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Il penncoseasr ¢11 31'I'~eCKaH II MaTeMaTHtleCKaH MOJ:lefll1 MeXaHI13Ma, 06bHcHHIOll.\erO nOH lI)I{CHlle 3KCnCp I1MCHTaflb­

HblX noporos np060H OnTI111ecKI1X MaTCpliaJlOB, no cpaBHeHl110 C npeJ:lCKa3aHHbIMlI TeOp l1S1 MII n amlH lI OH II OHII3aW IIl 

II MHoro¢oToHHoro nornoureaaa, caaorpoxycaposxon I13JlYllCHI1S1 u a J:l llHa~lII11CCK ll X HCOJ:lHOpOnIlOCTHX n OKa3aT CJlII 

npenovneans (J:lIIHa MI111CCKIIX rmnaax) . 

KaK H3BCCTHO, B 60JIbWHHCTBC CJI)"'Iac B 3KcnepHMCHT aJIb­

HO onpCL\CJICHHblH nopor OnTH'lCCKOrO npofios npoapax­

HblX MaTCpHaJIOB OKa3bIBaCTCH Cy llJ,CCTBc HHO HH)f{C, 'lCM 

Bbf'lHCJICHHblH TCOpCTH'lCCKIi C )"'IeToM npoueccos YL\apHOH 

110HH3aUHl1 Ii MHoro<poToHHoro nornoureaan [1-5]. 
Hecu or pa na TO 'lTO HCCOMHCHHO L\OJI:lKHa CYllJ,eCTBO­

sars B3aHMOCBH3b MC:lKL\Y BCm l 'IHHOH nopora OnTH'leCKOrO 

npocos 11 <pH3HKO-XI1Ml1'leCKIiMH CBOHCTBaMI1 npoapaxaoa 

cpenu, K HaCTOHllJ,CMy a p e vena TaKOH 3aBHCHMOCTH verano­
BHTb He YAaJIOCb. 3 TO YKa3bIBaeT n a HCTPI1BHaJIbHYIO 3aBIi­

CIiMOCTb nopora n pofio s OT COBOKyUHOCTH xapaKTepHCTHK 

npospasaoa cpensr [1-3,6,7]. 
3 Ha' IHTeJIbHOC 'lI1CJIO 3KcnepUMCHTaJIbHbiX pa60T CBIme­

TCJ1bCTByeT 0 Ba:IKHOH pOJIH norno utaiouiax HCOAHOpOAHO­

CTeH (Il l-l) B npouccce paspyurcnas npoapa-nrux M aTe­

PliaJIOB JIa3CpHbiM HMnYJIbCHblM H3JI)"'IcHHeM [2,3,5,8-·12]. 
Il pa 3TOM TeOpCTH'lCCKl1e MOACJII1 p aapy ure n a a On TH'ICCKHX 

MaTe p HaJIOB aa CliCT nOrJIOllJ,eHHH CBeTa na Fll-l n p en n on a ­

raior, -rro paspyurenae n p OI1CXOWlT JIH60 sa C'ICT pasorpesa 

Il l-l L\O rev n e p a'ryp sr liOHli3aUUH cpensr, JUI60 aa cxer 

06pa30BaHHH aoxpyr DH OOJIH C:lKaTHH H ynapaux BOJIH, 06­

HapY:IKc HHbiX 0 60JIbWOM llHCJIC 3 KcncpHMCHTaJIbHbiX pa60T, 

npeasnnaiounrx n o awnnrrryne npeaen npo-mocra MaTepl1­

aJIa, JII160 aa CliCT H Toro 1I npy roro OAHOBpCMCIIHO [2,3,6]. 
OAHaKo PM 3<p<pCKTOB, TaKHX KaK Cl\f CllJ,CHlIC paspyure n u a 

HaB CTp C'ly COCTOBOMy rtyxy CO CKOpOCTb lO 60JIbWC CKO­

pOCTH 3ByKa [8], OTCYTCTB If C 0p;H03HallHo11 3a il lfCIIMOCTH 

nopora paapytnenaa OnTH'lCCKIiX CTCKOJI OT K03<p<PHIllfc HTa 

nOrnOllJ,CHI1H [13], I IC Ha XOlll1T AOCTaTOliHO y6CllHTCJ1bHOrO 

06bHCHCHIIH B pavx ax 3THX MOllCJIeH. 

Ah"TYaJIbHOCTb aacroauiea paooru 3aKJIIO'iaCTCH B r e o p e­

T!1'leCKOM On l1CallIHI H3MeIlCIIIIH xapaKTCpliCTI1K JIa3CpHOrO 

I1MnYJIbCa II onTHllCCKOH cpcnsr 0 3aOHCHMOCTH OT n ap av er ­

pOB HMnyJIbCa (P;JIl lTCJIbHOCTI1, MOllJ,HOCTH, <pOPMbl n epen n e­

ro H s an n er o q>pOHTOB, 'IaCTOT bl CJICp;OBaHHH HM n YJIbCOIl ) Ii 

<pH3HKO-XHMHllCCKlIX CBOHCTB Cp CAh /. 

Flpennaracxra n Mc xaHU3~ 1 [1 4] IIC OThICHHCT Y:lKC 113­

BeCTHblC McxaHU3Mbi caxiodiosyca pouxn [1 ], OCIIOBaHHblC I1a 

HCJ1HHCHHOfl n OJIHp H3a UHll cpem r H 3JICKTp OCTp lfKUUU, oco­

6eHHo Ba:IKHbIC AJI H c pen C 60JIbW HM 3H a'lCHUCM nO CTOHH­

Hoff Keppa U JIa3CpHbl X HM n yJIbCOB C 60JIblllOH nJIOTHOCTblO 

MOllJ,HOCTH. OCHOBHblM AOCTOlllICTBOM npcnnaraevoro MC­

x aIlH3M a c a l\w <poKYCUP OBKJI HOJIHCTCH TO, "ITO B e r o OCI/OOC 

JIC:lKHT 06llJ,enp lI3HaHHbl ii CCrO)lHH cpaKT 0 II CB0 3MO:IKHOCTIf 

nO JI)"'IeHHH o n TlIllCCKHX c p ea , IIC COACp :IKalllHX MHI<pOCKO­

rnrtc c x a e norrromarouurc nplIMCCII ( rpadnrr o uan num., MC­

TaJIJIUq eCK HC Il 'JIlOllCIIHH, 0 6 JIaCTCli cerperaumr 12,3,15]). 
Tlpn 3TOM OIl Il0 3BOJISICT COH3aTh CIlCTOCTOflKOCTb WH ­

poxoro xnacca rpanmmonuu x OllTHllCCKHX MaTCpHaJIOB C 

ax <pU3I1KO' XHMllllCCKUMH c soa craa v n H Xa p ah"TCpHCTHKaMIl 

JIa3CpHOro II MnYJIbca. flollHMalluc 3TIIX B3aIlM03aBHCHMO­

CTCH n03BOJIHT IlCJ CUan p aBJICHH O p aoorar s Han C0 3p;aHlICM 

JIa3epO D, r c a c pnpyro uta x IIMnYJIbCbl c n e u a an su o n CpOPMbl, 

Hc o6x OAII MbiX KaK )lJIH 6 0JICC :lq><pCh"TII BlIOr O paJpyWCHHH 

A al/lIOH cpcn u , TaK II JlJIH 6ecnpcn HT CTBClI lIoro npOXO:IKAC­

lIlIR 'lCp C3 nee, a TaK:lKC )lJIfI C03)laHIIH OllTH'ICCKlIX cpcn, 

Hali60JIcc Ii Ha UMCHCC n p 03p allHblX AJIH nannoro JIa3CpHOro 

I1Mn YJIbc a. 

Il penrraraev un Mcx aHII 3M BKJIlO'l aCT CJlcnYIOllJ,HC OCHOB­

HblC nOJIO:IKCHllH: 

I. Il pospa-ra aa c pena MOiKL.'T concpncars MCJ1b'laftWIIC 

(0.0 1- 1O) ,um m -I, nanpnsrep, KanJIH MCTaJIJIOO, rpadn« 

TOBylO n blJIb HJIH MIIKp 0 0 6 JIaCTII cpcnu, CO,'lCp:IKaIIlIIC no­

BbI WCHHYIO x o a u e rrrp atuno n o rnouiaiouicn n p n u c c a , B TOM 

llllCJIC H a a MOJICKyJISIp HOM ypOIlUC. 

2. Il pa nonas e a a Ill-l srounro r o HMIlYJIbCa 1f3JI)"ICHHH 

npo u c xorurr ee 6 hl CTp hll1 p aao r p e a ua HCCKOJlbKO TblCHli 

rpan y c o s (B IlJIOTb AO o o paao aau a s nnaanu) , -rro npIIBO,J:lIIT 

K P;BH:lKCII lIlO rpamnnr paaorper o n 0 6JIaCTlf C 0 6 p a30Bau UCM 

B oxpyxcaiouien Cp CAC 0 6JI aCTlI cxcar u a , HC paapy uraiouica 

llH3JICKTp HK. 3 TO n p naoznrr K «pancoapeveimony H3MC HC­

HHIO n OKa3aT CJIH n p CJIOMJlClIIl H cpen u noxpy r Fll-l. T aKHC 

KOp OTKO:IKlmYllJ,HC 0 6 JIac I"H C H3MClICHHbiM nO Ka3aTCJICM 

npCJIOMJIe HII H 6YACM Ha3W13aTb Jll lllaMII'lcCKHM II II COJlHOPOJl­

HOCTfl MH n OKa3aTCJIH npCJIOMJICHlfH IfJIIf JlllllaMlI'lcCKmm 

JIIIH3aMH C:lKaTlfH cune). 
3. B o n p o c 0 TOM, KaK aH JllfHaM HllCCKaSi rnuna (<pOKy­

c a p y iouias HJUl paCCCH 13alOllJ,aH) n pn :lTOM o fi p asy er cs, 

3a13If CUT OT csoncrn CPCAbI (p u c. I). 
K Op p CKTHaH OUCHKa pacnpCnCJlCIIHH rIJIOTUOCTH n OTOKa 

3HcprUII B 0 6 JIaCTII s a flH TP C6 y CT PClllCHIlH ){By X ca­

MOCTOHTCJIbHblX aanax, Ha nepnosr srane, Ha30 BcM ero 

yCJIOBHO rHnpOAI1HaMII'ICCKliM, 3TO PCWCHIlC 3ll!la'lH 0 
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Idnldp < O, in bulkl 

PMC. 1. e x MUnl 'lCCKOe H306pa)KeHfle AnC BHyrpll (1 H 3) 11 

3 

na 

nOBepxHoCTIl np03pU'I HOil CPCAbI (2). 1 H 2 - CPClIbI C dn l dp > 0, 
cj>OKy Cllpy IOUUIC )J..JlC; 3 - cpena c dn f dp < 0, pacce a natouiaa 

)J..Jle. 

no rnouiemm CBCTOBoro U3JIY'lCHHll flli 11 onpc,UeJICHUC 

npocrpancmenao-apeaennor o pacnpeaen cnns nOKa3aTeJIH 

npenounenaa soxpyr Illl, BTOpOI1 sran (onTIl'ICCKIII1) 

npennorrar aer pacxer .nc¢opMaUllu nOJUI JIa3CpHOro 1l3JIY­

'1CHIIll no aanaanoxry pacnpenenenmo noxasarena npeJIOM­

JICHHH Il COOruCTCTBHlI C 3aKOllaMH onTHKIi HCO.nIl OPO.nHbIX 

cpen [16,1 7]. <1>1I3H'ICCK0I1 MO.neJIblO, Hc06xo~UIM0 I1 ,UJI ll 

onacau ns paccaarpaaaeuor o npouecca, ll BJIHCTCH MO.nCJlb 

uncansaoa ClKliMaCMOtl IKH.nKOCTli, B KOTOpOtl IIMeCTCH 

IIc6oJIblIlOtl C¢CPH'ICCKlitl 06bCM, pamroxrepno narpesato­

UUBICH aa C'ICT rrornouiemra caer oaor o 113JIy'lCHHH [18]. 
B Ka'lCCTBC npasrepa npHMClI CHI1H MO.nCJIH npHMCM, 'ITO no­

rJI O ~C HIIC sucpr uu JIa3CpHOr o IIMn YJIbCa OCY~CCTBJlHCTC H B 
06JIaCTH IKIl,UKOCTH C xapaxrepn uu paaueposr Ro r"oJ 1,urn, 
nOTOK nasepnoro H3JIY'ICHIiH npocrpancr serrno onaoponen 

D npenenax 06JIaCTII n O rJI O~eIll IH , a BHCWlIHH cpcna H30­

r"oJTponua. )J,JIIITeJIbIl OCTII JIa3CpHOr o uxm yn sca t, 10 nc If 

onepr uu B IlMnYJIbCe E, 5- 15 J, rca neparypa B IIclir"oJ 

6y.nCT COCTaBnHTb T 104 K, lJTO COOTBCTCTByCT 06JIaCTl1 r"oJ 

nepeoa II0111l3aUHIl MOJICKyJI IKH,UKOCTII. B 3TOM crry xae 

MlIllIClIb HBJIHCTCH TCpMII' ICCKIl MaJIOJ1 [6], nor nouieanaa 

3HeprHH nasepaoro H3JIY'lCHliH pacnpenen aer ca BHYT)JH 

IICC pan nouepno, a B3aIiMo,UCI1CTBIiC C BHCWlleH CpC.nOH 

ocyuiecrnnscrca IIC aa C'ICT MOJICKyJIHpHOH r ennonponon­

HOCTII, a sa C'ICT MCXallH'ICCKHX npoueccos BblpaBHIiBaHlIH 

.naBn cHuII Il CKOPOCTCII ua rpaHHUC 06JIaCTIl, xoropas ua-nr­
HaCT 6blCTPO pacumpsrr scs B oKpY)K alO~YIO cpeny. POJIbIO 

JIy'lI1CTOJ1 TCnJIOnpOBo.nHOCTlI npcnefipcra eu, npennonaraa, 
' ITO OCHOBHafl '1aCTb nepeusnyxeanon sneprau norJIO I1~a -

1 

2 

CTCH B TOIIKOM cnoc B6JI113H rpanauu MI111ICllli H BHOBb 

ysacrnyer B 06 mcM 6aJIaHCC snepran. 
PaCCMo-rpHM ua ncpnov srane nauoonee npocroa crry­

'1ai'! - C¢CPWICCKyIO ¢OPMY aarpeaaio uicr oca 06bcMa. 
MaTCMaTH'lCCKH TaKaH I>1O.nCJIb OIIliChlBaeTCH CIl CTCMOI1 

ypannenaa rH.np0Jl.IiHaMHKII: 

PI + up, + p tu, + 2ulr ) = 0, 

liz + till, + 1IP P, = 0, 

(1) 

BKJl IO'JaIO~c fi yp aauenne acpaapu snocra, ypaaueuue .nBH­
IKCHIIll II ypanaenne 6aJJallca anepr nn , rne r - panaansnas 

KoopnHllaTa, t - npcMll, P - Il JIOTHOCTb, P - .naBJIClme, 
It - Macconafl CKOpOCTb '1aCTIIU, a - CKOpOCTb 3ByKa B 

cpene, g - lI CTO'l !iIlK TCnJIOUOl1 aaeprnn , 06yCJIOBJICIlHWII 

nornouieaaesr CBCTOBoro 113JIy'ICHIIfI (g(t) -I 0 TOJIbKO B 

npenen ax pasuepoa erpepu 1l0H1I3aUl m , 1:C. npa r < Rg ) , 

pt , u., P, - ncpaue npOlI3BO,UlIbIC 01' nJIOTHOCTlI, xracconoa 
CKOpOCTIf II n aanenna no BpCMCIlIf, p», 1I,. P, - np01l3BOA­

HhlC no pannarn.noa «oopnuaare. Haxam.aue napauerpu 

B IIcBo3MymcHHol1 cpenc npn t = 0 CJICAYlOmIlC: P = Po, 
P = Po, a = a o, B 1l01U130BaHHofi crpepe: P, p, a, MaCCOBbIC 
CKOpOCTlI 'IaCTliU OTCYTCTByIOT. Ha r pan aue paCWl1pHIO­

uteacs C<t>CPbl npa r = Rg BblllOJlIIHIOTCH CCTCCTBCHHble 

YCJIOBHfl panCIICTBa .naBJICHlli! H MaCCOBblX CKOpOCTcit 

C lI CTeMY aau u xarcr ypasnemra COCTOHHlI H 1K1InKOi'! CPC­

.nhl P = P(p , T ) H HOHlI30naHHoro napa P = Ps (p , T ), 
rne T - a6COJIIOTHaH TCMncparypa. BH.n ¢ YHKUIiH g (t) 
YCTaHaBJIllBaCTCfl B n pc.nnOJIOIKCHIIlI, 'ITO nCH non anaio uiaa 
ua nonepexaoe CC'ICHlIC 1I0lUl30BaHHOll C¢ CPbl 3Hcpm H 
MfIlOBCHHO ncpcxomrr B TCnJIO: 

g(t ) = 3/ 4 aW(t )I Rg, a = I / (poCu )PT , (2) 

rne W (r) - nJIOTHOCTb nOTORa saepr aa lIMnYJIbClIOr O 
lI3JIY'lCHliH na rpauuue 301lbl 3Hcpr oBw.nCJICHHll , PT - npo­

113Bo.nuaH no TCMllcparypc , Cu - y.neJIbHaH TCnJIOCMKOCTb 

npn nOCTOllHIlOM 06bCMC. 

Ko3<jJl!m uucHT a xapaxr ep asyer ¢ 1I3If 'lCCKIiC CBOHCTlla 

cpcnu, uanpnxrep, ana nonu B COOTBCTCTBlI li C ypaanennea 

COCTOlllIlIH Kysaeuoaa [!9] MOlKHO npIIHHTb 

a = 0. 1 (MPA/s)(crn3/ W). (3) 

CYU~CCTBCH llo ro yn pouieuas paccuarpauaeaoa 3aJla'!1I 

MOIKHO JlOCTU'Ib B npennon oaccaua 1133l1Tponll'!HocTli re­

'1CIHlH IKlmKOCTII [20]. )J,JIfI BO.nHOi'l cpensr AalKC B cJlY'Iae 
TC'ICHIIH C ynapnu su : BOJIHaMIi nony uteane 06 H33HTponli'!­

ac cra cnpauennnao n o naunemrn nopan xa 1000 - 2000 MPa. 

B 31'01.1 cn yx ae ClICTCMa (1) ,UJIfI pacxera BOJIH B IKII,UKOCTII 

MOIKCT 6blTb rrpencr anneua B BH.nC 

2/ (k - I )a{ + ua ; + all, + 'Ia u f r = 0, 

u, + uu, + 2/ (k - l )aa, = 0, (4) 

mC t - UpCMH, r - paCCTOfli mC OT UCIiTpa nOr JIOma­

IOUlei'! 06JIaCTH, U - CKOpOCTb '1aCTI'lU, a - MCCTHafl 
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CKOpOCTb 3BYKa. CBR3h BCJlIl'lHHhl a C AaUJlCHHCM P H 

rIJlOTHOCThlO P CpCAbI ,l:laCTCR Bbl p a)KC1U1CM a 2 = dP/ dp , 
3aBHCHMOCTh P(P) rrp HMCM B <pOpMC T 3Ta [21] 

(P + B)/ (Pa + B ) = (p/pa)k, (5) 

me B, k - KOIlCT,iHThl , xaparcrepasyrourac cpeny, ,I:(JlR BOAhl 

B = 304.5 MPa, k = 7.15 . Pa Ii pa - aaxansasre AaBJlCHI1C 

II rrllOTHOCTh. CJlCLlOnaTCJlbIlO, 

(P + B )/ (Pa + B) = (a/aa)2k/(k-l). (6) 

Ha'laJlhHblMIi YCJlOBll RMIl L\J1R CHCTCMhl (4) RBJlRIOTCR 

a = aa, U = 0, r n e aa = 1500 mls. Kpaesue YCJlOBHR aa 

c<jJepe p anHyca r = Rg(t), a = aa + fulg(t), r AC lla g(t ) ­
H36 blTo ' IHaR MCCTHaH CKOp OCTb 3ByKa B )KHAKOCTIl aa rpa­

H1iQe Rs(t ) C pac WHp RIOII{CHCH uucoxou arpero ti 06JlaCThlO 

npu r -+ co, a --+ aa, U --+ 0. D PIIMCHHH LlJlH rrOCTaHOB­

lleHH0I1 3aAalJH MeTOA " BBCLleHHH ncmmeauo cnr [22], 
non y saeu cn enyioutee PCIU CIlHC (B rrap aMeTpHlJ:CCKOM DH)J,e 

B 3aB HCHMOCTII OT n apaa erpa r ) : 

u=2/ (k -I) [lla g(r )Rg(r )/r +aa Rg(r )/r2 J
r 

lla g(r )dr] , 

a 
(7) 

me napau er p T OrrpCLlCJlHCTCH H3 p CWCHllH TP aHcQc HACHT­

aero y p UBIlCHHR: 

a (t - r )/aa = r/ Rg(r ) - /3 ln{[( r/ Rg(r ) + /3)2- y)/ 

[(1 + /3)2- y) } - (y + /32)[Fr / Rg ( r ) - F (1)) / v iyI, 
rne 

1/ 2 In [(x +/3 - vlYI )/ (x +/3 + v lyl )), x > 0,
 

F(x ) = arctg [(x +/3)/ vlyl), x < 0,
 

/3 = 1/2 (k + I)/ (k - I )llag(r )/a a,
 
r 

y = /3 - 2/ (k ~ 1)/ Rg(r ) Jlla g(r )dr . (8) 

a 
Ilp n 3an aHliH n a rpUHHQC MOHOTOHHO aospacratouiea 

no nex or o p oro MaKCIlMaJl hHOr O 3Ha 'lCHHR fuls (r ) max 11 

cnan a ioure a rrOTOM )J,O nyn a <PYHKl{H1i lla g ( r ) ( x or opaa 

x ap axre p m yer 113MCHCHIIC n aBJlCHHH B IiOHli30 BaHH OH crpe­
pe) ypas x e u n e (8) 6YACT HMCTh B TClJCHHC OrrpCLlCJlCHHOrO 

rIpOMC)KYTKa BpCMClil1 OIUIH xop e u s. CJlc)J,o DaTCJ1bHO, p etne ­

HHC (7) 6y)J,CT OilH03HU' IIIOH <PYHKl.{Hcf'1 Bp eMCHH H KOOp­

JI,llllaTbI. Il pu n ansnemnea p acnpocrpan e n n a B03MYlllCHHH 

B c peac B0 3MO)Kf! 0 rrORBJlCHHC )J,orrOJl II HTCJlb HbIX KOp HCH 

ypaa a c mra (8), T. C. B0 3HHKHOBCHllH MHOr 0 3Ha'iIiOCTH B 

pCUICHlIU (7). <l>H3I1lJCCKH 3Ta crrryauaa COOTBCTCTByCT 

B0 3HliKHOBCHHIO yn apao rt BOJlHhI. Ilpn 3TOM MIIOr03Ha'l­

HOCTb PCWCHIiH B MaTCMaTlIlJCCK M n n au c n orosa 6 hlTb Jl HK­

Bl1L\lIpOBaHa BBC)J,CHHCM paap u aa-ppon r a ynapaoa BOJlHbI, 

ilBl l lKCIIIIC xo r opo r o rrO)J,'1HHHCTCH y p asseam o [22]: 

dtj l dr = (a + a - + u+ + u-) -1/2 (9) ' 
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n p a a ax an sn u x YCJlOBHHX r = rc, tf = fa, rAC ra H ta ­
KOOpnl111aTa H BpeMH B031IUKIIOBeHIlH IPPOIlTa yn ap non 

BOJlllhl. 3 HaKH (+) H ( -) COOTBCTCTBYIOT napaaerpau ,,3a" 

H .rre pen' epp Ol r roM y,l:lapliOH BOJIllb!. <I>aKf nOHBJleHHH B 

TC'lCHHH <pp OHTa ynap n o n BOJlHbl COOTncTCTBYCT MaTCMaTI1­

'1CCKH n 0 3HIIKHOBeHi l lO o rafiaiomen CCMCHCTBU xpnaux (9), 
KOTOp OC OflllCblDUCTCH napauerpoa t . D03TOMY B COOTBCT­

CTBlIH C n p o n en ypo a paC'ICTa o ru6alOlllc II [23] Hc06xo)J,HMO 

Ha ihl1 KOpCHh y p aBHcHHH (8) 11 n o 3aBllCilMOCTHM (7), (8) 
o n p en cmrrs BpeMH B0 3HIlKHODCHIIH <ppOHTU, p ac cromme OT 

u c i rrpa B3p hIBa II )J,anJlCIHlC u a <pPOHTC BOJlHhl. 

Or. te TIiM, 'ITO anC KnaTHOCTb )J,aHHof'1 MOnCJ1 11, T. c. c n pa­

nC)J,JlHHOCTb n o n y iueuaa 06 H33HTp OrIli 'lCCKOM x ap axrep e 

TC'IeHII H n orosa a KOHTpOJIH p OBaTb CH I1MCHHO B MOMCHT 

oopasoaan aa YAapHoH BOJlHbl, TUK KaK IlMCllllO <pPOHT 

ynap n o a BOJIl l bl HBJlHCTCH CLlI1HCTBCHHblM HCTO'lIHlKOM )J,IlC­

cnnaraensrx nor eps, <l>y IlKUHH ful g (r ) n Rg ( r ) , KOTOp hl C 

BXO)J,HT n <pOp Myllhl (7), n OmKllhl 6 blT h onpenenenu H3 p e ­

W CIUlH aanasnr 0 p ac ump ea a a 110IH130BaHHoro naporaaono r o 

nyau psxa, xor o p u n norrromaer aacprino .nasepuoro H3JlY­

'1em lR . C HCTCMy y p aa n c u a n , ortucsmarounrx 3Ty aanaxy, 

'lan HWCM B rrpl16 Jlm KCHII I1 Farnropa [20]: 

l-e aasano re pv onanavaxa, 

(10) 

- ypaBHCHI1C COCTOHIIIIR HOH1I30 n aHHOro napa, r)J,e Eg ­

DHYTp CHHHH 3HCp ruH rrapa B nysupsxe, Pg - )J,aBJlCHliC B 

ny3blp hKC, Vg - cro 06be M, 

g (t ) = 3/ 4 KW (t)R;, R. = min(Rg , Ry ) (11) 

r n e R, - panayc CC'IeHHH rr y-ra ua rpaanue n y s u p s x a, 

W - n JlOTHOCTb MOlllHOCTI1 naae p uoro nsmyneca B 3TOt'1 

aoae, K - K0 3ep<pII QI1CHT n OrJlOIllCIIIIH c aer a MH weHhlO, 

X - n o xaaarens ann aoar u n apor aaoson CI\ICCH B 0 6JlaCTH 

n c p noa HOHH'l aUUlI X = 1.2 5 [19]. 3 amlcb <pyHKUHH g (t ) 
B Bl llI.C (11) yqHTbm ac T KaK B0 'lMO)KHOCTh tPOKyCHpOIlKil 

n asepu o r o 113JlylJCHIIH aa MHIIICHll, TaK II 0 6Jly'lCHliC ce 

He C<pOKyc llp o BaHHhlM Jl)"IOM. 3aMbIKalOT CII CTCMY (10) 
ypas ucnaa ua rp aa uuc pasnena nona-na p: dRg/ dt = llg(t ), 
P(t) = Pg(t). C l<OPOCTb u~ (t ) aa rpaHHQC pacumpsroutero­
CH n ysup s x a onp C)J,CJlHCTCH aa OCIl OBe (7) n pH 1I = ug ( r ) , 

r = Rg(r ), rne 

r 

ug(t) = 2/ (k -1 )(lla g(t ) + aa/ Rg(t) Jlla g(t )dt ). 

o 

TaKIlM 06p a30M, aan ax a 0 pacunrpca na n y asi p s xa CBO)J,IIT ­

CH K PClllCHIlIO cnenyrouiea CHCTCMbl ,UH<pqlcpCIIQllaJlbHhIX 
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ypasaemrn: 

ug(t) = 2/ (k - 1) (t-O g(t) + ao/Rg(t) J
T 

t-ag(t)dt). 

o 

t-ag = ao{ [(P + B)/ (Pg + B)]2k/(k-l ) - I}. 
(12) 

rne Yg - scnoaorar cnsnaa epYHl<UIIH C HaLlaJIbHblMH yCJIO­

BHHMI1 npl1 t = 0: Pg = 0, Rg = Ro, Yg = O. 
Pacc Mo Tp IIM ren e p s nor rr o uie n a e 113n y LIeHHH na MHw eHH 

n p 0 I13BOn bHOI'1 epOp Mbl . TC LICHHC iKl1nKOCTII, B03 HlIKalOm Ce 

n p a pacura p c uun HaLIaJIbHOH 1I0HH30BaHHoH 06naCTI1, He 

HBnHCTCH onnoxrepuu u , 110 MOiKeT 6 bIT b npl16nH)l{CIIHO 

ormcano B pavxax onaov epnoro ranpaana-recxoro npafinn­
iKCHHH 

2/ (k - I)a, + ua , + au; + au S' f S = O. 

UI + UU , + 2/ (k - l )aa, = 0, (13) 

rne I' - paCCTOHHII C, OTCL£llTblDaCMOe BAOJIb epIlKCllp OBaH ­

HOH Tpy6KII TOKa, S - nno uiam, CCL£CHHH 3TOii Tpy 6 KH, 

S/ = dS / dr. Cacrexra y p a an enna (13) aHaJIOrHLIHa CII­

CTe MC (10) 11 n c p eXOAI1T B IIC C B cnysae cljlCp U'ICCKOH 

ClIMMCTp m l. O n llOBp CMCHHO npHHIIMUIOTCH crren yrourae no­

nymCHII H: 

- pacunrpea ne 1I0HII30BaHHoti 06naCTlI npOIICXOnllT p aa ­

HOMe p HO BO nee CTOpOHbl OT HULIaJIbHOrO 06'beMa MI1WCHI1, 

- B KaLIeCTB C I1HTClpaJIbHOH x apaKTCpIICTIIKII r COMeTpllL£C­

c x o r o pacxoaoremra BOJIHbl CiKaTIIH n p l1HIIMaCTCH y c p en n ea­

HaH no TCJIe CHo My yrrty nnomans CCL£CHHH JIyLIeBoH Tpy 6 KII. 

8 3TI1X YCJIOBIIHX 3aAaLIa ljlOPMaJIbHO CTaH OlllITCH OAHO­

Mc pHofi II nonycxaer peuieu a c C noxtoun-ro 3 8 M cn enyio­

UlIIX CIICTCM ypaane u n a : 

nJiH BonH CiKaTIIH B iK l1JlKOCTII 

dRg/dt = ug. dYd dt = t-ag, 

dP g/dt = (X - I )g (t )/Vg - XPgUgV; /Vg,
 

ug = 2/ (k - 1)t-ag + ao R gS~/Sg,
 

t-ag = ao{[(P + B)/ (Pg + B)f k/(k- l) - I }, (14) 

rne Vg 11 Sg - 06'beM II nnourans CCL£CHI1H 110H1l30BaHHMI 

06nacTII, Yg - sc n o rao r aren s a aa ljlyHKltllH, V; = dVg/dr. 
H UL£ aJI bHbl e y cn o s a a n p n T = 0: Pg = Po, Rg = Ro, Yg = O. 
YpaBHCHI1H nH paC Wllp CIII1 H 1I0 HII 30 Ballll0 11 06nacTII: 

t-a = t.Gg(r )J Sg(r )/ S(r ), 

u = 2/ (k - I)JSg(r )/S (r ) [t-ag(r ) + aoS/(r )/S (r ) 

X J
T 

t-ag(r )dr] , (15) 

o 

r AC r o npenenaerca 113 ypUBIlCHlIH 

dr / dt = ao+ t-ag + u IIp u t= r , r= Rg(r ). (16) 

8 cnHLIIIHa g (t) pacc-nrrsmaer ca 113 (11). Bupaacenna IUIH 

Vg H Sg 3UUII CHT OT ljlOPMbl 06JJUCTlI n 0 rJ10 m CHII H. 8 cn yxac 

UllnIlHAp l l ' ICCKOH o 6 n uCTII C BblCOTOfi lie Il p UAllyCOM Rc 

y p aBHcHIIH HMCIOT cn en y iouurn nun: 

Ha p HC. 2 n p HBeACHbI peayrrsrar u nbl l lH CJICHIiH napa­

MeTpOB BHYTp H nJIa3Mc HHo I"1 06n aCTI1 JI,J1H imap u a II BOAbI. 

.r : ... p 
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Pille. 2. 3aBHCHMOCTb 6e3pa3MepHblx nap asrerpoa nJJa3MeHHoi! 

06JJaCTH OT 6e3pa3MepHoro BpeMeHII l;ao/ Ro. I - xsapu, P ­
rparpux fieapaaxrcpxoro AaBJJeHHll BHyrpH nJJa3MeHHoi! 06JJaCHI ­

P/ 11 , B - 1000 MPat R - panayc nJ1a3Melllloi! o6JJacTI1, 

Ro - paAHyc nornouiarouiea HeOAHopOAHOCTII - l,um, ao ­
Ha'laJJbHall CKOpOCTb 3ByKa B xn apue - 5400 ml s. Ilapancrp u 
JJa3epHOro Y1MnyJJhca: Wo - nJJOTHOCTb 3Hcpr HII - 15 Jzcm " , I i ­

AJJHTeJ1bHOCTb HMnyJJbCa - 10 TIS. II - BOAa. B - 306.5 MPa, 
ao - aasansaaa CKOpOCTb 3Dj'Ka D BOAe - 150 0 rn /s, Ro ­
parmyc nornouiarouiea HeoAHopOAHOCTII - l,um , P( I ) - rpacjJHK 

6e3pa3MepHoro AaBJJeHHll aayrpn llJ1 a3MeHHoi! 06JJaCTH - P/ B 
npn o6J1y'leHIIH n aaepastv IIMnYJJbCOM C nJlOTHOCTblO an ep r uu 

2 2,Wo - 15 J/cm , P (2) - 5J /cm I i - AJJIITeJ1bHOCTb HMnyJ1bca B 

06 0HX CJJy'lallx - 10 TIS. 

>KypHan TexHw-iecKolil eplil31ilKIil, 2012, TOM 82, aun. 5 
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Ha pa c. 3 npaneneuu peaynsrarst Dbl'UiCn CHYlI1 napaaer­
pOB BonHbI nannenaa cHapy)l( Y1 nn a3MeHHOH 06naCTIl AnH 

xnapua. H a puc. 4 nOKa3aHO OTHOllieHUC H3MeHCHlUI noxa­

sarena npCJlOMneHHH (l1-nO) B ofinacr n sonnu C)I(aTllH K 

Bem r<IHHC HCB03My mcHHor o noxaaarena npenosoteaaa npa 

aTMoc<jJcpHOM LlaBneHHH - no, AnH MOMCHTa BpcMeHH t, 
paanoro nonOBHHC AmlTenbHOCTJ:I na sepnoro HMnynbca, 

1i/ 2. Iloxasar ens npenOMnCHHH AJlH xsapua pacc-nrr u nanca 
no <jJOpMyJIC [24]: 

nq = nOq + dnf dp P, 

rne nOq = 1.545, dn l dp = 0 .00 10 3/96.2 MPa (H3 r afin . 1), 
P - B3HTO U3 pHC. 3( 1), AnH BOAbl rtoxasarerrs npenoxore­
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Pl1c. 3. 3 aBI1CI1MOCTb 6C3pa3MepHoro naanenaa PI8 n BOJlHe 

C)KaTl1l1 aoxpyr nJla3MeHHOH 06JlaCTI1 B xaapu e OT 6C3pa3MepHOro 

paCCTOlIHI1R r I Ro LlJlll paann-mux MOMCHTOB BpCMCHI1. I ­
(+ ) LlJlll MOMeHTa BpeMeHI1 1 = lil 2, 2 - (*) nna MOMeHTa 

BpeMeHI1 - 1 = 1.51; . Wo, I;, B 11 Ro TaKI1C )Ke, KaK aa pnc, 2. 
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PI1C. 4. 3aBI1CI1MOCTb OTHOWeHl1l1 113MeHeHI111 noxaaarena npe­
JlOMJleHl1l1 n-no B xaapue K BeJll1'mHe aaxansaoro noxa­
sarena npenounen u a xaapua no, B BOJlHe C)KaTl1l1 no xpyr 

nJla3MeililOH 06JlaCTI1, OT 6C3pa3MepHOro paccromraa r I Ro 
ana MOMeHTa BpeMeHI1 1=1; / 2. Wo, I ;, B Ii Ro TaKl1e me, 

KaK na puc, 2. nq = nO. q + dnldp P, no.q = 1.545, dn l dp = 
= 0.00103/96 .76 (M Pa)- ' (CM. Ta6Jl. 1), P - B3RTO li 3 pnc . 3(1). 
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PI1C. 5. OTHOWeHl1e n JlOTHOCTI1 '3Hep m l1 n asepaoro 113JlY'leIlYlR 

na OnTIi'leCKOH OCI1 aa AflC-W B x nap u e K nJlOTHOCTI1 ou ep run 

110 llliHaMIi'leCKOH Jll1H3bl Wo B 3anl1CIIMOCTI1 OT 6C3p a3MCp HOro 

paCCTOllHl1l1 OT u ea rpa Jll1H3bI LIRo, nna MOMCHTa BpeMeHI1 

I = Iii 2. BeJlI1'lI1Hbl Wo. I , , B 11 R0 raxae me, KaK a a pac, 2. 

HYlH paCC'IHTbIBaJJCH no <jJopMyn c: 

nw = now + O.334(p/po - 1), 

rAC now = 1.334, P H Po - nnOTHOCTb DO.!l.bl U BOJlHe 

C)I(aTIIH II aauansa as nn OTHOCTb [ 19]. 

)l,e<j>opMaLlIIH nanansuor o CBCTOBor o 1l0TOKa aa )l,JIC 

pacc-nrrsmanacs aa 6a3C n yscaon TCOPIIH [ 16] . Ha pac, 5 
nOKa3aHO OTHOlliCHYle llnOTHOCTJ:I snep r nn nasepnoro H3­

JIY'!e HliH na OnTl1tICCKO{1 OCB aa nllHaMl1lfCCKOH mUl30H ­

W K u a-ransnoii llnOTHOCTH aneprua (.!I.O JIIIH3bl) - Wo B 

3aBHCHMOCTI1 01' paCCTOHHH5I 01' ueirrpa n llH3bl ana MOMeHTa 

BpCMCHlI, pan noro nononnac ,nJllITCJlbIlOCTII nxrrrynsca. 

Y r on Al1qlpaKI..\J:I0HHOro yIlIHpCHl15I O I~CHH Ilan CH no tpop­

Mync f3 = 0.61(A/ r ) JI n onysan cs Mcncc 0.OI 22 rad. 

3ACCb A - AnHHa nonHbl caera, r - pannyc AHHaMHlfCCKOH 

nl1H3bl [1 7]. KaK BHnIW 113 puc. 5 B ¢OKaJIbHOH 0 6JlaCTl1 

)l,JIC npOl1CXOAHT ysen axeane II JIOTIlOCTH anepr an n asep­

noro IIMnYJ1bCa fio rrsur e lfCM aa ABa nopsnxa. 

T Lllnbl ALilHaMLII"IeCKLIIX JU1H3 

B 06mCM cn yxae 3aBHCIIMOCTb nOKa3aTCJlH npCJ10Mn CHIIH 

npospasn oa cpenu 01' nanrrenax D JIHHCilllOM np l16JHl )1(CIIllll 

on acu saerca ypaBHCHl1CM 

dnf dp = z ap/ap + p az /ap [24]. 

rAC z ap / ap - ncpau a xnen xapaxrepnsyer 113MCHCHIIC 

noxasarens npenounen ua cpensr B CDH3H C yncmrscuac« 

nnOTHOCTlI, a BTOPOH -m H p az /a p xapaxrepm yer H3MCHC­

HHC CTCnCHJ:I nonRpH3ycMOCTH npn ya cnasemm AaBJ1CHHH. 

T aKaH CnO)l(HaH 3aBHCHMOCTb noxasarcns rrpcn OMnCHIIH 01' 

BClllltlllHbl AaBJleHHH 06bHCHHCT TOT <jJaKT, -rro HC YAaCT­

CH onpeztcmrn, KOPPCJ1HLlHIO MCiK,llY qn l3lfKO-XlH.ll1lf CCKHMlI 

CBoHCTDar.U1 cpenu 11 BCJIHlf llHOH orrrn -recxor o nopor a pas ­

PYWCHlfH. KaK BHAHO 113 rafin, 1, B f1CKOTOPbIX cp enax 

)KypHan TexH ~4 eC K0 L1 ep~3 It1K~, 2012, TOM 82, su n. 5 
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Ta6m14a 1. 3aollCHMOCTh n OKa3 aTeJlH npen osoteaaa OT nannenna 

MaTCpUaJl KBr N aC l LiP 
Si02 

KpHCT. 

Si0 2 
Ilrraa. MgO AJIMa3 

I loxaaarens 1.560 1.546 1.392 1.545 1.458 1.738 2.418 
npCJlOMJlClIlIlI 1.554 
aa .l= 587 nm 

)J.aDJlCHlle 96.61 96.36 96.32 95.76 96.02 96.08 96.00 
P, MPa 96.15 

113MCHCHfIC 227 l IS 0 103 83 -17 -11 
n OKa3 aTCJUI 107 
npCJlOMJICHHlI 

illz . 105 

dn/d p = 2.35 1.1 9 0 1.07 0.86 -0.18 -0.Ll. 
!1n/P .105 1.11 

( K B r, N aC I , KDapu. , nnas neau a xnapu) npa YBeJ1I1'1CHI1I1 

ilaDn CHIHI noxaaar ens npcnovneuna YBCJIII 'IJlD aeTCH. B HIIX 

B03HIIKa lOT <pOKy CHpylO\llIIC ,D,JIc. B npyrax cpenax (MgO, 
anxiaa) npu y Bcml'lCIIJIJf JlannCIIHH noxasarcns n pCJIOM ­

JICIlHH yxsenuuraerca. B HlI X B03IHIK aIOT p acCCIfDalOlI.J.HC 

JIIl1l3b l. ,D,aH Hblc no 1f3M CHCIlHlO noicasar ena n p eJ10Il.UICHJfH B 

n OJ1lIMCp aX, TBCp Jlbl X Tcn ax If IK HJlKOCTHX npn B0 3JlCHCTBHI1 

nonn ClK aTI1R B rnrreparype npaKTH'IC CKH OTCyrCTByIOT, 

n 0 3 ToMY nna OUCHKH Jf3MCHCHHH noxaaarens npcnovnenaa 
B n aHllo H M OJlCJ1H IfC n On b30BanHCb nauusrc n o D0 3JlcitcTBJIlO 

crauuonapn oro JlaBnClIJ1H (racn. 1) [24-26]. 
B 06lI.J.CM C~Ia C <py HKUHH lI(P) M OlKeT HMCTh MaK­

CHMy MbI H MH IlHMYMbI. n 0 3TOMY sonpoc 0 TOM, xaxoro 
unna ,D,JIC D03 HHKaCT B .D,aHHo H cpene, JlOnlKCH peurar sca 
.D,JIH KalK,[lOH cpenu OTnCJIbHO. ,D,nH 60ncc JlJ1l1TCn bHbl X 

nasepaux HM n ynbc o B (I-I00) ,us Cy lI.J.CCTBCHHOC BJIl1RHlfC 

aa 113MCHCHHC nosaaarena llp CJIOMn CHlUI uoxpyr nH MO­

)KCT oxaasma r s ero 3aOHClfM OCTh OT T CMIlc p aryp bl n(T). 
B 0 3HI1Ka lOT 'rerrnouu e n HHaMl1'1CCKHC nHH3bl (T ,D,JI ) . )].JIR 

6 0n bWJIH CTBa Cp CA K03<p <pHUHCHT dn IdT < 0, 'ITO CBH3aHO 

C YMCHbWClI lICM flJ10 T HOCTH BClI.J.CCTBa rtpn narpenanun. 
fl03TOMy ){n H .naaepnux HM n yJIbCOB TaKOH .D,JIHTCn bHOCTI1 

D0 3JUl KaeT cnoeoopaaaan KOHKypCIlU.HH MC)/(AY pa3nH'IHbIMll 

MCXaH113MaM l1 113MCHCHm i 110 Ka3aTcn H npCJIOMJlCHI1H, 'ITO 

cute 60Jlb WC ycnoxoraer xaprauy paapyuren ua npospa-uroa 

Cp CJlbI. 

Hexoropsre BblBOAbl " n p e An Oll0 >Ke H" H 

"3 M OA ell" A"Ha M " "te CK" X I1"H3 

1. 1-13 n p C.D,JIOIKCHHOH M O.D,CJl I1 cnenyer, 'ITO YDCJIJl'1CHI1C 

n JIOTIIOCTH 3 H prua aa ,D,J1 npOHCXOAIfT KaK D cnys ae 

D0 3H1IKII OBe HHR <POKYCHPYJOIll,IlX nl1H3 (d nld p> 0), T aK 11 

D crr y x ae 06p a30 BallHH p aCCCJfBalO lI.J.l1X n HH 3 (d nld p < 0). 
H o 3TO y n CJIIflICHHC n p OI1CXOAI1T D pa3HbI X MCCTaX. LI T O 

AOJIIKHO npau oznr r s K p a3JIH'IHOI I <pOp MC p asp y urea a a. 

KpoMC r o r o , nJIH CpCJl d n ]d p > 0 a a OnTH'ICCKOH OCI1 

n on ysaerca lIuI16 0nbW Cc crao ure n ne nnOTHOCTCH 3HCpml1 

W I WOo TaKHM 06p a30 M , nnH C0 3.D,aHHH On T l1'1CCKJfX CpC.D, C 

BbI COKOH OflTlI'ICCKOi1 CTOHKOCTblO K rraae p u o v y lI3J1yqeHlI lO 

llano nll60 C0 3JlUBaTb cpensr 6 C3 flH ( 'ITO npaKTJI'ICCKII 

O'lCHb TPYAHO) , n u 6 0 C03.D,anaTb cpenu C dnf dp = 0 B 

3a)laHHOM nnanaaoae A aBJlCHUH (LiF, CM. r aon, 1). 
2. P C3YJIbTaTbI pa60T [2,3,271 Xo p OWO COrJI aCYIOTCli C 

npcacr aaneaaon M O.D,CJIblO . T aK, JfCXOnR 113 nCJ1II'IHllbI 1l3­

MeHCHHR nOKa 3aTCJIb npCJIOMJICHIIH d ill d p nna pa3JI1I'1HbIX 

On ni'lCCKI1X MaTCp l1aJIOB (rafin, 1), CJICn yCT OIKIIllaTb 60Jl ee 

HlI3 KIIC nop orn JIa3Cp HOro paspyurenna y TCX MaTCpllaJIOB, 

y KOT Op blX 3 Ta DCJIH'IUlla 6 0n b w c . Kpoxre r oro, 3ep¢ CKT 

Ca ~tO <poKYCI1 POBK ll 6YJlCT TCM 6 0 n b w c (nopor paspytue­
Hm l - MCHbw e ) , '1CM MCHbW C n mma BOlIHbI naaepuoro 
113JIy 'lCHHH, T aK KaK npa 3TOM ysreasuracrca nllCppaKIUIOH­

HaR p ac xoAIIMOCTb n )"IclI. B r afin. 2, D3RTOfl JI3 pa6 0 TbI [21, 
n p HBC.D,CHbi 3KCnepJfMCHT aJIb llbIC noporir JIa3Cp " Oro paspy­
WCHIIII aa paarnom u x ) IJI IIHaX nona .D,JIR psna OnTlI'ICCKIIX 

nuanexrpaxon, n JIH KOTOpbIX J13DCCTHa acn ns nua dill dp. 
1-13 c p an HCHIIH nannu x Ta6 n HU BI InHO, 'ITO 113MCIlCIl ll C 

nopora nasepnoro pa3p YW CHHR OC06CHHO Xo p OW O KOp pCJJ II­

pyer C lI3MCHCIIII CM BCn H'IllHbI dnI dp HU na nax DOJlH 0.69 
Ii 1.06,um JlJ1H WllPOK030HHbIX KP HCTaJIn OD ( K B r, Nael, 
LiP, Si0 2 ) . B paoore 12] paspyureaae 3THX KpHCT aJlJJOB 

CBH3bI BaeTC H C HaJI ll 'lllCM nornouraiounrx nplIMCCCII. 

Bonee DbICOKOC 3Ha'lCHliC nop o ra paspymcnaa nnaBJJC­

noro xnapua CBH3aHO, nO-BHAHMo My , C ropasno MCHbUlCH 

KOHue HTpaUHCH nO r n OlI.J.aIOlI.J.JfX nerpetcron [2] IIJlH paaxep­
HbI M 3<PlPeKTOM [3] . HCCM OTPH ua TO 'ITO 3aOllCI1MOCTb 

dn] dP OT n aBJICHHH ua paauux AJIHH x DOlIH JlJ1R 3TllX 

MaTCp l1aJIOB OTCYTCTD y CT D nar eparypaux IICTO'lIIllKaX, 

113M CHCHHC noporos p a3 p YWCHHH npa YM Cllb WCHIIJf .D,JIIIHbl 

norrau naacpnoro H3Jl y 'lCHHH YM CHb w aCT CH An H BCCX MaTC­

paan on npu nepCXO.D,C K A = 0.266 ,um, Ka K 3 TO cnenyer 113 

)"ICTa n H<pp aKUIIOHHOH p aCXOJlHM OCTll B <pOKycc )lJIc. 
3. )].JIH M aTCp llaJIOB c o CJIa6 0 H 3aBilCHMOCTblO dn]dP 

OT n aBJICHHH (LiF) H oc060 ' IH CThIX MaTCpJlaJIOB no­
p a r JIa3Cp HOr o paspyurca aa onp CJlCn RCTCH, no-nanna ouy, 
3n CKT p OHIl0 -Tc n n o BbIM MCXalIJl3MOM rCHCp al{HI1 IJ,C¢ CK­

TOB [28]. 
4. Monens nOKa3bIBaCT, 'ITO B cpenax C M anOn nena­

HCHHOCT blO CKOp OCTll 3By Ka ynapnsre BOlIHbl HC YClIc naIOT 

06pa30 BaTbCH (xsapu). B TO BpeM R KaK Il cpcaax C OTHO­

CIITcn bHO 6 0JIbWOH Hcn HHc HHo CT bIO (nona) YJlapHbl lI qipour 
ofipasyerca na pacCToHHHH IICCKOJlbKIIX ACCHTKOB MIIKPOH 

OT m -1. 
5. Moacns npen c x aa u s aer [29], 'lTO n p a DbIXO.D,C aom tu 

czcara a H3 r s e pnon OnTI1'fCCKOH cpenu n r aa KIIHCTH'ICCKali 

3 Hcpn IH BOJIlIbI ClKaTlIH n e p enncr n T CflJ10 DYIO 3HCpr l1IO 

Ta61U14a 2. Iloporn paspyurcnna npospasasrx All3JlCKTP I1KOB 

aa paarraxnsrx nrnmax BOJllI, GW/cm2 [2] 

Marepaan KBr N aC l LiF 
s.o, 

K p I1CT. 

Si0 2 

rIJlaD. 

)J.nIlHa BOJIHbl, .u m 
1.06 
0.69 
0.266 

50 
58 
50 

120 
150 
45 

360 
360 
240 

230 
280 

70 

400 
600 

40 
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TOHKoro n p Hn OBe p XHOCTHOrO CJIOH raaa, 3TO rtpn ncaer K 

er o Harpelly na HeCKOJIbKO coreu rpanycon 11 OnJIaDJICHl11O 

nOBep XHOCTII 'rncpnoro T eJI a xapaxrepaoa nyrootipas aoa 
<jlOPMbl. C JIeAbI r axoro OnJIaBJIe HI1S1 6 bIJIl1 ofiaapyacensr 
B paticr c [27] npH 0 6JIy'lCHIUI OnTII'leCKOrO Ma TCpl1aJIa 

HaHoce KYHJlHbIM JIa3e p HbIM I1Mn YJIbCo M. 

6. O p H o 6 J1y'le lIHlf MarepHaJI OB C OH, pacnOJIO)j(eHHbIMII 

aa IIoBep x Ho CTlI, B nosnyxe o6pa3YeTCH nJIa.3M eHHbIH <PaKeJI, 

a B MaTepl1aJIC xasepna. 
7. OqeBHAHO, 'ITO caMO<POKycHpoBKa n HKo ceKY HAHbIX 

HMrryJIbCOB aa nnc He B0 3M O)j(Ha, TaK KaK pasvep JIHH3bI B 

rexeuae JJ.JIIU eJIbHOCTH HMnyJIbCa 6YAeT CJIlflliKOM MaJI ( JlJIH 

nJlaBJIeHOr O xaapua r '" 5 . 10- 9 m). O AHaKO AJIH 'laCTOTHO­

r o pelKllMa p a60TbI JIa3Cp a raxoa MexaHH3M <POKyCl1pOBKH 

ra iose B0 3MO)j(e H. 

MOJle..TJb n p HMCHlIJIaCb .rum 06bHCHeHlfH pasxrepaoro 341­
<jleKTa B CTeKJIaX [30] If paapaoorxn HOilbIX TeXHOJIO­

mit o6e33apU)l( IIBaHHH )j( H!l.KOCTH JIa3epHbIMIf MHKpOB3p bI ­

Ba ~1lf [31,32], JIa3epHOrO anresua erpa [33,34] JI psna 
npyrux. 
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