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B cmammi pozenanymi asiauyiiini azpezamu, ¢ akux zacmocogyromsca nocmiiuni macnimu. Hagedeni ymosu excniyamauii yux
azpezamie ma nocmininux maznimie. Bkazani mexniuni eumocu 00 mamepianie nOCmiliHUX MAzHImMie 3 ypaxy8anHam ix KOHKpe-

MHO20 UKOPUCMAHHA 8 aGIaUiiinill mexHiyi.

B cmamoe paccmompensl asuauUOHHble azpesambl, 6 KOMOPbIX RPUMEHAIOMCA ROCMOAHHbIE MACHUNbL. Hpuﬂe@eﬂbl ycinosusn
IKCntyamayuu Ymux azpecamos U ROCMOAHRHBIX MACHUMOE8. Ykazanvt mexnuueckue mpeﬁoeauuﬂ K mamepuanam nOCmMOsAHHbLX
MACHUMOG C yUemOM UX KOHKPDEHHO20 UCNROIb306AHUA 6 aeuauuonnoﬁ MmexHUuKe.

B anekrporexHHUECKOM 00OpYIOBaHHU COBpPEMEH-
HOTO CaMoOJIeTa MPUMEHSETCS OOJBIIOE KOIWYECTBO IO-
CTOSIHHBIX MarHWTOB PAa3IM4YHBIX THUHOB. Tak, Hampumep,
noctosiHabie MarHuThl Fe-Ni-Al ucnosb3yroTcs B KOJ-
JIEKTOPHBIX JJIEKTPOABUTATENAX IIOCTOSHHOTO TOKA, B
MOIBO30YANTEISAX CHHXPOHHBIX TEHEPATOPOB, Pa3IMIHBIX
YCTPOMCTBaX CUTHAIM3ALMM, B JaTYMKax JIMHEHHBIX WU
YIJIOBBIX MEPEMELIEHHH, ISl CO3JaHusl MarHUTHOTO TIOJISt
B JJICKTPOMArHUTHBIX yCTpOﬁCTBaX aBTOMATUKH, B Mar-
HHUTHBIX JIOBYIIKAX MPOJTYKTOB M3HOCA THAPABIMYECKUX U
TOIIJIMBHBIX arperaTos.

[[Inpokoe mprUMeHEeHHE MOCTOSHHBIX MarHuToB Fe-
Ni-Al 00ycioBIeHO UX BEICOKOH pabodelt TeMIiepaTypou,
OHH CHOCOOHBI yIOBICTBOPHTENBHO pabOTaTh MpPHU TEM-
neparypax go 600°C [1]. OxHako 3TH MarHUTHl ciabo
YCTOWYMBBI K MEXaHWYECKUM BO3AEHCTBUSM, a TAKXKE LIS
MOJIyuCHUA BBLICOKOM WHAYKOWKW B BO3AYIIHOM 3a30p€
TpeOyIOT OOJBIION TPYJOEMKOCTH MU COOPKE M3ICITUIL.
Hanpumep, KoJUIeKTOpHBIE 3JIEKTPOIBUTATENN C TaKUMH
MarHUTaM HeOOXO0MMO COOUpaTh, IPUMEHSISI, TaK Ha3bl-
BaeMoe, OXpaHHOE KOJIBIO, YTO CYIICCTBEHHO 3aTPYAHSICT
cOopKy, nepecOOpKy M MX peMOHT. Taxke B KOJIIEKTOP-
HBIX AJIEKTPOABHUTATEISIX aBHAIIMOHHBIX arperaToB U JIpy-
I'MX YCTPOWCTBAX HaILIM NMpUMeHeHne Matepuansl Fe-Cr-
Co u marHuTOTBEpAbIE (DEPPUTHI. DTH MaTepuabl UMEIOT
OTHOCHMTEJIFHO HHM3KYI0 CTOMMOCTh MO CpPaBHEHHUIO CO
CIJIaBaMH Ha OCHOBE PE/IKO3EMENbHBIX METAILIOB.

[TapameTpsl HEKOTOPHIX MarHUTOTBEPABIX MaTepHa-
JIOB, B COOTBETCTBHH C [5 — 8], mpuBeneHbI B Ta0I. 1.

HecMmoTpss Ha OTHOCHTENTHHO BBICOKHE 3HAYCHUS
SHEPreTUIeCKOTO TPOU3BEICHHUS Y JIUTHIX CIDIABOB, HE
MIPEACTABISETCS. BO3MOXKHBIM IIPOSKTHPOBAHUE DIICKTPH-
YEeCKUX MallMH, 110 CBOMM MaccorabapUTHBIM ITOKa3are-
JIIM  IIPEBOCXOAAINIMX MAIIWHBI C 3JICKTPOMArHUTHBIM
B030yk1eHueM [14]. JlocTmkeHUe BBICOKHX 3HEPreTHYC-
CKHX M MacCOTab0apUTHBIX MOKa3aTeeH HIeKTPOTEXHUYEe-
CKHX YCTPOWCTB, YTO B aBHAIlMHM MMEET peIIaioliee 3Ha-
YeHHEe, BO3MOXKHO TOJIBKO C TOCTOSHHBIMH MAarHUTaMH,
00TaTaroIMMI  BHICOKMMH MAarHUTHBIMH CBOWMCTBaMH,
takumu Kak cioiaBel Nd-Fe-B u Sm-Co. DTu MarHuthI
HaXoJiIT NPHUMEHEHHE B MAarHUTHBIX CHCTEMaX BEHTHJIb-
HBIX DJICKTPOJBHIATENICH HACOCHBIX CTAaHIMH, WHTErpH-
POBAHHBIX DJBJICKTPOMCXAaHUYCCKUX CJICAAIINX IPUBOJAAX
yIpaBJICHUS TIOBEPXHOCTSIMU CaMOJIeTa, B J103aTOPax TO-
IUIMBA TOIUIMBHBIX CHCTEM JJIS TOBOPOTA JO3HPYIOIIETO
30JI0THHKA, B IaTYMKAX MOJIOKEHHUS POTOpa U JIp.

ABHaNOHHBIM DJICKTPHYECKHM MAIllMHAM C IOCTO-
SIHHBIMH MarHATAMH W CaAMAM MAarHWTaM TIOCBSIICH PsiIT
pador [1 — 5], [13], omHako yAedeHO Mallo BHUMAaHHS CO-

BpeMeHHI)IM Tpe6OBaHl/lﬂM, Hpe}lbﬂBﬂﬂeMbIM K IIOCTOSH-
HBIM MarHUTaM, IPUMEHICMbIM B aBUAIIMOHHON TEXHHUKE.
Tab6muma 1

Mapka maraura |(BH)max, kJx/M | Hcg, KA/M | B, T

JluTtele criaBbl Ha
JKene30-Hukenb-amoMuaneBoi (Fe-Ni-Al) ocHoBe

IOHJK35T5BA 72 110 1,02
IOHJIK35TSAA 80 115 1,05
IOHJAK40T8AA 64 145 0,9
IOH131K25FA 56 48 1,4

Hebopmupyembie MaTepuaibl HA OCHOBE
CILIABOB ene3a, Xxpoma u kobaiera (Fe-Cr-Co)

25X15KA 32 40 1,2
23X15K5DA 38 42 1,25
MarHuToTBepble (PEeppUTHI
24BbA210 24 205 0,37
285A190 28 185 0,39
22B5A220 22 215 0,36

CrieyeHHbIe MaTepHabl Ha OCHOBE KOOANbTa C
penko3eMenbHbIMU MeTaiuiamu (Sm-Co)

KC25/111-240 240 780 1,1
KC25/11-225 225 760 1,06
KC37A 130 560 0,82
CIutaBbl HA OCHOBE PEIKO3eMeIbHbBIX MeTal JioB Tuna Nd-Fe-B

NQ3G 245 855 1,14
NQ3F 280 915 1,23
Hu35P-1 215 820 1,1
Hn35P-5 318 892 1,3
MAEP 30HLs 225 900 1.14
MAEP 33HsLs 270 930 1.18

Henp HacTosmiel pabOTHI 3aKIIIOYACTCS B ONMCAHUM
aBUALMOHHBIX arperaTtoB pa3IMYHbIX CHCTEM CaMmoJieTa, B
KOTOPBIX NPUMEHSIOTCSI TIOCTOSIHHBIE MarHUTBI, KPUTEPH-
€B BBIOOpa MaTepualia MarHuTa W B BBIPAOOTKE TEXHUYE-
CKUX TPeOOBAHUH K COBPEMEHHBIM MaTepHaIaM MOCTOSH-
HBIX MarHUTOB B 3aBHCHUMOCTH OT MX KOHKPETHOTO IpH-
MEHEHHS Ha CaMoJIeTe.

Ha npeampustun I'TT "XAKB" pa3pabarbiBatorcs
arperarsl JUls pasJIMuHBIX CHCTEM JIETaTeNbHBIX armnapa-
TOB. B TOM umciie HacocHble CTaHIMU C IMPUBOJOM OT
BEHTWJIBHBIX WM ACHHXPOHHBIX JJIEKTPOABHUIATENeH ISt
THIPaBINIECKON CUCTEMBI CaMOJIeTa, aBTOHOMHBIE pyJie-
BbI€ DJICKTPOTHAPABINUECKHE U 3JIEKTPOMEXAHHUECKHE
MPUBOJBI U CUCTEMBI YNPABICHUS TMOJIETOM, arperarsl
JUISL TOTUIMBHOW CHCTEMBI CaMOJIETa U JIp.

K »tiM arperaram npeabsBisieTcst BRICOKHE TpeOoBa-
HUS 10 TIPOYHOCTH ¥ yCTOWYMBOCTH K Pa3jIM4HBIM BHELITHUM
BO3/ICHCTBYIOIINM (haKTOpaM, TaKMM Kak BUOpamus, yaapbl,
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[leﬁCTBMe YCKOpE€HUsI, BBICOKME W HU3KUE TEMIICPATYPHI,
IOBBIIICHHAs BJIA)KHOCTb, HeﬁCTBMe Pa3IMIHbIX arpecCuB-
HBIX Cpell. DTH (aKkTOpbl MOTYT AEHCTBOBATh KAK MO OJH-
HOYKE, TaK M COBMECTHO. TaKoil CIIOKHBIA KOMILIEKC BO3-
JIEVCTBUIA Ha arperar NpakTHYECKW HEBO3MOXHO CO3/1aTh B
HAa3eMHBIX YCIOBHSX M PEIIAFOIIAMHE SBIISFOTCS JISTHBIE HC-
MBITAaHUS B cocTaBe 00bekTa. [loaToMy Bce Ooree BBICOKHE
TpeOOBaHUS TPEIBSIBISAIOTCS K MPUMEHIEMBIM MaTepraiam
H, B HaCTHOCTH, K IIOCTOAHHBIM MarHuTaMm.

Bricokasi KOppO3UOHHAsI CTOHKOCTh - OJHO U3 Tpe-
00BaHMI, KOTOPOMY IOJDKHBI YIOBIIETBOPSTH ITOCTOSH-
HbI€ MarHWTHL. [IpuMeHeHHe MOCTOSHHBIX MAarHUTOB W3
Matepuana Nd-Fe-B sBisieTcss oTHUM U3 MepPCTIEKTUBHBIX
HaTIPaBJICHUH COBEPIICHCTBOBAHUS XapaKTEPUCTHK BEH-
TWIBHBIX 3JCKTPOJBUTATENICH ¢ MOCTOSHHBIMU MAarHHTAa-
mu. OIHAKO, CYIIECTBEHHBIM (HaKTOPOM, OTpaHHYUBAIO-
mmwmM cepy MpUMEHEHHs TOCTOSHHBIX MarHUTOB Ha OC-
HOBe criaBoB cuctembl Nd-Fe-B, siBiasieTcst ux BBICOKast
CKIIOHHOCTh K KOPPO3HUH 1Oj Bo3aericTBueM Biary [10].

VY camoneroB — ambuoduii, Hanpumep, be-200, be-
103, JIA-8 u 1p, KOTOpbIE MOTYT COBEpIIATh MOCAAKY Ha
MMOBEPXHOCTH BOJOEMOB, HEKOTOpPHIE arperatsl MOTYT
MMOJIBEPTaThC HETIOCPEACTBEHHOMY BO3JICHCTBHIO TIpe-
CHOM WJIM MOPCKOM BOJBL.

[Ipsimoe momamaHue BOIBI BO3MOXKHO HA arperarsl
CHUCTEMBI YIIPABJICHUS TMOJIETOM (TIPUBOJBI 3aKPBLIKOB,
DJIEPOHOB, MHTEPLIENTOPOB, PYJS BBICOTHI M Halpasjie-
HUS), a Taoke maccu. [Ipu 3ToM arperatsl ZOIDKHBI HC-
MIPaBHO BHINIONHATH CBOM (PYHKIIMH U HE CO3/1aBaTh aBa-
PUMHBIX CUTYyaLUil.

OmHUM U3 MyTel MOBBIMICHUS KOPPO3UOHHOH CTOM-
KOCTH TIIOCTOSHHBIX MAarHUTOB JTOTO Kiacca SBIIICTCS
HCIIOJIh30BAHUE 3AITUTHBIX TIOKPBITHA.

TpeboBaHusi K caMojieTaM M arperaraM B YacTH
obecrieueHnst pecypca U CpoKa CIy)KObl MOCTOSHHO BO3-
pacTaloT W, CIEeIOBATEIbHO, MAaTEPHaIbl IOCTOSHHBIX
MarHuTOB IOJDKHBI COXPAaHSTh CBOM XapaKTEPHCTHKH B
Te4YeHHEe MHOTHX JIET 3KcIuTyaTanuu (He meHee 30 jer).

Jliis mprBO/ia Hacoca B HACOCHBIX CTAHIWAX THIIPAB-
JIMYECKUX CUCTEM TPHMEHSFOTCS BEHTIIBHBIC JJICKTPOIBH-
rarend. KOHCTPYKTHBHO BEHTWJIBHBIN 3JIEKTPOABUTATEIH
MIPEACTABISIET COOOH 3MEKTPOMEXaHUYECKYIO YacTh M OJIOK
ynpasnenus [11]. DnekrpomexaHmyeckas 4acTh COCTOUT
U3 CTaTropa, 3aKPEIICHHOTO B KOPITyCe U POTOpa, Ha KOTO-
POM pa3MelIeHbl TOCTOSHHBIE MAarHUTEL. MarauThl Ha Mar-
HUTOIIPOBOJIC POTOpa YACPKUBAFOTCS TPU IOMOIIH KIIesI ¥
OaHmaka W3 HEMarHUTHOTO MaTepHaia, HalpuMep, CTald
12X18HI10T. Ha puc. 1 moka3aH BHENIHUW BUJ POTOPOB
BEHTWIBHBIX AJIEKTPOJBHUTATENICH HA TTOCTOSHHBIX MAarHHU-
Tax pa3nn4Hoit MomHocTH pazpadorku ['T1 "XAKB".

Pexumbr paboThl Oojiee KecTKHe, a TEIUIOBhIC Ha-
TPY3KH y aBUAIIMOHHBIX AJICKTPOBHUraTeIe 3HAYUTEIIEHO
BBIIIIE, YEM Y 3JICKTPOJBUTATENICH OONICIPOMBINIICHHOTO
Ha3HA4YCHUs. AKTI/IBHI)Ie qyacTHu MaﬂOFa6apI/lTHI)IX BCH-
THJIBHBIX DJIEKTPOJBHUTATENIEH MOIIHOCTHIO B HECKOJBKO
KWJIOBATT U MMEIOIIUX YIENbHYI0 MOIIHOCTh 1 KBT/KT,
pu pabote MOryT HarpeBatbes 10 180°C.

CymecTBeHHBIM (PaKTOpOM, KOTOPHIH MOKET Orpa-
HUYHATH 00JIACTh MPUMEHEHUs CYMICCTBYIOIIUX OCTOSH-
HbIX MarHuTOB Nd-Fe-B sBisieTcst BRICOKast TeMiieparypa
OKpy>Xaroulei cpeapl. B arperatax TOIUIMBHBIX CHUCTEM,
PACTIOIOKEHHBIX HEMOCPEACTBEHHO HA MapIlICBOM JIBUTA-
Tene, TeMIepaTypa OKpPY)KAIOIIEero BO3AyXa COCTABISET
okoJio 125°C, a B OTOEIbHBIX MECTaX MOYKET JIOCTHIaTh
200°C, 94TO0 MOKET MPHUBECTH K Pa3MarHUYMBAHUIO Mar-
HUTOB M OTKa3y arperata. [loaTomy ogHmM m3 TpeboBa-

HUI K NOCTOSHHBIM MarHuTaM sIBJII€TCS COXpaHEHHe Ma-
paMeTpoB IpHU BBICOKHX TeMIIEpaTypax.

Puc. 1. PoTopa BEeHTHIIBHBIX DJICKTPOABUTATEICH

B I'TT "XAKB" ¢ nenbro BBIICHEHHS BO3MOKHOCTH
MPUMEHCHUA TPOBCIACHBI TEMIICPATYPHBIC HCIbITaHUSA
MTOCTOSTHHBIX MarHUTOB w3 Marepuana Nd-Fe-B pazmmu-
HBIX MapoK.

B kagectBe 00pa3moB I HCIBITAaHWA OBLTH OTO-
OpaHbl TIOCTOSIHHBIE MarHUThI Pa3IMYHBIX KOHQUTYpaMi
B BHJIE CETMEHTOB U IOJIBIX IIFTHHIIPOB, PA3INYHBIX TIPO-
u3BoauTeell. BHenHui BUA 00pa3loB M TOYKH 3amepa
MarHUTHOHM MHIYKIWU MPUBEICHBI Ha PHC. 2.

B)
Puc. 2. IlocTosiHHBIE MAarHUTBI BEHTHIIBHBIX 3JIEKTPOABUraTeNei
paznuuHoii MorHocTH a) O6paser; Ne 1 (MAEP 33HsLs),
6) O6pazer; Ne 2 (NQ-3G), B) O6pasen; Ne 3 (MAEP 30HLs)

OO0pa3sibl ObUIM OABEPTHYTHI CTYIIEHYATOMY Harpe-
By g0 Ttemmeparypsl 220°C ¢ 3aMepoM MarHWTHOH WH-
KUK Ha MOBEPXHOCTHU uepe3 kaxabie 20°C mpu Hemo-
CPEACTBEHHOM BO3JIEHCTBHU TEMIIEPATypbl, ¥ MOCIE OC-
TBIBaHHS IO TEMIIEPATYPbl COOTBETCTBYIOIIEH HOpPMAallb-
HbIM KiuMatudeckum ycnosusim (HKY). Ha puc. 3 u 4
MIPUBEEHBI PE3yJIbTAThl MCIBITAHUN Ha HarpeBaHHE I10-
CTOSTHHBIX MarHUTOB.

U3 rpadukoB BHAHO, 4TO O3 W3MEHEHHMsS MAarHUT-
HOW WMHIYKIWHU IOCTOSHHBIE MarHUTHI JIep)KaT TeMIepa-
Typy 1o 100°C. IoBsimenue temnepatypsl Boime 100°C
BJI€YET HeoOpaTuMble M3MEHEHHST MarHUTHOW MHAYKIHN
obpazmoB NeNe 2, 3. O6pazerr Ne 1 BeIaep)KUBaET TeMIIe-
parypy 200°C 6e3 HeoOpaTUMBIX U3MEHEHHH MarHUTHOW
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WHIYKOUM Ha TIOBEPXHOCTM MarHura. TemmepaTypa
300°C sBnseTcst JOCTATOUYHOW AJI pa3MarHUYMBaHUS I10-
crostHoro MaranTa Nd-Fe-B.

O[lHI/IM N3 TMCPCIICKTUBHBIX HaHpaBJ’leHI/Iﬁ SABJIACTCA
MIPUMEHEHNE BBICOKOKOAPIMTHBHBIX MAarHUTOB B 0OOpTO-
BBIX CUCTEMAX I'CHCPUPOBAHUSA 3HeKT’pH'-IeCKOI>i OHCPTUH.
CoBpeMeHHBI caMOJIeTHBIN TeHepaTop MePeMEHHOTO TOKa
MOCTOSIHHOW YacTOTbI, COCTOMT M3 NOJBO30YAMTEIs, BO3-
OyIuTenst 1 OCHOBHOTO I'€Heparopa, COOpaHHBIX B OIHOM

KOpITyce, a TakkKe IEKTPOHHOTO OJ0Ka peryimpoBanust. C

B Tn
035

pa3BUTHEM PAIHOIICKTPOHHONW TEXHUKU W MOSBICHUEM
HOBOM 3JIEMEHTHO# 0a3bl IPEICTABISICTCS IeJiecoodpas-
HBIM YMEHBIINTh MAaCCy T'€HepaTopa 3a CUeT MPUMEHEHHs
BBICOKOKOIPUHUTHUBHBIX IMMOCTOAHHBIX MAarHUTOB.

OnHAaKo MpU MPUMEHEHHH BBICOKOKOIPIUTUBHBIX
MOCTOAHHBIX MArHuMTOB HCETOCPEACTBEHHOC YIIPABJICHUEC
MTOTOKOM BO30YXKIIEHHsI TeHepaTopa SIBISIETCS IpodieMa-
TUYHBIM, ¥ HEOOXOMMO MEPEXOAUTh HA PEryJIHPOBAHUE
BBIXOZIHOTO HAaNpsDKEHWS INPH THOMOIIN 3JIEKTPOHHOTO
npeoOpazoBartess.
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Puc. 3. CpaBHHTEIbHBIC JAHHBIE CPEIHUX 3HAUCHUI MarHUTHOW MHIYKIUH HA TIOBEPXHOCTH IOCTOSTHHBIX MarHUTOB
IIpU BO3JEHCTBUHU MOBBIIIEHHOH TeMIIEpaTypbl
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Puc. 4. CpaBHHTENbHBIE JaHHBIE CPEAHUX 3HAUCHUI MATHUTHON MHYKIIMH HA TIOBEPXHOCTH IIOCTOSHHBIX MAarHUTOB
1ocje BO3/eICTBYUS OBBILICHHON TEMIIEpaTyphl U OCThIBaHUSA 10 TeMuepaTypsl HKY

3AKJIIOYEHUE

1. ABnanmonHsbIe arperatsl paspadorku ['T1 "XAKB"
C TIOCTOSTHHBIMH MarHWTaMH YCIICITHO 3KCILTYyaTHPYIOTCS
HA OTEYECTBEHHBIX M 3apYOCIKHBIX CaMOJIEeTaX.

2. TlpuMeHeHHE COBPEMEHHBIX BBICOKOKOIPIIUTHB-
HBIX MOCTOSHHBIX MarHUTOB Sm-Co u Nd-Fe-B mo3souns-
€T CYIIECTBEHHO ITOBBICUTH IHEPreTHUECKHE M Maccora-
OapuTHBIE TOKa3aTeNld BEHTWIBHBIX JJIEKTPOJBUTATENEH,
HOBBICUTH KO3((UIIMEHT MOMEHTa »3JIEKTpOMEXaHHYe-
CKUX IMpeobpas3oBaTresielf, YTO CYIIECTBEHHO YIIydIlIaeT
JUHAMUYECKHe TI0Ka3aTeNln arperaTos.

3. JInst IHAPOKOTO ¥ MIOBCEMECTHOTO MX MPUMEHECHUS
B aBHAIMOHHOW TEXHWKE HEOOXOAWMO BBITIOJTHEHHUE Clie-
JYIOIINX YCIIOBHH:
- YBEIIMUCHHE MaKCHUMallbHOW pabodell TeMmmneparypsl
(s marauToB u3 Nd-Fe-B);
- MOBBILIEHUE TEPMOCTAOMIBHOCTH CBOMCTB MOCTOSIHHBIX
MarHHuTOB;
- YBEJIMYEHHE KOPPO3UOHHOHN CTOMKOCTH;
- TIOJYYEHHE MOCTOSHHBIX MarHUTOB HEOOXOAWMBIX pa3-
MepoB 0e3 JOMOTHUTENEHON MEXaHHIeCKOH 00pabOTKH;
- TIOBBIIIIEHHE MEXaHUIECKOH MPOYHOCTH MaTepHaa;
- CHIDKEHHE CTOMMOCTH.
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