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BJIHUAHUE YACTOTHI TOKA HA CBOMCTBA HAIIJIABJIEHHOTO METAJIJIA
NP NHAYKONOHHOU HAIIJIABKE

Hccnedosarnvt cmpyxmypa u u3HoCoCmouKocms Memaiia, Haniaeiennoz0 UHOYKUUOHHBIM CROCOOOM npu
uacmomax 66 u 440 xIiy. B xauecmee 06pazu06 UCnoNbL306ANU MOHKUE OUCKU, U320MOBIIEHHbIE CO CHANU
Cm3 monwunoi 3 mm, u wuxmy u3 groca, cmewannozo ¢ nopouwxom cnaaga III-C1. Muxpocmpyxmypa,
Memanna Hanaasnennozo npu wacmome 66 xliy, npedcmasasem co6oil meepoviii pacmeop, 86 KOMOPOM Kap-
ouovt (Fe,Cr) 7C3 pacnonoicenvt npeumyuecmeenio seepooopasno. Muxpocmpyxmypa memaina, Haniae-
Jnienio020 npu wacmome 440 xliy, cocmoum uz ocroevt, npedcmasasroueii co60i meepoviii pacmeop u eKaloUe-
Hus nepeunnvix kapoudos muna (Fe, Cr)7C3, 6 ocnosnom, <kapanodauwnozo»> muna. B pesyaomame uccae-
0osanuil YcmanosieHo, 4mo UCnONIb306anue 015 UHOYKUUOHHOU HANIABKU NPOMBIUITIEHHIX 2eHEPAMOpos
JI3-107 c wacmomoti 66 xIiy npaxmuuecku ne usmensem MUKpoOCmpyxmypy, meepoocms u u3HOCOCMOUKOCMY
HANIaeNeHH020 Memanna muna copmaim 1, umo nozeonsem pexomendoeamv Imu zeHepamopvL 0isL NPo-
MblUlIEHH020 NPUMEHEHUS NPU B0CCMAHOBTEHUU U YNPOUHEHUU PA3IUYHBIX emaJiell.

Knioueswie cnosa: uﬂﬁym;uommﬂ HANJIABKA,; 86blCOKOUACTOMHbLE 1AMNOBLLE ZEHEPAMOPbL, 86yxeum1coebzﬁ KO]ZbL;@BOLZ
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UHOYKMOP; MUKPOCPYKMYPA; MUKPOMBEPIOCIb; YACMOMA MOKA; USHOCOCTNOUKOCTID.

BBenenne

[Tpu MHAYKIIMOHHOI HATJIAaBKe C MCIIOJb30BAHUEM
IIUXTBI, COCTOSIIIEN 13 cMecH (Iioca U MOPOIITKOB CILIA-
BoB tuma [1T-C1 (copmaiit 1), B OCHOBHOM, TPUMEHSIIOT
JlaMIIoBbIe reHepatopbl yactotolt 440 k. B atom ciy-
Jyae B Macce MeTasjia JeTaau MHIYIUPYIOTCS BTOPUY-
HbIE TOKHU TOU K€ YaCTOThI, PACHIPEAEIISIONINECS B TIO-
BEPXHOCTHOM CJIO€ METaJIJIa U HarPeBAIOIINe 3TOT CJIO.
[Ipu aTOM, UM BBIIIIE YACTOTA TOKA, TEM TOHBIIIE CJIOI
HATPEBAEMOro HAIJIABJIsIEMOTo MeTasuia. B mpucamou-
HOl TIUXTe MEeTAJTHYeCKUe TPAHYJIbl U30JTHMPOBAHBI
IPYT OT Ipyra yacTuiamu Jioca, BCIeICTBUE Yero
AJIEKTPOIIPOBOTHOCTD MOPOIIKOBOTO CJIOSI U BbIZIEJIeHUe
B HeM aneprun Masbl. [lo aToit mpuywte Harpes u pac-
IIJTaBJIEHIE TTOPOIIKOBOI MTMXTHI UIET, B OCHOBHOM, 32
cueT Temnionepeaayn ot HarpeBaemoro TBY ocnosHoro
Metasia [1-5]. [Ipu aTom TemmepaTypa TaBiIeHust
[IPUCAIOYHOTO TIOPOIITKA JIOJKHA OBITH MEHbIIIE TEMIIE-
parypsl IJIaBJIeHus OCHOBHOTO MeTasia. Kpome Toro,
HCI0JIb30BaHKE BBICOKOUACTOTHBIX T€HEPATOPOB st
HAIIaBKu TpebyeT NPUMEHEHUs CIeIMabHBIX Mep ca-
HUTAPHO-TUTUEHITYECKON 3aITUThI.

C apyroit croponbl, u3BecTHO [3], 4TO /I MHIYK-
IIUOHHOW 3aKAJKKU B MPOMBINIJIEHHOCTH IMHUPOKO UC-
MOJI3YIOT JIAMIIOBbIE FeHepaToOphl yacToToii 66 kI, ko-
TOPbIe MeHee BPeIHbI C CAHUTAPHO-TUTHEHUIECKON TOY-
KU 3PEHUI.

IlocranoBka 3agauu

[IpescraBisier mHTEPEC UCCAENOBATH BO3MOKHOCTD
WCTIOJIb30BAHUS TEHEPATOPOB YacToToit 66 kI pis
MHAYKIMOHHON HammaBku. M 1enbio gaHHoi padoTh
SIBJISIETCST NCCJIeIOBAHNE CTPYKTYPBI M CBOMCTB MeTaJl-
J1a, HAILJIABJIEHHOI0 MHAYKIMOHHBIM CIIOCOOOM C HC-
MOJIb30BAaHUEM JIAMITOBBIX T€HEPATOPOB CITON YaCTO-
TOU, U CpaBHEHUE WX C PE3YJbTaTaMW WH/IYKIIMOHHON
HAIIABKHUC UCIOJIB30BAHUEM T€HEPATOPOB C YACTOTON
440 It

Marepuanst 1 060pyOBaHUEe

JLJ1s1 IpOBEIEHNsT NCCIIEIOBAHUTT OBLIN MCITOIH30BA-
HbI (hacoHHbIE UCKU TOJAUHON 3 MM u3 ctanu Ct3,
mopomkooOpasubiil TBepablii ciia I1T-C1, amiioBbie
rereparopbl BUT'6-60/0,44uactoroit 440 k[ JI3-107
gacToTol 66 kIl 1 IBYXBUTKOBBII KOJBIIEBON MH/YK-
TOP, BUTKM KOTOPOT'O UMEJIU MTPSIMOYTOJIbHOE TToTIepey-
HOE cedeHune U 06eCTiedBasIi O[HOBPEMEHHYIO HATLIAB-
Ky IMCKOB 3y0uaroii popMbl 10 Beell ux paboueii 1mo-
Bepxuoctu (puc. 1, a, 6) |6, 7]. HaruraBky nipoussoauin
MIpU MOCTOSAHHOUYyAeabHOUMOIITHOCTH W 3aBpeMs t.
[TapameTpsl pe;KMMOB HATIJIABKH I/ IBYX YKa3aHHBIX
reHePaTOPOB TPeICTaBIeHbI B Ta0 . 1.
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Ta6auna 1
ITapameTpsI pe;KUMOB HHAYKIIMOHHOUW HAILIABKH
Mapka Yacrora, | Momuocts, | Hamnps:kenue Anoanoe Tok cerkn | Tok anoxa Bpewms
regeparopa kI kBt Ha KOHType, KB | Hanpsokenue, kB | mammbr, A | mammbl, A | HalIaBKH,
BYTI6-60/0,44 440 60 5,4 8 1,2 6 32
JI3-107 66 100 57 9 4 7 50
a 6

Puc. 1. YetpoiicTBo /U1 HHIYKIMOHHON HAIUIABKYU C ABYXBHTKOBBIM KOJIBIIEBBIM UH/YKTOPOM IIPSIMOYTOJIBHOTO HOTIEPEYHOTO CEUCHIIS:
a — BUJ CBepxy; 6 — BU ¢ 60Ky; 1 — HHIYKTOP; 2 — HAILJIABIISEMBIil IUCK.

MerTtoaunka ucciegoBaHue

V3HATIABIECHHBIXIMUCKOB BBIPE3aJU 00PasIbl I
UCCJIEIOBAHNST MUKPOCTPYKTYPBI, pacrpe/iesie s Je-
THPYIOIIUX 5JIEMEHTOB U U3HOCOCTOMKOCTH HATIIABJIEH-
Horo Metasia. Mlcene[oBaHusAM MOABEPraich 0Opas-
1[bl, HATJIABJIEHHBIE WHAYKIHOHHBIM CIIOCOOOM CILIa-
BoM [IT-C1 na ocnoBy wu3 cranu Crt3 ¢ yacroroit 440
kI (o6paser; Ne 1) 1 ¢ wactoroii 66 kI'x (o6paser Ne 2).

Tpasaenue 0o6pasoOB MPOUIBOAUIN TOITAIHO:
AIEKTPOJUTHYECKUM Cc1iocoboM B 20 %-M pacTBope
XpomoBOU KucaoTel (Hamnpskenne 20 B u Bpems
BbiiepKKU 10 ¢) 7151 BBISABJIEHMST CTPYKTYPBI HATLIAB-
JIEHHOTO MeTaJljia,a 3aTeM B 4 %-M pacTBOpe a30THOI
KHUCJIOTBI OCYIIECTBJSIN XUMHWYECKOe TpaBJeHue
METAJIIA OCHOBBIL.

Puc. 2. MUKPOCTPYKTYPbI HAIIABJEHHOTO MeTasia oOpasita Ne 1:

MuKpocTpyKTypa HamIaBJIeHHOro MeTasia (06pa-
3err Ne 1) cOCTOMT M3 OCHOBBI, TIPeICTaBIsTIONIEN OO0
TBEP/IbII PACTBOP XPOMa, MapraHiia, HUKeJsl U KpeM-
HUS B JKesese. B TBepoM pacTBope HabII0MAI0TCAB-
Kiouennst epsuuibix kapounos tumna (Fe,Cr),C, B
BU/Ic KPYIHBIX IJIACTHH <KapaHAaIHOTO» THIIA,
nocruraiomue 100—135 MKM B f/MHY,a TakKe KapOu-
JIbl, UMEIONIME T'eKCaroHaJbHYI0 OTPAaHKY,C Pa3MepoM
rpaiu 7—15 MKM C 4eTKOW rpaHUIleldl CONPSKEHUS C
Mmarpuieii (puc. 2, a, 6, 8).

N36bITounbIe KapOuabl, KaK MPaBUJIO, PaciioJia-
raloTcsl B BUJE OTAEIbHBIX TIACTUHYATBHIX BbIICJICHUI
B IIEHTPAJIbHON YaCTH TI0 MUPUHE W TOJIUHE HaIlJIaB-
JeHHoro Metasuia. IIpsaMoyrosibhble U MecTUTpaHHbIE
BBIJIEICHUsT  9TO KapOUIbl Pa3JIUUHOl MCIIEPCHOCTH,
YacTh U3 HUX M3OBITOYHBIE TIACTMHYATHIE KapOWJIbI,

a — uenTpasbhas 30nHa, X200; 6 — nepudepuiinas 3ona, x150; 6 — BepXHUIT CJI0IT HAILTABIECHHOTO MeTaJLIa.
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Puc. 3. MUKPOCTPYKTYpa HAIJIABJICHHOTO MeTaslia oopasia Nel,
y JIMHUN coeinHenus (eM. puc. 2, a), x500

JIOCTaTOYHO PABHOMEPHO PACIpe/ieJIeHHbIe B MATPUIIE.
MuKpoTBepAOCTh KapOUIOB M3MEHSIACHB TIPeIesax
HV0,5=11450...11710 MIIa.

Heo6XomMo 0TMETUTD HATHYHUE I09BTEKTHYECKOM
30HBI B/IOJIb INHUY CILJIABJIEHMS, XapAKTePUYIOIIEICs
(opmupoBanueM AeHIPUTOB TBEPAOTO PACTBOPA C
OCSIMU TIEPBOTO U BTOPOTO TOPsIIKA W KapOWHOI
IBTEKTHKHU, KPUCTAJIUIYIONIEIHCS B MEXKIEHAPUTHOM
npocrpancTie (puc. 3).

Y JuHUM CIJIABJIEHUsI C OCHOBHBIM METAJJIOM B
HAIJIaBJIEHHOM MeTasijie 0Opasyercst rpaHyHas Gesast
[I0JIOCKA TBEPAOro pactBopa MmMpuHON 15..30 MKM,
¢ tBeproctbio HV0,5=2440...2570 MIIa.

Co cTOpOHBI OCHOBHOTO MeTaJljla BOJb JUHUU
coefuHenys nMeetcst Auddy3noHHasT 30Ha MUPUHOIN
60...80 MKM, mpezacTaBAiomas co00il TOHKOIJIACTHH-
YaThIil TePaUT U GEPPUT IO IPAHUIIAM 3ePEH, UHOT/A C

2/2014

opHeHTaIell Mo BUAMAHIITETTY (pHc. 2, 6). DTa 30Ha
umeer TBeppocth HV3=2440..2690 MIla. Mukpo-
CTPYKTYPa OCHOBHOTO MeTaJLia (peppuTo-mepInuTHast ¢
npeobiaganueM (heppUTHON COCTABIISIONIEN.

Ha puc. 4 npusenena MUKPOCTPYKTypa o6pasiia
Ne 2, HATIIABJIEHHOTO € UCTIOIb30BAHUEM YACTOThI TOKA
66 kI11. MUKpPOTBEPZOCTb MATPHUIIBI U3MEHSIETCS B IIPe-
nenax HV3=4540...5270 MIla. B atom cirydae 4eTko
BBIPAKEHHON 6€JI0ii TIOMOCKU BIOJIb JIMHUK CIIIABJIC-
nus He Habmogaerca (puc. 4, a), OTCYTCTBYeT TaKxkKe
JI09BTEKTUYECKAst 30HA W KapOWAHAsA OBTEKTHKA
(puc. 4, a, 6).

MuKpOTBEPAOCTBCTPYKTYPHBIX — COCTABJISIONINX
obpasios Ne 1 1 Ne 2 npusenena B Tabu. 2.

ITo nenTpy 06pasifa 06pasyioTcst 30HBI HEOCTATOU-
Horo nepemeinuBansa. Ha puc. 4, B BUAHBI CKOTLIEHIST
YACTHII, MMEIONINX HEIPABUIBHYIO T€OMETPUUECKYIO
opmy c3akpyrienubivu Kpasmu. CpeHuii pagmep Ta-
KHX YaCTHI[ COCTaBIsIET 2,3...3,0 MkM. [1o kpasim Harias-
KU MUKPOCTPYKTYPa TIPEACTABIsIeT cOO0I TBepIbIii pac-
TBOP, B KOTOpOM pacrosioxkensl kapouzast (Fe,Cr),C,
(mpeuMyIecTBeHHO Beepoobpasno) (puc. 4, 6). Mx
TBepaocThb coctasiasier HV0,5 = 10950...11200 MITa.

Bolin Takske poBesieHbl N3MEPEHUsT TBEPIOCTH Ha
tBepromepe «LECO» nipu narpyske 3 H ot moBepxHo-
CTHU HAIJIABJIEHHOTO METAJIIa Yepe3 JUHUIO COeiHe-
HUS B OCHOBHOU MeTast. B o6pasiie Ne 1TBepaocTs Ha-
maasaenHoro Metayutacoctasisger 3080...3660 MI1a, oc-
HOBHOTO MeTajia y aunnu crasienus — 2690 MIla.
B o6pasiie Ne 2 TBep/10cTh HATIABJIEHHOTO METAJLIA CO-
crasysiet 4540...5430 MIla, ocHoBHOTO MeTasLIa y Jin-
Huu crtaByaenus — 2230 MITa.

Pasnuiia B MUKPOCTPYKTYpe MeTasljia, HaTlJIaBJIeH-
HOTO € UCIIoJIb30BaHueM yacToThl 440 u 66 kI11, cBsasa-

Ta6auna 2

MuKpOTBEPIOCTh CTPYKTYPHBIX COCTABJSIOIUX HalIaBieHHoro Merauia tuna IIT-C1, MIla

Ne o6pasua | KapoOuabt xpoma, HV0,5 Marpuna, HV3 Benas nonocka, HV0,5
1 11450...11710 3080...3750 2440...2570
2 10950...11200 4540...5270 OTCYTCTBYET
a 6 6

Puc. 4. MUKpoCTpYKTypa HarIaBJIeHHoro Metaja oopasia Ne 2 (66 kIir):
a — neHTpagbHas 30Ha, X150; 6 — nepudepuiinas 3ona, x150; 6 — BepxHUii ¢JI0ii HalIaBJeHHOTO MeTasa, X500,
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HBI, B OCHOBHOM, C IJIYOUHOI TPOrPEBAOCHOBHOTO Me-
TaJIIa, KoTopas orpeesiercs 1o ¢hopmyJie [1]:
(H

MM,

5. = K

7
rne K — koaduiinent, KOTOpelii 3aBUCUT OT COCTABA
OCHOBHOTO MeTaJLTa; f — yactora Toka, L.

Tak, npu HarmaBke ¢ dactoToil 440 kI ruybuna
nporpesa coctasiiger 0,86 MM, a ipu yactore 66 kI —
2,4 Mm. B mocrenem ciydae CKOPOCTb OXJIAsKIEHUST
HATIJIABJIEHHOTO MeTaJljia IPU UCIIOIb30BAHUY CIIeln-
aJIBHOTO TIPUCIIOCOOIeHusT 1JIs HaraBku [6, 7] Oyzer
HECKOJIBKO BBIIIE, UTO TPEMATCTBYET POCTY KapOU/IOB B
€ro CTPYKTYDE.

Briio ncciieioBamno pacipenesienne yriaepoia i Xpo-
Ma Ha rpaHuile COeIMHEHUsT OCHOBHOTO ¥ HATLIABJIEHHO-
ro Metananana mukpoananuzatope CAMEBAX mozne-
au SX-50 ¢dpannysckoit pupmbr «Camecas (puc. 5).
AHaJT13 TIPOBOINIIH TIPUMEPHO B IIEHTPE HATLJIABJIEHHO-
TO CJIOST TIEPIIeHAUKYJISIPHOIMHUN CIIJIABIEHUST HA Ty -
6une 700 1 900 MKM OT TpaHMIbI CIIJIABJEHUS. YCTa-
HOBJIEHO, YTO B METAJLJIE UCCJIEYEMBIX 00PA3IIOB yriie-
pox csizan B Kapounsl Tuma (Fe,Cr),C, u 3amernoro

6

b dy3MOHHOTO TTepepacipeieieHus yIaepoa u Xpo-
Ma y JIMHUU CTIJIABJICHUS He HabJII0/1aI0Ch.

Boimu ipoBeienibl vcciie1oBaHus U3HOCOCTONKOCTU
HarIaBJIeHHOro MeTasita 0opasoB Ne 1 1 Ne 2 ripu tpe-
HUW METAJIJIA 110 METAJLTY ¢ MPOCJIONKON abpasnBa Ha
mammmae HK-M [8]. Yenosus ucnbitanuii Obin cie-
AyIOIMMU: abpa3uB — KBaPIIEBBIN TTECOK C Pa3MEPOM
yactui 0,2..0,4 MM; nmyTh Tperus 250 M; maBieHue
0,466 MIla; satanon — ortoxxkenHas craib 45. Bouio
YCTaHOBJIEHO, YTO OTHOCHUTEJbHAS U3HOCOCTONKOCTh
HaIIaBJeHHoro Metajia obpasua Ne 1 cocrasuia 2,2, a
obpasma Ne 2 — 2,5, 1. e. oHA HAXOAUTCS TIPUMEPHO Ha
OJTHOM YPOBHE.

BoiBopI

Takum 06pazoM, UCTTOIb30BAHE /IS MH/LYKITMOHHOT
HATJIABKY TTPOMBINIIEHHbIX TeHepaTopoB JI3-107 ¢ va-
croroii 66 k[T mpakTIyeckn He U3MeHsIeT MUKPOCTPYK-
TYPY, TBEPAOCTH U UBHOCOCTONKOCTD HATJIABJIEHHOTO Me-
TajljIa TUTIA COPMANT 1, YTO TIO3BOJISIET PEKOMEHIOBAThH
9TU TeHEPATOPHI /IJIsI IIPOMBIIILIIEHHOTO TIPIMEHEHS TIPH
BOCCTAHOBJIEHWH U YIIPOUHEHUU PA3JIUUHBIX JETAJIEH.

Puc. 5. Pacupeaeﬂeﬁme JIETUPYIOIINX 9JIEMEHTOB 110 TOJIIUHE HAIlJIaBJIECHHOTO MeTaJ/ljla B 061’)33]_L3X

Ne 1, Ne 2 ipu wacToTax:
a — 440 kI't; 6 — 66 k1.
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CURRENT FREQUENCY EFFECT ON THE PROPERTIES OF FUSED METAL UNDER
INDUCTION SURFACING

The structure and wear resistance of metal fused by induction at frequency 66 and 440 kHz have been inves-
tigated. Thin disks, made of 3 mm thick Cm3 steel were used as specimens and flux charge mixed with the pow-
der of IIT’-C1 alloy. The microstructure of metal fused at 66 kHz frequency is that of the solid solution, in which
carbides (Fe,Cr)7C3 are mostly located fan-like. The microstructure of metal fused at 440 kHz consists of the
base of the solid solution nature and inclusions of primary carbides of the (Fe,Cr)7C3 type, mainly of the “pen-
cil-like” type. As the result of investigations it was found, that application of industrial generators of JI3-107-
type with the frequency 66 kHz for the induction surfacing does not affect the microstructure, hardness and wear
resistance of the fused metal of the copmaiim 1-type which makes possible to recommend these generators to be
used in industry while recovering and strengthening of different parts.

Keywords: induction surfacing, high-frequency vacuum tube generators, two-wind ring inductor, microstructure,
microhardness, current frequency, wear resistance.
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DEPLOYMENT OF MODEL-BASED DEVELOPMENT PROCESS OF SAFE APPLICATION
SOFTWARE FOR SAFETY-CRITICAL AVIONICS SYSTEMS

This article deals with model based embedded software development of avionics systems within early field
trial. Realization of air-borne equipment software requirements, regulated by functional safety standards is
showed. This article explains how mentioned requirements can be obtained using SCADE. The possibility of
mentioned approach practical application is showed. The possibility of documentation and qualified code
generation from SCADE Display and SCADE Suite models is showed. Use of the mentioned approach allows
to facilitate embedded software development and certification process for safety-critical avionics systems.

Keywords: model-based design, SCADE, code generation, software certification, executable specification, verifica-

tion, documentation, DO-178B.

Introduction

The avionics industry requires that safety-critical
software be assessed according to strict certification
authority guidelines before it may be used on any com-
mercial airliner. ARP 4754 and DO-178B/C are guide-
lines used both by the companies developing airborne
equipment and by the certification authorities.
Presently, numerous people play a role in defining and
creating safety-critical systems for the avionics display
industry. The function and architecture of a system are
defined by system engineers using some informal nota-
tion for the graphics and the logic associated with the
displays. The embedded production software is then
specified textually and hand-coded by software engi-
neers in the coding language augmented by a graphical
library. In this context, search for new safety software
development methods is important and actual task.
These methods may help to reduce influence on the
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final product of next factors: inexact understanding by
executor of customer requirements; late mistakes
detecting and as a result, expensive process of altera-
tion; considerable cost of certification. Also mentioned
methods shall include a technology of qualified code
generation from formal models that may carry strong
Return On Investment (ROI), while preserving the
safety of the application.

Problem Formulation

Today aviation companies gradually come to model-
based embedded software development process for
avionics systems. So, search for new applications which
support a model-based development paradigm is a rele-
vant task. This article deals with the approach descrip-
tion through a software model, including the graphics
and the associated logic, and to automatically generate
the code from this model using a qualified code genera-
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