
t:HlBIAMHCTH'ffTBalPHIIX H~ 
IIABOPATOPijff BblCOKHX 3HEPtHR 

ll~sa 1974 



Pa6oTa BlinOJIHeHa B Pa,zni:oTeXHlI'l'.eCKOM HHCTHTyTe AH CCCP 

Hay'llll,II pyxOBO.n;HTeJII,: 

.D:OKTOP TeXHlt'leCKHX Ha.yK 3.JI.liypmTeim 

0pHUH8.Jil>Hl:le onnoHeHTI,I: 

.D:OKTOp ~H3JIIKo-MB.TeMaTll'IeCKltX Ha.yK A.H.Juil,IJ;eHKO 

KaH.ItH,ll;aT ~H3HKo-Ma.TeMaTll'IeCKHX Ha.yK 3.A.Ilep8Jil,U!TeAH 

Be,eyIItee Hay,:IHO-HccJie.n;o:saTem,cKoe yqpe:z,nem,:e: ~s~ecm 

HHCTHTYT BM. Jie6e.n;eBa AH CCCP (~, MocKBa). 

ABTop~epaT pasoCJiaH 3 D <~ ~ I974 r. 

3amHTa .n;HCCepTauHH COCTOJITCII /0 ~K.G"'...efi, I974 r. 

Ha sace.n:amm YqeHoro coBeTa Jia6opaTopHH BHCOKHX 3Heprd 

06~e.n;mieHHoro HHCTHTy-Ta R.n;epH!iX HCCJie.n;oB~ ( .Jry6Ha 

MocKOBCKOI o6JiaCTH). 

C .n;HCCepTarnteff MomIO 03HaKOMHTLCll B 6H6JIHOTeKe JIB3. 

YqeHHI cexpeTaph CoBeTa _T .. S.-MaTr+ M. ~ • .lillXA tfEB 



KOPEHEB 
Hropb JlhBOBHll 

9 - 8063 

3~~EKTM KOHEqHOM TTPOBO,Ll,J1MOCil1 

METAJIJIJ1qECKHX 3KPAHOB 

B KOJIJIEKTHBHOM METO~E YCKOPEHHH 
,r 

Crre~Ha.JlbHOCTb 01.04.02 - TeopeTHlleCKall · 

if MaTeMaTHlleCKall lpi13HKa 

A BTOpeq,epaT ,11HCcepT!UlHH H8 COHCKSHHe y'leHOA CTeneHH 

KaH,11H,11aTa q>H3HKO·M aTeMaTH'leCKHX HayK 

( n11ccepT8UIUI HOITIIC8H8 118 pyCCKOM H3bJKe) 

061.;;:.,ULU!DDHU~ tmcmtrjT 
n;:epi:u::r Er!!c.iiemman~a 

GViGJlVitJTEKA 



Paspa6aTHBa.8Mmi B Ha.CTOSDil88 BpeWI M8TO,I( ycKopewm aneKTpOH

mu: ItOJie.q, ocHo:sa.mndi Ha npe~ozemmx B.H.BeKCJiepa [I] , Bec:&Ma 

OCTpO CTaBlilT npo6JreMy-_KorepeHTHWC B3am40,D;elcTBllii: mrreHCllllHWC 

crycTKOB sapsuremrux 'IJB.CT~ C Oltp~ CT8HKaMl! ycTaHOBOK. 

liaz60Jiee BalBliliMH HS aqllp8KTOB, It KOTOpHM llpRBO,IQIT KOrepeHTHHe 

B3am.tO,D;elcTBmI, SIBJIID:lTCll (I) llOTepH 8Hepr:im ,I(BDYJllm.mCll crycT

Itrum H (2) HeycToittnmocTH~ 

Cor.iiaCHO cyiqecTBYJ)lllml npe,I(CTaB1IeHID1M [2] , pa6oTa ycKOpRTeM 

8JI8K'l'pOHHllX KOJI8It BitJm'IJB.8T ,I(Ba OCHOBHWC 8Tana: qiopwtpoBaHRe 

KOJW:ta B CIIeIUmJII,HOI KaMepe - a,tt:resaTope, KOTOpyn MOlEHO llpl!6JIH

X6HHO paccuaTpHBaT:& B Bll;!l;e ItpyrJioro ItWimo@R'!ec1toro pesoHaTopa; 

YCKopeHHe HarpYJteHHoro HOHa.Ml! KOJI:&Ita B ll0,I(XO,It8lllett CTpyitType~ 

KOTOprut Ha ,I(aJIHOAl 8TaIIe llp8,ll;CTaBJIJl8TCll B Bll;!l;e llOCJI8,I(OBaT8JI:&HOCTH 

pesoHaTopoB, coe,D;HBemmx oTpesKa.MR rJI~oro BOJIHOBO,D;a. BpeMII, 
/ 

saTpaqRBaeuoe Ha qiopr.mpoBaHHe KOJI:&Ita, sHaqRT8JlbHo npeBocxo,D;RT 

Bpem, Heo6XO,ll;RM08 .ItJill ero ycKopewm. Il08TOMY Ha CT8,ll;RR qiopi.m

poBaHJm, ItOI',I(a napaMeTpli KOJI:&Ita H3lil6HllllTCll a,n;11m.6aTH'16CKH Me~eH

HO, HaH60JI:&mee 3HaqeHHe npHo6peTaeT npo6.11em ycToffqmiocTH. B 

npQitecce ycKopemm Ha nepB!il WUlH Bll,ltBHrru:>Tca:, oqeBll;!l;Ho, Bonpo

cu IIOTep:& 8Hepro ,ll;BHJtYl]U!MCll KOJI:&ItOM. 

liaCTOJlllta!I ,I(m:cepTartml IIOCBIIlll6Ha TeopeT14'16CKOMY llCCJI6,I(OBaHHJO 

Tex KOrepeHTHUX aqllpeRTOB B M8TO,ll;8 ycxopeHmi: aneKTpOHHliX KOJiert, 

KOTOplie 06yCJioB1IeHli KOHe'!Hott llpOBO,I(llMOCT:&D M8TaJL!IH'l8CKmc CT8HOK. 

PacCMOTpeHU CJie.I(Y'l)lllHe sa,n;aqz: .ItJill ROJI:&Ita B ItpyrJIOl\l ItHJimI,!ij)H'le

CKOM pesoHaTOpe - B1IHll:rut8 KOHeqHott ,I(06poTHOCTH Ha YCTO~OCT!, 

MaJIWC ItorepeHTHWC KOJie6a.Hd; .ItJill KOJI:&Ita, paBHOMepHO ,I(BHlltYlll8roca: 

B .1tpyrJIOM rJI~OM BOJIHOBO,I(e - BeJIR'!HHa OMZ'l8CKHX llOTep:&, BJimt

HHe KOHe'!HoA npOBO.JtHMOCTH CTeHox Ha ycTo:ltq:miocT:& 6eTaTpommx 
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KOJie6aimtt OT,IteJIJ,HWC 'IJa.CT~, pe3HCT.HBHH8 xorepeHTHHe HeycToff:rm

BOCTH K~a. 

3a,Jtaq1I 06 or.mqecxmc llOT8p!IX lI BlllimHJDI llpOBO,Itl!MOCTH CT8H01t 

Ha H8.KOrepeHTHlle 6eTaTpomme KOJie6amm: KOJU,Il8, B BOJIHOBO,Ite pac

CMOTp8Hll B r JI a B 8 r. Taxoe o6'L8,ItlIH8Hl!l8 OIIpaB.Jt8.HO, llOCltOJU,Ity 

pemeHHe o6emc sa.n;aq cBa:saHo c BWmCJieHHeM nOJiel as:HMYTam,Ho 

O.ItHOPO.ItHOro KOJl:&na B BOJIHOBO,Ite C H8~8Wll,HO llpOBOJtlillllIMH CTBHitru,ll'I. 

Bonpoc o xorepeHTma: nOTep!IX aHeprm Bec:r,Ma :sazeH wm MBTO,Ita 

8JI8KTpommx KOJI~, B KOTOpOM npe,ItnOJiaraeTCJI ,ItOB8CTH 1lltCJIO ,mc

T~ B KOJIJ,Q8BOM cryCTKB ,ItO 3HaqelU'lit ~ !014~ )tJm H81tOTOpHX 'llaCT

HWC CJIY1ia.8B BH'IHCJiemm c:wm TopMOzemm~ o6yCJioB7leHHol xorepeHT

HliMH OMJittlecxm.m nOTepsn,m B cTemcax, mmOJIHeHH B paOo'l'ax (3,4] • 

B pa6oTe [5] lISyqaJIHC:r, CBoitc?ma 8JI8KTpOMal'HHTHWC llOJlel, Bos6yx

,ItaeMWC .ItBltJIYlllmACJI HCTO'llil!KOM B BOJlHOBO,Ite C HB~eaJll,HO llpOBO,JtR:

Dtmm CTemtaJm. PH.It ,Itammx, ltOTOpHe LIOryT 6HTl, KCllOJll,30BaHH ,It.JIH 

O~BHOK OMJittleCKmc llOTep:r, ,ItBIDlt,YlltlIMKCII 8JI8ltTpOHH!Dm KOJII,I:ta.MK~ 

00.ItBPDTCJI B pa6oTax [6-8] • B rJiaBB I HaCTOJmle! ,Itll:cCBPT~lllil 

IIpOB8,It8HO ClICT8MaTlA8Clt08 pacCMOTp8D8 BOnpoca 06 O?om'lecrutx 

llOTBJ)JIX )PIil Boero ,ItHalla30Ha BOSMOZH!Dt cxopocTel ,ItBDemm XOJII,I:ta. 

IloCKOJII,KY pesHCTHBHHB ai.[xpeXTH 06ycJIOB718HH HBJIH1lll8M llpOBO,JtR:-

111el CTBHltlI H ,ItOJDl!Hll llpOHBJmTl,CJI muc60Jlee CWILHO B TOM CJiyqae, 

KOr,Ita ltOJll,~O ,ItBDeTCJI B6JlHSH CTBHltH, npe,ItnOJiaraeTca, q'fO pac

CTomme OT KOJU,na, ,Ito cTemtH h Y,ltOB718TBOpsteT HepaBeHcTBY 

h« r., , r.1te ~ - pa,n:eyc xM:i;na. Taxoe npe,1tnOJ10JEemm nosBOJm

eT n~r, 60Jl:r,mHHCTBO pesyJII,TaTOB B WIBJillTlABCitOI ~pue, co

xpamm np:e: 8TOJI Cynt8CTB8HHH8 qepT!l pacc11a-rpnaeMWC JIBJieHd. 

Ha OCHOB8 llpOCTOI (pli!sJAecxol MO,IteJIJ! 0Ml!'l8Cltll llOTepr, B llpOBO-
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.JtlllllBit-CTeHlte, B § I BlDIOJlHBHli xaqecTBemme otiemtH BeJill'UIIIH 

CWIH OYIA8CltOro TOpHOsemm, llOSBOJUD)llUte e111e ,Ito llpOBe,Itemm: 

TO'IHHX pa0118TOB npe,ItcTaB::.r?L llOPH,.Itltl! BeJllAmlli lI pOJU, paSJIJAHHX 

napa.MeTpOB (paccTomme JtO C'l'Bmtll, llpOBO,ItllMOCTl, ll TOJI!ltRHa CTeH

KH, CKOpOCTL ,ItBmtemm) B paccm-rp:imaeMOI sa.n;aqe. B § 2 mul,IteHll 

BHpa.l!t8HmI"J:tJm: llOJlel ,ItB:im:yDteroCJI KOJl:&na C yqeTOM KOHe~oi TOJl

llllIHH llpOBO;ttmma. PacqeT llOJlel llpOHSBO,It:aTCJI MBTO,ItOM pememm: 

YJ)aBHBHd MiltCBeJIJ!8. B ,ItByx cpe,Itax (BnyTpl! ll BHB llpOBO;ttmma) 

B npH6JI:uxemm 6ecKOH8'tllIO TOmtoro KM:i;na. A.HaJrnsy CWIH OMlf'IBC

ItOro TOpHOXemm llOCBlllll8H.§ 3. IloCKOJI:T,ltY 8JI8ltTpOHH08 KOJlL~O 

xapaitT8pHSYBTCJI H8 TOJII,KO sapH,ItOM COCTa.BJillDlllDC ero qaQTZil, HO 

TaltS8 ll asm,yTaJII,lWM TOltOLl, KOTOplil CBlISaH C me p8JlllTHBl!ICTCKBM 

Bp~eHl!leM, c:wxa TOpMoxemm 8CT8CTB8HHHM o6pasoM pas6.HBa8TCH 

Ha .ItBa CJiaraeMWC - "sapH,ItOBYJ>" H "ToKOBYD" c:wm - H npe,1tcTa:n

JIJ1eTCJI B B~e: 

mcz.( 2,.;,. J F' = v-h <PE" +f3o 't'M ' (I) 

r.1te V= Ne2/2rrr. m c' , N - "<lltCJIO 'laOTZil B KOJI:T,Ue, e 11 mcz. - sapsl,Jt 

lil 3Heprrm: llOKOJI SJieltTpOHa, ~- - cxopOCTi Bp~emm 8JieKTJ)OHOB 

B cncTeue OTcqeTa, cBHswmol c x~ow, PE H 'PH - 6espas

uopH!io Be.!IlNlmH, mpartTepl!ISYJllU't8 ~ sapsJJta lI TOita KOJll,Il8, 

coOTBeTCTBSIIHo. BeJm1mmt PE 11 PH onpe,1temmrCJI mrrerpaJiar.m 

IIO cnexTpy 'llaCTOT, B036j'll;ItaeJillilC ,JtBHltYJltHUCSI KC>Jll,qOM, npH'ieM 

OCHOBHOI .BKJIB,Jt B mrrerpaim DHOCHT IIOJIOca BMJI3l!l 'IJa.CTOTH W ~ 
~ rv I h • ~e V - cxopocu llOOTynaTeJI:T,HOro ,ItBDeHRfl KOJl~a, 

t = (1-V2/c2r'tz. Ilp:H 118.JIHX CitOpOCTHX ,ItBHl!tBIDm KOJil,Ull llOJle 

rJIY601to npomIKaeT B llpOBO,ItHJIR, :e: llOTOyY yqeT KOHetIHott TOJIDUmli 
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IIpOBO,ItHmta nrpaeT CYDlBCTBBHHYJ) pOJII,. IlpK 60JU,llllDC (peJmTKBRCT

CKIDC) CKOpOCTJDC IIOJl!t COC'l'OJIT B OCHOBHOM R3'BHCOKO-ita.CTOTHWC 

rap:Momnt, ,ItJilt KOTOPWC DeeT MBCTO c:wn.mnt CKIDJ-*KT, Ii[ IIpK 

Bcex pasywmx TOJill{miaX MOlltHO llOJU,SOBaTI,C.S: npK6JrmteHReM 6ecKo

Hetmo TOJICTOI CTBHKK. BeJzlil'lmm. <J,E IIpll MaJtWC CKopOCTHX V=f,Ct:,. 

-::::c
2
/2rr6h npeae6peJmMo MaJia. Jt]ISI cKopocTei !3>>c/2.rrroa. , r,n;e 

a= mt'n ( e, h) , e - TOJilllllHa CTBHKK, 6 - IIpOB0,11;1111140CTI,, IIpOKCXO,ll;ltT 

pocT ~E"' ((3f /12
• IlpK "/"' (ttii6h/c)I/J BeJlwmHa Pc .n;ocTltI'aeT MaK

Cm.,yMa: max~-:::. I,8. ,llam,He:ll:mee Yl3eJlltlIBHRe CK0p0CTH IIpHBO,n;RT 
,-F, >'-3/z 

K yuem.memm ':t"E ~ f • 

BeJlRlllma <J> H EMeeT MaltCl!MYJd IIplil BBCI,Ma MaJnlX CKOpOCT.IIX /3 ~ 
-::::c/2ff0Q • Jt]ISI e=oo max':PH C:: 0,25. <l.iRSlil'lBCitll HSJIH1me STOro 

M':lKCmzyMa 067>!tCHB:eTC.S: Ka.It CJ18,n;CTBRe ,n;Byx KOHKYPR.PYJJIIIRX npo~ec

COB: pocTa IIOTepz, C YB61lR1i8HRBM CltOpOCTR H yt.!em.memm: o6JracTR, 

B ltOTopol m.tem MBCTO STR IIOT8PK, Hs-sa CKHH-8qxpeRTa. MJ:mo 

6wxo 6H ()EmaT1>, 'iTO YMBH1>meHRe TOJIIllHHH CT8mtR yu.em.mKT IIOTep"'. 

O)tHa.Ko B.HaJllilS ll0KaSRBa8T, 'iTO yuem.meHRe e BB,11;8T, Hao60pOT, 

.n;rute K H8KOTOpOMy POC'l'Y max PM • H IIpll e ..... 0 BeJIHtDma max cpH 

ac.HMIITOTll'leCKR CTpeMHTc.s: K O, 5. Jt,ISI cxopocTeil f3 >> c / 2.TT<5a 

cJ>H ~ r151r'12
-

lJHCJieHHHe o~emtH .ItJilt N = roI4, ,; = 5 CM, h = I CM, 

6= 5•ro
17 

I/ceK ,n;am CJie,Jzyl)l!tlte pesyJII,TaTH. MiltCliDlyJI "TOltOBOI" 

C:WW B SaBKCRMOCTH OT e HM88T M8CTO B ~IIa30H8 5•I<r9(,,d~ 

~ ro-Bh/a K COC'l'aBJIJI8'1' COOTB8'l'C'l'B8HHO II5 ltSB/CM ~ F'fflQ/( ~. 

~ 230 xsB/ CM. MaKcBMyM "sapg,n;oBolt" cwm F'max = 800 KSB/ CM 

RMeeT M8CTO IIpR r~ 800. 3TH 0~8HKK IIOKaSHBal)T, 'ITO CHJia OMJI

'i8CROro 'l'OpMoxemm MOX8T ,ll;OCTltI'aTI, B8CI,Ma SHa'iR'l'eJII,HblX BeJIK'iHH. 
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CpaBxeoe 011DAecox n0Tep1> c P8Jtll8IU{Omnoor, xOTopae ~emma,racz, 

ua oc:a:o:samm JJ;ammx pa60TH [9] , noxasa.uo, 'iTo oMJAeCKaS: "sa

PHJJ;o:eas:• c:wra B oxpecTBOCTlil CBOero MaltCm,cyl,B COCT8.BJilt8T 3aM8'1'

JIYI> JtOJII) OT p~OJmo! cam. 1ITO ll8 Ra.CaeTC.s: O'i8HI, MaJmX 

c1topocTeit V, TO s,n;ecz, pa,ttllSIU!omme.01ppe1tTH Boo6~e npeae6peltmdo 

llaJIH, Jl 8HepreTK'i8CltH8 IIOT8pH IIOJIHOCTI,D onpe,tteJmDTC.S: peSKCTHB

BHMII BqXpeKTamt. 

Cm, ,n;eitCTBYJ)lltlil8 Ba KOJII,ItO CO CTopOHH IIpOBO~ CT8HOK 

(oorpasemme no.n.s:), se IIOCTCl!DtHB no ce'iemm KOJII,!Ul, K nOToMY 

liOrY'f 0.1taSI:maT1> :aumme Ba pycR,PoBxy 'iaC'l'~ B KOJWte. B § 4 

pacc1lll'l'aHH IIonpamtK K 1iaCTOTaM. aexorepeHTma: 6eTaTpommx Ko.lie-

6amrlt 4 ()rt (,ItJilt pa,JtBaJll,HHX 1tOJ1e6amrlt) K .d 01.z (]:tJIJ{ aKCBaJII,WX 

B B8llpaBlelD!ll · )tB:aemm), 06yCJ10B1IeHHHe o-rpasemoom na.n.s:MK c 

Y'i8TOII KOH81D!OI IIpOBO)tlDIOC'l'B CT8BOK BOJI:a:OBO,tta~ ·. 3TOT BOIIpOC 

npe,n;c'l'aBJm8T lll'l'l'epec, aanpaep, B CBIISll C IIp8NIO&eHlllDm O c])oxy

Clq)Omte O'l'pa&eHmDm IIOJlfIJOI [IO] • IlonpaBKK lDl8DT B!;lt: 

2_ 2 J ('dPz )' 2,J ( t:-f( zM} 
/JQc- A0r-m/.Q.! 'h;-t9:/. 2.h/ G J.n;, (2) 

l'Jt8 !J.0 =J0 C/r. t 10 =(i-J;rJ/a. t ( 'al='z/'iJi )1 
- aKC:zaJII,BM npo

llSJ!OJgmli cam Jiope~ B CllCTeMe ltOJWta, ~ • .N - Blt1UIJtU sa

pg,!tOJ!Oro lit 'l'O!tOBorO JrSo6pazemd. Jt]ISI ~8SJII,BOro IIpOBO,i:tmma 

np• Dl<Sol 1tose,mo! BeJIR'iKHe /3 IDl8e11 G =f1= I. IIpK BaJIJAD 

011r1ecxn IIOTepz, G pacTeT OT saatieHE ~ = I npm f5 = 0 npo

IIopqllOJWll,BO (pf J312 
, noxa P{<<(//TT6h/c)'1! JJ;OCTltI'a.s: np• 1 ~ 

~ (lTGh/ 2cJ413 llaltCHMBJII,HOro 3118.1:18Hlll max G ~ I,3. llpll ,n;a.nr,Hel

11811 pOCT8 1 BeJlll'iJIH8 ($ ll8Bll8T suaK · ii, :apolJtll 'iepes lllllHH

IQll min~ ~- I,3, aclDIIlTOTJAec1t:11 cTPeMRTca: It saai:iemm G = - I 
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rrp:11 1➔ oo • Be.n:K'IlIHa N. MOHOTORHo pacTeT c pocToM c1topocTH 

OT J1 = 0 _rrpH fo = 0 lI ,It1IJI fa>> c/~!i'5a aCm.mTOTlI'l8CKlI !IpH6Jrl!- '· 

JKaeTCJI K 11 = I. ,ltJill npHBe.n;eHHoro Blillle 'IHCJieHHoro rrpm1epa uo-
. z. 

JIYtJHM: ,It1IJI f3 < ro-Bh/a nonpaBKa A Qi! = 0,37, ,It1IJI ro-8 hla<< 

<.<f3! << 300 BqXpeKTH TOKOBoro lI sapimoBoro lI306paxe:mnt npaltTH'ie

CKlI IIOJIHOCT:E.D KOMIIeHCHJ>YM .n;pyr .n;pyra, ,It1IJI l = 300 m.teeT 
.. z 

MecTo ma,c (t.Ozz} == O,I2, np:11 f = 400 BMHtlmJa A~ · MeHlleT 3HaK 

H )taJiee OCTaeTca: OTp~aTM:E.HOii. ,ltJill aRCliaJI:E,HOI g)OKYCHpOBKlI 

·Tima "cle.n:Hlll,e KOJieco" [roJ 1'1 = 0 H rI1o1tycHpYJ)lllee neitcTBKe sa

pimoBoro Hsoclpaxemm A 0/ ::::: 0,4 + 0,5 c_oxpaH11eTca: .n;o y ~ 600. 

IICl7!Y1lemrue pesym,TaTH IIOKa3W38.il'l', 'ITO B 60JI1,meit 'laCTlI npalt

TlI'l8CltlI mrrepecHoro ,ltRaIIa30Ha CKOpOCTei Y'l8T ltOH8'lllOit !IpOBO)tH

MOCTlI He MeHR:eT CYil!eCTBeHHo (He clMee 30%) cwr :11soclpaxem. 

IlpaRTlI'l8CKd lIHTepec l!MeeT 8qxpeKT HC'l8BHOBemm .n;E$)KyCHpYJ)llleit 

CWIH TOKOBOro lI30clprutemm nplI MaJIWC CKOpOCTHX ,ll;Bmtemm TOltOBOro 

mHYPa. B 'laCTHOCTH, ero CJie.n;yeT YtJ]i'ITSBaT:E, IlpH aHBJilI38 none.n;emm: 

KOJI:btta B npOQecce BJJ;miclaTlI'lecKoro cmTm1 B BJJ;resaTope. 

!IOCKQ/I:E,Ky HeKOTOpHe HS aqlg}eltTOB, B1UI!DllllHX Ha DMlI'lmll,[ CWI 

TOpMoxemm H g)OltYCHpOBltlij CBfI3aBH C BBJIH'meM B CIIeRTpe IIMeit 

nuco1to11acTOTHllX ~apMOHHR, B § 5 npoBe.n;eHH Qitemm pOJm )t}Icnepco 

IlpOBO)tHMOCT:11, KOTOpaH YtJHTHBaJiaC:E. B BB;lt8 f;(W)=(J5s(J-iW?r1, r,tte 

. 6'~ - "cTaTlI'leCRaH" IlpOBO)tlIMOCT:E.. ,ItlICIIepCWI Be.n;eT It clMee clHCTpo

MY yclHBaHmO pe3HCTHBHWC_BqXpeltTOB C POCTOM CltOpOCTH )tBDemm 

ltQ/II,qa B 06JraCTH YJII,TpapeJIJITlIBKCTC.KHX CltopocTel. 

AHalrzsy BJlHllHml ROH81IHOi IlpOBO)t}DIOCTH CTeHOlt Ha YCTO~ 

BOCT:E. 8JieKTpOHJmX KO/Ie!t IIOCBIIll!eHH rJia.BI:i II, m. IY. 

IlpoclJieMe 1torepeHTma: HeycToitJHBOcTeit IUtPKYJIHpYJOlllero IIytUta 

nocBIIllleHo MHoro pacloT. HaxclOJiee IIOJIHO aTa npo6JreM9. H3YtJeaa B 
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pa6oTax uo nope: 1Ullt1IJAecux ycxopneJiel [II] • QltBaRo aHBJIH3 

ycTol'lltsocTii uenpoooro ItOJWla OTJIHtJaeTca: ·ueitOTopmm cneitJIIP1[-

11ecKJD1J1 oco<SeHHOCT.f!Mll OT 8llBJ!OrJAHoit SBJJ;a'Dt .it,m IIylllta B ycKo

peeJie. )Jy'tiolt B ycKOpllTe.718 paCIIOJiaraeTc.11 BJ!Y'l'PK ya1tol Siq)amt

pYJllllel lt8ll8pH, coclcTBeBHHe 'laCTOT!l 1tOTopol oclwmo HSMHoro Blillle 

co6oTBemmx llaCTOT IIYtJlta• IIpK STOii mui:clOJiee CYllt8CTBemm: ltBa3K

CTaTK'iecne •KTH, uppoJtllllt]le 1t .D:BYJI BB;Jta.Y HeycTol1umocTel: 

aSJDIYTaJll,HOI seycTOl'llitBOCTK OTpmta,TeJll,HOI MaCCH (HOM) lI pea:a

CTDBlDI Heyc-rol'iJlB(!CTJiM. JLu lleTO,Ita 8JI8ltTpOHHHX ROJI8ll llllffepecHH 

3BJJ;a'Dt 06 YCTOheOCTH ltQJie6aHBI B 1ta11epax, co<Scuemme llaCTO'l'H 

ltOTOPHX 6Jnmu: It co<SC!B8BBIDI V.CTOT8Jil IJY'Wl, a 'faia:9 B OTiq)HTWC 

CTpyitTypa:L '?Jma BOJlllOBO,Ita, l',It8 IIpOJmlIIDJTc.11 paJtBBIUIOHHHe ~

TH. llo8'fOJl1 H806XOJUDI() Y'DITHBB.T:E. 130JIHOBOI xapaKTep nOJiel. lio 

TOI U IIplAlm8 J[UJ»SS:, Italt &TO oCSH'!HO ite.iraeTCS: B -reopmtyc1to

peuel, 1Ipeae6peraT1. cms:&D uew PBJtIIBJ[:E.muut 6e-ra!pomoom 

1tOJie6ammu :a: as:DqTaJII,&11 JtBDeDe11 11acT:mt. 

OJtB01t011IIOK8JlTBlDI 8JI8lt'fPOJDlilt ltOUitlUI IIpBCYlltJil CJie.n;yDllJte 

1torepeHT1me 11eyc-rol:"1Jmocu: (a) HOM, (6) pesoBSHCHHe Heyc-roi1m

BOCTK Ba coCSC'?B8JDIHX 110,JtSX IW48PHi (B) pa.JtBBitHomme HeycToltm

BOCTII (B O'fltp!ffHX CTpyxTypax) i (r) p83JICTBBJW8 BeycTOitmBOCTK. 

HeycTollllmocTJm (6, B, r) no,JtBep:uiw :a: asJDqraJII,Jme, H uonepe11-

&e JtOJie6amm. PacCIB'fPJIBE181fit B ,PCCepTamm ~TH ltOBe11HOI 

IIpOBOJtDIC)CTK aenocpexcTBeHHO C:SS:SSJm C H8YCT0111DoCTJDm (cl,r). 

Ku CJ[8Jt18T KS 8JIB.U&a p830HaBCJIYX H8YCTOl'DIBOCTel B ycltOpK'l'e

JLU [!2-15] lil B 1tU8paX c aur:pOBHWI ltOJU,I(OII [rs] , xo6pOTBOCT:& 

ousimaeT Cynt8C1'B8D08 BJDlilDI Ba pa8BJl'fJl8 JI II0,18.Bllelll!e 8'fHX 

aeycToi1l:a:BocTel. qTo xacaeTCJl pes:a:cT:a::emlX aeycTol'DIBocTel, pac

c110TPHJ1B EOTOpHX ~ 8J!81t'l'pOBBIIX XOJleit IlpOKBBOJt]lTCS: B XllCCep-

9 



TaIUm BnepBHe, TO OHR 06.n~a.DT CJieJtY)lltel BaJCHOI oco6eHHOCTbD. 

KaK llOlta3aJIO RSyqeHRe HeycTo:ltqnocTel (a, 6, B) B lJ,tteaJIDHHX . 

KaMepax, no~o~ BH6opoM reoMeTpiAecrua: rrapaMeTpOB .KaMepu 

H KOJII,J:ta 8TH HeycTo:ltqnocTH MOryT 61:l'l'b YCTpaH8HH. PesRCTHBHrut 

ze HeYCTOi-.:mBOCTb H:MeeT M8CTO IIpH JID6oR KO~Hrypamm CHCTeMH. 

llpall,lta, B c:wiy MalIOCTH pesHCTHBma: ~KTOB me yqeT Heo6xo~ 

~HIii!, B OTCYTCTBHe HeyCTOl'lllBOCTel (a, 6, B). HlrrepeCHO Ta!Cl!te 

oTMeTRTb, 'ITO Ha axcnepm.ieHTax B EepRJra Ha6Ju:utaJiacb HapacTan-

. n:ta11 pa,ItHaJILmia: nperteccm1 x~, 66.na,naJllllall Bcewi: np:e:sBaitaMll 

pe3RCTltBHm!: H8YCTo:ltqnocTH. 

B OCHOBY aHBJI:e:sa YCTOhm!OCTH 3.JleKTpOHBWC KOJI~ IICl!IOUH 

rlJ,ttpO,Itlil1alim'iecltd MeTO.It, HCDOJll,30Bal:lllllllCSI, HaIIpm.tep, B pa6o

Te. [I7]. Oimcan:e:e lleTO)ta CO.ItepDTCSI B r n a Be II, KOTOpruI 

IlOCBIDl!eHa li13JIOZ8HHD p!I,lta o6una: BOIIpOCOB, KaCaDIUIXCSI HCOJI8.ItOBa

mm ycTol1DmOCTH. PaBHOB8CH08 COCTamme KOJII,J:ta~ xap8.lt'l'ep:e:3Yl)

lll88CJI a3m,yT8Jll,HO 0,!0lOpO,!OlOI ImOTHOCTbD sap!I,lta, npeJtllOJiaraeTC.'i. 

3~1UDtWA. C IIOMOll!LD n:rmeap:m:so:aammx ypaBHeHHI .ItBDemDI ( § I) 

BHBO.ltJITCJI r1J,ttp0.1tmmMJrI'leCKH8 ypaBHerum, OIDICHBaDJOit8 IIOBe;iteoe 

1&lJiliX KorepeHTHHX B03MY111elld. aitecb IIMeDTCJ:t B BlJ,ttY TaKHe BOS

yYl!l8HJIII, IIpH KOTopwc nonepe'Uioe ce11eue c11e~eTCSI RaK ~eJioe. 

Bo3MYJ118W!fl K~, COIIpOBO~aDllJI8CJI KOJie6ammim WIOTHOCTel 

TOKa H sap!I,lta, IIpHBO.ltJIT K B03BmOIOBemm SJieltTpOMal'llll'rHHX DOJieit 

B03MYJ11emm. Y11eT o6paTHoro B!IZlUD!ll 8THX IIOJI8A·m BH3Balllll88 

me Bo3MYllleHRe B .ItBDeHHH 'llaCTHit IIpl!B<wff K cauocornaco:aamtol 

CHCT8118 ypaBHeHd: 
" ;'\ 

L"J =flt, (3) 

10 

I, 

\ 
11 

J ., 
J 
! 
I 
t~ 
l 
/1 

( 
~ I 

i'. 
't 
i 

I 
'1 

i 
'.) 
it 
'r· 

I 
.'I 
I 

,. 
r.1te L - onepaTop korepeHTHHX xone6awrli KOJI~ B OTCYTCTBHe 

" ➔ 
BOSMylllewm, R - onepaTop none! B03MYJ118HHII, fl - KorepeHTHoe 

OTitJIOHemte 8JI8M8HTa KOJlbita OT llOJIOZemm paBHOB8CIDI. IlOJiarruI 
... l(n9-wt) 
fl~ e H IIpHpaBHHBall HyJiil OIIp8.IteJIKT8Jib CHCT8MH (3), no-

nyq:HM .ItHCII8pCHOHH08 ypaBH8HH8 ,ItJISI tJaCTOT W ( § 2) • B OTCYTCT-

BH8 B03yYlll8IDD'I KOPHH 8Toro ypaBHeHHII pa3.IteJIIIDTCJI Ha TPH BlJ,tta: 

a) W9 = nS2 0 ;_ 

6) W,. = {n ± OrJ.f2.o; (4) 

B) wl = (n ± G1)Qo • 

r.1te o,.,i - 'llaCTOTH KorepeHTHHX 6eTaTpOHHHX KOJie6awrli, OTHeCeH

HH8 lt Qo • 'IaCTOTa W9 OIIRCHBa8T asm,iyT~HHe KOJie6aHIDI, Wr 

x W1. - nonepe'IIHHe (p~HaJibHHe H aKCHaJibHHe) KOJie6amm: K~, · 

npH'ieM BEIP~ 3HaK B w,.,l. OTHOCJ!TCJI K 6HCTpHM BOJUtaM c 

qiasoBol cxopocTbn w~ > ·· .Q o , u:r.numlt - x 1>'ie.It,1IeHHHM BOJIHaM c 

<.J+ < Qo '. . 

Hccne.1t0Bamte .ItHCIIepCKOHHOro ypai3HeHlm (§ 3) ll03BOJIR8T 

$puyn:apOBaTb yMOBHll·ycToAtilmocTH MOH08HepreTH'118CKor6 KOJIL~a 

B BJJJt8 H8KOTOPHX HepaBeHCTB npH .ItOBOJILH0.06l!IHX npe.1tn0JIOX8HHIIX 

OTllOCHT8JlbHO xapaKTepa nOJiell B03MYII18HHII. A.HaJI:e:s, npo.1teJiallllllA 

B § 4, IIOltaSHBaeT, 'ITO HBJIH'll:118 .ItHCCHnaTlIBHWC npol{eCCOB (HMY

'118HH8, OMH'i8CKH8 IIOTepH) Bcer.1ta B8.It8T K HapymelilDJ 8THlC Hepa

B8HCTB, T.e •. K H8YCTOittlltBOCTH. IIpH 8TOM .It,1IiI nonepe1iHWC KOJie

oam HeycTOR':!lIBOCTb mteeT M8CTO TMbKO Ha'MeNieHlllJX BOJIHB.X 

B03yYIIl8HHR:. ~HSH'ieCKH M8xaHH3M 8TOI HeyCTOl~lIBOCTH MOX8T 6HTb 

o6'LltcHeH Ha OCHOB8 aHOM9.1ILHOrO 8qxp8KTa )toIIIIJiepa, npH KOTOpOM 

8HeprHII KMe6amm OCIUilLlIJJTOpa, JtBlDltj'lqeroCJI co CKOpOCTblO, npe

BHmal01!18il qla.30BYJ) CKOpOCTb HMY118-8MOI HM BMHH, Yl38JIH'IIHBa.8TCJI 
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IlpH HaJIH'llm JtHCC:imaitmt sa c~eT aneprmt ero nOCTYIU1'1'8Jll>Horo 

JtBUEIHHfl. 

Asmqram;H1,1e KOJie6amm: MOrYT 6li'l'1> neyc-roltnm!ooa: 11 B OTCYT

CTBHe ,ltHCCJmaitmt. OCHOBHOI xapaitTepllCTmtOI, onp8JteJllllllt81 HX 

YCTOl~~OCTl>, HBJIH8TCH mme~c KOJll.qa [!5]. B OTCy,lCTBll8 

JtHCCJmalUm lilMII8JtaHC ~HCTO peaKTlllBBJd, B YCTOi'lllmOCTlo K~ 

saBHCRT OT 3Ha.Ka IIpOK3B8,ll;emm MHHIIOI ~CTH mmeJtaHCa Ha BqXpelt

TKBHYI) Macey o6pan:ta-PIIHXC'Jt ™Tmt. B peJIHTKBKCTCKHX 3.l[eKTJ)OlllWX 

ltOJ!l,IlaX BqXpeKTKBllWI uacca o6wmo OTpm:taTeJll>Ha, ll llOTOMY asm,y

TaJll,Hl18 KOJie6amm yc-roltmmil llpll IDi;?G'KT][BHOll lDIII8,JtaJlC8 K ueyc-rol

'll!BH llpll eMltOOTHOll (HOM) • Y~e'1'_ KOH81lltOI IIpOBO.Jt}DIOCTB OIIpaB,1ta!I 

TOJil,KO B 06.JracTB m,;izyltTXBBoro DlleJt9.KCa H B OTCYTO'?l3118 DJI~e

mm, KO~ pe31!CTltlllW8 a<ppeXTH H:ammTCH 8JtllHOTB8HH!ill llCTO'llUIICOM 

H8ycTO:ltinmOCTK It~. 

HcnOJII,SYH M.eToJt, oIDICammi, BaIIpmaep, B paCSOTe [Ia] , 110D0 

~eCTl, 8HepreTlt'48CKmt pas6poc B xo.ni~e. OOTaBaaCl, B paJIKa% 

rJl;IU)o;l(JIHaMll'iecxoro no.v:o.1ta. AHaJill3 po.u: axepreTJA8C1toro pas-

6poca B no,ta.BJieHD pesHCTHBHHX Beyc-rohnocn:!t ( § 5) noxaSK:aae-r, 

~o Kpll'1'epd ycTohllBocTJl CKlll,HO 3aBllCll'1' OT B}0ta t.WDIUDI pac,,. 

IIp0,1teJiemw [I5, !9] • B 6JIK3ltOM x pea.naocu CJIY1U1e paoIIpe,te

Jiemm: o 6ac-rpo CII8Jt8DIUOOI ~oHTwa s:aepre-rzqecxd pas6poc, ae
o6xo.)OlM!li ,JtJill ll0,ttal!JI8Hlllll a5JDIYTaJll>llOI pes:rmTKBBOi aeycTo111noc-

'· 
TB, Ollp8,ll;8lm8TCH MHlDIOi ~CTl>J> JDl!I8,Jt811Ca1 B TO !lp8Jlll W DKPe-

MeBT - MaJIOI Jt8:ltCTB!il'1'8Jll,J!OI Jto6aBKol, ·c:ss:saDOI C OD118CltDII 

no-repmm. Cxo,ltHSSI Cll'l'YaIUlll lDl88T MeO'fO Jl ,1l;J[a nonepe'DDIX KOH-

6amil: B8JIJ.ill1Ha CTa611L1IX3:e:pYDl!ero pas~ca Ollp8)t8U8TCH ,telC'?B .... 

TEIJU,HOI )l;o6amtol It nexorepenxol 'UlCTOTe H Bl saBl[C]ff OT IIpOBO-

,ltHllOCTK CT8Bltll. 
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. B r. JI a B e ill paSBJ!TaR: J.leTO.D;:mta IIpHMeHeHa K HCCJie,l{O.BaRJm 

YCTOittUmocTH ltOJI~ B KpyrJioM 1UU.Hl1,Iij)lt'48CKOM peao.Ha.Tope. Pea:ac

Tl03Ime nonpamt11 K llOJI.liM BWDICJ.UmTC!! C IlOMOIItl,I) rpamt'iHOro YCJIOBHII 

!eOHTOBK'4a OT,l{eJil,HQ A1IiI ltWIHiijtp1Aec1to1t CT8HKH pesonaTopa H ,ItJIJI 

TOp~eBlll: CT8HOK. CyYMa HX COCTaBJDie~ llOIIHYJ> P83HCT.HBHyJJ IlOIIpaB

KY, o6yCJioBJieHHyD BCeit Bl!yTpeHHeit IlOB8pllrOCTl,D P830.Ha.Topa. B § 2, 
llOCBilll!8HHOM HeycToiqllBOCTHM asilllYTam.HHX KOJie6aHH:lt, JUUf,IteHH 

P83HCT:IU!HaB: llOIIpaBKa K m.!ll8.D;a.Hcy H mmpeMeHT HeycToil~BOCTH 

MOll05HepreTll'iecxoro KOJII,¾. Rp:irrepmt YCTOF-1:l!BOCTK Y,ltaeTCH'aa

mtcaTL B TaRoi \POI)Me, qTo OH O,ll;HOBpeMeHUo OTHOCH'l'CH HK peaKCTHB

HOI aeycToltUmocTH, H It HOM. OIIpeJteJieHH Trutllte mmpeMeHTil norre

P8'IHWC p83HCTHBHl,IX H8YCTO:ltclnocTel H YCJIOBHll me CTa6HJIH3~HH 
(§ 3). 

}{ax ;yltaSHBaJIOCl, BWl!e, ltOHe-cma.a: IIp0BO,l{m40CTl, CT8llOK nrpaeT 

BaJ101yD pOJil, B BOIIpoce o peaoHaHcma: aeycToiuBocTmc ( § 4). OHa. · 

Y'UlTHBaeTCH B 8TOU c.nyqae ~epes .l{o6poTHOCTl, B Bl\Ite MHmlO! .lt0-

6amtH K C06CTB8HHOA 'laCTOTe peaOHB.TOpa. PeSOHaHCli m.telOT M8CTO 

llpH Pa.ItHYCax ltOJWJ.a, Ollp0,1{8JIJI8Mi:IX COOTaomemteM: 

r;, = c,(11 B [e: + (r,mC/H)1]- 112
, (5) 

l'.lte "-n=hf3o JtJI/1 asilllYTmma: ll "-n-=fn-Or,l)Jo MSI nonepe'llIUX 

1tOJie6aHH:1t, cs - Kop:rm WYHKitmt Eeccwm n -ro llO.P,II.!t.Ka .nH6o ee 

IIpOHSBO,ItHol, G H H - Pa.ItHYC H BHCOTa pesoaa.Topa. 13Hpa:emm:, 
llOJI~emme B ,ItHCC8pT~Hl!I ,It.Im l'IHKp8M8HTOB HeycT011llmoc-rea MOH0-

8HepreT1111eo1toro K()J[Yta, corJiaCYDTCH c peayJ11,TaTaq pa6oT [I6, 
I7] • Hai\IteHH yc.noB:m CTa6wumruom pesoHaHcma aeyc-roit-qimocTel. 

To-.:ma pesoHaHca 01Ipe.D;8JISIJlac1, He cooTaomeHHeM nQ
0
= wr-Qs , r,l{e 

wr-es - pesOHaHCHaa: ~CTOTa, .ltSlt 8TO .1{8JlaJIOCl, B pa6oTax [I5-I7] 
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a lits yCJioBillI MaKCm.!YMa ;Jmw • ,Jtxll aaHJ1YTaJ1J>Hill: xOJieeiaDI OT

JIK1llit!I OT pesym,TaToB, IIOJIY'l8lUWX B yxasammx paeioTax, BEIBeJimtll: 

,Jtxll nonepe1lllHX xOJieeiamdt HCCJI8.JtOBaH Bonpoc o pOJIK 41<>p1111 pacnpe

,JteJieBlitlI tm.CTIIU no aaepre. KpE.Tep:d yc-rottqoocTE onpe,JteJilleTcs: 

saallemmwt ~e pacnpe,tteJielD!ll BClJIHH · ee MaRCIIIYE H CJiaeio 

aaBKCl!T OT qiopY!i ql!)OBTOB. 

RMemca cooeipazemm, IIO XOToplill CJie,JtyeT li13l'OTOBJIJ!T:L 8Jtl'83a

TOP B qiopMe "xopOTxoro" peso:saTopa: r,C >> H • B 'l'aKOM peaoaa".'" 

TOpe,corJiaCBO qiopy;y~e (5),pesoHaHCH CMe~CH B oeiJiacT:r. MaJIWC 

PaJtHYCOB ItOJII,:tta. B peayJI:r.TaTe UeJimi psm aa:e:CiOJiee onacma: pe

soHaBcoB HRslllJIX·aslDo!YTaJI:r.HWC rapMOHBX y,ta.JIB'.eTca: H3 paeioqei 

OCiJiaCTH 8,ltresa-ropa. Beer.Ma BaltBO H TO, qT() c6JI:aeue TOpUemtX. 

CT8H01t II03BOJUl8T CHK3lit'f:L mntpeMeBT H uopor ~ HOM [20]. • O.ttBa
KO, Itax IIORasaBO B ,ll;HCC8pTaIUDI, npl! STOii lllll8m' MeCTO lit H8XO'f0-

pse B8llteJiaTem,mte aqq>eltTHo Bo-IIepmtX, SB.MeTHO BOspacTSIJT mntpe

M8BTH pesRCTlitBHHX aeycToiqnocTel: :lmw9 .... r../H, 1mwr.r ~ (r./ HJ3. 
Bo-BTOpHX, CHJll,HO YBeJili1'DtB8.llTCJi mntp8M8BT lit noporoBHI BHepreT .. 

qec1t:d pas6poc ~ pesoBaBcBol axcJtaJII,Bol aeycToiAJmocTJl c m=O. 
Oaa BOsmntaeT Ha 8JI8XTpnecxm: (TM) coeiC'fB8BEHX MO,ll;BX p880Jla'f0-

pa H ae MOUT CisT:r. Y)ta.neaa sa c'iieT pocTa 0TH011emm: C / H • Heoei

xo.1tBM11e ~ onpe,IteJI8Bml Diq)8118Jl'fOB ll YCJIOBd CTaeillllDalUK 

8TOI aeycTOlllHBOC'l'Jl BeJill'llBli paccura.JW Ba SBM H npe,ttCTaBlleHH· 
' 

B Bil;It8 rpaq>llXOBo 

B § 5. nplitB8Jt8HH 1111CJiemme oueB1tJI, noaBOJIIIDIU[e IIOJiyqrr:r. 

npe,JtCTaBJI8ll118 O BeJirumax mntpeY.eHTOB, YCJIOBlitlIX CTa6Ull38.UD 

H OTHOCHTeJI:LHOI pOJilit paSJIIABHX B~OB seyCTOittmBocTel ROJI:r.:tta 

B pesoaaTope. IIpJl lllitCJie. llaCTIIU io13 
11: pasyaol BeJIJADe aaepre-
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Tl!ll:8CKOro paseipoca MOEHO IIPK ,JtOCTaTO"lHO BHSKOI ,JtOCipoTHOCTlit 

,JtOCilit'l':r.CH CTaeiWIH3aIUDI BC8X OCHOBma: Bil;ItOB xorepeHTHWC HeycTol

qHBOCTel. 0,JtHaXo c YBeJil!lleHHeM sapsma KOJILml aTa 38,ltaqa ,JteJiaeT

ca: BCe CiOJiee TpY,ltHOBHIIOJllll'IMOI. 

r JI a Ba IY IIOCBIDl!8Ha litCCJie,JtOBalUOO p83litCT.HBHWC HeycTol

ll.HBOCTel KOJI:r.:tta B BOJIBOBO,Jte. 9TH H8YCTolqJi1BOCTlit MOrYT npOH:iiJm:T:r.

ca: B lllitCTOM Blil;!l;e B .JtOPa.ttna.IllitOBHOI oeiJiaCTlit qaCTOT, qTo COOTB8T

CTByeT PaJtHYCru.t KOJI:r.:tta, 6JIH3KHM x p8,lt:eycy BOJIHOBO,Jta. HeycTol

qHBocTH B BOJIHOBO,ItHWC pesommcax IIO,JtpOCiHO lit3Yli8JIKC:r. B paeioTe 

[21] K IIOTOyY 8,ttec:r. He paccuaTpl'lllaDTCH. YlllffllBBJI cpaBHHTeJI:r.Ho 

YaJIOe Bp8Mlt npeeiHBaH.im KOJI:r.na B YCKOp.lD)lllel CRCTeMe lit OTHOCll

TeJI:r.HYJ) CJiaeiOCT:r. p83RCTRBlWX aqxp8KTOB 1 MOXHO CiWIO Cill Ollrn,ItaT:r., 

qTo pes:acTHBHlle H8YCTOillRBOCTH B ,ttaHHOM CJiytiae He l!M8DT npaxTH

ll:8CltOro 3Ha,qeHJi1lI. O,ttmuto, Kalt Bil;ItHO HS pesyJI:r.TaTOB rJiaB!l I, 

B H8ltOTOpllX RHTepBaJiax 3uaqem IIapaMeTpOB KOHe'iHaH IIpOBO~H

MOCT:r. CTeHOit BOJIHOBO,tta MOllt8'1' :arpaT:r. 3aM8THYD pOJI:r., npIDlO,Jtll, 

HaIIpl!Mep, K 3Ha.1ilfr8JII,HOMY pocTy OWN8CK:WC: IIOTep:r. Ilpli oqeBJ, 

M.aJII:U: lit oqem, CiOJI:r.mmc cxopOCTJDC ,ttBHllteH.l!H KOJILm!. B CBOlll Oll:e

pe,tt:r. B rJiaBe Il noxasaHo, ll:TO mmpeMeHT pea:aCTRBHOR H8YCTOHllH

BOCTR npHMO nponopu:aoHaJieH JOO~HOCTR OWNeCKl/lX IIOTep:r. ,ItJIII COOT

B8TCTBYl)lllero B~a KOJieeiaH:d KOJ!Lml. Bee 3TO saCTaBJIR:8T OTHec

TRC:r. CiOJiee Blll!M9.TeJI:LHO It peSHCTHBHllM HeycTOHllRBOCTHM KOJI:r.:tta B 

BOJIHOBO,tte H IIpOB8CTR Heoeixo~l!MHll a.HaJill3, qTo6u llOJiytlllT:r. qeTKoe 

npe,ttcTaMeH:ae 06 me BOSMOJEHOI POJIK. 

MeTO,tt. pemerum: 3B,Ita'llt ( § I) COCTO:aT B onp6,lteJI8Hlm pes:aCTRB

HWC nonpaBOK K 8Jl8KTpOMal'HRTHHM IIOJIHM .ItDHEYlllBrOCH KOJI:r.Ita C 

llOMODtJ,I) rpaHl!'moro YCJIOBml JieOBTOBl!lla. H.aaD;eHli mmpeMBHTH 

aam,yTaJI:r.lWX (§ 2) E IIOIIepeqma: (§ 3) HeycTO!lll1[BOCTel MOHO-
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BHepreTR'JeCKoro KWI1>na. JililI o6JracTeR B6JIHSH CTemtll ll B6JIHSH 

nepBoro BOJIHOBO,ItHOro pesoHaHCa llOJIY'iCHli IIpOCTHe a.HaJIRTlit'ieCKHC 

saBRCRMOCTH mucpeMeHTOB OT na.pru.teTpOB K~ ll BOJIHOBO,Ita. B 

npaKTR'IeCKH MHTepeCHOM ,ItI!aIIa.SOHe CROpOCT_eit 1<<('1Ti6h/c)~3 mmpe

MeHTH ;/,n(J)~ 1'12 • OCHOBiiBrulCI, Ha pesyJII>TaTaJC r~Bli I, MOJmO 

llOJiaraTI>, 'ITO mmpeMeHTH He paCTYT Heorprumt1emro, a llO,ItOC>HO 

OMll'ieCKHM llOTepHM IIpOXO,ItlIT 'lepes MaitCHM;Y?d H IIpH ,ItaJII>HeffmeM 

pocTe 1 y6HBaDT. (meHKH, IIpO,ItMaHHl:le B § 4 IIpH pasyt,mHX 

IIp~,ItllOJIOXemmx OTHOCHTeJII>HO BOSMOlml:lX pasMepoB YCKOpHTe.nil 

MeKTpOHlWX KOJiel,l, llOKaSiil3a.llT, 'ITO Ilpll 'lHCJie 'laCT~ roI3 

xapaKTepHHe BpeMeHa HapacTamm: HeycTo!ii:imocTett BeJIHKK no cpa:e

HeH:mo C BpeMeHeM, KOTOpoe KOJII>I,lO IIpOBO,ItHT B YCKOpsmlllett CHCTeMe. 

B CBlISR 6 BTHM He 6wro Heo6XO,ItHMOCTH B paccMOTpemm BOIIpOCa 

· o CTa6wmsruum HeycTOi'lHBocTeit. IloKaSaHO TaKm, 'iTO H6CMOTPJI 

Ha HCIIpepHBHlitt xapaKTep cneRTpOB llOJICit ,ItBmEYDICrOCJI KOJII,I,la, 

BRJI!O'la.KlUIRX B TOM 'lHCJie K HHSKO'laCTOTHLle rapMOHmm, HCllOJII>30Ba

Hli6 rpaHH'lHoro yCJIOB:l!!ll JieoHTOBH'la B .ItaHHOit sa,n;a'le BIIOJIHe onpa:e

.ItaHO H He IIpllBO.ItllT K CKOJII>KO-HHC>Y.ItJ> 3aMCTHlll4 Ol!ll16.KaM. 

B § 5 MeTO,ItOM KHH6Tll'leCKOro YJlaBHemm: RSY'lall'l'CJI peSHCTJitBHHe 

aeycToi'lHBOCTK q>apllW nonepe'iHoro ce'lemm: KOJII>lla, HaJCO.ztlDlteroCJI 

BC>JIKSH MeT8JLIIH'leCKOit CTCHKK. M:l.!Ioe BOSMYllleJme q>OpMli CC'lemm: 

IlpC.ItCTaBlUleTCJI KaK cynepnosmum MYJ[I>TKIIOJII,HliX MOM6HTOB, H pac-
'· 

CMaTpHBaeTCJI CaMOCOrJiaCOBammH sa.ztalla 06 ycTotttumocTJI: MYJII>TH

llOJIJl IlpOHSBOJII>HOro llOpJJ.ItKa. Hal,n;emme mipaxemm: ]1,1IH. BHKpCMCHTOB 

B CJJYllaC ,D;HllOJII,HWC ROJie6aHd COBIIa,n;al)T c mipaxemmm, llOJiyqeH

mn,m paHee r:impO,?tlllJa.MHIICCRIDd MeTO,l{OM. limq>eMCHTH BHCllil'IX MYJII.TH

nOJiett y6HBa!OT C pOCTOM llOpsmKa yYJII>THllOJII,HOCTH. B CBR:82 C 8THM 
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MYJII>THUOJII,HHC peSHCTHBHlie aeyCTO!iiHBOCTH HC npe,ItCTaBIIJIDT npaKTH

'iCCKoro HHTepeca B CJiy'lae BOJIHOBO,?ta·H MOryT l:IMeTI, SHa'lCHHe 

TOJII,RO ]1,1IH. KOJII,I,la B pesoHaTOpe. 

B-Sa.KJil)'iCHHe nepe'iHCJIJDI OCHOBHlie pesyJII>TaTH, llOJIY'iCHHl:le 

B .Itrumoit .n;accepTal,lHH. 

I. IIpoBe.n;ea aaaJIHS Clit7IH Topuoxemm .n;BmQl!leroCJI B rJia,n;KoM 

BOJIHOBO,Jte MeKTpOHHOro ROJII,I,la, o6yCJIOBJICHHOil OMH'ICCKHMH llOTC

pHMH B CTCHKaX. IlpK O"ICHI> Ll8JIIil H IIpK YJII>TpapeJIIITHBHCTCKKX 

CKOpOCTax .ItBmitemm 8Ta CWUl HM8CT uaKcm.iyw, B6JIKSK KOTOpWC 

oaa MOXCT .ItOCTKraTI> SHa'l:HTeJII,HliX,BeJI:IAHH, COllOCTaDJIIMllX C TOpMO

xemceM zs-sa pa,n;HaI:tHOHHliX llOTCpl> Ha HCO,ItHOpO,ItHOCTJIX YCKOPJl!Ol!lCR 

CTPYRTYJlH. 

2. HCCJIC,ItOBaHa saBHCHMOCTI> Clitllli TOpMOlltCHlllI OT TOJ!lllKHH DpO

BO.ztlDlteit CTCHRII. TOJIIIIHHa HaK60Jiee CYIIICCTBCHHO BJIKliCT Ha BeJIH'!HHY 

c:wm B6JIHSII ee MaRC.m.tyWl DpH MaJlWC CKOpOCTJIX ,ItBmitemm: C yuem,

meHHeM TOJil!tHH!l BeJI:IAlma l.laKCllJIYM!l HCCKOJII,KO BOSpacTaeT, aero 

lIOJIOJltCHH8 CMClltE18TCS: B CTOpoay BC8 60JII,nmx: CROpOCTeit. 

3. IlpOamuntSB:pOBaHO B1!DHH8 KOHC'll!Oit DpOBO,ItHMOCTK CTCHOK 

BOJIHOBO,Jta Ha g}ORYCBl)OBltY 'laCT~ B ROJII>I,le. BwllroJrem.l COOTBCTCT

BYJ)l!IIIC IIOIIpaBRll R 6eTaTpOHHiil,l 'laCTOTa!l B ll!HpOKOM ,ItliJS.IIa.30H8 3Ha

"18mdt IIapaH8TpOB. 

4. B CBlISH c paCCMOTpeDeM·sa.zta"IJI 06 ycTotttumocTH KOJII>I,la 

HaibteHO B HCCJI8,ItOBaBO ~ o6~8M BliJ,lt8 .ItHCIIepcxoHH08 YJlaBHCHH8 ,ItJm 

'laCTOT 88liDlyTaJII,EHX II lIOll8P8"1HliX ROrepeHTHliX KOJie6aHd. IloKa

SaBa CBlISI> BHRp8M8B'l'OB B8YCTOl'IJIBOCT81 C HaJI:IAH814 ~HCCHllal,lHH 

saepro B czcTeMe. 

5. HcCJie~OBaHO BJIBHBH8 ROH8"1BOI IIpOBO~TH CTCHOR Ha 

YCTOl'lllBOCTD ROJII,I,la B pesomtTope. Hal,JteHH mntpeMCHTH pesHCTHB-
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HWC HeycToit'lRBocTea. llplIBe'AeHH oQemtn aHepreT:ll'lecxoro pas6poca, 

He06XO'AHMOro ~ CTa6wrnsarum:,8Tmt: HeyCTOfiWOCTea. 

6. PacCMOTpeHa pOJib KOHei:moa 'A06pOTHOCTH pesoaaTopa npR 

pesOHaHCHllX HeycTOtttilmOCTJDC. IIponsBe'AeHH HeKOTOplie ;yTO'IIHSHM 

ID46Dil!HXCH B JIRTepaType pesyJIJ,TaTOB no 8TOMY BOnpocy. lo6pOTHOCTb 

MOlleT MRR:Tb Ha BMR'iRHY mmpeMeHTOB H II~OCTbD onpe'A~eT 

cTa6RJins:n:pyronutll SHepreTR'!ecxd pas6poc. 

7. Ha KOHKpeTHOM 'lHMeHHOM npRMepe UOKaSaHO COOTHOmeime 

Mel!f,Ity paMH'IHHMB BE;I(aMR KorepeHTHHX HeycTOii'lRBOCTei KOJIJ,Qa B 

pesoHaTope. YKasaH BOSMOli!Hldl IIO'AXO'A K Bli6opy HaH601Iee npneMJie

MWC napa.MeTpoB KOJII,J:m n pesoHaTopa c TO'!KH spemm o6ecne'lerum 

YCTOa'lHBOCTR KOJU,J:m. 

8. llpoaHMHSllpOBaHli pesHCTRBHHe HeycTOtt'iHBOCTH KMDJ:m, 'AB:lt

:eymeroca B BMHOBO'AO. Haii,n;eHH BlipwteHlm ~ mmpeMeHTOB. ;n.,m 
11a:e:60Jiee CRJibHOtt asllM;YTMbHOI HeyCTOl'lRBOCTR lJPIMeHHO paCC'lH

Tana 3aBHCIDAOCTb mmpeMeHTa OT IIapaM8TpOB KOJIDJ:m H B~OBO~. 

9. llpoBe'AeHo paccMoTpeHRe ycToit'l:imocTn: <])opw nonepe'lll!oro 

ce'!emm KOJII,J:m, HaXO.):tllllleroCH B6JUI3H IlpOBO,ItfD!lelt CT8HKH. Il01IY'J8HH 

BlipaXSHRR: ~ HHKp8M8HTOB HSYCTOl'llIBOCTef yYJibTWIOJibHllX MO'A 

KOJie6aHRI ce'lerum:. 

B ocnony 'AKccepTaitID! nOJiolleHH cTaTba [22-28 J , pim ee pe

syJibTaToB ony6JIHKOBaH B Tpy;nax M8llQU'Ha.POJtHWC Kompepemtd no 

ycKOpl!TeJIHM [29,30] , a Truute B Tpy;nax Cm.lIIOSifYl,B IIO lt01Lll8KTHB

HWA MBTO~aM ycxopewm B ~6He [31] • Bome)tllme B 'AKCCepTarum 

Ma.TepllaJili o6CYl!,l!;MKCb Ha ceMHHapax B PTH AH CCCP K OHMY owrn. 
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