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B eoooiiieHHH paeeMoTpeH&I OOIIIHe xapaKTepH<:THKH ITHOH-HyKnoHHhiX 

H KOrepeHTHhlX B38HMOaeleTBHA rr -MB30HOB e HMITyn&eaMH 45 H 60 faBle 

HB Hapax ~OTOaMynheHH. B KaqeeTBB DpHnO~BHHA DpHBEaBHhl ITBpBHqHhlB aKerre

pHMBHTanhHhlB aaHHhlB ITO yrnaM BhlneTa qaeTHU anA Beex HHaHBHayanbHhlX 

rr-N B38HMOaeleTBHI. 

OpeaBapHTenhHbre peayn&TaTbi pa6oTbi aono~eHbJ B 1968 r. Ha Me~ay-

; 1 I 
HapoaHol KOH~epeHUHH ITO aneMeHTapHbiM qaeTHUBM B [yHae o Ha Me~ayHa-

poaHol KOH~epeHUHH no KOeMHqeeKHM nyqaM B EyaarreTITel21 H Ha Beeeoma

Hol KOH¢epeHUHH ITO KOeMHqeeKHM nyqaM B fleHHHrpaJel31, KpaTKOe eoaep

~BHHB paooTbi ( 2 eTaT&H) orryonHKOBaHo B ''Physics L ~tters" I 4-51. 

I. Omrcaane aKcrrepnMeHTa 

HeeKonhKO eTOITOK ~OTOaMyn&eHI THITa Hl1!1Xl1M<POTO EP-2 ObinO oony

qeHO rr -MeaoHaMH e HMrryn&eoM ( 60±_1) faBle Ha yeJ:opnTene B CeprryxoBe. 

npHMeeh J1 -MB30HOB H aneKTpOHOB B rryqKe eoeTaBnAJ:a OKOno 3%, K - MB30-

HOB - MBHbWB 1%. Ka~aaA eTOITKa eoeTOAna H3 100 em•BB pa3MepaMH 20 eM X 

X 1 0 eM X 0,06 eM. 

0pHMBpHO B TBKHX ~e yenoBHAX 6binH o6nyqeHbl e rOOKH aMynheHH rr -Me-

30H8MH e HMITyn&eOM 45 faBle, OaHaKO rronyqeHHBA DpH aTOM eTaTHeTHKa 

rrpHMepao B B paa MeHhwe. CnoH 6hlnH rrpoABnBHhl B fla6opaTopHH BhleOKHX 

aHeprHI OYIHYI. 4yBeTBHTenhHOeTb enoeB eoeTaBnA~a 25 + 30 onoooB Ha 

100 MK, enoH HMBnH, KBK rrpaBHnO, Man&Ie HeK8)1{8Hl!Ao 
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noHCK HJlBpHWX B38HMO!l8ACTBHA BBJlCH ITO cneny C HB'-!BJlOM DpOCMOTpa 

B 1,5 CM OT KpBH CJ1CH 0 '-!8p83 KOTOpb!A BXOllHJl r:y'-!OK TT- -M830HOB, YJ-, BCBX 

3BB3Jl, aaAneHHbiX no cneny, B nanbHeAweM HCKmoqanHcb: 

1) 3B83)lbl C OlHOA penHTHBHCTCKOA '-!BCTHUeA rrpH yrne OTKJlOHBHHH 

OT rrepBH'-!HOA MBHbiilB 10 Mpan \ C'-!HTBJ10Cb 0 '-!TO 3TH C06biTHH HBJlHIOTCH ynpy

f'HMH HB HJlpB JlH60 H:'KJlOHB) 0 

2) rrpoueccw c HcrrycKaHHeM B -3neKTpoHa, 

3) CJlY'-!BH 3JlBKTpOMBrHHTHOrO o6pa30BBHHH 3Jl8KTpOHHOA rrapbl '-!BCTH

ueA rrepBH'-!Horo rryqKa, 

npocMoTp Bnon, cnena BencH aa MHKpocKorrax THrra MEYJ-9. Yl3Mepe

HHe yrJlOB BTOpH'-!Hhl) '-!BCTHU OTHOCHTBJlbHO rrepBH'-!HOA '-!BCTHUhl rrpOBOJl~~OCb 

aa MHKpocKorrax KSM- I UeAcca, n116o a a rronyaBTOMBTH'-!BCKHX MHKpocKo

rrax THrra MYJP3-1, 111YJP3-2. 

II. CpeaHHH rrpo6er JWH Heyrrpyroro B3anMoaeikTBI!H 

Ha Hllpax ~OT08MynbCHH 

ilaHHbiB 0 ITOJlHOii )lJlHHB DpOCMOTpBHHhiX CJ18JlOB 0 'll1CJ18 HeyrrpyrHX B3ElHMO

!lBACTBHA 11 cpenHeM rpo6ere Heyrrpyroro B3BHMoneAcTBHH A8 eyrrp, (c rrorrpaB-

KOA HB DpHMBCb f1 H £' 

!1MIIyJibC 

rrepBH'-!HOR '-!BCTHUL 

!lOJII!BH JIJIHHB (M) 

A (eM) 
Heyrrp, 

DpHBBJlBHbl B Ta6n, ]. 

Ta6nHua 1 

60 r:cm/c 

3147 

7012 

43,7 :!:_0,6 

45 Lm/c 

512 

I Hl6 

41,3 :!:.. 1,3 

Oum6Ka B A Heyrrp. lpHBBJlBHa TOJlbKO CT8THCTH'l8CKEIH 0 JlOIIOJlHHTBJlbHAH CHC-

TBM8TH'-!8CK8H OWH6Ka MQ)!{BT 6b!Tb TOf'O me DOpHJlKB, CpaBHBHHe HBIIlHX 

pe3yJlbT8TOB C A He;·rrp, = ( 40,4 2:_ 1,0) CM DpH HMITyJlbCB 16 fsB/C DOKa-

3WBBBT, 'lTD cyWBCTBBHHOf'O H3M8HBHHH rrpo6era B38HMO!l8ACTBHH 7T -M830HOB 

B HHTBpBaJle HMITYJlbCOB OT 16 JlO 60 f3B/C HB HB6JliOJlBBTCH, 
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III. 06ume xapaKTepHCTHKH rrHoH-H~'KnOHHbiX 

B38HMoneifCTBHH 

BaaHMOAeficTBHg co cBooOAHhiMH HnH KBaaHcBoOOlHhiMH HyKnoaaMH oT

oHpanHcb rro cneAyiDmHM KpHTepHgM: 

1. HanHqHe He 6onee OAHOR MeaneHHOfi qacTHUbi ( 'qepHbiR", nHoO "ce

pbiR" cneA), neTgmeA B rrepeaHIDID rronyccpepy B na6opaTopaoA cHcTeMe. 

2, 0TCYTCTBHe BHAHMbiX gAep OTAa"IH• 

3. OTcyTCTBHe aneKTpoHoB ang coobiTHH c q~THbii.i qHcnoM aapmKeHHbiX 

qaCTHU. 

LfHcno COOb!THR, OT06paHHbiX ITO aTHM KpHTepHgM, ITpHBeAeHO B Ta6n, 2, 

0HH COCTaBngiDT OKOnO 19% OT BCeX B3aHMOAeRCTBHR :1 cpOTOaMynbCHH, 

CoohiTHSI c qi!JTHbiM qlfcnoM aapSI>KeHHhiX qacTHD oTaeceHbi K 17 p 

B3aHMOAeHCTBHSIM ( OKOnO 40% H3 HHX COOTBeTCTByiDT H3aHMOAei!:CTBHSIM ITHO

Ha CO CBOOOilHbiMH rrpOTOHaMH B BOilOpOAe aMynbCHH), ~ Heqi!JTHbiM qlfCnOM- K 

17 - n • cpeOH KOTOpblX COAep)l(aTCSI B3aHMOAeRCTBHSI C KBa3HCBOOOAHbiMH 

aei!:TpOHaMH, a TaK)I(e HeKOTOpaSI ITpHMeCb KOrepeHTHb X B3aHMOAeRCTBHli Ha 

SIApax aMynbCHH (eM. paaAen IV ). 

M HOJKeCTBeHHOCTb 

PacrrpeAeneHHSI rro qlfcny aapSI)I(eHHbiX qacTHU n =II h + n e, rne N h -•me

no MeaneHHbiX qacTHU ~ AnSI 17- N B3aHMOAei!:cTBHi!: l~ h ::::_ 1 ) , n e - . qHcno 

penSITHBHCTCKHX qaCTHU, rrpHBeAeHo Ha pHC, I. nyHKTHp)M rroKa3aHbl "qlfCTbie" 

COOblTHg 1 T,e. TaKHe, AnSI KOTOpblX ~ =0 H OTCY~'CTByeT aneKTpOH AnSI 

17-- n B3aHMOAeRCTBHR, 1-13 pHCyHKa BHAeH 3aMeTHI>IH H30biTOK "qHCTbiX' 

COObiTHR rrpH n =3 , KOTOpb!e TpaKTyJOTCSI HaMH KaK cnyqalf KorepeHTHOrO 

pO)I(IlGHHg qacTHU Ha SIApax (eM, paaAen IV ) • 

Ha pHc. 2 rrpHBeneHbi pacrrpeAeneHHSI rro MHO>I<eCTBeHHOCTH 17- P 

B3aHMOAeHCTBHH ITpH HMrrynbCaX 60 H 45 faBle, a TaC)I(e AnSI cpaBHeHHSI 

17--P B38HMOilei!:CTBHH rrpH HMrrynbCe 25 faBle, ITOHyqeHHbie C ITOMOlUbiO 

BOilOPOilHOH rry3blpbKOBOH KaMepbl/6/ • 

B Taon. 2 naHbi cpeAHHe aaaqeHHSI ii 1 a TBKMe AnSI 

17- - n B3aHMOAeRCTBHH ( oe3 rrorrpaBKH H C rrorrpaBKOH Ht KOrepeHTHbie B38HMO

aefiCTBHH) • 
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Y1Mnyrrbc 

rrepiJHLJHDH LJHCTMUJ,I 

Yncrro "- -"1 B2AilM0/1C i'icTBHii 

~ 
6c2 lOfl[JElBKH 

nnH rr-_
11 

c no q><lBI<o!"l 

T a6nnua 2 

60 r:om/c 

1332 

5,41::_0,12 

6,24::_0,15 

6,64::_0,16 

2,12::_0,10 

233 

4,90::_0,23 

5, 23::_0, 27 

6,10::_0,28 

2,20::_0,16 

4,87::_0,07 

2,30::_0,09 

B TElOJI. 2 ITOKa3ElHbl TOJlbKO CTaTHCTW-!eCKHe OWH6KH 1 CHCTeMaTn'-leCKHe -

IIpHMepHO TOi1 me BeJ:H'-IHHbi. 

T aK KaK 6onbWH ICTBO rr-- "'I C06WTHH IIpOHCXO.OHT H8 CBR3DHHWX HyK-

JlOHax, TO B03M0)KHO, 1TO seJIH'1liHa n HeCKOJlbKO 3ElBbiWeHa. OaHaKo, KElK 

BH.OHO H3 pile. 2, pacrr~eaeneHHR ITO n .OJIR pa3JIH'-lHWX HEl'-lElJibHWX llMITyJib-

COB - O.OHOf'O xapaKTe[: a, '-ITO cneayeT TBKMe II3 l10CTORHCTBa BeriH'-lllHbl ;;/a(n ), 

r.oe a(n) ancrrepcl1R pacrrpe.oeneHHR rro n rrpH pa3JIH'-!HblX HMrrynbcax 

(eM. Ta6n. 2). 

Ha pac. 3 aaHbl 3HaYeHHR n LWH rr - P B3a!lMoaeAcTBHil, nonyYeHHbre 

C ITOMOWb!O R.OepHb!X rjJOT03MYJibCl1ii ITpl1 3HCpf'HHX 45 H 60 f3B 1 a TElKMe 

c noMOllibJO rry3wpbKcswx soaopoaHwx KaMep rrpn 6onee Hl13Knx 3Heprn>Ix 

-Me30HOB (E )/6-111. 
n. ,, " 0 

Hawn pe3ynbTaTw cooTBeTCTBYJOT aaBncHMOCTH 7T 

II 
r o,:l5 

= •.
0 

• no TaK KaK n MO)l<eT 6i>lTb HeCKOJibKO 3aBbl!lleHo, To nora-

pnrjJMnYeCKElH 3asnciHIOCTb oT E 

YrnoBbiE pacnpeaeneHIHl BTOfJif'lHh!X 'IDCTHU 

YrnoBbre pacrrp!,D.eneHnH BTopH'-!HbiX penHTl1BHCTCKIIX 'l3CTHU B wKa-

ne fg tg (} J1 .OJIH J'a3JIII'll!b!X MHO)l<eCTBeHHOCTeA n npHBe.QeHbl HEl p1IC.48 

H 4 6 IT pH l!MITYJibCElX 60 H 45 f3B/ C COOTBeTCTBeHHO. 

Ha pnc. 5a n 56 rroKa3anr.r yrnoBbre pacrrpenencHHR .onR pa3m1'-!HhiX 

MHomeCTBeHHOCTeA O".QeJibHO .OJIH 7r -1' 11 rr- - n B3Ell1MO.QeHCTBl1H npn Ha-

'lElJ1bHOM HMITyJibCe 6() f3B/c. 
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Ha pRe, 6a H 66 D8Hhl yrnoBhle pacnpeaeneHH~ B cHcTeMe ueHTpa 

xl -
M8CC anSI 1T - p H 1T - D B38HMOaeiiCTBHH npH HMnynbce 60 faB/c, Ha 

pHc. 7 - aHanorH'-!Hbie pacnpeaeneHHsr ( ansr pa3nH'IHhiX rpynn no MHO)I{ecT

eeHHOCTH) npH H8'-!8nbHOM HMnynbce 45 f 9B/ C, 

KaK BHaHo H3 BhiillenpHBeaeHHhiX pHcyHKOB, B rr-- N B38HMoaeiicTBHSIX 

Ha6moaaeTCSI 38MeTH8SI 8CHMMeTpHSI BbineTa penSITHBHCTCKHX '-!8CTHU Bnepea 

B cHcTeMe ueHTpa Mace rr- N 

HOCTH CTeneHb 8CHMMeTpHH yMeHblll8eTCSI, LlnSI n ~ 9 Ji nH D ~ 13 yrnOBbie 

pacnpeaeneHHSI CT8HOBSITCSI no'-!TH CHMMeTpHI.!Hb!MH B nepBOM cny'lae npH 

p = 45 faB/c, BO BTOpOM - npH p = 60 fae/c, T,e, C yeenH'-!eHHeM 

nepBH'IHOH 9HeprHH 8CHMMeTpHSI BhlneTa '-!8CTHU Bnepl~ Ha6niDDaeTCSI npH 

6onblllHX MHO)I{eCTBeHHOCTSIX, B rr- - N B3aHMoaeil:c~'BHSIX c HMnynbcoM 

17 faB/ C 8CHMMeTpHSI BbineTa penSITHBHCTCKHX '-!8CTHU Bnepea Ha6moaaeTCSI 

TOnbKO npH MHO)I{eCTBeHHOCTSIX npHMepHO n :S 5, 

!lepBH'!Hbie aaHHbie no yrnaM BbineTa BTOpHI.!HbiX JemiTHBHCTCKHX '!8C

THU, a B 6onblllHHCTBe cnyqaeB H "cepbiX" cneaoB anSI Be ex rr- - N B3aHMO

.uei1cTBHli npH HMnynbCe 60 faB,'C npHBeaeHbl B npHno>;eHHH, 

l.JT06b! cyaHTb 06 8CHMMeTpHH BbineTa BTOpH'!HbiX '18CTHU B HHaHBH

.uyanbHbiX cnyqasrx, Ha pHc, 8 .unsr co6hiTHli c n ~ 4 npE .ucTaBneHo pacnpe.ue-

0 Ys' 
neHHe no BenH'IHHaM Lg - , r.ue 

Yc 
h =, ~ fg tg e. n 

n i=l 1 

(cyMMHpOB8HHe no BCeM penSITHBHCTCKHM '-!8CTHU8M n~H HCKniD'-!eHHH O.UHOH 

H3 HHX, BbineT8IDl!lelf noa yrnOM 0 i _::;; 2 O B na6opaTOpf Oil CHCTeMe), a y 
0

-

nopeHu-<jJaKTOp cHcTeMhi ueHTpa Mace rr- N • l13 ~He. 8 cneayeT, 'ITO 

.UOnSI C06b!THH 1 8CHMMeTpHI.!Hb!X Bnepea, DnSI 

B TO BpeMSI K8K .UnSI D :::_ 9 ~29%, 

n = 4-8 COCTaBnsreT ~ 44%, 

x/ 
nepeXOJ:l B C,U,M, OCyiUeCTBnSinCSI B npeanono>KeHHH, 'ITO < p..l. > 

0,3 raa/c. 
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CyruecTBeHHo1 oco6eHHOCThiD yrnoswx pacrrpeaeneHHA, o6naaamwnx 

x/ 
6onhwoA ancrrepcH<!A, HBn>IeTCH HX "asyrop6brA" xapaKTep (eM. puc. 9 , 
rae rrpeacTasneHbi yrnoBbre pacrrpeaeneHnH LWH n = S-8 rrpna'2_0,5, a'-

ancrrepcnH IIH!liiBllllfBnhHwx yrnoswx pacrrpeaeneHnA rrpn ncKnm'ieHnn oaHoA 

0 
'iBCTIIUbl C MIIHIIMBJ blll·IM yrnoM 'S_ 2 • BepoHTHOCTb 'iiiCTO CT8TIICTll'i8CKOrO 

rrponcxo/KJ18HIIH "rrp•>Bana" Me/lmy rop6aMH P( X 2) = 10-3 • 

Don>~ co6brTHII c a· 0,5 Cpean B38HMOJleliCTBHli C II = 5-8 COCTBB-

nHeT '" 25%, a O'I HOCl!TenbHO ITOJIHOrO 'il!Cna B38HMOJ18liCTBHli - OKOnO 15%. 

::[),\IG't!IIIIHT 0 .\JeJlJIGIIHh!X ITJ70TOllflX OTIJc1'fH 

'IIJ!Il ncpBII'IHOM HMnynbce 60 TaBle) 

Cpean rr- -N 33aHMoAer1cTBHil HMeiDTCH cnyqan c oaHHM "qepHb!M" 

HJIH "cepb!M" CJI8!10 M, KOTOpble B 60JiblllHHCTBe CJiyqaeB HBnHIDTCH ITpOTOHa-

MH, 

Cpe!l118G '1HCJIII TilKllX CJI8!10B !Ja 3B83!1Y COCTaBnHeT 0,31::!:_0,01 H 0,20::!:_ 

::!:_0,0 I JlJIH TT- _p ll -c- _ 11 B38HMOJl8HCTBllH COOTB8TCTR8HHO, ITpH'i8M cpeaHee 

'iHCJIO "cepL!X" rlaE HO 0, 20:!:_0,0 1 .11 0, 11::!:_0,0 I llJIH 7T-- p II TT -II COOTB8T

CT!38HHO, Ecrrn "cer 1>1e" ll "'iepHbre" crrenu HBJIHIOTCH cneaaM!l rrpoToHoB oT

aaqn ( rrpn 3TOM 0,(13 f3B < E P :S 0,4 f3B llJIIl "cephrx" n En S 0,03 f3B llJIH 

"qepHbiX", TO cpe :tHee HX 'iHCJIO Ha 3BC3Jly B TT -II B38HMO)l8J':\CTBHHX 

s~i ,5 pa3a M8Hbl!l8 0 'i8M B TT -I' , 'iTO YK83h!Bi18T Ha MBJIYID !38pOHTHOCTb 

Heyrrpyroli rrepe3ap1 T\KH ( < 0,5) llJIH C06J,JTHif C M8TlJH?HHLIM HYKJIOI!OM OTJW

'iH, T,e, ITpH rrepellE'illX 'iGTbipGXM8pHOro H~1ITYJibCa- t:::: 0,8 (f3B/c)2. 

IV. KorepeiiTHasi reJl(::paun>~ '-!aCTl1U rr -Me30t!ali.!H 

C HlYITIYJlbC Ol\.1 45 ll 60 f3B/ C IW s:!J1pax 1)10T03M:VJlbCllll 

I. npn 3Hepf'!11X II!!OjJHO-aKTHBHhiX 'iilCTHU Eo ' Io9 3B, Kornn J1J1111Ul 

BOJIHbl 'iilCTHUhl l\1ilJLl IIO cpaiiH8HHID C fW3MC'fl8MJI 51Jlpll, B03HJIK810T yCJIOB!Hl 

KOrepeHTHOti f'PHepnl(llll HOBI·IX 'l!H~THU, 

CyurecTBDBill!lce TuKoro Heyrrpyroro npoueccn npe!!CJU13aHo B pn6oTC? 

noM0p8H'JYIW ll ¢e infic:pra B 1953 r,/ 12/ • 

-----------
x/ fl.aHHOC' p.tC'IJjJC,'tC·.:IGHHG ITOCTIJOC!IO f!!) 38Q l\:1.'1Il\.lO/teifCTRHHI\1 1 l-JTO CO!'-

TBB.rJ'ileT OI<O.HO 7( 0
{) OT fiOJJBOrO 1 IHC,'l8 ~~-- \ H:=!'HI:\10Jl8ifCTBHrr ITpii 11 =5-8. 
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PeaKUHH HOCHT rroporoehlA xapaKTep. KorepeHTHhle aH¢paKUHOHHhle 

Heyrrpyr»e eaaHMoaeAcTeHH xapaKTepH3YIDTCH oqeH& y2KHM yrnoehlM pacrrpe

aeneHHeM eTOpllqHbiX qaCTllU 1 OTCYTCTeHeM eoa6yMJleHil H HJlpB ll coxpaHeHH8M 

KeaHTOebiX qficen HaqaJibHOH ll KOHeqHoA CllCTeM. l.JHCJIO eTOpllqHbiX qacTHU 

Dpll aTOM JlOJIMHO 6hiTb HeqeTHbiMo 

ITpH eaaHMOJleAcTeHH " -Me30HOe e03MOMHbl C[ enyiDlUH8 KOrepeHTHbie 

peaKUHH ( rroapo6Hee eM. Veilett /13/ ) : 

(l) 

rr +A --.rr-rr
0

rr 0 +A, ( 2) 

( 3) 

rr-+ A--.rr+rr-rr-rr 0 rr 0 + A (4) 

H Toil•o rae A - BTOMHOe qHCJIO H)lpa MHWeHHo 

PeaKUHH ( 1) HayqeHa HaH6onee rroapo6Ho rrpH yci:opHTen&HbiX aHeprHHX 

(eiTJIOTb JlO aHeprHH 17 rae), DOJiyqeHhl TBKMe HeKOTOlhle JlBHHhl8 e peayn&-

TaTe HCCJI8JlOeaHHH KOCMHqecKHX nyqe~- Dpll aHeprHI 200 rae. 

HaAaeHo, e qacTHOCTH, qTo ceqeHHe peaKUHH (I) pacTeT c yeenHqe

HHeM HaqaJibHOH aHeprHH. 

PacnpeaeneHHe no MHo~ecTBeHHOC"H 

Ma pacrrpeneneHHA no MHoMecTeeHHOCTH (eM. pHc. 1) eHaeH aaMeTHhlH 

H36biTOK aee3)l C qHCJIOM nyqefi D = 3, DpHqeM 9TOT I a6biTOK CBH38H C T.H. 

"qHCTbiMH" co6biTHHMH1 T.e. c co6&ITHHMH N h = 0, 6ea aneKTpoHa, 6ea 

1 KOTOpble MOryT 6b!Tb CeH38Hbl 

C KorepeHTHbiMH eaaHMOJl8HCTellHMH peaKUHH ( 1) H ( 4) • Heo6xOJlHMO OTMe

TllTb1 qTQ paapeWBIDlUBR CITOC06HOCTb HJl8pHhlX aMyJibCHH IT03eOJIH8T Ha6JIID

JlBTb oqeH& MeaneHHhie OCKOJIKH ( E "'0,2 Mae JlJIH rrpoToHa H "' 1 Mae JlJIH 

Rap a yrnepoaa). 
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KaK ClleayeT H3 pnc, 1, pacrrpeaelleHHH rro MHO*eCTBeHHOCTH CTaHOBHT

C51 Crlla*eHHbiMH 0 8CJ1 H HCKiliO'IHTh 197_:t_l7 H 19_:t_7 "'IHCTbiX" C06b!THH B Clly

-qae n = 3 rrpH 60 H 45 f9B/ C COOTB8TCTB8HHO, 

ECilH 9TH C06bi"H51 OTHeCTII K KorepeHTHblM ( peaKUIIH ( 1) II ( 4)) 0 TO 

Toraa 11po6er AilS! KcrepeHTHoil reaepaunii Tpex 3ap51*eHHbiX rr -Me3oHoB 

COCTaBHT 

,\ 3 Kore ::>, 
( 16 0+ 1•5 ) 

• -1,3 M 11pn 60 f9Bic 

II 

,\ 
3 Kore J, 

(27,0+16,0 
-7,0 

) M 11p1I 45 f9B/ c. 

AHallorH'!HbiM o5pa3oM o11peaell1ITh 11po6er AllH KorepeHTHoil reHepaunn 

5 TT -M830HOB He YA 38TCH 0 T,K, MaKCHMyM B paC11peaelleHIIH 110 MH0*8CT

B8HHOCTH 3ap51*8HHbl IC '!aCTIIU ll8*1IT B 061laCTII n = 5-6, 

YrnoBbie pacnpeaeneHHH, Tpexny'leBbie co6biTHH 

Heo6xoaiiMoe yclloBne AilS! oT6opa co6hiTIIil KorepeHTHofi reHepaUIIH 

'!aCTHU TT -M830HaMH 0 CB513aHH08 C MallOCThiO 118penaBaeMOf'O 5lllpy 11pO

llOilhHOf'O HMI1YilhCa CM, 0630p cf>mnepa/ 14/), HM88T BHA: 

l sine :;; A- 11 3
• 

i 

'ITO Ami ll8f'KHX 5IA8p cjJOT09MyllhCIIH aaeT 0,44, Ami T51*81lb!X 0,21, 
3 

H a piiC, 10 (a) 11p1IB8A8HO pac11peaelleHne 110 ~ sin e . AilS! "'IHCTbiX" 
i=l 

1 

Tp8XIlY'l8BbiX 3B83A 0 l.OTOpbie MOryT 6b!Th KorepeHTHbiMII, Q:loHOM AilS! Kore-

peHTHb!X C06biTIIi\ CllY >KaT Tp8XIlY'l8Bbl8 TT-- n B3aiiMOA8HCTBIIH 6e3 M8Ail8HHOf'O 
3 

11pOTOHa OTAa'!Ho 1109T )My BellH'IHHa i~lsin EJ i AilS! cpoHOBbiX C06b!TIIH MO*eT 

6biTh 110ily'!eHa AilS!: 

1) Tp8XIlY'l8Bb!X TT -n 3B83A C 91l8KTpOHOM 0 KOTOpb!H B03HHKaeT B pe-

3YilhTaTe B036Y*A8HH~ 51Apa MHW8HII; 

2) '!8Tbip8XIly'!eBb!X TT- -P Clly'!aeB 11pH IICKJ110'!8HIIII 11pOTOHa OTlla'!II 

( "cepbifi" mr6o "'!ef,Hbifi" en en), nii6o ( B Clly'!ae Be ex pell5ITIIBIICTCKHX ) 

OllHOll '!aCTIIUhl 110ll ~aKCHManhHOM yrnoM, 
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Co6b!TH51 3THX ABYX THnOB 6yaeM HaSbiBaTb "I'p51SHbiMH" H C"'HTaTb 

!j:JOHOM, pacnpeaeneHHSl no ~ sin EJ i AnSI HHX npnlleAeHbl Ha pHCo 10 6, 

CpaBHeHue JlBYX pacrrpeaeneHuil: puc. 10 rroKa3biB.leT, "'TO LWH 

C06b!Tllll liO"'Tll BCe OHll COCpeJlOTO"'eHbl B o6naCTll ! sin 8 :S 0,3 
3 i= 1 i 

nu o6a pacrrpeaeneHHH HOpMupoBaTb no 
3 

00/IaCTll ill si 1 EJ i > 0, 3 , 

"qHCTbiX" 

Ec-

1 TO 

pasHOCTb B qucne co6biTllil: LWH ~ sin '3 i .s:_ 0,3 
i=l 

Jl/IH "qUCThlX" ll !jloHa 

aaeT ( 197;t_l6) co6biTllil:, Ecnu 3TH co6biTllH OTHecTu f KorepeHTHbiM (peaK

uuu (1) u (4)), To rrpo6er KorepeHTHoil: reHepauuu npf 60 f8B/c A3 Korep.= 

( + 1 
•
4 ) 45 r 1 = 16,0 _

1
, 
2 

M, npu 3B C aHanorll"'HbiM o6paSOI\ nony"'eHO "'llC/IO KO-

repeHTHbiX C06biTHll 18.:!:_7, "'TO COOTBeTCTByeT 

,\ 
3 Korep. 

= ( 28 5+16,4) 
• - 7,7 

M, 

TaKHM o6pasoM, oueHKH rrpo6era no yrnoBbiM ~apaKTepncTHKaM n no 

pacrrpeaeneHHID no MHOMecTBeHHOCTH cornacymTcSI A~yr c apyroM, 

,\ 
3 

npu 8HeprllH rr -MeSOHOB 16 f3B !Ipo6er )eaKUllll ( J) COCT8Bll/I 

Korep. 

115/ 
M 

ns:rTlflly'IeBF>Ie C06biTlfH 

5 

Ha pnc. 11 !IOKasaHO pacnpeaeneHHe ~ sin e 
i=l 

"qHCTb!X" (0 + 0 + 5p n ¢oHOBhlX co6hlTHil: (oT6or ¢oHOBhlX aHanorn"'eH 

OT6opy TpexnyqeBbiX 1 CM, BbiWe) npll HMrrynbCe 60 f:JB/c, 

Ms cpaBHeHHH 3THX pacnpeaeneHnil: cneayeT, "'T) qncno nSITHnyqeBbiX 

KOrepeHTHb!X C06b!THll ( peaKUHSl 3) paBHO 23, 7:t_8, J, "'TO COOTBeTCTByeT 

Korep. 

+68. 
( 133_34} M npn HMnynbce 45 f3B/c, 

Korep. 
( 105+ 126 ) 

-4 I 
M, 

TaKHM o6pasoM, npo6er KorepeHTHoil: reHepaunn nHTf sapHMeHHhlX Meso

HOB (peaKUllH 3) IlpHMepHO B 8 pas MeHbWe, "'eM Tpex (peaKUllll 1 ll 4) Ilprl 

HaqanbHOM nMrrynbce 60 f8Bic. 
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npH HMITyn&ce 13 faB/C ceqeHHe o6p830B8HHg 5 aapgMeHHhlX Me30HOB 

rrpHMepHo B 40 paa ME H&rne, qeM 3 aapgMeHHhix/ 16/, Heo6xoaHMO TBKMe oT

MeTHTb1 qTQ Mbl JJ.Oll MHbl Ha6niOJJ.8Tb KorepeHTHYIO peaKUHIO ( 4), T,e, 

TT- ->3TT± 2rr O o 6onee qaCTO, qeM TT-->TT +rr+ TT- TT- TT- npe}:IIT0ll8rag 1 

qTQ H30CITHH CHCTBMbl ITgTH ITHOHOB T 11 Mbl JJ.OnMHbl OMHLI8Tb1 qTo peaK

UHg rr- ... 3rr ±. 2rr 0 6yneT HJJ.TH B 2,2 paaa qame, qeM rr--. 5rr -t. Ta

KHM o6p830M 1 Mbl Bbi:ICHHllH, qTo cpeJJ.H TpexnyqeBbiX C06b!THH JJ.OllMHO CO

nepMBT&cg 52~18 cny•weB peaKUHH (4), Toraa MOMHO OUeHHTb qHCllO KOre-

peHTHbiX C06biTHH pea <UHH ( 1) KBK 145~25, qTo COOTBeTCTByeT 

A + =( 21 7+4,5) 
arr - Kore p. ' -3,2 

M, 

Ha naHHOM CTBTHCTHqecKoM MaTepnane peaKUHIO TT + A-. 7TT!:. + A 

BbiJJ.enHTb He YJJ.8BTC~I. 

PacnpeaE neHHe B3HMyranbHbiX yrnoB anH rpexny'leBbiX 

co6b1Tlffi 

Ha pHc. 12 rrpH3eJJ.eHo pacrrpeneneHne rrocnenoBaTen&H&IX paaHocTeii 

83HMyTBllbHbiX yrnoB {I XI rrpH 60 faBle, 

BepogTHOCTb Taro, q--o naHHoe pacrrpeneneHne cornacyeTcg c H30TporrHbiM 

p ~X 2 
)<<10-

4 
( x 2 

= 160 rrpH 9 CTerreHgx CB060JJ.bd. TaKHM o6pa30M, 

pacrrpeneneHne aanM:'Tan&HbiX yrnoB rroJJ.TBepMnaeT, qTo cpenn co6biTHH 

3HaqnTeJbHYIO LIOlliO COCTBBngiOT KorepeHTHhle C o6pa30B8HHeM 

TpeX aapgMeHHb!X TT -Me30HOB ( peaKUHg 1) • ( CM, ITOJJ.po6Hee 0 MeTOJJ.e 

aHannaa aanMyTan&Hbi~ yrnoB pa6oTy/17/), Ecnn na LIBHHoro pacrrpeaeneHng 

HCKll!OqHTb ll30TpOITHYIO qaCTb 1 COOTBeTCTBYIOIUYIO 7T - n B38HMO}:IeHCTBHgM, 

KBK rrpeanOMBHO COTfYLIHHK8MH na6opaTOpHH EyaarrernTa (CM, ITYHKTHpHyiO 

rrpgMyiO pHC, 12 0 rrpoBeJJ.eHHyiO ITO MeTOLIY H8HMeHbiUHX KB8Lip8TOB T8K 1 qTQ 

B rrpeaenax ~ >_ 240° OH8 COBIT8}:18eT C 9KCITepHMeHT8llbHOH rHCTOrpaMMOH) 1 

x/ ilaHHDe pac rrpeneneHJie ITOCTpOeHO ITO 211 "qJICTbiM" C06biTHSIM 0 +0+3P, 
qTQ CDOTBeTCTByeT ITDllHOA llllHHe IIpOCMDTpeHHWX cnellOB (2530 M), 
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TO MO~HO ITOITY~HTh rrpo6er AIT~ KOrepeHTHOH reHeptUHH Tpex aap~~eHHb!X 

Me30HOB (peaKUH~ 1) 

t. 
(:177 ) Korep. 

( 20 7+ 3•6 ) 
• -2,6 

3Ta Berrn~nHa xopowo corrracyeTc~ c rrorry~eHHoil Br.rwe apyrnM MeToaoM. 

3aMe'WHHH no noBoay peaxuuf1 2 H 4 npu 60 TaBle 

B 130 "~HCTbrx" Tpexny'leBbiX 3Beauax (na6opaTop m AnMa-ATbi 11 <PYIAHa) 

6b!Jl!l !13MepeHbl HMITYJJhChl BCeX 'laCTHU. C y~eTOM HMITyJlhCHblX xapaKTepHCTHK 

BTOpH~Hb!X 'lBCTHU Ha ITOJJHOH AJIHHe 1436 M OKa3aiTOC '> ( 77:!:._9) KorepeHTHb!X 

C06hlTHH, OTHeceHHhlX K peaKUHH ( l), ~TO COOTBerCTBYBT rrpo6ery 

A + 
(.1rr -) Korep. 

( + 2, 3 ) 
18, 7_ 2,0) M. 

CpaBHHBa~ rrony'leHHI>ri\ Bbrwe npo6er c npo6eroM nn~ penKUHH ( 1) 11 ( 4) 

16 M MOll<HO 3BKJJ!O'l!!Th, 'lTO peaKUH>!_ __ ( ~_) co.c::TaB_JJ>.I_~_:r_ ; 0-30% OT peaKUHH ( 1) • 

TaKHM o6paaoM, ewe OUHH MeTOIJ orrpeueneHn~ A Korep. peaKUHH (I) 

naeT B0JlH'IHHy, XOpOll!O COf'JlilCYIOWYlOCH C aHaJJOf'H~HOir, rrorry~eHHOH llPYf'llMil 

MeTonaMH. 

KorepoHTHa~ penKUHH (2) rr- _, rr- 2 77 ° 
C Ce'lCHHeM HeCKOJibKO MeHbWe, 'leM peaKUH~ ( 1), !I ee HCCJieDOBaHHe l!ilMe-

~eHo. 

3aRifCIL\10CTb npo6era KorepeHTHOTO B:38H.40£(eiiCTBHSl 

OT 9HeprHII 

Ha pHc. 13 rrpHBeJJeHbi naHHbie o rrpo6ere KorepeHTHoil reHepauHH Tpex 

!I 11~Til 3apH~BHHhlX ~aCTHU, ITOJIY~BHHNB B HaCTOHllBH pa6oTe rrpH 60 

!I 45 f3B/c, a TaK~e JJaHHJ,Je pa3Jlll~Hb!X Jia6opaTOpHI1 Ipll 3Heprllll OT 7,5 IJO 

200 f3B ( KOCM!l'JCCKHC JJY'lll), ITOJiy'leHHbiC C ITOMOll!blO q1 :>TO 3MYJibCHI1 / 15, 19,20/ 

VIa pHc. 13 BHilHO, 'lTO c yBenn~eHHeM 3HeprHH rrpo6er KorepeHTHOil 

reaepaunn qacTHU rranaeT, a ::JHa'lHT, ce'!eime pacTeT, '!To, rrc Kpai1aei\ Mepe qacTn'I

Ho, MOllWT ObiTb 06bHCH8HO pOCTOM MBKCHMaJJbHOH MaCChi c·ncTeMbi, o6pa30BBHHOH 
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KorepeHTHO ( M * "' y E 0 , rae M * - 9<jJ<jJeKTHBHaH Macca CHCTBMbi 1 E 
0 

_ 

rrepBHqHaH 9HeprHH) ITpH 9TOM MOryT ITOHBMTbCH HOBhlB KaHaJ1hl C TpBMH 

H ITHTb!O 3apHM8HHbll-IH qaCTHUaMH, 

LfTo6br rro rrpo6E-ry orrpeaenHTb ceqeHHe KorepeHTHoif reHepauHH qacTHU 

H B .QaJ1bH8lllli8M CpaBiHTb <jJOT09MYJ1bCHOHHhl8 .QaHHhlB C .QaHHhlMH rry3hlpbKOBhlX 

KaMep C THM8J10H )Kl.QKOCTbl01 HB06XO.QHMO 3H8Tb 38BHCHMOCTb ceqeHHH OT 

pa3Mepa Hapa MHWeHI:. ToqHyJO <jJopMy TaKofr 38BHCHMOCTH oqeHb TpyaHo pac

cqHTaTh, TBK KBK .QJH 3TOrO HB06XO.QHMO 3H8Tb ceqeHMB B38HMO.Q8HCTBHH 

KOrepeHTHO o6pa30BIHHOH CHCTBMhl BHYTPH H.Qpa, 

OaHaKo oKa3wBa?TCH, qTo rrpocTaH 38BHCHMOCTh a Korep.~ A
213 

roaHTCH 

.QJ1H .QBHHbiX rry3blpbKC Bb!X KaMep IT pH 16 f9B/ c/ 13, 16/, 

flpearronaraH TaKyJO MB 3aBHCHMOCTh a KOrep, OT A 1 Mbl MOMBM <jJo-

T03MYJ1bCHOHHbiB .QaHI biB .QJ1H KOrepeHTHbiX peaKUHH 77- 4 3 77.± H 77- -• 5 77 + 

rrpeacTaBHTb Ha O.QHOI1 rpa<jJHKe C .QaHHb!MH 0 rronyqeHHbiMH rrpH ITOMOWH ITY3blpb-

KOBb!X KaMep, 

Ha pHc, 14 rroK 13aHa TaKaH 3aBHCHMOCTb c BKJ1JOqeHHeM aaHHbiX, rrony

qeHHbiX B 9KCIT8pHMBH"8X C KOCMHq8CKHMH nyqaMH rrpH ::meprHH ~ 200 f3B/ 19,20/, 

113 pHC, 14 CJ18lYBT 0 qTo C YBBJ1Hq8HH8M 9HeprHH ceqeHHB KOrepeHTHOH 

reHepauHH 
~ + 

_;) 77 - pacTeT, 

ABTOpbl BbipaMaJOT CBOIO rny6oKyJO 6naroaapHOCTh KOJ1J18KTHBy YCKOpH-

TBJ1H I1cf>83 ( CeprryX)B) 0 HayqHbiM COTpy.QHHKaM I1cf>83 C, fleHHCOBy, n, naH

c6epry, A, 3aifueBy 38 COTpy.QHHqBCTBO H ITOMOWh B rrpOBBUBHHH 9KCIT8pHM8HTa 

ITO o6nyqeHHIO HnepHb X 3MYJ1bCHH, 

ABTOpbl 6naron-tpHb! COTpynHHKaM na6opaTopHH Bb!COKHX 3HeprHH Ol1HI1 

38 rrpOHBJ18HH8 CJ108I- 0 a TBKMB BCBM nabopaHT8M 0 ITpHHHBWMM yqaCTHe B ITO

HCKBX 3B83D H H3M8pBHHHX xapaKTBpMCTHK HDBpHhlX B38HMODBHCTBHH, 
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