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BBEJAEHHUE

AKTYaJIbHOCTH TeMbl. MaJOMOIIHbIE KOMITPECCOPhl OOBEMHOT0 MPUHLIKIA JeH-
CTBUA NPEIHA3HAYCHBI JUUIS CO3AaHus naBieHus 10 10 atM. u XxapakTepu3yrTcs HU3KUM
ypoBHEM 3Hepronorpedinenus. [lanHbie KoMmpeccopbl HCHONIb3YIOTCS IJisi OBITOBOTO
XOJOJIUIBHOTO U MEAUIIMHCKOTO 000pYI0BaHUS, CUCTEM KOHJIULIMOHUPOBAHUS BO3yXa,
a’porpaduu, CTpOUTENTbHOTO MTHEBMOUHCTPYMEHTA, MOJKAYKH IIUH aBTOMOOWIIEH U T.11.

B xommnpeccopHoM oOopynoBaHuu HanOosee cliadblM 3B€HOM HapsiAy ¢ KialaH-
HOM CUCTEMOM SIBJISIOTCA MEepeaTOYHbIE MEXaHU3MbI, PeoOpas3yrolie BpallaTeaIbHOe
JIBUKEHUE JBUTATENsI B BO3BPATHO-NOCTYNATENbHOE JABMKEHUE paboyero oprana. [lo-
ATOMY aKTyaJIbHBbIM SIBJISIETCSl pa3pab0TKa KOHCTPYKIMM KOMIIPECCOPOB, B KOTOPBIX OT-
CYTCTBYIOT MEPENATOYHBIE MEXaHU3MBl. DTO BO3MOXKHO IIPU HCIIOJIB30BAHUU B 3JIEK-
TPONPUBOJIE KOMIIPECCOPOB BMECTO JABUTATENEN BpalaTEIbHOTO JBUKEHUS JBUTATENIEH
BO3BPATHO-NOCTYIIATEIBHOTO ABUKEHHUSI, B YACTHOCTH AJIEKTPOMArHUTHBIX.

CreneHb pa3padOTAHHOCTH TeMbl MCCJICOBAHUS. 3HAYUTEIbHBIA BKJIaJ] B
TEOPUIO0 MPOEKTUPOBAHUS, MCCIEIOBAHUS M COBEPIICHCTBOBAHUS KOHCTPYKLUH 3JIEK-
TpomarHuThix asurareneid BHecau I'.K. Porepc, b.K. Bynb, A.1A. MockoButun, M.A.
Jlro6uuk, A.B. l'opaon, A.I'. Cnusunckas, H.I1. Psmennes, I'.I'. Yrapos, B.B. Upa-
muH, E.M. Tumomenko, b.®. Cumonos, B.M. Momkun, K.M. Ycanos, B.II. IleBues,
B.}O. Heiiman u 1p.

Hcnonb3oBaHue JTUHEHHBIX 3JEKTpOMArHuThix Asurarenen (JIDMJI) ans snek-
TPOIPHUBOAA BUOPOKOMIIPECCOPOB HAIIIO CBOE OTPAKEHHUE B TpyAaxX TaKUX CIICIHATIN-
cToB, kak A. N. Cmensrun, H.I1. Psamennes, A.H. Mupomnanuenko, H.1. ®unuenko, B.
P. Paiic u np.

Haubonbmee pacnpoctpanenue B 70-80-x rogax nmoayymin KOHCTpyKuuu JID9MJ]
¢ ¢uKcalueil KOHEUHOTO MOJIOKEHUS SIKOPSI, TTO3BOJISIIOIINE MMOJIy4aTh BHICOKME 3Haye-
HUA TATOBOro ycunus. HecMOTpst Ha O4eBUIHBIE JOCTOMHCTBA JAHHBIE KOHCTPYKIIMU HE
MOJIYYHJIA MacCOBOI'O MPUMEHEHHS B 3JIEKTPONPUBOJIE BUOpOKOMITpecCOpoB. B nepByto

oucpeap 3TO OBLJIO CBSA3aHO C TEM, 4YTO IIpU HepaBHOMepHOﬁ Imoaauc pa6oqeﬁ CpCabIl
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MOIJIM BO3HUKATh COYAAPECHUS AKOPS C DJIEMEHTAMH KOHCTPYKLMH JBHUIaTelsl, 4TO
CHUKAJIO HAJIE)KHOCTh YCTPOMCTB.

B nHacTosimiee BpeMsl 3JIEKTPONPHUBOJ JIEKTPOMArHUTHBIX KOMIIPECCOPOB HAXO-
JUTCS HA HOBOM BUTKE pa3BUTHUS. MupoBas NOTpEOHOCTh B TaKUX YCTPOMCTBAX MOJI-
TBepkaaercs BeimyckoM ¢ 2001 r. komnanuein LG X0n0IUIBHBIX KOMIIPECCOPOB C JIU-
HEHWHBIMU AJIEKTPOMATHUTHBIMU JBUTaTesIMU. OJIHAaKO, pa3pabOTUMKKU AAaHHOTO 000pYy-
JIOBaHUsSI TaK >K€ CTOJIKHYJHUCH C MPOOJIEMOW COyIapeHHUs 3JIEMEHTOB KOHCTPYKIMU
KOMIIpeccopa.

OaHUM U3 MEePCHEKTUBHBIX MyTEH PelleHUs JaHHOW MPOoOIeMbl ABISETCS pa3pa-
00TKa W BHEApPEHUE ABUTATENIe C 3yO4YaThIMHU 3J€MEHTaAaMU KOHCTPYKIIMM MarHUTHOM
CUCTEMBI, YTO TIO3BOJIUT JOOUTHCS YIYUIICHUS TATOBBIX XapaKTEPUCTUK U O€3yJapHOTO
pexuma padotsl JIDM/I.

JuccepranmonHoe uccieaoBanue npopoamwiock B pamkax HUP HI'TY «Cuno-
BbI€ YCTPOMCTBA DJIEKTPOMEXAHUKHU JUIsl TEXHOJIOTMUECKUX BUOPOUMITYJIbCHBIX CHC-

TEM C AJIEKTPOMArHUTHBIM BO30YXAEHHUEM», BHINOIHEHHON B 2012 T.

Heap padoThl 3aKII0YaETCA B YIYYUIEHUH TIATOBBIX XapaKTEPUCTHK U Maccora-
OapUTHBIX TMOKa3aTesed JTUHEHHOro 3JEKTPOMArHUTHOIO JBUTATENS JJI 3JIEKTPOIpH-
BOJIa BUOpOKOMITpEccopa MyTeM pa3paOOTKK HOBBIX KOHCTPYKIUH MAarHUTHBIX CUCTEM C
3y0I10BO-T1a30BOM 30HOM.

JUist TOCTH>KEeHHMS 11eJ1d ObUIM MOCTABJIEHBI CJIeyoNIue 3a1a49u:

1. O6ocHOBaTh U pa3zpadoTaTh HOBbIE A dekTrBHBIE KOHCTpYKIMKU JIDM]I ¢ 3y6-
[IOBO-T1a30BOM 30HOW JIs AJEKTPONPUBOJA BHOPOKOMIIPECCOpa, 0OECIeUnBAIOIINE TO-
Jy4YeHUE BBICOKMX 3HAYEHUM TATOBBIX YCWJIMN MpPHU MalblX 3HAYEHUsIX paboyero xonaa
AKOPAL.

2. YCTaHOBUTH CTENEHb BIMSHUS KOHCTPYKTHBHOTO HCIIOJHEHHUS 3JIEMEHTOB
MAarHUTHOW CUCTEMBI U COOTHOIIEHUN T'€OMETPUUECKUX PA3MEPOB 3TOM CUCTEMBI HA Xa-
pakTep pacrpeiesieHuss MarHUTHOTO ToJii U (POPMUPOBAHKME TATOBBIX XapaKTEPUCTHK

Ha BCCM MHTCPBAJIC pa60qer0 Xo4a sAKOop:.
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3. BemmonHuTh MoUCK U BbIOOp KOoHCTpyKumit JIDM/] ¢ 3y0110Bo-na30Boil 30HOM,
00€eCIeynBaOIUX MOJy4YeHUE BBICOKMX 3HAYEHHUH CTaTUYECKOIo TSATOBOIO YCHIUS MPHU
MHUHHMMAaJIbHOM PAacX0/i€ aKTUBHBIX MAaTE€PUAJIOB MATHUTHOW CHCTEMBI.

4. Pa3paboTaTth METOJIMKHU U BBIPA0OTATh PEKOMEHIAIMH 10 PacyeTy paluoHaIb-
HBIX TEOMETPUYECKUX cooTHoueHu JIDM/] ¢ 3y0110BO-11a30BOM 30HOIA.

OO0beKT ucciae0BaAHUSA — JIMHEWHBIN 3JIEKTPOMAarHUTHBINA IBUTATEIb C 3yOI[0BO-
Ma30BOM 30HOM JJIsl AIEKTPOIPUBOIA BUOPOKOMITpECCOpa.

IIpexmeT ucciief0OBaHUA — METOIMKU pacyeTa U KOHEYHO-3JIEMEHTHBIE MOJIEIN
JIDMJI ¢ 3y0110BO-11a30BOM 30HOM.

MeTtoambl ucciae10BaHUA

JInst peleHns MOCTaBIEHHBIX 3a/1a4 MIPUMEHSJIUCHh OCHOBHBIE MOJIOKEHHS TEOPUHU
MAarHUTHOTO TOJIsl, MATEMAaTUYECKOE UMUTALIMOHHOE MOJEIUPOBAHNE MAarHUTHOTO IOJIA
METOAOM KOHEYHBIX 3JIEMEHTOB C MCHOJbB30BAHUEM CTAHJAPTHOIO MAKETa MPUKIIATHOU
nporpammbl «FEMM»y. Ilpu pacuere M aHanus3e MaTEMaTHUYECKHUX 3aBUCUMOCTEU HC-
noJib3oBajicst mporpammubiid nakeT «MathCADy. KoppekTHOCTh MOMTy4EHHBIX pe3yibTa-
TOB OLICHMBAJACh CXOJMMOCTBIO PE3YJIBTATOB AHAJUTHUYECKUX PACUETOB M KOHEYHO-
AJIEMEHTHOTO MOJEIUPOBaHUA. J|OCTOBEPHOCTh PE3YIBTATOB YHUCICHHOIO MOJEIUPOBa-
HUS IPOBEPSIIACH ITYTEM COIMOCTABJICHUS C JAaHHBIMHU, UMEIOIIUMHUCS B HAYYHOU JIUTE-
parype.

Hay4ynasi HOBH3Ha JUCCEPTALMOHHON padoThI

1. Pa3zpabotana KOMOMHUpPOBAHHAS METOAMKA OMNpENEICHUS MAarHUTHOW IMPOBO-
JTUMOCTH, MPeACTaBIIAIONIas co00il coueTaHne METOIa BEPOSITHBIX MyTel MOTOKA U pe-
3yJIbTaTOB KOHEYHO-3JIEMEHTHOTO MOJEIMPOBAHHUS, TIO3BOJSAIONIAS [101y4aTh YTOYHEH-
HbI€ 3HAYEHUSI MATHUTHON MPOBOJMMOCTH BO3YIIHBIX 3a30pOB 3yO110BO-IIa30BOM 30HbI
B IIMPOKOM JUAIA30HE €€ TEOMETPUUECKUX COOTHOLIEHUN U MOJ0KEHUN SIKOPSL.

2. YCTaHOBJEHA CTENEHD BIUSAHUS KOHCTPYKTUBHOT'O UCITOJIHEHUS U T€OMETpUYE-
CKHUX COOTHOLIEHUHN 3JIEMEHTOB MAarHUTHOM CHCTEMBI C 3yOI[0BO-11a30BOM 30HOM Ha Xa-
pakTep pacupelesieHHs] MAarHUTHOTO TOJIS U MOJIy4YaeMble 3HAYEHUsI CTaTUYECKOro Tsi-
rOBOI'0 YCHJIMSI, YTO MO3BOJISIET OOOCHOBAaTh palMOHaNIbHbIE KOHCTpYKIMH JIOMJI ¢

YIYUIICHHBIMHA TATOBBIMH XapPAKTCPUCTHUKAMMU.
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3. Pa3paborana meroauka pacuera JIDMJ[ ¢ 3y0110BO-IIa30BOM, MO3BOJISIONIASL
OCYIIECTBJISITh BBIOOP pAIlMOHATBHBIX T€OMETPUUYECKUX COOTHOIICHUH MO KPUTEPHIO
MaKCHMAJIbHOT'O TSTOBOTO YCUJIUSI B MUHUMAJIbHOM 00beMe JIEKTPOMArHuTHOTO JIBUTa-
TeJI.

4. Ha ypoBHe n300peTeHust MpeioKeHbl HOBbIe BapuaHThl JIDM/] ¢ pa3nuuHbiM
KOHCTPYKTHBHBIM HCTIOJIHEHHEM 3YyOII0BO-11a30BOM 30HBI JIEMEHTOB MAarHUTHOW CHC-
TeMbI JIJI1 DJEKTPOIPUBOJa BHOPOKOMIIPECCOpa, OOECIEUUBAIONINE TMOBBIIMICHUE €ro
AKCIUTyaTallUOHHBIX M TEXHUYECKUX XapaKTepUCTUK. HOBU3HA MONYyUYEHHBIX TEXHUYE-
CKMX pelleHuH 3amuiieHa narenraMu PO Ha n3o0peTreHne v mojie3Hbie MOJICIIH.

OcHOBHBIE N0JI0KEHHS], BBIHOCUMbIE HA 3AIIUTY:

1. Pe3ynbTaThl uccienoBaHus MarHuTHoro nodsa JISM/I, nmo3Bossitoniue npu ms3-
MEHEHHUH COOTHOILICHUN TN€OMETPUYECKUX PA3MEPOB M KOHCTPYKTUBHOT'O MCIIOJIHEHMS
3JIEMEHTOB MAarHUTHON CUCTEMBI MOJIy4aTh MAKCUMAaJIbHbIC 3HAYEHHUSI CTATUYECKOTO TH-
TOBOT'0 YCUJIMSI U MHTETPAIbHOM pabOThI ABUTATENS PU MUHUMAJIBHOM PacXo/ie aKTUB-
HBIX MaTepHUaoB.

2. KomOuHUpoBaHHas METOAMKA ONpPEEICHUS] MATHUTHON MPOBOJUMOCTH, TIPE/I-
CTaBJIsIIOIIasl cOOOM codYeTaHWE METOJa BEPOSTHBIX MyTel MOTOKAa U PE3yIbTaTOB KO-
HEUYHO-3JIEMEHTHOT'O MOJICIUPOBAHUS, TTO3BOJISAIONIAs OCYIIECTBIATh YTOUHEHHBIN pac-
YeT MArHUTHOW MPOBOAMMOCTH BO3YIIHBIX 3a30pOB 3yOII0BO-IIA30BOI 30HBI HA BCEM
HWHTEpBaJie pabouero xojaa sKopsi, U oOecreurnBaroIias HeoOX0IUMYI TOYHOCTh pacye-

Ta B JIMaria3oHe 3Ha4YeHuii coornomenus A/a =0,075+0,2.

3. Meroauka pacuera JIDMJI ¢ 3yO110B0O-11a30BOM 30HOM, MTO3BOJIAIONIAS TTPU BbI-
O0ope palmoHaIbHBIX T€OMETPUYECKUX COOTHOIICHHUM JIBUTATENs MOJy4aTh KOHCTPYK-
UM C MUHUMAJIbHBIM PACX0JIOM AKTHBHBIX MaTEPUAIIOB U MAKCUMAIbHBIMUA 3HAUYCHUS-
MM CTaTUYECKOTO TSITOBOTO YCHUJIUS.

4. Hossie koHCTpyKInu JIDMJI ¢ 3y0110BO-11a30BOM 30HOM JIsSl SJIEKTPOIPUBOIA
BUOpOKOMIIpeccopa, 0OecreunBatoIie MOBBIIIEHUE 3HAYEHUN TATOBOrO yCHIIUS, 0€3-
yIapHy1o paboTy U PEryJIUpPOBKY X0/1a paboyero opraHa, Conps>KeHHOTO C IKOPEM.

IIpakTHYecKkasi HEHHOCThb Pe3yJIbTATOB PA0OThHI

I[aHBI MPAKTUICCKUC PCKOMCHAAIWUUN 110 paCUCTy U BBI60py paduOHAJIbHBIX I'€O-
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MeTpuyeckux cooTHomeHut JIDMJI ¢ 3y0110BO-11a30BOM 30HOM JBUTraTtesis, oOecredn-
BAIOIIUE TOJIyYEHUE MAKCUMAJIBHBIX 3HAYEHUI CTATUYECKOrO TATOBOrO YCWIIUA IPHU
MHUHHMMAaJIbHOM Pacxojie€ aKTUBHBIX MaTepruasioB. lIpennokeHbl HOBbIE BApUAHThl KOHCT-
pyktuBHOTrO ucnognenus JIDMJI ¢ 3y0110BoO-11a30B0M 30HON, OPUTHHAIBHOCTH KOTOPBIX
3aluieHa 3 maTeHTaMy Ha MoJIe3HbIe MOJEH U 1 Ha u300peTeHue.

Peanuszanus pe3yabTaToB padoThl

OcHoBHBIE pe3ynbTaThl paOOTHl OB UCIOJIB30BaHbI B X0/€ BbinosHenus HUP,
npoBogumoii B ®I'bOY BO «HoBocuOupckuii rocyjapcTBEHHbIN TEXHUYECKUM YHHU-
BepcuteT» (HI'TY) npu noanepkke MunuctepcTBa oOpazoBanusi 1 Hayku Poccuiickoii
Oenepanuu, MuB. Ne 02201258335, a Takxke B yueOHOM Ipoliecce B XO/€ BBIOJIHEHUS
HUPC u pumnomHbIX pabOT CTYIEHTOB (haKyJabTeTa MEXaTPOHUKHU W aBTOMATHU3AIUU
OI'bOY BO HI'TY.

AnpoGanus padorbl. OCHOBHBIE IOJIOKEHHS THUCCEPTALMM JOKJIAAbIBAJIUCh U
00CYXXJTaJTUCh Ha MEXKIYHApPOIHBIX HAYYHO-IIPAKTUYECKUX KOoHpepeHuusx «HHoBamu-
onnast sHepretuka 2010»10-12 noa0ps 2010 r. (HoBocubupck); «ueprodaddexrus-
HOoCTh» 12—13 mas 2010 r. (Omck), «PaanosnekTpoHuka, 3IeKTPOTEXHUKA U SHEPTreTH-
Kka» 24-25 ¢espang 2011 r. (MockBa), «AkTyalibHble MTpo0aemMbl 3HepreTuku AITK 24-
25 anpens 2011r. u 23-25 anpens 2013r. (CaparoB), «CoBpeMeHHbIE TEXHUKA U TEXHO-
norun» 24-25 nos0ps 2011 r. u 2014 r. (Tomck), «Hayunbiii motennuan XXI Beka. Ec-
TeCTBEHHbIE U TexHudeckue Hayku» 2011r. (CraBpormoib), «AKTyaldbHbIE MPOOJIEMbI
KauyecTBa U KOHKYPEHTOCIIOCOOHOCTH TOBapoB U yciyr» 22 mapta 2013 r. (Habepex-
Hble YenHbl), «AKTyalbHBIE MPOOJIEMBbI B MallMHOCTpoeHUM» 26 maprta 2014 1., 25
mapta 2015 r. u 30 maprta 2016 r. (HoBocuOupck); HayqyHOU KOH(PEPEHIIMH MOJIOABIX
yuenbix «Hayka. Texnonoruu. Munosauumn» 3-5 nexabps 2010 r. u 29 HOos6ps—2 ne-
ka0Ops 2012 r. (HoBocuOuUpCK); MEXAYHAPOAHBIX HAYYHO-TEXHUYECKUX KOH(EPEHIIUS
«CoCTosTHHE W TIEPCIIEKTUBBI Pa3BUTHUS AJeKTpoTexHosorui» 1-3 utons 2011 r. (MBa-
HOBO), «CoBpeMeHHbIE MPOOJIEMbI MAIIMHOCTpOEHUsD» 28 ceHTs10ps - 02 oxTsa6pst 2011
r. u 11-15 Hosa0ps 2013 r. (Tomck), «DneKkTpoMexaHUUECKHe Mpeodpa3zoBaTeid dHEP-
run» 9-11 oktsa6ps 2013 r. (Tomck), «bynymiee Texunueckoit Hayku» 2011 r. u 2014 r.

(Hwxuuit HoBropon); «21neKTpoTeXHUKa. DIEKTPOTEXHOIOTUSL. DHEPreTUK» 9-12 nioHs
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2015 r. (HoBocuOupck); «ABTOMaTH3aIMs, SJHEPrO- U PECypcocOepekeHne B MPOMBIIII-
neHHoM mnpou3BoacTBe» 21 ampens 2016 r. (CrepiuraMak); BCEPOCCUUCKUX HAay4YHO-
TeXHH4Yeckux KoHpepeHmusx «Momoaexnb u Hayka» 19-25 ampens 2011 r. (Kpacuo-
ApCK) U «DHepreTuka: 3pPeKTUBHOCTb, HAIEKHOCTh, Oe30macHOCTh» 4-6 nekadps 2013
r. (Tomck); nasax nayku HI'TY 2011-2016 r.r. u Ha MexayHapoaHoM (opyMme To CTpa-
terudeckum TexHosorusMm IFOST-2016 1-3 urons 2016 r. (HoBocubupck).

Iy0ankanuun

OcHOBHbBIE Hay4YHbIE PE3YIbTaThl OMYyOJIMKOBaHbI B 18 HaydHBIX paboTax, U3 HUX
3 — B pelIEH3UPYEMbIX HAYYHBIX KYpHaJaxX, BXOJAIIUX B MEPEUYCHb U3IaHUMA, PEKOMEH-
noBaHHbIX BAK P®; 2 — B 3apy0exHBIX KypHaNax, BKIOYEHHBIX B 0a3y Scopus, 9 — B
cOopHUKax TpyAoB KoH(pepeHui, pazmeiieHubix B 6aze PUHII, 3 marenta PO Ha mo-
JIe3HbIe MoJieNu U 1 Ha u3o0peTeHue.

CtpykTypa u 00beM padoThl. J[uccepTanuonHas paboTa COCTOUT U3 BBEACHUS,
4 rnaB, 3aKJIIOYEHUs, CIUCKa JUTeparypbl U3 172 HaumeHoBaHui. OOmuUA 00bEM co-

ctapisieT 199 cTpaHuI MalIMHOMKUCHOTO TEKCTa, BKItoUas 93 pucyHka u 15 tabnu.
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I'TABA 1. AHAJIN3 COCTOAHUA ITPOBJIEMbBI U PE3YJIBTATOB

BBITIOJTHEHHBIX PAHEE UCCJIEJOBAHUM B OBJIACTH CO3JIAHUSI
KOMIIPECCOPOB C JIEKTPOMATI'HUTHBIM /IBUT'ATEJEM

1.1. O61mee cocTosTHUE BONPOCA MCIOJIB30BAHUS MAJIOMOIIHOT O

KOMITPECCOPHOT0 000py10BaHUS

Ha cerognsimiHuil IeHb KOMIIPECCOPHI IIUPOKO UCIIONB3YIOTCA B TAKUX OTPACISIX
HapOJHOTO XO034iCTBa, KaK TOIIMBHAs, TOPHOAOOBIBAIOIIAs, XUMUYECKAs, MEIUIIMH-
CKas, JIeTKas ¥ MUILIeBasi IPOMBIIIIEHHOCTH, MAIIMHOCTPOEHHUE, CENbCKOX035IHCTBEHHOE
MPOU3BOJICTBO, KWJIHIIHO-KOMMYHAJIBHOE XO35SMCTBO, TOPIOBIIA U OOIIECTBEHHOE IH-
tanue [1-7].

Kommpeccop sBnsieTcss yCTpOWCTBOM, MpeAHA3HAYEHHBIM JJIsi MOBBIIICHUS J1aB-
JIEHUS U IiepeMellieHrs pabodeil cpenbl B BUJIE CKATOTO rasza Mnoj AaBiICHUEM MOTpeOu-
temio [2-4]. Knaccudukalust KOMIIPECCOPHOTO 000pyAO0BaHUS NIPEJICTaBICHA HA PUCYH-
ke 1.1 [2, 6].

B xomnpeccopax 1MHaMHYECKOro IPHUHIIMNA ASHCTBUS pabouuil mpoiiecc ocylie-
CTBIJISIETCS] ITyTEM JUHAMUYECKOTO BO3JCHCTBUS HA HEMPEPBHIBHBIM MOTOK COKHUMAEMOTO
ra3a u UMKJINYECKOr0 U3MEHEeHUs 00beMOB pabounx kamep. [laHHbIe KOMIIPECCOPHI HC-
MOJIB3YIOTCS TOJBKO B MPOMBILIUICHHBIX MaciTadax [8].

B xommnpeccopax 060beMHOr0 MpHUHIIMIA ASHCTBUS paboymil mpolecc OCyIecTB-
JseTCs B pe3yJbTaTe LMKIMYECKOrO M3MEHEHHs 00beMOoB pabounx kamep. CpaBHHU-
TeJIbHAs XapaKTepUCTHKA JAaHHBIX KOMIIPECCOPOB MpecTaBieHa B Tadbmuue 1.1 [7-10].

B ObITOBBIX yCTpOHCTBaX HauOOJbIIEe PACIPOCTPAHEHUE MOIYUHIIA KOMIIPECCO-
pBI ¢ pabOYUMU OpraHaMu B BUJi€ MEMOpaH U MOPIIHEH.

B nopuiaeBbix komMmnpeccopax U3MeHEeHHe 00bEMOB pabOUnX KaMep OCYILEeCTBIISA-
€TCsl MOPIIHSMH, COBEPUIAIOIIMMU TMPSAMOJIMHEHHOE BO3BPATHO-MOCTYNATEIBHOE JIBU-

xenue (pucyHok 1.2) [4].
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Pucynok 1.1 — Knaccudukanus komnpeccopHoro o00pya0BaHus
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Tabnuua 1.1. — CpaBHUTENbHAS XapaKTEPUCTHKA KOMIIPECCOPOB 0OBEMHOIO

MPUHIIMIIA TEUCTBUS

Tun YcaoBHOE JlocTOMHCTBaA Henocratkmn
KOMIIpeccopa |0003Haue-
HUE
- XOpOIIIMe Maccora- |- HU3KUW pecypc paboThl U
PorannonHbIi O6aputnble nokazate- |KII/ npu pabote 6e3 cma3ku;
JIN. - CJIO)KHOCTB U3TOTOBJICHUS.
- IIMPOKUHU IMANa30H |- IJIOXO YPAaBHOBEILICH;
[TopuraeBom MPOU3BOJUTENBHO- |- HU3KHM pecypc paboThl Kiia-
CTH; MIAHOB U KOJIBIIEBOTO YIIJIOTHU-
- Beicokuit KII/I. TEJS IPU CKATUU I'a30B.
- HE 3arps3HseT ra- |- TUXOXO/IEH;
MeMOpaHHbIH 30BYIO CpENY; - HU3KUW pecypc HENIPEPBIBHOU
- cnabo yyBCTBUTE-  |pabOTHI;
JIEH K poay rasa. - Hu3kui K111,

Pucynok 1.2 — IIpunuun paboThl HOPIIHEBOTO KOMITpeccopa
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[TpuHIMn paboTHI MOPIIHEBOTO KOMIIPECCOPA 3aKIIIOYAETCs B CIEIYIOLIEM: MpPU
JIBUKEHUU TIOPIIHS BHU3, pabouyuil 00beM (00beM HMUIMHIpA HAJ MOPIIHEM) YBEJIHYU-
BaeTCs, U JaBJEHUE raza B HeM najgaeT. Korga gaBieHne B HWIMHAPE CTAHOBUTCS HHUXKE,
YEM JIaBJIEHUE B KAMEPE BCACHIBAHUSI, OTKPBIBAETCS BCACHIBAIOUIMI KJIAIlaH, U CKUMae-
MBIl ra3 mocTymnaer u3 TpyoonpoBoja B uuiauHap (pucynok 1.2, a) [11-13]. IIpu sTom
HayHETCsA NPOLIECC BCACBIBAHUSA, KOTOPBIM MPOJOIDKAETCS 0 TEX IMOp, NOKa MOPUIEHb,
JOCTUTHYB KpailHEro HUKHETo MOJIOKEHUs (HIKHSSI MepTBasl TOUKa) B IMIIMHJIPE (pU-
CyHOK 1.2, 0), He HAUMHAET ABWKEHUE BBEPX, IPHU 3TOM pabouuil 00beM LHIMHIpa
YMEHBIIAETCS, a JaBlIeHUE pacTeT. Kak TONbKO JaBi€HHE ra3a B LWIMHAPE HAYMHAET
MIPEBBIIATh JABJIICHHE B KaMepe BCACHIBaHMS, BCACBIBAIOIIMN KJallaH 3aKpbIBAECTCS U
mpoliecc BcachlBaHUS 3akaHuuBaetcs. Haunnaercs mpouecc cxxatus (pucyHok 1.2, B),
KOTOPBIM MMPOUCXOIUT OO TEX MOp, MOKA AABJIEHUE ra3a B UUIMHIPE HE MPEBBICUT JaB-
JIEHUs B KAMEpPE HarHeTaHusl, B pe3yJIbTaTe Yero OTKPhIBAECTCS HATHETATENbHBINA KJIallaH
U Ha4yHeTCs mpouecc HarHeTaHus (pucyHok 1.2, r). OgHako npu 3TOM HEOOJNbIIOE KO-
JMYECTBO CKATOTO Ta3a OCTAETCA B LWJIMHAPE, BCIEACTBUE TOrO, YTO IMPU KpallHEM
BEPXHEM IOJIOKEHUU MOPIIHS (BEPXHsIsl MEPTBasi TOUKA) B IIWJIMHJIPE JIOJDKEH ObITh 3a-
30p MEXAY JOHBIIIKOM MOPIIHSA U KJIAMAHHOM IUIACTUHKOM, C LENbI0 MPENOTBPALCHUS
coyaapenuii (pucyHok 1.2, ). CxaTblii ra3, OCTaBUIMICS B MEPTBOM 00bEME, pacIIUps-
€TCs B LWIMHJAPE MPHU MOCIAEAYIOUIEM IBUKECHUU MOPIIHS BHU3 J0 TE€X MOP, MOKa JAaB-
JIeHUE B IWIMHJApE, HE CTaHET HIKE, YeM JAaBJIICHHE ra3a B 00JIACTH BCAChIBAaHUS KOM-
npeccopa (pucyHok 1.2, e). [Tocne yero uukn nosropsiercs [11-13].

Pecypc paGoTbl MOPIIHEBBIX KOMIIPECCOPOB OO0YCIOBJIEH YCIOBUSIMU IKCILTyaTa-
LMW U 3aBUCHUT OT HAJEKHOCTHU U JOJITOBEYHOCTH COCTABISIOLIUX €ro JAETaleil U y3JIOB,
YTO ONPEIESIETCS B OCHOBHOM TOYHOCTHIO 00paOOTKU, TPOYHOCTHIO U M3HOCOCTOMKO-
CTBIO UCTOJIB3YEMBIX MaTEpHUaioB [14].

Haubonee pacnpocTpaHeHHbIMUA B OBITOBOM, MEAUIIMHCKON U XOJIOAMIBHON TEX-
HUKE SBISIOTCS MOPIIHEBbIE KOMIIPECCOPHI C TPOU3BOJUTENBHOCTRIO 10 83 1/MUH H
KITJI B mpenenax 0,7-0,9 [15-16]. 310 xoMmpeccopbl OBITOBOTO XOJOAMIBHOTO 000PY-
JOBaHMS; KOMIPECCOPHI CTAIMOHAPHBIX U aBTOMOOWJIBHBIX CUCTEM KOHIUIIMOHHPOBA-

HHUA, MCOAUITUHCKOC KOMIIPECCOPHOC 060pYI[OBaHI/IC; KOMITPCCCOPBI AJIA CTPOUTCIIBHOT'O
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MMHEBMOMHCTPYMEHTA U OBITOBbIE BO3AYIIHBIE KOMIIPECCOPHI, MpeIHA3HAYEHHBIE IS
asporpaduu, MoJKayKyu IIMH aBTOMOOUJIEH U T.1I.

MeMOpaHHbIe KOMIIPECCOPHI, TaK K€ KaK M MOPIIHEBbIE OTHOCSTCS K YCTPOUCT-
BaM 00BEMHOI'0 MPUHIUIA JICUCTBUS, B KOTOPHIX U3MEHEHHE 00bEMOB pabOUnX Kamep
OCYILECTBIISETCS IUKINYECKU KOJICOIIOIUMHUCA MEMOPaHaMHU.

OCHOBHBIM Y3JIOM MEMOpPAHHOI'O KOMIIpeccopa SIBIsIETCS MEMOpaHHbIA OJIOK, B
KOTOPOM MPOUCXOIUT ckaTue raza. OH BBINOJIHAET PYHKUIUIO HUIUHAPA B KOMIIPECCO-
pe U npu paboTe MOJHOCTHIO M30JUPYET CKUMAEMBIN ra3 OT BHEIIHUX BO3JCUCTBUH.
JlaHHBI THUIT paboyero opraHa He TPEOYET cMa3KH, IOITOMY 00eCIIEeYHBAET COXPAaHEHUE
BBICOKOT'0 KadecTBa raza. Ho Hapsay ¢ 3TuM MeMOpaHHbIE KOMIIPECCOPBI UMEIOT Orpa-
HUYEHHBIA CPOK CIIYKObl MEMOpaHbl U HU3KUE YIEIbHbIE XapaKTEPUCTUKH, YTO CHHUXKA-
€T X padouuii pecypc U JOITrOBEUYHOCTh. Tak pecypc 6€30TKa3HOM pabOThl KOMIIPECCO-
pa cocrasisieT 1000-1200 4 [6]. [ToaTOMY cOBEpHIEHCTBOBaHME AAHHBIX YCTPOWCTB Ha-
MPaBJICHO HA CHW)KEHUE HAIPsKEHUI B MaTepHuaiax MeMOpaH U MOBBIIICHUE UX J0JT0-
BEYHOCTH.

MeMOpaHHbIe KOMIPECCOPHl MCHOIB3YIOTCS B MajlO- U MUKPOPACXOJIHBIX YCT-
poiicTBaxX ISl MOJIYYEHHUS! CKATOrO ra3a JaBJI€HUEM He Bbile 4 aTM. IpHU MPOU3BOJIU-

tensHOCTH OT 0,17 10 12 11/MuH . DTO a’paTophbl CeMsH; aKBaAPUYMHbIE KOMITPECCOPBI;

MEJUIIMHCKOE KOMIIpECCOpHOe 00opynoBaHue (Hampumep, HeOyrailzepnl); OBITOBBIE
BO3JIYIITHBIE KOMIIPECCOPHI, MIpeAHA3HAYCHHBIE I asporpaduu, MOJAKAYKHU IITUH aBTO-
MOOWJIEN U T.1I.

B nacTosiiee BpeMsi Ha pbIHKE CYHIECTBYET OOJIbIIOE pazHOOOpa3ue MaloMOIll-
HBIX KOMITPECCOPOB, KOTOPbIE MO PsAYy MapaMeTpoB YCIOBHO MOXKHO pa3/ieiuTh Ha 5
rpynn (tabnuma 1.2).

JI71s1 Ka4ECTBEHHOM M KOJIMYECTBEHHOU OIIEHKH PacCMAaTPUBAEMBIX IMapaMETPOB C
TOYKU 3pPEHUSI MOTPEOUTETBCKOTO CIpoca, ObUT IpoBeaeH onpoc [17], pe3yabTaThl KO-
Toporo ObulM cBeAeHbl B Tabiuiy 1.3. B xone ompoca ObulM Tak ke OmpeleseHbl 0C-
HOBHBIE O0JIACTU MPUMEHEHHUS MAJOMOIIHOTO KOMIIPECCOPHOTO 000pyaoBaHUs (pHUCY-

HOK 1.3).
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Tabnuua 1.2 —OcHOBHBIE TapaMeTPhbl MAJIOMOIIIHOTO KOMIIPECCOPHOTO 000PY10BaHUS

HaumenoBanue | rpynna | 2 rpynna | 3 rpynna | 4 rpynmna 5 rpynna
napameTpa

[ToTpebnsemast Mon- 1-0,5 0,36 0,2 0,1-0,2 0,1-0,17
HOCTb, KBT

IIponsBoguTens- 90 35 20 5-10 5-20
HOCTb, J1./MHUH.

JlaBnenue, ATM. 7,89 9,74 7,89 6,91-7,89 3,95/6,91
Hanpsixenue, B 220 220 12 12 12
O06bem pecusepa, JI. - 3/6 3/6 - -
Tun paboyero

oprasa MOpILIEHbB | MOPILIEHD | MOPIIeHb | MOpIIEHb | MeMOpaHa
CroumMoCTb, THIC. PYO. 8-9 11-18 5-6 1,5-3,5 0,6-2,5

Tabmuma 1.2 — Pe3yapTaThl onpoca noTpeduTeseit mo OCHOBHBIM TapamMeTpaM KOM-

MIPECCOPHOT0 000PYIOBaHUS

Momwnocts, | o, | dasmenue | Jdous, | [IpousBogurens- | o, | Macca, | o,
kBT % ATM. % HOCTb M°/MHH % KT %
<0,3 18 1 12 10-30 34 0,3-1 |35
0,3-0,6 18 1-3 9 30-50 20 1-2 20
0,6-1 16 3-5 15 50-80 18 2-3 13
1-1,5 20 5-6 15 80-120 12 4-5 10
1,5-3 18 7 12 120-150 10 5-7 19
3-5 4 8 17 150-180 2 8-12 |2
5-8 3 9 12 180-200 2 12-18 |1
8-12 3 10 8 200-230 2 18-20 |0
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0 Hakauka muH

[ Hakauka Ms4ei, MaTpacos, JIOJOK

E Hakauka mapoB, B TOM YUCJIE METEO30HTOB

td Mapaxxnoe obopynoBanue

O JInst TexoOcay>KuBaHKsI aBTOTPAHCIIOPTHBIX CPEICTB
B /151 asporpaduu

M [Ty peMOHTHBIX paboT

B Crpourenscrso

O Kak gacTs MeaumuaCcKOro 060pya0BaHus

B JIpyroe

Pucynoxk 1.3 — O6nactu npuMeHeHUs1 KOMIIPECCOPHOT0 000pYy10BaHMS

VY cTaHOBIIEHO, UYTO MOKYNAaTeIu MPU BHIOOPE KOMIIPECCOPHOTO 0OOPYAOBaHUS B
MEPBYIO ouepeib 00pallaroT BHUMaHKE HA CTOMMOCTh, TEXHHMUECKHUE M Maccorabapur-
HbIe mapameTpsl ycTpoiicTBa [17]. CienyeT oTMETUTb, YTO BpPEMsl HETPEPhIBHON pabdo-
ThI KOMIIPECCOpa M Ka4eCTBO BBIOJHEHUS] UM OCHOBHOM (DyHKIMHU (C)kaTHE raza J0 yc-
TAHOBJICHHOTO JIaBJICHHs 3a OIpeJeJCHHBIH MPOMEXKYTOK BPEMEHH) B 3HAUYUTEIHHOM
CTEIEHU OTPECIIICTCS TEXHUUSCKUMHU TapaMeTpaMH YCTPOMCTBA U 0€30TKa3HOM pabo-
TOM JIBUTaATEIIA.

B OonbpIuHCTBE COBPEMEHHBIX CEPUHHO BBIMTYCKAEMBIX MAJOMOIIHBIX KOMIIPEC-
copax OBITOBOrO Ha3HA4YCHUsI pabOuUMii OpraH MPUBOIAUTCSA B JBUIKEHUE DJIEKTPOJIBUTa-
TEJISIMU BPallaTeJIbHOTO MPUHIIMIIA JeUcTBUs. Hanpumep, aCHHXpOHHBIE NIBUTATENN UC-
MOJIB3YIOTCSI B OBITOBOM XOJIOAMJIBHOM 00OpyIOBaHUH, a’porpadax U KoMmIpeccopax
JUISL CUCTEM KOHJIMIIMOHUPOBAHUA BO31YyXa. A KOJUJIEKTOPHBIE JBUTATEIN — B JACHTAJb-
HBIX, TapPXKHBIX, aBTOMOOMIIBHBIX KOMIIpEeCcCcopax JJis HAaKauKd IHH U KOMIIPEeccopax

IJIA aBTOMACTCPCKUX.
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OCHOBHBIMH TpPeOOBaHUSIMU, MPEABSIBISIEMBIMU K 3JIEKTPOJBUTATEISIM Majon
MOIIHOCTH, SIBJISIOTCS BBICOKME DHEPreTUYECKHE MOKA3aTENM M XOPOIIME ITYCKOBBIE
CBOICTBa. B HEKOTOPBIX Ciydasx K JBUTATEISIM MaJIOil MOIIHOCTU MPEIbABISIOTCS IMO-
BBIIIICHHbIE TPEOOBaHUS B OTHOILIEHWM MacCOTabapUTHBIX MapaMeTpoOB, HAJAEKHOCTH,
ypOBHs LIymMa 1 BuOpauuii [18-22].

BpaiarenbHble TUIIBI JBUTaTENIEW UCCIEN0BaHbl IOCTATOYHO XOPOIIO, OAHAKO UX
CYILIECTBEHHBIM HEJI0CTATKOM SIBIIICTCS HAJIMYME MEXKIY JIBUraTejIeM U paboyuM opra-
HOM KMHEMAaTHYECKHUX Map, MpeoOpa3youux JIBUKEHHUE U3 BPalllaTeIbHOrO B BO3BpAT-
HO-TIOCTynarteNbHoe. [[BrkeHue paboyero opraHa KoMrpeccopa Hanbosiee onTUMalIbHO
OCYHIECTBIIAITh 0€3 MOMOJHUTEIBHBIX MEPEAATOYHBIX MEXaHU3MOB, 3a CUET €ro Hero-
CPEACTBEHHOI'O COIPSIKEHHUS C JABUTATEIEM BO3BPATHO-IIOCTYIATEIBHOIO MPHUHIUIIA
JNEUCTBUS.

Hcnonp30BaHuEe NaHHBIX JABUTATENEN B KOMIIPECCOpPAX BMECTO JABUTaTENEd Bpa-
[IaTEeJIbHOTO MPUHIMIA JASUCTBUS TaK K€ MO3BOJIUT JOOUTHCS YMEHBUICHUS YHCIIa Map
TPEHUs, CHUKEHUSI MaccarabapUTHBIX MapaMeTpoOB, MOBBIIIEHUS SHEProdHPeKTUBHO-
CTH, PEMOHTOINPUTOTHOCTH M HAJIEKHOCTH KOHCTPYKLMH B 1esoM. llonreepxaeHuem
ATOTO SIBJSIETCS UCIIOIB30BAHUE JTMHEHHBIX 3JIEKTPOMArHUTHBIX JABUTATENIel BO3BPATHO-
MOCTYNATEIBHOTO ABMKEHUS B AIEKTPONPHUBOAE XOJOAUIBHBIX KOMIIPECCOPOB, a3paTo-
pax ceMsiH, aKkBapMyMHBIX KOMITpeccopax, HeOyaiizepax u T.1. [23-24].

[lepBbie MpeANOCHUTKM K MPUBEAECHUIO KOHCTPYKIIMU KOMIIPECCOPHOTO 000pYyI0-
BaHUA K HauOosiee ONTHUMAIbHOMY BHIY, C OTCYTCTBHUEM IEPEJATOUYHBIX MEXaHU3MOB,
MOXHO OTMETUThb B Hauaje IMIecTUAecAThIX rofoB. Hampumep, B [25] mpennaraercs
KOMIIPECCOpP, MPUHIUN ACHCTBUS KOTOPOrO OCHOBAaH HAa TOM, YTO POTOP OAHO(DA3ZHOTO
ACUHXPOHHOTO JIBUraTelsl U CBSI3aHHBIE C HUM padouue OpraHbl B BUIE MOPIIHEHN ocy-
LIECTBISIOT BO3BPATHO-NOCTYNATENBHOE ABUKEHHE 3a CUET LUUKIMYECKOIO CHKATHS U
HarHeTaHus ra3a B Oy(depHBIX MOJIOCTAX, PACHOJIOKEHHBIX MO 00€ CTOPOHBI OT MOPIII-
HEBOU CHUCTEMBI.

[lonoOHbIE KOHCTPYKIMK, HECMOTPSL HA MPOCTOTY M3TOTOBJICHUS, HE TOJYYHUIIU
IIMPOKOT0 paclpoOCTPAHEHHUs B BUIY HAJTUYMS PsZla HEJOCTATKOB: OTCYTCTBUE CUCTEMBbI

TOPMOXKCHUA IIpU MOAXOAC IMOPITHA K KPBIIIKC MUJINHAPA U HAJIHYUC 0O0IBIIOTO BpCa-
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HOTO NIPOCTPaHCTBa, HEOOXOIUMOro i1 o0pa3zoBaHMs Oydepa B BUJE CKATOTO ra3a A
MpeloTBpallleHus] yaapa MOpUIHS 00 3JIEeMEHThl KOHCTpYKUMHU. B pesynbraTte 3TOTO
npoucxoaut cHukenue KIIJ[ komnpeccopa.

B 310 %€ Bpems npeAnpHUHUMAIUCH MONBITKA K YIPOIIECHUIO MEPEJATOYHBIX Me-
XaHU3MOB, HallpuMep, NyTEM M3MEHEHHS] KOHCTPYKIMM CTAaTOPAa ACUHXPOHHOI'O JIBUTa-
TEsl B AJIEKTPONPHUBOAE KOMIIpECCOpa. DTO yCOBEPIICHCTBOBAHUE MPHUBOAUT K TOMY,
YTO MarHUTHOE IOJIE COBEPILIAET CIOKHOE JBUKECHHE: PABHOMEPHOE BPAILIEHUE BOKPYT
OCH CTaTopa U BO3BPATHO-IIOCTYNATEIBHOE JIBUKEHUE BJIOJIb OCH BPALLEHHUS, B PE3YJIIb-
Tare Yero poTOp M COCIUHEHHBIE C HHUM [OPIIHM COBEPIIAIOT BO3BPaTHO-
MOCTYyIATENbHOE JBHKEHUE [26].

Co BpemeHeM, Hapsay C UCIOJIb30BAHUEM KOMIIPECCOPOB € JIEKTPOJIBUTATEIIIMU
BpallaTEIbHOIO MPUHIUNA ACHCTBHS, HAUMHAIOT MOSIBIATHCS KOHCTPYKLIMM C BO3BpAT-
HO-TIOCTYNATEJbHBIM JIBHKEHUEM pabodero oprana 0e3 nepeiaTroyHbIX MEXaHU3MOB 32
CYET MCIIOJIb30BAHUS, HANPUMED, ODJIEKTPOMATHHUTHBIX, AJIEKTPO- W HWHIAYKIHOHHO-
JUHAMHUYECKUX JABUTATEIEH.

N3 3HAYUTENBHOrO KOJIMYECTBA THUIIOB AJIEKTPUUYECKUX IBUTATENIEH BO3BPATHO-
MOCTYMATEIBHOT 0 ABMKEHHUSI HAauOOJIbIIee pacpoCTPaHEHUE B JIEKTPONPUBOJIE MaJIo-
MOUIHBIX KOMIIPECCOPOB MOJYYMJIN JIUHEUHBIE FIEKTPOMArHUTHBIE ABUTATENH [27], OT-
JYAIOIIKECs] MPOCTOTOM M KOMIAKTHOCTBIO KOHCTPYKLMHU, BBICOKOW HAJEKHOCTHIO U
HU3KOH CTOMMOCTBIO. B CBSI31 C BO3pPOCIIMM B HACTOSIIIEE BPEMSI HHTEPECOM K dHEPIo-
coeperatouM TexHoJoTUsM [28-31], B ObITOBOM 00OpYJOBaHMU OTMEYAETCS TEHACH-
U NPUMEHEHUS JIMHEWMHBIX 3JEKTPOMAarHUTHBIX JBUTATEIENW B XOJOIWUJIBHBIX KOM-
Ipeccopax HOBOTO MOKOJICHHUS, aspaTopax CeMsiH, akBapUyMHBIX KOMIpeccopax, HeOy-
Jan3epax u Apyrux MajJOMOIIHBIX YCTpoucTBax [24, 32-34].

HNuTepec Kk NMOJOOHBIM KOHCTPYKIUSM MEPUOJAMYECKH TMPOSIBISETCSA, O 4eM, Ha-
IIPUMEpP, CBUIETEIBCTBYET IMPOMBIIUICHHBIN BBIMYCK XOJOAWIBHBIX KOMIIPECCOPOB €
JUHEHHBIM AJEKTPOMarHuTHeIM aBuratenem (JIDMJ1) komnanueit LG, kotopas B 2001
roJly NepBOM BBIBEJIA HA PHIHOK JIMHEHHBIE 3JIEKTPOMAarHUTHbIE KoMIpeccopsl [33-34].
B Hacrosiiee BpeMsi MpOU3BOICTBOM MOJOOHBIX KOMIIPECCOPOB TaK K€ 3aHUMAIOTCS

Takhe BeAylIue MUpOBBbIE KoMmmnaHuu, kak Samsung u Electrolux. IToatomy ucnomnb3o-
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BaHHE B DJIEKTPOIPUBOJIC KOMIIPECCOPHOTO obopynoBanus ¢ JIDMJI siBiseTcs BechMa
MEPCIIEKTUBHBIM, OJTHAKO, HECMOTPS Ha KaXKYIIYIOCS MPOCTATy, JaHHBIA THI JBUTATE-
nei obnamaer psAIOM OCOOCHHOCTEH, CBSI3aHHBIX C HEJIMHEHMHOCTHIO CBOMCTB HCIIONb-
3yeMbIX MAarHUTHBIX MAaTE€pUaJIOB U CJIOKHBIM IMPOCTPAHCTBEHHBIM pacHpeacicHueM

MAarHUTHBIX ITOJIEU.

1.2. TenaeHuun B pa3BUTHH 3JIEKTPOMATHUTHBIX KOMIIPECCOPOB

Pa3JIM4YHOT0 NPUHUMIA IeHCTBUA

1.2.1. KoMnpeccopbl 0THOCTOPOHHETO IPUHLUIIA 1EUCTBUSA

DJIEKTPOMArHUTHBIE KOMITPECCOPHI M0 MPUHUUNY ACHCTBUA ACIATCS HA OJIHO- U
JIBYXCTOPOHHETO MPHUHIUIIA IEUCTBUSA, KOT/Ia YCTPOMCTBO MMEET JiBa pabouux OopraHa,
COBEPIIAIOIIUX MPOIECC HAarHETaHMsI ra3a B 000MX HAIPaBICHUSX.

OTnMYUTENLHON 0COOEHHOCTHIO KOMIIPECCOPOB OJTHOCTOPOHHETO MPUHLIKIIA JIEH-
CTBUS SIBJISIETCSI TO, YTO pabOYUil OpraH KECTKO CBSI3aH Yepe3 IITOK C IKOPEM JBHUraTe-
7. 32 HEKOTOPBIM MCKIIIOUYEHHEM BCTPEUYAIOTCA IIAPHUPHBIE COCAMHEHHMS LITOKAa C pa-
6ounM opradom [35], a Tak)ke KOHCTPYKIUHU, T/A€ (PYHKIUIO SKOPS CO IITOKOM BBITOJI-
HaeT (deppomarHuTHas XUAKOCTh [36]. Takue ycTtpoicTBa OTIMYAIOTCS MPOCTOTOM
KOHCTPYKIIMM ¥ B OCHOBHOM MCIIOJIb3YIOTCSI B KaU€CTBE MUKPOKOMIIPECCOPOB, TaK KaK
OHU MAJIOMOIIIHBI K HE MOTYT CO3/1aBaTh Ha BBIXOJE BBICOKOE JaBJICHUE.

B kauectBe pabouux OpPraHoOB AJIEKTPOMATHUTHBIX KOMIIPECCOPOB B OCHOBHOM
HCIIOIB3YIOTCS MEMOPaHbI U TTOPIITHH.

[To xonu4ecTBY KaTyliek Hanbojaee pacpOCTPAaHCHHBIMH SIBJISFOTCS KOMITPECCO-
PbI C OTHOKATYIIICUYHBIMU 3JIEKTPOMArHUTHBIMU JABUTATEIISIMU, TaK K€ CYIIECTBYET P
KOHCTPYKIIMH, OTHOCSIIIUXCS K CBOOOHOMOPITHEBBIM KOMIIpECccopaM ¢ JIBYyXKaTyIIe-
HBIM 3JICKTPOMAarHUTHBIM JIBUTATEJIEM.

Hanpumep, B [37] npenctaBieHa KOHCTPYKIHMS 3JIEKTPOMArHUTHOTO OJHOKATYy-
IIIEYHOTO KOMIIpeccopa ¢ pabourMu OopraHaMu B BHUjE MOpIIHEH. B maHHOM 31eKTpo-

MarHuTHOM Komripeccope (pucyHok 1.4) mpu mojade Toka Ha KaTymKy l, sikops 2 ¢
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nopwHsAMHU 4 1 5 BraruBaercs B Hee. [Ipu 3TOM IPOUCXOANUT pacTsKEHUE MPYKUHBI 3 U
BCaChIBaHUE Ta3a, a MpH OTKIIOYEHUHU TOKA — C)KAaTHe MPY>KUHbBI U HATHETaHUE ra3a.

[IpenmyiiecTBOM JaHHOTO KOHCTPYKTHUBHOI'O HMCIOJHEHUs SBJISETCS TO, UTO C
LEIbI0 YCTPAHEHUS 3aKIMHUBAHUSA SIKOPS U MOJIOMKH pabovero opraHa, ocjIeHUN BbI-
MIOJIHAETCS B BUJE JABYX MOPIIHEH, PACIIONOKEHHBIX NapAJIEIBHO 10 OJHY CTOPOHY OT
AKOPSI U KECTKO COEAMHEHHBIX ¢ HUM. HeoCcTaToOK KOHCTPYKLIMH 3aKJIFOYAEeTCs B OT-
CYTCTBUM (DMKCAIlMU U PETYIUPOBKH X0Ja pabouero opraHa, yTo B Mpolecce padoThbl
KOMIIpECCOopa MPH MEPEMEHHBIX HArpy3KaxX MOXKET BbI3bIBATH OWEHUE MOPIIHS U AKOPS O
KOpITyC KOMIIpECCOpPa, @ 3TO B CBOIO OUYEPE/Ib — CHIXKAET HAJEKHOCTh YCTPOMCTBA.

B HEKOTOPBIX MOPIIHEBBIX ANEKTPOMATHUTHBIX KOMIIpeccopax pabouuii opran u
SAKOpb JIBUTaTEIsl MOT'YT ObITh COBMEUICHHBIMH. Takxke CyIIeCTBYET psJl YCTPOWCTB, B
KOTOPBIX MOPIIEHb KOMIIPECCOPAa UMEET KaHAJIbI JJIsl TPOX0Aa HarHeraeMou cpenbl. Ha-
npuMep, B [38] omuckeiBaeTcs KOMIIpeccop, COAEpKalluil ANEKTPOMAarHUTHBINA JIBUra-
TeJIb ¢ 0OMOTKOM 1 ¥ MarHUTOIIPOBOJIOM 2, HMIMHAPOM 3, C pa3MEIEHHbIM B HEM IO~
MPY>KUHEHHBIM U BBITTOJHIIONIMM (PYHKLIHUIO SIKOPS MOpPIIHEM 4, BCACHIBAIOIIMMH U Ha-
THETAIOMIMMU Ki1ananaMmu 5 u 6 (pucyHok 1.5). [Ipu 3ToM sSIKOpb U OpPUIEHB JIBUTATENS
SBJIIOTCS. COBMEIICHHBIMHU, YTO MO3BOJSET CHU3UTh MAaTEPUATIOEMKOCTh KOHCTPYKLIHUH.
Ho Hapsiny ¢ 3TUM cBOOOAHOMOPILIHEBBIE AJIEKTPOMArHUTHbIE KOMIIPECCOPHI 001a1al0T
CYILIECTBEHHBIM HEJOCTATKOM — YCIIOKHSIETCS TPOLIECC TOPMOKEHUS SKOPS-TIOPIITHS.

C uenpro MmpenoTBpalleHUs yaapa MOPIIHS O KPBILIKY LHAJIWHIPA Yalle BCETO
MIPUMEHSIETCS. CUCTEMA YIPYTHUX JIEMEHTOB, HO B TaKOM CIIy4ae€ CO3AeTCs JOMNOJIHM-
TEJIBHOE BPEAHOE MPOCTPAHCTBO, B PE3YJBTATE YETO CHUXKAETCSA IMPOU3BOAUTEIBHOCTD
KOMIIpeccopa.

OYHKIIMIO TOPMOKEHUS TaK K€ MOKET BBIMOJIHATH padoyasi cpefia , C 3TOM LENbI0
B MPOJOJIBLHOM CEUYEHUU SKOPS-MOPIIHS BBINOJIHSAETCS KaHaj, M0 KOTopoMmy paboudas
cpella uyepe3 HarHeTaTeNbHBIA KilamaH nomnaaaetr B HuiuHap. [Togo0HbIe KOHCTPYKIIUU
HaIUIA CBOE OTPAKEHHE B MHOCTPAHHBIX MATEHTHBIX JTOKYMEHTAaX, HallpuMep, B MaTEH-
te CIIA [39] onuceIBaeTCs OJHOKATYIIEYHBIN AJIEKTPOMArHUTHBIN KOMIPECCOP, B KO-
TOPOM MOPILIEHb ABMKETCS MO HAMPaBIAIOLIEMY TOJIOMY Bajly, Ojarojaapsi 4yemy mpouc-

XOJIUT YETKOE MO3UIIMOHUPOBAHKUE pab0Yero oprana Bo Bpemsi paboThl yCTPONCTRA.
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[Ipu >TOM pabouas cpena, CUCTEMATHUYECKH MPOXOJs Yepe3 BHYTPEHHIOI IOJOCTh
MOPIIHS B MOMEHT TOKOBOMW Iay3bl, OXJIAKIAET MOPIIEHb U3HYTPH, a Momajaas rajee B
KOpITyC KOMIIPECCOpA, OXJIAXKIAET KaTylIKH, IOJIF0CA CTaTopa, MOPIIEHb, SKOPb, U OJ-
HOBPEMEHHO MPEIOTBPALIAET YPE3MEPHOE YBEIMYECHHE TEMIIEPATYPhl MOIIIMITHUKOB
CKOJIb)KCHUS, CHUYKAsl TEM CaMbIM TPEHHUE O HUX MOPIIHS.

OTnMYUTENLHON 0COOCHHOCTHIO JIEKTPOMArHUTHOIO KOMIIpeccopa, OMMCAHHOTO
B [40] sBnsieTcst TO, YTO BO3/yX BBOJUTCS B allllapaT yepe3 3aIHIOI0 CTOPOHY BO3AYXO-
3a00pHHUKOB U BEAETCS B CTOPOHY MepeHel KaMephl MOPIIHS, TPU 3TOM OXJIaXkaasi Me-
XaHWYECKHUE YaCTHU KOMIIPECCOpa, YTO CBOAUT K MUHHUMYMY IMOTEPHU, BHI3bIBAIOIINE TI€-
pPErpeB OTAEIBHBIX JIIEMEHTOB KOHCTPYKIHUH.

B natente CIIIA [41] omuchiBaeTCsl 3JEKTPOMAarHUTHOE YCTPOMCTBO (PUCYHOK
1.6), ucnonp3zyemMoe B KauecTBE KOMIIpeccopa B HeOyalzepax, U COCTOSIIEE U3 TaKUX
OCHOBHBIX JJIEMEHTOB, KaK CEpACYHUK | M3 MArHUTHO-NPOHULIAEMOrO MaTepuala;
B3aUMOJICHCTBYIOIIUE C HUM KaTyIIKH 2 U SKOPb 3 U3 MAarHUTHO-IIPOHUIIAEMOTr0 MaTe-
puana, KOTOpPbIi MEpelacT BO3BPATHO-NOCTYNATENBHOE IBUKEHUE TIOCPEICTBAaM Baja 4
MOPIIHIO 5, KOTOPBIA OCYIIECTBISET CXKAaTUE U HarHeTaHue pabodeil cpelbl B KaMepy
nuiuHapa 6.

CornacHo naHHbIM u3 [41], Ipy UCTIOJIB30BAHUM 3TOTO JIEKTPOMATHUTHOTO JBU-
rateiyis B HeOynai3zepax (nis quanasoHa 3HaueHud gasiaeHus 0-1,7 atM.) norpebisemas
MOUIHOCTh YMEHbIIAaeTcs B 1,75-3,5 pa3za o CpaBHEHUIO C JBUTATEIIIMU BPAILATEIHHO-
ro MPUHIUIMA JeUCTBUA. Tak ke B JAHHOM YCTPOMCTBE OTCYTCTBYET HEOOXOJAUMOCTH B
(bUKCUPOBAHHBIX TEXHOJIOTUYECKUX BO3AYIIHBIX 3a30pax, YTO CBOJUT K MUHHUMYMY KO-
JUYECTBO CUJIOBBIX JIMHUMN, HE MPOXOASAIIMX yepe3 pabouuii 3a30p, B pe3yjbTaTe YeTo
MPOUCXOAUT CHUKEHUE IHEPTETUUECKUX U TETJIOBBIX MOTEPD.

B matente CIIIA [42] onucbiBaeTCsl IUHEHHBIA 3JIEKTPOMArHUTHBIM KOMIIPECCOP
(pucyHok 1.7), UMEIOIIMIA CIETYIOUME OCHOBHBIE DJIIEMEHThI: MAarHUTHBIN CEpACYHHUK 1,
oOMOTKHU 2 U 3, KOTOpBI€ B3aUMOJCUCTBYIOT C SKOPEeM 4, BBIIIOJHEHHBIM B BHUJE YCe-
YEHHOTO KOHYCa, KOTOPBIM OCPEACTBOM Basia 5 coelMHEH ¢ nopuHeM 6. Henocratkom
JAHHOT'O KOMIIPECCOpPA SIBJIIETCS €r0 TOPU3OHTAIBHOE UCIIONIHEHUE, TaK KAaK MPU 3TOM

YBCIIMIUBACTCA OCCBOC YCUIIMC OT ABUTATCIIA HA IMOPIICHD, 4 BEC ITIOPIIHA IIPUBOAUT K
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MOSIBJICHUIO OOKOBOW HAarpy3ku, JEHCTBYIOLIEH B HANpaBICHUH, NEPHEHAUKYIJISIPHOM
OoCH JBW)XEHHs pabouero opraHa. DTOro HeJOCTaTKa JHIIEHbl KOMIPECCOPhl BEPTH-
KQJIBHOTO UCIIOJTHEHUS.

Hanpumep, B JIMHEHOM 3JEKTPOMArHUTHOM Kommpeccope [43] BEpTHUKaIbHOE
pPacnoyioKeHHE JTMHEHHOTO 3JIEKTPOMArHMTHOTO JIBUTATENsl 00ECreYrMBaeT OTCYTCTBUE
OOKOBOM Harpy3Ku Ha 3J€MEHThl KOHCTPYKUMHU M 0€30TKa3zHylo paboTy Kommpeccopa
0e3 CMa30YHBIX MaTEPUAIIOB.

[TonoOHOE KOHCTPYKTUBHOE MCIIOJIHEHUE OMUCAaHO B maTeHTe [44], rie Bo3Bpart-
HO-TIOCTYNATeJbHOE JABM)KCHHUE SIKOPS U KECTKO CBA3aHHOrO ¢ HUM paboyero oprana
OCYLIECTBIISIETCS 110 OJHOIIOIYIEPUOIHON CXEME YIIPABIICHHUS.

OTnMYUTENLHON 0COOEHHOCTBIO JTAHHOTO YCTPOMCTBA SIBJIAETCS TO, YTO B BEPX-
HEll M HIKHEW YacTH KOopIyca KOMIIpeccopa pacloJIiararoTcsi aMOPTU3HPYIOIIME diie-
MEHTBI, BBIIIOJIHEHHbIE B BHJI€ MEeMOpaH, JACHCTBUE KOTOPBIX MPEMSATCTBYET OTKIIOHE-
HUIO KOJEOJIOLIErocs Teia OT NPSIMOIMHEHHOT0 JBUXKEHUS U HAMNPABIEHO B OCHOBHOM
HA TallleHHE BBICOKOYACTOTHBIX COCTABJISIOIIMUX BUOpAIMil, BOSHUKAIOUIUX MpU padoTe
KoMmIipeccopa. OHaKO U3-3a Majol aMIUIUTYIbl KOJIEOAHHM aMOPTU3UPYIOIIMX dJie-
MEHTOB HE MIPOMCXOUT rallleHUs] HU3KOYACTOTHBIX COCTABIISIIOIIMX BUOpanuii. [Tomumo
ATOT0, U3-3a HUKIMYHOCTH pabOThl KOMIpeccopa, BOZHUKAET HEPABHOMEPHOCTh MOJIa4u
paboueii cpebl.

KpoMe omnmcaHHBIX KOHCTPYKLIMHM OJHOKATYIIEYHBIX 3JIEKTPOMAarHUTHBIX KOM-
IIPECCOPOB OJJHOCTOPOHHETO NPUHUMIIA JEHWCTBUS, BCTPEYAIOTCS JIBYXKATYIICUYHBIE C
paboyuM opraHoM, KaK B BHUJI€ MOPILIHS, TaK U B BUJI€ MEMOpaHBI.

IIpuMepoM MOXKET CIYKUTh JJIEKTPOMArHUTHBIN KOMIPECCOp, OUCAHHBIN B [45],
r7ie Mpy MOOYEPETHOM HMMMYJIbCHOM MUTAHUM HAMArHUYMBAIOIIMX OOMOTOK JHEprus
nepBoil 0OOMOTKHM pacXolyeTcsl Ha C)KaThe U HarHeTaHHe rasa, a BTOpoid OoOMOTKH — Ha
BO3BpalleHUEe paboyero opraHa B KICXOAHOE MOJIOKEHHUE U CXKAaTUE YIPYroro 3JIeMEHTa.
[Ipu paboyem xojie moTeHIMAIbHAsE paboTa, HAKOIUICHHAS] YIPYTHM 3JIEMEHTOM, CyM-

MUpPYETCS C SHEpPTrUel nepBoil 0OMOTKH.



26

Takoe KOHCTPYKTHUBHOE pelIeHHE IMO3BOJISET MOoAo0paTh MapaMeTpbl YIPYroro
AJIEMEHTa U Harpy3Ky TakuM o0pa3om, 4ToOblI MOTpedssieMas U3 CETU IHEPrusl pacrpe-
JeNsIach PABHOMEPHO MEXKy HaMarHMYMBAIOIUMHA OOMOTKaMHU.

[Ipoananu3upoBaB ONMUCaHHBIE BbIIIE KOHCTPYKIIMU MOXHO BBIACIUTH Psii Ipe-
MMYILECTB U HEJOCTATKOB AJIEKTPOMATHUTHBIX KOMIIPECCOPOB OJHOCTOPOHHETO MPHUH-
umna JeWCTBUA, MO CPABHEHHIO C KOMIIpECCOpaMH, B BJIEKTPONPHUBOJE KOTOPBIX HC-
MOJIB3YIOTCS ABUTATENN BpaIlaTeIbHOIO IPUHIUIIA ACHCTBUS.

K mpeunmyiiectBaM ciaeqyeT OTHECTH BBICOKYIO PEMOHTOIIPUTIOHOCTh U U3HOCO-
CTOWKOCTb, IPOCTOTY KOHCTPYKIIMHM U CUCTEMBbI CMA3KH; YMEHbLICHUE MaTepHUaIOeMKO-
CTH, Ta0apUTOB KOMIIPECCOpA U YMCIIA Map TPEHUS 32 CUET UCKIIOUEHHUS NePelaTOuHbIX
MEXaHU3MOB; CHI)KEHHE YPOBHS 1IyMa P paboTe yCTPOHCTBA.

K Henocrarkam crnenyetr otHecTH: HeBbicokuil KIIJ[, Hu3K0e naBineHue Ha BBIXO-
JIe YCTPOMCTBA; HEOOXOAMMOCTh BBEJICHUSI CUCTEMbI TOPMOKEHHUS U OTPAHUYCHHUSI JIBU-

KCHUA pa60qer0 opraHa B BUAC YIIPYTUX 3JICMCHTOB.

1.2.2. KoMmmpeccopbl JBYXCTOPOHHETO MPUHITUIIA I€HCTBUS

[Ipuctynass K aHaau3y OBJIEKTPOMATHUTHBIX KOMIIPECCOPOB JBYXCTOPOHHETO
MPUHIIMIA JACHCTBUSA CIEAYET OTMETUTh, YTO B 3aBUCUMOCTH OT KOJMYECTBA U PaCIO-
JIO’KEHUST paboUnX KaMep UX MOXKHO KJIacCU(PUIIMPOBATH CJICIYIOIIUM 00pa30M:

- C OJIHOM paboueii kamepoii [45, 46];

- ¢ paboueli kamepoi, pazaensieMol CBOOOTHO TMepeMellaiIIMMUcT pabouyuMu
OpraHaMy Ha HECKOJIbKO HE3aBHUCUMBIX Kamep [47];

- C IByMSl HE3aBUCUMBIMHM pa0O4YMMHU KaMepaMu, pacrlo0KEeHHBIMU Ha BHEITHUX
CTOpOHax KoMmpeccopa [48, 49];

- ¢ IByMs HE3aBUCHUMBIMU pabOYUMU KaMepaMHU, PacIiOJIOKEHHBIMU BO BHYTPEH-
HUX MOJOCTAX aKops [S0].

B 3aBucuMocty OoT Tuma paboyero opraHa 3JEKTPOMarHUTHBIC KOMITPECCOPHI
JBYXCTOPOHHETO MPUHIUIIA IEUCTBHUA, TaK e KaK U OJHOCTOPOHHETO MPUHIIUIIA JIeH-

CTBUs, BBIIIOJIHAKOTCA MCM6paHHBIMI/I HJIA IIOPUIHCBBIMHU. BCTpC‘{aIOTCSI KOHCTPYKIUU, B
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KOTOpBIX paboyrie opraHbl IOMUMO BBIOJTHEHUS! OCHOBHOM (DYHKIIMU CXKaTHS U HarHe-
TaHUs ra3a, MOT'yT BBICTYNATh B KaY€CTBE 3JIEMEHTOB CUCTEMBI TOpMoskeHus. [logoOHoe
KOHCTPYKTHBHOE pellieHre onucaHo B [48], e u3aMeHeHne oobeMa pabodeil kamephl,
KaK 3a cueT cBOOOJHOTO JBMKEHUS SIKOPS, TaK U 32 cYeT MeMOpaH, nepeMenalonuxcs
COBMECTHO C HUM, TIO3BOJIIET MPU OJHOM M TOM K€ XOJI€ K0P, YBEIUUUBAThH MTPOU3BO-
JIUTEIBHOCTh KOMIIPECCOopa.

[lono6HOE KOHCTPYKTUBHOE pelleHre ¢ paboyrMMHU OpraHaMH B BHJE MOPIIHEN
npeoxkeno B natente CIIA [49] (pucyHnok 1.8), Tie KoMIIpeccop COACPKUT KATYIIKH
1-4, B3auMOIeCTBYIOIIKE C IKOPSIMU-TIOPIIHSAMHU 5 U 6, TOCPEICTBOM KOTOPBIX MPOUC-
XOIUT CXKATHUE U HarHeTaHue pabouell cpepl, MOCTynarouel U3 Kamepsl 7 4epe3 Bbl-
XOJTHOE OTBEPCTHE 8 B HarHETawIINi TpyOornpoBo 9.

B nanHOM cityyae mOpUIHM COEIMHEHBI Yepe3 padounii Basl, 00ecTeunBarOINN UX
oceBoe nepemenienue. s ynydiieHus: mo3UIMOHUPOBAaHUS pabOYuX OpraHoB B Kpai-
HUX MOJIOKEHUSX, IPEAYCMOTPEHBI JIBE Mapbl 0OMOTOK: KOI'/Ia MOPIIHH PACIIOIOKEHBI B
NepBOM pabouyeM MOJIOKEHUHU, TO 00MOTKa 1 OAHOW M3 map HAXOJUTCS OJHOBPEMEHHO
MOJ1 HAIPSKEHUEM C BHEIIHEW 0OMOTKOW 4 W3 Apyroi mapel, a, KOrjaa MOPIIHU PACIO-
JIO’KE€HBI BO BTOPOM paboueM MOJIOKEHUH, TO BTOpast 0OMOTKa 2 OJJHOBPEMEHHO HaXO-
JIUTCS TI0J] HANIPsDKEHHEM ¢ 00MoTKo# 3 [49].

OpHako onmucaHHBIE KOMIIPECCOPHI JBYXCTOPOHHETO MPUHIMUIA JEUCTBUS 00J1a-
JAI0T CYIIECTBEHHBIM HEAOCTATKOM — OHU JUHAMUYECKU HEYPABHOBEIICHHBI, B PE3YJib-
TaTe 4ero BO3HUKAIOT JOIMOJHUTEbHbIE BUOpAIMK MPU UX padorTe.

JlaHHBI HEJOCTATOK yCTpaHEH B OJHOM M3 BapUAaHTOB CXEMHOTO pelieHus: (pu-
cyHok 1.9), Ttak sxe onucanHoMm B [49]: Bo Bpemsi pabOTbl KOMIIpeccopa MepeMeHHbIN
TOK IMOJAETCs] Ha MEXaHU3M MEPEeKII0YEHUs, KOTOPhIM MOOYEepeIHO 3aMUTHIBAET TOKOM
COOTBETCTBYIOILIIME Mapbl KaTylIEK: BO BpeMsl aKTHUBU3allUM BHEUIHUX OOMOTOK 2 U 4,
MOPIIHKU 5 ¥ 6 BTSATHBAIOTCS B UX IJICKTPOMArHUTHBIC TOJS U HAUMHAIOT JBUTATHCS B
CTOPOHY BBIXOJHBIX OTBEPCTHHl 7 U 8.

Tak >xe qUHAMUYECKH YpaBHOBEIIECHHBIM SBJISETCS KOMIIPECCOP, B KOTOPOM Ha
CTOpPOHAX MOPIIHEH, OOpallleHHbIX BHYTPh paboyell Kamepbl, PACIOIO0KEHbI YIpyrue

QJICMCHTHI B BUJC IINIACTHUH, 6J1ar0)1ap$[ KOTOPBIM IMPOUCXOAUT CMATYCHHUC COYAAPCHHA



28

~ /&
; %2.‘)\

.
P\

U

-
L A
[
X
T

4

v " X

A

A

T T L L R L L L L L L L L WL L

11

1
=
/

/ . :
—J
\ ! =
PucyHnok 1.8 — JIByXCTOPOHHMI 3JIEKTPOMArHUTHBIN KOMIIPECCOP

C 3aBUCHUMBIMH pa60qI/IMI/I opraHaMu
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PucyHok 1.9 — JIByXCTOPOHHMI 3JIEKTPOMArHUTHBIN KOMIIPECCOP C

HC3aBUCHUMBIMHU pa60qI/IMI/I opraHaMu
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pabouyux OpraHoB, a MEpTBbII 00bEM B paboueil kaMmepe KOMIIpeccopa MPakTUYECKH pa-
BEH HYJIO [46]. Bo BpeMsl 3TOro ABMKEHHUSI, KJIanaHbl Ha MOPIIHIX 9 u 10 3aKpbITHI, TEM
caMbIM He AaBasi paboueil cpene BbIxoquTh. [loa nelicTBreM aaBieHMs, CO31aBAEMOT0
MOPILIHSAMHU, MPOUCXOAUT HAarHeTaHUe pabodyeil cpenbl yepe3 HarHeTaroume Tpyoomnpo-
BoJbI 11 u 12. OnHOBpEMEHHO, M3-3a CO3[1aBAEMOT0 MOPIIHIMHU PA3PSIKEHUS], B KAMEPY
13, yepes BcacwiBaromuii TpyoonpoBo 14 moctymaet pabouast cpena. [Ipu gqoctkeHuu
paboyuMu OpraHamMi KpalHHUX BHEIIHMX TOYEK OOMOTKH 2 M 4 00ecTouuBaloTCs, U
MPOUCXOJIUT AKTUBALUA BHYTPEHHHX OOMOTOK 1 ¥ 3, mpu 3TOM MOPIIHU HAYMHAIOT
JBIDKEHHE B CTOPOHY BCaChIBaroOIIEro TpyoomnpoBoja 14. 3a cyeT co3nanusi H30bITOYHO-
ro JaBjieHUs B Kamepe 13 U IBMKEHUS MOPIIHEN HABCTPEUy APYT APYrY OTKPBIBAIOTCA
KJIallaHbl, U TPOUCXOJIUT HarHeTaHnue padouei cpenbl uepe3 kiananbl 9 u 10. [anee
LUKJI IOBTOPSIETCS.

Enie onHMM BapraHTOM JMHAMHUYECKH YPABHOBELIEHHOTO KOMIIpECCOpA SIBIISIETCS
BuOpokommpeccop B. Kenura, koTopslii coCTOUT U3 JBYX OJHOCTOPOHHUX KOMIIPECCO-
POB, COETMHEHHBIX TaK, YTOOBI UX KOJIEOIIOIINECS MacChl HAXOAUIIUCH BCEr/la B IPOTH-
Bodaze. Jlyig ymenbleHus 3gp¢dexra aCHMMETPUU MarHUTHBIX MOJIE BMECTO OJTHOM Ha-
MarHu4MBaroeil 0OMOTKH UCTIONb3YIOTCS JIBE.

HccnenoBanusi, IpOBEACHHBIE HA MOJEIIM KOMIIPECCOPA, BBIMOJIHEHHOIO MO CXE-
Me B. Kenura, nokazanu, 4To KOMIIPECCOP JIETKO MOJAIAETCS PETYJIUPOBKE, YCTONYUB B
paboTe u AMHAMUYECKH ypaBHOBeIIEH [45].

[Tomumo mpeacTaBIEHHBIX BBILIE CYIIECTBYET Psijl yCTPOMCTB, B KOTOPHIX pado-
yye opranbl HenoABWXHBI. Hanpumep, B [50] onrcan 351eKTpOMarHuTHBINA KOMIIPECCOP,
B KOTOPOM SIKOPb | IBMKETCS BO3BPATHO-TIOCTYIATENIBHO MPU MEPEMEHHOM MO1a4e TO-
Ka Ha cujoBble 0OMOTKM 2 u 3 (pucyHok 1.10). Ilpu nBuxkeHHH SIKOPSI TPOUCXOIUT
CKaTW€ U HAarHeTaHWE rasza depe3 kiamaH 4, kaHaln 5 U otBepcTue 6. OTHOBPEMEHHO
MIPOUCXOUT UHTEHCUBHOE OXJIAXKIEHUE NBUKYIIMXCS YaCTEN ra3oM, BCAChIBAEMBIM 4e-
pe3 KianaH 7 B KOJIbLIEBOE MPOCTPAHCTBO, 00Pa30BaHHOE KAaHAJIOM 8 M CTakaHOM 9.

B pe3ynbTaTe BBINOJHEHHS LUUIMHIPOB IMOPIIHEBOM IMApbl HEMOCPEICTBEHHO B
Tesne SKops (B BUAE COOCHBIX KaHAJOB) 3HAUUTEIBHO YMEHBIIAIOTCS rabapuUTHBIE pa3-

MCpPBI KOMIIPECCOPA, a IOCKOJIBKY IOPINHU HCIOABMIXHO 3aKPCIUICHBI HAa TOPUCBLIX
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KpbIIIKAaX KOpPIIyCa, TO JAKOPb OIIUPACTCA Ha IMOPITHU KAK HA HAIIPABJIAOIHUC, YTO CYIIIC-

CTBEHHO YIPOIIAET KOHCTPYKIIHIO.
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Pucynok 1.10 — DiieKTpoMarHuTHbIN KOMIIPECCOP € HETIOABUKHBIMH
paboyumMu opraHamMu

Bce omnucanHbIe BBINIE AIEKTPOMArHUTHBIE KOMIIPECCOPHI ABOMHOIO IMPHUHIIUIIA
JEUCTBUS B 3aBUCUMOCTH OT KOJIMYECTBA KaTyIIEK MOKHO MOAPa3Ie/IUTh HA ABYXKATy-
IIEYHbIE U MHOTOKATYIIEYHBIC, MPUYEM IEPBBIC MOJYYUSIM HauOOJbIIEe pacimpocTpa-
HeHue. K MHOrokatyiie4yHbIM B OCHOBHOM OTHOCSITCS CBOOOJTHOIIOPIITHEBLIE KOMIIPEC-
COPBI, TJI€ SIKOPh JABUTATENSI COBMEILECH C pa00YMMHU OpraHaMHu.

Hanpumep, B [47] onuckiBaeTCs 3JIEKTPOMATHUTHBINA KOMIIPECCOP, B KOTOPOM
MIPHU T0/1aue HAINPsHDKEHHS Ha KOJIbIIeBbIe 0OMOTKH 1 1Mo 00€ CTOpOHBI KaMephl 2 co3ja-
I0TCSI TPOTUBOTIOJIOKHO HaIlpaBJICHHbIC MarHuTHbIE ToJist (pucyHok 1.11). Tlox nedicT-
BUEM 3THUX MOJIEH MOpPIIHKU 3 U 4 HAUYMHAIOT CUHXPOHHOE BCTPEUHOE JBUXKECHUE, B pe-

3yJbTaTe YEro B KaMepe 2 MPOUCXOIUT CKATHE Ta3a, a B KpallHUX Kamepax S u 6 — pas-
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psokeHue. B cienyromuii MOMEHT BpeMEHH, MOJ JIEUCTBUEM LEMU YIpaBICHUs, dJIEK-
TPOMArHUTHBIE OIS U3MEHSAIOT CBOE HAalpaBieHHE U MOPUIHU HAYMHAIOT CUHXPOHHO
pacxoauthces. [lpu sTom B pabouux kamepax 5 U 6 MPOUCXOAUT CXKaTUE Tas3a, a B LICH-
TpaJibHOM Kamepe 2 — pa3psikenue. Komnpeccop umeer tpu pabouue MosocTH, MO3TOMY
MOPILIHU COBEPUIAIOT pabOUMil X0/ KaK MpH JBHKEHUH HABCTpEUy APYT K APYTy, Tak U
IpU JIBWKEHUU B TPOTHUBOIOJIOXKHBIX HAIMpPaBICHUSIX, YTO OOECIEYMBAET HEMPEPbIB-
HOCTh MOJAauu Ta3a, yBEJIMYEHHE MPOU3BOAUTEILHOCTH U JMUHAMHYECKYIO YpaBHOBE-

LIEHHOCTh YCTPOMCTBA.
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Pucynok 1.11 — CBOOOIHOTIOPITHEBOM AJIEKTPOMArHUTHBIA KOMITPECCOP

CYH_ICCTBCHHBIMI/I HEAOCTaTKaMH KOHCTpYKLII/Iﬁ AUHAMHUYCCKU YPABHOBCIICHHBIX
QJICKTPOMArouTHBIX KOMIIPECCCOPOB ABYXCTOPOHHCTO IIPpUHIUIIA HeﬁCTBHH ABIAKOTCA
CJIOKHOCTb KOHCTPYKTHUBHOI'O HUCIIOJIHCHUA U 00s3aTeJIbHOE HAJIUYHE CHCTEMBI yipaB-
JICHUSA OJIA oOecrieueHus CUHXPOHHOI'O ABHIKCHUA pa6quX OpraHoOB. K MpCUMyHICCT-
BaM CJICAYCT OTHCCTU HCIIPCPBIBHOCTH IMOAAYH pa60qeﬁ Cpcabl U BBICOKYIO ITPOU3BOAU-

TCJIBbHOCTD IIO CPABHCHHIO C KOMIIpECCOpaMU OJHOCTOPOHHECTO IIPHUHIHIIA HCﬁCTBHH.
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1.3. CucreMHBIii aHAJIN3 KOHCTPYKTUBHBIX PEIICHUH 3J1eKTPOMATHUTHBIX

KOMIIPeCCOpoB

B pe3synbrate aHanm3a KOHCTPYKIMI JEKTPOMArHUTHBIX KOMIIPECCOPOB OJIHO- U
JIBYXCTOPOHHETO MPUHIINIA IeUCTBHSI OBLIN BBISIBJICHBI U CBEJEHBI B Tabiuiy 1.4 Bapu-
aHTBI CXEM, MOJYYUBUINE TPEUMYIIECTBEHHOE pacnupocTpanenue [51-53].

K naubonee mpocTbiM MO KOHCTPYKIMH CJEAYET OTHECTH BApUAHTHI CXEM KOM-
MIPECCOPOB OJHOCTOPOHHETO MPUHLHUIMA JIEUCTBUS C OJHOKATYUICYHBIM MOIIPYKUHEH-
HBIM 3JIEKTPOMArHUTHBIM JIBUTATEIEM U PaOOYUM OpraHOM B BHJle MeMOpaHbl (Tadauna
1.4, . 1) unu nopuns (tabnuua 1.4, n. 2) [37, 38, 54].

DJNeKTpOMarHuTHas CUjia B JAHHOM CJIy4yae CO3JaeTCs KaTYIIKOW, MUTAeMOM Mo-
JYBOJHAMHU MEPEMEHHOI'0 TOKa MO OJHOMOJYNEPUOIHON CXEME BBIPSAMIICHUS, BbI3bI-
Bas BO3BPATHO-NOCTYNATENIbHOE JIBUPKEHHE SIKOPS U JKECTKO CBSI3AHHOT'O C HUM paboue-
ro oprana kommnpeccopa. [Ipu npoTekaHuu B KaTyIIKe MOJTYBOJHBI TOKA IKOPh CXKUMAET
NPY>KUHY U TPOU3BOJIUT BCACHIBAHME ra3a B pab0OUyl0 MOJOCTh. 3a BpeMs 0€CTOKOBOM
nays3bl MOJi JEHCTBUEM CHUJI MPY>KUHBI SKOPh U CBA3aHHBIM ¢ HUM pabo4uil opraH BO3-
BpallaeTcsl B UCXOJIHOE COCTOSIHUE, MPOU3BO/JIS C)KaTUE U HarHeTaHue ra3a. Yacrora xo-
71a SIKOpsl paBHA YaCTOTE MUTAOIIETO KAaTYIIKY TOKA.

[Ipy HEKOTOPOM M3MEHEHMHM KOMIIOHOBKM BapHaHTa CXEMbl KOMIIpECcopa Ipo-
LIECC CHKaTHUsI U HarHETaHWUs Tra3a MOXKET OCYUIECTBIATHCS MOJ ACHCTBUEM AJIEKTPOMATr-
HUTHBIX CHJI, @ MPOIIECC BCACBIBAHUS — MOJI ACHCTBUEM CHUJI MPYKUHBI 32 BpeMsi OecTo-
KOBOI1 may3sl [35].

CBoOosiHast cxema KOMIIOHOBKH JIBUTATEJIbHOM 4acTH KOMIIpeccopa MpeaycMart-
pUBaeT ero paboTy Ha MPOJOIBLHOM M HA NMONEPEYHOM MAarHUTHOM TI0JI€.

B BapuanTe MeMOpaHHOTO KOMIIPECCOpa OJJHOCTOPOHHETO MPUHIINIA JASUCTBUS C
JIBYXKATYHICYHBIM 3JIEKTPOMAarHUTHBIM JIBUTaTE]IeM U MpYyKUHOH (Tabmuua 14, m. 3)
BO3BPATHO-MOCTYNATEIBHOE TBUKEHUE AKOPS, )KECTKO CBA3aHHOTO C pabOUrM OpraHoM,

OCYHICCTBILACTCS MOOUYCPCAHBIM ITMTAHUCM KATYIICK IMOJYBOJIHAMUA IICPCMCHHOI'O TOKA.
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Tabnuua 1.4 — AHanu3 KOHCTPYKTUBHBIX CXEM 3JIEKTPOMArHUTHBIX KOMIIPECCOPOB

Ne BapuaHT npyuHIHUNIMATBHONU CXEMBbI
W KOMIPECCOpa Knaccudukanmonasie mpu3Haku
'_II I MemOpaHHBIH, OJHOCTOPOHHETO
1. _(I—I NEUCTBUS €  OJHOKATYIICYHBIM
|l JIDMJI v npyx’uHOI
1
m ITopmHeso, OJTHOCTOPOHHETO
2. —II_I NEUCTBUS €  OJHOKATYyIICYHBIM
Il— il:H JIDMJI u npyx’uHOI
L=
'_IL —l MeMOpaHHbIi,  OJHOCTOPOHHETO
3 _(I—I NEUCTBUS C  JIBYXKaTyIICYHBIM
|l JIDMJI u npyx’uHOI
1

L —I [TopuiHeBoi, OIHOCTOPOHHETO
NEACTBUS ¢ JABYXKATYLICYHBIM

4. ar
|_| i‘i JIDMJI v npyx’uHOI

— — CuMMeETpUYHBI, MeMOpaHHbIH,
4ﬁ |_ _I |_] JIBYXCTOPOHHEIO JEUCTBHUS C JBYX-

|_
1 ' | KaTtymeyHbiM JIDM/]

CuMMeETpUYHBIH, IIOPIIHEBOM,

JIBYXCTOPOHHETO JIEHCTBUS C ABYX-

KaTtymeyHbiM JIDM/J]

-
|
4
| ‘ JIMHAaMUYEeCKH ypaBHOBEILICHHBIMH,
7 —II_I Y I_II— MOPIIHEBOM, JBYXCTOPOHHETO NIEM-
Il— \/ L CTBHUA C OJHOKATymeuyHbM JIOM/]
L= —— |

JIMHAaMUYEeCKM  ypPaBHOBEILICHHBIMH,
| | Tz | | ITOPIIHEBOM, JBYXCTOPOHHETO JACH-

CTBUA C JBYXKATYHICYHBIM 3JICK-

TPOMATHUTHBIM JABHUIATCIICM
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[lone3Hast sHEPrUs JEBOM KaTYyIIKH, pacXoayeTcsi Ha paboTy CXKaTus U HarHeTa-
HUS ra3a. DHEeprus NpaBoi KaTyIIKU — Ha paOOTy BCACHIBAHUS Ia3a U CXKATHUS MIPY>KUHBI.
OCHOBHOU 0COOEHHOCTBIO KOHCTPYKTHBHOT'O MCIIOJIHEHHUS KOMIIpeccopa SIBISeTCs TO,
YTO MPOLECC CKATHUSI U HAarHETaHUS Ta3a OCYILECTBIIAETCS 3a CUET MarHUTHOW PHEPrUu
KAaTyIIKd W MOTEHIMAIBHOW SHEPTHHM HAKOIUICHHOW MpYy>KUHOM. YacTtoTa xoma sIKOps
paBHa 4acTOTE MUTAIOIIETO TOKa [435].

B BapuaHTe MOpIIHEBOr0 KOMIIPECCOpPa OAHOCTOPOHHETO JAECHCTBUS C JBYXKaTy-
IIEYHBIM DJIEKTPOMAarHUTHBIM JBUTATelIeM U NpyxuHou (Ttabmuua 1.4, n. 4) pabouuit
MPOIIECC aHAJIOTHMYEH BapuaHTy 1o cxeme B Tabmuie 1.4, n.3. [lutanue katyiiek ocy-
HIECTBIISIETCS] TOOYEPETHO MO CXEME OJTHONONYEPUOTHOTO BBINPSMIICHUS.

Cxembl Tabsuupl 1.4, 0. 5 1 1. 6 NpeACTaBIAIOT COOON BapHaHT OECHPYKUHHOTO
CUMMETPUYHOTO KOMIIpeccopa ABYXCTOPOHHETO MPUHIMIA JEHCTBUS C JBYXKaTylley-
HBIM 3JICKTPOMAarHUTHBIM JIBUTATEJIEM COOTBETCTBEHHO MEMOPAHHOI'O M MOPIIHEBOTO
tunoB [55-57]. Ilpu moodepeaHOM MPOTEKAHUM TOKA MO KATYIIKaM SKOPb U KECTKO
CBsI3aHHBIE C HUM padoyuKe OpraHbl COBEPIIAIOT BO3BPATHO-MIOCTYNATEIbHOE ABUKEHUE.
[Ipu sTOM eciu B 0JHOH monocTu pabodeil kamepbl OYJIET OCYIIECTBISTHCS MPOLECC
C)KaTHsl M HarHeTaHWs rasa, TO B JPYroil — mpouecc BcachiBaHUs raza. Harneranue u
BCAChIBAHME T'a3a MPOUCXOAUT TOJBKO 32 CUET SHEPTrUM Karyuiek [S8].

JInHAaMUYeCKH YypaBHOBEIICHHBIM CIIEyeT CUMTATh BapUAHT MOPUIHEBOIO KOM-
npeccopa JBYXCTOPOHHETO MPUHIUIA JIEUCTBUS C OJHOKATYIICUYHBIM 3JEKTPOMArHUT-
HbIM nBuraresieM (tabsiuma 1.4, n. 7). B npuBeneHHOM cxeme SKOph pa3/efieH Ha JBe
cuMMeTpHuuHble yacTu. [luTtanue nBUrarens ocyumecTBIseTCsl OT CETH MEPEMEHHOTO TO-
Ka M0 CXeMe OJHOMOIYNEepUOAHOr0 BhImpsiMmieHus. [Ipu npoTekaHuu ToKa Mo KaTyIIKe
AKOpSl IPUTSTUBAIOTCS, YMEHbIIasg pabounil 3a30p MEXAY HUMHU, C)KUMAIOT NMPYKUHY U
YBIJIEKAIOT 3a cO00i mopiiHu kommpeccopa. [Iponecc BcacbiBaHUs ra3a OCyIIECTBIIAETCS
3a CUET PHEPruM KaTymkud. B GecTokoByr0 may3y MPOUCXOAUT MPOLECC CHKATHUS U Ha-
THETaHMs ra3a 3a cueT MOTEHLIHATbHON dHEpruu, HAKOTUICHHOW MPY>KUHOM Mpu IpoTe-
KaHMM TOKa Mo Karymike. B [59] npennaraercss BMECTO MpYy>KUHBI UCIOJIb30BATh ITHEB-

MaTU4eCKyI0 O0yhepHYIO MOJIOCTh.
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K opuruHanbHOMY peIlIEHHIO CIeAyeT OTHECTH BapHaHT CXEMbl JUHAMUYECKU
YPaBHOBEILIEHHOTO TOPUIHEBOTO KOMIIpEccopa JABYXCTOPOHHEro jaecTBusi (Tabiuna
1.4, n. 8) [45]. lanHas cxema coueTaeT B ceOe JiBa HE3aBHUCHUMBIX TMOPITHEBBIX KOM-
npeccopa OJHOCTOPOHHETO MPUHIIUIMA JEHCTBUS C OJIHOKATYIIEUHBIM JBUTATENEM U
npyxuHoil. Pabounii mpoiecc KoMmIpeccopa aHAJIOIMUEH BapHUaHTy CXEMbl TaOJUIIbI
1.4, n. 2, c TO# pa3HULIECH, YTO JieBasl U MpaBasi KaTyIIKH MOJIY4YaloT MUTAaHUE OT OJHOMN
MOJIYBOJIHBI TOKa, YTO 00€CIEeUnBaeT JIBIKEHHE sIKOpeil B mpoTuBodase. B Bapuanrte u3
tabnuubl 1.4, n. 8 sHEprus JeBOM U MpaBO KaTYIIKK pacXoayeTcss Ha padoTy cxKaTus
NPYXKUHBI U BcacbiBaHus rasa. [Iponecc cxaTusi 1 HarHETaHUsl OCYILECTBIISETCA B Ie-
puoJl OECTOKOBOM May3bl 3a CUET MOTEHIMAIbLHOW HYHEPTUHU, HAKOIUIEHHON MPYKUHOM.
YacroTa xo/1a mOpIIHE# paBHA YacTOTE MUTaOIIEro Toka. [lutaHnue katyuexk ocyecT-
BJISIETCSL IO OJTHOMOJIYIIEPUOHOM cXxeMe BhInpsimiieHus. KOMIOHOBKA cxeMbl KOMIIpec-
copa HE HMCKIII0YaeT BO3MOKHOCTH HCIIOJIb30BaTh DHEPTUIO0 KaTyIIEK MJisi Ipoliecca
CKaTHsl M HATHETAHUA rasa, a MOTeHIUAIbHYIO SHEPTHUI0, 3alIaCEHHYIO MPYKUHOH, — JIs
IpoLIECCa BCAChIBAHUS ra3a.

B Ttabmune 1.4 oTpakeHa TEHJEHIUs MPEUMYILECTBEHHOrO NPUMEHEHUS Ha
MPAKTUKE OCHOBHBIX BUJOB CXEM 3JIEKTPOMArHUTHBIX KOMIIPECCOPOB. AHAIU3 IPYTrUX
BO3MOXHBIX Pa3pabOTOK B paccMaTpUBaeMOil 00JacTH IMOKa3bIBa€T, YTO B YACTHOM
Clly4ae BapHaHTbl MPUHIMIIUAIBHBIX CXEM COOTBETCTBYIOT MPUBEIECHHOMN Kiaccu(uka-
uuu. Hanmpumep, skopb IBUTaTeNsi MOKET OJJHOBPEMEHHO SBIISATHCS MOPUIHEM KOMIIpEC-
copa [38, 60], a BMECTO BO3BpPAaTHOI'O 3JIEMEHTA MPYKWHHOI'O THUIIA HCIOJIb30BATHCS
MeMOpaHHbIi [44, 61], KOTOpBIY 00ECTIEYMBAET CTPOTYIO JIMHEWHOCTh BUXKEHUS Pado-
4Yero opraHa, Ho o0JajaeT MajbIMU 3HAYEHUSIMU pabOvero xoja. YTNpyrue 3JIeMEHTbI
MPY>KUHHOTO THUIA YCTAaHABIMBAIOTCS B OCHOBHOM B KOMIIpECCOpPax C OOJIBIIUM XOJIOM
nopuius [32].

Ha ocHoBaHMU MPOBEJIEHHBIX UCCIIEIOBAHUM OBLIN BBISIBIICHBI U CUCTEMATU3UPO-
BaHbl OCHOBHbIE€ MYTH COBEPUICHCTBOBAHUS JTUHEHHBIX 3JIEKTPOMATHUTHBIX KOMIIPECCO-

poB (pucyHok 1.12).
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OcHoBHEIE IIyTHU COBCPIICHCTBOBAHUSA KOHCTPYKIII/Iﬁ SJICKTPOMArduTHBIX KOMIIPECCOPOB
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BBEJCHUE aMOPTU3UPYIOLIUX 3JIEMEHTOB
JIBYXCTOPOHHUYN MPHUHIIUI ACUCTBUS

CHUYKEHHUE MOTEPh HA BUXPEBBIE TOKU
CHUYKEHHUE MOTEPh HA TPEHUE
MIPUMEHEHHE MTOCTOSIHHBIX MAarHUTOB
BBEJICHUE HAMPABJISIIOIIUX BTYJIOK
NOANPYKUHUBAHUE AKOPS
yBeIHUEHUE 00bheMa MoIa4uu ra3a
JMHAMHUYecKasi ypaBHOBEILIEHHOCTh
CKBO3HBIE KaHaJIbI JUJIsl MPOXO0/ia ra3a
BBITIOJTHEHUE SIKOPSI OpEOPEHHBIM
UCIIOJIb30BaHUE pEcUBeEpa

YMCHBIICHUC BPECAHOI'O MPOCTPAHCTBA

paboueii kKamepsl

PI/ICYHOK 1.12 - HYTI/I COBCPIHICHCTBOBAHUS 3JICKTPOMATIHUTHBIX KOMIIPECCOPOB

HecmoTpst Ha KaXyIIyrocs MPOCTOTY, SJIEKTPOMArHUTHBIE KOMIIPECCOPHI B MPUH-
LUAIME, UMEIOT MHOXKECTBEHHbBIC MyTH pa3BUTHUA. MCMOb30BaHME HOBBIX TUIOB JIMHEH-
HBIX 3JIEKTPOMArHUTHBIX JBUTATEJEH B JIEKTPOIPUBOJIC KOMIIPECCOPHOTO 000PYI0Ba-
HUS TO3BOJIMT MOBBICUTH 3(PHEKTUBHOCTH pabOThI U BHIBECTH JaHHBIN THUI 000py/10Ba-

HUs Ha HOBBIM KAYECTBEHHBIN YpOBEHb [32-34].
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1.4. HanpaBjieHMsl ¥ NEPCHEKTUBBI pa3BUTHA KOHCTPYKuui JIDM/I nis

JIEKTPONIPUBOA0B KOMIIPECCOPOB

DJIEKTPOMArHUTHBIE JBUTATENU MPUMEHSAIOTCS HE TOJBKO B AJIEKTPONPHUBOJIAX
TOPHOA00BIBAIOIIETO, CETLCKOXO3SIMCTBEHHOTO U MHUILEBOT0 00opyaoBanus [62-71], Ho
U B DJIEKTPONPUBOJAX OBITOBBIX YCTPOWCTB, B YACTHOCTH B MAJIOMOIIHBIX KOMITPECCOP-
HbIX MamuHaxX. Ha ocHoOBaHMM aHanu3a, mpejcTaBieHHoro B naparpade 1.3, Obuu omn-
peleseHbl BapuaHThl KOHCTPYKTUBHBIX cxeM JIDMJI, monyuuBmnX HauOobIIee pac-

MPOCTpaHEHHUE B AJIEKTPONPUBOIE KOMIIPECCOPHOTO 000pyaoBanus (pucyHok 1.13).

I (W]
1 I )/l .

T hi e

Pucynok 1.13 — KOHCTpyKTHUBHBIE CXEMBI TUHEWHBIX 3JIEKTPOMArHUTHBIX

JIBUTATEJIEN

B snekTpornpuBoiax 31eKTPOMAarHUTHBIX KOMIIPECCOPOB OJTHOCTOPOHHETO MPUH-
MM JEUCTBUA HAMOOJIbIIee PACTIPOCTPAHEHUE MOJYYHIIM KOHCTPYKTHUBHBIE CXEMBI,
MpeCcTaBIeHHbIC HA pUcyHKe 1.13, a-T.

B BapuanTte, n300paxkeHHOM Ha pucyHke 1.13, a, mpu mojgaye Toka Ha KaTYIIKY,
SKOPh BTSATUBAETCS BHYTPh CTaTOopa M CXKHUMaeT npyxuny. [Ipu s3Tom B ynpyrom sie-
MEHTE 3amacaercsi MOTEHUHUaIbHas PHEPrusi, KOTOpas pacxoAyeTcs Ha IMepeMellieHHue

AKOpsl B 0OpaTHOM HaIpaBJICHUH BO BpeMs 0€CTOKOBOM mnays3sl [41].
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B nanHOM BapuaHTe KOHCTPYKTHBHOM CXEMbI OTCYTCTBYET HEOOXOJIHMMOCTH B
(UKCUPOBAHHBIX TEXHOJOTUYECKUX BO3AYIIHBIX 3a30paX, YTO CBOJUT K MUHUMYMY KO-
JMYECTBO CUJIOBBIX JIMHUI, HE MPOXOASIINX dyepe3 padbounii 3a30p. B pe3ynbTaTe 3T0TO
MPOUCXOAUT CHUKEHUE DHEPreTUUYECKUX M TEIUIOBBIX MoTepb. CornacHo [41] maHHbIi
AIIEKTPOMArHUTHBIM JBUTATENb MOXKET OBbITh HCIIOJNB30BAaH B DJIEKTPONPHUBOJIE MAajo-
MOIIHBIX KOMIIPECCOPOB, 00ECIIEYNBAIOLIUX HA BBIXO/IE JaBjeHue nopsaka 1-1,5 atm.

B xomnpeccopHoM 000pyA0BaHUM, TJ€ JABJICHUE HA BBIXOJIE JOJKHO COCTABISATh
HE MEHEee 2 aTM., pEKOMEHYETCSl MCIO0JIb30BaTh KOHCTPYKTUBHBIE cxeMbl JIDM/JI pu-
cynka 1.13, 6-¢.

B BapuanTe, nzo0paxeHHoMm Ha pucynke 1.13, 6, npu nmojgaye Toka Ha KaTYIIKY,
AKOpb BTATHBAETCS B HEE W PACTATMBACT NpPYyxuHy. [Ipy 3TOM B ynpyrom sjieMeHre 3a-
MacaeTcs MOTEHIMANbHAs SHEPTUs, KOTOpask pacXoAyeTcs Ha MepeMelleHre SKops B 00-
paTHOM HarpaBJIE€HUU BO BpeMsi OECTOKOBO nay3bl [37].

Hanuune croma B JaHHOM cllydae OOecCHeUHMBAET IMOBBIIMIEHUE MaKCHMaJbHbIX
3HAYEHUN TATOBOTO YCHJIMSA, OJHAKO B X0Ji€ pabOThl yCTPOICTBA MPHU yBEIMYEHUU Ha-
I'PY3KHA MOTYT BO3HHUKATh COYHApPEHUS SIKOPS CO CTOMOM. DTO HNPHUBOAUT K CHHUKECHUIO
HAaJIe)KHOCTU KOHCTPYKIIUU.

JlanHoro HenocTarka JumieH BapuanT JIOMJI, nuzobpaxkennsiii Ha pucynke 1.13,
B. JIBurarensr paboTaer clieayronuM oOpa3oM: MpH Iojadye TOKa Ha KATYIIKY, SKOPb,
CKMMasi MPY>KUHY, BTATUBAETCS BHYTPb CTAaTOpa. 3aTeM, B MOMEHT OECTOKOBOW May3bl,
AKOPb IMOJ AEHCTBUEM KMHETUYECKON YHEPTUM, 3alIACEHHOW YIPYTUM 3JEMEHTOM, BO3-
BpaIlla€TCs B UCXOAHOE TookeHue. [anee uki nosropsiercs [39, 40, 42].

B nannHom Bapuante JIDM/] OTCYTCTBYIOT COyIHapeHUsl SIKOpS C 3JIEMEHTaMu
MarHuTOINPOBO/IAa, HO MPHU ITOM MPOUCXOAUT CHUKEHUE MAKCUMAIbHBIX 3HAUCHHUH Ts-
rOBOI'0 YCWJIMSI IO CPAaBHEHUIO C MAKCUMAJIbHBIMU 3HAYEHUSIMU TATOBOTO YCHUJIUSI KOH-
CTPYKTUBHOM CXEMBbI JIBUTATENS, IPE/ICTaBIeHHON Ha pucyHke 1.13, 0.

B BapuanTe ucnosHenus asuratens (pucyHok 1.13, r), B KOTOpOM BO3BpaTHO-
MOCTYNATENbHOE IBUKEHUE SKOPSI OCYLIECTBIIAETCS MOOYEPEAHBIM TUTAHUEM KaTyIIEK
OT UCTOYHHMKA MEPEMEHHOro HampsbkeHus [45], moje3Has 3Heprus MpaBoil KaTYIIKH,

PacxoayeTcs Ha pa60Ty CXKATHA TIPYKUHBI U IICPEMCUICHUS SAKOPA BIIPABO, a4 SHCPIUA
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JIEBOM — HA €r0 IepeMeIleHHue BIeBO. YacToTa Xona AKOpsl paBHA 4aCTOTE IMUTAIOLIErO
TOKA.

OCHOBHOUM 0OCOOEHHOCTBHIO KOHCTPYKTHBHOTO HCIIOJIHEHHS] KOMIIPECCOpa, OCHa-
LIEHHOTO TAaKUM JIBUTATEJIEM, SIBISIETCS TO, YTO MPOLECC CKATHUS M HArHETaHUs Ta3a
OCYLIECTBIISIETCS 3@ CYET MArHUTHOW SHEPTUU KATYIIKHA U OTEHIMAJIbHOW dHEPTUH, Ha-
KOIUIEHHOU IPYXUHOM.

B snextponpuBoae KOMIIPECCOPOB JIBYXCTOPOHHETO NPUHUMIIA ACHCTBHS Ipe-
MMYIIECTBEHHOE PACIPOCTPAHEHUE MONYYnUIn KOHCTpykuuu JIOM/, npeacraBieHHbIE
Ha pucyHke 1.13, n-e.

B Bapuanrte JIDM/] pucynka 1.13, 1 BO3BpaTHO-IOCTYIATEIBHOE JBUKEHUE KO-
P OCYLIECTBIISIETCS MOOYEPEAHBIM NMUTAHHEM KATYIIEK OT MCTOYHUKA NEPEMEHHOIO
HanpspkeHus. [[Buratens paboTaeT Ha MONEPEYHOM MArHUTHO I0JI€, MO OJHOIOJYIIE-
puoaHoi cxeme yrpanienus [50, 58].

KoHcTpykTHBHAs cxema, IpuBeAeHHas Ha pucyHke 1.13, e, comepxuT aBa sKops,
PacnoIOKEHHBIX CUMMETpUYHO. [Ipu mpoTekaHuu TOKa Mo KAaTyIIKE SIKOPS MPUTATHUBA-
I0TCS, YMEHbIIass pabouuil 3a30p MEXJy HUMHU, U C)KUMAIOT NPYXKUHY. B GecTOKOBYIO
ray3y MOPIIHK BO3BPAIIAIOTCA B UCXOIHOE IMOJOKEHHUE 3a CUET MOTEHUHAIBHOU 3HEP-
I'MU, HAKOIJIEHHOM IMPYKMHOW B MOMEHT MPOTEKAaHUs ToKa 1o karymke [47, 59]. [lan-
HbIl BapuaHT JIDMJI mpennaraercs MCIOIb30BaTh B TUHAMUYECKH YPABHOBEIICHHBIX
KOMIIpECCOpax ABYXCTOPOHHETO NMPUHIUNIA JEHCTBUS.

Eme omHMM BapHaHTOM 3JIEKTPOMArHUTHOTO JBHUIaTels I 3JIEKTPOIPUBOJIA
KOMIIpeCcCOpa ABYXCTOPOHHErO MPUHIMINA JAEHCTBHUS MOKET BBICTYNATh KOHCTPYKTHB-
Hasl cxema, MPeJCTaBIsAIoNIas co00l coueTaHue NBYX OJAHOTUITHBIX CUMMETPUYHO pac-
ITOJIO’KEHHBIX Ha 0AHOW ocu JIDM/I, BBINOJHEHHBIX COMNIACHO PUCYHKY 1.13, r ninu pu-
cynky 1.13, o [47, 72].

B naHHBIX KOHCTPYKIUSAX MPH MOJa4Ye HAPsHKEHHS HA KaTYIIKU CO3JAl0TCA Mar-
HUTHBIE MOJIS, N0 AEHCTBUEM KOTOPBIX SKOPSI HAUMHAIOT CUHXPOHHOE BCTPEYHOE JBU-
xKeHue. B caegyronmii MOMEHT BpEMEHH, IO IEMCTBUEM LIENU YIIPABIEHUS, SIKOPS Ha-

YMHAOT CHHXPOHHO PaCXOAUTHCA. I[anee IMHUKIJI ITIOBTOPACTCA.
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Tax >xe BO3MOXHO UCIIOJIHEHHUE JABUTATENIS, IPEACTABIAIONIETO COO0W coueTaHue
JBYX OMHOTHITHBIX CHMMETPHYHO pacmnoioxkeHHbIX JIDMJI, BBIOJIHEHHBIX COTJIACHO
pucyHnky 1.13, B, ¢ aHAJTOTUYHBIM MPUHITUTIOM pabOThI, ¢ TOM JUIIL pa3HULICH, YTO 00€
KaTylmKy OyJayT MOJy4aTh MUTAaHWE OT OJHOW TOJIYBOJHBI TOKa, 4TO oOecredyrBaeT
JBIDKEHHE sAKoper B npoTuBodaze. [Ipu 3ToM vacToTa Xo/1a sikopel paBHa 4acTOTE IH-
Taroliero Toka [45].

Knaccudpuxanusa JIDMJI, ucnob3yeMbIX B AJIEKTPONPHUBOAAX SJIEKTPOMATrHUT-
HBIX KOMITPECCOPOB MpPEICTaBIEHA HA pUCYHKE 1.14.

CornacHo npuBeAeHHON Kiaccu(pUKAIIMKA BO3BpAT SIKOPs SHEPruer KaTylleKk Kak
MIPaBUJIO OCYIIECTBIISIETCS B JIByX- U MHOTOKATYIIEYHBIX 3JIEKTPOMArHUTHBIX JBUTaTE-
JX, MPEeIHA3HAYEHHBIX NI AJIEKTPONPUBOJOB KOMIIPECCOPOB ABYXCTOPOHHETO MPHUH-
[IUIIa JEUCTBUSL.

Bo3zBpar sikopst sHepruei ynpyrux 3JeMEHTOB B OCHOBHOM IPUMEHSIETCSI B KOM-
npeccopax OAHOCTOPOHHETO MPHUHIUIIA ICHUCTBUS, IPUYEM IIPU MAJIIOM 3HAYEHUU XOJ1a
(MUKpOKOMIpPECCOPHOE 000PYIOBAHKE) UCTIONB3YIOTCA, KaK MPABUIIO, YIIPYTUE dJIeMEH-
Thl MEMOPaHHOT'O THIIA.

B nHacrosiiee BpemMsi HauOoJIbIllee paclpocTpaHEHUE B KOMIIPECCOPHOM 000pyA0-
BaHHUM TOJYYWIM OJHO- U JAByXKaTymeunble JIDM/I [73-75]. MHorokaryie4dsslie (Tpu
1 0oJiee KaTyIIeK) BBUAY CI0XHOCTH KOHCTPYKTHBHOI'O UCTIOJHEHMS JABUTATENS Mpak-
TUYECKOTO TPUMEHEHHUS HE TOTYYNIIH.

[To mpuBeneHHON KiaccU(pUKAIIUK B HACTOSAIIEE BPEMS CIOXKHO CYAMTh O TIPej-
MOYTUTEIHFHOCTH UCTIOJIb30BAHUSI T€X WM UHBIX KOHCTPYKTUBHBIX cxeM JIDM/JI. Onna-
KO NMPUMEHEHHUE MPUBEJICHHBIX BAPUAHTOB JICKTPOMArHUTHBIX JABUTATEIEH, 10 MHCHHIO
aBTOPOB, OTKPHIBAET HOBBIC BO3MOXHOCTH JII UX MCIIOJIB30BAaHUS B DJIEKTPONPUBOJE
KOMITPECCOPHOTO 000PYI0BaHUS.

Ha ocHOoBaHMM MPOBEIEHHOTO PETPOCHEKTUBHOIO MAaTeHTHO-UH(POPMAITMOHHOTO
MOUCKa U KJIACCU(UKAIIMOHHOTO aHalln3a KOHCTPYKIMK [76-82] ObLIM onpeeneHbl oc-
HOBHbIE MyTHU pa3BuTHUs JIDMJI ayisi 3J€KTpOnpuBOIa KOMIIPECCOPOB, MO3BOJISIOIINE
yIYYIIUTh TEXHUYECKUE XapaKTePUCTUKU DJIEKTPOMArHUTHBIX JABUTATENEd (PUCYHOK

1.15).
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OcHoBHbIE IIyTH pa3BUTH KOHCTpYKUui JIDM/]

Y \ 4 Y

VYMenbleHue 00Ko-

IToBeIIICHTE
Perynuposka pa- BBIX HATPY30K U IIpe- N Ynyduienne
oouero xozaa JIOTBpAILICHHUE 32a- TATOBOH OXJIaXKICHUS
XapaKTEPUCTUKHU

KIIMHUBAHUSA AKOP

&
<
&
<
&
<
<
<
&
<
<
<
&
<
&
<

= s |8 - =
2 g = 12 | 2 | g
%) 5 @] o = = >
S| m > = = = w Sy
=| o = = Q b = = =
Tl & B m| X an) Q < = S}
Ol = = = 9 T
= M > o p= i)
v| © = = = o)
g8 2| 3 59 = = 8 = 5) =
%g: 2| = < ) £ 3 = m
sl 1 o = = s e )
>~ o R = Q L T m =
A= | & SEFEE
S, 2| 8 2 o| B 8 =
o z|e gl & NI = 5]
5:;“ cggo ] DODE o o< B
S == S = 2| = & X| o
| 2| = ol © = = Z 3| EH 2 > o
OE| O = o ¢ o o O o X| =
=l 2| = =l = E = 5 x| Z 8 = S| =
5| 3| & v| 55 I = 2| S 2 Z a8
| = | X Tl o= = g g| 85| E& = |0
2| 2| 2 2 g ¢ cE2EEE |EE|¢
m| S| m ml @A R ~ gl »&a| 2 & = 2| &

Pucynok. 1.15 — OcHoBHbie yTH pazButust JIOM/]

C ydyeToMm mpenjaraeMbix MyTeil pa3BUTHS AJIEKTPOMArHUTHBIX JIBUratesieil ObLUin
pa3paboTaHbl BapuaHTbl KOHCTpYKuuil JIOMJI ¢ 3yO10Bo-n1a30Boi 30HOM, MO3BOJISIO-
[IMe NPy MaJibIX 3HAYEHHUSIX paboyero xoja rnoixyyaTh MaKCUMallbHble 3HAUEHHS TSTO-

BOT'O YCHJIUA.
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1.5. Konctpykuuu JIIM/I ¢ 3y010B0-11230B0i1 30HOM

Ha ocHOBaHMU ITPOBEAEHHOI'O aHajlW3a U BBIABICHHBIX NMYTEH pa3BUTHS JIMHEU-
HBIX 3JIEKTPOMArHUTHBIX JABUTATENEH ISl 3JIEKTPONPUBOAOB BUOPOKOMIIPECCOPOB Ha
kadenpe TOD coBmectHo c¢ kadenpoit TOIIII HoBocubupckoro rocymaapcTBEHHOTO
TEXHUYECKOT0 YHHBEpCcHUTETa ObUIM pa3paboTaHbl HOBbIE KOHCTPYKTHUBHBIE CXEMBI
JIDMJI ¢ 3y0110BO-11a30BO# 30HOM CHJIOBBIX 3JIEMEHTOB MAarHUTHOM CHUCTEMBI, IO3BO-
JSIOIIME TPU MaJIbIX 3HAYEHHSX pabodero xoja sKops MoJydaTh MaKCHMaJbHbIE 3Ha-
YEHUsI CTATUYECKOIO TIATOBOrO ycwiHs. OpUrHHAIBHOCTD MpEIaracéMbIX pELICHHUN 3a-
nuiieHa narearamu PO [83-85].

Brinosinenue nBurateneil MWIMHIAPUYECKON (GOPMBI O3BOJISIET TEXHOIOTHYECKU
IIPOCTO HM3TOTOBUTH DJIEMEHTHl MAarHUTONPOBOAA M HANPABISAIOMINX YCTPOWCTB IS
MPSAMOJIMHENHOIO NEPEMEIIECHUS AKOPS.

Mexay MOMIOCHBIMM DJIEMEHTAMU CTaTOpa M SIKOPEM II0 KOHCTPYKTHMBHO-
TEXHOJOTUYECKUM COOOpaKE€HUSIM BBIMIOJHEHbI TEXHOJOTMUECKHE BO3AYLIHBIE 3a30Pbl
A, orpanunuyennele B npegenax A=0,3+0,8 MM ¥ HCKIIOUYAIOMUE MEXaHUYECKOE
B3aUMOJEHCTBUE IIEMEHTOB KOHCTpYKIMU. HrkHumii npenen B 0,3 MM yCTaHABIMBAETCS
UCXOJSl U3 MAaKCUMAJbHO JOIMYCTUMON TOYHOCTH OOpabOTKM MaTepHalioB, MCIOIb3Yye-
MBIX ITpU u3rorosiieHnu [86]. Bepxuuii npeaen B 0,8 mm onpeaensiercs cornacHo OCT
1010 «/lonycku Oosnbliine» s UHTEpBajla HOMUHAJIBHBIX Pa3MepOB HUAMETpa SIKOPS
oT 18 1o 80 mm [87].

IIpennaraemple BapuaHThl KOHCTPYKTUBHOTO HUcnojdHeHus JIOMJI nus anexrtpo-
MpUBOJIa BUOPOKOMIIpeccopa MpeACcTaBiIeHbl Ha pucyHke 1.16.

OcHoBHOE OTJIMYKE aHHBIX BapuaHTOB JIDMJI oT paccMoTpeHHbIX B naparpade
1.4 3akirodaercs B HAJIMYMU 3yO1I0BO-1a30BOM 30HBI.

DNEeKTpOMAarHUTHBIN JIBUraTeNb, N300pakeHHbIH Ha pucyHke 1.16, a, comepkuT
ctatop 1, ¢ pa3MenIeHHbIMUA BHYTPU KaTYIIKON 2 ¥ KOJIbIICOOPA3HBIM BTSXKHBIM SIKOPEM
3, Ha BHEUIHEM WU BHYTPEHHEM JIHWAMETPE KOTOPOIO BBINOJHEHBI C PAaBHBIM IIaroM T
3yO11bl 4 U 5, pacnoioKeHHbIE MEPIEHAUKYISIPHO nepeaaBaeMoit cuiie. [1o BHyTpeHHUM

AUaMETpaM CTaTopa 1 BBITIOJTHEHBI C PaBHBIM IIaroM T OTBCTHBIC SY6I_IBI 6u’.
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Pucynok 1.16 — Bapuantel ucnonsenus JI9M/I
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W3menenune pasmepa T MO3BOJSET OCYLIECTBISATH PEryJIUPOBKY pabodero xoja
akops [84, 85].

B ncxogHOM COCTOSIHMM BHEIIHWUN BTSKHOM SIKOpPb 3 BBIIBUHYT M3 cTaTtopa 1 Ha
BEJIMYMHY MAKCUMAJbHOTO paboydero Xojia, ONpeessieMyl0 HadyalbHbIM MOJOKEHUEM
3yOI110B 4 U 5 OTHOCUTEIBHO 3Y0I110B 6 U 7.

DONEeKTpPOMArHUTHBINA JBUTATENbh paboTaeT cleaylmuM o0pa3oM: HpH Mojaaye
UMITyJIbCa HAMpPsOKeHHsI Ha OOMOTKY 2, IO HEM POTEKaeT 3JIEKTPUUECKHUM TOK, MHIAYIIH-
PYIOLIMI MarHUTHOE IOJIE, MATHUTHBIE CUJIOBBIE JIMHUM KOTOPOTO 3aMBIKAIOTCS Yepes
CepACUYHHK cTaTopa 1, 3yOIisl 6, yepe3 BO3AYIIHBIN 3a30p A, 3yO1bl 4, BHCITHUMA BTSK-
HOM sIKOpb 3, 3yO1bl 5, Yepe3 BO3AYIIHBINA 3a30p A, 3yOLbl 7 U BHEIIHIOIO CTEHKY CTa-
topa 1. Ilox gelicTBMEM BO3HUKAIOIIEH MAarHUTOJBHUXKYIIECH CUJIbI BHEIIHUW BTSKHOU
AKOpb BTATUBAETCA B IOJIOCTh CTaTOpa W coBepiuaeT pabouwnii xon. Ilo 3aBepuienuro
MPOTEKAHUS TOKA M0 OOMOTKE BHEIIHUM BTSXKHOM SIKOPh BO3BPAILAETCS B UICXOAHOE T10-
JI0’KEHUE TIOJ1 IEVCTBUEM YCUJIUS BO3BPATHOM MPYKHUHBI.

B Bapuante JIDM/I, npeacraBienHoM Ha pucyHke 1.16, 6 mocturaercs cuiMMeT-
pUpOBaHKE MarHUTHON CHUCTEMBI, 32 CUET BHINIOJIHEHU 3yO10B 4, 5 Ha sIKOpe 3 U OTBET-
HBIX 3yO110B 6, 7 Ha moJitocax craTopa 1 Mo JBYXCTOPOHHEW CXeMe, CHMMETPUYHOU M0
OTHOLIEHHIO K KaTylmKe 2. B HCXOOHOM COCTOSIHUU SIKOPb 3 BBIABUHYT M3 CTaropa Ha
BEJIMYMHY MAaKCUMAJbHOTO paboydero Xojia, ONpeessieMyl0 HadyalbHbIM IOJ0KEHHEM
3yOI110B 4 ¥ 5 OTHOCUTENBHO B3aMMOJICUCTBYIONIUX C HUMHU 3yOI110B 6 U 7.

[IpuHIMO pabOTHI 3IEKTPOMArHUTHOTO JBUTATENS 3aKIIOYACTCS B CIIEAYIOLIEM:
IpU N0JIaue UMIYJIbCa HAMPSIKEHU HA OOMOTKY MO HEHM MPOTEKaeT MePEMEHHBIN 3JIeK-
TPUYECKUI TOK, MHAYUUPYIOWUKA MArHUTHOE TO0JIE, MATHUTHBIE CHJIOBBIE JINHUHU KOTO-
POr0 3aMBIKAIOTCS YEPE3 AJIEMEHTBI MATHUTONPOBOAA, TEXHOJOTMYECKUI BO3IYIIHBIN
3a30p A U 3yOI10BO-11a30BYyI0 30HY ABuratens. [Ipu 3ToM sSIKOph HauMHAET ABUKEHUE
BHU3 JI0 JOCTHXKEHHUS TOJIOKEHUs €ro 3yOII0B MO0 OTHOUIEHUIO K 3yOllaM Ha MOJcax
cTaTopa, corjacHo pucyHky 1.16, 6. B aToM monokeHun oGecrneunBaeTcss MarHUTHOE
paBHOBECHE CUCTEMBI: HHIYKLKS B pabodyeM 3a30pe MakCUMallbHa, a pe3yIbTUPYIOIee
TATOBOE yCUJIMe paBHO HYII0. [1o 3aBeplieHnI0 MPOTEKaHUs TOKA MO0 0OMOTKE BHEUTHUMN

BTSIDKHOM SAKOPb BO3BpAIIACTCA B HMCXOAHOC ITOJIOKCHHUC, HAIIPpUMCDP, IIOJ I[eﬁCTBﬂeM
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yCUJIMS BO3BPAaTHOM MpYyXUHBI (Ha pucyHke 1.16, 0 He moka3zaHa) 10 NpPUX0Ja ClIEayIO-
IIETO UMITYJIbCa TOKA. 3aTeM LIMKJ TIOBTOPSIETCSI.

DNEeKTpOMAarHUTHBIN JBUraTeNb, U300paKEHHbIM Ha pucyHke 1.16, B, copepx uT
Kopnyc 1, pa3MelleHHble B HEM CTaTop 2 ¢ MojtocaMu 3, 4 U pacroiloKEHHBIMU HA HUX
oOMOTKaMH 5, 6, a Takke B3aUMOJICHCTBYIOUIETO ¢ HUMH MOJNPYKMHEHHOTO YIIPYTUMHU
aJeMeHTaMu siKopsi 7. JIBuUraTeslb MOXKET BBIMIOJHITHCS C OJHOM M JBYMS MapaMu IO-
JIOCOB cTaTopa. B maHHOM BapuaHTE MCHOJHEHUS AJIEMEHTbhl MarHUTOIIPOBO/Ia BbIIIOJI-
HEHBI IIUXTOBAaHHBIMHU C LIETBIO CHI)KEHUS MOTEPh Ha BUXPEBbIE TOKH [83].

B ucxogHOM cOCTOSIHUU SIKOPb 7 BBIABUHYT U3 CTaTOpa 2 Ha BEJIUYUMHY MaKCH-
MaJbHOrO paboyero Xoja, ONpeaesieMyl0 HauyajdbHBIM MOJOKEHHEM 3yOLIOB, BBINOJI-
HEHHBIX I10 JJIMHE SIKOPS, OTHOCUTENILHO B3aUMOACHCTBYIOIINX C AKOpEM 3yO110B, 00pa-
30BaHHBIX 110 BHYTPEHHEMY TUAMETPY MOIIOCOB 3 U 4.

DONEeKTPOMAarHUTHBINA JBUTATENh paboTaeT cleayloImuM o0pa3oM: HpH Mojaaye
UMITYJIbCAa HANPSOXKEHHsI HA OOMOTKH 5 ¥ 6 110 HUM NMPOTEKAET MEPEMEHHBIHN AJIeKTpUYe-
CKUW TOK, MHIAYUUPYIOIIUA MarHUTHOE I0JIe, MarHUTHBIE CUJIOBBIE JIMHUU KOTOPOTO
3aMBIKAIOTCSl YEPEe3 BHIMIOJHEHHbIE 0 JJIMHE SKOPb 7 3yOLibl, BO3AYIIHBIA TEXHOJOTH-
YyecKuil 3a30p A, 3yO11bl, BHIIOTHEHHbIE HA TIoNtocax 3 u 4, u ctatop 1. [lox peiictBuem
AIIEKTPOMArHUTHBIX CUJI, BO3HMKAIOIIMX B 3yOLIOBO-MA30BOM 30HE, M CHJI YNPYTrOCTH
NPYXKUH, SIKOPh 7 COBEpILIAET BO3BPATHO-NOCTYMATEIbHbIE JIBUXKEHUS OTHOCHTEIBHO
HEMOJIBUKHOTO cTaropa 2.

Tak kak MarHUTHBIM MOTOK MEPEMEHHBIHN, TO MPU U3MEHEHUHU MOTOKA U PAaBEHCT-
BE €r0 HYJIIO, MPUJIOKEHHASI K SKOPIO 7 3JIEKTPOMAarHUTHasl CHJIa TakK€ CTAHOBHUTHCS
paBHOIl HyII0. B MOMEHT 0€CTOKOBOM May3bl, 32 CYET CUJIbI CKATUSL HIDKHEW MPYKUHBL,
AKOpb 7 BO3BpAllla€TCs B HAyalbHOE COCTOSIHME JI0 MPUXO0J]ia CIEAYIOIIEr0 UMITYIhCa
TOKa. 3aTeM LIMKJI oBTOpsieTcs [83].

B npennaraembix Bapuantax JISJIM B TeueHue neproja NUTAIOLIETO TOKA, SKOPb
COBEpIIAET OJIHO MOJHOE Koyie0aHue, YTo MpH yacToTe uctouHuka 50 I'l cooTBeTCTBYET
3000 xonebaHuii B MUHYTY. YCTPOMCTBO MOJy4YaeT MUTAHHUE MO OJIHOMOJIYHNEPHOIHOM

CXCMC YIIPABJICHUA U pa60TaeT B BI/I6pOI/IMHy.]IBCHOM PEXKUME.
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Ha ocHoBanuu npoBeaeHHoro B maparpade 1.3 aHanu3a W BBISBJICHHBIX MyTel
COBEPIIECHCTBOBAHUS AJIEKTPOMArHUTHBIX KOMIIPECCOB MpEjIaracTcsi KOHCTPYKIUS
BUOpokoMmIipeccopa (pucyHok 1.17), opuruHanIbHOCTh KOTOPOM 3alluIeHa MaTeHTOM
P® na none3nyto mozaens [88]. B asekTponpuBoae JaHHOTO YCTPOMCTBA UCIIONIb3YETCS

JIDM/I, npencraBienHslii Ha pucyHke 1.16, B.

- ——— — e~

Pucynok 1.17 — DnekTpoMarHuTHbIN BUOPOKOMITPECCOP

DNeKTpOMarHUTHBINA BUOPOKOMIIPECCOP COAECPKUT 3aKPEIUICHHYIO Ha pecuBepe 1
paMy 2 ¢ peryJIMpOBOYHBIMU raikaM# 3 ¥ aMOPTU3UPYIOLIUMH 3JIEMEHTAMU 4, B3aUMO-
JEUCTBYIOIIMMU C KOPIYCOM 5, B KOTOPOM pacrojaratorcsi pabouuit oprad 6 u sxopsb 7,
B3aMMOJIEUCTBYIOMUM ¢ KaTymkamu 8. KoHCTpykTHBHO pabouuii opran kommpeccopa

MO>KET OBITH BBIIOJIHEH KaK B BHUAC MOPIIHSA, TAK U B BUIC MCM6paHBI.
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[Tpuniun pa®oThl BUOpOKOMITpECCOpa 3aKI0YaeTCsl B CIEAYIOIIEM: MPHU Mojaaue
HaIpsDKEHHSI HA KAaTYIIKU 8, SIKOPb 7 COBEPIIAET BO3BPATHO-NIOCTYNATENIbHBIE JBHKE-
HUSL ¥ TPUBOAUT B JBMKEHHUE JKECTKO C HMM CBS3aHHBIM pabouuit opran 6, KOTOpPbIN
MPOU3BOJIUT CXKAaTWE W HarHeTaHue pabouell cpeabl MOCPEICTBOM COEAMHHUTEIbHBIX
TpyOONpOBOAOB B pecuBep 1, KOTOPHIN oOecreynBaeT paBHOMEPHOCTh €€ IMOAauu IMO-
Tpedutemto [88].

OTCyTCTBHE aMOPTU3UPYIOLIUX 3JIEMEHTOB MOXET MPUBECTH K Pa3pyLICHUIO OT-
JENBHBIX 3JIEMEHTOB KOHCTPYKIIMU BCIIEICTBUE YCTAJIOCTHBIX SIBICHUN B METajUle, IO-
BBIIICHUIO TEMIIEpaTyphbl KOpnyca U paboyero opraHa, U Kak CJIEICTBUE — CHUXKCHUIO
HaJIe)KHOCTH Y MPOU3BOJUTEIILHOCTU KoMIIpeccopa [89].

[ToaTOMy BUOPOKOMIIPECCOP OCHAIIEH aMOPTU3UPYIOIIUMHU 3JIEMEHTAMHU, PacIo-
JIO’KEHHBIMU B BEpXHEH M HUKHEH YacTU KOHCTPYKIIMHU U BBITOJHEHHBIMU B BUJIE TIPY-
#uH. Kaxxnas u3 npyKuH, pacrojoKeHHbIX B BEPXHEW TOPHU30HTAIBHOM MJIOCKOCTH pa-
MBI, YIIUPAECTCA B PETryIUMpOBOUYHYIO Taiiky [88]. IIpennmaraeMoe KOHCTPYKTMBHOE HC-
MOJIHEHHE TMO3BOJIIET YMEHbIIaTh BUOpau pu padboTe BUOpoKoMIpeccopa U MpeaoT-
BpalaTh BO3HUKHOBEHUE KPUTUYECKUX YACTOT KoJieOaHUM 3a cUeT M3MEHEHHUs Macco-
BBIX M )KECTKOCTHBIX XapaKTEPUCTUK KOHCTPYKIIHMH.

KonnuecTBO NpyKMH U UX PaACIOI0KEHUE OINPEIETAEeTCS] KOHCTPYKUMOHHBIMU
OCOOEHHOCTSIMU KOMIIPECCOpPa, a TaKkKe >KECTKOCThIO CAMHUX aMOPTU3HPYIOLIUX 3Jie-
MEHTOB.

Hanuuue pecuBepa Mo3BoJSIET OCYIIECTBIISTH:

- CrilaKMBaHUE MyJbCALMN aBJIeHUs, 00ecTeurBas pABHOMEPHOCTh MOJa4M ra3a
NOTPEOUTEIIO;

- XpaHEHHE HAKOIUIEHHOTO IPY HarHETaHWM T'a3a U €ro OXJIAXKICHHUS;

-neMnpupoBaHUe MUKOBBIX HATPY30K, TEM CaMbIM, CHMKas Harpy3ky Ha JIBUra-
TEJIb KOMIIpECcopa.

Hcnonb3oBaHue AaHHOTO BHOPOKOMIIpECCOpa, a Tak e BHEApPEHUE Mpejarae-
MbIX KOHCTpyKiui JIDMJI ¢ 3yO110BO-m1a30BOM 30HOM B AJIEKTPOIPUBOJ KOMITPECCOP-
HOTO 000PYI0BaHUs, MO3BOJUT IOOUTHCS MOBBIIICHUS yIETbHBIX CUIIOBBIX U SHEPreTH-

YECKHX XapaKTEPUCTHK YCTPOUCTB.
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1.6. le/IMeHeHI/Ie KOHCYHO-3JIECMCHTHOI'0O MOAC/IMPOBAHUSA B 3ajaYax aHAJ/In3a

B oTinuune oT TpaaUuIIMOHHBIX MIJIUHAPUICCKUX dIEKTPOMArHUTHBIX JBUTATENICH
C MPUTITUBAIOIIUMCS TKOPEM C TPOJOIBHBIM, MONMEPEYHBIM WM KOMOMHUPOBAHHBIM B
o0nacTu 3HepromnpeoOpa3oBaHusi MarHUTHBIM OTOKOM JIDMJI ¢ 3yO110BO-11a30BO# 30-
HOM pucyHka 1.16 o0namaroT psaoM 0cOOEHHOCTEN, KOTOPBIE 3aKIIOYAIOTCS B CIEYIO-
iem:

- CIIO)KHOCTHh MPOCTPAHCTBEHHOTO paCHpeelCHHs] JIMHUH MarHUTHON WHAYKIIUU
B BO3JIYIIHBIX 3a30pax 3yO010BO-TTa30BbIX 30H JBUTATEIICH;

- MarHUTHasE HECUMMETPHS, BBI3BIBAIOIIAS HEPAaBHOMEPHOE paclpeesieHue Mar-
HUTHOT'O IMOTOKA B pabounx 00JacTaX 3yO110BO-11a30BOI 30HBI.

VY4er 3TuX 0COOEHHOCTEM MMEET CYUIECTBEHHOE 3HaueHue JUIsl MPOEKTUPOBAHUS
JIDM/I ¢ paninoHaTbHBIMHA TE€OMETPUICCKUMHU COOTHOIIICHUSIMH, TTIO9TOMY BBE/ICHUE HE-
KOTOPBIX YIPOIICHUN TpU aHalW3e JaKe Ha dTare MpeaBapUTEIbHOW OIICHKU MOXKET
OKa3aThCsl JIOCTATOYHO TPYOBIM MpUOMIKEHUEM. B CBSI3M ¢ 3THUM 7Sl UCCIICIOBAHUS
MOJ00HBIX MAarHUTHBIX CHUCTEM Haubosee 1esiecoo0pa3Ho MPUMEHSITh MaTEMAaTHYECKOE
MMUTALMOHHOE MOJEIMPOBAHUE, MO3BOJISIONIEE CTPOUTh MOJIEIIH, OMKUCHIBAIOIINE MPO-
IIECCHI TaK, KaK OHU MPOXOUIH ObI B IEHCTBUTEIBHOCTH.

Cpenu KOMIBIOTEPHBIX MPOTPaMM pacueTa MarHWTHBIX IOJICH B HACTOsIIIEE Bpe-
Msi HauOOoJbIlIee PACTIPOCTPAHCHUE MONYUUIN TMPOTPAMMBI, B KOTOPBIX HCIIOIB3YETCS
METOJ1 KOHEUHBIX 3JIEMEHTOB. ATTpo0aliys TaHHOTO METO/1a MOKa3aia BRICOKYIO CTENIeHb
TOYHOCTH TOJYy9a€MbIX PEe3yJabTaTOB JUISI SJEKTPOMArHUTHBIX ABUTATEICH CO CIIOKHON
KOH(uUrypanuen MaruuTHoi cuctemsl [90-94].

[Ipu pacyeTe METOAOM KOHEUYHBIX AJIEMEHTOB MPOCTPAHCTBO, 3aHMMAEMOE Mar-
HUTHBIM TIOJIEM, Pa30MBacTCsl C TIOMOIIBIO MPSMBIX M KPUBBIX JHHHUA Ha OTACIBHEIC,
JOCTATOYHO MaJble YacTH. DTH YACTH Ha3BIBAIOTCS KOHEYHBIMU DJIEMEHTAMHU M UMEIOT
dbopMy TpeyroJbHUKOB. B y370BBIX TOUKaX KOHEYHBIX 3JIEMEHTOB — ATO BEPIIHHBI TpE-
YTOJIbHUKOB — PAaCCYMTHIBAIOTCS 3HAUCHUSI NCKOMBIX TTapaMeTpoB. KoHeUHbIe 371eMEHTHI
HE TIEPEKPBIBAIOT JIPYT ApyTa.

CKaJIHpHBIﬁ MarHuTHBIN MOTCHIUAJ KAXKAO0TO KOHCYHOI'O 3JICMCHTA IIPCACTABIIA-
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€TCsl B BUJI€ MOJMHOMA C TOCTOSIHHBIMU B MpeJiesax 3TOTo ieMeHTa KodhGuieHTamu.
JUis TpeyroapHOro (7)-3J1eMEHTa MOTEHLUA B JIEKAPTOBOM CHUCTEME KOOpAMHAT Mpe.-

CTaBJISIOT TOJIMHOMOM TIEPBOTO TIOPSIIKA:
(pM(l-)=a(l-) + b(l) + C(i) , (1 1)
e agy, b(i)» C(j)@ — TIOCTOSHHBIC KO3 (D PUIIUEHTHI.

OcHoBHas 3ajla4da pacucTa MCTOAOM KOHCYHBIX 3JICMCHTOB 3dK/IFOHACTCS B OIIPC-

ACJIICHNN KOC—)(I)(l)I/IHI/ICHTOB a(l-), b(i)’ C(i) JJIs1 BCCX KOHCYHBIX J3JICMCHTOB, TdK KaK 3TO

03HA4YaeT BO3MOKHOCTh pacuera CKaJipHOTO MarHUTHOTO MOTEHIMaNa B JIIOOOH TOUKe
MarHuTHoro nodis. [locne aToro B J11000H y370BOM TOUKE CETKM KOHEUHBIX JIEMEHTOB
MOYHO OINPENEIUTH C BBICOKOM TOYHOCTHIO MCKOMBIE MTapaMETPbl MArHUTHOM CUCTEMBI
[95-97]. TouHOCTH MOy4aeMbIX PE3YIbTATOB OYNIET TaK K€ ONMPEAEIATHCS MPABUIBHO-
CTBIO IOCTPOEHUS KOHEYHO-2JIEMEHTHON MOJIEIIH.

Bce mpencraBieHHble B AMCCEPTALMOHHON pabOTe YHMCIIEHHBIE SKCHEPUMEHTHI
OBLIM BBITOJIHEHBI C UCIOJIB30BAHUEM HUMEIOIIETOCS B CBOOOAHOM JOCTYIIE€ MPOrpaMM-
Horo nakera FEMM.

FEMM (Finite Element Method Magnetics) — 3T0 mnporpamMma KOHEYHO-
AJIEMEHTHOI'O0 pacye€Ta MAarHUTHBIX CHCTEM, MO3BOJISIONIAS BBITOJHATH MCCIEAOBAHUS
MJIOCKOMAPaIEbHOTO WM TIOCKOMEPUAUAHHOTO (OCECUMMETPUYHOIO) U KBa3UCTa-
LMOHAPHOTO MAarHUTHOTO U CTAalMOHAPHOTO 3JIEKTPOCTaTHYECKOTO MOJIEH, W OmIpele-
JAThH TMOJIEBBIE U LEMHBIX TapaMETPOB JAHHBIX MOJIEW C MOCTPOEHUEM HUX KapTuH. [Ipu
ATOM IIPU MOJEIIMPOBAHUN MAarHUTHOT'O MOJII BO3MOXKHO PELICHUE KaK JIMHENHBIX, TAK U
HEJIMHEeWHBIX 3a7a4 [95-97].

JlaHHBINA TPOrpaMMHBIA TPOAYKT OTIMYAETCS MPOCTOTOM MCIOJIb30BaHUs rpadu-
4YecKoro mHrepdeica 1 BO3MOKHOCTh aBTOMAaTU3UPOBAHHOIO MHOTOKPATHOI'O aHAM3a
MAarHUTHBIX CUCTEM.

Kak 1 BO MHOrMX JIpyrux, HHMPOKO PACHPOCTPAHEHHBIX KOHEYHO-3JIEMEHTHBIX
MpPOrpaMMbl, CO3JaHHBIX Ha OCHOBE rpaduyeckoro unHrepdeiica, B FEMM Boigenstor
BBIJICJIUTH TPU OCHOBHBIX (DYHKIIMOHAJIBHBIX OJIOKA!

1. Biok mo co3gaHuio reOMETPUU pacueTHOM 00JacTH, UACHTU(DUKALIUN U TIPU-
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CBaMBaHUs (PU3MUECKUX CBOMCTB €€ OTJICIbHBIM YacCTAM (TPETpPOoIeccop).

2. BIJIOK, OCYIIECTBIAIONIMI pacyeT mapaMeTpoB MOJEIW METOJOM KOHEYHBIX
AJIEMEHTOB (TIpo1ieccop).

3. Biok BeIBOAA pe3ynbTaTOB pacyeTa (moctmpoiieccop) [96].

JInst co3anusl M UCCIIEAO0BAHUSI KOHEUHO-3JIEMEHTHBIX MOJIENIE MarHUTHBIX CHC-
TeM B mporpaMMHoM TakeT FEMM HeoO0xoauMo 3amyCcTUTh MPOTpaMMy U B OTKPBIB-
IeMcsi OKHE C IMOMOIIbI0 Habopa HHCTPYMEHTOB BBIOpATh THII 3a7a4l (OCECUMMETPHY-
Has WIKM TJI0CKOTapasuiesibHasi), TOCTPOUTh ICKHU3 UCCIICyeMOM MAarHUTHOM CHUCTEMBI,
ONpPEAEIUTh CBOMCTBA MAaTEPHUAIOB, TPAHUYHBIE YCIIOBUS U TOKOBBIE MapaMeTpbl. 3aTeEM
MepexXoauM K aHAJIM3y KOHEYHO-3JIEMEHTHOM MOJEIM MyTEM 3alycKa Mpoleccopa, Mo
OKOHYaHUHU PabOTHI KOTOPOT'0 MOXKHO 3aIyCTUTh MOCTIPOLIECCOP U MEPEUTH K ompeie-
JICHUIO HEOOXOAUMBIX IMapaMETPOB M XapaKTEPUCTUK MAarHUTHOM cucteMsl [97].

OueHka TOCTOBEPHOCTH PACUYETOB, MOJTYyYaEMBbIX MPU MCIIOJb30BAHUU MTPOTPAMM-
Horo npoaykra FEMM, BBITIOJIHEHA MPU CPABHEHUU 3HAYEHUM CTATHYECKOTO TSATOBOTO
yeunusg JIDMJI ¢ 3yO10BO-ma30B0il 30HOM, MOJTYYEHHBIX B X0/1€ (U3HUECKOTO U YHUC-
JIEHHOTO PKCIIEPUMEHTOB.

HccnenoBanue mpoBeeHO JJIsi OJU3KOT0 M0 KOHCTPYKTUBHOMY MCIIOJTHEHUIO Ba-
puanta JIDMJI c 3yO110BO-11a30BOM 30HOM, MCIOJIB3YEMOIO IJisi YAEpXKaHUS SIKOpS B
yIAapHBIX MamuHax [21].

OKCIEPUMEHT BBIMIOJIHEH TIPU CIEAYIOMINX T€OMETPUUYECKUX COOTHOILICHUSAX Pa3-
mepoB aeurarens: /I, =0,33; a/t=0,5; a/b=1,0; ¢/t=0,6; A/t=0,08, tme h, —
BbICOTAa 0OMOTOYHOT'O IPOCTPAHCTBA; [, — IJIMHA OOMOTOYHOI'O NIPOCTPAHCTBA; b — BbI-

coTa 3y0lla; @ ¥ ¢ — COOTBETCTBEHHO IIMPHUHA 3y011a U MEX3yOII0BOTO PACCTOSIHUSA, T —
3yOI110BO€ JiejieHue; A — BO3yIIHBIA TEXHOJIOTHUYECKHUH 3a30p (pucyHok 1.18).
YucleHHBI SKCIIEPUMEHT BBITIOJHSIICA JUISI OCECUMMETPUYHON MOCTAHOBKH 3a-
nayu. I'paHMYHBIE YCITOBHS KOHEUHO-3JIeMEHTHON Moaenu JIDM/[ npuHuManuch ¢ BeK-
TOpHBIM NoTeHIaioM 4 =0.
C nenpto obecriedeHUs BHICOKOH TOYHOCTH MOJYYaeMBIX PE3yIbTaTOB IS OJI0-
KOB KOHEYHO-3JIEMEHTHOU MOJIENIH, ONPEACISIONMX AKOPbh U CTATOP JABUTATENS, [TJIMHA

CTOPOH KOHEUYHBIX 2JIEMEHTOB 3a1aBajachk paBHoi 0,3 mMm (pucyHok 1.19).
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Pucynok 1.18 — 'eomerpuueckas ctpyk-  Pucynok 1.19 —Crpykrypa ocecumMmer-
Typa MarHUTHOM CUCTEMBI ¥ JIMHKMI Mar-  PUYHOM Moxenu JIDMJI u ceTka KoHed-
HUTHOTO MTOTOKA HBIX DJIEMEHTOB

[Ipu mocTpoeHNUM KOHEYHO-IJIEMEHTHOW MOJENH B KadecTBe MaTepuaia MarHu-
TOoMnpoBoAa OblIa BeIOpaHa cTanb Hanbosee OJM3Kas o CBOMCTBAM K KOHCTPYKIIMOHHOM
cranu wMapku Crt3. HamarHuymBaromas Cuia KaTyIIKd [PUHUMAIach paBHOM
F=1650 A (I=5A).

Pesynbratel Mccne0BaHUS CTATUYECKUX TATOBBIX XapaKTEPUCTHUK MPEICTABICHBI

Ha PUCYHKC 120, rac KpuBasa ¢ ”HACKCOM 1 XApPaKTCPU3YCT 3HAUCHUA CTATUICCKOTO TA-
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roBOro yCuiiys, 1noJIy4CHHBIC B XOIC (1)I/ISI/I"ICCKOFO OKCIICPUMCHTA IIPHU IMOCTOAHHOM TO-
KC, a KpuBasa ¢ HHACKCOM 2 — 3HAYEHMS CTAaTHYECKOI'0 TATOBOI'O YCUIINA, ITIOJTYUCHHBIC B

X0J€ KOHCYHO-3JICMCHTHOI'O MOACINPOBAHUA.

Fou, H

HEREP
175 4 / / \\\\
A \
Y \
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Y/
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Pucynok 2.20 — CtaTu4eckue TArOBbIE XapaKTEPUCTUKU

VY CTaHOBNIEHO, YTO OTHOCUTEIIbHAS MOTPEIIHOCTh MAKCUMAJIBHBIX 3HAUYCHUM CTa-
TUYECKOTO TATOBOTO YCWJIMS, MOJYUYEHHBIX B X0JI€ KOHYEHO-3JIEMEHTHOTO MOJAECIUPOBA-
HUS, 110 CPABHEHHIO C pe3yibTaTaMH (PU3HYECKOTr0 SKCIIEPUMEHTA, He NpeBbimaet 4%.
OTO MOATBEPKIAAET JOCTOBEPHOCTh MOJYYAEMBIX B XOJ€ KOHEUHO-3JIEMEHTHOIO MOJIE-
JUpOBaHUs pe3ynbTaTtoB. [IpeacTaBieHHbIl B maparpade mopsiioK MOCTPOSHUS KOHEY-
HO-35IeMeHTHOM Mozenu JIDM/J] pucynka 1.18 ObuT HCTIOIB30BaH MPU CO3AAaHUU U HC-
CJIeZIOBaHUU KOHEYHO-3JIEMEHTHBIX Mojeneit JIDM/I, npencraBieHHbIX B TaHHOUW pado-

T¢€.
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1.7. BeIBOaBI

1. BblloIHEH PEeTPOCHEKTUBHBIN MATEHTHO-UH()OPMAIIMOHHBIA MOUCK W aHAIHU3
MOJIYYMBIINX HAHOOJbIIEE PACTPOCTPAHEHHE BAPUAHTOB CXEMHBIX PEIICHHUM JIEKTPO-
MarHUTHBIX KOMIIPECCOPOB. BBIsIBIIEHBI OCHOBHBIE 00JaCTH MPUMEHEHUSI MAJTOMOIIHBIX
ANEKTPOMArHUTHBIX KOMIIPECCOPOB M OMNPEAEIICHbl OCHOBHBIE MYTH UX JAJIbHEHIIETO
COBEPIIEHCTBOBAHUS.

2. TlpencraBiieHbl CHOKHMBIIMECA 3a MOCIECAHUE NECATWICTHUS TEHACHIUU IIpe-
MMYILECTBEHHOr0 Mcnoiab30Banus JIIMJ[ B anekTponpuBoe KOMIIPECCOPHOTO 000PY-
noBaHud. [IpoBeneH AeTanbHbI aHAIW3 U BBIABICHBI IyTH Pa3BUTHS OCHOBHBIX BapH-
aHTOB KOHCTPYKTUBHBIX cxeM JIDM/I, npuMeHsseMBbIX B JIEKTPOIPHUBOAE MAIIOMOITHBIX
KOMIIPECCOPOB.

3. Tlpennoxxennsl HOBbIe KOHCTpykimu JIDMJI ¢ 3yO10BO-1a3oBON 30HOW ISt
AIEKTPONPUBOIA BUOPOKOMIIPECCOPA, MO3BOJISAIONINE MOTydYaTh MaKCUMaJlbHbIE 3HAue-
HUS TSATOBOW XapaKTEPUCTHKHU MPU MaJbIX 3HaYEHUsX pabouero xona skops u odecre-
yuBarolue 0e3yJapHylo paboty yctpoiicTBa. OpUTrHHAIBHOCTD Mpe/iaraéMblX KOHCT-
PYKTHBHBIX pellIeHHH 3anuiieHa narenraMmu PO Ha nosnesnsie MoJieau 1 n300peTeHue.

4. PazpaboTaHa KOHCTPYKTHBHasi cXeMa BHOPOKOMIIpeccopa, B 3JIEKTPONPHUBOJIE
KoToporo ucnoiaszyercs JIOMJI ¢ 3y0110Bo-11a30Boi 30HOM, oOecreunBatomas yaydiie-
HUE TEXHUYECKHX XAPAKTEPUCTUK YCTPOMCTBA M PACIIMPEHUE E€r0 TEXHOJOTMYECKHX
BO3MOKHOCTEN. OpUTMHAIBHOCTDh NPEMNIATAEMOr0 KOHCTPYKTMBHOTO PEUIECHUS 3alllM-
nieHa nareHToM P® Ha nmosie3Hy0 MOJENb.

5. Jlano o6ocHOBaHME KOHEUHO-31eMeHTHOM Moaenu JIDMJI ¢ 3yOroBo-na3zoBoit
30HOM [J7I1 MMUTAMOHHOTO MOJIETUPOBAHMS, OO0ECIEYUBAIOUIEH BBICOKYI0 TOYHOCTH
MIOJIyYa€MbIX PE3YJIbTAaTOB. YCTAaHOBJEHO, YTO OTHOCHUTENIbHAS IMOTIPEIIHOCTh MAKCH-
MaJIbHBIX 3HAYEHHI CTaTUYECKOIO TATOBOTO YCHIIMS, MOJIYYEHHBIX B XOJ€ YUCIEHHOTO
HKCIIEPUMEHTA, HEe mpeBbilaeT 4% M0 CpaBHEHUIO C pe3ysibTaTaMH (PU3HUYECKOTO IKC-
MIEPUMEHTA, YTO MOATBEPKAAET TOCTOBEPHOCTH PE3YJIHTATOB KOHEYHO-3JIEMEHTHOTO

MOACIIMPOBAHMU.
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2. ACCJEJTOBAHUE MATHUTHOM IMPOBOJAMMOCTH BO3AYIITHBIX

3A30POB 3YBIIOBO-ITA30BOM 30HBI

2.2. UccoienoBanne MArHMTHOM NMPOBOAUMOCTH NPH IKBUBAJICHTHOH 3aMeHe

HMJIHHAPUYECKON CTPYKTYPbI Pa3BepHYTOMN

HecmoTpst Ha POCTOTY KOHCTPYKLIHUH 3JIEKTPOMArHUTHBIX IBUTATENEH, TPOEKTH-
pPOBaHHE HMX 3aTPYyIHEHO HEIMHEHHOCTHIO CBOWMCTB HCIIOJB3yEMBIX MArHUTHBIX MarTe-
PHAJIOB U CIOKHBIM MPOCTPAHCTBEHHBIM PACIPEAECICHUEM MATHUTHOTO MOJIS.

AHaTUTHYECKOE MCCJE0BAHNE MAarHUTHOTO MOJS B pealbHOM 00beMe MarHUT-
HOM CHUCTEMBI, OTJIMYAIOIIEMCA F'€OMETPUYECKON M KOMIIO3UIIMOHHOMN CIOKHOCTBIO, B
HACTOSILEE BPeEMs NMPAKTUYECKU HE peanuszyeMo. CTporoe pemeHue 3TOW 3a1add BO3-
MOYHO TOJBKO IPH TIIATEJIBHOM aHAJMU3€ paclpeeseHuss MarHuTHOro nois. [loatomy
IpU MPOEKTUPOBAHUU HOBBIX TUINOB JIDMJI BO3HUKAET HEOOXOAUMOCTH YTOUHEHUS
CYLIECTBYIOUIMX JINOO CO3/1aHMsS HOBBIX METOJUK pacyeTa, OCHOBBIBAIOIIMXCS Ha WH-
dbopmanu 0 Xxapakrepe pacrnpeeseHlsl MarHUTHOTO MOJisi B aKTUBHOM 00beMe Hcclie-
JyeMOM MarHuTHOU cuctemsl [98, 99].

VYuuteiBasi TO, 4TO OCHOBHOE 3HepromnpeoodpasoBaHue B KOHCTpyKuusx JI9MJ]
pucynka 1.16 rmaBsl 1 mpoucxoaut B 3yOILIOBO-IIa30BOM 30HE, TO TOYHOCTh pacyera
MarHUTHOW CUCTEMBbI OyJIeT B OCHOBHOM OIPEAENIATHCS TOUHOCTHIO pacueTa MarHUTHO-
ro MOJIS BO3AYIIHBIX 3230POB 3yOII0BO-MIA30BOM 30HBI 3JIEMEHTOB MAarHUTHOW CHCTEMBbI
JBUTATEJIS.

B kauecTBe mapamerpa, MOMJIEKAIIETO PacyeTy, paccMaTpPUBAETCS MarHUTHAas
MPOBOJUMOCTh BO3AYLIHBIX 3a30pOB 3y0110BO-n1a30BoM 30HBI JIDM/JI. OT TOUHOCTH OII-
pezelieHns ee 3HaYeHUl, B YaCTHOCTH, OyJeT 3aBHCETh TOYHOCTh MOJy4aeMbIX 3Haue-
HUW CTaTUYECKOTO TATOBOIO YCUJIUA 3JIeKTpoMarHuTHoro asuratens [100, 101].

JIns pacyeTa MarHUTHOW NMPOBOAMMOCTH BO3AYIIHBIX 3a30pOB 3JEKTPOMATHUT-
HBIX JIBUTATEJIed NMPUMEHSETCS psAJl METO0B, HAUOOJIbIlIEE PACIPOCTPAHEHUE U3 KOTO-

PBIX IMOJYYUIIN:
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e MeTroa, OCHOBaHHBIM Ha HKCIEPUMEHTAIBHOM HCCIIEIOBAHUU PACTIPENCIICHUS
MarHuTHOTO TOJis MexXay 3youamu. OH OTIMYaeTCsl TPYJOEMKOCThIO U Majlo IPUCIIO-
coOJIeH JIJIsl UCTIONB30BaHUs B aHAMUTHYEeCKuX pacdeTtax [102, 103].

e MeTo BEpOSTHBIX MyTeH moToka (MeToa Porepca), CyTh KOTOPOTO 3aKiIt04YaeT-
Csl B TOM, YTO MAarHUTHOE TOJIE MEXAY 3yOllaMu OIpeeseTcss HA0OpOM MPOCTHIX Ieo-
Metpuyeckux uryp [104]. JanHbIi METO JISKUT B OCHOBE pPsifia CYIIECTBYIOIIUX Me-
TOAMK I10 pacyeTy MarHuTHOM nposoaumoctu [105-117].

e MoaudunupoBanusiii Meroa Porepca, KOTOpbIi OCHOBaH Ha METO/E BEPOST-
HBIX MyTE€H MOTOKa W OTJIMYAETCS TeM, 4TO (opma reomMeTpuyeckux (uryp, omnpesne-
JSIOMIUX XapaKTep MArHUTHOTO MOJIs BOJIM3U BO3YIIHBIX 3a30pOB, Haubosee mpuoIIn-
*KeHa K (opMaM, KOTOpbIE€ OMUCHIBAIOT JIMHUM MArHUTHOTO TMOTOKA B PEaJIbHbIX Mar-
HUTHBIX cucTeMax. JlaHHbI MeToJ ObLT pa3paboTaH JJIsl AIEKTPOMAarHUTOB KJIanaHHOTO
TUIA, & €r0 MCIOJIb30BAaHUE IIPU pacueTe MAarHUTHOM MPOBOJMMOCTH, coryiacHo [118-
120], mo3BonseT noyyyaTh 3HAYEHUSI ¢ MAKCUMAJIBHOW MOTPEIIHOCTHIO HE MPEBBIIIAL0-
e 6 %.

e MeTo pacyeTHbBIX MOJKOCOB, KOTOPBI OCHOBAH HA 3aMEHE MATHUTHOTO IOJS
BOJIM3M BO3JYIIHOTO 3a30pa OJHOPOJHBIM, HE MMEIOIIUM IOJS BBITYYHMBAHUS, MyTEM
3aMeHbl pealIbHbIX pa3MepoB 3YOIOB pacueTHbIMH. [Ipu TOM 3Ha4Ye€HHS] BO3AYLIHOTO
3a30pa U UHAYKUWU B HEM He n3Menstores [103].

e Pacuer MarHuTHOM MPOBOJUMOCTH C TIOMOIIBI0O METO/Aa KOHPOPMHBIX 0TOOpa-
KEHMU. J[aHHBI METON MPUMEHUM U pacyera IIOCKOIapaulesIbHbIX I10JIeH, YAOBIIE-
TBOpsfOLMX ypaBHeHUIo Jlammaca. B ero ocHoBe JiexuT npeodpa3oBaHue, ¢ MOMOIIbIO
(GyHKUMNA KOMIUIEKCHOTO TIEPEMEHHOT0, TI0JIs CI0KHONW KOHPUTYpaIiu B 1oJie TPOCTON
KoH(purypauuu. Ilocne yero BBOIUTCS KOMIUIEKCHBIN MOTEHIMAN, Yepe3 KOTOPBIA OII-
penensiercs HapsKEHHOCTh NoJid. OJHAaKO MPUEMIIEMOE MO CIOXKHOCTU PELICHHE IO-
Jy4aeTcsl TOJIBKO B TOM CJy4ae, €CJIM T'PaHMIbl SKBUIOTCHIUANbHBI. J[aHHBIA METOA
JIEKUT B OCHOBE psiJla METOJIUK pacuyeTa MarHUTHOM nposoaumoctu [121-123].

[IpyMeHeHue Toro WM MHOTO METOJa pacyeTa ompenesnsercs GopMON MarHuT-
HOM CHCTEMBI, U3BECTHBIMHM IPEAEIAMU KOOPAMHAT IOJISI BBITYYMBAHHS U KETAEMOU

TOYHOCTBHIO pacCycCTa.
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HauGonbiiee pacrpocTpaHeHue B MPOCKTUPOBAHUM DJICKTPOMArHUTHBIX JIBUTA-
TeJIeW MOTy4YWIM METOAUKHU, OCHOBAHHBIE HA METOJI€ BEPOSITHBIX IMYTEH MOTOKA U MO-
3BOJISIFOIIME YYUTHIBATH MATHUTHYIO IPOBOJMMOCTH TOJISI BHIITYUYHUBAHHUS.

B nacrosmee Bpemsi I HWIMHAPUYECKOTO BapuaHTa ucnojHeHus JIDMJI c
3y0I10BO-T1a30BOM 30HOW OTCYTCTBYIOT METOJMKH pacueTa MarHUTHOW MPOBOJUMOCTH,
OCHOBAaHHBIE HAa METOJAE BEPOATHBIX NyTel motoka. [loaTomy g ompeneneHusl mar-
HUTHOW MPOBOJUMOCTU OBLIIM BBHIOpaHBbI aHAJIOTMYHBIC METOJUKU, pa3pabOTaHHBIC JIs
pacyeTa MarHUTHBIX CHUCTEM C BBIPAXXEHHOW 3yOII0OBO-TIA30BOM 30HOW B JEKapTOBOM
cucrteme KoopauHar [124].

JI151 KOpPEKTHOI'O COMOCTABJICHUSI PE3YJIbTATOB, MOJYYEHHBIX AHAIUTUYECKU U B
X0JI€ YHUCIICHHOT'O 3KCIIEPUMEHTA, BBINOJIHMAIACH pa3BepPTKa IUIMHIPUUYECKUX BapHUaH-
toB JIDMJI pucynka 1.16. 3y0110B0-1a30BbI€ 30HBI JIBUTATENICH 10 U TMOCJE Pa3BEPTKU
MpEJICTaBIEHBI Ha pUCYHKE 2.1.

JIs1 OLIEHKU BIUSHUSA Pa3BEPTKHU JABUTATENIEN HA MOJIy4yaeMble 3HAUYCHUS MarHUT-
HOM MPOBOJMMOCTH BBIMOJIHSJIOCH CPABHEHUE PE3YJIBTATOB, MOJYUYEHHBIX JJII OCECUM-
METPUYHON TOCTAHOBKHM 33/Ja4¥ C pe3yJibTaTaMM, MOJIYYEHHBIMU MJIsl TJIOCKOIApa-
JIeJTLHOM TIOCTAHOBKHM 3a7adyd. MaKcUMajbHOE PacXokJICHUE B 3HAUYCHUSIX OOBEMOB
AJIEMEHTOB MAarHUTHBIX CUCTEM MPHU MOCTPOEHUH OCECUMMETPUYHBIX M IIOCKOIMApa-
JIETIbHBIX KOHEYHO-3JIEMEHTHBIX MOJIEJIEH OAHOTO U TOro ke Bapuanta JIOMJ He npe-
Beimano 1 % [125].

B xoae 4MCIIEHHOTO AKCIEPUMEHTA 3HAYEHHS MAarHUTHOW MPOBOJUMOCTH OTIpe-
JESUTUCh Yepe3 3HaUCHUsI DHEPTUHM MarHUTHOTO TOJIsi B BO3AYIIHBIX 3a30pax 3yOI0BO-
Ma30BOM 30HBI JIBUTATENs] B MHTEPBAJIC CMEIICHHS 3y0II0B SIKOPSI OTHOCUTEIBHO 3YOII0B

cratopa 0 <x <(a+c)/2. Cmemennto x =0 MM COOTBETCTBOBAJIO MOJNIOKECHHE 3YOIIOB,

MPEICTaBICHHOE HA pUCYHKE 2.1.

Jnst ymenbiienus: 3¢p@exra aCuiMMETPUM MarHUTHOTO TOJISL U TMOJIYyYEHUsS KOp-
PEKTHBIX pE3yJbTATOB, IPU MOCTPOCHUU KOHEYHO-3JIEMEHTHBIX monenen JIDM/I wuc-
MOJIb30BAIMCH JIB€ HAMArHUYMBAIOIIME OOMOTKH, PaCIONIOXKEHHbIE M0 00€ CTOPOHBI OT
AKopst ABuratens. [Ipu 3ToM MarHUTHBIA MOTOK CUCTEMBI MOXHO NPEACTABUTH B BHUJIE

IIOTOKOB, CO31aBaCMBbIX Ka)KI[Dﬁ KaTYIHKOﬁ B OTACIIBHOCTH, TOT'Aa MarHuTHas1 CUCTCMa
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Pucynok 2.1 — BapuanTsl 3y0110B0-11a30B0# 30Hb1 JI9M/]
YCIIOBHO pa3OuBaeTcsi Ha JABe mojcucteMbl. Mcxoas u3 3Toro, MarHUTHYIO MPOBOJIU-
MOCTb A N1 OTHOM MOJACUCTEMBI MOKHO BBIPa3uTh Yepe3 notokocuersienue W:
A= % , (2.1)
wol
rjae [ — TOK, w — 4MCII0 BUTKOB KaTYIIKH.

YuuteiBas TO, YTO ITIOTOKOCHCIIJICHUEC CBA3aHO C BHCPFHeﬁ MAargamMTHOI'O ITOJIsA WM

qepe3 COOTHOIICHHC:

Y/
Wy=—, (2.2)
2
TO BBIPAYKEHUE JIJI1 MAarHUTHOW MPOBOJAMMOCTH MPUMET BU:
2Wy,
A= 7 5 (2.3)
w1l

IIpu ycnoBuu paBeHCTBA TOKOB, YUCEN BUTKOB B KO U3 KAaTyIIEK U Pa3MEPOB
CE4YeHMI 3yO110B, (popMyia MAarHUTHOW MPOBOJUMOCTH BO3YIIHBIX 3a30pOB 3yOII0BO-
M1a30BOM 30HBI IBUTATENS IPUMET BUJL:
nild%

Ag=A-2=
(1)’

(2.4)

UKCHEHHBIN YKCIIEPUMEHT MPOBOAWIICS MPHU CIEAYIOUIUX T€OMETPUUECKUX COOT-
HOIICHUAX 3yOI0BO-1Ma30Boil 30HB: A/a=0,075+02, c/a=15, bla=1, I /a=11,
n=3+5u a=4mm, rae a — mmpHHa 3y011a, ¢ —MeXk3yOIl0BO€ pacCTOsIHUE, b — BHICOTA
3y01a, A - TEXHOJIOIMYECKUM BO3AYIIHBIN 3a30p, 71 — YHUCIIO 3yOII0B, /| — JJIMHA SIKOPSI B
pa3BepHYTOM BapUaHTE UCTIOTHEHUs aBurarens (pucyHok 2.1, 6 u pucynox 2.1, r), om-
penensiemas U3 BelpaxkeHus [, = n(r, +r,) [125], rne 71 u r, — COOTBETCTBEHHO BHYTPEH-
HUW U BHEUTHUH panychl akops (pUCYHOK 2.1, a u pucyHok 2.1, B).

s BapuaHTOB 3yO110BO-ma3oBoil 30HbI JIDMJI pucynka 2.1, B-r, 3HaueHue
Ay — 0, a 1 BapuaHToB pucyHKa 2.1,a-0 — A = Ay =A.

IIpu 5TOM 3HaYeHHWE TOKAa U HAMAarHWYMBAIOLIEH CHJIBI KaTYIIKU JJI1 BAPUAHTOB
JBUTaTeNel, N300pakeHHbIX Ha pucyHke 2.1, a-6 coctaBunu F =325A u [ =0,65A, a

JUIsl IPEACTaBIeHHBIX Ha pucyHke 2.1, B-r, F=175A u [ =0,35A. Ilpu cmeuenuun
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3yOnoB x = (0 MM 3Ha4eHHE MarHUTHOM MHAYKIUU B CTalIu coctaBuio B.. =0,23Tn, a B
BO3JYIIHBIX TEXHOJIOTMYECKUX 3a30pax A; u A B npenenax Bp =0,15+0,2 Tn. Mar-

HUTHBIE CBOICTBAa MAarHUTONPOBOJA OBUIM 3aJaHbl B BHUJE 3aBUCUMOCTH MHAYKIUU OT
HaMpsHKEHHOCTH MAarHUTHOTO 1oJist B(H) U cOOTBETCTBOBAIM KOHCTPYKIIMOHHOW CTalu
mapku Ct3.

BbII0 yCTaHOBIIEHO, YTO BBIPAKEHHAS B MPOLEHTAX PA3HUIA B 3HAYECHUSX Mar-
HUTHOM MPOBOJUMOCTH BO3JIYIIHBIX 3a30pOB 3yO1I0BO-Ma30BbIX 30H, H300pa’KEHHBIX Ha
pucynke 2.1, a u pucynke 2.1,0, He nipeBbItaeT 6 %, a 1t IpeACTaBICHHBIX HA PUCYH-
ke 2.1, B u pucynke 2.1, r — 8%.

B xauecTBe HarJISIAHOTO MPUMEpPa Ha PUCYHKE 2.2 MPEACTABIEHbI PE3yJIbTaThl HC-
cienoBanus s Bapuanta JIDMJI, 3y0noBo-ma3oBasi 30Ha KOTOPOro M300pakeHa Ha
pucyske 2.1, a-6. B ganHOM ciydae 3KkcriepuMeHTalIbHbIe 3HAYEHUS] MarHUTHOM MIPOBO-

AUMOCTH, IIOJIYUCHHBIC IIpU OCCCHMMCTpH‘IHOﬁ IMIOCTAHOBKC 3dJa4H, XaPaAKTCPU3YCT

1 o
KpuBast An , d IIPU IINTOCKOIIApAJUICIIbHON ITOCTAHOBKE 3a/1a49X — KpUBasd An .

B paccmarpuBaembix Bapuantax JIOMJ| paGounii MarHUTHBIA MOTOK MPOXOJIUT
yepe3 BO3IYILIHbIE 3a30pbl 3y01I0BO-11a30BOM 30HBI, KOTOPbIE OKA3bIBAIOT CYLIECTBEHHOE
BIIMSIHME Ha CO3/1aBaeMO€ TIAroBoe ycuiue asurateins. [lostomy ObL1 npoBeseH aHao-
TUYHBI YUCIIEHHBIA JKCIIEPUMEHT I10 OIPEIEIICHUI0 CTaTUYECKOIO TATOBOTO YCWIMSA
JUISL Pa3IMYHBIX IIOCTAHOBOK 3a1a4H.

C wenbro onpeaeneHusl BIUSHUS HACBIILIEHUS! MarHUTHOW CHCTEMbI Ha 3HAYECHUS
CTaTUYECKOI0 TATNOBOIO YCWJIMS IIPU HM3MEHEHHMM IIOCTAHOBKM 3a7a4yd KOHEYHO-
AJIEMEHTHOE MOJEIMPOBAHUE BBIMOJHAIOCH ISl IBYX 3HAYCHUM MHAYKUIHUU B CTAJIU:

B.; =08Tnu B, =1,6T.

Pe3ynbTaThl YUCIEHHOTO SKCIIEPUMEHTA JIJI1 BapuaHTOB pucyHKa 2.1, a-0, mpen-
CTaBJIEHHBI HA pUCYHKe 2.3, a, a i1 BApUaHTOB pUCYyHKa 2.1, B-T — Ha pucyHke 2.3, 0.
B nanHOM ciydae KpuBBIE, XapaKTEPU3YIOIINE 3HAYEHUSI CTATUYECKOTO TATOBOTO YCH-
aMs I8 OCECMMMETPUYHOM IIOCTAHOBKM pEIIeHUs 3anaud npu B, =1,6Tn u

B.; =0,8 Tn 0603HaueHBI COOTBETCTBEHHO 4epe3 [ u F 1, & I TUI0CKOTapauieTbHON

IMIOCTAHOBKH PCHICHUSA 3a1a49H — UCPC3 F2 u FJQ.
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A, T, 10°

! |
0.9 Ala =0,125 ]
0.8 /

A | A / ,O%/
-l

0,7 1

0,1

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

PucyHok 2.2 — 3HaueHHs] MAarHUTHOM ITPOBOJAUMOCTH

YCTaHOBJICHO, 4dTO IIPHU U3MCHCHUU ITOCTAHOBKHU 3aJa4u C OCCCHMMCTpH‘IHOﬁ Ha
IUIOCKOIIAPAJUICIIBHYIO pa3HUIId B MAKCUMAJIBHBIX 3HAUCHUAX CTATHYCCKOI'O TATOBOI'O

yCUIIMS, BBIDAKEHHAs B IPOLICHTAX, Js BapuaHTOB pucyHka 2.1, a-6 npu B, =1,6Tn
He npesbimaer 10%, npu B, =0,8Tn — 11%, a n1s BapuanToB pucyHka 2.1, B-T npu
B.; =1,6Tnu B, =0,8Tn ne npespimaer 10 % u 14% coorsercrenHo [125].

HpI/I 9TOM MAKCHUMAJIBbHBIC 3HAYCHHA CTATUYCCKOI'O TATOBOI'0O YCUIINA JOCTUTAXOT-
Cia IIPHU OJHUX U TCX KC IMOJIOKCHHUAX 3}76]_IOB AKOPA OTHOCUTCIIBHO BY6HOB c¢raTropa HEe-
3aBUCHUMO OT ITOCTAHOBKH 3a/1a41 B YHCJIICHHOM JKCIICPUMCHTC.

BBISIBJICHO, 4dTO YBCIMYCHHUC MHAYKIHWU B CTAJIU B 2 pa3a HC OKa3bIBACT CYHICCT-
BCHHOI'O BJIMAHHA HA BBIPAXKCHHYIO B IIPOLCHTAX PA3HUIY B 3HAYCHHUA CTATUYCCKOIO
TATOBOT'O0 YCHUIINA, ITOJIYYCHHBIX IIPHU PA3BCPTKE JIMHEHUHBIX QJICKTPOMArouTHBIX ABUTA-

Tenel ¢ 3y010BO-T1a30BOM 30HOM.
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CnenoBaTenbHO, PE3yJAbTaThl YUCICHHBIX SKCIIEPUMEHTOB, MOJYYEHHbIE JJIs1 pa3-
BepHYThIX BapuaHToB JIDM/J] c 3yO110BO-TIa30BOM 30HOW, MOTYT OBITh HCIIOJIb30BaHbI
MPU pacyeTe aHAIOTUYHBIX HWIMHIPUYECKUX BAPUAHTOB IJIEKTPOMATHUTHBIX JABHUTATE-

JIen.

2.2. IlpuMeHeHHEe KOPPEKTHPYOIIEro KO3 GuuueHTa B 3aJa4ax onpeaeae-

HMSI MATHUTHOM IMMPpOBOANMOCTH

Kak ormeuanocs B nmaparpade 2.1 pacuer MarHuTHOM TPOBOJAMMOCTH BO3TYIITHBIX
3a30poB 3yO110BO-11a30B0M 30HBI JIDMJI pucynka 1.16 mpenmosiaraeTcsi BHIIOJHSTH B
JIEKapTOBOU CHCTEME KOOPJWHAT MO METOJAMKAM, pa3padOTaHHBIM JJIsl TEOMETPUYECKU
MJIOCKUX MarHUTHBIX CUCTEM C BBIPAXKCHHOM 3yOII0BO-1ma30BOM 30HOM. OTHAKO KOHCT-
PYKTUBHOE HCIOJIHEHHUE 3JIEMEHTOB MarHuTHOW cuctembl JIOMJI pucynka 1.16, B
MpEeaIoaaraeT TPEXMEPHOE PEIICHUE 3aaud ONPEICICHUS MATHUTHOM MPOBOJIUMOCTH.
[Tomtoca cTaTopa OXBaTHIBAIOT SIKOPh YACTHYHO, & 00JaCTh MX B3aWMOJICHCTBUS OIpe-
JeNSIeTCsl YTJIIOM PAaCKpBITUS O M YUCJIOM Tap MOJ0coB z crartopa. lIpeneOpexeHue
JAHHBIMU BEJIMYMHAMHU MOKET BBI3bIBaTh CYILIECTBEHHOE YBEJIMYEHUE MOTPEIIHOCTU

3HAUYCHUM MarHuMTHOM IMpOBOANMOCTH. Ha ocHoBanuu 3TOro BBOIUTCA KOPPCKTHUPYIO-

Ui KodQGUIUEHT k|, yUUTHIBAIOIUN YIJIOM PACKPBITHS OL U YUCIIOM Map MOJIKCOB Z
craropa:

ky =(a-z)/180. (2.5)

JUis OLIEHKM KOPPEKTHOCTH BBOAMMOIO KO3 (ULUeHTa k| ObUIO BBIIIOJHEHO CO-

MOCTABJICHHE 3HAYEHUN MATrHUTHON MPOBOJMMOCTH, MOJYYEHHBIX ISl OCECUMMETPHY-
HOW MOCTAaHOBKU 33/1a4¥ C YMHO)KEHHUEM Ha KOPPEKTUPYIOUIUI KodhdULueHT A u 11
IJIOCKOMapaieIbHOM MOCTaHOBKE 3a/1auu (pucyHok 2.4). PazHuiia B o0beMax MarHut-
HBIX CUCTEM NPU U3MEHEHHMH MOCTAHOBKHU 3aJla4d B YUCJICHHOM JKCIIEPUMEHTE HE Ipe-

BeIana 2 %.
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3HaueHUsI MarHUTHOMH MMPOBOAUMOCTH OIIPCACIIAINCE YCPC3 3HAYCHHA IDHCPIUU

MAaravuTHOI'O IIOJII B BO3AYIIHBIX 3430pax 3y6u030-na3030171 30HBI ABHUTATCIIA COI'JIACHO

bopmyne (2.4).

HccnenoBanue BBIONHAUIOCH JUISL YKMCIIA NIAp MOJIOCOB cTatopa z1 =1, zp =2 n
yria Ux packpbitvsi B uHtepBaie o =180+115 rpax, oy =90-+58 rpaxg coorserct-
BeHHO. [Ipu 3TOM y4HUTBIBAIOCH, YTO MIUPUHA TOJIFOCA [, HE TOJKHA OBITh MEHBIIIE A~
MeTpa Kops sz =1 u paauyca sikopsi — ISl zp =2 (pUCYHOK 2.4).

B tabnuue 2.1 npencraBieHbl MUHUMAIBHO JIOMYCTUMBIC 3HAUYCHHS O, B 3aBUCH-

MOCTH OT YMCJIa I1ap IMOJKOCOB z CTATOPA.

Tabnuma 2.1 — OnpeneneHrue MUHUMAIBHOTO JOMYCTUMOTO yria o

Yucno nap dopmyiia pacueTa MUHUMaJIbHON MakcumanbHO
ITOJIFOCOB JUTUHBI TOJIF0Ca CTaTopa JOIYCTUMBIH yroJ o
cTaTopa
1 ., mro 115 rpan
2min 90
2 o, _ma 57,5 rpan
e 180

B tabnuny 2.2 6bU1M CBEAEHBI 3HAUEHMsI KOPPEKTUPYIOLIET0 KoddduuueHTa k B

3aBUCUMOCTH OT 3HAUCHUM O U Z.

Tabnuua 2.2 — 3HadyeHnss KOppeKkTUpyroumero kodxppunueHra ky

Ilokazarenu 3HadeHus rmokKa3zarejieu
ki.o.e AN |~ | =] en| O || N S| =]
I» ©-%- ~| S| —| 0| ©ln] S | Kl v |l | o &
T O\ O O R R K| X || Y| Yl Y
Sl ol Sl ool o | ool o]l oo
anpu z; =1, rpax olwvn| ol v olwvnolwnvn | oln| olnvn | ol n
|~ RO v At TF|en | AN Q| —~
p— p— p— p— p— p— p— p— p— p— p— p— p— p—
O TIpH zp =2, rpan AR R S R R R S Y Y s I st
e~ N e~ IS ~ A ~
Nl o Pl P =T Toe Y| Y n

BBuay 1ByXMEpHOIO MOCTPOCHUSI KOHEUHO-3JIEMEHTHBIX MOJIENIEH, IKOPb JBUTra-
Tes uMen (GopMy CIUIOIIHOTO HUIUHAPA. Tak Kak HCcClieJOBaHUE MTPOBOJUTCS JIJISl KOH-

ctpykuun JISMJI ¢ 3y010Bo-n1a30BOM 30HOM, TO MPU OCECUMMETPUYHON MOCTAaHOBKE
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3a1a4H OBLJI0 BBHITIOJIHEHO U3MEHEHHE (1)0pr1 AKOpA C HpeI[CTaBHeHHOﬁ Ha PUCYHKC 25,
d, Ha BaApUaHT PHUCYHKA 25, 6, IIpu 5TOM MAKCHMAJIbHAA IPOLUCHTHAA pa3HUIIA B IIOJTY-
YaeMbIX 3HAUCHHUSIX MArHUTHOM IMPOBOANMOCTH HC IMPCBLICUIIA 0,3 %.
Koneuno->n1eMeHTHOE MOACIUPOBAHUC BLITTIOJIHAJIIOCH IIPU CIICAYIOIUX I'COMCT-
PHYCCKUX COOTHOHICHHAX MW pasMCpax CHIIOBBIX 3JICMCHTOB MariMTHOM CHUCTEMBI:

Aa=0,075+02, c/a=15, bja=1, I,=a-n, n=3 u a =4mm. Paguyc sikops omnpe-
JleNIsUICS MCXOM U3 PaBeHCTBa IUlolaeil cedenuii sskopst S, = m7° 1 3y6110BO-Ia30B0i

30HBI S, = 2nran =2nrl, (pucyHok 2.5).

\ NN |

N\ A | a

A
Y

A

\
N

Pucynok 2.5 — Pabouune 30161 JIDM/]

B xauecTBe HarjasiAHOrO MpUMepa Ha pUCyHKe 2.6 B BUJE KPUBBIX MPEICTABICHBI
pe3yabTaThl KOHEYHO-3JIEMEHTHOTO MOJenupoBanus st cinydas A/a =0,125. 3nage-
HUSl MArHUTHOW IPOBOJMMOCTH, MOJyYEHHBbIE Ul ciaydast z; =1 U z, =2, Xapakrepu-
3YIOT COOTBETCTBEHHO KpuBble A; U A;. 3HAaUeHHs] MAarHUTHOMN MPOBOJUMOCTH, IMOIY-
YeHHbIE MMPU OCECUMMETPUYHON MOCTAaHOBKE 3a/laud C YMHOXKEHHUEM pe3yJbTaTOB Ha
KoppekTupyoomui kospduuuent ky, ana JIDMJL ¢ 3y010BO-na30Boi 30HOM pUCYHKa
2.5, a xapakrtepusyeT kpuBas As, a 1 JIOMJI ¢ 3y0110B0-11a30BoM 30HOM pHUCYHKa 2.5,
0 — kpuBas Ay.

YCTaHOBHCHO, 4TO IMpU N3MCHCHUHU ITOCTAHOBKH 3a/1a4H C OCCCHMMCTquHOfI Ha
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MJIOCKOTIApaJUICNIbHYI0 Pa3HUIIA B 3HAYCHUSX MArHUTHON MPOBOJAMMOCTH, BhIpaKCHHAsI
B IIpOLeHTaX, pu z; =1 u a; =180rpan He npespimaer 3 %, a g coydast zp =2 U
o> =90 rpag — 4 %.

A, T, 10°
3

Aa=0,125

2,8

2,6

2,4

N~ M
2.2 T

2 ~

1,8 —
1,6 N
14 Al A2 A3 A4

b

/
[/]

1,2

b

1

90 87,5 85 82,5 80 77,5 75 72,5 70 67,5 65 62,5 60 57,5
(zp =2) a,rpan.

180 175 170 165 160 155 150 145 140 135 130 125 120 115
(z1 =1) a,rpan.

PucyHok 2.6 — 3HaueHHs] MArHUTHOM MTPOBOJAUMOCTH

[Ipu 3TOM MakcumasbHas pa3HUIlA B 3HAUEHUSIX MAarHUTHOU MPOBOJAMMOCTH, TO-
JYYEHHBIX TTPU U3MEHEHUHU MOCTAHOBKH 3a/1a4M ¢ OCECUMMETPUYHON Ha IJIOCKOIapal-
JENIbHYI0, BBIpAaXKEHHAs B IpoOLEHTaX, cocTaBisieT 13 % npu a; =120rpag (o, =60
rpan).

Ha ocHoBanuu storo B popMyny KoppekTupytomero koddduimenta obijia BBe-
JileHa KOPPEKTUPOBKA, TO3BOJISIONIAS YYUTHIBATH PA3HUIy B 3HAYEHUSIX MArHUTHOU
MIPOBOJIMMOCTH, TOJYYEHHBIX MPHU OCECUMMETPUYHON U TIIOCKOMAapasuIeIbHOW MocTa-

HOBKax 3aga4uvl B YUCJICHHOM 3KCIICPHUMCHTC!
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ky =(1,06-0.-2)/180 (2.6)

IIpu 3TOM MakcHmasbHas MPOLEHTHAs Pa3HUIA B MOJYYCHHBIX 3HAYEHUSX Mar-
HUTHOM MPOBOAUMOCTH yMEHbIIIaeTcs B 2 pa3a. [Ipensnaraemplii KOppEKTUPYIOMINN KO-
s puiment k; MOXeT OBITh UCIOJIB30BaH MPU YUCICHHOM MOJICIUPOBAHUM BAPUAHTOB
JIOM]I, reomeTpuueckasi CTpyKTypa KOTOPBIX MPECTABICHA HA PUCYHKE 2.4.

B maparpade 2.1 ObUIO0 yCTaHOBJIEHO, YTO pa3BEepTKa JBUTATENS MPU KOHEYHO-
3JIEMEHTHOM MOJEJIMPOBAHUM HE OKA3bIBACT CYIIECTBEHHOTO BJIHSHHS HA IMOJIy4aeMble
3HAYEHUs] MAarHUTHOW mpoBoauMOcCTU. I[losTomy nns BapuantoB JIDMJI pucynka 2.4
ONPEICIICHUE MAarHUTHOM ITPOBOJAUMOCTH MPEIIATAETCS BBINIOJIHATD B Pa3BEPHYTOM BU-
JIe C TOCIIEAYIOIIUM YMHOXEHUEM Ha COOTBETCTBYIOLIEE 3HAUYEHUE KOPPEKTUPYIOILIETO

KOC—)(i)(i)I/II_II/ICHTa kl . HOJIY"ICHHBIC IIpu 3TOM 3HAYCHUA MOI'YT OBITh HMCIIOJIb30BaHBI JJIA

IMPOBCPKNU TOYHOCTH PC3YJIbTATOB AHAJIUTHYCCKUX PACUYCTOB MariuMTHOM IMpOBOAHUMO-

CTH.

2.3. CpaBHeHHe NOAXO00B PaciyeTa MArHUTHOM MPOBOAUMOCTH, OCHOBAHHBIX

Ha ME€TOA€ BEPOATHDBIX nyTeﬁ IMOoTOKAa

Jlsist pacyeTa ¥ aHalM3a MAarHUTHOM MPOBOJUMOCTH BO3AYUIHBIX 3a30pOB 3yOI[0-
BO-11a30B0i 30HBI JIDM/I, ObLIM BBIOpAHbI MOAXO/IbI, OCHOBAHHBIE Ha METOJIE BEpPOSIT-
HBIX ITyTeH MOTOKa, HauboJiee MPoCcThie B pacuere u 00pabOoTKe MOTy4yaeMbIX TaHHBIX.

Pacuer MarHuTHOM POBOJAMMOCTH BBITIOIHSJICA C LEIBIO ONPEAEICHUS NPEIEIIOB
MCIIOJIb30BaHUS MPEJICTABICHHBIX B JAHHOM Maparpade MeTOIuK JUIsl MPOEKTUPOBAHUS
JIDMJI, paccmotpenHbix B aparpade 1.5. (pucyHok 1.16).

Bce paccmaTtpuBaemble METOAMKM ObUIM pa3pabOTaHbl JJIsl pacyeTa MarHUTHBIX
CUCTEM C BBIPAKEHHOM 3yOIIOBO-I1a30BOM 30HOM B JI€KapTOBOM CHCTEME KOOpIMHAT.
JI1s1 KOPPEKTHOTO COMOCTABJIEHUSI PE3yJIbTATOB, MTOJYUYECHHBIX AHAJIUTUYECKU U B XOJIE
YUCJIEHHOTO JKCIEPUMEHTA, BBINOJHIACH Pa3BepTKa LWIMHAPUYECKUX BapUAHTOB
JIODM/I. 1Ipu >KBUBAJIEHTHOW 3aME€HE LWIMHAPUYECKOW CTPYKTYpPbI pa3BEpHYTON y4u-

THIBAJIUCh PE3YyJIbTATHI, TTOJTyUYeHHbIC B maparpade 2.1 u nmaparpade 2.2.
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Pacyer MarHuTHON NMPOBOAMMOCTH BO3AYLIHLIX 3a30poB MeToaoM Porepca
(MeTox BepOSAATHBIX MYyTel MOTOKA) HA IPAKTUKE MOJYYHJI JOCTATOYHO IIHUPOKOE MPH-
MeHeHue Ojarojapsi HarJIsIIHOCTH U MPOCTOTE MCIONb30BaHUA. B M3BecTHBIX paboTax
[103, 104, 115] npuBeneHsl pacueTHbie GOPMYIBI 1151 ONPEIeIEHUS MATHUTHON TTPOBO-
JUMOCTH Dsiia MPOCThIX (UTYp, MAaTEMAaTUUYECKOE BBIPAKEHUE KOTOPBIX MPEACTABISIET
Co00i1 4aCTHOE OT JEJICHUS CPEHETO 3HAYCHUS MONEPEYHOr0 CEYEHUs S, Ha IIyTHU I10-
TOKa 10 PACCMATPUBAEMOMY JJIEMEHTY Ha JJIMHY CPEAHEN JTMHUU MAarHUTHOW UHAYKIIUH
lep. Ilone BBIMYYNBaHKA B JaHHOM CIlydac ONMCHIBAETCA (QUIypaMu B BHIE YETBEPTEH U
MOJIOBMH KPYToB U KoJiell. CoriacHo TaHHBIM, NPUBEACHHBIM B [ 104 ], mupuHy N0JIOBUH

U YETBEpPTEU KOJEL peKOMeHayeTcsl npuHuMarh paBHod 0,5A +2A, rne A — TexHONO-

TUYECKUN BO3AYIIHBIN 3a30p. OJHAKO B peajbHbIX MAarHUTHBIX CHUCTEMAax IMPH JI0CTa-
TOYHO OJIM3KOM PACIOJIOKEHUH 3YOII0B IPYT K APYTy Ha reoMeTpuueckue purypsl, om-
peNesAIoe 0JIe BBITYYUBAHUS, CYIIECTBEHHOE BIUSHHE OKa3bIBaeT MEXK3yOIIOBOE
paccrosinue ¢ (pucyHok 2.8), koropoe B [112-114] npemyiaraercst y4uThIBaTh C TTOMO-

IO MTOMPABOYHOT0 KO DHUITUEHTA (.
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Pucynok 2.8 — Dcku3 3y0110BO-11a30BOM 30HbI
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Cytp metonuku [114] 3aknrouaercs B ClAEAYIOMIEM: IIPU Pa3IMYHbBIX 3HAYCHUSAX

MEX3yOIIOBOIO PACCTOSIHUS ¢ MarHUTHas MPOBOJUMOCTbH TMOJS BBIMYYMBAHUS MEXIY
I

rpansMu A U A" (pucyHok 2.8), OyJeT onpeaensThCcs C y4eTOM MOMPaBOYHOTO KO3 (-

(GuIueHTa ¢ cIeayoLUM 00pa3oM:

npu ¢ > 2b
4b
A,-0=A,;-1=0,32up/; -In ; 2.7
o P i¢ Lol O,SA ( )
npu A<c<2b
n 2b-A
A"y A
A c0o=A - ; 2.8
e (2b—Aj1 T c=A =
4 A

rjae /| — qHa 3yona, b — BeicoTa 3y011a, A — BO3YIIHBIM TEXHOJIOTUUECKU 3a30D,

¢ — MEX3yOIIOBOE PaCCTOSIHUE, ) — MAarHUTHAS MOCTOSIHHAS, paBHas 47 - 107/ Th.

Jlnst ciaydas ¢ < A monpaBounsiii Kodhurment ¢ = 0.

MarHuTHbI MOTOK MEXAY BHEIIHUMH TpaHsiMu A U A; TPOXOIUT B CBOOOJTHOM
IIPOCTPAHCTBE U, CIEAOBATEIbHO, MArHUTHAs MPOBOAUMOCTb A, B JaHHOM CJIy4Yae BBbI-
yucIseTcs npu @ =1, To ecTh 6€3 yueTa BIUSAHUS MEK3yOIIOBOI'O PACCTOSIHU C.

Toraa dbopmyna MarHUuTHON MPOBOJMMOCTHU JIJIsi OAHOM Hapbl 3yOLIOB C y4ETOM

BBIIIIEU3IIOKEHHOTO U coracHo [114] OyaeT BRIUUCIATHCS KakK:

Ay =Ay+Ay-(0+1)= “OA“ZI +0,32p0/; - In 04b (o+1), (2.9

SA

b

e A, — MArHATHAS IIPOBOAMMOCTB MEXIy IpaHsMi B u B, kotopas ompenemsercs reo-
MeTpUYecKoi PUrypoi B BUje MPU3MbI U BBIYUCIISETCS COTJIACHO METOAY BEPOATHBIX
nyten notoka [ 104].

B pab6ote [98] npeacTaBicHa MeTOAUKA pacyeTa MArHUTHON NMPOBOAMMOCTH C
Y4eTOM MONPAaBOYHOro KO3I(pPuuueHTa @, MOJYICHHOTO IKCIIEPUMEHTAIIBHO TIPHU 3a-

HaHHBIX TCOMCTPUUCCKUX COOTHOIICHUA SY6HOBO-H330BOﬁ 30HBbI ABUTI'aTCJIA.
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B kauecTBe mpumepa Ha pucyHke 2.9 mpeacTaBieHa KOH(UTYypalys MPOCTHIX
Tr€OMETPUUECKUX (DUTYD, MOTYYaeMbIX MPU pa3OMBKE MArHUTHOTO MOJIS IO Tpejjiarae-
MOU METOJIUKE.

Cornacuo [98] mist coorHomenus ¢/a <1 u 3HaYeHHi cMemeHust 3yoroBx =0,
x =(a+¢)/2 nonpaBoYHbI KOIPOHUIKEHT 0, 3aBHCHUT TOJIBKO OT pazmMepa Mex3yOI[0BO-
TO paccTosHUS ¢ M 0003HauaeTcs yepes ay. s cooTHomeHus 1< c/a <2 u 3HaveHus
cMmerennss X = (a +c¢)/2 monpaBoYHBIA KOI(POHUIUEHT 0 3aBHCHT TOJBKO OT [IMPUHBI

3yb1a a 1 0003HavaeTCs 4epes 0.
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Pucynok 2.9 — Kaptuna pa30MBKM MarHUTHOTO MOJIS
B paboTte [98] npencrasieH psii KPUBBIX, ONPEASISIOMMUX 3HAYeHUsT Ko puiiu-
CHTOB 0, U 0y IPH 33JaHHBIX T€OMETPUYECKUX COOTHOIIEHHAX 3yOLI0BO-N1a30BOM 30HBI

JIBUTQTEIA.

Huxe npusenensl GopMysbl pacueTa MarHUTHOW MPOBOJMMOCTH 1O paccMaTpHu-
BaeMoi mMeroauke [98] must ciywast ¢/a > 1, B cBsI3u ¢ TeM, 4TO [uisl BapuaHToB JIDM ]I
pucyska 1.16 maparpada 1.5 naHHOe reoMeTpruIecKoe COOTHOLIEHHE paBHO ¢/a =1,5.

YuurteIBasg TO, YTO O, U Oy SBJIAIOTCS NEPEMEHHBIMU, KOO(QQHUIUEHT 0. MOKHO

MNpCaACTABUTDb KaK UX CpeI[HeapI/I(i)MCTI/ILICCKOC:
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a
o=

+0Ld
2

q

(2.10)

[Ipy yka3aHHBIX AONYyHICHUSX (OPMYJIBI pacyeTa MAarHUTHOM MPOBOJAMMOCTU

MPUMYT CJIEAYIOIIUI BUL:

mpu x =0
a 2,3 ac
A, =nl —+1g(1+—) |; 2.11
a MO[A _ A)} (2.11)
c
npu 0<x<—
P 2
A =nlp, a-x 46 g 1+ +llgA+a(c_x) + x : (2.12)
A o A) 2 A+ox A+a(c—x)
c
npu —<x<a
P 2
a-x 4,6 oc A+ c—Xx
A=nlp =2+ 22 1g] 1+ j+lg PR : (2.13)
A o 2A A+a(c—x)| A+a(c—x)
npnaéxéc+a
4,6 A+ A+ c—Xx xX—a
A=nlp, {2 1g 2 g 2 |4 + (2.14)
o A+a(x—a) A+a(c—x)| A+a(c—x) A+o(x—a)
S
P 2

(2.15)
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Tax >xe B [98] mpemyaraercss 1onylieHUE, COrNIACHO KOTOPOMY KO3 PuUIueHT o

JUHEHHO 3aBUCUT OT KOOPJIMHATHI CMCIICHHUS X 3yOIIOB SKOPS OTHOCUTEIBHO 3YOITOB
cTaTropa, TO €CTb 0. =0y —kx, rae k = (ad —0q )/a npu c¢/a > 1. [Ipu 1aHHOM JIOTIyIIIE-

HHUU (1)OpMy.]IBI pacacTa MariMTHOM MMPpOBOAUMOCTU TPUHUMAIOT CJICJIYIOH_II/Iﬁ BHU:

npu x =0
a 23 adc
A =nlpg| —=+——lg(l+="= 2.16
IHO{A o g( A } (2.16)
c
npu 0<x<—
p X 5
A:”lluo 4.6 ]g(l+wj+llgA+(ad_]€x)(c_x) +a—x+
o —kx 2 A+(ay —kx)x A

N X }; (2.17)
A+(ay —kx)(c—x)

c
npu Eéxéa

4,6 {1g(1+(“d_kx)cj+1 At(ug—hko)e/2 | a-x

A =nhpg
oy — 2A A+ (o  —kx)(c—x) A

+ e }; (2.18)
A+(ay —kx)(c—x)

npu a < x < (c+a)/2

4,6 {1 At(ag—hkoe/2 | At(og—hkoc/2

A—nlluo{ A+(0Ld—kx)(x_a) gA+((xd—kx)(C—x)

(ld —kx

+ e + o }; (2.19)
A+(ay —kx)(c—=x) A+(oy—kx)(x—a)
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IIpUu X =

1 (IqC
c—a 9,2 +Z
A = nlypyg + 2210 (2.20)
A+o,(c-a)/2 o, (c—a)
A

CornacHo HCClEeAOBaHUSAM, MPEACTABICHHBIM B [98], OTHOCUTEIbHAS TOTPEI-
HOCTh PacyeTHBIX 3HAYEHUN MArHUTHOW IMPOBOJUMOCTH, MOJYYEHHBIX MO IMpejarae-
MOW METOAUKE, HEe npeBbImaet 15 %.

B [117] paccMoTpeHa MeTOAMKA pacyeTa MATHUTHOW NMPOBOAMMOCTH C yue-
TOM MHMMOTO yria. CyTb METOJUKH COCTOUT B TOM, 4TO (pakTudeckrne OOKOBBIE CTEH-
KM 3yOLIOB MpeiaraeTcsi 3aMeHsITh (PUKTUBHBIMHU, C HAKJIOHOM K TOPU30HTAIbHOU JIHU-
HUU oA yriom 3 (pucyHok 2.10), ¢ 11es1bl0 YMEHBIIEHUS MOTPEIIHOCTH PAaCYeTOB, BO3-
HUKAIOIIEH MpHU 3aMEHE PEeaJlbHOI0 MAarHUTHOTO TMOJsi HAaOOpOM reoMeTpuuecKux ¢u-
ryp. IIpu 3ToM MarauTHasi IPOBOAMMOCTH B BO3/YIIHOM 3a30p€ ONpeIesieTcss HabopoM
reOMETPUYECKUX (PUTYp COrTacHO pUCYHKY 2.10.

Cornacuo [117] nmpu B=1 pax Qopmynbl pacyeTa MarHUTHOW MPOBOJUMOCTHU
MOT'YT OBITH TTpeOoOpa3oBaHbl U JIaHbI B BUAE PYHKIIMH yTila paccoriacoBaHus 0 3y01ioB

SAKOpPSA OTHOCHUTCIIBHO 3 6]_IOB craTopa, KOTOPBIN OIIPCACIIACTCA KaK:
2
A

NIV R (2.21)

Tac A — TEXHOJIOTMYECKUU BOBHYHIHBIﬁ 3430p, X — 3HAYCHUC CMCUICHUA SY6HOB SAKOpA

e:

OTHOCHUTEJBHO 3y0II0B CTaTOpa.
Jlns yrna paccorsiacoBanus B nipegenax() <0 <1 marHutrHas npoBOJUMOCTb OII-

penensiercs cienyomuM oopazoM (pucyHok 2.10, a):

- 2
A=A, +2A, +2A,+ A, =nlp, {“iﬂuln(u%}r

c—0c/2+A N 0c/2
0c/2+A c—0c/2+A

+In (2.22)
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Pucynok 2.10 — Kaptuna paz0uBKM MarHUTHOTO TOJIS
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Jnst ciydas, uzo0paxkeHHoro Ha pucyske 2.10, 0, u yria paccoriiacoBaHus

1<6< a/ 0,5¢ marHuTHas MPOBOAUMOCTH ONPEAECTAETCS KakK:

A =Ap +2A7 +2As5 + Ag =nljg {#+Zln(l+ij+

+21n( c/2+A J+ c—0c/2 }

(2.23)

c—0c/2+A) c—0c/2+A
Jinst yria paccoracosanus B npegenax a/0,5¢ <0< (a+c)/c maruurHas npo-

BOJMMOCTb OIpeesieTcs cleayomumM oopa3om (pucyHok 2.10, B):

| 0,5¢+A c—0c¢/2
Ay =2A5 + Ag +2Ag + Ag =nl 2In| —— |[+In| ———— |+
mr=sfs T A6 Tots T A THI0| (c—ec/zml (0—90/2+Aj

2| %3¢+ A ), 0¢2-a | (2.24)
Oc/2—a+A) 0c/2-a+A

Cornacno [117] oTHOCUTENBHAS MOTPEIIHOCTD MIPU pacyeTaX MAarHUTHOM IPOBO-
JUMOCTH T10 IIPEAJIaraeMo METOIMKE He npeBbiaet 15 %.

C nenbro onpeaeneHus MpeaeaoB UCIIOIb30BaHuUs MIPEICTABICHHBIX METOIUK MTPU
npoektupoBanuu JIDM/I, npencrasiennsix B naparpade 1.5 (pucynok 1.16), Obut BbI-
MOJIHEH pacyeT MarHUTHOW MPOBOJUMOCTH BO3IYIIHBIX 3a30pPOB 3yOII0BO-MA30BBIX 30H
JBUTATEJICH C MOCIEAYIOIUM COITOCTaBICHUEM PE3YIIBTATOB CO 3HAYCHUSIMU YMCIICHHO-
ro SKCIIEPUMEHTA JUIsl TUIOCKOIIapAJIIIENbHOM IOCTAHOBKE 3aa4H.

AHanUTHYECKUE pacyeThl BHIMOIHUIMCH ISl YUCHa 3yOI0B SIKOpSL 1 =15 TpH ciie-

JYIONIAX T€OMETPUYECKHX COOTHOIICHHSAX 3yOIOBO-11a30B0# 30HBL: A/a =0,075+0,2
npu Ay =Ay =A, a=4wmm, bla=1, c/a=1,5, 1 /a=11.
Hcxons u3 paBeHCTBAa MeXAy coOOH pa3MepoB 3yOIIOB U, KaK CIIEJICTBUE, paBEH-

CTBa MarHUTHBIX MPOBOJAUMOCTEN OTIEIbHBIX YYAaCTKOB CHJIOBBIX 3JIEMEHTOB MAarHUT-
o Al _ _ Al _
Hoi cucreMbl (Aj=Aj] =..=A, =A;, =A), cyMMapHas MartuTHas MPOBOAUMOCTb

1St 3yO110BO-11a30B0# 30HBI JIDM/] ¢ 0IHUM TEXHOJIOTMYECKUM BO3/YIIHBIM 3a30pOM A

(pucyHok 2.11, a) 6yneT paccunuThIBaThCS, Kak:

As =nA, (2.25)
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a i 3y0110BoO-11a30Bo# 30HEI JIDM/J] ¢ IByMSI TEXHOJIOTHYECKUM BO3IYIITHBIM 3a30pa-

MU A;=A, =A (pucyHok 2.12, 6) u ¢ yu4eToM cXeMbl 3aMelleHus (pUcyHok 2.12),

dbopmyna cyMMapHOil MarHUTHOM MPOBOAMMOCTHU ipumMeT Buz [115, 124, 126]:

n-A
As = 5 (2.26)
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Pucynok 2.11 — K pacduety MarHuTHOi pOBOJUMOCTHU

Al A2 A3 An

A A, A% N,

PucyHnok 2.12 — Cxema 3aMenieHus pu pacyeTe MarHuTHOM IPOBOIUMOCTH
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HpI/I pacucTe MariuTHOM MPOBOANMOCTHU 3HAYCHUIO CMCIICHUSA SY6I_IOB SAKOps OT-
HOCHUTCJIIBHO 3}76I_IOB CTaTopa X = 5 MM COOTBETCTBOBAJIO ITOJIOKCHHE SAKOps, IIPHU KOTO-

POM OH BBIIBHHYT Ha BENMYUHY pabodero xoma x =(a+c¢)/2, a MOI0KEHHUIO, H300pa-

KEHHOMY Ha pucyHke 2.11 — 3Hauenue x =0 mMm.

Xapakrep pacnpeleseHusi JUHUA MarHMTHOIO TIOTOKa B 00JacTH 3yOIl0BO-
nma3oBbIX 30H JIDM/J[ ¢ OfHMM M ABYMs BO3AYIIHBIMH TEXHOJOTMYECKHUMHU 3a30paMHU
MpEJICTaBJIEH HAa pUCyHKe 2.13.

[Ipy KOHEYHO-37IEMEHTHOM MOJCIIMPOBAHUHU BO3AYLIHOE POCTPAHCTBO 3yOII0BO-
[1a30BOM 30HBI OIPAHUYMBAJIOCH MOIYOKPYXKHOCTSMH C PaJuyCoOM 7, TaK Kak JaHHas
dbopma oTpakaeT reOMETPUIO MPOCTHIX (PUTYP, ONMHUCHIBAIOIIMX I0JI€ BBIITYYUBAHUS 110
METOAY BEpPOATHBIX MyTel MoToKa. [[0JyOKpYKHOCTH C pafnycoM » MPOBOAWIHNCH U3

Touku O ¢ KOOPIMHATOM 1O och opauHAT y = A/2 (pucyHok 2.13, 6).

3HaueHHne paanyca r onpcacisijiioCh U3 rcOMCTPUICCKHUX COOTHOIIICHUM BY6HOBO-

Ma30BOM 30HBI MarHuTHOU cucteMbl: »=0,4c g 0,4c<b u r=>b nna 0,4c>b. Ilpu
TpejiiaraeMbiX 3HAUCHHAX »* HAa BCEM MHTepBane pabodero xoxa sikops x = (a +c¢)/2 He

BO3HUKACT IICPCKPBLITUA OTrpPaHHYINBACMBIX IIOJYOKPYKHOCTAMU obJjacrten MCIKOY CO-
OOH. BBCIICHI/IC HJAHHOTO OTpaHUYCHUS ITO3BOJICT CHU3UTH IOTPCITHOCTD PACUCTHBIX
3HAUYCHUM MAarHUTHOM MMPOBOAMMOCTH IIPpU HUCIIOJIB30BAHWU OJHOT'O U TOT'O K€ 3HAYCHHA
paanyca r B daHAJIUTUYICCKUX PACUCTAX U YNCIICHHOM SKCIICPUMCHTC.

I[JISI obecrieueHusT MUHHUMAaJILHOTO PACXOKIACHUA MCIKAY 3HAYCHUAMU MarHMTHOM
MMpOBOAMMOCTH, MOJYYACMbIX AHAIUTUYCCKHU M BXOAC YHCIICHHOI'O JSKCIICPUMCHTA, U
YUUTBIBAA TO, YTO IIpU YCJIOBHH JIMHEWHOCTH MArHUTHOM CHMCTEMbl MarHUTHAas IIpOBO-
AUMOCTBL BO3AYHIHBIX 3a30pO0B HU3MCHACTCA IIPAMO IPOINOPHIHUOHAJIBHO 3HAYCHUIO HUH-

OYKIUU B CTald B, TO YACIEHHBIN dKCIIEPUMEHT MIPOBOIUIICS JJI UHTEpBAsa 3Ha4e-
Huil B, =0,2+0,8Tn. /lanHblil 1Mana3oH 3Ha4e€HUN B, HaXOIUTCSA HA Y4aCTKE KpH-

BOI HAMarHWUYMBaHUS KOHCTPYKIMOHHOM cTayniu Mapku Ct3, oOecrneunBaromiei JuHen-

HYIO 3aBUCUMOCTb B OT HaIlpsKEHHOCTH MarHUTHOTO nojst H (pucyHok 2.14).
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Pucynok 2.13 —Pacnpezaenenue TuHUN MarHuTHOTO MOTOKA B 3yOIIOBO-11a30BOM
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Pucynok 2.14 — KpuBass HAMarHu4MBaHUsl CTalIu

B kauecTBe HaryIsiAHOTO MpUMEpa Ha pucyHkax 2.15-2.16 npeacraBieHbl pe3yiib-
TaThl pacuyeTa MAarHUTHOW MPOBOJUMOCTHU IO OMHCAHHBIM BBHIIIIE METOAUKAM JIJIsI BapH-
anta JIDM/I, 3y0110B0-11a30Basi 30Ha KOTOPOTro M300pakeHa Ha pucyHke 2.13, a.
OTHOCHUTENBHYIO TTOTPEIIHOCTh PACYETHBIX 3HAYCHUN MarHUTHOM MPOBOAUMOCTH
OTpEENSUIN CAEAYIOIUM 00pa3oM:
Ao = Ay
Ao, = ‘3‘“’—"-100%, (2.27)

9KC

Tac A3KC — OKCIICPUMCHTAJIbHOC 3HAYCHHC MarHuTHOM IMpOBOANMOCTH, ITOJIYYCHHOC B

X04C YUCIICHHOT'O JKCIICPUMCHTA, Ap — pacdCTHOC 3HAYCHHUC MarsuMTHOM IIpOBOAHUMO-

CTH.
PacueTHble 3HaU€HNS MAarHUTHOW MPOBOJAMMOCTH, MTOJTYYEHHBIE IO METOJY BEpO-
ATHBIX IMyTeH moTtoka [104], mpeacTtaBieHbl Ha pucyHke 2.15 B Buje KpuBOM 0003Ha-

YEHHOM uepe3 Api UId COOTHOLICHUS A/ a=0,075n Alpl — s A/ a =0,2, a 3HaueHUs,

IIOJTyYEHHBIE 110 METOAUKE, IpeanoxeHHon B [114] (opmyna (2.8)) — uepes Ay, 1 Alpz

COOTBETCTBEHHO /ISl aHAJIOTHYHBIX COOTHOIIEHNUI pasmepoB A/a = 0,075 u A/a=0,2.
Pe3ynbTaThl YMCIEHHOTO SKCIIEPUMEHTA MPEJICTABICHBI B BUJIE KPUBBIX, 0003HA-

YEHHBIX Yepe3 A,y U Ao st A/a=0,075 u A/a=0,2 cCOOTBETCTBEHHO.
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Pucynok 2.15 — I'paduk 3aBUCUMOCTH MarHUTHOM MPOBOJAMMOCTU OT

3HAYEHUs CMEILEHUS X 3yOI0B

YCTaHOBJIeHO, 4TO MAaKCHUMaJIbHad OTHOCHUTCJIbHAA IMOTPCHIHOCTD 3HAUYCHUM Mar-
HUTHOM IMPOBOANMOCTH, IMOJYUYCHHBIX MCTOIOM BCPOATHBIX HYTCﬁ IMIOTOKA, HC IMPCBbI-

maet 25 % st cootHotenust A/a =0,2, u 47% — s coornomenust A/a =0,075.
MakcuMaibHasi OTHOCUTENIbHAS MOTPEITHOCTh 3HAYCHUH MarHUTHOW TIPOBOIMMO-
CTH, TIOJTyYIEHHBIX 10 MeToauke [117], cocraBuno 57 % mist coornomenus A/a =0,2 u

70 % — mist coornomenusi A/a = 0,075.

Pesymbrarsl pacdera mist A/a =0,075 mo Metoauke, HpemiokeHHo# B [98], ¢

yuetoM KodpdunuentoB o (popmynsr (2.11)-(2.15)) u k (bopmynsr (2.16)-(2.20))
MIpeCTaBIEHbI Ha PUCYHKE 2.16, a B BUJIe KPUBBIX, 0003HAYEHHBIX COOTBETCTBEHHO Ye-
pe3 Api B A, a gepes3 A, — 3HAUYEHHs, OJTYYECHHBIE B XO/I€ YUCICHHOIO YKCIIEPUMEH-
ta. [Ipy 3TOM MakcuMasibHasi OTHOCUTEIbHASI TIOTPEITHOCTh PACYETHBIX 3HAYCHUU TPU
WCIIOJIB30BaHUU TOMPaBOYHOTO Kodddunmenta o gocturaet 55 %, a ¢ yueToMm mormnpa-

BOYHOTO Kod(punmenta k —53 %.



82

A, T, 10°
2.4

b

2,2

b

1,8 S
1,6 Ny

> “\"“\ \\

.

0,8 A
0,6 Aoxe I
0.4
0,2

A, T, 10°
2.4

b

2,2
\

A3K01 Ap 1

1,6

0,4

{ A3KC2 Apz
0,2

0,5 1 1,5 2 25 3 35 4 4,5 5

X, MM

0

Pucynok 2.16 — ['paduk 3aBUCUMOCTA MAarHUTHOW MPOBOJUMOCTH OT 3HAUCHUS

CMCHICHUS X BY6I_IOB
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Pacyer MarHUTHOM MPOBOIMMOCTH JUTsi cooTHOIIeHuss A/a = 0,2 He IPOU3BOIHII-
Csl U3-3a OTCYTCTBUSA B [98] pacueTHBIX 3HAUYCHUH 0. ¥ k JJIsI JAHHOTO COOTHOIIEHUS.

Bricokas oTHOCUTENIbHAS MOTPEITHOCTh PE3yJbTaTOB aHAIUTUYECKUX PACUETOB B
JTAHHOM cJIy4ae MOXET OBbITh CBSi3aHa C T€M, YTO IKCIIEPUMEHTAIbHBIC 3HAUYCHUSI Mar-
HUTHOW TMPOBOJUMOCTH OBUIM TIOJIYYEHBI JJIi MAarHUTHBIX CHUCTEM, T'€OMETPUUECKHE
pasmepsl kKoTopbix B 40-80 pa3 mpeBblanu pacueTHble. J[aHHOe MaciiTaOupoBaHUE
OCYIIECTBIISIIOCHh U3-3a OTCYTCTBHS TEXHUYECKUX BO3MOXHOCTEH MPH MPOBEJICHUU DKC-
MepUMEHTA.

3Ha4YeHUs] MarHUTHOW MPOBOJAMMOCTH, MOJYyUYEHHBIC IO METOJIMKE, ONUCAHHOU B
[114] (dopmynsr (2.22)-(2.24)), u B pe3ynbTaTe YHCICHHOTO JKCIEPUMEHTa MPHU

A/a =0,075, npeacrasieHbl Ha pucyHke 2.16, 6 B BUe KPHBBIX, 0003HAYCHHBIX COOT-
BETCTBEHHO 4epe3 Ay ¥ Ayr, a TIPH A/ a=0,2 — COOTBETCTBEHHO uepe3 Ay M Ay

MaxkcumMabHasi OTHOCUTEIIbHAS MMOTPCIIHOCTL PACUYCTHBIX 3HAYCHUM Inpu 3TOM COCTa-

Buna 58 % juist cootHomerust A/a = 0,075 u 35% — st coornommenus A/a =0,2.

B xoJie BBITIOIHEHUS aHAJIOTUYHBIX UCClIeIoBaHUM i1 Bapuanta JIDMJI, 3y61io-
BO-TIa30Basi 30Ha KOTOPOTO TMpeJicTaBieHa Ha pucyHke 2.12, 6, ObUIO BBISBICHO, YTO
MaKCHMaJlbHasi OTHOCUTEIbHAS MOTPENTHOCTh 3HAYCHU MAarHUTHOW TPOBOJUMOCTH JIJIs1
nuarnasona coornomennit A/a =0,075+0,2 Mo pacCMOTPEHHBIM METOIUKAM COCTABIIS-
et: 20-50 % mu1s 3HaueHU, MOTydYeHHBIM 110 opmyiiam u3 [104]; mo MeTonuke, npe-
noxxeHHol B [114] - 55-66 %; i 3HaueHui, NOJdy4YeHHBbIM 10 popmynam (2.22)-(2.23)
-30-50%, a mo ¢popmynam (2.11)-(2.20) - 48%.

B pesynbrare npoBeeHHOTO UCCIE0BAHUS OBLJIO YCTAHOBJICHO, YTO:

e Bce paccMOTpeHHbIE METOJIUKY TTOKA3bIBAIOT OPUTHMHAIBHbBIE TTOJAXO/IBI K pacue-
Ty MarHUTHOW MPOBOJUMOCTH BO3IYIIHBIX 3a30pOB 3yOI110BO-Ma30Boi 30HBI JIDM/I u
MIPECTABIISIOT COOOM COYETaHUE TEOPETUUECKUX M IKCIEPUMEHTATBHBIX JaHHBIX. DTO
B OYEPEHOM pa3 JI0Ka3bIBAECT, YTO, B CPABHEHUU C PE3YJIbTATAMHU SKCIIEPUMEHTOB, BbI-
pPa3uTh MarHUTHYIO IPOBOJMMOCTh B CTPOr0 aHAJIUTHUYECKOW (opme Mpu Majioil mo-
IPEIIHOCTU JIOBOJILHO MPOOJEMAaTUYHO, TaK KaK OMpeNeNioliue ee KpUBble He MoJ1a-

IOTCA TOYHOMY AHAJIUTUYCCKOMY OIIMCAHUIO.
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e VBenuueHue 3HaYeHUsI CooTHOmeHust A/a B 2,7 pasa (Ipu a = const) B YHC-
JIEHHOM JKCIIEpUMEHTE, MPUBOJUT K YMEHBIICHUIO MarHUTHOW MpoBOAMMOCTH B 1,8
pasza ¥ CHIDKCHHUIO OTHOCUTEIBLHON MOTPEIIHOCTH pacyeTHhIX 3HaueHui B 1,2-1,9 pasa.
Ha ocHoBaHMM 3TOT0 MOXHO CAEIaTh MPEANOI0KEHNUE, YTO C POCTOM 3HAU€HUA A mpo-
HCXOJIUT YMEHBIIICHUE TTOTPEIIHOCTH PACUETHHIX 3HAYEHU MAarHUTHON TIPOBOIMMOCTH.

e Bce pacCMOTpEHHbIE METOJMKH J1alOT BBICOKYIO OTHOCUTEIBHYIO TTOIPEITHOCTh
pacyeTHBIX 3HAUYCHUH U HE TOAXOAT JJIsl pacueTa MarHUTHOW MPOBOJAMMOCTH paccMart-
puBaembix BapuaHToB JIDMJI ¢ 3y0I110BO-11a30BOM 30HOW. ITO BBI3BIBAET HEOOXOIU-
MOCTbh pa3pabOTKHW METOJAUKH pacyeTa, 00eCleunBaloNIe MOTydYeHHe pe3yJbTaToB Ha
BCEM HWHTEpBajie pabodero xojia sIKopsi ¢ OTHOCUTEILHON IMOTPEIIHOCTHhIO HE MPEBBI-
maromeit 15 % [124].

¢ Bb110 BBIIBUHYTO MPEINOI0KEHUE, YTO BHICOKAsi OTHOCUTEIbHAS TIOTPEITHOCTh
CBSI3aHA C TEM, YTO BO BCEX paccMaTPUBAEMBIX METOJIUKAX TOMPaBOYHbIE KOAhPuIneH-
ThI BBOJIWJIUCH JJIsI COCTABIISFOIIUX MAarHUTHOW MPOBOJUMOCTH, ONPEEIsieMbIX T€OMET-
pudeckumMu GUrypamMu B BUJE MOJYKPYTOB U IMOJYKOJICH. DTO MO3BOJIMIO MPEANOJIo-
KUTb, YTO JJI1 YMEHBIIICHUS OTHOCUTEIBHOW MOTPEIIHOCTH PACUYETHBIX 3HAYCHHUUN He-
00XOMMO TMPUMEHSITh TOMPaBOYHBbIE KOIPOUIIMEHTH K COCTABIISIIONICH MAarHUTHOMU

IMIPOBOJUMOCTH, 3aHUMaroNeH HaI/I6OHBHIy10 H0JIXO B €€ CYMMApPHOM 3HAYCHHU.
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2.4. BeIBOALI

1. BrinonHeHa pa3BepTKa IMWIMHAPUYECKUX BapuaHTOB ucrnonHeHus JIDMJI c
3y0I10BO-T1a30BOM 30HOW. Y CTAHOBJIEHO, YTO MPU PKBUBAJICHTHON 3aMEHE IWIMHAPUYC-
CKOM CTPYKTYpHI pa3BEpHYTOM MakCHMaJIbHasi pa3HUIlA B 3HAYECHUSIX MAarHUTHOW MPO-
BOJIMMOCTH, BBIpaKCHHAsI B MPOIIEHTaX, He npeBbimaet 8%, u 14% — B 3Ha4YCHUAX CTa-
TUYECKOM TATOBOU XapaKTEPUCTHUKHU.

2. IlpenyioxkeH KoppekTUpyromuii kodddunuenta ki, MO3BOJAIONIUNA TOIydaTh
3HAYEHUS] MArHUTHOM MPOBOJUMOCTH C MAaKCHUMaJIbHOW OTHOCHTEJIBHOM MOTPEIIHo-
CThIO, HE TIpeBbImIatonieit 14% B nuana3zoHe OTHOLIEHUS TEXHOJIOTHYECKOTO BO3YIIHO-

ro 3a30pa A K mmpuHe 3yo1a a B nuanasone A/a =0,075+0,2

3. BBINIOJIHEH CPaBHUTENBHBIN aHAIN3 METOAUK pacueTa MarHUTHOM MPOBOJIUMO-
CTH, pa3paOOTaHHBIX HA OCHOBE METOJa BEPOSTHBIX MyTell MOTOKA. YCTaHOBJIEHO, YTO
UCIIOIb3YEMbIE METOAUKH MMEIOT BBICOKYI0 OTHOCHTEIBHYIO NOTPELIHOCTH B ONpEnae-
JIEHUU MAarHUTHOM TPOBOJMMOCTH paccMmaTpuBaeMbix BapuaHToB JIDOMJI ¢ 3yO1oBo-

1a30BOI1 30HOI1 B AnamazoHe cooTHoUIeHN A/a =0,075+0,2

4, I[JISI YMCHBIICHUA TTOTPCITHOCTHU PACUCTHBIX 3HAYCHUM npeajraracTcs nmpuMce-
HATH TIOIIPABOYHBIC KOI—)(I)(l)I/ILII/IeHTBI K COCTaBJIHIOHleﬁ MardHuTHOM IMPpOBOAHUMOCTH,

HMEIoIeH HaI/I6OJIBH_Iy10 H0JIXO B €€ CYMMAPHOM 3HAYUCHUMU.
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3. MOBBINEHUE TOYHOCTH PACUETA MATHUTHOH

MMPOBOJAMOCTH BO31YIIHBIX 3A30POB 3YBIIOBO-ITA30BOM 30HbBI

3.1. UccaenoBanue U y4eT (pAKTHUECKOr0 BJIMSIHUSA FeOMeTPHYECKUX
COOTHOLIEHMI 3y0OLIOBO-11a30B0i1 30HbI NIPHU ONPeAeIeHUH MATHUTHOM

NMPOBOAUMOCTH

3.1.1. UccnenoBanue u y4eT BIUSHUSA pa3MepOB BO3AYIIHOTO TEXHOJIOTUYECKOTO

3a30pa MpHU ONPEICIICHU MAarHUTHOW MPOBOJAUMOCTH

I/ICCJICI[OBaHI/ISI, BBITIOJTHCHHBIC BO BTOpOfI riaBc guccepranuvu, MO3BOJHIIN IIPCO-
IMOJIOKUTb, YTO OIIPCACIICHUC W ITOCICAYIOIIasA KOPPCKTHPOBKA B AHAJIMTHUYCCKUX pPaAC-
qyeTax COCTABJIAIOIIHNX MarHiuMTHOM IMPOBOANMOCTH, OKA3bIBAIOIIUX HauOOJIbIIIES BIIUS-

HUE Ha €€ CYMMAapHOE 3HAYCHUE AZ, MO3BOJIUT CHU3UTH MOTPEIIHOCTh PACYETHBIX 3HA-
YeHUU AZ'

Jlns onpeneneHuss NOJEH COCTABISIOUMX MArHUTHOW MPOBOJUMOCTH B €€ CyM-

MAapHOM 3HAYCHUU AZ OBLJ1 BBITIOJIHEH YMCJICHHBIN OKCIICPUMCHT IIpU ILIOCKOIIapall-

JIEJIbHOW IIOCTAaHOBKE 3aJ1a4U.

HccnenoBanre mpoBOAMIOCH JJIS OJHOM Mapbl 3yOLOB C LENbIO HCKIIOYEHUS
BJIMSTHUSL HA IMOJIy4aEMbI€ 3HAYEHHUSI MATHUTHOU MPOBOJUMOCTH MOTOKOB BbIITYYHUBAHUS
OT COCEIHUX 3yO10B. Bo3aymiHoe npocTpaHcTBO 3y0II0BO-11a30BOM 30HBI MIPU 3TOM OT-
PaHUYUBAIOCH HAOOPOM MPOCTHIX T'€OMETPUYECKUX (PUTYP, ONpEeaesieMbIX COTIACHO
METOJly BEPOSTHBIX MyTel moToka (pucyHok 3.1). dopma maHHBIX GUTYDP XapaKTepU3y-
€T KapTUHYy MarHUTHOTO TOJIsl B 3yOI[OBO-1Ta30BOM 30HE MAarHUTHOW CUCTEMBI (PUCYHOK
3.2).

Kaxnoii ¢purype ObL1 NIPUCBOCH COOTBETCTBYIOIIMI YHUCIOBOM UHJIEKC. BHenHUM
panuyc Guryp B BUA€ MOIYKPYTOB U MOJYKOJEL ONPEAEISICS KaK #; = m(i - l), rae i —
YUCIOBOM MHAEKC (Uryphl COINIAcCHO pUCYHKY 3.1. MakcuManbHOE 3Ha4Y€HHUE 7; yIOB-

JeTBOpsLIO ycnoBuio #, <b. Cornacuo [104] 3HaueHne m MPUHUMAIOCH PaBHBIM A/2.
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Pucynok 3.1 — Kaptuna pa3OuBku Pucynok 3.2 — Pacnipenenenue
MarHUTHOTO MOJIsS JUHUN MarHUTHOU MHIYKIUU

YucnenHoe MOACIIMPOBAHUC BLIIIOJIHAIIOCH IIPHU CICAYIONINX T'COMCTPHYCCKHX

COOTHOIICHHSAX 3yOIOBO-MIA30BOM 30HBI MarHuTHOW cucrembl: A/a =0,075+0,2,
a/b=1, 1 /a=11. lnuna 3y6ua /, na pucyske 3.1 He MmokasaHa.

I/ICCJICIIOBaHI/IC IMPOBOANIIOCH IJIA 3HAYCHUM HHAYKOUKX B CTAJIX B AUAIIA30HC

B.; =0,2+0,5 Ta ¢ uensto onpezeieHus 3Ha4eHust B, IpU KOTOPOM BO3MOXKHO MH-

HHUMAJIBHOC PACXOKIACHUC PACUCTHBIX 3HAYCHUM MarHUTHOM MMPOBOANMOCTH U PC3YJb-
TAaTOB YUCJICHHOT'O 3KCIICPUMCHTA.
Ha PUCYHKC 33 B BHAC KPUBLIX HNPCACTABIICHBI PC3YJIbTAThI UCCIICOAOBAHUA II0

CYMMApPHBIM 3HAYUCHUAM MariuTHOM MMPpOBOANMOCTH AZ' KpI/IBBIC, XapaKTCPU3YIOIIUC

3HAQYEHUS MAarHUTHOM NMPOBOJMMOCTH, NMOJYYEHHBIE PACUETHBIM IyTEM U B XOJE YHC-
JIEHHOTO DKCIIEPUMEHTa 0003HAYEHBI COOTBETCTBEHHO 4epe3 A, U A,.. Kpusple ¢ un-
CJIOBBIM MHJIEKCOM | M 2 XapakTepu3yrT 3HAYEHHs] MAarHUTHOW IPOBOJAMMOCTH JJIs

B._=0,2 Tnu B, =0,3 Tu, c ungexcom 3 u 4 — coorserctBeHHo 1 B, =0,4 T u
B_=0,5 Tux.
Y CTaHOBNEHO, YTO MPU YBEIWYECHUM 3HAYEHUS] MHAYKIIMU B CTAIM MPOUCXOJIUT

CHM)KEHHE OTHOCUTEIIBLHOM MMOTPCIIHOCTHU PACHCTHBIX 3Ha‘leHHI>i, IMOJTYYCHHBIX COINIACHO

METOJly BEpOSITHBIX ITyTed moToka. Tak st cooTHomieHuss A/a =0,125 u 3HaueHus
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B.; =0,2 Tn oTHOCHTENbHAs MOTPEIIHOCTh PACUETHBIX 3HAYEHUM MAarHUTHOH IIPOBO-
IUMOCTH cocTaBiseT — 59 %, a npu 3Hauenuu B, = 0,5 Ta — 50%.

Jlnsi ycTaHOBIICHHMSI BO3MOJKHOM TPUYMHBI BBICOKOM IMOTPEITHOCTH aHAJIUTHYEC-
CKMX 3HAY€HMM MarHUTHOW MPOBOJMMOCTH OBUIM OMPEACIICHBI JOJU COCTABISIOIMINX
MAarHUTHOW MPOBOJUMOCTH, MOJYUYCHHBIX aHATUTHYECKU M B YUCJICHHOM JKCIIEPUMECH-
Te. Pe3ynbraThl MCCIEI0BAaHUS MPEACTABICHBI HA pUCYHKE 3.4 1 pucyHke 3.5.

VY CTaHOBIIEHO, UTO 3HAYEHUS COCTABISIONIMX MArHUTHOM MPOBOAUMOCTH, IMOJY-
YEHHBIE COTJIACHO METOJY BEPOSITHBIX IMYTEH MOTOKA MPAKTHYECKU B J[Ba pa3za OoJIbIIIe,
MOJTYYEHHBIX B PE3YyJIbTaTe YUCICHHOTO dKcepuMeHnTa. [Ipu 3ToM 10511 COCTaBISIONINX

MarHuTHOM IPOBOJUMOCTH B €€ CyMMapHOM 3HAYCHUH Ay NPAKTUYECKU COBIAIAOT.
BersBieno, uto B auanasoHe 3HadyeHuid B.; =0,2+0,5 Tin monu cocraBiasomux

MariuTHOM IMPOBOAUMOCTH, IMOJYUYCHHBIC B YHUCJICHHOM JKCIICPUMCHTC, OCTAIOTCA HC-

N3MCHHBIMHU.

A, T, 107
1,4
1,3

12 ] A
1.1 ~ -

1 S~

0,9 ——

0,8 —_—
’ A3K01 Aaka A3KC3 A3KC4 R

0,7
0,6
0,5
0,4 T ——— —_—

T —
0,3
0,2

/i
|

0,075 0,1 0,125 0,15 0,175 0,2
Ala,o.e.

Pucynok 3.3— 3HaueHUss MarHUTHOM MTPOBOJUMOCTH MIPU Pa3IUYHBIX

COOTHOLICHUSAX A/a
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Pucynok 3.4 — OTHOCUTENBHBIE

IMpOBOANMOCTH

A, Tn, 107
29100%

87%

AJa=0,075
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0
Pucynok 3.5 — OTHOCHUTENBHBIEC 3HAYCHUS
COCTABJIAIOLINX MArHUTHOU
MPOBOJMMOCTH COTJIACHO

metony Porepca
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BrisiBiieHo, yTO HamOoJblIask 101 B CYMMapHOM 3HAYE€HUHM MArHUTHOW MPOBO-
nuMocTu (73-88%) mMpUXOIUTCS HAa COCTABIISIIONIYIO Aj, OMpEnesseMyl0 TeoMeTpuyie-
cKolt ¢urypoii B Buae npusmsl [127].

Haubonpmas 1onst cpeid COCTaBISIONIMX MarHUTHOM MPOBOAMMOCTH, OIpee-

JAIONMX MOoJ€ BhITyYMBaHUA (A, + Az + ...+ Ay ), IPU KOHEYHO-3JIEMEHTHOM MO/Ie-

JIUPOBAHUU IIPUXOAUTCA Ha A3 (A3/Az =4+6 %), a IIpyu aHAJIUTUYCCKUX pacdyeTax —
Ha Az (A2/AZ =6+10 %).

B 3akmroueHue ClIeayeT OTMETUTD, YTO JJII YMCHBIHICHHA IMOTrpCHIHOCTH paCUCT-
HBIX 3HAUCHUNM MarHuTHOM IMPOBOAMMOCTH IIOIIPABOYHBIC KOG)(i)(i)I/II_II/ICHTBI ciaenyer
IIPUMCHATH K COCTaBJIAIONICH MarHUTHOM IMPpOBOAUMOCTH A], OHpCI[CJISICMOﬁ reoMeTpH-
yecKou (I)I/IprOﬁ B BUJIC IIPU3MBI. 910 HpOCTOﬁ u YIIO6HBIﬁ Coco0 CHIKEHUSA norpei-
HOCTH paCUYCTHBIX 3HaquHﬁ, TakK KakK JIOJM COCTaBIAIOIINX MAarHUTHOM IIPOBOANMOCTH,
IMOJYYCHHBIC aHAJIUTHYCCKH U B XOA€ YHCJIICHHOI'O SKCIICPMMECHTA, COBIIAAAIOT U HE HU3-

MCHAIOTCA IIPHU BAPbUPOBAHNUHA 3HAYCHUM HHAYKIOHUA B CTAJIN.

3.1.2. UccnenoBanue v y4eT BIUSAHUS pa3MEPOB MEK3yOILIOBOTO pacCTOSHUS MTPU

OIIpCACICHUU MariuTHOM IMpOBOAUMOCTH

B peanpHbIX MArHUTHBIX CUCTEMAX HA 3HAYECHHUS] MAarHUTHON MPOBOJMMOCTH IPHU
JOCTaTOYHO OJIM3KOM pACIOIIOKEHUU 3YOIIOB APYr K JIPYry 3HAUYUTEIbHOE BIHSHUE
OKa3bIBaE€T MEX3yOLI0BOE PACCTOSIHUE C.

C nenbro onpeneneHus BIUSHUS 3HAYEHUS ¢ HA JTOJIM COCTABIISIOIINX MAarHUTHON
MIPOBOJUMOCTH U JAJIbHEHIIIET0 ero y4eTa Npyu aHAIMTUYECKUX pacdyeTax, ObLIO BBITOJI-
HEHO KOHEYHO-3JIMEHTHOE MojeanpoBanue. MccienoBanue npoBoAMIOCH IPU TUIOCKO-
napajuleJIbHON MOCTAaHOBKE 3a7aui JIIsl MATHUTHOW CUCTEMBI C YUCIIOM 71 3yOII0B B 3y0-
1I0OBO-IIa30BOM 30HE 1 =2. [laHHOE 3Hau€HUE 7 MO3BOJIAET HauOOJIEe MOJIHO YUYUTHIBATh
M3MEHEHHSI MAarHUTHOM MPOBOAMMOCTH IOJISl BBIITYYMBAaHMS IIPU BapbUPOBAHUU 3HAUe-

HUii COOTHOIICHNS ¢/a (pucyHOK 3.6). B manHOM ciiydae a = const .

YucneHnHoe MOACIUPOBAHUC BBITIOJIHAIIOCH ITPH CICAYIOIMNX I'COMCTPHUUCCKUX
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COOTHOIICHHUAX 3yOIoBo-ma3oBoit 30Hbl: A/a =0,075+0,2, c/a=1+2, a/ b=1,
l,/a=11. Jlnanason 3navennii c¢/a=1+2 Obin BHIOPaH Kak HAMOOJEE YACTO BCTPE-

YaloUIMiics B JHUTEpaType MO MPOEKTUPOBAHHUIO JABHUTATENel ¢ 3yO04aToil CTPYKTypou

AJICMEHTOB MarHUTHOM CHUCTEMBI.

( T TC T > — — )

cla=1 c/a=15

LD

AL )

cla=2
B
Pucynok 3.6 — Pacnipenenenue TMHUNA MarHuTHOM MHIYKIIUU B 3yOLI0BO-TIa30BOM

30HC

B xo0Je KOHEUYHO-3JIEMEHTHOT'O MOJEIMPOBAHUSl BO3AYIIHOE MPOCTPAHCTBO 3YO-
II0BO-TIa30BOM 30HBI OTPAHUYUBAIOCH TTOJIYOKPYKHOCTSIMH C PaUyCcoM 7. 3HaUCHHE pa-
JUyca 7 ONpenessyioch U3 FTeOMETPUUECKUX COOTHOIIEHHUH 3yOII0BO-11a30BOM 30HBI Mar-
HUTHOW CHCTEMBI aHAJIOTUYHBIM 00pa3om, uto u B nmaparpade 2.1. [Ipu 3ToM MarauTHast
MIPOBOJIMMOCTh, OIpejesieMasl reoMeTpudeckoi (purypoit B Bujie mpu3Mbl, 0003Ha4a-

Jach yepe3 A, B BUJIE NTOJIYKPYI'OB C BHEUIHEN U BHYTPEHHEN CTOPOHBI 3yOLI0B — A5 U
Aé COOTBETCTBEHHO, B BUJE MOJYKOJEL C BHEIIHEH U BHYTPEHHEN CTOPOHBI 3yOLI0B —

A3+Ajpu Ag + Allo COOTBETCTBEHHO (PUCYHOK 3.7).
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Pucynok 3.7 - Kaptuna pa30uBKM MarHUTHOTO MOJIs

Pe3ynbTaThl MCCIeAOBaHUS IO OMPECICHHUIO JOJIEH COCTABIAIONIUX MarHUTHOU
MIPOBOJIMMOCTH K €€ CyMMapHOMY 3HA4YCHUIO TIPEACTaBICHBI Ha PUCYHKE 3.8 U pUCYHKE

3.9. Ha PUCYHKAaX HC IMOKAa3aHbl O0OJIN COCTAaBJIAIONICH Al) OIIpCACIIKICMBIC IT'COMCTPHUYIC-

CKOH (GUrypoil B BUie MPU3MBI.

YcraHoBieHo, uTo i quanasona 3Hauenuit 0,075<A/a<0,2 orHOmEeHHE
Aq / Ay Ha BceM UHTEpBaJle 3Ha4YeHUN | < c/ a <2 uzMmensiercs B nipenenax 1-3 %.

BbIsiBIICHO, YTO Jisi Auana3oHa 3HaveHwit 1<c/a <2 mnpoueHTHas pasHULA B
3HAYCHUSX MArHUTHOW MPOBOAMUMOCTH TOJIS BBIITYYMBAaHMS C BHEIIHEW W BHYTpPEHHEH
CTOPOHBI 3yOIIOB U3MEHSETCS MPSIMO TPOMOPIMOHANBHO 3HaueHuo A/a . Tax st co-
orHomerust A/a =0,075 ona cocrasusier 1%, a st A/a =0,2 mocruraer 16% [127].
DTO OOBSICHACTCS YACTUYHBIM HAJIOKEHHEM U BBIYMTAHHUEM MAarHUTHBIX MPOBOJIUMO-
CTeH, ompenenseMbix GUrypaMu B BHUJIE TOIYKOJICI, a TaK K€ M3MEHECHHEM KapTHUHBI

MAarHUTHOTO IOJISl B BO3AYLIHOM 3a30p€ MPH Pa3IMYHbIX 3HauCHHUsAX ¢/a (pucyHok 3.6).
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MarxnuTtHas MMPpOBOAUMOCTD IIOJIA BBIITYYUBAHUA C BHCIIIHEH CTOPOHBI 3y6ua OII-

penensnach Kak Al B = Aé + Ag +...+ AIIO , C BHYTPEHHEH CTOpOHBI 3yOma —
AHB =A2 +A3 +...+A10.

B 3akimoueHne ClielyeT OTMETUTh, 9TO B quana3one 3Hauenuii 0,075< A/a <0,2
JUISl YMEHBIICHUSI TOTPEIIHOCTH aHAIUTUYECKUX PACUE€TOB MAarHUTHOW MPOBOJUMOCTH
Ay, TonpaBoOYHBIN KOA(PGUIIMEHT MOKHO BBOJIUTH TOJIBKO JIJII COCTABJISIOIICH MarHUT-
HOU MTPOBOAMMOCTH A, ONpeaeasieMol reoMeTpuuecko Gurypoi B Buae mpu3Mbl. Tak

KaK O0JIM COCTaBJIAIOIINX MariMTHOM MMPOBOAMMOCTH, XAPAKTCPU3IYIOUIHNC IIOJIC BBIITY-

YMBaHWs, B Mamna3one 3HavdeHunit 1 < c¢/a <2 uszmensiores B npenenax 1-3 % u mosromy

HE OKa3bIBAIOT CYIIECTBEHHOIO BIUAHMUS Ha 3HaUeHue Ay [127].

3.2. UccaenoBanue M aHAJINM3 BIUSAHUSA T€OMETPUYECCKUX COOTHOLICHHU I
3yO01lI0BO-I1a30BOM 30HBI HA 3HAYEHHUS COCTABJISIIOIINX

MATHUTHOM MMPpOBOAUMOCTH

YuursiBasg TO, YTO I CHU)KEHUS IOIPELIHOCTA PACYETHBIX 3HAYEHUW MAarHUT-
HOM MPOBOJMMOCTH MOIMPABOYHBIA KOAP(UIMEHT MpeasiaraeTcsi BBOAUTH sl COCTaB-
JSIOIENH MarHUTHOM MPOBOAMMOCTH A, OmNpenensieMoil TeoMeTpuiecKkol Gpurypoit B
BUJIE TIPU3MBbI, TO HEOOXOUMO ONPEAEIUTh COXPAHSIET JIU JaHHOE YTBEPKICHHE CBOIO
aKTYaJbHOCTh IIPU PACYETE MPOU3BOAHON MArHUTHON MPOBOJWMOCTH. DTO CBSI3aHO C
TEM, 4YTO MPOU3BOAHAS MAarHUTHOW MPOBOJAMMOCTH HEOOXOAMMA MPU ONMPEACIICHUN TS-
TOBOT'O YCWJIHS 3JIEKTPOMArHUTHOI'O JBUrATENsl, B YACTHOCTU OT TOYHOCTH B €€ OIIpelie-
JeHuu OyJeT 3aBHCETh IMOIPEIIHOCTh PACUETHBIX 3HAYEHUM CTaTUYECKOro TATOBOTO
ycunud [100-101].

HccnenoBanre npou3BOAHON MArHUTHOM IMPOBOJMMOCTH U €€ COCTaBIISIOLIUX
MPOBOJWJIOCH HAa BCeM MHTepBajiie pabodero xoxaa skops JIDMJI ¢ umciom n 3y61oB
n=3 ¥ TreOMETPUYECKUMH COOTHOIICHUSIMH 3yOIIOBO-I1a30BOM 30HBI, YKa3aHHBIMHU B
naparpade 3.1. KoHeuHo-3ieMeHTHOE MOJAEIUPOBAHUE BBINOJIHAJIOCH IPH TUIOCKOIA-

paHHCHBHOﬁ IMOCTAHOBKC 3aJaduu [JIsI HHTCPBAJIa 3HAUCHUM IIOCTOSHHOIO TOKa
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I=1+4 A u naaykunu B ctamu B, =0,6+2 Tu. IIpu 3ToM 4nCIO BUTKOB KAaTyLIKU
COXPaHsJIOCh HEU3MEHHBIM U paBHBIM W = 250.
3Ha4YeHUs1 TPOU3BOJHON MarHMTHON MPOBOJUMOCTH ONPENEISUICH TOCPEACTBOM
HAax0KJICHUS TSATOBOTO YCWJIMS 4Yepe3 TEH30p HATXKEHUS MakcBeria U MOCHEAYIOIIETO

nepecuera no gpopmyiie:

aA _ 2F, G.1)

= 2 N
dx  (Iw)
rae I, - 3HaueHne CTaTUYeCKOro TATOBOrO YCUIIUSA, [ — TOK, W — YUCJIO BUTKOB KaTYIIIKH.
HccnenoBanne npoBOAUIOCH B HECKOJIBKO JTAIOB:
1. Buavane omnpenensyioch 3Ha4YE€HHE MPOU3BOAHOM COCTABIISIONICH MarHUTHOM
npoBoAMMOCTH Aj. B 1aHHOM cilydae TATOBO€ YCUIIUE€ HAXOJIUIIOCh YEPE3 TEH30p HATS-

*eHus MakcBeia Ha ydacTke, 0003HaueHHoM 1udpoit 1 (pucynok 3.10).

LT

(T I]HHHII) [T I >
2 1

2

T

Pucynok 3.10 — I'eomeTpuueckasi CTpyKTypa 3yO110BO-11a30BOM 30HBI U TUHUI

MAarauTHOI'O I1IOTOKa

2. 3areM omnpenesnsoch 3Ha4eHUE MPOU3BOAHON MArHUTHON IPOBOJUMOCTH TOJIS
BbITyurBaHus. TsAroBoe ycuine HaxoJIUJIOCh Yepe3 TEH30p HaTsKeHus MakcBeia Ha
ydacTkax, 0003HaueHHbIX udpoit 2 (pucyHok 3.10).

3. Ha tpeTbheM 3Tare oCcymiecTBIsUIOCh CYMMUPOBAaHNE 3HAYEHUH, MTOTYyYEHHBIX B

o1 um 2.
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4. JI5g Ka4eCTBEHHOTO CONOCTABJIEHUS C PE3yJbTaTaMHU, IMOJYYEHHBIMHU B II. 3 U
MOATBEPKACHUS KOPPEKTHOCTH MPOBOJAMMOTO 3KCIIEPUMEHTA, ONPENEAIOCh CTaTH4e-
CKO€ TATOBOE YCWJIME TI0 CPETHEB3BEMIEHHOMY TEH30PY HATAKEHHUS.

B kauecTBe HarisgHOro nmpumepa Ha pucyHke 3.11 mpencraBieHbl pe3yiabTaThl
UCCIIEI0OBaHMs I 3HAYEHUs! MHAYKUUH B cTanu B, =0,7 Tn (pucynok 3.11, a) n nns
3HauyeHus B, =1,3Tn (pucynok 3.11, 0). IHaeKChl KpUBBIX COOTBETCTBYIOT ITyHKTaM
IIPOBEJEHHOTO MCCIIEIOBAHMS, TaK 3HAYCHMS, MOJYYEHHBIE B M. 1, MpEACTaBICHbI Ha
pucynke 3.11 B BuJe KpUBBIX ¢ HHAEKCOM | U T.A.

B xoz1e ynCIeHHOro SKCepUMEHTa ObUIO YCTAHOBIEHO, UTO:

e npu x =4 MM HaOJIOJAETCs PE3KUH CKAa4OK B 3HAUEHHUAX MPOU3BOJHON Mar-
HUTHOM MPOBOJAMMOCTH IOJISI BBITy4YMBaHUs (KpuBast 2 Ha pucyHke 3.11);

e B uHTepBasie cmenieHnsa 0<x <0,5 MM 3HaueHHs NPOU3BOJHOW MArHUTHOH
MPOBOJUMOCTH TOJSI BBITYYUBAHUS HUMEIOT OTPULIATEIBHBIM 3HAK. DTO OOBSICHSIETCS
TE€M, YTO Ha JAaHHOM YYaCTKE CMEUIEHUS BO3HUKAET CHJIa, IPOTHUBOACHCTBYIOIIAS Ha-
MIPaBJICHUIO JBUKEHUS pe3ynpTupyromiei cuibl. Ha pucynke 3.12 B kauecTBe Harisii-
HOT'O TIpUMepa MPeACTABICHO TpadruecKoe MOsSICHEHNE K IAaHHOMY SIBICHHUIO;

® 3HAUEHHUS MPOU3BOJHON COCTABJISAIONIEH MAarHUTHON MpoBOoAUMOCTH A; (Ipu
3HaueHuu B, =0,7Tn) B untepBane cmemenus 3yonos 0,25<x<3,75 MM H3MeHs-
10TCs B ipeAenax 12 % oT cpeaHero 3HayeHus /A| Ha TaHHOM YYacCTKeE;

® Ha yyacTke cMeleHus X 3yomnoB 0,25 <x < 3,75 MM npou3BOJIHAs COCTABIISIO-
el MarHuTHOM mpoBoauMocTH A B 1,5 pa3a mpeBbllIaeT 3HAYEHUS MPOU3BOIHOU

MariuMTHOM IMPOBOAMMOCTH I10JI BBIITYYHBAHUA.
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Pucynok 3.11- I'paduixu 3aBUCUMOCTH POU3BOJHON MAarHUTHON IPOBOJUMOCTH
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Pucynok 3.12 — Pacnipenenenye TMHUI MarHUTHOW HHAYKIUU IpH X = 0,5 MM
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Ha ocHOBaHUM BBILIEHU3I0KEHHOTO, JJIl YMEHBIIECHUS MOTPEIIHOCTH PACUETHBIX
3HAYEHUN MPOU3BOJAHON MAarHUTHOM MPOBOJAMMOCTU MOTPABOYHBIE KOIPPHUIIUEHTHI pe-
KOMEHAYETCSI IPUMEHATh K MPOU3BOAHON COCTABISAIOMIEH MAarHUTHOW MPOBOJUMOCTH

Ay, oripesiesiieMoi reoMeTpuyYecKoi GUrypoil B Bujie Mpu3MBbl.

3.3. Cnoco0 onpeneneHus NONMPABOYHOr0 KO3QGuumeHTa 1151 NOBbILICHUS

TOYHOCTH pacueTra MATHUTHOM NMPpOBOAUMOCTH

B pe3yiibTaTc MPOBCACHHBIX PAHCC I/ICCJICI[OBaHI/Iﬁ OBLI0 YCTAHOBJICHO, YTO IJIA

nMana3oHoB 3HaueHuit ¢/a =1+2 u Afa=0,075+0,2 npu pacdyere MArHUTHOM MPOBO-

JTUMOCTH M €€ MPOW3BOJAHON MOMpaBOYHBIN KO3 duUIMEeHT Hanbojee I1enecooopa3Ho
BBOJIUTH JJISI COCTABJISIONIECH MAarHUTHOM IMPOBOJMMOCTH A .

B nannom maparpade uist quana3oHoB 3HadeHnit ¢/a=1+2 u Ala=0,075+0,2
npeaiaracTcs MONPaBOYHBIA KOG OHUIMEHT Ay, KOTOPBIM IMO3BOJISICT YUUTHIBATH Pa3HHU-
IIy B 3HAYCHUSAX COCTABJIAIONICH MAarHUTHOW MIPOBOAUMOCTH A1, MOTYYCHHBIX aHAINTH-
YECKHU U B XOJI€ YMCIEHHOTO 3KcnepumenTa [128].

Ha pucynke 3.13 B kauecTBe HarIsHOTO MPUMEpPA MPEACTABICHO I'paduyecKoe
MOSICHEHHE K OMpPEJIeNICHUI0 MoIpaBouyHoro koddduiuenta k,. Jlnuna /; 3yoma Ha pu-
CYHKE HE TIOKa3aHa.

PacueT nonpaBoyHOro K03 duItneHTa k, BHIMOIHACTCS B HECKOJIBKO ATAIOB:

1. Ha nepBoHayanbHOM 3Tare ONpelelsieTcss Yrol HaKJIOHA MpsIMOH A, Xapak-
TEPU3YIOIEH pacueTHbIC 3HAYCHHS COCTABJISIOIICH MAarHUTHON MPOBOAMMOCTH COTJIAC-
HO METOJy BEPOSITHBIX IyTCH MOTOKA, JUIS MATHUTHBIX CHUCTEM C OJIHMM TEXHOJOTHYE-

CKHUM BO3JIYIIHBIM 3230pOM A U 7 4nciIoM 3yO01I0B B 3y0110BO-11a30B0M 30He JIDM/I:

B A ! !
tge: o — pl _niqloa — nalo : (32)
oC a Aa A

AJIA MAaroHuTHBIX CUCTEM C ABYMS TCXHOJIOTHYCCKHMHA BO3AYIIHBIMHA 3a30PpaMU A:

OB  Ap1  nhpga  nhpg
OC a 2Aa 2A

(3.3)

2. K KpHBOﬁ ASKCI ) XapaKTepI/By}OH_Ieﬁ OKCIICPUMCHTAJIbHBIC 3HAUYCHUSA MAT'HUT-
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HOM MPOBOJUMOCTH, CTPOUTCS CEKylIas, MPOXOISAllasi yepe3 TOYKU, ONpEIEIsIoninue
3HAQYEHUS COCTABIIAIOUNIEH MAarHUTHOM NMPOBOAUMOCTH A,y .1 Ipu cMmemeHud x =0 u
x =a. Ha pucynke 3.13 310 coorBeTcTBeHHO TOoukH 4 U C [126]. 3aTteM onpenenseTcs
yroi HakinoHa cexyuieid AC uepes tgo:

% _ Aaxcl ‘

OC » (3.4)

tgp =

B JaHHOM CJIy4Yac I HaXOXKICHHA 3HAYCHHA A3KC] AOCTATOYHO OIIPCACIINTDH

3HAUEHUE COCTaBIAIOMIEH A; Mmpu cMmemleHuu 3yOnoB x =0. DTO CylIeCTBEHHO YMpoO-

acT pacydceT.

A, T, 10°
4,5
B yA p
44+ =N
= [
~
3,5 1 A ]
A
~ [/
™~ C ~
3 _x\ K o7 X
o \‘.
2,5 \"“\\ =
S ™
) AN ISy
A I S N
1,5 ’ \\\\\\\
Apl H\\\\‘\\
1 \ I
e
’ [ o N C
0 Cl |
0 0,5 1 1,5 2 2,5 3 3,5 4

X, MM

Pucynok 3.13 — I'paduueckoe mosicHeHHe K pacyeTy MOTPABOYHOTO
kod(unuenra k,
3. Jlanee, uepe3 OTHOIIIEHUE TAHTEHCOB tgp | tgh, ompenensercs MOMpaBOYHBINA
K03 GUIMEHT &, TSI MATHUTHBIX CHCTEM C OJTHMM TEXHOJIOTHUYECKUM BO3YIITHBIM

3a30pOM A M 7 YUCJIOM 3yOII0B B 3yO1I0BO-I1a30BOM 30HE:

AA
ey =22 _ 2orel (3.5)
tgd  nljpga
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" C ABYMs TCXHOJIOTHMYCCKUMHA BO3AYIIHBIMHA 3a30PpaMU A:

_ o _ 2AA 5el - (3.6)
ted  nljpga

ko

I[JISI Ka4eCTBEHHOM OLOCHKH IIPpCAJIaracMoro IIOoIpaBOYHOIO KOB(i)(i)I/II_II/ICHTa OBLT

BBIIIOJIHCH pPAaCdYCT CYMMapHOﬁ MarHMTHOM MMpOBOANMOCTH AZ COrJIaCHO MCTOY BECPO-

ATHBIX TyTed motoka [101] 6e3 yuera m ¢ yyeToMm mompaBo4yHOro koddduiueHta ki,

MMPUMCHHUTCIIBHO K COCT&BJIHIOH.ICﬁ MariuTHOM MMpOBOANMOCTH Al ) OHpCI[CHSICMOﬁ Ico-

MeTpuueckoil purypoi B Bujae npusMbl. B maHHoM ciiydae opmyiia pacueTa MarHut-

HOW MPOBOJMMOCTH A, C y4€TOM IONpPaBOYHOro koddduuuenra k, aias OAHON Mapsl
3yOIIOB UMEET CIICYIONINI BUA:

ko ‘a—x‘

Ay =poh (3.7)

YucneHnHblil skcnepuMeHT npoBoauicsa mis JIDMJ] ¢ uucinom 3y6moB n=3 B

3y0II0BO-T1a30BOI 30HE B JAWara3oHe cooTHomeHuit A/a =0,075+0,2. IIpu 5TOM HH-
AyKIHA B cTany npuauManace B, =0,3 T

B kauectBe HarJIiAHOTrO IMpHUMEpa Ha PUCYHKC 3.14 MNpCaACTABJICHBI PC3YJIbTAThI

VICCJICIOBAHUS JUIsl COOTHOIIECHUsT a/A=0,2. B naHHOM ciyyae KpUBBIC, XapaKTepH-

3YIOIINE pacueTHbIC 3HAYCHHUS MArHUTHOW MPOBOAMMOCTH C y4ETOM W 0e3 ydeTa Io-
paBoOYHOTO Kod(dduimenta k, 0603HaYEHBI COOTBETCTBEHHO Uepe3 A[p u A, dKcnepu-
MEHTAJIbHBIC 3HAYCHUS] MATHUTHON MPOBOJUMOCTH XapaKTepHU3yeT KpuBas, 0003HaUCH-
Hast yepe3 Asge.

Y CTaHOBJICHO, YTO MaKCHMaJIbHAsl OTHOCUTEIbHAS TIOTPEITHOCTh PAaCUeTHBIX 3HA-
YeHWII MarHUTHOW MPOBOJUMOCTH B MHTEpBaje 3Ha4eHW x=0+4 MM 0e3 ydera mo-
paBoYHOro Kod(duiuenTa k, cocrasisger 48%, a ¢ ydeTOM MOMPaBOYHOI0 KOIPPULIH-
e’ra k, — 16 %.

B Xoe 4YMCIEHHBIX SKCIEPUMEHTOB OBLIU MONTYYeHBI 3HAYCHHsS MMOMPABOYHOTO
kodppunmenta k, niist JIDMJL ¢ unciom 3yOo1oB # =3 +5 ¥ 3HaUCHUHM UHIYKIIUU B CTa-

m B, =0,2Tn (pucynok 3.15), a tak xe ansa JIODM/] ¢ uncinom 3yOounoB n =3 B quamna-

30He 3HaueHul B =0,3+1 Ta (pucyHnok 3.16) .
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A, Tn, 10°
2.4
2,2 1
, L A, A, Aore
N
1,8

¥ ~

™~

1,4 N
1,2 }.\%th‘.\ \&\\
: \NS‘\“‘&
0.8 \\\:%
0,6 "“‘“\\\'\“Qxh =
0,4 S
0,2
0

0,5 1 L5 2 2,5 3 3,5 4 45 5

Pucynok 3.14 — I'paux 3aBUCUMOCTH MarHUTHOM MPOBOJAMMOCTH OT 3HAYEHHS CMe-

HIEeHUS X 3yO1I0B

k>, 0.e
0,9
0,8
0,7 T = EES-S

i /‘Q " ____,..--""'"'F—-

5 d ‘/\ >/
0,5 = = j

// ] n=3

0,4 I~ / n =4
0,3 — n=>5
0,2
0,1

0

0,075 0,1 0,125 0,15 0,175 0,2

Ala, o.e.

Pucynok 3.15 — I'paduk 3aBHCHMOCTH 3HaUEHHH k; OT COOTHOIICHHS A/a
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ko, 0.€

0,9
0,88
0,86
0,84
0,82

0,8
0,78
0,76
0,74
0,72

0,7
0,68
0,66
0,64
0,62

0,6
0,58
0,56
0,54
0,52

0,5

B, =0,3Tn

0,4 Tn

0,5 Tn

=0,8 Tn

0,6 Tn

0,7 Tn

0,9 Tn

1 Tn

0,075 0,1 0,125

0,15

0,175

0,2
Ala,o.c.

Pucynok 3.16 — I'paduk 3aBHCHMOCTH 3Ha4EHHH k; OT COOTHOIICHHS A/a
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VYCTaHOBJIEHO, YTO 3HAY€HUs TONMPABOYHOro KoddduimeHta k, H3MEHSIOTCA
IPsIMO MPONOPIUOHANBHO pa3Mepy TEXHOJIOTHYECKOTO BO3AYIIHOIO 3a30pa A U 4HCILy
3yOI10B 7.

B 3akmoueHne ciienyeT OTMETUTh, YTO B Juana3oHe 3HaueHuit 0,075<A/a <0,2

MpejiaraéMblii OMPaBOYHBIA KOY(PGUIIMEHT k, MO3BOJSAET CHU3UTH OTHOCUTEIHHYIO
MOTPENTHOCTD PACUETHBIX 3HAYEHU MAarHUTHON MPOBOJUMOCTH, MOJTYYEHHBIX COTJIACHO
METOJly BEPOSITHBIX IyTeW moToka, B 1,5-2,4 paza. [lomumo 3TOro, mpeajgaraeMsiii Ko-
() PUIMEHT MO3BOJISET BBIMOJHATH PACUCThl MArHUTHOW MPOBOAUMOCTH C YYE€TOM WH-

IOYKLMH B CTaJIA B Auanasone sHadyenut B, =0,3+1Tm.

3.4. Pa3zpaboTka KOMOMHUPOBAHHON METOAMKH PacyeTa MArHUTHOM

MMPOBOAUMOCTH

Ha ocHoBaHMU BBINIOJHEHHBIX HCCIIEOBAHUN MpeasiaraeTcsi KOMOMHUPOBAHHAs
Meroauka pacuera JIDMJI, npencrasiser coO0oi coueTaHue METO/la BEPOSTHBIX MyTel
MOTOKA W PE3yJbTaTOB KOHEYHO-3JIEMEHTHOTO MOJEIMPOBAHUS MArHUTHOTO MOJIS, U
MO3BOJISIET OCYIECTBISATh YTOYHEHHBIM pacyeT MarHUTHOW MPOBOJUMOCTH BO3JIYIIHBIX
3a30pOB 3yOII0BO-IIa30BOM 30HBI HAa BCEM MHTEpBaje paboyero xona sikops. Meroauka
oOecreuynBaeT HEOOXOIMMYIO TOYHOCTh pacyeTa MpU OTHOLIEHUAX IMIMPUHBI 3yOla a K
pa3Mepy BO3AYIIHOTO TEXHOJIOTMYECKOTO 3a30pa A B HMHTEpBale 3HaYeHUU
0,075<A/a<0,2 pu a =4 mm [128-129].

[Ipu pa3paboTke METOIMKH YUYUTHIBAJICA XapaKTep pacrpeaesieHus JUHUN mar-
HUTHOT'O MOTOKa B BO3AYIIHOM MPOCTPAHCTBE 3yO1I0BO-NIA30BOM 30HBI JBUTATENS B 3a-
BUCHUMOCTH OT 3HAUEHHs CMEIIeHUS X 3yOLIOB SIKOpS OTHOCUTEIBHO 3yOLIOB cTaTtopa
(pucyHnok 3.17).

[Ipennaraemoe Ha pucysnke 3.18 pacronoskeHue reomeTpudeckux ¢Guryp, ompe-
JEJSIIONIMX MAarHUTHYIO MPOBOJAMMOCTD IOJISI BHITYYMBAHUS, TTO3BOJISIET YUUTHIBAThH pe-

aNbHYIO KapTUHY MarHUTHOTO TOJI B BO3JIYIIIHOM MPOCTPAHCTBE 3yOII0BO-M1a30BOM 30-

Hbl JIDM/I.
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X —a
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A

Pucynok 3.18 — KapTtuna paz0uBKM MarHUTHOTO TOJIS
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s untepBana cmenienus 0 < x < a reomerpuueckue GUrypsl B BUAE MOTYKOJIEL
U TIOJIYKPYTOB TpeJjiaraeTcs pacroiarath 1moj yrioM @ TakuMm o0pa3oM, YTOOBI BIIOJI-

HSJIOCh PAaBEHCTBO CTOpPOH TpeyroabHukoB ABC, A,B\Cj, CDD' nu ClDlDll:
AB=4B;=DD' =pD{, BC=B,C;=cD! =C\D{ w C4=C14=CD=C\D, (pu-

cyHok 3.18).

CyImHOCTb MpeasiaraeMoil METOJIMKH 3aKII0YAETCS B CIEAYIOIIEM:

1. CornacHo pucyHky 3.18, a mis yuactka cmenienus 0 < x < @ MarHuTHasi mpo-
BOJAMMOCTb OYyJIeT BBIPAXaThCS CYMMOW TaKMX MPOCTBHIX (UTYpP, KaK: MPSIMOYTOJbHUK
ABA B, tpeyronbauku ABC u AB,C,, nonykpyru ¢ paauycamu OF u O\E,, cexropa
KoJiel] ¢ BHeIIHUMH paaunycamu ON u O|N,.

MarnuTHasi mpoBOAUMOCTb Aj, onpenensiemMasi TeoMeTpruueckoil Gurypoil B Buje
npsAMOyroiabHuka ABA B, 1 Az — B BUJie NOJIyKpyroB ¢ paguycamu OF u O, E), BblUncC-
asieTcs o popMynam, npeioxKeHHbIM B [104].

[Ipu pacyeTe MarHUTHON MPOBOAMMOCTU A, ONpeAessieMOl reoOMEeTpUYECKUMHU
¢urypamu B Buje TpeyroinbHUKoB ABC u A1B;C}, y4UTHIBAJIOCH, YTO OHU PABHBI MEXKIY
c060¥i 1 B CyMMe Jaf0T NPIMOYTOIBHHK co cTopoHamu AB =A u BC = x/2.

VY4uuTteiBasi TO, 4YTO TOJILKO OJHA U3 CTOPOH TPEYrOJIbHUKOB HAXOIUTCS Ha IMO-
BEPXHOCTU 3yOIIOB, TO MOJyYaeMbli MPU UX CYMMHPOBAHUU MPSIMOYTOJbHUK JTOJIKEH
MMEThH B JIBa pa3a MEHbUIYI0 MAarHUTHYIO TPOBOJUMOCTh, YEM PABHBIA €My M0 TUIOLIATU
NPSIMOYTOJIbHUK, PACIOJIOKEHHBIH B BO3AYIIHOM 3a30pe Mexay 3yoramu. [lanHoe
MPEANOI0KEHNE ObLIO MOATBEPHKICHO B X0/1€ YUCICHHOTO SKCIIEPUMEHTA.

KoHeuyHo-31eMEHTHOE MOJIEIMPOBAHUE OCYIIECTBISIIOCH MPHU CIEAYIOLIUX Teo-
METPUYECKHX COOTHOIICHHUSX 3y0IoBo-ma3oBoit 30musl JIOMJ: n=3, c/a=15,
li/a=11, b/a=1, a=4mm u nuanasona coorsourennii 0,075 < A/a <0,2. Ilpu 3TOoM
MHIYKLIMS B cTanu coctasisa 0,25 To.

B xome wuccrnenoBaHuss ObUIO YCTaHOBIIEHO, YTO Ha MHTEpBaJe CMEIIEHUs

0 < x < a 3HauYeHWE MAarHUTHOW MPOBOJUMOCTHU 2A,, onpenensieMoil CyMMOM JIBYX Tpe-

YTOJIBHHUKOB, q)aKTI/ILIeCKI/I PaBHO 3HAYCHHIO 0,5/\1, onpeacisicMoMy MpAMOYIroJbHUKOM
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(pucynoxk 3.19). Ilpu 3TOM mIomaab 1ByX TPEYroJbHUKOB paBHSIACH TJIOLIAIU MIPSMO-

YTOJIbHUKA.

]

:\2

:’\2

Pucynok 3.19 — K pacduery MarHuTHOM pOBOJUMOCTHU
Torna, y4uThIBasi BBIIIEU3JI0KEHHOE, CYMMAapHYI0 MAarHUTHYIO IPOBOJMMOCTh
IBYX PaBHBIX TPEYTOJIbHHUKOB, TOBEPXHOCTh KOTOPBIX MEPECEKAETCS PABHBIM YHUCIOM

CUJIOBBIX JIMHUM, MOYKHO BBIPA3UTh CIICIYIOIMINM 00pa3oMm:

X
2A2 =hro (3.8)

dopmyna g pacueTa MarHUTHOW MPOBOJIUMOCTH A4, ONIPENeIsieMO T€OMETPHU-
YeCcKUMU (pUTypaMH B BHUJIE TTOJIYKOJIell ¢ BHEIIHUMH paguycamu ON u O1N;, ¢ yueTom

ypaBHEHUH, MPEIOKEHHBIX B [95], MOXKHO BBIPA3UTh CIEAYIOLIUM 00pa30M:

1 ON
Ag =hLug—In| — |; 3.9
4=hpo— (OEJ (3.9)
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rne ao=n—7y, OE =A/2,ON =0,4c ipu b>0,4c, ON =b npu b<0,4c.
B JaHHOM CIlydae yroj y Ompejelscs 10 TeopeMe KOCHHYCOB HCXOAs M3 Tpe-

yronbHuka OAE:

2 2 2
Y = arccos OA” +OB” — AE —arccos10 ; (3.10)
204 x OF 2

CneyeT OTMETUTD, YTO IIPU BBIYMTAHUN CETMEHTA C YTJIOM Y IPOUCXOJUT TAK HKE
BBIYMTAHUE TPEYroibHUKa ANE, miomaap 1 MarHuTHas MpOBOAUMOCTb KOTOPOTO MpH-
. . 1
HUMaeTcs OJIM3KOM K IJIOIAAM U MAarHUTHOM MpoBOAUMOCTH TpeyrosnbHuka CDD'. C
y4eTOM JaHHOro gomymieHus no ¢popmysne 3.10 momyyaem MarHMTHYIO MPOBOJUMOCTD,
. 1
onpenensemyto burypoir CANDD'.
Toraa gopmyna cymmapHoit MarHuTHOM mpoBoguMocTH st JIDMJI ¢ unciom n
3yOIIOB U OJHUM TEXHOJIOTMUYECKHM BO3IYLIHBIM 3a30pOM A B 3yOIIOBO-I1a30BOW 30HE

BBIPAKACTCA CIICAYIOIIUM 06pa30M:

3

a——Xx

As =n(A]+2A5 +2A5 +2A4) =l £0,52+—2 1n(0’A8"j . (3.11)
m—Yy

a C IBYM: TCXHOJOTHUYCCKUMHU BO3AYIIHBIMHU 3a30pa A:

a——Xx
+0,52+—2 1n(0’8°'j nf2; (3.12)
Y A

Ay =(A1+2A5 +2A3+2A4)n/2 =]y
n_

CornacHo pucyHky 3.18, 6 mis ydyacTka cmenieHus a < x < (a +c)/ 2 Mar"HuTHas

MpOBOANMOCTD 6YIICT ONIPCACIIATHCA CYMMOI71 TAKUX IIPOCTBIX (1)I/II‘yp, KaK: IMOJYKpPYyIru C
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panuycoM OEF, cextopa kouen ¢ paauycamu OF u ON, cextopa kosen ¢ paauycamu ON
u OA.

MarauTHasi mpoBOAUMOCTb As, onpeensiemMas TeoMeTpruueckoil Gpurypoil B Buie
noaykpyra c¢ paguycom OE, paccuuThbIBajlach COTJacHO (Gopmysie, NpeyIoKEHHOH B
[104].

[Ipu BBIBOJE (hOpMYJIBI pacyeTa MAarHUTHOM MPOBOAMMOCTU Ag, ONpeAessieMon
reoMeTpudeckoil gpurypoir B Bue noaykoibua ¢ paauycamu OF u ON, ucnonb3oBa-
JUCh ypaBHEHHUs, MpeiokKeHHble B [95], U MarHuTHas MNPOBOJMMOCTBH BbIpa)kajach

CJIEIYIOIINUM 00pa3oM:

1. (ON
Ag =hug—In| — |, 3.13
6 1lu0Y (OEJ (3.13)

2 2
(x—a)” A"

e y=§—a—B,OE=A/2,0N=\/ J

[Ipu sTOM yribl o0 U B onpenesnsoTcsl Mo TeopeMe KOCHMHYCOB MCXOAS U3 Tpe-

yroinbHUKoB ODF u COB cOOTBETCTBEHHO:

2 2 2 2
D < — DF A
0 = arccos oD~ +0 = arccos |1 — ; (3.14)
20D x OF 0,64¢>

co? +0B? - CB? (x—a)?
B = arccos = arccos _ |1 — UM
20B xCO 0,64c

(3.15)

MarauTtHas NpoBOJAMMOCTb CEKTOpPOB koJiel] ¢ paauycamu ON u OA, ¢ ydyetom

YpaBHEHUH, MPEIJIOKEHHBIX B [95], BhIpakaeTcs Kak:
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A =g ——1n[ P4 g — [ 94, (3.16)
7 —1H0 ON lon ON
=y 5+(1+B

2 2
rie ON=\/(X 4“) +AT, 0A=0,4c npu b>0,4c, OA=b npu b<0,4c.

Toraa gopmyna cymmapHoit MarHuTHOU mpoBoguMocTu st JIDMJI ¢ n yuciom

3yOIIOB M OJTHUM TE€XHOJOTUYECKUM BO3YIIHBIM 3a30pOM A B 3yOIIOBO-TIA30BOM 30HOMU

BBIPAKACTCA CIICAYIOIIUM 06pa30M:

2 2
2 — +A
AzanA5+2A6+ZNﬂ=nhm)052+n Ho In J@ iz

7_(1’_
2

2
4 2H0 h{(”g"j; (3.17)
E+a+[3 A

a C IBYM: TCXHOJOTHUYCCKUMHU BO3AYIIHBIMHU 3a30pa A:

2 2
2 — +A
AZ:42A5+2A6+2A7y42=hm)0§2+n Ho ln‘wﬁ a)

7_(1’_
2

2
+—=H0 1n(0’8"j n/2. (3.18)
m A

5+a+B

[Ipenmaraemeie hopMyIIbl 711 pacueTa MarHUTHOM MTPOBOJAMMOCTH PEKOMEHIYET-
Csl UCIIOJIB30BaTh C yU4E€TOM MOMpPaBOYHOr0 K03 duimenta k,, MoIyuyeHHOr0 B maparpa-

de 3.3. IlpumeHeHHe MaHHOTO TMOMPABOYHOTO KO3 (UIIMEHTA TMO3BOJISIET MOBLICUTH
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TOYHOCTD ITOJIYYACMBIX PACYCTHBIX 3HAYCHUN MarHuTHOM MMPpOBOAMMOCTH JId AUAIIa30-

Ha cooTHomeHuit 0,075<A/a<0,2.

JUisl IPOBEPKU TOYHOCTU 3HAYECHUI MAarHUTHOM IPOBOAUMOCTH, MOIYYAEMBIX T10
IpeaIaraeMoil METOIUKE, ObLI MPOBEAEH YMCIECHHBIA JKCIEPUMEHT B ILUIOCKOMApa-
JIeNbHON MOCTaHOBKE 3aj1auu Jyuist BapuanToB JIDM/I, onucanusix B naparpade 1.5 (pu-
cyHok 1.16).

HccreoBanue MpoOBOAMIOCH IS YKCIIA i 3yOLOB SIKOPS 71 =3+5 W ClleAyrommx
TeOMETPUYECKUX COOTHONIEHHSX 3yI0OBO-Ma30Boil 30mHOW: c/a=15, [j/a=11,
b/a=1, 0,075<A/a <0,2. Ilpu 3T0oM HHIAYKIWS B cTaiu coctasiia 0,25 T [127].

B kauectBe npumepa Ha pucyHkax 3.20 — 3.21 otoOpakeHbl pe3yibTaThl UCCIIe-
noanus aisa JIOMJI pucynka 1.16, 6 (maparpad 1.5).

DKCIEPUMEHTAIBHBIE 3HAYECHHSI MATHUTHON MPOBOJAMMOCTH XapaKTEPU3YeT KPH-
Bast Ax.. KpuBbIe, 0603HaueHHEIe depe3 A, 1 A, XapaKTepu3yIoT 3HAUEHHUS, IOy YeH-
HBIE TI0 MPEAIaracMoi METOAUKE COOTBETCTBEHHO 0€3 U ¢ y4E€TOM IMONPABOYHOIO KO-
s dunmenta k,. YucI0BOW UHIAEKC KPUBOM COOTBETCTBYET 3aJaHHOMY COOTHOLIEHHIO
A/a : Tak xpuBas ¢ mHAEKCOM | OmpeseseT MarHUTHYO HPOBOANMOCTE MPH 3HAUECHUH
Ala=0,075, ¢ unmexcom 2 — Afa =01, ¢ unmexcom 3 u 4 — Ala=0,125 u
Aja = 0,15 coorBeTcTBeHHO, a ¢ MHAeKcamu S u 6 — A/a = 0,175 u A/a =0,2 coorser-
CTBEHHO.

MaxkcuMalibHasi OTHOCHUTEIbHAS MMOrpCHOCTb PACUYCTHBIX 3HAYCHUN MarHUTHOM
IMpOBOANMMOCTH, ITOJIYYUYCHHBIX II0 HpeHHaFaCMOﬁ MCTOOUKE, IIPCACTABJICHA B Ta6JII/II_Ie
3.1.

CormacHo MMOJTYUYCHHBIM JAHHBIM, C LCJIbIO YMCHBIICHUA IMOTPCIIHOCTU PACUCTOB,

st muanasona cootnomenuii 0,075< A/a <0,15 pekoMeHayeTCs: UCIONb30BaTh IMO-
npaBoyHOro Koddduumenra k,, a B mHTepBane coorHomenuin 0,15<A/a<0,2 um

MOKHO ITpeHeOpeyb.
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Ta6JII/II_Ia 3.1 — MakcuMajbHasi OTHOCUTEIILHAS MMOTPCIIHOCTL PACUHCTHBIX 3HAYC-

HHUW MarHuTHOM MPOBOAUMOCTH

3uauenue A/a | IlorpenrHocts 6e3 yueta k [TorpemHocTh ¢ yueToMm k
n=3 n=4 n=>5 n=3 n=4 n=>5
0,075 60% 64% 70% 15% 15% 15%
0,1 44% 52% 68% 8,5% 13% 15%
0,125 30% 32% 40% 12,3% | 13% 15%
0,15 18% 18% 30% 14% 14% 15%
0,175 11% 12% 14% 11% 10% 21%
0,2 10% 13% 15% 10% 8% 24%

Pa3zpaboranHas KOMOMHUpPOBaHHAs METOAMKA Mpeajaraercs A pacyeTa Mar-
HUTHOM MPOBOJAMMOCTH BO3JIYIIHBIX 3a30POB 3yOLI0BO-TIa30BOM 30HBI Pa3BEPHYTHIX Ba-
puantoB JIDMJI pucynka 1.16 (maparpad 1.5). Ilpu sTom pe3ynbrarhl pacuera s
KOHCTPYKTHUBHOM cXeMbl pucyHka 1.16, B, HEOOX0qUMO YMHOXaTh Ha KOPPEKTUPYIO-
il K03 GUIMEHT k), YIUTHIBAIOIIMIA YTOJl pacCOrIacoBaHUs O MOJIOCOB W YHUCIO Map

IIOJIFOCOB z CTAaTOpa JIBUTATEIs.
Hcnonb3oBanue mpeasiaraeMoil METOJUMKU MPU pacueTe MarHUTHON MPOBOAMMO-
CTH BO3JYILIHBIX 3a30pOB 3y0O110BO-11a30B0M 30HBI JIDM/I[ no3BossieT cokpaTUTh HAOOp

ornepaunuii, HeoOXOIMMBIX JIJIsl pacueTa, ¥ MOBbIIIATh €ro TOYHOCTH [128, 129].

3.5. BeiBoabI

1. YcraHoBieHo, 4To A MHTepBasa cooTHomeHnH 0,075 < A/a <0,2 HanbOIb-
m1ast 1oJs B CyMMapHOM 3HaY€HUU MAarHUTHOW IPOBOJMMOCTH Ay NPUXOAMUTCS HA CO-

CTaBJIAOIIYHO MariuMTHOM IMpOBOANMOCTH A], OIIpCACIIKICMYTO FCOMeTqueCKOﬁ (1)I/Il“y-

poit B Bume mpusmbl. OtHomieHne Aj/Ay B HHTepBale COOTHOIICHHI pa3MepoB

1<c¢/a <2 n3mensiercs B npenenax 1-3 %.
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2. IlpennosxkeH monpaBOYHBIA KO3PGULUUEHT ky, YUUTHIBAIOIIMI YUCIO 3yOLIOB
AKOPS, MHIAYKIUIO B CTAJIM U YTOJ PacCOryiacOBaHUs KPUBBIX, OMPEEISIOMUX 3HAUCHUS
COCTAaBIIAIOIIEH MarHUTHOW NMPOBOAMMOCTU Aj, MOJTYYEHHBIX B pe3yJibTaTe KOHEYHO-
AJIEMEHTHOI'O0 MOJEINPOBAHUS M aHAIUTUYECKUX pacuyeToB. [IpennoxkeHo ucnoib30BaTh
MOMPaBOYHBIN KOA(PGULIHMEHT k; MPUMEHUTETHHO K COCTAaBJISIONIEH MAarHUTHOM MPOBO-
IUMOCTH A MPU aHATUTHUYECKUX MOAX0JaX K pacyeTy MarHUTHOM MPOBOAUMOCTH CO-
TJIaCHO METOJly BEPOSATHBIX ITyTEH MOTOKA.

3. BeiaBneno, uTo A nuanaszoHa cooTHomeHni 0,075<A/a<0,2 n a=4 MM B

WHTEpBaJIe CMEIIEHUs 3yOI0B OTHOCHTENbHO Apyr aApyra 0,25<x<3,75 mm mpous-
BOJ[HAsI COCTABJISIONICH MarHUTHON MPOBOAUMOCTH A u3MeHseTcs B npeaenax 12 % ot
CpeaHero 3HaueHust A Ha JaHHOM ydacTKe. B CBS3M ¢ ATUM monpaBo4HbIN KO3 duiiu-
€HT k; MOXKET OBITh UCIIOJIb30BaH B pacyeTax Kak JIJisi 3HAaUY€HUM COCTAaBJIAIOIICH Mar-
HUTHOW TIPOBOJMMOCTH Aj, onpeaensieMoll TeOMETPUUECKON (GUTYypol B BUJIE NIPU3MBI,
TaK U JJIS1 €€ MIPOU3BOIHOM.

4. PazpaboTana KOMOMHUpPOBaHHAs METOJIMKA pacyeTa MarHUTHON IPOBOIUMO-
CTH BO3AYLIHBIX 3a30pOB 3yO110BO-Ma3oBoil 30Hbl JIDMJI, codetaromias pe3yabTaThl
YUCJICHHOTO PKCIIEPUMEHTA U aHAIUTUYECKUX PACUeTOB, OCHOBAaHHBIX Ha METOJIE BEPO-
ATHBIX MMyTeH MOTOKa. MakcumaibHas OTHOCUTENIbHASI TIOTPEITHOCTh PACUETHBIX 3HAYe-
HUW, TIOJIYYEHHBIX MO TIpejlaraéMoil METOIMKE IS HHTEepBaja COOTHOIICHUMN

0,075<A/a <0,2, He npessimaer 15 %.
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4. 4. PE3YJIbTATHI AHAJIN3A U PASPABOTKH KOHCTPYKIIUH

JIOM/ C YAYUYIHIEHHBIMA YJAEJIBHBIMUA ITIOKA3ATEJIAMHU

4.1. Kputepuu BbI00Opa pallMOHAJbHBIX KOHCTPYKIMH JIDM /I

¢ 3y0O10BO-11a30B0H 30HOM

[Ipobnema pa3pabOTKH parlMOHATBHBIX KOHCTPYKIIMM 3JIEKTPOMArHUTHBIX JIBUTA-
TeJIe CBOJIMTCS K HAXOXIAEHUIO MX PAllMOHAIBHBIX pa3MepoB. PelieHue maHHOM mpo-
0JIEMBI YCIIOKHSACTCS TEM, YTO KPUTEPHUH I BHIOOpA HAUITYYIIIEH KOHCTPYKIIUUA MOTYT
OBITh Pa3JIMYHBI B 3aBUCHMOCTH OT MPEIBIBISEMBIX TpeOOBaHUM, HAIPUMEDP, YCIOBUMN
paboThl, HA3HAUCHMs YCTPOMCTBA, B KOTOPOE MHTETPUPYETCS JaHHBIN nBurartenb. On-
HAKO YCIJIOBHS PallMOHAJIBHOTO BBIOOpA MO PsiAYy KPUTEPUEB MOTYT HE COBIAJATh, MO-
ATOMY, KaK MPaBWIO, PaCYET pallMOHAIbHBIX KOHCTPYKIIUA TPOBOIAT IO KAKOMY-TO O/JI-
HOMY ONPEEIAIONIEMY KPUTEPUIO W MO0 HECKOJIBKUM cXoaHbM [ 130, 131]

C ToukM 3peHHUs MPEIBAPUTEIHHON OIICHKH pa3padbaThiBAEMON KOHCTPYKIIUU
AJIEKTPOMArHUTHOTO JIBUTATEJISI BBIICIISIOT CIAEAYIONINE Han0oiee BaXKHbIE KPUTCPUH:

1. Ctatudeckas TAroBas XapakTepUCTHKA, MPEICTABIISAIONIAas COOOM 3aBUCUMOCTh
AJIEKTPOMArHUTHOW CHJIBI OT TOJIOKEHHUS SKOPS MPHU Pa3IUUYHbIX TOCTOSTHHBIX 3HAYEHHU-

AX HANPSKEHHUs, MOJBEIACHHOTO K OOMOTKE MM TOKa B oOMoTke: Fy\ = f(x) mpu

U =const unu [ =const [131-136].

2. XapakTepucThKa MPOTUBOACHCTBYIOIIMX YCUJIUU 3JIEKTPOMAarHuTa, KOTopas
MIpECTaBIsAECT CO00M 3aBUCHMOCTh MPOTHUBOICHCTBYIOIIUX CUJT OT TIEPEMEIIECHUS SIKOPS:
F,=f (x)

CorocraBiieHHEe MPOTHUBOJICUCTBYIONIEH W TATOBOW XapaKTEPUCTUKHU JAET BO3-
MOXHOCTB CJIeJIaTh MPEBAPUTEIBHOE 3aKITI0UEHUE O PA0OTOCTIOCOOHOCTH BJICKTpOMAT-
HUTHOTO JBHUraresns. s HopManbHOro ()YHKIIMOHUPOBAHUS YCTPOMCTBA HEOOXOIUMO,
4ToOBl Ha BCEM MHTEpBajle pabodyero XoAa SIKOps BBIIOJIHAIOCH YCIOBHE Fj < F,,
[131-133, 137].

3. Harpysquaﬂ XapPaKTCPUCTHUKA, KOTOPAA CBA3BIBACT 3HAUYCHUC 3JICKTpOMaAr-
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HUTHOM CHJIBI U HANPSKEHMS, TIOIBEIEHHOIO K OOMOTKE, WIIM TOKA B HEM, npH (GuKcH-
POBAHHOM TIOJIOXKEHUN sIKOps: F, = f(u) mma F, = (i) [131].

5. UnrerpanbHas paboTa — 3TO MapaMerTp, XapaKTEPHU3YIOIUH HOTEHIUAILHYIO
BO3MOXHOCTb B COBEPLICHUH IIOJE3HOM MEXaHUYECKON PaOOThI JBUIATENEM.

I'paduueckoe MOSACHEHHME K JAHHOMY KPMTEPHMIO OLEHKHU IPEACTABICHO HA PH-
cynke 4.1, rae 3alITPUXOBaHHAs IUIOIIAAb MO KPMBOM IPONOPLUOHAIBHA 3HAYEHUIO
MHTETPAILHON PaboThl Ha BHIOPAHHOM yYaCTKE X0/a SKOPS.

4. YcnosHas mosie3nas paboTa MpeacTaBiseT co00i NPOu3BeIeHne 3HAYEHUS Te-

PEMCHICHUA AKOPA X U TATOBOTO YCHUIIHA FBM (i,X) , BOBHHUKAOIICTO IIPpU JAHHOM IICPC-

MCIICHHUU:

Ay = Fyy (1) x (4.1)

Fpa(I)I/ILICCKOC MMOsJACHCHUC K HNAHHOMY KPUTCPHUIO OLCHKH IPCACTABIICHO HAa PHU-

CyHKe 4.2
Fou, H Fou, H
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PucyHnok 4.1 — MnTerpanbHas PucyHnok 4.2 — YcioBHas noyie3Has

paboTa 3J€KTPOMarHUTHOIO ABUraTenss  padoTa 3J€KTPOMArHUTHOTO IBUraTells
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5. Mexanndeckas 3(1)(1)CKTI/IBHOCTB — OTO OTHOCHUTCIIbHAsA BCJIMYNHA HMHTCTPAJIb-

HOH PaboTBl A, IO CPaBHEHUIO C MaKCHMMalIbHO BO3MOXKHOU A, .x » COOTBETCTBYIO-
1Iel BCel MIoaan noja KpuBot Ha pucyHke 4.1 [138]:
T]MGX =141/1 /AI/I max (42)

6. BpeMmst cpabaThiBaHUSI AJIEKTPOMArHUTHOTO JBUTATENS — 3TO BpEMs C MOMEHTA
MOJIa4u CUTHaJIa Ha 0OMOTKY JI0 Mepexo/ia IKOPs B €ro KOHEYHOE MOJI0KEHHUE.

7. XapakTepUCTHKa HarpeBa, KoTopas MpeAcTaBisieT co00i 3aBUCUMOCTb TEMIIEe-
paTypbl HarpeBa OOMOTKU 3JEKTPOMAarHUTHOTO JBUTATENsl OT MPOJOJDKUTEIBHOCTH

BKJIFOUEHHOTO cocTosHus: Jyg,, = /(1) [68, 131].

8. Ilokazaremnnp I[O6p0THOCTI/I QJICKTPOMATHUTHOI'O ABUTATCIIA OMPCACIIACTCA KakK

OTHOIICHHUC €TI0 MAacCChI M)IB K MaKCUMAaJIbHOMY 3HA4YCHUIO I/IHTCFpaJIBHOﬁ pa6OTBI

A

1 max -

1= Mo @3)
AM max -

9. IlokazaTenb 5KOHOMHUYHOCTH SIBJIIETCS OTHOIICHHEM MOTpeOasieMoil 0OMOTKOM

QJICKTpOMAaroiuTa MOIITHOCTH W k MaKCHUMAJIbHOMY 3HAYCHHIO HHTCFpaHBHOﬁ pa6OTBI

A

1 max -

w

D=
Aumax

(4.4)

Bce 3Tu mokasartenu MO3BOJSAIOT YCTAHOBUTH MPUTOJHOCTH 3JIEKTPOMATrHUTHOIO
JBUTATEIIS K ONPEACIICHHBIM YCIOBUSM €0 pabOoTBhl.
Br16op panmoHanbHBIX KOHCTpYKUMA BapuanToB JIDM/I, onucanHbIX B maparpa-

de 1.5. (pucyHok 1.16), BBITONHSIICS MO0 TaKUM KPUTEPHUSIM, KaK: MaKCUMAaJIbHbIC 3HA-
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YCHHUA CTATUYCCKOI'O TATOBOI'O YCUIINA U I/IHTeraJIBHOﬁ pa6OTBI B MHUHHMaJIbHOM 00be-

M€ MarHUTHOM CHUCTEMBI.

4.2. UccaenoBanue KOHCTPYKTUBHBIX cxeM JIOM/I ¢ pa3iauuHoi
KoHurypanuei 3y010B0o-11a30B0ii 30HbI 110 CUJIOBBIM H

HHTErpaJbHbIM KPUTEPHUSIM OLCHKH

st oOecnieuenus: HanbOobien 3PHEeKTUBHOCTH MO YJAEIbHBIM CUJIOBBIM M HEP-
reTUYECKUM IMOKA3aTEeNSIM TaKUX TEXHOJOTMYECKUX YCTPOUCTB KaK KOMIIPECCOPHI, BUO-
paTophl, HACOCHI U T.J., B OOJBIIMHCTBE CIy4YaeB B UX MPHUBOJIEC HUCIONB3YIOT AJIEKTPO-
MarHuTHbIC JIMHEWHbIE ABUTATENN ¢ (UKCAIMEN KOHEYHOTO MOJIOKEHUS IKOps. DTO MO-
3BOJISIET HAWIYYIIMM 00pa30oM KOHILIEHTPUPOBATh MAarHUTHOE IOJ€ B 00JaCTH 3IEKTPO-
MEXaHUYECKOr0 MpeoOpa3oBaHusi MArHUTHOM SHEPTUH.

OpHako Mpu NPOEKTUPOBAHUU MOJIOOHBIX YCTPOUCTB BOZHUKAET HEOOXOIUMOCTh
CO3JIaHUS TATOBBIX XapaKTEPUCTUK CIEHHAIBHOTO BUA, HE JONYCKAONIMX yaapa B pa-
O0oueM aMana3zoHe MnepeMenieHui sIKOpsi, YTO MOXKET OBITh CBSI3aHO C COBEPIICHCTBOBA-
HUEM CaMHX 3JIEKTPOMEXaHMYECKUX IpeoOpa3oBaTesieil sHepruM WM ONTUMHU3AIUEH
anropuTMoB ynpasieHus umu [139, 140].

Hanuuue nuHamMu4eckol 3aBUCUMOCTH MEXIY MAacCOM MEXaHUYECKHUX 3BEHBEB
YCTPOICTBA U YCIOBUSIMU €r0 pabOThl, a TaK’K€ BBICOKOM 4acTOThl KojiebaHui (1o 50
['11) ycnoxkHseT npouecc ynpaBieHUs] U KAYeCTBO MO3UIIMOHUPOBAHMS SIKOPS MIPH Tepe-
MEIIEHUH, YTO HE TapaHTUpyeT Oe3ynapHoi paboThl yCTPOHCTBA.

Hanny4ymve pe3ynpTarsl B JOCTHKEHUM MOCTABIEHHOM LIENIM MOYKHO MOJIYYUTh
npumenerremM JI9MJI ¢ 3y0110B-11a30B0il 30HOM, 3TO JAET PsiJl MPEUMYIIECTB, KOT/1a OT-
CYTCTBHE MEXaHUYECKON (UKcAlMU SIKOpS COYETAEeTCS CO 3HAYUTEIBHBIM TATOBBIM
YCWIMEM U OTHOCUTEIBHO MaJIbIMHU pa3MepaMH CaMOI'0 yCTPOKCTBA.

Ha pucynke 4.3 npeacraBieHsl MnHapudeckue Bapuantel JIDMJI ¢ 3y61ioBo-
1Ma3oBoil 30HOMU. IIpoToTHMIaMu NaHHBIX KOHCTPYKTHMBHBIX CXEM SIBIISIFOTCS BAPHUAHTHI
neurarenei pucynka 1.16, a u pucynka 1.16, 6 maparpada 1.5.

Breimonnenue IIBI/IFaTCJICﬁ I_II/IJII/IHIIpI/I‘{€CKOﬁ (i)OpMBI IMMO3BOJISICT KOHCTPYKTHUBHO
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MPOCTO BBIMOJHUTH 3JIEMEHTHl MArHUTOMPOBOJA M HANPABISIONUX YCTPOWUCTB MAJIS
NPSIMOJTMHEWHOTO TIEPEMEIICHHST STKOPSI.

[MumuHapryeckuid ABUTaTeNh (PUCYHOK 4.3, a) COIEpKUT cTaTop 1, MMeErommii
HapYXHBI MarHUTOTIPOBOJ C MPUMBIKAIOIIMMH K HEMY IOJIFOCAMHA M PACIIOI0KEHHOM
BHYTPH KaTyIIKON 2 C TIOJBMKHBIM 3JI€MEHTOM (sikopeM) 3. Ha oiHO# U3 CTOpPOH siKops
BBITIOJTHEHBI PABHOMEPHO YepelyIorecs 3yOunl 4 B BHIE KOJEII, SBISIIOIINECS YaCThIO
MarHUTHOW CHCTEMBI U PACTIONIOKECHHBIE TIEPIICHANKYIISIPHO TIEpeIaBaeMO CHJIe.

[To obpa3yrorieil BHyTpeHHEH MITUHAPUISCKON MOBEPXHOCTH TIOJTIOCHOM CUCTE-
MBI CTaTOpa BBIIIOJIHEHBI OTBETHBIC 3YOIBI 5 C PaBHOMEPHBIM IIIarOM, PaBHBIM IIIary
3yOII0B Ha SIKOPE.

CTpyKTypa 3JIeMEHTOB MarHUTHOW CHUCTEMBI JBUTATEINS YAOBICTBOPSET CIETAYIO-
MM 3HAYEHHUSM T'€OMETPUYECKUX COOTHOLICHWM: /i /ZK =0,5; a/t=0,4; a/b=1,0;
¢/t=0,6; A/t=0,05, rme h, — BBICOTA OGMOTOYHOTO MPOCTPAHCTBA; [, — IIHHA 00-
MOTOYHOTO MTPOCTPAHCTBA; b — BBICOTA 3y0l1a; @ ¥ ¢ — COOTBETCTBEHHO IIMpPUHA 3y0OIia U
MeEX3yOI[OBOTO PACCTOSIHUSI, T — 3yOIlOBOE AeleHue; A — BO3IYIIHBIA TEXHOJIOTHYE-
CKHUU 3a30D.

MexXIy TOTIOCHBIMH DJJIEMEHTaMH CTaTopa M SKOpeM M0 KOHCTPYKTHBHO-
TEXHOJIOTHYECKUM COOOPaKEHUSM BBITTOJIHEH BO3IYIIHBIN 3a30p A, HCKIIOUAIOIIUN UX
MEXaHUYECKOE B3aMMOJICHCTBHE.

[Tpu poTekaHWU TOKa B KaTYIIKE BH)KEHUE SIKOPSI OCYIIECTBISICTCS] B aKCHATb-
HOM HarpaBjieHud. HarpaBieHne IBUKEHHS SKOPS OMpeesieTcs] HadadbHbIM MOJIOXKE-
HUEM 3yOI[0B Ha SIKOPE TI0 OTHOIIICHHUIO K 3y0IlaM Ha IMOJII0CcaxX CTaTopa.

B npyrom Bapuante nBurarens (pucyHok 4.3, 6) TOCTHTaeTcsi CHMMETPUPOBAaHHE
MarHMUTHOW CHUCTEMBI 3a CYET TOT0, 4TO 3yOusl 4, 5 Ha sikope 3 U OTBETHBIC 3yOLbI 6, 7
Ha TOJI0cax craTtopa | BBIMOJHEHBI MO CHMMETPUYHOM, IO OTHOIICHHUIO K KaTyIIKe 2,
IBYXCTOpOHHEH cxeme. [1o cyTu BapuaHT ABUTATENs, BRITTOJHEHHBIN 1O PUCYHKY 4.3, 0,
SIBIISIETCS] JIOTMUECKAM 3aBEpIICHHEM BapuaHTa JBHraTeNs MO CXeMe pHucyHKa 4.3, a.
CTpyKTypa 3JI€MEHTOB MarHUTHOW CUCTEMBI yIOBJICTBOPSIET TEM )K€ COOTHOIICHUSIM.

Ha pucynke 4.3, B mpuBeeHa KOHCTPYKIMS aHAJIOTUYHOTO MO HA3HAYCHUIO W

MMPpUHOUITY IICﬁCTBPIH JIMHEMHOT O QJICKTPOMATHUTHOI'O ABUTAaTCIIAA, HO B OTJIMYHC OT Ba-
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pUaHTOB JBUTaTENel pucyHka 4.3, a u pucyHka 4.3, 6 crarop 1 ¢ HaMOTaHHON Ha HEro
KaTyIIKOM 2 pacnoyiokeH BHYTPU LMIUHApUYeckoro mno ¢gopme sikops 3. [lpennarae-
MBI BAPUAHT CXEMBbI MO KOHCTPYKIIMM MarHUTONPOBOJA MMEET CUMMETPHPOBAHHYIO
MarHuTHyI0 cucrtemy. 3yousl 4, 5 Ha sikope 3 u 3yOusl 6, 7 Ha noatocax craropa 1 BbI-
MTOJIHEHBI 10 CHMMETPUPOBAHHOM CXEME.

PaccMoTpeHHBIN BapuaHT cXeMbI JBHUrateis (pucyHok 4.3, B) 0 aHAJOTUU C Ba-
PUAHTOM CXEMbl JIBUTaTeNsl pUCyHKa 4.3, a MOKeT ObITh Tak)Ke peajn30BaH MO OIHO-
CTOPOHHEU CXEME.

[IpyHOUNIMANbHBIE KOHCTPYKTHMBHBIE OTJIMYMS HMEIOT JIMHEWHBIE JJIEKTpOMar-
HUTHBIE JIBUTATENH, BBINIOJIHEHHBIE 110 BAPUAHTAM CXEM, MPEICTABICHHBIM Ha PUCYHKE
4.3, r—e. OCHOBY KOHCTPYKLIMHM TaKMX JBUTATEJIEW COCTABISET UUIMHAPUYECKHUM JIH-
HEHHBIN AJIEKTPOMArHUTHBIM JABUTATENb MOMEPEYHOI0 MArHUTHOT'O TIOTOKA C KOJIBIE00-
pa3HbIM sIKOpeM [84].

Hununapuyeckuit neuratens (pucyHok 4.3, r) cogepkut ctatop 1 ¢ pacmoso-
KEHHBIMHM BHYTPHU KaTYIIKON 2 U KOJIbIIEOOpa3HbIM BTSXKHBIM sikopeM 3. Ha BHeniHeM u
BHYTPEHHEM JIMaMETpE SIKOPsI BBIMOJIHEHBI C PaBHBIM IIAaroMm 3yOubl 4 U 5, pacroso-
KEHHbIE NIEPIEHAUKYJIAPHO NepenaBaemMoil cuie. 11o BHyTpeHHUM JuaMeTpaMm CTaTopa
| BBIMOJHEHBI C PaBHBIM LIAroM OTBETHbIEC 3yOUbl 6 U 7. CTpyKTypa 3J1€MEHTOB Mar-
HUTHOW CUCTEMBI JIBUTATENs YAOBJIETBOPSIET COOTHOUIEHUSM BapHaHTa CXEMbl PUCYHKA
4.3, a.

B BapuaHTe nBUraTels no pucyHky 4.3, I MpearnonaraeTcs UCrnoiab30BaHUE OAHO-
CTOPOHHEH 3y04aTocTu sIKOps 3 MO €ro BHEUIHEH oOpasyrollel MWIMHIPUYECKOHN Mo-
BEPXHOCTH, a B BapUaHTE JBUTATElNs MO PUCYHKY 4.3, € — 0 ero BHYTpeHHEH o0pa-
3YIOIIEH MUINHAPUYECKON MOBEPXHOCTU. Clie10BaTENIbHO, COYETAHUE KOHCTPYKTUBHBIX
0COOEHHOCTEW JABUTATENeH, BBHIIOJTHEHHBIX 10 BapUaHTaM CXeM pHUCYHKa 4.3, 1 u pu-
cyHka 4.3, e, IO3BOJISIET peain30BaTh BapuaHT ABUraresns pucynka 4.3, r [94].

MakcumanbHasi pa3HHMIIa B 3HAUYE€HUAX OOBEMOB pPAcCMATPUBAEMBIX BapHAHTOB
JIBUraTesell He npesbimaet 6 %.

Ha ocHoBaHMM aHanu3a XapakTepa paclpeleieHUs MarHUTHBIX TOJEH U CHII

MOZKHO C(i)OpMy.III/IpOBaTB TpC6OBaHI/ISI K IMOCTPOCHHUIO MArHUTHBIX CUCTCM C 3y6HOB0-
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Ma30BOM 30HOM, 3aKiIIOYaroONIMecss B HauOOJbIIeH KOHIIEHTPAllMM MAarHUTHOTO TOJS B
00JIaCTH AJIEKTPOMEXaHUYECKOTO MPeoOpa3oBaHus SHEPTUU, CHHP)KEHUH MarHUTHBIX CO-
MPOTUBIICHUN MYTEM COKpAIICHUS JUIMHBI CUJIOBBIX JUHUN MArHUTHOTO MoJisA, GopMu-
POBAaHMU 3a CUYET MPOCTPAHCTBEHHOW TI€OMETPUU B3aUMOIECHCTBYIOIIUX 3JIEMEHTOB,
CUHXPOHU3UPYIOMINX XapaKTEPUCTUK TPeOyeMOro BHJa, MOBBIIIEHUH MArHUTHON WH-
OYKIIUU B paboyeM 3a30pe KOHIEHTpalKe MarHuTHbIX nosieit [139-142].

ANroput™m HcciieoBaHusl 0a3upoBaAJICS HA MCMOJIb30BAHUU CEMEWMCTBA TATOBBIX
YCWINH, ONPEAEISAEMBIX JUIsl PAa3IMYHBIX B3aUMHBIX IOJOKEHUHN SIKOPSI OTHOCUTEIBHO
cTaTopa B MHTEpBaJie OJHOTrO Iara 3yOLOBOTO JIeJIEHUsI T C MPUMEHEHUEM METOoJla KO-
HEYHBIX 2JIeMeHTOB [144, 145]. AnpoOamnusi 1aHHOTO METOJa MoKa3aja BBICOKYIO CTe-
[IEHb TOYHOCTH TMOJIYYa€MbIX pE€3yJbTaTOB MJI A3JIEKTPOMAarHUTHBIX JBUTATENEHl CO
CJIOXHOM KOH(UTypalueit MarHuTHOU cucteMsl [90-92, 99, 145].

B nponiecce pacdeToB i KaXXA0T0 BapyuaHTa ABUTATENs PUCYHKA 4.3 pacCUUTHI-
BaJIaCh CTaTUYECKasl TATOBas XapaKTEPUCTHKA MPU OJWHAKOBBIX 3HAYEHUAX HAMarHH-
YUBAIOLIEH CHUJIbI OOMOTOK M 3HAYEHMSIX MHIYKIUHU, OJU3KUX K HACHIIMICHUIO CTAIbHBIX
Y4aCTKOB MarHUTOINPOBOJA MPH MOJIOKEHUU 3yOLOB SIKOPsI MO OTHOLIECHUIO K 3yOIiam
cTaTopa, 00ecreynBaroleM HauMEeHbIlIee MarHUTHOE COMTPOTUBIICHHUE.

Taxxe BappupoBaHUE KOJIMYECTBA Nap 3yOLI0B OKa3bIBAECT BIUSHUE HA PopMy TH-
TOBBIX XapAKTEPUCTUK, B CBA3U C YEM B IMPOBOJUMBIX HCCIIEIOBAHUAX KOJIMYECTBO Map
3yOIIOB 7 BO BCEX BapHaHTaX JBUraTesei ObLIo orpaHuydeHo n =3. dopMa U COOTHO-
HIEHUS pa3MepoB 3yOII0BO-11a30BOM 30HBI JBUTATENI, KAK U CBOMCTBA MarHUTHBIX MaTe-
pUanoB, MPUHUMAINCh OJWHAKOBbIMU. HamarHmumBaromias cuia KaTylIKU NPUHHAMa-
nack paBHod F' =1000 A npu Ttoxke [/ =4 A. Ilpu 5TOM UHAYKIUSA B CTaJIH HE IPEBBI-
mana 2 To.

Ha pucynke 4.4 npuBefeHbl NOJY4YEHHBIE B XOJI€ YUCIEHHOTO SKCHEPUMEHTA
3HAQYEHUSI CTATUYECKOTO TATOBOI'O YCHIIHS B 3aBUCUMOCTH OT NoJIokeHuA sikops. Homep
KpUBOM, YKa3aHHbIM HAa PHUCYHKE, COOTBETCTBYET BAPHUAHTY CXEMbI JBUraTelid HA pH-
cyHke 4.3.

[TonoxeHue NpsMOYTONBHBIX MO (opMe 3yOLIOB SIKOPSI OTHOCUTENIbHO 3yOlI0B Ha

MOJIIOCaxX CTaTopa, yKa3aHHOE Ha pUCYHKE 4.3, COOTBETCTBYET TOUKE CTATUYECKOIO Ts-



126

rOBOI'0 yCWIHS ¢ KoopAuHaTol x =5 MM . Touka Ha rpaduke (pucyHok 4.4) ¢ Koopau-

Hatou x =0 MM COOTBCTCTBYCT HAYAJIbBHOMY ITOJTOXKCHUTIO AKOP.
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PI/ICYHOK 4.4 — CtaTH4eCcKHUe TIATOBLIC XaAPAKTCPUCTUKHN

B pe3ynbrare uccienoBaHuii ObIJI0O YCTAHOBICHO, YTO MPU OAHOM U TOM K€ 3Ha-
YeHUM HaMarHWU4YMBAIOIIeH CHIIBI U pa3Mepa BO3JYIIHOIO TEXHOJOTHYECKOro 3azopa A
CTaTHYECKOE TATOBOE YCWJIHUE JJI Pa3IMYHBbIX BapUaHTOB MCIIOJHEHUS JBUTATENEH Cy-
HIECTBEHHO OTIMYAETCH.

AHanu3 mokaszaj, YTO HaWIy4IIMMH TMOKa3aTelssMH 00JIaJaloT BapHaHTBl CXEM
nBurarenen pucynka 4.3, 0-r.

CpaBHeHue AByX Hanbosee OJIM3KUX MO0 KOHCTPYKIMU BapHUAHTOB CXEM JIBUraTe-
Jer ¢ oJHO- (pucyHOK 4.3, a) U IBYXCTOPOHHEH MPOJIOIBHOMN 3y04aToCcThiO sikops (pu-
CYHOK 4.3, 0) OKa3bIBAET, UTO BBHIMOJIHEHUE 3yOIIOBO-11a30BOM 30HBI IO IBYXCTOPOHHEHN
CXEeMe IMO3BOJISIET IOOUTHCS YBEIWYEHUS TATOBOTO ycwius B 1,7 pa3za. ITO CBs3aHO ¢
TEM, YTO TATOBOE YCUJIME MPOMOPIUOHATBHO KBaApaTy MHAYKIIMK W TUTOIIAIA CEYCHUS
3yOII0BO-11a30BOM 30HBI, TOr/a MpU BJIBOE OOJIbLIEH €€ TUIOMIaJAM B BapHaHTE CXEMBbI

nBuratens pucynka 4.3, 6 1Mo CpaBHEHHUIO C BapHMaHTOM pUCYHKa 4.3, a MPaKTHYECKU
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JIBYXKpAaTHOE YBEJIMYECHHE YCHJIUS BO3MOXHO TOJBKO IMPHU IMOCTOSHCTBE MHIYKUHUU B
00JIaCTH TEXHOJIOIMYECKOT0 BO3AYIIHOTO 3a30pa A.

B03MOXHOCTh TaHHOTO YTBEP>KIEHUS JOKAa3bIBAET pACIpECICHHEe WUHIYKLIUUA B
BO3JIYIIIHOM TEXHOJOTMYECKOM 3a30pe A, MOJydeHHbIe M0 HIMpUHE 3yOLI0BO-Ma30BOM
30HBI U MPEACTaBICHHOE Ha pUCyHKE 4.5, a u pucyHke 4.5, 6 npu NPUTSIHYTOM SIKOpE,
COOTBETCTBYIOIIIME BapUaHTaM CXEM JIBUTaTeNel pucynka 4.3, a u pucyHnka 4.3, 0.

Tak kak Bce BapuaHThI CXEM JBUTATeNIe UMEIOT OAMHAKOBBIE COOTHOIICHUS pa3-
MEpOB M OTIUYAIOTCS TOJBKO OJHO- WM JIBYXCTOPOHHEHN 3y04aTOCThIO MAarHUTHOM CHC-
TEMBbI U €€ KOHCTPYKTUBHOT'O UCIIOJIHEHHUSI, TO MPU OJUHAKOBOM IJIOLIAU CeYeHus 3y0-
[IOBO-11a30BOM 30HBI TATOBOE ycWiH€ OyJeT B 3HAUUTENIbHOW CTENEHU OMNPEAENSIThCS
VHIYKIUECH.

CpaBHEHHUS CTaTUYECKHX TATOBBIX yCUIUN (PUCYHOK 4.4) W COOTBETCTBYIOIIMUX
BapUaHTaM CXEM JIBUTATeNiel pacrpeeieHul MHAYKIMU B BO3AYLUIHOM TEXHOJIOTHYE-
CKOM 3a30pe A (pUCYHOK 4.5) MOKa3bIBAIOT MOJHYIO UACHTUYHOCTh MEXIY MaKCUMaJlb-
HBIMU 3HAYEHUSIMH TSITOBOTO YCHUJIUSI M UHAYKITUU.

Jlist BapuaHTa cxeMbl aBuratens (pucyHok 4.3, r) pacnpeneieHue MHIYKIHUHA B
BO3JIYIIIHOM TE€XHOJOTMYECKOM 3a30pe A MOKa3aHO MO BHYTPEHHEMY JUAMETPY SKOPS
(pucyHok 4.5, 1), a pacnpezesieHle UHIYKIUU 110 BHEITHEMY AHMAMETPY aHAJIOTHYHO Ba-
PUAHTY CXEMBI IBUTaTeNs pUCYHKaA 4.3, €.

[Ipu ucnosb30BaHUU TOTO WJIM MHOTO BapUaHTa CXEMbI ABUTATEN (ISl HPUHSATO-
ro 3a 100%) Ha pucynke 4.6 1jisi cpaBHEHUS MMOKAa3aHO PACIPE/IeICHHEe MaKCUMAaTbHBIX
3HAYEHUN CTATUYECKUX TATOBBIX YCUIIM.

JlanbHeiiliee cpaBHEHHE PAacCMATPUBAEMbIX BapHAHTOB JIBUraTejiedl MPHUBEACHO
M0 WHTErpalibHOM paboTe (pUCYHOK 4.7): B AuanazoHe pabodero xojaa ompenensiiach
IUIOLIAAb MOJ] KPUBBIMU CTaTMUYECKUX TATOBBIX XapaKTepucTUk (pucyHok 4.4). Uure-

I'pajibHasA pa60Ta AI/I NpCaACTaBAIaCh B IPONCHTAX IIO0 OTHOIICHHIO (HpI/IHSITaSI 3a

100%) x BapuaHTy cXeMbI ABUraTess pucyHka 4.3, 0.
CpaBHEeHHE BapUaHTOB CXEM JBUTATEJICH MO KPUTEPUIO MHTETPaIbHOW paboThI
MoKa3ajno, 4yTo Hanboyiee BRICOKUMHU 3HAYCHHUSMH 00J1a/1al0T BapUaHTHI ABUTATEICH pU-

cynka 4.3,6 u pucynka 4.3, T.
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Pucynok 4.6 — OTHOCUTEIbHBIE Pucynok 4.7 — OTHOCUTENIBLHBIE
3HAYCHHsI aMILTUTYbl MAKCUMaJIbHOTO 3HAYCHUS MTOKa3aTels
YCUIIUS MHTErpajgbHON paboThI

Tak kak MakcumajbHas pasHuIlla B 3HAYCHUAX 00BEMOB HCCIICAYCMbBIX NBUIATC-

nel He npeBblmaeT 6 %, To U yAenapHbIe ToKa3arenu I,

M max » Ay Ha €IMHUIY 00BEMa

MAarHUTHOW CHCTEMBbI MTPAKTUUECKH HEe OYAyT OTIMYATHCS B MIPOLIEHTHOM COOTHOLIEHUH,
KaK ¥ UX a0COJIFOTHBIC 3HaueHUs (PUCYHOK 4.6 U pUCYHOK 4.7).

HccnenoBanus mokasaiu, YTO MPU COXPAHEHUH MaccorabapUTHBIX MoKa3aTenen
U OJIMHAKOBOW CTPYKTYpE 3JIEMEHTOB MarHUTHOM cucTeMbl BapuaHThl JIOMJI ¢ 3yb110-
BO-11a30BOI 30HON MOTYT B 3HAUUTEJIBHOW CTENEHH OTINYATHCS MEXKIY COOOM MO CUII0-
BBIM U DHEpPreTHYecKuM mokazatensMm [94]. Haubornee BhICOKMMH MoOKazaTensiMu 00J1a-
JAI0T ABUTATENH, BBITIOJHEHHbIE 0 BapuaHTaM cxeM pucyHka 4.3, 0 u pucyHka 4.3, r.

IIpn U3MeHeHnn napaMeTPOB MATHUTHOM CUCTEMBI, HAIIPUMEP TOKAa, MAKCUMAJIb-
HbI€ 3HAYEHHUS CTATUYECKOTO TATOBOTO YCUJIUS OyAy JAOCTUTAThCS MPHU Pa3IUYHBIX 3HA-
YEHUSX CMEIIeHUs 3yOI0B SKOpS OTHOCUTENBbHO 3yO10B craropa. C 1efbio IpOBEpKU
naHHoro yrBepkaeHus s JIOMJI ¢ 3y0110Bo-11a30BoM 30HON prucyHKa 4.3 BBITIOJHEHBI
YUCJIEHHBIE YKCIEPUMEHTHI [0 ONPEAECICHUI0O MAKCUMAJIbHbBIX 3HAYEHUN CTaTHYECKOTO
TATOBOTO YCWIMSI B MHTEpBasie 3HaueHui Toka [ =1+4 A. Ilpu 3TOM 3HaUYE€HUS UHIYK-
LM B CTAJIM HaXOAUIACh B quana3one B.. =0,6+2 Tu.

Pe3ynbTaThl HMcciieloBaHUS MPEACTABIEHb HAa pUCYHKE 4.8 u pucyHke 4.9, rue
KpUBBIE C HHIEKCOM |, XapaKTepHU3yIOT 3HAYEHUs CTATUYECKOTO TATOBOI'O YCHUIIUS MPH

Toke [ =1 A, KpuBBIE C UHAEKCOM 2 —TIpu TOKE [ =2 A U T. 1.
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Homepy BapuanTa JIOM/I, ykazaHHOMY Ha pucyHkax 4.8-4.9, cOOTBETCTBYET Ba-
pUaHT ABUTaTeNsd pucyHka 4.3.

VYcTaHOBIEHO, YTO MpU 3HAYEHUSX Toka 0 [/ =1 A MakcuMalibHblE 3HAYEHUS
CTaTUYECKOr0 TATOBOTO YCHJIMS HESIBHO BbIpakeHbl. B HHTepBaje 3HaueHUM TOKa
1 A<1<4 A MakcumaibHble 3HAUECHHS] CTATHUYECKOTO TSATOBOI'O YCHJIMS JOCTUTAIOTCS
IpPU OAMHAKOBBIX 3HAUYEHUSAX CMEIICHUS 3yOILI0B SIKOPS OTHOCUTEIBHO 3YOIIOB CTaTOpA.
CnenoBaTenbHO, pallUOHAIBHBIE T€OMETpUUecKrue cooTHoueHus JIDMJI, nomydeHHbIe
M0 KPUTEPHUI0 MAKCUMAIbHBIX 3HAYEHUH CTATUYECKOTO TATOBOTO YCHIIMSA B WHTEpBalie

I=1+4 A (mpu B,; =0,6+2 Tn), 6yayT UMeTb OJUHAKOBbIEC 3HAYCHHUS.

4.3. Pa3padoTka u 000CHOBaHME HOBOIl KOH(pUTYypauuu

3y0110BO-11230BOM 30HbI

[Ipu mpoekTupoBaHUU JIFOOOTO TEXHOJIOTHYECKOTO O0OPYIOBAaHUS, B TOM UHUCIIE
KOMIIPECCOPHOTO, HEOOXOAUMO YIETATh JOJDKHOE BHUMAHUE UX KOHCTPYKTUBHOMY HC-
MOJHEHMIO, TaK KaK OHO HaNpsSAMYIO BIUSET Ha MOJYYaeMYI0 CTaTUYECKYIO TATOBYIO Xa-
paktepucTuky [146, 147].

Ha ocHOBaHWMM TIpOBEJEHHBIX paHee MCCJIEIOBAaHUM OBLIO YCTAaHOBJICHO, YTO Ha
3HAQYEHHUSI CTATHYECKOTO TSITOBOI'O YCWIMS B 3HAYWUTENILHOW CTETICHU BJIMSIET KOH(PUTY-
palys ¥ MpOCTPAHCTBEHHOE PACIIOIOKEeHUE 3y0110B0-11a30BoM 30HbI JIOMJI. B wacTHO-
CTH, B BapUaHTE UCIOJHECHUS JBUTATENS, H300pakeHHOro Ha pucyHke 4.10, a, HaOmt0-
JaeTCsl HEPAaBHOMEPHOCTh PACHPEACICHUS] JIMHUA MarHUTHOW WHAYKLWH, BbI3BAaHHAs
Pa3HOM IIOIIAIbI0 CEYEHU N 3JIEMEHTOB MATHUTHOW CUCTEMBI.

Jlns ycTpaHeHUsT JAHHOTO HEAOCTaTKa TMpeJjiaracTcsi BBIMOJHATh 3yOII0BO-

IIa30BYIO 30HY JBHMraTels COracHo pucyHky 4.10, 0, Tak kak B JaHHOM cllydae obecrie-
) 2 2 2

YUBACTCS PABEHCTBO CEYCHHH 3JIEMEHTOB MarHutonposoaa (S| = zR," —zR,”,S) =7R,")

u 3yO10BO-11a30BOM 30HBI apurarenss (S| =an2nn,S, =an2rry) (pucyHok 4.11).

HpemlaraeMoe YCOBCPHICHCTBOBAHHNC 3alTUIICHO ITAaTCHTOM Ha ITOJIC3HYIO MOICIIb [148-

150].
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a 0
Pucynok 4.10 — I'eomeTpudeckasi CTpyKTypa BapuaHTOB KOHCTPYKTUBHBIX CXEM U

JIMHUWA MarHUTHOW UHIYKUIHWU
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Pucynok 4.11 — Dcku3 3y0110BO-11a30BOM 30HBI 3JIEKTPOMArHUTHOTO JABUTATENS
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Onenka 3(pQpeKTUBHOCTH BBOJAMMOIO KOHCTPYKTHMBHOTO YCOBEPIICHCTBOBAHUS
BBITIOJTHSJIACH MTPU OCECUMMETPUYHON IMOCTAHOBKE 3a7a4M 110 KPUTEPUIO MAKCUMAaJIbHO-
ro 3HAUYEHUS CTAaTUYECKOTO TATOBOTO YCUJIUS B HHTEpBaje pabouero xo1a sKops.

HccnenoBanre mpoBOAMIOCH MPH CIEAYIOMUX F€OMETPUUECKUX COOTHOIIECHUSAX
3y610BO-11a30B0i#t 30HBL: A/a =0,075+0,2, ¢/a=15, b/a=1 (pucynok 4.11). Hamar-
HUYMBAIOIAs CUJIA KaTyIIKU Ipu 3ToM coctaBisia F =500A (1 =2A).

[Tonoxenue 3yO1I0B SIKOPSI OTHOCUTENBHO 3yOIIOB Ha MOJIOCAX CTATOpa, YKa3aH-
Hoe Ha pucyHKe 4.11, COOTBETCTBYET HAYAJIbHOMY TOJIOKEHHIO IKOPS U TOUKe rpaduka
CTaTHYECKOM TATOBOM XapaKTEPUCTHKU ¢ KoopAauHaToi x =0 MM, a TOUYKa ¢ KOOpAUHA-
TOH X =5 MM — KOHEUYHOMY TOJIOKEHUIO siIKops (pucyHok 4.10).

Pe3ynbpTaThl Mccaea0BaHUs MPEACTABICHBI B BUJI€ KPUBBIX Ha pUCyHKE 4.12, rne

HOMEpY KPpUBOM COOTBETCTBYET BapUaHT ABUTATENs Ha pucyHke 4.10.
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PucyHnok 4.12 —CtaTuyeckue TAroBbl€ XapaKTEPUCTUKU

AHanu3 TOJIyYEHHBIX JAaHHBIX MOKa3bIBAa€T, YTO BApUAHT CXEMBI IBHUIaTElls,
Npe/cTaBlIeHHbIN Ha pucyHke 4.10, 6, IpeBOCXOUT MO CUJIE TATH KOHCTPYKTHBHBIN Ba-

puaHnt pucysnka 4.10, a B 1,12 pa3a.
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JlanpHelIee cpaBHEHWE BapUAHTOB CXEM JIBUTATeNIed OBLIO BBIMOJIHEHO IO OT-
HOCHUTEIBHBIM MaKCUMaJIbHBIMU 3HAYEHUSIM CTATHUYECKOTO TATOBOTO YCHIJIHS, KOTOPOE
MO3BOJIMJIO YCTAHOBHUTh, UTO 3HAYEHHE CO3/laBaeMoe BapuaHTOM pucyHka 4.10, a, co-
ctaBisieT 88,5 % OT 3HAUEHUs, CO3/1aBaeMOro BapuaHToM pucynka 4,10, 0.

AHaOTUYHBIM 00pa30M OBLIO MPOU3BEACHO CPaBHEHUE OTHOCUTEIIBLHBIX 3HAUE-
HUIl UHTETpaJIbHOM paboThl A, KOTOPOE MO3BOJMIO YCTAHOBUTH, YTO 3HAUEHUE CO3/a-
BaeMoe BapuaHToM pucyHka 4.10, a, cocraBngeT 92,5 % OT 3Ha4Y€HUS, CO3/1aBAEMOTO
BapuaHTOM pucyHka 4,10, 6.

B xoxe u4MciIeHHOrO 3KCIEpUMEHTa BBITIOJHEH aHaIM3 paclpeieeHus JIUHUN
MAarHUTHOM WHAYKIIMHA B BO3AYIIHBIX TEXHOJIOTMYECKUX 3a30pax 3yOII0BO-11a30BOM 30-
Hbl JIDM/I ipu cmemiennu 3y0HoB x =5 MM .

YcranoBneHo, uro ang Bapuanta JIDMJI pucynka 4.10, a npolieHTHas pa3Huila
MEX/y 3HAUCHUSIMU MHAYKIIMA B BO3AYIIHBIX TEXHOJOTHMUYECKUX 3a30pax A cocTaBuiia

61 % (pucynok 4.13, a-0), a nnsa Bapuanta pucysnka 4.10, 6 — 27% (pucyHok 4.13, B-T).

B, Tn Ay
B, Tn 0.79
0.5- A 0,6
ol 0,51
03 0,4-
02 0,31
01, 0,2
P 0,11
0 5 10 15 20 I mwm S —
0 5 10 15 20 [ mm
a §
B, Tn
B, Tn A 0.6 - =
0,54 0,5 -
0,4 - 0,4 -
0,3 1 0,3 -
0,2 1 0,2 -
0,1 0,1
0 5 10 15 20 [Lwmm 0 5 10 15 20 25 30 [ wwm
B I

Pucynok 4.13 — Pacrnipeenienre HHAYKIUU B 3y01I0BO-11a30B0M 30HE JIDOM /]
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CrnenoBarenbHO, KOHCTPYKTUBHOE ucnonHeHue JIOM/I cormacHo pucyHky 4.10,
0, MO CpaBHEHHUIO C BapHaHTOM pucyHKa 4.10, a, mO3BOJISIET YMEHBIIUTh HEPABHOMEP-
HOCTb HAMAarHM4YMBAHUS OTJEJIbHBIX 3JIEMEHTOB Maruurtomnpososa [149, 150].

C nensio onpenenenust Hanbosee 3PPEKTUBHBIX YIACTKOB CHUIIOBBIX JIEMEHTOB
MAarHUTHOW CHCTEMbI C TOYKH 3PEHUS CO37aBa€MOI0 MaKCUMAJIbHOTO 3HAYEHUSI CTATH-
YECKOT0 TATOBOTO YCHIIMA, ObUIO BBIOJIHEHO MCCIEIOBAHUE pacHpe/lesICHUs] TATOBOTO
ycuiug 1o 3yo1am B 3y0110Bo-nazoBoit 3oue JIDM/JI [151].

KoHeyHo-31eMEeHTHOE MOJICIMPOBAHUE BBIMOMHIOCH TPU OCECUMMETPUYHON
MOCTAHOBKE 3aJlayll MO KPUTEPHUI0 MAKCHUMAJIbHOI'O 3HAYEHMSI CTATMYECKOI'O TATOBOTO
ycuinud. Pe3ynbTaTel ucclieioBaHus NpeACcTaBieHbl HA pucyHkax 4.14 u 4.15 B Buge
IyarpamMM, OTPaKarolIUX BBIPAXKCHHBIC B MPOILICHTaX OTHOIICHUS 3HAYCHUW CTaTH4e-
CKOT'O TATOBOTO YCHJIMSI TOTO MJIM MHOTO 3y0Ila K 3HAYEHUIO Pe3yJbTUPYIOIIETO YCUIIUS
B 3yOI10BO-11a30BOM 30He aBuratens. Ha ydacTkax, XapakTepu3ylOLUIUX MeX3yOloBoe
pacctosiaue (3-4, 7-8 1 T.J.), IPOLIEHTHBIE COOTHOIICHUSI TSTOBOI'O YCHIJIUS OT 3HAUCHUS
pesyabTupytomero ycuins coctapigeT meHee 0,01 %, noatomy Ha nuarpamMmMax OHO HE
MPEICTaBIICHO.

W3 nannbix pucyska 4.14 cienyert, yTo 3HAYEHUS TATOBBIX YCWJIMI BOJIM3U 3Y0-

1IOB, PAcCIOJIOKEHHBIX B 00J1aCTH A5, MPEBBILIAIOT TATOBbIE YCWJIMs BOJW3H 3yOLOB,
pacnonoxeHHbIX B oonactu A, B 1,47 pa3a nns Bapuanta pucyska 4.10, a (pucyHok

4.14, a) u 1,17 pa3za s Bapuanrta pucyHka 4.8, 6 (pucyHok 4.14, 0), 94To MOATBEPKIaET
(aKkT TOBBIIIEHUS PABHOMEPHOCTU paCHpeAcCHUs] JUHUM MarHUTHOW WHAYKIIUHA B
3JeMEHTax MarHuTHOU cuctemsl [ 148-150].

[Ipu Gonee AeTabHOM PACCMOTPEHUHU BIMSIHUS KaXKJOM U3 CTOPOH 3yOII0B Ha pe-
3yJNbTUPYIOIEE 3HAUEHHE TATOBOro ycuius (pucyHok 4.15), co3maBaemMoro mojieM Ka-
TYIIKH BOJIU3M 3yO110B, ObLIO YCTAHOBJIEHO, YTO:

® Ha y4yacTKaX, XapaKTEePU3YIOIINX BEPXHIOI 4acTh 3yO1oB (2-3, 6-7, 11-10, 14-
15 u 1.1.), TATOBOE YCWJIME HANpaBIE€HO MPOTUB CWJI JBUXKEHHUS SKOPS U COCTABIISIET

0K0J10 6% OT Pe3yJAbTUPYIOLIETO YCUIINS;
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PucyHnok 4.15 — Pacniepeiesinue TSTroBOro yCHIHs o CTOpoHaM 3yOII0B B

3y0110BO-T1a30B0OM 30HE JIDM /]
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e HauOOJIbIIas JOJISI TATOBOTO YCHJIUS MPUXOAUTCS HA yYaCTKH, XapaKTepU3yIO-
ue CpenHior Jacth 3yoma (1-2, 5-6, 9-10, 13-14 u 1.1.), u cocraBuser 68% ot pe-
3yJbTUPYIOLIETO 3HAYEHUS 11l BapuaHnta pucyHka 4.10, a u 85% — niist Bapuanta pu-
cynka 4.10, 0;

® B KOHCTPYKTUBHOM BapuaHTe pucyHka 4.10, a TAroBoe ycuive Ha ydacTKax,
XapaKTEePU3YIOIINX CPETHIOI YacTh 3y01oB (1-2, 5-6 u T.1.) MpeBbIIAET TATOBOE YCH-
mue HuxHel yactu (0-1, 4-5 u t.1.) B 1,8 pasa (pucyHok 4.15, a), 11 BapuaHTa pUCYH-
ka 4.8, 6 — B 4,3 pa3za (pucyHok 4.15, 6). CnenoBaTeabHO, KOHCTPYKTUBHOE UCIIOJTHEHUE
JIDM]], cornacHo pucyHky 4.10, 6 mo3BoisieT JOOUThCS YMEHblIeHUs B 2,4 pa3za ycHu-
JIUs1, MPOTUBOACHCTBYIOMIETO PE3YIbTUPYIOMIEMY YCUITHUIO.

B 3akmioueHue cieayer OTMETUTh, 4TO 3yO110BO-11a30By10 30HY JIOMJI ¢ nByms
TEXHOJIOTUYECKUMHU BO3IYIIHBIMU 3a30paMU CJEAYET BBIMOJHATH COTJIACHO PUCYHKY
4.10, 6, Tak KaK MpU 3TOM MPOUCXOJAUT YBEIUUCHNE MAKCUMAJIbHBIX 3HAUCHUN CTaTH4e-
CKOT'0 TSATOBOTO YCWJIMS U PaBHOMEPHOCTH paclpeeseHus JIMHUNH MarHUTHOW WHIYK-

1MUY B 3yOIIOBO-1Ta30BOM 30HE MarHUTHOM cucteMsl [152].

4.4. Pe3yabTaThl NOMCKA M BHIOOPA PAIIHOHAJIBHBIX F€OMETPHYECCKHUX
COOTHOLIEHUI 3y0O0BO-11a30B0i 30HbI JIDM/I 10 KpUTEPHUI0 MAKCUMAJIbHBIX

3HAYEHNH CTATHYECKOI0 TAr0OBOIo ycuiinsa

Ha npensaputensHoM sTane npoektupoBanus JIDIMJI ¢ 3y01oBo-na3oBoi 30HOM
HEMaJIOB)XHBIM SBJISIETCSI BOIIPOC BBHIOOpA €€ palMOHAIbHBIX T'€OMETPUUYECKUX COOT-
HOILIEHU, 00ECTIeYNBAIOIIKX MMOJIYYEHUE BHICOKUX 3HAUYEHUM TATOBBIX YCHIINN O€3 yBe-
JUYECHHS] IKOHOMHYECKOW COCTAaBISIONIEH, CBSI3aHHOM C BO3MOXHBIM POCTOM Maccora-
OapuTHbIX apameTpos [153-158].

B kadecTBe KOHCTPYKLHMHU, MOJJIEKAIIECH HUCCIEAOBAHUIO, ObUT BHIOPAH BapUaHT
JIDMJI pucynka 4.3, 6, kak obyanarnuil Hanboyiee BBICOKUMUA MaKCUMaJIbHBIMU 3Ha-
YEHUSIMU CTAaTHYECKOTO TSATOBOTO YCWIMS U3 BApUAHTOB JBUTATENEH, MPEACTaBICHHBIX

Ha pUCyHKeE 4.3.
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YuclieHHbIN SKCIIEpUMEHT ObLI BBINIOJNIHEH B mporpammHoM nakere FEMM npu
O0CECUMMETPUYHOM MMOCTAHOBKE PELICHUS 3aJlauMl JUIsl HanboJiee 4acTo BCTPEUAIOLIUXCS
B JIUTEpAType AMANa30HOB I'€OMETPUYECKHX COOTHOUIEHUH 3yOIOBO-MA30BOM 30HBI:
c/a=1+2, b/a=0,5+1,5, A/a =0,075 +0,2. [Ipu 5TOM HaMarHHYHUBAIOLIAS
cuia karymku coctaBuia F =500A (I =2A). 3HaueHre MHAYKIIMU B CTaJIM HA y4acT-
KaX, MOJIBEPKEHHBIX HAaNOOJIbIIIEMY HACBILIEHUIO, He npeBbimano 1,8 Ta [159].

Onpenenenue parMoHAIbHBIX T€OMETPUUYECKUX COOTHOIICHUM 3yOI10BO-11a30BOM
30HBI B X0JI€ KOHEYHO-3JIEMEHTHOTO MOJEIUPOBAHUS OCYIIECTBISAIOCH TP CMELIEHUH

3yo1oB x =1,5 mm (pucynok 4.16), oOecreuuBaromeM IOJyYeHHE MaKCHUMaTbHBIX

3HAUYCHUM CTaTUYECKOIO TSITOBOT'O YCHUIIAA.
B XO04€ YUCIICHHOTO 3KCIICPHUMCHTA OBLI0 YCTAHOBJICHO, YTO MU3MCHCHHUC 3HAYC-

HHUM COOTHOIICHUS C/Cl B JHAaIria3oHcC 0, 5+2 MNPpUBOAUT K YBCIIMYCHUIO MAKCHUMAJIBHO-

IO 3HAYUCHUS CTATUYCCKOI'O TATOBOTO YCWIIUA B 2 pasa. HN3MeHenne 3HaueHUM COOTHO-

MICHUA b/d B MHTCPBAJIC 1+ 1, 5 He OKa3bIBaeT CYIICCTBCHHOI'O BJIMSAHUA HaA I1O0JIydac-

MbI€ 3HAYCHUS TATOBOTO yCuius (pucyHok 4.17).
Ha ocHoBaHMM TPOBEIEHHOIO MCCIEIOBAaHUS JUIsl JMara3oHa COOTHOILECHUMN

A/a =0,075 + 0,2 ObUIM MONYYEHBl T€OMETPUYCCKHE COOTHOLICHUS 3YOI0BO-

nazoBoit 30HbI JIDM]I, oGecnieunBaromye moyuyeHne MakKCUMaIbHbIX 3HAYEHUM CTATH-

YecKOro TAroBoro ycwmust: b/a =1, ¢/a =1,25+ 2. B nanHoM ciy4ae npH BbIGOpe

3HAYEHUS MEX3YOI[OBOTO PAaCCTOSHUS CJeAyeT pyKOBOACTBOBATHCS TpeOyeMbIM 3Haye-
HUEM paboyero xozaa siKopsl.

IToMUMO T€OMETPUUECKUX COOTHOILLICHHM, HA MaKCUMaJlbHbIE 3HAYEHHUS CTaTHYE-
CKOT'O TATOBOTO YCWJIHS TaK)Ke€ BIUSET YUCIIO 3yOII0B B 3yOI[0BO-TIa30BOM 30He JIDM/I.
Ha ocHoBaHuu 3TOro ObUI MPOBEAECH YMCICHHBINH HKCIIEPUMEHT 10 ONpPENENICHUIO 3Ha-
YeHUM cTtathudeckoro Tsaroporo ycuwiaus JIDMJI ¢ uuciaom 3y01oB n = 2 + 5 (pUCYHOK
4.18). 3a 6a30ByI0 KOHCTPYKIIUIO ObUT IpUHAT BapuaHt JIOMJI pucynka 4.3, 6.

Pe3ynbTaThl UCCIEA0BaHUN NIPEACTABIEHBI HA pUCYHKE 4.21, rie HoMepy KpuBOU
C MHJEKCOM | COOTBETCTBYET KOHCTPYKTHMBHAS CXE€Ma JABUTaTess pucyHka 4.18, a, ¢ us-

JeKcoM 2 — n3o0paxeHHas Ha pucyHke 3.18, 6 u t.1. [159].



. ////ﬁ%jj///ﬁ) ag!

K@QQQ&WJ////[(@

Pucynok 4.16 —Ilonoxxenue 3y6u013 [P MAKCUMAJIBHOM 3HAYEHHUH CTATUYECKON

o ﬁ\

__—”__.——5
===
\ \
C N\b/a=05\ bla=1 \bla=15
\
\
\\b/a = 0,5\ bla = N bla=15 |
— — — a
\b/a = OA bla = l\b/ =
1,5 1,75

Pucynok 4.17 — 'eoMeTpudeckue COOTHOIIEHUS 3yO110BO-11a30BOM 30HBI JIDOM /]



Inln

%

Inluln

7

a

\
ciig

141

=
=

B

-
:

§
§
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Tak kak paccmaTpuBaemble BapUaHTBHI JBUTATENEd OTIMYAIOTCA MO Maccorada-
PUTHBIM TOKAa3aTeNIiM, TO OBUIM OMNpENeSeHbl 3HAUYECHUs TATOBBIX YCUIIUH, MPUXOJS-
HIMXCA Ha €IUHUIY 00beMa KOHCTPYKUUU. YTO MO3BONMIIO YCTAaHOBUTH BapHUAHTHI
JIDM]1, o0ecnieunBaromiye BbICOKHE 3HAYEHUS CTATUUECKOTO TSATOBOI'O YCUJIUS MPU MHU-
HUMAaJIbHBIX 3HAYEHUsAX 00beMa ABUTaTens. Pe3ynbTaTsl UCCIEeI0BaHUsA, TPEICTABICHbI
Ha pucyHke 4.20, mpu 3TOM MHIEKCALMsI KPUBBIX OCYIIECTBISIACH AHAJTOTUYHO PUCYH-
Ky 4.19.

B pamkax naHHOTO UCCieI0BaHUs ObUIO BBHIMOJHEHO CPABHEHHE OTHOCHUTEIBHBIX
MaKCUMAaJIbHBIX 3HAUEHUM CTATUYECKOTO TSITOBOTO YCHIIUS MPEACTaBICHHBIX KOHCTPYK-
TUBHBIX CXeM (pUCYHOK 4.21) M UX OTHOCUTEIBHOW MHTErpalibHOM pabOThI (PUCYHOK
4.22). Tlon OTHOCHUTEIBHBIMM MAKCUMAJbHBIMU 3HAYEHHUSIMU CTATHYECKOTO TATOBOTO
YCUIIUSA TOAPa3yMEBAJIOCh OTHOIICHHE MAaKCUMaJIbHOIO 3HAYEHMsI TATOBOTO YCHIIUS
Finax K Finax KOHCTPYKTUBHOM cXeMbl, npuHuMaeMoit 3a 100%.

AHaNnOrn4HbIM 00pa30M OMPENENAIOCh 3HAUEHHE OTHOCUTENbHON MHTETpaibHON
pabotel A,. [lpu s3ToMm 3a 100 % npuHUMAaNKCh 3HAYEHUS KOHCTPYKTHUBHOM CXEMBbI, U30-
OpaxeHHOI Ha pucyHke 4.18, T.

B pe3ynbTaTte npoBeeHHBIX UCCIEI0BAHNUM ObLIO YCTAHOBIEHO, UTO:

® C yBEJIIMYEHUEM YHUCia 3yOLI0B B 3yOI[OBO-11a30BOM 30HE C 2 10 5 MOBBIIICHUE
OTHOCUTEIBHBIX MAaKCUMaJIbHBIX 3HAYEHUW CTATUYECKOTO TATOBOTO YCHUJIUS MPOUCXO-
IUT OBICTpEE, YEM OTHOCUTENbHBIX 3HAYEHUN MHTErPajIbHO pabOThI;

® KOHCTPYKTHBHBII BapuaHT ABUTaTeNs pucyHKa 4.18, r MpeBOCXOJUT BapUAHT,
M300pakeHHbI Ha pucyHke 4.18, a, mo TsaroBoMy ycwiuio B 2,23 pasza, a BapuaHT,
npejCcTaBlIeHHbIN Ha pucyHke 4.18, 6 — B 1,55 pasa;

e BapuanT JIDM/I, uzoOpaxkeHHblii Ha pucyHke 4.18, r MPEBOCXOIUT MO Macce
BAapHaHT, MPEJICTaBICHHBIN HA pucyHke 4.18, a B 1,5 pa3za.

e HanuOoJiee BHITOAHBIMU C TOYKH 3PEHHUS MOJYUYEHHS] MAaKCUMAaJbHBIX 3HAUCHUM
CTaTHYECKOr0 TSITOBOTrO yCwiMs siBisitorca Bapuantbl JIDMJI, n3oOpaxkeHHble Ha pu-
cynke 4.18, B-r. [Ipu sToM Hanbonee BHICOKMX 3HAYEHHI TSATOBOIO YCHIIHUS, MPUXOMAS-
HIMXCSA HA €IMHUILY O0ObeMa JBUTaTelsl, MOKHO IOOUThCS npu BbinoidHeHuu JIDMJI no

BapuaHTaM, IIpeJICTaBIEHHbIM Ha pucyHke 4.18, 6-B.



143

FIv H/w3

13

12 P 4

i /NS 3

10 // \\ >
1

==
//m \<
—

AN
AN
/
//&é
7z

0 0,5 1 L5 2 2,5 3 3,5

N

4,5 5
X, MM
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B 3akiioueHue cieayeT OTMETHTh, YTO MPUHSTHIE PALIMOHAIBHBIE YHUCIO 3yOII0B
Y 3HAYEHMsI TEOMETPUUYECKUX COOTHOIIEHUH 3yO110B-m1a30Boil 30HbI JIDM]I obecnieun-

BAlOT IMOJTYUYCHNC MAKCUMAJIbHBIX 3HAUYCHUM CTATUYECKOI'O TATOBOTO YCHUIINA.

4.5. Pa3pa0oTKka MeTOAUKH pacyeTa U BbIOOPa pauMOHAJBHBIX

reoMeTpu4ecKux cooTHomeHui JIIM /]

[lonxon K pemieHuto BOIpoca 0 HanboJiee BBITOJHBIX COOTHOIICHUSIX MEXAY OC-
HOBHBIMH pazmepamu JIDMJI ¢ 3y0110BO-11a30BOM 30HOH MOXKET ObITh Pa3TUYHBIM B 3a-
BHUCHUMOCTHU OT OCHOBHBIX TPEOOBaHMM, MPEeAbIBISIEMBIX K ABUrarento. OgHako B 00Jb-
IIMHCTBE CIy4aeB OCHOBHBIE pa3Mephl 1eJIeco00pa3Ho BEIOMPATh TAKUM 00pa30M, 4TO-
Obl OTHOILIEHHE MEXaHMYECKOW pabOThl, COBEPIIAEMOM 3JIEKTPOMArHUTOM, K O0BEMY
MarHUTHON CHCTEMBI ObLIO MakcuMallbHBIM [132, 133, 141, 160].

B »T0i1 cBsSI3U aBTOpPOM TpeaJiaraeTcsi METOJIMKA M0 BBIOOPY pAallMOHAIBHBIX T'€0-
MeTpudeckux cootHoueHuit JISM/I ¢ 3y0110BO-11a30BO 30HOM.

C ToukM 3peHusi MpeIBapUTEIbLHON OIEHKH pa3padaThIBA€MOIo BapHaHTa JJIEK-
TPOMArHUTHOTO JABUTATElNsd 3ajJada BbIOOpA PAIMOHAJIBLHOM KOHCTPYKLMH, MPHU 3aJaH-
HOM 3HAQYEHMH TATOBOI'0 YCWIHS, CBOAWIACH K OTBICKAHUIO T€OMETPUYECKUX Pa3MEPOB
JIDMJI, oGecrieunBarOniX MUHUMAIBHYIO MAaccy JIBUTATEIs.

B kauectBe kputepusi BbIOOpa ObUT ONpe/ielieH MUHUMYM MaccChl JIBUTATeNsA, a B
BUJIC OTPAHUYECHUS 331aBAJICS KPUTEPUN 110 MAKCUMYMY TSATOBOI'O YCUIIMSL.

Maremarnueckass IOCTAaHOBKA 3aJa4yd HUCCJIEAOBAHUS 3aKJIIOYaJach B HAXOXKIE-
HHUM 3HAYCHUU MEPEMEHHBIX Y1, Y>...Y,, KOTOpbIE MUHUMHU3UPYIOT MACCY JJIEKTpOMAr-

uuTHOrO asurarens My = f(Y,,Y,,..,Y,), Ipu 5TOM 3HAYEHUs TATOBOIO YCHJIMS Haxo-

IWINCH B 3aJaHHOM quanasone I . < F (Y,,Y,,..,Y )<F __ . 1lpu BeIBOJE OCHOBHBIX

omin smax
pacyeTHBIX (POPMYJT UCTIOTB30BAINCH YpaBHEHUS, MPUBEACHHBIE B pabotax [161, 162].
ITepemennnie Y;, Y,...Y, BeIpakanuch yepe3 reoOMEeTpUUECKUE pa3Mephl BUTaTe-
a5t (pucyHok 4.23): hy — BBICOTY HEMarHuTHON BTYJKH B SIKOPE, /i, — BBICOTY SIKOPS C
y4eTOM BBICOTHI b 3yOI110B, /13 — BBICOTY TMOJIIOCHOTO HAKOHEUHHUKA CTaTOpPa, /iy — BBICOTY

IMoJrcCa CTaTopa, h5 — BBICOTY spMa CTaTropa, A — pasMEp BO3AYIIHOI'O TCXHOJIOTHYC-
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CKOro 3a3opa, 12 — JIMHY MOJIOCHOI'O HAKOHCYHHKA CTATOPA, 13 — IJIMHY OKHAa KAaTYyIIKH,

a — WMPUHY 3y0l11a, ¢ — pa3Mep MeX3yOLlOBOTO PACCTOSHUSA, /1 — YUCIIO 3yOIIOB Ha IMO-

JIFOCC AKOpA.
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Pucynok 4.23 — KoHCTpyKTUBHas cXeMa 3JI€KTPOMArHuTHOTO JBUTATENs

3navenus hy, A, 5, b, ¢, a u n 3a7aBAIMCh UCXOJs U3 KOHCTPYKTUBHBIX CO0Opa-

KeHUH. JlJIMHa MOJII0CHOTO HAKOHEUHMKA CcTaTopa /; onpeaessuiach UCXO/s U3 PaBEHCT-
o 2 2 o
Ba cedyeHuil sxops (S, = n[(h] +h,—b) —h }) U KOJIBLEBOM NMOBEPXHOCTU 3yOII0BO-

a30BOM 30HBI Hoiroca ctaropa (S,ny =2man(hy +hy)), 1 BbIpaxanach CIEAYIOLIMM
obpasom: I} =na+(n—-1)c.

Pacuer reomerpuueckux cootHomeHuid JIOMJ] mo npeasaraeMoil METOAMKE
OCYILECTBIISUICA CIEAYIOUIMM 00pa3oM:

1. 3agaroTcst reomeTpudeckue pasmepsl hy, s, a, ¢, b, A, n, 1, U3 paBeHCTBa ceye-
HUM OTJEJIbHBIX JIEMEHTOB KOHCTPYKIIMU MarHuTomnposoza [108], u onpenensiercs yc-

PCAHCHHOC 3HAYCHUC BBICOTHI AKOPS:

2
~(2h ~2b—an) || (2l =2b~an) —(b* =2hb—2anh;) | .

h :Y =
2 2 4 4.5)
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2. 3arteM, UCXOJsl M3 KOHCTPYKTUBHBIX COOOpa)xKe€HUH, ompenensieTcs ycpeaHeH-

HOE 3HAYEHHE BBICOTHI SIpMa CTATOPA /4:

= 1 + Yo mi
h4=Y2= 2max2 2 min (46)

3. Jlanee, n3 yClI0BUsl paBEHCTBA CEYEHUN SKOPS Sy, sIpMa Sy U MTOJIOCHOTO HAKO-

HEYHHUKA CTAaTOpa Sy ONPEJEIAIOTCS 3HAYECHUS IEPEMEHHBIX /i5 = Y3, [ =Y, u hy =Y5,

BBIPAKCHHBIC YCPEC3 YCPCAHCHHBIC 3HAYCHU A Yl u Yz .

hs=Ys =—(hy +Y +A+Y5+Y2)+\/[(h1+Y1 +A+Y5+I72)2+(h1+Y1)2—h12J; 4.7)

Y, = (h +Y)* = Iy”
2774 2+ Y1 +A+Ys5); (4.8)

hy=Ys=—(hj +hy+A)+ \/(hl + Iy + A)? + (hy? +2hyhy +2bA) . (4.9)

4. Ilocne HaXO0XICHUA 3HAUYCHUM Yl — Y5 IMPOU3BOAUTCA PACUCT MACCHI IBUT'aTCIIA

My yepe3 Macchl OTJENIbHBIX 2JIEMEHTOB KOHCTPYKIIUU: sipMa ctatopa My, moitoca cra-

Topa M, MOTOCHOTO HAKOHEUHHUKA cTaTopa My, sikops M, BTyiaku M; u oOMOTKH M ys:
My =Mg. +2My +2My + Mg+ M, +M 5, (4.10)

Macca 3JIEMEHTOB KOHCTPYKIIMH OTpeesiiach CIeIyIONUM 00pa3oM:

M, = yen(ls +212)[(h1 LY A+ Ys 4V +Y3) 2 — (b + Yy + A+ s +Y2)2J; 4.11)

M, =yl [(h1 LY A+ Y5+ ) — (It Y, +A+Y5)2}; 4.12)

M, :ycn[ll [(h1 +Y + A+ Y)Y —(h +Y, +A+b)2]+

+an| (b +Y,+A+b) = (b +Y, +A)2ﬂ: (4.13)
Mg :ch|:(l3 + 21 +2(T—a))|:(hl +1 —b)2 —h12:|+

an [(h1 LY = (g +Y, - b)zﬂ : (4.14)



147
My, =yymhi (I3 +20 +2(r —a)); (4.15)
Mg =y, s [(h1 LY A+ Y54 Y)Y — (4 Y, +A+a)2] (4.16)

3arem, nepeMeHHast Y, BeIpakaercs uepe3 My, myTeM psija npeodpa3zoBaHUi

bopmyin (4.11)-(4.16) c coxpaHeHreM NepeMEeHHbIX V| U Y7:
q1=vcm(3+200); gy =l +A+Ys+Y3; g3 =h +A+Y5; g4 =ycn¥y;
g5 =Yl ; ge =M +A+b;q7=h+A; g3 =y .nan;
g9 =Yer|l3 +20 +2(t —a)]; 1o =M —b; gy =vyu[l3 +20 +2(7 - a)];
q12 =Yu3; g3 =M +A+a,
TOT/1a, C YYETOM MpeasiaraeMbIx peoOpazoBanuid, hopmymna (4.10) npumert Bu:
2 2
My =q (42 -q3 )+2Y1(Q2Q1 —q391)+2Y1(9291 — 9391) + 4439412 +
2 2 2 2 2
+4q4 Yy +2q4Y," + 245 (% — 46 )++2QS (% —q7 )+
2 2
+4Y] (9593 — q596 + q8d6 — 9798 ) + (Qm —hy )(619 —2qg)+
2 2 2
+2Y] (99910 +2498h — 243410 ) + ao¥1” + a1 + 41293 +

2
+2q12Y1(93 — 913) + 29129312 + 29121112 + 291,157, (4.17)

a TocJie TOBTOPHOTO Mpeodpa3zoBanus ciaraeMbix Gopmyssl (3.13) Ha psi € TMHUYHBIX

HCpCMCHHBIX, C COXpaHeHI/IeM BapBI/IpyeMBIX BCIIMUUH Y1 u Yzl
dy =2q4 +q12:dy =2q2q1 — 29391 + 49394 + 291293 ;

d3y=2q3+2q15; dg=qq;
ds =2qyq1 —2q3q1 + 4(9593 + 4596 + 48496 — 97498) + 2(99910 + 298/ —

—243910) +2q12(q3 — q13);
2 2 2 2 2 2 2 2
de =q1(92” —q37) +2q5(q3" — g6~ ) +2q8(q6" —q77 ) +(q10” — ") x

2 2
x(q9 —2q3) +q11M” +491293”;
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IIpU MOJCTaHOBKE B (popMyity (3.6) MOIYyUYEHHBIX BEIPAKEHUM MOTy4aeM KBaJpaTHOE

ypaBHEHUE:

d1Yy? +(dy +d3Y))Ys +dgYy? +dsY +dg — Ms =0. (4.18)
Penrenue YpPaBHCHUA OTHOCHUTCIIBHO HCpCMCHHOﬁ Y- 2 1a€T OAHUH OTpHHaTeHBHBIﬁ

n OANH MOJIOXKUATEIbHBIN KOPCHb BHUJA:

_—(dy +d3Y1)+\/(d2 +d3¥))? —4d)(d4Y)* +dsY) +dg — M) -

Y
2 2d,

(4.19)

5. Ilocne HaXOKAEHUS NEMCTBUTEIBHOIO KOPHS KBAJPAaTHOTO YPAaBHEHUS NPOU3-

BOJIUTCSl pacyeT NepeMeHHol Y, B auana3one 3HaueHuid SMM < ¥} < 40mwm . Ilpu atowm,

npu pacuere o popmyne (3.21), npubnrkeHHbIe 3HaUEHUSI Macchl ABUraTens My pac-

CUMTBIBAIOTCS CJIEIYIOIIMM 00pa3oM:

My =vyr(h + Y]+ A+Ys + Y5 +Y3) (I3 +20)); (4.20)

M, = ycn[(hl T+ A+ T+ 1) —((h1 T A -y +Y1)2)}(13 120); (421)

M3 :ch|:(hl+Y1 +A+Ys+ T, +13) (I +211)—((h1+?1 +A+a) -

(4.22)
Uy + T ~a)(3 +201-D(e - )
M, =ycn[(h1 PR+ A+ Y5+ T+ 13) (5 + 20— (O + Ty + A+ ) -
(T —a)? )5+ 2(n 1)z —a))—((h1 LT A+ Ys+ ) - (4.23)
U+ + A+ Y520 - b) |

M =ycn[(h1 PR+ A+ Y5+ Ty +13) (5 + 20— (O + Ty + A+ ) -

~(hy + 1y — a3 +2(n - 1)(z —a))—((h1 1T+ A+Ys+ )R - (4.24)

Uy + T+ A+ Y5200~ )|+ Oy + 72 —a) |



149

I'paduueckoe npencrapienue popmyn (4.20)-(4.24) oToOpakeHO Ha PHUCYHKE
4.24, tne pucyHky 4.24, a COOTBETCTBYET IepBOe€ MpUOIMKEeHHUEe Macchl (dopmyia

(4.20)), pucynky 4.24, 6 — Bropoe npudamxkenue (popmyna (4.21)), u Tak ganee.

INZZ RN IR
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PucyHnok 4.24 — K pacuety Macchl 3JIEKTPOMAarHATHOTO JIBUTATEIIS

7. Ilocne onpeneneHus pacdeTHbIX 3HaueHul Y, B nuanazone Smm < Y; < 40Mm
C y4eTOM psJia MPUOTUIKEHUM MACChl ABUTATENST MMPOU3BOIUTCS pacyeT OrpaHUYMBAIO-
me (QyHKIUM: ompejeseHne 3HaueHui Y, B auanasoHe Smm <Y} <40MM c yueToMm
MaKCHMAaJIbHOT'O 3HAYE€HHS TATOBOIO yCWJIHS F,, pa3BUBAEMOTO JBUTaTelIeM U OIpeje-

JBEIEMOro CJICAYIOIUM 06p330M:

_(w? dA
? 2 dx’

(4.25)

YUYUTBIBAs, 4TO Iw = jk; o1 Sox = jks ox (Z3Y2) , TO IIEPEMEHHYIO Y> MOXKHO BBIPA3UTh

qcpe3 yCUIIHNC F3 CJICAYOIINM O6p330M:

Y, = 2 (4.26)

2ndA -’
ky vol2 ) ———
(] 3.0K 3) 2 dx

B JJaHHOM CTydae TIPOM3BOIHAS MATHUTHOM MPOBOIUMOCTH d A/ dx nns onHoit

Imapbl 3Y6I_IOB onpcacriIach CICIyrOInuMm 06p330M 110 MCTOOHKE, HpCI[JIO)KCHHOﬁ B I1a-

parpade 3.4:
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I 2
b cA+5L
21n(0,8¢/A) o e
n C —
’ 3
8cy/AZ +x2 /4 R
A 3 ( + x /4)2
— =no! + 4.27
a0 aa Y (27
[ s (Sx +cA
«/ +x /4 c +(A2+x2/4)

rae [ — anvHa 3y0110B, X — CMeleHre 3yO10B IKOpsi OTHOCUTEIBHO 3y0OLI0B CTAaTOPA.
7. Ha ocHOBaHMU 3HAYEHUM, MOTYy4eHHBIX M0 popmyrnam (4.19) u (4.26) ctpositcs

rpaQuKu 3aBUCUMOCTEN Y, = f(F,,Y;) u Y, = f(My,Y]), KOOpAMHATEI TOYEK MEpece-

YeHUs MO0 KacaHUsl KOTOPBIX OMPEACIISIIOT palliOHaIbHbIEC 3HAYCHUS IEPEMEHHBIX Y| U
Y, 1ipy 3aJaHHBIX 3HAYEHUSIX YCUIIUSA U MACChI 3JIEKTPOMAarHUTHOTO JIBUTATEJIS.

8. 3aTeM, Mo HaWJIEHHBIM 3HAYCHUSIM NMEPEMEHHBIX Y| U Y,, YTOUHSIOTCS 3Haue-
Hus Y3, Y, u ¥Ys mo hopmynam (4.7)-(4.9).

[To mpenmaraemoii Metoauke ObuT mpousBeneH pacdeT JIOMJI ¢ 3yOioBo-

Na30BOM 30HOU M YUCIIOM 3yOLIOB Ha OJHOM IOJIOCE SIKOps ny =2, ny =3, n3 =4 Ipu
COOTBETCTBYIOIIMX MaKCHUMAaJIbHBIX 3HAYCHUIX TAroBOro ycunus Fp =45 H, F, =75 H
u F3=105 H [163, 164].

Pacuet O6b11 BeinosHeH aiig JIDMJI co crenyronumMu UCXOAHBIMUA AaHHBIMU (pH-

cynok 4.23): B =6x10"M, A=0,5x10"mM, a=b=4x10"m, 7=10x10"m,

n=2+4, x=2,5x10"m, L=40x10"M pg=4nx10"" Tu/m, j=5x10°A/u2,
ky o =0,5.
HpI/I6J'H/I)KCHHBIC 3HAYCHHUA MacCC 3JICKTpOMaFHI/ITHBIX I[BHI‘aTeJIefI, HCITIOJIB30BaAH-

HBIE TIPU TIOCTPOCHUU TPAPUKOB 3aBUCUMOCTH Y, = f(My,Y]), IpeacTaBieHsl B Tab-

e 4.1.



Ta6JII/II_Ia 4.1 - HpI/I6JII/I}KeHHBIC SHAYCHUS MACC DJICKTPOMArHuTHBIX I[BHFaTeJIeﬁ

15

1

Ywucno 3yO1oB n Macca, kr
M, M, M; My M5
2 3,006 2,981 2,662 1,892 1,942
3 5,066 5,025 4,543 2,972 3,053
4 7,964 7,904 7,221 4,626 4,748

Pe3ynbTarhl pacueToB pH pa3IMYHBIX 3HAYCHHSIX 71 YUCIIA 3yOII0B MPEACTABICHBI
B BUJIE KPUBBIX Ha pUCYHKE 4.25 u pucyHke 4.26.

[IpoBepka TOYHOCTH BBIBEICHHBIX (OPMYN U TOTYYEHHBIX 1O HUM PACUYCTHBIX
3HAYEHUN OCYIIECTBISIACH CIEIYIOUUM 00pa3oM:

1. Ha ocHOBaHMHM MIpeIBapUTEIIBHBIX PACUETHBIX 3HAYCHUN Yi- Y5, TOTyUYEeHHBIX 110
dbopmynam (4.7)-(4.9), B oceCUMMETpUYHON TOCTAHOBKE 3aJa4d CTPOATCS KOHEYHO-
aneMeHTHbIe Mojenu JIDMJI u onmpenenstoTcs ux MakCHMajbHbIe 3HAYCHHUSI CTaTHye-

CKOI'O TAT0BOT'0O YCHIIUA Famax-

Y2,M,10_3
- | ]
N n=2 J(M))
4 SN T /(M)
NN SN — — o)
20X ~NC cantll = )
AERCSENNNEEEE
X | S
16 \\ >\/ =
14 \\ P X\
12 f(F5) N AN
10 N
N\ AN
2 \\‘“-m_ \\ ‘\ N
\ T LN NN
) \\ N
AN N
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Pucynok 4.25 — I'paduxu 3aBucumoctu Y, 0T V)
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Pucynok 4.26 — I'paduxu 3aBucumoctu Y, oT V)
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B X0AC YHCICHHOI'O JSKCICPUMCHTA HMHIAYKIHA B YYAdCTKAX MATHUTOIIPOBO/A,
IMOABCPIKCHHBIX HaI/I60JIBH_IeMy HACBhIIICHNTO, HC IIPCBLIIIAJIA 1 To.

2. 3aTeM 1o MOBEpOUHOH (opMyJie onpeaesieTcs 3HaueHue Y:

2
vy = |—Fomax(2W) (4.28)

. 2
(Jk3.01<13) ZF

¢}

Tac Fg, — TATOBOC YCHIIUC, ITOJTYUYCHHOC PACUYCTHBIM ITYTCM, Famax — TATOBOC yCHUIIHC, I1O-
JIYYCHHOC B XOJ€C YHCJICHHOI'O SKCIICPUMCHTA.

®opmyia (4.28) moiydeHa myteMm BoipakeHust dA/dx w3 dopmyssr (4.25) u ee

MoACTaHOBKH B (4.27).

bbu1o ycTaHOBIIEHO, YTO pa3HUIlAa B 3HAYCHUSIX Y, IPEACTABICHHBIX B BUJIE KpH-
BBIX Ha pUCYHKax 4.25-4.26, u 3HaueHUAX Y,, MOIy4eHHBIX 1o dopmyiie (4.28) He mpe-
BbimaeT 15% nns uucna 3youoB n =2, 11% u 2% — COOTBETCTBEHHO isl n =3 U
n =4, 9T0 MOATBEPKAACT MPABUILHOCTD BhIBEACHHBIX popmyi [164].

PCBYJIBT&TBI pacducTa palrOHAJIbHBIX 3HAUCHUM MMCPCMCHHBIX Yl — Y5 o mpejia-

raeMoi MeToJuKe ObLIIM CBEJICHBI B Ta0IuILy 4.2.

Tabnuua 4.2 — 3HaueHus: TeOMETPUUECKUX pa3MEPOB JIBUTaTENs ipu Ms

Yucno nap }71,10_31\/1 Y2,10_3M Y3,10_3M Y4,10_3M Y5,10_3M
3yOI10B, 71

2 19,7 4 6,7 8,1 9,5

3 22 4 7,4 8,9 10,5

4 25 4,2 8,3 7,4 11,7

C y4eToM NOJyUYEHHBIX PACUETHBIX 3HAUYCHUH NEPEMEHHBIX Y] — Y5 ObLIM BBINOI-

HEHBI ACKHU3bl KOHCTPYKTUBHBIX cxeMm JIDMJI c¢ 3yO1oBo-ma3oBoii 30HOU (PUCYHOK

4.27).
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7
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PucyHok 4.27 — DCKH3bI 2JIEKTPOMArHUTHBIX JBUraTeNen

B 3akioueHnu cienyeTr OTMETUTh, YTO MCIOJIb30BaHUE MPEAIaraéMoi METOIUKU
IIpU pacyeTe U BbIOOpPE PAIlMOHATIBHBIX F€OMETPUUYECKUX COOTHOIICHUI OpUTMHAIbHON
KoHCTpyKiuu JIDM/] ¢ 3y0110BO-11a30BOM 30HOM MO3BOJISET MOJTy4aTh MaKCUMaJbHbIE
3HAQYEHHUSI CTATHYECKOTO TATOBOTO YCUJIWSA IPU MUHUMAJIbHON Macce MarHUTHOM CHCTe-

Mbl C MAaKCHUMaJbHOW OTHOCHUTEIBHOW MOTPEIIHOCTHI0 HE mpeBblmaroniend 15 % [163,

164].

4.6. PesyabTaThl aHaIM3a U BbIOOpa KOHCTpyKumi JIDM/I ¢
MUHHMAJIBLHOU MACCOM N0 KPUTEPUI0 MAKCUMAJIBLHOI0 3HAYCHUS

HHTErpajbHOM padoThl

B naparpade 4.5, 6puM onpezeseHbl palMOHaIbHbIE T€OMETPUUECKUE COOTHO-
menus JIOMJI ¢ 3y61oBo-ma3oBoif 30HOH, oOecrieunBaroONIe MOIy4YeHUEe MaKCUMallb-
HBIX 3HAYEHUN TATOBOTO YCHUJIUS B MUHHUMAJIbHOM OOBEME JIEKTPOMArHUTHOIO JIBUTa-
TeJs, OJIHAKO MPHU ATOM 00BEM, 3aHUMAEMbIA KaTYHIKOW, MPUHUMAJICS HEU3MEHHBIM.
[Ipu npoektupoBanuu JIDMJI ¢ 3y0110BO-1a30BoM 30HOM HEOOXOJUMO YyUWUTHIBATH Ha-
MarHM4MBaIOLIYI0 CHITY KaTYIIKU M 3aHUMAaeMblid €10 00beM, TaKk Kak OT 3TOr0 Harps-

My10 OyJeT 3aBHCETh 3HaUeHUE pado4yero MarHuTHOro notoka [93, 165-167].
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Bri6op panuoHanbHBIX COOTHOUIEHUH pa3MepoB OOMOTOYHOTO IMPOCTPAHCTBA,
MTO3BOJIUT, MPU CPABHUTEIBHOW OLICHKHM PAa3JMYHBIX BAPUAHTOB JBUTATENEH, Ompenae-
JUTH HanOoJiee BHITOIHbIE KOHCTPYKIMK B OTHOLIEHUHU PACX0/ia aKTUBHBIX MaTepHUaioB
B 3aJJaHHOM JMana3oHe 3HAYEHUH TATOBBIX ycuiui. MccnenoBaHue mpoBOIWUIIOCH IS
CJIEAYIOIUX COOTHOIIEHUU TE€OMETPUUYECKUX Pa3MEPOB OOMOTOYHOIO IMPOCTPAHCTBA:

OTHOILIEHUE BHYTPEHHEro AuaMerpa di oOMOTOYHOI'O NMPOCTPAHCTBA K BHELIHEMY d,
(X =d;/d, ), oTHOIICHNE JUTHHBI 0GMOTOYHOTO MPOCTPAHCTBA /3 K €ro BHELIHEMY d)
1 BHyTpeHHeMy quametpy d) (Y =/3/d, n Z =15 /d| = const COOTBETCTBEHHO).

Ilouck m BBI60p pPaduOHAJIBHBIX T'COMCTPUYCCKUX COOTHOIIEHUHI 0OOMOTOYHOTO
IIPOCTPaHCTBA OCYIICCTBIIAJICA COITIACHO KPUTCPHUIO OLICHKH O6CCHC"II/IBaIOH_ICM I10J1Yy-
>

YeHHE MAKCUMAaJIbHOTO 3HAY€HHs] MHTErpajbHOM paboThl A, NpU MUHUMAIbHOM 3Ha-
YeHUU 00beMa V ;U MacChl IBUTATENS M g U ONpesensieMoMy 1o Gopmyie (4.3).

Macca ABUTATCIIA OIIPCACIIIACh CIICAYIOIIUM 06pa30M:

MJIB = k3VMgM + VCTgCT (4-29)

rae Vy, Vor —00bem mean u ctanu JIDM/L; gy, gor — YACTBHBIN BEC MEAU U CTANIU; ks,

— K03 (PUIMEHT 3an0JHEHNUS 0OMOTOYHOTO MPOCTPAHCTBA.
[Ipy U3MEeHEHUH reOMETPUUYECKUX MapamMeTpoB Y U Z 3HaYeHUs HaMarHW4MBalo-
el CUJIbI KaTyIIKH ONPEAENSUIMCh UCXO/IS U3 JOMYCTUMOrO MeperpeBa npu Mnepuoin-

YECKOM MOBTOPHO-KPATKOBPEMEHHOM pexuMe padboThl, 1o cieaytouieit hopmysne:

= ;?BO. 2"TTS:KH"3ZK (4.30)

rae [1B — npopomkuTenbHOCTh BKIIOUEHUS IBUTATeNs, kp— KO3(PQOULIHUEHT TeI00TAa-
4yh; T — TEMIlepaTypa mneperpeBa OOMOTKHU; S,xy — CEUYEHHE OKHAa OOMOTOYHOIO IMpPO-
CTPaHCTBA; /3 — NIMHA OOMOTOYHOI'O NMPOCTPAHCTBA; P — YJEIBHOE CONPOTUBIICHUE Ma-

Tepuaga 0OMOTKH.

VY aenbHOE COIMIPOTHUBJICHUC P MaTcpualia MMpoBOJAa ONPCACIIAIOCH 110 I[OHYCTHMOfI

CpellHel TeMIiepaType HarpeBa OOMOTKHU:



156

p=po(1+a9Ts0n) 4.31)
Ie po- Y/AETBHOE COMPOTUBIEHHE TPH Tpoy =7 +lor, C, 0g — TEMIEpaTypHBIH Ko-
3(1)(1)HHI/ICHT MaTepI/IaJIa HpOBOI[HI/IKa, THOH =T +tOKp — IIOHYCTI/IMaH TeMHepaTypa Ha-

rpesa. Tax ayst mpoBoHKKa U3 Meau g = 0,00425 1/rpax u py =1,62- 107 80m- M.

B xone uccnenoBanus npou3BOAUIACE KOPPEKTUPOBKA HAMAarHWUYMBAIOIIEH CHUIIBI
KaTYIIKY, BbI3BaHHASI M3BMEHEHUEM CEUCHHMS TUIONIAU OKHA OOMOTOYHOTO MPOCTPAHCT-
Ba. [nomaas NOBEpXHOCTH OXJIAKICHUS MIPU ITOM OCTaBaiach Hem3MeHHou [168-170].

B kauectBe 0a30BOM KOHCTPYKIIMMU IJisi HCCIEAOBaHUs ObLI BHIOpaH BapUaHT
JIDM]I pucynka 4.27, 6, reoMeTpU4YECKHe pa3Mepbl KOTOPOTO MPEICTaBICHBI B Ta0IUIIE
4.2.

Pacuer u uccienoBanue oCymeCTBISUIUCH IPH CASAYIONIMX 3HAYECHUSX MapaMeT-

poB gpurarens: IIB=60%, k,=0,6, g, =8600xkr M , o = 7800kr M ,

I3=40mM, T=70°C, tyq =20°C, ky =15 BT/(M2 - °C).

I[JISI OLCHKHU BJIUAHHUA BCINMYUHBI pa60qer0 X0a AKOps Ha IMOJTYYdCMbIC MAKCH-
MAJIBHBIC 3HAYCHHA CTATHYCCKOI'O TATOBOT'O YCHIIMA ABUTATCIII KOHCYHO-3JICMCHTHOC
MOACIUPOBAHUC OCYHICCTBILAIIOCH IJIA .HSMI[ C 4YHuCJIOM BY6HOB Ha IIOJIIOCC CTAaTOpa

n=2+4 [171, 172]. llpu 3TOM BBINOJNHSIOCH yCIIOBHE an =const U ¢/a=1,5 (pucy-

Nmid -
I I~
Y c :l
e *

a 3] B

HOK 4.28).

Pucynok 4.28 — DnemeHThI 3y0110BO-11a30B0# 30HbI JIDM /]
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Bﬂaronapﬂ 9TOMY 11O aab CCUCHUA BY6HOBO-H330BOﬁ 30HBI U MaCCOI‘a6apI/ITHBIC
mapaMCTphbl ABUTATCIIA IIPH U3MCHCHHUHN 3HAYCHUS 71 COXPAHAINCH ITIOCTOSAHHBIMU.
HOHy‘IeHHBIe PaCUCTHBIC 3HAUYCHUA JJIA I[ELHBHCIZIHCFO YUCJICHHOTO MOJICIINPOBA-

HHSI MATHUTHOT'O MOJISI KOHEYHO-3JIEMEHTHEIX Moaeneh JIDMJI Obuiu cBeeHBI B TaOJIH-

ny 4.3.

Tabnuma 4.3 — [lapameTpsl 1715 MOJETUPOBAHUS

x |di/dy 10,750 0,711 0,675 |0,640 0,600/0,574 0,563 |0,540 0,5190,500
V| 10743 |3,229 (3,355 (3,463 |3,871 3,777|3,902 |3,965 | 4,090 4,236|4,360
Ver| 10743 0,7125(0,899 1,095 1,322 1,629(1,860 {1,979 {2,226 2,482 14,360
w| A 641 | 708 | 770 | 833 906 | 955 | 979 | 1024 1068 [1110

YuclieHHbIN YKCIIEPUMEHT OCYILECTBIISIICS B OCECUMMETPUYHON MOCTAHOBKE 3a-
na4u npu GUKCUPOBAHHOM 3HaueHHH Z =[3/d; =0,675 ¥ M3MCHEHHH COOTHOLICHHS
X =d|/dy npu dy =36+54mm (pucyHok 4.29). 3HaueHHEe WHAYKIUH B CTAIH HAXO-
AWIOCh B npenenax B, =1,2+1,95 Tu.

B xoje unciaeHHoro sKcnepuMenTa ObLIU OMpeiesieHbl MaKCUMalbHble 3HAYEHUS
TATOBOW XapaKTEPUCTUKHU JJI KaKJI0M M3 MarHUTHBIX CUCTEM B JMANa30HE COOTHOIIIE-
il X =dy/d, =0,5+0,75 (pucysok 4.30).

VY CTaHOBJIEHO, YTO YBEJIMYEHUE YHUCIA 3YOIIOB # MPUBOJIUT K MOBBILIEHUIO MakK-
CUMAaJIbHBIX 3HAYEHUH CTaTUYECKOIr'0 TATOBOTO YCWJIMS MPU COXPAHEHUH MOCTOSTHHBIMU
CEUeHHMs 3yOIIOBO-I1a30BOM 30HBI JBUraTes U MHAYKIIMU B BO3AYIIHOM TEXHOJOTHUYE-
CKOM 3a3ope A.

[lo pe3ynbraram WucCCleIOBaHUS OBUIM MOCTPOEHbI TpauKu 3aBUCUMOCTHU

My /Ay OT cooTHOMEHUs d|/dy NS Pa3IMYHBIX 3HAYCHHSAX n (PUCYHOK 4.31-4.32).

I/ICXOIISI U3 JaHHBIX Fpa(l)I/IKOB OBLIH ONPCACIICHBI PAllMOHAJIBHBIC PsAbI COOTHOIICHUN

X =d,/d,, obecrieunBarolye HAMMEHbIINE 3HAYCHUS] COOTHOINCHHUSA My /Ay 1S Ka-

)KIIOﬁ N3 MarHuTHBIX CUCTCM.
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l;

Y

Y

a 3]

PucyHnok 4.29 — I'eomeTpuueckasi CTpyKTypa BapuaHTOB KOHCTPYKTHUBHBIX CXEM U

d
JIMHAN MarHUTHOM MHIYKIWU: a) IPU d—l =0,75, 6) mpu —=0,5
2 2
FoH
300
270
n=3 n=4

240 ¢

T TS T [/

180 S \LQ\

150 \'L‘\é?\

120 /\‘ j\m\ —

90 \ﬁ\ O~y
s

=2 ]
60
30
0
0,5 0,55 0,6 0,65 0,7 0,75
X =di/dy

Pucynok 4.30 — 3HaueHus TATOBBIX XapaKTEPUCTUK B 3aBUCUMOCTH OT YHCIa 3y0OB 7
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3aTeM, IJIA TPAHUYHBIX 3HAUYCHUMN BBISIBICHHBIX pPaduOHAJIBHBIX JHUAIIA30HOB IIC-

pemennoit X =d/d, ompenensics palOHAIBHBIN s 3HAYCHUI EpeMEeHHOH Y mpu
U3MEHEHUU €€ B Juana3oHe Y = /3 /d2 =0,4+1,2.

PacuetHbple 3HaueHHS NI JAaTbHEHIIEr0 MOJICIMPOBAHUS MArHUTHOTO TOJIS KO-
HEYHO-3JIeMEHTHBIX Mojienelt JIDM/J] npu n =2 +4 Obutn cBeicHBI B TaOMIIBI 4.4-4.6.

BrHocumast KoppeKTHpOBKa HAMarHWYMBAIOIICH CUJIBI B JAHHOM cliydae Obljla BbI-
3BaHa MU3MEHEHHEM CEUCHMsI TUIOMIAIM OKHA OOMOTOYHOTO MPOCTPAHCTBA M MOBEPXHO-
CTHU OXJIQXKJEHUS OOMOTKH, a CPEeIHSS JJTMHA BUTKA OOMOTKU COXPaHsJIACh MOCTOSHHOM,

W3MEHSIOCH TOJIBKO c€YeHrue 00MOTOouHOro nposoja [170-174].

L=

n\\

0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8
X = dl/dz

PucyHok 4.31— 3aBHCUMOCTb My /4, OT cooTHomenus X =d /d,
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PucyHok 4.32— 3aBUCUMOCTb My /4y OT cooTHOmeHns X =d/d,
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Ta6nuua 4.4 — [MapaMeTpsl U1 MOJICTUPOBAHUSI MATHUTHBIX CHCTEM TPU 71 =2

x | dy/dy 0,540 0,640

3/d, 0,4 0,6 0,8 | 0,91 1 1,2 0,4 0,6 0,8 0,91 1 1,2
Vu | 107 | 3,11 | 3,409 | 3,708 | 3,871 | 4,006 | 4,482 3,499 3,794 | 4,090 | 4,252 |4,385 4,681
Vo 1107*M° | 0,582 | 0,872 | 1,163 | 1,322 | 1,454 1,917 1,113 1,669 | 2,226 | 2,532 | 2,782 |3.338
Iw |4 489 734 | 1024 | 1114 | 1224 1469 366 549 | 733,00 |833,00| 916 | 1099

Ta6nuna 4.5 — [MapaMeTpsl Uit MOJICTMPOBAHUSI MATHUTHBIX CHCTEM TPU 11 =3
x | dy/dy 0,563 0,640

I/dy | 0.417] 0,625| 0,833| 0948| 1,042| 1,250 0,417 0,625 0,833 0,948 | 1,042 | 1,250
Vu |107*M° | 3,110 3,409 | 3,704 | 3,871 | 4,006| 4,006 3,372 | 3,669 | 3,965| 4,261 |4,261|4,558
Vo |107*M° | 0,582 0,872 1,160| 1,322| 1,454| 1,454| 0,9896| 1,484| 1,979| 2,474 2,474 2,969
Iw |4 489 | 734 979 | 1114 1224 1469 366 549 731 833 | 916 1099

Ta6nuna 4.6 — [apameTpsl It MOJICTMPOBAHUST MATHUTHBIX CHCTEM TIpu 11 =4
x | dy/dy 0,563 0,659

I3/d, 0,417/ 0,625 | 0,675| 0,975| 1,042 1,250| 0,417| 0,625| 0,675| 0,975| 1,042| 1,250
Vu |107*M° | 3,372| 3,669 3,965| 4,167| 4,261| 4,558 2,845| 3,099| 3,162| 3,526| 3,606| 3,860
Ve |107*M° | 0,9896| 1,484| 1,979 | 2,316| 2474 2,969| 0,508| 0,766 | 0,829 | 1,196 | 1,277 | 1,534
Iw |4 489 734|979 | 1224 1224 1469 339 511 553 799 853 | 1025
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FCOMCTpI/I‘IeCKI/Ie CTPYKTYpPbl MAroHuTHBIX CHCTCM M PACIHPCACICHUC B HUX

JMHWAA MAarHUTHOW UHAYKIMH MPEICTABICHBI HA pUCYHKE 4.33.

a 3]

Pucynok 4.33 — ['eoMeTprueckas CTpYKTypa BAPHAHTOB KOHCTPYKTHUBHBIX CXEM U
JIMHUHA MarHUTHOH MHAYKIMH 715 cnydas X = dy /dy = 0,563 : a) mpu

ly/dy =0,417, 6) iput I3 /dy =1,25

IIo pe3yiibTaTaM BBIITOJITHCHHBIX I/ICCJICI[OBaHI/Iﬁ ObLIN IOCTPOCHLI Fpa(l)I/IKI/I

3aBUCHMOCTH My /Ay OT cooTHomeHus Y =/3/d,, aHann3 KOTOPBIX MO3BOJIHII
ONPECINTh PALlMOHAIBHBIC PSIBI COOTHOICHUH Y =/3/dy) npu n=2+4 (pucy-
HOK 4.34 u pucyHok 4.35).

BeIABIIEHO, YTO [UI1 MarHUTHBIX CUCTEM C Pa3IUYHBIM 7 YHCIOM 3YOLOB,
HECMOTpS HA pa3HUIly B MAKCHMAJIbHBIX 3HAUECHUSAX TATOBBIX YCHJINHN, PallMOHAIb-
HBIC Psifibl cooTHOLICHUN X =d|/dy u Y =13/d, umeroT 6iu3Kkue 3HaYCHHS

B ycTaHOBIICHHBIX Pal[HOHANBHBIX psigax X =d)/d, ¢ yBeanueHueM 3Hade-

HUS TIepeMeHHON Y =3 /d) ymeHblIaeTcs pa3dpoc B 3HAUCHUAX My /Ay .
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Y=n3/dp

0

PucyHok 4.34 — 3aBHCHMOCTb M ;5 /4y OT cooTHOEHus Y =13/d,
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My xr -3
A,
30
27 1 n=4
N
24
21 )>\
>\ d,/d,=0,659
18
& NG
N 997204 ,
; S, e P
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3 d,/d, =0,563
0 S

04 05 06 07 08 09 1 1,1 12 1,3 14 1.5
Y:l3/d2

PucyHok 4.35 — 3aBHCHMOCTb M ;5 /4y OT cooTHOeHus Y =13/d,
[lony4yeHHsle B X0/1€ UCCIEAOBAHUS PALIMOHATIBLHBIE PSAbI IEPEMEHHBIX Y U
X nist JIDMJ] ¢ uuciiom 3y01ioB n =2 +4 npencrariensl B Tabnuue 4.7 [171, 172].

Tabnuua 4.7 — PacueTHbIE 3HAUEHUS

Yuciio 3y610B, 7 dy/d, l3/d, I3 /d;
2 0,54-0,64 0.8-1.2 0,675
3 0,563+0,64 0,9+1,2 0,675
4 0,563+0,659 1+1,2 0,675

JlaHHBIE PsAZIbl PAlMOHATIBHBIX TEOMETPUYECKUX COOTHOLIEHUN NTEPEMEHHBIX
X u Y moryTr ObITb MCHONB30BaHbI Npu mnpoektupoBanuu JIDMJ ¢ 3yOuoBo-

a30BOI 30HOM.



165

4.7. O00ocHOBaHMe NPUMEHEHUS HOBBIX KOHCTpYKuuii IOM/L B

3JIeKTPONPHBO/Ie BUOPOKOMIIPeccopa

B nannom maparpade, ¢ 1einbi0 00OCHOBaHUSI CO3JaHUSI MEPCHEKTUBHOU
KOHCTPYKIIMM BHOPOKOMIIpECCOpa C JIMHEHHBIM 3JIEKTPOMAarHUTHBIM JBUTATEIIEM,
MpEJCTaBIEH pacueT OCHOBHBIX mapameTpoB JIDM/JI ¢ 3yO110B0-ma30BOM 30HOM B
cocTaBe BUOpOKOMITpeccopa.

[Ipu BBIBOJIE OCHOBHBIX pPacUeTHHIX (HOPMYJ HCIOJIB30BAIUCH MOAXOILI U
ypaBHEHUS, MPpUBEJIEHHBIE B paboTax [16, 45]. Pacuet ObL1 BBINIOJIHEH B HECKOJIBKO
ATAIOB:

1. Ha mepBOHauanbHOM 3Tare 3ajaeM 3HaUeHHE pad0vyero Xoja MOABHMKHBIX
AJIEMEHTOB: KOpsl ¥ pabouero oprana. [Ipu 3ajaHHOM 3HAYEHUU TTPOU3BOIUTEIb-
HOCTHU KOMITpeccopa Ha BbIXojie, pabouuit xoa sskops OygeM cuutath (PUKCUPOBAH-
HBIM U CBSI3aHHBIM C pa3MepaMu 3yO0110BO-11a30BOM 30HBI JIEKTPOMAarHUTHOTO JBU-

ratens (pucyHok 4.36):

=22 (4.32)

2. Jlanee, HCXOIA U3 paBCHCTBA CCUCHUM SAKOpA Sﬂ " IMOJIF0CAa CTATOpa SH 110~

TydaeMm:
Sy =1

G =TS (4.33)

Sy = annry = amt(r,I +b); (4.34)

" onpcacisieM yCPCAHCHHOC 3HAYCHUC paqnyCa AKOP::

2
4anb
. :an+\/(an2) +4an | 4.35)
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Pucynok 4. 36 — KoHCTpyKTHBHAsl cXxemMa KOMITpeccopa ¢ YHCIIOM 3yO110B
aKopst n =3
3. Ha tperbem 3Tane pacCUYMTBIBAEM TATOBOE yCUIUE U MOITHOCTB JIDM/I:
2
_(Uw)" dA

Foy = . 4.36
M= (436)

B 1aHHOM cltydae TIPOU3BOIHAS MATHUTHON MpoBoAMMOCTH dA/dx ompee-

asnack coryiacHo ¢opmyne (4.27). Toraa, 3Has 3HaUYE€HUE TATOBOTO YCHIIMS, MOIII-

HOCTh JIDMJI MOKHO BBIPa3UTh CIEAYIOIIMM 00pa3oM:

F. x
p=""P
TII

(4.37)

Tac TH — BpEM:, B TCUHCHUC KOTOPOI'oO ABUIATCIIb IMMOAKIOYCH K UCTOYHHUKY IIUTA-

HH.
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4, I[anee, onpeacrsicM MMpou3BOAUTCIIBHOCTL Ha BBIXOC Qp KOMIIpECCOopa B

M3/ c, coriacHo dhopmyJie, MpeyIoKeHHOU B [16]:

P
0, =—m_ (4.38)
p
Py In
Pu
IZI€ py — HIDKHEE JaBICHHUE KOMIIpeccopa Ha BXoze, [1a; p, — BepXxHee MakcuMalb-
HOE JaBJI€HUE KoMIpeccopa Ha Beixoxe, Ila; m,; — mzorepmuuecknii KIIJI xom-
rpeccopa.
5. 3arem onpezensgeM IUIOMAb IIOBEPXHOCTH Sp, U PadyCc pabodero oprana

Ppo

O

S p=""",
J Mo Xp

po (4.39)

rje f— JactoTta KojebaHuil pabodero oprana, 1. — 00bemHubiit KI1J[ kommpeccopa.

S
Foo = 4| —— - (4.40)
T

6. Jlanee onpenenseM CyMMapHYIO MacCy MOJIBUKHBIX 2JIEMEHTOB!
_ _ 2 2 2
My =My +Mpo =T, | Iy (hy +2nc)+my ry 2na + Wantpolpo,  (4.41)

I7i€ Y. — IVIOTHOCTh CTaJH, Ya; — IUDIOTHOCTh AJIIOMUHUS, /iy — BBICOTa OOMOTOYHOTO
IPOCTPAHCTBA, /i, — BEICOTA pab0OYero oprana, KOTopasi IpUHAMAJIaCh PABHOM 7'p.
7. 3aTem ompeAenseM >KeCTKOCTh YIPYroro 3JIEMEHTa K U MPOTHBOJEUCT-

BYIOILIETO YCHIIUA [y

Fup = SpoPic; (4.42)
280051 Sho P Ty 2 ) M
= po Spoi + m5g) il (4.43)

Op

r7ie g — YCKOpeHHe CBOOOAHOrO naaeHus, 9,8 M/ .
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8. Ilocre qcero, ornpeaciisicM pa60Ty, MMPOU3BOAUMYIO KOMITPECCOPOM:
A= Px +0,5kx3. (4.44)

9. Ha 3akio4uTenbHOM 3Tane, g MPOBEPKHM TOYHOCTH MOJIYYECHHBIX 3Ha-
YeHUW NPUOJIMIKEHHOT0 pacdeTa, OmpeiessieM CKOPOCTh JIBUIKCHHS IOJBHXKHBIX
3JIEMEHTOB, KOTOpAasl BBICTYIIAET KPUTEPUEM OILIEHKM TOYHOCTH IPOU3BEICHHBIX
pacyeToB CJIEIYIOIMIMM 00pa3oM: YYHTBIBas TO, YTO YPaBHEHHUE MEXaHUYECKOTO

PaBHOBECH:A JII HArHCTaHUA BO3yXd MOKHO 3allMCaTh B BUIC [45]
myX+kx+P=Fy; (4.45)

Tac X — YCKOPCHUC NBUXCHUA IMOABUIKHBIX 3JICMCHTOB, X — KOOPpJAHWHATA IICPEMC-
ICHUA AKOPA.

TO, CUIIYy TATH MOXHO BbIPA3UTh H3BCCTHBIM CIIOCOOOM:

A
Fow == (4.46)
Mo
Trac x — CKOpPOCTb ABHIKCHUA ITOABUKHBIX 3JICMCHTOB.

Torja ¢ yuetom Gopmysl (16) ypaBuenue (17) npumeT BUA:

A
msX +kx+P=——; (4.47)
xTy

MIPOMHTETPUPOBAB BbIpakeHue (4.47) mo x u mpeoOpa3oBaB €ro U ypaBHEHUE

(4.46) 1O CKOPOCTH, TIOJTYYUM CIISYIONINE BBIPAXKEHUS 111 CKOPOCTH

SHoX 2
_ Pxopot Mxm  Ax (4.48)
my 2m2 szH

\%4

A

Y — (4.49)
2T, Foy

[ToacTaBuB mostydeHHbIe paHee 3HaueHUs B (4.48) u (4.49) MOXXHO paccuu-
TaTh CKOPOCTh JABMIKEHHUSI SIKOps B KOHIIE pabouero xoxa. [Ipu pacxoxxaeHuu mo-
Jy4YEHHBIX 3HaYeHUH ckopocTu Oosee ueM Ha 15% pacuer ciieqyeT NoBTOPUTS, 3a-

AaBIINCHh HOBBIM 3HAYCHHUCM MHAYKIIMHU B BO3YIIHOM 3a30Pp¢.
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[To mpemyiaraemoit mocnea0BaTeIbHOCTH JIEUCTBUN ObUT paccuuTaHa KOHCT-
PYKIIMS 3JIEKTPOMArHUTHOTO KOMITpeccopa pucyHka 4.36.

Pacduer ObUI BBHITIONIHEH TIPU  CIEAYIOMIUX

Ha4daJIbHBIX  YCJIOBUAX:

c=6x107M, a=b=4x107M, ny, =0,55, N5=0,7, 7=7,9x10°kr/m>,
;/aH:2,7><103Kr M, u0:47r><10_7FH/M, T=0,0lc, f=500_1, n=2+5.

PacueT nponsBoauiCs U1 ABYX 3HAYCHUM JABICHUS Ha BBIXOAE py =4 X 105 IIa u

P =6x10°1Ta.

[TomyueHHbIe 3HAUYEHHUSI OCHOBHBIX TTapaMeTpOB BUOpoKOMIIpeccopa (Tadmu-

oa 48) OJIM3KH K 3HAYCHHSIM OCHOBHBIX mapaMCcTpOB MAJIOMOIIHBIX KOMIIPECCO-

POB, MOJYUYHUBIINUX HauOOJIbIIIEE pacIpoCTpaHCHUC HA OTCYCCTBCHHOM PBIHKC (Ta6-

muna 1.3 maparpada 1.1)

MaxkcumabHas pasHulla B 3HAYCHHAX CKOPOCTH, IMOJYUYCHHBIX IIPH IIOBC-

pOUHBIX pacuerax 1o hopmynam (4.48) u (4.49) ve npesbimaet 15%.

Tabnuua 4.8 — PacueTHble mapaMeTpbl KOMITpeccopa

Hapametpsl |, —4x10°Ma (3,95 atm.) P =6x10°Ta (5,92 atm.)

n 2 3 4 5 2 3 4 5

Ty M 107 10,9 | 152 | 193 | 234 10,9| 152| 193 | 234
Fou H 23,885 | 45,996] 94,421 138,80 23,885/ 45,996| 94,421 138,80
P, Br 11,943 [ 22,998| 47,21] 69,398 | 11,943] 22,998 47,21 | 69,398
OM/c10° | 474 | 912 | 18,7 27.5| 3.67| 706 145| 21,3
S M510° [ 0,271 | 0521 1,07 | 1,57 | 0265 0,403 0,828 1,22
P, M10° | 928 | 129 | 18,5 | 224 919| 113] 162 197
Ms, KT 0,226 | 0,509 | 0,961 1,592| 0,224] 0,503] 0,944| 1,562
Fup, H 108,3 | 208,56 428,12| 629,33| 125,69 242,04] 496,86 730,37
k, H/m 44207 | 85419 175016| 257975| 51154 | 98791 | 202445 298273
A, Jix 1,094 | 2,111 | 4,328] 6,371 1,268 2,445] 5,015| 7,380
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YCTaHOBJIeHO, 4ToO IMpHU YMCHBIICHHUHN BCPXHCTO JTABJICHUA B 1,5 pasa Ipouns-

BOAUTCIIBHOCTDb YBCINYNUBACTCA B 1,2 pasa. HpI/I HU3MCHCHHUU NaBJICHUA Ha BBIXOAC

¢ 4x10°TIa Ha 6x10°IIa CKOPOCTb JABWKEHHS SIKOpsL yMeHbluaeTcs Ha 14-15% B
3aBHCHMOCTH OT 3HA4Y€HHUs 4KcCila 3yOL0B 7.

[Ipennaraemasi mocaeq0BaTENbHOCTD JEHCTBUN MO3BOJISET BHIMOIHUTD MPH-
OJIMYKEHHBIM pacdyeT OCHOBHBIX MMapaMETPOB 3JIEKTPOMATHUTHOTO BUOpPOKOMIIpEC-

copa Mpu MUHUMAJIBLHBIX BPEMEHHBIX 3aTpaTax.
4.8. BeiBoabI

1. Boimonueno cpasuenue JIOMJI onHoro oobema ¢ pa3iaudHbIM KOHCTPYK-
TUBHBIM HCIOJHEHUEM 3YII00BO-NIA30BOM 30HBI MO KPUTEPHUSIM MAKCUMAIbHBIX
3HAYEHUN CTATHMYECKOr'0 TATOBOTO YCWIMS W MHTETPAIbHOW pabOThl JIBUraTess.
VY CTaHOBIIEHO, UTO MPHU COXPAHEHUH OJAMHAKOBOW CTPYKTYpE 3JIEMEHTOB MAarHUT-
HOM cHCTEeMbl BapUaHThl KOHCTPYKTUBHBIX CXEM JIBUTATeNed, UMEIouue 3y0110BO-
Ma30BYIO 30HY, MOTYT CYHIECTBEHHO OTIMYATHCS MEXAY COOON MO YIENbHBIM CH-
JIOBBIM M DHEPTETHYECKUM MOKA3ATEISIM.

2. Ha ypoBHe u300peTeHus NpejioKeHO HOBOE KOHCTPYKTUBHOE HCIOJIHE-
HUE 3yOII0BO-1a30BOM 30HBI, 00ECIIEUNBAIOIIEE MOBBIIIEHUE MAKCUMAIBHOIO 3HAa-
YEHHs] CTAaTUYECKOro TAToBOro ycwius Ha 12 % u uHTerpanbHoil paboTsl Ha 8 %
10 CPABHEHHUIO C U3BECTHOM KOHCTPYKIUEH.

3. OnpeneneHsl pallMOHAIBHBIC TEOMETPUYECKUE COOTHOIICHHUSI 0OMOTOUHO-
ro IPOCTPAHCTBA U 3YOIIOBO-T1a30BOM 30HBI JIDM/JI nis uncna 3y0o1oB n=2+4,
oOecreynBarolye MoJlydeHue MaKCUMAaJbHBIX 3HAYEHUH CTaTUYECKOT'O TATOBOIO
YCUJIUS U UHTErPAIbHON paOOThl TP MUHUMAJIBLHOM Macce MarHUTHOM CUCTEMBI.

4. TlpennokeHa METOIMKA pacyeTa PallMOHAIBHBIX T'€OMETPHUUYECKUX COOT-
Homenui JIOMJ] ¢ 3y0110Bo-11a30B0# 30HO, KOTOpas MO3BOJSET MOJIyYaTh KOHCT-
PYKLIHUH C MAaKCUMAJIbHBIMHU 3HAYEHUSIMU CTATUYECKOrO TATOBOIO YCHIIHS MPH MH-

HUMAJIbHOW MaCCOM MarHUTHOU CUCTEMBI.
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5. Ilo kputeputo onpeaensieMoMy, Kak OTHOIIIEHWE MAacChl IBUTATENS K €ro
MaKCHUMAaJIbHOW HHTETpajbHOM paboTe, OmpeieseHbl IUana3oHbl PallMOHAIBHBIX
T€OMETPUYECKUX COOTHOIICHUN 00MOTOUHOro mpoctpaHctBa JIDMJ[ ¢ umciom
3yOI10B B 3yOIIOBO-11a30BOM 30HE 1 =2 +4.

6. Jlano o6ocHOBaHUE MKOHCTPYKIMU BuOpokommpeccopa ¢ JIDOMJI. TTomy-
YEHHBIE PACUETHBIC 3HAYEHHUS OCHOBHBIX MapaMeTPOB BHOpOKOMIIpeccopa OIU3KU
K 3HAYEHHSIM OCHOBHBIX MMapaMeTPOB MaJOMOIIHBIX KOMIIPECCOPOB, MPEACTABIICH-

HBIX Ha OTCYCCTBCHHOM PBIHKC.
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3AKJITIOYEHHUE

OcHOBHBIE PE3YIbTAThl JUCCEPTALMOHHON pabOThI COCTOAT B CIAEAYIOIIEM:

1. BolnonHeH peTpoCneKTUBHBINA MaTEHTHO-MH(POPMAIIMOHHBIN TOUCK B 00-
nactu co3nanusa JIDMJI miist komnpeccopoB momiHocThio 10 0,5 kBT, Ha ocHOBa-
HUU KOTOPOTro 0OOCHOBAaHBI U MPEIIOKEHBI HA YPOBHE U300pETEHUS] HOBbIE KOH-
ctpykiuu JIDMJI ¢ 3yO110BO-ma30BOM 30HOM, MO3BOJISIONIME IMOJy4aTh MaKCH-
MaJibHbI€ 3HAUYEHMSI CTATUYECKOI'0 TATOBOTO YCHUJIUS MPH MaJIbIX 3HAYEHUSIX pado-
4yero xoja sxops u o0OecreunBaomue 6e3ygapuyo padory kommnpeccopa. Opuru-
HaJIbHOCTh IOJYYEHHBIX TEXHUYECKUX PEIICHUHN 3allMIleHa nateHTamMu PP Ha
M300pETEHHE U MOJIE3HBIE MOJIEIH.

2. VYCTaHOBIEHO, YTO NpPHU MEPEXOAE€ C NWIMHAPUYECKON KOHCTPYKUUU
JIDM/I Ha pa3BepHYTYIO 3HAYEHUSI MATHUTHOW IIPOBOJIUMOCTH M CTaTUYECKOTO TH-
rOBOr'0 YCUJIMSI U3MEHSIOTCA B npeaenax 6-8 %. Ha ocHOBaHMM BBIITOJTHEHHOM pa3-
BepTku JIDMJI mpensioxkeH monpaBovHbIA KOIDPUIUEHT £, YUUTHIBAIOIINN Xa-
pakTep pacrpeieseHusi MarHUTHOM TIPOBOJUMOCTH B BO3AYLIHBIX 3a30pax 3yO110-
BO-IIA30BOM 30HBI JBUTATENSA, YIOJl PACKPBITHS O MOJKOCOB M YHCIO IOJIOCOB Z
CTaTOpa, 4YTO MO3BOJISIET MOBBICUTH TOYHOCTh MOJIYYAaE€MbIX 3HAYEHUN MarHUTHOMN
MPOBOAUMOCTH 110 6 %o.

3. YcTraHoBI€HA BBICOKAs OTHOCUTEIbHAs MOTpemHocTh (25-70%) pacuet-
HBIX 3HaYE€HUH MArHUTHOW MPOBOJUMOCTH BO3AYLIHBIX 3a30pOB 3yO1I0BO-M1a30BOM
30HbI JIDM/I, mOJIy4EHHBIX 1O METOAMKAM, OCHOBAHHBIM Ha METOJI€ BEPOSATHBIX
nyTed notoka. OmnpeneneHa CTENEHb BIHUSHUS T€OMETPUUECKHX COOTHOIIEHUN
3y0110BO-11a30BOM 30HBI JIDMJl M MHAYKIIMM B CTald Ha 3HAYEHUS MArHUTHOMN
npoBoguMocTH. [Ipennoxken nmonpaBoyHbll KOADPUIMEHT k,, TPUMEHEHUE KOTO-
pOro mpH pacyeTe MarHUTHOM MPOBOJUMOCTH METOJOM BEPOSTHBIX ITYyTEH MOTOKA
MTO3BOJISIET CHU3UTh OTHOCUTEIBHYIO MTOIPEIIHOCTh PACYETHBIX 3HaueHuil B 1,5-2,4

pasa B nMana3oHe COOTHOIICHHH pazmepoB A/a =0,075+0,2.

4. Ilo KPUTCPUAM MAKCUMAJIbHBIX 3HAUYEHUM CTATUUYECKOI'O TATOBOI'O yYCHUIIUA

u I/IHTeraJIBHOﬁ pa6OTBI OIPCACIICHBI KOHCTPYKOUU C PAIMOHAJIBHBIM HCIIOJIHC-
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HUEM DJIEMEHTOB MarHMTHOU cuctembl. Ha ypoBHe n300peTeHus: npeijIo’)KeHO HO-
BOE€ KOHCTPYKTHBHOE HCIOJHEHUE 3YOII0BO-11a30BOM 30HBI, 00€CIIeUunBatoIIee Mmo-
BBIIIEHNE MAKCUMaJIbHOI'O 3HAYEHUsI CTATHUYECKOTO TAroBoro ycwius Ha 12 % u
MHTErpajgbHON paboThl HA 8 % MO CPaBHEHUIO C U3BECTHOU KOHCTPYKIIHUEH.

5. Onpezenensl palMoHalbHbIE TEOMETPUUECKUE COOTHOIIEHUSI 0OMOTOYHO-
ro MPOCTPaHCTBA M 3yO10BO-Ma30BOM 30HbI JIDM/JI st yucna 3youoB n=2+4,
oOecreynBarolre MoJlydeHue MaKCUMAaJbHBIX 3HAYEHUH CTaTUYECKOT'O TATOBOIO
YCUJIUS U UHTErPAIbHON paOOThl TP MUHUMAJIBLHOM Macce MarHUTHOM CUCTEMBI.

6. Pa3paboTaHbl METOJIUKH JIJIsl pacueTa HOBBIX KOHCTpYyKiuid JIDM/I, npen-
CTaBJISIIOLIME COOOM COUYETaHHE METOJla BEPOSTHBIX IyTEH MOTOKA U PE3YJIbTaTOB
KOHEYHO-3JIEMEHTHOI'O MOJEJIIMPOBAHMs, MMO3BOJSIOIIAE B JMAIla30HE COOTHOIIE-
auit A/a =0,075+0,2 monydyath yTOYHCHHbIC 3HAYCHUSI MATHUTHOW MPOBOIANMO-
CTH BO3JIYIIHBIX 3a30pOB 3yOI110BO-11a30B0M 30HBI JIDM/JI 1 ocymiecTBIsATh BHIOOD

PaduOHAJIBHBIX TCOMCTPHUUYCCKHX COOTHOIICHUU pasMEpoOB ABUTATCIISI C MAKCHU-

MaJIbHOM OTHOCUTEIBHON NOTPEMIHOCTHIO, HE TpeBbIatomei 15 %.
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ITPUJIOKEHUE A

AKT 0 BHeIpEHHUH Pe3yJibTATOB ANCCEPTANNOHHOI padoThI

AKT
00 MCIIOJIB30BaHUHU PE3YNbTaTOB JUCCEPTALMOHHOM paboThI
Ha COMCKaHME YYCHOM CTeNeH! KaHJuaTa TeXHHYeCKUX HayK
Porogoii Onbru BanepseBHbI

Komuccus B cocrase:
[Ipeacenarens — IlITanr A.A., K.T.H., 1ekaH PMA;
Ynens! komuccuu — I'opesa JLIT., k.T.H., o1., npe/iceiaTeslb METOAUIECKON
koMuccuu ®PMA;
— PoxnectBenckas JI.H., x.3.H., gou., 3aB. ka¢. TOITIIL,

COCTaBWJIM HACTOSIIMN aKT O TOM, YTO pe3yJbTaThl AUCCEPTALMOHHON paboThI
«JIMHeWHBI ANEeKTPOMArHWUTHBIA OBUratelb C  YAYYIIEHHBIMH TATOBBIMHU
XapakTepUCTUKaMH JUls BHOpOKOMIIpeccopa», MpeICTaBIeHHOW Ha COUCKaHUe
YYEHOH CTEeINeHW KaHAMJaTa TEeXHUYECKUX HayK, HCIOJb30BaHbl B yueOHOM
npouecce (axkyiabTeTa MeXaTPOHUKH W aBToMaru3auud HoBocHOGHMpPCKOro
rOCyJJapCTBEHHOI0 TEXHUYECKOIO0 YHUBEPCHUTETA MpHU MOJArOoTOBKE OakanaBpoB 10
Hanpasienuto 38.03.07 «ToBapoBeaeHue»:
1. Ilpy mpoBeleHMH JEKIMOHHBIX 3aHATHH 1o aucuuruimHam «ToBapoBeneHue
OJIHOPOIHBIX TIPYIINl HENpOAOBOJLCTBEHHBIX TOBapoB» M «ToBapoBemeHue wu
JKCrepTH3a OBITOBON TEXHUKHY.
2. B kayecTBe HampaBlIeHHUS WCCIEJOBAHMNW TIPU BBHINOJHEHHM HAY4YHO-
MCCIIEIOBATENIbCKUX, KYpPCOBBIX M  BBIMYCKHBIX KBaIM(DHUKALMOHHBIX paboT
CTYAEHTOB (aKyJIbTeTa MEXaTPOHUKH U aBTOMATH3ALUH.

Hcnonb3oBaHWe  TEOPETUYECKUX  MOJOXEHHUH, IpEICTaBICHHBIX B
JIUCCEPTALIMOHHON  paboTe, MO3BOJISIET IOBBICUTH Ka4yeCTBO  IMOATOTOBKH
CTYJEHTOB. y

[Tpencenarens: /

YJieHbI KOMUACCHH

K.T.H., [IITanr A.A.
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(54) DIIEKTPOMATHUTHBIV JIBUTATEJIb (BAPUAHTEI)

(57) Pedepar:

M300petenue OTHOCHTCS K obacTh
MCKTPOTEXHHKH, B YACTHOCTH K 3JICKTPOMATHUTHBIM
OBUTATCIISIM, W MOXKCT OBITb HCIOJIB30BAHO IS
MMITYJIBCHBIX YCTPONCTB c BO3BPATHO-
MOCTYMATEIILHBIM JIBUKEHHEM PA0OYUX OPraHoB.
IlpennaraeMeidi  3J1€KTPOMATHUTHBIA  IBUTATEH
CONEPMUT  IWIHHAPUYECCKHH — MarHUTOMPOBO/I,
COCTOSIIIUI M3 KOpIyca,  CepAcYHMKa U
COCTMHSIONTICTO WX (hlIaHia, PACTOIOKCHHYIO Ha
cep/ieuHuKke OOMOTKY M TUTOCKMH — BHEUTHWH
MPSIMOXOJ0BOH  AKOPb  C  KOJIBLUEOOPA3HBIM
(eppoMaTHUTHBEIM ~ mIyHTOM. B ykazanHOM
MPOAOTLHOM KAHAJIC CEPACYHHKA PACTIOIOIKCHA
MPY)KUHA, BHYTPH KOTOPOil C BO3MOKHOCTBIO
OCEBOTO TIEPEMEIICHUS PA3MEIICH HATIPABIISIONIHIA
CTEPKEHB, KECTKO  CBS3AHHBIA € TUIOCKHM
OpAMOXOTOBEIM ~ AKOpeM. COrTacHO MEepBOMY
BAPHAHTY OCYLICCTBJICHHUS IaHHOIO M300pCTCHHS,
Mo JTHHE HAPYKHOTO M BHYTPCHHCTO THAMCTpA

KOJBLUCOOPA3HOro  (JCPPOMATHHTHOIO  LIYHTA

BBIMIOJIHCHBI KOJIBIEBLIE BHICTYIILI C IATOM, PABHBIM
mIary CONPSGKCHHBIX 110 IMAMETPY OTBCTHBIX
KONIBLUCBBIX  BBICTYIIOB,  O0pPAa30BAHHBIX MO
HAPYKHOMY  IHAMETPY  CEpPACYHMKA MW MO
BHYTPEHHEMY THAMETPY KOPITYCa, COOTBETCTBEHHO.
CornacHo BTOPOMY BAPHAHTY, B TPEIAJIATAEMOM
MEKTPOMATHUTHOM JBUTATEIIE KOIBIEBBIE BBICTYITBI
BBIMOJHEHLI TIO [UIMHE BHYTPEHHETO OMAMETPa
KONBIEoOpa3Horo (GpeppoMArHUTHOTO MIVHTA |
COMPSKEHBI TI0 JTUAMETPY OTBETHBIX KOIBIEBBIX
BBICTYIOB, 00OPA30BAHHBIX 10 HAPYKHOMY THAMETPY
cepacunuka. COTrTacHO TPETbEMY BapHaHTy, B
MPEATATACMOM  JJICKTPOMATHUTHOM  JBUTATCIIC
KOJILLEBBIE  BBICTYIIBI o JIMHE
HAPYIKHOTO JHAMETPa KOIbIEOOPA3HOTO
(beppoMaTHUTHOTO MIYHTA W COMPSIKCHBI O
OUAMCTPY  OTBCTHBIX  KOJBLUCBBIX  BEBICTYIIOB,
00pa30BAHHEIX 10 BHYTPCHHEMY AHAMCTPY KOPITYCa.
B 37eKTPOMATHUTHOM JIBUTATEIC MO JTOOOMY U3
BAPHAHTOB

BLIMOJTHEHEBI

VKA3dHHBIC  KOJIBLCBEBIC BBICTYIIBI

2689¢26¢C nyd
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00pa3yIoT 3yOUOBYIO 30HY MATHMTHOH CHCTEMBI.
Texuuueckuit  pe3ynbraT, JOCTHTAEMBIH  TIPH
UCIIONB30BAHUN TAHHBIX M300PETCHUM, COCTOUT B
MOBBILIEHHH MX HAJCKHOCTH, YTO ODECHEUMBACTCS
IYTEM YCTPAHCHHA COYAAPEHHMH B KOHLE pabodero

XOMa MEKIY TUIOCKHM MPSIMOXOI0BBIM SIKOPEM H
KOPIYCOM  MATHUTOIIPOBOZA, HE3ABHCHUMO  OT
ATUTCILHOCTH MOJAYM UMIIYIIbCA HAMPSDKCHHUS HA
0OMOTKY M BPEMEHH JIBHIKCHUS AKOPSL. 3 H.IT. ()-JIbI,
3 Ui
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ITPUJIOKEHUE B

ITaTeHT HA MOJIE3HYI0 MOJEJIb

POCCHHCKAS ©OENEPALIHSA (19) Rum) 149 508(13} U1
(51) MIIK
HO2K 3302 (2006.01)

DENEPAIIBHA A CIIYIKEBA

10 HHTEJUIEKTY AJIBHOH COBCTBEHHOCTH

(12) TUTYJIBHBIM JINCT OITMCAHHU A MTOJE3HOM MOJIEJIU K ITIATEHTY

(21)(22) 3aseka: 2014106191/07, 19.02.2014 (72) AsTop(sI):

He#iman Boagumup KOpresuy (RU),
Heiiman JTiogmuna Auapeesua (RU),
Porosa Onsra Banepsesua (RU)

(24) Jara HaYana OTCHETa CPOKA JIelCTBHUS TATeHTa:
19.02.2014

[Mpuopurer(sr):

(22) Hara nopauw sassxn: 19.02.2014 (73) Narearoobnanareis(x):

DenepanbHoe rocylapereeHHoe BromKeTHOS

(45) Onybmukosano: 10.01.2015 Bron. Ne 1 obpasoBaTenbHOE YIPEK IEHHEe BEICIIETO
npodeccHOHATEHOrD 06pasoBaHus
AJtpec juia nepermcKH: "HoBocHSHpCKHH ToCY 1APCTBEHHEH
630073, r. Hosocubupek 73, np. K. Mapxca, 20, TexHHuecKul yHHBepcuTeT” (RU)
HITY

(54) DIIEKTPOMATHHUTHBIA IBUTATEJb

(57) Mopmylia Mone3HOH MOJRITH

NEeKTPOMATHHTHBIN ABUTATENb, CONEPKATITHIA MHIHHIPHUECKHA MAaTHUTOTIPOBO/I,
COCTOSIIIHA H3 BHEIIHETO BTSKHOI'O AKOPS, CTATOPA, B COCTAB KOTOPOr'0 BXOAAT CepAeYHUK
W BHELLHSISI CTEHKA, C BBICTYNIAMH HA WX TIOBEPXHOCTAX, 0OMOTKA, YIIOKEHHAS B
LMJIHHIPHYECKOA YACTH CepAeYHHKA, OTIHYAKMIHACH TeM, YTO BBICTYIIBI BBITIOJIHEHBI 110
HAPYAHON H BHYTpeHHeH O0OKOBOH MOBEPXHOCTH AKOPS C IATOM, PABHBIM MIATY COTIPSKEHHBIX
MO AHAMETPY BEICTYIIOB, 00pa30BaHHBIX O HAPYKHOH DOKOBOH MOBEPXHOCTH CepPASUHHKA
W BHellHelt O0KOBOM MOBEPXHOCTH BHEUIHEH CTEHKH CTATOPA, IPUYEM YHCIO BRICTYIIOB MO
BHYTPEHHEH IMOBEPXHOCTH AKOPH H OTBETHBIX BBICTYIIOB I10 HAPYAHOH 10BEPXHOCTH
cep/IeYHHKA TI0 MEHBILIEH Mepe Ha OUH OObIIIEe YHCIIA BBICTYITOB [0 BHEIIHEH MOBEPXHOCTH
AKOPS U OTBETHBIX BBICTYIIOB [10 BHYTPEHHeH ITOBEPXHOCTH BHELIHeHA CTEeHKH cTaTopa.
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IMPUJIOKEHUE I

ITaTeHT HA MOJIE3HYI0 MOJEJIb

POCCHHCKAR ®EIEPAIIES

HA INOJIE3HYIO MOJEJIb

N 116916
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IMPUJIOKEHUE |

ITaTeHT HA MOJIE3HYI0 MOJIE/Ib

POCCHHECKAA GENEPAIIISA

Bt RS B B Bt

HATEHT

B R B% BE XE XA KR RE RE RE KA

HA IIOJIE3HYIO MOJEJb

Ne 112722
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