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/1/ 
B TeqeH11e nocne.aHero speMeH11 s n11TepaType no11s11nllCb coo6meH11H , nocs11meH-

HhI0 11ccne.aosaHHIO pa.a11au110HHblX KaHanos pacna.aa 113S0CTHblX M030HHblX- peaoHaHCOS 1J O , 

(u 0 II .Op, B aToi!.cs11a11 npe.acTasn11eT IIHTepec no11cK no.ao6Hwx KaHanos pacna.aa peao-

HaHCOS co CTpaHHblMII qacT11uaM11, 

B HaCTOHIUei! pa6oTe np11so.QHTCH npe.asap11TenbHb1e .aaHHbie no 11ccne.aosaH11ro pa.a11a

u110HHb1x Kasanos pacnaila c yqacT11eM A
O 

-r11nep0Ha, 

Pa6oTa Sb!UOnHeHa Ha MaTep11ane, nonyqeHHOM _np11 o6nyqeHHH IT- -MeaoHaMH C HM

nynbCOM 7 H 8 13B/c 24-mlTpOSOH nponaHOSOH KaMepbl nB3, pacnono:»<eHHOH S nOCTOHHHOM 

MarHHTH(?M none. 13700 a. nocTaHOSKa onbITa, xapaKTepHCTHKH nHOHHoro nyqKa, M0TO.Qbl 

npocMoTpa, o6pa6oTKa cpoTorpaqmi! 6bmll onHcaHhI paaee
121

, Bcero Hcnonb3osaHo 60.000 

Ka.apos, 0T6HpMHCb C06biTHH s 11-p H 11- C saaHMO.Qei!CTSHHX, s KOTOpblX po:»<.aeHHe A 

rHnepoHa conposo:»<.aanocb XOTH 6b! O.QHOH aneKTpOHHo-noaHTpOHHOH napoi! OT KOHsepcHH 

•Y -KsaHTa, 

Cpe.QHHH acpcpeKTHSHOCTb perHCTpamrn ,y -KsaHTa C yq',)TOM acpcjieKTHSHOro 061,eMa 

.anH perHCTpauHH A --rHnepoHos s HaweM cnyqae paaHa 0,09 :!: 0,01 , CyMMapHaH non pas-

Ka Ha noTepro y -KsaHTOS, SbineTaIOlllllX 110.ll 6onbWRMll aa11MyTanbHblMH yrnaM11, II Ha 

aCHMMeTpHIO nepa11qHoro nyqKa nllOHOS OTHOCRTenbHO CT0ROK KaMepu cocTasn11eT 

1,51 :!: 0,40. 

Mace 

:»<eH 

B Ta6nHue 1 npllSO.QHTCH .aaHHhJe .anH o6eHx 3Hepr11i! 110 ql{cny aaper11c:Tp11posaHHblX 

Ta6n11ua 

A+y i\+ 2y /\ + Jy B c e r o 

118 15 134 

.[lnH 8TIIX 134 co6h!Tlli! 6bmll Sb1q11cneHbl II nOCTpoeHbl pacnpe.aeneHIIH acj,q,eKTIISHblX 

M Ay , n0Kaaannh1e Ha p11c, .I H 2. Ha aT11x :»<e p11cynKax .01111 cpasHen1111 11ao6pa-

cneKTp acpcpeKTIISHblX MOCC SCeB03MO:>KHhlX KOM611H8UIIH. A II y I paccqllTBHHblH 

no MeTo.ay MoHTe-Kapno I KpHDhie MoHTe-Kapno nopMHponanhr no cpoHy 6ea r.nyqaen 

s 06nacT11 ( 1300 - 1400) Mas II na nonnoe q!fcno cnyqaes /, 

Ha r11cTorpaMMe II 11.aeorpaMMe su.aemllOTCH .asa lll{Ka s o6nacTII acp,peKTIISHb!X Mace 

1180 Mas 11 1340 Mas. 
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J'."laKCHMYM B pacnpeneneHHH l,/ Ay B palloHe 1180 Msa coananaeT c Maccoll ! 0 

rHnepoaa, onaaKo aanH'me qioaoaoro nHKa a 9T0M :>Ke MecTe aaTpy.ctHl!eT onpenene1rne •mc-

na :t O 
- 'laCTHU. 4To KacaeTCg BT0poro MaKCHMyMa, TO eto M0:>KH0 Il0ilblTaTbCSI 061,llc-

- * xi 
HHTb KaKHM-nH60 H3BeCTHblM peaoHaHC0M, HanpHMep, YI C Maccoll, paBH0ll 1385 M9B p 

Mo:>KHO Il0KaaaTb, KaK HanH'IHe 9Toro peaoHaHca CKa)KeTCll Ha qiopMe cneKTpa 9<pcpeKTHBHblX 
/3/ 

Mace M Ay KaK 6binO nor;aaaHo r .11.KonbmoBbIM , ecnH 'laCTHua •A• pacnanaeTCll Ha 

'laCTHUhl 1, 2, 3, TO pa3Hble COCT0SIHHll CHCTeMbl 'laCTHU 1, 2, 3 6y.oyT CO0TBeTCTB0BaTb 

pa3HblM T0'IKaM .ctHarpaMMbl JlanHTua, HanpHMep, B nepeMeHHblX m 2 = 
12 

2 2 m,, = (p 2 + P 3 ) npennono:>KHM, 'IT0 pacnan npoHCX0AHT no cxeMe 

A -+ 1 + ( 43) 2+ 3 . .__ 

2 
(pt+ Pa) H 

H 'ITO m 
23 

cpHKCHpOBaHo, Tor.eta COCT0SIHHSIM TaKoil CHCTeMbl OTBe'lalOT T0'IKH Ha . .ctHar-

paMMe JlanHTua, pacnono:>KeHHble anonb 0TpeaKa m 2 = const • npH sToM KBa.ctpaT scpcpeK-
23 _ + + 

THBH0ll MaCCbl CHCTeMbl 12 MeHl!eTCll B npenenax ( F ' F ), r.cte 3Ha'leHHll F - MoryT 

6h1Tb Hall.cteHbl H3 ycnoBHll 9KCTpeMyMa ( p I + p 2 i2 
(p + p ,2 = m 2 H ( p I + p. + p 3 ) 2 = MA2 

2 3 23 ' • 

rne 

H 

·+ 2 2 2 
F- = MA -m

2 
- m

23 
- 2w~ w*

3 
:!: 2p; p*

3 

w* 
I 

M2-m2 - ma 
A 23 - I 

2m
23 

w* 
3 

p* 2 = w*2_ m 2 
I I I 

2 
m 

23 

+ 

2 
-m3 

2m2 ; 

IlpH cpHKCHpOBaHHblX 

nony'laeM: 

2 
m2 

nnoTHOCTb TO'leK BH'fTPH HHTepaana ( F F ) -a cny'lae H30TponHH pacna.cta ( 2,3) ➔ 2 + 3 
2 17 2 

Il0CT0SIHHa H paaHa 'It (m ) = (---), .flcHo, 'ITO 
2 12 2llA 2 

ecnH HMeeTCll cneKTP KBa.ctpaT0B Mace. 

MA CHCTeMbl, TO pacnpeneneHHe 110 m 12 nony'IHTCSI cyMMHpoaaHHeM TaKHX n- o6paa~ 

Hb!X KpHBhlX Ailll Ka:>K.ooro 3Ha'leHHSI 
2 

Ma 
A 

C aecaMH, paBHblMH aepol!TH0CTSIM 9Toro 3Ha'le-

HKH lif A 

npHMeHHM 9T0T pac'leT K aawHM .ctaHHhIM. B HaweM cny'!ae MA a M· * A , a qaCTHUbl 
z Y, ➔ '11 . 

1,2. H 3 C00TBeTCTBeHH0 llBill!IOTCll A, y y • CneKTp M * ➔ A O npH Haw11x sHepr11-
Y 17 /4/ 2 

RX He1tasecTeH 1 HO MO>KHO npe.anono»olTh, 'l!TO cneKTP. UA
11 

+ Ha pa6oThl H cneKTP 
2 

l.l A,,o coanana10T n o6nacTH !.IA,, = 1385 Msa. Tor.eta, B 9T0M npe.ctnono:>KeHHH, Mo:>K-
2 2 

HO Bbl'IHCilHTb pacnpe.cteneHHe MJ\y H3 pacnpenenemill !.I A,, • OHo 6y.cteT HMeTb DH.ct, 

H306pa:>KeHHblll ua pHc. 3. BHAHO, 'IT0 OH OTilH'laeTCSI OT 9KcnepHMeHTailbH0 Ha6nIO.ctaeMoro 

( o6a pacnpe.cteneHHll H0pMHponaHhl Ha nonuoe 'IHcno cny'!aea). 

AaanorH'IHbie pac'leTbl 6bmH npo.ctenaHbl H C npyrHMH HaneCTHblMH r11nepou-mtOHHblMH 

peaoHaHcaMH ( 1520 Msa, 1660 Msa). HanH'IHe 9THX peaoHaHcon npHB0.ctHT K pacnpe.ctene-

xi * ( ) o Y
1 

1385 Msn peaoaaHc M0:>KeT pacna.oaTbCll Ha A -runepoH H rr -MeaoH, 
rne ,,o -Meaou,s cnoIO 04epe.ctb,pacna.ctaeTcS1 Ha nsa y -KnaHTa, 11a-aa Manh1x paaMe-
poB KaMepbr Mbl B 6onbWHHCTBe cny'laes ua6n10.ctaeM T0ilbK0 OAHH y ·-KBaHT OT pac-

na.aa 11 ° -MeaoHa. 
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HH!IM AtAy ' C;lBHHYTbIM OTHOCIITenbHO MBKCIIMyMa B axcnepuMeHTBnbHOM pacnpeneneHIIII 

(1340.Msa) II o6na;:iaIOWHM 3HB'IHTenbHO 6onbwel! w11·p11Hol! r. TaKIIM o6paaoM, IIHK B 

pacnpeaeneHHII acj:,cj:,eKTHBllblX MBCC u Ay - 1340 Msa, 110-Bll;lHMOMY, Henb3!1 06'b!ICHIITb 

113BeCTHbJMH rHnepoH-nHOHHbIMII peaoHaHcBMII. BoaMO)KHO, '!TO 11ony'!e1111bll! B i3KCllep11MeH

Te MBKCHMYM 06'b!ICH!leTC!I cyweCTBOBBHlleM HOBoro He11aaeCTHOro peaoHaHca, cywecTao

BBHlle KOTOporo y)Ke .o6cy)Kaanoch a n11TepaType. B pa6oTe
151

renn-MaHH npeacKa3bIBaeT 

CHHrneT Y* ➔ A + y c Maccoll, 0Tn11'!Holl OT ~ 0 
- rHnepoHa·, H 11aoT01111qecKHM cn11-

HOM I paBHbIM Hynro. Ecn11 TBKOJ! pe30HBHC cywecTayeT, TO B IIMnynbCHOM cneKTpe y 

KBBHTOB aon)KeH Ha6monaTbC!I MBKCIIMYM a TO'!Ke 

+ 
F = 

2 2 

!,/·v/ - lt Ao 

2M 

xi 
OaHBKO 3TO _He cornacyeTC!I C HBWIIMII ilBHllbIMII /CM. p11c. 4/ • noaTOMy 11p11 IIHTepnpe-

TBUHII MBKCIIMyMa ·a pacnpeneneHHH J.IAy np11 1340 Mea Heo6xoa11Mo TBK)Ke paccMoT-

peTb H apyr11e D03MO)KHOCTII. 

B.n. Hocj:,cj:,e
171, aHanHa11pyS1 6LICTpoe HaMe11eH11e ce'leH11S1 po)KaeHHH TJ 

O 
-MeaoHa c 

aueprHell HaneTarou.1ero l( -MeaoHa a peaKUHII: 
0 0 

K+p ➔ A+TJ 

IIPIIXO;lHT K BbIBOay, 'ITO 3TOT cj:,BKT MO)KHO o6'bHCHIITb HBnll'jHeM peaoHBHCB B CHCTeMe 

Ari 
O 

c Maccoll = 1680 Maa II r .!, 20 Maa, HaoTOIIH'!ecK11ll cn11H TaKoro cocT0>11111>1 

aon)KeH 6b!Tb paaeH Hynro. nonycKBH, '!TO TBKOll pe30HBHC aellcTBIITenbHO cywecTByeT, 

MO)KHO oueHIITb, 11p11 KBKOM 3HB'leHHII 6yil;!T HBXO;lllTbCH MBKCIIMYM B pacnpeaeneHIIH 
2 

l,f Ay • Pac'!eT, BHanorlI'IHblll TOMY, KBKOll 6hm npoaenaH anH r1111epoH-IIIIOHHbIX peao-
2 

HBHCOll, IIOKB3bIBBeT, '!TO B 3TOM cnyqae ClleKTp MAy 

·KoM ( ~ 1,7 - 2,0) raa, '!To coanaaaeT c aKcnep11Me11TanbHO Ha6nroaaeMbIM aHa'!eHHeM. 

C apyroll CTOpOHbI, MO)KHO peWHTb o6paTHyIO aa;:iaqy: a npeanono)KeHHII, '!TO cywec-r-

ayeT npouecc Y*: .. A
0 

+ TJ O 11 '!TO p0>KaenHe A II TJ O apyrHM nyTeM noaaane):'9, ...cne-

ayeT O)KllilBTb, '!TO pacnpeaeneHll0 110 'I • ,, Ay HMeTh, KaK 6b1no OTMeqeHO BbIWe; 

2 2 

!.IA= ,I/Ar, n- o6pB3HbJli BHil, rpaHIIUbl 3TOrO pacnpeaeneHHSt 3BBIICHT KBK OT TBK 

2 
H OT ffl 

23 

2 
m 

TJ 
• Bairn 3TII rpaHIIUbl H3 3KC11ep11MenTa, MO)KIIO nony'IIITb 3HB'len11e 

MBCC !.I A 
npaa,f TJ 

(M Ay II 

cpopMynaM: 

H m T/0 nyTeM peweHll!I CHCTeMbl aayx 
nea. 4 2 2 

F = ( A/ Ay ) OTIIOCIITenbHO f.l A II m 23 

ypaa11e1111ll anH KOHUOB Clll ,cTpa 

• Pac'!eTbl npr!BOilHT K npOCTbIM 

xi <PopMyna "nH w Y* ~ ., c11paaean11aa II Koraa s pacnaaaeTcH HaoTponuo, H Koraa 
pBCIIB;l y* He 1130Tp011ErH, ecnH TOnbKO 113-3a ne11on>1pll30BBHHOCTII pO)K;leHHblX Y* 
aeposITnolTb pacnaaa Y* a aaanroro II nepeanro,o nonyccj:,epbl oa1111aKoaa. 4To6br Jaa11-

- s 
HyTb Benll'IIIHY Py B CTOpony 3KC11ep11Me11TanbHO na6n,oaaeMblX 3HB'1eH11l1, HBilO ao-
nycTHTb, t.ITO CnHH Ys* aen11K H Ys* p0)K.!l8IOTCH CHnbHO nonHpHoooaHHbJMH. 
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H 

m .,, 

.If = 
A710 

nea. 2 

I [(t.t Ay) 

neB. 
M Ay 

npaa. 
t.: Ay 

m Ao 

2 npaa, 2 2 ½ 

(MA) )[( M Ay ) - (MA ) JI 

MA 

( i--. (npaa.) -- . 
nonara11 ll A nea.l. V 1,7recrn. MA = V 2.0 r3a, nonrmM nn11 MA O ""' 1060 M3B 11 

y y . .,, 
:1

11 0 = 495 M3B. 3To 6m13KO K o>KHnaeMbIM 3H8'teHHHM. KpoMe Toro, B nonb3y A11 ° 
pe30HaHca roaopHT H To, 'tTO cpenHee 3Ha<teHHe PY , paCC'tHT8HHOe no q:>OpMyne ( CM. 

Bhrwe), coananaeT C 3KCnepHMeHTenhHO Ha6monaeMblM cpenHHM 3H8'teHHeM MMnynbCa 

y -KaaHTOB, B3S!TbIX H3 06nacn1 mrna B pacnpeneneHHH l!Ay , H paaHo ~ 450 M3B (cM. 

pHc. 4). TaKHM o6pa30M, <13yqa11 pacnpeneneHHe no 3cpcpeKTHBHbIM MaccaM !.1 Ay , Mo>K

HO CK338Tb, 'tTO,no-BHJlHMOMY, HMeeTCSI yK838HHe Ha cymecTBOB8HHe paHee He Ha6monaa

weroc11 pe30H8HC8, KOTOpblll MO>KHO HHTepnpeTHp0B8Tb K8K pe30H8HC A.,, O C M/lCCOii 

~ 1680 M3B HnH, MeHee aepOS!THO, Ka K pe3oHaHC Ay c Maccoll DKono 1340 M:m. 

B 38Knro<teHHe Mbl xoTHM .no6naronapHTh 3a ".HTepec K pa6oTe H yqacTHe B o6cy;K

neHHH pe3ynbT8TOB 8K8ll, B.1-1. BeKcnepa,' M.A. EannHHa, E.n. l-1ocj,cpe, Ml-1. nonropeu

KOro, B.M. WexTepa, 1-1.B. 4yanno H 3.r. 6y6eneaa, M.1-1. Conoabeaa, H.M. Bnp11co

aa, B.A. EensiKoaa· H B. TTeHeBa 3a noMOlllh a o6pa6oTKe MaTepHana; n. KynroKHHY 3a 

npoaeneHHe pac'teTOB KpHBblX no MeTony Monre-Kapno. Mb! 6naronapHM r • .n. rlecTOBY, 

B.<ll. HHKHTHHy, r.n. Pe3ayro H M. MyMHHOB8 38 noMOlllb B pa6oTe. 
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. pH 

• • 

1 
I 
I • I 

~ 
L 

0 CJIIUL♦ <lill1UI.IVlllllU M.r(ub) 

c, l, 1HCTorpaMMa pacnpeneneHHH no scpcpeKTHBHblM MaccaM M l).y • KpHBbJe (a) H ' 
( 6) - cpOHOBble KpHBble, paCC"lHTaHHble no M0TOllY MouTe-Kapno, HOpMHPOB8HHble 
Ha nonaoe "lHcno cnyqaea {a) H no cpoay {6_), 6ea co6b!THJI, ne>KaLUHX a HHTepaa
ne 1,3 - 1,4 1sa, 

,. 
• 
• 
• .. 
IO ,. 

",. 
J: 
j~ □ 

<:: .. .. 
" • 
• .. ., 
" • 

pH C, 2, vlneorpaMMa pacnpeneneHH>I ScpcpeKTHBHblX Mace MAy • KpHBble (a) H (6) -
aHanorH"lHhle KpHBblM Ha pHc. 1. 
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P II c. 3. r11cTorpaMMa pacnpenene1111!! acpcj:,eKTIIBHbIX Mace MA 

nonyqeaa 113 pacnpenene1111!! !J ~" + y 
nyHKTl!pHas_r Kp!!B8!1 

N 

BO 

60 

40 

1J 

ptplj 
P II c. 4. vlMnynbCHoe pac;npenenemie y -KBBHTOB a na5opaTopaoil CIICTeMG KOOµnn-

HBT. nyHKT!!pHB!I KpRBB!I - HMIIYilbCHblli ClleKTp y -KBBHTOB R3 pa50Tb/8/ 

3auJTpRXOB8HHB!I o5naCTb - HMnynbCHblil cneKTP y - KBBHTOB 113 o6naCTH 

!.i Ay 1,3 -: 1,4 raa. 


