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AKTVMbHOCTb npo6JieMB. ~H ycKopeHHHX THlK8JIHX HOHOB ~ ,JJ)UI 

H3yq8HHJI IIIHpOKOrO Kpyra !pH3Htl8CKHX npo6xeY, HaqffffaJr C BonpOCOB 4JH3H
KH aToMa, KJiaccHqecKHX npo6JieM J'i,ItepHoR !pH3HKH HH3KHX H.IlpOM8~YTOqHHX 
3HeprHR, r,11e JJ,lij)a npe,nCTaBJIHDTCJI ltaK COBOKynHOCTh HYKJIOHOB, 11 KOHllaJI 
aonpocaMK !pH3HKH B3aHYO,ll8ACTBHJI BliCOK03H8preTHqecKH}C T.lmElJlliX Sl,!¥lp, 

r,11e BY,ll8JIK8MH8 3HeprHH H nepe,11aaaewe HMDYJibCli CTOJlb B8JIHKH, tlTO M8-
X8HH3M B3aHMO,ll8RCTBHJI H CBORCTBa JIBJleHHA 6ypyT OIIp8,118Jl8TbCJI He HyK
JIOH8MH, a KBapKaMH H rnnoHaMH~ 

,!visr ycKopeHHH Tmt8Jll:ilX HOHOB BHatlM8 HCilOJlb30BaJIHCb ycKopHT8JIH, 

nap8M8TP1i KOTOpl:ilX nepeCTaJIH y,110BJ1eTBOPJ1Tb Tpe6oBaHH.RM ¢H3HKH 3Jl8M8H
TapHWC llaCTHq. 8 HaCTOHill88 BpeMSI C03,ll&Hli npoeKTli (qacTb HX ~e peanH-
30BBHa) 'CD8liH8JlbHHX ycKopHT8JlbHHX KOMIIJl8KCOB- TJD[8JIIDC HOHOB. 

IloSMOlKHOCTI, YCKOpeHHJl HOHOB 3Jl8KTpOHHliMH KOJ1blt8MH H3yqaJiacb B 
Or,11ene HOBliX MeTo,11oe,ycKopeHHK OIDIH Ha.npoToTHne KOJIJI8KTHBHoro ycKo
pHTeJisr TJ111teJIHX HoHoe (IlKYTH). B IlKYTH OIDIH 3J18KTpoHHO-HOHHYe KOJibqe
sue ccycTKH DOJiyq8!lT' ycKopm:>T H !pOKyCHpynT B HMDyJibCHHX MarHHTHHX. 
IlOJIJIX HH,DyKllH8R OT 0,3 T ,110 2,5 T. IlpH 3TOM MaPHHTli IlpOTO~Hna B03-
6yll[,lt8.llTCJI HMIIyJlbCHYMH TOKaMH, KOTOpY~ ¢opMHpymcsr cxeMaMH MO~HOR Bli
COKOBOJibTHOR CHCT8Mhl DHT8HHJI. 3TH cxew H 3JI8M8HTHasr 6aaa ,llJlJI HX 
nocTp08HHJI ,llOJIJltHli y,110BJ18TBOPJ1Tb psr.ny Cil8llH!pHtl8CKHX Tpe6oBaHHR, CBK-
3aHHHX B OCH~BHOM C oco6eHHOCTJIMH MaPHHTHOR CHCTeW IlKYTH. BwKHeRIDH
MH H3 HHX BBJlm>TCB: 068Cil8tl8HH8 MaJioro ypoBHB HCK8l!t8HHA HMIIyJlbCHOro 
M8l'HHTHoro DOJIB B ycJIOBHJIX ero 3Kp8HHPOB8.HHB M8TMJIHtl8CKHMH Y3JlaMH 

KOMnpeccopa IlpOTOTHna; KOMMYT&liHK HMDYJibCHYX TOKOB 8MIIJIHTy,lloR 0'1' 
3 KA ,!lo IO KA hmJ1JIHC8KyH,11HOR ,ll.lIHT8JibHOCTH) npH LiHKJIHtlHOCTH pa6oTli 
npoTOTHDa 5 fq B ycJIOBHJIX BliCOKHX HanpmteHHR (,110 35 KB); o6ecnetleHHe 
CJiomoro-38KOHB H3M8H8HHK BO epeMeHH ipopw HMIIyJlbCOB TOKa B036ylll'.,lte
HHK H8KOTOpliX M&rHHTOBi o6ecnetl8HH8 KOMn8HC~H HCKMeHHA ipopw HM
nyJibCHliX TOKOB B yCJIOBHJIX CHJlbHOR HK,DyKTHBHOA CBK3H Me~ M&rHHT8MH 
COC8,llHHX,CTyneHeR lfflOI'OCTynefftlaToro KOMnpeccopa. 0r CTell8HH yqeTa H 
peaJIH3~H 3THX OCHOBHHX Tpe6oBBHHR 3BBHCJIT xapBKTe_pHCTHKH HOHHliX 
nytlKOB. 

Uenb pa6oTY. Uenbn pa.60'1'H BBJIMOCb Hccxe,110BBHHe ·oco6eHHocTeA 
q>opwipOBaHWI HamyJibCHYX TOKOB B M&rHHTHOR CHCT8N8 IIHYTH; B1iKBJ18HH8 
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oco6eHHOCTe8 pa.60T!-.l 3JieMeHTH08 6aau, H80ClX0,1tHM08 ,ltJIJl nocTpoeHH.11 CXeM 

¢opMHpOBB.HlfH HMIIyJibCHhlX TOKOB, paapa.6oTKa H T8XHHqecKM peaJIHa~.11 
3JieM8HTH08 6aau; HCCJI8,llOBaHHe HCK8JK8HH8 HMIIyJibCHoro MaI'HHTHoro llOJI.11 

Ha MaJiblX pa,tt11ycax C?Ka.THH 3JI8K'l'p0HHO-HOHHLIX KOJieq H TeJCHHqecKM peaJIH-
3~.II cnoco6os KOppeK4H8 3THX HCK8l!eHH8. 

HaYtnfan HOBH3Ha. B )lHCCepTa4HoHH08 pa.6oTe DpHBe,118Hli peayJibTaTH 
aHaJIH3a H 3KCnepillaeHTaJibHliX HCCJie,llOBaHH8 HOBLIX CXeM !p()pMHpOBaHH.11 HM
nyJibCHLIX TOKOB B MarHHTH08 CHCT8M8 llp0TOTHIIa.KOJIJI8KTHBHOrO YCKOpHTe
JI.11, npHMeHeHHe KO~opux·no3BOJIH8T orpaHHqffBaT& CKopOCTb HapacTaHH.11 

HMnYJibCHliX TOKOB B 3JieKTpOMarHHT8X B aaqaJI&Hlie MOM8HTH B,p8M8HHi KOM
neHCHpoBaT& HCK8JK8HHH ~OpMhl HMnyJibCHlilX TO~OB B paapH,lllfi,IX KOHTypax, 

CBH3aHHlilX B3aHMH08 HH,IzyKTHBHOCTbDi y.nyqmaT& YCJIOBH.11 ,ltJIJl CHHXpOHH08 
pa.6oTli Ha HH,!zyKTHBHyn HarpyaKy napaJIJieJibHO BKJIDqeHHUX THpHCTOPHlilX 
KoMMyraTopos. 

IlpHB8,118HO pnHcaHHe o6paaqos HOB08 T8XHHKH - THPHCTOpHlilX H ,llH0,11-
HlilX KOMMyTaTopoB Ha 6aae cepH8HliX B8HTHJieR, CKOMIIOHOBaHHHX B CTaH
,llapTHUX CT08Kax. 

B pa.6oTe HaJI011teHU TB.K11te snepsb18 3KCnepHM8HTaJI&Ho·noJIYlieHHue pe
ayJibTaTH H3MepeHHH HCK8JKeHH8 HMIIyJibCHoro MarHHTHoro llOJI.11 Ha yqaCTKe 
BliBO)la.3JI8KTpOHHoro KOJI&qa H3 KOMnpeccopa; Dp8,llJ[OlK8Hli H HCCJI8,llOB8JiH 
cnoco6u H ycTpo8CTBa ,ltJIJl KOMn8HC~H 3THX HCK8JK8HHAi HCCJI8,110BaHO. 

BJIHHHHe p83JIHqaux ycTpo8CTB !p()KyCHpOBKH 3JieKTpoHHWC'· KOJieq, )laHli pe
KOM8H,ll~H no npHM8H8HHD 3THX YCTpOACTB Ha DpOTOTHne KOJIJI8KTHBHOI'O · 
ycKOpHT8JIH. 

IlpatSTHqecKan qeHHOCTb. Ilpe,llJ[o11teHHUe s pacioTe cxeu1,i'4>opMHposaHH.11 
HMIIyJibCHlilX TOKOB, COBM8CTHO C paapa.6oTaHHoA H peaJIH30BaHH08 3JI8M8HT
HOA 6aaoA ,llJ[.11 HX nocTpoeHH.11, HCriOJib30BaHl,I npH C03)laHHH DpOTOTHna 

KOJIJI8KTHBHoro YCKOpHT8JI.II Olliill. PeayJI&TaTl:l H3M8p8HHA HCK8JK8HHR IUf

nyJI&CHOr? 118.I'HHTHoro llOJI.11 HCllOJib30B8H1,1 B 3KCnepHM8HTax no H3yq8HHD 
,llHHaMHKH 3JI8KTpOHHoro KOJI&Qa Ha KOH8qal,IX pa,!tHycax ero·cimTH.11 H BblBO
,na Ha a,nreaaTopa. 

Cxe.Mbl 4'opMHpOB8HHH HMIIyJibCHLIX TOKOB, DpH llOMOlljH KOTOp!,lX )lOCTH
raeTC.11 orpaHHqeHHe CKOpOCTH HapacTaHHH TOKa B 3Jl8KTpOM8I'HHTax B Ha~ 

treJibffl,18 MOM8HTl,I ·speMeHH, KOMII8HCHpyurc.11 HCK8JK8HH.11 ~OpMl,I T.OKOB B KOH
Typax DpH HaJIHqffH HH,IzyKTHBHOf:t CB.113H M8ll!,lly HHMH H YJiytmIIWTC.11 YCJIOBH.11 
,llJ[H CHHXpOTpoHHoR pa60T1,1 napaJIJI8JibHO BKJIDqeffHUX THpHCTOpHl,IX KOMMyTa
TOPOB, MoryT ()!,IT& HCDOJib30BaHl,I B YCKOpHT8JibHOR T8XHHK8 H ,llJ[.II.B03ClYJJt
,118HH.11 3JI8K'l'poMarHHTOB paaJIHqlililX 3JI8KTpoq>HaHqecKHX ycTSHOBOK. 

AnpoClauH.11 pa.60Tl,I. Pa60T1,1, IlOJI0!'\8HHli8 B OCHOBy ,11HCC8pTa4HH, ,llOK
Jl8,ltl,IBaJIHCb Ha Ha,ytlfflilX C8MHHapax OT,neJia HOBLIX M8T0,110B YCKOpeHH.11 H !a-
6opaTopHH Bl,ICQKHX 3HeprHR Olliill. 
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Ily6Jmttamm. OCHOBHHe·;peaym.TaTH, BOill8,llJllli8 B ,!UICC8PTaI.UID, ouy6Jm
KOBalill B BMe coo6memtii n npenpHHToB omrn. 

06'1>8M pa.60T1,1. ~ccepT~lt ':f3Jl011t8H8. Ha 13? CTpaHHqax MaDJHHOllHCHO

ro T8KCTa H HJIJil)CTpHpyeTClt 69 pHCyHKaMH H TpeM.11 TaClJIHQaMH. Pa.6oTa 
COCTOHT H3 BB8,ll8HHH, TpeX rJiaB, 3aKJinqeffH.11 H CllHCKa HCllOJib30BaHHOR 

JIHTepaTypu H3 82 HaHM8HOB8HHR. 
K 38111HT8 npencTaBJieffl,I CJI8llYIJlljH8 T83HCY. 
l. B cxeMax nHTSHH.11 3JI8KTpoMarHHTOB npoTOTHna KOJIJieKTHBHoro yc-

KOpHT8Jllt, ~pMHpynlljHX HMIIyJibCffl,18 TOKH C 38,ll.amraMH xapaKTepHCTHKBMH: 
- 8MIIJIHTY)lfflie'aHaqeHH.11 TOKOB (KA) •••••••••••••••••• 3+6, 
- )11IHT8JibHOCTb HMIIyJibCHLIX TOKOB (we) .............•• l,2+2,8, 
- ,11HaI1830H H3M8H8Hlflt Hanp.1111teHH.11 Ha HaKOnHT8JI.IIX (KB) 3,5+35, 
- qacTOTa CJI8,110BaHH.11 HMIIYJibCHLIX TOKOB (fq) ••••••••• 0,1+5; 

)lJ[H KOMMyT~H atteprHH HCDOJI&~ymc.11 cocTaBHlie THpHcTopHlie (,11Ho,11HHe) 
KOMMyTaTopY Ha 6aae cepHRHLIX B8HTHJI8R THna T-500 (B-500) C npHMeHe
HH8M ,llJ[.11 HHX npHffY,llHT8JibHOro ,nsycTopoHHero BO)lltHOro OXJI8ll[,ll8HHH. Oc
HOBHOR KOMIIOHOBO'UIOR 8,llHHHQeA KOMMyTaTopoB HBJIHeTC.11 MO,llyJib, COCT0.11-
lllHR H3 ,ll8CHTH nocne,11osaTeJI&Ho BKJinqeHJfblX seHTHJieR c aneweHTa.MH 06ec

neqeHH.11 tteo6xo,llHMoro npHltHMHoro ycHJIH.11, ynpaBJieHH.11, KOHTpOJI.11 H 38IIIH
TYi yaJISMH no,ItKJinqeHH.11 H YCTaHOBOqffliMH 3JI8M8HTaMH. 

2. 0rpaHHqeffHe CKaqKOB 3HaqeHHR llOKS.3aT8JI.II cna,na MarHHTHoro no
JIH 11.. (ll, t ) B MoMeHTY BKJinqeHH.11 cxeu nHTaHH.11 HMIIyJI&CHYX MarHHToB 

npoTOTHna ycKopHT8JIH ,llOCTHraeTC.11 orpaHHqeHHeM CKOpOCTH HapacTaHH.11 TO
KOB B OClMOTKax MarHHTOB B HaqaJI&Hlie MOM8HTli BpeMeHH H OCYlll8CTBJI.118TCH 

,IlBYM.fl DyT .IIMH: 
- BKJinqeHHeM DOCJI8,llOBaTenbHO C OClMOTKaMH M8I'HHTOB myHTMpyeMLIX 

HH,lzyK•THBHLIX ,npocceJieR (nJH yCJIOBHH lop.>>LM . • r,ne lap. - HH
,ItyKTHBHOCTb ,npocceJI.11, lM- HH,llyKTHBHOCTb MarHHTa); 

- BKJinqeHK8M B cxew llHTlllfH.11 wmynbCHLIX MarHHTOB myHTHpyeMl,IX 
T - aseHbeB. B aToM CJIYliae peaJIHayeTCH pe1uo1 d.,Jn/di ~ 0 npH t = 0 
(r,ne .7M - TOK MarHHTa). 

3. KoMneHc~.11 HCK8l!eHHR ~opMY ToKoB s HH,QyKTHBHo CBH3aHHLIX paa

PH,lllfi,IX KOHTypax CX8M nHTlllfH.11 l H fl CTyneHeR CICaTH.11 ocyiqecTBJUl8TC.II npH 
,fiOMOlljH HOBOR cxew KOMII8HC~H. &it5opOII napSMeTpOB ,npocceJI.11 CBH3H 

MOJDfO nonyqaTb npaKTHqecKK H8HCK8l!8HHY8 ~opw TOKOB B M8I'HHTax, a 
TaK11te ocyiqecTBJIHTb KoppeKQHD nottaaaTeJI.11 cna,na uarHHTHoro non.11, ~op
MHpy~Moro nepaoR cTyneH&n cgaTK.11. 

4. KoMIIeHCa4ff,II HCK8l!8HHR M8,11H8HHOR llllOCKOCTH MarHHTHoro non.11 
KOMIJpeCcopa Ha pa,nHycax (25+35) CM OCYI118CTBJIH8TC.II nacCHBHliM KoppeKTH
PYIXl{HM COJI8HOH)lOM, YCTlllfOBJI8HHl,IM CHMM8TpHqffO BYBO,ltHOMy co.neHoH,lly. 
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,ll.onyeTl1MliR ypOB8Hb 11eKWK8Hl1R ,noeT11raeTeH np11 B!IDpaHHblX 3HaqeHH.RX na
paMeTpoB KoppeKTl1pYJllllero eoJ18HOll,na:_11H,11yKTl1BHOCTl1 ~20 MKr, aKTl1BHOM 
eonpoTl1M8Hl111 ero o6MoTKl1 ~10-2 OM, reoMeTp11qeeKHX pa3Mepax, eooT

BeTeTBj'lllqHX BblBO~OMY eoJieHOl1)ly. 
5. YeTpoReTBa ¢0Kye11poBKl1 3J18KTpoHHoro KOJlb~a e pa.3M8PW,(H 

t < 'ta.K., pa3M8Ui81iHbl8 B 11MIIYJlbeHOM MarHHTHOM DOJle eTyneHeR eJJtaTHH 
11 eOJ1eHOH,na npe,naapHTeJlbHOro yeKopeHHH HeeHMMeTpHqttO M8,lll1aHHOR DJIOe

KoeTK KOMnpeeeopa, HeaHaquTeJlbHO HeK8lK8.XlT peayJ1bTHPYJJII!86 MarHl1THOe 
noJie; ,nonyeTHMO npHMeHeHHe 3Tl1X yeTpoReTB Ha npoTOTHne yeKopHT8JIH 

( "l - ~ye ¢oKyeHpynllero yeTpoReTaa, "l a.K. - ~ye aJJeKTPOHHoro 
KOJlb~) • 

6 •. OJ18M8HTHM 6aaa 6JIOKOB IlHTaHHH HMDYJlbeHmC MarHHTOB, HapH.izy e 
HeilOJlb30BaHHeM HOBliX cxeM, paapa6oTOK H 3KenepHM8HTaJJbHl,lX peayJJbTaToB, 
Il03BOJIR8T ¢opMHpoaaTb 11MnyJlbeHoe MarHH~Hoe DOJ18 npoToT11na KOJIJ18KTHB
Horo yeKopHT8JIH e 38,IlaHHblMH npoeKTHblMH xapaKTep11eTl1K!WH - 11HJIYK~en, 
noKaaaTeJleM ena,na, qaeTOTOR eJJe,noBaHHH MarHHTHHX ~KJIOB. 

COAEPJl{AIDIB PABOTli 

Bo BBe.neHHH npnBe~eH KpaTKHlt o6aop exeM IlHTaHHH (11 3J18M8HTHOR 
6aau MH 11X noeTpoeHHH) HMnyJlbCHliX MarHHTOB yeKop11TeJ1elt H H8KOTOp!iX 
3J16KTpo¢HaHqeeKHX yeTaHOBOK psr,ita Hayqtto-HeCJJe,noBaTeJlbCKHX ~8HTpoB; 
npHB6,ll8Hbl xapaKTep11eTl1KH ¢opM11pyeMliX HMnYJJbeHWC' TOKOB: ¢opw, MH
T8JlbHOeTH, 8MI1JIHTy~liX 3HaqeHHR. KaqecTB8HHO paceMOTpeH!,1 exew HM

nyJJbeHoro DHTaHHH M8.I'Hl1TOB ~HmrnqeeKl1X KOMnpeeeopoa 3Jl8KTpoHHUX Ko
Jle~ (a,nreaaTopoa) H npHMeHH8Mble B 3THX cxeMaX HaKOIIHT8JIH 3Hepr11H H 

KOMMJTaTopu; e¢opMyJ1HpOBB.HH oeHoBHble npo6J1eW, 11CCJl6)ly8Lru8 B ~ceep-,, 

T~l1. 
B nepaon rJJaBe npKB8,ll8HO OnHCaHH8 MarHHTHolt Cl1CTeW npOTOTHna 

KOJIJ16KTKBHOro ycKopHT8JIH0HHH, tpyHK~OHaJJbHOlt H llpHH~nHSJibHliX cxeu 
¢opMHpOBB.HHH HMnyJibCHliX TOKOB B 3TOR CHCTeMe. 

MarHHTHM CHeTeMa_ npOTOTHna ycKopHT8JIH, npH noMOII!H KOTOpolt ocy
lli8CTBJIHeTCH B,llHa6aTHqecKoe cJJtaTHe H ycKopeHHe aJJeKTpoHHoro KOJlb~, 
COCTOHT H3 qeTupex HMIIYJlbCHl,lX MarHHTOB CTyneHelt ClltaTHH, napu rpB,llHeHT

HblX COJ18HOH,ll0B npe,naapHT8JlbHOro ycKopeHHH; ¢QKyCHpj'lllqero COJ16HOff'Aa 
ycKopJID!lleR ceK~H H HMnyJlbCHoro MarHHTa paa,neJJeHHH aJJeKTpoHHolt H HOH~ 
Holt KOMnOHeHT ycKopeHHoro crycTKa. 

llimyJlbCHbl8 TOKH 'AJ1fi B036Yllt'A6HHH MaI'HHTOB H COJ18HOH'AOB npOTOTHna 
¢opwtpynTCH llpH IlOMOlliH BOCbMH 6JIOKOB nHTaHHH Bill+BilYIII C HCTOqffHK!WH 
aJJeKTpHqecKoR aHeprHH HIII+HIIYil. Kallt,nliR 6J10K nHTaHHH co,nep,itHT eMKocT
Holt HaKOilHT8Jlb, KOMMYTaTopu, HH)lyKTHBHyJ) ~arpyaKy (o6MOTKH MarHHTOB, 
'APOCCeJJeR H COJ18HOff'AOB), ~epu CBH3H, 3J18KTpOHHyl) annapaTypy ynpaa
J18HHJI H KOHTPOJIJI napaueTpOB 6JioKa (pHc. I) • 
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Lap, r, 

~I.,;-
Ld ~L• ,-c, -M 

-

-- 6) 1Mc/4eA. 

PHc.I. ~HK~OHMbHM cxeMa CHCT8Mbl 

¢opMHpOBB.HHH HMnyJJbCH!ilC TOKOB B Mar
HHTaJC llpOTOTHna KOJIJl8KTHBH0ro yeKo

pHT8JIJI. 

Pue.2. CxeMa nHTaHHH MarHHTOB I 11 il 
CTyneHefi elltaTl1H C 'APOeeeJJeM eBR3H 
J...ap-2 MH KoMTieHe~H HaBe,neHHOro 

ToKa. 

a) f MC/BeA'." 

~ 
~ -
t __.,_ L, 

a) , {Mc/ae11, 
PHe.3. Oe~JIJlorpaMMbl ToKa B MarHHTe nepaon eTyneHH eJJtaTHH! 
a - npH HenoJJHoR KoMneHe~H Haae,nettHoro ToKa (ldP.2. > 6• 10-3 

rH), 
6 - np11 IlOJIHOR KOMil6He~H HaBo,llKH (lop.2. = 6• I0-3 

rH). 
B - npH He6oJibliIOft nepeKOMTieHeaqH11 HaBO,llKH (Lop.z .c. 6·10-3 

rtt). 

~ 

l.~~ :JF. Tw, I ~ 
~ __, 

.J.. 
c,1 /( 

Tr., Tc, 

t L,j I 

a) 
6) 

P11e.4. CxeMa nHTaHl1H MarH11Ta IY cTyneHH cJJtaTHH e 11IYHT11pyeMUM11 
11H)lyKT11BHblMl1 3J16M6HTaMH (a) 11 oe~J1J1orpB1.1Ma ToKa B H8lilyHTHpye

MOfi o6MOTKe MarHHTa 3TOlt eTyneHH (6). 
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B COC'l'aB 3Jl8KTpoHHoR rumapaTyplil BX0,11Ji'l' 3a,JlB.lllqHR reHepaTop, qHq>
poB!ile nporpwompyewe sa,nepmnt, 6noKH <popimpoeaTeJie», 6JIOKH sanycKa 

THpHC'l'OpHiiX KOMJlYTaTopoe. Bc.11 HH<popMB.ItH.11 0 COCTOJUfHH o6opyAOB8HWI 
CHCT8MH nHTaHH.11 H <popMHpyeM!ilX HMIIYJibCHHX TOKSX noCTynaeT B 3BM ,llJI.A: 

o6pa6oTKH H a!iaJIH3a. ·'· 

IlapSMeTpH CX8M 6JIOKOB HMIIYJibCHoro DHTBHH.11 H xapaKT8pHCTHKH TO
KOB, q>OpMHpy8MHX 3THMH CX8M8MH B COOTBeTCT.eyDIIIHX MarHHTax IIpOTOTHna, 
npHeeAeH1i1 B Ta6JIH~e I. 

B rJiaBe paccMOTpeHll oco6eHHOCTH cxew HMIIyJlbCHoro DHTBHH.11 MarHHT
HoR CHCT8MH IIpOTOTHna KOJIJl8KTHBHOro ycKopHT8Jl.fl OIDIB. CY1118CTB8HHOH 
oco6eHHoCTblD 3TOR CHCT8MH .IIBJl.118TC.II HaJIHtlH8 HH,IzyKTHBHOH CBH3H M811[,Izy 
o6MoTKBMH MarHHTOB cTyneaeR c~aTzn. HanpaBJieHHe 3.i:(C B3aHMHoR HH,IzyK-

1.\HH TaKqeo, trl'O IIpOHCXO~T BHtlHT8HH8 TOKa HaB8A8HHoro H3 ToKa B03-
6YJ!(,11.8HH.II B K8llt,ltOM 3Jl8KTpOMarHHTe; npH 3TOM HCKSlltaeTC.11 MarHHTHoe none 
KoMnpeccopa. 

Oco6eHHo B8JIHKO HCKaiiteHHe ToKa B036yJK,neHH.fl MarHHTa nepeoR CTy

neHH npH npOTeKaHHH ffMDYJlbCHoro TOKa no o6MOTKaM MarHHTa BTopoR CTy
neHH: "npoBaJI" Ha KpHBOR TOKa AOCTHraeT ~. 50% OT ero aMDJIHTy~oro 

' ' 3HaqeHH.11. ' 

KowneHCHpOBaTb HCKaJIC8HH.II TOKOB B KOHTypax, CB.113mllX B3aHMHOH 
HH,IzyKTHBHOCTblD,n03BOJl.118T cnoco6, onHCB.HHlilR B pa6oTe /I. Ha pHc.2 

npHBeAeaa; cxe~a nHTaHH.11 MarHHTOB nepeoR (l1. , Ci. . , lap. 1. , TL ) H BTopoR 
(L.z , C2. , rz. ) CTyneHeR KOMIIpeccopa C 3Jl8M8HTOM KOMII8HCaqHH 'HaBOAKH -
HH,IzyK'l'HBHHM .npocceJieM CBH3H' lap.2 • , . , 

B ~ccep-raqHoHHoR pa6oTe npoBeAeH aHBJIH3 fioeoR cxeM1i1, noJiyt1eH1i1 
aHaJIHTINeCKHe B1ip8ll(8HH.II )VI.fl TOKOB Bos6yitt,1teHH.11 Mal'HHTOB nepeoii H BTo
poR CTYIJ8H8R C'IKB.TH.11, Il0Jlytl8HO Bblp8llt8HHe ~ H8XOJ!Ql8HH.II B8JIHqHHlil ,HH
,llyK'l'HBHOCTH .npoccen.11 CB.113H Lop.2. • 

IlpH 3a,JlaHHllX qJHKCHpoBaHHllX 3Ha1'.18ffi{.IIX napa.MeTpOB CX8MH pHC. 2 
npoH3B8A8HO OCqHJIJIOrp8¥{poBaHHe TOKa B036YJKP.8HH.II MarHHTa nepBOH CTy
neHH IIpH pasJIHllH!ilX 3aaqeHH.1IX BeJIHtlHHlil .npocceJI.11 CB.113H. IloJIHM KOMII8H
CaqH.II Haeo,ItKH ,!yp~eeHb · H~KMeHH.11 MeHee I%) AOCTHraeTc.11 npH lap.z = 

= 6 MI'H (pHc.3a), qTO XOpOWO COrJiacyeTC.11 C p~C1'.18TOM. , 

EcnH B~JIHtmHa Lap.2. > 6 MI'H, To HaBoAKa KoMneHcHpyeTc.11 He noJI
HOCTbD. (pHc.3a~ H Ha KpHBOH TOKa OCTaeTC.11 H860JibfilOH "npoBM". 

IlpH L..ap.2 ' ..:::::· 6 MrH peMHsyeTC.11 pellOOI nepeKoMIIeHCaqHH HaBO,IU<H,' 
H Ha KpHBOR TOKa B036YJ!(,11.eHH.II MarHHTa nepeoR CTyneHH Il0.IIBJl.fl8TC.fl He-
6oJibWM Ao6aexa no TOKY OT cxew nHTaHH.11 MarHHTa BTopoR cTyneHH. Hs
MeHeHHeM B8JIHtlHHH TOKa KOMII8HCaqHH (T.e. npH pa3JIHqffl,IX-3HaqeHH.IIX 

lap.2. 4(. 6 tirH) MolltH,o xoppeKTHpoeaTb noKasaTeJib cna,na MarHHTHoro 
non.11, <popMHpyeMoro nepeoJ:I cTyneHbD KoMnpeccopa (puc. 38). 
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0cHOBHOe 'AOCTOHHCTBO paccMoTpeHHon cxew COCTOHT B TOM, llTO oHa 

noaaonHeT nonyqaTb npaKTHqecKH HeKCKWiteHHYJ) (pOpMy TOKa B036yiK.neHKJI 
MarHHTa nepaon cTyneHH KoMnpeccopa. 

8 rnaae npHBe'AeHY 04eHKH 3ipp8KTHBHOCTH CXeMbl, HCnOHb3yrou{en-npHH

~n KoMITeHc~H HaBe'AeHHoro ToKa no cpaaHeHKIO c paHee npHMeHHBlllencn 
cxeMOH no~anneHHJI HaBo~H, KOr'Aa nocne'AoBaTenbHO C 3H8KTpoMarHHTOM 
BKHIOqancn HHJIYKTHBHYH 'APOCC8Hb 3HaqHTenbHon aenHqHffU ( L.ap. >> LM , 
r'Ae lap , lM - HH,DYKTHBHOCTH 'APOCCSHJI H 3H8KTpoMarHHTa). IloKaaaHo, 
qTo npKMeHeHHe HOBOH cxew no3BOHJleT CHH3HTb Hanp~eHHe Ha HaKOnHTene 

B 3,5 paaa no cpaaHeHHJO co cxeMon, B KOTopon HCnOJib30BMOCb IlO'AaMe
HHe Haao~H. IlpH 3TOM CHKl!taIOTCJI Tpe6oaaHH.H Ha H30JIJl~JO o6MOTOK MarHH
Ta nepaon cTyneHH KoMnpeccopa H pMa 3neMeHTOB ero cxew IIKTaHH.H. 

,[{pyroH Bal!tHOH OC068HHOCTbJO MarHHTHon CHCT8Mbl npOTOTHna KOJIJieK
THBHOro ycKopKT8HJI, KOTOpyIO Heo6XO'AKMO yqHTYBaTb ,B npo4ecce ~opMHpo

BaHHJI HMITYHhCHYX TOKOB, JIBHJISTC.H HCKal!teHHe noKaaaTen.H cna,na MarHHT
Horo non.II KoMnpeccopa npH BKHJOqS}{HH CXSM nHTaHH.H HMITJHbCHYX MarHHTOB 
CTJneHen CJKaTHJI. 3KcnepHM8HTMbHO ycTaHOBHeHo, qTo CKaqKH 3HaqeHHJ;\ 
noKa3aTen.H cna,na /t. (R,t) Ma.KCHMMbHY B MOM8HTY KOMMyTa~H B cxeMax 
nHTaHH.H H yM8HbIIIaIOTCR 'AO 'AOnyCTHMYX 3HaqeHHH no npOI118CTBHH (300+400) 
MKC OT MOM8HTOB KOMMJTa~H, T.e. Ha !ppOHTax HMnyHbCHYX TOKOB. 

Ilpe,Jl,IIOllt8HY, HCCH8'AOB8Hli K BH8'AP8Hli cxew HMITJHbCHoro nHTaHH.H, 
no3BOHHKJll\U8 orpaH~qHaaTb CKopoCTb HapacTaHH.H HMnyHhCHYX TOKOB B Mar
HHTax KoMnpeccopa, a pe3ynhTaTe qero cKaqKH noKaaaTen.H cna,na ~opMH
pyeMoro MarHHTHoro nonn yM8HbIIIaIOTC.H 'AO 'AOnycTHMbiX 3HaqeHHn. 

8 HacToHiqee BpeM.H B 3KcruryaTa~H HaxO~TCH 'AB8 cxew: C lllyHTH
pyeMblM HHJIYKTHBHHM ,IIJ)OCceneM, BKHJOqaeMHM noCH8'AOBaTe,bHO C o6MOTKaMH 
HMnJHbCHoro MarHKTa qeTB8pTOH cTyneHH KOMITpeccopa 12, H cxeMa C IllyH
THpyeMW T - 3B8HOM B 4enH nHT8HHH MarHHTa BTopon CTyneHH /r/. Ha 
pHc.4 a,6 ITpe'ACTaBneHa cxeMa nHTaHH.H MarHHTa qeTBepToA cTyneHH Hoc
~nnorpaMMa TOKa 3TOro MarHHTa B pel!tHMe BliBO'Aa 3H8KTpOHHoro KOHb4a H3 
KoMITpeccopa 121, npi KOTOpOM nonoBHHa o6MOTKH 3H8KTpoMarHHTa lllyHTH

pyeTCH KOMMyTaTopoM Tw2 (KoMMyTaTop Twl IIIyHTHpyeT 'APOCC8Hb lap.). 
BenHqHHa HH,eyKTHBHOCTH lap. BH6HpaeTc.H H3 ycnoBHJI lap.>>LM ' r'Ae 
lM - IDWKTllBHOCTl> MarHHTa. BpeMH BKnJOqeHHH KoMMyTaTopa Tw, no'A6_H-

paeTCH 3KCnepHM8HTMbHO H3 ycnoBH.H HaHMeHblllHX noTepb (HJIH nonHoro HX 
oTcyTCTBH.H) qacTH4 H3 3HeKTpoHHoro Konb4a npH BKn10qeHHH nHTaHK.H Mar
HHTa I.Y CTyJleHK Cl!taTHJI. 06yqHo OHO COCTaM.HeT (300+400) NKC OT MOMSH
Ta BKHJOqeHHR KOMMyTaTopoB Tr H T2 (pHc.4a). 

Ha pHc.5 a,6 np8'ACTaBneHa cxeMa IlHTaHHH MarHHTa BTOpon cTyneHH c 
WyHTHpyeN T - aaeHoM H oc~nnorpBMMa ToKa aoa6yitt,D.eHHJI 3Toro 3neKTpo
MarHHTa r • lllyHTHpYJO!qHH KOMMJTaTop Tm BKHJOllaeTCJI TaKir.e no npo11IeCTBHH 
(300+400) MKC OT MoMeHTa BKHJOqeHHJI KOMMyTaTopa Tr· IlpH noMO!qH cxew 
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PHc.5. CxeMa ~opMHpoaa.HHR HMnynhcttoro ToKa c IllyHTHpyeMbIM T-3Be
HOM (a) H oc~nnorpaMMa ToKa Bo36YJK,neHHR, ~opMHpyeMoro npH no
MoiqH 3TOH CX8Mli (6). 

R, Rz 

81 -~ B, - -~ 
;, 

Tp . 

PHc.6 •. Mo.nynh THpHcTopHoro 
KoMMyTaTopa. 
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PHc.?. IlpHH~nHMbHaR cxeMa MO.DYHR THpHCTOpHoro KOMMyTaTopa. 
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pHc.5a y,1taeTCH DOJIYllHTb rIJiaBHoe HapacTaHHe TOKa B 3Jl8KTpoMarHHTe: 
CKopOCTb HapaCTaHHHTOKS.:B HatlaJibHID\ MOM8HT BpeMeHH HM88'1' 3Hati:eHHe, 

6JIH3K08 K HyJieBoyY. IlapaM8Tp!,I 3Jl8M8HTOB T - 3B8Ha nepsoHati:SJibHO pac- · 

Ctl:HTHBSJIHCb ,' a aaTeM yTOtlHKJIHCb B npo~ecce HSCTpoltKH pe11HMa CU'l'HH · '~ 
sJieKTpoHHoro KOJib~a B KoMIIpeccope. \ ' 

Bo BTopoR rJiaBe paccMOTpeHH sonpocH paapa6oTKH, HCCJl8,ltOBaHHH H 
T8XHHtl:8CKOlt p8MH3a.ql{H 3Jl8M8HTHOR 6aaH ll)IH nocTp08HHH CHCT8M ~opMH- , 
poBllHHH HMilYJlbCHliX TOKOB B MaI'HHTax npOTOTHna ycKopHTeJIK. 

,lvlx KOMMyT~H 3Jl8KTpOMarHHTOB npo'l'OTHIIa KOJlJl8KTHBHOro ycKOPHTe

JlH C eMKOCTHblMH HaKODHT8JlKMH 3HeprHH, a TaKl!e ll)IH ~opMHpOBa.HHK HM
nyJibCHliX TOKOB co CJlOl![HliM 3aKOHOM H3M8H8HHH BO BpeMeHH, B OT,1teJ1e HO

BHX MeTO,ltOB ycKopeHHH OIDlli paapaC>OTaHH, HC~8,ltOBaHli H BH8,!tpeHli coc
TaBHHe THpHCTOpHH8 H ,lUIO,ltHH8 KOMMyTaTOpH'/3 • 0CHOBHOR KOMIIOHOBO'll!Oli' 

8,lUIHH~eR KQMMyTaTopa HBJIH8TCH M0,113Jlb, KOTOpHR npe,U.C'l'aBJIHeT, co6olt KOH
CTpyKTHBHylO rpynny, COCTO.fflllY)J H3 ,lt8CKTH nocJie,ItoBaTeJlbHO BKJ1Dtl8HHHX 
BeHTHJielt (THpHcTopoB HJIH ,IUI0,110B Ta6JI8TO'IHOro HCDOJlH8HHH) C CHCT8M8MH 

o6ecneqeHHH npHlKHMHOro ycHJIHSI, OXJ18.llt,D.8HHH, aanycKa, KOHTPOJIH, 38IqHTH, 
yaJiaMH no,u.KJIDQ8HHH H ycTBHosoqHHMH sieMSHTa.MH. ~oTorpaif>Hx Mo,ey-Jix 

npe,1tcTaBJieHa Ha pHc.6. 
Ha pHc.? npHB8,lt8Ha npHH~DHSJibHM CX8Ma O,D.HOrO M0,1J3JlH THpHCTop

Horo KOMMYTaTopa, r,1te TI+ TIO - THpHCTOpH; BI+ BIO - CHMMeTpHtlHHe 

orpaHHQHT8JlH Hanp.RlK8HHH; R I .;. RIO - BHpaBHHBa.DIIIH8 conpoTH BJ18HHH; 
/1 ! .;. /\ I0 - 3Jl8M8HTht CB8TOBOlt CHrHaJIH3a.ql{H COCTOHHHH B8HTHiielt; Tp. -
ltMnYJibCHbtlt TpaHC4!0P4aTop aanycKa THpHCTopoB. B!IoKH KoMMy-TaTopoB KOMII
Jl8KTYJOTCSI THpHC'l'OpaMH THna T-500 HJIH ,ltHO,ltBMH B-500 !2+20 KJiacca no 
H8Ilp.RJK8HHD. 

TpH M0,113JlSI 06~8,IUIHHIOTCH B 6JIOK KOMMyTaTopa H MOHTHpYJOTCSI B Kap
Kace CTaH,ItapTHOlt CTORKH "BlilllHH", KoJIHti:8CTBO 6JIOKOB (cToeK "BHWHH") B 
O,D.HOM COCTaBHOM KoMMyTaTope onpe,1teJIK8TCSI KOHKpeTHHMH YCJIOBH.RMH pa6o
Tbt B CHCT8M8 HMilYJibCHOro nHT8HHSI 3Jl8KTPOMSI'HHTOB (Hanp.RlK8HHeM, TOKOM, 

ll)IHT8JlbHOCTbD HMnyJlbCHoro ToKa, ti:aCTOTOlt cpa6aTHBaHHH). 

IlpHMep KOMIIOHOBitll 6JIOKOB KOMyYTaTopoB noKa3aH.HapHc.8 a,6. 
0CHOBHHMH ,U.OCTOHHCTB&ra ,118.HHOR KOHCTpyK~H KOMMyTaTopa ffBJlfiDTCSI: 
I. CHMMeTpHH KOMMyTaTopa OTHOCHTeJibHO BHO,U.a H KaTo,u.a, tl:TO BSlKHO 

B YCJIOBHRX BhtCOKoro 11anp.RlK8HHH. 
2. BoJibillM MOil!ffOCTb KOMMyTaTopa, ,U.OCTHraeMM 3~KTHBHbIM ABY-

CTOPOHHHM OXJ18Jlt,lt8HH8M B8HTHJielt KaK co CTopoHH 8.HO,Ita, TB.K H KaTo,u.a. 
3. KoMnB.KTHOCTb H npOCTOTa c6opKH. 
4. TexHoJiorHQHOCTb B npoH3BOACTBe. 
B rJiaBe npHB8,lt8Hht npHH~nHaJibHM cxeMa 6JioKa aanycKa THpHCTOpHHX 

KOMMyTaTopoB H 3KCnepHM8HTaJibHO DOJlyQ8HHli8 HBI'py30QHlie xapaxTepHCTHKH 
3Toro 6JioKa: aaBHCHMOCTb BbtXO,D.Horo Hanp.RlKeHHH aanyCK8Dlllero HMnyJlbCa 

IO 

if i 
'~ '1 

a) JlH~eBM CTopoHa rp~nny KOMMYTaTopoB; 

6) TliJlbHM CTopoHa 3TOlt 118 rpynllH KOMyYTaTopoB. 

Pile :a. KOMIIOHOBKa KoMMyTaTopoB CHCT8Mbl HMnyJlbCHoro 
DHTaHHSI. 

II 



V .,,, :ft. { N) , saBHCHMOCTb aMIJJlHTy,IU,I ToKa sanyCK&llllero HMIIyJI&ca 
.72 :: ,h ( ,1/} H saBHCHMOCTb KpyTH3HH nepe,ItHero q>pOHTa HMIIyJibCa sanyc

Ka d.J/di = .;6 {#) OT tmcJia rnp11cTopoB B KoMMyTaTope. Ilp11 ynpaBJieHHH 
O,IU{HM 6JIOKOM aanycKa KOMMyTaTopa, co,nepi![81118ro He 6oJiee 60 THp11CTopoB 
(mecrb MO,JzyJieR B ,nByx cToAKax), BpeMH OTKpHBaHHH KQMMYTaTopa He npe
Bl,llllaeT I,5 MKC. PeKoMeH,ItOBaHO orpaHHtmTb .IV~ 60 )UIJi/3CTOA1lliBoro 
ynpaBJieHHn npoqeccou oTKPHBaHHH o,ItHHM 6JioKoM aanycKa I. 

IlHTaHHe 3JI8KTpOMarHl1Ta qeTBepron CTyneHH KOMnpeccopa 11 COJI8HOH
,noB npe,nBapHTeJibHoro ycKOpeHHJi OCYlll8CTBJIH8TCJi no napaJIJieJibHNM BeT
BHM, Kor,na CeKQHOH11pOBaHHM KOH,IteHCaTOpHM 6aTapen KOMMyTHpyeTCJi Ha 
OOlllYIO HH,ItyKTHBHYJ> HarpyaKy (cxeMa nHTaHl1Ji MarHHTa IY czyneHH), JI1160 
BCJi 6aTapen KOMMyTHpyeTCH Ha ceKQHOHHpOBaHHyll HH,JlyKTHBHylO HarpyaKy 
(nHTaHHe COJI8HOH,UOB). B CBH3H C 3THM aKTyaJibHOR CTBHOBHTCH aa,naqa 
o6ecneqeHHH CHHXpOHHoro cpa6aTHBaHHH THpl1CTOpHHX KOMMyTaTopoB, BKJIIO
qeHHHX B napaJIJI8JibHH8 B8TBH cxeu nl1TaHHJi. 

3qiqieKTHBHHM HBJIHeTCH cnoco6 CHHXpOHK3aqHH napaJIJieJibHO BKJil[)tleH
HHX KCJMMYTaTopoB, OCHOBaHHHA Ha myHTHPOB8Hl1H HX BCnoMoraTeJibHHMH 

KOH,lt8HCaTopSMH H HCnOJib30BaHHH A!)OCCeJieR HaCbJllleHM C MSJIHM X_?PaKTep
Hl,IM BP8M8H8M, BKJlllqaeMhlJC noCJie,nOB!l.T8JibHO C J(OMMyTaTopBMH / 4 • . 

B AHCC8PTaQHOHHOR pa6oTe npoBe,neH 8HaJIH3 npe,nno111:eHHOA cxeMH CHH
xpoHHsaQHH BKJmqeHHJi KOMMYTaTopoB, nocTpoeHH rprupHqecKHe aaBl1CHMOCTH 
HSMeHeHHH Hanpmt8HHH Ha 3aKpHTOM KOMMyTaTope B aaBHCHMOCTH OT BeJIH1ffl
HH 8MKOCTH myHTHpyiotqmc KOH,IteHCaTopoB npH BKJIJOqeHHH A!)OCCeJIH HacblllleHl1H 
c BpeMeHeM BXO,na B HacblqeHHe tHa.C. c,t. I MKC H 6ea Hero. 

C,neJiaHHpeKoMeH,ItaqHH no BH6opy BeJIH1fflHH eMKocTen mYHTHPYIOllll1X 
KOH,IteHcaTopoB )UIH o6ecneq8HHH CHHXpOHHoro OTKpHBBHHH THpHCTOpHHX KOM
MyTaTopoB B napaJIJieJibHHX B8TBHX nHTaHHH MarHHTa !Y CTyneHH KOMnpeCCO
pa. 

IlpHBe,neHH aKcnepHMeHTSJibHHe pesyJI&TaTH H3M8p8Hl1H paa6poca apeMe
HH OTKpllBaHHH napaJIJieJibHO BKJiroqeJiHHX KOMMyTaTopoB npH B8Jil1qHHe eMKoc
TH myHTHpyrotllIDC KOH,lt8HCaTopoB C = O,OI MK'~ H xapaKTepHOM Bp8M8HH 
A!)OCCeJieR HacH1118HHJi tHac. ~ I MKC: paa6poc He npeBOCXOAlfJI I,5 MKC 
B AlfanaaoHe H3M8H8HHH HanpHllt8HHJi Ha ceKQHHX KOH,U8HCaTopHon 6aTapeH 
OT I,5 KB ,no 30 KB. 

B TpeTbeij rJiaBe paccMOTpeHH oco6eHHOCTH pa6oTH MarHHTHOR CHCTeW 
Kounpeccopa llpOTOTHna KoJIJieKTHBHoro ycKopHT8JIH ~ MeTaJIJilfqecKon BaKy
yYHOR KaMepon H OCHOBHH8 peSYJibTaTH pa6oT no <popMHpOBaHli!O ~ H3MepeHHll 
HMnyJibCHoro MarHHTHoro llOJIJi npOTOTHna Ha yqacTKB.X c111:aTHH 11 BHBo,na 
3Jl8KTpoHHoro KOJibqll. 

. Ha yqacTKe c111:aTHH 113MepeHHH npoBOAlfJll1Cb B ,nByx pel!l:HMax: llpi1 q>HK
CHpoB8HHHX sHaqeHHmc pB,lllfyca AJIH pasJil1qffHX sHaqeHHA aaHMyTa 11 npH 
q>HKCHpOBaHH!:.lX 3HaqeHl1JIX as11MyTa Ha pasJil{qHHX p8,IJ,Hycax. 
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3ttat1ett11a noKasaTeJIH cna,na n (R, i) rrpHao,nnTca ,nnn pas.1111t1HWC 
3HaqeH11n HaqBJibHOR 3Hepr1111 11Hl!l:8KT11pyeMoro B KOMnpeccop 3Jl8KTpOHHoro 

nyqKa. 
Ha OCHOBaHH~·pesyJibTaTOB MarHHTHHX H3MepeHHA c,neJiaHO 3aKJIIOtJ8Hl1e 

0 np11rOAffOCTH CHCTew tp<)pMHpoBaHHJi HMnyJibCHHX TOKOB B MarHHTaX KOMn
peccopa Ha yqaCTKe c111:aTHH ,IUIH npoBe,neHHH 3KCnepHM8HTOB no·11ayqeHHIO 
KOJIJI8KTl1BHoro MeTo,na ycKopeH11Ji. 

Ilp11 BHBo,ne 3JI8KTPOHHoro KOJlbqa ~a npe,neJIH ,ne8CTBl1H MarHHTHoro 
nOJIH npo6oqHoA KOHq>HrypaqH11 KoMitpeccopa 11ct1esaeT npo,noJibHM (B Han
paBJieHHH ,UBH1!1:8Hl1H) ¢0Kyc11poBKa KOJibqa. MeTaJIJIH\J8CKl1e 3KpaHH - qHJIHH,n
pH C paspesa.MH H 6es Hl1X, ycTattaBJIHBaeMae B,UOJib npo,noJibHoro ,nBH1!1:8Hl1H 
KOJib~a. cnoco6CTByroT ero ~oKycHpOBK8 B 3TOM HanpaBJieHl1H. TaKHe np11c
noco6JI8H11H CB.Ml1 BHOCHT HCKWKeH~H B 11MIIYJibCH08 MarHHTHOe noJie KOMnpec
copa, noCKOJibKY OHH pacnoJiar&:lTCH B6JIH311 11MIIYJibCHoro MarHHTa IY cTy
neH11 H rp8,IJ,HeHTHoro coJieH011,na. 

Ha npOTOTl1ne KOJIJieKTHBHoro ycKopHT8JIH HCCJie,noBSJIOCb BJil1HHl1e.aJie

M8HTOB q>OKYCHpOBK/5/a <popMHpyeMoe 11MllYJibCHoe MaI'Hl1THoe noJie, B TOM 
tJV.CJie TaKHX, KaK. : 

I) Tpy6 H3 HepiitaBelO!lleA CTBJIH MapK11 X!8H9T ,Ul1aM8TPOM ? ,2 CM C 
TOJillll1HOA CT8HKl1 0,I CM 6es paape30B (cn~omHoA) 11 KOM6HHHpOB8.HHOA, C 
meCTbll npo,noJibHhlMH paspe3aMl1 OT 2 .= 25 CM ,no z = 35 CM; 

2) BCTaBKa THna "EeJIH%8 KOJieco" 113 35 M8,nHHX CTPYH (,nHaMeTp 
CTPYHU O,I ~M) HHS 6 MeAHUX nonoc (TomqttHa noJioca O,I CM, rnHp11Ha 
3,0 CM) c HapYJ!l:HblM Alfa.M8TpoM ? ,2 CMj . 

3) M8AHOA Tpy6u C Hapy,KHHM AlfaM8TpoM 3,2 CM H TOJ!lqHHOA CT8HKH 
0,2 CM. 

Ha pHc.9 noKasaHo pacnoJio~eHHe q>oKycHpyro~ero ycTpoAcTBa B Mar
H11THon CHCTeMe OOTif, r,ne OHO o6o3HatJeHo Kill( "UeHTPaJibHM Tpy6a". 

oKcnepHMeHTaJibHO yCT8HOBJI6HO, ~o HaH6oJiee 3aM8THHe HCK8llt8HHH 
8.MnJIHTy,na H.q>asll HMnyJibCHoro MarHHTHoro noJIH BHOCHT HepaspesaHHM 
Tpy6a 113 He~aB8Dlll8A CTaJIH. Ha pHc.IO npe,ncTaBJieHa saBHCHMOCTb npo
,nOJibHon cocTaBJIHlllllen·MarHHTHoro noJIH Bi oT BpeMeHH IY czyneHH c~a
THH H COJieH011,na. KpHBHe C 11H,lt8KCOM A llOJiytl8Hll npH 3HaqeHl1JIX l ~ 0 H 
2 = O; c HH,IteKcOM B - npH "l = 0 H l. = 60 cM; AI, BI - noJie BHJTPH 

CilJIOWHOR Tpy6a H3 ttep~aBelllllen CTaJIH, A2, B2 - 6es Tpy6a~' 0AttaKO BeJIH
q11HH 3THX HCKaJK8HHA (~I%), ecJIH yqeCTb HX. BKJIB,ll, B cywapHoe MarHHT-

n :: , 
Hoe noJie, He MOrY'J: _oKa3aTb CYlll8CTBeHHOro BJIHHHHJi Ha napSMeTpll aneKT-
poHHoro KOJib~a. 

PesyJihTaTH H3M8peHHn HCKal!l:eHHA mmyJibCHoro MarHHTHoro llOJIH/BHO
Cl1MllX OTp83KOMM8AffOR Tpy6a, npe,ncTaBJieHH Ha p11c.II, r,ne ~PHBe,neHo 
pacnpe,neJieHHe npo,nOJI&Hon cocTaBJIHlllllen MarHHTHoro noJIH no ,nn11He BHBo,n
Horo ytlacTKa Ha p8,IJ,HyCe H3MepeHHR t = 4,5 CM ,nJIH Tpex MOMeHTOB Bpe-
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Pnc.9. IloJIO)l(eH11e KoppeKTVIpyIOlljero COJI8HOtt,na ~ rpoKycHpytO!l\HX 
ycTpoACTB B Maf'HH~HoA CHCTeMe ffi{YTM. 

Plic.IO. 3aaHCHMOCTh Bz(t) IY cTyneHH 

a TOtlKe !=0, l- = 0 (KpHBble A) H co
JieHOH)la a TOtlKe t.= 0, l= 60 CM (KpH- ► 

Bbl€ B); I - noJie BHYTPH CilJIOlllHoli Tpy-
6bl Ha HepJKaBeIOrqeti cTa.nH, 2 - 6ea Tpy-
6bl. 
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PHc. II. Pacnpe,neJieHHe B z. (l) Ha BblBO,nHOM 
yqacTKe Ha 'l.= 4,5 CM npH lfl;UllitlHH q,0Kyci,1py

IOlljCH Me,nHoA Tpy6b1 ,nttaMeTpoM 3,2 CM H TOJI
Il\HHOH CTeHKH 0,2 CM (lllTPHXOBUe KPHBble) H 
6e3 Tpy61,1 (CilJIOlll!!ble Kpttm,re) )J.1Ia Tpex MoMeH
TOB apeMeHH i:1 , tz. , t3 . 
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MeHH HaMepemm: i1 = iMaKc. , t.2 = l:.Ma1<c. - 100 MKc H t3 = i,,r:u:c-
- 200 MKC ( tMtlKC.- apeMa, COOTBeTCTBYl)!llee MB.KCHMyMy TOKa e Maf'HHTe 
IY CTyneHH KOMilpeccopa). illTpHXOBble KpHBble - noJie npH HaJIHtlHH Me,nHoA 
Tpy6bl ,ItlfaM8TpOM 3,2 CM H TOJI!l\HHOA CT8HKH 0,2 CM, CIL1IOWHHe KpHBble -

nOJie 6ea Tpyeibl. 
HaMepeHHe pacnpe,nexeHHa MaI'HHTHOf'O nona B,UOJib ecero TpB.KTa BblBO

,na H npe,neapHTeJibHOf'O ycKopeHHa noKasa.no, trro npHMeHeHHe KOM6HHHpO
BaHHOA 1py6b1 HEll!teJiaTeJibHO Ha-sa yM8HbmeHKa rp8,JlK8HTOB MarHHTaoro no

Jla not1TH e ,nea pasa, no cpaeHeHHD c_pactleTHblMH. 
13.nHSJ.HHe qJOKyCHpYl)!l!HX 3JI8M8HTOD THna "Ee.lmlll,8 KOJieco", oTpesKOB 

Tpy6 H3 H8plKaBellllleA CTaJIH H Me,nH C Bbl6paHHblMH pasMep&m Ha HMnyJibCHoe 
Maf'HHTH08 none B KOH~e yqacTKa Cl!CaTHa H8B8JIHKO. PeKOM8HJl0B8.HO HX npH
M8H8HHe Ha npoTOTHne KOJIJI8KTHBHOf'O ycKopHTeJIJI / 5/_ 

B rJiaBe paccMoTpeHbl eonpocbl KOMil8HC8.QHH HCKWB:eHHa M8,nHaHHOA. 
DJIOCKOCTH MarHHTHOf'O nOJia KOMnpeccopa MHOf'OBHTKOBblM COJI8HOHJlOM npe,n
eapHT8JlbHOf'O ycKopeHHa H aSHMJTMbHblX HCKBJiteHHA Ha MaJiblX pa,nuycax 

H3MepeHHSJ. • 
HcK81K8HH8 M8,nH8.HHOA nJIOCKOCTH MaI'HHTHOf'O noJia KOMnpeccopa (ee 

c,neHr) npoHCXOJlHT aa Ctl8T BHXp8BbllC TOKOB, HHJJ.Y~POBaHHblX B BHTKax 
nepeoro COJI8HOH,na npe,neapHT8JlbHOf'O ycKopeHHa HMnyJibCHblM Maf'HHTHhlM no
JI8M CTyneHeA .Cl!CaTHa. HcnoJib30BaHH8 )l1ISJ. _HBMOTKH COJieHOH,na MHOf'Ol!CHJihHO
ro KaeieJin, npOBO,nHMOCTb KoToporo CHHJKeHa )l1ISJ. BHXp8BbllC TOKOB no cpae
H8HHD co CnJIOIDHblM npoBO,nHHKOM aa CtleT nepexo,nHbllC conpoTHBJI8HHA MelK,IIY 
JKHJISMH, OKa3aJIOCb He,nocTaTOtlHO 31pqi8KTHBHblM cpe,ncTBOM. 

HaMepeHHSJ. HCKUeHHA, BHOCHMbllC COJI8HOHJlOM, noKasaJIH, tlTO 8.KCHMb
HOe CM8lll8HHe F!Mbl MaI'HHTHoro IlOJIJl KOMnpeccopa B ,nttanaaoHe pB,IJ;Hycoe 

't,= (21H-35) CM ,nocTHf'aJIO:::::::: I CM. 
Ana KOMil8HC~H·HCK8lK8HHA M8,nH8.HHOH nJIOCKOCTH Maf'HHTHOf'O IlOJia 

HCnOJib30BaJICa ,neyxcJioAHblA KoppeKTHPYlllllHA COJI8HOH'A co BCTpetlHb!M Ha
npaBJieHH~M H8.MOTKH BO BHYTp8HH8M H BH8WH8M CJIOSJ.X (pHC.9). Ero reoMeT
pHtl8CKH8 pa3Mepli COOTBeTCTBOBaJIH nepBOMy COJieHoH,ny npe,neapHT8JlbHOf'O 
ycKopeHHa. KoJIHtl~CTBO H cetleHHe BHTKOB 6WIH e~6p8.Hbl TB.KHM o6pasoM, 
tlT06bl IlOCTOSJ.HHM epeMeHH 'lx KoppeKTHPYfO!ilero COJI8HOH,na npeeblWaJia 
xapB.KTepttoe BpeMR nepexo,nHHX npo~eccoe~ 0,5 Mc. 3To ycJioeHe peaJIHso
BB.Ho npH 40 BHTKax Ka6eJia ceqeHH8M 50 Mlf-, npH 3TOM HH)J.yKTHBHOCTb H 
conpoTHBJI8HHe o6MOTKH COCTaBJISJ.JIH COOTBeTCTBeHHo 20 MKr H 10-2 OM 
('l'K = 2 uc). Ilo,1tcTpoAKa aMOJIHTYJlbl KoppeKTHpytOI1Jero noJISJ. H ero pacnpe
,ne~eHHe ocYllleCTBJIMHCb HSMeHeHHmrn eeJIHtlHHbl myttTHPYfOlllero CJIOH o6MoT
KH conpoTHBJISHHa R /..lJ H IlOJIOl!C8HHa KoppeKTHpy~ero COJI8HOH,na. 

Ana 3KCnepHM8HTOB no H3ytieHHD ,nHHBMHKH SJieKTpOHHO-HOHHblX KOJI8~ 
6blJIH peKoMeH,itoBattbl cJie,eyx>lllHe sHaqeHHa STHX napB.MeTpoe: RU/ ~ I OM, 
IlOJIOlK8HHe G8HTPa KoppeKTHpyio~ero COJI8HOH,na 2K = -47 CM. 
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PesyJibTaTH cepHH 3KcnepHMeHTOB Ha npOTOTHne yCKOPHTeJIH noKasanu 
npaBHJibHOCTb Btroopa nepetntMemrax: Bl,IIlle napaMeTpoB. 

B npMOJKeHHH CO'AeplKHTCH aKT 06 HCOOJlb30BaHHH peayJibTaTOB ~ccep

Ta~OHHOA pa6oTH. 

OCHOBHble pesyJihTaTH pa6oTH 

I. Paspa6oTaHa, HCCJie'AOBaHa H BHe'ApeHa 3JieMeHTHM 6asa 6JIOKOB 
nliTaHHH HMII,YJibCHblX MarHHTOB npoTOTUna KOJIJISKTHBHOI'O ycKopHTMH OIDill: 
THpHCTOpHHe (,IUfo~e) KOMMyTaTopH B CTa~apTHblX CTOAKax; 6aTapeH Ha
KOnHTSJibHHX KOH'ASHCaTopoB Ha Hanp.lllKeHHe 'AO 35 KBC sanacaeMoA 3Hep
ruen ~40 ~ K~M; 6JIOKH ynpaeneHHH THpHCTOpHb!MU KOMMyTaTopaMU, 
BCOOMol'aTeJibHOe 060PY'AOBaHHe. 

OCHOBHble napSMeTpH KOMMyTaTopa: 
- MaKCHMaJihHoe Hanp.lllKeHHe (KB) •••••••••••••••••••••• 35, 

- llMilJIHTY'AHOe 3HaqeHHe HMflYJibCHOl'O TOKa (KA) •••••••• 6, 
- MHTSJibHOCTb HMnyJihCa ToKa (Mc) ••••••••••••••••••• I,2+2,8, 

- qacTOTa Cpa6aTHBaHHH (r4) ••••••••••••••••••••••••• 0,!+5. 
BpeMH OTKpHBaHHH THpHCTOpHblX KOMMyTaTopoB, CO'ASplKBlqHX 'AO 60 BeH

TMetl, He llpeBbl[IJaeT I,5 MKC npu ynpaeneHHH O'AffHM 6noKOM sanycKa; pas-
6poc cpa6aTHBaHHH KOMMyTaTopoB BO BpeMeHH He npeehllllaeT I,5 MKC. 

2. Paspa6oTaHH, HCCJl8'AOBaHH H BHe'APeHH Ha npOTOTHne KOHHSKTUBH0-
1'0 ycKopHTeJIH cxew HMnyJibCHOl'O nHTaHHH MarHUTOB 'AHR ¢opMHpoBaHHH TO
KOB co CJIOJKHHM 3aKOHOM H3MeH8HHH BO BpeMeHH: 

- o6ecneqHBa!Oll\H8 orpaHHqeHue CKOpOCTH HapacTaHHH TOKOB B036YlK,ll;e
HHH 3JI8KTpoMarHHTOB ,B HaqaJibHHe MOM8HTH epeMeHu; 

- ll03BOJlruDlllHe rnyHTHPOB~Tb B 38,lJ.aHHotl nocJie'AoBaTeJibHOCTH qaCTH 
o6MOTOK HMIIYJibCHhIX MarHHTOB H HHJIYKTHBHble 'APOCCeJIH, BKJiroqaeMHe nocne-. 
'AOBaTSJibHO C 3JI8KTpOMal'HHTBMH. 

3. Ilpe'AHOJKeHa, HCCJI8'AOBaHa H BH8'ApeHa cxeMa CHHXpOHH3a~H napan
Jl8JlbHO BKJiroqeHHblX THpHCTOpHblX KOMMyTaTopoB, pa6oTa!OlqUX Ha HH,11,yKTHBHyro 

Harpysey. IlpHM8H8Hli8 'APOCC8Jleil: HaCHIJl8HID! C M8JIHM xapaKT8PHI:lM 
Bp8MSH8M COBM8CTHO C UlyHTHPYID!llHMH KOMMyTaTopH eMKOCTHMH YM8HbmaeT 
BpeMeHHOtl pas6poc OTKpHBaHHH KOMMyTaTopoB 'AO B8JIHqHHH, He npeBHma!Olqetl 
I,5 MKC. IlpH 3TOM yJiyqUIIUOTCH CTa6HJibHOCTb aMORHTY'AH H ¢opw HMII,YJibC
HOl'O ToKa B o6MOTKax 3JI8KTpoMarHHTa. 

4. Ilpe'AHOJKeHa, HCCJI8'AOBaHa H BHS'ApeHa cxeMa KOMneHCB.qHH HaBe'AeH
HOl'O TOKa B o6MOTKax MarHHTa nepson CTyneHH KOMllpeccopa. CxeMa KOM
llSHCB.qHH noaeonseT nonyqaTh npaKTuqecKH HeHCKaJKeHHyro ~op,iy B o6MOTKax 
MarHUTa nepBon CTyneHH: ypOB8Hb HCK8.lK8HHl1 HMII,YJibCHOl'O TOKa MeHee I%. 

IlpH llOMOlllH 3TO!i cxew peanusyeTCH B03MO;'KHOCTb KoppeK~H llOKasa
T8JIH cna,na MBI'HHTHOI'O llOJIH, ¢opMHpyeMOI'O nepBofi CTyll8HbIDj KOppeK~H 
OCY!ll8CTBJIH8TCH H3M8H8HH8M aMnnHTY'AH KOMll8HCHpy!Olqel'o ToKa OT cxeMH nH

TaHWI llMIIYHhCHOl'O MarHRTa BTOPOH CTyneHR ROMIIpeccopa. 
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5. 3xcnepl1M8HTMbHO HCCJIS'AOBaHH HCKaJKeHHH HMIIyJibCHOl'O MarHHTHOl'O 

nomI npOTOTHna ycKopHTeJIH: 
a) pasnuqHHMu ycTpofiCTBaMU ¢oKycupoBKH 3JI8KTpOHHOl'O KOJib4a Ha. 

yqaCTKS ero BHBO'Aa H3 a,nresaTopa. YcTaHOBJISHO, qTo ycTpofiCTBa ¢oKycu
poBKH H83Hatn1TeJibHO HCK8.JKa!OT pesyJibTHpyro!llee·MarHHTHOe noJie: OTKJIOHS
HHH aMURHTY'AH H ipa:3H He npeBl,IIllaJOT ± I%; peKOM8H'AOBaHO npHMeHeHH8 3THX 

ycTpOACTB Ha npoTOTHne ycKopHTeJIHi 
6) o6MoTKoA BHBO'AffOl'o coJieHOH'Aa B ,IU1anas0He pa,D.HycoB (25+35) cM. 

KoMneHC~Hfl 3THX HCKaJKeHHfi OCY!ll8CTBJIH8TCH nacCHBHHM KoppeKTHPYIDll\HM' 
COJISHOH'AOM- Bu6p8.HH napBMeTpH H OCY!ll8CTBJI8Ha T8XHHqecKM peMH3aqHH 
3TOI'O COJI8HOH'Aa (reoMeTpHqecKHe pa3M8pH COOTBeTCTByroT BHBO'AffOMy CO
JISHOH,IJ,y, tniCJIO BHTKOB o6MOTKH - 40, ceqeHHe o6MoToqHoro Ka6eJIH -

0,5 cil-, HH,IJ,yKTHBHOCTb o6MOTitH - 20 MKr, aKTHBHOe conpoTHMSHlfe 06-
MOTKH - !0-2 OM, llOCTORHHWl'. BpeMeH11·- 2 MC). 0npe'A8Jl8HO llOJIOJKSHlfS 
KoppeKTHpy!Olqero COJISHOH'Aa ~ Mal'HHTHon CHCTeMe npoTOTHna ycKopHTSJIH. 

6. llcnonbsoeattue aneMeHTHofi 6asu, paspa6oTaHHoA, HCCJIS'AoBaHHoA 11 
peaJIH30BaHHOA B 0T'A8Jle HOBblX M8TO'AOB ycKopeHHH OllflH 'AHH nocTpoeHHH 

CHCT8Mbl ¢opMHpoBaHHH HMnYJibCHHX TOKOB, HapH,IJ,y C llplfMeHeHHeM HOBHX 
cxeM If 3KCnepHM8HTMbHblX pesyJibTaToB, Il03BOJIH8T ~opMHpoBaTb MHl'KO~O
KyCHpy!Olqee HMnyJibCHOe Mal'HHTHOe noJie npoTOTHna KOJIJI8KTHBHOI'O ycKopu
TeJIH C sa,naHHblMH xapaKTepHCTHKaMH: HHJIYK41f8A OT 0,3 T 'AO 2,5 T Ha 
pasJIHqffblX pa,nuycax CTyneHen CJKaTHH H BHBO'Aa 3Jl8KTpOHHOl'O KOJlbQa npu 

qacToTe cne'AOBaHHH MarHHTHblX ~KJIOB npoToT11na 'AO 5 r4. 
OCHOBHHe pesyJihTaTH, H3JIOJK8HHHe B 'Al{CCepTB.qHH, ony6JIHKOBaHH B 

cne'Ayroll\HX pa6oTax: 
I. Bapa6aw JI.C., CapaH4eB B.Il., THMoXHH B.A., l!anHUieB B.B. 

0 H8KOTopmc cxeMax HMIIyJibCHOl'O nHTaHHH KaTyUieK KoMnpeccopa 3JI8KT

poHHO-lfOHHHX KoJieQ. Coo61lleHHe OIDill, 9-84-4, ,lzy6Ha, !984. 
2. Bapa6am JI.C., Caprumee B.Il., THMOXHH B.A., l!anblllleB B.B. 

WopMHpoBaHHe HMIIyJibCHblX TOKOB co CJIOJKHHM saKOHOM H3M8H8HHH BO ape
MSHH B cxeMax llHTaHHH KOMnpeccopa KOJIJISKTHBHOI'O ycKopuTeJIH. 
Coo6~eHHe OIDill, 9-83-?72, ,lzy6Ha, !983. 

3. Bapa6attoBa JI.M., Bapa6am JI.C., THMOXHH B.A., l!am,1111ee B.B., 

lliee40B B.C. THpHCTOpHblfi KOMMyTaTop 'AHR cxeM ~opMHpOBaHHH HMIIyJibC
HHX Mal'HHTHblX noJieA. Coo61lleHHe OIDll, 9-83-?62, ,lzy6Ha, !983. 

4. THMOXlfH B.A. IlapanJie~bHaH pa6oTa THpHCTOpHHX KOMMyTaTopoB Ha HH
'AYKTHBHylO ttarpysKy. Coo61lleHHe OIDll, 9-84-2, ,lzy6Ha, !984. 

5. AJieKCaH'APOB B.C., THMOXHH B.A. H 'AP• ~opMHpoeaHHe Mal'HHTHoro nonH 
ycKopflrollleA Mal'HHTHOA CHCT8MH•llpOTOTHna KOJIJI8KTHBHOI'O ycKopHT8~H 
THJKeJiblX HOHoa. Coo61lleHHe OIDll, P9-II663, ,lzy6Ha, !9?8. 

PyKOilll.Ch llOCTynwia B li3MT8JU,Crurli OT}.{WI 
II HOSI6p.a: 1985 roM. 
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