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1. BBEAEHHE 

Bo B3a~MOAe~cTB~Rx 4aCT~~ c RAPaM~ o6pa3y~TCR KYMYnRT~BH~e 
npoToH~ /npoToH~ c ~MnynbcaM~, 3anpe~eHH~M~ AnR B3a~MOAe~cTB~~ 
CO CB060AH~M~ HyKnOHaM~/l/ /. 

06bi4HO ~3y4a~TCR npOTOH~, BblneTaiOIII~e ~3 RApa-M~WeH~ B 3aAH~~ 
nonyc~epy c K~HeT~4ecKo~ 3Hepr~e~ (T), 3Ha4~TenbHO npes~wa~~eH 
~cnap~TenbHy~/ 2 /. 

np~ 3Hepr~~ naAa~~~x 4aCT~~ Eo ~ 4 r3B ~ ~parMeHT~PY~~~x 
RApax c AT?. 12 cneKTP~ 3T~x npoTOHOB nOA4~HR~TCR npocTo~ 3as~c~
MOCT~ 

du T 
E- = G (A , AT) exp (-) , 

dT P T
0 

rAe T
0 

He 3as~c~T OT 4aCT~~~-cHaPRAa (AP), RApa-MHWeH~ (AT) 
~ 3Hepr~~ E

0
, a G He 3aBHCHT oT E/31. 

/1/ 

Ecn~ on~c~saTb 3aBHC~MOCTb B~XoAa KyMynRTHBH~x npoToHOB G 
OT AT CTeneHHOH ~YHK~He~, TO AnR B3a~MOAe~CTB~~ Y • 11 • D 
c RAPaM~ AT :;: 12 np~6n~3~TenbHO nony4aeTcR/ 2•3,4/: 

/2/ 

TaKaR ~e 3aBHC~MOCTb nony4eHa B RAPO-RAePH~x coyAapeHHRX, rAe 
HCnonb30Ban~Cb RApa-cHaPRA~ AO ~Ar, npaBAa, npH MeHbWe~ 3Hep
r~H: 2,1 r38/HyKnOH/S/. 

Ha aaBHC~MOCTb G oT AP ecTb pa3H~e T04KH apeH~R. B pa6o
Te1 J/ yTBep~AaeTCR, 4TO f = G/u A A He 3aB~C~T OT Ap ~ RBnReT
CR yHHBepcanbHOH ~YHK~HeH, a B ~a~Te/ 6/ npeAnOnaraeTCR, 4TO 
TaKo~ <I>YHK~~eH RBnReTCR senH4HHa f'= G/uNA . PaaAenHTb 3T~ 
ABe B03MO~HOCTH AO CHX nop 6~no TPYAHO, T.'k. TT!AT-~ pAT-B3a~
MOAeHCTB~R, H3y4eHHe KOTOP~X np~seno K YTBep~eHH~, 4TO yHHBep
canbHOH <I>YHK~HeH RBnReTCR f, HMenT npHMepHO OAHHaKOB~e OTHOWeHHR 
Ce4eHIIIH u A AT H UN A ; AnR y AT -s3aHMOAe~CTBHH/ 4/ He npH
BeAeHa HO~HPOBKa Ha ~HCnO y -KBaHTOB, a 8/S/ nepBH4HaR 3HepriiiR 
MO*eT OKa3aTbCR HeAOCTaT04HOH AnR B~nOnHeHHR YHHBepcanbHO~ aa-
BHCHMOCTH /1/. . 

HacToR~aR pa6oTa nocBR~eHa 3KcnepHMeHTanbHOMY H3Y4eHIIIn aasH
CHMOCTH s~xoAa KYMYJlRTHBH~x npoTOHOB /a TaK*e d H T I a oT A 
H AT so B3aHMoAeHCTBHRX RAPa c RAPOM. KpoMe HeynpyrHx 1113y4eH~ 
TaK~e H ~eHTpanbH~e CTOnKHOBeHHR, rAe BKnaA MHOr04aCTH4H~X 
B3aHMOAeHCTBH~ AOn~eH 6~Tb 6onbwe, 4eM B pa3Ma3aHH~X no npH~enb-
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HOMY napaMeTpy Heynpyr~x B3a~MOAeHCTB~RX, ~ ner4e MOryT npo.A
B~TbC.A KaK~e-n~60 AOnOnH~TenbH~e KOnneKT~BH~e 3~eKT~. 

2. 3KCnEPHMEHTAJlbHI::-IE AAHHbiE 

PeaynbTaT~ nony4eH~ Ha ycTaHOBKe CKM-200/7/ c ABYXMeTposoH 
CTp~MepHOH KaMepOH 8 MarH~THOM none np~ ~cnonb30BaH~~ 4~CT~X 
M~weHeH 12C, 64 Cu ~ 207 Pb, pacnono>KeHH~x BHYTP~ 4yscTBHTenbHoro 
06beMa KaMep~ Ha paCCTO.AHHH 60 CM OT BXOAa ny4Ka. MHWeHb~ cny>K~n 
TaK>Ke 4~CT~H Ne/raa-HanonHHTenb KaMep~/. 06ny4eHHR nposeAeH~ 
Ha B~BeAeHH~X ny4KaX RAeP 4He, 12C H 16 0 /4,5 r3B/c Ha HyKnqH/ 
CHHXpQ$a3oTpoHa OHHH. 

6~nH H3MepeH~ HMnynbcH~e H yrnos~e xapaKTepHCTHKH nono>KHTenb
H~x 4aCTH~, s~neTeBWHX noA yrnoM 0 ~ 120° K ny4Ky. To4HOCTb Ha
MepeH~R HMnynbCOB 8 HHTepsane 300-1000 H38/c Afi.A 4aCTH~, B~ne
Ta~~HX 8 3aAH~~ nonyc~epy, COCTaBn.AeT 5-10%, T04HOCTb peKOHCT
PYK~HH yrnos s~neTa ~ 1°. 11AeHTH~HKa~HR 4aCTH~ npoH3BOAHnacb 
nyTeM 8~3yanbHOH o~eHKH HX HOHH3a~HH C y4eTOM HMnynbCOB H yrnos 
s~neTa 4aCTH~ npH cpasHeH~H c HAeHTH~H~HposaHH~MH 3neKTpoHaMH, 
rr--Me3oHaMH H ny4KOB~MH RAPaMH 4 He.nocKonbKY s cTpHMepHoH KaMepe 
npH ysenH4eHHH rny6~HHbiX yrnos nnOTHOCTb n04epHeHH.A TpeKa pe3KO 
B03pacTaeT, OTHOC~TenbHoe 4Hcno 4aCTH~ paaHoro THna onpeAen.Anocb 
8 o6naCT.AX HaAe>KHOH HAeHTHQHKa~HH /s KOHyCe 120°< 0 < 180°, HO 
8 Y3KHX o6naCTRX a3~MyTanbHOrO yrna, B~Aen.A~HX 4aCTH~~. B~neTes

WHe c rny6~HH~MH yrnaMH He 6onee 15°/. B pe3ynbTaTe AnR Ka>KAOH 
nap~ npos3aHMOAeHcTsosaswHx RAeP 6~nH s~eneH~ ABe rpynn~ 4ac
TH~: 1 - npOTOH~ COBMeCTHO C rr+ -Me30HaMH /o603Ha4HM 3TY rpyn-
ny "p "I ~ 2- AeHTPOH~ cosMeCTHO c RAPaM~ TpHTHR /rpynna "d + T ... /. 
no O~eHKaM, CAenaHH~M no H3MepeHH~M TpeKaM rr--Me30HOB, npHMeCb 
rr+ -Me30HOB 8 npOTOHaX COCTaBn.AeT 1-5%. rpynna "d + T" COAep>KHT 
npHMepHo 70-80% AeHTpoHos H 30-20% RAeP TPHTHR /no AaHH~M/8 / /. 

YcTaHoBHTb HaAe>KHOCTb BH3yanbHoro pa3AeneHHR 4aCTH~ AOBonbHo 
TPYAHO, OAHaKO CAenaHH~H HaMH aHanH3 noKa3~BaeT, 4TO OTHOWeHHe 
N /Ndtt onpeAeneHo c T04HOCTb~ 7-12%. 

P A.nR HccneAoBaHH.A A-3aBHC~MocTeH AnR rpynn "p" H "dt T" 
6~nH 8~4~CneH~ cpeAH~e MHO>KeCTBeHHOCTH Ha eAHHH~Y TeneCHOrO 
yrna(<n>) KYMYnRT~BH~X 4aCTH~, HCny~eHH~X 8 yrnoBOM HHTepsane 

n 
120+180° OTHOC~TenbHO ny4Ka c HMnynbcaMH 6onee 340 M38/c: 

1 180° Pmax. d2a dpsinOdO- G(Ap,AT) ~-= ·2rr f f /3/ n Oain 120° 340 M38/ c dOdp u in 
AP AT Ap AT 

BenH4HH~ < n >IU 6~nH nony4eH~ TaK>Ke H An.A ~eHTpanbH~x 
CTOnKHOBeHHH npH OT6ope C06~T~H, He HMe~HX 3ap.A>KeHH~X CTpHnnHH
rOB~X 4aCTH~, B~neTeBWHX snepeA 8 KOHyce 4° /06 OT6ope ~eHTpanb
H~X CTOnKHOBeHHH no CTpHnnHHrOB~M 4aCTH~aM CM./9/ /. 

2 

Hccnep;oBaHHbie B3aHMop;elicTBH.R nap ap;ep ApAT/ in - HeynpyrHe, 
centr - u;eHTpa.JibHble/; •mcno co6b1TH1I ,!liJI.R Kax<p;oli napbl N co6.: 
Heynpyi'He Ce'leHH.R C1 ~ A:T:; cpep;HHe MHOlKeCTBeHHOCTH B ep;HHHIJ;Y 

Te.JieCHOI'O yrJia ,!liJI.R "p"(ne> )H "dtT"(<ndtT>)c HMITYJibCOM o n 
6oJiee 340 ~hB/c, OT06paHHUX B YI'JIOBOM HHTepBa.Jle 12ff+l80°. 

Hecin · 2285 

HeCcentr 661 

HeNein 2025 

HeNecentr 347 

HeCuin 614 

HeCu centr 611 

HePbin 787 

HePbcentr 375 

ccin 1715 

CNein 987 

CCuin 548 

CCucentr 57 

CPbcentr 791 

OPbcentr 334 

450+20 

615+40 

1150+50 

2400+170 

780+30 

1040+60 

1700+90 

0 , 802:_ 0 , I 5 

1,092:_0,3 

I , 402:_0 , 21 

1,662:_0,47 

4,31_::0,70 

5,90_::0,87 

8,20_::0,98 

13,80_::1,67 

0.81+0.17 

1,95_::0,34 

6,23_::0,97 

16,002:_3,40 

27,2_::2,9 

30,4_::3,3 

0,13_::0,08 

0,26_::0,14 

1,96_::0,55 

2,68_::0,75 

7,03_::0,92 

11,80_::1,50 

0.14+0.08 

0, 34_::0, I 9 

2,81_::0,80 

7,60_::2,50 

23,2_::2,9 

25,9_::2,9 

A.nR aHanH3a pe3ynbTaToB Hcnonb3osanHCb ce4eHHR a1 A • nony-
4eHH~e paHee Ha TOH >Ke ycTaHoBKe/1°1. P T 

Ta6nH~a coAeP>KHT HHQopMa~H~ o6 HccneAosaHH~x rpynnax B3aHMo
AeHCTBHH /Heynpyr~x - C HHAeKCOM "in" H ~eHTpanbH~X - C HHAeKCOM 
"centr"/, 0 4HCne co6~THH 8 Ka>KAOH rpynne, 0 COOTBeTCTBY~~HX ce-

4eHH.AX HeynpyrHx npo~eccos, a TaK>Ke 3Ha4eHHR S-~ AnR npoToHos 
n 

(<np > )H "dtt"(<ndtT> ). 0WH6KH BKn~4a~T 8 ce6.A CTaTHCTH-
[} n 

4eCKHe OWH6K~ H HeonpeAeneHHOCTb 8 HAeHTH~~Ka~HH 4aCTH~ /CM. 
s~we/. 

AnR conocTasneHHR HaWHX pe3ynbTaToB c peaynbTaTaMH npoToH
RAePH~x 3KCnepHMeHTOB HaMH 6~n~ B3RT~ H3 pa6oT~I 11 1 AaHH~e o s~-
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xoAax npoToHoe e K~HeT~4eeKoH 3Hepr~eH 60 M38~ T ~ 200 M3B 
nOA yrilOM 120° ~ 180° K ny4KY np~ ~Mnynbee nepB~4HbiX npOTOHOB 

5 r3B/e. Obl!l~ ~enOilb30BaHbl TaK>Ke ~3MepeH~R BbiXOAOB AeHTPOHOB 
~ RAeP TP~T~R e ~MnynbeaM~ 5007]00 M38/e noA yrnaM~ 120°, 162° 
~ 180° np~ Ha4aJlbHOM ~Mny!lbee 8,9 r3B/e 18~ Bee 3T~ AaHHble 6b1Jl~ 
np~BeAeHbl K yeJlOB~RM HaWero 3Kenep~MeHTa e nOMO~b~ 3KeTpanonR
~~~, a 3aTeM ~HTerp~pOBaH~R no yrnaM ~ ~Mny!lbeaM. np~ 3TOM npeA
nonaranoeb, 4TO HeT HI-1KaKI-1X oeo6eHHoeTeH e yrnoeblx paenpeAene
Hi-1RX. 

Heynpyr1-1e ee4eH~R AilR pA B3RTbl ~3 pa6oTbl/1 2( 

3. AHAnH3 PE3YnbTATOB 

Ha p1-1e.1 noKa3aHa 3ae!-1e~MoeTb epeAHelii MHO>KeeTBeHHOeTI-1 KyMy-
< n > 

IlRT~BHbiX npoToHoB b OT RApa-MI-1WeHI-1 AT np~ pa3HbiX 4ae r~4CJX-

eHaPRAaX AP. CornaeHo rl-1noTe3e RAepHoro eKeHili-1Hra 13 / see TOLJK~, 
npi-1BeAeHHble Ha 3TOM pi-1eyHKe, AOil>KHbl 6bl111-1 6bl ne>KaTb Ha OAHOH Kp~

eolii. BHAHO, 4TO 3TO MO>KeT 6b!Tb enpaBeAil~Bo TOilbKO AilR nerK~1X 
RAep-M!-1WeHeH. <n > 

Ha p1-1e .2 np1-1eeAeHa 3aBI-1ei-1MOeTb --{f- AilR ABYX Ar /Cu ~ Pb I 

OT paet.~eTHOH eem-141-1Hbl i7 ~rod. - epeAHero 4Hena Heynpyro npOB3a~1M<r 
qei1eTeoeaew1-1x HYKilOHOB RAPa AT. B MOAe!ll-1 Ma!lOHYKilOHHbiX KoppenA4vii1 
/MHK//&/ epeAHRR MHO>KeeTBeHHOeTb KYMYilRT~BHbiX npOTOHOB B nepBOM 
--·-C- .. 
,,,..,,.,_J•r•m'-'n""l,.-1 MV.IIJT\na 

Be!l!-141-1Ha iiprod. 
T 

Cotoo oq.JuiiUIJ4VIUMdJibHd ;jlUMY ~.~~eny. 

Bbl4~eJlRilaeb no 06b14HOH $QpMyne 

A ap_rod. 
j7prod. = __2_· NAp 

T ain 
A pAT 

,[\JlR ~eHTpaJlbHbiX B3a!-1MOAeHeTB~R 

/4/ 

AT· aP{/l v prod. _ _::_p_ /5/ 
T - ain 

NAT 
rAe aiNAd. - ee4eHI-1e B3ai-1MOAei1eTB~R HyKilOHa e RAPOM B enycwe, 
KOrAa pO>KAaeTeR XOTR 6bl OAI-1H Me30H/IO/. HenOJlb30BaH~e 8 <)lopMyna;< 
/4/ 1-1 /5/ aprod. BMeeTo a 101• eBR3aHo e TeM, 4TO no I'IOAeill-1 MHK 

pa3pyweH!-1e napHoH KoppenR~I-11-1 e RAPe 1-1 PO>KAeHI-1e KYMYilRTHBHor -, 
HYKilOHa MO>KeT npol-1eXOAI-1Tb TOJlbKO npi-1 60JlbWOH nepeAa4e I-1MrlYflbCl, 
xapaKTepHOH AilR Heynpyr-oro B3ai-1MOAeHeTBI-1R e PO>KAeH!-1eM XOTH fibl 

OAHOro Me3oHa. 
Ha p1-1eyHOK HaHeeeHbl TaK>Ke npoToH-RAePHble AaHHble 'II/, HO ~~

THposaHHe KPI-1BbiX BblnOJlHeHO TOilbKO no HaWHM T04KaM, T. K. TPYAHC• 
y4eeTb AOnOilHI-1Te1lbHY~ OWI-16Ky, BHeeeHHy~ npl-1 nepee1.1ere AdHHbiX 
K yeJlOBI-1RM Hawero 3Kenepi-1MeHTa. BHAHO, 4TO B npeAe!laX OW~60K 

4 
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PHC.). 3aBHCHMOCTb Cpe~Hell MHO>KecT
BeHHOCTH "p" OT H~pa-MHmeHH AT • 
0603HaqeHHH: •-pA/ 11 ~ Gl-HeAT, 
!!1- CAT• 

~i.? _<_n_d_+_T_> _ PHc.2. 3aBHCHMOCTb cpegHeil MHo>KecT
BeHHOCTH "p"H "d + T" OT qHcna 
Heyrrpyro ITpOB3aHMO~eikTBOBaBmHX 

HYKJIOHOB H~pa -MI·UlleHH V t'" ·I.. 0603 ua
<reHHH H HaKJIOHbi y I rrpH arrrrpoKCHMau;nu 
gasHCHMoCTH <i>YHKu;Hefr v[ I. 

01 

n / 

. 
I_; __ L __ ~~

z 

KpHBaH I: 
Q pPbl II I, @!!ePbin, ~ePbcentr, 
~-CPbCentr,~opbcentr, y = 

= 0,99~0,04. 

KpusaJI 2: 
- ,...., 111/ ,....., 6 
-- }-1'--'l.l • '· '-"•tH.-~L,.U '-U' Co). t1eL.ULt::ULI:' 

I!J-ccu~n,_c:;.-ccucentr, y = I, 10~0,25. 
KpuBaJI 3: 
C3- pPbiBI @)- HePbin &._
HePbcentr,<@>- CPbcent~~
OPbcentr,y = 1,22+0,15. 

_L ___ L ___ L ___ ~__ ____ KpHBhie I H 2 o-ruocJITCH K "p "c HM-
s 10 20 .10 

1 
nynhcoM > 340 M3BI c. KpusaJI 3 -

V prol. ,~ - I 
T K U+ T" c HMilYJlbCOM ~500 M3B c. 

cpeAHHe MHO>KeeTBeHHOCTM KYMYflRTI-1BHbiX npoTOHOB nponop~HOHaJlbH~ 
·-'"'rod$ ... ... 
v~ , s TOM 4~cne H AilR ~eHTpanbH~x saaHMOAeHeTBHH. AHa!ll-13 
p~c.1 ~ 2 nOK33b1BaeT, 4TO YH~BepeaJlbHOH $YHK~~eR, He 3aBI-1eR~eA 
Of Ap,.At3JlReTCR f'cG-'aN•\p• 

Hd pHc.2 np~BeAeHw raK•e AaHHble no cyMMapHoA MHo•ecTBeHHOCTH 
"d+ T" c ;1Mnynbcw1 P > 500 M3B/e 1-1 T04Ka 1-13 npoToH-RAepHoro 

3Kcnep~MeHT.:/ 81 . B1<1AHO .-- 4To eenH4~1Ha ~~i.±.l~':__ To>Ke npMMepHo npo

llOP4110HiHibH3 f' P,p><~·. Ecn~ Ae;!TpoHbl o6pa3yiO~!eR a pe3y1lbTaTe enMna
HviH H)'KJK>HOB, 3TO 03Hd4aeT, 4 TO npoeTpaHeTBeHHbiH pdAHYC Koanee-
4eH4HH HeBeJl~K no cpasHeH~IO C pa3MepaMH o6naeT~ pO>KAeHI-1R KYMYilR
THBflbl.'< IIYKilOHOfJ. B 11POH1BHOM cny4ae MHO>KeeTBeHHOeTb AeHTPOHOB 

6 -- 2 -3 poena bl KaK VT , 3 Tp~T~eB - KdK l' T. 
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c Ne '1. Fe Cu Cd TaP6UAr 

p He c Ap 

PHc.3. 3aBHCHMOCTb HHKnffi3HBHoro 
cetJ:eHH.R BbiXO,ll;OB "p"H "d+T "B He
ynpyrHX B3aHMOp;eHCTBH.RX OT MaCChi 
Hp;pa-MHmeHH AT· 06o3HatJ:eHH.R H Ha
KJIOHbl a /npH annpoKCHMaQHH 3aBH
CHMOCTH <PYHKUHeii AT/ ,ll;J1.R HHTepBa
Jia 12 5: AT5: 64. 

"p": •-pAT/ll/, a= 1,39.::_0,07, 
G-HeApa= 1,55.::_0,13, (!1-CAT,a = 
1,63+0,14; 

;;d+T": ·-HeAT, a =2,20.:!:_0,35, 
•-CAT• a= 2,25.::_0,32. 

PHc.4. 3aBHCHMOCTb HHKJI~3HBHoro 
cet~eHH.R Bblxop;oB "p" H "d + T " 
B HeynpyrHX B3aHMO,JJ;eHCTBH.RX OT MaC
Chi .R,n;pa-cHap.Rp;a AP. 0 - BbiXO,JJ; 
"d + T" B pA T/B/. OcTaJibHbJe TO'IKH 

(3- HaKJIOH KpHBbiX npH annpOKCHMa~HH 
~ AIJ " " I 4JyHK~HeH ~ • p : KpHBa.R - B3aH-

MO,JJ;eHC TBH.R ApC , (3 = 0, 5.::_0, I ; KpH-
Ba.R 2- ApNe, (3= 0,6+0,1; KPHBa.R 3 
ApCU. {3 = 0, 6.:!:_0, I ; KpHBa.R 4 - Ap Pb, 
(3 = 0, 7+0,1. "d+T": KPHBa.R 5 - ApCu, 
(3 = 0,68; KpHBa.R 6- ApPb,(3 = 0,8. 

Hcnonb3Y~ np~BeAeHH~e B Ta6n~~e MHO~eCTBeHHOCT~ ~ Ce4eH~~ 

Heynpyr~X B3a~MOAe~CTB~~. MO~HO B~4~Cn~Tb ~HKn~3~BH~e Ce4eH~~ 

B~XoAa "p" ~ "d + T ": 

G (A A ) < n > in 
p• T ---n,--•aA A· 

u P T 
/6/ 

Ha p~c.3 np~BeAeHa 3aB~c~MOCTb 3TO~ senH4~H~ oT Mace~ ~par
MeHT~py~ero ~Apa A .3Aecb ~e npeACTasneH~ AaHH~e npoToH-~Aep
Horo 3Kcnep~MeHTa/llf. B~AHO, 4TO xapaKTep AT -3as~c~MOCT~ B~XOAa 
6 

npoToHOB np~MepHo OA~HaKOBbl~ AnA cTonKHoeeH~~ p , He ~ C c ~A
paM~. EcTb, npaBAa, yKa3aH~e Ha HeKoTopoe yeen~4eH~e HaKnoHa Kp~
so~ c pocTOM Ap• G(AT)-ATI.S±O,l An~ 12 5: AT$; 64. np~ AT>64 
HaKnoH yMeHbwaeTc~ ~ a np~6n~~aeTc~ K 1. HaAO 3aMeT~Tb, 4TO A aT_ 
3aB~C~MOCTb c a ~ 1 Ha6n~Aae'rc~ ~ B HeKyMyn~T~BHO~ o6nacT~. Ha
np~Mep, BbiXOA ~cnap~TenbHbiX npOTOHOB /nOA seeM~ yrnaM~ ~ C 3Hep
r~e~ 6onbwe 45 M3B/ e He A fB3a~MOAe~cTB~~x AaeT 3aB~C~MOCTb 
ATI,l /13,14/ 

Ha p~c. 4 npHBeAeHa 3aBHC~MOCTb BbiXOAa "p "~ "d + t "oT ~Apa
cHaP~Aa An~ 4eTblpex ~Aep-M~WeHe~ AT· 

An~ BbiXOAa npoToHoB e cny4ae scex AT np~ onHcaHHH cTeneHHO~ 
3aBHCHMOCTbiO O(Ap)-Ae nony4aeTC~ (3 = 0,6.::_0, 1. 3aBHCHMOCTb 
An~ "d+t'', Y4HTb1Ba~, 4TO Ka~Aa~ KPHBa~ ~MeeT ecero no ABe 
T04K~, MO~HO C4~TaTb He OTn~4a~~e~C~ OT npOTOHHO~. 

Pac4eTbl A-3aB~CHMOCTe~ BbiXOAOB KYMYn~THBHbiX npoToHoB e ~Apo
~AePHbiX B3a~MOAe~cTe~~x 6bln~ BblnonHeHbl e MOAenH MHK H y4HTbleanH 
cneAy~~He ~aKTopbl: 

1/ Macca nnoTHo~ ~eHTpanbHO~ 4aCTH ~APa, rAe c 6onbwe~ eepo~T
HoCTb~ MoryT o6pa30Bb1BaTbC~ Koppen~~"'~• pacTeT 6blcTpee, 4eM AT; 

2/ KOppen~~HH MOryT pa3pywaTbC~ BTOPH4HbiMH pacnaAHbiMH 4aCT~~a
M~; 

3/ BTOpO~ HyKnOH napbl MO~eT TaK~e npOB3a~MOAe~CTBOBaTb C Ap 
H He BblneTeTb Ha3aA. 

B pe3ynbTaTe e HaweM HHTepeane A P H AT Mo~eT 6b1Tb nony4eHa 
npH6n~3~TenbHa~ ~aKTOPH3Y~~a~c~ ~OpMyna/6/ : 

/9/ 

0TC~Aa cneAyeT, 4TO noKa3aHHble Ha pHc.3 KPHBble see AOn*Hbl 
HMeTb OAHHaKOBbl~ HaKnOH a= 1 ,4, a noKa3aHHble Ha pHc.4 - OAHHa
KOBbl~ HaKnOH f3 = 0, 6, 

He6onbw~e OTKnoHeHH~, Ha6n~AaeMble Ha pHc.3, MoryT 6b1Tb ce~-

3aHbl c TeM, 4TO ~opMyna /9/ e~e He y4~TbleaeT norn~eH~e H nepe
pacce~HHe KYMYn~THBHbiX HYKnOHOB B ~Ape-MHWeHH H ysenH4eH~e 
c A eepo~THOCT~ pa3pyweHH~ MHoroHyKnoHHbiX Koppen~~H~/6/. 

J3 npoAenaHHoro BbiWe aHanH3a MO*HO CAenaTb cneAY~~He BbiBOAbl: 

1. Ce4eHHe BbiXOAa KYMYn~THBHbiX npoTOHOB e npeAenax 10-15%-Ho~ 
ow~6K~ onHcbleaeTc~ ~YHK~He~, $aKTOPH3Y~~e~c~ no AT ~ A P /no 
Kpa~He~ Mepe An~ 1 :::;_ Ap :::;_ 12 ~ 12 ~AT ~207/. 

2. HeT cy~ecTeeHHbiX pa3nH4H~ Me*AY A-3aBHC~MOCT~MH, nony4eH
HbiMH npH 3HeprH~ 2,1 f38/HyKnOH/S/ H B HaWeM 3KCnepHMeHTe. 

3. ~YHK~~~ f' = a I aN A He 3aBHC~T OT ~Apa-cHaP~Aa ~ ~Bn~eTC~ 
YH~eepcanbHO~ An~ ecex ~Aep-MHWeHe~. 

5. HawH AaHHble xopowo cornacy~Tc~ c pac4eTaMH, CAenaHHbiMH 
B MOAen~ ManoHyKnOHHbiX KOppen~~~~. 
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B aaKn~4eHHe aeTop~ xoTenH 6~ B~paaHTb 6naroAaPHOCTb Eee 
CKpHn4aK aa noneaH~e o6cy~AeHHH. 
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