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IlepcnekTuBbl GopmMoodpaszoBanus 3y0beB ¢ MOMOIIbIO IBYyXNapaMeTPUYECKUX CEeMeHCTB
npousBoasmux JuHui (Prospects of Tooth Generation by Means of Two-Parametric Families
of Generating Lines)

Dopmoobpazosanue noGepXHOCMeEU ¢ NOMOWBIO NPOUIBOOSUWUX TUHUL, MPAOUYUOHHO CUUMATO-
weecsi MemoooM MeHee PACnPOCMPAHEHHbIM, YeM opMooOpa308aHUue ¢ NOMOUBIO NPOUZBOOAUUX
HOBEPXHOCME, MOJHCEM 0amb CYUWeCmMEeHHble NPEUMYWecmed 6 NPOU3800UMeIbHOCMU, UOKOCmu
U npakxmuueckou peanuzyemocmu. B pabome onucamnvl npednodicenHvle 0ns CNHUPOUOHBIX nepeoay
cnocodwvl hopmoobpazosanus 3y06€6 ¢ NOMOWBIO O8YXNAPAMEMPULECKUX CeMEUCME NPOUZBOOAUSUX
JUHUL — pedxcyumux Kpomox pe3yos. Cnocobvl pearusylomes Ha pacnpocmpanHenHvix 3y00gpesep-
HbIX U NPOCPAMMHO YNPABIAEMbIX MOKAPHLIX CIMAHKAX C NOMOWbIO 00H03Y0020 (pe3ey-1emyuKa)
U MH0203Y6020 COOPHO20 UHCMPYMeHma (Pe3yo6asi 20J106KA ¢ MEEPOOCNIABHbIMU pe3yamu). [la-
HbL 3a8UCUMOCIU OJI pacyema 2eomempuu hopmupyemuvix 3y06e6 3y04amuix Koiec Ucxoos uz yc-
JI08USL KOMIIAHAPHOCIU BEKMOPO8 OMHOCUMETbHBIX CKOPOCHEL Npu (hopmMoodpaz0eanuu u 6eKmo-
pa, KacamenvbHo20 K npou3eoosaujeli IUHUU, U 3a8UCUMOCIU OJis paciema napamempos opmooo-
PA308aHUsL UCXOOS U3 YCIIOBUS NPUHAOTEHCHOCIU VKA3AHHBIX 8EKMOPO8 U BeKMOPA OMHOCUNENb-
HOUL CKOpOCMU 8 3ayenieHuu eOuHou niockocmu. Paccmompenvt nepcnexmussl peanuzayuu gop-
M0o00Opazoeanus 3y0be8 ¢ NOMOWBIO YKAZAHHBIX CEMeLCME Npu CO2NACO8AHHBIX BPAWYEHUAX 3020-
MOBKU U UHCNPYMEHMA MOPYOB020, NIOCKO20, YUTUHOPULECKO20 U KOHUYECKO20 MUNO8.

Generation of surfaces by means of generating lines is traditionally considered to be a less
common method than generation by means of generating surfaces; nevertheless, it can provide for
essential advantages in manufacturability, flexibility and practical implementation. The paper de-
scribes the proposed methods for generation of teeth of spiroid gears by means of two-parametric
families of generating lines, that is, cutting edges of cutters. The methods are implemented at com-
mon gear-milling machine-tools and CNC lathes by means of a single-tooth (fly cutter) or multiple-
tooth assembled tool (cutting head with hard-alloy cutters). Relations for geometry analysis of the
generated gearwheel teeth are presented in accordance with the condition of complanarity of vec-
tors of relative velocity at generation and of the vector which is tangent to the generating line; and
relations for calculation of generation parameters in accordance with the condition of belonging of
the pointed vectors and the vector of relative velocity in meshing to one plane. Prospects of imple-
mentation of tooth generation by means of the mentioned families are considered for the agreed ro-
tations of the blank and tool of the face, plane, cylindrical and bevel types.

KawueBble cjioBa: 3y0uaras nepenava, opmMooOpa3oBaHUe, TPOU3BOIAIIAS JTHHUS.
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Oco0eHHOCTH pacyeTa KHHEMATHYE€CKOH TOYHOCTH IJIAHETAPHBIX 3y04aThIX nepeaay BUAa
K-H-V (Calculating the Kinematic Accuracy of K-H-V Planetary Gears)

Paccmompenvt 6onpocwl pacuema KuHemamuueckou NOZPeuwHOCmU NIAHEMAPHLIX 3)04amuvlx
nepeoay euda K-H-V ¢ manou paznocmoio yucen 3yoves u 08ymsa cameiiumamu. B paccmampugae-
MOl nepeoaue 8paujerue om cameiiumos Ha 8bIX00HOU 8all (36eH0 V) nepedaemcst ¢ nNoMoubio me-
XaHUu3Ma napaiieirbHulx Kpugowiunos. llpu npoeedenuu pacuemos ooOwjas KuHeMamuyecKkas no-
epeuwHocms nepedauu Oblia pasdeieHa HA 08¢ COCMABIAIOWUX — KUHEMAMUYECKas NOSPEuHOCHb
NIAHEMAapHO20 3Y04amo2o 3ayenyienus U KUHeMAmuyecKas nocpeuHocms MexXaHusma napaiieib-
HbIX KpUBOWIUNO0G. bvliu yumenvl npunyunsl pabomul nepeoayu, KOHCMpPYKMuUeHoe UCNOIHeHue, d
Makodce MexHoI02Usl U320mosiienus u coopku. B pesynomame yuema 6cex ocobennocmetl pabomsi
onpeoenero, Ymo pe3yibmupyowds KUHEMAmuuecKkas noepeuHoCms no CMpyKmype umeem maivie
AMARAUMYObL HU3KOYACMOMHOU cocmagaaowel (000pomuot) u 3HavumenbHovlie amnaumyobl YUKIu-
yeckotl cocmasnsaiouell. Ilpusedenvl pe3yribmamol SIKCNEPUMEHMANbHBIX UCCTE008AHULL.

The paper deals with the issues in calculating the kinematic error in K-H-V planetary gears with
a small difference in the number of gearwheel teeth and two satellites. For the considered gear the
rotation is transmitted from satellites to the output shaft (link V) by means of a mechanism of paral-
lel crank shafts. In calculations the total kinematic error of the gear was divided into two compo-
nents — the kinematic error of the gear mechanism and the kinematic error of the mechanism of
parallel crank shafts. The calculations were performed taking into account the working principles
of gears, the specific design (constructive version) and production and assembly technologies. Hav-
ing considered all the features of operation, we found that the resulting error comprises minor am-
plitudes in the low-frequency component and significant amplitudes in the cyclical component. Ex-
perimental research results are given.

KawueBble ciioBa: manetapHas nepenada K-H-V, MHoromapHoe 3arierieHue, napauielibHbIe
KPHUBOIIHKITBI, KHHEMATHYECKAsl TOTPEITHOCTb.

Keywords: K-H-V planetary gear, multiple-tooth contact, parallel crank shafts, kinematic accu-
racy.
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3y0o(dpe3epoBaHue KOHMYECKOIl HEIBOJIHLBEHTHOI IIeCTEPHH HUJIHHIPOKOHUYECKOIl mepe-
aauu BHyTpeHHero 3anemieHuss (Hobbing the Bevel Non-Involute Pinion of Helical-Bevel
Gear of Internal Meshing)

Paccmampusaemcs nepedaua ¢ Konuueckou wiecmepHel u YUIUHOPUYECKUM KOAECOM 6HYMPEH-
He20 3ayenieHuss, Komopoe uzeomosisiemcs 3y000oao1eHuem no ooviunot mexronozuu. Ipu gop-
Muposanuu pabouux npoghunell 3y0be8 uecmepHu YUIUHOPOKOHUYECKOU Nnepeoayu 6HYmMpeHHe20
3ayenyieHuss 803HUKAem MexXHOI02uYecKas npodirema nonyuenus pabovezo npoguia 3yoves. dmo
CBA3AHO C HEOOXOOUMOCBIO U320MOBAEHUSL OJIsl KANHCOOU nepedadu 00a05Ka ¢ HYmMpeHHUMU 3)0b-
AMU ¢ 2eomempuell, UOEHMUYHOL 2eoMempuu Koieca nepeoadu. B pabome onucan cnocob ¢opmu-
POBaHUsL NPUOTIUINCEHHO20 NPOpusL 3y0bes uecmepHu YUIUHOPOKOHUYECKOU nepedadu UHCmpY-
Menmom peeunoco muna. Ilpeonazaemviii cnocob obecneyusaem 00CMAmMoOYHYIO O NPAKMUYECKO-
20 NPUMeHeHUsl CmeneHb NPUOTUNCEHUS POPMUPYEMOT NOBEPXHOCMU K MEOPemUYecKu Mo4YHOI.

The paper deals with the gear having a bevel pinion and cylindrical internal gearwheel pro-
duced by conventional techniques of gear shaping. When generating the flanks of pinion teeth of the
helical-bevel gear of internal meshing, the manufacturing problem arises related to generation of



the tooth flank. It is due to the necessity to produce the shaping cutter with internal teeth having the
geometry identical to the geometry of the gearwheel. In this research a new principle is described
for generation of the approximated profile of the pinion teeth for a helical-bevel gear by the rack-
type tool. The proposed method provides the degree of approximation of the generated surface to
the theoretically precise one which is enough for practical implementation.

KawueBble cJIoBa: IIMIMHAPOKOHUYECKAS TIepeiaya, BHYTPEHHEE 3alleIUICHUE, HEABOJIbBEHTHAS
niectepHs, 3yoodpesepoBanue.

Keywords: helical-bevel gear, internal meshing, non-involute pinion, hobbing.
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Pa3pa6oTka TBepa0TeIbHBIX MoO/IeJIell IBOJbBEHTHO-KOHNYECKHX 3y0uaThix KoJiec (Devel-
opment of Solid Models of Involute-Bevel Gearwheels)

Ilpu cospemenHoM NPOEKMUPOBaHUU 3YOUAMBIX MEXAHUSMOB 803HUKAEM He0OX0OUMOCMb 8 meep-
00MeNbHbIX MOOensix 3youamoeix Konec. Eciu nonyuenue meepoomenvuvix mooenei 00bIYHbIX YUIUHO-
PpUHecKux 3y0uamvlx Kojec He 8bl3bléaem 3ampyOHeHUll nymem NpUMeHeHUs: CAHOAPMHbIX NPOSPaAMM-
Huix npodykmos, maxux kak KOMIIAC, Inventor u m. n., mo 3a0a4a noiy4eHusi Mooeset 3601b6€HMHO-
konuyeckux xonec (AKK) ecnedcmeue ocobennocmu ux ceomempuu mpeoyem peuleHusl.

Ilpeocmasnen cnocod nonyuenusi meepoomenvhvix mooenet IKK nymem mooeruposanus cma-
Hounozo sayenaenuss IKK u npoussoosweii petiku. [lpu smom napamempsi npouzeoosujeti peuxu
MOXCHO 3a0asams no dxceanuro npoekmuposuwuxa. Iloxazanvl mooenu npsamo3zybozo KK, kocozy-
0020 OKK u KK ¢ enympennumu 3y0vamu. B kauecmee npumepa npeocmasienvl Mooeau pasiuy-
Hblx nepedau, cocmasienuvie uz IKK. Teepoomenvhvie mooenu 3y04amuvlx Koiec UcHopmMuposan-
HbIX nepeday mo2ym Obimb UCNONb308AHLL NPU OYEHKU UX HANPANCEHHO-0ehOPMUPOBAHHO20 CO-
CMOSAHUSL.

With modern design of gear units there is a need for solid models of gears. Obviously, genera-
tion of solid models for conventional spur and helical gears is straightforward due to application of
standard software such as COMPAS-3D, Inventor and so on. At the same time, the task of obtaining
the model of involute-bevel gearwheels, especially due to their geometry, still requires solutions.

This paper presents a method for producing solid models by simulating the machine-tool mesh-
ing of involute-bevel gears and the generating rack. The parameters of the generating rack can be
set at the request of the designer. Models of a spur involute-bevel gearwheel, a helical involute-
bevel gearwheel and a gearwheel with internal teeth are presented. As an example, models of vari-
ous gears composed of involute-bevel gearwheels are shown. Solid models of gearwheels and gears
can be used for assessment of their stress-strain state.

KiroueBble ciioBa: TBepIOTEIbHAs MOJIENb, YBOJIbBEHTHO-KOHUYECKOE 3y0UaTroe KoJeco, Mo-
ACIU niepcaad, MOACIN 3y6anHx nepezad, IpoU3BOAsIIas peika.

Keywords: solid model, involute-bevel gearwheel, models of gears, generating rack.
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IToBbIlIeHHe HATPY304YHOI CMIOCOOHOCTH GeccTyneHYaThIXUMNYJILCHBIX nepeaay (Increase
in Load Capacity of Pulse Continuously Variable Transmissions)

Hccnedyemes 603MOMCHOCMb NOBBIUEHUSA HASPY3OYHOU CHOCOOHOCMU KIUHOB020 MEXAHUBMA
Cc80000H020 X00a beccmyneHuamotl UMNYIbCHOU nepedayu 3a cuem JazepHou oopabomku. Ha
KOHMAKMHBIX NOBEPXHOCAX KAUHA POPMUPYEMCA OTHUCTNOCTb, KOMOPAs CNOCOOCMEYem cyuje-
CMBEHHOMY V8eNUUeHUI0 (PAKMUUecKol NOBEPXHOCIU KOHMAKMA, CHUNCEHUIO KOHMAKMHbIX 0asjle-
HULL U NOBLIUEHUIO PYHKYUOHANbHBIX U IKCIIYAMAYUOHHBIX NOKA3aAmMenel MexaHusma c60000H020
xo0a beccmynenuamou UMNYJIbCHOU nepeoayu.

The possibility of increasing the load capacity of the wedge freewheel mechanism of the pulse
continuously variable transmission due to the laser processing is investigated. Undulation is gener-
ated on the contact surfaces of the wedge that provides a significant increase in the actual contact
surface, reduced contact pressures and enhanced functional and operating characteristics of the
freewheel mechanism of the pulse continuously variable transmission.

KawueBble cjioBa: OeccTyneHuaTasi HMITyJIbCHAsI Tepeiada, KITMHOBOW MEXaHU3M CBOOOHOTO
X071a, JIa3epHasi 00pab0TKa, KOHTAKTHAs IIOBEPXHOCTh, HATPY304HAsI CIIOCOOHOCTb.

Keywords: pulse continuously variable transmission, wedge freewheel mechanism, laser proc-
essing, contact surface, load capacity.
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Hpuauunel popMoodpa3zoBaHusi MOPTATUBHOIO PEHTreH-(JIyOpPeCHeHTHOI0 AHAJIU3ATOPA
NpY KOHCTPyHpoOBaHuM U Ju3aiiH-npoekTupoBanuu (Principles of Shaping Form of a Port-
able X-ray Fluorescent Analyzer in the Design)

Onucana pazpabomka éHewHe20 8U0a KOpNyca NOPpmMamueHo20 peHmeeH-¢hiryopecyeHmHo20 ana-
JU3AMOPA € Y4emoM AHAIU3A KPUBUHLL NOBEPXHOCMEL, NPU KOMOPLIX 2OPU3OHMANbHbIE U 6ePMiL-
KalbHble NOBEPXHOCMU UMEIOM PABHOMEPHbBIE Nepexoobl De3 SIBHbIX «NepelomMos)» HA CMbIKAX, Ymo
oaem scmemudeckoe npeumywiecmso npooykma. Takoice npedcmasienvl NPUHYUNLL KOHCIMPYUPOBA-
HUSL U OU3AUH-NPOEKMUPOBAHUSL NOPMAMUBHO2O PEHMEEH-(DLyOPECYEeHMHO20 AHATUZAMOPA C YHEemOM
mpedo8aHULl IKCNIYAMAYUY U MEeXHUYECKOU ICTNeMUKU, CO30aHHble NPU NOMOWU CUCHEMbl NPUEMO8
omaaoku 6 CAD u memooos npopabomku UHHCEHEPHO-KOHCMPYKMOPCKOL 4acmu MexHU4ecKko2o
npoeKma uz0enus, ONUParwuecs Ha B803MOXCHOCMU epaguyeckux pedakmopos. C yenvio co30anus
KOHKYPEHMOCNOCOOH020, NOOYIHCOaioue20 nompeoumest K npuoOpemenuo nNopmamueHo20 peHmeeH-
@ryopecyenmno2o aHaIU3amMopa KOHCMPYKYUs paspabomana ¢ yyemom mMakux 3P2OHOMUHECKUX
Gakmopos, kak MoOmopuka, ncuxuxa u guzuonoeusi. Mccredosanus ¢ yuemom OaHHbIX paxmopos Ha-
npasienvl Ha MAKCUMATbHO 3pphexmusHoe Ucnonb3osanue, Ymoodvl NOIYUUMb MOYHBIL Pe3yabmam
KayecmeeHH020 U KOIU4ecmeenHo2o anaiusa mamepuana. OOHUM uz maxkux gakmopos, npedcmas-
JIEHHbIX 68 Cmambe, AGIAENC OmeedeHue PeHmeeHO8CKOU mpyoKu Ha Oe30nacHoe paccmosiHue om
YeNI08eKA-ONEPAMOPA C Yebl0 CHUNCEHUSI 8De0d OM PEHM2EHOBCKO20 U3 YEeHUSL.

The paper describes the development of the exterior of the casing for a portable X-ray fluores-
cent analyzer, taking into account the analysis of the curvature of the surfaces, in which the hori-
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zontal and vertical surfaces have uniform transitions without obvious "fractures", which is advan-
tageous from the aesthetical point of view. Also this paper presents the design principles of the
portable x-ray fluorescence analyzer with the requirements of operation and the technical aesthetics,
created with the help of a system of debugging techniques in CAD systems and methods for working
out the engineering and design part of the technical design of the product, based on the capabilities of
graphic editors. In order to create a competitive, motivating-to-buy portable X-ray fluorescent ana-
lyzer, the design has been developed taking into account such ergonomic factors as movements, state
of mind and physiology. Investigations with account of these factors are aimed at the most effective
application in order to obtain the accurate result of the qualitative and quantitative analysis of the
material. One of these factors presented in the paper is the retraction of the X-ray tube to a safe dis-
tance from the human operator in order to reduce the harm from X-ray radiation.

KawueBble ca0Ba: KOHCTPYKIUS, AW3aiiH, (opMa, MOPTATUBHBIA PEHTTEH-()IyOpPECIICHTHBIN
aHaM3aToP, SKCILTyaTalus, SPrOHOMHKA.
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PacueT pecypca CHHpONIHOI0 pelyKTOpPa B NpHBo/Ae kKadeaecO00pOYHOro MeXxaHu3Ma JJIeK-
Tponorpy3unka (Life-Time Calculation of Spiroid Gearbox in the Drive of Cable-Assembly
Mechanism of the Electric Loader)

Paccmompen memoo onpedenenus pecypca cnupoudnoz2o pedykmopa 8 npugoode Kabenecbopouy-
HO20 MeXanusma dJeKmponocpysduxa. Memoo ocHosan Ha yueme KOHKPEMHBIX YCIO08UU IKCNLYA-
mayuy d1eKmponospy34uKas npoyecce 8blNOIHeHUs NO2PY30YHO-PA32PY30UHbIX pabOm U, KaK cleo-
cmeue, pexdcumMos Haspy#ceHusl KabeiecoOopouHo2o mMexanusma. DNeKmponoepy34uK WupoKko npu-
MEHAIOMCSL 8 NPOMBIUWIEHHOCMU, HA MPAHCNOpme, 8 CMPOUMEeNbCMee U 20PHOM NPOU3BOOCMEe NPU
npogeodeHUl no2py304HO-pa3epy30unblx pabom. OOHUM U3 CAMBIX PACNPOCMPAHEHHbIX UOOG ABJIA-
I0MCsl YHUBEPCAbHbIE DNIEKMPONOZPYIYUKUC NPUBOOOM OM AKKYMYIAmMOopHuIX 6amapeil. Haubonee
YACMO UX UCNOAL3YIOM OISl NOZPY3OUHBIX U PA32PY30OUHLIX PAOOM 8 KPbIMbIX CKIAOCKUX NOMeUjeHU-
sax. B pezynemame pacuemog nonyuen npocno3upyembviii pecypc CRUpouoHo20 MOomop-pedyKmopa
KabenecOopouHo20 Mexanusma npyu NOCMOAHHOM U NEPEMEHHOM PEHCUMAX HASPYIHCEHUS, C YYemom
npeoenvbHo20 U3HOCA 3)0bes CNUPOUOHO020 KOAecd U NPOoOONCUMENbHOCU YUKIA pabomul Kabe-
niecoopounoeo mexanusma. Memoo yuumuléaem oCHO8HbIE XAPAKMEPUCMUKY NPOYECCA bINOIHEHUS
pabouezo yukia 21eKmponocpy3uUKOM NpU MPAaHCnopmuposanuu, nocpyske u Gvlepy3Ke 2py308.
Hannvie xapakxmepucmuxu y4umulearomcsi COOmeemcmsyoujell ycpeOHeHHOU maxoepammoul pabo-
ue20 YuKna dneKmponocpysuuxa. Pesynrbmamol pacuemos npocHo3upyemoz2o pecypca no OaGHHOMY
Memooy NO36OAIOM HA IMANAX NPOEKMUPOBAHUS KaDenecOOpouHo20 MexaHusma 0Oonee mouyHO
CNPOCHO3UPOBAMb PEeCYpC CRUPOUOHO20 MOMOP-PeOYKmopa € Y4emoM pelcuma HAspyiCceHus, a
Makdice yCio8Ull IKCHILYamayuu 21eKmponozpy3uuKa.

The paper describes the method for determining the life-time of spiroid gearboxes in the drive of the
cable-assembly mechanism of the electric loader. The method is based on the specific operating condi-
tions for electric loader during loading and unloading operations, and, as a result, on loading modes of
the cable-assembly mechanism. Electric loaders are common in engineering, transport, construction
and mining industries for loading and unloading operation. One of the most common types is the uni-



versal electric loader powered by batteries. Most often they are used for loading and unloading opera-
tions in covered warehouses. As a result of calculations the forecasted life-time has been obtained for a
spiroid gear-motor of the cable assembly mechanism at constant and variable loading conditions, tak-
ing into account the wear limit for a spiroid gearwheel and the duration of the work cycle of the cable
assembly mechanism. The method takes into account the basic characteristics of the process of the op-
erating cycle for the electric loader during cargo transportation, loading and unloading. These charac-
teristics are taken into account by the respective average speed diagram of the operating cycle of the
electric loader. The results of calculations of the forecasted life-time according to this method allow
forecasting more precisely the life-time of the spiroid gear-motor at the design stages with account of
loading conditions and operating conditions of the electric loader.

KiroueBble ¢10Ba: 3JICKTPONOTPY3UHK, IIPOTHO3UPYEMBIH pecypc, PeKUM HArpy>KeHUs, CIIUPO-
WHBIA PEIyKTOP, PEACIbHBIA H3HOC.

Keywords: electric loader, forecasted life-time, loading mode, spiroid gearbox, wear limit.
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HccnenoBanue pacnpesiesieHusi HATPY3KH B 3allelJIEHUAX KOJeC MHOTOMOTOYHBIX TJIaHe-
TAPHBIX Mepelay W ero BJIAUAHUS HA TEXHUKO-)KOHOMHYecKHe moka3zatean nmpuBoaa (Investi-
gation of Loading Distribution in Tooth Contact of Multi-Row Planetary Gears and Its Influ-
ence on Overall Economics of the Drive)

Mmnozonomounvie nianemapHvlie nepeoayu HAWLIU WUPOKOe PACHPOCMpPAHeHUue 8 mexHuKe o1a-
200aps. XOpOUlUM MEXHUKO-IKOHOMUYECKUM NOKA3AMENAM: 8blCOKOU HA2PY30UHOU CHOCOOHOCMU
npu HeOONbLUWUX 2a0aAPUMAx U Macce, MaibiM NOMepsImM MOWHOCMU HA mpeHue, D0IbUOMY nepeod-
MOYHOMY OMHOUleHUio 8 00Hou cmyneHu. CyujecmeeHHbM HeOOCMAamKOM IMUX nepeoay s611emcs
HEepasHOMEPHOCMb pacnpedeieHusi Haspy3KU 8 3ayenjieHusx Kojec, 4mo 6bl36AHO Heu30eHCHbIMU
NO2PEUHOCMAMUY U320MO6IeHUs U Oedhopmayusamu ux 36enbes. OOHAKo NoOamIuBoCms OMOeIbHbIX
aemenmos nepedauu (oceti U NOOWUNHUKOE CAMENTUMO8, WeKk 800Uld) cCnocooCmsyem 6blpasHU-
BAHUIO HASPY3KU KAK NO CAMELIUMAM, MAaK U ux psaoam npu MHO20PAOHOM UCHOTHEHUU MeXAHU3MA.
B céa3u ¢ smum gasxxcrno ycmanosums cmeneHs 81usHUA 0epopmayuy 31emMeHmo8 niaHemapHoll ne-
pedauu Ha pacnpeodeieHue HAPY3KU 6 3ayenieHusx Kojlec U HA MAKOU BAaNCHblU MeXHUKo-
9KOHOMUYECKUL NOKA3AMENb, KAK OMHOWEHUE MACCbl K MOMEHMY HA 8bIXOOHOM 8AJlY.

Kosghpuyuenm nepasnomeprnocmu pacnpeoenenusi Hacpy3ku no cameiiumam Onpeoensics u3
peweHus: Cucmembl YPasHeHUll COBMeCMHOCMU nepeMeueHull ¢ yuemom oepopmayuu ujex 00uda,
NOOWUNHUKO8 U oceli camernumos. Ilpuuem oce cameniuma 6 mecmax ee COnps’CeHUs Co ujeKamu
800UNA U KONbYOM NOOUWUNHUKA KAYeHUs paAccMampueanacs Kak 6aika Ha ynpyeom OCHO8AHUU, A
Wexku 800UNA BLINONHEHbl C NA3AMU O CHUMCeHUs ux scecmkocmu. Taxum obpasom 6wino ycma-
HOBJIEHO, YMO GbINOJIHEHUE WeK 80OULd NOOAMAUBLIMU NO3BOIAEN CHUUMb KOIDDuyueHm Hepas-
HOMepHOCmU pacnpedenienus Hazpy3ku no cameniumam na 8—11 %, umo 6razonpusamno ckasviéa-
emcs Ha Hecyujeli ChOCOOHOCMU NPUBOOA U €20 MACCo2adapumHbIX NOKA3AMeJsXx.

Ilpu ocpanuuennom paouanvHom pamepe nepeoadu ee YenecooOPasHo GbINOIHUMb MHO2OPSOHOU.
Oonaxo 6 smom ciyyae oeghopmayusi KpyueHus CONHEeUHOU uecmepHu 6edem K HepagHOMEPHOM) PAac-
npeoenenuo Hazpy3Ku no paoam camennumos. s npedomepaujeHusi 9mo20 He2amueHo20 AGNEHUs.
npeonazaemcsi 600UNLO 8bINOIHUMb C PASHBIMU NO WUPUHE NEPEMBIYKAMU, PA3MePbl KOMOPbIX NOO00-
pams mak, 4modwvl ux oeopmayus coomeemcmaosand 0e@opmayuu KpyueHus uecmepHu.



Takum obpazom, UCNONb308AHUE NPEOTONHCEHHBIX KOHCMPYKYULL MHO2ONOMOYHBIX NIIAHEMAPHBIX
nepeoay npu payuoHaibHOM 8bl00pe UX napamempos no360.aem CyujeCmeeHHo CHU3UMb HepasHo-
MEPHOCMb pacnpeoeienus Hazpy3KU 8 3ayenieHusx Koiec U YAy4uums mexHuKo-3KOHOMUYecKue
nokasamenu npueood.

Multi-row planetary gears are widely used in engineering due to good technical and economic
indicators: high load capacity with small dimensions and weight, small losses of frictional power,
and large gear ratio in one stage. A significant disadvantage of these transmissions is the uneven
load distribution in meshing of gearwheels, which is caused by inevitable manufacturing errors and
deformations of their elements. However, the compliance of individual transmission elements (axes
and bearings of the satellites, cheeks of the carrier) facilitates the equalization of the load both
among satellites and their rows in the case of a multi-row design of the mechanism. In this connec-
tion, it is important to establish the degree of influence of the deformation of the planetary gear
elements on the load distribution in meshing of gearwheels and on such an important technical and
economic indicator as the ratio of the mass to the moment at the output shaft.

The coefficient of uneven load distribution among satellites was determined by solving the system of
equations for the compatibility of displacements, taking into account the deformation of jaws of the car-
rier, bearings and axes of the satellites. And the axis of the satellite in the places of its contact with jaws
of the carrier and the bearing ring was considered as a beam on an elastic base, and the jaws of the
carrier were made with grooves to reduce their rigidity. Thus, it was found that performance of compli-
ant carrier jaws allows to reduce the coefficient of uneven load distribution among satellites by §—11 %,
which favorably affects the load capacity of the drive and its weight and overall dimensions.

With a limited radial transmission size, it is advisable to perform a multi-row transmission.
However, in this case, the deformation of the torsion of the sun gear leads to an uneven distribution
of the load among the rows of satellites. To prevent this negative phenomenon, it is suggested to
produce the carrier with different widths of bridges having dimensions chosen so that their defor-
mation could correspond to deformation of the pinion torsion.

Thus, the use of the proposed layouts of multi-row planetary gears with a rational choice of their
parameters makes it possible to significantly reduce the uneven distribution of the load in gears and
improve the technical and economic performance of the drive.

KawueBble cjioBa: IJIaHETApHBIC MEpeadu, MOJNATIMBOCTh JJIEMEHTOB, paclpelleicHue Ha-
Ipy3KH, Macca.

Keywords: planetary transmissions, compliance of elements, load distribution, mass.
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BobisiBJIeHHe ONITHUMAJILHOTO YHCJIA BOJH IUIAHETAPHOI POTOPHOM T'UpP OMAIIUHBI N0 KPHU-
Tepuio npoussoauteabHocTH (Identification of Optimum Number of Waves of the Planetary
Rotor Hydrocar by Criterion of Productivity)

Cmamuvs noceaujeHa NoucKy payuoHAIbHLIX NAPAMEMPUYECKUX COOMHOULeHUN NJIAHeMAapHbIX
pomopuwix euopomawiut (IIPI'M). Axkmyanbnocmo uzyuenus u npumenenust [IPI'M (6 kauecmee Ha-
coCo8 u osuzcamerneti) 803pacmaem 8 CeA3U C pa3sUMuUeM COBPEMEeHHbIX MeXHOI02Ul, KOmopble No-
36071410M 00CMAMOYHO 0eueso U320MmasIueams HeKpyaivle 3youameole Koieca. Imu SUOPOMAULUHbL
codepoicam niasarowue cameiiumsl U, 8 00wem ciyyae, HeKpyaivle YeHmpaibHble 3y0uamole Kojle-
ca — pomop u cmamop. Panee cuumanocs, umo uucna 3yovee Z2 u Z1 eonn cmamopa N u pomopa
M ob6s3zamenvHo OondicHbl Obimb paziuyHbiMu. Hamu noxazano, umo ciayuail 0OUHAKOBbIX ducell
soin N = M u 3yovee Z2 u Z1 ne monvko 803MOCeH, HO A6IAemcs Hauryyuum. B dannou cmamoe
paccmompen moavko cayuati N = M. Bajicho 000cHO8anHO omeemums HA 80NPOC: CKOAbKO «BOJIH»
npeonoumumenbHO BbINOIHUML HA YEHMPATbHbIX KOAecax, Oas OO0CMUNCEHUs MAKCUMATbHOU



yoenvHou npouszsooumenvrocmu [IPI'M. Ananuz noxasan, ymo yseauyeHue Yucia «801H», 8 oouem
cyuae, HeKpyaiblx 3y04amuvlx Kojaec npueooum K nOGbIUEHUIO NPOU3BOOUMENbHOCTIU SUOPOMALUU-
Hbl, HO OOHOBPEMEHHO YEelIUUUBaem 6epOSiImMHOCIb GbINAOCHUS CAMENTUMO8, He YUACMEYIOWUX 6
nepeoaye Kpymsaujeco Mmomenma. B umoze coenan w1600 o yenecoobpaznocmu npumeHeHus cxem
IIPI'M ¢ wucnamu 6oan N xM yenmpanonoix konec 2x2 u 3 3.

The paper is devoted to search of rational parametrical ratios of planetary rotor hydrocars
(PRH). Relevance of studying and application of PRH (as pumps and engines) increases in connec-
tion with development of the current technologies which allow to produce rather cheap non-round
gears. These hydrocars contain floating satellites and, generally, non-round central tooth gears — a
rotor and a stator. It was considered earlier that numbers of teeth of Z2 and Z1 of waves of a stator
of N and a rotor of M have to be various. We showed that the case of identical numbers of waves of
N = M and teeth of Z2 and Z1 is not only possible, but it is the best one. In this paper only the case
for N=M is considered. It is important to answer the question: how many "waves" are preferable to
arrange on the central wheels for achievement of the maximum productivity of PRH. The analysis
showed that increase in the number of "waves", generally, of non-round gears leads to the increase
in productivity of the hydrocar, but at the same time, it increases the probability of loss of the satel-
lites which are not participating in torque transfer. As a result, the conclusion is drawn on the ex-
pediency of application of schemes PRH with numbers of waves of NxM of the central wheels 2 %2
and 3 %3.

KawueBble cjIoBa: TUlaHeTapHasi POTOPHAs TUAPOMAIIMHA, HEKPYTJIbIe 3yOUaThie Kojeca, Tpa-
€KTOPUU JABW)KCHHUS CATEIUTUTA, POU3BOIUTEIIBHOCTD.

Keywords: planetary rotor hydrocar, non-round gearwheel, trajectories of the satellite move-
ment, productivity.
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I'eoMeTpryecKuil CHHTE3 IVIAHETAPHOH POTOPHOM I'MAPOMALINMHBI, COePKALLEH KPyrioe U
HEKpYIJoe HeHTpadbHble KoJieca (Geometrical Synthesis of the Planetary Rotor Hydrocar
Containing the Round and Non-Round Central Gearwheels)

Obvemnbie cuOpOMAUUHbl — HACOCHL U 08UAmMeny — WUPOKO UCNOAb3VIOMCI 8 CAMbIX PA3HbIX
mexHuueckux cucmemax. OOHUM U3 8UO08 MAKUX MAWUH AGNAIOMCS NIIAHEMAaPHble POMOPHbIE 2UO-
pomawunvt (IIPI'M). IIPI'M cooepaycam 06a yenmpanivHblx 3y0uamulx Koneca (Kak npasuio, He-
KPY2/blX) U PACNONI0NCEHHbIE Medcdy HUMU naasaowue camennumel. Ilpu smom yucna éonn M u N
YEHMPATbHBIX KOeC MO2Ym Oblmb KaK pA3IUYHbIMU, MAK U 00uHaxkosvimu. [lpu npoekmuposanuu u
pacueme [IPI'M ocnoeHoul 3a0aueti A651emcst 2eOMempudeckKull paciem ux 3youamoix 36eHves. Pa-
Hee makxas 3adaua Ovlia peuiena Oas CAy4as, Ko2oa 00a YEHMPANbHLIX KOlecd HeKpyeavle,
a yeHmpogvle MpAekKmopuy cameiiuma UMEeHAIMcs No Npocmeuulemy 3aKOHY «KOCUHYCAy.
B Oannoii cmamve npeonacaemcs memoouxa cunmesa yeumpouo seenves IIPI'M, cooepoicawux
Kpyenoe u HeKkpyenoe yeHmpaivHvle Konecd. Ilpu smom Heobxooumo obecnewums cO8MeCmMuMOCnb
B0THOOOPA3HOU YEeHMPOUObL INUYUKIUYECKO20 KOoAecd C 3apaHee 3a0aHHOU YeHMpPOUool Kpyaio2o
CONHeuH020 Koleca (uu nHaobopom). Paspabomannwiii memoo eeomempuueckozo cunmesa [IPI'M
noseossgem noayuums npoguiu 3youameix 36eHves IIPI'M ¢ nomowpio cmaHOapmuuix npocpamm-
HbIX KOMNnAeKkcos. Memoo Oyoem socmpebosan na 3mane NPoeKmupo8anust NIAHEMAapHuIX POmMop-
HBIX eudpomawiur (Hacocos u 2uopoogueamerieli) KOHCMPYKMOPAMU NpeOnpusmuli MAauuHo-
CMpOUmenbHOl OMpPACu.

Volume hydrocars (pumps and engines) are widely used in very different technical systems. One
of the types of such machines are planetary rotor hydrocars (PRH). PRH contain two central gear-
wheels (usually non-round) and the floating satellites located between them. At the same time,
numbers of waves M and N of central gearwheels can be both various and identical. When design-



ing and calculating the PRH, the main objective is the geometrical calculation of their gear mem-
bers. Previously, such a task was solved for a case when both central gearwheels are not round,
and center trajectories of the satellite change by the simplest law of "cosine"”. In this paper the
technique of synthesis of centroides for members of PRH containing the round and non-round cen-
tral gearwheels is offered. At the same time, it is necessary to provide compatibility of a wavy cen-
troide of an epycyclic gearwheel with the pre-assigned centroide of a round sun gearwheel (or vice
versa). The developed method for geometrical synthesis of PRH allows to receive profiles of gear
members of PRH by means of standard software. The method will be demanded at a design stage of
planetary rotor hydrocars (pumps and hydraulic engines) by designing engineers of the machine-
building industry.

KiroueBble cj10Ba: 1iaHeTapHas pOTOPHAs THAPOMAIINHA, IICHTPOUIA, YACIIO BOIH, HEKPYTIIbIC
3yOuaThie Kojieca, TPAaCKTOPHUHU JBMIKEHHSI CATCIUIUTA.

Keywords: planetary rotor hydrocar, centroid, number of waves, non-round gearwheels, trajec-
tory of the satellite movement.
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Bo3Mo:xkHOCTH MOBbIIIEHUS] 3P (PEKTUBHOCTH CTATHCTHYECKOT0 MOIEJTMPOBAHUS TEXHOJO-
rHYecKOro mpouecca 3yoonapesanus nuinHapudeckux mecrepen (Possibilities of Efficiency
Increase of Statistical Modeling of Manufacturing Process for Cylindrical Gear Cutting)

Tlokazanvl ycnosus ucnonb308aHus Memooo8 KoppeisiyuoOHHO-PecPecCUOHHO20 U OUCNEPCUOHHO20
AHANU308 Ol MOOEIUPOBAHUS MEXHONIOSUYECKUX NPOYeccos, npu KOmMopvlx 0ocmuzaemcs mpeoye-
Mas mouyHOCmb Mooenu U HaoedcHas oyeHka ee adekeamuocmu. Obocnosana HeobXoouMocms co-
O1F00enUs SMUX YCII08ULL, NPUBEOeHbl Memoobl NpogepKu ux coomodenus. lIpumenumensho K npoyec-
cam 3y6oHape3anus YUIUHOPU4eCKUx ulecmepen 0awa xiaccugpuxayus smux ycnosuil. Ilpusedenvl
pe3yIbmamsl U3y4eHUuss Maxkux Cmamucmuyeckux XapaKkmepucmux paccmompeHHulx npoyeccos 3y00-
00pabomKu ,Kaxk 3aKOHbl pacnpeoeieHuss, CMayuoOHapHOCMyb U 3p2o0uyHocms 13 nokazameneu moy-
Hocmu 3y0be8 YUIUHOPUYeCKUX uiecmeper npu ux 3yoogpeseposanuu uepsaunol gpesoi u 3y00-
00on0IeHUU 8 PA3IUYHBIX YCI08UsAX. AHAnU3 3aKOH08 pacnpedeieHuli noKkasamelell moYHOCmu 3y0be6
8bINOJIHEH NymeM CPABHEeHUs. UX (PaKmudecKux pacnpeoeieHull 8 YKa3anHblX YC108Usx 3Y0000pabom-
KU ¢ 7 meopemuyeckumu pacnpeoesieHusMU ¢ NOMOWbIO KPUMepues Co2acusl.

The paper shows the conditions of applying the methods for correlation-regression and disper-
sion analysis for manufacturing processes simulation in which the required accuracy of the model
and the reliable assessment of its adequacy are achieved. The necessity for meeting these conditions
is grounded; methods of verifying of compliance with these conditions are given. Classification of
these characteristics with regard to processes of cylindrical gear cutting is given. The results are
shown for the study of such statistical characteristics of the considered gear machining processes
as laws of distribution, steadiness and ergodity parameters of 13 characteristics of tooth accuracy
for cylindrical gearwheels at their hobbing and shaping under different conditions. Analysis of
laws of distribution of tooth accuracy parameters is made by comparison of their actual distribu-
tion under definite conditions of gear machining with 7 theoretical distributions by means of com-
pliance criteria.

KaueBble €10Ba: CTATUCTHYECKOE MOJECTUPOBAHME TEXHOJIOIMYECKHX IMPOLIECCOB, TOUHOCTh
MOJIeNU, TPeOOBaHUS K UCXOJHBIM JaHHBIM, METObI OIICHKH MCXOJHBIX JAaHHBIX, CTATUCTHUYECKHE
XapaKTePUCTHKH MPOLECCOB 3yOOHape3aHNs IWINHAPHIECKUX IECTEPEH.

Keywords: statistical simulation of manufacturing processes, model accuracy, demands to initial
data, methods of initial data assessment, statistical descriptions of processes of cylindrical gear cutting.
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H3roroBienne 3y04aTbiX BEHIOB ¢ HCHoab30BaHMeM ¢uiekcaronoB (Manufacturing of
Gear Rims with Application of Flexagons)

Dnexcazonamu Ha3vIBArOM HU2Ypel, CNIONACEHHbIE U3 NAOCKUX NOJOC, Hanpumep oOymazu. /[o Ha-
cmoswe20 epemMeHy maxKue ueypul UCHOIL308AIUCL MOIbLKO 8 Kadecmee uzpyuex. Havu npeonazaem-
Csl NPUMEHAMb (PIeKCcazoHbl npu U320mosneHuu 3youamolx 6enyos. CHauana us nAOCKoOU Noa0Chl U320-
maenusaemcs (nekcazon 6 euoe 3yo6uamoii senmol. Ilonyuenneill ¢rexcazon no CRUpanu un 3amMKHy-
MbIMU KOTbYAMU YKIAObIBACMCSL 8 COOMBEMCMBYIOWYIO NPecc-(hopMy U NOOBEP2AEMC OCEGOMY CHCaA-
muto. Bapuanmos cknaoviéanus noiocbl 6 mpebyemyio 3youamyio aenmy mHozo. Kauecmeenno
U KOTUYECMBEHHO COOMBEMCMEYIOWUli (DIeKCA2OH ONUCLIBACMCSL NPEONONCEHHOU HaMU 0000WeHHOL
gopmynoii

(06705713 1) = (025 Y23 755 1y ) =2 (03 V5 725 By )

20e ¢, — y20Jl pACNONONCEHUs OCU TUHUU ceuba; vy, — Y201l NOBOPOMA Jenmul npu ceube; r, — pa-
ouyc ceuba no eHympenHell no8epXHOCMU, h, — 04epPeoOHoe 8blOBUICEHUE NOTIOCHI-3A20MOBKU 800.b

c80ell KPOMKU.

Ipeumywecmsa npeonazaemvlx KOHCMPYKYUL U CHOCOO08 U320MOBIEHUs 3YOUAMbIX GEHYOB:
0e30mxX00HOCIb NPOU3BOOCBA, BO3MONCHOCTL U3LOMABTIUBAMb U3 HYHCHBIX MAMEPUATO8 MOTbKO
camu 3y0bs, M. e. IKOHOMUSA KAUECMBEHHO20 MAMEPUALA,; 803MONCHOCIb U320MOGNIEeHUA meX 3Y0-
yamelX BeHY08, KOMopvle MpYyOHO 0Opabomams OOLIYHBIMU CROCODAMU, — GHYMPEHHUX 3)0bes,
3Y0be6 HeCMaHOAPMHO20 NPOPUIS, HEKPY2IbIX 3Y0Uamblx KoJec.

Flexagons are figures folded from flat strips such as paper. Till present, such figures were used
only as toys. We propose to apply flexagons in manufacture of gear rims. First, you need to make
a flexagon from a flat strip in the form of a toothed band. The resulting flexagon is fit into the ap-
propriate mold by a spiral or closed rings and it is subjected to axial compression. There are a lot
of options for folding the strip into the desired gear band. Qualitatively and quantitatively, the ap-
propriate flexagon is described by our proposed generalized formula:

(005725 75 1) = (923 Y25 723 iy ) = o= (03 Va3 15 1),

where o, is the angle of the axis of the fold line; v, is the angle of rotation of the band at bending; .
is the bend radius at the inner surface; n, is another extension of the blank strip along its edge.

The advantages of the proposed design and methods for manufacture of gear rims are the pollu-
tion-free production, possibility to produce only to teeth of the necessary materials — i.e. saving the
quality material; the possibility of making those gear rims, which are difficult to machine by con-
ventional methods: internal teeth, teeth having a non-standard profile, non-circular gearwheels.

KiioueBble ciioBa: ekcaros, 3y0uaTelii BeHeEIl, 3yO4daras JeHTa, SJKOHOMHS MaTepHara.

Keywords: flexagon, gear rim, tooth band, material saving.
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Kiaaccnpukanusi 1 TeXHUKO-IKOHOMHYECKHE MOoKa3aTeaunpouecco HamiaaBkm (Classifica-
tion and Technical and Economic Parameters of Welding Deposition Processes)



Ilpusedena knaccugurxayus u mMexXHUKO-9KOHOMUYECKUe NOKA3amenu Cnocobos HanIdaexu,
C2PYNNUPOBAHHBIX NO PUIUYECKOMY NPUHYUNY NPUMEHAEMO20 UCMOYHUKA MENIo80l IHepeUuU, UcC-
NOIb3YeM020 O/l HA2pe8a U PACHIAGNEeHUS HANIABIAEeMO20 MEemAalld, NO360NA0WASL AHATUZUPO-
6amb U 8blOUPaAmMs HauboIee paYUOHAIbHBIU NPOYECC, OMEEUAOWULl MEXHOL0SUYECKUM U IKOHOMU-
YyecKuM mpebo8aHusIM co8pemMeHH020 npouzeoocmea. OCHOBHLIM NoKazamenem npoyeccos, npume-
HAEMBIX 0151 UBHOCOCMOUKOU HANLABKU, AGAAEMCs 00 Y4acmus OCHOBHO20 MeMAlld 8 Hanias/eH-
HoM clioe. Paccmompenvl mexnonocuyeckue npuembl CHUNCEHUS 8 HANIABIEHHOM CLO€ COOEPHCAHUSL
OCHOBHO20 Memaila npu OOHOCIOUHOU HANIaéKe, 8 MOM YUCIe 3d Cuem NPUMeHeHUs NPoYeccos
VIPABAAEMO20 KANIENePeHocd, U B03MONCHOCMb NeUPOBAHUS. HANIABIEHHO20 MeMmAalid nymem
NpUMeHeHUs. NOPOUKOBLIX MAMEPUANOs, MAKUX KAk Npoeonoka u aeHmsl. 1lokazano npumenenue
npoyecco8 HanIa8Ku OJisi PEMOHMHO20 U U320MOBUMENbHO20 npou38oocms. Ilposedennas cucme-
Mamuzayus no3eoJisaem cocmagums 06a3y OaHHbIX O/l ABMOMAMUSUPOBAHHO20 Memood NPOeKmu-
POBAHUSL MEXHOLOUYECKUX NPOYECCO8 PEMOHMHOU U UZHOCOCMOUKOU HANIABKU NOBEPXHOCMEL
PAa3IUYHbIX Oemainel.

The paper presents the classification and technical and economic parameters of the welding meth-
ods grouped according to the physical principle of the applied heat source used to heating and melt-
ing the weld metal, which makes it possible to analyze and select the most rational process that meets
the technological and economic requirements of modern production. The main indicator of the proc-
esses used for wear-resistant surfacing is the fraction of the participation of the base metal in the de-
posited layer. Technological methods for reducing the content of the base metal in the welded layer
under single-layer cladding, including the use of controlled droplet transfer processes, and the possi-
bility of alloying the weld metal by using powder materials such as wires and tapes are considered.
The application of surfacing processes for repair and manufacturing industries is shown. The sys-
tematization allows to create a database for the automated method of designing technological proc-
esses for repair and wear-resistant surfacing of surfaces of various parts.

KawueBble ci1oBa: jeTaib, U3HOC, BOCCTAHOBJICHUE, HAIIABKa, MPOIIECC, HATUIABJICHHBIH CIIOM,
OCHOBHO MeTaJsll, TOKa3aTeNH, IPOU3BOCTBO.

Keywords: part, wearing process, renovation, welding deposition, process, beading weld, base
metal, characteristics, industry.
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3agayu cMHTe3a M aHATU3Aa NPOPUINPOBAHNS HHCTPYMEHTA /ISl NILIM(OBAHUS BUHTOBBIX
noBepxHocTeil (Synthesis and Analysis Problems of Profiling the Tool for Grinding Helical
Surfaces)

Cospemennbie CMAHKU € YUCTOBLIM NPOSPAMMHBIM YRpAsieHuem 001a0arom 603MOICHOCMBIO
€030amob 6 0Ce8OM CeUeHUU WAUPOBATLHO2O KpYed NPOU3BOIbHbIU 3a0anHblll npoduis. Tlosmomy
npo6eodst ¢ UCNONIL30BAHUEM MAMEMAMUYECKUX MemO0008 paciem 0Ce8020 cedeHUs Waupo8aibHO20
Kpyea MOJCHO NOJYYUMb UHCMPYMEHM, NO3BONAIOWULN WIUDOEAMb SUHMOBYI0 NOBEPXHOCHb C
mpebyemou mounocmoio. Ilpu Kaxcoou npaeke ¢ yuemom usMeHeHus Ouamempa UHCmpyMeHma
npoguns Heobxoo0umo O6yoem nepecuumvléams, ymo He 6yoem npusooums K nomepe mouHocmu. B
cmambe npeocmagieHvbl MemoOUuKy CUHmMe3d U aHalu3a npoQuUIUpPO8anus WIUGo8aIbHO20 Kpyea
07151 06PAbOMKU PABIUYHBIX MUNOE YUTUHOPULECKUX BUHNOBLIX NOBEPXHOCMEN ¢ mpebhyeMou mou-
Hocmblo. Pewenue 3a0auu cunmesa onucano 01 HApyi#CcHOU pe3vbovl Hauboaee oowe2o suoa. /s
nocmpoetust 60K080U NOBEPXHOCIU UHCIPYMEHMA ONPEOeIsiencs HENOOBUNCHASL 8 NPOCMPAHCIEE
Kpuseas Kacauus 60K0BOU NOBEPXHOCMU Kpyed U NOBEPXHOCMU 8nadunbl pe3vovl. Ocegoe ceyerue
uHcmpymenma onpeoensiemcst 8 madauyHom sude. Popma nosepxHOCmu pe3vbovl NPeOCmMasieHd KaxK



pe3yIbmam Mamemamuiecko20 MoOeIupo8anus 00pabomku 3a20mMoeKu NOLYYEeHHbIM WIUPOBAIb-
HbIM KPY2OM HA OCHO8e Moldenu obeonakusarouel. Yoanennas npu obpabomke 4acmoy 3a20Mo8Ku
paccmampusaemcsi Kak 00veouHeHue odracmeri nepecedeHusi UHCMpPYMeHma U 3a20mosKu 6 Ux
PA3IUYHBIX OMHOCUMENbHBIX NON0NCeHUAX. Bunmosas nogepxnocms onpeodensemcs 6 madIuyHOM
suode. Ilockonvky nonyuenue oadce meopemudecku aOCOIOMHO MOYHOU NOBEPXHOCMU He 6Ce20d
B03MOJICHO, MO NPOU3BOOUMCA pAcHem NOSPeuHOCmU 00pabomKy nO HOPMAIU K NOBEPXHOCHU
pe3bovl. Tlpednosicennvle MemoouKy pearu3o8ansl 8 8ude NPOSPAMMHBIX MOOYel. [lan npumep uc-
NOAb306AHUSL ONUCAHHBIX MEeMOOUK 015 06paboOmMKU YNOPHOU HAPYICHOU pe3bbbl. Onucannvle me-
MOOUKU UCNOAB3YIOMCS HA cmaHKocmpoumenbHom 3a600e 340 « MC3-Canromy» npu winugosanuu
Ha cmanke mooenu MIII520.

Modern machines with software control have the ability to create an arbitrary specified profile
in the axial section of the grinding wheel. Therefore, by carrying out the calculation of the radial
cross-section of the grinding wheel by using mathematical methods, it is possible to obtain a tool to
grind a helical surface with the required accuracy. With each dressing of the grinding tool, taking
into account the change in the tool diameter, the profile will need to be recalculated, which will not
lead to loss of accuracy. In this paper the methods for synthesis and analysis of profiling of a grind-
ing wheel for processing various types of cylindrical helical surfaces with the required accuracy
are presented. The solution of the synthesis problem is described for the external thread of the most
general type. To construct the lateral surface of the grinding wheel, a stationary in space curve of
the tangency of the lateral surface of the circle and the surface of the screw thread is determined.
The axial section of the tool is defined in a tabular form. The shape of the surface of the thread is
obtained on the basis of the wrapping model as a result of mathematical simulation of the blank
machining by the grinding wheel of the earlier defined shape. The part of the blank removed during
machining is considered as the union of the intersection areas of the tool and the blank in their
various relative positions. The helical surface is defined in tabular form. Since obtaining even a
theoretically absolutely accurate surface is not always possible, calculation of the processing error
along the normal to the thread surface is performed. The proposed methods are implemented in the
form of program modules. An example of using the described techniques for machining a buttress
external thread is given. The described methods are used at the machine-tool plant of JSC "MSZ-
Salut"” when grinding on the MSh520 machine.

KawueBble cjioBa: nuindoBaHUe, BUHTOBAs MOBEPXHOCTb, HapykKHas pe3b0a, 0OBOIAKMBAIO-
11ast, IPOTPaMMHBII MOJTYJTb, YIIOPHAs pe3b0a.

Keywords: grinding, screw surface, external thread, wrapping, software module, buttress thread.
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O MexaHu3Me KOPILYCKYJ/ISIPHO-BOJIHOBBIX B3aumoaeicTeuii (On the Mechanism of Wave-
Particle Interactions)

Jlea npunyuna crodxcenus dHepeemuyeckux XapaKxmepucmux CmpyKmypHbIX 63auMOO0elcmsull bl-
HONHSIIOMCSL, eCid NPoyecc udem Uiy no 2paoueHmy nOmeHyuad, i npomus neeo. Tpancgopmupys
MU NPABUNA HA KOPNYCKYIAPHO-B0IHOBOU OYaAIUIM, MONCHO NPEONOIONCUMb, YMO KOPNYCKYIApHbIE
83aUMOOEICMBUST UMEION MeCno N0 2PAOUEHM) NOMEHYUANA (NPUHYUN CLONCEHUSL OOPAMHBIX GETUYUH
9Hepeull), a 60JHO8blE NPOYECchl UOYI NPOMUE 2pAOUeHma NOMEHYUANa (RPUHYUN aneeopaudecKoeo
cnooicenust sHepeutt). Taxkou nooxo0 nOOMEEPHCOAemcst SMIUPUYECKUM YPAGHEHUEM, 8 KOMOPOM aKm
KBAHMOB020 OeUCM8UsL CBOOUMCS K NepepacnpedeneHulo SHepUll 8 CUCeMe «Hacmuya — 60THAN.

Tlokaszarno, umo yenosou 6eKmop 6paujamenbHO-nOCMYNAMeNbHO20 OBUNCEHUSL DIEKMPOHO8 NPU
K8AHMOBBIX Nepexo0ax MeHsemcs 8 COOMBEMC MUY ¢ KBAHMOBbIM YUCIOM K8AOpama maHeeHca
amoeo yena.



Two principles of adding energy characteristics of structural interactions are fulfilled if the
process flows either along the potential gradient or against it. Transforming these rules onto
the corpuscular-wave dualism, we can assume that corpuscular interactions flow along the po-
tential gradient (principle of adding reciprocals of energies), and wave processes — against the
potential gradient (principle of algebraic addition of energies). Such an approach is confirmed
by the empiric equation, in which the act of quantum action is narrowed to the energy redistri-
bution in the system “particle — wave”.

It is demonstrated that the angular vector of rotational-translation motion of electrons at
quantum transitions changes in compliance with the quantum number of the square tangent of
this angle.

KiroueBble c10Ba: TPaJMCHT MOTCHIIMANA, KBAHTOBBIC MEPEXOJBI, KOPITYCKYJISIPHO-BOJHOBOM
JyaHu3M, T€0IC3HYCCKHIA yroJl, TyTOBBIN IIEITKOIIPSII.

Keywords: potential gradient, quantum transitions, corpuscular-wave dualism, geodesic angle,
silkworm.
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Metoa pacyera ynpyromiacTu4ecKy TSKeJIOHATPYKeHHOH HU3KOCKOPOCTHOM CIIMPONIHOI mepe-
nauu (Method for Analysis of Elastically and Plastically Heavy-Loaded Low-Speed Spiroid Gear)

Paccmompena 3a0aua LTCA msicenonacpysicennol HU3KOCKOPOCMHOU MHO2ONAPHOU CRUPOUO-
HOU nepeodadu ¢ y4emom GIUAHUSL YAPY2020 KOHMAKMHO20 U U32UOHO-COBU208020 U YNPY2ONIACTIU-
YecKkoeo KOHMAKMHO20 83aumooeticmsuss 3yovee Koaeca u eumxos uepsaxa. 3adaua LTCA ynpyeo-
NIACMUYECKU HASPYICEHHOU nepeoadu pacCMOmMpeHa KaKk KoMOuHayus 08yx 3a0ay: anaiusa — 6bi-
yucnienue napamempos HACPYHCEeHHO20 KOHMAKMA, CUHmMe3a — NOUCKAd mpebyemou 2eoMempuu.
Obocnosan omkaz om memooa KoHeunvix 21emenmos (MK3), 00biuno wupoxo npumenaemo2o sl
pewenus 3a0au LTCA. Ilpusooumcs onucanue pazpabomanno20 aieopumma paciema pacnpeoe-
JIeHUsI HA2PY3KU C YUemOoM YIPY2020 U YNPY2ONIACMUYECKO20 XApaKkmepa MHO20ONapHO20 KOHMAaKma
CRUPOUOHOU nepedayul, umeroueti CIOHCHYI0 NPOCMpPancmeenHyio ceomempuio. llpeonoowcena mo-
oellb pacyema eIuyUHbl NIACMUYECKol 0eghopmayul 8 3a8UCUMOCIU O NEPEUUHOL OYEHKU nepe-
Mewenuti 8 ynpy2om koumaxme. Iloxazano enusnue nocpewiHocmeni uU320mosieHus nepeoavu Ha
VPOBEHb HAZPYHCEHHOCMU OMOETbHBIX ee nap 30 — 8UMOK.

The paper considers the problem of LTCA for a heavy-loaded low-speed multi-pair spiroid gear
with account of the influence of elastic contact and bending-and-shearing and bending-and-plastic
contact interaction of gearwheel teeth and worm threads. The problem of LTCA of the elastically
and plastically loaded gear is considered as combination of two problems: analysis (calculation of
parameters of the loaded contact) and synthesis (search for the required geometry). Rejection of the
finite-element method is substantiated, the method being widely applied for solving the problems of
LTCA. Description is given for the developed algorithm for calculation of load distribution with
account of the elastic and elastically plastic character of multi-pair contact of the spiroid gear hav-
ing a complex spatial geometry. The model for calculation of the value of plastic deformation de-
pending on the primary assessment of displacements in elastic contact is proposed. The influence of
manufacturing errors of the gear on the loading level of its individual pairs “tooth-thread” is
shown.

Kiouessble cioBa: LTCA, MHOronapHas TsKeJIOHarpykeHHas repefaya, ynpyromiacTu4ecKui
KOHTAKT.

Keywords: LTCA, multi-pair heavy-loaded gear, elastic and plastic contact.
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Peanuzanusa Merona oOpadoTKHM BMUTKOB YepPBAKA TOPLOBOIl pPe3l0BO I0JOBKOH Ha TO-
kapHoMm ctanke ¢ UITY (Implementation of the Method for Machining the Worm Threads by
a Face Cutting Head at CNC Lathe)

Paccmompen eapuanm npaxmuueckoli peanusayuu memooa npeogapumenvHol oopabomku
BUMKOG YepBsAKA HA MOKApHOM cmanke ¢ YIIY ¢ npumenenuem MHO2OPE3YOBO2O PelCywe20 UHCHI-
PYMEHma yauledHo2co Mmund, OCHAWEHHO20 CMAHOAPMHLIMU CMEHHbIMU MEEPOOCNIAGHbLIMU NIa-
cmunamu. Jlaemcs onucanue cxemvl MOOEPHU3AYUU MOKAPHO20 CMAHKA U KOHCMPYKYUU CHIAH-
O0apmHOll YUCMOBOU 08YCMOPOHHEL MOPYOBOU 20J106KU OISl HAPE3AHUSL KONeC C KPY208bliM 3V00M.
Cpopmynuposansl ocHo8Hble mpehosanus K Moouguxkayuu mokaprozo cmaunxa ¢ 411y u 3ybopes-
HoUl pe3yosoti 2onosku. IIpedcmasnensvl 2niagnvle 3a8UcCUMOCU OJIA pacyema napamempos ¢opmo-
00pa3068aHUsL U MeMOObl pacyema napamempos CMaHOYHbIX HAIAOOK. Taxoice ompadicaromes pe-
3YbMamyl NPeO8aAPUMENbHO20 HAPE3AHUsL BUMKO8 YEPBAKA OAHHBIM MEMOOOM.

The paper considers the version of practical implementation of the method for preliminary ma-
chining of worm threads with application of a cup-type multi-cutter tool equipped with standard
replaceable hard-alloy plates at the CNC lathe. The description is given for the scheme of modern-
izing the lathe and layout of the standard finishing double-sided face head for cutting of gearwheels
with circular teeth. Basic requirements to modification of the CNC lathe and the gear cutting head
are stated. Fundamental relations for calculation of generating parameters and methods for calcu-
lation of machine-tool settings are presented. The results of preliminary cutting of worm threads by
the proposed method are demonstrated.

KiroueBble cjioBa: 00paboTka BUTKOB YepPBSIKa, TOPLIOBAsI PE3I[0Basi TOJIOBKA.

Keywords: machining of worm threads, face cutting head.
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b. A. Cenmsaxos, NTOKTOp TEXHUYECKHX HaykK, mpodeccop,Borkunckuit ¢pumman VxI['TY umenun
M. T. KanamaukoBa (B. 4. Sentyakov, DSc in Engineering, Professor, Votkinsk Branch of Kalash-
nikov ISTU)

JKCIEePUMEHTAJIbLHOE HMCCJIeJ0BaHNe MpoLecca aKyCcTH4ecKoil 00padoTKH XOJICTOB U3 CY-
NMePTOHKOro 0a3abT0BOr0 BosiokHa (Experimental Research of the Process of Acoustic Proc-
essing of Canvases of Super Thin Basalt Fiber)

Llenvio evinonnenus IKCNEPUMEHMATLHO20 UCCLE008AHUL NPOYecca aKyCmuyeckou oopabomku
00pazyo8 xXoicmos U3 CynepmoHK0o20 6a3aibmo8o20 8010KHA, NOJYUEHHbIX Ha Oelicmeyioujell npo-
MBIWIEHHOU YCMAHO8Ke, peanusyiouel OYNIeKCHYI0 MeXHON02UI0 UX Npou3eoocmed, A6IsAemcs
noomeepaicoenue d¢hghekma yMeHbUeHUS COOePIHCAHUS HEBOIOKHUCTNBIX BKIIOUEHUL 8 MAKUX XOJl-
cmax u gopmupoganue pekomenoayuil O0jisi HA3HAYEHUsT Napamempos aKycmuieckol oo6padbomxu.
IIpobnema no ymenvuienuo npoyeHma co0epiHCanus He8OJIOKHUCMbIX BKIIOYEHUL 8 X0ICmax u3 oa-
3a16M0B020 80JIOKHA O0BOILHO AKMYANbHA. VIX Hanuyue chudcaem Kauecmeo npooyKyuu, HeoiokK-
HUCMble 8KII0YeHUs. CNOCOOHbL HAHOCUMb MeTIKUe MPA8Mbl NPU KOHMAKMe ¢ XOACMAMU U S6AI0MCs
cybvexmamu 3a2psa3HeHUs OKpyxcaroueli cpeobl.

Ipuyunsl 603HUKHOBEHUSI HEBOJIOKHUCINBIX BKIIOYEHULl KPOIOMCA 6 (PUUUECKUX Nnapamempax
MEeXHONI02UYECKO20 Npoyecca U MeXHU4ecKuUx HeooCmamkax 060pyo008aHus npu noaydyeHuu oOa-
3a16M068020 6010KHA. OQOHAKO Oadxce Npu ONMUMANbHOU HAIAOKe NPOU3B00CMBEHHO20 Npoyeccd
xoacmul U3 6A3a1bMOBO20 BONOKHA COOEPAHCAM O0BOJILHO 3HAYUMENbHOE KOIUYECNE80 HEeBONOKHU-



cmuix sxmouenuti. Qopasyvl X01Cmos8, N0020moegieHHble OJis IKCNEPUMEHMA, NOTYYEHbl 8 Npoyecce
HanaoKku 000py008anus, NOIMOMY OHU COOEPAHCAM CYUIeCMBEHHO DObULe HEBOTOKHUCBIX 8KIIOYe-
HULLYeM Npu OMIANCEHHHOU MEeXHON02UU UX NPOU3BOOCMEA, YMO NO360J5em NoIyuums 0onee Ha-
2NAOHBIU I hexm om 8o30elicmeuss Ha HUX 38YKOM.

IIposedennviil psod IKCHEPUMEHMOE C DONbULUM KOTUYECTNBOM 00pPA3408, 0OUHAKOBLIX NO pa3Me-
PV U CXOOHLIX 8U3YANLHO, OMOOPAHHBIX ¢ OOHO20 YUACMKA PYJIOHHO20 XOJACMA, NO360UIL ONpeoe-
UMb PAYUOHATILHYIO YACHOMY U YPOBEHb 8030elicmaylouje2o Ha Hux 3eyka. Ilpu smom onpedens-
J1ack CPeoHss MAcca 6cex 8bINAGUIUX U3 KAHCO020 00pa3yd HeBON0KHUCMBIX 6KIIOYEHUU NOO 803-
oeticmeuem 36YKa pasiudHol 4acmomyl, d MAaKxice NPOYEeHMHOE COOEPHCAHUE BKIIOUEHUL 8 00paA3-
yax 00 u nocie aKycmuueckozo 6ozoevicmsus. [Ipusedennvie Oanmvlie 0arOm OCHOBAHUE ymMeep-
AHCOAMb NOJIEZHOCb 8O30€UCMEUsT AKYCIMUYECKO20 NOJs HA Yice CEOpMUPOBaHHble Nep8uYHble
Xoacmul 0151 YMEHbHeUlUsl COOePHCAHUS 8 HUX HEBOTOKHUCTBIX BKIIOYEHUII.

The purpose of performing an experimental study of the process of acoustic processing of samples of
canvases made from superthin basalt fiber obtained at an operating industrial plant that realizes the
duplex technology of their production is to confirm the effect of reducing the content of non-fibrous in-
clusions in such canvases and to formulate recommendations for assigning parameters for acoustic
processing. The problem of reducing the percentage of non-fibrous inclusions in canvas basalt fiber is
quite urgent. Their presence reduces the quality of products, non-fibrous inclusions are capable of caus-
ing minor injuries on contact with canvases and they are subjects of environmental pollution.

The causes of non-fibrous inclusions lie in the physical parameters of the technological process
and the technical disadvantages of the equipment in the production of basalt fiber. However, even
with the optimal adjustment of the production process, basalt fiber canvases contain a fairly large
number of non-fibrous inclusions. Samples of canvases prepared for the experiment were obtained
during the adjustment of equipment. Therefore, they contain substantially more non-fibrous inclu-
sions than with the debugged technology of their production, which makes it possible to obtain a
more visual effect from the impact on them by sound.

A series of experiments with a large number of samples, identical in size and similar visually se-
lected from one section of the web, made it possible to determine the rational frequency and level of
the sound acting on them. The average weight of all non-fibrous inclusions dropped from each
sample under the influence of a different frequency sound was determined, as well as the percent-
age of inclusions in the samples before and after the acoustic impact. The presented data give
grounds to assert the usefulness of the effect of the acoustic field on the primary canvases already
formed to reduce the content of non-fibrous inclusions therein.

KawueBble c10Ba: CynepTOHKOE 0a3albTOBOE BOJIOKHO, aKyCTUYECKOE IMOJIE, HEBOJIOKHUCTHIC
BKJTFOUYCHHSI.
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OcHOBHbBIE 32/1a4H KJIACCHYECKOI TeOpUM 3y04aThIX 3alelieHnii U mpod/jeMbl ONTHMH3a-
HMOHHOTr0 cuHTe3a npopuieit 3younos (Main Tasks of Classical Theory of Gearing and Prob-
lems of Optimization Synthesis of Tooth Surface)

B knaccuueckoti meopuu 3y6uamolx sayennenuti (no . JI. Jlumeuny) paccmampusaemcs 0ge
ocHoguble 3a0ayu: 1) 3a0aua cunmesa — 3Has NOGEPXHOCMb 3YOU08 0OHO20 U3 36€Hbes, HaLmuU No-
8ePXHOCb 3Y0U08 OpYy2020 36eHa; 2) 3a0aua ananusa (0opamuas 3a0a4a) — u38eCmubl HOBEPXHO-
cmu 30408 08YX NOOBUIICHBIX 36€HbEG, HALIMU 3AKOH 08uUdiceHUs 6e0omozo. Ilpednazaemces npuyuc-
JUMb K 08YM OCHOBHbIM 3A0AYaM meopuu 3ayenieHutl mpemvto — CUHme3 noGepxXHocmeil 30406
o 3a0aHHOI NOGEPXHOCMU 3aUenIeHUA. Dma 3a0a4d ¢ MamemMamu4eckol mouky 3peHus cyuje-



CMBEHHO UHas, Hedcenu 0se obujenpusnannvle. OHa He cooumcs K 3adave cunmesa no Jlumeuny.
Ee pewarom, unmezpupya uuciennvimu memooamu oughgpepenyuanvroe ypasHenue 3ayenjieHus.
Oo0Ha u3 npuyun npednazaemozo H080B88eOeHUs — NEPCREKMUBHOCTb ONMUMUZAYUOHHO20 CUHME3A
nosepxrocmeiti 30408, OCHOBAHHO20 HA AHAU3E KAYECTNBEHHbIX NOKA3Ameell 80 6CeX 603MONCHbIX
mecmax koumaxkma 3yoyoe (no C. A. Jlacymuny — no écemy npocmpancmsy 3ayennenus). Ilpu ma-
KOM CUHme3e NepeoHaAYAIbHO CUHME3UPYIOM JUHUIO UIU NOBEPXHOCMb 3AYeNJIeHUs: UX NPOBOOAm
no mecmam ¢ Haubonee 61AONPUAMHLIMU UTU C 3A0AHHBIMU 3HAYEHUAMU 8bIOPAHHO2O Kpumepus
Hazpy3ouHol cnocobnocmu. Ilogepxnocmu Konmaxmupylowux 3yoyo6 Haxo0sm nocie CuHmesd Jiu-
Huu (nogepxnocmu) 3ayenienus. Paccmompenst Hekomopule npodiemsvl, GO3HUKAIOWUE NPU ONMu-
MU3AYUOHHOM CUHMe3e, OCHOBAHHOM HA AHANU3e CEOUCME NPOCMPAHCMEA 3ayenienus: O080UC-
BEHHOCMb 3a0auU CUHmMe3a nepeday NPu UCNOIb308AHUL 8 YeNe8OU YHKYUU NPUBCOEHHO20 PAOU)-
ca Kpususmwl, npodiema 8vlpodcoenus yenesol hyukyuu u op. /s cHAmus yacmu dmux npoonem
HYJCeH Kpumepuil Kauecmed, KOmopbulil, A61A3Ch JIOKAIbHbIM, He MOJIbKO OUEeHUBAem J10KAlb-
Hblil noJe3HbLI I hekm, HO 00HOBPEMEHHO CYUIEeCMBEHHO 6lUACH HA 2/100a/1bHbLIL NOKA3AMeb
(npedicoe 6ceco Ha Kodghuyuenm nepexkpvimusi). B xauecmee maxozo Kpumepusi npeoiodiceHa
yoenvHasa paboma nogepxnocmeil Ar u 0600CHO8AHA YeNeCcO0OPAZHOCMb €20 UCNONb308AHUSL.

The classical theory of gearing (by Faydor Litvin) includes two main tasks: 1) Task of Synthe-
sis: the tooth surface of one gearwheel is known, the tooth surface of the second gearwheel is to be
determined. 2) Task of Analysis (reverse task): the tooth surfaces of two moving members are
known, the law of motion is to be determined. It is proposed to add the third task to two main tasks
of the theory of gearing: tooth surface synthesis according to the assigned surface of meshing.
From mathematical point of view, this task is different significantly as compared to two common
ones. It is not reduced to the Task of Synthesis by Litvin. It is solved by integrating the differential
equation of meshing by numerical methods. One of the reasons of innovation is the perspective of
optimization synthesis of the tooth surface based on analysis of quality indicators in all possible
contact points (by Sergey Lagutin — in all space of meshing). Within such a synthesis, the line or
surface of meshing is firstly synthesized: they are drawn in areas with the most favorable or as-
signed values of the chosen criterion of the load capacity. Surfaces of contacting teeth are deter-
mined after synthesis of the line (surface) of meshing. Certain problems are considered, that appear
at optimization synthesis based on analysis of features of the space of meshing: the dualism of the
task of gear synthesis when using the reduced radius of curvature in the target function, the prob-
lem of the target function degeneration and oth. For eliminating some of these problems, the local
quality criteria is required that estimates the local positive effect and simultaneously influences
the global indicator (first of all, the contact ratio). It is proposed and substantiated to apply the
specific work of surfaces AF as such a criterion.

KawueBble cjioBa: Teopus 3yOuaThIX 3alleIUICHUH, KaYeCTBEHHBIC MOKA3aTeIH BBICIIUX Map,
ONITUMH3AIIMOHHBII CHHTE3 IOBEPXHOCTEH 3yOII0B.
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YcoBeplIeHCTBOBAHHASI KOHCTPYKIMS LIeBepa ¢ BUHTOBBIMH PE:KYIIUMH KPOMKAaMM ISl
4yrcTOBOM 00padoTku 3yObeB 3y0uaTbix kKoJsiec (Advanced Design of a Gear Shaving Cutter
with the Screw Cutting Edges for Finish Machining of Teeth of Gearwheels)



H36ecmHbl KOHCMPYKYUU UHCIMPYMEHMO8 OISl YUCTOBOL 00pabOmKuU 3Y0bes I601b8EHMHBIX 3)0-
Yamuix Kojaec cO CRUPANbHO-8UHMOBBIMU PEXCYUWUMU KPOMKAMU, BbINOIHEHHbIMU HA 0OHOU OOKO-
gotl cmopone sumkog. Obpabomxa 3y64amuix Koaec nPou3o0OUmMcs NPu CO21ACO8AHHOM 8PAUYEHUU
UHCIMPYMEHMA U 0emaiu 80Kpy2 C80UX Ocell U nepemeujeHul ux OmHOCUMenbHo opye opyaa 6 oce-
60M HANpasieHuu Oemanu, npuvem oopabomka npaeol u aesoi Cmoponsvl npoghuis 3y0bes 803-
MOXMCHA MONILKO NOCie nepeycmanosku Koiaeca. Hedocmamxom smux uHCmMpymeHmMo8 A61semcs
CILOJCHOCMb KOHCMPYKYUU U MEXHOI02UU U320MOGNeHUs. H36ecmua KOHCMpPYKyus uHCmpymenma
YepsAUH020 Muna OJisl YUCMOBOU 00pabomKu 3y0be8 I801bEEHMHBIX 3YOUamulx Konec (agmopul H.
A. Yembopucos, P. M. Xucamymounos, B. A. Aeoees), 8bln0IHEHHO20 C HENPEPBLIBHLIMU BUHNOBHI-
MU DENCYUUMU KPOMKAMU, NPU DMOM €20 GUHMOBASL NOBEPXHOCHb UMeem NPAMOY20bHbI NPO-
Gunb. Hedocmamxom 3moeo uHcmpymenma s81saemcs mo, 4mo pexcyujull KiuH npu e2o pabome
uUMeem He 6NOJHe YO0BNeMBOPUMENbHYI0 2e0Mempulo. nepeonue U 3a0Hue yeiavl HA PerCyujux
KPOMKAX NpaKmu4ecku pasnvl Hymo. M3zeecmen makdice uHcmpymenm (uwegep) 07 HUCmMosou 00-
pabomku 3y0be8 9601b6EHMHBIX 3Y0UAMbBIX KOJEC, 6bINOJIHEHHbIN C HEeNpepbleHbIMU BUHIMOBLIMU
pedcywumMu Kpomkamu, omaudarowuiicas om koncmpykyuu Yembopucosa H. A. u coasmopos menm,
umo  pexcywuti  KiuH —umMeem KOHCMPYKMUGBHO  GbINOJIHEHHbI  3A0HUll Y201  (aemopwl
H. B. Cmopkanos, B. I1. Ckpunun, B. I1. [Imuywvin, 1O. @. benyeun). Ilocredosamenvuas obpabom-
Ka npasoti u 1e6otl CMopoHbl NPohuis 3y0be6 Koieca pasHblMU UHMOBLIMU PENCYUUMU KDOMKAMU
OQHHBIM UHCIPYMEHMOM obecneyusaenm NOBbIUEHUE e20 CMOUKOCMU, d MAKice CYUjeCmEeHHO
VMeHbUAem BCNOMO2amenbHoe BPeMs, UCKII0YAs HeobXo0UMoCmy nepeycmaHosKu Koieca u mem
camviM noGvluaem npou3so0UmenbHOCmy npoyecca. Paspabomana ycosepuiencmeoeannas KOHCm-
PYKYUs wiesepa ¢ GUHMOBLIMU PEXCYUUMU KPOMKAMU OISl YUCMOBOU 00pabomku 3y6be8 3y0uamulx
KoJlec, KOmopasi NO360Jislem YIyuuums 8pe3anHue UHCMpPYMEHma 6 Memaill, YMeHbums oegopma-
YUI0 CMPYAHCKU U YIYYUUING ee CXO00, YMEHbUUMb CUTLY U MOUHOCTb PEe3AHUS.

Designs of tools for finish processing of teeth of involute gears with the spiral screw cutting edges
executed on one lateral face of rounds are known. Processing of tooth gears is made at the coordinated
rotation of the tool and a part around the shafis and their conveyance relatively to each other in the ax-
ial direction of a part, and processing of the right and left side of a cross-section of teeth is possible only
after reinstallation of a wheel. Lack of these tools is complexity of the design and manufacturing tech-
niques. The design of the tool of the worm type for finish processing of teeth of involute gears is known
(Authors: N. A. Chemborisov, R. M. Khisamutdinov, V. A. Avdeev) executed with the continuous screw
cutting edges, at the same time its screw surface has a rectangular cross-section. Lack of this tool is that
the cutting chock during its work has not quite satisfactory geometry: front and rear angles on the cut-
ting edges are almost equal to zero. Also the tool (gear shaving cutter) for finish processing of teeth of
involute gears executed with the continuous screw cutting edges, different from Chemborisov N. A. de-
sign is known by the fact that the cutting chock has a structurally executed rear angle (Authors: N. V.
Smorkalov, V. P. Skripin, V. P. Ptitsyn, Yu. F. Belugin). As for this tool, the serial processing of the right
and left side of a cross-section of teeth of a wheel by different screw cutting edges provides the increase
in its firmness, and also significantly reduces auxiliary time, eliminating the need of reinstallation of
a wheel and, thereby, increases the process productivity. The advanced design of a gear shaving cutter
with the screw cutting edges is developed for finish processing of gear teeth which allows to improve the
incision of the tool in metal, to reduce deformation of shaving and to improve its descent, to reduce the
cutting force and power.
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HexoTopbie pe3yJbTaTbl MPOEKTHPOBAHHSI W OCBOEHHSI CEPHITHOIO NMPOU3BOACTBA OTBET-
CTBeHHOI YyepBsiuHOI nepenaun (Some Results of Designing and Mastering the Series Produc-
tion of a Responsible Worm Gear)

Paccmompen npumep npaxmuyeckozo npumeHneHus MemooOuKu npoeKmupo8anus. Omeemcm-
BEHHOU YepBAUHOL nepeoadu ¢ Y4emom 6blCOKUX mpeOosanull K NAAGHOCMU pabombvl, NAMHY
KOHmMaxkma u 60K08OMY 3a30py U NPU YCA08UU MUHUMATLHBIX 6I0HCEHUN 8 MOOEPHUIAYUIO NPO-
uze00cmea. OnmumMu3ayuoHHOe NPOEKMUPOBAHUE NPOBEOEHO C YUEeMOM 02PAHUYEHUU-PAGEHCME
(pacnonodicenue 36eHves, napamempsbl 3a0AHHO20 8bICOKOMOYHO20 CIMAHOAPMHO20 3Y00Pe3H020
UHCMPYMEHmMA, napamempuvl NPpoOoIbHOU U NPOPUILHOU MOOUPuKayuu 3y0bes), 0epaHudeHull-
HepaseHcmeé (Ouamempsl 36eHbe8, nepeoamoyHoe OMHOuEeHUe) U yeau — MAKCUMU3ayuu Kc-
NIYamayuoHHbIX Xapakmepucmux nepeoauu. Ilpusedenvl ochogHble 6apUAHMbL NPOEKMHBLX pe-
wenull u ux xapakxmepucmuxu. Paccmompenvt acnekmul mexnono2uueckoi no020moeKu u om-
JAOKU NPOU3BOOCMBA: 8blOOP Mapuipyma o0OpabomKu 36eHves, cpedCcme OCHAWEHUS. U KOHMPO-
JI51 nepeodavu, ucciedo8arue MmoYHOCMU NPOU3B0O0CMEa ¢ Y4emom CAVHAliHo20 Xxapakmepa nep-
BUUHBIX 2€0MEMPUYECKUX, KOHMPOIUPYEMbIX U (PYHYUOHANbHBIX noKaszameni mounocmu. Ilpu-
8€0eHbl pe3ylIbmamsl paciemos U npaKxmuyeckue pe3yibmamol cOOPKU U KOHMPOJISL CePUIHbIX
nepeoau.

The paper considers the example of practical implementation of a technique for designing a respon-
sible worm gear with account of high demands to smoothness of operation, contact pattern and back-
lash at minimum investments to modernization of manufacturing processes. Optimization design has
been carried out by considering the restrictions-equalities (arrangement of gear elements, parameters
of the assigned high precision standard gear cutting tool, parameters of longitudinal and profile modifi-
cation of teeth), restrictions-inequalities (diameters of gear elements, gear ratio) and the purpose, that
is, maximization of certain performance characteristics of the gear. Basic versions of the design solu-
tions and their characteristics are given. Aspects of manufacturing preparation and setting of produc-
tion are considered: choice of the route of gear element machining, means of gear tooling and control,
investigation of the production accuracy with account of the random character of primary geometrical,
controlled and functional characteristics of the accuracy. Calculation results and practical results of the
assembly and control of series gears are given.
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Co3nanue Moe M YepBAYHOI 3y0ope3HOH ¢pe3bl ¢ UCNOJIb30BAHUEM IKBUBAJIECHTHOM 3y0-
yatoii peiiku (Modeling of Hob Cutter Using Comparable Gear Rack)



Paccmompena nocnedosamenvrHocms cozoanusi napamempuieckou Mooenu 4epesaiutol 3yo0opes-
Hotl ¢pesvl. Tlapamempuueckoe mooenupoganue umeem psao 0cobeHHOCmel, C8A3aHHbIX ¢ NOCMO-
SAHHbIM nepecmpoenuem no uzmensemvim napamempam. Cywecmayrom npeoeibHvle 3HAYeHUs, npu
KOMOPbIX MO2YM UMEMb MeCmo CamMonepecedeHus, Hogble Ul napa3umHvle panu, Komopbvie om-
cymemaeyom npu npoekmuposanuy KOHKpemHot mooenu uncmpymenma. llapamempuueckoe mooe-
JUpOBaHUe makxice npeonoaazaem cozoanue y0ooHo20 unmepgetica 01 83aumMooelucmeus onepa-
mopa ¢ mooenvito. [locmpoenue npouzeoounoce 6 cucmeme NX, ouanoeosvie okHa c030a8anucs 6
npunoscenuu «Cmyous wadnrona uzoenusy. bvino npunamo pewenue nodeaums npoeKmMuposanue
Ha 3 cocmasnaowue. Ilepgoe — 3mo noHbIU A8MOMAMUZUPOBAHHBILL paAcyem HA OCHO8e DA308bix
napamempog koieca. Bmopoe — 603mooicHocmsb pedaxmupoganus napamempos Mooeiu Ha OCHO8e
NPUMEHAEMbIX HA KOHKPEMHOM Npouzsoocmee uHcmpymenmos. Tpemve — c00Has mabauya écex
noayyusuiuxcs napamempos. Ilpedcmasnenvi 6 aHanumuyeckom suoe Qopmyavl pacyema QraHka u
npomybepanya Ha (pezax Ha OCHOBe IKBUBANEHMHO20 3yOUaAmMO020 Koaecd. IKEUBAIeHMHOe KONeco
paccuumvléaemcs uepe3 OMHOUIeHUEe UHBANIOMbL MOPYOBO20 Vela K UHBANIOmME Yenad UCXOOHO20
konmypa. Ilonyyaemcs sxeusanenmuoe npsamo3yooe Koieco ¢ HOBbIMU NApaAMempamu Mooyis u
ouamempamu, 05l KOMOPO20 U 8e0emcs Klaccudeckuil paciem uepgaynou ¢peswvl. IIpedcmasnen
MemoO nOCMpOeHUsl, OCHOBAHHBIIL HA IKEUBANEHMHOU petike. Mcnonb306anue IKE8UBAIEHMHbBIX dJle-
MEHmO8 0I5l YNpoujeHus NOCMPOeHUll pacnpocmpaneHo, 0OHAKO ANNpOKCUMAyus npoguis npu
9mMoM He 00JHCHA bbimb Oonbue donycka Ha nocmpoeHue, komopwiti cocmasnsiem 30...50 % om
00nycKa Ha usmepeHue.

IIpeocmasnenvt pesynrbmamvl UMepeHUus ¢ NOMOWbIO MPEXMEPHO20 ONMUYECKO020 CKaHepda
ATOSIIL Rev.02, komopulil oka3aics HenpumeHum OJisi MOYHO20 UBMEPEHUSL INeMEHNO8 PediCyuie2o
UHCmMpymenma 68Uy He0OCmamo4yHou cmaburbHocmu usmeperus. 1 nasHvim Hedocmamkom usme-
PeHUsL MPeXMEPHBIM ONMUYECKUM CKAHEePOM OKA3alACh HE8O3MONCHOCHb 86€0eHUS KOPPEKMUPO-
80K Npu OanbHelulemM U32omosieHul U nepemodku noayuaemMou YepeauHou gpesvl uz-3a cry4yaiHo-
20 Xapakmepa pacnpeoeneHusi NO2PeuHocmel UsmMepeHusl.

The sequence to create a parametric model of hob cutter is considered in the paper. Parametric
modeling has a number of features associated with the permanent rebuilding by changeable pa-
rameters. There are limit values which can have self-intersections, new or spurious edges that do
not exist in the design of a specific model of a hob cutter. Parametric modeling also involves the
creation of a friendly interface for operator interaction with the model. It was constructed in NX,
the dialog box was created in the application "template Studio products." It was decided to split the
design into 3 components. The first is the fully automated calculation based on the basic parame-
ters of the wheel. The second is the ability to edit the parameters of the model based on the applied
in the specific manufacturing conditions. The third is a summary table of all the resulting parame-
ters. The calculation formula of the flank and clearance lug in hob cutters are presented in the ana-
Iytical form on the basis of equivalent gears. The equivalent gear wheel is calculated through the
ratio of the involute function of the end angle to the involute function of the original contour angle.
The equivalent spur wheel with new module settings and diameters is obtained, which is the classic
calculation of the hob cutter. A method of development based on the equivalent rack is presented.
The use of equivalent elements for simplicity of development is common, but the approximation of
the profile should not be greater than the tolerance on the modeling, which is 30-50% of the toler-
ance on the measurement. The paper presents the results of a measurement using three-dimensional
optical scanner ATOSIII. Rev. 02, which was not suitable for accurate measurement of the elements
of the cutting tool in view of the insufficient stability of the measurement. The main drawback of
measuring a three-dimensional optical scanner was the impossibility of introducing corrections in
the further manufacture and regrinding the resulting hob due to the random nature of the distribu-
tion of measurement errors.
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MaTemMaTH4ecKkoe MOAeTMPOBAHME TOYHOCTH Hape3aHHs 3y04aThIX Kojec Ha 3y00/10/10exK-
HbIX cTankax (Mathematical Modeling of the Accuracy of Gear Cutting at the Gear-Shaping
Machines)

IIpeocmaenena mamemamuyeckas mMooenb 01 OYeHKU nokasameneu mouyHOCMU HApe3aemo2o
KoJleca 8 3a8UCUMOCU OM NEPEUUHBIX NOZPEUHOCTel MEXHOI02UYeCKOU cucmemsl. Beinonansemcs
npeocmasieHue npoyecca 0opabomxu 3y0uamozo 8eHya Ha 3y000010€HCHOM CIMAHKe KAK COBOKYN-
HOCMU 83AUMOCEA3AHHBIX (hopmoobpasyiowux dsudxcenull. Kascooe osudicenue 8binoansemcs om-
O€IbHbIM V3-TIOM CIMAHKA U MOOETUPYemcsi OmoeabHoU mampuyeti npeobpazosanus koopounam. Ha
OCHOBAHUU MAMPUY NPeobpaA306anUs KOOPOUHAM U YPAGHEHUS I601bBEHMHOU NOBEPXHOCMU UHC-
PYMeHma 6 MampuyHol Qopme 6bl8600UMCs YpasHeHue obpabamviéaemol nosepxHocmu. Imo
VpasHeHue ABAemcs OCHO80U OJis aHAIU3a Popmbvl pabouell NOBePXHOCMU 3Y04amo2o Kolecd, 803-
ModicHocmell (hopmMoobpazoeanus Ha OAHHOM CMAHKe U Ol ONpedeseHUss 8 MAmemMamuyecKkoll
@opme 8bIX0OOHOU MOYHOCMU CMAHKA. Brausnue nocpewinocmeti Kaxcoozo y3ia omoobpaxcaemcs
yepez Mampuyy eapuayuil, KOMROHEHMAMU KOMOPOU ABNIAIOMCA NPOEKYUU NOCPEULHOCMEl Y3108 HA
ocu koopounam. Iloepewinocmu y3108 onpeoensiomcs nymem UCNbIMAHULL HA 2e0Mempuyeckyro,
KUHEeMAMUYecKyl0 MOYHOCMb, a MAK}Ce HA HCeCmKOCmyb U Ha meniosvie oeghopmayuu. KomouHnu-
POBAHUEM Mampuy 8apuayuil Kaxcoo2o y3ia u MampuyHo2o ypaeHeHus 0o6pabamuiéaemori nogepx-
HOCMU 8bIBOOUMCS YPABHEHUE 8bIXOOHOU NOSPEUWHOCIU CIMAHKA 8 6ude mampuybl-cmonoya. Kom-
NOHEHMbl IMOU MAMPUYLL NPUBOOAMC K 00pabamuléaemoli NOBePXHOCMU Yepe3 NPOeKYUio Ha Jiu-
HUIO CMAHOYHO20 3ayennienus. B pezyniomame nonyuaemcs ypasnenue OmrioHeHUll peaibHol (op-
Mbl 3y04amoeo Koneca om HOMUHAanbHoU. Komnonenmol amoeo ypasuenus npugooamcs K maHeeH-
YUATBHBIM U K PAOUATLHBIM COCMABIAIOWUM. [lanee nonyueHHvie 8eIudUnbl Nepecyumoléaromes 6
CMAHOAPMU308AHHBIE OMKIIOHEHUs MOYHOCMU 3Y0UaAmMOo20 Koaecd, a UMEHHO, MAHeeHYUAIbHble CO-
cmasnsouue nepecuumvl8aomcs 6 3Ha4eHue KUHeMamuieckou noepewHocmu 3y64amozo Koieca u
8 NOCPEUWHOCb OKPYIHCHORO Wa2d, a paouaibHble COCMAasIAowUe — 8 3HaYeHue paouaibHoeo due-
HUsL 3y04amoeo 6eHYa U 8 3HAYeHuUe KOIeOAHUS USMEPUMETbHO20 MeHCOCe8020 PACCMOAHUSA HA 00-
HOM 3y0e. Dmo no36o/isaem npocHO3Upo8ams 603MONCHOCIb NOJYUEHUSA U30eNUsl 3a0aHHOU MOYHO-
CMu Ha OAHHOM CMAHKe, A MAKHCe KOHMPOIUPOB8AMb KOHKPEMHble Napamempbl MexHoI02U4ecKoll
cucmemvl 071 obecnederusi MOYHOCMU U CMAOUILHOCTU MEXHON0SUYECKO20 Npoyeccad.

This paper examines the impact of the geometric and kinematic errors of gear shaping machines
for accuracy of processed wheels. The equation of the machined surface is proposed based on co-
ordinate transformation matrices and equations of involute surface of the tool in the form of a ma-
trix equation. Impact of errors of the technological system elements is displayed by a matrix of
variations, components of which are the projection of errors on the axis. The errors of machine
units are determined by testing for geometric, kinematic accuracy, as well as for stiffness and ther-
mal deformation. By combining the variation matrices of each unit and the matrix equation of the
surface being processed, the equation of the output error of the machine in the form of a column
matrix is displayed. The components of this matrix are brought to the machined surface through a
projection on the line of machining action. As a result, the equation of deviations of the real shape



of the gear from the nominal shape is displayed. The components of this equation are brought to the
tangential and to the radial components. Next, the obtained values are translated into a standard-
ized deviation of the gear accuracy. This makes it possible to predict the possibility of obtaining
products specified accuracy on this machine, as well as to control the specific parameters of the
technological system to ensure the accuracy and stability of the process.

KawueBble c10Ba: TOYHOCTh 3y04aThIX KoJjiec, 3y0010JI0EKHbBIN CTAHOK, TEOMETPUYECKast TOY-
HOCTh, KHHEMAaTHYECKasl TOTPEIIHOCTD, painaibHOe OneHne, PyHKIUsS GOopMOOOpa30OBaHMUSL.
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runout, shaping function.
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K Bompocy pa3padoTku MeTOAUMKHU U3MepPeHHs MapaMeTPoB 3y04aThIX KoJiec ¢ rumnepooJio-
U/HOM /1eJTUTeJbHOI MOBEPXHOCTHIO U Ha3HavYeHHss HOPM ToYHOCTH (To the Question of De-
veloping a Technique for Measuring the Parameters of Gears with a Hyperboloidal Dividing
Surface and Assigning the Accuracy Standards)

Paccmompenvr 6onpocvl npumeHeHus: cyujecmeyioujux UHCmMpyMeHmaibHolx cpeocme KOHmpOJis
0J14 UBMEPEHUs. napamempos 3y0uamsix Koaec ¢ 2unepOoIoUOHbIMU 0eIUMENbHLIMU NOBEPXHOCTS-
mu. Ilpusedenvl pexomenoayuu no 6b100py UHCMPYMEHMANbHIX CPEOCHE UBMEPEeHUU C Y4emom
2eoMempuyeckux 0cobeHHocmel paccmampusaemulx 3youamuix Konec. Ilpeonosicen nooxoo xk u3-
MepeHulo napamempos 3y64amozo Koieca ¢ nomowpio 3D KoopouHamuo-uzmepumenbHoix MauiuH.
H3zmepenue napamempos 3y0uamuvix Koec ¢ eunepboiouoHol 0elumenbHol N0GEPXHOCbIO Npeo-
noaazaemcs npou3eoo0UmMs C UCNOIb308AHUEM OAHHLIX 6 6ude 00aKa Mmoyex, noay4eHHo2o Ha 3D
KOOPOUHAMHO-USMEPUMENbHBIX MAWUHAX. []15l OCYWecmeieHus npeorazaemozo nooxooa nogepx-
HOCMb Pu3UUecKol Mooenu 3y04amozo Koreca ckauupylom na 3D KoopOuHamuo-usmepumenbHoll
mawune. /lanee npeoopazyiom obnako mouvex 00 CAD-modenu u ocywecmensirom 6cnomo2amen-
Hble NOCMPOeHUs, TUOO UCNONLIYVIOM ABMOMAMUYECKOe CPABHEHUE 8 NPOSPAMMHBIX KOMNIEKCAax
«peanvHOly NOBEPXHOCMU 3Y04amo2o Koreca ¢ «UoeanrbHowy. /i 000CHOBAHHO20 HAZHAYEHUSI HOPM
MOYHOCMU NPEOIONHCEHO NOOBEP2AMb AHAIU3Y GIUAHUE NOZPEULHOCTEN U320MOGNEHUS OMOEIbHbIX
9/1eMeHMOo8 Ha NoKA3amenu niagHOCmu xXo0d, Hopm Kunemamuueckou mounocmu 6 CAD-cucmemax 6
npunoscenuu NX « Cumynayus KuHemMamudeckux Mexanusmos». Auanuzy noosepeaemcst KOHMaKkm
3y6be6 U NIABHOCMb Nepeoayu Hazpy3Ku 6 8UPMyanrbHol cpede. B npoyecce ananuza ucnonvzyemcs
meepoomenbHas MoOeb, NOYYeHHAas Ha 3D KoopOuHamHo-uzMepumenbHoU Mauiune no usuvecKkou
Mmooenu 3youamozo xkoneca. Ilpu ocywecmenenuu eupmyanbHo20 aHAIU3a MOOEIUPYIOMCs NOPEuHO-
CMuU U320MOBNEHUSL INEMEHMO8 KUHEMAMUYECKOU napbl, npeoycCMampueaemcst Hacpy3Ka 6 euoe Mo-
menma mpenus. Ilo pezynemamam umMumayuoHHO20 MOOEIUPOBAHUSL NPUHUMACTCA peuleHue O Ha-
3HaueHuu Hopm mouHocmu. Paccmompentvie nooxoowl npeononazaemcs UCnoIb306ams 6 Kaecmee
OCHOBbL OJIsl pa3paboOmKu MemoOuKU UsMepeHusi Napamempos U payuoHaIbHOMY HA3HAYEHUIO HOPM
MmouyHoCmU 3y64amuix Koaec ¢ 2unepooIoUOHBIMU OeTUMENbHBIMU NOBEPXHOCMAMU.

The issues of using existing monitoring tools for measuring the parameters of gears with hyper-
boloidal dividing surfaces are considered. Recommendations are given for the choice of instrumen-
tal measuring instruments, taking into account the geometric features of the gear wheels in ques-



tion. An approach is proposed for measuring the parameters of a cogwheel using 3D coordinate
measuring machines. Measurement of the parameters of gears with a hyperboloidal dividing sur-
face assumes the use of data from a point cloud obtained on 3D coordinate measuring machines. To
implement the proposed approach, the surface of the physical model of the cogwheel is scanned on
a 3D coordinate measuring machine. Further, convert the point cloud to the CAD model and per-
form auxiliary constructions, or use automatic comparison in the software complexes of the “real”
surface of the gear wheel with the “ideal” one. For a justified assignment of the accuracy stan-
dards, it is suggested to analyze the effect of manufacturing errors of individual elements on the in-
dicators of smoothness of motion, kinematic accuracy in CAD-systems in NX "Simulation of kine-
matic mechanisms". The tooth contact is analyzed and the load transfer is smooth in a virtual envi-
ronment. In the process of analysis, a solid model is used, obtained from a 3D coordinate measur-
ing machine based on the physical model of the gear wheel. In the implementation of virtual analy-
sis, the errors in the manufacture of kinematic pair elements are modeled, and the load in the form
of a friction torque is provided. Based on the results of the simulation, a decision is made to assign
the accuracy standards. The considered approaches are supposed to be used as a basis for develop-
ing a methodology for measuring parameters and rationally assigning accuracy standards for
gears with hyperboloidal dividing surfaces.

KawueBble cjioBa: H3MEpEHHUE TUIIEPOOIOUIHBIX 3y0UYaThIX KOJIEC, HOPMbI TOYHOCTH.
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[InaneTapHble PeIyKTOPHI, BCTPanBaeMble B 0apadaHbl rPy30BbIX J1e0eq0K CYA0BBIX Kpa-
HOB (Integrated Planetary Gearboxes for Hoisting Winches in Shipboard Cranes)

Onucanbl KOHCMPYKYuu pedyKmopos, SblNOJIHEHHbIX NO OUphepeHyuanrbHo-3aMKHYmou cxeme
0711 2PY308bIX 1e0e00K CYy008bIX Kparos. Kaicovlil uz pedykmopos sa6siemcsi 0moenbHol cOOpO4HOU
eOuHuYell U 8CMpPausaemcs 80 6HYMPEHHIO noiocms bapabana. Paspabomka eapuanmos onupa-
emcsl Ha pedncuMbl HA2PY3KU, A MAKH#Ce KOMNIEKC UCCIe008aHULl Hecyuell ChOCOOHOCMU 3Y04amblx
nepeoay, onop cameiiumos u 3aKOHOMEPHOCMEN PACNpeOeNeHUsi HACPY3KU MeNCOY dlIeMeHmamu
niaHemapHoll nepeoadu.

B ocnose pazpabomannvix pedykmopos nedxcum nianemapras nepeoaya muna A. Beibop makux
nepeoay 60 MHO2OM 00)Cl081eH He0OX0OUMOCbIO 0beCnedeHUsi MACCO-2a0apuUmMHbIX noKasamenel
u peanusayueri KUHEMAMUYeCckux ocobennocmell npusoda. B cmamve 060cHo6aHO npumeHeHue ne-
peday muna A.

Ilepeoamounoe omHoweHue 8 HEKOMOPLIX BAPUAHMAX PA3PAOOMAHHBIX KOHCMPYKYUL Peanu3y-
emcs nymem KOMOUHUPOBAHUsL MUNO8 nepeoay, a UMEHHO 0OHUM PAOOM YUIUHOPUYECKOU nepeoayu
U HECKONbKUMU pA0aMU NIAHemapHslX nepeoad. B oonom uz ciyuaes, koeda 661CmpoxooHas cmy-
NeHb 8bINONHEHA YUTUHOPUYECKOL, NPUBOO OCYWECMBIAEMCsL OM 08)YX SUOPOMOMOPO8, a 8 OPY2OM —
om gocomu. OcobEeHHOCMbIO 8MOPO20 BAPUAHMA ABIAEMCS HEOOXO0OUMOCMb PA3MeWeHUs 80CbMU
2UOPOMOMOPO8 NO OKPYHCHOCHMU OMHOCUMENbHO YEHMPATbHOU OCU PeOYKmopa ¢ obecneyeHuem
mpebyemoco OUAMempaitbHO20 2abapuma u, 4mo camoe 8aNiCHOe, HeoOXOOUMbIX NPOYHOCHHBIX Xd-
pakmepucmux 3y6uamulx nepeoad. Yacmoma epawjenus 6aaa cuOpoMomopa 0is 3mMo20 pedyKkmopa
cocmasnsiem nopsoka 10000 ob6/mun.

Paspabomanul sapuanmol, 8 KOMopwix NpedyCMOMPEHO YMEeHbUEHUEe 2abapUmHo20 pasmepa pe-
OyKmopa 6 oceeom Hanpasienuu. [IpuHamo peuierue omkazamvcs Om NPUMEHEHUS. N0 K1accude-




CKOlL cXxeme cheputecKux poauKosvix 08YXPSAOHbIX CAMOYCMAHABIUBAIOWUXCA NOOUWUNHUKO8 8 ONO-
pax camennumos. Paduanvuyro nacpysky om mpoca 6apabana 8ocnpunumaem nOOWUNHUK, YCma-
HOBJIEHHBII HA 800UTI0 MUXOXOOHOU cmyneHu pedykmopa. [lonyuennvie pesyivmamsl NOIHOCMbIO
omeeuaiom mpedo8aHUAM MeXHULeCK020 3a0aHUSL.

The constructions of planetary gearboxes for hoisting winches of shipboard cranes which were
made according to the differential closed scheme are described. Each gearbox is a separately as-
sembled unit and it is built-in into a winch’s drum. Designing different variants of construction is
based on load conditions analysis caused by dynamic loads in drum type cement mills and also
based on researches of load bearing capacity, satellites’ support and regularity of load distribution
between bearing elements of a planetary gear.

The construction of the designed gearboxes is based on the planetary gear type A. The choice of
these gears is due to necessity to meet the demanded weight and size characteristics and to imple-
ment kinematic characteristics of the drive unit.

The gear ratio in some variants is implemented by combination of types of gearing: one stage is
a cylindrical gear and several stages are planetary. In one case when a high speed stage is a cylin-
drical gear, the drive is operated from two hydro motors, in the second one — from eight. The fea-
ture of the second variant is the necessity to place eight hydro motors in a circle about the main
axis of gearbox meeting the required diametric size and required characteristics of endurance of
gears. The high speed shaft rotation frequency is approximately 10000 Rpm.

We designed the constructions where we provided the possibility to decrease the size of the
gearbox in the axial dimension. We decided not to use the spherical roller bearings in satellites’
supports. The bearing is mounted on the carrier of the last stage of the gearbox. This bearing takes
the radial load from the cable of the winch. The obtained result fully meets technical requirements.

KawueBble cjioBa: TuiaHeTapHas nepenada, auddepeHInaibHO-3aMKHYTas CXeMa, PeayKTop,
rpy3oBas jebeKa, caTesuInT.
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7KecTKOCTh POJIMKOBBIX NOJIIMIHAKOB ¢ Y4eTOM paauaabHoro 3asopa (Hardness of Roller
Bearings with Radial Clearance)

Ha ocnose panee npeonodcennoco agmopom memooa U3ioiceHo anaiumuiecKkoe onpeoee-
HUe HCecmKOCMU POIUKOBLIX NOOUUNHUKOB NPU HATUYUU 8 HUX PAOUATbHO20 3a30pa. [{nsa peule-
HUs 3a0ayu npeosapumenbHo aHAIUMUYecKy onpeoeiensbl napamempuvl npyu OMCymcmeuu 3a30-
POB-HAMA208 8 NOOWUNHUKe: pacnpeodeienue Haepy3Ku no meiam KaueHus, MaKkCUMaibHas Ha-
2py3Ka HA pONUK, nepemewjerusi 8 NOOUUNHUKAX U KOAUYECMBO HASPYICEHHbIX poaukos. /lanee
6ce YKasaHHvle napamempuvl OnpeoeseHvl npu HaIuduy 3a30pos 6 noouwuntuke. /{na yoobcmea
pacyemog ce yKazamwHvle napamempul npeocmasienvl makyice 6 vespazmepuom eude. C nomo-
WbI0 NOJYYEHHBIX POPMYL NOCMPOeHbl 2paduUKU 3a8UCUMOCTEN YKA3AHHbIX NApaMempos om Ge-
JIUYUHBL 3430Da.

Based on the method previously proposed by the author, an analytical definition of the stiffness
of roller bearings is provided in the presence of a radial clearance in them. To solve the problem,
the parameters were preliminarily analytically determined in the absence of clearance gaps in the
bearing: the distribution of the load along the rolling elements; The maximum load on the roller,
Moving in the bearings and the number of loaded rollers. Further, all specified parameters are de-
termined in the presence of gaps in the bearing. For the convenience of calculations, all these pa-
rameters are also presented in a dimensionless form. Using the obtained formulas, graphs of the
dependences of the indicated parameters on the gap size are plotted.



KaroueBble ciioBa: ynpyras MoJaTiHBOCTh TMOALNIMITHUKOB, KOJIMYECTBO HArPYKEHHBIX POJIH-
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IlepcnekTUBBI NpUMeHEHHA Jia3epHOoil 00padoTku (JIO) n/is1 MOBBLINIEHUS HANEKHOCTH U
TEeXHHYECKOr0 YPOBHs 3y04UaThbIX KoJiec TpaHcmuccuii m npuBoaoB (Perspectives of Laser
Treatment (LT) to Increase the Reliability and Technical Level of Gearwheels for Transmis-
sions and Drives)

Paccmampusaemcs memoo nogepxnocmmoil 00pabomku Memanios u Cnia8os ¢ UCNOIb308aHUEM
8bICOKOKOHYEHMPUPOBAHHBIX NOMOKO8 dHEpeUlL — Nd3epPHOe NOBEPXHOCIHOE YNPOYHeHUe, KOMOopoe
3aK0Yaemcs 8 8030eUCmeul UHMEHCUBHO20 NOMOKA dHEPeUU HA JOKAIbHbIN YUACMOK NOBEPXHO-
cmu mamepuaa.

The paper presents the method of superficial processing of metals and alloys with use of highly
concentrated streams of energy — laser superficial hardening which implies affecting a local site of
a material surface with an intensive stream of energy.

KawueBble ci10Ba: 1a3epHOE YIPOYHEHUE, TEPMOYIIPOUYHEHHE, H3HOCOCTOHKOCTD, IIOBEPXHOCT-
HBIU CIION.
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IIpoGaemsbl cTangapTH3anvuu B 00JacTH 3y04aThIX NHepeAad M HEKOTOpPbIe pe3yJbTAThl
pa3padoTku HOPpMATHBHOM AokyMeHTanuu. Yacts 1. Ctangapruzauusi B 00,1aCTH TOYHOCTH,
BH/I0B MOBPEKICHUH U M3roToBJIeHNs 3y0uaThix nepena4 (Problems in Gearing Standardiza-
tion and Some Results in Normative Documentation Development. Part 1. Standardization in
the field of gear precision, failure modes and manufacturing)

Paccmampueaemces cospemennoe cocmosanue u 06wue meHOeHYUlU 8 pazeumul CUCHemMbl CIMAaH-
oapmuszayuu 8 ooaacmu 3youamuix nepeoad. Qo6Cyxncoaromes npoodiemsvl capMOHU3AYUU CIMAHOAP-
mog I'OCT, CTh ¢ mexncOyHapoOHbIMU U HAYUOHATILHBIMU CIAHOAPMAMU OPYeUX CMPAaH, 8 YACHMHO-
cmu, cmaHoapmos, pe2iameHmupyiouux mpeboeanus N0 2eoMempuu UCXOOHbIX KOHMYPO8, NOKA-
3amenam mo4HoCmu, 0emepMUHUPOBAHHBIM U 6EPOAMHOCIHbLIM MeMo0am paciema Ha NPo4HOCHb,
Mo ecmb 8ONPOCHL paspaboOmKu pekoOMeHOayull no co30aHuio0 NPOeKma Hoeblx 0A308bIX CMaHOAp-
mos, He npomusopedawux mpebdoganuam cmanoapmos ISO u coxpansAowux nonesuvie CMopoHbl
ome4ecmeenHbIX OOKYMEHMO8, UMEeIOWUX MHO20JIemHULl onbim ucnoavzoeanus. Kpome mozo, npu
nepexooe K MedCOYHAPOOHbIM CIMAHOAPMAM HeoOX00UMO YUUMbIEams CneyupuKy yCmaHo8IeHHbIX
HOpM NPOYHOCMU, NPOU3BOOCMEA U IKCHIyamayuu 3youameix nepeoay 6 pasiudHblX OMpAcCsx
mexuuxu. Iloxkazaner neoocmamku cmanoapmos I OCT na 3yb6uamvie nepeoayu, Komopwvle paHee
ObLIU OCHOBO, pe2ynupyloujeti OMHOUIeHUS MeAHCOY NOKYNAMENAMU U NPOU380oumenamu 3y0000pa-
bamvisaiowe2o 0b60py0osanus u UHCMPYMeHmos. B nacmoswee epems 3apybedxcHoe CMAHKO-
cmpoenue co30a10 NPUHYUNUATILHO HOBble KOHCMPYKYUU 000py008aHUSA U UHCMPYMEHMA OJisl NPo-
u3600cmea u KOHmMpoasa 3youamuix nepeoad. IIpunyunuanoHo u3MeHUIACcL MexHOI02Us U320MOsile-
Hus 3y6uamulx nepeday. OmeuecmeenHvle uzeomogument 3youamoix nepeday npooOIHCAIOm noib-
306ambCs yemapesuumu Cmanoapmamy U COXpausaiom NPUHYUNbL CIMAapblx MexHOI02Ull U320mos-
Jlenus 3youamulx nepeoad. B ceasu ¢ neobxooumocmoio peacuposamv Ha mpebO8AHUSA NO CHUDICE-
HUIO WyMa U NOGbIULEHUS pecypcad 3Y04amulx nepeoay Ha4yuHaemcs 3aKynka 0moenbHblX U008 3a-
pybexcrnozo 3y6006pabamuleaowe2o obopyoosanus. Iloneimku 6nedpums cospemeHnnoe 3y6000pa-
bamvigarowee 060pyodosanue 01 U320MosieHUs 3y04amvlx nepeoad no yCmapesuium cmaHoapmam
I'OCT u 6 ycmapeguiue mexHonocuu 8 KOHEUHOM UMo2e He NPpUgoOUum K mpedyemomy Viy4uleHuro
Kayecmea uzeomosneHuss 3youamvix nepeoay. Omoenvhvie pazoenvl NOCEAUeHbl KOHKPEMHOMY
ONUCAHUIO CIMAHOAPMO8, KACAIOWUXCS 8UO08 NOBPEHCOeHUl 3yOUamblX KOeC U MeXHOI0SUYEeCKUX
npoyeccos ux u3eomosieHusl.

The modern situation and general trends in the development of gearing standardization system is
considered. The problems of harmonization of standards GOST and STB with international and na-
tional standards of foreign countries are discussed, in particular, the standards, regulating demands
on basic rack tooth profiles, accuracy indices, deterministic and probabilistic methods of strength de-
sign, that is, the development of recommendations for making a new key standards, which do not con-
tradict with the requirements of 1SO standards and retaining the useful part of domestic documents,
with many years of experience are discussed. In addition, during the transition to international stan-
dards it is necessary to take into account the specifics of the established standards of strength, pro-
duction and operation of gears in various branches of engineering. The drawbacks of the GOST stan-
dards for gears are shown, that were previously the basis to regulate the relations between buyers
and producers of gear cutting equipment and tools. Currently, foreign machine tool industry has cre-
ated a fundamentally new design of equipment and tools for production and control gears. The tech-
nology of gear manufacturing has been basically changed. Domestic manufacturers of gears continue
to use the outdated standards and the principles of old technologies of gear transmission manufactur-
ing are retained. In connection with the need to respond to requirements to reduce noise and increase
the service life of gears the purchase of certain types of foreign gear cutting equipment starts. At-
tempts to introduce modern gear cutting equipment for the manufacture of gears on outdated GOST
standards and outdated technology ultimately does not lead to the desired improvement of manufac-
turing quality gears. In separate sections the specific description of elaborated standards is given, in
particular: gear failure modes, gear production methods.



KawueBble ciioBa: 3y0uaThie nepeaydd, CTaHAapTH3AIMS, FApMOHU3AIUA, HCXOIHBIA KOHTYD,
MOKa3aTeI TOYHOCTH, BUJIbI TIOBPEKICHHUN 3y09aThIX KOJIEC.

Keywords: gear drives, standardization, harmonization, basic rack tooth profile, accuracy indi-
ces, gear failure modes.
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E. C. Tapanosa, benopycckuil rocyjapcTBeHHbIM yHHUBEpcUTET TpaHcnopra, ['omens (E. S. Tara-
nova, Belarusian State University of Transport, Gomel)

I1. C. /lpo6wviwesckuii, OAO «I'omcensmainy (P. S. Drobyshevsky, OJSC “Gomselmash™)

B. O. 3amamnun, OAO «'omcensmaun (V. O. Zamyatin, OJSC “Gomselmash”)

C. A. Tropun, xkanaunat texundeckux Hayk, OAO «['omcensmam» (S. 4. Tyurin, PhD in Engi-
neering, OJSC “Gomselmash’)

JI. A. Cocnoéckuii, BOKTOp TEXHUUECKUX Hayk, rnpodeccop, OO0 «HIIO Tpubodartuka», ['omens
(L. A. Sosnovskiy, DSc in Engineering, Professor, S&P Group Tribofatigue Ltd., Gomel, Belarus)

OO onbITe M3rOTOBJIEHUS U IKCILUTYATAIMHU 3y0UaTHIX K0JIeC U3 HOBOI0 KOHCTPYKIIMOHHOTO
martepuana «Monunka» About Experience of Manufacture and Maintenance of Gears From
the New Structural Material “Monika” ()

IIpeocmasnenvi pesynomamul OnbimMa cO30aHUs Yy2YHHbIX 3y0Uamulx Koaec ouamempom oxkono 0,5 m
OOpMOBbIX PEOYKMOPO8 BblCOKONPOU3E00UMENLHBIX KOPMOYOOPOUHbIX U 3ePHOYOOPOYHBIX KOMOAIHOG
npouszeoocmea OAO «l omcenvmauty u3 cneyuanbHo2o 8blcokonpouro2o uyeyna mapxku BUYTI ¢ evico-
Kumu mexanudeckumu ceoticmeamu («Monuxay) (nameum PB Ne 15617). [Ipusoosimces pesynomamoi
ompabomKu MexHoONo2UY UMb U UCCIe008AHUL KOMNIEKCA MEXAHUYECKUX U CIYHCeOHbIX COUCME
uyeyna BUTT, pesynomamul pacuemvi HAPYyHCEHHOCHU U 00JI208EYHOCIU 3)0UAMbIX KONIeC U3 OAHHO20
mamepuana, a makice OAHHble 0 HAMYPHBIX (IKCNIYAMAYUOHHBIX) UCHIMAHUAX 3Y0UambIX KOJEC 8 CO-
cmaege 60pmosbIX peOyKmopo8 CaAMOXOOHbIX CElbCKOXO03AUCMEEHHBIX KOMOAIIHOB.

Results of experience of creation of iron tooth gears in diameter about 0,5 m of board gearboxes
of high-duty harvesters of production of OJCS "Gomselmash" from a special high-test cast iron of
brand VCHTG with high mechanical properties ("Monika") (patent RB Ne 15617) are presented.
Results of working off of technique of casting and probes of a complex of mechanical and auxiliary
properties of iron VCHTG, results of calculations for stress loadings and longevities of gears from
the given material, and also the data about operation trials of gears as a part of board gearboxes of
harvesters are given.

KiroueBble ci10Ba: 3y0uaThie Koeca, BBICOKONPOYHBIN 4yTryH, KOMOaiH, TEXHOJIOT s, MEXaHH-
YeCKHEe CBOMCTBA, SKCIUTYaTallMOHHBIE UCTIBITAHMUS.

Keywords: gears, high-test cast iron, harvester, technique, mechanical properties, operational
trials.
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A. I Unamog, xaHaIaT TEXHUYECKUX HayK, VKeBckasi rocyJapCTBEHHAs! CENIbCKOXO3SIMCTBEH-
Has akaznemus (4. G. Ipatov, PhD in Engineering, Izhevsk State Agricultural Academy)

K. B. bocoamnos, acnumpant, VxI'TY umenn M. T. Kamamnuukosa (K. V. Bogdanov, Post-
graduate, Kalashnikov ISTU)

[0. 1O. Mameeesa, AO «IOM3 «KVYIIOJI» (Yu. Yu. Matveyeva, JSC “IEMZ Kupol”)

HoBasi TexHos10THs JIa3epHOi MoAUHKAIUHE NOBEPXHOCTEll HU3KOCKOPOCTHBIX THKeJI0OHA-
rpykeHHbIX onop ckoJb:keHust (New Technique for Laser Modification of Surfaces of Low-
Speed Heavy-Loaded Sliding Supports)

JKecmias KOHKYpeHyust co CmopoHbl 8e0yWuUx 3apyOedrtCHbIX npouzsooumeneil nooyicoaem uc-
Kamb HOBble peuleHus, Ka3aniocb Obl, 6 OOCKOHANbHO U3VHYEHHOU meme YVIYYuleHUsi MexHUKo-
IKOHOMUYECKUX XAPAKMEPUCTNUK ONOP CKOAbdceHUss. OOHUM U3 IYHWUX PeUeHUll, NPUMEHAEMbIX 6
HU3KOCKOPOCHHBIX MANCELOHASPYHCEHHBIX ONOpax, 0e-ghakmo cmano npuMeHeHue Memaniopmo-
PONIACMOB020 TUCMA (C HAHECEHUEeM NOPOUKOBOU OPOH3bI, UHGUILMPOBAHHOU moponiacmom).
B cmamve paccmompenvl enagnvle 80npocel pazpabomku anbmepHamueHo20 Mamepuand yKa3am-
HbIX ONOP Nymem CO30aHUsl HA NOBEPXHOCMU CIMAILHO20 TUCIA NPOYHO20 AHMUDPUKYUOHHO2O CO-
cmaea Ha ocHose babbuma, oucyrvpuoa monuboena u epaguma. B wacmnocmu, paccmompersvi
80npocvl N00bopa mamepuana, 1a3epHoll 0OpabomKuU, CPABHUMENbHO20 IKCNEPUMEHMATLHOZO UC-
c1edo8anus U OmpadboOmKu Ceputinoco NPoU3800CMBEA ONOP CKOAbIUCEHUS, NPAKMUYECKU He YCm)-
NarwWux no aHMu@pPUKYUOHHbIM CEOUCMBAM U O0JIC08EYHOCIIU JYYULUM 3APYOEAHCHBIM 00pazyam,
HO OMAUYAIOWUXCA PE3KO CHUNCEHHOU CIMOUMOCIBIO.

Tough competition with leading foreign manufacturers stimulates searching for new solutions
for supposedly thoroughly studied theme of improving the technical and economic performances of
sliding supports. One of the best solutions used for low-speed heavy-loaded supports became in fact
the application of metal fluoroplastic sheet (coated by powder bronze infiltrated by fluorine plas-
tic). The paper considers the main issues of development of the alternative material of the men-
tioned supports by creating the strong antifriction composition on the surface of the steel sheet, the
composition being based on babbit, molybdenum disulphide and graphite. In particular, the issues
of material selection, laser treatment, comparative experimental investigation and mastering the
series production of sliding supports are presented. The mentioned supports are practically com-
petitive with the best foreign samples in accordance with antifriction properties and durability, but
they are advantageous in their significantly lower cost.

KawueBble ¢jI0Ba: MOAIMMITHAK CKOJIBXCHHUS, JIa3epHAS MOTUPHUKAIIHS TOBEPXHOCTH.

Keywords: sliding bearing, laser modification of surfaces.
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CoBpemMeHHbIE MOAXO0/IbI K YIPABJIEHUIO ONBITHO-CEPUIIHBIM MPOM3BOACTBOM Ha Npeanpu-
ATHAX 000POHHO-NPOMBINLJICEHHOT0 KoMmIuiekca (Modern Approaches to the Management of
Pilot-Series Production at Enterprises of the Defense-Industrial Complex)

Paccmompen 6onpoc cospemennvix nooxo008 K ynpasieHuro onblmHo-CePUtiHbIM NPOU3B00CHI-
80M HA Npeonpusmusax 00O0POHHO-NPOMBIUIEHHO20 KOMNJIeKcd. ABmop packpwuli Kiouesvlie die-
MEHMbL CePULIHO20, ONBIMHO20 U ONBIMHO-CEPULIHO20 MUNO8 NPOU3BOOCNEA, KOMOpble Ne2 8 Pa3-
pabomky Mooenu op2aHu3ayuu ONbIMHO-CEPUUHO20 NPOU3BOOCMBA, NPeOnoaaAalowylo Haludue
noocucmemvl  CepuliHO20  NPOU3B00CMBA U  NOOCUCHEMbl  NPOU3BOOCMEA  ONBIMHO-IKCNE-
PUMEHMATILHOU NPOOYKYUU, OeUCMBYIOWUX 8 npedenax eOuHol mexuono2uieckou baszvi. Kpome mo-
20, 6 pabome c yyemom ocobenHOCmel NPeOnpusmul 000POHHO-NPOMBIULIEHHO20 KOMNIEKCA
npeoslodHCenbl OCHOBHbIE NOOX00bl K YAPABIEHUIO ONbIMHO-CEPULIHBIM NPOU3BOOCNEOM. NpOYecc-



Hblll, KOMIIEKCHbII U UHmMe2payuonHulil. Ha ochosanuu smoeo coenan v1800 06 s¢phexmuernocmu
UHMESPAYUOHHO20 NOOX00d, NO380IAI0WE20 NPEONPUAINUAM 0OOPOHHO-NPOMbBIUL-TEHHO20 KOMNJIEK-
ca ghopmuposams 3PHekmusHy0 UHHOBAYUOHHYIO CUCMEM) YNPABIEHUS ONbIMHO-CEPULIHbIM NPO-
U3800CMBOM.

The paper examines the question of modern approaches to the management of experimental pro-
duction at the enterprises of the military-industrial complex. The author revealed the key elements
of the serial, pilot and experimental-series production types, which formed the development model
of the organization of pilot-batch production, suggesting the presence of a subsystem of a serial
production and a subsystem of experimental production, operating within a single technological
base. In addition to working with the features of enterprises of the defense-industrial complex the
basic approaches are proposed to the management of the experimental production: process, inte-
grated and integration. On this basis the conclusion is made about the effectiveness of the integra-
tion approach that allows the enterprises of the defense-industrial complex to form an effective in-
novation management system for the experimental-production.

KawueBble cjioBa: 000pOHHO-TIPOMBIIIICHHBIH KOMIUIEKC, OMBITHO-CEPUHHOE MPOU3BOJICTBO,
OTIBITHO-DKCIIEPUMEHTAIbHAST TPOAYKIHS, HAYYHBIE IMOAXOIbI K YIPABICHUIO, MHTETPAMOHHOE
yTpaBJICHUE TPOU3BOICTBOM.

Keywords: defense-industrial complex, experimental-series production, experimental produc-
tion, scientific approaches to management, integration production control.
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OuneHka pucKOB BHEJAPEHUs] TeXHOJOruu «3ejieHoe cTpouTeabcTBO» (Assessment of Risks
for Introduction of “Green Building” Technology)

Bossedenue 3enenvix 30anutl Moxtcem cnocooCmeosams peueHuio MHOJCecmea npooiem, 0CHO8-
HOUL U3 KOMOPbIX AGISLEMCsl NosbluleHUue SHepeodpgexmusnocmu. B yenom cmpemienue Kk nepexooy
Ha 3el1eHYI0 apXumeKmypy cHnocobcmeyem YayuuleHuo oKpysicaioujeti cpeovl, COXPAHEHUIO 300pPO-
8020 00WeCmMEa, CHUINCEHUIO YPOBHS NOMPeOleHUs IHEPLeMULeCKUX U MAMepUaiIbHbIX pecypcos U
Pazeumuro nepedosbix MexHoaI02UlL.

st npunsimusi pewterusi 0 YerecoodpazHoCmu 6HeOPEeHUsl FHEP2OCOePe2arux NPOeKmos npous-
800AM pacuemvl Ux dIKOHOMUUEeCKoU I¢hgexmuenocmu. Heobxooumo yuumsieams HENOIHOMY U He-
MOYHOCMb UHpOPMAYUL, A MAKIHCE BOZMONCHOCHU HENHCETAMETbHBIX NOCIECOCMEUN NPU Peatu3ayuu
NPOEKMO8 U NOLYYEeHUe MEHbULE2O IKOHOMULECKO20 IPeKma no CPABHEHUIO C OHCUOAEMBIM.

B nacmoswee epems npodremam ynpagieHus puckamu npu peanu3ayuu UH8eCMUYUOHHbIX dHep-
2ochepezalowux npoexkmos yoeniemcs He0oCmamouHo GHUMAHUSL, NOIMOMY 3a0a4a UOeHmu@uKa-
YUU, OYEHKU U CHUICEHUSI PUCKOB dHEP2OCOepedCceHUs ABNIAemCsl, 6e3YCIL06HO, AKMYAIbHOIL.

Ilposedena oyenka puckoe npumerenus mexHorocuu «3eienoe cmpoumenvbcmeoy. Ha npumepe
PeanbHo20 00beKma KanumanibHoeo cmpoumenscmea, 16-smadxcrnoeo dacunoco ooma 6 Mowcescke,
npeocmaesnena cucmema MOHUMOPUH2A, OAIOWAsL B03MONCHOCHb 6HOCUMb 8 NPOEKM U3MEHEeHUs,
nosvluiarowue e2o IHepeoIPhekmusHocms be3 CHudN CeHuss mpebdosanull Oe30nACHOCIU U MUHUMU-
3upys puck. Paccuumana skonomuueckas s¢hgexkmusHocmos om cokpauwjenus npooorIcumenbHo-
CMu CmpoumenbCmea 3a cuem NPUMeHeHUsl COBPEMEHHbIX MAmepuaios npu CMmpoumenbcmee.

The erection of green buildings can help solve many problems, the main one of which is the en-
ergy efficiency. In general, the desire to move to a green architecture contributes to the improve-
ment of the environment, the preservation of a healthy society, the reduction of the level of con-
sumption of energy and material resources, and the development of advanced technologies.

However, to make a decision on the feasibility of implementing energy-saving projects, they cal-
culate their economic efficiency. It is necessary to take into account the incompleteness and inaccu-



racy of the information, as well as the possibility of undesirable consequences in the implementa-
tion of projects and obtaining less economic effect than expected.

At present, insufficient attention is paid to the problems of risk management in the implementa-
tion of investment energy-saving projects, therefore, the task of identifying, assessing and reducing
the risks of energy saving is, of course, urgent.

The paper assesses the risks of using the Green Building technology. Using the example of a real
capital construction site, a 16-story residential building in Izhevsk, a monitoring system is provided
that allows the project to make changes that increase its energy efficiency without compromising
security requirements and minimizing risk. Economic efficiency is calculated from the reduction of
the duration of construction, due to the use of modern materials during construction.

KnawueBble cJI0Ba: 3€JI€HOE CTPOUTENBCTBO, YIPABICHHE PHUCKAMH, WHBECTUIIMOHHO-
CTPOUTENIbHBIC IPOCKTHI, SKOHOMUYECKast 3PPEKTUBHOCTD, YHEPT03(PPEKTUBHOCTD, IKOJIOTHYHOCTb.

Keywords: “green building”, risk management, investment and construction projects, economic
efficiency, energy efficiency, environmental friendliness.
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HN3mepenne 3KOHOMUYECKUX NMOTEPb, BOSHMKAIOIINX MPH OTTOKE YeJI0BeYeCKOro Kamurajia
u3 crpanbl (Measurement of Economic Losses from Workforce Outflow to Abroad)

B nacmosaweii pabome usnazaemcsa memooono2usi paciema 4eioseuecko20 Kanumaid no npe-
OelbHbLIM KANUMATbHLIM YEeHAM — N0 MUHUMATbHOU YeHe NPeOloNCeHUs U MAKCUMANTbHOU YeHe
cnpoca Ha pabouyio cuny. ODOCHO8AHA MemMOOON02Us paciema yujepoa, HAaHOCUMO20 20CYOapCcmey
U3-3a OMMOKA Yelo8evecK020 Kanumauia 3a npeoeivbl CMpaHvl, U npusedeH npumep pacyema no
oannvim Poccmama.

This paper expounds the methodology of human capital measuring by using the minimum price
of workforce supply and the maximum price of demand for workforce. Authors substantiate the
methods for measuring the state losses from workforce outflow and give a calculation example
based on data of the Federal State Statistic Service of the Russian Federation.

KiroueBble c10Ba: yenoBeyecKuil Kanurai, paboydasi cuiia, HHBECTOPHI U COOCTBEHHHUKH, U3MeE-
pEeHHME YKOHOMHYECKUX TOTEPb.

Keywords: human capital, workforce, investors and owners, measurement of economic losses.
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(V. P. Grakhov, DSc in Economics, Professor, Kalashnikov ISTU)

Teoperuueckoe 000CHOBAHHME HEOOXOAMMOCTH CTHUMYJMPOBAHHUS M TOCYIapPCTBEHHOM
NOA/AePKKH HHBECTHIIMOHHO-NHHOBAMOHHOTO cekTopa peruoHa (Theoretical Substantia-
tion of the Need for Stimulation and State Support of the Investment and Innovation Sec-
tor in the Region)

AHnanuzupyromcs coepemenHoe cocmosaHue, npoodiemvl U NepcneKmusvl UHEECMUYUOHHO-
UHHOBAYUOHHO20 cexmopa pecuona. Lleavio danHol cmamovu s6isaemcs 0000ueHue NPUHAMBIX U
Peanu308aHHbIX 20CY0aApCmMeoM mep Oaid CMUMYIUPOBAHUS UHBECMUYUOHHO-UHHOBAYUOHHO2O
cekmopa u ux pezyaromamos. Ilepeuucnenvt Oetlicmeyowue UHCMPYMEHMbl CIUMYIUPOBAHUSA



UHBeCMUYUOHHOU akmusHocmu 6 peeuore. Coenan 6vl00 0 HEOOXOOUMOCMU CO30AHUS OelcCh-
8EHHO20 MEXAHU3MA 20CY0apCmMEeHHO20 Pe2YIUPOSaAHUs U CMUMYIUPOBAHUS UHBECMUYUOHHOU
OdesimenvHoCmu npeonpuamuil. B smoii cesazu npednodicenvl pekomenoayuu, nooaedxcauwjue yuemy
npU NPUHAMUU PeueHUll 0 NPeooCmasieHuu Mol Ul UHOU NOOOEPICKU CO CMOPOHbL 20CY0ap-
cmaa.

The paper analyzes the current state, problems and prospects of the investment and innovation
sector in the region. The purpose of this paper is to summarize the measures taken and implemented
by the state to stimulate the investment and innovation sector and their results. The current instru-
ments for stimulating the investment activity in the region are listed. The conclusion is made that it
is necessary to create an effective mechanism of state regulation and stimulate the investment activ-
ity of enterprises. In this regard, recommendations are proposed that should be taken into account
when deciding on the provision of any support from the state.

KawueBble c10Ba: WHBECTUIIMOHHO-WHHOBAIIMOHHBINA CEKTOp, TOCYNAapCTBEHHAS MOJICPKKA,
CTUMYJIMPOBaHKE, TOCYAAPCTBEHHBIE TPe(EPEHIINH, HATOTOBBIC JIIOTHI, CyOCHANHN, TAPAHTHH, I10-
KazaTenu 3pEKTUBHOCTH.

Keywords: investment and innovation sector, government support, promotion, public prefer-
ences, tax breaks, subsidies, guarantees, performance indicators.
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Bu3Hec-mHKY0aTOp KaK MHCTHTYT MH(OPMANMOHHON MOJAEPKKH MAJbIX NpeInpusiTHil
(Business Incubator as the Institute of Information Support of Small Enterprises)

Paccmompenvt  6onpocvl  akmyanvnHocmu  gopmuposanus pazeumus cucmemvl OuzHec-
unkybamopog 6 Poccuiickoii @edepayuu KaxK ycioeus nogvluleHus 3pgexmuenocmu uHCmpy-
MEHMO8 NOOOEPIHCKU MAL020 U CPeOHe20 NPeonpunuMamenscmea. Asmopamu cqhopmyauposanvl
U 000CcHOBaHbI KTIOUeBble (PYHKYUU OU3HeC-UHKYOamopos 8 pamKax COBOKYNHOCMU UHCHIUMY-
Mo8 UHGPOPMAYUOHHOU NOOOEPHCKU MATbLX NPEeONnPUAMUL HA PecUOHANbHOM YpO8He. B pe3yib-
mame Uccied08anus coelansbl 8b18600bl 0 He0OX0OUMOCU PaA3padOmMKU KOMNIeKca uhgopmayu-
OHHO-AHATUMUYECKUX UHCIMPYMEHMO8 8 0esmelbHOCmU Ousnec-unKybamopa Kax yciogue OJisl
peanuzayuu e2o ungopmayuonHou ynkyuu. Jannas 3a0ava modicem Obimov peuleHa nocpeocm-
80M CO30aHUA UHDOPMAYUOHHO-AHATUMUYECKO20 nopmana «Bupmyanousiii  6usHec-unKy-
bamop».

In the paper the questions of the urgency of forming the development of the system of business
incubators in the Russian Federation as conditions for increasing the effectiveness of tools for sup-
porting small and medium-sized businesses are considered. The authors formulated and substanti-
ated the key functions of business incubators within the framework of a set of institutions of infor-
mation support for small enterprises at the regional level. As a result of the study, conclusions were
drawn on the need to develop a set of information and analytical tools in the business incubator as
a condition for the realization of its information function. This task can be solved by creating an
information and analytical portal "A Virtual Business Incubator”.

KaioueBble ciioBa: uH(pacTpyKTypa MOUICPKKU TPEANTPUHUMATEILCTBA, MaJlble TPEATIPUSITHS,
MH(OPMAIMOHHAS TTOIIEPKKa, OM3HEC-UHKY0aTOp, HH(POPMATMOHHO-aHATUTHYECKUHN TTOPTAJL.

Keywords: business support infrastructure, small enterprises, information support, business in-
cubator, information-analytical portal.
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®opmupoBanne 3PpPeKTHBHOI CTPYKTYPHI YHpaBJieHUs] HAYKOEMKHM NMPOU3BOACTBOM Ha
pasHbIX cragusx ero peanudannu (Forming of the Structure of Effective Management of the
High-Tech Production at Different Stages)

IIpoananusuposansvi meopemuyeckue OCHO8bl U NPAKMUYECKue npooiemvl OpeaHU3AYUOHHOO
NPOEeKMuUpOBaHUs: HAYKOEMKO20 NPOU3BOOCMEA.

The theoretical basis and practical problems for organization of the high-tech production are ana-
lyzed in this paper.

KawueBble c10Ba: HAyKOEMKOE MPOM3BOJICTBO, HHHOBAILIMH, OPTaHU3AIMOHHOE MPOSKTHPOBA-
HUE, IPOCKTHOE YIIPABIICHHUE, CETEBAsI MOJICITb.

Keywords: high-tech manufacturing, innovations, organizational design, project management,
network model.
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TexHomapk Kak MHCTHUTYT MH(PACTPYKTYPHOH NOMJAEPKKM WHHOBAIMOHHOIO NpeanpH-
HuMmartejbcTBa B Poccun (Techno-park as the Institute of Infrastructure Support of Innova-
tive Entrepreneurship in Russia)

Paccmompenvt ocobennocmu pazeumus mexuonapkos 6 Poccuu, npoananuzuposamsl ux euovl,
npeumyujecmea u HedoCmamKu 8 COBPEMeHHbIX yeaosusax. Packpvim komnaexc npobnem, npensm-
CMBYIOWUX NPEeBPAUeHUI0 OMedeCmBeHHbIX MEeXHONAPKO8 8 NOJIHOYEeHHble MEeXHONAPKO8ble CMPYK-
mypul. O003HaYeHbl npUOpumemHuvle HanpasieHus hoPMUPOBanUs MeXHONAPKO8 Ha 6aze KPYNHbIX
NPOMBIULLIEHHBIX NPEeONPUAMULL KaK )akmop nosvluleHUs KOHKYPEeHMOCHOCOOHOCMU mMepPpUmopull.
Iloouepxknyma axkmyanbHocmb CO30aHUS UHDPACMPYKMYPbL NOOO0EPHCKU UHHOBAYUOHHO20 NPeO-
NPUHUMAMENbCNBA, CNOCOOCMBYIOUWAs 3P HeKMUSHOMY 83aUMOOElCMBUI0 CYOBLEKMO8 MAlo20 U
KpYynHo2o Ousneca. Aemopamu coenau 6bl800 00 UHGPACMPYKMYPHOM GIUAHUU IKOHOMUUECKOU
Kiacmepuzayuu 1 20Cy0apcmeeHHo-4acmHo20 NapmHepcmed 8 pecuoHe.

The peculiarities of setting up techno-parks in Russia, their varieties, advantages and disadvan-
tages in modern conditions are discussed. A set of problems that prevent the transformation of do-
mestic technology parks into full-fledged techno-park structures is revealed. Priority directions of
formation of techno-parks on the basis of large industrial enterprises as the factor of increase of
competitiveness of territories are designated. The relevance of creation of an infrastructure of sup-
port for innovative entrepreneurship, promoting the effective interaction of subjects of small and
large business is emphasized. The authors made a conclusion about the infrastructural impact of
economic clustering and public-private partnership in the region.

KiroueBble ¢JioBa: TeXHONAPK, HHYPACTPYyKTypa HHHOBAIIMOHHOTO MPEANPUHIMATEIHCTBA.

Keywords: techno-park, infrastructure of innovative entrepreneurship.
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I'. II. Pamenckas, KaHAUAT Y)KOHOMUYECKUX HAyK, JOLIEHT, POCCUICKHI IrOCYJapCTBEHHBIN I1e-
narorudeckuii ynusepcutet, ExatepunOypr (G. P. Ramenskaya, PhD in Economics, Associate Pro-
fessor, Russian State Professional Pedagogical University, Yekaterinburg)

C. E. Pamenckuii, kanauiat Ouosioruueckux Hayk, ExkarepunOypr (S. E. Ramensky, PhD in Bi-
ology, Yekaterinburg)

B. C. Pamenckas, KaHAUIAT IOPUIUYECKUX HAYK, JOICHT, Y pajbcKas TOCYAapCTBCHHAS FOPHUIU-
yeckas akagemus, ExarepunOypr (V. S. Ramenskaya, PhD in Jurisdiction, Associate Professor, Ural
State Law Academy, Yekaterinburg)

Hcnoan3oBanne mpogecCHOHAIBHBIX CTAHAAPTOB JIsi BHIOOpPa PAGOTHHKA W3 YWCJIA TeH-
CHOHEPOB, KeJAINIUX 3aHATHL BakaHTHoe padouyee mecTo (Use of Professional Standards for
Employee Selection from the Number of Pensioners Wishing to Take the Vacant Workplace)

H3n001cenvl omoenvhvie pe3ynvmamsl NPOEEOEeHHO20 UCCIe008AHUS 8 PAMKAX NUIOMHO20 NpPO-
exma 06 UCNONb308AHUU NPOYECCUOHATLHBIX CIAHOAPMO8 NPU AHAU3E UMEIOWUXCS BAKAHCULL HA
npeomem ux 3aHAmMusl NeHCUoHepamu, uwywumu pabomy. Hccreoosanue nokasano, umo ¢ Exame-
puHbypee 0bL10 pasmewjeHo OMHOCUMENbHO DONbUOE KOIULECMBO 00BABIEHUL O 8AKAHCUAX OIS
NOJNCUNLIX ~ JII00€ll  CO2NACHO — NpogeccuoHanbHomy — cmanoapmy  «AOMunucmpamueHo-
ynpaeieHueckas u oguchas desmenvHocmovy. Kpome moeo, evissneno, umo pabomooamenv uacmo
CMPeMUNCA COBMECMUMb  OOJIHCHOCTIHbIE 00A3AHHOCMU HEeCKONbKUX eakaucuti. Ilpu pewenuu
NPAKmuyeckux 3a0ay noooopa Kaopos ciedyem npuUMeHsImsb KaK npoghecCuoHaibHbvle CmaHoapmol,
max u npogeccuozpammol. [{ns o6pabomku céedeHull 0 pabomHUKAX MAcco8blx CHeyudlbHocmel
Hauboee Nepcnekmu8HO UCHOIb308AMb NOCIE008AMENbHbLIL AHATU3 NO MHOSUM NPUSHAKAM, d NpU
oyenke npedcmasumenei YHUKANIbHbIX, MATOYUCIEHHBIX NPOGeccuil — KIACMEePHbIL AHAU3.

The paper outlines partial results of the performed study in terms of exploratory project about
use of professional standards in the analysis of available vacancies for their occupation by pen-
sioners looking for a job. The study showed, that a relatively large number of job vacancies for
pensioners in Yekaterinburg was published according to the professional standard of «management
and office dutiesy». It is also revealed, that employers often sought to combine duties of several jobs
in one open vacancy. Professional standards and profession diagrams should be used in solving
practical issues of recruitment. For processing data about employees of widespread specialties it is
the most perspective to use the sequential analysis by variety of attributes, and the cluster analysis
for assessment of limited professions.

KiroueBble cioBa: npodeccuoHaabHbIe CTaHIAPTHI, TPO(PECCHOHATBHBIN 0TOOp, TPY/ TEHCHO-
HEpOB.

Keywords: professional standards, professional selection, labor of pensioners.
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MeToanka qeKkJIapaTUBHOIO NMPOEKTHPOBAHNWS MPOrPaAMMHOI0 ofecrieyeHHsi: aHAJIHU3 Tpe-
ooBanuii k cucreme (Declarative Approach Design Technique: Requirements Analysis)

Paccmampusaromes axmyanvhvie npobiemvl COBPEMEHHbIX Memo008 NPOeKMUpOsanus npo-
epammHnozo obecnevenus. OCHOBHbLIMU HEOOCMAMKAMU COBPEMEHHBIX Memo008 NPOeKmuposaHsl
NpPOCPAMMHO20 0becneyeHUs A8IAIMCA HeCOOmMEemcmasue ObICmpo MEeHAIWUMC MPeOO08aHUIM &



VCIOBUAX CMPEMUMENbHO PA3BUBAIOWENC UHOYCMPUU UHDOPMAYUOHHBIX MEXHOIO02UM, CIONC-
HOCMb CONPOBONHCOEHUS U NOOOEPIAHCKU NPOSPAMMHO20 0becnedenus u3-3a npeobiadanus umnepa-
MUBHOL cocmagiaowell u ciabol cmenenu OOKYMeHmMuposanHocmu. Jlana xapaxmepucmuxa
npeoMemHo OpUeHmMuUpo8aHHo2o memooa npoekmuposanus (Domain Driven Design), onpedenensi
npeumywecmsa u Hedocmamxu paccmampusaemozo memooa. Coenan bl600 0 HeoOX0OUMOCMU
C030anUs HOBOU MeMOOUKU, YYUmulearoujeli 0coOenHoCmuy U mpebo8aHusi COBPEMEHHbIX NPOYECCos8
NPOEKMUPOBAHUS.

Ilpeonodicena memoouxka OekIapamueHo2o Npoyecca NPOeKMupo8aHus, PacCMAmpusaouds
npoyecc npoeKmuposanuss 8 ude Nocied08amenbHbIX dMAN08: onpedeieHue mpebosanull K Cuc-
meme, aHAIU3, NPOEKMuposauue u paspabomxa. J{auHas mMemoouka OCHOBAHA HA GOPMATbHbIX
npasuax 0eKiapamueHo20 nepexo0d Mexicoy pasiudHbIMU COCMOSHUAMU NPOYecca NpoeKmuposa-
Hus. Paccmompenvr smanvl onpedenenusi mpeboeanuii K cucmeme U aHaiu3a ¢ UCHOIb308AHUEM
npeonazaemoi  MemoOuKku Ha npumepe NpPOeKmupo8aHusi CUCMeEMbl NPOGEOEHUs OHIAUH-
COpe8HOBanULl N0 CNOPMUBHOMY npocpammuposanuto BACS. Ha smane gpopmyruposanus mpebo-
8anull K cucmeme ObLL ONpedeieH Clo8apb npedmemuol oonacmu. Pesynemamom smana ananuza
A6715emcs Mooelb npeoMemHou obracmu, opmanrbHoe onpedenienue GHEUHUX XAPAKMepPUCmuK
npoyeccos u 3asUCUMOCU NPOYECco8 Opye om opyed, npedCmasienHol 8 ude OUazpammbvl 8apu-
anmos ucnov3oeanus. Ilonyuennvle onucanus u Ouazpammbsl AIAOMCA 6XOOHLIMU OAHHBIMU O]
crnedyrowezo smana «llpoexmuposarnues.

This paper researches current problems of modern design techniques. Main disadvantages of the
modern software design techniques are the inconsistency of fast changing requirements in the rap-
idly expanding software industry, complexity of maintenance and support due to the predominance
of the imperative component and a weak documentation coverage degree. The characteristic of the
Domain Driven Design method is given, determined advantages and disadvantages of this method.
The conclusion is made about the need of creation a new methodology that considers the features
and requirements of modern design processes.

The Declarative Approach Design Technique is proposed. It considers the design process in the
form of consequent stages: “Definition of System Requirements”, “Analysis”, “Design and Devel-
opment”. The technique is based on formal rules for a declarative transition between different
stages of the design process. The stages “Definition of System Requirements” and “Analysis” of the
proposed methodology are reviewed based on the designing example of the sports programming
competition system BACS. At the stage of “Defining System Requirements”, a domain dictionary
was defined. The result of the “Analysis” stage is a domain model, a formal definition of the exter-
nal characteristics of the processes and their dependency on each other, is presented in the Use
Cases diagram. The received descriptions and diagrams are used as input data for the next stage
“Design”.

KiroueBble ¢JioBa: MPOSKTUPOBAHKE MTPOTPAMMHOTO OOECIICUeHHsI, aHAIU3 TPeOOBaHUI, METO-
JIbl IPOEKTUPOBAHMS, AEKJIapaTUBHOE ITpoekTupoBanue, UML.

Keywords: software design, requirements analysis, design techniques, declarative designing,
UML.
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NmuTanuoHHasi Moje/ib YNPABJIEHHS CTPATerHYeCKUM PpPa3BUTHEM MNPOMBIILJIEHHOTO
npeanpuaTus (Simulation Model of Strategic Innovation Management at Manufacturing En-
terprises)



Paccmampusaemces umumayuonnas mooens Ynpasienus UHHOBAYUOHHOU OesmelbHOCIbIO NPOo-
MbIUIEHHO20 NPeOnpusmus. Ynpasienue ocyuecmensemecs ¢ 0Opamuoll césa3vio, 8 KOMopol pea-
auzyemcsi paspabomra u nociedywuee eHeopenue unHogayuu. Paccmampusaromes umerowuecs
UHHOBAYUOHHbIE NPOEKMbl, KANHCObIU U3 KOMOPbIX NPeOCmABIaemcs 8 ude CO80KYNHOCU 4acm-
HbIX Kpumepues. [Ipednodcern Memoo OnuCanus u paHICUpPOBAHUS UHHOBAYUOHHBIX NPOEKMO8 C UC-
NOAb306AHUEM MAMEMAMUYECKO20 annapama Hedemkux mHodcecme. Kadxcowiti unHosayuonHulil
NPOEKM ONUCLIBACMCS HEeUeMKUM MHONCeCmMBOM. Beooumcs unoexc pamscuposanus, no3eonsouuil
A0eKBAMHO CPABHUBANb UHHOBAYUOHHBIE NPOEKmbl MedxHcoy cobotl. [Ipednodcena 803MOHCHOCID
yuema 3KCNepmHbIX NPeOnoYmeHull Ha YPosHe 6Ce20 NPeOnpusimusi U Kaxcoo20 UHHOBAYUOHHOZO
npoekma 6 uacmuocmu. Paccmampusaemces nouck onmumanbHulx napamempog ynpasienus. Ilpu-
8e0eHbl OeMOHCMPAYUOHHBLE NPUMEDDI.

Simulation model of innovation in industrial manufacturing is considered. Process of control
uses a feedback loop, where the development and subsequent implementation of innovations is real-
ized. Existing innovative projects are considered, each of them is presented as a set of partial crite-
ria. A method for describing and ranking innovation projects, based on mathematical theory of
fuzzy sets, is proposed. Each innovation project is described by a fuzzy set. A ranking index is in-
troduced, that makes it possible to adequately compare innovation projects among themselves. The
possibility of counting expert preferences at the level of the whole enterprise and each innovation
project in particular is suggested. A method for describing and ranking innovation projects is of-
fered. The search of optimal control parameters is considered. Demonstration examples are given.

KawueBble ¢JI0Ba: HMHUTAIIMOHHOE MOJICIMPOBAHNE, MHHOBAIIMU, ONTHMHM3AIINS, TIPOMBIIILICH-
HOE TIPENPUSITHE, YITPABICHHE, HEUSTKIEC MHOYKECTBA.

Keywords: simulation modeling, innovations, optimization, manufacturing enterprise, manage-
ment, fuzzy sets.
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Pa3pa0oTka Moae/ M npeneIeHTOB NpeINpPUATHI MUIIEBOH MPOMBIIIIEHHOCTH M0 TeXHOJIO0-
run OMG RUP (Developing a Use-Case Model for OMG RUP Technology of Food Industry)

Ipeocmasnena modens npeyedeHmos npeonpusimusi RUWEsol NPOMbIUIEHHOCIU HA npumepe Xie-
bo3aso0a. Ilpeonodcen nodxo0 K pewienuro nocmasientol 3aoauu Ha ochoee UML — moodenu npeye-
oenmos npedmemnoti oonacmu. Peanuzoean nooxoo RUP k paspabomke modenu uH@opmayuoHHou
cucmembl YnpasieHus 6CHOMOSAMENbHbIMU OUZHEC-NPOYECCamM NPOMbIULIEHHO20 NPeONPUMUSL.

The paper presents a use-case model of food industry as an example of a bakery. An approach is
proposed to the solution of the problem based on UML use-case model. RUP approach to the de-
velopment of the UML-model of computer management system for supporting industrial enterprise
business processes is implemented.

KiaroueBrbie ciioBa: moaenupoBanue, nperneacHrsl, UML, RUP, cuctema ynpapnenus, OuzHec-
MIPOIIECCHI, MUILEBAsi IPOMBIIUICHHOCTb.

Keywords: UML, RUP, use-case, food industry, business process modeling, CIS.
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Studying the Disturbances of Robotic Arm Movement in Space Using the Compound-
Pendulum Method (UcciienoBanue noMex ABMKeHHsI PYKH po00Ta B MPOCTPAHCTBE C MCIOJIb-
30BaHHEM METO/Ia MHOTO3BEHHOI0 MAsITHUKA)

The purpose of this paper is to study the disturbances that represent the existence of a robotic
arm with a payload, which affects the overall dynamics model of an aircraft by adding moments
and forces that represent noise. The aircraft used in this study is a multirotor UAV (Unmanned Ae-
rial Vehicle) type. The disturbances affecting the aircraft’s center of gravity change with time be-
cause of the change in the robotic arm angles in all directions, making the motion equations vari-
able with time. This paper offers a comprehensive study of determining the inertia moments of the
aircraft using a simplified pendulum method, taking into consideration the effect of mass distribu-
tion and center of gravity changes, which are a result of the continuous movement of the manipula-
tor during the aircraft motion in the air. The experimental tests were made using SolidWorks soft-
ware and were evaluated using MATLAB in order to get a complete view of the disturbances. In fu-
ture, a precise equation of motion will be defined, and the controllers will be developed in order to
get a robust stability.

Lenvio cmamvu sagnaemca ucciedosanue nOMex, KOmopbwle 803HUKAIOM NPU UCHOTb308AHUU PO-
OOMU3UPOBAHHO2O MAHUNYIAMOPA C HASPY3KOU U BIUAIOM HA 0OWYI0 OUHAMUYECKVIO MOOeb Jie-
MamenbHO20 Annapama, NPUSHOCS MOMEHMbL U CUbL, Npedcmasiaiouue cooou 0ONOIHUMENbHbL
wym. Jlemamenvholii annapam, UCHOIb3YeMbll 8 OAHHOM UCCLe008AHUU, Npedcmasisem coOoll
mHoz2opomopuwitl BITJIA (becnunomuviil iemamenvuuiii annapam). Ilomexu, okasvigarouue gnusHue
Ha YeHmp mAxicecmu 1emameibH020 annapamad, UsMeHsIomcs no 6pemMenU C1e0Cmaue U3MeHeHUs
Venoe 08UdNCeHUs poOOMUUPOBAHHO20 MAHUNYIIAMOPA 80 6CeX HANPAGIEHUAX, YMo Onpeoesem
3A8UCUMOCb YPABHEHUSL OBUICEHUSL OM BPEMEHU.

Hannas cmamos npeodnazaem KOMNJIEKCHOE UCCIE008aHUE NO ONPeOesIeHUI0 MOMEHMO8 UHEPYUU
JIlemamenbHo20 annapama ¢ UCHOIb308AHUEM YIPOWEHHO20 Memood MAAMHUKA, V4umleéarujee
8IUAHUE pacnpedeNieHUss MACCbl U USMEHEHUsl YeHMPAa MAdCeCmu, KOmopbwle AGNAIOMCA pe3yibma-
MOM HeNnpepvl8HO2O OBUNCEHUS MAHUNYIAMOPA NPU OBUNCEHUU 1emamelbHO20 annapama 8 030)-
xe. /{5 nonyuenusi no 803MONCHOCMU HAUOOIee NOTHO20 NPEOCMABICHUSL NOMEX IKCHePUMEHMATb-
Hble UCNBIMAHUSL NPOBOOUNUCH C UCHONB308AHUEM NPocpaMmHo20 obecnedenus: SolidWorks u oye-
Husanucy ¢ ucnoavzosaruem MATLAB. Koneunvim pe3yiomamom uccie0o8anus a6usemcs co30a-
HUe MOYHO20 YPABHEHUsL OBUNCEHUS U PA3PAOOMKA KOHMPOILIEPOs8 Olisi 0becnedeHus e2o yCmoudu-
goCcmu U CMAOUILHOCTU.

Keywords: UAV, Center of Gravity, Inertial Moments, Compound-Pendulum Method, Parallel
Axis Theory.

KioueBbie ciaoBa: BIUIA, neHTp Ts)kecTH, HHEPLMOHHBIE MOMEHTHI, METOJ MHOTO3BEHHOI'O
MasiTHUKA, TEOPHS MapajlIeIbHOH OCH.
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ABTOMATH3HPOBAHHAS CHCTEMa OIEHKM KOMIO3MIUOHHBLIX XapakTepucTuk 2D-
n3odpaxkenusi: koHuenuus (Automated System for Evaluating 2D-Image Compositional
Characteristics: Concept)

Cmambs noceéawena pazpabomke KOHYenyuu u apxumexkmypvl A8MOMamMu3upO8aAHHOL CUCTEMbL
OYeHKU KOMNOZUYUOHHBIX Xapakmepucmuk 2D-uzobpasicenus. ODOCHOBbIGAEMC S 8AHCHOCMb OYEH-
KU U300padicenuti ¢ MoyKu 3peHus 4ei08euecko20 6OCHPUAMUSL U ICMEMUKU npu NOMOUWU KOMNbIO-
mepa. [locne kpamkoeo 0630pa ucmopuueckou uacmu npodaemvl HOKA3aHbl OOCHOUHCMEA U He-
oocmamky eOUHCMBEHHOU HayYHOU pabomul, ucnoav3yioweu IBM ons oyenku scmemuueckux xa-



paxkmepucmux. Memoodonoeuss P. Apuxetima npednacaemcs Kax 0cHO8a Oiisi CO30AHUSL CUCHEMDL,
JUULEHHOU dMUX Hedocmamkos. lIpusedenvl pe3ynbmamvl IKCNEPUMEHMO8, OOKA3bIBAIOWUX, UMO
8bIOPAHHASL MEMOOON02US OOCMAMOYHO MOYHO OMPAdNCAen. MeXAHU3Mbl 4el08e4ecK020 B0CHPU-
AMuUsL.

This paper is devoted to the development of the concept and architecture of an automated system
for evaluating 2D-images compositional characteristics. The importance of image evaluation in
terms of human perception and aesthetics using computer is justified. After a brief review of the de-
velopment of this topic and related classical methods, only one scientific work in this field was
found, in which a computer was used to assess the aesthetic characteristics of paintings, the advan-
tages and disadvantages of this research and the developed methods were discussed. Then, Arnheim
methodology was introduced and proposed as the basis for creating the suggested image evaluation
system. The results of experiments prove that the chosen methodology accurately reflects the
mechanisms of human perception.

KawueBble cioBa: P. ApHxeiiMm, aHanu3 u300paXeHUH, KOMITIO3UITHOHHBIC XapaKTCPUCTHKH,
ACTETUKA, aBTOMATU3AIIHSL.

Keywords: R. Arnheim, image analysis, compositional characteristics, aesthetics, automation.
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(I. G. Gibadullin, DSc in Education, Kalashnikov ISTU)

Hcnoab30Banne AbIXaTeJbHbIX YIPA:KHEHUH, CIOCOOCTBYIOIIUX PAa3BUTHIO 001Iel BBIHOC-
JINBOCTH, HA 3aHATUAX N0 Pusnueckomy BocnutaHuio (Use of Breathing Exercises, Contribut-
ing to the Development of General Endurance at Classes of Physical Education)

Paccmampueaemca memoouxa BblNOAHEHUSI ObIXAMENbHBIX YAPANCHEHUL, CNOCOOCMBYIOUUX
passumuro odbwell 8bIHOCIUBOCMU, HA 3AHAMUAX NO puzudeckomy eocnumanuio. OcHo8Hble Memo-
Obl PA3BUMUSL BLIHOCIUBOCIIU ) CIMYOEHMOK: HeNpepuléHblll, epeMeHHblll U nosmopHbiil. IIpu smom
HA HAYANbHBIX dMANAX Npoyecca pazeumusi 8bIHOCIUBOCNU NOGMOPHBIU U NePeMeHHbIl Memoobl
NpUMeHAIOMCs He Ol MO020, 4moObl NOBbICUMb UHMEHCUBHOCb HAZPY3KU, A 8 CEA3U C MeM, Ymo
MHO2UEe CIMYOeHMKU He CNOCOOHbI OIumebHoe 8peMsl 8bINONIHAMb 08UueameibHble 0eliCmaus oaice
ymepenHol unmencuenocmu. Ilo mepe pocma no02omosienHOCmy NOSMOPHBII U NEPeMeHHbILL Me-
Moobl pazeumusi 8bIHOCIUBOCMU NPUMEHAIOMCA 0N NOGbIULEHUS UHMEHCUBHOCIU YINPANCHEHUL.
Jna ycunenus spgpexma 6o30eticmeusi puzuyecKux ynparcHeHul Ha pasgumue 6bIHOCIUBOCU HA
KaxcooM 3aHAmMuUU, NOCGAUEHHOM peueHU0 OaHHOU 3a0ayll, YerecooOpasHo NPUMEHIMb KOMIIEKC
ObIXAMENbHBIX YNPAICHEHUL, HANPABIEHHbIIL HA NOBbIULEHUE NACMUYHOCIU 2PYOHOU KIemKU U No-
8bIULCHUE JHCUSHEHHOL eMKOCMU Je2KUX, HA Y8eludeHue Cuibl U BbIHOCIUBOCMU OblXAMETbHbIX
MbIUUY, A MAKAHCce NOGbIUUEHUE BEHMUTAYUOHHBIX CNOCOOHOCMEN JIe2KUX

The paper describes the method for performing the breathing exercises, contributing to the devel-
opment of general endurance at classes of physical education. The main methods of endurance devel-
opment for students are continuous, alternating and repetitive. During the initial stages of endurance
development the repetitive and variable methods are used not to increase the intensity, but due to the
fact that many students are unable to perform physical actions ( even of moderate intensity) for a long
time. The growth of re-training and alternating methods of endurance development are used to en-
hance exercise intensity. To enhance the effect of physical exercises for development of endurance at



each class, devoted to the solution of this problem, it is advisable to apply a set of breathing exercises
aimed at increasing the elasticity of the chest and the lung capacity, at increasing the strength and
endurance of respiratory muscles and also lung ventilation abilities.

KawueBble ca0Ba: JpIXaTelbHbIC YIPaXXHCHUS, Pa3BUTHE OOIEH BBIHOCIMBOCTH, XU3HCHHAS
€MKOCTb JIETKUX, JbIXaTeIbHBIC MBIIIIIEI.

Keywords: breathing exercises, development of general endurance, lung capacity, respiratory
muscles.
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B. C. Koowcesnuros, kanaunar negarorndyeckux Hayk, UxI'TY mmenn M. T. Kamamnukosa
(V. S. Kozhevnikov, PhD in Education, Kalashnikov ISTU)

Hcnons3oBanne cTa0WIOMeTpHHM B WeJsIX YNPaBJIeHUsI MHOTroJIeTHeil MOATrOTOBKOi cropT-
cveHoB (Use of Stabilometrics in Order to Manage the Long-Term Preparation of Athletes)

Pasnosecue sasnsemca oOnum u3 Knouesvix (hakmopos, oKa3vlearOWux CywecmeeHHoe GlusHue
HA COpeGHOBAMENbHYIIL Pe3yIbmam CNOPMCMeH08 8 bonvbuuHcmee 6uooe cnopma. OOHum u3 Hau-
bonee unHghopmamusHwvix Memooos uzyueHus pasHogecus fAnsemcs cmaburomempus. B cmamve
nposeden 0030p pabom, NOCEAUEHHBIX UZVUEHUIO 803MONCHOCTNEU NPUMEHEHUs CIAOUIOMempul 8
cnopme. [loxazanvl xapakmepucmuku paziuyHblX MUn08 pagHOBecUs, CmeneHb GIUAHUL 603DPAC-
MHBIX, 2eHOEPHLIX U AHMPONOMEMPULECKUX PA3TUYUL HA YPOBEHb CIMAMOKUHEMUYECKOU YCmoudu-
goCmMU  CHOPMCMEHO8. Y Uy JceHcKo2o noaa ommeuaemcsi 0Oonee 6blCOKAs CHOCOOHOCMb
K N000epIHCaAHUIO PABHOBeECUS, 68 OObLell Mepe — CIAMUYECKO20, Y MYHCUUH omMmedeHo boiee bl-
COKOe Kauecmeo OuHAMu4eckozo pasnogecus. Heoocmamouno usyyen 6onpoc o cmenenu 3a6Ucu-
MOCmuU  CMAmoOKUHemU4ecKol yCmoudugocmu om aumponomMempuieckux OaHHbIX CNOPMCMEHA.
Yemanoeneno, umo kavecmeo QhyHKkyuu pasHogecusi CHOPMCMeHa CHUNCAEMCs NOO 8030eUCmaeuem
@usuueckoll Hazpy3Ku KaK HA HUMCHUE, MAK U HA 6epPXHUE KOHEYHOCMU, NPU SMOM Y CHOPMCMEHO8
8bICOKOU KGANUDUKAYUU OAHHAS 3A8UCUMOCTD MEHee 8blpadceHd. Dma Kame2opus CHOPMCMEHO8
omauuaemcs: makace Oojee 8blCOKUM YPOBHEM CIMAMOKUHEMUYEeCKOU YCMOU4U80Cmu 6 COCMOAHUU
nokos. B pezynemame coenanwvl 6616006l 0 8bICOKOU NPOSHOCMUYECKOU YEHHOCMU Memood cmaobu-
JIOMEeMPUU U WUPOKUX BOSMOICHOCHIAX €20 UCNONb308AHUS 8 Npoyecce YNpasieHus MHO20emHell
NOO20MOBKOU CNOPMCMEHO8, A MAKHce 0 HeobXooumMocmu Ooee 2yOOK020 U3YUeHUs GIUAHUSL UH-
OUBUOYATILHBIX 0COOEHHOCMEl CHOPMCMEHO8 HA KAYeCm8o (YHKYUU PABHOBECUSL.

Balance is one of the key factors which have a significant effect on the result of competitive ath-
letes in most sports. One of the most informative methods for the study of the balance is stabilomet-
rics. The paper presents the review of works devoted to studying the possibilities of applying the
stabilometrics in sport. The characteristics of different types of the balance, the degree of influence
of age, and gender and anthropometric differences at the level of static and kinetic stability of ath-
letes are shown. As for females, there is a higher ability to maintain the balance, mostly the static
one, while males demonstrated a higher quality of the dynamic balance. The issue of the degree of
dependence of static and kinetic stability on anthropometric data of athletes is still under-
researched. It is established that the quality of the balance function of the athlete decreases under
the action of physical loads, both on the lower and upper limbs, at the same time this dependence is
less shown up for the sportsmen of high qualification. This category of athletes differs also by a
higher level of static and kinetic stability at rest. As a result, the conclusions are made on the high
predictive value of the method for stabilometrics, wide possibilities of its application in manage-
ment of long-term preparation of sportsmen, and the need for more in-depth study of the influence
of individual characteristics of the athletes on the quality of the balance function.

KawueBble cjioBa: CTa0MJIOMETpUs, PaBHOBECHE, CIIOPTCMEHBI, MHOTOJETHSS IOJrOTOBKA,
yIIpaBJIeHUE.
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K 10omoJHUTEJbHOCTH HAYYHBIX W PEJIUTHO3HBIX ACNEKTOB 00pa3oBaHusi Kak ¢akrTopa
BOCCTaHOBJIEHUS ero HuBHIN3annoHHbIX 0cHOB (To Complementarity of Scientific and Reli-
gious Aspects of Education as a Factor of Restoration of Its Cvilization Bases)

Baosicnocms obpawenus K yueUIU3AYUOHHBIM UCMOKAM 00pA308aHUusi OUKMYemcs YCuleHuem
UHPOPMAYUOHHO-NCUXONOSUHECKUX UIU YUBUTUZAYUOHHBIX BOUIH, 8 KOMOPBIX UCNONb3YIOMCI HAYYHO
000CHOBAHHbIEe MeMOObl U MEXHON0UU 6HeOPEeHUsl 8 CO3HAHUe NPOMUSBHUKA YEHHOCMel Npums-
sarowets Ha audepcmeo yusunuzayuu. Ce200Hs uepes 00pazoeanue u pasiuyHvle cpeocmed KOMMY-
HUKAYUU BHEOPAIOMCs TUOepalbHble YeHHOCMU, KOMOpble pa3pyularom Kyabmypy pycCcKou npago-
CNLABHOU YUBUIUZAYULU, CHOCOOCMBYSL YCUNIEHUIO HPABCMEEHHOU 0ecpadayut MoA00020 NOKOJIeHUS.
Ilopounocmsb Oesanveayuu OYX08HbIX YeHHOCMeEN U MPAOUYULl NPABOCIABUS 8 PEUeHUU B0CNUMA-
MeNbHbIX 3a0ay 0Opazosanus ykazvieaemcsi 6 OCHO8AX 20CYOAPCMBEHHOU KYIbIMYPHOU NOIUMUKLL.
Cpeou enasuvix yeneti u 3a0ay 3mo20 OOKYMEHMA YMeepHcoaemcs « COXpaHeHue UCmopuyecKozo u
KYIbMYPHO20 HACAEOUs U €20 UCNOIb308aHUe 01 60CNUMAHUL U 00PA308aHUs, nNepedadd om NoKo-
JIeHUsl K NOKOJIeHUI0 MPAOUYUOHHBIX Ol POCCUNICKOU YUBUUZAYUU YEeHHOCMeEl U HOPM, MPaouyull,
0bviuaes u 0bpasyos nosedenusy. B cmamve 0bcysicoaromes 603MoANCHOCMU CMAHOBNIEHUS NPENO-
o0asanus Kypca (u3uKku 8 gyze Kaxk uda 0yXo8H020 NPOU380OCMEA, KOMOPOe OCHOBbIBAECMCS HA Ne-
pexooe om npomueobOpCmea HAYUHOU U PeTUSUOZHOU KAPMUH MUPA K UX 83AUMHOU OONOTHUMENb-
Hocmu. Oma meHOeHyus pazeumusi 00pa30eanus omeedaem COXpaHeHuro 0YX08HbIX YeHHocmel U
HOPM NPABOCIA8Usl, MPAOUYUOHHBIX OJisl POCCUTICKOU YUBUTUZAYUU U CO30AIOUWUX YCI08US OISl PA3-
BUMLUSL MBOPYECKO20 NOMEHYUANLA CYOBbEKMO8 00PA308aHUS.

Importance of the reference to the civilization foundation of education is dictated by strengthen-
ing of information-psychological, or civilized, wars in which scientifically based methods and tech-
nologies of introduction into the opponent consciousness of values of a leading civilization are
used. Today promotion of liberal values of the West, which destroy the culture of Russian orthodox
civilization and strengthening of moral degradation of a young generation, is taking place through
formation and various communication media. Perversity of devaluation of cultural values and tra-
ditions of Orthodoxy in the solution of the educational problems is underlined in Bases of the state
cultural policy. Among overall objectives and problems of this document it is affirmed: "preserva-
tion of historical and a cultural heritage and their use for purposes of education; transfer from
generation to generation of values traditional for the Russian civilization and norms, traditions,
customs and samples of behavior". In the paper the restoration of the status of teaching physics in
a high school, as a kind of spiritual manufacture, which is based on replacement of an antagonism
of scientific and religious pictures of the world by their mutual complementarity is discussed. This
tendency of development of education is in full accord with preservation of cultural values and
norms of orthodox Christianity which are traditional for the Russian civilization and which create
the conditions for development of creative potential of subjects of education.

KawueBble c10Ba: HayKa W PeNUrus, JOMOJHUTEIBHOCTh M CHHEPTUs, TPAHCIEHJICHTHOCTh U
IIEJIOCTHOCTh PEabHOTO MUPa, BEpa U 3HAHUE.
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IIcuxosoruyeckoe cOCTOsIHNE CJAAOOCTBIIIAIMX U TVIyXUX CTYJE€HTOB-NIEPBOKYPCHHKOB TeX-
HH4YecKoro By3a. PesyabTaTnl nBeroBoro tecra M. Jlromepa (Psychological State of Hearing-
Impaired and Deaf First-Year Technical University Students. Results of the Lucher Color Test)



Paccmampusaemcs axmyanvHas ons 6ce2o omeuecmeeHH020 00pa308anus npooiIemMa UHKIO3UB-
Ho2o obyyenus. Haubonee ocmpo ona npossnsiemcs 6 GblcuiUX Y4eOHbIX 3a8e0eHUsX, panee He
UMesUUX NOOOOHO20 ONbIMA, HO 8 COOMEEMCMBUU C 3AKOHOOAMENbCMBOM 00SA3AHHLIX 0becneyu-
8amb Npago n0oel ¢ 02PAHUYEHHBIMU BO3MONCHOCMAMU 300P0Bbsl HA NONYYEeHUe 00pA308aHUA.
Ilpobnema ocsewaemcs 6 paxypce uzyueHusi NCUXONOSUHECKO20 COCMOAHUAL CAAOOCTbIUAUUX
U 2YXUX CMYOEeHmMO8 HA NepeoM Kypce mexHuyeckoz2o 8y3a. llpusooamcsa cneyuguyeckue uepmul
00yYeHUsI CIMYOEHMO8 C 0ZPAHUYEHHBIMU BO3MONCHOCHAMU 300P08bsi NO CAYXY. AHanusupyromcs
oaHuvle ysemoso2o mecma M. Jlrowepa, nonyyennvle 8 meuenue nepeo2o cemecmpa.: Haudlo, cepe-
OuHa, KoHey. Pesynomamuvl mecma 6 pasHvle nepuoovl CEUOEMeNbCMmEYIom, YMmo 6ce CHyOeHNbl
BOCHPUHUMAIOM CILONCUBULYIOCS CUMYAYUIO KAK CIPECC, HYHCOAIOMCs 8 NOCMOAHHOU NOO0EpICKe.
Ilpu smom K KOHYY nepeoeo cemecmpa y HUX OOHAPYI’CUBAETNCS JHCENAHUE COXPAHUMDb C80€ NOJLO-
Jcenue, KOmMopoe Hayumaem 60CHPUHUMAMbCA KAK npecmudicHoe. Jlenaemcsi 6b1600 0 He3HAUYU-
MENbHOU NOLONCUMENLHOU OUHAMUKE NCUXOLOUYECKO20 COCMOANHUL CIYOeHmos 8 npoyecce 00y-
yeHus. Aemop ykasviéaem Ha HeoOX0OUMOCMb NPUMEHEHUSI OAHHOU MeMOOUKU 8 C653U C 02PaHU-
YEHHOU COYUATLHOU MOOUTLHOCBIO U MATLIM JEKCUYECKUM 3anacoM CIYOeHMOs.

The paper deals with the problem of inclusive education which is relevant to the entire national
education. It manifests itself most sharply in higher educational institutions which previously had no
experience with inclusion, but according to the legislation they are obliged to ensure the right of peo-
ple with disabilities to receive education. The problem is covered with respect to studying the psycho-
logical state of hearing-impaired and deaf first-year students of a technical university. Specific fea-
tures of training students with hearing impairment are given. The results of the Luscher color test ob-
tained during the first semester — in the beginning, the middle and the end of it — are analyzed. The
test results obtained in different periods show that all students perceive the current situation as a
stress and they need constant support. At the end of the first semester they have a desire to maintain
their position which they start perceiving as prestigious. It is concluded that there is a slight positive
dynamics of the students’ psychological state during the learning process. The author points out the
necessity of using this technique due to the students’ limited social mobility and small vocabulary.

KiroueBblie ciioBa: Beiciiee 0O0pa3oBaHHE, HHKITIO3UBHOE O0yYEHHE, CIA0O0CIBIIIAIINE CTYACH-
ThI, TICUXOJIOTUYECKOE COCTOsIHUE, TecT M. Jlromepa.
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A. A. Mupownuuenko, TOKTOp MEAArOTMYECKUX HaykK, mpodeccop, I ma3oBckuii rocy1apcTBeH-
HBIN nefarornyeckuii uHCTUTYT uMeHH B. I'. Koponenko (4. A. Miroshnichenko, DSc in Education,
Professor, Glazov State Pedagogical Institute n. a. V. G. Korolenko)

. P. Mep3nakosea, KaHIUAT TICUXOJIOTUYECKUX HAYK, Y IMYPTCKUN IOCyAapCTBEHHBIM yHUBEP-
cutet, Mbxesck (D. R. Merzlyakova, PhD in Psychology, Udmurt State University, Izhevsk)

PernonasbHasi cucrema obecnedeHusi NMCUXO0JO0THYECKOr0 3/10POBbSI YUACTHHKOB 00pa3o-
BaTeJIbHBIX OTHOLICHNI: KBagnMeTpudeckuii acnekT (Regional System of Providing the Psy-
chological Health f Participants of Educational Relations: Qualimetry Aspect)

Obo3Hauena npodrema OYeHKU NCUXOI02UUECKO20 300P08bsl YUACMHUKO8 00paA308amenbHbIX Om-
Howenut. IIpoyecc coxpamenus u yKpenieHus NCuxoiocuieckoeo 300p06bs YUACMHUKO8 00pa306a-
MeIbHbIX OMHOUeHUL Heomoenum om npoyecca oopasosanus. Obpasosanue Kak KOMHIEKCHbILU NPo-
yecc OpUEHMUPOBAHO HA UHMENIEKMYAlbHOe, OYX08HO-HPABCMEEHH0e, mMEopuecKoe, pusuyeckoe u
(unu) npogeccuonanvroe passumue yenogexa. Ha ocnoge ananuza meopuil nCUxor02uyecko2o 300-
PO8bsi onpedesielbl OCHOBHbIE Kpumepuu (KOMHOHeHmbl) 0anHo20 enomena. Ilpedcmasnen aneo-
pumm 2pynnogou IKCHepmHoOU OYeHKU KOMHOHEHMO8 NCUXON02UYECKO20 300posbi. Paccmompena
cucmema obecneyenus NCUXOL02UYeCKo20 300P08bs YUACMHUKOS 00pA308aMeNbHbIX OMHOWEHUI,
ee YPOoBHU: YPOBEHb CAMO20 00yUaIOue2ocs, e20 COYUANbHO20 OKPYX#CeHUs (nedazoeu u pooument,),
006pazo06amenbHoll Op2aHUu3aAyUY, MyHuyunaiumema u pecuora. Q6o3nauervl Memoosvl pecucmpayuu



COCMOSHUSL NCUXOTIO2ULECKO20 300P08bsL HA KAXCOOM YPOBHE: HA YPOBHE 00yUaoue2ocs — pukcayus
nokazamesetl NCUXOJI02UYECKO20 300P08bsl WKOIbHUKOE C OMCAEHCUBAHUEM OUHAMUKYU OAHHBIX KPU-
mepues; Ha YPOGHe CUCMEMbL KPOOUMENb — 00VHAIOWULICS — Nedazoey — GblsiGNIeHUe CReYUPUKU co-
CMOSHUSL  NCUXOJIO2UYECKO20 300P08bsl  OAHHBIX YUACMHUKOS 00pA308ameNbHbIX  OMHOULeHUU
C Y4emom 603PACMHbIX 0COOEeHHOCMeN, UHOUBUOYANbHO-TUYHOCIHBIX XAPAKMEPUCMUK, d MAKICe
0cobeHHOCmell BbINONIHEHUs COYUANbHBIX POell, HA YPOSHe 00pa308amenbHOU OpeaHU3ayuu — Mo-
HUMOPUHZ NCUXONOSUUECKO20 300P0BbsL YYACMHUKO8 00PA308aMENbHbIX OMHOWEHUL C Y4emom op-
2aHU3AYUOHHBIX (haKmMopoe pucka. IKChepmu3a COCMOAHUA NCUXOLO2UYECKO20 300P08bsl HA MYHU-
YUNaibHoOM YposHe O00JJICHA Obimb nepeoana 0OWeCmBeHHbIM 00beOUHEHUAM Nedazo208 no npo-
QPUILHOMY NPUHYUNY, A HA PECUOHATLHOM YPOBHE — OblMb KOMNIEKCHOU U MeHCEE00MCMBEEHHOII.

The paper presents the problem of assessing the psychological health of participants in educa-
tional relations. The process of preserving and strengthening the psychological health of partici-
pants in educational relations is inseparable from the educational process. Education, as an inte-
grated process, is focused on the intellectual, spiritual, moral, creative, physical and (or) profes-
sional development of a person. Based on the analysis of theories of psychological health, the main
criteria (components) of the given phenomenon are determined. The algorithm of group expert
evaluation of components of psychological health is presented. The system of ensuring psychologi-
cal health of participants in educational relations and its levels are considered: the level of the stu-
dent, his social environment (teachers and parents), the educational organization, the municipality
and the region is considered. Methods of recording the state of psychological health at each level
are indicated. At the level of the trainee they are the fixing indicators of the psychological health of
schoolchildren with tracking the dynamics of these criteria. At the level of the system “the parent -
the trainee - the teacher” it is the identification of the specificity of the state of psychological
health, taking into account age characteristics, individual and personal characteristics, as well as
the characteristics of the social roles. At the level of the educational organization it is the monitor-
ing of the psychological health of participants in educational relations, taking into account organ-
izational risk factors. Expertise of the state of psychological health at the municipal level should be
transferred to public associations of teachers on a profile basis, and at the regional level it should
be comprehensive and interdepartmental.

KawueBble ¢JI0Ba: TCHXOJIOTMYECKOE 37I0POBbE, YYACTHUKH OOpA30BATEIbHBIX OTHOIICHHIA,
MeIarormueckasl CHCTeMa, CUCTeMa 00pa30BaHusI, KBAIMMETPUs, TPYIIIIOBast SKCIIEPTHAS OIICHKA.
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[IpakTHKO-OpHEHTHPOBAHHBIN MOAX0J K NMPo(ecCHOHAIBLHOH MOATrOTOBKE OYAYIIMX JKO-
HOMHCTOB M TeHAeHIMH I'yMaHUTapu3auuu M ¢pyHaameHTanuzauum odpasoBanus (Practice-
Oriented Approach to Training Future Economists and Trends of Humanization and Funda-
mentalization of Education)

Ananuzupylomes pasiuunvie HanPagIeHUs pealu3ayuy nPaKmuKo-opUeHmuUpo8aHHo20 nooxood
K npogeccuonanvrou noocomoeske 6yoywux skonomucmos 6 CIIA, Eepocoroze, Anonuu u Poccuii-
ckoui Pedepayuu. Ilepeoe nanpasnenue ceA3aHoO ¢ op2aHuzayuel NPaKmuk u CmadtCupo8ox Cmy-
0enmos, emopoe HanpaeieHue npeononazaem NpuMeHenue 6 00pa308amenbHOU 0esmenrbHOCHmU
NPAKMUKO-OPUEHMUPOBAHHBIX MEXHON02ULl. A8MOPCKAA MOYKA 3peHUs 3aKI04aemcsi 8 mom, Ymo
NPAKMUKO-OPUEHMUPOBAHHBIN NOOX00 USMEHUTI CYUWHOCMb MEHOEHYUL 2yMAHUmMapu3ayuu u QyH-
oamenmanusayuu oopasosanus. Jlo konya XX 6. oannvie meHOeHYUU accoyuupo8anucy ¢ 21y60Kkou
HAYYHOU NOO20MOSKOU, pacuiupeHuem Kpyeo3opa cmyoenmos. B navane XXI 6. cymanumapusayus
U ynoamenmanuzayus mpakmyomcs Kak yCuieHue poau 2yMaHumapHulx u QyHOaMeHmaibHbIx



OUCYUNTUH C Yelblo 0becneyerUss NOO2OMOBKU KOHKYPEHMOCHOCOOH020 IKOHOMUCmA. D gdexmus-
HOCMb 3MO020 Npoyecca 3a8Ucum om NpaKmuKo-OpUeHmupo8aHHo20 XapaKxmepa npenooasanus 2y-
MAHUMAPHBIX U PYHOAMEHMATLHBIX OUCYUNTIUH.

The paper analyzes the different directions of the practice-oriented approach to training future
economists in the USA, EU, Japan and Russian Federation. The first direction is connected with the
organization of practices and training of students, the second direction involves the use of educa-
tional activities in practice-oriented technologies. The author's view is that the practice-oriented
approach has changed the essence of the humanization and fundamentalization education trends.
By the end of the XX century these trends are associated with deep scientific training, with the ex-
pansion of horizons of students. At the beginning of the XXI century and humanization fundamen-
talization interpreted as strengthening the role of the humanities and basic sciences to ensure train-
ing of competitive economics. The effectiveness of this process depends on the practice-oriented na-
ture of the teaching of the humanities and basic sciences.

KawueBble c10Ba: MPaKTHKO-OPUCHTUPOBAHHBIN TOIXO0J, TyMaHUTapHu3anus, QyHIaMeHTaIH-
3anusi, BBICIIEE OOpa3oBaHME, MPOPEeCcCCHOHATBHAS MOATOTOBKA OYIYyIIMX 3KOHOMHCTOB, Tpodec-
CHOHAJIbHAS! KOMIIETCHTHOCTD, MPO()ECCHOHAILHO 3HAYMMBbIC KaueCTBa.

Keywords: practice-oriented approach, humanization, fundamentalization, higher education, pro-
fessional training of future economists, professional competence, professionally significant qualities.



