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38lJIHT8 uccepaTw.um COCTOHTCS:" " I9? r. 
B 'UlCOB H8 3acenamm eneIUiaJIH3JipOB8HHOro eoBeTa ~-56/3 IlpH' 

~a6opaTopu Rztepaex npo6neM 06i.en-aeaaoro HHeTK'l'Y'l'a Rztepma 
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C llJ!eeepTlllUlel MOIIHO 03HBKOMHTLCR B 6H6.llHOT8K8 OHffif. 

ABTopeqiepaT pa3ocnaa" " I9?? r. 

Y11eHH1 eeKpeTBPL eneIU18JU13HpOB8HHOro eoBeTa 

RBHitldit8T cp[3KRO-MBTeMaTneexmc H8JR 

, Il.A.BATYCOB 

I 
' _.,, 

l 
l 

:1 
i 

l 
'j ,, . 
"tJ 

:!-

', 

' 

l 
l 
' 

·l 

l 
; 
~i 

HsMepeHBe ItH®epemumm,mrx ee11emm ynpyroro paeeemum alij)o
HOB SBJI118TCS: noeTynHliM H tUICTO IIP.Wo!8lilleMJiM enoeo6oM B3yqemm ewn.• , HllX B38RMOiteleTBll:I IlpB BHeorua: 8H8pl'IDIX. XOTSI H8KOTOPH8 neTaJil! . 
BMWmTY.llH ynpyroro· paeeemum npH sToM Tepma.rCR, Bee m 1rnqiopMa
IUm, H3BJI8lt88MSJI H3 .ItH®epe.HIUi8XD!ililX ce11eHH1, oeT88TCR .noeTaTO'i
HO 6oraTol. 

Oeo6HI IUI'l'epec npeneTaBJillllT BCC.ll~ItOBBHlm ncpliepeHinmJII,HHX ce-
11eHHI B o6.naeT:H aaeprd 40-50 I'aB. 3TB o6.ll8eTD 8Heprd :xapaxTep
HB T8M, tn'O BltJI8,llH BT0pll1UIHX pen1teOHOB B 8MlIJIHTYllY paeeeRHJm y1te 
Ma.llH B qiH3l!'r8CitKe npoxteCCH onpeneJIHmCR, B oeHOBHOM, CBOleTBBMH 
noJIJX:a IloMepalf'l'Ylt8, H3Y'!8HB8 KOTOpHlC Ilp8ItCT8BJill8TCR B81:Hlill. C 
JU)YI'Oi CTOpOHH, IlpH .D;OCTBTO'iHO BHCOKOI TO'iHOCTH 3KeIIepHM8HT8Jll,
HHX n;awmx MOl:HO T8Kl:8 BHneJil!'!.'L BK.nan BTOPH'iHHX: pen;1teOHOB B, npo
exeltldB ero H3MeHeBKe B ompoxoM J1HTepBa.ne aaeprm!:, To1JHee onpen;e
Jll!'!.'L :xapaKT8pHCTmtlt 8T.HX pen;aeoHOB. 06.naeTL nepen;aHHHX m.mym,coB 

/ t J • I + 2 (I'8B/c)2 , paccMoTpeHHBJI B necepT81U!B, HHTepecHB 
TeM, 'i'l'O II03BOJill8T T8RE8 HSy,n3TL pe~EeOHH!ffl B8TBReHHR, KOTOpue 
cy~eCTB8HHH B 8TOM wrrepBa.ne. 

PeqiepxpyeMSS1 .nceepT8ltIDI nocBR~eHB oupene.nemm n-cpliepeHitHam,
HHX ce11emrlt Irp, K""p, pp ynpyroro pacCeRIWI np11 P.n86.= 39 l'8B/c 
H ll""p, ~p. pp IlpH P.na6.= 44,5 l'8B/c. 3KcneplDlleHT IlpOBOllJ!,llCR HB 
ycxopHTe.ne H~B3 coTpy:n;HB'ieCTBOM H~B3-CaR.lle-OIDIH-m'~. CJie,n;yeT 
OTM8THTL, 'IT/ OCHOBHOI 1{8Jll,D axcnep1D18HT8·SIBJill,OCL H3MepeHHe IIO
JillpHSBitHH Po I/ H nap8?JleTp8 IIOBOpOT8 emma '~ 2/·B ynpyrou pae
eeRHlll 8lij)OHOB. ABTOpOM _D;HecepTBitmt H8 OCHOB8Hl!H M8T8pHBJI8, I1.0JTY
'i8HHOI'O B IJ.OJillpHSlllUIOHHOM 8KCI1.8pH!rleHTe,6Wlll onpene,er .ucpliepeH
IUI8Jll>HH8 ce11emm paCCeRHHli JR838HHHXBl,11118 pe8Kltd 3 Iii: IlpOB8It8H 
IIO!ij)14'14 8H8JDIS pesrJll,T8TOB B paMKSX T80pHB KOMILl[8KCHHX MOM8H-
TOB • 

.IutecepTBIUm coe'fOllT HS BBen;erum, Tpex rJI8B B 38lt/ID'i8HKII. 
rJISBa 11 lIOC'f8HOBR8 9KCII8pHMef½;a 
3KenepDeHTBJILH8lI YCT8HOBR8 / IIOSBOJIIIJI8 HSMepa:TL IIOJillpKS8-

xum P 0, napaMeTp noBopo'l'a cmma R. x ItH®epeBIU1am,BHe ce11emm 
On;HOBpe11eHHo. Ha ~Be.I noxasaaa T8 'iaeTL yeTaHOBRH, KOT0p8SI npen;
H83Ha'i8JI8eL JtJill HSMepemm IIOJillpH3al{HB H ItH®eP8HltH8Jll,HHX ee11eHHI. 
Ha11epeHllll IlpOBO~Cl, H8 IIOJillpKSOB8HHOI IlpOTOHHOl·MHJlleHH (IIIlM). 
Hecenap.llPOBSHBHI IIyqOK sapa:aeHHHX tUICTHit C qiKRCBpOB8HIWM KMIIYJ!L
COII JipOXOD;HJl 'iepes MOHHTOPBYJ> CHCTeyY. KOTOp8SI IJ.OSBOJUIJI8 onpe.ne
MTL BBT8HCKBHOCTL IIyqRa (TeJieCKOII CltllHTlL1IJill1UIOHHHX C'i8T'iJ!lltOB 

OA,, ,-,,,,,-,,;_. 'I 1, •~ i•:rl"nJ'Pln' 
\l..,;t,r,,,.UU.l1,,, .. ,i._.L,.W •-a•-•0•1•.! 

Qt;mu::r tcr·JJ1;r .. r:armi 
6f10i1vttft2HA 



TI-T3), copT llaCT~ (raSOBH8 IIOporoBH8 11epemtOBClUle C118T1DIKH 

CI-C3) H HBnpBB.11ene ItB:Hemm: llBCT~ B ny,me (ronocJtons.rI-r4). 

Paccesm1me llBCTm:tH peI'JICTPJIPOB8Jilil:CD ronocJtoIIaMll rs, n; B KBTep

BSJie 0,08s /ti ~ 2,5 (I'aB/c)2 c paspemeHKeY o,02~At ~ O,I 

(I'aB/c)
2

,cooTB8TCTB8HHO. I'o.ItOCROIIH r.,-r9 peI'lICTPJIPOB8JIH llpOTOHH 

OT.n81llil B .IIHT8PBBJI8 88l1Mj"?BJIDHBX yrJIOB ±ISO• 

B IIpOitecce. H81t0IIJI8Blil:ll . .JtSHBl,IX IIpOBO.IOIJICll. UB8M8TlA8cxd aH8-

Jlll8 Co6HTd C IIOIIODtl>ll ltOpp8JilllU(OHHHX MSTP~. COBna.neHd, l'tOTOpse 

OT6JripWlll C06HTBII 6HH8pHOI'O T:ma.·Bcs aeo6xoJOD,18.SI lill$)piaa.Itm BO 

BP8MH axcnepBYeHTa H8It8ILIDIB8J18CD B 1118.llOI BWDICJD1T8Jn,HOI M8llllil:H8 

CII-90-IO. 
SxcnepRMeHTanHJrlt MBT8Plil:8JI, S8IIIIC8HHHI H8 MlU'Hlil:THH8 JI8HTH, 

IIpOXO.llHJI .· nepB:nHHI &Tan o6pa60TXlil. ltOTOPWI IIpOBOltUSCD napauen

HO Ha SBM IC 1. - 1906 B Cepn:y:xoBe H C.I{C-7600 B Cmure. BoccTaHBB

Jllil:BSJDICD napaMeTpH Tpael'tTopd II8ll8Dlt81 H pacceaHHol 'lBC'f~. a 

T81tll8 IIpOTOBa 0'1'.na1lll. Ci'pOliUil:CD I'lICTorpaMMH pacnpene.11eHd 1llil:CJI8 

co6sTHI IIO B8JDl1UDl8 OTl'tJIOH8BJIDi JISMepeHHOro yrJta OT.n8'U ( 0/ ) OT 

BH1JHCJI8HHOI'O SH8118Hllll Yl'JJ:8 ( 0; ) , OTB8llBD118r0 pi:pyro,q paccea

mm HS HeIIOitBHHOM IIpO'fOH8. Ha PHC. 2 IIpHBeneHH IIpoeps 'fSltHX 

I'HCTOrpSMM. YsltJdt IIlllt H8 I'JICTOrp8Mld8% o6p880B8H COOHTBlllOl YIIpy

roro pacceamm, a DUq>OltWI nonxona - RBasaynpyru pacceaHJ1e11 aa 

HyitJioaax .11nep . IIllM 11 aeynpyrlDIB npi:>rteccau. · · 

.I{eTanHHI 8H8JIH3 IIOlt88HB88T' 11TO ll 06JISCTJI It/~ 0,5 (I'aB/c) 2 

rJISBHHI Buan B nonxouy I'JICTorpaMM np11 8TOM ItSeT uas:aynpyroe 

pacceaHHe H8 CBll88HHHX IIpOTOHSX a.nap (IIIDI). Ilp:11 H / ~ I (I'aB/c)2, 
!pOH, B OCHOBHOM, onpene.meTCll pe81titllel .JOlli1)8ltitJIOBBOl.lOICCOitIBllD 

IIpOTOHOB MIID18HJI. B CJIYll88 pp-pacceaBKII CYJll8C'fll8BHHM JU!JIJl8TCll 

'f8ltll8 !pOH OT )n!CCOJ:tH8ItlD[ H8Jl8'1'8DIIBX llBC'f~. 3'1'0'1' IIp0It8CC.!p0pMJl

pyeT H8 rBCTOrpSMMaX .IWI pp-pacceamm M81'tCuyM, CitBEJYTd Bnpa
BO OT ynpyroro mma. 

Jl;,m BJmeJiemm c.uy-qae.a pi:pyroro paccemnm npo:a:sBOlOIJIJICD nono_JI

BHTenHHe JISMepemm H8 6eSBO.ItOpo,JtBOM 81tBJIB8JI8H'1'8 MDl8HJI (p:a:c.2 
1 

nymtTJrlPHSlI JUUm11). 3To nosBoJIHJio onpeneJIHu WOPMY •nonxolltll• no.n '· 

YIJPYl'JIM mmoM, BltJJ:81( ltOTopol S8'f8M BH'iHTSJICll. O'fao'ccensas: HOp

MJrll)OBKa 'UCJIS ·co6HTd, IIOJIY118HHHX IIpll pa3.tm"l!HWC H8IIp8BJI8BJIIU: IIO

MpHSWll!ll ·. MJID!emt H H8 6eSBOI(OPOltHOII 8RBHB8JI8H'1'8 ,IIpOBO)nlJISCD no . 

•itpHJll,IU,I• l'B:CTOrp8MJI. BHIIOJIH8HHH8 OitBHltH IIOltSSWlll, 11TO IIpH .naHHol 

IIpOit8IJJP8 BHlt8JI8Hlli ynpyru COOH'fd BOSMOKBWI IIpD!8CD H8YIIpyro-
ro ipoaa MaJia ( ~ I%) • · 

2 

l 
l 

l 
i 

.1 

( 
I 

f'; 

fJIBBa II.OnpeueJteBJlelll@Ilepega.u.ma: ce-qeHJll/3/ 
~peHitU,lll,808 C81l8HJ18 pacceHmm HeIIOJUq>JISOBSHBOro IJY1llt8 

aa 11enomq>J1SoBaHHol 11H1118Hll ,;Jc- /dt: onpe_ne.mJioCD BspaEeHHe11 

c/ti = C N+lfJ-t fAl.liJ (I) 
di At· elf) 1 

rne N-,tlJ /At JI N-/0//J t - 'IHCJUl llac~,YIIpyro pacceasma 

.a' e,D;JIHJ['iHld JUft'8!)B8JI 6 t IIpJI II0.1[01Jl'1'8Jll,BOII JI OTPJ1It8T8JIDBOM 

H8IIp8B.18HJIIIX IIO.IUlpJl88JU][ M111118Blil I COOTB8'fCTB8HHO i c. (i} - e~elt-

'fBBHOCU perBCTpaIUDI fCTSBOBltJI; C - Jt0~8B'f, onpe.u;emimtd 

a6coDJTBYJ) sopopo.ny ~pe.BIU18JJI,HHX ce-qeHd; f - Roe~eBT 

OTH0Cft8JIDBOI sopnpOBltJI 'IJIC.l[8 co6HTd, IIOJIY118HlIHX IIpH paSJDIIUiHX 

opHHT8ItJISX DO.lllpJl88IUDI MllllleBJI. 
Pac11eT s~eneBOCTJI p81'JICTpaIUm JCT8BOBD IIpOBOD;UCS: M8'fO

.no11 lloHTe-Kap.10. lip• BTOM 1-1lJIT&BSDCD C.l[e_ny.-e ~Tops: 

I. llapaMeTPH u;rma ( 4P / P ; rop•soBTa.nHWI • .aepTHlt8JIDH8JI 

paCXOJtD()CTJI, WoPll8 JI pas11epH IJY1llt8). 
2. BeD'DIHS K WoPll8 Nal'BHTBOI'O IIOD, B~l'tOTOpoll HaXOD;JI.ISCD 

IIJ!JIIBHD. 

3. HoD88ItJIOHHHe IIOT8pK, MBOl'Ol'tp8THOe p8CC8JIHJ18 JI IIOrJIODl8HJl8 

IIpO'fOBOB 0'1'.U'IJI B B8!q8CTB8 11&80 J( OJtpJJl8DIIJIX ee ltOHCTpyitlUHX. 

4. Pas11ep11 .neex 11cex ronocxonoB. 

IlOCJieu;m taxTop oco6euo B&KeBB npeou;rr 1t •IIJl.l[oo6pasaol" 

WOPMe S8BKCDOCTK atfl81'tTJD!BOCTK JOT8BOBD OT 1: (pJIC.3). 

A6CODl'fB811 HOpupOBlta ~pell[lll8Jll,mix ce11ead IIpOBOD;JIJI8CD 

JJYT811 8ltCi'p8IIO.IIIUll d v / d t B TO"UY t = 0 K cp8BH8JID 

CO 8881180.811 df /tzo , BIAJlCJ18BlUIII IIO OII'flA8Cl'tOI '1'80pe11e. 

BabeHHJ1e s1m11eHU ~peBIUl8,1l,ma oneHd DOita&aBII Ha pJ1c.4-9. 

IlpOB81(8JIBd 8BB.D8 CKC'1'8118TlA8Cltll IIOrp8111BOCTei ~pemta:-

8.lll,IIHX ce-qeltd DOl'tSSU, 11TO OCBOBBlDlll J(CTO'IRD8U 0J(CT8118TlA8C
DX 0'0601't .IIB.UllfCl!: 

I·. Bos1101HWI H8T011Bocu sa.JUUIU reoeTpneCltJIX nap&Mei'pOB 

JCT8BOBD DpK paCC1l8T8 ~8l'tTBBBOCTJI pel'JICTp8JU][ •. 3To.BHS&B88T 

OU6l'tf B OIIpeJ(8.18BD E{t) , l'tO'l'Opaa IIpJI /ii~ 0,15 (I'aB/c)2 

se npeB1118eT I% JI pesxo BospacTSeT: c yiaeHDmene11 1-t: i • · 
2. Heaw;eneHOCTD pa60TII CJICT8MH 'lepemtOBCltll C118'1'11J!ltOB,RO

TOpwl IIpDO.Jtn' Jt IIOllBJ181D11l CKCT81111TlA8C1tOI norpemHOCTJI B Be.lllAJI

H8 B81tllOBS ~peBitJIMJ>HHX ce11eBJd iiP-• ~pacceamm, cocraBJUillD1el 
H oo.11ee ~- · ·· · 
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3. Brulall HeyllpynDC nponeccoB, RO'l'OpHe He MOI'YT 6HTL OT,Ite
JIBHH 0'1' co6HTd ynpyroro pacoeaHWI, '!TO IIpHBOI(HT K OlllH6Ke B B8JIH-

. t0018 :r{-l I nop.'lnxa r%. 
4. Brulall B "IIOJlJIOElcy'" I'HC'l'Ol'paMM 0'1' IIpOD;BCCOB ~paKD;ROHHOI 

ItKCCOUHaIUm CB060JlHHX IIpO'l'OHOB B IIID,1, qro. ,1ta8T ODIH6Ky B OTHO
ClffBJILHOi HOpMlq)OBR8 1JHCJI8 co6HTd, IIOJJY1l8HHHX IIpH pa3.lllf'lllllX H8-
IIp8BJI813:ZaX IIOJll!Pl!3e.mm MHIIIBHR. s-ro· IIpHBOIOl'l' K OIIIH6Ke B BeJIH'lHH8 

~ft), ue npeBumaD~ea,no oneHKBJL, 0,1%. 
B '1'86.IIEIJ;e I npencTaBJIBHH pesyJILT8TH OIIHC8Hl't!i ~epeHIU!aJIL-

HHX ce'lleHlill n±p, Ic±i> H pp ynpyroro paccealil't!i no ~opMJJiaM 

;; -= fl· e)(f' { It + cfl) , 

;; =- /l · e/t.!' { l t + cf'+ tf t 
1

) 

H ce'llelfflli pp ynpyroro paccealllllI no ~opMJJie 

(2) 

(3) 

(4) 
;; = n.e.xp(8t•ct1+dtJJ +li

1
exp(('t/. 

HHirepeCHO 0'1'1118'rB'rL, '11'1'0 B o6JI8C'l'H ti I ;z:: 0,5 (raB/c)
2 

IIOJIY
-qerume ItSHHHe no wesoH-HYRJIOHHOM,Y pacceamm JlOIIYCitailT 6oJiee 
IIpOC'rYD cireneHBYD napaueirp:asruum t -3BBHCHMOCTH Jlll4XP8peuuzaJIL-
HHX ce-qeimfi: :ft.:r ~ 1t.r"' , rne ;\ = 4,7 .JlJlll Ilp-R ,-1 = 4 
.IUIH Kp-pacceiuum. B Ta6~e I npneneHli irBKa:e sea-11eHKH eaKJIOHOB 
IUI4XPepeHD;RSJILHHX ce-qeJ:ml, BH'IIRCJI8HHHe IIpR t. = -0,2 (TuB/c)

2
• 

B ira6mm.e 2 naHH noJIHHe ce-qemm ynpyroro pacceamUI :asy-qaeMHX 

peaKD;d. 

uef 
.,UOH 

]J"p 

3,24 
±0,08 

K""p 

2,55 
±0,27 

pp ii+p 

8,55 3,05 
;tl,81 ±<J,20 

Ta6.JIRnB 2 

Wp 

2,51 
±0,91 

PP 

7,88 
±0,40 

I'.JiaBa lll. Penxe-aeaJOis mufxljepemmaJ11,ffl ce-qeHJirlt YJJPFOf9 
pacceamm anpoHoB 

B TpeTLel rJIBBe ItKCCepTaI.Ulll H3y-qBDTCJi S- R t -3aBRCHMOC'rR 
IOliixtepeHURBJILl:WX ce-qemdt ynpyroro pacceJilmli, ea OCHOBBHRH ItOTO
pm: : l) .Jt8JI8B'rCJi BWlOit O BeJill'D[He BKJIS.na BTOpR'IIHHX pe,n1teOHOB C 
oTp~'reJILHOI CHI'HSTypOI B aMll.lmTYDY pacceJIHZ!l R BHl!CeaDTCSI HBitO-
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Topue HX CBOilCTBa; 2) llpOE8pJIIOTCR: CJieIJ;CTBHJI r:ranoTeau O ruiapKOBOil 
CTpy-KType aJUlOHOB; 3) HaytIBIOTCR: CBOHCTB8 llOMepOHHoro B~n;a B aM
IIJIHTYDy pacceJIHH.H. 

I. .u.,m ~eHKH OTHOCHTem,Horo BKJian;a BTOPK'IHiiX pen;EeOHOB B 
.at.s;,, 

zm:cppepemuram,HUe ceqemm onpen;eJIIIeTCR: saBHCHMOCTL ~J , 

rne A(S,() - pasHOCTL ceqeJm1t pacceJIHIDl qacTlmH H aHT~CTH
IUl Ha llpOTOHe. AHaJIH3 peayJII,TaTOB llpOBen;eHHoro SKcnepHMeHTa/3/ 
llOKaaUBaeT, qTo aTa BeJIBlllIHa nJIII MeaoH-IIYltllOHHOro paCCeJIHIDl He 
npeBOCXOnHT IO% BO BCeM HHTepBaJie HSytreeMllX nepen;aHHUX HMIIYJILCOB. 
B pp-pacce.HHHH IlpH lu > 0,8 (ToB/c) 2 BKJian; BTOPK'IHBX pen;m:eoHOB 
6HCTpO pacTeT C yBe~eHHeM /t./ , IJ;OCTHra.H BeJIBlllIHH, 6JIH3KOil 
R IOO%. 

BeJI~Ha /l{.S,tl 06paI11aeTCR: B Hy.III, B TO'IKE!X t. « -0,2 
(ToB/c) 2 H t = - 0,7 (ToB/c) 2• HaMeHeHHe 3HaKa paaHOCTH !Ul:ip
~epemuram,Hux ceqeHHH paCCe.HHH.H qaCTlm H aHT~CTlm B nepBOH Toq
Ke HaBeCTHO non HaaBaHHeM "Kpocc-oBep"-acppeKTa. B zm:ccepTaIUm 
IlpOBeIJ;eH 8H8JIHa Toro, KaKYJ() poJIL B 3TOM .HBJiemm HI'p81JT pen;EeBCKHe 
BeTBJieHHJI. ,ILn.H aToro Ha OCHOBe CYilleCTBynnHX a'c/epHMeHTaJILHUX 
naHHUX H peayJILTaTOB IlpOBeneHHoro aKcnepHMeHTa 3 llOJiytleHa aippeK
THBHa.H TpaeKTOprui: Pen;llte of.. )4,,.{t/, OIIRCUBallllfcl.ll aHepreTK'IeCKYlJ aa-

1'1' YT" 
BHC.HMOCTL ~ (;_ t} (pHc.,IO) • Ha PRCYHKa BHllHO, qTo aaBHCHMOCTL 

d. Jff It} IlpOTHBopequT npe,llnOJIO:EeHl!D O llOMHHHpOBamm: llOJIXJCHO
ro BKJiana B :l ( } , c ) • B TO lite BpeM.H, npoBen;eHHUtt pacqer 
llOKaaaJI, qTo HailneHHa.H aaBHCHMOCTL corJiacyeTCR: C TeM, qTo HMeHHO 
BeTBJieHHJI HrpaIOT rJiaBHYlJ POJIL B "KpOCC-OBep"-a~eKTe. 

K TaKOMY llte BUBODy llpHBOnRT cpaBH8HHe 8RCllepHMeHTaJILHUX 
aHaqeHHil llOJIOIKeHH.H TO~H "KpOCC-OBepa" t,, C aaBHCHMOCTLll lJsJ, 
B~CJieHaott B IlpH6JIHllteHHR aimoHaJia (puc.II). 

2. Ha OCHOBe rHllOTeau O KBapKOBOil CTPYKTYPe a!ij)OHOB llOJiytle-
HO COOTHO!lleHue nJIII aHaqeHHtt L'. ( .S , t ) B npo~eccax paCCeJI!mli 
IT- H K-MeaOHOB Ha llpOTOHaX, KOTopoe HMeeT CJieIJYll!JU{i BHIJ;: 

1:,.,:..r(s,t.) ;c 2fJ.~l'(s,t). (5) 

PeayJILT8TH 8KcnepHMeHTa / 3/, IlpHBen;eH.Hlle Ha puc.I2, 
llOnTBeplltn;aIOT cnpaBenJIHBOCTL aToro COOTHOWeHH.H. 

3. naJiee, B TpeTLeil r1aBe, Ha OCHOBe CYI11eCTBYXll!HX n;aHHUX H 
pesyJILTaToB 3KCll~ieHT8 / 3 HSytiaeTCR: .HBJieHHe reoMeTpK'IeCKoro 
CKefum:Hra (re) , 06aapy11teHHoe Bll8PBHe IlpH aHeprWix IS R 

0 

IloKaaaHo, qTo re nJI.H MesoH-HyKJIOHHoro pacce.HHHJI HMeeT MeCTO, Ha-

6 

lj 

r 

«I 

qnHa.H C aHeprd - 40 ToB. ,lleil:CTmrreJILHO, peaym.TaTH npOB8,ll8HHOro 
axcnepHMeHTa n;eMOHCTPRPY)'.)T H838BHCHMOCTL OT aHepI'lm 4/YHKIUW 

IJ'(<l't.1·0 = ;fft,,u/ ;;;rr.,c) (pHc.I3). KpoMe Toro, HBWH n;aH
HHe llOnTB8Pl!:ll8llT yHHBepc8JILHOCTL 4/YHKIUW f ( C"-t~t . t ) nJI.fl Ilp
H Kp-paccesmm. 

0 H8Jill'mH re IlpH 8THX 8Heprmoc B MeaOH-HyKJIOHHOM paCCe.HHHH 
CBRiteTeJll,CTByeT T8Kl!:8 S' -aaBRCID..IOCTL ItH~epemuraJILHiiX C8'1eHHi1 
IIp- H Kp- paccemma: npR ~cJipoBa!ililiX aHaqeHimx e (puc.I4,I5). 
Ha PRCYHROB BHitHO, qTo axcnep:itMeHTam.Hlle IJ;8Hllli8 corJiaCY)'.l'l'CfI C 
BliIIOJIH8HmtMH paccqeTaMH .nJI.H 8HepreTK'I8CKO! aaBHCHMOCTH c:fts) 
B npenno.noz:emm o CYI118CTBOBamm re. OTMoaenWI OT npencxaaafrni1 
re MOryT 6UTL CB.HaaHH C BltJI8ItOM BTOpli'UWX pen;EeOHOB B aMllJIHTYIJY 
pacce.aHH.H. BWIOJIHeHHHe o~eHKH, OitHaKO, llOKaaaJIH, qTo 3TH OTKJIO
fl8HWI B CJiytiae Ilp- I{ Kp-pacce.HHH.li npeHe6pellGIMO Mam. 

B CJIYll88 pp-paCCe.HHm!, KaK y1te OTMeqaJIQCL, BKJian BTOp:IAHHX 
peztllteOHOB IlpH /ti ~ 0,8 (ToB/c)2 pesxo BoapacTaeT, ll08TOJIIY re 
B 8TOI o6JI8CTH CHJil,HO aapymeH (~Hc.I6). ~ei1CTBHTeJILHO, B pp-pacce
.amm: llpH . It/ ~ I,3+I,5 (ToB/c) llOMepoHHa.H qacu aMIIJIHTYllH o6pa
lll8eTCR: B HYJIL, ll08TOMY BltJI8ll BTOPK'UIWC pen;EeOHOB snecL oco6eHHO 
:eeJIHK, H Ha6Jlllll88TCR: oqeHL CHJil,Ha.fl aa:e.HCHMOCTL zm:ippepeHIUraJILHOro 
ceqemm OT S • 

OTcyTCTBHe T8Koro .liBJieIDI!I B Ilp- H Kp-pacCe.HHHH roBOPHT 0 

TOM, qTQ llOMepOHHa.H 'iBCTL aMUJIHTYllH ynpyroro pacce.R:HWI B 8T.HX 
npo~eccax He MeH/leT aHal':8 BMOTL no t = -2 (raB/c) 2• 

3altJIJJ'JeHHe 
I. IlpR ytl8CTIDI 8BTOpa,nRCC8pTaURH COSitaHa ycTaHOBKa .nJI.H 

Haytiemm ynpyroro paCCe.HHH.H a!ij)OHOB Ha llOJI.HpHaOBaHHO! llpOTOHHOA 
MHil18HH. YcTaHOBKa noaBOJIII8T llpOBOitHTL HaMepeHHJI llOJI.HpHaruum, no
BOpOTa crnma H ItH~epeHIUiaJILHoro ceqeHWI ynpyroro pacce.HHHR B 
HHTepBaJie ruiaIU>aTOB nepenammx m.myJILco:e O,I ~ /t t ~ 2,5 (ToB/c) 2 

B OitHOM H TOM Ee 8KCnep.RMeHTe. IlpH pa6oTe B HecenapHl)oBaHHHX nyq
Kax ycTaHOBKa naeT BOaMOl!:HOCTL B8CTH .HCCJI8IJ;OBaHWI C RCITOnb30BaHHeM 
BCex KOMIIOH8HTOB nyqxa O,llHOBpeMeHHO. 

2. MeTOIJ;OM MoHTe-KapJio IlpOHaBezteH paC'l8T 8!pp8KT.l!BHOCTH yc
T8HOBRH llpH per:e:cTpruum CJIYll88B ynpyroro pacce.HHWI . EH) • 

3. CzteJiaH IIOiijl06lilltt aHaJIHa HCTO'llmKOB <pOHa, BOaHHitaD!lero OT 
HeynpyrHX CTOJIKHOBemrlt H ItBaa:eynpyroro pacce.Hmm HS HyKJIOHax CJIOE
HBX .an;ep, conepz:a111HXcs.t B IIIlM. IIoKaaaHo npu aToM, qTo c yqeTciM 
HCTHHHHX napaMeTpOB YCT8HOBKH BKJI8It cpOH8 B aapeI'lilCTpJipOBaHHH8 
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c.nyqaz ynpyroro pacceamm npeHe6pe!Emlo Ma.n (£I%) no cpaBHemm 
CO CT8THCTK'18CKml!K OIIIR6KaMH. 

4. Onpen:e.neHH ~epeBIU!BJll,HJ:le ce'ieHM yiipyroro lYp, K+p, 
pp-pacceJimm npH m,my-Jll,ce 44,5 I'aB/c 11 Irp, Irp, pp-pacceJunm· 
npz HMllYJll,C8 39 I'aB/c. Ilpz 8TOM 1mepm,i:e Ha 8TRX 8H8~IWIX IIOJIY'i8-
HH n:awme B o6.nacTH 6om.lllHX nepena'i H, >- I(I'aB/c) , rn:e ce'ie
mm ynpyroro pacceamm cocTaBJIJIDT rn-30 - rn-31 cM2/cTepan:. AHB
HRS IIOJIY'i8HIWX pesyJll,TSTOB noxasa.n. 'iTO npH aHeprHH .- 40 I'aB sa
BHCHMOCTL .!/f ttJ Ilp -11 Kp-paCCeJIHHII B O6HSCTH IH> 0,6 (I'aB/c)2 

MeWieT cool xapaKTep: HS aKCllOHelmHSJll,KOI npeBpallt8eTca B CT8ll8H-
HyD cl~ - /ff -Ii , rn:e ,, = 4, 7 a 4,0 Mil Ilp H Kp ynpyro-

Cf♦ -

ro paCCeJIHRII,COOTB8TCTBeHHO, 'iTO paaee Ha6JIIJI(8J!OCL TOJll,KO npH 
saMeTHO 6O.nee BHCOKHX aaeprwoc ~200 I'aB) H B 6O.nee YSKOM WITep-
BSHe ill~ 0,5 -:- I (I'aB/c)2 • 

5. Ha 6ase TeOpHH KOMIIJI8KCHliX yr.nOBHX MOM8HTOB npoBeneH 
8H8JUI3 llOHY'ieHHmC naHIWX no ~epeHIUmJll,HliM Ce'ieHHIIM I}!:p, K.±p, 
pp H pp ynpyroro pacce11HH11 npH m.myJILcax 40-45 I'aB/c. Ilpa _aTOM 
llOK838HO, 'iTO: 

a) BK.nan BTOplt'iHHX penEeOHOB C OTPRIUlT8HLHOI CHrHaTypol 
( .P , £.J ) B SMIIJmTyey Ilp 1t Kp ~yroro pacCeJIHHII •yEe npH 40 I'aB/c 
B O6.nacTH no 11I ~ 2 (I'aB/c) ae npeBmnaeT 5-10%; 

6) :rnepreTH'leCKa/1 38BHCHMOCTL BMSI(a BTOPK'IHHX pen:EeOHOB 
C OTp~aTeHLHOI CHrHaTypol YK8SliBaeT Ha HaJIH'me HSJ!OMa B aqxpeK
THBHOI TpaeKTOPHH BTOpH'IHliX pe_nEeOHOB ul.m {{-) npH t "' t < • 

rne t ,. - KOOPnHH8T8 TO'iRH, B KOTOpol Ha6JI1JnaeTca "RpOCC-OBep"
aqxpeKT. 3TO CBHI(8TeJ!LCTBYeT B llOnLSY Toro, 'iTO "KPOCC-OBep"-aqxpeKT. 
o6yc.no:BneH neCTPYKTHBHOI HHT8PW8P8HIU!eft BRHBI(OB IIOJWCa H B8TBJie
ffHI .B 8MllJIHTyny ynpyroro paCCeJIHHII a_ztpOHOB npOTOHSMB. Ha 8TO Ee 
fR83li:B88T H aHepreTK'Iecxaa 38BHCHMOCTL leis)• 

6. BnepBH8 IIOR838HO, 'l'l'O reoMeTpK'leCRHI cxemar (IC) B 
Ilp H Kp ynpyroM pacceamm HMeeT MeCTO B HHT8pB8JI8 no/t/: 2(I'aB/c)2, 
Ha'iHHSH C J' - 80 raB2• IIpo:eezteHHI:le oneHKII llOK838Jlll:, 'iTO OTMO
Hemm OT IC llpH 8TOI aHeprHH HaXOitflTCH B npen:e.nax 8KCnepmaeHT8Jll,
HHX OIIIR6OK. 

a) Sru111cmaocTL jf ( s,tJ I:; ( s, o) HBJIJieTca ymmep-
ca.nLaol iPYHRnRel npoHsBe.ztemm ( ~ot · t ) npx Up- H Kp-pacce11HHH, 
Ha'IHHaa c PJia6? 40 I'aB/c. · 

6) B ynpyrou pp-pacceamm llpH 40 I'aB/c B /U"'" I (I'aB/c)2 

IC pesKO Hapymea, 'iTO o6"acMeTca BSSHMHOI KOMII8HC8IU!el·BRHSI(OB 
llO.llllCS H BeT:e.neHHI B nouepOHHOJ 'iaCTH SMWIHTYilll H OTHOCHTeJll,HO 

8 

j 
li 
1, 

t 
I' 

t 

I 
) 

! 
1 
'l 
1 
(' 

6OJll,llmM BMSI(OM BTOpJITlllllX peztE8OHOB. 
:e) HaJ!H'iHe re B Ilp- H Kp-paccemnm B HHTepBaJie /ti~ 2(I'aB/c)2 

YKaSWJaeT Ha TO, 'iTO l! 8TIDC npoueccax MllHl!MYM B 38BHCHMOCTlI n:a~ 
wepeHIUmnLHHX C8'ieffHI OT t MOE8T llOHBlITLCH C pOCTOM 8H8PI'Wf 
JIHllll, npH fi I > 2 (I'aB/c)2• 

7. lIOJIY'ieHI:l KB8PKOBHe COOTHOwemm M8ElJY pasHOCTHMH Ce'ieHHI 
ynpyroro pacceamm 'iaCTHUH H 8HTK'l8CTHUH B lip - H Kp-pacceJIHHH, 
KOTopae xopomo corJiacymca c pesyJll,TaTaMH aKcnepHMeHToB npH HM

eyJll,cax 40 I'aB/c B ID,4 raB/c. 
0CHOBHO8 coztepEaHRe .n:accepTamm: oey6JrHKOB8HO B pa6OT8X 3,4,5. 
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11 ,, 

~// 

[1...; 

PHc. I. 3Kcnepl4M8HT8Jll,H8JI YCT8HOBK8. 

N a) 
N 

b) 

2·104 10' 

10' 5·10' 

-30 -15 0 15 30 -30 -75 0 15 30 

PHc. 2. TucTorpaMMu pacnpeneneHHJI co6UTntt pacceaIDUI 
nJIJl nByx HHTepBBHOB KB8I(l)8TOB nepenaHHHX HMnyHl>COB: 
a) 0,32~/il < 0,38(TuB/c) 2 ; 6) I,O.o/t/<I,I4(TuB/c)~ 
CnnomHHe n nyHKTliJJHHe nnmm noKaaHBam pacnpeneAeHWI 
C06UTHtt no ,6t9p = ( e,;-q,1 H8 nonspH30B8HHOA H ~OHOBOtt MIIII18Hl!X. 

,I/JO 

--,5 -1. -ts -2. -25 t {G,v/c)' 

Pnc. 3. aw;eKTHBHOCTl, perRCTPBIUm [ ( t ) ,pac
C'WTBHHBH nns Irp-pacceHHli!ll. 
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Pnc.10.aW;eRTllBHM TpaeRTOPIDI, Pnc.ll.3aBHCRMOCTb llOJIOEemm 
OimCHB8D!IM 8HepreTK'i8CRYlO 38- TO~ "Iq>OCC-OBep" t-0 llJili pp-
BHCHMOCTb t/'P(s, t) , no~eHHM pacce.a1001 OT HMIIY_ JibC8 H8Jl8T8J>-
H3 ,anaJizaa naHHHX pa6oTl13,14, DUDC qacTim. • - nawme pa6or 
15/H npoBeneHHoro aRcnepHMeHTa/3{' /l3,l4,l5/; o - peayJlbTaT axc-

nepHMeHTa 13/. 
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PHc.12. IlpoBepRa RBBPROBoro COOTHOmemm (5). 
l!HaqeHH_e 6 •p { do{JpJ/rtt ;-i, 
3HBqeHHe t fl"P ( d7(Kp)/dtj -{ • 

1i•t- i/3?11., 
e-,rp -c, .. 24.3Sm6 
o-rp 23.14 
£-k-p 20.49 
~-k.♦ p 11.sa 

1)-' 

+t ~ 
t 

1cr''-'-'-'-'--"-'-~,._,_20.,_._.~~~-...,.~=----'"~~~-'='"50 
e, -t 1m~IGev/cJ'1 

Pllc.13. IlpoBepRa IC. 3RcneP,~eHTBJlbHHe TO'lltH - peayJlbTBT 
npoBeneHHOro axcnep:HMeHTB 731_ CllJIOmHHe RplU!Se BOCIIPOHSBOitllT 
xon axcnepHMeHTBJlbHSX naHHSX npH PJI86• = 12,4 I'aB/c H 100 
I'aB/c Il.1UI IFp ynpyroro paccesmm. 
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0
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8• 2• ? i O - pesJJI:&l8T 8KClI8-
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