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MAIINHO3HABCTBO TA OBPOBKA MATEPIAJIIB B MAIIIMHOBY IYBAHHI

VJIK 669.1:537.5
.M. TIACTVYX, .M. COKOJIOBA

XMenbHUIBKHN HAIOHANBHUH YHIBEPCUTET

AJI'OPUTMH BUBHAYEHHA AHAJIITAYHUX KPUTEPIIB OIIIHKH
PE3YJIBTATIB MOJUPIKALII ASOTYBAHHSAM B TJIIIOYOMY PO3PAII

BukaadeHo cmpykmypy ma aa20pummu npozpamHoz0 3abe3neveHHsl, sike 8UKOPUCMOBYEMbCS 0451 PO3PAXYHKY
cucmemu Kpumepiig 0451 SKICHO20 OYIHIOBAHHA pe3y/1bmamie a30My8aHHsl 8 MJilo4oMy po3psadi 3 po3WUpPeHUM
eHepzemu4HuM 0IanasoHoM napamempis. 3a OCHO8Y KOHYenyii meopemuy4yHo2o OOTPYHMYBAHHS NPUUHAMO NPUHYUN
ceseKkyii eHepzemuyHo20 cnekmpa nadaryvo20 NOMOKY NO eHepeemu4HuM pieHsM, Kompi eidnosidaiomb onmumymam
nesHux cybnpoyecie, XapakmepHux 045 a30My8aHHA 8 mJi4oMy po3psdi. TeopemuuHoiw 6a30r npozpamMHO20
3abe3ne4eHHs1 CAyHCUMb eHepzemuyHa Modelb npoyecy.

Karouogi cnoea: azomysanHs, maitouuli po3psid, Kpumepii oyiHKU, a120pumm, npozpamHe 3a6e3neYeHHs1..

IM. PASTUKH, G.M. SOKOLOVA
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ALGORITHMS OF THE DETERMINATION OF THE ANALYTICAL EVALUATION CRITERIA FOR
MODIFICATIONS IN THE GLOW DISCHARGE NITRIDING

The structure and algorithms for the program of the analytical evaluation criteria for modifications in the glow discharge
nitriding with extended power range are presented.

The basis of the concept is the principle of the energy spectrum of the incident flux selection of energy levels. Energy levels
graduation is corresponding to the limits in which the characteristic for the glow discharge nitriding elementary processes are possible.

The theoretical basis of software is the energy model of the process. The basic idea of this model is that at any given time the
energetically most favorable elementary processes are implemented.

The calculation results confirm the fitness of software and acceptability of the concept of evaluation criteria.
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Beryn

Pe3ynbraTHBHICTE TEXHOJOTIYHOIO MPOIECY B MPHHIHMITI MOXKE OIIHIOBATHCH SK HAa OCHOBI NMOKAa3HHKIB
NpsSMOTO BUMIPIOBAaHHS, TaKk 1 3a JONOMOIOI0 IE€BHMX aOcTparoBaHuMxX KputepiiB. basyrounck Ha OCHOBI
€HEepPreTHYHOi MOAEeNi a30TYBaHHS B TIIIOYOMY pO3psi, 3alPOIOHOBAaHA CHCTEMa OIIHOK, SKi KOHIENTYaJbHO
BPaxOBYIOTh MapajelbHUNA XiJ| JEKITBKOX CyOIpoIeciB, OCHOBHIMH Cepell KOTPHUX € YTBOPSHHS HITPHIIB, TUQY3isd
a30Ty Ta HITPHUIIB y TTHOWHY MOBEPXHi, a TaKOX 11 posmopomeHHs [1]. [[pHHIHAIIOBOI0 OCHOBOIO 3aIIPOMIOHOBAHUX
OIIIHOK € METOJ CeNeKIlii eHepreTHYHOro crekrpa naxadoro motoky (ECIIIT) 3a meBHOO mIKaJOK0 piBHIB eHeprii,
MPUYOMY BEeJIMYMHA Ta TOCHTIIOBHICTh IUX PiBHIB BiNOBiJa€ CHEPrETHYHUM MEKaM IEBHHUX THIIOBUX CyOIpoIieciB
[2]. B nmopankiioMy y 3B’s13Ky 3 PO3ILIMPEHHSM apeaiy 3aCTOCYBaHHS O3HAYeHHX KPHUTEPiiB BUHUKIIA HEOOXIIHICTh
YTOUHEHHS alrOPUTMIB pPO3paxyHKy Ta Ha iXHIH OCHOBI - CTBOPEHHS BIJIIOBIZHOIO MPOTPAMHOIO IPOIYKTY.
OpHi€r0 3 TOJIOBHUX NPUYUH BUKOHAHHS LIMX 33aX0/1iB OYJIO B IEPIIY Yepry PO3LIMPEHHS €HepreTHYHOro Jliarna3ony
napaMeTpiB MPOIECY, OCOOIMBO MPH 3aCTOCYBaHHI aBTOHOMHHMX (HE3QJIC)KHUX) CHEPreTHUHUX mapamerpis. Hikue
HaBeJICHI CTPYKTypa IPOrPaMHOro MPOAYyKTY Ta alTOPUTMHU TOJIOBHUX OJIOKIB ITporpam.

IMocTaHoBKA 3aBIAHHSA
Metoto pobOTH € po3poOKa anTOpUTMIB PO3PAXYHKY aHATNITHYHUX KPHUTEPIIB OLIHIOBAaHHS PE3yJbTaTiB
MoudiKaIlii TOBEpXHi METAIEeBHUX JeTalleii 3 BUKOPUCTAHHSIM a30TyBaHHS B TIiF0UOMY po3psani. CucreMa KpuTepiiB
BiJNIOBiJla€ JaHWUM, HaBeAeHUM Y [1], a mepenik aHami30BaHUX cyOmporecis — [2].

Bukian ocHOBHOTO MaTepiaiy

OcHoBoro st (hOpMyBaHHS aHATITUYHUX ITOKA3HUKIB pe3yiabTaTiB MoAH(iKamii € eHepreTHYHUNA CIIEKTP
MaJIal0uoro MOTOKY, Micis (JOPMYBaHHS SIKOTO MPOBOJMTHCS ONEpallis ceseKil (BUMICHHS) THX YaCTOK NaJarouoro
MOTOKY, CHEPTisl SKUX BKJIAIAETHCS B MEXI ONTUMAaJIbHOTO Mepediry Toro, 4 iHIoro cyomnpouecy. 3 miei npu4uHu
KOMIUIEKC IPOrPaMHOro 3a0e3rnedeHHst BKIoYae /1Ba OJIOKH:

- pospaxyHok xapakrepuctuk ECIIII ioHiB i HelTpaiB;

- BU3HAYCHHS aHAIITMYHUX KPUTEPIiB OLIHKU pe3yibTaTiB Moau(ikalii MeTaneBoi HOBEpXHi.

PosropHyTHii anropuT™M pO3paxyHKy IapamMeTpiB EHEepreTHYHOI'O CIHEeKTpa IaJaloyoro MOTOKY
NPOAEMOHCTPOBAHO Ha PUCYHKY 1. BXimTHUMHM mapameTpamu CilyXaTh CKJIaJl KOMIIOHEHTIB Ia30BOTO CEPEIOBHINA,
PEXUMHI Ta eHePreTHYHI XapaKTEPUCTHKHN TEXHOJIOTITHOTO MPOIIeCy.
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Tumu i BJacTHBOCTI ra30BOr0 CEPEAOBHIIA:
— MMO3HAYCHHS Ta30BUX CEPEIOBHIIL,
— YUCIIOBI KOoeili€HTH KOHIIEHTpallii OCHOBHHUX CKJIaJJOBUX Ta30BHX CEPEIIOBHIILL

[Tinmporpama BU3HAYEHHS 1HAEKCY T'a30BOT0 CEPEIOBHIIA
I

['ycTiHA MOTOKY 0€3CYyTHYKOBOrO PyXy MOJIEKYJISIPHHUX 10HIB a3oTy JN2
|

['ycTiHa MOTOKY 0€3CYyTHYKOBOTO PyXy aTOMapHuUX i0HIB azory JN
|

['ycTiHA MOTOKY 0€3CYTHYKOBOrO PyXy aTOMapHHX 10HIB a3oTy JAr
|

I'yctuHa NOTOKY 6€3CyTHUKOBOIO PyXy MOJIEKYJISIPHUX 10HIB BoaHio JH2
|
I'ycTiHa MOTOKY 0€3CYyTHYKOBOrO PyXy aToMapHuX ioHIB BoaHto JH
]
EnepreTHuHuiA CIIEKTp MOJIEKYJISIPHUX HEWTpaiiB a3oTy jnN2
]
EnepreruuHuii CrieKTp aToMapHUX HEeHUTpaiiB azory jnN
]
EnepreTHuHMii CrieKTp aTOMapHUX HEHTpaJliB aproHy jnAr
]
EnepreTnuHmii CIeKTp MOJIEKYJSIpPHUX HEHTpasiB BoxHo jnH2
]
EnepreTuuHuii CrieKTp aToMapHUX HeHTpaiiB BoaHio jnH
]
Brnok BUXIIHUX TaHHUX
|

[Migmporpama ninbopy koedinienrta a B-posnoziny eneprernuynux pisHiB ECIIIT
1

Iignporpama nindopy koedinienrta b B-posnoxiny eneprernunux pisnis ECIIIT
|

[iamporpama nigbopy Macmraduoro koedimienra K B-posnoainy eneprernunux pisHiB ECIIIT
]
bnok hopmyBanHs Tabnuie kKoeilieHTiB a, b, K, M.y
]

Bbrnok ¢popmyBaHHs TaOnuIl pe3yabTaTiB po3paxyHKy Koe(illieHTIB jIsi I0HHOTO TIOTOKY
|

Monynb po3paxyHKy MapaMeTpiB KIHETHKU pyXy HEHTpalliB
1

[iamporpama nigbopy koediuienta a B-posnoainy eneprerinunux piHiB ECIIII HeliTpaniB
1

[iamporpama migbopy koediuienrta b B-posnoxiny eneprerinunux piHiB ECIIII HeliTpainiB
]

[ianporpama ninbopy koediuienra K B-posnoxiny eneprernunux pisHiB ECIIIT HeliTpaniB
]

Bbnok dopmyBanus Tabnuip koedinieHTiB a, b, M, HEHTpaiB
|

Bbrnok ¢popmyBanHs TaOnuUIl pe3yabTaTiB PO3paxyHKy KoeillieHTiB sl HEUTPAILHOTO MOTOKY

Puc. 1. Anroputm po3paxyHsky xapakrepuctuk ECIIII ioniB Ta HeliTpanis

[IpuHnMnoBa BigMiHHICTE OOKIB (hOpMyBaHHS TaONHIII PE3yNbTATIB pPO3PaxyHKY JUIA 10HIB Ta HEUTPATiB
MOJISITAE y TOMY, [0 OCTaHHIN TOJJATKOBO BKIIIOYAE aJITOPUTMH PO3PAXYHKY KyTiB BXOJAY YaCTOK y CYTHUKY. Burie
3a3HAYalIOCh, 10 Y 3B’SA3KY 3 PO3LIMPEHHSM CHEPreTHYHOTO Jiala30Hy aJIrOPUTMU BU3HAYCHHS CEPEIHIX KyTIiB

8 Herald of Khmelnytskyi national university, Issue 5, 2015 (229)



TexHiuHI HayKu ISSN 2307-5732

BXOJ[KEHHS 9aCTOK B IMOBEPXHIO JTOKOPIHHO 3MiHEHI B TIOPIBHAHHI 3 THMH, SIKi BUKOPUCTOBYBAIIUCH TIPU TPAHIIHIH
Hampys3i MiXx enexkTponamu kamepu 10 500 B.

[lignporpaMu po3paxyHKy T'YCTHHH HOTOKIB iOHIB JJISI THIIOBHX KOMITOHEHTIB Ta30BHX CEpPEIOBHII, SKi
BUKOPHCTOBYIOTHCSI B TEXHOJIOTIT a30TyBaHHS Y TIIIOUOMY PO3psifi, NOOYI0BaHI 110 OJHOTHUITHOMY NpUHLUIY. biok-
cXema IUX MiANPorpaM IokKa3aHa Ha pUCYHKY 2.

InenTH(iKamis THITY Ta30BOTO CEPEIOBHIIA
|

BusnaueHHs koe(imieHTIB KOHIICHTPAIlii OCHOBHIX KOMITOHEHTIB CyMiIIi
|

BBeneHHsI KOHCTAHT PO3MIPIB YaCTOK

Po3paxyHOK KiTBKOCTiI 4aCTOK OCHOBHUX KOMITOHEHTIB CyMIIIIi
]

BBeneHns KOHCTaHT MacH 9aCTOK OCHOBHUX KOMIIOHEHTIB CyMIIITi
1 IIBUJIKOCTI, sIKa Bi/IITOBia€ eHEpril i0Hi3ari1
|
Po3paxyHok BxigHux xkoHcTaHT i mmpunu OKIT
|

POSanyHOK HepeTI/IHiB CYTHYOK 11 4aCTOK ycix KOMIIOHEHTIB
|

BuznaueHHs cepeHbOI JOBXWHH BIIBHOTO ITPOOITY YaCTOK BCIX KOMIIOHEHTIB
]
Po3paxyHOK eHepreTH4HOro PiBHS MEPIIOro NPOLIAPKY BUIBHOTO Mpooiry
JUISL 9aCTOK BCIX KOMITOHEHTIB

Busnauenns OHOCCpeHKOBaHO'l. MaKCHUMaJIbHOL HIBI/IHKOCTi 10HIB
|

Po3paxyHOK HIMPHHH €IEMEHTapHOTO NPOLIAPKY

]
BuznaueHHs cepeHbOI IIBUIKOCTI EJIEKTPOHIB

Ta IMapaMeTpiB KiHETHKH pyXy enekTpoHiB B OKII
]

Po3paxyHOK OIBHIKOCTI KOB3aHHS 10HHOTI'O TIOTOKY
]

OOHyJiHHS BCIX MacHBIB
|
BuzHaueHHs cepeHbOro eHepreTuyHoro pisHs npomapky OKII
|
[{uxr BU3HaYESHHS! KUTBKOCTI YaCTOK IIEBHOT'O COPTY, SIKI MalOTh €HEPTilo,
1110 BiJINIOBi/Ia€ €HEPreTUYHOMY PIBHIO IAHOTO MPOLIAPKY

Puc. 2. AJ'lI‘Opl/lTM PO3pPaxXyHKY I'YCTHHH IOTOKY ﬁe3CyTl/l‘lKOBOFO PYXY 4aCTOK OCHOBHHX KOMIIOHEHTIB

[Iporpamumii MOy s BU3HAYCHHS aHATITHYHUX KPUTEPIiB IS OLIHKK pe3yIbTaTiB MOTU(IKaIlil MeTaneBol
NOBEPXHI BKIIOYAa€ CYKYIHICTb IPOrpaM, 3arajbHa CTPYKTypa SKUX ONHOTUIHA. OYEBHIHO, IO KOXHA 3 IHX
MporpaM Mae€ TIeBHI cnenudidHi 0COOIMBOCTI, SIKi B OCHOBHOMY MPOSIBIIIOTECS B 3aKIIOYHUX (pazax GopMyBaHHS
KOHKPETHOTO [IOKa3HWKa Yy BIJMOBIMHOCTI [0 NPU3HAYEHHs MIANPOrpaMu. 3arajbHy CTPYKTypYy MiAmporpam
IPOAEMOHCTPYEMO Ha IPHKIAl MPOrPaMHOTO MOXYJS BH3HAYEHHS [OBHOTO €HEPreTHYHOTO CIEKTpa YTBOPEHHS
HITpUAIB. AJTOPUTM IPOTPAMHOTO MOIYJIS PO3PaxXyHKY aHATITHYHUX KPUTEPiiB MPOAEMOHCTPOBAHO HA PUCYHKY 3,
a CTPYKTypa IIporpaMy BU3HAYEHHS BITHOCHOTO €HEPreTHYHOro (hakTopa yTBOPESHHS HITPHUIIIB — Ha PUCYHKY 4.
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Brnok BUXiAHUX HaHUX KOe(DILIEHTIB PO3IOILTY YACTOK [0 eHEPreTUUHUX PiBHSX JJIsl IOHHHUX MOTOKIB

Brnok BUXiIHUX TaHUX KOe(iiEHTIB pO3IOALTY YACTOK [0 SHEPTreTUUHHUX PIBHSIX JUIsI TOTOKIB HEHTpasiB

Mopayis TUIIB ra30BUX CEPEIOBHI Ta IXHIX MapaMeTpiB

Mopnynb inenTrdikaiii Koy ra3oBoro cepeaoBHIia

[Tiamporpamu po3paxyHKy cepe/iHiX KyTiB BXOJy YaCTOK Y ITOBEPXHIO
JUI MOJIEKYJISIPHOT'O Ta aTOMAapHOI'o a30Ty, aprOHY, MOJIEKYJIIPHOIO Ta aTOMAaPHOTO BOAHIO

[Tiamporpama po3paxyHKy eHeprii yTBOpEeHHs HITpHUIIIB

Biiok BHOOPY XapaKTEPUCTUK MaTepiaiB

InenTrdikaTop podOYMX MACHBIB IOHHOTO Ta HEHTPAIHLHOIO TIOTOKIB

[MignmporpamMa po3paxyHKy MOBHOTO EHEPTETUYHOrO (PaKTOpa YTBOPCHHS HITPHUIIB,
BKJIFOUQIOUU MOJICKYJISIPHY Ta aTOMapHy ckiazoBi FN

IMixnporpama po3paxyHKy aTOMapHOi CKJIaJlOBOI 3aTaJIbHOIO €HepreTHYHOro (akropa
yTrBOpeHHs HiTpuaiB FNA

[Tiarmporpama po3paxyHKy BiJHOCHOTO €HEpreTUYHOro (akropa
PO3IIOPOIYBAIBHOI A1 HEHTpaIiB B IOBHOMY CIIEKTpi KyTiB 6oMOapayBanust Fspn

[Tiamporpama po3paxyHKy BiJHOCHOTO €HEpreTUYHOro (akropa
nudysiitHol il HeHTpasiB B TOBHOMY CHEKTpi KyTiB OombapayBanHs Fsdn

[Miamporpama po3paxyHKy CyMH JOOYTKIB €HEPreTUYHUX PiBHIB
Ha BIJIHOCHHUI PO3IIOJIIJI YACTOK JjIsl HEHTpaltiB Sjen

[Mignporpama po3paxyHKy CyMH PO3IOALUIIB HEHTPaiB (KYT BIAXUICHHS BiJl HOpMai JI0 TIOBEPXHi
PO3IIOAIISAETHCS PIBHOMIPHO IS 10HIB 1 32 3aKOHOM KOCHHYCa JUIsl HelTpaiiB Sjn

[Miamporpama po3paxynky BE® posnopomryBaibHOi Aii i0HIB, po3paxoBaHa 3a yMOBOIO
3aJIeKHOCTI KyTa BiJIXWJICHHS BiJl HOpMaJIi ITPY BXO/I B MOBEPXHIO €HEPTEeTHYHOT0 piBHA i0HIB Fbpu

[Miamporpama po3paxynky BE® nudysiiinoi nii ioHiB, po3paxoBaHa 3a yMOBOIO
3aJIeKHOCTI KyTa BiJIXWJICHHS BiJl HOpMaJIi ITpY BXO/i B MOBEPXHIO €HEPTeTHYHOr0 piBHA ioHIB Fbpu

[Tiamporpama po3paxyHKy BiJHOCHOTO €HEpreTHYHOro (akropa
PO3IIOPOIYBAIBHOI /ii 10HIB Y TOBHOMY CHEKTpi KyTiB OombapayBanus Fspu

[Miamporpama po3paxyHKy BiJHOCHOTO €HEpreTHYHOro (hakropa
nmudysiitHol aii 10HIB y TOBHOMY CHEKTpi KyTiB OombapayBanHs Fspu

[Miamporpama po3paxyHKy CyMH JOOYTKIB €HEPreTUYHUX PiBHIB
HA BIJHOCHHUH PO3TIOALT YaCTOK IS i0HIB Sjeu

[Tiamporpama po3paxyHKy CyMH pO3IIOJIJIiB I0HIB Y TOBHOMY CIIEKTpi KyTiB O0oMOapayBaHHs Sju

Briok BuxigHuX JaHuX

[Ipouenypa popmyBaHHs TabIMII PE3yIbTaTIB PO3PAXYHKIB

Puc. 3. AIroput™ po3paxyHKy aHAJITHYHHX KPUTepiiB OLiHKH pe3yabTaTiB Moaupikamnii
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InenTudikaris TUITY ra30BOro cepeaoBHIa
]
[Ipu3HaueHHs KOHIIEHTpalii KOMIIOHEHTIB ra30BOr0 CEpeAOBHIIA
]
BBenenns napamerpiB KOMIIOHEHTIB MaTepiaiy
]
BBenieHHs1 po3MipHUX KOHCTaHT KOMITOHEHTIB I'a30BOT'0 CEpEIOBUILA Ta MaTepialy MOBEPXHi
|
3uuryBaHHs 3Ha4YeHb KoedinienTiB posnoainy ECIIIT
]

BBeL[eHHH KOHCTAaHT MacH KOMITOHEHTIB cepeaoBuila Ta HOBerHi
|

Po3paxyHOK KoediIieHTIB BiIHOCHOT Mac KOMITOHEHTIB ITOBEPXHi
|

BBeseHHs KOHCTaHT eHeprii po3NOpOoNIeHHS AJIsl KOMIIOHEHTIB ITOBEPXHI
]
Po3paxyHOK eHeprii yTBOPSHHS HITPUJIIB BCiX KOMIIOHCHTIB ITOBEPXHI
]
BuznaueHHs BiIHOCHHX MapaMeTpiB BMICTYy KOMIIOHEHTIB ITOBEPXHI
]
Po3paxyHok aOCONIOTHHUX Ta BiIHOCHUX 3HAY€Hb T€OMETPUYHNUX KOMIIOHEHTIB IIOBEPXHI
]
Buznauenns mupunu OKII
]
Po3paxyHOK NepeTHHIB CyTHYOK JJIsl KOMIIOHEHTIB Ta30BOr0 CepeIOBHUILA
]
PozpaxyHok cepeHbOl TOBXKHWHH BiJIBHOT'O IIPOOITY KOMIIOHEHTIB ra30BOI0 CEpEAOBHIIA
1
Po3paxyHOK eHepreTHYHOro piBHS MEPILOro BiJ KaToja MpomapKy BUIHOTO Ipo0diry
JUTS BCIX KOMIIOHCHTIB T'a30BOT0 CEPEIOBUINA
]
Po36uTTs mepioro npomapky Ha eJeMeHTapHi IPOIIapKy 1 BU3HAYEHHS X eHEepreTHYHUX PiBHIB
]
OOHyIIHHS BCIX MacHBIB PO3paxyHKOBHUX ITapaMeTpiB
]
Cenexuist ECIIII no enepreTndHuM piBHIM
3a KOHKPETHUMH KPHUTEPIsSIMH PO3PaxyHKY B IiAIIporpamMax

Puc. 4. AnropuTm po3paxyHKy THIIOBOT0 0JIOKY BUSHAYEHHSI KPUTepiiB

BucHoBku
Po3pobrnieHi anropuTMm CiIy’)KaTh OCHOBOKO [UIA (OpMYBaHHS TIpOrpaM pO3PaxyHKy 00’ €KTHBHUX

AQHATITHYHIX MOKAa3HHUKIB €(eKTHBHOCTI a30TyBaHHSI B TIIOYOMY PO3PsAi METaJeBUX MOBEPXOHb. 3 BpaxyBaHHIM
PO3LIMPEHHs 3aBJaHb JOCIHIKEHb AJTOPUTMU MPUCTOCOBAHI JO TPOLECIB 3 aBTOHOMHHMH EHEPreTHYHUMU
mapaMeTpamM peXHMy 1 TO3BOJSIOTh KEpyBaTH TEXHOJOTIIMH Ha OCHOBI MOJIENi, B OCHOBY SKOi IMOKJIAQJEHO
MIPUHITUIT [TPEBATIOBAHHS CHEPIeTUKU YACTOK MOTOKY, [0 00MOApIy€e MOBEPXHIO.
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