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TopM031108 uany11e11ae CB/ll,HO~3aBMOll811CTny10m11x 'laCTHll l!Bnll8TC!I llO HaCTO!I-

mer.o npeMeuu Manouay11e1111b1M nponeccoM. BcnencTnHe Manoi! nepo!!THOCTB aTol! peaKllBB 

u. TpynuocTei!, cnS1aa1111l>!x c ee peracTpan11el! aneKTpo1111O.l! annapaTYpol!, sa11ano uccneno-, 

BallB!I TOPM03HOro .-.uan111esu!I CTano _n03MOlKJibIM TO/ll,KO nocne pa3nBTB!I M8TOllBKB n_y3blpb-:, 

KOnl>IX KaMep, 

HcnycKaHB8 Y -KnaHTOn npu naaBMO.ttel!CTnBB 1T -M83O11On C !l.[lpaMB ol>lno ,mepnbie 
/1/ 

oosapylKeHo n paoOTe , a nepnl>le peay/ll,TaTl>I • no TopM03HOMy uany11e11u10 

1T -Me3OHOn n (,r p) -n3aBMOllellcTnBlllt Ol>lnB nony'l8llbl Ha nOllOPOllllblX nyal>lpbKOnblX 
/2/ /3/ . . 

. KaMepax n 1961 r. B 1962 r. npu U3Y'l811BH peaKllBH: 

Jlanbuel!wee saKonnesue CTaTHCTH'l8CKoro MaTepaana ann10cTpapyeTCS1 Taonanel! i. 
/ 

Taona·na 

ron. naoopaTopns ;' Tan pe,aK!lRH 3sepra!I 1lacno HoMep 
Ha'lanbHblX cny- CCblnKH 

:;,.. - I M83O11On '!aen 

'J.9,61 Carnegie Inst.of Technology " -p ➔ rr'.:'y p 225 Man 4 2 

" p ➔ " y p 128 Man, 0 4 
162 Man 

1062 Llyou8: ,,-p ➔ "· 'l' p 340 Man 9' 3 

1,963 UEPH rr.+p ➔ ,,+y p .300 Man 18 5 

1964 Brussels ,r+p ➔ ,r+y p 500 Man 8 6 

/10/ 
.~a.a~omie. u,:i:~pecaMe q>H3J!'leCK~e peaynLTaTbI MoryT obITb nonn:eHbl · · ua a11anuaa. 

3HeprH'lllblX. y, -Kn_all'l'On, .. HCHYllt8HHblX n peaKllllH! 

rr + N ➔ rr+ y.+. N, (2) 

3 



3TO CBB38HO C T0M, 'ITO BM0HHO B lK0CTKYJO 'IBCTb cneKTpa TOpM03Horo B3ny'leHBSI uaeT 

MaKCBMBHbHblll BKnau llBarpaMMB <t>ellHMBHa, npen=aaneHHBSI Ha pacyHKe 1. Bb11XeneHae 

BKnana STOii !lBarpaMMbl B Ce'leHae peaK!lHB (2) noaaonsieT nony'IBTb Oll8HKY OUHOII B3 

KOHCTBHT nponecca: 
:,,I. 

y+11 ➔ 11'+11'., 
(3) 

KOTOpb!II TeopeTH'l8CKB H3Y'IBHCSI PS!llOM aBTOpOB C IlOMOlllblO llHCnepCBOHHblX COOTHOme -
. /7 8 9/ /9/ 

HBII • • • B paoOTe Ob!HO nonyqeHo 0611100 Bb!palKeHBe llHSI aMHHHTYllbl qJOTOpOlK!l8HBSI 

x) 
11 -Me3oHa Ha 11 -Me30He f(v) , 3SBacsimee OT llBYX nocTOSIHHblX C B A • Koa-

C:TaHTa A npa6nBlK8HHO Y'IBTb!BaeT BKHB!l UpOM8]1(yT0'1HblX COCTOSIHBII C TSllK0HOII Maccoll, 

a napaMeTp C paaeH BMHHBT)'!le «pOTopolK.!le~BSI B TO'IKe · v=- ...2_ • Ilpa HeKOTOpbIX 
. 16 

npennonolKeHHSIX 9TB KOHCTSHTbl MoryT Ob!Tb CBSl38Hbl M0)KllY coooll npOCTblM COOTHOW0BBeM: 

C =a. A , (4) 

rne a - nerKO Bbl'IBCnsieMblll K09«p«pB!lB8HT, 3aBBCSimBli OT BBllS «pa3bl 1111 -pacceSIHBSI B 

p -COCTOSIHBB, Bbl'IBCH0HH0 napaMeTpa A MO)K8T Ob!Tb Bb!IlOHH0BO TOHbKO no TeOpBB 

·ao3MYlll8HHil. IlapaMeTp C He Bbl'IHCHSleTCSl TeopeTB'l8CKB I BO KaK Ob!HO Il0K838HO B pS!lle 
/10 11 12/ . 

paooT • • I ero 3Ha'leHHe MO)KHO onpenenHTb B3 aHSHH3a peSK!lBB ( 1) npa MSHblX 

SHeprHSIX, nocne Toro KaK aall!leHa KOHCTSHTa C H no qiopMyne (4) Bbl'IHCHeHa BeHH'IHHS 

A , aMnHHTy!la f(v) IlOHHOCTblO onpeneneHa, B nosmnSieTCSl B03MO)KBOCTb OllBCbIBaTb 

npoueCCbl npn Bb!COKHX 9Heprnsx. B 'laCTHOCTB, C llOMOmblO f (v) Bbl'IBCHSleTCSl BepOSIT-

HOCTb pacnaJla p -Me3oaa Ha 11 -Me30H B Y -KBaHT, r pry 

/10-15/ . 
PaoOTbl llO onpe)leHeHBJO BeHB'IBHbl KOBCTaHTbl C B COCTB.BHSIJOT conep-

. B . • /l0/ 6 . (1) )KSHB0 uaccepTaUHH, nepBOH B3 HBX b!HO noKa3aHo, 'ITO llHarpaMMa llBeT 

BKna)l npenMymeCTB8HHO B COOblTHSl C )K8CTKBMB y -KBBHTSMB. HcxO!lSl. 83 npennono)KeHBSl 

/2 3/ 
0 ·ToM, 'ITO saeprH'IHble qJOTOHbI, o6Hapy)KeHHble B peaKUBB ( 1) • • o6ycnoaneBbl B oc-

HOBHOM HMeHHO STOi! J]HarpaMMOII, npenno)KeBO onpeneHSITb KOHCTBHTY ~OTOPOlK.!leHBSI 11 -Me-

. /11 12/ 
30H8 Ha 11 -Me3oHe 83 aaana3a TOpM03HOro B3ny'leHBB. B ll8HbHeliwax paoOTax 1 

ObinH paCCMOTpeHbl npyrne Haa6onee B0pOSITHble MexaHB3 Mb! TOpM03HOro .H3HY'l8HBSI B Bhl

'IHCH8Hbl COOTB8TCTBYJOIUB8 BM Ce'leHBSlxx) • OnaoBpeMeHHO C TeopeTB'18CKHM B3Y':10HB8M 

peaKUHH ( 1) Ha CHHXpOUBKHOTpOHe naoopaTOPHB Slll0PHblX npo6neM npoBO!lHHOCb SKCnepa-• 

M8HTaHbHOe HCCHe!lOBaHHe (11-p) -B3aBMOUeliCTBHSI npB cpeuaei! KHHeTH'leCKOli 3Hepr1111 

11 -Me30HOB 338 Msa. AHaHB3 UOny'leHHblX !laHHblX ll03BonBn onpeuenBTb 3Ha'l0HB0 KOH-

C'I'.aHTbl C H uaTb aepJt.HlOJO OU8HKY C0'10HBII UBYX upyrax aneJtTPOMarHBTHblX nponeccoa: 

x) 
V -KaaupaT HMifynbca 11 -Me30Ha B c.n.11. llBYX 71 -Me30HOB, 

xx) /12/ . 
B UBCcepTaUBJO He BKnJO'l8H pa3UOH paoOTbl I B KOTOpOM HBIIU0HO llDBOHBlK0H-

Hoe Db!pa)K0HBe AHB f(v) 1 3aDHCSIIllee TOHbKO CTr OUHoro napaMeTpa - KOHCTBHTb!·C 

4 

I j 

: / 

·1 

11 + p ➔ 11-+ 11+ + y + n 

(5) 

11 + p e++e-+ n. 

(6) 

B nepaoi! rnane 
uaccepTanan onnChIBaeTcsi noc-raiioaKa SKcnepnMeHTa. Bo BTopoli -

paCCMBTPHBSIOTCSI ,iaa6onee nepOSITHble M8XBHH3Mbl TOpM03Horo. nsny'leHBSI H llp0H3BOUHTCSI 

Dhl'IHCneHHe COOTB8TCTBYIOIUHX Ce'leHali. __ B , :rpeTl,eli rnane: mino)KeHa npoueuypa Bbl!leneHHSI 

peaKUB~,(l), (5), (6) a onpeueneHHSI KOHCTBHTbl C 
'~t. ' , . ' 

' .. ·.:.·;1· 

:1:-
!1'J.;~t, 

''"'fs."il· a· B a·,_. f'' 
,, ~,-). {·'•.J"'t!{ <.!>, 

'.";:,:. 
B SKCnepaMeHTe HCHOHb30BSHCSI Hy'IOK 

KOTOporo npnaeueHbl a TBOHHUE!°, 11 
11 -Me30HOB, SHepreTH'leCKHe napaMeTpbl 

Ta6nanall 

-- -
],b. ,SKCll03BllBH 2 - 5 ,9 10 11 12 

CP :!: ~ P > ~ 
463±_1 l , 458;!:_ll 484±_1 l 454±_1 451±_ 11 C 

C llOMOlllblO OTKnOHSIIOlllero MarHnTa 
11 -Me30Hbl BBO/lBnBCb B 25-caHTBMeTpon.yro 

/18/ , )KBAKOBO/lOPOllH}'IO llY3blpbKOBYIO KBMepy, llOMeIUeHHyIO D MBrHBTHOe none • HanpmKeH-

HOCTb nonsi B neirTpe pa6o'l·ero 00'.beMa K8M0pb! npa TOMUepaType' 21 °K. COCTBBnsina 

1212·0 apCTe/l npa cpe11aeli HeOAHOpO/lHOCTH 280 spcTeA. 

Ilpu npe11napnTenhHOM npocMoTpe · nony'leHHbIX CTepeo«pOTorpaqiuli perucTpuponanucb 

nee 11nyx- a 'leTupexny'leBbie 3B.03/lbI. Cny'lau, y11onneTaop~111ue icpnTepSIM ·up
7

11napnTenb

Horo npoCMOTpa, 06paoaTb1aanncb Ha penpoeKTope. Cpem1srn TO'IHOCTb yrnonh1x, H3110peHni! 

COCTBBnsina 1,7°, a OTHOCHTem:.Ha>I OIIIB6Ka npa H3MepeHHB PSABYCOB KpHBH3Hbl neR<ana. 

B BHTepaane' ( 4- 7 )_%. Cnyqa.a, B/leHTBqJBUHpOBSHHblO _KaK Heynpyrue, o6pa6aTblBS~BCb H
0e-

38DHCHMO llBYMSI na6opaHT8MH •. no nony'leHHblM pe3yHbTSTaM Bbl'IHCHsmBCb cpeAHHe Iieria- .. 

'IHHbl yrnon H paAnycoa• H BX OIIIHOKH1 nocne 'ler'o, COOblTHe OOC'IBTb!Banocb IlO CllOUBanb

HOli nporpaMMe Ha aneKTpOHHO-C'leTaoli MawnHe H HAeaTmlmnupoaanocb c .,noMOlllbIO pSI,!Ia 

KpHTOpHeB, 

H~ 250.000 CTepeoqioTorpaqiuli, nony'leHHblX D 9KCnepBMOHTe, OblnO 3aperHCTpHponauo· 

12660 Anyxny'IOBb!X 3B03/l ,u3 KOTOpb!X ·.'l'OnbKO : 7405 COOblT.Bi!. YllOBHeTBOpsinu reoMeTp.B'le

CKHM KpHTepHsiM. Ilpa aaannse aToro CTB7IICTH'leCKoro MaTepnana 6hin o nue11Tuqinntt.poa~i10 

5 



720 cnyqaee c poJKneaaeM 

oblna.npOToHoM. 

11:':.-Me30Ha H 8885 3B83A, B ItOTOpbIX nonOJKHTellbHall 'laCTaua 

!-

rnaBa II 

B KS'!eCTBe B03MOJKIIbIX MeXSIIH3MOB TOpM03Horo H3ny'leHHll paCCM8Tp1rnanecb npo

neccbl,·. OIlHCblB80Mble AHarpaMMSMH ¢>ei!HM11Ha, npencTaBneHHbIMH Ha pacyaKe 1. 

.ilmI Bbl'IHCHeHHll na<M,epennHallbHbIX C0'18~Hft C IlOM;,DlblO AnarpaMMbl 1 . (pHC. 1) 

neo6xonaMo accnenoeaTb 3SBHCHMOCTb f(11} OT 3Ha'!eanil napaMeTpa a , BHna q,83bl 

I · • /9/ 
1111 -paccesmall Ii 

I 
a nonno11 sHepr11e. C noMonu,10 oomHX cooTaoweani! paOOTbI Obin 

nony'!eH >IBHblli BHA .aMnnaTynbI tjlOTopoJKneHHll nnll . li1 
' B3HTO1i B 6peiiT-BHrHepOBCKOH I . 

tjlopMe: 

t g /i I = -1:..Y.!::_ 
I ' 

_hl=- [a(v+ 4>2 + A ]A' <,'k+¾r + 11, )2 

( V +~+II +..2..)(v+iyyv-11) 
(7) v-v 

r 
c 

8 r 8 r 

(rne 11 - xeanpaT aMnynbca " -Me3OHa B c.n.a. Ha'!aJlbHb!X '!aCTHU, 11, -8,55, y =0,5, 

A =-58 ) a 6onee TO'IHO ctjiopMysmpoeaHo TpeooeaHae, noaeon>110mee CBll3aTb MeJKAY coooi! 

KOHCTaHTbl C H A • .nm1 nccnenoBaHHH 3aBHCH"'0CTH jf(v) 1
2 

OT a Obllla ycTaHoeneaa 

oonaCTb nonycTHMbIX 3Ha'leanii sToro rrapaMeTpa. B cny'!ae 6pefiT-BaraepoecKoi! q,B3bl 

a =1,21, a nnll tjla3bi 113 paOOTb/
91 

a =0,96. IlpnMble Bbl'IHCnea11H IlOK83an11, '!TO npn 

saepra>1x e c.n.11. 11 J' t AOCTyilHblX B npoBOAIIMOM 9KCil8pllM0HTe, I ffv) I npaKTH'!e-

CKH He 38BHCHT OT 3Ha'leaail II a a (nm1 0~a:. 1,2 ) II C TO'IIIOCTb!O no aeCKOHb-, 

KHX npoueHTOB COBnanaeT C KOHCTBHTOil C 2 
• Pacnpenenea11e y -KeaHTOB no HMnynb-

cy B c.u.11. Ha'!allbHbIX 'IBCTHU, Bbl'IIICneHaoe C IlOMOIUb!O . naarpaMMbl 1, HMeeT MSKCHMYM, 

neJKamaii B lKeCTKOii 'ISCTII ·cneKTpa tjlOTOHOB (pac. 2) • 

. } 
.Uu¢tjlepeanaaJlbaoe ce11eaae du,x , rAe k - BMnynbC <pOTOHa B c.n.a.! H8'1HH8ll 

HHlKHllll KpHB8>1) 0 YMeHbWeHH8 ~ C poc
dk 

MaB dk 
k = 100 ~ , 61,1cTpo y6b1BSeT. (pnc. 3 , C 

TOM k CBll3aao, B OCHOBHOM, C USA8HHeM ce'!eHHll ynpyroro 11N -B3aHMoneiiCTBBll npn 

yMeabweana sHepruu B c.n.n. sTBX qacTnn. ~ MOHOTOHHO y61,1BaeT c pOCTOM k , oc-
dk ' 

(pnc. 3, eepXHll.ll KPBBSS!). IlpH OOJlbWHX k TaeaHCb see epeMll 6oru.we, 'leM ~ 
. dk 

( · k > 160 .t:1u_ ) BellU'IUHOi! ~'!2 . 
. c dk 

11 UHTeptjlepeanaoHHblM 11neHOM Me}l(ny nnarpaMMSMII 

2 n 3 MOlKHO npene6pe'lb, Tait KSK: 

x) 11 6 • · HneKc Ce'!eHHll O 03HS'!aeT HOMep AHarpaMMbl, C IlOMODlblO KOTOpOH OHO 
BhI'IRCJISUlOCb. 

s 

~l=0,1 
dk 

k = 160 Mse 
C 

~I a 
dk 

240 

f 
160 

~ dk = 0,06 
dk 

240 

f E.£.i.. dk 

160 d k 

11HTeptjlepeanaoaabii! 'lnea MeJKny AnarpaMMSMII 1 11 2, I 11 3 nocne CYMMllpOBSHIIH 

no HOHS!pll38UIIII COAepJKHT B K8'18CTB8 MHOJKHTeng cyMMy: 

f 

(8) 

· mnrs 
qn q; ks qm • 

(9) 

TaK KBK f mn,s - SHTHCHMMeTpH'IHblii TeH3Op, a q , k - KOMilOHeHTbl IIMilynbCOB, TO 

O'leBIIAHO, '!TO CYMMB (9) paBHa aynro, T.e. M8JKAY (I) II (2), (I) H (3) IIHTep(j)epeaueg 

OTCYTCTeyeT • 

.UearpaMMa 4 on11cbleaeT o6pa3oeaaae ( 3/2, 3/2 ) - H3o6apbr, KOTopag 3aTeM pacna-

AaeTCH Ha npOToH H J' -KBBHT • .ilnH Bbl'IHCneHeH u ObinH HCilOllb3OBl!Hbl pe3yJlbT8Tbl 
/17/ - 4 

pa60Tb1 , e KOTopoa oblno onpeneneeo ce11eaee npouecca: 

rr-+ p ➔ 13/2 3/
0

/ "-, 

I\ . 
710 p 

OIIl!CblBSeMoro AearpaMMOi! 5. BMno IIOK83aao, '!TO CBH3b MeJKny u 
4 

cooTaoweaneM: 

~ 
us 

_k_[~ _e_]2= _l. 
q 

2 
4M f q 

2 

1 
400 ' 

H (7 AaeTCll 
s 

(10) 

r11<1 gp, gN - MarHHTHbie MOMeHTbl npOTOHa II aei!Tpoaa, I - KOHCTSHTa M83OH-eyKnoa-

aoro B3SHMoneficTe11>1, k q - at,nyJlbch1 ¢OToaa a 11 -Me3oHa e c.n.11. 11306ap1,1. C no-
• ' 

2 
/17/ 

MOIUbJO ¢opMyn1,1 (IO) 11 3Ha'leHHll us H3 pa60Tb1 IIMeeM: 

-27 2 
us = (0,1 :!:.0,01) • IO CM , u

4
= 0,5•10-30 2 CM 

nony'leHHhlll pe3yHbT8T UOK83bIB8eT, '!TO pOlKAeHne H nocnet1y10mafi PllllHSUUOHHblil pacnan 

(3/2, 3/2) H306apbl npn 9Hepraa 340 Mse /:taeT B Ce'!eHHe peaKUHH (I) He3Ha'IHTellbHblii 

eKnaa. 

.UaarpaMMa 6 0Tn11'laeTc>1 oT naarpaMMbl 1 eepwanoii, y'IHThmaromell nepepacceHa11e 

Me30Ha Ha HYKHOHe. TaK KSK 9TOT nponecc IIA8T B OCHOBHOM qepe3 (3/2, 3/2) -pe3OHSHC, 

TO (T 

6 llPIIOllHJKeHHO paeao u, . Ce'!eHHIO o6pa30B8HHll H306apbl II tjlOTOHa: 

1T + p ➔ 1 )\2,3/!Y• 
p (II) 

7 



OneHKY nocneiwero M0>KH0 nony'IBTb, CB>I3bIBa>I a7 

peaKIIBH: 
77-+ p J + 770 

,r2,3/2 
77- p 

/17/ 
C a

8 
B3BeCTllblM Ce'leHBeM 

~ 

TaKa>I ca>1ab 6bma ycTaHoaneHa npn6nn>KeHHo. TTpn saeprnn nepan'IHblX 'laCTBII 340 Msa 

C00THowenne M9>KIIY a 
1 

n a nMeeT ann: 
8 

-2 
a

7 
~ 3,5 10 a 8 

C noMotnblO a 8 
/17/ 

B3 pa60Tbl HaX0IIBM: 

-27 2 
Ug= (01}±_0,0})•10 CM a7 ~ 3,5•10-30 2 CM 

Bb!•rncnna pacnpeneneirne <j,oToHoa no nMnynbcy a c.n.11. (pnc. 4), uaxolIHM, 'IT0 

k > 160 ~ ) C0CTaBmreT 
C BKnan J:marpaMMbl 7 B )KeCTKYIO 'laCTb cneKTpa y -KBaHT0B 

np116n11anTenbH0 23% oT aaa'leHn>I a
1 

n paaeu: 

~ -30 2 
A a

1
- 0,8 • }0 CM 

rnaaa III 

OTneneane cnyqaea peaKn11n (1) OT co6b1T11ft peaKn11ft 

77 + p ➔ 17- + 11° + p (la) 

TT+P ➔ TT+p (16) 

npon3B0.[llW0Cb no 0TKn0H9HlllO OT KHHeMaTnKn ynpyroro aaa11M01IeHCTBH>I. KpnTep11n OT.Qe

nemrn peaKnnft (1) 11 (la) OT nponecca (16) <j,opMyn11poaanncb paann'IHblM o6paaoM nm1 

Tpex lll!Tepaanoii 3Ha'l9HHi'! yrna pacce>IHHSI npoToHa 0' 2 ' nocKonbKY TO'IHOCTb H3Mepe- ·' 

HHSI aenn'IHH, xapaKTepnayrorn11x KHH9MaTHKY c06blTHSI, B 3Ha'IHTenbHOil CTeneHH 6npenensreT

CSI reoMeTpneft cny'lasr. 

B Ka'leCTBe M9pb! 0TKn0H9Hl{SI OT ynpyroft KHHeMaTHKH nm1. Ka>Knoro cny'lasr, yron 

0
12 

KoToporo npuaa.11ne>Kan -MY IIHTepaany, 11cnonbaoaanacb aenn'l11Ha: 

x2 
I 

( a I + a I) 2 + ( /31 + bl ) 2 

2 2 

aa "/3 
I, I 

r.11e a, , ·13
1 

- nepeMeHHbie1 xapaKTepuayrornne 0TKnoaemrn 

-ro HHTepsana, o aR - .11ncnepcnn pacnpeneneu11ft 
a, I 

8 

OT ynpyroa KHHeMaTIIKH nnsr 

no 9TBM nepeMeHHblM, a 

I 

al , bl - napaMeTpbI, Y'IHTb!Barornae CMerneHHe rncTorpaMM no OTH0W9Hll!O K Hynro. 

3KcnepaMeHTanbHble pacnpe.11eneun>1 xopowo onncanacb nopManbHhIMn KPHBb!MH 

- Cat+ a1>2 -~'2 
2 a 2 

rfl ~ _ 1_ e f31 
I at3

1 

r;, 
I 

1 ~ ~--e a 1 H 
a 
al 

napaMeTpbI K0T0pbIX npaae.11eHbl B 

HaTepsan 
al yrnos 8

12 

0<0 <HJ' 
- 12 

SE 

2 llJ' < 0 <700 A<f, - 12 

3 700 < 0 AO 
- 12 

T,a6nnne III 

Ta6nnna III 

a a al 
1 

35 Mas 0 

2" 0 

2° 0,45° 

B Ta6nnne npnH>ITbl cnenyromae o6oaHa'leHH>I: 

{31 a {31 

M 3" 

AO 2,3" 

Ao· 1,5° 

b 
1 

0 

0,64° 

0,15° 

:\ E - OTKnoaeaae OT aaKoHa coxpaHeH11>1 saepr1111; AO, AO' - OT1tnoaea11>1 OT Koppen!I-

llllll M9>KIIY yrnaMH BbineTa 

K0MnnaHapH0CTH. 

77 -MeaoHa n upoT0Ha, a A¢ 

2 
Pacnpe.11enettnsr ynpyr11x co6hITHH no senn'lnHaM x 

I 

BblMll C IIBYMSI cTeneH>IMll CB060llbI. Co6b!TB>I, HM9l0Dllle 

neccaM ( 1) a ( 1 a). 3Ha'leHnsr X
2 

m,1611pan11cb TaKnM 
• I rp 

OTKnottenne C06bITllSI OT 

xopowo onBCb!BalOTCSI j( 2 - Kpn-

x 2 > X 2 
1 0TH0cnnncb K npo-

1 .1 rp 
o6paaoM, 'IT06br npnMeCb co6bl-

TIIH peaK1111l! ( 16) C 9Heprneft nepBH'IHblX 11- -Me30H0B, paBH0H 338 Msa, B nponeCCbl (1 ), 

(la) ae npesocxonnna 3%, a na<J,<j,epean11anbHasr npnMeCb ynpyrax cny'laes B co6hITH>t, 

npnaanne>Karn11e nnTepsany x 2 
, x 2 +~ (rne A - war rncTorpaMMbr), ne npesb1wana 

,rp I rp 

10%. TaKHM o6pa30M, cpenn 6685 3B93.ll, B K0T0PblX nono>KnTenbHa>1 qacTnua 6hma npo-

T0H0M, 6bm 0 11.QeHTH<j,HnnpoBaHo 

OCH0BaHHH pacnpeneneHH>I 9TBX 

'IT0 peaKIIHH (1) np11aanne>KHT 

185 cnyqaea, npnaanne>Kamnx peaKnB>IM (1) !I (la). Ha 

co6bITBH no KBanpaTy HeftTpanbHOH MaCCbI 6bmo Haftneao, 
+13 +15 

84_
14 

cny'lag, a peaKunu (la) 101_
14 

• Ce'leHne 

T0pMoaaoro aany'leHn>I onpenen,inocb nyTeM conocTasnenusr 'lncna cnyqaes peaKIIHB (1) 

co cny'laSIMB ynpyroro B38BMOII8HCTBHSI, y K0T0pbIX yron pacceSIHBSI 11--M830Ha ne>KHT 

B llHTepsane 30° - 150°. Ha Ta6nnUbl IV BHIIH0, 'ITO Ce'leHne KOllTpOnbH0H peaKunn 

17-+p ➔ TT-+77++n H Ce'leHHSI peaKUHH (1) H (la)·OT 9KCn03HUnn K 9KCn03HIIHII B npe-

nenax OlllU60K He MeH>IIOTCSI. 
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Ta 6 nu Ha IV 

N'9 
E0 MaB 

a_ ➔ 1T-+11'++n U ➔ 77-+n"+p u ➔ 77+y+p 

77 ~ 1027 CM 2 
11+p 2 11 "":""p 

X 1Q27 C!.( 9ltCII. X 1027 CM 

12 332 1,33 ±. 0,11 0,21 ±. 0,04 0,18 ±. 0,03 

11 337 1,33 ±. 0,13 0,12 ±. 0,13 0,14 ±. 0,04 

9 339 1,52 ±. 0,22 0,17 ±. 0,06 0,19 ±. 0,06 

2-5 344 1,47 ±. 0,18 0,19 ±. 0,05 0,14 ±. 0,04 

10 345 1,49 ±. 0,14 0,26 ±. 0,05 0,17 ±. 0,04 

B paMKBX MOAenu, paccMOTp8HHOli BO BTopoli rnase, B lKeCTKYIO 'IBCTb cneKTpa 

, y -KBaHTOS AaJOT BKnan TOllbKO AlrnrpaMMhl 1 lil 3 • lilHTepcpepeHHlilSI M8lKAY KOTOpb!Mlil 

CTporo pasaa aynro. Ha pucyaKe 5 npencTasneao-pacnpeAeneaue ¢OToaos no BMnynhcy 

B CHCT8M8 HeHTpa lilHepHlillil HB'IBllbHbIX 'laCTHH (c.H.H.); cnnomHaSI KpusaSI onHCbIBBeT 

BKnaA AHarpaMMbl 3. IT011Hoe 'IHCno cnyqaeB c k > 160 ~ - paBHO 25, 'ITO COOTBeT-
-29 2 C 

CTByeT Ce'l8Hlill0 /:;. u = (5 ±.1) • 10 CM • B STOM JKe BHTepBane uMnynhCOB Ce'le-
SKCn - -29 '2 

HRe, 06yCJiosne1rnoe ABarpaMMOli 3, cocTasnS1e-r /:;. u
3 

= 3• 10 CM , a ¢oa: peaKHBB (la) 
-29 2 

/:;.ol = (0,28 +0,13)•10 CM. Bbl'IlilTBSI B3 /:;.o 3lla'l0Hlil8 /:;.03 lil ¢oH npOHeCca 
a -. _

29 
a~cn 

(I a), HBXOAHM, 'ITO /:;.o = ( 1,7 :!:_l ) ·10 CM • 
1 SJtcn 2 -29 2 

ITpupaBHHBBSI K /:;. u 3Ha'leHB8 /:;.u = 3,16• C •10 CM • HBXOAHM: 
SKCn 1 Teop (12). 

c2 = o,5 ±.0,3 • 

Bsuny O'I'CyTCTBHSI !IBHHbIX no KOHCTaHTe c" , nony'leHH08 3HB'l8H!ile MOlKHO conOCTa-

BlilTb TOllbKO C nOCTOHHHOli, xapaxTepuayromei! ynpyroe (m) -pacceHHue B p -COCTOHHlillil, 

0rHollleHH8 COOTBeTCTBYIOIIllilX Ce'leHHli npH MBilbIX SHeprBHX pasao: 

u( 7777 ➔ 77Y) c
2 

= o,os. 
32 A,2 

p 

(13) 

o( 1T77 ➔ 7777) 

ECJiu ewe y'leCTh, 'ITO aTa ItH¢pa ynsoeHa aa c'leT cocToHHHli c paaaoli nom1puaauueli, 

TO nony'leHHBS: BeilH'IHHa He npoTusope'lnT OQbl'IHOMY O'I'HOl!l8HHIO MelKJlY Ce'leHHHMH CHllb

HbIX H aneKTPOMarHHTHblX B3BHMO)lelicTBHli. 

Onpe)lenus KOHCTBHTy C 
2 

, MO>l{IIO Bbl'{HCnHTb sepi:>HTHOCTb pa/lHBUHOHHOro pacna)la 
2 

P -Me30Ha, r p 77Y • flpH llBHHOM C BellH'IHHB pa/lHBllHOHHOli WHpHHbl CHnhlIO 3BBHCHT 

O'I' OTHOl!lelIHSI _c_= a T.e. OT ¢opMbl (,m) pe30HBlICa. 11cnollb3YSI 3Ha'leHnH a 
A /8/ /21/ 

PBCC'IHTBHHbl8 C opeliT-BHrHepOSCKOli ¢aaoli H C ¢asoli H3 paoO'I'hl , BBTOpbl paOOTbl 

HBl!IIIH: 

10 

! 

j 
1} 

\~ 
1 

;j 

:r 
'I 

fr 

~. 

f 
i 
i 

r (a= 1,21)=(2+1)MaB 
p,ry -

r (a= 0,96) = ( G,08+ 0,04) ilfas. 
P"Y - (14) 

Bhl'llilCll8HHhl8 3Ha'leH!ilSI r p
77

y 

BHBn!il38 O!IHHO'IHOro ¢OTopOlK!l8HHSI 

MOlKHO cpaBHHTb C pesyn&TBTBMH, nony'leHHbIMH H3 
+O 7 /18/ r p,ry = (0,4 -0,4 ) Mas, llBOliHoro ¢oTopoJKAeHHSI 

r = 0, 7 Mas; 1,2 Mas, HS onb!Ta no npSIMOMY aaonroneauro panu aH11oaaoro pacnana 
p,ry /20/ • . 
p -Me30HB ( rP'"' < 2 Mas), a TBKlKe C npeACK83BHHeM SU6 -CHMMeTplilH ( r 

/21/ .. , • p,ry 
= 0,12 Mas) • 3aa'leHHSI napaMeTpa a nonyqeHbI c noMOWbJO TpeoosaHHSI, nossonuswe-

ro OTOOpBTb eAHHCTB8HH08 pemeHH8 AHCnepCHOHHOrO ypaBH0HlilSlo 3To Tp0oOBBHH0 SIBnlieTCH 

MBTeMBTH'l0CKOli ¢opM)'nupOBKOli npennonoJKGHlilSI O TOM, 'ITO B ¢OTopoJKAeHHH npH Bh!COKHX 

aHeprHSIX OCHOBHyIO pollb urpaIOT IlpOM0lKYTO'IHbie COCTOHHHH C TH>Kenb!MH MBCCBMB. OTCyT-
/18-21 / . 

CTBBe IlpOTBBOP0'11ilSI M0lK!IY (14) lil pesynhTBTBMlil pao_OT SIBilHeTCSI Ka'leCTBeHHb!M 

nOATBepJKAeHueM STOil runOT83hI. 

.llnSI nouCKB·COOhITBi!, npHHB!IIl8lKBWHX peaKHHH (5), uccnenosanoCb pacnpeneneHHe 
+ 

TT -Me30Ha. no KBBAPBTY HGliTP.BllbHOli MaCCb! 712 cnyqaeB c oopaaosaHHeM CooT-

seTCTBYIOIIlBSI rucTorpaMMB (piw. 6 ) annpOKCHMlilPOBanacb HOpManhHbIM pacnpe)lene-
- 3 Mss2 3 M_p2 

HlileM CO Cp0/lHHM 3HB'leHU8M M 2 = (887,4 .±.1,8)• 10 ~, llHCnepcueli a =51 ·10 ~ 

u X 2/ x2= 1 ,05. KaK cne)lyeT us rucTorpaMMhl, s oonacTu 
2 · 3 Msa2 

M ~ 1020• 10 ---;;r HMeeT-

CS! 3 COObITHSlo 0JKH)laeMOe KOllH_'leCTBO TBKHX COOblTHli, Sb!'IHCileHH08 H3 HOpMBilbHOro 

pacnpe)leneHBSI, paBHO 3,5. TaKBM oopa3oM, B pacnpe)leneHBH o:rcyTCTSyJOT COObITHH C aao

MBllbHO OOllbl!IHMlil MBCCBMH Hei!TpallbHOli CHCTeMbI, 'ITO )laeT )lilSI sepXHeli rpaauui.1 Ce'leHHSI 
2 • 

2 3 Mas -30 2 
peBKUlilH (5) c M >1020 •10 -::i- 23Ha'leHne /:;.os=2·10 CM. OonacTb Mace Hell-

?! Mas · 
TPBllbHOli CHCT8Mbl C M2 > 10. 10 ~ COOTSeTCTsyeT SHeprnn ¢0'I'OHa B C.H.H. HB'lanh-

Hb!X 'laCTBH, Ilp8Bbll!IBIO!Il8li 58 "'SB. Shina C)lenaaa nonbITKB BbI)lenuTb COOblTHH peaxunn-(5) 

aa ¢oae cnexTpa aeliTpam,aoli Macchi, nony'leHHoro na ocaosa:oro (pnc. 6a) nyTeM O'I'opa

chlsaHnSI cnyqaeB, nMeIO!IlHX oOllbl!IHe Ol!IHOKH H3Mepeanli. Pacnpe)leneHHSI, llOCTpOeHHbie 

no ocTaBl!IHMCSI 

Jib!8 aHa'leHHH 

COObITHSIM (pnc. 6 o; B), HM8!0T HeCKOllbKO MeHbl!IHe llHCHepCBH, oonee TO'I-
- x) 
M 2 no cpaBJieHHI? C OO!IlHM pacnpelleneaneM I xopOl!IO onHCblSBIOTCH Hop-

MBllbHbIMH KpHBb!Mlil, HO He llBIOT HH'lero HOBoro no cpaBHeHBIO C lilCXO)lllbIM pacnpe)leneHueM, 

PeaKUHSI (6) SKCnepnMeHTanbHO nayqanaCb TOllbKO npu nccne)lOBaHHlil aaxBaTa 77 -Me-
/22/ 

30HOB S BOllOpOlle • TaK KBK nonHaH 9HeprHH B c.u.u. sneKTPOH-n03HTPOHHbIX nap B Ta-

KOM npouecce He npeBbil!laeT :: 140 Mas, TO snuHHue naoHHoro. ¢opM¢aKTopa Ha sKcnepu

MeHTan&Hbie pacnpe)leneauH HeaHa'luTellbHO. B sxcnepuMeHTax no pacceHHHJO ,,--MeaoHos 

x) - ? 
3Ha'leHHH M :1 non'¥.!'le'Jffbl8 C noMO!IlblO rucTorpaMM 55 lil 5s, pasHbl COOTSeT-

CTBeHHO (884,7+2,1)•10 Mas /c u (881,6+2,2)·10
3
2M:is2 /c4. TaolIH'IHOe 3HB'leHue KSBll-

- 2 - 3 4 
paTa MaCCbl HeliTpOHB paBHO Mn ='882,7 • 10 Mas le • 

11 
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aennttHHa x MOlKeT 6h1Th CKOnb yroAHO 6onhll!OH, Il03TOMY npn asann3e peaKUBB (6) 

MOJKHO H8Jl0!1TbC!I BbIJlennTh BKnam,1 q,opMq>BKTOpOB KBK HyKnOHHOro, TBK B 7T -Me30H

Horo, nocneAHBH B3 KOTOphlX npeucTaan!leT HaB60nhlllBH .l!HTepec. 
:-!· 

B H8CTO!IIU9H pa6oTe 6hma CAenaaa Il0Ilh!TK8 oueHHTh C9'19HBe peaKUBB (6) Ail!I 

co6blTBli, y xoTophIX x > 140 Msa. Llm1 3Toro cny'lan, npeAaapaTenbHo HAeHTnq,nunpoaaH

Hhie xax npnHaAneJKamne onaoll H3 cneny10max peaxunll: ,r-+p ➔ tr+,r++n , ,r-+p ➔ tr+,r0 +p, 

,r-+ p ➔ 77-+ y + p o6C'IBTb1B8nBCh B npennonO)l(0HHB O TOM, 'ITO OHR npaaanne)l(BT peaKUBH 

(6). 3aTeM Macca HeliTpanhHOH '18CTBUhl, Bhl'IBCn~HH8!1 no rnnOTe3e (6), cpaBHHB8Il8Cb 

c MaccaMn, nony'leHHhIMB B upyrnx npeunono)l(eHn!IX. KpnTepneM cpaasemrn smngnoch 

OTHOIUe HBe aepO!!THOCTeli nony'leHH!I Bhl'IBCneHHh!X 3H8'19HBH, KOTOpoe onpenenMOCb no 

H3BeCTHhlM q,yHKUB!IM pa3p0lll9HB!I nng M HeliTp B pa3IlB'IHblX peaKUB!IX. l-13 o6mero Konn

'leCTBa ~ 900 cny'laea TaKHM o6pa30M 6hmo OTo6paao 3 co6hlTB!!, KOTOpble c aeposrrao

CThIO > 95% npBH8Jlil9)1(8IlB peaxnnn (6). l13MepeHH!I HOHH38UBB BTOpB'IHb!X '18CTHU noxa-

3ann, 'ITO oTo6paHHble cny'laB He npnHaAneJKaT peaxnnn (6), 'ITO naeT nng aepxaell rpa-
-30 2 

HHUhl ceqeaasi aToli peaxnna npn x > 140 Msa oueaxy a I . < 2•10 CM • 
6 x> 140 Maa 
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