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BBIUACJIEHUE CTOAMMOCTH JIA3EPHOU PE3KH B 3ATAYE ONITUMHU3AIIAN
MAPIHIPYTA PEXYIIEI'O HHCTPYMEHTA HA MAIIIMHAX C 4ITyY
CIHHEHUAJIM3NPOBAHHOT O s13bIKA YIIPABJIEHUA JAHHBIMH*

tavaeva_a_ f@bk.ru

B emamve paccmampueaemes 6ONpoc GuIMUCTeHUS ceOeCMOUMOCY IA3EPHOT Pe3KU 6 3a0a4e ONmu-
MUBAYUY MAPULDYINA PEACYI 20 UHCIPYMEHMA NPUMEHUMENbHO K MAUUHE TA3EPHOT Pe3KU ¢ YUCT08bIM
npocpammuvim ynpaeienuem (HI1Y) ByStar3015. B cmamve yuumoieaemes, 4mo cefecmoumocms ad3ep-
HOTI pe3Ku 3a6UCUm Om 3ampam Hd IeKMPOIHEPIUI0, O 3AMPAam Hd Pacxo0 6CHOMOSAMENbHO20 U d3ep-
HO20 20308, 3amMpam Hd pacxo0Hble Mamepuaivl. AMopmusayus 060py006aHus, 3ampamsl Ha 3apaboOmHYI0
MIGHTY ONepamopa 1a3epHo20 KOMUIEKCd U MeXHOI02a 8 OAHHOM pacdeme He ydumuieaiomes. B cmamve
npueooumes  paciem cebecmouMOCmy  Ja3epHoil pesku Ois  Hepicageowel cmanu (Ha npumepe
12X18HI10T), anomunua u eco cnaagoe (Ha npumepe Ame3M) u yenepooucmoii cmanu (Ha npumepe
Cmli0xn). Bo emopoii uacmu cmamby paccmMompen npumMep pacyema CmouMoCHy Aa3epHOt pe3Ku KOH-
KPEeMHOU pAacKpOtHOT Kapmul ¢ NPUMEHEHUEM CIAHOAPIMHO20 U CReYUATbHBIX Cnocoboe pesku. B xonye
cmamvle npueeOeHa Popmyna O paciemad U pacCHUmMAHHble SHAYeHUS ONUHbI OONOTHUMEIBHOZ0 Pe3a Npu
nepexooe om 00HO20 KOHMYPA K OPY2OMY 8 Cly4ae NPUMEHEHUs CReyUaibHbIX Cnoco008 pesku («yenHas y

Pe3Ka U pe3rd « IMeUKOoil »).

Knrwuesoie cnosa: mawunst mepmuyeckoti pesxu ¢ YIY, mawunvl aazepuoii pesxu ¢ IV, onmumu-
3aYUs MAPUPYMa UHCIPYMEHMA, ceDeCmOouUMOCHb JA3ePHOT PE3KU.

Beeaenue. B mociaeanee BpeMs MAIWHBI TEP-
MHUYCCKOH PE3KHU C YUCIOBBIM ITPOTPAMMHBIM VITPAB-
acaueMm (UITY), Kk KOTOPBIM OTHOCST MAIlIUHBI TA30-
BOH, ITA3MCHHOH U JIA3CPHOH Pe3KH, it 00paboTKH
JHCTOBOTO MATEePHAJA HAXOAAIT BCC OOJIbIICE TPHUME-
uenue. [Ipu oOpaboTke TUCTOBOrO MaTepUaa Cro-
cOo0OM TEPMHUYUCCKOH PE3KH MOYKHO BBIACTHTD CICAY-
FOIIHE OCOOCHHOCTH, KOTOPHIC HEOOXOAUMO VUHTHI-
BaTh NOPH NPOCKTHUPOBAHNM YHOPAB/LIOIINX IIPO-
rpamm (YII).

Ha necpeoM stame mpu TEPMUUICCKON PE3KE
HEOOXOOUMO TEPe] MPOLECCOM PE3KH MPEIyCMOT-
pPETh BPE3KY BO H30CIKAHHME HAIUIBIBA MAaTepHala H
TepMuaeckux aedopmanuii. Bpesky ocyiecTsistor
HA JOCTATOYHOM PACCTOSHHUM OT BBHIPE3aCMOTO KOH-
Typa B 3aBUCHMOCTH OT MapK{ U TONIIHUHBI MaTCpH-
ana (puc.1). [Ipu repmudeckoli pe3ke ABHKCHHE pe-
AKymero HHCTPYMCHTA IIPOUCXOAUT II0 JKBHIAH-
CTaHTC KOHTYpa IO IMPHYHUHC TOro, YTO BO3HHUKACT
CcropaHue M «BbIMeTaHue» Marcpuaia (puc.l). Eme
OJTHOM OCOOCHHOCTHIO TCPMHUCCKOM PE3KH ABJISACTCS
COOMIOACHUE YCIIOBHS NPEALICCTBOBAHUS, KOTOPOE
00y CITOBICHO 0COOCHHOCTIMHU MAIITHH TOPTAIBHOTO
TUTIA, KOTOPBIC HC MO3BOJIAIOT MMOCJIC BBIPC3KH BHCII -
HEro KOHTYpa TOYHO IMO3ULIMOHUPOBATH PEKYIIMH
HHCTPYMEHT A7 BBIPE3KH BHYTPCHHUX KOHTYPOB,
T.K. IpA MHOTHO BBIPC3KC BHCITHCTIO KOHTYpa ACTAIb
MOKET HM3MCHHUTh CBOC TONOKCHHC Ha paboucm
croie [13]. 10 ycnoBHe HAKIAABIBACT OIPAHMYCHHUC
Ha NOPSAOK BEIpe3KkH KoHTYpoB. Ha puc.l cragama

JOJDKHO OBITE BBIPE3aHO OBAIBHOC OTBEPCTHC Y TIPS-
MOYTOTBHOHW 3arOTOBKH, TOJBKO TIOTOM BHCITHHHA
KOHTYp. Eciii Ha packpoiHOHN KapTe BHYTPH OTHOM
JeTamu OyIeT pa3MelicHa APYyrasi, TO HeOOXOIUMO
CHauana BEIPE3aTh KOHTYP BHYTPCHHEH AcTamy, a
TOJBKO MOTOM KOHTYpP BHemHed aetamu. Ha puc.1
mudpamu 0003HAUCHA MOCIEIOBATEIBHOCTD BhIpE-
3aCMBIX KOHTYPOB.

[Tpn paspabotke YII Bo3HMKaeT 3axavya onTH-
MH3ALHMA MaplpyTra NEPeMCELICHN PEXKYIIETro HH-
CTPYMEHTA Ha MaITHAX TepMHUIeCcKOU peskn ¢ UITY .
B kauecTBe KpUTEPUEB ONTHMHU3AIUA MOKHO BBIJC-
JATE BpeMS Pe3KH Ty I CTOUMOCTBD JIA3EPHOM PE3KH
FCMI-

B psae npoananmsupoBaHHBIX padoT OBLTH
MPOBEACHB UCCICIOBAHUS MO MHUHHMH3ALUH Bpec-
MEHHM Ha XOJOCTBIC MEPEXOABl PEKYLICTO HHCTPY-
MEHTA, OOIIEero BPEMEHH PE3KH PACKPOHHOM KapThl,
TPacKTOPHH MEPEMCELICHM HHCTPYMEHTa. B pabo-
tax R.Dewil u ap. [1,2] paccMaTpuBarT BOMPOCH!
MUHHUMH3ALHN 00IIET0 BPEMEHH PE3KH BCEX 3aroTo-
BOK, IIPH 3TOM VYMTHIBAIOTCS OTHOLICHUS MPEILIc-
creoBanms. K. Castelino u ap. [3] paccmaTtpuBarot
ANrOPUTMBI A1 MUHHMH3ALHH BPEMCHH Ha XOJ0-
CThIC TICPEMCIICHH PEKYIIETO HHCTPYMEHTA. B pa-
oore [8] uccaeayroTest CHOCOOBI ONTUMH3AIHHA BPE-
MEHH XOJOCTBIX MEPEXOA0B PE3aKa B IPOU3BOACTBE
KOXKaHBIX wm3genud. B [4] paccmarpuBarorcs Bo-
MPOCHl MUHUMH3AIHN 00IIEH TPAacKTOPHH MepeMe-
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LICHUS UHCTPYMEHTA H BpeMeHU 00padotku. K. Vi-
jay Anand u A. Ramesh Babu [5] dokycupyrorcs Ha
3a7a4¢ MHHHMH3ALMH PacX0oJa MAaTCpUaioB U Bpe-

mcaHu pesku. B [21] pacecmarpuBactes 3amaua MUHU-
MH3AIIAA JAIHUHBL XOJOCTOTO XO0Ja PEXYIIEro HH-
cTpyMeHTa A cTankos ¢ UITY.

-------- PaGounit xo nHCTpYMEHTa; --------- XOIOCTOH X0 HHCTPYMEHTA; ! 1 |mopsiziok BhIpesanust KOHTYPOB.

. TOYKHN BPC30OK, O TOYKHN BBIKJIIIOYCHUS MHCTPYMCHTA

Puc. 1. Ilpumep cxeMBbl pe3KH JIBYX 3arOTOBOK

Maro pabot kacaeTcs BONpoca BEIYUCICHHS Ce-
05ECTOMMOCTH U CTOUMOCTH TCPMHUCCKOH PE3KH HA
mamuHax ¢ UITY. B [6] paccMarpuBacTcs BOIpPOC
OTIPEACIEHNUS ITYIHO-KATIbKYIAIHOHHOTO BPEMEHH
B 33Ja4e pacyera ceOSCTOMMOCTH MPOU3BOACTBA U3-
JCTUH ¢ MOMOINBIO JIa3epHOi pesku. B [7] paccmar-
PHUBAETCA CTOUMOCTHOM KPHUTEpUI 3aJa4u OONTHMHU-
3alAH TUIOCKOTO PacKposi, KOTOPBIH MO3BOIIET MH-
HUMHU3HAPOBATh CTOMMOCTH pe3ku. Munbemma A H. 1
ap. [9] npuBoaAT CPaBHCHHEC CTOMMOCTH JA3CPHOU
PE3KH JTUCTOBBIX MATEPHAIIOB UL CT3 TOJIIIHHON OT
3 no 10 MM ¢ mpUMEHEHHEM THAPOAOPA3UBHOMH, J1a-
3CPHOMH, ITA3MCHHOHN U KUCTOPOoXHOH peskoit. B [10]
BBITIOJTHEHA OLIEHKA CTOMMOCTH JKCILIYaTaI|H T1a3-
MCHHBIX ycTaHOBOK U CO» mazepos. [Ipu aTom k cTo-
MMOCTH 3KCIUTYaTalli! aBTOPBI OTHOCAT CTOUMOCTD
SHEPreTUUCCKUX 3aTpaT, 3aTpaT Ha pabouue rassl,
CTOMMOCTH PAacXOJHBIX MaTepHAIOB U CEPBHUCHOTO
00CITYKUBAHHS YCTAHOBOK.

CraenyeT OTMETUTh HEAOCTATOYHOCTh HCCIICAO-
BaHUH B 0OIACTH BEIYHCICHUS CTOMMOCTH TEPMUYC-
CKOM PE3KH Ha MAIMMHAX TCPMHUICCKOH pesku ¢ UITY
(B wacTHOCTH Ay ja3epHOU pe3ku). [losTomy Tema
JAHHOM pa0OTHl, HANPABICHHAS HA ONPEACICHHUE CC-
0OCCTOMMOCTH JIA3CPHOM PE3KH, SBIACTCS AKTYallb-
HOM.

OcHoBHas uactb. [Ipu pazpaborke YII pnga
MamvH JazepHoH pesku ¢ UITY BozHmkaeT 3agaua
ONTHMH3ALHMN MapIIpyTa NEPEeMEINCHNS PEKYINErO
WHCTPYMEHTA. B kauecTBe KpUTEPH ONTHMM3AIIH
MOJKHO PacCMOTPETb CTOMMOCTb JIA3€PHOU PE3KH
Fou, KOTOPAs PacCUMTHIBACTCA MO Cleayomen ¢op-
myne [12, 13]:

Fcut = Lun : Cun + Luﬁ‘ qu+ ]vpt : Cpt, (1)

rae Lo, — ATMHA pesa ¢ BKIIOYCHHBIM PEKYIIUM HH-
CTpyMEHTOM (pabounii Xon); Loy— AMHHA IEPEX0I0B
€ BBIKITIOUCHHBIM PEKVIIUM HHCTPYMCHTOM (XOJ0-
CTOH X01); Ny — KOMUIECTBO TOUCK BPe30K; Coy —
CTOUMOCTb COUHMLBI IMYyTH C BKIIOYCHHBIM PEXKY-
M HHCTPYMEHTOM (CTOUMOCTb OZHOTO IIOTOHHOTO
MeTpa Ha padoueM xo4e); Cop— CTONMOCTD € ANHHLIBI
MYTH € BBIKIIOYCHHBIM PEKVIOUM HHCTPYMEHTOM
(cTOMMOCTH OJJHOTO IOTOHHOTO METPa HA XOIOCTOM
x04¢); Cy — CTOMMOCTh OZHOW TOUKH BPE30K. Coy,
Cof, Cpr— BENUUIHMHEL, KOTOPHIE 3aBUCAT OT THUIIA Ma-
MUHEI TepMIteckol peskn ¢ UITY, peskumoB pesku,
TOJIIMHBI K MAPKH MaTCpUana.

Pacuet cebecronmoctn nazepHON pe3ku OyaeT
mpoussoauthk o dopmyne (1). Ipu pacuere cede-
CTOUMOCTH OyJEeM YYHTHIBATH CICAVIOIINC Mapa-
METPHI: ¢, — BPEMs Ha OJUH METp pabouero Xona uH-
CTPYMEHTA, 4ac; P,, — 3aTpaThl NCKTPOIHEPTHH 32
OJIUH Yac pabOThI Ja3¢pPHOTO KOMILICKCA Ha padoueM
xo0Je, KB1/4; P,y— 3aTpaThl 3NEKTPOIHEPTHH 33 OANH
yac paboThl JA3EPHOTO KOMIUICKCA HAa XOJOCTOM
xoxe, kBr/a; (.5 — CTOMMOCTB 3MCKTPOIHEPTHH,
pv0.; Cpacx — CTOMMOCTE PACXOIHBIX MATCPHATIOB,
PYO.; Vimex — PACX0OA TEXHOJOTHYECKOTO Tasza, M>/d;
Criex - CTOUMOCTb TEXHOJIOTHYECCKOTO Ta3a (a30T WK
KHCTOPOJ B 3aBUCHMOCTH OT Tuma oOpabatkiBac-
MOro marepmuaina), pyo.; Vs — pacxon Ja3epHOro
raza, M>/a; Cra - CTOMMOCTD JIA3CPHOTO 1a3a, pyo; fy
— BpeMs Ha OJHY TOUYKY Bpe3ok, yac; [lpu aTom He
OyAeM VYHTHIBATH aMOPTH3ALHUI0 O0OOPYAOBAHHS U
3apmiary omnepartopa u texHosnora. CtomMocTes oJ-
HOTO TIOTOHHOTO METPa Pe3a Ha pabodem xoe OyaeT
paccuuTana no cneayiomei Gopmyre:

Cun =lon - Pun ’ C3/3 + Vme‘x' Cmex “ton T I/Juu ’ Cﬂa3 “ton tlon- Cpacx- (2)
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CToMMOCTbh OJHOTO METPA Iy TH HHCTPYMEHTA HA XO-
JOCTOM X0A¢ OYIOET PacCUUTaHa MO CICAVIOLICH

dbopmye:

sz: tpz ’ Pun : C3/3 + Vmex : Cmex ’

Ce0ecTOMMOCTE MOKET U3MCHSITHCS B 3aBUCH-
MOCTH OT (PAKTHUCCKUX CPOKOB CIyKOBI 3aLUTHBIX
CTEKOJT U COTICJI, KOTOPBIC 3aBUCAT OT KAYCCTBA HC-
MOJIb3YEMOTQ Ta3a, OIbITA MIEPCOHANA, SKCILTYaTHPY -
FOLIUX JIA3CPHBIH cTaHOK. Takxke ce0eCTOMMOCTh MO-
JKET M3MCHATHCS B 3ABUCHMOCTH OT Pacxoja rasa,
KOTOPBIN B CBOI OUEPEIb 3ABUCUT OT TUAMETPA HC-
MONMB3YEMBIX comeld u gasneHus raza. Cebecrou-
MOCTh HAXOAMTCS B MPSIMOU 3aBUCHUMOCTH OT LICHBI
HA BICKTPOSHEPTHUIO, CTOUMOCTH PACXOMHBIX MAaTe-
PHANIOB, CTOMMOCTH TEXHOJOTUICCKUX H JIa3¢PHOTO
rasos.

B MS Excel Gbiia co3aana cBogHas Tabnuia
UL pacdeta CeOCCTOMMOCTH JIA3CPHOU PE3KH ist
nasepHoro kommickca ByStar 3015 ams cneayrommx
MaTCPUAJIOB, HEPIKABEIOIIAs CTanb (HA OpuUMEpe
12X18H10T) rommunoii ot 1 xo 10 mm, yraepoau-
cras cranp (Ha mpumepe Ctl0km) TonmuHok ot 1 10
15 MM, amoMHHHUHA W €ro CIUIaBbl (HA OpUMEPS

L
Cun :190_11' Pun : C3/3 + Vmex' Cmex “lon

on

B dopmyre (5) mpu pacuete CTOUMOCTH OIHOTO
MOTOHHOTO METPa Na3epHOTO pe3a Lo,—=1M.

B tabn. 1 npuBeacHbI 3HAYCHUS CTOUMOCTH OJ1-
HOT'O MOTOHHOTO METpa Ja3epHOro pe3a (Ipu 3TOM
CTOUMOCTb PACCUHTHIBANACH MPH MAKCHMATIBHO BO3-
MOKHOU CKOPOCTH PE3KH U MMPH MUHUMATBHON), O1-
HOT'O TIOTOHHOTO METPa HEPEMCLICHUS PEXKYILETO
HHCTPYMCHTA Ha XOJOCTOM XOJAC M 3HAYCHUS CTOU-
MOCTH OJHOU TOYKH BPE3KH JJIS JIA3CPHOTO KOM-
mckca ByStar 3015.

PaccmoTpumM pacuer ceGecToNMOCTH Ta3epHOI
PE3KH Ha MpHUMEpPEe PAcKPOHHOH kapTsel (puc.2) ans
craeayromux Marepuaios. AMr3M ToamuHON [MM,
Cr10xmn tommuuoit 10 mv u 12X 18H10T Tommnunoii
3 mm. Packpotinbie kapTsl ObL1H cHOPMHPOBAHEI IS
(PUTYPHBIX 3arOTOBOK, OOIIUM KOTHYIECCTBOM 63 IIT.,
IPH 3TOM KOTHYECTBO KOHTYpoB paBHo 93. C momo-
b0 CAM moayns B CATIP «CUPUY C» Obin chop-
MHPOBAH MapIIPyT MEPEMCIICHUS PEXKYLIEro HH-
CTPYMECHTA C MPHUMEHCHNUEM CTAaHJAPTHOTO Crocoda
(T.€. KOT 12 KOJIMYECTBO TOUCK BPE30K PABHO KOITHYC-
CTBY BBIpE3acMBIX KOHTYPOB) (puc. 2). Takxke Obln
chOPMHPOBAH MaplIPYT MNEPEMEIICHHUS HHCTPY-
MEHTa 151 PACKPOHHOM KapThl C MPUMEHEHHEM CIIE-
HUANBHBIX Crioco0oB pe3ku (puc. 3) [12, 15-20]. B
paccMaTpuBacMOM TpHMEpe OBIIH  HPUMCHCHBI
pe3Ka «3MEHKOW», COBMEIIEHHBIN pe3 U «LenHas»
peska [15,16,19,20]. B CAITP «CUPUY C» ucnoib-
3ys pa3pabOTaHHBIC MAaKpOChl ISl CIICLHATBHBIX

Cor= togr Pogy* Cop. A3)
CTOMMOCTb OZHOM TOUYKHU BPE3KH OYICT PacCUHTaHA
o CACAYIOIIEH hopMy.Ie:

tpt + I/ﬂa3 ’ Cﬂa3 ’ tpt + tpt' Cpacx- (4)

Awmr3M) tomuunoi ot 1 1o 5 mm. MUcnioss3yst yeo-
Bust (2)—(4), ObLT IPOU3BEACH PACUYCT CTOUMOCTH OJ1-
HOTO TMIOTOHHOT'O METpa pe3a Ha pabodeM XOAe, Of-
HOT'O TIOTOHHOT'O METpPa NIEPEMEIICHHUS Pe3aKa Ha XO0-
JOCTOM XOJIE U CTOUMOCTH OJHOW TOUKH BPE3KH.
ITpu 3Tom Ha cTouMoCcTh C,y BAMSCT CKOPOCTE TICPC-
MEIIEHHUS PEKYIIEro HHCTPYMEHTA Ha padoyeM Xoae
9or. B opmyne (2) npHHATO, 4TO CKOPOCTD IEpPEMe-
LICHUS PEKYLICT0 HHCTPYMEHTA Ha padoueM Xoae
9, = const. Ho panee mposeacHHbIC paOboThr [14]
MOKA3bIBAIOT, YTO CKOPOCTh MEPEMCLICHHS PEXKY-
[ICr0 WHCTPYMCHTA Ha Pal0oveM XOAC 3aBHCHUT OT
CIOKHOCTH 00pabaTeiBacMbIX KOHTYPOB. B [14]
ObLTH TIPUBEACHBI (OPMYIIBI 1JTs1 BEIYHCICHMS Pabo-
YEeH CKOPOCTH HHCTPYMEHTA ¥y, B 3aBHCUMOCTH OT
kommuectBa kaapoB YII. CroumocTs MOrOHHOTO
MeTtpa nazepHoro pesa Co, B 3aBHCUMOCTH OT CIIOXK-
HOCTH KOHTypa 00pabarhiBacMON ACTAMH MOXKHO
BBIYKC/IUTD 10 CICAYIOIICH hOopMyJIc:

I/ﬂa3 ’ Cﬂa3' ton t+ ton- Cpacx- (5)

TCXHHUK PE3KH [22], ObLT MOCTPOSH MAPLIPYT MEPe-
MEIIEHHUS PEXKYIIETO HHCTPYMEHTA.

Hna cnyvas, npeacTaBIeHHOrO Ha PUC.2, KOU-
YECTBO TOUEK BPE30K N, = 92, anmuHa pesa ¢ BKIO-
YEHHBIM PEXXYIIHM HHCTPYMEHTOM Lo, = 92.53 M u
JUTMHA TICPEX0J0B C BBHIKTIOYCHHBIM PEXKYLIHM HH-
CTpYMEHTOM Loy = 32.22 M. Pacuer cebectonmocT
Ja3epHON Pe3KH ObLT NPOM3BEICH ¢ MOMOINBIO Pa3-
paboranHoro makpoca aast MS Excel. Jlocrarouro
MPOCTO BHIOPATh MATEPHAN, TONIINHY U BBECTH 3HA-
YeHUS Npr, Lon ¥ Loy (puc.4). Taroxe ana CAITP «CHU-
PUYC» Gpina nononneHa 6aza qaHHBIX Ko3(dumu-
CHTOB B MPOTpaMMe AJIs PacueTa CTOUMOCTH PE3KH.
Hns Toro uro0bl paccyuTaTh ceOECTOUMOCTD PE3KH
HEOOXOJUMO BBIOPAThH. THIT PE3KH, MaTepHal, €ro
TOJIIUHY U BBECTH 3HAUCHUS Ny, Loy U Lo, NCTIOJB-
3y TPOrpaMMy sl PacuyeTra CTOMMOCTH PE3KH
(puc. 5). Taknm o6pazoM, ceOECTOMMOCTD H3rOTOB-
JCHUS PacCMaTPUBACMBIX JCTANCH C HCIONB30Ba-
HHEM CTaHAAPTHOTO croco0a Pe3Kd MPH MAaKCH-
MaJIBHO BO3MOKHOH CKOpOCTH pe3kH ais Amr3M
A=1 MM coctaBur F,,~1165,9 py0, mpu MUHUMATb-
HOWM cKopocTH pe3ku F,=1750,4 py6. Has CtlOkn
A=10 MM ipu MAKCUMATBHOH CKOPOCTH PE3KH cede-
CTOUMOCTb PE3KH COCTaBHT F,= 2358.5 pvO, mpu
MUHUMATBHOW CKOPOCTH pe3ku Fo,=3144,7 pyo.
Hos 12X18HI10T A=3 MM ceOeCcTOUMOCTD PE3KU CO-
craBut Feo,= 4618,7 py0, npu MUHUMATBHOH CKOPO-
CTH pe3kd Fo,=7114.,6 pyo.
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Tabnuya 1

3HaYeHHs MApaMeTPOB ce0eCTOUMOCTH Jia3epHOU pe3kH s komiuiekca ByStar 3015

CTOMMOCTD OJHOTO II0-

CTOMMOCTD OJHOT'O IIOI'OH-

CTOMMOCTD OJHOTO IIO-

Marepuan TOHHOTO METpa Jas3ep- TOHHOTO METpa IepeMe- CronMocTh
HOTO METpa JIa3epHOTO pe3a .
¥ TOJIINHUHA Ma- HOTO pe3a MpU MaKCH- " IIEHUS PEXKYITNEro HH- OJIHOH TOUKH
~ IpY MUHAMAIBLHOU CKOPO-
Tepuana (A) MalbHOU CKOpoCcTH CTPYMEHTa Ha XOIOCTOM BpE3KH, pyO
CTHU pe3KH, pyo
pesku, py6 xozte, py6
CT_l Oxi1, 3.5 4,9 0,06 0,5
A=1MM
Cr10xkm,
A=12un 43 62 0,06 06
Cr10xkm,
A=1,5 MM 43 6,2 0,06 0.7
Cr10xkm,
A=2MM 5.3 7,6 0,06 0.8
Cr10xkm,
A=2,5 Mm 6.3 9,1 0,06 0.9
Cr10xkm,
3an 7,8 1 1’3 0,06 0,9
Cr10xkm,
A3 5 8,7 12,4 0,06 1,0
Cr10xkm,
A=3.9 Mmm 8,7 124 0,06 11
Cr10xkm,
A=4 MM 9,7 13,7 0,06 1.3
Cr10xkm,
S 12’4 18’1 0,06 158
CT_l Ok, 18,1 26,5 0,06 23
A=8 MM
Cr10xkm,
10 22’1 30’6 0,06 3,4
Cr10xkm,
A=15 My 36.2 el noe 0
Al\EF3M, 9.5 15,8 0,06 3,1
A=1Mm
Al\EF3M, 153 25,5 0,06 4,7
A=2MM
Al\EF3M, 512 83,5 0,06 12,7
A=3MM
AI\EF3M, 182.7 310,6 0,06 30,5
A=5MM
lzXl 8H10T, 13.3 22.1 0,06 22
A=1 MM
12)51 8H10T, 16,6 27.8 0,06 33
A=1,5 MM
12X1 8H10T, 225 37.6 0,06 4,0
A=2 MM
12X18H10T,
A=2.5 MM 34,6 >70 o0 o
12X18H10T, 0.1 69.1 0,06 7.8
A=3 MM
12X18H10T, 81,0 1333 0,06 12,1
A=4 MM
12X18H10T, 1143 184,6 0,06 17,6
A=5 MM
12X18H10T’ 230,6 368.,9 0,06 30,3
A=6 MM
12Xl 8HI10T, 456.,0 820,8 0,06 40,5
A=8 MM
12X_1 8H10T, 1009.4 2018.8 0,06 70,0
A=10 MM
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Puc. 3. MapmpyT nepeMeIneHust pexyInero HHCTPYMEHTA ¢ HCIIONB30BaHAEM CIEITHATBHBIX CIIOCO00B PE3KH

Hna cnyvas, OpeACTaBICHHOTO HA PHC.3, KOMH-
YECTBO TOUEK BPE30K N, = 58, AyuHa pesa ¢ BKIO-
YEHHBIM PEXYIOUM HHCTPYMEHTOM Lo, = 87.12M n
JUTMHA TICPEXOJ0B C BBIKTIOUCHHBIM PEKVINHM HH-
cTpyMEHTOM L= 21.83m. CeOecTonMOCTh H3rOTOB-
JICHUSI PacCMaTPUBACMBIX JETANCH C HCIOIb30Ba-
HUEM CTaHAAPTHOrO crnocoda Pe3Kd MPH MaKCH-
MaNbHO BO3MOKHOH CKOPOCTH pe3ku miast AmMr3M
A=1 mm coctaBut F.,~1008,7 py0, npu MUHUMAITb-
HOH ckopocTH pe3ku F,=1557.6 py6. Jus CrlOkn
A=10 MM mTpu MAKCUMATBHOH CKOPOCTH PE3KH ceoe-
CTOUMOCTb PE3KH cocTaBuT Fo,= 21239 pyO, mpu
MUHUMATBHOU CKOPOCTH pPe3kH F.,~2864.,4 pyoO.
Joa 12X 18H10T A=3 MM mipu MakCcUMaIbHOM CKO-
POCTH pe3Kku ceOECTONMOCTh PE3KH COCTABUT Fiy—
4121,5 pyd, mpu MUHHMATBHOW CKOPOCTH PE3KH
Fou=6473,7 pyo.

OmnpenenuM ceGeCTONMOCTD Ta3CpPHON PE3KHU B
3aBHCHUMOCTH OT CJI0KHOCTH 00padaTrIBaCMbIX JeTa-
Je. B paccmarpuBacMoM crydae KOJHYECTBO Kal-
poB Y11 7n=469. Ucionb3ys GopMyIbL, IPUBEACHHBIC
B [14], Obuto paccuntaHo 3HaUCHUC U,,. Popmy.st
MOJTYYeHBI TONBKO Ayist MatepuanoB Ctl0kn Tommu-
Ho#t ot 1 10 10 MM 1 11 Amr3M Tonmunoii ot 1 10
5 MM, IO3TOMY pacueT ceOeCTOMMOCTH MPOU3BEICM
TOJBKO A1 3TUX MaTepHuaioB. Ce6ecTONMOCTD U3ro-
TOBJICHHUS JCTANCH C HCIOIb30BAHWEM CTAHIAAPT-
HOTO criocoda pesku AMr3M, A=Imm cocTaBuT Fy

= 2863,2py6. Jna Crl0kn A=10 MM ¢ ncnonp3oBa-
HHEM CTaHJAPTHOTO Crocoba pes3ku cebecTONMOCTb
cocraBut Fey = 4455,6 py6. CeGecTOMMOCTD H3r0-
TOBJICHHS JCTATICH C HCTIOIb30BAHUEM CTICTIMATBHBIX
croco0oB pesku st AMr3M A=1 mm cocTaBuT Fey
=2605,9 py0. Jna Ctl0xn A=10 MM ¢ ncnonp3oBa-
HHUCM CHCLHATIBHBIX CIIOCOO0B PE3KH CCOCCTOMMOCTh
coctasurt F,; = 40974 pyO.

e S

CeBecToMMOCTE NA3EpHOM PE3KN

BribEpeTe MATEPMAN M TOMLAHY

| —

OnuHa pabouero AnuMHa xonocToro
x04a x04a
WHETPYMEHTE M WHETPYMEHTE M

KonuwyecTeo
TOYEK BPE3KH

a7,12 | 21,83 | 53

QOK |

Puc. 4. Oxno Maxpoca B MS Excel Ha mpumepe pacuera
ce0eCcTOMMOCTH Ja3zepHoit pe3ku st AMI3M ToJIIUHOM
1 MM

Kax BuAHO U3 MOAYICHHEIX PE3YIBTATOB, MPU-
MEHCHUE CIIEUAIIBHBIX METOJOB PE3KU IMPUBOIUT K
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COKPAIICHHUIO KOTHYESCTBA TOUCK BPE30K, JTHH Mepe-
MEIICHHUS PEeKYINETO HHCTPYMEHTA Ha paboueM U
XOJIOCTOM Xoz¢. B cBOIO ovepenp 3TO MPHBOIUT K
CHIDKCHHIO ceOCCTOMMOCTH JasepHo# pesku. s
paccMaTpuBacMoro TmpuMmepa ceOECTOMMOCTb B
cpenuem cokparmiaack Ha 12-13 %. Taxoke MOKHO
3aMETHTB, YTO B PACCMATPUBACMOM MPHUMEPE MPHME-
HeHue GOpMYI JUTS yUeTa CI0KHOCTH oOpabarkiBac-
MBIX JACTANCH YBEINIHBACT CEOCCTOMMOCTD H3TOTOB-
acHuUA netaieit B 1,3-2.5 paza. B [14] moka3zano, uro
B 3aBUCHMOCTH OT CJIO)KHOCTH 00pa0aThiBACMBIX
KOHTYPOB, 3HAUCHHE Pa00OvCH CKOPOCTH, BRIYHCICH-
HOC TIO IPEATIOKECHHBIM (PopMyaaM, MOXKET HPEBbI-
aTh 3HAYCHHUE CKOPOCTH, VCTAHOBICHHOE TPH MPO-
extuposannu YII. B cBoro ouepeas, 310 MOXKET IpH-
BECTH K CHIDKCHHIO BPEMEHH PE3KH, a, CICAOBA-
TCJIBHO, U K CHIDKCHHIO CCOSCTOMMOCTH JTa3CpHOM
PE3KH.

-
T Paccuer croumocTin pesku ‘iﬂld_hj
Daiin  Hactpoiim
7 | & 3arpyxernas Tabauua CTOMMOCTH: CTOMMOCTE
MNMapameTpr pezrn ]
Ilnvnua paGoyero xona 8712
@ m rar
Mnwuua xonoctoroxona 2183
@ m rar
ROM-BO TOYEK BPESKM 58
V| Brnwowas HOC 18%
Twun peskn |I'IaaapHa;| peska '|
MaTtepuan |AI'IK)MMHI'M '|
TonuwwHa | 1 - |
Twn cranka Laser -

‘ Beixon ” Paccunutate ‘

Puc. 5. OxHO IporpaMMEL IS pacuera CTOMMOCTH PE3KH
B CAIIP « CUPHUVYC»

B zagaue ontuMmmzanmy Mapipyra nepeMerne-
HHS PCKYIICTO HHCTPYMCHTA OJHOM M3 BAXKHBIX Xa-
PAKTCPUCTHUK SABISICTCSA KOIMICCTBO TOUCK BPE30K. B
HCKOTOPBIX CHIyYasX CTOUMOCTB OJHOW TOYKH
BPE3KH MOKET 10X0auTh A0 20-30 % oT croumMocTh
OJHOTO MOTOHHOT'O MeTpa pabouero pe3a B 3aBHCH-
MOCTH OT THIIA MAaTCpUaiIa W ¢ro TOMIUHE [7, 12].
[TpumeHeHne ciemuanbHBIX COCOOO0B PE3KH MTO3BO-
JEeT COKpaIaTh KOIMYECTBO TOYEK BPE30K, HO 32
CUET 3TOTO B HCKOTOPBIX CIIyYasX (HATPUMEP, B CIIy-
4ae MPUMEHEHUE «LEMHOW PE3KU WIH PE3KU «3MEU-
KOH») YBEIUUMUBACTCS JJIHHA ICPSMCIICHUS HHCTPY-
MeHTa Ha paboueM xoze. [loaromy nmprMmeneHue crie-
LUABHBIX CIIOCOOOB PE3KHU LEICCOOOPA3HO TOIBKO
B TOM CJIy4ae, eCIIy:

Loon <-2% (6)

Con’

3neck Loon (B METpax) — JIMHA JOTIOHUTEITb-
HOTO Pe3a MPH NEPeX0Ie OT OTHOTO KOHTYpa K ApY-
roMy Oe3 BBIKTIOUCHIS PEIKYIIECTO HHCTPYMEHTA IS
caydas «UEHHOW» PE3KH M PE3KH «3MeHKoiy. B
Tab71. 2 MPHUBEACHBI BEIYUCICHHBIC 3HAYCHHS Loon CO-
rimacHo (6) mast nasepHoro kommiekca ByStar3015.

Brieoabl. Ha oCHOBC MOMYUCHHBIX PE3yiIbTa-
TOB MOKHO CICNATh CICAYIOLINC BRIBOJBL:

1. Ilpennoxensl (GopMynBl 1 BBIYHUCICHHUS
NapaMeTPoOB CEOCCTOMMOCTH Ta3epHOU pesku (2)—
(4). Ha ocHoBE mpeai10:KeHHBIX (OpMY T ObLITH TIOTY-
ueHbl 3HAYCHUA Cop, Cop; Cp AN TA3EPHOTO KOM-
miekca ByStar3015 (3HaucHHs 0OPUBCACHBI B
tabm. 1). [1pu pacuere ceGeCTOMMOCTH YUUTHIBATHCH
CTOUMOCTb PACXOJHBIX MATCPHATOB, CTOUMOCTh TCX-
HOJIOTMYECKOTO M JIA3¢PHOTO Ta30B M CTOUMOCTb
anekTpo3neprud. [Ipu 3TOM He YUUTHIBATUCH aMOP-
TH3ALMS 000PYAOBAHHS, 3aPILIATA ONEPATOPA U TCX-
HOJIOTa;

2. beina opeanoxkena dopmyna (5) amst pac-
YeTa CTOMMOCTH OJHOT'O IOTOHHOTO METpa MyTH HH-
CTPYMCHTA C BKIIOUCHHBIM PEKYLIUM HHCTPYMCH-
TOM B 3aBHCUMOCTH OT CJIOKHOCTH oOpabarbiBac-
MBIX KOHTYPOB;

3. beut paspaboran makpoc B MS Excel gns
pacuera ceOecTOMMOCTH Ja3epHON pesku. g
CAIIP «CUPHUYC» 6pa nononHeHa 6a3a JaHHBIX
k03( PHULIHCHTOB B IporpaMMe JJIs pacueTa CTOUMO-
CTH PE3KHU;

4. Bpum paccMOTpPEHBI TEXHOIOTHIECKUE TIPH-
MCPHL PAcKpos IUCTOBOrO Marcpuana qis Amr3iM
rommuaoi 1 MM, CrlOkm Tommuuon 10 MM u
12X18H10T romuuHoi 3 mM. Beiu copmuposaHsr
PacKpOWHBIC KapThl U A HUX MOCTPOCH MApIIPYT
MEPEMEIICHHS WHCTPYMCHTA, HCIIONb3YS CTAHIAPT-
HBIH crioco0 PEe3KU U CIICLHATIbHBIC CIIOCOOBI PE3KH
(pe3ka «3MEHKONY, «LCMHAS» PE3Ka M COBMEIICH-
HBIH pe3). [IpuBeacHHBIN NpUMEP MOKA3BIBACT, YTO
MPUMEHCHHUE CICLUATBHBIX CIOCODOB PE3KH MO3BO-
JIMJIO COKPATUTh ceOECTONMOCTD Ta3epHON PE3KH Ha
12-13 %. Jlast pacCMOTPEHHBIX IPUMEPOB ObLIT MPO-
H3BEACH pacueT ccOSCTOMMOCTH C YIETOM CIIOKHO-
cTu 0OpabarbiBacMBIX KOHTYPOB. Pe3ynbraThl moka-
3BIBAOT, YTO MPUMCHEHHE HOPMYIT IS YIETA CIIOXK-
HOCTH 00pabaThBacMbIX ACTajcl VBEIHUUBACT Ce-
0eCTOMMOCTh M3rOTOBJICHMS AcTaneii B 1,3-2.5 paza.
Ho cormacHo [14] B 3aBHCHMOCTH OT CJIOKHOCTH
KOHTYPOB (OT KOJUYCCTBA KAAPOB) 3HAMCHHUE Pabo-
YeH CKOPOCTH, BBIYHCICHHOE MO (opMyre, MOXKET
OBbITh HIDKE 3HAUCHUS CKOPOCTH, KOTOPOE YCTAHAB-
JWMBAIOT TpH npoekTupoBarnu YII, uto mpusexet x
CHIDKCHHMIO BPEMCHH PE3KH H, CJICAOBATEIBHO, K
CHIDKCHHIO CEOECTOMMOCTH TA3CPHOH PE3KH.

5. Ilpennoxkena gopmyna pacuera JIUHBI J0-
MOJTHUTEIBHO pe3a Loon MPH MEPEXOAC OT OJHOTO
KOHTYpa K APYrOMYy B CIVYac MPUMCHCHUS CHCLH-
aTbHBIX CMOCOOO0B PE3KH («IICHAS» PE3Ka U Pe3Ka
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«3MEHKoIY»). B cTtarbe npuBeacHa Tada.2 ¢ paccun-
TaHHBIMH 3HAYCHHUAMH Logn AJId JIa3CPHOTO KOM-
mickca ByStar 3015.

[lony4yeHHble pe3ynpTaThl A pacyera cebe-
CTOUMOCTH NTa3¢PHOM PE3KH OBLTH Peau30BaHbl HA
AO 10 «Ypanbckuii ONTHKO-MEXaHHUYECKHH 3a-
Boa» umenu J.C. Snamosay (r. ExarepunOypr).

Tabnuya 2

3HAYEeHUS JJIMHBI AOTOJTHHUTEIBHOIO pPe3a ISl CIeNHANBHBIX CII0CO00B Pe3KH AJIA JIa3ePHOro
komiuiexkca ByStar 3015

Tonmuna o .
Marepua MaTepuaa, Lyon (IpH MaKCUMANBHO CKOpOCTH Lyon (TIpM MEHAMATBHON CKOPO-
. PE3KH), CM CTH PE3KH), CM
Crl0xn 1 13,0 9,2
Ctl10xn 1,2 13,5 9,4
Cr10xm 1,5 15,6 10,9
Cr10xm 2 14,5 10,0
Crl0kn 2,5 14,3 9,9
Cr10xm 3 12,1 8,3
Cr10xm 3,5 11,5 8,0
Cr10xm 3,9 13,0 9,1
Cr10xm 4 13,5 9,5
Cr10xm 5 14,6 10,0
Cr10xm 8 12,5 8,5
Cr10xm 10 15,4 11,1
Cr10xm 15 11,0 8,0
Awmr3M 1 32,9 19,8
Awmr3M 2 30,6 18,4
Awmr3M 3 24,9 15,3
Awmr3M 5 16,7 9,8
12X18H10T 1 16,8 10,1
12X18H10T 1,5 20,1 12,0
12X18H10T 2 17,8 10,6
12X18H10T 2,5 17,7 10,6
12X18H10T 3 18,5 11,3
12X18H10T 4 15,0 9,1
12X18H10T 5 15,4 9,5
12X18H10T 6 13,1 8,2
12X18H10T 8 8,9 4,9
12X18H10T 10 6,9 3,5
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Tavaeva A.F., Petunin A.A.
THE CALCULATION OF LASER CUTTING COST IN TOOL PATH OPTIMIZATION PROBLEM
FOR CNC MACHINES

The problem of laser cutting cost calculation is considered in issue of tool path optimization applied to
CNC laser cutting machine ByStar3015. The laser cutting cost depends on energy costs, consumption costs of
auxiliary and laser gas, costs of consumables. The equipment depreciation, costs for wages of a laser complex
operator and a technologist is not taken into account. In this paper the calculation of laser cutting cost is
carried out for stainless steel, aluminum and its alloys, carbon steel. In the second part of the paper the exam-
ple of laser cutting cost calculation for real parts nesting using standard and special cutting techniques is
considered. The formula and calculating values of additional cut calculation is given in the case of special
cutting techniques using («chainedy cutting and «shake » cutting).

Keywords: CNC thermal cutting machines, CNC laser cutting machines, cutting tool optimization, laser
cutting cost.
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