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BBEAEHUE

IIpy mpoeKkTMpOBaHMM ammapaToB C 3JIEKTPOMAr-
HUTHBIME TIpuBoaamu (OMII) 06 ux padorocrnocoOHOCTH
CyIAT IO CTaTUYECKOM TATOBOM XAPAKTEPUCTHUKE DJICK-
TPOMarHuTa — CTPEMSTCS K TOMY, YTOOBI JlaHHas Xapak-
TEPUCTUKA Ha IMPOTKEHUU BCETO XOfa SIKOps pacrojara-
JIaCh BBILIE XapaKTEPUCTUKU NMPOTUBOJACHCTBYIOIUX YCU-
muil. OfHaKo cTaTMyeckas TIroBas XapaKTEpUCTUKA OI-
penensiercss Mpy yCTaHOBHMBIIEMCS! 3HAUCHWH TOKa B 00-
MOTKE JJIEKTpOMarHuTa. B mpouecce nepeMenieHus noj-
BIDKHOH CHCTEMbI TOK OyZAeT OTIMYaThCs OT yCTAaHOBHB-
nierocsi 3Ha4eHus. Benencreue 3Toro TMHAMHUYECKOE T-
TOBO€ YCHJIME OTIMYAETCA OT CTATUYECKOTO IPU OJTHOM U
TOM € IOJ0KEeHUH sikopd. IloaTomy cosmanme amnmapa-
TOB, 00JIaZAIOINX BHICOKOW MEXaHUYECKOU U DIIEKTpHUE-
CKO#l M3HOCOCTOMKOCTBIO M JOCTATOYHBIM OBICTPOACHCT-
BHEM, HEMOCPEJICTBEHHO CBS3aHO C HCCIECIOBAaHUEM M-
HaMHUYECKUX MPOLIECCOB B HUX.

Pacyer nuHaMMKKM 3JE€KTpOMAarHuTa JaeT BO3MOXK-
HOCTb YCTAHOBUTh PAalMOHAIIbHBIE COOTHOILEHHS Mapa-
METPOB KOHCTPYKIHMH C TOYKH 3PEHHS €€ HANCKHOCTH U
HU3HOCOCTOMKOCTH.

I[TOCTAHOBKA 3AJIAUN

Ha coBpemeHHOM 3Tame pa3BUTHS 3NEKTpoammapa-
TOCTPOCHHA B YCJIOBUAX IMOBBLIIICHUSA MOHJ,HOCTefl JJICK-
TPOYCTAHOBOK TMPHOOpeTaeT o0Co0yH  aKTyaabHOCTh
YMEHBILEHHE TOTPEOIIIeMO MOIIHOCTH alIapaToB U
SKOHOMUSI IC(PHUIUTHBIX 3TCKTPOTCXHUICCKHX MaTepha-
J0B. [IpuMenuTensHo k OMII ¢ MarHUTHBIMU 3alIETKaMU
JUIST BaKyyMHBIX BBIKJIFOUATENICH CpPEIHUX HANpPsOKCHUH
ATy 3aJady MOXHO C(HOPMYIHPOBAThH CIEAYIOIIMM 00pa-
3oM. Tpebyercs pa3paboTka OBICTPOAEHCTBYIOIIETO
OMII, muTaromerocst OT OIMEPaTUBHOTO MCTOYHUKA ITHTA-
HUS; IpUYEM TOK, MOTPEOIIeMBId OT MCTOYHMKA IHTA-
HUs, HEOOXOIUMO CHIDKaTh, a BpeMs cpabaThIBaHUS —
yMmeHbInatb. OHAKO, IPU YMEHBUIEHUH TOKa B OOMOTKE
OMII, mist co3manust MJIC cpabarbiBaHusT HEOOXOIUMO
YBEJIMYUTH YUCIO BUTKOB 00MOTKH. Ho 3TO B CBOIO Oue-
penb BiedyeT 3a co0OH yBeNMUeHHE WHIYKTHBHOCTH 00-
MOTKHM U COOTBETCTBYIOIIEE YBEJIMUCHNE BPEMEHHU cpada-
ThiBaHUs. [IpaKkTHKa MOKa3kIBacT, YTO HauOOJIEe BRICOKOE
ovicTponeiictBue OMII mocturaercs mpu CpaBHUTEIBHO
MaNbIX YHCIaX BUTKOB M OOJBIINX TOKaxX B OOMOTKE.
OMII ¢ MarHWTHBIMH 3aIIeIKaMH TOTPEOIIIOT YHEPTUIO
OT MHUTAIOIIEH CeTH TOJBKO MpHu cpadarbiBaHuu. [1o3TO-

My, YYUTBIBasI TPEABABISIEMbIE TPEOOBAHUSI M OMBIT IKC-
wryaraqun OMII ¢ MarHUTHBIMH 3allIeTIKaMy, MHTaHHE
0OMOTOK I1€JIeCO00pPa3HO OCYIIECTBUTh OT HAKOMUTEIS
OHEPIruu, Cpeau KOTOPLIX CaAMbIM MPOCTBHIM, JOCTYIIHBIM U
JCILICBBIM SABJISICTCS €MKOCTHOI HaKOIUTEIb OHEprun
(EHD). HWwmnynscHoe mnuTaHue OOMOTOK IIO3BOJISIET
YMEHBIIUTh JHaMeTp OOMOTOYHOTO IPOBOAA, CIKOHO-
MHUTh TEM CaMbIM JCPHUIUTHYIO MEb U YMEHBIIUTH Tada-
putel DMII, obecriedynB mpu 3TOM HEOOXOIWMOE 3Haue-
Hue MJIC cpabaTpIBaHuUS.

B paborax [1-3] Oputa paccMOTpeHa KOHCTPYKITHS
OMII ¢ 0AHOMO3UITMOHHON MAarHUTHOW 3aIlENKOM, Ompe-
JIeJIEHBI PallOHAJIbHBIE pa3Mepbl MATHUTOIIPOBOAA C TOY-
KA 3peHHs] pa3BUBAaeMOW CHJIBI YAEp)KaHUS SKOpS HpHU
00ecTOYEHHBIX O0OMOTKaX, YCTaHOBJEHO ONTHUMAaJIbHOE
3HaYEHHE TIOJIHOTO BPEMEHHU pa3MbIKaHHsl KOHTaKTOB Ba-
KyYMHOTO BBIKJIFOUATENsl C TOUYKH 3PEHHUS MHUHHUMAIbHOTO
3HaueHus1 uHTerpana Jxoymns. Takum obpazom, cremyro-
IIAM 3TaroM HCCIENOBAaHUH M, COOTBETCTBEHHO, LIEJIBIO
JAHHOHN pa0OTHI SBISETCS: ONPENCICHHE BPEMEH BKIIIO-
yeHnd W oTkiIroueHus DMII; HaxokaeHne 3aKOHOMEPHO-
CTH BIUSHHSA PA3WYHBIX MapaMeTpoB Ha OBICTPOACHCT-
Bre OMII; onpenenenne 4yBCTBUTEIFHOCTH BPEMEH Cpa-
OaThIBaHUS K ITUM ITapaMeTpaM.

BbIEOP MATEMATUYECKOM MOJIEJIU
B ofwem cinyuae AuHaMUKa 3JIEKTPOMArHUTOB Xa-
paKkTepU3yeTcs CIAEAYOIUMU IByMS YPaBHEHUSAMU:

U=i-r+Y

dt
dv ) ’
mZ = F(lss)_Qc(5$V)

rae U — HampsbKeHHe, NMPUI0KEHHOE K HaMarHUYUBAaIO-
mei 0OMoTKe; i, R, y — TOK, COMMPOTHBIICHUE W MTOTOKOC-
LCIUICHUE KAaTYIIKW JJICKTpOMArHuTa; m — HNpUBCACHHAA
Macca TOJABMKHOW CHCTEMBI JJIEKTPOMAarHuTa; v — CKO-
POCTH IOJBMXKHOM CHUCTEMBI 110 OCH IIPUBEICHHS MacChl;
F — TsroBoe ycuine sreKTpoMarHura; o — pabouuii 3a3op;
(. — IpPOTUBOAEHCTBYIOIIAS CUJIA.

OTH ypaBHEHUS SIBISIOTCS HEIWHEHHBIMH M aHAIH-
THYECKOE pEIIeHHE MX OOBIYHBIMH METOJaMU HE Ipen-
CTaBIISIETCSI BO3MOXKHEIM [4]. Pa3nmudHbIe aBTOpHI Ipeaa-
raloT pa3sHOOOpa3Hble METOIbl pacdyeTa AMHAMUYECKHX
XapaKTEePUCTUK, OTIMYAIOLINECS APYT OT Apyra Kak Moj-
XOIOM K PELICHHIO 33/1a4, TaK M MPHHATHIMH JOITyIIe-

()
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HUSIMUA. B 3aBUCMMOCTH OT COOTBETCTBUS AOIYILUECHUH,
MPHUHATHIX B TOM FJIM WHOM METOJIE pacdera, pealbHBIM
YCIIOBUSIM PabOTHI AJIEKTPOMAarHuTa, pacueTHbIC JaHHbIE
MOTYT B 3HAYUTEJIHHON CTCMEHU OTIMYATHCSA OT OIIBIT-
HbIX. B KOHEYHOM cueTe, aJ[eKBaTHOCTh HPUHATHIX J10-
MyIICHUHA HEOOXOJUMO TIPOBEPUTH FKCIICPUMEHTAIBHO.
Meton pacuera JHHAMUYECKUX XapaKTEPHCTHK HO-
BEIX pa3padaThiBA€MbIX KOHCTPYKIHH AJIEKTPOMArHUTOB
JIOJDKEH 00ecIeurnBaTh BO3ZMOXKHOCTB TPOBEHCHUS OOIb-
moro o0beMa pacueToB B MPHEMIIEMBIE CPOKH C IENBI0
ONTUMU3AIIH KOHCTPYKIIHH JICKTPOMAarHUTa U MPOU3BO-
JTUTHCA IIyTEM WHTETPHUPOBAHMS YHCICHHBIMHA METOIaMHU
cucrembl quddepeHnnanbHbIX ypaBHeHui qunamuku (1).
Ha ocHoBaHuyu mpoBesieHHOr0 0030pa METO/IOB pac-
4yeTra JUHAMUKH JJICKTPOMArHHUTOB IMOCTOSIHHOTO TOKAa B
KayecTBe 0a30BOTro ObLT BHIOpaH METOJl, PACCMOTPEHHBIN
B [5-8]. OH oCHOBaH Ha 3aM€HE KOHTYpa BUXPEBBIX TOKOB
OJTHOBHTKOBOW BTOPHYHON OOMOTKOM, CIIETUICHHOW C TEM
’K€ MarHUTHBIM TIOTOKOM, YTO ¥ HaMarHWYHWBAKOMIas 00-
MOTKa. JIaHHBI METOJ TAaK)K€ MCXOIUT U3 IPEIOJIONKE-
HUSL O TIOJIHOM MarHUTHOW CBSA3U MEPBUYHON U BTOPUUHOH
00MOTOK, 9TO He TpeOyeT MOBBIIICHUS MOPSAKA CHCTEMBI
muddepeHmanbHpIX  ypaBHeHHH AuHaMUKU. OCHOBOM
MeTOZa SABJSIETCS IBYXMEpHas alMpOKCHUMALUs NaHHBIX,
MOJyYSHHBIX M3 pacdeTa CTaTHYECKHX TSATOBBIX XapakTe-
puCcTHK 351ekTpomaruuta F (Fy, 6) M XapaKTepUCTHK Ha-
MarauduBanus @, (Fy,, 8) METOIOM KOHEYHBIX 3JIeMeH-
TOB [9], Hanpumep, B mporpammHoit cpene FEMM [10].

PE3VYJIbTATBI MOJEJIMPOBAHUA

IIpeamer uccnenoanust — OMII ¢ oHOMO3ULIMOH-
HOM MarHWTHOM 3allleJIKOH, OCHOBHBIE pa3Mepbl KOTOPOTO
npuBeneHsl B [2]. B mpomecce mccnemoBannii ycTaHOBIIE-
HO, YTO OCHOBHBIMH ITapaMeTpaMH, OKa3bIBAIOIINMH HaH-
OompIniee BIUsHUE Ha ObIcTponericTBue DMII, SBISIOTCS:

- mapameTpbl EHD (HampspkeHrne u eMKOCTbD);

- OOMOTOYHbIE JTaHHBIE KaTYIIKA (KOJMYECTBO BUT-
KOB, THAMETP MIPOBOJIa, AKTUBHOE COMPOTHBIICHHE);

- Macca MOJIBIKHOM CUCTEMBI.

Pe3yabTaThl pacyera npouecca BKiIodeHus IMIL

Hccnenoanne BiausHus mnapamerpos EHD Ha
BpeMsl BKJIFOUCHHSI TIPOBOIMIIOCH MPH CICIYIOIIUX ITapa-
MeTpax OMII:

- IFaMeTp OOMOTOYHOTO MIPOBOJIA, KOJIMIECTBO BUT-
KOB M aKTUBHOE COTIPOTHBIICHHE BKIIFOYAONIEH 0OMOTKH:
dyn = 0,5 Mm; w =460, R = 8 OM COOTBETCTBEHHO.

- Macca MOABMXKHOM cucteMbl m = 12 H.

B kauecTBe BapbUpPyeMBIX BEIWYHH NPUHUMAIHCH
HanpsbkeHue U eMkocth EHO. B pesynbrate uncieHHbIX
OKCIICPUMEHTOB MMOCTPOCHDBI 3aBUCHUMOCTH BPEMCHH
BKIIIOYCHUST U MAKCHUMAJbHOW CKOPOCTH SIKOpS IMpH
BximoyeHnu OMII ot mapamerpos EHD, npencrasieHHble
Ha puc. 1. HeoOXomuMocTh B OmpeIeNeHHH CKOPOCTH
MepEeMEIIeHNs KOpsI O0YCIIOBIIEHA OTPaHUYICHUEM Cpea-
HEll CKOPOCTH TEepeMEIIeHNsT MEXaHNUECKH CBSI3aHHBIX C
HUM TIOJBIDKHBIX KOHTAaKTOB BaKyyMHOH JyTrOTacHTENb-
Ho#t kamepsl (BJIK), cBsi3aHHOE C OTHOCUTENILHO HEBBICO-
KO MeXaHW4YEeCKOW M3HOCOCTOMKOCThIO cmiib(ona BJIK.
Ha ceromusmamnii 1eHh MUPOBBIMH JIHACPAMH B 00JIaCTH
BaKyyMHBIX TexHoioruii (ABB, Siemens) npennaratorcs
BJIK co cpenHelt CKOpPOCTBIO MEPEMEIEHUS TTOJIBUKHBIX
KOHTaKTOB B npezaenax 1,8-2,0 m/c [11, 12]. 3aBucumoctu

Ha puc. | TOKa3BIBaIOT, UuTO yBenudeHne emkoctd EHO u
HaNpsDKeHUS! THUTAHUS YMEHBINAIOT BPEMs BKIFOUCHUS
OMII u yBenMUUBAIOT CKOPOCTh MEPEMELIEHUS MOIBUXK-
HBIX 4yacTed. Takast 3aBUCHMMOCTh OoJjiee BbIpa)keHa B OT-
HOHICHUW HAIpPAXKCHUA TMUTAHUA. O[lHaKO IMPOU3BOJILHO
BBIOpaTh HanpspkeHue u eMkocts EHD HeBO3MOXHO.

Bo-mniepBbIX, onepaTHBHOE HaIpsHKEHHE, IOjaBac-
MoOe Ha OJIOK CHCTEMBI YIPaBJICHHUS! BaKyyMHBIM BBIKIIIO-
gaTeneM, (UKCHPOBaHO (B SYEHKaX KOMIUIEKTHBIX pac-
MIPEACINUTENBHBIX YCTPOMCTB HCIONIB3YETCsl JIHO0 MuTa-
HHUE OT repeMeHHoro Toka 220 B ¢ aByxmomyneproaHsM
BBINIPSIMIIEHUEM, JTUOO OT MOCTOSIHHOTO Toka 110 B mmm
220 B [13]). Heob6xoauMoCTh e yBETHUYEHHs I0aBae-
Moro Ha Katymky OMII HanmpspkeHus ¢ MOMOIIBIO CTIeHU-
aNbHBIX CXeM (HampuMep, MpU MUTAHUM LieTeil ympase-
HUA TIEPEMEHHBIM TOKOM — C IOMOIIBIO MOBBIIIAKOIIETO
TpaHcopMmaropa; IMOCTOSHHBIM TOKOM — C IOMOIUIBIO
crienuaibHBIX IpeoOpa3oBaTeneld co crabwim3anueil Ha-
npsbxeHust Ha EHD) moxxeT ObITh cBA3aHa ¢ HEOOXOUMO-
CTBIO OOECIIEYNTh LUK OBICTPOICHCTBYIOMIETO aBTOMa-
THyeckoro moBTopHoro Bkimodenus (BAIIB) B cootser-
ctBun ¢ [OCT 687-78 [14]. Bo-BTOpBIX, BeNWIHHA EMKO-
ctu EHD nomxna obecneumBaTh HAASKHYIO paboTy
OMII u BbINOTHEHHE UM BO3JIaraeéMbIX Ha HEr0 (OyHKIIUIA.

W3 BeIIECKa3aHHOTO CIEAYyeT, YTO HMPHU MPOEKTUPO-
BaHHMHU DJIEKTPOMAarHuTa HEoOXOAMMO MOJ00paTh TaKylo
MHUHUMaJbHYI0 eMkocTh EHD, koropas oGecrieuur 3a-
nanHoe ObictpogeiictBue DMII npu 3agaHHOM 3HAYEHUH
MIUTAIOIIETO HAIPSDKEHNUSI.

a 0
Puc. 1. 3aBucuMocTh BpeMEHH BKIIOUEHHA (a) 1 MaKCUMaJIbHON
CKOpoOCTH sIKOp# (0) mpH BKIIIOUEHHH OT mapameTpoB EHD

HccienoBanue BIAUSAHUS OOMOTOYHBIX JAHHBIX
BKJIIOYaONIeii 00MOTKM Ha Bpems BkiodeHHs OMII
MIPOBOIMIIOCH TIPH CIIEAYIOMIEM 3HAYCHUW HAIIPSDKEHUS U
emkoctd EHD: U,y =270 B u C = 2000 mx®D.

B kauecTBe BapbUpPyEeMBIX BEIWYHH NPUHUMAIHCH
CIIEYIONINE IMapaMeTphl BKIIOYAIONMEH OOMOTKH: Tua-
METpP OOMOTOYHOTO MPOBOJA dy,; KOJIMYECTBO BUTKOB W;
akTuBHOE conpotuieHue R. Ilo pe3ynbratam uucieH-
HBIX l/ICCJ'leZlOBaHl/Iﬁ IMOCTPOCHBI 3aBUCUMOCTU BPCMCHH
BkItoYeHUsT DMII 0T 0OMOTOYHBIX JaHHBIX BKIFOYAIOIICH
00MOTKH, IPUBEJICHHBIE Ha pHC. 2-5.

Kpome Toro, ObUTH TPOBEICHBI HCCICIOBAHUS IO
OTIpENICIICHUIO 3aBUCHUMOCTH BpeMeHH BKitoueHnss OMII u
MaKCHUMaJIbHOM CKOPOCTH SIKOpS OT MAacChl IMOABM>KHOM
cucteMbl. Pe3ynbrarhl HcCIENOBaHUM MOKAa3aJId MOHO-
TOHHOE BO3pacTaHUE BPEMEHH BKIIFOYCHUS 1 MOHOTOHHOE
yObIBaHHE MaKCHMAJIBHOW CKOPOCTH SKOPS MPH yBeJIHUe-
HUH MacCHI TIOABIKHON CHCTEMBI.
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Puc. 2. 3aBucuMocTs BpeMEHH BKIIOUEHHS OT KOJIMUYECTBA
BUTKOB JUISl PA3JIMYHBIX JHAMETPOB 0OMOTOYHOTO IIPOBO/IA
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16 2 -W=430
3 - W=460
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Puc. 3. 3aBuCHMOCTE BpEMEHH BKIIIOUEHHS OT AUAMETpPa
00MOTOYHOTO IIPOBOAA VIS PA3IMIHOI0 KOJIMUECTBA BUTKOB

18 —tBkn,mMc
17 1
16
15 1

14 -

13 1

W,But
12 T T T T T |
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Puc. 4. 3aBucumocTsb BPEMCHU BKIIOYCHUSA OT KOJIHUYCCTBA BUT-
KOB JI pa3jIM4HOI0 aKTUBHOI'O COITPOTUBJICHUS 00OMOTKH

22 +tBkn,mc
20
18 ~
16 -

14 -

12

1 0 T T T T }
4 5 6 7 8 9

Puc. 5. 3aBucHMOCTb BpeMeHH BKIIOUEHHS OT aKTUBHOTO
CONPOTHBIECHHUS OOMOTKH AJISI PAa3INYHOTO KOJIMIECTBA BUTKOB

Pe3yabTaTsl pacyera nponecca oTriiouenuss JMIL

enbto pacuera nporecca otkmoueruss IMIT siprser-
Csl TIOMCK Takux mapamerpoB EHD, 0OMOTOYHBIX HaHHBIX
KaTyIIKA W MacChl TOJBI)KHOW CUCTEMBI, MPH KOTOPBIX
Oymer obecnieueHO HaiiieHHOE B [3] ONTUMAIBEHOE C TOYKH
3peHHs MHHIUMyMa WHTerpana JKOyist BpeMsi OTKIFOUCHUS
BaKyyMHOTO BBIKIFoUatens (22 mc). [Ipu 3ToM HE0OXOIMMO
YYUTHIBaTh, YTO JAHHOE BpeMsI BKIIIOYACT B ceOs, HapsAy C
COOCTBEHHBIM BpEMEHEM Pa3MBIKAHHS BBIKITFOUATEIIS, BPEMS
pearvpoBaHusl pesieiiHOM 3allUThl ¥ aBTOMATHUKU BBIKIIFOYA-
Tens1, KoTopoe JexuT B mpeaenax 10-12 mc. Takum oOpa-
30M, JJIs1 obecrieueHrss MUHUMAJILHOTO 3HAYEHUS HHTCTpaia
Jbxoynsa Bpems otkimoueHust OMII He TOHKHO TPEBHIATH
10 mc. CnenoBaTesnbHO, 3aja4aMy MPOBEIECHUS YUCICHHOTO
HCCIICIOBAaHMS SIBIISTIOTCS, BO-TICPBBIX, TIOMCK TaKHX 3HaYe-
HU TIEPEYMCIICHHBIX BHIIIE (haKTOPOB, PH KOTOPHIX o0ec-
NeYnBaeTCsl TpeOyeMoe BpeMsi OTKJIIOYEHHs], BO-BTOPBIX,
OTIpEe/ICIICHNEe TyBCTBUTEIBHOCTH BPEMEHH OTKIIFOUEHHS K
W3MEHECHHUIO 3HAYEHUH TAHHBIX (DAKTOPOB.

HccnenoBanue Biausinusi nmapamerpoB EHD Ha
BpeMs OTKJIFOUEHHsS MPOBOIIIOCH NPH CIEAYIOMHX Ia-
pametpax OMIT:

- IFaMeTp OOMOTOYHOTO MIPOBOJIA, KOJIMIECTBO BUT-
KOB M aKTUBHOE CONPOTHUBIICHHWE OTKIIOYAIOIIEH 0OMOT-
ku: dp, = 0,25 mm; w =460, R = 38 OM COOTBETCTBEHHO.

- Macca MoJABIKHOM cucteMbl m = 12 H.

3aBHCHMOCTh BPEMEHHU OTKJIIOYCHUS TPU H3MEHE-
HuM napamerpoB EHD nokazana Ha puc. 6. B pesynsrare
YHCIICHHBIX SKCICPUMEHTOB yCTAHOBJICHO, YTO W3MCHE-
Hue napametpoB EHD npu otxmrouernn OMII u pukcu-
pOBaHHOW Macce MOJBMKHOW CHUCTEMBI Majlo BIMSET Ha
MaKCHMAaJIbHYI0 CKOPOCTH SIKOpSl, KOTOpas COCTaBJISET
npubim3nTensHo 5,3 m/c. [lanHbli (DakT CBA3aH C MPHUH-
munoM otkimodeHnss DMII 3a cuetr BO3meHCTBHSA OTKIIO-
qaroleil 1 KOHTaKTHOH Ipy>kuH [1].

900

Puc. 6. 3aBucumocTs BpeMeHH OTKIIFOYEHHs OT apamerpos EHO

HUccaenoBanue BJIMSHHS OOMOTOYHBIX JaHHBIX
OTKJTIOYAIOIIe 00MOTKH Ha BpeMs oTkitoueHus: DMII
MPOBOJIMIIOCH TIPU CIICAYIOIIEM HAMPSDKEHUH U eMKOCTH
EHD: U,y=270 Bu C =300 MKk® cOOTBETCTBEHHO.

Ilo pe3ynbraramM YMCIEHHBIX HWCCIEAOBAaHUM IMO-
CTPOEHBI 3aBUCHUMOCTH BpeMeHH OTkitoueHus OMII ot
OOMOTOYHBIX [AHHBIX OTKJIOYAIONICH OOMOTKH, MPHUBE-
JieHHble Ha puc. 7-10.
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Puc. 7. 3aBucumoctb BPEMEHHU OTKIIOYCHHUS OT KOJIUYECTBA
BUTKOB I pa3JIMYHBIX TUaMETPOB 00MOTOYHOTO IpoBoaa
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Puc. 8. 3aBuCUMOCTh BpeMEHU OTKJIIOUEHUS OT AUaMeTpa
00MOTOYHOTO MPOBO/IA VIS PA3IMYHOTO KOJIMUECTBA BUTKOB

1
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14
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Puc. 9. 3aBucumocts BPEMEHHU OTKIIOYCHHUS OT KOJIUYECTBA
BUTKOB JJIs1 pa3JIMYHOTO aKTUBHOI'O COITPOTHUBJICHUSA 00OMOTKH

18 -toTtkn,mc
16 A
14
12

4 T T T T T |
10 20 30 40 50 60 70

Puc. 10. 3aBuUCMMOCTb BpeMEHH OTKJIIOUEHHS OT aKTUBHOT'O
COIIPOTHBJICHUS] OOMOTKH JIJISl PA3JIMYHOTO KOJIMYECTBA BUTKOB

Tarxoke ObUTH ITPOBEACHBI UCCIEIOBAHMA TI0 OIpee-
JISHUIO 3aBUCUMOCTH BpeMeHHU oTKItoueHus DOMII u mak-
CUMAaJIbHOM CKOPOCTH SIKOps OT Macchl IOABU)KHOM CHC-
tembl. Kak u Juisi mporiecca BKIIIOYEHHUS, YCTAHOBJIEHO
MOHOTOHHOE BO3pacTaHUE BPEMEHU OTKIIIOUEHHUSI U MOHO-
TOHHOC YOBIBAaHHE MAaKCHMAIBHOW CKOPOCTH SKOPS IPH
YBEJIMYEHUU MAcChl MOABMKHOM cucrtembl. OnHako, B
OTJIMYME OT Mpoliecca BKIIOYEHUS, OTCYTCTBYET BIUSHUE
napameTpoB EHD Ha CKOpOCTh mepeMenieHus IMOIBHK-
HBIX yacteit OMII mpu OTKIFOUEHHH OT WX MAacChl, 9To,
OTISATH 7K€, CBS3aHO C MMPHUHIIUIIOM OTKIFoueHust DMIT.

AHAIJIN3 PE3YJIbTATOB MOAEJIMPOBAHU A

1. VYBenunueHne eMKOCTH U HalpsHHKCHUS TMATAHUS
EHO ymensmaror Bpemst BkitodeHus OMII u yBenuuu-
BaIOT CKOPOCTb IEPEMEILEHUS IIOJIBUKHBIX YacTel. JlaH-
Hasl 3aBUCHMOCTb OoJiee BhIpa)k€Ha B OTHOLLICHUM HaIlps-
JKSHUS] TNTaHMSL.

2. Ha Bpems otkmouenust DMII B Goutbiueit crenenn
BIIHSIET HANPSDKEHHE MCTOYHHKA IMUTAHUA 10 CPABHEHUIO
¢ BenmmunHOW emkoctn EHD. OpHako mM3MeHeHHe mapa-
MeTpoB EHD mpakTrdeckn He BIHSET HA CKOPOCTH Tepe-
MEIIEHHUS TTOABIKHBIX YacTeH MPH OTKIIOUEHHH, YTO CBSI-
3aHO ¢ MPUHIUTIOM oTKitoueHust OMII 3a cueT Bo3eiCT-
BUSI OTKJIKOYAIOIIEH U KOHTAKTHON IPYXKUH.

3. YcraHOBJIEHAa HEMOHOTOHHAS 3aBHCHMOCTh MEX-
Iy BpemeHamu cpabarbiBaHus OMII u 0OMOTOYHBIMU
JIAHHBIMH COOTBETCTBYIOIIUX OOMOTOK, ITO3BOJISIOLIAs
c/eNnaTh BBIBOA O CYLIECTBOBAaHWM ONTHUMAaJbHBIX OOMO-
TOYHBIX JIaHHBIX C TOYKH 3PEHHS MHUHHUMAJIBHOTO BpeMe-
HU cpabatsiBanus OMII.

B paborax [15-16] ObIIO TEOpETHYECKH HPEAIIONO-
JKEHO W HKCHEPUMEHTAIBHO MOATBEPXKICHO HAIM4He He-
KOTOPOH ONTHMAaIbHOW HHIYKTHBHOCTH, KOTOpas oOec-
MeYNBaeT MUHUMAIbHOE BpeMs cpabaThIBaHHUS OBICTPO-
JIEHCTBYIOIIETO 3JIEKTPOMArHUTA OCTOSIHHOTO TOKa. [Ipu
MPOBCACHUN YHCJICHHBIX W 3KCIICPUMCECHTAJIbHBIX HCCJIC-
)IOBaHl/Iﬁ Ha JAaHHOM JJICKTPOMArHvuTe BCJIMYMHA Ha4dallb-
HOro pabouero 3a3opa NpuHUMaiach paBHOH 2 MM. [Ipu
CTOJIb MQJIBIX U3MEHEHMSX pabouero 3a3opa Iyl ciydas
OBICTPO/ICHCTBYIONIETO AIIEKTPOMAarHuTa aBTOp TOBOPUT O
TOM, YTO TSTOBasl CUJIa, pa3BUBaeMas JIEKTPOMArHUTOM
F mipu mipounx paBHBIX YCIOBHAX MPOIOPIHIOHANBEHA HH-
nykruBHOCTH L [15, 17]:

Fz_l.(i.w)z.ﬂ=_l.,~2.d_L’ 2)
2 db 2 do
rme A = L / w* — MarHWTHas IPOBOXMMOCTB PaGoduero

3a3opa.

B [15-16] cnenaH BBIBOA O TOM, YTO C yBEIHUYCHUEM
MHIYKTUBHOCTH IIPU HEU3MEHHOU NPOTUBOACICTBYIOLIEH
CWJIe YBEIUYMBAETCS pe3yIbTHPYIOLas TAroBas CuHia
JIEKTPOMArHUTa, TO €CTh YMEHBLIAETCS €ro BpeMs cpa-
OarpiBanms. C ApYyroil CTOpPOHBI, yBEIHMYEHUE MHIYKTHB-
HOCTH NPUBOAUT K YMEHBIICHHIO BEIUYMHBI TOKA B KaX-
JIBI TaHHBIH MOMEHT BPEMEHH, YTO BEAET K yMEHbIIe-
HHUIO TATOBOM CWJIBI, TO €CTh K YBEIHYEHHIO BPEMEHH
cpabareiBanus. HeoOxomumo Takke OTMETHTh, YTO HC-
CIIeIOBaHUS B YKa3aHHBIX pabOTax IPOBOJWINCH Oe3
ydeTa BIUSHHUSA BHUXPEBBIX TOKOB B MAarHUTOIIPOBOE
(MarHuTHas cucTeMa BBINOJIHANACH IIUXTOBAHHOM).

Otnuune pe3ynbTaToB, MOIYYEHHBIX B JaHHOM pa-
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0oTe, OT pe3ynbTaToB, NPUBEIACHHBIX B [15-16], 3aKkmoya-
ercs B ToM, yTo B OMII ¢ 0 HOIO3UIIMOHHOM MarHUTHOM
3aLlIeJ'lK0171 Mar"ouTonpoBoOJi H3roTOBJICH ILCJIbHbIM, Ha-
YaJbpHBIA pabounii 3a30p cymecTBeHHO Oombie (12 Mm),
MIpH pacyerax ObUIO YYTECHO BIHMSHUC BHXPEBBIX TOKOB.

4. U3 noyiy4eHHbIX 3aBUCHMOCTEH CIENYEeT, UTO IS
KaXXIOTO 3HAYCHUS TUaMeTpa OOMOTOYHOTO IMPOBOJA di,
CYIIECTBYET AKCTPEMAbHOE 3HAUCHHE YHCIa BUTKOB W.
Bnmsgane >Tux BenwmuuH Ha BpeMs cpabareiBaHus OMII
pasnuuHoe. VI3MeHeHne 9nciia BUTKOB MEHSIET HHAYKTUB-
HOCTH Y TIOCTOSIHHYIO BpeMeHH pa3psana R, L, C KOHTypa.
C poctoM w pactyT 1 R, ¥ L, ¥ T — IOCTOSTHHAsI BPEMEHU;
C YMEHBIICHHEM W — MocienHre yMeHbmaTcs. C u3me-
HCHHUEM JUaMCTpa IMpoBOAa MNPAKTUYCCKHU HE MCHACTCA
WHAYKTUBHOCTb, HO MCHACTCA aKTHBHOC COIIPOTUBJICHUC
R ¥ mocTosiHHASI BPEMEHH T.

5. B mporiecce pacuera MOTYT OBITh HaiICHBI TAKHE
3HAYCHUS MaMETpa TPOBOAA M YHCJIa BUTKOB OOMOTOK,
KOTOpBIE MpH 3aJaHHBIX Macce MOJBMXKHOM CUCTEMEI,
NIPOTUBOJICUCTBYIOIICH cuile, paboyeM Xoxe ¥ MUHH-
ManbHBIX mapameTpax EHD obecmiedat tpedyemoe BpeMs
cpabateBanms OMII.

BBIBO/IbI

1. B paboTe mpoBeaeHbI HCCIENOBaHUS JUHAMUAYE-
CKHX xapakTepucTuk DMII ¢ 0THOMO3UITMOHHOW MarHuT-
HOM 3al1eJIKON Ul BAKyYMHOI'O BBIKJIFOYATENSl CPEHETO
HaMpsDKEHUs, B X0Jie KOTOPBIX YCTaHOBJIEHO, YTO OCHOB-
HBIMH TapaMeTPaMH, OKa3bIBAIOIIMMHU HAUOOJIbIICE
BIHSIHAE Ha ObicTpoaericTBre DMII, SIBISIOTCS €MKOCTD U
Hanpsbkeane EHD, oOMoTOYHBIC NaHHBIE KAaTyIIKd (KO-
JUYECTBO BHUTKOB, TUAMETP TPOBOIA, aKTHBHOE COIPO-
TUBJICHHE) U Macca ITOABIKHON CHCTEMBI.

2. Kak Ha BpeMs BKIIIOUEHHS, TaK U Ha BPEMs OT-
kiarouerust OMII B GoJiblield CTereHd OKa3bIBaeT BIUSHHE
HaTpsDKCHWE NCTOYHHWKA MUTAHUS 10 CPAaBHEHHIO C BEJIH-
grHOM emkoct EHD.

3. Brurrouaromas ¥ OTKIro4Yaronias ooMorku DMII
paboTaroT B MMIYJIbCHOM PEXKHUME TOJILKO B MOMEHT Cpa-
OaThIBaHUs, YTO MO3BOJISIET MPUMEHHUTH CUCTeMY (OPCH-
POBaHHOIO YIpaBiieHUs ¢ ucnonb3zoBanuem EHD. s
obecrieuennst nukiaa BAIIB Bo3MOXXHO IpUMEHEHHUE CIie-
IUATEHBIX CXEM MOBBIIICHUS HATIPSKCHUS.

4. DMII T1pebyer HE3HAUUTENBFHOW SHEPTHU LIS
"cOpoca" MarHWTHON 3aIIENKH. JTO MO3BOJSIET HCIIONb-
30BaTh JJIs OTKJIFOUEHHS BAaKyyMHOTO BBIKIIO9arens EHD
C HU3KMMH HOMUHAJIFHBIMHU MapaMeTpamMu. B xoxe npen-
BapHUTENBHBIX 3KCIIEPUMEHTAIBHBIX HCCIETOBAaHUN yCTa-
HOBJICHO, YTO MHHHMAJIEHO HEOOXOAWMBIMU 3HAYCHISIMA
JUTSL TapaHTHPOBAHHOTO CcpabaThIBAHMS OIMBITHOTO 00pas3-
na OMII sBasitores cnenyromue napamerpsl EHO:

- nast oneparuu Bimodenust: 270 B u 2000 Mx®;

- nast onepatuu otkiroueHus 40 B u 300 Mxd.

5. YcTaHOBIICHA HEMOHOTOHHAs 3aBUCHUMOCTH Bpe-
MeH BKIIIOUeHUs W oTkimodeHus DMII oT 0OMOTOYHBIX
JTAHHBIX COOTBETCTBYIOIINX OOMOTOK.

6. B 3aBucumocTH 0T TpeOyeMoro BpeMeHH cpaba-
TeiBaHuss DOMII BakyyMHOTO BBIKJIIOYATENS] MOTYT OBITh
paccunMTaHbl eMKOCTh U HampspkeHue EHD, a Takxke 00-
MOTOYHBIE JaHHBIE KATYIIKH.

7. B xozie mpeaBapuTEIbHBIX 3KCIEPUMEHTAIbHbBIX

UCCIeOBaHUH ycTaHOBIeHbl nmapamerpsl EHD 1 o6mo-
TOYHBIE JIaHHbIE KaTYUIKH, MPU KOTOPBIX BPEMsI BKIIHOYE-
Hus 1 otkaoueHus DMII coctaBuno 13,2 mc u 8,9 mc
COOTBETCTBEHHO.

8. JIns mpoBepKH ITOCTOBEPHOCTH HCIOJIb3YEMOTO
METOJ[a YUCIICHHOTO pacyeTra TUHAMUYECKHX XapaKTepH-
ctuk OMII # OIeHKH MTOTPENTHOCTH MOTyYEHHBIX PE3Yihb-
TaTOB HEOOXOAWMO TIPOBEICHUE JKCIIEPHUMEHTATBHBIX
HUCCIIEIOBAHUM.
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