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BBe.n;eHlle 

vl,1w11 HCl10JIL30!la!HIJI 11JIOTHLIX Z-mrnqeil ,U/111 JICCJie,U0!laHll/1 peam1,11i1 Me}KAY ner

hl!1'111 11LtpaM11 (pd, dd, dHe) [1-2] B o6nacrn ynbTpaHH3KIIX 3Heprni1 (~ K3B) 6wia 

11pil,l_(IIHTOBaHa CJleJJ,ylOI.l.\lfMII 06CTORTeJ11,CTBaMII: 

l) a1nyaJibH0CTblO n3yqaeMOil npo6neMbl ( I!MeeTCR B03M0}l{H0CTb npoaepKII cpyH.n.a

MCHTaJILIILIX Cl1MMeTp11i1 B CllilbHLIX B3al!MO,ll,eilcTBURX, TaKUX Kai{ 3apn,uoaan CUMMe-

TplHI, H30T011ll'ICCl{aR UHBap11aHTH0CTb [3-4]); • . 
2) neo6xo,unMOCTblO pa3peweHIIR pn.n.a npo6JieM, cyl.L\eCTBYIOI.I.\UX B acTpocpll3UKe [2]; 
3) 0TCYTCTBlleM B03M0}l{IIQCTII npnMeHeHIIR KJiaccuqecKUX yc1wpnTenefi ,ll,JIR U3Y'IC

lll!JI y1rn:rn1IHLIX BLIIlle npoll,CCC0B BBII.D.Y Kpai1He MaJILIX ce'!CHllll llCCJie.n.yeMLIX peaKll,l!ll 

B o6nacTl1 YllbTpaHU3KHX 3Heprui1 (10- 43 -;- 10-32 cM2) H ,ll,0CTaToquo HH31{0ll HHTCHCH

llll0CTl1 ny•IIwB yc1wpeaaux •1acTHH. (p, d, He, ... ). 

!3 1995 r. Ha CHJibH0T0'IHLIX yCKop1l.Ten11x I1:C8 CO PAH 6unn Ha'JaThl nccneJJ,o

ua111:111 [5-11] dd-peaK11,n11: 

d + d -, 3 He+n, ( 1) . 

C HCII0Jlb30BaHHeM Bh!C0K0l1HTeHCllBH0f0 uyqKa .n.efiTpOHOB" renepnpyeMoro B Teqeaue 

HM11110:H111 nafinepnofi nna3MLI ( cpopMnpoBam1e npnMoro Z-mrn•ia). Cne,uyeT 0TMeTl!Th, 

'ITO l!HTCIICII!lH0CTb Tairnx uyqKQB ,ll,0CTIIraeT ~ 1020 
qacn1n./11MIIYJlbC [12-13]. 

TTpu [l])0BC,ll,CHHII IICCJICAOBaHnfi [5-11] B03Hl!l{Jlll npo6neMhl, CB/13aH!Ible C B03M0}!(

II0CTblO II0RBJJeHU/1 pa3H0f0 T!!Ila HeycTofiqllBOCTell Jiallnepa B nponecce ero UMII/l031lll. 

l1a-:1a pa3BIITIIR, nanp11Mep, MarH11Tor11.n.po.n.11HaMl!'lCCKOH neycTOil'IIIBOCTI! B03M0}l{H0 

fl0/IBJICIIHe BLIC0]{03HepreTll'ICCKOll K0MIJ0HCHTbl (20 - 300 K3B) na ypoBHC 10-10 
-

-10- 12 
OT IJ0JI!I0ro qucna yc1wpneMLIX .n.ei1Tp0HOB, qTo, B CB0IO oqepe.n.h, IIpHB0,ll,IIT K 

6onee u11TeHCHBH0My np0Te1w1111w peaK11,1111 (1) 1. TaK I<aK B cxeMe npnMoro Z-rrl!H'Ja 

npou,eccu 3/leKTp0,ll,l!HaMl!lJeCK0f0 ycKopeHirn ,nei1Tep11eaol! IIJJa3Mbl II B3al!M0,ll,ei1cTBHR 

ee c MHillCHblO cna6o paa.n.eneHbl IJ0 BpeMenn, BCCbMa npo6neMaTll'IIIOii CTaH0BIITC/1 

AHCKJ)HMl!Hall,1111 co6LITllii, aaper11cTp11poBaHHhlX HCiiTpoHHb!MI! ,1J,eTCKTopa11,111, IJ0 IlX 

n111y: 'J'0 JIU o6pa30BaHl!C HeiITpOH0B peaKIJ,1111 ( 1) rrpo1!30Ill/I0 B pe3yJibTaTe pa3BIITHR 

11eycToil•111aocTei1 nafinepa B Teqea11e ero 3JICKTpo.n.11HaMnqecKoro paaroHa, TO JIii npn 

B3al!M0,ll,CHCTBIII! Jiai1Hepa C Ml!IlleHblO. 

B Ka<1ecrne naiinepa B 11ccne.n.oaa111111x [5-ll] 11cnon1,aoaanac1, caepx3BYK0Ba,H nonan 

CTpyn .n.eilTep1111, cpopMilpyeMan C0IJJI0M JlaBaJIR B,ll,0ilb ero ocn, a B Ka'!eCTBe Ml!IllCHH -

CBepX3HYK0BaR 110/laR CTpyn .n.ettTepnn (.n.naMeTp K0T0pott MCHbllle .n.naMeTpa nai111epa) 

111160 CTepH{eHI, 113 CD 2, pacnoJio}l{eHHLifi B,ll,0ilb nafiHepa. 

B pe:iyilbTaTe npoae.n.eHHLIX IICCJie,ll,OBaHIIii 6LIJIII II0Jiyqenbl Bepxnne rpaHll'I-

HLie 011,emm ceqea11fi dd-peaKll,lll! B .n.nanaaoHe 3Hepr11i1 CT0/IKH0BCHIIR .n.efiTpOHOB 

0,1+2,3 K3B [6-11] . 

1 B npmuvme, "no.11aBneHue" no1rnneum1 HeycTollqnnocTell 6uno .1\0CTHrHyTo HaMu nyTeM orpaun

'leHHJI cTeneHH KOHequoro CJKaTHJI nal!Hepa k = r;/r1 ::; 5, r.11e k- cTeneHh CJKaTHJI, r;, r1 - uaqam,11ull 
u Kouequull pa.11uym nalluepa (6-11]. 
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Haii)l.eH11ue aepxmie oueHKll ceqenuli peaI{Ullll (1) B yKa3amwM ,llUana3011e 3uepr11ii 

CTOnKHO!leHllR .uel1TpOIIOB nony'leuu anepBLie, ll, neCOMHeHHO, npe,llcTaBJ!ReT 6onLUIOii 

HHTepec 11poae.ueH11e aHanor11'lHLIX 11ccne.uoaaH11li np11 3Hepr11Rx cT0Jm1101JeH11JI .ueii

TpoHoB 3..,...5 K3B. 

.l{a11111,1e llCCJie,n.oBaHllR Il03BOJJRT BHepBue ll3Mep11Th ce'!el!HR dd-peamurn B y1ta3aH

IIOM .zviana3oHe 3Hepruli CTOJIKIIOBel!HR .ueliTpOHOB ll np0113BeCTII 1wppe1n11oe cpaaue-

1111e IIX KaK C pe3yn1,TaTaM11 Bbl'IUCJJel!Hll COOTBeTCTBYIOlllllX 3Ha'!ellllfi .na11Hoii BeJIU

'IUHU, TaK ll C pe3yJJ1,TaTal\1H 3HCTpanoJIRUllll 3l{CilepHMeHTaJlbHLIX 311a•1enuii ce<1eHIIJI 

113 BUCOK03HepreTH'leCJ{Oll o6naCTll B 113yqaeMy10. 

B pa6oTe [10] .n.nR peaJ11I3aUHll nporpaMMLI uccne,n.osa1111R n.n.ep111,1x peaKUHii B o6na

CTH ynbTpaHH3HllX 3Heprul1 HctMH, B Ha'leCTBe aJJLTepnaTHBLI, 6una llLJCJ{a3aHa rllIIOTe:ia 

0 BO:~MOil{HOM llCIIOJlh30BaHHH lllIBepcHoro Z-HJIII'!a2 . 

XoTJJ H,n.en yc1wpe11J111 nna3MLI c Hcnon1,301Ja1111eM 1111aepc11oro Z-n1111•1a ue 110Ba, 

TeM !If! Mettee B JIIITepaType OTCYTCTBYIOT Ka1me-J1H60 31{CHep11Me1nanbH1,le .ua11nue, 

KacammHecR Hccne.n.oaa11Hn ,n:a1111oro npouecca. 

B CBR3JI C 3THM uenhIO HaCTORll.leli pa6oTbl RBJJRJIOCb ll3Mepem1e xapa1nepHCTl!K 

npouecca c!JopMHpoaa1rnn 1111eepc11oro Z-n!III'Ja 11 11_ccne,n.0BaHHe B03MOHmocTH ero npH

MenenHH .n.nR II3Y'!el!HR n.n.epnux peaKUHli B o6naCTII YJ1bTpa111I3KIIX 3Hepr11ii. 

Ilpoae~eHHe 3KcrrepHMeHTa 

~-:)1{cnep11MeHTLI np0B0,n.11n11c1, B I1C8 CO PAH c Hcnon1,3oea1111eM cun1,110To'rnoro 

yc1wp11Tenn CfM (I = 850 l{A - TOK JJafi11epa, T = 80 !IC - AJIIITeJibHOCTL BLICOlWBOJIL

TIIOro IIMIIYJibCa) [16]. 
Ha p11c. 1 IIpHBe,n.e11a cxeMa 3KCIIepllMeHTaJJbHOil ycTal!OBKll, COCTORll.leli ll3 CIIJJb

llOTO'IHUro rettepaTopa, y3na Harpy3KH, per11cTpHpy10meil: u ,n:11anJOcTH'IecKoii annapa

Typu. 

81ccnep11MeHTaJihHM nporpaMMa BKJ!lo'!ana B ce6R: 

1) uccne,n:oBaH!Ie ,llHl!aMll!m ,!l.BJl}l{el!HR TOKOBoro CKJIIICJJOR C 1101\!0lllblO ua6opa Ma

ruunmx 30H,!l.OB, pacnonomeHJil,IX Ha pa3JJH'IHLIX pacCTORHllRX OT OCII nalluepa; 

2) eL16op 011T11Man1,11oi1 Maccu naliHepa nyTeM ll3Me11e1111n .naane1111n ra3a B cjiopKa

Mepe 3ne1np0Mar1I1:1T11oro KJiaHaHa n apeMe1111oi1 3a,n.ep>K1m B uenn 3anycKa reHepaTopa 

TOI<a; 

3) perncTpau1110 TOJ)l\103HOro ll3nr1en11R ll 11ei1TpOHOB ll3 peaKI(llll ( 1) C IIOMOll(blO 

CUHHTHnJIRUHOIIHLIX C'JeT'!ll!{OB H ,n.eTeKTopoB TeJIJJOBLIX neliTpOI!OB. 

BLlllOJJHeHlle IIYHKTa 3 6uno npo,n:HKTOBal!O 11eo6xo,n.HMOCTblO eu6opa OIITllMaJJbHl,IX 

ycnoB!!il .n.nn HpOBe,!l.ellllR 3J{CUep11MeHTOB 110 H3MepeHIIIO Ce'!elll!Il dd-peami,1111
3

. 

2
11p11ttu11n cj:,opMllpOBaHIIJI mrnepettoro Z-nlltt'la MOJKHO HaliTII B pa60TaX [14-15). 

3
Bu6op OCHOBaH Ha attan113e COOTHOIDeHHJI IIHTeHCIIBHOCTeli HIIKOB, COOTBeTCTBYIOII\IIX T0pM03IIOMY 

II HeliTpOHHOMY ll3JIY'le111110, o6ycnoeneHHOMY KaK nonone1111eM B03MOJKIILIX 11ecTa611nhHOCTeil B npo

uecce ycKOpeHIIJI naliuepa, TaK II ll3aHMOAelicTBlleM ero C MIIIDellhlO. 
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Puc. 1. CxcMa 3Kcrrep11Me11Tan1,11oll ycTaHOBKn: 

14 

15 

11 1229-
15 13 

- cunhHOTO'IllhlH reuepaTop; 2 - narpy30'IHbli1 MO.UYJJb yrnopllTCJIJI ; 3 - ,lll!arHOCTH'Ie

CHilJI 1<aMepa; 4 - 611cTpo,n:elicTBYIOll(HH 3JJCKTJlOMarHHTHl,lll IWarran; 5 - CCT'lilThlil HilTO.ll; 

6 - o6pi1THl,Iil TOIWIIJJOBO.U; 7 - CBepX3BYKOBoe COIIJJO Jlaaann; 8 - nallnep; 9 - TOH01Ie

peXBi1TI,1BaJOJUIIU CTep}KeHh; 10 - MUUienh; 11 - Clll!HTHJJnRIJ,HOHllhlil ,n:eTCKTop (D l ); 12 
- IlJICl{('.llr!lilCOBl,Iil UHJIHll,llp; 13 - Cll,HHTHJinRUHOIIIlhlll ,lleTel{TOJl (D2); 14 - ,llCTCHTOJl 

Tennott1,1x 11eHTpo110H (D3); 15 - 3a1u11Ta 113 Pb 

J\. l\leTOJ\ t!iopirnpmlilHHR 11_11aepcnoro_J-m111•rn 

Jlm1 tj,opm1poBaJHIJI ucno1rn yc1wpemwil 11na3MLI 1JL16pa11a cxeMa 1111eepc11oro Z-
11111111a. lJ :➔Toil CXCI\IC nna3Ma 3JICICTJlOAHHal\lH'ICCl{JI ycmipHCTCJI pal\llilJJbllO OT OCI!. 

]~annuli cnoco6 yc1mpen1111 nall11epa llMeeT p11.n. npe11MymecTll no cpaenenmo c Alf'T0-

1\0M cjiopMllJlOBilllll/1 IIJlJIMOro IlllH'Ia (nJii13Ma yc1mpneTCR pa,n:HaJlbIIO I{ oc11) u, B C!IOIO 

O'!Cpe,n.1,, ll03BOJIJleT 

1) yMeUblllllTL JWOTHOCTL nallnep11oll nna3Mbl Ha IIOBepx110CTll MllllleH11; 

2) Jl,UCl{JlUMllllll[lOBaTb no BpeMeJII! npoll,CCCbl 3JJetnpo,n:1111aMl1'leCKCll'O ycKopellll/1 

IIJlil:JMl,1 II B3aHMO,l{elicTBIIJI ee C MllllleHLIO. 

13. t:1e;1 11af'_py31~11 

Ha pnc. 2 11p11ee,lle11 3CKH3HLitt ,1epTem y3na uarpy:rnu, 11pe.u11a311a•1eH11oro .unn 
<JJOjlMlljlO!lilllll/1 f(()T()l{a yc1mpeHIJOA nna3MLI B cxeMe llllllCpCHOro Z-n1111•1a. 
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P11c. 2. CxeMa y3na Harpy3KII .nnR cpopMnpoaaHIIR 1111aepCHoro Z-nn11qa: 

l - 3Jie1np0.!lLI Ba1<yyMHOH MafHilT0il30JIIlp0BaHHOH JillHllllj 2 - II0RC PoroBCH0fOj 3 -
6LICTpo.neiicrny1om11li :weKTJJOMafHIITHblli KJiana11; 4 - CBepX3BYK0BOe C0I!JIO JI;rnaJJJJ; 5 
- CeT'JaTl,lli HaTO.!lj 6 - o6paTHblii TOKOilpOBO.!lj 7 - TOl{0ilepexaan,rnaiom11e CTej)}IUJHj 8 -
MHllleHb (CO2) 

<DupM11poaanne naliHepa ocyru.ecTBJJReTCR c noMoru.1,m :rneinpoMarHHTHoro KJJanaHa 

11 C11epx:rny1<0aoro conn a JlaBaJJR ( 'lllCJJ0 Max a M ~ 4) co cpe.nHHM pa.nnycoM 1<on1,u.e

Boro ce,1eHHR 15 MM. Conno pacrronaraeTcR Ha aa3eMJJeHH0M :ineKTpo.ne (a110.ne) MO.llYJIR 

11arpy31rn. TTpoTilBOilOJJO}[{Hbltt 3JieKTpo.n (KaTo.n) BblII0JJHeH B an.ne pa.nnaJJbH0 pacxo

JVIll.lHXCJI IIHTett T0JJlll.lIHOli 120 MKM. 8 KaqeCTBe 06pan10ro T0K0II])0B0,lla llCil0Jl!,3Y

eTCR naTynnuli cTep}[{eHb, pacrroJio}[{eHHLili B.!l0Jib ocn y3na 11arpy3Kll, Macca nalinepa 

onpe.nem1eTCR K0JJnqecTB0M ra3a, nporne.nrnero qepe3 KpnTnqecKoe ceqenne corrna, 11 

BapbHpyeTcn llaMe11e11neM .naanemrn ra3a a cpopKaMepe :rneKTpoMarHHTHoro KJJarrana 

II BpeMen11ott aa.nep}[{KOtt Me>K.ny M0MeHT0M 0TKpblTHR KJJanana II M0MeHT0M 3anyc1ca 

c11m,110To'rnoro renepaTopa. 

Ha nyTH pa.nnaJibH0 pa3JJeTa10mettcn IlJJa3MeHH0li o6oJIOlll{ll ycTaH0BJiena T0K0ile

pexaaTL!Ba!Oll(aR CTPYKTypa, BblITOJJHeHHaR B BH,lle "6eJJHq1,ero KOJieca" ll3 CTepH<Heli 

,ll.llaMeTJJ0M 1 MM, paCil0JIO}l{eHHbIX Ha pa.nHyce 45 MM. Pa.nHyc ycTaH0BKll T0Konepexaa-

4 
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nrna101uux cTejl)l<Heli (TC) orpanHq11aaeT fia3y pa3rona nalinepa I n, KilK cne.ncTBHe, 

CliUpocTb v, Jl,0 l<OT0poli MmKeT 6un, pa3ornaH nattHep (v ~ l/r, T - .!lJIHTeJibHOCTb 

HM 11yi1hra T0J<a re11epaTopa). 

Jtl:mepem1e TOI<a renepan>pa npo113ao,n:nTcR noRCOM PoroacKoro (pnc. 2). 
Ll1111aMlll{a .!lBH}[{ellUR TOK0B0f0 CJIOJI nccne.noaanach C II0M0ll.lblO Tpex MarHIITHLIX 

:lOl!/1,0R. lfoop.n1rnaTLI pacrroJIO}[{eHIIJI l(OT0pLIX (r, Z) ll3MeHJIJ!llCb OT BLICTpena I{ BIJ

CTpeJJy. TTonBJJeHHe CHrnana c onpe.n:enen11oro MarHIITHoro 301!.!la oTae,raeT npHxo.ny 

T0li0B0nl CJIOR B Toqrcy C C00TBeTCTBYIOilJ.llMll Kdop.nHHaTaMH. 

, .. Pa.u11aJibllOCTb" .!lBH}[{eHllJI nai111epa TeCTllpOBaJIOCb C ITOM0[J1bl0 .n:ayx MarHHTHblX 

:301!,IJ.0H, paCll0JIO)l{eHHb!X Ha 0.!lH0M ll TOM )Ke pa.nHyce y IIpOTlfBOIT0JIOJKHblX 3JieKTpO.!lOB. 

Paiwyc ycTaIJ0Bl{ll 3011,D,0B ll3MeHJIJICR OT BLICTpena K BblCTpeny. 
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Puc. 3. OcIJ.llJIJIOrpaMMbl T0Ka ll pacqeTHbre .n:narpaMMbl .!lBlllReHllJI natt11epa: 

l - BhlCTpen N!6, 2 - BhICTpen N!8 ( CM. Ta6JJHIJ.Y 1 ); 

~ - IJ0Ka3amrn MarHHTH0fO 3011.na 
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8KcnepHMeHTanbHO 6blna rro,n;o6paHa TaI<a.JI reoMeTpnn corrna, rrpn K0Topoii pa3110-

epeMeHH0CTb rrpHxo,n;a T0l{0Boro cnon I{ 30H,!l;al\l J npOTHB0ilono}KllblX 3ne1<Tpo,n;0B Haxo

,n1rnac1 11 rrpe,n;enax TO'IH0CTll H3Mepe111Iii (±5 11c). 

,ll.11ual\ll!Ka .llBmKeHllJI nail.Hepa Mo,n;ennpoaanacb C ll0MOIUb!O HynbMepnoii M0!(eJJH. 

B 3TOii M0,nenn peaJJhHaJI ra3□Ban o6oJIO'II{a 3al\leHJleTCJl 6ec1m1ie1rno TOHKOii l(HJIHU.l{J)H

t(ec1wii o6oJIO'IKOii ra3a C ll0CTOJIHHOii nn0TII0CThl04 , .llBllH{euue K0TopoH 0Ill1CJ,JBaeTOI 
ypa1111en11eM 

d(mi-)/dt = 12(t)/l00r, 

me nt - Macca naiiHepa, rrpuxo,ll,IIIUancn Ha e,n;nHuu.y ero ,nnHHLI (noro1111a11 ~iacca), 

r/cM; I - TOK 'Iepe3 nafiHep, A; r - pa,n;nyc TOIWBoro c110n, CM. 

Onpe,neneHne Maccu ll CHOJ)0CTll nafi11epa OCH0Ballo Ha l13MepeHllll aa1111Cl1MOCTCM 

J(t) H r(t). Macca nafiHepa n cKopocTL ero ua pa,nnyce ycTaHOBKH TOKOilepexaanrna

lOIUHX CTepHmett llpllHlll\lalOTCJI paBHb!Mll TalmM 3Ha'IeHUJlM, .llJIJl K0T0pLIX pac 11en111e 

apeMeHa npHxo,na nail.Hepa B TO'IKll ycTaH0BJ{ll MarHllTHLIX 3011,l{0B C0B!la.l{a!OT B npe

,n;enax Oilll160K ll3MepeHHJI C l!X peanhHLIMll ll0l<a3aHHJIMl15 . 

Ha j)l!C. 3 a, b, C B Ka'IeCTBe npnMepa llpHBe,n;eHI,l 0CIJ.llJJJiorpaMMI,[ TOI<a 11 pac

tJeTHL!e .l{l!arpaMMLI .llllllH{eHirn nafiHepa, CO0TBeTCTBYIOIUlle BLICTpenaM N!6 11 N!8 ( CM. 

Ta6n. l ). CpaaneHHe IlOKa3aHnil MarHHTIILIX 30H.ll0B C pe3ynLTaTaMH pac<[eTa .n11ua

MHKl1 ,/{lll1}KeHl1JJ nailnepa CB11,n;eTenbCTBYIOT 0 TOM, 'ITO JIH11eii1Ible MaCCLI Jialinepa II 

BLICTpe11ax N!6 H N!8 cocTaBJIJJIDT 2,6 H 2,1 MHr/cM cooTBeTCTBemw. Ha pnc. 3 b, c 

np1111e,ne11u n0Kaaa1rnn MarHHTHJJX 3011.noe, ycTa11oane1rnux Ha pa,nHyce To1wnepex11a
TL1Ba101u11x CTep}l{Heil. 

B. Jl,eTeKrnp11 11eilTpo11oa 

PernCTpal(UJI 11eilTp0HOB l13 peaKI(lm ( 1) ocymecTBJIJJJiaCb .llBJMJJ CUHIITIIJIJIJJU110H

IILIMII ,neTe1<TopaM11 Dl l1 D2 11a ocHoae nnacTHKa (0 10 cM, / = 20 cM; 0 5,3 cM,· 

I= 5,0 CM) l1 ,n;eTeKTopaMll TellJI0BLIX HefiTpOHOB D3 ( c6op1(a 113 10 nponopunouaJibHLIX 

c•1eT'1HiwB, 3anon11e1111L1x BF3 n TI0Meme1111ux B napacjiH1101111tt 3aMeJtnwrenL). Cl(11H

T11nn11u1wun1,1e ,n;eTe1<Top11 Dl n D2 pacnonarannch oT nail11epa na paccT0JJHllll 155 11 

167 CM C0OTBeTCTBenno, a .n;eTel{T0p TeTIJI0BblX nefiTpOIIOB Ha paCCTOJIHllll 177 CM. 

,ll.1rn no,n;aanenHn 3arpy3HH ,neTeKTopoB Dl - D3 M0IUHLIM penTrenoBCKHM l13JIJ'Ie

HHeM Dill! 0Hpy}l{anlICh 3all(!IT0il l13 TIJiel{CIIrJiaca ll CBlll!Ua JIH6o TOJlhl(O ll!l CBl!HUa ( CM. 

pHc. 1 ). TonIUHHa cno11 Pb cocrnaHna 5+ 10 CM. 

~➔ <jHjJe!{Tl!BHOCTh perl!CTpauHH neil.TpOH0B ,neTeKTopaMH D 1 - D3 ll3Mepnnach C ao

MOIULIO CTa11.napn1oro HCT0•11111Ka 252Cf, a TamKe onpe.D,en11nac1, pac,1eTHLIM nyTeM Me

To.D,0~1 Mo1ne-Kapno. ITp11 31IepreTH'IecKoM nopore cu1rnTHJ1nnUH0HHI,1x .neTe1<Topo11 

Dl 11 D2 paBH0M 0,2 M383c1 (11 e.D,n1rnuax 3HBHBanewmoii no caeT0BLIX0.llY 311eprH11 

:rne1npoHoB) :rna•1e111JJJ 3cj1cjie1n1JBIIOCTI! perllCTpauH11 C0CTaB11n11 (2, 8 ± 0, 4) . l 0-5 l1 

4
O60JJO'!Ka BHa•IaJJe "crpe6aeTrn" B 6eCKOHe'!HO T0HKl!ll' CJJ0ll, a 3aTeM ycK0plleTCJI MarHIITH11M 

noneM T0Ka reuepaTopa. 
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HcnOJJL3JeTrn x2-auaJJH3 np11 cpaBHeHHH pac'!eTHUX 11 3Kcnep11MeHTaJJLll11X ,llaHH11X, 
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,, 

(4,4 ± u, 7). 10-6 C00TileTCTBelJH0. lf-ro !{rtCaeTCJJ ,n;eTeI<T0pa TellJI0!ILIX HeliTpOHOB, TO 

Pl'O 'HjHj1e1,TH!l1Iocn cocTaannna (1, 1 ± 0,2) • 10-4
_ 

H af>J110.D,Clll!e BpeMelIHOH I<apTllllLI 3arpy3KII CUl:IHTIIJIJIJIUl!0llllblX .n;eTeKT0p0B D 1 

11 D2, 06ycno11neuuoe cpa6aT1rnan11eM yc1wp11Tenn (" BhlCTpenoM" ), ocymec-r11n11noch 

uyTeAI 110,na•m CllfllilJI0B C ano,n;oB cjioTOYMHO}l{lfTeneil .D,eTel{T0J)0B Dl II 02 Ha BX0.1{1,1 

J1Hyx11y•1e1mro ocuu11J1orpa<lrn Tektronix TDS 220E, 3anyc1{ 1wToporo ocymecrnn11nrn 

110 !Wpte,'l,IIeAlj' tjipoll'ry IIMllYJILCa T0l(a !ILIC0l{0IJ0JILTII0f0 re11epaTopa ( cur11a11 "Tp11r

n·p" ). 
Cnt'l{'fjlOMCTpll•IeCI{Illi 1rnuaJ1 ,neTe1nopa TelIJJ0BLIX 11eii-rpou0B D3 BIC1IO'laJI H ce6n 

·.iap11;to110- 11y11cT!lHTeJ11uuli npe,n;yc11mnen1, yc1rn11Ten1 n napannen1,u1111 aMI1JIHTy,nuo-

1t11<j1po11oii npeo6pa:10BaTen1 C warm., KBa!IT0BaHllll 1,6 Ml{C 11 o6'LeMm.l naMJITH 1024 

Ha11ana. vlmjwpMau.1111 c AUrI qepe3 6ycjiepn11ti 11aKon11Ten1 noCTynana B nepcottan1-

111,1ii HoM11110Tep. 3anycH AI~Il Tairn(e ocymecTannnc11 1111nyn1coM T0Ka 11uco1w11on1-

TUoro reuepaTopa. To'IIIOCTL onpe.D,eJlelllrn M0hiel!T0B ll0Jl!IJJeHIIJI c11ruan0B C IILIX0.ll0B 

11l'iiT]lO!llll,IX ,l(eTe1nopoB 0TIIOCl!TeJIL[I0 CHrHana "Tp11rrep" C0CTa!IJIJJJia ±2 HC. 

Pe3yJihTaThl l:13MepeHn:u 

riocJ)e paape1ue1111J1 J)H.D,a TCXIHl'IeCl(IJX 3il.D,il'I, CBJI3all!ILIX C 11116opoM 0IITIIMilJibHl,IX 

yr1101rnil "pa3roua" nai111epa, naMu 611na npose,neaa cepHH "a11cTpenoa'' ( 10 a11c-rpe

JI<lll ), B l{i[)l(.D,0M H3 [{OT0pLIX (ua OCII0!laIHII! ,n;aHHblX, nonytJe111111x C II0M0lllbIO MarHHT

III,IX :rnHJ((lll) onpe,neJrnnncb TaKne napaMeTpbI 11aH11epa, l(aI< noro1111a11 Macca 1nL, cHo

pocTL Jlilfinepa VL Ila pa,n;uyce TOl(OllepexBaThlllill0IUIIX CTepHrneli ( Cl(O]J0CTL naiinepa 

110 oH011•ianHH npou.ecca ero ycKopen1111), ape~rn ycKope1111J1 Tucc (apeMJI MeJH.llY c11n1a-

110M "Tpurrep" II M0MelIT0M II0JIBJielUIJI Cll!'Hana C Mar1111n1oro 3011.D,a, ycTilllOBJie1111oro 

Ha pa.D,11yce TC), npoTeI<aJOIUHi1 'Iepe3 naiinep TOK IL, 
vlu<jiopMaUHJI 06 IIIITerpanbH0M ll0T0!(e ueiiTp0H0B 1!3 pea1(l(llll (1) B J(a}l(,!J;0M BIJ

("l']JeJI(" 11:111ne1<anac1 ll3 ananl13a ,namILIX, nony•ieHHLIX C ll0M0U(bl0 .D,eT<"l<TOpa TellJI0ll!,IX 

uefi'rpo110B 03. 

B )(illlHOii cep11u llLICTpenoB B Ha11ecTBe imweHll HCII0Jlb30llaJICJI CJIOH 11:1 ,neiiTqrnpo

llalllJOro II0JIH3Tl!Jiena (CD2) T0JIIUl1110ll 0,2 MM, na11ece1rn11ii na HHyTpeHIIIOI0 II0Hep

XII0CTL [J0JIOl'0 Ul1Jll111.llJ)a .D.HaMeTp0M 280 MM II .llJll!Hoil. 40 MM. 13 cj>OIIOBUX BLICTjJeJiaX 

ll Hil'IC<THe MHWeJIH l!Cll0Jlb30BaJICJI 11.D,eHTH'lllLlll IIOJILIH UHJJHil)IP 113 Al. 110 6e:1 CJIOJI 

CO2. 
B Ta6mrn,e l np1111e,n;en11 0CH0B!lh!e xapaKTepHCTllKII apoH3He.D,enm,IX BhlCTpeJIOB. 

I-la puc. 4 H:106paH(eHL1 ocu.11nnorpaMMLI curnanoa co CUHHTIIJIJIJIUII0HBoro 11eiiTpo11-

110ro .n;eTe1<Topa D 1, nonyqenu11e B BLicTpenax 6 n 8, .llHHaMlll<a rwTopux oTpaH<eua ua 

p11c. 3. 
riepBbltt l!MllYJihC 06ycno11J1en perncTpau.11ei1 T0pM03H0ro ll3JIY'leH11JI, npHpo,n;a ]{OT0-

poro M0H(eT 6!,!Tb CBJJ3al!a JIH6o C Ha•ianLHhlM npo6oeM npoMeH(yTI<a anoJ(-HilT0.D, uarpy-

30'IH0l'O Mo,nyn11 YCl(OpHTeJIJJ (ycKopeirne 3Jiel<Tp0H0B .D,eltTep11eaoil llJia3~IU .D,O 3Hcpru11, 

CO0TBeTCTBy1omeii aMllJIHTY.D.e llLIC0K0B0JibTII0ro IIMllYJibCa C nocne,n;yJOU(11M HX 11:ia11Mo

J(eiiCTHHeM c 11emecTB0M ano,na n cTeIIOK H3Mep11Tenb11ott KaMepu), n1160 c npoueccoM 
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Puc. 4. OcnunnorpaMMhI curuaJioB co C[(llHTHJIJIJI[(HOHIJOro .n.eTeKTopa neiiTpomrn 

DI: I - eucTpen N!6 (naiinep - .n.eiiTepueeaJI cTpy11; MllllleHh - Al); 2 - BUCTpen N!8 
( JiaiiHep - .n.eiiTepneBM cTpy11; MllllleHh - CO2); 

T - curHaJI "Tpnrrep" 

TafiJJlll\a l. 9KrnepnMeHTaJll,Hble ycJIOBllJI 

Bun-pell l 2 3 4 5 6 7 8 9 10 

Jlai-i11ep D2 D2 D2 D2 D2 D2 D2 D2 D2 4J-1e 

M11111em, HeT CD2 Al CD2 Al Al CO2 CD2 Al CD2 

Ii,,MA 0,64 0,85 0,85 0,85 0,84 0,78 0,81 0,78 0,68 0,73 

VL, 107 CM/c 2,8 3,6 5,5 4,6 4,3 6,6 7,2 7,2 5,5 -

rrtL, MKr/cM 6,5 7,5 3,8 5,0 5,3 2,6 2,3 2,1 2,6 -
IL, CM 2 2 2 2 2 2 2 2 2 -
Nd, 1018 4,0 4,5 2,3 3,0 3,2 1,5 1,4 1,3 1,5 -
dt, MM - 0,2 - 0,2 - - 0,2 0,2 - 0,2 

h - aMIIJIIITY.lla 11Mny11Lca T0Ka, npoTeKaIOII{ero qepea 11ali11ep; IL - .11111111a 11aA11epa; 

Nd - q11cno ycKopeHHLIX .QellTpoHoB 11ali11epa; d1 - T0JIII{l!Ha c110J1 11a .11eATep11poaa1111oro 

II0Jlll3TIIJieHa; npoqepKH B K0JI0HKaX 031la'!alOT 0TCYTCTBHe C0OTBeTCTBylOII{eli 1111cj,opMai.1111. 
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Puc. 5. OcnunnorpaMMLI curuanoe c .n.eTeKTopoB DI u D2, 11onytJeHHhle B HMc:Tpene 

.l'f!I0: naiinep - cTpyn renun; M1II11e111, - CD2 

ycTaHOBJiemrn MafHIITHOii ll30JIJl[(llll B BaKyyMnoll. JlllHllll 11epe.n.atJll 3Heprnu OT HaKo

flllTCJIJI ::iueprnu ycKopuTeJIJI K y3ny narpy3Kll. 

Cne.n.yeT OTMCTllTh eme 0,!(BO o6CTOJITCJlhCTBO, 110,ll,TBepl!{JJ.aIOl[(ee 11pupo.n.y 11epeoro 

HMIIYJlhCa. Ouo 6a3HpyeTCJI Ha ll3Mepeu1111 OTH0illCHllJI aMIIJlllTY.ll .n.auuoro CllrHaJia C 

.l(eTe!{T0pOB DI ll D2 C ytJeTOM !IX peaJihHLIX 3q>qieKTllBHOCTefi per11cTpa[(llll TOJ)M03HOf0 

113nyqeun11 11 T0Jil[(IIH 0KpyJKa10m11x cJioee Pb. 

TTp11po.n.a }Ke BToporo llMIIYJihCa Ha OC[(llJIJIOrpaMMe o6ycJIOBJieHa perllCTpa[(l!eii 

neiiT))OHIIOfO ll3JIY'ICHIIJI, B03BUKaIOl[(ero 3a c'leT 11poTeKaBIIJI peaK[(llll (1), KaK B 11po

[(ecce ycKopeHllJI J1afi11epa ( qJOHOBOe ll3JIY'ICHl!e ll3•3a IIOJIBJieHIIJI ycKopeHHhlX .n.ei1Tpo

lIOH JiiliiHepa \I pe3yJihTaTe Bo:rnllKII0BeHllJI pa3JIH'IHOfO TllIIa HeycTOfi'lllBOCTeii, ua11pn

Mep, peneii- TeiinopoBCKOfi (17]), TaK II Hpll B3allMO,ll,eiicTBllll ero C M!lllle!lh!O. )loKa3a

TeJ!bCTIIOM Toro, 'ITO BTOpon llMilYJihC c ,ll,CTCKTOpOB DI 11 D2 o6ycJIOBJieH perncTpa[(!leii 

II0T0Ka ueiiTpOHOB, JIBJIJIIOTCJI peayJihTaThl BhlCTpeJia N!lQ, B KOTOJ)OM B Ka'leCTBe Jiaii

nepa 11c110JIL30BaJ111c1, ceepX3BYKOBaJI cTpyn 4He (cM. pnc. 5). 
KaK 11 cne.n.oeaJio OJK!l,ll,aTb, B 3T0M cnyqae BTopoll. llMIIYJILC OTCYTCTByeT

6
• C11pa

Be.l(JIII~~ .n.aHH0f0 3aKJl~()~llllJI Il0,ll,TBCpHC,ll,a!OT. TaKJKe ll pe3yJibTilThl, II0Jiy<IeHHLIC C 

6 B ,!\aHH0M cnyqae 11a6JIIO,!\aeTCJ1 T0JILK0 HMllyJILC, o6ycnonneHHLl0. T0pM03HLIM 11anyqeu11eM, np11-

po.ua K0Toporo 01111ca11a Duwe. 
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00M0lllblO ,UeTeKT0pa Te0JI0BblX HeiITpOH0B. B BbICTpene C re1111eBLIM naiIHepoM 11e 6wIO 

3aper11cTp11poBaI10 HII o,uaoro aeiITporra. 

3aMeTIIM, 'ITO BpeMeHHOll IIHTepBaJI l\te}!{,Uy MOMeHTaMII 00JIBJieHIIJ! nepeoro u BTO

poro HMnynhca xapa1nepu3yeT co6oiI epeMR Tn nponeTa 11eiiTpoaoM pea1rn,uu ( 1) pac

CT0RIIIIH OT nafiaepa ,no Cl(IIHTHJlJIRl(l!0IIH0ro ,UeTe1nopa Dl. 
CJJe,uyeT 0Tl\leTIITb, '!TO CT0JJb 6oJiblllaR al\lOJIIITYAa 11eiITpo1111oro HMUYJlbCa JIBJ!J!eTCJI 

pe:iyJibTaTOM cynep110311[(11U 0T,UeJibllblX cnruaJIOB C ,ueTe1nopa Dl, 06ycJIOBJieI1I1LIX pe

rucrpau11eii ueiiTpouuoro noToKa, renepnpyeMoro B Te<1eu11e upouecca yc1wpe11u11 naii

Hepa. 

lho JfaCaeTCH ,UJll!TeJJblI0CTII HeiiTpounoro HMIIYJibCa (200 - 300 nc), TO Olla 06ycJJO

BJJeI1a ne T<JnhJW epeMeneM ycKopenuR JJaiiaepa II epeMeHeM npoJJeTa IIM paccT01rnH11 

OT TOJ{()flepexBaTL!HaIOHHIX CTep}!{Heii AO MIIIIJeHH Ttarg, 110 ll npor~eccoM nepepacce1111 HJI 

11eihpo11oll ll IJOMeW,eHHH, B J{0TOpoM pacnoJJO}l(eH yc1wp11TeJ!b 11 ,Jl(C1lep11Me11TaJILlliUI 

yCTaHOllKa. 

Tonorpacjrnn aeiITpo11noro noJJR (nony<1e11uaR c noMoW,LIO MeTo,ua Mo1ne-l{apno) ll 

Mecn~ pacfJ0JI0lKeHIIJI ,ueTeKT0[l0B Dl ll D2, KaK cpyHKUHJI epeMeIIH, 1103B0JlllT 1wppeKTII0 

II po11:1ao,uuTb aHaJJl13 ll0JJY'Ie!JHblX 3l{CIIepHMeHTaJlbHJ,IX ,uallll ux. 

AHaJUl3 II o6cym.n;eHlle pe3yJibTaT0B 

A. <DoHoaoe HeiiTp~Hu~113__ny•1euue 

B Ta6irnue 2 upnBe,ll,eHbl xapa1nepHCTIIKH cj:>oHOBoro HeHTJ)OIIJI0f0 ll3JJY'IeHHH, 110-

JJY'!Cllllble C IIOMOlllblO Cl(llHTHJIJJJll(ll0JIJI0fO ,ll,eTeKTopa. Dl ll )\eTe1nopa TeIIJI0BLIX ueii

T)l0H0B D3. 
3Ha<JeHHR IIOJIHLIX Bh!X0,UOB HeiiTpOH0B ll3 pea!CUHH (1) orrpe,ueJJJIJlllCb 1ca1c 

Ntot(BF ) == Nre9 (BF )/E Nt 0 t(sc) == Nreg(sc)/E .. n 3 n 3 th , n n sc , 

me N;;"9 (BF3) u N~e9 (sc) - qucna ueiITpouoB, 3aperucTpupoea11uux ,ueTel{'ropaMH 0:3 
ll D1 C00TBeTCTBeH110; Eth, Esc - 3cj:>cjieKTHBHOCTll perucTpaunu ueiiTpOUOB ,ll,eTe1uopaMl1 

D3 u Dl. 
Cy1uecrnyww,ee pa3JJI!'JHe B BLixo,uax N~e9 (BF3 ) u N~e9 (sc) (CM. Ta6i1. 2), 110 accii 

HH,ll,HM0CTH, B 0CII0BHOM o6ycJJOBJJeuo TeM, lJT0 11p1rne,ll,eHHL!e BLlllle 3HatfeHHH Eth H E,c 
nony•1e11L1 6e3 y•1eTa upouecca nepepaccenmrn ueiiTponoa H3 peaKUHH ( 1) a noMememrn 

( r)le pacno11omeua 3KcnepuMenTaJJbHaJI ycTaHOBKa) c nocJJe,ll,yJOu\eiI HX perucTpal\Hel-i. 

B uaCTonw,ee apeMJI npoeo,u11Tcn Mo)leJJupoaanue MeTOAOM MoaTe-I{apJJO eceli co-

1101(y1111ocT11 rrpouecC0B rrepepacceJJJIHJJ ueiiTpOH0B, C00TBeTCTBYJOW.HX peaJJLII0MY pac

l!OJJO)J{el!HJO '.}J(CIIepuMeHTaJJbllOH ycTaHOBJ{H B 3aJJe yc1wpnTeJJJI. 

I:~. 8u,!1,eJJeH11e "IIOJJe31!LIX" co6LITHii 

i\KT perucTpau11u ueiITpona 113 pea1cuuu ( 1 ), o6pa3oBaBwerocn B pe3yJ1hTaTe B3a11-

MOAelicTH1111 )leiiTepueeoro naiiuepa c euewueii ra3oeoil nu6o TBep,uoTeJJbHoli ,ueiiTepll

elloii ~JllWellbJO, 6y,ll,el\l B ,ll,aJJLHeiillleM Ha311BaTb "noJJe3HLIM" co6LJTHeM. 
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Pnc. fi. :3aHucm10cTr. B1,1xo.11a neiiTpouoe, np1rne,uennoro J{ e.111m11•111oii Maree naii

nepa (f\fL== l Miff), oT 311epr11u CTOJJKHoBennn .11eiiTponoe II OT eenn•11111u Il/111.L 
( ( 1\1 A f 01/ ~11<r): 

I - 1J:1am10,ueiicrn11e .11eiiTponoe nail:nepa c MlllllellbJO H3 CO2 (pe3yJ1bTaT pac•wTa ); 

2,3 - cjiouosoe 11eiiTpoH11oc II3JJY'Ieuue, 3apcrncTp11poea1rnoe .11cTe1nopaM11 DI 11 D:l 
CO0TAeTCTBCHITO (nymnHpllb!e Jlllllll.Il - pe3yJ11,TaT cj:>HTilflOHa1111i1) 

T1tGirn11a :e!. Xapa1nep11cT111rn cjiouoaoro ueiiTpoHHoro 11:rny,1e11H11 

Bunpl'JI 1 2 3 4 5 6 7 8 9 IO 

li/1111., 0,069 0,096 0,19 0,14 0,13 0,23 0,28 0,29 0,18 -
(MAf .~~, 

N,'. 0 '(BF3 ), 0,72 1,21 2,33 1,60 - - - 3,24 1,75 0 
107 ±0,17 ±0,25 ±0,47 ±0,34 ±0,65 ±0,:17 

N,~"t(.-;c), 0,40 0,72 1,14 0,83 0,91 1,53 1,94 2,04 1,25 0 
107 ±0,09 ±0,15 ±0,23 ±0,18 ±0,20 ±0,27 ±0,:ll ±0,29 ±0,27 

OnpeJ\eJJHM 0TIIOlllCHHe "c1cpcj:>eKT/cj:>ou" ,unn neliTponuoro 113JIY'Ie1111JJ, 06ycmrn11e11-

11oro IIJl0TeJmHlleM peaJ{l(llll (I), B HCCJJe,uyeMoli o6JJaCTll 3Heprufi CT0J!J{IJOHCIJHJI ;wii
TJ)()IJ0B. 

Ha p11c. 6 upe)lcTaBneua pac11eTuan 3aeucm,10CTb (KpHBaR 1) B1Jxo.11a "none3Ub!X" 

rn61,rruii, np1rne,uem10ro K e)IJ1HH'IHOii Maccu nail.Hepa, OT 3Hepruu CT0JJKU0BeHHR .nell

Tpo11011, a TaJOKe o-r BeJJH'IIIIILI Il/rnL. Ha 3TOM JKe p11cyHJ{e np11Be,ll,eHLI a11anorw111ue 

:JallHCHM0CTH q101101Joro nel1TpoHBoro ll3JJYqeHHR, IIOJJy 11eeHL1e C ll0M0IUbl0 ,ueTeJnopoB 

D 1 H D3 cooTBeTcTae1rno. 
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l'ac•1e111a11 :rnBUCl!MOCTh l nony•1e11a c yqeroM peanLHoro 3HeprenpIecHoro pac

npe,n:e;Ie111111 ,n:eiiTpOHOB, na,n:a10urnx na MUWeHL, a TaJ{H{e l{YllOIIOIJCl(llX c;11epre111•IecKIIX 

flOTep1, ,n:eiiTpOHOll ll MllllleHll 7. 

!{ah IJH,UIIO 113 pnc. 6, 3cjicpeHT npeBLiwaeT cpon 11a•11rna11 C 31Ieprnii CTOJIKIIOBeHHJI 

,n:eiiTpo110B Ecol ~ 4 1nB. Mx 3Toro cne,n:yeT, qro ,n:;rn 1wppe1nnoro 11:iMepe111111 xa

paIaep11cT11H dd-pea1rn,1111 B o6nacTII ynhTp311H3l{11X 3Hepr11fi CTOJll{IIOIJCIIIIJI ,n:eiiT[>OHOIJ 

Eu,I < 4 1(38 C 11CllOllh30Ban11eM ,n:eTeinopa TennoBLIX nefiT[>OIIOB 11eo6xo,n:11110 cyw.e

CTIJCHIJO 110,n:aBl!Th cjJOil<JllOe HCllTJ)OHHoe 113nyqen11e. 

0,n:BIIM 113 B03M0ll{IILIX MeTOJl:OB no,n:aene111111 ,n:anuoro 113llY'JellllJI, Ila Halli ll3fJIJI,n:, JIH

JIIJeTC/1 CTa611Jill33UIIJI npouecca cpopM11po1JaHl!JI IIHBepcuoro Z-llllll'Ja BHCUIHIIM aJ{Cll

anLHUM MilfHIITHLIM noneM8
. O,n:ua1w 3TOT BOl![>OC Tpe6yeT ,n:aJILHeHWIIX cneuuaJihHl,IX 

IJCCJJe,n:oJJaHl!ll. 

C~nyaUIIJI ll{e B CllY'Jae l!CflOllh30BaIIl!JI CU1111THJIJIJIUIIOIIHLIX ,n:eTel{TOjlOll HeiiTJHHIOH, 

H IIJiillle y1Iy•1we111rn OTHowe111111 "3cpcpe1n/cpo11", 6onee 6naronpH11THaH. ~➔ -ro CBJl3i1110 C 

TCM, 'ITO l!MeeTCJI B03MOH{IIOCTh pa3,n:eJieHl!JI no BpeMeHI! npoueccoB yc1wpeHHJI Jiaii11epa 

II B3aur,rn,n:eHCTBHJI ero C Ml1llleHhlO. Ta1wfi Bb!BO,U cne,n:yeT 113 pe3yJihTaTOll HaCTOJIW.eil 

pa6oTIJ, 6a311py10w.11xrn na a11anu3e ocu11nnorpaMM curuanoa c ,n:eTeKTopoB Dl l! D2 11 

)lilllHLIX Ta6n11uu 3. 

B ha•iecTBe np11Mepa aepneMCJI I{ paco10rpe111no npe,n:craane11uux 11a puc. 4 ocu11n

norpa11M CllrHaJIOB co CU11HTHJIJIJIUIIOHHOro ,n:eTeKTopa D 1, llOJIY'ICHHLIX B BLICTpenax 

N!6 11 !'{!8 - c M11111enh10 113 CD 2 u 6e3 nee. 

!{ah llH,UHO, a o6naCTl1 epeMeH, orpaHl!tJeHHOll CTpern<aMl1 ( cornacuo )lill!HLIM Ta6n. 

~n, Ha6JIIO)l3CTCJI 3aMeTHOe llpeBLIWeHUe BLIXO,n:a Hei1TpOHOB Ha,n: qJOHOM llJ)11 CJ)C)ll!CH 

3Heprnn CTOJIIU10Ben1111 ,n:ei1TpOHOB Ecol = 2, 7 1nB. 

Tafilmua :1. BpeMennue xapaHTep11cTnK11 npoueccoe 

Hl,ICTJJeJI 1 2 3 4 5 6 7 8 !J 

'~"' 1GB 0,8 1,35 3,1 2,2 1,9 4,1 5,4 5,4 3,1 

Tucc, BC 215 175 132 145 148 130 117 117 135 

Ttarg, IJC 339 260 172 206 221 144 132 132 172. 

T1~, UC 67 67 67 67 67 67 67 67 67 

Ttot, IIC 621 502 371 418 436 341 316 316 374 

/),.Ttot, !IC ±75 ±61 ±44 ±50 ±50 ±44 ±43 ±43 ±45 

Ed - cpe/lHJIJI :rnepr11J1 nell.TpOHOB JJail11epa, nal(aIOlllHX Ha MHllleHb; Tto1 = Tacc + 
+ r,., .• + Tn - cpen11ee ape~IJI peI'HCTpaQHII "noJJe3HOro" co6UTHJI OTIIOCHTeJJbHO 11aqa

Jla pe11Tre110BCKOfO HMilYJJbca; ~r,., -paa6poc apeMeH IlOJIBJJeHHJI CHI'HaJJoB C l(e

TeKTOpa OJ, COOTBeTCTBYIOlllHX perHcTpau.uH B BUCTpeJJe OTl(eJJl,HUX Hell.TpOHOB H3 

peaKU.HH (I) 

7 
AJJropHTM na1111ux BU'IHCJJeHHil nonpo6110 H3JJOJKeH B pa6oTax [10,11]. 

dTaKoll. MeTO/( c-ra6HJJH3aQHH H3BecTeH npH <j:,opMHpOBaHHH nplIMOfO Z-IlHH'!a. 
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Cne,n:oBaTeJihHO, llJ)H cooTBeTCTBYIOlllell: CTilTHCTl1Ke na6opa C06hITl1ll MO)l{HO nony

'lllTh J{()JIH'IeCTBeHHYIO 1111cpopMaumo O Bl,IXO,n:e "noJie3HhIX" co61,1Tnll: JI:il}l{e ,nnn o6naCTl1 

3Hepruil CTOJIKHOBe111111 ,n:ei!Tponoa Ecol < 4 K.3B. 

3aKJuoqeH11e 

Ha oc110BaHnl! npoBe,n:ennux nccne,n:oea11Hi1 npouecca cpopt.mpoea11I111 ,n:efiTep11e

Boro 111rnepc11oro Z-nnw1a c,n:ena1111 cne,n:yrow.ne a1,rno,n:u. 

1. BuepeLie 3I<cne1n1Me11Tanh110 11ccne,n:oaa11b1 xapa1nepncnrn11 ,n:ei1Tepueaoro nail-

11epa, ycmipemrnro B cxeMe 1111eepc11oro Z-nunqa ,n:o cKopocTeil 1 (2, 8- 7, 2) • 107 

n1/c. 

2. CpaBneHne flOKa3a1I11.il Ha6opa MarHHTIIhlX 30HJI:OB C pe3yJihTaTaMH nynu1ep11oro 

•111c11e11Horo Mo,n:ennpoea11un rrpouecca ycHopenun nall.nepa B cxeMe l!HBepcnoro Z
n111P1a CllllJI:eTeJihCTBYeT O B03MO}KHOCTl1 BOCCTillIOBJieHHR JI:HHilMlll(H JI:BHJKCHl1JI nailnepa 
H onpe,n:eneHl!JI ero Macc1,1. 

3. 11ccne,n:oaanu xapaKTep ll ypoaen1, nefiTpo1111oro u 1 -u3ny<1e1111i1, corrpoaolK)la

JOW.HX npouecc ycKope111rn naii11epa. 

4. l1ccne,n:oea11 MeTo,n: pa3,n:ene111111 no apeMe1111 npouecca ycKopennn nai111epa 11 

npouecca B3aHMo,n:efiCTBUJI ero C MUllleHhlO. IloKa3aHo, qTo np11Me1IeHUe 6LJcTphlX CUHH

Tnnn11u11011n11x ,n:eTe1nopoa ue0Tpo11oa onpe,nenen111,1x pa3Mepoa, a TaKJKe ,n:etl.Tepl!eaofi 

MHWenn, pacnOJIOll{eHHOil Ha paCCTOJIHl1JIX l ~140 MM OT ocu nailnepa, II03BOJIJleT ,n:o

CTaTO'IIIO na,n:eHrno JI:11CKJ)11Ml111l!poBaTh no apeMeHH "none3111,1e" co6LJTl1R OT cjioHOBLIX. 

Cne,n:yeT OTMeTUTh, 'ITO MeTOJI:11Ka 1111Bepcnoro Z-n11nqa npl!MeHHMa TaK)l{e 11 llpll 

11p0Be,n:e1rn11 3I<cnepuMenToB no 113Mepe11I1ro xapaKTepucnrn pd- 11 dHe-peaKU11i1 a 06-

;1acn1 YJibTpaHIJ3l{IJX 3Heprull. 

ABTopu eupa}l{aIOT ncKpe11moro npn3HaTeJihHOCTh C.A. CopoKnny n C.A. Y.afiKo

BCRoMy :rn pa3pa6oTKY ll C03,n:anlle y3na 11arpy3KH, a TilK)l{e 3a IlOMOIUh llpll npoae,neHHH 

3HcnepnMenTa. 
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