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HaCTosnnas palSOTa BblnOllaeaa e peaynbTaTe COTPYABH'IeCTBa 

aay'IHbiX rpynn cneeyJOIIlHX IIBCTHTyTOB: 

OBbEAHHEHHH~A HHCTHTYT HAEPH~X HCCnEAOBAHHA 

nalSopaTOpHH BbiCOitHX 9Beprall 

B.A. Senl!ltoe, E.H. KnaABHnKal!, E.C. Kyaaenoea 

HHCTHTYT ATOMHOA ~H3HKH (SYXAPECT) 

nalSopaTOpBl! BbiCOJtHX saeprxA 

E. SanH, 0. BaRR, A. Maxyn, M. Ca«Ssy 

HayqeaxD aeynpyrax .. -. 
npa BbiCOJtBX saepral!X nocesnnei 

Ullanbl peaJUUIII OT ,.-p B38HMOAE 

Tepeane saeprall 7-8 rse nepe~ 

R3Y'I8BHD RMilynbCBbiX H yrnOBbO 

noApo«Sao accneAoeanacb coOhiTP. 

MeAfl8BIIbJM npOTOBOM/
12

•
131

, a 

tr0 -Meaoaoe
1141

• MaoJKecTeeaH 
/15 16/ 

lll8Hbl TaXJK8 pa60Thl ' • 

HacTosnnaH paoOTa nocerun 

cTeall npa s aepraa 7,5 rae. llp 

peHilHH no <j>H3HK8 Bb!COXHX 9H8J 

AGIICTBHII H3y'lanHCb ApyrHMH rJ 

/21, 4,7/21/. 6/22 /, 6,1/23,24 

nHeT aaTepec npocneAHTb saepr 

a o«Spaaoeaaae peaoaaaCHbiX coc 

.: 

B paoOTe acnonbaoeanac: 

KaMepbi nB3/
2S/, noMellleBHOII 

Tpeao 17 400 cTepeo<j>OTorpa<j>all, 

B3aHMOAeliCTBHH, COOTBeTCTBYIO 

x) 3AeCb He npaeeAeHhi p 



re COTPYilHB~ecTsa 

HCCnE.nOBAHHfl 

A 

Ky3H9IIOR8 

~APECT) 

Q 

:a !Say 

_, 

B R e 11 e a· • e 

H3y'leBato aeyupyrax R38BM01l9ACTRBA C MHo•eCTRQBB~M pOmA9HB9M UJIOBOR 

upa RhlCOJtliX aaeprasrx nocsS!IIieHo MHoro pa!SOT, H8.116onee nOJIRo sccneAoRallbl pa3nB'IBhle 
/1.2/ . /8-5 / 

JtaJ[aJI~ pea.n.-A OT ,-p &38.BMOileACTRBA IipB JIMUyllbCe 4raa/e • 10 raa/c • B --

TepBane aaepraA 7-8 raR neps~e pa60Tbl 110 ,..-N J!.38JIM01l8ACTBBS!M 6~na DOCBS!IIIQilbl 
/6-9 / 

B3y'l9Hlil10 BMUynbCHhlX lil yrnORblX pacnp91l81I8HBA RTOpB'IHhlX ~8CTBU , n o31lH99 !Sonee 

IIOilp06RO BCCnea osanHCb C06b!THS! C ManoA MHOlK9CTR9BHOCTb10 IIBOH0li /
1
0,ll / t CO!SblTBSI C 

/12 13/ 
MeAn&BHblM npOTOHOM ' 0 a T8KJK9 R38BMOA91!c1"'l'H I 0 COIIpOBOlKil8lOIIIB9CH o6pa30B8RB9M 

/14/ 
1T

0 -M930BOR , MHOJK9CTR9HHOMy pOlKil9HB10 DBOHuB UpB 911eprBS!X 7,2 II 7,6 r as DOCRSI-

6 
/16,16/ 

m.eHhl T8X>K9 pa OThl • 

HacToS!IIIaH pa60Ta uocsS!IIIeaa a3y~eHBIO csoAcTs 'leTblpeXJI)"feswx , - p R38JIMOileA-

cTaaA npa aaepraa 7,5 faa, npeAR8pBT9nbHbl9 ll8Hiibl9 9TOA pa60Tbl coo6manaCb aa KOH<jle­

peHIIBH no <jla3aKe BbtCOKax aaepraA R .n:r6ae R 1964 ro11y
1111

• CsoAcTsa TaJtax R38HMC>-
_!18/ / 19 / /20 / 

ll&ACTRllA R3y'lanaCb Apyr&MH rpynnaMH 8RTOpOR UpH HMDynbC8X 2,75 t, 3,22 0 3,7 , 

4121 
4 7

121 I 
6

1221 
6 1/23,24/ 

10
/4/ 

11 4
124./ 

16
!26,211 •

18
!23 / r I x) n _ 

, • , , , , , , , B aa c . pe.t:tCTaB 

nsreT HHTepeC DpOCII91lHTb 9HepreTH'I9CKyto 38BHCHMOCTb xapaKTepHCTJIK BTOpH~HbiX ~8CTHD 

H o6p830R8HH9 p930H8HCHhlX COCTOKHJIA R BTHX R38HM01l9ACTRHSIX, 

3KcnepaM9HT8nbH8S! M9TOIIHK8 

B pa60Te acnom.3osanacb CHBMKH, nony~eHHbte c nOMOillbto 24-naTposoA nponaaosoA 

K8M9pbl na3 1281
, noMemeHHOA " M8rHBTHOM none H8DpS!lK911ROCTblO 13,7 Ka. BblnO npOCMC>­

Tpeao 17400 cTepeo<jlOTorpa<jlaA, a no o6bl~HblM ttpaTepBHM/
131 

OT06paahl 4.-nyqesble ,..-p _ 

R38BMOAel!cTBHSI, COOTR9TCTRylOIIIB9 peaKDBS!M 

x) . 
3AeCb He npBR91l9Hbl pa60Tbl 0 Rb!IIOnHeHHbl9 npa BMnyiD>C8X M9Rblll9 2,5 faa/C, 

3 



trp .. ptriT+IT-miT0 , m=0,1,2 ••• (1) 

IT-p .. DIT_IT_IT+IT+m rf; m = 0, 1, 2 ••• (2) 

/29/ 
l1aMepeBKH npoBOAHl!HCb sa MHKpOCJ<onax YHM-21 H nonyaBTOMaTax • feoMeTpa-

qecJ<aH pe!<OBCTpyi<JlHll COI5b!TBII H paC'ieTbl p83nB'IBb!X nap8MeTpOB BbiiionBHnBCb B8 SIIeJ<­

TpOBBQ-Bbi'IHCniTelibBOII Mamaae no cnenaaiibBbiM nporpaMMaw, cocTasneBBhiM B Bb!'iHCni­

TenhBOM neBTpe Ol1Hl1. nono>KBTenbBble 'iaCTBilbl c BwnyiibCOM AO 700 Mss/c B 'iaCTb 

'iaCTHil C 150IIbWBM HMnyiibCOM !5hlnB KAeBTBljJHJlBpOB8Bbl no BOBB381lBB 0 Ilpo!5ery, IIO 8 -

sneKTpoaaM a BTOPH'IHhiM eaaaMOAellcTBIIHM. Bee nonolKBTeiibBble 'iaCTHilhi c aMIIyiibCOM 

16 9 30/ 
B l!,C, 150IIbme 2,5 fae/c C'IHT81IHCb IT+ -Me30B8MB H8 OCHOBe peayl!bTaTOB pai50T • 

0 
• 

Bee OT.PIIIl&TenbHhie 'IBCTHilhl C'IBTanBCb IT- -M830B8MH, Tal< K81< sepOHTHOCTb pOlKAeRBH 

( K- - /31/ 
CTp8HHblX 118CTBll ' • I, ) Mlina • 

naA810lllHll ny'IOK IT- -Me30HOB B B3y'i89MbiX p98J<nBIIX BMel! !50IIbmol! paa()poc no 

HMnynhC8M ( ~8~) B aTO 38TPYAHS11IO p83A9l!e&Be co!5b!TBII IIO 1<8HallaM peaKnBII, 

nnSI a&anB38 !5hinB OT0!5paHbl 1253 C0!5b!THSI0 YAOBll9TBOpS110lllHX KpBTepBHM IT-p B3aHMD­

Aei!CTBHii/l3/, y I<OTOpblX HMnyllbCbl BTOpH'IBhiX '18CTBil onpeAelleHbl C TO'IROCTbiO Be xylKe 

30%. 

B aaencHMOCTB OT HAeRTHijJHKanaa nonolKBTeiibBhiX qacTan B aee3Ae ace co!5LITHB 

pa3AeneHbi sa rpynnbl, yKaaaHHbie B Tal5nsne 1. 

Coi5LITHB c ABYMB aAeHTa,PanapoeaaabiMB IT- -MeaoaaMB cocTaBl!BIOT 42% OT acex 

C06hiTHII C no~ 4, 3TO 3R8'1eRHe 15l!K3KO K COOTBeTCTBYIOlllBM 3H8'1eRBSIM npH KMIIynbCaX 

4
121 

H 10 rae/c, noaTOMY Mbl C'IHTaeM, 'ITO rpynna '3' COueplKBT nOAaBliSIIOlllee 150nb·-

WHHCTBO C0!5biTHII, OTHOCSilllHXCSI K peAKilHSIM 

rr- p,. D7T_tT_tr+tr+mtr 0 ; m = 0,1 ,2, ... (2) 

Torus COI5biTHll H3 rpynn '2' H '4' MOlKHO OTReCTH K p98KilHSIM 

"-P ..... ptr+tT-rr-m rr0 ; m = 0,1,2, ... (I) 

TaKoe cTaTBCTH'IeCKoe paaAeneBBe ABeT B03MOlKHOCTb paccMaTpaeaTb 2 rpynnhi co-

6 LITHII, COOTB eTCTBYIOlllHX pe8KilBSIM (I) H (2), 3TH rpynnhi COAep}!{aT 729 H 524 COI5b!THSI, 

COOTBeTCTBeHHO, npaMeCb COI5hiTHII OT peaxnHH ( 1) CpeAH COI5biTHII OT peaxnBH (2) He 5o­

nee 10% , T8K K8K B 9TY npBMeCb BXOASIT T01IbKO Cny'laB C 60IIbWBM ( 2,5 faa/c) HM­

nynhCOM npOTOH8 B 1186 CBCTeMe, 0neBK8 CAellaHa IIO ABHHbiM pa60T/B,
9

•
301

, npHM9Cb 

C0 6 b!THII OT pe8KUBH (2) cpeAH COI5hiTBil OT peaKUHB (I) COCTaBl!SieT = 15%, 3Ta oneHK8 

n onyqeaa a a cpaeneHBB HMnynbCHbi X cneKTpoe 1T -M930HOB B na6. CHCT9M9 1 nonytreHHbiX 

1301 
B aawell pa60Te B B pa60Te ,rAe aayqanaCb IT+p B3 aHMOAeiiCTBHSI I!pH 8 rae/c. 

4 

~ 

1, 3.p¢eKTHBHOe Ce'le&He, 

nnB onpeuel!eHBSI a.p¢9KTHBHO 

acnoiibaoeaao 6207 ljJoTorpaljJall. Ct 

rpaljJHSIX COCT8Bl!Hn0 6,7, 31jlljleKTBE 

,.- -Me30HOB B nepBB'IHOM ny'!Ke B 

pSIIOlllHX KpHTepHHM OT60p8 IT- p 

KHM Cl!eAOM (10%), Al!SI 9.p¢eKTBBE 

CTBeBBO AliSI peaxuall (I) Ce'leBBe 

B Ta6nane II B BB pBC, 

Bb!X IT-p aaaaMouellcTBHII npa pE 

AliB peaJ<usll (I ) • 

2 , l1MIIYnhCHhle H yrl!OBble p; 

YrnoBLie pacnpeAelleHBH npO'I 

ro pacyHKa eauao,. 'ITO yrnoeoe pE 

paayeTCSI OTHOWeHBeM 

npH 9TOM OK:OnO ll01lOB HRhl llJ 

T axHM o15paaoM, B '!eTb!pexny'leBbi 

HaMB Ceoero H811p8Bl!eHBSI ABHlK9 l 

HMyllleCTBeHHO enepeA. B yrnOBhiX 

Tepeane cosO* > 0,8 , npaqeM B ) 

6onee peaKo. B nenoM, pacnpeuen 

.. -DIT 
~ -1,7 

TaKHM ol5paaoM, nony'ieHHbie 

.cteneHH51MH 1 O>KH.0.89MblMB RO CT8TH 

COI5biTHII (= 80% ) 4-aMnynhc tJ 

B38HMOA9ACTBH51 H9nb3H OTR9CTH B 

AeliCTBHe ,- -M930HOB C npOTOE 

ueHHbiX COCTOSIHBII, npouyKTbl p8CJ 

enepeu, a npOAYKTbi pacnaua upyr 

x) 
K neaTpanbHbiM B38HMOAE 

cuenaaa no aaoTponaoll 'IBCTH B y 



1,1,2 ••• (I) 

2 ••• (2) 

/29/ 
1 nonyaaTOMaTax • feoMeTpa-

paMeTpOB BblnOJIRRJllfCb Ba 8D91t-

.tMaw, cocTaaneRRbiM B Bbi'IBCJIK­

IIbCOM AO 700 Msa/c a '18CT& 

o BOHB3anaa, npo6ery, no S -

ren&Rble '18CTHUbl C RMDyn&COM 

:X:ROBe pe3yn&T8TOB pa6ol
6• 9

•
3
0/• 

81t lt81t BepORTHOCTb pO~A9RBR 

u aMen 6om.moll pa36poc no 

all no JtaaanaM peaKnall, 

~BOpRIOIIUIX ltpBT&pHRM IT-p B38HM<>-

mpeAeneabl c TO'IROCTb!O ae xy~e 

lCTHU. B 3Be3A9 BCe C06biTHR 

8MB COCTBBnRIOT 42% OT BC9X 

~HM 3R8'1eHHRM npa HMnyn&C8X 

COAep~HT nOABBnRIOmee 6on&·-

2 •••• (2) 

KilHSIM 

(I) 

> paCCMBTpHBaTb 2 rpynnbl Co-

>1 COAep~aT 729 H 524 C06b!THSI
0 

C06biTBll OT p981tUHH (2) He 6o-

60n&111HM ( 2,5 fss/c) HM-

6 
/6,9,30/ 

RHblM pa OT • npaM9Cb 

ocTaBnReT = 15%, 3Ta oneaKa 

)B a na6. CHCTeMe, nonyqeaHbiX 

83 aHMOA9liCTBH SI npH 8 fss/c. 

3JtCnepHM9RTan&Hbie pe3yn&T8Tbl 

I. 3¢q>eKTBBRoe ce'leaae_ 

nnR onpeAeDeHBSI 9¢q>eKTHBROrO Ce'leRHR 4-ny'I&BbiX IT- iJ B38HMOAellCTBHll 6&In0 

acnon&3osaao 6207 ~oTorpa~all, CpeAHee 'lacno nepBB'IHbiX ,- -M930HOB Ha 9TBX ~OTo-

rpa~HSIX COCTBBnRnO 6,7, 3~~KTHBHOCTb npOCMOTpa paBHa 99%, C Y'feTOM 5 % UpHMeCH 

,.- -Me30ROB B nepBH'IHOM ny'IK9 B 5% np&M9CR B3aHMOAeliCTBHll Ha yrnepOAe, yAOBII9TBo-

PRIODlHX KpHTepHRM OT6opa IT-p B3aBMOA9liCTBBII/
1

S /t a TaK~e AOIIH C06b1TRH C KOpOT-

KHM cneAOM (10%), AIIR s<jlq>eKTHBHOro ce'leHHR nony'leao 3Ha'leHBe 8,8:!:.0,4 M6, CoOTse-r­

CTB&HHO AnR pe8KnHI! (I) Ce'leHBe paBHO 5,1 :!:.0,8 M6, a AnR peaKnal! (2) - 3,7 :!:.0,2 M6, 

B Ta6nane II H aa pac, I npaaeAeHbl 3Ha'leHBR s¢q>eKTBBHbiX ce'leaal! AIIR 4-ny'le-

B38HMOA9l!CTBHII npa pa3HbiX 9HepraRX. nam.ael!liiHe pe3yn&TaTbl DpHBOIISITCR 

unR peaJtnal! (1). 

2 . HMnyn&cH&Ie a yrnoa&Ie pacnpeAeneHHR. 

Yrnos&re pacnpeueneRHR npOToaos, IT+ H , - -Me30BOB noKa3an&I na pac. 2, 113 sTo-

ro pacyaKa BHIIHOt' 'ITO yrnosoe pacnpeueneaae npOToHOB pe3KO aCHMMeTpH'IHO R xapaKTe-

pH3Y9TCR OTHOllleHBeM 

_1._ m 0,09 :!:. 0,01 • 

0 

npa 9TOM OKOnO nOILOl3BHbl UpOTOHOB BbineTaeT B y3KOM KOHyCe HB3all (cosO* <-0,8). 

TaKHM o6pa3oM, s '!eT&rpexny'leB&rx co6biTHRX aa6niOuaeTcR TeaueanaR K coxpaHeHHIO npoTo-

aaMB caoero aanpasneHBR usa~eHBR s c.n.M, IT- B 17+ -M930Hbl BbineTBIOT B C.ll.M. npe-

HMymeCTBeaao snepeu. B yrnos&rx pacnpeueneHHRX " -Me30HOB Ha6niOuaiOTCR nHKH B aa-

Tepsane COS 0* > 0,8 t npR'I9M B yrnOBOM pacnpe •;eneHHH TT- -M930HOB :3TOT llHK Bblp8>KeH 

6onee pe3KO, B nenoM, pacnpeueneHHR xapaKTepH3YIOTCR OTH01119HHRMH 

.. -
0
{,- - 1,77 :t. 0,09 H 1,31 :!:.0,09. 

TaKHM o6pa3oM, nony'leHH&Ie yrnoBble pacnpeueneHHR RBHO ae cornacyiOTC!I c pacnpe­
xl 

u eneHHRMH, P>KHUaeMbiMH no cTaTHCTH'IeCKoi! Mouena • BMecTe c TeM 111111 6onbliiHH CTBa 

co6&ITBll (= 80%) 4-aMnynhC tJ. , nepeuaHHbill npoToHy , 6onbllle 700 Mss/c, a TBKHe 

B3aHMOUeilCTBHR aenh3SI OTHeCTH K nepa~pH'IeCKBM, Mo~ao npeunono>KHTh, 'ITO B3anMo-

UellCTBHe ,- -Me30HOB c npOTOHOM HlleT c o6pa3oBaHHeM usyx npoMe~yTO'IH biX B036y~-

UeHHblX COCTORHHll, npOIIYKTbl pacnaua OIIHOrO H3 BBX (nHOHHOro) BbineTalOT B C.U,M. 

snepeA, a npouyKTbi pacnaua upyroro (6apaoHHoro) - aa3au. 

x) 
K neaTpanhHbiM B3aaMouellcTBHRM MO>KHO OTHeCTH a e 6onee 20% co6brTaii. OneHKa 

cuenaaa no H30Tponaoll 'IBCTH B yrnosoM pacnpeueneHHH npoToHOB B c .u. M, 

5 



11MnynhCBb19 pacnp &A&IIeBB H BTOpB'IHbiX 'IACTBil n OK838Hbl aa .pac, 3, HMn y m.cabiA 

cne iTp npOTOH OB B C,n,M, n pOCTBp 8 9TC H OT M HHHM8nhHO B03MOlKllbiX 3H8'19 HBA 110 M 8 1tCB­

M8nbHbiX, CpeAaee 3H8'1e .IIBe aMnym.ca npOToaoa a c.n ,M, pasao 

P* • 847 :t. 1 6 M s s / c • 

11Mny1lbCHb18 pac np&.tl91l9HHH IT+ KIT- M930HOB B MQIOT OABH81<0Bblll xapai<Tep j 01lB3KB 

B Cp9AHH9 3H8'19HBH BX HMilYnhCOB 

p* IT- a 518 :t. 9 M s s/c 

"?"+ ~ 481 :t. 11 M ss/c 

n onepe'IHblQ HMilYnhCbl D0nhWHHCTB8 B TOPH'IHbiX '18CTBil p acnpene neHbl B HHTe psane 

0-0,5 r sa/c (pac. 4- 6). Cpenaae 3H'8'18HH B nonepe'IHbiX B Mnym.cos n HOH OB M QHb We c peA-

HerO 3H8'19HHH nonepe'IHO~O HMnynh C8 .t11lll npOTOHOB: 

p-'-IT+ a 319 :t. 8 Mss/c, 

p '4:-IT _ _ 334 :t. 6 M ss/c 

P...Lp a 391 :t. 8 M s s/c 

npoAOnbHbiQ BMnynhCbl M930HOB B c .n.M. p eaiilBB HQBQlUIIR, • AIIB DOnhWHHCTB8 COObiTH A 

1I9*8T B o6naCTH t_300 Mss / c (pac. 4,5) . npo.tlO/IbBbiQ HMny m.cbl apOTOHOB pacnp9.t191l9Hbl 

D01I99 BilK M 9 H99 p aBHOMepHO B WBpOI<OM HHT9pB8119 3H8'19HKII (pBC, 6), 

n n H M930 HOB H8Dil~.tl88TCB 3 8M8TH8B I<Opp911SII1Bll M8* 11Y IlOilepe'IHbiM H npO.tlO/IbHbiM 

HMny1lbC8MB, nsOHbl C M 81lb1 M ll B 0'18Hb OOnhWBMB IlpO.tlO/IbBbiMB HMIIyfihC8MK BM910T none-

pe'IHbiQ HMny llbCbl B Cp 9AH9 M MQHbWe, '19M IIHOHbl C npOAOIIbllbiMB HMUynhC8.MB B BHTepsa-

119 0 ,4-0,9 rss/c, 3 To !Sonee aarnHAHO B B.tlHO sa pac, 7, rAe n=a38Hbl cpe.tlHB& nonepe'l-

x ) 
Hble B M n y llbCbl UHOH OB AIIH p8311B'IHbi X HHTepB8.1lOB IlpOAOIIbHbiX BMIIYIIbCOB B C,Il,M, 

noAODH8ll KOpp91ISIIIBH M9* AY nonepe'IHbiM B npO.t101lbHbiM BMnyllbCOM H861liO.tl8eTCll B AllB 

n pOTOHOB (pac. 6,8), 

YMeHbweaae nonepe'IHbiX aMnyfibcos 'IBCTBil npa npa6ns*eHBB ax npoAOfibRbiX BM-

nyJJbC OB K M 8KCRM8nhH O B03MO* HblM B C,Il,M, C1l9AY8T B3 381<088 COXp8H9HBH HMny 1lbC8, 
~ . 

3aa'IRT91IbHoe Y M9HbW9HB9 p .L npH M81lb1X r. He MOlKQT ObiTb OD'bHCHQHO <jla30Bbi M 

/5 / 
o 6'beMoM, n o xpallaell Mepe, K01lH'I&CTBeaao a cny*BT yxa3aaaeM B nofih3Y o6pa3osaaaa 

'18 CTH!l q epe3 2 npOM9*YTO'IHbiX B03DY* I19HHbiX COCTOBHH!I, 

x) 
BepoHTHOCTb cosnaA&RBH nonyqeaaoro pacnpeAeneHBH c npBMoA naaaeA MeHbWe 

0,01 % (no KpRT9pH~ )(~ ) . 

6 

Cpas aeaae sKcnepaMeBT 

CTBBll B BHTepsane BMnynhCO 

OOWBX xapaKTepBCTBK 9THX 

nepsy~ O'lepeAb, - pe3K8H ac 

M9TpRH fT -Me30HOB H, B M 

TQnbHO ManyJO B91lB'IBHY none 

OD'beMOM). 06maA xapaKTep 1 

I<oppenanaa M9*11Y nonepe'IHb 

HOCTb STBX naHHbi X yi<83blsae 

npOTOH8MB B HHTepsane 4-16 

pRCTRK '18CTHil .t11IH HMnynbCO: 

CTOHmeA paOOTbl CYMMBpOB8H 

BaAHO, 'ITO c yaena'lei 

BMnym.Cbl BCQX BTOpB'IHbiX 'IE 

npoToaoa. CpeA&Be nonepe'IHI 

H93 H8'1HT9nhHO, C ysen&'leHHE 

IT -M930 HOB B npOTOHOB B C, 

IIOA M81IbiMH yrnaMB K HanpaJ 

CTB BH (eM, T801IHilY III ) , r, 

nonep9'1Hbil\ HMny/IbC '18CTHU 

a c.u.M. 

l13y'lanocb o6pa3oaaaae 

9 cj>cjJeKTHBHb19 M8CCbl BCQX Be>:; 

KaK Y*e YK83biBanocb E 

UOMOWH <jlHT-nporpaMMbl 38Tp 

a 6o1Ibworo pa36poca s HMny 

co6biTall, o6orameHHbiX co6bi1 

.tle l!cTBHB, A1IH KOTOpblX M8CCI 

8 a<jl<jleKTHBH8H M8CC8 '19Tblpe 

MpiT+ - _> 3400 Mss). Ta 
IT " x) 

'<acna co6biTHA c npoTOROM 

x) 
B nonh3Y Toro, 'ITO 

30HOB 1 CBHAeTenbCTBY9T TOT 
y -KB8HT8MB, 



)JUI38Hbl HB pBC. 3. J1Mnym.CHblll 

>3MOlKHbiX 3H8'19HHA .[10 MBXCB-

?4SHO 

~ OllHHaKOSblll XBp8XT9pj flllH3KH 

n pacnpe.ueneabt s BHTepsane 

.lltyJibCOS UHOBOS M9Bblll9 Cpe.u-

1 B .[IllS! i50nblllBHCTSa COflbiTHll 

tym.cbl npOToaos pacnpeneneabl 

BA (pBC. 6). 

!IY nonepe'IHbiM a npo.UOJlbHbiM 

l biMJI BMJiynbCaMB BM910T none-

bHbiMB HMily1IbC8MB S BHTepsa-

ne n~a3aBbl cpellHae nonepe'l­

x) 
blX IMIIY lllaCOB B c .u. M. 

ltyllb<:OM Ha6niO.U89TCII H lliiSI 

lllK911JlB BX llpO.UOJlbBbiX BM-

9KOHa coxpaaeHBSI HMnynbca. 

19T 6b!Tb Oi5'bSICHBHO <jla30SbiM 

l38BH9M S ll011h3y o15pa30SaHHSI 

lSI C llpSIMOil llHHH9ll M9Hblll9 

Cpasaeaae aKcnepaMeHTBllhHbiX .uaHHbiX, nony'leHHbiX npB H3y'leaaa "- ·p S38HMO.[le!f-

CTSBA S BHTepsane BMnyllhCOS OT 4 ras/c .UO 16 ras/c, UOK83blS8BT, 'ITO BMeeTCSl p!l.!l 

oflmBX Xap8KT9pBCTBK 9TBX S38BMOll9ACTSBA S yK838HHOM BHTepsane BMUyllhCOS. 3TO, S 

nepsy10 0'19pellb, - pe3KaSI 8CHMM9TpllSI yrUOSb!X pacnpe.[l9ll9HBII llpOTOHOS B C.U.M. 1 BCBM­

MBTpBSI "- -Me30HOS B, S M9Hblll9il CTeneHB,- "+ -Me30HOB. Cne.nyeT OTMBTHTb OTHOCB­

TBllbBO MBJIYIO SBllH'IBfiY nonep9'1Hb!X HMnyllhCOB 'l'!iCTBU (M9Hblll9 .UOUYCTHMOII <jla30BblM 

o6'beMOM). 06mall xapaKTep aMe!OT HMnynbCHbte cneKTpbt STOPH'IHbiX 'IBCTHU. Ha6n10.uaeTCS1 

KOppellHUHSI MBlKllY nonepe'IHb!MB H npO.UOJlbHbiMB BMllYllbCBMH 'IBCTBU B c.u.M/
41

• CoBOKyn­

HOCTb STHX llBHHbiX YJt83blS89T HB CXO.UHbl9 M9X8HB3Mbl S38HMO.UeliCTBHSI "- -M930HOS C 

llpOTOHBMH S HHTepsane 4-16 r as/c. J1M910InH9CSI .[18HHbl9 UO CpB.UHHM 3H8'19HH5IM XBpBKTB­

pBCTHK 'IBCTBU llUSl HMllyllbCOS "--M930HOB S BHTepsane OT 4 .[10 16 fas/C H .UBHHblB Ha­

CTOS!Ineil pa60Tbi cyMMaposaHbi s Ta6nane III 

BB.uno, 'ITO c ysenaqeaneM aMnyllbca nepsa'IHbiX 'laCTHil ysena'IHSaiOTCSI cpeunae 

HMnynbCbl SC9X STOpH'IHbiX 'laCTHU S c.u.M., npH'IBM flJ,ICTpee paCTBT cpe.UHHll HMnynbC 

npoToHos. Cpe.unae nonepe'IHbte HMnyllhCbi " -Me3oaos a npOToaos ysena'laea!OTCSl 

H93HB'IHT9llbHO. C yseJIH'IBHH9M HMnyllbCa S03paCT89T BCHMMBTpBSI yrUOSblX pacnpe.ueneHBlf 

" -MB30BOS H npOTOBOS S C.U.M. npa 9TOM ysellH'IHS89TCSI .[lOllS! 'IBCTBU, Bbtn9T810lllBX 

IIO.[l MallbiMH yrnaMH K Ha!IpaSU9HHIO .[lSBlKBHHSI !IepSB'IHblX 'IBCTHU S C.U.M • .[lO B38HMO.[lel!­

CTSBSI ( CM. TaflllHUY III ) • nocUB.UH99 OflCTOSIT9llbCTS0 TBCHO CSSI38HO C TeM, 'ITI> CpBllHBli 

IIOIIepe'IHblil HMnynbc 'IBCTHU yseUH'IBSaeTCSI MB.llllBHHee, 'IBM cpe.UHHII !IpO.UOllbHbill BMnynbC 

a c.u.M. 

3. 3<jlpeKTHSHbl9 MaCChi 

l13y'lanocb o6pa3osanae pe30HaHCHbiX cocTORHHll s peaKUHHX ( 1). BbiJIH paCC'IHTBHhi 

a <jl<jleKTHSHbiB MBCCb! SCBX S03MOlKHbiX KOMflHHBUBil H3 4 •3apS!lK:'HHbiX 'IBCTHU. 

KaK yJKe yKa3bisanocb Sbillle, s HallleM cny'lae pa3.ueneaae no KaHanaM peaKnHll npu 

nOMOIIlH <jlaT-nporpaMMbl 3aTpy.UHeBO H3-38 ~ 10% OlllHflOK S HMnyllhCaX STOpH'IHbiX 'IBCTHil 

H flOllblllOrO pa36poca S HMnyllhC9 ll9pSB'IHOrO llHOHB. Mbt CMOrllR OTOflpaTb nRWb rpynny 

col5b!THII, o6orameHHhiX co6biTHHMH 6e3 "
0 

-Me3oaoe. B a Ty rpynny solllnH "- _ p saauMo­

.uellcTsag, .UUSI KOTOpbiX MBCCa MHWBHH/
321 

BBXO.UHTCSI S BHTepsane 800_5 Mt S 1100 Mas, 

8 a<jlljleKTHBHaSI M8CC8 'IBTbipeX 38pSilKBHHblX 'IBCTHU flllH3Ka K nOUROil 9 HeprHH S C.Il.M. 

M P"+ __ > 3400 Mas). TaKHX S3aHMO.UellcTeall OKa3anocb 114 ana 16% OT o6wero 

" " x) 
'IHCU8 COflbiTHli C npOTOHOM 

x) 
B nollh3y Toro, 'ITO aTa rpynna .uelicTBHTenbHO o6orameaa co6hiTH5IMH 6ea " 0 -Me-

aoaoe, CSH.UBTenbCTSY9T TOT <jlaKT, 'ITO B 9TOJI rpynne H8fllliO.ll8llOCb TOnbKO 2 CJIY'IBSI C 

y -KS8HT8MH. 
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Ha pac. 9, 10 noJta3aBhl Asywepable pacnpeAenea.a a<jlcj>eKTBnBhiX wacc M p,+ 

M piT - • MIT + IT- Ana &Tax co6hiTBII. B cneKTpe Mace (.,+IT-) - JtoM6aaauaA OT'IeTilllno 

nHABbl nna naJta: y3KBll B o6naCTB 500-550 Msn B WBpOKBll ,- II OOnACTB 600-900 Maa. 

BTop oll nalt a BIITepnane Mace 600-900 Msn Mbr cnll3hlnaeM c o6paaonaa11eM p -Meaoaa 

no peaKUIIII IT- p -+ pIT- .p 0 
; BaA 4loaonoll Kpsnollx) n aaTepnane wacc 0,61-0,9 r an aaxo-

ABTCR 45% OT o6ruero 'IHCna C06hiTRII 693 1T0 -M930Ha, npa BMnyllbce IT- -We30HOn 4 B 

10 rsn/ c P0 -Me30H oopaayeTCII COOTneTCTS9BUO n 33 B 70% cnyqaen peaJtUBII (1a ) . 

B pac npeneneaas no a<jlcj>eKTllnRhiM waccaM Mp IT+ XOpOWO ShlnenaeTCR nBJt n OOna-
• 

CTH 1,15- 1,35 ran, COOTS9TCTSYJOlllBII Uepnoll RyJtnOHHOII B3 0oape N 3, 3 • B b! rue opaaosoll 

KpBSOII, BOpMsposaHHOII no C06hiTRIIM C M p IT+=>-1,4 ras, H8XOABTCll 20% COOhiTBll 83 Sbl-

15paaaoll rpynnbl, 

Bnagase ayJtnoaaoll sao6aphl aa pacnpeAeneaae no MIT+IT- 6hlno onpeneneao nyTeM 

Sbl'IRT8HHll R3 aToro pacnpeneneUJill COOhiTIIII R3 nonochl, COOTn9TCTnyJOm911 Hylt110UHOII . 
saooape (1,14 r an < MpiT+ < 1,34 fsn) •. 0cTanrueeCll pacnpeneneJIJ19 noKa3aHO WTpBXOBOII 

nsusell ( psc . 9). BAAHO, 'ITO nHJt, COOTneTCTnyJOmel\ p0 -M930&y 1 yM9HLW89'l'CR H93Ha'IIIT911b• 

HO, UeCJtonbltO M9HR9TC<I ero q,opMa (yCHIIJinaeTCR .UIIyrop(iOCTb), naK n 00n8CTH 

510-550 M as yMeHbwaeTcll aaa'IBTellbao, a MOlKHO AYMaTb, 'ITO 011 , n oca onsoM, ol5y cnon­

nes nllBSIHHeM saooapblxx). CoOTneTCTneaso paccMaTpananocb snss!Bae p 0 -Meaoaa sa 

pacnpeAenesae no MpiT + • PacnpeAenease no MpiT+ 6ea co6b!Tall aa nonocbl p 0 -weaoaa 

0003H8'19HO WTpHXOSOII nHBHell, nslt &yKnOHUOII B3008pbl • Nu OCT89TCSI, 

CneAyeT OTMeTHTb, 'ITO o6paaona11ae p0 -Meaoaa aal5nJOAaeTcst rnanBhiM oopaaoM 

s COOblTHSIX C OTBOCHT911bHO H90onbWHM '19Tblp9XM9pBb!M BMUyllbCOM 6. , nepeAAHBhiN 

npOTosy ( 6. < 700 Mss) (eM. aawTpsxoeaBKble '18CTH pacnpeAeneKall). 

B cnea:Tpe M pr 
• Ka611JOAaeTCSI 11e6on..moll nll1t, COOTBeTCTnyJOmsll N1, 3 (1520) 

B306ape (pac . 10). Coob!THII, COOTIIBTCTIIyJOWH9 pe8KUBH 
• rr-p -+ N ° + p 0~ 

Mano: s o6nacTa nepece'leBBll nonoc nao6apbl 

ecero 8 cnyqaea. 

1'-17 ~3 • p 0 -Meaolla aaxonaTCll 

J.1ccnenosanc11 TUlKe cneiTP s414leKTBBBblX Mace Tpexnsoallb!X xow!SasauA MIT+,.-IT- · 

B o6nacTa A 1 -Meaoaa ( ·M A 
1 

•1080 Mse) KaonJOAaeTCil nswb aecxOIIba:o cnyqaea, a o6-

nacTa A2 -weaoaa ( MA • 1800 Mas) Ka61110AaeTcst mnpoxall NBKCHI"fYM 
2 

x) 
B Ia'leCTne ¢oaoaoll Jtpaaoll aaSTa opaaoaast a:p11eaa All<l peaxuaa 

,-p ... P"+"- rr-, 

(pac. 11). 

ROPMBPOBBHHaSI no 'laCTR rBCTOrpAMMbl M.,+ .. - < 0,6 B M ,.+IT- > 0,9 rss. 
(la) 

xx) ·- -IT+ -Me3oR OT pacnaAa N BMecTe c IT -weaoROM Aa!OT a4J<!>eKTHB&yJO waccy 

M + -IT IT 
n oonacTa 500-550 Man. 

8 

n mr A 2 -M930R8 xapaxTepea pa 

OlKsAaTb nni A 2 -weaoaa s coob 

110 pacnpeAeneaae no Mrr+..-rr­

Macc \IIT+ IT - nonaAaeT n o6nac· 

M930Hbl H OopaayroTCSI n RCCn&AYI 

qaen, cooTneTCTneaao. TaKBM 001 

30Rbl ( ~ 45%) 1 
• N
3
!

3 
saooapa ( ~ 

AOnst COnMeCTHOrO 00p830n8 HRSI 

MeaTan..aoe pacnpenenease no 

3To y~taabreaeT Ha cymecTneaKoe 

OT CT8THqe cKoro M9 X8HR3 M8 , B q 

BbrAensTb rpynny coobrT.a ll < 

TR'IeCKR Hen03MOlKRO. nosTOMY AJ 

CneJ<Tpbl s <jlq,&J<THnHblX M8CC AnR I 

B cneKTpe a<jlcj>eKTsnHbiX Ma< 

neTCTny JOlllH9 nepsoll RyKnORHOli f 

neaastw nonyqeabl cneAyJOlllR M o6~ 

pacnpeAenease 'II piT + AnSI po 

3TH 4!aaoabre xpsnble ObinH 

peaxunll (1a-1a). nocneAHHe no.rr 

peaJtnall (1a-1s) n ssTepnane HM 

Ceqesse peaKUHR (1n) npsa 

3To Aonymesse nnoiiBe onpt 

Mana (ae oonee 15%). 3Ta ouest 

H8 OAHO '19Tblpexnyqenoe IT- p -E 

(iiiiTo •1,13;!:.0,15), co cpeABRM 

Bb!X Ce'leHsil peaKUBII (1a- in) 

CyMM8pB8SI opaaonast ltpanast 

M piT > 1,4 ran. J.1a cpasaeass 

Kpsnoll cnenyeT, 'ITO cooblTHst c 



11 acjlcjlexT&BRblX ldacc M p rr+ 

IRCC (I'+ tr-) -XOMfiRRRURli OT'I8TIIJIBO 

Jtall ,.. a o6nacT11 600-900 Mas. 

.aeM c o6paaoaauew p -weaoua 

RNpsane W8CC 0,61 -0,9 ras RBXo­

npa RMIIYIIbCe " -N830HOB 4 R 

70% cny'laes peuun (1a ) . 

xopowo BblAengeTCII nax B o6na­
• 

11ao6ape N 8 , a • Bhtme ¢aaosoll 

•o H8XOABTCll 20% C06b!Tlll! H3 Bbl-

M ,.+ ,- !h•no onpeAeneao nyNM 

1 COOTB9TCTBYIOIIX9ll HylUIOHHOl! 

tAeneue nox aaaao WTPBXOBOII 

·Meaoay, yMem.waeTCII aeaaa'l.RTem.· 

>p60CTb), nu B 06n8CTII 

b, 'ITO OR, B OCHOBHOM1 Ofiycnos­

•8nOCb BnBSIHB9 p 0 -M930B8 R8 

5ea cofihiTBli aa nonochl p• -Meaoaa 

OCT89TCll, 

aafinJOAaeTcsr rnasRbiM o6paaoM 

BMDym.coM 6. , nepeAaBRhiN 

!lcnpeAeneaall). 

• 
COOTBGTCTBYJOIIlRll N1,a (1520) 

p 0 -M930HB B8XOARTCH 

TPexnaoaablx J<OMfiBRaru:ll M,+ .. -,- · 

11 namb aecxonbxo cny'laes, s o6-

poull NBI<CRK)'M (piiC, 11), 

UIH .llnR peaxru:a 

M.,+,- > 0,9 ras. 
(1a) 

Q30BOM ABJOT a<I><PeKTRBIIYJO Macey 

nnll A~ -M930B8 xapaJ<Tepea pacnaA no CX9M9 A-; -+ P
0 

+ " , noaTOMY ecTeCTseuao 

OlK.HA8Tb nux A~ -Meaoaa B co6b!TBSIX c o6paaosaHR9M p • -Meaoaa. H a pac. 11 n npase.Qe­

ao pacnpe.Qeneaae no Mrr+,-,. - .Qmt co6b!Tall, y XOTOpbtX, no z:pallaell Mapa, OAHa aa 

Mace M ,.+"- nonaAaeT B o6naCTb p • -Meaoaa. MolKRO cxaaaTb, 'ITO ecna A 
1 

a A 2 -

Meao&bt a o6paayJOTCSI B accneAyeMoll rpynne co6btTRll, TO ae 6onee '19M B 6 a 10% cny­

'laen, cooTBeTCTseaao. TaKRM o6paaoN, B Bb!Aeneaaoll rpynne co6h1Tall o6paayJOTCSI p• -Me­

aoabl (~ 45%), N :~ a aao6apa (~ 20%), N \ a aao6apa (Q 5 %)
1 

A a A2 -Meao&ht (< 10%), 
• o I 

Aonsr cosMeCTaoro o6paaonaaaR Na , a +p • Mana ( < 1%). CneAyeT oTMeTRTb, 'ITO a ttcnepa-

MeaTam.aoe pacnpeAeneaae no M ,;1- ,.- ,.- cosepmeaao ae c ornacyeTC R c ¢aaosol! xpasol!. 

3TO ytta3biB89T Ha Cylll9CTB9HH09 OTnH'IH8 M9X8HH3M8 o6p830B8BHSI nHOHOB B p e8ltUHB }a 

CYt CT8TH1:19 CKOPO M 9 X8HK3M8, B 't8CTBOCTH1 H8 B03M 0 )t{R09 BnR9'.RH9 p83nR'iRbiX pe30B4HCOB. 

Bhlnen&Tb rpynny co6b!TBll c lfT 0 -M&aOIIOM (peattUBR 16) B Ralll.Hx ycnosaRX npaz:­

TH'IeCKB R8B03MOlKBO, noaTOMY AnSI HCCneAOB8HBR p0l!Cl\9HBSI pe30H8HCOB HCUOIIb30B8IUICb 

CU9Z:Tpbl acjJ!j>ettTHBHbiX Mac e AnSI BCeX C06biTHii. 

B cneKTpe a#eKTHBRbiX Mace M P"+ H (pac, 12) BHilllbl nHKH, COOT-

• s eTCTsyromae n epsol! ayKnoaKol! aao6ape N3 , a ( 1238). ¢>OROBbl9 KpHBbl8 It STBM pacnpeAe-

neHHSIM nony'l9Hbl cneAyJOIIlHM o6pa30M: 6 b!1UI p8CC'IHTaHbl cjJ830Bbl9 ttpi!Bbl9 0 OUHCbiBa!OIIlll9 

pacnpeAeneaae AnR peaKURl!: 

" p ~p rtrr- 11 -

p rr+ ,- , - "o 
+ - - 0 0 

~ p rr rr rr rr rr • 

(la) 

{16) 

(ls) 

3TH cjla30Bbl9 KpHBbl8 6binB CyMMHpOB8Hbl nponopUBOHanbHO napuHallbRbiM C9'19HIISIM 

peattnall (1a-ls). nocneARHe nony'leHbl nyTeM acnom.aosaHHH aaepreTH'Iecz:oro xoAa 

peattnal! {la-ls) B HHTepsane HMnynbCOB ,- -M930ROB OT 2 AO 10 ras/c /
33

-35•
18

•
19

•
2

•
4 1

, 
• 

C9'19HR9 peattliHH ( 1B) UpRHRManOCb paBHblM C9'19HHIO peaKUHH 

"- p -+ p ,.+ ,.- "- m ,.• ( m > 1 :l , 
3To AOrrymeaae snonae onpasAaao, Taz: KaK AOnR peaxual! c 3 a 6onee 

Mana (He 6onee 15%). 3Ta oneatta nony'leaa H3 cpasae HHR cpenaero 'IRena " • -Mea oaos 

Ha OAHO '19Tblpexny'leBOe ,- p -B38HMOAel!CTBBe, onpeAeneKROrO no 'IHCny y-J(B8HTOB 

{ffi,o •1,13 :t_0,15), CO cpeAHBM 'IHCnOM tr 0 -M930HOB, nony'leRHblM Ra OCHOBe napuaam.-

Hb!X CQ'IQRBll peaKUBl! (la-is) ( ill,.o •1,1). 

CyMMapaaH cjlaaosa>1 Kp&BaH 6blna HOpMaposaaa Ha 'IHCno z:oM6&HaUBl! B o6naCTH 

M P" > 1,4 rss. 11a cpaBH9HHR 9KCnepHM9HTanbKOro cnettTpa M8CC Mp ,+ c ¢aaosoll 

N•++ 
l<pHBOl! cne11yeT, 'ITO C06blTHSI C o6pa30BaHR9M HyttnOHHOl! R3068pb1 a,a COCTaBnSl!OT 
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x) 
22% OT c oohiTBil c npOTOHaMa ( peaKUHSI ( 1) ) • AHanorH'IHOO cpaeiieiiBe 9KCnepBM9HT8Jib-

•o 
Horo a !jl83oeoro p8cnpeaeneaa il anSI MP" - n oKa3hiB8eT, 'ITO N a ,a H3068pa o6p83yeT-

Cll 
• npaMepHO e 10% co6hiTail. Eonee OT'IeTnaeo nHK N 

a ,a B3008pb1 IlpOHBnBeTCH B 

p acnpelleneHBliX C06biTHK, y KOT OpLIX npOTOH H ft'+ -Me 30B (ana npOTOH B .. - -Me30H) 

BblneTBIOT H43Ail B C,l(,M, ( eM, 0 8WTpHX088HHbie 'IBCTH cneKTpOB H8 pBC, 12), 

OTO CBaaeTenbCTByeT 0 TOM, 'ITO no Cp8BH9WIIO C npOTOH8UB B ,± -Me30H8MB, Bblne­

T810lllBNB B p83Hbie nonyc!jlep bl, 6ollbW8H llOnSI BbineT8 IOmHx H8381l e c.Il. M. npoToaoe a 

ft'± - M930BOB npBH8)lneJKBT OaHOMy B006yJKil9HHOMY 08pBORHOMY COCTOHHBIO. 

llpe)lCT8BnHeT HRT e peC B3y 'leRHe CneKTp8 a<ji!jleKTHBHblX M8CC ~1 11 +11- K H8CTOll-

meMy BpeMeHB B3BeCTHbl p e30H8HCbl P0 H ro B cneKTpe M .. + .. -. HM9IOTCH YK838HBH H8 

cymecTBOB8HBe '18CTBil c M8ccoll ~ 500 Mse
12 1

, s 0 -Me30Ha c M ~ 710 Mas a g -Me3<>-

R8 c M •1675 Mas. B c y MM8pROM cneKTpe '11 "+"- (pHc. 13) seT 3BMeTHbiX naKoB, K<>­

TOpbie Morna Obi cooTBQII'CTBOBBTb yKa3.BHHbiM pe3oHaHCaM, B 'IBCTHOCTB, P -Me3oRy. 

0TcyTCTBHe naKa B o6nacTR p0 - M930Ra, n <>-BHilBMOMy, caa3aHo c TeM, 'ITO p0 o6pa3yeT-

CST C M9HbiU9fl BepOHTHOCTblO B peaKilHSIX 16 H 1B, 'leM B 1a, a BM9HHO, peaKIIBH 16 H la 
/1/ 

BROCHT OCHOBHOII BKnaa B C9'1eRBe peaKIIHll C UpOTORaMH 

nml BCCneaoBaHHSI o 6pa30BaHBH p 0 -Me30Ha Obin H36paH npyroll nyTh. nepH<jlepa'le-
/ 2, 36/ 

CKHll MexaRH3M o6pa3oBaHHH p 0 -Me3oHOB 3acTaanseT OlKHaaTb nosaneHHSI p 0 - Me30H-

Horo naKa ans cnyqaea ccosli;- > 0 a cosli~ > O • Yl , aellcTBBTenbRo, nBK P0 - Me-

30Ra nosmnHeTCH a TaKax coobiTBHX (pRe. 14), npa'<eM 6on ee OT'IeTnaao B noarpynne coobl-

THli , rae OaHR B3 " -Me30ROB sweeT 6onhwoll ( P .. ~ 3,0 faa/c) BMnyllbc B na6opaTop-

ROll CIILTeMe, (3amTpHXOBBHH8!1 '18CTb pacnpeaeneHHSI Ra pHC, 14 ).8 TOM )1(9 cneJtTp9 BH.llHbl 

Bb!OpOCbl B HRTepaane MaCe 1050-1150 Mas H 1200-1350 Msa, KOTOpbie, BOOMOlKHO, COOT­
"x) 

aeTCTByiOT X 0 (1100) H f" (1250) -Me30HaM, HO BKnaa BX Man, 

B cyMMapuoM cneKTpe M rr+ .. -ansi peaKnaA (1) HMeeTCB OTKnoReHBe OT !jla3oao ll Kpa-

BOll B o6naCTB 0,3-0,7 rae \pHc.13). Oao MOlKeT Ob!Tb, HanpaMep, cneaCTBB9M o6pa30BBHBH 

w0 - Me 3oHa BAA apyrHx pe3oRaRcoa, a 'laCTHOCTH, HyKnOHHOII a3o6apbi N* 
3, 3 

• CneJ<Tp M rr+ .. -

.llnH M930HOB OT pacna.na Cl.l
0 -M930R8 IIO CX9M9 W 

0
-+ 1'7'+ 1T- TT

0 aaeT BKnaa a o6nacTb 

0,3 - 0,6 f aa. rr + -Me30Hbl OT p 8Cn8a8 N ::: BMecTe c 1'7'- -Me30HOM ll.tllOT BKna.o. 

B a!jJ<jleKTBBHbie M8CCbi a To ll JKe o6n8CTB. 38MeTHM, 'ITO a rpynne co6biTail, o6or8meH-

Roll coobiTIIRMII 6e3 rr 0 - Me30HOB, He Ra6niOa8eTCB lllHpOKoro nHK8 B o6n8CTB 300-600 Mas, 

•++ 
ecTb nnmh Bh16poc a HHTepa8ne 500-550 Mas, KOTOpbiR MOJKeT ObiTb o6ycnoaneH N H3o6a-
!!.Otl, 

x ) 
3 T a Ol(BHKB BKlliO'Ia eT B C90SI KBK HyKnOHHble H300Bpb1, OOp830B8BWBeCH Ren<>-

c pellCTB e HUO B .. - p B3811MOaellCTBHHX, TSK H H30oapb!J SIBllHIOlllHeCH npoayKT8MH pacnaaa 
6onee UhlCOKHX HyKnOHHbiX H3 06ap. 

xx) , / 37/ 
H a3aanne :1: - Me30H 3SH MCTBOB8HO H3 o63opa M.Roos , 

10 

P8cnpe)leneHae no M .. +,.+ .. -

OT «Pa30BOII KpBBOII, t{QTKBX M8KCH 

6nJOII89TCH. B p8cnpeaeneBHH no 

400-500 Mas, KOTOpblll HBnH9TCSI < 

OTKnOB9RHe OT !jla30BOII KpHBOll H 

scex pacnpeaeneaHll no Macce XSJ 

MBCC (pHC. 16) nO Cp8BH9RHIO C 4 

Bee sTa OTKnoaeRHH OT <jle 

pe30HSHCOB B IlBOHHbiX B UHOB-HYI 

COC TOHHHH, T,a. 
1 

B J<OH9'1HOM BTOT 

THCTH'I9CKOrO, 

s:Wx 

AHana3 aaHHhiX sacTomuell p 

/2 4 18 
llPYrHX 8BTOpOB ' ' 

1!46nJOII89TCH rnasHbiN o6p830 

HHTepaane HMUYnbCOB uepBH'LI 

rr-+ p .. p .. - .. - rr+ " 0 p 0
- M930H p 

K8K B peaKIIHH (1a) BKn81l Po -I 

M930H8 X8p81tT9pH3YIOTCSI MAnbiNH 
•++ 

Ra!I H306apa N a,a ol5pa3yeTCH 

UpH M9HblllHX HNnyllbC8X (3-6 fa1 

naa (18) (25-30%), 8 npH 6onee 

06pa30B8HH9 A~ -Me3o&f 

3 - 6 rsa/c. B peaK:II.BSLX 

( p .. - a2,75-6,1 rsa/c), npH y& 

30B8HHH (U o -M930H8 yMeHbW89T< 

3 

H86moa8tomHec!I B peaKilHHX 

BhiX pacnpeaeneaaA.xoppen!IIIBH ~ 

B C.U.M. , paCXOJKaeHBe M9lKilY 9K• 

THBHblX M8CC yK83blBaiOT aa o6p83• 

aeBHbl9 COCTOHHHH.nnSI noaTB9plK) 

nH3 SKCnepRMeHTBJlbHblX .QBHHhiX1 

B 3a_KnJO'ieHHe 8BTOpb1 Bbipa 

o6cyJKaeHHH H noneaHbie coaeTbi, 

Heay, T. noRTa 38 n0M0lllb B pal 



K'IHOB CpaBHBHRB 9KCnepRM6HTanb­

*" e T, 'ITO N a,a H30I5apa ol5pa3yeor-

H30I5apbl llpOS!BnBeTCH B 

lOR (!WH npOTOH H ,- -Me30H) 

:rre KTp oB Ha pac. 12). 

ttpOTOHaMR H ,± -M630BaMII, BblllB-

HX Ha3a)l B C.U. M. llpOTOHOB B 

HHOMY COCTOHHBIO , 

K HaCTOH-

~,+ 77-, RMeJOTCSI yKa3aHRH aa 

30Ha c M = 710 Mse a g -Me3o-

<C. 13) H9T 38M6THbiX IIHKOB, Ko-

M 0 B qaCTHOCTH 0 P -Me30Ry • 

, CBH38RO c TeM, 'ITO P0 ol5pa3yBT-

• 1 a , a IIMBIIHO, peaKUHH 115 H 1 B 

/ 1/ 

30pa H .llpyrol! IIYTb, nepaopepaqe­

JIBT OlKH.Il8Tb IIOSIBIIBHBSI p 0 -Me30H-

• 11, nellCTBHTBilbHO, IIHK p0 - Me­

onee OT'IeTnaeo e nonrpynne col5hl-

3,0 fss/c) RMIIYnbC B naoOp8TOp­

pHC, 14).8 TOM >KB CIIBICTpe BH.llHbl 

Mas, KOTOphte, B03MO)KH01 cooT-

~.ll HX Man. 

<BBTCH OTKnOHBHBB OT opa30BOI! KpB-

<paMep, cnencTBHeM ol5pa3oBaRR>I 

It R30I58pbl N* 
3, 3 

• CnexTp M 
,+ 17 

A8BT BKII8.1l B oonaCTb 

1T- -Me30ROM !lBJOT BKna.o. 

o B rpy nne COObiTH ll , o6oramea­

·xoro IIHKa B o6naCTH 300-600 Msa, 

IO)KeT 6biTb o6ycnosneH N•-++ H3o6a-

3008pbl 0 ol5p830B8BWHBCH Heno­

HBIIHJOIUHBCSI IIPO.IlYKT8MH p8Cil8.1l8 

Pacnpenenea11e no M,+,+ ,- nnn scex peamal! (1) (pac. 15 s) T&IUKe OTnR'I&eTCB 

OT <jla30BOI! KpiiBOil, l.JeTKBX MaKCHMYMOB, COOTB8TCTBYIOIUHX A 1 H A~ -Me~oaau, ae aa-

6nJOnaeTcH. B pacnpeneneBHH no (pac, 15a) BM8BTCH Bbll5poc B BHTepsane 

400-500 MsB, K OTOpblll S!B11H8TCH OTp8lKBHII8M HyltliOHBOil H30I5apbl 

OTKIIOHBRHB OT <jla30BOI! KpHBOI! II B pacnpe.ll81l8IDIHX no M p tr+ 1T -

•o 
N a,a 

B 

• Hal5mona&TCB 

M P ,- ,- • .llnH 

scex pacnpeneneaall no Macce xapaxT&pea R315b1TOK cnyqaes B ol5nacTH M&RbmHx 3B&'IeHBI! 

M 8CC (pac. 16) no cpaBHBBHD C opa30BblMR KpiiBbiMB. 

Bee 9TH OTKIIOBBHHJI OT opa30BOII KpHBOI! MoryT 15b1Tb ol5ycnOBII8Hbl BIIBHHRBM pH.Ila 

pe30HaHCOB B nBOBHbiX H llBOH-HyKIIOHHblX CRCT&MaX, B3aHMO.Il91lCTBBeM 'laCTBU B KOB6'1HOM 

COC TOHHHH, T.e., B KOHB'IHOM IITOre, OTUII'IH6M MBXBHB3M8 rr-p 

THCTH'IBCKOrO. 

B3aHMO.IlBI!CTBIIH OT CTa-

Aaanu3 naRHhlX aacToHJUel! pa6oTL< no H3y'leRHJO cnexTpos sopojleKTHBHbiX uacc B naa-

ll'blx 
/2, 4, 18-23/ 0 

npyrax aBTopoB nOK&3blB8eT , 'ITO ol5pa3os aue P -Me3oaoe 

I!AI5nJO)l8eTCJI rnaBHbiM o6pa30M B p98IUIIH 1T., + p,. p 1T- 1T- 1T + B WBp OKOM 

Bl!Tepsane BMII)'IlhCOB nepaa'l!Ib!X ,- -Meaoaos (2,7 -18 r s s/c). B peaKIIBB 

,-+p .. prr- ,-,+ rr 0 p 0 - Me3oH pOlK.Il&eTCH aa 15onee, 'IBM B 15% coobiTBI!/
2

•
4

•Hl/, Torna 

/ 4 / 
K 81t B peaKUHH (1a) BKnan p 0 -MB30Ha .llOCTHraeT 70% • Col5b1THH c oopa~oeaaaeM P0

-

M830Ha xapaKTepH3yiOTCR M&nbiMB 4-Rwnynw::aw• 6. , nepenasaeMLIMB npOToay. HyKnoa­

*++ 
H8H H30oapa N a,a ol5pa3yeTCSI xax B peaKURH ( 1a) 0 Talt H B peaKUBH (115), llpB'IBM 

* llpH M8HbWHX BMnynhCaX (3-6 rss/c) N a,a C 150ilhWel! BepOHTHOCTb!O pOJK)laeTCH B peaK-

llHB (la) (25-30% ) 1 a llpB 15onee Bb!COKRX BMIIYnhCaX- B peaKilHB (115), 

015pa30BaHH8 A~ -Mesoaa Ral5nvt:tanoc& B peaKUBH ( 1a) B HHTepsane aMnynhcos 

3 - 6 res/c. B pealDJ)lliX ( 115) c BepOHTHOCTb!O 20-30% o6pa3y9TCJI 0>
0 

-MB3 0H 

( p 11- a2,75-8,1 fss/c), npa YBBUII'IBHHH HMilynhCa nepBB'IHbiX IIHOROB BepOHTHOCTb oopa­

/ 4/ 
30B8RH>I "' o -Me3oaa yMeHbwaeTCH 

• 

3 a x n 10 'I e a a e 

8CHMMeTpHH yrno-

BblX pacnpeneneHHI!~ItOppenHilHH M&lK.Ily nonepe'IRbiMH H npO.IlOnhHblMB HMIIYnbC 8MH '18CTHU 

B C,Jl,M,, paCXOJKAeHBe M8lK.IlY 91tCIIBpHMBHTanhHbiMH H opa30BblMH pacnpeneneHHHMH sljlopeK­

TBBHblX M8CC yJta3blBaJOT Ha 06pa30 B8.BH9 BTOpH'IHblX 'laCTBil 'lepe3 npOM9lKYTO'IHbl9 B0315yJK­

.IlBHHblB COCTOHHHH,Jlng IIO.IlTBBplK.Il9HHH STOrO yKa38HHJI HBOOXO.IlHM 6onee .llBT81lbHblll 8R8-

IIH3 SKCnepHMBRT8nbHblX .ll8HHbiX1 BKIIJO'Ia>J )laRRbl9 0 HB.Il0CT8JOIUHX rr 0 -Meaouax. 

B 3a.JtnJOqeaae aaTOpbr BLrpaJKaJOT 6naronapHOCTb 3.r. Byoenesy 38 MHoroKpaTHbre 

o6cyJK.IlBHHH H IIOIIB3Hble COBBTbi, M . l1. ConOBbeBy, H.M. BapHCOBy, 11. Kypenapy, B.H. ne­

Hesy, T. noaTa 38 lli'MO!llb B paooTe H OOCYlK.IlBRH>I, COTpynHHit8M Bbi'IHCnHTenbHOro !le HTpa 
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E.n. )KHIU<OBy , 11 • .H. roaopyay, H.B. M8pltOBOll, r.H. TeHTIOJCOBOll 38 COCT8BneHBe B o«ScylK­

neaae p RA8 nporp8 MM nns sneJCTpoaao-c~eTHOll M8mHBhl, rpynne n a6op8BTOB 3a npOCMOTp 

a R3 Mepeaas co6 htTall . P y MhlHCJtae cOTpyAHBKH 6n8ronap!IT npo¢. X. Xyny6eg 38 oKa34B­

&yJO n oMcilllb a o«ScyJKneaae. 

T86nau8 

fpynna 

I. C aneaTa¢auapoa8HHhlM npoToHoM 

2. C ODHBM HA9HTH<jlBDBp088HHhlM "+ •Me30HOM 

3. C ABYMR aneHTa¢anapop 8HHhlMB "+ -Me30H8MB 

4. C H9BA9HTB¢BUHpOB8HHhlMB nonOlKBTenhHhlMB '18CTHD8MB 

"lacno 
co6htTBll 

213 

381 

524 

135 

--- --- .. ----- ------------------- ·--- --·-----------

12 

J 

1=1 

a:l 

t:r 

:s: 
~ 

0 

a:l 

E-< 

:; 



'tl !5 
1:1 '< " 'tl 9 0 

~ 
til 
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~ 

PI 
-I iil 

"' 0 

I g .J: 
CD til til - Cll CD t.) :Q ::. 
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Cll "" - CD !!: 0 "' .. 
1:1 -I ::. .. 

• 0 1:1 CD .. 0 'tl 

" g • .. 
= 

~ 0 

~ 
g. 

I ""' iiE 
I 

T a. 0 JI :H ~ a. !1 
-li)LnyJILC 

rr --ue30~0B 
(f3B/C 

I,5gl33/ 2, 03/34/ 2,I4/35/ 2, 7sfiB/ 3,~I9/ 4,rf2/ 7,5 Irf4/ I6/24/ 

(KO) I ,ra:o,o7 2,73!0,I8 3,2I~O,II + 5,2~0,4 + 8,s!0,4 8,JJ!:O,J5 9,9!0,9 "• 4, 7-0,I 7 ,44-0,I7 

"o (KO) I,06:!:o, 06 2,J!tO,I7 2,84!0,!0 J,6o!0,08 3,9!0,3 4,87-0,IJ 5,I!:o,J 5,o!0,2 

(KO) 0,12!.0,02 O,Js!0,04 o,J7!:o,o2 . + + + 3,7!0,2 J,JJ!o, 2I " I, I 5-0,05 I ,J-0,2 2, 57-o·, 09 . 

;;; • 



T a 0 ~ H ~ a ill 

p - (r3B/C) 4/2/ 7,~34/ 7,5 1cl4/ 16/27/ 
" 

472!5 520!30 518!9 664! 15 690+ 70 
"- -40 

P" 
"+ 382!6 480!20 48I!II 525!18 680+70 

- 30 
p 681!6 847!16 164!25 

-rr 296! 6 330! 30 334!6 360!23 342+?2 
- 11 

p-+- "+ 253:!: 7 
p 376:8 350!40 391!8 404:36 424+69 

-39 

.J._ rr 1, 42!0,06 1,60!0,13 I, 77!0,09 2,22: 0,16 2, I a!0,33 
D " + 1,07~0,06 + 1,39-0,II I,3I:o,09 I ,62!0,15 

p + 0,30- 0,02 + 0, 09-0,0I o,ra!o·,o2 

Cos l/*>0, 8 "- 21% 21% 23% 33% 38% 
" + 1 4~ 21% 23% 

:osll* <-0,8 p 41% 55% 67% 

-

llpHBe~eHHHe ~aHHHe pe3yHLTaT ycpe~HeHRR no BCeY 

4-~yqeBHM CO dHTHRM C np OTOHaMH . 
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PRe. 9. llsyMepuoe pacnpeaeneuHe no s<P<I>eKTHBHhiM MaccaM (p,+) H (,r- ,-) 
KOM6HH8UHll ana C06biTHll i5e3 17°-Me30ROB, nyHKTRpOM yK838Hbl 
pacnpeaeneuHe no M ,+ ,- 6ea nonOCbl 1,14 < M ,+ < 1,34 a pac­
npeaeneuue no Mp,+ 6ea nonocbl 0,6 < M,+,- < 0,9. 3awTpuxosau­
Hble '<BCTH pacnpeaeneuHll OTHOCRTCH " co6biTHHM e /',. ~ 700 M ss. 

Cnnowuol! nHuHell yKa38Hbl ¢aaoBble KpHBble, uopMHPOBBHHble 
HB nonHble cneltTpbl, nyBKTHpHOll - <j>830Bble 1tpHBbl9, ROpMHp0B8HBbl9 
ua o6nacTH M 17+ 17- < 600 Mss H M17+ 17-»900 Mss B pacnpeaeneauu 
no \1,+ ,-I H H8 o6nacTb M P"+ > 1,4 rss B pacnpeaeneHHH no Mp,+ 
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