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© EpesaHcKuii. tPusu14ec1Cuii. ' uHCTU TIJT, 1983r. 

~CCJlSAOBaHHH 3apHAOBoro H 3HepreTHqscKoro cneKTPOB KOM~OHSH­

Tbl raJiaKT.liqscKHX KOCMHqSCKHX Jiyqsj;j c ~ ~ so 3a TpyMSH!l BBH­

AY MaJIOH HHTSHCHBHOCTH Ta1rnx HASP, COCTaBJIHIOII(SH (2.:4)·104 HHTS H­

CHBHOCTH HASP rpyrrnb! lKSJIS3a. 

CymscTBYIOT H pa3BHBaIOTCH ABa HarrpaBJISHHH HCCJISAOBaHHl1, ITOBBO­

JIHIOII(HX noJiyqHTb CBSASHHH 0 3apHAOBOM H 3HSprST.liqSCKOM crreK -

Tpax HASP B 3TOH o6JiaCTH ~ c AOCTaTOqHOH HaASlKHOCTbfil. 9TO ' 

:ao-rrsp:ahlX, orrh!Tbl rro rrpHMol1 psrHcTpaum1 THlKSJih!X H c:aspxTHlKSJihlX 

HASP c rroMOII(bIO TpSKO:ahlX·11 3JISKTpOHHhlX ASTSKTopo:a, aKcrroHHpyeMh!X 

Ha illapax-30HAax B BSPXHHX CJIOHX aTMOC~pbl , a TlIBlltS Ha HCKyc -

CTBSHHhlX crryTHHKax 3SYJ1H H MSllIIJlaHSTHhlX CT&HUHHX . 

Haqano CHCTSMaTHqecKHM HCCJlSAOBaH.liHM B 3TOM HarrpaBJISHHH 6bl­

JIO ITOJIOlKSHO B 1967 rOAY B pa6oTe lbaynspa H ;n.p. ll1 , Bbll10JIH6 HH 0!1 

c ITOMOII(blO CTOilKH a;n.spHOl1 3MYJI~CHH nnoma;n.bIO 1 y2, HaxO;lU'!BillSHCH 

B BepxHHX cnoax aTuoc(f>epb! B Teqstt11s 24 q. 

HaqHHaH c 1968 ro;n.a TaKHS HCCJis~oBaHHH npoBO;n.HJIHCb ~ayJispoM 

B coTpy;n.HHqscTBe c rpyrrna.MH Ilpal1ca, YoKepa , ~nsMmspa [2] c 

HCil0Jlb30BaHHSM HaPHAY c HA6pHb!MH SMYJIDCHHMH CTOITOK IlOJIHMSPHhlX 

ITJlSHOK, a TaKXS qspeHKOBCKHX ;n.eTSKTOpOB. B 1973 rOAY CTOITKa no­

JlHMSPHblX A6TSKTOPOB nnomaADIO OKOJlO 1,3 u2 3KCil~HHPOBaJiaCb Ha 
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op61t1TaJihHO~ c'.J.'am:urn "CKai1na6 11 B •re tJ:emrn 6onee 8 MecHue B. CyM­

Ma pH oe :apeMH 3Kcnoalt!UHH, noJiytteHHOe B Tetremrn 6011ee IO lleT v.H­

TeHCHBHhlX HCC118).\0BaHJdt c llOMOIJl:b!O Tpe KOBOrO Me TO,ZJ.a, He npeBbllUaeT 

2-2,5 M2/ro.n.. B HTOre HCC116,ZJ.OBamii1 B 3KCneplt!MeHTax Ha mapax-30H­

;.:::,a.x: 1ll opdlt!TaJI:bHOii CTaHi.lMH ilCKai!Jia611 ClhlJIO l1;!16HTH@1UHPOBaHO 23 

TpeKa KOCM!t!treCKHX fi;Llep B 06JiaCTH aTOMHblX HOM6p0B 86~ ~ ~ 100 

[1,31 • HeCMOTPfl Ha IIOIIblTKR ycOBf;pllleHCTBOBaT:b M6TOMKY onpe;11e­

.nem1H aapH,lJ.OB K OCMHlieCKHX H.n.ep no napaueTplll! TpeKOB - lt!X llllt!p!t!­

Hbl (H.n;epHhle SMYJII>CHH)' CKOp OCTH Tpa:aJieHHH B,ll;OJI:b CJie;n.a ( nJiaCTH­

HV.) - TOl!HOCT:b H.ZJ;eHTH(j,JRKaUH!ll aapH)J;OB ~COCM!11i6CKli!X H.n;e p 61:1J1a He­

B6Jllt!Ka, l!TO B iieKO TOpblX CJiyl!aHX n p:;tb0.ZJ;!1JIO K 3aBbllU6Hli!IO 3Hatrelll!~ 

~ H,ll;ep. 

3anycR JieTOM Ji! oceHI>IO I979 ro.n;a ABYX 6oJihillHX .n;eTeRTopoB 

ApH3Jih YI~ HEAO-C [4] , cneUHaJII>HO npe.n.Ha3Hal!eHHblX .n;JIH perHc­

TpaUHH Ji! H,IJ.8HTH@1Kal.ll'JH THlKeJiblX KOCMH!i6CKHX a.n.ep no qepe HKOBCKO!.Q" 

li!3 JiyqeHJi!IO H H3JiytreHHIO, Bhl3BaHHOMY B03ClY*.ZJ.elll!eM aTOMOB ra30B, 

,1\0JilKeH 6Wi l1pHB6CTH K ITOBl:lUJeamo TOtJ:HOCTl1 H3MepeHHfl aTOMHblX HO­

MepoB B o6JiaCTH ~ ~ ~O. 0;11HaKo per.1:1c Tpau.1:1H .zlBYX a,nep c aapa.zi;a­

MVJ 98 11 II4 IIpH OTCYTCTBHH COClblTl1~ B OOJiaCTH 88 ~ 1.. ~ 96 !IOKa-

3b!BaeT , tJ:TO B ycTaHOBKe ApH3Jlh-YI He Bee npo6JleMbl li!,1\6HTH(j,JHKaIU1H 

"l H;Lle-p pellleHbl. 

J(Jlfl. 3tMJeKT.1:1BHOro lluV!CKa CB.epxTHlK6JlblX fl;llep He06XOMMO o6ecne­

qnTJ> l10BbllUeH11e qyBCTBHTeJl:'>HOCTH ;n,eTeKTOpOB, trTO Tpe6yeT C03;Lla­

HHH TpeROBblX li!JIH 3JI6KTpOHHblX ,i'.leTeKTOpOB IIJioma.ZJ.1>10 B H6CKOJ!hKO 

,i'.(eCHTKOB KBa;11paTHhlX MeTpOB .1:1 BpeMeHH 3KCil03HUHli! Ha opdHTaJihHblX 

cTaHI.ll'JHX He MeHee ro.na. 

,l\pyro~ nyTh npoBe;LleHHfl 11CCJie,1\0Bairnii KOCMlt!treCKldX JiytreH c 

e. ~ 50 OCHOBaH Ha ycTaHO BJieHHOH B 1964 ro.ny MopeTTOM,IleJI-
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JiaCOM 11 YoxepoM [5] crroco6HOCT!4 CliIJIHKaTHbIX H lj)OC/IlaTHlilX MHHepa­

JIOB H3 MeTeopttTOll perncTpHpOBaTI> H coxpaHHTh B TetJ:eHHe .necHTKO~ 

11 COTeH M.l:!JJJUWHOB JieT CJ18;l\H: OT OCTaHOllOK raJiaKTHtJ:SCK.l:lX fl,i'.lep c 

"l. > 20. 

Cy~eCTBOBaH11e KOCMli!l!6CK.1:1X ff,i'.lep c l > 30 Ob!JIO BnepB1i1e 

06HapylKeHO B 1966 ro.ny nyTeM HadJII0,1\SHli!ff TpeKOB .n;Jlli!HOH 6oJiee 

30 MKM B OJIHBHHax H3 IIaJIJiaCHTa ~rJI CT8HllIH [6] H Illi!pORCeHax 

.1:13 MS30CH,1lep.1:1Ta 8cTepBHJ!JI [7} . 
IlpeHMYIIl6CTBOM 3Toro HanpaBJISHli!fl li!CCJ!e,1\0BaHJi!H. l'aJiaKT.l:ltreCKrlX 

KOCMJi!qecKHX H,i'.lep f!BJ!fl6TCH ,l.(JIHTeJihHOe Bp6Mfl 3KCil 0311Uvl.1:1 M.l:!Hepa­

JIOB, ,1\0CTHra10mee .necHTKOB Ji! COTeH MHJIJIHOHOB JieT. 

flpOCTble oueHK.1:1 IIORa3b!BaIOT, 1uo B OAfiOM KYClHtJ:6CKOM caHTHMeTpE\ 

CHJrn:KaTHlilX Ml1HepaJIOB .1:13 MeTeOpHTOB, Hax0,1\flll(HXCfl Ha paccTOHH.1:111 

He OOJiee 5 CM OT HX nepBOHaqaJI:bHOi1 (.zlOaTMOCrpapHOH) IlOBepXHOCTH ~ 

B Tel!6HHe I07 - 108 JI6T ,1\0J!lltHO CO,neplKaTbCH OT 102 ,1.(0 104 CJI6,l.(O~ 
OT OCTaHOBOK H,ZJ.ep rpynnl:l ypaHa-TOPHH [s] . IlpoBe,neHHhle paHee 

oueHKH TpaBHMlilX ,1\JIHH TaKHX TpeKOB noKa3blBaIOT, qTQ 06J1aCTH aToM~ 

HblX HOMepOB OKOJIO 92 B OJlHBHHax ,i'.lOJimHbl COOTB6TCTBOBaT:b TpaBHMlie 

,1\JIHHbl MeHee I MM H 'V I MM B IIHpoKceHax [9] • 

CHCT6MaT11trecR.1:1e HCCJ16,1lOBaHHH TaKHX TpeKOB B MHHepaJlax H3 Me 

reopHTOB .no IlOCJlSAHero BpeMSHH He IIOJIYtJ:HJll'l lUHPOKOro pacnpocTpa 

HeH.l:lfl BBH.1\Y cnenH/IIHqecKHX Tp~,i'.lHOCTett, CBH3aHHlilX c Bbl60pou' IIO,i'.l -

XO,i'.lfill(HX 06b6KTOB HCCJlS,i'.lOBaHHH, ~e06XO,ll,HMOCTb!O BWIBJISHHfl nOJlHblX 

TpaBHMblX .n;JIHH TpeROB B '.06'.DSMe KPHCTaJIJlOB, OTCYTCT~eM KaJIHdpo -

BOK MHHepaJIOB .1:13 M6TeOpl4TOB YCKOpeHHbD42 H;lipaMH c I ::>' 36·, a TaK­

xe traCTHqHOtt perpecc.1:1en TpeKOB aa ,1l6CHTKH It! COTHH MHJ!Jll10HOB JlST 

rrpedhlBB.HHH MSTSOPHTOB B KOCMHl!eCKOM npocTpaHCTBe. 

B CBfl3H c STHM BIIJIOTl> ,IJ.O I973 ro;zta C5WIO npe.n.npHHHTO J!HIU:b He 
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CKOJlbKO nonb!TOK l'lt ;rne;z\OBam.rn TpeKOB a.n;ep c l. ,.. 30 B Ml'!HepaJiax~ 

ooJiyqeHHblX raJiaKTl'!'leCKl'!Ml'l H.n;paMl'!. B 1968 roAY MopeTT l'l .n;p. [IO], 
l'!CnOJib3YH TeXHlllKY nocJie.n;onaTeJibHOK nOJIJ/lpOBKlll Kpl'!cTaJIJIOB c lf:Byx 

CTOpOH Ill TpaBJieHlllH, o6Hapyl!WJil'l B rl'!nepcTeHax MeTeOpl'!Ta ~lKOH -

CTayH TpeKl'! ,I\Jll'IHOM CBbllJle 300 MKM, BnJIOTb .n;o 1050 MKM. 

CJie"Jl:YIOllJ,l'IM warOM B pa3Bl'lTl'llll TeXHl'!Kl'l BhlRBJleHl'lfl oo~eMHblX Tpe­

KOB B KPl'lCTaJIJiax HBl'!JlaCb pa60Ta ]aJia l'l .n;p. (111 . ' npe .n;JIOlKl'lBllil'IX 

McnoJib3 0Ban r.ie TO.n;l'!KY 11 TpeK B TpeKe 11 (Tl NT) l'l 
11Tpe~ :a MHK­

pociWITl'l'lSCKOM .n;etj}eKTe cTpyKTYPhl" (TINGLE ) . O;n;HaKo aBTOPaM 

µa6 oThl LII1 , l'!ccne.n;onaBWl'lM nl'l pDKCBHhl l'l OJil'!Bi1Hbl Me Teopwra 

IlaTBap, HB y.n;aJIOCb oottapyl!WTD TpeKl'l ;z\JU!HHee 600 MKM. B l97I ro­

AY Ilpa!1c 11 AP· (.121 o6HapylKl'!Jll'l B Kpl'!cTanJiax n.11lKOHl'!Ta 11a JIYHHO­

ro o6paaua 12021 .n;na TpeKa c ,1.1J111HB.M11: > 900 MKM 11 > l MM. 

TaKl1M o6pasoM, BITJIOT.:D .n;o Hal!ana Haumx 111ccne;n;.0BaH11K 6b!Jlo 

HaM.n;eHo Boero TP11 TpeKa ;zu,r11HOH 0,9 - l MM (o6nacTl> aTOMHlilX 

HOMepoB 1. ~ 80). 

Cne;izyeT OTMeTl'!Tl>, 'ITO OJil'!Bl'!Hbl l'!3 naJIJiaCl'!TOB 06ecne'll'!Ba10T 

pH;ll rrpel'!My~eCTB no cpaBHeHl'!JO c ,1.1pyrl'!Ml1 Kp11CTaJIJiaMl'! BHe3eMHOro 

n pOl'l CXOlK;z\e Hl'!H. 

A. EDJibill11e pas1~epbl Kpl'!cTannoB onl'!BlllHa {.n;o ttecKonl>KHX caHTl'!-

MeT pon), 111x n poa pa'lHOCTl> 06J1erqa10T 11cc11e;11onaHHH cneKT poB ;D;Jil'!H 

TpeKOB H~ep c ~ ~ 50. 

E. Xl'!Ml'!'leCKl'l~ cocTaB · OJll'!Bl'!HOB O.n;l'!HaKOB MH I<alK.n;oro ;n;attttoro 

nannacHTa [131 • 
B. EoJiee BhlCOKl'!K nopor Bb!RBJIBHl'll'I TpeKOB B onl'!Bl'!Hax no cpaB-

tteHiiIO c nl'lpOKC6HaMl'l CHl'llKaeT qJOH CJIB,ZJ.OB R.n;ep rpyrrnbl JKeJieaa no 

cpaBHeHl'!JO c nl'!pOKcettaMl'l npl'!Meptto B l,7 - 2,4 pasa (14,15] • 
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r. Pa.n;l'!a!U!OHHbl~ B03 pacT IlaJIJiaClllTOB OObl'lHO B cpe;n;HeM B Hec­

KOJlbKO pas OOJLblile, 'IBM y KaMeHHblX MeTeOpHTOB I'! JIYHHblX o6paa­

UOB [r6) ' '!TO o6~HCHH8TCH ManoU 3p03H8~ OJIHBHHOB, 3aKJIIO'l8HHblX 

B lK6Jie30Hl'!KeJieBy!O MaTpH~Y M3-3a MHKPOMeTeOpH THh!X YAapOB IT O 

cpa:BH8Hl'!IO c KaMeHHblMH MeTeOpHTaMH l'l JIYHH.llMl'l o6paauaMl'l . 

Ha nepnoM 3Tane Hailll'!X 111ccJieAOBaHH~ DWlH npoBe.n;eHhl H3Mepe -

Hl'lH IIJIOTHOCTl'l TpeKOB H;D;ep rpyllllbl liteJieaa B 0JllUl1Ha.x H3 .I4 naJI­

JiaCl'lTOB, KOTOpble n03BOJll'!JlH OT06paT:b HaHOOJiee IlO.ZOCO'AR~e OO~eK­

Tbl ,lVIH l'!CCJie.l(OBaHl'lH TpeKOB a;n;ep c l ~ 50. 

EblJGI Bb!IlOJIHBHbl OnblTbl no KaJIH6pOBKe OJll'lBHHOB l'!3 nannacl'l TOB 

ycxopeHHW.:l'l l'lOHaMl'! OT Tl'!TaHa AO KCeHOHa [17,18] • no TepMH 

qecKO~ CTa6HJil>HOCTH TpeKOB l'l;n;ep B 3Tl'lX KPlllCTaJIJiax [19] ' no 

.n;l'!CKPHMl'!HaUl'!H l'l H;D;eHTH¢l'lKaUHl'l TpeKOB a.nep c l ~ 50 B YCJIOBl'l­

flX qJOHa ~l'lryp TpaBJI8HHl'I Kan111JIJil'lpHWC BKJlhl'l8Hl'!H H .n;l'!CJIOKaUl'!~ B 

OJIBBl'lHax l'!3 naJIJiaCHTOB [20) 

B pa6oTe [211 coo6~aJIHCb ;n;attmi1e o pacnpocTpatteaaocT1~ rpyrrn 

a;n;ep B OOJiaCTH 1!. > 50, IIOJiy'leHH~e npl'! npOCMJTpe OKOJlO 

540 MM
3 

OJIJ/IBHHOB l'!3 Me Te Opl'!Ta i:lapl>HJiaxTlll. 

Kp111cTaJIJibl OllilBl'!Ha B naJIJiacl'!Tax saKJ1101IeHb! B !1(8Jieaottl'lKeJieBy10 

MaTpHUY, H l'l3BJie'l8Hl'!8 l'lX HBJIR6TCH CJIOlKHOH sa.n;aqe~. HeK OTOpoe 

KOJll'l'l8CTBO KPHCTanJIOB OJIHBJ/ltta l'l3BJl8KaJIOCb MexaHlil!8CK!-1M CITOCOOOM, 

l'!CIIOJlb30BaJIOCb TaKliCG TpaBJIBHl'!e ·llteJie30HJ/IKeJieBOK MaTpv!Ubl pacTBO­

poM a30THOH KJ/ICJ!OTbl l'!Jll'l 3JI8KTPOJU1.Tl'llleCKOe TpaBnett~e. ~l3BJIBKaH 

Kpl'lcTaJIJihl Mexatt11'leCKH, TPY.D.HO 6b!JIO nonyllHTb aerroB ~e~.neHHhle oo­

paaubl 60JibillOro pasMepa, HO l'l3BJieqeHHbl8 KpMCTaJIJibl OhlJIH HBCKOJI:b­

·Ko '!Hille, TaK KaK B Tpe~Hbl He nona,ZJ;aJW rrpo;n;yKTbl TpaBJIBHHH MaTp11-

Ulil naJC'lCl'!TOB. 

ilpH H3BJieqeaHH KPl'!CTaJIJIOB ocoooe BHlllMaHHe o6pamanoc:E> Ha l'lx 
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Op.lleHTau.11 10 OTHOCHTehhHO KOpbl nnaBJieHlilff c TeM, qT06bl ooe crre qJ1 Th 

OITT.IH.laJihHble YCJIOBH ff BblflBJieH.l'IH TpeKOB. ;z\Jifl y ,1106CTila .PaOOTbl OT0-

6paHHble KpltlCTaJIJibl pa3MepaMl1 9- 2 MM MOHT.llpOBaJIHCI> B Ta6neTKlil 

ltl3 3IlOKClil,lUIOH CMOJ!bl ,lU!aMeTpOM 20-25 MM .. TaK, qT06bl o~a lil3 rpa­

ae~ KP!ilCTaJIJia Bh!X0,1WJ!a Ha ee ITOBepXHOCTI>. 

Kp.11cTaJIJibl OJIBBHHa lll.1ll1iJ!OBaJiltlCI>, a 3aTeM noJI.11poBam11cI>. ,l\Jrn 

BblHBJieHHfl B HltlX TpeKOB ltlCilOJII>30BaJil1 TpaBflll\HH pacTBOp [22] ,MO­

AV!Q:J!l!Ulil POBaHHbili ,1\0CiaBJIGHltleM 3% l!laBe JieBOiii KHCJIOTbl [23] • Iloporo­

BhlM xapaRTep perncTpau11.11 aapmKeHHblX qacT11u MHHepanaM.11 (p110 . I) , 

a TaKll\e pasm1ua B lilOH.113aUHOHHh!X HOTepHX tJ: a CT!iH.\ c OTJIJ.1qaIOl!ll1MCH 

aTOMH~~ HOMepOM o6ycJIOBJIHBaeT pa3JIJtlqJ1e TpaBlilMhlX ,1\Jllilli TpeKOB 

HASP L6 , 7] • 

HacTOHl!laH pa6oTa HBJIHeTCff np0,1\0JilKeHJ1eM UHKJ!a .llCCJie,1\0BaHHW 

TpoKOB ranaK'rJtiqecirnx KOCM11qecK11x Hµ,ep B M1rnepanax H3 MeTeOpki -

TOB c uenI>ro onpe,11eneHHH ycpe~HeHHblX no npeMeH.11 sapH.1\0BbIX M 

3HepreTltl'!8CKl1X crreKTpOB H.n;ep c l ~ 50. ,Zl)rn sToro 6bln11 oTo6pahhl 

F.pl1cTaJIJihI 113 71.BYX oCipasuoB MeTeop11Ta, pacnonolKeHHUX Ha rny611-

Hax 6 ± 0,6 CM l1 9 ± I CM . OT nepBOHa'!aJII>HOlil JIOBepxHOCT.ll 

·4 ,8 Kr qiparMeHTa 1ieTeOpltlTa Map:oHnaxT.11 .113 KOJIJieKii;11.11 Mysea ecTec­

TBeHHol l1CTOpl1.11 r.XeJII>CHHKl1. 

IT OC!Wltl>KY pa;miau1rnHHblM B03 pacT 3TOrO Me Te op11Ta COCTaBJiffeT 

176 MJIH JieT,. sapH;ZJ;OBble )ii 3Hepre Tl1'!8CK.lle 'cneKTpbl KOCM.lltJ:eCKHX 

Jiy'leiii ycpe;n;HHJIHCI> no 3TOMY HHTe pnany BpeMeH.11. 

V.3 JIOKaJI)i! 3aU)l!.11 Ha r ny611He 6 CM OblltO )1!3BJ!eqeHO Cionee 1200 

Kp11 cTannon H OKOJIO IIOO KPHCTaJIJIOB , pacnonolKeHHblX Ha rny6.11ee 

9 cM . I'lly6.11Ha pacnonolKeH11H oopasuoB B MeTeopJtITax onpe7J,enanac:o 

B 3aBl1Cl1MOC T.11 OT TIJIOTHOC Tl1 TpeKOB H.n;ep rpynrr bl lKeJie3a H .113B8CT­

HOro pa,1111auMOHHoro ·Bo3pacTa Me Teop11Ta [ 2 21 • Ilnoma.lU! oTnonHpo-
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BaHHliJX lIO.clepxHOCTE: M ·cMOHTl1iJOBaHHb!X KPl1CTaJIJIOB COC TaBJIHJI.11 OT 

3 AO 20 MM2. ;l(nH C037J,a Hl1H CHCTeMbl HCKYCCTB8 HHHX !l1enel1 3Haq11-

TeJibHaa qacT:o KPH CTaJIJIOB o6nyqanacb .Ha ycKop.11Tene l1JIH na3ep­

Hol1 ycTaHOBKe . Kp11 c Tannbl, co.l(eplKaJ.l1l1e 0c TecTBeHHble .11n11 11cHy c­

CTBeHHble TP81!1l1Hhl H ;n;e~e KTb!, TpaB11n.11cb 11 npocMaTpH :aan11 c:r, rr o ,11 

Ml1K pOCKOITOM, 

Pe3yJII>TaTbl npocMoTpa Cionee I c M3 KPHCTaJIJIOB on.11B.11Ha ·c rny-

611H n0Kalll1sal(.11t! 6 CM Id 9 CM lil3 MeTeop.11Ta MaptanaxT11 n pe.n;cTaB­

neHbl Ha p]i!c.2,3 . 

. I'naBHaH Tpy.n;HOCTD TipH HHTepnp eTaUI1.11 pacn pe.l(eJie HJ1H MHH Tpe ­

KOB fl7J,ep COCTOHJia B YCTaHOBJieH.ll.11 0~03Haqaot! 3aBHCl1MOC Tl1 Tpa­

BHMblX ,1\Jll1H TpeKOB H.l(ep ·OT aTOMHoro HOMepa l H3- 3a OTCyT­

CTBHfl Kalll16pOBKJ1 Kpi1CTaJIJIOB 0Jik1Bl1Ha · ycKopeHH blM)i! qacTH~aMH c 

z > 36. IlpH aHaJik13e nonyqe HHblX pe3yJII>TaTOB HeOCiXO,lU!MO yql1Tbl -

BaTb 3~KT perpecc11.11 TpeKOB B KOCM11qecKl1X YCJIOBl1HX, a TaK~e 

ld3MeHeH.lrn rrepBNiqHoro. crreKTpa KOCMJ,1q\:)CK.11X nyqeJ;\ BCJI8 ,l(CTBl1e 

fl;n;epHb!X B3aJ1MOAel1cTBl1!1 c Me lK3Be3)UfbjM ra30M 11 c Be~eCTBQM Me Te­

OpHTa [9,II] • S~ ~Tbl B3al1MO.l(e l1C TBl1H IlpMB0,1\flT K paCITJlb1BaHl1IO 

ITHKOB pacnpe.l(enemi~ AJWH B o Cin a cTHX { Z. = 76 ·-t 8 3 ) 

( 1. = 90 -t 92 ) • 
.11 

k1cnon:r,s0Ban11cb 3Kcrre p.11u eH TaJII>Hble 7J,aHHble o Tpa Bl1MhlX t1n11aax 

YCKOpeHHblX HAep c ~ = 2 3 -t . 36 [4 ,9 ,I5,I9] )i! 3KCTparrOJIHUl1 H 

71.aHHblX :a pauKax. Mo;n;e JI.11 , np~;n;Jro~~HHoil K aueM l1 KoeliT11qeM [24 J 
c yqeTOM perpecc1111 TpeKo:a HAep rpyrrn b! ~ene3a OT 13,5 .n;o 7-8 MKM 

B on11B.11Hax MapDHJiaxT!ll '(p11c . I ). n o ouemrn.M, np11BeAeHHblM B paCio­

Tax [4,8} t perpecCHfl 
0

B KOCMJ1q ecKl1X YCJIOBHflX llpi1BOAHT K COKp'a­

!l1eH!IIIO ,1\JIHH CJie,l(OB H;n;ep c z ,::::. 3 6 Ilp.116Jil13HTe1!bHO Ha· 20-25%. 

W3 PHC.I6 cne;zzyeT, qTo TpaBHMafl )J.JIMHa TpSKOB aTOMHblX HGMe-

9 



pOB i = 50, 70, 80, 90 COC TaBJIRe T COOTB8TCTB8HHO 130 , 270, 

360 H 710 MKM, ,n;mrna Tp8KOB RA6p C l ~ IIO ,l.lOJilitHa COOTB8TCTBO­

BaTJ> e ~ I400 MKM. 

ITpaBOMepHOCTh sTOH 3K~TpanoJIHW1H npoBepRJiach nyTeM conocTaB­

neHH R noJiyqeHHO~ HaMH ycpe ,i.!,HeHHO~ .BO BpeMeHH pacnpocTpaHeHHOCTR 

r pynn aJieMeHTOB B CoJIHel!HOt! cHcTeMe {Ta6JI. I). B Ta6JI.I np1rne­

,.n;e Hbl TaKllte AaHHble 0 pacnpocTpaHe HHOCTH r pynn sJieMe HT OB, n OJiy­

qe HHble B Tel!eHHe IS JieT c noMO~hro R.n;epHhIX sMyJihCH~ 11 noJIHMep­

HhlX TpeKOBhIX AeTeKT·OPOB. MOlKHO OTMeTHTh AOCTaTOl!HO YAOBJieT­

BOPHTeJihHOe corJiac11e pacnpocTpaHeHHOCTH KOCMHl!8CKHX R,n;ep rpynn~ 

ypaHa c AaHH!ilMH o pacnpocTpaHeHHOCTH aKTHHOHAOB B ConHel!HOtl 

CHCTeMe K KOHi.ff HyKJI80CHHTeaa. 

HeB03MOlKHOCTh yqeTa B03A8HCTBHR TepM;iqecKOH perpeCCHH B 

KOCMHqeCKHX yCJIOBHfIX, He;z\OCTaToqHOCTh CB8A8HHtl 0 B3aHMO.n;et!cTBHR 

R,l.lep TfllltP.Jiee OJIOBa c HAPaMH 8Jl8M8HTOB MaTpH~bl H OTCYTCTBHe B03-

MO~HOCTH Kanri6poBKl1 l!YBCTBHTeJihHOCTH KpHcTaJIJIOB OJIHBHHa T fl~eJI1i1-

hlH RApaMH llOKa B8ChMa aaTPYAHRIDT 6oJiee .n;eTaJihHyro paCillH~pOBKY 

crreKTp OB RAep no TpaBHMhlM AJlli HaM. 

0THOCHT8JihHaR pacnpocTpaHeHHOCTh RAep rpynn1i1 nnaTHHa-cBHHe~ 

no 1tpaHHeH 11epe B 20..,-25 paa BblilE , qeM RA6P aKTli!HOH,l.lOB.Pacnpo­

CTpaaeHHOCTh aKTHHOHAOB, noJiyl!eHHaR B onb!Tax c OJIHBHHru.tH, B 

HeCKOJlhKO. paa H!11Ke, qeM B ::JKcne pi11MeHTax c R,l.lepHb!MH 8MYJlhC.11RMH 

H nOJU1!.iepaM!1 . 

B STHX aKcnepriMeHTax no BblRBJieH1t1ro 11 HAeHTH~HKa~HH TpeKOB 

KOCMl1l!6CKHX R.n;ep He 6bino HaH;Z\eHO HH 0,1U!Oro TpeKa AJIHHOH 

~ 1400 MKM. E.m2HCTBeHHblH TpeK AJIHHOli 6oJiee IIIO MHM Mo~eT 61i1Th 

TpeKOM R,Zlpa B 06JiaCTl1 aTOMHblX HOMepOB ~ ~ 98. Ero oCiaapyllteHHe 

He npOTl1~0pil!WT ,n;aHHblM pa60Tbl [25] 0 Ha6nro.n;eH!1H HeCKOlH>KWX aHo-

IO 

MaJihHO AJIHHHblX TpeKOB B KPHCTannax OJIHBHHa, IlO,l.lBeprm11xcR H36!1-

paTeJihHOMY OTi!G:Iry. 

ITonyqeHHble peayJihTaT1i1 noaBOJIHroT o~eHHTh noKaaaTeJih cnaAa 

atteprej;iqecHoro cneKTpa ffAep AJIR rpynn 50 ~ ~ ~ 70; 

70 ~ ~ ~ 90 H ~ ~ 90. PeayJIDTaTbl npriBe;neH1i1 :a TaOJI.2. 

ITpH STOM yqHTb!BaJicff paa6poc no atteprHRM HAep, o6ycnoBneHHHH 

reOMeTp11eU oc5J!yqeH!1ff KPHCTaJIJIOB raJiaKTl1!'IeCKHIDI KOCMWieCKHMH 

nyl!aMl1, KOTOPblH o~eHHBaJICR no yrJIOBb!M pacnpeAeJieHHffM TpeKOB 

B 1tpv.cTaJinax (p11c.4). 

ilOJIYillHPHHa a3HMyTaJihHOrO pacnpeAeJieH!1ff yrJIOB lf oOycJIOB­

JIHBaeT 10-12~ paa6poc attepreTv.qecKoro cneKTpa raJiaKTv.qecKHX 

KOCM;iqecKHX R.n;ep AJiff Ka/KAO~ AaHHOtl JIOKaJIH3a~Hl1; KPOMe Toro, 

cymecTBeHeH paaOpoc npo6erOB RA6P c pa3JIHqHhlMH aTOMHhlMl1 HOMe­

paMH ~ B npe.n;enax KalKAOH rpyrin1i1. 

ITpri onpeAeneHHH noKaaaTeJIR cnaAa cne1tTpa 0 yqHT1IBaJI11 

HapR.z\Y c paanHl!HffMl1 B COOTHOilleHHH npo6er-8HeprHfl rpynn ffAep 

npoueccli ffAepHoro B3aV.MOAe~CTBHH npv. npOXOlKA6HHH cpe ,l.lHHMH H 

TRlfC8 Jlb!MH RApaMH 3 CM MaTpH~bl IlaJIJiaCHTOB. HpH 8TOM napaMeTp 

RAepttoro B3aHM o;nei.1cTBHH 6b1Jl rrpv.HffT paBHhlM '(. = I, 14 (ti [26]. 

YqeT npouecca ~parMeHTaUHH BHOCHT HaHoon»myro HeonpeAeneH -

Hoen AJIH rpyrrn1i1 .nenRUU1XCff R,nep ( l ~ 90), r,ne ,..._, 70% cnyl!a­

eB B3allMOAet!cTBl1ff np1rnOAffT K AeJieHHID HaJieTaJOmero lIApa, a eme 

npv.MepHO B 20~ cnyqaeB ff,npa T8PffIDT HeCKOJlhKO npoTOHOB H nepe­

XOAHT B rpyrrny ClOJiee JierKHX ff,l.lep. 

Ma AaHHblX Ta6JI .2 MOlKHO 3aKJIIDl!HT», l!TO raJiaKTv.qecKHe KOCM!1-

l!ec1tv.e RApa HMeroT 8HepreTHl!6CKl1H cneKTp,nOA06HblH cne1tTpy R.n;ep 

rpynn1i1 lKeneaa. 3TOT peayJihTaT ycpe;Z\HeH aa HHTepBaJI BpeMeHH 

II 



175 MJIH Jie T • 

.l{aJihttei1 ll!He 11ccJie ,i.(0Ba1urn 3a1JH.l(OBwc 111 8HepPeTHqec1rnx crreKTpOB 

Ha11J 60Jree THlKe JiblX Hl.\ep l.le.Jie coo6pas Ho npoBO.lWJTD c MeTeopHTaM111 , 

ldM eiOmHMH pa3JIHqHWJ pa,zmallHOHHWi B03pacT, Hanpmrnp, c MeTeOpH­

TaMVI AvrrroBCKH ~ xyTop, IlaTBap, MrJI CTei1mH, TyraJib!H ByJieeH, MMe­

ID!llHX pa,i.(Hal.lMOHHWi BOspacT COOTBeTCTB8HH0:220, 90, 45 H 7 MJIH 

JieT. B STO M CJiyqae, B03MOlKHO, y,l.\aCTC.fl 06HapylKHTh Bap111allHH coc­

TaBa VI HHTeHCHBHOCTH raJiaKT11qecK11X l\OCMH<I8CK11X Jiyqej;i, o6ycJIOB­

JieHHble B03M01KHIXMH 6JIH3KHMVJ B3pb!BaMH CBepXHOBblX 3B83,i.( (HanpH­

Mep, npH npox01K,Z\eHH11 cn11paJihHoro py1<aBa I'aJiaKTHKH CoJIHeqHoU 

CHCTeMbl I20+I50 MJIH JieT Ha3a,Z\). B 3TOM CJiyqae B sap.fl,i.(OBOM 

CIT8KTpe MoryT 6b!Tb 06HapylKeHbl KOpOTKOlKHBY!llHe TpaHcypaHOBbl6 
H;14pa C i :::::: 96 BITJIOTb AO CB6pXT.fllKeJib!X .fl;14ep, a TaKlK6 aHOMa-

JIHH B 3HepreTHqecKOM CII8KTpe H pacnpOCTpaHeHHOCTH .f!Aep. 

ToqHocn onpe;14eJ1eHHH aTOMHb!X HOMepoB Z B TaKHX HCCJie,i.(O-

BaHH.f!X MOlK8T 6b!Th cymecTBeHHO Il0Bblill8Ha, KOr,Z\a B pacnop.fllK8HHH 

SKcnepHMeHTaTopoB 6y,i.(y'J.' nyqKH ycKopeHHb!X HOHOB Xe , Ta. , P~ , 

u c 3HeprH.f!MH OT 20 MsB/HyKJIOH BITJIOTb ,/.(0 HeCKOJihKHX COTtrn 
i'1l aB/ HyKJI OH. 

Ilp6,i.(CTaBJIH6TC.fl nepcneKTHBHb!M ITPHM6H6HH6 3TOM M6TO)U'IKH K HC­

CJie)40BaHHHM KPHCTaJIJIOB JIYHHoro npOHCXOlK,i.(6HH.fl, He ITO,Z\BepraBmHM­

C.fl, ITO,Z\06Ho M6TeOpHTaM, T6PMHqecKOMy B03)\6MCTBHID npH rrpOXOlK,1.(6-

HHH IlJIOTHb!X CJI06B aTMOC!llepH. 

B 3aKJiroqeHHe aBTOpb! Bb!palKru:JT rJiy6oKyro 6Jiaro,l.(apHOCTh r.H.~Jie­
poBy sa opraHH3~HID COTPYAHHqecTBa H ITOCTO.flHHOe BHHMaHHe K pa-
6oTe . 
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Ilo;zui11c11 K p11cyHKaM 

P11c.I Ilo11yaMn11p11qecK11e 3aB11c11MOCT11 TpaB11M1i1X AJIHH cne~oB a~ep 

c c ~ 24 B OJll1Bl1Hax 113 MeTeOpl1TOB. 

P11c.2 

ToqKaMl1 OTMeqeHN aKcnep11MeHTaJ1hHNe ~aHHNe; aKcTpanona­

llHH B o6nacTh 6011hm11x aTOMHlilX HOMepoB npoBe~eHa B paMKa¥ 

1.io~eJI11 Ka~a 11 KoCieT11qa ( 24 l: 
a) B H80T OlKlK8HHOM OJil1Bl1He; 

6) c yqeTOM perpecc1111 TpeKOB B OJil1Bl1Hax 113 MeTeOpHTa 

MaphHJ!axTH B KOCM11qecKl1X YCJIOBHHX. 

Pacrrpe~e11ea11e AJIHH 6652 TpeROB H~ep c I ~- 50 B 540 1r1M6 

01111B11HOB 113 1r1eTeop11Ta MapbHJ1axT11,pacrronolKeHHlilX Ha r11y-

611He OKOJIO 6 CM. 

P11c.3 Pacnpe~eneHHe AJIHH I4I5 TpeKOB a~ep cl~ 50 B 640 MM 3 

OJll1BHHOB 113 YeTeop11Ta MapbHJ!axTH, pacrroJJOlK8HHlilX Ha r11y ... 

6;rne OKOJIO 9 CY. 

P11c. 4 YrnoBNe pacnpe~eneHHH TpeKOB B Kp11cTaJ1J1ax OJIHBl1Ha: 

a) reoMeTpl1H 0611y~eHHfl RpHCTB.JlJIOB ranaKTHqecKl1Ml1 ROC­

MHqecK11Ml1 nyqaM»; 

6) yrnoBNe pacrrpe~eneH11H TpeKOB ~a rny611He 0Ko110 6 cu; 

B) yrJJOBNe pacnpe~eneHHH TpeKOB Ha rny6HH6 OKOJIO 9 CM. 
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