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BapaweHKOB B,C., Co6oneBCKUfi H.M., ToaeeB B • .ll. P2-6056 

npoXOlK/leaee ny'IKOB.BWCOK03HepreTe'leCKUX 'IBCTUU qepe3 

TOnCTbie cnoe BeWeCTBB 

MeTOllOM Moare-Kapno paCC'lllTBHbl a6comoTHhlfi BblXOll, cneKTparu,ao

yrnOBble xapaKTepHCTllKH ll npocrpaHCTBeHHOe pacnpeaeneHHe 'IBCTHU 38 

roncron 3BWHTOfi • .One oneCBHHH B3BllMOJleficTBllll 'IBCTUU C HllpBMll ecnonb30-

eanacb· KBCKBllHO-HCnapnrenbHBH MO/lenb, CpaBHeHee C onblTOM nOK83blBaer, 

·•'!TO pa3pa60TBHHBH MeTOllllKB MOlKeT C ycnexoM ncnonb30BBTbCH ane pac'le

TB pallllBUHOHHOfi 38Wl1Tbl, MeTOllHKB npnMeHUMB B o6nacre 3HeprHfi nepBH'I

HblX 'IBCTUU ennOTb llO HeCKOnbKllX aeceTKOB rsa. 

fipenpKHT 061.e.QllllelOIOro. IIHOTIITYT8 QePHlilX IICC.18JIOBIHNI. 
· ,lbr&la, 1971 

• Barashenkov y.s~,. Sobolevsky N.M,, Toneev · V,D, P2-6056 

Transporting ~f the Hi_gh-Energy Particle Beams through 
... ' the Thick Slabs of the Matter 

_The absolute yield, spectral angular characteristics and 
spatial distribution for particles behind a thick shield are calculated. 
,y the Monte•Carlo ·method,. The cascade-evaporation model is ·us·ed 
o descl:'ibe particle-,.nucleus interactions, The comparison between 
theory ·and 'experiment shows that the method. developed can succes
sfully:,. be employed. in the cakulation of radiation shielding, This . 

ethod is applicable at primary energies up to a few dozens of · GeV, 

Preprint, Joint Institute for Nuclear Reaearela. 
Duba■, 1971 

·1 

I 

I 
I 
l 

B 6 Jl/ 6 
pa 0Te hinB orrncaHa MeTO)lHKa pac'leTa HyKnOH-Me30HH0I'O KBCKB-

JlB B 6noKe BeruecTBa, a TBK*e nccneaoBanncb pacrrpeaeneane rroTOK0B qac

THII, lrHHUHHPOBBHHhlX BhICOK0SHepreTH'leCKHM rrepBH'IHhlM nany'!eHneM BHyTpn 

H BHe 6nOKOB paann'IHOI'~ ~OCTaBa H pa3MepoB, B HBCTOHIUeH pa6ore Ha 0CH0-

Be TOH )Ke MeTOJlHKH H3Y'IB!OTCH 6onee )leTanbHhie xapaKTepnCTHKH II0TOKOB 

BT0pH'IHhlX 'IBCTHU 38 TOnCTOH 3~IUHTOH, 

CpaBHeHne TeopeTH'leCKHX H 3KCIIepnMeHTanbHhIX JlBHHhlX II03B0neeT yc

TBHOBHTb, HBCKOnbKO COBpeMeHHBH Teopne IIpHI'0JlHB ane pac'leTa paann'!Hh!X 
-------

BenH'IHH, xapaKTepnayJOIUHX B38HMOJleHCTBHe IIY'IKOB BhICOK0SHepreTH'leCKHX 

'IBCTHU C BeIUeCTBOM, Hay'!eHne 3THX BOIIp0C0B npe)lCTaBneeT 6onblli0H HHTe

pec B CBH3H C pemeHHeM MHOI'HX rrpaKTH'leCKHX 38/lB'I, B 'IBCTHOCTH, B CBH3H 

C paC'leTOM PBJlHBUHOHH0H 3BIUHThl ycKopnTeneH H KOCMH'leCKHX Kopa6neH, 

/1/ 
TaK )Ke, KBK n B pa6oTe , paC'!eTbl Bb!IIOnHeHbl rryTeM M0)lennpoBa-

HHH C IIOMOIUb!O MeT0JlB MoHTe-Kapno "cy)lb6b1" KB)KJlOH 0T)lenbH0H 'IBCTHilhl 

B BeIUeCTBe, TTpn 3T0M K8)1(JlbIH cny'laH Heyrrpyroro B3BHMO)leHCTBHH 'IBCTHilhl 

C MPOM, B CB0!O O'lepeJlb, paCC'IHThIBancg MeTOJl0M MoHTe-Kapno no KaCKBJl-

/2-4/ 
Ho-ncrrapnTenbH0H MO)lenn , TToBe)leHne HeHTP0H0B c SHepI'HHMH < 10,5 MsB 

/5/ 
0IIHCh!Ban0Cb Ha OCHOBe peaKTOpHbIX KOHCTBHT • (Bonee IIOJlp06Hoe onnca-

/1 / 
H~e Meroaa pac'!eTa aaHo B pa6oTe ). 

Jlng cpaBHeHHH Mb! HCIIOnb30BBnn peaynbTBThl H3MepeHHH, BhIIIOnHeHHhIX 

/6-8/ xi 
Ha cnHxpounKnoTpoHe OHHH rrpn sHeprnex T = 340 n 660 MsB • TTpn 

xi 
HeKOTOphie rrpeJlBBPHTenbHbie pe3ynbTBThI, rrony'leHHbie B paMKBX 

yrrporueHHOH MO)lenn, )l0nO)KeHbl Ha CoBeIUaHHH II0 )l03HMeTpHH H <finanKe 

3:lIUHThl ( Jly6Ha1 1969) /9 /, 
3 



BbI"iHCneHHSIX TO"iHO BOCilpOH3BOAHllaCb reoMeTpHSI OilbITOB: amOMHHHeBbie 

. 2 
6noKn: TOllWHHOii z = 75 n: 150 r/cM o6ny"iallHCb KOllllllMHpOBaHHbIM IIY"iKOM 

npoTOHOB C paAHYCOM r = 1 CM, TioCKOllbKY TO"iHaSI <jiopMa IIY"iKa MO.r:tenn:po

Banacb C IIOMOWblO 9KCIIepHMeHTallbHO H3MepeHHOll MaTpHUbI, TO He 6bmo 

He06XOAHMOCTll BBOAHTb KaKHe-nH60 reoMeTpH"ieCKHe nonpaBKH, 

KaK BHAHO H3 peaynbTaTOB paC"ieTa, npn:BeAeHHbIX Ha pHCYHKe, IIOTOKH 

npoTOHOB H HeiiTpOHOB no Mepe y.r:taneun:SI OT ny"iKa cna.r:taIOT IIO"iTH 9KCno

HeHun:anbHO, TipH 9TOM pac"ieT npaBHllbHO nepe.r:taeT He TOllbKO xapaKTep 

npocTpaHCTBeHHOro pacnpeneneHHSI H3ny"ieHHSI aa aawHTOii, HO .r:taeT TaK)Ke 

BIIOllHe YAOBneTBOPHTellbHOe KOllH"ieCTBeHHOe cornacHe c OITbITOM, 3To co

rnacHe HeCKOllbKO Xy)Ke AllSI IIOTOKOB B6llH3H OCH nepBH"iHOro ny"iKa (r== 2 CM). 

Cne.r:tyeT OTMeTHTb, "iTO cornacHe paCC"iHTaHHbIX npoTOHHbIX IIOTOKOB 

c OIIbITOM o6bSICHSieTCSI He TOllbKO TO"iHbIM y"ieTOM reoMeTpHH ny"iKa, HO 

H nonpaBKOii Ha MHOroKpaTHOe pacceSIHHe AllSI TeX IlpOTOHOB, KOTOpbie npownu 

I Beeb 6noK, He HCIIbITaB SIAepHoro B3aHMO.r:teiiCTBHSI, l1MeHHO TaKHe "npOCKO

"iHBWHe" IlpOTOHbl COCTaBllSIIOT OCHOBHylO "iaCTb -qaCTHll B6nn:3H OCH ny"iKa, 

a KynoHOBCKOe pacceSIHHe s<ji<jieKTHBHO yBellH"iHBaeT pa3Mepbl ny"iKa, TaK, 

HaIIpHMep, XOTSI paAHYC ny"iKa COCTaBnSieT Bcero llHIIIb 1 CM, npoTOHbI, BbI-
2 . 

IIIeAWHe H3 MHIIIeHH TOllWHHOii z = 150 r/cM Ha paCCT051HHH r .!: 5 CM OT 

OCH nepBH"iHoro ny"iKa npH T = 660 MaB, ITO"iTH Ha 30% COCTOSIT H3 "iaCTHII, 

npoIIIeAWHX "iepea 6noK 6ea SIAepHbIX CTOllKHOBeHHll, Ha paCCTOSIHHH r 2 2 CM 

AOllSI TaKHX npoTOHOB B03pacTaeT AO 50%, 

Pac-qeTHbie 3Ha"ieHH51 nonHbIX ITOTOKOB H3lly"ieHHSI aa 3aIUHTOii npHBene

HbI B Ta6n, 1. 

Ba)KHOCTb BKna.r:ta "npOCKO"iHBIIIHX' "iaCTHll npH He6ollbIIIHX 3Ha"ieHHSIX 

r OT"ieTllHBO npocne)KHBaeTC51 B 9HepreTH"ieCKHX cneKTpax ( CM, Ta6n. 2-4). 

Tipn 9TOM OKa3bIBaeTC51, "iTO J:ta)Ke He3Ha"iHTellbHaSI Heonpe.r:teneHHOCTb IIPH 

BOCIIpOH3Be.r:teHHH 9KCIIepHMeHTallbHblX ycnOBHll 3aMeTHO BllHSieT Ha peayllb

TaTbI pac"ieTa, TaK, ecnH npe.r:tnono)KHTb MOHOXpoMaTH"iHOCTb nepBH"iHoro ny-q

Ka, TO B pac"ieTHbIX cneKTpax B03HHKaeT pe3KHii MaKCHMyM ( CM, un<jipbi 

4 

B CK06Kax B Ta6n, 3 H 4). EcnH )Ke .r:tonyCTHTb cywecTBOBaHHe HeKOTOpoii 

AHCIIepCHll 9HeprHH HaneTa10wero npoTOHa ( HanpHMep, 10 MsB All£ T =660M9E 

H 25 MsB AllSI· T = 340 Msa), TO, KaK BHAHO H3 Tex )Ke Ta6nHu, yKa3aH

Hblll MaKCHMyM "paCIIllbIBaeTCSI" H <jiopMa cneKTpOB IIpH6llH)KaeTCSI K 9KCIIepH

MeHTanbHOii, TipH 9TOM Mb! y-qnH 9HepreTH'IeCKHll paa6poc He AllSI Bcero rrep

BH'IHOro IIY"iKa, a TOllbKO AllSI Tex npOTOHOB, KOTOpbie npoIIInH Beeb 6noK 

6ea SIAepHoro B3aHMOAeiiCTBHSI, HcHO, 'ITO, BapbllpySI AHCIIepCHIO Il .Y'IIITbIBaSI 

paa6poc .r:tnH acero rrytJKa, MO)KHO nony"iHTb 6onee xopoIIIee cornacHe 

C OIIblTOM, TaKHM o6pa30M, B AaHHbIX cnytJasrx ( z = 75 r/cM
2 

I T = 340 MsI 

2 
H z = 150 r/cM I T = 660 Msa) cywecTBeHHO TO'IHOe 3HaHHe 9KCIIepHMeH-

TanbHbIX ycnoaHii, HanpoTHB, npn z = 75 r/cM
2

, T = 660 Msa 

noTepH 9HeprHH B 6noKe HeBellHKH H BllHSIHHe paa6poca nepBH'IHOro IIY'IKa 

oKaabIBaeTCSI aa npe.r:tenaMH naMep51eMoro crreKTpa. B 9TOM cnytJae pactJeTHbie 

cneKTPbI xopowo cornacyroTCSI c sKcrrepnMeHTanhHbIMH ( CM, Ta6n, 2). 

Bee BbIWeH3llO)KeHHOe OCTaeTC51 B CHne H IIpH aHannae KOppenSIUHii Me)K 

AY·: yrnoM BbineTa H 9HeprHeii B TOpH'IHbIX •:rnCTHII ( Ta6n~ 5-7). l1 3.r:teCh B en: 

'Jae, Kor.eta BllHSIHHe paa6poca rrepBll'IHOro nytJKa Ha <jiopMy H3_MepSieMbIX CIIeK 

POB HecymecTBeHHo, cornacne c OITbITOM AOCTaTO'IHO xoporuee ( CM, Ta6n, 5) 

Tipn 9TOM npaBHllhHO rrepe.r:taIQTCSI He TOllhKO KOppenSIUHli Me)KAY y~noM BbI

neTa H sHeprHeii tJaCTHII, HO n npocTpaHCTBeHHo- yrnoaoe pacnpeneneHHe 

aapSI)KeHHbIX "iaCTHII aa 38WHTOH ( CM, Ta6n. 8). 

T aKHM o6pa30M, paapa6oTaHHblll HaMH MeTOA pactJeTa IIpOXO)KA0HHSI 

BbJCOK09HepreTH'IeCKHX 'IaCTIIII 'Iepe3 6nOKII BeIUeCTBa, OCHOBaHHblll Ha MOHTe• 

KapnOBCKOM MO.r:tennpoBaHIIH IIHOH- II HyKnOH-SIAepHbIX B38IIMOAeiicTBHii, MO)Kej 

6hITb C ycnexoM HCITOllh30BaH KaK AllSI BbI"illCneHHSI IIHTerpanhHbIX xapaKTepH

CTHK ( cyMMapHoro IIOTOKa 'I8CTHII H T,A,) 1 TaK H All51 rronytJeHHSI neTallhHOii 

HH<jJOpMaUHH: npocTpaHCTBeHHaSI CTpyKTypa uany"ieHHSI aa 3aIUHTOii, paanH"iHbJe 

crreKTpanhHO-yrnOBbie xapaKTepHCTHKH, HX KOppen51UHH H T.n. CpaBHeHHe 

C OIIblTOM IIOK83bIBaeT, "iTO TO'IHOCTb pactJeTOB B HaCT051Wee BpeMSI 38BHCHT, 

5 
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B CK06Kax B Ta6n. 3 lI 4). Ecn11 )Ke norryCTlITb cymecTBOBaHlle HeKOTOpoii: 

n11crrepc1111 aHepr1111 HaneTa10mero rrpoToHa ( Harrp11Mep, 10 Maa nm1 T =660Maa 

lI 25 MaB nmI- T = 340 MaB)' TO, KaK BllllHO H3 TeX )Ke Ta6n11u, yKa3aH

HblH MaKClIMYM "pacrrnhJBaeTCSI" H cpopMa crreKTpOB ripH6nl!)KaeTCSI K 8KCriep11-

MeHTanbHOii. ITp11 aroM Mb! ytm11 aHepreTH'leCKHii paa6poc He nnSI acero rrep

BH'!Horo rry'!Ka, a TOnbKO nnSI TeX rrpOTOHOB, KOTOpbie rrpoum11 BeCb 6noK 

6e3 SinepHoro B38HMoneii:CTBHSI, HcHo, 'ITO, BapbHpySI nm:rrepCHIO H .Y'IHTbJBaSI 

paa6poc nnSI acero rry'!Ka, MO)KHO rrony'lHTb 6onee xoporuee cornacHe 
2 

C OflblTOM. TaKHM o6pa30M, B naHHbIX cny'laSIX ( z = 75 r/cM , T = 340MaB 
2 

H z = 150 r/cM ' T = 660 Maa) cyIUeCTBeHHO TO'lHOe 3HaHHe 8KCrrepHMeH-
2 

TanbHbIX ycnoaHii. HarrpoTHB, rrpll z = 75 r/cM , T = 660 Maa 

rroTepH aHeprHH B 6noKe HeaenHKH H BnHSIHHe paa6poca rrepBH'!Horo rry'!Ka 

oKa3bJBaeTCSI aa rrpenenaMll H3MepSieMoro crreKTpa. B aToM cnyqae pacqeTHhJe 

crreKTpb! xoporuo cornacyIOTCSI C 8KCfleP,HMeHTanbHb!MH ( CM. Ta6n. 2). 

Bee BbIIllel!3nO)KeHHOe OCTaeTCSI B CHne H rrpH aHanH3e KOppenSIUHH Me)K

ny. yrnoM BbineTa H 8Hepr11eii: B TOpH'lHbIX 'laCTlIU ( Ta6n; 5-7). I1 anecb B cny

qae, Korna an11SIHHe paa6poca rrepBH'!Horo rry'!Ka Ha cpopMy H3_MepSieMbIX crreKT

poa HecymecTae1mo, cornacHe c orrhITOM nocTaTO'lHO xoporuee ( cM. Ta6n. 5). 

ITpH 8TOM rrpaBHnbHO rrepena!QTCSI He TOnbKO KOppenSIUHH Me)Kny yrnoM BbI

neTa H aHeprHeii: '!aCTHU, HOH rrpocTpaHCTBeHHO- yrnoaoe pacrrpeneneHHe 

aapmKeHHbIX 'l8CTHU 3a 38IUHTOH ( CM, Ta6n. 8). 

T aKHM o6pa30M, paapa6oTaHHblll H8Mlf Me Ton pac'leTa rrpOXO)KJleHllSI 

BbICOK08HepreTH'leCKHX 'laCTHU qepe3 6nOKH BeIUeCTBa, OCHOBaHHblll Ha MOHTe

KapnOBCKOM MonenHpOB8HHH f!HOH- H HyKnOH-SinepHbIX B38HMoneii:CTBHii:, MO)KeT 

6bITb C ycrreXOM HCfIOnb30BaH KaK nnSI Bbl'lHCneHHSI HHTerpanbHbIX xapaKTepH

CTHK ( cyMMapHoro fIOTOKa qaCTHU H T,ll,)' TaK H nnSI rrony'leHHSI ll~TanbHOH 

HH<pOpMaUHH: rrpocTpaHCTBeHHaSI CTpyKTypa H3ny'leHHSI aa 38IUHTOH, paanH'lHbie 

crreKTpanbHO-yrnOBbJe xapaKTepHCTHKH, HX KOppenSIUHH H T,rr. CpaBHeHHe 

C Oflb!TOM fIOK83bJBaeT, 'ITO TO'lHOCTb paC'leTOB B HaCTOSIIUee BpeMSI 3aBHCHT, 

5 



rnaBHbl,¥ o6pa30M, OT .[lOCTBTO"iHO nonaoro 3HBHHSI ycnOBHH aKcnepHMeHTa. 

HeKoTopasr H~onpe.!leneHHOCTb BenH"iHHbl OT.!l81lbHbIX napaMeTpOB M0.!lenu He 

arpaeT npu aroM cymecraeHHofi ponu. 
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T A E JI lI ll A 3 

3aepreizqecun cnextp npotoHoB (B % %) 3a 3aDtKtoH tOXDtKBOH l • 150 r/cK2 · · 
Ba paccTORBD f"' 0% OCH nepBzqaoro nyqxa c 3BeprHelt T =- 660 M3B (B Cit06KaX 
YJt8.3aBM pacqei&e 3aaqeoa, noxyqeHHwe 6es yqera ooroxpatHoro pacceao• 
H aHepreiaqecxoro pa36poca nepBxqaoro nyqxaJ 

r = 2 CM r = I6 CM r, = 29 CM. 
':f , Ms.B 

8I<Cil • Teop. 8.ECCil. Teop. 3KCll. 

0 - 50 r.o o. 7 (0. 7) 8.8 8.7 4.3 

50 - IOO I.4 I.2 (I.2) IO.O 17.5 !2.8 

100 - 150 I.6 I.3 (I.3) !6.5 24,5 28.2 

150 - 200 9.? I.? (I.7) I6.5 I8.0 21.3 

· 200 - 250 !2.3 2~2 (2.2) 8.4 2!.8 5.8 

250 - 300 2I.4 I2.0 (3.0) II.5 6.8 7.4 

300 - 350 23.6 72.0 (89.?) II.5 I.6 6.4 

350 - 400 I3.6 8.7 (O.I) 8.0 0.6 3.? 

> 400 I5.4 0.2 (O.I) 8.s 0.5 IO.I 

]ywuapHoe qffCJIO 281 I2I5 272 I83 188 
COc5blTHH 

T A E JI ll ll A 4 

3HepreruqecKHR cneKTp nporoHoB (B % %) sa· samHroR TonmHHOR l = 75 r/cu2 
Ha paccroaHHH r or ocH nepBHqHoro nyqxa c 3HeprHeR 340 M3B 
(B cxo6Kax yxasaHR pacqerHRe sHa'leHHn,.nonyqeHHHe des yqeraUHoroxparHoro 
paccenHHa H sHepreTH'lecxoro pasdpoca nepBH'lHoro nyqxa) 

r = 2 CM r = I6 cu I' = 29 CM 

Teop. 

9.I 

2?.3 

32.8 

25.5 

5.3 

-
-
-
-

55 

g- ""'B . t it'!"' 3I(Cll. , Teop. 3KCH. Teop. a1rnnp. Teop. 

0 - 50 20.7 I2 .2 (6.3) 65.8 37.5 32.5 I7 

50 - IOO 56.0 · 64 • 3 C93.2) 24.4 25.0 27.5 I7 

IOO - 150 IS.I 20.8(0.2) 7 .'8 I2.5 27.5 49 

ISO .:... 200 4.8 2.5(0.2) I.O 25.0 2.5 I7 

200 - 250 0 0 .2(0.I) I.O - 2.5 -
250 - 300 0.4 0 (0) - - 7.5 -

. 
CyM:.rapHoe tU!CJIO 

3786 193 8 40 6 
COOb!Tlill 

.. 229 
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T A E n M U A 5 
Cnexxpu np0T0H0B (B % %) C :rneprHelt s;) IO MaB B. 38,ll;aHH0M HHTepBaJie n0Jrn:1moro 
yrJia 3a samuxolt T0JimHH0it l! = 75 r/CM. 3HeprHR nepBHqHHX npoT0H0B T = 660 MsB 

'. - 30° 30° - 60° 60°- :-'00 oo_ ou 
CJ , .. ,SB s:•:c.;n. Tco_oi:n SECf1. rr e O nn~·t ::i:\cn. 'l'eomrn s:,crru. 

0 - 50 0 .1+ 0.9 25.2 I0.3 60.0 26.5 2 .4 

50 - ICO 2.0 I.5 33.3 IS.2 20.3 L~2. 9 7 3.I 
IOO - ISO I.6 1.5 20.2 18.3 15.6 12.2 l.c 
ISO - 20:J 4. 9 I.5 9.8 I5.9 3.I 14.3 5.3 

2C'U - 250 2.3 I.3 3.7 15.7 0.4 4.I 2.4 
250 - 300 5.2 I.7 3.2 I2.2 0.5 - 5.3 

300 - 350 5.3 2.6 I.6 7.9 O.I - 5.0 

350 - 400 5.8 2.3 o.s 4.5 - - 4.7 

> 400 72.5 86.7 2.5 - - - 70.0 
\jyMM8pHoe -crnc-

JIO qacTm.~ 7437 732 77 

TAEnMUA 6 

CneK+PU npoTOHOB (B % %) C aHeprHeH r> IO M3B B 38,ll;aHHOU HHTepBaJie 
.noaspHoro yrna sa samHrolt ronmHH0it ~ = 150 r/cuc. 3HeprHa nepBHQHJaCC 
npoT0H0B T = 660 MaB. (B CK0dKax yxasaHK pacqeTHH8 sHaQeHHH, noJiyqeHHWe 
des y~exa eoroKparaoro paccesHHH H saeprexHqecKoro pasdpoca nepBHqaoro 
nyqxa,. -

S:Co 

T~ODt!H 

2.0 

3.3 

3.3 

3.I 

2.8 

2.7 

3.I 

2.5 

77.2 

8246 

0°- 300 30°- 60° 60°- 90° 0°- 900 
c:r , l,1SB ai,:cn. Teopmi: ::rncnp. Teopmr a1wnp T1:opm1 a11:cr:p. 'l"eo pirn 

0 - 50 0.9 0.6 (0.6) 28.8 14.7 74.0 38.5 7.7 2.2 

50 - roo 2.7 2.2 (2.2) 26.7 20.5 IS.I 38.5 9.3 4.2 

100 - ISO 4.8 3.0 (3.0) 29.5 26.3 5.3 I9.2 IS.3 5.3 

ISO - 200 12.3 4.4 (4.4) 10.5 20.0 I.2 3.8 rS .• 6 5.9 

200 - 250 lI.9 5.4(5.41 I.8 ' 14.0 0.5 - 8.& 6.2 . 
250 - 300 I9.7 12.8(6.3) 0.8 3.8 0.9 - 12.6 Ir. 9 
300 - 350 21·.3 65.2(77.9) 0.8 0.4 - - I2.7 58.6 

350 - 400 I2.4 6.I(O.IJ I.I 0 - - 8.3 5.5 

> 400 14.0 0.2(0,1) - 0.3 - - 9.7 0.2 

CyMM8pHoe tUICJI0 
2766 293 26 3085 qacTvI~ 
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T A E JI H U A 7 
CneKTpli npoTOHOB (B % %) fl"'> IO M3B B23a~aHHOM HHTepBaJie nOJIHpHoro 
yrna sa samHTOtt TOJllltHHO~ ~= 75 r/CM. 3HeprHH nepBHQHWC npoTOHOB 

T = 340 M3B 

~ 
OO - 300 30°- 60° 60°- 90° 0°- 9QO 

, 1,:::rn 
a1rnnp. Teopm1 31\Cnp. Teop.11H SKCilp. Teopirn SKCnep. 

0 - so 16.S II.7 62 66.3 50.S 82 20.4 

so - mo 46.2 67.3 36 23.6 48.5 0 46.0 

100- ISO 50.9 IS.7 I.2 4.5 r.o IS 27.5 

ISO- 200 5.3 2.28 0.8 5.6 - - 4.? 

200 - 250 0.6 0.02 - - - - r.o 
250 - 300 0.5 o.oo - - - - 0.4 

CyMMapH0~ tUICJI0 

qaCTlUt 
6935 79 II 

T A E JI M U A 8 

YrJIOBoepacnpe~eJieHH8 npOTOHOB (B % %), Blilll8~WHX H3 c5JIOKa sautHTl:l TOJilltHHOtt 
· :e" = 75 r/cM~ Ha pa3JIHQHWX paCCTOHHHHX OT nepBHQHOro nyqxa. 3HeprHH 

nepBHQHlaIX npoTOHOB T = 660 M3B . 

-80 1' = 2 cu ·r = I6 CM r = 29 cu C>f:.!'.rnou:Je (no 
-BCeM r) 

Teoprn 

I2.S 

66.6 

IS.5 

2.32 

0.06 

0.02 

7025 

SKCnp. Teo.:;m St\Cilp. TeO[.WI mwnp. Teo 9,rn :ECllp. Teop.HH 

O· - IS 84.6 87.0 9.I 0 8.8 0 76.9 77.7 

IS- 30 I0.6 7.I 49.2 I7.8 27.0 15.4 I2.2 , I2.3 

. 30 - 45 3.3 3.0 22.7 58.0 35.7 53.9 6.3 6.3 

45 - 60 0.7 2.0 12.I 18.7 2I.9 23.0 2.9 2.8 
\ 

60 - 75 0.6 0.8 6.I \5.5 5.I 7.7 I.3 0.7 

75-90 0.2 o.r 0.8 0 I.5 0 0.4 0.2 

Cy:uMapHoe trnc-
2674 206 32 826I 

no qacnui; 


