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1. 

JlBJI€HIIJI peJIHTIIBIICTCKOH JI)];epHOM <pII3IIKII - OCHOBHO:U: ITpe)];M€T IICCJI€)J;O

BaHIIH Jia6opaTOpIIII BLICOKIIX 3HeprII:u: ( JIB8 ). B 3TOM KOHTeKcTe 3Haqif

TeJibHhlM IIHTepec Dhl3hlBaIOT peaKUIIII ITepeaapJI)];KII JI)];ep Ha JI)];pax, '3KCm'

pIIM€HTaJibHhl€ IICCJI€)J;OBaHiur KOTOphlX o6HapymIIJIII cyrn:ecTBOBaHIIe CITC

UII<pIIqecKIIX JI)];epHhlX 3<p<peKTOB, He CBOHCTD€HHhlX HYKJIOH-HYKJIOHHOMY 

B3aIIMO)];€:U:CTBIIIO. RnJieHIIe C)];BIIra JI)];epHoro .6.-ITIIKa II ero yumpeHIIe ITO 

cpaBH€HIIIO C ITepe3apJI)J;KOH Ha ITpOT0He, DITepDhle o6HapymeHHO€ II IICCJIC

)J;0BaHHOe B Jia6opaTOpIIII Ha ITyqKax 3He [1], D ;::i:aJibHeiiIIIeM 6LIJIO IT0LI:TDq>

)R)];€H0 B OIThlTaX C pa3JIIIqHhlMII cHapJI)];aMII II MIIIII€HJIMII, ITp0DC)J;CHHhlX Kell{ 

n .ll:y6He, TaK II n )];pyrnx ycKopIIT€JibHhlX U€HTpax (cM., HaITp., o63op [2]). 
B JIB8 )];aJinHe:u:IIIee pa3DIITIIe 3TIIX IICcJie;::i:onaHIIM IToJiyqIIJI0 D 3KCKJII03IID

HLIX 3KCITepIIM€HTaX C IICITOJib30DaHIIeM D KaqeCTDC HclJICTalOillIIX qacTHU 

JIIITIIJI-7 lI TPIIT0H0D [3]. MccJie)];ODaHIIJI peaKUIIii ITCJH'3apnmrn Ha ITyqm1x 

TplITOHOB ITpe;::i:cTaDJIJIIOT IIHTepec HC T0JII,KO IT0T0MY' qTo n;::i:pa :iH JIDJIJI

IOTCJI 0)];HIIMII II3 ITpOCT€MllllIX JI)];epHLIX ofo,eKTOD, n· mrn6oJibIIICii CTCITPHII 

II0)];L(aIOilllIMIICJI TeopeTHqecK0MY aHaJIII3Y, HO lI C M('TOL(HqccKoii ToqKII ape

HHII: o6pa3JIOilllIPCJI n;::i:pa 3He HMC'IOT HHII0OJI('(' DhlfOL(H0(' L(JIJI MarHHTH<>r0 

amtJIII3a If H JIPrKo HLI:CHTH<lrnuIIpy10TcJI m1 <l>oH<' ;::i:pyrnx o;::i:Hoaapn;::i:HLIX 

qa(TlIU DDIILI:.Y yqeTDCJ)CHHOii ITJI0THO(TII II0HH3aUIIII. 

Il ITl)lIHUlIITP, ITyqKII J)CJIJITIIDIICTC"KIIX JIL(Cl) TJ)IITIIJI MoryT 6hlTb IT0Jiy

qcHhl ITJTC'M HC'ITOcpe;::i:cTDCHH0ro ycK0fH.'HIIJI Tf)IIT0H0D Ha ycK0pIITCJibHhlX 

K0I\IIIJI('I{("c1X, L(0ITJCKaIOillIIX ycKOJ)CHIIC JI)J;Cp C 0TH0IIICHHCM ¾ = ½- Qqe

DJIL(Hhl:lllI L(0CTOIIHC"TDaMII TaKIIX ITyqK()Il 6hlJIII 6LI IIX xopoIIIIIe reoMeTpII

qp('I{lI(' rrapm,IPTJ)hl, DhlCOKHJI IIHTCHCIIDH0CTI, II HII3KIIH (10-~ - 10-4) pa3-

6poc ITO lI!l!ITJJibCHl\1. O;::i:HaKO pcaJIII3aUIIJI 3T0ro IT0L(X0)];a C0ITpJimeHa C 

c·epnP3HhlMII TCXHIIqecKIIMII ITpo6JieMaMII DDIILI:Y DhlCOKOM ( ~ 104 KII/r !) 
YLl:C'JII,HOii HKTIIDH0CTII TPIITIIJI. AJinTepHaTHDHhlM B, 3TOM OTH0III€HIIII ITO)];XO

L(O:II IIDJIJI('TC'JI m>JiyqeHIIC Tf)IIT0HOD n DIIL(C DT0pIIqHI,IX qacTIIU, o6paayro

ll!IIXCII D pP3:VJibTHTC D3aIIMOL(CMCTBIIJI KaKoro-JIII6o ITepnIIqHoro ITyqKa C MII

llIE'HbIO. HaII60Jiee 3cl>q>eKTIIBHLIH II BMecTe c TeM ITpOCTOM napIIaHT MomeT 

6hlTI, peaJIII30DaH Ha OCHOBe peJIJITIIBIICTCKOH peaKUIIII 06):J;IIpKII a-qacTIIU 
4He + A ---+ 3H + X. CeqeHIIe 3TOH peaKUIIII (25 -70 M6 ;::i:JIH JierKIIX JI)];ep 

[4],[5]) ITPII OITTIIMaJibHOM TOJIIllIIHe MIIllI€HII o6ycJiaDJIIIDaeT BhlXO)]; )];O 5 
JI)];ep TPIITIIJI Ha CTO ITepnIIqHLIX JI)];ep 4He. C pocToM IIMITYJinca yrionoiI 

paa6poc ITyqKa TaKIIX CTf)IIITITIIHfOBhlX 'TPIIT0HOB JIIIHCMHO yMeHbIIIaCTCJI,' 

BhlXOL( ITO)]; HYJICM KBa)];paTIIqHo pacTe±, paa6poc ITO IIMITJJII,CaM CTpCMIITCJI 



R II0CT0JIHH0H BeJIBqIIHe B HeCR0JII,R0 rrpo:u;eHT0B. ITocJie,n:Hee, BrrpoqeM, .Ll:JIJI 

pJI,n:a 3a,n:aq JIBJIJieTCJI HeIIpIIeMJieMo 6oJII,IIIOH BeJIIIqIIHoii:. OTMeTIIM TaR}Re, 

qTo IICT0qHIIR0M 
3
H M0}I{eT CJIY}I{IITI, co6cTBeHHo peaR:u;IIJI rrepe3apJI.Ll:RII 

3
He + A -, 3H + X. XoTJI ee ceqeHIIe [3], [5] 6oJiee qeM Ha rropJI,n:oR MemIIIe 

ceqeHIIJI peaR:u;IIII 
4
He +A-, 3H,+ X, Ha ee ocHoBe MoryT 6hlTh rroeyqeHhl 

rryqRII TpIIT0H0B C MaRCIIMaJll,HOH .Ll:JIJI ,n:aHH0ro ycRopIITeJIJI 3HeprIIeii:: B 

CIIJIY COOTBeTCTBJIOlll;IIX OTH0IIIeHIIH ¾ .Ll:JIJI q>IIRCIIpOBaHHOro II0JIJI JCR0pII

TeJIJI IIMIIJJihChl JI,n:ep TPIITIIJI, Herrocpe.n;cTBeHH0 ycRopeHHhlX, II0JiyqeHHhlX 

06,n:IIpRoii: 
4
He II rrepe3apJI.n;Roii: 3He, 0TH0CJITCJI, RaR i : 1 : '.c:'. f 

Ji! D1 

F 

VP-1 D3 

20 >< 6v, GIES 

PHc. L IlJiaH MarHHTOOIITHqecKoro KaHaJia .l(JIH qiopMHpoBamrn nyqKa · TpHTHH Ha ycTaHo

BKy rMEC. a - Tpacca nepBirqHoro nyqKa 4He, DO ... D7 - .l(y6Jien,r KBa.l\pynom,HhlX JIHH3, 
Ml,M2,M3 - IIOBopoTHhle MarHHThl 

2. 

.I(JIJI q>OpMIIpOBaHIIJI rryqR0B peJIJITIIBIICTCRIIX JI,n:ep TPIITIIJI Ha ycR0pIITeJII,

HOM ROMIIJieRce JIB9 [6] IICII0J11,30BaJICJI MeTo,n: 06,n:IIpRII ycRopeHHhlX JI,n:ep 
4
He. YcRopeHHhlii: B CIIHxpoq>a3oTpoHe rryqoR a-qacTII:U: Me,n:JieHHo BhlBo-

2 

Ta6Jimi:a 1. IlapaMeTphl nyqKa 4~ 

.ll:HaIIa30H HMIIYJibCOB 3 :..... 18 r21B / C 

MHTeHCHBHOCTb B I\HKJie • 5 . 1010 

-cJaCT~Ta I\HKJIOB 0.12 r11 

.ll:JIHTeJibHOCTJ, Bb!BO.l(a 0.5 c 

Pa3Mephl nyqKa (a-i.~.) • 2 - 4 MM 

· Pacxo.l(HMOCTb nyqKa ( aohor-) • 4 --, 6 Mpa.l( 

• np11 Pc". Pmax/2 

.Ll:IIJICJI II3 JCR0pIITeJIJI II c6pachlBaJICJI Ha MMIIIeHh, paCII0JI0)I{eHHJIO B ToqRe 

CThlR0BRM BhlBO,n:HOH ·: CMCTeMhl M RaHaJia TpaHCIIOpTMpOB'KII _ -craCTM:U: R 3R~IIe

pIIMeHTaJII,HhlM ycTaHOBRaM - q>oRyce F3 ( pHc.l). OCHOBHhle rrapaMeTphl 

TaRoro rryqRa rrpMB0,n:JITCJI n Ta6JIMIJ;e 1. 

TpMTOHhl M ,n:pyrMe nropMqHhle qacTM:U:hl, 06pa3onanIIIMec11 n pe3JJinTaTe 

B3aMMo,n:eii:cTBMJI 4 He c 11.n:paMM MMIIICHM, iro.a 0° 3axnaThlBaJIMCh roJIOBHhlM 

.n:y6JieTOM DO RaHaJia VP-1. Bec1, RaHaJI HacTpcrnnaJicJI Ha TpaHcrropTMpon

Ry qacTM:U: c 3ap11,n:0M z = 1 ff MMIIJJibC0M p = ¾Pa• Hcrrpon3aMMO,n:eiicrno

naBIIIMe rrepnMqHhle a-qacTM:u;hl, a TaR}I{e BT0pMqHhle qacTMIJ;hl C MarHMTHOH 

}I{CCTR0CTI,IO -!e_, OTJIMqaIO~eii:CJI Ha 5% M 60JICC OT HOM~HaJibHOH, II0CJIC 

rrpoxom.n;eHMJI ,n:y6JieTa DO II rrepnoro rronopoTH0ro McffHMTa Ml Bhl6pachl-. ' ' ' ' ' - . ' ,:_ . ~ '·. . ' ' . . . . 

BaJIMCI, ,M3 RaHaJia M rrorJiom;aJIMCb B 3alll;MTe, paC_IIOJIO}I{eHHOH Mem.n:y M3MC-

P~TCJibHhlM rranMJII,0H0M M 3RCII~pMM~iITaJibHhlM Roprryc~M 205 (Ha pMc.l 
' ' - '. ~ " . . . ' , - ,, 

qacTMqHo oTMeqeHa 3aIIITpMxonaHHhlMM yqacTRaMM Mem.n:y Ml M D1). 3a-

lll;MT~l o6ecrreqMBaJia ,n:ocTaToq~o II0JIH0C IIO,n:aBJICHMC cp~H~, B03HMRaIOm;ero 

rrp,M, r~incm~M rrcpnMqHoro _rryqRa. <l>oHOBhle y~JIOBMJI rro3~o~JIM pac~~Jia

ntTh, rrpM ttco6xo,n:MMocTM, .n:eTeRTOphl yme n paii:otte cpoRyca F4, He rro.n:

ncpra11 MX ,ym;cCTBCHHOH .Ll:0IIOJIHMTCJibHOH 3arpy3RC; 

I1oJIHoc <l>op1rnponaHMe TJ)MTMenoro rryqRa ocym;ecTBJIJIJI0Cb _ Ha Tpacce 

MarHMTHhlX RaHaJI0B VP-1 M 6V o6m;eii: .Ll:JIMHOH 6oJiee 110 M, BRJII()qa10mMx 

n ce611 TpM rronopoTHhlX MarHMTa Ml, M2, M3 M ceMh ,n:y6JieTOn RBa,n:py

rroJihHhlX JIMH3 DO - D6. CorJiacHo OIITMqecRoii: cxeMe, Ha R0Topy10 B ,n:aJih

Heii:IIIeM 6y.n:ei1 CChlJI~TbCJI RaR Ha CTaH,n:aprnyIO, JIMH3hl Ra:HaJia VP-1 rpyrr

rrnpyIOTCJI B TPII RnapTCTa C qepe,n:onamieM IIOJIBJ)HOCTII <l>,[(-,[(<I> B ropII-

30HTaJihHOH IIJI0CR0CTM. B paii:oHe foqeR F4, F5, F6 q>OpMIIPJIOTCJI Rpoc

conephl riyqRa.BTOpoii: M TpCTMH RBapTeThl pa6c>TaIOT B pe}I{IIMaX, 6JIB3RMX 

R 3epRaJII,HO-CIIMMeTpMqHoMy. ,[(y6Jiei D6 rrepeim,n:MT II3o6pameHIIe M3 F6 

Ha MMIIICHI, ycTaHOBRM. OcHOBHhlC q)JHR:u;IIII Rattana .Ll:JIJI 3TOH 0IITMqecROH 

cxeMhl rroRa3aHhl.Ha pIIc.2. CTaH,n:apTHhlii:'pe}I{IIM, a'TaRme tte6oJII,IIIOe pac-

3 
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Pn:c. 2._OcHoBHhle cpyHKI(HH .l(llil CTaH.l(aprHoro peJRn:Ma KaHaJioB VP-1 n: 6V. A~ JI1rneiiHhle 

orn6aEOII(~e rryqKa (2o-) B ropH30HTaJibHOll (X) Il BepTn:KaJibHOll (Y) rrnorn;crn~ ( Ex :::::c Cy = 
401r MM: Mpa.l(, /jp = 0). B - Jln:HefiHM Il yrnoBM .l(IlCilepcnn: . ·- - . 

• • j ' 

CTOJIHIIe OT TOqRII (F3) pacno.iromeHIIJl 0 MIIIIIeHII, reHepiipyrom:en TPIITOHhl, 
,n:o Bxo,n:a B roJIOBHon ,n:y6JieT DO - 3.2 M - o6ycJiaBJIIrnaioT xopoIIIyIO cBeTO

CIIJIY RaIIaJia. PaclJ:eTHoe 3Ha:qeHIIe yrnoBoro' a:RcenTaHca' ',n:mi: TaROll ROH

qmrypaumr COCTan.rrieT ,6.0 =, l:10xbi.0y ~ 50 Mpa,z( 18 Mpa,n: = 0.9 MCp. B 
Ra'IeCTBe IIJIJIIOCTpau;IIII npIIBe,n:eM ,n:aHHhle no IIHTeHCIIBHOCTII TpIITOHOB C 

IIMnyJILCOM 6 n')B / c; II3MepeHHOll B ycJIOBIIJIX, 6JIII3RIIX R BhlIIIeonIItaHHhlM: 
. ;. . :· ' ' ' 

• nepBII'IHhlll ny'IOR - 109 (}'-qacTIIU C IIMnyJILCOM 8 raB/c 3a c6poc, 

~ MMIII~Hi, - noJIIICTupoJI, 5 r / cM2, 

.• IIHTeHCIIBHOCTb JI,n:ep TpIITIIJI B R<rnue RaHaJia - 5 . 10? 3a c6poc. 

Ha pIIc.3 npIIBe,n:eHhl npoqmJIII ny'IRa c HeCROJILRIIX npOq>IIJIOMeTpOB, 

pacno.1:i'omeHHhlX B,UOJIL TpaCChl rry'Iia. TpeTLJI II 'IeTBepTaJI napa pacnpe,n:e

JieHHll COOTBeTcTByeT Bhl,UeJieHHOMY IIJ~Ry TpHTOHOB. B Ra'I~CTBe ~pOq>HJIO-

. MeTpOB ncnOJib30BaJIHCb MHoronpOBOJIO'IHhle RaMepnr, pa6oTaIOm;IIe B TORO

BOM pe)I{MMe, HMerom:ne HH)I{HHll nopor 'IYBCTBHTeJibHOCTH no HHTeHCHBHO

CTH nytIRa nopJI,n:Ra ':':' 106 0,n:H03apJI,L(HhlX ~IaCT_H:u; B ceRyH,n:y. ,ll;aHHhle_ pac
npe,n:~JieHHJI, COOTBeTCTBYIOT CTaH,n:apTHOMy pelliHMY MarHHTHoro RaHaJia, 

4 

;\ 
I 

3 4 
~2 ;·~i' 

r1f \( \ 
I 

10/48 4/46 
-2/9 4/10 

Pn:c. 3. <I>opMn:poBaHn:e rryqKa rpn:rnn: KOOp.l(n:HaTHhle pacIIpe.l(eJieHHH B rop1rnoHTaJihHOH 

(X) n: BepmKaJibHOH (Y) IIJI0cKocrnx IIPH AH = 6 raB/c. 1 - rrorne Marrrn:ra Ml ("Jrnocr" 

rrepBH'IHOro rryqKa c,-qacT1Ill), 2 - Ha BX0.l(e B ,n;y6JieT DI, 3 - Ha BXO.l(e B .l(y6JieT D3, 4 -
B cpoKyce F6. · Un:cpphl rro.l( n1crorpaMMaMn:: cpe.l(Hee 3HaqeHn:e/ cpe.l(HeKBa.l(parnqHoe OTKJIO

HeHne, MM. ,Un:arra30H -ropH30HTaJihHOH nrnaJihl - ±90 MM, rna.l(Klie KpliBhle - aIJnpoKCHMa1:nH 

rayccnaH0M 

ROTOphlll :u:cnoJib30BaJICJI TOJibRO B Ha'IaJILHOll CTa,n:HH npOBO,URH ny'l:Ra. 3a

TeM Heo6xo,n:HMO 6LIJIO yMeHLIIIaTb HHTeHCHBHOCTb ny'IRa B 10 - 30 pa3: 
onT:u:MaJILHOll HHTeHCHB,HOCTbIO ,UJIJI pa60Thl cneRTpoMeTpa rMBC ( CTpH

MepHaJI RiMepa· · B · MarHHTHOM noJie) JIBJIJieTCJI HeCROJILRO ,n:ecJITROB ThlCJI'I 

'l:acTIIU 3a c6poc: YM<iHLIIIe:inie HHTeHCHBHOCTH BLIBe,n:eHHoro nepBn~rnoro 

ny'l:Ra a--riacTHU B Ta;~ll CTeneHH 6LIJIO He)I{eJiaTeJILHO, TaR Ra:K rrp:u:BO,UHJIO 
6hl R yxy,n:IIIeHHIO cia6HJibHO.CTH BhlBO,n:a, TeM 6oJiee, ROr,n:a. :u:cnOJII,30BaJICJI 

6eccTpyRTYPHhlii BhlBO,n: (T.e. BhlBo,n: ny'l:Ra :u:3 ycRop:u:TeJIJI npn oTRJIIO'IeiI-
HoiI Bq). ITo3TOMY :u:cnoJib30BaJICH CJie,n:yrom:niI npneM: CHJibHO CHHIBaJICJI 

TOR B nepBon JIIIH3e (<I>r) ,n:y6JieTa D2. 8To np:u::B·o,n:n.iio R cHJihHOH ,n:eq>oRy-

CllpOBRe ny'IRa B-ropH30HTaJILHOll nJIOCROCTII II IIOTepJIM Ha nxo,n:e B CJie,n:y
IO:W:IIll ,n:y6JieT, KOTOphlll rro~cTpaIIBaJICJI Ha HOBhle IIOJIO)I{eHIIJI _IICT0'1°HIIROB. 

BeJIII'IIIHa noTepi, II, coorBeTCTBeHHO, IIHTeHCIIBHOCTL npoIIIe,n:iirero · rry'IRa 

rrpJIMO c~JI3aHhl c TOROM BO BTOpoii JIIIH3e (.D:r) · ,n:y6.11~±a D2: · l13_M~HeHIIe 

TORa B 3TOH JIIIH3e, B03MO)I{HOCTb ROToporo IIMeJiaCb Henocpe,n:CTBeHHO Ha 

MecTe :se,n:eHIIJI 3KCIIepIIMeHTa, II03BO.JIJI.JIO nJiaBHO rro,n:cTpaIIBa'Tb IIHTeHCII

BHOCTb R HymHoiI BeJIII'IIIHe n rrpaRTII'IeCRH yme He ipe6o~aJio rro,n:cTp?iiRII 

rrocJie,n:yIO:W:IIX 3JieMeHTOB RaHaJia. 

3-

RaR yme OTMe'IaJIOCb BhlIIIe, He,n:ocTaTROM BTOpII'IHOrO TpIITIIeBoro rryqRa, 
noJiy'IeHHOro Herrocpe,n:cTBeHHO OT MIIIIIeHII, JIBJIJieTCJI pa36poc no lIMIIYJib-
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caM. BeJiwnrna :noro pa36poca ,n:JUI peaKIJ;nn 06,n:npRn a-qacTnri; orrpe,n:eJUI

eTCII cpc,n:HeRn;.n:paTH'IHLIM 3Ha•rnHneM HMIIYJinca rrpoToHa ap: B JI,n:pe 4He 

II C .n:ocTaT0'IH0 xopornen T0'IH0CTI,IO .n:aeTCJI C00TH0llieHIIJIMll . 

15 a P1ab a p• 
(T P1ab = ,oa p• l P1ab = ~ = /3 M ' 

. r~b O t 

r.n:c /3o, ,o -CR0p0CTI, II JiopeHri;-<paRTOp HaJJ:eTaromen Q'-'laCTIIU:hl. B Jia-

6opaTOpHOll CIICTCMe 0TC'leTa, Mt = 2.809 r3B/~2 
- M~cca TPIIT0Ha. 

Ha ocHonaHIIH 3RcrrepIIMeHTaJILHLIX ,n:aHHLIX [ 4] IIJIII Mo,n:eJIII [7] a p• = 
IGO - 200 M3B/c. 3TO .n:aeT, HaITpIIMep, ,n:JUI rry-cma .TpIIT0H0B c IIMITYJin

col\I 9 r3B/c IICXO.D:Hhlll llMITYJinCHhlll pa36poc 6 - 8%. B RaHaJiaX VP-1 

II 6V, 0TCJTCTilJIOT CITeri;IIaJinHhle CTari;IIoHapHLie R0JIJIIIMaTopu, Ta!{ RaR 

0CH0ilH0e Ha3Ha'leHIIe 3TIIX I{aHaJI0B - TpaHCII0pTIIp0BRa IlhlBe,n:eHHhlX M0-

H0XJH)MaTII'ICCRIIX ITY'IR0B. ITpII <l)OPMIIponaHIIII BTopII'IHoro ITY'IRa nu,n:e

JI<'HII<' m,III,VJII,('cl ITJl0IICX0.D:IIT Ha aITcpTypax MarHIITHhlX 3JieMCHT0il. Pac

'l('Thl ITYT<'1I i\W.Q<'JIHponaHIIR ITJJ0X0IB.D:CHIIJI 0T.QCJII,HLIX TpaCRTOJrnii, .n:naJIII 

I{0T0J)hlX ITJH'.D:IT0JiaraeTCJI OITII<'aTI, n OT.D:C.l!I,HOll pa6oTe, ITORa3LIIlaIOT' 'ITO 

ITJlII CT,m.napnwM JH'IBIIi\H' RaHaJion, 7f Ha nxo.n:e B .n:y6JieT D 1 cocTanJIR<'T 

IlC'JIII'IIIHY 0I{0JI0 G%, I{OTopan, ,n:aJIC'C, ITOCTCITCHHO Jl\IeHnlliclCTCJI .n:o ypon

HJI 1.8 .- 2.'.3% n R0Hri;c Ramwa G\r. }IHTcpecHo <>nr~n;:n,. q~o o_ITII<'aHHa/I 

IlhlllI<' .lW<l>oRycIIponRa IT,V'!Ra n C<'J><'llIIH<' RaHaJI;l VP-1: m: ITpIIno,n:IIT i; Ja

MPTH0MY II31\I<'HCHIIIO IIMITJJII,('HOii ~()Jl()('l,I ITJ)0ITJn,<aHIIJI . . .D:JIR 1m.na Ja,n:aq 

TaRoii pa36poc ITO IIIIIIIYJinCclM _IIBJIR('T('/I CJIIIllII{0M 60JII,llIIIM. O.n:mnI II3 Il03-
; • ,< • 

I\IO)f{HLIX IT0,n:xo.non,. II03Il0JIR~:rn;IIX I{0l\!II('HCIIJl<(IlclTn.:➔roT H<'.Q0<'TaT0R, /IIlJIR

eTCJI npellIRITJH)JICTHO,<' I\IC''l('HlI('. TaRa/I I\I('T0.QIII,il 6um1 JlPilJIII30BrlHa ITJlH 

pa60TC' C IT,V'IROI\I TJlIITOHOB (' IBIII,\'JII,('()11 G r-➔D / (' [8]. flPpnLiii cqc:rrnR 
., ' . . . ' . . ' ' 

npellIRITpOJif'THOii CII<'TCJ\Ihl JlclCIT0Jiaram·II Il <l><>R,\"<'<' F .. .1,. _nTopoii - Ha ('I!('l,-

TpOllieTpE'. r°I1BC. ?TO pa31\IC'm:t_'HII<,' <;q<:T'IHR0il Ja.n·,IIlaJio ITp<im•TH_\'10 fia3y 

L C:::'. 77.M. ITpII co6crneH~OM npe1ICHHO.llipa3pcrneHIIII a, ;,, O. lm· Ha T;IR()H 

fia3e ofieCII~'IIIBaJIOCn paapern_eHIIe ITO IBIIIJJincy t P. C:::'. :Jo1o'2 ( a1;.) / L C:::'. 0.21i{. 

HaMepeHHOe 3Ha'ICHIIe IIMIT,VJinCHOro p,136poca ITY'!Ra TJHIT0H0B 0Ril3HJIO('h 

paBHLIM 110 - 120 !vbB / ~ ( 1.8 - 2.0% ),'· c qe11 nIToJIHC' y:n:onm~rnopIIT<'JihH<> 

COrJiacyIOTCJI pe3yJinTaTir pacqeron .• O,n:HaRO ITPII orpaHIIqeHHOii ciwpocrn 

ITpIIeMa HH<popMaU:IIII ( TaR, HaITplll\!ep, CTplll\!epHaJI Ral\Iepa perIIcTpIIpyeT 

O.D:H0 TpnrrepHoe co6LITIIe 3a U:HRJI ycRopeHIIJI) II orpaHII'leHHO:\I npe.llICHII 

Ha6opa, 'ITO oco6eHHO aRTyaJinH0 n HaCT0JI:rn;ee BpellfJI, Heo6xo,n:IIl\IO m,ICTh 

IIY'IRII C MeHnllIIIM IIMITYJinCHLIM pa36pocoM. JJ:JUI orrpe,n:eJieHIIJI B03M0,RHO

CTII BLI.D:e~eHIIJI 6oJiee Y3Roro' IIHTepnana 'IIMITYJinCOil n paMRclX cymecTBy~ 

romen MarHIITOOITTII'leciwn CTpyRTYPLI 6LIJia rrpoaHaJIII3IIpoiia'.mi 3aBIICH-
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l\I0CTI, pa3pernaromeii CITOC06HOCTII RaR cpyHRU:IIII pe)f{IIJ\Ia lI II0JI0)f{CHIIJI Ha 

Tpacce RaHaJia. O6LI'!Hoe oITpe,n:eJieHIIe paapernaromen .crroco6HocTII - oT

Horneiim{ JIIIHeHHoii ,n:IIcrrepcIIn ( d) R pa3Mepy II3o6pameHIIR R ~ I M1xo I 
(M - R03<p<pIIU:HeHT yne.JllI'!eHIIJI, tix0 - paaMep IICTO'IHIIRa) - 0TH0CIITCJI R 

<poRaiinHOH ITJIOCROCTH. JJ:JUI ·Toro, '!To6u orrIIcunaTn pa3pernaro:rn;IIe cnoii-
~· ·~-, -·. .~-· ' ,., --· ; __ 

CTBa RaHaJia Ha ncen ero .D:JIIIHe, B Ra'leCTBe Mephl IIMIIYJihCH0r<) pa3pCllIC'HIIR 

MLI paccMaTpIIBaJIII OTHOllICHIIe JIIIHC!JHOH ,n:IIcrrepCIIII R or:n6aromeii: HCI{0T0-

por~ 3;aJIOHHOro ~OH~xpo~aTII'ICCROro ITY'!Ra. B Ra'ICCT~C TaROro ITyqRa, 

B HCROTOpon CTerreHII rrpOII3B0JII,HO, 6paJICJI ITyqoI{, 6JIII3RIIll no ITapa11c0 

TpaM R ITY'IKY, Me,n:JieHHo ·nune,n:eHH0MY iia CIIHxpo<I>aJOTJ><JHa rrpII MaRcII

MaJinH?M IIMIIYJin~e. B pac'leTaX IICIIOJII,30BaJIIICh C Jie,n:y10mm' Ha'laJII,HLIC. 

3Ha'leHIIJI 2a-orII6aro:rn;IIX B <poRyce F3: ropII30HTi.lJih - 5 MM X 8 Mpa.n, nep

TMRaJII,' - i 0MM x. 4 Mpa.n: ( Ex '.::::'. fy = 407f 1\11\I · Mpa;:i', ()/! = O). '• JlMHCMHhH' 

orII6aro:rn;IIe HR pIIc.2 II 4 ·nocTpoeHLI ,n:JUI .naHHLIX 3HaqC'HIIM. JJ:aJihHCiillia/I 

cxeMa poIICRa ?6JiaCTII ,n:JIR nu,n:eJieHIIJI MMITYJihCH0ro IIHTqrnaJia nhlrJIJI.QCJia 

cJie.n:y_IO:rn;IIM 06pa::1011r. CHa'laJia __ IIcRaJICR -➔R<"TJWMYlli pa3pernammeii cITo

co6HocTII, KaR <l>YHR~IIII rp~,n:IIeHTon JIHH3 c orp,iHIIq<'HHRMII, mrn Ha Il<'

JIII'IIIHY JIIIH<'MHOM OrII6aromcft ITJqRa II0 aITq>Type, THI{ II Ha II0JI0iRCHIIf' 

roqI{II -➔R<TJH'l\I,Vllra paiioH<>llI <l><mycon F!- FG. ITocm•.nm'<' cn1IJ;1ii:o c .no

<T,VITH0<ThIO -➔THX l\I<'('T .D:JIR pa3l\I<'m;<'HIIII .Q0IT0JIHIIT<'JlhH0ro o6opy.nonaHM/I 

( I{OJIJIII.l\IaTOJHii{ i'iJIII ,n:eTC'I{TOJ)Oil). 3aTC'l\I II.l\IIITIIponaJI0('h ITJH)X0IB,n:<'HIIC aH

cal\I6JUI tiacTIIU 'IC'JH'3 MarHIITHYIO ,CTJ>YRTYPY RaHaJion H paccM,ITpIInaJIIICh 

pm·npe,n:eJIPHH/I f ( .r' () p) n 0RJH'<'TH0CTII Haii,n:PHHhIX ToqeI{ '➔RCTJH!MYM0il. 

3aT<'1I Ja.nanamH'h orpaHIIqIImuoma/I IT0JI0C'a ,I'].:=:; .i: :=:; .l:'l (HJIH HCCI{OJII,I{O) 

II: ITO miJI,\'q('HHOii nu6opK<', ITJllI ycJI0ilIIH, qTo 'la<TIIU:hl .D:0llIJIII .n:o I{0HU:a 

i;,rni1Jia. JHHTqIITLinam·Ji oHoH'lilT<'JihHLIM m:CITyJihCHhlii pa36poc . 

. Ha pnc.G IT0Ra3aHLI 0C'H0BHLIC <l>YHRU:IIII; CO0TilCTCTByrom:IIe pe)f{IIMY Ra

HclJI()Il VP-1 II GV C ycIIJICHHhIM IIl\fIIJJihC'Hhll\f pa3perneHIICl\I (pemIIM. 2 ), 

a THRiRP H3W'HC'HHP pa3p<'llI,lIOm:<'ii CI1()('()6HOCTII n,n:oJih rpacchl IIY'!Ra .D:JIR 

n,rn.naprHoro Jl<'lliII1Ia ( 1) II .nnyx Iiaft,n:eHHLIX perneHIIii (2,3 ),B Ta6JI:nri;e 

2 CB<'.QCHhl HPI{0T0phle pe3yJihTaThl paC'ICTOB .D:JUI 3TlIX Tpex 'pe)f{lIM0B; 

OrpaHIIqeHIIe ITo TpIIrrepy (T) 03HaqaeT, '!To Y'IIITLinaJiocn nu.i:(eJieHIIe 

ITyqKa, oITpe,n:eJIReMoe aITepTypaMII npe.llrnrrpoJieTHLIX cqeT'IIIR0B, pa3MepoM' 

50 X 50 1m2• pacITOJIO)f{eHHLIX, RaR OITIICLIBaJIOCI, Bhlirre ( Z1 C:::'. 31.6 M, z2 C:::'. 

108.8M), a TaR)f{C C'ICT'IIIR0M, pa3MepOM 60 X 30_MM2
, 3a,n:aIOm;HM ITY'I0I{ Ha 

11mrneHII CTpIIllrepHOll RaMepLI ( z = 110.8 M). JJ:oITOJIHIITCJII,Hhle orpaHII'!e

HIIJI ITo,n:pa3yMenaroT ITpIIMeHeHIIe aa,n:aro:rn;IIX C'leT'IIIROB IIJIII ROJIJIIIMaT0p0B 

C00TBCTCTBYIOm:IIx pa3Mepon. ITpIIMeHeHIIe R0JIJIIIMaTopa ri;eJiecoo6pa3HO B 
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Puc. 4. OrnoBHhle qiymm;uu ,n;JIJI peJKJIMa cycmreHHhlM JIMIIYJihCHhlM pa3peIIIeHJieM. A, B -
JIJIHeitrrhle orn6aroIIIHe rry,rna, JilIHeitHaJI lI ymoBM ,nncrrepcnn. C - Pa3peIIIaIOIIIaJI cnoco6-

H0CTh ( 0TH0IIIeHlie JllIHeitHOit ,ZJ;JICIIepClilI K :naJIOHHOit JilIHeitHOit orn6aroIIIeit, CM. B TeKCTe): 

1 - CTaH.napTHhlH peJKlIM, 2,3 - BapnaHThl pelKlIM0B c ycnneHHhlM HMITYJibCHhlM pa3peIIIeHlieM 

cJiy'!ae pe)KHMa (3), TaK KaK IIOJIOCa BLI,n:eJieHIIJI ,n:oJI.lKHa HaXO,n:liTbCJI BHYTPll 

:u:1rn1m.n:pn'IeCKoro oTB~pcTHJI B 3a:rn;nTe, pa3,n:eJIJirom;eil: KaHaJILI VP-1 n 6V . 

IIporrycKHaJI crroco6HocTL (Y) rrpnBe,n:eHa no OTHoIIIeHHIO K cTan,n:apTHOMY 

pemnMy, TO~LKO rrpH arrepTypHLIX orpaHH'Ie~mJix. MaKCHMaJILHLiil: HMIIYJILC 

rry,:ma TpllTOHOB .D:JIJI pe.lRHMOB (1) n (3), Pmax .~ 11 raB/c, orpaHll'IllBaeTCJI 

mrnopOTHI,IMll MarHllTaMll Ml II fy13, a .D:JIJI pe.lRHMa (2), Pmax ~ 9raB/c -

BTopoil: JIHH30il: ,n:y6JieTa .DO. 
B rrpnJio.lReHHll rrpHBO.D:JITCJI rrapaM~TpLI KaHaJIOB VP-1 II 6V ,n:JIJI Tpex 

pe.lRHMOB pa6oTLI. 
.z:t:annaJI pa6oTa rrpoBO.D:HJiac1, rrpn co,n:eil:cTBllll PoccnikKoro cpon,n:a 

cpyH,n:aMeHTaJibHLIX llCCJie,n:OBaHllil: (rpaHT 96-02-18729). 
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IlpHJIOHleHHe 

Ta6nm~a 3. OcHOBHhle napaMeTphl MarHJITOOIITliqeCKoit cTpyKTYPhl KaHaJioB VP-1 n 6V ,n;rn 

pa3JiliqHhlX peJKHM0B. 1 - cTarr,napTHhlll:, 2,3 - peJKHMhl c ycnneHHhlM JIMIIYJihCHhlM pa3pe

IIIeHJieM. cl - ,!l;JilIHhl CBo6o,n;HhlX rrpoMeJKyTK0B. OTplII~aTeJihHhle 3JiaqeHlIH C00TBeTCTBYIOT 

II0B0poTy nyqKa HaJieB0 ,ZJ;JIJI MarHlIT0B lIJilI ,netpoKyClipOBKe B roplI30HTaJibHOH IIJI0CK0CTlI 

,ZJ;JIH JIIIH3 

O6o3H. 3neMeHT d,M [•<1><1>,~ <p,Mpa,n G, Tn/M (,ZJ;JIH P = 9f3B/c, z = 1) 
,·. - 1 2 3 

f3 - 3.15 
K200 2.10 8.251 -10.606 •' 8.251 

DO•. -· 0.20 •.; 

KlO0 1.10 -10.016 14.307 -10.016 
- 1.05 

Ml SP40 1.80 89.0 
-. 9.05 

M2 SP57 1.00 -22.7 
- 2.26 

K200 · 2.10 -3.748 -5.234 -3.748 
D1 - 0.41 

K200 ' 
2.10. 5.577 7.128 5.577 

- 9.76 .· 
K200 2.10 5.600 5.221 5.600 

D2 - 0.48 
K200 2.10 -3.620 -3.664 -3.620 

- 11.27 
K200 2.10 -3.730 -3.493 -3.378 

D3 - 0.40 ; ,. 

K200 2.10 5.630 4.563 4.834 
- 9.36 ' 

K200 2.10 5.570 . 9.212 • 6.000 
D4 - 0.40 

K200 2.10 -3.700 -5.199 -4.200 
- 8.72 

K200 2.10 -3.550 -3.398 -3.880 
D5 - 0.40 

K200 2.10 4.950 4.990 4.4.50 
- 2.81 

M3 SP12 3.20 152.0 
- 8.15 

K200 2.10 .5.663 -5.14,5 -.5.180 
D6 - 0.19 

K200 2.10 -5.519 .5.877 6.053 
Gibs - 9.35 

g 



Ta6mrn;a 2. MMnymcHhlH pa36poc ny,rna TPHTOHOB (op= O'p/P, %) H OTHOCHTeJibHaJI npo
nyc1rnan cnoco6HocTb RaHaJIOB VP-1 + 6V (Y) .n;JIH pa3JIH'lHhlX pelKHMOB. 1 - CTaH,n;apTHhlit, 
2,3 - Bap1rnHTbl C yc11JieHHhlM HMITYJibCHhlM pa3pe11IeHlleM. A - orpaHH'leHIIJI IIO anepTy
paM 3JieMeIITOB KaHaJia, T - orpaHH'leHHJI ITO anepTypaM TpHrrepHhlX H BpeirnnpoJieTHhlX 
C'!eT'IIII;OB (ci.i.' B TeRCTe), Ill, I12 - .n;6noJIHHTeJlbHOe Bhl)];eJieH11e B yRa3aHHOH noJioce 

# OrpaHH"l€HIDl 8p, % y 
A T ill I12 

1 ✓ 2.3 1.00 
1 ✓ ✓ 1.9 0.74 
3 ✓ 1.9 0.53 
3 ✓ ✓ 1.6 0.40 
2 ✓ 1.1' 0.12 
2 ✓ ✓ 1.0 0.11 
3 ✓ ✓ -5 ~ X ~ 5MM 0.7 0.12 

Z = 94.0M 
2 ✓ ✓ -2~x~2MM -5 ~ X.~ 5MM 0.58 0.06 

Z = 30.9M z=92.0M 
2 ✓ ✓ -2 ~ X ~ 2MM 5 ~ X ~ 15MM 0.25 0.01 

z=30.9M z=92.0M 
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