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fipe~OC~BB8HH8 ~3H&au YRHKan~HHX HHH pe~HX B03MOXHOCTel 

Dp0Be,I;8HHR 3ltCDepHMeRTa JIBJIReTCR O,ltHHM H3 Bami81111HX cpaxropoB 

YCDeiRYX BCCH8,1;0BaRHI B OdlaCTH ~3HltH BHCOltHX 3HeprHI. 

B CBJ13H C 3TBM BO BC8X ltpynuei .. X JCltOpHre~~HHX ~earpax MBpa 

oqea• Go~.aoe BHHMaHHe J,I;8RR8TCR XOpeRHOI WD,1;8pHH3anHH ltpJHKWX 

ycraaoaox, x B nepayo oqepe~, ycxopxrenel. 3auoao coa~rcs 

oou•ae ycxopHrenx, npHqeu aoaue cHcrew .~;epar pexop,~; no napa

uerpaM nyllltoB B reqeaxe scero n .. ~ aecxon~xxx ~er. Co Bpeueax 

aanycxa B 1957 ro~ ocaoaaol oaaoaol ycrauoBKH OHHK B oG.acrx 

~3HKH BYCOltHX 3H8prHI - CHHXpotaaorpoHa - OW.H npe,l;npHRRTY 

~~~Ill~ ~OBOHDHO OrpaHHli8RHY8 JCOB8p1118HCTBOBaRHR 3TOrO JCltOpHre~R. 

Cxaxpo48aorpoa ,~;aauo yrparxn pexop~ocr~ napauerpoa nyqxos,H 

nepe,~; HB3 x HucrHryrou CTOHT TpY,J;HaR 3aAalla - DOHCK Han-

paBBeHKI HCcne.I{OBaHHI, ltOTOpYe D03BOHHRH 0& OTBeTHT~ Ha HaHOO~ee 

OCTpYe BOfiPOCH cfii3HltJI BYCOltHX 3HeprHI H npQOCTaBHTl> 41H3HKaM, 

Oa3lllpyo.-MCJJ -Ha OHHK, yuHxanuue H pe,~;ue yc~OBHJJ axcnepHueura. 

0.1{HO H3 TaltHX H8npa8.118HHI - BYXO.Jt Ra xpynuelmHe YCltOpHrenH IOlpa

yze npxaecno xopomxe nno.~;u. Coa,~;aaHe BBJ ItpynueiHHX 3nexrpoa

HYX ycraaoBolt • .~;ayx nyawp~xoaux Ita»ep aa CepnyxoscitOu ycitopH

rene B nepao.~;, ltor,~;a aror ycxopHren~ oOna,~;an pexop,~;HYMI napa

uerpaMB DJllltOB, D03BOJIHJI RaOoparopHK He TO.II~KO nonyqar• p~ 

BaxRYX RayliHYX pe3y~raroB, HO H OdeCDeQHT~ JlaOoparOpHH CTpaR

yqacrHH~ orum yuxanuol BHcfJOPMaiUiel, xoropaJJ Oy,~;er Hlllf o6pa

OaT&aar•c• B relleHHe OnxzalaHx ,~;ayx-rpex ner. 3ro uanpaa.eHie 

C DpHBH8118HHeM JCltOpiiT8.11el Ha BCTpeliHYX DYllltai H 3.118ltTpOHHYX 

ycxopaxenel aueer xopG~He uepcuexrxaw • aa OYAY•ee. 

O,J;Haxo, ucuorpR aa aaaqnenawe ycneXH B arol oOnacTH ,BYXo,~; 

ua ltpyuaehHe ycxopnen ae uoser o<SecneliHn uorpeoaocrel 
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$H3HKOB, Oa3HPYilJIIHXCJI aa OUflH. Taxouy xpynaouy Mez.J;YHapo,JtHouy 

HHCTI!TYTY HeoOXO~HMa C00CTB8HHaJI ~OCTaTOQHO COBp8M8HHaJI YCKO

pHT8JI&HaJI Oaaa. ~n.11 nocraHOBXH axcnepxuearos aa 3Ha\1Kren&Hou 

pacCTOJIHHH OT OCHOBHOI 0a3H HeOdXO~O HU8T& B03MOZBOCT& He 

TOJI&KO nOJIHOCT&Il OTJI~T& II OTXaiHOpOBaT& YCTaHOBKH, HO H 

I!CnHTaT& KX B paOOQHX YCBOBH8Xa llpOB8~8BHe 3XCnepHMeBTOB Ha 

"qy;nx" YCKOpHT8JUIX rpedyer CUIIIKOU OOJIJ.IIIKX YCHJIHI H Be noaso

JIRBT OOJIHOCT&Il HCnOB&30BaT& OOT8B~an&HHe B03MOZBOCTH YCTaBO

BOK. 

llpe~npHHJITaJI B nocne,JtHHe ro,lthl MO~epBH3aiUI8 Cllll:lCp04la30TpOHa 

B aaat~Kren&Hol creneHH pewaer npooxeuy coa~au•s codcrseHHol 

yCKOpHTeB&HOI 0a3H OHmf Ha Ouzalmee Bpeua. C03~Me CHCTBIAI 

Ne~eHHOrO BYBOAa /I, 2/, YHHXai&HHX nyqjoB penatHBHCTCKHX ~ep 
H MOHO:lCpONATHQ8CKHX HeltpOHOB /3,4/, COOpy.leHH8 3KCnepHNeHTai&

HOrO ·nas~~n&oHa - coa~a~~r xopomxe npe~OCYnKB ~a npose~euHa 

~YHAaMBBTai&HHX HCCJie~OBaHHI. 

B03HHKUiee H pa3pa0aTHBaeMoe B JIB3 HOBOe Hay\IH08 HanpaB

JI8HH8 - peJIJITHBHCTCKaJI ~epHaJI 483HKa /S+ gf - HMeer XOpOmH8 

nepcnexrHBH, ooecnet~HBa.R He rouxo uerpHBHan&fiHI no~xo'~ 11: caJIHM 

ocrpwu npooneuau ~HKH aneueurapawx qactR~ (NHozecrseuuwe 

npo~eccw, npOOJieMa CTpyxrypy 'lacTH~ H ~.), HO H Ba&HHe 

npaKTH\18CKHe npHM8H8HHJia 3ro H8DpaBJI8HH8 ooixsaqeuo H HHT8HCHB

HO paaBMBa.ercs auepnaHCKHMH cp,tauaMH. O,JtHaxo ero ~8Jit.Helmee · 

pSaBHTHe- yBeJIH\IeHHe HHT8HCHBHOCTH ny\IKOB H 3ap~OCTH ~ep-

Ha 'CYIII8CTBYiliii8M YCKOpHTeJie BCTpetHTCJI CO 3HaQIIIT8JIAHWIH rp·y .. -

HOCTaMH, CBJ138HHYMIII C OC008HHOCTJIMH KOHCTpyx~iiH CHHxp04830-

TpOHa nB3. Heooecnet~eusol noxa ocraercs M oonee xanexaa 

nepcnexrHBa ~pyrHx aanpaBJieHHI ~3HKH swcoxHx aueprHI B ORHH. 
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HHze Ha.aara~~tca cooopazeau no coa~aHHil a HB3 Olffi{ csepx

nposo~.RIIIero Z8CTKO~KYCHpyD.ero JCKOpHT8JIJI peJIJITHBICTCXHX ~ep

"Hy&notpOHa", KOtOpYI B Oy~y~eM 3aM8HHT CHHxp04830TpORa 

"Hy&norpoR" - Tp8XKaC~HYI ycxopHT8JI&HHI KOMOJ18KC (piC.!), B 

xotopou ~pa ycB:oplllltcs nocne~osaten&Ho B cy•ectBYiliii8M JIHHelsou 

ycxop1tene ~o aaepr•• IO Mas aa ayxnoa, npouezyroqaou xox&~e 

yCKOpiT8JIII (DKY) ~0 3HeprHH 0,75 f3B Ha HYKJIOH, OCHOBHOM 

KDJI&~e ycxopxrens (OKY) - ~o aaeprHH 20 + 25 faa aa HYKJIOH. 

YcxopHrex&HYI xoMMexc oy~er pa.Oorau B cne.JtYDIIIBM peuue: 

~a, ycxopeuaue B JIHHelaou ycxopltene, sa 3-4 ooopota BBO~tcs 

B npoue&yTOQHOe KOJI&~o;.H3 DKY Jl~a nepeBO~JITCJI B OCHOBH08 

ICOJI&~O, r,lte OOCJ18 HaKOOJI8R1111 H8CKOJIUHXHMOY.IDCOB, HR:I:8KTHpyeMYX 

npOMe:I:JTO\IHHM KOJI&~OM, YCKOpllllTCJI ,ItO KOH8\IHOI 3HeprHH. 

llpe~cuatpMBaeTCII BHBO~ ~ep B 3KCOepHM8RTa.II&HH8 naBHJI&OHH KaK 

H3 npoue:a:yroqaoro xon&~a np1 aseprHH IO + 750 M3B sa HJKnOR H 

HRT8HCIIBHOCTJI npuepRO IrJ 2/z ~ep B cexy~y ( Z - 3apM 

~a), TaK II C OCHOBHOrO KOJI&~ Opl 3BeprHH 0,75 + 25 f3B Ha 

HYKJIOH II HRTBHCHBHOCTH npHMepHO Ifl- 2 /z M8p B ltHKJIBo 

ilPHM8H8HK8 CBepXOpOBO~IIIJIHX MarHITOB n03BOART npHuepHO B 

4 paaa yBeJIHqHr& aseprHD ycxopeHHHX ~ep npH paaMe~eHHM csepx

npoao~s~ero KOJI&UA B CJIII8CTBYJl~8M 3~8HHM CHHXpO~OTpOHa H .. 
oOecne'IHT& Oon&myD ~HT8A&HOCT& BHBO~a (Oonee 5 CBICYR~). 

Pe~Haai.tH.R aroro npe~Jio.esxa noasonHr o~ecnet~HT& ~aHXos, 

6a3HpyD~XCJI Ha ORflH, lllllpOKIIM C08KtpOM nyQKOB qaCTM~ BYCOKMX 

3ReprHI: p8l8THBHCTCKH8 ~a BOAOT& ~0 cpe~HX H, B03MOJ:HO, 

r.~~:~:enwx a~ep c aaeprHel 20 + 25 raB aa HYKJIOH, qro noasoJIHr 

nonyqar& Ha OCHOB8 KYifYJIIITIBROrO 3~KTa BTOpJ'IHH8 OJ'IKH 

'lacTH~ C 3HeprHel 3HaQIT8A&BO BHm8 100 f3B, BHB8,1t8HHHI DpOTOH-
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PHc.I. Cxeua "Hyxnorpoaa" - xpHoreaaoro ycxopHTena 

peHRTHBHCTCKHX ~ep: 

I. ITpouezyToqaoe xon~uo ycxopHrena (ITKY) 

2. 0cHOBHOe KOH~UO YCKOpKtena (OKY) 

3. Hazexrop 

4. Cy~eCTBYDmHI CHHXpO~OTpOH 

5. C1creua BHBo~a nyqxa H3 ITKY • aao~a 8 OKY 

6. BHBO~ nyqxa aAep as ITKY B sxcnepHuearan~HHR 

naa•n~oR i I 

7. BHBO~ nyqxa a~ep H3 OKY B aicnepHuearan~HHR 

naBBH~OR i 2 

8,9. Ycxopmo.-e pe3oaaropH 
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Hd DY'IOK C 3Heprael ~0 50 ru, HHT9HCHBHHI MOHOXpOMaTH'19CKHI 

nyqox uelrpoaos c perynHpyeMol ~HeprHeR • AP· 
Cos~aHHe -Hyxnorpoaa" norpe6yer oruocxren~Ho cxpoMHHX 

sarpar, rax xax npe~araerca MBXCKMan~Ro xcnon~soaar~ paaaHrHe 

CYIII9CTBJDII!81 OJl01118,1t1tHi HM811IIIH9CR COOpyzeHJia, KOMJIYHHKaUHH H 

annaparypy cxuxpota3orpoaa, a raxze aaxonneHHHI B Ba6oparopHH onHr, 

Tp8JtHUKOHHH9 H80p8BJfeRHSI HayWHX H T9XHHq9CKHX HCCHe~OBaHHI. 

Ka1t nOK83HB81lT oueHKH, sarparH ua coopyzeHH.e raxoro ycxopHrena 

YKH8J(HB81lTCSI B paMKH ~HaHCHpOBaHHR pa3BHTHR nB3. 
ITpoeaeHHe csepxnpoao~HMOCTH, aBT ouarHsauHH H ~pyrHX ~oc.rH

zeHHI COBpeMeHHOI T9XHHKH o6ecne'IHT CHHZ9HH9 H 3KCnnyaTallHOHHUX 

pacxo~oB no cpaBHeHHD c pacxo~a»H Ha axcnnyarauHD CYIIIeCTBJDII!ero 

CHHXp04Ja30TpOH8o BazHHM UOM9HTO.M COOpyzeHHSI YCKOpHT9HR RBJIReTCR 

OCB09RHe H p83BHTH8 C09UHaRHCT8NH COUHaRHCTHqecKHX CTpaH HOBOI 

T8XHHKH, B '18CTHOCTH, TeXHHKH CBepXnpOBO~HMOCTH, qro 6yAeT COO

C06CTBOB8T~ OOBHm8HHII H8Y'IHO-T8XHH'I9CKOrO DOT9HUI818 COUHa!HCTH

qecKHX CTpaH. 0c060e 3HaqeHH9 IMUO 6H T8KOe pa3BHTlfe mUJH, 8CHH 

6y~er DpJIHSITO pelleHJJe 0 C OOpyzeHHH B COUBMHCTH'I8CJtHX CTp8HaX 

YCKOpHrena HHH HaltOOHTenel H8 CBepXBHCOKHe 3HeprHHo B 3TOM cnyqae 

"HyxnorpoH" MOr 6H cnyZHT~ npOTOTHDOM TaJtHX YCKOpHTenel. 

"HyKnorpou" 6y~er nepBHM ycxopHreneu, cneuxan~Ho coopyzaeUHu 
. ~ 

AIR ycxopeHHSI penaTHBHCTCKHX Sl~ep, 'ITO o6ecne'IHT euy YHHK8n~HOCT~ 

H BHCOKYII KOHKypeHTOCDOC06HOCT~ HCCR9AOB8BHA. 

B pa3~ene 1 H8CTORJ11ero npe~OZeHHR ODHCHBaDTCR HanpasneHHR 

H8Y'IHHX HCCH9AOBaHHR, KOTOpHe 6y~T axryan~HHNH K UOM8HTY C03Aa

HHR "HYKROTpOBa", OU9HHB88TCSI JIX 3H8'1HMOCT~, A8R81lTCR 

npOrH03H pa3BHTHSI 3TOR 06RaCTH ~H3HKHo 
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' B paa~ene n npxao~arca cooOpazeHaa no awOopy napa»erpoB 

ocaoBHYX yanoa npeAnaraeuoro cBepxnpoBOAa~ero xon~eaoro ycxo

pxrena "HyxnorpoHa". 

I. IIPOliJIEI4ATW WCCJIE.llOBAIDUI HA "HYKJIOTPOHE" 

OCHOBY npoOneuaTHitH HCC.IIe,llOBaHIII Ha "Hyx.aorpoHe" COCTilBJIT 

3KCnepHUeHTY B 00Jia.CTH pe.IISTKBHCTCXOI Jl,llepHOI ~H3HXH, Te8e 

HCCJI8,11;0BaHHJI SBJ18HHI, B XOTOpYX BazHYJl pon:& Krpallt UHoro0apiiOH

HY8 CHCTeMY, ,llBHJY~eCS CO CKOpOCTIYH, 0nH3KHYH K CKOpOCTH 

caera. B Hacroa~ee Bpeua sra odnacr:& ~H3HKH ron:&xo aapo~erca, 

x nporaoawpoBaHae ee paaBHTHJI uozer co,llepzar:& sexoropwe ae

onpe~eneaaocrx. Buecre c reu, cra.HOBIITCJI see 0o.11ee oqeBM.IlHYM, 

liTO pemeHHe O,llHOI H3 ~eHTpa.II:&HYX np00Jl8K COBpeueHBOI ~3HXH -

npoOneMH nOCTpOeHHR reopHH CHR:&HYX B341MO,IleiCTBHI - KeB03MOZ

HO 0e3 npxsneqeHHJI cy~eCTBeHHOI IR~Op~HH 0 KHOroqacTKqHHX 

npo~eccax. IIpo~eccw KHozecrBeHiloro poZ,IleHKa 11acrxn BB.Iorca 

B Hacroa~ee Bpeus Haxoonee xureHCHBHO asyqaeKYMH npo~eccaKR 

~H3HKH BYCOKHX 3HeprHie Kx 3KCnepBMeHTa.II:&HOe HCCJ18AOBaHHe 

npHBeJIO X OOHHKaHHP BazHOI pOBH uacmra0HOI HHBapHaBTBOCTH B· 

~aaxxe sneueurapawx qacrxn, qto, a CBOP oqepei:&, oxaaano H 

npo,llonzaer oxaawaar:& Oon:&moe BJlHBBHe Ha passxrxe scel xBaHro

BOI reopxx nona. TeHAeanxs ysenxqeHIIa aHaq*uocrx xccne.~tOBaHHI 
npo~eCCOB KHOZeCTBeHHOro pOZ,IleHRI1 H8COKB8HH01 COXpa.HHTCR Ha 

UHorae ro.J~Y, MOo srx nponeccw HeoOwqaiHo cnozuw • KHorooopaauw. 

'HCC.II8APB8HH8 CTOJIKHOB6HHI pe.II.IITHBHCTCKHX R,ll6p ,llaer B03KOZROCT:& 

uerpHBHan:&uoro no.llXOAa x KHoroqacraquuu nponeccau. 
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Qnpe,~~;eneHHe.peBRTHBHCTCKOI R,11;8pHOI ~3HKH KaK OO.IIaCTH 

MHOroOapHOHHYX RBJieHHI, 3a,ll;aBil8UOI ycnOBH8M 
a 

~ ;: /:,z >~ 1' 
2 2 . 

r,~~;e f - KBa,J~;paTY HWly.II:&COB qacTHU , a 1?? - KBa,ll;pa.TH 

ax ua.cc, coBna,~~;aer c onpe~.lleHHeu oOna.crx npxueHxuocrx 

Macwra.Ouol HHBapxaHrHocrx. TipxueHelixe npHHUHna Ma·cmraoaoA 

HHBapHa.HTHOCTH oqeHb CHB:&HO·orpaBHIIHBaeT B03MOXHYA KJIB.CC 

MO~enel x c~ecrBeHHO ynpo~a.er aa.~tally nocrpoeHHR reopxx. 

QqeH:& B8ZHYIIH ocoOeHHOCT.IIYH, cocraBJIRiliiHKR cneltH~HKY CTOJIK

HOBeHHI pe.IIRTHBHCTCKHX R.~tep no cpa.BH6HHP CO CTOBKHOBeHH.IIMB 

qacTHU, RBJIRPTCR: (I) B03MOZHOC'r:& Bap:&ilpOBaT:& B mHpOKHX 

npe.~tenax KBa.HTOBYe qxc.lla. (B llaCTHOCTH, HCCne.~tOBB.HHe MHOrO

OapHOHHHX oOueHOB); (2) B03MOZHOCT:& HCCJie~OBaT:& MHOZeCTBeH

HYe npOUeCCH, KOr,ll;a He TOn:&KO B KOBeqHOM, HO H B Haqan:&HOM 

COCTO.IIHHH npHCYTCTByeT UHOrO qaCTHU; (J) B03UOZHOCTb HCCne

.ltOBB.HH$1 "nonepeqHOrO pa.swepa" CTOnKHOB6HHR, TeCHO CBR3B.HHOrO 

C nepne~KynRpHOA npoeK~el Hunyn:&COB BTOpHqHHX qa.CTHU. 

Kax nocraHOBKa. 3a.AaiiH 0 npxueHeHHH Macmra0HOA HHBapHaHT

HOCTH K CTOJIKHOBeHHRU pe.IIRTHBHCTCKHX ~ep, TaK H nepBHe 

3KCnepilueHTH B STOlt oOna.CTH OHJIH npe.~tnozeHU H BYOOJIHeHH 

B RB3. B Hacroa~ee Bpena MY pachonaraeM nyqKaMH c napa.Merpov 

j .. 25, qro noxa He .~tocrHrHyro · B ,~~;pyrHx naOoparopux. 

B EepKnH (CiliA), r.~te He.D;a.DHO ra.IOEe uaqarw axcnepHuenrw c 

pe.IIRTHBHCTCKHMH ~pa.MH, napauerp j He npeBHillaer 6. 

naxe B Hawelt 00JiaCTH sneprHH rtonpaBKH Ha KOHeqHOCT:& J 
OKa3UBaDTCR cy~eCTB8HHHMH H 3aMeTHO MaCKHpyPT s~eKTH 

npORB46HHR uacmra.OHOA HHBapxaHTHOCTHo 
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Coa~HHe "Hyx~orpoHa" noaaonHT ~ocrHruyr» 3Ra'!eHBs 

napauerpa g~o,5.I03 • l{po~o~e roro, cyiJieCTBYJliJIM BB.XYYlfHM 

CHCT8Ma CIHxp0~30TpOHa He D03BOHReT DOHY'IHTb CXOHbXO•HHdy~» 

3Ha'IHYHe HHTeHCHBHOCTH ny'IKOB ~ep raxenee HeoHa. Ala 

"HyKHOTpOHa" Xe OrpaHH'I8HHR DO 3ap~HOCTI H HHT8HCHBHOCTI 

ny'IKOB ~ep dy~T onpe~ensTbC8 TOHbEO YCHOBHSMH HKI8KUIK, 

xoropue no~yqar B HD3 3RaQHTe~»Hoe pa3BHTHe ~o coa~Ris 

"HylUIOTpORa" • 

B HB3 RaQaTO HayqeHie DpiBQHDH&IbBO HOBOrO RBH8HBR -

E)'MYJIRTHBROrO 34Jcl>eKTa, To e. Taxoro C TOJIJtBOB8BJI8 pe.UTJIBICTCUX 

_.ep, xor~ ·aHepraa rpynnu ay&roaoa nepe~aerca o~ol qacfl~e. 

Ycxopeue qacuu, od.I~IUIX aapQOII, dOJIYIII e~BIIUI, B DpiH

u•ne, ~aeT B03MOXHOCTL no~yqan 3HeprHil YCKOpJ18MHX 'laCTIQ 

(npl! O~HHaKODHX nap&~erpax yCKopHTenR) dO~LiiiYJl, '18M 3HeprHR 

DpOTOIIOB, B 'll!C~O paa, paBHOe KpaTHOCTll aapJI)ta. 

lla "l!yx~orpoHe" npH pa~yce ero, paBHou pa,u;Hycy CHHXpo

~orpoHa, uoxuo Oy~er nor.yqan, HanpHuep, Jl)tpa Ka~LIUIJI c 

3HeprHelt OKOHO 1000 ron. (3HeprHR Ra HYIUIOH - 20 + 25 raB). 

RaK DOKa3HBallT OQeHKH KYllY~RTHBHOrO 3~KTa, OCHOBaHHH8 Ha 

DpHM8H8RHH llacWTadHOit HHBapHaHTHOCTH, Ha "HylUIOTpOHe" MOXHO 

DO~Y'IHTL BTOpH'IHHe DYQKH 'IOCTHQ C 3HeprHRMH,3Ha'IHTe~LHO npe-
\ BHWall~KM IOO raB. XOTR H3YQ8HHe KYMYJIRTHBHOro 3~8KTa TOALKO 

Ha'laJIOCL H Ha,JteKHHe OQeHKH HHTeHCHBHOCT81 DYQKOB BTOpH'IHHX 

'laCTHQ C~enaTb Tpy~HO, O~aKO yxe celtqac RCHO, 'ITO B 3THX 

nyqxax MqiHO dy~eT DpOBeCTH dOHLWYJl nporpauuy 3KCnepH~8HTOB 

B 00JiacTH ~H3HKH BHCOKHX 3HeprHI, OCOdeHHO Ha OCHOBe KaM8pHOI 

MeTO,IJ;HKHo 
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TaKHil odp830M, HCC~e~OBaHHe KYilYJIRTHBHOro 3~KTa xpoue 

OOJILWOrO DpHHUHDJ!MLHOrO 3Ha'leHHJI, HII88T H npaK'rH'I8CKOe 

aHa'leHHe - cyiJieCTBeHHOe noawmeHHe aHeprHR ny'IKOB ycxopHTe~eR. 

ITOMHilO HeynpyrHX CTOJIKHOBeHHA H npOQ8CCOB MHOX8CTB8HHOrO 

oOpa30BaH~R 'laCTHU, dOJibWOit HHTepec npe~CTaB~RilT 3a,Jta'IH 

ynpyroro pacceRHHR H dHHapHHe peaKUHH C peJISITHBHC TCitHI.!M 

npOTSIZeHHHMH CHCTeMaMHo 3TO TaKXe COB8pill8HHO OTKpHTOe none 

~eSIT8~LHOCTHo 3TH peaKQHH npe~CTaB~RilT dOJILWOR HHTepec C TO'IKH 

3p8HHR npOB8pOK pR~a llO~enel, HCDOJIL3Y8MHX B T80pHH 3Jl8M8HTapHHX 

qacTRU, HOO R,ll;pa MOryT CJIYXHTb peaJIHCTH'IHOV. "KBapKOBOR" 

M0~8Jlhll p8JIRTHBHCTCKOrO npOTRX8HHOrO OO~eKTa, 0 KOTOpOM MH 

MHOroe 3Haeu, XOTR dH B HepeJIRTHBHCTCKOM npe,ll;eJie. ITpH'18M 

YU uo•eu B mMpOKHX npe,ll;eJiax BapLHpOBaTL CTpYKTYPY TaKMX Od~eKTOB, 

BH<lHpaR pa3HH8 nyqKH H MHmeHR,00Jiac TL 3TH X RBJI8HHR 'lp83BH'IaAHO 

MHorooOpaaHa, a npoOJieua onHCaHHR crpyxrypu qacTHQ craHOBHTCR 

BCe 00Jiee BaKHOR, 100 yxe B RaCTOR~ee Bp81lR B ~3HK8 BUCOKHX 

3HeprMit MY HM88M ,IJ;8Jl0 C ,IJ;JIHHaMH BOJIH 'laCTHU, 3Ha'IHTeJILHO M8HL

illHMH HX paawepoB. Tioarouy aKTYaJILHOCTL Hccne~oBaHHR He 

TOJILKO COXpaHHTCR, HO H CYIII8CTB8HHO B03paCT8T o 

C03AaHH8 "HyKnOTpOHa" D03BOJIHT Ha'laTL CHCTeMaTHQ8CKOe 

H3Y'l8HHe HOBOro pa3,1J;8Jla !IM3HKH -, rHnepAAepHyll ~H3HKY H H30RAep

HYil ~3HKy. Bo3UOXHOCTL Ha0JI~A8HHR ABHEYIIIHXCR rpynn dapHOHOB, 

oco<leHHO rpynn OapxoHoa, oOJia.~talliJIHX crpaHHOCTLil, ~acr B03MOX

HOCTL HCCJieAOBaTL TaK H83HBa8M08 3K30TH'leCKOe RAPOt B TOM 

'IHCne B03dyX~8HHH8 COCTORHHR R,ll;ep C 0'18HL KOpOTKHMH BpeMeHaMH 

XH3HH BDJIOTL ~0 10•23 CeK •. KaK DOKa3HBallT OU8HKH, npH ycxope

HHH RAep cpe,~J;Hero BeCa MOXHO DOJIY'IHTL KBa3HCta0HJILHH8 R,~J;pa, 

COA8PX~He,nOMHMO npOTOHOB H H81ttpOHOB,HeCKOJlLKO JIRM0Aa•'laCTHUo 

II 



lduorne M:l 3rMX RBJieHHI .ItO C03,1taHHR "HyKJIOtpoHa" Ha CYllteCTBYIIIIIHX 

YCKOpHTeJIRX BOOO~e HeB03YOXHO H3Y'laTho B 'lactHOCTH1 HeCUOTpR Ha 

:ll!a'lMTeJit.HHe YCHJIHn, ,11;0 CHX nop !fla,xtH'leCKJI He OOHapyxeHO HH O,JtHO 

D030yJK.l{eHHOe COCTORHHe rHnepR,~tep 1 D TO liCe DpeYS! rlinepH,~tepHB.SI 

CfiCKTpOCKOII~R - 0,1(110 H3 B03MOXHHX Cyll(eCTB8HHO HOBhiX HanpaBJI8HH! 

n Sl,l{epuolt lj>H3HKe. 

IlOKa llO'lTH COBeplileHHO HeTpOHJTOI 06JlaCr:Dil HCCJie~OBa.HHft 

OCTUeTCf! llOJIJ'lUIIMe CBepXC11JII.HLIX 3JieKrp0Mal'HHTI!UX llOJieit
1 

KOTOphle 

BO:lHimaKJT np11 C6JI~lll:e111111 ~BYX 3apH,ItOB 60JILIUOR B8JIH'll1Hhl
1 

,JtBH:EYI!IHX

Cf! CO CKOpOCTSU.dll 1 6JIII3KHM>I K CEOpOCT11 CBaTao 3Tl1 3B,D;a<JH npe,ltCTaB

JIRIOT CiOJILJJIOlt HHTepec 1 O,l{HaKO 3KCnepHMeHTMLHO OHH ~axe He 

ct!JopuyJI11pOBallhl. HaMOOJII>lJIHR HHTepi)C 3,1teC.L npa,~tCTaBJIRJIO Obi H3y

'l8Illle OCipa30BUHHSI 3JieKTpOHHhiX 1-IJIH MllOHHI:lX nap. 

Ifcnon:t.soarunre ycKopeHHbiX Sl,l{ep Hueer OoJI.LlJioe npHKJia.D;HOe 

sHa<JeuHe. Ilpoxo•,l(emw <Jepea Bell(ecrno peJIRTHBHCTCKMX )G{Oro

aapSI,l{HhiX <iaCTH~ npaKTH'leCKl! He M3y<JeHOo Ea3 .zteTBJI.LHOrO HCCJia.ztO

Ba!IHSI npo~ec COB aTOUHOro CTOJIIOIOBaHHSI peJIJITHBHCTCKMX H,ltep TPYAHO 

pacC<JHTHBaT.L Ha npan.K3110HHhle H3Mep:: HHR JIBJI8HHit H,ltepHHX B3a.HUO

~eltCTDHR. Hsy<JeHHe npoxox~eHHR MHoroaapJl.ltHHX <Jac:rH~ <Jepes 

Bell(eCTBO npe~CTaBJIJieT 00JI.LIUOR HHTepec C TO'lKH 3peHHJI flPOBepKH 

cy~eCTBYDI!IHX npe,~tCTaBJieHHlt 0 COCTaBe H npHpOXe KOCMM'leCKOrO 

H3JIJ'l8HMR1 0 pa.D;HauMOHHOR OesonaCHOCTH KOCUOHaBTOB H KOCMH'l8CKHX 

annapa:ron. (l\aK Hsnecruo, peJIH:rHBHc:rcue H,ltpa n onpe.n;eneuHux 

YCJIOBHJIX npe~CTaBJIHDT B KOCMOCe HaHOOnt.IUYil ~auHOHHYIJ onac-
• 

HOCT.L )o , 

Coa,~taHHe "HyxnorpoHa" cyll(ecrneuHo pacmupH:r xax ,~tocrynuyn 

06!aCT.L 3H8prHI peJIRTHBHCTCKJIX R,~tep 1 taK H fi03nOJIHT ,I(OCfHrHyth 

00JII.IUHX 3apR,ltHOCTeR. ~JIJI HCCJI8,1(0naHHJI KOCMH'l8CKHX JIY'le! OC008HHO 
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xeJiareJit.HO OHJio Oa .!tORr• .ItO ycxopeHHa a,~tep xeJie3a, qro Henoa

uoxao Ha CHHXpO!IJ830tpOHe H1 fiO-BH,ltHMOyY·1 n03MOXHO ,I(JUI "HyKJIO~ 

rpOHa: 

0CHOnHHM MOTHnOM ,I(JIR fi0JIY'l8HHR fiY'lKOB p8JIRTHBHCTCKHX 

H,ltep B CDIA dana noauoxaocu HCCJie,ltOBaHHR pua uenxo-dHoJion

qecux npoOJieu. Kalt OHJio noxa3aHO auepHKaHCKHYH 4JH3JQtalll 11 

0HOJIOrallll1 npocrpaHCTB8HHOe pacnpe,~taJieHHe HOHH3auHH B,ltOJI:L 

HanpanJI8HIIJI .ltBD8HH.II YHOrosapll,ltHHX HOHOB qpe3BHqaiHO dmro

npHRTHO .lt!R pemeHHa ~enoro p .. a npoOJieu. B Hacro~ee npeus HUH 

paapaOoraHa odmHpHaa nporpauua :accne.v;onaaHI or HsyqeHHa p~a

~HOHHHX nos,~telcrnxl aa KJietxy, .v;o oOJiyqeaxa ceueuaoro sepaa H 

R8'l8HHR paxa. 0q&BH,I(H0 1 qfo DpH 4JopMHpOBaHHH CHCT8MH ny<JKOB 

"HyKJ~orpoaa" ueodxo~xuo npe~cuorper~ norpeOaocrt. B ue~xxo

OxoJiorxqecxxx nyqxax xax cauocroBtent.Hyn. ITyqxx •Hyxnorpoaa" 

uoryr raxxe :auert. npoUHIJieBHHe npaueaeHHa. 

HaKOBe~, DOYHMO OtueqeBHHX BYie YHHKaA•HHX xaqecrn, 

"HyKJiorpoB• Oy.v;er odn~ar~ nceMH xaqecrnaMH conpeueHBoro 

UpOTOHHOro YCKopHt8RB Ha aHeprHil 40-50 ran. 00Jiacrt. aHeprH! 

HKI8 25 ran - oOnacrt. OdHR~HOrO po~eHM8 pe30HaHCOBo 

Heodxo.-auo oruenu, uo cneua poQeHHa pesoBaacon D8Jtallr, . . 
npHMepuo, KaK x~ar aaeprxx HaJieram•e• qacrxQH x, cne,~tonareJI~-

Ho, ){JIB 3THX HCCJI8~0naHHR oqeHI. BHCOKHe 3HeprHH He HJZHH. 

~axe n oOnacrH 3HeprHI ,ItO 10 ran MOXHO npe~OXHTh 00mHpHH8 

nporpaUYH HCCR8,ltOnaHHI, KOTOpHe 3aB8,JtOMO He dy,l(yT HC'lepnaHH 

3a 0JIHxalmHe 5-7 JI8T H Bp4,1t JIB fiOT8pRilt cnon HCKnll'lHT8R:LHYIJ 

axryaJibHOCTt.. YnenH<JeHHe ~•anaaoHa aHeprHR n:ropH'lHHX uyqxoB 

<Jacr:an, auem_.xcs n pacnopaxeHHH 4JHsHxon, OaaHpyn.xxca Ha OKRH, 
~0 100 ran H BhliUe (Ha OCHOne HCfi0Rh30BaHHR KYyYRRTIBHOrO 3~K

Ta) nosnoJIHr xccJie~onart. xax peaoHaHcaym oonac:r~ ceqeaxR, 
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taK I npeA8CIMDTOtR1lec&ym I acKMDtOtllliCKJmo CJ.8CTB8HHO DOA

•Jepuyu, litO Y.,l npM 3BeprUX OKO.IO 20 r3B C81l8BI8 DpORB.I.IIIT 

aBTOMOA8A.HW8 (CaMODOA06HW8) CBOICfB&o 

Ta&Ku o6paaou, cos~asHe "HYKXOtpOHa" 48KtB1leCKH ~ct B03-

woxsocth nepexpwth Bee aaa6onee IHteacHBHO asyqaeuwe o6xacr1 

3HeprHI. llepeXO~ ae K 8 yHITapBWM8 3BeprHSM (20Q-300 f3B B CHCfi

MI ~esrpa uacc), no-BRAHKOMY, B aacroa~ee BpeMR .tea~r ~exo sa 

npeAe.laMH axoaoMRlleCKHX Bosuoasoctel OHHH. Oruer1w uexoropae 

113 rp8,011l10HBWX ,IUIII JIB3 H&JilBHX sanpaBJleHHI B 06JIIl.CTII 41f311tl 

aneueHTapHWX qacn~, xoropwe aa~uouo Hai.Qt orpaeHBe B 6Y.QIIIel 

npo6neuar1xe xccneAoBaHRI aa "HyxnorpoHe". 

(I) Hccnutsaaxe ceqenll 611aapawx pea&ltlll np1 npuenao 

ManHX (BKJmllal CJIYQall KJ.IOBOBCKOI IHTepnpeT~I) I npH 60.Ihi1X 

(6.1113ltltX It 180°) yr.II&Xo ,llJia npoBe..,HIIJI 3TIIX ICC.Ie~OB&HMI B JIB3 

paapa6otasw, axcnxyarHpymrca a, aecoMBeHHo, nonyqar paaBRtle 

ra30BH8 AJ~p8Hilla.lhHH8 I noporoBHe qepeBKOBCDe CQetUJtl Opl

riHalhRHX ltOHCTP,Yitltlll, ICKpOBHI I CfpiMipRHI lt&MepH, uarHITBHI 

cnexrpouerpw, Hcxposwe cnexrpouerpa c 6ec4M.thMOBYM c~euoM 1BfOP
~·, ycrasoBKI c aayrpeHBIMI YBIIBaMI ycxop1re.ta • AP• 
B 3TOM lt.II8CCI1l8CKOM pa3~8.18 ti31KI CIJI.BYX B3ai~0~81CfBII 6y~et 
CAIJiaH CJ.8CfB8BBYI Jar B CTOpOHJ np8Jt113101BWX KOII1l8CfB8BBHX 

B3M8p8HHI, JB8Jill8HIS ICCJ18Af8MWX 3B&pretlll8CKIX IHftpB&IOB, 13J•I

B1111 CDilllBYK 3aBICBWOCtel, JBCIIpiRIII Ba6opa 1l8Cflll, BUIIllall 

CTOJIUOB8HBII s.Q)O-IfAPOo IB{(lopll&llllJI 06 3f1X peaKWIJIX BC8r~ 

c,ty~B.IIa 1 6y~er C.IJSITi oqea• Kplt111lBOI npoBepxol paaxzqayx 

MOA8JihBHX DO~O~OB B reopll CIJihBHX B3&1MDA81CfBIIo 
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(2) ~ccne~OBaHHe YHoroqacTHllH~x nponeccon na ocHone 

TpeKOBOR MeTOAHKH (nponaHOBaR H BO~OpO~HaR nya~pbKOB~e KaMep~, 

CTpHMepH~e KaMepH). MHOfHe H3 3THX 3~aq K MOMeHTY C03~aHHR 

"HyKnorpoHa" 6y~yr Hccne~OBaHH nHmb qacTHllHO. MHoxecraeHHHe 

xe nponeCC~ npH CTOHKHOBeHHH R~ep B~COKHX aTOMHHX HOMepOB H 

BHCOKHX aHeprHR MOEHO 6y~eT H3YllaTh TOHbKO Ha "HyKROTpOHe". 

K MOMeHTY C03~aHHR "HyKnOTpOHa" He06XO~HMO npe~yCMOTpeTb 

paapadorKy 6onee conepmeHHoro rpeKosoro npHOopa, cnenHanhHO 

npHCOOC00ReHHOf0 ~RR HCCRe~OBaHHR MHOXeCTBeHHUX nponecCOBo 

(3) Hccne~OBaHHe peaxu•R c yqacTReu ruMMa-KBaHTOB, B 

TOM llHCRe perHCTpanHa H8KOT0p~X llHCTO ~pOHH~X peaKnH~ DO 

npo~yKTaM pacn~OB HeCTa6HHbHHX HeWTpaRhH~X qacTHU (JZ
0

1 ?1J'
0 

~o • ~p.). Cy~ectayeT o6naCTh aBneHHI ~H3HKH 3neueHtapHHX 

qaCTHn - 3neKTpON8IHHTHHe pacn~H pe30HaHCOBo 3Ta 06naCTL 

~aeT He06HllHO neHHYD RH~OpMallHD 0 CBR3H 3R8KTp0MafHHTHHX 

H CHRLHHX B36HMO~eACTBHI. HeCMOTpR Ha 60RbmOe 4HCHO 3anpOCOB 

reopetHKOB, anexrpouarHHTHUe pacn&Au peaoHaacon, aa oqeHb 

He60nbmHN HCKHDlleHHeM, He H3yqeHU 3KCnepHMeHTaHbHOo ~axe TaKOA 

~aBHO H3BeCTHHI pacn~, KaK pacn~ HeiTpMbHOfO OHOHa Ha 
~ 
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~Ba raMMa-KBaHTa, BH3HBaeT e~e cep»e3HH8 ~HCKYCCHH; H3 ~BeH~

UaTH pacn~OB THna BeKTOpHHR M830H-nCeB~OCKanapHHR M830H + 

~TOH H3yqeHH TOX»KO ~Ba, a ~R OCTan»HHX HM8DTCR XHW» 0~8H» 

rpy6He oueHKH. B reqeHHe nocne~HHX ~ecaTH ner onyOnHKOBaHH 

COTHH pa6oT, B KOTOpUX UOK83aHa y~HBHTen»HaR KpHTHqHOCT» 

cy~eCTBYD~X TeopeTHqeCKHX MO~eneR (uo~en» COCTaBHHX qaCTHU, 

anre6pa TOKOB, BeKTOpHaa ~OUHHaHTHOCTL, 3~8KTHBHH8 narpaH~aHH 

H ~p.) K BepORTHOCTRM HX pacn~OB. He no~eXHT CO¥H8HHD, qro 

OCHOBHaa MaCCa 348KTpOMarHHTHHX pacn~OB p830HaHCOB (a HX YOXHO 

yxasaT» coTHH) 3a Bpeua ~o co3~aHHa "Hyxnorpoaa" He Oy~er 

Hsyqeua. 
0co6oe BHHMaHHe Oy~eT y~enaTDCS HCCne~OBaHHD peaKUHA C 

B8KTOpHHMH M830HaUH H HX cneUH~Ke B3aHMD~89CTBH9 C 3X9KTp0-

MarHHTHHY noneu. B sroR oOnacrH y nB3 Hueerca OonDmol onur 

padoru H xopomHA 3~en uero~HK. 
nmOoR npouecc pacn~a C HcnyCKaHH8Y 3apSX8HHUX qaCTHU 

conpoBox~aerca H3nyqeHHeM ~oroHoB, .a B pa~e cnyqae' H axexrpoH

noaHrpoHHHX nap. OcoOuR HHrepec npe~craBXRDT nponeccu cnaOoro 

B3aHMO~eRCTBHS, H~Y~He C HCnyCKaHH8M ~OTOHOBo EOXLWHHCTBO 

TaKHX nponeccoB raKEe He H3yqeHo. Cos~aaHe yctaHOBOK ~epuol 

348KTpOHHKH, paccqHraHHHX Ha HCC48~0BaHHe KbppeXRUHI ~OTOHOB 
H 3apSX8HHHX qaCTHU, ~THqeCKH TOXLKO HaqHHaetCRo Co CtOpOHH 

reoperHKOB HMeerca nenuA pa~ npe~xoxeHHA no H3YQ8HHD axexrpo

uarHHTHWX XapaxrepHCTHK H8CTa0HXLHHX ~aCTHU Ha OCHOB8 H3YepeHHI 

nepeXO~OB C HCnyCKaHHeM ~OTOHOB H 348KTpOH-003HTpOHHHX nap. 

ITpo~oxzaer ocrasar»ca axryan»HOD nposepKa rHnoreau o 

uapymeHHH CP-HHBapHaHTHOCTH B axexrpouarHHTHHX B3aHYo~elcrsHaX 
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~pouos. ITponeccu, s xoropwx o~oBpeueauo npoaBxSDrca KaK 

cxaOue, rax H anexrpouarBBTHwe B3aHMD~eRcrsHa, npe~crasxsmr 

coOol oqea» saxuym, uo uanoxayqesuym oO.nacrL ~3HKH. 

npxse~euHHe same uanpas.neHBa, xoseqso, ue xcqepnwsamr 

oy~~el npo6neuar~xz Hccxe~oBaHHI Ha "Hyx.norpoue", oaH cxopee 

SB.DSDTCS K.DJDCTpanHel TOro, qro O~OBpeueBHO C BHXO~OM B 

cosepmeHHO HOBYD o6naCTL HCC~8~0BaHHI - B penaTHBHCTCKym ~ep

HYD qM3HKY, c coa~aHBeu "Hyxxorpoaa" OHHR noxyqHr snoXHe cos

peueusym ycxopHT8XLRYD 083Y B o6JaCTH BHCOKHX 3B8prHio 3ra 

Oasa 003BO.DHT nO.DHOCTaD 008CU8QHTL norpeQBOCTH qM3HKOB, OpH8BTH

PYDII!IofXCR ua orum:, mHpouu c nexrpou nyqxos qacun. Cne~er raue 

oruerHT», qro cneuB~HKa csepxnposo~all!ero ycxopHre.na oOecneqHsaer 

o~eB» xopomHe npocrpascrseaao-speueaawe xapaxrepHCTHKH nyqxos. 

rroc.ne,JtHee ocoOeuao xacaerca raxoro napauerpa, xax Oonuaa 

speueuuaa pacraxxa nyqxa, ue~oCTKXBuaa ~a CYII!8CTBYDII!HX ycxo-

pHTeneR. 

IT. Q.Q~£!HH..!!Q_Qg!!QBJi!!!I_Y3~!!!!QJOTffll...!.: 

§I.Q_~~~Lg~~~&•~!¥~~~ 
13M8HID .. MCS uarHHTHHY U0!8Y B KOX»U8BWX --------- --

l£!.!!P!U!!~-

Bo MHOrHX xaOoparopHax, pa6orao~x B oC.nacrH ~1¥1 

sucoxHx sueprHI, paspaCarwsamrca npoexrw csepxnposo~a~x 

ycxopHrexel ua swcoxze H csepxswcoxHe aaeprxH. B CCCP paa

paOorxa csepxnposo~a~x ua.noaneprypHHX (KHCepuerHqecux) 

ycxop•renel /IO,II/ aBHJac» npo~onxeaHeu paCor no npoexrx

poBa&Km H 3XCnepKM8HTa!LHOyY KCCJe~OBaHMD MaJOanepTypHHX 
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KHdepHeTHQ8CKHX YCKOpHTenel, C sene3HYM 3X8KTpouarHHTOyii2,I3,I4~ 

B CBB3H C dOnLmol ~OpOfOBH3HOI CBepxnpOBO~R~X MaTepHaAOB 

npHMeHeHHe BaKYYMHOI Kauepu C ManOR anepTypoA H, cne~OBaTeXLHO, 

H80dXO~HMOCTL aBTOMaTHqeCKOrO perynHpOBaHHS CMe~eHHI opdHTY, 

OKa3anHCL OCOdeHHO BaEHYMH ~nR CBepXnpOBO~R~HX yCKOpHTeneA Ha 

CBepXBYCOKHe 3HeprHHo 3TH K0HU8nUKH HCflOXL3YDTCR B npOeKTax 

scex CBepxnpoBo~n~x ycxopHTeneR, pa3paCarYsaeMYX B CCCP, CillA 

H 3an~HoR Espone. 

B HaCTOR~ee BpeMR pR~ np08KTOB HOBYX YCKOpHTeneR npe~

ycuaTpHBaeT npHM8H8HH8 CBepXnpOBO~R-HX MarHHTOBo 

B AHrnHH paccMorpea Bonpoc o MO~epHH3an•• ycxopHTena 

"HHupO~" C nepeBO~OM ero Ha CB8pXnpOBO~HMOCTL H ysenHqeHHeM 

3HeprHH C 7 raB ~0 25-JO r3B C flOCXe~ym~HM HCnOAL30BaHH6M ero 

B xaqecTBe CycTepa ~XH ycxopHTena Ha 150-200 raB /I51. AHano

rHQHYI npoeKT HM88TCR BO tpaHUHH no peKOHCTPYKUHH YCKOpHT648 

"CaTypH" c YB84HQ6HH8M 3HeprHH c 3 ras ~0 I5 raB II61. B Ha

CTOR~ee speMR ycnemuo paCoraer rpynna no pa3pa0orxe EsponeR

cxoro CB8pXnpOBO~R-ero ycxopHT8XR Ha CB8PXBYCOKym 3HeprKD B 

UEPHe, B xoropym somnH yqeaue AarnHH, tpaanHH H tPr /171. B 

ClliA yqeaue HanHoHanLHol ycxopHTenLHOR naOopaTOpHH B BaTaBHH 

HaMepeHY no~HRTL 3HeprHn cy~eCTBym~ero YCKOpHT8XR (400 raB) 

c nouo~Ln npHMeaeHHR csepxnposo~s~Hx uarHHToJ AO IOOO rasf18,I91. 

PaapaOoTaH npoexT csepxnpoBo~n~ero ycxopHTenR Ha aaeprHn 100-

-ISO raB /20/ a TaKSe npoeKT HaKOflHT8ALBYX KOnen / 21/ B EpyK-
' 

X8RB8HCKfR naCopaTOpHHo ilapaueTpH H8KOTOpHX npoeKTHpyeYYX 

KOXLU6BHX CBepxnposO~H~HX YCKOpHTeneR npHBe~eHH B TaOnHQe I. 

O~aeTcs, qTo csepxnposo~R~He ycxopHTenH Oy~yr ~emesne no 

xanHTaALHYM 3aTpaTaM H norpeOynT M8BLMMX 3KCnnyaTaUH0HHYX 

pacxo~os no cpasaeaHn c oOYQHYMH ycxopHTenRMH aa Te se aaep-
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r11 I IHT8KCBBROCTB. B03110ZBOCTi paapa60TKI CBtpXapOBO~.-x 

IKIIYUO.~YX YCKOplre~el ap106pe.1a peaUIIHI X&PU11Pt r.I&BJDIII 

Odp&aOII, dJI&rO,Jtapa· KpJIDIHII fCU8Xall UOCJI8,Pid: HT B C03.1UD · 

CB8pxnp010.1JI~ xadeJiel. B ~aKIX KadeJIBX ,1.111 J118Bii8RKI ,113&

j(J(qeCKIX norepi BIOdii•TU~OBHe ,c.BepxapOJO~UI apO~Il'IIJU!• 

CJI B 111.1801 II&Tp1U8 .10 HITII TO~OI 2~10 IIIII ~ 3&KPY .. IIDT• 

ca c aaro11 2-5 1111. ITp• dO.IiBMX cxopocrax xalle&ea•a roaa 111.1B&I 

~~arp•ua co.1epzxr, apo•e roro, Mt.1HO.RRKexeswe neperop0.1KE 

(p•c. 2). O~leJILawe zxJH cod•pamrca • rpaacnoaipoBaBRHI Bier .. 
sal ID Bltol aa6eu. 'faaol' aaCSen odY'IBO topMJnca .ua DP•• 
,~;ana eMY npa11oyrouu1 udo n.~~ocaol topllli. (p•c_.3). · ! 

ITyJiiCipYJ).-e c;sepxnpOI0.1JI..-e llarRB!H .1ll CDXpO!pOROI CO. 

uamrca 1 p~~qaux .1doparopnx opa c 1%1 ro~a. Be.ldone 

np0.1BIByra ara padora 1 AaOoparopx1x, .xo.1a.-x 1 rpyuuy no 

coa,~;aa~m Esponelcxoro cBepxnpoB0.1JI•ero !CKBxporpoaa, a ta~ae 

8 EpyaxeiBeacxol x BoypescoBcxol p&.11&UHOBRO• naOoparopKB 

Tax, asaqwrenLHHII ,~;ocr•seRRell Peaep~Op.10Bcxol naCSopatop•• 

JIM&) &BHJIOCL B3rOTOBJI8RB8 B ycnemxoe BCnHJaHB8 B 1972 ro,J;y 

CBepxnpoBOlB~KX ,J;Hnoxel AC3 • AC4. Mar&Kr AC4 /22/ c BHyrpea .. 

HHII ,J;Iaii8Tp011 00JIOTXI 90 1111 H ,J;JIHROI 0,72 ~ npH HCUYTaRIIX 

,J;OCTHr pacqerRoro UOJII 4,5 T
1
pa0oraa B HJmYJILCROII p8SKII8 C 

,~;xxren•aocrLD uzxna 4 cex. (npx BpelleHH aapacraaxa 2 cex.). 

Marazr resepxpyer none c aeo,~;HOt>OlHOCTLD ,..... 10 .. 3• Ha~~eqea 
11ep, XOTOpYe U03BOJIRT ynyqmHfL OlHOPOlHOCT~ UOJIJI npH B8rOt0_. 

HeHHK cie,~;ym~KX MarHHTOB rxna AC5, ,~;nzaa x~oro xa xoropax 

Oy,~;er cocraBJIBTL 1,8 11.· 
uearp uepHYXICCJie,J;oBaul B CaxJie .(tpaanxs) cocpe,~;oroqu ·· 

YCHJIHJI Ha C03,11;&HHH MarHHTOB C Oonee BYCOXRII 3HaqeHB811 nona, 

20 

PHc.2. Ceqe111e crpeJWI (sus) npOBOJtllXKa c Nb Tl -RHTBIIH. 

ll18.118tp crpeii,II;B - I wq 1DICJIO azrel - I3255;.1BaMerp 

HBTel - 511XM; JlatpiU& - Cu H C.., N~ ; paOoqd 

TOX - 470 A npl 5'fo 

21 



FMc. 3. CBepXDpoBO,J;SIII&R •xoca• B3 Nb Ti ; 

,Jti18.118Tp CrpeH,ItH - 0,3 IBfj llBCJ!O HfTel 8 CTpell,ltJI .. 

.JtH8JieTp HHTel - IO Kltu, uatpll~a - Cu , pa!loqd 

TOE - !400 A npH ST. 

22 

.JtOCTHra.KJlllHll 6'.1;, HO ,ltJISJ 60Jiee JlJIHTCJlbHOrO apeNCHH llOJl'I>CMa TIOJ!SJ 

(UHK~ ~0-60 cex.)./f71. 
MarHHTbl., .' paapa6aTLIBaeJ.We . ~HCl'HTYTOY ~xcnep~n4eHTaJibHOI 

SJ.Jtepnol ilJH3HK}f B t{a;p.tJcpye, oT~Hil~T~SJ 6oJibmel JlJIHHOA(.Jto 2, 3u/!1/ 
3HallHTe.ilbHOe ~HCJIO osJpxnpOBOJlBII!HX uarHHTOB C pa3JIHilHbl.m napa

)leTpaMH coa,~~;a.Ho ;B CiliA B EpyKX\'IIBeHcKoA.Jiat1opa+OPHH, B Eil.TaBHH, 

B noypeHCOBCKOI ~ AproHHCKOA iaoopatopHS!X. 

B coaetcxou CoDae paapaOotxa cBepxnpoao.~t8~KX MarHHtOB c 

nepelleHHUM noJiew Ha npoTSJEeHHH pua Jiei BeJtetbSJ B PaJlHoieXHH-
. ' 

qecxou HHCTHTyTe AH CCCP, r,lle B 1972 roJty Oun ycnemHO HcnutaH 

HYTIYJibCHbll .lt~llOJib Ha none 4T / 23/. lHTIOJib paOOTaJI 6e3 ,~terpa
,JtaUHH tOKa co' CKOpOCTb.il pocTa TIOJISJ,JtO 0,4T/oeK\,Be,ll,eTCSJ paapa-

' 
6oTKa caepxnpoao,JtSJ~HX uarHHTOB .JtJISJ ycxopHTeJiel a HayllHO-HCCJie-

' . 

,ltOBaTCJlbCKOM HH~THtyTe 3JICKTp~H3HilCCKOA annaparypbi.HMo loBo 

EilJpellOBao HallaTbl paOOTbl no C03JlaHHD CBepxnpOBO.ItS!~HX OTKJIOHS!D

IllHX uarHHTOB B llaOopatopHH aucoKHX 3HeprHA OWHM;(lf6Ha). 

XapaKTepHCTHKH HCKOtOpUX MarHHTOB, C03,JtaHHbiX H npoeKTH

pyeMUX B llOCJIC,IlHHe ro,Jtu, npe,llCTaBJICHbl B Ta6JIHUe IT. 

Ha pHc. 4 JI30t1pa:.:eH O.ltHH.H3 coa.naaaeMUx a Kapncpye 

MarHHTOBo 

• 
~.' 
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Jla~opar<>-
pu, 

crpaBa 

I 

PTH AH 
CCCP 

BilL 

ClllA 

Kap.lcpya, 
tPr 

C Ul A, 

L R A 

N 
Ul 

EaTaBHH, 
C ill A, 
N A L 

BRyrpeuwl 

paa11ep o~-
MOrltJI~C¥ 

2 

7,8 

5 

8 

8 

4 X 8 

8 

2 3 

T~dJIH!J& II 

HMJIYJI:bCH!D: IW'HHTI:l, IIPE.ItH.6.3H4l.IEHM .ltM CBEPXTIPOBOJl,.'lM 
Cf.lliXl>OTroHOB 12'J,'JI/ · . 

34ltaceR• lHHHIIti.JI~- .la,ta . 
lap~-JtJIIIR&~ llo.lle. RU lueaut Hoe :speu H~mn:. 

T ~H~rKR aa pacr. rep 
cu 3Kp8B nonsr celt roJt 110JI8 

J 4 5 6 1· 6 9 

65 4 50 Her IO 1972 rennoe 

35 4,1 6 ecn 50-100 I972 XOJIO,It .. 
HOe 

90 ( 4,0) (38) ecn 50-!00 !973 XO,IJOJl-
HOe 

290 (4,0)(""' 120) ecn 5Q-IOO (1974) tenJioe 

40 4,0 ecn ro .. 2.0 1973 XOJIOl-
HOe 

140 (4,5) (128) ecn 10- 20 l97'J 

4 5 6 7 8 9 

npHII81W!H8 "" 

!0 

Cfl.l(-3 

RCilliT&IIW IO 
JlHIIO.Ilel C 
pasaw~Gi np o- . 
BOUHJtaMH 
2 Qelirlllffl~ 
118l'HHTa :S 
nior~awe 
n aa 8,11Jta" 
UiororM:ma 
n :sad eJIJlli" ' 
MerM.JIPO.,. 
nKt:ta KaCleasr 

Otorayrwe tcoa .. 
~l>l,DpODHTXa 
"c?cKitOeJI Jn Sft, D T 

o•l -pacnpe-
;teuuKe roJta, 
!lpOIIHTlta !1PH-" 
nOeJ( Jn Sli, I> 2a 

10 

8 (140-280) (4,5) (I'50+JOC) ecu 5o.IO (1974) TenJioe JlHilOJIH ,ll2B-Jl;3 
B CT8,1tHH npOeK-
THpOBaHHSf 

7,5 40 3,9 22 ecu 0,5 1972 XOJIO,lt- 8 ,ltHilOJiel HC-
HOe lllli'raHhl llpH 

nocJie,JtoBateJI~>-
HOM C08,1tHH8HHH 

7,5 40 (4,5) 29 ecu 0,5 i971 XOJIO.l(- 2'H.JteHTHt!HhlX 
HOe ,ltH!lOJIII ,ltJIJI 

HC!lhlTaHHSf Ha 
• O,li;HOpO,ltHOCTb 

(10-14) (I00-200)(4,5) ( IOO) 0,5 (1973- B CTaJtHH npo-ecTL xo- renJioe 
JIO,ItH. H 1974) eKTHpOBaHHSf 
renmdl 

5 90 2,7 20 HeT >30 1972- XOJIO,It- llporpaJWa .JtYd-
1973 HOe Jiepa 

3,8 JO 3,0 6 HeT >30 1972- XOJIO,It-
1973 HOe 

5,5 90 (4p-~) (20-40) ecu """30 (1973) (enJioe 4 MarHHTa B 
· XOJIO.Jt- rpynne 

Hoe)·· · 

5,5 600 (4,5) (180) , ecu. ""'JQ (1973) .TenJioe . I Mal'Hi\T .B 
(XOJIO,l\- rpynne 

Hoe) 



2 3 4 5 6 7 8 9 IO 

5,5 600 (4,5). (I80) ecn -30 (1974) Tennoe · . IO Mal'HHTG-B B 
(XOJIO,Il-
11oe) . 

ABrJIKs, 10 3,9 58 

RHEL 8 40 4,5 HeT I I97I- XOJIO)UIOe 
I972 

9 50 5,0 82 ecn I I972 XOJIOJI,HOe 

(9-IO) (IOD-200) (4,5) >150 ecn I ( I97J- renJioe 
1974) 

cune, IO 50 (6,0) (280) ecn 5-20 I973 tellJloe 
tpaHltJIJI 

II 150 (5,0) (-700) ecn 5-20 (1973- ren.roe 
. "I974) 

•) rrpuno.uaraewe xapurepxcnxa 38.JtJll)qeJUI a. cxoc:l:tH. 

PHc.4. AKCOHOUeTpHJJ ~nOJIDHOro CBepXnpOBO~JJ~ero uarHHTa 

J2a KHCTHTyTa 3KCnepHM8HTanDHOA JJ~epHOA qM3HKH 

(KapJICpye, ~Pr). (XapaKTepHCTHKH B Ta0JIH~e IT). 

rpynne 

AC3 

AC4 

~05 

).!O»Y" 

ALEC 



§ 2. 0cROBHOe ~£!DpOBO!H!88 KOAl>BO YCKOpHT8A! 

Co3~aHMe Ka0enel, CO~epz~X Oon:&moe 'IMCAO TORKOXHX:bBHX 

CBepXnpOBO~~HX TBHCTMpOBaHHHX XHX H3 CDAaBa Nb TL ' 003-
BOAHXO Ha'lat:& pa3pa00TKY CBepXnpOBO~H~HX MarRHTOB, CBOC00HHX 

¢opMHpOBaT:b H3MeHmD~eecs so BpeueHH uarHHtaoe none. C nouo~m 

raxoro po~a xaOexeA y~anoc:& npeo~oner:& rpy~ocra, CBR3aHHHe 

C tennOBHMH DOTepRMH B CBepXDpOBO~HKe H3-3a paOOTY Ha nepeMeH

!IOlK TOKe npH ~JIHT8X!>HOCTH UHMa yCKOpHT8XR ,Oom,mel HeCKOX:DKHX 

CeKyH~. 

Hoe Oy~T C~enaHY OI.t8HKH OTHOCHTeA:&HO TpeOyeuoro KOXHu .. ,...,.._, 

CBepXDpOBO~R-ero MaTepHana, qHCJO MafHHTOB H KB~pyDOA:bHYX !HB3t 

KOTOpYe DOKa3YBaDT cpaBHHTeX:bHO CKpOYHHI OO~eM 13fOTOB!eHHR 

uarHHTHOI CHCTeMY YCKOpHT8RR C yqeTOM ~axe HeOOXO~HMOCTH H3fO

TOBX8HHR KpHOCTaTOB, DO~BO~R~X renHI TpyOonpOBO~OB H ycTaHOBKR 

H8CKOX:bKHX pe$pHXeparopoB. 

PeanHayawocr:& csepxnpoBOAS~ero ycxopxrens cy~ecrseaao 

3aBHCHT OT HeOOXOAHMOfO ~~R 3X8KTpQMafHHTa KOJIH'I8CTBa CBepX

npOBO~HHKa, onpe~enaeuoro MHHOR anenpouarana H ero nonepeqiiHJl 

ceqeaHeu. 

B I96I ro;zy rpynna coBercux cnei.UianHCT~B npe~nozua MR 

YM8Hhm8HRB aneprypH BaKYYKHOI KaMepH H, CXe~OBaTen:&HO, MB 

yueahD!eHHB nonepeqaoro ceqeHHR MarHHTa npHueasr• uero~ asroua

rHqecxoro perynapoBaHHB nonoxeaxs opOHtY ycxopseyyx qacr•u 

nyTeM H3MepeHHB OTKJIOHeHHI Op0HTH H KOppeKI.tHH napaueTpOB MarRHT

HOI CHCTeMY, onpe~enmo~eR OerarpOHHOe ~BHXeHHe qacTHI.to 

3TH KH0epH8TH'l8CKHe MeTO~Y JM8Hl>M8HHB nonepe'IHYX pa3MepOB 

YCKOpHT8RB 0YAH npoBePeHH B KOHI.{e 60-X ro~OB Ha CDei.tHSA:bHO 

coa~sol B ~orexaxqecxou ascrxr.rre AH CCCP uo~enH xxOepae-

28 

TH'18CKOf0 JCKOpHT8!R H HCDOAl>30BaHY B npoeKTe KHOepHeTH'IeCKO

ro ycKopxrena aa 3HepraD IOOO ras H B npeAJoxeHHsx no coa~aHHD 

c8epxnposoAS•ero KHOepaerHt~ecxoro ycxopHrens aa aaeprHD B 

seCKOJI:bKO THCH'l raB. 

Ycxoparen:&HHI xounnexc "Hy~orpoa" ARB HB3 OHHH, npHaBaa

HHI saueHHTh cy.8CTBYD~I CHHxpo¢63orpoH Ha 3HeprHD IO ras 

npM MaXCHManl>HOM BCDOX:b30BaHHH cy~eCTBYD~ero oOopy~OBaHHs, 

npe~cTaBJIB8TCB I.t8!8C000pa3RHM BHDOXHHT:b B BH~e OCHOBHOrO 

CBepXnpOBO~s-ero KOXl>Ita Ha 3H8prHD 20 + 25 r3B Ha HYKAOH 

(OKOXO 45 raB npH JCKOpeHHH DpOTOHO~, DpOU8XJTO'IHOfO KOJI:&Ita 

Ha 3HeprHD 0,75 ras Ha HYKROH H cy.eCTBYD~ero JIHHeiHoro YCKO

pMTens, npHcnocoOneaaoro ~s ycxopeaHs ~ep ~o aaeprHH IO Mas 

Ha HYKHOHo HCDOXb30BaHH8 npouexyTO'IHOfO KOX:&Ita D03BOJIHT 

ynyt~mHT:b napauerpH I yueH:&DlHT:b CTOHMOCT:b BCero KOUDXeKCa sa 

cqeT ocna6X8RHB rpeOOBaRJI K OCHOBHOMY CBepxnpOBO~~euy KO!:bltY 

B CBHSH C yBe!Bq8HH8M MafHHTHOfO DOXR B MOM8HT HHX8KI.UIIo 

Kpoue roro, yBenHt~eaHe npe~exa no oO~eUHouy sap~ npH noBYDie

HHH 3HeprHH HHX8KI.tHH D03BOXHT yY8HhDIBT:b aneprypy CBepXDpOBO~B

~ero axexrpouaruara npH o~ospeueaaou ysenH'IeHHH t~Hcna ycxops

eMHX ~ep. Boauoxea raxxe sapaaar, np• xoropou ocy~ecrsxsercs 

Henocpe~CTB8HHaB HRX8KUHB B OCH08H08 KOXl>ltO YCKOpHT8XB H3 

XHRelaoro ycxopHrexs Ra Oox»mym 3HeprHD ( ~ roo M3B Ha HYK!OH). 

3ror sapaaar rpeoyer, o~axo, ocy~ecrsxeaHa cneuHan:&awx uep no 

CHHX8HHD 3aMOpOX8HHHX TOKOB B CBepXnpOBO~R~HX MafHHTaX, 

CHJI:bHO BJIHRD~X npH ManHX MafHHTHYX DOXRX, a T~KXe peKOHCTPYK

ltHH cy~ecrBYD~ero nHHelaoro ycxopHrexs. 

OcHDBHoe xon:&uo ycxop•rexs npe~crasnaer Ha ceoa xecrxo

~xycKpyo.-1 CBepXDpOBO~B~I YCEOpBteX:& C CHCTeMOI aBTOMaTHqec-

29 



I: 
! I 
I 
I 

xoro ynpaBneHHa napauerpaNH opOHTH. BwcoxoqacTOTKaa CMCTeMa 

H CHCTeMa HHX8KUHH ~O~HH oOecneQHBaTL B03MOZHOCTL yCKOpeHMS 

~ep H DpOTOHOB. 3~eCL MH npHB8A8M TO~LKO 0~8HKY napaueTpOB 

YCKOpHTeHa H, B OC06eHHOCTH, CBepxnpOBO~~ero MarHHTa, HMeS B 

BHAY npoOneuy peanHayewocTM ycxopHTena. PasyueeTca, TOqKHA, 

ODTHMH3HpOBaRHHI pacqeT ycKOpHTena I ero CICT&K ~O~ZeK 6HTL 

npoHaBeAeH noaAUee c yqeTOK AeTanLHHX ycxoBHI opraHH3~HH 

3KCOepHM8HTOB (pacnonOZ8HHe K8HaDOB, BHBO~a nyqxa, A8T8KTOpOB 

H T.~. ). 

I. Benaqasa xoueqsol aanpszeuaocTM nona B CBepxnpoBo~a~ew 
anexrpouarHMTe H sueprHB ycxopHrena 

c pocrou uanpazeuuocTH uarHMTuoro nona cBepxnposo~~ero 

aneKTpouaruHra (npH ~BKCHpOBaHHOI xosequol aueprBH), YBe~•

qHBaorca aarparw Ha anexrpoMarHIT B &a czcTewy oxnas~eszs anexrpo

MarHHra, uo yweBLmaDTCa aaTparw ua coopyzeuHe TYHHe~s (B CBaaH 

c yueBLmeHHeu pasuepoB TYHHens lnH a~aHBa), Ha BHcoxoqacToTuym 

CHCTeuy, Ha BaKYYKHYD CHCTeuy B TeAo 0nTBKanLHaa BenHqHHa Hanps

Z8HHOCTH MarHHTHOro nona OKa3HBa8TCS. B paiOHe 4T. B TOM cnyqae, 

o~axo, xor~ peqL H~er o coopyzeHHB cBepxnpoBOA~ero ycxopBrens 

B yze BKem~eKCS 3AaHHH, ODTHMalLHaa HanpazeHHOCT( KarHHTHOro 

nona c~BaraeTca B cTopouy OonLmHx HanpazeuuocTel H orpaHHqHBaerca 

B HaCTOR~ee Bpewa B8nBQHHOI 6T, npB KOTopoR KOHCTpYKTHBRHe Tpy~

HOCTH , CBa3aRRH8 C uexauHqeCKHMH YCHnHSMH B 06KOTKe, e~e npeo

~OXIMH, a AODyCTBMaS RHOTHOCTL TOKa B CBepXDpOBOAHHKe cpaBKH-

renLHO BHCOKa. 

TaKHu oOpasou, ~HHa CBepxnpoBo~~ero uarHHra ~a xouequol 

3ReprBH (20 • 25 raB Ha HYKHOH) npB MBXCHManbHOI HanpazeHHOCTM 

nona B 6T OK83HBaerca paBHOI ~ 154 M (p~HYC op6MTH B MarHHT8X 

30 

25 u). Tax K8X KKe~HRca TYHH8~ n03B0488T HK8TL cpe~HI 

paAHYC yCKOpBrena 39 M, TO DOBOpOTHHe uarHHTH ~OnZHH 3aHHKaTL 

6J% or nep•ueTpa. OcTaiLHaa qacrL Oy~eT sauara KB~ynon&HHUH 

nHH3aMH ~Kycwpym~el nyqox czcreuw, ycxopam~MH aneueuraMH, 

ycrpolcTBaKB uaon~eRMa sa nyqEow, xoppexr1pym~ aneueHraMH, 

ycrpolcrBaMH BBO~ I .BWBO~, KOHU8BHUH aneK&HTaMK 06KOTOX MarHH

TOB, KpHOCTaTOB B r.~. 

2. ~OXJCJJllym .. aa .IIIU'JDITRaB crpyKrypa, B8HiqHHa CM81118KHI 

opOHrw qacr•u or oc• KaKBpH • ueoOxo~uaa anepTypa 

BaKyyJmOI K8Kepw 

C TOqKB speBKa YAOOCTBa pasweiii8BKa a~ewe&TOB cacreu ~~o~ 

H BHBO~a, a Ta1Z8 C roqKM 3p8HIS ynpOJ118HHS KOHCrpYKUHB anexrpo

uarHHTa ~enecoo6pasao npBRarL MBrHBTaym crpyxTypy c pas~eneH

HHKH ~KUIRMH, B KOTOpOI ~IKUBI ROBOpora qacrl~ B RX qoxyCB

pOBKH BHDOXBRmTCS COOTB8TCTB8BRO ~DO~HHKI KarHBTaKI C 0~0-

pO~HM nonew H K~JDOIRMI.CBepxnpOBOAS~I MarHHTKHI OIOK 

OCHOBHoro KOIL~a YCKOpHTela np&ACTaBneH Ra pHCo 5. 

HHze B ra6nxue m npBBe~euw ocHOBHHe napauerpw cTpyxrypw. 

• 
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PHc.5. CBepXDpOBOAH~HA MarHHTHHR 040K OCHOBHOrO KO~~~a 

ycxopHTe~H. 
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1..!--U-!.!LL.!! 

----------------- ------· 
lflf. IlaJlU4eTp OOosHalleHHe BenHIIHHa IlpH:ueqanHe 
..!!!!-...---------- -------------L-- g_____ 3_ -L 5 

I. qHCRO nepHOAOB CTpYKTypu 

2. ~c~o cynepnepHo~on 

3. qHcno OeTaTpOHHWX KOneOaHHA 
Ha odopoT 

4. ~oxycHpyD~aH CTPYKTypa 

5. ~CRO HOp:UanLHUX nepHO~OB 
B cynepnepHo~e 

6. qHCRO OOBOpOTHWX :UarHHTOB 
B cynepnepHo~e 

7. Od~ee IIHCRO OOBOpOTHWX 
MarHHTOB 

8. Od~ee lJHcno KB~ynonLHWX 
RlllH3 

9. HaOer qaau Ha MarHHTHO:U 
nepHo~e 

IO.lRHHa noBopoTHoro :uarHHTa 

I1.~nHHa KB~pynonLHOI RlllH3Y 

12.MaxcH:uanLHaH HanpHXeHHOCTL 
MarRHTHoro nonH B 3a3ope 
DOBOpOTHoro MarHHTa 

IJ.HanpHXeHHOCTL :uarHHTHoro 
nong npH Hfm8KUHH 
( 7j =0, 75 r3B/nyx) 

14. Cpe~HHR Pa.JtHJC 

IS. Pa,~tHyc opOHTW noBopoTHYX 
MarHJ/lTOB 

16. 3HeprHH 3Z6KUHH 

17. 3HeprHH HHZ8KUHH 
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95° 

5,3u 

01 5M 

6T 

0,3T 

J9u 

25 :u 

OOBOpOTHY:U 
:UarHJIITO:U 

25 raB/ayx. 

0,75 ra:o/nyx. 



lt ------------L----- 2 __ ...L ~ 

I8. BpeiUI MHZ6ltl\HH 

I9. Bpeua ycxopeHMR 

At. 
t~ 

20. XnHren»aocr• c~aHMR Harrpa
xeHHocrH uarHHTHoro nona 

2I. lnHTelbHOCTb UMKna COOTB6TCTBeHHO 
rr.pM ~nHTelbHOCTM nnaTO 
0 celt • 5 celt 

22. Be .. qBHa sanaceHHol sHeprHH 
I llal'RHTe 

23. Tolt aneltrpoMBrHHra 

24. HanpRX8HHe Ha OAHOU OnoKe 
BO I peiUI )'CitOpeHHR 

25. ITHltOBaR UO.ROCTb CHCT6MH 
316KTpOnHtaHHR uarHHTa p 

~!!qHBH,a O!!P!&!!!~!..~RlJI!Y YarHHTa _ 

I. AunnHry~a 6erarpoHHHX 
lt0186aKHI npl HHX6ltl\HH, 
COOTB8TCTBYD~ 3MHTTaHCY 
BHZ81ttHpyeuoro nyqxa 
6, 0 cu. up a.Jt 

2. BeJI,qiHa (secltoppexrHposaH
saa) cue•ena pasHosecaoR 
op611TH 

J. AunJIIft)',lla CHHxpOTpOHHHX 
JtOJ166811BI 

4. fipBpOCT 3HeprHR Sa 060pOT 

5. 0rltJIOR6RBR DO RUD)'ALC)' 
R3-3a CBHxpOtpOHHHX 
ltOI&paHBI 

6. Aneprypa, aeoOxo,llHuaa 
C yqerou derarpORHHX H CHHxpO
rpORRHX ltOJI86aHRI nyqJta 

7. rro.naa aneprypa (c yqerou 
BYBO,Ila) 
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I • J celt. 

5cex 

5 celt 

IJ cex 
H IS celt 

60 II» 

2, 5Ka 

JOOB 

20Lisr. 

I,5 

O,J cu 

o,J cu 

7,Jit3B 

o,I5:' 

5 cu 

6 cu 

, __ 
5 I 

-

-------------·-----· I 2 J 4 5 
- ..._.. ... t,.- - -------

0pH6HTIIpOBOtUIY8 · B6JIJI'Uimi..xapaJfriip-BS)'Dilll8 --
- csep~a.!!J lm.I'R!I _ 

I 0 ITJIOTHOCT-1. TO Ita B Cli~X- 5 ? 
nposo)tJlue np11 B .6'1'- IO a/cJC 

2. Bee csepXBpOBOJlJIIIlero lt8.6eJUI 
m I M&rllllr npa BR)'tpeJJHeu 
pa,Jtayce OCIIOTD II&I'HKTa 

r: .4,25 cii.Bec UQX- , _ 
npOBO,IlJIBlta B$ 1 M$1'~T , ' .,... 80 ltro 

J. Bee CBepXnpOBO:UIIerQ , 
1ta68J11 aa 1ec• uexrpo
uarau 

4. Bee· csepxnposo:nna aa · 
Bee» uarnr 

·~ '' ;, ,._ 6 THo 

: ' 

,;.. 2 ra. 
\,:,. 

Ha p•c. 6 npe,llCTaBMBa crpyxrypa cynepnepao~a (6a-.ua 

OCROBROrO ltOJI•na, 60 - ~~ npoua.zyroqsoro). MarHBTHHI ~ 

ocHosaoro x npoKexyrouoro KOJie~ ycxopareu npeJtcrauell aa p1c. 7. 
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Ito. a.. 

Pwc.6. Crpyxrypa cynepnepHO,Il;a MafHHTHOI CJICT8MH OCHOBHOfO. 

H npouezyroqHoro xo~eu ycxopHTe~a. 

.~ 
s 10 t5 20 t(cew) 

0 5 10 15 20 t(CIK) 

PHC.7. YarHRtHYI UH!tn OCHOJHOfO H npou~yT011HOfO Jt0~8U 

ycxopxrens. 

36 

• i_ 

~ J. Hazexrop 

Haxexrop sxep np~Jnonaraercs BHnonHHTL B BH,IJ;e axHeiHoro 

ycxopHTeRB c 3Heprwet nyqxa ua BHXO,IJ;e 1r. = IO M3B/Hyxnou • • 
~ns no~yqeuHs no~aocrhB xo&aaoBaHHUX s,ll;ep Oy,~J;er xcno~LaoaarL

ca 3JielttpOHJ10-nyqeBOI HCTOWJilt / 2'1/ t cnpoenHpOBaHIUdl ,IJ;JIR 

ycxopeHHSI HJtep Ha CHHXp($l30TpOSe Ql'(jfl{. 3TO'l' HCTOWHX, !tOTO

pHil B HacTOIJIItee Bp81U1 RaxOJ{HTCIJ Jl. CTa.D:HH Ha.Jia.D:KH, HlleeT C~e

JtYDIItB8 OCHOBHHe napaM8TpH: 

I) oraoaeHHe aaps,ll;a x .acce 

2) 11HCJIO iJt8p B UHKJI8 

z /A:::: 0,5; 

No • 2.roi2;z ; 
3) Bp8IIJI BHBOJ{a qaCTMU Jl3 BCT011-

RHJta 4 ti • 10 • 40 NJtcex. 

3neKTpOHHD-JI)'118BOlil HCTOWHlt Oy,let yCTaHOBJI8H Ha BHCOKO

BO~LTHOM KOHUe YCKOpKT8JILHOI·tpy0ItH topKHZeKTOpa C yCKOpiiD

IItHM noreuuwa.nou 570 ks. Pacc.arpHaaercs raxze BapMaur ycxopeBHIJ 

B HKEelttOpe He fiOJIBOCTLD JIOHH30BaHBHX S,ll;ep C Z/A .0,2 .. 0,3, 

noJiyqaeMUX C fiOUOIItLD 00H1180f0 USa3U8HHOf0 KCTOWHKa1 C no

CJie,UDutell JIX OO,lBpltOI Ha BYXO,le 113 HBZeltTOpa JtO Z/A "' 0,5. 

He HC!tJIDqaetCB B03UOZBOCtL npHU8H8HJIH Jia3epHoro HCTOliHHKa 

uep1281• .. 
P83oaarop JIBHeluoro ycxop1rens B030~aeics Ha BOJIHe 

Furo• Ha ocH ero pacnonozeuu 84 rpyoxw Jtpeata. l••aa peao

uaropa 1415 ~ JtBaM8Tp 11 4 u, ,!J;OOpOTHOCTL 50.000, pe30HaHC-

Has qacrora 144 uru, nOJtJOAKMaft uo.aocr• 215 • 3,5 Mar. ~a 

coaJtaHHS nonepeliHOI ycroi11HBOCTH ycxopaeuoro nyqxa npe~nonaraer

CSI B nepBHX DiTH rpyOxax ~pe~ OCYJit8CTBHTb XOMOBBaulm MarHHT

HOR na.u;pynonaoll 11 cerotmoR il)oxycxpoua, B ocra.uma - il)oxy

cxpoBKY MarBRTHHMa KBaAPYDOnRMHo 
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I 

OcHOBHHe napauerpu nyqKa HHXeKropa: 

I) BHXO,JtHaa 3Heprwa r = IO M3B/HYKJIOH; • 
2) qwcn~·HH~eKTHpyeuux a,~tep a ~HKne AI = ·ro12!z; 

J) 3MHTTaHC nyqKa t:. = 5,5 CM.MpaJt.; 
. . . ' ' . 

4) WHpHHa oaeprerHqecKoro cneKTpa 

~ T;. 100 = O,J~; 
T ·. 

5) ){RHT8RbHOCTh HJolllYJlbCa TOKa. 

: ~ ' 

At.= 10 + 40 MKCeK.; 
' 

6) qacTOTa cne,JtO~aHHH ~HKROB 

~· = O,I + 2 r~. 

BuOop napaueTpOB HH:KeKTOpa onpe,JteJIH8TCII B03MO:KHOCTI>Il 

coa,JtaHHH ero Ha Oa~e ·cymecTBYD~ero ycKopxrena llY-20 1291,ecnx xc

nonh30BaTh JtJUi 3TOI ~eJIH MJolellJliHICB pe30HaTOp, CHCTeMY. BH

COKOqaCTOTHOrO llHTaHHH,,HMllYJ!bCHWI TpaHC~OpURTOp H YCKOpHTeJ!b

HYD Tpy6Ky Ha 570 KB, cHCTeJoly TpaHCllOpTHpOBKH nyqKa M ,D;pyrHe 

3JieM~HT,Il KOIIUJieKCa llY-20. 
!IpM.YCKOpeHMH npOTOHOB npe,lnOJiaraeTCH HCilOJ!b30BaTb ~~~e

JllliHICSJ HH:ateK.TOp llY-9M /JO/ '· o6ecneqHBallJJIMI Ha BHXO,Jte ~yqoK 
nporoHOB c oaeprMeR 9,4 Mas npx roxe 15 + 20 MA. 

§ 4. !Ipouexyroqaoe KOJ!bUO ycKopxrena 
I 

!IpH peaJIH3aHHH OCHOBHOI_ CBepxnpOBOJtRmel CHCTeMW ycKOpH-

TeRR ueneC000pa3HO npOH3BO,li;HTb HHXeKUHil B Hee npH CpaBHHT8Jib

HO Oonbmol HanpalteHHOCTH MarHMTHoro nona. 3r'o noaao'naer· CHM-· 

3HTb ,ItO HeOOXO,JtHMOrO ypOBHH BJIHJIHHe OCTaTOqHWX nonel, "aauopo

xeHHUX" a. caepxnpoaOJtHHKe, a raKxe BJIHHHMe oO~eMHoro aapaJta, ' 

qro B8CbMa cy~eCTBeHHO npH C03,JtaHHH YCK0pHT8JibHOrO KOKDJ!eKCa 

38 

CO 3R&gB~8JILBOI BBT8RCBBBOP1L~. Ana pe,eRBS 3TXX npoO~eM R800• 

XOJtRKO. IIpOM8:KY!Oq]l08; ~OJILitO Y,CEOpJITeJia (DKY) ,,. ODUII&JI~ROe ~~~a~ 

qene aueprBB xo,::oporo·JJe~T .a npe.-uax 0,5 + 0,75 raB/Bpnoa • 

IleJJeCOOOp&aJIO npBBST».nepBMetp DKY p&BBYM nepoerpy OCBOB

HOro KOJJLit&o fipB 3TOM MO:KRO RCUOJIL30B&TL rOTOBpe 3JtaRB8 C JIM$,~ 

DJJIHMRcs KOMMYHBK&JtB•KI· Taxoe yaenaqea•e pepBMetpa npBBeJter K 

cymecraeaao~ YaeJJBqesxm apeMeBH aaxeKitRJt B ITKY, a cne.~toaa

renao, ROB!:flleBxm. ucna RBxexrxpyeMIU B aero qacuu. ~poue

roro, TaKOe pe•eaae U03BOJIS8T ynpOCTBTL BBO,It B IYJO,l ij&CTRit 

H3 IIKY. ' 
!KcenraHC OCHOBHOrO KPJJLit& yCKOpBTeJJ~, COCT&BJJ~~BI 6,6 

cu.up~, .onpeJtenser aneprypy xauepw TIKY. 3KKrraac nyqxa no~ne 

HHxexuHH B DKY c yqerou_aaryx&Has B npouecce ycxopesxs, a 

TaKxe yaenxqesaa ero a~eKTBaHoro aHaqeaws npx nepeao,~te aa 

o,~tHoro ycxopH:rens·B ,~tpyrolt ,u;onxea coqrauau ue Oonee 40 cu. 

upa,~t (a~~nynLc qacrxu npH ycxopeHHH B llKY Haueusetcs B 11,6 paaa). 

3To cootBetcuyet ceqenm nyua 75 x 50 d-, no ,laer DOJlBYII 

anep:rypy B&KYYMHOII xuepw 150 x 100 .J. B a :roM c~yqae npe

,JteJILHas. KHt8HOH8BOCTL S,lt8p C OTH0.8BX8M 3&p~ K M&COt. ~/! • 

I/2 npH puayce IIKY • :39x, aaeprn XRZeB:ItHB T; • 10 JlaB/RyltJJoB, 

qaCTOTe OeratpOHRHX EO~e68RHI v~ • 4,75 B ,lODYCTHIIOK H3Ke

H8RBH qactotw 4v .• o,oa cocruHt N • 5.IOn/z o;ep/ 

~HKJlo 

HaKODJJeRHe nyqxa S~ep B OCROBHOII EOALite npe,ltDOJiarae:rcs 

ocymectBHTh B npo~osLHOII Hanpa8JI&HHH. Tor.~ta, yqHrwsas a,lHa~ 

OarHqecxoe aaryxaaxe no ~aau npH ycxopeHHH B ITKY, B pacc~~at

PHBaeuou CJiyqae B OCROBHOe XOALao IIO:KHO HH:K8KTHpOB&%L lBa 

cryctxa. Taxxu oOpaaou, qxcno qacrH~, ycxopseiiYX B ocaoBHou 

xouue, cocraBHt N • ro12;z uep;uxxn. 
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B ~~hHelmeK KOryT 6HTh paCCKOTpeHH ~Ba BapKaBTa KCOO~

H8HH8 xarHHTa nKY: •·uuwl" H c HcnoJu.aoBaBHe• caepxnpoao.u

••x 06KOTOXe BH60p OOTH~HOrO BapKaHTa lOJIZeH 6HTh Cl8~aH 

C yqeTOK BCero KOMD~exca rpe60B8JIHI K ITKY H B03KOZHOCTei ero 

cxopellel peanH3auKH. 
ITpK pa6ore DKY c qacrorol 2 rn (lonycrHuaa qacrora no

cwnox wazexropa) ero HHTeHCHBHOCTh cocraBHT npxxepHo 1012/z 

uep/cex., xa xoropwx csae 90• xoryr 6wn Kcno~h30BaHW l.lla 

3XCnepKK8HTOB Ha CpelHKX 3HeprHJJXo B03KOZHO TaKI8 KCDO~h30. 

BaTh ITKY B xaqecrae KHzexropa Slep B cy•ecrsym .. l cKHxp~

aorpoH. ITpe,~tnonaraercs ocy•ecrBKTh 3-x + 4-x o6oporaym KHzex

UHD B ITKY, npH 3TOK BpeKJI KHZ8K~K COCTaBKT npKKepHO I5 MKC8Ko 

Bonpocw BBO~a H BYBOla B uacros•ee BpeK8 paapa6oraHW ~o

craroquo nonuo. ITpK BHBOle nyqxa wa ocHoBHoro xonhna ycxopw

rens KOZeT 6WTh HCOOJlh30BaH OOYT C03laBH8 Ha CHHxp~OTpOHe 

llB3 BHCOK0~8KTHBHYX pe30HaHCHHX BHBOlHYX CHCT8Mo lna BYBO~a 

nyqxa w.a npoxezyroqHoro xonna ne.11ecoo6paaHo raxze npHMeHHTh 

cxcreKY, aaanorH'IIHHe npHMeBseKYK Ha Cepnyxoscxox ycxopwrene. 

MarHHTHaJJ crpyxrypa ITKY aHanorK'IIBa CTpYKType OCHOBBOro 

XOHhUa (c pa3l8Jl8HHYMH ~YHKnHSKH), OlBaKO nOBOpOTHYKH KarHH

TaMH npe,Jtnonaraerca 3aHJJTL scero ~Rmh npwxepuo 20• nepwxerpa 

KOJlhna, 'liTO D03BOHS8T nOlHJITh HanpazeHHOCTL uArBHTBOrO DOHS 

npH HBzexnKH ~o 0,86 xrc. OpHeHTHpOBO'IIHHe napaxerpw ITKY npH

BeleHH B ra6nxne IY. 
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T.AliJIHIL\·IY 

0pBIBTip0BO'IIBH8 Dapa.erpY 
npo•ezyroqaoro xo~hna ycxop•rens 

.,, 

JJ fi&pa.erp 060SBa- ~JlBUBa .. llpUe'llaHHe nJD 'IIIBU . . ... · '· 
I 2 :3 4 . 5. 

I. ~cno nepKOlOB.toxyc•-
PYIIIIIII crpyxrypw · . 

2. ~CJIO CynepnepHOlOB 

:3. Crpyxrypa toxycHpYJIIIIII 
c•cre.w · 

4. qacrora 6erazpouuwx 
KOJ186aHHI ·. 

5. ~CJIO nepHOlOB B cynep-
nepHOl8 · 

6. ~CJIO DOBOpOTBYX MarHIITOB 
B cynepnepxo,Jte · · 

7. qxcno x~nonel B 
cynepnepHOle 

8. 06•ee 'IIHCnO nOBOpOTHHX 
KarHKTOB 

9. 06~ee qxcno KBalpynonel 

IO. laKCHKanhHaJJ HanpazeH
HOCTL'MarBHTHOro nons 
B nOBOpOTHWX KarHHTax 

II. HanpszeHHOCTL waraxr
Horo nons npH KHzexn•• 

12. lnKHa noBoporaoro 
MarHHTa 

IJ. lJIHHa KBa,ltpynOHLHOI HHH3H 

tOlO 

v 

•Bh\ 

8· .I-
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IB 
6 

... 

4,75 
.. 

2 + I C BH6pomeBBHK 
DOBOpOTRHM 
MarRIITOK 

5 

6 

:30 

:36 

I T 2T ,Jtna CBepx-
. · npoBO.ItJJ!IIero 

BapHaBTa 

0,086T 

!,6 )I o,a w .~tna 
CBepXnpOBO.It.ll-
~ero 'BapHaHTa 

0,5 )I 
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I 2 3 4 5 

14 • .AimJIII!Y.la deTa:rpOBHHX 
J:OJiedaBBI, COO!BeTCTBY• 
m~ aKK:r:rascy 40 cu. 

3,75 CM JIP8.l· 

15 • .AlmDTY.la CJhapO'fpOHBHX 
lt0.18daBIII 2 CM 

!6. ~R!8JILHOC!L QBEJ~a 
-6~ ycxopesxs 0,5cex. 

17. Anep:rypa BUyyJIROI xauepw axh I5xiOcJ. 

!6. laB.18HB8 B Bai:YYM&OI ro·7 .. ro-B xauepe 
:rop 

!9 • Bpeu IIBZ8JtJl)IR A i:i, 15 ucex 

20. fipe,~teJILBaR IIB'f8BCRB- ro12/z ROCTL 
s,~tep B cex. 

§ 5. KpHoreBHHe CIIC'f8MW 

CospeMeRRHe CBepXnpOBO~RIIJtll {Cll) ,ltJIS DOJiyqe&HS BHCOKIIX 

DJIO:rsoc:rel :roxa ayzxam:rcs B :repuoc:rarapOB8BRH np11 :reunepa:ry

pe JtllneRKS ZHXKOro renKS. TenJionpRTOKH Ha ypose&L reunepa:ryp 

Z~~.~tKOro reJIHS odwqao pa3.~teJismt sa CJie,~t~Be :rp11 BB,Ita: 

a) ,ltiiRaMKqecJ:Re !8DJIOBH.It8JI8HBS B DpOBOXBRJte, B Z8JI83ROM 

3KpaR8 II B OdOJIOqJ:aX l:pBOCTara; 

d) cra:rBqecxBI :ren.11onpx:rox B3 oxpyzam•et cpe~ qepe3 

T8DJI01130JISqHD B MOCTH B KpHOCTarax B TpydonpOBO,~tax; 

,B) TSDJIODpBTOK no !OJtOBBO,ItaMe 

fiepBUe ,ltBa B~a 'f8D.IOnpB!OKOB OqeHHBaJIHCL pacqerHO B 

axcnepxuesraa»&o. lJis yc.IOBRI padorw ayx.1orposa RaHdoJiee 

DOl:[O,ItB'f cpe.~tRHe ,ltaHHHe DO ycxopHT8JID /!7,24/ • OltOJIO !3B'f/M 
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~ns aneprypH 100 MK H nons 4,5 T. H~O OTMOTHTh, qro npHBO~HUWe 

B pa3HHX nyOnHXaQHBX ~aHHHe HMe~T pa30poc B 2-3 pasa OT 10 ~0 

26 BT/M npHMeHHTeJILHO K HamHM ycnoBHBM. ITpH cyuuapuoA ~nHHe 

CIT MarHHTOB OOOHX KOne~ YCKOpHtens OKOHO 230 M (3~0Ch paCCMaT

pHBaeTCS CBepxnpoBO.~ts~HI BapHaur ITKY) TennonpHTOKH B uarHHTax 

nJlH0nH3HT8JIJ.HO paBHbl 3000 BT o ~HCJIO TOKODBO~OB onpe~enseTCJI 

Bb10paHHOH CHCT8MOI nHTaHHJI H 3BaKyaUHH 3HeprHH H3 MarHHTOBo 

~nJI roro qroou npe~ornparHTJ. cep~>eauym aBapH~ npH nepexo~ax 

B HOpYanbHOe COCTOJIHHe O~HOrO H3 MarHHTOB (He~onyCTHMO BHCOKOe 

uanpgzeHHe H noBHmeHHe reuneparypH), a raxze ~nJI cxopeAmero 

BOCCTaHOBJieHHS paOoqero peZHMa, KOJIJ.UO YCKOpHTeJIJI CJie~yeT pa3-

0HTJ. Ha pJI~ CeK~HI, K~aJI H3 KOTOpbiX HMeer CaMOCTOJITOJibHY~ 

CHCTOMY 3JieKrponHTaHHJI H 3~H'fbl H aBTOHOMHYD CHCTeMy OXJI~e

HHSo UeneC000pa3HO npouezyTOqHoe H OCHOBHOC KOHhUa YCKOpHTens 

pa30HTb Ha 6 CeK~HH, COOTBeTCTBYD~HX 6 cynepnepHO~aU npH non

HOM pa0oqey TOKe B 00MOTKe 2,5 KA H y~enJ.HOM Tennono~BO~e no 

OXJI~aellHM TOKOBBO~aM I BT/XA. OOntHA tenJionpHTOK no TOKOBBO

~aU COCTaBHT He 00Jiee 60 BTo TOKOBBOAii OXJiaxAaDTCR HCnapBDWHM

CR reJIHeUo il03TOyY TenJionpHTOK no HHM COOTBeTCTByer OZHZHTeJih

HOyY peZHyY paOOTii pe~pHzepaTOpa / 261, XUJIO.~tOnp0~3BO.ItHTenJ.HOCTJ. 
npM KOTOpOM B 4-5 pa3 HMze, qeu.XOJIO.~tOnpOH3BO~HTOJILHOCTJ. B 

pe~pHzepaTOpHOU peltHM8o TaKHM 00pa30M1 tenJionpHTOK no TOKOBBO

~y TpeOyeT 60 X 5 = 300 BT XOJIO~onpOH3BO~HtenhHOCTH B pe~pH

:epatOpHOU pOZHMOo 

TaK KaK TennonpHTOK no TOKOBBO~aM OTHOCHT8HbHO Man, MOX

HO cqHTaTb, qTO CyMMapHaJI HeOOXO~HMaR XOJIO~OnpOH3BO~HTeHbHOCTh 

pe¢pHZepaTOpHUX YCTaHOBOK COCTaBHT OKORO 3 KBT. YqHTiiBaB HeoO

XO.ItHMOCTb pesepBlipOBaHHR H notpeOHOCTh B yaenHqeHHOA XOJIO,ItO-
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npoHsao~Hren:&HOCTH B nycxonoR nepuo~, y~o6Hee acero uuer:& 3 

YCTaHOBKH - 2 pa60TaD~He, 1 pesepBHYD, MO~HOCTbD 1,5 - 2 KBT 

xalK,l4aa. 
BpeM.R sanycxa pesepnHoro pe~puxeparopa cocraBHT 5-7 qacon. 

Ha oror nepuo~ HaAO npexpaTHTb yc~opeHue H no~epxunar:& Mar

HHT~ B XORO~HOM COCTO.IIHHH RH60 Sa cqeT pa6or~ O~Horo HS ~BYX 

pa60TaBWHX Oli:HJ:Hteneli!, RH60 ·sa cqer nHTaHHSI YCKOpHT6RSI H3 

eMKOCTH J:H~KHM renueu. TaKHM o6pa30M, B COCTaB KpHOreHHOro 

o6opy~OBaHHSI CR8AY6T BKRDqHTb 2 TaHKa ~RSI XHAKOrO renHSI no 

2,5 US SMKOCTbD KaxAUii! H I mapOBYD SUKOCTb ARR C60pa rasoo6-

pa3HOro renHSI o6~euou 600 us Ha AaBneaue 12 aru. 

Cymecrnyer Hecxon:&Ko cnoco6on oxn~eHHSI cnepxnpono~a~ux 

uarHMTOB: a) JM:HAKHM renueu noA cnepx:a:puruqec:a:Hu AaaneHueu, 

6) KHU.II~HM li:HAKHM renHeM, nocrynaD~HM B TaKOM BHA8 H3 pe~pHJM:e

paropa, B) ABYX~SHUM renueu, :a:orop~li! nonyqamr Apoccenupoaanueu 

B KpHOCtar XOROAHOro rasa, r) npHHYAHT8RbH~U npOAaBHHBaHHeM 

~BYX~a3HOro reRHSI qepe3 06MOTKY MarHHTa. 

Tiocne~HHe ABa cnoco6a npeAcraan.IIDTC.II HaM HaH6onee uene

coo6pasH~MH, raK KaK oHH o6ecneqHBaDT xopowee oxnaJ;AeHHe :a:a

ryme:a: KHnSI~HM npH nOCTO.IIHHOii! Teuneparype XHAKHU renHeM H 

aMecre c reu ynpo~aDT pas~aqy J:HAKOro renua Ha 6on:&wHe paccro-

.IIHHSI. 
YCKOpHTe!H 6YAYT o6cnyXHBatbC.II ABYM.II xono~HUMH Tpy6onpo

BOAaMH AX.II UOABOAa CJ:aTOrO reHH.II K KpHOCTaTaM H OTBOAa XOXOA

HOro nap~ B pe~pHxeparop. TipH paspa6orxe pe~puxeparopHoA cuc

reMH CH8AY6T HSyqHTb BOSMOEHOCTb HCUOHbSOBaHH.II 3X8KTOpOB AHR 

ApOCCeXHpOBaHH.II reXH.II C U8XbD OT:a:aqKH HUH napOB teHHB HS 

xpuocrara H cHuxeHH.II reuneparyp~ BaHH~. 
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Pewuxeparopaaa ycrasoa:a:a c uex:&D s:a:oHOMHH s:a:cnnyara

uuoHH~x paCXOAOB AOHXHa BKXD~aTb aSOTHO-XOHOAHHbHHii! UHKX HHH 

AeTaHAep, pa6orammxli! sa ypoaae reuneparypu xxA:a:oro asora. 

Eox:&mxx ycxnxli! norpe6yer repueTH3aUHR rexueaux cucreu. 

§ 6. CHcreua nHTaHH.II caepxnpoao8omHx 
sne:a:rpouaraHroa 

OpHeHTHpy.IICb Ha COBpeueHHHii! ypoBeHb pa3BHTH.II CHROBOii! 

noxynpOBOAHHKOBOii! TSXHHKH, C yqeTOM B03MOEHHX aaapHftHHX pe

XHMOB B OTA6HbHHX caepxnpoao~nmux sxeuearax yc:a:opuren:&aoro 

KOHbUa, a TaKJ:e H3 pacqera AODYCTHMOrO pa6oqero HanpsXeHH.II 

M6XBHTKOB0ft H KOpnycaoft H30H.IIUHH 06MOTOK B036YXA8HH.II CBepx

npOBOA.IImHX 6noxoa sne:a:rpouaraHra yc:a:opuren.11 6unu paccuorpe-

HH HBCKOJI:r.KO Ba!JHaH:I'OB CHCTBMH sne:a:rponHtaHH.II YCKOpHTen:&HO

HOro :a:on:&ua. Hau6onee npunoqrarex:&HNM aapHaHl'OM o:a:asanacL 

cxeua DHl'aHH.II, COCTO.IIma.R H3 BOC8MHaAUaTH ynpaBR.II8MHX nony

npOBOAHHKOBHX npeo6pa30Ba1'6Rel (no qucny HOpManbHNX nepHOAOB 

YCKOpHT8RLHOro KOXLti~), BblDOXH8HHHX Ha CTaHAapTHOM 060pyAO-

BaHHH. 

OcHoaaue napauetpu· npeo6pasoaaten.R: 

MO~HOCTL - '!5QO KBl'. 

HaDp.IIX8HH.II DHl'aHH.II- 6000 B 

BHnp.IIMn8HHOe 
HanpsaeHHe - . 600 B 

aanp.RuneHHi;iJ to~ .,. ·. 2500 a 

cxeua I2~3Ha.R c ypaBHHten:&HUMH 
peaKtopaMH. 
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B BH6paHHOY BapHaHTe BCe nonynpOBO~HHKOBYB npeo6pa30BaTeHH 

BKHDqanTCR Ye~y 06YOTKaYH B036yx~eHHR CYBXHHX CB8pXnpOBO~~HX 

6nOKOB, OTHOCR.HXCR K pa3HHM HOpYaBhHHM nepHO~Y YCKOpHTena, 

H o6pa3yDT C 6HOitaYH 3a»KHYTYD B KOHh~O 3HeKTpHqecxyD ~enh. 

~HR 3~HTH CBepXnpOBO~-HX 6HOKOB npH aBapHIHOY BHXO~e 

H3 CBepXnpOBO~s-ero COCTORHHR HB06XO~YO myHTHpOBaTA !tOpOTit0-

3aMHJtaTeneY COOBBTCTBJD~D npHHSTOyY ~eneHHD qacr& 6HOKOB 

ycxopHrenhHoro Jton&~a (uopwan&HHR nepHo~) H c nowo•hm THpHcrop

uoro BHKnmqarens BBBCTH B ~BDh 06YOTOK 3aKOpOqeHHHX 6HOKOB 

aKTHBHoe conpoTHBneHHe, ua xoropow H 6y~er B~ensrhcs aanaceu

uas B HHX 3HeprHs. ITonynposo~HHBDBYe npeo6paaosarena ~onaaw our& 
p&CDOHOK8HH B Henocpe~CTBBHHOI 6HH30CTH OT YCKOpHTBHhHOrO KOHhua 

B xopnyce J I. 

Tax xax aanacaeuas 3HeprHs B cBepxnpoBo~~eu 3HeKrpo

uaraHre ycxopHrens cocrasnser senHqHHY nop~xa 60 MA• , ro 

BO Ha6exaaBe pacxaqxH cer1 3nexrpocua6aeHBs, o6~1 ~ scex 

4M31q8CKHX YCTaHOBOK HHCTHryTa, ~818C006pa3HO DpHYBH8HHe B 

cHcrewe nHraHHS anexrpowaraHra ycxopHrens 6y~pHUX anexrpo

»amHHHHX arperaTOB: ac•lxpOHHwl ~Brarenh - YaXOBHX - CBHipOB

HHI reaeparop. B &aqeCTB8 T8XHX ycrpORCTB YOXHO HCOOI&30BaT& 

~Ba 3481TpOMSIHBBWX arperara B3 CJ.8CTBYD.el CHCT8MY OHTaHHR 

CHHxpo4Baorpoaa Ha IO ras. reaeparopw arperaroB ~OIXBY 6Yr& 
I 

B&mDqeHW aa napannen&Hym paOory • nxrar& cOopawe cexu.w miH, 

c xoropwx aanarKJamrcs qepea paa~enaren&awe rpauc~pwaropw 

see nonynposoA&•xoswe npeoOpaaoBaren&aae ycraHOBitH c1creuw 

DHraa••· 
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TiorpeOnsewaR YO~OCT& paCCMOTpeHHHX CHCTCY DHTaHMa 

cocraDHT BBHHqHHY DOpRAKa 1200 KBTo 

§ 7. BHcoxoqacroraas cHcreua H annaparyPa 
!HarHOCTHKH nyqxa 

BHcoxoqacroraoe o6opyAOB8HHe x~oro KOn&~a ycxopHrena 

npe~naraeTCR COCTOR.HY H3 ABYXpe30HaTOpHHX ycKOpRD~HX CTaH

UHI, ycrauoBneHHHX no nepHuerpy xonen. Peaouaropw aanonaeuw 

~eppHTOBHYH KOH&~aMH,MarHHTHaR npOHH~aCYOCT& ltOTOpUX H3YCHRBT

CR DOAMarHHqHBaD.HM TOitOYo 

BHCOJtOqaCTOTHOe HanpazeHHe OT BHXOAHHX YCHHHTenel K peao

HaropaM noAaerca no KOaJtCHan&HH» xaOenaw, BHXO~uue KaCKaAH 

ycraHaBHHBaDTCR B nouemeHHH 6e3 paAH~HORHO ODaCHHX YCHOBHI. 

ITpoweayroqaue KaCKaAH B/q CHCTeMH B036YKAaDTCR OT 3aAaD.ero 

reueparopa, qacrora xoroporo Measercs no onpe.aeneaaowy aaJtouy. 

Momuocr& ycKopsm~Hx crau~HA ITKY H OKY nopaAKa 30-50 xsr. Ha 

cymeCTBYDmero o6opyAOB8HHR B/q CHCTBMH CHHXpQ$a30TpOHa MOZHO 

HCDOH&30BaT& WO~He BHCOKOBCHhTHUB BUDpRWHTCIHo 

Q6opyAOBaHHe AHR AHarHOCTHKH ~HpJtynHpJD .. X DYQKOB ~OHXHO 

COCTORT& H3 annaparypY: 

a) H3WepeHH8 op6HT ~HpKy~HPYD•ero nyqJta B Ka»epe B Bep

THKaB&HOI H ropH30HTaB&HOI DIOCSOCTSX; 

6) H3WepeHBR np~HAR UKPKYAHpyD~HX DYQKOB B KaMepax 

ycxopne.nell; 
B) H3MepeHH8 HHTBHCHBHOCTH ~HpKynHpym~KX nyqXOBo 

B CHCTeMaX ~HarHOCTHltH napaMetpOB BYBO~HWHX nyqKOB Cne-

AYBT 113Yepar&: 

a) MHTeHCHBHOCT& nyqxos; 
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6) nonozeHHe nyqxoB H HX pasuepu. 

nnn H3MepeHHH napaMeTpOB nyqKOB MOryT 6UTb HCDORb30BaHU 

npospaqaue ~arqHKH snexrpouarHHTHoro rwna (~nn wsuepeHHH 

HHTCHCHBHOCTH H DOROZCHHR nyqKOB), CKaHHpym~He AaTqHKH, Ka

Mephl BTOpHqHOA 3MHCCHH H npOBOROqaue HOHH3aQHOHHHe KaMepu, 

OTIUT HCDORb30BaHHR KOTOpHX HaKODRCH Ha cy~eCTBYD~eM CHHXpO

~a30TpOHe. nna KaqeCTBCHHOA OUCHKH pasuepOB H DOROXCHHH nyq

KOB npe~nonaraercn McnonbSOBaTb ~nDopecuHpyD~He sxpaHH H npo

uuwneHHue TCRCBH3HOHHUe YCTaHOBKHo naHHUe OT BCCX H3UCpH

TCRbHHX CHCTCM H ~aTqHKOB BBO~HTCH B 3BM C UCRbD nonyqeHHH 

HH~OpMaUHH ~RR KOHTpORH napaMeTpOB H ynpaBneHHR pa60TOA "Hy-
u 

KROTpOHa. 

§ B. CHcreua ynpasneHHH napauerpaMH 

YCKOpHTCRbHOfO KOMnRCKCa 

VlH!IJOpMaUHOHHO.R CHCTeJJa, npe,IUia3HaqeHHM ~RH C60pa ~aH

HHX o napauerpax nyqxoB, 6y~er co~epzau npMuepHo 1200 ~ar

qHxoB. ITonyqaeMan HH~opwauHn 6y~er o6paOaruBaTbcn: 

a) npH DOMO~H Henocpe~CTBCHHUX HH~HKaTOpOB (UH~posue 

BORbTMerpu, DOKa3HBaD~He Ta6no, OCQHRROrpa~H4CCKHA KOHTpORb); 

0) npH DOMOUtH 3BM C npe,!i;CTaBRCHHCM H300~aJ:CHHA KOHTpO

Y.HpyeAWX ~YHKUHA Ha ~HCllRCRX H B03MO~OCTbD aBT0MaTH4CCKOA 

KOppeKQHH HX; 

B) ,c llOMO~b~ onepaTHBHOA YHOfOKaHaRbHOA TCRCBH3HOHHOH 

CHCTCMHo 
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Crpyxrypa HH~OpMa~OHHOI CKCTCMH npeAYCKaTpHBaeT npe

o0pa30BaHH8 HH~Op~HOHHHX KaCCXBOB KaK H9DOCpe~CTB8HHO B 

uecrax cdopa KH~op~H, rax • nepeAaqy AaHHYX x 3BU H oo

paruo x cxcreuau perynxpOBaHHB. 

B peayBbTaTe Ocy~eCTBBCHKI HH~OpMaUHOHHOI CHCT8MH 

ycxopxrenbaoro xoxnnexca 0YAYT pemeuu 3aAaqH: 

I. Koarponb pezauoa paooru ycxopxrenel. 

2. Koppexna• xapaxrep•crxx nyqxos. 

J. Koppexuxs napauerpos MarHHTBoro nons. 
UpeAnaaaraercs ocy~ecrsxrb: 

I. PeKBu "coaerqxxa". 

2. Pezxu asrouarHqecxoro ynpaBBeHHR ycxopHrensMH no 

HB~opuau•• o nyqxax ycxopeaaux qacrHn. 

J. PeZHM Ha0BDA8HBB pa3BXQHYX CTaABI ycKOpeHHR. 

Up8ABapHT8BbHaR oneHKa crpyxrypu CHCT8M ABarHOCTHKH 

nyqxa npHse~eaa a raOnHneV. 

TAEJIHM y_ 

Ocaoaaue cHcreKY ~aaraocrHXK 
nyq1a B Httxo~oBe 

A.HBzexrop • yqacrox BBOAa 

11 HaHueaoBaHHe Boaxozxocrb 
D/D H OCHOBHOe KOB-BO B03MOZHOCTb 38MYKaBHR 

HasaaqeHHe CBR3H C 3BM 00p.CB13H 
AarqHxa ~ _ _ __ _(xoppexu-n) 

I 2 J 4 5 

I. WHpoxononocawe rp-pu 
roxa AJIB Hallepe
HKR B8BHQHHY,~Op11H 
H DOBOZ8HHR nyqxa 8 

BHOopoquas 
CBR3b 
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Heooxo,pua 



I 2 3 4 5 

2. HsMepuTenL 3MHTTaHca. 
OnepaTusaoe usuepe-

. Hcno.usos. HHe yrnOBYX xap-K 
nyqxa I .J;Hcnnea He ay:mo 

3. IIpo«<lHnoueTp I -" -- Bosuo:ma 

4. YcTpORCTBO .~tns Hsue- CBR3L 
peHHSI cnexTpa nyqxa I He00XO.J;HII8. He ay:ma 

5. MaoroxaaanLHas Tene-
Bli~HH~ YCTaHOBKa 

I He HYZHa He.ay:ma 

E. IIpouezyToqayR H OCHOBHOR ycKOpHTenH 

I 2 3 4 5 
--
6. lliHpOXOOOJIOCHYe Tp-pY 

TOKa H HH.J;YKUHOHHYe 
3JieKTp0lY AHSI H3MepeHHSI 
HHTeHCHBHOCTH nyqxa 4 HeoOxo,~tHUa Bosuo:ma 

7. CHcTeua perHcTpaUHH 
opCHT nyqKOB B .ltBYX 
MOCKOCTRX 6Q HeoOxo.~tHua HeoOxo,~tuua 

8. IIpocf>HnoueTp 2 HcnonLsosa- Bosuozaa 
HHe J{HcnneR 

9. CHcTeMY .J;HaraocTHKH 
xorepeHTHYX OeTa-
TpOHHYX KOJie0aHHR 2 HeoOXOlHMa HeoOxo,~tHMa 

IO. MaoroxaaanLHaR TenesH-
3HOHHas ycTaaosxa 

2 He ayzaa He ayZHa 

II. Annaparypa npe,~tsapH-
TeJILHOR oOpaOOTKH HH-
~opuauHH o nyqxax .JtJIH 
c::cH C 3BM H UOHHTO-
p II xopnyca I HeoOxo.~tHua HeoOxo,~tHL!a 
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~aTqHKH pa30HBaDTCSI Ha 3 rpynnu: .J;aTqMKH HHXCKTOpa
1 

.n;aT'iHKH OCHOBHOrO YCKOpHTeJISI H ,ll;aTtlHKH ClfCTeM BUBO.n;a. B Kaz-
< 

.n;oR rpynne pa3HHtlMT .llaTtiHKH HHTCHCHBHOCT11 1 op0HTU
1 

KOHTpOJISI 

csepxnpOBO.J;SI~HX uarHHTOB1 tlaCTOTY 1 HanpszeHHR ITHTaHHSI H TO

KOB.o !{az.n;ag rpynna ,JtaTtlHKOB 00CJIYDBaeTCJJ H3UepHTeJihl{hll!H 

naaenaMH, co,~tep~HMHcn B xpeRTax KAMAK, CBJJ3aHHUX c 3BM 

ECIOIO. TaxHu oOpasol!, uoryT OUTL HCITOJIL30BaHU 3 uanue 3BM 

THna ECIOIOB H 24 KpeRTa KAYAK. C uanux 3BM·HacpopuauHJJ no

cTynaer Ha 3BY THna ECI050, ycTaaosneaayi> Ha rnaBnou nynLTe 

ynpaBJieHHSI YCKOpHTeneu. 

YCKOpHTeJIL TaKZe Oy.J;eT OCHa~eH CHCTeNOI ynpaBBeHHS1
1 

CO.J;ep~el npHuepao 500 HCITOJIHMTeJILHYX YCTpOICTBe ~YHKUMSI 

ynpaBJieHHSI OOCTynaeT C rnaBHOI 3BM B BM,Jte CHrHanOB ynpaane

HHSI qepc3 UeCTHYe uanue 3BM M KpCt.TY KAMAK aa HCITOJIHHTeJILHhiC 
YCTpOACTBa. 

IIpH C03.J;aHHH CHCTeUY KOHTpOHSI H ynpaBHCHHSI yCKOpHTeJIL

HYN KOJffi.DeKCOM T~P.JieC000pa3HO HCITOJIL30BaTL pa3pa00TKI1 ITO 

aBTOMaTH3aUHM cy~eCTBYI>~ero CHHXp~30TpOHa1 KOTOpWe B aa

CTOSIDtee BpeMSI HaxO,IlSITCSI B CTa,llHH pP.aJIH3aUHH. 
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§ 9. Hexoro2ue np&&BapHren~aue coo62aKeKHa no C!POHre•~ao
uoarasauu pa6orau 1 6•o•orwqecxol S!llre. CB!PXBPOB~a

!ero ycxopxrena_ 

"Hyxnorpoa" npe~onaraerca pasuectHtb B no~BaDbBOM nDMe•eHHB 

xopnyca J I BOxpyr !IJYH.Jt6M8Rta .-eiCTBYIIIJI8rO OIBXpOcf830tpOH6e 

IIOCJ18 BHnOJIH8HIIIS HeKOTOpHX paOot, CBS3aHBHX C nepeHOCOM H 116CTRII

HOI JIRKBK.Jta~tHel xa6enJ.HHX rpacc, B<is~yxoBo,JtoB • ~yrxx KOMMYHR

xauxR Boxpyr ~ya.-aueara CHHXp~asorpoaa oOpasyerca xoxJ.ueBol 

TYHB8!b BHCOTOI np1110JIIII3HT8Jil>HO Jy H mHpHHOI JM. Ilonepe11808 08118-

HHe "HYKJIOTpOHa" 88 6y,JteT npeBOCXO,JtHTl> o,axi,5 y2. ECJIH YII8CTb 

yCTaHOBKY pau, paCKJI~Ky H800XO,ItHMHX KOMyYHHKauBI H ~yrBX CHCteu, 

TO pa3Y8pH KOJil>U8BOrO TyHH8JI8 BnOJIH8 ,ltOCT6TOIIHH AlB pa3M8.8HH8 

B ueu "Hyxnorpoaa". 
B nOJib3Y BWClt63aHHOrO npe.ltJI0:&8Bll8 no pa3M8.8HRII "HyKJIOTpOHa" 

uoryr Outb mcnoJIJ.30BaHH cne.~tym••e cooOpazeHBa: 

I. Hcnonbayerca roroBoe noueiJieHHe c pasBKTHM KH:&eaepHHM 

oOecnelleHH8M (3HeprocHa0:&eHHe, BO,JtOCHa~eHHe, B8HTKRSURI H 

XpaHOBOe X03alCTBO)o 
2. llOTpeOyeTCS MHHHyYM 3aTpat ,ltJIS COOpy:&eHHS 0HOJIOrHII8CXOI 

sa~ru. 

IlepelleHL CTpOHT8JILHO-MOHTKKHHX padot no \"HyKJIOTpOHY", 

npxuepao, cJie.JtYII~HI: 

a) ,lt8UOHT8ZHH8 pa60TH B TYHH8JI8 H pa60TH no nepeHOCY 

HeXOTOpHX KOMUYHHKauBI; 
0) coopy:aeHHe He6oJILmoro TYHHeJia (IO-I5 uerpoB) .ltJIS o6ecne-

qeaua BHBO.Jta ny111ta B sxcnepuueHTaJILHHI xopnyc. 
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B) IIOH!aK KOn:&Ita "HyltJIOtpOHa • C &pHOr8HHHMB CIIC T8JIAIOI X 

,lij)YMIMH ltOMMYHHKauBIDOie 
r) Coopyzea•e 6Boxorwqecxol s~BrH. 

Bee~ UHKJI B3rOTOBJ18BR8 J3AOB H .Jt8TaJI81 "Hyxnorpoua• 

,~tox:&eH saasr& ue 6onee J-4 ner. ~ee CBaxpocf83orpoH ocraaaB

JlHBaercs ,~tAl BHDOJIH8HRS KOMnn8KCa CtpOBT8Jl&HO-MOHT8XBHX pa6or. 

Ha B uno.IQieHBe aux pa6or 110 rpe6yetca op11eanposowo I ro.Jt. 

BBK.JtY Toro, liTO ysAH • .-eraJIB "Hyxnorpoua• Oy.-yr HMeTL 

cpaBHIT81bHO H800JI.-OI B8C H ra6apBTY B dy,Jtyt o_.aor•naw, TO 

3,Jt8Cl> B03MOZHO mBpOKO BCnOJI~30B6T~ nOTOIIHYI MOHT8Z no maOJIORy. 

Baonorwqecxym s~xry norpeOyerca .~tononRBTen~ao coopy:aarJ. 

tOJll>KO B Bl .. e nepexpwTHa ryasena. Bayrpeaaas 6oxosaa cropoaa 

ryJIIl8JIS 38.1111111(886 !IJYs.-aueRTOM CBHXpiJ4830TJlOH8., a Bapyuaa -

!IJY.,.aueHTOM xopnyca H ecrectBe~HHM rpysou. Ana yxn~• s~xraux 

X8A83008TOHHHX 0JIOKOB B K8118CTB8 onop .MOX8T 01117& ICUOJIJ.30BaH 

!IJYH.-aueHT CHHJPOcf830tpOH8. R tlJYH~8HT ltOpnyca, a B Kaii8CTB8 

no~eMHYX cp~crB - cy•ecTBYJIII(ee xpaHOBoe xosalcrBo. 

B oocyx,.eu• uareplaJIOB npBHBMaAR yqacrxe: A.H.laepraq, 

P.A.Me•epoB, B.C.PHOanxo, r.A.tRJIJDnos, n.H.rpeOeHJ.. 

• 
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PBc.B. BapBaar pacno~o•eHBs "Hy&norpoua• B no~sa.e 

Jtopnyca I: 

I - ty~auear .ltOpnyca I I, 

2 - DI8.HKpyeM&a OtfOHH&S 3~ra1 

J - uaraxr c•axpotaaorpoaa, 
I 

4 - tYKAaM8Hf CBHxpotaaorpoHa1 

5 - "Hy&norpoa• 
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