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Pa6o'I'a nocE.RIUena 8HcnopL1MeiiTan:oHoMy H3YY8Hl1ro xapaHTep11CTl1R 

11 OITTHMI138UIH1 ti.OlJ.YllRTOpa peaKTTtlBHOCTll l1MI.!YJlliCHOrO poaWI.'Opa rre pt10-

;IJ,11Y8CROrO !J,8}~CTBM.R • I1CCJI8!J,OE8JIVICL tPI13kllJ8CRI18 MOIJ,8Jili K8R roMoreH

Hhi.X (OII,HOpOD,I-WX), '1'81< I1 reTeporEHHblX (THITa "perneTI\8 11
) ITO;IJ.EPiimblX 

oTparmTeJie:h. YcTarmBneno, tJTo reTe porermH~l MO,IJ.:srn.nr:op onTVIManb

HLIX pa3M8pOE IT03BOJI!1'l' ITOJIYtJHTb 3H8'TUT8JILHO 00li88 1WlJO'I'HH8 H8~1-

TpOHHE8 HMD'J llbC1!, t18M ITOT.,BvDIHlT~-i O'rpa;~~aTe lib rOATOreHI-IO~i qX)_pv11I. 

I. Oomee om1cam1e sRcnenn:-.,:e r1ToB ------ -------
llyllbCH PY !OI.UJL1 peir:HM pac50TU H.IIITYll1Cf10ro peaRTopa ooecrreurma-

8TC.R EH8UIH8~i MO]lyll.FJIJP18l1 peai<THEHOCTI1 C ITOMOili;bTO CIT8DV18.iibiiOrC YCT

potlCTB8 - MOIJ.YJIBTop8 peai<THBHocTa. Morr,yJm'fop peaHTHBHOCTM uon;~~eH 

y-;r:~;oBJieTBop.R'l':O orrperr,oneHBEM Tpe6oJ~aHH.RM H8H c TOYJm spem1.n nony

tJe HI1.R xopownx xapaHTe pncTHR HMITY Ju)ca pe8J<Topa, 'l'aH li1 c TotJim 

3p8HVI.R CTa6HJLSH0~1 I1 0830IT8CHO~l ff~60TH HMITYJibCHOro peaRTopa. 

113BecTno rrpn6mn:emwe EEpm;,e!-me r.n.g Il,liHTen:snocTa 0..r.my n:oca !J;om

HOCTM tlMITY.libCIIOrO peaRTOp8 nepi10J-UlJ8CI<OrO TI,8l1CTI3U.8: 

6k,~~3S·~ 
r;IJ,e r .= @--/df - CRO poe J'b U3M8H8In1.8 _9881\THBHOCTH B 

MOM8BT Bp8M8HU, I\Or)J,a MO!.UHOCT:O pe 3RTopa ;ri.OCTHraeT M3l\CUII1YM8; 

t'f: - Bp8M.8 HH3HI1 l101WJI8EI1.8 !vTfiO ?.8 llHLlX H8l-i'l'pOBOB. 

Cne lLOB8 Te .JI:OHO, ;.;rocy JI.RTop peaJ\TIIBnoc'I'H !J.OJI;::~.eH oc5ecnetJ!1TJ-) 

BBCOI\yro CIWpOC'l'L t13Ivi8H8HH.R peaRTHJ~HOCT!I ;IJ,]I.F.J ITOJIYY8Hl1.R !WpOTI\Oh 

BCDb~I\M H8ilTpOHOE. 

]lnR TOrO, 'Y'I'06hT B I1MUY liLC8X I'8H8 pHpOB8li8Cb OCHOBH8.8 ILOliH 

HetiTpiDriOB, a B ITlJOM8i!{::/T1\8 Me:.;n~r r!NITYJITJC8Mr1 .- M3JI8.8, r,;on,;tJWTOp 

pea.KT!-IBHOO'fl1 ItOJI;~~eH 008 Cfl8tJllB8Tb CO.TIJ:ll!J:Y lO rJIYOllHY MOII.Y JUJU!lLl 



P¥lc. I. CxeMa s.r<eneprJIMeHTOB 3TIOC-2 c MOP,YJ.LRTOIJOM peaHTiilBHOCTli 

reTeporeHHOH CTPYHTypu: 

I - OCHOBHOii IIO,IT,.BITiJHLiii OTpm::aTeJIL (OTIO), 
2 - ;n,OIIOJIHHTe liJ:>HI::I~i IIO.TI.Bm:mr-n; 0Tpa;}.fl'f8JI:O (.IUJ:O) , 
3 - aRTHBHaR 30Ha peaR~opa, 
4 - CT8lli10H8pHI.iie OTp8EaT8JII1 C 0.7IOI\8Ml1 peryJIMpOBaHMR 

,, 
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B ;uaiHIOi:l ~a6oTe 6FJIH nr;o.zpm;;eHJ:.: aHcnepiMeHTu /I •21 no ns

MepernJK) xapai<T8p1ICTIH\ I1. OIJTI1.MI133I1HI1 MOP,YJIRTOpa peaHTHBBOCTI1 )J)IJJ 

IT03IYlJOI·HHl H.tvmynbCOB MOU!.HOCTH MI11HM8JlbHOJ.t.i TI.JH1.T8.JibHOCTH. EHJIH ~lC

CJie I!OBaiiH QJ1'13Vl"-.l8CH!i18 .MO)..L8 JJH rm.'Ji)r8HHU.X ITOif,Bl1/KHHX O'l'paEaTe JI8J!.i 11 

MO.TI.YJI5-1'l'Op0B peaRTHBHOCT11 C reTeporeHHO~l CTpyHTypoti. feTeporen

HH}i M011.YJIHTOp peaRTHEHOCTH /
3 / ITp8JJ,CTBEJI.88 T C060t~ JJ,Ba Hac5opa 

rrpm.myroJIDBHX c5pyciWE, pa3.rr.ener-mPx rrpoMe:lcyTHaMH (pvrc. I). IIp~ 

rrpOXOJ;~;IJ.8lHtU1. OOOHX Ha6opOB MHMO E RTHBHOii 30Bb\ B pa3HhiX HanpaBJI8-

HHBX (J.IYJOO rr_pi .II.BIA/iWHHH O.TI.HOrO V 3 HHX), .IW8Q:XQLilliH8HT pa8MHOiWliJA.f.l 

HetiTpOHOE M8H.88TCH CJIOIJ..YIOUlHflT 06}8<30M: :EO-IT8pEb:X, ITpOHCXO;IJJiT MO-

;D.YJI-RWL8 peal\'l'HEHOCTVI 1-'13-38 ;rr,.Elill8HHJ1 O'l'J=at/BT81I8:i RBI\ U8JIOro ITO 

H3B8CTHOr.-TY rrapa60JE1'Y8CHO!\~/ 38RO~:y; BO-BTOpHX, JI1N188T M8CTO f\'10TI..Y

JIHUHJ1 peaRTviEHOCTH 0a cqe'l' rrepnon.n.qecn.oro rre.r;:eHpLITHR uenei1. 8Ta 

MO.IJ:Y JI.AUHH ITOD,'3HHH8TCf.l TipHOJI1l3HT8 li:SHO rapMOHIF18CROM·_y· 38!\0I-f.Y C 

rre.p1o~.or.1 ~v , rne - r.:J 3r r:;ewe TRH, e/ - O'l'IIOC11T8.JISH8B 

C.KOpOCTb O'I·_pm::aT8JI8l:i.. CJIOI.i\.8HH8 IJ.::yx BH;IJ.OE NIOTI:j JIS1UIU1, rrapaOOJ1H-

-gecHo:~ H rapMor-mqec.Km.~., n.aeT cno: :Hy ro samwmnocT:o peaHTBBHocTn 

oT Bpe.MeHM. KpoMe ~roro, ci<o.r;:ocTL ~IsMeHeun.A peaRT!!lBHocTu 6yn,eT 

38BHC8TT.l OT arvm.JIHT,Yll.H UeBTpaJIE:,HOI'O HMITY1ffiC8 peaRTHBHOCTH (BeJHl

'3MH8 scix~e.KTa rrpn rrer:e.l:<prl'l'HH UJ.eneL MO.TI.Y JmTopa). 

Ba/::HeLU!BM B HIJ,88 reTepOI'8HHOro ~.:O.I!YJIB'I'Opa 2BJIS18'l'CB TO, GTO 

npe neJILII8S1 CI\OfOCT:b f!J 3M8 E8!-FL9 pG8RTHBBOCTtl y nero EPU!8, tJei-i1 P.· 

CeytJae ro.rv;oremwro ITOJJ,ELH\HOI'O OTpa;:~aTeJISJ, liOCHOJII,HY OH8 ITfOITOf-

UHOH8.1Ibli8 O':!.'IWCU T8 JIT;HQ,l CHO j:OC'l'1J )'l'pa;o:;a'l'8 JI8~1 

~-m. =: zl;,, ::: 1 ;:~ -:2 ?J;~ ~ (I), 

rn.e zJ;3. - crwpoc'n.l ror\coremJOro .10T(}'JI5JTOJ:8 fCGHTnnnocTn O'I'ilO-

/-
TI!BHOC'l'li unn rm.~orcrmoro l'.JP. 
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B OITT1CVB88!!IHX 8f.CD8pHMOH'l'8X r1CCJI8Il,OEDJI8Cb R_.PJiiB8.R H.3Nl8II9E!l.fJ 

pea.E<TIIEHOO'l':J rrpH rvre;n.neHnor.r: noper.:eu~emm I'ilP. O'l'HoowronLHO aRTrTEHm~ 

30HH .UJI..FJ f83:HP-nmx BapVJaH'l'OB oT_pa;.;a're Jiel~. ToM oar,'lVM, E '-JacTr-ror::rr·u, 

rli:JMep,mrac:s Eenn'mHH elK /ci.r n /. 

JOJIOBTJ!MC.H Ji,8JIOO B03Ir.O H88PB8'rb 0JIH;;:.rm1i H 81\TI~EIIOi\ 30HO 8JIO

M8B T I "O)l,JJJR'l'Of.B - OOHOEHl:L·} DO_llEil;>IHiv1 OT_pm:;a'l'8JIOM (OliO) , a I:'l'o_r:o~~ 

3JI8i'!l8H'l' - norroJU-IYI Te JI:SBE!Ivi no_D,.E;::.ii:JIF·': oT_pm;;aTe neM OUIO) , rro m-ranor~m 

c nono;r.r:o3y-er-,w.a oeiiqac r-w HEP-2 ~nou,y JIRTopoM pea.K'l'HBHOOTH, I<OTO.PHH 

B :U8HHOii pac50T8 II83HB88TCH "!il'l'BTHm.-'1 MO.:ztY liRTO.POM p03I\':..'HEHOCTli1" 

(BapnaHT ~H3roToBnern-mti B I979 r.) 

}J;IR H3Y'18HH..FJ p83JHI'1HllX B8pV18H'l'OB MO;ny'li.RTOpa pea.R'l'HBHOCTH 

" li1CilOJib30E8JII1 Cri811H8JILHE1i CTOHll 311C 1C-2 (q.OTO 2, pHC. 3) • CTOH,U 

YCT8H8EJIHB8JIC.R H8 M8CTO lii'l'8'l'F-IOrO r O)l.BHi':lHOrO OTpai~~BTOl.IR OI\OJIO 

peaHTOpa I1EJ?-2 Ha OTR8THOfi TOJIOii:Re (I), IIOJIOi~·;en::e .KOTOpO~l CTporo 

cpH.r-wnponanoo:s oRono aRTJi1BHOii sOHE. K 'l'eJiei:::He nprmpenJieiw cc5o.rHaR 

<Peprv1a (2 ,3) c MexamlsMor\1 rre_per.1ewem12 pewe'l'OH ( 4) o r·;IexaHH3M ne_pe

MemeHH..FJ MOLUiO :Y'CT8H8BlH1E8TJ; B Tpex il0Jl01t8HHRX: ropH30H'l'8JibHO (r), 

BepTHR8JibHO (I3) Jii ITO,U yrJIOM 64 rpau:y·ca OTHOCHT8J11.1HO E8pTHR8JibHOk'i 

ocn peaHTo_pa (H). B r~e:xaHH3Me nepeLmlllOHHR o noMow.oro TI.EYX He3a-

BM:CM.l\11IX 8liOHTporrp1EO;ri,OB ( !J), il8];8I18lil8JIHO:O IlBO 1\BpOTHH, Ha HO'l'O

pue o noMOlllbtJ o'beMHHX .E<acceT Haoapumw:s pasmi'1HbTe HonctBrypamm 

OIIO n .WIO. YrrpanneHne .RapeTHaMn 'n_r:;c,H3Bop;Inocr:, ~HCTar-mv:oHiro, o 

nym,Ta ynpa:EJIOHH..FJ penHTopa. Crw_pocTL rrepew.ememw I\apeToR c5HJ.Ia 

30 NJM/MM:H. 1\0HTPOJIFJ nepeMeu;erui.R OC~ lit8CTBJI.R.7JO.R UByr,I"'1 yrJIOEHMH 

,U8TGIIHa!\IIl (IL), (HOTop.;e OER3l-maJJ:l Bpar:~aTO/Lf:JHOe _TI.E~l/;~8HH8 DH!I'l'8 

o JilHrel,~HHM rreper.~eu;ermeM Hape'l'OH) rrc 8lielaporino-ur;Q;ronor,ry r·HIIf.llHa-
J ' . 

Topy, TaH;;;o ycTa!IOBJIO!!Hor::y r-ra ny JIL~e ynpBBllOHIIJJ HEP-2. 
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P~c. 2. BH.U Ha CTeH.Il. 8110C- 2 co CTOpOHbi aRTI1BHOii 30£-Ibi. 

ilO)J.I'OTOBRa I\ 3!\CITepliMeHTy·. 
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P11c. 3. Oomrttfli BH;n, aHcrrepaMeHTaJinHoii ycTaHOBI\li1 8IIOC-2. 
I - OTRaTHaR 'l'e;Jie;;ma, 2, 3 - Cc50pHaH <IJepMa , 4 - M8XaHI13M 
nepeMemeHMR , 5 - OTHPLITaR -gacTL aRTHBHoi1 soHH MEP-2, 
6- C'l'auaoHapHuH oTpm:taTeJIL , 7- perynupye.Mue yrropu, 
8 - 3;JI8.l\TpO)J.BHraT8;JIJ) T8JI8iKRM, 9 - 8li8I\TpO;ri.BM.raTeJIH 
MexannsMa rrepeMememtR, IO - _IlaT"t1H.KV1 ITOliOi~er-nuJ . 



5 

IIorpewuocTL x-wMepeHrr.H .TI1.Hei1Horo nepeMemeHI1..H RapeToR ue rrpeBHmana 

0,1 MM. 11MeJIHC1 MH)J}liW'Wpbi I\OHOGHLIX l10JIO};t8Hl1ii. 

lla RapeTRaX COOli1pH.7II1C1 pa3JII'IGHbi8 BapHaHTlJ MOP,Yli.HTOpOB peDR

Tt1BHOCT~1 OIIO I1. .rmo B BllJl8 "peiiieTRI1. 11 (pnc. I) 113 CTamr V1 oeprrn

JIH.H, QITQ B BI1).!.8 CITJIOWf-IOI'O RYCRa CT8.1IH ITp.HMOYI'Oli:OHOI'O k1 HerrpRMO

yrOll1f-IOI'O cetJeHiiR (pnc.. 4), arvmTaTOfH ruTaTH1IX OIIO H ]JJIO. l13ytJa

noc1 Bllli1.HHrl8 B03MO/KH1IX l<OHCTpyHDI10HHLIX I13M8H8HVIi1: H81\JI6Ha, 3830-

poB, HaJIHGV!e I\01fi.YXa, 3HM8;llJili1T8 liH H T • ;n. 

Mo.UY JI.HTOphi peaRTHBHOCTil 113 CT8JIH co6rrpaJIHC:O H3 OT)l8JI1HI:JX 

8ll8M8HTOB C8'WH.H8M I8xl8 MM I1 )J.JII1Hoi1 500 lV'.M. PMCYHRH reOM8'l'P1-

l18CI\UX CX8M MO)J.YJI.HTOpOll peaRTVlBHOC'fH (pvW. 6-I2) EbiiTOJIH8HH B 

MacruTa6e I:IO. 

Bee H3MepeHI1.H rrpoiO)J.HJIHCL B rro;nRprrTrrtJec.KoM peliU1Me pea.RTopa. 

BaaGane aa OTOJI.EviHYTO~i Tene:r.ne . aa6k:ipanc.H oGepe;nuo:W :eapvraHT. Kape'I 

RH C COOpaHH1IM BapaaHTCM c;UEIII'8JII-iC:O BIIpaEO OT a.KTHBH011 3011bi. A.K

THBHa.H 30Ha peaRTOpa 11.[:£1 8TOM OHJia sa.RpETa 3amaTH011 .IU38p1IO. 3aTeN 

;n:eep:o OTRpbiB8lH1 H Te JI8ii\RY )J.l1CTaHD110HHO . ITpl1,IU3f1I'8ID1 H a.RTHBHO~~ 

30He ;no yrropoB u 3a.Rpbmana 3aiitHTHyro ;nEe p:o. JJ.anee Bee HsMepeHH.H 

rrpoBO)J.HJIHCL AMCTaHm1oHH:> c ny·J11Ta yrrpaBneHH.FJ pea.RTopoM. PeweTRn 

YCTaHaBJIVlEaJIHC1 B ITOJ101l{3HH8 MaRCI1MaJI1HOM pea.R'l'MBHOCTI'I C ROHTp0.718M 

. ITO ;naTtilH\Y ITOl10iii8f-HlR ~·1 .10 CHOpOC'l'Il CG8Ta HehTpOHHI-,JX ;rJ.8T8HT?POB. 

3aTeM, ITO,UHMMa.H ROMIT8HCI1]JYfOillM8 6JIOHH, Bh1BO,UH.1II1 peaR TOp Ha YMHOiR8-

HV18 nop.H;nHa ILOO. C;nmirn.H waraMH onHy ns poweToH, CHHMann RpaBY!O 

H3MGH8HH..8 peai<'l'HBHOCTH ~{l X). PeaHTHBHOCT1 B I\8/ii.;llOH TOG.f\8 OIT[-OJL8-

JIRlH1 MOTO.llOM o6paTHOI'O :{MHO:l\8Ht1.8 110 CHOpOCTH CtieTa ;rJ.BYX H8HTpOH-

·UbiX ,U8T8H'l'OpOB (RaMGpH .a.eneHH.H C 
235 U ) - W~'aTHHX ITYCI<OBLIX I<8H8· 

llOB .1\~ I n J~ 2. l{aMepH pa~~Memem1 E ouonoriFJeCHO!ii sautrl're peai<Topa 
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PMc. 4. Q.)opMH rrorrepeqnoro ceqeHHR roMcreHHbiX MO,t(yliRTopoB peaa
TlaBHOcTn. 
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PMc. 5. Rpv.maR peanTHBHOCTI1 MO,IlYliRTopa peaRTHBHOCTH reTeporeH
Hoii cTpy·RTYPLI, r;ue X - sncnepH\"18HTaJ:£LHHe TOtliU1, 
CITliOWHaR HpnnaR - pesyJI:oTaT flHTepiTOliRDHH crmaiiHalV1H 
Tpe'l'Lero rropR.mw. 
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Ha paCCTORfHU1 1150 WJvl OT ilGHTpa ai:'l'VIBHOlf 30HH CO CTOIJOHhT, ilpOTk1-

BOITOJIOiKHOM MOny JIRTOpy peaR 'l'HBHOCTl> .• 

113M8IIe!me pea.RTHBHOCTVI (A K) OT CM8ll\8Hk1R MOlJYJIRTOpa peaHTHB

HOCTH Vl3 O)J,Horo ITOl.IONWHHR B )J,pyrc 8 8CT:O: 

A ~ :- At·(f/4- z/4{) (2), 

r)J,e A{ k1 A{ - CI<OpOCTI1 C'CJ8'I8 )J,8T8.R'l'Opa B IT8.PBOM H BO BTO

.POM ITOJIOiR8HHRX MO;nyJIRTOpa, At - scfxiJel\THBHhiii "I-iYJI8BO.ti C'CJ8T", 

onpe_nenneurE:ti no Toi.f i.Ke <IJopMyne (2) ]J,liR I\ailt;noro ;n.eTeRTopa rryTeM 

Ii3M8p8HI1R C.IW.POCTU C'CJ8T8 B J1J3YX ITCJIO/X8Hl1RX 6JIORa perynvtpOB8I1HR C 

t13B8CTHO:il 8QXQ8RTHBHOCT£IO. rpacyHpOB.Ka 6JIOI<8 perym1p0~8HHR ITpOll3BO 

;nVIJI8Cn M8TO,UOM pasroHa pea.E<To_pa C I<OHT.IJOli8f/I pea.KTHBHOC'l'H ITO ITOR8-

38HllRM peaRTHM8Tpa. 3H8'CJ8HH8 A 1{ ycpe)J.HRJIOC:O ITO )J,BYM H3M8pHT8Jl£ 

HHM I<aHanaMo llorpewHOC'l'n B orrpe,nenemni A K ci<na;n.unaeTcR H3 · cl1c

TervJaTI1'WCIWi1 norpewnocTH rpaeynpoBEm pea.K'l'I1EHOCTH z5% 11 norpew-

" HOCTH H3M8.IJ8IfHR CRO.IJOC'l'l1 C'CJ8Ta, C08T8B]l.RI0llt8M 1-2%. 

ilpH H3M8H8I-U1H COCTORHHR peaR'l'Jpa nepep, H8'CJ8JIOM C'CJ8T8 ,U8B8li8C 

BH;nep:ima 2-3 MIHI'j'l'bl ;no YCT8HOBJI8HVFI l10CTORHHOrO ypOEHR MOutHOCTH. 

[>opMa .Rpl1BOti pea.RTHBHOCTI1 C JI..3Y'X Vl3M8pHT8JII:,HbiX .K8H8JIOB o6pa-

6aTHB8JI8C:O Ha 8BM C)J,C 6500. CTporumc:o samwnMocT:o I{(X)c noMom:oro 

¥IHTe pnonnuna eo RY6n-gecm:rMa cnnaHnaMlii. C saEI1CMMocT:oro K(X) qacneH 

Ho MHTerpa_ponanaci:> cncTervra ypanuem1H .RHH8'l'HI<li:I pea.KTopa B pal\max 

c/A/ff)_(JC~-~yjf·/(1) +X: .t;C:· 
41 - tt- · rr (3), 

npi1 8TOM l13 HPI1'ri1GecHoro ycnonan 

~~1;:' + f/E.;j = ./ ( 4) 

H8XO.UHJI11 paBHOE8CHYIO l1MITyJII:,Cf!YiO H8.I.R.IJI1TI1'CJHOCT:O I1 onpe_U8JIRJII1 cpopr.zy 

I1MrryJII:>Ca MOlllHOCTH B R.IJI1'l'H'CJ8CI<OM COC'l'ORI-HHI npH 381J.8HIJOi1 .I\OHcfJUrypa

UHI1 Mo;ny·nnTopa n n.pyrnx napaMe'l·pax pea.KTD_pa (ciwpocTn MP, YacToTe 

llOBTOp8IJII.fJ ECI1HWG1\ MOLUHOCTH, Ep8.M8H (1 /~\H3HH 1\i~HOJ38H£ILJX neilTpOHOB) • 

B ([r-Jie (4) /6~>/== d4.,o -J:.." , .&~'?~·HOliHan scf<'j)GHTHEHocTr., 

Moeymno·pa, G,;-,0 - panuoBecHaR InviiTY'JihCHD.fJ IIalJJ<.PHTH'CJ HOCT£, 
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, /1 - Ql8HTOp YMHo;:~GHrUJ HeiilTpOHOB 

MCTOqiHU<a B Ht:rryJ.ffiCG ( rH-ITCrpalibiUJ~i r apaf';jGTp peaR'l'Opa, 38BHC.8G!!11i 

11 oT G"o ) , '7;, - rre_p1o;rr. nonTcpeimn HMf1YJILCOB E penHTope. 

)J)I.F.I cpaBH8Hr1.F.I BCCX 113M8p8!-:THUX IapHaHTOB Mel:~~ COOOi~ MEl pac

CMaTpHB8JIH cne;nyrou;Jre rrapaMeTtm MO;IJ,Y"J:JJTopa: I - ITOJIYllH1_pnry t-l~,jm'm)ca 

MOU~HOCTI1, ~ , 2 - ITpOli3BO.If.HYIO p8cRTI1BHOCTM ITO rrepeMelll8Hl1fQ B MO

M8HT M8HCHMYM8 MOUlHOC'NI pea!\Topa, AtiJ/cl.r , 3 - I'liY'OI1Hy- MOJzyJI.F.IUH!1 

rnaBHOro .M8I<ClilhJYM8 pea.I<TliiEHOCTII A Kt 
coce;nr-IHMM MaHCH.MyMar.m peaRTI1BHOCTH, ,d K2. 
CHYfD H8IU\l~HTifY HOCT:O, G mo (pHC. 5) • 

4 - pa mmuy Me n;ny _II,ByM.F.I 

5 - paBHOBGCHYID I1MITYJib-

0CHOEI-IE8 pC3YJinT8Tb1 H2Mepemrti 8Ixf'8RT043 peaRTHBHOCTH lJ}IH I'OMO

reHHEtX ITO!JJ~1H~HEX OTpaE8'l'eJie~ ITIJIIBGU8 :n~ B Tac5JI. I. 3TH H3f,78IJ8HZ.B 

}lOIIOJIHRrOT npoEe;neHHEe paHee (C.M. /I' 2/). 3aBDCHMOCTb d OT ctoprvThi 

roMore mroro rro;rr,BM/i~I-wro oTpai::aTeJIH ( p~rc. 4) oHa3aJiac:o ;nonoJI:&I-W c;rra-

6ofl, pa3HOCTn rt.CEII,Y .JIYGWMM il3 H3Mepe:-nmx EapnaUTOB (I-7r, oCipa'l'Ha.F.I 

TparrermR 30°) M .xy;numM (I-5r, TparrernR 60°) cocTaBnna ncero 20%. 

CRpyrneF-IHe yrnon rrp~r.myron:oHoro no.nBn;:;r-roro oTpmr:aTeJIR (r:ap. I-Ir B 

I-2r) Y1vTeHLUl8GT d Ha 3%. Tipn MOD.em~poBamm r:ra CTeBne 3IIOC-2 

mTaTr-wro no;nmu~Horo oTpar~aTeJIH HEP-2 (napv.aHT I-8) / IIOJfY'HlliOCL 

na I5% c5oni>tue, GeM .nn.H mTaTHoro rvroey;mTopa, H3~,rqermoro Bo BpeMR 

¢H31Pl8CI\OI'O nycRa peaHTOpa o 8.IL8CL Ha_;lO 38M8TMTn, tJTO B lUTDTHOM 

BapWH'l'8 ( lJ-0) H E MOJT.8Jll1 I:I'l'8THOI'O (::- 8) OLIJIH pa3I-lble TOlill(HHH OTpa

iii8'fGJie1i - COOTB8TC'l'B8HHO 60 f\:f>J 11 54 MM, I1 B MO;ll8JioHOM EapaarrTe Be 

6wro IW};~yxa no.nBn;.moro O'l'pal:~aTens c r.:er.16paHo:fi. 

BepTrmam)Hoe rrepe~.mu1eurre O'l'PDI;a~'enn (I-E'J) yMeHJ)maeT / na 

30% DO cparrromuo C ropH30HT3JinliHM (I~ 8T), a H8HJIOHH08, ITO!L YI'JIO.M 

26° H ropn30HTaJin (I-8II), ynemrGHrae'I / r-ra IL%. 
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Taonnua I 

8cLcp8HTH peaRTI1BHOCTitl rOMOr(~IIHLIX MOP,Y'JIBTOIJOB 
peaR 'l'HBHOC Tlil 

_____ _;_ __ 7, ro-4~;(~-----------·----·----
J& BapnanT T:KBJian-2 ~mHaJi- .A Kono, % TipHMeYaHlile 

---------·--------·----
I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

I-Ir 

I-2r-at 

r-2r 

I-3r 

I-4r 

I-5r 

I-6r 

I-8r3 

I-8H3 

I-8B3 

1-9H3 

0,798 

0,988 

1,045 

1,014 

0,970 

0,874 

0,893 

0,818 

I,I21 

0,849 

0,925 

0,587 

0, 876 

----------~----------·--------------

1,004 

1,095 3 01 
' 

1,036 2,95 

1,031 3,10 

0,920 2,55 

0,889 2,65 

(J' 846 3,40 

3,0I 

0,842 2,86 

0,931 2,77 

0 612 
' 

2 70 
' 

0,794 3,23 

lilTaTHHi-1 MP HEP-2 

CetJeHI1e OIIO, 
ITJ;)BMOy·ro Jib HHI< 
234x54 MM, ,IU10 -
11BVllli\8 11 

OTIO- n pmv1oyro no IHlR 
I 9 8x5 4 wJvi, .uno -
"Eitlni\8" 

OTI0-87IJHUIC 7 
.IUJO- "EHJIRa ' 

Ono 300, - TIJ8D8UHB 
,UIIO - "EU JII< a " 

OTIO - Tcarremw 45°, 
.IUIO - "nh JIR a" 

OTIO- TrarreurrR 60°, 
,IUIO - "BllJIHa" 

0110- DpRMOYJ'OJibHl1H 
234x54 MM, 
niTO - OTCYTCTBY8T 

OIIO - oc5BaTHaR Tpa
rreunR 30 , 
.UIIO - "B lil mm " 

Mo.neJIE, mTa'l'Horo MP, 
+ 50 ff.:!vi 88M8UJIHT8JIR 
(H

2
0), . 

+ 1U NJM Eapdnlf.a 6opa 

To 1K8 C HaiOIO HOM Ha 
26°oTHOCHTGIDJHO ro
.PVI30H'f3JIU 

BenTHIWJI'GHoe uBm::e
rme r\IP 

I\miHoo6}:aJr:an ctop.m 
JIOIT8C'l'H (p8Cii!I1Jl~l-IH8 

' Elif!l3 c I4U ItO 3.:>0~:1M) 
)I.I10-'l'P03yc)eu, ::-;m.;en-

. JHl'J'GliJ) C DpOCJ10dW1i 
nor no 'l'Wl'e JIJJ 
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:TpO,ILOJIU8Hr18 T86mmbl J.~ I 

I4 I-IOH3 0,90I U,9I9 :~, 67 orro H3 'I'H'l'8H8 
234x68 MM 
.mro - "Tpesyc5eu", 
saMe II.JIH 'I' e .n:h c rrpocno1i-
ROil ITOrJIOTM T8JIH 

I5 I-IIH3 0, 83I 0, 8.19 q 45 "' , OIIO H3 8 JIIOMH H H.fl 
234x50 MM 
]J,IIO - "Tpesyoeu", 
38MG;D,l!f1 T8 JI:b c ITp OCliOitl-
rwii nor JIO 'I' WI' e liH 

---·-------------------·-------------------
reoMeTpHl:l8CRf.18 CX8ME MO}J.Y JIHTOpC B peaRTElBHOCTH I-ot1 C8pl1H 

OITLITOB ITlJHEG;D,GfiF Ha puc • 6 H 7. 

IIocneJIBriL pesyn:sTa'1' HecHon:sRo Heom1.TI.aHeH. HaiOIOEHHLi .EapH8HT, 

H8 rrepBHil B3rJIRIJ,, II,OJii?tBH ).X8B8Th H8l:I\Ol1b.KO M8H:bWee 3H8'Y8HI-Ie d , 
l:leM ropU!30HT8JI&Hmlo T8.r<orr pesyn:&T8~~ IJOI\8 He ITOHRT. Ecnn JIOIT8CTL 

OITQ C).X8JI8Th p8CWH~.fJ[OITl8itiC.8 BHM3 CO ::40 II,O 330 N"Jl\1 (.KJIV1H006pa3H8.8 

cpopM8, E8.PH8HT I-9H3), 'I'O sTo nptLEE!Ji.GT I\ cr-m;;;ernuo / Ha IL%. 

B IWHDe n_r.:or•.r;:8f.1I~r c roMoreHHVl\U MOIJ.:YJIRTO.P8Mvi pea.KTHEHocTn 

6biJilil lil3Mepe Hbi .1LB8 E8piiaHT8 C OfiO ru THT8H8 ( 'l'OJIU.\VIH8 68 NiM) H amo

MHHUH (TOJUUMH8 50 !VIM). llO;D,B~DKHhlB OTpa;;:a'l'GJIH Jtl3 8JIIU..1!1Hl1.8 H )1{8JI838 

M8JIO OTJIHY8KJTCB (B rrpeJI.e.n:ax onm6rm) no :e.em1YHHe / • TaT8Ho-

Bhi~l O'l'.P8/i;8TGJ1b ITOc.n:e rrepectJeTa H8 C;D,UH8ROBy·rc1 TOJlUlHllY OR83HBaeTC.8 

saMeTHo :x:yr;e ;;;eJiesr-roro (H8 20%). 
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1-5 -I 

Pvw. 6. reoMeTpVItlec.Kue cxervm MOJlYl.IB ropon peai<TBBHOCTVI I-tl 
cepHa OIT1ITOB. 

. .. · ·.·:. 
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2-1 6-6H 

SZ::Z::::Z::Z:Z7:%T! 1/J I I I II t /Itt I I tptt! I II> 

PI1c. 7. reoMeTpnGecRne cxel\m r110lJY.TI.f: TopoB peaHTHBHocTI1 I-1-r n 
6-il cepnn orruToB. 
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5.1. HsyYerH1e "peweToR" VI3 6epl1JVIMJI. 

B 3-Ll eepz,m OllbiTOB V13M8p.RJH1 K(X) :D.JIR BOe:OMI1 BapVIaHTOB MO_rry

JIRTOpa peaRTHBHOeTH k13 oepHJIJIVIR. Pesyn:oTaTH 8ReriepHM8HTOB H pae

'18TOB xapalh'8pHeTHR peaRTopa e TaiH1Ml1 MO:nY.JI.F.ITOpaMH peai<Tli1BUOeTVI 

Op!i1B8:U8HH B Ta6n.2. reoMeTpl1R 3RCIT8pJ:1M8HTOB rrpe,IJ,CT8BJI8H8 Ha 

pac. 8,9. Bee paeyrum ~bmo:n:ueHH B MacrnTa6e I:IO. 

IlepBbie Y!.e li13MGpeHHR l{(l) IJ,JI.F.l reTeporeHIIOro MO)JYJIRTOpa peai<

Tl1BHOCTH l13 6epH1Il!H.F.l ITOI<838JII1 npaBaJI:OHOCT:O IIepBOH8'18JIDHOM I1:U8lil H 

3H8'1li1TCJIDIIH11 BuarpHlli B IIOJIYlin.IpiiHe HMITYJI:OCa MOlliHOeTVI ITO epaBH8HHIO 

C roMoreHH11M BapnaHTOM. 0TCY'TeTBli18 6epli1Jill}I8BbiX 0JI0'1ROB, H800XO;r.tli1-

MbiX p83M8pOB tHe II03BOJIHJIO rrpoBeeTlil IIOJIHYIO OITTl1MI138UliliO pa3M8pOB 

6epi1JIJIH8BOti "pelli8TRH" • 113 T86JI. 2 Blii;r.tHO ,., 'iTO JIY'1llili1M H3 li13M8p8H

HbiX BapnaHTOB RBJI.F.Ie TCR BapaaBT 3-5 • 0DTI1M8JI:OH08 '1l1CJIO 3Y 6:oeB .IJ.JIR 

MOP,YJIRTopa peai<THBHOeTlii B BH;ue rrpemeTI\11" 6y:neT 3 - :D.JI.F.l 6mnrmero 

R 8RTI1BUO}i 30He (OIIO) H 2 - )J,JI.F.l ,UIJO. 0DTBM8JIDUaR TOJilllHHa )J,JI.F.l 

"perneTRH" OIIQ 6Y.11.8T JI8i'£8T:O MG/i1;DY 20 VI 40 MM. TOJ.IUJ,lH-18 ,IJJIQ MOE8T 

OblT:O 50-80 MM I1 orrpe)J,eJI.F.J8TCR eiWpee IWHCTpy·RTHBH1IMl1 eoo6paiiiDHli1JJMU. 

BapliiaHT 3-8 HHTepeeeH e T0'1I<li1 3p8HU.F.l IIOJIY''18HHH 3qxp8I<Ta CaMorawe

HI1R l1MfiY'l.ffiCOB MOtUHOeTH B l1MITy-;n::oeHOM peaRTope nepHO;r.tHYeeJ\OrO ;ueti

CTBliiH (eM. /
4
/) H3-38 6JIV130eTU Mai<eHivLY"MOB peaRTI1BHOeTli1. Boo6me, 

lJ,JIH ITOJIYtJ8tU1.F.l .K_pLIBOil peaRTHBHOeTI1 e 0JIH3HHMH ITO BHeOTe MaReHMYM8MH 

( A I~-- 0) HeOOXO,IUIMO, '1T06bl tJHelJO sy·o:oeB peweTRlii (B eMbleJie 

.11.JIHT8Jil>HOeTH HMfiY JII>ea) ChVIO 60Jibl.I18 OIITHM8JIDHOrO - 4 !1 3 liDIH 5 I1 4. 
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f 
* PactJeT IIOJIYWiipliUIH HMITYJioCE: ~/<?; rrpoBe;ueH ;D.JIJ-1 

=5I'u:, .r =80Hc, 'l/B~aMMH=I57,0M/c 

reoM8'l'PHtJ8Cl<l18 CX8Mhl lV10zxYJI.8TOIJOI· peaRTMBHOCTll 3-1-1 cepHH OIILITOB 
rrpHne;ueHu Ha puc. 8, 9. OneHI<a ~ ~ #x · rrpoBe;ueHa rpaQ;H-

tJecwlNJ UyTe:.1 (no rpattnHy K(,Y) ) rrpn cmmre ~.~o;uyJI.FJ'l'opa rra 
3 CM., 
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PvlC. 8. reoMeTpnt.JeCHM8 CXGMbt MOJlYJIHTO?OB peaHTHBHOCTH 3-tJ 
CepHM OriHTOB (MOJIYJIRTOp pea.RT 'IBHOCTH H3 6epiil.UH1.8) • 



3-7 3-S 

. 4-1 . 4-2 . 

4-3 4-5 

PHc. 9. reoMeTpMtJec.rme cxeMH MO.nYnJJ.ropoB peaRTHBHooTa 3-ii :a 4-11 
cepHH OriLITOB. 
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4-6 4-9 

4-10' 4-11 

4-13 4-15 

\ 7 

Pv!c • IO. remr.eTpn.qeCI<ne CXel'viH ~!O.llY'JI.fiTO.POB pea.KT!1BHOCTll 4-il 
cepun OITHTOB. 
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5.2. Hsy"4eHM.e peweTo.K us C'l'a.rm. 

B 4-:ti cepvl.H OITH'l'OB npOBOPJIJH1 BLI6op ODTI1M8JlbiiOii TOJIUJJ1Hbl 

3JI8M8HTOB MOJl.YJI.HTOpa pea.KTI-1BHOCTI1 (Ta6n.3); 38EHCHMOCTh OT 

TOJIUU1Hhl BJI8M8HTOE MOTI.Yl.I.HTOpa O.Ra3 3JI8Ch )lOBOJihHO CJI800}i. B lli-ITep-

E8JI8 TOJIILUH1 OliO OT 18 MM )10 72 UIM I13M8H8HI18 / ):' //,r l-18 

npeBHW88T 40%. 0DTUMaJILHa.B TOJIIUHH9 OfiO )lJI.H CT8JIH COCT8BJI.H8T 

50-60 MM (BapVIaHT 4-5) • IIo TOJIU!HH8 .IUJO OITTHMYM U8 Oc5Hapyli~H. 

B 5-H cepiiH B116HpaJli1 ODTHMaJI&Hhit1 war "pewe 'l'RH" H 11I1CJIO 

sy-o:&eB. }13 Ta6JI. 4 MOh.a-10 38HJIIOt3HT&, "4TO OITTUM8JI1H08 11YICJIO 3Y0b8B 

3 - lJ,li.H OliO H 2 - JI.JI.H ,1I,II0. Boo6me OITTHM8JI&H08 YHCJIO 3Y 018B Ha 

OliO H .1JD0 38BI1CHT OT Toro, .RaROM ~13 HHX BpamaeTC.H OHCTpee. 

EhiCTpee Bpamawmn:liC.H MO;D.Y'JI.HTOp )10Jlii{8H HM8Tb H8118 TI108 tHfCJIO 3Y0b-

8B - 3 HJIH 5 • .I{pyroii ne - 2 IIJIH 4. YB8JI}1118HHe 11ncna syc5:&eB :n,aeT 

DpllpOC'l' BTOporo I1Mfrj llbCa peaRTHBHOCTlr1, 11TO c5Y.ll8T CITOCOOCTBOBaTb 

cart.oraweruiiO IUviiTy)lbCOB MOIUHOCTH. J!liR 0I10 WHpHIJa syC)a .P8EIIa npoMe

>RYTRy· Me/R;n.y HI1MU, a ;IJ,JIB ,UIIO DpOM81l':.Y'rO.K MeJK;r:ry 3YO:&RMH lJ,OJil!t8H ObiT:& 

H8CROJI1RO WHpe, 118M HnlpHHa syc5a 00:0 • 13 BTO:it C8piU1 OITTHM8JThHHM 

o.KasancR BapuaHT ( 4-5) HJITI ( 6-I) , T. e. JIY'1Um:li war pewe T.Kt1 70-80 

M.l\1. 

B npe.nHlJ.YillllX ::nwnepnMeHTax H3MepBJII1 R.PHEYIO pea.KTHEHOCTH 

· DpU CM8lil8lHi.HX TO.l.f.bi\0 OliO HJII1 TOJTh.:<O )1]10. JJ.JIB OIIO E8JIHYHHa Bcer)la 

6oJihwe, 118M JI.JI.H ,DJIO. JJ.nn rrpa.l\Trum Baxmo sHaT:& Rprmyro K(X) npa 

B38I1MHOM rrepeiVI81ll8HrUI OliO J.il ,1JJI0 H8:3CTpe-gy .npy-r .npyry. JJ.nR Ta.Roro 

po)la rrepeMeli18HH.H 3Ha"Yeuae · tl 1:"/:/,r , .Ka.R c5HJIO nponepei-Io, 

JIG/.KH'l' B 11porvl81r:yTR8 M81K.llY )1BHH8HI18I~ TOJihHO OTIO VI )JJIQ j 11pH paEHOti 

c.r<opocTn orm J.i1 .uno - nec1wnnHo c5Jn)i{e I< .uno. B nocJw;ny!ontiix si<c

nepuMeH'rax cmu,Iaml l<.PHBYFO K(X) R8.\ .llliR orro' :eaR 1i lJ,liR B38HMHOI'O 
. ., 

nepervmutemtn 0110 u .uno HaBcTpeqy rpyr lJ,pyry ~.· HaH npu paBI-IoH ciw-
J .. · .. 

pOC1'l1, 'l'8H II lipli COOTHO!li8HI1SJX CI\Oj)OC~'eii 3:1. 
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Ta6Jllna 3 

PesynhTaTH ~sMepeHMll no BH6opy OITTVIManhHOH 

TO;zilllVlHH sneMeHTOB MO)::(YliRTOpa pE:aRTMBI-IOC'J.1VI as CTaJIIi! 

_ .......... _ .. __ 

i BapnaHT j'f,ro-3 OM-I Gk . ., MRC:K .t1K.t,I0-2 A4,ro-2 5mo7 ro-2 

orro I,O-I,I !64 ± 2 0 60 0,44 0,!54 
I 4-I ' .urro 0,7-0,8 212 + 2 0,43 0,26 O,II3 -

OliO I,O-I.I 164 + 2 0 65 0,44 O,I56 
2 4-2 - ' .urro o, 7-0,75 2!4 ± 2 0,41 0,26 O,II2 

OliO I,O-I,05 I73 + 2 0,55 0,42 0,!50 
3 4-3 -.urro 0,65-0,7 0 35 

' 
OliO I,2-I,25 160 + 2 0,61 0 38 0,155 

4 4-5 - t 

.uno 0, s..o, 85 210 + 2 0,48 0,115 - " . 

orro 1,1-1,15 166 + 2 0,60 0,38 0,158 
5 4-6 -]UIO 0,6-0,7 0,46 

OliO 1,05-1,1 166 + 2 0,57 0,29 0,15I 
6 4-9 -.nrro 0, 75-0,8 0,51 

orro I,0-1,05 166 + 2 0,57 0,30 0,167 
7 4-10 -.uno 0,6-0,7 0,51 

OIIO 1,0-1,05 17I + 2 0,53 0,29 0,161 8 4-II -.uno 0,65-0,7 0,44 

. 
ono o, 8-0,85 18a + 2 0,45 0,16 0,151 

9 4-I3 -.uno 0,55-0,60 0,47 0,47 

OIIO o, 7-0,75 I92 + 2 0,4I O,I3 O,I50 
IO 4-15 -orro 

.n.no 0,6-0,65 0,36 0,2I 
--- ----

:K PacqeT ITOJIYW!i!pflHb1 HMTIYJII>Ca B;-;.z npoBep,eH .nn.H 

I= 5 ru, "t' = 80 HC, ZI'B3 = !57,(1 1\VC; reoMeTpHtJecmie CXGMH 
i 

MO.llY'JI.f.lTOpOB peUI<'l'HBHOC'l'H 4-iti cepm~ Oill,TTOB ITpHBGTI,GI·Ibi Ha pHC. 9,10. 
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Ta6l!VIL{a 4 

PesyJrbTaTu asMepemrtl no Bu6opy napaMeTpoB 

wara peweT.HLI 

---------------------------------·------·------·----------------
J~ BapnaHIJ.' r/K ro·-~ -I 

c/)" 1 CM GJ,a I MIW* A ~;I0-2 A~7HT2 §M"o-, I0-2 

----------------
I 5-I 

2 5-2 

3 5-3 

4 5-4 

5 

orro 0 9-I 0 
' ' 

~~g- 0, 8-0,85 

0110 o 8-G 85 
' ' 

}ill8- 0,6-0,65 

0110 0,95-1,05 
0110-
.n;rro o, s-o, 85 

orro o,5-0,65 

)illg- 0 '6-0 t 65 

orro I,I5-I,20 

£~8- 0' ffi-0' 95 

I76 + 2 -

IB? + 2 -

I7E: + 2 -
I9~: + 2 -

0,34 O,I3 

0,33 O,I3 

0,38 

0,23 

0,65 

0,58 

0,33 

0 08 • 

0,23 

0,30 

222 .± 3 " 0,54 

0,50 

0,62 

0,40 

I62 + 2 -
IBE + 2 -

0 6I 
' 

0,5I 

0,43 

0,40 

O,I45 

0,147 

O,I49 

U,I3I 

0,109 

-
0,150 

0,14.3 

--

~-~-~~----------·--L------------·-------------------------

jJ ~) PacYeT noury1U1pLIHH I'IMITYJII>ca GJ.r/2 npoBe;n,eH JVIR 

i = 5 Th;, 7:' = 80 HC, ~ = 157 M/c. 

reoMeTpMt38CRHe CXeM1l MOm'JIRTOpOB pea.HTVIBHOCTH 

ODHTOB npvme n.eHbl Ha pac. II. 

5. 3. HsyYeime BJIYIJ1HHR I\OHCT_t:y·.HuHoHHb!X sJie.MeHTOB. 

5-oi-I cepnw 

B 6-oii cepi!H npoBepRJII1 BJIHRHHe pa3JIHtJHLIX IWHCTp~r.HuHOHHLIX ;n,e

'l'aJieH H 3830pOB Ha napaMeTpH MO.IJ.Y JIRUHW MO)JYJI$1TOpa OIITHM8JlliHOli I<OH

qli1ry·pamm BapHaHTa 4-5* • B lJOCJI8WIOlUHX M3MOp8I-Hl.flX OH 0603HatJeH 

6-I (eM. TClOlio 5). Pe3yJI.bTUTH ITOJ1y<JHlli1Cn T8I<H8: 
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Ta6JII1Ua 5 

· Pesy n:nTaTH HsMeperm.FJ no liiOCJIE~noBaHmo BJrnnrmn 
pasmrtJHbiX ROHOTPYHUliiOHHHX ne ·rane:fii: l1 sasopoB3£~) 

--- -- ... . .... ..6~.-----__,--
J& Bapl1aHT d'~ ,Io-§M-I 

dK ~' wJ<o* A ~,ro-2Ai;,Io-2 6'mo,ru-2 Jipru.mq. 
_._......___._...______. ............. _............._.........,~....._......_.._.__._ __ 

orro I ,I5-I ,20 I63.:t2 0 6I ' 0,43 O,I50 
I 6-I~ OflO- o, 85-0,95 186+2 0,5I 0,40 O,I43 ~ = 0,8 OM (~5 ) .uno -

-
OTTO 0,6-0, 7 218,±3 0,32 0,2! O,I29 

2 6-IB OTTO- 0,6-0,65 0 32 O,IO .mro • 

3 6-IH OTTO 0,95-I,O I75+2 0,46 0,18 O,I60 -
4 6-2r OIIO- 0, 75-0,80 20I.t3 0,53 0 31 0,132 $J. =I,3 OM Jf.IIO 

t 

" 
5 6-3r ono~ 0' 85-0,90 I32+2 0,49 0,30 O,I5I £ =I,O OM 

.W10 -
OIIO o, 7-0,8 201+3 0,37 0 30 O,I37 - • 

6 6-4H OITO- 0,7-0,75 0,36 0,23 .urro -
OIIO 0;75-0,ffi I90+3 o, 42 0 31 O,I4.0 - , 

7 6-5H OTTO- o, 8-0,9 183+2 o, 46 0 38 O,I40 Jf.IIO - , 

8 6-6H orro o, 75-0,85 193+2 0,·13 0,38 O,I40 -

-----~~---------~--~~-·---------

2e) Paol.JeT IIOJIYll!Hpn:r-m MMnyn:noa 
= 5 ru, "t- = 80 He, Z{ = I57 rvvc. 

,1 
rrpoBe,ueH )J.JIR 1 = 

**) reoMeT_rmgeorme cxel.m MOJLYJI.FJTopoB peaRTviBHooTn 6-ii oepaa 
OII1ITOB rrpvmenerm Ha pnc. II, I2. • 

So - pacoTOJ.JHHe Me;K;ny aRTHBr:oii souoii 1:1 MO.IJYJIRTopoM peaH
TI1BHOCTI1, $"; - paccTOJ1Hll8 Me!JP,Y' 8JI8MGHT8MII MO,IIYliRTOpa ( 0110 H )JJIQ). 



.•, •,. ~~.- ' : '·I ' 

... 

5-1 5-2 

5-3 5-4 

6-1,2,3 2-2 

Plio. II. reoMeTpHt180l<H8 CX8Mb1 MO.:IJYI!SlTO.POB peaRTHBHOCTI1 5,6 n 2 
oepHti OITb1TOJ3, 

t - paCCTOfHme M8ni.llY aR'l'VDH-IOit 30HOi1 1'1 MO)J.Y'lmTOpOivl, 

~.t - paGCTORHHe M8/Ii)JY 8JI8MElHTaMVI MO,I!YJIRTOpa. 
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a) ~3MeHerme 8a3opa M8JK,7J.Y peueTKaMM OIIO a lUIO c 8 . .f'v'JM .no I3 MM 

( ~ ) rrpvmo;rr.MT R YM8HLWeHM:ro /K ~x Ha I0-!5%, 

0) YJ38JII1"Y8HVJ.e sa3opa MCJR.JJY aifTMBHOH 30HOi1: 11 0I10 ( ~ ) C 5 MM 

.no IO MM rrpkiBO)JJ1T R yMeHJJW8Ht1IO /,.e~% Ha IO%, 

B) ~3M8H8HI18 HarrpaBJI8riM.f.l )J.B1111:8HM.f.l MO.IlYJI.f.ITOpa pea.RTMBHOCTli C 

Ha.K1IOHHOro Ha B8pTVII\a)IOH08 ITpllBO,ll.l'.T I\ YM8Iihlli8FU1IO /r~ Ha 

25-35% (11m1 YBeJI:vrtieHnro 61-0? Ha I3%), 

r) l-i3M8H8Hl18 HanpaBJI8Ht1.R lJ,BJ1Ji:8HVI.f:l MOJIYJI.fiTOpa pea.I\TMBHOCTB 

C ropMSOHT8JIJJHOrO Ha HaRJIOHH08 (6~P OTHOCHT8n&HO BepTl1R8JIDHO~ 

OCll peaHTopa) li1Jr1B0,7J.HT !{ YM8HLU18HV.IO /r ;0-- Ha 20-23% (l1Jru 

yBenr1"Y8HVIIO &-/.£ aa IO%), 

,7J.) YCTaHOBRa RJIVIHI>8B C OOROBLX TO.PUOB 0I10 (yB8JII1"Y8Hl18 UlllpVlHH 

C 34i1 .M.M JlO 534 MM) rrpi1BO)lV!T K He:: HatiHTe liOHOMY CHV1i:«3HMIO d.Kh 
(rrpi1M8pHO 3- 4%), 

e) ycTaHoBRa 3a MO)J.YJI.f.ITopoM I:eaKTMBHOCTI1 Bo.nnHoro saMe,7J.JIH

TeJI.f.l TOJililHHOli: 50 WJv1 C ripOCJIOlli\Otf JOivllVI Rap6l!I.na oopa IIpuBO;rLHT I< 

ClU1iK8HI1IO c/~ #;r Ha 6-7% (MIDI YB8JIH'tJ8HHIO ~# Ha 3- 4%), 
>K) YCTaHOBI<a sa MOJJYl.I.f.ITOpOM reai{TliiBHOCTI1 CT8JIDHOrO .1IHCT8 

TOJIUlMHOfi IO !viM, t1MI1Titipyroruero HOEYX OTpa!KaTGJI.f.l, rrpk!BO.UI1T K CHHB.ermro 

dK#- Ha 5-8% (l1JU1 Y'B8lli:'l.'J€HHIO 6/-0? Ha 4-5%), 

3) SaMeHa CTaJThHOrO .IJ.IIO MO)I,YTBTOpa peaKTHBHOCT11 Ha OepHJiffiie-

Bhrii IJ.PI1BO;IJ.vlT R 38M8THOIVIY B03p8C'I'aUIIO 

40%, 

dJ1~,r ll.PI1M8pHO Ha 

11) ycTaHOBl<a IO MM II.POCJIOMRll HS Rapon;ua 6opa sa SY6LBMI1 orro 
(BapnaHT 2-3) B rrpeJ~enax orrm6o.I\ nsMepemiti na rrapaMeTpH MO.nYJIRTopa 

He BJinJieT, 

H) 38RlifO'tJ8IH18 6ep!1JIJIHR B CTaJJLHOM ROiXYX TOJIUU1BOi1 IO MM B 

3JI8M8HTax ,UIIO (BapHaHT 2-5) lipHBO)JHT R CHt11E8HtUO /_e~ Ha 

25% (HJIH ynemi"YeHHIO <Q;z ua I2%), 
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Ta6mm:a 6 

Pesy"JI1TaTH M3M8p8HV1i1 M paCG8TOB ITO MCCJI8)lOBaHmo 

JK8JI830-6epi1JIJIH8BLIX peUieTOI\ 

. 
1 ·- -----------------------~ 

Jb BapaaaT cl~ ;ru-§ -I 
c/X M G2 * ~ Io-2 t!. Io-2 

7-'e , MKC A ~~ .6 .2' Cn-;o'1u2 

--------
0110 1,6-I,7 142 + 2 0,76 0,43 0,194 

I 2-2r -0110-
,IJJIO 1.4;1,45 0,74 0,42 

--
orro I,5-I,6 I~l6 ± 2 O,i?2 0,51 0,174 

2 2-2r3a.M OITO- I,2-I,3 IE>O ± 2 0,69 0,40 0,169 .nno 

orro I,2-I,35 IE6 ± 2 0,67 0,40 0,167 
3 2-2H OITO- 1,15-1,20 )UIO -

4 

orro I,7-I,8 143 O,ffi 0,49 0,174 
4** 2-2r<:r) OITO-

.IUIO I,3-I,35 I60 0,75 0,6I O,I64 

-
5 2-3r orro I,65-I,75 I39 ;t 2 0,83 0,48 0,179 

orro 1,3-1,4 I55 + 3 0,68 0,41 -6 2-4r OIIO- I 05 I I 0,57 0,31 .uno , - ' 

OIIO 0,95-I,05 175 + 2 0,49 0,147 -7 2-5H OITO- 0, 9-0,95 ISS+ 2 0 50 O,I47 .rmo - J 

~) PaCtJeT ITOJIYllli1pHIIb1 MMllYlibCH 6'¢2 npoBe)lea )IJIR ;I = 
= 5 :r'Q, "!" = 80 HC, ~ = I57 M/c •. 

reoMGTpifYGC!\118 CXGf:1H MOlJYJI.8TOpOB peaHTHBHOCTH 2-ii Cepml 

orr11TOB rrpunc)~e HH na pvw. II, 12 • 
~) 

YBGJH1tJ8HO paCCTORrHfe .MGJi{,!Qr sy·61JJMH JUIO )lO 100 MM. 



2-3 2-4 

I I 

\ ·-

2-23 2-5H 

F* tffixJ?tuw;wyw, 

6-4 

Piw. 12. reoMeTpWJeCHVIe CX8!vU~ MO.JlYJI.f.JTO.[JOB peai\TMBHOCTU 2 H 6 
cepvlH ODJ:JTOB • 

• 
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-
11) ITpi1 )lBI1/K8HVUl OTIO CO CROpOCT:OIO B 3 pa3a OOJI.OWe, tJeM ,Ul10 

( AXorro= 3~.Ax.nrro) (Bap. 2-5H) /K~ ~Jdl = U,9·Iu-3 cM-I. 

o'ro Ha 25% x;;me, tJeM B Eapi1at·ITe 2-2H, r,ne OIIO l1 .uno P.BI11KYTCR 

HaEcTpeq~r J.~py·r .npy·ry· c owmaHoBoli cr:opocT:oro. Ha CT01I:biW iKe xy·li~e 

11 rny6MHa MO)J.YJIRIUUI 11 K,; 
M) B BapHaHTe 6-3 l13ytlal!OC:O Bl!I1RI:Ul8 C)J,BI1ra MeCTa BCTpeqn 

OliO H ,UIIO 1I8 LlJH3H~ecHoro IJeHTpa. Bel!l1t1I1Ha /Kh ITOCTerreHHO 

B03pacTaeT I1 IIpll C~J.BHre •m 30 MM . IIO XO,IJ,Y BpameHI1R Of!O ;D.OCTI1raeT 

Mai<CllMYMa (YJ38lii1tJHBaeTcR na I5%), 3aTeM pesi<o crra.naeT. 

CpaBimM .rvrelit,IJ,Y coooti TPI1 M07JYJIRTopa: I-E: rnTaTHHii MO,IJ,YJIRTop 

peaR~'llBHOC'l'll HEP-2 oc5pasna I979 ro,na. IIapaMeTpu peai<Topa c TaRHM 

MO.JJYJIRTopoM: /K;W'.l'2"Jt. ~- = (0,6-0, 7)I0-3cM-I, AJt'HI' = 3,2%, 

GJ(.e = 2I6 MI\C )J,JIR I = 5 ru, 1:' = OO·Iu-3c, ~no = I57 M/c. 

2 - MO.UY1IRTop peal\THBHOCTI-1 reTeporeHHOM C'l'PY1\Typu I13 CTaJIH. 

ITapa.MeTpbi peaRTopa c TaRHM MO_D,yJIATOpoM: ~ ~.4 crnni. = I ,I. Io-3cM-: 

AA1,A(p = 3,6%, · ~t'.t = o,65%, GJ.¢! = I94 MRc ,nnR I = 5 ru, 
'i = au·Io- 8 c, -zt;;, = I07 M/c ( ~o =50 M/c). 

3 - MOII,yJIRTop peaRTI1BHOCTI1 P8'l'eporem-Joti CTPYI<TY}Jbl 113 6epnJI-

l.U1R: c/~0 n - = I' 9• ro-3cM-I ( /A!.~"'- -=(2 2-2 3). 
3 / Ci' ve ~t.U' / P. """' lY71-frl. ' t 

·Io- cM-I), A.A::!,A(,P = 4,0%, ~~~ = u,9%, , 

&t;;e = I46 MHc X(JIR f = 5 ru, ~ = ao nc, Farro = Iu7 M/c, 
r,lJJIQ = 50 M/Ct~ 

I 
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X,cM 

PMc. I3. RpMBHe MsMeHeHMR peai<Tn:snocTM ,U.llfl Tpex TJil:ITOB MO)J.Y'JI..8Topon: 

I - UIT8THH}1 MO,IJYJIRTOp I1EP-2 (MO,U.el.O":l 1979 r.), 
2 - reTeporeHr-IHM MOWliRTOp M3 CT8J!Il' f' ~ ) 

3 - reTeporeHI-IHti MO.ITYliRTO.P J13 c5epHliliMR (...x ' JE) 

N 
20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0,2 

"" 0.0 . 'o 
~-0,2 

-0,4 

-0,6 
t,c ·10-~ 

Pac. I4. ~pMa HMilYJIOca MOIUHOCTM M HPHBaB HsMeneHI1B pea.I<Tt1EHOCTH 

}J.liR MOllYliBTOpa peai\THBHOCTil I13 c5epHJI)IMR (Rp4Tfl'1eCHOe 

COCTO.miHe) • ' 

1 

I 
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A ITOCIWID>RY CIWpOCTL l13MeHeHI1R pt38RTHBHOCT11 Y MO.IJ.YJIJJTopa C reTe

porermoH CTPYRTYPO.lir saBI1CI1T oT B:3aHMHoti cRopocTI1 OIIO 11 .urro, a 

He CROpOCTI1 OTIIOCVI.T8JII)HO 8!\THBHO,,l 301-IH, I\8!\ B c.nygae I'OMOI'eHHOI'O 

MO;D.YJIRTOpa pea.I<TliBHOC'.PI1, CJie ll0B8'r8JIIJH0 C OTpa/:laTeJieM I'8TeporeH

HO}i CTPYHTYP.hl MOiUIO ITOJiylJaTL 60Jit3e HOpOTln18 I1MITY.7IhChl npa O)J.wHia

I<OBbiX CHOpOCTRX OITQ I1 Uil0. 

B T86JI. 7 llpi1Beii,8Hbl 38BHCI1M)CTV1 llO.T.IYU1Vlpi1Hbl HMrJYJibCa MOWHOC-

Tll 61/e OT CHOpOCTli OliO OTHO<)WI'eJII,HO 8I<TI1EHOii 30Hhi peaRTOpa 

llpH CHOpOC'l'I1 ,TI.IIQ, paBHOLi 50 M/C UJIH Tpex EbiW8':}I\838HHHX MO.IJ.Y .T.IJJTO

poB pea.I<TVIBHOCTH. B Ta6.T.I. 8 ,D.aHH nonHHe BcW;ei<TH peaRTHEHOcTa re

TeporeHHEX I\;Q;D,Y}IRTOpoB. 

~OpMa lHvm':}JibCa MOWHOC'l'H )J.JIR BC8X Tpex E8.PH8HTOB rrpa.I<TMlJeCRH 

He OTJIHlJaeTcR. ll;r.H rrpkUviepa Ha pi11). 14 npnEe)leHa q:opMa HMITYJihca 

MOU(HOCTH U RfHEaH peaRTI1BHOC'l'li ;li,.IIR I'8T~pOI'8HHOI'O MO}zy JIRTOpa I13 

C5epl1JIJUUJ • <J.So_r:;Ma HMrryJI:sca MOIUHOCT:1 .llJIR 3 TI1ITOB MP B .T.IOI'apHcf;MH

'Y8CROM MacruTa6e ITfl1Een,eHa ua p1c. I5. 

ilpi1Ee;neM IJ.JIR cpaBH8HI1H 3Hagl~ HH.F.! Y.POE£-JH cf;oua Jl,.TIH Tpex THITOB 

MOJJ,y.T.IRTOfa: 

_!!; :: fi ::=. 6 , u% < 2 ) 
{

6,8% (I) 

~ A~,.,,. 5, 4,% (3) 

(I) 
(2) 
(3) 

IIo60lJHE8 HMIT':}.T.IhCbi MOWI-IOCTvl . :caT8JlJH1Tbi) D,JIH I'CTeporeHI-JOI'O 

MOlJ,YJIRTOpa pear<THBHOCT11 6yeyT M81ILW8 ITO arr.IIJII1T':}II.8, lJ8M JJ,JIR I'O-

More mwro : 

(t) 

{2) 

(3) 

I 
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TaOJIHUa 7 

3am1Ckit10CT.& ITOJIYDJHpMHH MMIT)TJl:OCa OT OIWpOCTM 

MO)JYJIRTOpa peai\TllBHOCTH )J)IR pa3HUX BapaaHTOBn) 

~ I zr l!) Wpi!J!J!)I;;;;; p~e_:~:~f--~HaR ~~~fr§~-;;m~ 
}(! ~~~ tJ/2} IIU!C c%o1 w-3 6lte,MRC I G,~~v%~MRC I~-"~~~ 
~ roo I96 r,I8 253 o,92 293 o,828 
2 I57 I46 I, 80 194 I ,39 2I6 I ,22 
3 200 I27 2,23 I7I I,7I I82 I I,36 
4 250 II2 2,70 152 I 2,05 I57 I,80 
5 300 IOI 3,I5 I40 2,32 I39 I 2,09 
6 400 90 3,97 I !28 I 2, 77 I !20 2,4-~ 

7 500 84 ~:_L:_l~:L:~~51 __ :~~~ 
~) .IVra pe111eToR zt" osaaqaeT Bs;MMHYIO ormpooT:o orro H .uno, 

:Ulm roMoreHHOrO MOWJIRTOpa 2/ - a6.COJ1IOTHaB CRO.POOT:O 0I10. 

Ji 

I 

2 
3 
4 
5 
6 
7 

~) PactleT BH1TOJIH8H lJ,JIB I = 5 ru, ~ = 00 He, Zl'".1UI0=50 M/c 

BapnaHT 

3-I 

3-5 
4-5 
6-2 
6-3 
6-5 
2-2 

Ta6mrqa 8 

Sqrpe.HT11 peai\THBHOCTV.: reTe pore HHUX 

MO)lYJIRTO_pOB 

...... ............_..__._....._.. 

aX 1 ~ - AK MP•% I 0 IT 0 l .uno I . ---
2,70 I,IO 3,80 

. 
2,80 I,20 4,00 
2,45 I,I5 3,60 
2,30 I ,05 3··35 

' 2,25 I,IO 3~35 
2,51 I,IO 3,ql 
2,50 - · .. -I 

- ---

ITpur.. ~eqaane 

Tomua·HaO:rra
Be-Be, 

Be-Be, 

re-Fe, 
re-Fe, 
re-re, 
Fe-Fe, 
re-Be, 

.UITO 
40/40 MM 

40/40 MM 

54/72 MM 

54/72 MM 

54/72 1\<!M 

54/72 MM 

54/60 Iv1M 



··, ... '.;. 

0 2 4 6 8 10 
t,c ·10"4 

Prrc. 15. fupMa HMIJYJIOCa MOlllHOCTH lJ,JrR Tpex TIUIOB MO.IJYJIRTO.POB 

B JiorapncprvWiqecROM MacmTa6e·. 

I - UITaTHhiii MO.IJ.YJIRTop HEP-2 (Mo.ueJIO I979 r.) 
2 - I'eTeporeHHHii MOm'JIRTOf H3 CTaJIM, 

3 - reTeporemmti MOJJ.¥31-HTOI t13 6ep11nm1B. 
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IT,r;oBen.emme BIWnopHMGWl'LI J03BOJIJJ£o'r c;uenaT:o EHEo.n. o pean:oHoti 

B03MOii\HOCT11 C03.II.amLF.I MOIJ.Y]l.HTOpa pea.I<TZBHOCTM reTeporeHI-IO:H CT.PYR

TYPhi c nY'HlniMI1 rrapaMeTpaMVJ, GeM IJ.OCTHrHYTHe B l-IacTo.muee BpeMR. 

B saRJIK>GeHne ccpopMMpyeM OI)HOBHHe rrony-GeHHLie saRoHoMepuocTM: 

I) re"i;eporeHFibiti MO.Il.Yl.LF.ITOp OITTHM8Jibi10M ROH~I1ry·paDMI1 (reoMeT

pl1.R BapMaHTa 4-5) Hl\108T 3H8GI1T<}JI:oHO JIYGlllMe IIapaMeTphi _M01J.YJI.RDZH, 

GeM WTaTHhi}i M0.1J.YJIRTOp, OOpasua 1979 rO]la; . 
2) re'.re_poreHHbiH MO;n.:yJIRTop I13 6epruum.R JJ,aeT /z/4 He 

MeHee GeM B 2 pasa OOJII:JIT!e, Y8M CT8JlbHOti MO)JYJIJ:ITOp; 

3) OITTV!Mali.&HOe '1HCliO 3Yc5:&E'B Ha OfiO I1 )JJIO 3aBUCI1T OT Toro, 

Ra.EW~i 113 HMX Bpamae TCJ:I 01ICTpee c BbiCTpee Bpar.ua!OllUtvlCJ:I MOJJ,YJIBTO p 

Jl,OJI/i{eH l1MeTb HeGeTHOe GVICliO 3YCi1eE - a Y.llii1 5. }Wyi,Oll IKe - 2 HJivl 

4 syoa. YBemiG8HHe GMCJia 3YOJ~ei. JW8T Jipl1pOCT BToporo HMnyn:oca 

peai<THBHOCTH, GTO CITOCOOCTByeT CaMoramemtlO Y.lMITYJibCOB MO!llHOCTU; 

4) OIITl1M8JI:oHa.R TOJIUJiHa OITC CTaJibHOro MO;uy li.F.ITOpa JI8ii{llT B 

HHTep.Bane 50-60 l\1M, )1)10 - c5onee 7CJ MM; 

5) OIITl1IviaJI:oHa.R TOJIUU1Ha OliO OepHJIJIHeBoro MO;lJ,YJI.RTOpa JI8/i;I1T 

B l1HT8pEaJI8 20-40 MM, llJIO - 00JI98 50 Mivr; 

6) WY.lpHHa 3YOa OliO paBHa IT)OM8/ZYTI<y M81riJJ.Y HHMH, a )l.JIR ,1JJIO 

rrpoMe>KYTOI< Meiqzy 3Y0b.F.JMI1 ;QOJI/i18H OHTb HGCROJibRO WHpe, GeM WH.PHF-Ia 

3Y6a OliO • .!\JIJJ CTal!.bHOro II 6efMII.IlleBoro BapHaHTa OUTHMail.bHb!}l ruar 
pemeTIUl 70- 8D l\1M. 
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