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3anmTa ,I{HC~epTa.rnm COCTOHTCJI n• f'. 1980 r. B n "·,tJaCC>B ;_ 
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,llHrppaKUHOHHUe rrponeccbl .!IBJIHIOTC.!l 0,I{ltl!M lI3 rJiaBHblX RCTO'llm­
KOB RHqiopr~arum o cBoiicTBax Cl/LlII,HblX B3a.HMO.I{eiicTBIIii rrpn Bblcororx 
aneprlliDC - acliMIITOTRtJeCKOM IIOBe,nemm aMIIJIIITy,n pa.ccemrru:r' CBOii­
CTBB.X IIOMepOHa B q>CHOMOHOJiornn Pe,n,Ke. IIpe,nnoJia.raeTCJI Ta.IOKe, 
lJTO ,nHq>paKUHOHHblO npoueccu MOryT ,naTI, llHq>apr~ 0 KOrepeHTHOM 
B38l!MO,I{eiicTBim MeJK,Jzy a..npOHHUMU KOHCTllTyeHTaMH. 

OHiiAR XAPAKTEPMCT11KA PAEOT'd 

UeJII, 1mcTO.flllle:i1 pac5oTu 3a.KJIIO'la.JiaCI, B a1wrrepm11eHTaJU,HOM nay­
qeHrui: mm.1uoaIIBHWC peimuuil /)f)+Xf) n p½'e~X~le B oc5Jia.cTn 
MB.JIWC nepe,naq 4-liM!IYJII,Ca.. ,Il,1m aTmc pe~ c5wza :aayqeHa arum­
cRMocn ,lUlqxpepeHURaJII,HblX ceqeHIIii d 2o/a'tdMJoT S' f n !i1x B 
.rumrraaoHa.x nepeMeHHWC: 50~Pr~400 (raB/c), I,2~lv~"ro raB2 :a 
o,oor ~ ;t / ~ o,OI7 (raB/c) 2 <j)p+Xp>, o,04 $/t I~ 0,4 (raB/c)2 

~¾'e➔xt~. 
AlcTyaJII,HOCTI, pac50Tl1 
I) HeKOTOpue MO,I{eJIII .nHq>PaKUHOHHOii. .I{RCCOnnanm'I np~CKa.3UBa­

IOT yi.1eH1,me1rn:e .nnqxiiepeHURaJII,HUX ceqeHf cfo/"dt , Kor.na nepe,naH­
Hhlii 4-IDJIIIyJIJ,C CTpeMUTC.!l It eymc/1 ' 2 •3 

t MII yMeHI,IIIOHHe ll8P,aMe7a 
HaKJIOHa ,6 ( o{r/t/t = a exp(6f!,)t)). Eh!JIO IlOKa3aHa74 , 5, 
lJTO HeT 38M6THOro lI3M6H6HmI IIOBe,neHll.!l celleHitlt .no /t/=0,02 
(raB/c)2• 0,nHalCO IIHTepeCHO IIpO,l\BlIHYTI,C.!I K eme M8HI,llillM 3HalJeHH-

.!lM / t / ~ 0,0OI (raB/c) 2• . 
2) HaMepemm npn oqem MMUX aHaqeHll.!lX It I npe,1tcTaBJIS1DT 

M8TO)tHqecKnn HHTepec ,lJ,JISI ITJiaHHpoBaHHSI 3KCIT8PHM8HTOB IIO nayqeHHD 

HHTep<,!lepeH~HH M8l[J\Y Sl,!tepHOff H KyJIOHOBCKon )tHCCOIU!Blµi8ff npOTOHOB/6{ 
KOTopaH MOJKeT HadJIIqii;aTI>CH B ,nnanaaoHe ro-5~ / t I :5- ro-3 (raB/ c) 2• 

3) CpaBHeHIIe ,lUlqxil~eHURaJII,HWC ceqemrli rcorepeHTHWC pea.KUlIH 
pp+Xp :ap'We➔X71e MO.lKeT ,naT1, oTBeT Ha Bonpoc, ecT1, JIII 
BPP -BaaUMo,neilcTBWIX npu Bucoiwx aHeprmIX oc5MeH uaoT0Ira1Iec-
1cm~ CIIIIHOM I. l1raeromn:ec.!I .namrue H6CKOJII,KO IIpOTIIBOpe'lll!Bl:l. B pac5o­
Te /7/,iranpnMep,YTBep'1\lJ;aeTCJI, lJTO pe30HB.HCll06 B03c5y;J!;I(eHIIe npo­
TOHa r.1x ~I680 MaB Hac5Jno,nae"I:CJI TOJII,KO IIplI oc5MeHe R30TOimlJeCKID/I 
CTIRHOM I' O,I{HalC9 'KcnepID,18HTMI,Hble .IJ;a.Hmle no .nnccounarum IIpOTO­
HOB Ha .neaTepmr 5 IlOKa.3h!BaIOT, lJTO Trucoe B03c5y;ii;ne:ime eCTI,, XOT.!l 
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.n;efrTpOH IlMeeT Hy.n:enoil II30TO!Ilf"Iecmn1 cmm ,n OOMeH irsOC!IIlHOM I 
sarrpemeH. 

. 4) 11HTep{pepeHIUiomrue 3/fxiie1m,1 O)UIOI,paTHOro ll ,ll;ByxpaTHoro 
pacce.mnm npoioHoB -Ha Hyx.n:oHax .n:er•K~X JI,D;ep riosBOJl!IlOT ·c.n;eJiaT1, Bu-

6op IileE,ITy ru.lIIJIIITy,n;a.\rn:, O.n;IlliaK~BO XOI,)OiO Oill!ClffiaJO!Illll\lli a.n:eMeHTap­
Iille Hyx.n:OH-Hyx.n:OHH11e B3aIJMO,n;encTBrui B. . 

PemeH:ue 3TIIX 3a,IJ;a'tJ aitTYaJII,HO, TaK KaK OHO CYJ!!eCTBeHHo .n;o­
IIOJIHJieT·Hamu 3Ha.Hli.lI O CBOllCTBax a,Il;POHOB. 

IIoBnsHa pa6c:iTu •. llitcrrepmvreHTaJII,HUe :Uamrue o pearunmx ,.OfhX/J 
ll p½le~xfie .B ~!13aHHIDC Bll!Ile HHTepna.n:ax rrepeMeHHUX IIO.n:y"Iem,r 
BrrepBue ll IIOKa HBJiinoTCJI, e,n;HHCTBemmMII. . 

·· IIpaKTH"IecKrur ri: ,HaV'Il!rur geHHocTI, pa6oTu. IIo.n:y"IeHU ir orry6JIIJ:­
KOBaJm _Ta6.mm;u ,rnrqq)epeHIUiam.HHX ce"IeHllll ll.HRJII03HBHHX pea.ro:urli f • . . . . 

j)p ➔Xp :n: p We-,-1".We. 3Tn .n;aHH11e MoryT 611T1, IIcrro.n:isoBa.Hhl .JJ;.7IlI 
!IpOBepKJI TeopeT:U"IeCKIIX 111O.n;e.n:eii • .il:OCTIDKeHim B MeTO.JJ;nKe npm,1eHe­
HIDI ra3oBux CTPYHHHX MllilleHeii Ha BHyTpeHHeM IIy"IKe ycKopnTe.n:JI 
(n3111epeHllfI np.u O"Iem iv1a.n:ux ;t;, reJIIJ:eBrur Mm11eH1,) no.n:e3Hll .JJ;.7IlI 
ITJJ:aHlipOBaHIDI HOBl1X 3KcnepnMeHTOB Ha OCHOBe .IJ;aHI:Iofr MeTO,ll;mm. 

IIo~eirn OTBeTH Ra BO!IpOCII, CcpGPMYJlllpOBaH1llie B nyHKTe "Ax-' \... . . 
TYaJII,HOCTI, pa60Tll11 • -· 

ABTop 38.lljlllijcleT: 

I~ 003.JJ;aHne 3Kcnep:,iMeHTaJlI,HOH YCTaHOBKll . .JJ;.7IlI.li3Y'tJeHllfI lIHKJII0-

3llBH~ perummipA---X.4 MeTo,noM perncTp~ "IacTmn,r OT.JJ;a"Ill OT 
BHyTpeHHefr MUmeHn YCKOpllTeJIH, H rronytieHH!le Ha YCKOPHTene naoopa-_ 
TOPn:i nM.<,[J~pMli ·31tcnep11uelira.ii1,Hue ,l(aHHue. rro pearumm,1.,,oj)~X p 
n._p½'e ➔XJ1/e; · -, ·. . · . , . .. _ 

2) o6pa60T1ty 3KcnepmvreHTaJII,HOro MaTepna.n:a ll .CUCTeMaTH'tJec­
KOe lI~Y'tJeHne 3aBHmiMocTn ,rnrqxpepeHIUia.n:I,HHX ce"IeHllll d 2rJjdtcllf} 
OT S,, t ll /,Ix• irn KOTOporo,B "IaCTHOCTllf c.n:e,nyeT: 

_a) .JJ;.7IlI peamum;0,,o~Xp .rnr@)epeHIUia.n:I,Hoe ce'tleHHe c YMem,'.".' 
meHHeM ;t; npo.riOJIEaeT pacT:n: BITJIOTI, .n;o /i'/=0,0DI (raB/c)2, na­
paMeTp HaKJIOHa .6(~) ,IIOJIY"Iemrnii B ,rnrana3oHe 0,002 $ /i-/ .:s= 0,DI7 
(raB/c')

2
,6Jm:30K K 3HaqeHIDIM, nO.n:y"IeHHID.1 B. ,!ij)yrIIX' 8KprrepHMeHTax 

np:n: 69JII,illlIX 3Ha"Iemmx /-t I; · 
1 

,;, 

6) cpaKTo~:.rnarnm .JJ;.7IlI pe~,P,P~p n.,.o?e~& npn ;f; ~ 
0, 08 (TaB/ C) Bl,[lIOJIHJieTCJI. C TO'IHOCTI,IO .JJ;O rmO&Te.n:JI, irn 3aBllCJI­
mero OT -f ll MX; cpaKTopn3arnm BIIDOJIHJieTCJI .nytIIJie no aOcOJIIOTHOii: 
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Bem1qnue, ec.n::0: cpanmmaTI, cetiemm aTnx pe~il: npu O.JJ;HOM u TOI.1 
lKe nMrryJu,ce B cncTeMe QeHTpa Mace; 

nuno.n:Hemie cpaKTOpn3awrn ronopnT o ·roM, tITO .IWI MMHX Ii I 
B ,Pp B3ffilMO.n;eiicTmrn .n;or.unmpyeT oClueH Hy.n:e:BUM 1rnoTomPrnc1m1.1 
CIII!HOM, B TOM 'llICJie JI .JJ;JIII pe30HaHCa Mx::: 1680 lJaB. 

OcTa.n:1,m,re BllBO,IUi! ccpopMy.n:upoBaHU B naparpacpe "3aKnJ01iemrn". . ' 

Ilyc:5.n:nruunrn ll. arrpo6ru.µm. 0cJIOBHlle pesy.n:1,TaTH .JJ;IlCCepTaQilll 
H3JIOlKeHII B pa6OTax /I-8/ lI .JJ;OKJiaM,]BaJilICI, Ha MellUzylmpo.rumx ROH­
q,epemnmx no qlf!3UKe BllCOKllX 3Heprllll D. Ey.n;anelllTe (I977), TORIIO 
(1978) U JKe~eBe ( 1979). 

CTPYKTYPa ,nuccepTa.I.Um u · ee o6'beM. ,ll,uccepTar.um cocTOHT H3 
BBe.n;emm, · mecTn rJiaB, 3aitJIIO'Iemm II npUJiolKemm, co.n;epiKHT 70 
CTpaI!llQ MalillllIOilliCHOro TeKcTa, 4 TaOJ!lll.Ul u 44 p:0:cymm. Eu6JIUO­
rpacpIDI lIMeeT 60 HallMeHOBaHUii. 

CO,UEP~WIBE )iYICCEPTAWfil -

BBe;reHue. Bo BBe,D;eHill! Cq>OpMy.n:up'onalia -UeJII, paOOTU, aI,'l'YaJJI,­
HOCTI, Ter,ru lICCJie.n;oBaHJUI, HOBll3Ha H 3Ha'tJem1e [{OJIY"IelI!lliX pe3yJII,­
TaTOB, ITOJ!OlKemm, B11HeceHHUe Ha 3aIJlllTY. 

rJiana I npe.n;cTaBJIJieT coooli o63op aKcrrepm.rnHTMI,HllX n Teope­
TU"Iec1mx pa6oT no usyqemno peamuiii ,rnrq1:2run,u:10HHoli ,rnrccornraQnu. 

.il:uq>PaKQUOHI!a/I .JJ;IlCCOQIJaI.U1fI HBJUieTCH HeyrrpyruM npoueccoM' , 
OtieHI, nOXOlKUM npu B!lCOKUX aHepr:umc Ha ynpyroe pacceHHl!e: UHTe­
rpa.n:1,mrn ce"Iemm c.n:a6o 3amrnHT OT aHepruu, .D;IlqxpepeHQUMI,Hlle ce­
tiemm UM9IOT OCTPllll nUK BIIepe.n;, 'HeT o6MeHa KBaHTOBill,!ll 'll1CJI8J.1U 
(Kpmte. cmrna II tieTHOCTll) Me.ll\IIY B3auMO,D;eiicTBYJOmID,lll 'l:aCTUQru.m. 
llitnaM,J yrrpyroii u Heynpyroi1. w1q,pamnrn B noJIHoe cetieHue 6mrn1m no 
BeJiutI1me. 

B 1973+77 rr. Ounu npoBe,l(eH!l 3KcnepnMeHTU,3Ha•nirenb!lO pacum­
pnBmue npe.n;cTaBJieHHe o peamumx ,rnrqipaKrnmHHofr .n;uccorn1aQnu :- oT­
itpuTo ,nmppaRI.UloHHoe no36yl!U(eHue rrpoTOHOB B. cocToH1inR c OOJiolllnMn · 
,.1accruffl, HatiaTO U3Y"Iemrn. ,ll;BOllHOll .nuq,pa:ItQUOHHOll .JJ;IlCCOllHaQlllf I1 
.D;BOHHOrO noMepoHHoro OO1\!eHa. IlOita3aIIO, tITO .JJ;.7IlI BCEJX . peaK!llltt ,!(11-
ippa.K!lllOHHOtt ,llllCCO!lUaI~nn C TOIJHOCTI,10 ~ 20% Bl,lIIOilHlleTCll <paKTOPl'l3a-
1UifI. Ilpn U3Y'tJemrn 3KCKJII03llBHUX peaKQUli .rnrccounaQnu HYKJIOHOB B 
cHcTer.1;Y #IT noKasruw, tITO .JJ;.7IlI MaJIUX Mace cncTer.ru Air, nepeMemnrn 

3 



t , Mx n ~✓ ( &~ -yroJI pacrra,n;a N';; B cncTei,re I'oTCDpl!,ll,a-.TI,.,,mR­
coHa) CH.JII,HO .KoppeJII.lpOBaJlli MeJ!WY codoii. 

,TI,7uJ: orrncrunm rrpoqeccoB .IllI(l)pa.Kl\IIOHHOfi ,IUiccorumwrn pasmmaeT­
CJI p.<I,I!; MO,Ile:n:e:li:: rem,teTpIPrecrure MO,IleJill' MeTO,Il codcTBeHHUX COCTO­
RHl111 ,Ilmppruumn:' f,10,I!eJIL )le.Ka, Tpexpe,IlJ;;eOlIBIIIi f1JOPMaJnl31.I' lfO.I{eJill 

cocTaBHbIX ~oHoB. i,IHone cBo.iicTBa ,Ilmppa.Runomwii wrncou,m.umr 
onpe,I!eJIRIOTCR npocTO pasr.iepar,rn ~OHOB, OJ).HaIW He.KOTOph!e xapaK­
TeJ).MCTllliII MOryT 6IITI, rrpm.m CBii3aHhl c 60Jiee ,IleTa.TJ:LHOli CTJ)YRTYPOH 
a,u;pOHOB. 

r.mma 2 co,Ilep;imT orrncaH.Me MeTO.IlllIDI JI :mcrrepnMeHTam,uoii ycTa­
HOB.KII ;rr,JIH rrnyqemm mm.moSIIBHUX peaRUllli Tmra pA ➔ X A . 

i'1leTO,IlIIBa perIIcTpamm qacTmU, -OT,n;a,rn OT TOHKO}i 1,llilllelm, .KOTO­
prui: BBO,IU!TCR Herrocpe,IlCTDDHHO BO BHYTpemurli ny<l:O.K YCKOJ)HTeJIR' 
o6Jia,n;aeT CJie,JJ:y1omnMn .IlOCTOHHCTBaMII: 

T) TOHIWJI r.mrueHL ue paspymaeT ycr,opa:erm.ir nyqoK; 6Jraro,n;apsr 
t,moroKpaTH01.1y rrpoxo1.memno rryqim qepes MIIIIIeHL .nocTJ!I'aeTCR .ooJIT,­
mrur CBeTIIMOCTI, OOJiacTn BS8.lI!vlO.Ileil:cTBl1JI; B CIIJIY TOHIWCTH l,lIDl!eHU 
(cTPYR rasa) Ma.JIO r,moro.KpaTHoe paccemmc,n rroToMy MOJKHO des nc­
Ka)Kemili IISI.1epa:T1> MaJ.IeHLKirn nepe,l.l;a'lli mcmyJIT,ca; 

2) ,I!OCTYUeH necL ;uuanasoH 3Heprrui, KOTOJ)hl,H ITpOXOJJ.HT npOTO­
HlI BO npe;.UI yc.Kopemm, 'ITO O'IeHL Y.It06HO .wm: ncc.n:e,JJ;oBaI!WI ,J" -
SaDIIClfr,lOCTII ceiremrn; 

3) ;rr.JIH IIHK.i'IIOSIIBHHX peaKUI1i1,,oA~XA paspemeH.ne no Macce Bos­
dy-,imeHHO:li cucTer..ru B ,.f" / M/ pas JIY'lille, qe11 · ITPH perncT})a!Lllli trac­
TIIUhl, pac cemmou Bnepe.It (npH paB1rnx TO'IHOCTJIX n rrsr.repeHIDI m,myJU,­
coB H YrJIOB). 

I{ He,I!OCTaTICa.M ,IlaIIHOll MeTo,umm MOlKHO OTH6CTl1 TJ)YJJ.HOCTI, pern­
CTpa.um1 qa.CTHU BIIeJ)0,Il (:us-sa nedOJThillOH ;nJUIB!l npRMOJIHHefurnx 
yqacTKOB YCKOPllT~) II HeBOSMOJiCHOCTI, napI,IIIJOBB.Tl> TIIIT HaJieTa.IO­
lljIIX tiaCTHl\. 

B .Ka'!ecTBe M:Ulll6HH :UCilOJll,SyeTCR cBepX3BYJtOBa.fI cTpy.a: rasa, 
.UHllreK'l'Iq>yeMa.ll B Kar,10py YCKOPllTeJ!Jl m.myJILCaMH .IT,JIHTeJII,HOCTI,IO 
100.200 MC H3 conJia, pacrroJio~eHHoro B 2+J CM ox rryqxa. B xeqeHHe 
Kax.itoro IUlltJla ycxopeHHR HHxexxnpyexcn 2+4 rumyJILca rrpn pasHwc 
3HaqeHHRX .aHeprHH ycxopnellblX rrpOXOHOB. 

lli.,TII lICITOJIL30BaHU ,UBa pasHUX .MeTo,n;a yJian.mrnamm MHXeKXHpye­

MOro rasa. Ilpn pa6oTe c BO,IlOJ)O,IlOM npm.mrurJiacr, KPllOreHHaR JIODym-
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Ka, naxo,Il.!llllMCJI rrp:u Tel:IIIepaType EII.U}WrO reJIIlll, B ltoTopoii ·BO,IlO­

po,n; sar,10pa2JG1BaJICR ,I!O TBEip,n;oro COCTORHAA. Ilpu pa6oTe C remrenoii 
cTpyen nacyyr.1 B o6JiacTII umneim rro.u,n;eplKID3aJICII c rroMOil(J,JO oy(J?ep­
noro 061,eua n .umixDysuoHHoro Ha.coca dOJibmoii npousno,n;uTeJI.r,HocTu, 
pacnoJIOli(eHHLll,llI PJI,D;OM C Ulllll6HI,IO. Ha npoT.filK6HIIlI ± 51-;1 ITO ode CTO­
polill M1lll16ID1 6wm ,Il01TOJIHIIT6Jll,HO pacnpe,n;eJieH!l BOCe!,11, ll:II\W>YSHOII­
HblX HacocoB, IWTOpble CHID!(aJJI! rrapIJ;UaJII,HOe ,IlaBJieH:Ue re.mm ,IlO 
ypomm, ,n;onyc.KaeMoro Bartyyr,moll c.n:yJK6oi1 ycKopuTeM (~I0-

9
i1111 pT. 

CT. na paccTORHIU! 5 M OT MTI!ll6Hl!). TeITJihli1 Bapm3.HT UIIIIIOHII HaMHO­
ro npome n ,n;ellleBJie .KpuoreHnoro, o,unaKo OTHomenne IIJIOTHOCTII ra­
sa n u;eHTpe cTPYH K no;n;roJKKe paccemmoro rasa oKasa.n:ocL npnMep­
HO Ha noPJI,D;OK JIY'Illle np:u pa6oTe c no.nopo,uoM, tJeM c remrnr.1 (300 

n 30 ' COOTBeTCTB6HI!O)' 'ITO CB.fISaHO C 6oJiee aqxpeKT}IBHill,1 saxna­
TOM rasa KpIIoreHHOH JIOBynIItoii. I!JrOTHOCTI, rasa B u;eHTpe cTpyn 
cocTa.BJISIJia 5xI0-8r/cri ,UJUI Bo.uopo,na :u 4:xI0-

7
r/crP ,UJUI remm. 

Pacnpe,IleJieune IIJIOTHOCTH B cTpye 6.JIIISICO :ic raycconc:icm;iy c umpu­
HOfi pacrrpe,neJiemm Ha rroJJ.YBHcoTe B 06JiacT1r nsamm;neficTBWI c ny'l­
.KOM ~ I2 MM ,UJUI no,n;opo.na II ~ 6 MM .If.JllI remm. Pasmma n IIJIOTIIOCTII 
:u 001p1rne pacnpe;neJieIIM 061,RcHJieTCR pasHoH Ter.IIIepaTypofi rasoB, 

a TaKJK6 OTJH;lTTl.'IMli uexaIUI'l6CKOil KOIICTJ)YRl\lIU corura. 

. ~ e•"-~~:~: :--::ttt:..:3-1 

PHc.I. ·o6IIJE:ii'Bll.U aKcrrepn­

MeHTaJILHOi1 ycTaI!OB.KII ' pac­
lTOJIOli(eHHOii B naBHJILOHe 

BHYTpeHHIIX r,rnmeHeil Jia6opa­

TOPIDI l!M.<liep,m. 

·s 

KaHepa 
yc1<opu.meM 

~ 
IC'0AAUHQH10phl 

(J uo1<onpo80/Je \\ 

_ CUAh'/'OH61. 

~OOHQCOC 
I m!I!; ~ 10•/iHH,OT.C'T.) '•(10 •" 

J/ · ·r5 



I 

11,lij)a OT,n:a'IB perncTpnpyroTca Haoopou IIOJr,;'IlpOBO,IUllilWBHX .n:eTe:K­

TOPOB, co6prurn:ux rrorrapH9 B TeJieCIWilli. TOJll!1MHa ,11eTeI{TOpOB 17 :-
2000 r.mM' IIJlOllJD,JUI "-I c;v?-. Ge CTI, TCJieCIWIIOD pacrr0.10.lK8Hll Ha pac­

CTOJilI}III 7, 2 1.1 oT r.rnnemr B 6mwe, coe,n:imem1or.1 c mu.mpoii yc1wpn­

TeJJJI 110.n:moomr,! l!OHOIIpono.n:or.1. J\Ba HOIIO.I(BUJi(!l11X TeJieCIWIIa CJIY]i(aT B 

IcatieCTBe MOHllTOpOB. HsMepemre IIOTOpI, :meprillI tiacTIIU OT.D;a'!I! II:BY­

MiI .n:cTeI{Topm.m TeJiec1wrra (LJEI!E-AE) rrosBoJIJleT 1r.n:eHTncn,~rpo-z A 

naTI, JIJlJ)a n cooTBCTCTBUII c sanncHMOCTI,JO AEE ><=> l. '.M . 

:~ -~~-

J,::,, 
• .• •:::::M -: 

f::: ..... 

~.: . ·. •; ~ 

Pnc. 2. ABY?,1epHm1 :mepreTu­

tJ:ecrmfi crrertTp o;rumro 1!3 Te­

JiecKorroB, HJJJIJOcTpIIpyromm1 

Il.I(CHTlI(l)ImaI~lIO JI.D;ep IIPll pa-

6oTe c reJineBO}I r.Illli!Cl!I,IO. 

3.10KTPOHima ycTaI!ODIGI COCTOIIT ll3 CTa.H,UapTHOro Hadopa npe,n:­

yc:ir.JUIT8JI8ll ll YCMJllIT8Jiei1 WilI IlOJIYIIpOBO.I(!IillWDllX .n:eTeI{TOPOB, ar:i­

IlJIIITY.n:HO-UII0POBLIX II nper,m:-mr(;;ponux npeodpasonaTeJieir, dy@epHHX 

3aIIOMJ!HaIOllJIIX YCTpollCTB, cxe111 ynpaBJiemm.PerucTpl!pYJOTCJI al-1IIJH!TY­

,TI;Ll ;m.mym,coB ,It8TOKTOpOB, ,ll,JUIT8JU,HOCTI, npeuemwro ImTepna.n:a Me.iK­

lJY Hlll.lI1 (.lf,JUI KOHTpOJUI HaJIO.lKOIUri1), DeJII!'lliHa MarHI!Tl!OrO ITOJIJI ycKo­

PIITeJI.fl (M,i onpe.n:OJieHIDI B8JIJI'IIDill lil:tny.ThCa HaJIOTaJOlilillC IIpOTOHOB). 

)].,m TOro, 'ITOO!l o6ecrretJ:I!TI, paDJIYIO 3cixJ:iertTIIBHOCTI, BCCX .n:eTeI{TOpOB, 

6WI HCITOJII,30B8.H IlPIIHlUill _06lljero MepTnoro BpeMeHr.r - IIOCJie IIOJIB.'I8-

HllJI cnrna.na B JIIOOOM I13 .n:eT8KTOpOB C5JIOilliPOBaJIUCI, BXO.I(hl BCCX Ka-

6 

, I 
I 

I 

Ha.'IOB ,Ito OKOH'!aIU1lI 3aIIllCU 3Toro coC51!TllJI B rrpoue;zyTO'IliOe 3aIIOl.!II­

HaIOll\88 ycTpollCTBO. 

Pl!c.3. EJroK-cXeMa 

a.1eKTPOHlllGI 

crrercTpoMeTpa JI.D;ep 

OT~'II!. 

,,4~£" 

.,· 
u 

AET'£1( 

B OCHOBHOM IICIIOJII,30BaJiac1, crreKTpOMeTpll'ICCKa.!1 3JieKTpO!llIKa 

4JlIP!All "OpTeK". HecKOJU,KO C5JIOKOB' B TOM tJlICJie ll!HOroKaHaJII,filllf re­

JiepaTop cTa()llJII,HOlf aJJ!IlJIBTY,TI;Ll II MHOrOICaI!aJII,lillll lllI.IOIKaTOp ypoB-

l!JI myMOB .n:eTeKTOpOB' 6wm pa3pa6oTaifll. II II3rOTODJI8JI!l aBTOpOM .n:irc­

cepTawrn:. UmppOBaJI 3JielCTponmm, BIDIOJIHemraa B CTaJI.napTe "KA;;IAK': 
padoTana c 3BM PDP-11/20. 

I'JiaBa 4 ormcHBaeT npo~e.n:ypy o6pa6oTmI 3Kcnepm,mHTaJII,JlllX ,nau­

HID( )I,JJJl noJIY'IeIDUI ,rcII<IxJ?epeHUllam,HllX cetJ:enm1 pea.RWtii pp➔Xp II 

p We~x~- llp,mr,,z:ceM qioptl;}'JI!l )J,JJJl orrpe,Z:CeJI8HllJI hli Ii cl'rr/cltd},J,f 

M 2 - m 2+2n /iil,0in.lJ-{f-t-M)l/ll'__} x - ,'/ ,~ A 2M (I} 

d 2v 
2 

= 7f ,..,,., LJIVft} _ _j__ , ,2J 
dto'Mx /J.f //(t/2Mf-+/t:/ LJ t bLlJL 
r.n:e p., - 1llimyJI1,c naneTaromero rrpoToHa,m - uacca npoTona, M -
r.mcca JI,npa OT,n:a'IJI. {) - yrOJI 'IaCT:imll OT,Ita'IU (OT HOPMaJIH K rryq­
KY) ,S2.. -TeJiecHIDi yroJI, L,- BOJ!ll'Il!Ha ,nporropU}IOHaJII,HaJI CB8TllMOCTU 

06.JiacTn Eaam.m.n:eilcTBIIJI L=flee/{ff:)eetJSLet ,orrpe.n:e.JI.Het'lM no yn­

pyror:ry pa,~cemrn10, perncTpnpyeuoMy cru,mM TeJiecKonor,1 llJilI Herro.n:-

BRJKHHMII MOIDITOpaMII. 
lfoKJIIO'IlITOJII,HO Bali'J!OM JIBJIJICTCJI TO'IHaJI IIPI1BJI3lta reor,teTPIDI 

crreRTpoMeTpa K reor,ieTplIII HaJI8TaIOlll8rO rrpoToHa.• YrJIOBOO rrepei.ieme­

HllO nonorrpoBo.n:a C T8a1eCKOIIm.m ,n;eTeI,TOPOB KOHTpOm!pOBaJIOCI, TC.1Ie-

7 



BII3110HI!Oii YCTaJIODIWii C TO'IHOCT.bIO ~ 0' 05 l,!pa,n:. ACiCOJIJOTHM npn­
Iill3Ka K yrJrY 90° OCYI!leCT.BJI.ff.liac.o no IlliHeMaT1I1IecKOii 3aBllellMOeTn 
KlllJeTHtfeexoii: :meprnn OT yrJia OT,n;a<m ynpyro paeeemnrux npoToHon. 

lCa.irn:6poBKa IlOJiyrrpOBO,n;HllRODIDC .n;eTeKTOPOB IlpOBO.n;IJJia.C.b e no­
MOII!.blO ct-neTotnumon e suepl'Ilefi OT 3, 2 ,n;o 7, 7 !.lsB. To'!HOcT.o onpe­
,n;eJiemm adeoJIIOTHoro anatremm: yrna ~ 0,2 r.ipa,n: (yrJionoe paapeme­
mre ll3:..aa wnpmru cTpyn ~ I ,2 Mpa,n;). Hopr,mponxa eetremrii npono.n::u­
JIOe.o no ynpyrorzy paeeemmro. 11oJIHOe eetreiina pp B3aIIMo.n;eiieTBll.lI 
etII!TaJioc.o 11anecTm1M, a noJIHoe eetremre p 'fie paeeeJIHHJI onpe,n;eM­
JIOe.o B cnerniaJI.oHOM Sitcnep:m:ieHTe' r.n:e B KatrneTBe Mrnilel!Il l!CnOJI.o-
30BaJiae.o eMec.o no,n;o~o.n:a n rCJI1m. 

Paaperuemrn .:1 Mx 3aBIIeHT OT IieJilftIBHil n paapemeHILf! rrepeMeH-
HLIX ,,o,, t ll 0 ll Bap.onpyeTCJI OT 0,05 .n:o 0,3 rsB2• f. fl/ 

Hpo6Jie1.rn: Bll'HITaHILf! qxma lI.JI,F! peaEUHii pp-+Xp JI pl-le➔x ne 
11MeioT paamni xapaxTep. B nepBoii pearuorn perneTpnpyroTCJI npoTOilli 
OT,ll;atrn, a QJOH MfirKllX npOTOHOD HMeeT 3ru,,ieTlfYIO Be.Jllitil!Hy. Ilpoana­
Jil13llpyer.l xapru,Tep qxma 1m npmiepe crreKTpa, r.n:e ,HeT Heynpyrnx 
eo61m1ii (pne. 4, errertTp rrpu IIMIIYJI.oce 50 rsB/e). 

104 @ 8=78Mpag 

10! 
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Puc..4. ~rreKTPll 'Iae-i;nu OT-... 
,n;a'!u, aaper1rn"tpnponaHHue Te­
JI8CROIIOM .n;eTeitTOpoB no,n; 
yr'JIOM 78 Mpa,n:; To~a rrep­
noro '.n;eTeKTopa· 190 t~{M,_B'l'O-· 

poro-1500 i,mu • 
JluipHrui: JIIDIIDI - 400 rsB/c, 
. ,TOHKasi:' ..;. 50 rsB/e, , .. 

· · 3amTpnxonau eneKTP OT_ 
paeeeJIHiroro· raaa '!epe_a 
IC IIOCJie OKOH'!aHHJI 

·rrepnoro m.myJI.oea IDIJJreK­
rum no,n;opo.n:a - I50 Ton/ c. 

I! 
I 

! -

OT liYJIH. .I(O ,n;nyx J,!::ii3 BU.n;Ill\l KPYTO eIIa;J;ffiJ!IU!li (QOH. ).;,o 3Hepr.ur 
5, 5 ;,Jail IIpOTOH!J OT,IIU'III ocTaHaBmffiaIOTeJI n rrepBOlll ,lleTeKTope TeJie­
CKOIIa, HeT 1meHTl'l(llllrumllII '!aeT1m, II rro·ror-.w, BKJ!a,ll HenpOTOHHOH 
KOJ11IIOIIeHThl cJ:xma 3Ha'lliTeJieH. IlpOTOHH C sneprueil Bllllle b' 5 j.,Jsi3 npo­
XO,I\JIT BO BTopoil: ,n;eTeKTOp, Ha'IlllmeT pacloTaT.o }I,ll;eHTllcIJIIItamIJI,u lfiOII 
pe3KO Y},teH.oll!aeTeJI. ll o6JiaeTJI 8,3 ;:- I3,5 dsB HaxO,n;JITCfI !11IK ynpy­
roro paeeeJIHJLf!' paeIIOJIOJKeHHHii Ha nJIOeIWM m,e,IteCTa.Jie rrpOTOHOB OT 
yrrpyroro paeee.Fimm Ha pa3pexcm10M raae. Ilbe.zteCTaJI 11:r.1eeT pesmrn 
rpannuu clJiaro,n;apJI KOJIJIID.mTopau B nononpono.n;e, ItoTopue orpaHll'IlI­
BaIOT B}I,ll;lll1\'{IO .n;eTeKTOp,mn 06.1raeT.b B3alll\tO,n;eil:eTBl!JI BeJI.il'Il-UIOH ~ 12 
r,ipa,n:. B sKenepllllieHTe pp~Xj> orta3aJIOC.b noa1.10JKIII,IM ucrrOJI.o30BaTb 
eneKTpH, aaperl'leTpnpoBanHhle npn m,myJI.oce 50 raB/ e (.,1JIJI yrJioB, r.n:e 
B 8TllX erreKTpax HeT Heynpyrnx eo611Trui) ,B Ka'!eeTBe (llOHOBUX,II B11-
'Il1TaT.b nx 1m eneKTpOB; ITOJIY'ICHHhlX npu 6oJII,mux mmyJI.ocax HaJieTa­
romero npOTOHa. 3TOT MeTo,n; Bll'UITaHll./I qJOHa ydupaeT Bee 3qxpeKT!l, 
CB/I3aHHHe e npueyTeTBHeM HHTeHeHBHoro ynpyroro paeeeJIHM (nepe­
paeeeJIHM Ha eTeHKaX HOHOnpoBo,n;a, HeIIOJilillH cclop 3ap.FI.D:a B .n;eTeK­
TOpax) JI Il03BOJliieT HeIIOJI.b30BaT.o Bee ~aeTll crreKTpa, DKJIIO'IaJI 06-
JiaeTII, r.n:e HeT l'l.D:eHTII(lll1KaJ:U!ll '!aeTHU, 1! o6JiaeTll B6JIJI3U ynpyroro IIH-

Ka. t f 
B peaKJ:Um p'fle~x'Jle J-I,ll;eHTllqillKaruIJI .ff,ll;ep reJULfI HOeliT npHHI~H-

III!aJI.bHHll xaprutTep' IIOCIWJI.bKY BeJIJlK qJOH .n;pyrnx .ff,ll;ep OT {pparMenTa­
UHH reJIM. B TO JKe Bper.,ur lI.JI,F! 1'1.D:CHTI!cpllUlipoBaIU!llX .ff,ll;ep remm (p()H 
npaKTll'!eeKl'! OTeyTCTByeT. Ilpll pa6oTe c reJIIIeBOH MIDIJel!.bIO IIO,!J,IIOE:Ka 
pacee.FIHHOro raaa BOKpyr ~eHTPaJI.bHOH eTpyH COCTaBJliIJia 3 -f- 5% 
(,n;JliI BO,n;opo,n;a ,.. 0 ,3%)' 'ITO rrpl'IBO,n;JIT B OOJiaCTH pe30HaHCHOil CTPYK­
TYPU ce'!eHirn K .D;OIIOJIHl'!TeJI.bHUM Ollll'IOKaM ~6%, 

I'JiaBa 4 nocBIIIl{eHa eHCTCMaTl'l'!CeKOMY H3J'ICHHIO 3aBHellMOeTl'l .D:HlQ­
cpe.feHUHaJI.oHHX cetremm o'v-/~dt¾,2pearo.um pp~Xp oT .,J", t- ll_ 
;,ix. ,Urumue .D:JliI 3TOil: pearo.um 6HJIH IlOJIY'!eHU IIpH ID11rryJI.beax HaJieTruo­
mero npoToHa 50, I60, 270,340 H 400 raB/c B nnTepBaJie 0,001~ 
1t1~ O,OI7(raB/c)2• Hmf:rum rpaHnua /-ti onpe,n;eJ.rHJiae.o qiOHOBHMl'l 
YCJIOBllilMH, BCPXH.llll - TOJIIlllIHOll .n;eTeitTOpOB. 3Ha'!eHrui: i,~ orpaH:U'!eHH 

eBepxy reoMeTpn:efr yeTaHOBKl'l l'l lI.JI,F! Yl(a3amrax l'IMIIY~.beOB HaJieTaJOIJIH]C 
2 IlpOTOHOB eOCTaBJI.fIKJT,COOTBeTeTBeHHO, I,8; 3,4; 5,8; 7,0; 8,I raB 

Ilpn 1'13J'ICHHH ,...r'-3aBHeID/iOCTH ,n;I!qxpepeHUHaJI.oHHe eetreHII.FI dwm 
IIpHBe,n;eHH K ~eHTPY t-- lll!TepBaJia no qJOPMYJie 
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'i ,, 

d'CT/dtc/H,/ = a(Mx~,.of)ex,o(6{A,lfx;(t+o,, 01)) c
3

) 

(B8Jlll'll1Ha ( t+o, DI) BM8CTO ( t) D3JITa, 'IT06R y6paTI, KOPPe.TLII­
r.urro rrapaMeTpOB a H b . ) Bemrnrny a OIJHCRBaeJII !floPMYJIOii 

a. (,P,,, M,/}=aoo(M,/) (I +Cr~./-)//J,J. (4) 
CJiaraeuoe, He 3aBllC.f!lllee OT .JY(?=2m,4), B Teopmr Pe,nJJ(e crur-

. / 
3RBaIOT c o6MeHOM rroMepoHOM, a CJiaraerlllie, rrporropunomJJII>HRe ~-, 
c 06MeHOM. BTOplltruRMll TpaeKTOpll.HMM ?;' /') , W II /42 . 13 lllITep_Ba-2 2 ./" 
Jie It? ~ /Jx ~ 3, 2 T.3B rrapa.MeTp C B rrpe,neJiax ourn6oK He aanncuT 
OT Mx1 u MOJJCIIO i ::iron 06nacr11 Mace II / f /=O, DI (raB/c) 2 rrpmrJITI> 

d¼/dtdMx 7};j =d2o/'dfol;¼ YeoJ(I+( 13±'1)/ P~) (5) 

.Il.ruI nayqCHJUI aan.0:c1mocTH ceqemrfi do/oi'd~lT · tu• hi~ ·.namme , 
noJiyqemme npu HMTIYJII>cax 160,270,340,400 raB/c,6w:m 06:i:,e,nlllieHR 
II Ilp}IBe,IJ;eiru K HMIIYJII>CY 300 raB/ c c yqeToM (5). CTaTI1CTlltI8CRIIe 
ornm:lmr .JJ.M rro.nyqemmx: ,ru$pepemmaJII>HRX ce-qemru do/'Q'to",¾tapI>­
IIIJYlOTCJI OT 3 .no 20%, rrpu lllI'repBaJiax .Lt Mi=O,I raB2Il .1.t =0,0DI 
(rsn/c) 2 

M}=2,o ra6 2 .:.:~ ....f--<~ ~ ~ 
-~! 
s 

M2= 1 s r,6 2 +>-t-,<>-t--~~ . 

+ 
M2:3 o ra62 

3 f- + ~-XI + !+ + . r-y-' 

,, t ++++:+: 
0 0,005 0,0IO ltl (r,!ilcJ 

Puc. 5. Ilpm~epu aanucIIMOCTH 
.Illl@)epem,maJII,IIRX ceqeifmi 
0"2i7-/Q't'd~1>T -t rrg:a Hec­
KOJII>KIIX 3Ha'tJeJUJJIX !JI~~ 
)la.HRHe rrpHBe,IJ;eRU K m.myJII>-

. cy 300 raB/c. 
.. , Peaiuum pp-Xp. 

CetJ:eHim do/di-ti~ ~rrnc~aJIHCI> SKcrroHeHIUiaJII>Hoti sanncUMocTI>JO 

d
2
CT/dt-c1;,1,./(t,, t¾-2J=~(Mje,xp(bftxVft+q o&J. (6) 

10 
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l 
i 

j 
'1 

I 
I 
:, 
( 
! 
' 

-~ 

? 

,1l;rui oITIIcamm rrapaMeTpon A n /J rro.noclpam1 a.HaJIIITH'tJecmrn Bb!pa.JKe­
HHJI. 

~ 
tit 

s 

f 

3 

2 

2 

pp-Xp 
P,ao =300 r:18/c 

/t/= 0,01 (r:;B/c/ 

t S 6 M,'r:18' 

Pnc.6. IIapaMeTp A(i,~) l1Jill 

d2rr/~o',¾"\rp:a I f-/=0,0I 
(raB/c)~ CIJJIOIJilflli! JIUHM 
COOTBeTCTBYCT rro,noclparuIOH 
qiopMyJie. IIoKasairn Tamite 
BitJia,nu cJiaraeirux: Tpex peso-

. ~ 

HaHCHRX "I.nenoB n tI.1IeHa>->I/iJ~. 

N 

J.-.. 
u 

;a-
~ 
-D 

20 

15 

10 

P11a5 =160+40of!6 

I 
-5 ._.__,._._~..__,.__.._,_-"-L~....,_J_~--'-=-'~-'--' 

1,0 t,5 z.o 2,5 M~ r,62 

P:ac. 7. IIapaMeTp D (I.Ii). 
CIIJIOIJJHlli! J!IIHHJI COOTB0TCT­
ByeT rro.noclpaH~oit m.nrnpntJ:ec­
Koii ibopMyJie. Aci-1MITTOTII1:Jec-
1rne ;HatieHne b (11~= oo )= 
6, 5 (raB/ c )-2tte HaxO,IJ;HJI0CI, 
HameH arrrrporwm,iaunefi ,a B3JI­
TO U3 /5/. 

TJiaBa 5 co.nepmrT omrca.Hne a1tcrrepm,1eHT8JII>Imx .naHllIL'l: no 1wre­
peHTHOH .n;mppa,RUHOHl!Oll l(HCCOJJ;lla.11,mr .rrpOTOl!OB Ha SI,I!pax reJIHJI Ii HX 

cpanaemre C ,ll;llCCOJJ;llaUHeii IlpOTOHOB Ha rrpOTOHax. 
· Y,neJII,Hue rroTep:a aHepr:an tJ:acTJm OT,IJ;aqn B ,IJ;eTer,Topax nponop­

UltOHaJII,Hu Z 2M H t=-2M-C.,,,, ITOSTOMY rpa!OOUl Ill!TepBa.Jia /-C/,113-
MepJieMoro ,Il8T8KTOP8.Mll, YB8Jllil.IllB8.lOTCJI rrpn per:acTpau,nn Si,]J.ep reJIHJI, 

II 



no cprumemno c perucTpawreli rrpoToHoB OT.rta'Ilr, npuuepHo, B 20 
~u. x'tu ·' 

pas. )J.imrrasoHH nepeMeillilIX JJ,lI.fI pea.mum p rte~ rie cJieJjY1011tue: .. 
46 ~Pr~ 400 raB/c, 0,04~/-t/~ 0,4 (raB/c)

2 
n I,3~iiii~IO raB

2
• 

OTJIH'l1Ie aJia.mrna ,namrax aToii pea.KIJ;IDI no cpanHemno c pea.KIJ;He:U 

pfJ~Xp sartJIIotiaeTCJI B cJie.ICYIDmer.i: 
I) TpeelyeTCJI (JOJiee TII(aTeJII,HOe Bll)J;eJremie Ha ,IlBY1,18PHOM aHepre-

. 4 
TUtI8CIWM CIICKTpe (pnc. 2) rtopll,Iloga JJ,lI.fI II,1(8HTll(llHlCa.Wlll JI,n;ep He, no-
CKOJII,KY (JJIB3IW HaJCO,IlIITCR JrnHIDl He; D HauJCM c.Jrytiae npHMeCI, JI,!!;ep 

3tte He rrpeB1!IllaJia 0,5 + I,0 %; 
2) HeJII,3.fI lICIIOJII,3OBaTI, co6hlTHR B6JIH3H yrrpyroro IIBKa ns-sa 

60JII,UJOfi rro,nJioJJCKII gaccerurnoro rasa, noaTor.1y Hl1iKHIDI rpamrn:a ,rtoc­
TyrrHHX 3HatJemrll: !vi~ pacTeT C yBe.Jm<IeHIIeM IIMIIYJII,Ca HaJI8Ta.IOll(IDC rrpo­
TOHOD; no 8TOii Ee npHtIHHe He y,naeTC.lI ncnOJII,3OBaTI, npo:o;e.n;ypy BU­

'IlITlliilIR (~ona, orrucamrYJO Bllllle ,rr,ruI perumnu j>P➔X/? . f. 

CTpyKTypa ,I(ll([x])~peHUHaJII,HllX cetre!IBll peaK:o;IIH /J rfe~x Jle IlM88T 

CJIOJKH!IH xapa.KTep (pnc.8). 

} ,o! 1.3<M11'< I.S r,4a 

} •, 
'$. • 
't I \ 

p, a 4'5 r,8/< 
·•, .. 

\ 

U<M!<-2,0 r:J8
1 

p, • 45 r~a/c . 
".,,,~ . .,,.,.. .. ,.+ ~ 

}4/ 
" 

... ,, 
... ~,A \ -,~,, ~llt 

c"~._._~_._,~~ ..... ~1-'-_,_,_~~ ,J._..,,...~...l....L-

- 2,6<H.'<2..1 h6' 9.S<M:< ,a, r,~z 

\ ., 
"°' 

•\ p,•/50 h4/c p,•'tOOr38/C .. .... ... 
'"' lfli• 

' ~, 
f " •,~ 

,.,.•+ti 
+n1\1t 

.,_.._..,__._~=.Lo.~-'-'_,_J~..L~~ I ~ • .~ 
41 D,Z o,3 O.f D.2 /t/(r~fa)I. 

Pnc.8. Ilpm.1ep11 3aBIICllMOCTll 

~qxpepeHIUia.JII,HUX ceqemn1 
d2<T/dtdM/peQII 
p We ~xwe OT -t- win 

HecROJII,RIDC sna-qemmx 11~. 

IIocKOJII,KY MLI ne nMeeM ,naHHux ;rI.Jm pea:itn}Ili p_p~Xp B ,mmna­
soHe i- ,r,ne Ha6JIID,ll;aeTCJI aHaJIOI'HtIHruI cTpyKTypa, TO orpaHR"lliMCJI 
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,lJ,JIJI cpanHe!I~ pearuurn pp~Xp Hp We~x~e 3HatreHIDI!vllI ;-t /~ 
0, 08 (ran/ c) ~ r,n;e samrcm10cT1, ceqeHfill OT i: 1mrneT ::mcnouemm­
aJI1,nu-J xapaRTep Kalt JJ,lI.fI yrrpyrnx perut:o;IDi, Tar< II ,lJ,JIJI pea.KUitii: ,n;mv­
Pa.KIJ;HOHHOii .Illlcco:o;muum, n ,n;orrycKaeT npocTYJO napru.1eTpIIsaruno oes 
IlpllMCHBHM TeopHll mrnroRpaTHOro paccemum. B Ra'tJe_CTDe 3aMetraHM 
OTM8TilM, tITO npe,rtBapHT8JII,HllH aHaJIII3 ,Ila.HH!IX no Teopim rJiayelepa, 
aHaJIOrlNHlli:i /8/, no~smiaeT, '<ITO CTPYKTYPa .Itit@lepem.maJII,HUX cetJe­
mtfi pea.K:o;lllI p ¾'e~x~ cornacyeTCJI c rrepmpepIItiecimM xapar,Tepo1v1 
npOlpl!JillpYJOII(eii cpymrn;mr HYILJIOH-HYKJIOHHOll ,IlIICCOIJ;HfilUIH lI IIPOTUBope­
'IlIT a1<cnepm.1eHTY, eCJIR ncrroJII,3OBaTI, :o;eHTpaJII,Hlle npoqiumrpyrouurn 
cpYJIBIJ;lliI. 3aBHCID/IOCTI, cetreHHH OT HMIIYJII,Ca HaJI8TaIOll(ero rrpoTOHa nsy­
qaJiaCI, TaK JKe, KaR II ,rr,ruI peaK:o;mt pp~XP . Ycpe,rtuennM n uu­
TepnaJie I,3~Mi!IO raB2 n 0,01~/t/~ 0,08 (raB/c) 2 aTa sa-
B:ncm10cT1, HMeeT Bll,Il . 

. d2rr/dtdM/-(A)=:dtJ-/cltdM}(oo)(/+(.Z3±S)jp/ (7) 

B npe,n;eJiax oum6or, aKcnepm,ieuTa He 6wro oelnapyJKeHO saBHCIThlOCTl! 
napa.MeTpa HaKJIOHa 'D oT nurzyJI1,ca HaJieTaromero npoTOHa.. ,lJ,uqx}iepen­
IJ;llaJII,lllie cetreHHR d2<r/af c/ #,/' TaK JKe, · KaK H .wm: peamurn ,PP~X,P, 
OIIJil!. arnipOKCIIMIIPbBruui 8KCnOH8HIJ;HaJII,HOH 3aBllClIMOCTI,IO ( 6) ( BM8CTO 
( f +0, OI) TenepI, ( t-+0, 065)) ll npHBe,neHhl Ii: IDAIIyJII,CY 300 ran/ c. 

Ec.)III B peamumx ,n;HcpPa.KIJ;HOHHOii .IllICCOIWauHll rrpOTOHOBHa H,IJJ)ax 
BIIIIOJIIDieTCR qia.KTOPII3a.rnur 8.MILJIKTy,n;, TO cnpane~ WoPMYJia 

dV- / ~x ,1::; dv/c/tdM}(pfle-,X_ We)-dcr/dt-(Pp~p) C8 l 
,,..,i.L.,Jw,2 ,Pf> Pi. · · 9 f 
Ul.VI X . . C7<T/t:rt-(/>//e~p'/7e) 

)J.rur rrponeprur aToii qiopr.iyJIII 6um1 RCnOJII,3OBaHII HaUJH ,n;a.mme no 
yrrpyroM;{ pacceruuuo npoTOHOB ua npoTouax n R,Ilpax remm, no.nytreH­
Iille B TOH JKe cepim 8Kcnepm.18HTOB, 'ITO lI .It)IR lI3yt{eHIDI ,IlIIqJPa.K!UIOH­
HOii ~CCO:o;IIruurn. OrKJIOHeHMe OT qrutTOplI3awrH ,rr,ruI napar,1eTpOB Ha­
KJlOHa pearuutii PP .:.xp II p½'e ➔xWe He npeB!IlllaeT ~yx CTa­
TlICTIItieCKIIX omu6oR •. A)IJI cpa.BH8HM a6cOJIJOTHUX 3Hatiffllllli ceqeuirli, 

nOJIY1IaeM!IX ;rI.Jm HYKJIOH-HyKJIOHHOro B3aIIMO,IleiicTBM lI3 (8) , ,ll;aHH!Ie 
no peaK:o;IIIi: p½'e~f½'e 6wm aKcTparrOJIHpOBaHU K It /=0,QI (fsB/c): 

, . 
Cpanueune nOJIY1IeHHHX TarmM o6pasoM cetJemtii: c ,n;amu,1Mu rro peaRIJ;llll 
pp-X,q rroKasrmaeT (pnc.II), ~To ,rr,ruI RorepenTHux peaRUl!ii 
p ½'e~x~eH PP --PXP ;rI.Jm ;t /~ 0,08 (raB/c) 2 qia.KTOPH8~ 
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1.1 

') 

IJb!IlOJill.'IeTCJI C TO'IHOCTI,l(} .no MI!Olltl!Te.IDI ,He 3aBlICJllllero OT f U :,~, 

\l>aJ{TOPlI3aJ.U11I Db!IlOJIH.ffeTC.fI Jiy1Il!Je no a6COJIJOTHOll Be.mrtIIlHe, ec.mr 
cpaBmmaTI> cetiemm: npn paBHblX m.myJII>cax B cncTer.ie n;enTpa uacc, 
a He n .'!a6opaTopHo:U c:rrcTeMe. 

p"l-le ~x½'e 
p, = 300 138/c 

/t/=0,06S(h8/cf 

2 

'] 

Pnc. 9. ;ii,mWiepemu1aJII>HOe ce­
tieHIIe dv/cll-c/,A,t,/ perumnn 
pWe-.X1fle npu /i/=0,065 
(raB/c)~ 

8 

I 

"' '.? 60 

~ 
0) 

~ 50 
--<) 

',O 

30 

20 

ID 

2 

f+ 
+t♦+++ 

♦+♦ 

111 !11~ 

t f 

} _,, 5 6 '18 ~ 

+ p t;/e -X o/-/e 
¢ PP -Xp 

♦ ♦ 

♦• .. ♦ ♦• + 
♦ ♦ ♦ + 

4 s M/ h!JZ 

Plic.IO. CprumeHne rrapru.ieT­

poB Ha.ItJIOHa 6 (M~l )1,JIH pe­

a.Kn;nii 1'?-.XP u ,P we~.x~e-

2 3 

I'Jiana 6 co.nep;;mT o6cy~emre rro;zytieHHUX pesyJII,TaTOB, cprume­
mre C .ll;aI!HhlMII ,Iij)yrnx arwrreprn.1eHTOB ll !IeIWTOpmm TeopeTutieCKllMII 
1.1O,neJI.fIMlI, a TaK.lKe rrepcrreKT1m11 ,na.ru,Hei'nuero U3-ytieHII.fI Jlli!CJII03.IIB­
HUX peaKD;Ilii .nirrgpaKD;I!OIDro:li .lCllCCOIJ,Ilan;IDI. 

CpaBHeirne Hamme ,naHiillX c .namrm.m pa60T11 /9/, r.ne JI3YtiaJiacI> 
pe~IB,P,P..,.,PX npu aHeprnax OT 6,6 .no 28 I'aB,rr01msaJio, 'ITO 
CTPYKTypa cetiemrn B O6JiaCTlI Ma.JlliX Mace II rue -1:- -3aDJ!ClIMOCTI, 
IlO"ITll He l,leHJIIOTC.fI B .nnarra3OHe 3Heprn:.iJ: OT 6 .no 400 raB (sa l!C­
HJUOtieHl:IeM o6JiaCTll BO36YJJmemmx Mace, r.ne po~aeTc.fI Llhl236, 
m.ieIO!I(aJI OTJIJI'Illll:li OT npoToHa II3OTO!llltiecK_m1 ClIUH}, XOT.fI no a6co-
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JIIOTHoii BeJiwnrne cetiemm: rra;.iaIOT 6oJiee , tieM B Tpn: pasa. !:nBu­
cm.mcTI> cetiemrn OT lIMITYJII>ca Ha.'!eTruomero rrpoToHa ( 5) Helllloxo m,­
cTpnrromrpyeTCJI B o6Jiacn uenI>mnx aHeprnil. ,..., IO I'a2. Cna,.11; ,nui_[rlJe­
peHI.maJII,IruX cetiemni c YBeJIJitiemreM aneprmr B Teop1m Pe,n;;;,e crursr,r-
3EBaJOT C BLir,mpaHIIeM o6MeHOB BTOplf'!Hmrn Tpaei,Topnm.m. Cetierrne. 
onpe,ne.1HeMoe TOJll>IW o6ueHOM rrouepoHoM, .IJ;OJIBHO JiorapJiqHHtiecrm 
pacTn, ecJm pacTYT rromme cei:remm. l3 .nnanasone ;300 ..- 400 ran 
TOtJ:Hocn uanmx .nammx yY1..e He,nocTaToTIHa )1,JIH orrpe,neJieHrur xapar~Te­
pa ~ -3aBHCIIMOCTII ,nu(fq)eperuuraJII,HUX cetierurii. He llCIIJIIO"IeIIO, 'ITO, 
Ha"IJIIIa.fI C 3Tl!X 3HeprJiii, .n:Jic@epemuraJII,HUe cetI8Hllf! M8H.1'L'OT ITOBelI,e:­
HIIe ll Ha'llil!aJOT pacTII. lIOBTOPeHHe Haruero 3KCrrepm.ieHTa C yBeJil!tieH­
HOli cTaTJICTHtJ:ecimii TOtJ:HOCTI,IO rrpn 3HeprIDIX 200 - I00O rs:J MOJIWT 
OTBeTUTI, Ha 3TOT BOllpOc. , 

0 
CneI~TP B036YllU\eHHEX l,laCC B 06JlaCTII ;J~ < 5 I'aB"' m1eeT CJIOJK­

Hyro CTPYKTYPY. Kar, ,[(Jill perunnm p p~Xp ' Tmt Ii ,[(Jill p~e -.xlleB 
ceqe1111JIX Ha.li,lleHU MaKCllMYMll rrpn ~ % 1,4 ; 1,68 j 11 2,1 
I'aB. 8Ty CTpYJ.,TypY C:j3.il3UDaIOT C pO)iUl8Hliel,! lICTIIIIHIDC pe30HaiiCOB 
(I,68 raB) u nepesormucHUI.llI noporonm,m ycnJiemmMII (I,4 rail}. 

)J,71/I orrncarum 3KCRJII03IIBHUX peartn;Hii nrur6o.'Iee, pasBnTa uo~eJII, ;Le1ca. 
KoppeKTHbllf pactieT no 3TOfr MO,ll8JIII 6e3 IlO,I\I'OHO"IllliX napaue-rpoD YlI.U­

eTCJI ClI,CJiaTI, TOJII,I{O D6JIH31I n;j:ora po~CIUlH CUCTCl,lll Mt . CpaBHe­
mrn HllilW.X ,nammx c pactieTru.m O/ .n;aeT corJiacne c TotJHOCTI>Io ~ 
15 %. 

IIapaMeTp HartJioua D (i.~) CI!JII>HO sanuc!~T oT uaccu nos6y;;meu­
Ho:ii cncTeuu n yMeHI>lllaeTCJI OT 23 (rsn/c)-"' y noporn peamnm .no 

6 (I'a.d/ c )-2npu i.l~=2, 7 TaJ/1 rrocJie tiero rrepecTaeT saB!rneTI> oT 
MaCCbl ( .n;Jm,Jpeam:.um p ?fe ~Xrfe LieWleTC.fl OT 50 (I'aB/c) 2 ,IJ;O 
31 (I's.cl/ C )-,~, COOTD8TCTB8HHO) • . 

/4Jm l,J~ > 5 ra.i:32 3aI3ncm1ocTI> cetiemru OT i.~ corJiacycTc.fI c 
"TPexrror.iepomrurl' rrone.neHUeL! 

c/zcr/c/tdH} (t-=o) = c;:;,PP (o}/M/-. 
)J.]m KOHCTaHTbl Tpexnor.iepomrofr CB.fl3II MU IIOJIY"IUJIII 3HatieHne 

. ') 

5, 0 + 0, 2 1,16/ (faB/ Cr"'. 13 Jil!TepaType 3Ta BeJIU"Il!Ha DapI>npyeTC.fI - •) 

OT 2.no8116/(rsB/c)-"'. 
CorJiacue arccrrepnr.ieHTaJII>IIUX ,naHHLIX c tilaRTopnsawrnR (8) )1,JIH 

f f, ~ 

peartwru p,.o ~X.P u ,P 'lle~Xlle cBMeTeJII,cTnyeT B ITOJII,3y Toro, 
'ITO B peaKr.mII pp~Xp ,B OCHOBHO!.l, imeT O6111eH HYJICBUM II3OTOilU­
"!8CIIBM CIIlIIIOM. HaJIH"IIIe B cneKTpe B036YJ!Ul;eJlHUX Mace MaKCUMYMa 
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npn i1lx=l,68 rsB B pea.KL(IU! pWe~xwe onpOBepraeT YTBepE,IJ;eHIIe 
pa6oT!l /7 /, tiTO pesonanc I, 68 rsB poJIW,aeTcJI TOJII,KO npn o6MeHe ' 

II30TOITMeCiillM CIT:IIIIOM I. 
n o6JiaCTlI HaJ!M8Hl,llllIX :irnr.iepeHHWC H8MU nepe.n;ati 4-IU,myJII,Ca 

Y,Tl,.e ,.TI:OJiiKI-Ia na6JIJO.n;aTI,CJI .n;uccouua.r.uur npOTOHOB B KYJIOHOBCKOM ITOJie 
7II! :z . 1 t · · c/zcr _ :-t ~ I . --c- ,m,n r/, 2. 

d-tdM,l - -Y,- · Mx 2._m 2 t-2. o/lm~Mx/lF(t}j, <9 ) 

r.n:717//m~~J cetienne Bsam.10.n;eiicTBUR /-ImaHTOB c npoTona­
Mn 2~ F(t} - cpop!.lq.aKTOp rrpOTOHa. 

Ilp1rne.n;em1M lWIIOCTprunm (pI!C. I2) narunx .n;ammx np:rr /i- I:::: 
0' 002 (rsB/ C) 2 noKa3IIBaeT. tITO rrpu cnell;IlaJII,HOii ITOCTaHOBKe 81\C­
nepmi!eHTa (TOHirne .n;eTeKTOPH - 3 f- IO l\lla.J, 38.llWTa OT qioua, YBe­
JIIItieime CTaTIICT:IIIGI) .IJ;aHHOH M8TO,ll;lIEOii MOJ!UIO II3yt{aTI, IIHT8pipepeH­
l(I!10 ar,nIJiliTY.Il H)(epHO:U n KYJIOHOBCKO.fi .n;IlCCOil;Ila!UUI npoTOHOB' KaK 

3TO ycnenrno ,neJiaeTCJI IIpli U3yt;\lHlili ynpyroro pacceJIHIDI. 

~IA .. ~ pf =300 138/c 
'<>"' 
~~ -
t:,,§ fi /t/=O,O/(h.8/c/ 

" n + pp-Xp 

~~ 9 (pf;/e-X#e)xkpa,rmo,o. 
+ (pd-Xd)xk,;,a1rmop 

4 ~ L' ~j 
J H b nt. \ 1 

~ ~ 9 .C:, (> +-+t~ l 
I II. 3 + 5 6 M} raB' 

Pllc.II. CetieHlill HYKJIOH-HYK­
JIOHHO:li: .n;HCCOL(IIall;Illl' rrOJiy-qeH­
HHe ns P,cl-'i'X c/ 157 n 

f x" p'/le-+ n'e no cpoIJI.iyJrn (8). 
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... .., 
~ 
~ 
~ +Hr fJt=300 r3B/c 

"'' 2 :i: eO,OOf+0,003(138/c) 

~ + 9? !ti= oaor5+aot7(/:JB/cf 

1- 9 9 
t A 
s ++/ . r. 

9 ·t 
4 9? ~ + + + 
3 ,t 9~9~9+ 
2 

9~T 
3J!!:"t':fo;""!l:%ic;2 '~f c:, ❖ 

I _/ . 

o, 2 3 M} f'38 2 

Plic.12. li11LmocTpa.u;rur BKJia.n;a 

KYJIOHOBCKOli .n;IlCCOURainra B ce­
tieHne IIHKJI103HBHO:li: pea.Kl(IlH 
pj:> ➔ X/-) npn /-C/=0,002. 

08.EJIIOtiemw.B smorroqemm cyr.mmpornum pesy,11,TaTt.1 .n;uccepTarur­
OHHoii pa6on,1. 

I) Ha ycKopme.1re JiaclopaTopmr :11111. vepMu coopana ycTarIOBKa 
.L(JIJI nsyt!emm 1wrepenTHUX UHFmos1rnnux peam:urli pA➔X A r,wTo,rtor.r 
perircTprunm JI.n;ep oT.rtatiII OT BHyTpe1mei1 rasoBoM cTpyfIHoii ;,uillleHH. 

2) C,11eJiaIIU 81\CllCPID.lel!TH no 1rnytiemno lIHKJI103IIBHUX peaKUJlli 
pp➔-Xp lI p ½'e➔xlle B 06.lfaCTli r.!aJib!X nepe,rtatI 4-m.myJII,Ca 
npn aneprwrx 50 + 400 ra:3. 

3) 06paoOTaII 3KcnepID.IOHTaJILIIUii MaTepIIaJI, nozyrnmmil B 8Tl!X 
8KCIIepm.1e1ITax, IIOJIYt{8HU T8.6JllIUL! .rtm~epemu1aJIJ,H1!X cetieHH~ 
d¾r/dtc/M,/, usy-qeua samiCm,1ocT1, cetiemill OT ,JY, t, :,;:;: II c.n;e-., 
JiaHa nx napaMeTp:irnarum ami.lIHTIItiecxm.ITT BIIpaiwnwzr.m. 

4) C,n;eJiruIH B1ll30.n;ll, OTp8.ii!RIOlliH8 HOBli3llY IIOJiy-qeHHiilX pesy.%Ta­
TOB: 

a) c yMeHI,111enner.1 / t I HeT cna.n;a cetiennfi HJIII nsr-.1enemm: na­
pa.rAeTpa HaKJIOHa, 3KCIIOU8Hll;IlaJII,HaJI 3aJ3IlCilMOCTI, ce"l!OIIlili COXpa.IDI­
eTCJI m ;t /t:; 0,002 (raB/c) 2; nap8!,!8TJ? HaKJIOHa CJIJII,H0,,3aBIICliT 
OT r.iaccu B036yJJUJ;eHHoii CIICTeMU II na,J1aeT OT 23 (Ta:S/ c )-" y rropo­
ra peaKil;Iln .n;o 6 (ToB/ c }-2 MJI ax2;,,, 2 , 7 Tol32 (.n;Jm pea.Kn1rn 

• ~ 2 2 ph'e -+X//e OT 50 (ran/c)- .n;o 3I (raB/c) ); B o6JiacTn MMHX 

Mace cetiemm IIM8IOT pe30HalICHYIO CTP~TYIJY C 1.1arccm.ryMa.MII npu 1.i., 

I,4 raB, I,68 ToB n 2,14 ran; .llJl.fl 1,-1~>5 fBll2 rrone.n:\;!rrne cetieHitll 
corJiacyeTc.lI c 11 Tpexrrm11epoHHofi" saBnc1mocTr,ro >- I(i,~_; 

6) ,IUI@JepeHL(HaJffiHHe cetremm peaKL(Irii: ,P,P➔Xp ,pd➔Xcl 
Ii p ¾'e-.X½'e IIO.n;t!IIHJIIOTCJI OTHOllleH.H.IIM cpal~TOpII3al(IllI (8) C TO'CJ:­

HOCTI,IO .n;o MHOlKIITemr,ne 3aB.HCJIIUero OT t- H i.1 ; @altTOPIISaIU!R BU-
X 

nOJIIDieTCJI JIY'lllle, ecJrn .n;e.naT1, cparuremre rrpu paBHHx m,myJI1,cax B 
ClICTeMe 1(8HT_pa Mace' a lie B Jia60paTOpHOli CllCTel,!8; BLllIOJIHeHne 
cpa.KTOPH3all;Illl CBII.½8TeJII,CTByeT B ITOJII,3Y Toro, tITO B peaKL(IlH 
,PP -X _p npeo6Jia.naeT o6MeH HYJieBHM n:soToru1tiecimM cnmroM; 

B) .n;H@lepeHURaJII,HHe cetremm dtT/d'td~2 
cJia6o yMeHI,lllaIOTC.II 

c poc:rou 11MI1yJu,ca HaJieT8.lllllHX npo:roHoB; .ztJI.fl oelenx 113yqaeuux peax­
~mt 3a13ncnuoc:r1, ceqenn:H o:r,f1 orrncUBae:rcn qiopuyHoll 

c/20--/dtd ~t/(,.o,) = clzrr/clt tlM} ( 00
) (I+ (.t, 3 :t: J) /I{). 

5) C.n;eJia.H mar B MeTo.n;mte BitcnepIIMeHTOB C ra30BUMH cTpyiilrn­
?.llI Mlilll8HHMliI. BnepBHe 6HJia IICITOJII,30.Ba.Ha reJIIIeBM cTpyiiHM l\OOlleHI,. 
lfay-qenne peruaum_p,P ~x_,o npo.n;mmyJIOCI, .n;o /-C /=0,00I (faB/c) 2, 
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RyJIOHODCICOii .IUICCOl(liial(liUI npOTOHOD ,n;rumoii l:IeTo,n:mwfl. 
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