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OBIIWI XAPAKTEPHCTHKA PAEOTH 

AltTyaJII,HOOTl> '1'8M!l. B HaOTOHlll88 Bp8Mll J1ICDOJlI,30B8Hl!8 JJY1lltOB yOitO
pemna: TJDl8JIHX HOHOB mt9Itme B ope~ 8H8prml OTaJIO OOHOBHHM M8'l'O,ItOM 
noc.ne.ito:srum! B od.naoTB HJtepHol ~amtlt". .ff,ItepHHe peaRitHB c TJDl8.lmMll 
l'IOHBMH ll09BOJUDJT l1ICC~8,It0B8Tli B3amJIO,It8IOTBl1!8 C.UOl!CHWt Ol1IOT8M, OOO'l'OH
ll!ll HS-60.nr.moro ,mo.na HYRJlOHOB, B ltOTOp!.tX IIpOHBJI!mTCJI ltOJJJ18ltmBHH8 
Bqlql8RT!l, OBR:Samme 00 OBO!OTBaMB: HJt8PROI MaTepim - RY~OHOBO!tl!MH B 
llOB8pXROCTHW.m OWiaMH, Olltl!Ma8MOOTJ:.ll H BH3lt0CTI,!) smepnoro B8!118CTBa, 
oBoloTBaMH HJtepHoi!: IIOBapmooTB x ~THOOTB. IIpo.eyRTaMH B'l'llX peaititHI 
JmJDmTCJl HOBHe nm,a, ItOTOPH8 MOryT H8XO,Itl1IT:&0Jl_B 9ltC'l'p8MaJl:&BliX OOCTOH
HWDC BdJIHSR rpammi,i HJ'.t8PRO! yo'l'Ottrm:BOOTB 0 dO,IIJ,llllD4 RSdHTROM IIpOTOHOB 
wm HeftTpOROB, o6~anlllllX sa:aimTe.nr.e:ol sHepr:Heft BOSdY,rJ!;eHHH C,-,IOO MBB) 
B BHOOKHM yr~OBHM MOM8HTOM (BMOTJ:. ,ItO 701; ) • HoCJie,ItOBamm TamIX 00-
oTOJnmit HJt8pROit MaT8pl!l1I llOSBOJlfmT llOJJYtISTl>. BaJtHyll ifla81N80Ieyl> RHq)OpMa- ' 
nm> He To.nr.1to B odJiacTB HJtepHoi ~smm. HOH B ,lij)yrnx od.nao-.rsx a:ay-
KR - aoTpoqmsmte, ~amte TBep.itoro Te.na :a·xoH,11;eRoR!)OBammx ope.it H .lU>• 
Peam:i;tm O TJD!teJmMlI HOHaMH JmJI/DlTCJl 8,Itl!HOTB8RHHM OIIOOOOOM OHRT838 TJt
l!t8JlHX 8JI8M8H'l'OB, BKJm1:IaH O,ItHy HS BalEBlil 38M'I! HJt8pH01ri <pl!Smta: - OHHT83 
B HSy,l8RH8 OBOf!OTB OB8pX'fmt8JIHX 'l'paHC(p0pM118BHX 9Jl8M8HTO~. TJDt8Jil,l8 
HOHH lip8,ItO'l'8.BJl!DOT Taitllt8 ymmaJII,HH8 BOBMOl!tHOOTB ,ItM HOCJI8,ItO:samnl B 06-
JiaOTB a'l'OMB:Oi!: qmsmm, RBaHTOBOA 9Jl8ltTpO,Itl!HaMl!lltll, ,ItM IIpOB8pRH ~et.!: 
0 OYI!l80TBOB8Rl1IH CB8PX'1'Jm8JIHX STOMOB, OB8pxn:JlO'l'HHX H,)'.tep B ,lij). 

·EOJI:&IIIH8 ~8Jl:&HH8 llOTepH 8H8prHH TJmeJIHX BOROB llOSBOJlfmT HCCJie
,ItOBa.T:& B8!1180TBO B SKOTp8MaJI:&BJ:a: OOOTOHmtJDC, B YCJIOBlmX OB8pXBHOOIWX 
TeMIIepa-.ryp H 0YI!l80TB8HHOI'O HSM8H8Rl1IH O'l'pYK'l'YPH odpas~. 3,Iteo:& Heo6-
XO,Itm40 Bll.It8JmTJ:. B80:&Ma B8ltlij'l) OOJiaCTJ:. - p8,!tBSitHOHH08 MaT8pBa~OB8,It8-
Im8, OBH38imyJ) 0 HOCJI8,It0B8HH8M M8T~OB H ItOMIIOSHinIOBllHX OWlBBOB, 
llO,ItB8pr8llll!BXCJl ,Itei!:oTBmo dOJl:&IIIHX H8!'l'pOBBHX llOTOltOB. 8ltOII8PBM8HTH, 
npoBe,IteRHHe B pa9JIHtIBHX Hay,mHX ~eHTpax Ml!pa, noxasaJIH, 11'1'0 npOJIBJmJO
Illl1!80Jl Malq)OOKOJm11801Gl8 ,It8ql8RTH OTpYKTypH 9'l'BX MaT8PliIMOB MOryT yonem
HO MO,It8JmpOBaT:&CJl Ha ny,ntaX TJDl8JIHX HOHOB, ,It8C'l'pYJtTBBH08 B03,IteloTBH8 
ItO'l'OPHX B I05-ro6 pas Bmll8, '1!814 y RelTpOHOB, B yc.nOBJ!J:IX <pSRTlfli80IGI 
IIOJIHOro OTOYTOTBM p8,!tBOaRTBBHOOTH HOC.U8,Ity8MOI'O o6pas~. ~ nepc
ll8KTHBHHM Hallp~8HH8M IIplr!M8R8Emll TSDE8JlWC JIOHOB JIBJIII8TCJl IlOJJYll8Hl1!8 0 
me IIOMOIIIJ>ll Mmt.J?Oll0pl1IOTHX MeMdpaH, HOllOJl:&3Y8MfDC B HaOTOHill88 BpeMII B 
pa3Jllf<ra!IX o6Jia0'1'SDC Hayml, '1'8Xlmltll l1I IIpOl1!3BO,ItOTBa.. H.ttapHHe M8115pami 

ilErroHHTHa RJ113ltH8 aa:eprHH ,ItM nyqKOB TJmema: JIOHOB ll0,lij)SsyM8Ba8'1' 9H8p
re'i'Jl1lao:ima ,ItHaIIasoH ,Ito (I0-20)MaB/HYJt, a ope,ItHBe se:eprHH - ,Ito 
(I00-200) MaB/HYJt. 
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IIO.n;rml)TCJl IIyTeM O6.ny-qemm Tmtte.nmm l!IORaMI! IIOJll!IMepma: IIJI8HOK l!I IIO
CJ18.IJ3DD18ro TpaBJ18Blm y,mcTKOB IIOJil!!Mepa B,ll;OJll, CJI8,D;OB l!IOHOB. HSMewm 
YCJIOBBll o6.ny-qemm l!I TpaBJiemm, MOlmO Bap:&BpOBaTI, pasMepI:l IIOp B llll!lpO
imx npe,zr;a.nax (oT 0,0I ,zr;o IO MKM), a TaRllte l!ISM8HHTI> 'll'.!CJIO nop Ha e,D;l!l
mrmoit IIJIOllla,D;l!I H,lt8PHOii M8M6paHI:l (OT ro5 ,zr;o roIO Ha cr,;a). 

HaltoHen:, IIyqKl!I T.ID!t8JIWC l!IOHOB MOryT 61:lT]:, llCIIO"1J>SOBaHI:l ~ r.eydo
ROit IIOCJIO:lhloit l'.!MIIJl8HT8D;l!ll!I B pa8Jllr4Hlle B81!18CTBa, "lTO OTICpI:lBa8T llll!lpO
Rl!l8 BOSMOlKHOCTl!I ]1,1II! llCCJl8,D;OBaIDi!li B Wl!!Smte TBep,zr;oro T8Jia l!I IIOJJYlll)OBO,D;
Hl!IROBO! Temmte. 

PemeHl!le nepe,mCJ1emm:x: Bliille sa,n;a-q, B nepBym o-qepe.m:,, cMsaHo c 
cos,zr;aHl!leM MOIIIHI:lX ycitOpllT8Jll,HI:lX ycTaHOBOR, !Ip8,D;HaSHa"l8HHI:lX ,ItJill no.ny
-qemm :ay,ntOB TSD!t8JIWC l!IOHOB B llll!lpOltOM ,D;l!laIIa8OH8 MaCC l!I 8Heprm1. IlOSTO
MY B noc.ne,D;Hee Bpe.Mll B pH,?tEI Be,zr;yutBX n:eHTpOB MHpa (~PI', ~pa~, CIIIA, 
HIIomm, HTamm, KaHa,n;a, Kl!!Tal) paspa6aTI:lB8DTClI l!I COS,D;aDTCJl xpymme 
ycROpBT8.7D:,HI:l8 KOMIIJI8KCI:l paSJil'.!1IHI:lX TliIIOB, IIOSBOJlJllt'llll!l8 reHepnpOBaTl> 
IIyqKl!I TJD!t8JIWC BOHOB BIJJIOTI, ,D;O ypaHa C 9H8p!'lW,l'.H ,D;O (I00-200) MsB/HYK-

Hac'l'ORl!laH ,D;l!ICC8pTaIJ;Jm llOCM1118Ha BO!IpOCaM paspa6OTIW l!I cos,zr;amm 
Cl!l.lll,HOTOinna: l!ISOxpOHHI:lX D;mtJIOTpOHOB TSD!t8J.IHX l!IOHOB Jia6opaTOpmt H,?tepma: 
peaxn;ml: OIDIH, IIOSBOJJ.lil!Ill!IX !IpOBO,D;l!ITL Ha COBp8M8HHOM MHpOBOM yp0BH8 
8KTY8Jll,HI:l8 l!ICCJI8,D;OBam, l!IM8ll!ll!l8 ipylmaMeHT8Jll,Hlltt l!I !Ipli!lt1Ia.n;HOit xapaK-

"' Tap. 
,IT,l!ccepTaIJ;Jm Jll3Jill8TCll o6o6D18Hl!l8M pa6oT, BI:lIIOJmemmx B COOTB8TCT

Bmt C HayimO-T8XHl!1118CIGIMl!I IIJiaHaMlI JI.HP OIDIH IIO paSBl!ITHll ycxopl!IT8Jll,HOit 

6asI:l Ia6opaTopl!lll. 

lleJD:, pa6om 8aRJIID~8TClI B H~OM o6ocHOBaHl!ll!I l!I peaJll!ISaD;l!ll!I Hal!l-
6OJI88 OIITl!IManLBI:lX T8XIDJq8CltHX pemeIDi!li, o6ecnel!RBallllll!IX IIOJJY'Ci8Hl!l8 YCKO
peHHI:lX l!IHT8HCl!IBHI:lX ny,moB TJD!t8.ma: l!IOHOB Hl!IS!UIX l!I cpe,D;Hl!IX saeprmt B 
l!ISOxpomna: D;mtJIOTpOHax, a BM8HHO: 

a) B paspa6oTK8 l!I cos,zr;aHl!ll!I lt0MII8KTHHX l!I 9KOHOMlfllHI:lX Mal'Hl!ITHI:lX 
CTI>YRTYP, IIOSBOJlSJJllll!IX o6ecnetmTI> ycromBoe l!I l!lsoxpoHHoe ycxopeHl!le 
l!IOHOB B llll!lpOXOM ,D;l!l8II88OH8 MaCC l!I sHeprd; 

6) B 9RCII8pl!IM8HT8Jll,HI:lX l!ICCJ18,D;OB8Hl!IJDC pel!OIMOB yc1t0pemm T.flllt8JJHX 
l!IOHOB l!I CIIOco6ax IIOBHmemm :ex aqq>eXTl!IBHOCTl!I; 

B) B paspa6oTXe MHOI'OD;8Jl8BOI'O rtmtJIOTpOHa, IIp8,D;H88Ha"leHHOro .ItJill 

IID.ny-qemm :ay,ntOB JI8rltHX l!I Tmtt8JII:lX l!IOHOB; 
r) B cos,zr;amm l!ISOxpOHHOro rtmtJIOTpOHa TJD!t8JlHX HOHOB ]1,1II! IIpllXJI8,D;

ma: llCCJ18,D;OB8Hllti!:. 

Hay,mrur HOBHSHa BI:lIIOJIHemmx l!ICCJ18,D;OB8Hl!II, OTHOCBllliIXCSl It npo6.neMe 
no.ny-qemm llHT8HCl!IBWll: :ay,ntOB Tmlt8JlHX l!IOHOB, saRJIJRaeTCSI B TOM, "lTO 
STa sa.n;a~ BII8pBI:le 6wm pemeHa Ha ycROpBT8JUDC JI.HP, "ITO SIBl!IJIOCL OCHO
BO! AJISI paSBRTBll rtmtJIOTpOHHOI'O M8TO,D;a ycxopeHl!ISI TJDlt8JII:lX l!IOHOB BO 
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MHorwc Jia6opaTOplll!X MHpa. PemeHl!le sroit npo6Jie~ onpe,zr;eJllleTCJI n;8JIHM 
p!I,D;OM IIOJIOllt8Hl!lit,. 06Jia,n;81'.llJll!IX Hayimott HOBl!ISHOit. BnepBI:le paspa6OT8HI:l, 
BCCJ18,D;OB8HI:l ll peannsoBaHI:l Ha rtmtJIOTpOHax Y-200, Y-200II ll Y-400 ROM
naKTHI:l8 11 SltOHOMlf'ml:le MaI'mtTH!le CT.PYKTYPH, 06eciiel!RB8Dltl!l8 ycroit-qnoe 
l!I l!l80xpOHHO8 ycxopeHl!le nyqKOB HOHOB B llll!lpOitOM ,D;l!l8ll88OH8 MaCC l!I SHep
rd. IIoxasaHO' "lTO l!ICllOJILSOBaHl!le ~THI:lX IIOJieit B 06.nacTK HeIIOJlHOI'O 
HaCI:llll8HHSI llt8Jl8Sa llOSBOJlll8T Hal!l60Jiee OllTBMaJil,HI:lM o6pasoM cq,opMl:1pOB8Tl> 
Tpe6yeMI:le 88Bl!ICHMOCTl!I IIOJl/1 llpl!I MmmMaJll,HOI TOKOBO.tt ROppexnm11. BlmoJI
H8HI:l ,ItJill D;mtJlOTpOHOB Y-200 l!I Y-400 9KCII8pl!IM8HT8Jll,HI:l8 l!ICCJ18,D;OB8Hl!ISI pe
lltl!IMOB ycxopemm T.fD!t8JII:lX l!IOHOB l!I !Ip8,D;JIOllt8HI:l CIIOC06I:l IIOBHm8HBll mt aqq>eR
Tl!IBHOCTl!I. -UJm rcmt7IOTpOHa Im-IOO l!ICCJl8,D;OBaHa l!I pe8Jll!ISOB8Ha cxe.ua ycxo
pemm l!IOHOB B neHTpaJil>HOI o6JiaCTl!I, aqxp8KTl!IBHO pa6OT8Jlll8.!l Ha 'q8TB8pTO:lt 
l!I mecTott rapMORHKaX !Ipl!I H8l!ISM8HHOI reOM8iplim Ha~HOA OIITl!llCl!I. IlpoBe
,I,;8HI:l TeopeTz-qecKl!le l!I sxcnePl!IMeHTaJII,HI:le l!lcCJie,zr;oBSHBll BHBo,zr;a ny-qxa yo
ItOpemm:x: ROHOB ~BYMII cnoco6rum: 8Jl8Kil)OCT8TJ!lr8Cltl!IM ,I,;8q!JI8KTOpOM l!I M8-
TO,D;OM nepe sapll,D;Kl!I HO HOB Ha TOHROtt Ml!llll8Hl!I. Ilpe,D;JIO:at8H l!I peaJil!ISOBaH CII0-
OO6 IIO.ny-qemm BH81lll18I'O O~HOpO,D;HOI'O ny-qxa 60Jlldllott IIJIOlll8,D;l!I, l!ICnOJILsye
MOI'O .ItJill cos,zr;amm H,?tepma MeM6paa. 

IlpaKffi8QISM neHROCTI>. TeopeTz-qecKl!lit aHaJil!IS l!I IIp8RTl!l'q8CKl!l8 pas
pa6oTIW, CMSaHHI:le C CO8,D;aHl!l8M 8Jl8M8HTOB H Cl!ICT8M ycitOpl!ITeJie:lt, l!ICCJie
'AOB8Hl!l8M l!IX xapaRT8pl!ICTl!IK JierJll!I B OCHOBY KOHC~ n:mtlIOTpOHOB Tmtte
JlWC HOHOB, paspa6oTaHma: B JI.HP OH!IH. Ha l!IX 6ase cos,zr;aH H 88IIY1118H B 
I968 ro,zr;y nepBI:lit B·cccp l!ISOxpomnn!: n;mt1IOTpOH Tmtt8JlHX llOHOB Y-200, 
O,D;l!IH l!IS CaMl:lX MOIIIHI:lX yCKOpl!IT8JI8! TSlllt8.llHX l!IOHOB D;mtJIOil)OH Y-400, BB8-
~emniil B CipOii ,zr;ettCTBYJlllll!IX B I9?8 ro,zr;y, paspa6oTaH B p88Jll!l3Y8TClI 
!IpO8KT MHOI'OD;8~8BOro l!ISOxpOHHOI'O rcmt7IOTpOHa Y-250, cos,zr;aH H C I986 
ro~a BB8.I(8H B sxcn.nyaTan;m:> IIepBI:l:lt B MB.PB D;mtJIOTpOH TJlllt8JIWC l!IOHOB ,D;M 

!IplllCJla,n;HlDt l!ICCJI8,D;OBaHl!IA 11Il-I00. 

ABTOP 3flflW)Jfl8T: 
I. Ilpmm;m:II:l H KOHD;8IID;m) cos,zr;amm l!ISOxpommx n:mtlIOil)OHOB O BI:lCO

KIIM Y1)OBH8M MlU'Hl!ITHOro llOJlll ]1,1II! no.ny-qeH:e:H l!IHT8HCl!IBHI:lX :ay,ntOB TSillt8JJI:lX 
HOHOB Hl!ISRl!IX H cpe,D;Hl!IX saeprd. 

2. PesyJD:,Tam TeopeTH1Iecltl!IX B sxcnepl!IM8HT8JlLH!lX l!lcCJie~oBaHl!IA pas
mAlWX BapHaHTOB MarIDITHI:lX CTPYKTYP, o6eCII8'ql!!BaDIIBX ycroit-qnoe l!I HSO
xpOHHOe ycitOpeHl!le l!IOHOB B llll!lpOKOM ,D;l!lanasoae MaCC ll SHeprd. 

3. MeTO,Itl!llty paC"l8T8 l!I pesym,TaTH l!ICCJI8~OBaHl!II ,D;l!IH8Ml!IKJI ,D;Bl!lllt8Hlm 
T.fD!t8JII:lX l!IOHOB B neHTpSJll,HOI O6.nacTl!I, ycxopaeMHX Ha pa3Jll!llmHX rapMOHl!l
xax "laCTOTI:l O6p3111eH:e:H. 

4. PesyJILTaTI:l T8Op8Tl{q8OItl!IX ll 9KCll8pl!IM8HT8JlLHHX HCCJI8,D;OB8Hl!IA BI:l
BO,D;a :ay,nta M8TO,I,;8MH 8Jl8RTpOCTaTl!lltl!I l!I nepesapH,ItRl!I l!IOHOB Ha TB8p,ItO! 
MBlll8Hl!I. 
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5. PesyJll>T8TH sxcnepllM0HTalffiHHX lICCJI0,ItOBamui pa3Jml!HWC pelltllMOB 
ycROpemm Tm&eJIHX llOHOB B ~OTpOHaX C BHCOKl!M ypOBH0M Mm'HlITHOro 
nOJIH ll cnOC06H llOBWl101mli me S(fq)eKTlIBHOCTlI. 

6. Paspa60TKY IIp00KTa MHOrO~eJI0BOro nsoxpOHHOro ~OTpOHa Jier
JmX lI Tmtt0JJHX lIOHOB lI C08'A8Hll0 ~OTpOH8 Tmtt0JJWC llOHOB ~ IIpmt.na.D:
Hl,IX llCCJI0'AOBamrli. 

AIIpo6amDi pa60TH. 0CHOBH!l0 pesynTaTH ~ccepTartHOHHO:li: pa60TH 'AO
Ma,ItHBaJillCh Ha I+X Bcecomsma: COBemammx no ycKOplIT0Jl/IM sapmKeHHllX 
'laCTmt, YI, X lI XI MelK,ey"Hapo~ 11:0HqJ0p0mtruIX IIO llSOxpOHH!lM ~OTPO
HaM (BaHK,YBep, I972, HcT-JiaHcBHr, I984, ToKHo, 1986), XYI, mI EBpo
ne:li:cimx: coBemammx no ~oTpOHaM ''(BlIJlJl.lll'eH, I979, ,ILe6pe~eH, I986), 
IfartHOHaJU,HWC KOHqJ0pean:r,mx ClllA IIO YCROpBT0JIRM (BalllllHI'TOH, I969, '!Jmta
ro, I97I lI I977, BaHK,YBep, I985), MelK,ey"Hapo~ coBemammx no rtHKJIO

Tl)OHaM ll me IIpIDll0Hemm (EeXHHe, I985 JI 1989), MeWHapO~OM pa6o-qeM 
COBemamm no Texwme lISOxpommx: ICHEJIOTpoHOB (KpaxOB, 1978), MelK,Izylla
po~o:li: llJK()Jl0-C0.MHHape no qilISHK0 TmteJIHX JIOHOB (A.nymTa, I983), MexutY
HapO~O:li: IIIKOJ10 MOJlO,ItllX y-qema: IIO IIJ?00Jl0MaM YCROpBT0Jlett sap.8llt0HHWC 
'laCTmJ; (,ITyoaa, 1984), Mellr.IfYHapo~oM pa6o-qeM coBemamm no ncnOJU,SOBa
mm M0PHWC qilIJll,Tl)OB ,D;JIJi pememm HayqHO-T0XHifq8CIWX lI aapo~oxosmi
CTBemmx: s~a-q lI P~rtHOHHOMY MaTepnaJIOB0'A0HBJO (.!LyOHa, 1986), Bceco
DSHOM coB0mamm no yc11:opnT8JlllM HHSJmX ll CP0'AHllX SHeprm!: (KneB, I98I), 
BceCODSHOM COBemamm no ncnOJIDSOBaHl!'.lO M0PHOqiBSll"i0Cltla:x M0TO'AOB 'AJlli 
pememm Hay,mo-TeXHH"ieCKHX n Hapo~oxosmicTBeHHWC ~a-q (.ILy6aa, 1982). 

Ily6JllltK8mm. Ilo T0M0 ~ccepTaD;l!ll ony6rnoBaHO 50 paOOT, OCHOBHH0 
p83YJ1DTaTH CO'A0Plt8TCJI B 37 nyOJIHKaWtllX, IIplIB0'A0HHHX B CIIllCK0 JlllT0pa
TY!)H. 

Croyxma mtccepTamm. PaOOTa COCTOllT HS BB0'A0IDm, "i0Tlip0X rJiaB 
JI sair.lIJ)-q8mtlI. 06Ill]i'lil: OO'l,0M ~ccepTartHJI COCTaBJIHeT 2I2 CTpa~. BKmD'laJ! 

92 PlICYHKB lI CimCOR JlllTepaTY!)tWX CCWIOK lIS I70 H8lIM0HOBaHm!:. 
BBe'AeHHe co.ttep:atHT nocTaHOBitY sa.tta-qn, nepe-qeHD paccMoTpemmx npo6-

JI0M lI o60CHOBaHlle CTpyitTYPH ~ccepTa~. B nepBO:li: r.naBe pacCMOTp8Hli, 
CIIOCOOH llOJJYll:8HIDI lI ycROpemm THllt0JIHX HOHOB HlISKllX lI cpe~ SHeprlI:li:. 
BTOPM rJiaBa nOCBm!18Ha BOIIpOCaM co:mamm lISOxpOHHl:lX rtHMOTpOHOB Tmte
Jllll lIOHOB C BHCOKl!M ypOBH8M MarHlITHOro llOJif.l ,D;JIJi M0PH04JlISB-qecIWX HC
CJI8'AOBamui. B T!)ene:li: rJiaBe 'A8HO onncaHHe cneitRSJllISBpOBaHHoro nsoxpoa
aoro ~OTpOHa TSDlteJlHX HOHOB ,D;JIJi IIpHKJia~ lICCJI0~0BaHH:li:. qeTB0PTM 
rJiaBa llOCBm!18H8 BOIIpOCaM IIpID118H0Hlm ny-qKOB TJ':lll8Jif1X lIOHOB ,D;JIJi B3Y"i8HBJ! 
npo~eCCOB 'A8ql011:T006pasoBamm B KOH,I(8HCn:p0BaHHHX cpe'Aax. B 3aEJ.[1)118Hm! 
'AaH K.PBTKH:li: nepe"ieHD OCHOBHHX Hay-qHHX pe3YJll>T8TOB. 
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CO.llEPl[AHHE PAEOTU 

B nepBO:li: r.naBe ~ccepTartHJI paCCMOT1)8HH cnoco6H no.nyqemm B ycRO
pemm THllt0JJHX lIOHOB HlISKBX lI cpe~ SHeprlI:li:. Hs aHaJmsa IIpHHJ:tmIOB 
'A8:li:CTBllfI paSJmtmHX TlIIIOB nommx lICTO'qHlIRQB (,IJyaILJI83MaTl)OH, ,DyrOBOtt, 
JiaSepmnl:, lICTO~, OCHOBaHHml Ha J'IBJ18Hlm 8Jl8RTpOHHOro rtHKIIOTpOHHOro 
pesoaaaca, 8Jl811:TpOHHOJiy-q8BO:li:) C'A0JiaH BUBO.It O TOM, -qTo ,D;JIJi llOJiy-qemm 
,ItOCTaTO"iHO BHCORO:li: cpe~e:li: lIHT0HClIBHOCTlI yc11:opeHHoro ny-qKa ,~ro12c-1) 
rurn6o.nee no.nxONilltlIMll HBJifll)TCJI lICTO'IHmt .IJYrOBoro TRIIa (PIG) :e:, oco6ea
HO, ncTO"iHHK c sJieRTl)OHHHM nnitJIOTIJOHHl:lM pesoHaacoM (ECR), cnoco6ime 
reaepn:pOBaTb HOHH OTll0ClIT0Jll>HO BHC01toro sap.ima B H0IIpepHBHOM HJm RBa
smrenpepHBHOM pemmax. ~yrHM M8TO'AOM noJiy-qemm lIH~HClIBHOro ny-qKa 
BHCOROSapg,ItHHX llOHOB JIBJIJl0TCJI cnoco6 nepeSap.lI,It:[m IIplI IIpOXOllr,ll;8Ill!H 
BOHOB C OIIp8'A0Jl0HHO:li: H8"i8JIDHOI saeprnei -qepes raSO:syl) lI TB8p,ItOT0JlD:e:yD 
MlIW8HlI. 

,lLaJiee paCCMOT1)0HLI M8TO,ItH yCKopemm 'fJ'Dit8JIHX llOHOB B 8Jl8RTpOC'l'aTlI
-qecltlIX ll .nmi:e:li:HHX ycROpllT8JIHX ll 'AaH 8H8J.lll8 IIp8HMYm0CTB lI H0,ItOCT8TROB 
Ral!U\Oro ll3 HllX. Iloxasaao, qTO Ha COBp0M8HHOM STane CBOero pasBBTHll 
s.neRTl)OCTaTBt!0CRH0 yc11:opRT8JIEI ,It81lT B03MOEHOCT1, reaepn:poBaTI, ny-qRlI 
llOHOB B Ma.CCOBOM ,Itll8II830H8 A~IOO C saepI'WIMll ,ItO I0 MsB/BYR ll llHT0H
ClIBHOCTJlMll 'AO (I09-roII)c-I B SaBlICRMOCTlI OT Tmia ycEOpJI0MOi "i8C~. 
,lLaJIDae:ttmee pacnmpeHHe BOSMOlltllOCTeR s~exTpocTaTll"iecll:lIX yc1t0p:e:TeJ1~i B 
IIJiaHe YB0JllitI8HIDI 3H0PrlIB lI ~SOHa yCKop.aeMRX MB.CC CBflSaHO C lIX 
llCll0Jll>SOBaHl'l8M B xa-qecTBe mD!t8RTOpOB B yc11:opnTeJIH ,ItPyrlIX TmIOB. 

IlOMlIMO ycROpemm TJillteJlHX lIOHOB B 8Jl811:Tl)OCTaTll"i0CRlIX ycROplIT0JllDC 
ycnemao pasB:imaJica MeTo.tt .mmeilloro ycxopemm. YcROplIT8Jm sTOro Tllllla 
ll03BOJl/WT IIOJly-qaTl, OTHOClIT0JlDHO 60Jll,myJO cpe;ItBm> lIHT8HCllBHOCTl, ny-qll:OB 
(npBMepOM COBepmeHHO:li: ROHCTl)yitrtHlI TaROrO ycROpRT0Jlll JIBJIJieTCJI co:maa
HH:li: H sanymeHHHi B I975 ro,Dy YCROPHT8Jll> UNILAC, H8 11:0TOPOM IIOJiy-q8Hll 
ny-qRH BOHOB OT 14 N ,ItO 238 'fJ c MaltClIM8Jll>HO:li: saepn:ett 20 MsB/BYR 'n 
HHT0HClIBROCT.f1Mll ro13-2 • roII c-1) , o~o cymeCTB8HH08 IIOBHll!8Hll0 ::lHep
I'l'Ill lIOHOB IIp8,ItCTaBJlli0T ceph8S:e:yD T0XHH"i8CRYJ) npo6JreMY lI CBH38HO C 
oom,mmm TpY~OCTSlMH. B ~ccepTartHJI pacCMOT1)8Hll paSJil!lmHe CXeMH Jm;.. 

aeilloro ycROpemm TJI1t0JJHX lIOROB (B TOM 1JJICJI0 C lICll0Jll>SOBaHl'l8M BliCO
RO-qaCTOTHOR RBa,IU>YIIOJJI,HOR qioeyCBpOBltll Ha Ha~HOM 8T8II8 yc11:opemm) 
H ll0Ra38HH OCHOBHLI8 orpaHJI-q8Hl!Ji, CBf138HHll0 C lIHT8HCJIBHOCT1,D,lI sHeprn

ett yCROp8HHOrO ny-qKa. 
3Ha-q:e:T8Jll>HO (SOJ1I,IIIK8 BOSMOlmOCTlI IIp8,ItOCT8BJlli0T ~OTl)Ommi M8-

TO,It, ltOTOpu:lt IIplI cpammT8Jll>HO pasywmx S8Tl)8T8X llOSBOJ.Ui8T IIOJiy-qaTl, 
lIHT0HClIBHll8 ny-qRlI Tmlt8JIHX lIOHOB ~OCT8TO-qli0 BHCOElIX saeprd {IOO -
200) MsB/ayx B nmpOROM ,n:e:imasoae Mace {BIJJ10Th ,ItO ypaHa) H c xopOIIIHM 
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Ita'll8CTBOM ( 8HepreTIA8CK08 paspemeime ~ rn-3, 8.MHTT8HC IIy'Uta 

!!:55t"MM.Mp8,It) • .Ivm IJ,RKJIOTpORa npmmm:maJll,HO 0Yll\8CTByeT ,ItBe BOSMOlltHOC
TH: Dp.lIMOit M8TO,It ycKOpemm: l110HOB, np:e: KOTOl)OM sa~ 'llaC'l'lllJ,H HS HORHO
I'O l11CTO'IJlllllta ocTaeTCSI nocTOHHHI,JM B npo~ecce Bcero ycropemm: 111 :a:acKB,It
Rlltt cnoco6 ycKOpemm co c:a:a'llKOo6pasHHM YB8Jm1IeimeM sa~a :e:oRa sa 
C'll8T nepesa~ Ra ~OM 8Tane. Ilp.!IMOit M8TO.It YCKOpemm C HCllOJILSO
BaHll8M BI:lCOKOl!RT8HCHBHOro l11CTOimmta l110HOB o6ecne'q]1[B88T HaJ1160Jllimmi 
TOR IlY'Uta, B TO BpeMll Kalt :a:acKB,Itmn1 'cnoco6 npe,ItCTaBJm8TCSI Ha:e:60J1ee 
OlI':l'l!Ma.lll,HHM C TO"llW spemm: ,I{OCT.Wltemm MaltCHMaJILHOit aaepr:e::e: l110HOB. 

B ,I{J11CC8pTani,m ltp8TKO Olll11CaBH pa8.1llI'llH!ie ROHC'l'pyitTl!BBHe Bap:e:aH'l'H 
IJ,RKJIOTpOHOB TSD!t8J.IWC l110HOB (Blt7ll:l1laR: CB8pXIIpOBO.ItRll1J118) H yitaSaBH npeEMy
mecTBa 111 H8,I{OCT8TKI![ TO! l!JllI eoit CX8Mll. 

Bo BTOpott rJiaB8 paCCMOTp8BH H8ROTOpHe acnexm paspa60TKR H cos
,Italnm :e:soxpORHHX IJ,RKJIOTpOHOB TJD!t8J.IWC lirOHOB C BI:lCORHM ypOBHeM MarmI'l'
HOro lIOJIJl. C4JOPMYJIJIPOB8H lIO,I{XO,It lir BHpa6oTaBH ltpHTepu BI:l60pa Bap:e:aHTa 
IJ,RKJIOTpOHa ,IJ;Jm lIOJlY'I8HHll l!RT8HCHBHHX ny'llKOB TmiteJ.IWC l'IOHOB Hl!SKJ11X ll 

cpe,mmx aneprd. Ha 0CHOB8 DpOB8,It8RHOro aH8Jll11Sa C HCJI0Jll,SOB8Hl!8M pe
syJII,TaTOB axcnepBM8HTaJll.HWC HCCJI8,ItOBaHmi ny'llKOB, no.ny-qemmx Ha YCKO
plirTeJiaX Y-200 lir Y-400,no:a:asam>, 'llTO lICllOJI&SOBaHlI8 nmt,JIOTpOHa c 6om.
lllRM aHepre'rli'llecro!M napaMBTpOM 111 MOmBHM l11CT01IltHROM Piq lIOSBOJIJl8T B 
lo!anasone ·aneprd ,I{O (I0-20) MaB/HYit lIOJlY'I8TD Hal116o.nee lIHT8HCHBHll8 
ey'lltlit TJD!t8J.IWC HOHOB 8Jl9M9HTOB nepBoit lIOJlOBHHH lI8l)lIO,I{J11'q9CROl Ta6JmIJ;H 
.n.H.MeH,D;eJieeBa. IlOBH1118HH8 aHeprm,: J1I paCmHp9lDll8 ,Itl11anaSOH8 MaCC ycRO
p.a:eMWC l110HOB (sa C'll8T HOlIOJibSOBaHIDI 60J1ee BI:lCOKJ11X sa~OB) CBR:SaHO C. 
HClIOJll,90BaHll8M lirCTO"llmRa ECR, XOTJ! B STOM c.ny-qae J11HT8HCHBHOCTH ny'llKOB 
lIO.ny-qaIOTCSI Mem,me. ECJI111 Tpe6yeTCSI O,I{HOB1)8M8HHO l!MBTD ~ fOCTaTO'll
HO BI:lCORmC 8Heprml: ("-'IOO MaB/HYit) :e: HHT8HCHBHOOTei1 (-vI012c- ) , TO 
8,Itl11HOTB8mmM pB,ItH:e:aJI&IWM cnoco60M .!IBJm8TCII DpID/19H9lm8 MOmHOro IIp8.It
ycROp:e:Te.lIII nmaroTpoRHoro Tmra c :e:cTO'DmltOM PIG, reaep:upYJO!!lllM eyi:nm 

opaBIDIT8JILHO MaJlOSapH,ItHHX HOHOB BHCOROI HHTeHCHBHOCTH C lIOC.118,Izyilllll!M 
lIOBI:lm9HH8M sa~a HOHOB sa C'll9T liepesa~ H lDC lIOC.119,Izyilllll!M ycROpe
HHBM BO BTOl)OM IJ,RKJIOTpOHe. 8TO lIOJlOE8HH8 mmJI00D OCHOBOit ,IJ;Jm COS,ItaBae
Moro B Hacro.a:mee Bp9Mll UHR,lIOTpOHHOI'O ROMIL7.l9RC8 Y-400+Y-400M, ape~ 
HaSHa'lleHHoro ,IJ;Jm lio.ny'li91mlI ny-qROB HOHOB OT 160 ,I{O 238u C SHepr:wn.m: 
(I20-20) MaB/HYit H J11HT8HCHBHOCTJ!.MH (5•Io12-io11)c-I. 

PaCOMOTp8BH OC069HHOCTH yCROpemm: T.ll:E8J.IWC HOHOB B HSOxpOHHWC 
UHR,lIOTpORa.X JIHP • Ha OCHOBe 8Rcnepmi:eHT8JlliHWC HCOJIB,ItOBaimii, BI:llIOJIHBH
HSX Ha YCROpHT8JIJlX Y-200 lir Y-400, lIORaSaHa BOSMOEHOCTD BClIOJ!DSOBaHIDl 
IJ,RKJIOTpOHa B xaqecTBe MaCC-ClI9RTp0M8Tpa ,IJ;Jm pa9.IteJiemm: JIY'llCOB lIOHOB, 
IiIM8!llllll O,Itl11HaROB09 OTHOmeHHe aTOMHoro 'lll!'.CJ18 K sapimy, HO OTJIH1l8lOlllHXCSI 
OTHOW8HJ118M MaOCH K Sap.a:,Ity lirS-Sa ,Iteqie:e:Ta MaCC H.Itep. Ha plirO. I Jip8.I(CTaB-
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Jl8BH pesoHaHCHli8 ItplirBI:l9 ,ItJIR: HOHOB 4H:eI+, I 2c3+, IGo4+, ycROpeRHHX 

B umtJIO'l'pOHe Y-200 Ha BTOpott rapMOmnte, lIS KOTOpHX OJI8,Ity9T, 'llTO pas
p9lllalDlltaJI cnoco6HooTD ycROp111TeJIJ1 Ha ROHetJHOM p~ce cocTaBJIJieT 1500. 
AHMOrB1llllile 3KCil8pID119HTH, IIPOB9,It8RHH8 ,ItJIR: Y-400, lIORaSaJm, 'llTO ,IJ;Jm 

no HOB I~I+, 2D Ne 2+, 40 Ar 4+, m:upHHa pesoaaacaott Hac-rpom Mal'mITHO
ro lIOJIJl Ha ROHB'llHOM pa,ItHyce COCTaBJIJl~T 5 re, a SHa'lleHJ!le paspel!laDlleit 
cnoco6HOCTH nmt,JIOTpOHa paBHO 3600. 

Ha OCHOBe aaamrsa, IIJ)OB8,It8HHOro ,ItJ!II n;mcJIOTpOHOB C BHy-'l'p8HHHM 
HOHHHM HCTO'llHlIKOM, IlOKaSaHO, 'llTO OOHOBHOit KOMIIOHBHTOtt, OIIp8,It8JIJ!Dl\9it 
B8Jlll'llllHY pa6o-qero ,1taB1I8IDIJ! B BaxyyMHOtt ItaMepe, J!BJIJl8TCJi Ko.nll'll9CTBO 
rasa, lIO,ItaBaeMoro B HCTO'IHHK, 'llTO l!!JL7IDCTp:upyeTCJi PHO. 2. YJJY1llll8Hlir9 
BaicyyMa MqlitST 6HTI, ,ItOOTHrHyTO sa C'll9T lIM!IyJII,CHOit lIO,Ita'llll rasa, ycTa
HOBKOtt B neHTpaJI&HOtt o6JiaCTH ,I{OilOJUmT9Jll,HHX cpe.I(CTB OTRa'llKH, YMBlll,
meimeM ,Itecop61!pyro!llero ,J'.(ettc·TBIDI IlOJIYTHHX HOHOB c lIOMO!lll>D ,ItJ11a~arM, 
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PHc. I. PesoHaacaoe 
~3,]!8JI9Hlir9 BOHOB 
4Her+, I2c3+,I604+ 

Ha ROHB'llHOM pa,ItJ11YC8 
ycxopemm r(HI(JIOTIJO
Ha Y-200. Pa6o'llllil 
ras, no.ttaBaeM!dl: B 
lICTO-«nmK, IIp9,ItCTaB
JIHJI cMeCD co2 lir He 

PHc. 2. 81tcnepDMeH
T8JlliHaJI SaBHCJIMOCTD 
,ItaBII81nm B BaKYYM
HOit :a:aMepe OT pa,ItJ11Y
ca D;mCJIO'l'pOHa Y-400 
!Ipl! pa9Jllf4HHX KOJlll-
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'llSCTBaX rasa, lIO,Ita
B88MOro B BOmw:lt 
BCTO'llHJIK 



cenapnpyunmc I.ty,!OK Ha nepBHX o6opoTax H mi. 0,ItHaRO Kap,ItHHaJU,H!iM peme
mi:eM Bonpoca HBJDieTCJI pasMememi:e noHHoro HcTOtIHHRa BHe BaICyyMHoro 
o6'I>eMa i:nntJIOTpOHa H l!Hllteianm B Hero ",mcroro" ny,nca. C aTO:lt neJll,IO 
(a T810lte ,ItJ1fi pea.mi:38D;llll: BOSMOlltHOCTe:lt HCIIOJU,SOBamm BHeunmx HCTO'llUIKOB 
paSJmlIBllX KOHCTpyxo;m!:, B TOM 'll!CJie ECR THIIa) Ha qHKJIOTpOHe Y-200 cos
,It8Ha ClitCT8Ma aKCHaJII,HO:lt nmge~. 3KCII9pllM8HTaJll,Hll8 HCCJI8,It0Balmii CHe
T8W 6wm IlpOB8,It9HH e I.ty,!KOM HOHOB 4IfaI+, yeKOpHe.MHX B i:nntJIOTpOHe ,ItO 
8HeprHH 36 MaB. B K8119eTBe nHqiJieKTOpa neIIOJll,SOBaJIOeD 8Jl0KTpOeTaTmee
K09 sepK8.1Io, H8.IIpJDlt8HH9 mme~ p8BHJIJIOeD OKOJIO I5 EB. lleCJI8,ItOB8HHH 
IIOK88aJIH, qTO 3qq)9KTHBHOen TpaHeIIOpTnpOBitH ny,IK8 OT C8II8PHPYIOmero 
Mal'HllTf1 ,ItO BHBO,It8 BKJlD'lllTeJll,HO COeT8BJIJ'IeT 8%, IraT8HCID3HOeTD BllB9,ll;9H
HOro ny,nca BOHOB Ha y,It8JI8HHO:lt @!:8lfll8CKO:lt MmIIeHH p8BHHJI8eD I5 MKS. 

IlpHBe,tteH!l pesyJll,T8Tll TeopeTHqeeKWC
0

H 8KenepHM9HT8Jll,HliX BeCJie,n:o
BaHH:lt pa8JllrClHWC BapHaHTOB MaI'HHTHWC C'l'pYKTyJ>, paspa60T8HBHX B peaJIH
SOBammx Ha i:nntJIOTpOHax JIHP, H oma:caHa M9TO.l4lfi(8 4IOPMHPOB8HHH MaI'HHT

Horo IIOJIH. IlOKaSaHO, qTQ ,ll;J1li KOMIIaKTHllX BSOxpommx i:nntJIOTpOHOB TJlllte
JIIiX BOHOB HaB60Jiee 8®/8KTHBHHMll OK88HB8lDTCJI MaI'lmTHll8 eTpYKTyJ>H, KOr
,Ita ,Ity8H'l'll OTHOeBT9Jll,HO H960Jll,mO:lt yrJIOBOtt IIpOTJlllt8HHOCTR pasMemaK>TCH B 
,ItOmmax, 8 MmmMaJn,HOe paeeTOlIHH8 M8'J1.l!Y C8KTOPBMH onpe,n:eJlfieTCH TOJII,KO 
BepTmta.nI,HHM pasMepOM nyqKa. B TaKO:lt KOHeTp~ 8Ha'lfflT8Jll,HO YMSHDma
eTCH cpe,l'.tHll:lt BOs.n:yIIIIll:l:l sasop, llTO II08BO.ll/I9T 88M9THO YB8JIH'<WTD epe,l'.tHll:lt 
ypOB9liD MaI'HHTHOro IIOJIH (,Ito 20-22 KI'e). BMeeTe e TeM, B TaKWC eTpYK
TyJ>ax npoeTpaHeTBO ,ll;J1li paeIIOJIOllt9HHH TOKOBUX KOppeKTIIpY!OlllllX K8TYfil8K 
orpami:qeHO, qTQ eTaBHT sa,n:aqy O 4IOPMHPOB8HHH IIOJIH, B OeHOBHOM, e IIO
MO~D llt9JI98HllX Maee. 3Ta KOim8IIIUJJ! 6wra IIOJIOllteHa B oeHOBY IIpH 4IOPMH- . 
pOBaHHH MaI'HHTHWC IIOJie:lt BSOxpOHHWC i:nntJIOTpOHOB Y-200 n Y-200Il BapmaBC
:rtoro ymmepeBTeTa, a T810Ke Y-400. Ee peaJIHs~. O.n;HaKO, M0llt8T 6HTD 
OeYII1eeTBJieH8 pasJIHlIHHMH enoco6aMH. CxeMa BapHaHTOB MarHIITHHX eTpYKTyJ> 
8THX i:nntJIOTpOHOB IIpHB8,It8H8 Ha pne. 3. 

. .lLn.lI i:nntJIOTpOHa Y-200 sa,n:aqa COS,ll;rum.ll Heo6XO)tllMO:li KOH@!:rypartm{ 
MarHHTHoro noJIH, o6eene'!fflBaIOmero ycTo:li'lfflBoe H nsoxpoHHoe yexopemi:e 
HOHOB e 0,22:~=2/A ~0,357 .ItO aHeprml (7,5-20) MaB/HYK, 6wra pemeHa. e 
IIOMO~IO KOJII,nema: mnMM, paaMememw::x: MelK,IC'" ceKTOpaMH H Kl)liIIIItOtt BaicyyM
HOit K8M8PH, a TaKllte B3M8H8HHeM yrJIOBOii IIpOTJlllt9HHOeTH eeKTOpa. Ha oc
HOBaHHH paeqeTOB B 3KenepHM9HTa.JII,HHX HeCJie.n;oBaHHit 6wm IIOJJY"l:9Hli IIOJlfI, 

OTJml!8lO!IlH8CH OT naoxpomw::x: BO Bee:lt pa6oqe:lt o6JISem ye:rtopeHRH He 6oJiee 
qeM Ha IO re IIpll ll8M9Hemm ypoBHH IIOJIH B IJ;8H'l'p8 OT I9,3 .ItO I9,9 KI'e 
(qi.naTTep IIOJlfI o6eeneqHBa9T y,ItOBJieTBopnTeJD:,HYIO B9pTnK8.1l1,HYIO qoxycnpoB
KY JI Be.mr<nma 'Yz. COeT8BJIH9T 0,2-0,25) • 3aBReHMOeTR HHT8HeXBHOeTn 
nyqKOB HOHOB I 2c4+, IGo4+, 22»e 5+ OT pa.n:nyca CBlJ,IteTeJll>eTBYIOT IIpaKTll
qeeKR o6 OTeyTe'l'Bim ql830BHX IIOTepD ("' 50% Y}/lem.memi:e JraTelleHBHOCTR 
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OT neHTpa ,n:o KOHe'll!oro pa.n:nyea 
eBH88HO e IIOTepm.m Ha-aa nepesa
pH.,ll;KII aa oeTaTOqaoM raae), a 
B8pTmtSJU,HHit paSMep, llSMepeHHlitt 

Y-200 pa,n:norpa@!:qeeKR ll Tp9XJI8M8.lll>HHM 

Y-2oon 

Y-400 

.IIp06HBKOM, WIJ! Be8X 8Ha11emi::lt 
pa,n:HyCOB H8 npemmiaeT IQ MM 
(MmmMaJII,HaH anepTyJ>a coeT8BJIJ'IeT 
30 MM). 

IlOMHMO enoco6a qiopMi!pOBaHRII 
Mal'HllTHOro IIOJIH, pe8Jlll80BaHHOro 
Ha i:nntJIOTpOHe Y-200, BOSMOX8H 
BapHaHT, B KOTOpOM NIH no.nyqeHHH 
Tpe6yeMOro paenpe'AeJieHJIH IIOJIJI 
KOJII,nemze CTYIIeHllaTH8 IIlltMMl:l BH-
IIOJIHllllTCH Ha IIOBepXHOCTll C8RTO-

l,l ~C:{{(4(((<\ Y-400M poB co eTOpOR!,[ Me)tmaHHoil wroc-
xoem. 3TOT MeTO.It Bnepmze 6wr 
HCIIOJll,30BaH ,ItJm qlO.l)WipOBaHBH 

Pne. 3. CxeMa BapHaHTOB Mal'HD:THHX IIOJIH ~OTpOHa Y-200Il ll B ,ItaJU,-

eTpYKTYP i:nntJIOTpOHOB Y-200, Y-200II, He:ltmeM peaJIH30B8H Ha i:nntJIOTpOHe 
Y-400, Y-400M Y-400 {MarHRTHaH CTpyitTyJ>a 

Y-200Il SIBWiaCL MO,ll;8JII,D WIJI Y-400 B MaemTa6e I:2). 
Pa.n;nam,HHe pacnpe,tteJleHWI epe,n:Hero IIOJIJI m qiJiaTTepa wm pa3JIK'mliX 

ypOBHe:lt npe,tteTal3J19Hli Ha pne. 4. BlJ,ItB:o, qTQ nOJie, CqiOpMi!pOBaHHOe ,ll;J1li 

BOHOB C /A=0,25 IIpll cpaBHRT8JII,HO H860JIDWOU H3M8HeHHB B IJ;8H'l'p8 {OT 
z . -

IS.75 ,ItO 2I,4 KI'e) nepepacnpe,n:eJIHeTCH H eOOTBeTeTByeT YCJIOBWIM yCKO
peHHH qaemn e O,I~2 /A~ 0,5, nplAeM oTJllltllm peam,Horo H HaoxpoHHoro 
IIOJieii BO BeeM ,ItRaIIa30H8 He 6oJiee ±r5 re. CJie,ItyeT yxasan, llTO TaKOil 
M8X8HR3M B paenpe,n:e~emm IIOJleil OIIp8,ll;8JlfI8TCH TOJII,KO ypOBH8M MarHHTHOrO 

IIOJIH H Re saBBeHT OT cnoco6a ero <POPMHPOBaHllH. 
Hs aH8Jill8a pesym,TaTOB no qopMr4pOB8Hlm MarHHTHOro IIOJIJI, llOJJYlleH

ma Ha i:nntJIOTpORaX Y-200, Y-200II H Y-400, CJie,ttyeT, qTQ neIIOJll,30B8HH8 
M8I'HHTHHX no~ett OTHOeHTeJIDHO BHeoxoro ypOBWl B nepeXO,ItHOtt OOJISCTH 
Kl)HBOi HaMaI'Hlf'IHB8HRH (H~IIOJIHOe HaCHllleHHe) II08BOJIH8T p98JIH80B8TD B8llt"".' 
HYI0 3aKOHOM9pHOeTD. Ilpn llSMeHeHIDI ypOBHH MarlD:tTHOrO IIOJIH l!8M8HeHHe B 
neHTpe H Ha Kl)aD OKB.SHBaeTCH pa9JIXIIlmM. C poeTOM a6COJIDTHOro 8HaqeHHH 
cpe,n:Hero IIOJIJl Y}/leHDmaeTCH OT.lllflm9 IIOJIJUla KOHeqaoM pa,n:nyce OT llOJIJI B 
IJ;8HTpe ll T.O. llOSIBJIHeTCH B03MOlltHOeTD, IIOJIY1DIB ll80xp0HllYD. 38B1ICHMOeTD 
,ItJ1fi ycKOpeHRH O,ItHOtt llaCTnIJ;H, yeRO.PJITD HOHU B onpe,n:eJieHHOM ,n:nanaaoHe 
z;A IIp8KTm8eKH 6es npmaeHemm TOltOBllX KOppeRTnpYl)llUlX K8Tylll9K {.n::n:60 

np:e: MJIH0M8,ltl,HOi llX ItOppeltil;l!lll). 
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KaK llOR8.SaJI OIIHT 8KCIIJJY8TE!nmI nm<,JIOTJ)OHa Y-200, npn ycxopemm: 
HOBOB c O.I67~z/A~0,357 'l!,0 saeprmi (4-20) MsB/HYR (M8I'HHTH08 llOJie 
B :U8HTJ)8 nSM8HJi8TCJI OT I9,3 'l!,O 20 Id'c) Tpe6yeMafI MO!l\HOCTI, TOKOBHX xa
TYJll8K, KOpp0KTlipyJJ!l\lDC pacnpe'l!,e.neime cpe,ItHero MaI'HHTHOro llOM, COCT8B
JilI8T M8H88 5 KBT. B nmt)IOTpoBe Y-400 ,ItJili ycxopeIDtfI HOHOB C 0,08if~o,2 

8,Krc 

21.5 
f •0J (2M>l}HyKI 

I 
21.0 

f=02 (5M>El/ayKI 

20.5 l° •Q25'~ M:,B/"Y•I 

20.0 f = 0.33 115 M3 B/Hy• I 

19.5 

19.0 

18.~10 
20 

R•f 
40 60 BO R,cw 

F r--r-:---.-~--.--.---,---,--,--.,.---, 

0.1 

0.08 

Q.06 

O.DL 

0.02 

o 

1- B0 • 18.7 .re 

2- B0 • 19.6 •re 

3- B0 • 20.2.re 

4 - B0 • 20.6 •re 

S - Bo· 21.4Kre 

f=o.s E•32M39',.y. 
.L0.33 E•15M>I},,,. f = 0.25 E • 9 M3B/Hy< 

L =0.2 E•6 M3B;HYK 

f•0.1 E•2M~ 

10_ 20 30 40 50 60 70 80 

fRK 
90 R,CM 

Pil:c. 4. Pa.ttKam,HHe pacnpe'l!,eJiemm: cpe,ItHero MaI'HHTHoro noJlll 
n qiJiaTT8pa ,ItJili ROHOB C paSJDilmr:lM 0TBOW8HH8M z;A B Il;lilltJIOTJ)OH8 
Y-200II. lln\PPH, yxasamme B cxo6xax, COOTB8TCTJ3YDT 9H8pI'lUIM 
Ha ltOH8~0M pa'l!,EyC8 YCKOpemm. MarlmTH08 llOJie C\POPMHJlOBaHO C 
llOMOII!I,D llt8J18SHWC MBCC npn Y,POBH8 Bo==20,2 Id'c ,ItJili ROBOB C 

2
/A=0,25 . 
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(OT I~2+ .no 84Kr7+) c aHeprIDIMH (3,5-23) MaB/HYR (COOTB8TCT:syl)llµl8 
HSMenemm Mal'HHTHOro llOM B :U8HTpe COCTaBJIJmT I9,8-2I,3 KI'c) MOl!IROCTI, 
KOJII,neBHX KOppeKTBpYDJllillC KaTYJll8K H8 np8BHW8.8T IQ KBT. 

HCllOJ1I,80BaHH8 MarHRTHWC llOJ18li B 06JiaCTl! H8llOJIHOro B8Clilll8Hl!'.JI noa
BOM8T .nocTaTOtJHO OllTHMaJlI,HO BapI>HpOBaTI, aHeprlm THllteJIHX llOHOB nyTeM 
ycxopeIDlfI noHa c paa.mrqnm,m aapR,naMH Ha paSJIRTraHX rapMOHnKaX ~acTOTH 
o6pamemm. ~OllOJIIDIT8JII,H08 H8M8H8HH8 9H8pI'14H BHemnero ~ ('l!,O 0,6 
OT BHeprID! Ha KOHOtJHOM p8'l!,:eyce) MOllt8T 6HTI, OCYIIl8CTB1I8HO sa C~8T pa
,nHaJII,HOrO H aSHM,YTaJII,HOro nepeMe~eHrur (POJII,rn npn BHBO'l!,8 HOHOB M8TO,IJ;OM 
nepeaapJI,J:Um. 

Ha OCHOB8 OmITa IIp08KTBpOBamur, narOTOBJ18Hm[ R pa6om D;IIKJ10Tp0-
HOB Y-200 n Y-400 B JIHP OIDIB IIp8,lJ,Jl0llt8H n paspa60TBH npoeKT 250 CM 
naoxpoHHoro D;IIKJ10TpOHa (Y-250), p0a.IDI8aD;111H KOTOporo OCYJl48CTBM8TCJI B 
HacTOrunee Bp8Mfl B HHH~A ZM. ~.B.EwpeMOBa. 

I.{HKJioTpOH Y-250 npe,naasHa~eH .nM ycxopemm noaoB B ,ICl'lanasoae 2 /A 
OT 0,5 .no O,I c MaKCHMaJII,HO! aHepr11e! E=200 z.2/A2 MaB/HYR. Pa6oTa 
D;IIKJ10TpOHa 6y,neT nponcxo.nnTI, Ha Y,POBHBX B0~6yE,!(8Hl!IJI 8J18KTpOMal'ImTa, 
COOTB8TCTBYJ)ll1IDC B8~H8 MarHRTHoro llOM B neHTp8 OT IS .no I9 Id'c. 
Hn:mmtt Y,POB8Hl, llOJJJl RCll0Jll,8Y8TCJI npn ycxbpewm CBMWC JI8ritHX ROHOB 
(npOTOHOB C 8B8pl'lleil 40 MaB), y:pOB8HI, llOM B I9 Kfc - IIpll ycxopemm 
OOJII,lllm{CTBa TJD!t8JIHX l!OHOB, ~TO ll08BOJIHT pea.IDISOBBTI, MaKCJiIMaJII,imit BHep
reTn~ecrom napaMeTp D;IIKJ10Tpoaa. 

B ,nHccepTanmi npe,ncTaBJieHH KOHCTpyitTRBHHe oco6eHBOCT1i! D;HKJJ.OTJ)OHa 
Y-250 n ,naHo onncamre ero ocnoBma: ySJ10B n cncTeM. ,lJ.1Ul no.nyqemm HH
_TeHCBBHWC ~OB TJD!t8JIHX BOHOB Ha nepBOM 9TEµl8 Oy,D;8T KCllOJ1I,80BaTI,CJI 
BnyTpeHHRil .n;yroBoil ncTo~ PIG c axcnaJII,HliM BBo,noM B D;1IKJ10Tpoa. Ha
Jm'IHe B8pTmtaJII,HOro KaHaJia B RpMe H llOJJDC8 8JI8KTpOM8I'lmT8 llOSBOJIHT B 
,naJll,HettmeM peaJIRSOBaTI, CRCT8MY aKCH8JII,HOil HHllt0KD;liIR ~ OT BHemnero 
iICTO~ ECR, ~TO CYII18CTB8HHO pacmBpilT BOSMO!WOCTR D;HKJJ.OTpOHa 
(pile. 5). 

BHBO,n ROHOB HS ycxopiIT8M 6y,neT, B OCHOBHOM, 0CYIIl8CTBMTI>Cll Me
TO,IJ;OM nepeaapSI,IUa!I l!X Ha TOBKiIX yrJiepo,nH!lX Mm118HBX. 8TOT M8TO,n HaiIOO
Jiee 8~KTHB8H (K0~8HT :mmycxa 6JIH80K K IOO%) ,nM JI8r!GI1C HOBOB 
(p, d , 3He, 4lie), T.R. OH nosBOMeT CYIIISCTBeHHo J'M8HI,WHTI> y:poBeHI, 
HaB8,ll;8HHOll pa,nHOaKTRBHOCTn BHYTpH ~OTpoHa, ~TO B SH8'DIT8Jll,BOi1 CT8-
ll8HH llOBHWaeT ero H8'l!,8lXHOCTI, H OOJier~aeT YCJIOBHSl 8KCIIJIY8Tartm1. ,lJ.1Ui 

ll:OHOB OT I~ .no 40Ar c 8Heprnru.m (I2-8) MaB/HYR K09~8HT BWIYCKa 
COCT8BJlll8T (90-50)%. HapR,nY C M8TO,IJ;OM nepeSapJJ.D;KlI IIJiaHBpyeTCJI RCllOJII,-
80BaHH9 aJieKTpOCTa~ecxoro 'lJ.8qlll8KTOpa B Tex pel!WMBX ycxopemm_TJme
JllU: HOHOB, r'l!,e M9TO,n nepesapR,nKB H8 ooecne,nmaeT ~0CT8TO~O BHC0ltlil9 
ail4J8KTRBHOCTH BWIYCKa H K8~9CTB8 BHB8,IJ;8BHOrO ~-
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PHc. 5. 3aBECRMOCTl> aHepI'lm ycxopemmx HOHOB OT MaCCOBOro 
'IHCJia .ItJlJl i:nm,JIOTJ)OHa Y-2fl0. KpHB8Jl I COOTB8TCTByeT BHY
TJ)8HH8MY l!CT01IHHKY PIG, xpmm:e 2, 3 - l!CT01IHHKY ECR. IJ,Hqip1,1 
OKOJIO xa~oit KpHBOH o6osHa'l8lDT l!HT8HCl:IBHOCTl:I ny-qKOB HOHOB 

.ItJlJl Bcero .Itl!8Il830H8·MaCC 
.1, ... ,,., .. 

Cos.n;aBaeMWi u;mtJIOTpOH_IlOSBOJilIT SHatmT8Jll,HO MO.n;epHHSHpOB8TI, cyme
CTBYJ'.llllYI) ycKopHT8JJI,HYKl 6asy onM H,ItepHoit ~smw B Hay,nmx ueHTJ)ax CCCP 
H CTJ)aHax-yqaCT!ilmBX Ollilli H .n;acT BOSMOlltHOCTl> Ha COBP8M8HHOM Y.POBH8 
peaJmSOBaTI, _nmpOKYJ) npOrpaMMY HCCJJ.8.ItOBamrli, RM81Dll\HX 4JYH'A8M8HT8JII,llld1 H 

np~B'AHOH xapaKTep. 

TpeTI,JI rMBa 'A:1:ICCepT~H IlOCBJilll8Ha paspa60TK8, C09'A8Hl:IJD H sanyc
KY cnennamrn:epOBaHHOro u;mtJlOTJ)OHB HU-100, npe.n;Ha3H8'18HHOrO )V1J'I HCCJJ.8-
.ItOBalili! BSaHMo.n;eitcTBKII TJillt8JlliX HOHOB C B8~8CTBOM. YcKOPHT8Jll, C aHepre
TH'l8CltlilM napaMeTJ)OM K=40 nosBOJill8T no~aTI> ny'lKH HOHOB c 

2
/A=0,114-

-0,187 .n;o aHeprmt (0,5-I,2) MaB/IJYK. 
Ero MarHHTHaJI CTPYKTY.PB COCTOllT HS 'l8Tl,lp8X C8KTOpOB C npS!Ml:Dlll!t 

rpa~ H yrJIOBOH npOTJ'Dlt8HHOCTl>lD 56°. C U8Jll,10 cymecTB8HHOro ynpo~e
HRI! KOHCTPYKnHH H o6JI8I"l8HH!I yCJIOBIDI axcrr.nyaTanHH UHKJ,IOTJ)OHa IDl-100 ' 
MaI'HHTH08 IlOJI8 Cq>OpMHPOBaHO C noMO~lD TOJI&KO X8JI8SH!,IX MaCC 6es npHM8-
H8HHJI TOKOBliX xoppeKT:epYl)ll\HX KaTYJll8K. lliopM:epOB8HH8 MarHHTHOro IlOJllI B 
OCHOBHOH pa60'l8H o6MCTl:I ocymecTBJIJJJIOCI, KONdHH:epOBaHHHM cnoco6oM. 
'Tpy6oe" D!HMMEpOBaHH8 nOJllI _(OTJill'lH8 pea.,n,Horo H HSOxpOHHOrO nOJI8H 
COCTaBJ!SiJlO ±200 re) 6WIO C.It8MHO no pesym,TaTaM paC'l8TOB H MO.It8JlI,HliX 
HSMepeliHtt xom,ue:sw,m DmMMBMH, mmoJIHemmMH Ha BHYTPeHHeit noBepXHOCTl:I 
C8KTOpOB. "ToHKOe" IIIHMMHpOBaHH8 ocymecTBJilLJIOCI, H3M8H8HH8M yrnOBOit 
np0Truit8HHOCT:1:I cexropa. KaK cJie'AYeT HS pa'Al:!8J!I,Hl,IX pacnpe.n;eJiem cpe.n;
Hero MarHHTHOro IlOJllI H g)JI8TTepa .n;JlJl TJ)8X y:pOBH8it B036y-ZQ:temm, OTJllfCDUI 
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peaAI>HliX n Hsoxporumx none! He npeBH111aeT ±20 re, '!TO o6ecne-.:m:saeT 
Ma.mnt qiaso~ c.n;BHr HOHOB B npouecca ycxopemm, a g)JI8TTep MarHHTHoro 
noJISI - .ItOCTaTO'lHYJD BepTHKaJJI,eyK) qJOK:fCBpOBKY, H8'1HH8H c"nepma: o6opo
TOB ( A<;.i'f '!: O,I H Vz ~0,3-0,35). 

B1,16op napaM8'l'pOB U8HTJ)aAI>HOOilTH'l8CKOit CHCTeMll, nOSBOJllDill8H a~ 
!p8KTl:IBHO ycKOpHTl> HOH!,! B m:epOKOM 'Al:!8lla30H8 Z / A Ha pa3Jlll1mBX rapMOmmax 
-qacTorn o6pameHHJI, ocymecTBAeH '!HCJiemmM HHTerp:epoBaHHeM noJnWX y:paB
HeH:irlt .n;BHllt8HHH 'l8CTHU B 8A8KTJ)OMarHHTH!,IX noJJJDC. B paC'l8TaX Mal'HHTH08 
IlOJI8 Sa.itaBaAOCI, B BH,l{8 p88J!I,HOH xaprn noJllI, H3M8p8HHOro C marOM no 
P8'Al:IYCY 5 MM l! 83:HMYTY I,875°, a ;cr;m 8JI8KTJ)l:I'l8CKOrO no.n.11 HCnOJII,SOBa
JIOCI, aHaJIHTHl:lecKOe npH6JIHl[eHHe peanHoro pacnpe,neJieHHJI noTeHnHa.na, 
ropnSOHTaJJI,HaH KOMllOH8HTa KOTOporo OllHCHBaJiaCI, raycCOBCKHM pacnpe.n;eJie
HH8M. B Ka'l8CTB8 OCHOBH!,IX KpHTepneB ,nJlll'. H8H3M8HHOH reOM8TpHH_8JI8M8H
TOB HB'laJII,HOH OnTl:IKH, o6ecne'll11l381)~8H ycxopeime HOHOB Ha 'l8TB8PTOi H 
mecTOit rapMOHmtaX, JIBJmJIHCI,: xopoman U8HTPOBK8 op61IT .ItJlJl V.9KClIMBJII,HOit 
nOJIOCH Ha'laJII,Hl,IX ipas HOHOB H ycTO:lt'lJirBOCTl> B8pTl'!K8Jll,HOro .n;BlIX8HKII Ha 

nepBHX IIllTH o6opoTax. BH'lHCJmJmCI, Tpa8KTOpHH HOHOB B M8'Al:!8HHOH H B8P- • 
THKaJJI,HOH DJIOCKOCTHX, aHeprHH H qiasa HOJ¥! OTHOClITeJlI,HO YCKOPJDlll8ro 
HanpmiteHKII, U8HTJ)H KpnmI3Hl,I_Op6HT. 

IIoxasaHO, 'ITO xopom8Jl U8H'l'pOBKa ny,nca (i>Rg~5 MM) B o6onx pelKHMax 
.ItOCTHraeTCH ,nJlll'. OTJ)HUST8JII,HHX H8'18JII,Hl,IX qiaa (-70°'- If O ~ -10° npn h =4 
H -30°6 l{' 0 ~-10° npn n=G). npll'leM Ha6JJD.It88M08 CY)lt8HH8 "Ha'laJII,HOro qiaso
Boro 'Al:IallaSOHa He conpoBOJUJ;aeTCH pas6pOCOM no 8H81'I'IDI H ~8HTJ)8M op6HT 
HOHOB. l!TO KaC88TCH B8pTHK8JII,HOro .n;Blillt8HHJI, TO HOH!,! Y)lt8 Ha nepBOM 060-

poTe ycxopeHHH HCDHTHBaJJT BJIWrall8 asm.,yTallHOtt BaPHanHH MaI'HHTHOrO 
non.ff, 4JOKYCHPYJD~88 B03.It8HCTBH8 KOTOporo OK88HB88TCH 38M8THO cwn.Hee, 
'18M 8JI8KTpll'l8CKOro noJllI H HB1Ili8TCH onpe.n;eJmDIIZl,I ,nJlll'. 8MJJJmTY.It B8pTH
KaJII,Hl,IX KOJI86aHHit, BMH'lHH8 KOTOpHX H8 npeBHmaeT IO MM. TSKHM o6pa30M 
npoBe.n;emm:lt 8HaJm3 H8'1aJII,HOro .n;B1IX8HHH IlOK8SHB88T, 'ITO npH H8H3M8HHOit 
reOM8TJ)HH U8HTJ)8JII,HOH 06.nacTH i:nm,JIOTJ)OHa illl-100 BOSMOlltHO S!p!p8KTHBH08 
ycKOpeHHe Ha 'l8TB8pTOi H meCTOH rapMOHHKaX. 

BHCOKO'laCTOTHSH CHCT8Ma umtJ!OTJ)OHB illl-100 COCTOHT HS .ItBYX KOaKClI-
8Jll,HliX peaOHaHCH!iX JIHHIDI H 'AYaHTOB yrJIOBOii np0Tmit8HHOCTl>lD 34°. BH6op 
'l8THUX rapMOHHK (-qeTBepTOH H mecTOfi) ,nJlll'. ycKOpemm: HOHOB IlOSBOJ!HJI 
ocymecTBETI, CHH4)83H08 BOS0~8HH8 .n;yaHTOB :cryTeM lIX coe,ItHHemm xecTKOii 
M8xaIDiq8CKOtt CMSI,JD B U8HTJ)8. Ha OCHOB8 pacqeroB no Cil8nli8Jll,HOii paa
pa6oTaHHO! B!l'mCJilIT8.7ll,HOit nporpru.me H M0~8JII,HHX HSM8p8HHH ocymeCTBJ18Ha 
OilTHMHSanHH reOM8TJ)H'l8CKIDC napaM8'l'pOB peSOHaHCHOii JilIHHH (BHCOTa .n;yaH
Ta, reOM8TJ)HH nepexo.n;Horo Yll8CTKa, COOTHOW8HH8 'Al:!8M8TJ)OB WTOKa H 6aKa 
O,ItHOpO.n;Horo Y'lBCTKa) H B. 'l.MOl]lHOCTH, BH.It8JllDill8itCH B pesoHaTOpax. 8TO 
IlOSBOJilIJIO npn .n;o6pOTHOCTH peSOHaHCHOH CHCTeMII, paBHOit 4700, llOJiyllHTI, 
Ha Kalr,l(OM 'AYBHT8 B. 'l. HaIIpJm8HH8 .n;o 70 KB npll B8Jmllll:H8 aKTHBHOH M~:::.-
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HOCTH B O,Il;HOM pe30HaTOpe, He IIp8Bl:llllalOJll8:l1 5 KBT. Kopnyc p830HaTOpa Bll
IIOJlHeH H3 H8pl!taB8JOlll8:l1 CTaJllI, IIJiaKapOBaHHOil M8.n;l,D. Xopommt T8ILJIOBOli 
KOHTaKT M8.n;HOil IIJiaKapOBKH C BHYTP8HHeil IIOB8pXHOCT!.D pe30HaTopa ,Il;OCTlll'
eyT Ilpli'IM8H8HH8M COBpeMeHHOil TeXHOJ10rHH·coe.n;m1emm .n;Byx pa3HOpO.n;HHX 
M8T8JI1llr48CKl!X IIOB8pXHOCT8il - CBapKOil B3pHBOM. KoHCTl)YJCUll8i1.npe.n;ycMOT
peHH MeXaHH3Mll DCTH:pOBKH .n;yaHTOB B pa6o~eM COCTOJIIilm 683 HapymeHIDI 
Brut,yyMa. rpy6aa nepeCTl)OilKa 'tJaCTOTll pe30HaHCHOi1 CllCTeMIJ B :npe.n;e~ 
±2,2% OCYll18CTBJ!fi8TC/I 3aKopainmaiome:l1 IIJiaCTHHOil, .n;J.U{ IIJiaBH0:11 IIO,Il;CTpoilrol: 
HCII0Jll,3Y8TC/I Tl)n:MM9p, o6ecne~8JOJllHi1 BapHa$m 'tJaCTOTH B ,n;HaIIa30H9 
±o,28%. 

IfllTaHHe BllCOKO~aCTOTHHX p930HaTOpOB OCYlll8CTBJ!fi9TC/I OT THIIOBoro 
B.~. reHepaTopa MOmffOCTI,!) 25 KBT ll 'tJaCTOTHHM ,n;HaIIa30HOM 3-24 MI'!l. 
CBJI3l, C pe30HaHCHOi1 CllCTeMOtt HH.n;yltTJIBHM, pery~yeMaH BHTKOM CBJI3ll, 
paCIIOJ10llt9RHllM Ha O.n;HOM p830HaTope. 

J]'.Jm n;mtJIOTl)OHa, illl-IOO HCIIOJU,3yeTC/I BepTmtaJU,Hllil HOHHllil llCTO"lHIDC 
.n;yroBoro THIIa C KOCB8mmM no.n;orpeBOM KaTO,n;a. OH Il03BOJ1!19T no~n, 
HHT9HCHBHll9 ~ T./Illt8Jllil HOHOB KaK HS ra3006pa3HHX ( I 2c2+, I 03+, 
22 Ne 4+, 40Ar7+), TaK H TBep,ll;llX (IIB2+, 23Na4+, 56Fe7+) BemecTB. 
HCTO'!Hmt BBO,n;HTC/I B qeHTl)aJU,ayD o6JiaCTI, n;mtJIOTpOHa ~epe3 8KCH8Jll,HOe 
OTBepcTHe, Bllll0JIH8HH09 B Bep:irnel 6aJllte H IIOJIDCe ·B~9KTl)OM8I'HHTa. KoH
CTl)YJCUll9li npe.n;ycMOTl)8HO lll1Il030B09 YCTPO:l1CTBO, Il03BOJ1!1Dm88 M8HJI'l'l, llC
TOimmt 6e3 Hapymemm BaicyyMa B KaMepe YCKOpHT9Jlll. CpoK CJJY)lt6u RCTO~
mnta B pe!WMe reHep~ BllCOK03apH,n;HHX HOHOB COCTaBJllI8T (I5-20) 'tJaCOB. 

CHCT9Ma BllCOKOBaKyyMHO:ll: OTKa~ ~TPOHa illl-IOO, HM8JOlll9ro 
BaKyyMHH:ll: o6~eM I500 JI, BKJID'tJ88T B ce6H O.n;HH ,n;Hqxpj'3HOHHllil arperaT 
BA-8-7, ycTaHOBJieHHH:ll: Ha KaMepe, n .n;Ba arperaTa ABil-2, pacnoJIOlltemm:x: 
Ha pe30H8HCHHX 6axax. CywapHM 6ucTpOTa .n;ettcTBJm cpe.n;cTB OTKa'tJKH 
IIO 830Ty COCT8B!U:I8T 5250 ~.c-I • H3 BKCll9pHM9HT8Jll,HO ll3Mepemmx pa
,n;H8Jll,HllX pacnpe.n;~eHRil .n;aBJiemm: B BaeyyMHo:11 KaMepe npH pa3.7m~ 
ra30BWC llOTOKaX, llO,Il;aB89MllX B ROHH!tit llCTOimmt, Me.n;yeT, ~TO B CTa
TlI~8CKOM peDMe (693 llOHHoro HCTO~) .n;aBJieHHe B KaMepe B o6~aCTll 
ycxopemm ny,ma COCT8B.71fi8T I,5•I0-6 TOP (Ha nepHi_{lepllH OHO paBHO 
7•I0-7 Top). Ilpn?a6oTe .n;yroBoro ncTo~ c pacxo.n;oM ra3a 

(I-2) cM3 .MHH- CHCT8M8 BUCOKO~Oil OTRa'tJKI! o6ecne~eT cpe.n;
Hee ,n;aM9HH8 B KaMepe (5-IQ)•I0-6 TOp. B~eMH OTKa'tJKI! n;mtJIOTpOHa 
HU-IOO OT aTMocqiepaoro .n;aMemm .n;o p=IO- Top He npemmiaeT I ~aca. 

PacCMOTl)8Hll pe3ynTaTH ycKOp9HHH HOHOB B pa3.7IH"llmX pel!mMaX ll 
:npoa~3H:pOBaHO COBOxynH09 BJIIDlHHe xapaKT9pllCTRK pa~ 3Jl9M9HTOB 
u;mtJIOTl)OHa Ha napaM9Tl)ll ~- Ha pnc.6 llOKa3aHH SaBRCRMOCTlI OTHOCR
T8Jll,HO:ll: HHTeHCHBHOCTlI ny,ntOB HOHOB 22Ne4+, 35ct4+ H 40Ar7+ OT pa.n;.ry
ca. KaK BH,n;HO ll3 PHCYHKa, HHT9HCRBHOCTI, ~ OT R =20 CM .n;o R::46 CM 
M8HII9TC/I OTHOCHT~HO CAa6o, ~TO CBR,I(9T9ALCTBY9T 06 OTCYTCTBIDI llOTep1, 
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HOHOB B npoqecce ycxopemm, Bl:l3BaHHHX ql830BUM ,n;Bllllt9HH8M HAll Hapyme
HH9M YCTOH~ocrn 69T8Tl)OHHHX KOJie6aHHil. He3Ha'llIT9ALH09 YM9HLmeHHe 
HHTeHCllBHOCTH ~ CBJI38HO C IIOT9pe:l1 HOHOB H3-3a nepesap~ Ha OCTa
TO~OM rase. Ms 3aBRCRMOCTH HHT8HCRBHOCTH ny'IK8 HOHOB 40Ar + OT .n;aBJie
HHH B KaMepe CJie.n;yeT, ~TO .n;J.U{ r.150% llJ)OXOllr,Il;9HWI ~ .n;o KOHe~oro 
Pa.IIHYCa H906XO.n;RM09 ,Il;aM9Hll9 B KaMepe :a;mtJJ.OTpoHa ,Il;OJil!tHO 6Hn. He xyite 
I0-5Top. ABTorpaw ny,nt8,ll3M9peHHllil Ha pa~HHX pa.n;.rycax, llOK83llBa9T, 

~TO BO BC9i1 o6JiaCTH ycKOp9HllH ~OK HaXO,n;HTCH B Me,n;HaHHott ILJIOCKOCTH 
H li'JM99T B9pTHKaJU,Hllil pasMep, He npeBHm8JOlllRil IIOJIOBHHH pa6o~ett anepTy
pll (MeHLme IQ MM). Pa.n;H8Jll,Hllil pasMep ~ Ha KOH9~0M pa.n;.ryce COCTaB
Jlll9T 5-6 MM. 0CHOBHH9 napaM9Tl)ll ny,ntOB HOHOB, YCKOpeHHHX Ha D,mtJ.[OTl)O
He illl-IOO IlpllB9,Il;8Hll B Ta6JIHqe (Ha qRKJIOTpOH9 ll0~9Hll TaKllte IIY'tJKI! 
HOHOB II~+ c BHepruett I,2 MaB/HYK llHT9HCllBHOCTl,D 2•IoI3c-I n HOHOB 
56Fe7+ c BHeprReil 0,5 MaB/HYK ll HHTeHCHBHOCTl,!) IoIIc-I). 

BHBO,Il; ROHOB HS HI.{-IOQ OCYl!l9CTBJ19H ,n;BYMfI CIIOC068Ml'I: C .IIOMOmLD 
3Jl8KTl)OCTaT~ecKOro .n;eqineKTOpa ll M9TO,Il;OM nepe3apH,ItKR Ha TOHKOH yrJie
po.n;HOH q>e>JII,re. CxeMa BJ19KTl)OCTaT~ecKOro B!lBO.n;a npe.n;cTaBJieHa Ha puc.7. 
.UeqineKTOp C yrJIOBOil IlpOT.fDK9HHOCT1,J:) 2a0 ll pa.n;HaJU,HOtt aneprypott IO MM 
paCIIOJ10llt8H B ,D;OJIHH9 qRKJIOTl)OHa, MaKCRM8Jll,Hlltt IIOT9HI:tllaJl Ha OTKJlOHJm119it , 
IIJlaCTl:IH9 COCTaBJIJieT 50 KB. KOHCTPYJCUllH .n;eqineKTOpa CMOHTH:pOBaHa Ha 
qinaaqe BaeyyMHott KaMepu, ~TO nosBOJllleT onepaTRBHO R3MeKaTL ero .n;Jlll' 

p9BH3RH. 
B pi:r.n;e IlpllKJla.I(HHX sa.n;a~. B TOM ~CJ19 l:I B Ilp0l!3BO,Il;CTB9 sr.n;epHHX 

MeM6paH, Tpe6yeTC/I o6~9Hll9 ~M THllt9JlllX HOHOB lllllpOIWX (.n;o H9~ 
KOJII,IWX .n;eC/ITKOB caHTRMeTl)OB) MmDeHett. HcnoJII,SOBaHHe oco6eHHocTeil 
MarHRTHoro IIOJlll qRKJIOTpOHa llll-IOO, a RM9HHO, CYlll8CTBOBaHH9 mICOKO
rpa,n;H9HTHOtt ( ~ 50 TJI/M) o6JiaCTll paccMHHOro IIOJlll ( TO'tJKI! 2+3) ll ero 
CRJll,HO ,Il;9q>OKYCHPYJOlll9rO B pa,n;.raJU,HOM

0

HanpaBJl8Hllll B03,It9llCTBRII Ha ~OK, 
ll03BOJ1RJ10 pemHTI, 38,n;a~ no~emm Ha Mm119Hll (TO~ 4),0TCTOHme:ll: Ha 
paCCTOS'!Hllll 0,5 MOT BllBO.n;HOro qinaima KaMepH D,mtJ.[OTpOHa lllllpOKOrO·~
Ka (""300 MM) 693 IlpllM9H9HWI Tl)a.n;m:tl!OHHHX CX9M ll 3Jl9M8HTOB ny<IKOB0:11 
OllTHKH. HHTeHqRBHOCTl, ~ Ha MmlleHH COCT8BRJla "'50% OT llHT9HCRB
IIOCTR BHYTl)9HH9rO ~ n;mt.110,0Ha. H3Mepemm, BllIIOJlH9HHll9 C llOMOIIILll 
C9TO~oro MOHRTOpa .n;JllI HOHOB 603+ ll 40Ar7+, ll0Ka38Jlll, ~TO TaKli'JM 
CIIOC060M B ILJIOCKOCTH o6~eHHH no~eH CqX>pMRpOBaHHUtt ~OK lIJIOm8.n;l,D 
,.., 6000 M?f-, O,D;HOpO.n;HOCT!, KOTOporo He xyite IO-I5%. 

BUBO.It ROHOB M9TO,Il;OM nepe3apH.n;IaiI peaJIH30BaH TaKRM o6pa30M, ~TO 
~OK.ROHOB Bl:lBO,n;HTC/I B TOM ll9 HanpaBJieHRH, ~TO ll ~OK, BHBe.n;eHHlrlt 
3Jl9KTl)OCTa~eCKli'JM .n;eqineKTOpOM. 8KcnepRM9HT8Jll,HO ll0~9HH09 3H8~9Hll8 
K03~9HT8 BHBO,n;a .n;J.U{ HOHOB, YCKOpH9MllX B qRKJ!OTpOH9 HI.{-IOO, CO
CTaBJIJieT (50-70)%, ~TO xopomo corJiacyeTcsr c pacqeTmn.m H OIIl:,ITHWm 
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.nammMn no sapsmoBOMY pacnpe,neJieHlilO lrIOHOB noCJie nepesapJmRB. PasMep 
BllB0,I(9HHOrO ~ B IIJIOCKOCTB O6.nyqemm: COCTaBJlfl0T OKOJIO 25 MM B 
.I(llaMeTpe. 

~ernepTaH rJiaBa nOCBm!l0Ha BOnpOCaM npllMeH~mm: T.l!llt0JIHX lrIOHOB ,IµIlI 

lrISj"lemm: npo~eCCOB ,I(0ql8KTOo6pasoBamm: B ltoH,IJ;8HCllpOBaHHWC cpe,nax. 0T
M0'i89TCH, 'ITO B nOC.710,I(H08 Bp0Mr:I 8Ha'Il!T0JII,HO0 pasBRTll0 Kalt C8MOCTOH
T0JI1,HO0 HanpaBJI8Hll0 llCCJl0,I(OBaHD B cpnsmte TB0p,D;oro T0Jla llOJiy'iMa qin-
8:mta pa,D;llan;ROHHHX noBp0llt,Il;0HlIB ll pa,D;lla~OHHOro M8T0PlrIMOB0,Il;0HllH, lrISY
'mDJl0ro HSM9H0HHH CTpYKTYPHllX ll M8X81m'I0CltRX CBOHCTB peam.ma: ltOH
CTp~ommx MaT0pllaJIOB B MOIIIHWC H0:itTpOHHWC llOTOitaX. !IOKaSaHo, 'ITO 
no cpaBH0HllXl C H0:l1TpOHaMll lrI Jl0I'RlIMlrl 88pmt0mmMH 'IaCT~aMlI, llCllOJII,3Y8-
MHMH ,Il;JllI llCCJ10,Il;OBaHllii ajxpeltTOB pa,D;llan;ROHHOro ,Il;0ql8ltT0O6pasoBamm: B 
Tam MaT0Plla.718X, TJillt0JIH0 -.lrIOHll C 8H0PJ'll0i1 "'I MaB/HYK liM0lOT p.fJJt Oll!Y
TBMWC np0lrIMYlll0CTB, OCHOBH!lMll .HS KOTOpllX JIBJUlJDTC.S: BllCOltSH CKOpOCTl> 
,Il;0ql8KTOO6pasoBamm: (Ha 5-7 nOpHJtKOB :mmI0. 'I0M ,IµIlI miyrnx Bl/fJtOB 1:'!SJIY
qemm:) lI OTCYTCTBll0 aKTllB~ llCCJ10,D;y0MllX o6pas~OB. IlpHB0,Il;0IDJ pe
SYJII,T8TH 8KCll8PllM8HT8Jll:,HllX llCCJI0,D;OBaHllH p8,Il;llan;ROHHOro ynp0'IH8HllH 

pasJIR1llIWC M8T8JlJIOB ll CIJJI8BOB (Hmt8JII,4+BaHa,Il;ll:l1❖ M0,Il;l,, H0pllt8B81Dllt8H 
CTBJil, 11 mi.), O6.nyqeHHHX HOHSMH 22Ne lrI 4OAr + c aHepl'lrIHM.H 0,3 -
I,2 MaB/HYK (06.nyqemm: npoBO.I(llJlllCb Kalt Ha BHyTpeHHeM ny,me, aHeprM 
ltoTOporo BapbRpOBaJI8Cb, Talt l! Ha BllB0,Il;0HHOM ny,me). Ha llY'litaX 1:'!OHOB 
I6o~, 22Ne*, 35ct4+, 40Ar7+ BmIOJIH0IDJ llCCJ10,D;OB8HllH M9X8Hlrl'I9CIWX 

n .I(ll8JI0KTpll'I9CltllX CBOiiCTB paSJllf'IlllDC llb0SOM9ltTp.HKOB (ZnO ,LiNb03 lrI 
mi.), HCnOJlbSY0MllX B Ita'I9CTB9 8ItyOTll'I9CIWX ,Il;9ql8KTOCKOnOB B COBp9M9H
HllX smepHWC peaKTOpax. MeTO,ItaMll OnTR'IeCKOil: CII0KTPOCKOIIIDI 1:'l KSM8peHWi 
MmtpOTB0p,D;OCTll ll8j"l9Hll npo~eCCH ,Il;9ql8KTOO6pasoBaHM B ~9JlO'IHO-raJIJlo~
HWC Kp1:'lcT8JIJ18X ( LiF 1:'l mi.) 1:'l pa8JIH'IHWC no.n:ynpoBO,Il;ID!lt8X (Si ,Ge , As~a) 
1:'l nOita88HO,·'ITO HSM9H8HlrIH OllTR'I0CltllX CBOiiCTB TaitllX ltplrICTaJlJIOB o6yC.7lOB
Jl0Hll HOHlrISan;ROHHHMR noTSPHMB; 8Hepr1:'!1:'l TJillt9JIHX lrIOHOB, np.HBO,wlllllIMll K 
o6pasoBaHHID neHTpOB norJio~emm, a p~an;ROHHO9 ynpO1UI9Hll0 CMSaHO C 
IIOT9PHMB; 8H8Pr1:'!1:'l Ha ynpyrne COy,D;apamm • 

B llOCJ19,Il;H09 Bp9Mfl Ha6JID,Il;80TCH SH8'Il!T0JII,md!: HHTepec K ny,maM TH
Z0Jll:lX KOHOB K8K It yHmtaJI1,HOM;y KHCTpYM9HTY ,ItJlJI neJieHanpaBJieHHo:lt MO,I(ll
~ MlntpOCT!)YltTYPll TBS~ TeJI H, B 'IaCTHOCTlI, nOJIRM0pHllX MaTe

plrIMOB. IlpH npOXOllt,Il;9HIDI TJillt9JIOro HOH8 qepes noJIRMep BH,lt0JlHlll!aHC.S: 
B,ltOJlb ero Tpa0KTOP.Hll 8H0prM np.HBO,I(HT K o6paSOBaHml CIIJIOlllHOro npOTH
E0HHOro ,I(9ql8KT8 CTpYKTYPll, HSSHBaeMoro Tp0KOM H o6~8lll!ll9ro cnoco6-
llOOTbl0 K .HS6RpaT9JlbHOMY XHM1N9CKOMY Tp8BJ19Hlll0 npn BOS,D;eil:CTBlrIH llO,Il;XO
.ItfillUIX peareHTOB, npHtJeM CKOpOCTb Tp8BJ19HHH MaltCHMaJlI,HS npl'l 8H9prllll 
HOHOB (I-2) _MaB/HYit. Cos,D;amme Ha 8TOM np~e H,D;0pHll0 MeM6pamJ HSXO
,Il;HT nmpoKOe npHM0H9Hll9 B paSJmT:IHWC o6JISCTJDt H8YKR 1:'l T0XHmtll. ,IT,J.ui llX 
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IrpOHSBO'ACTBa Ha D;llltJlOTpOHe :0U-IOO HCilOJll,S~TC/i IIY'lltR HOHOB Ar C 
8Heprllett I,I MaBIHYK H HHT9HClIBHOCTI,!) I01 c-1 • a TaIOK9 HOH!i 35ct 'C 
8Heprnett 0,5 MaBIHYK H HHT9HClIBHOCTI,!) Io13c-1 • 

HCilOJll,SOBaHH9 llmpOKOrO O'AHOPO'AHOro IzyllKa 8THX llOHOB, BHBO,ItRMoro 
HS :a;mtJIOTpOHa 8A9KTpOCTaTH<!eCKRM M9TO'AOM, IlOSBOJUl9T npOBO~TD ajqleK
TllBH09 06JIY119HH9 nOJIBMepma: IJJI9HOK TOJllllHHOil 'AO IO MKM BKJllO'lliT9Jll,HO 
6es IrplIM9H9Hm! 'AOCTaTO'lHO MOlltHWC CHCT9M CRa!mpOBaHIDI IzyllKa. 

B SaitJIJOtiemm cqiopMy.JmpOBaHH OCHOB!llle pesyJil,Tam ~ccepTan:im. 

0CHOB!lll9 pesyJII,Tam mrccepTaimOHHOH pa60TH 

I. CqiopMyJmpOBaH IlO.IOCO'A H BHpa60TaHH KpHTep:im COS'AaIDm HSOxpOH
HOro :a;mtJIOTpOHa T.f.llK9J.IWC HOHOB C BHCOKRM ypOBH9M CP9'AH9ro MaI'HHTHOro 
noM.- Ha OCHOBe npOB9'A9HHOro aHami:sa C HCilOJil,SOBaHHeM pesyJU,TaTOB 
8KcnepIIM9HT8Jll,HliX HCM9'AOBalintt Izylm()B, IlOJIY119Hmric Ha :a;mtJIOTpOHax 
_Y-200, Y-400 n TaH.It9M-:a;mtJIOTpOHe Y-200 - Y-300 noxaaaHo, 'ITO 'AM 
ooecnetieimJi BHCOKOH HHT9HCBBHOCTR nytntOB ycKOpeHHHX TJDlteJ.IWC HOHOB 
(1012-1013 c-1) c 8H9pI'RJIMll 'AO (10-20) MaB/HYK HanOOAee OilTID&lJll,HblM 
i!BM9TC/i IlpgMOil M9TO'A YCROpemm C HCilOJll,SOBaHReM nsoxpoHHoro D;llltJlO
TpOHa C OOJll,IIIHM 8Hepr9Tllll8CKRM Il8paM9TpOM H MOI!llil™ .nyI'OBHM HCTO'IHR
ROM (D;llltJlOTpOH Y-400), B TO Bp8Ma: RaR 'AM 'AOCTID!t9Hlm MaRCBMaJll,HOH 
SHepr:im.("'IOO MaB/eyK) npellMylll9CTBO lIM99T Rae~ M9TO'A ycxopeHmI 
(:a;mtJIOTpOHHHli KOMIIJI9RC Y-400 + Y-400M). 

2. BnepBHe npe~ollteHH, paspa6oTaHH, ncMe'AOBa!lll n peamsoBaHH 
Ha D;llltJlOTpOHax Y-200, Y-200II H Y-400 ROMIIaRTHHe n SKOHOJ.Vlll'IHH9 Mal'HHT
HH9 CTPYKTypH, o6ecne~aJDlI!He ycTO~oe n nsoxpoHHoe ycKopeHRe ~-. 
ROB HOHOB B llmpOROM ~anasoHe MaCC H 8Heprntt. IIoxasaHo, qTO HCilOJll,80-
BaHHe MarimTHliX IlOA9li B nepexo,1J;Hott OO~CTR KpBBOH HaMar~awm 
(o6~CTI, Henomoro Hacmnemm MarimTHOli ~enn) IlOSBOJJJl8T, B OCHOBHOM, 
C IlOMOllfE,!l llt9~esma: Mace HaH60A89 OllTRMaJU,HHM o6pasoM e<pOpMJ!POBaTD 
Tpe6yewe pMUaJU,HHe pacnpe'AeJlewm cpe,D;Hero MarHHTHoro noM npn MHHH
MaJU,HOfi MO~HOCTll TOKOBHX ROppeRTlll)YDII\HX RaTYJil9R. 

3. IIpe~Ollt8H, paspa60TaEI H peami:syeTc.a: npoeRT MHOrO~eJleBOro HSO
xpoHHoro :a;mtJIOTpOHa c ~aMeTpoM IlOJl!lCOB 250 CM (Y-250), npe,lJ;HaSHaqeH
HOro 'AM reHepan:im nytntOB A8I'KRX H TmtteJ.IWC HOHOB C MaKCHMaJil,HOH 8H8p
rne:ll E = 200 z 2 I A2 MaBIHYK- COS'A8BaeM!lli :a;mtJIOTpOH IIOSBODT SHa'lliT8Jll,
HO MO'A9PHHSHpOBaTI, c~eCTB~ ycitOpHTeJll,HY!l 6asy 'AM H,ItepHOfi @rsHRH 
B aayqHHX ~eHTpax CCCP H CTpaHax~yqacTmmax owrn H 'AaCT BOSMOlltHOCTI, 
Ha COBpeMeHHOM ypOBH9 peami:soBaTD umpOicyl) nporpaMMY HCM8'AOBamrlt, 
HM8lllll\llX ~aM8HTaJll,Hlm H IrpmtJia,ItHOfi xapaKTep. 

4. IIpe~Ollt8H, paspa6oTaH, COS'AaH H BB8'A8H B 8KCIJJIYaTan;mo nepBHfi 
B MJ!P8 cneD;HamISllpOBamnrli :a;mtJIOTpOH TJD!t8JIIDC HOHOB :0U-IOO 'AM np:im:.na,n
Hl:lX HCM9'AOBalinfi, 
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a) HcMS'AOBaHa H peamSOBaHa cxeMa ycitOpemm HOHOB B ~8HTpaJU,HOtt 
o6~CTH, 8@>9KTHBHO pa60TaD11aJI Ha 'I8TB8PTOH H mecTofi rapMOHHRaX qac
TOTH o6p~emm, 

6) PemeHa sa,naqa qiopMJ!POBamm c noMOm:&!l TOJU,KO zeAesm Mace 
MarHHTHoro noJJJI, o6ecne~8!lmero ycTOfiimBoe n nsoxpoHHoe ycRopeHHe 
HOHOB C paSJIHtmHMH OTHOID8HIDIMR Z/A. 

B) Ha OCHOBe IrpOB9'A9HHHX pactieTHHX H 8KCil8pRMeHT8Jll,HHX HCM9'AO
Balillfi COS'AaHa 8KOHOMHqli8fl BHCOitO'I8CTOTHaR CHCT8Ma, IlOSBOJlHBIIIM npn 
B8JllftIHH9 aKTIIBHO:il: MO~OCTH "'IO KBT, BU'A8M9MOfi B pesoHaTOpax, no~
qHTI, aMIIJIHTY,IJ;HOe SHatieHHe B. 'I. HanpmKeHHR Ha Rallt'AOM .eyaHTe 'AO 70 KB. 

r) BunomeHH TeopeTHq8CKHe H 8KCnepHM8HT8Jll,Hli9 HCM8'AOBaHllli 
BHBO'A8 IzyllKa YCKOpeHHHX HOHOB 'ABYMfi cnoco6aMH: C IlOMOllfE,!l 8~8RTpOCTa
Tll'I9CKOro 'A8qi1[9KTOpa H M9TO~OM nepesapH.ItRH HOHOB Ha yrAepO,D;HOH <p()~ 
re. 3MieKTHBHOCTD BHBO'Aa 'AM o6onx M8TO'AOB COCTaBR1Ia (50-70)%. 

'A) IlOJIY1I9Hli IIy,mH YCK0p8HHHX HOHOB OT 11B 'AO 40Ar' C aaeprnm.m 
(0,5-1,2) MaB/eyK H HHT9HCBBHOCTRMH (2•1013 - 2•Io12) c-1 H Irp0B9'A9HO 
HCM9'AOBaHHe HX xapaKT8pHCTHK. 

5. BlillomeHU 8KCII9pHM8HT8Jll,HH9 HCM9'AOBaHHR no BSaRMO'A91ilCTBll!l 
nytntOB TJl'.llt8J.IWC HOHOB, YCKOP8HHHX Ha :a;mtJIOTpOH8 :0U-IOO, C paSJllflmHMl!I 
MaTepnaAaMH. IlORaSaHa BHCOKafl 8@>eKTllBHOCTD HCIIOJll,SOBaHllli ycKOpHT8M 
lill-100 'AM COS'A8HHR H,Itepma: M9M6paH Ha OCHOBe IlOAHMepHofi IJJI8HKR H 
HCM9'AOBaHHRM npo~eccOB p~aD;HOHHOro 'A9ql9KT006pasoBaHHR B KpHCT8AAaX 
H MSTaAAaX. 
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TRJ.l, .If,y6Ha, 21-23 OKTH6pa 1986 r, - .If,y6Ha, 1987. - T.2, - l9-87-
-105. - C.143-146. 

35. C03,11;8HH8 H sanycK CHCT9MH 8KCH8JII,HOR HHllte~H HOHOB B D;m(JIOTpOH 
Y-200. I B.B.EexTepeB, D.E.BnHorpa,ll;OB, E.H.rHKSJI, r.r.I'ym,6eRHH, 
A.A.EqipeMOB, A.H.HBaHeHito, n.KaJiqeB, H.B.KOJI0COB, B.E.KyTHep, 
B.H.Me.m,HHROB, P.U.OraHeCHH, D.Il.TpeTbJlKOB, B.A.TfyrpeeB; 06'.I>e,11;. 
HH-T H,11;8pH. HCCJ18,ll;, - IlpenpHHT. - .If,y6Ha, 1987. - 9-87-379. - 14c. 

36. BJ!RHHRe HOHRSa~OHHHX H H,11;0pH!lX noTepb BHeprHH TIDK8JlHX HOHOB Ha 
,11;8ql9RT006pa30BaHR0 B KpHCT8JlJ18X I A.ID.~, P .U.OraHeCHH,• 

,') 
B.P.Perem,, B.~CKypaToB; 06M,11;. HH-T H,ll;epH. ncCJie,11;. - IlpenpHHT. 
- .If,y6Ha, 1988. - 14-88-524. - IO c, 

37. HcnOJI1,30B8HR8 ycKOpHTeJiett TJillteJJHX HOHOB ,ll;JlH npOH3BO,ll;CTBa H,11;8pHHX 
M8M6paH. / r.H.4lJI0pOB, Il.D.Anem,, A.D.,Iuwnt, B.H.KysHe~OB, 
P .U.OraHeCHH; 06'.I>e,11;. HH-T H,ll;epH. ncCJie,11;. - IlpenpliIHT. - .If,y6Ha, 
!988. - P7-88-696. - 12 c. 

Py°KOIIllCb nocTyIIllJia B li3~8T8JlbCIWH OT,11;8Jl 
27 OKTH6pH 1989 ro,11;a. 
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