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B 3Kenep&MeHTax no &eenep;oBaHHIO B3aHMop;eieTBHi 

qaeTHn, yeKopeHHbiX ,D;O BbleOKHX 3HeprHi, WBpOKO Henom • .-

3YIOTeJI ny3blphKOBble KaMepbl, B qaeTHOeTH, BO,D;OpO,D;Hble. 

C TO'IKH 3peHHJI 3JieKTpOTeXHHKH O,D;HOB H3 eJIO>KHbiX eHeTeM, 

o6eene'IHBaiO~X pa6oTy ny3blphKOBbiX KaMep, JIBJIJieTeJI 

MarHHT, Henoepe,D;eTBeHHO B KOTOpOM paenOJIO)I(eHa KaMepa. 

Ha 3TOT MarHHT HaKJia,D;biBaJOTeJI Tpe6oBaHHJI KaK Ha Bbleo­

KYIO eTa6HJihHOeTh BeJIH'IHHbl ero MarHHTHOrO nOJIJI /nyq­

we 0,1~/, TaK H Ha Ha,D;e>KHOeTh. 

JiOJihWOe 3Ha'leHHe HMeeT H o6eene'leHHe B3pb1BO­

H no)l(apo6e3onaeHoeTH yeTaHOBOK. II03TOMY B03HHKaJOT 

oe06ble Tpe6oBaHHJI Ha yeTpoieTBa 3a~Tbl MarHHTa ny3Wph­

KOBOi KaMepbl OT Me)I(BHTKOBbiX 3aMb1KaHHi. 

Pe)I(HM pa6oTw - eTaTH'IeeKHi. CTa6HJIH3HpoBaHHbli 

TOK B036y)I(,D;eHHJI - 11400 A. AKTHBHoe eonpoTHBJieH&e 

o6MOTKH - 0,046 OM npH TeMnepaType 15° C. 

CoeTaB 06MOTKH - 11 eeKnHB no 30 BHTKOB B Ka)I(,D;OB 

eeKnHH. Bee BHTKH /T.e. 330 mTyK/ eoe.D;HHeHbl noenep;o­

BaTeJihHO. 

CHeTeMa BO,D;OOXJia)I(,D;eHHJI 06MOTKH eoeTOHT H3 33 na ~ 

paJIJieJIJ.HO BKJIIO'IeHHWX BeTBei, T.e. Ha Ka)I(,D;ble 10 BHTKOB 

o6MOTKH HMeeTeJI O.D;Ha oxna)I(,D;aJOJnaJI rpynna. Bee Hanop­

Hble BeTBH OXJia)I(,D;eHHJI nHTaJOTeJI BO,D;OB OT O,D;HOrO KOJIJieK­

TOpa, Bee eJIHBHble BeTBH nO,D;KJIIO'IeHW lC O,D;HOMY eJIHBHOMY 

KOJIJieKTOpy. Ha eJIHBe Ka)I(,D;OB BeTBH OXJia)I(,D;eHHJI Oe}'Jneey-
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Bn.BeTC.B I<OBTpom. DpOTOI<a, ~aBneBB.B H TeMnepaTypw BO~. 
TepwocHrHanH3aTop npH TewnepaType BO~ 50°C BW~eT 
npe~ynpe)I(JlaiOIQH:ii CHrBan, a npH TeMnepa Type 70° C eBB­
waeT TOI< c warHHTa /nonuoe OTI<JUO'IfeHHe/. 

Ycapoucaeo u npUHflun c)eucaeu.R 3a111uaw 

Cxewa 3aiQBTiol H3o6pa)Keaa aa puc. 1. 
fipHH~Hn ~eiiCTBH.H 3aiQBTiol OCHOBaH Ba CpaBBeHHHBa· 

np.B)KeBHH Ha I<a)I(JlOB H3 nonOBHH 06MOTI<H MarHHTa. 3aiQBTa 
BlolnOJIBeaa Ha TOpOH,D;&nhBWX non.BpH30BaBHWX MarBHTBWX 
ycHnHTen.s:x THna TYM-A3- 22 c BByTpeaaeii nonO)KHTenhaoii 
o6paTHOH CB.B3h10, BI<JUO'IeHBWX Me)I(Jly co6ol no ~HI)cllepeB· 
~Hanhaol ex ewe. 

7K + MC-7 1K 

Puc. 1 
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Hanp.B)KeHHe H3Mep.BeTc.B xowneacaiUIOHHWM MeTo.u;ow 
DYTeM cpaBaeaH.s: no.u;o6paaawx awnepBHTI<OB o6MOTOI< yn­
paBneaH.s:, DO,D;I<JUO'IeHHWX I< pa3HWM DOBOBHHaM 06MOTI<H 
MarHBTa. 

AwnepBBTI<B o6MOTOI< ynpaBneaa.s: 6H- 4K H 5K -7H 
.u;eiicTB}'IOT BCTpeqao .u;pyr .u;pyry. O.u;aa o6MOTI<B aawaraa­
'IBBaJOT TYM, .u;pyrae pa3MarHB'IBBaJOT. 

Tal< I<ai< I<OHCTpyi<THBHO O.u;Ba DOBOBHHa 06MOTKH Mar· 

HBTa Ha 10 BBTI<OB OTBH'IaeTC.H OT .u;pyroii, TO ,D;n.H BWpaB • 
HBBaHB.H aMDepBBTI<OB 06MOTOI< ynpaBneHB.H MarHBTHWX 
YCBBBTene:ii BCDOBh3}'10TC.B ypaBHBTeBhBWe CODpOTBBBeHB.H 

Ryl a R y2 • 3TH )Ke conpoTaBneaa.s: orpaBB'IHBaJOT TOI< 
'leTHWX rapMOHBI<, TpaaccllopMBpyeMWX B 06MOTI<B ynpaB • 
neHB.H B3 pa60'IHX 06MOTOI< MarHBTBWX YCBnHTeneii. 

na~eHB.H aanp.B)KeHB.H Ba CODpOTHBneBB.HX aarpy3I<H RHt 
a R H2 BI<JUO'Ieaw Me)I(Jly co6oii nocne.u;oBaTenhao, ao no 
non.s:paocTB BcTpeqao. Pa3BOCTh aanp.B)Keaaii no.u;aeTc.s: 
'lepe3 Bhlnp.BMBTenH aa BhiXO.u;Biole pene 3aiQBThl PB31 a 
PB32. 

fipB 3aMioii<aBHB Me)I(Jly BBTI<aMH B O.u;BOH H3 nonOBHB 
06MOTI<H MarHHTa 6anaHC aunepBHTI<OB B MarBHTBioiX ycH· 
nHTen.s:x aapymaeTc.s:. Bcne~CTBHe :noro o.u;aa TYM aawar­
HH'IHBaeTc.s: a ero TOI< aarpy3I<H yBenH'IHBaeTc.s:, ~pyroii -
pa3MarHH'IHBaeTC.H H ero TOI< Harpy3KH yMeBhmaeTC.H. fipH 
3TOM aa I<aTymi<H pene PB31 H PB32 npHI<na.u;wBaeTc.s: pa3-
BOCTh Hanp.B)KeHHH 4-JE , OT I<OTOpoii pene cpa6aTioiBaeT. 

OcooeHHocau HacapoilKu 3a111uab1 

1. ,D;n.s: nonyqeaH.s: 6onhmoro I<o31)cllHIUieBTa ycHneaH.s: 
cxeww aeo6xo.u;HMO cpaBBHBaTh we)I(Jly co6oii 6onhWHe aw­
nepBBTI<H, ,D;n.H qero BeBH'IHBW TOI<OB B 06MOTI<aX ynpaBneBH.H 
TYM- A3- 22 ,D;OB)KHW 6WTh BY6paaw 6onhme BOMHBanhaoii 
BenH'IHHW /6 MA/, HO MeBhme Mai<CHManhHO .u;onyCTHMOH 
/80 MA/. 

2. ITo.u;6opou awnepBHTI<OB o6MOTI<H cueiQeaH.s: 3H-3K 
BW6HpaeTC.H OnTHManhBOe nOBO)KeHHe pa6oqeii TO'II<H aa 
npoxo.u;aoii xapai<TepHcTBI<e I Harp.= fOynp.) , H3o6p&)KeB­
aol aa puc. 2, Tal<, 'IT06W I<PYTH3Ba I<PHBOH 6wna B03MO)KH0 
6onhmeii no o6e cTopoaw OT pa6oqeii TO'II<H. 

5 



!:!f MA 

80 

60 

I Io 
40 

20 
]ynp 

2,0 1,5 1,2 0,8 0,'1 0 Mil 

Puc. 2. llpoxo(jHwe xapaK•epuc•uKu MOZHU•Hwx ycwau•eAeu. 

Ta6Auf.la 1 

1f<iK-7K
1
8 18,33 f8,335 18,335 18,335 18,335 t8.335 f8.335 18 335 

1f6H-4H~B 17,658 17,645 17,631 17,612 17,610 n59 17,365 5,666 

'l.fH6 8 1 4 8,5 f3 14 25 34 36 
n 6umK O,f2 0,255 0,43 0,455 064 1,82 18,8 

v~y 

~ ' ' ' ' ' n 
0 4 8 f2 16 20 Sumtc 

Puc. 3. 3aaucuMoc1n HanpRxeHUJI He6aAaHca o• 'IUCAa 
30MKHY61UUXCJI 6U.K06. 

3. B KaqecTBe BLIXO,nHhlX pene PB31 H PB32 Hcnom.-

30BaHo pene HanpJnKeHHJI THna PH- 54/200, y KOToporo 

CODpOTHBJieHHe KaTyWKH 6e3 ,nODOJIHHTeJII.tHhlX CODpOTHB• 

neHHii pasHo 1000 OM. 
4. fipH HOMHHaJII.tHOM ycTaHOBHBWeMCJI TOKe MarHHTa 

pa36anaHc HanpJI>KeHHii U HE Ha BhlXO.nKOM pene 3allUIThl 

weHee 1 B. 
fipH DO,n'l.teMe H CHJITHH TOKa C MarHHTa pa36aJiaHC U < 

< 12 B. H-
~JIJI 3allUIThl 06MOTKH MarHHTa OT Me>KBHTKOBhlX 3aMbl• 

KaHHH CMOHTHPOBaHbl ,nBa KOMDJieKTa 3allUIT. 
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I 

llepshlii KownneKT /pene PB31/ pa6oTaeT npH ycTaHo­

BHBWeMcJI TOKe MarHHTa. Ero HanpJI>KeHHe cpa6aTblBaHHJI 

paBHO 13,5 B, qTo o6ecneqHsaeT pa6oTy npH 3aMblKaHBB 

Me>K,ny COCe,nHHMH BHTKaMH 06MOTKB C K03..,BJV~eHTOM 
qyBCTBHTeJII.tHOCTB, paBHhlM 2. 

~JIB o6ecneqeHHJI Ha,ne>KHoii oTcTpoiiKB nepsoro Ko:wn­

neKTa 3allUIThl OT JIO>KHOrO cpa6aTblBaHHJI BO BpeMJI DO,n'l.te­

Ma ll CHJITllJI TOKa C MarHRTa BhlDOJIHeHa 6JIOKllpOBKa Ba 

DOJJJipB30BaHHhlX peJie p .1) 1 H P .62, pa3phlBaiOUUIX :uenl.t 

npowe>KyToqHoro pene PllB31. 

KaTywKH nonJipH30BaHHhlX pene P.61 H P.62 no nongp­

HOCTH BKJIIOqeHhl DOCJie,nosaTeJII.tHO BCTpeqHo H DHTaiOTCJI 

TOKOM, HH,nyKTHpOBaHHhlM B BHTKaX CBJI3ll C OCHOBHhlM 

nonew :warHHTa. 

BTopo:ii KOMnneKT 3allUITI.tl /pene PB32/ pa6oTaeT KaK 

Dpll ycTaHOBHBWeMCJI TOKe, TaK H BO BpeMJI DO,n'l.teMa H 

CHJITHJI ero c warHHTa. HanpB>KeHHe cpa6a ThlBaHHJI pene 

paBHO 25 B. 3To o6ecneq11saeT pa6oTy pene PB32 np11 

3aMblKaHHH O,nHoro BHTKa 06MOTKll Ha ,npyro:ii C K03..,Jl• 

:UHeHTOM qyBCTBHTeJII.tHOCTll, paBHhlM 1 ,5. 

Cxewa 6noKllpOBKH, 3allUITLI H cHrHaJIR3a:UHH H3o6pa>Ke­

Ha Ha puc. 4. 
06a KOMDJJeKTa 3allUIThl, OTKJIIOqag TOK C MarHJITa, 

B03,ne:iiCTByroT Ha CBeTOByro ll 3BYKOBYIO CHrHaJIJl3a:UHH. 

qy6C1116U111eAbHOC111b 30JIIU111bl 

llpH TOKe 11400 A HanpJI>KeHRJI Ha o6MOTKe warHHTa 

paBHial 

UI-3= 281 B Ua-2=264 B U1-2= 545 B. 
HanpJI>KeHHe, npHXO,nJIII(eecJI Ha O,nHH BHTOK, paBHO 

1,65 B/6U1110K. 
qaCTI.t 1-3 06MOTKH MarHHTa HMeeT 170 BHTKOB, a qacTI.t 

2-3 - 160 BHTKOB. 

Me>KBHTKOBI.tle 3aMblKaHHJI a o6MOTKe warHHTa HMHTH­

posaJIHCI.t npH TOKe 11400 A nyTeM yseJJHqeHHJI conpoTHBJie­

HHJI Ryl • llpH 3TOM H3MepJIJJHCI.t HanpJI>KeHHJI, npHno>KeH­

Hhle K MarHHTHLIM YCHJIHTeJIJIM OT Ka>K,no:ii DOJIOBBHhl 06MOT­

KH warHHTa, H HanpJI>KeHHe pa36anaHca 3allUITI.tl. 
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BumKu cGR3U K/J. 

C) 
P61 P62 

pnB3t 

r't 
HO CHJifflUe 

mOKO 
C M02HUfflO 

Pn831 

f2~ 
8 cxeMIJ 

npedynpexo. 
CU'lHOI1U30(4UU 

Puc. 4 

= 21{ B 

PnB31 

4011r 

40/1. 

43/lf 

lt3A 

Pe3ynLTaTLI H3MepeHHii npuBe,D,eHLI B 111a6A. 1. 

+ 

Ha puc. 3 H3o6pa~eHa 3aBHCHMOCTL BenuquHLIHanps­
~eHHR pa36anaHCa OT qucna 3aMKHYBWHXCR BHTKOB. 

Onpe,D,enHM BenuquHy yMeHLmeHHR na,D,eHHR Hanps~eHHR 
Ha qacTH 1-3 06MOTKH npH 3aMLIKaHHH B Heii O,D,HOrO BHTKa. 

281 B- 100~ 
1,65 B - x% 
0TCIO,D,a X = 0,6~. 
Ha onLITe nepBLiii KOMnneKT cpa6oTan npu U = 14 B, 

npu 3TOM Hanps~eHHe Ha TYMax, CHHMaeMoe c qacTH o6-
MOTKH 1-3, yMeHLmunocL .D.O 17,610 B. 

Onpe,D,enHM, Ha cxonLKO nponeHTOB H3MeHunocL Hanps­
~eHHe B MOMeHT cpa6aTLIBaHHS nepBOrO KOMDneKTa 3aUUI­
Tbl. 

8 

17,658 B- 17,610 B = 0,048 B 
17,658 B- 100~ 
0,048 B- x% 

0TCIO,D,a X • 0,3~. 

Cne,D,oBaTenLHo, K03~HnueHT qyBCTBHTenLHOCTH nep­
Boro KoMnneKTa 3aJlUITLI paBeH 2, qTo Bnonue Y.D.OBneTBo­
PHTenLHo. 

PacqeT H onLIT 3KcnnyaTanuu noKa3anu, qTo 3aUUITa 
OT Me~BHTKOBbiX 3aMLIKaHHH no~o He Cpa6aTLIBaeT npH 

0 
neperpeBe Ha 20 C o,D,Hoi H3 rpynn oxna~eHHR o6MOTKH. 

ABTOPLI BLipa~aiOT 6naro,D,apHOCTL H.M.BupscoBy 3a 
llOMOfnL B pa6()Te. 
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