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B npOB8,l!;8HHOM H6 cepnyxoBCKOM ycKOPHTeJie 3KcnepmieHTe no 

rpaHCMHCCHOHHOff pereHep~HH Kf - I{~ - M830H~·B H6 npOTOH6X /I-4/ 

HCilOJll,30Ba.JICa nyqoK K~ - M83O~OB., pO%,ll;8HHHX Ha_ BHyTpeHHen 

MMmeBH ycKOPHTeJia. 8BaHH8~ID.(IlYJILCHOrO cneKTpa H MOHHTOpa ffBJIH

JIOCL B6%HHM YCJIOBHeM ,ll;Jlff nonyqeHHa·¢H3HqecKHX pe3yJILTaTOB npH 

v.3yqeHHH 3TOrO nponecca. 0CHOBHOff nenLD 31tcnepm1eHT6 s.!BJIHJIOCL 

H3MepeHHe H HCCJI8,ll;OB6HHe 3HepretHqecKoro noBe,ll;eHHH pa3HOCTH 

8.MIIJIHTy,n; ynpyroro pacceaHHa Bnepe,n; KO H IiOHa nporoHax, KOH

ttperaee, MO,ll;yJia H ¢a.3H pa3HOCTH 6lAJIJ!Hty,n; paccelrnKJ!: 

t YpJ-({fJ =//lrJ-/cp/ ~J<p{•a7f!( /trJ-)Vr>)}, .· (I) 

r,n;e /
0

{p) H fcp) - rumnHty,n;u ynpyroro pacceaHHa Bnepe,n; 
0 -o ' • . . 

K - HK - N83OHOB Ha .11,11;pax MHmeHH-pereHeparopa npH ,11;6HHOM. 

· p - mmynLce KO- Me3OHOB. 

BBe,n;eu cJie,n;yDDtHe oOO3HaqeHHa: 

,._< {f}- mmyJILCHHlt cn~K;P na,n;aDDtHX Ki - ue3OHOB; 

M - J.l'.OHHTOp ( qHCJIO np.O!i!e,l!;mHX CKBO3L MHmeHL R~ - ue,30HOB~ 

t{t;t)- 3¢¢eKTIIIBHOCTL yCTaHOBKH K pencTpa.IUUI Kt?n•rrpacna,n;oB; 

Gt - noJIHOe ceqeHHe pacceaHHa KO~ H K0- Me3oHoB; 

K=,%,- BOJIHOBOe qHcno KO - MeaoHa; 

l - ,11;nHHa pereHeparopa; 

/\s=C.fo°t'fs pacna,n;H~ ,n;nHHa K
O 

- 1.1e3oHaf 

N - IlJIOTHOCTL pacceHB6D.HX neHTPOB; 

.tim. . <.m,.1ims)<!.2. - pa~HOCT~ Mace KO
t. - K~ - Me3OROB, BHpa.J'.eH-

Baa B oOpaTBHX 8,l!;HHHUaX BpeMeHHj 
. ;·""' ' 

3 



r:{ = ff:- BeJIHqmm ,oe!paTHHe speMeHall DSHH iris (R0 ) -Ile-_.., LI S(I.) J. 

SOHOB; 

/;,__- napIUfaJILHaa mll:pHHa pacna.n:a K0
5 - MesoHa Ha IIT ; e = l/J\s- .n:nmia pereHepaTopa B e.n;HHHUax pacna,llHUX JJ;JIHH 

-K~ - MeSOHa; 

ff/~_ H ¢~- - napaueTpu HapymeHHJI CP - HHsapHaHTHOCTH B 

pacna,n;ax K~ + rr+rr- • 

PaSHOCTL MIIIJIHTY.D: ynpyroro pacceaHHJI snepe.n; Rt H ir'- M8SOHOB 

CB.RSaHa C BeJIHqHHOJ! y{p) - aMIYJIHTy.n:on TpaHCMHCCHOHHOtt pereHepan1nr 

Ha Buxo.n:e MHmeHH - pereliepaTopa cne.n;yDD!m! oe!pasou: 

P(PJ=/_ro,l f:':pp[i c/}JPJ]-== 

-T,· ;t,flf!:!-i°ip)) A ·N i-v>;c.p[c u,.m<rs. Ji) el ~2'11{-.6 IV L, 1 \ 
-

1
' J< , 11S · ~ - iAm~ r t 1/-' 1• (2) 

_p{p) MOXHO HattTH, Hccne.n:ya HSMeHeHHJI HHTeHCHBHOCTH J<"➔ ]tf-]1" - -

pacna,ll;OB sa MHmeHLD-pereHepaTOPOM B SaBHCHUOCTH OT COC!CTB8H

HOro BP8M8HH XHSHH -f K0 -MeSOHOB, KOTOpaa OllHCUBaeTCJI ¢opMy-
/ 5-7 / non : , 

,/_t;t~;;_ /pt)= fl~--S(p),e(p iJ·fs7 fi NPJ/1.e,-f's '+ /11+_/te-r,.•t + 
.ltdt- (I;, ' f- L! C 

/Hr;. -f ,1 
+.Q /p{r>// f+-/ r--r-· "<!PS(tim-f+ c/j,( p) -¢+-LI. ('.3) 

B 3TOM BUpaJ:eHHH B8JIHqHHU r:.,t ,Hn.Jr+-f,cp;._ ,Ps~- HSB8CTHU 
HS .n:pyrHX 3KCnepHM8HTOB. 

EenHqHHU M, S[P)H t("'t) MoryT C!uu onpe.n:eneHu HesasHcma:o 

OT/p(P.jj H <lj. {P) B TOM xe 3KcnepHM8HTe. 
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TaKHM oC!pasoM,B BUpaxeHHH (I'.3) HeHSBeCTHUIJH BeJIHqHHB.MH 

OCTallTCH /p(p)/ H cp, {p} • 
]' -

l!ccne.n:osaHHe / 0(p) -fc{p) nossonaer nposepHTL pa.n: reoperH-

qecKHX MO.n;enen /8-I'.3/. Hcnon1,sya HSBeCTHYll CBHSL Mex.n;y :tmHMOtt 

qacTLD /
0{r!-/-0

{P) H paSHOCTLI) no;m.:x ceqeHHtt BSaHMO.n;ettcTBHff 

K0 H R0 Ha R,D;pax wmmeHH-pereHeparopa,MOXHO npoBepHTL sunonHH-

11ocr1, cne.n:crsHn, sureKaDll!MX HS reopew IIoMepaHqyKa 1141. 
HesasHciIMoe onpe.n:eneHme M . H 5 ( p) OT Ip{ f') / H </--J, ( f' > 

(HanpHMep,Ha OCHOBe TpexqacTHqHUX pacna,llOB K~ -MeSOHOB) IT03BO

JIJ18T onpe.n;eJIHTL C BliCOKOj;f TOqHOCTLD MO.n;yn1, H ¢asy pa3HOCTH 

0.MITJIHTy.n;. 

C .n;pyron CTOpOHH, nyqoK K~ - M830HOB 8CTL pesyJILTaT peaK-

Ul'IH 
P+Af-> K0 {1<°}+X ~ K:+-X; 

r.n:e X - CYJIMa nDC!ux qacrHn, y.n;osnersopaDll!l!X SaKOHaM coxpa-

H8HHH; T.e. 3Ta peaKUl'IH HBJIJl8TCH O~HoqacTHqHUM HHKJID3HBHUM npo

neccoM. Cne.n:oBaTeJILHo, HsyqeHHe cneKTpa K0~ - MeSOHOB .n:aer sos

MOXHOCTL nposepHTL, npOJIBJIJleTCJI JIH npH .n;OCTHrHyTYX 3ReprHHX 

wacmTaC!HaH HHBapHaHTHOCTL .11:JIH 3THX qacTHU. 

TeopeTHQ8CXHe H,D;eH H M0.11:MbHYe npe.n;cTaBJI8HHR O npO.RBJl8HHH 

MacmTaC!HOII l'IHBapHaHTHOCTl'I B BUCOK03HepreruqHUX a,llpOH-a.n;poHiruX 

nponeccax nony11HJ1H xopomyi> 31tcnepmieHTMLHYD ocHosy B onuTax 

ua cepnyxoscKoM ycKopxTene /ISi. B 3THX onurax BnepBue Ouno 

ycTaHOBJieHo, qro OTHomeHHe BepOHTHOCTH'pox.n:eHHH K - M830HOB H 

aHTHIIPOTOHOB K sepOHTHOCTl'I pox.n:eHHH IT - M830HOB HBJIJl8TCJI ¢YHK

nHen ½..ua.._ , r.n:e p - m.myn1,c po:a:,n:eHHOII qacrHuu, a /;,,a.x -
ero MaKCHKaJILHOe 3HaQ8Hl'le. 

5 



.Ivra o6~aCHeHHa uacmTa6HOtt HHBapHaHTHOCTH T.BeHeKe, T.~y, 

C.flHr H E.neH /I6/ npe,nnOXHJIH rHnOTesy npe,nenLHOtt q>parueHTanHH 0 
~ 

CornaCHO 3TOtt rHilOTe3e B nponecce B3MllO,neffCTBHS HaneTalll!laa 

qacTHna H qaCTHna-MHm8HL He TepaDT nonHOCTLD CBOD HH~HBH.ltYaJIL

HOCTL, a TOnLKO B036roaDTca. IloTOM Kax,n;aa H3 HHX pacn~aeTCa 

B CBOett CHCTeue KOop,nHHaT. Ilpo,nyKTU pacn~a He 3aBHCaT OT npH

po,nu ,npyron qacTimH,H npH cTpeldJieHHH KB~paTa nonaon saeprHH 

cHcTeua: $ K 6ecKOHeqHoCTH p~cnpe,neneHHa npo,nyKToB pacn~a 
•. rl 

cTpeuarca K npe,nenLHUM pacnpe,neneHHau,He saBHca~HM OT.a. 

P. ~ttHMaH /I7/ npe,nnOXHn napTOHHYD MO,nenL' H rimoTe3y 0 

MacmTa6HOtt HHBapHaHTHOCTH, XOTOpyD OH BHBen H3 napTOHHOff Mo,nenH 

C nOMO~LD KaqecTBeHHHX TeopeTHqecXHX coo6paxeHHff. ()H BB8n HOBYD 

nepeueHayil .1:! =.:t. tj,z/vs , .r,ne C/'z - npo,nouHaa cocTaBniiD~aa 

HMnynLca B cHcTeMe neHTpa Mace. CornacHo 3TOff rimoTese npH,s'➔oa 

HHBapHaHTHOe .nH~epeHnHanLHOe C8118HH8 po:1,1teHHa llaCTHnH C HMIIynL

COM tJ 3aBHCHT TOnLXO OT tj J. H ~ : 

~tzin [I {r~ 'h~ 'f.tj} = f {?:?, C/J. ). 
(4) 

s ➔ """, 
.'t' - q>HXCo 

B o6nacTH qiparueHTatUIH, ue /~/>-">.!I.Im~+,;,.]-'/& (nt - uacca 

qacTHnH c HMnynLcou tj;-), rHnoTesa npe,nenLnon qipaI"MeHTanHH non

HOCTLD 3KBHBM8HTHa rHnOT838 uacmra6HOR HHBapHaHTHOCTH /IBI. 

B.A.MaTBeeB, P.M.Myp~SH H A.H.TaBxenH,ltse /I~/ Ha ocHone. 

npHanHIIa aBTOMo,nenLHOCTH H odo6~eHHoro aHanHsa pasuepaocTeR 

TOXe npHXO,naT K BHBO,ny, qTO npH BHCOXHX 3HeprHBX B o6naCTH qipar

ll8HTanHD: t BBnseTCa q>yH1tnxen TOnLltO OT X H t/.1. : 
l-= I (xJ r;.lJ · 
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TaitHll o6pa30M, C ToqKH 3p8HHa acmmTOTHqecxoro noBe,neHHB q>YHK

nHH f Bee 3TH TeopeTH11ecxHe rHnoTesu np1,rno,naT K 3KBHBaneHTHHM 

pesynL:raTau. 

Ha OCHOBaHHH H8KOTOpHX TeopeTHll8CKHX coo6paxeHHff 120, 211 npH!IH

JlaeTca, qTO qiyHKnHD f MOXHO npe,ncTaBHTL B BH.1(8 

t { ~J f~):::: A 1. exp {- AJ- P}-A3 :JJ). (5) 

EcnH B 3~aHHOff o6naCTH 3HeprnH MacmTa6aaa HHBapHaHTHOCTL BH

nonHaeTca, TO annpoXCHManHa HHXnD3HBHHX cneltTPOB qacTHn no q>OpMy

ne (~) He ,nonxHa 3aBHC8To OT 3HeprHH nepBHIIHHX qaCTHn. 

B ,nxccepTanHH HaJllll ,naHnHe o qiopue HMnyJII,CHoro cneKTpa K0 -MeaoHoB, 

POXJt8HHHX npH 3HeprHH nepBHqHHX npOTOHOB 70 raB, con'ocTannallTCa C 

aHaJIOrHqHJ:lMH ,naHHUllH ,nns K+ - M830HOB, nonyqeHHllMH B pa6oTru!22 , 23/ 

npH 3HeprHBX npOTOHOB I9,2 H 24 raB. 

lHCCepTanHH COCTOHT H3 meCTH rnaB. 

IlepBaH rnaBa - BB8,n8HH8. Oaa co,nepxHT nocTaHOBKY 3~aqH, Kpar

KOe HanoxeHHe cy~ocTH reope:rHqecKwc uo,nenen o uacmra6non HHBapHaHT

HOCTH (§I) H OnHCaHH8 HcnonL30BaHHa cneKTpa H llOHHTOpa npH onpe

,neneHHH uo,nyna H qiasu pasaocTH rumnHTy,n ynpyroro pacceHHHH K0 H 

R0 Ha nporoHax ( § 2). 
B:ropaa rnaBa nocBa~eHa o6~evy onHcaHHD 3KcnepHueHranLHOtt ycTa

HOBKH, pa6oTaD~en Ha nHHHH c 3BM (§I), H nporpaMMHOMY o6ecneqeHHD 

3KcnepHll8HTa ( § 2 ). B H8fl paccMaTpHBa8TCa pa6oTa MarHHTHOro HCKpO

BOro cneK:rpollerpa B nenou, a TaKxe ycrponcTBO H padoTa ero cocTaB

HHX qacTefl: uarHHTa, HCKpOBUX KaMep, CHCT8ll cnHHTHnnanHOHHHX ClleT

llHXOB ,nna sanycKa HCXpOBHX Xallep, J(J)OHHOro H anex:rpOHHOro ,neTeXTO

poB. OnHcaHll nporp8llMU, npe,nHaaHat1eHHUe ,l(}Ia xoHTpona pa60TH cnexTpo-
•· 

ueTpa, npxeua H aanxcx noneaHott HHqiopuanHH Ha 3111, a Trutxe H npo-

rpalBW o6pa60TXH ,naHHHX. 
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B TpeTLen rJiaae OilHCaH MeTO.It BOCCTaHOBJieHHS HMilYJILCHoro cneKTpa. 

Onpe.1teJISDTCS BH.ItU cneKTpoa, KOTOpue HCilOJIL3yDTCS B pa6oTe npH 

o6pa60TKe 3KcnepHMeHTaJILHUX ,l(aHHIJX, onpe.1teJiaDTCS 3qxpeKTHBHOCTH ycTa

HOBKH C IlOMO~LD MO.IteJIHpOBaHHHX C06UTHlle 
/ 

~Mee B Hen H3JiaraDTCS HeKOTOpue H3 cy~eCTBYD~HX MeT0,11;0B BOC

CTaHOBJieHHa cneKTpa R°" - Me30HOB Ha OCHOBe HX TpexqaCTHqHUX pac

Ila,J(OB, B TOM ql{CJie _H Mero.It, RCilOJIL30BaHHUtt B .ItaHHOtt pe6oTe. RaK 

113BeCTHO, BUqHCJieHHe HMnYJILCa R~ - lt830Ha no KHHeMaTHqecKHM ,_napa

MeTpaM ero TpexqaCTHt!HblX pacna,J(OB, KOr.1ta H3BeCTHbl m.myJILCbl ,l(BYX 

BTOpHqHbl~ 3apaxeHHHX qacrHn H Ha.npaBJieHHe K~ - Me30Ha, npHBO.ItHT K 

,nByX3HaqHOMY pemeHHD. Ilpo6Jieua 3aKJIDqaerca B HaxoX.IteHHH pacnpe.1teJie

HHa C06blTHn no HCTHHHblM. 3HaqeHHSM H!.IIlYJILCOB R0/, -ue30HOB npH YCJIOBHH, 

qTQ .ItJia Ka.%.ltOrO HH.ItHBH.n;yaJILHoro C06UTHa HeH3B8CTHO, KaKOe H3 ,n:ayx 

Han,n:eHHHX 3HaqeHHl1 HMnYJILCa aBJiaeTCS HCTHHHUM H KaKOe - JIOXHUM.3Ta 

3a.Ita~a pemaeTca CTaTHCTHqecKHMH li8T0,ll;aMH. licnOJIL30BaHHUtt HaMH MeTO.n: 

OCHOBaH Ha pa6oTel241. 
~erBepras rJiaBa IlOCBS~eHa o6pa60TKe 3KCnepIDLeHTaJILHUX ,n:aHHblX. 

B Hell paccuarpHnaeTcs npone.1typa o6pa60TKH H ,n:aDrcs KPHTepHH 

OT6opa ~~- co6uTHtt. ~aercs oneHKa npm.1ecen or ,n:pyrHx pacna,n:oB. 

IToKa3HBaerca, q70 ,n:ons npHMecen HeBenmta ( I%) H eD npH ,n:anLaenmeu 

aHaJIH3e MOl!:HO 6uno npeae6peqL. 3ror iI,aKT HJIJIDcrpHpyerca: xopollllDl -, 

cornacHeM B pacnpe.1teJieH_HaX MO.IteJIHPOBaHH!JX H 3KcnepHMeHTaJILHO ITOJIY

qeHHblX K~} - co6uTHl1 ( pHc. I). Crpoarca pacnpe.n;enemrn 3Kcn~epmi~H

TaJILHUX H MO.n;eJIHPOBaHHUX C06UTHl1, Heo6xo,n:HMUX .ItJIS CTaTHCTHqecxon 

o6pa6oTKH .n;aHHHX. ~anee 3.n;ecL pacc11aTpHBaerca npone.1typa o6pa6oTn: 

H .n;aDTCa KPHTepHH OT60pa K03 ,r - co6UTlftt. 

Onpe.1te.rnDTcs reoueTpHqecirne 3q'¢8KTHBHOCTH ,l(erexropo:s llDOHOB 

H 3JieKTpOHOB. 
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OnHCUBaerca npone.Itypa OT,l(eJieHHS K8Il pacna,n:OB OT ¢0HOBUX H 

paccuorpeH aonpoc O B03MOXHOM BJ!HSHHH ocraBlllKXCS ~OHOBUX C06blTHll 

Ha ~H3HqecKHll pe3yJILTaT, a HM8HHO, Ha uarpHqHun 3JI8M8HT K0srr - pac-

na.Ita. 

Uenecoo6pa3HOCTL onpe.n:eneHHs ua~pHqHoro 3JieMeara K08rr - pac-

na.n:a npo,n:HKTOBaHa 60JILDIHM pas6pocOM 3KCnepID!eHTaJILHUX MHPOBUX 

.n;aHHUXo B ,l(HccepTanHH HCilOJIL3yeTca JIHH8l1HOe npH6JIHX8HH8 ,n:Jia onHca

HHa 3aBHCHMOCTH MaTpHqHoro 3JI8M8HTa OT KHH8THqecxon 3HeprHH Hett

TpaJILHOro IlHOHa B CHCTeMe neHrpa Mace K~ - M830Ha 1251• Han,n:eHo, 

qro napa.Merp HaKJIOHa G'., paaeH 

(Jo• -0,21!!0,012. 

Baron xe rnaae onHcaHa npone.n;ypa onpe.n;eneHHa ~opuu HMIIYJIL

cHoro cnexrpa Kt - ue30HOB H MOHHTopa-nonHoro qHcJia K0~ - Me30HOB, 

npome,n:lllKX qepe3 pereHepaTop. 

Ilaraa rnaaa nocaa~ena ~H3Hqecxm.i: pe3yJILTaTBl,I H HX o6cyl[.lteHHD. 

IlonyqeHu HMilYJILCHHl cneKrp H MOHHTOP K~ - U830HOB Ha OCHOBe 
/27/. aHaJIH3a K~~-pacna,n:6B. HccRe,l(OBaHa HX 3aBHCHJIOCTL OT MaTpHqHoro 

3JieMeHTa K~3 - pacna.Ita. rroxa3aHo, qro ~opMa cneKTpa ycTonqHBa x 

BapLHPOBaHHE MarpHqHoro 3JieMBHTa, a H3M8H8HHS BeJIHqHHU MOHHTOpa 

COCTaBJIHET o.n;Hy CTaTHCTHqeCKYD omH6Ky, xor.n:a MaTpHqHHn 3JieMeHT 

MeHaetca B npe,n:enax, nonyqeuHHx B pa6ote 1261 ( Ta6n.I). 

lbmynLCHUtt cneKTp H MOHHTOP nonyqeHU TaKXe H3 aHaJIH3a K
0
3u -

/27/. - pacna.n:6B. Hccne.n;oBaHa 3aBHCHMOCTL cnexrpa H MOHHTopa OT MaTpHq-

HOro 3JieMeHra K~7, - pacna.n:a. IlpH aapLHpoaaHHH MarpHqHoro 3Jieireu

Ta B npe,n:enax,cooTB8TCTBYDIIIJIX OCHOBHUM impOBUM ,n:aHHUM, ~opua 

cneKTpa npaKTHqeCKH He MeHsercs, a MOHHTOP Mel!aeTCSi npH6JIH3H

T8JILHO Ha O.D:HY CTaTHCTHqecxyD omH6Ky ( ra6n.2). 
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Xopomee coBna.n;emie cpop1.m cneKTPOB H sHatJeHHtt MOHHTopoB, nony

qerrnux H3 ~rnanHsa K~3- H K0
31, - pacna.n;oB, ,JJ;aeT B03Moxaocn od'I>e

,l(HHHTb 3TH pesyJibTaTu. Ha PHC.2 noKa3aH cneKTP K°t, - Me30HOB, no

JiytJeHHUlt COBMeCTHO H3 Kl'?, -H rt0 
31; - pacna.n;oB. 

C neJII,D cpaBHeHH8 HamHX pesyJibTaTOB C peayJibTaTaMH, noJiytJeH

HUMH B padoTax 122, 231 npH 3HeprHH nepBHtJHUX npOTOHOB 19,2 H 24 raB, 

COOTBeTCTBYDll!l'le cneKTpu dHJIH annpOKCHMHPOBaHH c noMOl!lbD cpOPMYJIH (5). 

Ilonyt1eHHue pesyn1,TaTu npmBe,l(eHu B radn.3. 

Y,l(OBJ10TBOPHT0JlbHOe COBna.n;eHHe nonytJeHHHX 3HatJeHHlt napa.MeTpOB 

A2 H A3 ,l(JIB Tpex yKa3aHHHX 3HeprHtt onpe,l(eJieHHO rOBOPHT O npOBBJie

HHH MaCmTadaon HHBapnaHTHOCTH ,l(Jl8 K0 - Me30HOB B HCCJie,l(yeirntt odnac

TH 3HeprHtt nepBHtJHHX npOTOHOB. 

HccJie,JJ;OBaHa TaKXe 3aBHCHMOCTb MO,l(yJIB MO,l(HcpHnHPOBaHHOtt pa3HOCTH 

aMOJIHTY,I( fii{p)=).,/l{P)-j°(PJ//K H cpa3H pa:mOCTH rumJIHTY,l!; 

9',jPh a1:J ({.'(Pl-/\ PJ) OT MOHKTopa. 

3aBl!CMMOCTb F2, ( p) OT MOHHTOpa noKasaHa Ha pnc. 3 H B 

TaOJI. 4. 

38.Bl!CHUOCTH cpa3H 1 u ( p) H oOmeil ,l(JIB Bcex H!.IIIYJibCOB cpa3H 

-1~1 OT MOHl!Topa npHBe,l(eHU B TaOn.5 H Ha pHc.4 H 5. 

OCHOBH!lE PE3YH1TATH 

IloJiytJeHHHe B ,l(HCCepTanHH pesyJibTaTU MOXHO pa3,1(0JIHTI, Ha ,l(Be 

rpynnu: MeTO,l(lttJeCKHe H cpH3HtJeCKHe. 

MeTO,l(HtJeCKHe pesyJibTaTU 

E1rn cos,JJ;aH p8,l!; nporpami ,l(JIB oOecneqemrn 3Kcnepm.1eHTOB Ha 

JIHHHH C 3BM; 3TO nporpaMMa KOHTPOJI8 padOTH CtJ8TtJHKOB B XO,l(e 

HaKonneHHB 3Kcnepm.ieHTaJibHUX ,l(aHHUX FCM ; nporpaMMa nocrpoeHHS 
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KpHBHX 38,!tepza.HHHX COBna.n;eHHA ,!(JIB rO,l(OCKOUHqecKHX MDOHHHX CtJ8T

tJHKOB; nporpawa nocrpoeHHR rumJIHTY,JJ;Horo cnexrpa t1acTHU, aape

rJICTPHPOBaHHHX ,JJ;erenopou aneKTPOHOB J<O})-S, H nporpaJOla 

KOHTPOJIR padom YCTaHOBKH B peXIDle Hadopa CTaTHCTHKH. 

3TH nporpmnm no3BOJIHJIH HCUOJIL3~BaTL donee nOJIHO 3BM B 

nponecce HMBJtKH H UO,l(rOTOBKH YCTaHOBKH K npoBe.l(eHHD Ha YCKOpH

TeJie li<PB3 ceaHCOB no Hadopy nep~HtJHHX ,l(aHHHX, a rrua:e KOHTpOJIH

poBaTL HOPMaJILHYD padoTy annapaTypu BO Bpeva npoBe,l(eHHB 3THX 

cea.HCOB.B peaynLTaTe 3cpcpeKTHBHOCTb HCUOJlb30BaHH8 BpeMeHH Ha 

ycKOpHrene no Hadopy craTHCTHKH ,l(OCTKrMa ao:g. 

tH3KqecxKe peayn1,raru 

I. BnepBue nonytJeH HMnYJILCHHff cnexrp K~ - Me30HOB B KHTep

BMe 14-50 raB/c UPK 3HeprHH nepBHtJHHX-nporOHOB 70 raB. Xopomaa 

craTKCTHtJecxaa odecneqeHHOCTL H ,l!;OKa3aHHOe orcyTCTBHe CYl!leCrBeH

HllX CHCTeMaTKtJeCKHX OTKJIOHeHHtt ,l(aJIH B03KOXHOCTL HCnOJIL30BaTL 

aror cnexrp xax ,l(JIS Hayqeima pereHepanHH K~ - K°s - veaoHOB 

H rpexqaCTHtJlll,IX pacna.n;OB K°L - Me30HOB,raK H ,l(JIB npoBepKH uac

mradHOtt HHBapHaHTHOCTH npH ,l(OCTHrHyrux aueprnsx. HMes B BJ,JJtY 

OTCYTCTBHe B HaCTOBlllee Bpeus ,l(aHHHX no cnexrpa» K'!_ -Me30HOB, 

noJiytJeHHHX Ha 3KCnepJWeuraJILHOM varepHane, COH3M0PHMOM C Hallllnl, 

MOXHO OXH,l(aTL, tJTO 3TOT cnexrp dy.l(eT noJie3eH B dy.l(yllleK, KOr,l(a 

TaKHe ,l(aHHHe IlOBBBTCB. 

2. Ha ocHoBe aroro cnexrpa H ,JJ;aHHHX Ha ,l!;pyrKx pador 

nonyqeuo 3KcnepHMeHTMLHOe ITO,l(TB0p%.lt8HHe BHilOJIHHMOCTK rHnoresu 

uacmradHOR HHBapHaHTHOCTH ,l(JIB K-Me30HOB B HHTepBane 

3HeprHtt nepBHtJHUX npOTOHOB OT 19,2 ~o 70f3B. 

II 



'.3. Ilonytiemrun no R~ 3 - H R0
3,, 

• I 

- pacna.itrui UOHH?Op nOSBO-

JIHJI onpe.n:en11r1, c xopomen rotiHocnD uo.n:yn1, ru.mnHry,11;H pereHepa- ·'· 

UHH F,.11.p)=J/f'lPJ-{PPJ/I.K H qiasy pereHepauHl! 

{f .. . {-;; ) /2/ '(J..1[P)=t.1.?/f (P)- {p)_ • 

a) IIoKa3aHo, t!?O 3HaHHe MOHHTOpa n03BOJIHJIO YM8Hl,mH?I, npH

MepHO ~ 2,5¾'.3 pa3a OmH6KH npH onpe.n:eJieHHH ¢a3!l H MO.ItYJIH aMIIJIH

TY.Itll. pereuep~UHH R0 - Me30HOB Ha nporoHax. 

6) IIoKasaHo, t!TO Te He60JII,mHe Pa3J!Ht!HH B a6COJIDTHllX B8JIH-
. . 0 -o . . 

t!HHax pa3HOCTH llOJIHHX cetieHUl! R,- H R - M830HOB, KOTOplle cy111ecr-

BYDT Mex,n;y HamHMH .n:a.HHWH 121 H ,11;anmrnH cepnyxoBCKHX pa.6ol59 , 60{ 

BllllOJIH8HHllX C sapS!X8HHllMH KB.OHB.MH, ~e MOryT 6!lTI, o6~HCH8HH no

rpemnOCTHMH B onpe,11;eJ1eHHH MOHHTOpa.. 

4. Us uero.n:a onpe.n:enemrn uo,11;yns 11_ qiasu w.mnny,11;H rpaHCMH,C

CHOHHOl! pereHepauHH Ka.OHOB BH,ll;HO, t!TO 3H8.HHe qio~w cneKTpa B 

3TOM cnyqae HBJIH8TC~ Ot!8Hl, cy111ecTB8HHHM. ~opua cneKTpa BXO.ItHT 

B Bllp8.llteHHe (42) KaK B sinou BH.Ite B Katiecr~e S{r), raK H 

B HeHBHOM BH.Ite tiepes G { f., -f). Iloarouy Haxox,n;eHue qiopw cneKrpa. 

R0 -M830HOB BllCOKHX aneprHtt Hero HCilOJl1,30B8.HHe B Oll!lTax no 

pereHepauuH RO - M830HOB / 2/ 61lJIO. 0,ll;HHM H3 pem~DIIIHX qiaK~OpOB 

,ll;JIH noJiytieHUH qiU3Htl8CKHX pesy~I,T8.TOB - a6COJIDTHllX·B8JIHt!HH qia3!l 

H MO,ll;YJIH aMilJIHTY,ll;ll TpaHCMHCCHOHHOl! pereHepauuu KaOHOB Ha npo

TOHax B_HHTepBa.ne 3Heprun 14-50 raB, a Te.Itxe B nocne.n:yDll!HX 

aHaJIOrHtIHHX'3KCnepmieHTax no pereHepanuu RO - M830HOB Ha .n:ett

TepHU u yrnepo.n:e. 

OCHOBHHe pe3yJII,TaT!l .n:uccepraUHl,J 6UJIH npe,n:cTaBJI8HH Ha. Melr,ll;y

Hapo,n:HOff KOHcpepeHuuu no aneMeHrapHUM t1aCTHUa.M B AMcrep,n:aue 

(I97I r.)' Ha uex.n:yHapo.n:HllX ltOHct,epeHUHHX no' qiH3HKe BllCOKHX 
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3Hepr11n B IiaTaBPIH (1972 r.) H B JIOH)tOHe (1974 r.), a Ta.Kllte 
ony6n11xoaaH!l B pa6orax I I,2,26,27/. · 

P11c.1. Pacnpe,11;eneHH R!li3 - pacna.itoB no;· BeJIHtIHHe E5. 
· E5 ecn 3HeprHs pa.cna.Bmerocs 1ta.ona B· CHcre11e 

OTClleTa, r,11;f3 npo.n:oJII,HM COCTaBJIHDll!8.H cyuuapHoro 
HMIIyJ11,ca ,ll;BYX 3apsxeHHllX t!B.CTHU paBHa HYJID. ........ 
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20 30 l/0 
P, ra6/c ...... 

PHc .2. Cneup R~ - 11esonoa, nonyqeBHHlt no pa.cna,itall R~3 ( •) 
H ~'IT' ( o ) ,H o6~e,n:HH8HHllff cne1tri> o. JIHHHH 2 - annpo:s:cn
Ma!lHH 06~e,11;HHeHHoro cnexrpa. no ¢opicyne (5). 
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ii ,, 

PHc.3. 

OJ 

02 

O.J 

28 /(O 

50 
12 
5.¥ 

~i 
'1.0 ~.a 
't~ 

p,, [qi.] 

3aBHCHYOCTL MO~l'l/f)H~HpoBaHHOB pa3HOCTH fllffiJIHTY~ 
~1 (P) OT MOHHTOpa. ia3a 

0611taS1 ~JISI BC8X mmyJILCIIHX HHrepBaJIOB. 

lf u (P) 

100 

200 

0 
io 20 30 IIDR/fWc] 

Pmc.4. 3aBHCIDIOCTL ~a3H '/z1(P) or MOHHTOpa. 

iOOI ~ 2l o5~0fl 

120 f f 
1110~ l f f 

J6Ct f f 
180 f 
1.0·uL.._._.__.__._..___.__.__._....__. _____ _ 

2-8 !.2 3.6 1/.0 'I.Ii MOHUmOP 

Pmc.5. 3aBHCHJ40CTL 06111en ~a3H ½1 
14 

OT MOHHTOpa. 

,;. 

Ta6mu~a l 

3aBHCmlOCTL ~OpMl:l ID.!IlYJILCHOro cneKTpa K~ -Me-
30HOB H MOHHTopa OT napauerpoB At, ?,. o H Jo =+l 

p Ko i\+ = + 0,046 ,;\ +"' + o,o3s 
(f3B/c) Ao = + 0,024 i\ o= + 0,031 

14-16. 126,l:!:IO, I 125,6:!:IO,O 
16-I8 126,6:!: 6,9 126,2:!: 6,8 
IB-20 108,3:!: 5,4 I08,6:!: 5,4 
20-22 95,l:!: 4,5 95,4:!: 4,5 
22-24 79,6:!: 3,7 79,9:!: 3,8 
24-26 66,0:!: 3,1 66,2:!: 3,1 
26-28 55,1:!: 2,6 55,3:!: 2,6 
28-30 43,6:!: 2,1 43,7:!: 2,1 
30-32 34,1:!: 1,7 34,1:!: 1,7 
32-34 27,1:!: 1,4 27,2:!: 1,4 
34-36 20,8:!: 1,1 20,8:!: I,l 
36-38 16,2:!: 0,8 15,2:!: 0,9 . 
38-40 n,2:!: o,7 n,2:!: o, 7 
40-42 7,7:!: 0,5 7,7:!: 0,5 
42-44 6,1:!: 0,5 6,1:!: 0,5 
44-46 3,7:!: 0,5 3,7:!: 0,5 
46-48 2,6:!: 0,4 2,6:!: 0,4 
48-50 2,3:!: 0,5 2,3:!: 0,5 

M'OHHTOp/106 2379,5 :!: 40 2429,0 :!: 40 
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Tadmi:na 2 , 

3aBHCIDIOCTL ~opw mmyxLCHOro cneKTpa KO -M83OHOB H MOHHTOpa OT MaTpHqaoro 3X8M8HTa Kin - pacna~a 
HOT npm1ecH ~OHOBHX codHTHff. A - des BHQHTaHHa ~OHOBHX codHTHff, B - nocxe BHQHTaHHa ~3- COdHTHff, 

C - nocxe BHQHTaHHa ~3 - R~3 - codHTHR, Jl - nocxe BHQHTaHHa BC8X ~OHOBHX codHTHff 

PKO ll . 60 .. - 0.27 
(raB/c) 60 = -0.25 6c= - 0.27 60 .. -0.29 6o=-0,3I A B C 

18-20 204.6 :!: 22.0 203.4 :!: 22.0 202.3 :!: 2I.8 20I.2 :!: 2I.7 I72.0 :!: I9.3 188.8 :!: 20.6 195.5 :!: 2I.3 
20-22 I5I.4 :!: II.4 I5I.O :!: II.4 150.5 :!: II.3 ISO.I•:!: II.3 147.0 ± I0.8 149.0 :!: II.7 150.I :!: II.2 
22-24 I4I. 7 :!: 8.7 I4I.7 :!: 8.7 ·I4I.6 :!: 8.7 I4I.6 :!: 8.7 134.9 :!: 8.2 138.5 :!: 8.5 140.2 :!: 8.6 
24-26 II3.I :!: 6.4 II3.4 :!: 6.4 II3.8 :!: 6.4 II4.2 :!: 6.4 II4.2 :!: 6.4 II9.3 :!: 6.5 II5.0 :!: 6.4 
26-28 I00.4 :!: 5.4 I00.8 :!: 5.4 IOI.I :!: 5.4 IOI.5 :!: 5.4 I08.2 :!: 5.6 I05.7 :!: 5.6 I02.7 :!: 5.5 
28-30 74.5 :!: 4.I 74.6 :!: 4.I 74.8 :!: 4.I 75.0 :!: 4~I 79.9 :!: 4.3 76.6 :!: 4.2 76.0 :!: 4.2 
30-32 6I.4 :!: 3.5 6I.5 :!: 3.5 6I.6 :!: 3.5 6I.7 :!: J.5 63.2 :!: 3.5 62.I :!: 3.5 6I.8 :!: 3.5 
32-34 46.9 :!: 2.9 46.9 :!: 2.9 46.9 :!: 2.9 46.9 :!: 2.9 47.5 :!: 2.9 46.6 :!: 2.9 47.0 :!: 2.9 
34-36 35.o :!: 2.5 35.0 .± 2.5 35.I :!: 2.5 35.I :!: 2.5 38.0 :!: 2.5 36.8 .± 2.5 35.8 :!: 2.5 
36-'.38 28.2 :!: 2.3 28.3 :!: 2.3 28.'.3 :!: 2.3 28.4 :!: 2.3 29.9 :!: 2.'.3 28.9 :!: 2.3 28.7 :!: 2.3 
38-40 I7.7 :!: 2.I I7.8 :!: 2.I I8.0 :!: 2.I Ia.I :!: 2.I 23.2 :!: 2.2 21.0 :!: 2.2 I9.I :!: 2.I 
40-42 I5.7 :!: 2.I I5.9 :!: 2.I I6.I·:!: 2 • .r I6.3:!: 2.I 20. 7 :!: 2.2 I7.6 :!: 2.2 I7.I :!: 2.r 
42-44 9.5 :!: I.9 9.7 :!: I.9 9.8 :!: I.9 ro.o :!: I.9 I6.I :!: 2.I I3.5 :!: 2.0 II.2 :!: 2.0 

, 

MOHHTOP !552 :!: 43 !507 :!: 43 !464 :!: 42 I42I :!: 40 !857 ± 49 !649 :!: 45 !577 :!: 44 
IO~ 
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F21 (16) 

F21C20) 
F21 (24) 

F21 (28) 

F21('.32) 

F21 ('.36) 

F21(40) 

F21C46) 

t'°/80 Pt= 

l/)21 -
Oelll!ast 

l.fh1(l6) 

t/J21(20) 

ci 
lP21 <24) 

IP21 <28) 

({J 21 <32) 
If) 21 (35) 

LP 21 <4o) 
lf 21 (45) 

xysooF 

TaelnHna 1./ 

3aBHCIDlOCTI, MO,Jtllq)HnHpOBaHHOtt pa3HOCTH lllmnHTY.D: F21 (P )x102 

OT MOHHTOpa. fas a !p .2 J. - Oellllast ,ll;nH BC ex m.myn1,cH1JX HHTepBMOB 

MOHHTOU I e1r..I09 
2.00 2.I'.3 2,27 2.40 2,53 2,66 

32.7 :!: 4.I 29.2 :!: 4.I 26.4 :!: 4.I 24.2 :!: 4.2 22.6 :!: 4.2 2I.5 :!: 4.3 

21.9 :!: I.2 19.2 :!: I.I I7.2 :!: r.o 15.4 :!: I.O 14.0 :!: I.O r2.a :!: r.o 

21.5 :!: o.a 19.I :!: 0.7 I7.2 :!: 0.7 I5.6 :!: 0.6 14.3 :!: 0.6 13.2 :!: 0.6 

1a.2 :!: o.a I6.I :!: 0.6 I4.3 :!: o.6 12.9 :!: 0.5 10.6 :!: 0.5 9.8 :!: 0.4 

I9.5 :!: o.8 I7.4 :!: 0.6 15.6 :!: 0.6 I4.2 :!: 0.5 I3.0 :!: 0.5 I2.0 :!: 0.4 

I7.6 :!: o.8 15.6 :!: 0.7 13.9 :!: 0.6 12.6 :!: 0.6 II.5 :!: o.5 I0.5 :!: 0.5 

16.3 :!: I.I I4.'.3 :!: I.O 12.7 :!: o.9 II.4 :!: 0.8 r0.3 :!: o.8 9.4 :!: 0.7 

14.9 :!: I.2 l'.3.0 :!: I.I II.5 :!: I.O I0.2 ! 0.9 9.2 :!: 0.9 8.'.3 :!: o.a 
. 

69.6 60.6 54.2 50.8 51.0 55.I 

Taelnprna 5 

3aBHCHMOCTI, q,asu '{}21 (p) OT MOHHTOpa 

MOHHTOP, B e,11;. 109 

2.00 2.I3 2.27 2.40 2.53 2.66 

I60.5 :!: 5.2 I5I :!: 5 143 :!: 4.9 135 :!: 4.9 127 :!: 4.9 II9 :!: 4.9 

217 :!:rs.a I96 :!: 20 178 :!: 21 162 :!: 22 146 :!: 21 I3I.5:!: 20 

169 :!:II.6 I57 :!:II.5 146 :!:II.6 I36 :!:II.8 126 :!: 12 .. II5 :!: 12 

15'.3 :!:9.a 144 :!:9.6 134 :!:9.4 126 :!: 9.4 II7 :!: 9.3 109.6:!:9.2 

165 :!:·12 159 :!:II.4 152 :!: II 145 :!: II 139 :!: .II.I 132 :!:II.2 

I5I :!: 13 144 :!:12.7 138 :!: I2 I'.32 ,:!: 12 126 :!: II.8 120 :!:II.7 

141 :!: 17 135 :!:I6.4 I3I :!: 16. 126 :!: 16 I2I :!: I5.6 II6 :!:15.5 
165 :!: 37 157 :!:32.9 150 :!: 30 143 :!: 29 137 :!: 27.9 I3I :!:27.5 

105 :!: 37 IOO :!:36.5 95.3:!: 36 90. 7:!: 35 86.I:!: 34.4 8I.6 :!:33.7 

58.5 52.I 47.5 45.4 46.3 50.7 

2,80 

20.9 :!: 4.3 

II.B :!: I.O 

I2.3 :!: 0.6 

9.I :!: 0.5 

II.2 ! 0.4 

9.7 :!: 0.5 

a.7 :!: o.7 

7.6 :!: o.a 

63.4 

-

2.80 

II2 :!: 4.8. 

II8 :!: I8 

105 :!: 12 

102 :!: 9 

125:!:II.4 

II5:!:II .6 
III:!:I5.4 
126:!:27.5 

77 .2:!:33 

58.8 
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