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AHHOTAUH.fl 

CHHXp0~30tpdH Aa6opatOpHK BHCOXHX 3BeprRI Od~eAHReHHOrO 
HHCTMtyra. HAepHHx Kccne~o:aaaHI s:ansercs reaeparopou qacru~ 
BbiCOKMX 3HeprHI. Buselm, 11tipw..erpou nyqxa ycxopeHHHX llaC1'Bif. 
JiBRserca :apeus :aw:ao~a, :tofopde onpe~enserca Bpe•eseu B3aKKo-

. . j . . 

,J;el1CTBlUI nepBH11HOrO Dy'llt8 ii,POTOE:OB C Be1Jl8X:TBOM JOIIIIeHH, Jl,Jla 
pa3JIHt.~HHX ljlusHt~ecu:x_axcnepue.Rxo:a aeo6xo.nxMH pasaue :apeKeaa 
B!i!W,na H COOTBeTCtB&lUU) pisHHe JtJIITeAI>HOCTB DY11ltOB BTOpHliHWX 
~ac~n:n, xoropwe .D:JlS y)todc~Ba B ;talitaettmeu 6y~ew uasu:aar• · 
"~unyBLCaKH Bropaq~ qacr•n•. 

llpH oduquo• c6poce nyt~xa au ~mmen» nocne :a.ttJID"'eHHJI 
B~Co!{oqacroraoro ycxopa._ero no~ta "opHaa ycxopeaaoro HliDYJl~t
ca" COCTaBJISeT /4•4;5/xcelt Ba 3HeprHSX /9•10/ B3Be 

B nettb±opYX c.tyt~asx, np• n:po:ae,JteHHH <l>H3HllecK:ax aKcnepH
~laHTOB, HCDOJI!.Sy.,_HX 3JieKTpOHHYD :UCTO,JJ;HKY, B CBS3H C orpa.BH
~tiHHOCT:bD paspelll&~~~tel cnoco6socrH annaparypw rpedyerca nony
tHHtHe ,D;JIHTeJI:bHOrO HKIIYJ1l»C8 BTOpii''IHUX llaCTHI.t C paBHOMepHO pac
np~,n;eJieHHOlt BO BpeJteBH DJIOTHOCT:&D poz.ztaDntHX.C.S BTOpH'lHHX 
qacTKq. TaxHM 00pa30K, B03BHKaeT HC06XO~HUOCT:& B y:aen:a:qeHHM 
,l\i!~TC'Jt:bHOCTH HIIIIYJI!.Ca BTOplltiHHX qacTHit B /10.100/ pas DO cpan
HeH~ID c o6aqHHM cOpocoK. 

B ps,D;e ~H3H'IeCUX 3XCnepH:a~:eHTOB, OCHOBaHHHX Ha H3yi!eHHK 
rpexoB :aropxqsux llacrRI.t B Be•ecrBe K~eps, rpedymrca xoporxu•~ 
nyG"KH BTOpHqHHX 11aCTBI.t. llo.a:yqeErHe XOpOTitHX HJOiyn:&COB BTOpHq •• · 
aux qacTHU npe,JtycerpKBaer COKJiall(eHHe "mHpiiHii ycKopeaaoro 
Hu.nyn:r,ca" B /2+10/ pas no cpaBHeilin c o6H1ilS:lDl cOpocoM. 

PaCCllOTpeHHD JteTO)tOB DOJIY'I8HH$! ,llJUITeJI:&BHX H XOpOTKHX 
IBlliYJUGOB BTOpllliHHX 118CTB!t Ha c:IIHXpocpa30TpOBe JladopaTOpHH 
.d:WOKltX asepr11a OHffif' noc:as:~~taetf~a .ztaHHas padota. 
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rJIABA I. 

Mero,1u~ nonyqeHPUI JJ;JIMTeJI&HWX n:IqKoB BTOpMqHwx 

q!!CTPf!J. 

3a.,n.aqa nonyt~eHli a .UMTeJI:&HiiX HMnyn:&co:s :sropM\IHWX llacrmu 

C!O~TCH K y:seJIH4eH~ !peMeHM •saa~o~eiCTIKft·nep!H4HOrO npo

TOHHoro TIY4Ita C- :t.UfllleHbJ) X). C r:pHHuJllJIIaJILHOJt TQqiCH speHHJI 3TlL 

sa.n.aqa MoJCeT 61iT:& pemeHa ,lJ.ByYH cnoco6awH: 

I. Bo3.n.eMcT:eHew Ha nyqox laKMM o6pasow, 4To6~ qacTH~ :s 

npouecce ycKopeHHH nocTeneHHo, :s Te\leHHe sa,lJ.a.HHoro PIHTep:aeJla 

BpeMeH~, dOXHAaXH 06JiaCTb ycT0~4H!OCTH M "BWCaKH!aJIHCb" Ha 

Ml~IllleHb. 3~aqa !JhiBe,lJ;eHHS \16CTHIJ H3 06JiaCTM YCTOI\IHlSOCTH UO

~eT 6b1Tb ocy~eCTBJieHa .D.BYMH MeTO,lJ.aMH! 

a) pe30HaHCliWM :MeTO,lJ;OM, OCHO!aHHOM Ha :e:ee,lJ.eHPIH PICRYCCT

BeHHhiX Bos•yme~Hl :s. qacrory yoxopmomero nons, npM:ao.n.a~x K 

pacKaqKe pa,lU1aJibHO-$a30!hiX KOJie6aHH~ M,KaK CJie,lJ.CTBHe, K !H

XO,lJ.y H3 CHHxpOHH3Ma YCKOpeHHhiX 4aCTHU; 

6) MeTO,lJ;OM MaHHTIYJIHUMH aMnnHTy,lJ.hl !UCOK04aCTOTHOrO YCKO

psoomero Hanp.a:JteHHII, npM!O,lJ.IIlllHM !\ nporpa.MMHpOBaHHOlly COK

pal!lemm pa3Mepo:e o6JiaCTl'! ycTo~qTaocT~ \ 

2. Cnoco6oM, ocymecT!JUm~~w Me,llJieHHde "Ha1l~w:saRHe" 

I1Y4Ka YCKOpeHH~X 11pOTOHOB Ha MH:UeH:o, HeTIO,lJ.BHXHO CTOstll{YJ) B 

KaMepe Ha BCe :epeMH "paCTHXKH". 3TOT peXHM MO~HO ocymecT~HTb 
= 

nporpaMMMpo:eaHMeM 3aKOHa CBSI3M ''f " H "!1", lUi3hl!8lUIUIIM 

,D;OllOJlHHTeJI:OHOe H3MeHeJ~Me 4aCTOTl~ YCKOpm:>mero Hanpa~eHM.J!, 

ynpa:eJIHKJII{ero pa,lU1a.JibHhiM noJioJteHneM nyt~Ka :s K8llepe; 

X) JlJUneJI:&HWe HJI!~ paCTHHyTHe JIIMUYJI:&CH' !TOpH4HHX tiaCTMU 
MW JIIHOr,na )J.JI.f! KpaTKOCTl1 Oy,ne:v Ha3hiB8.Tb TipOCTO "paCTJIXICo)t" 



B rpynne aJieKTPOHHKH PT:> JIB3 c 1958 roJta npo:eonnac:& 

paspa6otKa .11- aKcnepJnt~eHTaJI:&Ha.a npo:eepita p11Aa YeTo.-oJS no11yqeHHJ! 

·pactsayr.Hxi JSTopmt~nwx nyt~KOB. HHxe npMBOAHTca Kpat,aa 2RpaxTe

pMcTzRa nepeti:HCJISHHW:l( MeTO,li;OJS C _ TOliKH 3peHHJ1 HX npHMeHSHHJi J,JlJI 

npoae,11;enza ~3Hllecxoro axcnepHMeHTa z y,11;o6cTBa axcnnyaTanHH. 

I. Pe3oHaHcH~~ weTOA· 

KaK yxe OTMetlaJlOCL, 3TOT MeTOA npe,JJ.yCJiaTpHBaeT JSI!e,lleHHe 

:B qac'IOTY YCKOpJOODtero HanpalleHM.fl rap:MOHZti9CKHX !0314YJneHld!, 

:ebls:w:eanmHx pe3onanc. pa,1U!aJI:bF.o-cpaso:eHx xone6arudt. l13JJeCTHO, 
, 

\ITO tlaCTOTa pa,li;HaJILH0-~30BLlX KOJie6aHHH MOXeT 6b1Tb onpeAeJieRa 

no cpopwyJie: ------------------------------------~, 

eg ·St.,~ {It-/!,· fJ{I-(~r/p?"f!-IJJ} 
- - - . ::Jl/£ a -. - (I) 

£ = 
r,n.e: Wif- qacTOTa pa,JJ.HaJILH0··¢8.30!WX KOJie6aHHI 

1ffo - qacToTa BhiCOJ:toqac·L'oTHoro ycKopsmDtero noJIJt 

9r- paBHOJSecnaa ~asa 
--IL - noKasateJI:& cna,ll;aHlUI non.a 

fl - OTHomeaHe C.KOpOCTJI npoTOHa H CKOpOCTH C:BeTa 

~ - CyM:vapnaSt: ,l(JtHna n)HIMOJIMHeAHi:lX npoaaexyrxo:a 

If~- paJ,U1yc pa:eHo:aecnoi~ op6r1rw 
~~·-- ---'-

~ - UOJIHU 3BeprBSI UJlOTOHa -~ 
IlOCKOJlLKy Hac HHTepecyn T paC'IJ'lHY'I~Me_ nyt~KH Ha !I»COigiX 

= ~'J. = ...?R<~ 7i. -,~ .. z
aHeprzH~, TO' YtiHTW:BaJI, liTO jl = i t.cJO ~£t~; . r:: --<ii-yr ; 

.... 
c 

.... J .... • l ' ~" - e ~ :J; n 9!. ~ 
/; 1' : ~,e,;f ~~ : ( 1 .. ry~-(~~ -~-~_:'3_ .? ... (2) 

C. '.: ·1:: :. . . . t1 

I• .· 

r .. :. 
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~·cu.numenb~o~o2o 

mpo~<:ma 

PHc. I. lJJIOK-cxeMa annapaTyp:>~ pe3oHaHCHoro Mero,n;a. 
I. reHena:rop 3Bj'KOB0:1 tiaCTOTli. 2. 3JieKTpOHHHe 
"Bopora -n. J • .A11naparrpa CBR3:a j"' K H • . . , .. 

PHc. 2. CwrRaA c uxmeHI npK noJy~eRKH pactAHytoroMnyqxa 
P830RaHCHYK M8TO~OM, !lHTeR»HOCTi OKOIO 250 MC8E, 
Ha sepxHeK nyqe xanHOpcsoqaaa qactota 50 r~. 



klCTIOJlb3YH peaJI:bH.Ye ,n.aHHble peJitHM~ ycKopeHHH, IIpH KOTOpOM 

~~ = 8600 3!. VI= 74,C0
; n = 0,67; ~=28M.; 

_ b. =32M.; f: ==.3x.ICIO CM/CeK, JierRO TIOC'lHTaTb, 4TO 

f:,(sllf¥) = 840 ru. -- . .J;c1oee.;J = eOO rr~. 
TaKHM o6pa3oM, 'lTodw :e~s:eaTb pe3oHaHc pa~aJihHo-~aso~HX 

KOJledaHHtt Ha 3HeprH.RX (9+(0) E3:e, HeodX0,1U1MO !:B8CT:v1 B qacTO

Ty ycKO p.fii)II\ero nbJISI rapMOHYlt ecKHe :eo3MynteH:vtH c qacTo To~ nop.R;[

Ka (800+850) ru. 
ITpaKTHtieCKde ·ocyntecTnJ;eHHe :3Toro pe:tHMa .n.ocnrraeTc.fi, 

HacTpot.txo~ qacTo TH :eo3Mytnem~t1 • .UJIHTeJ.hHO CTh :ehlca.nrm npoToHo:e 

Ha MHlli8Hb peryJIJ1pyeTCR HB.CTJlOtlKO~ 8.3-!flJHrTy)r,bl ~03MYlltE:Ihlff .C1le,n.y·· 

eT OTM6THTb ,'ITO a.MflJIMTy.I(a 1J03MYII\6H~Ifl ~JH1.HGT 13 .KaKOHTO Mepe 

H Ha Ha'laJIO BHC8..Ii:KI1 'laC Tl1U Hf'~ M.Mlli8Hh. 

C noMOII.\:Ot.; 3Toro MeTo.n;a 3KcnepMMeHTam,Ho OhiJIM noJiyt!eHhi 

!TOpH'lHhle nyqKM qacnru ,IVIYIT,3JlbHOCTbl.iJ OT H8CKOJlbKMX )I;€CRTKO:e 

MH~JlHCeKyF,n. ,n.o~0,5_ceK. ~ 

Ha pile. I npe,nctaBJieHa dJIOK-cxeKa pe3oHaHcHoro ME:ToAa. 
C npHl:O,li;OM HMIIYJibCa .,H", COOTBeTCT.!yn~ero onpe,n;e1l8HHOMY 

3Hat!6H:HIJ MarHHTHOro JIOJI.H, :;JieKTpOHHhle "nopo Ta" 0 TKphU.5aJJ TCJI -
Jot nponyCKallT :e 'tpaKT CDJ13H "1 r• J1 "t!" CHrHaJI B03My~eHI1H, 
IIO,Jta:eaeMbll! C reHepaTopa SBJ"KOBO~ qacTOTlL 

Ha ptic. 2 npe,l'(cra:sneHc. ocUHJIJiorpaJ!Ma pacTllHyToro nytiKa 

pe30HaHaCHUM M6TO~OM. 

ITpH c:eoei'-t npocToTe pe~IOHaHacHh!J;\ Mero,n; vrMecT pR.Jl: He.n;ocTar-

KOB, a HMeHHO: 

a) qacT:D npoToHo:e, :ehlna~a.n 1:13 mmxpOIJH3Ma, m~caJlr.r~BaeTcR 

Ha cTeHKI'i :.a.MepH, .ne norra.n.a.a Ha MrtllieHJ:>, (1H~,naBa..n reM caMhiM 

HezeJiaTeJibHhln ~oH; 

d) Cie3 ,lOIIOJIHJliT8JlbHOa KOppeKU~Jot STJI!M Me TO)r,OM :J.a :'p~; ,1t~)}1-· 

TeJibHO llOJlY'lMTb paBHOM6pHYJO BhlCa,Ir,Ky rrpOTOHOB Ha MMlll8Eh; 
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!) H8. CT8.0HAbHOCT:b $QpllW paCTSIHYTOrO nyqxa CHJlhJ!Oe !JlH

IIHHe OX8.3W!81lT CT8.6HJil!HOCT:b &ffiHJIMTY."'Jil !liCOKOqacTOTOROrO 

YCXOPJIDJilero HanpsJ:eHHJl, CTa<IHJI:bHOCTil tlaC TOTW M aJlfiJIH!YAW 

:aos:vyiJleaHr. 

TrumM o6paso:w :aaxHo HMHTil :a :BH,ll;y nepet~HcJieHHhle !HIDe 

38JleqaHHR npH OCY~~CT:BJleHHH peXH:Va "paCTSXKH" p930H8.HCHhlM 

ll9TO)J;Ol4. 

2. MeTQJJ; MaHJ.tny;uitmH a.MnJIHTy.nw :awcoKot~ac

!OTHoro ycJtopJ!Dmero Hanp!XeHM· 

3!0 T Me TO,)( UOJiyqeiJBJI ;pa.cTS!HYTHX HMDYJliiCO:B !TOpHtiHWX 

t18.CTHU OCHO!l8.H H8. nJiaBHOJ.f COitp&DttsJfJI: pasuepo:a o6JlaCTH YCTOI

tiH!lOCTH 38. Cl!eT yMeH:biDe~Jl i:l.MfiJlHTY,D;W !l.WCOB:OqacTOTBOrO 

ycxopsmntero Hanp!JJteHHR no sa.n;aHHoM nporpawMe. 3a:aHcH:uocTh 
-~-

OtltJIOH8HJJS{ pa»yca op6H TW n}oToHa o T pa:aHoBecHoro pa,nyca B -
cpyHKUJ.B1 cpa3W ffJ H a.MfiJIHTy,D;:ll ycKopsmutero DOJI!: e Vo !.Wpa-

:a 

xaeTcs cpop:uyxolt: , 

p _ _-e-.~--0-Sl-,p-,_-~-.n~~+]) · !.', · }

1
(
3

) 
- - ::;r; (; =- ~~ ,.. I J? . 
&> = .P ·e-HJ·Jf.·lt,=-K·:p . J.-(~~1]){3~e-~J -··· 

r~e: JD - OTKJioHeHHe oT pa!HOBecaoro-pa~yca; 

!& - pa!Hoeecah!M pa.JUt yc; 

e~·- aMfiJIHTy~a YCKOpRD~ero llOJIH; 
'= 
~ - cpasa ycxopHDDlero aoxn; 

~- pa!HO!ecHa! <flasa; 

J - llOCTOSIHHFiR HHTerpliip0!8.HHH. 

Ha !lLICOKnX 3Hepnurx c yt~eTOM paaAhHb!X 3HatleHH~ n ; Ro 
H L noAyqHM: v¥ _ . 
~ £-1 0 7 ej (sin f- f.Csi;, ri} 

1/ I c. .~·· (4) 
.1\o ...,. -
c::- -

ITOCTOHHH8.B HHTerpHp0!8.HHJl "~" ,D;JIJl cenapaTpHCCW onpe,D;eJIJl-



- IO -

€TCR 1113 ycJIOJnlfl, 4TO npH r = - ~ 
T. 0. ,l(JIH cerrapaTpMccw, orpa:-JHq:£1Ba.RHne~ odJiacTb ycTO~QJ.f:BOCTH, 

~=n:: 1/of ~fA(Jinf- fp.C;~t.S.·,'if.- i.Gp~--- (IS) 
~ .::=: ·--... -

MaKCMMJlbHO€ OTKJIOH€HH€ pa,lU!yca npOHCXO)UfT npii lPa3€ fY = Po 

. 
Q€CKMM M€TOlOM, peruag ypaEH€HHe: 

Ji,~-~·WPo+Jr,~-~.C!fo=o --- (7) 
?!5 -

3fiaqeHl1€ q.;l3l:J ~ ,1\Jlfl pc-t3Hh!X e~ onpe,neJIR€TCH H3 COOTHOili€HHH 

e~·w ~ = 2:J2 Kec. 

rAe 2,32 R~B- ~HeprHR,npHodpeTaeMaR paBHOB€CHO~ qaCTH

I~e~, 3a omra odopo '1'. 

iio GlOp~zyJiaM (5), (6) H (7) BHtlHCJieHH OTKJIOHeHH.H .JJ;JISI pa3-

HhrX SHalieHn~i <I H Ha p:ac. 3 npe,ncraBJieHo ceue~cTBO cenapaTpKcc 

)f,iUl pa3HhiX 3Pat.IeHv.i1 evo . Borrpoc 0 pa:BHOMepHOCTH :Bh!Ca,JJ;KH nyq--
Ka Ha MMll!€Hh MOJICHO paCCMOTp€Th JlHlllh ITpM HeKOTOphl.X )J;OITY1U€HHRX, 

nocttoJibKY Mhl He 3HaeM cfiYRKIJ;ltl"R) pacnpe.neJieHt-IH qacnu~ B cryc TKe. 

EcJIYI rrpe.nrroJioxm Th, qTo cerrapa'lpHcca paBHOMepHo 3arroJIHeHa qac-

nn~aMJ/1, <!'0 TOr)I.a. tiHCJlO BhlUa,nal.liUHX H3 CV1HxpOHH3Ma Y! 13biCaJOH:Ba

DlUI1XC.H Ha MMDreHL \IaCTI·Hl:, 6y;I{e'l nporropuHoHaJihHO yMeHhllleHHD 

06JiaCTM yCTO~UM~OCTM. 

3aBHCHMOCTL IIJIOllla.nH o6JIClC'I'M ycTo~q:vraocT:£1 B WYHZUMM aM

rrm1Ty.IUI ycKOpRIDI1\8fO HaiTpRJJCeHM.f MJlJIDCTpHpyeTCR rpa!f>MKOM pvrc. 4. 

n 3 rpaqTvt.Ka ii11,IJ,Ho, '4TO oOnacT:& · ycTo}!t[ffBOCTH It.3MeHReTcR. np¥I

OJH13!1 TeJihHO rrponCili~JroHaJILHo c M3MeHeHM:eJ..l a:MnJIHTy,n;u ycKopJIDmero 



' ! 
~t 

' 

- II 2 

.. 

Vo o~eS 
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c 6 LJ. e euepa _, ropa 
I ------

--w -· 

Pu::. 5 
PHC. 5. hJIOK-CXeMa MeTo,n;a MaHRr:yJIHU1H1 a.MTIJIVITJ,lJ;bl ycKOpHllll{ero 

HanpnxeHM.H: 
l. - o6ll{H11 ycKJU1:TeJI:&, 1. - MOutHhie BhiXO,n;Hhle xacKa.n.hl, 
ill - cKcTeMa APY; IY - C1JIOK IH1Jioo6pa3Horo HanpmteBliJI. 

PHc. 6. CHrHa11 C MMUleHH npH "paCIHJICKe" MCTO,D;O.M MaH.rtnyJIJU.(Hlrl 
aMOJIHTY,IJ;H YCKOpSIJ>utero aanp.a~teHHSI. ,Ii.JIHT6JihHOCTb nopJI){
Ka 150 MC6K. BpeMeHHOM MaCWTa6 20 MCeK/CM. 
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wanpSixeHH.H. 

Ha cauou )l;eJie, nnoruocrb pacnpe;teJteHJUl tJacrJ;u~ B nyl:lKe 
B03pacraet K uearpy crycrxa. B c;re.nbtl3~e aroro mnrencv.rBHocrb 
BTOpHqHorO OytJKa dy~eT B03pactaTb k KO~UY "paCTRXKH". 
l:iJJox-cxeJUii annaparypH, ocymecrBJl.annteH pl3kMU uaartnyJIHI.\HH npe~
craBneua aa pHc. 5. 

Mero.zt noJiy'leHHH pacTsdryroro IIYllK~l :MaHHnyJIHUHe~ annaparypN 
ycKop.aDntero H.anpaxeHHA HMeer onpe~~eJieauoe npeHMymecrBo nepe.r.t 
pe30HaHCHHM MeTO,ItOM, O~HBSO H eMy npHoYmH CBOH He,ItOCTaTKHt a 
HKeHHO: 

~) yueHbllieHHe a1nj.wTy~l ycxopmo~ero nanpa~eHHS ~~su~aeT 
"cnon3anHe" pa~HoBeckoa ~all, qTo npHBO~T x ~ospacTakUb aMflJIH

TY.JU~ pa,Ju.ran hHo-tPa.soDLx KoJlet5aHH£t 11 ycyrye5Jiaer· npou;ecc :swna-

.n.aHM~ tdicrnu 118 buHxpoth~3Ja. BcJre.llcTJSint nToro Mo:ae~r kapymMTb-

c! pa~H~uepHdCTb :eblca,l(ttH ~a~~THU Ha l.U!llleHb. 

b) yMeH:bllieHVI e clmni-1 TYAIII yc~<:opJll)ll{ero HanpsnreH.wn n,Pih~o~mr 

K ywekbrue~HD qacTOTN paAHaJibHO-q~30BWX KOJieOaH~M, BCJieAbrBHe 

qero MOll:eT H8.CTynHTL pe30HaHC C rapMOHMKOi1 nyJihCal.l;}i~ 

.Marltl11'HOfO llOJlR 60(1 ru. 3TO~ J'830HaHC, HaCTYI18X)llt1rli1 ripvt ~=c!C R:B 

BH3blaa.R .n.onoliH!IlTeJibHYIO pab:r<aqxy cpa3o:BHX Ko.neoam1~, npU~o.n.MT K 

ente dbJibille~ ~Iepa:euoMepHoc'rl! i!hlca,n.Klll ny4Ka Ha MMIL€Hh. O,it.liaKo, 

Hec~pTpH Ha rrepet!JI!IjjeHHLI€ Bhllle He.IJ;OCTaTKIII MeTOA MaiB1Tl)'Jt.HU11V. 

~ ~OCTaT0'4HO SqxpeKTM1'J€H lrl ycnelllHO npMM8HReTC.H B ItOMcJHI-IY!

poBS.liH.btX peXt:.MaX, I'!e HeT 1- eod:XO,IUHJOCTH CV.JlbHO CHlllJCa'l'b a.MDJm

TYJI.Y ycxdpnJJ~ero i-Iarlpn:.I!Ce.Hun. Ha p11:c. 6 rrpe.n.cTaBJiena bCLUOlJlO

rp8JlM8. pac1:.at.KM MaH11nyJistlltiJH~ V40 AJi:KTeJILHocTbiD I no MeeK. 
= 

3aJtrlqa noJI:Yt~elu-ts pac±HH:ytoro nyqKa :eropwtJHh!X t~ac'rli1r~ npo-

rpau:a.mpoBaHHeM a.unirwry,nhl YI!Kop~titeto aanpaJ!teHHR MoJJCHo ocyutecT-

BMT» lll KOCBeHHh1M CllOC000M ~ a MM€HHO: Iof3MeHemte.M pa3HOCT.V1 cpa3 

WelC.tr.Y HaTipW!t€H11S!M11 Ha ycKO]JSOOII.lMX 3JI8ItTpO~aX l1pli1 flOCTORHHO}l 

a.MfiJilllTy,n.e ycKopSOOI.Itero Harrp.:tJCeHM.fl. Yl3M€H€HHe pa:3HOCTM Q:Ja3 01 

180° )J.O H)IJISI paBHOCM1lbHO YJvieH:bllieHl'IJJ &mJlliTY.D.bl yCKOp~roiitero Ha-

apSI~eHir1.fl OT Voti"a)( .D.O HyJlH. -
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MeTO,D; TIOJiyt~eHt1R paCT.AHyToro ..!1-lmYJihCa :BTOpt1t!HllX 48CT¥II~ 

nporpaMMHp0!8HHeM 38KOHa C1Ul3YI "j" H "!:!:" OCHOllaH Ha '!!e,D;e--
HHH ! 3aKOH CB.fl3¥1 nporpe.Mlo1hl }13MeHeltVI.H 'laCTOThl YCKOpliD~erc Ha

npSljteHHSI. Ilpi-i S'IOM :MeTo,l(e OC yll{eC'I:B.llRe TC.fl "Me,1J;Jl8HHOe HanJII»Ba

HHe" nyqKa Ha Heno~!HXHO CTO.fl~yn MMllieHb. Vl3!eCTHO, 'ITO OTKnO

HeHHe qaCTOT~ YCKOp.RJO~ero Hil.npaxeHVIR OT 38,D:aHHOl'O 38KOHa npH

!O)J.HT K OTKJlOHeHNflO pa,IU1yca TpaeKTOp.Hl1 ,JUHIXeHHII nyqKa COrJiaCHO 

!WpaJCeHHD: 

a _ A~ 1 -/!-- ar:. ?j I- - I.... 1 "'"'*9) 
~- o {i + ;::;r ]f:} ji-( :1%1?. +!J[it if!'( t-01 6-iJF 

r.ne &w+ OTKJIOHeHHe qacTO'Ihl ycxop;miero Hanp.mteH:VIJ:Y oT 3a.n,au--
Horo 3aKOHa ( l:io ) ; 

~ /(- OTKJIOHeHHe 1l.J pe.,I:;Hyca TpaeKTOplU1 ,H,El'l.:leHI1 R nyttKa 0 T 

-=- Ro 

TIOCKOJlbKY Hac MHTepecyeT peJIHTH~MCTCKMn CJiyqa~, T.e. 

TIOJlyt~eHHe paCT.fiHyToro HMTI)~bCa BTOpHQHYX qacTMU Ha SHeprH.flX 

(9+10) Es:e, 

H IIO)J.C'I!JI.fl.H 

(IO) 

TaKHM 

Hanp.a::!eHH.fi OT 38,1I.8HHoro 3c.KOHa npnBOMT K pa!HOMepHOMY 

cMe~eHHD nyqxa no pa,li.Mycy. 

pOCTb 

MeHH 

B!ipuall BeJm'IMHY OT!UOH~.!.r~!.H 
-- I 

~TKllOHeHJUI '!aCTOTH (~f) 
[ pqcJii · 11, Y'HITbtea.n, t~To 

-
qacTOThl 'i{ 11epe3 rr·:o-

3a 3a,li.aHHhlft nj1oMeJH:yToK :epe

.D:JIH ITO~HOM BNC8~KH qacT~U 

Ha MMIDeH:b He06XO,llHMO CMecn1T1 TIY'IOK Ha BeJIH'tfMFY, pa:pJHYlJ 
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' ( ~,). 
3HeprerHqecxoA nonyWHpHHe ~~ DBDC aYnBHTy)ta CB060~HHX 

KoneOaHKa (A), Ba OCHOBaHHH ~op:uynH (IO) nonyqu:u: 

A + J; . c~1J ' -' 
-~- = /,/8 .-fo,.- . G f~c,m, 

OTKy,n;a npH Ro =28 M 

MrMeeM 

l =I,44xl06 (,n;JUi E=I010aB), 

I .,.. ~( .,.._ 

t~ -:: YJ~ (Aj} ~ 
(II) 

., r·e I 
J § -. {,~ ... 3HepreTHqecKaH WMpHEa B CM 

~j}
1

- CKOpOCTb OTKBOHeHHSI qacrOTH B ~~K 

A ~ aMnBHTy)ta CBOOO,I~;H.blX KOBeOaHH~ B CM. 

113 Bl:lpaxeHHSI (II) CJie,n;ye:T, qro ~BHTeBbHOCT:& BHCevtKH 

nyqra aa wmeH:b nponopttHOHa.Ju.aa lliKPHHe nyqxa H ooparao npo

:wpl.{MOHaJibHa CKOpOCTH OTKBOHE!HHH qacTOT.bl OT 3a,II;aHHOrO 3aKOHa. 

llponecc BHC8JlKH nyqxa He~ DmeHb- MOJEHO npe,nctaBHTb ce6e 

CJie.I(YIDll\l:tM 00pa30M. TIO Mepe D]lH6JIHJEeHHH nyqxa K :U:HmeHH, Ha 

Hee dy.n;yr p nona)tat:& qacrHUH c 6on:&mHMH p~uan:&HHKH ~one6a

IHJ.HM~i, C03,IJ;allaa TeM CaJLtul ne]l8.IJ;Hld! cppOHT HllllyJI:&Ca Bl'OpHqHI:JlX 

_ t:acrEtto KpyTH3Ha ~poa:ra H panuouepHoct:& nJIOTHOCTH B aaqaJie 

p<!CTR~~H Bceneno saBHCHt ot pacnpe,neJieHHSI qacrun no aMnnH

ry,nau pa,nuan:&HHX xone6aaHa. IlpH ,n;an:&aeame:u pa,n;HaJI:&HOM cMeute

:iHV.: nyqxa noMH:a:o nona,naHHJI Ha omea:& qacrHn c 6oJI:&

I,rtu.m KoJie6aHHSI:mt npoHcxo.n;x~r "oO,IJ;HpKa" nyqxa 3a cqet cpa
~0noro ,ItBHJ!teHHSI qacrun B cry~~rxe. H aa.xoaen, no Mepe "o6,1tHp- · 
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-p Puc. 7 

--Pile.- 8. JJ,Harp8J0(8. pa.ltHaJl:&BO-ij)a~BBWC TP8JeltTOpiiA ,D;BH:EeKBll 
qacr:wrt B crycrxe. E=IO aB, tVo = 8600 aB. 

' 

~· ·, 
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KH" nyttKa ~0 3HepreTJ.ttteCKHX pa~Mepo:a, :!LICa~Ka qacTlUl; Ha MHDleH:D 

npOHCXO,llllT, B OCHO!HOM, 3a CtiET cpa30BOrO ~!HXeiU!SI ttaCTJU( ! 

cryCTKe. )lJUI 3TOrO CJiyqag npOUPCC BblCa~KM nyl!Ka Ha MMIDeHb 

HJIJIDCTpHpyeTcli Ha p:vrc. 7. Ha pHc. 8 npe~cTaBJieHa ~HarpaMMa 

pa~a.Jl:DHO-cpa30!LIX XpaeKTOpHI. )l;BHJJC€IU1 SI ttacnu~ :! cryCTK€ ~1Ul 

ttacTHoro cJiy4an e_ K, = 8601) 3E; E = I cf 03:a. - -
PaccMoTpHM xapaKTep Bhlca.n;:\H nyttKa c T04KM speHHR pa:a

HoMepHoCTH, KOr,aa nyttOK ,- "od,nepeTCSI" , ,D.O :mepreTJPI€CKHX pa3Me

poe. IlycTb nyttOK H8TIJilxJJaeT Ha \UHll€Hb C "IIOC TOSUIHO~ CKOpoc TblO. 

]onyCTHM, 'ITO OdJiaCTb ycmoMttHBOCTH paBHOMepHO 3aTIOJIHr.Ha qac

THUa.MH no :acet;t mwma.a11. Ms 3Toro )l,onynteHK!.a: cJie.n;yeT, ttTo HHTeH

CHBHocTb I1JtiKa ycKopeHHhlX qac'IHU npOTIOPI.L110HaJibHaSI IIJIOI!la,IU! cryc1~

Ka ~(~ ~~ • B pe3yJibTaTe "BaiTJlblJJaHMH" nyttKa Ha MMIDeHb H 

cpe3aHit1.8 MHlll€HbiJ MHT€HCM!HOCTJ: B cryCTKe YJJ8Hhil!aeTC.R nponop

~OHaJibHO JM€HbllieHMlO TIJIOnta,'!(H. 3aiHtCii}toCTb ITJlO!lla,JI.M e crycTK€ 

:e <PYHKUMH panaJI:&Horo cMememur rryttRa. HJIJIJJCT~~pye;cR l,c. ~: 

RaK Bli.I\RO 113 rpa<jli!Ka p11c .. 9 !jlyHKQIIH ~ '1' = f ( ,..,_ ~) 
- San Frifax j 

noJiyttaeTcJI :e c;~JibHOkt cTeneHM HeJH:Uie~Hott. CJie,n:o:eaTeJibHO, Hallie 

npe,IU10JIOJ!t€HY1e, q TO OOJiaCTb yc TO~ti:x.fBOC TVf paDHOM€pHO 3a!IOJ1HeHa 

qacnn~a.MH, np:weo.n,HT K TOMY, tt ro 1'3hlca.n.Ka nyl!Ka ]8. MMDieH:o npM 

paBHOM€pHOM "HallJibl:aamtM" nyttKJ. no.rryqaeTC.R :e CHJlhHOH C1'€11€IIM 

Hepa:enoMepHo~. XoTH ¢YHKUvUI p :.tcnpe,n.eJieHMSI qacnu~ ~ cryc rKe 

HaM HeMS!eCTHa, o.n;aaso ecT:& :ece ocHo:eaHHSI noJiaraTb, tt-ro 

nJioTHOCTb yBeJIHQMeaeTcJI oT KpaeB K ueHTPY nyqKa. 3To npe.n.no

JioxeaMe ! ~OCTaT0'4HO~ CT€TI€Hl1 ITOJ[,T!epx.n,aeTCR ~OpMO~ HaBeJ[,eH

HOrO Ha ClllrHaJl:bHblX 3JI6KTpO.D;8l CHrHaJia.
1
J10:3TOMy, c.ne.n;yeT 

OXlll.D;aTb, 4TO HHT€HCHBHOCTb ~ cryCTKe dy.n;eT yMeHhlllaThCH doJH.S 
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~~He~HO, He~e~M KpM!afl pMC. 9, a cne,ILO~aTeRhHO, ~HCaAKa 

ttaC'l'H~ Ha MMIIIeH:O Ciy,neT donee paBHOM8pHOti. 

Ha pHc. I 0 npe,n.cTaBJieHa CiJioK-cxeMa .n.amroro MeTo)l,a 

noJiytJemr.R paCTflHYTOfO HMilYJihCa .BTOpMt!HhiX '\.IaCT11U. MOXHO 

onpe,n,eJIMT:O HeoCixo.iufMYK> KPYTH3HY n:vrJioo6pa3Horo Hanp.sxeHMB ,D.JIH 

sa,naHHOti .lVUifTeJI:OHOCTH "pacT;DitKM". J30CilOJLb'3Y8MC.H cpopMyJIO~ 

(II). Bhlpa3M! CKOpOCTh OTKJlt)HeHM.fl \laCTOTH OT 3a,ILaHHOfO 3aROH6 

qepe3 KpyT:vr3HY "mvnil" c yqe roM RO :3cf¢Mll,lHHITa nPpe,ll,ati!!f 

cPYHKUMOHa.JI:OHoro npeoCipa3o:eareJui M KPYTitY3Hhl :3a.n.coomero re-

neparopa, nony'4MM: 
s ==- I S"' '/ I \Af} = =-"Ctr • .f5 ;Pn · g · -· · · (12) 

r.u;e S'Uif KPYTM3Ha sa.n;a.IDmero reHepaTopa, paimaH np11CJJI¥13I1TeJIL-· 
Kr£( 

Te~hHO 8, 5 g-
3f·" - KosqxpMuMeHT nepe.n:a'4M cpyHKIJJt!OHaJihHoro :.1peoopa3oaa

TeJUl flO !CI10MOfa'l eJihHOlvlY 'BXO)J.y, paBBHf1 npm 6JU13M-

T8J!oHO 0,5. 

' U - xpynmHa Ini~coCipasHoro HanpsJR:emr.H. - -- -, 
TioAcTa!JIJia ( ~f ) its ¢<>PMY~hl (r2) B !Hpa1Cem-re (II) 11 

y\IHTHBHH "(n~cJieHHhle 3Ha'4eHHL~ Yr _}!J'- n. , noJiyqnu: 

{1
1 ?' o I _4_+ -~ . [Lj = ~ t - CeK • 1'4 c,, 

.MeTo.n; noJiytJe.tm.H pacTsmyToro JlY'tiKa BTopr iEUX •.;;acTw~ 

nporpa.MM1'TpO!aHYr€M 3aKOHa Cl1H3PI "f'" V! "!/._n H<1Uilj ":. JLO C :I'a1'0'-{--
HO lll;1pOKOe np~MeHeHM€. 0AHHKO, H€06XO,IU1MD 0 THe~~:'T:, IH!,ll, 

ocoCieHHocTe~ .n.aHHoro pmnn.m: 

I) Heo6xo)(vrMa HacTpoiilJCa pa,Ju1an:orwro noJlO~!~i:;t:;u1 :?-yzr,"':a. 

TaKYfM oCpa30U, 'lJTOCihl J3 OTC:fTCTBTAIIf peJJ:CitiMa _paCTJDitlG" nyt!Oi\ 

)(!Hfa~C.H llO OpCJ!1T€ llOCTO.HHHOfO HJIYI JIJHI8~HO V3MeF.fL::: ~r ~1 :: .. 

pa.l(Myca. 

2) CraCiHJI:OHOCTh naqana. Bhlca,nKM -
3aHa CO CTaCiHJioHOCThiD CBfl31! "~" M "il". 

~ 
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PBC. 9. 3aBKCHKOCTh DAO~aAK cryCTKa B ~YHK~H ~HaAhHOrO 
cMeuteHHSI nyqxa !!- = r fl,...r·ho \ 

$e~n. J' r .P,.~; 

U=KI-I -I -

-Ill -

--n _, 

lf_=F(H) KoOLU,eMy 
ycunumen1-0 

PBc. IO. iiJioJC-cxe~ Meto,Jta no.ayqemui pacraHyroro nyqxa 
Dporp~pOBaHHeM 3aKORa CBR3H! 
I. - ~YHX~OH8ALBHI :lpeo6pasoaaren:D, rr - 3~an
utHI reHeparop; W - 6uoK nporpaiOIJi u • f .. .::~ 

PHc. II. CxrsaH c MHme~ DP.H ·~crRxxe• nporpaMUHpOBaHHeu 
3a.KOHa C·BS3H.J'" ~LH• • JlJIHTeJibHOCT:D OK0110 200 llCeK. 
Ha BepxHeM JJyqe ia.Jiu6poBOlfHaa qacrora 50 rn. 



Cli"JfhHOCTltf C.~3l1 ;':_0,17i.. HecTadHJihHOCTh Ha'tlaJia BWC8,1(KH COCTaB

Jl.fieT .!;.0,"/,·tft.tu;-_. 'I'aKHM odpasou, He06XO,lU1MO nepHO,lUT'tleCKK 

?~._·:r;:.1E:HCY!p0:5J.Th GTOT YXO)I.. 

3) ~hvmyJibC BTopvrqHhiX qaciHU !.1MeeT cTpyKTYPY nyJihcarzyrtt 

HaiTp.H:XeLHIJCTH MarHHTHOrO TIOJI.fi. 

ITepeq:HcJieHHhle Bhlllie HeAocTaTK~ ~aHHoro MeTo~a nonyqeHMn 

lnC'.!'HH~.'TJrO nyq:s:a BTOpH'tiHHX qaCTHU 1lOryT 6WT~ 1 YCTpaHeHJ.i TeMH 

liT JIM MHW.U>f CTIOCOCB.MM, a ecJH1 11 He ycTpaHeHH1
, TO, BO BCJIJOM 

cJiyY:ae, yMeH:Oiileim HX BJU!JIHHe. B qacTHocTk, cTpyKTypa nyJibca

U)Ht ua:rmnrroro riOJifl B HWJ1ILCe: BTOpMtiHbiX qacnn~ MO)JtST dUTb 

:: y ,,.~-:; ':..'.!HJI~L~C YMUibllleHfi npHMCHemreM odpaTHO" C!Ui3:H TIO CHTHa

Jiy c ''i•Iii.\E!E-'1
1

• ~~o:!'HO cymecTBeHHo yJiyt~IDHTb cTadHJibHOCTb peJJCHYa 

p~.CTfDlKH, €C1U1 opouecc HaBe~eHJUi nyt~Ka Ha MHIUeHb pa3dHTh Ha 

J~~..i G 1 aG 9.: 

a) Oh!C'.~fl'::IH "nO)J.BO,TI;" ny'IKa K MYIIDeiH1 3a BpeMJI riOpH)UCa 

CHJ.t40) J'.ICE:IL H 

6) !«e)J.1teR.tro~ "Haae)J.ein:ie" nyqKa Ha MVtiDeHb. "Tio.n~o)J.'' nyt~Ka 

K J:P1 :'.!C.I:'I 1J P"JO.L:t HOM CJiyqae OpOI!3BO,lU1 TC.ft TIO 3KCTIOHeHUHaJihH01lY 
:: 
r.w ,..J 

se;f{ouy c nJ<.;TOJ.iHHoJt !peMem~t "= IO :ucex. 

MIS~-OICRHIJ() !, .
1 HaBe)J.eHHe" ITYt1K8 Ha MHIDeHb OCyll(eCTBJUieTCSl TeY 

Y.e HMJIOJ6pa.::;.m;U<l:-
1 
Ha!IpSIJICeHI1eM. 

.ttoaa 

"J.{" . <Ji.. 

Hl\ DVlG. r I npe.n.cTaBJieHa ''pacTHXKa" rrporpau.MHpo:eaH:LieM 3a-
-:::: 

C1'.H8H "f'" 1-I "_#". ,UJivtieJlbHOCTb pacT.RXKM 200 .MCeK • 
..... -........ ....... 

BbiiDe yK83HBaJIOCb, qTo HeCTS.dJi!]lbHOCTh 3aKOHa CBH3H "f" M 

l'l, C!>fl3aHHB . .fi C 3TI1M HeCTB.6H]lbHOCT1 TIOJIOJICeHMJI nytiita ITO 

pa_;zy;ycy, 1i 3H8.tti1TeJILHO~ CTeTieHH :B]lHHeT Ha CTadHJlhHOCTb "pac

TSl~:·tr,x~". C·raGt1:JlH3HponaTh pa,li,Ma]lbHOe TIO]lOJreHHe rryt~Ka B KaMepe 

uo·:·;Ho ·r.~mb B'!t;eJlem~eM KoppeKUJH1 ttacTOTH ycKopmJ~ero HanpsxeHH.R 



· - 2I -

CBrBaJOM, DpODOPUHOBa~DH~ ~H~DHOMY CMe.eBHD ny~&a OT OCB 
KU8pH. 0)tBaKO, B 3TO:M CJly~ae R8B03MOUO BH3B8.TD pa.D;HMDHOe 
cMe•eHke nyqxa. isMeHHTD no~ozeaxe ny'IKa B ~:auepe, B atoM cnyqae, 
KOSHO JlBm~ B03Ae~CTBHeX, COOTBeTCTBYDDtHM 06pa3DK, Ha CHCT6MJ 
KoppeEnax. Pacc•orpBK aror Bonpoc Hec~:o~DKO noJtpo6aee. Ha pxo.I2 
npeJtctaBJiesa 6BeK-cxeMa Aat'IHxa p~xa~~aoro nonozeaxa ny'IKa. 

· CHrHM pa3ROCtH, nponop~oagJihHHI! OTKJIOHemn> ny'IKa qacrHit 
,llOJIX8B 3aBKCeTD tOJllJKO OT DOJlOlleHPUI ~eHtpa T.S:J:eCTB crycrM. 
noarouy B JlH~epesqaMDHOI cHctexe npeAycMorpeaa aopxanusaqua 
BHXOAHoro carsana no xareHcx~aocTH. 3ry onepanun ocy~ecTB~aer 
YCHJIHT8Jl~ Cy.KKY c APY. 

AaaJIRS noxasHBaer, 'ITO OTK~oaeHHe crycrxa qacrxn sa BeJIH'IHHY 
jP DpB BB8)t8BHB 06paTHOI CB.S:3H 6y~eT CHe~OB&TD COOTHOmeHHD: 

I 'i = l+ Jet --.J . K"' -,p (D) 

r,Jte ~ - OTKJIOH8HH8 PSJtHyca C 06paTHOI CB.S:3DJ)t 7...-Dj - K03qxpH
QH8HT nepeAa'la nenx o6pariiol cBssx or cxe•emu1 rty.'IICa x qacrote 
ycxopa~~~tero sanpaEuma, x.o1 ...,..! - ~:o34lf:PBnxear nepe~aqx or ~actorw 
Sa.JtaDDtero reseparopa x cxeuteHBJ) ny'IIta. 
0DHT DOKa3H.Bt18T, 'ITO KO:KBO DOJIY'IBTD ycrOI'IHBym pa6ory o6parHOI 
CBS3H C rJyO~OI 

~ _, tlj · K4f ...,. .? -= 0 ..; s-o . 

Hcnon•ays pasdaAaHC K03~B~HeHTOB YCHJ18HBS nneq ~·~epeBnHaAi• 
BOrO KaCK&Aa (paBHO pa36aJiaBC "~yBCTBHTeBDHOCTH pa~HaBiHHX n~ac
TBH no OfKIOKeBBm") K BBO~S o6paTHYD CBS3D, KOEBO BH3BaTD CMe
•eBH8 nyqxa no ~•ycy no nndOKJ 3~aasoxy saKOHY-

Ioaso DOlt&SaTJt, q'fo npH nporp8.lOOlpOBaHHH KOaqxpHiij16HTa 
yca~eBBa O~BOrO K3 nBeq AB~epeH~HaJIDBOro &aCKaAa (npB HSAH'IBH 
oOpatBOI CBSISH) CX8.8HH8 nyqxa no paABycy 6y~eT OfiHCHB8TiCH 
CI8AY~ BHpaKeBB8K: 

L ... 4 f/ . (JIC - k,..,,f. k~~_~ 
-c - - /~ JC I -1- ~""'4J ·~1~.r (14) 
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r~e ~ - oxuocHte~:&aoe msueueHHe xoa~~~eara yc~eBBa o~oro 
H3 nneq ~H~epeH~aBbHOrO xac~a, ~ - ~iKtKBK08 p&CC!OSKI8 
or paBHoBecaoro ~myca ~o paABaAbBHX nsacTKs. C!elyer or.uer.r•,
t~ro npx uaJiux otKJioHeHJUIX crycrxa qacrH:u; or cBoero paBHoBecaero 
3H8tl8HHR B8JIHqHHa 't DOC1'0JIHHa. 

BHOHpaa suaqeoe . K_r -4j · k;.f ~ .r ,Jtocraroqso 60JI:&IID, 
xoxao oOecneqgxa JIHHelsym CBSIS» xe~y cxe•eaxex cryctKa qacr•:u; 
H 01'bOCH1'8JibHHM H3K8B8HH8M B8JIBqHHW "pa368AaHca• ~K"epeHqHaJib
HOrO Ke.CKa,la. 

Ha pxc. 13 npe~craBJieH rpa~mx saBKCHMOCtH, noctpoeHHHI 
COrJiaCHO KOHXpeTHHM ~aHHHM.· KaK BH~HO H3 rp~KKa, CM8~eHK8 
nyt~Ka B CHibHOI CT8D8BH 38BHCHT 01' COOTBOmeBHS X03~HqB8HTOB 
nneq ~M~epen~aJI:&Horo xac~a. TaKHM o6pasox, t~ro6w BH3Bar:& 
cue~eHKe nyqKa DO ~HYCY npH 3aMKHYTOI 06pa1'BOI CBSI3K, ,JtOC1'8TOtl• 
so nporpaJ4.11HpoBar:& xosqxpKD;Hesr nepeJtau O,JlBoro zs DJie.-q ~Kqxpeps
~HaJI»Horo xac~a. lora BBe~esae orpx:u;are.I:&Hol·ooparuol cBasx 
H cra6xnxsxpyer no~ozeHHe nyt~xa B &auepe, o,Jtsaxo cranes:& craox
JIHaa~tH c~JI»Ho Meaaerca B nuxJie ycxopeuxa. lelcrBxreJl:&Ho, o6••• 
K03~Hn»eHT perynHpOBaHHH MOSHO npe~C1'8BHT:& B BH,Jte npOH3B8~8HHS: 

lln-"1 = $ ·~.f . ~.f .., )" ( 15) 

Koa~HqMeHr nepe~aqx or cwe•eaxa nyqxa x qacrory, BKJinqam
utelt B C86SI 'IYBCTBH1'8B:&HOCT:b ~arqHXa pa.JtH8B:&BOrO DOJIOI:8HBJI, 
K034lfPHD;H8HT nepe,nat~H cpyHXItHOHaJI:&HOrO npeo0p8.SOBa1'8JIS DO BCDOIIO
rateJibHOJIY BXO,Jty, xy~a no).{aercs cxruaJI c BI:iXO,Jta ·.u;art~lllt8. pa.JtKaJI:&
Horo DOHOZeHHJI H KPYTH3HY 3aA8Dutero reaeparopa, BHpaSHTCJI cpop
uyJioA: 

(16) 
r.ne o< - qyacrBHTeJI:&Hocr:& ~aTtlHKa Pa.JtKaJI:&Horo noJioxeHHJI, 
pa~Haa 0,2; Kcp;n.-Ko3~HUH8HT nepe~aqu cpyHKnKOHan:&aoro npeo6pa
soBaTena no Bcnoxoraren:&aoxy BXo~y, paBHHA npH6JH3HreJI»HO 0,5; 
~'~ - xpyrxssa s~amutero reueparopa, paBaaa 8,5. Ko~H:u;Hear 
nepe~aqx or qacroru ycxopa~ero aanpazeaKa x cxe~eHRm nyqxa 
MOXBO onpe.~eJIHT:b HX BHpaoX8HHJI (9) 
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'15 .... c... .... 

kY;[ ~ _§J _ t7_ i .. ---
=~J-.·f·:: Sj --:: ii_;--i.-~i-,~~-1-- -----~-.-~-----;-~·/1-y·~l ... (17) 

. ~ I "' J->J._; , 41lJi~ t-l.l ff.,.,fJ\1-'lj }) \. ~ .. -
'- '= .,... v _, 

PactteThl rJOKa3hiB81) T, ttTO 0 l~l!4H~ KO 3<f!cplH~eHT peryJIVT-

po:F.!aHHH, pa::eHO KaK :£1: KOG<f!cfJvrr(Me::n nepeAa\t:£1 OT qaCTOTbl YCKO

pRJOl!4€rO HaiipR:l!C€HV1Sl K CMIJl8Hl110 nyqKa; l1:3M€HSI€TCS B UMKJie YCKO

peHJITS CioJiee, qeM :e I 0 pa3. CJien;o:ea TeJibHO, HeoOxo.l!;vrMo nporpa.M-· 

. MMpo::eaTb K03~cpMUM€HT nepe~attVT OT CM€IJtBHHH nyqKa K qacTOTe 

ycrwpsoomero nanpsJKeinui TaKVTM oOpa3oM,\tT00bl 

T.e. ttTOClhl OCllUVT~ Ito3qxp.VH~l1€RT peryJIHpo:eaHJ1SI 

HHS dbiJI B€JlMttHHO~ ITOCTOSHHO~. H3 ypa:eHeHHS 

i ... 
~ A Ol. "'- _(b . .: i,' ··~· . · -. / tyut;o) ;, ..,..4f = -·· ··- - -· 

-- ,,.. .1/J:' -· - '"-if .-.., J -. 

/ .. .y / 
A~ rc.£( - "oJ.,. - '-4~ t· 
-~ -~ - ' = = lt''":.J 

B UHKJie ycKope-

(15) otte:eH,nHo: 

(18) 

Y4nTu:ean ypaJHIBHHe (16), MOJICHO onpe~eJil1Tb HeoOxo~Mhl~ 

3a!WH rrporpaMMHpOBaHH.fi ttyBCT:BV T€JlbHOCTH ,n.aTq¥fKa. pa~HaJibHOrO 

rronoxemu:I nyqKa B rw,:Kne ycxopeHl1R: 
·-··· - 1_/ Jfot:.. ; -tl!" • \ 

J • -:- ·, ~ 7 \... _:.,,, =ty -:x.! t .. l.: .··----~:--· ·-····--~--:::--

\. k ~'' · ,_) Jr ·~ 4f. '!!> ·b -=-' =- -- J-
4. TIOJI~€HHe paCTHHYTHX rryttKOB BTOpl1qHbiX 

tt~TJ.o1U Ha ,llBYX MHllieHMHX :B O!HOM TJ!1R:Jle. 

B saKJIID\teHMH rnaB~ paccMoTpHM nonpoc o ~03MO~HOCT~ no

nyqerrv.H paCTHHYTbiX nytUCOB BTO)I.i'liHhlX ttaCTMU Ha ~BYX MHlli€HHX. 

Tip~ urrTeHcMBnocTH nyqKa nop.H,n::ca (4+6)xi09 qacT~U B tn.myn:oce 
.. -

npe.!',cTaBJIHe TCH l'03MOJ!tHh!M paelo raT:c rra .n.:ea M oonee rp:a:n~t~ecKM.X 

~KCTiepi1M€HTa B O,UHOM !~~KJie. 

Ha p11c. I L} rpa¢r-ttte~KI1 H3o dpaiten TaKoR pe:J~ti'J.M coBMemeH-

no~ paOOTbl Ha ~BYX 3KCnepi1M€HTa~opo:e. 

IlpM ~OCTYTF.t€HHI1 nyttJCOM orrpe.n,eJieHHO~ r3Heprl1l1 CTaHOIH1TCH 

B paelottee nonoJ!CeHMe rrepna.H Ml1IDeH.b (M' IIi ) , KO Topa.H pacnono ... 

Jteua ,n;aJI:bme oT nenTpa KaMephl no cpaneeHI1IO co BTopoU Ml11IleHtl> 
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PHc. I4.PacnonoseaHe MHWeHeM B Kauepe npH pa6ore Ha ~sa 
3KcnepHMeHTa B O~HOK qRKne. 

Pxc. 15. CKrHaJI HHTeHCKBHOCTJI np11 "pacTaSKaX" Ha )tB8 
11Hlll8HB • llepBaSI - nporpaiO&HpOB8JIKeK 3aKOH8. CBSI3H 
.-/- H H r. BTopaa - KABHDJJIIIJlH81 '/ o • 

B'p8K8HROH M8.CWT8.CS 200 v • 
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.8t.lHl8M 3e.KOHa CBI1.3H "+ " n "//" ~ npM: ~OCntXeHJU! HHTeHCJrBHOOTM 
_, --

l:ep:tl-1'4Hr)rO TIY'Hta 38)I.aHHOrO ypo~Hil, nyttOK OT!O)tHTC.R OT lUi:WeHM' H&c. 

opdr'fTY I1CX0,1J.HOrO pa)J;Myca. Tio,lUlei)litaH~e KOHe'IHOi! Ir1:HTeHCl~~HOCT~ 

HA, 3a,1i.G.I-IHOl~l JPOBHe o6ecneltrt:ea.et TRK H~~:w:BaeJtlitt <5JIOK CTaCJH-' 
I 

Jin3a.rt:HJi l1HTeHcH:eHocTI-1. OctaTcK nyttKa~ npo~oJiza.R ,JtaJl:E>lne ycKo-
i I 

pti.T:bCR, np;.~ ~OCTmA:eHlU1 BTOpO~ Sa,ltaHHO~ 3BeprMH 13h1Ca.J:H:BaeTCJt 

Ha :B'!opyK> u:nieHh, KOTOpaSI K HTOMY !peMeH:v.r CTaHOBHTCH :e pa6o-

4Ce noJloJre£a'fe. "PacTR:Kxa" ny'IKa Ha :e-fopy.j MMllleHl:t uoJitet ocy-
i ' 

~eCT!nHTbCSI MeTC~OM MaHHnyJIHUir1:~ aunAl1TY~h1 !WCOKbqacTOTHOro 

ye lto pm:HLte ro I-Ianp.a;~e IIY.I .a. 
I 

': ; I 

B H€KOTOpb1X CJly'-la.HX Tpe6ye·TcH CtaOi.fJUt3HpOBaT:b MHTehcH! .. 

~ocTh, KaK."sscazenHyn" Ha nep:syn MHmes~>, TaK n na Btopyn. 

ll 3TOM C.'l:)'ti&e np€Bhllliat01J~8.1l cywy 3a,JJ.aHHHX ypoBHeA Ir1:HTeHCMBHO.CTb 

MOJR;eT <5h!'l'J, ·C6pomena Ha c:reHint Ka.Mep.bl ! HallaJie ycKopeH.HH MJlH 

. ' I 

M~flOflh30BaHa AH.fi ITOJiyqeRHSI }aCTSIHJTOro ny~Ka Ha TpeT:beD M~-

meial c noMout:&D pesoH8.HcHoro MeTo,la. 

Ha :p11c. I5 np e!cTa!JieHbl OCtlHJIJiorpa.wMLt rtpu "pacTHXKaX" 

na .lile Ml1J.:;cH:vr. ITepBaH BLICaAKa nyqKS. Ha in1meti~> ocyn:ecnuuteTcs - ' 

nporpe.M}IVIpo:saHv.eM saxo Ha CBJI3J.f "f." ii "fl", a :B'i'opa1I 1nutuny .. 
' . 

~ ,, 
J! .H l!,li{f) . ' 0 • 

1
l'aKv· . .,, o6pe.3oM, KOM6vmr:9YH paccJib1'pe1iH.btl' BIXIlle H a:ame,n:1D11e 

np.v.Mt.:'!HHL-' · ··- :ueTo)'~':i nLnyqeFnui pacTBHYTHX rttQROB :BtbpH'-IHLIX l.lae

T1nl, !.lC1~l~ 1 1l ,UOJl%HO~ MSp' o6eCriEl4~T:& paOb'i'y HeCltOJibKV.j( tl>vr-

3lfttec~tl1X 1.1KCneplt1MeH'l'OB B · JlHCHJ ~KJie, liTd 8 3Hatr~teiibHOH 

ctenettH . --..~.,unaet 3qxpeitTMBHf c .. 'o llcn.eJib3oBaH'UI ycKopMTe)In. 

--:i:lP.;Q.Hql1.Ban ~ .,~C'MO~ 1eH1· e Hl.'TO)tOB I10JI" qeHM.H p8JTRHYTHX 
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. flytlltOB BTOpMqHHX \laCTJH~, CJle,Jtye'l' yno:USIHYTL e•e O,UH aqxpexm:s

HHI ueto~, c:sasaHHHI C MaHHny~aUHel CKOpOCTH HapacTaHHB war-

HMTHoro noJI.a. 

M3B8CTHO·, tiTO 

e HeTpy.J;HO BM)J;etb~ tiTO HapymeHHe nponopD;HOHaJILHDCTM: uez,11,y 
""' ... ..... -J3!(iJ H e-.!~ 'tj npH:Se)J.eT It H3WeiieHHD pa)JJ[yca op0HTN, 4 CJle,llO-

BaTeJlLH~, x·x cue•eHH0 1 nyqxa~ q~o H tpe6yetca Ana. noJiyqeHHa 

pezx:ua "pacTAZKH". 

nocne rlpexpallleHHJI ycxopeHHB :s HapactMuteM :warHHTHo:u none 

nytlOK CO CKOpOCTI>J> 

rxe: II~ H l.fo- 3RatleHHB eKOpOCTH flOJl.R H a0COXDtHOI:BeJ1HtiHHW 
: 

rJte: 

noJISI Ha opOtr'!Te Pa.lHyca Ka • 
~ 

Bpeua :s3avtMo.lteltctBMR nyqxa c YMmeHbD onpe)leJiaetc.R, mx 

f .. -~ (l-~ .l 
- ' ih. £, (19)

1 

J - lllMpMHa nyql!. C· ytleTOM C!OOO,ltHHX KOJie6aJndt. 
• 

TaKHu o6pa3oM, yueHLmaa "H.", uo~Ho ocy~ectBHTh .llJlHTen:&-= . 
Hoe B38.HMO,D;eltct!He nyqxa c JntmeHLD. Oca.oBaoe npernryUleCTBO laH-

- .-,·--:-r;..-.-. 
~ •.. , . 

Horo •ero.Jta - Mos:o3sepreTH'lROCTL pacroyroro nyqxa Bropmqilw.i 'iae:~ 

THil. 

: £ A B A IT. 

IToJiyl.leHHe ~yqKa qacTHn 3a)Ul::IHOI HHTeHClw:!~HOC'J'M. :e KOpOTKHI 

HHtep:saJI :speueH:K cylltect:seHHWM od:~aadw notwtbae'r xaqec±Bo tpe.a;o! 
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npH perHCTpaUHH BTOpH\IHUX qacTHU H npo~yKTOB R~epH~X peaKUH~ 
B ny3UpbKOBHX KaMepax. 3~aqa nonyqeHHR KOpOTKHX KMDynbCOB 
BTOpH'lHWC 'laCTHU pewaJiaCb C KOHI.4Cl. 1958 ro){a •. 

C npHH,UHm~aJlbHO~ TO\IKH 3peHHSl YJleHbWeHHe BblCa~H. nepBH'l
HOro nyqxa Ha MHmeHb HXH COKpanteHHe ul.IIHpHHbl".YCKOpeHHOro HM
nynbca uo~er 6blTb ~ocrHrayro rpewa cnoco6auH: 

I. YueHbmeHHeu WKPHHH nyqxa ycxopeHHblX qacTHU 3a cqer 
It OO){HpKH" nyt~Ka .wmeHbl); ' 

2. Ody~ec~BXeHHeM OblCTporO HaBe){eHHSl nyqKa Ha MHW8Hb: 
a) nporpa.w.m:poBaHHeM 3aKoaa ClUJ3H " j " M " H " 
6) y:beJIH46HHeM CKOpOCTH H3MeHeHHR HaripS:l:IIC6HllOCTH MarHHT-. 

HOrO DOJIR OOCJie OKOH'laHHSl ycKopaHHSl (3TOT MeTO){ patcMaTpkBaTbC~ 
He 6y~eTt .TaK KaK npH 3TOM pemaercH 3~aqa, 06paTH6R C03~aHHD . . 
peJJtHua "paCTSIJC)tH "MaHHnyJIRUHelt "H". 

3. Cos.n:aaHe.M B npol\ecce ycxopeHHSI Ta.KHX ycJIOBidt, 'lT06bl 
4aCTHUbl B kopOTKH~ HHTepBaJI BpeMeHH BblflaJIH H3 CHHXpOHH3Ma H BblCa
,ll.itJiaCb aa iiHweab. JTa 3a_naqa MOXet 6HTb pemeaa t.tero~ou Yrii.OBea-· 
HOrO H3MeHeHHSl $a3bl BblCOKoqacTOTHOrO YCKOpH~~ero HanpRXeHHSI. 

l. M!TO,ll "06)lHpKM" nep.BHtiHoro nyqKa·npotOHdl3 MHUlSHbiO 

.~JISI kaqeCTl38HHOa OUeHkH AAHTSR~HOCTH ycxopeHHoro HMDYJibca, 
rtbhyqeHHOtO ){aHHHM MSTO){OM, KOXHO BOCflOJib30BaTbCR BblpaXeHHeM 
( 24) • YxopoqeHHe ny'lKa BTOpH'lHblX lJaCTHU B \' pa3, Ka.K BH,li;HO , 
H3 B~pai~HHSI (24), no,n;pa3yMeBae7 YMSHbWeHHe WHpHHH nyqxa B d pa3. 
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nocKoJibKY nocpe.n.c·rBoM "o6.n.11pKn" nyqKa MmueHhJJ rrpmtcxo,JI,wr 

YM€Hbl[€HHe kaJ< 11Jifp1Ilbl, l'a.K M a3¥.MytaJlhHO~ IlpCT&iC€HHOCn1 ny4Ka 1 

TO C ylteTOM CBOOO,AHhiX KOJle0aP11M yKOp04eHHe nyt!Ka B pa3 

conr;btso:\\.Jlae'l'c.a yMeHbU,eHvteM 11ETeHcKSHoc·nt nepB~ttHoro rryqJta 

np~dJl.vt3t1TeJlhHo a i~ '~ pa3, ecni cqHTaTb nJIOTHod!:o. ~acnpe,n.e-

neHHH qacT~n B crycTKe npJ:6J1~31t!Te~bHO nocronnHo~. Ho no-

CKOJlbKY 4aCTHUH B cryCTKe pacnpe~eJieHY ~aJieKO HepaBHOMepHO, TO 

CJle,n.yeT OJ!Jif,D.aTh, lll'O yM€HbiL€H:Yf€ I1H'IeHCf.1BIIOCTJ.1 6y,n.eT OTICJIO-

HSITbCR B KaKoii-TO M€pe 01' ~ pas. K TOMY xe npoxo~.n,euv.e B 

nponecce ycrwpe!Uf.II o6nacTH pe30HaHca qacToTu pa,JJ.MaJibHe¢a3o

BhlX KOJiec5aUVi~ CO BTOpO~ rapMOHI~ROfit DOJIS I~C() rJ.l. Bbi3UBaeT 

,Jt;OllOJliU1TeJt:bHYJO pacKa4KY rrylJKa. I~ npirHW)J.YTT .K ente tJOJlhiJ:eti HO

paBHOUepHOCTM pacnpe,lleJieHMR ~aCT~U B cryCTKe. 

TTpe)J.Ba.}urreJibHble ~1ccne,JJ.o!3aH~R ,n.aHHoro MeTo.n.a yKopo"liem~n 

rrytiKa ,Jt,Wlkf cJie.lYJOutvre pe3yJib TaTbl. YKopoqemw ycitopeHHoro k!M

nynbca B (I 1:J+I;5) ra3a conpoBOJ!t,b.aeTCJi YMCJibllleflke:M VIHT€HCV.B

IlOC'l'M np~6JtM3:wfe1lbito s ;~ pa3a, YKopo4eHV1e nyqka s 2 ,'; pa3a 

~oct~rtierc8 yM~dLWeH~eu ~HTeHCV1BHOCT~ np~dJIM3~TeAhHO B 
'~("U.I r·. · ,.., ..) .. h. pa;;t. 

Ha pv.c. I 6 nre,JIC'l'a!JieHa. OC!.UoiJlJI6rpru.n.4a CJI:rHMa c MvHJieHV! 

npv; oOMpKe t1y4IU1 M nocne.nYJC 1qe1111 yKopoqeHHOM copoce. JJ.JIV1 reJl.&

Hbc±i, y!tbp0t!€HHOfO V.MUYJlhCa COCTaBJiiie'l' llpt10JIV.31.,TeJILHO ~:, r·JMC€1<. 

J'MeHbiLeHVJe M.HTencv.anocTI1 IIPl' "oo.n.:npKe" npv.MepHo B ~!G pa3. 

f.l3 rrpi .. LB€,J(€HHbiX ,H.aHHhlX CJie,JLyeT, \tTO }l.aHHhl;t MeTO,II. MaJlO

O<ptfieK'fvi.B€H, llOCKO JibKY He3HatmTeJibHO€ yKopot!eHl~e nyttKa CBJi3-a

HO co 8Ha4MT€JibHHM¥i norep.Hu~! vmTeHC"t~BHOCTIIJ. B CBJI3H c 3TJ.1M 

0 H MO.~:<eT Obi Tb ~tCTIOJlh30BaH JIHI!ll> B Te X CJlyltaRX, €CJIY1 YKOpoqe

!l:He rry•nta BTopL-l'lHh!X t~acnu~ 1' I, 5-tf.' pa~3a .l!OCTaTO\tHO ,l(JlR 
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AaHHoro-~v,sHt~ecxoro 3Rcnep~~eHTa H ecnH v.HTeHCHBHOCTh nepBMt~
Horo nyt~Ka AO "o6,11HpKH" nopHJ(Ka (3+ 6) xi 09 , . Heo6XO).J.HMaJI 

AJia JtaHHoro 3KcnepHMeHTa nopa.n.ita (I+2)xrd8 qacTVIU. 

= 
Bume :Mhl paccuaTpH!8.JIH .ueio.D. noxyqeHHSI pacT.flHyroro 

nyqxa !TOPHtiHhiX t~aCTHn, ocy~eCTBJISISi M€Aft€BHOe HaBe~eHH€ 

nyqxa Ha HenO,lU!lHl:HO CTOSilltYJl NllllilCHh nyTeM BB€)J;CHHH rrporpaMMhi 

a 3aKOH CBA3H "~" H "~"· KaR H3!6CTHO, ! 3TOM CJiyqae spe

MA B38lU.l0,11;6MCT!HSi nyq.t{A. C MMID€Hhl) OIIpe,n.eJISI6TCSI lllMpVBO~ 

nyt~Ka H CKOpOCThl> ero uaBe,leHHSI Ha MHID€IJh. BITOJIHe oqe:rnt,tr,HO, 

t1TO ,llJISI noJiyt~eHHH yxopot~eHHoro rryt~Ka no cpa:eneHMD c o6wt~HNM 

cdpocoM (nocne oxoHt~aHHR ycxopeHHR) Heooxo~Mo 9cyiliedT~nHTh 
Ha:ae.n.eHHe nyqKa Ha MHID6Hh c'fio:eHIDeHHO~ CKOpOCThD• 

.'"" ' . ..• . . 

Qqe:~~H9; ta~t:re, t~To Ha.Ee.n.eHHe ~ t~pe~Mepito OOJihniom 

cxopoc'l'D,Il np:t.ree.t.e·.r K TOJ...JY, q:ro q.ac:rHUH ,:sctna)T,yt 113 o6nacni£ yc-, ~. ... . . .. 
TolqaBoqta .• BKecTo ycxopeHHR nonyqaTca y~~HHeHHe s:ropaqaoro 

UY11ita. IlO~roliy cyuteetBY~T ~plitM~~CKa.Si CKOPOCTh HaBe,n. .... :TJ.fSi, npH· 
BliDl8BH8 ibt0p9H BliSHBaeT "pa3MhiTM8 11 BTOpHtzHoro nytrKa H y ... ~11Hllf" 
HH8 ero jjHTen&HOCTH. . 

RpHTMqecKyn b~opOCTh H4:ee~MH opHeHTHpo:eoqHo MO~Ho onpe-.. 
.. ! ' 

JteJIJI!Th H3 cJie.itYJ)Ilw.X coo6p:t:aHM~. Ot~eB!i!,llHO, qTo BJ:ma,lly'l· M3 

CMHxpOH¥f3M8. qaCTYii.thl C MaKCYIMaJl.bHhiMH ¢8,30BhlMYL KOJie6aJ.Tr.-,.,.~,. 

eCJiiY 3a fiOJlnepl!O,JJ.a <Pa30Bh1X KOJJ.e08JU1:tt ors no~:...... .YC To~qMBOC TH 

CllCCTMTCJI Ha B€JlKM!i!HY, npe~htDISJOinYJ> ee MaKCHMaJI:bHYJO lllr!pMHY. 

Mcxo~ us :eupaxeHH~ (IO), :e ,llaHHOM cnyqae noJiyqMM: 

t n,Mr 1 lAf )~.;,.,; · ~J- -~:~., . .. ,. = J. 18 -· I~ ~ 
~ . ~ fo / 
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tf. 
r;.e: (~!,"•"'if -. Ma;tC!UlaJI:bfHJ.ii. IJ!H}YfifF8. 06.!aCTH 

~h'P · · n r.::pl!o)~ q~a:?O.BI:lX J(;OJI e6alU\1r 
0 ·~Ky,li.~t 

.. ~· ~~~ I 

(j1 f;) "-~ H ~ • .. I 

() :;; 
::.- 1 1 (}·,~tf}C. J·o 

.., i --;; ,., -
no • .J. '1' 
~ ~ 

r1'1 
Dna ~~epr~n IO E~B ·'q:;. = I 25 

~~· ' MCe.K. 

jiCTOt\TUf30C:'rl1, 

(20)~ 
;:::: 

!/WI"!)( = 6 C/01 

-· I ,4't Mru. I{p::;TI..Y'-Wc:rta.\3' c:-:op~lc~::o OTKJi.OR8aaF! ~~:J.c10TI·; 
/VtrL}· 

0 ., r:••:,npq·lJ,"1''"~0 ,.~o-r"'OTtt~ ~"~r•!''raBuT 4 ---... va.~'·f"'.~,, .. 1 .· J. ~ u .. I\t nc..t.. v ..... . ~ - .r1 (..(._(' • 

( 1·Haff !q:W"LM:tleCKYJ) CKOlH)C1h uTIWOHE!HM.f! tJ.UC'IO~hl, ;fi)r.t:o 

oupe.:r.emab 303Mo:ldtyll .E:JIM'Ie.lliJHO('Tb yc.«:opemiOro ~,N:riyJr:r.na, 

t= ;·: x.~~ .!>.!1 n 8 :Bhipd.)(€JnUI: ( 
::c, /1 i-)· 
~0-~ ~ i 18 l!::!, __ '::~.:~. 
/{. " ~ ~,.J j(J --; 

·--..,. . . . '\ 
e.. "l.) .,.,,.,. 

"' 
(21) 

r,t:e q- :umpt..YEa ny~xa c yticToM c:ao60ll:HIIX koJieCianr..r}t. 
:::J 

IToJJ.c 'ra.~ .. 'IJU! :a ypa:eH€IG!e (2 E) ~H~fHHme ( ~f) "7"'"' ~~3 
r~.C<PMY~~H (~~~·) ~ pernaR 0Ttl0CMT8t:u11Q_ t,~:/ut#'. , IlOJiy~v::M: 

t .. L /') .- T . d 
J<_tlli;;. = (.;') 0 . "'tp • /'~ 

::::=:f:.,- l) ,., ;!tJ( 

nP~~~W-H ,I:;.71B :nleprl-1H 
~~ ... 

.'I Y'-H1~! ,_ .. ,l,ii-=- I 1~ c e r< • 

E I ._TQ 2B. :: v ~}3. 

(22) 

d = 9 eM. , no-

T.O. C PCMOmL~ d~grporo HB~e~eHVH nyqK~ Ha MHlli6ITh MO~BO 

TIO.T!:Y'Hf'lb YI~Op~.ll!.CHY!O BTOI-M'-££IOro ny>.rr.a ilJ?l.i6 .. 'ili'?.I!T8Jl:bEC B 4 :p~;,:?a. 

lie. oc~g~VIJlorpatc.fa' pJ1C. I7 npe,D;cTan.<reH y:copoqe~nn~tt tM·· 

a.~·JI:SC ,'I~JI;/1 :reJihH0C'1't!O .-"\.,• I uce~.,rroliy'.ieHHhl~ Jt8TC',r:L:<J C·~cTpo-

ro !D~~o,n~;nrJt ~CE:OpOGT:b OTIOloiieHX!fr 1 traCTOThl OT 3a,lW.HHOrO 

sa1<:0 w:t, pa!lHa 4. ~~f! I M d.r.~sr:a !t ~pw.rwa:czoB:. · ~ht 'l'epecHo 
. . Mi'rr 

GTNeT~Tb, tf'l'O rrp~ CKOpOCT'f.A 5 ''t~ , XOT.R OCHOJSHail )l'.OJ!R Jom·-

Te3C~HZOC!~ M KOHUCHTp~pyeTCR B H~DyBbCe ~~BTeR~llOCTbD 

800 itr.;ceJ(,\ O,'f.;HBKO OROJIO '2 0{ i!HT 3HCMBHOC TH BhlCa1~1'3~.eTC.R Ha · 

MHIDeHL ! Teq8sve·2 MCCKe nocne ~epnoro cOpoca. 

'fi:nor, yKopoqemu:t nyr.{Ka nporpaHMMpoBam~eM saJtoHa cBs:.:v 



- _,_, -
--7 

"f " H "!!:.." 1:UHIJICH ,1I;OCT8.TOttHO ~3lPP8KTH.!HWJl :U8TOJtOII Jt H8.mell JJ -
Hanmx ycJIO:rJM.RX ~I~Mpoxoe npHMeue::me •. 

3. ~TOl MrHOBeHHO~O M3M8fi8HHR Wa3Y yCKOP§P!ero 

HanpazeHHil. 

Me To .n; MrHoBeHHoro HsweHeHJiHI lf>asw ycKopsm~ero Hanpsxe

HM.H .HJJJIIleTCR O,D;HHM M3 3~eKTJ!JJgWM MeTO,ti;OJJ yxopoqeHH.H nyttKa 

:BTOpl'lt!H~X tl8.CTH~. TipK BWIIOJIH8HJ;U1 OIIpe,lteJieHHiiX YCJIOBHI C no

MOil(:bl> 3TOrO M8TO JJ;Oa MOXHO llOJIY'UIT:& yitopotteHH8 nyqKa llpH:MBpHO 

:e IO pas. 

ltJI.H ocyUleCTBJieuJur qwcTpor:l c6poca nyttxa a.a MHUlBH:& ue

oOxo,lt:vruo :e n'!)fnecce ycKopeHH.H :~.trno:aeHHo H3MeHJIT:& tPa,sy 

YCitOp.HJ)IJl8rO HanpHieHHR TaiU1:V o0pa30M, tiTOOLl nyttOK OKa3aJICR 

sa npeAeJiaMM o6JiacTH · yc.T~lttM.!o:TH B pexH~e pe3xdro top:voze

R~.H. ITpo.!e~eu auaJIH3 pexHwa Ha cJiyttal nyqxa qacTHn c aHep-
'111& 

r:v1etl IO E3:e. B:rJe.n;eM ~ 'f- MrHoaeHH~n c.u;l'n~r tasw, Tor,lla 

Ji13 lPoPMYJIH (28) CJie,D;yeT, tlTO )tJI.H ,aaHHOA 3HeprMM npo

TOHOB xapaxTep pa,D;M~hH0-~30BWX TpaeitTOpH~ 3aJJHCHT OT aM

flJlHTY..W yc~OPBr)IIlero HanpS1:18HM.H M OT_ BeJIHqVlHLl MrHOl-8HHOrO 

c~BHra qasw. 

CqeBH,JUio, ttTo ecnn H3:eecTaw pasMepw IIYl!Ka B ·-c_~e,D;aeil 

IIJIOCAOCTH, TO aHaJIH3Mpya flOB8,11;8HH8 nyqxa flOCJle WrHOB8HHOrO 

l'!3MeHeHHil 4Ja,3bl, MOXHO !JI:iJI:!HT:& COOT!8TCT!Yf.ll!Ui8 YCJIO!HSI '· KO-

TOplie Ha,lJ.JleX:HT JJLliiOJIHHT:& ,llJI.H IIOJiylteHMSI HaH60Jie.e 3cptleKTHJJ-

HOrO pexHva yxopoqeuHa. IlpH paccMoTpeHHH Mill c5y.lle~ I cqB:rari;·) . 

qTo pa3Mep!i nyqKa HaM M3!eCTHW. 
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fCaK :oy.n;eT UOKa3aHO HJ.fJ:e, H8.J1Htl:V.€ CB000,1l,HhiX KOJieOaH:MA cymecT

B€HHI:U~ oopa30U yxy.n.mae! rem,M yKopoqemJR nyqKa. He Y1~V.TlfBaTb 

CB000.1I.Hhl€ KOJie0aHV!.R MOXHO Ha '10M OCHOB8.HMI-1, qTo nocpe,!r.CTBOM 

"00,1U1pKV." rryqKa MTt1"lli€HbD B HeM MOryT OCT8.TbCfl JUHih qac'IH!:(hl C 

Ma.JlhlMM KOJieOaH"MRMV., KOTopLIMM, B rrepnoM np:~H5JI~ltemiv. , MO:lli:HO 

rrpeHeOpeqh. IT.o~ToMy, :s ~aBhHeamax paccy~.n.eHMRX M~ uy~eM no.n.

pasyMeBaTh, qTo npe~ap.M TeJibHO rrepe.n. H3MeHeHJ.1.eM rpa.Bhl ycKo

p.HKJlP.ero HanpRJH:emt.FI npoliia:ee,Ileaa "oo,tmpKa" rryqKa u pasMepH 

rryqKa coBna;t8D T c 3Hepre1HqecKHM:vr pasMepa.Mt-1. A3""MyTaJI:bHas:: 

npoTsDreHHOCTb nyqKa :e KOHT.le ycKopeHw.fl pa:sHa I20°, nconmy 

pasMephl nyq~a onpe,aeJI.FIJJTC!f pa,nMa.JibHo-<;Paa·oBol 

y KOTopori ¢; = I r0 ; iPz = IJ c0
; -~qx = 

..;;;;_ 

TpaeKTOp;1€~, 

-'3 C,7xiO- • 

JlJui .n.a.1moro cJiytran a.MnJt!.ny,n,a. ycKopm:nttero Harrps:oteHYi R 

:paBHa 35 KB. COOTBeTCT.S€HHO f,& = 8600 SB. 9 (,s 1~ = 0,27. 

Tipe,n.noJioJ:v.M, ttTo npM .n.oc·nucemm 2Hepr111-1 nyttKa ::: :-:TOIG'3~. 
~-

"•:-.-

urHOB€HHO V.~3M€H.FI€TC.FI cpa3a YCKOp.HIO~ero HarrpHir€HV.P. na .d .'!J _=IRG0 • 

Ha pY'!C. I8 rrre.n.ciaBJieHa ,IJ;:aarpal.Qia. ~ pa,lf,J.1aJibHO-cpa30EhiX 

TpaeKTOpll!~ rrpOTOHOJJ • -noc TpoeHHbiX ,D,JIR ~Toro C!!YtiB.-11. }_:a 0~'0~ 

]Ce ,nv.arpaM:Me Maoopa:.teHh! pa3Mepb1 rryqKa B cpe.n.He~ rrJIOCKOC'fJt: 

M TIOJ10Jit€HIH~ OOJiaCt. ycTO~'lMBOC'l'J.~ (nyHKTt1pHaSI JHUtliR) ;1:0 llt3l"te

H€Ht-UJ !fla3hl. 

AHaJIY1::H·IPY .R rrone.n.eHv.e ny'lK9. nocJie MTHOB eHHoro l18MeJeH:vi H 

ij;a3hl, I-~3 paCC)IIOTpeHJII.R ,lU~arpaMMbi MOXHO C,JJ.eJiaTb C11€.ll;YR)llUD ll!::Il30-

,lUi! : 
. 

a) B MOMeH'l' M3MeHeHM.fl q>a3JJ ycKopffiOm.ero HarrpRlteH!1.H qac-

TJu~_ OKa3ltBaJJTC.H ! pa3IIhlX yCJIOBYJIX no OTHOIDeHHD .K OOJld.CTII yc•. 

Tot1r.niBe>CTH. XapaxtepHbl rpM rpy1rru qac n-ru. OcHOBHaR u l.CTb :v.wreH-
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c~nnocnr (rpynna A), rronuB E ycJloB~u' pe3twro rop:MoJB:eH¥.R,6y.n.eT 

Vi.HT€HCJITBHO CKpy4HBB.ThC.F :M, np:r!dJI113JITT€JlbHO, 3a ITOJlH€pi10Aa 

tpa30'BhiX KOJie6aH11~ Y.laJlVITCR 0 T paBHOB8CHOt1 op61ITH Ha racCT0flH11E' 

rropn..rr.Ka (3+ 1-t) C:t.h rpynna lJ:CiCT:VIU E, E c~oeM raMaJlhHOM )J.BJI!

":temm 3arra8.n.aeT no o'I'Hor;en¥n I\ rpynrre''A" np:rt6JlV13MTeJ~hHO Ha 

ITOJl Topa nepHO,IJ.a llaSOBh!X KOJleOaHI-1 ~. 1~ , IIaF.OE€I(, rpynrra qac THt~ 

"B" OKrulte'lCJl B o6JiaCT1rl YCTOH4l1BOC'IV1 M 6y.n;eT CBOpa4I1BaT1C~l na 
I 

M:nrenb JlMU;b rrocJie rrpeiq;amemui ycKopcH!1fl. 

6) TIBv.TaRch nc cooTBeTCT!YTOIUV.M <fia30B:blF TpaeKTopu.RM, rrpo

TOHlii, B 3aBHCHMOCTH 01' Ha4aJibHhl:X ycJIOBii'l:~, 6y,D;yT B pa3HO€ 'Bpe

:Mfl )lOCTJt!ra'Ih MY.I.:..€Hl1. ]JIR 0Hf.e)l€·Jl€HM.H ,Il;JH1T€JibHOCTI~ ny~.JKa BTO

pVI4HhlX \.laC Tl~ !.T. H€00XO)I.MMO 3HaTb 3aBV'CmJ.:OC T.h pa.n;IJraJlhHOrO ITOJIO

X€HW.fl 4aCTVP~ B cpyHJOfV.£11 Bp€li€H'?.. JJrrOJlH€ 04:€13Vl)J.HO, liTO ITCpBHMM 

~~8 rpynnhl A ,D.OCTL~rHyT lfMJi,e!m tJaCTt1T;bi, I1M€IOtn!rte OTKJIOHeHH€ 

pa,lUtyca O'f paBHOB€CHOV. opdHTH - ....... j":.,«~ , IIOCJle,D,H~n.m ~ y 
..... 

KO'lOphlX O~KJI08HeHt1€ }iU,l1.l1yCa- t J".,f1t. 

Ha OCHOBam,r: .D;t1arpa.MMI:J ~·PHC. I ~'3) c yt£€TOM ner~o,n;a •ta30BhlX 

KoJJedaHI1A nocTpoeHbl ,n;v.arra\H,!H pa,n.11aJILHoro ,n,a~JKeH~lR qacrnn a 

QYHKUvHI Bf€M€HH ~ CM. pliiC. J<!) • 

HYJLepaiJ;HS:I Kp!1Bb!X COOTB0TCTByeT Hyrepayt!,nt Ha4aJI1liblX 

ycJIOBTil~, y"Ka:::laHHhiX Ha pvc. I8 CTpeJIKaMv. nnH cpaBHeHMB Ha 

,D.M arpru,:ue npi!.Be.n;eHa 3a:BvtClifMoc Tb pa.n.vraJihHoro cMeme HZ.H t~ac Ti' nr.;, 

HaX0,11,.Hme"CH Ha paBHOB€CHOR Of0MTe, eCRM B MOV8HT P3M€H8H¥R 

~.a::.·H:! TJbiT~JlKPiaCTC.A BUCOY.04.aCTOTHO€ YCIWp.moll{ee TIOJie (rrrmra.H Ci). 

B) HatiaJIO 1~ XapCJ.KTep BhiCB.)lKM qacnn, Ha MlifU:€Hb 3aBHCHT o'l· 

IIOAO~€HMfl MMfeHH rra OTHOlli€HMID K paBHOB€CHOI opdMle. QqeBM~HO, 

'4TO Ha~~oonee y.n.oBJieTBopv.TeJibH:>e y!topo~IeH:ve nyqKa BTOfWJHbiX 

lJ:aCTMJ~ dy)J,€1' rrpr1 paCCTOSIHHH M:JJ!C,D.Y MVIlLI€HbiJ V p8.BHOB€CHOM OJ:-'-

6HTOA nopa.n;Ka (2,8~0,8) CM. 
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flpH ITOXOXeHHH ny~l~ ~ Henocpe~CT!eHpO 0AH30CTH OT 

l.H1:IDeHH- (paCCTOIIHHe l4CJlt)~y pa~HO!eC.HO~ opOMTO~ 14 l.UUIIeHbll 2 CM.) 

ITOJIY~M_TC.ff .D;:Ba. cOpcca He ;JIHilleH:D, OTCTOSitHX ).tpyr OT ,ll;pyra OROJIO 

800 UCeK.\0CHO!HM ,lOAf' HHTeHCMBHOC Tli )tOJUEHa ~b!Ca,lU1ThCSI Ha 

:U::PIIDeH:b 3a npoMeJryTOK JS}::eMeHH nopSI,aKa J00.uceX,·
1 

ttTO COOT

:eeTCT~yeT tteTB~pTH nepHO).ta ¢630!b!X KOJieOaHHfi. 

ITpH no.noxe~mH pa~Ho:eecao~ op6HThl Ha pacc'!Q.fiHHH 3,6 cw. 

OT MHllieHH MOXeT noJiyttHThCSl TpH cOpoca Ha MMIDeH~, Q6HaaHHhle 

TpeM rpyn~~-· ttacuu~. ~HTep!aJl :epeMeHM uex).ty ne~:ewli c6poco .. 

COCTaBHT B BTOM c.nyqae OKOJlO !.,8 MCeK. TipoMe~y+~K :epeMeHK 

:u:eZAY nepBWM H TpeT:bHM cOpoCOM 3aBHCHT OT HHTepJaRa !peMeHH 
·-· 

MeX~y MrHO:BeHHhtM H3M.eHe:=meM <J>a31i· H KOHQOM YCKOpeJ:IJ1B;. B 

qacTHOM 

nocJie H3NeHeHrf.fi ¢aah1, TO rpynm~ ttacntu 13 H B ~oryT cJIH'l:bCSI 

:euecTe H oOpa3o:eaT:o 0.1UfH "pa3141iTH~". c6p'oc Ha liU'IJlieHh. 

IIpM rro.noxeHJH'I pa:eao:eecao~ op6:KThl Ha paccTOSIR:tif~ 6oxee 

.3,6 C:M. OT MHllieHH BHCa.l{J~a rpynnH ttaC'fMU AHa M11IDeHh Oy,lleT 

"pasllll~Toit~ H cocTa:enT npH6JH13HTeJI~>Ho (I-t I ,5) uceK. c .tt!YlUI 

xapa.t(TepHbiMH MaKCRMYM8lU! • BCJIH :BbiK-?ID~HT:DYCKOpsmmee HaiTpSI

zeHHe 'lepe 3 ·r YCeK. IIOCJl e MOMeHT8. H3MeHeHMJI cpa3W, TO MOlleT. 

OK838T:bCH, qTO ~Hm:b He60R:bllian ~aCTh HHTeHCH~HOCTH o6pa3yeT 

lCOpO'IKJdt c6poc Ha MHllleHh, a OCHO~Ha.a \laCTh C03,JtACT. "pa3J.W-

. THR" !TopHqHw~ nyqox rrocne rrpexpa~eHHH ycxopeRH.a. 

TaKMM o6pa3oM, :e AaHHOM cnyllae MrHo:BeHHoro ~p¥eHeHH~ 

<f>a,sw .na I80° ae.n.bss nonyqHTh e~4leKTM!Hoe yKopoqemt- · ~ ~PJ)te 

o.n;Horo c dpo ca, Tax KaR ,Jt;aJKe rrplil crrTHYaJiv HOM nono:a:eutnil IIYttKa 



.....
.... 
' '

 ' '
\ \ ' 

-p
[c

M
] 

P
u

c.
 

2 
J.

 
1;

ia
rp

m
n.

ra
 p

a.
n;

ua
Ji

bH
O

-c
..t

1a
3o

nu
x 

rp
ae

K
ro

pH
H

 
np

or
oH

oB
 

np
H

 
M

fl
1

8
B

C
H

H
O

M
 

!W
M

e
H

e
m

U
i 

\P
a3

U 
· Y

C
K

O
pR

IO
U

te
ro

 
H

a
iip

m
K

e
H

H
R

 
H

a
 

2~
: 0

 
H

 Y
M

6H
bl

il6
H

H
H

 
aM

llJ
IH

T
y,

n;
hl

 
Vo

 
B

 'l
. 

p
a

3
a

. 

-<
-· 

1-
-

• 



-
no tiTiiOIDeliHD R MHIDeJm: DOJiyl.laeTCJ! .l!a 11~B:CPIJIYJ18. HHTeHC.HJIHOCTM 

•nyttKa. !topJ.rqH:wx qacTHn. HeTpy .aHo :e:vt.n;eTL, 11T·o M3VeHHT:D ~asy 

OoJiee, qe:M H8. !80°, He MaMeHJUi pasuepo! OOJiaCTM JCTOHl.lH!OCTH 

He ripe)lCT8.!1l.ReTcJt !03MOJIHbiJ.!, TaJt KaK B npoTM!HOV CJiyqae, .3H8.• 

'4:PITeJibH8.H ,1tOJIJi 'laCTH~ llOXe± OKtl.SaT:bCH ! o6JiaCTJII YCTOitlM!OCTH 

H Ciy!leT cOpacwB.aT~.cs Ra ).U1:meH:b JIJ'fnT:o nocJie hpeKpame~~s. ycxope

HMa •• Ol.le!M,JtHO, tlTb M3Jl~HV.:T:b tPa3Y OoJlee, qell Ha !80°, :MOJ:HO 

JI~m:D npM o . .uo~peweHHQM yMeH;&rue~nu., pasMepo!
1 

o6JiacTH ycToJNJI• 

!OCTH sa cqeT yiien:omeHHSI aMhmn·y.Jtw ycxopiiDUlero itarrp.ueHM.R. 

Ha p:wc. 20 rtocTpoena. narpaMl>'a pa.na.n»Ho-~so:Bwx Tpaete

TopHH ~na cnyqaa CABHra ¢as Ha 240°. Ha 3To~ ze lMarpauMe 
i 

I· 
· Y.39Cipa%eHH flOJlOXSHHe nyttKa I' pa3Mepu 06Jiactil YCTOI'liHBOCTH · 

,n;o H3MeHeHHft. q,asw (nyHKTHpHaSI JlMHIJUl). 

l(S.It !H,D;HO H3 ,lHarpB.14Mbl, yMeH})llieHHe a.MUJlMTY.IOi ycltOpsmiJlero 

Hanp.RlteHH.H npH C~OT!eTCTB}'!OuteM ~3MeHeHHI~ . qa~Y, fl03!0JIH T 

\:I 

C03)\a'.l:b ,llJUi ti8.CTH!l O,JU!H8.K,:>Bhle yCJIO!~UI C TOtdtli 3peHHII H·X 

pa.CITOJIOJreJUUI IiO OTHOWeHHD It 06JlaCTH YCTOJqkiOCTH • · 0AHaitO, 

yMeHhiDeHHe B.MnJIII1TY.JUi ycxop.tu)utero aanp.Rxemrs: ocJiaCSJI.Rer peDJI' 

TOpMOJreHHil, qTo nJjMBOAHT Jt yMeHLIDeHMD CitOpOCTM p8.,1U!aJibROrO · 

' 
Ot.mm;eHHSI nyttKa. BCJie,lC'IBMU STOt'O, HeJI})BJI flOJI}"IPIT:b O,lUIH KO-

pon:.HU copoc Ha wmeaL HeaaBHCHRo oT no.nozemts MHmeaH no 

o'rsollel$111x ny'tiKY • ffait :eH,lUtb 1113 .uarpauw, HM6oJiee onTHMan:D

Hoe pacc~OIIHHe :vezxy pa!HC•!~CltOt! op6M'IOft H MHDle·IJp~, ! XfiHHOM 

cnyqae (2 ,8,!0,8)cw. Hesa!v.:cH:uo bT .paccToliHHii nyt!lta oT w-
.. ' . •t ,' ' 

menH B ytasa!gwt npel~Jiax Bt~P•~Hsl·nyqoK o6a3a~eJILHO OyxeT 

HYeT]) · ,l!a lfa.ltCHliY1f8. JUI'IeHCMBHOCTH • Tio~oJreHHe nyttlta ho OTHOIDe

HHD K ~meHH BJIMIIeT BHWL Ba xapaitTep pacnpe,le!~M~.R HHTeHCHB

HOCT'H MeZJty .nep:eli.M M !fOp~U c6pOCaMM. B qacTHOCTH, n}m nOJio..:. 

:18lU!H :wtmeHH Ha paCCTOIIlt"H 2 CU. OT pa!HO!eCHOI op6~\thl ! 
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· nep1011 cOpoce Oy,lteT OCHOBHa.a ,lOJUl HF.'!eHCJU1HOCTif D}'llK8. PI JUtm:& 

HeSHallHTellhR&Il ttacT:& !O :atopo». ITpH no.noxeHHw pa!Ho:aecuol 

op~HTH. Ha paCCTO.ftHMJ~ J ,6 Cll. OT WHWeHH OCHO·BHaSI ;ltOJl.Jl HHTeH-
. . 

CHBHOCTH 6y~eT BO BTOpO~ cOpoce. llO~Ha.R ~AHT8AbHOCTh BWC~H 

flYltK8.· ·Ha MHBleHL RaR !l TOM·~ TaR H B .lPYi"OJl CJiyqae, COCTB!HT 
. . 

nopR.ua nollnepmo,lt& tPa.~o:awx xoxe6aHHI. B ltaHHOJl cxy'!lae 

Z, = !,9 vcex. 

CJieJJ;O!aTe.lb~O, .lJ[JITeJlbBOCT.h JTOpJPtHOrO nyttlt& COCTa!HT 

B ~anHo:u cJiyqae oxono I T•cex.~ 1 

,. 

-TazmM o·6paso1r, t~pe3weps:oe yMeH:&illeHHe unJIHTYlli ycxopl!l>

utero HanpaxeHPUt, .llli>Jlee !03KO:IH~CTb. iK3MeHHT:& q)aay. Oonee, 

ll81l H4 !80°,. He fi03!0Jl.ReT BeeSe rioJiy"tJHTi,lOCTaTO'IIHO 3qxpeKTHJ-
. ,, . . 

Hoe yxopoqeHHe nyqxa HH c TO~BH 3~eBHS: .ero ,l.IHTS.IbHOC'l'.H ,_. 

HH C TO'tltK 3pe;HHJl ·J>8!HOMepHOCTH •. 

Ha pHe. 2! npe~cTa:eneHa· ,lmarpauwa PalHaA~>Ho-~asoiHX 

TpU'l:OpKI . npo TO~O I, jnocrp88BBH!J .J)IJl . npOMe~j''l'O'IHOrO CJiyqas •. 

Ka.x BH.UO H3 JU{8.rp8llJUI, apaKTJt'<ie·cxM !8C:» DY'IOK Ha:XO.UTCii ::B 

O,UH8.ltCBWX. yCJIO!IUIX DO OTHomeuo It 00.18CTR YCTOI'UtBOC'DI ! 
. . 

pezmae AOCTaTO'IHo pe3xoro To~uozeuus. ~AR no.JiyqeJMH o~oro 

xopo Tltoro c6po ea, lt&Jt !H.XKO H~ ~arp8llmr, aeodxo.utKQ IWJ;ep&a.Ti 

paCC.TOIHHe YeS.lY pa:JBOBeCROit opdH'fOI PI AmmeHI>Il lS npeAeJlaX . 

nplldJtiSHTM:bHO (2,±0,!) Cll. 

Ha pJtc. 22 (no Ntarpa.uve pitc. 2I) npe~cTa.BJieKa lpeweu

xas J01atp8l0la Pa.lli:UI>Horo .lBHZeHlUI npotoHo:s B saaHcJutocTH or 

H&11&JII!HilX j'CJJO:BHI •. Ra,x BH,I.l!O Jl3 .. ,uarpaJOOil pMC. 22 .UH'l'8Jlb:

HOC!L IWC~XH. npOTOHO! HA UHIDeHL npM yKa38HHWX !Wme npeleJiaX 

DOJlOZeHJUI· omeHM COCT8!Jlt npH0JIM3H'teJliHO 'leTB&pT:b. · nepuo,la 

ti830BiiX xoJiet1uxl. B .U.HBOif cJiyqae . T = I , 5 Ycex. T&m~ - . 
. odpa3.0M, ,xJIHTeJliHOCTb JB:f.opi:.1f'ioti ny\txa I ,llaHBO:V: CJlyttae no-

·---' 
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. \ ; 

JiyqJ.1·rc~a d.tono ~00:. :u:cex .. · OJul~ ~ :B , e'1'ou eJiyt~ae Jl,oJizuw 6wt:& 

BNAepia~~ !8CLM8 ZeCTKHe Tpedc~a~~g na TO\IBOCT:& yctakOBKM 

ttyqKa no 0THOID8H~V K MHllieHH. 
•. ~ ' ' •,; ' I ' j• , ' • l,'t.l&..i 'i'. ·, 

113 cpa:BHeiUUt pacbwb±peHHioiX Tpex npHMepOlS MOZRO :3a:K~qHT:6 j 

qto ~na Ha~doaee YAOBAeTBop~t~nh"btb YkOpo~e~~~~ nyqxi ~eo6xo
,1UriMo : 

a) MrHOBeHHO H3MeHHT:& cpa~;y yc.Itopm>Ulero HanpazeHKH, npH-

611V3H TeJI:bHO . Ita 22 rP ;_ 
6) B MoMeHT M3~eHeHHH cpasy y:weH:E.IllMT:& a.MnJlH.TY.llY yCJto

PSOOUlero Hanpazeilits:t, nplf·6JIH3HTeJI:&Ho ! I, 5 pasa; 

:a) tsH6paTb onTHMaJii)Hoe noJioxeHHe nytnta no oTHomeaHD x 

MHlli8HH. 

lrs cpaBHeHMII ,J;Harp&04 pa,ltH8JlbH0'"'rpa30!I:lX TpaeKTOpMI 

CJie,nyeT, qTo ,lUISl H8.H60Jiee aqxpeKT:ir!iiOro . TOpMOZeHHii npOTO"R~ . 

H noJiyqeHHSl KOpOTKOrO c6poca nyqxa Ha MHIDeH:b KeJlaTeJI:&HO 

coxpaHHTb a.MnJIHTy,~;y ycxo p$1J)utero nanpa:ceHm:e noctoaHHOA. ~.n:aaxo, 

KaK y:~~:e OTMeqa.Jiocb !lllWe,npH AaHHhlX pasMepax nyt~xa ne npe.J:cTaB

naeTcR !03MOlB:HDI:M ocyllleCT!HTb c:.i.BHr cpas:w' donee !80°. c Jlpyrol 

CTOpOHW, coxpaHeHHe flOCTOHHCT!a aMfiJlHTYAW YCXOpRm~ero HanpaXeHHtl 

CMHrqaeT Tpe60BaHHft Ha CTa6HAhHOCTh p~ax~HOrO fiOJIOZeHH~ 

nytitta B Ka.Mepe M TOqHOCTb yctaHO:BKH no OTHOIDeHHD It M~WeHH. 

TaKvM o6pa3oM, ~n.nonyqeHH~ BaM6onee ycToAqHJSo~o pe*HMa yxo

poqe~ma, Heo~xo».uo -coxpaur:& Vo a yMeH:&IIIH'l'll ·pa3:u:epH nyua •. 

!o6HT:&CH yMeHbiD8HM8 3HepreTHqecKHX pa3K8pOB nyqKa UOXHO 

HJlH ·•oO~HpXol• HJlH nocpeACT!OM fiOAa:BneHHH pa,D;HaJI:&H0-~30!bJX 

KOJie6aHHA. ITpMYeHeUHe CHCTeMU fiOAaBJleH~H paAHaJlbHO-¢a30:BHX KO-
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PHC. 23. 
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ne6c:.HI-ftt }J;o::reT npe,rwT:epatMTL "pa:::OyxaJnle~~ ny'lxa B uo:MeHT npo

xo%~eRHR pesouaRca 1200 rn. 
· B t{ar-I'JC!DS .1\0I!OJIHKteJittRoro; cpe,llc TM .lJUl ynyqnJeHHH Itatrecr:ea 

yr-eopoqelHIH ny'uta MO:XHO HcnoJI:r,so:r:aTh cnocoO OhlcTporo aa:ee,ae

HM R UY'qK:1 HC. MI~Jl!eHb.: Jfisf~ 3TO~ :UE:JIH Heo6XOAM.MO .6 :UO:U8it H3-
"' 

,.:,_;r;ei-u~H ¢.1i3H ocynecT!J1 'I:& ¥I3MeHeEY'te t~acToTw ycKop mll{ero Hanpa

J:bHif.ii co c~opocTbn rropn,D.rca 4 · El . 
ce:t • : 

JI.nn "cy·~e~T:eJie:tnUI pe:CHMa yimpo1.1einfH BTopzt~Horo ny-qxa 
I 

:e JiiiT.IMe I950 roAa O:wJI paspa6oTe.H 6Jiort "onpoKH,D;w:naHHII"<Pasw" 

(Jt::-ueHE'H7.R ~Pc~sh! Ha I80°) ycltopsocmero nanpnxeHHII. 
.. 

H:1. lJMr.. 23 upe,11.cTa:a11ena ocuMJIJiorpa.:MMa yxopot~eRHoro H.tmyJI~-
- . --~ . 

. ca;, norpwFmoro c npMMeHeHl-'IeM :noro 6Jioxa~ c npe,ll:napHTeJI:&-

Hoij "o6)l;PipKo~" nyqxa MMIDeH1JO :e IO pa3. Ha :eTopoM J!yqe ::DJiyJI:&c. 

ilt!rJ'leH:XSI B/q, ----\ OTCTo;mnrR OT Haqa.na pas:eepTKH Ha 700 KJCU.~ 

?a.ccvo~:p~n., Teneph :eJIMflHne c:aoelo.l(HWX KOJie6aHJA~ Ha xapax~ 

·rep ycr:cpeFJ'!oro 1umyn:oca np~i MrHo:eeHHOM H3MeHeH~M <fla3ht ycKd

p.ruJm:ero nanpst!ire:r·ntR. ltJIH oueaKM .nnHTeJI:&HocTH yciCopenHoro MMflyJit,

ca Eeple:MCSi K pi.fC. 2 0 H IIOC TpOHM !peMeHHYJ> )J)Iarpa.MMY ,D;!Y!:IeHM! 
. . ' 

ttaCTt«r~ c ytteTou c:eo6o,n:r.:!ix KoJiedamt~ (npe.n:noJiaraeTcR, t~To. "o6• 

,lli!p.Ka"' nyt~Ka He npOI.13!0,lUJTCJI). Qqe:en.D;liO, tJTO nep!LlMM ,llOPTHr

HYT UtriDeHH ·qaCTKri;Ji,j Jt8.XOlftlnl-1eCst 8 .MOMellt MSMeHeH~Ul <fla3hl i5 TOtt

Ite I (cY. pv.c. I9) M MMen~:e MaK~M:MaJl:bHYD a.MflJIVTY.lY c:eodd,l(HWX -- ' ~-
K<Ji!e6at:Jr~. IliJvt n .. == Oj6?, a.unJIMry.B;aoe OTKJIOHelirl-81 llactl1UIX o't 

) 

4>a.3Ci80'g TpaeKTOP*PI 6yAeT CMell{i!.Tbl~ll no a3V~"MYTY H qepe3 HebltOJI:b-

ItO JJ,eCRTKO! MI-txpocell;yH.n: npo6e:EYIT !Ce 3Hat~eHHil a3t1Myra. TI0:7To:My, 

)J.Jlll onpe,u;eJieHlHl nepe,JJ;Hero lppoaTa. yeRopeHHoro Jumyn:&ca ,D;ocTaToq

HO K KPMBott I (pMc. I9} )to6a:aHT:h 1Je.7utt~MRY 1 oTitJioileuxi!, pa:aHYD 

M.6.KCH~8.1lltHOH UlllilJil'l Ty,J;e C.80 OOJJ.HliX KOJltl0aJUdt ( 5 CU. ,J;JlSI 

E ·= (9+!0) Ea:a). Otte:e:H:)Uto, ttTo noc.Ie.D:HHMM ,1J.OCTMrHyT ~m:meHM --
• 
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'ttaCTHI.'(N, tnmJOmMe Hat~aJI:&Hble ycJlo:smJI 3 H 4 ( c:w. pHc. IB)c :M&· 

JlWMH Cl30Ci0,1l.mnm: KOJiedaRPLli:MH, KOTOp:blMH lll:l JJ;JlSi ynpoUl~HKSi npe

He dperaeM • 
.;.,., r.'\ --....,__, 

Hll. puc.: 24 npe)(cta~Jiena BpeueHHaa ,nMarpau:Ma pana..n:onoro 

l:BHZeHJUI qacTHU :e sa.:eMCMMOGTI~ oT aaqaJibHWX ycno!Hm. KpH:eaR I, 

onpeJteJismmaa nepe;u!HA lf>pou~~ ycxopeHHoro rn.myJibca, nocTpoena . 
c yqeTO'M wartcMMa1II>Ho~t a~m.nw:ry,'I(N cJSodo)(HblX xonedaHl1'11. KpH!ble 

3 11 4, onpe~enmomme .saAnM~ ~poRT ycKopeHHoro MMnyn:oca, nocTpo

eHhl des yqeTa c:eodo.D;m.ax r.oJ1e6aHHJt. RpM:eaa 5 :xapa.Krep11syeT 

,JJ;.!MJ:eHHe tJaCTk~U (des yrteTa C:B060)lHblX KOJieda.HMM), OCT8.!IDMXCJI 

:e odJiacTM ycToM'l1U~ocTM (rpynna B). 
. I /1 

. llpawe 2 n 2 :xapaK'IepH3YJ.lT rpamuJ,hl .n:zuuceJIMB qac·.nnl c 

yl!eTO~ C:BOOO)lllblX KOJieOaHMM, eCJlH. dH ! 140Mei!'r H3:MeHeHM11 !f}a3W, 

dblJIO ~blK1lfltleH() · !lbiCOKOti8.CTOTHOe ycKopmm~ree Hanp.f!:ateHMe • TiyRK

THPHliiMM: JlV.HB.IU(I.i 0003R9.~~erm OllTJlkMbHLie rpaHPIUbl ITOJIOZel.!lHI MN'I

meH~ nO OTHomeH~D r. neHTpy nyJKa.KaXI!H~HO H3 ~HarpaMMH 
. ' ' 

pHc' 24 .uurenbHOCTh ~'CKOJ~eH~oi-d HMnyJI:oca Hesa!HCHHO oT 

paccTbsttuur MmmeHH Jto ueHTpa njt~k~ nbcJle !HKJIDlleHHSi ycKopm>

meud *ahpa1teHM1i, panHa npHueprl6 4 J:ceit.. B To xe :ape:usr, )J.JIHTe1II> 
, : I . 

HOCTI> ~ttHto~alutoro-!MMTiyn:oca np11 .t.trito!,etmou HSMeHeHHM. t1;lasu yc-

xopJmll\erb He.IIJhlXeJUtSI npH paCCT~A~~~ MHIDeH¥ 0 T ueHTpa . ny~lttl\ 
! npe~~~ax (Bil) eM. Mo~eT MSHBT~b~ ~ rrpe~enax (3,5+6) ucex • 

. ' 

TaKHM ddptl.soM, npM HaJIMtrtu1 c:eoOolitwJt toJieiiatnin (des hpe,ltl!a. ... 

pHTeJI:oYdH ~b~A~PKM" rryl!Ka) uer6~oM MrHoJehHoro ~s~eRbRMA ~-

3li Hell~~h ·no.nyllMT:b yKopollemta: th~q~a. CKa:aaHiioe I-4JIJfDcl'pMpyr>T 
,, 

ocr(HJIJibt'pa.MA:u.r puc~ 25 • .tia J>HO. 25a npe,kc~a!Jrea odWllHtit~ cdpdc 

rrylllta itel MHWeHl. nocJie :e:uxJlJrqeHMii ycxott.kt>utero liM:PJtxeJnHh 

,;JU-ITeJihttbeT~ ycKOpemtoro MHiiyJtt,ca pa1uta J ,8 uce·x. Ha PHC• 25~, 

~ Mi .. UJ!\:IAt lt\!).11 eH:bl OCI:r,l1JIJ10l'paM>!ti ltCKOpeHHOro iUm}tJt~ Cd. npM 



Pzc. 
25, ~~ 

• J 
: ~ .. 
. ' 
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a/ d/ 

~/ r/ 

YcKopeliHbiH Jr'UillYJI:bC C MHLUeHH I1JH1 00hi4HOM cgpoce nyqKa. 
CHrHaJI C MHWeHt-1 npu H3MeHeHMH ~a3hl Ha l bO • 
CHrHaJI c MHllleHH npM l!3MeH6HHl1 a3l:l Ha 2~Qg. 
CHrHaJI C MHWeHH npH H3~eHeHHH aSH Ha 260 • 
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. 
HWX lUlnyJIJ,CO! COCTa!JIJU:)T GOOT!eTCT!eHHO 4,5 llCeK., 3, 7 MCeK., 

H 7 MCeK~ Ita !epXHeJl Jiyqt~ :tspe:MeHHaJi MeTita , OTCTOJiuta.R 0 T 

Ital!aJia 3atrjcu·; Ha 2 ,5 llCeK. 

TioJUsoJta in or Jttcc.nexollaHHHl4, :uozHo. cxasa±~, 'I To yxopd

~ekHe ny~xi ueTO.l.ON-»rHoJSeHHoro H3MeHeHHR ~3H ycxopammero 
' t: . 

HattpazeHM~ .R!JRITCR 3~eKT.M!HYW YeTOAOM JIHIDL! TOY C~yqal~: 
. ' 

eCIIM npe,tt:aapHTeJihHO npOHS110.lMTC1I "o6.(Hplta" ny'IKa MHIDeHLD C 

ueJb~J) JIHKBPI,J;aUJUt t~aC:THn C 60JI:bi1UUIH C~060,ItHiiiYH KOJie6aHHsn.Ji • 

TipH alroM "oO,upaew:He" :uM~eH:bD. qf!cTPIJ.U¥ QeJlecoo6pasHo 

HcrtiJib30!8.Tb ! JtPYOOK ¢H3:Vll.eCKOM · 3KChepMJkenta ·,. 

4. IToli:'l'leH~ e xopontoro nyqKa :aTo~lttt~x qag.m rj_ 
t : r . 

l! cep~MHe. :lORbpMTeJI:bH~to .. JlMltJl§. 

~ume »Iii paccwoTptiil~ !Onpoc o nonyt~elnnt yxopoqeM~orc 
ny'IKa !TOJIMliHWX qacrt!d il) Kouue ycxopMTeJILHoro InfKJla JIH6o He

nocpl)lcTBeHHo nepe,t epW!OJd !WCOKoqacTOTHoro YCKOPIIDDtero noJUI 
. '· 

(lleTOX MrHO!eHHOrO H3MeHeHHII ~3W H fK8!0A dHC!poro H&BeAeHBsl 
I 

nylltta Ha ll'KW-eH»), Jiii6o· noc.ne npeitpailleHHR yexopeHua (ueT0.1l , ni.~l!~ 
. . 

BapmteJihHOI •oO,llBpn• nyqxa omea:&D). 3a.J.taqa no.tyqena yxopoqeB.- : 

aoro nyq.Jta Btopx•BHX qactQ B cepeABHe ycxopateJI:&Horo IUIUA 6ti.J18 
DOCt8BJ18B& nepeA rpynuol 3Jl8lttpORXItB B saqa~e 1961 r. HeodXOAIJ·· 
DpK ,llOCTKKeHRK 3alaBBO~ 3HeprxK,HaDpKKep,(2•3\B3B,XHIIi OEOJIO 

( 10.20)- IIH'f8HCJIBHOCTK BHCa.D;BtS B8 :ODleB:& B )B)l8 EOpOtROrO CdJtO 
I 

ca, 8 OCtaJI:&Hyl) qacr~t HBteHCBBBOCTH j'C.KOJ>8Ti ,llO npe)le.llltHO~ 3Be,p.. 

rHPI H RCfiOJI})30BaTit .J.]III ,lpyroro !PH3J.f"tJeCKOro 3KCneplUfeHTa. · 

Oqe:eJI,aHo, 'Ito ,aJla pemeHJH1 aTotl sa,aa"tJM MOXHO JSocnoJI:o3oBaTbCJI 

JlMWb XBYMS MeTO~aYH: 

a) ,~:::vAOM wrHo!eHHoro ms:ueHeHMJI tt>B.slil ycxopRDutero Ka

npsxeHHSI; 
11 

6) MeToJJ;ou d:wc Tporo HaBeAeHlUl ny'IKa Ha :tmtneHL e nocJle-
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.JI;)'I)IIlHM OT!OAON. Rpa'l'KO :?accMo TPHM 3TH ueTo,JUai: 

a) MeTO;D; MrHOBeHHOrO M3MeHeHHJI {fla3W YCKJ)PJmlltero Hanps

JCaH~UI. 

lapaxr~p 1 no:ae~eHMH ~acTHU nocne urHo!eHHoro H3MeHeuHa 

cpa3N YCKOPiii>Inero HanpsntOHH!I 3a!BCMT, Ka:rt Mbl !1-f,lteJIH, 0~ !eJIH--
t.IHHht C,l~Hra tJ>a3Ii %if' . O~e!HJJ;HO, t.ITO MOXHO no,ao6paT:b TaKOI 

C,Jt!Hr cpa31:l, t.IT00bl HeROTOpllSl 3a,JJ;aHHa.R. qaCT:b HH~eHCH!HOCTH OKa-

3aJiaC:b 3a npe,n;eJiaMH .oCMaCTJII yCTOlttUi!OCTM H !LIC8..1U{Jiac:r, Ha MH

meH:b, ! TO !peun, ttaK OCTa.Jl:bHa.R. ttaCT:b HHTaHCH!HOCTH, OKa3a!-
~ 

IDa.fiC.R ! rrpe;n;eJiaX. 06JlaCT:r YCTOR'IH!OOTH., 6y,n;e T ! ,ltaJI:&He:ttme:u 

YCKO pAT:bCft H i'ICTIOJI:&30!al:I,C.R 1!l Jt:pyrOM !pH3Ht.l8CKOM 3KCnepH:MeHte. 
' . 

na· pHc. 26 npe;n;cTa!•JleHa <Paso:Baa ~arpaMMe. ,-~-~~xeB8~-Iqac .. 

Tmn nocne · urao~eHsoro HSMeH~HHSI cpaali ·u 70° z, cTopoHy 1cmepe- 11i 
. . ... ' f IT 

zeoa. ~Kax BII.JtHO H3 .ztHarpa.MMk, qacrHnw, ocra:Bui.eca B o6JiaCtJI . 
yctolqHBOCTK Oy,lty! COBepmath ~30B&e XOJie0aHIS, 3aDOAHRSI nepH- f 
q)epjll d.6JiaCTH YCTOAliHBOCT:I B TO Bp8Ka, . Xa.K I.ltimTpaJihBaJI: tlaCt]) 

ee 6Y.Jt:~r "nycrol". Taxoe aanonueaHe o6Aacrx. ycroRqmBdctH ~ose! 
npKI~C1R K norepau HHTeBCHBBOCtH DpK nocjeAYDl8K DpOXO~,~-

OOJtacTk pesoHaRaca ¢6so!HX ltoJte08.Hid4 c rapwoHli:Ko! no.ns !200 ru 
' I , 

:Bpe:ueHHaH .aHarpawMa .lt:BH•eHMh qacTHn·~ oxasa:Bll!MXcilt :sa 
i : . . : ' 

npelen~ o6nacTH ycTolqM!OcTM 9 npe~cora!~ena Ha pMc. 27. 
. . I 

Kpm!S.a ! xapaxtepMJ~eT .lBM~e~~e ~acTJHt . c yqeTol4 c:eoOo)tH:wx xo~ 

.heOa:Htdt, H:UeDIIU!X Ha\laAoHwe ycJIOBHa t (eM. pHc. 26). YucHKaJJ»-, . . . 

HaS 8JOI.JlHTyita! C!OdO,ltHNX KOJie0aHH~ ,!,Jl.ll 3H8pi'Hl~ nop!JLK8. 3 E3:e, 

pa:sHa, npH6nH3HTe~:&no IO eM. 

RpH!We 2 H 3 rrocTpoeHht AnH qacTHn c HaqaH:&HWMM ycno!HHMH 

2 H 3 ( CM pHC. 2 6) 6e3 y:reTa CB060,li;HWX KOJie0aHHil. llyHKtMp- i 

HOJ.l JlHHHeB. noKa3aHO MeCT1) !03MOJJ:HOI'O pacnOJIOXeHMS! MVnieHM. 

!{ax BHJLHO Ttt3 ,JJ;MarpaMMbl jJ1H:reJihBOCf.:& ;ycKopeH.HOrO HMTiyJI:bCa 

Oy~eT nopa;n;Ka 3 MCeK. H B KaKO~-TO Mepe dy,JteT 3aBHCeTh OT 



.. 
· · 

... p
rc,

J 

5 

t 
M

C
el

< 
0 

" 
I 

' 
f 

I 
\ 

. 
l 

\ 
. 

' 
l 

\ 
I 

' 
1-

' 
f 

• 
\ 

• 

-s:
, 

-f
O

. 

-f
5 

. 
-2

0 

-2
5 

-P
c~
J 

• 

• 
-
-
-

.....
 .
-
.
-
-
-
-
-
-
-
-
-
.
.
.
.
-
-
-
-
-
-
-
~
 

Pm
c. 

27
. 

Bp
eK

eH
Ha

B 
A

H
ar

pa
uu

a 
~
H
a
n
~
a
o
r
o
 
~
B
H
Z
e
H
H
a
 
q
a
c
x
u
~
 

np
H 

K
rH

O
B8

H
H

O
K

 
H

3K
8H

8H
H

H
 
~
3
H
 

yc
xo

pa
m

m
er

o 
H

an
pa

ze
H

H
S 

ua
 7

0
 

B
 c

xo
po

ay
 o

ne
pe

xe
ax

s.
 

-
-
-

-
( 

\J
1 

\J
1 : _...
... 



- 56 -

pacc~OJIHHH MHm~HM no OTHOWeHY.D It ~eHTpy nyqKa. 

Ha.~prtc. 29 npe.n.ct:aMeua ocrntJIJiorpalt:Ma ycxopeHHoro HM

·nyJi:&ca ilprt Pr3MeHeHiL <Pa2bl yCKOPimutero HaripSeHHR Ha 80° ! 
I 

CTOpOHy onepe:a:eHM$1 npH 3BE!prHK npOTOHO! OKOJIO 4 E3!. iia.-

qaJib pa3:eepTKH 0CUHJlJIOrpa4Ja.COO!BeTCTByeT MOMeHTy H3MeHeHHJl 

~8~U: nnHTehbkOCTL ycxopeHHOfO HMUyJILCa pa!Ha, npH0JIH3HTeJILHb 

3 MC8it. B .laHHOM CJly-qae cCipa;cwBaeTCS Ha MHWeHL OKOJIO 3()% 
i 
I 

HHTeHClt!HOCTH. 0CTaJlhHHe 7Q%MHTeHCM!ROCTH ycKopJmTCR AO 

KOHUa yCKOpHTeJlbHOro flHKJl8 .• 

TIOCKOJihKY OCtaBmynca l.laCTh HHTeHCMBHOCTH HeO~XOAHMO 

coxpaHHTb ~0 KOHUa YCKOpHTCJihHOrO ~KJla, TO, CJie,lOBaTeJlhBO, 

! .J(aBUOM CJiyqa:e HeJ1:&3Jl CJIHDiltOM 6JIH3KO no,l!O~T:& DJ1101t. It 

lUiUJeHH, Talt KaK YOry'l' dH'I"h JtOflOJIHHTeJihHWe fiOTepH HHTeHCHB--
HOCTH ! pesyJILTaTe KaKHX-JIHOO .!03MymeHHH ! 3aOKBe C!Jl3H "f" 
H "H" MJIH HecTadHJI:&Hocm cB.Me.ro saxoua .naxe :e npe,neJiax .n.o-nycxa. 

,I[aHHhi~ MeTO,lJ; noJiyqeHHR l.laCTMqHoro cOpo·ca HHTeHCH!HOCTH 

! cepe,ItHHe ycitopHTeJILHOfO :~K1Ia HMeeT, ! OCHOBHOM, ,lJ;Ba Cyllle

CT!eHHWX Be.llOCTaTKa, orpaHJiiqH!aJlUUf·X ero npH:MeHeHHe, a HlleHBO: 

I) HaJIHl.IHe C_B000,1UIWX JtOJie0aJUdt npH!O)lHT K Touy, liTO 

HeJI:&3Jl noJiyQHTL YCKOpeHHWI HYYUJILC.AJIHTeALHOeT:&D MeHee 2 YCeK• 

2) JlaHHHM MeTOAO!l HeJlh3Si noJiyqHT!I tiaCTKQBHXICOpoc Ha 

nHemmm MHmeH:& :e pacTyll{eM uarHMTHOM none. . - . 

6) Mero& 6scrporo aaBe&eHHs nyqxa ua MX•es• no~pa

syue:eaeT B!e,lteHMe .! 36KOH C!B3:r& "j'" H ':tf::. COOTBeTCTBYJ)Dleit 

nporpaw bi OTKJIOHeHMH qaCTO'l'H OT 3a,laHHO~O 3aKOHa, OCyiJleCTBJISIJ)

me~ OHcTpw~ no,ltBOA ny~xa x MHmeHM, a saTeM nocne woo~p:rtH" Ta

Ko~ ~e 6wc~pHA OTBO.lt Ha opOHTY npezHero pa~yca. 

KpHT:HQeCKYJ) CKOpOCTb OTKJIOHeHHll l.laCTOTH o·T aa.laHHOfO 3a

KOHa KOZBa onpe~e~HT}, DO ~OpMyBe (25), 

• 



' ' ·~ 

- ':) .( -

P•c• 26. 3U. c6poc nyqxa Ha MHW8 ~ DpH H3M8H8RHB ~SK B& 80° 
B CtOpoHy onepezeHHR Ha 3HeprHH OKOlO 4 Bal. lJRttl•• 
uoct~ cdpoca pa~ua npHd HSHTeniRO 3 xoex. 

·~ 

PHC. 29. YCKOpeHHU~ HMDYBhC npH C pooe Ha MHWeH~ 3~ HHT8HCHIBOCtK 
Ha 3HeprHH 4 E3B. Ha HHXHeM nyqe BMDyn»c, BBO~HMWI B fp~! 
cBRSH J H H • AJlHteJI .bHOCTh cOpoca oxono I xce¥, 
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)lJIR ocymecTBJieHHR peJtHKa :rxopoqeuHs .u;aHH!D( xeto.u;o:u: aa 
I 

npo:a~exyTot~uoA aueprHH H-eo6xo,ItJ!KO BBecTH B l}lyHXItHOHaJI:DKYI 

npeoopaso!aTeJY:h arrnaparyphl c:efl3H "J" H "!L" 3a.nanlllH~ 3aKoH - . 

1'13MeHeHM SI 1.laCTOThl, ~MnyJI:hC TpeyrOJI:bHO~ tPoPMW, 3a)l8.HHO~ a.MIIJt:M

'IY.IUl Ilpltl. COOTl!eTCT!YJ)JneH KPYTYT311€ tPPOHTO!. 

Henocpe.n.flT:eeHfto nocJt '- "oOnpKH" ny1.1oK .nonxea OWTb He:ue.n.

neaao OT!e,n.eH aT MHIDaHH !0 H30eXaHH€ H3JlHlliHHX IIOTepb Yl.HT€HBH!

I10..£.TM, KOTOpWe MOr~T 6HT:h !bl.3!aHh! H€CTadvtJibHOCTbl) 38.KOHa C!Ul3M -
"} " vt "!". lie~Ta6HJihHOCTb pa,n.¥.aJibHoro nonoxeHH.a nyt~Ka :Bhl-

3H:eaeT TaKS€ H€CTa6HJibHOCTb HHT€HCH!HOCTM ITYtiK8. !TOp:MqHHX 1.laC

'nH~, :B C1J€,11;C n3tu1 Il€CTadMJIJ:;HOC T~ COO THOlli€HHSl :M€:1,1r.y :KHT€HCH!HOC Tbl>, 

cOporuenHoit Ha MniDellb, H HHTeHCKBHOC'l'bll, yqacTBYJODtelt B ,ItaJibRe:t.tlieu 

ycr.copemnt. 

Ha pHc. 29 npe)lcTa:eneHa OCnMJIJiorpa.MMa ycKopeuuoro HMnyJibca 

npi-1 c6poce Ha J.hnlretib 3()~ HHTeH~t-f!HOCTH Ha 3HeprMH OKOJIO 4 E3:8. 

:UnvrTeJlbHOCTb kMnyntca cdpoca p~ua I lll:ceK. Ha. :eropo~ Jl~ no.naH 

1UlDYJlbC' HaiipSD!t€HH 11, KOTOphlH !5!0,1UfTCSl :e Tpa.KT ClUi3M "J" H "_jf tt 
-·.:~ 

J.~. odycna:eJnt:eaeT ttaCTirfqHbJ.i:t c6po,~ nyt.uta aa MHIDeH~:>. 

noJiylleHI~ e qac Tlt!llHODO cdpo~~a MI!To,n:oM dblc rporo HaEe,n.eHv. .R 

ITY1.1Ka Ha Miflli€Hb MMeeT '1'0 npevtM:~nteCT~O ITO cpa!H€HHD C MeTO)J,OM 

MrHOBeHHOrO Vl3MeHeH~SI ¢a3~, llTO B ,n:aHHOM CJiyqae MO~HO ocy~e~T

BTATb qacTHqHbl~ cdpoc rry1.1Ka :a napacTamneM MarHMTHoM noJie, KaK ua 

Hapy:iHYJO, TaK ¥1: BHyTpeHH!OD MMI!BHb , 1J 38.!1MCLTMOCTIII OT ITOJIRpHOCTY! 

nporpaMMMpYJOmero vrMnyJibca • .llaHHhli:t Mexo,n;, .1J.8.8)11t:M.tf :eosMo~HOCTb rro

JiyqaTb :aToplitqnHe nyllKH )lJIHTeJI:DHOCTbD nop~Ka I ucex JJBJISiel'eJI . 

J1.0CTaT01.1HO Gqxpe.KTVf!!HhiM M, C 3TO~ TO'tiiCH13peH~.R, MOJleT HallTYT 

)J,OCTaTOllHO IDHpOKO€ rrpMMeReHH€. 
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3 A R n ll li E H ·M E 

Ko~rrneKc Hccne~o~aTenLcKMX padoT, rrpo~e~eHH~X rpyrrno~ 
J 

I ' I 

3Jl€KTpOHt1Ia1, no C03,1J.aHitll) peXMMO~ nyt~KO! :8TOpt1tliUllX 't.JaCTMI~, 

IT08:80nMn ocymecT!MTb UeJIR~ pi~ npHHUMITMaHbH~X CXeMH~X 

pellleHVI~, Ha,JteJrHO odecne't.JH88llll\HX qli!3HlieCKYIJt axcnepMMeHT, C~SI-

3aHHhlti KaK C Ka.Mep HO~, Ta.~ JII C ~JieKTpOHHO~ TeMa'IMKOI. B pe-

3yJ1LTaTe npo~e~eHH~X padOT C03~aH~ CTal'(HOHapiUlle d1IOKM ynpa!-
i ' 

neHJIIR peXMMOM ~M3Mqecxoro ~KcnepMMeBTa, padot~~x, Kax oT 

nporpaMM~, Tax H ! pel!MMe peru~HMJI crreuMaJJLJhl~ 3~,1ta"t.J. 
B aTOH doJILlliOH padoTe~, c!~3asao~ c Mccn~~o!aHHSIM~ 11 Co3Aa-

HMeM HO!OH annapaTypli Ha p'a3HWX 3TarraX pa3pl:i60TOK np:HHM:Ma-

nM Henocpe~cT!eHnoe yqacTMe co~py~MK~: ITy"t.Jr.o~ r.rr., hep~ee! B.a 
EoKo! r.A., Mbl3HM!o! x.rr. 

AlSTOpLI no·nb3YJ>TCJI cny:JaeM :ewpa3HTb Onaro,n,paHO CTL TO!. 

Mhl3HMKo:ey K.II., :eHecmeuy 3:Ia't.JHTeJibHhtl !K1It!t.D: rrpH perueH¥ni 3a,ltatl 

C03,1taHHSI !TOpMtiH.blX ITY't.JKO! ])a.3HHX rrapa.MeTpO! no JlMHlUf MHllieHeH 
' 

1.1 nporpa.MM.bl yrrpa:enemrs co:zure~eHHWH pezH:w&IH. 
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