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B 0Tm11rne OT naaepHbIX nyqKoB, KOTOpbie B03AeikTayIOT 

118 MHWeHb, B OCHOBHOM, nocpeACTBOM CHnhHOI'O noKanbHO

ro Harpeaa, nyqoK TSl:lKenbIX HOHOB MO:lKeT OK83bIB8Tb He 

TOnbKO 3HaqHTenbHOe TepMHqecKoe AeHCTBHe, HO T8K:lKe 

MeXaHHqeCKH, nocpeACTBOM CTOnKHOBeHHH HOHOB H SIAep 

OTAaqH C SIAP8MH, H3MeHSITb CTpyKTypy o6nyqaeMOI'O ae

lll8CTBa H, qTo oco6eHHO B8)KHO, MO)KeT H3MeHSITb ero 

XHMHqecKHH COCT8B no aapaHee 38A8HHOH nporpaMMe. 

C IlOMOlllblO M8f'HHTHbIX nHH3 nyqoK TSl:lKenhIX HOHOB MO:lKeT 

6bITb CKOHUeHTpHp0B8H B oqeHb y3KHH, Hf'noo6pa3HbIH nyq 

C AHaMeTpOM acero nHWb B HeCKOnhKO MHKpOMeTpoa. 

CoqeTaHHe acex 8THX 38MeqaTenbHhIX CBOHCTB H si:ansi:

eTCSI OCHOBOH MHoroqHcneHHbIX npaKTHqecKHX npHMeHeHUll 

nyqKOB TSl:lKenhIX HOHOB. C HX IlOMOlllblO MO:lKHO B03AeH

CTB0B8Tb ¢aKTHqeCKH Ha n106oe CBOHCTBO BellleCTBa, KOTO

poe 38BHCHT OT ero CTprKTypbI H XHMHqecKoro COCTaaa. 

TTpH 8TOM paAH8UHOHHOe B03AeHCTBHe HOH8 Ha aemecTBO 

TeM CHnbHee, qeM. TSl:lKenee 8TOT HOH. 

B nocnennee apeMsi: ace 6onhwee BHHMaHHe ynensi:eTcsi: 

npHMeHeHHIO nyqKoB TSl:lKenhIX HOHOB nnsi: C03A8HHSI BeCbM8 

KOMil8KTHbIX H B TO me apeMSI o6nanaIOlllHX 6onbWOH 

HH¢0PM8UHOHHOH eMKOCTblO nnaCTHqecKUX CBeTonpOBOAOB. 

H.Kox 6bm, no-BHAHMOMy, nepBbIM, KTO ewe a KOHUe 

copOKOBbIX I'OAOB aa6n10nan H3MeHeHHe Koa¢clmµ11eHTa 

npenoMneHHSI npH o6nyqeHHH cTeKna HOHaMH/l/ • B no

cneny10meM aToT a¢¢eKT 11ccnenoaancsi: P. XuHecoM H MHO

rHMH npyrHMH 8BT0p8MH B CTeKnax, B nnaaneHHOM H KpH

CTann11qecKOM KBapue,a T8K:lKe B HeKOTOpbIX npyrHX MHHepa

nax /2-7 / • 
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EbinO ycTaHOBneHo, ':ITO o6nyqeHii:e HOH8MJI MO>KeT 

npJIBOAJITb K8K K yBenJI':leHJIIO K09¢¢JIUJieHTa npenoMneHJI.sI 

n ( B cTeKne, B nnaBneHHOM KBapue JI T.A.), TaK JI K ero 

yMeHbWeHJIIO ( HanpJIMep, B KpJICTannJI':leCKOM KBapue / 4/ ) . 
CooTBeTCTBeHHO JI3MeH.sieTC.sI JI K09¢¢JIUJieHT OTpa>KeHJI.sI r. 

TipH He6onbWJIX A03aX o6nyqeHJrn K09¢¢HUJieHTbl n JI r 
JI3MeH.sIIOTC.sI npJI6nJI3JITenbHO nponopUJIOHanbHO BenJI':IJIHe 

A03bl. HanpJIMep, npJI B03AeiiCTBJIJI Ha nnaBneHHblll KBapu 

JIOHaMJI nJITJI.sI c 9HeprJieii T = 300 K9B Koa¢¢JIUJieHT 

npenoMneHH.sI 

-21N n = ;1,458 + 2,1.10 , 

rae N -KonJI':leCTBO JIMnnaHTJipOBaHHblX IIOHOB B 1 CM 3 /G/, 
TipJI aanhHeiiweM yBenJI':leHJIJI N 3Ha':leHJI.sI n Ii. r .BhIXo

A.sIT Ha nnaTo ( CM, p11c. 1). TipeaenbHoe 3Ha':leH11e ~n/n 

e 6onbWJIHCTBe cnyqaeB COCTaBn.sieT HeCKOnbKO npoueHTOB, 

OAHaKo ang :HeKOTOpblX MaTepJianoB (B ':laCTHOCTJI, ang 

CTeKon /B/ ), MO>KeT AOCTJII'aTb 10-20%. . . 
l13MeHeHJIH OilTJI':leCKJIX CBOHCTB o6ny':leHHOI'O MaTepJiana 

yMeHbWaIOTCH npJI OT>KJII'e ( CM. pJic. 2); 9TO CBJIAeTenb

CTByeT O TOM, ':ITO TaKJie JI3MeHeHJIH CB.sI3aHhl, B OCHOBHOM, 

C paaJiaUJIOHHblMJI IlOBpe>KaeHJIHMJI MaTepJiana, a He C XliMJI

':leCKliM enJI.sIHJieM JIMnnaHTJipOBaHHblX JIOHOB. K TaKOMY >Ke 

BblBOAy npJIBOA.sIT JI TeopeTJI':leCKJie MOAenJI '.sIBneHJI.sI. 

O6nyqag B ny':IKax HOHOB TOHKJie OilTJI':leCKJI-npOBOA.simJie 

nneHKH, MO>KHO B COOTBeTCTBHli C 3apaHee COCTaeneHHOii 

nporpaMMoii TaK JI3MeHJITb JIX Koa¢¢1iuJieHT npenoMnemrn, 

':ITO o6pa3yIOTC.sI KaHanhI >KenaeMoii ¢opMbI. no OTHOWeHliIO 

K CBeTOBOii Bonne TaKJie KaHanhI aeiiCTByIOT KaK CBeTO

npOBOAhI. Moxrno IlOKa3aTb, ':ITO 9HeprJI.sI CBeTOBOii BOnHhl 

6yaeT KOHUeHTpJipOBaTbC.sI npaKTJI':leCKH uenJIKOM BHYTPH 

Kanana, ecnH ero Koa¢¢JiuHeHT rrpenoMneHH.sI "Karr =n/I1-3(,\/!1}21.,, 
rae n - BHeWHJiii Koa¢¢HuJieHT npenoMneHHH, f -·ronmHHa 

KaHana, A - itnnna BOnHhl CBeTa B BaKyyMe. ',Ung C03AaHH.sI 

CBeTOBOAa TonmJIHOii 5-10 MKM, npJII'OAHOI'O an.sI annn Bonn 

.\ ;,. 6328 A ( BJIAHMhiii rna3y cBeT), neo6xoanMo, TaKHM 

o6pa3oM, H3MeHJITh Koa¢¢nuJieHT npenoMneHH.sI cpeAhI na 

1-5%; ecnJI >Ke orpaHJI':IJITbC.sI 6onee roncThIMJI CBeronpo-

·, 
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PJic. 1. l13Menenne Koa¢¢ JIUHeHTOB npenoMneHH.sI H oTpa

>KeHH.sI B CTeKne H KpHCTanntt':leCKOM KBapue B 3aBHCH

MOCTJI OT A03bl JIMnnaHTJipOBaHHblX JIOHOB aproHa JI Kpnn

TOHa (npJI aHeprtt.sIX T = 33,5 KsB, T = 59 KaB; no 

IWHHblM pa6oT /3, 4/). 
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Puc. 2. l1aMeHeHue KoacpifmuueHTa npenoMneHHSI o6paaua 
nnaaneHHoro Kaapua, o6nyqeHHoro uoHaMu nuTHSI, B peaynh
TaTe nocneny10mero OT)KHra npu TeMnepaType T 161. 

BOJ:l8MH 0, 1 MKM, TO Tpe6yeMoe H3MeHeHue ~n COCTBBHT 
acero nm11h OKono 0,01 %. 

Dnst H3rOTOBneHHSI CBeTOTTpOBOJ:lOB C TTOMOlllhlO nyqKOB 
HH3K08HepreTuqeCKHX HOHOB MO)KHO aocnonb30B8ThCSI Tex

aonorueil cpoTonuTorpacpuu u TepMonucpcpyauu aHanoruqHo 
TOMY, KaK 8TO nenaeTCSI npu HMnnaHTaUHH HOHOB B npo
uecce npOH3BOJ:tCTBa HHTerpanhHblX nonynpOBOJ:tHHKOBblX 
npu6opoa. Caepxy o6nyqeHHast noaepxHOCTh noKpbIBaeTcst 
eme oi:tHHM cnoeM nneHKu/5,9/. · 

TTpnMeHeHne nyqKoB uoHoB c nocTaToqHo BhICoKoil 
aHeprueil noaaonuT ucKn10qnTh npouecc TepMonucpcpyauu 

" coanaaaTh CBeTonpoBOJ:tSIIUHe K8Hanbl C 6onee pe3KO 
oqepqeHHblMH rpaHHU8MH Henocpei:tCTBeHHO B rny6uHe nneH
KH. 

l1cnonh3YSI HOHbl paanuqHb!X THTTOB H H3MeHSISI HX 8Hep
r1110, MO)KHO coanaaaTh K8K nnOCKile, i:tByMepHbie, TaK II 
cnOIICTble, npocTpaHCTBeHHO-CTpyKTypHble CHCTeMbl CBeTo
npOBOJ:tOB paannqHoil TOnIUIIHbl H KOHcpI1rypau11u ( PIIC. 3). 
Yaen11q11aasi nocTeneHHO 8Hepru10 IIOHOB, MO)KHO C03i:taBaTh 
CIICTeMbl napannenbHbIX CBeTonpoaonoa B TOHKHX OTTTI1qeCKH
npOBOllSIIUIIX HIITSIX ( p11c. 4). 
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Puc. 3. MuKporpacpusi caeTonpoaonoa, o6paaoaaHHhIX Ha 
pa3nuqaoil rny6uae a nnacTHHKe nnaaneHHoro KBapuanyq-
KaM11 npoToHoB IF 1,5 MaB u ROHaMR H;. Ha 
HH)KHeM pRCyHKe llOK83aHO COOTBeTCTBYIOIUee pacnpenene-
HRe K08cp<pHUHeHT8 npenoMneHRSI /5/ • . 
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Pee. 4. CxeMa H3I'OTOBneHHSI ny'IKB napannenbHblX CB8TO

npOBOJl0B BHYTPH TOHKOH KBapueaoii: HHTH / 5 / • 

06pa60T8HHbl8 ny'IKBMH 'eoHOB CBeTonpOBOJlSIIIIH8 nneH

KH aaanOI'H'IHbl D8'18THblM CX8M8M COBpeMeHHOH paJlHO

aneKTpOHHKH. 3TH JlBB THDB ycTpOHCTB MO:lKHO KOMOHHH

p0B8Tb, C03]l8B8SI 0'18Hb KOMDBKTHble, npO'IHble H 3KOHO

MH'IHbl8 MHOI'OU8n8Bbl8 Jl8TBnH ( CM., Hanp., /9, 10 / 1 I'Jl8 

MO:lKHo Ha.HTH JlBllbHeii:wy10 6HonHorpaqJH10). TaxHe JleTane 

SIBnSIIOTCSI B8:lKHblM ]lOnonHeHH0M K BOllOKHHCTOH OilTHKe, 

a B psrJle cnyqaea aoo6me npeJlOCTaansr10T yHHKanbHbte 

B03MO:lKHOCTH. 

nneHKH co CB8TODp0B0JlSIWHMH KaHanaMH HBHJlYT npHMe

H8HH0 BO MHOI'HX o6nacTSIX naaepHoii: TeXHHKH. Bae]leHH0 

B HHX cneuHanbHblX Jl008BOK C MBI'HHTHblMH CBOHCTBBMH 

D03BOnHeT C03Jl8Tb aneMeHTbl, KOTOpble o6na]lalOT OOnbWHM 

OO'b8MOM pacnpeJleneHHOH naMSITH, 'ITO T8K:lK8 '1p83Bbl'l8HHO 

pacwupsreT B03MO:lKHOCTH Bbl'IHCnHTenbHOH TeXHHKH. 

D.pyroii '1p83Bbl'l8HHO nepcneKTHBHOH o6naCTblO, CBSl38H

HOii C HMnnaHTBUH8H HOHOB, smnsreTCSI C03Jl8HH8 B TOHKHX 

nneHKBX noKanbHblX MBI'HHTHblX HeO]lHOpOJlHOCTeii ( 11 M8I'HHT

HblX ny3blpbKOB") 1 pacnonO:lK0HH8 KOTOpblX onpe]lensreTC SI 

BH8WHHM MBI'HHTHblM noneM _H MO:lKeT HCilOllb30B8TbCSI 

HanpHMep, .B K8'18CTB8 KOMnaKTHOii H HHq>OpMBUHOHHO-eMKOH 

DBMSITH. 

· TTneHKH HeKoTopbtX MaTepeanoa, aanpuMep, 6apueaoro 

~eppnTa, opToqieppnTa .H, oco6eaao, nneHKH rpaaaToa 

I 

C pe]lKHMH 38MnSIMH o6na]lalOT CBOHCTBOM MBI'HHTHOii 

8HH30TponHH, npH'18M HanpaaneHHe, _BJlOnb KOToporo 3TH 

nneHKH Hau6onee nerKO H8M8I'HH'IHB8IOTCSI, nepneHJlHKyngp

HO HX noaepXHOCTH. EcnH HeT BHewaero MBI'HHTHOI'O nonsr, 

To o6nacTu HaMaI'HH'IHBaHusr MaTepuana 06paay10T Ha no

aepxaocTH nneHKH cno:lKHbtii: yaop nonoc c npoTHaonono:iK

HblMH HanpaaneHHSIMH BHyTpeHHero•M8I'HHTOCT8TH'l0CKOI'O 

nom1 (cM. pHc.·5,B)X/. Hano:lKeHHe aaewaero MBI'HHTHoro 

nonsr npHBOJlHT K TOMY,'ITO o6naCTH HaMarHH'l~BaHHSI c COB

D8Jl810WHMH aanpaaneHHSIMH BHyTpeaaero H aaewaero noneii 

paCWHPSIIOTCSI 38 C'l8T o6nacTeii:; rne MBI'HHTHble . nonsr 

HM8IOT npoTHBODOllO:lKHble HanpaaneHHSI. TTpH JlOCT8TO'IHO 

oonbwoM BHewHeM none OT aTHX o6nacTeii: ocTa~i-csr nHwb 

HeoonbWHe "~aI'HHTHbl8 Dy3blpbKH" (cM. PRC. 6). B rpaHa

TOBblX nneHKaX pa3M8pbl TBKHX n_y3blpbKOB MOI'YT COCTaB

llSITb OT onaoro JlO H8CKOnbKHX MHKpOMeTpOB. 

Puc. 5. CxeMaTH'lecxoe H3o6pa:lKeHne pacnpeJleneHHSI 

BHyTpeHHHX MBI'HHTHblX noneii B nneHKe, Korna HeT BHew

Hero MBI'HHTHOI'O nonsr. 

xi 
3TH nonoCbl MO:lKHO YBHJl8Tb .c DOMOIIlblO_ MHKpo-

CKona, ecnu BOCDOllb30B8TbCSI H3B8CTHblM aqiqieKTOM ci>apa

Jl8SI H paCCM8TpHB8Tb HX B nonsrpH30B8HHOM CBeTe. Ta-, 

KHM cnocoooM ·nony'le·Hbl ace IlPHBOJlHMble HH:lKe q>OTOrpa

!pHH. D.pyroii: cnoco6 - aa6n10]leHue crymeHHii: Ha no

aepxaocTu uccneJlyeMoro o6paaua TOHKoii MeTannnqecKoii: 

IlbtnH HnH MBI'HHTHblX cycneH3Hii /11,12/ • 
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P11c. 6. l13M0H0HH0 cTpyKTypbI o6nacTeii: H8M8I'HH'iHB8HHSI 

B nneHKe TynnHeBOI'O opT0'1e?HT8 npH yaenHqeHHH BHeW

Hero MarHHTHoro nonsi: . H 11• Ha ABYX nocneAHHX pHcyH

Kax BHAHbI MarHHTHbie ny3bipbKH. TTpH A8nbH0llW0M yaenH

'i0HHH nonsi: pa3MepM ,HX noc.TeneHHO yMeHhW8IOTCSI, H Ha

MaI'HH'iHBaHHe nneHKH CTaHOBHTCSI coaepweHHO OAHOpOAHbIM. 
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PHC. 7. MarHHTHOe none neTnH C TOKOM H3MeHSieT CTa

TH'ieCKYIO CTpyKTypy o6nacTeH H8M8I'HHqHB8HIISI/l l/ • 

Ha pHC. 7 noKa38HO, KaK M8I'HIITHblH nya1,1peK o6paay

eTCSI noA AeHCTBIIeM M8I'HIITHoro nonSI, CO3A8B8eMOro 

nernett c TOKOM. 3To MarHHTHOe none IIMeeT npOTIIBOno

no)KHOe HanpaaneHHe BHyTplI H BHe neTnH II paapbIBaeT 

nonocy H8M8I'HIIqHB8HIISI B llBYX TO'iKax. 

EcnH K nneHKe C M8I'HIITHbIMII ny3blpbK8MH npHnO)KII_Th 

erue npononhHoe MarHHTHoe none, aoapacraroruee OT onHo

ro Kpag nneHKH K npyroMy, To nya1,1phKH 6ynyT nepe

MeruaThCSI. TTpH 3TOM OAHa 'i8CTh nya1,1pbKOB, TaK H83bl

aaeMbl8 ,, HOpManhHble nya1,1pbKII,,. 6y nyT llBHra ThCSI napan

nenbHO rpanHeHTy nong. ilBH)KeHHeM 3TIIX nyahipbKOB 

nerKo ynpaanSITh, 'iTO noaaonSieT ncnonh3OB8Th IIX, B 

'i8CTHOCTH, nng CO3ll8HIISI ycTpOHCTB M8I'HHTHOH naMSITH. 

BMecre c TeM B nneHKe, KaK npaauno, HMeroTCSI II npyrue 

nyabipbKII, KOTOPbie llBII)KyTCSI non pa3nlI'iHbIMII yrnaMII 

K rpanueHTY MaI'HIITHoro nong/13,l4/ • TaKHe MarHHTHhie 

ny3blpbKII npHHSITO H83bIB8Th "TBepllblMII ny3blpbK8MII" 

B CBSI31I C TeM, 'iTO aenH'iHHa nepneHJllIKynstpHOH noaepx

HOCTH nneHKII BHewHero M8I'HIITHoro nonsi:, npHBOllSIIUero 

K IIC'ie3HOBeHHIO ( "KOnnancy") 3TIIX ny3biphKOB, 3H8'iHTenb

HO 6onbwe Toro, 'iTO Tpe6yeTCSI Anst nonaoro YHII'iTO)Ke

HIISI HOpManbHbIX "MaI'HIITHbIX ny3blpbKOB. 
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CnO)l{Hhlli xapaKTep CMeIUeHHH TBepllhlX ny3hipbK0B 

Il0ll lleHCTBHeM np0ll0nbH0ro nong CHnhH0 38TPYllHReT 

HCil0nb30B8HHe MarHHTHhIX nneH0K B TeXHHqeCKHX ycTpoft

CTaax. Heo6XOllHMO K8KHM-TO o6pa30M npell0TBp8THTb 

o6pa30B8HHe B nneHKe TBepllbIX MaI'HHTHhIX ny3hlpbK0B. 

3To M0)KH0 CllenaTb nyTeM o6nyqeHHR nneHKH a nyqKe 

HOHoa/15 , 16/. 

noll Ae:liCTBHeM BHellpeHHhIX B aee H0H0B KPHCTannH

qecKaR perneTKa nnocKoro cnoR o6nyqeaaoro aemecTaa 

CTpeMHTCR paClllHpHTbCR. OllH8KO ST0 B03M0)KH0 nHlllb 

B aanpaaneHHH naJlaromero nyqKa H0H0B ( CM. pHc. 8), 
T.K. paClllHpeHHIO B npoTHB0nono)KH0M HanpaaneHHH npe

IlRTCTayeT MSTepHan, pacnono)KeHHhI:li Il0ll o6nyqeHHhIM 

cnoeM • .lle:licTaHe aeo6nyqeaao:li qacTH MaTepHana npHBO

JlHT K T0My' qTo o6nyqeHHhI:li cno:li HCilhlThIBaeT C)K8THe 

BJl0nb ero noaepXH0CTH. BcnellCTBHe ganeHHR MarHHTO

CTpHKUHH, K0Topo:li o6nall8IOT MarHHTHhie nneHKH, ST0 

C)KSTHe npHB0llHT K T0MY, qTo B o6nyqeHHOM cnoe B03HH

K8IOT OCH nerKoro HaMarHHqHB8HHR B HanpaeneHHRX, 

napannenhHhIX ero noaepxaocTH. B peaynhTaTe H3MeHReT

CR pacnpeAeneHHe BHyTpeHHHX MarHHTHhIX none:li H ycTpa

HRIOTCR ycnoe1rn, cnoco6CTBYIOIUHe o6pa30B8HHIO TBepJlhlX 

MarHHTHhIX ny3hlpbK0B. 

3To xoponio BHJlH0 H3 PHC. 9. Heo6nyqeaHaR H0H8MH 

nneaKa C0Jlep)KHT 6onhrnoe qffcno rpe6aeo6paaHhIX nonoc 
HaMaraHqHBaHHR, K0T0phie npH Hano)KeHHH BHelllHero nong 
nop0)l{JlSIOT MH0)KeCTB0 TBepJlhIX MarHHTHhIX ny3hlpbK0B • 

.llnR"llOJlaBneHHR" TBepllbIX MarHHTHhIX ny3hlpbK0B oco-

6eHHO Sq>q>eKTHBHhl TR)Kenhie H0HhI; npH ST0M Jl038 o6ny

qeHHR 0K83hIBaeTCR HaMH0ro MeHbllle:li, qeM B cnyqae 

6onee nerKHX qacTHU (cM. pHc. lQ)XI. 

x/ 113 pHc. 10 T8K)K8 BHllH0, qTo JlnR K8)KJl0ro THna 

H0H0B cymecTayeT HeKoTopaR M8KCHManhH8R ll03a o6nyqe

mrn, npeBhillleHHe KOTOp0:li npHB0llHT K T0MY, qT0 B nneHKe, 

K8K H npH oqeffb ManhIX ll03ax, 06paay10TCR TBepllhle 

llY3blpbKH. 
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PHc. 8 • .lleqiopMaUHR cnoR o6ny~eaaoro H0HBMH MaTepHana. 

Ha ffH)l{HeM pH Cy HKe Il0K838Hhl ·_'aanpaane HHR C)K8 THli _ H 

oceii nerKoro HaMaraHqHaaHHR'Ha· noeepxaocTH o6nyqea

aoro cnon. 
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A 

B 

PHc. 9. CTpyKTypa 

o6nacTeH H8M8PHHqHB8-

HHg B rpaHaTOBOH nneHKe 

6ea o6nyqeHHg H nocne 
o6nyqeffHg HOHBMH u+ • 
A - BHemHee MBPHHTHOe 

none H = O; E - BHem-

Hee none H f. o/15~ 

j, 
\ 

l 

10• 

10~ 

I011t 

i()t2 

~ 

...___.__---1.---~ 
H+ 1-te+ 

i " 
(25 K3B) (50 K9s) 

Ne+ 
20 

(1001<3&) 

PHc. 10. 3aBHCHMOCTb aenHqHHbI J:lO3bI o6nyqeffHg, Heo6xo

AHMOH Ang noitaaneHHg TBepAbIX MBPHHTHbIX nyabipbKOB 

(aamTpHXOBBHHag o6naCTb), OT Tuna HOHa. 

3HepPHg HOHOB BbI6paHa TBKHM o6pa30M, qT06bI llX 

npo6er 6hm OAHHBKOBbIM. (Tio ABHHbIM pa60Tbxf16/). 
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O6pa6oTaHHhle B ny'IKaX HOHOB TOHKHe MarHHTHhle nneH
KH MoryT C ycneXOM HCilOnb30BaTbCB He TOnbKO ang 
coaaaHHB aanOMHHaI0mHX ycTpORCTB, HO H B apyrHX norH

qeCKHX aneMeHTax, aeiicTay10m11x Ha ocHoae coxpaHeHHB 

11 nepeaa'IH MarHHTHhIX /13hipbK0B (cM., Hanp11Mep, 

MaTep11anhI KOHqiepeHUHH l7 /) • · 

1.Jpe3BhI'IaiiHO Ba)l{HOll o6naCTblO npHMeHeHHB ny'IKOB 

TB)l{enhIX HOHOB BBnBIOTCB 11cnonb30BaH11e HX ann MoaenH
poaaHHB paaHaUHOHHhlX noape)l{aeHHii, Bhl3bIBaeMblX HeiiTpo

HaMH B TennOBhIAenn10m11x aneMeHTaX H KOHCTpyKTHBHhlX 

MaTep11anax aTOMHhlX peaKTopoa. 

CTanKHBaBCb C aTOMHhIMH napaMH, 0hlCTpbie HeiiTpOHhl 

Bhl0HBaIOT napa 113 3aHHMaeMhlX HMH nono)l{eHHii,pacce11aa10T 

HX no BCeMy MaTep11any H coo6maroT HM 3Ha'IHTenbHOe 

Kon11qecTao aHepr1111, 6naroaapg qeMy 9TH paaneTa10m11ecn 

BApa, B CB0IO oqepeab, MoryT Bhl3hIBaTb aanbHeiiurne 

paa11auHOHHhie noape)l{AeHHB, H3MeHBIOmtte CTpyKTYPY o6ny
qaeMoro aemecTaa. OaHHM H3 cneacTBHll 9T0P0 BBnBeTCB 

o6paaoaaHHe a o6nyqaeMOM aemecTae 6onbmoro qucna 

MllKpOCK0ilH'IeCKHX nonocTeii C paaMepaMH nopBAKa C0THH 

Me)l{aT0MHhlX paCCT0BHHii, 'ITO npHB0AHT K C00TBeTCTByIO

meMY yaentt'IeHHIO BHemHHX paaMepoa o·onyqaeMoro o6paa

ua - K ero pacnyxaHttro. MaKCHMYM pacnyxaHHB ann 
9THX cTaneii npHX0AHTCB Ha HHTepaan 450-550°C, yaentt

qeHHe O0beMa K0HCTpyKTHBHhlX MaTep11anoa acneACTBHe 

pacnyxaHHB aaecb M0)l{eT A0CTHraTb 10-15%, a IT0CK0nb

KY HeiiTp0HHhle Il0T0KH ll TeMnepaTyphl pacnpeaenBIOTCB 

B peaKTOpe BeCbMa He0AH0p0AH0, ero K0HCTpyKTHBHhie 

aeTann aeqiopMHpyIOTCB, B HHX coaaaroTCB 6onblliHe rpa

AHeHThl Hanpg)l{eHHii. PaaHaUHOHHOe pacnyxaHHe MaTeptta

noa BO MHorn:x cnyqagx conp0B0)l{AaeTCB H3MeHeHHeM HX 

nonayqecTH, 6naroaapn qeMy 9TH MaTeJ'.manhr paaph1xng-

10TcB, TepBIOT np0'IH0CTb, CTaH0BBTCB xpynKHMH H BeCbMa 

qyBCTBHTenbHhlMH K pa3mi'IHhlM aeqiopMaUHBM. 

3cpqieKT pacnyxaHHB ( 11ntt "caenn11Hr", KaK qacTo Ha3hI

aaroT ero a cneu11anb.lioii nn:TepaType) anepahre ohm 

O0Hapy)l{eH mecTb neT TOMY Haaaa aHrn11iiCKHMH yqeHhlMH 

ang aycTeH11Toaoii cTan11. B nocneayromeM sTo ganeHtte 

Ha6nroaanocb npaKTH'IeCKH anB acex MeTannoa. 

· 16 

O6nyqeHHe HeiiTpOHaMH He TOnbKO paapymaeT CTpyKTy

py aemecTaa, HO H3MeHBeT TaK)l{e ero XHMH'IeCKHll C0CTaB 

acneacTane gaepHwx peaKuHii, oco6eHHO peaKun:ii (n,a). 

3Ha'IHTenbHhle H3MeHeHHB B XHMH'IeCK0M, C0CTaae H B CTpyK

Type aengmerocn aemecTaa BhI3hrnaroT ocKonKH aeneHHB. 

MHoroq11cneHHhie HCCneaoaaHHB, Bhlil0nHeHHhle B no

cneaHHe r0AhI, Il0Kaaan11, 'ITO acpqieKThl paAH8UH0HH0ro 

noape)l{AeHHB - B 'IaCTH0CTH, paAH8UH0HHaB nopHCTOCTb ·

npeacTaBnBIOT co6oii oqeHb cno)l{Hhre MHororpaHHhre gane
HHB, 3aBHCBmHe KaK OT A03hl H ycnoaHii o6nyqeHHB, TaK 

HOT C0CTaaa H npeaaapHTenhHOii TepM0MeXaHH'IeCK0ll 

o6pa6oTKH o6nyqaeMoro MaTepHana /18/ . 11Horaa aa)l{e 

0'IeHb He6onbWHe npHC8AKH K 0CH0BHOMY MaTep11any 3Ha

'IHTenbH0 H3MeHBIOT xapaKTep ero noaeaeHHB a paa11au110H

Hbrx nongx. TTp11 9T0M H3-3a cn0)l{HQCTH BBneHHB nepeHeCTH 

peaynbTaTbl HCCneaoBaHHii, Bhlil0nHeHHhIX ang 0AHHX MaTe

p11anoa, Ha apyr11e, ceiiqac aaqacTyro oKaahrnaeTcn npocTo 

HeB03M0)l{Hh1Mj TeM 6onee, 'ITO Te0pHH, K0T0pag Il03B0-

nnna Ohl npeacKa3b1BaTh H A0CT8T0'IH0 T0'IH0 paCC'IHThl

BaTb cn0)l{Hblil: K0MnneKC BBneHHll paa11au110HH0I'O noape)l{ae

HHB, noKa eme He cymecTayeT. B To )Ke •.;peMn aKcne

PHMeHTanbH0e H3Y'I8HHe paanaUH0HHhIX noape)l{AeHHll paa

nH'IHblX MaTep11anoa HenocpeacTaeHHo a cymecTayromHx 

8T0MHhlX peaKT0pax BeCbMa 3aTpyaHeHo TeM, 'ITO ang 
9T0I'0 Tpe6yIOTCB 0'I8Hb an11TenbHhie o6nyqeHHB. 

1.JTo )Ke KacaeTcn noaeaea11n MaTep11anoa a noToKax 

Heil:TpOHOB 10 16 
HlcM

2 
c., xapaKTepHbIX ang npoeKTH

pyeMblX TepMonaepHhlX peaKT0p0B H 6p11aepHhIX CHCT8M 

6nH)l{ail:mero 6yaymero, TO caeaea11n 06 aToM MhI c n0Mo

mh10 C0Bp~MeHHl,UC: 8T0MHblX peaKT0p0B aoo6me npaKTH'IeC
KH He M0)l{eM nony'IHTb. 

B 9THX ycnOBHBX qpe3Bhl'I8il:Ho Ba)l{HhlM CTaH0BHTCB M0-

aen11poaaH11e paa11au110HHhlX noape)l{aeHHil:, HCilhlThlB88MhIX 

paanH'IHhlMH M8Tep11anaMH B aT0MHhIX H TepM0BAepHhIX 

peaKTopax, C Il0M0mhIO ny'IK0B TB)l{enhIX H0H0B. TTpH 9T0M 

npHHUHilHanbH0ro pa3nH'IHB B aeil:CTBHH Heil:TpOHHOI'O o6ny
'I8HHB H H0HHhIX ny'IK0B Ha K0HCTpyKUH0HHhie MaTep11anb1 

BAepHhlX peaKT0p0B HeT, Il0CK0nbKy B O0OHX cnyqagx 

nepBH'IHhIM aKT0M paaHaUH0HH0I'0 noape)l{AeHHB BBnBeTCB 

CMemeHHe aToMa KpHCTannnqecKoil: pemeTKH o6nyqaeMoro 

17 



;J.: 
it': 

MaTepJiana, KOTopoe nopo:>KnaeT KaCKaA nocneny10nrnx cMe

meHJiii npyrHx aToMoB. 3ToT npouecc nponon:>KaeTCSI no 

Tex nop, noKa BbI6JITbie a npeAbIAYIUHX CTOllKHOBeHJISIX 

aTOMbl MoryT nepenaaaTb B nocnenyIOIUHX CTOllKHOBeHJISIX 

C IlOKOSIIUHMHCSI aTOMBMH 3HeprHIO, AOCTaToqHyIO AllSI CMe

IUeHJISI aTOMa JI3 nono:>KeHJISI ero paBHOBeCJISI B KpJicTan

nJiqecKoii pemeTKe. B cpenHeM HeiiTpoHbI peaKTOpHoro · 

cneKTpa HenocpencTseHHO CMema10T MeHee 1% o6mero 

KOnJiqecTBa aTOMOB, yqaCTBYIOIUHX B KaCKane CTOllKHOBe

HJiii; 6onee 99% aTOMOB CMeIUaIOTCSI s nocnenyIOIUHX CTa

AHSIX K8CKana. 

CymecTBeHHoe paanHqJie B neiicTBHH HeiiTpoHHoro JI 

HOHHoro H3nyqeHHii COCTOHT lllfllib B TOM, qTo TSI:>Kellble 

HOHbl HMeIOT 6eqeHHe pacceSIHHSI, npH6nH3HTenhHO Ha IlSITb

meCTb nopSIAKOB 6onbm·ee, qeM HeiiTpOHbI, 6naronapSI qeMy 

B OTHOIIIeHJIH paAHBUHOHHbIX nospe:>KAeHHii OHH, rpy6o f'OBO

pSI, B CTO TbICSiq lflllf na:>Ke MJilllllfOHbl pa3 6onee acpcpeKTHB

HbI, qeM HeiiTpOHbI. BMeCTe c TeM ycnoBHSI o6nyqeHHSI 

HOHBMH MOPYT 6b!Tb nono6paHbl TaKHM o6pa3oM, qTo 

CKOpOCTb o6pa30B8HHSI paAHBUHOHHblX nospe:>KneHHii He 6y

neT qpe3MepHO 9onbmoii, If aa BpeMSI ,o6nyqeHJISI B MHIIIeHH 

ycneIOT npOH30HTJI Te :>Ke ·nHcpcpy3HOHHbie npouecCbI, qTo 

JI npH AllHTellhHOM HeiiTpOHHOM o6nyqeffHH s aTOMHOM 

peaKTope. 3To MO:>KeT 6bITb llOCTlff'HyTo npH AOCTaToqHo 

Bb!COKJIX TeMnepaTypax o6nyqaeMoii MHIIIeHH, IlOCKOllbKY 

K03lp<pHUJieHTbl AH<p<py3Hlf ToqetJHbIX ne<peKTOB 6bICTpo pacTyT 

c yaenJiqeHJieM TeMnepaTypbI o6nyqeHHSI /19/ . 
PanHaUHOHHbIH 3cp<peKT, KOTOpbIH B C8Mb!X MOIUHbIX 

neiiCTBYIOIUHX ceiiqac BTOMHblX peaKTOpax AOCTJiraeTCSI 

B Te'IeHJie HeCKOllbKJIX neT, C' IlOMOlllbIO nytJKa TSI:>Kellb!X 

JIOHOB C JIHTeHCHBHOCTblO nopSIAKa HeCKOllbKHX MKA MO:>KeT 

6bITb BOCilpOH3Be,!leH Bcero llHIIIb aa HeCKOllbKO qacos. 

TipH 3TOM JICCnenyeMble o6pa3Ubl npaKTJI'IeCKH COBCeM 

He 06nana10T 8KTJIB8UJieii B OTllH'IJie OT Toro, 'ITO JIMeeT MeCTO 

nocne o6nyqeHHSI HX B aTOMHOM peaKTope, qTo 3Ha'I~Tenb

HO ynpomaeT pa6oTy c HHMH JI cymeCTBeHHO ycKOpSieT 

nonyqeHJie He06XO,!lJIMOii HH<pOpMaUHH. B OilbITaX c HOHBMH 

MO:>KHO 6onee TO'IHO onpenenSITh noay o6nyqeHHSI, ocy

mecTBnSITh 6onee cTporHii KOHTponb aa .TeMnepaTypoii 

18 

JI npyrJIMH ycnoBJISIMH o6nyqeHHSI, 'ITO a peaKTOpax 

cnenaTb BeCbMa 3aTpynHHTenbHO. 

.llnSI Toro 'IT06b1 yaenHtIHTb nnoTHOCTb ToKa Ha MHme

HH H TeM caMblM MaKCJIManbHO COKpaTHTb apeMSI o6ny

qeHHSI, uenecoo6pa3HO pacnonaraTh MHmeHb BHyTpH ycKo

pHTenSI JI pa6oTaTb Ha HeBhlBe,!leHHOM Ha ycKOpHTenSI 

nytJKe HOHOB. 3HeprJISI HOHOB npH 3TOM OK83blB8eTCSI, KO

He'IHO, 3H8'IHTenbHO MeHbmeii JIX M8KCHM8llbHOii aHeprHJI, 

O,!lH8KO BO MHOf'HX cnyqaSIX OCTaeTCSI eme anonHe ,!lOCTa

TO'IHOii ,!lllSI o6pa30BaHHSI pa,!lJIBUHOHHblX noape:mneHHii 

B rny6JIHe o6paaua, B,!lanJI OT HCK8:>K8IOIUJIX K8pTHHY Kpae

BblX aqi<peKTOBx/. 

Hcnonb3YSI HOHbl paanJI'IHbIX THilOB, MO:>KHO H3Y'I8Tb 

panHaUJIOHHbie necpeKTbl B ,, 'IHCTOM BJI,!le,,, He BBO,!lSI B 

MSTepJian K8KHX-nJI6o HHOpO,!lHblX aTOMOB, a C npyroii 

CTOpOHbl - MO,!lem1poaaTb
0 

pa3Hoo6pa3Hble aqiqieKTbl, o6y

cnoaneHHble B03HHKHOBeHJieM XHMH'IeCKHX HeO,!lHOpO,!lHOCTeii 

B MaTepaanax. B aTOMHblX peaKTopax 9TH ,!lB8 acp<peKTa 

Henh3SI H3OnHpOB8Tb O,!lHH OT npyroro. B TO )KH BpeMSI, 

KaK y)Ke OTMeqanocb BbllIIe, BBe,!leHHe npHMeceii MO)KeT 

oqeHb CHllbHO CKa3aTbCSI Ha panaaUHOHHOii CTOHKOCTH Ma

Tepaana, IlOBbllII8SI ee B OAHHX cnyqaSIX H, Hao6opoT, 

3Ha'IHTellbHO CHH)KaSI B npyrJix. 

xi 
.llnSI aToro npo6er HOHOB non)Keff. 6bITb 6onbme 

OAHOii-ABYX TblCSI'I 8Hf'CTpeM; B npOTHBHOM cnyqae 3Ha

'IHTenbH8SI qaCTb o6paayeMblX HOH8MH ne<peKTOB 6yneT 

"cTeKaTb" Ha noaepxHoCTb o6nyqaeMoro o6paaua H ycno

BHSI ,!lllSI o6pa30BaHHSI nop cymeCTB8HHO yxynmaTCSI. Hay

'IeHHe pacnpeneneHHii nop, 06paay10maxcSI non neiicTBHeM 

HefiTpOHOB H aapg)KeHHblX qaCTHU, IlOK83bIB8eT, 'ITO .B He-, 
0 

KOTOpbIX cnyqagx cnoH B8llleCTB8 Ha rny6HHaX 1000 A 

Boo6me IlO'ITH He conep)KaT nop. TipH MO,!l8llHpOB8HHH 

paaHaUHOHHblX noape)KneHHH peaKTOpHblX MaTepuanoB Ha 

ycKopurenSlX oqeHh Ba)KHO Y'IHTblB8Tb 9TOT aqi<p eKT. 

19 



no)Kanytt, HaH6onee npocTbIM no csoeii HAee H B To 

)Ke BpeMH qpe3Bl:,JqaffHO nepcneKTHBHblM C ToqKH apeHHH 

B03MO)Kffl:,lX npHMeHeHHii B C8MblX pa3nHqffJ:,IX o6naCTHX 

HBYKH, TeXHHKH H ,l:l8)Ke cenbCKoro X03HiiCTB8 SIBnSieTCH 

HCnonb30B8HHe nyqKOB TSI)Ken1:,1x HOH OB B KaqeCTBe "MH

KpOHrn" AnH npOH3B0,l:lCTBa ynbTpaMenKHX no pa3MepaM 

H YHHKanbHblX no KaqeCTBY !pHnhTPOB. 

TTpoXO,l:lH CKB03b nneHKY nonHMepa, TSI)Ken1:,1ii HOH o6pa

ayeT KaHan, r,l:le 6naro,l:lapH pa,l:lH8UHOHHOMY B03,1:leiicTBHIO 

MoneKyn1:,1 nonHMepa OK83b1B8IOTCH pacmenneHHblMH. no

cne,l:lyIOIIlaH XHMHqecKaH o6pa6oTKa npespamaeT aTH Ka

Han1:,1 B CKB03Hble OTBepCTHH, AHaMeTp KOTOpblX xopowo 

KOHTponHpyeMhlM o6pa30M 38BHCHT OT THna H aaeprHH 

HOHa, OT o6nyqaeMoro MaTepHana HOT ycnOBHii XHMHqec

KOii o6pa6oTKHo 

Ha pHC. 12 nOK838HO, KaK AHaMeTp OTBepCTHii 38BHCHT. 

OT TeMnepaTyp1:,1 H BpeMeHH TpasneHHH. BpeMeHH8H 38BH

CHMOCTb OK83b1BaeTCH npaKTHqeCKH nHHeiiaoii, qTo noaso

nSieT, OTHOPMHp0B8B KpHBble nyTeM Henocpe,l:lCTBeHHOro 

H3MepeHHH AH8MeTpOB nop, HCnonb30B8Tb ,l:lanee .aTH KpH

Bble AnH H3rOTOBn~HHH cpHnbTpOB C 38,1:lBHHblMH pa3MepaMH 

OTBepCTHii. 

Ha PHC. 13-15 noK838HbI cpoTorpacpHH H3rOTOBneHHblX 

T8KHM o6pa30M ,, HAepHblX cpHnbTpoB" H nonepeqa1:,1ii paapea 

TaKoro cpHnhTpaxl. 

HaH6onee B8)KH0ii xapaKTepHCTHKOii pa3nHqffhlX AHaneK

TpHqeCKHX MaTepHanoB C TOqKH apeHHH B03MO)KHOCTH. 

H3rOTOBneHHH H3 HHX H,l:lepHblX !pHnbTpOB HBnSieTCH "nopor 

perHCTpauHH" - BenHqHHa BHOCHMOH B MaTepHan p8AH8UHOH

HOii aaeprHH, npH KOTOPOH paanHque CKOp0CTe8 XHMHqecKo

ro npoTpaBnHB8HHH AeCTpyKTHp0B8HHOro H OCH0BHoro Ma

TepHana A0CTaToqao ,l:lnH BbIHBneHHH TpeKa. 3TOT nopor 

paBeH BenHqHHe M8KCHM8nbHblX .. noTepb aaeprHH H8H6onee 

nerirnro HOHa, C noM0IIlbIO KOT0poro MO)KHO nonyqHTb 
,l:lOCTaToqao 0TqeTnHBble TpeKH B o6nyqaeMOM MaTepHane 

( CM. Ta6n.). 

xi 
3TH cpoTorpacpHH Har0Tosnea1:,1 E.B.MqeJ:(newsHnH. 
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20 
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40 120 200 210 460 /jl(O 520 c1,J 

PHc. 11. PacnpeAeneHHe qHcna nop B eAHHHUe o6~eMa 

B 38BHCHM0CTH OT HX JlH8MeTpa /t9/ • O6nyqeHHe B . 

nyqKe H0HOB )Keneaa npH TeMriepaType 5000C: 1 - HHKenb 

(pacnyxaaHe Ii V/V = 2,5%), 2 - cTanb 1X18H9T (Ii V/V = 
= 1,0%), 3 - cTanh 0X16H15M36 (!!t.V/V = 0,015 %). 
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Tiopor 
pern:cTpaun:n: 
MaB"cM2 

IMI' 

1, 1 

2,0 

3,3 

4,5 

4,5 

5,0 

11 

11 

Han:6onee 

ner-Kn:ii 
pern:cTpn:pyeMbIH 

HOH 

He 

He 

He 

C 

C 

C 

Ne 

Ne 

.nng H3I'OTOBneHH5I SIAepHbIX ipn:nhTpOB npn:MeHHM umpo
KHH Ha6op MaTepn:anoa, KOHKpeTHbIH BhI6op KOTOpbIX aaan:
CHT OT ycnoan:ii npn:MeHeHHSI ABHHOI'O ipn:nhTpa. BecbM8 

yAo6HbIM Marepn:anoM SianSieTCSI naacaH. 
BoaMO)KHOCTb HenpepbIBHO aapbn:poaaTh paaMep nop, 

TOnIIIHHY ¢n:nhTpy10meii nneHKH, n:cnonb3OB8Tb npaKTH':IeC-
Kll HeorpaHn:':leHHbIH Ha6op paann:':IHbIX nonn:MepHbIX MaTe
pn:anoa, IlOA6n:paSI n:x CBOHCTBa B 38BHCHMOCTH OT KOHKpeT
HOH 38A8'1H, - ace 3TO SIBnSieTCSI n:cKnIOqn:TenhHO B8)KHbIM 

npen:MyIIIeCTBOM SIAepHbIX ipn:nbTpoa. 
8 H8CTOSIIIIee apeMSI MO)KHO nony'l%Th HyKneonopbI 

C pa3MepaMn: npn:6nn:ayTenhHO OT 30 A n: AO HeCKOnbKHX 
AeCSITKOB MKM ( 10 5 A). Tonmn:Ha ipn:nhTpOB aaphn:·pyeTCSI 
OT eAn:HHU AO HeCKOnhKHX AeC~TKOB MKM. 4To KacaeTCSI 
pa3Mepoa ipn:nhTpoa, TO npn: n:cnonb3OB8Hllll MaI'HHTHbIX 
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mrna, paccen:aaromn:x ny'IOK HOHOB, OHH MOI'yT J:tOCTH'Ib 
KBa.i:tpaTHbIX MeTpOB; qin:nbTpaM MO.>KHO npn:.i:taBaTb nro6yro 
QJOPMY - xpyra, npHMOYI'01IbHHKa, un:nn:H.i:tpa H T.J:t. B aa
BHCHMOCTH OT paCCMaTpn:aaeMOH aaaaqn:. TTpn: HHTeHCHB
HOCTH nyqxa 5·10 12 HOHOB/C (n:MeHHO TaKOBa cpe.i:tHHH 
HHTeHCHBHOCTb HOHOB KCeHOHa Ha :9Heprn:ro 150 MaB Ha 
ycxopn:Tene Y-300 B ny6He) MO.>KHO nony'IaTb B cyTKH 
COTHH n: TbICH'IH KB.M o6nyqeHHOH nneHKH ( CM. pn:c. 14). 

.H.i:tepHbie qJHnbTpbI npn:MeHHlOTCH .i:tnSI peweHHSI aaaaq 
B paann:'IHbIX OTpacngx Hayxn:, npOMbIWneHHOCTH, Me.i:tn:un:
Hbio 

Bbrwe 6hrna nepeqn:cneaa mrwb ae6onhmaSI qacTb 
Hay'IHO-TeXHH'IeCKHX H npn:xna.i:tHbIX o6nacreH n:cnonh30-
BaHHSI ny'IKOB TSI>KenbIX HOHOB, 0.i:tHaKO y>Ke OTClOJ:ta BH.i:tHa 
HCKnro'IHTenbHaSI nepcneKTHBHOCTb 3TOI'O HanpaaneHHH. 

B aaxnroqean:e SI nonbayrocb cnyqaeM, 'IT06b1 Bbrpa-
3HTb rny6oxyro 6naroaapaocTh r.H.¢nepoay aa MHoroqn:c
neHHbie o6cy>K.i:teHHH, MHOI'He H3 KOTOpbIX nernn: B OCHOBY 
.i:taHHoro o6aopa. 
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