
-r 

06bE.ill1HEHHblt1 l1HCH1TYT SI.ilEPHbiX V1CCJ1E.UOBAHV1~ 
/IABOPATOP vHi Bb! CCK VIX 3H EPn t Lt 

3.¢. Kop6en, M.r. Wacf)p8HOB8 , A. Yf. 3iraT€w~ •.• n ._K. ·.~ \:i!J.!J"'• o, 
T ,C, To.aopoB, X. M . 4 epH eB , H . Llanxa*uB~ : DJI~yJ,lTff.i_Hh 

YnPYrOE P ACC E.HH J.1E n - -M E3,0HOB 
HA nPOTOHAX n PVJ YJMn Y/1 bCE 1 r3B/C 

tile~~ 196'1 r'l1: f i e/J. -1.5. 
• I I I / 

", flu /d!u;uA~ {§6'1, T ~ /1/,9-._3/ 

. Mf, 113-l/d' . 



22!2/ I np . 
l<op 6en, 3 . ~ . 

R .D.P • 
e p acce.RHRe 
.QHOB Ha npOTOHax 
.nyn :bCe 4 r 3B/c. 
1963. 6/ n • 

.. , rl/7 e 1 
I - ? .. , .-9,"'"2~ 

x) 

x x) 

x ) x ) 
3. <l>. Ko p6e(l, M .r. Wa,PpaHoaa, A.J.1. 3naTe~a. ll. K . M apKoa, 

x J x ) xxJ xx) 
T.C . To.nopoa , X. M . t{epHea , H • .Ll anx a:>Kaa, .Ll . Tya.neH.n op:>K 

P -1 48 1 

YnPYrOE PACCE.HHJ.1E n - -ME30HOB 
H A nPOTOHAX nPJ.1 J.1MnYflbCE 4 r3B/C 

Hanpaane Ho a )f(3T<P 

<l>H3H'IeC Kllll HHCTHTY 1' c AH36, 6onrapc KaSJ AKa.neMiill HByK, Co,PHn. 

J.1HCTH1'YT ,PH3HKH H Xli MiiH MoHrOJibCKOl! AKa.neM ,HI HayK, YllaH-6aTop, 



I 

1, 0ITHC8HH9 3KCIT9pHM9HTB 

Ylccnenoeaua e ynpyr oro Jf-p - pacceSIHHSI n p a BhtCOKHX aaepragx npencTaenSieT 

60rr b WOJI <jJH3 H'l9C KHJI HHTe p e C, YfcnOn b3yH 06oraweHHbt e BO.UOpO.UOM <jJOT03Myll b CHH, 06ny-
/l/ 

'l9HRble nepneR.UHKynHpao nnoCK OC TH cnoee , MO>KHo nony'lHTb .UH<jJ<jJepeuuHanbHOe Ce'le-

HHe y n pyroro pacceSIHHSI B 06J1 8CTH M8nbtX nep e.uaHHbtX HMITyJ1bCOB H 1'8KRM 06p830M .UO

ITOJ1HHTb 3 KCIT9pRM9RTb1 0 B 06J1 8 C TH 60llblUHX nepe.UBHHbiX HMITYllbCOB, !lOCl'YITROa .UpyrHM 

MeTO.QHKBM. 

6btJ1H o6ny'l9Hbt TpH 3 MyJ1bCHOHRbl9 KBM9p bt nep neH.UIIKyllftpRO lll10CKOC1'1! 3Myl1bCHOH

Hbl X cnoee B IIY'lKe 9&' --Me30HOB c HMIIyrrbCOM 4 rae/ c HB CIIIIXpocpaaoTpOHe OYIHYI. 

K a>K.uag H3 KBMep cocTO!Ina H3 50 cnoee aMyJibCHH HYJK<PYJ 5P, nponHraHHbtX aTHJieHrrrH

KOneM c uenbJO o6or ameHKS.J ao.nopo.noM. KonHqecTao stnep ao.aopo.aa a 1 CM3 nponHTBHHolt 

22 22 3MYJ1 bCH I! B 3THX K8Mepax COCTBBJIHJIO C001'89TCTB91ilfO: (4,96±_0,11 )•10 , (5,04±_0,10)•-!0 

I! 5,2 1±_0,1! }·!0
22

, nnoTHOCTb l10TOKB nepBH'lllbtX 'lHCTHU 8 pa6o'lelt 06JIBCTH 3THX K8Mep 

6bma: 0 ,90 ±_0,02 •10 'lCM , ( } f) -
2 

(0,78 _+0,03} •J0
5

'lcM -
2 

H (4,37_+0,06) •J05 'lCM - 2 COOTB9T-

CTB911HO , 

npHM9Cb ,.-Me30IIOB H 6bJCTpbtX 3J19KTpOIIOB B IIy'lKe :Ji:'M930110B COCT8Bl1HJ18 

13%
121

, Bcero npOCMOTpello !55 CM
2 

- npHM9piiO IIOpOBHy B KB>K.UOll H3 Tpex K8Mep, 

MeTO.UHKa upocMOTp a , H3MepeHIIA H H.UeHTHrPHKauHH cnyqaee yrrpyroro pacceHHHH 

npR u eprr eH .U HKynHpHoM o6ny 'le H HH rr o .u po6uo OII HCHHbt e 1 II 

Ceoltc T aa aMyJibCHOHHbtx KaMe p , n porrHTaH HbtX eo.uoJ! HITH 3 THneHrnHKoneM, HX rrpeH-

Myw e cTea u e p e .u C T B H.UapTHbt MH KaMepaMH rrpH H3Y'l9HHH npoueccoa yrrpyroro P!lCCeHHHH 
13/ 

paCCMOT p9Hb! B 

To'lHOCTb HaMepeHH H u po6era rrpoTOHa OT.ll8'lH ~ 6btna 3-5 ~. TO'lHOCTb H3Me-· 

peHHSI yrna B &tneTa npoT o n a OT .UB'IH .UITSI co6btTifll c npo6eroM R~ 1000 MK - ! 0 , a 

nng c nyqaee c R< 100n MK uopH.uKa (2-3°). 

CneKTp nepBH'llloro ny'IKB !J"-- Meaonoa orrpe.uenSirrCH no yrny pacc eH!IIfSI 7 ':Meao

ua '/' , KOTOpbtJ! lf3MepHncg c T O'IHOCTbtO "' G ~ H npo6ery npoTo.ua OT.UB'llf R . JlnH aToll 

U9l1H I!CliOJ1 b30B8l1HCb C06btTI!H, Y.llOBJ19TBOpSIIOlliH9 CJ19.UYIOlUHM TpeM KpHT·'PHHM: 

I) a TO'IKe pacceSIHHH HeT SI.Upa OTI18'lH; 

2) COOTHoweu 11 e M9>K.Uy npo6eroM npoToua OT.UB'lll R H ero yrnoM c HanpaeneuH-

3 
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eM nepBH'I HOPO Me30Ha f yLIOBneTBOpSieT KHHeMaTHK9 ynpyPOPO pacCeSIHHSI penSITHBHCTCKO

f'O '](; -Me30Ha; 

3) C06biTHe KOMnnaHapHO, 

TaKHx c o6biTHll oKaaanocb 335. 

nony'leHHblll cneKTP npnaeaeH Ha pHC . I. 

JlH<P<t>epeHuHanbHOe Ce'!eHHe onpeaen!lnOCb TOnbKO L!nSI C06biTHl! B HHTe paane HMnynb

ca 2,6 raa/c < f' < 5,4 raB/c, OCTBnbHble C06b!THSI He paCCMaTpHBanHCb H OT6paCbiBanHCb 

C COOTBeTCTBYJOlUIIM HM Ce'!eHHeM. npn onpeaeneHHH LIH<P<l>epeHUHBnbHOPO ce'!eHHSI He Y'IH

'Pb!BanHCb TaioKe co6b!THSI, HaXOLISIWHeCSI B6nH3H CTeKnS HnH nOBepxHOCTH 3MynbCHH. 

Y!Tor-o 6bino BhiL!ef!eHo an11 onpeaeneHHSI ae<P<PepeHuHanbHOPO ce'!eHHSI 222 cny'la!l 

y npyPOPO pacceSIHHSI, H3 KOTOpb!X 200 HSXOLI S!TCSI B HHTepBane 3° < fic,U.M . < 15°, n pe

M9Cb KB83HynpyPHX H L!pyPHX fiOXO)I{HX C06 biTHA COCTSBHna 3%. 

06Cy)I{L\9HHa peaynbTaTOB 3KCnapHM9HT8 

nony'laHHbie aaHHbi e no LIH<P<i>epeHuHanbHOMY Ca'!eHHJO ynpyPOPO :x--=p - pacceSIHHSI 

npHBeaeHbi B Ta6n11ue I . 

YlcTHHHoe 'IHCno co6biTHll B Bbi6paHHOM HHTepBane yr-noa onpeaen11nocb no q,opMyne 

/4/ 0 
f!HOWH , ,llaHHb!ll 3KCnepHMeHT BblfiOnHeH B o6naCTH MSnbiX yr-n OB paCCeSIHHSI (3- 15 ) 

c.u.M. B nepBOM HHTepBane ( 3 - 6°) c.u. M. y)l{e cywecTBaHHYJO p onb Hr-paeT KynoHOBCKOe 

pacceSIHHe. T!IHPOM H ap.' 
51 

npH HMnynbCe 4, I raB/c 6bin BblfiOnHeH c nOMOWblO HCKpo

BbiX KaMep 9KCl1epHMeHT B o6naCTH 6onbWHX yPnOB pacCeSIHHSI ( 14,6 - 43,9°) C,U,M, 

Mbi npoBenn aHanna peaynbTaTOB o6e11x pa6oT anSI 3Ha'!eHnll 'leTbipexMepHbiX nepe-

.J..L 2 /6/ 

7~f';1(~!:9'l:~I ·;,:=~~· :;::!f~r +Z1>§I ~f) 1 ,. 
&1414 [ ~4.t] 

PL!e :1(') =up - .z. c9,-' - SIL!9pHblll H aneKTpOMaPHHTHblll <t>opM<t>aKTOp HyKnOHa, 

a. 
-13 = i·:fP CoM. 

KOTOpbte c qHT8JOTC 51 O.OHH8KOBbiMH ~ 

)o _- _j__ . ll>- ~-~>a.. :1 
w - -ta1~./ ) 1,- »a. r -6 

JC. - BOnHOBOe 'IHCnO B C. U.M . ; ),,f CKOpOCTb ::r-Me30Ha B na6.CHCT9Me B 9LIHHHUaX C 

a = 17m · 'I(9) ; (~) = ~:.~ o..!t_ · 
t!I V (d.n/,.m d.S'l. ~ 

:Jj:. p_-paCCafiHHSI; ~4 r aB) = (30,27 :!:_0,22) M6H ~~ nonHoe ce'leHHe ynpyr-or- o 

COPnaCHO JlHLIL!9HCy H ap_l7 / ; 

TY Llbi SIL!e pHor-o pacce!IHHSI , 

o/, = ;;i~ OTHOWeHHe p eanbHOll K MHHMOl! 'IBCTH aMnnH· 

4 

PeaynhTaTbi pac'!eTa cneay10wee: 

ol. £ -0,01 :!:_0,30; 

1 = 14,8 ('!Reno 9KCnepHM9HTanbHbiX TO'IeK /1. = 13); 

~()'!'13,1°:!:_0,1° (eM, pHC. ~). 

T aKK M o6pa30M, aaHHhiA aKcnepHMeHT H 9KcnepeMeHT TnHr-a H ap. POBOp!IT o ManoA Be 

'IHHe L!al!CTBHTenbHoll '!aCTH aMfinHTYLlbl pacceSIHHSI, 'ITO XOpOWO COPn acyeTC SI C OU9HKaM> 

/ 8/ 
nony<teHHbiMK BapawaHKOBbiM H3 ancnepcHOHHbiX cooTHOWaHHl! o(:::; - 0,1 np11 £ -4 1 

npeL!CTHBHB LIH<P<t>apeHUHSnbHOe Ce'!eHee SIL!epHOPO pacceSIHHSI ( KynOHOBCKOa Ce'!eHHe Bbl 

'IHTanocb) B BilLie: ~ 

!!:£~{ 6"'aot (UJ %.) 7:: exp (a, +At) J 

Wt ~.-t (9 nllc)l 

Mbi onpeaennnn napaMeTp HaKnoHa A e Koa<P<t>eulleHT a, B HHTepaane 0 ,0 1< /t/(raB/c 

0 ,2 no '!eTbipeM aKcnepnMeHTSnbHbiM TO'!KaM aaHHoll p a60Tbi H LIBYM TO'IKSM T11Hr-a e 
/ 5/ .o.p. 

A = ( 1 53 + o 6o l ( raB l - 2 
I -' c 

a. =3,46 :!:_0 ,09. 

B Ta6neue !J. npHBeaeHbi 3Ha'!eHH SI napaMeTpa HaKnoHa A , nony'leHH)>Ia np11 paa 

nR'IHbiX HMnynbcax a pa3H.biX HHTepaanax 1: . B HllHO, tiTO A a .aaaHoM onbzTe coananaeT 

c BenH'IHHaMH, Bbi'IHCneHHhiM H B apyr-Hx pa6oTax. 3To o6cTOS!TenbCTBO CBHL!eTan bCTByeT, 

ao-nepBbiX, o HeaaBHCHMOCTH A OT 3HeprHH a 

. o HeaaBHCHMOCTH napaM e Tpa HaKnoHa A OT t 
=0,9 (raB/c)

2 
npH HMnyn bCe 4 r aa/c , 

npeaenax OT I LIO 18 raa H, BO- BTOpblX 

B npeaenax oT /t/ = 0 ,0 1 (raB/c) 2 ao 

VIa Ta6nnubi !J BIIL!HO TaK)I{e,: 'ITO napaMeTpbi HaKnoHa ae<P<t>epeHuHanbHOPO ce<te

HHSI :11"'"-M eaoHoB coBnaaaJOT co 3Ha 'leHHSIMI! A an11 .7i"tMeaoHoB. A HanHaepyg aaHHbiA 

9KcnepnMeHT H Ol1biT TnHr-a, Mbi nony<tnnH nonHoe c e'!eHH e ynpyr-or-o JT-:p-p acc e !IHHSI : 

o;. np. (4 raB/c) = (5,9:!:_0,5) M6H, 

B 38KniO'!eHHe 8BT0pbl Bbipa)l{ aiOT 6nar-oaapHOCTb B . A . HHKHTHHy , n .H. C TpyHOBy H 

B.A. CBHPHLIOBy 3 8 l1 0MOWb H none3Hble o6cy)I{L!eHHSI, C. VI . nl060MHnOBy, n . r. KpHBeHUOBO! 

II n.A. B oKOBOJl aa MeTOLIH '1 9CKHa pa6oTbi , CBSI38HHbla c npon HTKOI! K8Map H HX <Po TOXHMH

qecKoll o6pa6oTKol!, a TSK)I{a r-pynnaM na6opaHTOB OY!HY!, BAH H MAH aa n p ocMoTp 

H H3Me peHIHI . 
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KKe ynpyroro p8CC9RHHR penHTHBHCTCKO-

bKO ,nng C06h!THA B HHTe psane HMnynb

He p8CCM8TpHB8nHCb H OT6p8Cb!B8nHCb 

H AH¢¢epeHUH8nbHOrO ceqeHHR He yqg

! Kn8 HnH nosepXHOCTH 9MynbCHH, 

pepeHuHanbHOro ce'leHHR 222 cnyqag 

HHTepsane 3°< e c.U.M. < 15°, npH

·T8BHn8 3%. 

9KCnepHM9HT8 

:eqeHH!O ynpyroro r-=-p -paCC9RHHH 

sane yrnos onpe.nenHnOCb no ¢opMyne 

TH M8nb!X yrnOB p8CC9RHHI! ( 3-150) 

uecTB9HHY!O ponb HrpaeT KynOHOBCK09 

./c 6brn Bb!OOnHeH C nOMOlllblO HCKpo

p8CC9RHHR ( 14 ,6-43,9°) C,U,M, 

·poMarHHTHblil ¢opM¢8KTOP HyK:noHa, 

Me3 0H8 B n a6 ,CHCT9M9 B 9AHHHU8X C 
.?, 6.:~ -6czt.. . 
(,Z~ I 

6.6c,t4 r asl =(30,27;t.0,22) M6H 

eHHe peanbHOA K MHHMOA 'l8CTH 8MnnH' 

.. 
Pe3ynbT8Tbl pacqeTa cne.nyromHe: 

d. t-0,01 ;!:.0,30; 

}= 14,8 (qgcno 9KCnepHM9HT8nbHbiX TO'l9K Jt, : 13); 

~0.,.13,1°;!:.0,1° (eM, pH c . 2). 

T a KHM o6pa3oM, .naHHhrA aKcnepHM9HT H aKcnepHMeHT THHra H .np. ros opRT o Ma noA sena 

'lHHe .neACTBHTenbHOA 'l8CTH 8MnnHTYAbl p8CC9RHHR, 'ITO XOpOWO cornacyeTCH C OU9HK8MH, 

nony'le HHblMH 68p8W9HKOBblM H9 AHCnepcHOHHblX COOTHOlll9HHl! / S/ "'Z -0,1 npll E. =4 r aa . 

npeACT8BHB 

'IHT8nOCb) B 

AHcjxj:>epeHUH8n bHOe C9'19HHe RAepHoro p8CC9RHHR ( KynOH OBC KOe C9'19HH9 Bhr

BHAe: 

!!:£.~{ tS'"an {U ~) 7::: exp (a. +At} J 

pbt ~.t (" 1"#1/c)J 

Mbl o npe.nenHnH napaMeTp H8KnOH8 A H K09cjxj:>HUH9HT et. B HHTepsane 0 ,01< ft/ ( r as/c f<. 
0,2 no 'l9TbrpeM aKcnepHMeHT8nbHblM TO'IK8M .naHHOA pa6oThl H .nsyM TO'IK8M THHra H 

/5/ 
.np. 

A = (7,53;!:.0 ,60) (ras l-2 
c 

a. = 3,46 ;!:.0,09. 

B Ta6nHue If npHse.neHbr 3 H8 'le HHR n apaM e Tpa Haxn oHa A , nony'leHHbre n pH pa3-

nH'IHblX HM nynbcax B p83Hb!X HHTepsanax 1: . BHAHO, 'ITO A B .naHHOM onbrT e cosna.naeT 

C B9nH'lHH 8M H, Bbl'lHCneHHblM H B ApyrHX p860T8X, 3TO 06CTORT9nbCTBO CBRA9T9nbCTByeT, 

ao-nepB biX, o H 938BHC HMOCTH A oT 3He prHH B 

. o HeaaaHCHMOCTH napaMeTpa HBKnoHa A OT t 
=0,9 ( r as/C )

2 
npH HMnyn bCe 4 r aB/C , 

npe.nenax OT I .no 18 r as H, s o-BTOpbrx, 

B npe.nenax OT rtf = 0, OJ ( r as/c )
2 

AO 

Vf3 T86nHUbl Ji Bf!AHO T8K>K9~ 'ITO n8p8M9Tpb! H8KnOH8 AHcjxj:>epeHUHBnbHOrO ceqe

HHR :11'.,.-Me30HOB cosna.naroT co 3Ha'leHK RMH A .nnR .1i'~Me3oHoB. AHanH3HPYR .naHHbrA 

axcnepHM 9HT H onbrT THHra, Mbl nony'!HnH nonHoe ceqeHHe ynpyroro :n:.p -pacceRHHR: 

~np,( 4 r as/c) =(5 ,9:!:_0,5) M6H , 

B 38Knl0'19HHe 8BT0pbl Bb!p8>K8!0T 6naro.napHOCTb B . A . HHKHTHHY. n . H. CTpyHoBy H 

B. A. CBHpH .llOBy 38 fiOMOlllb H none3Hble o6cy>K.ll9HHR, C. H. nro60MHnosy , n.r. KpHB9HUOBOA 

fl n,A,60KOBOA 38 M9TO.llfl 'l 9CKHe p860Tbl , CBR38HHb19 C nponHTKOA K8Mep H HX ¢oTOXHMH

'l9CKOA o6pa6oTxoi!, a T8K>Ke rpynnaM na6opaHTOB OH.HI-1, BAH H MAH 38 n pocMoTp 

H H3MepeHHR, 
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T a 6n H !! B I 

JluqxpepeH uR an bHoe ceqeHu e ynpyroro n--p-pac c e stHHB B o6nBCTH 3°<& CU M < 15° 

{;cuM Jt] 2 4Hcno KHCT 
(rss/ c) na llaen- no ¢op- ~M6H tJ/" M6H C 

2 
HhiX cny- Myne cTepaa - d;6 r sa2 
qaes .V .fiHOlll H 

/ 4/ 

J 0-60 0,00465-0 ,0185 48 52,8 27,5;t4,1 50 , S;t7 ,6 
60-90 0,0185-0,0416 55 60, 7 19,J:!:2,8 35,6;t5,2 

9°-12° 0,0416-0 ,0742 59 66 , 8 15,0;t2,0 27,7;:),7 

12°-15° 0,07 42-0,1152 38 56, 5 9 , 9j:l , 5 18, 3;!:2, 8 

T a 6n H ua i1 
napa Me Tpbl HBKIIOHB JlHcPct>epeHUI<BflbH Or o ce•J9HHSI ynpyroro j(:i -pacceRHlfSI A 

a n>1 paam!qHhiX HMnyn bCoa X-Mesoli OB 

VI MnynbC H nTepsan 
2 

~-MeaoHa /t/(rss /c) 
B na6, CHC T. 
f> rss/c 

I 2 

1,JJ < 0,4 
1 , 47 < 0 , 4 

1,85 < o, 4 
2 , 00 < 0 ,4 
J,15 O,l-0,4 
J,15 0 ,1-0,6 
3,15 O,lJ-0,49 
4,1J 0,1-0,4 
4 , 1J 0 ,1-0,9 
4 , 1J 0 ,17-0 ,4 5 
4 o,o1-o,2 
4,95 o, f J-0,4 
4, 95 0 ,1 3-0,9 
5 ,17 O,OJ.:!;0 1 4 
6,8 O,OJ-0,4 
7,2 . o,oJ-0, 4 
8, 5 0 , 1J- 0,50 

A sTop 
n apaMeTp 
llBKflO HB _

2 A (rsa/c) 

0 

3 

7, Jj:0, 4 
7 ,J;t0,6 

4 

~ /9/ L.Bertan za H ap. 
. 1 10/ 

M Chretten 11 ap. / 1!/ 
K.W.I.ai H llp. 

112 1 
R. C.Whitte n, MM Block 9,J:!:1,7 

8 '7!"_0' 5 
7,5;t0,4 

/131 I ll/ 
V.Cook II ap. K,W,l.ei H Jlp. 

7 , J;to , 2. 1 c. c. Ting 

8 , 22;t0 1 J4, 

/5/ 
H!lp . 

8,0.:!;0,5 
7 , 2.:!;0 ;2 
8 , 54.::0, 48 
7 ,53.:!;0 ,60 
7 , 8::0,4 
6,9-0,2 J 
8 , 4.:!;0 , 7 
7, 8:!;.1 , 1 
7,J:!:0, 7 
7,JJ:!;.0 1 18 

/ 5 / 
UBHHB I! pa6ora,C~g H Llp. 

/5/ C.C.'I'ing H Llp. 

R . G .Thomas 
/1 4/ 

BaH raH-qan 11 ap/1 1/ 

'I',Hofmokl " o.p./16/ 

D.O. Caldwell >! LJ.p./171 

J ... 
1 2 3 4 4 

10 0,02-0,16 11,2::0, 9 } S.E ran dt H ap/ 18/ 

10 0,16-0,4 7,2;t0 ,7 

12,4 0,13-0,50 7, 53.:!;0,19 D . O. Caldw ell / 17/ 
H llp • 

15,9 0,01-0,4 8,6;t1,5 G . Chap e k 
/ !9/ 

H Jlp, 

18,4 0,19-0,50 7,21.::0,28 D.O. Caldwell / 17/ 
H Jlp, 

:Jif--P 
2 '92 0,1-0 1 4 7,0;t0,4 

J 
/5/ 

2,92 0,10,7 6 1 2;t0 1 3 
C . C . 'I'ing H Jlp. 

8,5 O,lJ-0,50 7, 23:!;.0 117j D . O . Cald ....ell H Jlp. 
1 171 

12,4 0,1J-0,50 6 ,9J!0,38 

)-

,j 

~ 
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