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© E µeaa11cKui1 t/JU3U'<ecKui1 ·u11cruryr, 1 98:~ 1 . 

BBe,D;emi:e 

EoJI:OlllOH HHTepec K rrpo1i:eccaM O,lJ;Hl{Q'lHOro il)OTOOdpa30B8.HJIH !TI!O­

HOB Ha HYKJIOHax BH3Ba.H,B OCHOBHOM,TeM, 'ITO peaKu;>rH TKITa 

csN-g\N (I) 

.fIBJJ.ffeTCH BaJKHHM HCTO'llilIBOM HHlfiopMaiurn OTHOCHTeJI:OHO CBOHCTB pe-

30HaHCOB. 3JleKTpOMarHHTiillX KOHCTaHT CBH3H l1 T .)]; • Pewetm:e 3'l'l1X 

BOITpOCOB CB.fI3aHO c O,D;H03Ha~M orrpe,D;eJieHHeM aMITJIV!TY.II: peaKu;>r!~( l) 

B 3KCrrepHM8HTaJI:OHOM OTHOli!8HID'I 3a,D;a'l:a orrpe,D;eJieHHH aMITJIHTy,u: c)ioTO­

pOlK,D;eim.fI CBO)J;HTC.fI K H3MepeH:li!O .neB.fITH He3aBHCHMEIX HadJiro,naeMUX 

BeJIH'fHH. TaK11M11 BeJIH-qmiaMH JIBJIJIIOTM .najxflepeHWID.JTIHoe rrorrepe'lHoe 

Ce'l'.eHHe peairu;im (I) c H8ITOJIHpl130BaHiillMH lpOTOHarvrn: Ha HeITOJI,qpl130-

BaHHOH MIDJJ8Hl1 ( d6o /d.S2.), aCIDJIM8Tpl1H JTY'Tiffi ( z:. ) M aCH1'1M8TpHH 

MIDlleirn: ( T ) . 

Ilorrepe'l'.HOe Ce'l'.eime QXlTOpoJK.I1:8HHH ITHOHOB JlliH8i1HO ITOJIHpH30Ba..T.f-

HhlMM lfioTOHaMH Ha IlOJIHpl130BaHHO:ti: Mlil!J8HI1 orrpe,D;eJIHeTC.fI CJI8,D;y!<lljlll\1 

BiipruteHHeM [I] : 

~; ;~~0 [1-P11 Lco~2<f> -PxP~Hsin.2.¢+ 
( 2) 

P~ (T- P<I Pco~ 2. cp) + P~ fl\' G 5i.n 2 'f 1 , 1 
~HCKHA •wsm•eeKlll 

HHCTHTYT 3 
3u upeapBll'ffllS 



r.ue p
0 

- rroJITip1rnau;1m rry•ma 0 - KffiHTOB, 

P ( Px, Py 
1 

Pc) - Be KT Op no.wrp113awrn: eyR.JIOHOB Mlfmemr, 

cp - yroJJ r:.eJK,rry BeI<TOpOM IIOJI.flp113au;1u1 cfio'I'OHHOro nyi:nta 

H ILJIOCI<OCTh!O peaI<IJ;!lli. 

B -qacTHocrn, B CJJy'Iae Herro.JIRp11s ')BaHIJOro WJ'IRa 0 - KBaHTOB 

l1 rvruweHYI' IIOJITipH30BaHIIOil neprreH,UlIBY.IDipHO II.JIOCIWCTH peaKT.urn 

( OC:h ~ ) ' ypaBH8HHe ( 2) IIJlllliH!,meT c.Jie.uyrorn;llli·i BH)l: 

~= dEi., (1+PuT) 
q.Q d.Q :; 

n rrp;r J\BYX Happaruremmx rroJmp1rnau;uH MHrneFIB rreprreH,U:vucy.wrpHo 

BBepx ( + ) H BHM3 ( { ) ILJiocrwcTM peaKu;HH Be1!MtIMHa T orrpe.JJ;e.JliI­

eTCH C.JI8,lly](ll\8H cpopMy.JioH 

1 T:­
P':l 

IIplD3e.uemih!i1 B 1ia.cT0Hmei-i 

6+ - 6~ 
6++ 6~ 

paOOTe pactreT IIOCB.fII118H 8KCTI6pllM8H-

'l'Y TIO H3MepeID:IIO 8He.nreT1!lJ:eCKOii 3aBJ1CmmCTI1 ac11MM6Tp11H MWUe-

Hll T(E0 ) rro.u yr.r..a1,n1 po.JK,UeHHH .Ti 0

- M830HOB B c.u;.M. 60° H 

b0° B 06JiacT11 E0 ""' (U,75;. 1 ,4) rsB 11 En = (0,7;. I ,13 ) raB , 

COOT Be TC 'rBeHHO. 

OcnoBHoi1 u;eJr:r,ro pac'tleTa 1v1eTo,UoM t·,loHTe-i\apJio .fIBJIHJioc:r, no.Jiytre-

Hl1e aHepreTH'Iecmrx crreK'l'POB npoTOHOB wm c 'IeT'll!KOB R ·L ( t = 

= l, •.• 5) npode.Kgoro crreKTpmneTPa, a Ta K>Ke orrpe.JJ;MeHFie acfl1JeR­

"'1 0 TJ.1BHOCTl1 perllCTp au;uH C.Jiy'IaeB ( p:.i )-nap 11 :raxo.n:a peaKUIIB ( I) 

* B 3aBXIC}Ii1;ocTl1 OT e3T l1 E ~ • HH'IHCJJ.fIJiaCh yrJIOBa.JI 3aBJ1Cl1MOCTh 

pea.RIJ;Ul1 (I) t. (51°) npl1 Hap ywernioii KJ1H8Ma.Tl!Ke. B pesy.JlbTn're p ac­

qeTa QHJ[a BH.fIBJI6HD. c rren;vrcpm<a' 00,YCJIOBJIBHHM llCIIO.Jlb3013a!Il16M 

npOTOHHO:il TIOJI.Hpl130BaHHOM Ml1ll!8Hl1 (l]],i) • 

l ipOTOHHa.JI IIOJI.fipl130BaHHa.JI r.J1Illl6Hh 

8Rcrrep11MeHT no orrpe.ueJieHHIO MMIJJeHHOM ac11MMeTp>r11 T 11.11aHHpyeT-
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CH npoBOWiTh Ha cos.n:anaeMoi1 B Epl>l1 IIIIM l 2] • ,Il.Jr.F.r: no.Jiy'!e:mm rro­

.JIHpll3a.J.Ulli "' 8CJ% B OOpa3U8 MMllieHll ( 3TH.JI8Hr.JIIDW.JI:h) llCTIO.Jlh3Y8TC.fI 

M8TO)l ,Ull!aMuqecKOM IIO.JIHpll3aIJ;Ull, C,Yll\HOCT:h KOTOporo COCTOHT B 

npMHy,UHT8.JlbHO~ OplleHTau;HH H,D;epHHX CTIHHOB BemecTBa B 3a,WiHHOM 

HarrpaB.JieH:lili TIO)l .n:ei1CTBl18M BHCOKO'!aCTOTHOro IIOJI.fI [3) . Heooxo­

wrMaH TIO.IDipll38.Ul1H )lOCTnraeTCH llCTIOJih30BaHll8M CllCTeMU CBq-HaKa'I­

IG! IIO.JIHpll3au;uH 4 MM )'.(liaTia30Ha ll MarHHTHOH CllCTeMH, C03,ll;aIOmefr 

MarHliITHOe IIOJI8 HarrpIDKeHHOCThlO 2,5 T.JI ll O)lHOpO.n;HOCThIO :!; I0-4 
B 

oopa3ue MllIIleHll. Y)loB.JieTBOP.fII<ll1ee sTllM TpeooBaHllHM MarHllTHoe no­

Jie C03)la6TCH rrapoi1: CBepx:rrpOBO,ll;iilUHX COJieHOll)'.(OB B reoMeTp:llli reJIMJ­

rOJihu;a (pllC. I). CBepxrrpoBO.Il/IlilaH MarHHTHaH CHCTeMa xapaKTep1rny-

6TC.fI CJI6,Uy!OI!1liMll rrapaMeTpaMH [2] 
BHyTpeHHIDl: pa.we R

0 
= 19,69 CM 

HapylKHl:lM pa,ll;llYC Re:. = 28,31 CM 

cpe.uHHi1 pa,IJ;llYC R
0 

= 24 CM 

paCCTO.fIHll6 MeJK,JJy KaT,YWI<aMH 2_q = 16 CM 

TOJIIIlllHa OOMOTIG! ~ = 8,62 CM 

)lJillHa COJI6HOll)la ~ = 8 CM 

B OCHOBe pactreTa MarHllTHOro TIO.JIJ1 COJI6HOll)la JI8Ji{l1T Tlpl1HU!i!.1 

cyrrepII0311u;HH' corJiaCHO ROTOpOMY 111arHllTHOe IIOJ1e oCirtiOTI<l1 B Jiroc5oti 

TO'IKe npocTpaHCTBa paBHO BeKTOpHOi1: C,YMMe TIOJieit OJ.'.ll:6.JlblillX BMTKOB. 

IToJie aKCJ1aJihHO-C!I!~.JeTpH'IHO'.i OOMOTK;[ n::1eeT ,r::Be COCTaEJ:'!. r­

lUIII6 Mal'JI'ATHoro noJI.fI: oceByro H 2. H paromJI:oHyro HR • ii TO'L:e c 

Koop,n;miaTa!ffl (.l 1'1.,,) KpyroBott BHTOK pa.unyca A [cr .. 1] , necy:;,;.;,1 

TOK J [A J, cosm:teT r.rarmITHoe rr0.r.e H [ 0 J , r:oi.~roi-:el!TS: KOTOporo 

Bhlpa.JKB.IOTC.fl qepe3 8.1Jil1IITll'I6CKne mrTerparw: rrepBOl'O l1 BTOporo poAa 

E(K) 11 K (K) [4] : 
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2J 1 . 1- (2'-)'-(l..)2. 
H,_(l, 1.)= 1011 [ [(1+t)a+( ; n ·12Jx[:K(K)+ [1-(f)'J+ (fla E(Kl] 

2.J ( t. ) [ 1 ] [ f 1- (jf + ( -} t J 
kR(I,c.):: 1011 \z [(1+j-)a+(j-)']11a x -J<(K)+ [1-(j-rJ +(;)a E(K) 

'l. ~12 

[ '1 (A-) 11/2. ~ J d lfi 
K:. 1~+1:...i'+ 14-1"- (K): ~in~tj) 

'Ji/a ..------=---
E ( 1<) "- J ~1-1<2 1ina<f'd lf . 

3.JLIDmTli'Iecrure HHTeI'µlJru E ( K) li J\ ( K) Bbl'IHCJlFIIOTM 'IHCJieHHl:ilM 

liHTer pE:pOBa.HHeM MeTO.IJ;OM raycca. 

IlpHBe.n;eHHble <lJOPMYJibl II03BOMIOT Bhl'IHCJ!HT:O 3Ha1IeHHe Harrp.IDKeH­

HOCTH MarHHTHOro IIOJlH B JII060M TO'IRe rrpocTpaHCTBa c ROOp.IJ;HHaTa­

Mli (Z, t, ) • Ha pHc. 2 npHBe,n;eH1:i1 oceBrui: H ~ H pa,rum.m,HM HR coc­

TaBJlfflOlillie MarHliTHoro IIOJ.UI. OceBrui: COCTaBJim01J18..ff ,n;aHa B IIJ!OCROCTH 

"l = 0 ' ~aJI:OHM JKe - B IIJIOCROCTli 'l. = 4 CM' IIOCROJI:oKY IlpH 

Z = o,HR = O. 
CliJ!:OHOe MarHHTHOe IIOJ!e IlIIM, Heo6xo.n;HMoe .IJ;J1R IIOJ.ly1I8Hlif! Bhl­

COROM IIOJ.U:Ipli3aL~, cy~eCTB8HHO H3MeIDJ:eT TpaeI,TOpHli 3apHJK8HHl:lX 

'IaCTHU, po;It,n;eHHbDC B peaRIJ;IDl:, 'ITO Bbl3HBaeT .n;orrOJIHHTeJI:&Hble Tpy.n;­

HOC TH npli lICCJ!e,n;OBaHllli rrpoueccoB <lJoTOpoJK.UeHIDI c liCTIOJ!:030BaHlieM 

IIIIM. B CB.ff3H c 3THM c~eCTBeHHoe 3Ha1IeHHe npHo6peTaeT li3y1IeHlie 

Tonorpa<lJllli MarHHTHoro noJ!.ff coJieHoli.IJ;a li y'Ie T ero BJil1filUI.ff Ha sa­

pmKeHHh!e 'IaCTIDJ,H, 'ITO oco6eHHO BalKHO rrpli HepeJIHTliBlICTCRHX CRO­

p ocT.ffX . 

JJ:BlilKeHHe 'tfaCTHil;I:il c 3aPff.IJ;OM e B Mar HliTHOM IlOJ!e HrurplDK8H--HOCTH H OIDICblBaeTC.ff ypaBHeHlieM JiopeHUa 

dt 1 -n v) = e [ ~ x H 1. 
¥!3 ypaBHeHIDI Jlo i>"·llLa BhlBO.ll;llTC.ff CliCTeMa .nH® epeHIJ,liaJ!:OHHX 
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ypaBHeHIDi, OnliCblBaJOma.ff B ,n;eRap'rOBl:lX ROOp.IJ;HHaTax TpaeKTOpliro 'IaC­

TIDJ,H B MarHHTHOM ITOJ!e. IlOY;J1I8HHM CliCTeMa ypaBHeHHli pemaeTC.ff 

M8TO.IJ;OM PyHre-KyTTa. l1HTerpE:pOBaHlie npOBO.IJ;HTC.ff no ROOp.ll;llHaTe 

B HailpaBJ!8Hlili a - ny'IRa. B1:i16op OnTHMaJI:oHOrO mara liHTerpE:pOBa­

Hli.ff OCHOBblBaeTC.ff Ha BJIJIBHJm: ero B8JIH1IIDibl Ha yroJI OTRJ!OH8HIDI sa­

pmKeHHOM 'IaCTIDJ,H. B pesyJI:oTaTe npoBe,n;eHHoro HCCJ!8.IJ;OBaHll.ff 6blJ! 

Bb16paH mar 5 CM' rrplI KOTOPOM OTJllI'llie B yr J!e OTRJ!OHeHIDI no 

cpaBH8HliID c maroM l CM COCTaBJlffeT 0 ,1% (,n;aJI:&Helimee yMeH:OllJeHlie 

mara liHTerpE:pOBaHli.ff Ha BeJ!li'Imzy yrJ!a OTRJ!OH8Hll.ff He CRa3blBaeTM). 

BMecTe c TeM,TaKOM mar lIHTerpE:pOBaHIDI IlpliBO.IJ;HT R 3KOHOMID'! C'IeT­

Horo BpeMeHH Ha 3BM 6oJiee . 1IeM Ha O.ll;llH IIOpJU];OK. 

B pesyJI:&TaTe pememm cliCTeMh! ypaBHeHilli IIOJ!Y'IeHa 3aBliCHMOCT:& 

yrJia OTRJ!OH8HIDI npOTOHa B MarHHTHOM IIOJ!e IIITM OT ee KHH8TH1I8CKOM 

3Heprlili. Ha pHc.3 npe,n;cTaBJieHa 3Ta 38.BHCHMOCT:O ~ H8CKOJ!:ORHX 

3Ha1IeHlili BepTHRaJI:&Horo yrJia Lf = 0, ± 2°, ± 4° • KpHBaR ,n;JIH 

!.? = 0 COBna,J~aeT c aHaJIOrlI'IHblMH KPHBblMH' rrpHBe,n;eHHblMH B pa6o­

Tax [2, 51 • 

3KcrrepHMeHTaJI:oHa.ff ycTaHOBKa 

KHHeMaTli'IeCKHe ycJ!OBM, npH KOTOpl:lX IIJiaIDipyeTC.ff npoBe.n;eHHe 

sKcrrepHMeHTa ~e,n;eHhl B Ta6JI.1. CxeMa sKcrrepHMeHTaJI:&Holi yc­

TaEIOBKH .n:atta Ha PW .4. 

Ta6mma l 

* II03H- e~p 6155T 
Gri UIDI (B rpa,n;) (B rpa.n;) 6E~(rsB) i t::. Tp (MsB) 

l 55,5 36,2 0,75 + I,15 I 130 + 150 

60° IT 54,5 34,3 0,98 + I,40 190 + 230 

l 46,0 52 ,8 0,70 + 0,95 180 + 226 

so0 
II 45,0 5n .. ::i. 0,85 + I, 13 250 + 208 



3Kcrrep~eHTaJihllaff ycTa.HOBKa COCTOHT li3 ,n;Byx ITJietr, rrpe,JUia3-

HatreHHHX ,lJ,)J.ff peI'l'!cTpau;lm rrpOTOHOB OT.n;a~ li3 peaKu;im ~p- pgf 0 

Ha COBITa,D;eHIDJ: c O,I(HIDIJ li3 Q - RBaHTOB OT pacrra,D;a 31° • 
YCTa.HOBKa pacrroJIO*eHa Ha paCCTO.fil!lili 150 CM OT ueHTpa rro­

JIRpl'!30BaHHOH MHWeHH. TaKaR 6asa o6ecrre~aeT yrJIOBOM OXBaT yc­

Ta.HOBKH "'-' 10-2 pa,D;., IT03BOJiffeT )l;aJIJ,HeHwyIO TpaeKTOpHIO ITpoTOHa 

C'Il'!TaT:O rrpHMOJmHeHHOH. Ilpn 8TOM ,ll;JlfI 3a.J11HThl ~eRTpOHHHX tffiCTeH 

ycTaHOBKH OT Mal'HHTHOro ITOJJ.fl IIlIM Tpe6yeTCJI rrpHMeHeHHe MHOro­

CJIOHHOrO 8RpaHa li3 CT~ IO TOJIIWiHOH 3 MM H rrep~OJI 79 HM 

TOJll!lHHOH 0,9 MM. 

IlpOTOHHOe rrJietro ycTa.HOBKH COCTOHT 1'!3 arrepTYpHoro ctreT'Il'!Ka 

c
1 

pasMepa.MH (16x2Ix0,5) cM3 , treTI:fPex ,D;ByXKoop,ll;HHaTHHX rrporrop­

UHOHa.Jll>HblX KaMep pa3MepaMH (25x25) cM2 ' IT03BO.JIHJOll(ID( orrpe.n;e~T:O 
yrJlhl rrpoToHa ( Elw , ll11S p ) , .n;eyx ( d E / d X )-ctreT"mKOB c2c3 pas­

Mepa.MH (2Ix28xI) cM3 l'! (2Ix28x2) cM3 ,ll;M OT,D;eJieHWI ITHOHOB OT 

rrpoTOHOB, IJRTH CL(HHTHJIJJRIJ;HOHHHX ctreTtIHKOB pasMepaMH (23x3Ix2)CM~ 
o6pa3yro~ rrpo6eJKHHii crreKTpoMeTp, ,lJ,)J.ff orrpe.n;GJieHIDI KHH6TH'IBCROH 

aHeprID'I rrpoToHa. oT.n;a'!H. MruilrMa.Jt:oHoe 3Ha.tremre perncTpHIJYeMhIX 

rrpoTOHOB 3~6TCH TOJIIl!HHOH Me,D;Horo rrorJIOTHTeJIJ'I l'! CL(HHTHJLJI.lll_\l!OH­

·HHX ctreTtrHKOB c1c2c3 • CtreTtIHK C pasMepa.Ml'I (25x35x2 )-cM3 ycTa­

Ra.BJnmaeT BepXHHH rrpe.n;eJI aHeprmii perncTpHIJYeM!iX ITpoTOHOB. 

c;- KBaHThl OT pacna,D;a jf ~ M630Ha. perHCTpJiIPYRlTM ci:i:eT'tIHitOM ITOJI­

Horo rrorJiomeHrui; (CI!II) , rrpe.n;cw.~ co6oit KPHCTa.JIJI Na I 
.JJ:HB.MeTpOM IO CM. 'CUHHTHJIJIJ3IUl0HHIIe ctreTtIHKl'I (CrC2)' pacrrOJIO.lKeH­

Hh!B rrepe.n; CIIIT , CJiy,JKB.T ;rr,J!JI liCKJIIOtreHIDI 3ap!Dlt6HHHX "IB.CTHL( 1'!3 IIHOH-

Horo ITJietra. 

MnweH:O rrpe.n;CTa.BJiff~T co6ofi ROHTeihiep :o;wm:H.DJll'!"I6CKOH !f>opMhl 

pa.,D;eyCOM I CM li ,n;JIHHOH 3 ;'5 CM' Ha.ITOJIHeHmrli rpa.HyJia.Ml'! BemecT:ea 
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(aTHJieHrJrnKOJI:o) ITJIOTHocnro I ,44 r/cM3 . ilpoxoJK,IJ;emre rrpoToHa. 

trepe3 o6pa3el..( rvrn:memr li B61!16CTBO KOHCTpYKT!IBHHX SJieMeHTOB Ha 

ero IIyTH ( Ma.HJ!a.p. T&,flJIOH ' &i1Rl'.rn:HHH) corrpOBOJK,llp.eTCJI MHOrOK}_;a T­

HblM pacceJIHH-eM li ITOTepJIMH SHeprrrn. IlOCROJI:oKY B liCCJie.n;yeMOH 

SHepreTHtreCROH o6JiacTH rrpoTOHOB (130 T 290 ) lilsB yroJI l\!HOrolql8.T­

HOro pacceJIHM B Be111ecTBe COCTaBJIJieT " ' ( 15 T 25) Ml'IH. a ITOTe­

Pli sHepI'IDI: - ( 6 + 12) MsB, To B03HHRaeT Heo6xo.rmMocT:o ytreTa. 

STHX rrpou;eccoB rrpn HHTerpJiIPOBa.HIDl Tpa.eRTOplili. B STHX u;e.'LFIX 

TpaeRTOpM Il.P,OTOHa. OT TOtIKH B38.HMO.n;e!1:cTBIDI B Ml:lllleHH li .uo arrep­

TYPHOro ctreTtIHKa C 1 .n;eJIHTM Ha .n;Be o6Jiac Tu: 1.1ID.ileHH ( BKJIIOtraff H 

lJleMeHThl KOHCTpyKu;im), r.n;e ITp0BO,ll;liTCJI yi:i:eT BeweCTBa Ha rryTH 

ECTl'!L(hl, li OT Ml'llll6HH .n;o C'tJBTtIHKa , r.ue BeweCTBO He YtIHTh!Ba.BTCJI. 

epByro o6Jia.cT:o i:i:aCTlU.lj3. rrpoxo.D;liT c KHHeTHtrecKoli aHeprue:ti T = 
== (Tp + Tp')/2.. , r.n;e Tp - RHHeTH"IBCRB.f.! aHeprrui: rrpoToHa 6e3 rro­

Tep:o, Tp' - RHHeTHtrecRaff sHeprIDI c y"IeTOM rroTep:o ::rneprirn: B Be­

mecTBe MHWeHH. BTopyro o6JiacT:o traCTHD;a. rrpoxo.n;HT c aHepI'l'!eY. Tr~ 

li yrJIOM, ITOITpaBJieHHblM Ha MHoroKpaTHOe pacceJIIDre. 

3HatreHIDI BeJUrtmH KOMITOHeHT MarHHTHoro rroJIJI H l , H R , 

He06XO,ll;liMhle rrpn liHTerp1iipOBa.Hl'!li TpaeKTOPID'! rrpOTOHa OT Mlrnl6HH 

.n;o Bhl6paHHOM .6a3.bl, . 6epyTCH li3 TOITOrpaqnm Ma.rmrTHOro ITOM !TTIM, 

CIDITOH rrpe.n;BapHTeJI:OHo B BH,ll;e .n;Byx ,D;ByXMepHh!X Ma.ccHBOB H .c (i!. , 'Z) 

H HR (?: ,'Z) • 3To rrpHBO,ll;liT K 3Ha.~TeJI:oHott SKOHOMHH c'l'.eTHoro 

BpeMeHH Ha 3BM, ITOCROJil>Ry pactreT TOJI:OKO ITOM .n;JIJI 0,I(HOro C06hl­

Tl1fi 3aHHMaeT "" 2 MliH. Be~a Mal'HHTHoro ITOJIJI B KalK,IJ;OH TOtIRe 

rrpOCTpaHCTBa orrpe.n;eJI.JleTCH ,ll;BOHHOH liHTeprrOJIRL(>Ieil: Ma.CCHBOB B 

.n;a.HHyIO TOtr:ey. 3Ta. rrpou;e.n;ypa rrpoBO,ll;HTCff Ha RaJK,Il;OM ware liHTerpM­

poBa.1-!Rll: • 

Bee 8TH rrpe.n;BapHT6JI:oHHe HCCJie,D;OBa.HIDl: JierJIH B OCHOBy pactreTa 
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:. '')!-r.re-. \.a:PJIO , i rpone.rreEHvi'O ,r,,n_q KD.::'.J(O'.: 113 up1-IBe.ne11=i!:L D Tao.;r. l 

IO 3:IU,'YE ~ • 

Cxe~ ,·.a ~·: i:csy.:1JJ·;aThl p:icqeTa 

, ;o.[(eJ1HpoBaime ITPO'\Occa ::;poBo,n;HTC.fI B CJ18.JJYIO!lleM nopHm:~e 

\ :JJIOI':- cx er·.ia pac u:eTa rr_l);me.ueHa na p:-rc • ti) : 

i . ~"asurpbrnaeTcH panHm1epHo B oc5JracTH ( E 1 -;.. E<! ) snepr:v..q na­

.r;,<lJOD'ero Ha r.:mneu:& 0 - ::BaHTa . 11cnoJI:&3ye'rC.F.l ::JKcnep.11MeHTaJ!bIIO 

!!O.''.J"Ielm:L'. Tup:.;osHo:· (.;!I6!CP En 

' • ~ 'u3b<l'i ·'-!iJ( .rnc.'1 JX:B!iO: i8j_)if0 KOOp)JY.HEl. T'i TOY.Jal B3Qi<lJ.JO.t(e:icT -

311.q .x l., lj ;_, t L F oG:r::tcTz :'cpece'icmur WJ'Ilm c r.mmerILJO. 

:J . ~;::.3Jil' :1I1Bat''!'C'"'1 fl&BliOJ·.181'!!0 ro ·. ,i130l!Ta.JlJ:,HIB~ yroJI npoTOHQ B 

o'.l.l!D.C'r!': SH :::.: : 0 :: BeJY!'l!Y~.JlbHliii yroJI u ociJW.CTM + 1° B .wm­

.1a.3oHe yc>.IJODOL'O o,;:sam yc'l'<iEOBID'l. 

;1, lipoBO.L!,r:1'(.;.q ]Ullfe:.;3;1•::%CEIL. pac 1i0".' .1;::.1 IT_;JO'!.'Ol!a 11 rrp0Bep10 

E~c '!On,;,r::a:me B :'.!CC;IeJJ;yei'!J'iJ :tC'.Ee:.nr;·wiecJ(J'!·J OO.IJaCTL 

:). 1 !po"'O.L\:'.!'l'C.FI 1mEern·r::~:ec1ur:: pac'IeT .JlJ!.FI '.iT 
0 

• 

6 . I'J.CdrP: IBJ.!)TC.q fl&BllO:.:e:riHO KOCl:liJ" G no.~mp;rnro :;r.'la 0 -
- J:.Da::Ta l' oCT?CTl: [- .i., , 1 ;. a3Iti.iJTa.u,;w;: yro.11 B 06'1acT11 

[ L, :;j\ 1 B 011GTe11e 1 ~ . ;.1 . :ipoBO.J:l'l'~·c51 rrepe:·oil :< .11aoopaTopnoi: cv~Te-

: ·.e 
·; ilpo:rw.n::ncfl rrpo1•epKD. rrorra.JJ;aH!iE on.Horo n::i pacna.rumx 

~ - i:BilH'l.'OB 1rs B:·'.0i'i>OC 01;.Eo 1cp;IGT2.:J.1m Nn. I l> c:ry 1 ;ae Herro-

:12.,J;aH:IH ~ 1 - cclk".ll~'~ I!":~OBOJ(\l'!'CH HT'OECjll'.a PTO.Vl:'O (\ 2 .fp11 

1_)er:<CT":n-;:r1r ··o'.:'<r o•.: o,;:;:Horo ·•~ :~1:;r' f'\8.Cn:ui;: .• ::·: 0 - !IB.'lETOB 

:-::·10:-::-~~ .. 0}.:rJ·c_q ,. OT'l) ~o,:r r: !ltX'l ';r;1!~l\_1,. 1y r1i:rerry . 

(' • . ,J'lC<" '.1.'rr•m»·t;j'~'C:fi rrp,".ccc·.: , n;iorrc:ro.rL'!Ll.¥18 B Mmue1rn . 1j poBO· 

:~_:·rc;-1 p.'1c11c1!' 1 '.nlll~u;: '11'~'~1oro i.1; .;.< i.:·e: iliU.H ~! l!OTOJlh JHGiJr:n~ n B8l!tecT-

Be Ha 1iy·n1 t1ac;TJI!" ' . 1 J.! .ua;:r 1to: :'!C: .. c.uei;:emur 3a 'IaCT:II:\e~: Y'L11'!I-

Ll • 

BaeTCJI .113MeHeHHe B y rJie OTRJIOHeHlifl JI! B KlffieTn<reCKOH SHeprmr 

npoTOHa. 

9. lilHTerpHJ)yeTCJI TpaeKTOpl''..FI IIpOTOHa OT MHJlleHJI! BITJIOTb .n:o 

anepTYpHoro c<reT'IJl!Ka. IIpoBo,n;HTCJI rrpoBepKa perHcTpaLJ;Jllli rrpoToHa. 

IO. Onpe,n;eJIJieTCJI rrpooer saper.ircTpJ1POBa.J-IHoro npoToHa n MecTo 

er o OCTaHOB!lli • 

II. Onpe,n;eJIJieTCH cTaTHCTH<recKIDJ: Bee saperHCTP.lipOBaHHoro co­

OHTIDI. 

IToCJie Ha6opa He06XO,t(:JllMOH CTaT.liCTJUGI CTpO.iITCH rJl!CTOrpalvlMbl TIO 

yrJiy.IIHOHa B C.liCTeMe 11;.M. @;, ::itiepr:JllJI! IIepBH'IHOrO C - KBaHTa 

Et(, yrJiy rrpoToHa noCJie · OTMOHeHM B MarH:JllTHOM noJie II11i1l E9~p , 
K.11H8TH'I8CKOH SHeprIDI npOTOHa c y'IeTOM IIOTepb SHeprJl!Jll B BemecT-

Be T ~ , aHeprHH pacrra,n;mu (\' - KBaHToB . E ~ :vr no K.11HeTH'!ecRoi1 

sHeprHH B KalK,IJ;OM .113 npo6eJKHHx c'!eT'!l'!KOB R , -:- R 5 

IlOJiy'!8HH!:le B pesyJI:&TaTe paci:i:eTa l.foHTe-KapJIO CII8KTPl:l rrpHBe-... 
,n;eHl:l TOJI:&Ko ,n;JIH i1 IT03.11UJ1!.11 8gr =60°. B Ta6JI. 2 rrp.11Be,n;eHbl pesyJI:&· 

TaTl:l aHaJ'IOI':Jll'IHl:lX paC'!8TOB, Bl:lIIOJIHeHHl:lX ,t(JlH Bcex rurneMaT!1'!8CK.11X 

06.JiacTeii rrJiamrpyeMoro s1wrrepJ1IMeHTa. Bee STJI! pesy JlbTa Th! ocHoBa- · 

fill.Ha CTaTHCTJl!Ke B 5000 COOHTJl!il. 

Taomn.1,a 2. 

A Ggr"'" A Ell' A@l)p ATp c.E , 
(rpa,nJ (rsB) (rpa,n;) (MsB) cdi3) 

54,5 +. 65,0 0,75 + I,16 66,83+73,67 126 + I 90 0 ,50+0,92 

55,0 + 65,5 I,00 + I,40 64,00+70,UO 190 + 240 U,60+1 ,09 

74,5 + 84,5 0,69 + 0,94 ' 56,00+61 ,33 100 + 232 0 ,42-r0 ,66 

74,5 + '85,0 O,Bb + I,I2 53,00+58,50 250 + 294 0 ,43+0 '?'i 
I 

II 



Ha PHC .6 rrp1rne.ueHO yrJIOBOe pacrrpe;I\eJiemre pO.lii,ll;emrux rrf 0- Me-

30HOB B Cl'ICTeMe IJ;. M. Cpe;I\IDlli yroJI e; paBeH 60, 70, a ,u;HCTiepc:wi: 

- ± 2,44°. 

Ha puc. 7 rrpe.ucTaB.lleH :rnepreTR"'!ecKIIB crreKTP Hai:ra.r.u,Hl:lX c -
- KBaHTOB C06!:1Tffi1, 3apeI'liCTPlIPOBa!IlmX SKCrrepHMeHTaJ.ffiHOH ycTa­

HOBKOH, BH,nHo, "l:TO YCTaHOBKOH OXBaTID38.8TCB SHepreTR"'!eCKaR 06-

JiaCT:b (I ,O + 1,4) raB, '!TO COC""'J?eTCTBY8T yCJIOBIDIM K!IHeMaTKKH. 

Ha pnc.o .uaeTCR yrJIOBOe pacrrpe.n:e.neHHe rrpOTOHOB IIOCJie OT­

I<.'IOHeHID! B i.larHl'ITHOi;! rroJie IIITM. Cpe,LLHee 3Ha'!eHHe :n yrJioBofi ox­

BaT pacrrpe.ueJieHM paBHb! (67,C :t 3,0) rpal\. CpaBHeIDie 3TIDC 

B8oTII '!IIB c yrJIOB!:IM ,JJ;l!a.'1a30HOM ( 54, 5 .:!: 2, G) rpa;I\, COOTBeTCTBYJ>­

m;;n.1 FJIBeMaTm<e 3KCIIeprr!.leHTa IIOKa3b!Ba8T, '!TO Ha.7Ill'll'!e MaI'HHTHOrc 

ITOJIR rrpllBO.JJ;IIT K ynmpeHRKJ ll orrpe;I\eJieHHOMY C,n;Bury yrJIOBOH 06JiaC­

T11. 2TO 06CTORT8Y.bCTBO ;I\OJI.11\HO 6!:1Tl> yi:rTeHO rrpn r:rpoeKTRpOBaHml'. 

3KCIIep:m.1eHTIW!hP.:OiI ycTaHOBKH. 

Ha pnc.9 rrpuBe;I\eHo aHepreT::rcrecKoe :i;acrrpel\eJiemi:e saperncTpB­

poBaHHHX rrpoTOHoB T~ co cpe.n:1mM 3Ha'!eHHeM l204 ,4 ± 12,l)MaB. 

Y!.l8iiblll8HHe cpe.tr.Hez 2::eprmI OT 210 lilaB l\.7lR 3TO:iii IT03HUHH .I{O 

IIOJIY'!8HHO~ Be.~-u o6yCJIOBJI8HO IIOTepRMM 3H8prlll! B BemeCTBe 

1.rmneim. 

::a pllc.~0 Il306palK8Hb! 3HepreT:l!l!8CIWe CII8KTP!:l I!pOTOHOB B 

rrpo6e.EHOl.l CII8KTpOM8Tpe. 3Ha-qemm cpe.r;;HKX SHeprIDi arnx CII8KT­

poB u m:: .u:rrcrrepcu;': '. B Meraan:eKTpOHBo.n,Tax) ,a TruOKe ~ cneKT­

poB, IIO~"I8HH!E If.'IB .n:pyrllX II03~ , rrpe.n;CTaBJI8Hhl B Ta6Jt.3. 

12 

·1 

t 
~ 

Ta6.JIID.ta 3 

fJ* Ho-
.'Jr 3ll- R, Ra. R~ R,. Rs IJ;Hll 

60° 
1 137,2,±4,0 149,0:!;3,9 160,0:!;3,6 170,4:!;3,5 Ib0,3:!;3,7 

i1 197,6:!;3,2 207,2:!;3,2 216,1:!;3,2 224,6:!;3,2 233,1:!;3,0 

60° 
l I85,2.:t2,9 194,0:!;3,4 203,5:!;3,3 212,8:!;3,4 821,5:!;3, 0 

i1 256,5:!;3,l 264,3:!;3,2 271, 9:!;3, l 279,7:!;3,0 286,7;!.:2,9 

Ha p:nc.lI .n;aeTCB SHepreTl'Ii:recKoe pacnpe;I\eJieHlle ~ - KBaHTOB 

OT pacrra.n;OB 31':. Me30HOB. KpRBaR II03BOJIJI8T orrpe.n;e.JIHT:b MKHHMaJib· 

Hoe 3Ha'1emi:e sHeprmr pacrra.n;1rnro <IioToHa, '!TO Heo6xo,mn.10 .IJ:J1R 

o6eCII8'18HRll Bl:ICOROH :ajx;peKTRBHOCTll llX perHCTpau;ml'. ;I\eTeKTl'Ipy~ 

me:il CllCTeMOH. 

Ha p:nc. 12 rrpe.n:cTaBJieHa 3aBHC.IIMOCT:o s@leKTHBHOCTH ycTa.HOB· 

Kl'! OT yrJia a~~ . CpaBH8HH8 SKCII8p.ID.18HTa.Jll,HO ll3MepeHHOrO Bl:IXC­

.n;a IIPll HapymeHHOR Kl'IH81&l. THKe c .n;aHHoli 3aBHCID.!OCT:bll I!03BOJilI8T 

oueHnT:o BKJial\ <!ioHOB!lX peaK:IJ;llli B ycJIOBHRX .n;aHHoro sRcnepHMeHTa. 

B Ta6Jr.4 npK:ee.n;eH a6co.JIIOTIDlli Bb!XO.I\ peaKI:(llR B 3aBHCHMOCTR 

OT e; :n l; E ~ • 
Ta6.mma 4 

e; t. E ~ (raB) N (MHH-I) 

. 60° 0, 75.;.. 1,15 4 
0,98 .;.. I,40 3 

80° 0,70 +0,95 3 
0,85 + 1,13 2 

11 



B saRJllO'IeHHe aBTOPH BHpa.JKaIOT 6Jiaro.n;apHocT~ ~oopoBo.JThcKo­

MY H.M. sa ITOJI83Hbl8 o6cyr.-QJ;eHIDI rrpz: liCCJI8,JJ;OBa.:Hmr TOITOrpacllliH 

MarRHTHoro rro.JJ.R: IIIIM. 

14 
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f~ 2/JO ~00 <Qo 7; ,, 

PHc.3 

c 

~ 
Pwc4 

IQ..· 

r,osblrpllrn sHepTirn ~ .I 
v'i8 T1IBK u;mt.JIOB L = Q, 

P031:II'pllW KOOp,ll;llliaT TO'lltH 
B3aHMO,!l;8MCTBIDI. 

Po3blrpblm yr~OB npOTOHa eJPi~p 

B1:r<m:c~eJ:rne Tp , IlpOBepKa 
yc~OBIDI T, ~ Tp ~ Te 1-----

Posblrpblrn f9 * 1 o "ii' !Jf'' .,. 

I IlpoBepKa rrona,n;aHIIB (, 
,n;a Ha BXO,!l;HOe OKHO 

H8T 
IlpoBepKa norra,n;aHRH Oe 
Ha BXO;L(HOe OKHO 

'---------~ IloTepn sHeprnH li MHoro­
Kpa THOe pacceID:Ine rrpoTo 
Ha B Mmll8l:rn, 

H8T 

H8T 

Tp,aeKTOPlUI npOTOHa. HeT 

.na 

ITona,n;a.HHe B ,n;eTeKTop. 

Orrpe,n;e~eJ:rne npo6er a . OcTaHOB­
--------lKa B npo6eJKHIDC C'i8T'iliKB.X. H8T 

I IlpOBepKa Y:MOBIDI L ~ N I • HeT ---------__J 
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Pnc.I 

110J]JTI1CM K PJ!ICYIII\l\M 

CHCTeMa CBepxrrpOBO)I,ffil.~X COJieHOH,I\OB B reoMeTpHH 

reJil>MI'OJI:bUa . 

Puc. 2 OceBaJI H ~ n pa,n;uam,Hrui: H R cocTaBJI.lI!Oll1He MarHHTHo­

ro rrOJI.f! cBepxrrpoBo,nmuero coJieHOHJJ:a. 

Pnc . 3 2aBHCMMOCT:b yrJia OTKJIOHeHID:I 6. e OT rorHeT11<reCKO}i 

::rnepnm rrpOTOHa rrpH yi = u' :!: 2° ' + 4 °. 
PHc. 4 CxeMa 8Kcnepmv1eHTaJil>HOH ycTaHOBRH. 

PHc.5 EJroK-c:x:eMa pac'IeTa MoHTe-KapJio. 

PHc. 6 YrnoBoe pacnpe,n:eJieHHe pol!r,n:eHHI:IX '.JI"... MesouoB B 

Cl1CTeMe u.M. 

PHc. 7 31rnpreTwrecrolli crreKTP Ha'IaJI:bH!:lX 0- KBaHTOB co6bl­

T;IB' saperHCTpMpOBaHHbLX 8KCIIepHM8HTaJil>HOM ycTaHOB-

KOll. 

PHc.b YrJioBoe pacnpe,n:eJieHHe saperHCTP:ffPOBB.HHb!X rrpoTOHOB 

noCJie OTKJIOHeHW! B MaI'HHTHOM noJie ITIIM. 

PHc. 9 8Hepre'rH'I6CKoe pacrrpe,n:eJieHHe 3aper11:cTp:ffPOBaHHb!X 

rrpOTOHOB. 

hie.IO 8HepreTH'I6CKll6 cneKTpbl rrpOTOHOB B rrpo6eJKHOM crreKT­

poMeTpe. 

hie. I I 31-iepreTH'IeCKOe pacrrpe,D;eJieHHe ~ - RBB.HTOB OT pacna-

.n:a 5\ - M630HOB. 

PRc.I2 2aBHCHMOCT:b ajJIJeKT:IIBHOCTM ycTaHOBKH OT yrJia e~:rr 

22 

Clil1COl\ j.fHTEPATJPd 

I• · ri.rkr;)'• ~ , • ' • r • l • I~ j f'3 
1\. rt PJ . · r.0."!"r oi·1 •1

• ~ ·~ . ..; c:np le te !·:xper i -
'!1e .... t~~ ~ t' ( l () ,-:: ( ~:? ..!. :il. : r. c t.opr. -i,.·;:.:!7-iotJ.- ~.1:.~~ ear :..'h,ysic:; , 

Y/ ·; , ··r l . B .~ . ;.,.. ....... ·-:4 i· - ~ .. ,o . 

2. Ka.3apsm A. :l., f.iaH'JIDIH }:~.il., Cnpyrnm A.IJ. llJIVrmrne MarHl'!THO­

ro ITO.llH :10.mp:rn0Ba1-rno:'1 rrpO'l'OIIHOii r.rnmeHH na TpaeKTOp!Il'I sap11-

::-:e1m':.!:-: <racmr-L . JperrpHHT EMI- 191(31)-bi, EpeBan I%I. 

3. ;;:::e\f,IJPHC K. )JJ-IHaiiil'I'J:eCKM opr-ieumu;mr mi:ep. i.i.: i.iHp, I965 . 

4 . !.iOHTI'OMepn ,Il .I>. llo.r.y<remrn Cl1Jll>!IHX r:JaI'HHT!lblX I10J18H c f!Oi.lOll(hRJ 

C0.1!8l!OJ1,IJ:OB. H.: f.iHp , 19'7 I. 

5 . Te.ier;rn IJ .H., PamoK !11.H. i·iapnny"OB IJ.,.1. 1~ .J(p. Y1wT n.1ULHHH.H 

i.iD.I'llHTl!OPO IIO.!JR fl0Jll!Jll1:m1rnmrn1 .ljlO 'l'Ol!ll0 1 i 1,lJ!fllCH\1 In ·r1ncK-

TOp1.11 :mpH:.'.rlf!nl'· 11ac:·1·1111. 11 :1Ju:rre11m.1nir'l'a ,. c r.nrw1·1·rnn.; cnCJc'1'-

po1.1c~·po1.1 . llpu1qH111'1' X /I': I LI,_; .· l. 

l'y1crn11w1, 
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