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06~AH XAPAKTEPMCTHKA PA60TU 

HacroR~aR pa6ora BHnonHe~a B na6oparopMM RnepHHX peaKqM~ 

06beAMHeHHoro MHCTMTYTa RAepHHX McccnenoBaHMH npM MCCnenoBaHMRX 

no npoGneMe ''CMHTe3 Ha YCKOPMTenRX M nOMCK B npMpone CBepXTRmenHX 

RAep M aTOMOB. ~ccnenoBaHMe MX 'M3~YeCKMX M XMMMYeCKMX CBO~CTB 11
• 

a· nporpaMMY MccnenoaaHMH no 3TO~ npo6neMe axonMn noMcK caepxrR

~enux 3neMeHTOO CT3 cz~I!O) B COCTaBe ranaKTMYeCKMX KOCMMYeCKMX 

nyYe~. 

AKryanbHOCTb pa6orH 3aKnmYanacb B 3KcnepMMeHranbHO~ npoBep

Ke rpaHMQ cra6MnbHOCTM T~aHc,epMMeBHX Rnep M B03MOmHOCTM cy~eCTBO

BaHMR "ocrpooa cra6MnbHOCTM 11 RAep c z~ 110. noMCK TaKMX RAep B 

B cocrase ranaKTMYeCKMX KOCMMYeCKMX nyY~X rKn 3HaYMTenbHO pacwM

pRn, no cpaBHeHMm C nOMCKaMM CT3 B JeMHHX 06pa3qax M CMHTeJe Ha 

YCKOPMTenRx, B03MOmHOCTM o6HapymeHMR CT3, raK KaK noJBOnRn Mcnonb-
' . 

30BaTb B KaYeCTBe MCTOYHMKa CT3 npoqeCCH HyKneocMHTe3a Henpe-

pHBHO npOMCXOARlljMe BO BceneHHO~ MB cnyYae ycnexa B ~a3pa6orKe Mero

AMKM MAeHM,MKaqMM rpeKOB Rnep rKn B KpMcrannax OflMBMHa M3 MereopM

TOB, MCnOnb30BaTb speMR o6nyYeHMR BelljeCTBa MereopMTOB B KOCMO-

ce ( 7108 ner) KaK speMeHM pa6orH perMCTPMPYWIIJero npM6opa. 

OmHnaeMH~ nOTOK RAep CT3 He3HaYHTeneH He TOflbKO no cpasHe

HHffi C nOTOKOM nerYa~WMX RAep rKn (npoTOHOB), HO no OTHOWeHMm K no

TOKY RAep meneJa MJ cocrasa rKn (no oqeHKaM < I □-8 >. 
He MeHee aKryanbHO H nonyYeHMe naHHHX o noroKe Rnep Pt-.PI' M 

7/z -I/ B cocrase rKn, s HacrOR11Jee BpeMR, noc_ne HecKonbKMX necRrM

nerM~ MccnenosaHM~ noroKa raKMX Rnep, KOnMYecrso co6HTMH perMcr

paqHM Rnep c Z?90 He npeBHwaeT TPMAQaTM, BKMYaR M co6HTMR, 

npMHannemHOCTb KOTOPHX RnpaM cZ~90 nonBepraeTCR BnOnHe o6ocHOBaH

HO~ KPMTMKe. llaHHHe o noroKax Rnep /Jt-PI, lX -I/ M CT3 Morn 1-tcnonb-

3osarbcR nnR 3KcnepMMeHranbHoro o6ocHoBaHMR npennonomeHM~ o npoqec

cax HyKneocMHTe3a HenpepHBHO npOMCXOARIIJMX BO BceneHHO~. 
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OcHOBHue uenH npencTaan5leM011 pa60Tu 3aKnmYalOTC5l a pa3pa6oTKe 

MeTOAHKH HAeHTH~HKaUHH TpeKOB 5lnep rKn B KPHCTannax OflHBHHa H nony

YeHHH 3KcnepHMeHTaflbHUX naHHUX O xapaKTepHCTHKaX nOTOKa 5lnep T5lmenee 

nnaTHHU-CBHHUa, a TaKme npHCYTCTBH5l 5lnep CT3 B COCTaBe rKn. Hcnonb-

3OBaHHe Afl5l AeTeKTHPOBaHH5l TaKHX 5lnep KPHCTannoa OflHBHHa H3 MeTeop11-

TOB HMeno onpeneneHHue npeHMy~ecTBa (6onbrnoe KOnHYecTBO HaKonneHH011 

3a npOMelHYTOK apeMeHH ~ 2.108 neT ·HH(j)OpM·au1rn), HO nO3BOMlnO nony

YHTb TOflbKO ycbenHeHHUe 3a TOT me nepHon BpeMeHVo napaMerpu nOTOKa 

srnep rKn. 

lln51 nocrv.meHH5l nocTaaneHHux uene11 norpe6oaanocb: 

I. Pa3pa6oTaTb 3~~eKTHBHYIO MeTonv.Ky BU51BfleHH5l rpeKOB 5lnep B KpHc

rannax OflHBV.Ha V.3 MeTeOPHTOB. 

2. Pa3pa6oTaTb MeTOAHKY onpeneneHV.51 TpeKOB 5lnep B npHCYTCTBV.Vo npy

rHX ne~eKTOB CTPYKTYPU nono6HUX rpeKaM. 

3. Pa3pa6oTaTb MeTOAHKY, ycrpaH5llO~ylO pa3nV.YV.5l B Vo3Mep5leMUX napaMer

pax rpeKoa, npv.Hannema~v.x 5lnpaM c onv.HaKOBUM Z, or HX ao3pacra. 

lifil'_YHa5l _ll_()_BV.3Ha npencraan5leM011 pa6orn 3aKn10Yaerc51 ao-nepaux B 

nonyYeHHH AaHHUX o 51npax rKn Z" 50 3a nepv.on ~ I.8 108 ner, KO

Topue HeBo3MOlHHO nonyYHTb npyrHMH MeronaMv., ao-aropux B pa3p~60TKe 

HOB011 MeTOAHKVo HCCnenoBaHV.51 5lnep rKn. HcnOflb3OBaHHe Vo -COBeprneHCTBo

eaHv.e 3TOH MeTonv.Kv. pacrnHp5leT BO3MOlHHOCTVo v.ccnenoBaHV.51 T5llHeno11 KOM

noHeHTU 5lnep rKn. 

npaKTHYecKa5l ueHHOCTb 3aKnlOYaerc5l B pa3pa6orKe H08011 MeTOnHKVo, 

HCCnenoBaHHl1 rKn Vo TOM, YTO HOBUe naHHUe O 5lnpax rKn nonyYeHU B 

OTHOCHTenbHO Henoporv.x v.ccnenoaaHv.5lx (no cpaaHeHv.lO c 3anycKoM B 

KOCMHYecKoe npocTpaHCTBo perv.cTpv.pyio~v.x npH6opoa) KpHCTannoa H3 

MeTeopv.ToB, npenocTaaneHHUX v.ccnenoaaTen5lM npHpono11. 

nHYHUl1 ~ aBTopa. Aarop npv.Hv.Man HenocpencTBeHHoe y<1acTv.e 

eo ecex 3Tanax v.ccnenoBaHHl1 OT nocTaHoBKv. 3aAaYH no aHanv.3a nonyYeH

HUX pe3YflbTaTOB, no nonomeHV.5lM BUHOCV.MUM Ha 3a~v.Ty flHYHU11 BKnan aa

TOpa 51Bn5leTc5l onpenen51IO~HM. 
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A_n_p_o_G_a_u_v._,i p_a_~_o_T_u H ny_6_n_~_au1111. OcHOBHUe pe3ynbTarn pa6orn v,3-

nomeHu e pa6oTax /1-12/ 11 nOKnanuaan11cb Ha: IO v, 14 MemnyHaponHux 

KOHQepeHu115lX no reepnoTenbHUM rpeKoBUM neTeKTopaM 51nep B 1979 r. 

Cnv.oH, OpaHuv.51) v. 198B r. cnaxop, naKv.cTaHl; cenbMOM Eapone11cKOM 

c11MnO3VoyMe no KOCMHYeCKV.M nyYaM 1980 r. (ne~11Hrpanl; BceCOl03HOl1 

KOHQepeHuv.v. no KOCMV.YeCKV.M nyYaM 1988 r. (AnMa-ATa); MemnyHaponHOl1 

KOHQepeHuv.v. "AKrnHv.nu 89" 1989 r. CTarnKeHT); ceMv.Hapax na6opaTopv.v. 

5lnepHUX peaKUV.11 OHRH v. OHAH. 

nv.cceprauv.51 cocrov.T v,3 aaeneH115l, neyx rnae v, 3aKnlOYeHH5l v, 

conepmv.T 44 crpaH11u TeKcTa, 7 ra6nv.u, 27 pv,cyHKOB 11 72 ccunKv.. Ha 

MeroAv.YecKv.e pa3pa6OTK11, conepma~v.ec5l B nv.ccepTauv.v. aunaHu naa 

aBTOpCKV.X cev.neTeflbCTBa (N 689430 v, N 636968). 

Bo aaeneHv.v. v,3nomeHa nocTaHOBKa 3ana<1v. no 3Kcnepv.MeHTanbHOl1 

npoeepKe npv.cyTcTBV.51 rpynn 51nep nnaTv.Hu-cBv.Hua, Topv,51-ypaHa v, 

caepxT5llHenux :,neMeHTOB Cl~ IIO) CT3 B rKn c noMO~blO nv.3neKTpv.Yec

Kv.x TpeKoeux nereKTopoa nrn (Kpv.cTannu onv.av.Ha v,3 MeTeopv.ToB). 

llaH KpaTKV.11 063op CB011CTB nrn T3KV.X K3K BUCOKV.11 nopor_perv.cTpauv.v. 

(nn5l Kpv.crannoa onv.Bv.Ha Z~22), no3BOfl5llO~v.11 perv.cTpv.poBaTb T5lmenue 

51npa rKn B npv.cyTcTBv.v. npeaocxon5l~ero a ~ 10 4 pa3 noToKa 6onee 

nerK!1X 51nep, a T3KlHe f Vo jl v,3nyYeHV.5l. 

B rnaae I v,3nomeHa pa3pa6oTaHHa5l MeTonHKa BU51BneHH5l TpeKoB v. 

v.AeHTH(j)HKauv.v. 51Aep rKn no TPeKaM B Kpv.cTannax onv.av.Ha v,3 MeTeopv.ToB. 

B § I yKa3uaaeTc5l tta npev.My~ecTBa Kpv.cTannoa onv.av.Ha v,3 Me

Teopv.TOB KaK neTeKTOpoB ~nep rKn. Cy~ecTBYlOT oco6oro rv.na MeTeopv.Tu, 

Ha3aBHHUe nannacv.Tu (no qiaMv.nv.v. nepeoro v.ccnenoeaTen5l nannacal, 

COCTO5l~Voe V,3 mene30-Hv.KeneBOH M3TPV.UU Vo BKpanneHHUX B Hee Kp11CTan

noB onv.av.Ha (no 70% o6beMa c nv.Hel1HUMH pa3MepaMv. ~ I cM) v. a pa3-

nv.YHUX reonorv.YeCKV.X My3e51X MV.pa V.MeeTC5l HeCKOflbKO nec51TKOB Kv.nor

paMMOB nannacv.TOB. Oco6eHHOCTVo BU51BneHV.5l TpeKOB nrn B ~aCTHOCTVo B 
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KPHCTannax onHBHHa HJ MeTeOpHTOB: HJ6HpaTenbHOe XHMHYetKOe Tpas

neHHe Ae~eKTOB CTPYKTYPH, o6paJoBaBWHXCR nocne npoxomAeHHR RApa a 

AH3neKTPHYeCKHX TpeKOBl:JX AeTeKTOpax, BOJMOmHOCTb Ha6nIDAeHHR ~peKOB 

a onTHYeCKHH MHKPOCKOn npH ysenHYeHHRX 100-300X, o6paJOBaHHe TpasH

Ml:JX Ae~eKTOB B KOH4e npo6era (nocne/lHHe MHKPOHl:J, COTHH MHKPOH, MHn

nHMeTpl:J B JaBHCHMOCTH OT THna AeTeKTopa H JapA/la RApa) noJBOnReT HC

nonbJOBaTb KPHCTanntJ OnHBHHa HJ MeTeopHTOB AnA HttnenosaHHA nOTOKa 

RAep rKn. MomHo yKaJaTb, YTO npH nnOTHOCTH TpeKOB AAep rpynnl:J mene

Ja 106 TplcM 2 (a MeTeOpHTe MapbAnaXTH AO 2.106 TplcM 2 , a 

B MeTeopHTe Hrn CTeHwH AO 1.6 107 TplcM 2) al cM3 KPHtTannos 

OnHBHHa JaperHCTPHPOBaHO ~ 109 TpeKOB AAep rpynnl:J meneJa, YTO 

cpaBHHMO no HaKonneHHOH HH~OpMa4HH c COTHAMH KHnorpaMM AAepHOH 

3MYnbCHH, 3KtnOHHPOBaBweHCR B TeYeHHe roAa B KOCMHYeCKOM npocTpaHcT

se, HO 6eJ ~oHa f HJnyYeHHA H RAep c Zc22. B § l npOBO/lHTCR 

cpaBHHTenbHl:JH aHanH3 HJMepAeMl:JX napaMeTpOB TpeKOB B nrn, HX npH

rOAHOCTb AnR HAeHTH~HKa4HH Z RAep B KPHCTannax on~BHHa, o60CHOBl:J

BaeTtA, YTO eAHHCTBeHHl:JM napaMeTpOM TpeKa A/lpa B KpHCTannax onHBH

Ha ABnReTtA nonHaA TpaBHMaA AnHHa TpeKa (T.e. Ta YaCTb npo6era 

AApa B KPHCTanne rne noTepH 3HeprHH ~APOM npeBOCXOAAT nopor perHtT

pa4HH-TpasneHHA TpeKa). 81:JRBneHHe TpeKOB c nonHOH TpaBHMOH AnHHOH, 

a TOnbKO AnA TaKHX TpeKOB AAep B03MOmHo onpeAeneHHe Z RApa H TOnb

KO no TaKHM TpeKaM AenaIDTCA Bl:JBOAl:J a npeAtTaBnAeMOH P,a6oTe, RBnAeT

CR OAHOH HJ rnaBHl:JX MeTOAHYeCKHX TPYAHOCTeH H60 rpe6yeTCA npoTpa

BHTb TpeK HaYano H KOHeu KOTOporo 3aKnIDYeHl:J B OAHOM H.TOM me KpHc

ranne. 

B § 2 onHtaHa npoueAypa noArOTOBKH KpHCTannoB K HCnOnb30BaHHID 

HX KaK AeTeKTOpOB, COCTOAUjaA H3 MeXaHHYeCKOro H3BneYeHHA KpHcrannoB 

H3 mene30-HHKenesoH MaTpHUl:J MereopHTa, HarpesaHHR HX AO onpeAeneH

HOH TeMnepaTyptJ H BtJAepmKe B TeYeHHe onp~AeneHHOrO speMeHH npH 3TOH 

TeMnepaTYPe (oTmHr), paJMelljeHHA KPHCTannos a ra6neTKax H3 anoKtHA-
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HO~l CMOnlJ (n,1aMeTPOM ~ 25 MM, TOnl!jHHO~ ~ 5 MM) AMI nocneAYIDlllHX 

wnHtOBKH H nonHpOBKH, o6nyYeHHA TAmenlJMM HOHaMH HnH HMnynbCaMH 

HeOAHMOBoro na3epa /lnA C03/laHHA CHCTeMlJ HCKYCTBeHHlJX rpel!jHH B 

KpMcrannax, rpaeneHHA o repMeTHYHOM o6beMe Cs cneuManbHOM rpaBAl!leM 

pacreope npH reMneparype I0 □ -120°c B TeYeHMe HeCKOnbKHX CYTOK), 

npOCMOTpa H H3MepeHMA rpeKOB B onTHYeCKH~ MHKPOCKOn. HymHO OTMe

THTb, YTO H3MepAnHCb H BKnIDYanHCb B pacnpeneneHMe /lnHH TOnbKO TaKHe 

rpeKH, /lnA KOTOplJX Guna H3MepeHa HX nonHAA rpaBHMaA /lnHHa. 

8 ~ 3 OnHcaHlJ MeTO/llJ rpaBneHHA rpeKOB AO MX nonHO~ rpaBHMOH 

AnHHlJ rpeK B rpeKe ( T.l A-' r > ,1 rpeK ~B rpelljHHe ( TZ A'C LE), 3aKnIDYa

IDlllMecA B TOM, YTO rpaBAUjee rpeK BelljeCTBO nonanaer BHYTPb 

o6beMa KpHCTanna Yepe3 rpeKH HnM rpelljHHlJ HaYHHaIDUjHeCA C noBepx

HOCTH KPHCTanna M nporpaBnHBaer rpeKH BHYTPH oGbeMa, nepeceKaIDl!jHe

CA c rpeKaMH >1m1 rpelJlHHairn. l1cnonb30BaH,1e Merana lilVT He no3Bon.1er 

nporpaBMTb rpeK11 swep C 0/lHllaKOBlJM Z AO OilHOf1 H TOil )Ke Anf1Hl:J 

ll03TOMY B03MOl:1HO npHMeHeHHe TOnbKO Merana T7 AIC ,(EI HO npH HCnOnb-

30BaHHH ecrecrBeHHlJX rpelljHH B KpHCTannax 3Q$eKTHBHOCTb ero Heonpe

neneHHa H Mana (LIO%). nnA 3Q~eKTHBHoro rpaBneHHA rpeKOB BHYTPH 

o6beMa KpHcrannos onHBHHa 6uno pa3pa6oraHo /1,2/ ABa Merana co3na

HHA HCKYCCTBeHHl:JX TP€UjHH 6e3 pa3pyweHMA KPHCTannoB. nepBl:J~ MeTO/l 

COCTOAn B oGnyYeHHH KPHCTannoB, C nonnpoBaHHO~ noBepXHOCTH, TAme

nHMH HOHaMH Yepe3 cneuHanbHO H3rOTOBneHHl:Je MHOrOl!jeneBHe KDnnHMa

TOPH (wHpHHa UjenH 10-20 MKM, paCCTOAHHe Memny H,1MH '~ 120 MKM, KQ

nHYeCTBO Ujenef1 /lO 40 Ha 0/lHH KPHCTann). npocMaTpHBaeMl:Jf1 o6beM 

KpHcrannoB onpenenAncA npoGeroM TAmenux HOHOB B KpHcranne M nnA 

/lOCTHmeHHA MaCHManbHOH npOCMaTpHBaeMOf1 rny6MHl:J ( /: 300 MKM), KQTQ

paA orpaHHYeBaercA ysenHYeHHeM H rny6HH0f1 pe3KOCTH Hcnonb3yeMHX 

o6beKTHBOB MHKpocKona, Heo6xo/lHMl:J HOHlJ c Z?SO H 3HeprHef1 6onee 

30 M38/HyKnOH. H3-3a orpaHHYeHHOf1 /lOCTynHOCTH nyYKOB raKHX HOHOB 

OCHOBHl:JM MeTO/lOM BlJABneHHA rpeKOB B oGbeMe KpHCTannoB 61:Jn H36paH 
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npyroH pa3pa60TaHHHH MeTon C03AaHH~ HCKYCTBeHHHX Tpe~HH, 3aKnw

YaW~HHC~ B o6nyYeHHH KPHCTannoB HMnynbcaMH na3epa (Ha HeOAHMOBOM 

CTeKne). 3KcnepHMeHTanbHO, cne~HanbHO nn~ KPHCTannoB OnHBHHa, 6HnH 

nono6paHH napaMeTpH HMnynbca naJepa (nnoTHOCTb MO~HOCTH, ~OpMa H 

nnHTenbHOCTb HMnynbca) TaK, YTO B MecTe o6nyYeHH~ o6pa30BHBanc~ 

BepTHKanbHHH KaHan (~20 MKM nHaMeTpOM) c HeCKOnbKHMH (3-5) pa

nHanbHO pacxon~~HMHC~ OT Hero BepTHKanbHHMH Tpe~HHaMH nnHHOH ~r MM 

H rnyfiHHOH ~ 500 MKM. CHCTeMa C03AaHHHX B KPHCTannax, o6nyYeHHeM 

naJepa Tpe~HH noJBon~na npoTpaBnHBaTb ~ 30% TpeKoB nnHHOH 200 MKM 

BHYTPH npocMaTpHBaeMoro o6beMa KpHCTanna. 

B § 4 H3nomeHa pa3pa6oTaHHa~ MeTonHKa oTneneHH~ npoTpaBneHHHX 

TpeKOB ~nep OT npyrHX ne~eKTOB CTPYKTYPH KpHcTannoB onHBHHa /31, no

XOfflHX Ha npoTpaBneHHHe TpeKH ~nep rKn, HO He CB~3aHHHX C npoxom

neHHeM Jap~meHHHX YaCTH~ Yepe3 KpHCTannH. 8 KPHCTannax onHBHHa 

cy~eCTBYeT 6onbwoe KOnHYeCTBO ne~eKTOB CTPYKTYPH KanHnn~pHoro THna, 

o6pa30BaBWHXC~ B npo~ecce KpHCTannH3a~HH, BHA KOTOPHX, B ocofieH

HOCTH nocne TpaBneHH~, nono6eH npoTpaBneHHHM TpeKaM ~nep. nn~ Toro 

YTOfiH BHnenHTb TpeKH ~nep rKn B npHCYTCTBHH KanHnn~pHHX ne~eKTO~ 

6Hno npoBeneHo /3/ cne~HanbHOe HccnenoBaHHe opHeHTa~HH 3THX ne~eK

TOB OTHOCHTenbHO KPHCTannorpa~HYeCKHX HanpaBneHHH B KPHCTannax onH

BHHa H 6Hno o6HapymeHo, YTO TaKHe ne~eKTH opHeHTHPOBaHH Bnonb OCHOB

HHX KPHCTannorpa~HYecKHX HanpaBneHHH (TafinH~a I), a pacnonomeHHe 

TpeKOB ~nep rKn B KpHCTannax npaKTHYeCKH H30TpOnHO H He 3aBHCHT OT 

KPHCTannorpa~HYeCKHX HanpaBneHHH. 06HapymeHHa~ JaBHCHMOCTb opHeHTa

qHH KanHnnRpHHX ne,eKTOB n03BOnHna HCnOnb30BaTb HX nn~ onpeneneHH~ 

opHeHTaqHH KPHCTannorp~·HYeCKHX HanpaBneHHH B KamnoM KOHKPeTHOM 

KPHCTanne H HCKnWYaTb H3 paccMOTpeHH~ TpeKH opHeHTa~H~ KOTOPHX 

COBnanana, B npenenax TOYHOCTH yrnoBHX H3MepeHHH (~I
0), C OCHOB

HHMH KPHCTannorpa~HYeCKHMH HanpaBneHH~MH B npocMaTpHBaeMHX KPHCTan

nax. 
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B § 5 HJnaraeTc~ pa3pa6oTaHHa~ /2,4/ MeTOAHKa ycTpaHeHH~ 3a

BHCHMOCTH TpaBHMHX nnHH TpeKOB OT B03pacTa TpeKOB. Heo6xonHMOCTb 

3Toro B03HHKaeT KaK cnencTBHe nnHTenbHoro ( ~ 2.108 neT) npo~ecca 

o6nyYeHH~ KPHCTannoe B KOCMHYeCKOM npocTpaHCTBe B ycnOBHRX npHH~H

qHnHanbHO HeKOHTpOnHpyeMHX. npo6neMa 3aKnWYaeTCR B TOM, YTO ne~eKTH 

CTPYKTYPH, B03HHKaW~He B KPMCTannax npH npoxomneHHH Rnep rKn, non 

neHCTBHeM BHewHHX ycnOBHH (HarpeBaHHR, o6nyYeHHR H T.n.), B KOTOPHX 

HaXOARTCR MeTeopHTH B KOCMHYeCKOM npocTpaHCTBe H Ha ,3eMne, co BpeMe

HeM pa3pywaWTCR, YTO COOTBeTCTByeT H3MeHeHHW nopora perHcTpaqHH 

(TpaBneHHR) TpeKOB Rnep rKn H npHBOAHT K OTnHYHW TpaBHMHX nnHH 

TpeKOB y Rnep C OAHHaKOBHM z, HanpHMep cpenHHe TpaBHMHe nnHHH Tpe

KOB Rnep rKn rpynnH meneJa, H3MepeHHHe B KpHcTannax onHBHHa HJ Me

TeopMTOB MapbRnaXTM (panHaqMOHHHH B03pa~T-nepMOA o6nyYeHMR MeTeOpM

TOB B KOCMOCe ~1.8 108 neT), 1-lrn CTeHWH (~4.4 107 neT) M Tpe-

KOB mene3a (o6nyYeHHe Ha YCKOPMTene) COCTaBnRWT COOTBeTCTBeHHO 

1,:: 7 MKM, ~10.2 MKM M ~ 13,5 MKM. npo~ecc perpeCMH HenpoTpaBneHHHX 

TpexoB B KPMCTannax He noJBOnReT, 6e3· npMBne~eHHR nononHMTenbHHX 

naHHHx, conocTaBnRTb TpaBHMHe nnHHH TpeKOB rpynnaM Rnep rKn. npoBe

neHHHe MccnenoBaHMR npo~ecca perpeccMM (onMra) TpeKoB Rnep Cr, le, 

II~ J(r, ,Xe noKa3anM /2/, YTO M3MeHeHMe TpaBHMHX nnMH TpeKOB npoMc

XOAHT fiHCTPO B TeYeHHe nepBHX YaCOB (~ 10) OTmMra M JaTeM CTaHOBMT

paBHHM Hynw (B npenenax OWMfiOK H3MepeHMR nnMH) 8 pe3ynbTaTe M3yYeHHR 

noeeneHHR HenpoTpaBneHHHX TpeKoB Rnep B KpHcTannax onHBHHa pMc.l 

MOmHo npennonomHTb cy~ecTBOBaHMe pemHMa OTmHra HenpoTpaBneHHHX 

TpeKOB Rnep rKn B na6opaTOPHHX ycnOBMRX, n03BOnRw~ero 3HaYMTenbHO 

yMeHbWHTb, ecnH He YHHYTOfflMTb COBCeM, JaBMCHMOCTb TpaBMMHX nnHH 

TpeKoB OT eoJpacTa TpeKoB. npennonomMTenbHo, TaKHe ycnoBMR ormMra 

npo~e 6Hno o6HapymMTb BfinH3M rpaHMQH TeMnepaTYPHOH CTafiMnbHOCTM 

rpeKOB B KPMCTannax onHBHHa ( ~ 500° Cl. npoeepHTb 3TO npenno

nomeHHe MOIHO TOnbKO 3KCnepHMeHranbHO OTfflHraR KPHCTannH o6nyYeH-

7 



Hl:le TSlmenl:lMH HOHaMH C pa3nHYHl:lMH 3HeprHS1MH H 2'. 

l,13-3a HeAOCTynHocrn nyYKOB rsimenl:lX HOH OB C z > 50 H 3HeprnS1MH 

30-40 M3B/HyKn. (KaK noKa3anH AanbHeHwHe HCCneAOBaHHSl Heo6XOAHMl:l 

HOHl:l yKa3aHHHX 3HeprHH) AnSl KOHTponsi pemHMa OTmHra HCnOnb30BanHCb 

rpeKH HOHOB Xe (Z.: 54, E ,,,7 M38/HyKn.). npo6er HOHOB Xe B KpHCTan

nax on1,1s1-1Ha cocrasnsier ~ 54 MKM 1,1 np1,1 1-1cnonb30BaHHH pem1-1Ma ormHra 

(430+1° C , 32 Yac.) B Kp1-1crannax·on1-1BHHa nporpasn1,1san1-1cb nocneA

HHe 26.5+2.5 .MKM npo6era HOHa. l-1cnonb30BaHHe nony3Mn1,1p1,1YeCKOH MOAe

nH Kaua H Xo6eTHYa /13/ ·no3Bonsino. npeAnonomHTb, YTO np1,1 3TOM pem1-1Me 

ormHra rpaBHMaSl AnHHa rpeKOB SlAep ypaHa 6yAeT HaXOAHTbCSl B npeAenax 

200-300 MKM. 6onee BHCOKaSl reMneparypa ormHra, HanpHMep 440+1° C, 

He HCnonb30Banacb 1,13-3a yMeHbWeHHSl TOYHOCTH H3MepeHHS1 rpaBHMHX rpe

KOB HOHOB Xe (7+2.5 MKM). 6Hn npoBeAeH OtmHr KPHCTannos onHBHHa 1,13 

Mereop1-1ra Mapbsinaxr1,1 c rpeKaM1,1 siAep rKn 1,1 BHAensim•asicsi rpynna rpe

KOB 190-230 MKM 6Hna oTHeceHa K rpeKaM S1Aep Tl-(/ p1,1c. 2 a,6, a 

rpynna rpeKOB 130-180 MKM K TpeKaM SlAep /JI - /JI' , eAHHCTBeHHHH 

rpeK AnHHOH ~ 370 MKM Mor 6HTb rpeKOM SlAPa c Z~IIO /5/. 

B § 6 1,13nomeHH pe3ynbTaTH Kan1,16pOBKH KPHCTannoB OnHBHHa HOHa

MH /J/-n 1,1 ,X-t/ Ha ycKop1,1rnnsix 63BAnAK" (6epKnH, ClllA) 1,1 YHl-1flAK <napM

wraAT, ~Pr), npoBeAeHHHe B KOHqe 1987 roAa. non1,1posaHHHe Kp1-1crannH 

1,13 MereopHTOB MapbS1naxr1,1 1,1 l-1rn CreHWH B 3nOKCHAHHX ra6nerKax 6HnH 

o6ny'ieHl:l Ha 63BAnAKE HOHaMH ypaHa C 3HeprnS1MH ~ 30 M3B/HyKn. (noA 

yrnoM ,;c 25° K noBepXHOCTH) 1,1 ~70 M38/HyKn. (::: 9°), Ha YHl-1flAKE 

1r10HaMH /JI c 3HeprneH ~ 17 M3B/HyKn. noA yr noM "'30°. nocne 06ny

YeH1r1S1 KPHCTannH o6yYeHHHe HOHaMH ypaHa 6Hn1,1 1,13sneYeHH 1,13 ra6neroK 

1,1 orommeHH np1,1 reMneparype 430+1° Ca reYeH1,1e 32 Yacos, o6pa6oraHH 

na3epHHM 1,13nyYeHHeM 1,1 nporpasneHH. B pacnpeAeneH1-1e An1-1H rpeKOB siAep 

ypaHa p1,1c. 2 B /7,8/, BKnm'ieHl:l rpeKH H3MepeHHl:le B HeCKOnbKHX Aecsir

Kax KplACTannoa o6nyYeHHl:le HOHaMH C pa3HHMl,1 3HeprHS1MH noA pa3HHMH 

yrnaMH. CpeAHSlSl TpaBIAMaSl AnlAHa SlAep ypaHa cocraBHna ~ 235 MKM, HO 
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i,1MeeTCS1 3HaY1r1renbHOe Y!Acno TpeKOB ,~ 15%) 1paBHMaS1 AnttHa KOTOPHX 

3HaY1r1TenbHO npeBOCXOAIAT cpeAHee 3Ha'ieH1r1e (Ao~ 370 MKM). npoaeAeH

HHH aHan1,13 /8/ n03BOnSleT npeAnonomHTb, YTO ysenHYeHHe AnHH rpeKOB 

CBS13aHO C HX op1r1eHTaq1-1eH OTHOtHTenbHO KPHCTannorpa~HYeCKHX Hanpas

neHHH B KPHCTanne, HaH6onee CIAnbHO 3~~eKT YAnHHeHHSl Ha6nwAaercS1 

AnSl rpeKOB opHeHTHPOBaHHX noA ManHM yrnoM K nosepXHOCTH KpHcranna. 

CneAyeT 3aMeTIATb, 'iTO npo6er1,1 HOHOB ypaHa, H3MepeHHl:le OT nosepxHoc

TH KPHCTannoB AO HH3K03HepreTIAYHoro KOHqa rpeKa, 3as1r1cen1,1 TOnbKO OT 

3Hepr1,11,1 IAOHOB tt He 3aBHcenH OT opHeHTaQHIA TpeKOB. MomHO CAenaTb 

npeAnonomeHHe, Tpe6yw~ee 3Kcnep1r1MeTanbHOH nposepKH, o 3aBHCHMOCTH 

CTa6HnbHOCTH HenpoTpaBneHHHX TpeKOB (OTHOCHTenbHO OTmHra) OT HX 

opHeHTaQHH a KPHCTanne /9/. 

Kpttcrannl:l o6ny'ieHHl:le HOHaMH /II 1,1 t/ 6HnH OTommeHH BMecTe c He

KOTOPHM KOnH'ieCTBOM KPHCTannoB C TpeKaMH SlAep rKn ·np1,1 TeMneparype 

450+1° CB Te'ieHHe 32 'iacoe, pe3ynbTaTH npHBeAeHH Ha PHC. 3 a,6/8/ 

YeenH'ieHtte AnHH rpeKOB TaKme npHCYTCTByeT XOTSl H BHpameHo cna6ee. 

OcHOBHOH BHBOA, KOTOPHH MOmHO CAenaTb Ha OCHOBe aHanH3a pe3ynbTaTOB 

no orm1,1ry rpeKOB S1Aep e KpHcrannax onHBHHa H3~MeTeopHTOB, 3aKnm

Yaercsi B B03MOfflHOCTH IAAeHTH~HKaQHH npHHaAnemHOCTH rpynn TPeKOB B 

KpHcTannax onpeAeneHHHM rpynnaM S1Aep rKn. 

B rnaee 2 o6cymAaffiTCS1 B03MOfflHOCTH nony'ieHHSl AaHHHX O nOTOKe 

SlAep rKn (HHTeHCIABHOCTb, 3HepreTHYeCKHH H MaCCOBHH cneKTpH) H npH

AATCA pe3YnbTaTl:l npoBeAeHHHX HCCneAOBaHHH no H3MepeHIAffi pacnpocrpa

HeHHOCTIA sinep rKn c Z?50 (no OTHOWeHHffi K pacnpocTpaHeHHOCTi,1 AAep 

rpynnH mene3a), nonyYeHHHe AaHHHe 06 OTHOCHTenbHOH pacnpocTpaHeH

HOCTH rpynn. /Jt-,Pl'v, ll-t/ , pe3ynbrarn oqeHKH noKa3aTensi cnana 

3HepreTH'iecKoro cneKTpa 1,1 rpaH1,1qa np1,1cyTCTB~S1 a rKn r1,1noTeT1r1YecK1,1x 

AAep CT3. 

B § I AaH KpaTKIAH 063op AaHHl:lX O pacnpocTpaHeHHOCTi,1 sinep C 
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77 50, nonyl!eHHl:IX B APYrHX HCCneAOBaH!HIX. 113nOJHeH raue 06111enpH

HRTl:IH MeTOA onpeAeneHHR paAHaUHOHHOrO B03pacTa MeTeOpHTOB. PaAHa

UHOHHl:IM B03pacTOM Cl!HTaeTCR epeMR 06ny11eHHR ee111ecTBa MeTeOpHTa B 

KOCMHl!eCKOM npocTpaHCTBe npOTOHa~H rKn; npHBOAR111ee K noRBneHHIO B 

ee111ecTee MeTeopHTa e peJynbTare RAepH1:1x peaKUHH KOCMoreHHl:IX H30To

noe. 061:lYHO paAHaUHOHHl:IH B03pacT onpeAenReTCR no COAepJHaHHIO H30To

noe 311e, 22;¼, 38 , 39Ar, nOTOK npOTOHOB rKn Cl!HTaeTCR nOCTORH-

Hl:IM e Te11eHHe ecero epeMeHH 06ny11eHHR. 

B § 2 H3nOJHeHO npHMeHeHHe, pa3pa6oTaHHOH PRAOM HCCneAoBaTe

neH /14/ MeTOAHKH onpeAeneHHR AOaTMoc,epHl:IX pa3Mepoe MeTeOpHTOB Ha 

npHMepe onpeAeneHHe AOaTMoc,epHl:IX pa3Mepoe MeTeopHTa Hrn CTeHwH /IO/ 

Bo3HHKHoeeHHe TpaBHMOro TpeKa e nrn e KoHue npo6era TRJHenoro RApa, 

l!TO OTl!eTnHBO npoRBnReTCR B HH3KOl!YBCTBHTenbHl:IX AeTeKTOpax, n03Bo

nReT, 3HaR pacnonoJHeHHe KPHCTannoB OTHOCHTenbHO AOaTMoc,epHOH no

eepXHOCTH, onpeAenRTb 3HeprHIO RAep rKn. llnR dnpeAeneHHR AOaTMoc

,epHl:IX pa3Mepoe MeTeOpHTOB npOH3BOAHTCR OT6op npo6 KPHCTannoe H 

cocTaeneHHe KapTl:l OTo6paHHl:IX npo6 c onpeAeneHHeM paccTORHHR MeJHAY 

npo6aMH, Aanee H3MepReTcR nnoTHOCTb TpeKoB RAep rpynn1:1 meneJa 

B KPHCTannax H3 OT06paHHl:IX npo6. llnR BOCCTaHoeneHHR AOaTMoc,epHl:IX 

pa3Mepoe Hrn CTeHWH 61:1nH HCnonb30BaHl:l pac11eTHl:le 3aBHCHMOCTH /14/ 

cKopocTH HaKonneHHR TpeKOB RAep rpynn1:1 meneJa OT paJMepa MeTeOpHTa 

Here paAHaUHOHHoro eoJpacTa. PaAHaUHOHHl:IH eo3pacT Hrn CTeHwH coc

TaBnReT ~ 4.4 107 neT, B pe3ynbTaTe onpeAeneHHR AOaTMoc,epHl:IX 

pa3Mepoe eAHHCTBeHHoro HaHAeHHoro 06pa3qa eecoM ~ 36 Kr nony11eHo, 

l!TO cpeAHHH noTepRHHl:IH MeTeOpHTOM cnoH.~ 2.9 CM, a noTepRHHaR Mac

ca COCTaBHna pr 46 Kr. B MeTeopHTe 61:lnH o6HapyJHeHl:l y11aCTKH HaXOAR

lllHeCR B ,6'1.5 CM OT AOaTMoc,epHOH noeepXHOCTH, l!TO yKa31:1BaeT Ha 

nepcneKTHBHOCTb HCnOnb30BaHHR KPHCTannoe H3 3THX y11aCTKOB AnR 

o6HapyJHeHHR TpeKOB RAep rKn C z:;, 50, 
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B § 3 npHBeAeHl:l AaHHl:le /11,12/ 0 pacnpocrpaHeHHOCTH RAep C 

50, noKa3aTenR cnaAa aHepreTHl!ecKoro cneKTpa RAep rKn, OTHOcH

renbHO~ pacnpocrpaHeHHOcrn rpynn RAep Pi-/JI' H ,T,l-t/ , oueHKa npH

cyrcrBHR Rnep CT3 B ranaKTHl!eCKHX KOCMHl!eCKHX ny11ax no pe3ynbTaTaM 

npoeeneHHl:IX HCcnenoeaHH~. DnHTenbHOe OTCYTCTBHe KanH6pOBKH (CHCTe

MaTHl!eCKOe HccnenooaHHe rpeKOB B KpHcrannax onHBHHa Ha11anocb B 

1975 r., KanH6poeKa RApaMH PIH t/ 61:1na npoeeneHa B KoHue 1987 r:) 

Bl:IHYAMno nnR nony11eHHR naHH1:1x o Rnpax rKn, K Hcnonb30BaTb nea Me

TOAHl!eCKHX nonxona. nepBl:l~ H3 HHX 3aKnlOl!ancR B H3MepeHHH rpeKOB 

Rnep rKn B KPHCTannax onHBKHa (s OCHOBHOM H3 MeTeOpHTa MapbRnaXTH 

ocnencrBHe nocrynHOCTH ero o6pa3qos) 6e3 AOnonHHrenbHoro KOHrponH

pyeMoro oTaHra. CooTBeTcroHe rpaBHMl:IX nnHH rpynnaM Rnep rKn ycTa

HaonHoanocb KOcBeHHO so-neps1:1x c :1cnonb3,oBaHHeM nonyaMnHpH11ecKo~ 

MonenH Kaua H Ko6erH11a, eo-sTop1:1x npennonaranocb oTcyrcTBHe B coc

rase fK/1 Rnep, npoMeHIYTOl!HO~ MeJHAY ,P/-,P/' H J;{-t/ rpynnl:l 83<Z<90, 

a TaKrne H3BeCTHl:IX naHHl:IX O pacnpocTpaHeHHOCTH an~MeHTOB B ConHel!HO~ 

cHcTeMe /16/. ( Ta6nHUl:l 3,4,). ~cnonb30BaHHe sroporo nonxoAa c 

npHMeHeHHeM KOHTpOnHpyeMoro OTJHHra (430° c, 32 Yac.) PHC. 2 noJ

BOnHnO nonyYHTb naHHl:le 06 OTHOCHTenbHO~ pacnpocrpaHeHHOCTH /JI -,.0/ H 

TA-ti B fK/1 (CT/n1/ IC,Pt-PI ;: 0.3.I) 11 oueHKY npHCYTCTBHR Rnep CT3 B 
-3 fK/1 (Cm/CT.1Ht.:!'I.5 10 ), pHC. 2 6 /6/. 

8 3aKnlOYeHHH npHBeneHl:l nonoJHeHHR Bl:IABHraeMl:le Ha 3al!IHTy: 

I. 06HapyrneHHe H HAeHTH,HKaUHIO rpeKOB Rnep fK/1 c Z ~90 B KPHCTan

nax onHBHHa H3 MereopHTOB. 

2. Pe3ynbTar1:1 no H3MepeHHIO pacnpocTpaHeHHOCTH H naHHl:le 06 3HeprerH

YeCKOM cneKTpe RAep rKn c Z ?50. 

3. Pa3pa6oraHHYIO MeTOAHKY 61:lAeneHHR rpeKOB RAep rKn B KpHcTannax 

onHBHHa H3 MeTeopHTOB Ha ,oHe ne,eKTOB CTPYKTYPl:l KPHCTannos. 

4. Pa3pa60TaHHYIO MeTOAHKY KOHTpOnHpyeMoro OTJHHra TpeKOB B KPHCTan

nax, ycTpaHRIOl!IYIO pa3HHUY HX eoJpacTa Ja nepHOA ~I.8 108 neT. 
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Ta6mnia I /3/. 

ConocraBneHMe M3MepeHHHX M paccYMTaHHHX yrnoB, 

onpeAen5l~~MX OpMeHTMPOBKY KanMnn5lpHHX BKnIDYeHM~*-

H3MepeHHH~ PacCYMTaHHH~ 

yron, rpaA. yron, rpaA. 

o0 00°00 

25° 24°59 

32° 32°11 

94° 

rr 0 

40° 

90° 

2s 0 

23° 

oo 
94° 

QO 

4 □ 0 

so 0 

710 

oo 

94° 

94°02 

rr 0 sr 
4 □ 0 oo 

9 □0 oo 

25°59 

23°14 

00°00 

94°02 

00°00 

4 □ 0 oo 

so 0 02 

?·IOI □ 

00°00 

94°02 

nnocKOCTb OpMeHTMpOBKa 

Ha6nIDAeHM5l KanMnn5lpOB 

<DID) DOI 

<OOil IID 

<DID) ID2 

<DOI l 

(OIQ) 

(OIQ) 

<DID) 

(OQI) 

<DOI l 

<DIOl 

<DOI l 

<DIOl 

(DID) 

<DOI l 

<DOI l 

<DIOl 

<DOI l 

120 

I06 

203 

IOO 

IIO 

ISO 

DOI 

120 

DOI 

203 

IIO 

130 

DOI 

120 

Ha3BaHv15l 

MeTeOpvlTOB 

Mapb5lnaXH1 

5parviH 

5lMHWeBa 

II 

nannacoBo 

mene3o 

* B ra6nv1~y BownM He Bee cAenaHHHe 3aMepH y~noB, a nviwb npv1MepH 

HaM6onee YaCTO BCTpeYaID~MXC5l OpMeHTMPOBOK. 
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reMneparypH M BpeMeHn or•vira /2/. 
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Ta6nv1~a 3. 

PacnpocrpaHeHHOCTb aneMeHTOB c z;,- 50 B rKn v1 ConHeYHO~ rnc

TeMe OTHOCMTenbHO pacnpocrpaHeHHOCTM 5lAep rpynnH mene3a /II,12/. 

z 5l!lep KpMCTannH OnMBvlHa 

/II,12/ 

50 

70 

86 

90 

IIO 

I.4 ro-5<439Il 

5 • 6 I0-6 ( 2 I 5 0 l 

2. ro-7 <ID3l 

2. ro-9 < □ l 

ilTn (nonv1MepH) 

/I 5/ 

r.s ro-5<477l 

7. 5 I0-6 CI 9 5 l 

s. ro-7 <23l 

4. I □ -8 
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ConHeYHa5l 

CMCTeMa /I6/ 

3.4 I □ -5 

8. 7 ro-6 

I. ro-7 
r. ro-7 
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40 
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400 

200 

0 

80 

40 

0 

5 

IOO 200 

Z>;.II0 
? 

300 

a 

5 

[l 

MKM 

PMC. 2 PacnpeneneHMe ADMH TpeKOB s KPMCTannax ODMBMHa, 

nonseprHyrux orrnMry (430° C, 32 Yac.l, 

TpeKM HAep rKn M3 MeTeOpMTa Map~HnaXTM a) /5/, 6) /6/, 

KanM6pOBOYHUe rpeKM ypaHa Bl /7,8/. 
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Ta6nmia 4. 

CBOAHHe AaHHHe 06 3HepreTMY€CKOM cneKrpe ~Aep fKn, ycpeAHeH-

HHe 3a nepMOA 0 - I.8 106 ner /II,!2/. 

Z ~Aep rny6MHa 6 CM fny6MHa 9 CM NTP (6 CM)/ 

NTP(9 CM) 

NTP E(MaB/ NTP E(MaB/ 3HaYeHMe /' 

Ha cM 2 HYKn.) Ha cM 2 HYKD.) (llfE):;Y,FI) 

23,lt30 5 .ro6 0.8+0.!2 I.62 6 I.I+0.!7 3.08 2.54+0.45 

50ado 220! I.3+0;2 599 I.8+0.28 3.42 2.2 +0.7 

70~ z~90 ·2079 I.6+0.24 394 2.2+0.35 4.9 2.5 +0.6 

Z>-90 92 I.8+0.27 II 2.S+0.39 7.69 2.7 +0.9 

. NTP 
30 

a 

20 

IO 

0 
60 

Pb 

401 l 
20 

,..: 
I 
I 

6 

,.J ,.. 
0 u_ 

IO0 200 300 L (l} MKM 

PMC. 3 PacnpeneneHMe ADMH rpeKOB a KpMCTannax ODMBMHa, 
' 

orommeHHHX npM 450° C, 32 Yac. /8/, 

a) rpeKM ~Aep M3 MereopMra Mapb~naxrM, 

6) KanM6poBOYHHe rpeKM ypaHa M CBMHija. 
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