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Ycrrex llpOBeneHHH HCCnenOBBHH~ B o6n~CTH 9KCrrepHM9HT8nbHO~ HnepHO~ 

$H3HKH ITpH 9HeprHHX no 1 fsB B 3HaqHTenbHO~ Mepe 06H38H yCTo~qHBOA 

pa6oTe CHHXpOUHKnOTpOH8 HB 680 M 9B na6opaTOpHH HnepHbiX rrpo6neM, no 

ypoBHID HHT9HCHBHOCTH, 9KCITnyaT8UHOHHOA HaneMHOCTH H T9XHHqecKO~ OCH8-

ill9HHOCTH BCITOMOraTenbHbiMH CpencTB8MH 9TOT YCKOpHTenb rrpHHanneMHT K 

qHcny nyqmHx sKcrrepnMeHTanbHbiX ycTpol!:cTB caoero Knacca, MaorHe ysnbi 

9TO~ yHHKBnbHO~ $H3HqeCKO~ yCT8HOBKH noseneHbl no COCTOHHHH 9KCITnyaTa

UHDHHD~ HaneMHOCTH ITpOMbiillneHHbiX coopyMeHHl!:, 

HHMe Kp8TKO nonsonHTCH HTOr MHDroneTHel!: pa60Tbl ITO COBepmeHCTBO

B8HHro onaoro H3 C8Mb!X OTB9TCTB9HHbiX H BMeCTe C TeM H8H6onee YH3BH

Mb!X ysnoB CHHXpOUHKnOTpOH8 - ero Bb!COKoqacTOTHOl!: CHCT9Mbl, 

B HaqanbHbil!: rrepnon pa6oTbl YCKOpHTenel!: THIT8 CHHXpOUHKnOTpOH, y 

KOTOphiX H3M9H9HHe qaCTOTbl yCKOpHromero ITOnH nocTHraeTCH C ITOMOillbiO 

BpamaJOmerocg KoaneacaTopa ( BapHaTopa qacToTbi), 6hmo BhiHCHeHo, qTo 

HaneMHDCTb pa60Tbl yCKOpHTenel!: 9TOrO THIT8 B OCHOBHOM OITpenenHeTCH Bpe

MeHeM MH3HH M9X8HHqeCKHX ycTpOl!:CTB, ocymeCTBnHJOillHX ITpHBOn pOTOpa 

BapHaTopa, 

0ITb!T 9KCITnyaTaUHH CHHXpOUHKnOTpoHa na6opaTOpHH HnepHb!X rrpo6neM 

011Hl1 ITDK83biBaeT, qTo THITHqHbiMH rrpoueccaMH, rrpHBOnHillHMH K HeHcrrpaB

HOCTHM Bb!COKOqacTOTHOl!: CHCTSMbi yCKOpHTSnH, HBnHJOTCH cne.llyiOIItHe: 
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1, 8neKTpOSp03HH W8pHKOnOAWHnHHKOB 0 npOHCXOAHW8H B pe3ynbT8Te 

npoTeK8HHH 'lepe3 HHX Bb!COK0'18CTOTHbiX TOKOB H npHBOAHW8H K HapyweHHIO 

reoMeTpH'IeCKoft cornacoB8HHOCTH aeTaneft poTopa H CT8TOp8 eapHaTop8; 

2. H8rpee aeTaneft, Bp8W8JOli1Hxcs B p8ccesHHOM M8rHHTHOM none H 

H8XOAHWHXCH noa B03A9ftCTBHeM Bb!COKO'I8CTOTHbiX TOKOB, npHBOAHIUHft K yc

KOpeHHOMy CTapeHHIO pe3HHOBbiX ynnOTHHTenbHbiX M8H>KeT, a T8K>K9 K nOBbi

IUeHHIO SMHCCHOHHOft cnoco6HOCTH MeTannH'IeCKHX noBepXHOCTeft /3/; 

3, Pa3nO>K9HH9 napoB M8Cna H8 HarpeTb!X AeTanHX H CBH38HHOe C STHM 

CHH>KeHHe H30nHUHOHHbiX CBOftCTB B8KYYMHbiX npoMe)KyTKOB Me)I{Ay TOKOHe

CyWHMH noBepxHOCTHMH, ConpOBO>Kil8JOIUeeCH B03HHKHOBeHH9M pa3pHllOB /3/; 

4. P8CnbmeaRe H nepeaoc sneKTpR'IeCKHM noneM MeTanna c H8rpeTbiX 

MeTannH'IeCKHX aeTaneft Bb!COK0'18CTOTHOft CHCT9Mbl H8 OXn8>Kll89MYIO noBepx

HOCTb KepaMH'IeCKHX H30nHTOpOB, 

HH)Ke npHBOABTCH nocneaoB8TenbHbift 8HanH3 nepe'IHCneHHbiX tP8K-

TOpOB 0 BnHH!OWHX Ha p860TOCnoco6HOCTb CHHXPOUHKnOTpOH8, 

npe)K)leBpeMeHHblft BbiXOll H3 CTpOH wapHKOnOAIUHnHHKOB pOTOpa BapRa-

Topa MO)KeT 6b!Tb o6ycnoBneH llBYMH rnaBHbiMH npH'IHH8MH! KOHCTpyKTHBHbl

MH OCo6eHHOCTHMH CTynHUbl pOTOp8 H CnO)KHbiMH ycnOBHHMH pa6oTbl BCero 

y3na B uenoM. CneUHtPHKa p860Tbi mapHKonoamHnHHKOB poTop8 T8KOB8, 'ITo, 

nOMHMO ecTeCTBeHHhlX llnH HHX CT8TH'IeCKHX H8rpy30K 0 OHH H8XOAHTCH noa 

-.il,.03AeftCTBHeM pHll8 llOnonHHTenbHb!X tP8KTOpOB 0 T8KHX, K8K BaKyyM, M8rHHT

HOe none, Bb!COK0'18CTOTHblft H8rpeB H sneKTposp03HH pa60'IHX noBepxHOCTeft, 

Pa6oT8 mapRKonoamHnHHKOB npoHCXOAHT B ycnoBRHX noHH)KeHHoro Tennoo6-

MeH8 C OKpy)K8JOWeft Cpeaoft H OTCyTCTBHH npHHYARTenbHOft UHpKynHUHOHHOft 

CM83KH, 

nocneAHHe AB8 06CTOHTenbCTB8 MO)KHO ycnoBHO OTHeCTH K KOHCTpyK

THBHbiM oco6eHHOCTHM ll8liHOrO B8pH8TOp8 0 TOrA8 K8K nepBbie 06'beKTHBHO 

Meaee CBH38llhl c KOllcTpyxuHeft, B npouecce sxcnnyaT8UHH ycxopHTenH H 

no Mepe COBepmeHCTBOB8liHH llpyrRX y3nOB HeOAHOKp8TliO BCT8B8n BOnpoc 

o MoaepHH38UHH B8pH8Topa 'IBCTOTbr, H8H 6onee xpacaope'IRBbiM llOBOAOM B 

nonb3y aeo6XOAHMOCTH T8KOft MOllepHH38UHH HBnHnCH TOT tP8KT0 'ITO 38 ne

pROil c 1954 r. H no H8CTOHmee epeMH, T,e. 38 epeMH, npomeamee c Mo

MeaTa npoBeAeHHH peKOHCTpyKUHH CHHXpOUHKnOTpOll8 H8 SHeprHJO 680 M aB, 

MOIUHOCTb0 OTA8B8eM8H BbiCOKO'I8CTOTHhlM reaepaTopoM B pe30H8HCHYIO CHCTeMy 

yCKOpHTenH, B03pocna OT 20 llO 50 KBT, 
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Ha OCHOB8HHH ll8HHbJX0 nony'leHHbiX npH M8K9THbiX H3Me 

'18CTOTHOH CHCT9Mbl CHHXpOUHKnOTpoHa, H3B9CTH0 0 'ITO B Bap 

pacceHB89TCH npH6nH3HTenbHO OKOnD 50% MOWHOCTH, BBOllHM 

HYIO CHCTeMy, 

YeenR'I9HH9 MOIUHOCTH 0 OTll8B89MOil: B pe30H8HCHYIO 81{ 

pHTenH, H8 nepBOM aTane ero 9KCnnyaT8UHH 0 K8K BHllHO H3 1 

no K HeKoTopoMy coKpameHRJO nepHoaa 6ecnepe6oftaoil: pa6oT 

1961-62 r,r, STOT nepHOll COCT8BnHn 550-600 '1, 0 TO B 1963 

B9H BCero nHWb 430 '18C8M, TaKHM o6pa30M 0 H83peBana OCTp 

B KOMnneKCHOM aHanH39 H ycTpaHeHHH npH'IHH, YM9Hbli1810IUII 

Hb!il: CpOK paoOTbl OCHOBHbiX yanoB yCKOpHTenH, 

JlnH ycTaHoBneHRH rnaBHbiX npH'IHH aeapHil: Obin npoaaan11 

Hb!H MaTepHan, OTHOCHIUHftCH K OCT8HOBK8M yCKOpHTenH B ne 

1970 r.r. HeKoTopaH o6o6meHHaH Bbi6opKa MaTepHanoe, OTHI 

OOT9 Bb!COK0'18CTOTHOl!: CHCT9Mbl yCKOpHTenH, npeacTaBn9H8 

aapHllY c xapaKTepHCTHKaMH aKcnnyaTaUHOHHbiX ycnoBHl!: ycKI 

ll9Hbl T8K>K9 KpaTKHe CB9ll9HHH 0 K8C810WH9CH OCHOBHbiX KOHCTp 

H9HHft, Bb!ITOnH9HHbiX H8 OT)lenbHbiX aTanax, 

Ha pHc. 1 npHBeaeH cxeMaTH'I9CKHft qepTe>K peaoaaHCH' 

KOpRTenH, H8 KOTOpOM OTpa)KeHbl KOHCTpyKTHBHbl9 sneMeHTl 

HaHoOnbmee BnHHHHe Ha pa6oTy Bb!COK0'18CTOTHOl!: CHciJ.eMbJ, 

8 nepBOHa'lanbHOft KOHCTpyKUHH nOll8'18 BOllbl B CHCTE 

ayaaTa npoH3BOllRnacb qepea cneuH8nbHbie cTeHllbi ( 15), K 

aononHHTenbHYIO 9MKOCTHYIO Harpy3KY B pal!:oHe ny'IHOCTH Tl 

nHHHH, flHKBHllaUHH no npeano)KeHRJO A.n. CaeeaxoB8 sTHX , 

>Ke ocymecTeneaHe noaeoaa oxna>KaaJOmeil: BOilbi qepea nonbre BH 

HHilYKTHBHOCTel!: (5), noaKnJO'I9HHhlX K pe30H8HCHOl!: nRHHH B 

npy>KHH, npHB9nH K pHllY cyweCTBeHHbiX yny'IW9HHft pa60Tb! I 

CHCTeMbl! paCWHpHnCH llH8n830H nepeKpb!THH '18CTOT 38 C'le, 

Heft rpaHHUbl H 0 H8pHllY C STHM 0 npOH30WnO Ka'leCTBeHHOe H: 

KpHBOil: B o6nacTH 38XB8T8 HOHOB H8 CT86RnbHYIO opoHTy, C 

HBHnOCb yeenH'I9HHe HHTeHCHBHOCTH OT 0,3 llO 0,8 MKa, 
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Ha OCHOBBHIUI A8HHbiX
0 

!I0.11y'I9HHbiX IIpH M8K9THblX H3MepeHHHX BbiCOKO

qaCTOTHOM CHCT9Mbl CHHXpOUHK.110TpOH8 0 H3B9CTH0 0 'ITO B BapHaTope '18CTOTbl 

pacceHB89TCH IIpH6.11H3HT9.11bHO OK0.110 50% MOIDHOCTH, BBOAHMOM B pe30H8HC-

HYIO CHCTeMy, 

YB9JIH'I9HH9 MOIUHOCTH, OTA8B89MOM B pe30H8HCHYIO Bl.J CHCTeMy YCKO-

pHTeJIH, H8 nepBOM 9T8!19 ero 9KCI1.11Y8T8UHH 0 K8K BHAHO H3 Ta6.11HUbi, !IpHBe

JIO K aeKoTopoMy coKpaweHHIO rrepHoAa 6ecrrepe6o:i!:Ho:i!: pa6oThi, TaK, ecnH B 

1961-62 r,r, 9TOT rrepHOA COCT8B.11SI.11 550-600 '1,, TO B 1963 r, OH 6bl.11 pa

BeH Bcero JIHllib 430 qacaM, TaKHM o6paaoM, aaapeBana ocTpaH rroTpe6aocTb 

B KOMI1.119KCHOM 8H8.11H39 H ycTp8H9HHH !IpH'IHH 1 yMeHblli8IOIUHX M9)Kp9MOHT

Hblll CpOK pa60Tbl OCHOBHblX Y3.110B yCKOpHT9.11SI, 

llnH yCT8HOB.119HHSI r.118BHblX !IpH'IHH 8B8pHi!: 5b!.11 !Ip08H8.11H3Hp0B8H o6wHp

Hbii!: MaTepH8.11
1 

OTHOCHIUHi!:CH K OCT8HOBK8M yc~OpHT9.11SI B rrepHOA C 1960 !10 

1970 r,r, HeKOTOp8H o6o6weHH8H Bbi60pKa MaTepH8.110B 1 OTHOCHIU8HCH K pa-

6oTe Bb!COK0'18CTOTHOi!: CHCT9Mbl yCKOpHT9.11H 0 !Ip9ACT8B.119H8 B Ta6.11HU9 1 rAe, 

H8pHAY C xapaKTepHCTHK8MH 9KCI1.11Y8T8UHOHHhlX ycnoBHi!: ycKOpHT9.11H 1 IIpHBe

A9Hbl T8K)K9 KpaTKHe CB9A9HHH1 K8C8IOIDH9CH OCHOBHb!X KOHCTpyKTHBHbiX H3M9-

H9HHH1 Bbll10JIH9HHbiX H8 OTA9.11bHbiX 9T8!18X, 

Ha pHc. 1 rrpHBeAeH cxeMaTH'IeCKHi!: qepTe)K peaoaaacaoi!: cHcTeMhi yc

Kop:uTenH, Ha KOTOpOM OTp8)1{9Hbl KOHCTpyKTHBHbie aneMeHTbi1 OK83b!B8IOIUHe 

H8H60.11blli99 B.11HHHHe H8 pa6oTy Bb!COK0'18CTOTHOi!: CHCT9Mb!, 

8 rrepBOH8'18.11bHOi!: KOHCTpyKUHH IIOA8'18 BO,Ilbl B CHCTeMy OXJ18)KA9HHSI 

AyaHTa !IpOH3BOAH.118Cb qepe3 Cl19UH8.11bHbi9 CT9HAbl ( 15) 0 KOTOpbie BHOCH.11H 

AOI10.11HHT9.11bHyiO eMKOCTHYIO HarpyaKy B pai!:oHe IIy'IHOCTH TOK8 pe30H8HCHOi!: 

.11HHHH, nHKBHABUHH !10 rrpeAJ10)1{9HHIO A.n. CaBeHKOB8 9THX CT9HAOB, a TaK

)1{9 ocyweCTBJI9HHe l10ABOA8 OXJ18)KA8IOIUel!: BOAbl qepe3 l10.11bl9 BHTKH Cl19UH8.11bHbiX 

HHAyKTHBHOCTeii ( 5) 1 IIOAK.11IO'I9HHbiX K pe30H8HCHOi!: .11HHHH B pai!:oHe OIIOpHbiX 

IIpy)KHH, !IpHB9.11H K pHAY cyweCTB9HHbiX yny'llli9HHi!: pa60Tbl Bb!COK0'18CTOTHOi!: 

CHCT9Mbi: paCWHpH.11CSI )lH8!1830H rrepeKpb!THSI '18CTOT 38 C'leT IIOA'b9M8 Bepx

gel!: rpaHHUbl H 1 HapHAY C 9THM1 !IpOH30W.110 K8'19CTB9HH09 H3M9H9HH9 ¢lopMbl 

KpHBOl!: B o6naCTH 3aXBaTa HOHOB H8 CTa6H.11bHYIO op6HTy, CneACTBHeM 9TOrO 

SIBH.110Cb yB9.11H'I9HH9 HHT9HCHBHOCTH OT 0,3 AO 0,8 MKa, 
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llanbHeti:IIIee COBepiiieHCTBOBSHHe ObinO HanpaBneHO H8 BbiOOp onTHMSnb

HOrO B8pH8HT8 ¢lopMbl naKeTOB H8 CTSTOpe BapHaTopa, 0nTHMH3aUHH ¢lopMbl 

naKeTOS npHSena K aononHHTenbHOMy ysenH'l:9HH~ HHT9HCHSHOCTH ao 

1,2 MKa/ 1,2/. EcTeCTBeHHo, poCT HHTeHcHBHOCTH 6bm JlOCTHrHyT npH OJlHO

BpeMeHHOM yBenH'l:9HHH MOIIIHOCTH, nOJlBOJlHMOti: K BbiCOKO'l:aCTOTHOti: CHCT9Me, 

KOTOpaH npH MaKCHManbHOti: JlOCTHrHyToti: HHT9HCHBHOCTH, KaK y~e OTMe'l:a

nOCb Bbiiiie, JlOCTHrna 50 KBT, 

3awHT8 nOJliiiHnHHKOB pOTOpa BapHaTopa OT npoTeKaHHH 'l:epe3 HHK Bb!CO

KO'l:aCTOTHblX TOKOB Obina OcymecTBneHa nyTeM C03JlaHHH Ha)le~HOI'O KOHTaK

Ta M9~JlY Bpama~lliHMCH pOTOpOM H CTaTopOM KOnneKTOpHOI'O KOHJl9HCaTopa, 

BMeCTO paHee cyiUeCTBOBaBIIIero TOKOC'b9MHOI'O KOnbua OT~HMHOI'O THna, KOTopoe 

TepHnO KOHTaKTHbl9 CBOti:CTBa npH H9KOTOpOti: Bbpa60TK9 TpylliHXCH noBepXHOCTeii:, 

Obina npeJlnO~eHa KOHCTpyKUHH Topuesoro KOHTaKTHOI'O KOnbUa ( pHC, 2), 

CHa6~eHHOI'O npy~HHHbiMH KOMneHCaTOp8MH JlnH OC9BOI'O nepeM9lli9HHH KOnb

U8 no Mepe ero H3Hoca H JlnH o6ecne'leHHH HaJle~Horo npnneraHHH KOHTaKT

HhlX noBepxHoCTeA. B uenHx yMeHbiiieHHH HsHoca pa6o'l:aH noBepxHocTb cTa

TopHoro KOnbUa ueMeHTHpOBaHa, PoTOpHoe KOnbUO H3I'OTaBnHBaeTcH H3 na

TyHH H HMeeT onopHbiH 6ypTHK Sb!COTOH 2 MM, paCC'l:HTaHHblti: Ha nonHblit 

H3Hoc B Te'l:eHne 6onee 5000 'lacoB pa6oTbJ ycKopHTenH, ToKoc'beM c Koneu 

..g_cymeCTBnHeTCH C nOMOllib~ nocepe6peHHblX ynpyrHx KOHTaKTHbiX neneCTKOB, 

KpoMe yny'l:III9HHH aamHTbi noJliiiHnHHKoB, ObinH npHHHTbi Mepbi no nHKBHJlaUHH 

noTepb Macna H3 cTynHUbi poTopa sapHaTopa. Bbi6poc Macna H3 cTynHUbi, 

HapyiiiaH pe~HM CMa3KH H oxna~Jl9HHH nOJliiiHnHHKOB, CITOCOOCTsyeT HHT9H

CHBHOMY o6pa30BaHH~ pa3pHJlOB B pati:oHe BapHaTopa, 

CneJlyeT aaMeTHTb, 'ITO npeJlyCMOTpeHHoe JlnH aToA uenH na6npHHTHoe 

ynnOTH9HHe BbinonHHeT CBOH ¢JyHKUHH TOnbKO npH COXpaHeHHH noCTOHHHOti: Be

nH'l:HHbl aaaopa Me~y poTopoM H BanoM, 0JlHaKo n~6oe HapymeHHe uenocT

HOCTH nOJliiiHnHHKOB, K8K npaBHnO, Bbl3b!B89T noBpe~eHH9 noBepXHOCTH Bana 

H COOTB9TCTB9HHO npHBOJlHT K HapyiiieHH~ BenH'l:HHhl 3a3opa B na6HpHHTHOM 

ynnOTH9HHH, \{TOObl ycTpaHHTb aTy TpyJlHOCTb 1 HB Bany BapHaTopa B pati:oHe 

na6HpHHTHOI'O ynnOTH9HHH OblnO yCT8HOBneHO C'b9MH09 KOnbUO, p83M9pbl KOTO

pOI'O Bb!OHpa~TCH C000p83HO Bblp800TK9 na6HpHHTHOI'O ynnOTH9HHH H KOTOpoe 38-

MeHHeTCH npH O'l:epeJlHOM npo¢JHnaKTH'l:9CKOM peMOHTe ycKOpHTenH, 
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nocne TOI'O KaK npooneMa 3alllHTbl ITOJlWHITHHKOS po 

6bma npaKTH'l:eCKH nonHoCTb~ peiiieHa, 'l:HCno ocTaHOBOK yc 

3aHHbiX CO CMeHOH nOJliiiHnHHKOS, COKpaTHnOCb JlO JlBYX B I 

KaK cneJlyeT H3 TaOnHUbi, HaHOOnee 'laCTbie OCTaHOSKH 

nHCb ooycnosneHHbiMH H900XOJlHMOCTb~ 3aM9Hbl Jl9TaneA npH: 

CpeJlHHH 'l:acToTa aaMeHbi JleTaneA B cHcTeMe npHBOJla BapHaT 

BpeMeHHhlX OCTaHOBKaX yCKOpHT9RH Ha npOTH~eHHH pHJla 

6-7 paa B roJly, 'ITO cymecTBeHHo npeBbiiiiaeT 'l:Hcno HeHcnpal 

poJla, npHBOJl sapHaTopa BKn~qaeT s ce6H cneJly~mHe yan 

JlSYX KOHH'l:9CKHX III9CTepeH, KapJlaHHblH Ban, JlS9 nonyOCH C 

nep~aWHMH no TpH KepaMH'l:9CKHX H30nSITOpa, H My¢JTy BaKyy 

HHH BXOilHOI'O Bana, 

KaK BHilHO ns TaonHUbi, cpenaee 'l:Hcno 'l:acoB paooTbi c 

Ha Me~y llBYMH OCTaHOSKaMH S 1964 I'OilY npeSbiCHnO 800 

lli9M llOCTHI'nO 1500 qacos, llo ycTaHOSKH ycosepmeHCTSOSaHE 

IIIHnHHKOS 38M9Ha HX npOH3SOilHn8Cb llOSOnbHO 'l:aCTO, npH l 

aaH 'l:aCTb speMeHH peMoHTHoro nepcoHana TpaTHnacb aa npr 

KH H COOpKH ysna npHSO)la SapHaTopa, KOTOpaH Obina ooycno: 

THSHbiMH H9JlOCTaTKaMH HCnonHeHHH sana npHSO)la poTopa sa 

OOpHaH KOHCTpyKUHH 3TOI'O sana He IT03SOnHna S9CTH pa300J 

)la C OJlHOti: CTOpOHbl (CO CTOpOHbl nolliiiHITHHKOS) H Tpe,6osan, 

pasoopKH ysna peJlyKTOpa, noaTOMy OC.IIOSHbl9 YCHnHH nepC! 

sa~mero ycKopHTenh, s nocnellHHe rollbi ObinH aanpasneHhi 

KOHCTpyKTHSHbiX H T9XHH'l:9CKHX H9JlOCTaTKOS, CSH3aHHblX C I 

nenbHhlX 3S9Hb9S ycTpoti:CTSa npHSOJl8 sapHaTopa, 

HosaH KOHcTpyKUHSl paa'beMHoro sana (pHc, 8) noas( 

aTOT H9JlOCTaTOK, Onaro)lapH 'l:eMy SJlS09 COKpaTHnOCb Sp9MS 

lli9CTS9HHO ynpOCTHnaCb CaMa onepaUHH 3aM9Hbl nOJl IIIHnHHKO 

0JlHOSp9M9HHO C 3THM 3aM9THO yMeHbWHnacb pa)lHaUI 

Ha nepcoHan. 

CpeJlH aneMeHTos npHSOJla, HaH6onee noJlsep~eHHbiX • 

sp9MH OCTasanHCb KepaMH'l:9CKH9 H30nHTOpbl, CMOHTHpOSaHH 

Tax, Haca~eHHbiX Ha nonyocn KapJlaHHoro sana ( pnc. 4\ np 
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Tiocne Toro KaK npo6neMa aamHTbi no.awHnHHKOS poTopa sapHaTopa 

6bina npaKTH"'eCKH nonHOCTblO peWeHa 1 "'HCnO OCTaHOSOK yCKOpHTeml 1 CSSI-

3aHHblX CO CM9HO:I!: fiO.!lWHfiHHKOS, COKpaTHnOCb .!10 .asyx S ro.a. TipH STOM1 

KaK cne.ayeT H3 Ta6nHUbl 0 HaH6onee "'aCTbie OCTaHOSKH Tenepb OKaaa

nHCb o6ycnosneHH&IMH aeo6xoaHMOCTbiO aaMeH&I .aeTane:l!: npHsoaa sapHaTopa. 

CpenHSISI "l:aCTOTa 3aMeHbl neTane:l!: S CHCTeMe 11pHsona sapHaTopa npH KpaTKD

speMeHHhlX OCTaHOSKaX yCKOpHTeng Ha npOTSI*eHHH pSI,!la neT COCTasngna 

6-7 paa s rony, 'ITO cymecTseHHo npeshlwaeT "l:Hcno HeHcnpasHocTe:l!: apyroro 

po.aa. TipHso.a sapHaTopa sKniO"l:aeT s ce6SJ: cne.ayiOmHe yan&I: pe.ayKTop Ha 

nsyx KOHH"'eCKHx wecTepea, Kap.aaaa&I:I!: san, .ase nonyocH c My<PTaMH, co

nep*aWHMH no TpH KepaMH"'eCKHX H30nSITOpa 1 H My<PTy saKyyMHO!'O ynnOTHe-

HHSI SXOLIHO!'O sana. 

KaK SH.!lHO H3 Ta6nHUbl 0 cpe.aaee "'HCnO "l:aCOS pa60Tbl CHHXpOUHKnOTpO

Ha Me*.!lY .!lSYMSI OCTaHOSKaMH S 1964 ro.ay npeSblCHno 800 H S nocne.ayiO

I!IeM ,!lOCTHrno 1500 qacos. llo ycTaHOSKH ycosepllleHCTSOSaHHO:I!: aai!IHTbl 110.!1-

IIIHfiHHKOS 3aM9Ha HX npOH3SO,!lHnacb ,!lOSOnbHO qaCTOo TipH STOM 3Ha"'HTen&

HaSI qacT& speMeHH peMOHTHoro nepcoaana TpaTHnac& aa npoue.aypy paa6op

KH H c6opKH yana npHso.aa sapHaTopa, KOTopag 6&Ina o6ycnosneaa KOHCTpyK

THSHbiMH ae.aocTaTKaMH HcnonaeHHSI sana npHso.aa poTopa sapHaTopa. Hepaa-

6opaag KOHCTpyKUHSI STO!'O Sana He 1103SOnSJ:na seCTH pa360pKy yana 11pHSO

.aa C O.!lHO:I!: CTOpOHbl (CO CTOpOHbl 110,!11!IHI1HHKOS) H Tpe6oBana O.!lHOSpeMeHHO:I!: 

paa6opKH yana pe.ayKTopa. TioaToMy ocaosH&Ie ycHnHSI nepcoaana, o6cny*H

saiOmero ycKopHTen&, s nocne.aaHe ro.a&I 6&InH aanpasneH&I aa nHKBHLiaUHIO 

KOHCTpyKTHSHblX H TeXHH"'eCKHX He.!lOCTaTKOS1 CSSI3aHHblX C HCITOnHeHHeM OT

.aen&HblX 3SeHbeS ycTpO:I!:CTSa 11pHSO,!la sapHaTopa. 

Hosag KOHCTpyKUHSI paa~eMaoro sana (pHc. S) noasonHna ycTpaHHTb 

STOT He,!lOCTaTOK, 6naro.aapSI "l:eMy S,!lSOe COKpaTHnOCb speMSI peMOHTa H cy

I!IeCTSeHHO ynpOCTHnaCb CaMa onepaUHSI 3aMeHbl 110.!1 IIIH11HHKOS. 

O.aaospeMeaao c aTHM aaMeTao yMeHbi!IHnac& paaHauHoaaaSJ: aarpyaKa 

aa nepcoaan. 

Cpe.aH aneMeHTOS npHso.aa, aaH6onee no.asep*eHHbiX asapHSIM 1 .aonroe 

SpeMSI OCTasanHCb KepaMH"'eCKHe H30nSITOpbl 0 CMOHTHposaHHble S .!lSYX My<P

Tax, aaca*eHHbiX aa nonyocH Kapaaaaoro sana (pH c. 4 ~ TipH"'HHa Sbixo.aa H3 
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CTpOSI 9THX H30liSITOpOB 6bin8 BCKpb!TB B 1969 r. 0Ha OK838ll8Cb CBSI38HHoti 

C HeKOTOpotl: KOHCTpyKTHBHOti Heaopa60TKOt\ ycTpot\CTB KpenneHHSI H30liSITOpOBo 

CornacHo npoexTy HaonHTOpbi BhmonHSIJOTCSI Ha xepaMHKH B sHae cnnom

HbiX rnaaKHX UHliHHapoB H ynep>KHBBIOTCSI B Kpene>KHblX o6ot!:Max 38 C"'eT 

npeccosolt nocanxH. OnHaKo, KaK BhiSICHHnocb, B npouecce pa6oThi scneacT

BHe paCIIIHpeHHSI BHeiiiHeft o6oftMbl H30liSITOpbl nony"'BIOT B03MO>KHOCTb npOBO

pa"'HBBTbCSI BOKpyr CBoeft OCH 1 'ITO npHBonHT K DOCTeneHHOMy HBCliBHBBHHIO 

MeTanna HB DOBepXHOCTb H30liSITOpOB B MeCTBX HX KBCBHHSI C Kpene>KHhlMH 

aeTanHMH. MeTannHaauHH nosepxHocTeA HaonHTopoB o6bi"'HO npHBoaHna K o6-

paaosaHHJO TOKODpOBOnHIIIHX y"'BCTKOB HB noBepxHOCTH H30liSITDpOB1 K HX no ... 

BbiiiieHHOMY Harpesy, paCTpeCKHBaHHI01 onnasneHHIO nosepXHOCTH H 1 H8KOHeU 1 

aneKTpH"'eCKOMy npo6010. t.fT06bi ycTpBHHTb 9TH HBneHHSI1 HY>KHD 6hinO 3aKpe

DHTb HaonHTOPhi HHhiM nyTeM. DnH aToro B Tene HaonHTopoB 6hxnH caenaHhi 

Da3bl 1 a B 060ftMe BbiCTyDhi. TaKaH KOHCTpyKUHSI KpenneHHSI H3DliSITOpOB B 

o6oAMaX DOliHOCTb!O ycTpaHHna B03MO>KHOCTb npoKpy"'HBaHHSI HX B o6ot!:MaX1 

'ITO npHBeno K liHKBHnauHH npOCTOeB no yKa38HHb!M Bbiiiie npH"'HHaM. 

flOMHMO Mep, nepe"'HCneHHblX Bbiiiie 1 6binH TBK>Ke npHMeHeHbl aonOliHH

TellbHble CDOC06bi aamHTbl H30liSITOpOB MY!l>T KapnaHHOrO Bana (pH C. 5) 1 a 

TaK>Ke npoxonHhiX ynnoTHHTenbHbiX MBH>KeT, HBXOnSIIIIHXCH Ha nonyOCH 1 CBSI-

3aHHOA CO IIIKHBOM peMeRHoro DpHBOna. 

--. flpaKTHKa 9KCDllyaTBUHH CHHXpOUHKliOTpOH8 DOKaaana, 'ITO BHBnOrH"'Hhie 

pe3HHOBbie ynnoTHHTellbHbie MaH>KeTbl 1 ycTaHOBneHHbie B XBOCTOBOA "'aCTH 

poTopa, oxnamnaeMoA sonoA, BbxxonHT Ha C'IpOSI xpaAHe peaxo, s To speMSI 

KaK MaH>KeTbl ManoA IIIeCTepHH penyKTOpa H MBH>KeTbl IIIKHBB npHBoaa HMe!OT 

BeCbM8 orpaHH"'eHHblt\ CpOK Clly>K6blo flpH"'HH8 HeaonrOBe"'HOCTH 9THX M8H>KeT 

3aKliiO"'BeTCSI B He6naronpHSITHbiX TeMnepaTypHblX yCliOBH SIX pa60Tb! MBH>KeT. 

floaToMy npHHSITbxe Mepbi 6biliH HanpasneHhl rnaBHhiM o6paaoM Ha aamHTy 

My<f>T C H30liSITOp8MH H nonyocet\ OT H36biTO"'HOrO HBrpeBa HX Bb!COKO"'8CTOT

Hb!MH H HHayKUHOHHblMH TOKBMH, 8 TaK>Ke OT nonaaaHHSI MBCliB H paCDbineH

HOrO MeTanna, C 9TOti uenb!O TOpUOB8SI "'BCTb H30liSITOp8 381IIHIIIeHa 9lleKTpO

CTaTH'feCKHMH 9KpaHaMH 1 C KOTOpb!X ocymeCTBneH TOKOC'beM, KpoMe Toro, 

nonyoCH H IIIapHKODOniiiHDHHKH 38KliiO"'eHbl B MarHii:THbie 9KpaHbl, 
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0nHHM H3 Cna6biX MeCT B BbiCOKO"'aCTOTHOfi CHCTeMe C 

pOHB C TO"'KH apeHHSI ee 9lleKTpH"'eCKOH npD"'HOCTH SIBllsteTCSI n 

liSITop, qepea KOTOpbifi nonaeTcst HanpstmeHHe oT reHepaTopa HI 

flpH B03HHKHOBeHHH paapstaOB B pafioHe <f>Haepa BHyTpeHHSist DOB 

xoaHoro HaonstTopa nonsepraeTcst MeTannHaauHH H noKphxBae, 

H3-38 pa3liO>KeHHSI napoB Macna B Bb!COKO"'BCTOTHOM 9lleKTpl 

B peaynbTBTe soapacTaJOmett nposoaHMocTH no BHyTpeHHett noE 

XOaHOrD H3DliSITOpa npH HBliH"'HH 3HB"'HTellbHOrD BhlCOKO"'BCTOTI 

HHSI nocneaHHfi CHllbHO HarpeBaeTCSI H 1 KaK npaBHli0 1 BblXOnH 

CBSI3H C 9THM B 1967 rony 6b!liH DpHHSITbl Mepbl1 D03BOliHB 

ycnoBHst pa6oThi npoxoaHoro HaonHTopa. CymHoCTb aaiiiHThi np 

liSITOpa COCTOHT B TOM 1 'ITO BO BHyTpeHHIOIO DDliOCTb H30liSITO~ 

HHH 8 MM OT ero noBepXHOCTH BBOnHTCSI MenHhiA aaaeMneHHI 

pHc. 6). B aToM cny"'ae aneKTpHqecxoe none so BHyTpeHHetl: 

pacnpeaensteTcst H cocpeaoTa"'HBaeTcst B ocHDBHDM Memay <f>Hner 

BHyTpeHHstH nosepxHoCTb HaonstTopa, HaxonHmastcst non axpaH 

TaTe aToro oxaahxBaeTcst aamHmeHHOtl: oT aneKTpH"'ecxoro no 

He nonsepraeTcst MeTannHaauHH H soanel!:cTBHJO Macna. Bn1 

38IIIHTe npOXOAHOrO H30liSITOpa B 9TOM patl:OHe pe30HBHCHOt\ CHI 

HHKBeT H8py1IIeHHti B KOH<f>Hryp8UHH 9lleKTpH"'eCKHX nonet\rH yc1 

MO>KHbie yCliOBHSI B03HHKHOBeHHSI nap83HTHblX KOne6aHHt\ B CHC 

nHUhi BHaHo, 'lTD npoxonHotl: HaonstTop aa nocneAHHe ronhx H1 

CTpOst, 

DnH yMeHbiiieHHH nonanaHHH napoB Macna Ha BhiCoKoBaKy 

B ycKopst!OIIIYIO KBMepy B 1968 rony Ha BXOAHbie naTpy6KH Bbl 

HaCOCOB 6binH ycTaHOBlleHbl 381IIHTHbie CeTKH, KOTOpb!e 3H8"1H' 

IIIHliH npoBHCaHHe Bb!COKO"'8CTOTHOrO aneKTpH"'eCKOrO DOliSI E 

DOliOCTb HBCOCOB H aaMeTHO COKpaTHliH a<f><f>eKTHBHblt\ reoMeT~ 

K8Mepbl, CeTKH HarOTOBlleHbl H3 MenHhiX IIIHH H HMe!OT H"'efiK 

YcTaHOBKa TaKHX ceToK noBhiCHna o6'heMHYJO qacToTy xaMephl 

D03BOliHli8 yMeHbiiiHTb nap83HTHbie DOTepH B Bt{ CHCTeMe CHH 
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0.UHHM H3 cna6biX MeCT B BbiCOK0'18CTOTHOft CHCTeMe CHHXpOUHKnOT

poHa C TO'IKH 3peHHH ee sneKTpH'IeCKOft npo'IHOCTH HBnHeTCH npOXO.UHOft H30-

nHTOp, qepe3 KOTOpbift no.uaeTCH HanpHlKeHHe OT reHepaTopa Ha B1J CHCTeMy, 

DpH B03HHKHOBeHHH pa3pH.uoB B paftoHe ~H.uepa BHyTpeHHRH noBepXHOCTb npo

xo.uHoro H30nHTOpa nO.UBepraeTCH MeTannH38UHH H noKphlBaeTCH yrnepO.UOM 

H3-38 pa3nOJKeHHR napOB Macna B BbiCOKO'I8CTOTHOM sneKTpH'IeCKOM none, 

B pe3ynbTaTe B03pacTaiDweft npoBo.UHMOCTH no BHyTpeHHeft noeepxHOCTH npo-

XO.UHOrO H30nHTOpa npH HanH'IHH 3H8'1HTenbHOrO BbiCOK0'18CTOTHOrO HanpalKe

HHH nocne.UHHft CHnbHO HarpeBaeTCH H, KaK npaBHno, BbiXO.UHT H3 CTpOR, B 

CBSI3H C STHM B 1987 ro.uy 6binH npHHRTbi Mepbi1 n03BOnHBWHe yny'IWHTb 

ycnoBHH pa6oTbi npoxo.uHoro H30nHTopa, CymaocTb 38lliHTbi npoxo.uHoro H30-

nHTopa COCTOHT B TOM, 'ITO BO BHyTpeHHIDID nQnOCTb H30nRTopa Ha paCCTOH

HHH 8 MM OT ero noBepXHOCTH BBO.UHTCH Me.UHbift 383eMneHHbift SKpaH ( CM, 

pHC, 8), B STOM cnyqae sneKTpH'IeCKOe none BO BHyTpeHHeft nonOCTH nepe

pacnpe.uenHeTCH H COCpe.UOT8'1HBaeTCH B OCHOBHOM MelK.UY ~H.UepoM H SKpaHOM, 

BHyTpeHHHR noeepXHOCTb H30nHTopa, Haxo.uHmaHCH no.u sKpaHoM, B pe3ynb-

TaTe STOrO OK83biBaeTCH 38WHWeHHOft OT sneKTpH'IeCKOrO nonH, H nosTOMy 

He no.uBepraeTCR MeTannH38UHH H B03.UeftcTBHID Macna, Enaro.uapa TaKoft 

38WHTe npOXO.UHOrO H30nHTOpa B STOM paftoHe pe30H8HCHOft CHCTeMbi He B03-

HHKaeT HapymeHHft B KOH~HrypaUHH sneKTpHqeCKHX noneft H ycTp8HHIDTCH B03-

MOlKHb!e ycnOBHH B03HHKHOBeHHSI napa3HTHb!X KOne6aHHft B CHCTeMe, l13 Ta6-

nHUbl BH.UHO, 'ITO npOXO.UHOft H30nSITOp 38 nocne.UHHe rO.Ubi He BbiXO.UHn H3 

CTpOH, 

nnH yMeHblleHHH nona.uaHHSI napOB Macna H3 BbiCOKOBBKyyMHblX H8COCOB 

B YCKOPHIDWYID KaMepy B 1988 ro.uy Ha BXO.UHb!e naTpy6KH Bb!COKOBaKyyMHbiX 

HBCOCOB 6binH ycTaHOBneHbi 38WHTHb!e CeTKH, KOTOpbie 3H8'1HTenbHO yMeHb-

WHnH npoBHC8HHe Bb!COKO'I8CTOTHOrO sneKTpH'IeCKOrO nona BO BHyTpeHHIDID 

nonOCTb H8COCOB H 3aMeTHO COKpaTHnH S~~eKTHBHblft reoMeTpHqeCKHft o6~eM 

K8Mepbl, CeTKH H3rOTOBneHbi H3 Me.UHbiX illHH H HMeiDT H'leftKH 40 X 80 MM, 

Y CTaHOBKa TaKHX ceTOK nOBbiCHna o6~eMHyiD '18CTOTY KaMepbi H TeM C8Mb!M 

no3BOnHna yMeHbillHTb napa3HTHbie noTepH B B1J CHCTeMe CHHXpOUHKnoTpOHa, 
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0JlHOBp9M9HHO C aTHM yny'IWHnHCb ycnOBHSI TpeHHpOBKH CHCT9Mbl npH aanyc

Ke yCKOpHT9nH, a TOKOH9CyWH9 noBepXHOCTH B K8Mepe CTanH M9HbW9 noKpb!

BSTbCSI aarapoM, Bo BHyTpeaHeft nonOCTH BbiCOKOBaKyyMHbiX HBCOCOB Harap 

npaKTH'19CKH nonHOCTb~ OTCyTCTByeT, 'ITO CBHJleTenbCTByeT 06 a¢¢eKTHBHOC

TH pa6oTbl aneKTpOCT8TH'IeCKOft 38WHTb!, 

B aaKn~'leHHe cne)lyeT saMeTHTb, 'ITO npeJlcTaBneHHbift B OT'IeTe nepe

'leHb pa6oT H TeXHH'IeCKHX ycoBepweHCTBOB8HHft HBnHeTCSI )laneKO aenonHhlM 

H OTpa)f{aeT nHWb OCHOBHbie ST8nbi, no KOTOpb!M WnO COBepweHCTBOB8HHe 

CHHXpOUHKnOTpOH8 na6opaTOpHH H)lepHblX npo6neM, 

PesynbTaToM npoaenaaaoa pa6oThl HBnHeTcR To, 'ITO npH ysenH'IeHHH 

HHT9HCHBHOCTH BHyTpeHHero ny'IK8 npoTOHOB JlO ypoBHSI 2,3 MK8 CyWeCTBeHHO 

yBenH'IHnCH H Me)f{peMOHTHblft CpOK pa60Tbl o6opy)lOB8J;IHH, KOTOpblft K H8CTOSI

WeMy MOM9HTy BpeMeHH npeBbiWaeT 1500 '18COB, 

flHTepaTyp a 

I, B.l1. llaHHIIOB H np. BoaMOJKHbJe nyTH noBbJWeHHll Sljl¢eKTHBHDCTH wecTH

MeTpoaoro CHHXpOUHKIIOTpOHa, 0115111, EJ-1515, lly6Ha 0 ( 1964), 

2. B.l1. naHHIIOB H np. DoBblWeHHe HHTeHCHBHOCTH ny'!Ka npoTOHOB B wecTH

MeTpOBOM <jla30TpOHe 0115111, ATOMHa!l SHepi'H!I 0 No I, CTp. 9 ( 1964), 

3, I1,H. CnHBKOB, B.H. MHxalinoB, H.l1. CHnopoa, A.l1. HacTJOXa. 3neKTpH

'!eCKHli npo6oll H pa3p!!Jl B BaKyyMe, ATDMH3JlaT1 1966, 

4. A."ii: MHHU, H.X. HeB!IJKCKHll, E.11. non!IKOB, HeKOTOpb!e oco6eHHOCTH H 

OCHOBHbJe JlaHHbJe BblCOKO'IaCTOTHOil CHCTeMbl WeCTHMeTpOBOI'O ljJaaoTpOHa, 

PanHoTexHHKa H sneKTpoHHKa, No7 ( 1956). 

PyKonHcb nocTynHna B H3JlaTenbCKHll oTnen 

7 HHBap!l 1972 rona. 
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PHc, I. 06mHlt BHJl 84 CHcTeMbl ycKopHTenH, I - noawHnHHKH, 2 - poTop, 

3 - CT8TOp, 4 - TOKOC'beMHOe KOIIbU0 1 5 - npylKHHbl OnOpHble, 6 - onopHbill 

H301Il!TOp 1 7 - HapylKH8ll Tpy6a pe30H8HCHOli IIHHHH 1 8 - B811 pOTOp8 0 9 - fll 

WHnHHKH, 10 - peayKTop, II - aoaonpoaoa JliiSI oxnaJKJleHHll poTopa, 12 - H 

cyJUHe OflOpbi 6aiiOK JlY8HTa, 13 - H301Il!TOp npylKHH, 14 - K8pJl8HHblH Ball, 

15 - CTeHJl BOJlOOXII8JKJleHHl!, 
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PHc, 2. ToKOCbeMaoe Konbuo. 1 - KOnbuo, 2 - KOITbuo, 3 - <jlnaaeu, 4 - <Pna
aeu, 5 - KOilbU0 1 6 - KOilbU0 1 7 - KOilbU0 1 8 - rrpylKHHa, 9 - KOilbUO, 10 ~a
neu, 11 - KOilbU0 1 12 - KOilbUO, 

12 
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IT 
PHc. 3, Ban poTopa. 1 - Ban, 2 - rai!Ka, 3 - wal!6a, 4 - BTynKa, 5 - rrpoK
nanKa, 6 - <jlnaaeu, 7 - <Pnaaeu, 8 - <Pnaaeu. 

7• 

PHc. 4 My<jJTbi Kapnaaaoro Barra, 1 - Koprryc My<jJTbi1 2 - waA6a rrpylKHHHaSI, 
3 - KOilbUO IlpylKHHHOe, 4 - IlOilyMy¢Ta1 5 - BTYITKa wapoBaSI 1 6 - CT9plK9Hb 1 

7 - H30IlSITOp1 8- BTyiTKa 1 9 -Ban, 10 - BHHT 1 11 - WTH<jJT, 12- BHHT 
ycTaHOBO'iHbii!:, 13 - WllOHKa, 
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Pnc, 5, My!jJTa, 1 - npoKna.aKa, 2 - Tpy6Ka, 3 - ral!Ka, 4 - wal!6a, 5 - npo

Kna.aKa, 6 - Kopnyc, 7 - BTynKn, 8 - !jlnaaeu, 9 - no.awnnanK, 10 - npoKna.a
Ka, 11 - Ban, 12 - Kpb!WKa, 13 - MBHlKeTa ynnoTHl!TenbHBH, 14 - npoKna.aKa. 
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Pnc. 6. ITpoxo.aHoll naonl!Top, 1 - !jln.aep, 2 - sKpaa, 3 - naonl!Top, 
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Y CJIOBH$1 06MeH8 

npenpHHTbl H coo6meHHH Ol1Hl1 paCCbinaiOTCH 6ecnnaTHO, 

HMHOI"'O o6MeHa,yHHB9pCHT9TaM 1 HHCTHTyTaM 1 na6opaTOpHH~ 
Hay'IHbiM rpynnaM H OTJl9nbHbiM yqeHbiM 6onee 50 CTpaH. 

nonyqaTensrM H31laHHH Ol1Hl1 npellOCTaBnsreTCH B03MO;)KH0 

HBHTb HHHUHaTHBy B 6ecnnaTHOH nOCbinKe ny6nHKaUHH B lly 

o6MeHa npHHHMaiOTCH Hay'IHbl9 KHHI"'H 1 ;)KypHanbi 1 npenpHHTl 

ny6nHKaUHH no TeMaTHK9 011HYJ. 

EllHHCTB9HHbiH BHJl ny6nHKaUHii 1 KOTOpbiH HaM npHCbina' 

9TO penpHHTbl { OTTHCKH CTaTeH 1 y;)Ke ony6nHKOBaHHbiX B Hay• 

J::S psrlle cnyqaeB Mbl CaMH 06pamaeMCH K H8Y'IHbiM yqpe 

6onee KpynHbiM nony'laTenRM HarnHx H3JlaHHR - c npoch6oR 

cnaTb HaM KaKHe-nH60 KHHI"'H HnH Bb!ITHCaTb JlnR HarneR 6H6n 

;)KypHanbi1 H31laiO!liH9CH. B HX CTpaHax. 

0 T,lleJibHble 38Dp0Chl 

l1sllaT9nbCKHH OTilen 9;)1(9I"'OilHO BbiiiOnHH9T OKOnO 3000 01 

COB Ha BbiCbinKY H3Jl8HHH 01:1Hl1. B TaKHX sanpocax cnellyl 

yKa3biBaTb HHJl9KC sanpalliHBaeMOI"'O H3JlaHHR. 

A.Qpeca 

nHcbMa no seeM sonpocaM o6MeHa ny6nHKaUHRMH 1 a Tal 

OTilenbHbie H31laHHsr cneayeT HanpaBnRTb no aapecy: 

Mocxsa, 

TnaBHbiil no'ITBMT, n/n 79. 
H3aaTenbcKHil oTaen 
06~eaHH9HHOro HHCTHTyTB 
naepHbiX HccneaoBBHHil. 

Aapec ansr noCbinKH scex ny5nHKauHtl: B nopsraKe o6MeH 

6ecnnaTHOH ITOiliTHCKH Ha Hay'IHbie ;)KypHanbi: 

Mocxsa, 

TnaBHbiil no'ITBMT, n/n 79. 
HayqHo-TexHHqecxaH 6u6nHoTeKa 
06~9DHH9HHOrO HHCTHTyTB 

HaepHbiX HCCI19DOBBHHfl. 


