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A H H O T a U M R 

MeT0,IJ;OM conpSIICeHHHX M 0~HH0qHUX TeJieCKOilOB as cqHHTHJIJIR= 

. ll;J1lOHHblX cqeTtrn:KOB B ~Manaaoue II' 6 ~ iJ ~ 90,3°n CHCTeMe . 

qeHTpa Mace MsyqaJioc:& yrJioBoe pacrrpe,n;e?Jem·1e rroJIRpHSa[(~n1 B 

ynpyroM (p=p) =pacceRHHHe McnoJI»30BaJICR nyqoK npoTOHOB c 3Hep= 

rHeff .635 M:rn H ll0JIHpH3a[(Heli'i 0,58,:,0,030 Ha 0CHOBe 0IITHtl8CK0i1 M0-

,n;eJIM (p=p) pacceRHMSI rrpoBe,n;eH aHaJillfS pesyJJE>TaToB HSMepeirnJt ,n;vicp-. ' .. ' 

cpepeHqHaJibHBXd ceqeHHff Oo (<J) ynpyroro pacceRHHR HenonapMsq~ 

BaHHI:iIX np0T0H0B npoT0Ha)IU{ npa 3H_eprHK 657 MsB c qeJU,IO ycTaH0B_~~=: 

HHSI xapaKTepa MHTepcpepeH[(vlH Me1e,n;y aMilJIRl'y,IJ;alffl KYJIOHOBCKOro u'I 

a,n;epHoro pacceJIHvtM .. PesyJn,Ta TbI W3MepeHMtl nonsipasau1,n1 MoryT d11T1, 

xopomo anpo:ccc1nmpoBaHU <pYHKn;:aeiii BH;tai 

G"
0 

( 0-) P(tJJ =Sin iJ cos LJ[ 3
1 
2 O P0 (Cos LJ-)+ q 13 ~ (Cos u) +· 

+-1, 20P4 (costJ-)~q12P
6
(cosa-~ 10

27
c..n1/crepa,£1. 

HaJiliI'I.JHe · B KOTopotl tlJieHa SinJCoscJ~(Co.S~CBH)'.(eTeJil>CTByeT 0 TOM, tlT0 

B pacceSimrn cyli.{eCTB9HHYD p0Jil, IdrpaIOT TPMTIJI8THL18 f =COCTOSJHHSl'e 

· OTM8t18HO, qTo npH 635 M3B IlOJIJipM3aU.Tll~ B KBaSHynpyroM (p-p) 

pacceRH~Jll Ha depTIIJIJIHH COCTaBJUteT OKOJIO 85% OT ofIOJISipl13anHH npo- · 

TOHO&, pacceJIHHblX Ha Bo,n;opo,n;e~ 

.Io BB & A e H He 

MsBeCTHO, l!TO 3MHHpHt18CKH8 ,n;aHHhle, paccMaTpHBaeMble B 

Teopirn SI,IJ;epH.bIX odOJIOtleK, TaK: xe ICaK H Ha6JII0,11;8HHSI no1rnp113a[(Hl1 

6:EiICTpbIX HY.KJIOHOB npM ynpyroM pacce.RHHH Ha SI,n;pax, cornacyJ>TCSI· J3 

06m11x qepTax c npe,n;cKasaHH.RMH r:w:noresu o HaJIHqHH B R,n;epaoM 
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BSal'IMO,IJ;e~CTBlUi HeueHTpaJU,HlilX CHJI' o6yCJIOBJI8HHbIX K,aKOti=JUH.1O 

'.-CBSIS,hl) ... cmrna C OJ)Ol'I Toil. llOBH,IJ;HMOMY' HC TOtiijHKOM TaKHX CHJI B . SI,nep"."' 

HOM _B3aH.MO,ItellCTBHH, B KOH8'CIHOM cq·eTe,. SIBJI.fllOTCfI ,Ite~CTBYDI1\H8 ·Me,r,ny 
. .,.;·,' . ·.. .· . . . . - . 

napaMH _'. HYKJIOHO~ T~H30pHble CHJibI., :naro,1tapSI Ha1IH'CIHI) TaKMX CHJI 

. , HYKJIOH=HYKJIOHHOe B3aHMO,ItetiCTBHe -~ TplrnJieTH{>IX coc TPSIHHSIX npH ... 

BO,IJ;HT K. nOJISiptiI3anHH. BTopaqHLIX HYKJIOH_OB, anepBble O6HapyxeHHOtt 

: ·! J}KCJII,t M ·:~P" (I)"· 

Hc~,9JU,.~OBaH}10 IlOJUlpH3OBaHHLIX HYKJI0H0B 60.m,mott 3HeprHH 

B ,3Kcnepl!M8HTaX no pacceamuo HYKflOHOB HyKJIOHaMH ,naer CB8)18HHH 
,- . . -. . , ' ~ 

, O .,lJ;BYXHYKJIOHHOM BSaHMO,ll;eMCTBHH·· B pa3JIM:qHLIX' CflHHOBhlX COCT~HIHH5I~o 

. qH_ClJQ J{.83~1,3HCl1MHX SKCI18pli1M8HTOB, H806XO~HMLtX )tJISI O,IJ;H03Ha4HOro 

. aHaJIH3a IlOJly'tlaeMhlX B TaKl-iX SKCII8pHM8HTaX CBe,nemdt, orrpe,ne11SI.,;. . 

· etc SI crpyitrypott MaTpHUhI pacceSimui, o6utaH cpopMa K0Topoti B cnyqae 

(p..:.p)=pacceSIHHH cor.naCHO Boin,cpeHIUTe~HY (2) CBO~HTCJI K BH,ny: 

M-=BS+cC~ +~),1+ 1 G[<~·k){~K)+(6ir>f5~p~'r + 

+ -~ H [ c~K)<~ K),..(61-p)(~p)]T + t·J(6{nJ<o~ n.)·~r.) 
(I) 

---f'c..--• ~· 

• ·r,1te: o, H 0~ .;.. cn1i1a0Bue one pa TOphl 11ay1rn ;i;1rn na,na1>mero · H noKOSI= 

meroca .nppToHa, S M T - · CMHrneTHhlil III TpI1InJier~1i1Jt npoe1.u1py10"'." 
_,,,.. ~ --,;!., 

mHe onepaTopH, n 
' k' ·, p - e,nvtHlitJHhie !,l8KTOphl, . HanpaBJI8HHhI8 

_.., .___, ------ ----,,.... -fl=,, ~ -..p.a. -~. 

no l\ i< "X:f 'J k(f - .r((, H I\+ hf COOTB8TCTB8HHO; 3,IJ;eCl>. kt, H l(.f' 

... HattaJI.t,HtHt H · KOHeqHhI~ :viMny.111,chl. O,D;Horo H3 npoTOHOB B CHCTE3Me 

qeHTpa Mace· ( C 9 ri;., Mo) 0 TaIUiM. o6paaoM, paccesrnHe IIpOTOHa npOTOHOM 

. OITMCI.,IBaeTC.R C 

CHUX aMilJIHTY,IJ; 

Cl . , 1s-:n-D 1i1 

cos-1.3 & . 

IIOMOilt:bIO TISIT\1 saBHC.Rll\l-iX OT 3HeprMH H yrna KQJ.m.JieK'."" 

B; ' C ' 0 ' . H H f-..:_J ' PI3 KOTOpbIX B. ' 

H: ... tteTHLie, a G- · 14 · N. - ·Het1eTHue cpyHKI~m,1 
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B~nOJIH8HHe H83aBHCHMhlX 3KcnepI048HTOB no o,-Ho=, JJ;BYX=, 

H TJH'fXEj)&THOMY pacoeHRHi> nporbHOJ HIOdXO,UlMO ,l;JU! onpe).teJie-

HHR alMIJnn·y.n; M&TpHtU:il pacce1urnn (I) (2,3) e IIepJWM mar,u :a 

3TOM Hanpaa.neH~Ut RBJIReTCB. M3Mepe1He. ,l'\K«pq>epeH~HaJU,Horo cetteHHSI 

, G~ ( 0 · ) paccenHHil neno~HpHso:sa1u1oro ny,u<a Ha Heno.1rnpH3o

Ba.HHOt-l :so,nopo~HO~ lfflm8HHg 3aT8M .., H3Mepeirn:e no.n:stpH3aQHH 

P ( v ) 11 pacce11mut nepn·oua11a.iu,1oro n0.11S1pHso~HHoro nyqia 

Ha HenORRpH30BaHHOR 10,n;opoiHom MHltHHe Tpo~Hoe pacceaHHe 

B t,l;HOli Il.llO~ItOCl'M H' Tpt,!U!oe pa.co~JtHY!8 13 YCJIOBHn:x, xer,;a 

ITJlOCKOCTK nocJie,n;yl>ntMX; pace11Hff · BaaHMHO nepneH,:uucy;rnpHLl, Il0310-

JiRDT onpe,1;1.11Hn HJKtUt:Hl:J na.paMtTplO:e J) , l.9-) H R ( v) , npe,n-

cra1.1rnminMx codoM apor1ercTBeH1l0 Mtpy HSMeHeHHSI i8JIM'tlHHhl H 

Hanpa1neHHJt BtKTopa noJiapt1Satun1 nl):&1 1u:opoY pacctRHMH 

6 0 ( J- ) , P ( (J ) ~ ]) ( <.J ) H R ( J- ) ihlp:a.Jta-

DTC a qepe3 aMJIHTy~s MarpM~u pacceaHia cie~y»~HM o6pa3oM: 

(j- ( I Q. ' 1 I I'~ . 'J l • 12 ). I . - l ,2 1 1· 12. 1 I I ii 2. . ,v)=-=· -:-18 +[-_,C + -y-·J-f,q -t-,;:-·-l\l +---1r-i, 0 '-1 - ·½ 1 ·.z. ~ 1 "> 

0 

(2) 

(2a) 
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J{a.111.1etitmMe 3KCnepinttliTW M~ryr C>JW7!i, ClBR3aHW JII.H5o C HafSJl!1'= 

· ,1;1111tM .1:p1ib.itre pacce11n1a I ycJ11011u1x., Koria we:1,11;y nep1w11 •· 
. . . 

ltOpYM paCCISIJUi19M .110).tKTCSl NarHH!'HOil mo11f) . nepntK,lMKY!RpRoe 
-..... 

IC KWJYJI~cy o,.1t1oxpaTHo. pacceRHHoro npotoHa"-M 1e1ttopy n , . · 
Kalt 3'r0 CSWJIO OCYnttCTBJ!tHO rpynnoff Cerpe. (1) p J1t1C,o ze C IIIMtpt= 

·n . . . . . . . 
.HHtM ROMilCHIH? TIH30pa Koppe;unu•~ no.napH_3&IU(II p~K (4, s·, 6) 0 

. ',.. .. . Q. . . 
B ~pHHJ.Ulfll '<IJbifiOJJ!HIKHI n!TI lt3. 1adop~.-' ntpltzilCJI8HIWX 3K 0

. 

cnep1n,eute1 J:tllxuo pe~MTJ,- 38,lat«y · ,,.1011a1u1ero 11c0Te.101111111 
~ . . . ' '. 

148.Tpxuw paccesnuut npx . 311prastx, ueili.mxx •.i11 6.11111.tt•x K nopory 
. • . .:i . • • 

~~pa111aKHH tr ... weseiu,1 0 0.1u1ax1· npit <So.1u»mHx :,11'1prKJ1X, ,1u>r.1ta .. · 

HtynpyrHt npou,ccw 11ta'l1uia1>T irpar~ 'iaw1t1y1h po.lla,:j npoCS.1eua 
. ( 

onpt,!ttJl91!SI-' ~.leMtlTII MS.TP~IUI paceesfHHSI .".' O.JtH03HatUiOro 

xaxeX)llHIUI q,aa JUi 3JCCDtpHHtHTU1'1KlilX ,-a11wx,- ,C'Jl'&HtlKTCft :aecaxa 
. . . . ' \ 

TPY.1titll e Hty'IIHHI UOJUipl~anMtlllHiX. 1'4>IK!II J· Jlltynpyrxx coyia":" 

ptlJUDC Ml:lt! ,llta!J, CYnttCTBe11He .ltOllOJ!JUf?tll»Hlll Cle)teHHSI O xapaK= 

r.•P• (p-p) · ... 11uuo;teitcriMSI (7),, 

il1.Ht.ra1wu1 HNSft pa«s,,a, npe,1tcTaBll.HlDB18.S1 co6on· tiacr1, npo"" 
f 

rpaww no K3ytleIUtlD Ha mec,1uc1rp11ou CMll!IXPOUIIKJ!OTpOHI OO'Le.n;H

ltHJlltrl HIC Tlll 'lt'Y Ta R,!ttpH~X UCCll,1t018.HHI ynpyrx? H. HtynpyrHX 
. . . . . _, ~ 

(p=-p) c1y,B;ape1u1, f.Sw.ia · ripu1u1Ta · c, ueA~D nc.1ytzwx1, os1,111na o«s yr= 

JltllM pacHpt,ttllllli!i!I muu1pMN.1lllll i (p=p) ,:;,pacce.RHKH np11 3BtprH~ 

635 _M3Bo PtlYJU,T&TH 113MIJ)IIIII _I l!GII lit tOll&C'l'I 3;eprxl ltilCWil,= 
, . 

plHJ.tHI.J1L1rnx ceqe1HR paccesnnu1 11ne.1u1pH:ao1a111i1x. npe,0101 npo-

r11aMH coo6~anHca paHee (8,9,IO)o 

2 o. 3KcntppMtl'l'UJ.l&R tt~IHJC& 

3xcnepld'.MIHT CIO,J;HJltCII IC 11:SMlplRaD &CHMMt.TplU( · I p1.ce1111n, 

_ _.. 



llOJI.HpliSOBa1rnoro rryirn:a npOTOHOB npOT(Hiallm, onpe,D;eJUieMOil COOT= . ( 

HOUiem1eM C.' (L- R)/(L. +f{) , r,n;e l.. H R .., HOpMMpOBaUHhl8 CKO

poCTH cqera npoT0H0Bp pacceHHHHX BReBo H nnpaB0 (no 0TH0ill8HHID 

K nadJID,naTeJUo, CMOTpRmeMy B;?i;OJlI:, nytu~a) Ha O,IJ;JIIHaKOBhlt:i yroJI K 

nyqKy B rrJIOCKOCTH nepBoro paccesrn~u1, nplil:Bo,n;Rmero K no21n11tH0= 

B8HMIO. U0)IRp113aUmh MeTO,IJ;JIIKa Il0Jiy'l!emrn Ha meCT1'IMe?pOBOM CliHXpo

nMKJIOTpoue nyqKoB no;rnpHSOBaHHHX npOTOH0B H onpe,IteJieHJ11.f!. aHeprIHJ 

npoToHoB B raKHX nyt:tKax omi:caH·a B Hamett npe;i;u,IJ;ynteR pa<5o:re (II),.·· 

B HacToRmHx OTIHTaX HCilOJlh3OBancH nyqoK 8 (B o6O3Haqen0ax, npH

HHTUX Ha pJ1Ic8I B (II)) IlOJIHpH3OB~HHhlX npoTOHOB C 0Hepr11e~ 

635zI5 M3B 11 IlJI-OTHOCTl,IO IlOTOKa B MecTe pacnoJIOJK8Hl<J.fl BTOporo 

pacceHBa!eJJSI OKOJIC ro5 
npoTOHOB /cM2ceR" 111HT8HCHBHOC Tb 

nyqKa perMCTpHpoBanacb MOHR3&QHO~HOI KaMepon, nanOJIHeHHO~ 

aprOHOM, 11 RHTerpvtpyl>mHM YCJ4JlJ.1TeJieM IlOCTO.F!HROrO l'OKa,, CTeneHb 

nonRpirna1ii.-rn nytIKa, onpe,n;eJieHHaR n onurax no ,n;B onHoMy pa.cceR-

HH10 nporo.HOB Ha 6epi'IJIRIU'I, coc TaBJIJVIa o, 58.;t_O, 03" 

. TipH H3Mepemrn: acHMMeTpitlM B JIIHTepBaJie yrJrnB s0 {,:: 6 {,: 12° 

B naCSopaT0pHe~ .CMCTeue B KaqecTBe pacceI,1BaTeJI.!•111Cil0JLb30BaJicSI, 

Ke.K 3TO 110Ka3aRO Ha p11Ceia, IlOMemeHHhIIl B BaKyyMe TOHKOCTeHHbI.lil 

MeTaJlJiliqec1tt1~ cocy.n;t HaI10JJH8HHtl~ Jr.11,Il;K~M BO,n;opo,n;oM, U0BepXH0CT

HaR DJI0TH0CTb K0T0poro COCTRB!RJia 2,Iip/cM2e MaMepeHRS npo

BO,Il;HJIHCb nocne~oBaTenLHO C Han~JIHeHHbIM m",n;KHM BO,IJ;Opo,n;oM 11 

IlYCThIM cocy,n;oAc._ IlpOTOHhI nponycRaJ!lll'.C:& qepe3 0TBepCT1'1e ,n;MaMeT

pON 2 CM~B samHTHO~ CTeHeo PacceRHHhle npOTOH~OperHCTpHpOB~

JIMCb B TeJTeCHOM yr Jie I 9 3 e ro-4 
C Tepa,JJ.o ,IIBYMH C TORI!lHMH ,n;pyr 3a 

,npyroM Jil BKJU(fl.10HHL1Mvf Ha COBna.,n;ea11e TeJieCKOllaM\1 Tr H T2, 

cocTa.BJieHHLlMvt :£13 c1~HHrv1~u0:oHHhIX cqe1t1~1toB, KOT0phte Morim 

c5h!TJ, TIO.D;l".JIIOT.18Hhl TIOO,ItMHOqKe K cxe)Aa:M COBna,nemdt B paSJIVltlHUX 

KOMChrnau~IIXe IloCROJibKY B ,naHHOM HHTepBaJie yrJI0B npoder npoTO

H0B OT ynpyroro (p-p) ~pacceSIHMB don&me npodera TI -Me30HOB 

oT peax1~1u1r p + p---- d + Ti ... > ynpyro paccemrnhle nporom,1 
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OT,Jt8JI:f!JU1~:b OT Ti =Me30H0B C IlOMOll1:bD Me)J;HOro <plilJihTpa TOJIIJtH= 
' 

H·ot1 21 CMe, IlOMenteHHOrO Mexc,n;y cqeTqMKaMHo C yqeTOlil Y,Il;JB1H8Hl1H 

ilpo6era B ue,n;n li13=3a Ml-ioroKpaTHoro pacce.aHHst nopor perncTpa.!-\.1rn 
. · . . . :.IHI I \JG C( 

·npoTOHOB coc TaBJUVI OKOJIO 560 M3B O O,IJ;HlilM 113 H0,ItO'CTaTKOB 3TOro-1! 
. • • I ~ • • • 

OT,D;eJieHH.H pacce.RBHbIX npOl'OHOB OT l l =M080HOB RBJIH0TC.!l dOJlb= 

l!Ia..R n_oTepSI B' cKopocTIII. ctieTa vrn~sa Ji~epHoro nor:nomeHllI.H H · pacce= 

HHllISI rrpoTOHOB B ~HJILTpe8 

B MHTepBaJie yrJIOB 12° -~ e ~ 4I 0 
per11crpar~m11 aRTOB 

yrrpyroro (p=p) =paccesmu.H ocy1qecrBJutJiac1,, KaK 3T0 · noKasaHo 
. I 

Ha pMCs Id, M8TOJOM COilpHE8HHHX T~JI9C~OITOB, Y~T8H8BJIHB88MHX 

. IlOOtiepe,Il;HO B COOTB0TCTBX,Ui C KI,rneMaTHKOV. ynpyrHX (p~p)=CTOJI= 

KHOB0Ht1t:1 cnpaBa 11 CJieBa CltiMMe Tp11qHo. n.o OTHOU19HY1IO K nyt1KY, npo= 

nytneHHOMY tiepes. OTB8pCTVI0 ,ItHaMeTpOM 3 .CMo TeJieCHh!e yrJJH, 

BbipesaeMl,19 orrpe.n;eJIRDtqMM Tr llI conpJDIC8HHhIM T2 TeJiec:ccorraMH' 

COCTaBJUIJIM IeI0-3 M LJ,3.,I0=2 
CTepa,D;s COOTB0TCTB0HHO., BbIX0,II; 

· npoTOHOB OT ynpyroro (p=p) · =paccef!HllISI orrpe,1.teJIJUICR no paaHocr11 

CKOpOCTett cqeTa C TIOJHIGTTtlJI8HOBhlM rtt' .rpaqmTOBh!M paccer,rnaTeJlRMM, 

co,n;ep~aBlliHWt paBHOS ql/ICHO aT0M0B yrnepo~a Ha e~HHMny noBepx= 

HOCTM., ROHTpOJIDHhl~ 3KCrrepMMeHT, B KOTOpOM H3MepRnaCb CKOpOCTb 

. cqera B YCROB~Rx, Kor,n;a TeJieCKOITbl HaXO,D;11JIHCb ,n;pyr no OTHome-

HMID K ,n;pyry :El no.1Ioxemu1, He OTBeqarnneM KHHeMaT11rte ynpyroro (pp ) 

pacce,rn:0:s, n~KasaJI, llTO BitJia,n HeynpyrHx (P=P)=coy,n;apeH11tt B 

CKOpOCT~ ClleTa COCTaBJISIJI M8Hee·1%o 

McnoJib30BaJHiC:b T.e ,ice CI.1J1H.THJIJUI[\HOHHhl8 · cqeTtfHKH III :rneK TpOH

HUe CX8Mbl, qro H B npe,n;~,n;ymllIX OilblTBX (II)., qHcno ·cnyqa~HHX 

COBna,nAHI-i~ onpe.n;eJISIJIOCl> ,Il;JIH acex yrJioB, ITO)J; KOTOpiiMH npOH3-

BO,n;HnllC& H3MepeHHR ·t , nyTeM BBe,n;eHH~ 3a,nep~KH CHrHaR-OB 

__. 
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·OT cqeTQ~KOB~ OHO odHqHo se npeBYWaJIO I% OT a~cpeKTHBHOro 

cqerao Ilepe,11; Ha1.1aJIOM Kaleil(O~ c~pHliI H;3MepeHidt ·ycTaHaBJIHBa.noc1i, 

q.ro pe.r.0:ctp11pyrom11e ycr;pot{craa pa6oTaDT Ha niJ:aTo no. orHomeHHIO 

K Hanpmrcemrn Ha cpOTOJMHO'.IKMTe.lIRX--,, 

. ' . . . . 

·TIOJIO:te_em1e- ne~TpaJU,HOtl TpaeK'l'OplU{ _rryttKa onpe,neJISIJIOCI, 

<pOl'OrpacpHqecKH, a TaitJC.e ITOC pe,ztCT:BOM I13M8p_emur .IKOpOC·T."1 
. . 

CtleTa TeJieCKonaw, ycTal&BJI8HHhIMH UO)t:,MaJILI~ yrJiaMH TaK,ttTOCS:b.1 

perli1C TpHpOBaTb npOTOHhI, HCflblT~BIII:Ke MHOrOKpaTHO_e pacceRHM8 8 

C ·Ha.~;.ceHHoM nenrpanr,HoM rpaexropirea. col3uemaJrnC1>_, ueHrphl. CQHH= 

THJIJIHTOpoB, neRTp yr.nouepHoro ,D;HCKa YI HyJieBaR OTM8TKa ero 
. . . . . . 

mitaJILie. Oco6oe BHHM6.HHe Y.lt8J:rSIJIOCl> DCTiipOBKe annapaTyphI rrpli 
. .. 

H3M8p$HH.RX B o6JiaCTJ,1, MaJibIX yrJI0B8 Heo,»;HOKpaTHa.R rrpoBepxa IIOKa~ 

3ana, qro O,ItBHr HyJieBoM OTM8TKH IIIK&Jlhl yrnoMepHoro ,D;~CK& no 

OTHOUl9}UII) K I.:(8U·l'pa.JII,HO~ rpaeKTOpH~ IlYtJKa He npeBbllliaJI O ,.03 °·., 
Jio,rHa$1 ac11MMeTpt1R, oc5ycnoBJieHHafl norpemHocTSIMH B H3Mepem(rn 

yrJIOB ~ HeToquocTbID B DCTHpOBK8 ·nyqKa, Morna cdcTaBRSTi OKORO. 

5% npH 8 ::~Bo ~ y61i1BaJia ,lt.O o, 5% rrpH ® =4I0 ... YrJIOBOe pas

peIIIeHHe ! 6J 0~8HMBaAOCb C yqeTOM COOTB8TCTBYD~HX neoMeTpM~ 

qec1rn:x qiaKTopoB, pa3Mepos nyt.Jxa, a TaK'.llte MHor-oKpaTHoro pacceR= . . 
HH~ npOTOHOB B pacceMBaT8JIHXe 

Ycpe,11;Heauue eKoHqaxeJU,Hhle pesy;u,ra Thi 1.1erL1pex cepttU 0:sMe

peHvrff aCBMMeTpMM. BMecre _co CTaH,D;aptHh!Wi OllIJ-1:(h(aMH vI8Mep_eHHM ¾ 

".ztaHHlilWI 06 yrJIOBOM paspemem,rn npMB_e,n:eH.bI B TadJI.;.I., CJie.n;yeT OT

MeTHT!,' '-lTO e, QHOBHbIM liC TOtfHMit OM norp~IIIHOCTeM B llaCTOSlll(v!X Oilhl..,. 

Tax RBJIRJU1 Ch_ c·Ta TvICTHtt P.CKHe OWH6:KM. HSMepem-ftt £1' B OTHOCHTeJU,HO 

~eH1>_meti Mepe, · om1101u1 B orcqeTe yrJioB lif Hero•,rnoc rw, c r-coro-

. pb!Mlll CBR3aH ytieT vl3MeHemrn IIJIOTHOCTlif TIOTOKa IIPOTOHOB no npocpH= 

JI() nyqKa, .a TaK,re ylleT cpopMbI paccerirnareJie~ H pasMepoB CUMHTHJI= 

JIRTOpOB~ 



= B .., 

JJ. (j JI III ~-L-

3Ha'l emrn acHMMeTpvrn M noJrnpYI3aq1,n1 n (p=p) · = pacceRHt1J1. . . .. 

rrpM:_ 635 M~B ~. 

.., -y-- ~...,..-----~ --,,.-- -- -ii 
!:: 6 0 c,.:t b.t., . e .· , u- _: p .!6 p Bropo:tt 

____. ._..~~ --=- paccer1= 
~~rpa~ .. - ·, .. · · rpa,n,, %·. % nateni, ---~ ...... ~ 

5 I II,6 I,I =I,3.;:,5 9 6 =2s,_2,t9, 5 
I 

.H2 

7 I · I6,'2 I,2· II,4.:,2,6 I9,7,:;,4,6 " 
' . ' ' . 

9 ,.- 20 8 I,4 I6, 0.!,2, I 27, 6·+-3, 9 I " . ' = . 
I2 1· 27,6 I,6 22,3+2,6 38,4.t,4,9 I fO - . 

. I2 I 27,6 . I ,6· 23,3.t;,I s,5 40.9 2i,3,3 
I 

CH2=C 
.. ' ' ~ , 

I5 34,4 I,6 23, 2.;tI ,3 40,0.t3,0 ". 
. - ' . . '• 

IB 4I,2 2,5~ 24 9 ·6.:.I, I 42,4.t,2,9 I " I 

2I . , 47j9 2,.5 I 
2I,9❖ I,I 37, 8t2, 7 I " I ~ . 

2L~ 54 5 2,5 20,7::,,0,8 35, 7z2,3. I 119 
I) 

27 6I~_0 2,i5 I7,-8.t,OSJ8 301) 7;~;,2~I I " 
30 67,5 2,6 I6,2+Is,3 27, 9;t2, 7 I " . ..,,. 

33 739,8 21)6 II,3.:,I_ll 5 I91l 5~21) B " i 
i 

36 80,I 2,6 9, 7.11,4 I6 9 7.t,2~6 ! " 
39 86,3 2,6 4,9+·2,3 1 8,4+4,0 I " 

- l -= 
4I · ~ 2,~-0,9.;t.I,4 . i -I,6.:,2,5 I " 

_L___ __ •=- ... L 

3,, YrJIOBOe pacnpe,n;e.nernvre IlO)IRp!-1SaI~krn: B (p=p)= . 
pa.ccesimrn o 

Ilo1rnp1,rnaniu1, B0SHlllKa11maR · B (p=p) =pacceHmrn B aacTo.ameM "-

3Kcnep11:MeHTe9 Bwnrn1u1Jiac1> 1'13 · cooTHomeHM.fl f., =P PH , r~e 

........ 



= ·.9 = 

p = nonBpH3aU~R MCITOJih30B~BmeroCH nyqga npHHH~a paBH-0~ 

0,58t;0,03., iloJiyq·eHH!-Je ~Hatte1m_ir· P;; , KaK · · cpyHKllHSI yrna·pacce

RHJiUI i C.,,ll~Mo -npe,D;CT8.BJie}JU .B. ?a6~m~e I. Ha p11Co2 BMeCTe C rpaH~1= 

i.\awt CTaH.n;apTHLIX OllIH60Ko· 

Y:rJionoe pacnpe:ite.neiIYie no)Ii!pv1sa.~11111 8.1 xapar,cr.epHsyersR 

. CJI8,D;YDinMMvi OCHOBH~MH ttepTaArn-~ 

a) noJIRp113a.1rv1.R o6pamaexc.st :e nyn:& np11 _yrJI.e paccehRYIR . . . ;. . 

paBHbM 90°, KaK 3TO.YI ,non~ao. dH?b. ~ c111ny Tox.ne6TBCHHOCfH cran

K&BaDmHXCR qacTHU; 
• • 

CS)· MaKCHMaJILHOe= 3Hat!eHHe .nOJJSIP:'1San1nt COCTaBJHICT 

0,42.:,09 03 npH J = 4I 0P 

B) B CTOPOHY )4'8Hl,llm'.X yrJIOB IlOJistp:0:3an11• peSKO y61rnaer. U 
0 

npH rJ >:~II' 5° .noc THraeT 3HatteHl1H- ·= o, 02.:;0, 090 BBH,ny B03M0XH0ro 

BJI~RHl1R ]I())JCHQt,t ac1n1.i(erp'111-1 1-1 60~11:,JIIMiX 'qn11160K, C KOTOpUMH 'cBSI3a

Hbl H3MepeHHJt no,n; M~JIJJ!J,Gf yrJiaMK, H8.Jih3R HaCTa!UlaX'l,, Ha ,ll;OCT.OBep= 

HOC Tld ·TaKOrO M:3MeHeHNI.R 3HaJta IT0JIHpH38.ll,lt0:o 

PaHee yrJioBaR saBHCHMoc r:ir, no.-,s-:p1r~ar~H11 · B (p=p) · =paccesrnirn 

H3Meps111ao1, B 06JJaCTH 3Hepra~ I30=439 t~sB (I2~I6,I7x))o ,l{JH! 

cpaBHeHvtst. Ha pR_Co2 np1rne.zteHLI ).1;8.HH1i1e, · no.nyqe1rnae np11 I70, 

3I5'H 415 µano BM~HOt q,TO C y»eJIHqeHH8M 3HeprHM OT 4I5 AO 

635_ M3B, Tell,neuuirn: K B03pactaH1110 ~OJinpi1sa1ix-rn He BLIXO.zt~T sa 
npe,IteJJbl OUI116OK 3KOnepmAeHTa.,· :·ecjJnt-B006DtP.f vJMe~T;''·iMSc'fcf :.:n'cfapa..; 

HM~JI(H!JIO)' lqia,it'.Tf,' lq~fo hyfifoB 6e1 p'acilff6)~&1te~!l11fe f'rfoiiap1 Sadfottei f'.P=P) = 
~~ · ,IL. :W. ~ • .. ·-. ,r,·;·""J> ,.,) ''Tl:'~...-l twr, 1"", ~~-~ ,, •• ,,"_,,. t' /"I.. TI· ~., ·, fJ~ (Y«~?i.,fC1 ~1 

x?"Mu itd'.iaioia:p;Hlil \np~tfSo,4,oP'dder/:icy ··~(F'o~q,fo £ep'CK*~ 0y~iie~"ci:re I) 
3a npn CLIJI~Y," Cft yia~:.QPS>TOj),l.11,~- (fl;j'1e,np}1J!.'X,D, r:.Qi~§.~~Y!:,J;ft,i. ItO~tPPiQ~J . 
on11ca1IhI pesyJII>TaTbI 3.ItCnep:MMeHTO13 no HadJID,It0HHIO·IlOJisrpH3a= 
qnH B (p=p) ~paccesrn:r,rn np:.-1 I30,I70 i1 2I0 M3Bo · · . ·. 



T'O = .L .,. 

pacce.RH~~'l. He. MSMe1rneTcR :saMeTijo c yBeJn1q~rnv1eu aHepr¾l'I. Ha 200 

M!3B, npe,lT.CTaBJJ.fI8TCR BeChMa. cymeC'l'.BeHHO_I1 O_C.068HHOC TbIO (p=p)= 
. .- ')} ' .. . . 

B3aMMo,ne~CTBHrt,. ococ5_eHHO eCJIH yqeCTI:,, 4?0 _Ha npOTf.IJY.eHJ1rn paccM.a= 

rp1rnaeMoro 1i!HTepBaJia ::n1epr1111 yrEoBoe p~cnpe.n;eJiel!11e (P:P) =pac= 

ceRHL-UI B.MeCTO M30Tp0nHoro CTaHOBl'lTCR cocpe.n;oxoqeaHI,IM B o6JiaC.TM 

MaJlblX yrJIOB,, 

0 

4e Ynpyroe pacce.HHHe nerro;rnpMSOBaHHhIX npoTOHOB 

np0T0Haw1 npH 657 M3B 

,IlmfxpepelU.\xiaJiiHoe• ceqemte ¼ ( a) ynpyrorc (p=p)=paCC8HHl-1SI 
• 

cnaraeTCR 113 ~pex qacTen 

Oo (I))= ()N ( LJ ) ➔ De ( lJ) + ~nt Cc?'} (3) 

npe,ncTaJRHIDm111x C0OTBeTCTB~!HO ceqeH~H ~,nepHOr~ ~ KYJIOHOB

CKOrO paccesm~n }1 ~~;eppepeHu:mo 11e~.1tY marn,, ·B TaKOM Jee BR,IT.e 

MOJCHO sam1~aT:& W G;,(v"JP( lJ) :· 

~(\J)pJJ-).-.oNPN ·OcPc +(G Phnt .. (4.) 

.,n;rn pacc?-40'!'l)eHMs_I Borrpoca · 06 yr JI0B0iii 3aBt1ct1M90 l'~ q, (v} P (0") 

TpedyeTCJl 3HE3:T~ Hli~HIOJ>. rpaHHUY liHl'epBaJJa -Y~JI~B-, BHYTPM KOTO= 

poro.cymecTB8HHYID P?Bi HrpaeT TOALKO R~8pHoe BSaMMO~eACTBHee 

B. Hacxo~men paei.o_;e ¼cno.-7102OBaJrnc.1, _,naHHble .. o .n;mfxpepeHumaJibHiiIX 

c_e~eBH.RX pacceRHJ.-UI Heno.r.HpH30BaF.Hb!X rrpOTOI1013 Ha 130;:t0p0,Ite, 

noJryqeHHble B Hanren .mi6opaTop11:11 np:£1 657 M:,Be OHM npirne,neHbl 

.I 'I,'ad;rn:~e Jl.11 Ha pHCo3 BMecTe co Cl'aTl1Civ.i'l0CitlUffl ()illIH.5KaMR 
- ·- . . . . 

113MepeHl1~o. IlOJIHOe ceqe1rn:e _ynpyroro (p..;p) ~pacce.FIHMR filH'I .· 

65TM3B -~OC.TaBJIJieT (24, 7!:I,'O) oI~~27 ci~:2_- (IO}/ . 

·-

---



=II= 

. CBO;tKa. ,14aHHhlX o· ,nu1.qi¢epenu,u1aJI1>HhDC ceqe·murx (p~p)=~~cce= '" ,. ,, ·. , .. ·.:.. HHli fl ripH 657 M0Bo . .· ' .. , .. · . 

: ,,. ~ 

~-~· .. ~·:·.~~.-. --·-·-:...•--------------------
.Yr_oJI pace.ea=, . 
lUHI"'B Co.UoMo 

I0.0 

I5.0 

20° 
';:· 25° 

30° 

,, 46°' 
'.so0 ' 

60° 
' 

'10°· 

s6° 
. ·'o 90 

90° 

-II, 0.±,0., 7 

8,_67.±,0, 53 

7, 75+0,48. 
' ,• ·,~ :·<:'·. 

6 ,-56.tb, 40: . 
5 58+0 15 

II ..., ' 

.'!i ,:78.i()' 26 
•• V 

3,99+0,20 
. :call' 

2si 94.:,O,I2 

2 $ 20.;t_ o, 05 

·2,T.O,t0,07 

• 2,05.:t~,O7 

.Cc:uJitta 

(IO) 

·"• 

(8) 
. \ : 

(9) 

:-.R,cJiyqae irnoxpomrn: .R,n;epaoro (p=p}r•pa~CeS!HlHI B 'CoIJ,oMo 

.. , CB~,Itemrn .. OTHOCH TeJibHO,; xapaK tepa< til.HTepipepeHU1'lH'd{8JC,ItY, aMnJIH=. 

:ry,n;aw-i;·XyJIOHOBCKOrO HI,· .H,It0pHOI'O, paccesrnntt ).taeT cpaBHein,1e 

:-:·:Ha~)lRJ).1;8HHOrO:'B o6JI8.CTH · MaJiblX. yrJIOB (p~p)=p,acceHHHSI C ,cyMMOii 

· Jt~:7,IOH.oBqKoro ,r111»c u12oxporrnoro. R.ztepHoro paccesurni'i o • ·Ta.KTAM · 

· nyTeM dUJIO o6Hapyxeno, \l'!O npH 3Heprli.f£X I70 n 260 M3B~ (I8), 



, =. l~ = . 

8. · TaKJ:e 3°30 ·.M3B (;[9), Y1H~epcpepenutu1 Mez,tty KYJIPHOBCICHM H . 

. R,tttpH~M- pa.cce~H~SllGI lfOCJ1T fIBIIO ~,D;HCTPYKl'.i'IBHhtit xapaxTep., ltJUI 

'' np070KOB C 'aHeprHe~ 330: -1,~~B 3cp¢'~1n·LI KY]IOHOBCKOI'~ _pacceffHIUl 

npestBJllll>TCSI npH yr JiiX_ -~acce'si~M·SI, · uetU,llU~X 2QO o 

-~BH.n;y pe3K·o·K aH-~30'.fpOmUI• (P=p)= -~a.~CSitHH~ npH -657- M31 . •. . .. ' ' . ,. 

_Ha:U npHlllJIOC:b )t}UI
0 

Toro,. q r'o61-l 0It8}JHTL IJII.fSIHHe KYAOHOiOkKX. 3ql0 

qiexroB; llROHSJeCl'K ;3~C-Tpapo_JISIUMD :Hs1,epeH~IiX 3'.~a.ireHiiff ·e;,.(J) I _ 

od11acTJ, yrJ101, .1-tocTaTottao ·6.1u(3KJ![X K Han~·B.11_eHH1J 1mepe,1;,Hc

no,u,sya OilTMQeCKYI> MO)teJil> (p-=p}<:"paccesma~ (20';2!; 22), cor ... . . . . .. 

_· Jl&CHO KO Top on . 
·-· . ~ (tJ-J,.,[ J,M< 5inlJJ '

2 

· Ki?Sfn lJ (5) 
l 

. r)l,t 'J, (K ~Si"ni.J) .. ~ ipyHKIJIIJ{ BecceJIJI rrepsoro rrOpJ1,Jtl(a, /?:(f nY· I 
l(.~-(.~)~ , r'1 H E = uacca hp.oToka H ero· aueprHSI· 

.. B JlaOopaT,Opioll CKCTErMeo·, Ilp14 657 M3B no~H08 ·cet1.e1rne. Qt . COC= 

TaBJUieT 0KOJIO 4Ioio=27 0·11i {23), TaK QTO. 1cR ==2,28., Onpe,n;:e-

JI8Hvte K00cpcpHI~¾e~Ta nponopnHOH~~l,HO~ TH J ypaBHeHHvl (5) 6&.110 

np0H~B.e.1teao :MeTo,n;oM HaitU.deH:&WHX KB8;itpaTOB n,o. 3KCnep_H~tHTaJI:.

HblM TOllKaM. B. 11HT9pBa~e 20 -~ (} b 909
0 Ha pHC .,3 cn~o11rno~ 

• a > • •• •' : 

KJnrnoff ·noXa3aHo noJiytieBHOe _ us ypa.BHeH~~ (5) yr.noBoe pa·c·npe,ue.11e-

. H~-e -pacceSIH~hIX np.OTOHOBo O TOM, Ha.CKOJU,KO 6Ji~3!t0 B. paccMaTpK'."" 

. BaeM~M: HHTep:sa.11~ srJIOB .· Bij4HC.1I~HiI8fI KpH-BaR npe,n;cTaBJIII8T. 3K--: 

onep11MeHTa.111>.Hhle ,n;ainure; Bvt.JtHO. m-s · xoro, ·q:ro . r~yccoB·o. · cpe,n;He- -.. . ' -~ ' . . 

KBa,ztpaTLflIHOe ·oTHOCM TeJII,HOe OT~JIOHea11e · 3KCnepM.M8H?aJI.J,HHX . . . . . . . : 

.Totze~. OT _ Btil•rnc.iiemrnx COCTa:ur.ReT "'"'0,05o IlyHKTHpHoff K}ntBOff 

lia. p11c 53 nor<a3aHa cyMMa I-I,JJ;~pHoro<. cet1eHHiI,' .n;a1auwro ypaBHeHHeM 

,-

! 

~-
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(5) , ·H · cetieHHJl llHCTO KYJIOHOBCKOro pacce.RHHR q'~ (-,V }., no ... 
. CJie,ItHee '·BUllHCJIRJIOCl,. no q>OpMy.rre MOTTa: 

r.1te 

(7-) 

H3 pHc.,3 BHAHO, qro noJiyqeaHaR Ta.KMM nyTeM cyMMa oe~e= 

inHt ON ( iJ ) ~- · · 6c ( J ) B ~1n:epBaie• 5 f L7 ~- I5° 

H8CKOJIJ>J( 0 MeHhllle COO.TBeTCTBYIHllHX 3RcnepHM0HTan'bHbIX. 3H8.tleJrnll 
. - . . -

.·· · · O.o ( 0- ) ., 3roj MoKeT o:,Hatlari,, ecJI·rI · ToiiK 6 :vrc'~oJih30BaHHLTV. 

Cil0006 onpe,ieJie~~UI B 0:6JiaC.Tl1 Ma»HX y°rJJOB C8'l8HI{R R,ItepHoro . 

,(p~p)=pacceamu1 stBiiJie~C.R . npa:eoMepHbIMx)' tlTO npM ,657 rl3B 
HHT~pq>ep·eHI.'(vIOHHLlff qJieH .B. (3) rtoJIO:t:HT8JieHo , TottHOCT~ 3TO~ 

· np~ne,1typ1i1 onpe,n;eneHHSI. Oint (J) HeBeJIHKa · 1,1· - rrosToMy HeJI:&3a 

I1Cl\~lltl~TJ, _n~SMOXHOCT:b Toro, q TO OLnt ( l}) S::- 0 0 ,rr_ocKO_Jil,KY 
. ' ... ,.· . " . 

:,xe~cr:e:wrein,HaR l.laCT:b aMnJivtTY,lJJ,1 KYJIOHOBCKOro pacceRHvISi OTptH~a=. 

TeJIJ;ira H 3Ha:QKTeJU,HO 60JI1,llle MHVIMOtt .' qacTH, . TO B CJiyqae·, KOr,na 

· ·e5lnt·(d) ';? -0 ,D;effcTBHTe~:&liaH qacT.b aMnJIHTy,nu H.n;epHoro 
-, - • I . , ,. • . ; , 

· . pacceaHtUt imepei ,v;oJIJ:HbI 61,rrL TaKJ:e orpifnaTeJibHao ·· l!To ,re 

Kacaercsi _ MHHMoA qacTH a.MTIJI:M TYlH si,1.t.epHoro paccesrn·r.LH Bnepe,n, 
.. -·.- . . .- . . -r( 0-c 

. TO' OHa IlOJIOJ:HTeJU,Ha. 1'( paBHa . / ,,-.-:-· O 

· · . . , .,- 11 

. 5 0 Yr Jl·OBaH 3aBHCijMOCT1, ~ (-01-f P ( <J) 0 

Hs aHamrna y.rJioB otC 3a!HCHMOCT1t acvn,werpHtrgo~ qacrH 

.. ceq.eHHSI (p ... p) =pacce.FIHHSI GJJ)P( 1J) MOJ:HO noJJytrnTh HeKOTOphie 

CB0,l8Hl1J{. OTHOCllT.eJI:E>HO. Toro, KaKOI H3 H8.~BLICUIHX op6HTaJI:&HbIX 

i) '-He,1ta-;;; PapH·;I25) . ri;;BeJI HeKoTOJJHe apryMeHTU ~p·o,TH.B 
. HCilOJIJ,30BaHHSI O!ITHtlecitott MOJ];eJrn lP':"P)=pacce.HHHJI B .OdJHWTH 
. OKOJIO 1 E3B., · . . . , 



= I 1i 'MJ· 

MoMeHTOB · etrte ·: .1ta.eT · 3aMe Tuu~ Bkna,l( a •pa:cc.e;rr!we" ;~fo-:irn;a;E!blM .}lB.i1:n= 

ere a yT:sepx,1te1rne (26)~; .· q TO ·ecJIK paoce511&rne -·ooytJI(Hii)tf'BO ·B~avn.W•·' 

.ite«oTBHeM B coc TOSHU1.FIX C opc.5M TaJJhB.hU,m MOM0I{T8.MW BIVIOT1bi ;r,o 

\
... ,. TO 
.... ,max' 

. . ~ ~n 
r-:t .. q) ( J) ~ (l . 'q, .::._ . r..' ' () 
Vo ( v· ·p \ '· ' =· .A·n V cos.v_l:.,~. (l,,, r.-.cos- I l 

n~J 
,':':'(8) 

•, 0 ' ' " 

r ,n;e, . N -~ .l-tmo.)( ~ I . )];JUI :aeqe THbIX M N , '.°: Lrn(.',X ~- .2, JJ!fI q eTHhIX L. 9 

Ilp~ Blli'1HCJrnH~rn' ci/J)P {0:) . ,
0

3Hatze;rtrP. Oo _(u) ~JUI yr,~oB, HO.It °KO'!O= 

pbI_mi npoH3BO,ltH~n,c~· }ilS_~~pe.mu~ . C:, j ~ax0~w.Jprn1> -~~ n_JI,a.~'HO~ KP~=. 
.·- • .. ·.. - '.. ,. ~ '. .; . ' ·'. -. ,' ) ' - ; ' ! ; ''." -; . ' - ,' • ' -

Bott, npoB~e,1te~H_Ot! _BH3yaJI.hH0 tlepes 3,K,,C~.ep11MeHtaJI.:&HH€- ToqJtyj 
' . . , . : '~ ~ '~. . ,, ' ·,~ 

C ylleTOM Bepo.flTHblX OllHHlOK 11 yrJJOBoro pa.Bpeme:m.1.A: (C},,L,pHCo3) 0 

• • •, ',, , ·,, • • • ', : -. ' '. .; _- ' '.l , '/ •~ : I ' ; ' , \ ' • :' ~ • ' \.,- ... , • f • '. .' '.,, ; , 1 . • 

B npe~noJ10)1CeH~n1{ qTo yrJionoe pacnpe,rceJiemre n.onRpit1iau110" B 

. (p~p)=P~~ce,RH~i1 He np.eTepne,Bae; Yi3~~~~:HH·~ ~ ··.yn~~M~~~MeM ~rnep= 
,.··:, ,: ,·,, 't '•+'.( ,·' __ -: !;.'." ,·, '. .. : '., " :-: ·, .· .. ' '~.:·•.·,, : .:: .:. !;·/:~ ,.,.:.::--. .- :. 

rMH OT 635 ,ItO 657 M3B, qoiyqeHH~e B HaCTORmeA paaore BHaqeR~B 
' · '· · ·, .. • . : I " '. , • ~ f , - ' '·' : • . ( '. ' ' ·, • . ' ' i ; ,··. . ' 

cr(}iJ, .p' (tJ) '.ripe,nno~T,VIT6JIL,H0° OTHe_c Tvt K. aH,ep,;nM :.657 ~l3B.o: . 

•,' Ha pllCe4 ,ItJIR. vl~TepB.ana I6,2';~ d· :t. ao',i.5° npH~~,n;eHa Sa=. . ,. .. . . : :_ .. :.· · .. : . ·. ·. '.· .. ·e "'' ,.· ·, ..... ••·. ".. . 
BMCHMOCTJ, C5;;(L'i)P(ct)/Stn (JCJ?S u· .. OT (ry~j · ,.; · ~OBM_e~THO.. c ppa~vruawi 

,'. ,. . . ' :.' ' ;, ,1,· . 

0illH60R, co.nepxa1~MX B ce6e BKJia,It OT COO'flH~TCTBYIOntYi:X rrorpeuiHOC= 

';eilH;~epeHH~· G~ '(3, '.M p (tJ), ,0: 31:Jil ,n;aH~~e _IlOI\~~I~B~-ID~j lJ·TO' 

yrJIOB~oe. ;acnpe,rceJiemrn ·Do.<0-)Pf_tJ{pea~·~, oTiI~~uo er ,3a~~CMMocTi1 

B~,D;a. '•sin tJ-'2c:s (} '.' 'KOTOpaR MM_eJia 6,H ,Mee TO~' ~CJI_~ :C5hl.,ri~JKHpiu,a~ 
: ~ '. ,• ' . . .::.. : ' . 

lllUI Bht3bIBaJiaC:b RHTepqiepemiwe~ TO,J!lbKO :rpMnJieTHh!X · fl =COCTOR=:, 

. m-ttL, 

ITpH6JI~l'.eH~e R, ,!(WCKp,eTHbIM 3Hai!eHitl)IM (?';.< 1?-\P(.iJ:Y.s:(nJ·i~)S. 1J 
. , , ' . ' . 

~pOI-1~~0,D;HJIOCI> . tlel'HHMM HOJIVIHOM8.1Ul ,~eJJ8J{,n:pa M8.~0,lI.0:M ~a~MeHI,= 
. '' '• ' .·. . . ·. ,. ' '. ' ' : . ~: . ' ', ' ' . 

nmx )~~~·.ltP~}'OB., HocJie H~CROJLb!01X. IIO~hl,TOK C P,a_aJit14~JiM, 4~CJIOM 
• , : • « , , ·,' ; l ; 1 ~ : ~- . '., ... ,- ·, ; L ',. , • .1 : ,. , ' . , · .. 

nOJU'IHOMOB' 6HJIO Ha~,It0HO BOSMO>ICHhIM. anpOKCJIIMWpoBaTh '0RCnepI1)AeH= 

· · :ta~~HIIe ::~~HHtre· cpyMRqH~v1 · BM;tag , . . .. · -- , . . .. 
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c-r (J')P( 0) ~;:: 51 n v·c.o-& l't{c3? o :''. 0 Dd) P (CAS J')+(.3 13 .~ o 2,:9).p:, ( C/2-!, IJ I t 
'i) · j - - I QI j b ~ ' ,:,; 

1i (( 20.¼ G)2)f:1~ ( COj 1.J).c (01 l? 1: l)/37) ~ ( cos t}J J iO-c'.~r,l/~ mr,prJ-:d, ', ( 9) 
, . 

3Ta ¢YHitU0:JI ,naeT ,noc TaToqHo xopomee np~C>Jnt:xemte It_ 3KcnepJA: ... 

M0HTaJI~HUM ,JtaHHHMe 00 3TOM CBH,D;8T8nhCTByeT TO, qT6 3HaqeHHe 

CYMW HaPIMeHltlllHX KBa,n;paTOB ' , .2' 

\'' I ·..:::.: ~1-.1:_ {E [ 60 ( J) P. ( J __ ikl 
. H t[Go(JjP(1J)Jt) 

r,ne d[o~('J)P(lJ)] - OTKJIOHeHHe Bli'IHCJleHHoro ,D;JUi yrJLa J, sHa-

t1eHHH C¼/ll)P(lJ) OT. sKcnepH)ileHTaJihHoro, I\{ (\(L1)-~(~J-)l, - Bepo ... 

f!'l'Haa: om:r,H1Ka B onpe,tteneHKM 0~(t1>P(S) H3 3Kcnepmueuiain,Hax 

,JtaHHliX )tJUI Toro J:e· yrJI!J,, OKa3aJ!OCJ., ·paBHLIM, I,6, ':ror,Jta 1taK O)m-. 
,- ·· .. 

, paBHOe pa3HHUe Mex,ny qnc~OM 3KCne-

pKM8HTa.n.1UiX TOll8K Tt1 q}tCJIOM CBO(h),JtHLIX napaMeTpOB anpo1tc1fwtpy10- . 

D\IJt ¢YHKUL1Jt, ,D;OJIXHO COCTaBKTJ, 7 e BlfQHCJieHHOe H3 (9) pacnpe~eJie-

lMe q;h~)P(cr)/SinLJCr;sJ· noita3aHO Ha pHc/)4 cnJIOlUHOi KpH:BOite 

-Ha..t111111e B anportc)nmpynmett ¢yaxuim trJieHa St n:JCo·s ,JI\.( rDs t'l-J 

C lt03<l>tf>itUMeHTOM 11 \JHCJiellHOe 3HalleHI4e· "1t0Toport:>' ltHOf'O 60JI&le Be.,,. 

posTBcil 011IH61ut, siBJUieTCR BllOJIHe ~OC.TOBepHWM~ TaitHM o6pa30M, 

pe3yJU,TaTW HaCTOf.ilf(HX OilLITOB yKa3WB8.llT Ha npHCYTCTBHe' B' paaJio ... 

xex1n1 ¼ (LI) P (lf) Hemcqesa»m11x t1Jie~oB .Jio Sin t-Ju:;,f/J·. »EJID'UITe.1a .... 

HOe 3to ci31aqaer, t1To np1t1' ,Jtauuol aHeprHH :a ·(p-p) ..,;pacrieHHHH 

. CYllllCTillilYI> po,u, Hrpal)T, TpHnJieTKWe p '' lt F0 
i.o COC?OJiHHSle Bu ... 

UfCJleHiU{ BpllTa. K ;Jtp &-< 27),. BWllOJlHIKJU.te c 'yqerew· opCSHtaii1tHLtX 

MCUIIIHTOB L < 4, yxa3.liBal>T Ha ro, qro t1Jl8H BH~a Sin UCJ':YS•'j'S 

'B pa:.u:o:a_enx (~ {tJ) p {iJ) ' MOJEeT nOJlllt:TaCH TOJl»ltO B TOM cnyqae, 

3 fi'' ec.111 xxeeT uecto 13aHMO,Jt8ACTBHe I . Lt .... CO~TOHKllK~ 
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To,• tIT_O napqnaJ!·b'fUile BOJIHbi C. yr.ill-OIHJM M_fH~·~F'.{'.0}11 l " ,_;'3 
~ ' ... -

-c:&1JJI,HO yqacT.ayroT B pacce1nt11I1·il COTIJ)O'fl0'11:).tfH)lf,1!3'M(i'JI 60Jn,,11tOI-! fl;~,JI.Ap1'1,_ . . -

3a,q11.eV. rrpOTOHOB-, Ga.MO TIO fe.Oe ~rryiMt· cim~~T?;J,:b,C;'X'BQM To'ro)l q'\'("I 

(p·-; );_B.SaJAM0:~~~9 TJrn:e 0 B _·TpvmJJe TH~}; -f· =C br:TORMM HX HQC~ 'r i 

aaMe0THOt! c renemr ·_HeUAB.rpa./Ih}Jhltit ·xapait::rep I> • 

0 

6e O IIOJ1Rpw3aumJ a· KBasv.i:ynpyroM (p-p) =pa~·ceB"JHH1. 

· (II) . t · o Pa1rne -· - chrno. aaMe_qe~o~_ qro no,zt y:r.nmM ,.,_ =1+0 -.ITOJ.lR~ 

pIAsa-µ_JA.fI rrp·o;oH~B,: .viCTTI:HaBmwx ~B8.SMynpyroe (p'-=--p)~pacr:~JiHU~- Ha : 

6.ep~JJJHHf' TO.JI:&!\~ ll8MHO;M?~ MeHb.llie TTOR.H1Hf2a.mrn:. B. (i·,rndo,n,HOM (p~p)= 
. ' . . . 

paccemnrn: ... PesyJII>.TaTM HaC'.r.O.RntHX 011Ii'.l'OB rIOKft3Ji!BaiOTi) q_:ro f!O,l!Ot°SiWH 
. -. . . . . .- . - . ' . " . ~ . 

C'1TY8UHR ·I'1Me~T M~C TO B IUMPOKOM · ;t~ar1as0Frn yr JU)~ - pacceH-ijH·~" Gpa~= 

· H'eHH~· .i,;aHH~x, c·odpaHHHX B rad JI',, I Ha _pri1:c·,,7 a (IT·)$· (~;:uui;e:re»ni= 

CTByeT .o. TOM, qro · B -~HTep~aRe 27 f: (l t.,, . 909 rro,rnp~L3a~0:,a B 

icBasMy~pyr~M. (p=p) ... ;a~c~.am-n1·-~a- 6epuJJ)rnvr -c0c1aBMrn·r oio~o 85% 
. ~ ' -. ' . . . . ' . ' .. 

or no)JHpt13a,~vrvr npo;roHoB 9 pacc-eaHHliX Ha Bo,11;opo~,a 9 ror)l;a Katt B 
• , J -. ' - ·,. • ,. • -.. ', 

odJiaCTM. ·"-:': 300 Mtrn· cornacao (28) Knain1ynpyro-e _(p~p)=p·accesuiv.e · 
. . . . , . - . . . . 

np~BO~l'lT K" ,noqTH B )!Ba· pa:sa M8Hl!Wei1 Il0Jl1Hp11I38.Q;Irn:9 tieM ynpyrQe {! 
• < • • • - • • 

pac-cesqrneo 

IIpHBe)teHHHe · peayJ11>Taiu onpe,11;eJie1rno · yxaSHBaJO-T Ha TP 9 t1To. c 
~ - . ·-

BO 3p a c TaHH 8 M 3He~rH~ ~T 3?0 ~6 600 M3B B 3HaqHT8JiiHOH ~~pe 

"if rr:J.:~~~f:.f ,pasJIHttrr e ~- ~-Pl~g~~~Hf-P ~n~Jt~-g~ 0{P:t~, ,f 8;ff )'~i~t,t~ftt~11Yr:J0 0 o,n; = 
~ . ,,.. ' 

XKt~fl~n1•:2i:f~P~l:~)~~1~Fo B~~~if.f,M..,JW;?l0~aMK); n JjXf~zlqa a 1.:n::F 
•• ,, • • :/&\ • • 

HSRV OTV. 1 0T·~H Y A6B 

1 G :;~ P \: 1\. ::) .!~£. ;) 7.1

• -~:1 
... ~ fr'"°" • .., •f\ "!i'/t ~iti!T!:} ... ,, ,,, ,i)n" 
1\\:., l, .r.t_•~;,t:--::{ _l,. .fi:.U .. tr.-', __ 1/ t,. }, 

~ 5~ fi'Htl \:: ~f ~!rt':) ~ J! S:t!' 11 ~1 

~ 

::t 

:; ~c J f:JI~r 1) 

{iO:t1 

Jri.C! 

·t-'1 
•-< 
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·3xcne!)~MeHTH no onpe,n;eJiemuo act1MMeTp1,rn B pacceJIHHJA noJI.ap11 ... 

30.BaHHHX np0T0H0B c 3Heprl'l1ek1 6,35 M3B :Ha BO,D;Opo,n;e 06Hapy?.::t1Bai>T 
•, • •• , •• • • ', ::.•, • • v\ • , •• 

IlOJIHpKsau1uo~·- }tOTopaR 3aMeTHO ,He OTJIMtlaeTCH no CTe,nemi l'I, yrJIO= 
' • • • • > 1 ' • ·' • 

. BOMY pac,npe,n;eJleHitUO OT TIOJISipHaau1-rn: B (p-p)_ =pacceamu1 B OOJiaCTH 

'3QQ..,,4QQ M3B e 

Ec.1rn npo11sBec:n1 aHaJrns ,n;aHHh!X no (p=p) -paccesIHHIO npH 
' ' 

657 ,M0B 'Ha OCHOB9 OilT11T-l8CK(i~' Mo,n;e,JI~:, TO ~HT8pcpepeHuHa' KYJIOHOB= 

CKoro l'I n.U:'epirnr'o pacceSiHHif 'oita:nrnaeTCH H83Raq1cteJibHOii, npHBO,Il;R= 
< '. ' ' • ,. i ' ... 

. mett CK-Opee K YB,eJIR'll8HHi> ,n;wpcf1epeHUHaJU,Hue C~t18HlUI (p=p)=pacceSIHHR 

B o6JiaCt1ti II f: ·J .{.. · I6o e: 

Yr.noB oe. pa'cnpe,n;eJieHJ.fe· ao11MM8TlH1qHo~ tlaCTiiI ceqeHHR (p=p)= 

pacceSIHHa co,n;ep:«HT qJieH S\ n tJ cos '.f ~J ' OTKY,D;cl. CJie,n;yeT' 

F~ =COCTOSI= 

HH.fl ,D;aDT 3aMeTHhill BKJia,n; B paCC8SlHH8e 
,, 

IIp11 :.rnepnn1 635 M:3B He na6mo,n;aeTCH 3HatUIT8JlhH0~ paSHHUbI 

B yrJioBoM pacnpe,n;eJieHHK 11 crenemi no.1rnpv1sau:n1,1 B KBa:niynpyroM 

na <h1p:t-1Jim1H 11 ynpyroM (p=p)=paccesrn11axo 

ABTOphl Bhlpa,)J'.aJOT 6Jiaro,n;apHOCTb_ I>eMePLIH,Il;l1HY ¥1 JloM.,CopOitO 

sa yqacnrn B 06cy:m:,11;eHHH pesyin,TaToB nacTom1ie~ pac5onr, AoCoKY3= 

~noBy 3a 01tasa1me n0Mom11 npH Hactpoihte sJieK'Tpo1rnon annaparypLI 

H ReAeKYJIIDKMHOij, BMilOJIHHBmeH pa,n; pacqeTOBo 
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PHC11 I 

PHCo2 

P110 8 3o 

PHCo 411 

= IB =· 

IlO,ItilHCH K pHCYHKaM 

CXeMa OilHTa M=MOHHTOp, S = pacceMnaxe.nL, 
•r1 , ~ = TeJieCKOlliiI, ~ ~M8,ItHug ~HJiiTPo 

3aBv1cx1uoc:r1, rroJistpHsaJ.lmr P ( v) B ynpyroM (p-p) ... 

cpaccesnnrn ox yrJI.a pa.ccemnrng • ... aacrosunaa 
padora, o = 4I5 M0:a (I5), G - 315 MaB (I2), 

6 - I70:M0B (I6)o 

. 3aBHCJIMOCTls CetJeHHSI ynpyroro (p=p) 0 pacceSIH1UI 

npH 0Hepr1n1 657 .M0B or yr.na paccen:1uu:r no ,itaHHiiIM 

padOT: ® = (IO)' 0 "" (8)' rn = ycpe,1.1;HeH;.. 

HLitt pesyJII,Ta.T (8) H (9)o 

CnJIOWHlUI KpHBaSl COOTBeTC'.rl3Y0T <pOpMy.ne~ 

0 _ (:lJ)·,_ -,_2L(KR Stnu")1·2 

N . k-HSt-n Y 

Ilyiu:Tl{pHaH KPHBan npe,ItCTaBJI.fleT oywy °-N (,J) 

IlJIDC ceqeHHe. KYJlOHOBCKoro paeceRHHHo lliTpHX-
. . 

IlYHKTHpHail KPHBaJ'I rrp1Be,D;eHa tlepe3 TOllKH 

BH3yaJII,HOe 

. 3aB11cHuocr1, ao(~)P(v)/srn<Jcos-ll ox · cos2v 
8 

CnJiomHaa. Kp0::eaSI npe,n;cra.B.nJieT qiyuxruu:> B1t1,Ita: 

3 ''JO l'l ·rco.s V)+3 1!). p').(CO:S IJ) +·f .?·OP.{C.0513)-0 1-2 r:._ (cos tJ) ,c. ,'{; ~-, c; . ,-· ·t, I ~ • 
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