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The article discusses methodological approaches to inventorying the current state of
peat birthplaces for the purposes of selecting a site for climate projects, as well as to clarify
the areas and state of peatlands for conducting an inventory of anthropogenic young
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B cratee mnpenactaBieHbl OCHOBHBIE 3Tambl co3faHus 3D-Mozenu crnupaibHO-
KOHMYECKOW 3yOuaTol Tmepegaud ¢ MoOMOIIbio makera mporpamMMm Autodesk Inventor.
IlocTpoeHrne Mozeny BBITOJHEHO C TIOMOIIBIO pacyeTa KOOPAMHAT CETKM TOYEK Ha
noBepxHocTu 3y0a B mporpaMMHoM Mmojayie MITCalc. Pesynbrarel mpoBepkH reoMeTpu-
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YEeCKUX MapaMeTPOB M OLEHKH 3aLEIUIIeMOCTH KOMIBIOTEPHOW MOAETH MOITBEPKAAIOT ee
BBICOKYI0 TOYHOCTb M XOpOIIYIO CXOJUMOCTH C IPOCKTHBIMU pacueTamu. [lomydeHHas
BUPTyaJibHasi KONHMS MOJKET HCIOIb30BATHCA JUIS MOJCIUPOBAHHS PaOOTHl CHHPAIBHO-
KOHWYECKO 3y04aToil mepeaun, a TaKkKe MpU U3TOTOBICHUN U PEMOHTHOM BOCCTaHOBIICHUU
€€ DIIEMEHTOB.

Kniouesvie cnosa: cnmpanbHO-KOHWYECKash 3y0Odarasi mepenava, rOpHbIE MAIIMHBI,
npoekTupoBanue, 3D-monens, Autodesk Inventor, MITCalc, reomerpudeckue napameTpsl,
TOYHOCTb, pabOTOCIIOCOOHOCTb.

DOI: 10.46573/2658-5030-2025-3-70-80

BBEJIEHUE

CrnupanbHO-KOHMYECKas 3yOuaTas mepefaya MIMPOKO HUCIOJIb3YETCs B MepeIaTOYHbIX
MEXaHU3MaxX M TPAHCMHUCCHAX MPOMBIIUICHHOTO 00OpyIOBaHMA W TpaHcropTa Ojaromaps
TaKUM MPEUMYILECTBAM, KaK OoJblIas nepeaaBaeMasi MOIHOCTh, CTAOMIIbHOE MIEPeaaToOuHOe
OTHOIIICHUE, BBICOKas 3(P(HEKTUBHOCTh, W HHU3KHMKA ypoBeHb myma [1-3]. B gactHOCTH, 3TH
nepejayd 4yacTo MPUMEHSIOT B TPAaHCMHUCCHUSAX aBTOMOOWIIEH, CTPOMTEIBHOM TEXHHKH,
BO3AYIIHOTO M MOPCKOTO TPAaHCHOPTa, KOPOOKAax CKOPOCTEH W MOJa4 METaJUIOPEKYIIHX
CTaHKOB, POOOTOTeXHUKE. ['OpHBIE MalIMHBI U 000pYyIOBaHHE, PAOOTAIOIIUE B TSHKEIBIX
YCIOBUSIX M TOJ BO3ACHCTBHEM OOJBIIMX HArpy30K, TaKKe€ YacTO HCIOJIB3YIOT B CBOUX
TPAaHCMUCCHUSX CHUPAIBHO-KOHMYECKHe 3yOuarblie nepenaur. Ha puc. 1 mokasaHa riaBHas
nepegavya 3agHero Mocta camocBasia benA3, koTopas mpeactaBisieT coOOW CIHpanbHO-
KOHUYECKYI0 3yOuaTyro nepenady. JlaHHBIM MeXaHHW3M OTBEUYaeT 3a Mepenady MOUIHOCTH U
MOMEHTa OT BBIXOJa peayKTOpa (Yepe3 KapJaHHBIM Ball) K BeAYUIMM KoiyiecaM. B cBsizu ¢
paboToil B TSDKENBIX YCIOBHAX OOJBIIMX, MEHSIOUIMXCS M YAApHBIX HAarpy30K K IPOEKTH-
pOBaHMIO U 00pabOTKE CHUPATHLHO-KOHUYECKUX 3yOuaThIX Mepeaad MpeIbsaBIsSIOTCS CTpOrue
TEXHUYECKHE TPEOOBAHMS.

Puc. 1. 'naBHas nepenava 3agHero mocta camocBaia benA3

ITocTpoeHne Moaenu CHUpaTbHO-KOHMYECKOH 3yOuaToil mepenauum uMeeT OoblIoe
3HaYeHHE Ha JTale MPOEKTUPOBAHUS H3AEIHs, NMOCKOJIbKY CO3JAaHHYIO IH(POBYIO MOJEINb
MOKHO MCIIOJIb30BaTh ISl BBIMOJHEHUS IPOYHOCTHOIO aHalIM3a KOHCTPYKIMHM METOJIOM
koHeuHbIX dneMeHTOB (FEA) [4-7], ananu3a koHTakta 3yOobeB 0Oe3 Harpy3ok (TCA) u c
Harpy3kamu (LTCA) [8—12], ans MoaenupoBaHus M ONTUMHU3ALUH MTPOIECCa MEXaHUUYECKON
o0paboTku u cOopku umznenust [13—-15], a Takke uid mapaMeTpUUYECKOM ONTUMH3ALUU
MOBEPXHOCTU 3y0a C IENbI0 MOBBILEHUS KAadecTBa 3alICTJICHHS CIHPabHO-KOHMYECKON
3youatoit mnepenaun [16-18]. IlosTomy wHccienoBaHHE HSTamoB IOCTPOSHHUS] MOJEIH
CIUPAJIbHO-KOHWYECKOW 3yOuaTol mepefaud MpEeACTaBIsSeT MHTEpPEC Ul HCCleqoBarenei,
MHKEHEPOB-KOHCTPYKTOPOB IPOEKTHBIX OpraHM3allMi W HWH)KEHEPOB-TEXHOJIOrOB IMpel-
HPUATHI TOPHOTO MALTHHOCTPOEHHUSI.
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B TexHuueckoil muTepaType ONMyOJIMKOBAHO MHOECTBO pabOT MO MOCTPOEHUIO
3D-mMonenu cnmpaaibHO-KOHUYECKON 3yOuaroit nepenayu. B wactHocTH, B paborax JIuTBHHA
(Litvin) u ap. [19, 20] HakomjaeHbl JOCTATOYHO OOIIMPHBIC MAHHBIE 1O JTOW Iepemadye,
MPEJICTaBJICHBI BaKHBIE CBEICHUSA. ABTOPBI CMOJEIUPOBAIIH Mpolecc 00pabOTKU CHUPaIbHO-
KOHHYECKHX KOJIeC C KPYIOBBIMH 3yObSIMH MaTeMaTHYeCKUM CIIOCOOOM U paccuuTa-
JU TOBEPXHOCTh 3y0a, pelMB YypaBHEHHE 3alEIUICHUS, KOTOPOE SIBISETCA CIIOKHBIM
HEJIMHEWHBIM ypaBHEHUEM, CBSI3aHHBIM C IIPOU3BOJICTBEHHBIM IIPOLIECCOM. YpaBHEHHUE
3allelJICHUs] TMPUMEHSUIOCh MHOTHMMH JIPYTMMH HCCIEIOBATENsIMU JJI1  MOJEIMPOBAHUS
noBepxHoctu 3yo0a. Ilu (Shih) m nmp. [21] u3yumnm maremMaTHyecKyr0 MOJENb IMOBEpX-
HOCTH 3y0a CIUPaIbHO-KOHMYECKHX KOJIEC C YAJIMHEHHBIMU STHLIUKIOUIHBIMH 3YObSIMH.
Uxoy (Zhou) u Ysnp (Chen) [22] mpeasioskuiii HOBYIO T€OMETPUUYECKYIO TEOPHUIO 3aICTIIICHUS
JUISL TIOJYYeHHs] 3aMKHYTOTO TPEJCTAaBJICHUS MOBEPXHOCTH 3yObEB CIHUPAIbHO-KOHUYECKHX
KoJsiec ¢ KpyroBeiM 3yooM. Jlun (Ding) u ap. [23] npennoxuau noaxox K MOJACIHUPOBAHUIO
quist noctpoerust CAD-moenu cnupaibHO-KOHUYECKUX 3y0UaThIX Iepeay.

To4YHOCTP MOJENH NOBBIIAETCSA C TOMOILBIO PA3JIMYHBIX METOJ0OB ONTUMHU3ALMUU [24].
Wxoy (Zhou) u kosuteru [25] mpeACTaBWIM HOBBIA METOJ[ MEpecyeTa TOYCK MOBEPXHOCTU
3y0a aisi TreHepald HOBBIX NPUOTU3UTENHFHO pPAaBHOYAAJICHHBIX TOYEK W KpuBBIX. [liis
nepecyeTa TOYEK IOBEPXHOCTH 3y0a HCIONB3YeTCs OTOOpaKeHHE MEXIy H30mapa-
METPUYECKON KPUBOM M HOBOW NPHUOIU3UTENBHO paBHOYAATEHHOW KpuBOM. [[ns pemeHus
HEJIMHEHHOTO YpaBHEHUS, YCTaHOBICHHOTO W3 OTOOpa)KEHHsI, MPEUIOKEH HOBBIN TI00aib-
HBIl QJITOPUTM ONTHUMU3AIMH — TEHETUYECKUH aJropuTM pejakcaliil C pealbHbIM
koaupoBanueM (RRGA) nnst cTabuiabHOTO MONTyYeHUs PEeleHUi.

ABTOpaMH yKa3aHHBIX BBIIIE HCCIIEIOBAaHUI Ha OCHOBE MpUHIUNA 00paboTKu
CIUPATLHO-KOHUYECKOW 3y04aToi mepeiayu paccuuTaHbl U MOCTPOCHBI MapaMEeTpUUYECKUE
KpUBbIE Ha MOBEpXHOCTH 3y0a. OIHAaKO B CBSI3U C TeM, 4YTO Npoduib 3y0a BKIIOYAET
MHOXECTBO CIJIO)KHBIX KPHBBIX, 3TOT pacdeT TpeOyeT OOJbIIMX YCHWIMA M IMOCTPOSHHE
3D-mMonenu CcrupaibHO-KOHHMYECKOW 3yO0daTrod mepenadyd B LEJIOM OCTAeTCs CIIOKHOU
3aJiauen.

B nacrosiiee Bpems, O1aroaapsi pa3BUTHIO IPOTPaMMHOI0 0OecreueHus, IOCTPOECHUE
3D CAD-monenu cnupajlbHO-KOHUYECKOW 3yOuaToil mepenadu crajo 0oJiee yIOOHBIM.
B uwactHOocTH, mporpammHoe obecnieuenne MITCalc (Mechanical, Industrial and Technical
Calculations) no3BoJIsIET PaCCUUTHIBATH M MPOEKTUPOBATh MHOTHE JETAIHM PACIIPOCTPAHEHHBIX
TUTNIOB MEXaHMUYECKUX Tepefad, TaKuX KaK [WIMHAPUYECKHE IIECTePHH, KOHUYECKHE
HIECTEpHH, [IETTHBIC TIepeIadn, MOANIUITHUKA, TIPY>KUHBI, BAJIbl, 3alIeTKU U T.11. [IporpaMmmHoe
obecnieyuenne HamucaHo B Microsoft Excel u numeer apykecTBeHHBIH MHTepdeic, mo3ToMy
ero jgocratoyHo Jjerko ucrnosb3oBate. MITCalc ocobenno moaxomut mias MHorux 2D u
3D CAD-cuctrem (AutoCAD, AutoCAD LT, IntelliCAD, TurboCAD, BricsCAD, ZWCAD,
ProgeCAD, Autodesk Inventor, SolidWorks, SolidEdge, Creo u mp.). Pe3ynbrarhl
OOJBIIMHCTBA PACYETOB MOXHO JIerko MpeodOpasoBate B 2D-ueprexku mim 3D-monenw,
no3romy cosnanue CAD-monened ans jaeranel co CIOXKHBIMH HPOQMISIMH, TakuX Kak
CHHMpaAJIbHO-KOHMYECKas 3y0yaras rnepejaya, TpedyeT ropasio MEHbIINX YCHINH.

B nanHO# cTaTthe npennaraercs MeToJl co3fanus 3D-Momenu cnupanbHO-KOHUYECKON
3yOuaroil mepenaun c ucnosb3oBaHueM CAD-cucteMbl W mporpaMMHOro oOecrneueHus
MITCalc nst pacyeTa KOOpAMHAT TOYEK Ha MOBEPXHOCTH 3yOa WM mmmoprta ux B Autodesk
Inventor a1 mocTpoeHUs MOBEPXHOCTU. JIJIsl OLIEHKH TOYHOCTH M HAJIe)KHOCTH MOJIENTH U3Me-
PEHBI TEOMETPUYECKUE MTapaMeTphl 3y0UaToi MOJIEIH U IPOBEpEHa CIIOCOOHOCTD 3alleTICHUSI.

HNOCTPOEHHME 3D-MOJEJIN
CIUPAJIBbHO-KOHUYECKOM 3YBYATOM MEPEJAUM
CrnupanbHO-KOHMYECKasl 3y0yaras mepenada, BbIOpaHHas AJisl MOCTPOEHHUS MOJENH,
paccuntana mo crangapty ISO 23509:2006 ¢ ucXOqHBIMHU TaHHBIMU, YKA3aHHBIMH B Ta0. 1.
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Tabmuma 1. Tabauma uCXOHBIX JaHHBIX CIIUPATHHO-KOHHYECKOUW 3y0UaToi mepeaaqn

ITapametp CumBoOI Enununna [Hecrepuss | Koxeco
KomnuecTBo 3yObeB Z — 14 39
['unounnHoe cmenieHne a MM 0
MesxoceBoil yroi z rpaja 90
CpenHuii HopMaJIbHbIA MOJTYJIb m, MM 3,213
Buemnuii nenutenbHbIi 1uaMerp d. MM - ‘ 176,893
[[Iupuna 3y64aToro BeHIa b MM 25,4
Cpennuii yroy1 HakJIoOHA 3y0a Bn rpaj — 35
VYron npoduis Oy rpajn 20 20
Hanpasiienue nuauu 3y6a — — JleBoe IIpaBoe

Brimeykasannble mapamerpsl BBoAsTcs B mporpammy MITCalec ans  pacuera
OCT&JIbHBIX IapaMeTpoB 3yOuaTol mepenauu. Pe3ynbTarel pacyera (puc. 2) IMOJHOCTBIO
COBMAAIOT ¢ pacueramu 1o ctangapram ISO 23509:2006.

OHPEAEHEHHE napamMeTpoB AeJIMTeribHOro KoHyca

4.9. YTon JieMTeNBHOTe KOHYCa deftal,2 19,7468 70,2532 [
4.10. BHenHee KoHyCHOE paccToAHHeS Rel,2 93,9726 93,9726 [mm]
4.11. CpesHee KOHYCHOE PACCTOAHIS Rm1,2 81,2726 81,2726 [mm]
4.12. BHyTpeHHee JeMiTelbHoe KOHYCHO? PacCToAHIE Ril,2 68,5726 68,5726 [mm]
4.13. CpeIrutii yro HAKIOHa 3y0a betam1,2 | 35,0000 35,0000 [°]
4.14. Inpesa 3yfuaroro BeHIa b1,2 | 25,4000 25,4000 [mm]
4.15. QakTop MMPHHBI 3Y04ATOTC BEHIIA che2 0,5000 [~]
OnpepeneHne UCXOAHBLIX AaHHLIX
4.16.BHelHi e MHTe MbHBIA JHAMETD del,2 63,5001 176,8930 [mm]
4.17. CpenHuii Je TeIbHbIE JHAMETD dm1,2 54,9183 152,9867 [mm]
4.18. BHYTpeHHIMIA Jie THTeIbHRE JHAMETD di1,2 46,3365 129,0803 [mm]
4.19. ¥ro1 oTKNOHEHHA Bama oT N IpaIycoB DeltaSigma 0,0000 |
4.20. YTo1 CMEIICHUA B 0CeBOH [TTOCKOCTH MIECTEPHH zetam 0,0000 [*]
4.21. ¥T0I CMeIeHHA B JieTHTeNbHOH II0CKOCTH zetamp 0,0000 El
4.22. CMellleHHe B Jig THTeNBHOH MI0CKO CTH ap 0,0000 [mm]
4.23. CpeHHET HOPMATbHBIH MO/TYITh mmn 3,2133 1,6300 < |[mm]
4.24. BHelHMA [orepeuHbIT MOy b met2 4,5357 1,6300 < |[mm]
4.25. TIpeae TbHBEL YT0.1 JaBIEHAA alfa_lim 0,0000 1
4.26. CreHepHp OBaHHBIH HOPMATBHBIA YTOT AR IEHHA alfanD, alfanC 20,0000 20,0000 ]
4.27. StibeKTHBHEIA YTOII JaBIeHHA alfaeD, alfzeC 20,0000 20,0000 e
4.28. BHeIIHAA NIMPHHA MOBEPXHOCTH IIECTEPHI/KOTIECA 0T PaceTHOH TOKH bel,2 12,7000 12,7000 [mm]
4.29. BHYTpeHHAA IIMPHHA MOBEPXHOCTH IIECTePHI/KONE €2 0T PAceTHOH TOUKH bit,2 12,7000 12,7000 [mm]
4.30. Touxa nepeceyeHHA JI0 TOUKH PacieTa BJIoTh OCH IeCTepHH/KoIeCa tzmi,2 76,4933 27,4591 [mm]
4.31. BepliiHa TaHTaa 32 TOUKOH [1epeceyeHHd B0 0CH tz1,2 0,0000 0,0000 [mm]
432, Cpemaaa pabouad TIy0LHa hmw 6,4266 [mm]
4 33. CpepHA4 JOTIONHATE ThHAA Ty GHHA MeCTepHI/KoTieca hami,2 4,8369 1,5897 [mm]
4 34, CpeyiHsA BRICTYTIANON[AA DTYOHHA MIeCTePHIKOTIECA hfmi,2 2,3931 5,6402 [mm]
433, CpepHad obimad ryGHHA hm 7,2299 [mm]
4 36. YroN KOHYCa BePLIMH ECTEPHA/KD IECa deltzal,2 26,2402 72,3874 [¢]
4 37. VToN KOHYCa BITaJH 112 CTEPHIFKONECa deltaf1,2 17,6126 63,7598 [°]

Puc. 2. Pe3ynbrarsl pacuera nmapameTpoB CIHPaTbHO-KOHUYECKON 3y0UaToi nepeaadn
B porpamme MITCalc

[Iporpammuoe obecneuennie MITCalc BbrumcnsieT KOOpIWHATBI CETKHM TOUYEK Ha
MOBEPXHOCTH 3y0a W IKcmopTupyeT ux B dainsl Excel mmst cozmanus Habopa JaHHBIX U
noctpoenus 3D-mozenmn B mporpammHoM obecneuenun CAD. Tlpomecc moctpoenwus
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3D-monenu  cnMpaibHO-KOHWYEecKOoW mmectepHu Z14 B Autodesk Inventor Bkirouaer
CJIETYIOIINE ATAIbI:

1) mocTpoeHune 3aroTOBKU IMyTeM MTOBOPOTa cedeHus Ha 360° BOKpyT ocu;

2) noctpoenue 3D-3cku3a U pa3pe3 3aroTOBKHU Ui CO3AaHMsI KaHaBKU 3y0a;

3) BeimonHsemoe 13 pa3 xonupoBaHHe KaHaBKU 3y0a Ha 360° BOKpYr OCH KOOpAHUHAT

(puc. 3).

Puc. 3. [Toctpoenne 3D-mMonenu cnimpanbHO-KOHUYECKoH mectepan B Autodesk Inventor

AHanoruuHo i kKoneca Z39, npopucoBas Baill wmecTepHu Z14 u oTBepcTHE Kojeca
739, nonyunm 3D-monmens cHupaibHO-KOHUYECKOH 3yOuaTod Tepenadd, IOKa3aHyl Ha
puc. 4.

Puc. 4. 3D-Mozenb cnupanbHO-KOHUYECKOH 3yOuaToit mepenaun

MPOBEPKA TOYHOCTU TEOMETPUYECKUX [TAPAMETPOB

HAnst Toro 4ToOBl NPOBEPUTH TOYHOCTh MOIy4eHHOM 3D-Monenn chupajibHO-
KOHMUECKOW 3y0uaTo mepenayuu, cHavaiaa U3MepsieM reoMeTpuuecKue napaMeTpbl MOJEIU U
CpaBHHMBAaeM C pe3yidbTaraMu pacuera 1o crangapty ISO 23509:2006. Pesymbrarbl
U3MEpEeHUs] M CpaBHEHUS IIOKa3aHbl Ha pHUC. 5 W o00oOmeHsl B Tabm. 2. H3mepsror
20 mapaMeTpoB, BKJIOYas T€, KOTOpbIE CBs3aHbl: 1) ¢ TOYHOCTBIO 3arOTOBKH, B TOM YHUCIIE
BHEIIIHEE KOHYCHOE PACCTOSIHUE, Cpe/lHee KOHYCHOE PAacCTOsSHUE, NIMPUHA 3y0UaToro BeHIa,
yrojl JETUTEIHHOTO KOHYyCa, yroil KOHycCa BEpIIMH, CPEAHWN JETUTENbHBIN Iuamerp,
BHEIIIHUHN JETUTENIbHBIN JAMaMeTp, BHEIIHWN IHaMeTp BEpIIMH 3yObeB; 2) ¢ TOYHOCTBHIO
npodwis 3y0a, B TOM YMCIIEe CPEAHUN Yroi HakjoHa 3y0a, BHEIIHUI yrosl HaKJIOHA CpeaHen
JUHUM 3y0a, BHYTPEHHUH yroJl HaKJIOHAa CpeHeN JIMHUU 3y0a, yroyl KOHyca BIAJAUH, CPEIHSIS
JeNuTeNbHas TONIMHA 3y0a.

Pesynbprat npoBepku nokasbiBaet, 4to 19 u3 20 n3MepeHHbIX apaMeTpPOB MOJIHOCTHIO
COBMAJAIOT C pacueTHHIM 3HaueHueM 1o ctanmapty ISO 23509:2006. imeeTcst TOIBKO OUH
MmapameTp, KOTOPbIA HE COOTBETCTBYET PacyeTy, — ATO BHEIIHWN Yroj HakJIOHA CpeaHEu
auHUAU 3y0a. OHAKO MOTPEHIHOCTh ero HUYTOXHO Mana u cocrasiser 0,000 5°. Tot daxr,
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YTO MapaMeTphl, CBSI3aHHbIE C TOYHOCTBbIO MNpoQuiIs 3y0a, MPAKTUUYECKH IOJTHOCTHIO
COBMAJIAIOT C TEOPETHUECKUMHU pacueTaMH, MOKa3bIBaeT, YyTo MoyiydeHHas 3D-mojenb uMeer
BBICOKYIO TOUHOCTb.

AA(1:1)

BB(1:1)

Puc. 5. U3mepeHnue reoMeTpuyeckix mapamMeTpoB 3y04aToil nepegauu Ha MoJesn

Tabnuua 2. Pe3ynabTar npoBepky napaMeTpoB 3yOuaTol nepenadu

E PC3}’J'IHBT12\1/IT HIE-OBepKI/I
No [Tapamertp CumBoun | usmepe- |PacuerHoe SMEP [Torpem-
TEILHOE
HUS 3HAYCHHE HOCTb
3HAYCHHE
| | Bueunee konycHoe R, MM 93,973 | 93,973 0
paccTosiHue
o | Cpemsee KomycHoe Rin MM 81,273 81,273 0
paccTosiHue
3 [Hupuna 3y6uaroro b MM 254 254 0
BCHIIA
CpenHuii yros HakjIoHa
4 2y6a B rpaz 35 35 0
5 | DBuewmnmit yroi Hakiona) g rpan 36,846 36,846 5| 0,000 5
CpenHel TuHuu 3y0a
BayTpenHuit yron
6 | HakJIOHA cpeHen Bi rpaj 33,946 33,946 0
JTUHUY 3y0a
[IlectepHs
7| Yron Remrensioro 5, pan | 19747 | 19,747 0
KOHYyCa
8 | Yros koHyca BepInH 0a1 rpajn 26,240 26,240 0
9 | Yron xoHyca BOaJuH Of1 rpaj 17,613 17,613 0
10| CPeAmHMIE ReTEMLHb | MM 54,918 54,918 0
JIHaMeTp
1 BHenHuii renuTenbHbIH d, MM 63.500 63.500 0
JIHaMeTp
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OxkoHyanue Ta01. 2

No Ejnmia Pe3yJ;ILTaT IIPOBEPKU
[Tapamerp CumBon | wu3Mepe- | PacuetHoe SMepH- ITorpem-
TEJILHOE
HUS 3HAYCHUE HOCTD
3HaYeHUE

1| BreuwmHnuii puaveTp dacl MM 75,324 75,324 0
BEpPIIHH 3yObeB

13 Cpenusia nenutenbHas S MM 6,460 6,460 0
TOJIIMHA 3y0a

Koneco

14| Yro! ACTHTELHOTO 8 rpar 70,253 70,253 0
KOHyca

15| Yron koHyca BepIimH 02 rpaj 72,387 72,387 0

16| Yron koHyca BIaJMH op rpaj 63,760 63,760 0

17| CPCMHHH neIMTEILHbI | MM 152,987 | 152,987 0
JHaMeTp

|g| DBHCUIHMI JCAUTEIBHBI | MM 176,893 | 176,893 0
JIMaMETP

1o| BreuwmHnuii puaveTp dae2 MM 178,288 | 178,288 0
BEpLLIUH 3yObeB

20 Cpenusia nenutenbHas Soncn MM 3,511 3511 0
TOJIIHA 3y0a

OLEHKA 3ALEIVISEMOCTHU

Jlnst  olleHKM 3aleIuIseMOCTH MOdydeHHOM 3D-monmenu 1mIecTepHI0O M KOJIECo
pasMelaoT B IPOEKTHOE MOJIOKEHUE COOPKH, YTOOBI IPOBEPUTH, IIEPECEKAIOTCS JIU OHU JPYT
C Ipyrom, ¢ TOMOIIbI0 (YHKITUU «AHaIN3 niepecedcHuin» B Autodesk Inventor (puc. 6). beuto
YCTAQHOBJICHO, YTO MEXAY IIEeCTepHEH M KOJEecOM OTCYTCTBYET 00JIacTh NEepeceyeHus, T.€. B
STOM TIOJIOKEHUH MIECTEPHS W KOJECO HE COMPUKACAIOTCS APYr C JIPYroM, MEXIYy HHUMHU
UMeeTCsl 3a30p, YTO COorjlacyeTcs C pacdeTamMH. 3aTeM, OCTaBHB KOJIECO HEIMOJBUKHBIM,
MIOBOPAYHMBAIOT MIECTEPHIO HAa odeHb Manbiid yron 0,075°, mocie yero mposiBisieTcs 00iIacTh
nepecedeHus MeCcTepHH U Koneca oobemMom 3,295 - 107 mu® (puc. 7). 3T0 MOKa3BIBAET, UTO B
JaHHOM IT0JIOKCHHHU HICCTCPHA U KOJICCO HAYMHAIOT KOHTAKTUPOBATHL APYT C APYTrOM.

Puc. 6. [IpoexTHOE NOTI0kKEHNE COOPKU

Becmuuk Teepckozo 20Cy0apcmeenno2o mexHuuecko20 yHusepcumemd.
Cepusa «Texnuueckue nayku». Ne 3 (27), 2025

76



Puc. 7. HauanpHoe MoJI0KeHUE KOHTAKTa

Ecnu paccMaTpuBarh IIECTEPHIO M KOJIECO KaK JiBa aOCOIIOTHO JKECTKHX OOBEKTa, TO
IpY BPAILCHUU IIECTEPHHU KOJIeco OyIeT BpamaThCs B pe3ysbTare 3aneruieHus. OTHoLIeHue
YIJIOBBIX CKOPOCTEW HIECTEPHHM M KOJieca COOTBETCTBYET MNEpPElaTOYHOMY YHUCIy 3yOdaroi
nepenayn u cocraisier 39/14. 3aTeM mecTepHs U KOJIECO OJJHOBPEMEHHO BPAIAIOTCS] BOKPYT
CBOCi OCHM B JaHHOM COOTHOIICHMH. HalOmomaeM W OCTaHABIMBAaeM B CIIyYaiHBIX
NOJIOKEHHSIX, YTOOBI OLICHHUTH 3aLEIUIIeMOCTh. Pe3ynbTaThl UCHBITAaHUH IMOKa3bIBAIOT, YTO
IPU OCTAHOBKE B JIFOOOM ITOJIOKEHHMH MOSIBIISICTCS] 00JIACTh MEPECCUCHHUs MECTSPHHU M KoJieca
¢ oueHb MalbIM o0bemoM (2,191 - 107 8,743 - 10™; 5,974 - 10™; 4,632 - 10™* mv’). D10
JIOKa3bIBAaeT, YTO LIECTEPHS U KOJIECO KOHTAaKTHPYIOT JPYT C JPYrOM Ha MPOTSKEHUU BCETO
HPOILIECCa U XOPOIIIO 3aEIUISIOTCS] BO BPEMsl JIBUKCHUSL.

Takum 00pa3om, TpoBepKa T€OMETPUUSCKMX MapaMeTPOB U OLCHKH 3allCIUIIEMOCTH
NOJIYYEHHOH MOJIENIN TOKa3aja, YTO OHA MMeEeT 0oJsiee BBICOKYIO TOYHOCTH IO CPaBHEHHIO C
[IPOCKTHBIMU PaCYCTaMHU.

3AK/IIOYEHUE

[IpencraBiennsiii MeToa noctpoeHuss 3D-Monenu cnupaibHO-KOHUYECKOW 3yOuaToi
nepeaayn B nporpamMe Autodesk Inventor ¢ momomipo pacyera KOOpJMHAT CETKU TOYEK Ha
noBepxHoctd 3yb6a B mporpamme MITCalc oOnamaer BaKHBIM INPEHMYIIECTBOM: OH
oOecnieunBaeT TpeOyeMyt0 TOYHOCTh U3JENINS U NIPU ITOM MEHEE TPYI0EMOK 10 CPaBHEHHIO C
BBITIOJTHEHUEM NTPOEKTHBIX PACUETOB.

Pe3ynbTarsl IpoOBEpKH I€OMETPUYECKUX MapaMeTPOB MOKa3bIBAKOT, YTO 3HaueHUs 19
u3 20 u3MepsieMbIX MapaMeTpoB COBNAAAIOT C pacyeTHBIMU 1o ctangapraMm ISO 23509:2006.
He cootBeTcTBYeT pacuery TOJBKO BHEUIHMH YroJl HakjloOHa cpefaHed JuHuM 3yba. OgHako
ero norpemHocTs cocrasisieT Beero 0,000 5°.

Pe3ynprar OLIEHKM 3alIETNIIEMOCTH IOKAa3bIBAE€T, YTO B HCXOJHOM TOJOKEHUU
cOOpKHM MEXIy HIeCTepHEeH M KOoJecoM MMeeTcs 3a30p. [Ipum moBOpoTe ImecTepHU Ha OYCHb
Manbiil yros 0,075° mectepHs U KOJIECO HAYMHAIOT KOHTAKTUPOBATh APYT C APYTOM, U 3TOT
KOHTAaKT COXpaHSEeTCs Ha MPOTSKEHUHU BCETO Ipollecca 3alerIseMoro JABM)KEHUS IIIECTEPHU
U KoJjeca.

IIpuBeneHHbIE pE3yabTaThl MOATBEPKIAIOT, YTO IIOJYYEHHYIO MOJEIb MOXHO
UCIIOJIb30BaTh Ui MOJIEJIIMPOBaHUS pabodero mporecca (yHKIMOHUPOBAHUS CHHPAIBHO-
KOHMYECKOW 3yOuaToil mepemaun (Hampumep, HampsHKEeHHO-Ie(OPMUPOBAHHOTO COCTOSTHUS
3yObeB, M3HOCA, BUOpALMU U T.J.), @ TAKXKE MPHU pa3paboTKe YHPaBISAIOMIUX HMPOTrpaMM JUIs
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crankoB ¢ UITY no o6paboTke 3yO4arhix npoduiel Ha 3Tanax U3rOTOBJICHUS U PEMOHTHOTO
BOCCTAHOBJICHHS 3yO4UaToi nepeaauu [26].
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CREATING AND EVALUATING OF HELICAL-BEVEL GEAR 3D MODEL
OF MINING MACHINERY TRANSMISSION
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Building 1, 4, Leninsky pr., Moscow, 119049, e-mail: artvik@bk.ru

The article presents the main stages of creating a 3D model of a helical-bevel gear
train using the Autodesk Inventor software package. The 3D model of the gears
transmissions was constructed by calculating the coordinates of a grid of points on the tooth
surface in the MITCalc software module. The results of checking the geometric parameters
and evaluating the engagement of the computer model confirm its high accuracy and good
convergence with the design calculations. The resulting virtual copy can be used to simulate
the operation of a helical-bevel gear transmission, as well as in the manufacture and repair of
its elements.

Keywords: Helical-bevel gear, mining machines, design, 3D model, Autodesk
Inventor, MITCalc, geometric parameters, accuracy, operability.
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3acoseHue CUMTAeTCsi OCHOBHBIM (DaKTOpPOM, KOTOPBIH HETaTUBHO BO3JEHCTBYET
Oosnee yem Ha 1 Mipj ra mMo4yB B MHUpPE U MPOJODKAET yBEIWUMBaThcs Ha 1,5 MiH ra/rof.
[Ipobnema 3acosneHuss B NEpPBYIO OYepeAb CBSi3aHA C CEIbCKOXO3SIMCTBEHHBIMH 3E€MIISIMU
apUIHBIX 30H, OJHAKO TOPHOJOOBIBAIOIINE TPEANPHUATHS TaKXKE CIIOCOOCTBYIOT POCTY
IJIOMIAJEH 3aCOJIEHHBIX IOYB, M3BJIEKAs Paccojibl U BCKPBIIIHBIE MOPOJBI Ha IMOBEPXHOCTD.
[Tporeccel 3aconeHust B apKTHUECKUX pernoHax Poccuu mpoTekaroT 6osiee 0cTpo, MOCKOJIBKY
COJIM CIOCOOCTBYIOT Pa3BUTHIO TEPMOKAPCTA, TEPMOIPO3UU MU CONUDIIOKIINH, BCIEICTBHE
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