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BBE.D:EHHE 

CpeJ:J;H MaTepua.noB, Koiophie mupoKo ucnoJib3YIDTCSI B ycKopHTeJISIX u J:J;e
TeKTopax J:J;JISI cpH3HKH CBepXBbICOKHX 3HepmH, nOJIHMepbI. B IJ;eJIOM J:J;OJI)Kffbl 
6bITh oTii:eceHhl K MaTepua.naM c HH3KOH paJ:J;nan;noHHOH CTOHKOCThIO 
(103+ 106 Tp). OnTnqecKne MaTepHaJihl, B TOM qnCJie TBepJ:J;bie CIJ;HHTHJIJISITOPhl, 
6oJiee qyBCTBHTeJibHbl K paJ:J;HaIJ;HH (102+ 103 fp). HeKOTOpbI~ napaMeTpbI nOJIY:-. 
npOBOJ:J;HHK_OBbIX MHKpOCXeMH3MeHSIIOTCSI J:J;a)Ke npH 10. fp~,. . 

B TexnuqecKHX npeJ:J;JIO:>Kenrrnx no SKcnepnMeHTaM A Tl.AS [ 1 ] u CMS [2 ] 
ua aJ:J;pOHHOM KOJIJiaHJ:J;epe pp-B3aHMOJ:J;eHCTBHH npu 14 TsB nporno3npyeTcsi 
CJIO)Knasi paJ:J;nau;uonnasi u TeMnepaTypnasi o6cTanoBKa, oJ:J;naKo npo6JieMa Bhl-
6opa MaTepHaJIOB HeonpaBJ:J;aHHO ynpom;aeTCSI. TOT cpaKT, qTo noJIHMep HJIH 
KOMnayHJ:J; BKJIIOqen B «cnHCOK npH3HaHHbIX» H BbIAep)KHBaeT nporH03HpyeMyIO 
J:J;03Y npu ycKopennoM HCnbITaHHH, em;e ne _SIBJISieTCSI J:J;OCTaTOqHbJM OCHOBanHeM 
J:J;JISI ero HCnOJib30Ban'1rn. Ka~hIH nOJIHMep H B03MO)KHOCTb ero npHMeneHHSI 
CJieJ:J;yeT paccMaTpHBaTb cnen;HaJibHO [3 ], KaK 3TO J:J;eJiaercSI B paJ:J;HaIJ;HOHHbIX 
TecTax noJiynpoBOAHHKOBhIX npu6opoB [ 4 ]. KpoMe Toro, IIOJIHMep He MO)KeT 
6b1Tb nOJ:J;XOJ:J;SIIll;HM CaM no ce6e; OH BCerJ:J;a J:J;OJI)KeH paccMaTpHBaTbCSI B KOMn
JieKce co cpeJ:J;OH u APYrHMH MaTepua.naMn, npnMeHHTt;JihHO K KOHKpeTHOMY Ha.:. 
3HaqeHHIO Y3Jia HJIH ycTpOHCTBa • .D:o3HOe H TeMnepaTypuoe nOJISI B ycTaHOBKax 
J:J;OJI)KHbl BblqHCJISITbCSI AO Bbl6opa Bcex MaTepHaJIOB, a 3aTeM YTOqHSITbCSI noCJie 
HX Bbl6opa [5 ]. 

>. 

rronY3MITHPlfqECKA51 MO,nEnh 

OJ:J;na H3 rnaBHhlx 3aJ:J;aq paJ:J;nau;noHHoro MaTepua.noBeJ:J;eHirn cocTOHT B co-
3J:J;aHHH MOJ:J;eJieH J:J;JISI nporn03HpOBaHH51 H3MeHeHHH CBOHCTB MaTepHaJIOB (no
JIHMepoB) H onpeJ:J;eJieHHH pea.nhnoro cpoKa ux CJiy)K6hl (pecypca) • .D:ocTaTOqHasi 
uucpopMaIJ;HSI O .MexanH3Max H ·.KHHeTHKH paJ:J;HaIJ;HOHHO-XHMHqeCKHx· npou;ec
coB; KaK npariHJIO, OTCYTCTByeT, no3TOMY npHXOJ:J;HTCSI HCnOJib30BaTb noJiy3M
nHpHqecKHe MOJ:J;eJIH. IlpH 3TOM Heo6XOJ:J;HMO yqHTbIBaTb KOppeJISID;HH H3Mene:
HHSI MaKpOCBOHCTB C npou;eccaMH ua MHKpoypOBHe. 

XapaKTep TaKHX KoppeJISID;HH 3aBHCHT OT MHO)KeCTBa cpaKTOpOB, KOTOpbie 
CJieJ:J;yeT pa3J:J;eJIHTb Ha TPH 6oJibillHe rpynnhl: 



1. BHyTpeHHHe, HMMaHeHTHhle cpaKTOphl (sJieMeHTapHhlll COCTaB, cpa30Bhle 

COCTO.snim1, XHMHIJeCKOe H SJieKTpOHH0e CTpOeHHe MOJieKyJI, AecpeKTHOCTb Ma

TepHaJia, npm.feCH, <<aHTHpaAhl»; reoMeTpHIJeCKHe pa3MCpbl o6pa3IJ,a, Y3Jia); 

2. PaAHaIJ,HOHHhle cpaKTOphl (BRA H0HH3Hpyrom;Hx H3JiyIJeHHH, HX SHepre

THIJeCKHe cneKTphl, TOPM03HaSI cnoco6HOCTh, no_rJiom;eHHhle A03hl, AJIHTeJib

H0CTb H AHHaMHKa B03AettCTBHtt H3JiyIJeHHtt); 

3. BHemHHe, SKCITJiyaTal.l,H0HHhle <paKTOphl (TeMnepaTypHhlll pe)KHM, XH

MHIJCCKllll C0CTaB OKpy)Karom;eiI cpeAhl, KOHTaKT C APYrllMH MaTepn:aJiaMll, BRA 

II .-'.'apaKTep MexaHHIJeCKHX Harpy30K, B03AeHCTBllC CBCTOBhIX H SJICKTpOMar-

HllTHhIX IlOJiett HAP,) .. 

Pecypc MaTepHaJia onpeAeJISieTc~ KaK R = t It , rAe t - HopMaTn~Hhltt 
•. H p H .. ,1< 

cpoK CJiy)K6hl, npn:HSIThlll B npoeKTe; tp - pacIJeTHhlll CpOK CJiy)K6hl, 3aBHC21Il;Hll 

OT paAHaIJ,nOHHOtt CT0ttKOCTH n: Apyrnx cpaKTopoB. C y11eToM KoppeJISIIJ,HOHHhlx 

KOScpcpHIJ,llCHTOB M0)KHO 3aITHCaTb IlOJIYSMriepHIIeCKOe Bhlpa)KeHHe AJISI pecypca .. 
;.., 

kl tHD(~ 0TH. CA., 
k3R = k D (T ,D,~) 

2 np s 

(1) 

rAe D - IlPCAeJihHaSI A03a MaTepHaJia, KaK cpyHKIJ,Irn TeMnepaTyphl (T,), 
•. np .. . . .. . " 

MOID;HOCTH A03hl (D) n: 3aAaHHOtt CTeneHH noiipe)I(AeHn:SI llJIH s<t>cpeKT~ (~); k1, 

k21 k3 -'- nonpaB0IJHhle irnscpcpHIJ,lleHThl cooTBCTCTBCHHO rpynnaM HMMaHeHT

Hhlx, paAHaIJ,HOHHhIX H SKCITJiyaTaIJ,HOHHhIX cpaKTOpOB. 

IlJ?n: k3R < 1 CTOHKOCTh YAOBJieTBopn:TeJihHaSI; npn: k3R > 1 - HeyA0BJieT-

B0PHTeJihHaSI. II pn: STOM k3, SIBJISISICh, no cym;ecTBy, cpaKTOpOM HCOnpeAeJICHHO

CTH llJill KOScpcplll.l,lleHTOM 3anaca, BCerAa 60Jihme eAHHHl.l,hl. OTHOmeHn:e kl/ k2 

MO)KeT ll3MeHSITbCSI B OIJCHb mn:pOKJIX npeAeJiax (OT 0,01 AO 10), IlOSTOMY KOp

peJISll.l,llH MllKpO- H MaKpOCBOHCTB Heo6~0AHMO aHaJIH3HpOBaTh C oco6ott Tm;a

TeJihHOCTbIO. l'IHorAa npirxoAHTCSI OTHomeHne k1 / k2 npHHHMaTh paBHhIM - 1 

(AJISI ITJioxo n:3y11eHHOro MaTepHaJia), a k
3 

YBeJIHIJHBaTh, onnpaSICh Ha npollJihltt 

OilhIT llJill HH)KCHepHyIO HHTYH:IJ,HIO. 

Han6oJiee IJYBCTBHTeJihHhIM K. Heo6paTHMhIM paAHaIJ,H0HHO-TeMnepaTyp

HhIM H3MeHeHHSIM SIBJISleTCSI JIHHettHo-ynpyroe pa3pymeHHe C Tpem;HHOtt*, IlOA

Bep)KeHH0e AettCTBHIO paCTSirnBarom;ero HanpSI)KeHHSI. a . Pa3pymeHHe nponc-. p 

XOAHT npn KpHTHIJeCKOM 3Ha11eHHH ~K (D,T), KOrAa yCJIOBHSI nJIOCKOtt Aecpop-
. p . ' 

*YMeHbllleHHe Bll3KOCTH llpH HH3KHX TeMnepazypax (< 77 K) npHBO'AHT K o6pa30BaHHIO MHK

poTpe~HH; 'ITO HaKJia'AhlBaeT oco6&ie yCJIOBHll Ha 11CllblTaHl1ll o6pa31_\0B. 

. 
tf' ~~le 

2 

MaIJ,n:H cym;ecTBYIOT npH HH3KHX 

CKOPOCTSIX AecpopMaIJ,HH ll MaJihIX 

Harpy3Kax. IlJiaCTHIJeCKaSI Aecpop

Mal.l,HSI l:il npu ~ 6JIH3KHX K ~ paB-
Kp 

Ha np0H3BeAeHHIO CKOPOCTll paAHa-

1.l,HOHHOH noJI3y11ecTn: U = dl/ dt Ha 

paAHal.l,llOHHYIO AOJiroBeIJHOCTb r. 

KHCJIOPOA n: CBOttCTBa cpeAhl ycH

JIHBaroT paAHal.l,llOHHhlll scpcpeKT, 

oco6eHHO npH D < 0,01+0,l rp. 

B pa6oTe [6] paCCMOTpCHhl 3a--BHCHMOCTH OT D ll D OTH0Cll-
np 

TeJihHOro YAJIHHeHHSI l:il TIP}! paCTSI

)KeHHH. J,fAeaJIH3HpOBaHHaSI cxeMa 

noKa3aHa Ha puc. l. TI pn: 06Jiy11e-

HHH B BaKyyMe llJIH HHCpTHOH cpe-

fhD"r,'r 
2. 

t=coritt 
e -t 

I 
0,1<.: 

I 
I 

'
1
>10 

fhifr,,c1 

PHc. l, 3aBHCHMOCTb npe'AeJibHOH 'AO3bl OT MO~HO

CTH 'AO3bl npH 06ny'lemu1 llOJIHMepoB Ha BO3,rzyxe 

(l) H n BaKyyMe (2) 

AC l:il 3aBHCHT TOJihKO oT D . IlpH 06Jiy11eHHH Ha B03Ayxe l:il CJIO)KHhIM o6pa3oM 
np 

3aBHCHT OT MOIIl;HOCTH ~03hl. IlpH D > 10_rp H AOCTaTOIJH0 TOJICThIX o6pa3IJ,aX 

peaJIH3YIOTCSI TaKHe yCJI0BHSI, KOrAa OKHCJISieTCSI TOJihKO npHilOBepXHOCTHhlll 

CJIOH, a OCH0BHaSI Macca IlOJIHMepa 06Jiy11aeTCS1, no cym;ecTBy, B 6eCKHCJIOPOA

HOH cpeAe. 

TaK)Ke IlOIJTH He 3aBHCHT OT MOIIl;HOCTH A03hl PMH31.l,HOHH0C CTapeHHC npH 

D < 0,1 rp. 3TO 03Ha11aeT, IJTO PMHaIJ,llOHH0-OKHCJIHTeJihHOMY npenpam;eHHIO 

IlOABepraeTCSI BeCh o6beM IlOJIHMepa, a IlOTepSI MexaHHIJeCKHX CBOHCTB npouc

XOAHT B pC3YJihTaTe pa3phIBOB IlOJIHMepHOH u;enH. 

B npoMe)KyTOIJHoii o6JiaCTH 0, 1 < D < 10 rp BeJIHIJHHa D(~) 3aBHCHT OT 

MOIIl;HOCTll A03hl npH6JIH3HTeJibHO TaK: D (~) !:! Donn' rA'e Do = Dmin (pHc.1) • 
np · np 

3HaIJeHHSI napaMeTpOB n H Do cym;ecTBeHHO 3aBHCSIT OT XllMHtICCKOro CTpOeHHSI 

IlOJIHMCpa H A06aBOK, a TaK)Ke OT COOTH0meHHSI IlJIOID;MH IlOBepXHOCTH s H o6b

eMa V 06pa3u;a: BHemHHH OKHCJIHTeJihHhIH CJIOH npeTepnenaeT AeCTpyKIJ,HIO. Bo 

BHyTpeHHeM CJioe· (He OKHCJIHTeJibHOM) 6yAeT HATH CillHBaHn:e, Il03TOMY 3aBH

CHMOCTH D (~, D) HMeIOT CJIO)KHhIH BHA (cM. npllJIO)KCHHe). 
np . . 

.D:JISI npou;eccoB CTPYKTYPHPOBaHHSI H AeCTpyKIJ,Hll noJIHMepoB H CBSI3aHHhIX 

C HHMH H3MeHeHHH MaKpOCBOHCTB cpy1{AaMCHTaJibHOe 3HaIJeHue HMeeT TeMne

paTypnoe BJIHSIHHe. AHaJIH3 60JihllOro MaCCHBa AaHHhIX, HaKOITJieHHhIX B no

CJieAHee AeCSITllJieTHe, Il03B0JlllJI aBTOpaM [7] onpeAeJIHTb IlOJIYKOJIHIJeCTBeH

HYIO 3aBHCHM0CTb paAHalJ,HOHHOH CTOHKOCTH OT TCMnepaTyphl 06Jiy11eHHSI 

(puc.2). 
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P11c.2. Pe3yJibTaThl, o6pa6oTaHHhle MeTO,IOM Ha11-

MeHhll111X KBa,ipaTOB, BhIX0,10B npO,lyKTOB pa3Jil1'1-

HblX IlOJIHMepoB B 3aBHCl1MOCTl1 OT TeMneparypbl 

P11c.3. TeMneparypHhie 06JiaCT11 np11 pa,111al\HO~

HOM OKHCJieH1111 IlOJIHMepou; I - pa,111al\HOHHaSI; 

II - pa,111al\HOHHO-TepMWleCKaSI; III - TepMopa

,IHal\HOHHaSI; IV ;_ TepMWieCKaSI 

lo G-

IV 

I 

Ji / 'T' 

JJ:m1 IJ,eJIOI'O PMa opraHnqecKHX COeAHHeHHll. npou,ecc paAHaIJ,HOHHOll. Ae

rpaAaIJ,HH npHHSITO AeJIIITb Ha qeThlpe o6JiaCTH (puc.3): I - paAHaIJ,HOHHaSI, 

II - paAHaIJ,HOHHO-TepMuqecKasi, III - TepMopaAnau,noHHasi, IV - Tep:r,mqe

CKasi [8 ]. 

Ilpn npom03HpoBaHHH cpoKa CJ1y::>K6hl IIOJIHMepHhlX MaTepHaJIOB rrpou.ecc 

crapeHnsi onnchlBaeTcsi HeKon 3q>q>eKTHBHOH xnMnqecKoii. peaKu.nen, CKOpOCTb 

KOTOpoll. Il~ercSI 3aKOtty AppeffHYca [9 ] . .D:JISI nepeHeCeHHSI pe3yJihTaTOB H3-

MepeHHH, n~eHHhlX npn IIOBhlIIIeHHhlX TeMrrepaTypax, K 3aAaHHOll. TeMne-

paType T~ BhlqHCJISleTCSI K03q>q>HIJ,HeHT CMeIIJ,eHHSI . 

a= exp[E/.R(T
3
-l - T-1)], (2) 

rAe E - 3cpcpeKTHBHaSI ~Heprn.SI aKTHBaIJ,HH BCero TepMnqeCKH a~THBHpOBaHHO

ro npou,ecca CTapeHH.SI; R - ra3oBaSI IIOCTOSIHHaSI; T - TeMnepaTypa. ECJIH AJISI 

Ka~Oll. IIOBhlIIIeHHOH TeMrrepaTyphl YMHO::>KeHHe BpeMeHH Ha K03q>q>HIJ,HeHT a 
rrpHBOAHT K 6JIH3KHM 3HaqeHHSIM T3, TO MO~HO I'OBOpHTb O npnMeHHMOCTH 

rrpHHIJ,Hna TeMnepaTypHO-BpeMeHHOH cyrreprr03HIJ,HH K AaHHOMY MaTepmi.Jl:y. 

B pa6oTax [10,11] 6hlJio rrpeAJIO::>KeHo pacrrpocTpaHHTh rrpnHu.nn cynepno-

3HIJ,HH Ha YCJIOBHSI paAHaIJ,HOHHOI'O CTapeHHSI IIOJIHMepoB. IlOAXOA, Jie::>KaIIJ,Hll. B 

OCHOBe 3Toro rrpnHu,nna (t - T - D), HJIJIIOCTpnpyeT puc.4. ToqKn a, b, c H30-

4 

.. 

,, 

,, .. 
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TepMnqeCKHX KPHBhlX Ha pncyHKe 

HMeIOT TaKyIO oco6eHHOCTh, qTQ OT

HOIIIeHHe BpeMeH rrpH pa3JrnqHhlX 

TeMrrepaTypax SIBJI.SleTCSI TQqKQll. HH

Bepc1m OTHOIIIeHHll. MOID;HOCTell. A03, 

OTHOCSIIIl,HXCSI K TeM ::>Ke TeMnepaTy

paM. 3TO 03HaqaeT, qTo eCJIH <PYHK

IJ,HOHaJlhHOe COOTHOIIIeHHe Me~y 

BpeMeHeM H TeMnepaTypon B H30-

A03HhlX YCJIOBIUIX onpeAeJrneTCSI 3M-

nnpnqecKH, TO TaKoe ::>Ke <PYHKIJ,HO- . 

HaJlhHOe COOTHOIIIeHHe 6yAeT HMeTh 

!11 '.D,.r 'rp 'T\ T~-,.Ti.>T1 

~. ~--1~---~~111. Q? 

D1 r--- /d1 f,Jf>fct, 
~ =c<>nst 

en ,r~.i1 

Pttc.4. IlpHHI\11Il cynepn03111\HH: upeM!I - TeM-

Mecro Me~y MOID;HOCTbIO A03hl H TeM- neparypa - MOll\HOCTb ,103hl 

rreparypon. Ilpn BhlIIOJIHeHHH 3TOIO 

YCJIOBHSI MO::>KHO npOBOAHTb H30A03HYIO 3KCTpanOJISIIJ,HIO K 60JihIIIHM BpeMeHaM, 

qTo 3KBHBaJieHTHO o6JiyqeHHIO ripn 6oJiee HH3KHX MOW:HOCTSIX A03. 

MeTOAOJIOl'HSI 3KCTpanOJISIIJ,HH AaHHhlX ycKopeHHOI'O paAHaIJ,HOHHOI'O CTape

HHSI Ha ycJIOBHSI C HH3KOH MOIIl,HOCTbIO A03hl 6hlJia npoBepeHa irn npHMepe 3JieK

TpOH30JISIIJ,HOHHhIX _MaTepnan:oB [10], a TaK::>Ke 1103BOJIHJia HaM rroJiyqnTh ymi:

KaJihHhle pe3yJibTaThl AJISI IlOJIHMepu,eMeHTa (CM. npHJIO::>KeHHe). 

I10I1PABOIIHbIE K03<l><l>l1IJ,11EHTbI 

KoJinqecTBeHHoe onpeAeJieHne K03q>cpnu,neHTOB k1, k2 n k
3

, BXOASIIIJ,HX B 

Bhlpa::>KeHne (1), npeAcTaBJISieT co6on oqeHh CJIO::>KHYIO, a nopon n Hepa3peIIIH

MYIO 3aAaqy. Mhl ::>Ke yKa::>KeM TOJihKO CTpaTerHIO aHaJIH3a KOppeJISIIJ,Hll. H IIOSIC

HHM npHMepoM. 

3Haqemrn K03q>q>HIJ,HeHTOB npe~e BCero onpeAeJISIIOTCSI TeM, KaKOH IlOKa-

3aTeJih MaTepnan:a ~ Bhl6paH B KaqeCTBe JIHMHTHpyrom:ero paAHaIJ,HOHHyIO CTOH

KOCTh, a TaK::>Ke 3aAaBaeMhlMH npeAeJihHhlMH 3HaqeH.HSIMH noKa3aTeJieH ~: 0,05; 
0,25; 0,5 n T.A. PaAHaIJ,HOHHYIO CTOHKOCTb MOryT JIHMHTHpoBaTh MexaHnqecKHe 

HarrpSI::>KeHHSI HJIH Aeq>opMaIJ,HH, 3JieKTpnqecKHe H AH3JieKTpnqecKne KOHCTaH

Thl, onTnqecKne CBOHCTBa (npo3paqHQCTh, OTpa::>KeHne, CBeTOBhlXOA), TeMnepa

TyponpoBOAHOCTb, I'a30BMAeJieHHe H AP· 

BttyTpeHHHe cpaKTOpbl (k.). IlorJiom;eHHaSI A03a MO::>KeT OTJIHqaTbCSI Ha 2-3 

IlOPMKa AJISI pa3HhlX 3JieMeHTOB B 3aBHCHMOCTH OT 3Heprnn HeHTpOHOB. Ilpn

MeCH JIHTIISI H 6opa He TOJibKO npHBOASIT K 3aXBaTy TeIIJIOBhlX HettTpOHOB, HO 

MOryT IlOBJIHSITb Ha xapaKTep paAHaIJ,HOHHO-XHMHqecKHX npeBpam;eHHH •. TaK, 

npnMeCSIMII JIHTHSI 000,SICHeHhl aHOMaJlhHhle A03Hhle 3aBHCHMOCTH TeIIJionpOBOA

HOCTH IlOJIHMepa [12 ]. 
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PaAHaD;HOHHa.11 CTOHKOCTb cym;ecTBeHHbIM o6pa30M 3aBHCHT OT ::meKTpOH

HOI'O CTpOeHH.11 MOlleKyll OCHOBHOI'O Bem;ecrna, HeKOHTPOllHpyeMhIX rrpHMeceH II 

rrpuMeCeH, BBeAeHHblX All.II rrp~aHH.11 MaTepuany Heo6XOAHMbIX TeXHOllOrHIJe

CKIIX HJIII 3KCIIJiyaTaD;HOHHblX CBOHCTB. 3lleKTpOHHblM CTpOeHI1eM MOlleKyll orr

peAeJI.IIIOTC.sI rrpou;ecchl, rrpoIICXOA.IIIIl;Ile B pe3yllhTaTe rrornoru.eHu.si: 3Heprnu 

HOHil3Hpyrow.nx H3llYIJeHHH, B036y~eHile H HOHH3aD;II.II MOlleKyll, MHrpau;u.si: H 

llOKaJIH3aD;H.II B036y~eHIIH H 3ap.sIAOB, rrpou;ecchl AIICCHrrau;uu 3HeprnH HAP, 

[13 ]. 
JJ:eq>eKTbl II MOpq>OllOrH.11 MOryT OKa3hIBaTh BllH.HHile Ha pa3llHIJHble CTaAIIH 

paAHaD;HOHHO-XHMIIIJeCKIIX rrpou;eccoB B IIOllHMepax. Cyru.eCTBeHHOe Il3MeHe

Hile crerreHu KpHCTaJIJIHIJHOCTH, OT KOTopoH, B ocHOBHOM, 3aBHCIIT k
1

, 06b.si:cH.11-

eTc.11 llOKanu3an;I1en: 3Heprnn Ha Aeq>eKTax. 

Ha paAHaD;HOHHOe OKHCJieHHe Bllil.lleT OTHOIIIeHHe IlllOIIl;aAH IlOBepxHOCTII 

o6pa3D;OB K IIX OObeMy (S / V) rrpII MOW.HOCT.IIX A03bl MeHhIIIe ~ 1 rp • c-
1

• n pHBe

AeHHble B pa6oTe [14] 3aBHCIIMOCTH K03q>q>Iln;neHTa k
1 

OT D, a TaK)Ke OTHorne

Hue SI V rro3BOll.llIOT AeJiaTb on;eHKH pecypca R no Bhlpa)KeHIIIO ( 1). 

TaK, . HarrpuMep, All.si: rrollH3THJieHa rrpn D = 10-4 
rp•c-

1
, S/V = 

= 5: 10-3 
M-l k'

1 
= 0,2. IlpI1 cTerreHH KPHCTaJIJIHIJHOCTH 50% ki' = 0,2. Clle

AOBaTellhHO, k2 = 0,2. 

Pa;:i;uau;nouub1e cpaKTOpb1 (k
2
). IlpoBe;:i;eHI1e ncrrhITaHIIH pa;:i;nau;noHHOH 

CTOHKOCTH opraHIIIJeCKHX MaTepHallOB 11aCTO Tpe6yeT o6oCHOBaHH.sI B03MO)KHO

CTH 3aMeHbl OAHOI'O B~a Il3llyIJeHH.II APYrHM, HCTO'IHIIK KOTOporo 6ol1ee AOCTy

rreH II AeIIIeB. B rOCTax CCCP H cTaHAaprnx CllIA [3] yKa3blBaeTC.sI Ha 3aBH

cuMOCTh paAilaD;IIOHHblX 3q>q>eKTOB OT B~a H3llyIJeHH.II, OAHaKo HHKaKHX KOHK

peTHblX peKOMeffAaIJ;HH He AaeTC.sI. 

OKa3hIBaeTc.11 llHHettHa.11 rrepeAa11a 3HeprnI1 (JITI3), OTllH11aroru.a.11c.si: OT 

HOHil3aD;HOHHblX IIOTepb 3Heprnu dE( dx y11eTOM 0-3lleKTpOHOB, He .IIBll.lleTC.11 

e;:J;IIHCTBeHHOH OTllHIJHTeJibHOH xapaKTepHCTHKOH H3llyIJeHII.II. B CB.H3H C 3TIIM B 

pa6oTe [15] i:ipeAllO)KeHo AByxrrapaMeTpn11ecKoe orrucaHI1e pa;:i;nan;I101rno-HH

AYD;HpoBaHHhIX rrpeBpaw.eHHH, HCIIOllb3YIOIIl;ee 3ap.11A H CKOpOCTb 11aCTIID;bl. I1c

CJieAOBaHI1.IIM BllII.IIHil.11 B~a H3llyIJeHH.11 Ha MHKpOCBOHCTBa IIOllHMepoB IlOCB.H

ru.eHO OIJeHh 60llbIIIOe KOllHIJeCTBO pa6oT'. 

.ll:ll.11 H3yIJeHH.II MaKpOCBOHCTB IIOllHMepoB IICIIOllb30BaJIHCb TPII B~a H3lly-

11eHHH: y-I13.JIY11eHHe 
60Co (JITI3 ~0,2 K3B • MKM -I), IIpOTOHhl c 3Heprnen: 100 M3B 

(JIIl3 ~0,8 K3B·MKM-
1
) I1HettTJX)HhIPeaKTOpaI1PT-2000 (JITI3 ~60K3B·MKM-1). 

O6llyIJeHile o6pa3n;OB TOllI.I].IIHOH OT 0, 1 AO 3 MM rrpOBOAHJIH B yCJIOBH.IIX orpaHH

IJeHHOI'O ;:i;ocryrra KHCJIOPOAa H3 B03;:J;yxa rrpH 333 K B AI1arra3oHe MOW.HOCTeH A03 
1 . 

OT 9 AO 30 rp. C - • I13MepeHH.H rrpoBO;:J;HJIH 11epe3 1-2 Mec.si:u;a rrOCJie o6JxyqeHH.H H3-

3a BhICOKott'HaBeAeHHOH PMHOaKTHBHOCTH. KOJIHIJeCTBeHHhle rrapaMeTphl 3aBH

CHMOCTett IIOKa3aTenen: OAHOI'O H TOI'O )Ke IlOllHMepa cyw.eCTBeHHO pa3llHIJaIOT-
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C.H. Pa3Hhle IlOllHMepbI IIOKa3blBaIOT HeOAH03HaIJHYIO 3aBHCHMOCTb OT B~a H3-

llyIJeHH.si:: HaHMeHbIIIa.si: - y aMopq>HhIX, Hau60llhIIIa.ll - y IJaCTHIJHO KPIICTaJI

llHIJeCKHX. HaKOHen;, MaKCIIMaJibHhle pa3llHIJH.11 All.II KOHKpeTHOI'O IlOllHMepa 

rrpII ~ = const Ha6llIO;:J;aIOTC.II Me~y 06lly1JeHI1eM HeHTPOHaMH H y-H3llyIJeHHeM 

(Ha 1,5+2 IIOPMKa). B rrpaKTIIIJeCKOM CJiy11ae rrepexoAa OT n,y-peaKTOpHoro 06-

lly11eHI1.II K IlOlllO CMeIIIaHHOI'O H3llyIJeHH.II yCKOPHTeJieH 

pi ➔ (p,n,e± ,n\ µ .. . )i rrorrpaBOIJHblii: K03q>q>Hn;HeHT k2 5:! 2. 

BHelIIHile cpaKTOpbl (k3). ~3 BHeIIIHHX q>aKTOpOB TeMrrepaTypH~.H 3aBHCH

MOCTb y11HThIBaeTc.11 B D (T, D, ~). IlorrpaBKa B (1) BBOAIITC.11 B TOM CJiy11ae, . np . 

eCJIH pe)KHM TepMOD;IIKJIHIJeCKHH. BllII.HHHe XHMHIJeCKOI'O COCTaBa OKpy)KaIO

m;eii: cpe;:i;bl Ha k3 AOll)KHO HCCJieAOBaThC.H crren;HaJibHO (eCJIH cpeAa arpecCHB-

Ha.11). HarrpI1Mep, B KocMoce orrpeAen.11roru.yro pollb nrpae-r B03AeHCTBHe aro

Map":oro KHCJIO_POAa II cporopaAilaD;HOHHa.11 CTOHKOCTb. 

B KaIJeCTBe o6o6m;eHHOI'O rrapaMeTpa (pOTOpaAHaD;HOHHOI'O B03AeHCTBH.sI 

MO)KHO rrpHH.IITb OTHOIIIeHHe 3HepreTHIJeCKHX IIOTOKOB IIOHil3HPYIOW.HX H3lly11e

HHH (P ) H H3llyIJeHHH OIITHIJeCKHX IJaCTOT (P ), T.e. <!> = (P )/(P ). TaK, All.II 
11 . 0 11 0 

q>OTOpaAHaD;HOHHOI'O B03AeHCTBH.II, C03AaBaeMOI'O H3llyIJeHHeM COllHD;a, 
~ 0~ . 102 <l> = 10 + 1 , a All.II HCTOIJH!fKOB HOHH3Hpyroru.nx H3lly11eHHH <l> 5:! • 

.ll:Oll.11 3HeprnH 3ap.11)KeHHOH 11aCTHD;hl, paCXOAyeMOH Ha B036y~eHHe 11e

peHKOBCKOI'O H3llyIJeHH.H, He rrpeBhIIIIaeT 0,2 % , OAHaKO HHTeHCHBHOCTb CBeTo

BOI'O H3llYIJeHH.11, reHepnpyeMOI'O 3lleKTPOHHblMH rry11KaMH COBpeMeHHblX ycKo

PHTeJieii:, COIIOCTaBIIMa C HHTeHCHBHOCTblO CBeTOBOI'O H3llyIJeHH.H MOW.HbIX llaMrr 

[16 ]. OAHa H3 oco6eHHOCTeii: q>OTOPMHaD;HOHHOI'O B03AeHCTBH.II COCTOHT B TOM, 

IJTO OIITHIJeCKHe CBOHCTBa IlOllHMepHbIX MaTepHaJIOB B BaKyyMe 3aBHC.HT He 

TOllbKO OT IIOrlloi:a;eHHOH A03bl HOHH3Hpy10w.ero· H3llyIJeHH.H H CBeTa, HO H OT 

MOI.I].HOCTH A03bl H HHTeHCHBHOCTH CBeTa. B TO BpeM.si:, KaK TaKHe )Ke MaKpOCBOH

CTBa B BaKyyMe rrpH 06llyIJeHHH HOHH3HPYIOW.HM H3llyIJeHHeM B OTCYTCTBHe 

CBeTa OAH03HaIJHO orrpeAeJI.IIIOTC.11 TOllbKO rrornoru.eHHOH A030H. 3TO MO)KeT CKa-

3aThC.II Ha CTapeHHH TBepAbIX CD;HHTHJIJI.IITOPOB. 

TaKHM o6pa30M, BHeIIIHHe 3KCIIJiyaTaD;HOHHhle q>aKTOpbI He Hc11eprrb1BaIOT

c.11 BhIIIIeH3llO)KeHHhIM, no3ToMy pa3yMHhIH K03q>cpnu;neHT 3arraca k3 e 2, no-

B~HMOMY, Heo6XOAIIM. B rrpHJIO)KeHHH Mbl IlblTaJIHCb CAeJiaTb on;eHKY pecypca 

HeKoTophlx IIOllHMepHhIX MaTepnanoB B y~llax ycraHOBKH ATLAS. 
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I1P11JIO)KEHl1E 

P A,[(11A1I,110HHA.SI CT0:0KOCTb 
KJIE.51 I10Jil1MEPI.I,EMEHT A 

BnepBI,Ie ~e51 ncnOJib30BaHH51 n;eMeHTa AJI51 3JieKTPOH30JISIIJ;HH MarHHTOB 

ycKopn-rene:u B03HHKJia B 1969 r. B Jia6opaTopnn Pe3epq>0pAa [17 ]. KnaApy

noJih c n;eMeHTHOH H30JI51IJ;Heii: npopa60Ta.rr Ha ycKopnTeJie DESY 5000 q 
7 · 8 

(1,8 • 10 c) npn cpeAHeH MOIIJ;HOCTH A03bl 5 rp/ c. IloCJie A03hl 10 rp HHKaKoro 

MexaHnllecKoro pa3pymeHH51 n;eMeHTHOH H30JI5IIJ;HH He Ha6Jiicma.rroch. Conpo

THBJieHne H30JI5IIJ;HH AO n noCJie pa6oThl noA o6JiylleHneM 6bIJin 54,5 n 50,0 MOM 

npn 2,5 KB COOTBeTCTBeHHO. 3TO 51BHJIOCb CTHMYJIOM AJI51 mnpOKHX HCCJieAOBa

HHH B03MO)I(HOCTH ncnOJib30BaHH51 n;eMeHTHOro KOMnOHeHTa AJISI C03AaHH51 pa

AHaIJ;HOHHOCTOHKHX HMny JibCHbIX MarHHTOB. 

D(T,_12, Ip 

10
8 

10
7 

10
6 

iOS 

i04 

'T;!: 300K 

_/{----.. • 
I •-/ . ko,2s-

' -_ ..... -.... -•
/ A / ico,12. 

I ---t-...-•--•--•-
1 I I,. .§e= 0,05" 

I 
I 
A 

, ~0,12 ,. 
I I 

I I 
~~o 1• ,'=005' - oa- I .,ie,•· 

At I 

A-t.9- - -D:o--Y1-- I 
--- o Ao / le 

I I 

•' ( 

104 ~02. ~00 i02 ~ I"' -1 D, •p.c 

PHc.5. 3KcrrepHMeHTaJlbHbie ,iaHHble (rnqKH CM. B Ta6n. l)' o6pa60TaHHhie 
B COOTBeTCTBHH C rrpHH~HIIOM cyrreprr0311~HH (KpHBbie), ,IJISI IIOJIHMep~e-

MeHTHbIX o6pa3~0B .-. 
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Ta6nn~a 1. lfcroqHHKH o6JiyqeHHSI o6pa3~0B II0fHMep~eMeHTa 

Mecrn 06nyqeH11S1 BH,lbl qaCTl1~ (i - rrep- M0IIJ,HO_fTb MaKCHMaJibHOe JIII'.3, 

BHqH&Ie, j - BTOp11q- ,103bl D, upeMSI o6nyqe- K3B·MKM-l 

Hhie) rp·c- 1 HHS!, C 

• - KaHaJihI peaKTopa yi'ni ➔ y( En> 1 M3B, 5,8·10
3 HY 60 

M6P-2,mum 4,2·10 2 H-CM-2·c-l. 

I':,. - Me,1HaS1 Ml1IlleHh Pa3Hhie crre!f_Tpbl 2,5:10-I 107 15 

('! = 2,4); CHHXpOTpOH P; ➔ (p,n, e± ,.n:o, µ ... ); 
Ha 70 r3B, McI>B'.3 

... - B&myCKHOe OKHO IlpOTOHHbIH rryqoK 2,9· 102 10
6 

8 

cpa3oTpoHa Ha 650 M3B, EP = 650M3B, 

omm 1012 p·CM-2C-1 

0 - Me,1HaS1 MHlIIeHh Pa3ffhle crreKT_pbI 7-10·2 107 9 

('! = 2,2); CHHXpOTpOH p_ ➔ (p,n,e±,no ... ). 
Ha 7 r3B, MT3cI> 

I I 

•- raMMa-ycTaH0BKa Er= l,25M3B 30 107 0,2 

'I - HarrpaBJieHHe OT OCH rryqKa. 

B 1985 r. aBTOp npeAJIO)KHJI HOBblH THn H30JISII.l;HH, KOrAa 6eJIHTOaJIIOMH

HaTHblH n;eMeHT 3aTBOp51eTCSI He BOAOH (KaK o6hll!HO)' a )K~KHM noJIHMepoM. 

OKa3aJIOCb, 'ITO TeXHOJIOml!eCKHH COCTaB noCJie OTBepAeHH51 o6JiaAaeT AHSJieK

TPHlleCKHM conpoTHBJieHneM, 6oJihmo:u npol!HOCTbIO, He AaeT ycaAKY, He nnn

ThlBaeT BJiary H AOJiroBel!eH (o6pa3IJ;hl-CB~eTeJIH 6bIJIH HCnbITaHhl cnyCT51 10 
JieT). IlOJIHMepn;eMeHT B 3aBHCHMOCTH OT KOHCHCTeHIJ;HH MO)KeT HCnOJib30BaTb

C51 KaK KJie:u BMeCTO snOKCHAHOH CMOJihl B pa3JIHl!HbIX KOMnayHAaX, B Kal!eCTBe 

BblpaBHHBaIOm;e:u naCTbl AHCTaHIJ;HOHHpyiomux npoKJiaAOK, AJISI 3anOJIHeHH51 

«TeXHOJIOml!eCKHX nyCTOT» 6oJibIDOro pa3Mepa, a Ta~)Ke B KalleCTBe paAnan;u

OHHOH 3am;nThl. IloJinMepn;eMeHT COAep)KHT AO 10 nee.% B0AOPOAa (noJIHSTH

JieH 14,5 % ) "n03BOJISleT BBOAHTb JIHTHH" 6op C IJ;eJibIO yneJIHl!eHH51 scpcpeKTHB

HOCTH 3am;HTbI OT HeHTpOHOB. 

C 1985 no 1990 r. 113yqa.rrach paAnan;uoHHa51 CTOHKOCTb 06pa3n;on noJinMep

n;eMeHTa. B pa6oTe npHBOASITC51 HTOroBble pe3yJihTaThl HCCJieAOBaHHH (Ta6JI.1" 

puc.5) 6e3 onucaHHSI TeXHOJIOrHH H3roTOBJieHH51 o6pa3D;OB, MeTOAHK o6Jiyqe

HH51, MexaHHl!eCKHX HCnblTaHHH, aHaJIH3a "o6cy~eHH51 pe3yJibTaTOB. Bee 3TO 

AOJI)KHO 6hlTb npeAMeTOM OTAeJibHOH CTaTbH. 

OcHOBHa51 IJ;eJib npHJIO)KeHH51 noKa3aTb, 'ITO MeTOA cynepno3HIJ;HH " 3MnH

pul!eCKOe Bhlpa)KeHHe (1) npuMeHHMhl, no Kpa:uHe:u Mepe, AJI51 AaHHOro MaTepu

a.rra. B Ta6JI.2 AaHa on;eHKa.pecypca k3R HeKOTOpbIX nOJIHMepHbIX KOMnayHAOB 

npu HOpMaTHBHOM cpoKe CJiy)K6bl AT JIACa 10 JieT u npu ABYX 3Hal!eHH51X Mom;

HOCTen A03: 2,3 rp•c-1 u 5,3· 10-4 rp•c-1 (CM. Ta6JI.7.l n [1 ]). 
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Ta6JIHI{a 2. Onemra pecypca U0JIHMepHbIX K0MnayH.!{08 no BblpIDKeHmo (1) 

MaTepmUJ D, rp•c-1 
Dnp' rp ~l'Orn.e,!{. k

1 
,Orn.e,!{. k2,Orn.e)l. 2R, Orn.e)l. 

-
ITOJIHMepneMem 2,3 107 2 1,15 "" 1 

(P11c.5) 0,25 5-10-2 

5,3·10-4 1,2· 104 1 0,44 < 1 

3nOKC11}l!lblH 2,3 106 2 2,2 > 1 
K0MnayHA 

3.D:-20 [5) 0,25 10-2 

5,3·10-4 105 1 0,1 < 1 

fl0Jil13Tl1JleH 2,3 2· 105 2 115 » 1 

C A06asKaMJ1 0,25 0,2 

B
4
C [5) 5,3·10-4 104 1 1,06"" 1 

~I = t,.[/ lo, r)le lo,/<,.[ - Jil1Hei1Hall nJiaCTl1'1eCKall AecpopMaJ_\11ll C00TBeTCTBeHH0 AO 11 U0CJie 06-
JIY'leH11ll; 2R :5 1 - pa}l11an110HHall CT0HK0CTb YA0BJieTB0plleT tH = 10 JieT; 2R > 1 - He YA0BJieT
sop11TeJI&Hall; kt, k2 - K03cpcpm-111eHTbl, Ylll1TbtBalOII.\11e M11Kp0CBOHCTBa MaTep11aJI0B (CM. ieKCT) 

B 3aKJII011eHHe aBTOp CllHTaeT CBOHM AOJII'OM OTMeTHTb 6oJihlIIOH BKJiaA B 
pe3yJihTaThl 3KCnepHMeHTOB no 06ny11eHHIO H HCilhlTaHHIO o6pa3IJ;OB IlOJIHMep
n;eMeHTa: E . .D:.3eJihAH11a, 11.E.KapnyHHHOH, B.M.Ha3a OBa , H.B.MoxoBa, 
K.K.IloKpoBcKoro, A.Jl.IIIHlIIKHHa, B.E.XBOCTOBa . 
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