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MeTtonuka pacuéra mpoiecca cCropaHusi B aBTOMo0uJIbHOM 6uorazosom JIBC / Adpamuyk .
H., Ka6anoB A. H., IlerpoB H. B. // Bicauk HTY «XIII». Cepis: HoBi pimeHHS B CydacHUX
texaonorisax. — X: HTY «XIl», — 2013. - Ne 70 (1043). — C.3-8 . — biGuiorp.: 8 Ha3B.

[IpencraBieHo yTOYHEHY METOIUKY PO3paxyHKY Ipoliecy 3ropsHHs y 6iorazoomy JIB3. HaBeneno
pe3yabTaTH PO3paXyHKY MpOILECy 3TOPSIHHSA 3 BUKOPUCTAHHSAM OJEp’KaHOI METOIMKU B IOPIBHSHHI 3
pe3yiabTaTaMu CKCIICPUMCHTY.

Karwuosi cioBa: 0iora3, aBTOMOOIIBHMN JABUIYH, TIpOLIEC 3TOPSIHHA, XapaKTepUCTHKA
TETUIOBUIIICHHS.

Corrected method of combustion process calculation in a biogas engine is presented. Results of
combustion process calculation using the obtained method in comparison with experimental results are
shown.

Keywords: biogas, automotive engine, combustion process, heat release rate.

VIJK 621.785.53
K. O. KOCTHK, xann. texH. Hayk, goil., HTY «XIID»

MIABULIEHHS 3HOCOCTIMKOCTI JETAJEN NPEC-®OPM JIUTTS
M1 TACKOM METOJIOM BOPYBAHHS 3 HAHOIIACT

3amponoHOBaHAa HOBAa MNPOCTa JUIS BUKOPUCTAHHS Ta EHEPreTUYHO JIOIJIbHA TEXHOJOTis OOpyBaHHS
BUPOOIB 3 BYIVICLIEBUX Ta JIETOBAHMUX CTajel, sfKa CIpsIMOBAaHAa HAa CKOPOYEHHsS TPUBAIOCTI XiMiKO-
TepMidHOT OOpOOKM TpH OJep>KaHHI BHCOKOSKICHUX OOpHUIHHMX IIapiB, sKi 3a0e3MedyroTh HEOOXimHi
€KCIUTyaTalliifHi BJIaCTUBOCTI pec-(hopM JIUTTS il THCKOM.

Kurouogi ciioBa: mpec-hopma, 6opyBaHHsI, cTali, CTPyKTypa, nudy3iiHi mapH.

Beryn. HaiiGinbin 3aTpatv mpu JUTTI MiJ TUCKOM BIJHOCSTHCSI 10 BUTOTOBJICHHS
npec-dopm. i 3atparu ckinanarots 50-70 % BiJ 3arajbHOI COOIBAPTOCTI BUTOTOBJICHHS
BWJIMBKIB METOJIOM JIMTTS miag THCKOoM. Ha TemepimHii 4yac AOUUIBHUM € ITiIBUIICHHS
3HOCOCTIMKOCTI AeTaiell mpec-popM.

KouctpyktuBHi neram mnpec-¢popM (mautH, o0OWMH Ta iH.) BUTOTOBISAIOTH 3
KOHCTpYKI[iitHUX ctaned 35, 40, 45, 50. Bonu miamaroTbcs MOJIMITYBATbHIN
TepMOOOPOOIIl, a TBEPAICTH iX MoBepxHi ctanoBUTH HRC 30-34.

JleTaui, 110 MpaioTh B yMOBaX 3HOCY (BUILTOBXYBaul, 3aMKH MOB3YHIB, HaIllPsIMHI
BTYJIKH 1 KOJIOHKH TOIIO) BUTOTOBJIAIOTH 31 cTtaneit Y8A 1 Y10A, 5SXHM 3 tBepaictio HRC
48-52.

Opnum 3 HaOLTBII €(EKTUBHUX METOJIB MIJIBUILEHHS CTIMKOCTI BUPOOIB € XIMIKO-
TepMmiuHa OOpoOKa, mpu sKiM 3ailcHIOeTbes 3MinHeHHA. Cepen pI3HUX MPOLECIB
IUQy31HOTO HACUYEHHS Bce OUIble MpUBEPTA€E yBary OOpyBaHHs 3aBJISKH 3a0€3MEUEHHIO
BHUCOKOI TBEPAOCTI, 3HOCOCTIHKOCTI, TEIUIOCTIMKOCTI 1 KOPO31MHOI CTINKOCTI IOBEPXHEBOTO
mapy. Oco0IrBO He3anepeyHa nepeBara 00pOBMICTKUX MOKPHUTTIB 1, 30KpemMa
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nBoGa3HOro OOpyBaHHs, TIEPE]I IHITUMHU BUJIAMHU XIMIKO-TEPMI4HOT 0OpOOKH MPOSBISETHCS
IpH 3MIIHEHH1 JeTalleid, 10 MPaIfol0Th B yMOBax abpa3uBHOTO 3HOITYBaHHS.

AHaau3 myOaukanmii. IcHye Garato pi3HMX 3a TEXHOJIOTIEI COCO0IB OOpyBaHHS.
Bubip MeTomy MUKTYEThCS HOTO TEXHOJOTIUHICTIO, OOJIaJHAHHSM, SIK€ € Ha BUPOOHHMIITRI,
KoH(irypairi€et, po3Mmipamu, yMOBaMHU pPOOOTH 1 CTyNEHEM JOCATHYTOTO IIiABUIICHHS
CTIMKOCTI 3MIIHIOBAaHUX BHUPOOIB. Y MacoBOMYy BHUPOOHHUIITBI 0OpoOKa HECKIIAHUX,
CepeaHiX 3a po3MipamMu BHUPOOIB TMEPEBAKHO 3MIMCHIOETHCS E€ICKTPOII3HHM 1 Ta30BHM
oopyBanHsaM. [Ipu oOpoOIii apiOHUX CKIATHUX 3a KOH(Irypaiiero BHPOOIB IOIUIBHHIIIE
BUKOPUCTOBYBATH PiIKUI a00 MOpOIIKOBUN MeToau OopyBaHHsS. [loporikoBuil MeTon
OUTbII TPUMHIATHHUM, SKIIO 3MIIIHEHI BUPOOM HE BHUMAararTh MOJANBIIOI TEPMOOOPOOKH.
KpynHorabaputHi BUpoOH, 0COOJMBO TIPH HEOOXITHOCTI iX MicieBoro OopyBaHHS abo
noeHaHHST OOpYBaHHS 3 TEPMIYHOIO OOpPOOKOIO, MOUUIBHO HAacHYyBaTH B oOMaskax (B
macrax).

Mera poGorn. Meroro pob6oTH € po3poOka MpocToi UIsi BUKOPUCTAHHS Ta
eHepreTUYHO JOLIIBHOI TEXHOJOrii OOpyBaHHs JeTayied 31 cTajieid, ska CIpsiMOBaHa Ha
CKOPOYEHHSI TPHUBAJIOCTI XIMIKO-TEPMIYHOI OOpOOKM TpPH OJep’KaHHI BHUCOKOSIKICHUX
OopuIHUX MmapiB, 10 3a0e3Meuyl0Th HeOOXiHI eKCIUTyaTalliiiHi BIaCTUBOCTI mpec-(hopM
JIATTS 1] TUCKOM.

Metoanka ekcnepuMeHTy. bopyBaHHS 3/1MICHIOBAaTN Y HAHOAUCIIEPCHIN MACTI, SKY
HaHOCWIM Ha miaroromieHi 3pasku [1]. Ilpouec OopyBaHHS BHBYAIM NpPU MIYHOMY
HarpiBanHi. Temmneparypa nopisatoBana 850 °C, Buneprkka BapitoBanacs Bif 15 no 120 xs.
[Ticns 6opyBaHHS MPOBOAMIIN TapTyBaHHS Bl TEMIEpPAaTypH XIMIKO-TEPMI4HOI 0OpoOKH 3
HACTYITHUM HHU3bKUM BIJITyCKOM JJISl YACTKOBOT'O 3HSTTS BHYTPILIHIX HANPYXEHb [2].

Oo0roBopennsi pe3syabrtatiB. Ilicns OopyBaHHs Tmpu TIYHOMY HarpiBaHHI
YTBOPIOIOTHCA MU y3iiiHI MapH, M0 BKIOYAIOTh OOpUIHY 1 MEPEXiHY 30HHU.

PozumnHIcTE 60py B 3ami3i npu Temreparypi 1000 °C ne mepeBumye 0,008 % [3].
[Tpu HacuyeHHi ctaimi GOpoM TOHAJ IF0 MEXY YTBOPIOIOTHCS XIMIYHI CHOIYKH Oopa 3
3amizom FeB 1 Fe;B. Bin moBepxHi Briamd meTtany mpopoCTarOTh OKpeMi TOJKOMOI0HI
kpuctanu 6opuny Fe,B (puc. 1, a). [locTymnmoBo 111 KpUCTau 3JIUBAIOTHCSA B CYIIIBHUIN
mrap. Tepaicts 6opuaa cranoButh 10 18 I'Tla. [To Mipi moganbioro HacH4eHHs 6OPOM Ha
MOBEPXHI yTBOpIOEThC Iie ofauH map 3 OopuniB FeB (puc. 1, 6—¢). TBepuicte #oro
nocsarae a0 22 I'Tla. He3axkarounm Ha Taky BHUCOKY TBEpPIICTb, OOpPHIM MalOTh MEHIIY
KPUXKICTb, HIXK KapOi/i1 1 HITPUIH.

[Tix GopuaHOIO 30HOIO Jaii PO3TAlIOBYEThCA MepexiaHa 30Ha (puc. 1, m), Mo gBise
co00ro0 TBepuil po3urH O0pa B 3aii31. XapaKTepHUM SBHILEM MTPU OOPYBaHHI € YTBOPECHHS
ni mapoM OOpHAIB 30HM 3 MIABMILIEHMM BMICTOM ByTiewoo. bop, mnpoHukawouu B
MOBEPXHIO, K O "BigTHCKae" Byryenp yriu0. 3aBAsKU IMiIBUIIECHOMY BMICTY BYTJICIIIO B
I[ii 30H1 YTBOPIOETHCA TEPNITHA CTPYKTypa. | TMOMHA Takoi 30HU MOXKE B KIJTbKa pa3iB
NEPEBUIIUTH TIMOMHY camMoro OOpPHAHOrO Imapy. Y 3arajbHOMY BHUIAJKYy TOBLIMHA 1
CTPYKTypa MepexigHOI 30HH BU3HAYAETHCS XIMIYHUM CKJIQJIOM CTalll Ta HACUYyBaJIbHOTO
CEpEeIOBHUINA, IBUKICTIO OXOJIOMKEHHS 3 TEMIIEPATyPH MPOIIECY.

B nponeci popmyBanus 6opuaHoro mapy craini SXHM BinOyBaeThcsi mepepo3noait
JIETYBaJIbHUX €JEMEHTIB K MDK OOpuAHMMH (azaMH, TaKk 1 MDK OOPUAHHMM IIapOM Ta
NePeXiIHOI0 30HOI0 (puc. 2).

3a eKCHepuMEHTaJbHUMH JaHUMH OTPUMAaHO 3aJIe)KHICTh TOBIIMHU OOPHUIIB BiJ
TpuBaiocti 6opyBanus A ctaneid 50 ta SXHM (puc. 3). lns ByrieneBoi craini, siK 1 Juis
JIErOBaHOi, CIIOCTEPIraeThCsl AKTUBHE 3pOCTaHHA OOpUAIB TpHU 3MiHI TpPUBAJIOCTI
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6opyBanHs 10 60 xBunuH. llpu mnomanmbmomy 360umbmieHHi yacy XTO mBHAKICTH
3pocTaHHsl OOpuiB 3MEHIyeThcs. Lle BimOyBaeThCs 3a paxyHOK HAsBHOCTI KapOimiB y
NepexiJHIA 30H1, SIKI TaIbMYIOTh PICT OOpuAHOro mapy. ToBIIMHA OOPUAHOrO IIApy B
cram 5XHM menie, Hixk y ctam 50. Lle mo’s3aH0 3 popMyBaHHSM ClielialbHUX OOPHIIB
1 kapOimiB JeryBajabHUX eyieMeHTiB ctaini SXHM, mo ramsmyrors audysiiiHi mpoiecu
NPOHUKHEHHS aTOMApHOTO OOpy Braumbd cTajni mpy HACHYEHHI. 3MiHA 4Yacy OOpyBaHHS
OPUBOAUTH 0 30UIbIIEHHS TIMOuHU Audy3iiiHoro mapy a0 100 mxm mis ctani SXHM Ta
o 145 mxm ms ctam S50.

Puc. 1 — MikpoctpykTypu 6opoBaHoi ctani 50 npu niyHoMmyHarpiBansi 1o 850 °C:
a — tpuBaiicth 10 xB.; 6 — 30 xB.; B— 60 xB.; I — 90 XB.; T — MIKpOCTPYKTypa nepexiaHoi
30HM 3a 90 xB.; ¢ — 120 xB.; x 200

Puc. 2 — MikpoctpykTypu 0opoBaHoi ctaii SXHM npu nivyHOMy HarpiBaHHi 10
850 °C: a — tpuBaiicth 15 xB.; 6 — 30 xB.; B — 60 XB.; r—90 xs.; x 200

Jis  TOpoBeNEHHS  MOBEPXHEBOTO 016
IUQy31HHOTO HAaCUYECHHS BUPOOY
HEOOXI1/IHO CTBOPUTHU HaIpaBJICHUN
nQy31iHIA MOTIK aTOMIB HACUYYBaJIBHOTO
€JIEMEHTY 3 MOBEpPXHI1 BrIKO BUPOOY, IO
MOXJIMBE 32  YMOBH  OJHOYACHOIO
NPOTIKaHHS TPbOX OCHOBHUX MPOIIECIB:

1. VYTBOopeHHs  BUIBHUX  aTOMIB
HAaCHUYyBaJIbHOTO €JIEMEHTY Ha IOBEpXHI 0 , - ‘
BUpoOy, M0 migmaerscs audysiitHOMY m ,p(,':m‘"-‘_,,. (-_,m,,n,“l:.("\,, i
HaCHUYEHHIO.

2. Ancop6iii aToMiB

0,14
- 0,12

0,1
0,08

0,06

0,4 ~o=SXHM =0=50

002

Tonupima GopiImoro wapy, MM

Puc. 3 — 3anexHicTh TOBIIMHA OOPUIHOTO
1apy BiJl TPUBAJIOCTIOOpYBaHHS CTaslel
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HACHUYyBaJIbHOTO €JIEMEHTY BUPOOOM.

3. Hudysii ancopOboBaHUX aTOMIB B0 BUPOOY.

HaiiBiporimHimmmM 1 JE€TKO 3'ICOBHMM € BaKaHCIMHMM MexaHi3M. Bimgomo, 110
peaTbHUI KpHUCTaJl MICTUTh II€BHE YHWCIO BaKaHTHUX BY3/diB pemriTok. [li Bakancii
BIJIKpUBAIOTh NUISIX JUIsl JIETKOTO 3AilcHeHHS audysii. EnemenTapHuM cTpuOKOM Mpu
mudy3ii Mo IbOMY MEXaHI3My CIYXKHTh MEpPEeCKOK aromMa B CYCIOHIO BakaHCiio. B
pe3yibTaTi CTpuOKa aToM 1 BaKaHCisl MPOCTO OOMIHIOIOTHCS MICIsIMU [4].

Atom nmudyHIye TO KpuUCTaldy B pe3yJbTaTi psay OOMIHIB MICHSAMH 3 Pi3HHUMH
BAaKaHCISIMHU, SKI 9ac BiJl 4acy BHSBJISIOTBCS IMOONM3Yy HBOTO. AHam3 JlarpamMu CTaHy
3ami30-00p [5] mokasaB, mio Audy3iidHI IMIapyd Ha 3aii3l Jerko (OpMYIOThCS 3 THUMU
eJIeMEHTaMH, SIKI Ha JiarpaMi CTaHy yTBOPIOIOTH SIBHO BUPAXEHY 3aMKHYTY Y-00JacTb
mo0JIM3y TeMIlepaTypHOi oci 3ai3a. BunukHeHHs (a30BOTo MEepeTBOPEHHS MM II€I0 3MIHU
TEeMIEpaTypHy 1 KOHIIEHTpaIii O00py B CTajl MOSICHIOE TOJKOMOAIOHE 3pOCTaHHS OOPUIHUX
mudy3iiHEX mapiB Ha oBepxHi ctani. opmyBaHHS AUQY31HHOTO APy MOKIIUBE 1y pasi
BIJICYTHOCTI PO3YMHHOCTI B pe3yjbTaTli XIMIYHOI B3a€MOJii aTOMiB HACHYyBaJIbLHOTO
enemenTta (B) 1 ocnosu (Fe).

Tyr nudysis nop'szaHa 3 yTBOpPeHHSM HOBHX (a3 (XIMIYHUX 3'€HAHb), SKi
BUHUKAIOTh B PE3yJbTaTi peakiiid, mo BiAOyBaioThcs B TBepaiil ¢azi. Taka nudysis
HazuBaeThes peakiiiHoo. Koedimientr mudysii Oopy B 3araibHOMY BHUIJIAI MOXHA

3al1uCaTu:
Q
DB = DO eXp(—ﬁ

3rigHo 3 naHux [4-5] TemmepaTypHa 3ajexHicTh Koedimienta qudysii Oopy B o- 1 y-
3aJ1i31 ONMHUCYETHCS HACTYITHUMH (POPMYJIaMHU:

+
DS =(7,9+2,3)-10 % exp (—Ej
RT J em?/e
+
D; =(5,7+1,8)-10exp (—ﬁj
RT , em?/c
ExcniepuMenTtanbHi 3HaueHHs KoediienTiB nudy3ii 60py BU3HAYAIU TI0 POpMYIIi:
hZ
D, =—
4.7

Ha ocHoBi 1mmx pganux Oyno
noOynoBaHo rpadix 3MiHH KOeQillieHTY
nudysii 0opy B 000X CTaNAX 3aI€KHO Bl =
gacy (puc. 4) Ta OTpUMaH1 3ajexHOCTI - °
koedimienta audysii 60py B Byrienesid = °
Ta JIETOBAHIN CTalAX NPH BUKOPMCTAaHHI = *
HaHOJUCHEPCHOI MacTH. 3 MIABUIICHHAM  ©
Temmepatypy,  KoebiuieHt  mudysii -
3pocTae. Sk 1 ouikyBaiau, Koe(dilieHT 1
nudy3ii 6opy OinblIe y Byrienesiil craii, 0
HIXK y nerosanii. lle sBume nos’s3aHo 3 i/ e

HasIBHICTIO JICTYBAJIbBHUX CJICMCHTIB, 5Kl Puc. 4 — 3Mmina KOC(i)iHiCHTy JII/I(I)Y311 60py B
raJilbMYIOTh rmponcec HAaCHU4YCHHA, crasix 50 ta SXHM

YTBOPIOIOY1 CIIOJIYKH 3 OOPOM.
3aBASKM 3alpONOHOBAHOTO CKJIAQy NAacTH MIBUAKICTh AUQY31HHUX MPOLIECIB

CTas S0

']

0.00071* - |

cram SXHM
2

0.027¢!

- 0,60547% + 3 59361 - 2, 5899

ELH] o DI 120
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HiBUITY€EThCS B 2—3 pa3u B MOPIBHAHHI 3 ICHYIOUMMHU METOJaMU OOpYBaHHS MPHU MYHOMY
HarpiBaHHi. 3O0UIBIICHHS IIBUAKOCTI POCTYy OOPHAHMX MIApiB MOSCHIOETHCS BHUCOKUM
BMICTOM aTamapHoro 6opy (85 %) 1 BeIMKOI0 MOBEPXHEI0 HAHOAMCIIEPCHUX YACTUHOK
CyMillI, 0 IHTeHCU]PIKYE MPOTIKAHHS XIMIYHUX peakiliil Ta Mudy31iHUX MPOILIECIB.

BucnoBku. Po3pobiena mpocta aiii BUKOpUCTAaHHS Ta e€(QEKTUBHA TEXHOJIOTIsS
OopyBaHHS AeTaliei 31 cTaliel, ika CKOPOUye TPUBAIICTh XIMIKO-TepMI4HOI 00poOKku y 2—3
pasu Mpu OJIep>)KaHHI BHUCOKOSIKICHUX OOpPHAHMX IIapiB, fAKI 3HAYHO I1JIBUILYIOTh
3HOCOCTINKICTh JIeTaneu mpec-hopm JIUTTS i TUCKOM.
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IlinBuieHHs 3HOCOCTIKOCTI aeTaseil nmpec-popM JHUTTHA i THCKOM MeTOAOM OOpyBaHHHA 3
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[IpemyioskeHa HoOBas mpocTasi B UCIOJNB30BAaHMM U JHEPreTUUECKU IiesiecooOpa3Has TEXHOJIOTHS
OopupoBaHUS M3AEIUN U3 YIIEPOAMCTBIX M JIETMPOBAHHBIX CTalel, HAampaBi€HHAs Ha COKpPAILLEHHUE
JUIUTEIBHOCTH XMMUKO-TEPMUYECKON 00pabOTKH MpHU MOJyYEHUU BBICOKOKAYECTBEHHBIX OOPHPOBAHHBIX
CJIOEB, KOTOpbIEe 00eCHeunBarOT HEOOXOAWMBIE AKCIUTyaTallMOHHBIE CBOMCTBA Mpecc-GpopM JHThS TOA
JTaBJICHUEM.

KuiroueBblie ci1oBa: mpecc-popma, OopupoBaHue, cTalb, CTPYKTYypa, A1 y3HOHHBIE CIIOH.

A new easy-to-use and energy-appropriate technology of boriding parts from carbon and alloyed
steels, which aims to reduce the duration of chemical-thermal processing upon receipt of high-quality
boriding layers that provide the necessary operational properties of pressure die casting press-forms.

Keywords: a press-form, 6opupoBanue, steel structure, diffusion layers.

YK 621.165
T. H @YPCOBA, kaun. texH. Hayk, aoil.,Y UITA, Xapbkos

NCCJIEJOBAHUE HANIPSZKEHHO — JE@OPMHUPOBAHHOI'O
COCTOSAHUA EJIOYHBIX XBOCTOBBIX COEAUMHEHNU PABOYNX
JIOITATOK ITAPOBBIX TYPBUH

C nmomompio nporpammHoro komuiekca ANSYS mpoBeseH anann3 HanpspKeHHO — A1e(OpMUPOBAHHOTO
COCTOSIHUSI MHOTOOIIOPHOTO €JI0YHOTO XBOCTOBOTO COCIMHEHHUS pabovnX JOMATOK HapOBHIX TYpOHH

KirodeBble c10Ba: HaNpsHKEHHO — 1€(POPMUPOBAHHOE COCTOSHKE, XBOCTOBOE COEIMHEHHE, pabouast
Jonarka, naposas TypOuHa

BBenenue. Ilepuon passutus typOoctpoeHuss 60 — 90 — x romoB XX cronetus
XapakTepu3yeTcss OypHbIM POCTOM €AMHMYHBIX MOIIHOCTEH arperatoB. B mopasistoiiem
OOJIBIIMHCTBE CJIY4YaeB MOBBINIEHUE MOIIIHOCTH arperatoB ONpeeNsieTCs] MAKCUMAIIbHO
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