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HBY1{8HH8 llHOH-IlHOHHoro B38HIIOA8HCTBHH HK88T B8lEH08 auaqeHH8 

,llJIH IlOHHK8HHH @IBHKH CHJU,HflX B38BKO,ll8HCTBHA. HM81llllH8CH B H8CTOHIIl88 

Bpeux CB8,ll8HHK O qia3ax ruroH-nHOHHOro pacceKHHR,noHyqeHHHe H3 H3yqe

HBH nponeccoB c yqacrHeK -ue3ouoB 1Becldm ueno.1111Hl1(B nepsyn oqepe,llL 

8TO OTHOCHTCH K .S-BOnHOBHM (p838K 7nr -paCC8HHHH B · Oc5JI8CTH l'IH8prml 

M1[1[ < 0,6 raB, r,lle 8KCil8PHK8HT8JILHH8 ,ll8HHH8 auaqHT8JII,HO OTJIHqa

DTCH ,llpyr OT ,llpyra. Elll8 c5om.maH Heonp8,ll8J18HHOCTL nonyqaeTCH npH 

8KCTpanoJIHnHB <pas K noporoBol Oc5JI8CTH, npH IlOIUiTK8X onp8,ll8Jl8HHH 

HHSKOaHepreTHqecKHX napaKeTpOB - ,llmtH 1nr-pacceHHHH. 

8H8q8Hlfff S -BOJIHOBLIX ]tmtH ;r;,r -p8CC8HHHH . Q0 H a2 , IlOJiy

qeHHlil8 npH 8H8JIH38 p83JIHqHHX 8KCnepHKeHT8nLHHX ]t8HHHX, npHB8]t8HH 

B Tac5H. I •. KaK BH,llHO Ha T8c5JIHUH, B H8CTOHIIl88 BP8MH CYIIl8CTByeT 

c5om,maa Heonpe,7t8Jl8HHOCTL B auaqeHHHX S -BOnHOBHX ,llJIHH :,r:,r-pacce

HHHH: --0 18 ¼ct"< ao < 0,8 ~;,r ; --0,2 ¼ir < l<2 < 0,2 A",r • 

BBXHHII HCToqHHKOK HH<pOpK8ItHH O ,llJIHH8X 7r,r -pacceHHHH HBJIHIITCH 

peaKnHH 7t:N-1nr:N Bc5JIHaH nopora H K-2>7f'-pacna,n;H. Heoc5xo,llHMO 

no.1tqepxuyn, ~o, K8K CJl8]ty8T Ha 8H8JIH38 ,ll8HHHX no 8THK peaKnHHM, 

HSy'l8HH8 O,llHoro K8H8Jl8 peaK~ 1tN--7:',rl./ Bc5JIH3H nopora H.JIM 

K-.. 31r · -pacna,n;oB ue uo:1eT ,ll8TL Ha,lleauux c:s.e,lleHHH o nHOH-nHoH

HOM B38HlolO,ll81CTBHHe 

Jlo BHilOJIH8HHH H8CTOHIIl8A pac50TH axc.nepHlol8HT8JILHH8 ,ll8HHH8 no 

p88KUHHM 7r N ....... 71:7r: N Bc5JIH3H nop_ora CYIIl8CTBOB8JIH TOJILKO ,llJIH O)tHOrO 

K8HSJ18/I3 , 3/ 
?C-f- 'lf+lf-n. (I) 

TaKHM oc5pasou, HeOc5XO,llHM~ c5HJIO HSY'lHTL ,llpyrxe K8H8JIH peaxuutt 

rJ.!-1CrrN, B 'l8CTHOCTH, P88KnHH 7[+p --'J[,r/,/ , OTHOCHT8lII,HO 

KOTOPHX 8KCil8pHM8HT8JlLHH8 ,ll8HHH8 npH aHeprHHX HHllt8 7; < 300 MaB 

IlOJIHOCTLD OTCyTCTBOB8mt 0 
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HaCTOHll(8H pa60T8 noCBHIJleHa HCCJie.l{OB8HHIO p88KUHil 1r:N- 7nrN 

BCJJIHSH nopora If K-+ :>7r --pacna;toB,, C uem,JO onp8.1{8JI8HHH S -BOJIHO

Bll?,( AJIHJf rrir -pacceamrn. 

. . , :. P,a60T8, BHqOJIH8H8, B. Jla6opa,Top1rn~ HA8PHlilX npo6JieM OlffiH •• : 0CHOBHll8 

peaym,TB;ll ony6Jil4KOB8~ll- B _p8ClO.T8X/I4,:_W/ 14. ;OKJI8.l{llB8Jil4Cl> H8 H8YtJ-:

HHX C\)WIHapax }Ia6opaTOP14H ,;.H.l{epHllX.,npo6JI8M, Jla6opaTOplfl4 · BJlCO_KlrlX 

aHepp14il owrn, Ha HayqHoil cecc1414 oa~,· AH CCCP .no-<l)14al4Ke an_eMeHTBPHllX 

qac.~:11_1.1 B ~~?3 r •• ,:. H8, 16-:-oii )1 !7-on Mellt]tyHapO,l!HllX KOH<l)epem~HHX. JJ,O . . ~:- . 

<l)HSHK8 :_BHCQK,X.cBHepr~;{JlHKBrO, J:!IIA, · 1972 r.; JIO~Oll, AH:rmm,: 

I97Li-. r.}, ,Ha 27oil, Mex,1tyH~pO,D;HOlt ltOH<l)epeHWtH .no, 8JieMeH!l'.8PHl,U,UtaCTl4-

U8M ( 8KC-8H-IlpOB8_HC, ~p8HUHH ;:,!973 1'.) 'll mr 4::-oil M~Z,J,;Ylfap0,1tH9ll -, 

KoH<l)epeHUHff no aKcnepHL18HT8Jil>HOit ME!SOHHoi( cneKTPOCKOIUil4 (BocToH, 

ClllA, 197~ r.). 

llHCC8pT8UHH COCTOl4T 148 qewpex· l'JI8B.· . 

B nepBoil rnaBe ,1114ccepT8UHl4 iian6lKeHa IfocTBHOB1ta ~Kcnepm.ieHTa_, 

M8T0,1!HK8 noHCK8 H H,1leHT14<l)HK8UHH COCl~THil Heynpyroro BS814M0,1leilc:TBHH 

7e+ ~MeSOHOB c'npoTOH8MH B <l)oTOSMYJil>CHH:' 
r+p-1r+1t+n 

7[-f f - 7[+,ro f 

·7r;t· f ..... lT\J f_ 

(2) 

(3) 

(4) 

B aKcnepH118HTe Hcnon1>aoiiannc1, a14ym,c140HHlle xa1,1epll, cocTBBJieH

H!le HS CT8H.1{8PTHHX SMYJil>Cl40HHllX CJI08B HLIB:~H BP . TOJI~HHoit·· 600 f • ire

THpe Kauepu paauepaMH IOxIOx6,5 CLl3 14. TPH,K8Mepll paauepaMH 

2'0:ic:rox4,s cu3 ~6nytraniic1, ir+ -ueaoHBMH c' aHeprHeil 24-ota ~a:3 :14 

29018 MaB, o6p8SOB8HHb!MH H8 BllB8,1!8HHOM nyqxe npOTOHOB C 8H~pl'H8il. 

·670 MaB Ha c~HXPOU14KJIOTpoHe JIHIT Olffili. 

Ilo11cK co6JITl4il, npHHBA1IelKB1!114X peaKUHHLI (2)-(_4), · npoBOMJICH_ no 

OCT8HOBK8LI ;rr+ -MeSOHOB. Hail,118HHll8 no OCT8HOBK8M CJie,1lll 7[.,. -M8SOHOB 
• • • • ~ < - • • ..... f 

npocnelKHBBJIHC:E> ,110 TOtrKH. Baa11uo,11eilcTBHH. IlpH npocuoTpe 061J1ero·o6oe-
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ua 185 cu3 auynCHH H8il.1{6HO 22000 OCT8HOBOK 7r+-M6SOHOB. IlOCJI6 

npoCJI6DB8HHH TP8KOB 7['+-M880HOB aaperHCTPHPOB8HO 12400 Heynpyrwc 

B88HM
0

0,1!8IC'.rBldt i['+--ueaoHOB C npoTOH8MH H H.l{pau·B tp()TOSMYJII,CHH; HS 

HHX OT6Hp8JIHCI, T8K H88HB881W8 "BOAOpo,11ono,1106HH68 C06HTHH 6ea HBHO

ro npH8H8K8 B88HMO)t6ilC'lBH.H Ha MP8 (688 cne,1ta HAP8 OT.1{8l!H HJIH 8JI8-

KTPOH8 B U6HTP8 8B88,1lll), CO,lt8PJE8UU'l8~ nOIIHMO BTOpHtJHOl'O 7rr_ueao

H8, 6~8 0,1!HH CJI8,lt, KOTOPHil OKSH'lHBSJICH B KSK8P8i ClllJIO H8i1,lt8HO 

700 T8KHX COClllTHI. Co6HTHH H8K8PHJIHCa H o6pa6aTHBSJIHC:E, HS 8BM no 

nporpaMU8 reoM8TPHtJ8CKOI P8KOHCTPYKUHH H KHH8M8THtJ8CKOl'O 8HSJIH8S, · 

C06llTHI B tpOT08yYJII,CHOHHilx KSMepsxl201. 
Cp8.l{H OT06pSHHHX COClHTldt 6WIO 7 co6HTHI c ABYKH BTOPHtJHHKH 

7rt- -K830H8MH npH 8H8pru 7;.~ 230 MaB. IlpH 8H8pl'HH 1;. ~ 275 MaB 

6sn HSl~eH O~HH CJiyqal c .ltBYKH BTOpHqHHJm :,r+-ueaoHaKH. 0CTSnI,HH8 

COClllTHH 8HSJIBSHPOB8JIHCI, no KHH8M8THK8 peSKUHI (3)-(4). JlHCJIS C06H

THI, Y.ltOBJI8TBOPBE~ KHH8M8THK8 pesKnmt (2)-(4) npH SH8Pl'HHX 

7;. ~ 230 YsB H ~ ~ 275 YsB, npHB8,1!6HH 11 TaaJI. 2. 0TM8THJI, tJTO 

HH 0,1!HO HS co6HTHI, Y.JtOBJI8TBOPBJllltll KllH8M8THK8 peaxud (3) HnH (4), 

H8 Y.JtOBJI8TBOpHJIO KHH8MaTHXe 3THX peaKUHll O~HOBpeweHHO. 

IlpH onp8,1t8JI8HHH DOJIHl,IX C8tJ8HHfl P88KUHI (2)-(4) ytrHTllB8JIHCa 

nonpaBKH, CBB8SHHll8 C a<l)<l)8KTHBHOCTI,E noHCKS OCTSHOBOK Jl"+-11eaOHOB, 

npoCJI8lUIBSHHB TP8KOB H onpe,1t8JI8HHH nepBHtIHOl'O noTOKS 7r+-ueaoHOB. 

llJIH KSJfJ!Ol'O THna peaguHI onp8,lt8JIHJI8C:E, reOM8TpHtr8CKSH a<l)<l)eKTHBHOCTI, 

KSMep no M8TO~y MOHTe-Kapno. 

0AH~M HS BSZHHX BonpOCOB npH onp8.1{8JI8HHH C8tJ8HHil BS8Hll0,1!8ICT

BHH C npoTOHSKH B ~OT08yYJII,CHH BBJIH8TCH YtJ8T BKJI8,ltS B8SHMO)t8ilCTBldt 

HS H.JtPSX B tpOT08MYJII,CHH B HCCJI8,lty8JW8 HSWI npo~eccs. H8MH 6HJIS BH

ps60T8H8 M8T0,1!HKB, IlOSBOJIHE.SH onp8.1{8JIHTI,_STOT BKJI8,1l npH IlOMOl!IH 

8HSJIH8S C06HTHI, co~epZSUU'!X HBHllil npH8H8K 'B88HM0,1!6ICTBl4H H8 H,1lp8 

(CJI8,lt HAPS OT,lt8l!H HJIH 8JI8KTPOH8.B U8HTP8 8B8S,1!U). B peayJII,TSTe 8H8-
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JIH3a aatt;zieao; 'IITO BKJia;zi <j')oHOBHX co6UTHll ;llJill peaRu~ (I), (2) c ;lllly

' Mil BTOPHtIHID4H ,, 7r. -ueaoaaMH cocTaBJill6T c-20t5)%, a ;ll1Ill pea~nn (3)' 

·(4) C O;llHHM BTOPH'IIHUM 7r -M630HOM ~ csot1s)%. 

H3M6p6HHU6 8HatI6HHll C6'1l6HH11 peaRUHtt (2)-(4) npHB6;ll6HU B 

-raon.·2.B yxasaHHHX omxoitax yqreua aeonpe.l{eneaaocr:r; B oueuxe ~oaa. 

TaM-JK6 )!1Ill cpaBH8HHll· npHB6,lt6HU C6'1l6HHfl npH 3HeprHH ··T,;. ~ 300 Mau, · 

nony'll6HHU6 B l.lEPHel211. Ha PHC. I· H .2- npHB6;ll6HU HM61ll!Ut6Cfl ;ziaHHU8 

no ceqeHHHM peaKUHtt (2) u {3).B o6nacru aaeprHA ;zio 400.MaB. Ilony

tIBHHue·HaMH C8tI8HHfl yKa3UB81JT HS TO, 'IITO C YB6JIH'll6HH6M aHeprHH 

B6:nHaH nopora Meaoaoo6paaoBaHHH ceqeaHe · rs(1r+1rtn) 

T8JIJ;HO- M8;ll'16HH68' . qeM ceqeHH8 <>( -,r-t- 7[
0 ? ): 

p8CT6T.3H8tIH-

· Bo BTopon· r:naBe ;ziHcceprauHH npoaHaJIHaHpoBaHiI .iiaaaue no peax-

xi~iiu ·,r-N- 1r1rN B6nHaH nopora.; 

Smiilue C8tI8HHff ;llByx' RaHSJIOB peSKUHtt (I),· (2) B6JIH3H nopora no-

3BOJifl~T cinpe;zie.n.111':r; OTHomeaue X = I f:"H II Ii="~• I · Mo,iurnett Haoronuqe-

·'cK·H.;.uii:eapHSHTHux aMllJIHTy;zi peaKIUitt 7f N ➔ 1nr N HS nopore B co-

croiIHHHX B, H · P:!,1 - • IlapaueTp O X lirpaeT cyuteCTB8HHy11 pol'l:r; B 

HH3K08HepreruiiecKott reopHlf pea~HA 1rN- ·,nrN (rpH60B; Aacen:r;u, 

Amw·oBHtI)i25/. B arott reopHH Bos1i1ouocr:r; onpe;zie:nemm ;zinHH 7f7f -pac

ceHHHiI CBH3UB88'rcH C 061I8pYJt8HH6)1 8qlq)6KTOB nepepacceHHHII 7f -J,1880-

HOB B itoHeqHoM cocTOHHim; ·· 8TH aqxl>eKTU CYJ118CTBeHHWI o6pasou sa:eHCHT 

OT· napaMeTpa ·· X : Hcno.n:r;ayn HauepeaHoe aau aaaqeaHe ceqeHHH peaK-

UHtt (2) npH aaeprHH 230 Mall H HH81llllH8Cfl aaaqeHHH C8'1l8HHA peBKUHH 

(I) B6JIH8H nopora H .yqHrl,IBaa Cllff3J; BHMHTYA 8THX'K8H8JIOB C 

HSOTOllH'll8CKH-HHBapH8HTHUMH aMnJIHTy.ltBHH; HBXO;llHM;· 

I Fi, I =0,36to,o3 :\x ; / i=;, I ::::0,2oto;os t1r ; X =I ,a±o,4 • 

Ilo:nyqeHHoe SHBtieHHe napaMeirpa X noxasUBaeT, qTo · np.1t6:nmitea.1te, 

npHlf8HJIBW88CJI paHee B paOorru/2,J/ C U81ILD onpe.l{81I8HHJI pa3HOC?W .l{1IHH 

7r7{ .:.p8CC8flHHH ( Q0 - Q2 ) H3 ;llBHHllX no p88KUHH (I), HecnpaB8;llJIH-
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:so. B 8THX pae5orax :El KBa]t})ST8 llBTPH'llHOI'O 3Jl8M8HTa peaKuim (I) Y'llH

'f!raSiiHd i&niifo llHHeffH.l:l8 no OTHOCHT8HI,Hhiit HWiyJi:r;cali KOHetiHlix 1iiic

r11ii tiiieiiu.. O)iiiaito npli saaiieHHH X =I ;8 :SKJia;zi JIHHeliHWC -ti:neHOB 

cumxciii iiaii. H liy:mo jiuiTiil:ea!rI, 'llJI8Hlii 6onee BUCOKOfo (BToporo H 

i'pei!ierdj iiopMKa. 
13 uiicToniqe« · pa6ore npo11e;zieao :euifacieiI.11e i<ydlfiiebRHX rio oruoca-

Tiu1i.HLiM uwym.ca11 qnelioB B allnJIH!iy;zie peaKwil 7rN-1urN H no 

nriiiY118HHWl q>opiiyiuiil np08H81IHSHJlOB8Hll BKCnepmaeliTa.ni.Hf:18 ,lt8HHb18 no 

peaic~ (I) B o6nacr.H ;nieprd (200+260) MaB (Boero 486 C06U~HI). 

!HSJIHS nponeieH MBToiou MSKC.mtan:r;uoro rtpaBiono;zio6Ha. ~nfi BlillJHTaHHH 

BK.Jia;zia ~OHOBblX co6YTHtt iipH oneiiKe napaueTpOB M6TO;llOM MaKCHM8JILHOro 

npa:e;ziorici;zio6HH 6!iJI ripHK8H8H crioco6, npe]tJiOJK8HHlill B pa6orel261. B 

piisyn:r;TaTe aaa.n.liaa riiniyqea npoc!ro'1 Bii;zi ;ziJin i!Ba;zipara uaTpHqiioro ane

weifia peaititim (I), Y'AOl3118TBOPHT6JILHO OllHCUBallutHR BOil COBOKYllHOCTI; 

aKcnep.HM8HT8JILHllX ;ziaHHWC: 

IHI~ l+C(K~-fE) ' C = 3,?to,6, (5) 

r;zie ic,2 ecr:i, OTHOCHTe.Jii.auii itimyn:r;c xoHetIHblX lf -weaoao:e, · E. -

Bu;zieneuaan aHeprHH (:e e;ziaa.liuax Maccl:I Jr -uesoaa). Hatt;zieHa aaBHCH

Mi>crr, nriiiiioro ceqilHHH peaKuii (I) oT atiepr11a: 

ci°= t E
2 

, t = 0,38±o,05 M6H .(6) 

Ha pac. 5 axcnap.1tlieaTa:n:r;aue o;ziH01i1epime pacnpe;zie.Jiemm peaKUHH (I), 

HS KOTOPNX 61l11 ifoKJIBl118H BRiia.it ~OHOBliX 0061:ITHll, cpaBHHDaIOTCfl C T60-

p8TH'll8CKHMH pacnpe;ll8JI6HHHMH. Ha pHC • 4 llpHB8;ll8HU 8KCnepHM6HTan:r;aue 

saaqeliaH H reopeiraqecKaH saBHc11uocT:r; or aHeprHH no:naoro cetieHHH 

peaKiuiH c1). 

IlpH aHaiieHHH X =I,8 aipqleKru nepepacceHHHH naoaoB B KoHetIHOM 

COCTO!!:ii'HH 148ml, H oripeJieJIHTL ;llJIHHU 7nr -pacceHHHH HS HMElllDUtXCfl ;ziaH

HUX He y;ziaeTCH. Ha pHC~ 6noKasaH peayn:r;raT :euqHCJI8HHH cywapHoro 

BKna;zia JIHHettHWC, KBa.l{paTHtIHWC H KY6HtieCKHx q:neaoB, COA8PJKautHX ;zinu-
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HY 7f7r -pac_CBHHHH Qo , B O;ztHO!d8pHH8 J!8Cnpe,7t8JI8HHH p88Kl.lHH (I)• 

9TOT BKJIB'A He npeBumaeT (5+7)% (npH I a0 I ;E; I). TaKH!d 06paso1,1, .7{JI~ 

OCiHapyllt611JiUI 8qllp6KTOB nepepacceamrn llHOHOB B KOH81!HO!d COCTOHHIDI H 
' .. • < ,. 

onpe,7t6JI6HHH )tJ1HHU pacceHHHH ao noTpe6yeTCH CT8THCTHK8, npH_L!ep-

HO H8 )'.t]l8 llOPH'JJ.K8 npeBUW8D~8H HL18D~llCH. 

Hay11eHHe_p68Kl.llill 7[#~7[7[",V np8)tCT8BJifi8T HHTepec T8KJt6 C 

TOl!KH Sp6HHH ,7tpyroil HHS_K08Hepr6THll8CKOit TeopHH - TBOPHH "1mrKHX11 

IlHOHOB. B pa60T8X BattH6epri/27/, 0JICCOH8 H TepHepi/28/ llOK888HO, 
. . . -~ . 

l!TO B6JIH8H_ nopora_ B npoµecc 7r,V-;,,7r7r# OCHOBHOtt BKJl8)t )t88T AH8-

rpruwa O)tHOM630HHOro OCIMeHa_ H ttro,H3M8pHB C8118HHS peaxuHJfJ;,¥ ~;Jf,v, 

MOEHO B npHHl.lH~6 onpe)t6JIHTL H6HSB6CTHUit napaMeTp _nHOH-nHOHHOit Bep

WHHU ~ , onpe.7t6JIHDDU!it BKJl8)t HapymaD~ero KHpaJILHYD CHLIM6TPHD l!Jl6-

H8 B aqiqieKTHBHull narpaHlltHaH npouecca 7f7f - 1nr • 

OnpeABJIHTL -OAHOSH81!HO napaMeTp ~ TOJILKO, HS A8HHUX no non-

HUM C61!8HHHLI peaKl.lHH (I) H~ YAaeTca/281. HcnOJIL8yH TaKJte IlOJIYll8HH08 

H8LIH 8Hatt8HH8 nOJIHOro C81!6HHH pe8Kl.lHH (2) npH 8HeprHH 230 MaB (CM. 

PHC. I), HaXOAHM OAH08H811HYID BBJIHl!HHY ){JI~ ~ 

~ = 0,25±(),20 , 

0'JJ,H8KO Bonpoc O TOM, H8CKOJILKO cnpaBSAJIHBa npH!d6H6HHaH MOA6nL )tJIH 

H8BJl81!6HHH HHqx>pM81.lHH O nHOH-IlHOHHOM BSaHMO)teilCTBHH HS A8HHWC no 

peaKl.lHHM 7rN -7[7[/V, Tpe6yeT cpaBH6Hlffl 6onee )t8T8JILHUX T80P6THl!8-

CKHX pactteroB C 3ltCil8pHM8H?aJU,Hlll(H )taHHWlH no nOJIHW H ,ltHq,q>8p6HIUtaJI&-
' . 

HWI C81l8HHSM pa3JIHllHWC Ita.HaJIOB. 

~pyrHLI o6~8KTOM npHM6HHMOCTH TeOpHH o6p8SOB8HHH rpex CHJILHO~ 

B88HMOABilcTBYID~X ttaCTHl.l B6nHsH nopora/25/ HBJl!IDTC!I K - 3n -:-pacna-• 

AU, A8HHU8 no KOTOPUM npoaHaJIHSHpoBaHu_c l.l8JILD onp6A6J16HHH .S -Bon

HOBUX )tJIHH 7("7f-p8CC8!1HHH B Tp6TL6i rnaBe )tHCCepT81.lHH. B 8TOT aHa

JIH3, B OTJIHl!H8 OT IlP6'AUAY~HX, BKJIIDll6HU H8H6onee TOl!HU8 A8HHU8 no 

BC8l4 K8H8JiaM /(---,.37[ : a) 'JJ,8HHU8'29/ no ~ I,5 MJIH pacna,it8M 

K±_,..ll±rn+(pacnpe,iteneHHe no rpaqiHKY ~aJIHl.lB); Ci) )taH~uef30/ no 

8 

" 

~ 0 15 MJIH paCil8'JJ,8M Kt- x+ll-7r 0 (8Hepr8THTl8CKHtt Cil8KTp 7l'
0
-M880H8); 

B) napuHaJILHUe mHplimuf3I/ BC8X K8H81IOB K- :>7C' • 

- llpoiuiaJIH3HpOB8.H BOnpoc_ 0 CT8Il8HH aapymeHHH npaBHJl8 

1-dTJ =I/2 B k-.. 37r -pacna.itax; onpeAeneH BKJia)t nepexo.7ta j,ff/=3/2 B 

aMnnHTy,itu, Il8pl.lHaJILHU8 mHpHHU H cnexrpu ;{" -M880HOB p83J1Hl!HUX K8-

HaJIOB J<-.,. 37r • IloKasaHo, TITO nepexo)t /,ff! =3/2 npHBOJlHT K yBeJIHtte

HHD B6POHTHOCTH T -pacna,lla Ha 6+7% H K YM8HLm6HHIO B6POHTHOCTH 

pacnaAa K~-.,. 1r1- r 1r 0 Ha I3+I5%, aaxJioH B cnenpe "aenoxolltero" 7f -

14680Ha B T-p8Cll8,ll6.yM6Hl>Wa8TCH Ha I3+I4%, 8 H8KJIOH B Cil6KTP6 7r
0

-

M6SOH8 B pacna,lle K:-7[1'"1(;-7[ 0 YB6JIH'llHBa6TCH Ha 2I+22%. Ha aHaJIHaa, 

npOB6,ll6HHOro C YTIBTOM xy6H'll6CKHX no OTHOCHT6JILHU!d w.myJILCaM TIJI6HOB 

B aMIIJIHTy,ll8X K. ...... 37t' , noJiytJ:BHU )tl36 ,llOllYCTH!dU6 o6naCTH ,llJIH s -
BOJIHOBUX )tJIHH 7t7r-p8CC6HHHH ao H Q2 

0.o = 0,59±o,07 *;{ ao = -0,43±o,04 k1r 

a.z_ =-□ ,2o±o,03 A,r a2 = o,Ioto,os A]l" 

8H8Tl8HH6 Qo H8 ll8Pl30rO pemeHHH ( ao =0,59±o,07) H8XOAHTCH 

B xopomeM cornacHH c peayJILT8T8MH pa6or:/7 , II/. 

Hccne,llOBaH Bonpoc O BJIHHHHH llJ18HOB CJ16JlYD~6ro, ll6TB6pToro, 

nopH,llK8 Ha nonytJ:6HHH6 8HaqeHHH ,llJIHH pacceHHHH H ycTaHOBJI8HO,.tJ:TO 

6CJIH 8HaJIHTHtJ:8CKH8 tJ:JI6HU qerBeproro nopH,llK8 He 8HOManLHO B6JIHKH, 

TO HX ytteT MOll8T H8Jd8HHTL IlOJiytJ:8HHU8 8HatJ:6HHH a 0 H8 ±o,2 Jr,r H 

az - Ha to,I *~ • Mouo Ha,ll8BTLCH, tJ:TO ,ll8JILH8lmee Yl38JIH1!8HH6 H 

YTOl!H6HH8 axcnepHM8HT8nLHOro M8T8pHana no K.- 37C' pacna;it8M ll08BORHT 

pemHTL BOnpoc O B8JIHTU1116 8H8JIHTHTI8CKHX tJ:Jl8HOB 1!6TB8pToro nopHAKa H 

O'OJl68 TOl!HO onpe)t8JIHTL ,llJIHHU · 7C1C-pacceaHHH. 

B llOCJ18,llH8tt, qerBeproa,rnaBe ;l!HCC8pTal.lHH HCCJI8;l!OB8HO pa,llH81.lH-

OHH08 paCC8HHH8 Jr+ -M68OHOB H8 llpOTOHe C HcnycKaHH8Jd llt8CTKHX 'f -
KB8HTOB ( E0 > 50 MaB): 

7f' 1P _,,, 7f 1-J" f (4) 
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npu aHeprHRX 7;--- 230 MaB H 275 MaB. ~o BllllOJIHeHHH HSCTOH11tett ps6o

Tll CYilleCTBOBSJIS TOJILKO O,ltHS BKcnepruieHTSJI~HSH oueHKs/2I/ ceqeHHH 

peBKUHH (4) (E,r > 50 MaB) npH aHeprHH 7;~300 MaB, KOTOPS.li HSXO

AHJISCL B cornsCHH C pSHHIU!H TeopeTHqeCKHMH pscqeTSMH/32 , 33/ llO 

MOAeJIH CTSTHqecKoro HYKJIOHS, He yqHTliBSIOllteil HSJiyqeHH.li npoTOHS 

(pile. 3). 

B HSCTOH11teil ps6oTe HSMepeH!l ceqeHHH pesK~H ( 4) npH BHeprHRX 

'7;- ~ 230 MBB H ~ ~ 275 MaB, KOTO!)He OKSSSJIHCL pSllHHMH co,45±15) 

H (0182,.:!:0 1 35) KOH; COOTB8TCTB8HHO. IlonyqeHH!le HBMH BKCnepHMeH-

TSJILH!le SHsqeHHH HSXOAfiTCH ll xopomeM corJIBCHH C peaynoTSTSMH'll!lqHc

JieHHil no ·uoAen.au, rAe yqTeHo uanyqemrn np·oTona,- c pe3y,u,TaT~_ps-

60Tul34/ H npoBeAeHHoro HSMH pacqeTs (pHc. 3, ~YHKTHp) no MOAeJIH 

MyCSXSHOBs/351; BTO YKS3llllSIOT HS Heo6xO~HMOCTL yqeTa ll TeopeTuqe

CKHX pacqeTax HSJiyqeHH.li npOTOHS. 0TMeTHM TSKllte; qTO HS HSMepeHHWC 

HSMH ceqeHHil Heynpyroro :,rtp-ll3SHllOA8ilCTllH.li CJie,l{yeT (CM. TS6JI~y 

2) I qTo HHE8 Gr <. 300 Mall PS'AffS~OHHOe PSCC8HHHe 7rt--:11eaOHS HS 

IlpOTOHe C HCilyCKSHHeM llteCTKHX o-KllBH~Oll HllJl.li8TC.li rJISllHW He)npy

rHM KSHBJIOY 1r+p-pacceHHHH H HM88T ceqeHHe, npHM8PHO HS IlOPHAOK 

npeBuma10111ee ceqeHHe ueaoHoo6psaoBSHHH. 

·B·3axJinqeHHe npHBOAHTCH OCHOBH!lell!lBOA!i H peaynnsTu: 

I) BnepBue nonyqeau ASHHue o pesK~ax ueaonoo6psaoBSHHH B 1rtf 
-COYASP8HHHX npH 8H8P~H.liX HHJt8 ·7;-< 300 MaB. HauepeHO ceqeHH8 pesx-

UHH 7r-t-p- 7[+7r+n npH Tr~ 230 Mall, KOTOpoe OK88SJIOCL pSBHW 

30~!~ YK6H; OU8H8HO ceqeHH8 aTott peSKUlfH npH 7; ~275-MaB; 

26~~g MK6H. HauepeHu ceqeHHH pesK~H T[t-p--,c+l["P npH aHeprHH 

T,.'-- 230 MaB (I8~~2YK6H) H npH aHeprHH 0r, ~- 275 MaB (48~rs YK6H). 

2) BnepB!l8 HBMepenu ceqeHH.li PSAHBUHOHHOro pSCC8.liHHH 7[+-ueao

HS HS npOTOH8 C HCnyCKSHH8M EeCTKHX t-KBSHTOB ( E if > 50 Mall) npH 

BHeprnax HHE8 7; < 300 MaB •. IlOK83SHO, qTo BTOT npouecc HBJIH8TCH 
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rnSBHHY HeynpyrHM.KSHSJIOM 7r+f-BBSHMOA8ilCTBHH B 06JISCTH aHeprHH 

HH%8 300 Mall.·CeqeHH8 8TOil peSKUHH npH aHeprHH 7;~ 230 MaB OKSSS

JIOCL p8BH!lll (0,45±o,I5) MOH H npH 8Hepr1m 7;~ 275 MaB -

(0,82±o,35) M6H 1 T~e. npHuepHo Ha.nopaAOK 6onLme ceqeHHH ueaoHoo6-

paaollSHHH. Ha CPSllHeHH.li noJJyqeHHUX aKcnepHMeHTSJII,HWC aHsqeHHil ceqe

HHH peSKUHH 71:tp- 7f+J' f C npeACK83SHHHMH psannqHux Te opeTHtHiCKHX 

MOAenett C)teJISH llllllOA o Heo6xOAHMOCTH yqeTs HanyqeHHH npoToHs. 

3) OnpeAeJieHi,r HSOTonaqecxH-HHBSpHSHTHue SMnJIHTYAll I r:::11 I H I s,1 / 

peSKUHil 7[,V'- 1orN HS nopore; AJIH OTHOW8HH.li X = u:::11//ls1I HSil

A8HO 3HSqeHHe x:=I,sto,4. C)teJISH!i npe)tCKS3SHHH AJIH nOJIH!lX ceqeHHil 

:ecex KSHSJIOll 7r N ➔ 7nr N. 

4) BuqucneHH xy6HqeCKHe no·OTHOCHTeJILH!lM HMnyJILCSM qneHU B SM

IlJIHTy)te peSKUHil 7tN~ 7UrN ll PSMKSX TeOpHH o6pS30B8HH.fl Tpex CHJILHO

B38HYOA8HCTBYIOlllHX qaCTHU B6JIH3H nopors H llOJiyqeHu ipopuynu )tJlH KBBA-

paTa MSTpHtiHoro BJieM8HTS peSKUHH x-?- 7rt-;r-n B Ky6HqeCKOM 

DpH6JIHllt8HHHo 

5) Ilpoll8A8H SHSJIH3 SKCll8PHM8HTSJILHWC )tSH!IllX no peBKUHH 

7e-p- 7f:T'Jr-w B HHTepBSJie BHeprHil 7; =(200+260) MaB c TOqHQCTLIO 

AO KY6HqecKHX no OTHOCHTeJILH!lll HMnyJII,CSM qJieHOB. IlonyqeH npOCTOll 

BH)t ){JI.Ii KBSAPBTS_MSTpHqaoro aneueHTS, KOTOpull YAOBJieTBOPHT8JILHO 

onHC!lBS8T BCD COBOKynHOCTL 8KCnepHMeHTSJILH!lX )t8HHHX, H onpe)teJieHa 

3SBHCHMOCTL nonHoro ceqeHHH peSKUHH OT 8HeprHH. 

BuqHcJieH.BKJIBA qneHOB, CO)tepllt8UIHX AJIHHY 7r7r-pscceHHHH a~, B 

O)tHOMep~ue cneKTPll H OU8HeHS H806XO)tHMSH )tJlH onpe)teJieHH.li<loCTSTHCTH

qecKaH TOqHQCTL 8KCnepHMeHTSJILHllX )tSHHllX (HeCKOJILKO )t8CHTKOB TllCflq 

C06llTHil). 

6) B PSYKSX MO)teJIH OJICCOHS H TepHepa onpe)teJieH nspsMeTp TeopHH 

11:11arKHX11 llHOHOB ~ =0,25±o,20, onpe)teJIHIOUIH.I! BKJIS)t HapywSllllllHX KHpSJIL

HYlll CHL!MeTpHlll qJieHOB B aiW.JeKTHBHll.l! nsrpBHEHSH IlHOH-IlllOHHOro BSSHMO

)te.l!CTBHH. 
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7} BnepBll6 npOB6A6H COBM6CTH!lit 8H8lIH8 3KCil6PHM6HT8JII,HWC A8H

HllX no K- 2>~ -pacna.ita.K B pawax TeopHH o6p880B8HHH Tpex CHJll,HO

B88ID40A6HCTBYDil{HX qaCTHU B6JIH3H nopora. liCCJI6AOB8H Bonpoc O CTene

HH aapymeHHH npaBHJia /&Tl =l/2 B STHX pacnaAax; onpe.1teneH BKJI8Jt 

nepexo.1ta j ,1Tl=3/2 B a11nnHTy.1t11, napuHam.Hlle mHpHHll H cneKTPll 7r -

ueaoHoB paanHqmnc KaaanoB K- 37r • Ha np0Be.1teaaoro aHanHaa, c TOll

HOCTbD 'AO KY6HqecKHX qneHOB BKJIDqHT6HDHO, nonyqeHll )tB8 )t0llYCTHllW6 

o6nacTH )tJIH S -BOnHOBWC )tJIHH 

Oo = 0,59±o,07 .:11",.. 

a2 =-o,2o±o,03 *ir 

7f7r-p8CC6HHHH a0 H. Q2. : 

a., =-0,43±o,04 *,,. 
a2..= o,ro±o,05 }." 

8} PaapaooTaHa CHCT6M8 nporpao )tJIH o6pa60TKH 8KCnepHM6HT8JI»

HllX )t8HHllX H 8H8JIH88 lliHPOKoro KJI8CC8 H)t8pHWC peaKUHH B glOTOSMYJI»

CHOHHllX Ka11epax. 

Ta6nHna 2 

PeaKUHH ~OTOSMYJI»CHOHHll6 K8M8pll Bo.1topoAHaH ny-

230±13 MsB 275±15 MsB 
8llpUOB8H K8M6· 

pa, UEPH 
qncno ceqeaHe qHCJIO ceqeHHe ~300 MsB 
00611- MK6H C061l- lllCOH 

. THH THU qHCJIO ceqe-
00611- HH6 1 

T.eil WC6H 

7rt-p _,. 7r1-x:-1-n 6 30+18 
-12 I 26+55 

-20 2 25+21 
-16 

7r-1-p_,.7r1-rp 5 18+!2 
-9 4 4a+34 

-25 9 II0°40 

7rt-p-1Ct-o? 24 420±150 II a20t350 I8 220±50 

( Et > 50 M:rn) 
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I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

I o. 

I I. 

Ta6JUIU8 I 
$ -BOJIHOBllB ,lT)Il!HH 7f1C-p8CC6.RHIDI , aa · H Qz. (B e,nmmuax 7'i,r ) 

vlcio~ua.R. CcWI-
ao az. peaicqu.R. RH 

. 
Q..-a2 =0,25±0, 05 rr-p-,. 7r-t-n:-n 2 

( 7; =200-t245 fylsB) 

a., - a., =0,42±0,10 -,;-p--,.1r1-1r-n 3 
( 7; =247 MaB) 

o,rn±o,02 ir1-p- 7r1-1r1-n 4 
(0,72 raB/c) 

2a.+a.,=..:o,ss±o,20 7r-p-7r+1r-n 5 
(0,41 ra13/c H I,3 raB/c) 

lllal =0,52;(),00 1 Clzl==O, r?±o, 02 7[ J./-npcN 6 
. --,;.<I rsB 

+ ' 0,6-0,25 K+:_; l[tn-e V 7 

O,I?±0,13 IC±.._ 7r1--,,;-e± ~ 8 

0,67±0,06 0,021±0,004 rp-n•lf°n (2 rsB/c) 9 

{1r1-7r-n I x-p- ic~•p(2,77 TsB c) 
. IO 

-0,05 < aa< 0,6 -0, I2<a~<0.04 J{"-p-1r+1r-rz 
(17,2 raB/c) 
7rtp-.1rt-7r41-+ 

(7,I raB/C) 

0,65!:0,16 7r/J-,.7r7rN II 
( 7;_ =430 MsB) 

0 6+0,I -0,r±o,r • -0,2 
T±. 12 

stO 3 
- 0, -0:1 o±o,I 

' 
0,59±0,07 -d,2o±o,03 

K-37r 
HacTo.R--0,43±0,04 O,Io±0,05 
~BR pa-

OT8 
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d (x+,i•n}l'ioH 

0,4 

of 

o.i 
}=O 

D 
O.f 

170 200 230 260 350 380 T,r M36 

Pie~ l. llcmil!:ie ceti:eilHH pea«uHH -;r+p- 1r+ir+-n 

Toti:KH: • - H8CTOHuiBH pa60T8j o - /21/; 
a - /2.U TeopeTHtl:8CKH8 _ Kpl4B!i8 npH p83H.!lX ~ 

nonyqeHY no ~opuynaM pa60T!i /28/. 

~(:1t•n•p)116H 

0,7~ 

I 0,61-

0.51-

o., 

0,3 

0,2 

0,1 

l f * 
110 200 230 260 290 320 350 380 '10 Tn MJS 

PHc, 2. IIOJIH!ie cetteHHH peaKUHH T+p-11:-nr"p 

TOttKH: e - H8Cf?H1!18H p86OT8; A - /23/, 
o - /21/, 11 - /24/. 
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1,6 

1,4 

1,2 

1,0 

0,8 

0,6 

0,4 

opr+ip; £,•SOM3&)M6H 

,(""---
Bater et at 
~ave. 

· Carruthers 

400. Tn M3S 

PHC. 3. Ceti:eHH8 P88KUl'JH 1r+p- 7f+l'f ( EJ' > 50 M::m) 
CnJIOmH!i8 KpHB!i8 - pesyJILT8Tli p8Cll8TOB B pa6oTaX 

/32' 33. 34 /. IIYHKTHPOM IlOK838H pesyJII,T8T-· pactteTa 

no ll.O.i:t8JIH /35/. TottKH: . • - H8CTOHll(8H_pa6oTa; 

. 100 

90 

80 

70 

60 

· 50 

40 

30 

20 

10 

o - /21/. 

61tKO 

0 I ,,.,...-;: , , ,.., "," , , , • 5. 
110 190 210 230 250 270 r:(1 · 

PHc. 4. 9HepreTHtl:8CK8H 38BHCHMOCTL IlOJIHoro cetteHHH peSKUHH 
1t-p--rr+'JC-n . 

TOti:KH: e - p86OT8 /I3/, II - /36/, A - /3/ • 
KpHB8H - ipOpMyJia (6) (CM, T8KCT), 
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6 

4 

-4 

-6 

,flu.CAO a,&,,nuU 

rfz 

PHC. s. 

°4 
zf, 

a0 ••1 

1 0 :r,\ 
1 0 :c/3 

1 -1 

cos tKrtit I cos ti<;~. l 
1 

cos/Kz~~) 

0AHOMepH1,1e pacnpeAe.JI8HHll peBKI.tHH -rr:-p--x+-rr-n. 
EeapaauepHH8 B8.JIHqHHH xy CBH38HH C OTHOCHT8.Jl»HHMH 
HMllY.JI»CBMH KOHeqHl,IJC qacTHij C.Jl8AYlllllHM 06paaou:xy-~~/121vE', 
rAe M.i - npHBeA8HH8H M8CC8 nap1,1 qacTan; HH'A8KC 11111 

OTHOCHTCH K ;ir+ -11eaOHY t 11211 
- K JC -Jl830HY t 

11311 - K H8ilTpOHy. 
Cn.nomHall rHCTOrp810l8 - 3KCll8PHM8HT.-Cn.nomH8ll .JIHHHH -
llOCTOHHHHil M8TpHqHl,lit a.nell8HT; nyHKTHP - ll8TpHqH1,1it a.ne-
M8HT (5) (cu. T8KCT). · . 

°A, r "· % r-
Jua'"· :.cf3 :Z~3 

costKiz"ff.l 
,1,1j' 6 

a,s(K,,~ cos/~~•/ 

6 ~1~11111 6 
6 

a.•-1 
a.•-1 ,11 4 4 .. a.--1 

1111 ~-. L-....1 

1~~i111u111uinu,-·" Ell--
•-4i a••• 1 ., -4t a•••l -4 a.••1 a.••1 ~.. . 

-6 \ -6 :' -6 -6 -6 

PHC. 6. BK.Jl8A H88H8.JlHTHqeCKHX q.neHOB, COA8PE8D!HX A.JIHHY pacceHHHH 
a., , B O'AHOMepH!,18 pacnpe'A8.Jl8HHH, 'A8.Jl8HH1,18 H8 8H8.JIOrHq

HHe pacnp8'A8.Jl8HHH no gJ830BOMY 067>8MY (npH a., ='11); 
aamTpHXOBBHHl,18 06.nacTH COOTB8TCTBYDT H80llP8'A8.Jl8HHOCTH 
B napaueTpe X =I,s±o,4. 
no OCH OP'AHH8T OT.JIOZ8H8 Be.JIHqHH8 OTK.JIOH8HHH OT 8'Al4HHIU,I 
(B npoueHTBX). 
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