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A H H O T a ~ M R 

Yr1IOBEUI 3aBWCH:UOCTL acmwe?pHH B HCrtycxanmt Ir -M830HOJ3 

B pea1uin p+p-rr+ +d6s:.1ta H3Mepeua Ha no.napH30Bat1Ho1r nyqtte npo

T0B0B npH 3HeprHax: 536, 6!6 H 654 1faBo IToJ1y11enLt npsime )t0Ka3a

teJ11tCTBa Ha.JIHIHR d ~ COC'?OSIHHS 14830HOB B peaEtt~K p+p ....... n+ + d • 
Pe3yJILtaTH 3Kcnepnenxa cor.nacyntca c npe~nonoxeaneu, qto ~nJIHTY~H 

S -x d= nepeXO'AOB 3HattHTeJILHo ueHDRe aunnuTy~H nepexoia 
, a ) 'P, .... ,,,_--=--·. cs' ) p ~-- 0 _Ilp~H3B8lt8HH rpe.HHttHf:le oqeHKH 3Ha'<l&HHlt 

HSKOTOpHX ttapnwan.HHX ceqeaHno 
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Io BB e ~ e B ~ e 

MsMepeHHH TIOJIHHX ceqeHHll peaK~MH 

p+p-- IF+ cl (I) 

TIPH 3HepfimX npOTOHOB OT 460 M3B )XO 660 M3B (I) 9 a TB.Iei.e\S ,n;aHHh'!te 

](JI$! 60.mee BHCOK!?IX 3Heprlll~9 nonytJeBHEiie B OTiblTax no Ha6JXtl)r~B'.l7U) 

odpaTHOll peaKUVIH ]i+.:;.d, ~ p+p IlpH 3HeprY.rax Tr' =Mi830Ha _I74=307 

M3B(
2) 9 Il03BOJIV1JIW c;xeiaTb BHBO,D; 0 pe30HaHCHOM xapaKTepe 3THX 

,nByx B3aHMH0=06paTHHX nporceccoB9 o6ycJIOBJiemrou CMJILHI&m B;38.ln,IO,D;Si1CTBP!= 

e?J W =M830Ha H npotOHa B P=COCTOSIHHH C IYOJUIID.{ MO?JeHTOM i..:3/20 

YrJIOBHe pacnpe;xeneHHS Ir'=Me30HOB B peaKJ.Ulj'.H' (I) npH 3HeprMHX 

npo'!'OHOB 460=660 M3B 06'I,RCH~11HC:bs, HCXO,D;n H3 npte,IUIOJIOJ!C8HWS 9 \ITO HCITY= 

CKS.HM0 Ir' =Ml630Ha npmtCXO,IIJIT nprnn.1ymecTBeBHO B P=COCTOSIHPIH(I) 0 

0,nHaKO Ha OCHOBaHH3 TOJII,KO 3THX 3KCnepHM8HTOB HeB03MOXHO c.n;enaTD 

BTIOJIHe onpe'AeR~DHUe 3aKJIIDtt8HH8 0 COOTHomeHHH M8l?JlY pasirmqHbrM~ aunJIH= 

TY'AaMH Hp B qacTHOCTH9 H8B03MOXHO BUSCHijT~ Bonpoc 06 HHTeHCHBHOCTH 

nepexo~oB B peaKttmH (I) c mcnycmameu fr'=ue2oaa B d = cocTORHHHo 

Bone® noJIHYJJ H~q,opuann10 0 COOTHOMSHIH a.MilJl1/ITY'A pa3JIMqaux nepe= 

xo.n;oB uoryr 'Aatb onut~ no aa6JI10~eHHID pasnwqHux nonapMsanHOHHHx 

3cpq>SKTOBo PeaKrcms (I) Ha nonnpHSOBaHHOU nyqKe npOTOHOB Hsyqanacb 

npv.c 3Hepro 3I4 M'3B ( 3) 9 r'Ae ua6JI10;xaBmanca acHMMeTpm1 61,tna o6ycJIOBJiena 

~nie~speHizyieff M8lt'JtY S =Hp= COCTOHHHSMHo AHanorHqnua OTINTU 

npcmo.rc1urn:c:r, -raie,ice npv1 auepr:wn 4I5 M3B (4) o 3H&tteHVtR acMMMeTpini 9 no= 

.nytteHHLre B nocJie'AHeu cnyttae no.n; 'ABYMR pasJIH'qHii!MH yr1Ia1.m si ~IITepnpeTH0 

poBaJIHC:b aBTOpatm (
4) JHIImL Ea.K B03MOlitHOe y.m3amre Ha HaJIHtJMe 3rpq>8KTa 

= BOJIHhlo 



Q J -

lisnecxHo, 'Q'l:'O npoqecc pacce.a:mur · rt =MeaoHa Ha npoToHe B ~ . -

C0CTOSIHHH nec1,ua MaJI0Bep0SIT8H IlpH aHeprMH W =Me30Ha ~ ISO M3B. 

M cTaHoBHTCSI sa:ueTHHM TOJILKO npH aHeprim _....,_ 300 Jif3B (S), rie · 

&33~ ro0, a fu = -10°. B HeKoTopux -~6oTax, nanpuuep B (6), npe.zt= -

BapHT8JU,HO ,ItaHHLte O poJIH d -BOJUiij B pacceanmt W =M83OHa Ha IlPO= 
. ' . 

TOHaX paccMaTPHBaJIHCl, Ita.K OCHOBaHHe ,]tJIJl\Toro, qro6u npene6pettl> 
•' 

d= cocroaHHeu IT-uesoaa H aHaJIHsnpoBaTL KaK .ztnqxpepeHrtHaJil>Hoe ceqe-

Hllle, Tait H IlOJISipH3)fal{HOH1Uife aqxpeKTU B , pe~K!lHH (I) C yqeTOM T0JIJ,K0 
! , . 

S-H p-COCTOSIHHlle 

. ... '1"1t 
O,ItHaK0 H3B8CTH8SI aHaJionrn M8)!tJ];Y pe3_q1iaH,CHliIMH CBOllCTBaMI{ 

I• 

npo~er:ca_ (I) H pe3oHancoM B MesoH~HYKJIOHHOM paccesrnHu, cnpaBe,n,urnasr 
. -

B od~wx ttepxax, uoxer B .nencTBHTeJIDHOC~H cymecxBenamr o6pasoM 

pa3JmqatTDCSI B ~eTaJISIXo Pa3JmttHe 3TO MO~eT 6UTL BU3BaHO yttaCTHeM 

B npo~ecce (I) BToporo HYKJIOHao B cpeHOMeHonorH~ecKoff teopnH npouec= 

COB odpa30BaHHJJ rrt0 M830HOB B (p-p)=CTOJIKHOB8HHSIX ( 7) noKa3aHo, 

WTO B pea.KUHSIX p + p --~ ~¾-+JT+p H p 1- p ~.:rf+p+fP npH 

SHeprnax npOTOHa OT 400 M3B )tO 900 M3B c .D;OCTaTO'-IHO C>OJIIJmon B8POHT= 

HOCl''.bID Ha61110.iqaerca uexaHH3M P=pa31I8Ta pe3oHaHcKon·no.]tCHCT8MbI M830ll= 

HyKnOH B ~'Ps/~ -COCTOJJHHH OTHOCHT8JILHO BTOporo HYKJIOHao BepOHT~ 

HOCT~ uexa.BH3Ma P-pa3JieTa B peaK[(HH (I) OKalaJia~L Bec1>ua Manon 

B8JIH~HHOtte CJie,ItCTBHeM P=pa3neTa B peaKitHH (I) 6y,IteT HCllYCKaHHe Tr'= 
Me30Ha B cl-, a TaKEe S =COCTOJJHHHo TaKHM o6pa30M, ,ItOTIOJIHHT8RLHhlfi 

MOMeHT KQJIHqec:rBa .ItBHlteHHSI, YHOClU{Ull BTOplm H8-CBSI3aHHW C Il=M830HOM 

HYKJIOHOM9 MoxeT npHBeCTH a B03BHKHOB8HHD d =cocroaHna Ir'= uesoHa 

B peaK[(HH (I) npH OTCYTCTBHH no,ttod~oro COC~OSIH~H B MeSOH=HYKJIOHHOll 

noicacreueo 

B nacrosuxte11 pa6ore 6LtJIH nonytteHhl npnu:hle ,ItO:Ka3aTeJI1,cTBa namrinrn 

d = cocTostHHSI rr+ ~:,..resoua B peaK[(HH (I) npH 3HeprHstx nporouoB ~ 
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536 96!6 11 654 M3Bo 11:s n:oJiyqe,w:ux p~syJI~Ta.TOBs, a raExe Ha otm.rnamvrn: 

padO'l'J,I ( 4). c.ne.n:y@T Bh!BO]C o 'l'Olls, 'ti!O 3~Iel' cl = COtTOfIBl1.CH CTaHOBl'lT0 

CJt Ha6.nro.rcaijMbtMs, Hat?MHM c 3H(t)prliVJ Ep""'400 M3Bo J(aHHiile Ha llOJIHPH= 

30BaHlI0M nyiuee He llOSBOJISillT onpe,n;@JXvlf~ BteX 3JI~MtHTOB 5 °1.ta.TJ)Hr(IiI 

nponecca (I) 9 TaK Kalt )tJIR pam~mu1 ~roil 3a.ztattH Heodxo,ItHMO nsMepnx» 

TaK!:8 ,n;pyrne llOJIHpH3a~MOHHU~ 3qxpaKTI:le 0,n;HaKO s, ec,m . C,I(8JI8.T1:> HeKOc 

Topue npe)'(no.noxemur o cooTnomenn:~ &1n,mTy.14 nepexo.n;oB B pea,R-mlii1 ~r'\, 

TO Ba OCHOBaBHH rtoJiy<lleHl::UiIX pe3yJil1Ta?OB MOlt'B:0 YKa.38.'f:b t!i7.!HY1MfUti:,Bn(t 

snaqeH~fi BSpOHTHOCTeff PW11!YCKaHHJ!! If=M6~0HOB B $ - L7 d) = coc·roa<:P 

HlYlSIX 0 

2o °lC!ffJ'B'IJ.11. 3XC3epm,teHT~ 

3tecnepm!8H'l:'bl npOBOl(~JmC!ll Ha llOJii!pH30BaHHOM nytnee npOTOHOB11' 

no.nyqae1.1ou npH paccea:a:n~ Ha n.n;pax yr.nepo;ta Bti1Be.n;en:e:oro t>Z3 KaMepN 

CHHXPOU~K.nOTpOHa nyqm Henonap~30BaHH~X npo!OHOB C 3Heprmen 673 M3Bo 

Ilon~p~30BaHHN~ nporoHH9 pacceaHnue 00BnpaBow Ha yron 6°20~ no 

O'fHOma1Hii'll.0 It HanpaBJJ~lll[l:l) nepB~'{UlOI'O ny-q:n:a (pmtoI)!) BU)l;eJIRJl'.:21C)Q) .D;BYMH 

KOJY.>mMaTOpaMH TaK~ qro6H ny~oK HanpaBnHHC~ Ba ~eHTP O?KJIOHHID~ero 

MarH~Ta 9 .n;~aueTp no.nncoB Koroporo paBH~nc~ roo cMo MelrJl:y no.mocnm.m 

HaKOH8trHHKalm 3Toro MarH:WTa B 38.30p®~ paBHOM I3 CMp B)lOJI~ TpaeKTO= 

p11¥I nytnea ycTaHaBJYHBanwtici cnetzy1a.n~noi1 cpopu1:it nmwu (a) s, co3.!(aBaB= 

ume 06JlaCTb HSO.IUIOPO.ItHOro MarH~THO!'O JYOJffls, no crnoeuy .nencrBH!O 

3KBF1B8.JI8HTHYID cmcTeMe .ItBYX KBa,ItpynOJiiiHBX JIHH3o PacttSlHO® 3Hat¥eHille 

cpcrn:ycaoro paccToamu1 Jm:H3 paBHn.nocx, 2p5 1.urrpaito Hcn:o.ntaoBaH"116 'fa.Ko= 

ro MeTo,rca fPOKYCHPOB.Ki'i TI03BOJIHJIO yBeJmqI>ZT:E,, B 3 pasa HHTeHCHBHOCTb 

nyqp;a llOJUipH30BaHHUX npOTOHOB B Mecte pacno.noieeHHSi BO,ttOpO).tHOtf 

1.mmeaH o 



mn.repI11re1u»HaR am1aparypa _3antHtqanac:& OT q>oaa,, cos.itaBaeiwro 

. nepBHl!HW nyiutoM H paccesumm.m: ttaCTHitatm~ t1eTOHHOll CTeHott T0JltllMH0~ 

4 11erpa, a TaKxe t1JI0Ka?.ut H3 CBHHita, K0Topmt pacno1taramrc1, Ha rryrH 

~epBH'<IH0ro nyttita noc,re yrnepo,n;Hol:f JmmeHM n B npocTpaHCTBe uelt)ty 

· .. spMott H nomoca1m uarmtTao Jl)ut co3.1tamu1 B Mecte pacnonoxemur yrJiec::, 

.po,n;Hon.MHmeHH donee BSCOKOll IIJIOTHOCTH nyqm HenonnpH30BaHHHX TIPO= 

T0H0B, npmieHJIJUtC!) q>OKYCMPY1>11tMe KBa,n;pyII0JI:&HLte JfflH3N C aneprypol 

40 w: Ilpn OilTHMaJiiHNX 3HatteHHHX TOKa B 06MOTK8.X 3THX JlllH3 IIJIOTHOCTD 

llOJIHpH30BaHHOrO nyqzta B03paCTaJia B ! 97 pa3ao 

3xcnepHM8HTaJIDHaH ycTaHOBKa COCTOHJia H3 ,.mmean ,ItJIH U,ItKOro 

BO.ItOPO'AaC9)9 perHCTPHPYlOntmX CI,n1HTHJIJIHIUtORHLtX Ctf8T'<IHKOB,, O,ItHHoqaoro 

ctterttiuta )J.JIH onpe,n;eneansr npoif?Hnn nyttKa a nportecce ms?Jepemin, a 
' . 

Ta_E:11'!.'.e :0:omrnaqH0HHoil Kauepu, K0Topaa pacnon:araJiac1i nocne Bo,nopo,nnoM 

Mt~memr,, H C'll8t11Mlel'l JOCTllPOBaJIHC!, OTHOCHT8JIJ,HO OCH 4=MeTpOBOr'O. 

riOJI.TU~MaTOpao . ITpOB8DmBiU!H8 3TOff OCll OCYJlt8CTBJISIJIOC:b C IIOMOII{:bIO ItOJrna= : 

MH.ltHOtt HHTH ,ItHaMerpou 092 MMo RoHreffnep 1mm~HH )tJIJl D,I(K0ro B0)J.0po,n;a 

IOCTHPOBaJICH B'AOJIJ, oceBon JIHHHH MMmeHH c TO~HOCTI,IO .t0,3 MM H 3aKpe= 

IlJIHJICH pacnopHLIMR BHHTaMMo KOHTPOJI~ COOCHOCTH oceBon JIMHHH M~me~H 

HOCH KOJIJmMa.Topa ocymecTBJIHJICH Henocpe,n;CTB8Hll0 nepe,n; K8.%,1l;ID! OllUTOM 

PI MOr npOH3BO,ItHTl>CJI C ?OttHOCTI,IO )l;O HeCitOJIJ,ItHX )l;OJieff MUJIJIHM8Tpao 

'HapymeHHH B lOCTHpOBEe M~meHH ycrpannnHCI,i ecJIM B8JIHttHHa HX npeBu~ 

maJia (0,4 - 0,5) MMe 

OrcyTCTBHe CKpNTOtt aCHMM8TpHH B annaparype 6UJIO ,1J;OKa.3aHO B 

0IIUTax Ha H8Il0JIHPM30BaHH0M nytnce npOTOHOB nyTeM perHCTparr,,m npo= · 
·I- . . 

qeccon p + F ---?'•-· JT + d , ne Memur Bcex ocranLHNX ycJiomdi :ntcmepH .. ~ 

MeHTao 3HaqeaHe ac~MMeTpHH no,n; yrJIOll ena6o: 20°, EOTOpaM HB~ffSTCH 
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axdt.Ui .,aaronpll•t~m I Ot~O~®IB IO~l~Dlltmm~ CEPKTO! ac1:w.c@fc, 

pt0 g 1a-.c1> pl,lHllW to •-(2 0 4.t,I, 9 )~. !IIIIDIO tt!WX ECU!fJ)OJiilWX 

W3UlpiDI Otta ltp0Wil®~®mH m3M~p@HWffl ac•wtrpxw ffpill ynpyrou (p...p) 

0pe.Cct•l!n ffi ll@.blplliOIUBO:U ~E® 11pO?OlEOJ XU>!( JrJIOY 8Ade •4IO 9 

xoropoiq eoora1rcrayer lBP 41 • o. M31dp1111101 ••~•n• ac1D1111rp11 
OKaMJIOCID l)alHW . tpp 4I • •(095 .t 0,9)~e 

Kax EOBT~~i!Ui X3UlptBKao ~aE ~ O©ROl!nit IEcn1p•••iu_rtpo10= 

.xw•c• npr ,na~1um11x mnp11nuuocn 1mr1J1t!loro m:>m¥ o:ruolft~lt)ll(@ro 

te.rm~~a, C@ijT~®~~t~YJ)!it111X lffl.KCDYJAY WHTiHC~BmOC?W noup~~©.~~iHOr~ 

nyttae l!'i'06lii!! liCE.!W>Qfli> i~E'f )tpil~ Ji Jl(f)DlQli<! yra O'lKJrml@)llUI! 

npOTOH~lo dHJiJa. llp@tfCMO?pila BOIMODOCT~ ~@HTpO.ru! TIO~ODD~ ~ npotffflo 
. . . 

JII n~• ltO.i~pw$t,!3a.BllriX npotOBOB JI npon~©C® !i~UipiHWfl. Tareott XOH~pon 

OCYl(iC?B~n~e~ C nouo~~D nepiiBnaoro CitiSTH~~RitWOHHOTO cq@flVlzta, 

pacno~Oltlimmoro noc~i BO~opo~aon Jmmn (pwc.I). Cqe'f'UlE cocroH~ ~3 

f3KOro ~pmcia~e· fOJilaHa (n~HWJmijlfE~t~) pa3Mlp&m Ix40x40 Wo 

odpa~1uoro K nyqxy CBO@ll y3xoff rpaHim. Tox c totoyuaonte1s ~roro 
C'ilif'Wlm p®rl!CTpWpOMJICll no<r~Hr(PIOUitpOM 3ITIIB0 5Ie ITO l'tpW~Off la Jlilil'f® 

C llOUO.iID nny~iCHHX U@fOX o~~@n!~OC& no~o~,a~e n@~fpa ~e·@ 

foq1octiD I We Sto COOT!ITCT!O!a~O ©'f'MOC~1tni~ouy ~ptllf,y 

tom I Ot:mO'fM.X uarH!11'a --- 0,5~ llD QCOOC!l!Otnt n~a E l'tOJU.'Wlla'l'@pa 

~~· 0005l. 

C~ffirli> nOUIJ,11Mltiill Ity1'Ea ItpOI?Oi:OB OIXp@Jti.UMCii OCblttlW Mlll'Oo 

~ou c nouo~n ~mol1oro pn.cc,~aws m ~ipax yr.upo~a noi yr~ou 6°20' 

I OD3ta.JeCI> P,.BBOft Pis(44 9;t.2,4)~e B M.~iC1'f!~· xontpou _~t.D~HH PI 

. dHS JlWipiR!i. aCJl!ffli'fplUI S ynpyror@ (pc:,p)op,.Ctt$RHllR no,1; 1'fl!OM .. 

,oro I Je.dopatopu@I cxcfiJ.ri Eoop~iaf0 3lmltlil1li xotoport du.10 u.lJ(110 

B p&<k>f@ (IO) R It0Dpll30N.Hll@M Jl11'1:t co CTtmtlli!D no.up11~IU1• 

Pie(5~3)~o .Y{.Hi '1CriOJlii3)'IMOfO ltf'la dat.10 ltOJQ''ii!IO :tMWIWI 

£pp(30°)a(II 09ct,006)~9 I ic lpia DK nt~c•m••ot 1a Pis44~ 

··,:, 

---., 
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3Haqe1me ac:t1MM8Tpinl(IO) )tOJlXHO d!lJIO paBHHTl>CJl t- :.:I2ilO%o 

3He prmI noJISipmsoaanHoro nyttm H pas6poc · no 3HeprHstJ..r onpe,n;e 0 

JISJJIHC:b, nyteM H3Mepemut KpvIBNX npodera C IlOMOII(:bJO TeJJecKona H3 He= 

. CKOR~KMX CUUHTHnJtRnnoHH~X cqeTqHKOBt nocne,ItHHll H3 KOTOPNX 6un 

. BRnroqeH Ha aHTHCOBIIa,IteH~R C npe,Itll.ItYmHMHo Ha pHCo2 rrpHB8)t8HN )tB8 

KpMBUe npo de roB :, Kpv.rnaa I = Ha H8Il0JJSipH30BaHH0M rryt1Ke npOTOHOB C 

::meprMefi. F.p;=:670 M3B ~ pasc5pocou !:. E = !. 5 M:rn, KpHB_~SI; 2. -~--~~ ro= 

JUipH30BaHHOM nytute t cpe,nHHSI. 3Heprmt KOTOpor_o 0Kal8.~;c~::·.~~-B'~·bn ~.\:~ 

EP.:6I6 M3B 9 a pasc5poc !/;). E=t,.7 M3B o ItpH BHttHcneHHH 3He~riuL npoTQ~PB 

TIO BeJmq~ae TQpM03Rmero ~HJIDTpa HCilOJID3OBaJIHCL pacqeTHNe·3HaqeHHSI 

nonpaBottHoro R03<pgJMUHeHTa, yttHr1,rna10mero 3ipqleKT 1.mororeparHoro pac= 

cenH~R RpOTOHOB B M8JH(II)~ 

OctaJI!iiHLte xapaxrepHCTlUtH · Il0JUIPH30BaHH0ro nyt1Ka·. ~pH Tpex , 

3ll®priutx npHBe~eHll B Ta6JUUte IO PerHCTpattHH BTOpHqHUX · '-UiCTHil OT 

pea1tn~m p+p --- rr+ + d ocymecrB.mu1ac1, .ztBYMSI conptnceamum Tenecxona.MH 

M3 cmntTHJIJIHt'(HOHHbtX CtJ0T1UfKOB 9 BKJIIOtt8HH~H Ha COBna.ttemia~ Pa,nHOQ 

TexH~qecms cxeua 06.na'AaJia Heo6xo.ztwuon ycToffqHBOCToD 6.naro,napn 

nptnJ8H8Hl'llO B TeJieCKOIYaX cxeM COBIYa,Iteaidt cr2) il HM8BlllHX ~Tpm~aTeJI:&= . -

uue 3Hat1emu1 Koag)q)nn~eHTOB otdopao Tenecxonil cocronntHtt H3 Tpex 

cqeTttHKOB 9 pert1CtpHp0BaJI Jt =M830HNo 

Ta6.nHua r . 

3HeprHH noJinpH30B8.HHOro 
. I 

I 

l 
536 6I6 654 nyttKas, MaB · · : 

IHHTeHcHBHOCTL, 
.. 

'0,9eI05 i . 5 . . 5 IlPOTOHN: 
~2'ceK · 

5,5010 . 2,8.eI0 

TonmHHa yrnepo.ztHoro2 22,9 22,9 7 3. pacceHBarenn, r/cu f) ' 
.. 

TonmHHa yrnepo.ztHoro norno-
THTeJIH Ha ~TH nepBHqHoro 34i)2 He HCil()Jtl,30B8.1lCSI· 

" Ptt~2 r/~M , II ' ~ 
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lenTpOHHHff teneCKOn COCTO~n W3 nnrn· cqerqHKO~o IT~pBUe Tp~ 
. .. ) . 

C'ltTimm dWJIW BKJIIO<qeHH aa·coBn;a,n;®H11l, anocne;r;HJlle ,JtBafHa aHTPI= 

.. COBIIa,JteHPlff C n:ep:Btnm rp~Ma. Me~y BTOpmi Ji TpeTLHM ctteTttViitaMi'.£ no= 

Jl!triftJICI! tOpM031Ul(1I~ ue,ltH~il q)J!JIJ,f Pii TOJIIUIHa KOToporo COOTB8TCTBOBa.na 

!.fflHKM.aJliHOUJ npo6ery ,r.ceftTpOHOB Ol' peaitrtJiK (I) ITO,l't conp1nteHHWJ yr= 
' ' 

. JIOMo HHTep:eaJt ·npoderon aa,n;al!la.nca q>iJ'iiTpou, noue~aeMw ue!Qly ctteTc;;, 

_ tmltaM:11! 3 Vi 4o IIpH T_axoit pacnoJIOftHO cpKJIJ.TpOB TeJieCKOn perHCTPM= 
t /.) • 

pol3aJt ;tel1Tpoaa onp~].(eJlHBOti 3HeprPI11 0 a acfxpe1tT11Bm>cr~: p~rwctparrmm 

p1axrx11n I>+P·-IF+n,e.p u p+p--rr0+p,e.p np,z 3TOM 3Ha'lU1Te111>no ~1,~nr1:ima= 

.i!a(H,o H3U~peHHt iKJffl,Jta OT 31'HX pea1truzlt9 a crane CJiyqaf1H~rx COB= 

na~~Hl'I~ M®J:.ItY 1't:iJ'1ec:reonm.{Vft" npO»t3BO)trI110C~ B yc110BMSX9 KOr;ta 'I'OJI~0:= 
, . . 

Ha topuo3a~ero ~~~~tpa, noue~aeuoro Me:irJty c~eTqHKaMH 2 n 3, yBen~= 

· lU.manacL nacTOJiiKO, ttro npouecc (I) He perrrnTpmpomutcn: !) Be.nmtmHa 

cpona He npeBamaJYa IO% 3qxpeKTa OT uccne,n;ye,mro nponecca p + p-1;,-Ji++ d, 
·. na5 

Yr1I01301 pa3pemeH11e xe.n:ec:s:ona TIO.It yrJIOM e Ji ·=20° (8~~ 0 q"M"=35°) 
. 0 ) ,..._ {10,0 0 

COCTaBJiSl1IO .ti79 (z_'J B Ceqa:Ma t a no,n; yrJIOM 'dJi ::96 (GJT CeqeMog 

B !30°) ,t2~5 (j;2~ B Co~0Ma)0 

3e Pi3Y1I»TATS H HX odcµ~eH~eo 

Ka:tt JI3Becrno ( 6), )'(l1itf,epi11Jia.ttJ.~oe ceqe1m1 p$-S.K~II ? ~ ~ --'> ~-T"+ cl 
' ma no111Ipl'130l3aHBOM n:,1nte npot©HOB HMee1· nm;n;~ 

k~ duce)~> Ce ~e> -as-r--~~- ::', ('to -1- ta. -cos + qt,. cos + ; 

+ P · s in 8 cos lf (), 
0

_+, .A 1 cos e ,t-A 2 cos 2 e + A 3 cos 3 e ) ) 
(2) 

r.1te P<=>•CTIIiiHii Il0Jtllpll38.UHM -llY'IM.p a !t0341(pMitJieHT { H /\ (IJ) 

onpe,n;e.nn10-rc.n 3.neiteHtruAH 5 -uarpEitliI npouecca (I)e ~ HameM cJiyqae 
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Bfim'I'tHHa 

<S r.1-te . p = CTISITeHJ> ITOJY.ff PM38.J.tHH 0 HopimpynIItHH MHODTeJI& ( 4 .JT ) 
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2) Ep 1w=6I6 ~{3B 

3) Ep g: 536 !il3B 
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'ttPH 3a.n;aHHon 3Hepran .n:o.uHa ~tn'l noc?OHHHO~o Toi 4faKt 0 qfo B axcn,~ 

pm.,renTeo IeaE 3TO BH,Il;HO R3 rpa~~KOBg o6mpyxeHa CMJI~Haa yrnoBM 3aBHQ 

CliMOCT:& I\. ( 0 TT ) · p CJIYltM? np.rn.u,m ](OKl:l.~8.'Xe)!iJCTBOU d -COCTOJIHF!ll 

Tr'QMe30Ha B peaKUHH (I) npM Bcex Tp~x 3gaq1aM~X 3HeprHMe 3KCnip~= 
. . 

ite HTaJILHBe 3Ha tte arm /\. ( 0 r, ) 
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HaHMeHbmHe saaqe1ms oum6ox B K03qxpHnlleHtax nonyqaroTca npH Tpex 
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KaK H TOT~ ,Itpyron onpe,IteJIH~7cn BUpaxeHHRMH9KBa'ApaTMqHIDJH OTHO~ 
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o6JtaC!'H eme ueH1,m11x 3Ha'tJeHHi19 fWJIH BOCilOJI'.b30BaTI>CSI pesyJI:&TaTaMW 
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npH 3HeprHH Ep-- 400 1'J3B ~ I{o3cp<pKnH8HT A ~ .... , CB1t3atmun 
· ([ot-t't2) · 

c aqxpeKTaJ.m ( 5 - d ) H ( d - d ) - HHTepcpepeunHH, omsa.ncn oqeu1, 

Ma.non B8JIHtJHHOii, 

pI!U8HTaXo 

u ero c Tpy.n;oM y.n;anoc:r, o6uapyxHTD B Hanmx 3Kcne= 

Bee 3TH pesyJil>TaTLl MOXHO O.D;HOBpeueHHO O6'f>SICHHT1t, ecJili ,ltOTIY= 

CTHT!>, ttTo npn EP-· 600 1:!3B aun;mTy.n;a nepexo.n;a 
1 
D 2 -

3 
S 1 ) p 2 

sHatIHTeJiaHo npeB1i1me.er 3Hattemtn 5 - u, _ d -atmJIHTY.111:le B 3TOM 

CJiyttae .n;ocrynHLIMH .D;JISI Ha6Jil>)18HHSI OKaJ!CYTCSI TOJILKO ('-~- =P) H (p- :.' ) 

11Hrep(J}epeunPrn:, B :ro Bpe1m KaK ( s - d ) .... H (d - d) ..,. HHTeprpepemim-r 

6y;rr,yT COOTBeTCTBOBaT:r, aqxpeKTal.I Bl'Oporo nopH;rr,Ka MaJIOCTHo 

ITpoBe.n;eHHiiie 3KCIIepMM8HT!iC Ha rIOJistpH3OBa~HOM nyttKe npOTOHOB~ 

,nonoJIHHB cymecTB8HHbIM o6pa30M HH<pOpMan;HI> 0 peaK[(HH (!)9 ente He . 

I1O3BOJISieT Halirn 3HatJ8HHSI Bcex 3JI8M8HTOB 5 -uaTpHrtllsi CBSI3aRHbIX 

C 3TOll peaKn;Hello 0.n;HaKo, HCfIOJU,3YSl uaJIOCL s- H d ~1.ITIJIHTy.n;u,, 

M0itH0 np0H3BeCTH HeKOTOpbte on;eHKH napn;H&J[bHLIX cetJeHHMo IIpu 3TOM 

Heo6xo,1tm.m ytrecT:&1 qTo d -nepexo,1ta B peaKttmr (I) cBsr3anu c H3= 

J.rnHSHHeM op61-n.'aJI:&Horo :r.nn1euTa B CHCTeMe .ItBYX HYKJIOHOB .n;o :£I llOCJie 

peaKD;UH9 a Ttuexe tteTROCTH. 3TO 06CT0SIT6Jil,CTB0 npHB0)tH'?. re. 0tI8HI, 

uaJion BepoRTHOCTH d - nepexo,n;oB. Ococ5e1iHo 3aTpy.n;HeHu ;rr,o.nEHM 
3 3 :; 

6HT1> nepexo.n;u Fa -- ( S) d) 2 . u ~ F3 --- ( 3
'\ ~) 3 , CBH3aHH1:ite c 

M3HeHeHJ18}.! op611TaJII,HOro MOM0_HTa B CHCTeMe .n;nyx HYKJIOHOB9 paBHbIM 

D. e =3 • 3'I'O 11O3BOJIJJeT rIOJIODTJ. aMrIJIHTYlJ.!iC 3T:RX nepeXO,ttOB paBHLIUH 

HYJIIO ;,.- ,ItJISJ rpaltK'<tHUX OU8HOK napn;naJIJ,HSX cet1e1rnil TIOJIY'ltMT:b 3Ha·tiemrn g 

3 - 3 j>p'ii,.cl - 2 fr';:.<-<l, 
6( 1 50 -_r-S>Por~/ 10 (5not1H; Q(S+d)>/5)¼ 10 Dnoi<H; 

f . 3 yp11t" d., 

G'(' D2 -- 5) P2)~ 0 9'-15 6hO/lH. 

\. 



4o BUBO~ Ho 

I• 3Kcnepm.reHtH no H3Mfll)eHHI) acnweTpHH B .:ru14xl>epeHJ.tHaJ1.HOM 

cet1eu11u peaKIUtH p + p -->- d + JT + na no,rsp•:,onmutoJl ny,uce 
npOTOHOB npn 3Heprnnx: 536,6!6 ft 654 M3B ~OKa3HJSal)T RaDQe 

McnycKaHHn rr+~uesoaa B d - cocroaHHHo 

2o ll3 aHa1ffl30B pe3yn.TaTOB ,ItaHHOll padOTH, a ?axze pa6ot (3, 4) 

cne,2tyeT, ttTo 3c!xIJexr d -cocroauua rr+-ue3oHa B onurax ua nonapn-
30BaHHOM nyqKe CTaHOBHTCR HadJm,Itaeuuu, HaqHHM C 3HeprHH nporo~ 

HOB Ep -,a,' 400 M3B e 

3o rronyqeHHse pe3yn~TaTH coBuecruuu c npeinonoxeaneu9 qro 
m.m.nH'l'jf)trl nepexo,rco:e C HCilYCKlUU18:U IF 0 U830Ha B S - a d - COC= 

I 3 
tosrmm uanbl no cpa:eaea111> c aitJtl'lTY.It0tt nepexo.ita D2 -- ( $~p )2 :, , 

3 

3 
4. B npe,1tnono1:emnt 9 ttTo nepexo.1ta1.m H3 Hatian~m,rx F 2 - · H 

F 3 = co CT0J?mdl M0XH0 npeaec5peq:r,, no.11yttem,1 CJI8.ttY1JntHe rpaHHtJHHe 

oneHKIH 6( 1So-\\ Po)>;, j a-:30t (pp-;>dJT +)) (j' ( $ + d) )15. ~ -10--
2
(\ ( p P-- d JT+)}. 

1 3 · + 
G ( D2 -- s) P2 ) f 0, 9 ~ 5 6 t (pp - d JT ) C 

5o 2eH0MeH0R0rHqecxas TeOpHSi o6pa30BaHHH IT=M830H0B B (p-p) 

coy)(apeHHRX C oMaH,n;eJI:bmTaMa (7) corJiacyeTcn c nonytteHHm.m o~eBKatm o 

B 3aKJicqeHHe aBTOphl BHpS-..,T d.1.ft.rQ~pHOCTb MoroMe~epHKOBY, 

EeCoHeraHOBY H TiolioJ!anH.n;ycy 3a•OdCYQeHHe pa60TR, a Taue 

HeIToKJ!emuco:sy H CoHoCOKOJIODY 3a IlOJlOI!(:& npH odpa.dotKe 3:rtcnepnueH= 

Tft1I1'HHX Jta,HHiiXo 
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