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BBenel!we 

B cxeMe ewrr&awx B3aHMoaeftc~BBft nn• IT-Me3oaoB nonycKaeTcB B03MO~HOCTb 

npeBpameHHB ~aCTHUhl B-aRTB~aeTuny npu aaepruHx, Mea&mxx, ~eM nopor oopa3o-

Baaua M&3oaoB Me3oaaMu. BenencTBBe SToro npu B3SHMoneftcTBHB c anpaMH nono­

:IKBTen'&ahlil: M930H MO:IK9T npeBpamaT&CB B OTpBU8T9l1bH:&Ift HliH H8000pOT. B T8KHX 

nponeccax npu nBoil:aoil: nepe3apanKe IT-Me3oaoa 3apHn •npa Mo:~KeT H3MeHHT&CH 

aa nBe enHaHnhl. HccnenoBaaue TaxHx nepexonoB c !::. T z ,; :!:. _2 B si:npax HBnHeTca 

BSlKRhlM npu· H3y~eHBH CTpyKTyphl smep, HX aaanoroB:&IX . COCTOBRHft C OOllbWHM H3-

0b!TKOM Heil:TpOHOB, HliH npOTOROB H1 . B03MO~H01 napRhlX KOppensiiiBil: HYKliOHOB B 

anpax A Jlnn noauMaHHSI MexaHH3Ma ABOftHoil: nepe3ap!!AKH IT-Me30ROB H nn11 Bb!SICHe­

'"HH!I ero. OCHOBHbiX OC009HHOCTe'ft HHTe~e~a'o npoB&c;TH CpaBReHHe pe3yn&T8TOB .HC­

cnenoaaHH!I liBOftHO~ nepe3apBltKH noliOlKBTenbHblX H OTPHI18T';l1bHhlX Me30HOB. Pe-

3YllbT8Tbl TSKHX paCCMOTpeHHft nOMOryT B lt8l1bHI3ftmeM npB nnaHBpOBaHBH SKene-

pi!M9HTOB no HCCll9llOB8HHIO CTpyKTypbl anep. 

nepBbie onhiTbi no H31>depeHHIO ·ce-qeaHil: peaKnnil: nBolinoil nepe3apnnK:H nono­

:IKHTen&HbiX H oTpHUSTCllbHhlX Mc30HO~ .liS S!ltpax D tPOT09MYl1bCHH npn aneprHSIX 
.. . . . ' ' /1 2/ 

HH:~Ke 'hopora M&3onoo6pa3oBaHHSI 6hlnn Bbmonnea:&I D 1964r. • a lly6ae. B 
. ' ·+ ' /5/ 

CTpacc6ypre Ohm liQBTopen. TBKOli 9KCnepnMeHT nnn n -Me30HOB.ECTb cooomenue • 
Ill . ' /2/ / 

'ITO pe3yn&TaT nonTBepJKnaeT naanbie cTaT&n • B pa6oTe 6bmll H3Mepenbl nonHhie 
: . + 

ceqei!Hll ltBOliHOii. nepeaap!!llKII IT -Mc30HOB ltll!l WCCTII 3H8~9HHH aHeprHH B HHTcpBane 

40-140 MaB. JlBoiinast nepe3apstnxa rr--Me3onon HccnenoBanac& npn aaeprnn 80 H 
. /3 4/ . 

140 Man B pa6oTax ' , rne ohm cnenan BbiBOA o ToM, 'ITO nonaoe ce-qeune nnoli-
- . . + 

HOR nepe3apllltKH fi ~MC30HOB npH 9THX aaeprHSIX MCHbWC 1 'ICM fi -MC301IOBo 
/6,7/ 

Aaanorn~Hbill: pe3yn&TP.T cnenyeT TaKJKe H3 pa6oT , KOTOpbie 6blnH DbmonneHbi 

'~ :lKencne (CERN) npn nccnenonannn nBoiinoil nepe3apnnKH IT-Me30I!OB c nepDn'l-

aoil ancprnell: 190-255 Man noJI MrinhrMH yrnaMn na HJipax He,Li, Be,C n Na. 
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B t~anhRGftmn:x onb!Tax, npo:aeneBBbiX B' .Qy!lae, !lblna no:ablliieBa TO'IHOCTh onpe-
. . + 

t~eneHBH C9'19HBfi liBOftBOft nepe38PHliKB fl -M930HOB H8 Hltp8X B ~OTOSMynbCBB B pac-
- /8/ 

mn:peaa o!JnaCTh HCCneltOBBHHft llnH fl -Me30HOB !10 176 ~SB • 

B t~aHHOA pa!loTe n:anararoTcH peayn~>T8Tbi n:aMepean:ft nonR~>I?t ce'leHHA, yrno­

BbiX H saepreTH'I9CKHX pacnpeneneHHft BTOpB'IHbiX fl-M930ROB, B03HBK8IOIIIHX l3 pe­

aynhT8Te n:aoAaoft . nepeaapn:nxn: nonoiKn:TenbHbiX n: oTpn:naTenbBbiX Meaoao:a. O!lcy:lK-
• . 

naeTcH T8K>Ke ny11e:aoe pacnpenenean:e_a:aean, conpo:ao>Knarom:llx sTH nponeccbi B tllo-

TosMynhCHH;./ 

2. floCT8HOBK8 SKCll9pHM9HT8 

3il.tyn&cn:oHRbie KaMepbi, cocTaBneHRble n:a cnoe:a HHK<I>H-BP Tonmn:aoft 400 a 

+ -600MKM, o!Jny'ISnHCb ny'IK8MH fl - H fl -M930HOB OT CHBXpOUHKnOTpOH8 na!JopaTOj:JHH 

smepHbiX ·npo!lneM OHSIH c paa!lpocoM no n:MnynbcaM .. 'S%. Tn:nn:'taaH cxeMa oribi­

Ta npenciaanena aa pnc• 1. 
. . + -

B&mo o!lny'leRo no 'ABe K8M9pbl B ny'IK8X n - H . n -Me30HOB c ·saeprHHMH 

50
1 

87 H 144 ~SBo PaaMepbl STHX SMynhCHOHHh!X K8Mep (5 X 5 X 4 CMS, 10 X 10. X 
s ' . s . / . 

X 2 CM H 20 X 10 X 4 CM ) Bbi!JHpanHCb TSK, 'ITO!Jbf fl-M930Hbl npOXOl!HnB B SMynb-

CHH no n~naoft oc~aaoaxn:. Oniia xaMepa paaMepoM' 20 x 10 x 4 eMS !lblna oony'l:eB~ 
a· nyqxe oTpn:naTen&RbiX TI-Meaonoa c saeprn:eft 176 ~sa. 

.QnnTenhHOCTb SKCn03HUBH Bbion:panacb T8KHM Oopa30M1 "!TOObl nnOTHOCTb Me-

30HHbiX cneno:a. a_ KaMepe .cocTaBnstna npn:onn:anTen~oilo 2·10
5

Meaono:a/cM
2

• Taxast 

.· 
.Bb!COKil.st nnoTHOCTh ·flbma aeooxot~nMa Atm perHCTpaUHH 0'19Hb pel!KHX 

coobiTHfi • .Qarihnenmee no:ablmenn:e nnoTHocTH MeaoHRbiX cnet~oB aaTpynasteT s~tJ!ex­

TIIBHbifi. ·npOCMOTp KaMep H H3MepeHH!Io 
I 

~apxn:poBKa cnoea uaaeceuneM xoopliHHaTnon ceTKH c paaMepoM KBat~paTa 

1 X 
. 2. ·/9/ . . 

1 MM noa:aonsma npocnelKIIB!"Th cnet~bl Meaoao:a :a KaMepe. 

no~ne MapKHpOBKH KaMep ~OTOSMynhCH!I oblna npOSIBneaa no OObl'iHOMY TeMne­

paTypHOMY nn:Kny oea npen:aapn:Ten&aon nonKnefiKH aa cTeKno. 

/ 

3. ~OO!TOl! IIORCI<Il COOb!TIIft 

TipoSI:aneHHbie sMynhCHOHHbie cnon npoc .. . 
nuqemm 105 x MeTonoM noncxa ·coohiTHfi •no 

; + . . 
KH TI-Me30HOB: n -Me30Hbl perHCTpHpo:aanHCI 

pacmina, 8 II-- M9,;0Hbl ..:: no a- 3B93lt8M. 
; ... ) + 

peaapHliKH B KaMepax, Oony"l!!HHb!X n - M< 

fl-- Me~OHOB ( oeany'i9Bbl9 OCT8HOBKH OTpUUS 

a npB o6nyqeHBH OTpUUSTenbHbiMH n-M930H81 

Cnet~bi aapSilK9BHbiX Meaoao:a npononlKl 

Bb!XOll8 HX H3 3B93lt, oop830BBHHbiX .. B. SMyn 

.QnSI nanbaenmero anann:aa OTOHpann:c 

B. KOTOpbiX: 1) npHCyTCTBOBBn cnen nepBH'iH 

noro Meaoaa cocTa:ann:no yron ae oonee ±. 
aepea nepBH'IBoro cnena ae oTnn:qanac& (a 

liOB ny'iKQ.BbiX fl -Meaoa"o:a. 

B peaynbTaTe noHcKa ocTaRoBHBIDHXCf 
.·,• 

HH!I HX cne!lOB BO BCSX CSMH SMynhCHOHHbl 

cnyqae:a peaKnRH ABofiaon nepeaapSIAKH 

622 cnyqast THna 

. n+ + A .. n-· + A· 

n 493 cnyqaa THna 

1 '~ n- + 'A .. ·n + + A' 

·• 

4. nonHb!S ceqeHH!I LlBO 

·, 

nonlibie ceqenn:st Bbi'IHCnstnHcb no 

;''' ~' , 

(1 -

. '""· . ' _;-.) , "~':< 

'l: . . • E a 
I . llt 

V • I • N • f'J . • • 
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B' Llyfiae, tlblna nosbiilleaa To'lBocn. onpe­
+ 

I1 -Me30HOB Ba Hnpax B ¢oTOaMynbCBB·B pac-

Il--Me30HOB no 176 Ma/
81

• 

nonHbi?t ce'teBBII:, yrno­

-BTOpH'lBbiX I1-Me30HOB1 B03BBKSIOIIIHX B pe­

.nniocaTenbHbiX H OTpHUSTenbHbiX Me30H0Bo 06cyllt­

COnpOBO>Kll810IIIBX STH npotteCCbl B «!Jo-

,.; 

'-

aa cnoes HHK41H-EP Tonmaaoll: 400 a. 

I1--Me30HOB OT CHHXpOUHKnOTpOBa fla6opaTOpHH 

HMnynbcaM .. 'S%. Tana1maH cxeMa onbl-

+ 
B nyqKax II -H ·II -Meaoaos c ·aaepranMH 

s 
KaMep (5 x 5 x 4 eM , 10 x 10.x 

T8K1 'lT06bf' I1;_Me30Hbl npOXOLIHnH B SMYnh-
3 . . 

pa3MepoM · 20 x 10 x 4 CM flhma o5nY'teaa 

lti5Hpanacb TSKHM 06pa30M, 'IT06bi nnOTHOCTb Me­

npH6nH3HTenbHO 2·10
5

Meaoaos/cM
2

• Taxan 

Anll perueTpattHH O'IeHh peAKHX 

ceTKH c paaMepoM xsanpaTa 

cnellbl M930HOB B KSMepe. 

no o6hi'lHOMY TeMne-

nonKnefiKa aa CTeKno. 

! 
I 

/ 

3. MeTog noacxa co6biTIIft 

I1pOHBn9HHbl9 SMynbCHOHHbl9 CnOH npOCMSTpHBSnHCb HS MHKpOCKOnax npH yBe­

.111I'leHIIH 105 X M9TOliOM nOHCKS ·co6b!TIIfi 'no nnomana' o PerHCTpllpOBSnHCb OCTSHOB-
. : '• . + . ' _,_ . . ' . ·. ' . ' + 

KH I1-Me30HOB: I1 -M930Hbl peri!CTpllpOBSnHCb no. xapaKTepaoMy BHLIY I1 .. p + + V 1-1 

pacnana, a n-- M9,~0Hbl _:: no CT- 3B93li~Mo 'C ~enbiO n~HCK8 c~6b;Tllfi AB~liHOfi ne-
• ·, + 

pe38pHliKH B KaMepax, o6nyq(!HHbiX II ..., M930H8MH 0 peri!CTpllpoBanHCb OCTSHOBKH 

II-- Me~OHOB ( 6e3nyqeBbie OCTSHOBKH OTpllttaTenbHblX M930HOB He perHCTpHpOBanHCb), . 
. + 

a npll o6ny'leHHH OTpHttaTenbHbiMH I1-Me30HSMH - I1 -Me30HOBo 

Cnellbi 3apHJKeHHhiX ·Me3oHoB npo~:~onJKanncb 3aTeM B aMynbcnoaaoll xaMepe AO 

Bb!XOLIS ~X ~3 3Be3L10 o6pa30BaHHblX .. B. SMynbCIIIIo 

LlnH nanbaell:wero aaanaaa aT6apanncb TOnbKO TaKne Hllepable pacmenneanH, 

s KOTOphix: 1) npacyTCTBoBan cneA nepBH'lHoro I1-Me3oaa, ~) aanpasnenae nepBH'l­

nora Me3oHa cocTaBnHno yron ne 6onee ::!:. 3° c aanpailneaaeM nyqia, 3) imoTHOCTb 
> 

3epea nepBH'JHoro cneAa ae oTnaqanacb (s npenenax 10%) oT nnoTHOCTH 3epea cne-. ' 

non ny'lKQ.Bhix n -Me3o~os. 
B pe3ynbTaTe noacKa ocTaHOBHBWHXCH I1-Me3oaos H nocne~:~yromero npononJKe­

HHH HX cneliOB BO ·~cex CeM·H' aMy.in.CHOHHbiX ~aMepax 6binO aape~HCTpHpOB~HO i 115 

cny'JaeB peSKUHH ABOli:HOll: nepeaapHliKH II-Me30HOB H8 HApax B ~OTOaMynbCHH: 

622 cny'laR Tuna 

n+ + A .. n.- + A, + 

H 493 cny'ISH TH!l8 

!', ll- + 'A .. 11 + + A' +' ... 

+ - . 4. IIonHbie ceqeHHH nsoll:aoll: nepeaapH!lKH II-a II ~Meaoaos. 

;'' 

nomlhle ceqeaaH Bhi'IIICnHnncb no ~pMyne 

·r -,,., . f :i 
,, .. 

(T -
V •I • N • t 1 . • t 2 

> -~ i ~ .. ''.'!; 

"'· . ~ ~ .. ,) -~'}: ·-~ ( ·: . '• .... 
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roe :£ 71 1 
'IHCliO cofSbiTHit C yq()TOM reoMeTpH'ICCKHX nonpaBOK; 

v - npoCMOTpeHHblU OO'b~M aMynhCHOHHOii: KaMepbli r - noTOK IT-MesoaoB 

2 3 a a 1 eM ; N - qucno su~ep ·a 1cM .. aMynbcHH oes aonopona ( naoll:aan . nepesapnnKa 

ne MoJKeT npouaofiTH aa Sinpe aonopona); £1- ~~eKTHBHOC~b HSXOmlteHHH 

+ n '+ p. + + v IL · - pSCflt11lOB HliH u - saesn; E 
2 
-.~eKTHBHOCTb npo.ilonJKeaun cne­

E S - K03~Hl1H9HT1 y'IHTbiBaiOmHfi 'IHCnO oeanyqeBblX OOB f1-Me30HOB'B KSMepe H 

38930 ( p ) 
1 

oopaayromHXCSl npli 38XBBTe OCTBHOBHBWHXCH IT--Me30HOB B 9MYlib-
7T 

CHH, .I! 

KaJK009 COOb!Tli9
1 

BXOnHmee B TOT HliH HHOfi 3HepreTli'19CKHfi HHTepaan, Y'IH-

TLIBSliOCb C . B9COM 71 = - 1-. onpenenneMbiM aepoHTHOCTbiO perucTpanuu IT-Meaoaa 
w 

w ) a KaMepe. reoMeTpuqecKHe nonpaaiu 71 onpenenHnHCb .aaanoruqeo TOMV. 
/10/ 

KBK aTo nenanoch a paoOTC B npennOliOlK9HBH'83HMyTBlibHOfi CBMM9TpHH BTOpH'I-

Hb!X ll -Me30HOB, 

ITpu pacq~T~ .. ceqeaull: a paanH'IHhiX aaepreTH'IaCKHX .HHTepaanax y'IBThiBanocb 

yM9HbW9HH9 aaeprHH nepBH'IHhiX M930HOB 38 C'I~T HOHB38llHORHbiX OOTepb npH npo-

XOJKI19HHH B SMYlibCBH, 
s 

11ncno· nnep B 1 CM ( N ) aMylihCHB OblliO onpeneneHO XHMH'19CKBM MeTo-
22 /11/ 

noM a naoopaTopuu HHK.PH H oKaaanocb paaa&IM · ( 4,93 :!:. 0,41). 10 -. 

f10TOK nepBH'IHbiX M930HOB" ( T) . onpeneliHliCH MCTOilOM C'I~Ta ny'IKOBhiX Cli91lOB 

non MHKpocKonoM npu yaenuqeauu 1350x. B none speaHH C'IBTanocb 'IHcno ny'IKOBhiX 

cnellOB HB KBJKllbi9 10 neneHHii: WK8liKH ( 10MKM), f1o nayM H93aBHCHMbiM H3MepeHHSIM 

onpenenHnach a¢41eKTHBHOCTb perlicTpanuu cnenoa. Oaa oKasanact. paaaol\ t 1 = 0,88. 

TlpHM9Cb p. -Me30HOB a aneKTpOHOB n nyqKe nepBH'IHbiX Il-Meaoaon. no naHHbiM 

/12/ + - , 
oaooTbi 

1 
paaaa 18,5% nnH II -Meaoaoa u 60% nnH II -Meaoaon c aaepruefi 50 

- /13/ 
H 87 Maa H 28% nnH n -Me30HOB c aaeprHeft 144 H 176 Man • 

8¢qleKTHBHOCTb H8XOJKlt9HHSI OCTSHOnOK ll -MC30HOB ( E .1 ) OblliS onpeneneH!I 
/14/ . 

no peaynhTaTaM Tpex aeaanucHMhiX npocMoTpOB • Oaa oKaaanaca paanoA: 

(0,63 :!_0,08)~ 

S!fl!fleKTHBHocT& npononJKeHliH cnenoa aapHJKeHHhiX Mesoaoa n cnoHx aMynhcHoH-

noll KaMepbi ( t 
2 

) onpenenHnach no pesynhTaTaM, nonyqeHHbiM nayMH aaonronaTa-. 

nnMu. ITpu ucnonb3oaaaaoM ynenuqeauu MHKpociwna 210x oaa oKaaan'ac& panaofi 

(0,90 :!_0,02). 
/15/ 

Ko~unueHT t 
3 

, cornacao paooTe ~ paaea 1,43. 

ITonHble ceqeHBH nnoiiHOli nepeaapHltKH n+-H n- - )'.!930HOn OblliH Bbi'IBClie-

6 

/ 

Hbl COOTBCTCTB9HHO ltliSI CeMH H BOC 

aKcnepuMeHTOn no HaMepeaHIO ce'l:eJ 

n ux nncnepcnHMH n KBJKliOM aaepr~ 

9KcnepnMeHTBllbHbiM peaynhTBTBM no~ 

aoii nepesapHnKH oT aaepruu.ne~ 

)u(E)~ 

E&mo ycTaaonneao, 'ITO nnH p 

aKchepnMeHTan&Hhle naaa&re xopomo 

BHCHMOCTH U .. C E 
2 

a 

u .. CE.2 +DE 8 . 

ITo pesynhTBTBM H3MepeHHii non 

aoaoa MoJKHO cnenaTb cnenyromne sa1 

1) Bee aaperncTpnpoaaHHbie cz 

HOB OTHOCSITCSI K BHTepaany aHeprnli 

a~eprnii 0-40 Man .a:e o&mo aall.liea 

ceqe.a:ne naoliaoli nepesapHnKn rr · 
-28 2 

'ICHHH - 10 CM • 

2) BoapacTaaue nenH'IHRbi n 

Meaoaoa oT 40 no 176 Man aaonroJ 

30HOno 

3) Ceqeaue naonaoli nepeaap 

ao nceM uccnenyeMoM HHTepaane 

nepesapHnKH n+ -Meaoaon. Ecm 

KBK peayn&TBT n3BBMO.Q9HCTBBSI 

nofi ayKnoaoB B Hnpe, T-o MoJKHO r 

,nefiCTBHCM HeCKOlihKBX npB'IBHo 

· a) Hsob!TOK ael1TpoaoB a THJK 

aapHnKa 'nonoJKHTen&HhiX Meaoaoa 6 

6) HcnycKaane nTopB'IHbiX no 

liOHOBCKOrO oapbepa Hnep. 8TO. HBI 

unro naofiao:n nepeaapHnKn n--N 

HeooxonnMo TBKlKe oTMeTJ 

anepreTH'l9CKB oonee Bblronaa t 

paaHIIllbi n Maccax nefiTpona n nr 

7 



yq~TOM reoMeTpH'I9CKHX nonpaBOKi 

aMynhCHOBHOfl: KaMepbli f - IIOTOK Jl-M930BOB 

aMynhcHH 6ea aonopona (nsoll:aan nepeaapanKa 

~OJIOpOJia) i . f 1 - a<jJ<jleKTHBHOC!b H8XO:m:Jl9HH51 

q - 3B93lli f 2 - a<jl<jleKTHBHOCTb IlpO!lOnJKeUHH cne­

- Koa<jl<jlnuueaT, yqaTbrsaromHll: qucno 6eany'IeBbiX 
' 

npn 38XBaTe OCT8HOBBBWHXCH Jl--Me30HOB B aMynb-

~ 

HHOll: aaepreTH'!eCKHll: HHTepBan, Y'IH-

BepoHTHOCTbiO perncTpanHH n-Me3oBa 

onpenennnnch_aaanornqao ToMV, 

83BMyTanbHoll: CHMMeTpBH BTopnq-

aaepreTH'IeCKHx HHTepsanax y'IHTh!Banocb 

Me30HOB 38 C'I~T HOHH381lHOHHhiX IIOTepb npH npo-

) aMynhCHH 61>mo onpeneneno XHMH'IeCKHM MeTe• 

' 22 /11/ 
oKaaanocb paBHbiM · ( 4,93 :t. 0,41). 10 • 

( T) onpenenHnCH MeTO!lOM C'I~Ta Hy'IKOBhiX Cnenos . 

1360x. B none apeHHH C'IHTanoch ~Hcno ny'!KOBhiX 

( 10MKM). no llSyM He3liBHCHMhlM H3MepeHUHM 

cnenoa. Ona oKaaanacb paanoli f 1 = 0,88. 

B Hy'IKe nepBH'IHbiX fi-Me30HoB, no ll8HHblM. , 
-Me30HoS H 60% ltnH fl- -Me30HoB C aaeprHeil: . 50 

/13/ 
c aneprHeii 144 K 176 Maa • 

OCT8HOBOK fl -Me30HOB ( f .1 ) 6bina onpeneneH!J. 
/14/ 

npocMoTpoB • Oaa oKa3anacb paanoli 

3apHlK9HHbiX Meaoaos S cnOHX aMynhCHOH-. 

peaynhTaTaM, nonyqeHHhlM nayMH aa6nronaTe-. 

MKKpocKona 210x oaa oKaaanacb paaaoli 

1,43. 

n- - M930HOB 6bmll Bbi'IHCll9-

I 
l 

I 

/ 

Bbl COOTBeTCTBeBBO !lnH ceMH H BOCbMH aaepreTH'!eCKHX HHTepBanoB, PeaynbT8Thi 

aKcnepuMeBTOB no H3Mepeanro ceqeanll: BMecTe co cpenanMn aaaqeHnHMH aaeprnll: 

_n nx nncnepcnHMH B KalKnoM aa~preTH'IeCKOM naTepaane npnaeneaw B Ta6n,1 ~ Ilo 

aKcrrepnMenTanhHhiM peaynhTaTaM non6npanacb aaancnMocTb nonaoro 'ceqeann nsoll:-

aoil: nepeaapHAKH OT 9HepJ"KH nepBH'IJibiX M930HOB B <jlopMe MHOroqneHa 

2 8 
u(E),.A+BE+CE +DE+··· 

E1>mo ycTanoaneHo, 'ITO nnn peaKUHH ' 1) B .unTepaane aaeprHrr 40-140 Maa 

9KCnepHM9HTanhBbie llSHHbie XOpOWO COOTBeTCTBYIOT :npocTell:mell: aMnHpH'I9CKoll: 38-

BBCHMOCTH u .. C E 2 

+ DE 8 . 

a nnn peaK!lHH (2) B KHTepaane 40-176 Mas~ 

U m C E 2 

no pe3yllbT8T8M H3MepeHHH nonHI»X ceqeanlt ABOilHOi! nepeaap!!AKH ll +- ll- -Me-

30HOB MOlKHO cnenaTb cnenyromne aaKnroqeang: 

1) Bee aaperHcTpnposannhre cnyqaa npouecca nsoiinoil nepeaapnnKn ll -Meao­

aoa OTHOCHTC!I K HHTepaany aneprnl!: nep~H'IHbiX Me3~HOB Sb!We 40 Mas, B BHTepsane 

aaeprni1 0-40 MaB ae 61>mo aall:neao HH onaox;o co6wTnH, TaKnM o6paaoM, nonnoe 

ceqeane naoll:aol!: nepeaapHilKH 
-28 2 

'I9HHH - 10 CM • 

IT -Me30HOB B 9ToM HHTepaane l!e npeBb!WaeT 3118-

2) BoapacTaaae aenn'IHHbl nonaoro ceqeann. c pocTOM aneprHn nepsn'!HblX 

Me30HOS OT 40 llO 176 Mas na6nronaeTCH KSK !liTH ! fi+ -
1
TaK II llllH- fl- -Me-

30HOS, 

3) CeqeaHe nsofinoll: nepeaapHllKH~ n- -MeaoHos aa nnpax B ¢oToaMynhcnn 

ao seeM HccnenyeMoM HaTepsane aaeprnli ocTaeTcH aH:m:e, qeM ce'!9BH9 naoliaoll: 
' 

nepeaapH!lKH n+ -Meaoaoa. EcnH peaKuHH nsoliaoll: rr9p9aapnnKH paccMaTpHBaTb 

K8K peaynhT8T B38HMOA9i!CTSHH ll -Me30BOS C oTnenbHblMB HyKnOH8MH nnH rpyn-

noi1 HyKnOHoS S Hllp90 TO MOlKHO nonbiT8TbCH' 06"bHCHHTb aTy p83HHIIY COSOKynHhiM 

nei1CTBH9M H9CKOnhKHX npH'IHBa 

-a) l136b!TOK ae!iTpOBOB B THlKenh!X HApax. npHSOAHT K TOMy, 'ITO llSO!iBaH I19pe-

38pHAK8 nonOlKUTenbHhiX M930HOS 6one9 B9pOHTHa0 '19M OTpH!IST9nhHbiXa 

6) HcnycKaHH9 BTopn'IBhlX nonolKHT9nhBhiX M930HOB aaTpyn.li:eno aannqneM KY­

nonobcKoro 6apbepa HA9p. 8To naKnanbisa9T nononauTenhaoe orpaanqeaae na peaK-

unro naoiiaoil n9peaapHnKn fi- -M930HOBa 

H9o6xoAHMO TaK:m:e OTM9THTh, ,'ITO ABoll:aaH nepe3apHAKll fl+ -Me30HOB 

anepreTH'I9CKII 6oiiee Bhiro.z:taa , '19M .z:tBoiiaan n9p93apH.z:tKa n--M930HOB K3-38 

paannubr B Maccax H9iiTpoaa n npoTona, 
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npu pS.C'I~Te npon:eeeoB ltBOAROA nepeaapHltKB n -Me30HOB M&TO.QOM MoaTe-
/18/ 

Ks.pno no KS.CKS.ltROA MOztenR BnRBHRe KynOHOBCKOrO nonB H OTHOCHTenhHO& 'IHCnO 

npoToHoB R neATpoHOB B unps.x y'IRThiBBJIOCh. Ps.c'l:~Thl obmH npoBell&Hhl B npe.~tnono­

~eHHH, 'ITO llBOftHS.B nepeaapBllKS. npOHCXOllHT B llB& CTS.llHR no CXeMe: 

n± + N -+ Il 0 + N 

I . II 0 +·N ... n++N (1) 

B xaqecTBe BltepaoA Mo.~tenu B pac'l:~Tax obma npHHBTS. Mo.Qen& O.QRopOllHoro no nnoT­

aocTH ~epMH-raaa, aanonHBBmero c~epy panuyca 

R .. r . A1/a 
0 •· 

PeaynhTS.T~ Bbl'l:Hcnenull: nonRhiX ceqeauA. B cpaBH&HHH c axcnepHMeHTanhRbiMH 

.peaynhTS.TS.MH npencTasneabl as. puc. 2. TeopeTH'IeCKH pacc'l:HTS.HHbla BenH'IHHhl ca'l:a­

HHil: ynosneTsopxTenhHO oo~BCHBIDT BoapacTaaue nonnoro ceqeauu c aaepruell: ·u ao-
1 -13 

comoTHYIO Benuquay ce'l:eHxll:. ny'l:Wee cornacue nocTxraeTcll npH r 0 • 0,6·10 eM. 

CpaBR8HHe peaynhTSTOB ll3MepeHHB nonablx' ce'l:eHHA nnll u+ - H n- -Me30HOB 

npeltCTS.BneHO HS. puc. 3. CnnoiUHblMH KpH13blMH nOK838H8 3813HCHMOCTb OTHOIUElHHB. 

nonaoro ceqeauu nBOAHoll: nepeaaplll1KH n+ -MeaoaoB K nonaoMy ceqeaHIO n- -Me­

aoaoB oT nepaH'Iaoll: aaepruu 

< u < n• ;. n- > 
u < n- ... 0 + , 

) . 
nony'l:eRHS.B no 9Kc;:nepHM811TS.nhllbiM LlS.IIItbiMo nyRKTHpHbiMH nHIIHBMH noKS.38H paC'l:~T 

no KS.CKS.LlROll MOllenli. BHL1H01 'iTO BO BC::GM HCCnenyeMOM SllepreTll'l:SCXOM llllTSpBane 

oac'l:~Tbi aepno npencKS.3bii38IOT aenH'IHRV aToro oTHomeRHB u ero H3Menenue c aneo-
. . 14 

rHell. CnenyeT oTMeTHTh, 'ITo .~tnB nerxHx unep (aan:pHMap, 7 N ) pac'l:~T llS.eT. 
+ - ' . /16/ 

OllHHS.KOBYIO BenH'IHRy ceqeHHll: KS.K .Qnll ll -,TS.K H LtnB ll -Me30HOB • lloaTOMY 

MO,~HO C'IHTS.Th1 'ITO p~3HHil8 B ,Ce'l:8HHliX lli30llHOil: nepa38pHL1KH nono~HTenhHbiX H 

OTpHUS.TenhRblX M830HOB. Ooycnosneaa nepeaapliLlKOll: HS. TH~enh!X BL1p8X1 HMGIOIUHX 

6onhiUOlt KynOR013CKHll: oS.pbep H H30biTO'IHOe 'IHCnO Hali:TpOHOI3o 

9 



5. 3neoreTIPieCKlle II yrnoBbie pacnpeneneHIIH BTOpll'IHhiX 

n:. ~ II -Me30HOB 

3nepreTII'lecKne pacnpeneneunH nnH paami'IHhiX nuTeJ)Banoa sueprnn nepBH.'IHb!X 

n+_ II n--Me30HOB (60 ... JOO Msa, 100 .. 120 Msa II 120 .. 140 Msa) npencTaB­

neHbl ua pnc. 4. Benn'IIIHhl x 2 I x 2 xapaKTepnayiOT cTenen& cornacnH sKcne-
. · /iei 

pnMeHT8n&HblX cneKTpOB C pacq!;T8MII, BbiHOnHeHHbiMII no K8CK81lHOli MOilenn 

ril 3HepreTH'leCKIIe pacnpeneneHIIH BTOpll'IHbiX Me30HOB yKa3biB8lOT H8 T0 0 'ITO 

rrpn naonuon rrepeaapHnKe ll -Me30H TepHeT B S!llpe 3H8'!HTen&HYlO '18CTb KIIHe-. 

TII'leCKOll sneprnn. 3TOT peayn&T8T MO~HO OO~llCHIITb1 npennonaraH, 'ITO peaKUHH 

rrpoTeKaeT a nae cTannn no cxeMe ( l).c 

Mo~o -oTMeTIIT&, 'ITO TeopeTn'lecxHe KpiiBbie npaann&no onncb!BaroT 4JopMy 

snepreTn'!ecKnx pacnpenenennn. 

BIIIlHO T8K~e, 'ITO cpellHHH aen1I'!HH8 aneprnn BTOpii'!HbiX ll--M930HOB OT 

ll+ -Meao-peaKUIIII ( 1) aaMeTHO II3MeHHeTCH C H3M9H9HHeM aneprHII nepBII'!HblX 

uoa - ( 19,2 :t. 2,0) Msa nnH nuTepaana (60 + 100) Maa II (31.0 =: 3,3) Maa nna 

IIHTepaana ( 120 + 144) Msa; B TO apeMH KaK nnH peaxnnn (2) cpenHHH aennqn­

ua aueprnn BO acex nnTepaanax ocTaeTCH npii6nH31ITen&HO nocTOHHHOfi (., 30M sa). 

TaKoe paannqiie a cpellHIIX suepriiHX (oco6eHHO qeTKO ouo npoHanHeTcH npn cpaaue-

unn auepreTII'leCKHX pacnpenenennn peaKnHfi (1) H (2) B nepaoM HHTepaane 

( 60 + 100) Maa} Mo~o o6~HCHIIT& nel!:CTBIIeM KynouoacKoro nona, aaTpynnHromero 

+ BbiXO!l II3 H!lp8 BTOpii'lHbiX ll -Me30HOB 0 IIM9lOIDIIX anepriilOJ M&H&myro, qeM B&n1I-

'!HH8 KynoHOBCKOrO 6ap&epa. C pOCTOM anepriiH nepBH'!HOrO Me30H8 pa3HHU8 B 

cpenHIIX 9Hepr1IHX llnH peaKUIIli (l) II ( 2) yMeH&maeTCH 1 T8K K8K nel!CTBIIe Kyno­

HOBCKOrO nonH Hllp8 BnHHeT cymeCTBeHHO TOnbKO H8 HH3K09HepreTII'!eCKYlO '!8CTb 

cneKTpa. 

3uepreTII'!eCKII9 pacnpeneneHIIH BTOpii'!HblX ll+- li ll--Me30HOB npe!lcTaBneHbi 

Ha pnc. 5. 8TH pacnpeneneHH.H BKni0'!810T cnyqaii, 'OTHOCHIDHeCH K oqeHb miipOKOMy 

IIHTepaany nepBII'lHhiX auepriili (40.+ 144) Maa. OnaaKO. nnH Ka~noro coobiTH.H 

nsol!uon nepeaapH!lKH, aaperncTpnpoaannoro B aMyn&.cHoH.Hol!: KaMepe., IIMenac&. 

B03MO~HOCTb onpeneniiTb SHepriiiO KSK BTOpii'lHOrO, TSK II nepBII'!Horo M930HOB; 

nosToMy 6onee nenecoo6paano paccMaTpiiBSTb snepreTII'leCKIIe pacnpenenennH B Ta­

KoM BHJ:{e, KOr!la aaepriiH BTOpii'IHOrO ll -M&30H8 Bbipa~eHa B llOJlHX nepBII'!HOll 
' \ 

saepriin. TaKoli npiieM noaaonlleT ncKniO'!IITb annHHIIe aaepreTII'l9CKOro paa6poca 

10 

nepBH'IHbiX Meaoaoa npH cpaaaeu 

pllcyHKe ( riicTorpaMMa) coaMecn 

( nnaanaH Kp1IB8H) •. Cpelmiie. aem 

9Hepr1III nepBII'!HbiX Me30HOB COO 

En+ 
EnepBII'Io 

II , 
0,32 :t. 

Oun xapaKTepuayiOT 6on&moli c6p1 

pHilKIIo 

YrnoBhre pacnpenenennH 

pacnpenenenH.H BKnro'leHbi ace c. 

(40 + 144) Msa. YrnoBbre pacnpe 

nepeaapHilKH na nnpax a .PoToaM 

9KCir9piiM9HTan&HbiX !l8HHbiX C ll3( 

x 2 I 5(2 nnn n+-Meaonoa.- 2 
KaKnx..onn6o KoppenHUIIOHHb!X a4Jcjle1 

KII aa nnocKoCTII yron-sneprna. E 

p83HIIU8 B pacnpeneneHIIHX n!. II 
pacnpenenenH.H, nony'!eHHbre aa 

pacq!;Ta no KacKannon Monenu. (: 

a nmr ll- -Me30HOB .. 32,2). ] 

Heii30TponHbiMH C np&IIMymecTBeJ 

B . 381lHIOlO nonyc4Jepy ( KpiiBbi& : . 
neneHHli BTOpii'lHbiX M930HOB C 

nsol!:nol!: nepeaapH!lKH nen&3H ne, 

6. PacnpeneneHH~ 

ll+- II ll- -Me 

Ha piic. 7 npencTaanenhl 

pacnpeneneHHH x yuenbl nHmb I 

9MynbCHB1 np&Bb!ID8IOIUHM 5 MKM 



nmx paamr«JHhiX IIHTep:eano:e aaepr11i!: nepBH«JHhiX 

100 + 120 Ma:e 11 120 + 140 Ma:e) npencTa:e-

xapaKTepllayroT cTenea& cornac11s aKcne-
. · liai 

BbmonaeHHhiMH no KacKanaoi!: Moaenll 
,. 

BTOpll'lHbiX M930HOB yKa3biBo!IIOT Ha T01 'ITO 

ll -M930II TeplleT B llnpe 3Ha'IIITen&ayiO 'lo!ICTb ICIIHe-. 

peayn&TaT Mo~ao oo~liCHIIT&, npennonarall, 'ITO peaKrrHll 

cxeMe ( 1). 

T90p9TH'19CKII9 Kp11Bbl9 npaBIIn&HO OITIICbiBaiOT cl>opMy 

:eenn«JnHa aJieprn11 BTOpH'IHhiX ll--Me30HOB OT 

ll+ -Me30-c naMeaeaneM aaeprn11 nepBII'IHhiX 

naTep:eana (60 4 100) Ma:e 11 (31.0 !; 3,3) Ma:e Anll 

Kax anll peaKrrllll (2) cpeaallll :eennqn­

npllonllanTen&ao nocTOliHHoi!: ( .. 30Ma:e). 

(ocooeJIHO «JeTxo oao npoll:enlleTcll npn cpa:eae­

peaKnni!: (I) H (2) B nep:eoM HHTep:eane 

A9i!:CTBII9M KynoHOBCKOJ'O nOn3 1 38TpyAHliiOlliero 

HMeromnx aJieprllro, Maa&myro, «JeM :eenn­

aaeprllll nep:enqaoro Meaoaa paaanna B 

(1) 11 (2) yMea&maeTcll, Tax KaK aei!:cT:ene xyno­

Ton&Ko Jia H113K09HepreTH'I9CKyiO '18CTb 

BTOpii'IHhiX ll+- II ll--Me30HOB npeACT8Bn9Hbl 

BKniO'Io!IIOT cny«Jall, OTIIOClllliii9Cll K 0'19Hb llillpOKOMy 

(40.4 144) Ma:e. OaaaKo. ann KaJKaoro coohiTHR. 

aaperncTpnpo:eaaaoro :e aMyn&cnoaaoi!: KaMepe, nMenac& 

SHeprnro Ko!IIC BTOpii'IHOJ'01 To!IK II nepBII'IIIOJ'O M9301IOB~ 

paccMaTpn:eaTb aaepreTII«JecKne pacnpeaeneHIIll B Ta­

BTopii'IJioro ll -Me3oHa Bb!pa~eaa B AOnliX nepBII'IHOl!: 
' \ 

noa:eonlleT ncxnro'IIIT& :ennllane aaepreTH'I&cxoro paaopoca 
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nepBH'IJihiX Meaoao:e npn cpa:eJieann cnexTpo:e • Pacnpeaeneann ,npeacTa:eneHbl aa 

p11cyaxe ( rllcTorpaMMa) co:eMe=ao c peayn&TaTaMH pac«J~TOB no xacxanaoi!: Moaen11 

( nna:eaall xpnBall) •. Cpeaane :eenH'IIIJihl OTHorueanl!: aaepr11i!: BTOpii'IHhiX MeaoaoB K 

aaepr1111 nepBII'IHhlX M930HOB COOTB9TCTB9HHO paBHhi: 

En+ 
E nep:en'l.' .. 0,32 :!:. 0,03 n 

II , 
= 0,25 :!:. 0,02. 

< En-
Ene~~~~ ) 

n 
OHII xapaKTepnayiOT oon&ruon copoc aaeprnn Meaoao:e :e peaKnllnx a:eoflaon nepeaa-

pllnxll. 

+ -YrnoBble pacnpe.tteneanll ll- II n -M930HOB npeacTaBneHbi' aa puc. 6. B 

pacnpe.tteneJIIIll :exnroqeJibi :ece cnyqan B HHTep:eane aJieprni!: nepBH'IHbiX Meaoao:e 

(40 + 144) Ma:e. Yrno:eble pacnpefteneann BTQpH'IJihiX MeaoJioB B peaKn11nx n:eol!:aon 

nepeaapnaKn aa Hapax B ~oTosMyn&cnn onnaKH K naoTponahiM. CTenea& cornacnn 

SKCirepnMeHTan&HhiX AaHHhiX C H30Tponnei!: (nyHICTHp) xapaiCT9p113yeTCH :eanii'IIIHaMII 
+ . . -

X 2 I 5(2 A nll n -Me30JIO& - 2,3, a Anll n -M930HOB - 1,3. He 6blno aal!:aeao 

xaxnx-n116o xoppenllnllollllhiX a~e:s;To:e :e pacnpeaenea1111 cny«Jae:e a:eol!:aol!: nepeaaplln:­

Itll aa nnocxoCTII yron-saeprna. B npeaenax sKcnepiiMeaTan&HhiX om11ooK ae aaMeTaa 

+ - ' ' pa3HIIna B pacnpeneneallliX ll- II n -Meaouo:e. HeooxOlliiMO OTM9TIITb, 'ITO yrnOBbie 

pacnpenenes:llll, nonyqeaahle s:a onhiTe1 ae y.r:taeTcn cornaco:eaTh c peaynhTaTaMn 

pac«J~Ta no KaCKo!llliiOl!: Mon:enu. ( BenH'III!Ia X 2 I X 2 n:nll n+ -Me30liOB pa:eaa 14,8; 

a llnll n- -M930HOB .. 32,2). Bbi'IIICneaabi9 yrnOBbl9 pacnpeneneang nony«JaiOTCll 

H91130TpOnHhlMII C npeiiMYlli9CTB9llllblM HcnyCKo!IHH9M BTOpB'IHblX fl+_ II ll- -Me30HOB 

:e . aanaroro nonyc~epy (. Kpii:Shle 1 n 2 pile. 6) .' PeaKoe paannqne yrnoBbiX pacnpe-

.r:teneanl!: BTOpH'I!IhiX Meaoao:e c pac'I~ToM .r:taeT ocao:eas:ne nonaraTb, ·'ITO nponecc 

n:eoi!:aoi!: nepeaapn.ttKH aen&all .tteTan&ao onncaTb c noMom&ro TaKoi!: npocTol!: Monen11. 

6. PacnpeneneHHll cnyqae:e .r:t:eonuol!: nepeaapn.ttKII 

ll+- H ll- -M930IIOB B dJOTOaMynbCIIH·no «JIIcny nyqefi 

Ha puc. 7 npe.r:tCTaBneiibl pacnpeneneanH cnyqae:e no 'IHCnY nyqel!:. B aTnx 

pacnpe.r:teneanH x yln-eahl nnm& ene.r:thl TH~enhiX aapH~eaabiX qacTnn c npo6eroM :e 

sMyn&cnn, npe:ebllliaromnM 5 MKM. Cne.r:tN aapsr~eR!IhiX qacTnn c MellbmnM ··npo6eroM 
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OTHOCH1IKCb K cnenaM nnep 0Til8"!H R He Y"!HThlBanHCb npn fiOCTpOeRHH 1IY"!9BhlX 

pacnpenenennil: ( HCKniO"!anHCb Tax~e cnellbi sneKTpo.e:oD). 

XapaKTep.e:oil: ocooennocTbiO nnepRbiX pacmennenni!:, BoanuKaromux npa nBo_il:noil: 

nepeaapstnKe II--MeaoHOD D <jloTOSMY1lbCIIH, SIB1ISI9TCSI oopaaOBaHH9 'aBean., C Ma-

1lbiM qnc.rioM nyqeil:. B 001lbillliRCTB9 TaKHX .. aBean .. neT KaKKX-1IHOO npyrHX cnenoB, 

KpOM9 cnena BTOpii"!HOrO II+ -Meaona ( Taon. 2) o 

,,ii Ta6niiua2 

·"f = 80 MaD 
( 60 -+ 100) MaB 

E"" 110 MaD 
( 100 -+ 120) MaB 

E = 130MaB E (40+144) 
( 120 + 144)MaB MaB 

Cpennee qncno nyqefi B 'aBe3ne .. 

- '+ , II + A .. II + A + ... . 0,28 :!:.. 0;03 

+ - ' n ·· A ... II +A + ... 1,79 :!:. o,14 

IC + A .. II- + A'+ ; ... 0,52 :!:.. 0,07 

II++ A .. II++ A'+.... 0,62 :!:.. o,os 

0,80 ±. 0,10 

2,01 ±. 0,16 

0, 76 :!:.. 0,09 0,55 :!:.. 0,04 

2,31 :!:.. 0,14 2,07 ±. 0,09 

Cpennee qncno aapsi~eHHbiX qacTHII, npnxonRmnxCSI na onny "aDeany .. , ne cqn­

TaSI II- -Mea OHOD H aneKTpOHOD B HHT9pDane aneprnil: ( 40 -+ 144) MaD, paDHO 0,55 ;!:. 

±. 0,04. Ono naMenneTCH c naMenenneM aneprnn nepDHqflbiX MeaonoB oT 0,28 ±. 0,03 

npn 80 MaD no 0, 76 ±. 0,09 npn 130 MaD. 

Manoe qncno ny"!elt npn noolla:on. nepeaapSinKe II--MeaoHOD MO~O o61>SICHHTb 

TeM, "!TO B aTOM· npouecce nDa npoToa:a nepBoa:aqanbnoro Sinpa npeBpamaroTCH D llBa 

neiiTpoa:a. TSI~enbre aapSI~ea:a:hte 'taCTHUhl B pacmennenHRX MoryT DoannKaTb D pe.:. 

aynbTaTe BTopn"!Horo ·paccennnSI nei1TponoB nnn II -MeaonoB BHYTPH nnep nnn npn 

ncnapennn TSI~enhlx qacTHU na Boaoy~ennoro Sinpa. B npoTnBonono~nocTb sToMy, 

npn nBoi1noi1 nepesapSinxe nono~TenbRhlX MeaonoB.nBa nei1Tpona npeDpamaroTcn 
I. B 

B llDB npOTOHa, KOT0pbl9 C 001lbiDOii B9pOS!THOCTblO BbiXOilliT na Slllpa. C11911CTBH9 

aToro B · aBeanax oT · nDoiinoll nepeaapSIIlKH. II+ -MeaonoB npnMepno na nBa nyqa 

6onbme ( 2,07 ±. 0,03), "!eM npn nBollnoll ne'peaapSinxe II--MeaoROD. 

3ToT s<jl<jlexT aaMeTeH H B pacnpenenennn no s<jl<jleKTHBRoi1 sneprnn, npnxonn­

meficSI na onnn ny~ B onno - n llByxnytiei3bDt ,aaeanax' (pnc~ 8). Ha pncymta DHAHO, 

"!TO TS!~91lbi9 aapSI~eHHhl9.' "!8CTHUhl OT JlDOfiR.Oftl: nepeaapntiKn II- -MeaonoB · ro-

paano Menc3e·'·sneprnqabl, "!eM oT nBoliaoil''nepe3apRnKn 
II+ -MeaonoB, D xciTopbix,· 
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KpOM9 "!aCTHU OT BTOpH"!HOrO pacceSIHHH 

- BbiOHTbxe .e:encicpencTBe.e:no D nponecce n 

.ll1Ili cpaB.nennSI ny"!eDbiX pacnpen~ 

II - MeaonoB fia pnc. 9 npnBollSITCSI pa 
. T . 

neynpyroro pacceSinnHn - n II--Meaono 

80 MaB. B na.e:noM cnY"!ae nY"!eDbxe pacn 

MoJKHO oTMe.TnTb (pnc. 7) ,'"!TO npn 

<mean, nMeromnx qncno nY"!ell Me.e:bme 111 

"aBean hi.. u 29% - on.e:ony"!eBbie). Ecnn p 

aon nepe3apnnxn II+ -MeaonoB na smpE 

MO~HO y091lHTbCSI B TOM, "!TO r3D9allbl"' 

6brTb o6pa3oDani.r na nerxnx Sinpax ( c 
peaynbTBTOM B3allMOil9i1CTBilli II -M930 

aaKnroqeane MO~Ho cnenaTb n o nnyxny 

aBeallblo JlonSI TBKHX COObiTHfi COCTaBJU!e 

54% COObiTHil MoryT ObiTb CTporo OTRE!C 

na TSI~enbrx SIIlPa:X: cepe6pa a 6poMa, D' 

Ha pac"!/!TOB, BbiHonneRHbiX B pa6o1 

coohiTHi1 nBoi1noll nepeaapSIIlKH 

nel!CTBH9M C TSIJK91lb!MH SlllpaMHo 

II+ -Mea 

0co6o OTMG.THM B38HMOilefiCTBKS! < 

· sTnx cny"!aSix aapHil Hllpa-Mnmean yBen 

cnenoBaTenhRbiX coyJ:iapeanll Mo~o no1 

TaKHMH coynapeHHSIMil, B ltOTOphlX nyK; 

"!eM KynonoBCKRi1 6apbep nnpa • .llonH 7 

BbiCOTbl KY1IOHOBCKOrO oapbepa H MO~GT 

nonnea. llonSI 6eany"!eDbiX .. aBean .. (B J 

OT Bb!COTbl KynOHOBCKOrO 6apbepa npellC1 

"!TO. "!ncno 6eanyqeBbiX •a Bean .. co.cTaB.r: 

COOTBGTCTByeT _B91IH"!HH9 KY1IOI!OBCKOrO 

cyeTcH c.~:na"lnaoll xynonoBcxoro 6ap 

ana"!9HH9 nonyqaeTCSI H H3 cpaBHeRHSI 

MeaoaoB oT nBollaoll nepeaapHilKH • B ' 

CllBHr cneKTpOB II+- ll II- -MeaoaoB ( p 
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ae yqn:Tbinann:cb npn: nocTpoeJinn nyqenbiX 

bl anaKTpOHon) • 

pacmenneanli, noannKaromn:x npa nnol!noli 

·nnnneTcn o6paaoBBan:e 'anean' c Ma­

neT K8KHX-nn6o npyrHX cnenon, 

0,60 ±. 0,10 

2,01 ;t.0,16 

= 130Man E(40+144) 
( 120.;. 144)Man Man 

o, 76 ±. 0,09 0,55 ±. 0,04 

2,31 ±. 0,14 2,07 ±. 0,09 

npnxonnmnxcn aa ona;y "'aneany', ae C'IH­

aaeprnli ( 40 .;. 144) Man, panao 0,55 ±. 
nepnn:'1Hb!X Meaonon oT 0,28 ±. 0,03 

ll--M630HOn MO~O OO~RCHHTb 

nnpa npenpamaroTcn n nna 

pe.:. 

nnn ll -iMeaonon nnyTpn nnep nnn npa 

nnpa. B npoTnnorronomaocTb aToMy, 

nhixonS!T na nnpa. BcnencTnne 

n+ -M930HOn npnMapHO Ha Llnli liyTta 

ll--M930liOB. 

no s~~eKTIIBHoli aneprnn, rrpnxoLin­

Ha pncyHKa annao, 

ll- -Ma30!IOn. ro­

n+ -Meaoaon, B KOTOpblx; 

-"' { .r 
i,' 

,, 
l1', 

I 
" 

1/ 
II: 
!/. 
1 
t 

,\i{') 
II 
l 
1 
~< 

ll 

KpoMe 'lllCTIIII OT nTOpH'IHOro paccen.ltlHI nnn IIcrrllpaHBH 0 rrpncyTCTnyiOT rrpOTOHblo 

nbi61ITbi9 HenocpallcTneHHO n nponecce nnoliHOli rrepeaapnnKn. 

nnn CpRnnennn nyqenb!X pacrrpeLienennli 'aneaLI' OT LinOliHOH rrepeaapHLIKH 

n - M930HOB na pnc. 9 npnBOLIRTCR pacnpenenennn .. anea.O.• no qncny nyTtell OT 
. T . - , 

neynpyroro paccenanniT - n:ll -Meaoaon aa nLipax n ¢oTosMynbcnn: rrpn aaeprHH 

80 Man. B LIBHHOM cnyqae nyqenbie pacnpeLieneann ne oTnnqaroTCSI Lipyr oT npyra. 

Momno oTMaTBTb ( pnc. 7), 'ITO npn itnofiaoli rrepeaapnnKe n+ -Meaonon nonn 

anean, nMeromnx Ttncno nyqeli Menbme nnyx, c.oc;::TannneT 34% (5% - no~-nyqenbie 

'aneaAbi' n 29% - onnonyqeable). Ecnn paccMoTpeT& nee noaMomnbie peaKn:nn nnoli-
+ . . . ' 

noli nepeaapn):IKH fi -M630HOB Hll HllpBX, nXOLl!lilliiX B COCTan ¢OTOaMynhCHII 0 TO 

MO:lKHO y6eAKTbCR B TOM 0 'ITO 'aneanbi' C "'IICrrOM nyqefi M6Hbme Linyx He MoryT 

6biTb o6paaonaai,x na nerKnx nnpax ( c , N , o ) H0 cnenonaTanbH00 RBnRIOTCR 

peaynhTllTOM B3lliiMOnel!CTBIIB n -Ma30HOB c SinpaMn 6poMa II cepe6pa. TBKoe )1(9 

aaKnroqeane MO:lKHO cLienaTb n o nnyxnyqenb!X co6biTn:nx 6ea aneKTpoJia n neaTpe 

aneanbi. nonn TBKHX C06b!TH!i COCTl1BnR9T 20%. TaKBM o6pa30M0 ITO KpafiHeft Mapa 

54% co6b!Tnli MoryT 6biTb cTporo oTnece!lbi K LIBoliaoli nepeaapnnKe n+-Meaoaon 

na TR:lKarrhiX nnpax cepe6pa n 6poMa, nxonnmn:x B cocTan ¢oToaMyn&cnf!:. 
/4,16/ 

Ha pac'!I!!Ton, BhlnonneJIHbiX B pa6oTax , cnenyeT, '1To rrpnMepao 80% ncex 

co6hiTnli nnoliaoli nepeaaplinKn fi+-M930HOB n ~OT09MynbCIIH ooycnonneHO' B3BIIMO-

neliCTBneM C TB:lK9ITb!MH nnpaMn. 

Oco6o oTMe'TnM aaanMonell:cTnnst c o6paaonanHeM aom.-nyqenbiX ·'anean"'. B 

aTnx cny'!anx aapnn nnpa-Mn:mean: ynenn:qn:naeTcn na nne eLin:Hnrrhl. ITo cxeMe no­

cnenonaTenbHbiX coyliapeaall: Mo~o norrhiTllT&cn o6~ncnn:T& 6eanyqenble 'aneanbl' 

TllKIIMH coynapaHHSIMH, B KOTOpbiX HYKrrOllbi 0Tllll'1H nony'IBIOT aneprn:ro MaHbmyro, 

'19M KynoHOBCKI!li 6apbap stnpa. nonn TBKHX 'anean' LIOn:lKHll CHnhHO 3llBHCeTb OT 

Bb!COTbl KyrrOllOBCKOrO 6apbepa II MOlKaT 6b!Tb Bbi'IHCn':Hlle .TaKOJI: p!IC't/!!T . 6bm nhi-

110ITH9He llonn 6eany'!eBb!X r 3 Bean' ( B nponeHTllX OT o6ma):'O '1HCna) B 38BHCIIMOCTH 
! 

oT BbiCOTbi KynonoBcKoro 6ap&epa npencTanneHB aa pnc. 10. Hs aKcnepnMenTa HMeeM, 

'ITO, '!Herro 6eany'!eBbiX 'a Bean' cocTanmieT 5%. Cornacao pac'!I!!TaM aToT peaym.TaT 

COOTBGTCTByeT .aenn'lnlle KynOHOBCKOrO 6apbepa, paBHOli 13 MaB, KOTOpllS: corna~ 

cyeTcn c.nenH'IHlloli KynonoacKoro 6ap&epa nnn s:Liep 6poMa n cepeopa. TBKoe. :lKe 

ana~ean:e nonyqaeTcn n: n:a cpaaneaHSI snepreTn:qecKnx pacnpeLieneHJia nTopH'!Hb!X 

M930HOB OT ABOMHOH nepeaap!lll.KH. B o6naCT.H. Mllnh!X SHaprn:li OT~I!!TnnBO aaMaTaH 

CI1Bllr CITaKTpOB n+- II fi- -M630liOB ( pn:c. 11) • 
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7. 3 a K n 10 q e n n e 

Tio peaynbTaTaM HCCP9~0BaHII!I ~BOi!.HOfi nepeaapR~KH fl - M930HOB B . HHT9pBane 

aaeprHii 40 - 176 MaB MOlKHO OTM9TIITb1 "!'TO nODHbl9 C9"1'9HIIIl ~BOil:HOll nepeaapHAKII 

11 -M930HOB aa HApax B !flaT09MYDbCIIII B03paCTaiOT C pOCTOM aaeprHH nepBH"''HbiX 

M930HOB, 

Ceqeane llBOl!.HOti nepeaapRllKH ll- -M930HOB BO BC9M HCCD9llY9MOM HHT9pBa!ie 

aneprHii MeHbllle, qeM ceqeaHe ~ootiaoii nepeaapR~Kn ll+ -Me30HOB, 

Pacq{!Tbi no KacKannol!. MonenH, BbmonneHHbie B npe~nonoJKeHHH, "!'To .a:Bol!.naSI 

nepeaap!tllKa nponcxonHT B nBe cTannH no cxeMe (1), ynoBneTBOpnTenbrro o6~SICHRIOT 

B03pacTaHH9 nOnHblX C9"1'9H!Ilt C SHeprJ!elt, a6CODIOTHYIO B9DII'IHHy ceqeaH!l:, aaepreTR't&CKliEI + 
pacrrpeneneHH!t BTOpH"''HhlX M930HOB II paaanny B C9'19HIIRX JlBOUHOl!. nepeaapllllKH TI.- H 

TI- - M930HOB, 

YrnoBbie pacnpeAeneanR BTOpii'IHbiX Meaoaoa ae cornacyiOTCR c npencKaaannRMH 

KaCKa)lHOli MOll9DIIo 3TH AaHHbl9 OKa3anHCb HaH6onee KpHTH'IHbiMH K peayDbTaTaM pac-

q{!Ta. 

MolKHO naAeRTbCH, "!'TO HccnenoBanne yrnoahlx 11 anepreTnqecKnx pacnpenenenHl!. 

BTOpH"''HhlX MOAeneli OT JlBOfiHOl!. nepeaapllllKH Ha onpeAeneHHhlX RJlpax JlaCT JlOHOn­

HHTenbHYIO na¢opMa!lHIO o MexannaMe aToro nponecca. 

AaTopbi 6naroAapHbi B.H.ne-rpyxnny n B.C.PorarroBy aa noMOIIIb npn o6nyqeann 

9MYDbC!j:OHHbiX KaMep II rpynne na6opaHTOB aa 6onbiiiYIO pa6oTy no HpOCMOTpy aMynh-

en!!.. 
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