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l.BBe!leHHe 

3neKTpocTa TH'leCKHfi reHepaTop BaH-ne-fpaa<jJa OH HH rrocTpoeH Ha 5a3e cym&

CTBOBaewe ro HH>KeKTOpa IIpOTOHOB CHHXpo<jJa30TpOHa . B KOHCTpyKUHIO HHJ!!:eKTOpa BHe

CeH p ll!l H3 M e He HHfi H !l058BJleHHfi , KOTOpb!e o5ecne'lHBa!OT B03MOlKHOCTb npc;>Be!leHHH 

H8 HeM HCCJle!lOBaHHH ll!le pHblX B<JaHMO!leHCTBHfi B HHTepBane 3HeprRfi 0,8-5 M3B. 

5btn0 IlpH3 HUH O u enecoo6pa 3HblM BMeCTO cymeCTBY!Oillefi KOHCTpyKUHH BaKyyMHOfi 

If! 
CRCTeMbl HCIIOJlb30B8Tb KOHCTpyKURIO BaKyyMHOfi CRCTeMbl OT 3f -2,5 , a B Ka'leCTBe 

ROHOIIpOD O!l8 - HOHOIIpOBO!l OT 3JleKTpOCTaTH'IeCKOro reHepaTopa C nepe3apH!lKOfi 

THIIa 3f0-10, MarHHTHblil aHaJJH3aTOp KOTOpOrO OTKJJOHile T IIY'IOK Ha 90° B !lByX 

npoTHBOIIOJIOJK HbiX Ha npaone HI!IlX. Ha KOHu a x HOHonpos ona ycTa!IoaneHbi pa3naTo'I

Hbte M a rHHT Hble 8 HaJJR38TOpb! (MarHHT CO-lOA) C Tpe Mil IIOHOI1p0BO!l8MR, paCIIOJl<r

>K e HHbl MH IIO!l y rnoM 0, +30 R -30°. 

B n a n hHefi weM B CBil3 H c HOBbiMH 3 KCn e pHMeHTS JJbHbiMH 3ana'laMH B cymeCTBYK>

umfi npoe KT 6 b i JJ n HeceH pll!l H3Me H e HH H H no6a ane HH li , !<:OTOp bie p ac wHpHnH 3KcrrepH-

M e HTB Jlb Hh i e B03MO~< HOCTH Y CKOpHTenll H y ny'IUIHJlll ero HeKOTOpbie 3 KCrrnyaTaUI!OHHb!e 

x a p a KT e pH CTH K H. K HH M cnenye T o T iteCTit: 

a ) p e K OHC T pyKUH JO B8!<:YY ~1HO i'l C HC TC Mbl ; 

s 
6) pa3 pa6oTKY MeT OAH KH y cl<ep e HHil He ; 

B ) C03JlaHI!e CIICTeMbl CTa 6HJJH3aUHH MarHHTHOr o IIOJlll M arHHTa C0-88; 

r) y npOille HH il H !l05aB Jle HH il B cy Uie CT BY!Oillefl CHC T e M e 3 Jle KTpoo6opy!lOBa HHil; 

!l) pa3p a60T KY C HCT CM bl IIOJly'l e HU il 8 3 0 T 8 H3 lK HJlKOJ1 tP83bl 0 C03!la HH e CHC Te-

Mbl OCYWKH r a3a , o 6 -; c n e 'IHB8 IOUie H B JJa lKHOCT b r a3a B KOTJJe IIC Xy >Ke 0,2- 0,5% . 
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2. PaaMeweaae ycTBHOBKH 

3neKTpOCTBTHqeCKHll reaepaTOp 3r-5-1H pacnono~eH B 3Q8HHH na6op8TOpHH 

ael!Tpoaaol! tjJH3HKH OH5B1. nnaH pacnono~eHHH reaepaTopa npencTasne!l aa pac. 1. 

BaKyyMHB!I CHCTeMa, MarHHTHblll aHanaaaTop, tjJoKycapyiOwHe nHH3bi paa MeweHbi 

B UOM9lll9HHH )l(g 1. YqaCTKH HOHOUpOBOQ8 qepe3 38lllHTHyiO CTeHy npOXOQHT B MB

W9HHbie )l(g 1 H )l(g 2. Ha KOHUBX HOHOUpOBOQ8 yCTBHOBneHbl p83Q8TQqHbie MBrHHTbl 

en-lOA, o5ecneqaB810lllH9 OTKnOH9HHe nyqKa HaneBO H H8Up8BO HB 30° OT OCHOB-

aoro aanpaBneHBH nyqKa. 

OcaoBaHue 3r-5-1H (nnaTa), KonoHaa ,TpaacnopTep a apSI.IlOB H T.n. pacnono-
10 

~eHbl HB OTMeTKe 6 (pa3Mep UOM9lll9HBH 8xl0xll M). KoTen3r-5-lH npu CHst-
40 . 

THH era UOQHHM89TCH qepe3 UpOeM HB TpeTHll 3T8~ ( OTMeTKB 17 ) • B 3TOM ~e 

noMeweHHH xpaHHTCH nnowanKa o5cny~HBBHHH 3r, KOTopaH npu npoBeneHHH npo-
10 

tjJunaKTRqeCKHX H peMOHTHbiX pa60T onyCKaeTCH H8 OTM9TKY 6 • 

3. BaKyyMHBH cucTeMa 

exeMa BBKYYMHOll CHCTeMbl npenCT8Bneaa H8 pHc, 2. BaKyyMHblll 06'beM OTK8-

qHBaeTCH nByMH BBKYYMHbiMH arperaTaMH BA-2-lP. 3TH arperaTbi o6ecneqHBBIOT 

BBKyyM: HB BblXOne H3 Tpy6KH 
-6 

.-1 f 2 10 MM pT • CT • , H8 neBOM H npaBOM HOH0-
-6 

npoBone _, 8· 10 
-5 

MM pT. CT., H8 KBMepax MarHHTOB en-lOA- 3 • 10 MM pT. CT. 

no cyweCTBOBBBWeMy npoeKTy UHTBHHe 830TOM noByWeK BBKyyMHblX arpera

TOB ocyweCTBn!lnOCb OT CTaHnapTHbiX niOapOB V "' 15 nHTpOB. nonaqa 830T8 H3 niOa-

pa B noByWKH npoH3BOnHnacb naBneaHeM, coanaBaeMhlM B n10ape aarpeBBHHeM aao

Ta aneKTpHqeCKHM aarpeBaTeneM, TaKoll MeTon nonaqH aaoTa B noBywKy coanaeT 

PSI.Il 9KCnnyaT8UHOHHblX TpynHOCTell, 0CHOBHbl9 H3 HHX: 

1) Heo6xonHMB qaCTBH CM9H8 niOapoB, T8K K8K onHH 

pa60Ty arperaTa B TeqeaHe .. 2,5 qac,; 

n10ap o6ecneqHBaeT 

2) npH CMeHe niOapOB .coanaiOTCH TpyQHOCTH, CBH38HHbie C ynnOTHeHHeM BBOna 

Tpy6onpoBona B noByWKy, UOCKOnbKY ynnOTHeHHH 38M9p38IOT; 

3) CM9H8 niOapOB npHBOnHT K OCT8HOBKe yCKOpHTenH H8 15-20 MHH, UOCKOnbKY 

aacocbi aaxonsTCH B none HanyqeHHH oT 3r-5. KaK npaBano, CMeaa niOapoB CBH9a

aa C yxynweHHeM B8KYYM8 H3-38 Manoii 9MKOCTH 830THOll noByWKH H8COC8 (o6'beM 
3 

noBywKH - 350 CM ) • 
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npeanomeHHBH H8MB HOBBH CBCTeMa noaaqg 830T8 B nOBYWKB HBCOCOB B 3HaqH

TenbHOn CTeneHH ynyqwaeT 3 KCnnyaTaUHOHHbie Ka'leCTBa ycKopHTeng. Oaa cocTOBT 

B3: 

a) a10apa e MKOCTbiO 35 nRTpos, npucoenHaeaaoro K nosywKe pTyTaoro aacoca; 

6) 2 UIOBpOB eMKOCTb 150 llHTpOB. 

113 aTHX aroapos ocymecTBnHeTCH aanonaeaue aroapos V c 35 nHTpos; 

B) CHCTeMbl 830TOnpOBOUa, no KOTOpOMy 830T nOCTynaeT K UIOapaM OT TBHKa 

a3oTa. 

KoacTpyKUHH a10apa u cnoco.6 npucoeaHaeHHH ero K nosywKe aacoca noKa3BHbi 

Ha pHC, 3. Ll10ap B3rOTOBlleH H3 nHCTOBOH aepmaseromel! CTBnH TOnlUHHOH 2 MM. 

npucoeauaeaue nroapa K naTpy6Ky • Ll" nosywKH aacoca ocymecTBnHeTCH csapKol! 

naTpy6Ka • Ll' H Tpy6KH 'B • B palfoae BBKYYMHOrO ynnOTHeHHH ( 7), C noc o6 npH

coeaHHeHBH BBKyyMHOrO o6~eM8 UlOBpa K BBKYYMHOMy o6~eMy HBCOCB noKa3aH HB 

pBC, 3. 

npH 3BnHBKe B U108p a30T CBMOTeKOM no Tpy6e • A • ( UHBMeTp Tpy6KH 6 MM) 

nonaaaeT ~ o6~eM nosywKH aacoca. HcnaparomHficg B nosywKe a3oT HMeeT B03-

MOmHOCTb BblHTB HBpymy no Tpy6Ke 'B " , KOHen KOTOpOH 38K8H'IHBaeTCH y Bepxaelf 

c TeHKH aroapa. TaKaH KOHCTpyKUHH o6ecneqHsaeT aenpepbiBHbiH nOToK a3 oTa K no

sywKe aacoca B Te'leHBe 12-14 qacos. 

CucTeMa noaaqR a30Ta oT TBHKB K a roapaM eMKOCTbiO 35 nRTpos cocTOHT 

H3: a30Tonposoaa; nsyx nroapos V =150 naTpos, y3na ssoaa, o6ecneqa-

saiOmero ssoa a3oTa H neperoHKY ero H3 aroapa 150 naTpOB B aroapbi 35 nRTpos. 

npHHUHnHanbHBH CXeMB noaaqH 830T8 K noByWKBM npencTasneaa H8 pHC, 4. 

KaK BHllHO H3 CXeMbi, 830T H3 TBHKa (CTT-1300), HaXOllHwerocg BHe llOMeweHHH, 

no Tpy6Ke llHBMeTpOM 15 MM HanpaBnHeTCH B OllHH H3 llBYX ( HnH B o6a OllHOBpe

MeHHO) lliOapOB V = 150 llHTpOB. 06ma g nnHHB 83 0TOnpOBOna 30 MeTpOB. Lln g y MeHb

WeHHH llOTepb 83 0T8 Tpy6Ka OKpymeHa neaonnaCTOBblM Ten nOBbiM H3 0nHTOpOM C 

TOnwHHOH CTeHOK "' 50 MM. 

nepeKaqKa a30Ta H3 UIOapOB V = 150 nHTpOB B lliOap b! eMKOCTblO 35 n OCy -

IUeCTBnSieTCH nasneHHeM napoB, C03UaBaeMblX Han 830TOM npH ero HarpeBaHHH, Llng 

n epeKa'IKH a30Ta B UIOapbl He 06XOllHMO ( CM. pHC, 4) 38Kp b!Tb BeHTHnb ( 12), 38Kpb!Tb 

s eHTHllh cso6onaoro napeHHH ( 13), OTKpbiTb seHTHilh ( 14) H BIWIO'IHTh neqb aarp e sa

TenH. MowHOCTb n e'IH non6HpaeTCH aKc nepHMeHTanbHO H3 pac 'le Ta o6ecne 'le HB H 
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HarronHeHHS! moapa eMKOCTbJO 35 n a30TOM B Te'!~HHe 15-20 MHHyT, Oaa COCTaBnsJeT 

40 BaTT, 

flo OKOH'IaHBH HarryCKa HarpeBaTenb OTKnJO'!aeTCS!, 3aKpbiBaeTCS! BeHTHnb ( 14) 

H OTKpb!BaeTCS! aeHTHnb ( 13), o6ecrre'!HBaJOlUHli Bb!XOU rrapOB a30Ta Hapyll<y, Y\3 

C006paJKeHKli 6e30ilaCHOCTH <lKCilnyaTaUHH Kali<Ublli y3en BBOUa CHa6JKeH MaHOMeTpOM 

H rrpenoxpaHHTenbHbiM KnarraaoM. B ee yKa3aHHbie aeHTHnH HMeJOT KOHCTPYKUHJO, o6e-

crre'IHBaJOmyJO aopManbHyJO pa6oTy apamaJOlUHXCS! neTanelt rrpa TeMrrepaType lKHUKoro 

a30Ta, 

4, ¢opMHpOBaHHe llY'!Ka HOHOB 

§ 1. YcKopaTenbHaH Tpy6xa, BMeeT o6my10 unsay 4,15 MeTpa, mar cjJapcpopo-

Bb!X B30n~TOpOB - 25 MM, UHaMeTp H30nS!TOpOB 325 x275 MM, 3neKTpOUbl Tpy6KH- -

rrnOCKHe C UHaMeTpOM KaHana 30 MM, 06mee 'IHCnO aneKTpOUOB - 160, Ha Tpy6Ke 

y~aHOBneH BbiCOKO'laCTOTHbiil HOHHbiit HCTO'lHBK, Y\3- 3a OTCyTCTBHS! UaHHbiX ITO Ba

KyyMHOl!: llpOXOUHMOCTH Tpy6KH HaMH llpOB3BeUeHO H3MepeHHe rreperrana naaneHHS! 

cuonb ee unHHhi, YI3MEIJeaae rrpoH3BOUHnocb a sepxael!: 'laCTB Tpy6xa B aa Bhixone 

H3 Hee Ha paCCTOS!HHH 2 MeTpOI:. OT ee KOHU8, flpB H3MepeHIISIX B BepxHeH 'l8CTH 

llpH60p Unl! B3MepeHBS! yCT8H8BnBBBnCS! Ha MSCTe ~on6~ HOHHOrO HCTO'IHHKB H yua

nS!ITCS! Bb!TBrBB.aJOmBll aneKTpon. Llaaneaae B aepxael! 'laCTH C03Uaaanocb qepe3 KOM

MYHBKauaa, aeuymse K BOHHOMY HCTO'IHBKY• Pe3ynbTaTbl H3Mepeaali rrpaaeneHbl B 

Ta6naue 1. 

Ta6nsua 

Llaanease a 
aepxael! 

2,4·10-5 5,4· 10-
5 

1,4·10-
4 -4 -4 -4 

qaCTII Tpy6KII 2,2.10 3,2.10 6 ,5.10 

MM pT. CT, --
LlaaneHBe aa 

2,6-10-6 -6 4,2·10-
6 -6 

6, 1·10-
6 

1,6·10-
5 

BbiXOUe 113 3,2. 10 5,0.10 

Tpy6KII 
MM pT, CT, 

ITony'!eHHbie naHHbie orrpe.nenBJOT pa3yMHbie rrpe.nenhi B03MOJKHoro 113MeHeHIIB .naane
-5 

HHS! H8 Bb!XO.[le 113 Tpy6KII, KaK STO BII.CIHO 113 Ta6niiUbi, .[lBBneHHe 10 MM pT,CTOn6a 
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B BepxHeii '18CTH Tpy6KH MOlKeT 6b!Tb nony'leHO nHlllb npH ycnOBHH, 'ITO llaBneHHe 

Ha BblXOile H3 Tpy6KH 6ylleT H3MeHSITbCSI Ha BeJIH'IHHY He 6onee 'leM 

0,6·10-
6 

MM pT. CT. 3TO COOTBeTCTByeT paCXOilY raaa.., 3 CM
2 

/'laC. TipH 60nblllHX 

HaTeKaHHSIX llaBJIGHHe B Ha'lane Tpy6KH H3MeHHTCSI H8 60Jiblllyro BeJIH'IHHY H HCKJiro'la

eTCSI B03MOlKHOCTb nony'leHHSI XOpOlllO C~OKyCHpOBaHHOI'O ny'IKa . Tiy'IOK HeyCTOH'IHB 

H OKpylKeH OpeOJIOM paCCGSIHHb!X 'laCTHit. 

HcnbiTaHHe ycKopaTenbHOil Tpy6KH 6ea ny'IKa, a aaTeM c ny'IKOM noKaaano, 

'ITO nns nony'le HHSI yCTOH'IHBoro pelKHMa ee pa6oTbi npH a aeprH!IX CDbillle 4 Mas 

Tpe6yeTcg nnaTenbHaSI TpeHHpOBKa . TaK, HanpaMep, B03MOlKHOCTb cpasHHT eJibHO 

6biCTporo nonbeMa HanpslKeHH!I ( ~ 2 qacos) no 3 Mas nogsanacb nalllb nocne 

300 qacoo ee pa6oThi. B T e'leHH e scero yKaaaaHoro speMeHH Ha6monam1cb OllHHO'I

Hhie npo6oa, KOTOpbie nponanH nocne 6 00-'lacosoll Tp 'lH!ipOBKif . 6onee SbiCOKoe 

a anpml<eHH e 6ea n po6oes (no 4,0 Mas) npH o6we M TOKe ny'IKB 30 M!iKpoaMnep 

6bino llOCTHrHy To nocne 700-800 qacos pa6oTbl 3 r. MaKCHM811bHOe H£JnpmKe n a e , no

CTHrnyT oe H8 OllHCbiSaeMOil Tpy6Ke1 npa TOK e ny'IK8 25-30 MKa COC T BSJISIJIO 4, 2 Mas. 

HnTepecno OTMeTaTb, 'ITO naMH He Ha6nronanocb CKOnb-HH 6yllh aaMeTHO H paa

HHUbl S 'lli CJie npo60eB , B03HHK8BWHX npa llOilXOile K M8KCHM8JibHOMY Hanpg}l{eH!fiO 

s cnyqae pa6oTw Tpy6KH c ny'IKOM a 6ea ny'IKa . TiocnenHee yKaawaaeT na Manyro 

ponb B a T OM acjxpeK T e npoueccos , npOHCXOil!IWHX B KaHane Tpy6KH . 8 hi!ICHeHa e ac

TiiHHOil npH'IIiHW aTHX npo6oes Tpe6yeT nanbaeilwax accnenosaHnR. 

HcnbiTaHH!I noKaaana, 'ITO npH nony'leHHH TOKOB 30-50 MKa npa Hanpg}l{eHasx 

CBhiwe :.! Mas B03HHKaeT aHa'laTenhHbiil paa6anaHc TOKOB, orpaHa'IHBaiowai'I nanbHei1-

wail DOJlbeM Hanpg}l{eHHH npH a THX TOKBX . 3TOT pa36anaHC B03HHKaeT B OCHOBHOM 

H3-3a 6onbWOH paCXOilHMOCTH ny'IKa, BblXOil51Wero li3 HOHHOI'O liCTO<JlJHKa , B peayJib

TaTe KOTOporo H8 aneKTpOilbl Tpy6KH nonanaeT 3Ha'IHTe11bH8SI 'laCTb 38p!!lKeHHOH H Hell-

Tp811bHOil KOMilOHeHT bl ny'IKB. Tiocnennee llpHBOilHT K B03p8CT 8HHro TOK8 BT Op!i'lllbiX 

aneKTpOHOB, 'ITO H Dbl3biBaeT paa6anaHc TOKOB 3f. 8 T a6naue II npencTaane Ha 

TlillH'IHaR T a6naua TOK osoro pe~<HMa 3f npa paana'!HbiX er o aHeprngx. 

H anH'!H e 3Ha'IIiTeJibHOI'O paa6anaHC8 TOKOB 110Tpe6osano C031l8HHSI HOBO!~! CHCT e 

Mbl ~OpMHpOB8HHSI llY 'IK8 Ha BXOile B yCKOpHTe JibHyro Tpy6Ky , KOTOpa S1 ll0JI}I{H8 6bl118 

CBeCT!i K MHHHM yMy B03MO}I{HOCTb 110ll1Hl8HHSI H8 a neKTpOilbl Tpy 6K!i HeilTp8 11bHOH II 

HOHHOil KOMilOHeHTbl ny'IKa • TaKOI'O p01l8 CHCTeMa 6bl118 CKOHCTpyapOBaHa COTpyll

HHKOM UeHTp811b HOrO HHCTIITyTa !jJH31i'leCKHX HCCJiellOB8 HH ii (6ynaneWT) Jl.Bapra. 
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Ta6nHua II 

r 38pSillKH I nenHTHnSI I CTpenbi I nyqKa ~I E 
(paa6anaHC TOKOB) 

M<!B 
neHTbi MK8 MK8 MK8 

MK8 MK8 

2,4 ISO 52 75 28 25 

2,8 ISO 58 50 20 52 

3,2 220 68 60 24 68 

3,5 245 72 75 25 73 

3,6 245 75 85 20 65 

8 cymeCTBYIOillYIO KOHCTpyKUH IO HOHHOI'O HCTQqHHK8 eeeneHbi nee nHacjJpai'Mbi ( CM. 

pH C . 5) , n e pB8SI H3 HHX C OTBepCTHeM 2 MM yC T 8 HOB1TeHa H8 BXOlle OllHHOqHOli 

cjJOKYCHpyiOIUeil 1THH3bl, 8TOp81! C OTBepCTHeM 4 MM - H8 BbiXOlle H3 OllHHOqHQH 

1THH3bl, i1ao6pa)!{eHHe, nonyqeHHOe H8 BbiXOlle H3 OllHHOqHOH 1THH3bl, C ITOMOIUb!O llO

ITOJH!li T enbHOl! HMMepCHOHHOli 1THH3bl cjJopMHpyeTCSI B nyqoK C Manoli paCXOllHMOCTbiO, 

HanpSI)!{eHHe Ha :;~neKTpon HMMepcaonno ll nHH3bi nonaeTCH c nepeoro conpOTHBITeHHSI 

/2/ 
n e rr&Teng Tpy6KH. PacqeT np o eonancg no MeTony EnKHHlla • CxeMa Honnoro HCToq-

HHK8 H KOHCTpyKUHSI llOIT01THHTe1TbHOil 1THH3bl C YK838HHeM pa3MepOB npellCT8B1TeHa H8 

pHC. 5. 

no Cp8BHeHHIO C npoeKTOM H3MeHeHa CXeMa ITOAK1TIOqeHHSI H8ITpSI)!{eHH SI K 31TeK

TpOll8M HCTOqHHK8 H OA HHO'IHOM 1THH3bl , KaK BHAHO Ha pHC, 5, KpaiiHHe 31TeKTpOUb! 

OAHHoqnol! nHH3bi coeuHHeHbi c nnaToli KOHAYKTopa. Ha cpeuHHli :;~neKTpou nouaeT

CSI OTpauaTenbHbiM noTeHuHan 0-1 2 KB . CooTBeTCTBeHHO na BbiTSJrHBaiOllt HII S> lleK

Tpou - rronO )!{HTenbHbi i1 noTenuaan 0-1,5 KBnoeo1TbT, nocnennee noTpe6oaano H30nSJ

UBH Tpy6KH, ITOll8101Uel! !'83 B HOHHbiH BCTQqHBK, 3Ta B301TSIUHSI ocyrueCTBnSieTCSI qepe3 

CTeKnSIHHYIO Tpy6Ky C BHyTpeHHHM llHaMeTpOM 0,5 MM, ll1THHOfi 100 MM , 

8 



TaKoe noAKIIIO'!eH f!e KpaiiHliX aneKTpoAoa nliH3hJ B 3HB 'II!TenbHoii Mepe 3Blll li llta 

eT aneMSHThl liOHHOrO li C TO'IHliKB (l!CTO'IHH KB nHTll HHH , li30flHUHOHHhl 8 KOflbUa ) OT 

nepeHanpmKBHHH, B03HHKBIOlllHX npH npo60HX B yCKOpHTBflbHOii Tpy6Ke. 

Hcnonb30BBHHe Hoooil CliCTeMw ~oKyCHpOBKli no3oonHno 3HB'IHT enbHO yoenH'IHTb 

TOK yCKOpeHHblX HOHOB npH BblCOKHX HanpH>KeHHHX, nOCKOnbKy pa36anaHC TOKOB 3Hll'IH-

TenbHO yMeHbmlinCH. 8 Ta6nHue III 

3aK nJO'leHHe . 

E Mao 

2,5 

2,7 

3,I 

3,2 

3,6 

38pS!IlKH 

neHTbl 

MKB 

IIO 
ISO 

195 

!90 

2!0 

~ 

A enHTen SI 

MKB 

55 

60 

65 

65 

?0 

§ 2. Y cKopeHHe He H He
4 

npeACTllBfleHbl 3 anHCH, unmOCTpHpy!OlllH e 3 TO 

Ta6nHua lll . 

na 3r - 5 

CTpenbi 

MKB 

25 

70 

90 

60 

65 

ny'IKB 

MKB 

30 

20 

40 

60 

.~( 

(pa36anaHc 

TOKOB ) 

MKB 

0 

0 

0 

5 

5 

Y cKopeHHe He 
3 

Ha aneKTpocTaTH'IeCKOM reHepaTop e II MeeT H eK OTOpbte oco-

6eHHOC T H no c paBHBHHIO C yCKOpemre~t H30TOHOB BOilOpona . K HHM CflBLtye T OTHBCTH : 

1. Heo6xonHMOCTb co3naHHII CHCT8Mbl ynaonHBBHHH H O'!HCTKH He 3 
, na-

npaonHeMOrO B HOHHWA HCTO'IHHK, C T eM , 'IT06W ynoone HHWH ra3 6e3 3HB 'IHT 8flbHWX 

noTepb BHOBb M Or 6bl 6b!Tb l!C110nb30BDH llflll )'CKOpBHHII . 

2. Heo6xonHMOCTb co3nanHH KOHCTPYKUHH nnaoHo ro nanycKa ra3n B pa3pHnHy JO 

KaMepy HOHHOrO l! C T O'IHH KB , r!OCKOflb K y 11pHMCHffiOlll H eC II 11p11 yCKOpBHHH U30TOI100 

oonopoAa n a nnanHeowe HnH HHK eneowe HaTeKaTen a u e ron H w . 
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PaccMoTpHM .noL\po6Hell S TH o c o6eHHOCTH, 

1, CHCTeMa 110L\8 "1H raaa B HOHHblil HCTO"'HHK 3r-5. 

KaK H3B.eCTHO, npH noL\a"'e s HOHHbill I!C TO"'HIIK s neKTpocTaTH"!ecKoro reHepa-

TOp8 H30TOITOB rellHR s Ka"!eCTBe aanopHoro H peryn11pyrowero s neMeHTa L\llR 

H3MeHeHHR 110TOKOB ra3a HCITO/lb3YIOT HrOilb"!BTb!e BeHTH/lH 11/lH TerrllOBbl e HBTeKaTe.

llH, B K OTOpb!X I!CITO/lb3yeTCR CBOltCTBO p83/lH"'HOrO paCWHpeHI!R MeT8/lllOB rrpH H8-

rpeae. np11 pa6oTe c oco6o ueHHbiMH raaaMH ( He 3
, C 12 , 0

18 
11 T,L\,) aaKpbiBaTb 

6811/lOH C ra30M, HBXOL\RWHilCR B KOHL\yKTOp e 3r, TOilbKO HrOnbqdTb!M BeHTHileM BpM 

1111 onpasL\aHo s n e pHOL\, KOrL\a reHepaTop He pa6oTaeT. Tennoswe HaTeKaTena TaK~e 

HMeroT PM HeL\OCTBTKOB. OcHOBHbre aa HHX - 6onbwHe TPYAHOCTH B HaroTosneHHH , 

3 
M8118R ITporryCKH8R C110C06HOCTb (ao 10 CM /qaC)II, rll8BHOe, 60ilbW8R HHe pUHOHHOCTb, 

'ITO OC06eHHO OWyTHMO rrpH peryllHpOBKBX TOKOBOrO pe~I!MB 3r, C y"!eTOM BbiWe

H3/lO~eHHOrO CKOHCTpyHpOB8H8 HH8R CXeMa ITOL\aqH raaa B IIOHHb!l! H CTO"'HHK, COCTOR

W8R 113 SlleKTpOMarHHTHOrO Kll8IT8H8, BMOHTI!pOBBHHOrO B 6a/l/lOH C ra30M, II llrOilb

qaTOro BeHTI!IlR, npa BK/liOqeHHH 3r 3/leKTpOMarHHTHb!M Kll8IT8H OTKpb!B8eTCSI, II raa 

110A8eTCSI K HrO/lb"'BTOMy BeHTH/110, C ITOMOWb!O KOTOpOro perynHpyeTCSI Be/lH"'HH8 

noToKa raaa, 

npaseaeM 011HC8HHe KOHCTpyKUHII 6annoua c SlleKTpOMarHHTHb!M KllarraHOM. Kou

C TpyKUHSI npeACT8BileH 8 H8 pi!C, 6, KaK BIIAHO H3 pHCyHK8, Kll8118H pacrrOilO~eH H8 

QlnllHUe 6anllOH8, K STOMY ~e QlnBHUy rrpHKperr/l eHhl ABB WTyuepa - All!! M8HOMeTp8 

H seHTI!Il!l HanonHeHH!I 6annoua (nocneauul! ua qepTe~e He noKaaau), B Hepa6o

"'eM COCTOSIHHH TOK B KBTYWKe COileHOHAB OTCYTCTByeT, rrpy~HHB \3) npH~HMBeT 

K/l8IT8H (2), rr epeKpblB8!1 T eM C8Mb!M Bb!XOAHOe OTBepCTHe, npH BKiliO"!eHHH TOK8 

06pa3yroweeCSI MBrHHTHOe 110/l e COileHOIIAB ( "'IIC/10 BIITKOB 4000) 110ATSirHB8eT SIKOpb 7, 

KOTOpb!W, T011K 8!1 WTOK Kll8IT8H8 (2), OTKpb!BBeT B b! XOAHOe OTBepCTHe, llll!! Cpa68Tbl

B8HHSI K/l8ri8H8 rrOTpe61l!!eTCSI TO!{ 0,4 a np11 paCXOAe MOWHOCTH 40 BBTT, B ABilb

HellweM B e llH"'HH8 STOro TOK 8 MO~eT 6b! Tb yMeHbWeHa AO 40 M8 , 

KaK BKil!O"!e HI! e TOKB B KBTYWKII Kll8118H8, T BK H yMeHbWeHHe ero OCyWeCTB/1!1-

eTCSI AHCT8HUIIOHHO BpameHHeM 8BTOTp8HC cjJOpM8TOpa, 11HT810Wero CXeMy Bb111p!!MI!TenH, 

CneayeT yKaaaTb ewe Ha oauy soaMo~uocTb BKiliO"!eHH!I s neKTpoMarHHTHoro Knana

Ha - 8BTOM8TI!"!eCKYIO, KOTOp8!1 B T e"!eHHe 1,5 /leT ycneWHO I!CITOilb3yeTCSI HB 3r -2 

OvUil1. npu BKil!O"!e HI!II MOTopa n e HTb! · sneKTpOC T 8 TI!"!eC KOrO reuepaTopa H8"1HHaeT . 
spawaTbCSI reHepaTop rCM- 1 A, 111!Tarowul! Bb!Tlp!!MHTellb SlleKTPOMarHHTHoro KllarraHa. 
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CKopoCTb spame HHSI, a, c n enosaTe nbHO, n BbmpSIMne HHoe HanpSI>K eHH e Hapac T aJOT 

TIOCTeneH H O, n a paMeTpbl CX e Mbl nono6 p a Hbl TaKHM o6pa30M, "'TO C H a "!ana C p a 6aTbi

BaeT a n e KTp OMarHHTH b i i1 K n anaH, a 3aTeM , KOI'Jla HanpSI>KeHH e fCM JJ.OCTHra eT HOMH

Hana, c p a 6 a T bi s aeT p e n e PC. HopManbH0-3aMKHYThie KO HT aK T b i a Toro pene pa3 0M

K HYTC 51 H BIW10"! 8 T JJ. 0 68 BO"!HOe c onpOTHBTi e HH e B uenH TIHTaHI!SI ane KTpOM a i'HHTHOI'O 

Kn ana Ha ( C M , pHC , 7), B e nH"!HHa JJ.06a BO'IHOI' O c onpOTHBne HH51 Bbi6paHa T a K, "!T06bi 

B e TIH'IHH a TOK a noc n e BKnJO'I e HH SI COnpOTHBTi e H II >I Jl0C THI'TI8 30-40 M a . 

KoH CTpyKUHSI HI'OTib"!a Toro B e HTH TI SI SIC H a H 3 pHCYHKa 8. no CpaBH8HHIO C 

17 1 
OTIHCaHHOil B BB8Jl8HO JlOTIOTIHBT8TibHOe ynnOTHeHHe, HCKTIIO-

"!BJOIUee npOp b!B I'83a npH p a60Te B e HTHTI SI B 8 T M OC<jlep e TIOB b!lll8 H H OI'O U B Bne HHSI 

(no 20 a T M .). O c b s e HTHn SI (8) q e p e 3 p e n y KTop c Koa <jl¢uuH e HTOM n e p e n a "!H I 3 

CBSI38Ha CO IUTaHrOil, ynpaBTISI8 M Oil C nynbT8, 

r 8 3 He 
3 

• H anp a BTI518Mbl lr B H OHH bl il H C TO"!HHK, H a XOUHTC 51 B CM8CII c He: 

r ne KOM TIOH 8 HTa He 
3 

COCTa BnSie T 25-30% , 8 b i 6op T a KOI'O C OOTH0lll8HHSI C BSI3aH 

HCKTI IO"!HT e TibHO C 3a)la'le il nony q e HH51 M a KCHMa nbHO H e 0 6 XOJJ.HMOI'O JJ.TI SI JJ. a HHOil CepHH 

<jlH3 H"!eCK H X 3 K C n e pHM e HTOB TOK a ny"!K a npH MHHHM8 TibHOM paCXOUe J-le 3 
, npH H BTI H-

3 
"!HH 6onb W H X K OTIH"! 8CTB He 3 TO orpaHH"! e HH e , e CTgCTBeHHO, MO)I<eT 6 b!Tb CHIITO, 

B Ta6nHue IV n peJJ.C T aBTi e H b l JlBHHhie npOU eHTHOI'O COC T8B8 TIY"!K8 JlTI SI OJJ.HOI'O 

H 3 p e>K H MOB pa60T L I 3f, T oK n y "!I< 8 H 3 M e pSITICSI UHnHHJlpOM ctJapa n e SI JlH 8 M e TpOM 10 MM, 

ycTaHOBJi e HH biM Ha p DCC T OSIHIII! 8 M e TpOB 3 8 M8I'HHTHbiM aH8TIH38TOpOM, 

T a 6 n H u a IV 

E H+ He 3 

2 M a s J,5 MK8 0,05 MK a 5,5 MKa 24 MK8 0,4 MK8 

nonpo6Hble HCCTI8JlOBaHHSI 3aBHCHMOCTH npoue HTHOI'O C OCTaBa ny'IKa OT npoUeHT-

3 4 
HOI'O COCTaBa CMeCll He -He Ha 3f- 5 He npOH3BOUBTIBCb , 

8 CHCTeMy ynpasneHHSI HOHHbiM H C TO"!HHKOM BB8 Jl8H JJ.OnonHHTenbHbiH a neMeHT -

H3MeHeHHe HanpmKeHHOCTH nonepe"!HOI'O M 8I'HHTHOI'O UOTISI , I13BeCTHO, 'ITO ynpasne

HH e pa60TOii HOHHOI'O HCTO"!HHKa OC yiUeCTBnSieTC SI KaK H3MeHe HH e M HaTeKaHHSI ra3a 

B K On6y H C TO"!HHK a , TaK H perynHpOBKOil BbiTSirHBaJOIUero Hanp51>Ke HH51, l.JaCTOTil 

11 



KOne6aHHH reHepaTopa BbiCOKOH '!8CTOTbi, HllnpHll<eHHOCTb nonepe'!HOf'O M8f'HHTHOf'O 

n'Jil51 ocTaiOTCH nocToHHHbiMH. Peryn11py51 HaTeKBHHe ra3a 11 BbiT51f'IIBBIOIUee HanpH

MeHHe , MO)I{HO np11 GJHKC11p0B8HHOM Mllf'HIITHOM none nOii)''!IITb M8KCIIM8ilbH)'IO HHTeH-

CHBHOCTb pa3p51A8 B KOii6e. 

OnbiT 3KCnnyaT 8UHII IIOHHbiX IICTO'!HIIKOB 0!151]1! (3f-2, 3f-5) nOK838ii, 'ITO 

Hllilll'!lle <jJIIKCIIpOB8HHOf'O Mllf'HIITHOf'O nOii51 C03A8CT onpeAeileHHWe 38TpyAHeHII51 np11 

TIOAAep)I{8HIIH B Te'!eHHe AiiiiTei!bHOf'O nepHOA8 3KCnnyaT 8UIIH OnTIIMllilbHOf'O pe)I{HM8 

ero p a60Tbl. l13BeCTHO, 'ITO pe)I{HM pa 60Tbl HOHHOf'O HCTO'!HHK8 BeCbM8 KpHTII'!eH K 

A8Bile.HHIO 1"'838 B pa3p51AHOH KOn6e. flpH BC51KOM 113MeHeHIIII A8BileHH51 B KOii6e npo-

IICXOAIIT K8K 113MeHeHHe TOK8 BbiTHf'IIB8eMbiX IIOHOB, T8K II H3MeHeHIIe nponeHTHO-

f'O COCT8B8 8TOM8pHOH KOMnOHeHTbl TI)''!KB. 8 3 TOH CIIT)'8UHH nOA60p nepBOH8'!8ilb

HOf'O pe>KHM8 IICTO'!HHK8 )'A06Hee BCero OCyiUeCTBHTb BBeAeHHeM AOTIOiiHHTeilbHOH 

peryi!llpOBKII - perynllpOBKII H8Tip9)1{8f!HOCTII nonepe'!HOf'O M8f'HIITHOf'O nOii51 M8f'HIIT8 

IICTO'!HHKa. BseAeHHe sToro sneMeHTa o6ecne'!HBaeT nnasHyiO perynHpOBKY HHTeH

CIIBHOCTII pa3p51A8 B KOn6e, 'ITO )'CKOp51eT H o6nerqaeT H8CTpOliKy IICTO'!HHK8 HOHOB 

Ha OnTHlv'llilbHbiH peli<HM ero pa60Tbl. ,lli!51 OC)'IUeCTBileHH51 T BKOH perynllpOBKH no

CT051HHbiH M8f'HiiT IIOHHOf'O H CTO'!HIIK8 6blil 38MeHeH 3ileKTpOM8f'HIITOM. 3neKTpOM8f'

HIIT COCTOIIT 113 )l{ei!e3HOf'O cepAe'!HHK ll np51MO)'f'OilbHOH <jlopMbl (12) X 12 MM) H K8T)'UI

KH C '!HCiiOM BHTKOB - 4000. MaKCHM8ilbHO TIOTpe6ii518M851 MOIUHOCTb 15 BBTT. 

H anpH)I{eHHe K o6MOTK8M sneKTpoMarHHTa noAaeTC51 OT Bbmp51MHTen51, HBXOAHIDerocH 

B BbiCOKOBOilbTHOM KOHA)'KTOpe reHepaTopa, H ynpaBiiH8TC51 AIICTBHUIIOHHO C nyilbT8 

ynpaBii8HH51. 3TO TIOTpe60B8iiO BBeAeHIIH AOTIOiiHIITeilbHOH CeilbCIIHHOH napbl. 

2. CHcTeMa ynasniiBBHIIH He
3 

Ha 3f-5-1H. 

C11cTeMa ynasnHBBHII51 He 
3 

)'CT8H8BiiHB8eTC51 H8 KOHUe B8K)')'M-npOBOA8 , COe -

Allt!HIOUI8f'O BbiXOAHble naTpy6KII All<jJ<jly3110HHbiX H8COCOB B8K)')'MHOH CHCT8Mbl 3f -5 

( CM. pH C . 2). Ha p H C)'HKe 9 npeACT8BTI8H8 6i!OK-CXeMa CIICTeMbl. KaK MO)I{HO npo-

CileAIITb no CXeMe , BbiXOA H8COCOB BbiCOKOf'O B8K)')'M8 TIOAKiiiO'!eH K BXOAY pTyT

HOf'O 6yCTepHOf'O H8COC8 .QPH-50, Bb!XOA KOTOporo B CBOIO O'!epeAb nOAKiiiO'leH K 

nosymKe c aKTHBIIposaHHbiM yrneM, oxna)I{ABeMofi )I{IIAKIIM a30TOM . B pa6o'leM pe

)I{HMe OTK8'!HB88M8H H8COCOM .QPJ-:1-50 CMeCb f'830B nonaAaeT B iiOB)'IUKy, KOTOp85! 

nornomaeT 1130TOnbi BOAOPOAa 11 npHMeCII HaTe'!eK (0 
2 

, N 
2

), B TO speMH KaK 

CMeCb He 
3 

11 He 
4 

oc-r a e-re 11 Henornomennofl. flp11 yseiiii'leHIIII AasneHIIH CMeCH 

3 
He H 

4 
He BbiiUe AOTI)'CTHMOf'O (He 6onee 16-17 MM pT CT.) 3T8 CMeCb f'830B 
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HanpaanSieTcSI a 6annoH-pecHaep N91 , oTKyna oHa MOJIWT 6biTh nepeKa'laHa a no-

aywKy "B". npH nepeKa'IKe CMeCH He 
3 

H He 
4 

H3 6annoHa .N9 a noaywKy •s• 
nponcxonHT nononHHTenhHaSI O'IHCTKa ero oT ao3MOJKHbiX npHMecell ( aoanyxa, CO 2 

l-1 aonopona), He nornoweHHbiX a noaywKe • A • HnH BHOBh B03HIIKWHX npH nepeKa'IKe 

nocnenHefi. 3Ta O'IHCTKa ocywecTanSieTcSI nononHHTenbHbiM nponycKaHHeM raaa qepea 

noaywKy c aKTHB!-!poaaHHbiM yrneM, oxnaJKnaeMbiM JKHllKRM aaoToM. CnenyeT OTMe-

/8/ Hes T!-!Th, 'ITO HeKOTOpb!e llBTOpbl np!-!MeHSI!OT llO!lOnH!-!TenbHY!O 0'1!-!CTKY Hll 38-

KHC!-1 Me.'ll-1 ( Cu 
2 

0 ) , HarpeToll no TeMnepaTyp br 500°C, KOTopaSI nornowaeT aonopon, 

He nornoweHHbiH a yrne. B nepaoHa'lanhHOH KOHCTPYKUH!-1 CHCTeMbi ynaanHallHHSI aTa 

oco6eHHOCTh O'IHCTKH 6brna y'ITeHa. B nocneny!OweM onbrT aKcrrnyaTaUHH He rronTaep

nHn 6onbWOII He06XOliHMOCTH B TllKOrO pona O'IHCTKe, H OHa He llpOH3BOllHnacb, 

npHaeneM HeKOTOpb!e aneMeHTbl KOHCTpyKUHH, noayWKil HMeeT 06'beM 110 CM
3 

H coneplKHT 15 rpaMMOB llKTHBHpOBilHHOrO yrnSI. Jlng B8KyyMHOH C!-!CTe Mbl 3r-5-1 

2-3 CM
3 / .. ac llpH H8TeK8HHH raaa B HCTO'IHHK , llpenenbHO liOilyCTHMOe llpOTHBD-

naan eHHe a yKaaaHHOM o6'beMe coanaeTCSI a Te'leHHe 1,5-2,0 qacoa ero pa6oTbi, 

EMKOCTb 6annoHa 1\~ 1 - 3 nHTpa. nepeKa 'IKa raaa H3 6annoHa N'9 1 a noaywKy 

"8" ocyweCTBnSieTCSI C llOMOIUb!O H8COC8, CKOHCTpyHpOBilHHOrO Hll 6aae ~OpBaKyyM

HOrO aacoca BH-494. (OrKa'IHBil!OIUaSI CHCTeMa Hacoca BH-494 rroMeweHa B repMe

TH3HpoaaHHhlll Koprryc. npa aaroToaneHHH Koprryca o6paweHo BHBMilHHe aa caeneaae 

"MepTabrx• o6'beMoa H BhlXOAHOII 'l&CTB aacoca K MHHBMYMY). 

Jlng npenoxpaHeHHSI CHCTeMbi ynaanHaaHHSI oT npOHHKHoBe HHSI a Hee pTyTHbiX 

napoa M9lKlly H8COCOM JlPH-50 H CHCTeMOII ynaanHB8HHSI yCT8H8BnHB8eTCSI noayWKil, 

OXn8lKlllleMilSI lKHllKHM ll30TOM, 

0'1HCTKa noaywKH • A" OT nornoweHHbiX a HeM rrpuMecell oc ywecTBn SieTCSI qepea 

40-48 'lllCOB pa60Tbl HarpeaaHHeM ee C nocneny!OIUeil OTK8'1KOH Bblll9JISIIOIUHXCSI ra-

30B <jlopaaKyyMHbiM HacocoM. CHcTeMa cfla6JKeHa pSIAOM KOMMyHuKauHfi u aeHTHneil, 

o6ecne'lf!B8!0IJtHX: a ) OTK8'1KY Hll <!JopBilKYYM OTnenbHb!X Y'18CTK0B j 6) HllllOnHeHHe 

ynaanermoro H O'IHIUeHHoro raaa a 6annoH 3 r-5. Jlng 3Toil uenH 6annoH rronKmo'l aeTCSI 

K aeHTumo N9 7. OrKpbra aeHTunb 5, 7, rrepenycKaeM ra3 H3 noaylllKII •s• a 6annou 

3 r-5 . 0CT8BIIlHilCSI B KOMMYHHKilUI!IlX ra3 c6paCb!BileM B 6annOH NY 3 ( V e3 nHTpa), 

C HCTeMa !-!MeeT 2 MllHOBilKYYMM eTpll (0-760 MM pT. CT.) H OllHH MI!KpOMilHD

MeTp ( Tllll "OM " ) C npenenOM WKanbl 0-20 MM pT,CT , Bee BeHTfinH CIICT 9Mbl Bbl-

non He Hbl c ynJJOTI-te nH eM "M eT a nn - no MeTaJJny ". CHcTeMa ynaBJHiBaHH SI CHa6)KeHa 
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pTyTHhiM KOMnpeccopoM, c nOMOlllbJO KOToporo cMeCb ra30B H3 6annoaa peCHBepa 

MOlKeT 6b!Tb nepeKa'iaHa B /l1060ll: 6a/l/IOH, npHCOellHHSSMblll: K BeHTH/lHM N! 10 H 

N! 11. 0ITHChiBaeMaH CHCTSMa 9KCU/lyaTHpOBallaCb K MOMeHTY HanHCaHHH CTaTbH 

1600 qacos. B 6annoae 8f H3 coo6palKeHHH coxpaHHOCTH ra3a xpanHTCH He 6onee 
3 3 4 

500-600 CM CMeCI! He 11 He • Pe3ynbTaThi ynasnHBaHBH H nOT epb ra3a 3a no-

C/lellHHe 300 qacos pa60Thi npellCTasnenh! B Ta6n11ue VI 

nepBOHa'iallbHOe 

KO/lH'ieCTBO CMe-

CH B 6annoHe 

520 
3 

CM 

T a 6 n H u a VI • 

LiHC/10 UHK/IOB Liucno qacos 

ynaB/lHilaHHS! pa60Thi 3f-5 

Ha )laHHOll: 

CMeCI! 

5 300 

0cTasmeecg 

KO/lH'ieCTBO 

CMeCH B 6an-
none 3f-5 

450cM
3 

noTe pH noTepH 

B CM3 B% 

70 CM
3 

13,5 

KaK BHilHO H3 Ta6nHUhi, rrpH ynasnHBaHHH H O'iHCTKe o6mHe rroTepH ra3a 

3a BCe BpeMH pa60Thl COCTaB/lHJOT MeHee 15%, CneayeT 3aMeTHTb, 'iTO noTe-

pH npH OllHOM UHK/le ynaB/lHBaHHH 3aBHCHT OT npOilO/llKHTellbHOCTH aenpepblBHOro 

pelKHMa pa60Thl 3f. npH HerrpepblBHOll: KpyrnocyTO'iHOJl pa6oTe B Te'i€HH€ HeCKOilb

KHX llHeil ( "'60-70 'iacos) noTepl! ra3a He rrpeshiillaJOT 5- 10%. HaH6onbmHe noTe

pH B03HHKaJOT npH 3anycKe 3f nocne llllHTenbHoro nepephiBa. B aTOM cnyqae 

He06XOilHMa OTKa'iKa Ha !jJopsaKyyM BCell: BaKyyMHOll: CHCTeMbl, H 'iaCTb CMeCH ra-

3 0B He 3 
H He 

4
, He ynasneHHaH paaee, OTKa'iHBBeTCH B aTMoc!jJepy. 

5. KoppeKUHH ny'IKa Ha BhiXOile H3 ycKOpHTenbHOll Tpy6KH 

Heo6xoaHMOCTb sseaeHI!H KoppeKUHI! nonolKeHHH ny'iKa Ha sxoae B MarHHTHhill 

8H8/lH3aTOp CBH3aHa C TeM, 'iTO llOBO/lbHO 'iaCTO npH CMeHe HOHHOrO HCTO'IHHKB, 

H3MeHeHHH pelKHM8 erO pa60Thl, H3MeHeHHH pelKI!Ma !jJOpMHpOBaHHH ny'iKa Ha BXOile 

B yCKOpHTellbHYJO Tpy6Ky Ha6/lJOilaeTCH CMellleHHe ITY'iKa Ha BhlXOile H3 yCKOpHT€/lb

HOH Tpy6KH. Maoraa 9 TH CMeilleHHH nOSIB/lHIOTCSl npH yBe/lH'ieHHH HanpHJKeHHH 3f 

H3-3a nnoxoll: IOCTHpOBKH Tpy6KH npH H3rOTOB/leHHH, 3TI! He)lOCTaTKH pa60Thl 3f 

oco6eaHo omyTHMhi rrp11 rrposeaeHHH HccneaosaaHil, nnaaHpyeMhiX B OMHM, nocKOilbKY 
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OHII CBS13 8Hbl B OC II OBIIOJ\1 C I! C' Il OJlb CJ OBLlllH C M 1(0JlilHJ\18TOpOB Jli18MCTpOM 2- 4 MJ\1, 

pacnonoll<e HHbt X tHJ p ac cTOSl ldtll 10-12 Me'Ipos OT MarnHTHoro ananH3aTopa. He-

3HB'II!Te ilbHOe CMCIUC H!te IlY'!Krt l r.:l BXO;.<e ( ~ 2 MM) IlpHBOJli!T K IlOJJHOMy CMC!llCIIHIO 

ny'IKB C MHlUC·!IH, 

flpo6neMa KOppeKUHH ITY'IKB He HOBa , 11 B pa3ilH'IllblX na6opaTOpHS1X 

/ 3 ,4/ 
ee pew e n11e ocymecTBJJSleTCSl pa3JJH'IHbiMH rryTilMH • Eonbllloii HHTcpec npeJl-

/ 4 / 
CTBBilSleT KOppeKTOp ITY'!KB fla6opBTOpllll TBHJlCI\t - renepaTopa ( KorrenrareH) , 

rJle JlilSl KOppeKT!!pOBKil HCI10Jlb30B8J1CS1 BCHMM CTpH30B.:lHilblii MBrHHTHb!H KBBJlpy -

IlOJlbHb!H Jly6neT . 3Ta CI!CTeMa o6nanaeT TOil OC06enHOCTbiO , 'ITO IlOMI!MO KOppe i< 

TilpOBKil IlOilOl!<eHnSJ rry'IKa 1 C ee IlOMOlllbiO 111 I!Cil0ilb3YS1 QJOI(yCHpyiOUll!e CBOiiCTBB 

Mar HI!TB MarHHTHOrO BHBJ11!38TOpa 3r, MOl!<HO IlOJJY'!I!Tb yBCJlll'!CHI!e HHTeHCHBHO-

CTI1 rry'!KB , rrpoBOJlHMoro '1epe3 8TOT alr.:lilH3 aTop. B OTJIH'!He OT rrpenhiJlYlllHX pa6oT 

/5 / 
HBMH COBMeCTHO c 3. KonTaH H n. CA6o pa 3 pa6oTaH I<Opp e KTOP c I!CliOJ1b30-

B81HteM acHMMCTpH3HpoaaHHbiX KBBJlpynonbHhiX a neKTpocTa TH'IeC"HX nnH3 
16 ~ Cxel\ta 

paC ITOilOl!<e i!IISl KOppeKTOpa rrpencTaaneu a HB p!!C , 10, TpaeKTOpHSl ITY'!KB '!BCTHU -

Ha p11c. II. KaK BI!JlHO 1!3 pHcyHKa, rry'!OK HOHOB, rrpoiin11 ycKOpHTenbHYIO Tpy6Ky , 

QJOKYCHpyeTCSl KBaJlpyrrOilbHbiM Jly6neTOM \HB pHC, 11 JlilSl HBrilSJJlHOCTI! IlpenCT BB-

neHhl T p8eKTOpi!ll CQJOKyCHpOBBHHOrO IlY'!KB B JlBYX B38HMHOileprreHJlllKYi1ApHWX 

Ilil OCKOCTSJX), JlnSJ QJOKyCHpOBKH ITOTeHUHBJlbl SileKTpOJlOB IlOJl6Hp810TCSl T BK H M o6p a -

3 0 M, 'IT06bi rrepaoe ( HB pH C. IlilOCKOCTb • +--" ) - BCTHrMBTH'!eCKOe H306pa-

)KeHH e YCKOpeRHOrO rry'!KB - ITOITBJlBilO HB BXOJlHyJO menb, yCTBHOBileHHYIO rrepeJl 

Mar HHTHbiM ananH3aTop oM. BTopoe acTHrMaTH'!ecKoe H3o6pa)KeHne U 
2 

( Ha p!!c .11 

llilOCKOCTb " - + ") Il0118Jl8eT HB Bb!XOJlllYIO !lleilb TBK, KBK STO IIOK838HO HB p!!c .1 1. 

TaK KBK ceKTOpnoe MarHHTHOe none MarnnTnoro BHBilH3aTopa oTo6pa)KaeT B paJlH -

BilbHOfi IlilOCKOCTH Ilp€JlM€THY10 wenb HB llilOCKOCTb BbiXOJliiOH lllenJ1 MBrHHTHOrO 

BH8ilH38TOpa, pe3yilbTHpyJO!llee JleHCTBHe CJlO)KHOil CHCT€Mbl o6ecne'!HBBeT JlBOHHYIO 

QJOKYCHpOBKy. 3TO H IlpHBOJlHT, KBK YKB3b!B8i10Cb , K yBeilH'!eHH!O TOKB , IlpOBOJlHMOrO 

'!epe::; MBri!HTHb!fi 8H8Jlll38TOp, TBK KBK, C OJlHOH CTOpOHbl, K B BJlpyrrOilbHblH Jly6neT 

IlpOBOJlHT '!epe3 npeJlMeTHYIO menb 6onbWyJO '!8CTb ITY'IKB, no6aBilS1Sl B 8KCH8ilbHOil 

IlilOCKOCTH MarHHT8 QJOKyCHpyJOIUee nel!CTBHe I! rrpeOOTBpB!llBSl TeM CBMblM Jll!Hel1Hoe 

pacw11peHHe rry'!KB B BKCIIBJlbHOM HarrpasneHHH. EcnH rry'!OK, BhiXOJlSllllliH H3 ycKo

pnTeilbHOl! Tp_y6KH , OTKilOHHTCSl OT OllTH'!eCKOH OCH, TO C IlOMO!llblO 8CI1MMeTp1!38IJHH 

JlBYX KB8Jlpyrronel! MO)KHQ BOCCTBHOBHTb He06XOJlHMOe I!OJl0)K€HHe H f!8llp8BileHHe 
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ITY'IKB ITO OTHOWeHH!O K BXO.QHb!M WellSIM MBrHHTHOrO 8H8lllf38TOpa. no.op06HOe OITH-

Cll HH e CHCTeMbl KOppeKTOpa, KOHCTpyKUHH If p8C'!eT ero 3lleMeHTOB ITpHBe.QeHbl B pa-

/5/ 
6oTe • B KB!IeCTse Hn nJOcTpaUHH so3MOlKHOCTell acHMMeTpHaaUHH aa pHc. 12 npen-

cTasn eHo pacnpeneneHHe noTeHuHana nonsr onaoll H3 nHH3 ny6neT a nnsr cnyqasr, Korna 

8CHMMeTpH38UHSI COCTSBn!!eT 40% . 

npHBe.oeM KpaTKO onacaHHe HeKOTOpb!X 3lleMeHTOB KOITCTPYKUHH. Ksanpynonb

Hb!H .oy6neT COCTOHT H3 2-x OT.QenbHb!X KB8JlpynollbHb!X llHH3, H8XOJlSilUHXCSI H8 paC

CTOSIHHif 100 MM .opyr OT .opyra. ,llnHH8 3ll e KTp0JlOB KS:lK.QOil lli!H3b! L =560 MM, 

AnepTypa lllfH3b! 2a = 30 MM, ,lly6neT pa3MeiUeH BHYTPH Tpy6KH HOHOilpOBO.Qa MelK.QY 

ycK opHTe nbHOH Tpy6Koll a MarHHTHbiM aHallH38TopoM. HanpsrlKeHHe K 3lleKTponaM no

naeTcsr '!epe3 rrpOXO.QHb!e TecjJnOHOBbie H30llSITOpbl , .lly6neT ycTaHOBlleH Ha KPOHinTell-

He, KOTOp b!H C rrOMOWb!O KHHeMaTH'IeCKOrO MeXaHH3Ma MOlKeT CMeWBTbCll ( Ha :!_3 

:!_ 30 MM) B ll!060M HanpasneHHH B ITllOCKOCTH, n e prreH.QHKYllS!pHOft ny'!Ky, 3TOT lKe 

MexaiiH3M o6e cne'!asaeT HaKnoa scero ny6neTa soKpyr oca B npenenax :_3°. TaKaS! 

B03MO>K HOCTb nepeMeiUeHHSI KOppeKTOpa He06XO.QHMa )lllSI nepBOHB'IHllbHOII !OCTHpOBKH 

e ro OT HOCHT8 llbHO OITTH'!eCKOH OCH CHCT8Mbl, KOrna CMeiUeHHSI rry'!Ka npeBb!Wa!OT 

KOppeKTIIpyiOWH8 B03MO>KHOC TH KOppeKTOpa. 06IUHll BHJl KOppeKTOpa npe.OCT8BlleH 

Ha pH c . 13. W e nesbre npH6opbr (pH c . 14), cjlaKCI!pyJOwae nono>KeHHe ny'!Ka aa axone 

Ii BbJxone MarHHTaoro acrana3aTopa, ycTaHasnHsaJOTCH aa paccTOSIHHH cjloKycaoro 

paCCTO SIHII SI aHallH3Hpy!OIUero MarHHT8 ( R = 750 MM). Ka>K)lb!il npa6op COCTOIIT lf3 

H lY X nap B38HMHO-n e prreH.QHKYllS!pHb!X IUenell, H30llHpOB8HHb!X .opyr OT .opyra. KoH

~TpyKUIHI rro3RonsreT npoH3BO.OHTb ycT aHOBKY WllpHHhi mena oe3 Hapyweal!sr saKyyMa. 

lJ.,. Ipnna w e ne!i B IWOCKOCTH • +~" (pH C , 11) COCT8BllSI8T 3,5 M . 8 ITllOC KOCTH •- + • 

- 10 MM. ToK KB>~<noii nnaCTHHbi menH H3MepHeTcsr MHKpoaMnepMeTpaMH (8 wTyK, 

·rnn /\-\-24) . npH XOp OWO OT'biOCTHpOBBHHOH CHCTeMe B e llH'IH H8 TOKB K S >KllOii lllellH 

)lOll>K!Ia 6b!Tb MHHHM8llbHOH , 

nHT8HH8 3 lle KTp0)l0B KB8JlpyiTOllbHOrO ny6neTa OCyiUeCTBllSI8TCSI OT '!e T b!peX 

C:T8 Illl8pTH blX Bb!ITpSIMHTenell TIWB "Opex• ( CM , pHC. 15) (cranpsr)l<ef!He 0-5 KB, CT8-

6!1Jlb!!OCTb 0 , 1 % ) • no.Q8'18 OllHOfl If TOH >Ke BellH'IHHbl HanpSI>I<eHHSI p83llH'IHOH nonsrp

HOCTH OCyiUeCTBllSieTCSI OT JlByX Bb!ITpSIMHTenefi, ynpSBllS!eM blX OT O)lHOrO B 8 pH8K8 . 

A c HMM e TpHIT Ha npmi<eHHSI ( 5 ) co3.oaeTCSI noTeHUHOMe TpaMH, ycTaaosneHHbiMH Ha 

OllHO~I OCH , 0HH ITO.QKll!O'I8Hbl TSK, 'IT06bl llpH llOBOpOTe HX l10ll8B8ll8Cb 8CHMMeTpHSI 

pa3JJH'IHOro 3H8KB. noTe HUHOMeTp COCTOHT 113 22 conpOTH BIJ8HHH KnB HOMHHalla 
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80 KOM . B ee 31leMeHTbi y11paaneHHH u H3MepeHHH KoppeKTopa pa3MeweHbi na 11YJlbTe 

y11paaneHHH 3 f-5-1H. B Ta6nuue v 11pencTaanenw nannwe pacqeTa KoppeKTopa . 

KaK 110K838 Jl 011b!T 3KCI1JlYB T 8UHH ( C H0516p51 1965 r .), KOppeKTOp o6ec11eq;!BaeT CMe-

ll!BHHe 11yqKa B HYX<HOM H811p8BJleHJ.IH, B CB513 H C q eM 11pH 3HaqnTeJ1b HOM H3MeHeHHH 

pelKHMB pa60Tbl HOHHOrO J.ICTOqHRKB RJlH CMeHe ero OTI18Jl8 He06XOllRMOCTb B J.OCTH 

pOBKe BCerO ROH011pOBOna. 3naqRTBJlbHbiM llOCTORHCTBOM KOppeKTOpa , KBK 3 TO R 

OlKRllBJlOCb, 51BRJ10Cb yaemiqeHHB RHTeHCRBHOCTR 11yqKa, 110118ll8J.OUlero HB MlilllBHb 1 

110 cpaaHe nu;o co cnyqaeM, Korna ace <jloKyc apy;omue ao3MOlKHOCTU 3f u cqep11a H bi 

( tPoKycupoaKa JlHH3a M H 3a MarHHTHbiM ananu3aTopoM). B cpenneM 

HHTeHCHBHOCTH 11yqK8 C OCT8BJl51e T 20-40% , 

6. Kanu6poBKa 3HepreTuqecKofi ll!Kanbr 

Kanu 6poaKa 3 HepreTnqecKofi ll!Kanbr 11pou3aonunacb 110 pe3oHaHCHbiM 11HKaM 

peaKUHH F ( g, y) B 874 K3B, Al ( p, yl - 935 K3B, 2489 K3B, 2522 K3B, a TBKlKe 110 

110pory BblJ1BT8 nefiTpOHOB peaKUHI! Li ( p , n ) 1882 K3B, 

B 3 a naqy K anu 6poBKH axonuno o 11penenenu e 110CT051HHo fi MarnuTnoro ananH3a-

Topa It , cornacno cjlopMyne 
F 

k ~ ---:--
H2 

3H8HH B KOTOp Ofi 1103BOJ151B T 110C TpOHTb T 861lHUbl 38BUCHMOCTH 3 HeprHH 3 f OT qacTO-

Tbl BOJlHOMepa, RCI10Jlb3yeMOrO ll1151 R3MepeHH51 MBrHUTHOrO 11011 51 MeTOllOM 11apaMar

HHTHOrO pe30H8HC8 , T a6 1lHUbl paccqHTBHbl qepe3 RHT epaan 3 HeprH H B 20-50 K3B, 

Y c TanoBKa Y3KHX axonnbiX ll!eneil n a axone R BbiXone MarHHTnoro BHBJ1H3BTO-

pa COB M eCTHO C K0JlJlHM 8TOp8MH d = 2-4 MM) 11 epen MRil!eHbJ.O 1103BOJ151BT BOC11p0-

H3BOllRTb 38ll8HHYIO 3 HeprRJO 3f C 110rpeWHOC TbJ.O He XylKe 0,1 % . 0nna H3 TB h HX 11pO

aepOK 11pOH3aonunacb npR R3 MepeHHH nonolKena 5I pe .:J onancHoro 11!iKB a 280 I K3B 

34 35 
peaKUHH S ( p , y) CJ , Yf3Mep eHH 51, npoaeneHHble B pa3HOB BpBM51 ( 1: HTBpB >Jl naa 

MBC 51118), 110K838JIH, qTO OWHUKD 0 BOC11pOH3BBllBHilH 3 HeprHJ.I HB npeBbiW8BT 1-1 ,5K3B, 

n anllb!B rpanyRp 013KH 11pe nCT8BllCHbl Ha pucyHKDX 1 6 , 17. Ha pucynKe 1 6 np!i Benen 

11pHMep pac•IeTa CTa6H JlbllOCTH no aHeprHR, H3 KOTopofi aanno, q-ro oHa H e 11peab1 -

wae-r 0,1 %. 

H a pac. 1 8 npenc-raonen THliH'HIL>IH rpacjJHK n nn p c3onaucHoro ITHKD p eai<U HH 

S 
34 

I p, y) CJ
35 

, nony'leHHhiii Hll TOHKOJI na6HBHOi"I MHWBHH npH TOKe ny•r1w 

8 M H KpODMnep . 
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B aaKmo'!e Hn e rrpnse aeM Ta6nnuy VI 3 H8'1eHHH TOKOB ITY'IK8, nonyqae MbiX 

H8 3f-5-1H npH YCTOH'IHBOM pe>KHMe ero pa60Tbl. YiaMepeHHSI ITpOBOJlHnHCh H8 UH

nHHJlpe ¢ap8Jlell C BXOJlHbiM OTBepCTHeM 6 MM, yCT8HOBneHHbiM H8 p8CCTOSIHHH 

12 MeTpOB aa M8rHHTHbiM 8H8nii38TOpOM . 

3HeprHSI 

Mas 

3,5 

Ta6nnuaVI 

He 3 

MK8 

5 

H+ 

MK8 

18-20 

7. CHCTeMa ITHT8HHSI H ynpasneHHSI 3f-5-1H 

CHCTeMa ITHT8HHSI H ynpasneHHSI 3f-5-1H CKOHCTpyHpOB8H8 H8 6aae KOHCTpyK

TH BHbiX H cxeMHbiX peweHHii, orrncaHHbiX B KHHr e A.K. B an&Tepa H np. • 3neKTpo

/1/ 
CTaTH'!eCKHe ycKopnTenu aapSI>KeHHbiX qacTnu', ATOMH3AaT, 1964 r. 8 npouecce 

pa60Tbl B aneKTpoo6opyJlOB8HHe CHCTeMbl BBeJleH PS!Il H3MeHe HHH H no6asne HHI1: 

a ) 8 CHCTeMy CTa6HnH38UHH TOK8 M8rHHT8 , BbiiTOnHeHHOrO H8 6aae CT8HJlap•r-

HOH c T oiiKH ET-4, ao6aaneao THpa Tpoaaoe nonHpnaosaaaoe pene, KOTopoe pacwnpn,.; 

no ITnOWBJlKY CTa6HnH38UHH TOK8 M8rHHTa. 

6 ) 8 CHCTeMy ITHT8HHH TOKa p83 Jl8TO'IHOrO M8rHHT8 Cn-JOA BBeJleHa CXeMa 

p83MarHH'IHB8HHSI S!pMa M8rHHT8, KOTOp8H He06XOJlHM8 ITpH pa6 oTe Ha ITpS!MOM K8-

aane aToro MaranTa. 

B ) f10CTpOeH8 CHCTeMa CT 86HnH38UliH M8rHHTHOrO ITOnSI M8rHHT8 Cf1-88, OCHO-

saanaSI aa MeToae SIIlepnoMarnaTnoro peaonaaca. CxeMa nocTpoeaa aa 6aae cTannapT

aoro npH6opa anSI n a MepeHHSI Ma r HHTHoro nonH Tana Y!MY!-2 a o6ecneqasa eT cTa-

6 an&HOCTb MarnHTnoro nong ne xyl!<e 0,01 'Yo . 

r) B cxeMe ITHTBHHSI MarHI!THoro aHanH3aTopa Tuna Cf1- 88 BMecTo aoyx MO

Top- renepaTopos H8 7 H 28 KB H8 senH'IHHbl M8KCHM8nhHbiX TOKOB 40 II J 00 a , 

COOTBeTCTBeHHO, 11pHMeHeH OJlHH MOTOp-reaepaTOp H8 28 KB, JOQ a . 3 TOT reHe

paTOp 06ecne'IHB8eT nepeKpbiTHe BCero JlH811830H8 TOKOB , He 0 6 XOJlHMbiX )lnH OT KnO-

HeHHH npOTOHOB C H8'18nhHOH 3Heprneii 650 K3 D I = 159 ) 11 ny'!Ka lle 4 

JlO a He prnn 5 M3B. 
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a) YI3MepeHa CKOpOCTb B03pacTaHHH aenH'IHHbl TOKa B MarHHTe en-88, KOTD

pal! COCTaangeT 20 3pCTfMHH BM9CTO 100 3pCT/MHH B paaee peKOMeHaOBaHHbiX CH

CT9MaX nHTaHHH MarHHTOB sneKTpOCTaTH'I9CKHX regepaTOpOB 8f-2,5 H 8f-5. no

cneaaee caenaHO B COOTB8TCTBHH C HCCneaoaaHHHMH 1 noKa3aBWHMH Heo6xoaHMOCTb 

Meaneaaoro noa'beMa MarHHTHoro nong ang nonyqeaag xopowo noaTopmomerocg 3Ha

'18HHH a anpruKeHHOCTH MarHHTHoro nong aaonh acero ITyTH ny'IKa. PaccMoTpHM 6onee 

noapo6HO H3M8H8HH§4 yKa3aHHbl9 B nyHKTaX a), 6), B) 1 nOCKOnbKY OHH CBH3aHbl C 

onpeaeneHHbiMH cxeMHbiMH peweHHHMH, KOTOpbie MoryT npeacTaanHTb HHTepec ann 

pHAa na6opaTopaA. 

a) TapaTpoaaoe nongpa3oaaaaoe pene. 

KaK yJKe yKa3biBanocb, THpaTpoaaoe nongpa3oaa!.aoe pene (TnP) ycTaaoaneao 

B CX8M9 CTa6HnH3aUHH TOKa MarHHTa . npa H3M8H8HHH TOKa Ha n~6y~ aenH'IHHy 

TnP aBTOMBTH'IeCKH aacTpaaaaeT cxeMy aa pelKHM CTa6ana3aUHH ToKa. exeMa 

TnP npeacTaaneaa Ha pHC. 19. KaK BHaHo H3 pHCYHKa, axoa CX8Mbl noaKn~qaeTCH 

K <jla3oaoMy aeTeKTopy CTOAKH ET-4. B aaoabi THpaTpoaoa BKn~qa~TCH o6MOTKH 

pene p l p 
2

, HOpMa nbHo-3aMKHyTbl8 KOHTaKTbl KOTOpbiX BKn~qaJOT aaHraTenb npH-

aoaa perynHTOpa B036yJKaeHHH MOTOp-reaepaTopa, H3M8HHH T8M CaMbiM TOK B03-

6yJKaeHHH reaepaTOpa. npH 3Ha'IHT8nhHOM H3M8H8HHH TOKa MarHHTa OT 3aaaHHOH 

BenH'IHHbl HnH npH yCTaHOBKe HOBOrO 3Ha'I8HHH TOKa MarHHTa CHraan C ~830BOrO 

aeTeKTOpa OTKpbiBaeT oaHH 113 THp8TpOHOB. Pene B e ro aHOaHOfi uenH CBOHMH HOp

ManbHO :l!'SKPbiTblMH KOHTaKTaMH BKn~qaeT aaHraTenb PBH-20, KOTOpblH M8HH8T 

B036yJKaeHH8 reaepaTopa TaK, 'IT06bi CKOMll8HCHpOBaTb OTKnOHeHHe TOKa. 

6) exeMa pa3Mar HH'IHBaHHH MarHHTa en-lOA 

Heo6xoaHMOCTb npHMeaeHHH cxeMbi pa3MarHH'IHBaHHH pa3aaTO'IHoro MaraH Ta 

en-lOA CBH3aHa C HanH'IH8M OCTaTO'IHOro MarHHTHOrO nong ( "'90-100 3pCTen), 

KOTOpOe OTKn OHH8T ny'IOK OT npHMOrO KaHana. B e nH'IHHa 3TOrO OTKnOH8HHH Ha 

paCCTOHHHH OAHOrO M 8 Tpa OT MarHHTa naJKe npH 3 He prHH npOTOHOB 4 Msa C OCTaB

ngeT .. 16 MM. EcTecTaeaao, 'ITO npH pcnonb30BaHHH KonnHMaTopa nepea MHweab~ 

T8K08 OTKnClH8HH8 HCKn~qaeT B03MOlKHOCTb npoaeneHHH 3KCnepHM8 HTOB. ,llng B b i60..:_ 

pa CX8Mbl pa3MarHH'IHBaHHH 6bina BbiHCHeHa 3aBHCHMOCTb aenH'IHHbl OCTaTO'IHOrO 

nong OT pelKHMa pa60Tbi MaraHTa. ,Ung 3Tolf uenH H3M epgnacb nanpg)f<8HHOCTb oc

TaToqaoro MarHHTHOrO nong B ljlyHKUHH 'IHCna 'laCOB pa60Tbl MBrHHTB npH MBKCH

ManbHOM TOKe. YaenH'IeHHe H yMeHbWeHHe TOKa aenHCb no onaolf H Tolf JKe 

neTne rHcTepe3Hca. 
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BhiHCHeHo, 'ITO HeaaeHCI!MO OT 'II!Cna '!aeon pa60Tbi MarHHTa, qepea 5 MBHyT 

nocne BhiKnJO'IeHHH MarHHTHoro nonsr,ocTaTO'!Hae none a npeJlenax norpewaocTH B3Me

peaBll (:t_5 raycc) OCT89TC5! IIOCTOSJHHhiM H PllBHbiM ""95!_5 ray<:c, B CBSJ9H C 3TBM BMeeT

CSJ B03M0)!(H0CTb HCIIOnb30B8HH5! IIpOCTOrO M9T0Jl8 pa3M8rHH'IHB8HH5!, KOTOpbllt OCHQ-

BbiB89TCSJ H8 KOMI19HC81lHH OCT8TO'IHOro rronsr TOKOM, H8IIpaaneHHblM IIpOTBBOIIano.J)!(HO 

Ilp9JlbiJlYW9My OCHOBHOMy TOKy, KaK IlOK838nB H3M9p9HHSJ, Jlnll IlOJIHOll KOMII9HC8Uil:H 

ocTaTo'!aoro rronsr MarauTa CIT-10 aeo6xonaM· TOK 0,45 a. ITpOTI!BOTOK o6ecnequaaeT-

C5! OT OTnenbHOrO BbiiipSIMBTensr, CX9M8 IIOAKniO'!BHHSJ KOTOporo npeA CT8Bn9H8 H8 

pac. 20, Jlnsr pa3M8rHH'IHB8HBSI He06XOAHMO IIOA8Tb IlHT8HH9 HB Il8H9Jlb yrrpaaneHH5! 

paanaTO'!HhiM MaraaToM. ITpa aToM, KaK BHAHO H3 cxeMhi, npoH30llneT aBTOMIYI'It'!e

cKoe TIOAKniO'IBHHe Bb!IlpSIMHTensr K 06MOTK8M MarHBTa , 38MKHYTCSJ KOHT8KTbl *K*. 

Ha pHc. 21 npencTaaneH rpaq,aK, rroKa3biB8IOIIlHll apeMH, aeo6xonuMoe nnH nonyqe

Hasr ocTaTO'!Horo nonsr, 6nH3Koe K HyneaoMy aaa'!eHaiO, BanHo, 'ITO Y*e qepea 

10-15 MHHYT nocne OCT8HOBKH MOTOp-reHepaTopa H llOAKni0'!9HHSI CX9Mbl KOMTI9HC8-

UHH OCT8TO'IHOe none AOCT8TO'IHO MBnO, 

B) CacTeMa CT86HnH38UHH MllrHHTHoro nonsr B 3830pe aaanH3HpyiOIIlero Mar

HHT8 CIT-88, 

CacTeMa cTa6anHaauaa MarHHTaoro nong aHanaaapyiOntero MarHaTa nocTpoeaa 

H8 6a3e CT8HAJlpTHOro npa6opa THUS J1MJ1-2, HCTIOnbayeMoro AnSI H3MepeHHSI Mar

HIITHOro nang, O cHOBHbie aneMeHThi cxeMbi noKaaan\I Ha pac. 22. CTa 6anaaauiiH 

MarnaTIIOro nonsr npOH3BOUIITCSI cnenyiOIIliiM o6paaoM. ITpa H3MeHeHIIH aeJII!'IIIHhi 

nanpmKeHHOCT II MarmtTHOro nonn Ha aenl! '!lfHy ±fl. H Ha BhiXone 4Jaaosoro neTeK-

Tapa V!MH-2 nosranf!eTcn Cl!rnan onpenenenHotl nonf!pHOCTH. ITpotlng KaTOUHhitl rroaTo

pnTenb ( nlJMilll 6H 1 f1), S TOT Clfl'HBJI B03AeikTByeT US 6 nOK HHT8HII Sl AOIIOnHHTeJib 

HOil o6MOTI<H aneKTpoMariiH Ta CIT -88 a Bhi3hiBaeT H3MeJieHHe TOKa a nocnennef1 

n Hanpaan eHrm , BOCCTilllllBJIHBBIOIUeM nepeoHa'l.aJibHOe 3Ha'l.eime nonH. H a pac . 22 

rrpenc TaaneHa cxeMa cTa6anH3aUHH 6ea rroapo6Hotl cxeMbl 11MH-2. Cl!cTeMa o6ecne'!HaaeT 

CT 86HnbH OCTb MarHHTHOro nang B T9'18HHe 16-'!aCOBOM nerrpepbiBUOJ1 pa60Tbl He Xy)!(e 

0,01 %. f10MI!Mo q,yHIO.tHii cTa6HnaaauaH , cxeMa c acrronbaoeanHeM VI MH-2 o6ecne

'!HaaeT 113Mepenl!e MarHI!THOro nong c yKa3aHHOI1 BhiWe TO'IHOCTbiO. M e T ounKa BKJIIO-

'19HIIf! CX8Mbl CTa6UJIH38UUII H lf3MepeH!f5!:· [10 3apaHee COC T 8DJI9HHbiM T a6JIHU8M 

yC T 8HilBJllfBil9TCSI He06XOIIHM8SI D9JIH'IHHB TOKB MBrHHT8 H '!BCTOTa BOJIHOMe pa 

( THn 526Y). IToc n e HaCTp;>JiKH reuepaTopa H M 11-2 a nonuoMepa Ha Hyneabie 

20 



61!9/c'Hll, C nOMOWbiO nOTeH!liiOMeTpa B nen11 CT861!nl!38llllll TOK8 M8f'HIIT8 yCT8H8Bni!

BJIIOTCll Te 3H8'I9l!Bll TOKS, np11 KOTOpb!X Ha 9 KpaHe OC!ll!nnorp81jl8 nOHBIITCll nHK 

5IMP. nocne 9TOI"'O TyM6nepoM •n• ( CM. pH C. 22) nonKniO'l8IOT nononHHTen&ayiO 

06MOTKY 9neKTpOM8f'HIIT8 Cn-88 K 6noKy ynp8BneHHll, KOTOpall o6ecne'lHB8eT He-

06XOniiMYIO CT86HnbHOCTb np11 OTKnOH9HIIII M8f'HIITHOI"'O nonn OT 38n8HHOI"'O 3H8'leHHll. 

8. KoMnpeccopH8ll 

KoMnpeccopH8ll COCTOI!T 113 cnenyiOWIIX OCHOBHbiX y3noe: KOMnpeccopa KP-3/220, 

3 
ocywHTen&aoll 68T8peH npOH3eonHTen&HOCTbiO 30 M l'l8C, 18 68nnoaoa no 410 nHT-

poe, o6oenHHeHHbiX B nee rpynnbi , HCn8pHTenn 830T8 (31!1"'38f'006p83H6ll MenH8ll 

Tpy68 nH8MeTpOM 40 MM, nni!HOIO 40 MeTpOB), 68nnOHOB C yrneKHCnbiM 1"'830M, 

ljlopB8KYYMHoro H8COC8 BH-4r. CxeM8 KOMnpeccopaoi!: noaeonneT npoHaeonHTb 

cnenyiOmHe onep8ItHH: 

I. nonyqeHI!e 1"'830o6p83HOI"'O 830T8 113 }I(HnKoll ljl83bl. )I(HnKHH 830T 113 830T-

aoro TaHK8 'Iepe3 HCnapHTen& nocTyn8eT e KoMnpeccop 11 n8nee qepe3 ocymHTen&

HYIO 68T8peiO e 68nnoHbi eMKOCTbiO 4000 nHTpoe. AH8nOI"'II'lHbiM o6p830M e 9TH }l(e 

68nnoabl ocymecTenneTCH nepeK8'lHB8I; He CO 2 

CTbiO 40 ni!TpOB. 

113 CT8Hn8pTHblX 6annOHOB eMKO-

2. 0TK8'lKII KOTn8 KOMnpeccopOM no n8BneHHll 100 MM pT.CT. C nocnenyiOIUIIM 

H6f'HeT8HHeM B 68nnOHbi-peCI!B9phi. 

3. 0TK6'IKII KOTna, 68nnOHOB, KOMMYH.IIK8lli!H H8 lj!OpMB8KyyM. 

4. H8nonaea11e 1"'830M KOTn8 113 68nno11oa H8 410 n qepe3 ocymHTen&HyiO 68T8-

pe10. 

5. OcywKa xp8Hll!Uerocn 1"'83a no lli!Kny: rpynn8 68nnoaoa • A • - KOMnpeccop -

- ocymHTenbH8H 68T8pel! - rpynn8 68nnoaoa •a•. 
6. OcywKa 1"'838 e KOTne no llHKny: KOTen- KOMnpeccop- ocywHTen&aan 68-

T8pen - KOTen. 

7. Pereaep8llll~ CHnHK8l"'enn B ocymHTenbHOH 68T8pee. nnn aTOll nenH H8 co

cynbi 68T8pell H8MOT8H8 aneKTpll'l e CKSll ne'lb o6mel! MOIUHOCTbiO OKOno 4 KBT. Ea

Tapell c CHnHK8reneM aarpeeaeTCH no ~eMnepaTypbi 150-160° 11 np11 aToll TeMne

p8Type OTKS'liiBSeTCll ljlopeaKyyMHblM H8COCOM. 0nep8llllll OCyiUKII 38HIIM89T 6-7 '18-

COB. 8n8 }1(H0CTb 1"'838 B KOTne npll XOpOIUO ocyweHHOM Cl!nHKSI"'ene II CKOpOCTII 
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noaaqH ra3a B KOTen He 6onee 30 Ky6HqecKHX MeTpoa B qac - He xy*e 0,5% • 

.llononHHTellbHaSI ocywKa ra3a OCymeCTBnSieTCSI B KOTne C TIOMOWbiO 2 Kr P
2

0G>, 

cneuHallbHO ycTaHaBnHaaeMbiX a Hero anSI aToA uenH. 

B 3 aKniOqeHHe aaTOpbi npi!HOCSIT 6naroaapHOCTb npo!jl. 11.M. ¢paHKy, npo!jl. 

¢.J1. liJanRpo, 11.B. CH30By, C.K. HHKOnaeay 3a TIOMOillb H BHIIM8HI!e K pa60Te, a 

TaK){(e coTpyaHHKaM KE J1a6opaTopHH HeATpaHHoA !jJH3HKH E.l1. BopoHoay, E.H. AHa

Hheay, A.B. AHapocoay 3a npoaeaeHHe pS!aa KOHCTpyKTOpCKIIX pa6oT, CBSI3aHHwx c 

peKOHCTpyKUHell 3 1. 
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"' 

Ta6n11ua 

0CHOBHhle ABHHble paC'ieTa 

Llnl!HB OTAenhHblX sneKTpOAOB 

06ma11 an11Ha 

L = 550 MM 

La= 2L +d = 1200 MM 

DnOCKOCTb 

H oMep KBaapynonhHhll1 

PaccTOHHI!e 113o6paMeHIIH KBaapy

nonbHOro ay6neTa (paccTOHHHe 

OT BhlXOAHOPO Kp851 ni!H3bl AO 

IIJ.enei! ) 

OTKnonenHe, KOTopoe MoMeT 

6b!Tb CKOppeKTI!pOBBHO 

CMemen11e, KOT opoe MOMeT 

6b!Tb CKOppeKT HpOBBHO 

Hanp11Men11e sneKTpoaos np11 

8 = 0 

I! 8 =50% 

H snepri!H ny'iKa 5 Mss 

nnOCKOCTb (+ -) 

2 

U+_=22QQ M M 

a I= 8 ' " 2 = -5 ' 

"1+2 = ± 13 ' 

/I; I = 0, 6 /I; 2 = - 1, 88 

/1,.1+2=± 2, 48 

~ I , l = 1, 47 KB 

<Il l, 1 MaKe= 2,20 KB 

n n OCK OCT b ( - + ) 

2 

U_+•4877,5 MM 

a IE -9' a 
2 
~ 11 ' 

al+2=±20' 

n.l~-0, 65 !1 2 =2, 2 

/I; 1+2 = 2,85 

<!J l , 2 ~ 1,55 KB 

<!J·l,2 MBK C= 2,33 KB 
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Puc. 15. rinon pacrrono)l{eHHII ycTaHOBKH 3r-5-1H a 3Jl8HHH Jla5opaTopHH 

HeATpOHHOfl ~H3HKH. 
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1-2 BaKyyMHblli arperaT BA-2-IP 15 

3-4 BaKyyMHbiil eacoc BH-2 16 

5 <l>opBBKYYMHblH 6aK 17 

6-7 noaymKB 830TH8H HBnHBHBH 18 

8 Knanae me6epHbiH KW-175 19 

g Knanae . KW-100 N9 2 20 

10 KnanaH . KW-100 J-..' 3 21, 33 
• 

II Knanan . KW-100 N9 4 34 

12 KnanaH . KW-100 N9 5 35,43 

13 KnanaH . KW-100 N9 6 44 

14 KnanaH . KW-100 N9 7 45,46 
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KnanaH . KW-100 N9 8 47, 48 Cocyn JliOapa 35n 

Knanae . KW-100 N9 9 49 naMna nM-8 

Knanae . KW-100 N9 10 50 naMna nM-2 

Knanae . KW-100 N9 II 51 naMna nT-4M 

KnanaH . KW-100 N9 12 E2,53 Cenb<j>OH 

KnanaH . KW-100 N9 13 54 Cocyn JliOapa 35n 

BeHTHnb npHMOli Bfl-50 55 Hacoc JlPH-50 

BeHTHnb npHMOl! Bfl-50 EK 56, 58 BeHTHnb 

B eHTHnb npHMOl! Bfl-25 59 CecTeMa ynaanHBBHHH He
3 

Knanaa pbi'IB>t<Holi KP-50 60 <l>opaaKyyMHbili Hacoc BH-2 

Knanaa KJl-54 61 3neKTpOM8rHHTHbi li KnanaH 
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PHC. 5 . V!OHHbiti HCTO'!HHK H CHCTeMa tPOKYCHpOBKH ny'!K8 H8 BXOile 

B yCK OpHTenbHyiO Tpy6Ky. 
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P11c . 11. T paeKT Opll ll rry'!Ka 'laCTIIU B CIICTeMe KoppeKT op- MarHIITHhiil: 

a Ha nH3aTop . 
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PHc. 16. KpHBS!I aoa6yJKaeHH!I peaKUHH AI (p ,y) . 

(TonCT8!1 MHWeHb). 
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P nc. 17. KpHBSH soa6y;KAeHHH peaKUHH AI ( p, y) 

(TOHK8!1 MHUJeHh). 
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P11c . 2 1. KpH BBSI pa3MarHH'liiBBHIISI (err ana rronSI) MarHHTa CO-lOA. 
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