
919-\6 4 
P9-99-164 

O.H.EopHCOB, r.r.ryJih6eK51H 

q11cnEHHOE MO,UEnl1POBAHl1E 

BhIBOJJ.A rryqKA 113 U11KnOTPOHA U-400M 

METO,UOM I1EPE3AP51,UKl1 



@ 06be)J,I'IHeHHbliiJ I'IHCTI'ITYT s:J,llepHblX ltlCCJle,llOBaHI'!iil. ,£ly6Ha. 1999 

1. Bse.neuue 

Yl3oxpoHHblif UHKJIOTpoa U-400M no3BOmier ycKop~Th HOHhi c OTHOIIICHHCM 3ap~.n:a 

z_.;(" K Macce A B ,!l;H3Ila30He z_4C I A = 0.1 +()_5 llO MaKCHMaJlhHOil 3Hepnm, 

coorsercrseHHO, W z 6+1 00 t\hBIHyKJI [I ,2]. Bhrso.n; nyl!Ka H3 UHKJJorpoua ocymecrsrurercn 

MeTO.!lOM rrepe3ap~JlKH Ha TOHKOil rpa¢nTOBOi-f c}>oJibre (3,4), ycraHOBJICHl-IOil B o6naCTH 

KOHe9HblX paJlH)'COB. YCKOpRCMt>li-f HOH IIOCJlC llpOXO:>K,!J;CJUUI qJOJihrH H3MCH~eT 33p.!I.!l C Z.1C 

H3 ZLr 33 C"'CT llOTCpH l.faCTH 3JICHpOHOB, "'TO npHBO.!UiT K H3MCHCHHJO pa,1lHYC3 KpHBH3Hhl 

rpaeKTopm-1 H no3BOJI.lleT, npH onpe.neneHHhlX YCJIOBH5JX, BhiBO.llHTh nyqoK H3 KaMepbi 

UHKJI01pOHa. BemiGHHa K03c}>¢HUHCHTa nepe33PMKH zf~\" I ZAc onpe.u;eJUie-TCSl B OCHOBHOM 

THITOM H 31-Ieprne:H BhiBO.!l;HMhiX HOHOB. 

)la.HHbli-f MCTOJI Bb!BO.!l3 Il03BOJUICT JlCrKO nepecrpaHB3Tb BhiBO.!UiYFO CliCTCMy IIOll 

pa3.'Hi<IHhlC THIIbl HOHOB 33 CliCT a3HMyra.JlhHOrO H pa.!(HaJihHOrO nepeMCIU,CHJig 

rrepe3ap~llHOi-f ¢0.'lhrH. )~n~ J1CrKHX HOHOB 06CCIIC"'HB3CTC~ npat...'TH"'CCKH 100% 
3tfl$eKTHBHOCTh Bh1BO.ll3. ,lliDI Di:>KCJihiX HOHOB IIOCJIC nepe3ap.ll)lHOi-f ¢01lhrii 06pa3yiDTCH 

HOHhl CO CIICKTpOM 3ap.ll!l0B. B 06hiliHOM pe/KlfMC .!Li'l.ll BhiBO)la HCII0Jlh3YCTC.II Tom.KO O.llHH 

3ap.ll.ll, 'ITO orpaHHliHB3CT 3clJ<PeKTUBHOCTh BhiBO)la BeJ!H~IHHOi-f :::::20..;-.30%. 

2. HanpaBJieHHe BhiBOJJ;a ny'IKa 

Ha nepBOM 3T3IIC paClleTOB HCCJJCllOBa.JIHCb B03MOIKHOCTH Bi>IBO)la HOHOB C pa3HhiMH 

Z Ac I A II Zr:.r I ZAc s o6myro TO't!K)', cornacosaHH)'IO c HallaJIOM JIHHHH rpaHcrropTHpoBKII. 

3ap.llll HOHa nocne nepe3ap.II.JHOH ¢onhrn Z~:.x onpe.nen~e-rcg B ocHOBHOM 3HeprHeH 

BblBOJlHMOro HOH3 fV (6]. J(JI~ HOHOB, YCKOp.IICMbiX B U-400M )lO Ma.KCHMaJibHOif 3Heprnii, 

seJIHliHHa Kw¢¢HuHeHra nepC3apx.aKH ne)lQn s )lllanaJoHe Z EX I Z .K = 1. 2 +2. 0. 

TipH MO.llCJIHp0B3Hii:H JUIH3MJ-IKH IIyt-IKa HCIIOJlb30BaJI3Ch K3pTa MarHHTHOrO IIOIDI, 

nonyqeHHrui H3 mMepeHHM Ha UHK.norpoHe U-400M. qucneHHhie pacqeThi BhiBO)lHhiX 

rpaeKTOpHi-f 6biJIH IIpOBC.ll;CHbi ):l.J1.11 rpex ypOBHCii MarHHTHOrO IIOJI~, COOTBCTCTBYIOI!UfX 

ZAc I A= 0.15, 0.3 H 0.5, npii pa3HbiX nonow:eHrurx nepe3apx.u:Holl ¢onhriL A.HaJIH3 

TIOJI)'"qCHHhiX pe3ym. TaTOB IIOKa3aJI, 'ITO ypOBCHb "fai'iUfTHOrO IIOIDI HC OKa3hiB3eT 

cymecrneHHOrO BJIIDlHHH Ha IIOBCllCHHC BhlBO)lHhiX TpaeKTOpHil IIpH O.lUUiaKOBOM 

K03<j;J¢HUHCHTe IICpC3apH,!tKH, a cymeCTB)'IOtnHe pa3JIHl!IDI KOMITCHCHp)'IOTCX HCfiOJibiiiHM 

H3MCHCHHCM pa!lM3.r1hHoro H aJHM)'TaJihHoro rroJioJKeHHii rrepe3apx,aHoH $o1Ihrn. B CWI3H c 

3THM .1la'lhHei1.UIHC pacqen,r IIpOBO.llHJIHCh )l.JUI MarHHTHOrO IIOIDI, COOTBeTCTB)'IOIUCrO 

ZAc I A =0.3. J.fcxo,n;SI m pe3yJihTaToB pacqeros H KoHCTpYKUHH UHKJIOTpOHa U-400M, 6h1Jla 

Bbi6paHa TOt:IKa rrepeceqeaml BhiBO.llHhiX rpaet...-rOpHii C KOOp,llHHaTaMH R=2.85 M H f9=J05°. 
Onpe..'];emnommvi ¢aKTopoM npu noM HBJUiCTCH o6ecrreqeJ-mc B03MO)KHOCTH .nmr BhiBOM 

HOHOB C MHHHM3.llhHhThi K03tlJtiJH!lHCHTOM rrepC3apg;:{IGI, a TaJOKe OIITHMH3a.u,HH )lllana30H3 

nepeMem;eHIUI nepe3apH.llHOii <Ponhm. 

Ha PHc.l IIOKa3aHbi BbiBO,llHbie -rpaeKTOPHH HOHOB Jl,.JUI pa3Hb!X z£\" I ZAC" 

KoppeKTHposKa HanpaBJICHH.li BhiBo.na ocymecT:a;urercx pa.zlHa'lhHhiM nepeMemeHHeM 

nepe3ap51,1lHOM $OJihi"H npH <PHKcHpOB3HHOM a3IIMj'T3J1hHOM IIOJIO)KCHHH (0foiJ=57°). 

CymecTBYeT B03MOiKHOCTb BapbHpOBaHHX 3Hepnm BhiBelleHHhiX HOHOB (:::::5%) 3a C"leT 

COBMeCTHOrO a3HM)'TaJlhHOrO H pa,!!;H3.ilhHOrO IICpCMCID:CHlUi tfloJihi"H. 
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Puc. I Pac'ienmblC abE6o0nbze mpae1anopuu UOII06 nocrte nepe3apJiiJumi rfto .. 1b?U 

iJJtJZ pmnorx Z,. .. r i Z_u 

lJHCJieHHble pac"!eTbl noKa3aJm HeB03M0)i(H0CTh BblB0.;::\3 HOHOB c z/-X I Za. < 1.35 B 

Ja.n:anH)'lO TO~KY ( R==:::'.85 ~!, 8=105°) 6e'"l npHMeHeHH~ .uonoJIHnTe.:-rhHhiX OTKJIOHB!OIUHX 

:meMeHToB. ,llJI.H BhiBOJJ;a HOHOB c Z"x I Z,w< 1.35 B03Mm:KHO HCTIOJlh30BaJIHe 

,U:B)'X060pOTIIOrO BbiBO.Ua. Ha PHc.2 HOK33aHbl COOTBeTCTBYIOU\HC BhiBO)l,Hble rpaeKTOpHH 

npH .usyxo6opOTHOM BhiBO)le .IJJHI zl;.\" I ZAC = /.25 u 1.5. 

,nsyxo6opOTHbJii: Bh!BO..'l MOiKHO HCTIOJib30B3Tb H )l,JUI BhiBO,ll,a HOHOB C 60~lblllH!\.Ui 

K03$<}mUHeHT3MH nepe3ap5l..1lKM, "'TO ll03BOJUl.eT 3H3'iHTeJihHO ( ::::20% ) i'I'3MeHJHb 3HepnUO 

BhiBOJlHMOro nyl!Ka. TaK, HanpHMcp, .!I.JUI Z~:x I ZAc =1.5 3Hepnni BhlBC)leHHoro nyY:Ka 

cocTaBJI.SieT Wu- ;:::45.2 Af.JB/uyK.'l npH o.nHoo6opOTIIOM BbiBO.[(e If Wn· ;:::J6.8lvhB!uy10·l npn 

)lByxo6opOTHOM. 
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Puc.2 Pac11emHb1e BbUJoOubze mpaeK.mopuu UOHOB noc.'le nepe3apR0noU fj;o.'lbZU 

npu iJeyxo6opomHOM «blBOiJe i>Jm ZEX I ZAc = 1.25 u 1.5 

B npe.ncTaaneHHOH pa6oTe paccMaTpHBaeTC-H TOJlbKO o.naoo6opoTHbrli BI:JBo.n. 

IIpe,nsapaTeJlhHhle pactien.I IIOK33a.JIH, qro npH .nayxo6opoTHOM BhiBo.n;e aepTHKa..ril>Hhrli 

p<nMep BhiBe)leHHOrO rrycn<a )'BeJIH"9:HBaeTC-H B HeCKOJibKO p33 IIO CpaBHeHHIO C 

0.1lH0060p0THhlM BhiBO,!I;OM. ,l{JUI OUeHKH B03MO)KHQCTH peanH3auliH Ta.KOrD BbiBO,lla 

aeo6xo.!lHMo rrpoae.neHHe ,llorronaHTem.HhD<. tUICJieHHbD<. pac'-:IeTOB. Ha ,naHHOM ::nane 

IIpHBe;J;eHhi TOJibKO pe3yllhTaTbl pac'-:IeTOB ,!I,JUI UeHTpaJihHOif: -rpaeKTOpHH, II03BOJUIJOIUHe 

OIJ,CHHTh 3HeprHIO llOHOB IIpH .!I,Byx060pOTHOM BhlBO,ne H -rpe60BaHllil K IIOJIO:a<emno 

nepe3apazwoH <jlollbrn. 

fiapaMeTphl BbiBO.n;HMbiX HOHOB H pac"'ieTHble IIOJIOJKeHH.si nepe3ap$l.!lHOJ.i: ¢om.rn KaK B 

IIOJUIPHbiX, Ta.K H B .neKapTOBhiX KOOpll;HHaTaX npHBe)leHbl B T a6JIHIJ;e 1. 
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Ta6JZulja 1 llapa;wempbl 6bl600uiUblX UOHOB u noJZO:JICeuue nepe3apaiJuoii ¢ 

ZEX I ZAC Wext {MoBIH} Nturn !!foil ['J Rfoil [rn] Xfoil [m] Yfoil [m] 

1.25 48.30 2 59 1.823 0.939 -1.563 ' 
1.3 47.00 2 

1.35 48.30 I I 
44.50 2 

1.4 47.30 I 
40.90 2 

1.5 45.20 I 
36.80 2 

1.6 43.21 I 
33.72 2 

1.7 41.31 I 
31.52 2 

1.8 40.00 I 
30.31 2 

1.9 38.88 I 
29.97 2 

2.0 37.60 I 
30.67 2 
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1.797 
1.829 
1.748 
1.804 
1.678 
1.762 
1.587 
1.724 
1.516 
1.687 
1.465 
1.659 
1.436 
1.634 
1.428 
1.606 
1.445 

(), 
I 
I 

e= 90" 1 

0,0() 0,05 

X {m) 

0.978 -1.507 
0.996 -1.534 
0.952 -1.466 
0.982 -1.513 
0.913 -1.407 
0.959 -1.478 
0.864 -1.331 
0.939 -1.446 
0.826 -1.272 
0.918 -1.414 
0.798 -1.229 
0.903 -1.391 
0.782 -1.204 
0.890 -1.371 
0.777 -1.198 
0.875 -1.347 
0.787 -1.212 

e= o• 

0.10 0.15 

Puc.3 Teo.'vfempWltjeumpall&lloii o6.rracmu ljUKJtompona u 6bl6o()n&ze 
mpaeKmopuu npu KO':JrjJrfJuttueumax nepe3apaiJKu 1. 9 u 2. 0 
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' I 

npH 1UiCJICHHO!I.I MOlle.rmpOB3HHI1 6bJJ10 o6Hapy'1KeHO. 'iTO npaKTH4eCKll HeB03MmKHO 

BblBeCTii HOHbi npH 2,._1. / Z 11 =].0. T. K. B JTOM C.'1y'taC BblB0;1Hrul Tpaeh.'TOpH}! npOXO,C]JiT 

6.rJH'3KO K U.eHTp)' UHK.lJ01'pOH3 { Rmin < 6 CM ) 11 nona.:laCT Ha :meMeHTbl UCHTpat1bHOi1 

o6JJaCTH. KOTOpbiC nepcKpbiBatOT Me.J.naHHyiO nTiocKOCTh. Ha PHc.3 noKIDaHbl JJie:-.teHTbi 

ueHTpa..l1hHOi1 o6-'laCTH unKJIOTpOHa U-40Drvl 11 BbiBOllHhiC TpaenopHH. MoiKHO onternTb, 
'iTO BblBO.JHrul TpaeKTopmt npli Zu· I Z

1
c=1.9 HMeeT MHHHMalJbHbiH pa,n;Hyc Rmin::::: 15 CM H 

om6aeT 3JICMCHTbl UeHT}JaJibJ-IOil OIITJiKH UHK.1IOTJJOHa 6e3 ilOTepb. 

3. Oru6aroiiJ,ue BhiBe.[l.eHHOro nyqKa 

)11-H HCC.TJC,10B3111Hl ..:HiHUMJIKH BhiBC_lleHHOrO 11Y'-!K3 He06X0.11.HM0 OUeHliTb pa,una'lbHbli:J: 

/i r If llKCHaJlbHbifi /i.,. 3MHTI3HChl ll)''il\3 110CJ1C npOXOiK.lleHH}! nepe3ap.H1lHOfl cjlOJibrH, 3 

TaKJKe JncpreTa<JcCKHfi pa36poc c5J.f'. 

.1\KCHa'lhllblil pa3Mt:p TI)'1-IK3 .JZ npaKTWlCCKH HC il3MCHHCTCH llOCJIC 11pOXmK1CHHH 

nepe1ap.H..1HOi1 ljJO.:thrH. a pa.:-:{U<Uibi!hlii pa3MCp .JR onpe,].~JIHeTCH \taKCllM~lhHbl:-.1 ~a6pOC0\1 

nyttKa Ha qi0.%l'Y r 51 

t-.Z = 2.4; ... 

ilR = t1R11 + tlRr. 

R,,t<W 
~---·-

2/V,_.\' 
11a6opa op6HTbl JHt'pnm. paJlHal'JhEhlif 1a c<JeT ~Ru war rne 

~:J.R1• ""'2i'ZA
1
JQ.,

1 
·- l) - pa.rt.Ha.."IbHhiH mar op6uThi 1a c~cT npeueccnu. R1,x - pa.:u:yc BhiBO.ll<i. 

w!·.l' - 3HCpml'! IiOHa. LlW- Ha60!) JHepnm 3;:1 o6opoT. A~:.z - ::n.mJtHTY.!lbl pa.'lnaTlLHbJX n 

3KCUa'lbHb!X KO!IC63HHfi. Q11 .z - 'i3CT0Tbl KOJle6aHllfi. 

Be.'lu'iHHa pa16poca p3.!1HaJlbHbiX H aKCHaJihHhTX HMllYJlbCOB nocnc nepc3~p;;,:,:moH 
I~OJlbl'lt np<~.KTH'ie'CKII HC OT.11Wi3CTCH CT p:n6poca liMilYJihCOB B ny~IKC n~pC.'l lfloJJI,J'Oii 

A,l,l.QHJ 
/Y.~,· .. c R 

DpH BblBO.'lC nepe3ap.H.lKOH JHepreTH<ICCKHii pa36poc B n~"JKC noc.r1c l}JOilhnl ilif' 
011pCJ!CJIS!eTCa B OCHOBHOM TCM. 'iTO 1a6poc Ha nepc3apHllHYIO {fm.!Jbry npO!iCXO;lHT B 

Tettemte HeCKOJlhKHX o6opOTOB H. COOTBCTCTBCHHO. C p;13UOil 3HCpmei1. Be.nwnmy 8W 

MO:>KHO OUCHMTb Kar: 

8W ~ N MV ~ 2A11 MV 
Wu l'iR WE\' 

,lJ,OTIOJlH}ITC.'lhHI:.Iii 3HeprCTH.'-leCKUfi pU36poc B03HIHWCT HJ-33 B33HM0)1CJ1C'i.lllla IIOHOB C 

MaTCpHaJJOM nepC33pH.'1HOfi cjlO.TJbl'll npH npOXOiKJlCIIHH ny~IKU 11CpC1 !ICC. JT:I BCJlll'!lllHl llpll 

TOJlll!HHaX clJo.tlbrH 200.;,.400 MKr/cM ~ HC npeBblUJaCT 0./ % [ 61. "!TO '3:1MCTIIO MCilhiiiC 

pa36poca 3Hepnm H3-3a MHoroo6opomoro Ja6poca ny~JKa ua ¢o.'lbl·.y. 
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McrrOIIb3Y.sl .naHHhie Bhlpa)l(emHl: iJ.JUl oueHKH napa:\teTpos ny'-IKa ummorpoHa U-400M 
(u npe~rronarrur AR.z :::; 5 .'lLw: ), non)"iHJIH cnenyroutHe BeJIM•nmbi: L1R .::::-3 +-1 .1w, L1Z z 

10 .l!.l1, &r .::::-]0JUIMX.Mpa0, & Z;;;: 57t.H.l1X.l1pa0, 0W z }%. 

qHCJieHHOe MO)le.HHpOBaHHC ,llHHaMHKH BbiBO,!lHMOfO ny'!Ka C TaKHMH napaJ'I.feTpiD.fH 

IIOKa.JaiiO He06XO.!{HMOCTb IIpHMCHCHH$1 $oKycHpy!OIUHX 3JICMCHTOB H3-3a CHJlhHOfO 
paCXO)KLI:CHHa IIY''IK3 B pa,n;HaJibHOM HanpasneHHH. Bhi3hiBae~WfO rpa.n;HCHTOM Kpaesoro 
MarHHTHoro nona Ha rpaHnue ceKTopa. Ha Pnc.4 noKa.JaHbi pa.zma..1bHrul u aKcHa'lbHaJI 
orn6aiDIUHe :rryqKa noCJie nepe3ap51.aHoH $onhrH ,!J:IUi Zn I Z 11 . =1.5. Ilocne npoxor.<.aeHmi 

nepe3apa,r{HOfi <lJOJibfH IIY':IOK Ha'IHHaeT yBeJIH':IHBaTbC$1. B pa,r(Ha.l"JbHOM HanpaBJ1CHHH, ':ITO 
o6n1!cHaeTcn 3aMCTHhiM yaenH<:~eHHCM pa36poca 3HeprHH OlV s ny'iKe noc:Ie $oJibfH. B 
.nam,HeHmeM JlBHiKeHHe nyq:Ka ,llOCTaTO':IHO ycToJ1qHBOC. 3Ha':IHTeJihHOe H3MCHeHHe 
paJMepos nycn<a Ha6monaeTc5t TOJibKO npu ero npoxmKllCHHH 'iepe3 o6nacTh cna}IaiDmero 
KpaeBOfO MarHHTHOfO IJO.Jll[ IIpH R > 1.8 .u, f,UC H HC06XO,UHMa $OK)'CHpOBKa II}'l!Ka B 
pa,!IHarihHOM HanpaBJICHlUi. AHaJIOfH'iHbiC 33.BHCHMOCTH orn6aiDIUHX nyqKa IIOJIY'iCHbi H ,llJI$!. 

OCTaJihHbiX ZJ,X I ZA(". 

0,03r-;;==:::;------;---..,--ll 
I Z,,IZ,,= 1.51 

En 
vel 0,02 
op 
es 
(m 
) 0,01 

/ 

---~-

'' 
" 

0,00 u 

0 90 180 270 360 

e(') 
90 

Puc.4 PaiJuaJibHGJl u aKCUCl.!lbHWl ozu6woz,que sbwoOu..wozo nyljKO noCJle 
nepe3apR0Hoil cjJO!lbZU iJim Z;.:x I ZAc =1.5 
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Puc.5 JlocJleiJuue ycKopReMore op6umbl nepeO nepe3apR0uoii fjJollbZoU u 
Bbl600Hoze mpaeKmopuu noc.rte if;o/lbZU O:m p03HblX ZEX I ZAL' 

C!JmcycupyKHUHif MarHHTHhiif KaHaJJ :>KeJiaTeJihHO pacnOJIO:>KHTh, Ha':IHHID! C a3HM)'"'Ta 

@=20"+30", Kor.ua ny"'oK erne He ycneJI CHJI&HO J'BCJUI'LJliTh csoH pa:3Mep. Ho pacnoJio:>KeHHe 
Q>oKyCHp)'IOIUefO KaHaJia Ha ,UaHHOM a3HM)"l"C HeB03MO:>KH0 H3-3a MaJIOfO (::::::5 CM) 
OTKJlOHeHHji BhlBe.neHHOro rr;nn<a or BHyrpeHHHX ycKopeHHhiX op6HT. Ha Pnc.5 noKa:3a.Hbi 
BhlBO.UH&re TpaeKTopHH H rrocne.rum:e ycKopeHHhle op6HThi HOHOB .llJUI p<nHI>IX Z EX I Z Ac . B 
CB113H C 3THM a3HM)'T Ha'iaJia <POKYCHpYJOIUero KaHaJia 6hlJI Bbi6paH paBHhlM @=35 ~ 

Il)"''OK Ha BXO,Zle B KaHaJI HMeer ropH301fi'8JlbHhlfi pa3Mep z} +3 C ... lt' flpH 3HatiHTCJThHOii: 
yrJIOBOif pacXO,UHMOCTii. ,II;rut fl>OicyCHpOBKH rryqKa 6&m p83pa60TaH IIaCCHBHI:Ji:i MarHHTHhlfi 
fl>oKycupyromi-rH KaHaJI (FCJ), COCTO.llliUiif H3 rpex IKCJie3H:hiX 6pycKOB, C pa6oqei{ 
arreprypoH 6 c..u H MaKC!lMan:&HhlM rpamreHTOM MarnHTHoro IIO.Jll[ G=15 TM11 [1]. OH 
COCTOHT H3 .!J.Byx qacreif (L119z5°H 7.5"), lffO B:bDBaHO KOHCTp)'KTHBHOif He06XO,UHMOCThlO 
pacrronoJKeHIDl Me>K.ey HnMH npo6HHKa rryqK.a. ~ cornacoBaHH.5l rroJio)Kemrn Ka.HaJia c 
BhiBO.UHOii rpaeKTopHe:H rrpe.uycMorpeHa B03MO)KHOCTh ero pa.zmam.Horo rrepeMemeHWi a 
,!Ufarra:3QHC ± 6 CM. Ka.Ha.JI paCTIOJiaraCTCX B HeO,UHOpO.ll;HOM BHeiiiHeM MarHHTHOM IIOJie 

(3=2.0.;.(}. 7 T.o) (PHc.6), 'ITO npHBO)lliT K H3MeHeHHIO BeJ!H'lMHL! <jlOk)'C!Ip)'lOutero rpazmeHTa 
MarHHTHOro IIO.Jll[ BHyrpH KaHana B ,uHanrooae 1.5+1.2 T.n!M. 
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Puc.6 BHeumee J'vtacuumuoe no.'le e0o.7b GblBoduoU mpaeKmopuu ny1J1-:a (I 

o6JZacmU.11.!1211UmUO?O /{QflQliQ (FCJ) ibRp0311blX ZFX I z.1(' 

Ha PRe. 7 rroKa3aHH om6aromHe ny'-IKa npH HCIIOJib30BaHHH .ilUHHoro ¢oKycHpyromero 

KaHana lih amunna orH6alOIJ.lHX ny'-IKa BH.Ili-IO, 'ITO s o6nacrn pacnonoJKemui 

¢oKycHpyromero KaHana nyqoJc HMeeT cH.'lhHoe pacxonmemte B pa.n.nanbHOM HanpaBJieHHH H 

nepeif.JOJCYCHpOBKY B aKCHalJbHOM. <'PoKyCHpYJOlllV.:ii KUHaJI II03BOJI11eT yMeHblllHTb 

pacxo)K.ileaue nyqKa a pa,!!.HallbHOM HcmpasJJemm. B aKcua.rihHOM nanpasneHHH KaHaJI 

B!>I3hiBaeT yseJm'-IeHHe pacxo,!J,HMOCTH Hy•m:a Jl.15! 6oJiblllHX Kmcp¢nuHeHTOB nepc3ap5!.UKH 

(Z£X / Z.K;=J.7-:-J.9). T.K. B 3TOM CJI)'4at: ny~JOK HMeeT rrepec}loK)'CHpOBKY .UO BXOJJ.a B KaHaJI. 

C 3TOM TO'lfl<H 3peHIDl: 6onee OIITHMa.JihHbiM HB.mleTCH Hat.JaJIO £llmcycnpyrom;ero KaHana (FCJ) 

C a:3HMYTa @= 30" , HO, Ka.K yiKe OTMet.Ja.JIOCb paHee, :no HeB03MO)KHQ H3-3a MaJIOfO 

paCCTOSIHllil (z 5 C.:H) Me)!{)ly BhlBe,UeHHOM TpaeKTopHeii H flOCJle)I.Heii ycKopeHHOH op6moH 

(Pnc.5). 

B03neHcTBHe Kpaesoro Marmnnoro nom1 nocne Ka.urura {jlOKycHpycr nyt.IOK s 

aKCHaJihHOM HanpasneHHH, HO ,n.ecjloKyCMpyeT B paliHaJibHOM. Ha BXO,D.e B CHCTeMy 

-rpaHcrropnipOBKH f)=} 05 ° IIOJly<laeM pacxO)J.S:I.IUHHCS!: B ropH30HTaJlhHOM HaTipaBJleHHH 

nyqoK c pa:JMepoM :::::8+12 CAt. Ha PHc.8 noKaJaHhi ropH30HTal"JhHhii.f H sepTHKaJihHhiH 

(jJaJOBhie nopTpeThl II)'llKa Ha BXO,!le B CMCTeMy "fPaHCilOpTHpOBKH ,ll112 Z1;;r I Z 4r. = /.5. 

,[(;lSI: ynyttmeHHS!: pa.aHaJibHOro Ka:qecTBa nyqKa paccMaTpHBanach so3MomHoCTh 

llpHMeHeHIUJ BTOporo t}>Oh.J'CHpyiOmero KaHana (FCJ). I1cXO)U! H3 KOHCTpyKUHH UHK.l10TpOHa 

HCllOJib3yeTCS!: IIaCCMBHbi:if MarHHTHhi:if KaHa..'l, COCTOSU.IJ:Hif H3 -rpex )KeJle3Hh!X 6pyCKOB, C .Je 
z 7. 5° H ropiBOHTaJihHOfi. pa6ot.Je:if aneprypoif 9 CM. 0H pacnoJIO)KeH BHyfpH .ayaHTa H 

nMeer MaKcnManhHhiH (jJoKycnpyiOI.UHii rpa,uHeHT G= 2. 7 T;I/iw 
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Puc. 7 PaOua,1bHble u at·:cua·lbllbie ozu6a10u{ue GblGe0eJmo<•o 11}"'11\a 0.1R pa3llbZX 

Z1,.r I ZAc npu ucno.'!b3oaauuu oOuo?o fjJohJ'CUp)'IOllfe?O .ltai'IIUmuo?o 1-i.amna 
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Puc.8 Fopu301Jinl1.'!bltblli u (;epmw.;wtbllblir rjwJoaou! nopmpeml>t 1~1''11-i.a ll£1 axode (> 

cucme.lty mpaw.:nopmupoah·u (€1= 105 ~ R=2.85 .H) npu ucno:Jb:Jouwwu odllo,·o 

fjJOh}'CUpytouw<~o J\.ana'W d.'IR (fl.lpuauma c zH.r I ZK= 1.5 
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Puc.9 PaOuaJlbllaJl u aKcUaJibr-taJl ozu6aroUJue BbUieOemwzo nytt;.:a iJJI.R pa3HblX 
Z~ox I Z AC npu ucnOJlb3DBauuu Oeyx rjJot<.ycupylOU{-UX .wazuumHblX 1\.Glla'/OB 
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Puc.JO FopU3ouma'lbHblii u GepmuKa..'lbUblil rjxaoBble nopmpembl nyttKa na exoOe 
6 cucmeMy mpancnopmup06KU ( B= 105 ", R = 2. 85 .w) npu ucnoJlb306auuu deyx 

rjJmcycupyiOUfUX K.QHaJ/06 0JlJl6GpuaHma c z,~ I ZAc= 1.5 
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Ha PHc.9 noiGl'3aHhi orH6aiOlllHe ny.'lu.:a npH Hcnoiit.'lOBaHHH ~1syx $oKycHpyromnx 
KaHa'IOB. a H3 P11c.10 COOTBCTCTB)'IOlQl!e tflaJOBhie noprpeTbl ll)''1K3 .UJUI Zu- / Z~1 = ].5. 
flpH,.1CIICHHC BTOpOfO K3Haiia ,YMCHhW3eT KUK pa1MCp. TaK 11 p3CXO.!lH~OCTh rry'IK3 B 

ropH30HTa;lhHO!\I HanpaBJ1eHHH. HO np11BO.!U1T K .:.Ie$OK)'CHpOBKe ll]'liK3 B 3KCUaJJbHOM 

HanpasneHIH1. oco6enHo MR 6oJlhWHX KOJ¢!fmuw:IITOB ncpc3ap.SU.I.Kii ( Zrx ! ZAr· =1. 7+1. 9 ). 

TaKUM o6p330M, HCIIOJih30B3HHC BTOporo $OKYCHp)'IOUJ.Cro K3H&1:3 UCJiecoo6pa3HO 

TOJlhKO .!l}IR MfulhiX iWJQHlHiUHCHTOB nepe3ap~!lKM ( Za- I z.~l- :::; I. 7 ). 

4. 3KcnepHMeHThi no BhiBO.llY nyqKa 

Ha UHKi!OTpoHe U-400M nposonHJIHCb JKcncpHMCHThi c nerKn~m noHaMH. 

BbiB0.1Ul.Mh!MH MCT0.10l\1 nepe3apSill.KB Ha ljJOIIhre: 

11 B-'+--+ B~+ f_ Zn i Z
1
,-=1.67 J, 

~~c~·--)- cr,. c Z;--r 1 Zw=f.5 J , 

i-1 x'~--+ /\'~~ ( zi-r / z.H =1.--1 J, 

1 ~0
5• --+ (l' ( Z,.-x / Z_11 =i.6). 

ProMep ny'-IKa Ha ¢onbrc coCTaB.HHCT ;:::]-:-/_lf_lf, aHa aJHM)-'TC 8=--11.5°( B KaHane FCJ) 
LJR:::;J.()-:-3.5 cu, LJTO xopolliC'I cornacyerc~ c pac~eTHhiMH BeJIH'HIHill\liL HHTeHCI!BHucTh 

ny·~Ka HJMepSinacb a -rpex TOLJKax: ua KOHe~mo~1 pa.:tnyce ycKopemu:r. nocac MarHJITHoro 
KaHaTia FCI u B rpaKTC rpaHcnopnlpOBKC noc;Jc nroxoiK.J.CHIHI ny6JJCT<l KBa.J.pyno.lLI-lhlX 
JUUl3. PC3)"-'lbTaThl H3\!Cpellitfi !1UI\J3;:t.'ll!. ~ITO llpH OllTilM~IbH0fi HUCTpOifi\C CJ!<:TC:-.Jbl Bh!BO;J,a 
31P¢enMBHOCTh B&mona cocTaB:I~CT ~ I 00% noc.'le KaJ-m.na FCJ H ~ H0-.=-90':1, R cHCTe:-.tc 
rpaHcnoprnposKn. 
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