHBll 

peweTKH BSKSSCHllMH Ha nepaoA CTSAHH npoueccao PoeT nop 118 BTOpoA 

npoacxollHTb acne.ucTaae KOSnecueHUHH, OllHSKO SCHMnTOTH'IeCKOe pacn 

nop no paaMepaM eme ae ycneeT ycTaHOBHTbCHo XapaKTepuoe apeMll lll 
/86/ 

9TOA CTSllHH OUeHHB8eTCH COOTHOWeSHeM 

t 
2 

npa paayMHhlX oueaKax 

I 
r 

2 

Db a 

2 

a e 

- 10
8 

- 10
4 

2u n e 
-~ 0 
k T 

celt • 

Ha 38KlliO'IHTellbHOA TpeT&eA CTSllHH npoacXOllHT KOanecueHUilll ItO 

HX pacnpe.ueneaae no paaMepaM S!BlllleTCll SCHMUTOTH'leCitHM H ycTOA'IH: 

Mesa. 
/36/ 

11anoJKeaHall Teopall .ua~~yaaoaaoA Koanecueauaa nop npellnon 

DOphl HMeiOT c~pa'leCKYIO ~OPMY H paCCTOllllHll MelK.Qy HHMB BellHKH DO 

C HX llHHei!:HhiMB paaMepaMH, TSK 'ITO B03MOlKHhlM AH~~y3HOHHhiM B38HI 

MelKllY OTllellbHhiMH nopaM.B MOlKHO 6hill0 npeae6pe'lbo 

11aaecTao, 'ITO B caaaa c aaaaoTponaeA u nophl 6y.~:~yT aa ca 

HH'IeHbl llllOCKOCTBMH C MHHHMSllbHhiMH HSlleKCaMHo B CBll3H C 9THM Be 

HMeeT CMhiCll HeKOTOpOI"O 9~KTHBHOI"O pallHyCa: 

3 V 1/s 
r .. (--) ' 

411' 

3JJ.ecb V - olheM nophl. 
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p~ 

r ( t ) 

r "' 
0 

pa.uayc. 

X • 
r • ( t ) 

r • 
0 

(24) 

H3MeHeHJie pa3MepOB nopbl B O.!lHOMepHOM 'npOCTp8HCTBe' 

CKOpOCTH CMeweHHH TO'IKH, KOTOp8!i COOTBeTCTBYeT H8 OCR 

/34/ 
npaaeaea Ha puc. 9, B3HTOM aa • 11aMeaeaae paaMepoa peam.-

''npocTpaacTae' paaMepoa .!lBH-

TO'IeK B.!lOllb OCH p , llpH'IeM TO'IK8 p (t ) • X (t), 

KPHTH'IeCKOI'O pa3Mepa, HM99T Hyneay10 CKOpOCTb. TO'IKH, 

OT X ( t) , COOTBeTCTBYIOWH9 nopaM, pa3Mep KOTOpblX M9HbW9 

DBHI'8TbCH no HanpaaneHHIO K H8'18ny KOQP.!lHHST C pacTyweA CO 

3To .!lBalKeaae onacbiaaeT npouecc pacTaopeHaH nop. To'IKH, 

MOMeHT cnpaaa OT X ( t ) , DBHlKYTCSI Hanpaao, 'ITO COOT-

HanKpHTH'I9CKH9 p83M9pbl, 

B 'npocTpaacTae' paaMepoa o6nanaeT ewe oaaoA oco

'ITO paCTBOpeaae nop, HMelOWHX nO.QKpHTH'I9CKH9 paa

C'IeT nop C H8.!lKPHTH'I9CKHMH pa3MepaMH conpOBOlK.[l8eTCSI yMeHb

a, 3Ha'IHT, a poCToM KpHTH'IeCKOI'O paaMepa. YMem,-

Sl npaBe.QeT K .QBHlKeHHIO TO'IKH X ( t ) BIIpaBO CO CKOpOCTblO, 

Mepe y6&ma nepeCbiWeHHH. B npouecce caoero .!lBHlKeHaSI TO'Ixa 

TO'IKa, naaJKywaecSI aanpaao, nocneaaae, OKaaaawac& cneaa 

H 6ynyT HC'I938Tb B HS'Iane KOOP.!lHHST, Cy-

i 
cne.QylOwHA H3 npaBe.QeHHblX ypaBH9HHA, 38Klll0'18eTCSI B TOM, 

OT HCXO.QHOI'O pacnpe.QelleHHSI nop no p83MepaM BH.!l ~YHKURH 

naneKoll: CT8.!lHH rrpouecca 6y.QeT ODHHM H TeM lK9 (aCHMnTOTH'Ie

H ycTOA'IaBbiM so speMeaa. B o6weM cnyqae .QH~aa-

pacTsopa BaKaacaA, aasepwalOwHACH KoanecueauaeA 

ax pacnpeaeneaae no paaMepaM non'laaeao 8CHMnTo-

MOlKeT 5biTb 0DHC8H KSK COCTOSIWHl! H3 Tpex nocne.QYIOWHX CTa

KOI'.Qa nepeCblWeHae ewe BellHKO, 38Kill0'18eTCSI B Bbllla.QeHHH 

20 

acTBOP8 aTOMapHbiX B8K8HCHA H pocTa nop 38 C'leT HX KOai'yllHUBH, XapaKTep
ll3 p /86/ 
HOe apeMH 9Toro npouecca : 

r t 
I 

D b i\o 

cpe.QHHl! pa3Mep, DO KOTOpOI'O MOI')'T paCTH nOpbl 38 C'leT B8K8HCKHl! H3 

pacTaopa, 0 b - K09~HilHeHT DH~Y3HH B8K8HCHl!, 

llpa pa3yMHblX Oll9HK8X t l HMeeT BellH'IHifY nopHDK8 CeKyH.Q, 

(25) 

BTopaH CT8.QHH H8'1HH8eTCH, KOI'.Qa ·cpenHae paaMepbl nop cTaHOBHTCH nopSin-

KB KpHTH'IeCKHX: r "' r* 2 2 , 'ITO npoaaol!neT scnencTsae yMeH&weaaH nepecbiW9HH!I 

peweTKH B8K8HCHHMH Ha nepsoA CT8.QRH nponecca, PoeT llOp Ha BTOpOl! CTS.QHH 5yneT 

npoHCXO.QHTb BClle.QCTBHe K08lleCUeHUHH, O.QH8KO 8CHMnTOTH'I9CKOe pacnpe.ueneaae 

nop no paaMepaM ewe He ycneeT ycTaHOBHTbCH, XapaxTepnoe speMH .QnHTellbHocra 

/36/ 
9TOA CTa.QHH OJleHHB8eTCSI COOTHOWeHH9M : 

t 
I 

npa p83YMHblX OJleHK8X 

I 
r 

2 

Db a 

I 

a .. 

• 10
8 

- 10
4 
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k T 
o e, 

cex • 

(26) 

Ha aaKnlO'IaTellbRoA TpeT&eA cTanas npoacxo.QaT xoanecneHilH.ll nop, npa aToM 

HX pacnpeneneHHe no p83Mep8M S!Billi9TCSI 8CHMnTOTH'IeCKHM H yCTOA'IHBblM BO spe-

Meaa. 

/36/ 
1131IOlKeHHaH TeOpHSI .QH~~y3HOBBOA K081l9Cil9HilHH nop npe.QnonaraeT, 'ITO 

nopbl HMelOT C~pH'I9CKYIO ~OpMy H paCCTOSIHIISI MeJK.Qy HHMH BellHKH 110 cpaBHeHHIO 

C HX IIHHeii:HblMH p83MepaMa, TaX 'ITO B03MOlKHblM .QH~~Y3HOHHblM B38HMO.!l9l!CTBHeM 

MelK.Qy OT.QellbablMH IIOpaMH MOlKHO 6blll0 npeHe6pe'lb, 

J1aaeCTHO, 'ITO B CBSI3H C 8HH30Tp01IH9A , IIOpbl 6yn)'T 118 CSMOM .Qene orpa-

HH'IeHbl IIIIOCKOCTHMH C MHHHM81lbHblMH HH.Q9KCf\MH. B CBSI3H C 9THM B91IH'IHH8 

HMeeT CMblCII H9KOTOpOI'O 9~KTHBHOI'O pa.Qayca: 

r .. 

a.uec& V - o6'beM nopbi, 
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Bn11HB11e 'cTanKSOBeBliA' uop sa BRA acHMJITOTJ('IecKoA ljlysltllB.II pacupeAeneBJISI 
/87/ 

noApo6so paccMOTpeso B , rAe noKa3aso, 'ITO BnHSI.I!He aoaMoll!:soro A114IW3IIOB-

soro B3aiiMOAeAcTBHSI 6nii3KO pacnonoll!:ess~x nop npiiSOABT n11mb K se3Ba'IBTenJ:>so

MY 113MeseJQno cjlynu1111 pacnpeAeneBJis, 

CymecTB9SB~M C TO'IKB 3p9BliSI KOSA9SCallllll TO'Ie'IS~X Ae4JeKTOB smnseTC.SI BOil-
/88/ 

poe aaaiiMOAeAcTSHSI noeneAsBX c AIICnOKBiliiSIMII. Cornacso B senoepeACTBessoM 

coeeACTBe C niiSIISIMII AIICnoK:alliiA MOI'YT B03BIIKHYTb o6naKa KOTpenna 113 a8K4BCBA, 

npll SaAnell!:aDleM nepec~DleBIIH BaKaHCIIB 113 o6naKa1 KOHAeSCIIpySICb1 o6pa3yJOT Ka-
/88/ 

Beps~. no o6pa3SOMy B~pall!:eSIIJO aBTOPOB . 1 STH KaBeps~ pacuonaraJOTCSI BAOnb 

AHCnoKauaA B BIIAe nenoqex noAo6so KanenJ:>KaM poe~ sa naYTIIBe. KoeBessoe sKcne

psMesTan~:>soe llOATB9pli!:AeSH9 cymeCTBOB8HHSI TaKHX KaBeps COAepli!:STCSI B pa6o-
/39 40/ 

Tax ' • naseASbie pa3Mep~ xaBeps, B03SHKaJOmax BCneACTBse xoarynSIIlHH Ba-
/38/ 

K8SCHA 83 a6naKa UO I COCTaBnSIJOT 

2 o b 
1 

r d 
kT (27) 

nps T • 300°C, -8 b • 3•10 CM ( b - BeKTop BJOprepca) 
s 2 

o-10 spr/cM 

-6 • 10 CM • 
0 

3TH KaBeps~ BnocneACTBHH MOryT CTaTJ:> 3apOA~WaMH MaKpoeKOilH'19CKHX UOp. 

nps 3S8'1HT9llbS~X nepeCbiD19HHSIM peWeTKH aaKaSCHSIMH BMeCTO OTAenbH~X Kaseps 

MOll!:eT o6pa30a8TbC51 Senpep~BS~A TOSSenJ:> BAOnb niiSHH JlHCnOKallHH; nps Bb!COKOA 

TeMUepaType es MOll!:eT pa3AensThC51 sa MaKpoeKon&'lec~~:se nop~. 

CneAyeT OTMeTHTb TaKll!:e, 'ITO ssepreTII'IeCKH 6onee BbirOASO 3apoll!:llesse nop 
/84/ 

B6na3H npsM,eceA s seoAsopoAsocTeA peweTKH. K~K noKa3aso B , no ToA pons, 

KOTopyJO 'npsMecs:' s:rpaJOT s 3apoli!:AeSHII nop, ax cneAyeT pacnonoli!:HTb B nopS!JlKe 

B03paCT8HH51 BenB'IHSbl BnHSIHHSI cneAYJODlBM o6pa3oM: rpaSHil~ M9li!:JlY JlBOAHHKOBbi

MB npocnoAKaMa, Mell!:6noqs~e rpaHHil~ Mell!:3epessbie rpassu~ a noBepxsocTH MHKpo-

Tpemss. 
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3, Kospus:THBSaSI csna MarsaTOMS!rxoro MaTepaa 
coAepll!:amero AecllexT~ peweTKH 

<l>eppoMarHIITSbiA racTepe3HC SIBnS!eTCSI pe3ynJ:>T8TOM seo6p8TBMOrc 

rpaHH'IHbiX cnoeB Meli!:AY clleppoMarsHTB~MH o6nacTSIMH 1 nps KOTopoM sa 

caMOUpOH3B0nbSOA saMarssqessocTH ABYX coeeAssx o6nacTeA oeTaJOT 

!{b!Mll, 

B nAeanJ:>HOM KpHCTanne 6e3 BxnJOqessA s AecllopMausl!: AnSI CMewe 

ro rpaHH'IHoro enoS! AOCTaTO'ISO 6ec~~:oseqso cna6oro non51. Hao6opOT, , 

pnane cymecTBYJOT xaOTH'IeCKH pacnpeAenessbie sapywessg xpscTall1111'14 

Typbi, TO CM9Dl9SB51 rpaHH'IHOro enOS! 6yAyT COUpOBO)I!:A8TbC51 H3M9H9HBO 

anbsol!: ssepras, s Bsewsee none , npaBOAS!Dlee K oupeAenesso~>.cy cMem< 

JlOM9HOB1 MOll!:aT cnyli!:BTb MepoA BHyTpeliHHX sapywessA KpHCTanna, 

nps pa3pa60TKa Teopss KOspllHTHBHOl!: CHnbi 6binH npe)ln0li!:9Hbl T!= 

ao pa3nH'IHbiX Tsna Mexass3MOB, <1>. Bnox npeAnonoll!:sn, 'ITO seoAsopoi 

ase sanpgll!:essg MOryT srpaTJ:> ponJ:> B conpOTHBnesss ABHll!:aHHJO rpasa 
/41/ /42/ . 

6bma pa3BHTa E.H. KosAopCKHM s M. KepcTesoM • TeopsSI Bn 

'19HHli ITOCTOpOSHHX aTOMOB Sa BanH'IHHy KOSpllHTHBHOA Can~ 6~na pa 
/48/ 

CTeHOM • CymecTBaHHYJO KpHTHKY H pa3BHTHe o6esx TeopsA npeAno 

Os nOA'IepKsyn ponJ:> pa3MarHH'IHBaJOmeA sseprss, B03HHKaJOmeA 6naro 

HHJO HaMarHH'IeHHOCTH, KOTOpoe o6ycnoBneso KaK BHyTpeHHHMH Hanpg~ 

H BKnJO'I9HH51MH, 
/S/ 

Pe3ynJ:>TaT~, nony'leHHbie aBTopaMs , Taa: ll!:e KaB: s saws, yKe 

'ITO TO'I9'1H~9 AeclleKT~, C03AaBa9Mbl9 o6ny'I9HH9M DpH AOCT8TO'IHO HI 

paTypax, He B9A9T K H3MeSeHHJO MarHHTHOA CTpyKTyp~ H se MHSIIOT 

sy10 cs:ny nepMannoSI. Ot1pa3yJOmsec51 s npouecce OTli!:Hra Kpyns~e Aei 

neHHSI BaKascsA - nop~ yBenH'IHBaJOT KOSpUHTHBHYIO CHny B cny'lae, E 

Pbl CpaBHHMbl C TOODlHHOA Meli!:AOMessoA CT9HKH, 

PaccMoTpaM B3aHMOAeAcTBHe Meli!:JlaMessoA ueperopOAKH c seMI 

'19HH51MH1 HM910DlHMB ccllepH'I9CKyJO cllopMy H paAilYC p ,MaHI:>WBli TOll 

HOA neperopOAKH rpoM03JlKH9 pac'leT~, npoBeAeHH~e HeeneM, n• 

saMesesseM opsesTanss sexTopoB saMarssqessocTs: oa:ono ManoA se~ 

nocTs MOli!:HO npese6pe'lb C T9M 6oni:>WBM oeHOBaSHeM, '19M M9HI:>W9 ! 

nocTs, 
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.MKHOBellllll:' nap Ha BHJl aCIIMIITOTII'19CKOll: ljlyHK.ll&ll pacrrpeAellaBIIll 

/37/ 
B 1 rAe IIOK83aH01 'ITO BliiiSIH119 B03MOlltHorO AHcllljly3HOH-

IIOp IIpHBOABT liiiWb K Ba3H8'111TanbBo-

pacnpeAenallllll. 

C TO'IKII 3p9BIIll KOHA9HC81IIIH T0'19'1HhlX Aa~KTOB liBliSieTC~ BOII

/38/ 
AHCliOK811HliMII, CornaCBO B S91IOCp9ACTB9SSOM 

lU!CliOK81IRA MoryT B03SIIKHyTb o6naxa KOTpenna H3 BaKascall:. 

nepechlmeHHH BaKaHCIIH H3 o6naKa1 KOSA9SCHpyliCb1 06paayiDT Ka-

no 

/38/ 
BhlpaJKeSHIO 8BTOpOB 1 STH KaBepShl paCIIOIIaraiDTCll BAOnb 

noAo6so xanenbKaM pochl sa nayTase, Koceessoe axcne

cymecTsoeaaall Taxax xasepa coAeplKIITCll B pa6o-

B03SHJtaiOmHX BCII9ACTBII9 JtoaryliSIIIHH Ba-

COCTaBIISIIDT 

·2 t1 b 
1 

r d 
kT (27) 

b • 3•10-8 CM ( b - BeKTop BIOprepca) 
3 2 

t1•10 apr/eM 

-6 
r • 10 CM , 

0 

BIIOClle)lCTBHJI MOryT CTaTb 3apOAhllllaMH MaKpOCKOIIH'IaCKHX IIOp, 

pellleTKII BaKaSCHSIMII BM9CTO OTAenbHhlX KaBeps 

Henpep&IBShlll: TOHS91Ib BAOIIb liHSHH AHCnOKaUHR; IIPH BbiCOKOll: 

P83AenHTbCH Ha M8KpOCKOIIB'19CKHe IIOphl, 

TaKJKe, 'ITO asepreTa'leCKH 6onee RhlrOASO aapoJKAesae nop 

/34/ 
IIOKa3aHO B 1 110 TOll: ponH, 

arpaiOT B aapOJKAaSHJI nop, HX Clia)lyeT pacnonOlKJITb B IIOpHAKe 

Shl BnHliHRll cne)lyiOmHM o6pa30M: rpaHHIIhl MalKAY ABOliSHKOBhl

MaJK5no'la&Ie rpaaanhl MeJKaepesshle rpaBHnhl a noaepxsocTa MRKpo-
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• 

3. KoapUHTHBH8H CHII8 MarHHTOMHrxoro MaTepaana, 

coAeplKamero AecPeKThl pelllaTKH 

4>eppoMarHHTBb!ll: racTepe3HC SIBIIli9TCH pe3ynbTaTOM Heo6paTHMOrO CMemeSHll 

rpaHH'IHbiX cnoea MalKAY cPeppoMarsaTHbiMH o6nacTHMH1 npa KOTopoM aanpaanesaH 

caMOIIpOR3B0nbSOli SaMarSH'IaHSOCTH ARYX COC9ASHX o6nacTell: OCTaiOTCH S9H3MeH-

HbiMHo 

B BJleanbSOM KpRCT8lili9 6e3 BKnl0'19HHli H JlacllopMaUBli )lnll CMemaHHH IIliOCKo

ro rpaHH'IHOrO cnog AOCTaTO'ISO 6eCKOS9'1SO cna6oro IIOnH, Hao6opOT, ecna B MaTe

paane cymeCTBYIDT XaOTH'19CKR pacnpeAeneHHbl9 HapylllaHRH KpHCT8niiH'I9CKOl! CTpyK

TYPhl, TO CMemesaH rpaHH'IHOrO CnOH 6yJlyT COIIpOBOlKA8TbCH H3M9H9HH9M IIOT9HIIH

BlibHOli aaepraa, a aselllaee none , npaBOJlHmee K orrpeAenesHOMY CMemeaaiO rpaBHu 

JlOMeHOB1 MOlKeT cnylKRTb Mepol! BHyTp9HBHX sapyweaal! KpHCTBlilia, 

npa p83p860TKe TeOpHH KOSpUHTHBHOli CHnbi 6&InR npeAnOlK9Hbl TpH IIpHHUHIIHB"llb

HO pa3nH'lSbiX THIIB MeXaHH3MOB, 4>, Bnox IIp9JliiOnOlKHli, 'ITO HaOAHOpOAHbl9 BSyTpeH

HHe HBIIplllKaSRH MOryT arpBTb pOnb B COIIpOTHBneHHH ABHlK9HIIIO rpBHHIIhl, 8Ta HJl9H 

/41/ /42/ 
6&wa paaaaTa E.H. KoHJlOpCKHM H M. KepcTeSOM • TeopaH enRHHHH BKniO-

'leaall IIOCTOpOSSHX aTOMOB Sa B9liH'IHSY KOapURTHBHOll CHnbi 6hlna pa3BHT8 M, Kep-

~3/ ./~/ 
cTesoM • CymecTeessyiO xpaTHKY a pa3BHTae o6eax Teopall: npeJlnOlKJin Heenb • 

Oa IIOA'Iepxsyn pon& paaMarsa'IHBaiOmell aaepraa, eoasaKaiOmell 6naroAapH aaMeae

HHIO aaMaraaqesaocTa, KOTopoe o6ycnosneao KaK sayTpeasaMa HanpHlKesaHMa, TSK 

H BKniO'I9SHHMII, 

/3/ 
PeaynbT8Thl1 nony'leSShle 8BTopaMII 1 TaK lKe K8K II S8111111 YK83hlB8IDT Sa TO; 

'ITO T0'19'1Shle A9~KThl1 C03A8BaeMb19 o6ny'laHII9M IIpB AOCT8TO'ISO SB3KBX T9Mrre

paTyp8X1 Sa B9A9T K B3M9S9HIIIO M8rHBTSOll CTpyKTyphl H He BnHHIDT Sa KOSpiiBTBB

HyiO csny nepMannoH. 06paayiOmllecH B npouecce OTlKJira xpynshle Ae~JtThl - cJton

neaag BaKaSCIIll: - IIOphl yeenH'lHRaiDT JtOapUHTHBHYIO cany B cny'lae, ecna HX pa3Me

phl cpaRHHMbl C TOIImHHOli MelKAOMeSSOll: CT9HKH, 

PaccMOTPBM aaaaMOAellcTBae MalKAOMeaaoA neperopoAKH c aeMarsaTHhlMH BKIIIO

'laHBHMa, RMeiOmBMB Ccpepa'laCJtYIO cllopMy H paASyC p ,MaHbWIIA TOlimHSbi M9lKAOMeB-

BOA neperopOAKH rpoM03AKH9 pac'leThl, npoBeAeHHhle HeeneM, IIOKa3hlB8IDT, 'ITO 

H3M9H9BH9M OpBaHTaUIIB B9KTOpOB H8MarHH'I9HHOCTB OKOIIO ManoA HaMarSHTHOll: no

l!OCTB MOlKHO npese6pe'lb C TaM 60nbiiiBM OCHOB8HBaM, '19M M9Hblll9 pa3Maphl no-

nOCTH, 
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Ecllll paccMOTpeTb TQ'I][B X Bttonb llJIHHB, aopM811biiO nepecexa10meA rpaHH-

ny, paatten!llOIIlYiO ttBe aHTIIllapannellbiiO llaNarHH'Ieiiii&Je o6nacTa, TO BexTop caMo

npOH3BOIIbiiOA H8MarHB'I911HOCTil B STHX TO'IKBX llenpep~BIIO JIOBOp8'1BB89TCH H3 Olt

HOrO 11anpaBne11as nerxoro aaMarHH'IBBaiiHH B ztpyroe, oCTaBaHCb napannellbHhlM 

nnoc~~:ocTB rpaiiHJJ~. Yron MelKltY BeKTOpOM caMonpOH3BOIIbHOA llaMarHH'IeHHOCTH • 

OltiiHM B3 ltBYX Hanp8Bn9HHI nerJtoro H8M8rHH'IHB811HH1 KOTOp~A Mbl 0603118'1HM 'lepea 

8 1 H3M9HHeTCH JJpH ~TOM OT 0 ltO fT H 38BBCHT OT a6CUBCChl TO'IKB X , 

PacCMOTpBM Tenepb nonOC'J"b o6'beMa d v , Many10 no cpaBII911BiO c TonlllBHOA 

rpaHH'IHQrO CnOH H npOHHKBIOIIlYIO BI!YTPb rpaHHJibl ):10 TO'IKH, B KOTOpOA Hanp8Bne

IIH9 H8M8rHB'I9HHQCTB OJJpettenHeTCH yrnOM 8 , ~eno 6ylteT 06CTOHTb TBK, KBK 

6yttTO B ~TOM o6'b9M9 B911l9CTR8 H8M8rHH'I9HHOCTb noBepaynacb OT 9TOrO Hanpasne

HHH ltO H8npaBn911HH nerJtoro 118MBriiH'IBB811HH, H ~HeprBH M8rBHTHOA 811B30TpOJJBB 

yMeHbWHnaCb 118 BenB'IBIIY K alll 1 8 cos 1 
8 d v ( K - KOIICTaHTa MariiHTIIOA 

8HB30TpOJJBB), Tall: K8K B KalKltOA TO'IKe rpaHBUhl nOK811bH8H nnOTIIQCTb ~HeprBB aiiB-

/46/ 
aoTponsa paBHa noJtan&lloA nnOTROCTB o6MeHHOA anepras , o6MeHII8H aaepras 

yMeHbWBTCH 118 TBKYIO lKe B9llli'IHHY 1 T8Jt 'ITO o6mee yMellbJIJ9HH9 aaepraa 6ylteT paB-

110 
I I 

2KSlll 8Coa 8dv. (28) 

/45/ 
Ka11: noxaaan Heenb 

1 
MarHBTR8H a11eprHH1 B0311BK81011l8H BcnettCTBBe noHB-

l!911HH MariiHTIIhlX 38pHltOB 118 JIOBepXIIOCTH nonOCTH, BM99T BBlt: 

3ttecb 

a8 
ax 

POltHO 

w 1 4 ., __ , J 
2 3 • 

4 
3 "p J (1--2-pi(_!L)I] 

• 2s ax (29) 

J • - caMonpoaaBOIIbll8H llaMarHa'leiiHocT& ettaHHD~ o6'beMa. Bae rpananhl 

1 
B aHeprHH CBOltBTcH It nep50MY 'lnesy, p8BIIOMY MarRHTROA a&eprBH·OA!lo

/46/ 
aaMariiH'IeHIIOA ctflephl. Cornac11o , BHYTPB rpaiiBUhl HMeeM: 

ao 
ax 

1 6K 
-..J--Cos8Sin6. 

a E 
(30) 

B aToA cpopMyne a -napaMeTp peweTu, a E - a11eprBH paaMarHB'IB581111H. Orne-

cea11aH 11: eAJIIIIIne o6'beMa '18CTb MarRBTIIoA a11epraa, aaBacsmeA 6T yrna 6 

OKOH'18TenhRO JJpiiHHM89T BRA: 
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• 

8~rJ 2 K • p
2 Cos 1 6Stn 2 6. 

25 E a 2 

CyMMIIPYH (28) II (31), nony'IHM Bblp8)1{9HII9 Jln51 nonHOli 9Hepraa B38HM 

Manoli nonocTH c rpaHB'IHbiM cnoeM 

8 IT J 
2 

K 

w -
4 
3 

~rp 3 (2K+ ----·-- p 2 
) Cos 

2
6 Sin 

2 
6 • 

25 E a 2 

>13 <jlopMynbl (32) nonyqaeM CHny npHTSI)I{9HHSI rpaHH'IHOrO 

npHHIIM8SI BO BHHM8HH9 COOTHOJII9HHe(30) 1 HMeeM: 

enos Manoli r 

8 
2 

K a w 4~r P 3 .- " J • 2 6K 2 
f .. - -- = -- --- r( 2 K + p ) v -- Sin 2 6 Cos : 

ax 3 2 a 25 E a 
2 

E 

2 1 
3TO Bblp8)1{9HH9 M8KCHM8JlbHO npH Cos 26 .. -

3
- , OTKYJl8 MBKCHMan 

npHTSI)I{9HHSI: 

By 2 
max "'-9--

3
/t 3 4, J 

2 
p 2 -1/1 ,K. p • )E 

----- ( 1 + 25 E a 2 a 

/43/ 
nnSI Bbl'IHCneHBSI K09pUHTHBHOli CHJlbl, cneJlyH KepcTeHy ' npeJlnOnO)I{Il 

CTBeHHblM COpTOM Jl9tfleKTOB1 cymeCTBYIOWHX B KpHCTanne, SIBnSIIOTCSI pac 

Bblllle ccpepB'IeCKH9 JJOnOCTH p8JlHYC8 p 1 UeHTpbl KOTOpblX paCJJOnO)I{eHI 

npOCTOli Ky6H'19CKOli pellleTKH C napaMeTpOM S B OTCYTCTBH9 BHelllH< 

HOrO nons nOnO)I{9HH9 yCTOli'IHBOrO paBHOB9CHSI rp8HBJihl COBn8Jl89T C nn 

THna /001 I. MarHHTHoe no~e H 6yJleT tteliCTBOBBTb HB aneMeHT s
2 

I'p8HHUbl
1 

KOTOpblit B cpeJlH9M COOTBeTCTByeT OJlHOli JIOJIOCTB, C cano: 

2 2 1 • H S • CneJloaaTenbHO, KpBTH'IecKoe none, oTpbiBBJOIJlee rpaHHUY o· 

HOlt nonOCTH, paBHO 

max 

H t P 2 J s 2 , 

• 
3.[19Cb 

me~z 
onpeJlenseTCH ypaaHeHBeM (34). 

EcnH H 6eCKOH9'1HO Mano npeBblCHT 9TO KpHTH'19CK09 3HB'I9HHe, TO I') 

BeTCR OT c<jlepbl II CMO)I{eT CM911l8TbCR He06paTHM0 nO aceli pellleTKe. 
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TO'Ili:H X e.aon& muma:, IIOpMan&ao nepecexaromeA rpallll-

awra:napannen&BO BAM8rBH'I9HHbl9 06ll8CTH, TO B9KTOp C8Mo-

BH'I9HHOCTB B STHX TO'IK8X BeqpepWBHO ITOBOp8'1XB89TCS H3 o.a

nerxoro aaMarBH'Ia:aaaa:s e .apyroe, oCTaeasc& napannen&HblM 

M9*l1Y B9KTOpOM C8MOrrpOH3BOllbHOA li8M8rHB'I9HHOCTH H 

nerxoro H8.M8.rHB'IHB8.HHS, KOTOphlA Mbl 0603118.'1HM '19pe3 

OT 0 .ao rr H 38.BHCHT OT a6CQHCChl TO'IKB X , 

d V , Manyro no Cp8.BH9HBIO C TOlliilBHOA 

e xOTopoA aanpaene

onpe.aenseTCH yrnoM 6 . ~eno 6y.aeT o6cToST& Tax, xax 

eemecTBa aaMarau'leaaoCT& noeepaynac& OT sToro aanpaane

nerxoro HaMaraa:'l:a:aaaus, u saepra:s MaruwraoA aauaOTpona:a: 

K BiD 
2 

6 cos 
2 

6 d V ( K - KOBCTaHTa MarHHTBOA 

KB.*.QOA TO'l:Ke rpaHBQbl nOK8.nbH8.S nnOTHOCTb SHeprBB SHB
/46/ 

nnOTHOCTB o6MeaaoA saeprua: , o6Meaaas saepra:s 

eenH'l:Huy, Tax 'ITO o6mee yMeH&meaue saeprua: 6y.aeT paa-

2 2 
2KSin 6Coa 6dv. (28) 

/45/ 
Heen& 

1 
Maraa:Taas aaeprus, eosauxaromas ecne.acTea:e nosa-

aapB.Qoe aa noeepxsocTH nonocTu, BMeeT eu.a: 

4 -, J 
3 • 

4 
3 

, p J (1--2- 2{2.L_)2] 
a 25 p iJ X (29) 

~onpouaeOllbaas aaMaraa'l:eaaocT& e.aaaunw o6~eMa, Bae rpaaunw 

K nepeOMy 'lneay, paBHOMy MarHHTHOA SHeprBB·oaso
/46/ 

cljlepbl, Cornacao • B&yTpH rpaaa:nw BMeeM: 

a6 
ax 

1 6K -v- Cos 6Sin 8. 
a E (30) 

a -napaMeTp pemeTu, a E - aaeprug; pa3Maraa'l:aeaaa:s. Orae

o6~eMa 'IB.CTb MaraaTaoA aaeprua:, aaea:cg;meA OT yrna 8 

BMaeT Bll.Q: 

24 

.. 

8 rr J 2 
K • 

p
2

Cos 2 8Sin 2 8. {31) 25 E a 2 

CyMMHPYH (28) H (31 ), nony'IHM Bblp8.lK9HHe .ana: nonHoli SHeprHH B38.HMO.aelicTBHH 

MBIIOli nO/IOCTH C rpaHH'IHbiM C/109M 

8 rr J 
2 

K 
• w - 4 

rrp
3 (2K+ p 2 

) Cos 2 6 Sin 2 8 . 
(32) 3 25 E a 2 

;]3 <jlopMy/lbl (32) nonyqaeM CllnY rrpHTHlK9HHH rpaHH'IHOrO C/IOll M8./IOli nO/IOCTbiO, H, 

npHHHM8.ll BO BHHM8.HHe COOTHOWei!He(30) 1 HMeeM: 

8 J 2 
K a w 4rr p 3 

,- rr • 2 6K 2 
f,. ---=-----t(2K+ p >v-- Sin 28Cos28. 

ax 3 2 a 25 E a 2 E (33) 

2 1 
3TO Bblp8.lK911He M8.KCHM8.nbHO rrpH Cos 28 a -

3
- , OTKYl18. M8.KCHM8./IbH8.ll CHna 

npHTl!lK9HHll: 

8y2 
maz ==-9-

s/2 s 4, J 2 P 2 -1/t 
rrK, p • )E • 

----- ( 1 + 25 E a 2 
(34) a 

/43/ 
Llnll Bbi'IHCneHHll KOSpQHTHBIIOli CHnbl 1 cne.ayH KepCTeHy 1 npe.anO/IOlKHM

1 
'ITO 9.QHH-

CTBeHHblM COpTOM .aeljleKTOB1 CyllleCTBYIOU!HX B KpHCTa/lne, l!B/Il!IOTCH paCCMOTpeHHb19 

Bhime cljlepa'l:eCKHe nonocTH pa.aayc;a p , neaTpbl KOTOpblX pacnonolKeHbl B yanax 

rrpOCTOA Ky6H'I9CKOA pemeTKH C napaMeTpOM S B OTCyTCTBHe BHewaero MB.rHHT-

HOrO nons rron0*9HHe YCTOH'IHBOrO paBHOBeCHl! rpaHHQbl COBna.aaeT C nnOCKOCTl!MH 

THna /001/. MaraHTHoe none H 6y.QeT .aeliCTBOB8.Tb H8. SlleMeHT s 2 noeepXHOCTH 

rpaHHllhl, KOTOpblA e cpe.aaeM coOTeeTcTeyeT o.aaoli nonocTa, c canol, paeaoA 
2 

2 1 • H S • Cne.aoeaTen&ao, KpHTH'IeCKoe none, oTpbiBaromee rpaaauy OT HeMarHHT-

aoA nonOCTH, p8.BHO 

m11x 

H k P , (35) 
2 J s 2 

• 
aaec& m•x onpe.aenHeTCSI ypaeaeaaeM ( 34). 

Ecna H 6eCKOH9'1HO Mano npeBbiCHT STO KpHTH'IeCKOe 3H8.'19HHe, TO rpaHHUa OTOp

BeTCll: OT cljlepbl H CMOlKeT CMeW8.TbCH Heo6p8.THMO no sceli pemeTKe. TaKHM o6pa-

~-

25 



l' 

~ 

aoM, none H~~,P 
HMeeT CBOliCTBS, aaanorH'iHble CBOliCTBSM K03pUHTHBHOll 

CHIIbl, 

Bb1pa3HM 3TO KPHTH'iecxoe none a ~yHKUHH paAayca p H OTHOCHTeJibHOr.o 

ol5'heMa Cl , 38HHMSeMOrO nycTOTSMH 

a•~----rr P' 
3 

4 , 
s' 

a peayn&TaTe nonyqHM: 

f ma• a 
tis 

Hkp•(-3-)t/s 
4'rr 2 p t J. 

0KOH'i8T91IbHO nOACTSBIISISI BblpalKeHHe AIISI ma• 

(36) 

R3 ( 34), MOlKHO 3SnRC8Tb Bblpa-

JK9HH9 AIISI KOSpUHTHBHOll CH1Ihl, B03HHKa~mel! aa C'i9T B38HMQAel!CTBHSI M9JKAOM9H

Hb!X CnOeB C nycTOTSMH, pa3M9pbl KOTOpb!X M81Ibl: 

Htp•(-3-)t/s 
4w 

4y2 IF 
-9-

Ks/a 

J E VI[ ( 1 + 
• 

t 
4, J. 

25 E 
-4) ....L at/3 

], (37J 
a a 

B TOM cny'lae, KOrAa B KpHCTanne npHCYTCTBY~T Ae~KTbl pa3nH'IHbiX p.a3Me

pOB, KpHTH'19CKOe none 6yAeT onpeA91ISITbCSI TeM COpTOM Ae~eKTOB, AIISI KOTOpOrO 

B91IH'IHH8 B KB8Ap8THbiX CK06KaX ypaBH9HHSI (37) HMeeT 6on&mee 3Ha'leHHe. 

EcnH HeMarHHTHble Ae~KTbl HMeiOT nHHel!Hble pa3Mepbt, npeBbiWa~mHe TOIIWH

HY rpaHH'IHOrO CIIOSI, TO• KSK BHAHO 113 ~OTOrpa~lll! nopOWKOBb!X ~11ryp, nonyqeHHblX 

/47/ BllnbSIMCOM II UlOKIIR , BOKpyr Ae~KTOB o6paayeTCSI BTOpll'iHSSI AOMeHHSSI CTpyK-

Typa, Pa3M9pbl 11rn BTOpH'iHOll AOM9HHOll CTpyKTypbl onpeAenSIIOTCSI MIIHIIMYMOM sHep

rllll, TaK KaK nnOTHOCTb noaepXHOCTHbiX 3ap51AOB·, a, cneAOBaTenbHO, II SHepriiSI 

TeM M9HbW9, '19M AniiHHee 11rnbl 0 a noaepXHOCTHSSI SHepriiSI rpaHIIU, Ha060pOT, 6yAeT 

B03paCT8Tb C pOCTOM AniiHbl 11rn. BTOpR'IHble CTpyKTypbl ~eppoMarHIITHbiX o6nacTeit 

sec&Ma 'lyBCTBIITen&Hbi K AeliCTBII~ Marau·raoro nonSI. TaK,B .paccMaTpllsaeMOM npii

Mepe MarHRTH09 none TOrO lK9 HanpasneHHSI, 'ITO H HaMarHII'I9HHOCTb llrllhl, 6yAeT 

CTpeMIITbCSI ee YAiliiHIITb. EC/IH none AOCTIIrHeT HeKOTOporo KpiiTII'19CKOrO 3H8'i9-

HilS! 
Hkp, TO Hr/IB HS'IIIHaeT 6ecnpeAe1IbHO paCTH CHa'!ana B AIIIIHy, a 38TeM II B 

TOIIWIIHY, BepXHIIli npeAe/1 B9/IR'IHHbl KpiiTH'I9CKOrO ITOIISI nerKO OU9HIITb no nopSIAKY 

~6 

• 

aenH'IHHbl, ITp11 yaenll'ieHHII AIIIIHbl urn hi a a aenii'IHHY dP 

uocTh arllhl aoapacTaeT Ha "'P df a o6'beM HB BeJ 

p2clP 'iTO ITpHBOJliiT K yaenR'i9HII~ ITOBepXHOCTHOfi SHeprHII Ha 

o rp pdf, B TO BpeMSI KSK MarHIITHSSI SHepriiSI BO BH9WH9M IT0/19 Yl 

• Ha ycnOBIISI paaeHcTaa np11pocTa rpaHII'!Holl 3HepriiH 1 HB H J 
8 

p 
2 

d f 

HHll MarHHTHOli SHeprllll HeTpyAHO nony'iHTb B9/III'IIIHY KpHTII'19CKOrO ITO/I 

paccMOTpea 6onee nonay~ aaAa'iy c y'leTOM BriiiSIHHSI paaMar HII'IIIBa~me 

'!!Ill BbipaJKeHIIe anSI KPIITR'Iecxoro nonSI 6o1Ibw11x nonocTeli a cneay~me~ 

5 ,s 
H e-v-

k p 4 8 

CT 

2 p J 1 
• 

3Jl9Cb 0 ITIIOTHOCTb ITOBepXHOCTHOil SHepr Hll rpaHIIUbi, KOTOpy~ I C 

MOJKHO Bblp8311Tb qepea BB9A9HHb19 paHee X8p8KT9p11CTHKII M8Tepii81Ia: 

(1 .. qt ....!!.. 
3 

H3 ~OpMyn (37) II (38) BIIAHO, 'ITO KpiiTH'I9CKOe none nepeMarHH'iiiBBH~ 

/19HH09 npiiCYTCTBII9M B MaTep118119 IT01Ib!X BK11~'19HRll, C pOCTOM IIX pa3N 

118 paCTeT KBK 
3 

p II nponopUIIOH81IbHO OTHOCIIT91IbHOMY 06'beMy STR' 

a ITOTOM H8'111H89T yMeHbW8TbCSI KBK 1/p 

4, 3aBIICHMOCTb KOSpUIITIIBHOil Cl!llbl 

M01IH6A9HOBOrO nepM8111IOSI OT pa3Mepa 

o6pa3UOB 

Jl9~9KTOB 

f1pOB9A9HHbl9 HCC119A008HBH MarHHTHhiX CBOACTB M011116Jl9HOBOrO D 

IT03B01ISIIOT onpeA91IHTb BK/18Jl B B91IH'IHHY KOSpUHTHBHOH CII1Ihl 0 ITOSIBII~D 

KOarynSIUBII 8TOM8pHh!X B8KSHCHA, C03A8HHhiX 061Iy'leHB9M H9l!Tp0H8MH, I 

H9HHh19 p83Mephl KOTOpbiX 6nH~KII K T01IWHH9 MelK)lOM9HHOl! neperopOJlH 

3HaSI TeMnepaTypy B KOHCTBHTy K~pB, onpeA91IIIM KOScjxjJIIU119HT M 

/49/ 
ro ITOIISI C ITOMOWb~ COOTHOW9HHSI 

N • 
f! 

c 

27 

2,2. 103 • 



Htp RMeeT CBOi!:CTB8, aaanorR'iHbie CBOi!:CTB8M K03pUHTRBHOi!: 

3TO KpRTH'ieCKOe none B ~YHKURR pa~Ryca 

, 38HRM8eMOrO nyCTOTaMR 

p R OTHOCHTellbHOr.O 

4 p 3 
a•---fT 

3 
, 

s' 

2/s 
f max 

H .. (-3-)2/s 
cz 

(36) 
k p 4 fT 2 

( 3 2/s 
·--) 

4rr 

2 p J. 

BbipaJKeHHe ~nll I H3 (34), MOlKHO 3aUHC8Tb Bblpa-
max 

CHnbl, B03HHK8IOIUei!: S8 C'ieT B3aHMQ~ei!:CTBHll MelK~OMeH

pa3Mepb1 KOTOpbiX M8nbl: 

Ks/t 
4y'2 IF 

---9--· J E iTt[ ( l + 
• 

2 

4fT J. 

25 E 
_!!__, 2 ) __£._ 2/3 1 (37} 

2 cz • 
a a 

cnyqae, KOr~a B KpHCTanne npHCYTCTBYIOT ~e~KTbl pa3nR'illblX p83Me-

6y~eT onpe~enl!TbCll TeM cop-roM ~e~eKTOB, ~nll KOToporo 

CK06KaX ypaBHeHHll (37) RMeeT 6onbiUee 3Ha'iOHRe, 

HHTHble ~e~KTbl RMeiOT naaei!:Hble pa3Mepbl, npeBbiiUaiOIURe TOniUR

CnOll, TO, KaK BH~HO H3 ~OTOrpa~H·H nopOIUKOBblX ~Hryp, nonyqeiiHblX 

1411 
illOKnH , BOKpyr ~e~KTOB o6paayeTCll BTOpH'illall ~OMeHHall CTpyK-

Hrn BTOpH'iHOi!: ~OMeiiiiOi!: CTpyKTypbl Onpe~enl!IOTCll MHIIHMYMOM 3llep

nnOTIIOCTb noaepXIIOCTIIblX 3aplUlOB, a, cne~OB8Tel1biiO, H 3111i)prHll 

'ieM ~nHIIHee arnbi, a noaepXIIOCTIIall a11eprHll rpaaau, 11ao6opo-r, 6y~eT 

CTpyKTypbl ~eppOM8riiHTIIblX o6nacTei! 

l.,.,,..,.,.nbRbi K ~ei!CTBHIO MariiHTIIoro non g. TaK, B .paccMaTpaaaeMoM npa-

none Toro )!(e HanpaaneiiH51, 'iTo H llaMarHH'ieiii!OCTb arnbi, 6y~eT 

y~nHIIHTb. Ecna none ~OCTHrlleT lleKo-roporo KpHTH'ieCKoro 311a'ie

CIIa'iana B ~l1HIIy, a 3aTeM H B 

npe~en BenH'iHIIbl KpHTH'ieCKOro nong nerKO OUeiiHTb no nOp51~KY 

~6 

·-

oenH'iHHbi. npa yaena'ieiiHH ~nHIIbl arnbi 118 BenH'iHIIy d p noaepx-

uocTb arnbi aoapacTaeT 11a -p dP a o6'beM - 11a BenH'iHIIY 

p~f , 'iTO npHBO~HT K yaenR'ieiiHIO noaepXIIOCTIIOH 311eprHH Ha BenH'iHIIY 

q rp pdf, B TO BpeMl! KaK MariiHTIIa51 311eprH51 BO BlleWIIeM none yMellbiU8eTC51 

na H J p 
2 

d P • Ha ycnoBH51 paaeiiCTBa npapocTa rpaiiH'iiiOi! a11epraa H yMellbiUe-

• /48/ 111151 MarHHTIIOi!: a11epraa lleTpy~ao nony'iHTb aenH'iHIIY KPHTH'ieCKoro nong. Depa11r , 

paccMOTpea 6onee nonay10 aa~aqy c yqeToM BriH51HHll paaMar IIH'iHBSIOIUero nong, nony· 

qHn Bbipa)!(ellae ~nll KPHTH'ieCKoro nong 6onamHx nonocTei!: B cne~yiOIUeM BH~e: 

5 ,, 
H "'-v'-k p 4 8 

q 

2 p J. (38) 

aaecb q /48/ - nnOTIIOCTb noaepXIIOCTIIOi!: 311eprHH rpaiiHUbl, KOTOpyi0
1
CornaCHO 

1 
MO)!(IIO Bblpa3RTb qepe3 BBe~ellllbie pa11ee X8p8KTepRCTHKH MaTepaana: 

q ·•v'~ 
3 (39) 

11a ~OpMyn (37) R (38) BRAIIO, 'iTO KpRTR'ieCKOe none nepeMarHR'iHBaiiR51, o6ycnoa

nellll09 npRCyTCTBHeM B MSTepaane nonbiX BKniO'i911Ri!:, C pOCTOM RX pa3Mepoa· Cllaqa-

na pacTeT KaK 
3 

p H nponopUROIIanbiiO OTIIOCRTenbiiOMy 06'beMy 3TRX nonOCTei!, 

a nOTOM 118'iRH8eT YM9HbW8TbCll K8K J/ p 

4, 3aBHCHMOCTb K03pURTRBHOi!: CHnbi 

Mona6~eaoaoro nepMannog OT paaMepa 
o6pasuoa 

~e~eKTOB 

npoae~eHable accne~oaaaag MariiRTIIbiX caoi!:c1'B Mona6~eaoaoro nepMannol! 

l103BOnl!IOT Ol1pe~enHTb BKna~ B BenR'iHHY KOapuHTRBHOH CHnbi, nOSIBn5110IUei!:cl! 38 C'jeT 

Koaryn51UHH 8TOM8pHblX B8K8HCHi!:, C03~811Hb1X o6nyqeHH9M Hei!Tp0118MR, B nOpbi, nH

Hei!Hbie p83Mepbi KOTOpbiX 6nR3KH K TOniURIIe Me~OM9HIIOJI neperopo~KR, 

3aal! TeMnepaTypy H KOHCT811Ty KIOpH, onpe~enHM KOacjJcpHUHeHT MOneKyngpgo

/49/ 
PO nang C nOMOIUblO COOTHOWeHHll 

N,. 

27 

f! 
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/13/ Cornacso , aseprBH paaMarssqsaassSI: 

E--
1
-KJ

2 

2 • 

noncTaanSISI a (41) asaqessSI sa (40) s (7), nonyqsM 

E 
nepM. 

3,1 • 10
8 3 

apr/eM ,. 

(41) 

(42) 

H oKosqaTen&so, noncTaBnSIH nonyqeHHble asaqessH saMarssqessocTs sachlmessS!l7), 

KOHCTSHThl 8HH30TpOUHH (9) R aseprHB p83MSrHHqRB8HRSI (42) B (37), nonyqsM 

aKnan B aensqssy KoapnsTsBsol!: csnhl, ooycnoanessol!: noganesseM nop, a TOM cny

qae, Korns aonsas nocnenssx aTopsqsaSI noMessaSI cTpyKTypa se o6paayeTCSI: 

I 
_L._) a• H - 6,15 10-s [( 1 + 4,65• '10-

4 

c 

...L. 
a 

2/s 
a l. (43) 

8T8 38BRCIIMOCTb nnSI pa3nsqHhlX a rpatiJBqeCKH aaoopalKaeTC!I cnnomHblMH KpHBhl-

MR sa pRe. 10. noncTaanHSI nonyqesshle asaqeHHSI J •, K B E a tiJopMYnY (38), 

nonyqBM aaascsMOCTb KpHTsqecKoro tlong OT paaMepa nop a TOM cnyqae, Korns no

phl nocTaToqso aenBqHKB nnSI coanasBSI aTopsqsoA noMessol!: CTpYKTYPhl: 

o,ss. to' 
Hkp- p/1 

(44) 

~aHHS!I aaBHCBMOCTb UOK838H8 HS psc. 10 nyHKTHpHOl!: KpHBOl!:, 

KaK BHnHO sa pscyHKa , MaKCHMan&sa!l K09pUHTBBHa!l csna nonyqaeTC!I B TOM 
3 

cnyqae, Korna nasel!:shle paaMepbl nop secKon&KO o<pn&me 10 MelKaTOMHbiX paccToH-

ssA. 8To xopowo cornacyeTCH c npencTaanesaeM o TOM, qTO ocsoasol!: aKnaa a coa

nasae K09pUHTHBHOH CHnbi coanaiDT HeMarHHTHble netiJeKTbl, paaMepbl KOTOpblX paBHbl 

Tonmase MelKnoMessoA cTeHKH. Tonmssa 180-rpanycsoA MelKnoMessoii: rpaHHUbl a pac-

/49/ 
CMaTpHBSeMOM cnyqae 

E s 
L = 6 .j-- a .. L04 tO a • 

6K 

28 

• 

(45) 

IV.3aKnJOqesae 

8KcnepHMeHT8nbHO sa6n10naaweec!l BaMeHeHBe K09pUHTHBHOl!: CHnhl 

ro Mons6nesoaoro nepManno!l (eM. pac. 7) KaqecTaesso MOlKHO o6'bSICHII 

ll!BM nyTeM. 

CoanaHHble ObiCTpblMB sel!:TposaMH ToqeqHble netiJeKTbl a KpacTanne 

llleMCH npa nocTaToqso saaKol!: TeMnepaTYpe (saJKe 100°C), cnoco6shl n 

HB'IeHHOMY nepeMemeHHIO. t{aCTb TO'IeqHhlX netiJeKTOB, H30elKSBWBX 8SSHI 

KoarynapyeT sa npaMeCHX, nacnoKanaHX, MHKpOTpemBsax, rpassnax 6no1 

Tannoa B B M&CTaX asaqaTen&HbiX BSyTpeSHBX sanpHlKeHBll.- OnsaKO KOHl 

ne¢'eKTOB KpBCTanna OCTSeTCH asaqaTenbHO oonee BbiCOKOii:1 qeM paBHOB 

nRH8MHqeCK8Ho nps UOBbiW&HBB TeMnepaTyphl aKTHBBpyeTC!I npouecc KO~ 

nop II onsoapeMeiiHO yMeH&WaeTCSI nepeCblmesse peWeTKB BSKSHCB!IMB, ' 

K yaena'leHBIO paaMepoa nop. Ha TOM aTane, Korna naael!Sble paaMephl 

6naaKHMB Tonmase MeJKnoMessoll neperoponKs, npoacxonaT yaenaqesse 

soA canbl. 

~an&sel!:wBll pOCT nop BeAeT K yMeSbWeSHIO K09pUBTHBSOl!: CBnbl a. 

p830B8HH!I BTOpHqHOl!: noMeSHOl!: CTpyKTyphl BOnBaH 6an&mBX ne¢'eKTOB. ~ 

Hli3M KaqeCTBeHSO OO'b!ICS!I6T OTCYTCTBBe aoanei!CTBH!I sel!TpOSOB Sa Ml 

CBOHCTBS MOllliOAeHOBOrO nepMa11110!1 nocne oonyqeJIH!I, npoBaBOABMOrO l 
17 2 

sol! TeMnepaTYpe noaoll nopMKa 10 seliTp.lcM , s aKcnepaMesTan&sc 

HOe H3MeHeHBe K09pUBTBBHOA Cllllhl npB npoaeneHHII aaoxpOHHOrO OTJKHr 

CqaT.aH, 'ITO 1 sel!Tpos c asepraell 1 Mas npa aaaaMoneliCTBBH c 
2 /2/ . 

o6paayeT 4· 10 ToqeqHbiX ne$eKTOB , a ceqesse pacceHHBH ohlcTpbl: 
/50/ 

a sa Mpax HBKenH H lKeneaa npa6naaaTen&HO paaso 1 6apsy , no 

MapHyiO KOHUeHTpSUHIO TO'Ie'IHbiX ne$eKTOB, o6pa30B8SHbiX BBTer pan&SO 

10
17 

s/cM
2

: 

n 2 -24 17 -5 __ ,.. 4· 10 .• 10 • 10 = 4·10 N • 
0 

3nec& n - qscno ToqeqsbiX netiJeKTOB a enasaue o6'beMa, N 0 - qacno 

a enasaue oo'beMa. 

Y'IIITbiBSH, 'ITO KOHUeHTpSUH!I TO'IeqSblX ne$eKTOB yMeHbWSeTC!I U] 

Ullll netiJeKTOB, a TaKlKe TO, 'ITO K09pUIITHBH8!1 cans coanaeTC!I netiJeKTI 
2/s pb!X npoaaaenesae V a sMeeT saa6on&wee asaqesae (anec& V • 

29 



9HeprHH pa3MarHB'IBB8HBH: 

E 
1 
2 

N J 2 • 
• 

3H8'1BHBH H3 (40} H (7), nony'IBM 

E 
8 3 

• 3,1 • 10 apr/eM • 
nepM. 

(41) 

(42) 

no~eTSBIIHH IIOIIY'IBHHhle 3HS'IBHHH HSMarHH'IBHHOCTB HSebimBHHH(7), 

(9) B aHeprHH pa3MarHB'IHB8HHH (42) B (37), IIOIIY'IBM 

KOapUHTBBHOA eHnhl, o6yenOBllaHHOA IIOHBIIBHHBM nop, B TOM eny

noene~HBX BTOpH'IHSH ~OMBHHSH eTpyKTypa He 06paayeTes: 

10 -s [ ( 1 + 4, 65. :10 -• L) 
8 I 

_L 
a 

2/s 
a I. (43) 

~nH pa3llB'IHbiX Cl rpa<jJB'IBeKB H306paJKaeTeH ennOWHbiMB KpHBbi-

K a E B <jlopMyny (38), 

KpHTB'IeeKoro hong OT paaMepa nop B TOM enyqae, Kor~a no

aen&'IBKB ~IIH eoa~aHBH BTOpB'IHOA ~OMBHHOA eTpyKTYpbi: 

o,88. to' 
H kp • p/a (44) 

IIOK838Ha Ha pae. 10 nyHKTHpHOA KpBBOA, 

pueyHKa 1 MSKeBMSllbHSH K09pUHTHBH8H eana IIOlly'laeTeH B TOM 

3 
paaMepbl nop HeeKOllbKO 6on&we 10 MBlKSTOMHbiX paeeTOH-

0 TOM, 'ITO OCHOBHOil: BKIIS~ B C03-

CHllbl eo3~81DT HeMarHHTHbJe ~e<jleKTbl 1 pa3MBpbl KOTOpbiX paBHbl 

TonmuHa 180-rpa~yenoil: MelK~OMeanoit rpaHHUbi B pac-

E s 
L = 6-j-- 8 .. L04 10 a 

6K 

28 

.. 

(45) 

IV.3aKniO'Ienue 

3KcnepHMBHT8llbHO Ha6niOASBWeeeg H3M9HBHHe KOapUHTHBHOlt eHllbl o6ny'IBHHo

ro MOIIH6~eHOBOrO nepMSllllOH (eM, pae. 7) KS'IeeTBBHHO MOlKHO 06'bHeHHTb eneAyiO-

lllHM nyTeM, 

Coa~aHHble 6bieTpbiMH HeltTpOHSMH TO'IB'IHbiB .Qe<jleKTbl B KpHeTanne, HSXO~H

lllBMeH npH ~OCTSTO'IHO HH3KOA TeMnepaTYpe (HHlKe 100°C), enoco6Hbl llBWb K orpa

HH'IBHHOMY nepeMemeHHIO, 11aeT& TO'IB'IHhlX ~e<jleKTOB 1 H36BlKSBWHX SHHBrHllllHnHH, 

KOarynapyeT Ha npHMeeHX, ~BCIIOKSUBHX, MHKpOTpemHHax, rpaHHUSX 61IOKOB H KpHe

TallllOB H B MeeTaX 3HS'IHTBn&HhlX BHyTpeHHHX HanpHlKBHHA~ 0~H8KO KOHUBHTpaUHH 

~e<jleKTOB KpHeTSlllla OCTaeTeH 3HS'IHT9llbHO 6onee BbiCOKOl!1 'IBM paBHOBBCHSH TepMo

~HHSMH'IeeKaH, npa IIOBbiWBHHH TeMnepaTyphl SKTBBHpyeTeg nponeee KOalleeuennHB 

rrop H O~HOBpeMeHHO YMBH&WaeTeH llepeebimeHHe pewaTKH B8K8HeHHMH
1 

'ITO npBBOAHT 

K yBallH'IBHHIO pa3MapOB nop, Ha TOM 9Tane, KOr~a llHHBAHbiB paaMepb! CTSHOBHTCH 

6nH3KHMH TOllmHHe MalK~OMeHHOlt neperopO~KH, llpOHCXO~BT YBBIIH'IBHHe KOapnHTHB

HOit CHllbi, 

Llall&HeltwHA poeT nop Be~eT K yMeH&WaHHIO K09pUBTHBHOlt eHllbl 38 C'leT 06-

pa30B8HHH BTOpH'IHOA ~OMaHHOA CTpyKTypbl B611H3H 60n&WHX ~e<jleKTOB, TaKoA Mexa

HH3M K8'1aeTB9HHO 06'bseHHBT OTeyTCTBHe B03~eACTBHH Heii:TpOHOB Ha MarHBTHhle 

ceoitcTBa Monn6~eaoeoro nepMannos nocne o6nyqeans, npoaaBOABMoro npa KOMHaT-

17 2 
Holt TeMnepaTYpe ~oaoA nopsnKa 10 aeATp,/eM , H aKcnepHMeHTan&ao o6HapyJKeH-

aoe B3MeHeHHe KOapUHTHBHOlt eHllhl npH rrpoBe~eHHH H30XpOHHOrO OTlKHra, 

C'IHT,as, 'ITO 1 neATpoa c anepraei!: 1 Maa npH aaaaMo~eAeTBHH e peweTKoA 

2 /2/ 
o6paayeT 4• 10 TO'Ia'IHbiX ~e<jJeKTOB 1 a ee'leHHe 

(J 

pacceHHHH 6hleTpbiX HeitTpOHOB 

/50/ 
na H~pax HHKen.s H JKeneaa npa6naauTen&Ho paBHO 1 6apay , nony'IBM eyM-,, 

MapHyiO KOHUaHTp8UHIO TO'Ia'IHbiX ~e<jJeKTOB, o6paaoBaHHbiX HHTer pan& HOi!: A030li 

10
17 

a/eM
2: 

-
0
-= 4· 10

2 
·. 10-24 · 10

17 
= 4· 10-5 

No 

3~ee& D - 'IHeno TO'Ia'IHbiX ~e<jleKTOB B e~HHBUe 06'baMa, NO - 'IHCIIO aTOMOB 

B e~asane o6'beMa. 

(46) 

Y'IHTbiB8H1 'ITO KOHUBHTpSUHH TO'IB'IHbiX ~e<jJeKTOB YMBH&WaeTeH npH 8HHHrans-

UHH ~e<jJaKTOB 1 a TSKlKB TO, 'ITO K09pU HTHBH8H eana C03~8aTeg ~e<jJeKT8MH 1 ~IIH KOTo-

2/3 
pbiX npoaaee~eHae V a HMeeT Han6on&wee aHa'leHae (a~ec& V- o6'beM naKy-

::>.9 



r 

I: 

Hbl, a - KOHUeHTpaUHH naKYHI HM9!0WHX OO'b9M V ) , 8 He BC9MH npHCYTCTBy!OWH-

MH B KpHCTanne Ae~eKTSMH, nony~aeM yAOBli9TBOpHT9llbH09 cornacHe npH cpasHe

HHH paCC~HTaHH~X 3Ha~eHHli KOSpUHTHBHOli CHll~ (pHC. 14) H nony~eaa~X 9KCnepH-

M9HT8llbHO (pHC. 7), 
BeCbMa noKaaaTenbRbiM HBn!leTC!I cornacHe pac~eTaoii aaBHCHMOCTH MaKCHMSnb· 

0T A03bl 6~cTpblX aeiiTpOROB 
aoro H3M9H9HHII KOapUHTHBROli CHll~ fl H mas 

C aKCnepHM9HTOM. 
Co':nacao ~opMyne (37), npHpameaHe KoapuHTHBROli CHllbl aa c~eT o6paaosa-

HHH B o6pa3U9 aeMarRHTHbiX BKlii0~9HHli nop nponopUH0H8llbH0 HX CYMMSpROMY OO'be-

MY a B cTeneaB 2/3, TaK KaK 

a • D 1 

nonyqaeM 

!lH .. 02/s 
ma:x • 

(47) 

KaK BHARO B3 pH C. 11, liHReliaa!l 3aBHCBMOCTb M9lKAY 

HH 2/3 nOATB9plKA89TC!I 9KCnepliM9HTallbHO, 

!lH kp 
mas 
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.HTDaUH!I naKyH) HM910IDHX 06'beM V ) , a He Be9MH npueyTeTBYIOIDH

nony~aeM yaoaneTBOpHTenbaoe eornaeue npH epaaae

xospuHTHBHoil: eHnbi {pRe. 14) H nony~eHHbiX 9Kenepu-

!IBn!leTe!l eornaeue pae~eTHOlt aaaaeHMOCTH MBKCHManb• 

IJ. H mcu: OT A03bl 6bieTpblX HeltTpOHOB 

{37), npapameaue xospuaTHBHOA eanbi aa e~eT o6paaoaa

luouArRRTHbiX BK.1110~9HHA nop nponOpUHOHa.llbHO IIX eyMMapHOMy 06'be-

Tax xax 

cr .. D 
1 

/J.H 
2/s 

max • D • {47) 

11, nuaei!Ha!l 3aBifCHMOeTb M9lKAY 

LnAA-rrg sxenepHMeHTanbHO, 
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