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06mrui: xapaKTepHCTHKa pa60Tbl 

AKTYaJibHOCTb npo6neMhI. 3KcnepIIMeHTaJJbHhle IIccne.n:oBa:amr «ppar
MeHTaumr .s:.uep B KYMYJIHTIIBHoir o6nacT~~no.n: '.neiicTDIIeM nenToHHblX,. ,a.n:poH
HbIX II AAepHbIX nytJKOB. BblCOKOH :meprllll Il03BOJIIIJIII He TOJibKO nOJIY'IIITb 
npIIHUIInIIaJJbHO HOBble .Ila:HHble o' CBOHCTBax .s:.n:epHOH MaTepllll II Mexa:HII3Me 
.s:.uepHbIX peaKUIIH B nepeXO.IlHOll II aCIIMnTOTII'IeCKIIX o6JiaCT.KX, HO II ycTa- · 
HODIITb p.s:.n: ymrnepcaJibHhlX 3aKOHOMepHOCTeii, CB.K3a:HHblX C pacnpe.n:eJieHIIeM 
KDapKOD B .s:.upax. , 

HecMoTp.ir 11a To, 'ITO 3a no~ne.n:irne 25 ·neT B IIccne.n:oBa:an.s:x B JIB3 OM5IH, 
HT3<l>, Ep<l>M, JIII5I<l>, H<l>B3; UEPH, CJIAK, BNL, LBL F,NAL II .n:pyrmrna
J'IHblX ,ueHTpax npone.n:eHbl MHOl'O'IIICJieHHhle 3KcnepIIMeHTbl no . IICCJie,llOBa:HIIIO 
CD~iicTB KYMJJIHTIIBHOrO po)K.IleHII.K Me30HOB, npoTOHOB II 6apIIoii:HblX CIICTeM B 
~HKllI03IIDHOH :u Koppen.s:i:J;II~HHOH nocTa:aoB~e onb1Ta1 O.IlHaKo, HBJieH~e HBJIKeT
c.s: HaCTOJibKO CJIO.IKHblM II MHoroo6pa3HblM, .'ITO ero IICCJie,llOBa:HIIe .IlO CIIX nop 
oc-raeTC.K O,llHOII II3 HaII60Jiee aKTYaJibHhIX II mfrep'eCIIl,IX 3a,lla'I B COBpe~e~oii 
.s:.n:~i>11ou «tinJnKe. · ' · · · · · · ·· · 

3Ha'III;~JibHblH IIHTepec npe.n:CTaBJIHIOT onbl~bl no JI3ytJeHIIIO npo~eCCOB ey
Myh.s:TIIBHoro po)K.IleHII.K 'IctCTIIII Ha Jierqaii~.s:.n:pax. 3TII IICCJie,llOBaHIIH.Haxo
.Il.KTCH :S:a rpa:aIIl(e Me:iK.IlY «pII3IIKOH 3JI~MekTapHhlX ~aCTIII( II «pII3IIKO:ii: aTOMHOrn 
.s:.upa II no3B;OJI.K~T ll3Y'IIITb nepexo.u OT " ,3JieMCHTapHoro " HYK~()H - HYK1oH-
Horo pacceimu K cne

1

:tiH«pII'IPCKIIM H.UepHI,IM ::i«p«peKTaM:i ' 
KoppeJI.KD;IIOHHble ll3MepeHII~ . no3BOJI~J1II ·. noriy'I~Tb 3KCnepIIMeHTaJJbHble 

.n:aHHble O reoMeTpII'IeCKOH KapTIIHe II, .IlIIHaMIIKe irpoueccOB KJMYJI.KTIIBHO~O po-
2K,rieHIIK 1IaCTIIII. K oppeJIHIIII~mnie 3KcnepIIMeHTbl TaK)Ke no3BOJI.KIOT noJiy'IIIT'~ 
IIH«popMaIIIIIO O CBOHCTBax KYMJJI.KTHDHorc> po~e~~~· pe30Ha:HC~B II Te~ cru,.,:blM 
cymecTBeHHO pacurnpIITb. HaIIIII 3Ha:HII.K O KJMYJIHTIIBHblX. npon;eccax. 

H3ytJeHIIe noJI.K}JII3amrnriHblX x~paKTepIICTIIK H.Ilep~ peaKn;ri no3BOJI.KeT, 
'· ·, .· '' "'' ' . ' . ' ,_ . ' ' ·. ,, ,-. ·. 

coneprneHHO no HoBoMy no.n:oirTII K uccne.n:oBa:HIIIO cTpyKTYJJbI nertJairIIIIIX m:i;ep 
Ha MaJiblX Me:iKHYKJIOH~blX paccTO.KHU.K~. 3To y6e.n:nTe~HO nJJ.O.IleMOHCTp~po
DaJIII BblnOJIHeHill,le Ha CIIHXpo«pa3oipo11e· .Tla6opaTopIIII BbICOKIIX 3Heprnii. 3KC-
nepIIMeHTbl no «pparMeHTaIIIIll noJI.K}JII30Ba:HHhlX .n:eIITJJOHOB B IIpOTOHhl. . 

PeaJIH30BaHHM. B pafioT~. B,03~02KHOCTb ll3)''IeH;.K 0.IlHOCnIIHOBblX ,nIIOHHblX 
aCIIMMeTpIIH AA,epHhlX peaKIIUf[JC C non.s:pII30B~HHblMII JJ;eHTpOHaMII H~COMHeHHO . 
OTKpbIBaeT npllHUIIIIIlaJibHO' HOB~e B03MO.IKH~CTU ,llJI.KH3YtJeHIIH KYMYJIHTIIBHO~ 
ro po:iK.n:eHII.s:. 

Uenb pa6oThI :-. ::iKcnep~eHTaJJbHble IIccne.n:oBaHII.K npon;eccoB KYMJJIHTIIB-
'i Horo po:iK.n:_eHII.K ,'IaCTIIII B IIHKJII03IIBHblX II KoppeJI.KIIIIOHHblX 3KCnepIIMeHTax C 
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rry'IKaMII rrpoToHon', 'iierKIIX H.nep ri ri:om1pn3onaHHhIX .ne:uTpoHon, a m,IeHHO : 
1. ·Mo,n;epHII3aUnH ~,n;Honn:eqenoro 1rnrm1THOro cneKTpoMeTpa .IUICK-2 mui: 

npone.nemu. 3KCIIepIIMeHTOB. ITO. KYMYJUlTlIBHOMY po)KJleHIIIO KaOHOB Ha rrpOTO-
Hax II Jier:.ia.:u~ ~pax,.n~:iiTepn~ n ;eJina. ·•,··· .· · .•. · ·· ' -

2 .. Ilpo~KTIIpOBaHlle II' co::1,n;a.HII~ knyxrrn:e~enor~ MarHIITHOro CII~KTpOMCTJ;a 
.IIMCK,3 mm II3y:.ieHIIH KOppenaunoirnhlX sqiipeKTOB n KYMYRHTIIBH0~po2Krie-' 

. . . . . . . . . . , ~ ; ·,' ) ' . . . . ' ' . . ' 

mm qacTnu. 
3. Pa3BHTIIe ycia:s:onK~ .IIMCK .I(JIH ~pone.n;eHria rroJIHpmauuotiHhlX mMep~~ Hll:ii. , ,, . .. : - . , , .... · . _:·,: ,. .;, " ' , ' • . ' 

4. YqacTne n c~~.namrn anToMaTn3IIponaH~o:u cucTeMhl c6opa ,n;aHHhlx·c Mar
HHTHoro cneKTJ>OM~T-pa .IIMCK ir rraKeTa. IIporp~M.n;Jia ~6p~6oTKII sKcnepn-

, ,, • '. •' ••' . , ' .·' ;· , I • • , 

MeHTaJII,HhlX ,n;aHHhlX. . . . . - .. .. ' ' 
'; 5. 8Kcrrep1~1rnHTaJll,HI,Je IICCJI~.n;onaHIIH rrPoueccon KYMYJIH~~nHo'ro po2Kriemrn 
IlII0HOB-, K110HOB II rrpoTOH0B Ha Jierqa:umIIX i,n;pax n innpoKOM .nnana30He yrrron 
II IIMnyn~coB ·nTopnqHhlx _ '!aCTIIIl 1i aHaJIH3 _'noJiiie~hlX pe1yJI1,TaTon.' 

,· . . ··r , - . · .. ,_., ';". .' •,);;:; .•• . 

' Hay'IHruI H0BU:3Ha pa60Tbl. Co3,n;aHHM B Jia6opaT~pIIII BhlCOKIIX :mepnrn 
OM51M ycTaiionKa .IIMCK, pa6oTarouiaa Ha nyqKax nepnIITIBbIX npo-roHon Bhl
coKo:ii IIHTeHCIIBHOCTII ( 5 · · 1011 _qacTIIIl/ ce~YH.l;(Y ) u BK~IOqaIOIUM crreunaJibHO 
pa3pa6oTaiui:yIO KpII~reHHYJO MmIIeHb, co,n;ep2KamyIO )KII,Il;KII:U no.nopo.n, .n;e:u,Te~ 
pII:U -II reirn, XBJIHeTCH no CIIX nop e,n;IIHC'I'~eHHO:U q>IIJIIq~CK0:U ycTaHOBKO:U, ~o~ 
3BOJIHIOIUe:U npono.n;IITI,. :irccJie,n;onaHIIH KY;IYJIHTII~HOro po2K.n;eHHH ~IIOHOB, Ka~ 
OHOB Ha Jierqa.:umIIX m:ipax,. ~ TaK~e . po:lK.n;eHIIH KYMJJIXTIIBHhlX. npoio~OB OT 
qiparMeHTaUIIII .ne11TpOH0~ B )l{~CTKO:U ..i:adiII ~neKTpa.. . -. 

• _,_ 1. . ,,. • ' ·• ' ". • • . ~. . . ' ' • ., . • 

IloJiy'leH ~ npoaHaJIII3IIponaH 6o~i,mo:u Ha6op. sKcnepIIMeHTaJibHhlX .n;aH-
HhlX no. KyMYJIHTIIBHOMY po)KJleHIIIO qacTIIIl Ha npoTOHaX iI Jierqa:umnx sr,n;pax, 
BKJIIO~M . nepnhle IICCJie,n;ona:'Hlla. KYMY~HTIIBHOro . p~)Kl{eHllH KaOHOB ~a ~,n;pax 

,. "; . ) ~ ' ' ,,, , 

· .nef1TepnH II reJIIIa: · 
Co3,n;aH .nnyx1me•i:enoii Ma~H~Tim:u . CII~KTJ)OMeTp' .IIM CK-3 l{JIH npone,n;emrn . 

KoppeJIHUIIOHHhlX II3Mepemrii: B npi>rieccax KYMJJIHTIIBHOI'O }JO)K,D;eHHH. Pa3pa6o
TaHa II peaJIII30BaHa MeTO,n;IIK:a KOppen:HUIIO~HhlX II3MepeHII:U np::n l{OCTaT0'IHO 
BhlC0KHX HHTeHCIIBHOCTiX rrepBH'IHI,JX iri1KOB (.no 2. 1010 qacTHil B ceKyH,n;y 
IIpII Tomrurne MIImeii:II f72 r/ c.«2 ). . , . . . 

IIpone,n;eHa Mo.n;epHII3alllIH ycTaHOBKII .IIMCK l{JIH nponc,n;eHIIH rioii~pII3a,uH: 
OHHhlX IICCJie,n;onaHII:U. 3icnepnMeHThl C' rir1KaMII IlOJIHpH30BaHH~x' ,n;e:ui-1~01ion 
II03BOJIIImi nnepnhle II3MepIITb B~KTOPHYIO II TeH3opHyIO aHaJimnpyIOIIllie ~no
co6HOCTH B peaKUIIHX IiHKJII03lIBHOro IIIIOH006pa3on"aHIIH Ha no.nopo.ne :i:i: sr,n;pax 

yrJiepo,n;a. 
Hayquo-npaKTU:'IeCKruI 3Ha'IU:MOCTh. Pe3yJibTaThl, IlOJiy<ie~HI,JC B ,n;aH

HOII pa6oTe, cymecTBCHHO .nononHHIOT IIMCIOIUlICCH. 3KcnepH1ICHT.aJII,HhlP nail~ 
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Hhle no KyMYJIHTIIBHOMY po)KJleHIIIO qacTIIIl Ha Jierqa:unmx H.n;pax II l{aIOT 06-
niup~ii qia:KTII'leCKIIII MaTepnaJI .n;JIH ·pa3BIITIIH 'I'eopeTII'lecKIIX 110,n;eJie:u II no
HIIMamrn MexaHII3Ma B3aHMo.n;efrcTnmi npn BhlCOKHX :meprIIax. 

Pa3BIIThle n pa6oTe ¥eTp.n;hl npon~.ne~sr'; Kopp,eJIHillIOHHI,JX II3MepeHIIll MO
ryT 6bITI, IIOJie3HI,I npII 1ny'leHIIII npou~ccon II,Il;ymIIX C MaJihlMII ceqeHIIHMII II 
pe30HaHCOB, B .'IaCTHOCTII, B nJiaHIIpyeMhlX OIIhlTax no noIICKY npe.n;CKa3aHHhlX 
B. C. · CTaBIIHCKIIM .n;IIHaMIIqecKIIX KoppeJIHilII:U Me)KJly, KYMYJIHTIIBHOH qacTIIueu 
II a,n;poHOM C 60JibillIIM nonepe'IHhlM HMIIYJibCOM. 

IloJiy'leHHhle n pa6oTe pe3yJibTaThl H3MepeHII:U II IIX aii:aJIII3 MO)KHO IICII.OJII,-
30BaTI, IIpH nJiaHIIponaHIIII HOBI,JX 3KcnepIIMeHTOB IIO IIJyqeHIIIO H.n;epHhlX,3q>
q>eKTOB n a.npoHHhlX npoueccax II n rJiy6oKo-Heyrrpyrnx npoueccax, IIJiaHIIpye
MbIX Ha ycKopIITeJisrx n OM5lM, MT3<I>, M<I>B3, BNL, DESY, CEBAF. 

Ilpone,n;eHHhle 3KCnepIIMeHTI,I no II3MepeHIIIO Ol{HOCIIIIHOBhlX IIIIOHHhlX aCIIM
MeTpII:U B peaKUIIHX C noJIHpH30BaHHhlMII .n;e:UTpOHaMII He TOJII,KO pacmIIpHIOT 
ofornCTI, HCCJie,n;onaHII:U IIOJIHpII3aUIIOHHI,JX HBJieHII:U B peJIHTIIBHCTCKO:U H,nepHO:U 
q>II3HKe Ha ycKopIITeJibHOM KOMnJieKce Jla6opaTopIIH BhlCOKIIX 3Heprri OM51M, 
HO II HeCOMHeHHO 6y,n;yT IICnOJib30BaHI,J npII nJiaHIIpOBaHIIII IIOJIHpII3allIIOHHhlX 
3KcnepHMeHTon Ha AGS. u n ,n;am,HeumeM Ha KOJIJia:u,n;epe a,n;ep II no_JiapII30BaH
HhlX npoToHon Ha RHIC. 

:,Anpo6aa;m1 pa6oTbl II ny6nu:Kaa;u:u:. Pe3JJibTaThl, Jie)Ka,mIIe n ·ocHoBe 
.nnccepTaUIIII, 6hlJIII l{OJIO)KeHhl Ha ceMIIHapax no;peJIHTIIBIICTCKO:U ;i:,n;epHO:U q>II-
3IIKe JIB3, ceMIIHape MT3<I>, pa6oqIIx conemaHIIHX ycTaHOBKII .IIMCK, Me)Kl{y
Hapo.n;Hhlx conemaHIIHX .IIe:uTpoH-91 II Jie:uTpoH-93, X II XII Me)K,n;yHapo,n;HhlX 
ceMHHapax IIO npo6JieMaM q>II3IIKII BhlCOKIIX 3HeprII:U II KX.II (.Ily6Ha, 1990 r. 
II 1994 r.), XXIV Me)K,n;yHapo,n;Ho:U KOHq>epeHUIIII no q>II3IIKe BhlCOKIIX 3Heprllll 
(MIOHXeH, <I>Pr, 1988 r.), IV Me)KJlyHapO,!l;HO:U KOHq>epeHUIIII no a,n;po-H,n;epHhlM 
n3aIIMo,n;e:ucTBIIHM (KaHa3ana, 51nomrn, 1991 r.), 

Ilo MaTepIIaJiaM .n;IIccepTauIIII ony6JIIIKOBaHO 13 neqaTHhlX pa6oT. 
O6'beM H CTpyKTypa pafiOTbl . .IlIIccepTa,uIIa COCTOIIT II3 BBe,n;eHIIH, qe

Thlpex rJian, 3aKJIIO'leHIIH II CIIIICKa ucnoJib30BaHHO:U JIIITepaTyphl. 
ABTop 3aw;u:II{aeT 
-Pe3yJibTaThl pa6oThl cnsr3aHHhle c pa3BIITIIeM ycTaHonKII 'lIMCK ,n;Jia npo

ne,n;emrn IIHKJII03IIBHhlX, KoppeJIHUIIOHHhlX II IIOJIHpII3aUIIOHHhlX 3KCnepIIMeHTOB. 
-Pe3yJibTaThl sKcnepIIMeHTon no IICCJie,n;onaHIIIO KYMYJIHTIIBHoro po,K,IJ;eHIIH, 

qacTHil, BKJIIOqaa KaOHhl, Ha a,n;pax ,n;e:uTepIIH II reJIIIH. 
-Pe3JJibTaThl II3MepeHII:u ,n;nyxqacTII'IHO:U KOppeJIHUIIOHHO:U q>YHKillllI 'R2 l{JIH 

IIIIOH-IlpOTOHHhlX, npoTOH-IIpOTOHHhlX II .ne:uTpOH-IIpOTOHHhlX KOM6IIHaUIIll BTO-. 
pII'IHhlX qacTIIIl IIpII B3aIIMO,n;e:ucTBIIII IIpOTOHOB, .n;e:UTpOHOB II aJibq>a-qacTIIIl C 
H,D;paMII 
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-Pe3JJibTaTI,I Il3MepeHIIII BeKTOJ)HOll II TeH3opHOII 'aHaJIII3IIpJIOmfif crroco6-

HOCTII B peaKU:11.SIX IIHKJII03IIBHOro IIIIOH006pa30BaHIIll 

conEP)KAHHE p ABOTbI 

Bo BBen;eHIIII o6ocHOBhlBaeTC.lI · aKTyam,H0CTb. II pacKphlnaeTC.lI co.n:epJirnHIIe 

TeMhl .n:nccepTaD:IIII,. cqiopMJJI~poBaHa' neJib pa60TI,I' II3JIO}KeHI,I ; HOBH'3Ha II 
HaJ'IHo-rrp,U{Tll'IecKaH 3Ha'IHMOCTb rroJiy'leHHhlx pe3JJibTaTon, omrcaH. IIJiaH pa

·6oThl. · 

·B rrepBoii rJiane-pa6oTI,I orrncaHa 3KcrrepnMeHTaJihHall.JCTciHoBKa .IUICK II 

rrpnBen;eHhl ee OCHOBHhle xapaKTepm::TIIKII:-o6cyML(aIOTCll B0IIJ)OChl' MaTeMaTII

qecKoro o6ecrre'leHIIll_. 3KCIIepIIMeHTa. II' o6pa6oTKII. 3KCrrepIIMeHTaJihHhIX l(aH

HhlX;,,, 

B §1 rrepBoII rJiaBhl n;aHo ?IIIICaHIIe ycTaHOBKII .IUICK-2, ·co3n;aHHoi'1 n Jia-

6opaTopIIII BhlCOKIIX 3HeprIIii Oll5Ill l(JI.lI'IIccJien;oBi1Hmi rrponeccoB KJMJJillTIIB

Horo poM~eHirn 'laCTIIU: (1r±,K±,p;p,d,·t,3 He,4 He) B IIHK~I0'3IIBHOH peaKU:IIII 

I+II-:-,+ 1 + .... MarnIITHhlII crreKTpoMeTp IlHCK-2 o.601Ha'leH Ha pIIc. 1, KaK 

rrepnoe KoppeJI.lIU:IIOHOe IIJie'lo '(KIU). 13KcrrepIIMeHThI, · OIIIICaHHhle B l(II(:cep

TaU:IIII, npoBO.D:IIJIIIch Ha Bhmen;eHHOM ny'IKe CIIHxpoqia30TpoHa1 Oll5Ill. ·IIrroK 

rrepBII'IHhlX 'laCTIIU: I-npOTO~hl, .n:eiiTpOHhl IIJIII a~qaCTIID:hI qJOKJCIIpoBaJIIICb' Ha 

MinneHh ILilIIaMeTp cqioKycupoBaHHoro Ha MmneHII IIJ'IKa OKOJio 15 MM. 

B rrponecce 3KcrrepIIMeHT<>B IICIIOJib30BaJIIICb n;Ba TIIiia MIImeHei'r, pa3pa6o

TaHHhle rpyrrnoii JI.B. I'oi:roBaHOBa. YHIIKaJihHOCTb 3TIIX MIIilleHIIll B TOM; 'ITO 

pa6oqee BemeCTBO MIIilleHII cocTaBJil!eT ~ 95% II TOJihKO "' 5% 'BemecTBO CTe

HOK cocy.n:a1, 'ITO II03BOJil!eT rrpoBeCTII el(IIHCTBeHHhle B MIIpe 3K<::rrepIIMeHThl no 

II3J'leHIIIO qiparMeHTau:IIII Jierqaiimux l!l(ep. B KJMJJI.l!TIIBHOH o6JiaCTII. 

Oco6eHHOCTbIO nepBoro TIIna'MIImeHII .lIBJillJIOCb pa3MemcrnIIe B Ol(HOM m1Ky

JMHOM KOMyxe C 60JibillOII BhlXOL(HOII anepTypoII COCJL(OB C }KI!l(KIIM BOL(OJJOL(OM, 

.n:eii:TepIIeM II.reJIIIeM. KpIIoreHHhle MIIilleHII,IIMeJIH l(IIaMeTp 50 MM II pa3Mep no 

ITJ'IKY 50 (140) .MM. Cocyn;hl MIImeHeII II3roTOBJI.lIJIIICb II3 MaiiJiapa TOJIIIUIHOII 

120 MKM. 

3aTeM MIIilleHh _6hIJia. 3a.MeHeHa Ha MIImeHh C peKOHL(eHcau:IIeii n;eIITCpIIll 

}KIIL(KIIM reJIIIeM. I'eoMe'fpII'leCKIIe xapaKTepIICTIIKII HOBOII MIImeHII-l(IIaMeTp 

35 MM II l(JIIIHa ITO•ITJ'IKJ 70 MM. 

BTOJ)II'IHhle 'laCTIIu:hl perIIcTpIIpOBaJIIICb B .IIHTepBaJie.yrJIOB 60° - 168° OT-' 

H0CIITeJihHO ,HanpaBJieHIIll rrepBII'IHOro IIJ'IKa .II n IIHTepBaJie IIMIIJJihCOB OT 250 

M3B/c .n:o 1600 M3B/c. 

1ronoaaHOB n. 6. n .ZIP, IIT3, 1978, T. 3, C. 41. 
BopayHOB IO.T., ronoBaHOB n.B. n .ZIP-, Coo6mem1e OIUIII, 8-83-191, lly6Ha, 1983 
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Puc.1 llpumpmua111,'/l,aH cxe.M.a doy:r.n11c'le<i~J,!O M.<l2'/l,?LTT/.'/l,O,'.O cr1.e1,:mpo.M.cmpa 

JIHCK-:I. 

MarHIITHo~orrTIPircKni'I KaHaJI crrrKTP0I\H'Tpa cocTonT 111 'am1nn111py10m<'

ro MarHIITa II n;y6JieTa 1-:na.n:pynoJihHhIX mrn1. qiopl\lIIP);R>mnx ny'I<>K nT01i1P1-

HhlX •rncTIIU:. llMIIJJihcHor pa1pemPHII<' crrrKTpoMPTpa 8.6 % ( rro:rnal! 1II11p1rna 

Ha IIOJIOBIIH(' DhlCOThl). B m•pnhlx :n,:<:II<'J>IIMC'HTaX aK("C'IITam· ycTamm'Kn fihI:I 

1.72 • 10-5 cp. IlJill IHTJIC'l(onaHIIll npou:P<:con c MitJihII\III°C!''I<'HIIlll\UI ( fit>:IhillII!\UI 

KYMJJil!TIIBHhlMII 'IIH;JiaMII U IIllOIIC'CTOB <' po;Kl(('HII!'M CTJ>ilHHhlX l\H'10HOB Ha 

Jicr•n{:iimIIx Hn;pax ) fihlJia rrponen;Pna l\IO.D:<'pH111au:1rn .D:<'T<'KTopon n Honal! Ha

cTpm1:Ka MarHIIT0-0IITII'l('CKOro KamtJia ('Il('KTP0l\H'Tpa·n P<'lYJihTi\TI' 'Il'ro aK

Cl'IITaHC ycTaH0BIUI fihlJI YB!'JIIPll'H D TPII pa1a . 

lln;c'HTIHpIIKaIIIIll DTOplI:'IHhIX •rai:TIIU: ocymPcTDJil!Jlill'.h ITYTPM .H<'lilBIH'II:llhIX 

II1MPpPHIIII np.<'M('HII npoJient Ha .n:nyx 6a1ax (3.8 1\1 n 1 M). Cp<'llHl'KBanpa~ 

TIPimlll omufir..:a 111MPpem111 cocTaDJill<'T 260 m: • ..Ilnll · rronhlill<'HIIll Hall<';KH01·T11 

Bhll(('JI<'Hil.l! Il0JI('lHhIX • cofihITIIII rrpoB0L(IIJIIH'.h Il1!\IC'pPHIIll IIOHII1i1u:110HHhlX mi

Tcpb B CU:IIHTIIJIJil!T0JmX II IIHT('HCIIBH0CTII Il'3JI)"ll'HII.l! Ilanumma-YrpPHKODa B 

TDepn;ol\l pan;uarope. IlJill pPrIIcTpaIIIIII IIIIOHOB C III\III)'JlhC0!\I BhlIIH'•!)(J(l :\faB/r 
B C0CTan ycTaH<>BKII 6hl.rr BKJil<)'ll'H ra10Bhlll rroporonhill 'H'IH'HKOBl'KIIII C''H'T'IIIK. 

OTHOCIITl'JlbHYI<) IIHTl'HCIIBH0l'Th IIY'IKit ycKopPHHhIX 'lil!'TIIII II1iW'J)lll'T Tl'."J('

CK0II (''IPT'IIIK0B A1,,. I'panynpom..:a T<'Jil'('K0IIa 0l")'llll'C"TDJil!JiaC'h M!'T0Jl0!\I 111!\lf'-

.'i 



peHIUI IIaBeL{eHHOII aKTIIBHOCTII B yrn:epone ( c TO'IHOCThIO ±5% ) npn o6JIY'lf'HIIII 

non:ucTnporra C8Hs B qioKyce nepm1qHo_ro nyqKa. 

PaJBIITIIe Bhl'IHC.il:IITf';JhHOII Tf'XIIIIKII, COOTBf'TC:TBYIOlllCII 3Jlf'KTJJOHIIKII II 

nporpa1nrnoro o6ecIIe'IeHIUI, IIOJBommo_oTK~JaThCH OT ncnorrh1onanrnefl:cx pa

Hee noCTaTo•mo cn:o;,i,,:Hofl: on-line cuCTeMhI c 3BM EC-1040 ( 1050 ) u nepef1Tn 

Ha Hane;,i,,:HyIO II yno6HyIO n 3KCIIJiyaTarum CIICTeMy c6opa naHHhlX II KOHTpon:x 

na ocHOBe nepcoHan:hHOro KOMIIhIOTepa Tima IBM PC/ AT 386. 

B §2 ;naHIIOII rn:anhl omrca~a opramna.u1rn cncTe:tvlhl c6opa naHHhlX c ycTa

HOBKII. paccMoTpeHa cTpyKTypHaH cxeMa. Ilp1rneneH anropIITM ynpaBJieHirn an

uapaTypof1 ycTaHoBKII n npouecce c6opa naHHhIX. 

OT1If'TIIM, 'ITO Ka;,i,,:noe 3apenICTpnpoBaHHOe ycTaHOBKOll C06hlTIIe ( qacTnua 

ucnymeHHM II3 MIIIIIeHII II npornenrnax MarHIITHO-OIITII'IeCKIIII KaHaJI II neTeK

TOphI cneKTpOMeTpa) aHamnupyeTcH IIO cnenyIOIIUIM KpIITepnxM: Bpf'MH npo

n:eTa Ha nnyx pa3HhIX 6a1ax, uon1na~IIOHH~J- noTepu n cunHTIIJIJIHTopax, un

TCHCIIBHOCTh BCIIhIIIIKII qepeHKOBCKoro IIJJIYTJeHIIH. 3ToT aHamn COCTaBJIHeT 

ocHony o6pa6oTKII naHHhlX n II03BOJIHeT Hane;,i,,:Ho uncHTII<pnuuponaTh pe.rn

cTpnpyeMhle TiaCTIIUhI, oueHnTi BKn:an. cnyqa11HhIX coBnaneHIIIJ npn pa6oTe B 

nepmITIHhlX nyqKax BhlCOKof1 IIHTeHCIIBHocTn. B §3 onIIcaH coJrcaHHhlII .IIPII yqa

,cnm anTopa nnccepTauin IIHTepaKTIIBHhIII naKcT nporpaMM nnx o6pa6oTKII 

1KCIICpIIMeHTaJihHhlX naHHhIX, opneHTII!)OBaHHhIII Ha nepcoHaJibHhle KOMilhIOTe

pbI nma IBM c onepamrnHHhlMII cucTeMaMII DOS unn LINUX, IICIIOJib3YIOlllIIII 

conpeMCHHOC MaTeMaTIITICCKOe o6ecne'ICHIIf' L{JIH aHa.il:II3a,.1KCIIepnMeHTaJihHhlX 

naHHhIX n qiii·nIKe Bhico{nx :rnepnrn. · · · · 

. BTop~ rnana n~rccepTaunu. coneplKHT 1w1yJihTaThl HOBhlX m;cnenoBaHiru: 

KYMY;JHTimHoro pmKneHIIH 7r~-;--Me:10Hon, jc±_MC10HOB II. IIpOTOHOB_ BO B3aII~ 

MOL{CUCTBHII npo~~HOB II. nen:TpOHOB C HMIIYJihCOM '8:9 'I'3B / C C nerqafl:mmm 

xnpa~m ne11Tcpnx ~L renux. KpoMe Toro,. BhlIIOJIHCHhl m:cnenonaHIIH poMne

HIUI 7r±-Mf'10HOB, J(~-:-MC10HOB BO B1cLIIMOL{CMCTBIIII npoTOHOB C IIMIIYJihCOM 

8.9 r_1B/c C HLCP-:MH n~nopona. ' 

I1HK.il:I01lIBHhie 1rnnapnaHTHhie nuqiqiepeHunaJihHhlC ceqemrn pmKL{CHIIH IIIIO

H0B II II0JIO)KIITC.il:hHO 1apH)KC~HhlX KaOHOB B yKa1aHHhIX Bhlllif' peaKUIIHX lIJMe

pcHhI n IIHTepnan:e nMIIYJihC0B BTOpII'IHhIX TJaCTIIU OT 300 LCQ 750 M3B / c. 

Hccn:cnonaHHhlII B pafioTe yrJIOBOII IIHTepmtJI, B KOTOJ)0M II3MepeHhI HHKJII0-

1IIBHhie CCTICHIIH, p0MLC':HIIH. KYMYJIHTIIBHhlX TiaCTIIU, · cymecTBCHH0 nonoJIHHCT 

paHcc_non:y,1cHHhie Ha ycTaH0BKc IlHCK 3KcnepuMeHTaJihHhle naHHhle no KYMY~ 

.il:HUIIII JICPJaIIIIIIIX xnep, n 0CHOBHOM 0TH0CHllllICCH K yrJiaM Ha6n10nemrn B6JIII3II 

18(}°. T.c. npn Pr'.::::'. 0. · ;•, 
lbMcpcHHH, BhIII0JIHCHHhlf' B HaCTOHlllCII pa6oTe,· 0TH0CHTCH K _KIIHeMaTII'IC

C:KofI o6micnr, rne r:ymecTBCHHa nepenaTia KaK nponoJihHoro, .TaK II nonepeTIH0-
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ro IIMIIYJihCa. 3TII naHHhlC npencTaBJIHIOT YHIIKaJihHJIO B03M0)KH0CTh npoBepKII 

pa1pa60TaHHoro B.C. CTaBnHCKIIM nonxona, na10mero ennHoe onIIcauIIe KJMY

JIHTIIBHhlX IIpOIJCCCOB II IIpOUCCCOB C 60JihIIIIIMII norrepe'IHhlMlI IIMIIYJihCaMII . 

B §1 naHHOII rrraBhl _onucaHa nocTaHOBKa OIIhlTa II npouenypa BhlqIICJICHIIH 

IIHKJII03IIBHhlX IIHBapnaHTHhIX nnqiqiep~HUIIaJihHhlX ceqeHIIII, BKJIIOqax nonpaB

KII. 

B §2 npirneneHhl Ta6JIIIUhl C pe3yJihTaTaMII lI3MepeHIIH IIHKJII03IIBHhlX ceqe

HIIII pOML{CHIIH 7r±-MC30HOB, J{±-Me30HOB II IIpOTOHOB, BhlIIOJIHCHHhlX B nIIccep

TaUHOHHOll pa6oTe. 

B §3 naHO onpeneneHne MacmTa6HOll nepeMCHHOll X, KOTOpax npencTaBJilieT 

MlIHIIMaJihHO B03MOMHYIO noJIIO Macchi MIIIIICHII qiparMCHTnpy10me:rr B · IIHKJII0-

1IlBHYIO qacn1uy 1 c nMny~coM p n yrnoM BhlJieTa 0 B peaKunn I+ I I --+ l + ... 
B npennoJimKeHIIII, 'ITO L{JIH B3aIIMOL{CMCTBIIH HJMHa BCH Macca HaJieTa10me:u qa-

CTHUhl. , . 

3necb TaKMe o6cyMnaeTC.H, npeLCJIO)KCHHM B.C. CTaBIIHCKIIM nepeMCHHM 

S:,(;! KOTOpM .HBJI.HCTC.H HCTpIIBIIaJihHhl~ o6o6meHIICM IIepeMeHHOli X II 3TO 

o6o6meHIIC COCTOIIT B TOM, qTo Haxon.a:TC.H Te 3HaqeHII.H noJIII qeThlpCXIIMIIJJihCa 

CHapxna X1 II MIIIIICHII Xu KOTOphle COOTBCTCTBYIOT MIIHIIMaJihHOli 3HeprIIII. 

S:,(;! = [(X1P1 + XuPu)2]112
• 

I'IIIIOTe3·a B.C. CTaBIIHCKOro2 COCTOIIT B TOM, qTo IIHKJII03IIBHOe ceqeHIIe 

pOML{CHII.H -qacTIIII n 3KCTpeMaJihHhlX CIITyaun.a:x, TO eCTh JIII6o KYMYJl:.HTIIBHOe 

poMrceHIIe 'IaCTIIII, JIII6o po2KrceHIIe anpoHa c 6oJihIIIIIM nonepeqHhlM IIMnyJihCOM 

onpenen.a:eTc.a: ( 3aBIICIIT) or MIIHIIMaJihH0° B03MO:lKHOH nonHo:u 3HeprIIII CTaJIKII

BaIOIIUIXC.a: KOHCTIITYCHTOB:. 

B §4 Ha ocHoBe"i:ronxona npenno2KeHHOro B.C. CTaBIIHCKIIM npoaHaJIII3IIpo

BaHhl naHHhle no npeneJihHOH qiparMeHTaUIIII npoToHoB B p·p-B3anMone:ucTBn.a:x. 

BhlJIIl ,IICIIOJih30BaHhl KaK 3KCIIepIIMCHTaJihHhlf' naHHhle, IIOJIY'ICHHble Ha ycTa

HOBKe IlHCK, TaK i1 naiiHhle npyr::U:x 3~cnepIIMCHTOB B IIHTepBaJie i:repBII'IHhlX 

3Hepr1Ili OT 3 no 30 I'3B 'i]: p} OT O no 3 ( I' :J BI C )2. AHaJIII3 3KCIIepHMCHTaJihHhlX 
,_, , • • : '/ :. ' < 

naHHhlX IIOKa3aJI, 'lT0 BCIO COBOKYIIHOCTh 3KcnepIIMeHTaJihHhlX L{a.HHhlX MO)KHO 

OIIIICaTh rrpOCTOli 3aBIICIIMOCThIO E1; ·=· a;exp(-S:!;!J < s;,(;! > ), .~PII0CM,na-
' ·1;2 

paMeTp HaKJIOHa 3KCIIOHCHThl IIMCCT yHIIBepCaJihHOe 3Ha'ICHIIe < Smin >= 0.30 

I'3B . 

B §5 II3JIO)Kf'HHhlli Bhlllif' anropIITM IICIIOJih3YCTC.H nn.a: OIIIICa.HII.H· 3KCIIepII

MCHTaJihHhlX naHHhlX no IIHKJII03IIBHhlM IIHnapIIaHTHhlM·nII<p<pepeHUIIaJihHhlM 

ceqeHIIHM pOMLCC)'.IB.H IIIIOHOB, II KaOHOB Ha' Jierqaumnx .a:npax. y CTa.HOBJICHO, qTo 

.. 2CTaB11HcK11ii B.C., KpaTKl!e coo6meHm, OHSIH 18-86, c. 5, ,lly6Ha, 1986. 
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Pnc. 2 3a6UCUMOCmb U'H,'X:it103U6'H,blX ce'lle'H,UU po:JJCOe'H,U1I miouoe u 'X:aO'H,08 npu 

ifjpa21,1,e1-1,ma:quu ·aJpa He om S;/,;! npu e3au1,1,0Jeucme.uu c npomimaMn u Je1t

mpo1-1,a1,1,u c u1,1,ny11,bco1,1, 8.9 I':JB/c. 

BCH COBOKYIIHOCTh 3KCIIepIIMeHTafilHhlX ,llaHHhIX KaK Ha ne:iiTepilII, TaK II Ha rP

~IIII OIIIIChlBaeTCH e,llIIHOH 3aBIICIIMOCTblO OT. S;/,;!. P11c." 2 IIJIJIIOCTp~1pyeT 3TOT 

BhlBO.rl .llJIH CJIY'laH cpparMeHTau;1rn: reJIIIeBo:ii MIIIIIeHII. lfa pIIcyHKa BII.UHO, 'ITO 

B_ nepBOM ~pII6JI.IDKCHI111 BCH COBOKyi:rnoCTh 3KCIIepii~~HTa~bHhlX nami;1,1x rpyn

nnpyeTCH OKOJIO npoCTOH 3KCIIOHeHu;IIaJibHOH 3aBIICIIMOCTII, II})Il'ICM JIIIHIICII Ha 

pIIcymrn IIOKa3aHa 3aBIICIIMOCTb, COOTBeT_CTBYIOIUaH 1~eaKil;IIII pp_; 7r+ +.: ... 
/ TaK~IM o6pa30M, rJia~HhlII II ~~TJ)IIBIIaJihllhlli BblBO.Il II3 aHaJIII;a 3KCIIepnMeH~ 

TaJibHoro MaTepIIaJI~ no qiparMeHTau;IIIInpoToHo~, .llCH'I1JOHOB II ~nep~eJIIIH c~~ 
~ ' . '' ' ' ' , . ; , , 

CTOIIT B TOM, 'ITO po.lK,UeHne 'laCTIIU pa3HOro .. copTa npII pa3JIII'IHhlX 3HeprIIHX 

II yrJiax 'perncTpaUIIII, n~rry~~~H~e npii: o6Jiy~eHim Il~OTOH~MII II ,llCHT})OHa-
• ' ,'l" ' ·, :' ' . • 1_1; ' . ; • ,' - ' 

MII pa3JIII'IHbIX 3Heprn:ii OIIIIChlBaeTCH. rrpocTOH_ 3KCITOHeHu;IIaJibHOH q>yHKUIICM 

O,llHOH nepeMe':1rno:ii S;/,;~ - M~HIIMaJibHOH 3Hep~IIe:ii C'J'.aJl~IIBaIOIIl;IIXCH KOHCTII~ 

TyeHTOB ( IIO,I(CTPYKTYP B3aIIMO,lleMCTBYIOIUIIX H,llep). ' . . . 

B §6 o6cyiK.lleHhl'.pe3yJihTaThl nccirenoBaHIIH rrpou;eccoB KYMJJI11TIIBHoro po

.lK.UeHIIH KaOHOB Ha Jierqa:rrmIIX H,Upax. CJienyeT, OTMCTIITb 'ITO Jier<IaMIIIIIe H,llJ)a 

Bhl.UeJieHhl c TeopeTII'lecKo:rr TO'IKH 3peH1rn KaK npocniiiIIIMe 'Hnepin,ie cncTeMhl. 

B TO :lKe BpeMH, IIX lICCJie,UOBaHiie II03BOJIHCT "nhlMTII" B KYMYJIHTIIBHYIO 06.rraCTh 

II ,uaeT•B03MO:lKHOCTh lICCJIC,llOBaTh BKJia,ll MJJibTIIKBapKOBhlX KOHq>IIrypau;HIL 

B 3KCIIepIIMeHTaX IIO . II3y'IeHIIIO KYMYJIHTlIBHOro })O:lK,UeHIIH IIOJIO:lKIITCJihHO 
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Pnc. 36 
Ha 1mc. :la nJ1edcmao11,e1-1,1,1 om1-1,ouw1-1,ua <:c'lle1-1,uii. J10:J1Cde1-1,ua 1r+ ·Me3oH.o<> 1,: [{+ · 

Me3oH.aM c u1,1,ny11,1,coM 500 MaB/c <J 3<wucuMocmu om y211,a 1-1,a611,10demt1I npu 

<J3a1tMode1tcmmm rqwmo1-1,o<J c u1,1,ny11,1,co1,1, 8,9 I';1B/c c JJa.111,u'l/,1-1,1,1.1,1,u adpaMn. 

Puc .. 16. 31,;cncJJ1LMeHma11,1,m,zc dmm1,zc .. u 1mc1J,cm, 3aoucu1,1,ocmu om1-1,owcH1t1I 

1r+ ·u [{+ -M.c.101-1,00 1-1,a de11.mpo1-1,c om ncpcM.CHH.mt X. Kpmrna l-<>1.:11,ad · pe11,n

m1umcmc1,;oco gicpMUC<lC'I.O,!O d<m:J1Ce1-1,ua. 'I.JIWHL1I .2-pac'l/,cm, 6q. 1.:01,1,now:mm,z <J 

OC?LTrt]!O'H,C. 

1apH)K('HHbIX I.:ctOHC>B Ha q>P.UHIIX II TH)K('Jl.blX H,Upax 6hlJIOo6mtpy)KPHO C..'I('.Il.VIO

m<'<' rrpu6JIIDKPHHOP COOTHOIIl('HII(' l\l(')K,ll_\" C<"ll'HIUIJ\III K_\"l\l_\"JIHTIIBHOr<> J>O)K.Il('HIIH 

IIIIOHOB II /{+. MP30HOB :iJ'.pn 'onirna1mnhlX 1Hct'll'HIIHX II<'JlPl\Il:HHOfI X: 

Eda/dp(1r+) = Eda/dj7(1r-) = Eda/dp(l{+); 

TaKOP IIOB<'.Il<'HIIP cym<'CTB<'HHO OTJIIPiitPT<."H OT CJl)''HUI npoTOH-IlpOTOHHhlX n1a

IIMO.Il<'f1C:TDHII, rn<' da(pp--+ J{+)jda(p/--+ rr+) = 0.1 -;- 0.2 rrpn X = 0.1-;- 0.8 
II 1aTeM 3TO OTHOIIIPHII(' yneJIIPIIIBaPTCH I" }lOC:TOl\I X. lll'CJI<',llOBaHm' Ha ."Il'r

qaf1IIII1X :S:npax Il03BOJIH<'T II1Y'Iil'Tb ll<'Jl<'XO,ll OT "'::im'l\Il'HTapHoro ilKTa K l'II<'

UIIq>IPiecKiIM oco6PHHOCTHM H,llepHhlX ('TJl)"KT)"J>HhlX qiym,u1iii B K.Vl\I.V;JHTIIBHOU 

o6mu:Tn. 

B BhlIIOJIH!'HHbIX B pa6oTe 3KCIIP}Hil\IPHTaX 6bIJIO o6Hap_v)KPHO. BO IIP}>Bb!X. 

'ITO Ha m•rqafnnux H.Upax OTHOIIIeHIIH Cl''IPHIIII pmK.U<'HIIH rr+ l\Il'10HOB K Ji."+ . . 
l\H'10HaM cymecTBPHHO ~hlIIH', 'H'M Ha CJW.UHIIX II TH)K('JlhlX H.Upax. II BO-BTO}lb!X. 

('CJIII .UJIH cpe,UHIIX II TH)K('JII,IX H.Il<'P Il('JIIPIIIHhl OTHOIIll'HIIfI ("("l<'HIIU rrpaKTIPI<'

CKII HC' 1aBIICHT OT yrJia Ha6mon<'HIIH, TO .IlJIH Jl('PliUIIIIIIX H.Il('}l "lTII Il( .. .;JIPIIIHhl 

pacTyT c pocTOM yrmt. 3TOT BbIBO.Il npoIIJIJIIO('TI>IIPOBilH Ha pm·.3a. Ha KOTO-

!) 



po:11 rrpe.rrcTaBJieHbI OTHOIIIeHIIJr CC'IeHIIII pO.iK.UeHirn 71"+ -:11e10HOB II J<.+ -1I<'10HOB 
c mmy.:ihcOM 500 l\faB/c n 1a~ncm.10cTII OT yrna na6mo.rreHu.sr npu n1anMo.rrei'1-
CTBIIII IIpOTOHOB C IIMIIJJibCOM 8.9 r3B/c C pa1JIIPIHbIMII .sr,upaMII. 

Ha pIIc. 36 npnne.rreno cpannenue pe1yJihTaTon II1Mepemrn OTHOIII<'HIIII c:c•ie
nm1: po.iK,uemrn mrnnon K KaonaM na .sr.rrpax .rre11Tep1rn (•)•.II remrn ( o) .rrn.sr yr non 
90° II 150° IIpIIBe,UeHHhlX K O,UIIHaKOBOMJ 1na•IPHIIIO MaCIIITa6HOlI IIPJWMPHHOII X . 
Y CTaHOBJieno, 'ITO II'3M<,pennoe OTHO~CHIH' no nop.sr.rrKy BCJIII'IlIHbI panno 4 -;-10 
( .rr.:i.sr '3Ha'ICHIIII X n IIHTepnane 1.0-;- 1.4), TO eCTb cymeCTBPHHO npenoc:xo.irnT 
COOTBCTCTBJIOIUCC OTHOIIIeHIIC ,UJIJI q:ip~n.ieHTaIJIIII TJr.iKCJibIX .sr,uep. Ha pIICJH
Ke npune.rrenbl TaK.iKe pe1yJihT,,nhl pac'!eTa 3Toro OTHOIIICHIIJr, BblnOJIHCHHbIC 
.rrn.sr pD- mau;rn,uei'rcTBIIII n paMKax KnapK napTonnoro MexaHII1Ma npouecc:a c 
y<IeTOM BOJMO.iKHOro BKJia.rra IIIeCTIIKBapKOBOM KOMnOHCHTbI B ,UeIITpOHC 3. Bn.rr
HO, 'ITO y,reT BKJia.rra MHOroKriapKOBbIX KOHq:JIIrypaIJIIM no1non.sreT l(a'lCCTBCHHO 
o6bJi:CHIITb pe1yJihTclTbI 3KCIICJHIMeHTa. 

B pa6oTe 6bIJIII nnepni:.re II'3MepeHhl ce•remrn KJMJJIJi:TIIBHoro pmKJICHII.sr I{- -

Me10HoB Ha .sr.rrpax .rreMTep1rn II remrn n pA- u'dA- n1anMo.rreMc:Tmrnx. Ih nony
•rcHHhlX .rraHHbIX cne.rryeT Ba.iKHbIM, C HaIIIei'r TO'IKII,'3peHirn, BbIBOil O TOM, 'ITO II 
JVIJr .:ier;IaIIIIIIIX .sr.rrep A--'3aBIICIIMOCTII CC'ICHIIiJ: pO.iK.D;CHIIJr 'J(- -MP'30HOB II 71":._ -

MC10HOB IIMCIOT CXO.D;HhlC rrone.rreHIIJr; B. TO npeM.sr, KaK 6bIJIO 'ycTaHOBJICHO paHef' 
A-1aB1ICIIMOCTb CC'ICHIIJf pO.iK.D;CHIIJr J(+ - MC10HOD IIMeeT CXO.D;HbIP none.rreHIIC C 
A- 1am1cnMoCTbIO .rrn.sr npoToHon u A- •rac:TIIIJ. ' 

TpeTb.sr rnana .rrnccepTaIJIIII nocn.srmeHa noIIpocaM co1.rraHn.sr .rrnyxnne•reimro 
MarHIITHoro cnerapoMeTpa .IUICK-3 II nponc.rremrn Ha HeM Koppen~IJIIOHHhIX 
1n11epeHm1 B o6naciir KYMYJI~TnnHoro pmK.rrettn.sr •~ac:rnu . ll'3J'ICHIIe Kopp~n.sr
IIHOHHhIX Ji:BJICHIIM D KJMJJIJi:TIIIIHOM pO.iKJIPHIIH .Ji:BJIJi:CTCJr PCTCCTBCHHbIM pa3BII
TIICM nporpaMMbI no :ri:cc~e.rionaHIIIO rrpe.rren~H~ii q:iparMeHTaIJMH .sr.rrep. B HacTO
.srme11 pa6oTe II'3j"IaJiaC:b .rrnyx'IaCTII'IHa.sr IIHKJIIO'JIIBHaJr peaKIJIIJr / + / / --+ 1 + 2 ... 
r.rrc I -ncpmPIHbie •rac:TIIIIhI (p,d c IIMIIJJihf:?M 8.~ ,f>B/c nn6o,,a, ~:,racTIIIIhl c 
mmy:rhcoM 17.8 'r3B/c) ; II -si.rrpa MnmeHn (Li6

, Pb); l u.2 ,-peruCTpnpyeMh:ie 
ycTaHOBKOII •nicTIIIIhI ( n, p, d). 

111:-.rcpeHa .rrnyx•racTII'IHa.sr KoppCJIJi:IJIIOHHaJr cpy~KIJIIJr R2, .KOTOpaJr onpe.rre-
JIPHa CJICJIJIOIIJIIM o6pa~.oM: , . . . . . . 

R _ . E1E2d2u/djiidfi2 
2 - u.,.E E l /d ➔ d /i ➔ · 1 2~u PI u cp2 

C.:ic•.rryeT OT11CTIITb, 'ITO 3TO nepBbIC II, "'no BIIJIIIMOMY, emrncTBCHHble II3-
.'.\ICfJ~Hi:I~ Koppen.srIJIIOHHhIX .srnneHIIM B .sr.rrcpnbIX p~aKIJII.sr~ -ii~~ CTOJib BhlCOKIIX 
IIHT<'HCIIBHOr:TJi:X (.z:io 2 -1010 '!;j,CTIIIJ/ceK) npn'-:ro~IUIIHC MIIIIIeHII l-;-2 r/cM2• 

• fl • • • , 

"I;a>Kat1rK11ii H.H., K:1nTapb Jl.Il., Tuma A.H .. ~cJ,, 1987, T,45, .. c. 910. 
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llpone.rrenmo II3MepeHnii: npn BbICOKIIX .IrnTeHCIIBHOCT.HX cnoco6cTBOBaJIII B 
paBHOII CTeIIeHII .rrna o6CTOJi:TeJibCTBa. ~o-rrepBbIX, 3TO Bhl6op II peaJIII3aIIIIJr 
MeTO,UIIKII II3MepeHIIII C 3aIIJCKOM ycTaHOBKII He OT IIJ'IKOBOii: '!aCTIIIJhl, a OT 
KJMJJIJi:TIIBHOlI 'IilCTIIIIbl B rrepnoM KoppeJIJi:IJIIOHHOM IIJie'Ie. Bo BTOpbIX, ,UJI.H 
rrpone.rremrn 3TIIX II3Mepemri'I coTpJJIHIIKaMII ycKopnTeJibHoro KOMIIJICKca JIB34 

6bIJI peamnonaH pe.iKIIM Bbrno.rra ny'!Ka "6e3 6aH'IIIpOBKII C paBHOMepHOH pa
CTJ{;KKOii: II rro.rrannenneM IIJJibCilIJIIll B MarHIITHOM none ycKopIITeJI.sr. 

HaM rrpe,ucTaBJIJreTCJr, 'ITO peaJIII30Bairn:a.sr Ha ycTaHOBKe .IIMCK-3 MeTO.D;IIKa 
II3MepCHIIII KoppeJIJi:IJIIOHHbIX q:JJHKIJIIll npn BbICOKIIX II_HTeH~IIBHOCT.HX Ji:BJIJr.eTCJr 
a.rreKnaTHoi'r MeTo.IIIIKon: irpu uccne.rronaHIIII Koppen.irunoHHbIX a:nneHIIM, II.rryIUIIx 
C -MaJibIMII CC'IeHII.HM~I B IIpoIJeccax KJMJ~IJi:TIIBHOrO Me30H006pa30BaHIIJr. 

B §1 TpeTbeII rJiaBbl 06cy2K,uaeTC.H nocTaHOBKa OIIbITa II ,UaHO OIIIIC~HIIe Me
TOJIIIKII 3KcrrepnMeHTa 11 3KcriepIIMeHTaJihHOM ycTaHOBKII:lIMCK-3.' 

• ' I ' 

3KCIIepIIMeHT BbIIIOJIHeH 3JieKTJ)OHHOM MeTO.D;IIKOlI Ha ,UBJXITJie'IeBOM MarHIIT-
HOM crreKTpOMeTpe, :rrpIIHIJIIIIIIaJibHaJr cxeMa KOToporo rrpnne,ueHa Ha pnc. 1. 
IIepBhlM nne'IOM ycTanonKu fil!JI.sreT.c.sr MarHIITH~II cncKTpoMeTp .IIMCK-2, mrn~ 

1 ..,.., • ' ' . ' 

caHHbIII B nepBmI rnane .rruccepTaIJIIII. BTopoe KOppeJIJi:IJIIOHHOe IIJie'IO ycTaHon~ 
K~ (Kfr2) cocT~IIT II3 ~rr:eKTpoMeTpII'IecKoro .MarHIITa II nocbMII CIJIIHTIIJIJIJi:IJII
oHHhIX TeJie~Kdrr:on, rrpe.rr~aJH~'IeHHhl~ .rrn.sr perncTp~IIIIII nIIOHOB, rrpoTOHOB u 
.rrei1Tp0Hon. Ero nxo.rrnm1 TeneCHhlM yron 1.6 • 10-2 cp, IIMnJJibCHhlM aKcerrTaHc 
CIICI{TpOMeTpa 6p/po = 1.2. MiITepnaJI II3Mep.sreMbIX IIMIIJJibCOB M02KHO MeH.HT.b 
oT 50 .rro 800 M3B/c, a IIHTcpnan yrnon perIIcTpaIJIIII OT 20° .rro -140°. M.rreHTII
q:JIIKauII.sr BTOJ)II'IHbIX 'IaCTIIII B Ka)K,UOM II3 BOCbMII TeJiecKonon; COCTOfilIJ;IIX iI3 
.rrnyx CIJIIHTIIJIJI.HIJlIOHHbIX C'IeT'IIIKOB, ocymecTBJIJreTCH no II3MepeHirio IIOHII3a
IJIIOHHbIX IIOTepb B Ka)K,UOM C'IeT'IIIKe IIBpeMeHII npoJieTa Me2K,uy C'ICT'IIIKairn n' 
TeJieCKOIIe Ha 6a3e 0.3 M, BTopoe KOppeJIHIJIIOHHOe nne'Io perIICTpIIpJCT 'IaCTII..'. ; 
Uhl, Bbl,UeJieHHble no IIMnJJibCJ MarHIITOM M2 II. Bbl3hIBaIOIUIIe cpa6aTbIBaHIIe 
0,UHOro II3 ClIIIHTIIJIJIHIIIIOHHbIX TeJICCKOilOB, · BO · BpeMeHHOM IIHTepBaJie .11 Q HC: · .. 
rrpn cpa6aTbIBamrn nepnoro KOppeJIHIJIIOHHorn IIJieqa (' KIIl ). < ',: , 

Iln.sr DbI,UeJieHII.H IIHTepecyIOIUIIX Hae .ri:ny:ic'!aCTII'IHbIX. conrra.rreiinM ~pfanII-
30BaHa cxeMa II3MepeHIIH npeMeHu, · cIIrHa.i:roM "CTapT" .unH 'KoTopo:ii '11nn:~eT..: : 

. ,1 
c.sr CIIrHaJiiC() C'IeT'IIIKa S4 •B Kill (6.3 M' OT MIIIIIeHn); a curHaJIOM "CTorr": 
HBJIJi:CTC.H CIIrHaJI OT cpa6oTaBIIIero TeJI~cii::orra n KII2 (paCCTO.HHIIi~T MIIIIIeIIII 
MCHJreTCJr OT 2.4 JIO 3.7 M). Ha pnc. 4 rrp:irne.n;eHbl pacnpe.l(eJieHIIJr no p~3HII~ 
ue npeMCHII npnxo.rra cIIrHanon OT Kill II KII2. Ha pIIc. 4a nprrne~~H dieKTp ,, 
npo'roH-IIIIOHHhlX conna,ueHIIM (IIMnymc rrpoTOHOB B Kill 640 M3B/c, cpe.riirim 
nMnynhc nuoHon B Kll2 panH.srnc.sr 140 M3B/c), Ha pIIc. 46 cneKTp c rrpoTOH
npoToHHhlMII conna.rreHII.HMII (IIMIIJJihc npoToaon n Kill 500 M3B/c, cpe.rr:a:irli: 

' ·, , ' ' ( 4BoeBO)lHH A.M. n .llp, coo6meHIIe omni: 9-86;647, lly6Ha, 1986 r. 
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. ,• 

IIMIIJJihc,rrpoTOHOB B KII2 .TaJOKe 500_M3B/c). II01102Kem1e IIIIK0B Ha cneKTpax 

COOTBeTCTBJIDTpacqeTaM. 

OJ.J;HOBpeMeHHO C II3MepeHIIHMII. COBIIa,1.J;eHim: 'rrpoBOJ.J;IIJIIICI, II3Mepemrn 0,1.l;HO-. 

qacTIIqflhlX IIHKJIID3IIBHhlX ceqeHIIH, 1I11H 3Toro 6hl11a co3J.J;aHa cxeMa ",1.1;e11emrn 

. qacTOThl", KOTOpaH Il03BOJIHJia 3aIIIIChlBaTh B 8BM Ka2K,1.1;oe i-e cpa6aThlBaHIIe 

KIIl II.Ka2K,1.1;oe j,e cpa6aThlBaHIIe B KII2. 

,B §2 o6fJ)I{J.J;aIDTCH pe3y111,TaThl II3MepeHIIH. B HacToHmeu pa6oTe BhlIIOJIH<'

Hhl ,nBe rpyrrrrhl II3MepeHIIll. IIepBaH OTHOCIITCH K IICCJieJ.J;OBaHIIID ,1.1;nyxqacnp1-

HOU KoppeJIHn;noHn:oiI q:iyHKU:IIII.B p.eaKIJ;IIII l+II.--:--+ 1+2+ • .-. J.J;JIH 1rp-,pp- II dp

cIIcTeM. IIepBOll yKa3aHa qacTIIn;a, perIICTpIIpyeMaH rrepBhlM MarHIITHhlM crreK

TpOMeTpoM, MMrry~•i:c nou ~aCTIIIJ;hl 6hlJI 500 M3B / c, a yro11 Ha611ro,1.1;eHmI 90°. 

MMrry111,cHhIH IIHTepBaJI·BTop_oro MarHIITHoro crreKTpoMeTpa 200 ~650 M3B/c. 

YroJI pa3JieTa qacTIIIJ; 180~- (yroJI BbIJieTa 0,1.J;HOU qacTIIUhl OTHOCIITCJibHO Ha

rrp~BJI~IIIrn BhlJieT~ BTOpou); TaKIIe KIIHe1iaTrrqecKIIe JCJIOBIIH COOTBPTCTBJIDT 

MaKCIIlv[aJibHOMY BhlXOJ.J;Y rrpoTOHOB B rrepBOM II BTOpOM IlJieqe II, CJieJ.J;OBaTeJibHO, 

orrTIIMaJibHhlM yc11onIIHM J.J;JIH Ha6opa cTaTIICTIIKII no pp- coBna,1.1;emrnM. 

Ha pIIc. 5a;rrpIIBeJ.J;eHhl J.J;aHHhle no R .. ,,- II R,,,,- KoppeJIHTopaM J.J;JIH c11yqrur 

B3aIIlv[OJ.J;e:ircTBIIH rrpoTOHon c IIMrry11~coM 8.9 I'3B / c c HJ.J;paMII CBIIHUa. M 1 pIIcyH

Ka BIIJ.J;Ho, qTo B rrpe,1.1;e11ax omII6oK II3MepeHIIU ne1111qJIHy ,1.1;nyxupoTOHHou Kop-
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P11c. 5a P11c. 56 
Puc . . 5a. Pc3y41,m,arm,z 1L,1Af;CJl<:UUH 1-,:oppc.l/.H1{1W1t1t01'i. rfiy11,1-,:1Ft1t R, <J, pPb 

o3a1thwdc11.cm<mH:r: (•--311,a'l(,c1t11.H Rpp• o- .111,a'l(,C1t1tH R .. 1,). 
Puc. _56 .. PC.11].l/.bTn(LTnl,1. 1l3M.CJIC1t1/.H 1-,:0Jl]IC.I/.H1FW1t1toii </i1}1t'l-,:1f1l1/. R2 (j dPb 
<l3mi'M.O()citcm.<;11.H,X (• -_311.a'l(,c~UH R I;I,· ~-·31tn1I.rn.1LH R,1I,/. CuM.<Hi.l/.aM.1t (Q} 060-

;ma'l(,C'/W. <JC.l/.1J.'-t1t1ta RI,p o d7 Li-<J:1auM.odcitcm.<1nH:r. 

pemIIJ;IIOHHOII 4JYHKUIIII Il II11\1C'}H'HH0M IIHT('}>IlilJI(' 111\IIlYJib!"OB ( '.lq:JqJ('KTIIBHhlX 

Mace) M02KHO orrncaTb KoHcTaHTofr R1,p = 1.92 ± 0.25. I-i:pm,H' Toro. 1w1yn1,TaThl 

H3M('}>('HIIlI Il0K,namr, 'ITO B Il}>PJ.J;eJiax omn601, II11\l('})('HIIII D('JIIl'IIIHhl Il})0T0H -

npoTOHHoro II ITIIOH - rrpoTOHHOro KOppcm1Topa III\H'IOT 6mnKne 1Ha'H'HIIH. 

Ha pm:. 56 rrpnnem'Hhl 1Hc\TIC'HIIH Il}JOT0H - npoT0HHOro KOJ>}JPJlll:T<Jpa II ,udr

Tp0H - IlJ>OTOHHOr(J KO}J}J('JlHTopa, II1MC'})<'HHOro no n1a11uo,uef1cTBI1II J.J;dIT}HlHOD 

C IIMIIJJlbCOM 8.9 r'lB/c c H,I.J;}Ja!\III CDIIHIJ;a. °;\'cTctHOBJIC'HO, 'ITO IW})}JP,IHUIIOH

HaH- qJJHKUIIH ,unyx Il})OTOH0B He 1anucnT OT III\IIlYJibCct ( '.lq:Jq:J<'KTIIDHOII, .!\lcHThl 

pcrIICT}lIIJlY('MOII naphl 'HU:TIIU) B II1MP}WHH0M IIHTPpBaJIP. EP C})('llHI'(' 1Hil'IP

HII<' paBI_!:O 1.58 ± 0.21. I-i:poM<' ~~r() :V:<'TaHODJI('H0. ~ITO DPJIIPUIHhl. R,,,, u R,,,, 
KoppcJIHTopon connamuoT n Il})<'J.J;Pmtx ornu6oK 111MepeHnfr. _ 

. M3M('})<'HII<', !]})OTOH -npoTOHHoro KO}l})<'Jlll:T0pa D · nPh Il1cUIMOllPil('TBIIHX 110" 

IGt3aJIII, 'ITO cpeJ.J;Hee 1Ha'IPHIIe_ RPI' KO}>})<'Jlll:T0}Ja D '.lTOI\I l'.':IJ'l,H' panno. 2.3-1 ± 
0.26. 8Ta D~'JIIl'IIIHa n rrp<•,1.1;c11ax om1160K II1M<'P<'HIIII H<' oTJIII'IiteT<'H oT ne:iiPm-. 

Ha Rl'I'· - Kopp<'JIHTopa II1M<'}H'HHoni n pPh n1,UIMOJ.J;PIICTBIIll:X,-__ -

_ BTopaH rpyurra J.J;aHH~IX 0THOC:~ITC:H K II1M<'}><'HIIIO llB)'.X'FlCTil'IHOII IIJ>!l_T0H -

IIIIOHHOII KO}>}J<'JIHUIIOHHOII q:JJHKUIIII. B 'lT0M CJl)''Ht<' IIMil)"Jlb(' IIJ>OT0Hil D IIP})D0:11 

rrm"Ie 61,m 640 l\faB / c. yron Ha6mo,1.1;eHnH 90°. I-hmyn1,cHhlII IIHTPpnan mrnHon. 

J:l 



per11cTpIIpyel\n,1ii nTopbIM 11ne•IOM panmmcH 50 7 270 M3B/c. Yron pa1.rreTa 

npoToHa II IIIIOHa 180°. Ta~rne KIIHel\IaTIPIPCKIIe ycnomm COOTBeTCTllYIOT pe

rIICTpaumr npo.uyKTon pacna.ua 6-1no6apb1 c IIMnynhco.M 500 1,hB/c II yrnoM 

31\IIICCIIII 90°' TO eCTb 6bIJia IIJMepeHa KoppenHUIIOHHM qiyHKUim R,,,, n o6JiaCTII 

1qiqieKTIIBHhIX Mace, cooTneTcTBYIOIUIIX KYMYJIHTilllHOII 6-1no6ape. 

3Ha•IeHim KoppeJIHUHOHHbIX qiyHKUIIII, ycpe.UHCHHbIX no II1MepeHHOMY IIHTep

Ba.:Iy 3<p<peKTIIBHbIX Mace (1.150 71.350 f3B/c), paDHbl 1.41 ± 0.17 mm p1r+

CIICTCl\Ibl II 1. 40 ± 0 .18 .UJIH JJ7f- -CIICTeMbl BO n1aIIMO.llCIICTllIIII npoTOHOll C H.Upa

MII CBIIHUa . .I!Jm a:Pb -BlaIIMO.UeIICTDIIfI 3TII BCJIII'UIHbl paBHbl COOTllCTCTlleHHO 

1.51 ± 0.24 II 1.55 ± 0.23. TaKIIM 06pa10M, II1 pe1ynhTaTOB II3Mepemn'i: cne.uyeT, • 

qTo ne.:1nq1rna npOTOH-npoTOHHOII KoppenHUIIOHHOII qiyHKUIIII, ycpe.UHCHHOH no 

II1MepeHHOMY IIHTepnany 3<p<peKTilllHbIX Mace, B npe.uenax omn6oK II1MepeHIIll 

O.llIIHaKOBa .UJIH c.rryqag ·noJIO)KIITeJibHO II OTpnuaTenbHO 1apH)KCHHbIX IIIIOHOB. 

Kpm.1e Toro, 1HaqeHIIe npoTOH-nIIOHHOH KoppeJIHUIIOHHOll qiyHKUIIII B npe.uenax 

omn6oK n1Mepemrii corina.ua10T .unH pPb- II o:Ph-B1anMo,uciicTBIIii. 

M J aHamna 3KCnepn.MeHTaJibHbIX .uaHHbIX 6bIJIII nonyqeHbl orpaHnqeHIIH Ha 

ceqeHIIH po)K.UeHIIH 6-1no6ap. 

B 'IeTBepTOII rJiaBe mrccepTaUHII 0IIIICaH nepBhlII IIOJIHpII3aUIIOHHblll 3Kcne

pn.MeHT Ha·ycTaHOBKe IIMCK no m:cne.uoBaHIIIO o.uHoc'nnHoBOII acnMMeTpirn n 

peaKUHHX IIHKJII01HBHOro nHOH006pa10BaHIIH 

d j +H-+ 1r±(90°) + ... , 

d j +C-+ 1r±(90°) + .. . 
M JMCpCHHH llhIIIOJIHCHbl Ha nyqKe nonHpII10BaHHhIX .ueii:TpOHOll CHHXpoqiaJOTpo

Ha JIB3 OM5IM. 

MbI pacc.MaTpIIBae.M 3TII 3KcrrepHMCHTbI\ JI oco6eHHO n CJiy<Iae pO)K.lleHUH 

IIIIOHOll n KYMYJIHTIIDHOH o6naCTII, KaK rrpHHUIIIIIIaJibHO Hony10 B03MO)KHOCTb 

II3Y'WHIIH MexaHII3Ma noJIHJ)II3aUIIII, CllH11tHHYIO C HeHyKJIOHHbIMII CTeneHHMII 

cno6o.uhl n H.Upax; 

II.rm rrpone.ueHIIH IIOJIHpIIlclUIIOHHbIX. 3KcnepnMeHTOB 6blna npoBe.ueHa COOT

BeTCTDYIOIUM Mo.uepHII1amm ycTaIIOBKII IIMCK. IIocTaHonKa orrbITa II MeTo.UII

Ka II1MCpeHIIll O.llHOCnIIHonoii: acIIMMeTpIIII OIIIICaHa n §1 'IeTnepToii: rnaBbl. IlnH 

n1MepeHmI 6bIJI ncrroni,1oriaii, · om1caHHhlii n rrepnoii: rnaBe MarHIITHhlii crreK

TpoMeTp IIMCK-2. IlpII riponeileHIIII rronHpn1auIIoHHhIX IIJMepeHIIII Ha ~.llHO

nne•1enoM MarHHTH0M (;IIeKTpoMeTpe Mbl IICn0Jib30BaJIII TpeXUIIKJI0Bblll pe)KIIM. 

pa60Tbl IICTO'IHIIKa IIOJIHpmonaHHbIX .ueii:TpOHOB IIOJI5IPMC 5. 3TII UIIKJibl ~a-

5Ii~nymKHII A.A. H np. -TpyJtbl Cosemamur no 11ccnenosaHHS1M e o6nacTH penxTHBHCTCKoii S1ii.epttoii: ¢>H3HKH,. 

Ott5Hl, ll2-82-568, c. 21, Jly6tta, 1982 · · 
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.uananIICb MCTKaMII "+", "_,,, "0". MeTKa "0" C00TBeTCTBOBaJia HeIIOJIHpII30-

naHHOMY nyqKy, a"+" II,,_,, pa3JIIIqHbIM rronHpII3aUIIOHHbIM COCTOHHIIHM nyqKa 

.UCIITJ)OHOB. 

Ilpn pa6oTe C neKTOpHO rronHpII30BaHHbIM nyqKo.M IIJ.MepHeMaH BeJIII'IIIHa 

neKTOJ)HOII aHamnnpy10men: crroco6HOCTII Ay( 0) orrpe.uenHeTCH Bbipa)KeHIIe.M : 

2 u(0)+ ~(0)-, + _ . 
Ay(0) = 3. ( ao(0) - ao(0) )/(pz - Pz)--

r.ue Pi II Pz - neKTOpHble KOMII0HeHTbl nonHpII1aum1, a u( 0)+' a( 0)- II <To( 0) 
- ccqeHHH peaKUHH B "+", "_,, II HerronHpH30BaHHOM COCT0HHIIHX nyqKa COOT

neTCTBeHHO. 

OTMeTIIM, qTo B Bbipa)KeHne .UJIH aCH.M.MeTpIIII BXO.UHT TOJibKO OTHOCIITeJib

Hbie ceqemm, II03TOMY HeT He66XO.llll.MOCTII npoBO.llllTb IIJ.McpeHHH a6coriIOTHOro 

qIIcJia rryqKOBbIX qacTHU . 

lIHTCHCHBHOCTb rrepBlJqHoro rryqKa B rrpouecce IIJMepeHHH COCTaBITHJia OT 

~ 108 .llO 109 <iaCTllU/UIIKJI. OTHOCIITCJibHM IIHTCHCIIBH0°CTb rrepBllqHoro rryqKa 

IIJ.MepHJiaCb npII no.MOIUII IIOHIIJaunoHHOii: Ka.MepbI (NTi c TOqHOCTbIO ~ 1 %'. 
IlnH MOHIITOpIIpOBaHIIH nona.uaHiIH ~yqKa Ha MllillCHb 6bIJia crreumiJibHO ~~-

3.UaHa HOBM MOHIITOpnpyIOIUM CIICTe.Ma II3 Tpex CUIIHTIInITHUIIHHbIX TeJieCKO

noB. Kpo.Me Toro, IIpII HacTpOHKII KaHaJia IICIIOJII,3-0BaJICH KoopmrnaTHbIH .ue

TCKTop, pacrroJIO)KCHHhlll Herrocpe.UCTBeHHO rrepe.u MIIillCHbIO. 

. ·n 3KCIIepH.MeHTax IICIIOJib30BaJiaCb JIII6.o yrnepo.UHM MII~eHb TOJIIUIIHOH 5 .. 6 
r / CM2 nH6o TpexceKUIIOHHM )KlJ.UKOBO.UOpO.UHM MllilleHb .UJIIIHOH 300MM II o6'b

e.MOM ,f2 .ti. IlIIaMeTp BHyTpeHHero cocy.ua M~meHrr 70 MM, qTo 06e~rreqIIBaeT 

rrpoxo~.ri:eHIIe nyqKa noJIHOCThIO no BHYTpeHHeMy o6'b~MY MIImeirn. KoH.UeHca-, ·-. ' ' -- . ' ' ' -:, ,( ' ·.-' .· 
UIIH BO.UOpo.ua II rro.u.uep)KaHHe MIIilleHII -B pa6oqeM COCTOHHIIII npoBO.UIITCH Ja 

cqeT ncrronh~oBaHHH )KlJ.llKOro rennH: Ka)K.llaH ~e!".UIIH 1tMeeT .U:JIIIHY 100 MM II 

JaIIOITHHTbCH BO.UOpo.uo~ MoryT nocne.uoBaTeJibHO 0.UHa, .UBC IIJIII TpII CCKUII_II. 

IIonHpn3aUIIH . .ue:u:TpOHHOro nyqKa onpe.uenHnacb C no.MOIUbIO ycTaHOBKII 

AJib<l>A 6, KoTopaJI nepe.u Ha6opo.M .uaHHhIX HacTpaHBaJiacb .UJIH pa6oThI.B Ka-
•. . . !. ~ 

qecTBe. nonHpHMeTpa, Ilocne oKoHqaHIIH Ha6opa ,D;aHHhIX np-oBo.unnocb. noBTop-. . . ,• . ,; ' ' . "" ' 

Hoe HJMepeHHe. nonHpII1amrn II napaMeTpbI rryqKa onpe.uenHITIICh ycpe.uHeHJieM 

no 3THM .UBYM
0 

~3.MepeHIIHM. IIonHpm,IeTpIIH npono.uHnacb npn IIMnynhce,.ue:u:7 , 

TpOHHoro nyqKa 3.5 I'3B / c. Ilpe.uBapIITeJibHhle nccne.uoBaHIIH;no~a1anu, qTo '· 

nonHpII3aUIIH nyqKa He ll3MeHHCT~H B rrpouec~e ycKopeHHH, II IICTO~ IIQ~ 

JI5IPMC ~6ecrre~rnBaeT cTa.6HJihHhle napa.MeTpbI no~HpIIJaIUIII B .UJIIITt:JibHOM 

ceaHce pa60ThI. .Ilo3TOMY BO Bpe.MH Ha6opa .UaHHhIX .uonoJIHIITeJio,HoiI nomipII

MeTpIIn nyqKa. He npoBO.UIIJIOCb. 

6 Ableev V.G. et. al. - Nucl. Instr. and Meth., A306, 1991, p.73-

15 



:::: f 0.2 

t 
0.0 

tf t t -0.2 ~ o.ot 

T 

>- 1 <( . <( 
-0;2 _ -0.4 

::J ' " " " " ' -0.6 

11 I I I -0.8 
,4 5 6 7 8 9 · 10 0.1 0.2 0.3 0.4 . · 0.5 0.6 

pd (f3B/c) Pn(faB/c) 

P:uc. 6a P:uc. 66 
Puc 6a. 3aeucuMocmb, a1w11,u3upyioiqeu cnoco6'Hocmu Ay. om uMnyabca oet'1-
mpo'Ha Pa, 011,a emopu'll'HbtX nuo'Ho6 c uMnyabcoM 300 'M:,B/c ◊- 1r+ u Q,-, 7r-. 

Puc 66 . . 3a6UCUMOCmb, a'Hall,U3upy10iqei1 cnoco6nocmu Ay om ttMnyabca 
1r- -Me301w npu Pa =6:s I':,'fl/c. 

. B §2 o6cy)KJJ;aK>TCK pe3JJil>TaTI.r l13MepeHIIH. IlpOBe.u;em,r l13Mepemrn 1airn:
ClIMOCTll BeJill'llIHhl BeKTOpH0H' aHaJIJI3llpyrom:eH cnoco6HOCTll OT :mepr1111 ~ep

Bll'lHOro ny'lKa noJIKp1110:ean11hlx lieHTponoB. lhMepen11K npono.u;11JI11cl>· npu IIM

nyJil>cax_nY'JKa .u;eHTponoB 4.2, 4.7, 6.5 II 9 I':JB / c .Ha Pu~.6a'npe.u;c\'aBJieHhl 

3KCnepRMeHTaJil>Hhle .u;aHHhle O BeKTOpHOH a:11amnnpy10m:eH cnoco6H0CTII npo

necca d'j +H--+ 1r±(90°) + .;:''.nJIK 7r+ - lI 7[- -Me30HOB C HMITYJil>COM 300M :JB I c. 
Ilp11 HMITYJil>ce nepBH'IHl>IX .u;eHTponoB 4.2 I'iB / c acnMMeTpRK IIMeeT 1na'ln

TeJil>HYIO neriu'IRHY "'·30% u y6MBaeT .u;o necK<>JihKIIX nponenToB npn HMIIYJil>ce 

.u;eHTpOHOB 9I':JB / c. KpoMe Toro, II3 pncynKa BHJJ;Ho, 'ITO 3HaK acuMMeTpIIH 1a

BlIClIT OT 3HaKa 3apK.u;a IllIOHOB; 

Ha p11c. 66 npnne.u;eHhl pe1yJil>TaThl H3MepennK acJIMMeTpIIH nponecca· d j 
+H--+ 1r-(90°) +· ... npu Pa'= 6.5 I':JB / c. lh pncynKa BII.u;Ho, "ITO acri:M'MeTp1rn 

OTJIH'!Ha OT HYJIK BO BCeM II3MepeHHOM lIHTepBaJie IIMIIYJil>C01:J 7[- Me30HOB. Ona 

y6hlBaeT c pocToM JIMIIYJil>ca nuonoB 11 npu lIMITYJil>ce 550 M 3 B / c' He 11peBl>I-

:rriaeT 10%. · 

BeJIH'lIIHa aCIIMMCTplIH JJ;JIK 7r+ - II 7[- -Me30HOB npu B3aHMOJJ;CHCTBIIU BCKTOp

HO n01rnpu10BaHHhlX .u;eHTpOHOB C yrJiepo.u;HOH MIIIIIeHblO COCTaBJIKCT HCCKOJil>KO 

nponeHTOB lI lIMCeT 3HaK "+" KaK JJ;JIK 7r+-, TaK lI JJ;JIK 7r-'-MC30HOB D HMilYJil>C

HOM IIHTepBaJie OT 300 7 625 M3B/c. 
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IIpon<•.u;ennoc naun l\101Icm1ponaHm• noKa1aJio: 'ITO n Tof1 o6nac·Tu. rm• 1na.:. 

'lf'HIUI ani:r-'mrTJ>IIII IIl\lf'IOT 60:Il>IIIYIO Bf'.TIII'IIIHY ( l\IaJihl(' BTOpIPIHhle IIl\UIY:Il>Chl 

IlIIOHOD II MamUI nrpDIPIHcUI '.'lHCpnrn:) JJ;Ol\IIIHIIpyrT BKJia!I J)O)K!If'HiIK riIIOHOB OT 

pi1cnliria .0.-·1110fo1p. B TO DpPI\IK. KaK npn 60.rrer DhlCOKIIX ::iii:rprmIX .U:Ol\IIIHIIpycT 

np Kl\IOfr l\lf'XaHII11\1 D pO)K!If'HIIII IlIIOHOD. • 

. Hal\III TaK)K(' np0Bf'JJ;f'HO II11\Il'peHII(' ann-Il\If'TJ>IIII pO::iKJJ;f'HIIK 7[- l\11:'10HOB npn 

IIl\111,\'.TihCP 700 MaB/c D d'j 12 c~B1ai11\10.u;r1'icTDJIII npn Pd =9 f::iB/c. IIo.rry

'J{'HHaK Df'.TIII'JIIHa acm,Il\H'TJ>IIIIpanna 0.02 ± 0.1. 3To nrpnor II31\ICpcnnc acnii-

1\H'TI>IIII D KJMY.TIKTIIDHOfI 06.rrac:TII, Il0'3BO.TIKIOID:f'(' ronopIITl> () pca.TihH0CTII npo

BPJJ;('HIIK InMcp<'HIIfI Bf'KTOpHofI aHaJIII11Ip)'IOID:f'fI CllOCOfiHOCTII D K:Vl\I~"JIKTIIBHOfr 

06.rracTII Ha yc:TaHOBK<' LUICK. 

OCHOBHhIE BhIBOJlhl 

1. Ilponr.u;cHa l\IO.U:PpH111anuK yc'.taH0DKII .IIHCK-2 c ur.rrl>IO u1y•1rHIIK npourc-coB 

KYMY.TIKTIIDHOro· J)O)KJJ;f'HIIK 'IaCTIIU IIJ>II 60.Til>IIIIIX nopK.u;KaX 19'1\1:V:IKTIIDHJ)('TII II 

KYMY.TIKTIIDHoro po)KJJ;f'HIIK cTpaHHhlX Mr10Hon Ha .rrrrKux K.u;pax. 

1.1. Eom•c 'ICM D TJ>II pa1a ynr.TIIPl('H aKCPIITaHc ycTaH0DKII II 1aHOBO :iiacTpocH' 

MarHIITHhIII KaHa.TI C:IIf'KTJ>OMCTpa. 

1.2>.Il.rrK J><'rucTpaunn nnoHon c 111\111y.rrl>col\I Dl>IIII<' 900 l\faB/c n 1·01·Tan ~TTa

H0DKII DKJIIO'lf'H ra10Dl>IIJ'.1IOporoDhlfI 'lf'J>PHKOil('KIIfI ('.'IPT'IIIK. 

1.3:Co'.l.u;aHa nomUI cncTrMa c6opa .u;aHHhlX Ha oc:Honc IIPpcoHa.Til>Hof1 3Bl\I TIJIIa 

IBM/PC II cooTDf'TCTBYIOmrc nporpaMMHoc o6P<"Il<"H'HIH' .u;.rr& c6opa n o6pa6oT~ 1 

KU JJ;clHHhIX. , ·.: 

1.4. IIp01i1nr.u;cHa 1aMcHa cThpofr 1qmorrHHof1 l\IIIIII<'HII Ha HonyK> _Kpnor<'HHYIO· 

MIIIII<;Hh c: peKOHJJ;eHcauucfr .u;ci°ITPJ>Irn )KIIJJ;KIIl\1 rPJIII('l\L 

2. II poD<'.U:<'Hhl ::iKcnc1mMcHThl no' II11\H'J)<'HIII<> IIHKJII01IIDHl>IX ~ .u;mpq><'I><'HUIIa:Ih

Hl>IX Cl''H'HllfI pmKJJ;<'HIIK IIIIOH0D. KctoHOD II npoTOHOD Ha no.u;opo.w• . .u;<'fIT<'J>IIII II 

rcJIIIII D mnpoKOM .u;uamt10Hf' yr.rron II IIMIIY.Tlh('OD DTOI>IPIHhIX •rncTIIU. , 

2.1. Bncpnhle '1nMepcHo 0TH0III<'HIIf' Cf''H'Hnfr pmKJJ;PHIIK 7r+ . n [{,+ ·l\H'10HOB Ha 

.TICPiafIIIIIIX K.u;pax II ycTaIIOD.TIPHO, ~ITO DP.TIIPIIIHa '.'!Toro OTHOIIIPHIIK Ha .TIPPJafr

IIIIIX K.u;pax paDHa 5710 n OT.TIIPIIIf' OT CJ><'.U:HIIX n TK)K<'JihlX,K,llf'p, r.u;P Il<'.TIIPIIIHa 

'!Toro 0THOIIIf'HIIK 1 .7 2 II Hf' 1clDIICIIT OT McU:IIITa6Hof1 IIf'J><'l\l('HHOfr. 

2.2. BncpDhl(' ycTaHODJICHO, 'ITO n 0TJIIPIIH' OT TK:lKf'JlhlX K.U:f'P Ha .TI<'rKIIX a.u;pax 

DCJIIPIIIHa ~TH0IIICHIIK 7r+ / [{+ 1anncnT OT yr.rra Ha6.TIK)JJ;PHIIK. 

2.3. BncpDhlC II1M<'pCHhl Cf''If'HIIK pmKJJ;PHII&./{- J\I('10HOD Ha m·r•rni°IIIIIIX Kllpax. 

2.4. BcK CO~OKJIIHOCTI, '.'lKCm'pIIMl'HTa.Til>HhlX .u;aHHl>IX npoaHamnnpoDaHa n }Jill\I

IGtX pa1pa60TaHHoro B.C. CTannHcKIIM McTo.u;a l\IIIHIII\Ia.Til>Hon1 'IK0H<>MIPIHoro 
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BJalll\IOnei'rcTBIUI n II0KaJaH0. 'ITO II0JI)"lPHHblP 3KCIIP})IIMPHTaJihHblP naHHhIP no 

po::.KneHIIIO IIII0H0B II Ka0H0B Ha nerqafIIIIIIX anpax xopomo 0IIIICbIBaIOTCH npo-
0 1/2 / 1/2 . . 

CT0II JaBIICHM0CThlO. exp(-S111i11 < smi11 > ). 
2.5. l11MepeHa 1anm:in.10cTh ce•rcHm1 mrccounamm ancp remrn n npoToHhl non 

neIICTBIIeM II}J0T0H0B II ner1TpOHOB. 

3. CIIpoeKTIIponaH ~ co1naH nnyxnJIP'lcno:fr MarHIITHhIII cn~KTpo~1CTp .1111CK~3 

II nponeneHhl IIJMep~HIIH nnyx•meTII'IHOII KoppPJIHUII0!1Hofr q>yHKUIIII R2 B Ky-

1\IJJIHTIIBHOII o6JiaCTII n npoT0H-anepHbIX, anpoH-anepHbIX u anbcpa~anepHbIX 

BJam.rnneIIeTBIIHX. 

3.1. Pa1pa60TaHa MCTonnKa KoppenaunoHHhIX Il'l~Iepemrii npII.BbIC0KIIX IIHTeH

CIIBH0CTHX ( no 2. 1010 'laCTIIU/c6poc ) II T0JIIUIIHe MIIIIIPHII 1-;- 2 r/cAf:2 • 

3.2. lbMepeHa nem1q1ma KoppenaTopa R2 nna nnoH-npoT0HHhIX, npoT0H

Tip0T0HHhIX n neiiTpOH-TIIJOTOHHhIX KOM6Imaum1 BT0}HI'lHblX 'laCTIIU n IIHTep

nane 3q>cpeKTIIBHhIX Mace OT 1.5 no 2.9 f3B/e. 

3.3. IlponencHO ll'lMepeHne KOppeJIHUIIOHHOH cpyHKUIIII nna p7r- cneTPMbl n 

06naen1 3cpcpeKTIIBHbIX Mace, C00TBeTeTBJIOIUIIX po::.KneHIIIO KYMJJIHTIIBHblX ~

mo6ap J 500 M3B/e;,yron BhIJieTa 90°). BemI'IIIHa KoppenaTopa n noii o6na

cTn panHa ~ 1.5 nna p1r± .KoM6rmaunfr KaK n ·pPb-, TaK.II B nPb- n1anMoneii

eTBHHX. IIony•reHbl orpaHII'leHIIH Ha CP'ICHIIH poa<neHIIH KYMJJIHTIIBHblX H306ap 

A~::; l.5Ap-
4. IlpoBeneHa MonepmnaUHH ycTaH0BKH .1111CK nna 'nhIIIOJIHemrn nomi:p1IJaun: 

0HHhIX II'lMepeHHii. BTiepBble nponeneH 3KCTiepIIMCHT:II0 II3MepeHIIIO BPKTOpHoii 

u TeH'lopHoii aHaJI1I1upy10uurx cTioco6HocTeii n peaKuuax IIHKJIIO'lHBHoro nuo

Hoo6pa 1onamrn d j +A-:+ 7r±(90°,) + .... 
4.l.111MepeHa 3HepreTII'IPCKaH 'laBIICIIM0CTh aCHMMPTJ)IIII TI}>II 3Ha•reHIIHX IIM

IIJJihC0B TiepmPIHhIX ner°rTpoHOB 4.2; 4.7, 6.5, 9T1.B/e nna ·nnoHon c HMIIJJiheOM 

P1r= 300 M3B / e. O6Hapya<eHo, 'ITO nennq1ma acIIMM<frpnH nocnrraeT 30% npn 

IIMIIJJibee neIITpOHHOro IIJ'IKa p,1=4.2 r1B / e II JMPHbIIIaeTCH C J)0CT0M IIMTIJJih:. 

ca nciiTpOHHOro TIJ'!Ka no HCeK0JihKIIX TI})0UCHT0B II})ll 9 r3B/c. 

4.2. l11MepeHa JannenMoeTb aCUMMCT}HIII 7r--MP'l0H0B npn IIMIIJJihCC nepBH'l-
• \ C 

HblX neIITJ)OHOB 6.5 r3B/c B peaKUIIII ·d i +H - 7r--. + .... Ha6n10naeTCH 

)'MCHhIIICHIIC aeIIMMCTpIUI OT ~ 40'¼, IIpII IIMIIJJihCC IIII0H0B 200 M3B/c no ne

JIIPIIIHhl, He Tipenh1m,:110IIIcfr 10 % npn IIMHJJihce· 550 M3B/c. 

4.3. BemPrnHa a<:IIMMCT}HIII .llJIH 7r+ - II 7r- -MP'l0H0B TI})II B1aIIMoneiiCTBIIII BeK

T0f>H0 II0JIH})II10BaHHhIX neiiTpOHOB C yrneponHoii MHIIIeHbIO' C0CTaBJIHCT He

CK0JihK0 TI})0UeHT0B II 'IIMeeT 'lHaK "+" KaK nna 7r+ -, TaK II nna 7r- -Me30H0B B 

IIMTIJJihCH0M HHTepnane OT 300 -a- 625 M3B/e. 

4.4. IlponeneHo nepnoe 111MepeHHe nemI'IIIHhI neKTopHoii aenMMeTpIIII B KYMY

:rnTIIBHo:fr o6nacTII. 
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1\l)'JIHTimnoM 1>0::.KnPmin •nii:TIIU npn n1,im,10nPIICTBIIII npoTouon. nPi'ITpo

uon 1i a.ii'bq>a-•racTIIU c anpaun." 'KpaTKIIe eoo61IIPHIIH 0115IH. :N 4[37]. 
.Ily6Ha, 1989, C. 5. . . : . 

2: r:c. An~pIPil'D, B.I~:"EounapPD, II.11: 1apy6~rn n np. 
! ' . '4_ ,, : ;,' . • , 

IlpPnno::.K<'HIIH 3KCTIPpir.MPHTon TIO m:crrc•nonattIIIO KYJ\I)"JIHTIIBHoro po::.KnP-

HIIH •mcTIIU He~ yc:TaH~DK(' .1111CK B c6opHIIK<': IlpPnJIO)KPHIUI TIO TI};Orp,ut

J\1(' Jla6opaTop'1111 DhIC"OKIIX 3H<'prn:fr 0115111 n 1991-1995 r. 0115111. Pl.2-

89-631, Ily6Ha, 1989, c:..103 . 

3. r.c. AnepIPif'll, B.K.' Eoii:ii:ap<'B: H. ruopnaHPCKf 11'np. 

"II po»:DJIPHII<' IIHllIIDI;Jl.Y~,hHblX. oco6i•HHOCT('I~I anP})' TI}>II K,VMY.TIHTIIDHOJ\I 

po::.Kn<'HIIII 'JaCTIIU D HJKJIOH-HnP}JHblX II anpo-Hn<'pHbIX D3al!l\10n<'IH"TDIUIX:' 
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