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8 pa6oTe onpe .ueneHo ce'laHKe po)f{ .ue HK!! -rKnepOHOB 

0 
K L -Mea oHaMK co cpe.uHelt 3 HeprMelt 120 M 3 a Ha ll.upax h 

Cu Ph K npoaepeHa MO.U911b K8CK8.UHOrO B 3 8KMO.U91tCTBK!I '18CTKU. 

Pacna.ubi K a a aHM o .ueltcTBHll K ~ -MeaoH OB p e rH c TpKpoaanKCb a Ka-

M e pe 8K11bC OH8, n OM9 W 9HH Oit B M8rHHTH09 n o n e C O C pe.UH91t Hanp!! >K9HHOCTbiO 

"' 8000 3 p CTe.u. K a Mepa paaMepoM 100x60x17 eM, HanonHeHH8!1 aproHoM npH 

.U8B1!9HHH 1 1 25 8T 1 6bi1!8 pacn01!0)f{ li!H8 H 8 pacC TO!IHKH 6,2M OT BHyTp9HH!i!lt MK-

W9HK CHHXpO<j:>830TpOH8 011fll1. n o TOK K ~ -Me30 HOB C OCT8811li 9 T yr011 

90 ! 1,5 ° C ny'IKOM y C KOpe HHbiX npOTOH OB. 0l1 HC8HH9 yCT8HOBKH K MQTO.UHK8 

II 21 
o 6 pa6oTKK Tpii! K OB pac na.uHbiX 'IBCTHU npHae.ueHbi B pa6oTax 

1 

3aperHCTpKpo aaH o 4500 K ~ -pacna.uoa Ha aap!! )f{ eHHbi e 'IBC TKUbi. 

3 H e pre TK'I9C KHit c n e KTp K o 
L 

B MQCT9 paC n01!0)!(9HHll yCT8HOBKH npHB 9.U9H 

H8 pHC. 1 • . .Q1111 H3 Y'I 9 HHll B 3 8HM O.U9 1tCTBHll 
0 

KL -Me30H OB B p83 Hb!X 3 Kcno-

3HUH!IX 8 K8Mepy 

2 
26 , 7 rp/cM ; 6) 

nOM9 W 811 C ll n o r 1!0TKT91lb : 8 ) M 9.UH8!1 n118CTKH8 T 0 11 W KH Oit 

2 
CBKHUOB8ll- 5 1 8 rp / CM 8) .UB9 CBHHU0Bbl9 n1!8CTKHbl no 

2 
5 1 8 rp/ CM K8)f{.[l 8SI, 

0 
4HC110 K L -pacna.uoa 1 aaperKCTpKp088HHbiX a K8)f{.UOit 3KcnoaKUKK, 

p88HO 1203, !65 4 H 808 COOT89TCTB9HHO ( <j:>oH OT 1!0)f{HblX C06biTHit 8bi'IT9H), 

-rHne pOHOB B pe8KUHK 

K
0

+N .. A0 (! 0
l+ntt 

L ..._! __ 

- .. AO + y 
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B KaMep~ Ha6JJIO a ancSI pacna)l A 0 
... p 1t , npli 3 TOM ycnOBHSI 3KC11Qpli-

M e HTa TaKOBbl, 'iTO 11 0 )la81!SIJO!llee 60llblllHHCTBO pacna)lOB H )leHTHcpliUHpyeTCSI 

BH3YAllbHO, TaK KaK 11pH HMnynbCe p s. 700 ~38/C npOTOH 'l~TKO 

OTliH'laeTC SI OT It- H p. -Me30HOB no HOHH 3 aUHH, npH HJleHTHcjJHKa-

UHH A 0 
- r lin e poHa TpeGosanOCb COOTBeTCTBHe KHIIeMaTHKe pacna)la 

.~ o_, p + !t - H H BliH'liH~ y 1101!0>I< HTe 1!bHO l! qacTHUbl npOTOHH Ol! 111!0THOCTH 110'l~pHeHHSI, 

'-lT06b! o 6ecne'lHTb Ha)le)I{HQC Tb H3MepeHHl! H H)leHTH cjJHK aUIIH JlliSI OKOH'iBTenb

HOro aHan H3a OT6Hpani!Cb pacn a)lbl, YAOBlleTBOpSI!OlllK e C llilJlYIOlllHM KpHTepHSIM: 

1) Bi!pWHHa V
0 

-co6 biTifSI 1!e)I{HT B 3 qrp~KTHBHOM 06'beMe KaMepbl; 

2) HMilYllbC 1101!0)1{HTilllbHOl! 'lBCTHUbl p + .:S 700 /'1',38/c; 

3) yron HaKnOHa TpeKa K llliOCKOCTH cjJOTOrpacpHpOBaHHII a+ .:S 45°, a_ < 60°· - , 
4) 113 pacCMOTpi!HHSI HCKliiO'lalii!C h pBCilB)lbl C TpeKBMH , napann e nbHbiMH 6 a 3e 

cpoToannapaTa 0+ = (80° + 20°), (I_ = (80° + 10° ) ( fl_:- y ron Bbtne-

Ta BTOpH'lHOl! 'laCTHUbi), 

3cpcpeKTIIBHbil! o6'beM KaMepbi onpelll.eneH no pacnpQ)leneHIIIO x, y,z KOOp-

)lHHaT TO'leK pacna)la ]( ~ -Me30HOB 113 )laHHb!X T8K Ha3b!BaeMOl! 'HeBbl-

6opO'lHOl! CTaTIICTHKH " ( Ha 'lBCTH nneHOK 6binH H3 Mepe Hb! BCil 
vo 

-co6bi-

TIISI 6 il3 Bbi6 opKH Jl liSI onp eAeneHHSI TO'l e K pacnpeAeneHHSI pacna)la H yrnoswx 

xapaKTepHCTHK pacna)lHblx qacTHU). YcnoBIISI ocse!lleHHSI s 3cpcpeKTHBHOM o6'beMe 

l10CTOSIHHb!, np11 ~ 45° noqepneHHe TpeKa nponopUHOHallbHO ero KOHli-a 
+ 

3aUHII. Ha yron BbineTa It -Me30Ha (a Hano)l{eHo MeHbwee orpaHII'le-

Hlle B CHlly TOrO , 'iTO IIMnynhC 1T MeHbWe p < 200 ~38/c). 

nepe'lHCneHHblM KpHTe pHS!M YAOB1!eT8 0pS110T 67 A 0 
' pO)I{)leHHbiX B Cu, 

11 55 - s Ph . Pacc MOTpiiM B03MO)I{HbJe HCTO'lHHKII cpona A 0 
-pacna)lo8: 

a) 83aliMOJlill!C TBHe HyKliOHOB nyqKa C !!JlpaMH B nnaCTIIHe THna 

N + N _,A 
0 

( ~ 0 
l + K+ ( K 

0 
l + N • (2) 

nopor 3TOl! peBKUHH paseH 2,3 r3s/c. Ha pliC. 2 noKa3aH IIMilyllbCHbll! 

cneKTP npoTOH08 OTJla'lH, o6pa3o8aHHbiX Hel!TpOHaMH ny'lKa. KaK 8HJliiM, IIMnynbc 

HYK110H08 MeHbWe nopora peaKUHII (2), 

6) PO)I( Jl e HKe 11° -rKnepoHOB 
0 

]( L -Me3oHaMK 8 aproHe B peaKUIIII 

( 1) 11 AByxny'le Bbie 3Be3Abi ( P, rr ) , 06pa308aHHb!e Hel!Tpo H a MI!, 

H a seeM MaTepllane 6biliO 3aperi!CTpllposaHo A8a pacna)la A 0 

4 
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y .[181TeHHbiX OT CTeHOK H nnaCTHH Ha paC C TOSIHHe 60nbwee, 'lli!M 3 Cpli!LIHHX pac

na.[IHbiX npo6era A 
0 

• 3To nH6o A 0 
, reHepHpoaaHHble K 0 -MeaoHa

L 
MH a 6eanyqeaol! a aeaae, ITH6o aaeaaa, KOTopaSJ HMHTHpyeT pacnaa Ao ... p +rr-. 

OueHKH noKa3biBaiOT, 'ITO nepBbil! HCTO'!HHK SIBITSIQTCSI npeo6naaaiOWHM. 

)].ITS! HITITIOCTpauHH npaBHIT bHOCTK H.[leHTHcpHKaUHH Mbl OUeHHITH Macey Hli!CTa-

6HITbHOJ! '!aCTHUbl H ee BpeMSI >K H 3HH no 122 Clly'l8SIM. nony'!HITH 

i:. 0,31) 10 -IO Cli!K, 

13/ 
MA 0 =(Hl5,7 ± 4,1) 'Ao= (2,92 

OWH60K COI'nacyeTCSI C ITOCITe.[IHHMH aaHHbiMH 

'ITO a npeaenax 

JJ.nSJ onpeaeneH HSI ce'!eHHSJ po>KaeHHSI A 0 
( I 0 ) 

Hy>KHO BOCCT8HOBH Tb 

ITOTOK K o 
L -Me30H OB, npoWeLIWHl! '!epea UIT8CTHHy B 3cpcpeK THBH OM 06bllMe 

KaMepbl, a T8K>K e OUQHHTb ael!CTBHTellbHOe '!HCITO A o (I ol 
, POLIHBWHXCSI 

Ha srapax ru K Pb 

n o TOK 6biiT paCC'!RTaH ITO 'IHCITY K ~ -pacnaaos c npRBITII'!eHfH!M nonpasoK, 

nony'!eHHbiX no 'HeBhi6opo'!Hol! cTaTRCTHKe'. VIa 'HeBbi6opo'!HOl! CTaTRCTHKH' 

6hino onpeaeneHo -KaKaSJ '!aCTb 0 
KL -Mil30HOB pacnaaaeTCSI B 3cpcpeKTHBHOM 

06b11Me KaMepbi K a3HMyTallbHaSJ nonpasKa LilTS! 3TOlt COBOKynHOC TK C06b!THl!. 

JJ.anee y'!HTbiBancSJ pacnaa K ~ s nn a cTHHe H a He'!yBCTBHTii!ITbHol! o6naCTH 

0,5 CM aa ITITaCTHHOl!. Vfx 3 THX aaHHbiX 6binO Ollpll.[lelleHo 'IHCITO K o 
L 

paciTaBWHXCSI Ha 3apSJ>KeHHbi e '!aCTHUbl. 3HaSJ sepOSIHHOCTb Hel!TpanbHOJ! MOLlbl 

no OTHOWeHKIO KO seeM •aapR>KeHHhiM pacnaaaM • x) 

I'I (Kt ... 3rr0J /3/ 
- ( K •3 ' K ll s ' K 3 rr) Jl = ---..!="-----,- = 0,30 + 0,03 

IV ( K L"(aapSJ>K.) -

H cpeaH Kl! pacnaaHbil! npo6er c y'l~TOM cneKTpa >.. Ko ( 12,32~ 0,62) M 

+ - 8 /3/ L r 
Ko =5,03-0,25) 10 Cli!K )! Mbl OUeHHITH fiOTOK K ~ 

WHX \iepea 

+ 4 
-o,7)x!O • 

-MeaoHoa, npowea-

ITIT8CTHHy ru H Pb + 4 1 Cu =(4,38-0,52lx10 , J Pb =(6,89: 

~ J Pb H Cu BKITI0'!8IOT B Ce6SJ KaK CTaTHCTH'IQCKHe OWK6KK !JRH!J r 

TaK K HeTO'!HOCTH nponpaBO'!HblX K03cpcpHUHeHTOB. 

0CHOBHaSJ TpyaHOCTb B BOCCTaHoaneHIIH HCTKHHOI'O '!HCITa pOLIHBWHXCSI A ~!0, 
COCTOHT B Y'l~Te BTOpH'!HhiX acj:Jcj:JeKTOB B S!Llpe H 

Ha6niOaeHHhlll A 0 
aanee B nnaCT.HHil, TBK KBK 

K~ -MeaoHaMH, a 

A 
0 

s Rape. 

po>KaeHbi He HenocpeacTseHHo 

... o !:!: 
-< K KOHBepCHH o6paaoaaHbi OT pacnaaos 

x) /4/ 
B pa6oTe 6bino noxaaaHo, 'ITO npKMecb apyrKx pacnaaos I%. 
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.[lnS! y'I~Ta BTOpH 'IHhi X s<P<PeKTOB H nonyqeHHS! nonpaa oK Ha pacnan Ao 8 

nnacTHHe cpeaHHll pacnaaHbill npo5er A 0 
"' 2,7 eM) H Ha npHMeHeHHble 

KpHTepHH OT 6opa B 38HMOLleJICT8He K ~ -Me3oHoB c S!LlPOM MonenHpoaanocb 

no MeTony MoHTe-Kapno. B ocHoay pac'!~Ta 6btna 3ano >KeHa KBCKBLlHBSI Monenb 

B 38HMOLleJIC T8HS! K~ -Me30H OB H BTOpi!'IHbiX C Tp8HHbiX '18CTHU C HyKITOH8M H 

S!Llp8. 3Ta MOLleflb XOpOWO OnHCbiB8<ilT 3 K cnepHM9HTbl no pO>I<LleHH!O 06bi'IHb!X 

H CTp8 HH b!X '1 8CTHU IT -M e30H8MH H HYKITOH8MH B ill HpOKOM HHTepsane 

/4 ,5,6/ ..... 
3HeprHll . H npo paccMaTpHaaeTcS! KBK BbtpO>f(LleHHbtll ....-epMH-1"'83, 3anon-

HS!IOWHll c<Pe py panHyca R Cu = 5 1, ll = 7 I 
Ph 

17/ 
• n pH 3TOM Y'lll TbiB8eTCS! 

<PepMHeBCKOe Ll BH >f(QH H e HyKflOHOB B S!Llpe H npHHUI!n naynH • 

.[ln11 ynpoweHHS! pac'!~Tos np11 B3BHMOLlellcTBHH K , A 0, ! C HyKITOHOM 

6biflH p8CCMOTpeHbl T Ofl bKO pe8KUHH C pO>f(LleHHeM LlBYX '18CTHU B KOHe'IHOM COC-

T OS!HHH: 

K 0 + N 
L 

K 0 + N 
L 

A 0 + IT 

~+IT 

! o+ IT 

A 0 +N ... A
0

+N 

! 0 
+ N 

I~+ N 

~
0

+ N .. ~ +N 

0 
/1 + N 

!"!:. + N 

Io ... 

ynpyroe pacceSJHHe H nepe3apS!LlKa 

(3) 

} (4) 

nopor 640 Msa/c 

(5) 

0 

A + y 

6 

t 
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! .± + N 
t 

I + N 

A 0 
+ N (6) 

I 
0 

+ N 

npH HaWHX 3H<ipi'HSIX K ~ - MQ30HOB ( CflQKTp Ha pH C. 1 ) B KN 

B3aHMO.ll aliCTBHH BKrra.n OT npouecCOB C pO>K.lleHHeM Tpex 'faCTHU ( Y tr IT 

He 6onee 10% OT .llBYX'IaCTH'fHhlX KOHe'fHhlX COCTOSIHHl!, npH'I~M COOTHOWeHHe 

/1 0 1'1 ~ a( y , It 181 
paBHO 8 ;2 • n orp eW HOC Th, .llOflyll!eHHaSI 

npeHG6pe>KeHll eM TpexqaCTH'fHhlMK KOHe'fHb!MK COCTOSIHKS!MK,B OC HOBH OM npKBO.llliT K 

He60IIbWOMy H3 MeHe HH IO nponpaBKH Ha pacna.n, 'fTO Manv BIIHS!£T Ha pe3yii bTaT. 

8 p eaKUl<SIX (4,5,6 )eKna.n OT npouecCOB C pO>K.lleHHeM .llOflOIIHHTGIIbHOf'O 

tt - MeaoHa npeHe6 p e>K HMO Man. 

DarrbHe llw e ll cy .ll b60ll " -Me3oH a H HyKnoHa Mbl He KHTepecoeanHc b, 

TaK KCJK HX 3Hep!'HSI He .llOCTaTO'fHa .lliiSI pO>K.lleHHSI CTpaHHblX 'faCTKU. 8 pacqeTe 

HCflOIIb30BarrHCb flOIIHb! e Ce 'feHHSI flO f'II Oll!eHHS! I(~ -Me30HOB B ru H Pb, 

n ony 'feHHbJ e a HacTOSill!e ll pa6oTe , .naHHbre o ce><e HHSIX B3af!MO.ne llcTBHSI K+ - H 

K -Me30HOB c HyKnoHoM ( >< e p ea 50 M3e) H sec a o T.n err bHh!X 

p eaKuHK H3 pa6oT
1
8t

121
• Ce><eHH SI p eaKuHll ( 4) 6brrrH a a .naHbl .nn SI /1 ° -rHne-

pOHOB B HHTe peane HMfl yii bCOB 0-300, 300-640, 640- 880 H 
/13 + 181" 

, a ( 5,6) .lliiS! ~ -rHnepOHOB C HMflYIIbCOM 

500-1500 M 3e/c119~221 • 

P 11 0 > 880 M3e/c 

0-150, 150-500, 

8 peayrrbTaTe Mo.nemtpoeaHHSI 6blno onpe.neneHo ><Keno /1 ° ( ! 0 l , Bhlwe.n-

WHx H3 SI.npa, H ><Herro A 
0 

, npome.nm11x no KPHTe pHSIM oT6opa • 113 3THX 

.llaHHblX 6hJIIII flOIIy'feHbl CIIe.llyiOll!He nonpaBO'fHble K03cpcpHUK e HTbl .lliiSI /1. 0 

f Cu = 9,3:: 0,8; f Pb I =5,6::0,5 ; f Pb 2 =7,4::0,6. 6biiiO * pa3b!f'paHo* 

5x!0
4 

nepBH'fHhiX K N -e3aHMo.nellc TBHll. 0mH6K.a pac'f~Ta onpe.nenSinacb a 

OCHOBHOM Oll!H6KaMH B Ce'feHHSIX :OlneMeHTapHblX IIpOUeCCOB. 

8 pe3yiibTaTe 6hlrrH nony>< eHbt cne.nyJOll!He x) 

( 225 ±. 3~ ) M6 .• 

X) /2,3/ 
8 pa6oTe u Pb 
3HeprHell 100 M3B. 

a (200:: 70) M6 .lliiSI I( O -Me 30HOB CO cpe.nHel! 
I. 
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Ha pHc, 3 npHBe.aeHbl pacnpe.aeneHHSI no HMnynbCy p 
Ao 

H yrny Bblne-

TB ()Ao .anSI A o , 38pe'f'HCTpH pOB8HHblX B ,08HHOM 3KcnepHMeHTe H no-

ny'leHHblX Mo.aenHposaHHeM. CpaBHeHHe 3TH X pacnpe.aeneHHll .aaeT y .aosneTBOpHTenb

Hoe cornacHe, 'ITO yKB3b!B8eT Ha cnpase.anHBOCTb KacKa.aHo ll Mo.aenH .anSI Ha-

WHX ycnoBHft, 

Pac'leT n oKB3brBaeT, 'ITO B Sl.ape C"u B cpe,aHeM npOHCXO.OHT 3 - 4 Baa-

HMO.aeftCTBHSI, a B Ph - 5-6 s aaHMo.aellcTBHll. 

H aMH 6blna TaK>Ke c.a enaHa oueHKa ceqeHHSI po;>K,a eHHSI Ao B Sl.ape 

Ar , nblliO aape'f'HCTpHpOBaHO 12 
flo , y.aaneHHblX OT CTeHOK H nnaCTHH 

Ha paccTOSIHHe 6on bw ee , qeM J cpe.aHHX pacna.aHblX npo6era A 
0 

• B 10 
A o x) 

cny'laSIX HMeeTCSI 3Bea.aa KOppenHpOBaHHaSI 1\ , !IpH'IeM ,B 9 cny-

'18SIX HanpasneHHe noneTa A 0 
cocTaBnSieT c uanpasneHHeM Ha asea.ay yron 

He 6onee 5° H nHWb B O,OHOM cnyqae yron OTKnOHeHHH "' 10° ( 3TO MO>KeT 

HMeTb MeCTO H BCne.aCTBHe nnoxol! H3MepHMOCTH cne,a a OTpHUaTe!IbHOl! qacTHUbl), 
Ao 0 

OcTaBwHecH .ase " He CBH38Hbl co asea.aoll; 3TO nu6o A , o6paaosaHHble 

K~ -MeaoHaMH B 6eanyqesoA as ea.ae B Ar ( ceqeHue po>K.aeHH SI B 6eany-

qeso A asea.ae npHMepHO Ha nopSI.aoK MeHbwe), nu6o .asyxnyqesble asea,abl 

p , 1t- ) , HMHTHPYJOLUHe pacna.a II 0 .. p + rr - • O >Ku.aaeMaSI npHMeCb 

OT TaKHX 3 Be 3.a Mana, JlnSI nO.OC'II'!Ta 'IHCna Ao (I ol , reHepHpOB8HHblX 

B Ar , Mbl BBenH reoMeTpHqeCKHe n on pas KH H nonp8BKY Ha HeftTpanbHYIO 

cxeMy pacna.aa flo .. n ItO • noTOK, npowe,awHA qepe3 KaMepy, paseH 

JKo 
( + 5 A o ..- o 

~ 1,47- 0,17) 10 , OTCJO.aa ceqeHHe reHepauHH " ( ,:_ l B Ar 
L 

nonyqaeTCH paBHblM 

B pa6oTe
1231 

11 Ar ( A
0

, ! 0 
) = (44::_15) M6. 

n onyqeHo c eqeHHe po>K.aeH HH ( A o, I o K o 
L 

-Meao-

HaMH C TaKol! JK e cpe,aHeft 3HeprHel!, KaK H B H8WeM 3KCnepHMeHTe, BO cjJpeOHe 
0 ... o + 

(cpe.aHee 3HaqeHHe A "' 22): u F r =( /1 • <. )=(29-7 ) M6. 

H a puc. 5 noKaaaHa 38BHC HMOC Tb a ( A 0, !" l OT A. 3KcnepHMeH Tan bHb! e 

TO'IKH onHcbrBaJOTCH nuHel!HoA aaBHCHM OC Tb!O oT A, su.aa 

a ( /1°, ! 0
) =4 ,7+0, 97 A. 

B aaKnJO'IeHHe aaTopbl 6naro.aapSIT Hay'IHb!X coTpy .OHHKOB: IO.JlyKCTblHbLUa, 

A.MecTBHpHWBHnH, Jl,HSiry, H.neTpoaa, B.Pyc aKoaa H Y UayH..-tj:JaHSI aa no-

x) 
B cpe.aHeM Ka.ape Ha6 nJO.aanocb 5 aaea.a. 

8 



MOLUb a pa6oTe; B.Manbueaa, 3.MaHll)I{BBKaae, H.Pol!HKWBKJIK, B. ToHeeaa 

aa rroneaHb!Q coaeTbi; O.EnaroHpaaoay, 

nporpaMMbl, As Tophi 6naroaapHbl rpynne TeXHIIKOB 11 na6opaHTOI!I , npiiHIIMaa

WIIx Y'IBCTKe 1!1 3KcrrnyaTaUHII YC 1'BHOBKII 11 o6pa6oTKe 3KCnepiiM€HTBJibHbiX aaH-

Vf.KyXTIIHy 3a ITOMOLUb B COCT8BJI€HHK 

Hb!X. 
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