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nHHeilHhlH HHllYKUHOHHhlii YCKOpHTenb/1,2 / srnmreTCSI ycTpOHCTBOM, ll03B0nSI

IOl!lHM rronytJaTb M0H0aHepreTH'IJ9CKHe pemITHBHCTCKHe rrytJKH 38pSUK9HHhIX '18C

THU 6onblliOH HHTeHCHBH0CTH, HCII0nhayeMble /lnSI np0B9/l9HHSI nccne/l0B8Hliii: B 

o6naCTH H0Bb!X MeT0/l0B ycKopeHHSI, KB8HTOB0:il: p8/lHO<pH3HKH H llP• 

BnxpeBoe aneKTpHtJ9CKoe none, cnnaMH K0Toporo ycK0pSIIOTCSI '18CTHUbl 

B T8K0M YCK0pHTene, C03/l89TCSI rrocne/loBaTenbH0CTbIO HMIIynbCHb!X Tp8HC<pop

M8T0p0B - HHllYKTopoB, rrepBH'IHb!9 0/lH0BHTK0Bb!9 o6MOTKH K0T0pb!X B036y)l{

/l8IOTCSI HMrrynbC8MH OT cneunanbHbIX reHepaTopoB. Ponb BTOplltJHOH o6MOTKH, 

o6meil /lnSI Bcex HHllYKTopoB, Bblll0nHSieT ycKopsreMbIH rrytJoK. 3KcrrnyaTHpyeMbIH 

B OT/lene H0BblX M9T0/lOB ycKopeHHSI 011.fIH HHllYKUH0HHhlli ycKopHTenh 

nHY-3000 M0lK9T ycKopsrTb aneKTp0HHb19 rrytJKH C T0K0M ll0 200 a, '/lnHTenb

H0CTbIO 2• 10-7 ceK, 0/lHSKO crreuH<pHK8 C03/l8HHSI rrnoTHbIX aneKTpoHHhlX Koneu 

/lnsr ueneil KonneKTHBHoro ycKopeHHSI noHoB rroTpe6oBana paapa6oTKH HoBoro 

ycKopnTensr. 

Paapa60T8HHhlH CH n bH OTO 'IH bl :il: HHJl YKU HO HH bl :il: nH He ii H bl ii 

ycKo.pnTenh HaHoceKyH/lHoro llHarraaoHa (CHnYHil) nMeeT cne/lyro

mne rrapaMeTphI: ycKopsreMbie '18CTHUhl - aneKTp0HbI; 8Hepr1rn ycKopeHHblX 

tJaCTHU - E =3,0 MaB; MaKCHManhHhlH TOK ycKopeHHoro rrytJKa I =2000 a; 

/lnHTenbH0CTb HMrrynbC8 TOKa T =20 HCeK; M8KCHM8nbH8SI '1{8CT0T8 cne/l0Ba-
HMII, 

HHS! HMrrynbC0B f n =50 ru; 0TH0CHTenbHblH aHepreTH'IJ9CKHH paa6poc '18CTHU 

Ha BhIX0lle ycKopnTensr ll E / E < 2%. 

Paapa6oTK8 ycKopnTensr C YK838HHhlMH rrapaMeTpaMH B rrepByIO 0tJepe/lb 

CBSI38H8 C pemeHHeM 38/l8'1JH. C03/l8HHSI MOl!lHblX .BblC0K0B0nhTHhlX reHepaTopoB 
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rrp.11MoyronhHbIX HMIIynhC0B, ocymeCTBneHH8M <i>oKyCHpOBKH rryqKa C 6onhll!OH 

o6~eMHOH rrnoTHOCThIO sapsi/l.a rrpH cpaBHHTenhHO HH3K0fi 9H8p!'HH HAP• 

HH:>Ke paccMaTpHBaeTCH PH/l. BorrpocoB, CBH3aHHbIX C • peanHaauneH 

Cl1nYH.Ua. 

1. BbICOKOBOllbTJiaH HMIIYllbCJiaH CHCTeMa 

BbICOKOBOnhTHag HMIIynhCHaH CHCTeMa C11nYH,Ua C0CT0HT H3 /l.Ba/l.UaTH 

"18Tblpex reHepaTopoB, CO/l.8p)Ka!IlHX HaK0IIHTenh, yrrpaBnH8MbIH K0MMyTaTop 

H KOppeKTOp ¢opMbl HMrrynhCOB. Harpy3KOH Ka)K]lOI'O reaepaTopa HBmIIOTC!I 

3 HH/l.YKTopa, 9KBHBaneHTHb18 HenHHefiHofi HH/l.YKTHBH0CTH C aKTHBHbIMH II0Te

p.llMH, H ycK0p.118MbIH rry"loK. 11CXO/l.SI H3 3a]laHHbIX rrapaMeTp0B rryqKa, orrpe

nenHM Heo6xO/l.HMb1e rrapaMeTpbI reHepaTopa: Harrp.11>KeHHe Ha HarpyaKe U ~ 42 KB, 

TOK Harpy3KH I H > 6 Ka, )].nHTenbH0CTb nnoCK0H BepIIIHHbl HMnynhcar (ff 20 HCeK, 

TToTpe6yeM TaK)Ke, "IT06b! KpyTH3Ha HapacTaHIHI T0Ka Ha Harpy3Ke rrpe

Bbilllana 10 12 a/ ceK ( /l.nHTenhH0CTh <fipOHTa HMrrynhca t <ti "' 5• 10-9 ceK). 

<PopMHpooaHHe M0IIlHblX HMrrynhC0B c <fipoHTaMH "' .10-9 ceK 6ea nonon-

HHTenbHOH K0ppeKUHH M0)KHO ocymecTBHT/31 ' rrpHM8H!I!I nm1 K0MMyTaUHH Ma

noHH/l.YKTHBHbie pa3pSI/l.HHKH H HCII0nb3YSI HaK0IIHTenH C pacnpeneneHHbIMH napa

MeTpaMH. OCHOBHb!M H9/l.0CTaTK0M TaKHX ycTp0HCTB SIBnSieTCSI HenonroBetJH0CTb 

pasp.11/l.HHKa. 

B pesynhTBTe rrpoBe]l8HHbIX HCilbITaHHH ycTaH0BneHo, 'ITO MOIIlHbie 

B0/l.OpO/l.Hbie TJrpaTpOHbl crroco6Hbl CTa6ImhHO pa6oTaTh B pe:>KHMe KOM

MyTaUHH HMIIynhC0B ToKa /l.nHTenbH0CThIO /l.0 10-6 ceK n aMIInHTY/l.OH 10-12 Ka 

Ha "18CT0TaX II0BTopeHHSI /l.0 50 I'll, 0/l.HaK0 MaKCHManhH8SI KpyTH3Ha HapacTa

HHSI T0Ka rrpH 9T0M cymecTB8HHO HH)K8 Tpe6yeMofi. 

YBenHtJHTh KpyTH3HY HapacTaHHSI T0Ka B03M0)KH0, npHM8HSI!I /l.0IT0nHHTenb

HyIO KoppeKUHIO <ppOHTa HMIIynhca Ha Harpy3Ke. ,Ung K0ppeKUHH HCII0nb30Banocb 

!IBnenne yKopoqeHH!I <fipoHTa HMrrynhca, B03HHKa10mee rrpn pacrrpocTpaHeHHH era 

B nennHefiaofi cpeAe, narrpnMep, B KoaKcnanhH0fi nmum, aanonHeHno11 <fieppn

TOM/ 41• 3KcnepHMeHTanhHO · 61,mu nono6paHbI cne/l.y10mne napaMeTpbI nuHnn: 

]lnHHa 75 CM, 0TH0lll8HHe ]lHaMeTp0B KoaKCHana J ,8, MapKa <peppHTa 400HH. 

llm, C0KpameHHSI K0nH'l9CTBa reHepaT0p0B H906XO/l.HM0 1 "IT06bl K0MMyTHpy

eMaSI THpaTp0H0M M0IUH0CTh nonH0CTh!O nepenaBanacb B aarpysKy, T.e. BHyT

pennee corrpoTHBnemre <fiopMupy10mero ycTpoficTBa non)KH0 61,1Tb ropasno MeHb-
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me conpoTHBJieHHSl Harpy3KH. 3TOMy YCJIOBHIO MO>KHO YllOBJieTBOpHTb, npHMe

HSlSl B Ka"IeCTBe H8KOITHTeJISl 6JIOK Bb!COKO"I8CTOTHb!X KOH)leHcaTopoB, cyMMapHaSl 

eMKOCTb KOTOpb!X Jie!'KO paCC"IHTb!BaeTCSl H3 aHepreTH"IeCKHX coo6pa1KeHHH H B 

HallleM CJiy"Iae COCT8BJISleT ( 3,0-t3,5). 104 
mti. 

TTpHHUllITH8JlbH8Sl cxeMa reaepaTopa (HMITYJibCHOI'O MOllYJISlTOpa) rroKa3aHa 

Ha pnc. 1. Ha pnc. 2 rrpHBeneaa OCUllJIJIOI'paMMa HMITYJibca, ITOJiy"IaeMOI'O Ha 

Harpy3Ke. ~opMllpOBaHHe ,tlJIHTeJibHOCTll HMITyJibCa rrpoHCXOAHT 8BTOM8TH"IeCKH 

38 C"IeT HeJIHHeHHhlX CBOHCTB aarpy3KH, a KoppeKUllSl ITJIOCKOH BepmHHbl ocy

mecTBJISleTCSl rron6opoM BeJIH"IIIHbl ll 3HaKa H8"18JlbHOH HaMa!'HH"IeHHOCTH qieppH

TOB B KoppeKTHpy10mefi JIHHHH. 

2. HHP,YKTOp 

3neMeHT, C03/l8IOmHii Heo6xOAHMoe /lnSl ycKopeHHSl "18CTHU BHxpeBoe 

aJieKTPH"IeCKoe none, - HH/lYKTOp rrpe)lCT8BJISleT co6oii HMITyJibCHb!H TpaHCq!Op

MaTop C K09qlqJHUHeHTOM TpaHC~OpMaunn, paBHb!M 1, Bb!ITOJIHeHHbiH Ha TOpOH)l8Jib

HOM cep.ne"IHIIKe H3 qieppoMarHIITHOro MaTepnana. Ha rrepBH"IHYIO 0/lHOBHTKOByIO 

o6MOTKY l!H/lYKTOpa rronaeTCSl HMITYJibC OT renepaTopa, orrncaHHOI'O B rrpe)lblllY

IIJeM pa3]lene. 

B Ka"IeCTBe MaTepnana )lJISl cep.ne"IHHKa HHAYKTopa ncrronb30BaH qieppnT. 

B qieppHTax BCJieACTBife HX 60JibllIOI'O SJieKTpl!"IeCKOI'O corrpOTHBJieHHSl rroBepx

HOCTHb!H aqiqieKTI51 rrpene6pe>KHMO MaJI H B /lHH8MH"IeCKOM pe>KHMe BeJIH"IHHa 

rrpHpameHHSl l!HllYKUHH ~ B , orrpenemi1011JaS1 rrpn 3anaHHb1X rrapaMeTpax ( rrarrpSI

>KeHHH U H )lJIHTenbHOCTll r HMIT) HMrrynhca Heo6xoAHMOe rrorrepe"IHOe 

ce"Ienne M8I'HllTOilpOBOlla, M8JIO OTJIH"IaeTCSl OT CBoero CTaTH"IeCKOI'O 3H8"10HHS1. 

TTpoBelleHHbte HCCJiellOB8Hl!Sl ITOK838JIH, "ITO AJISl qieppllTOB THITa 300HH rrpH OT

HOl!leHHH Hapy>KHOI'O )lHaMeTpa K BHyTperrrreMy 1,65 BeJIH"IHHa ~ B "' 6000 re. 

TTpn STOM AJISl u ==42 KB, T HMIT =20 HCeK neo6xo.nnMoe Ce"IeHHe ceplle"I-

HHKa COCTaBJISleT 14 cM
2• EcnH rrpHHSlTb lllllpl!Hy KOJibU8 a ==4 CM, a BHyT

peHHHH llll8MeTp d BH = 11 CM ( "ITO llHKTyeTCSl coo6pa1KeHl!SlMH Bb16opa llll8M€!Tpa 

YCKOpHTeJibHOfl Tpy6KH H pa)lH8JibHOI'O p83Mepa qlOKycnpy101UeH KaTyl!IKll), Ha-

py>KHb!H nnaMeTp KOJibUa 6y.neT d =18 CM. 
H 

HaMa!'HH'll!B8IO!Ullll TOK HH/lYKTOpa MO>KeT 6b!Tb npn6nmKeHHO oueaeH H8 

ocnoaamrn 38/laHHb!X rrapaMeTpOB l!MITYJibCa U Ht T HMIT ll cpellHeii BeJIH"IHHbl 
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r =20 nceKlcM. 

pa3B 
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.UH$$epeHuHanbHOH MarHHTHOH npoHHuaeMOCTH Ha UHKne nepeMarHH'IHBaHHH ~~ 

ll B HallleM CnY'Iae cocTaBIIT 300-t350 a. MaKCHManbHhlll rpa.nneHT ycKopmome

ro nonH Ha OCH ycKopnTenH paBeH 10 KBICM. 

O6mHn Bll.ll HH.UyKTopa noKa3aH Ha pnc. 3. ITepBH'!HaH o6MOTKa HH.UYKTOpa 

Bb!IlOnHeHa B BH,lle Tpex CHMMeTpH'IHO pacnono)KeHHh!X BHTKOB, OXBaTbIBaromnx 

cep.ne'IHHK. KoHUbl BHTKOB ·aaKpenneHbl Ha Bb!COKOBOnbTHbIX paa'heMax,. paaMe

meHHhlX B pa.nnanbHhlX OTBepcTHHX MeTannH'!eCKoro KapKaca llH.llYKTopa. KoaK

CHanbHO BHyTpeHHen OKpy)KHOCTH cep.neqHHKa pacnonO)KeHa KaTyllIKa MarHHT

Horo nom1, 0 KOTOpOH 6y.neT CKaaaHo Hll)Ke. Cep.ne'IHHK C Boa6y)l{JlaIOIUHMH BHT

KaMH ll $oKycnpyromaH K8TYllIK8 aaKpennSIIOTCSI B KapKace nocpe.ncTBOM aanHBKH 

9ITOKCH,llHhIM KOMnayH.UOM. OT.nenbHb!e HH.UYKTOpbl o6ie.nHHSIIOTCSI B ceKUHH. Yc

KOpHromasr CeKUHH COCTOHT H3 18 HH.UYKTOpOB H B pa6oqeM pe)KHMe .llOn)KHa 

o6ecneqnBaTb npHpocT aHepr1m nyqKa Ha 0, 75 M aB. 

3. c/J O Ky C Hp y 10 III a H CH C T e Ma 

ilnH $oKycnpoBKH HHTeHCHBHblX IlY'IKOB aapSI)KeHHblX '!aCTHU ManhIX 9Hep

rHn HaH6onee uenecoo6paaHo HcnonbaoBaHHe coneHoH.nanhHoro MarHHTHoro no

nH. Pac'!eTbl IlOK83b!BaIOT, 'ITO .nnH KOMITeHcaunn KynoHOBCKoro pacTanKHBaHHSI 

B aneKTpOHHOM nyqKe C TOKOM 2000 a, Ha'!anhHbIM pa.nnycoM 1 CM npn 8Hep

rHH 0,5 MaB Heo6xo.nHMO coaa;HHe npo.nonhHoro MarHHTHoro non.11 Ha ocH 

YCKOpHTenSI HanpSI)KeHHOCTb!O 2·103 a. nnsr coa.naHUSI TaKoro nonSI B .nnnHHOM 

coneHon.ne noTpe6yeTCSI HMeTb 1600 a•BHTICM. ITocKOnbKY pa.nHanbHblll paaMep 

$oKyCHpyromen KaTylllKH He .non)KeH npeBbllll8Tb 10 MM ( Bcne.ncTBHEi ManoCTH 

BHyTpeHHero .unaMeTpa cep.ne'IHHKa HH.llYKTOpa), TO .nnH o6ecneqeHUSI HOpManh

Horo TennoBoro pe)KHMa IllITaHne KaTyllleK non)KHO 6b!Tb HMnynbCHbIM. O.llHa 

ll3 B03MO)KHblX cxeM IlHTaHHH npHBe.UeHa Ha pHC. 4. TTpeHMyIUeCTBO cxeMbl 

3aKnroqaeTCH B TOM, 'ITO ITOTpe6nsreMaSI ero OT BHellIHero HCTO'IHHKa MOlllHOCTb 

MllHHManbHa. 

<l>oKycHpyromHe KaTyllIKH HaroTaBnHB8IOTCSI 0.llHOCnofiHb!MH, Ce'!eHHe npo

BO.lla 16 MM2. Ka)K,llaSI OT.UenbHaSI KaTyll!Ka co.nep)KHT 8 BHTKOB ,llHaMeTpOM 

80 MM; Bee $oKycnpyromne KaTyllIKH ceKUHH coemrneHbI nocne.noBaTenbHO. ITpH 

qacToTe cne.noBaHHH HMnynhcoB 50 ru Heo6xo.nHMo npHHy.nnTerihHoe oxna)Kne-

Hne KaTyllleK. 
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Pnc. 3. Bn.a HH.llYKTopa: 1 - llHY-3000; 2 - CHllYHJla. 

c. 

Le 

Pnc. 4. CxeMa 1111TBHHH conenon.aa. 
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K HacTDSillleMy BpeMeHn npoH3BeJleH 3anycK ceKunn Cl1nYHila, Ha Ko

TopoH nonyqeH ycKopeHHhIH nyqoK aneKTp0H0B C T0K0M 1600 a, 9HeprneH 

0,6 MaB n JlnHTenhH0CThIO 20 HCeK. 
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