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MATEMATHYECKASA MOJIEJIb
BBICOKOPACXO/JHOI'O SJIEKTPOITHEBMOKJIAITAHA

PaccmompeHa paspabomaHHasi Mamemamudeckasi MoOerb 371EKMPOrHe8MoKIanaHa, yJyumsiearouwiast
UHEPUUOHHOCMb 28308020 MOMOKa 8 MHesMamuy4eckux Masucmpansix. lonyyeHa ebicokasi cXxo0UMOCMb
aKcrnepuMeHmarsibHbIX 0aHHbIX C Pe3y/ibmamamu pacyemos, Ymo o38osisem Ucnob308ams paspabomaH-
HYI0 MameMamuyecKyto Mooersib 0515l MPoeedeHUs pacyemHoLll OUEHKU napamempos nepexo0Ho20 rpouecca
npu cpabamsigaHUU 371EKMPONHEBMOKIIarnaHa 8 8bICOKOpPacxo0HoU rnHesmocucmeme.

PoseansiHymo po3pobrieHy mamemamuyHy MoOesib efleKmporHeaMoKanaHa, sika epaxoseye iHepuyitiHicme
23308020 MOMOKY 8 MHeeMamu4Hux mazicmparnsax. OmpumaHO 8UCOKY 3biXHICmb eKcriepuMeHmarbHUX
daHux 3 pesyribmamamu po3paxyHKie, Wo 00380715€ sukopucmamu po3pobrieHy MamemamuyHy MOOesib
0151 iposedeHHs1 po3paxyHKOBOI OUIHKU rnapamempig nepexioHo20 rpouyecy nid Yyac cripauyb0o8y8aHHsI eflieKmpo-
rHe8MoKIanaHa y eucoKkosumpamHit MHe8Mocucmemi.

The developed mathematical model of electropneumatic valve, taking into account gas flow inertia
in pneumatic pipelines, is under consideration. High convergence of test data with calculation results
is obtained, making it possible to apply the developed mathematical model for evaluation of transient
parameters, when electropneumatic valve operates in high flow-rate pneumatic system.

Brenenne TaKkue yJapHble IAaBJICHUS MOTYT BIMATH Ha
UX pabOTOCIIOCOOHOCTb.
IKCNePUMEHTAIbHbIE HCCJIeT0BAHUS

B cocraBe mHEBMaTHYECKHUX CHCTEM CO-
BPCMCHHBIX KUAKOCTHBIX PAKCTHBIX JABUIATC-

. MK
Je IIUPOKO MCIOJIB3YIOTCS 3IIEKTPOIHEB- 3
moxkuanasl (OI1K). Onu ynpasnstoT nogaueit Kak ckaszaHo BbIlIe, OMHUM U3 JTAloB 3a-
U TIOCJIEYIOUIMM COPOCOM B JIPEHAX CKATOTro IIyCKa NBUIAaTC/IA ABIIACTCA PACKPYTKa ITyCKO-

BOI TypOMHBI MOCPEJICTBOM TIOJauH Tra3a 4de-
pe3 2JIEKTPOMHEBMOKIIANAH M PeAyKIIMOHHBIN
kianad. [Ipu 3ToM 13-3a BBICOKUX MOTPEOHBIX
pabouux JAaBJICHUI U pacXoJI0B ra3a B JaHHOM
CHCTEME HCIIOJIb3YeTCsI BBICOKOPACXOIHBIN
AJIEKTPOMHEBMOKIIAIaH ¢ ycuieHueM (puc. 1).

Pa6oraer OIIK cnenyromum obpasom. B

ra3a M3 yIpaBISIOUIMX IOJOCTEH KIIANaHOB,
OCYILIECTBIISIOT MPOAYBKY MarucTpajieil u no-
JIOCTEH, a TAaK)KE€ OTKPBIBAIOT M 3aKPBIBAIOT
MarucTpajy IOJaYu ra3a B IYCKOBOW KOJI-
JEKTOp TYpOWHBI TpU 3alycKe JBUTATEs.
[Ipu 3TOM HEoOX0IUMO OOEeCHeunuTh Mojavy

rasa B KOIUICKTOp TYPOWHBI, MOCTHTAOLYIO MCXOHOM COCTOSIHMM (IPU  0GECTOYEHHOM
lxkr/c mpu  BXOAHBIX  JABICHHAX  JIO anekTpomaruure 1) ynpaistounuil kianas 4
350 kre/em®. Bo BpeMs 3KCIEPUMEHTATBHON IO JeHCTBHEM YCHIHIT TIPYKHHBI 5 1 qaBiie-
CTEH/IOBOM OTPabOTKH CHCTEMBI PACKPYTKH HUSI BO BXOJHOW TOJIOCTH A TMpHXKar K Jpe-
IIYCKOBOW TypOWHBI JIBUTATENSl BBISBICHBI HakHOMY ceny 3. Ypasisromas moinocts C
CYILECTBEHHBIE 3a0pPOCHI JIABIICHUS B MOMEHT OIIK coobiieHa co BXOJHOU MOJOCTBIO A, U
cpabateiBanust DIIK. Takue 3abpockl nabie- JIaBJICHHUE B HEW PAaBHO BXOAHOMY. Y CHIIUSIMH

OCHOBHOMW NpYXHMHBI 6 U Nepenaaa 1aBJICHAN
Mexny BbixoaHoH b u ynpasistomeit C nosno-
CTSIMH OCHOBHOM KJIamaH / TIpIKar K cemry 8
Kopryca U pa3o0miaeT BXOAHYI0 A U BBIXOJI-
Hyto b nmonoctu.

HUS TIPOSBISIOTCS M3-32 TOTO, YTO OOJBIION
OpOCKOBBIN pacxoj raza B MOMEHT cpalaThbl-
Banus OIIK momagaer B 3aKpbITYIO MOJOCTh
PEIYKIIMOHHOTO KJIalaHa JI0 €r0 OTKPBITHS.
JlanHyt0 0COOEHHOCTH HEOOXOIUMO YUHUTHI-
BaThb IIpU MPOECKTUPOBAHUU KaK DIIEKTPOKIIA-
IaHa, Tak ¥ JIPYTUX arperaros n3-3a TOro, 4TO
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[Tocne nmojgaum HampspKEHHMsI Ha 3JIEKTPO-
MarHur | sikopb 2 BTATUBAETCS U IEpEMEIIAET
YIIPABISIIOMIME KJ1armaH 4 Ha BITyCKHOE cezio 9,
3aKpblBas BIYCKHOM kaHan E u coenunss ka-
Hain /1 ynpasinsromeit nosoctu C ¢ gpeHaxeM.
Hanenue B ynpasistomieil nmoixoctu C naga-
€T J10 JaBJICHUsI OKPYKAIOLIEH Cpe/Ibl.
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Puc. 1. Bricokopacxoansrit OI1K:

A, b, C — BXo/1Has1, BBIXOJIHAS U YTIPABJISIFOIIIAS
oJiocT cooTBeTCTBEeHHO; J1, E — kanains!; 1 — amek-
TPOMArHuT; 2 — SKOPb; 3 — IPEHAKHOE CEJIJIO;

4 — ynpaBsrOMKi KianaH; 5, 6 — IPy>KUHBI,

7 — OCHOBHOM KJ1amaH; 8 — ceJIJI0 OCHOBHOI'O
KJlanaHa; 9 — BIIyCKHO€E CeJJI0

OcHOBHOM KTamaH 7 3a CYeT yCUJIUS OT Iie-
penaja AaBlICHUN MEXIy BXOJIHON A U ympas-
nsiromed C TOJIOCTSIMU OTKPBIBa€T OCHOBHOE
npoxonHoe ceyenue JIIK. Bxonnas A u BbI-
xomHast b monoctu coobmarores. Ilocne cHs-
THST HaNPsDKEHUS ¢ OOMOTKH AJIEKTPOMArHuTa
| moBMKHBIE AETAIM TOJ ACHCTBUEM YCUIHI
MPYKWH BO3BPALIAIOTCS B MCXOJHOE IMOJIOXKE-
Hue. Bxoanas A u BbixonHasa b monoctu pas-
o01IarTCs.

OIIK uchbITEIBAIA B COCTABE HKCIEPUMEH-
TaJlbHOW yCTAaHOBKHU (pUC. 2) B paMKax OTpa-
OOTKHM PEeNYKIIMOHHOTO KJIallaHa.
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Bo BpeMs JKcnepUMEHTalnbHBIX pPabOT
nasienue Ha Bxoxae B JIIK p,,=310 Kre/cM?.
B MOMeEHT OTKphITHS KJalaHa JaBiICHUE Ha
BBIXOJIC Py (BO BXOTHOM IMOJOCTU PEAYKIIH-
OHHOTO KJIallaHa) MOBBIMAIOCH 10 475 Kre/em>.
Takue 3a0pochl JaBJICHUS MOTYT IOBJIUATH
Ha JIMHAMHYECKUE W TPOYHOCTHBIE XapaKTe-
IMTHEBMAaTHYECKOM

PUCTUKHA arperaTtoB B

CHUCTCMC.

Takum oOpa3om, Ha 3Tarne MPOEKTHPOBA-
HUSl arperaToB aBTOMAaTHKHU JUIsl BBICOKOpAac-
XOJIHBIX MMHEBMATHYECKUX CHCTEM HE0OXO0IU-
MO BBIMOJHATH OLIEHKY 3a0pOCOB JaBJICHHUS
IIpU pa3INYHbIX NEPEXOJHBIX Mpoleccax. B
JAHHOM cllyyae Uil 3TOro HE0oOXO0IuMO
pa3paboTath MaTeMaTUYECKYI0 MOJIEIb 3JIEKTPO-
MTHEBMOKJIaHA, B KOTOPOH Y4YMTHIBaach ObI
HMHEPLMOHHOCTh I'a30BOr0 MOTOKA B ITHEBMa-
THYECKOHM CHCTeMe, MPUBOJAIIAs K 3a0pocam
JaBJICHUS B MOMEHT cpabaThIBaHUSI.

MaremaTnueckas moaeanb JIIK

[Ipn cocraBneHNM ypaBHEHUH, OMHCHIBA-
IOIMKUX JUHAMUYECKHE TPOIIECCHl Ipu cpada-
teiBanuu JIIK, kak npaBuio, He y4UTHIBACT-
Csl UTHEPLIMOHHOCTh ra30BOI0 MOTOKA.

DTO ynpouieHue NMPUMEHMMO NpPU OIHUCA-
HUU OOJIBIIMHCTBA MAJOPACXOIHBIX DJIEKTPO-
MMHEBMOKJIAMIaHOB, KOTOpbIE O00ECIEeUYUBAIOT
Mojla4y JaBJICHUs] B pabouyre TMOJIOCTH ITHEB-
MOYIIpaBJISIEMbIX arperaTtoB. Tak Kak macca
rasa, npoxosmias yepe3 DK npu mepexos-
HOM TIPOLIECCE OTKPBITUS WU 3aKPBITUS, HE-
COM3MEpPHUMO Majia MO0 CPaBHEHUIO C Maccou
MOJIBYKHBIX JJIEMEHTOB KJIallaHa, €ro HHep-
IIMOHHOE BIIMSHUC HA JWHAMUKY HE3HAYH-
TenbHO. OJIHAaKO C pOCTOM pacxoja rasa
WHEPIIMOHHOCTH Ta30BOT0 TTOTOKA BO3PACTAET,
Y TIPUHSATHIE YIPOIIEHUS BHOCST CYIIECTBEH-
HOE PAaCXO0KJICHHE B KapTUHY PAacueTHOTO Tie-
PEXOHOTO Tpoliecca cpabaThIBaHUs KIIanaHa.
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Puc. 2. YipouieHHas cxema 3KCIIepUMEHTAIbHON YCTAaHOBKH
Do — HaBnerne Ha Bxoxe OIIK; p,,,. — maBneHne B paboueil MOIOCTH PeIyKIIOHHOTO
kiamaHa; 1 — BeHTHIB; 2 — O6ayutonHas Oatapes V= 28 n; 3, 5, 7 — mepBuuHBIe TIpeoOpazo-
Batenu nasienus JJJI1-20; 4 — OI1K; 6 — penyKIMOHHBIH KiIamnax; 8 — xukiep P19 mm

[Ipu pacueTax MNEepexXOTHBIX MPOIECCOB
B JJIEKTPOKJIAIIaHaX, pabo4YrM TEJIOM KOTO-
PBIX SIBISETCA ra3, UCMOJIb3YIOT OCHOBHBIC
ypaBHEHUS T'a30BOM JUHAMHUKH, BBIBOJ KOTO-
pBIX U3N0XKeH B padore [1]. B nannom ciy-
yae 3JIeKTPOITHEBMOKJIAlaH paccMaTpUBaeTCs

B CHUCTEME C BXOIHBIM U BBIXOJHBIM TpyOoO-
MIPOBOIAMH, & TAKXKE C MUTAOIINM OAJITIOHOM
U Pa3JIMYHBIMU COMPOTHUBJICHUSMU IO JIMHUU
BXOJIa M BBIXOJa. PacueT ITHEeBMaTHYECKOM
cucteMsl ¢ DIIK cocrout u3 pacyera mpoiiec-

an3

Ps

DPa

anZ

COB ONOPOXKHEHHS THUTAIOMEeld eMKocTH [2],
TedyeHus rasa no tpyodomnposoay k JIIK [3, 4],
3aMo0JHEHUs €ro IMOJIOCTEN /10 cpabaThIBaHUS
KJIallaHa, ePEeXO0HbIX MPOLECCOB B MOJOCTAX
npu cpabaThIBaHHUH, a TAK)KEe MCTCUCHHS ras3a
yepe3 BhIXOJIHOM TpyOOIpoBOA B MOJIOCTH pe-
JQYKIIMOHHOTO KJIallaHa WM JPYroro arperara
nBurates [5].

Pacuernas cxema JIIK mpencraBnena Ha
puc. 3.

fox

Puc. 3. PacuyerHast cxema 3JIeKTPOITHEBMOKIIAIaHa

B o0mem Bune nugdepeHuaibHbie ypas-
HEHUS, ONMUCHIBAIOIINE JHHAMHYECKUE TIPO-
Iecchl B IMHEBMAaTHYecKHX mojocTax OIIK,
UMEIOT CIIeTyroImuni Bu [2, 4]:

1. YpaBHEeHME U3MEHEHUS N1aBJICHUS B I10-
JIOCTAX KJIarmaHa
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o _RT 6
dad Vv
rmue Rr — rasoBasg IIOCTOSIHHAA,
T — Temmeparypa ra3a B paccMmar-

pUBaeMOM TMOJIOCTH;
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V _
AG -

00BEM II0JIOCTH,
HM3MEHECHHE Pacxo/ia rasa.

[Ipu nBU>XKEHMHU KJlanaHa 3aKOH M3MEHEHUSs
JABJICHUs B YIPABJSIONMICH TOJOCTH OYAeT
3amnucan TaK'

dp_
dt V' +f X(R T(G G”’”)+f

i)
rae V', p° — HayanbHble 00BEM M JIaBJIEHUE
B MOMEHT HayaJia JBHKEHHS KjlaraHa;

Gery Ggux — BXOI Ta3a B paccMarpuBac-
MYIO ITOJIOCTh ¥ BBIXOJI U3 HEe,

fy — TuToMIAML MOPIIIHS KIJIanaHa 1Mo YIUIoT-
HCHUIO  TOJBM)KHBIM  T'ePMETH3HPYIOLIUM
COCIUHEHHUEM;

X — TeKYIIUH XOJ1 KJlaraHa;

dx

—— — CKOPOCTb IIEpEeMEIICHHS KJIallaHa.

dt

2. VYpaBHEHHs pacxojia dYepe3 KIamaHbl
u npoccenu DIIK B obmiem Bulie UMEIOT clie-
JIYIOIIUI BU!

— MPH JOKPUTUICCKOM PEIKUME UCTCUCHUS

BB

— IPU CBEPXKPUTHUYECKOM PEXKUME HCTE-
4eHus S<fy:

(2)

AK) = ZL(L]“ |
k+1\k+1

e 4 — KodpduumeHT pacxona;
fo — mulomane mpoxomHOro ceue-
HUS CeJljia KJlalana;
Dex — IaBIEHHME Ha Bxojae (mepen
KJIAITAaHOM);
Dswux — JaBICHHME Ha BbIxoJe (3a
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KJIAITaHOM);
kK — mokasarenp aguadarsl.

K ynapHoMy NOBBIILIEHUIO AAaBJIEHUS B MO-
MEHT cpabaTbiBaHUsl KJalaHa MPUBOJIUT
MHEpLMOHHAs COCTaBJISIONIAsl ra3a B IHEBMa-
TUYECKOW MarucTpalid CUCTEMBI.

Heo06xoauMo OTMETHTH, YTO TpPU HHXKE-
HEpHBIX pacuerax IMHEBMAaTUYECKOW Maru-
cTpanu (MuHUH) B OOJBIICH CTENIEHU HHTEpe-
CyeT M3MEHEHHe MapaMeTpoB Ha KOHLAX JIH-
HUU, a HE PACIIPENEICHHOCTh TapaMeTpOB IO
ee quuHe. Takxke Mmpu pacyerax MHEBMaTHye-
CKMX JHHUI mnpuMeHeHne auddepeHnnannb-
HBIX ypaBHEHHUI B YaCTHBIX MPOU3BOJHBIX HE
Bcerja jaer 0osiee TOYHOE peUIeHHe, YeM He-
KOTOpBIE€ VIIPOIIEHHBIE YPAaBHEHUS, IMOTOMY
YTO CaMH YypaBHEHUS Ta30BOM JAMHAMHUKHU
BEChMa MPHUOIMKEHHO OTPaXKaIOT HEKOTOPHIE
¢usnueckue sBiIcHU. B 1aHHOM cirydae pac-
CMOTpPEH METOJ MAaTeMaTH4YeCKOro MOJEeIu-
pOBaHMs JMHMM Ha OCHOBE OOBIKHOBEHHBIX
muddepeHIIMaTbHBIX  YPaBHEHUM, DJKBUBa-
JeHTHBIX Au(QepeHInanbHbBIM  yYpaBHEHUSM
B YAaCTHBIX MPOU3BOJHBIX, YTO C TOYKHU 3pe-
HUS ONMCAHUS BOJHOBBIX MPOLIECCOB HAa KOH-
1ax JIMHUM SBJSIETCS, KaK MpaBHIIO, HEOOXO-
JUMBIM JUIsS BBIIIOJIHEHUS! IIPAKTHUUECKUX pac-
YETOB.

[Ipu BEIBOZIE ypaBHEHMI TWHAMUKY JINHUA
YUTEHBI B3aUMOJIEHICTBHE MIPOLIECCOB PAa3roHa
U U3MEHEHMs KOJIMYecTBa Tasa, 3aJepikKa I0
JVHUM, SBJIEHUE THIpoyJapa U Kosedareib-
HBbI€ MTPOLIECCHI.

[IpunATEl Takue oOOOIIEHHBIE JOMYyIle-
HUS:

— JIBWJKEHUE ra3a B JUHUM SIBIISIETCS OJHO-
MEpHBIM (T. €. JaBJI€HHE PaCIpe/eleHO IO
BCEMY CEUEHHIO JIMHUM PABHOMEPHO);

— Mpollecchl M3MEHEHHs COCTOSHMS Ta3a
M30TEPMUYECKUE,;

— pacxo/ibl Ta3a Ha BXOJI€ U BBIXOJE B Ile-
PEXOIHBIX MpOLEccCaX PacCUUTHIBAIOTCS KaK B
YCTaHOBUBIIEMCS PEKUME TEUECHUS;

— B NEPEXOJHBIX IPOILECCAaX CYIIECTBYET
Takas K€ 3aBUCHUMOCTh MOTEph Ha TPEHHE OT
yucina PeliHonblca, Kak M MPU yCTaHOBHUB-
meMcs JBKeHuH [6].

MO’XHO TpencTaBUTh MPOLECCH B JIMHUU
crenyromuM oopazom (puc. 4). B HavanbHBbIMA
MOMEHT BPEMEHHU T'a3 B JIMHUM HAXOJIUTCS B
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COCTOSIHMM IOKOSI WJIM JBUXKETCS C MOCTOSIH-
HOU CKOPOCTHIO.
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Puc. 4. PacuerHas cxeMa NHEBMATHYECKOH JTMHUU

B HekoTOpBIi MOMEHT BPEMEHHU J1aBJICHUE
Ha BXOJE B JIMHHIO pp u3MeHsercsa. C 3Toro
MOMEHTAa B T€YEHHE BPEMEHM PACIPOCTPAHE-
HUS 110 JMHUM TOSBUBILEHCS BOJHBI JlaBile-
Hus, T.€. ipu t<l/c (rme | — nimHa marucTpa-
JH; ¢ — CKOPOCTh 3BYyKa), 32 CYET U3MEHEHHUs
pacxoza raza Ha BXOJ€ IPOUCXOJIUT U3MEHE-
HUE MaccChl ra3a B JIMHUM, a TAK)KE HAYMHACT
U3MEHATBCS CKOpPOCTb JBMKCHMS LIEHTpa
Mmacc rasa. OJHaKo JaBJICHHUE HAa KOHLE JIH-
HUM OyZeT MO-NPeKHEMY OCTaBaTbCsl MOCTO-
SHHBIM M pPaBHbIM €ro IepBOHAYaIbLHOMY
3HAYEHUIO Pr=p20, TAK KaK BOJIHA JaBJICHHUS
HE JOCTUIIa KOHHIA auHuM. Pacxonm u cko-
pPOCTh ra3za Ha BBIXOJE TAaKXXE PaBHbI CBOMM
HavyaJbHBIM 3Ha4eHUsIM. B pesynbrare usme-
HEHUS Macchl ra3a B JUHUM IPOUCXOAUT €ro
CKaTUE WM pa3pekeHue, KOTOpoe B MOMEHT
Bpemenu t=Il/C mosiBUTCS Ha KOHIIE JIMHUU KaK
JaBjieHue (PpoHTa MpUILEALIEH BOJIHBI ra3a.

Kak Tonbko BONHA [JaBJIEHHUS JOCTUTAET
KOHIIA JIMHUM, JaBJIEHUE Ha KOHIE JIUHUU W3-
MEHSETCSl OT HA4YaJlbHOTO 3HAYEHUs pyg 110
HEKOTOPOT'O 3HAYEHUS P, TOCIE YEro IMpouc-
XOJUT JalbHENIEE HENPEPHIBHOE U3MEHEHUE
JIABJICHUS pp 10 YCTAHOBUBLIETOCS 3HAYCHMS.
ITpu 3TOM M3MEHSAETCS pacxo] raza uyepes Bbl-
XOJITHOE€ OTBEPCTHE Ha KOHIE JUHHHA. OCHO-
BBIBAsICh HAa 3TOM, ypaBHEHUE JUHAMHKH JIHU-
HUU 3alMIIEM B CIECAYIOLIEM BUJE:

m—=p1f—p;f—pn,f, (3)

dt

P20, ecim t<l/c,

P,

p2, ecau t21/c,

rac M — TeKylmee 3HaUCHUE MacChl I'a-
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3a BHYTpH JIMHUH;

V — CKOpOCTb rasa,
f — mIomaak BHYTPEHHEro ceue-
HUSI MarucTpai,
Prr — TIOTEpU JaBIICHUS HAa TPEHHE.

I[Ipu »3TOM paccMaTpuBaeTcs aBICHUE
B MarucTpaliu, U ypaBHEHUE JIBIXKEHUS 3alu-
ChIBaCTCSA ISl KaXKIOTO MOMEHTa BPEMCHH
JUIS  BBIACIIEHHOTO 00beMa C IOCTOSHHOMN
B JJaHHBIA MOMEHT BPEMEHHU MacCOil.

Bonee crporoe noka3aTenbcTBO ypaBHEHUMN
(3) ocHOBaHO HA PACCMOTPEHHUH JBUKYILETOCS
B MarucTpajy MMOTOKa ra3a Kak Teja MepeMeH-
HOM Macchl [7].

Maccy ra3a BHYTPH ITHEBMATHYECKOH JTH-
HUU OIpeJeNsieM U3 YpPaBHEHUS WU3MEHEHUS
KOJIMYECTBA ra3a B JTMHUH

Z—T =G, -G
rae Gy, Ggux — PACX0JIbl HA BXOJE U BBIXOJIE,
KOTOPBIC OIPEICISIOTCS B 3aBHCHUMOCTH OT
XapakTepa TeueHus Mo U3BECTHBIM (popmyam

Q). ).

Heo6xoauMo ompenenuTs JaBl€HHE pi.
Jlig 3TOro HamuIileM ypaBHEHHE H3MEHEHUS
Maccsl 71 B JIEBOH IOJIOBUHE JIMHUN

dm
—1=G, -G,
dt
rne G — cpenHuii Mo UIMHE JIMHUHU PacXO/I.
OHpeI[eJ'II/IM Maccy rasa

gblx !

(4)

m, = pV;,
rae p, = P IUIOTHOCTD rasa;
RT
Vi=fl/2 — 00beM MOIOBUHEI TUHUH.

Torma maccy rasa B JIEBOM NOJIOBUHE JIU-
HUU OTpeeTIsieM TaKUM 00pa3oM:

T
2RT

[Hoxacrasnss (5) B (4), moayynuM ypaBHEHUE
W3MEHEHHUS JaBJICHUS B Ha4aJle JINHUU

dp, 2RT

dt I

m

()

(G,-06). (6)

Haitnem 3aBHcMMOCTH [J11 ONpeAesICHUS
pacxonoB G u Gi. M3 ypaBHEHHUs1 HEpa3phIB-
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HOoCTH ToToka mmeeM G1=G,, a pacxomx G
BBIPA3UTCS 4Yepe3 CKOPOCTh JBUKCHHS BCEH
MaccChl rasa:

G = pvf wm Gzlmv.

(6)

OKOHYATEIBHO
AMETH TAKOUN BUI:

%=—2RT G _mv .
dt If “ o

ypaBHEHUE Oyner

AHanoru4HO OonpeacsICTCA 3aBUCUMOCTD
JJI1 pacyeTa AaBJICHUA P2 B KOHIIC JTMHUUA:

%—Zﬂ mV_G .
dt If I o

[Torepu naBiCHUS HA TPEHHE IO JUTMHE
MarucTpajii HaxoJIAT U3 U3BECTHOTO ypaBHE-
Hus [6, 8]

mv?

|
d 2lf

Prp =4 sign(v)
rae A — kodpuimeHT norepb Ha TPEHUE,
d — BHYTpeHHHI AUaMETP MarucTpasu.
TakuM o0pazoM, 00001IeHHAs MaTeMaTH-
Yeckassk MOJIelb ITHEBMATHUYECKOW JIMHUH,
OTIHCHIBAIOIIAs MEPEXOAHbIE MPOIECCHl Ha €€
KOHI[aX.

IlepemenieHue OCHOBHOIO U YIIPaBJIAIOLIE-
ro kianaHoB OIIK onuceiBaeT ypaBHeHUE
nBrxeHus. J{s ocHOBHOro Kiamana (puc. 4)
MO>KHO 3aIIUCaTh TaK:

d?x
MlFZ pl(fn - fox)+ p2 foz(_
- p3fn _H11

roe M, — Macca IOJABMIKHBIX JIeTaJIed OCHOB-
HOT'0 KJIallaHa;

P1, P2, P3, — JaBIIEHUE BO BXOJIHOM, BBIXO/I-
HOM M YNPaBIAIOIMIEH TMOJOCTIX COOTBET-
cTBeHHO (puc. 3);

f, — TIomaap MOpIIHS KiIanaHa 1O Io-
JIBUKHOMY YIJIOTHEHHIO;

fox — TJIOIIamh YILUIOTHEHHS CEIUIOM OC-
HOBHOTI'O KJIallaHa;

11, — cymma ycunus npykussl F,,1 1 cnn
TPEHUSI.
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Jlig ynpaBisioero Kianata

d?y
M, F =F,.+ p5fpk2 + fpkl(p4 - pl)_
— Ps prZ_HZ’

rae M, — macca NMOJABMXKHBIX JIeTalleld yIpaB-
JISIOIIETO KiallaHa,

F., — ycuiinie 31eKTpoOMarHura,

P4, p5 — JaBJICHUE B MEPEIYCKHOU U Ape-
Ha)KHOM MOJIOCTSIX COOTBETCTBEHHO (pHC. 3);

fox1 — IUIOImAMb BITYCKHOTO CEUla YIpaB-
JISIONIETO KJallaHa;

foxo — IUIOIIA/B IPEHAXKHOTO CelyIa YIpaB-
JIAIOIIETO KJalaHa;

Il — cymma ycmmii npyxuH Fp, Fip3
Y CUJI TPEHHUS.

B obmem cnyuyae auHaMMKa 3JIeKTpoMar-
HUTA ONMUCHIBACTCS CJICAYIOIIUMH ypPaBHEHH-
samu: 2-i 3akon Kupxroda ansg nenu ymnpas-
nenust U 2-i 3akoH HbploroHa s sxops
[9, 10]

di dL

U =IR+L—+iv—;
Y dt do

2
e d’

am 2

+F

M

rae Uy — HampspkeHue Ha OOMOTKE DJIEKTPO-
Marsura (LeNu yrpaBiaeHus);
| — MTHOBEHHOE 3HaUEeHHE TOKa B OOMOTKE;

d
Ld_;_ anekrposmwkymmas cuna (3JC) ca-

MOWHIYKLIUH;
L — "HAYKTUBHOCTH OOMOTKHU;

. dL
v 2—5 — npotuBoD/IC oT nBUKEHUS SKOPS;

M — Macca TOABIKHBIX 4YacTed sSIKOps
(YynpasJisroIero KiamnaHa);
F, = f(0,v) — cuma nporuBoneicTBHS,

3aBHUCAIIas B O6HI€M CJIydac KaK OT 3HA4YCHUA
NEpCMCIICHUSA AKOPA 5, TaK U OT €TI0

Bepugukanusi MaTeMaTH4eCKON MOJCJIH
IIIK

CpaBHEHHE SKCIIEPUMEHTAIBHBIX PE3YJIb-
TaTOB C pacyeTaMy II0 MAaTEMATHUYECKOM MO-
JIeJIU TIPE/ICTaBIECHO B TaOHIIE.



Kocmuueckas mexnuxa. Pakemnoe soopyacenue. 2016. Boin. 2 (112)

Ha puc. 5, a mnpencraBiieH pacyeTHBIN

nepexoaHbii mpouecc otkpeitusa OIIK mpu
2

nasieHuH Ha Bxozae 310 xrc/cMm”, a skcmepu-

P, Kre/cm?
500 ~

400 A

200 -

100 +

0,05

0 0,1

MEHTaJbHasl OCHWJUIOTpAMMa IIPH TeX JKe
YCIIOBUAX — Ha pHC. 5, 6.

p, Kre/em?

500 T

200 7

100 1

400

300 ]

' T, C

0 005 01 015 02 0,25 03

0)

Puc. 5. PacueTHsIii (2) 1 9KcniepuMeHTaNIBHBII (0) nepexoaublie npouecchkl oTKpbiThs 11K

Kak BHIHO, pacueTHas U AKCIEPUMEHTATb-
Hasi KapTUHBI TEPEXOAHBIX IMPOLECCOB MPHU
cpabateiBanuu OIIK umeroT cxoxuil Xxapak-
tep. Pacuernoe Bpemsi otkpeitus JIIK u mu-
KOBBIH 3a0pOC JaBICHHUS OTIMYAIOTCS OT IKC-
MepUMEHTaIbHBIX JIaHHBIX He Oollee 4eM Ha
5,3 u 0,5% cooTBeTCTBEHHO, a YacTOTa TIEepe-
XOJIHOTO Tiporiecca — Ha 9%.

BriBoabI

[To pesynbraraM cpaBHEHHs 3KCHEPHUMEH-
TaJIbHBIX JAHHBIX C JJAHHBIMH PAacdye€TOB MOX-
HO CJieJlaTh BBIBOJI, YTO pa3paboTaHHas mare-
MaTH4yecKas MOJIeNb MOXET OBITh HCIOJIb30-
BaHa IS IPOBEIEHUS PACUETHOW OICHKH Ta-
pamMeTpoB MEPEXOIHOTO Ipolecca npu cpada-
TeiBaHuU OIIK B BBICOKOPACXOIHOM NMHEBMO-
CUCTEME.
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