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I. B B e 11. e H u e 

B rrocne11.Hee apeMSI aaMeTHO aoapoc l!HTepec K 11c·cne11.oaaHuIO aaauMo-

11.eilCTBl!il 'laCTHU Bb!COKUX 3H~pruil C aTOMHblMU S!JJ.paMU 11 - 41• Hapsi11.y C 

yTO'!HeHueM o6meil KapTl!Hbl B3al!MOJJ.eilCTBHSI (uay'leHue IIOllHblX Ce'!eHuil, 

CIIeKTp~B BTOpl!'IHblX '!aCTl!U H T,11.,) 3Ha'IUTenhHble yCUllU5I 3aTpa'll!BaIOTCSI 

Ha BblSICHeHue 6onee '!aCTHblX CTOpOH rrpouecca. 

Cpe11.11 Ilp0JJ.YKT0B 5111.epHoil peaKUIIH BCTpe'laIOTCSI KaK xopomo H3y'leH-

Hhle U30T0IIbl ( 
8

'
9 

Li , 22;24 Na), 
TaK " HOBbie., Heuay'!eHHhle aneMeHThl, Ha-

rrpuMep, 
8 He , 11 Li l13BeCTHO, 'ITO 'laCTb SIIJ.epHblX OCKOllKOB 

o6pa3yeTCSI B Ka'leCTBe OCTaTO'IHblX S111.ep ( oco6eHHO B cnyqae o6ny'leHU5l M_u­

weHeil U3 nerKUX BellleCTB C, N, 0 ) , 11.pyra51 '!aCTb - B Ka'IeCTBe IlpOJJ.YKTOB 

11.eneHU_SI. OCHOBHaSI. 11.on51 MHoro3apSIIJ.HhlX qacTUU, IIO-BHIJ.HMOMY, pOlKJJ.aeTC5l 

rrocpe11.CTBOM MeXaHU3Ma, rrpHHUUIIUanbHO OTllH'IHOI"'O OT rrepBblX 11.ayx. IIpo­

uecc reHepauuu 3THX qacTuu o6hI'IHO Ha3bIBaIOT "qiparMeHTauueil" x). 

llaHHaSI pa6oTa IIOCBSlllleHa aHanu3y 0CHOBHblX 3KCIIepuMeHTB.llbHblX 11.aH­

HhlX O qiparMeHTBUUH H B03MOlKHblX TeOpeTU'IeCKUX rrpeJJ.CTaBneHuil o·6 3TOM 

S!BlleHIIII, IJo yKa3aHHblM BOilpOCaM UMeeTCSI HeCKOllbKO 0630p0B /5-7 /, KpoMe 

Toro, B nocne11.Hee BpeMSI orry6nuKOBaHO MHOI"'O HOBblX BalKHblX pe3yllbTaT0B, 

oco6eHHO rrpu 3Heprusix 6onee 1 raa. OCHOBHOe BHUMBHUe Mbl 6y11.eM y11.enS1Tb 

B3BHMOJJ.eilCTBUSIM Ilpll BblCOKUX 3Heprusix. IIpu 3T0M oueHKa 11.0CTOUHCTB U 

HeJJ.OCTBTKOB OTJJ.en_bHblX 3KCIIepuMeHTallbHblX MeTOIJ.HK He 6y11.eT· IIPOU3B01J.UTbCSI, 

x) B UHOCTpaHHOil nuTepaType (CM,, narrpuMep, 141 > TBKUM TepMUH0M unor-

11.a orrpe11.enS1IOT 011.HY U3 MOJJ.eneil pOlKJJ.eHUSI MHOI"'03apSIJJ.HhlX 'IBCTIIU. 
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II • Ce'IeHHH q,par-MeHTBUHH 

~ 

CeqeaHe ¢par-MeHTaUHH HBnHeTCH OCHOBHOil xapaKTepHCTHKOil npouecca. 

3KcnepHMeHTanbHOe HCCnenoaa11He Ce'IeHHH H er-o Bbl'IHCneHHe 118 OCHOBe MO­

neneil npencTaBnHJOT HeCOMHellHblil HHTepec. 3aMeTHM, 'ITO aBTOpbl HeKOTO­

pblX SKCnepHMeHTanbHbIX pa6oT npHBOAllT Ce'IeHHe, npyr-He JKe yKa3blB8IOT nHWb 

BepOllTHOCTb nOHBneaH·ll ¢par-MeHTOB BO B38HMoneilCTBHH. 

· BaJK11eilwae naHHbie no ce'IeHHHM npencTaane11b1 nanee B BHne Ta6nHu 

/8-43/ 
H I'pa¢HKOB 

BHnHo, 'ITO HMeJOmaH HH¢opM8UHll no Ce'leHHllM BeCbM8 Henon11aH. B 11e­

KOTOpblX cny'IallX SKcnepHMeHTanbHble peaynbTBTbl npOTHBOpe'laT npyr- npyr-y. 

HanpHMep, B pa6oTe 
1441 

nni B38HMoneilCTBHlI npoTOHOB C TlIJKenbIMH gnpa­

MH SMynbCHH npH saepI'HH 2 fsB nony'leHO u· ( 
8 Lil =6 ~ 1 M6. B pa-

6oTe /19/ nnH Toil JKe saepr-HH a cnyqae gnpa - MHwe11H Ag npHaeneao 

BABOe MeHbWee 3Ha'IeHHe: U ( 
8 

Li ) =2,8 M6. TeM He Me11ee B noaene11aa 

ce'IeHHil MOJKHO YKB38Tb-PHA 38KOIIOMepHOCTeil. 

1. B o6naCTH BblCOKHX saepr-Hil Ce'IeHHlI ¢par-MeHTBUHH_ nng gnep c 

A .. 100 COCTBBnlIJOT nopHnKa neCHTH npoueHTOB OT nonaor-o ce'IeHHlI Heynpyr-or-o 

B38HMOneilCTBHlI. 

IlpH ¢HKCHpOBBHHOM 3Ha'IeHHH Ha'IanbffOil aaepI'HH BepOllTHOCTb o6pa3o­

B8HHll ¢par-MeHTOB Ha naHHOM Hnpe cna6o 38BHCHT OT THna nepBH'IHOil '18CTH­

Ubl. 

2. <PyHKUHH B036yJKneHHlI peaKUHil C o6pa30B8HHeM ¢par-MeHTOB C z>.,_4 II 

¢par-MeHTOB 
8 

Li B SMynbCHH pacTy,: npH HH3KHX SHepI'HlIX, ·pe3KO yaenH'IHB8IOT­

ClI npH SHepI'HH OKono I fsB H n~nee, BllnOTb no 30 rsa, H3MeHlIIOTClI O'leHb 

Mano. 

B cnyqae ¢par-MeHTOB 
7 

Be 
22 

Na , : 
24 

Na 38BHCHMOCTb 

u(T) x) CT8HOBHTClI cna6oil TOnbKO npH T>l0fsB (cM. Ta6n. 2.1 H PHC. 

2.1-2.3). 

. 3. 3apHnOBOe pacnpeneneHHe ¢par-MeHTOB HMeeT BHn 

W ,. exp I - a ( T ) z ] , 

\ 
x) 

T \ anecb H Beane nanee 03Ha'IaeT KHHeTH'IeCKYJO saepr-HJO nepBH'IHOil 
'18CTIIUbl. 

4 

) 

II 

r-ne Kos¢qmUHeHT a ( Tl yMeHbWaeTCll C pOCTOM T • 3TO xopowo BHnH.O 

113 p11c. 2.4, 118 KOTOpOM npencTaBneHbl B npOH3BOnbHblX enHHHUaX 38plIAOBbie 

pacnpeneneHHll ¢paI'MeHTOB, poJKnaJOJAHXClI a SMynbCHH npH SHepI'llllX 9 fsB 

II 25 rsa. 113 paCCMOTpeHHll p11cyHK8 MOJKHO cnenaTb BblB0A, 'ITO aepOlITHOCTb 

0611apylKHTb ¢par-MeHT c z > 6 B na1111oil r-pynne B38HMOneilCTBHil C ¢par--

MeHTaMH pacTeT C yaen11'IeHHeM nepBH'IHOil s11epI'HH. 

B pa6oTaX 120,451 HCnonb30Banacb MeTOAHKa HnepHblX. SMynbCHil, rrpen-

CT8BlllllOWHX co6oil CMeCb pa3nH'IHbIX llAep C aTOMHblMH BeC8Mll OT A =108 

no A=12. Cpen11 HnepllblX OCKOnKOB (oco6e11110 npll z~6 6yneT HeKOTopall 

nonll OCT8TO'Illb1X Hnep. Y'IeT 3TOI'O o6CTOllTenbCTBa MOJKeT HeCKOnbKO H3-

MeHHTb BHA 38pllnOBOI'O pacrrpeneneHHll ¢par-MeHTOB, IlpHBene1111or-o Ha pnc.2.4. 

nnll OKOH'IaTenbHOI'O BbIBOna O 3aplIAOBOM pacrrpeneneHHll ¢par-MeHTOB rrpll 

pa3nH•IllblX s11epI'lllIX HYlKllbl nanb11eilwne .HccnenoBaHHlI. 

4. Ce•Iellllll poJKneHHll ¢par-MeHTOB_ pa~Ty:T_ C .. yaen11'IeHHeM 'IHCna Men- -

neHHblX '18CTHU.- 3TO BHAHO, 11arrpnMep, 113 Ta6n.- 2.5, B KOTOpoil IIOK838llbl 

38BJICIIMOCTH BbIXOna Li 11a on11y aaeany OT 'IHona Nb npH pa3nH'IllblX 

Ha•,anbHblX SHepI'HllX. AuanOI'll'Illble COOTHOWelil!Sl l!Me!OT MeCTO H nnll npy­

I'HX cppar-MeHTOB. 

5. 3aBHCHMOCTII Ce'leHHil cppar-MeHTBUHH OT aTOMHOI'O HOMepa gnpa -

MHWE!HH 6blllH rrony'Ie!Ibl B pgne pa6oT, B KOTOpb!X ncnonb30BanHCb r-naBHb!M 

o6pa30M panHOXHMH'IeCKHe MeTOAbI. Kpecrro ll KapeTTO 0611apylKIWll, 'I_TO B 

38BllCHMOCTll SMl!CCHK cppar-MeHTOB C A =18 I-- 30 OT 8TOMHOI'O IIOMepa HA­

pa - MHWeHH HMeeTCll MHHHMYM MeJKny cepe6poM H T8HTanoM / 46,47 /. B 

pa6oTe 147 I nccnenoBanocb 06paaoa'a11He cppar-MeHTOB 24 Na n ·is F 

npH B38HMOneilCTBHH npOTOHOB C pa3nH'IllblMH gnpaMH npH s11epI'llllX T> l rsa. 

OKa3anocb, 'ITO 38BHCHMOCTb Ce'IeHHll poJKneHHSI 24 Na OT s11epr-HH HMe-

eT IlpHMepHO OAHH H TOT JKe BHA nnlI pa3Hb!X gnep-1i.rnweaeil. 3aMeTHO .YBe­

nH'IeHHe ce'IeHHll B o6nacTH 1 rsa, npH nanb11eilweM yaenH'IeHHH s11epr-HH 

Ce'IeHne H3MeHlleTClI cna6ee. A11anOI'll'Illbie 38BHCHMOCTH l!MeJOT MeCTO nnlI 

cppar-MeHTa 
ts· F. 

Ha pnc. 2.5 H 2.6 rrpencTaBneabl aaBHCHMOCTH ceqe11nil o6paaoaaHHSI 

18 
F H 

24 
Na OT aTOMIIOI'0 .HoMepa Hnep-MHWeaeil. 11MeeT MeCT0 pa3-

118ll 38BHCHM0CTb nnll neI'KHX H TSIJKenhIX Hnep. BbIXOA 
24 

Na 11 
18 

F 1291 

ll3 gnep cepe6pa MOJKeT 6bITb 06'bllCl!eH MeXaHU3MOM pacmerrneHHll nnlI SHep-

5 
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r11li 6onhwe 2 r:;rn. Ilp11 ,rnepr11rut Mem,we 2 ran 3a o6pa30BaH11e aT11x SIAep 

0TBeTCTBeHeH MeXaHll3M, O_TIIll'IHblH OT pacme1111eH11S1. TaKIIM MeXaH113M0M MO­

lKeT 6hITb 11pouecc AeneHIISI cpeAHeT51lKe/IbIX Mep. B 0611acT11 A =150 r250 

MexaHll3M0M pacme1111eHIISI He/Ib3.lt o6'bSICHIITb BblX0A 
24 

Na II 18 F , TaK 

KaK Ha 0llb!Te C p0CT0M A . aa6moAaeTC.lt p0CT ::e'leH11.1t. 

1111.1111HTep11peTa111111 TaKIIX 11poneccon Bonbcpraar /1/ 11peAII0lKIIII cne­

Ay10m11li MeXaHH3M cpparMeHTa111111: BHYTPII S!Apa IIMee'l:' MeCT0 CII/IbH0e 11or110-

11leH11e IIII0H0B, p0lKAeHHb!X 11p11 B3allMOAeHCTBIIH 11epBH'IHOH 'l_aCTllllbl C 0AHIIM 

113 HYKIIOHOB Mpa, II0aT0MY B .IIApe o6pa3yeTC.lt CII/IbH0 HarpeTaSI o6naCTb, 

113 KOTOpOH II BbineTaeT MepHblH OCKO/I~K x). 

CymeCTBeHHbIH IIHTepec 11peACTaB/I.1teT 113MepeH11e xapaKTepllCTIIK 11po­

uecca 11p11 Ha116onbw11x ycKop11Te1IbHbIX saepr1rnx. B pa6~e 150I 11ayqa11och 

p0lKAeH11e cpparMeHTOB llpll B3allMOAeHCTBIIII llp0T0H0B C pa3/Ill'IHhlMII MpaMII 

B ci6n~CTII aHepr11li AO 30 ran. Ha p11c. 2.7 r2.10 11peACTaB/IeHbl 110/Iy'leHHbie 

peaynbTaTbl. B1£AHO, 'IT0 BblX0A 24 Na c 113MeHeHlleM aToM·aoro HoMepa 

Mpa-M11wea11 113MeHSieTCSI 11/IaBH0 rrp11 aaepr1111 30 ran. 3To, B03M0lKHO, CBII-

AeTe/IbCTByeT 0 TOM, 'IT0 o6pa30BaH11e 24 Na 011peAen.1teTc.11 aaepr11eli B03-

6ylKAeHll.lt .IIApa, a He . AeTa/ISIMII BHYTPIIMepaoro KaCKaAa. qTO KacaeTC.lt Bbl-

xoAa 22 Na ( CM. p11c. 2 .8)' TO CllaA COOTBeTCTBYIOllleH KPIIBOH o6HapylKII-

naeTc.11 KaK 11p11 aHepr1111 3 ran, TaK 11 11p11 aHepr1111 30 raa. B 0611acT11 aHep-

r11li 30 ran u ( 22 Na ) B 11HTepnane · A ., 50.r 250 113MeH.1teTc.1t ncero Ha 

1 M6H, a u( 24 Na) - OT 3,5 M6H 11p11 A .. 50 AO 16 M6H 11p11 A .. 250. 

OTHoweH11e u ( 24 Na )/.u ( 22 Na ) 11p11 aaepr1111 30 ran 11po11op11110Hallb-

H0 aT0MH0MY H0Mepy .1IApa-M11WeH11 A 

B H8CT0IDI1ee BpeM.lt cymecTByeT T0/IbK0 0AHa M0Aellb, ·c II0M0lllbIO KO­

Topol1 M0lKH0 rrony'laTb KOllll'leCTBeHHbie AaHHbl8 0 11peAII0/IaraeM0M MeXaH113-

• 
·Me cpparMeH'I'au1111_. TaKO!i M0Ae/IblO .IIBII.lteTC.lt KaCKaAHo-11c11ap11TellbHa.1t M0-

Aenb. PacCMOTpllM KpaTK0 HeKOT0pble pe3yllbTaTbl pac'leT0B Ce'leHIIH cppar­

MeHTa111111 Ha OCH0Be aTOH MOAB/Ill. 

- } 
X M111111ep 

131 
Bbl'IHC/111/I BpeM.lt pac11p0CTpaHeH11.1t aHepr1111 113 MeCTa /I0Kanb­

HOro Harpena B Mpe 110 BCeMy MPY• 3Ta BelIH'IIIHa 0Ka3a/I8Cb HaMHoro MeHb­

we BpeMeH11, xapaKTepaoro A/ISi 06bl'IHblX SIAepHbIX peaKUIIH, 11poTeKaIOlUIIX B 

ABe CTaAIIII. OTCIOAa OH CAe/Ia_/I Bb!B0A, 'IT0 Teop11.1t /I0KanbH0ro HarpeBaHll.lt He 

MO>KeT aKKypaTH0 0lll!CaTb .IIB/IeH11e cpparMeHTau1111. K C0>Ka/I8HIIIO, B pa6o-

Te 
131 

He 11p11BeAeHbl AeT_a1111 Bbl'IHC/IeH11li. 

6 

i 

'I 

I 

\ 
I 
{ ,. 

I 
(1 

CeqeHll.lt o6pa30BaHIISI nerKIIX cpparMeHTOB cornacyIOTC.lt C KaCKaAH0-

11c11ap11Te/IbHblM MeXaHH3M0M B cny'lae 11epBll'IHblX aHeprHH -MeHbWe HeCK0IIb­

KIIX ran /1 4 , 15, 51 - 581• B pa6oTe 1571~11ccneAOBa/IOCb o6pa30BaH11e cpparMeH-

T0B 
6 He 8 Li 7 

Be 13 N llpll B3allMOAeHCTBIIII rrp0T0H0B 

C pa3/Ill'IHblMII S!Ap8MII rrp11 aHepr11.11x 1; 1,9 II 2 ,9 ran_. 3KCllep11MeHTa/Ibllb!e 

peaynbTaTbl cpaBHIIBalll!Cb C pac'leTHblMII A8HHblMII 110 MeT0AY MoHTe-Kap-

110. MeTOA11Ka pac'leTa 01111caaa B pa6oTe 151 I. B Ka'leCTBe pacrrpeAe1IeH1111 

llp0AyKT0B KaCKaAHOH CTaAIIII peaKUIIII 6hlllll B3S!Tbl AaHHble MeTpOIIO/IIICa/49/. 

PaAIIYCbl B3allMOAel1CTBllli orrpeAe/ISI/IIICb 110 cpopMy/IaM: 

rAe A t H A -2 

R 
1/3 1/3 

=l,S(A +A 
I I 2 

-13 
10 

R =[1,5 (A l/3+A 1/3 > _ L] ro-13 
2 2 I 2 

· 1/3 1/3 -13 
R 

3 
= [ 1 ,1 ( A 1 + A ? ) + 2.0 ] 10 

• I 

(2.1) 

(2.2) 

(2.3) 

'1eH11.1t 11apaMeTpa 

aT0MHbie H0Mepa cpparMeHTOB II 

a BapbHp0Ba/IHCh OT a ;,, ..L. 
10 

0CTaT0'IHbIX :gnep. 3Ha­

A0 a = -
1- • Pe3ynb-

12,5 

TaTbl paC'leT0B rrpn aT0M M8H.lt/IIICb TaK lKe, KaK 11 11p11 rrepexone OT paAHY-

ca B3allMOAeHCTBIISI R 2 K R 
3

• 

TeopeTll'l8CKIIB H aKc11ep11MeHTa/IbHble A8HHbJe rrpHBeAeHbl B Ta611. 2.6. 

BbI'l11cneHHhie Ce'leHiiSI A/ISi Cu H Zn 11/I0X0 cornacyIOTCSI C 0IIblT0M. 

3To o6ycnOB/I8HO TeM, 'IT0 K nerKIIM .IIApaM CTaTHCTH'leCKaSI M0Aellb He rrpH-

MeHIIMa, a TaKlKe II0S!B/I8Hl!eM 
13 

N B Ka'leCTBe 0CTaT0'IHb!X S!llep. qTO Ka-

caeTCSI ypaHa, TO cornacue, BHllHM0, M0>KH0 YIIY'IWHTb, eC/IH B3S!Tb B Ka­

'leCTBe paA11yca B3allMOllel1cTBHSI 6onee C/I0lKH0e Bb!palKeH11e. nony'leHHble 

pe3yllbTaTbl aBT0pbl He C'IIITaIOT CTp0rHM ll0Ka3aTellbCTB0M o6pa30BaHHSI 

13 
N llpll 11c11apea1111 T51lKe/IblX Mep. He IICK/IIO'laeTCSI B03MOlKH0CTb Apyro-, 

ro MexaH113Ma, aa11p11Mep, MeXaHH3Ma ¢parMeHTa111111 Bonbcpraara. OnHaKo· 

CTaTHCTll'leCKaSI MOile/lb c11oco6Ha 06'bSICHIITb aKCllepnMeHTanbHhle Ce'leHH.lt, 

ecn11 6011ee aKKypaTH0 11ono6paTb rrapaMeTpbI Monenu. 

K aaanor11'IHb!M BblB0ll8M rrpHXOlll!T H aBT0pbl pa60Tbl 
1141 B KOTOp0H 

nccneA0Banocb 06paaonaH11e cpparMeHTOB 9 Li , 16 C II 17 N npn 

7 



B3aHMonefiCTBHH npoTOHOB C SHeprneli 2,8 rsa C paannqHbIMH sinpaMH (cM. 

Ta5n. 2.7). BpeMSI )KH3HH snpa c A ., 200 n SHeprnefi B035y)KneHHSI 500Msa 

paaao· 10-
22 

CeK. STo MeHbWe BpeMeHH penaKcaunn 1581• TaK KaK c OITbl­

TOM 06b1qao cpaBHHBa!OTCSI OTHOCHTenbHble ceqeHHSI, TO H3 cornaCHSI TeopnH 

H sKcrrepaMeHTa He cnenyeT cymecTaoaaaae nonrO)KHByllleli npoMe)KyToqaofi 

CHCTeMbl HyKllOHOB. Bo3MO)KHO, qTo HCrrapeHHe paCCMaTpHBaeMb!X q>parMeH­

TOB nponcxonHT H3 CHCTeMbl, He Haxonsimelicg B CTaTHCTaqecKOM paBHOBeCHH. 

CnenyeT rronqepKHyTb, qTo saepreTaqecKae crreKTpbI 9 
Li If 

24 Na /59/ 

HeB03MO)KH0 OITHCaTb npH ITOMOIUH Ha5opa napaMeTpOB, ·acrtonb30BaHHbIX B pa-

5oTe 
1141• Aaanoraqab1li peayllbTaT 5bm rronyqea paaee 1551• 3TH pa5o .-

Thi /14,55, 59/ 5ynyT paccMoTpeHbl Hlf)Ke 5onee nonpo5ao. 

B pa5oTax 
114

,
46

,
50

, 
59

-
631 

accnenoaanoc& o5paaoaaHHe TSl)KenbIx qipar-
22 Na 2 4 Na MeHTOB 2s Mg 

If T.n.) npH B3aHMonefiCTBHlf qaCTHU 

C pa3Hb1MH MHWeHSIMH npn SHeprHSIX BITllOTb no 30 rsa. Bo B3aHMoneficTBHSIX 

rrpOTOHOB Bb!COKHX SHeprHli o5pa30BaHHe 
24 

Na MO)KHO o51'SICHHTb npOCTblM 

MexaHH3MOM pacmenneaa11 · nn11 snep-Maweaeli c A., 100. OnaaKo nn11 Mawe­

Heli C ·A > 100 aeo5xonHMO BBOnHTb HOBblli MeXaHH3M, HarrpHMep, neneaae 

nm1 MeXaHH3M qiparMeHTauna Bonbq>raara 147 1• Ecna 24 Na 06paayeTc11 

acnenCTBHe acrrapeHHSI H3 TSl)Kenoro 11npa rpyrrnbI HyKnOHOB, TO OTHOWeHHe 

E/E Kyn. (rne E Kyn - K)'llOHOBCKaSI SHeprHSI smpa - OCTaTKa If 
24 Na 

non)KHO 5b!Tb MallblM. Ha CaMOM nene STO OTHOWeHHe paBHO E/E Kyn ... 0,7. 

Eonbwasi aenaqaaa. OTHOWeHHSI E/ E Kyn. CBHneTenbCTByeT O TOM, qTo na-

)Ke a cnyqae Mena npa E =3 fsa 24 Na H 28 Mg He 06paay10TCS1 p 

B peaynbTaTe BHYTPHHAepHoro KaCKana If HCrrapeHHSI. TaK KaK 3_HaqeHHS1 

E/E Kyn. B cnyqae paanaqabIX 11nep-MHweaeli 6nttaK11 npyr K npyry, To aa 

o5pa30BaHHe q>parMeHTOB lf3 11nep OT Menu no ypaHa OTBeTCTBeHeH onaa II 

TOT )Ke MeXaHH3M / 47 /. 

B pa5oTe 
1591 

uayqanacb aaanMonelicTBHSI npoTOHOB npa saeprua 2.9fsa 

C BHCMYTOM C o6pa30BaHHeM snep 
24 

Na • Ebma paCCMOTpeHa CHCTeMa, 

a KOTopoli yrnoaoe pacnpeneneaae qiparMeHTOB HMeeT CHMMeTpaqab1li attn. 

B TaKoli CHCTeMe q>parMeHTbi, neTSIIUHe Bnepen, l!Me!OT CKOpOCTH MeHbwe, 

qeM q>parMeHTbl neTSIWHe Haaan. TaKHM o6pa30M, o5paaoaaHHe 24 Na He 

MO)KeT 5b!Tb 001,SICHeHo OOb!qHblM MeXaHH3MOM, npoTeKa!OIUHM B nae CTanna. 

8 

XoTSI Toqao BbIqacnaTb apeMSI npoTeKaHHSI npouecca qiparMeHTauHH aa 

OCHOBe nonyqeHHblX naHHb!X ueB03MO)Kll0, KOe-KaKHe oueHKH ynaeTCSI rronyqHTb. 

BpeMSI npoTeKBHIISI BHYTPHSinepaoro KaCKana, no nopsinKy Ben11qHllbl paBHO 

6.10-23 ceK. Ecna aoa6y)l{ne1111oe snpo apamaeTcsi, TO npeMSI ero rronopoTa 

aa rr/2 npH J = 10 paaao 3.10-20 ceK. STa aenaqaaa MO)l{eT cny)l{HTb 

BepXIIHM rrpenenoM apeMeHH q>parMeHTaUHH •. 0Tc10na nenaeTCSI Bhrnon, qTo 

qiparMeHTaUHSI rrpoacxonuT BO apeMSI pa3BHTHSI BHYTPHSinepuoro KaCKana llllH 

celiqac )Ke nocne aero, HO no ycTaaoanea1111 cTaTHCTaqecKoro paaaoaecasi. TaK 

KaK SHeprHll q>parMeHTOB MeHbWe KynouOBCKOli, TO MO)l{HO cnenaTb Bb!Bori, 

qTo a MOMeHT o6paaoaaHHSI q>parMeHTa HAPO CHllbHO oTnaqaeTCSI OT cqiepH­

qecKoro. 

C npyroli CTOpOH~I, B pa5oTe /63/ 6bmO ITOKa3aHO, qTo H3MepeHHble 

ceqe!IHSI o5pa30BaHHSI 
24 

Na 

29 fsa c Cu Fe H Ti 

npH B3aHMoneliCTBHH npOTOIIOB C SHeprnefi 

cornacy!OTC.SI C paccqaTaHHblMH no KaCKanao-

ncnapaTellbHOH MOAenH ( CM. Ta5n. 2 .8). 

TaKHM o6paaoM, ae cymecTayeT ennaoro MHeHHSI o MexaanaMe o5paao-

BaHHSI TSl)l{ellb!X qiparMeHTOB (Na, Mg, I( • Onan peaynbTaThl canneTellb-

CTB)'!OT O cnpaaennHBOCTH 06b1qaoro KaCKanao-ncrrapHTenbHOrO MeXaHH3Ma. 

npn HHTepnpeTaUHH npyrHX peaynbTaTOB Heo6xonHMO BBOnHTb npencTaaneHHe 

0 npyroM., 5b!CTpOM MeXaHH3Me o5pa30BaHHSI STHX qiparMeHTOB. nn11 OKoaqa­

TellbHOro peweansi aonpoca Hy)KHbl nallhHefiwne TeopeTaqecKae n s_Kcnepn­

MeHTanbHhle nccnenoaaHHH. 

· III • S aepreTnqecKne pacnpeneneansi qiparMeHToa 

TeopeTaqeCKHM II sKcnep11MeHTanbHhlM. nccnenoaaaneM saepreTnqec1t11x 

cneKTpOB paanaqHblX qiparMeHTOB ITOCBSIUieHbl _pa50Tbl 120- 1001 , Ha pHC)'HKaX 

11 B Ta6nauax npaaeneHhl aaa6onee xapaKTepHhle naHHhle 06 saepreTnqecKHX 

pacnpeneneHHSIX q>parMeHTOB. ---
1. <l>opMa pacrrpeneneHHH nnsi naHHblX q>parMeHTOB Mano 3aBHCHT OT 

I 

pona nepaaqaoii qacTIIUhl. 3To aanao, aanpaMep, H3 pnc. 3.1, 3.2, Ha KOTO-

pb!X ITOKa3aHbl cneKTpbi Li , 06paay10merocS1 rrpH aaa11MoneliCTBHH aHTH-

npOTOHOB H 1T - -·Me30HOB B SMYllbCHH npn SHeprHH OKOllO 5 rsa 132 ,641 • • 
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Heaasl!Cl!MOCTb <pOpMbl ClleKTpa, Sl!Al!MO, o6ycnosneHa TeM o6CTOHTellbCTSOM, 

'!TO SIIJ:l ClleKTpa A/ISi Ollpenene1111hIX <ppar-MeHTOS S OCIIOSHOM onpenensieTCSI 

aHepr-11ei1:, llepena11Hoil: .ru:tpy. nocnenHSISI sem1q1111a lip!! ShICOKllX aHepr-11six Mano 

aasl!CllT OT Bl!Aa llepSll'IHOil: 'laCTl!Uhl. 

2. Ha p11c. 3.3 llOKa3aHa 3aSllCl!MOCTb cpenHeii 3Hepl'llll qipar-MeHTOB, 

pOJKAa!O!Ul!XCSI lip!! S3al!MoneiiCTSllll llpOTOHOS C 3Hepr-11eii 25 faB B 3MynbCllll ' 

oT 11x aapsma z • n11HeHH8SI 38BIICl!MOCTb E OT z cs11neTenbCTsyeT 

0 TOM, '!TO S MeXaHl!3Me o6pa30B8HllSI <ppal'MeHTOB KynoHOSCKl!e Cllnhl ll!'pa­

!OT cyruecTSeHHYIO ponb. 

np11 S381!MOAeiicTBIIII llpOTOHOS C 3Hepr-11eii 9 ras co CSIIHUOM poJKnaroT­

CSI qipar-MeHTbl Li , cpenHSISI aHepl'IISI KOTOpblX yMeffbll!SeTCSI C yaen11qe­

Hl!eM paaMepos asean1,1 121 /. T aK, nnsi NH= 15,2 E'.= ( 4412 :!: 2 ,4) MaB, nnsi 

N
11

=2913 E = (35,4 :!: 2,0) MaB. 3Hepr-eT11'!eCK11e ClleKTphI, cooTaeTcTsyroru11e 

pa3nll'IHblM IIHTepsanaM N H , MOlKHO Olll!CSTb MOAell_bro l!CllapeHl!SI C on11-

HaKOSblMII 3Ha'leHl!SIMII llapaMeTpa 

lllaeTCSI C ysen11'1eH11eM N .H • 

r ,. 15 Mas. OnHaKo 6apbep v· yMeHb-

B cny'lae S3allMOAeiicTSIISI llpOTOHOB C 6onee ner-K11M'11 .ru:tpaMI! (c aMynb-

c11eii) Ha6nronaeTcsi HeKOTopoe ysen11•ieH11e cpenHeii anepr-1111 Li c pocToM 

NH 1291. Hal1p11Mep, llpll N 11 •7t-14 E ,=23176 Mas, lip!! N11 =23t-30 

E =24,53 Mas. C yaen11'1eH11eM ' N II lllllp!!Ha ClleKTpa. II 'll!Cno Hll3KOaHep'­

r-eTll'leCKIIX qipar-MeHTOS ysenl!'lllSa!OTCSI. C TO'IKII 3peHl!SI llCllap11TenbHOl\ Teo­

p1111 aTO COOTBeTCTsyeT ysen11'1eHH!O TeMllepaTyphl .ru:tpa ll yMeHbll!eHl!!O l!r-o 

llOTeHUl!anbHOl'O 6apbepa. 3nepr-eTH'leCKl!e paCllpeneneHllSI qipar-MeHTOS 113 

asean c N. < 18 . II 

r =11,2 Maa, 

Olll!Cb!Sa!OTCSI l!Cllap11Tenb110ii Kp11soii C llapaMeTpaMI!! 

V =4 Mas; ll3 asean C N 
11

> 26 llapaMeTpaMH! r 

=14,8 Mas, V =2 Mas /651. 

4. f>acllpeneneHl!SI nro6b!X <ppar-MeHTOS O'leHb cna6o 38SllCSIT OT llepsll'l­

noil: aHepr-1111. 3as11CllMOCTb 0611apyJK11BaeTCSI TOllbKO, s SblCOKOa~e'.'r-eTH'leCKOil: 

'ISCTll ClleKTpa (cM. p11c. 32, 34). 3aepr-1rn, COOTSeTCTSY!OIUUSI MBKCllMYMY 

aHepr-eTH'ICCKOl'O CllCKTpa, yaenH'IIIBSCTCSI C yaenH'ICllllCM aTOMIIOl'O HOMepa, 

4'par-MeHTa (puc. 3.5). HallpHMep, llpll aHepr-1111 llepBll'IHblX llpOTO!IOB 25 raa 

011a paaHa nnsi n11T11S1 18 Maa, nm1 yr-nepona - 60 MaB /66/. <t>par-Mel!Tbl, 

neTmrrne Bllepen, IIMC!OT IL'.lH6onee BepOSITHyIO 3Hepr-mo lleCKOIIbKO 6onee Bbl-

10 

COKYIO, 'ICM qipar-MeHThl, neTSl!UHe Haaan. 3TH peaynbTBThl cor-nacyroTCSI c 

naHHhlMll pa60Tbl 1641 nnsi 71- - Me30HOB C a11epr-11eii 4,5 raa. nony'!eHHhle 

naHHhie, llO-BHAIIMOMY, ca11neTenbcTayroT o TOM, '!TO 6onblllaSI 'IUCTb cppar-­

MeHT0B o6paayeTCSI a llpouecce, OTnll'IHOM OT o6hl'IHOl'O HCnapeHHSI 1661• 

Eonbll!Oil: Hl!Tepec npencTaansieT H3y'lel!HC CSOHCTB <ppar-MeHTOB C 3Hep­

r11eil: 6onbllle KynoHOSCKoil: 3HCprHH OTTanKHSaHIISI qiparMeHTa II OCTaT0'IHOro 

Sl/lpa. B psi/le pa6oT 6h!llll o6HapylKeHhl siaepHbJe OCKOnKH C 3Hepr-11eii 

E > 100 Mas 115,26 •47 ,64- 701 • <t>opMa aapSI/l0BhIX pacnpeaeneHnii qiparMeH-

TOB pa3Hb!X aHepr11il: He 3aSHCHT OT llX aHeprllll. BepOSITHOCTb W nosiane-

HIISI 6bICTpblX q>parMeHTOS COCTasnsmT OKono 10% sepOSITHOCTll llOSisneHl!SI 

MeiineHHhlX qipar-MeHTOB. C POCTOM Ng W pacTeT n11Heil:Ho, a TSKJKe He aa-

BllCl!T OT Nb • OTII aaHHbie CBl!/leTellbCTBY!OT O TOM, '!TO, BllllllMO, TOnbKO 

Meanel!Hhle qiparMeHTbl o6bSICHSI!OTCSI 11cnap1ITe1IbHOil: TeOpHeil: ( CM. p11c.36). 

'-!To KacaeTCSI 6blCTpblX cppar-MeHTOB, TO OHi! 06paay10TCSI B npouecce pa3BH­

TIISI BHYTPIISI/lepHoro KBCKa/la. nocne/lHl!il: cpaKT nO/lTBCpJKnaeT B03MOlKHOCTb 

cyrueCTBOSBHllSI B B036yJK/leHHOM .ru:tpe rpynn11pOBOK HyKnOHOB. 

np11 TeopeT11'!eCKOM aHannae aHepr-eT11'1ecK11x pacnpeaeneH11il: MHoroaa­

PSillllhIX 'laCTl!U o6b!'IHO nonb3YIOTCSI KBCKB/lHO-HCnapHT.enbHOil: Monenbro. Cor­

naCHO aToil: Moaen11, TBKl!e 'IBCTl!Uhl 11cnapS1!0TCSI 113 /lSlllKYIUIIXCSI OCTBTO'I­

Hh!X SI/lep, 06paayroru11XCSI nocne npOXOJK/leH!ISI nep,soil:, 'KBCKB/lHOil: CTB/lllll 

peaKu1111 (cM. pa6oTy 148 1, a KOTopoil: np11seaeHa nononHHTenbHaSI 6u6n11orpa­

¢11si). npeanonaraeTCSI, '!TO aMHCCl!SI TSIJKCnhIX <pparMeHTOB npO!!CXO/lllT /lO 

BbllleTa 6onee ner-KHX siaep ( He , d , t 

qiparMeHTa C 3Hepr11eil: E -;- E + d E 

peaensieTCSI no qiopMyne 

P(EldE= 
E-V 

r 2 

exp (-

11 T./l.). BepOSITHOCTb 11cnapeHl!SI 

B CllCTeMe, CBSI38HHoil: C SI/lp0M, on-

E-V )dE, 
(3.1) 

!'Ile T - TeMnepaTypa SI/lpa, V - nOTCHUllanbHblil: 6apbep. noa611paroT, aa-

nee, 3HB'ICHIISI Tpex napaMeTpOB: T , V ll v - cKopoCTb llBHJKe-

HIISI 0CTaT0'IHOl'O .ru:tpa) TaK, 'IT06bl C0OTBeTCTByroruaSI 11cnap11TenbHaSI Kpll­

BaSI B03MOJKHO ny'!llle on11chrnana onhITHoe pacnpeaenea11e. TaKHM cnoco6oM 

yaaeTCSI on11caTb CBOil:CTBa 6onbll!Cil: '!aCTI! cpparMeHTOB. 
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Ha p11c. 3.4, 3.6 noKa3aHhI np11Mepb1 pacnpe1leneH11!! qiparMeHTOB no 

aHepI'll!IM II COOTBeTCTBYIOmlle TeopeTll'leCKlle KpllBbie. Teopll!! 11 onhIT corna­

CYIOTC!I TOnbKO B o6naCTII H113K09HepreT11'1eCKOH '18CTH pacnpe)leneHHH. IlpaK­

TH'leCKII BCer)la HMeeTC!I BbICOK08HepreT11'leCK8!1 '18CTb cneKTpa, ecnn BKnl0-

'18Tb B paCCMOTpeH11e BCIO COBOKynHOCTb B3811MO)leHCTBIIH npll Bb!COKHX nep­

Bll'IHblX SHepI'll!!X. 3TOT 'xaocT" pacnpeJleneHHH HeB03MOlKHO on11caTb HCnapH­

TenbHOH Teop11efi. 

3Ha'leHll!I napaMeTpOB )ln!I pa3HblX q>parMeHTOB H Ha'!anbHblX aHeprnfi, 

nony'leHHhie B pa6oTax 164-lOl/, 3aKnJO'leHhI B HHTepaanax: r =8 +-15 Maa, 

V =5 t-10 MaB, v =0,01 +- 0,02. Ben11'111Ha napaMeTpa r cnHWKOM Be-

nuKa, TaK 'ITO COOTBeTCTBYIOIIIHe SHepI'HII B036ylKJleHH!I !!Jlep OK83b!B8IOTC!I 

6onbwe SHepI'HH CB!l311. TeopH!! lKe ncnapeHH!I cnpaBellnHBa TOnbKO npH SHep­

I'll!IX B036ylK/leHH!I, MeHbWIIX aHeprHII CB!l311 !lllpa." Knacc11'1eCKHH KynoHOBCKHH 

6apbep cpe/lHeT!llKenhIX !!Jlep paaeH 17 Maa. 3To 6onbwe napaMeTpa V = 

= 5 t-10 Msa. B paMKaX o6hI'IHOH TeopHII 11cnapeHH!I TPYllHO 06'b
0

!1CHHTb TaKoe 

yMeHbWeHHe noTeHUHanbHOI'O 6apbepa. 

TaKHM o6pa30M, 06bl'IH8!1 K8CKallHO-HCnapHTenbH8!1_ MOJlenb, B KOTOpOH 

He Y'IIITbIB8IOTC!I B3811MO)leHCTBll!I eyKnOHOB !!Jlpa, He o6b!!CH!leT acex oco6eH­

HOCTeH cneKTpOB MHOI'038p!!JlHblX 'laCTIIU. no-BllllllMOMy, )ln!I 6onee KOppeKT­

HOI'O on11CaHH!I MeXaHH3M8 po)l(JleHll!I qiparMeHTOB He06XO/lllMO Y'IHTbIB8Tb TOH­

KIie )leTan11 CTpyKTypbl !l)lpa, Hanp11Mep B03MOlKHOCTb o6pa30B8HH!I KnacTe­

poa. 

IV • YrnOBble pacnpe)leneHH!I qiparMeHTOB 

B Ka'leCTBe xapaKTepllCTIIKII pacnpelleneHH!I '18CTHU no yrnaM '18CTO 

npHMeH!leTC.11 aen11'111Ha F / B (aHH30TpOnH!I) - OTHOWeHHe 'IHCna '18CTHU, 

neT!!IIIHX anepell, K 'IHCny '18CTIIU, neT!IIIIHX H83a)l,n0 OTHOW~~HIO K nepBH'I­

HOMY ny;'IKY. B HaCTO!llltee npeM!I H3BeCTHbl cne)lyJOmHe 38KOHOM9pHOCTII H3-

MeHeHH!I F/B /20-88,106-1181 • 

}. C pOCTOM nepBH'IHOH SHepr1111 F /B Jln!I qiparMeHTOB BC_ex BHllOB 

yMeHbwaeTC!!. 3To xopowo BH/lHO 113 p11c. 4.1, I'.Q0 nOK838Hbl 31:1BHCIIMOCTH 

.Qn!I 'laCTHU c z :!_ 4 • fpacjlHKII, COOTBeTCTBYIOllllle apyrHM MHOI'038P!lllHbIM 
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f, 

'18CTIIU8M, BIi.AHO, HMelOT TBKOH )KO BIi.A. OaHaKO cymecTny10ma!I SKcnep11MeH­

TanbH8!1 HHq>OpMaUH!I He no3non!!eT nocTpOHTb rpaq>HKH .Qn!I apyr11x q>parMeH­

TOB CTonb lKe ynepeHHo, KaK Jln!I nepnoro qny'la.11. 

2. AHll30Tpon11!! no3pacTaeT C ynenH'leHHeM aTOMHOI'O HOMepa qiparMeH­

Ta. Hanp11Mep, .Qn!l"SHeprHH npOTOHOn 25 rsn F/B(Li) .. 1:2; F/B(B) .. 2; 

F/B(Q).,3 145! 

3. OTHOWeH11e F / B cna6o 3an11c11_T OT poaa nepnl!'IHOH '18CTl!Ubl H no3-

paCT80T C ynen11'10HH0M SHepr1111 q>parMeHTOB II pa3Mepon 3ne3Jl. 3To nH.Q­

HO H3 Ta6n. 4.1, n KOTOpOH np11Be)leHbl 3Ha'I0Hl!!I F /B .Qn!I pa3HbIX HHTep-

nanon sHepr11fi H NH /29/ 

Bo3HHK8eT nonpoc: o6bHCH!IOTC!I n11 KOnnHMBUH!I nrrepe.Q nHYTPH!lll0PHhlM 

KaCK8.QOM, 11nH lK0 OHa !lnn!I0TC!I cne)lCTnl!eM 1!30TpOilHOH SMl!CCHH n .QnlllKY­

mefiC!I CIICTeMe? 8 pa50Te / 64 / np11ne)l0Hbl q>8KTbl1 I'OBOp!!lltH0 O cymecTno­

naHIIII CIICT0Mbl KOOP.QIIHaT, n KOTOpOH 3H8'1HTenbH8!1 '18CTb q>paI'MOHTOn pac­

rrpeaenena H30TponHo. CKopoCTb aTofi c11cTeMbI /E,S,I oKa3anocb panHon/65/ 

v =01013 :!: 0 7003 np11 sHepr1111 9 rsn n v =01015 :!: 0!003 rrpn sHeprn11 24 rsn. 

Ehmo rrony'leHo anepreT11'1ecKoe pacnpeaenenne qiparMeHTon n ES - cncTe­

Me, KOTOpoe MOlKHO on11caTb 11cnap11TenbHOH Kp11nofi C rrapaMeTpBMH r =12Maa 

II V =3 +-5 Msn. TaKIIM o6pa30M, OCTaeTC!I npelKH.11.11 TPY.QHOCTb: Heo6XO.QH-

MOCTb aonymeHH.11 6onbWHX 3H8'10HHH r II ManhIX 3Ha'IOHIIH V • OTCIO.Qa 

aBTOpbl 1651 aena10T nhino.Q, 'ITO Heo6XO)lIIM HOnbIH IlO.QXO.Q K 

9MIICCHH T.lllK0nbIX qiparMeHTOn. 

IIHTeprrpeTaUIIH 

Ha ocnone Teop11n ncrrape1m.11 yaaeTc.11 orr11caTb SHepreTil'leCKHe H yrno-

Bbie pacrrpe)leneiiI1.11 qiparMeHTOB npn noMOIIIII napaMeTpon r , V H v B 

06nacT11 SHeprnfi rraaa10mnx 'laCTIIU OT 76 Man ao 25 rsn 1711• KaK _o6bI'IHo, 
, 

3Ha'leH11.11 napaMeTpon r If V OKa3bIBalOTC.II HerrpHeMm!Mb!MII C TO'IKH 

3peHH.II 113neCTHOH COH'laC T0OpIIII. KpoMe Toro, rrapaMeTp V n H0KOTOpb!X 

cny'la.llX YM0HbWaeTC.11 C poCTOM SHepr1111 naneTa10m11x 'laCTIIU. HanpHMep, an.11 

aHepr11fi " - - Me3oHon 4 ,6 raa II 17 ,2 rsn 3Ha'leH11.11 napaMeTp& V pan-

Hbl COOTneTCTB0HHO 0,020 11 0,010. 3To npOTHnope'IHT pe3ynbTaTaM n o6nac-
• I 

TH 9H0PI'HH .QO 2 fsB ( CM. PHC. 2 n pa6oTe 1721 ). 

C apyroif CTOpOHbI, n pa6oTe 1731 paCCMaTp11nanacb MO)lenb Il30Tpon­

HOI'O I1cnycKaH11.11 <j>parMeHTOB 6e3 rrpe/lnono)Kennfi o qiopMe 11x sHepreT11'1ec­

Koro pacrrpeaeneHHH. EbinO nony'leHO, 'ITO B MO.Qenn C .QBYM.11 KOMITOH0HT8Mlj 
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CKOp0CTII 0CTaToqHoro smpa Henh3lI nonyq11Tb YAOBneTB0pllTenbH0P0 cornaClllI 

Teop1111 II Ollb!Ta B 06nacT11 ManhIX yrnoB. C0Bnane1rne SKCnep11MeHTa II Teo­

p1111 C yqeTOM TOnbKO OAHOii K0Mll0HellTbl CK0P0CTII OCII0BaHO Ha npOll3BOne 

B onpeneneHIIII napaMeTpOB. 3TO OTHOCIITClI, rnaBHhIM o6paaoM, K BhI6opy 

napaMeTpa v 

llnsr 0KOHqaTenbHOPO peweHlllI B03HIIK8IOllillX anech BOllp0C0B Heo6xon11-

Mbl nanhHeiiw11e II TeopeT11qecK11e, 11 SKCnep11MeHTanbHhie 11ccnen0Ba1111sr. 

V • CpaBHIITenbHble xapaKTepllCTIIKII B3alIMOAeiiCTBHii r; 

¢parMeHTaMII 11 6ea ¢parMeHTOB 

CpaBHeHIIe xapaKTepllCTIIK 3Be3A C ¢parMeHT8MII II 6ea ¢parMeHTOB, 

BIIAIIMO, M0)KeT nponHTb CBeT Ha HeKOTOpbie CTOpOHbl rrponecca ¢parMeHTa­

IlllH. B Ta6n. 5.1 ll 5:2 npencTaBneHhl · cpenHHe qucna qacTIIIl II aH1130TpOllllll 

nx yrnOBhIX pacnpeneneH11ii. BnnHo, qTo po)KAeHHe ¢parMeHTOB conpoBo)Kna-

eTClI nosrBneHneM 6onee a11aquTenhHoro qncna qacT11n Nb H N" , 'IeM Bo Baan-

MoneiiCTB!llIX 6e3 ¢parMeHTOB. TTp11 STOM c yBen11qe11HeM SHep!"'llll ¢parMeHTOB 

yBennqHBalOTClI pa3Mepbl 3Be3A, B KOTOpbIX 0HII IlOlIBnlIJOTClI. Orc10na cneny­

eT, qTo npennonaraeMhlii MeXaHH3M o6pa30B8HlllI MHOf'03apsmHhlX qacTHil non­

;KeH 06ecneq11BaTb nepenaqu 6onblliHX SHeprnii ocTaToqHbIM smpaM. 

'--ITO KacaeTC!I Ben1Iq11Hbl OTHOllieH11!1 F / B , TO nnSI Bcex- qacTnn B 

npenenax Ollill60K H3MepeHIIH Olla He 3aBHCIIT OT rrp11cyTCTBH!I ¢parMeHTOB.­

HcKn10qeH11e COCTaBnlIIOT penSITHBHCTCKlle qaCTllllhl, aHll30TPOilll!I yrnoBhIX 

pacnpeneneH11ii KOTOpb!X cnerKa yBen11q11BaeTC!I BO B3811MOneiiCTBll!IX C ¢par­

MeHTaMII. PaccMorpeHHhle anecb SKCnepHMeHTanbHble naHHhle He npoTHBO­

peqar npennono)KeHn10, qro MHoroaapsmHhie qacTHilhI reHepnpy10rcsr BO B3SH -

MoneiiCTBH!IX C c11nbHO pa3BHTblM BHyTp11smepHb[M KaCKaAOM. 

VI • HccneAOBSHHe OCTaTOqHblX smep /59,61,64,65,95-98/ 

PaccMOTpllM KpaTKO CBOiiCTBa OCTaTOqHblX smep, o6paayJOWHXClI B pe­

aynhTSTe SIAepHOii peaKilllll C PO)KAeHHeM ¢parMeHTOB. CpnHee MaCCOBOe qnc­

no smpa OTAaq11 np11 B3allMOAeiiCTBl!ll npoTOHOB C SHeprneli 25 fsB B SMynb­

CllH paBHO 30:: 10. OcTaToqHbie lIAPB B 3Beanax C MOnOTK006pa3HblMH cne­

naMH KonnHMHpOBSHbl Bnepen ( F / B =1,,4 ! 0 ,2) 1981. CpenHee 3Ha'IeHHe 

CKOpOCTII B 11anpaBneH1111 nyqKa paBH0 /3 " =0)004:: 0,002. 3ro HSMII0P0 

MeHbWe BennqnHhl _ f3 x =0_,015 :: 0!.003, O0bl'IH0 nony11aeMoli nnsr ¢parMeHTOB. 

PacnpeneneHne CKopocTn - rayccoBcKoro r11na c nncnepcneli a =010l6;t0,002. 

nncnepCH!I CKOp0CTII B HanpaaneHHH, nepne~AHKyngpHOM ny'IKY, HMeeT TSKOe 

JKe aHaqeHne. C yaenn11eHHeM qncna ny11eli B aBeane yaen1111naaercsi npo6e_r 

OCTST0'IH0PO SIApa. 

Ha p11c. 6.1 npnaeneHo pacnpeneneHHe yrnoB MeJKAY SIApOM orna11n H 

¢parMeHT0M. BHAH0, 'IT0 HMeeTCSI 3H8'1HTenbHS!I KoppenSIUHSI MEl)KAY MOnoT­

K006pa3HblM cnenoM II SIAp0M 0TAaqn. B (74:t, 4)% cnyqaeB yron Me)KAY STH­

MII ABYMSI cnenaMII C0CTaBnSieT 6onbwe 90° /981. 

TTpii B3811MOAeiiCTBIIH 1T - - Me30H0B B SMynhCHII yrn0Bhie pacnpenene-

HH!I srnep ornaqH xapaKrep11ay10rcsi reM, 'IT0 11Meercsi KonnnMallliSI anepen 

(F /B > l ) a aBeanax, He conepJKam11x ¢parMeHT0B, 11 Haaan ( F /B < 1) - a 

aaeanax c ¢parMeHrai:111 1961 (cM. p11c. 6.2). Paannq11e F/B nnn 3Bean 

06011x TIIIl0B 3aMeTH0 np11 ManhlX N H ( 10 t- l 5) 11 noqrn OTCyTCTByeT nnn 

3Be3A C N > 20 • TTpH N > 20 o6a pacnpeneneHIISI 1130Tp0llHbI. TaKHM 
Hes. He= 

o6pa30M, 11MeeT MeCTO np0TIIBOn0n0>KHaSI KonnnMSilllSI B aaeanax C ¢parMeH-

TSMH II 6e3 qiparMeHT0B. 3To, B03M0>KHO, SIBnSieTCSI cneACTBHeM KOnnHMSilllll 

anepen ¢parMeHTOB. 

B- pa6ore /64/ 6b!Il0 noKaaaHo, 11ro cymecrayer ES -c11creMa, B KOTopoli 

TSI>Kenb1e «j>parMeHTbl pacnpeneneHbl !130Tp0llHO. CKopoCTH 3TOH CIICTeMbl II oc-

TSTO'IHblX 5IAep no nopSIAKY aen11q11Hbl paBHhl /3. = (0 .. 0,05 ) • CKopOCTb Li 

Be II .B 3Haq11TenhHO 6onbwe H cocTaBnSieT /3 .. (0,1 t-0,2). Ha OCHOBSHIIII 

npeo6pa30B8HHil nopcuua MOlKHO IIOK838Tb, 

pen «j>parMeHTOB o6ycnoaneHa ABHlK8HHeM 

11To ecnH KonnHMBilHSI ane-

ES - CHCTeMbl, TO SIApa 

OTAS'III 6ynyr TSKlKe 
uanpaaneHhI Bnepen. Ha onb1Te Ha6n10naercsi 

npOTHBOIIOnOlKHSSI aaKOHOMepHOCTb 1961. B11AHMO, cywecrayeT SHH-

30TpOIIHblH npouecc, B KOTOpOM o6paayIOTCSI KOpOTKHe rpeKH B HS-

npaaneuHH, npOTHBOilOnOlKHOM uanpaaneHHIO nepBH'IHOU: 'ISCTHllbl. TaKHM o6-

pa30M, npH B38HMOA8HCTBHH 1T - - Me30H0B B 3MYnhCHH B 3Be3nax C MOnOT­

KOo6pa3HhlMH cnenaMH H8KOTopoe 'IHCno K0pOTKHX TpeKOB (R ~ lOM MK) o6pa­

ayeTCSI. Il0CpencTB0M MeXaHH3Ma, ornHqH0I'O OT K8CK8AH0-HCilapHT8nhHOI'0/
96
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VII • MHOlKeCTBeHHOe POlKUeH11e <jiparMeHTOB 

CymeCTBeHHblH HHTepec nnSI 11ccnenoaaHHlI MeXaHH3Ma qiparMeHTaUHII 

npencTaBnlIIOT lIBneHHlI, xorna B OUHOM B3a11MoneilCTBH·11 o6paayeTClI cpaay 

HeCKOnbKO qiparMeHTOB 195,99- 1051• BepOSITHOCTb TaKHX C06bITIIH npencTaB­

nSieT aaMeTHYJO aen11'i11Hy. Hanp11Mep, nonSI aaean c q11cnoM qiparMeHTOB 6onb-

we onHOI'O ( N F ~ 2 ) COCTaBnlieT B cnyqae B3aHMon"eilcTBIIH C a~ynbClleil 

16% npll 9 raa 11 4% npH 660 MaB 120,991 • Bun qiyHKUHH B036ylKneiJHlI He 

38BHCHT OT 'iHCna NF B COOTBeTCTBYIOWHX 3Be3nax. 

Ha p11c. 7.1 H B Ta6n. 7.1 noxaaaHhI cpenHHe xapaxTep11CTHKH aaaHMO­

neilcTBl!H C paanH'iHhlM 'il!CllOM qiparMeHTOB. BHnHo, 'iTO C yaen11qeH11eM 'iHC­

na NF yBenH'iHBaeTClI cpenHee 'iHCno penlITHBHCTCKHX H qepHO-CepblX cne­

noa. MHOlKeCTBeHHOe polKneHHe qiparMeHTOB HMeeT . M9CTO rip11 nepenaqe SIU­

PY 3HeprHil, HaMHOI'O 6onbWHX 3HeprHH CBlI3H SIUep 3MynbCHH, paBHOH 800MaB, 

C TO'iKH apeHHlI COBpeMeHHblX npencTaBneHHH O MexaHH3MaX SinepHblX peaKUHH 

3TO TpynHo IlOHlITb. 

3HepreTH'iecxoe pacnpeneneHHe qiparMeHTOB cna6o aaBHCHT oT BHna 

nepBH'iH~ii qacTHUhI II ee aHeprHH. B pa6oTe /100/ 6bmo nony'ieHo _o6mee 

pacnpeneneHHe MonoTxoo6pa3HhIX cnenoa 11a aaeali c N F=2 nnlI paanH'iHbIX 

nepaH'iHhIX 'tacTHU B HHTepaane aHeprHil 1 ,5 t-25 raa. 3To pacnpeneneHHe 

MOlKHO OIIHCaTb HCnapHTenbHOH KpHBOH c napaMeTpaMH: r =10 MaB, V =2 MaB, 

V =0?01 • TaKHM 06pa30M, nnSI MHOlKeCTBeHHOI'O pOlKUeHHlI qipaI'MeHTOB T90-

plllI HCIIapeHHlI naeT eme 6onee HepaayMHhle 3Ha'ieHHlI napaMeTpOB, 'ieM B 

cnyqae OUHHO'iHOI'O polKneHHlI. 

CpenHSilI 3HepI'HlI SIUep .Li He 3aBHCHT OT 'iHCna qepHo-cepb!X TpeKOB 

B 3Beane. PacnpeneneHHe yrnoB MelKnY nByMlI qiparMenTaMH c s11epr11SIMH 

Mellbwe 4_,5 MaBll!yKn. B mi6opaTop11oil CliCTeMe l!MeeT MaKCliMYMhl B nan­

paanenuu Brrepen II Haaan. Ecnu anepruSI·· onnoro li3 qiparMel!TOB 6onbwe 

415 Msa/Hyxn., To xoppenSIUlilI yrnoB nx BhmeTa ne 11a6n10naeTCSI llOOI. 

A11anOI'H'illbie pe3ynbT8Tbl Oblllli nonyqeHbl TaKlKe B pa6oTax 199,lOl 1• Pac­

'i9T yrnoB IIO MOnenl! neaaBl!CIIMOI'O ucrrycKalllllI qiparMel!TOB npl!BOUIIT K 

pe3ynbTaTaM, HpOT.HBOpe'iallll!M OllblTY (cM. p11c. 7.2). OanaKO liMeeTCSI p,m 

BBlK!!blX nanl!hlX (ce'ieHHlI qiparMel!TaUHH, paaeHCTBO aaplIUOBblX pacrrpeaene­

l!l!ij 113 B38HM0!1eilcTBl!H C OUHl!M If ABYMSI qiparMel!TaMI!) 1 cornacy10rrmxcSI 
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C 3TOH Monenb!Oo LlnlI OKOH'iaTenbHOI'O onpeneneHHlI Monenu MHOlKeCTBeHHOI'O 

poJKneHHll lf>parMeHTOB neo6xonuMhl nanbHeilwne TeOpeTU'ieCKlie Ii 3KCHepuMeH­
~ 

TanbHbie 11ccnenoaa1111SI, 

VIII• HeKOTOpbie TeopeTH'i9CKHe rrpencTaBneHHlI ·o 

MeXaHH3Me lf>parMeHTaUHH 

PacCMOTpeHHblEl BbIWe 3KCHep11MeHTanbHbie naHHbJe O lf>parMeHTBUIIH He 

MOI'YT OblTb nocTaTO'il!O ynoBneTBOpuTenbHO OO'bHCHel!hl onHOH Monenb!O, Hau-

6onbWlill ycnex Bhinan Ha non10 xacxanHo-11c11apnTenhHOH Monem1. Onaaxo npu 

3TOM aeo6xon11Mo !1PennonaraTb Taxue 3Ha:qel!HlI napaMeTpoa, KOTOpb1e B Ha­

CTOSilllee apeMlI Tpynao IIOHHTb, Harrp11Mep, nm1 TeMrrepaTypbl SIUpa T= 8t-15MaB. 

LlnH on11ca1111lI 3HepreTH'ieCKHX cneKTpOB npoTOHOB II anblf>a-'iaCTIIU aeo6xo-

r =3 M3B H r =5 M3B /29/ I TO eCTb C yBen11'ieHlieM 
UHMhl TeMrrepaTypbl 

Macchi ocxonxa yaenu'iHBaeTCll aHa'ieHne r 
• 0TCIOA8 cnenyeT, 'iTO TSilKe-

nb1e lf>parMeHThI ucnaplIIOTClI 11a 6onee paHHHX cTanu11x rrpouecca. 
• 

HJ:tpa, Mbl rronyqaeM CBlI3b MelKny 3l!ep-
Bb16paB onpenene1111Y:10 Monenb 

rueil aoa6ylKneHHlI li TeMnepaTypoil. 
Hanp11Mep, B cnyqae Monen11 cpepM11-ra-

3a, np11MeHlI9MOH OObI'illO B xacxanHhlX pacqeTaX, aTa aaBHCHMOCTb uMeeT 

Blill: 

u 
A 

10 
r 2 

3Hepr1111 B036yJKneHHlI, pacC'iliTaHHbl0 no 3TOH lf>opMyne, 

we aHepr11il CBSI311 Sinep. LlnlI anblf>a-'iaCTli'iHOil Monen11 

U= ~ r. 
4 

(8.1) 

oKa3bIBalOTClI 6onb-

(8.2) 

3HepI'Hli aoa6yJKneHlilI npH 
r -".'8 t-15 Maa nnSI cpenHeTSilKenhIX SIUeP oxa-

3b1BaJOTClI ylKe MeHbwe aHepr11il CBSI311 (106, 107). ABTOpbl pa60Tbl (106) 

neJKaT B paayMHblX npenenax. (HanOMHHM, 'iTO r C'lliTaJOT, 'ITO 3Ha'ieHHlI 

B 3HepreTH'leCKOM pacnpeneneHHli IJ>parMeHTOB HMeeTClI BbICOK03HepreTH'leC-

KalI 11aCTb, KOTOPYIO He ynaeTClI on11caTb 11cnapHTenbHOH KPIIBOH) • 
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31Ia'leH11e napaMeTpa v M0JKl!0 oueHl!Th no a1Iepr1111 aoa6yw1lel!11H 

( "' 500 Maa), pacc'111TaH1I0il MeT0ll0M MoHTe-Kapno 
11061: 

v•O.S/A. (8.3) 

3Kcnep11MeHTanbl!Oe 3Ha'le1I11e V 

'-ITo KacaeTCH napaMeTpa V 

He npoT11Bope'l11T Teop1111 /1061. 

To ero 31Ia'1e1I11H HaMHoro l!~JKe Knac-

c11'1ecKoro 6apbepR, Yaen11'le1I11e JKe pa1l11yca H/lpa 11a-aa Harpeaal!IIH coc­

TaBnHeT BCero 10%. O1lH8KO np11 B38l!M0lleilcTBIIH C HllP0M nepDll'IHaH 'ISCTll­

ua '1811le BCero o6na/laeT 31!8'1HTenbHblM napaMeTp0M Y/lapa II BHYTPIIH/lepl!blil 

K8CK8/l pacnpoCTpal!HeTCH l!eCl!MMeTpll'IH0 no 0TH0lllelll!IO K ueaTpy Hllpa. 

BcnellCTDl!e 3T0I'0 l!eK0TopaH 'laCTb H/lpa 0K83b!BaeTCH 3Ha'll!TellbH0 6onee 

Cl!llhH0 narpeToil, 'leM ocTanbHoe H/lepnoe aemecTao. TaK KaK npouecc rrpo­

TeKaeT 6blCTpo II TeMrrepaTypbl ll0CTST0'll!0 BenHKII, rrpouecc, B03M0>kl!0, 110-

CHT 8/lHa6aTH'leCKHll xapaKTep ll061. ITo HllPY.PSCnpoCTpaHHeTCH CTPYH B 

qJOpMe u11n11111lpa. l13-3a cnnbH0I'0 HarpeBalmH UIIIIHHllPll'leCKaH 'laCTb paClllH­

pHeTCH_B_ aecKOIIbKO paa. 3TO o6ecne'IHBaeT CHHJKeH11e. KynoH0BCK0I'0 6apbe­

pa. 

KaK 1!3BeCTH0, HeK0T0pble CB0HCTBS 6blCTpbIX /lellTPOHOB 061,HCHHIOTCS! 

np!!MblM npouecC0M B38IIMOlleilcTBl!S! l!a1IeTa10111eil 'ISCTHUbl C nO/lCTpyKTypoil 

H/lpa. MolKHO HalleHThCSI, 'ITO 'xaocT'a1IepreT11'1eCKoro pacnpe/lenel!HH qipar­

Mel!T0B 6y/leT 00'1,S!Cl!el! al!anorH'll!blM o6pa30M (cM. TaKJKe. /108,1091). 

CymecTayeT, Kp0Me Toro, Ml!el!He, 'ITO cornacoaal!He ncnapHTenbl!0il 

M0/lelIH 11p11 HeK0T0pb!X 3HS'lel!l!S!X napaMeTp0B r , V I! V C 0nbIT0M 

He S!BIISieTCS! /l0K838TellbCTB0M o6pa30B8HIIS! qiparMeHTOB nocpellCTB0M pac-

- na_qa B036YJK1leH11oil Cl!CTeMbI. Ucnap11TellbHaH M0/lellb HBIISieTCSI IIHlllb cpe/l­

CTB0M annpoKCHMSUIIII onblTHblX /lSHHbIX. IToaTOMY IIHTep!'lpeTaUl!S! nony'la!O-

llll!XCH Belll!'IIIH napaMeTp0B r • V II V He npellCTBBIISieT ·111ITepeca /731_ 

Bee 3TII B0npoCbl Tpe6y!OT llSnbHeilwero 11ccne1l0B8l!IISI. 

. KpoMe 11cnapHTellbHOil M01len11, HMeeTCH PHll llPYI'HX I'Hl10Tea· 0l'l!0CH­

Tellbl!O npouecca qiparMeHTahHH: rHnoTeaa · TenerllH, MaTcyMoTo /l l_O/, Kac­

KllllHasr M0/lellb I! T./l. O1lH8KO 3TH I'H110Te3bl He/l0CTaT0'll!0 paapaooTal!bl) H­

HS HX 0CII0Be B HSCT0l!lllee BpeMSI · l!eB03M0JKl!0 · nony'll!Tb B-SJKHb!X ·K0IIH'leCT­

Be!I!IblX /l81IllbIX 0 qiparMe!ITSUHII. 
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TaKIIM o6paaoM, 11onoJKe1I11e c TeopHeil 06paaooaH11S1 MHoroaapS!ll!!bIX 

qacTHll SIBIISieTCS! aey/lOBneTBOpHTellbHblM. ilnH /lOCTSTO'IHOI'O 110Hl!M8HIIH 3TO­

ro gonel!IISI Tpe6yeTCS! KSK /lSIIbHeilwaH paapa60TK8 yJKe cyweCTBY!OlllllX MO-

lleneil, TSK H rrocTpoeHHe II0BblX Teop11il. 

IX. 3aKIIIO'lel!11e 

O6pa30B8l!He MHOI'038pS!/lliblX 0CK0IIK0B np11 B38l!MOlleilcTBIIII 'ISCTIIU 

S!BIIHeTCSI 0'lellb CIJ0)Kl!blM S!BlleHl!eM II MOJKeT, 
Bb!C0KIIX aaepr11il C HllPSMII 

B npn!!Ul!ne, npollCX0/ll!Tb nocpe/lCTB0M paan11'1Hb!X MeXaH113MOB. 3TO II npg-

1!/lep, 11 o6pa30B8HHe ocTaT0'lllb!X H/lep 
Mbie npoueccb1, 11 pacnall cocTaBHbIX 

S!B1Ie'H11S1 HYJKllll 6onhWllS! 3KC11ep11MeH-
II Tell•· floaT0MY itnSI 113y'leHIISI 3TOI'O 

TanhHllH l!HqJOpMaUIISI. 11Me!Olll8SICH B HllCT0SIWee apeMH 11mjlopMaUIIS! _sromieTCH 

BeCbMS 60llbWlle ow116KH H3Mepea11il. 
He/lOCTBTO'IHOll. CnellyeT 0TMeTIITb 

'-ITO KacaeTCS! TeopeTll'leCKIIX 11pe/lCTaBnea11il 06 o6pa30B8HIIII MHOI'038-

pS!llHblX 'lllCTIIU, TO 3/leCb Tpe6yIOTCS! eme 3Hll'll!T81lbllb!e yc11n11H lllISI nOHIIMa­

HIIS! 0CH0B_Hb!X CT0p0H S!BlleHIIH. TpyllH0CTII 3/l8Cb B8CbMll oenllKII, TllK KBK 

ae/lOCTBT0'IH0 xopo'wo 1!3B8CTHbl II xapaKTep S!/lepHblX c11n, II CTpyKTypa Siil­

pa. MoJKH0 Ha/leSITbCH, 'ITO /l8llCTBIIT81Ibllblll rrporpecc B 11ccne}lOB8HIIII qipar-

MeHTllUIIII Il0M0JK8T rny6JKe 110HS!Tb CBOllCTBB H/l8p. 

E.n. 

ABT0P Bblp8JK88T 6naro/lapH0CTb 11. 3. ApTblKOBY, B. c. EapaweHKOBY, 

fp11ropbeay, O. B. noJKKIIHY, B. M. Mallbueoy II B. n. Toaeeay ·aa 06-

cyJK1leH11e paccMoTpeHHblX 31l8Ch aonpocoa. 
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TatSIIHua 2.1 

Ce11eHHH o6pa3088JUUI $parMeHTOB npa. 838BMO.QeAcTBBB sneMeHT8PBl:>IX 118C;TBJl C HAP8MB 

!lepBl!'I- Stteprl!l1• il;11po - Kpwrep1111 Tun ij)par-'- C!l11e1111e., BepOIITHOCTI, ]luTepa-
HUH 11ac- raB• !!i!llieHI, oT6opa lleHTOB. I.Id g)par11eHTalll!ll Typa. 
TIIU&:;, 

I 2 8 4 5 6 7 8 

p O,I E""L 2~3 I 1 I6± 0,86 8 
p O,I. cmH i! 7, .3 I,_93± 0164 8 
p . o,s E-,,,L ?,qi( 2 9 
p o;s £.,.,l-1 r.7,4 8 9 
p o,s4 C 8;;t.._ (10± 20).ro2 IO 

Jf (55± 16) Io2 IO 
Jle (20± 6) I0-2 IO 
A (22± 7) rn-2 IO 

~)" (15,5±2) I0-2 IO 
Xe. ( 2,6:to.8)rn-2 IO 

o,66 8l 27,'1 25 II 
0,66 'U 2~'1 22 II 
o,66 £,,.H ?7,~ 12 9 

I\) 0,93 E,,. 1-1 ;;I.._ 135±31 12 a, 
0,98 E,,_1-t "27,l/ 62±II 12 
0,98 E1r-L -;t.. 2o±a· I2 
0,93 E,-.L 2~,., I8±s !2 
0,93 t,.,11 , -J.... 2 !2 
0,95 E,,_H K;t.._ r;r±" o,s IS 
0,9s E-...L 8;f.;._ o,s± 0,2 IS 

r,o C ,;1.;_ 
0,2!.6 14 

fll ';;{._ · o,ISS !4 
u... ' ;J,.. 0,!20 !4 
Jl9 'l ;t;_ 0,220 I4 
'W ' d,;. 0,82 I4 

2,0 .Ai I! .t...· 2,8 IS 
2,0 Jill I! ;I,;_ 

6,9 I5 
2,2 c:c... , 'ti I,6 !5 
2,2 15 JI' It 1k I5 1 9 I6 

'~o s,s:to,s I6 <~o IDB t 3,0 I6. 

I, 2 3 4 5 6 7 8 

F 12±7 I6 

JI., 7,s±I,4 I6 
I6 JH, 

'"ti 
375±1,0 

0,0039± o,ooos I7 
5,7 £ ... 'H~kfl"l 

.\J'k71l 0,068 ±0,012 I? 

J.(,.75 o,oIS ± o,oor I8 

6,2 Etn JJ,,, 8 f:3 o,25. l9 
z ':.\( 0109 19 
2~5 o,os 19 

I 

£ .... ~;t:,..88 8 20 9,0' 
Pl J(,.76 8.t._ 0,0495± 0,0068 2! 

f-.., JIM-18 0,0198± 01.00IB 22 
I , PJ 0,0006± 0,0008 · 22 

';J;. 0,0004± 0,0003 22 

-¾,P),. f7,; rno± 3 20 
';I.;. o,orn0± 0,0010 28 

I\) 'a 0,006 ± o,oos 28 
-.J 

I9,0 E.. .... , ;I.;. 0,025 24 

24,0 .A9.~r- J/i, )8 ,! :t.. 0,0249± 0,0024 28 
' r., O,OOI4:t 0,0004 23 ,. 

24,0 
24,8 t.'!" 1.,;1.fB 0,0!07 24 

25,0 £-.., '·"-!...'& o,on 26 
1,, :::>'i + ' 27 25,Q I 2,0 -· 0,5 

28,0 .Al 111).,_ 7,9 28 

20 10 "C 4,7 28 

28,0 !:,._ ..lf11)t If>.){ I,2 28 

28,0 
8t.,._ 

* ', o,or4± 0,002 29 

h 0,!5', CJ./0 '-J.:.. o,67 0,2 30 

0,4 t::.,, 2?2 2,s±.r-,4' SI 

0,4 ,~ o,s± 0,4: 3I 

o,4 . 1~ I,6:!: o,6' 3! 

d. 01 19
1 

C 1-;t;_ r,ss:to,li IO 

,JI 0160:to,2 IO 

J/e o,2s:to,07 IO 

A 0,22:to,07 IO 

~r- 0,04:to,OI IO 
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Ta5nHUa 2.2 · 

Ceqeaea: o6pa30BBHHH T Be , t
2 

Na . B 
24 

Na 

npa oQnyqeHHB npOTOHBMH MBmeaeA ea pa3:IH11HbIX aemeCTB 

Saepr,rn Ceqea11e, u6 

npoT0ll0B, r& 22 
f3{:) Yet. 

2 3 l; 

2,2 IO 5a) I;9a) 

' 3,0 .8,6 I,9 

5,7 rn,76) 2,46) 

I 0 II,9 2,9 

24 7,0 I,2 

29 30±0,3 

30 II,7 2,8 

.s,o rn,2 2,2 

30 7,4 - I,I 

s,o 7,3 o,s 
IO I9,G I,6 

30 !9,9 I,6 

30 2!,6 2,I 

3 6,2 o,s 
IO 2I,4 2,0 

30 22,r 2,0 

3 7,0 0,8 

IO 20,2 2,0 

:30 20,2 2,3 

29 s,7±0.2 

1."Jra. 
5 

o 4a) V' 
3,0 
4,06) 

s,4 

I,3 

J,_?:!:0,J 

3,5 
1,,7 

2,I 

2,I 

6,8 

7,0 

I0,4 

3,4 

I2,3 

I0,5 

6,0 

I6 75 

IG,I 

4,2± o,s 

Z'iJ/0./2~ 

6 

I,6 

I,2 

I,8 

2,r 

I,9 

'.i,8 

L;,4 

4,2 

4,9 

7,I 

6,2 

5,3 

7,5 

8,3 

7,2 

a) Pa5oTa', /1121 /. 1-lcn=sneHo c yqeTOM u <"'Na l • 8 7 M5 
1114

1 ' r- Al f • 

5) Pa5oTa('1131) HcnpasneHO c yqeTOM u Al ( 24 
Na) • e,s MD 11141. 

21) 

JlnTcpa­
Typa 

7 

II3 

II4 

II2 

II4 

II5 

60 

II4 

50 

50 

50 

50 

50 
. 50 

50 

50 

50 

50 

50 

50 

60 
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Ta6nHua 2.3 

! CeqeHHH o6pa30BB.HHH 24 Na H IS, F npH o6nyqeHHH' 

' , 
npoTOHB.MH MHll!eHell H3 paanHqHbIX semecTB ( CM. pa6ocy /47 /) 

l Ta611ana 2.4 
• ! 

CeqeHHB o6pa30B8HHB 
1 

Li u C H !TN Cs M6) npa i'; 

BHA Cctrem1e, 3HeprHH.llp0!0HO!, I'3B I, 
; o5nyqeuae npoToBaMe c 9HepraeA 1,0 a 2 ,S ras paanzqa:&1x ~ :: umaem1, uu l MBmeHeA 1141 r,o 2,0 3,0 4,5 5,9 
1. 

J 11 . I? c{l'fJla.) I,0 s,e 4,0 4,,6 4,8 B:.ll\ 9cl (1) . ;t6?,8) 16
((1) 

I& ¼ I, rmweHH Crz.a) J/(1) Jf(2J) 3,4 I' G'(''F) 0,5I I,4 I,7 2,5 I' 
I 

(5{Jfo./F) 2,0 2,4 2,8 I,8 · I,4 i· 
l 2 3 4 ' __ _5_ 6_ 7_ 

~g, (5(Z"Jla.) 0,80 I,4 2,7 4,I 3.3 B 1,20 l,IS 
G(18f?t- 0,20 0,55 I,7 I,9 I,5 NC 0,21G 0,236 
G'{Jf« F) I,5 2,5 I,6 2,2 2,2 ,51f O 28a) 

Toe. 0'53a) G(2." Jfa.) 0,20 0,85 2,8 8,7 '"o 0,106 0:128. JIU; G[l'lJfo.) 0,44 2,2 5,0 7,4 9,4 180 0,59 0,58 1,12 0,90 30,4 25,l 
<f('B F) 0,07 ·0,25 -0,73 I., 7 2,5 0,63a) 

r' F 0,071 2,03 1,80 Ci( Jlc,./ F) 6,3 8_.8 6,8 4,4 3,8 I 
0,23 0,284 0,099 · 

JJ,,. 0,185 0,802 0,082 0,101 1,07 1,15 P-t G'{t"Jltt) 0,3G 2,3 l~ ,4 7,2 9;2 
J.ti 0,130 0,046 0,58 6(''F) 0,05 0,49 0,83 r,r I,4 \ Jlt 0,133· 0,238 0,050 0,0654 0,66 . 0.72 

G(Jla/p) 7,2 4,7 5,3 6,9 6,5 Sl O,C77 0,023 0,33 tl I s 0,26 G"(2·\lfo.) 0,63 2,9 5,6 II,3 ·r2,o 0,054 0,017 
Ca 0,040 0,126. 0,010 0,0253 0,150 o.29 G'(''F). 0,I3 0,55 I,4 2,0 3,2 Tt 0,125 0,409 0,0385 0,102 0,307 0,775 

G(Jfa/ F) ,~, 9 5,3 4,0 5,7 3,8 r 
J{\ . 0,249 0,046 0,402 11 Cu 0,120 0,440 0,0184 0,087 0,149 0,65 

t j/( 0,814 O,I36 0,87 
J8 0,220 1,05 0,028 0,176 0,163 0,99 

1f la.· 0,65 2.63 0,072 0,500 0,390 2.,13 
Pr 0,393 2.25 0,069 0,4!3 0,29 2,07 

'I JfcJ.. 2.75 0,484 2.20 
I,, 

Ta. 0,59 0,099 0,866 ,- Ji \XI' o ... 82 3,9 0,105 0,89 0,393 3.4 i 

P.t 6,0 1,16 LJ.,2. 

ill u 1,7 7.5 0,31 1,8 l,l 6,.3 
1, 

t a) IlpaaeneHHoe aaa~em,e cooraeTCTBYeT nepsnaoA aHepraa 2,2 ras 1531• 

30 31 



Ta6nmxa 2.5 

3aanCHMOCTb BbJX.o.aa 8 Li aa OA.HY 3B83.AY o·r 'IHC~a 11epHbIX TpeKOB 

J'i 3B83A8 

Jig 5-8 9-II I2-I4 I5-20 )2I 

'JI - 1u,ra8 o_s.0057±0,oors 0,0064~,0026 0,030 ±o',007 0.055 ~a.ors 0,03 
I 35/ 

p 5.1 r!'J)s o,0059±0,oor2 O,OI86±0,004 o,ors6±0,004 0,0275±o,007 0,05 
/13/ 

I 

j/g 8-IO II-IS I4-I6 I7-I9 20-22 ~28' 

p 9n8 I 

0,055± o,07 0,060~ O,OI2 0,072± 0,02:r /81/ 04 0!2 * 0,02 0,027 ±o,03 0,032 ±o,oos-. 
r 19r3~ o,or5 :!: 0,002 0,02I ±o,002 0,035 ±o,poLJ. 0,054± 0,006 0,062±_0,orr 0,05~ o,ora 
/21.f[ 

Ta6nmta 2.6 

3KcnepHM0HTanbHhl8 H pacqeTHbl8 C8'10HHSI (a M6) t>OpaaoaaHHH ¢parMeHTOB 

np11 B38HMO.O.efl:CTBHH npoTOHOB C paann'l!HbIMH SIJl.PBMH. B CK06Kax yK838Hbl 

H0Mepa ypaeaeHuA. no K0T0PbIM pacc11HTblBancS1 pannyc B38HM0ll8ACTBH8 /57 / 

940M3B- I 8 4 0 M 3 B - 2.9 raB 
i,imuem, ~parJJeHT omrT ? a C tI Q T 0ITb1T p a C tI e T 01mT 

(I) (2) (3) (I) (2) {3) 

Cle.. He 2 ± I 3,29 I,83 3,56 4 ± 2 6,73 4,IO 9,0I 
8 £i. 8 3,97 2,26 4,72 

~ 
~ Be 4,4±r.r 6,06 2,EO 8,65 rr,7±2,9 IS,52 7,56 6,45 
I'!, JJ O,I3 0,085 0,028 0,029 . 0 .. 82 O,I57 0,073 0,056 o,5r 

"' J19 " 1-tt 4±2 6,66 8,6S 6,5I 74 I4,78 7,65 I3,I8 "' 1~ 2,5±0,G 6,68 3,02 If.II rr,s±2.c IG,75 7,88 8,75 
3~ ,, 7,25 3,GI 5,75 Jh '~Jf 

,. 
0,056 0,061+ o.c20 C,025 0.!9 O,II6 0,0lfl 0,044 0,27 

:P-u. 8:t.., 9 20,IO 8,45 I0,75 
1fbe r,s±o,3 4,78 I,3! 2,07 5,9±1,s I6,22 6,!2 G,50 

~P-t E>fQ ro±5 !8,35 6,II 9,55 2r± II 88,30 IG,95 29,60 
13.Af ·o.orr 0,042 0,008 0,007 o. II O,I5I 0,035 0,028 O,IG 

'U. l~.)J' 0,025 O,I63 0,030 0,023 0,075 0,550 o.rrr 0,094 0,!25 



- Ta6nana 2.7 

) Ta6nana 2.8 
OTaoweaae eblxonoe pa3nB'IBblx ,j,parMeHT0B B3 Mena Ce'18HH8 o6pa30B8BBB_,j,parMeBTOB npa B38BMOll8ACTBBB 

K BblX0ll8M 83 Ni 
/14/ 

npoT0B0B C ssepraeA 29 rse C P83nH'IHblMB MHW8BBMB~ 

Pac'leT npoa3eeneB nna nepea'laoA sseprea 1,a res /BO/ 

BHA 0parueHTa PaCllST 0 Il 1,1 T 
( I,84 I'3B) ( 2,8 I'3B) 

6-~-~ -1,42 - N11wem, i;upar;,,eHT G'Teop, KO Upac, 110 

6 'it, 0,85 
~--

I Cu Na_22 3,0 ± 0,2 2.5 ± I,2 1 ;;t_ ~ 

1,06 I Na24 3,5 ± 0,3 2.,s ± r.3 ?-~ 0,58 
K 42- 2,8 ±0,2 3,0 ± I,3 3ii_ I,32 ' 

I ~B 0,43 l K 43 r,o ± o,r 0,7 ± 0,7 
9~ I,66 I,77 Fe lfa 22 3,4 ± 0,3 4,0 ± I,4 ''c 0,49 

116 24 3,8 ± o,r .,.-- + llJJ{ 0,50 3,8·- I,4 
''tC I,IO I{ 42 * 4,2 ± I,5 3,5 "'." o,r 
'Eic 2,43 I,98 I K 43 I,I ± 0,I + I,0 - 0,7 llJ[ 2,25 I,62 I Ii. 22 3,7 ± 0,2 4,0 ±. I,4 la 

lfa 24 4,2 ± 0,3 5 ,2 ±. I, 7 

'i 

-34 35 
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IapaB:-
TeJ;fiTc-

· TlllCa 

J(, 
J/1 
Jf, 
Jftl 

Ta6n11na 5.2 

He1t0Topwe xapaxTep11cTa1ta 38834 c Mononoo6pa3m.u,11 cne11aM11 

( W.B.T ) 11 683 Monouoo6pa31D,1lt cnel(OB (N.B,'11 • 3eepraa 

uepBIARl,llt 1(- - M830R0B 3 raa / 41 / 

N.H:T. w. H.T. 

Cpe;,(uee F/t, Cpe,;:cuee F/1.3 3ua11e1me 31mqem1e 

+ r .. r -0.2 4,G ± 0,2 I,4 ± 0.2 + 5,5 - O,I 
4.2 ± O,I 2 ± 0 I ., 3,3 ~ 0,2 I,8 ± O,I 

I0,2 ± 0,2 + .I,3 :- 0,2 + 6,I - 0,3 + I,I - O,I 

14,4 ± 0,2 I,5 t 0,2 9,4 t 0,3 J:,4 ± 0,2 

38 

JfF 
JJF 
JJr 
JJF 

T.a6nmta. 7 .I 

XapaKTBPHCTHKR B38HMOllellcTBHII B 9My'JtbCHH C paanR'IHblM 'IHCnOM 

¢parMeHTOB ! z ~3 J N F. , 3eeprHH nepeH'IHblX npoTOHOB T=25 rse. 

Ue¢paMH I , II H Ill 06oa1;aqee~ aae3llbl, c llBYMH ¢parMeHTaMH 

c aeeprHHMH (ea eyKnoe): 1) o;5 Msa <E 1,
2 

< 4,5 Mae, 2)E
1
,?4,5Msa, 

3) E 1>4,5 Mae, 015 Maa <E
2 

< 415 Msa /IOI/, 

j/~ ~ J/4 Jf'r1 

= 0 + 8,6 - O,I · 5,0 ± O,I, + 2,6 - 0,2 I:.!,G ± 0,3 

= I 9,4 ~ O,I 7,8 ± O,I 2,9 ± O,I ·I· • 
I7,2 - 0,2 

= 2 9,4 ± 0,3 9,0 ± 0,3 3,5 ± 0,2 I8,lf f 0,5 

>2 I0,3 ± O,G G,7 Lo,6 " " + 0 3 0.0-- r I9,0 ± Ci,8 

T Ji = 2 -• F 
9,4 L,5 ·I- 4 3,7 - 0, I7,9 

II. J.fi: = 2 8,4 9,2 3,7 ± 0,4 I'?, 7 

111. Jf F = 2 9,I 9,3 3,E ± 0,2 rn,4 

39 
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f.0 (0 

Pec,2,1. <l>yHKilllll B036y>Kll0HIIH peaKIIY.11 o6pa30BSHlfll Li 

aeACTBIIH IlpOTOHOB C SMynbceeA. 

Ilpll B3SHMO-

Bf 
0 e 

7 I 

N~" 
I I 

N!,. 

5 10 15 20 25 
P11c.2,2. <l>yHKIIHII B036Y>Kll9HHH peaKUHA o6pa30BSHHll T Be • 22 . Na II 

2, I 
Na 1ff.f1 B3SHMO/l9HCTBIIH npOTOHOB C llllPSMII M91lH. - 50/' 



·~ul G"(M6) f I I 

10.0 

Cu 
·Aa 

1.0 

0.1 

0.01 6.0 £(/36) 0 1.0 2.0 3.0 't.O 5.0 

I U . 
PHc.2.3, 4>yHKUHH soa6ylKll8HHSI peaKUHll o6pa30B8HHSI Na nyH B38HMOllell-

CTBHH npOTOH_OB C cepe6poM, M8/lbl0 H ypaHOM 192-94 

42 

~ 
10 

0.1 

0 
3 

\ 

4 s 6 7 8 

PHc.2.4. 3apMosoe pacnpeneneaHe ¢parMeHTOB, 06paay10wiixc>1 npH aaaHMO­
nellcTBHH npOTOHOB paanH'!HblX aueprHll B 3MYllbCHH. 0 -9faa12DI, 

• - 25 raa 1451• . . 

43 
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10.0 I - ' ' . I I 
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1.0 
~5fjg x1 l G(M~) 

10,0 

2_0/;8 
4.5136 

O.i 
1.0GB 

1.0 

t0G6 

0,1 
0.01 I 1 , , , 1 

0 50 100 150 200 tJ 0 so too 150 200 l:/ 

PHc,2,5, 3aBHCHMOCTb ce'l:eHHll o6pa30BBHHSI 
18 

F ~OTOHSMH paanu'l:HblX 

9Hepru8 OT BTOMHOro HOMepa sinpa-MnweHH 
471 

.. 
PHc.2.6. 3aBHCHMOC'Ib ceqeanli o6pa30B8HHH Na . n70T0HaMH paanHtJHbIX 

SHeprHli OT BTOMHCI'O HOMepa ,mpa-MHIIleH11 · 14 I 

45 
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10.0 

..Q 
E 

c,1-.. L '\" 30 GeV 
('J cs 
z 

..a 
.1 

'-
E l!J 

-~ 

~I 30 GeV' 
I 'I 1.0 ... I I ..,. 

20 

10.0 

.5 

~ ~ ~ 
3 GeV 

3GeV 

2 
0.1 

50. 100 150 200 250 A 

P11c.2.10. To JKe, 'ITO II Ha p11c, 2,8 ( 
22 

Na ), 

,.o I I I I ' I I 
50 10 150 200 2so A 

Pnc.2.9, To >Ke, 'ITO H Ha pnc. 2.8 ( 1 Be ). 
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Pac. 7.2.· Pacnpe)leneaae yrnoB MelKJlY 
B3aHMO)lellCTBHe B 9Mynbcail. 
'IeT no MO)lena HeaaBHCHMOl'O 

TpeKaMH JlBYX qiparMeHTOB, T=9 rsB, 
rucTOl'paMMa - OITbIT, KpHBaSI -· pac-. 
llCITyCKaHHSI qipal'MeHTOB /l03 / 
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