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I. OlilUAH XAPAKTEPHCTHKA PAliOTbl 

AKTyaJihHOCTh npo6Jiel\1hl 

C pa3BHTHeM 11.nepuoii cptt31IKII, ycKoplITeJibHOii TeXH11KH 11 <p11311KH 

TBep.noro Tena CTano HHTeHCHBHO pa3BttBaTbC'1 HOBOe HanpaBneH11e -

pa.n11au.ttoHHa.H cptt3ttKa rnep.noro Tena (Pcl>TT). 3TO HanpaBneHtte 

11ccne,noBaH11ii myqaeT npttpo.ny B03HHKHOBCHH'1 pa3ntt'IHbIX cptt3tt'ICCKHX 

JIBneHHH B TBep,nbIX Tenax nptt HX B3att.MO,UCHCTB11H C raMMa-KBaHTaMH, 

ycKopeHHbIMH 3ap5DKCHHbI.MH qacTHU.a.MH ttntt HCHTPOHaMH . 

B pe3ynhTaTe ttccne,noBaHIIH 3Tttx npoQeccoB .MO)KIIO nonyqaTb 

HH<pOp.MaQHIO O cpyH,naMeHTaJibHbIX CBOHCTBax BemecTB, a TaK)KC O q>H3H'ICCKOH 

rrpttpo.ne H .Mo.nemrx B3att.M0.1ICHCTBH}I qaCTHQ C TBep.LibIM TenoM. 

Pa.nttaQttOHHa.H cpmttKa rnep.noro Tena tt.MeeT 6onbIIIOH cneKTP 

npaKTH'ICCKllX npttnO)KCH11H.B TCXHHKe nonynpOBO.LIHIIKOB, .MCTanJIOBC.LICH11H, 

JI.LiepHOM nptt6opocrpoetttttt tt T. .11. Oco6o cne.nyeT OTMCTHTb npo6ne.My 

C03.LiaHH'1 HOBbIX .MaTepttaJIOB C 3a,naHHbI.MH CBOMCTBa.Mll nptt B3a11.M0.1ICMCTBHll 

rnep.noro BCil.(CCTBa C pa3n11'1Hbl.Mll .i1,nepHbI.MH II3nyttCHH'1.Mll (ra.MMa-KBaHTbI, 

HCMTPOHbI, nerKHe 11 T}l)KCnbie 110Hbl BbICOKHX 11 HH3KHX 3Heprnii). TaKIIe 

MaTepttanbI, Hanptt.Mep, MoryT HaxO,O:IITb IIIIIPOKOe np11.MCHCHHe B KatteCTBe 

.neTeKTopoB mnyqeHIIM. TTo3TOMY .nmr ttx co3.11aH11H Heo6xo.111IMO rny6oKoe 

ITOHHMaH11e npottCXO.lIHil.(HX HBnCHHM, C Te.M l{T06bI, IlYTCM o6nytteHHH, 

.110611TbCJI npORBnCHll}I B HHX rpe6ye.MbIX 3cp<peKTOB H CBOMCTB. 

B03.LICMCTBtte pa3nlfl{HbIX mnyqeHHM Ha .MaTepuanbI IIMCCT CBOll 

oco6eHHOCTH. Eonee Toro, pa3Hbie MaTepttanbI pear1IpyIOT He 0.1111HaKOBO Ha 

O.LIIIH tt TOT )KC BII,U H3nytteHH'1. ,[(o CIIX nop HCT .LIOCTaTOl{HO o6meii 

TeopeTIIl{CCKOH Mo.11en1I, KOTOpa.H II03Bomma 6bI o6'bRCH}!Tb II npe.ncKa3bIBaTb 

pe3ynbTaTbI pa.1111aQHOHHOro B03.LICMCTBII}I Ha rnep,nble Tena. Ha npaKTttKe MR 

:noro IICilOnb3yIOTCR pa3nlfl{Hbie IlO.LIXO,UbI II Mo.11en11, K0TOpbIC 3aTeM 

yTOqH}[IOTCR, KaK npaB1InO, .11ononH11TenbHOM cep11eii 1ICCne.110BaH1IM no 

pa.111IaQ110HH0MY B03.LICMCTBHIO Ha MaTep11anbl. TaKa.H .MCT0.LIOnorH'1 HOC11T 

HTepaQIIOHHbIH xapaKTep II rpe6yeT pa3pa60TKH 0IITH.MaJibHbIX anrop11TMOB ee 

peantt3aQ1I11. 

TTpoBe,neH11e 11ccne,n0Batt11ii III11p0Koro KJiacca .MaTepttanoB rpe6yroT, KaK 

H3BCCTHO, MHTenbHOro Bpe.MeHH II 6onblll11X cpe,ncrn. TT03TOMY Heo6xo,ntt.Ma 

KOHQCHrpaQH'1 ycmrnii Ha 113Y4CHHII MaTeplIM0B, Hau6onee 3Hal{11.MbIX B 

npaKTIIl{CCKO.M II HayttHO.M nnaHe. K HH.M OTHOCRTCR, B nepByIO ottepe.Lib, 

MaTep11MbI, IICil0nb3YC.Mbie B H.nepHOM 3HepreTttKe, KOC.MII'ICCKOM TCXH11Ke H 

MllKp03nCK1'p0H11KC. 

3KcneplI.MCHTbI IlOKa3bIBaIOT, 'ITO .neiiCTB11e raMMa-lI3JiyttCHH'1, 

:1eiirpOHHbIX IlOTOKOB 11 II0HHbIX IlY4K0B Ha 3T11 .MaTep11anbI cymecTBCHHO 

pa3nuqaeTC}[. no-pa3HOMY 113.MCH}[IOTC}[ 3nCK1'pH'!CCKHe, OilTH'!CCKHe 11 
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MeXaHH1IeCKlle CBOHCTBa MaTepHaJI0B. KpoMe Toro, CTeKJia, Il0JIHMepbl H 

HeK0T0pbie MaTepHaJihl BeCbMa 
11
HHJ]JIBlI.llYaJibH0

11 
pearttpyIOT Ha B03)],eHCTBlie 

H3Jl)"IeHHH pa3JIH1IH0ro TlIIIa. 11ccne)],OBaHHe lIX pa)],HaUH0HHbIX CBOHCTB 

51BJUleTC51 Ba)KHhIM Ha)"IHhIM HanpaBJieHHeM. IlonyqaeMM npH 3T0M 

HHq>OpMaUH51 M0)KeT 6I,!Th HCil0Jih30BaHa )],Jl51 C03)],aHH51 3q>q>eKTlIBHblX 

)],eTeKTopoB H0HlI3HpyIOII.llIX H3JI)"IeHlIH pa3JiliqHoro THna Ha 0CH0Be H0BblX 

MaTepliaJI0B. B 3TOH CB513lI OC06I,!tt lIHTepec npe.llCTaBJI5IIOT lICCJie)].0BaHH51 

pa)].lial.llI0HHhIX CB0HCTB CTeK0JI Ha 0CH0Be 6opOClIJIHKaTOB c npHMeChlO U.1Ox 

H ClIJIHKaT0B C npHMeChlO K2O, o6nyqeHHhIX )KeCTKlIMlI raMMa-KBaHTaMlI lI 

HettT{)oHaMH. 

OOJlhIIIOH HHTepec C T0qKH 3peHH51 npHMeHeHHJI Ha npaKTHKe Bbl3bIBaeT 

lI3)"IeHHe B03)],eHCTBlI51 TJI)KeJII,JX lI0H0B BI,JC0KlIX 3HeprHH Ha 

M0H0KpHCTaJIJilflieCKHe ,[(H3JieKTplIKH ( aJIMa3) lI M0H0KplICTaJIJIHqecKHe 

nonynpoB0.llHlIKll (anMa3 H KpeMHHtt), a TaK,Ke xpoM0HHKeJieBbie 

MeTaJIJIH1IecKHe CIIJiaBhl, B qacTH0CTlI, lI3)"IeHHe MlIKp0CTPYKTYPHblX, 

lI3MeHeHlIH B YKa3aHHhIX semecTBax, B03HHKaIOII.llIX Henocpe.uCTBeHH0 B 

T{)eKax qaCTlIU, H npHqlIH lI3MeHeHH51 3JieKTpHqecKHX xapaKTepHCTHK 

KplICTaJIJI0B IIplI lIX o6nyqeHHH. AnMa3 lI KpeMHlIH 51BJI5IIOTCJI, KaK lI3BeCTH0, 

lICKJIIOqlITeJibH0 Ba)l(HblMlI K0Mil0HeHTaMH C0BpeMeHHOH 3JieKTp0HlIKlI, a 

xp0M0HHKeJieBhie CIIJiaBI,J urnp0K0 npHMeHHIOTCJI )],JIJI MH0rHx HmKeHepHblX 

KOHCTI)YKUHH. 

QqepqeHHhIH BhIIIIe Kpyr Bonpoc0B Ha .uaHHI,JH M0MeHT He .U0CTaT0lJH0 

II0JIH0 lI3)"IeH. 11MeeTCJI HacymHM Heo6xO)],lIMOCTh lIX .ueTaJihHOH 

3KCIIepttMeHTaJihHOH npopa6oTKlI C nocne.uyIOII.llIMlI o6o6meHHeM H 

ClICTeMaTH3aUHett nonyqeHHhIX pe3yJihTaT0B )],Jl51 npHMeHeHHJI Ha npaKTHKe. 

3TH o6CTOJITeJihCTBa onpe.uenJIIOT aKTYaJihH0CTh TeMbl HaCTOJIII.leH 

.UHCCepTaUlIOHHOH pa60Thl. 

UeJih pa6oThI 

IlonyqeHHe lI aHaJIH3 )].eTaJihHOH 3MnlipHqecKOH lIHq>OpMaUHlI 0 

pa)],HaUH0HH0-lIH)].yUHpoBaHHI,IX lI3MeHeHH51X 0ilTHqecKHX, 3JieKTpHlJeCKlIX, 

MexaHttqecKHx H CTPYKTYPHhIX CBOHCTB cTeK0JI, .UH3JieKTpHK0B, 

nonynp0BO.llHlIK0B H CIIJiaB0B II0.ll B03)],eHCTBlieM raMMa-KBaHTOB, HeHT{)OHOB H 

TH)KeJibIX lI0H0B B 3aBHCHM0CTH OT xapaKTepHCTHK IlOT0Ka 6oM6ap.llHPYIOII.llIX 

qacTlIU lI q>H3lIKO-XHMHqecKHX CB0HCTB o6nyqaeMbIX semecTB. 

)];JIJI .U0CTH)KeHlI51 . 3TOH uenH He06XO.lllIMO peIIIlITh CJie.UyIOII.llie 

OCHQ_BHhle 33.J!a1.m: 

} ) HCCJie)],oBaHHe Il0Be,[(eHHJI q>lI3HqecKHx xapaKTeplICTlIK 

Il0JilI3THJieHa, CTeKOJI C npHMeCHMH U3Os, Na2O H K2O, Il0JIHBHHHJI0B0ro 

cnttprn c .uo6aBKaMH CoCli, NiiSO4, CuSO4 H (CH3COO)2CuH2O, K0Mil03HTa 

2 

t 
~ 

,I 

rronttMepa nonttTeT{)aq>TOp03nmeHa H 0KHCH cmrnua Pb2O3 H cnnaBa GeS 

pa3JIW!Hh!X nponopUHH B lIHTeHClIBHhIX f10Jl51X HeHTI)OHOB B )].HaIIa30He 

cpn10eHca I 0
5 
- IO 

11 
HettT{)oH/cJ1i H raMMa H3JI)"IeHHJI B HHTepsane .U03hI 

10-2-106 rp. 

2) HCCJie,[(0BaHHe B03M0)l<H0CTH C03.UaHlI51 .U03H:l\IeTI)HqecKHX 

.ueTeKTopoB C xoporno Bbipa)KeHHhJMH MeT{)HqecKHMH xapaKTepHCTHKaMH )],JIJI 

pa3JIHqHhIX BH.ll0B H3JI)"IeHlIJI Ha 0CH0Be 6opOClIJIHKaTHhIX CTeK0JI C npHMeCbIO 

U,O8, KOMII03HTa Pb2O,/noJIHMep, Il0JIH3THJieHa, CTeK0JI Ha 0CH0Be CHJIHKaT0B 

meJIOlJHhIX MeTaJIJI0B, Il0JIHBHHHJI0B0ro CilHpTa c .uo6aBKaMH au,eTaTa Me)],H tt 
.llp., cnnasos repMaHHJI H ceph1; 

3) HCCJie,[(0BaHHe npoueccoB o6pa30BaIIlI51 .lleq>eKTOB H HX 3BOJIIOUHH 

B KpeMHHH, aJIMa3e H MeTaJIJIHqecKHX xp0M0HHKeJieBbIX 

B03.llettcTBHeM TJI)KeJihIX H0H0B B, Ne, Ar, Kr H Xe 

E - I M3B/a.e.M.; 

cIIJiaBax no.u 

c 3Heprneii 

4) pa3BHTHe q>H3HlieCKOH M0)],eJIII MIIKp0CTI)YKTYPHhIX II3MeHeHHH, 

B03HlIKaIOII.lHX Henocpe.ucTBCHH0 B T{)eKax qacTHI.J,, B BCII.lCCTBax, yKa3aHI-IhJX B 
n. 3. 

flocTOBCpHOCTh Il0JI)"ICHHhIX pe3yJihTaT0B no.urnep,1<.uaeTCJI ycneIIIHhIM 

C03)],aHHeM MaTepIIaJI0B ,[(Jl51 CIICTCM .llCTeKTHp0BaHHJI 51.UepHbIX H3JI)"ICHHH C 

HCilOJih30BaHHCM pe3yJihTaT0B Il0JI)"IeHHhIX B .uuccepTaI.J,HII, a TaIOKe 

cornacoBaHH0CThIO .uaHHhIX TeopHII II 3KcnepIIMeHTa. 

Harmasi HOBHJHa 

I. BnepBhie BhIII0JIHeH0 .UCTaJihH0e IICCJie)],0BaHIIe BJIII51HIIJI )KCCTK0ro 

3JieKTpoMarHIITH0ro H3JIY'ICHH51 II HettT{)OHOB Ha 3Jie1npuqecKHe, 0IITHqecKHe II 

MCXaHIIqecKHe CBOHCTBa 

a) CTeKOJI c npIIMeCHMII U 3O 8, Na2O II K 2O, 

6) IIOJIHBIIHHJI0Boro cnttprn c .uo6aBKaMu CoCh, Ni2SO4, CuSO4 II 

(CH3COO)2CuH2O, 

B) IlOJIHMepoB II0JIHTeT{)aq>TOp03TlIJieHa C .uo6aBKal\m 0KHCH CBIIHI.J,a Pb2O3 
II II0JIII3TIIJieHa 

r) cIIJiaBa repMaHlI51 II cephl. 

2. BnepBbIC onpe)],eJieHbI 0IITIIMaJihHhie YCJI0BH51 rrpnMeHHM0CTII 

HCCJie,[(OBaHHhIX MaTepnanoB )],Jl51 pa3pa60TKll .ueTeKTopoB IIpH pa3JIH1IHhIX 

Tepl\W.UHHaMnqecKHx YCJI0BH5IX H a6COJIIOTHhIX 3HaqeHH5IX IIOT0K0B 

pernCTI)HpyeMbIX 51,LI.epHbIX H3JI)"ICHIIH. 

3. BnepBhie 6bIJIO YCTaH0BJieH0 o6pa30BaHne T{)eK0B B 

IlOJIYIIPOBO)],HHK0B0M aJIMa3e MeT0,LI.0M npJIM0ro Ha6JIIO,LI.eHH51 - MeT0.U0M 

TYHHeJibHOH 3JieKTp0HHOH MHKp0CK0IIHH. 

4. Pa3BHTa q>lI3H1IecKM M0,LI.en1, MHKp0CTPYKTYPI-IhIX H3MeHeHnii B 

MOHOKpHCTaJIJinqecKHX H Il0JIHKpHCTaJIJIHqecKHx MaTepnaJiax-.UH3JieKTpnKax H 
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KOHCTJ))'KUIIOHHhIX xpoMOHIIKeJieBhlX cnJiaBaX, B03HIIKaIOW.IIX npII o6Jiy"IeHI-H1 

DDKeJihIMII IIOHaMII. 

ITpaKTJI'.feCKaSI u,eHH0CT~ 

3HaqIITeJihHM qaCTh Hay"IHO-IICCJie,UOBaTeJihCKHX pe3yJihTaTOB, 

noJiy"IeHHhlX B ,UIICCepTaUIIOHHOll pa6oTe, MO)KeT 6hITh npnMeHIIMa s 

npaKTIIqeCKHX uem1x B o6naCTII aTOMHOll HayKII II TeXHIIKII (Jl03IIMeTJ)W1), 

MIIKpO'.meKTpOHIIKII II npII C03,UaHIIII KpynHhIX 51,uepHhlX ycTaHOBOK H 

KOCM~eCKOll TeXHIIKII. 

O<:HOBHble noJ10memrn, BblH0CHMble na 33llJ,HTy: 

1. Pe3yJibTaThl no lICCJie,UOBaHIIIO B03,UellCTBlI51 ,KeCTKOfO 

3JieKTpOMarHIITHOrO II3Jiy"IeHII51 II He~TJ)OHOB Ha OCHOBHbie MIIKpO-H 

MaKpOCKOilIIqecKIIe CBOHCTBa IlOJIII3TIIJieHa II B03MO)KHOCTh npIIMeHemrn 

TaKoro MaTepIIaJia ,uJI51 pa3pa60TKII raMMa-,ueTeKTOpOB B ,U030BOM ,uIIana30He 

0,01-106 lp II ,uJI51 ,ueTeKTIIp0BaHII51 6bICTJ)hIX HeHTJ)OHOB B ,UIIana30He 

108-10
11 

HeiiTJ)oH/cM
2

. 

2. Pe3yJihTaThI IICCJie,UOBaHII51 B03,UeHCTBII51 raMMa-H3JIYIIeHII51 H HeHTJ)OHOB 

Ha om~eCKIIe CBOHCTBa aJIKaJIIICIIJIIIKaTHOro CTeKJia C npIIMeChIO K20 H 

6opocIIJIIIKaTHhie CTeKJia C npIIMeChlO U3Os. Bo3M0)KHOCTh HCilOJih30BaHH51 

aJIKaJIIICIIJIIIKaTHOrO CTeKJia B ,ueTeKTIIpOBaHIIII ,U03 raMMa-II3JIY'leHH51 B 

lIHTepBane 0, 1-1, 1 Kip. B CJiy"Iae 6opoCIIJIIIKaTHbIX CTeKOJI B03MO)KHOCTh 

lICil0Jlh30BaHII51 pe3yJihTaTOB pa,UIIOTepMOJIIOMIIHecueHUIIII (PTJl) )])151 

,ueTeKTIIpOBaHII51 ,U03 raMMa-II3Jiy"IeHII51 B lIHTepBane 0, 1-10
4 

lp. Bo3MO)KHOCTh 

IICil0Jlh30BaHII51 o6pa3UOB, He co,uep)KalIJ.IIX ypaHa, ,UJI51 ,ueTeKTIIpOBaHIUI 

6bICTJ)hIX HeHTJ)OHOB B IIHTepBaJie 10
5 

- 10
9 

HeHTJ)OHlcM
2 

II pe3yJihTaTOB 

pa,uIIO(pOTOJIIOMIIHecueHUIIII (P<DJl) ,uJI51 ,ueTeKTIIpOBaHII51 raMMa-,u03 B 

IIHTepBane o,1-2x 104 lp, a TaK)Ke ,uJI51 ,ueTeKTIIpOBaHII51 6hICTJ)hlX HettTJ)OHOB B 

lIHTepBane 10 
7
-6X 10

10
H/cM

2
. 

3. Pe3yJihTaThl IICCJie}lOBaHII5I B03}leHCTBII5I raMMa-II3JiyqeHII5I II HeHTJ)OHOB 

Ha Mexam1qecKIIe 11 OTITII'leCKIIe CBOHCTBa noJIIIBIIHIIJIOBOro cnIIpTa C 

pmnIIIIHhIMII KOHUeHTJ)aUII5IMII CoCh, NiSO4, CuSO4 II (CH3C00)2CuH20. 

Bo3MO)l(HOCTh IICTIOJih30BaHII5I o6pa3UOB, co,uep)KalIJ.IIX CoCh, NiS04 II CuS04, 
lIHTepBane 10-

1
-10

4 
lp H ,uJI5I }leTeKTIIpOBaHII5I. Jl03 raMMa-II3J!y"IeHII5I B 

o6pa3UOB, conep,KaJUIIX auernT Me,uII, )])IJI 

HettTJ)OHOB B IIHTepBane I 0 6 
- 10

9 
Hier.?. 

4 

}leTeKTIIpOBaHirn 6hICTJ)hlX 

.. 

4. Pe3yJihTaThl II3yIIemrn II3MeHeHII51 (pII3H'leCKlIX CBOHCTB ar.10pcpHoro 

cnnasa GeS H KOMTT03HTa Pb2O_.lnoJIHTeTJ)acprnpo3THJieH npII o6nyqemm HX 

raMMa-ny•mr.m II HeHTJ)OHar.m lI B03MO)KHOCTh HCnOJih30BaHH51 3THX 

pe3yJihTaTOB )])15I neTeKTHpoBaHH5I raMMa-no3 B lIHTepBaJie 10-2 
- 10➔ lp lI 

~ 10
5 

10
10 

/ 
2 

G S 6hICTJ)hlX HeHTJ)OHOB B IIHTepBaJie - H CM C nOJ,IOIUhIO e II raMMa-}l03 

c noMOIUhIO KOMn03HTa Pb2O../noJinMep B HHTepBane 10-2 
- 103 

Ip. 

5. Pe3yJihTaThI no II3y4ettu10 npouecca necpeKToo6pa3oBaHH5I s npIIponuoM 

H CHHTeTH'leCKOM (nonHpOBaHHOM 6opoM) aJIMa3e, o6Jiy"IeHHOM T51)KeJihlMH 

uottaMH c 1ueprnei1 E - I M1B/ttyKJIOH. 

6. Pe3yJihTaThl lI3Y'IeHH5I npouecca o6pa30BaHH5I necpeKTOB II HX 3B0JIIOUHH 

B nonynpOBO}lHIIKOBOM MOHOKpHCTaJIJie KpeMHH51, nernposaHHOro 6opoM H 

cpoccpopoM, BCJie}lCTBHe HX. o6ny4eHH5I T51)KeJiblMH BhlCOK03HepreTli'leCKHMH 

ttoHaMH c 1Heprnei1 E - I M1B/ttyKJioH. 

7. Pe3yJihTaTbl H3Y'leHH5I H3MeHeHH51 CTPYKTYPhl 

CTaJIH 3JieMeHTHOro COCTaBa xpoMOHHKeJieBOH 

BblCOK03HepreTH4eCKHMH T5I)KeJiblMH HOHaMH. 

OcttoBHhie 

o6cy)KJlaJIHCh 

KOHcpepeHUII51X: 

Ha 

Anpo6a1msi pa6oTbl 

pe3yJihTaThl HaCT051IUeH pa60Tbl 

cne,uyromttx H3UH0HaJihHhIX II 

n0BepXH0CTH H 

npu o6nyIIeHHH 

llOKJlallhIBaJilICh H 

Me)l(JlyHapOJlHhIX 

• flepBa51 EpIITaHCKo-ErnneTCKa5I KOHcpepeHUH51 no panttaUHOHHOH QJH3HKe 

(Kattp, ErnneT, 1985); 

• TTepsaJI EpttTaHCKo-ErnneTCKM KottcpepeHUHJI no 6IIOQJII3HKe (KaHp, EnrneT, 

1987); 

• 1IernepTa51 KOHcpepeHUHJI no QJH3HKe aTOMHOro 51Jlpa (KaHp, ErnneT, 1988). 

• Me,1<nyttapo,UHM KOHcpepeHUHJI no QJH3HKe rnepnoro Tena (CB. EKaTepHHa, 

ErnneT, 1988); 

• Me,K,uyttapo,uHa5I KOHcpepeHUH5I no QJH3HKe KOH}leHCHposaHHhlX cpen 

SAMS-4 (KaHp, ErnneT, 1994 ); 

• TpeThJI KOHcpepeHUII51 no pa,uIIaUHOHHOH QJH3HKe (We6ttH 3Jih KoM, EnmeT, 

1994); 

• flepBhIH Me)K}lyHapoJlHhIH CHMn03HYM no ny'IKOBOH Texttonorntt BT-95 

(L{y6tta, PoccHJI, 1995); 

• flepsoe ErnneTcKo-PoccttHCKoe pa604ee cosematttte no UHKJIOTJ)OHai\1 H 11x 

npttMeHeHIIJIM (KaIIp, EnmeT, I 996 ). 

• KottcpepeHUH5I no IIMnJiaHTaUHH H npyrnM npuMeHeHH51M H0H0B 11 

3JieKTpOHOB ION-2000 (Ka3HMHpcKa51 L{onttHa, floJihrna, 2000). 

5 



TI_y6JIHK3UIIH 

0CHOBHbie pe3YJibTaTbl ony6mIKOBaHhl B BH,Ue 31 Hay,rnott CTaTbl1 B 

ernneTCKHX H MeiK.UyHapO.D.HhlX iKYPHaJiaX. floJIHhlH CilHCOK TPY.UOB 

co.uepiKHTCH B KOHUe aarnpeqieparn. 

06bel\l n cTpyKTVpa pa6oTb! 

.[(ttccepTallHOHHM pa6oTa COCTOHT H3 BBe,UeHHH, 4eTbipex mas, 

3aKJII04eHHH H CIIHCKa JIHTeparyphl. floJIHbIH o6beM COCTaBJIHeT 149 crpaHHU 

MaillHHOIIHCHOfO TeKCTa, BKJII04M 43 pttcyHKa H Ta6JIHl..{bl. 

2. COlIEP)KAHlfE lllfCCEPT AU11lf 

Bo BBenemm npe,UCTaBJieH ofoop OCHOBHbIX HanpaBJieHHH 

pa.uHal.{MOHHOH qJH3HKH rnep.uoro TeJia, npe.ucTaBJIHIOIUHX npaKTH4eCKHH 

HHTepec He TOJlbKO B o6JiaCTH H,UepHblX TeXHOJIOrHH, HO H B .upyrHX o6JiaCT51X 

(MHKp03JieKrpOHHKa, KOCMH4eCKOe l\taTepHaJIOBe,UeHHe). CqiopMyJittpoaaHbl 

ueJih H 3a,Ua4tt .UHCCepTaUHOHHOH pa60Tbl. 

B nepaoii: rnaae co.uep,KHTC51 KpaTKOe OIIHCaHtte MexaHH3MOB 

B3aHMO,UellCTBMH pa3JIH4HhIX BH,ll.OB H3JIY4eHHll C semecTBOM H npoueccoB, 

KOTOpbie npottCXO.UHT B pe3yJibTaTe B03,UettCTBH51 H3JIY4eHmf Ha MaTepHaJibl 

pa3JIH4HOrO THIIa. B 4aCTHOCTH, paccMorpeHhI TPH THIIa B3aHMO,UettCTBl151 

raMMa-KBaHTOB C rnep,UbIMH TeJiaMtt: 3qJqJeKT KoMIITOUa, qJOT03qJqJeKT H 

o6pa3oBaHMe nap. KpoMe TOro, o6cyiK,UeHhI OCHOBHbie acneKThI B03,UettCTBH51 

HettrpOHHbIX IIOTOKOB Ha MaTepHaJibI. B 3TOM cnyqae HapH.UY C 51,UepHblMH 

peaKllHHMH ttMeeT MeCTO H pacceHHHe HettrpOHOB Ha aToMax aemecTBa, 

npttBO.D.5111..{ee K o6pa30BaHMIO T04e4HbIX pa.uttaUHOHHbIX .ueqieKTOB. 

PaccMorpeHhl npouecChl, npottCXOMIUHe nptt 6oM6ap.uttpOBKe MaTepttaJIOB 

BbICOK03HepreTtt4eCKHMH T51iKeJihIMH HOHaMH. Tio.upo6no H3JIO)KeHhl npouecCbl 

o6pa3oBaHM51 KacKa,UOB cMeIUeHHll H IIOTepb 3Heprntt HOHOB no ynpyroMy 11 

neynpyroMy KaHaJiaM. B KOHUe 3TOH rnaBhI ,uaH KpaTKtttt ofoop npouecca 

Heynpyroro paCilbIJieHHH MaTepHaJIOB C IIOBepXHOCTH 06pa3u,a IIO.U .uettCTBHeM 

BbICOK03HepreTtt4eCKMX THiKeJihIX HOHOB. 3TOT aeCbMa Ba)f(Hblll npouecc 

npHBO.UHT K M3MeHeHttIO MHKpOCKOIItt4eCKOH CTPYKTYPhl noaepxHOCTH 

MaTepttana. 

Bo BTOpOtt rnaae npttae.ueHO OIIttCaHtte rJiaBHblX ycTaHOBOK, KOTOpbie 

6blJIH HCIIOJlb30BaHhl nptt o6nyqeHHH MaTepttaJIOB M HCCJie,UoBaHHH HX CBOHCTB 

.uo tt nocne o6nyqeHHH. Ilpe.ucTaBJieHhl OCHOBHbie xapaKTepttCTHKH 

K06aJihTOBOH ycTaHOBKtt "Gammacell-200" c aKTttBHOCThIO 
6
°Co-ttcT04HttKa B 

6 

6400 K10p11 c 3neprne0 E= 1,25 M3B. MoIUHOCTh .U03hI a MecTe pacnonoiKeHMH 

o6pa3u,a COCTaBJIHJia 3,63x10
3 

rp/q nptt T04HOCTH H3MepeHMH ± 5 %. 
HaMH 6bIJIII IICCJie,UOBaHbl CIIJIIIKaTHbie II 6opocIIJIHKaTHhie CTeKJia c 

p51.UOM .uo6aBOK. 3TII CTeKJia 6bIJIII caapeHhl H3 4HCTbIX XIIMM4eCKIIX 

KOMIIOHeHTOB B IIJiaTMHOBOM TIIrJie BbICOKOTeMneparypHOH IIe4H C 

Kap6tt,UOKpeMHMeBbIMM narpeBaTeJibHbIMII 3JieMeHTaMH nptt TeMneparypax 

1100 - 14so0 c. 
OnIICaHhl HCIIOJih3yeMbie B .uaHHOH pa6oTe HCT04HIIKM HeiirpoHOB, TaKIIe 

KaK 
252

Cf, Am-Be II Pu-Be c 3Heprneu E=2,35, 2 M 4 M3B coornercrnenHo, 

KOTOpbie o6ecne4HBaIOT HettrpOHHbie IIOTOKII IIOp51,D.Ka 1,17 X 10
7

, l,lx 10
7 

II 

5,5x 10
6 

CM-
2 

B MeCTe HaXO)K,ll.eHHH o6paJua. B 3TOH )Ke mane paccMorpeHhI 

OT,UeJihHbie acneKTbI IICIIOJib30BaHIIH BbICOK03HepreTII4eCKMX THiKeJihlX IIOHOB 

.D.JI51 o6nycreHM51 pa3JIII4Hb!X MaTepttaJIOB. KaK II3BeCTHO, CKOpOCTb 

.ueqieKToo6pa30BaHHH B MaTepIIanax nptt IICIIOJib30BaHIIH T51iKeJihlX HOHOB B 

10
3 
- I 0 6 

pa3 npeBhIIllaeT aHaJIOrM4ttylO BeJIM4IIHY .D.JIH HettrpOHHOro o6nyqeHMH. 

l1CT04HHKaMII TaKIIX HOHOB 51BJl51JIC51 YHMKaJibHbIH YCKOpttTeJihHblH KOMIIJieKC 

UttKJiorpottoa Jia6oparnpttII H.uepHhIX pea1<110ii I11.J,-100 M Y-400, .ua10mttii: 

B03MOiKHOCTb IICilOJib30BaTb IIyqKII THiKeJibIX MOHOB C 3Heprtteii: OT 

1 M3B/a.e.M. (I11.J,-100) .uo 6onee BblCOKIIX (Y-400). 113MepeHIIe pa3JIII4HbIX 

qJII3M4eCKMX napaMerpoB IIpOH3B0,UIIJIOCb .uo M IlOCJie npouecca o6nyqeHII51 

MaTepttaJIOB. 06nyqeHMe o6pa3UOB HettrpoHaMM H raMMa-KBaHTaMM 

IIpOM3B0,UIIJIOCb Ha B03,Uyxe. B cnyqae rniKeJibIX MOHOB o6nyqenIIe 

I1pOII3B0,UHJIOCb B BaKyyMe. Onpe.ueJI51JIIICh: 

• OnTWieCKM IIJIOTHOCTb o6pa3UOB C IIOMOillhIO MeTO,UOB cneKrpOqlOTOMerpttH 

B YJibrpaqJIIOJieTOBOM M BM.UIIMOM ,Uttana3oHe nocpe.ucrnoM 

cneKrpoqiornMerpa "Lambda-3 Perkin Elmer"; 

• 3aBHCIIMOCTb CIIrHaJia pa,UMOTepMOJIIOMMHec11eHl..{MM OT .ll.03bl o6nyqeHII51 C 

IIOMOillhIO ycrnHOBKM "Harshaw-2000"; 

• 3aBMCIIMOCTb CIIrHaJia pa.uttOqJOTOJIIOMMHecueHIIMH OT .ll.03bl o6nyqeHMH C 

IIOMOillhIO ycrnHoBKII "Shimadzu type model RF-540"; 

• Y .ueJihHOe 3JieKrpM4eCKOe COIIpOTIIBJieHIIe B peiKHMe IlOCT051HHOrO TOKa C 

noMOIUhIO 3JieKrpoMerpa "Keithely 616" (mMepem1e y.uemHoro 

3JieKrpH4eCKOro conpOTMBJieHMH npOBO.UIIJIOCb B ycJIOBmIX pa3JIH4HbIX .[103 II 

Pa3JIH4HbIX TeMneparyp ); 

• MHKpoTBep.uocn HCCJie,uyeMbIX MaTepttaJIOB C IlOMOIIl,blO MHKpO-

rnep.uoMepa TMna "Shimadzu" C aJIMa3HbIM m1.ueHTOpOM. 1lttcJieHHOe 

3Ha4eHHe MHKpOTBep.uoCTH HCCJie.uyeMhIX o6pa3IIOB M3MepMOCb B 

3aBMCHMOCTH OT .U03bl o6nyqeHMH. 

• l13MepeHMe IIOCTOHHHOH nepH0.[10B KpHCTaJIJIH4eCKOH perneTKII 

npOH3B0.UIIJIOCb MeTO.UOM peHTreHOBCKOH .umppaKUMH. 3To 6hIJIO BbIIIOJIHeHO 

B peiKHMe .UByxKpMCTaJibHOro cneKrpOMerpa npH napaJIJieJihHOM 
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pacnoJIO)KeHirn 1qmcTamrn-MoHoxpor,rnTopa 11 11ccne)lyeMoro Kp11cTanna. 

I1cnom,3oBanacb n11Hm1 Me)l11 CuKa 1. 

• ConpOT1IBJieH11e pacTeKaHmI 6hmo 113MepeHO C IIOMOll.{hlO LlBYXKOHTaKTHOro 

30H)la C 11rnaM11 lI3 Kap611)la BOJibcppaMa (LlllaMerp ocrpm, I MKM, Harpy3Ka Ha 

11rny np11 113MepeH1111 0,2 r). I1pocp11Jih COIIpOT11BJieH1151 pacTeKaH1151 COCTOHT 

113 CTa O)lHOKPaTHhIX 113MepeH11H, Ka)K)lOe 113 KOTOpblX ocymecTBJrneTC51 

onycKaH11eM )lByx 11m, pacIIOJIO)KeHHbIX napanneJihHO Kpmo Kocoro uurncpa, 

qepe3 O)lllHaKOBbie paCCT051H1151 B)lOJlb ero IIOBepXHOCTH. 

Ta6m11.1a 1. Cocmae aJ1KamcuJ1U1WmHb1X cmeKofl 

CTeKJJo KOHl.{eHTpa1.1m1 B M0mlpHblX % 

N2. Si2O Li2O K2O Na2O 

1 66,8 31,2 2 -

2 66,9 16,5 16,6 -

3 66,8 31,2 - 2 

4 66,9 16,5 - 16,6 

TexHOJIOf1151 113fOTOBJieH1151 o6pa3l.(OB KpaTKO 113JIO)l(eHa B 3TOH rnase. 

O6pa3Uhl CTeKOJI Ha OCHOBe C11JI11KaTOB menoqHbIX MeTaJIJIOB LiiO-K2O H 

Li2O-Na2O 6bm11 113roTOBJieHhI 113 oq11meHHoro )laTcKoro necKa (SiO2) H 

BhICOKOKaqecrneHHbIX X1IM11qeCK1IX KOMIIOHeHTOB (Li2O, K2O 11 Na2O) 

(rn6n11ua 1) MeTO)].OM )lByx3TaIIHOfO IIJiaBJieH1151. I1naBJieH11e np0113BO)l11JIOCb B 

nnaTllHOBOM T11rne B TeqeH11e qeTbipex qacoB IIpH TeMneparype 1200 ± 30 °C. 

3aTeM cllJiaB BbIJI11BaJICR B nnaT11HOBYJO qarny. Tiocne oxnmK)leH11R 06pa3eu 

IIepeMaJibIBaJill B nopornoK, 11 np0113BO)l11JIC51 BTopott 3Tan IIJiaBJieH1151 B TetJeHHe 

qeThipex qacoB np11 TeMneparype 1400 ± · 30 °C. TioBrnpuoe nnasnetttte 

np0113BO)l11JIOCh, qTo6hI 06ecneq11Tb O)lHOpO)lHOe pacI1pe)lenem1e KOMIIOHeHTOB 

B CTeKJie. ):J;anee IIp0113BO)lHJIC51 OT)Kllf o6pa3l.(OB B TetJeH11e O)lHOro tJaca nptt 

TeMneparype 400 °C. 

AHanor11qHo H3fOTOBJ151JI11Ch o6pa3l.(hl 6opOCHJI11KaTHhlX CTeKOJI C 

)l06aBKaM11 ypaHa. I1p11 3TOM 11CIIOJib30BaJIC51 MeTO)l )lByx3TanHoro IlJiaBJieHH51 C 

IIOCJie)lyroll.lllM OT)KHrOM. O6pa3l.(bl 113fOTOBJI51JI11Cb H3 Bb!COKOKaqecTBeHHbIX 

XHMnqecKH q11cTblX KOMIIOHeHTOB: 6opHOH KHCJIOThl, oqmueHHOro )laTCKOro 

IIecKa (SiO2) n Kap6ouarn n11T11R, co.uep)l<am11x IIp11Mec11 U3Os B 

KOHUettrpau11HX 0,1, 0,2, 0,3 11 0,4 (Mon.%) (rn6n11ua 2). flpouecc IIJiaBnett11R 

o6pa3l.(OB IIp0113BO)lHJIC51 Ha B03)lyxe. 

O6pa3Uhl KOMII03HTa Pb2O3/IIOJI11Mep 6hIJI11 H3fOTOBJieHbl H3 x11M11qecKH 

lJllCTOro IIOpornKa Pb2O3 11 IIOpornKa IlOJIHMepa TerpacpTOp3T11JieHa cornaCHO 

IIponopunn 1: 0,85 IIO Macce. 3T11 KOMIIOHeHThl nepeMaJibIBaJill B MeJIKJIH 

nopornOK pa3MepOM 80-200 MKM. TiopornoK Tll.{aTeJihHO pa3Melll11BaJI11, tJT06bI 

8 

)lOCTllrHYTb O)lHOpO)lHOro pacnpe)lenemrn KOMIIOHeHTOB. O6pa3l.(bl 6hIJIH 

cnpeccoBaHbl B BH)le Ta6JieTOK. )lanhwe OHH 6bIJI11 OTO)K)KeHbl B TeqeHHe 4 lj 

npH TeMIIepaType 120 °C )lJI51 YLlaJieHH51 OCTaTOlJHhIX HanpR)l(eHllH, 

B03HHKa!OIIIHX B pe3yJibTaTe MexaH11tJeCKOH o6pa60TK11. 

Ta6m11.1a 2. C'ocmar. 6opoc11.1111,;a11111b1X cme,w.1. 

CTeKJJO Kott1.1etttpa1.1m1 B M0JJllpHbIX o/o 

N2. H2BO3 Si2O LiCO3 U3Os 

Uu 67,67 9,42 5,79 -
U1 67,67 9,42 5,79 0,1 

U2 67,67 9,42 5,79 0,2 

U3 _67,67 9,42 5,79 0,3 

U4 67,67 9,42 5,79 0,4 

06pa3l.(bl cnnaBa repMaH1151 H cepbl 6hIJIH H3fOTOBJieHbl H3 

BbICOKO'IHCThIX KOMilOHeHTOB B IIponopl.(HRX I: I, I :2, H 1:3 ( repMaHH51 K cepe) 

no Macce. I1x IlJiaBHJIH np11 TeMIIeparype 900°C. 3m )lOCTHraJIOCb MeTO)lOM 

nocTeneHHoro IlOBbIWeHH51 TeMIIepaTypbl )lO 900 °C B Te•1eH11e 89 'IaCOB. CnnaB 

BbI)lep)KHBaJIH npn 3TOH TeMIIeparype B TetJeHHe O)lHOfO •iaca. TinaBJiem1e 

np0113B0)lllJIOCb B KBapueBbIX aMnynax nptt BaKyyMe :::; 10-5 Topp C 

nocne)ly!Oll.{HM pe3K11M OXJia)l()leHHeM )lO ~ 0 °C, lJT06bJ 06ecI1e•111Tb HX 

aMopcpHyIO crpyKTypy. )lanee o6pa3l.(bl H3MeJiblJaJIHCh )lO o6pa30BaHH51 MeJIKMX 

3epeH, a 3aTeM 0T)l(llfaJI11Ch B TetJeHHe 15 MHHYT np11 400 °C C l.(eJib!O ymmemrn 
0CTaToqHblX HanpmKeHHH. 

06pa3l.(bl IlOJIH3THJieHa 11 Il0JIHBllHHJIOBOro cnHpTa 6bIJl11 ll3fOTOBJieHbl B 

BH)le TOHKHX IlJiaCTHHOK TOJIIIIHHOH 300 H 200 MKM COOTBeTCTBeHHO. B 
o6pa3l.(hl IlOJIHBHHHJIOBOfO IIOJIHMepa 6bJJI )l06aBJieH O)ll!H H3 CJie)lyIOIIIHX 

KOMnoHeHTos: CoC!i, Ni2SO4, CuSO4 OT 5 )lo 40% no Macce H 

(CH3COO)iCu-H2O OT 5 )lo 15% no Macce. 

O6pa3l.(bl aJIMa3a HMeJIH pa3Mepbl 1 x2x0,3 MM. 

DhIJIH HCIIOJih30BaHbI o6pa3l.(hI KpeMHHR pa3MepoM I Ox I 0x0,3 MM. B HMX 

6bIJIH HMIIJiaHTHpOBaHbl llOHbl 6opa (p-rnn, HMe!OIIIHH conpOTHBJieH11e 4,5 OM) 

H cpoccpopa (n-rnn, HMe10m11ii conpornBneHHe IO OM). 

06pa3Uhl. xpoMOHHKeJieBOH CTaJIH )lllaMerpOM 3 MM 11 TOJIIII11HOH 

200 MKM HMeJIH COCTaB 17,188% Cr, 0,507% Mn, 72,817% Fe, 9,637% Ni 11 
0,403% Ti. 

TpeTMI rnaBa CO)lep)KHT pe3yJibTaTbl 3KCnepHMeHTOB no HCCJie)lOBaHHIO 

CBOHCTB o6nyqeHHh!X o6pa3UOB H HX o6cy)K)leHHe. 
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3To, npeiK,lle BCero, pe3yJihTaThl 113yqemrn CBOHCTB o6pa3UOB 

IIOJIH3THJieHa, o6nyqeHHhIX ra.MMa-KBaHTaMH B )lttana30He )l03 OT 0,0 I )lO 

106 f p H HettrpOHaMH nptt IlOTOKaX OT 108 
)lO 10 I I CM -l . 

0..., 

F 

12.0 

11,5 

11.0 

o Heofoy4e1Il!L1ii 
x 1 .o x,o2 rp. 
0 2,Bx103 • 
A2•2x10~ • 

• 1 •3 X 1Q5 

a 2,0 X 106 " 

.f. 6°0 X 10
6 

" 

10,5,.__...._ _ _,_ _ __. ________ ......, __ __, 

7.7 28 29 ~ 31 32 33 34 

104/T ( K -l) 

Puc. 1: 3a6ucUMocmb J102apurjJMa yoeJ1b11020 conpomu6Jle11w1 p (0.M -cw) 
o6pa31J06 noJ1u3mUJ1e11a om 06pam11ou meMnepamypbz, U3Mepe1111a51 6 pe:J1cu.He 
nocmofl1111020 moKa. 

)lna: onpe)leJieHH51 CTeneHH H3MeHeHH51 3JieKrpH'leCKHX CBOHCTB 

o6nyqettttoro MaTepttana 6b1.fm npoBe)leHu H3MepeHH51 y.lleJihHOro 

3JieKrptt'leCKoro conpoTHBJieHH51 B pe)KHMe IlOCT051HHOro TOKa B 3aBHCHMOCTH 

OT )l03bl o6nyqeHH51 H TeMneparypbi. Pe3yJihTaTbl 3KCnepttMeHTOB 

npe)lCTaBJieHbl Ha pnc. 1, me IlOK33aHa 3aBHCHMOCTb 3JieKrpH'leCKOro 

y)leJibHOro conpOTHBJieHH51 p OT o6paTHOH TeMneparypbl nptt pa3JIH'IHhIX )l03aX 

raMMa-o6nyqeHH51. bbIJIO ycTaHOBJieHO, '!TO :meprna: aKTHB3UHH yMeHhIIIaeTC51 C 

B03paCTaHHeM )l03bl o6nyqeHH51 H HOCHTeJIH 3apa:)la, nepeXO)l51T B 

KB33HCB060)lHOe COCT051HHe. )lanee 3JieKrpOHbI 3aXBaThIBaIOTC51 JIOBYIIIKaMH, 

COOTBeTCTByIDIUHMH cna60CB513aHHhIM COCT051HH51M B MaTepttane. 

3HeprH51 aKTHBaUHH np051BJI51eT TaKOe )Ke IlOBe)leHtte H nptt HettrpOHHOM 

o6nyqeHHH. Otta TaK)Ke yMeHbIIIaeTC51 C pOCTOM HettrpOHHOro IlOTOKa. 

3cpcpeKTbI, npOH3BO)lHMhie 6hICrpbIMH HettrpOHaMH B HCCJie)lyeMbIX 

MaTepuanax, 3aKJIIO'laIOTC51 B reHepauuu pa3phIBOB MaKpouenei1 nontt3THJieHa u 

o6pa30BaHHH CB060)lHhIX pa)lHKaJIOB, KOTOpbie yBeJIH'IHBaIOT 'IHCJIO HOCHTenei1 

3apa:)la, 'ITO, B CBOIO oqepe)lh, npHBO)lHT K yBeJIH'leHHIO 3JieKrptt'leCKOH 

npOBO)llll\10CTH MaTepuana. CHH)KeHtte 3Heprnu aKTHBaUHH MO)KeT 6bITb 

o6yCJIOBJieHO HapyIIIeHtteM crpyKrypbI KpHCTaJIJIH'leCKOH pellleTKH o6pa3ua. 
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3aBHCHMOCTb y.lleJibHOro conpOTHBJieHmI p OT )l03bl o6nyqeHH51 D 
npttBe)leHa Ha pttc. 2. Btt)lHO, 'ITO CB513b l\fe)KJlY BeJIII'IHHaMH pH lnD MO)KHO 

annpOKCHMHpoBaTh JIHHettHOH cpyHKUHeH BO BCeM HCCJie)lOBaHHOM )lHan330He 

)l03 OT 10
2 

)lO 10
6 

rp. Ha pttc. 3 npe)lCTaBJieHa 3aBHCHMOCTb y)leJihHOro 

conpOTHBJieHH51 o6pa3ua OT IlOTOKa HettrpOHOB. 

3 
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.l(o3a raMMa - 113ny11ett11ll (D) rp. 

Puc:. 2: 3a6UCUMocmb yOCJ1b11ozo conpomu6Jlelllm om 003bl 2a.M.Ma-u3J1y11e11u51 6 
pe:JJCU.Me nocmo511111ozo moKa omz o6pa31J06 noJ1u3mUJ1e11a. 

Cne)lyroIUHM waroM HCCJie)lOBaHH51 6bIJIO H3y'leHtte OilTWieCKHX CBOHCTB 

MaTepuanoB. Pe3yJihTaThI H3MepeHH51 OilTH'leCKOro nponycKaHH51 CTeKOJI Ha 

ocHoBe CHJittKaTOB meno'IHhIX MeTannoB Li2O-K2O u Li2O-Na2O ITO)lTBep)lHJIH 

Bbl)lBHHYTOe Ha.MM pattee npe)lITOJIO)KeHue O TOM, 'ITO 3TH CTeKJia Moryr 6bITb 

HCilOJib30BaHbI )lJI51 H3MepeHH51 )l03 B CJie)lCTBH51 )'BeJIH'leHH51 OilTH'leCKOH 

IlJIOTHOCTH C )l030H raMMa-H3nyqeHH51 B )lHana3oHe )l03 OT 0,1 )lO 1,1 KI'p. 

Han)leHa aHaJIHTWieCKa51 3aBHCHMOCTb MeiK)ly OilTH'leCKOH IlJIOTHOCTblO H 

)l030H o6nyqeHH51. )lAA CTeKOJI, CO)lep)I<3IUHX 16,6% K2O, )l030Ba513aBHCHMOCTb 

OilTH'leCKOH IlJIOTHOCTH npn )lJIHHax BOJIH 440 H 620 HM OK33aJiaCh JIHHettHOH 

BO BCeM HCCJie)lOBaHHOM )lttan33oHe. 3TOT MaTepttan MO)KeT 6bITb HCilOJib30BaH 

)lJ151 onpe)leJieHH51 )l03bl o6nyqeHH51 B )laHHOM HHTepBane. TaKHe )l03bI raMMa

H3JiyqeHH51 npttMeH51IOTC51 B TeXHOJIOrHH CTepHJIH3al(HH IlHIUH. Otttt 

HCilOJib3yIDTC51 )lJI51 yBeJIWieHH51 cpoKa xpaHeHH51 OBOIUeii H cppyKTOB, a TaK)Ke B 

pa)lHOTepanuu, )lJI5I CTepttJIH3aUHH HaCeKOMbIX, )lJI51 HHHU:HHpOBaHH51 

npttBHBO'IHOH IlOJIHMepH3aUHH onpe)leJieHHhIX MOHOMepoB H IlOJIHMepoB. 

bbIJIH TaK)Ke )leTaJibHO H3)'11eHbl 6opOCHJIHKaTHhie CTeKJia, KOTOpbie 

HCCJie)lOBaJIHCb )lO H nocne o6nyqeHH51 raMMa-KBaHTaMH nptt )l03ax OT 0, I )lO 

10
4 

fp H HettrpOHHhIMH Il)'11KaMH IlJIOTHOCTblO OT 105 )lO 109 CM-2 MeTO)lOM 

ll 



ypaHa B CTeKJie Be,lleT K B3aHMO,lleHCTBHII Me)l(.UY HeiirpoHaMH H aTm.taMH 

ypaHa. HettrpOHbI nornoIUaIOTC51, aTOMaMH 6opa, 'ITO B CBOIO OY.epe,llb 

orpaHu11uaaeT ux .ueiicrnue. O6pa3Ubl, He co.uep)l(aIUne ypaHa, 11MeKn 

B03pacrnIOIUyIO JlHHettHyI-0 3aBHCHMOCTb C pOCTOM HeiirpOHHOro qimoeuca. 

bhrna paccMorpena B03MO)l<HOCTb ucnOJib30BaHH51 TaKHX CTeKOJI npH 

H3MepeHHH ,ll03, B oco6eHHOCTH B03MO)l(HOCTb l\tHOrOKpaTHOro HCnOJ11,30B3Hl151 

COOTBeTCTByIOIUHX ,ll03HMerpoB B .uuana30lie ,ll03 OT 10·
1 

,ll0 10
4 

fp ,llJl51 raMMU-

06J1Y1IeHH51, a B CJ!Yllae 6b1crpb!X HeiirpOHOB B .u11ana3011e ,ll03 OT I 0 5 
,llO 

nop51.UKa 10
9 

CM-
2

. B CJ1Y1Iae H3Mepemrn cneICTpa pa.uuoq_ioTOJ1IOMHHecueuum1 

pe3yJJbTaTbl nOKU3bIBUIOT, 'ITO o6pa3Ubl, co.uep)l(3ll(He 0,3% npHMeCH ypaua, 

HMeIOT JIHHeHHyI-0 3aBHCHMOCTb Me)l(.uy ,ll030H 06J1Y1IeHH51 H CHrHaJIOM P<t>J1 B 

,ll030BOM ,llHanU30He 0, 1-2 X 10
4 

f p. 

O6pa3Ubl, He co.uep)l(all(He ypaHa, HMeJIH JIHHeHHYIO 3aBHCHMOCTb Me)l(.IlY 
~ 7 10 / 2 q_JJIIOeHCOM neurpoHOB u CHrHaJIOM P<t>J1 n HHTepBane 10 - 6 x 10 n CM . 

ITpuBe,lleHbl pe3yJlbTaTbl H3Mepemrn onTH'IeCKHX xapaKTepHCTHK 

o6pa3UOB noJIHBHHHJIOBOro cnupTa, co.uep)l(all(HX pa3JIH'IHb!e KOHUeHrpauu11 

npttMecn coneii pH.Ila MeTanJIOB (CoCh, Ni2SO4 u CuSO4) (CH3COO)2Cu-H2O, 

no Macce, 06JIY1IeHHhIX raMMa-KBaHTaMH .uo3oii OT 0,0 I .uo 10
4 

fp. l13yqanocb 

H3MeHeHHe nOJIO)l(eHH51 nHKOB B cneKrpaX OnTH'leCKOro nornorueHH51 C pOCTOM 

,ll03bl 06JIY1IeHmI. TaKoe 51.BJleHne 6bIJIO TaK)l(e HCCJle,llOBaHO 11 ,llJI51 cnycia51 

H3MeHeHH51. KOHUeHrpaunu HJIH copTa npuMeCH. Onpe.ueneHbl aHaJIHTH'leCKHe 

3aBHCHMOCTH H3MepeHHbIX BeJIHY.HH OT .Il03bl H3JIYY.emrn. O6pa3Ubl, 

co.uep)l(aruue 15-20% Ni
2
+ HJIH Co

2
\ ,llalOT JIHHeiiHyIO 3aBHCHMOCTb Me)K.Ily 

,ll030H raMMa-06JIY1IeHH51. H onTH'JeCKOH nJIOTHOCTblO npu ,llJIHHe BOJ!Hbl 864 HM 

B ,ll030BOM ,llHanU30He 10·
1 
- 10

3 
fp. 3TH o6pa3Ubl MoryT 6h!Tb HCnOJib30BaHbl 

,llJI51. pa3pa60TKH ,lleTeKTopOB raMMU-H3JIY1IeHHH B ,ll030BOM .uuana30He 

10·
1
-10

3 
fp. 

l13Mepemie MexaHH'leCKllX CBOHCTB ITBC npOH3BO,llHJIOCb C nOMOll(blO 

TeXHHKll ll3MepeHHH MHKpOTBep.uocTH. bbina ll3MepeHa 3aBHCHMOCTb BeJIHY.HHbl 

MllKpOTBep.uoCTH no BHKKepcy (Hv) OT ,ll03bl 06JIY1IeHH51. B .uuana30He OT 

0,01 ,llO 10
4 

fp. l13Y1IaJIOCb TaK)l(e ll3MeHeHHe 'lllCJla HOCHTeJieii 3ap51,lla, 

3aXBaY.eHHbIX .ueqieKTaMH, B 3aBHCHMOCTH OT .Il03bl, T. e. H3Y1IaJ1aCb 

:meKrponpoBO,llHOCTb o6pa3UOB. Pe3yJihTaTbl llJIJIIOCrpllpyIOT JIHHeHHYIO CB513b 

Me)l(,lly BeJIH'lllHOH MHKpornep.uocTH H ,ll030H raMMa-06JIY1IeHH51. B .uuana30He 

10·
1 
- 10

4 
fp. 3TH o6pU3Ubl Moryr fa!Tb HCnOJib30BUHbl ,llJIH .ueTeKTHpoBaHH51. 

raMMa-H3JIY1IeHHH B yKa3aHHOM .unana3oHe. 

,Uo6aBKH aueTaTa Me.UH Cu(CH3COO)2·H2O B noJIHBHHHJIOBhiii cnupT 

npu KOHUeHrpaUHHX 5, 10, ll 15% nocne 06J1Y1IeHHH raMMa-KBaHTaMH C ,ll030H 

,llO 41, 7 Kfp He OKU3aJlll HHKaKoro BJ1HHHH51. Ha onTH'leCKHe CBOHCTBa o6pa3UOB. 

bbIJIO Haii.ueHO, 'ITO HeiirpoHHble noTOKll OT 10
6 

.IlO 10
9 

CM-
2 

npHBO,llfil K 

yMeHbIIIeHHI-0 onTH'leCKOro nponycKaHII51.. Haii.ueHa aHaJIHTH'leCKM 

3aBHCHMOCTb, onpe.ueAAIOIUM CBH3b Me)l(,lly onTHY.eCKOH IlJIOTHOCTblO ll ,ll030H 

14 

l 
:\ 

t 

ueiirponnoro 06nY1IeHH51.: (JJ = Aexp(BO), r.ue (JJ - qin10eHc HeiirpoHoB, 

() - onTH'IecKaH nJIOTHOCTb, A H B - KOHCTaHTbl. Cpe.UHH51. KBa.upaTH'IHa51 

norpeIIIHOCTb pacC'IHTaHHbIX BeJIHY.HH no '.HOH qiopMyne no cpaBHeHHIO C 

}KCnepnMeHTaJlbHO ll3MepeHHb!Mll BeJIHY.HHaMH He npeBb!IllaeT 5%. 

flpe.ucTaBJleHbl pe3yJlbTaThl H3Y1IeHH51 KOMn03HUHOHHOro MaTepuana 

(nOJIHTerpaqiTOp03THJieH + Pb2O3), noKa3aBIIIero ce651 xopOIIIHM .ueTeKTopoM 

raMMa-H3JIY'leHH51.. TTocKOJibKY ucnOJib30BaHHe .uamrnro KOMn03UTa 

npe.ucTaBJI51.JIOCb nepcneKTIIBHblM, npou·3B0,llHJIHCb" ll3MepeHH51. cnrnana PTJ1 
4 

o6pa3UOB B 3aBHCHMOCTH OT ,ll03bl B .unana30He OT 0,01 ,llO 10 fp. Pe3yJihTaTbI 

,llalOT JIHHeiiHyIO 3aBHCHMOCTb CHrHana PTJ1 OT ,ll03hl raMMa-06JIY1IeHH51. B 

HHTepnane 10-
2 
-10

3 
fp. 3n1 o6pa3Ubl MoryT 6bITb HCTIOJlb30BaHbl ,llJI51 

onpe.ueneHH51. raMMa-)lo3 B yKa3aHHOM HHTepnane. 

)],pyruM coe.unHeHHeM, TaK)l(e paccMarpunaeMhIM KaK nepcneKTHBHOe 

,llJl51. H3MepeHIJ51. He TOJibKO raMMa-KBUHTOB, HO H neiirpOHOB, HBJIHJIC51. 

mroTOBJleHHbIH HaMH cnJiaB repMUHHH ll cepbl (1 :3) no Macce. 3TH o6pa3Ubl 

6hIJIH HCCJie,llOBaHbI MeTO)lOM H3MepeHII51. cneKrpOB PTJ1 ll TIOKU3aJlll JIHHeiinyIO 

3aBHCHMOCTb CHrHana PTJ1 OT .U03bl 06JIY1IeHH51. BO BCeM ,U030BOM .unana30He OT 

0,01 ,llO 20x10
3 

fp ,llJI51. raMMa-KBUHTOB (puc.6) ll OT 10
5 

.uo 10
10 

CM-
2 

.UJI51. 

HeiirpoHOB (puc.7). OHH MoryT 6bITb HCTIOJib30BaHbI ,llJI51. onpe)leJleHHH .U03bl 

raMMa-H3Jiy'leHH51. H HeiirpOHOB B yKa3aHHhIX BbIIIIe HHTepnanax. 

B 11ernepTOH mane npe,llCTaBJieHbl pe3yJihTaTbI 06ny11eHHH T51.)l(eJibIMH 

HOHUMH aJIMU30B (npnpo.uHoro H CHHTeTII'leCKOro ), BhICOKO- H HH3KOOMHbIX 

o6pa3UOB MOHOKpHCTaJIJIII'leCKOro KpeMHHH, HMITJiaHnipOBaHHOro HOHaMH 

6opa H qiocqiopa. ,UJIH H3YlleHIIH crpyh."T)'Pbl nonepXHOCTII o6pU3UOB aJIMa3a, 

06JIY1Iennh1x noHaMH aprona, KpHnToHa H KcenoHa c :meprneii E ~ 1 M::iB/a.e.M 

HCnOJib30BaJIHCb CKanupyIOIUM 3JieKrpOHHM MHKpOCKOnII51., TYHHeJlbHM 

MIIKpOCKOnII51. II MeTO,ll o6parnoro pe3epcpop,llOBCKOro pacce51.HII51.. 

O6pU3UbI npnpo.unoro aJIMU3a 6bIJIH 06JIY1IeHbl HOHaMH KCeHoHa C 

3Heprneii 124 M::iB II noTOKOM 5xl0
15

Hon/cM
2 

u aproHa c ::itteprneii 25 M::iB n 

noTOKOM 8x 10
15

noH/cM
2

. Tiocne 06JIY1IeHII51. HOHaMH KCeHOHa 6hIJIO 

o6Hapy)l(etto o6pmoaanHe KpaTepoB. B CJIY1Iae 06nY1IeHHH HOHaMII aproHa 

KpaTepbI He Ha6J110,llaJIHCb (pHc.8), HO npOHCXO,UIIJia nOJIHM aMOpcpH3aUII51. 

noaepxHOCTHOro CJIOH. O6pU3UbI CIIHTeTH'leCKOro aJIMU3a c .uo6aBKOH 0,05% 

6opa B npHnOBepXHOCTHblH CJIOH ,llJIH C03,llaHII51. npOBO.IlHIUero CJIOH 6hIJIH 

06nY1IeHhI IIOHaMn KpttnTOHa c ::iHeprneii 210 M::iB n noTOKOM 10
12 

IIOH/cM
2

. 

O6Hapy)l(eHbl rpeKH II BbICTYITbI (KpaTepbI) Ha IIOBepXHOCTH. IlJIOTHOCTb 3THX 

rpeKOB COBna.uana C TIJIOTHOCTbIO TIOTOKa HOHOB KpHTITOHa. 3To n03BOJIIIJIO 

npe.unonaraTb, 'ITO rpeKII o6ycJIOBJieHbI HH,llIIBH.IlYaJibHblMII llOHaMH. PU3Hhle 

CTJ)YKTYPhI, B03HHKUIOIUIIe B pe3yJihTaTe 06JIY1IeHII51. pU3JIII'IHblMII llOHaMH, 

Moryr 6hITb o6bHCHeHbl CTeneHblO Harpena MaTepHana o6pa3ua B 3aBHCllMOCTII 

OT KOJIH'leCTBa TeITJia, nepe.uanaeMoro 6oM6ap.uHpyIOIUIIM II0H0M. 

15 
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Puc.6: 3a6ucUMocmb cu2Hww PTJI om 003 2a.MJl,ta-u3J1Ylfe11uil 01m cmzarw 
z.epMaHU5/ u cepbl. 
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Puc 7: 3a6UcUMocmb cu2HaJia PTJI om Heiimpo11Ho20 pmoe11ca OJ/51 cmzar-m 
z.epMGHU5/ u cepbl. 

TeMneparypa BHyrpll 

7~=( d.E/dx)ueyr/n:R2C'p; r,ue 
-rpeKa MO)KeT 6bITb 

(d.E/dx)ueyn - HeynpyraJI 

16 

onpe.ueneHa KaK 

n0Tep11 3Heprntt 

( onpe.uem1eTC51 c nOMOLUhlO KOMilblOTepHoii nporpaMMbI TRIM), R- pa,uHyc 

TpeKa, C - Tennoel\lKOCTb H /J - nnoTHOCTb MaTepHana MHWeHH. lfocneHHble 

3Ha1.Jemrn tteynpyrnx noTepb 3Hepnrn, npo6era H pa.uHyca -rpeKa HOHOB 

KCeHoHa, KpHnToHa H aproHa npe.ucTaBneHbl B Ta6nm1e 3. EcnH Tel\meparypa 

BHYTPH -rpeKa Bb!We TeMnepaTypb! KHileHHll MaTepHana l\iHWeirn, TO npouecc 

HCnapeHHll C noBepXHOCTH o6pa3ua MO)KeT Hl\leTb MeCTO. 3.uecb none3HO BBeCTH 

IlOHllTHe IlflOTHOCTH KpHTHlJeCKOH MOLUHOCTH (Wcr)- 3TO IlflOTHOCTb MOLUHOCTH, 

BbIWe KOTOpOH MaTepnan HalJHHaeT HCnapllTbCll C IlOBepXHOCTH 06pa3ua. 

Wcr = x /Xp!?-, r.ue x -Ko3cpqmuneHT TennonpoBO.IlHOCTH, L - y.uemHall TennoTa 

ncnapeHHll, X -rny6HHa H r - pa.uHyc ncnapettttoro cnoll, p - nnoTHOCTb 

MaTepnana MHWeHH. nnoTHOCTb l\lOLUHOCTH, BHOCHMOH 60!\16apm1py10LUHI\IH 

nmiaMH, 060JHa1.Jetta KaK W10n. 

Ta6m11.1a 3.lJ.11c;1e1111b1e :111al/e1Iw1 11ey11py<'11X 110111ep1, :111ep,0 1111, 11po6e,0 a II par>11ycb1 mpe, . .-a 
11mwr1 129Xe, s;Kr 11 ;:JAr r; wu1a:1e II xpo.,w11111-:e:1erw1i cma:111 

3ttepnrn AnMa3 XpoM0Hl!KeJJeBa51 CTaJJb 

Hott M38 ( dE/ dx )ind, Rr, Re. ( dE/dx),nd, Rr, R.c. 

M3BIMKM MKM A M38/MKM MKM A 

Xe 124 25 6,34 50 33,6 5,38 50 

Kr 210 19 13,9 47,6 

Ar 25 9 3,78 42 

a 6 1; 

Puc 8: 1Io«epx11ocmb wwa3a i)o 06J1y'le1111R (a), noCJ1e 06J1y•ie11w111011a.11111-:cc1w11a 

nomoK0M <Pt=5x]015 11011/c;,} (6) 111/0ltaa\lll ap?o11a IJ0ll10K0.II (}Jt~Nx/0
15 

11011 c.,/ (<,}. 

17 



Ynopl!,10,1ettttID1 

KpHCTa.JLlH 'leCKID! 
OfoaCTb BbICOKHX 3,leKTpOHHbIX pellleTKa C.1011 
110HH3lll.(HOHHbIX noTepb.B TIOH \ HMn,1aHTlll.(11f 

r:x:." 
N 

Hott 

06.rraCTH TeMneparypa Bblllle 

Te~mparypbl illHlBJJeHHll. 

XHcn 

Hcnapetttto-

KOtt,nettcupoBatttthie / fpattuua M'e)l()zy ~ 

'laCTHUbl. I peKpHCTa.JIH30BattHOH H 

PeKp11CTa.Jil130BaHHID! noepe)l(.!leHHOH 06.rraCTl!MH. 
cep.nueeutta TpeKa c .ne<jleKTaMu 

OCTa 

RI 

Puc 9: CxeMa mpeKa e meepOOM meJle nocJle ezo 06J1y1.JeH1.m mflJFCeJlbtMU 
UOHGMU c 3Hepiueu, npeeblutaJoUf.eu I M3Bla.e.M. 

EcJIH BeJIWIHHa ~on Bhlllle Wcr, TO MaTepnaJI HaqnHaeT HHTeHCHBHO 

ucnapHThCH. ~on = L1El(nr2to), r.ne LJE - :meprnH, BHeceHHM T51.)KeJihIM noHOM 

tta :meMeHT o6LeMa UHJIHH,npa V c Bhicornii X n pa,nnycoM r (rny6nHa n pa,nnyc 

HCnapeHHOro CJIOH 6bIJIH H3MepeHbl nocpe.ncTBoM ryHHeJihHOH MHKpOCKOIIHH), 

a tn - BpeMH npoJieTa noHa Ha rny6nHy X. Tor,na t0 = X/(2EIM)°,5 , r.ne M - Macca 

T51.)KeJioro HOHa, a E - ero :meprHH. BeJinqHHbl IIJIOTHOCTH KpnTnqecKOH 

MOIUHOCTH aJIMa3a H xpoMOHHKeJieBOH CTaJIH H IIJIOTHOCTH MOIUHOCTH, 

BHOCHMOH 6oM6ap,nnpyroiunMH HOHaMH KpHIITOHa, aproHa n KCeHOHa, 

npe.ncrnsJieHhI B rn6Jinue 4. PacqeThI .na10T: 

Wxe = 6,6x I 013 
BT/cM

2
, WKr=8,8x I 013 BT!cM2, 

WAr = l,92xl0
13 

BT/CM
2
, Wcr = l,25x1Q 13 BT/cM2. 

18 

Ta6nuua 4. Bellll 1/U/lbl IIJ10m11ocmu Kpumu•iecK0ll M0U/H0Cmu Cl!IMCl3a u xpoM0HUKe!le60U 
cmwm 11 1mom11ocmb ,uou11wcmu, 611ocu;uo11 60J1-16apoupy10u111Mu uo11a.Mu Ar, Kr u Xe 

11011 3tteprm,, AJ!Ma3 XpoMOHHKeJJeB!IB CTaJlb 

M::iB Wcr Wion Wcr Jf';on 

;<)Ar 25 (0,23- l,25)x 1013 1,92 xl0 13 - -

.. Kr 210 (0,23-1,25) xl0 13 8,88 xl013 - -
u,Xe 124 (0,23-1,25) X 1013 6,61 xl0 13 6,69 X 1010 9,2 xl013 

TeMneparypa nJiaBJieHH51 aJIMa3a Tm = 4300 K, a paccqnTaHHM 

TeMrieparypa BHYTPH rpeKOB KCeHoHa, KpHIITOHa n aproHa - Txe = 7557 K, 
T Kr = 6343 K n T Ar = 3856 K. TeMneparypa BHYTPH rpeKOB KceHOHa n 

KpHIITOHa Bhlllle TeMneparyphI IIJiaBJieHH51 aJIMa3a, a IIJIOTHOCTh MOIUHOCTH, 

BHOCHMM 3THMH HOHaMH, B HeCKOJihKO pa3 Bhlllle IIJIOTHOCTH KpHTHqeCKOH 

MOIUHOCTH aJIMa3a, qTo He BbIIIOJIHHeTCH MH aproHa (rpeKOBM TeMneparypa 

MeHhllle TeMneparypbI IIJiaBJieHHH, a IIJIOTHOCTh MOIUHOCTH cpaBHHMa C 

IIJIOTHOCThIO KpHTnqeCKOH MOIUHOCTH aJIMa3a). 3THM MO)KHO o6'hHCHHTh 

pa3HHUY B IIOJiyqeHHhIX pe3yJihTaTaX. Tipouecc ncnapeHH51 MO,KeT 

riponcxo,nnTh, ecJin ~on> Wcr n T1 > Tm n qacTh ncnapeHttoro MaTepnana 

KOH,L(ettcnpyeTCH Ha HeO,L(HOpO,nHocrnx IIOBepXHOCTH o6pa3ua, 06pa3y51 

KpaTepbl. l13MepeHH51 IIOKa3hlBaIOT, qTO o6JiyqeHHM qaCTb IIOBepXHOCTH HMeeT 

CHIDKeHHYJO 3JieKrpOIIpOBO.L(HOCTh. 3TO MO)KeT 6bITb CBH3aHO C o6pa30BaHneM 

rpeKOB. ,[J,JI51 o6'b5ICHeHH51 l\ieXaHH3Ma o6pa30BaHH51 rpeKOB MOryT 6bITh 

HCIIOJlb30BaHb! MO,L(eJin Tepl\rnqecKoro IIHKa H KYJIOHOBCKOro B3pbma. 

MexaHH3M repMWiecKoro nnKa Han6oJiee 3cpcpeKTHBeH B Beiuecrnax, 

o6Jia.L(aIOIUHX HH3KOH TeIIJIOIIpOBO.L(HOCThIO, qTo o6ycJIOBJIHBaeT BpeMH )Kli3HH 

neperperoii o6JiacTn (rpeKa rn,KeJioro noHa), ,nocrnrnqttoe ,nJIH npoxo)K.L(eHH51 

npoueccoB peKpHCTaJIJIII3aUHH, H ,np. MexaHH3M KYJIOHOBCKOro B3pbIBa 

0Ka3hIBaeTC51: 6oJiee 3cpcpeKTHBHhIM .L(JIH cnyqaH CBepxrnep,nhIX 

IIOJiynpoBO.L(HHKOB. 3TOT MexaHH3M o6pa30BaHH51 rpeKOB MO,KeT OIIHChIBaTh 

KpHCTaJIJihl, o6Jia.L(aIOIUHe B03pacTaIOIUeii 3JieKrponpOBO.L(HOCThIO, 

II03BOJI51:IOIUeii HeiirpaJIH30BaTh 3apH)KeHHhie HOHhl. ArrMa3, 51:BJI51:IOIUHHC51: 

xopOllIHM H30JIHTOpOM, MO)KeT .nep)KaTb 3ap51:)KeHHbie HOHhl B KpHCTaJIJie B 

TeqeHHe MHTeJihHOro npoMe~a BpeMeHH. 3TOT npoMe~OK .L(OCTaTOqno 

60JihllIOH H II03BOJIHeT HOHH3HpOBaHHhIM aTOMaM ( o6pa30BaHHhIM B npouecce 

3JieKrpOHHOro TOpMO)KeHH51) IlOKHffYTh CBOH Mecrn B pellleTKe. MO)l(HQ 

npe,nnoJiaraTb, qTo tteo,nttopo,nHOCTh pacnpe,neJieHH51 rpeKOB B CHHTeTWieCKOM 

aJIMa3e o6ycJIOBJieHa neo,nHopo,nHOCThIO 3JieKrpOIIpOBO.L(HOCTH, T. e. 

HeO.ll,HOpO.ll,HhIM pacnpe,neJiettneM 6opa B aJIMa3e. 3TO MO,KeT 6bITh 

pe3yJihTaTOM MopcpoJiornqecKOH HeycrniiqHBOCTH BblpaIUHBaHH51: H 

neO.ll,HOpO.ll,HOro BBe.ll,eHHH 6opa B aJIMa3. ,[J,JIH IIOJiyqeHH51 0.L(HOpO,nHOH 

19 



CTJ)YK1YJ)H3aIJ:HH IIOBepXHOCTH aJIMa3a ( C Bh!COKHMH HOHH3aU,HOHHhIMH 

xapaKTepHCTHKaMH) Ha;:i:o o6n)"IaTh o6pa3u,hI aJIMma H3omnopa 

(HeJierHpOBaHHOro 6opoM) O.UHOPO.UHhlM II)"IKOM T5DKeJihIX HOHOB. 

Ha OCHOBe 3KCIIepHMeHTaJlhHhIX .uaHHhIX, IIOJI)"IeHHhIX B .uaHHOH pa6oTe, 

6brna pmBHTa Mo.uenh CTJ>YKTYPhl TJ)eKa, rrpe.ucrnBJieHHaJI Ha pHc.9. 

O6pmoBaHHe KpaTepoB B paMKax pa3BHTOii MO.UeJIH CTJ>YKTYPhI TJ)eKa 6bmo 

ofo,RCHeHO rrpou,eccaMH HcrrapeHHR aJIMa3a BCJie,UCTBHe HarpeBa B o6naCTH 

TJ)eKa .uo TeMrrepaTyphl, rrpeBhIIIIaiom:eii TeMrreparypy Hcrrapemrn, c 

IIOCJie,uy101u,eii KOH,!leHcau,Heii qacTH HCrrapeHHOfO MaTepHana Ha IIOBepXHOCTH 

o6pmu,a. 3m MO,UeJib OKa3bIBaeTCR rrpHMeHHMOH If .UJIR xpoMOHHKeJieBOH 

CTaJIH. 

,[(anee B 3TOH rnaBe rrpe.UCTaBJieHhl pe3yJihTaThI HCCJie,UOBaHHR o6pa3UOB 

MOHOKpHCTaJIJIIfqeCKOro KpeMHHJI n-THIIa MapKH K3CD-4,5 (KpeMHHR, 

nernpoBaHHOrO cpoccpopoM) H p-THIIa MapKH K,[(TI-10 (KpeMHHR, 

JienipOBaHHOrO 6opoM), HMIIJiaHTHpOBaHHhIX HOHaMH 6opa, HeoHa, aproHa H 

KpHilTOHa Ha U,HKJIOTJ)OHax I1U-100 H Y-400 rrpH TeMrreparype 70 °C. 
Hccne.uoBaHHR o6JI)"IeHHhIX o6pa3U,OB rrpOH3B0.UHJIHCh MeTO,UaMH 

peHTreHOBCKOH .UH<ppaKTOMeTJ)HH, H3MepeHHR corrpoTHBJieHHR pacTeKaHHR H 

cnoeBoro corrpoTHBJieHHR rrpH IIOTOKax B ,uHarra30He 8x10
13 

- 8x10
14 

CM-
2

. 

TipHBe,ueHhI pe3yJihTaThI IIO H3MeHeHIUO CJIOeBoro 

3JieKTJ)OCOIIpOTHBJieHHR If corrpOTHBJieHHR pacTeKaHHR, B TOM qifcJie If npH 

nocnepa,n:HaU,HOHHOM ODKHre B KpeMHHH, o6JI)"IeHHOM pa3JIIfqHhIMH TR)KeJibIMH 

HOHaMH. Ha OCHOBe 3THX pe3yJihTaTOB c.uenaHhl ou,eHKH IIIHPHHhl HOHHO

JierHpoBaHHoro CJIOR H ero TepMOCTa6HJihHOCTH. TIOKa3aHo, qTo HOHHOH 

HMnJiaHTaU,Heii rrpHMeCH 6opa B MOHOKpHCTaJIJie KpeMHHR Ha 60JihllIHX 

rny6HHax y.uaeTCR C03.UaTh rrpoBO.URIIIHe CJIOH, KOTOpble OCTaIOTCR 

TepMOCTa6HJihHhIMH BO BpeMR rroc:rrepa,n:HaU,HOHHOro rrpou,ecca 

peKpHCTaJIJIH3aU,HH .ueCTJ)YKTHpOBaHHOfO CJIOR. O6cy)K.llaIOTCR pe3yJlhTaThl no 

H3MeHeHHIO rrepHO,Ua peIIIeTKH KpeMHHR B 3aBHCHMOCTH OT cpmoeHCOB TR)KeJibIX 

HOHOB [3x 10
14

- 10
15 

HOH!CM
2
] IIO rny6HHe HOHHO-HMIIJiaHTHpOBaHHOrO CJIOR. 

bhIJIO Haii.ueHO, qTo nepHO.U KpHCTaJIJIHqecKOH peIIIeTKH yBeJIIfqlfBaeTCR C 

YBeJIHqeHHeM cpmoeHca 60M6ap,uHpyrom:0x HOHOB .uo orrpe.ueneHHOro npe.uena 

(TaK Ha3hIBaeMhIH noporOBhIH cpmoeHc), IIpH KOTOpOM KpHBaJI 3aBHCHMOCTH 

3THX BeJIIfqlfH BhIXO.UHT Ha HaChIIU,eHHe. C.uenaHhI ou,eHKH KOHIJ,eHTJ)aU,HH 

BaKaHCHH If npoBe,UeHO cpaBHeHHe C pacqeTHhIMH 3HaqeHHRMH. TIOKa3aHO, 4TO 

peKpHCTaJIJIH3aU,HR CJIOR, .uecTJ)yKTHpoBaHHOro BhlCOK03HepreTttqecKHM 

HOHHhIM o6JI)"IeHHeM, HMeeT Te )Ke CTaLi;HH OT)KHra, qTO H CJIOH KpeMHHR. 

B KoHu,e rnaBhI rrpe.ucrnBJieHhI, pe3yJihTaThI Hccne,uoBaHHR CTJ>YKTYPhI 

IlOBepXHOCTH Hep)KaBe10meii CTaJIH, KOTOpa51 6hrna o6JI)"IeHa rn)KeJihIMH 

BhICOK03HepreTH4eCKHMH HOHaMH KCeHOHa C 3Heprneii 124 M3B npH BhlCOKHX 

nJIOTHOcrnx II0TOKOB OT 10
15 

.uo 2x10
16 

CM-
2 

npH IIOBhIIIIeHHhlX TeMneparypax B 
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)mana30He OT 400 °C .uo 650 °C .um1 TOro, '-IT06hI CMO.UeJIHpOBaTh npoueCChl, 

npoHCXO.URIUHe B peaKTopax. bhlJIO o6ttapy)KeHO, '-!TO Ha noBepxHOCTH 

xpoMOHHKeJieBOH CTaJIH o6pa3yroTCR MHKpOHfOJlh'-laThie CTJ)YKTYPhl 

npaBHJlhHOH cpopMbl, BhICOTa KOTOpb!X yBeJIH'mBaeTCR no Mepe B03pacTUHWI 

HOHHOro nOTOKa. MeTO.UOM peHTreHOBCKOfO MHKpOaHaJIH3a 6bIJIO noKa3aHO, 

'-!TO o6pa30BaBlllaRCR CTJ)yKTypa HMeeT nOBhillleHH0e co.uep)KaHHe )KeJie3a 

(83,237%) H yMeHhllleHHoe co.uep)Kamte xpoMa (10,711%), MarHHR (0,492%), 

HHKem1 (5,341%) H THTaHa (0,218%) .• 

Ha 0CH0Be nony•1eHHhlX 3KCnepmteHTaJihHhlX .uaHHh!X pa3BHTa 

cpeHOMeHOJIOrH'-!eCKaJI 1\10.UeJih, o6b51CH51IOIUa51 o6Hapy)KeHHhIH 3cpcpeKT 

o6pa30BaHHR Hf0Jlh'!aThlX CTPYKTYP C JJieMeHTHhIM COCTaBOM, 0TJIH'-laIOIUHMC51 

OT HCX0.UH0fO COCTaBa Hep)KaBeIOIUeH CTaJIH. O6cy)K.ueHbl cymecrnyIOIUHe 

MexaHH3Mhl o6pa30BUHH51 KOHH'-leCKHX CTJ>YKTYP H M0,UeJih Heynpyroro 

pacnhIJieHHR noBepXHOCTH. 

B 3aKJIIO'!eHHH .UHCCejJTaUHH npHBe.ueHhl OCHOBHhle pe3yJihTaThl pa60Thl 

H Bh!BO.llhl. 

OcHOBHble peJVJihT~lTbl, noJ1r1eHHble B 11,11ccep-raqm1 

I . l1ccne,uoBaHHe nonHJTHJieHa B Ka•1ecrne .U03HMeTJ)a raMMa-H3JIY'Iemrn B 

HHTepBane 102 - I 0 6 
rp H .ueTeKTopa 6bICTJ)hIX HeHTJ)0H0B B .unana30He 

108-10 11 HlcM2 MO)KeT 6hITh HCn0Jih30BaH0 B pa3Hh!X o6nacrnx pa.UHOTepanHH, 

.UJl51 H3MepeHHR aBapHHHhIX .U03, a TaK)Ke npH H3MepeHHRX 60JihllIHX .U03 B 

pa.u11aU,HOHHhlX TeXHOJI0rHRX. MeTO.U onpe.ueneHH51 .U03hl H3JIY'-leHH51 COCTOHT B 

H3MepeHHH H3MeHeHHR JJieKTJ)Onp0B0.UH0CTH nOJIH3THJieHa. MeTO.U 

3cpcpeKTirneH H 51"BJI51eTC51 Hepa3pylllaIOIUHM, TO eCTh o6pa3Uhl MoryT 6bITb 

HCn0Jih30BaHhl MH0roKpaTH0. 

2. TToKa3aHo, '-ITO cTeKJia c npHMeChIO K 2O (aHanorwrno Na2O) MoryT 

npHMeH51"ThCR B .U03HMeTJ)HH nYTeM HCnOJih30BaHH51 H3MeHemrn OnTH'!eCKOH 

ITJI0TH0CTH CTeKJia B 3aBHCHMOCTH OT .U03hl H3Jiy'-leHH51. 4yBCTBHTeJibH0CTb 

CTeKJia K raMMa-H3JiyqeHHIO yBeJIH'IHBaeTC51 C p0CT0M co.uep)KaHH51 K20. 
l13MeHeHHe nJI0THOCTH nerKO <pHKCHpyeTC51 H xopollI0 BOCnpOH3B0.UIITC51. 

MeTO.U .U03HMeTJ)HH Ha 0CHOBe CTeK0JI npH OTHOCHTeJibHO He60JihllIHX 3aTJ)aTax 

no3B0JIReT onpe,ueJIRTb HHTerpaJihHhie .U03bl. O6pa3U,hl, co.uep)l<aIUHe 

16,6 MOJI51pHhlX % K2O, MoryT 6hITh npHMeHeHbl .llJIR onpe.ueneHH51 .U03 raMl',ta

H3JIY'leHHR B HHTepBane 0, 1-1, I Krp. 

3. O6Hapy)KeHO, 4T0 npH HCn0Jih30BaHHH 6opoCHJIHKaTHblX CTeK0JI B Ka,1ecrne 

TepMOJIIOMHHecueHTHhlX .U03HMeTJ)OB .uo6aBKa U,O8 B KOJIH'-lecrne 0,4 °o 
cymeCTBeHHO noBh!lllaeT '-IYBCTBHTeJibHOCTb K raMMa-H3JIY'IeHHIO. 3TH o6pa3Ubl 

MOrYT 6bITh HCnOJih30BaHhl .llJl51 H3MepeHH51 .U03 raMMa-H3JIY'-leHH51 B HHTepBane 
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10·
1 
- 10

4 
rp. Tipu ,neTeKTupoBaHtttt 6b1CTPbIX HettTPOHOB Hau6omwyIO 

qyBCTBHTeJibHOCTb IlOKa3aJIH CTeKJia, He co,nep)Kallllle U30g. TaKtte o6pa3Ubl 

MOrYT 6b!Tb HCilOJib3OBaHbl MR )leTeKTttpOBaHttR 6hICTPblX HeHTPOHOB B 

.nuana3oHe 105-109 
HlcM

2
. 

4. YcTaHOBJieHo, qTo JIHTtteBble 6opOCHJIHKaTbl, KaK co,nep)KallJtte, TaK u He 

co.nep)KallJtte .no6aBKH ypaHa, MOrYT 6b!Tb HCilOJib3OBaHbl B Kaqecrne 

Q}OTOJIIOMHHecueHTHblX )lO3HMeTPOB. ,[(JIR )lO3HMeTPttll KaK raMMa-KBaHTOB B 

.nuana3oHe 10·
1 
-2x 10

4 
rp, TaK u 6bICTPbIX HettTPOHOB ( o6pa3l.(hI, He 

co.nep)Kamue ypaHa) B ttHTepBane IO 7 -6x 1010 
HlcM2 MO)KeT 6bITh ucnOJib3OBatto 

B036y)K)leHtte ll3Jiyqem1eM C MHHOH BOJIHbl 250 HM. 

5. Y CTaHOBJieHo, qrn noJittBttHttJIOBhIH cnupT, co,nep)KallJtttt 15-20 % Co ttJIH 

Ni, o6Jia,naeT npeuMymecrnaMu npu tt3MepeHttu ,no3 raMMa-ll3JiyqenttR B 

.nuana3oue OT 0,1 ,no 10
4 

rp. Tipu xpaueHuu o6JiyqeHHhIX 06pa3u0B npu 

KOMHaTHOH TeMnepaTYPe yMeHbIIIeuue HX OilTttqecKOH IlJIOTHOCTH COCTaBJIReT 

He 6oJiee 15-25 % 3a 18 CYTOK. 

6. HccJie,noBaHttR MHKpornep,nocTtt 06JiyqeHHOro TIBC noKa3aJitt, qrn 3Ta 

Q}ll3uqeCKM xapaKTepttCTHKa npe)lCTaBJIReT uatt60JibllIHH HHTepec C TOqKH 

3peHHR raMMa-)lO3HMeTPHH ll pa,nuauuouuott 6e3onaCHOCTH. 3TH o6pa3Uhl 

MOrYT 6b!Tb HCilOJlb30BaHbl MR pa3pa60TKH )leTeKTopoB raMMa-ll3JiyqenttR B 

unTepBane 10·
1 
- 10

4 
rp. TexnuKa tt3MepenttR MttKpornep.nocTu ue,nopora, He 

CBR3aHa C npttMeHeHtteM TOKCuqecKHX MaTepttaJIOB ll OCHOBaua Ha npRMhIX 

ll3MepeHHRX. 

7. TioKa3aHo, qTo tt3MeHeHue onTuqecKott nJioTuocTtt TIBC, co,nep)Kamero 

aueTaT Me)ltt B pa3JIHqHbJX KOHI.(eHTPaUHRX, MO)KeT 6b!Tb HCilOJib3OBaHO )lJIR 

,neTeKTupoBauu.ll 6bICTPhIX HettTPOHOB B uuTepBane 105 - 109 HlcM2. TaKott 

)l03HMeTP 06Hapy)KHBaeT CJia6oe ll3MeHeuue OTKJIHKa IlOCJie 45 CYTOK 

xpaHeHHR npu 20 °C, qrn RBJI.lleTCR ero npettMyIUeCTBOM. 

8. 11ccJie)lOBau KOMil03lll.(HOHHhIH MaTepttaJI ua OCHOBe IlOJIHMepa C npttMeCblO 

Pb203. TioKa3aHo, qTo 3TOT KOMTTO3HT y.no6eu MR H3MepeHHR ,ll,O3 raMMa

tt3JiyqeHH.ll B ,nuana3oue OT 10·
1 

,no 103 
rp. Tia,neHue cBeTOcttJihI nocJie 15 CYTOK 

xpaHeHttR o6nyqeHHoro ,neTeKTopa npu KOMHaTuou TeMneparype ue 

npeBbIIIIaeT 4-5%. 3Ta )lO3HMeTPttqeCKM CHCTeMa npe)lCTaBJIReTCR BeCbMa 

nepcneKTHBHOH. 

9. TIOKa3aHa Bbl CO KM 3cpcpeKTUBHOCTb ll qYBCTBHTeJibHOCTh 

TepMOJIIOMHHecueHTHblX )leTeKTopoB Ha OCHOBe aMopq>Horo cnJiaBa GeS MR 

ll3MepeHHR ,ll,03 raMMa- ll HeHTPOHHOro ll3JiyqenttR. Ba)KHhJM ,ll,OCTOHHCTBOM 
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RBJIReTCR OTCYTCTBtte HII3KOTel\meparypubIX IlllKOB. Tipe,neJibl ,neTeKTupoBaHH.ll 

)lJIR raMMa-ll3JiyqeHHR - OT 0,01 rp )lO 20 filP, a MR 6hICTPbIX HeHTPOHOB - OT 

105 
)lO 10 11 

CM.
2

. 

I 0. vlccJie)lOBaHHR MOpQ)OJIOrttll noBepxHOCTH o6Jiyqeuuoro HOHaMtt aJIMa3a 

[1O3BOJIHJIH ycTaHOBHTb o6pa30BaHHe TPeKOB (u KpaTepoB) B MeCTaX 

coy napemrn TR)KeJibIX IIOHOB, qTo MO)KeT. CJIY)KUTb OCHOBaHtteM )lJI.lI CO3)laHH.ll 

MttKpOCTPYKTYP Ha OCHOBe TOHKIIX nJieHOK CHHTeTuqecKoro aJIMa3a, KOTOpbie 

HMelOT 60JihIIIHe nepcneKTHBbl B uaHO3JieKTPOHHKe, r.ne TPe6yeTCR BbICOKM 

MexauuqecKM ll TepMuqecKM CTOHKOCTb. 

Ha OCHOBe pe3yJihTaTOB 3KcnepttMeHTaJihHblX HCCJie)lOBaHHH 

06Jiyqe1moro TR)KeJibIMII IIOHaMH aJIMa3a pa3BIITa cpu3uqecKM MO)leJib 

B3attMO)lettCTBHR 3TIIX HOHOB co CTPYJCTYPOH aJIMa3a. 3Ta MO)leJib npttMeHttMa 

MR xpoMOHttKeJieBOH CTaJIH. . 

11. y CTaHOBJieHhl KpHTepuu o6pa30BaHH.ll KpaTepoB npu 6oM6ap,nupOBKe 

ITOBepXHOCTH npttpO)lHOro aJIMa3a, JierttpoBaHHOro 6opoM: BHYTPH TPeKOBaR 

TeMneparypa npeBhIIIIaeT TeMneparypy nJiaBJieHH.ll, u nJIOTHOCTb BHeceuuou 

MOllJHOCTH npeBbIIIIaeT noporOBOe 3HaqeHtte IlJIOTHOCTH MOll!HOCTII ucnapeHHR. 

B 3TOM cJiyqae BO3MO)KeH npouecc ucnapeuu.ll c nocJieJlYIOmeu Kou,neHcauuett 

Ha IlOBepXHOCTH. 

12. Y CTaHOBJieHbl BeJinqttHhl KpttTttqeCKOH IlJIOTHOCTH MOll!HOCTH MaTepttaJia 

aJIMa3a lI IlJIOTHOCTH MOIUHOCTH, BHOCHMOH 60M6ap,ll,ttpYJOll!lIMH HOHaMtt 

KCeuoua, aproua H KpIIIlTOHa MH pa3JillqHbJX YCJIOBHH o6JiyqeHHR 

MOHOKpllCTaJIJIOB aJil\ta3a HOHaMH. ,[(JI.ll HOHOB aproua C 3Heprttett 25 M3B 

IlJIOTHOCTb MOIUHOCTH paBHa l,92xl013 
BTICM

2
, )lJI.lI KCeHOHa C 3Hepruett 

124 M3B IIJIOTHOCTb MOll!HOCTH paBHa 6,6xl0 13 
BTlcM

2
, MR KpttnTOHa c 

3Hepruett 210 M3B IlJIOTHOCTb MOIUHOCTH paBua 8,8xl013 
BT/cM

2
, KpttTuqecKM 

IlJIOTHOCTb MOIUHOCTH aJIMa3a COCTaBJIHeT l,25xl013 
BT/cM

2
. <l>aKTUqecKM 

IlJIOTHOCTb MOII.(HOCTH, BHOCHMM HOHaMtt aproHa, cpaBHHMa C KpIITttqecKOH. B 

3TOM cJiyqae noBepxuocTh aJIMa3a nptto6perneT aMopcpuyro CTPYKTYPY-

13. TioKa3aHo, qTo ttMnJiaHTaUH.ll 3JieKTPuqecKH aKTIIBHoii npuMecn 6opa c 

3Heprueii 1 M3B/a.e.M. B KpeMHIIii npHBO)lttT K cpopMttpOBattlIIO npoBOMIUHX 

CJIOeB Ha rny6uHe npoeKTHBHOro npo6era T.a)KeJibIX HOHOB 6opa. 3TH CJIOH 

coxpaHHIOT CBOH CBOHCTBa npu TepM006pa6oTKax. Ha 3TOM npHHI.(ttne MOrYT 

6bITb noJiyqeHbI MHOroCJIOHHhie CTPYKTYPbl, KOTOpble ycToiiqttBbl B ycJIOBHRX 

Bb!COKHX TeMneparyp. 3Tu pe3yJibTaTbl MO~ 6hITb HCilOJib3OBaHbl B 

TeXHoJiorutt MHKpO3JieKTPOHHKll. 
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14. Pe3yJibTaTI,I llCCJie,noBaHIUI Il0BepxH0CTll o6pa3UOB xp0MOHllKeJieBOH CTaJill, 
npoBe,neHH0ro C Il0M0II.(blO CKaHttpYIQII.(ero ll TYHHeJibH0ro MllKp0CK0il0B, 
Il0Ka3aJill, qT0 Ha Il0BepxH0CTll o6pa3UOB Il051BJI51IOTC51 11roJib1.JaTbie crpyKTypbl 
B pe3yJibTaTe o6nyqeHll51 TJl)KeJibIMll ll0HaMll KCeHOIIa C :meprneii 
E - 1 M3B/Hyl(JIOH noTOK0M 10 15 ttoH/cM2 np11 Ter.rneparype 400 °C, 4TO 
Heo6xo,nttMO yqttTbIBan, nptt ,nJittTeJihH0M pe)KH:Me pa60Tbl peaKTopa . 
3neMeHTHhiii cocrnB 3THX CTPYKTYP ( onpe,neneH MeTo,noM MttKpocrpyI<rypttoro 
peHTreH0BCK0ro amUitt3a) 0TJittqaeTC51 OT C0CTaBa Heo6nyqeHHOH Il0BepXH0CTll. 
Co,nep)KaHtte )KeJie3a B 3Tttx crpyI<rypax yBeJittq11BaeTCJ1 6onhrne tJeM Ha I 0%, 

. co,nep)KaHtte THTaHa yMeHbWaeTC51, HllKeJI51 yMeHbWaeTC51 Ha 4%, a 
K0HUeHrpaUH51 xpor.rn yMeHbWaeTC51 Ha 7%. 
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