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MaremaTuyeckasi Moaeb NMEPBHYHOIO pbIHKA KHiabsi ropoaa MaxeBcka (Mathematical
Model for Izhevsk Primary Housing Market)

B cmamve paccmampueaemcs npobiema 3KOHOMUKO-MAMEMAMULECKO20 aHAIU3A COCTOSHUSL U
nepcnekmue (opmMupo8aHus U pazeumus pecUuoHANIbHO20 DPLIHKA JHCUNbS, COCMOSAHUE KOMOPO2O
CEPbe3HO GUsLeNm 8 MOM YUCTE HA COYUATbHO-IKOHOMUYeCcKoe nojodceHue 8 pecuore. C nomoubio
CMAmMUCmMuyecKux Memooo08 Uccie008anus NAHeIbHbIX OAHHbIX NOCMPOEHbL MOOeNU CNPOCca U Npeo-
JIOJICEHUSL NEePBUYHO20 PLIHKA Jicunbsi Mbcescka. Ananuz cumyayuu Ha peinke 2. Hocescka nposo-
oumcs. 8 CpasHeHuu ¢ psaoom opyaux 2opooos llpusondxcckozo gedepanvroco okpyea. Bvioenenul
OCHOBHblEe (hAKMOpbl, 3HAYUMO BIUAIOWUE HA COCMOsHUE U passumue pulHKa. Popmuposanue mMo-
oeu NPOUCXOOUNI0 8 HECKOIbKO IMAno8 nymem Hociedo8amenbH020 YMOUYHeHUs U 8apbUupo8anus
Gaxkmopamu. [Jocmamouno noOpobHO paccmampusaromces paKxmopuvl cnpoca u NPeoioHCeHus, s16-
JAOWUEcs: 8 OAHHOM cyuae OOHUMU U3 onpedensiowux. [[na nocmpoeHus mooenu npuMeHsCcs
AZBIK CIMAMUCMUYecKoll 00pabomku 0aHHblX R u coomeemcmayouee npocpammuoe obecneyenue.
IIposedennviii anaiusz 6xk0O4Aem MujamenbHy0 NPOGEPKY OCHOBHBIX KpUMepued OYeHKU NOLyYeH-
HBIX MOOeiell, YUMo no360sem 00Cmamod4Ho K8aru@GuyuposaHo cyoums 00 adekeamHocmu noy-
YEHHBIX Pe3yIbmamos.

The paper deals with the problem of the economic and mathematical analysis of the state and
prospects for the formation and development of the regional housing market, the state of which se-
riously affects, among other things, the social and economic situation in the region. With the help of
statistical methods for studying panel data, models for the supply and demand of the primary hous-
ing market in Izhevsk have been constructed. The analysis of the situation in the market of Izhevsk is
conducted in comparison with a number of other cities of the Volga Federal District. The main fac-
tors that significantly influence the state and development of the market are identified. The forma-
tion of the model occurred in several stages by successive refinement and variation by factors. The
factors of demand and supply, which are, in this case, one of the defining factors, are considered in
sufficient detail. To construct the model, the statistical data processing language R and the corre-
sponding software were used. The carried out analysis includes a thorough check of the main crite-
ria for evaluating the obtained models, which allows us to judge adequately the correctness of the
results obtained.

KawueBble ¢JIoBa: PbIHOK NMEPBUYHOTO XKHJIbsI, (PAKTOPBI CIIpOca U MPEATIOKCHUS, SKOHOMETPH-
9YeCcKOe MOCTUPOBAHNE IKOHOMHYECKHUX TPOIIECCOB, aHAJIN3 TAHETIHHBIX JAHHBIX.

Keywords: primary housing market, supply and demand factors, econometric modeling of eco-
nomic processes, analysis of panel data.
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ABTOMATH3HPOBAHHBIN PeryJsiTop U30bLITOYHOro 00beMa MacJia /ISl THAPOINPECCOBOI COOPKH
(An automated Regulator for the Excess Amount of Oil for the Hydraulic Press Assembly)

B oannoii cmamve npedcmaenen agmomamuzupo8anHblil pe2yismop O HOO0EPIHCAHUSL 0ABIeHUs.
Macna 60 8pems 3anpeccosKu 0emaneli 2UOpONpPecco8blM MemooOM C Yelblo NOBbIUEHUS CINAOUTbHO-
cmu 2UOponpeccogoll COOPKU U Kayecmea cooOupaemuvix COeOUHeHUul ¢ 2apaHmupo8aHHbiM HAMsA2OM.
Pezynamop paspaboman na ocnoge cuOpoOaKKyMyIsimopa u MexampoHHO20 CUTI08020 MEXAHUIMA C NO-
CIMYNAMenbHbIM 08UNCEHUEM ONOPbL 8 epMUKANIbHOM Hanpasienuu. Cunogol mexaHusm obecneyusa-
em nepemeujenue NIyYHICePa UOPOAKKYMYIAMOpa, 4mo no3607aem peyiuposams 0ovem padboyeti no-
JloCmu 2UOPOAKKYMYISAMOPA, 8 KOMOPYI0 NOCMYNAem MAcio, 8blmeKaroujee us 30Hbl CONPANCeHUs 0e-
marnet 80 8peMsi 3aNpeccoBKU, U, COOMBENCMBEHHO, pe2ylIuposams Oasllenue mMacia & cucmeme. /lanee
8 OaHHOU cmamve npusedeHbl KOHCMPYKMUBHAS, CIPYKMYPHAA U KUHEMAMUYecKdas cxembl paspado-
MauHO20 pe2ynamopa. J{amuux cuivl 8bINOIHAEm pOoJib 0OPAMHOU C8A3U U 0becneyusaem agmomamu-
yeckoe ynpasieHue X000M CUN08020 MEXAHUIMA U NOCIe008AMENbHO COEOUHEHHO20 ¢ HUM NIYHIcEpa
2uopoakkymyasamopa. /[na pecyiuposanusi CKOpoCmu 6paujeHust 08ueamelis UCNOIb3Yemcs npeoopaso-
sameJib 4acmomul, KOMOPbI HACMPOEH HA pabOmy 8 pexcume CKAIAPHO20 YNPAGIeHUsl U UHEPYUOHHO-
20 0CcMaHo8a 0715 0OecneyeHUs NIABHO20 PAa320HA U ObICIPO20 MOPMOHCEHUs 08UamMens 2UOPOCMAaH-
yuu. Pezynsmamol mecmuposanus pe2ynamopa Ha cOCOOHOCIb NOOOEPHCAHUsL 0aGeHUs. 8 3A0AHHOM
ouanazone noOmeepHcOarom e2o pabomocnocoOHOCMs 1 COOMEemMcmasue mpebosanusM, Npeovsesie-
MbIM 2UOPONPECcCcO8Oll COOPKOLL COeOUHEHUNI C HAMSALOM.

This paper presents an automated regulator for maintaining oil pressure during press-fitting of
the parts assembles using the hydraulic press method to improve the stability of the hydraulic press
assembly process and the quality of the assembled joints with guaranteed interference fit. The regu-
lator is based on a hydraulic accumulator and a power mechatronic mechanism with a forward
movement of the support in the vertical direction. The power mechanism ensures the displacement
of the plunger of the accumulator, which allows regulating the working volume of the accumulator
cavity, which receives the oil resulting from coupling zone parts during press-fitting process and
thus regulate the oil pressure in the system. Further in this paper the design, structure and kine-
matic schemes of the developed regulator are presented. The force sensor serves as a feedback and
provides automatic control over the stroke of the power mechanism and the connected in series hy-
draulic accumulator plunger. To regulate the speed of the motor, a frequency converter is used
which is set to operate in the scalar and inertial stop mode to ensure smooth acceleration and rapid
braking of the hydraulic station engine. The testing results of the regulator for the ability to main-
tain pressure in a given range confirm its performance and compliance with the requirements im-
posed by the hydraulic press assembly of the interference fits.

KuroueBble ciaoBa: rujgporpeccoBas cOopka, peryiastTop oO0bemMa Macia, TUAPOAKKyMYJATOD,
noJiiep >KaHue JIaBJICHUS Macia, CHIIOBONH MEXaTPOHHBIA MEXaHU3M.

Keywords: hydraulic press assembly, oil volume regulator, hydraulic accumulator, oil pressure
maintenance, power mechatronic mechanism
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Konuenuusi passurusi meroga M. JI. HoBuKkOBa CHHTe3a CONPSIKEHHBIX 3alelIeHHi ¢
NEePBOHAYATbHO TOYEYHBIM KaCaHUEM HOBerHOCTeﬁ* (Concept of Development of Novikov
Method for Synthesis of Conjugate Gearing with Initially Point Contact of Surfaces)

Baoicnwiil nauanvHeill sman npoekmupo8anus nepeoay — bloop cnocoba obpazoeamus conpsi-
Jrcennoco 3ayennenus. Ecmo 06e epynnvl makux cnoco6os: kiaccuveckue u UsHa4aibHO ONMUMU-
supyrowue. Tlpu ucnonvb308anuu ONMUMUUPYIOWUX CNOCOO08 CUHME3 HAYUHAIOM C 8b1OOPA BUOA U
NONOHCEHUS MCHOBEHHLIX NJIOWAOOK KOHMAKma 3yoves, npu KOmopwbix nepeoasaemoe OKPYHCHOe
ycunue 6yoem maxkcumanbhvim. Taxoswvim saensemcs memoo M. JI. Hosuxosa (1956). Ho 6 smom
Memooe Omcymcmeyiom MemoouKy CUHme3a ONMUMAIbHbIX KOHMAKMHbIX NA0WAO00K U JUHULL 3a-
yennenus. /[ns dopabomku memooa pazpabomana HOBAsE KOHYenyus CUHme3da u npoeKmuposanus
nepeoay. Ilpeocmasnen naan pabom no peanuzayuu Smoti KOoHyenyuu, sKaroyarowuil 5 smanos. H3-
JIOJHCEHO COOepIHCanue pabom nepso2o 3manda — co30anue Mammooeneti U npoepamm OJisk UCCie0o-
eanus npocmpancmea 3ayenienus. Onucanvl: yeib, cucmemvl KOOPOUHAM,; NApamempsl JUHUU 3d-
yenyienust U MEHOBEHHOU NIOWAOKU KOHMAKMA, KayecmeeHuvle nokasamenu. l[Ipuseoenvl 3aKombvl
MeXaHUKU, HayuHble 3HAHUS U OCHOBHbIE PACUemHble YPAGHEHUs, UCNOIb3YeMble Ha Nepeom dmane
pabom. Hazeanvl ocrhosHble 3a0ayu 6mopo2o smana — eviasieHue ooaacmel O1A20NPUSMHBIX, He-
O1a2ONPUAMHBIX U HEOONYCMUMBIX 3HAYEHUU KA4eCMBEeHHbIX noKa3amenel, paspabomka anzopum-
MO8 8b100pa ONMUMATILHBIX TUHULL 3AYeNeHUs U KOHMAKMHbIX TuUHUull u Op. /lana oyenka cmenenu
CILOACHOCMU DMO20 dMAnd.

The most important stage of gear design is the choice of method for generation of conjugate
gearing. There are two possible groups there: classical and initially optimizing. When applying the
initially optimizing method, synthesis is started from the choice of the type and arrangement of in-
stant tooth contact areas for which the transmitted torque will be maximum. One of such methods
was proposed by M. L. Novikov in 1956. But the methods for synthesis of optimal contact areas and
meshing lines are absent there. In order to revise this method, a new concept of gear synthesis and
design is stated. The plan on implementation of this concept, consisting of 5 steps is proposed. The
content of the first step is presented, that is, development of mathematical models and programs for
investigation of the meshing space. The following features are described: the purpose, coordinate
systems, parameters of the meshing line and instant contact area, and qualitative parameters. Laws
of mechanics, scientific information and basic analytical equations used at the first step are stated.
The main problems of the second step are established: revealing the areas of favorable, unfavor-
able and unallowable values of qualitative parameters, development of algorithms for the choice of
optimal meshing and contact lines, etc. The level of complexity for this step is assessed.

Ki1roueBble cjI0Ba: MPOSKTUPOBAHKE MEpeiad, CIOCOObI 00pa30BaHuUs CONPSHKEHHBIX 3alleTUICHUH.

Keywords: theory of gearing, gear design, tooth contact synthesis.
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Knaccupukanus u npumeHsieMoctb TexHojgornyeckux onpasok (Classification and Appli-
cability of Technological Mandrels)

B oannoti cmamve paccmompen 6onpoc paznoobpasusi mexHoni02UUecKux Oonpagok, npumersie-
MbIX HA ONEepayusix Mexanuueckol oopabomku 6 yexax npoMuluLleHHbIX npeonpusmui. /s ycio-
8ULL COBPEMEHHO20 NPOU3BOOCMBA ObLIA NPeOCMABIeHa KIACCUDUKAYUS MEXHOTIOSUYECKUX ONPABOK
1O UX MEXHONI02UYeCKUM NPUSHAKAM, KOMOpAs pacKpbleaem mun onpasox 8 3a8UcUMOCmu Om 8uod



VYCMAHOBOUHOU NOBEPXHOCMU, UOA DA3060U NOBEPXHOCIU U MUNA NOCAOKU 00pabamvléaemou oe-
Many ¢ YyCmaHo804HOU NOBEPXHOCMbIO ONpAsKU. Jlanee 6 cmamve npugedeHa io2uyeckas maoiuya
8b100pa ONPABOK 8 3AGUCUMOCTIU OM NAPAMEMPO8 NPUMEHAEMOCMU: 6U0 00pPabOMKU, MOYHOCHb
0a306020 omeepcmusi 0Opabamvieaemol 0emanu, COOmHouleHue OIUHbL K ouamempy, paoudaibHoe
u mopyesoe OueHue 3a20MosKU U U0 NPUMEHAEMOT ONpasKu. 3amem npedcmasieH nooxoo co30a-
HUSL UHOPMAYUOHHO-NOUCKOBOU OA3bI OAHHBIX TMEXHOL02UYECKUX ONPABOK HA OCHOBE NPUMEHEHUs
oynesvix @yukyuil. Hcnonvsosanue maxoi 6asvl OAHHBIX HA NPOMBIULIEHHBIX NPEONPUSMUIX NO-
380UM NOOOUPAMb MUN HEOOXOOUMOL MEXHOL02UYECKOl ONPABKU HA OCHO8e CUHME3d NPOU3600-
cmeenHblx napamempos. Tax, 6 cmamve npedcmagieHvl 0ynesvl QYHKYUU ULIUYEBOL ONPABKU C
HCUOKUM HANOTHUMENEM U NEPEHANANCUBAEMOLL ONPABKU C NOJUYPEMAHOM, UCNOb3YeMble HA one-
payuu mokapHoul obpabomku. B 3asepuienue npeocmagnenvl Oyiesvl yHKyuU OCHOBHbIX KOHCMI-
PYKYULL MeXHOI02ULEeCKUX ONPABOK, Bbl8eOeHHble HA OCHOBE JI02UYECKOL MAOIUYbI.

This paper deals with the use of technological solutions in machine building in the shops of
industrial enterprises. For the conditions of modern production, a classification of technological
mandrels was developed according to their technological features, which reveals the type of mandrels,
depending on the type of the mounting surface, the type of the basic surface and the type of the
machined part fitting on the mounting surface of the mandrel. Further in the paper the information on
the use options is given: the type of processing, data processing, the ratio of the length to the diameter,
the radial and end deflection of the workpiece and the type of application of the mandrel. The solution
of information retrieval databases of technological mandrels is presented on the basis of application of
Boolean functions. The use of such databases for enterprises allows us to select the type of the required
technological mandrel based on the synthesis of production parameters. Thus, the paper presents
Boolean functions of a slotted mandrel with a liquid filler and a re-adjustable mandrels with
polyurethane used in a turning operation. In conclusion, Boolean functions of the basic designs of
technological mandrels, derived on the basis of a logical table, are presented.

KawueBble cji0Ba: TEXHOIOTMYECKas ONpPaBKa, KiIacCH(pUKAIUs, ypasistomue OyieBbl (yHK-
IIUH, JIOTHYECKas TabJIuIa, IPUMEHSICMOCTb.

Keywords: technological mandrel, classification, control Boolean function, logic table, applicability.
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Kpurtepnu TpemMHOCTOMKOCTH HEJIMHEHHOW MEXaHMKHM Pa3pylleHusl JIeMEHTOB KOHCTPYK-
umii (Criteria of Crack Resistance of Nonlinear Fracture Mechanics of Structural Elements)

Ipaxmuxa sxcninyamayuu 0meemcmeeHHbIX KOHCMPYKYULL 8 IKCMPEMATbHbIX YCI08UAX NOKA3bI-
gaem, Ymo ux Hecywjue 31eMeHmbvl pa3pyuaomecs 6 pezyivmame 00paA308aHus U NOCMENeHHO20
Passumusi Ma2ucmpanioHuvlx mpewjun. Taxue paspyuienus npoucxoosam npu HOMUHANbHBIX HANPS-
JHCEHUSIX HUICe npedena mekyuecmu Mamepuaid, no3momy He MO2Ym 8 NOJHOU Mepe OYeHUBAMbCs
MOJILKO HA OCHOBE KAACCUYEeCKUX meopuli npouHocmu. B ceazu ¢ smum 011 oyenku mpewunocmoti-
KOCMU Mamepuaos u 21eMeHmos KOHCMPYKYUli Npeodsiodcer pad Kpumepues: cunogvle (Koaggu-
yuenm unmencueHocmu Hanpsxcenutl Joc. Upeuna,; kosgpuyuenm cyennenus I. U. Bepenbram-
ma); degpopmayuoHusie (pazmep niacmuyeckol ooracmu Ha npoooaxcenuu mpewunsl 1. Hetibepa,
packpvimue bepeeos mpewunvt M. . Jleonosa u B. B. Ilanactoka; /. /laeoetina), komopwsie noiy-
ueHbl 8 NPeONnoNIONCeHUU NUHEUHOU MeXAHUKU O0ehopmuposanus. HuepeemuyecKue Kpumepuu
(n1omHocme dHepeuu Hamsaxcenus bepecos mpewunvl A. I pugpdpumca; nezasucumvie om KoHmypa
ynpyeoniacmuyeckozo oepopmuposanusi unmezpanst 1. I1. Yepenanosa u Jowc. Patica) mpyono-
peanuzyemvl, NO3MOMY He NOAYHUUIU WUPOKO20 NPAKMUYECKO20 UCNONb308aHUA. B cea3u ¢ smum 6
O0aHHOU pabome 6 pe3yibmame pa3eumus paree NOJLYYeHHbIX A8MOpPOM peuileHutl 0Jis paciema me-
CMHBIX HANPANCEHUU, YNPY20NIacmudeckux oegopmayuii u yoeibHbIX dHepull 601U3U GepUulLHb
mpewunsl NPeoaodceHbl IHepeemuyeckue (Kodgouyuenmol UHMEHCUBHOCMU SHepeuu Gopmsl) u



cunogvle (Kosgguyuenmor UHMEHCUBHOCIU OeBUAMOPHBIX HANPANCEHUL) KpUmepuu paspyuieHus
HeUHeUHOU MeXaHuKu 0ehopmMuposanus 0us mpewjur HOpMAaIbHO20 OMPbIBA U HECUMMEMPUUHOSO
cosuea. B npeononooicenuu mecmuoeo ynpyeoz2o 0eopmuposanuus pe3yibmamosl pabomsi co2nacy-
IOMCAL € YKA3AHHBIMU 8blude dHepeemuyecKumu Kpumepusamu. IIpu mecmuom ynpyeoniacmuieckom
Ooehopmuposanuy noiyueH Hoswill Quzuyecku 000CHOBAHHBIN pe3yabmam. JlocmosepHocms U
000CHOBAHHOCb NpeOdazaembvlx Kpumepued noOmeepicoaemcs UCnoIb306anuem Hauboee dKcne-
PUMEHMATLHO 0O0CHOBAHHO2O (PUBUUECKO20 KPUMEPUSL NPOYHOCMU — YOeTbHOU SHeP2UU USMEHEHUS.
@opmul ¢ yuemom pacnonazaemoi nIACMUYHOCMU MAMepuala U SHepeemuiecKko20 COCMOosHUsL NPU
npeoerbHOM NIACMUYeckom degopmuposanuu. Pezyiemamul pabomel ucnonv3osanvl 0isi dKcne-
PUMEHMANLHOU OYEeHKU MPEeWUHOCMOUKOCMU 841d NpU us2ubde ¢ 8paujeHueMm.

The practice of operating critical structures under extreme conditions shows that their bearing
elements are destroyed as a result of the formation and gradual development of main cracks. Such
failure occurs at nominal stresses below the yield strength of the material, and therefore can not be
fully estimated only on the basis of classical strength theories. In this regard, to assess the crack re-
sistance of materials and structural elements, a number of criteria are proposed: power (the stress
intensity factor of G. Irwin, the cohesion coefficient of G. 1. Berenblatt); deformation (the size of the
plastic region on the extension of crack of G. Neuber, the opening of the shores of the fracture by M.
Ya. Leonov and V. V. Panasyuk, D. Dugdale), which are obtained under the assumption of linear de-
formation mechanics. The energy criteria (the energy density of the tension of the shores of the A.
Griffith crack, the integrals of G. P. Cherepanov and J. Rice, independent of the contour of elasto-
plastic deformation) are difficult to realize, and therefore have not received wide practical use. In this
connection, as a result of the development of solutions previously obtained by the author for calculat-
ing local stresses, elastoplastic deformations and specific energies near the crack tip, energy (energy-
form-factor) and strength (deviator stress intensity factors) criteria for fracture of nonlinear deforma-
tion mechanics for cracks of normal detachment and asymmetric shear. Under the assumption of lo-
cal elastic deformation, the results of the work are consistent with the above energy criteria. A new
physically grounded result was obtained with local elastoplastic deformation. The validity of the pro-
posed criteria is confirmed by the use of the most experimentally grounded physical strength criterion
— the specific energy of the change in shape, taking into account the material's plasticity and the en-
ergy state at the extreme plastic deformation. The results of this work are used for an experimental
evaluation of the fracture toughness of a shaft during bending with rotation.

KawueBble c10oBa: KpuTHYECKHE KOIPPHUIIMEHTH WHTCHCUBHOCTH YHEPTHU (DOPMBI; KpUTHYE-
ckue Ko UITMEHTHI MHTCHCUBHOCTH JICBUATOPHBIX HAMPSHKCHUH.

Keywords: critical factors of intensity of energy change forms; critical factors of intensity of the
deviatoric stresses.
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OnTuMu3anyMs TEXHOJOTHM HM3rOTOBJIEHHMS OCHOBHBIX 3JIEMEHTOB ILIAHETAPHO-BOJIHOBOM
nepegayu ¢ 3alenJieHneM NpoMe:KyTo4HbIX Tes (Optimization of Production Technology for
Basic Elements of Planetary-Wave Gears with Intermediate Rollers)

B cmamwe npeonooicenst 6apuanmsl onmumMu3ayuy mexHoI02ul MeaKoCceputino2o npou3eo0cmad
OCHOBHbBIX 2JIeMEHMO8 NIAHEeMAPHO-B0IHOBOU nNepedayu ¢ 3ayenieHuem NPoMedCYmoyHbIX mei. 2e-
Hepamopa OJIH; NPOMENCYMOYHO20 meid, cenapamopa, npopuibHo2o Koieca. AkmyanvHocms pa-
Oomvl 0O0CHOBAHA HENPEPBIBHO YHCECMOUAIOWUMUCT MPEOOBAHUAMU K MUHUMUZAYUU NPOU3BOO-
CMBEHHBIX U30EPIAHCEK C YUEMOM COBEPUIEHCIBOBANUL Memallooopabamvleaueco 060py008aHus
u mexnonozui. Llenvro onmumuszayuu mexHor02uUu U320MOBIEeHUs OCHOBHBIX INEMEHMO8 nepeoaiu
ABIAEMCS CHUMNCEHUE NPOU3BOOCMBEHHBIX U30EPIHCEK U, KAK Cledcmaue, NosbluleHue KOHKYPEeHmo-
cnocobrHocmu u30enuti Ha OCHO8e NIAHEeMAapPHO-80IHOBOU nNepedayu ¢ 3ayenjieHuem nPoMeiCymou-
Holx men. Onmumusayusi MexHoI02U4ecK020 Npoyecca npouU3eo0Cmea OCHOBHLIX dJIeMeHmo8 nepe-



0auu paccMompeHa 6 CUHmese co CAeOYIuUMU PaKmopamu: CepuiiHoCmvio npou3eo0Ccmad, npous-
B00CMBEHHBIMU UOEPIHCKAMU, KOHCPYKMUBHLIMU OCOOEHHOCMAMU U30EIUL, YCIOBUAMU IKCHITYama-
yuu, mpebosaHusIMU K MOYHOCMAM (YOPMbL U PACNONOANCEHUS NOBEPXHOCHIEU DIEMEHMO8, CEOUCMBAMU
mamepuanog. B uacmu onmumuzayuu mexHono2uu u320moeieHus IKeUOUCManmy oopasyouel 2eHe-
Pamopa 607iH NPeOOACEHO NOTYYAMb HA MOKAPHOU Onepayull ¢ UCNOIb308AHUEM CREYUATIbHOU MeXHO-
Joeudeckoll ochacmku. K npomestcymounomy meny npeovssieHvl OCHO8HbIE MPeOOBAHUL, U C IKOHOMU-
YeCcKoUl MOYKU 3PeHUsl OAHHbLIL DTIeMEeHM nepedayu PeKOMeHO08AHO NPUODPEMams KaK MAacco8blll Npo-
OVKM NPOU3600CM8a NOOUWUNHUKOBOU UHOYCmpuu. s cenapamopa paccmompeHsl 21eKmpo3pO3UOH-
Hasi u QpezepHas onepayuu NOIYYeHUst OKOH U OAHbl PEKOMEHOayuU no 6bl00PY COOMEEmMcmeyoujell
MexXHoNo2UU 06pabomKu 8 3a8UcUMOCmU om Haznadenus uzoenus. K npoghunvrnomy xonecy npeovasne-
Hbl OCHOBHbIE MPEOOBAHUSL U PEKOMEHO0B8AHbL MAMEPUATIbl, NPUMEHEHUe KOMOPbIX NO360J5em COKpa-
UMb YUCIO MEXHON0SUYECKUX ONepayull i nepexo0os npu obpadbomxe npoghuisl.

Pyko6oocmeysice npeonodceHHbIMU PeKOMEHOAYUAMU, MONCHO CYUJeCMBEHHO CHU3UMb NPOU3-
800CMBEHHbIE U30EPIHCKU, NOBbICUS KOHKYPEHMOCNOCOOHOCMb U30eNUli HA OCHO8e NIAAHemAapHO-
B0IHOBOU NePedayU ¢ 3ayenieHuemM NPOMeNCYMOYHbIX meJl.

The paper highlights the technology optimization of basic elements small-series production of plane-
tary-wave gears with intermediate rollers: wave generator, intermediate rollers, a separator and a side
wheel. The relevance of the paper is justified by continuously growing requirements to minimize the
production costs concerning the improvement of metalworking equipment and technologies. Optimiza-
tion of gear production technology is targeted on production cost reduction as well as improving its
competitiveness on the basis of planetary-wave gears with intermediate rollers. Basic gear elements
production technology optimization is considered together with the following factors: large-scale pro-
duction; production costs; design features of products; form and elements surface position accuracy
requirements, properties of materials. To optimize the production technology, the equidistant of wave
generator is suggested to be obtained by turning operation with the application of special technological
facilities. The intermediate roller is presented with the basic requirements and in the economic aspect it
is suggested to be purchased as a mass product of the bearing industry. For the separator, the electro-
erosive and milling operations for obtaining windows are considered and recommendations on appro-
priate processing technology are given, depending on the purpose of the product. The basic require-
ments to the side wheel production are given as well as materials, which allow reducing the number of
technological operations and transitions during profile processing, are recommended. Following the
proposed recommendations can significantly reduce production costs, improve the competitiveness of
products on the basis of planetary-wave gear train with intermediate rollers.

KawueBble cj10Ba: MIaHETAPHO-BOJHOBAs Tepeaada; TeHEpaTop BOJH; MPOMEXKYTOYHOE TEJIO;
cernaparop; npopuIbHOE KOJIECO; TEXHOJOTHSI TPOU3BO/ICTBA.

Keywords: planetary-wave gear; wave generator; intermediate tools; separator; side wheel; pro-
duction technology.

C.27-30

YK 621.822.73

P. IO. Konopamos, AO «Taiidyn» (R. Yu. Kondratov, Design engineer, «Typhoon, JSCy», Kaluga)

HexoTopbie yTOUHeHHUsI N0 pPacyeTy CTATHYECKOr0 MOMEHTA PeIyKTOpa NMPH OTPHIATENb-
HBIX TeMIlepaTypax oKpy:kawueid cpeabl (Some Specifications on Calculation of the Static
Moment of a Gearbox in Case of Negative Ambient Temperatures)

B cmamve npusedenvl ocobenHocmu pacuema cmamuiecko20 MOMEHmMa (MOMeHma Cmpasusa-
HUsL) PAOHO20 3)Y0UaAMO20 peOyKmopa ¢ PpAOUAIbHLIMU WAPUKOBLIMU NOOWMUNHUKAMU NPU €20 pa-
bome kak 6 HopmanwbHuix ycnosusax (naoc 20 °C), mak u npu ompuyamenbHbix memnepamypax (Mu-
nyc 40 °C). Bvinonnen 0630p mexnuueckou aumepamypsbl 10 OAHHOU memMamukxe, cOeldaH 8bl800 O
HeoOX00uMocmu ymounenus 3mou obnacmu sHanus. B kauecmee ocHosuwix pakmopos 6 pacueme
8blOEIeHbL MOMEHMbL MPEHUsL MeXHCOY 3Y0bAMU nepeday U nomepu mpenus 6 onopax, Komopwvle 6
yucne npouux pakxmopos Oy0ym 3a8UcCUMbl U OM MemMnepamypbl OKpyicaroueii cpeovl. /s nomepsb



MedHcoy 3y0bamMu npugedensbl meopemuiecKue 8blKaadoKu, Ha OCHOBAHUU KOMOPLIX NPUHAMO O0-
nywenue 015 OanvHeliuweco pacuema. Ilocmaenen sKcnepumeHm no onpeoenenuro MOMeHma
CMpacuaHus paouaibHblX WAPUKOBbIX NOOUUNHUKOS (ONpedeleHHbIX MUnopasmepos), nouyye-
Ha aMnupuyeckas 3agucumocms. I[lpeonpunama nonvimka noiyyeHus IMIUPUYECKUX 3A6UCUMO-
cmetl 0151 KOPPEKMUPOBKU (POPMYIL «KIACCUHECKO20» pAcyemd CMAmuiecko20 MOMeHma pe-
0yKmopa, (yHKYuoHupyue2o KaKk 6 HOPMAIbHbIX VYCI08UAX, MAK U 8 00aacCmuU ompuyameib-
HbIX memnepamyp okpysicaroweti cpeovl. [Iposedeno cpagHenue noLy4eHHbIX PACUEemMHbIX 3HAYe-
HUU U OAHHBIX IKCNEPUMEHMA HA PAOHLIX PeOYKMOpax, NPUMEHAEMbIX 8 U30eIUX npeonpusimus
AO «Taiighyn».

Features of calculation of the static moment (the starting moment) of a line gearbox with radial ball
bearings by its operation in the conditions of both normal (plus 20 °C) and negative (minus 40 °C) am-
bient temperatures are given in the paper. The extensive review of technical literature on this subject is
executed, the conclusion is drawn on the need for specification of this area of knowledge. The sim-
ple experiment by determination of the moment of starting for radial ball bearings (certain stan-
dard sizes) is delivered, the empirical dependence is received. An attempt of obtaining empirical
dependences for adjustment of formulas of "classical” calculation of the static moment of the gear-
box functioning both in reference conditions and in the field of the negative ambient temperatures is
made. Comparing of the obtained design values and data of an experiment on the line reducers ap-
plied in products of the enterprise is carried out.

KawueBble c10Ba: CTaTUYECKUN MOMEHT, PEIYKTOp, 3yOuaTas mapa, MOJAIUITHUK KaueHUs, OT-
pUIaTeIIbHBIC TEMIIEPATYPHI, IIOTEPU MOIIHOCTH.

Keywords: static moment, gearbox, tooth pair, rolling bearing, negative temperatures, losses of
power
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HccnenoBanue CTOMKOCTH ONPaBKHU M3 cIuIaBa Ha ocHoBe NizAl nmpu npommuske NpyTkoB
CTaJId MapPKH 08X18H10T-1II" (Investigation of the Durability of the NisAl-Based Alloy Pierc-
ing Plug when Piercing 08X18H10T-II Steel Bars.)

B pezynomame npooenannoti pabomul ObLIa U320MOBNEHA NPOUUBHASL ONPABKA MAL020 OUAMEM-
pa (c ouamempom xaruopyrowetl vacmu 30 mm) us cniaga Ha ocnose NizAl

IIposedenvr Hamypuvie ucnvlmanus NPOULUGHOU ONPABKYU, U320MOGIEHHOU U3 CNAA8A HA OCHOGe
Ni3Al npu npowusxe npymxos cmanu mapku 08X18HI10T-111 na cmane nonepeyHo-8uUHmMOB0OU NPo-
xkamxu IIBII-120. Ilocne npowusxku npymroe cmanu mapxu 08X18HI10T-111I ¢ xonuuecmee 15 wmyx
obweti maccoii 675 ke u pasmepom kaxcoozo npymxa D85 x1000° mm 6 nepedenvuvie mpy6u
pasmepom D83 D38 " xL mm na onpaske 6viia obHapycena mpewuna, UCKIOYAIOWAS B03-
MOJHCHOCIb OanbHelwel YKCHyamayuy OaHHOU ONPasKuU.

Busyanvrno-uzmepumenvruitl u yibmpazeyko8ol KOHMPOib NOLYYEHHbIX NPU NPOBEOeHUU IKCHe-
pumenmanvHulx npowueok mpyo uz cmanu mapku 08XISHIO0T-11I u aumanuz maxkpocmpykmypol
VMANACUH OM HUX NOKA3AIU OMCYMCMEUe mpewut u UHbIX 0egheKmos npoKamKu.

Paccmompen eonpoc o cmabunbHocmu Mukpocmpykmypul cnaaea Ha ocHose NizAl npu pabome
8 YCI0BUAX MEPMOMEXAHUYECKO20 Ha2PpydceHus (npu npowuske npymkos). Ilpu cpasnenuu ¢pomo-
epaguil wnugdos memania onpasKu 00 UCNONb308AHUSL 8 pabome U Nocie YCMAaHOBIeHO, Ymo MUK-
POCMPYKMYpa 8 000UX CILYYASIX COCMOUM U3 NEPEUUHBIX KPUCMALIO8 1e2UPOBAHHO20 UHMepMema-
auoa Ni3Al ¢ 3akpucmaniuzo8anHol 80Kpy2 HUX 28MEKMUKOU, COCMOoAwell U3 meepoo2o pacmeopd
HAa OCHOB8e HUKes U 1e2uposanno2o unmepmemaniuoa NizAl. Takum obpazom, 6bi10 ycmanogneno,
Ymo cmpyKmypa cniaed, UCNOIb308AHHO20 6 Kauecmee Mamepuand NpouwuUsHol ONnpasku, cma-



ounbHa npu pabome 8 YCI08UAX MEPMOMEXAHULECKO020 Hazpyucerus. TIpuyunotl npexpawenus sxc-
nayamayuu OaHHOU ONpAeKU ABUNOCL NOAGNEeHUe MPEeuuHbl, UCKII0Yaloueli 603MOACHOCMb O0dilb-
Hetlwetl SKCNyamayuy OaHHOU ONPasKuU.

The piercing plug with a diameter of the calibrated part of 30 mm for the investigation was
prepared from Ni3Al-based cast alloy.

The NisAl-based alloy piercing plug was tested when piercing 08XI18HI0T-11I steel bars by
means of the cross-screw piercing mill (CSP-120). The crack was discovered after manufacturing
of 15 rough pipes with dimensions of @83 x@38*""xL mm and a total weight of 675 kg from
08X18H10T-1II steel bars with dimensions of @85 'x1000° mm. It had excluded the possibility of
further exploitation of this piercing plug.

The cracks and other rolling defects were not detected as a result of the visual measurement
control and the ultrasonic inspection of the produced 08X18HIO0T-1II steel rough pipes and the
analysis of the macrostructure of the samples from these rough pipes.

The question of the stability of the Niz;Al-based alloy microstructure when the bars are pierced
was considered.

Comparison the photographs of the metal sections of the piercing plug before use with the
photographs of the metal sections of the piercing plug after use showed that the microstructures
consisted of the primary doped compound NizAl crystals and the crystallized eutectic around these
primary doped compound NizAl crystals. The eutectic consisted of the doped intermetallic com-
pound NizAl and the Ni-based solid solution. Thus, it is established that the structure of the alloy
used as the material of the piercing mandrel is stable when operating under conditions of thermo-
mechanical loading.

KiroueBble cioBa: npormBHas onpaBka, NisAl, MUKpOCTPYKTypa, TIONEPSUHO-BHHTOBAS TTPO-
mmBka, 08X 18H10T-111.

Keywords: piercing plug, NisAl, microstructure, cross-screw piercing, 08X 18H10T-I11.
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00630p MeTO0B CHHTE3a MOJEIH KJacca CIUPOUTHBIX PEIYKTOPOB /IJsl HHTEJIEKTYAJb-
HbIX CAIIP. Yacte 1. I'padosbiii MeToa (Review of Methods for Synthesis of the Model of
Class of Spiroid Gearboxes for Intelligent CAD Systems. Part 1. Graph Method)

Co30aHue unmenieKmyanibHblX cucmem agmomamuzayuu KOHCmpyupoeanus mpebyem peuie-
HUS 3a0a4u HAKONJIEeHUs U 0000ueHus KOHCmpyKmopckoz2o onvima. Pazpabomka modenu xow-
CMPYKMOPCKOU 0esIMmeIbHOCMU CIMANKUBAEMCs ¢ OMCYMCMEUeM CK803H020 Al2o0pummad, no3eo-
JA0Ue20 CUHMe3Upo8ams KOHCMPYKYUIO, UMesl 8 Kayecmee UCXOOHbIX OAHHbIX nompedumelb-
ckue xavecmea usoenus. MmenHo smum 00vACHAemcs QYHKYUOHATbHBIUL HAOOD COBPEMEHHbIX
CAIIP, komopsie cnocoOHbI A8MOMAMUUPOBATMNb NPOYECCHl BLINOIHEHUA 2paduiecKux pabom,
CMpoums mpexmepHvie MOOeaU, GbINOJHAMbL OMOENbHbIe UHICEHEPHble pacyemvl, 20MOosuUmb
KOHCMPYKMOPCKYIO U MEXHON02UYeCKY0 OOKYMEeHmMAayur, OOHAKO He NO0380JIAI0M 6blNOIHUMb
CMpYKmMypHolil cunme3 0yoywezo uzdeaus. Pewarowum gaxmopom 6 peanuzayuu npoyecca
CMPYKMYPHO20 CUHME3d CMAHOBAMCA ONbIM KOHCMPYKMOpa u e20 unmyuyus. Aemop cmamou,
paspabamviéas MemoOooL02UI0 A8MOMAMU3AYUU NPOYeccad CMPYKmMypHO20 CUHME3d, CMAGUm
80NPOC O HAKONAEHUU «KOHCMPYKMOPCKO20 ONbIMay O/ €20 O0dlbHelle20 UCNONb308aHUs 8
Kawecmee UHDOPMAYUOHHO20 0becnedeHus CUCmembvl Ad8moOMAMuU3UPOBAHHO20 KOHCMPYUPOBA-
HUsL, CNOCOOHOU MAKCUMATILHO A8MOMAMUZUPOBAMb NPOYECC CMpPYKMypHo20 cunmesa 0yoyujeil
koncmpykyuu. ObobujeHue onvlma paccmampusaemcs aemopom Kaxk (opmuposanue mooenu
Knacca o0vexmos, no3eoaulell 3apuKcuposams MaKCUMAIbHOe KOAUYecmeo 0cobeHHocmel
KOHCMPYKMUBHBIX UCNOIHEHUU U30eNUsl U 20 KOMNOHEHMO8.



Ewe oona 3a0aua, komopas donxcua 6vims peutena npu co30aHuu MoOelu Kiacca 00vbeKkmos, —
9mo obecneuenue B03MONCHOCMU ee A8MOMAMUUPOBAHHOU peanusayuu. B kauecmee mooenu
K1acca ob6vbeKkmos asmop npeoaazaem UCNOIb308AMb KIACCUDUKAMOP, NPedCmasisiowull. coootl
Habop K1ACCUPUKAYUOHHBIX NPUSHAKOS (60NPOCOB) U MHOMCECMBO 3HAYEHUU NPUSHAKOS (albmep-
HAMUBHLIX OMBENO8 HA KANCObIL U3 NOCMABIEHHbIX 80NpOCcos). B kauecmee obvekma KOHCmMpYu-
POBAHUSL PACCMOMPEH CRUPOUOHBIIL PeOYKMOp, Npedcmasisiouull codot 06vekm cpeonell cmenetu
cnoochocmu. I paghosoe npedcmasnenue Koncmpykyuu 00vekma, no3eosoujee npooemMoHCmMpUpo-
8amb 6ce KOHCMPYKMUBHble eOuHUybsl, 001a0aroujue OnpeoeieHHbIMU, UHMEPeCYOUWUMU KOHC-
PYKMopa c8otucmeamu, a6IAemcst HA2IsOHbIM U YOOOHBIM 051 MAMEMAMU4ecKo2o, d ci1edo8ameb-
HO, an2OpUMMUYEcKo20 ONUCAHUS.

B cmamve obocnosana neob6xo0umocmos u 803MOHCHOCMb CO30aHUS Klaccugukamopa 8 Kaue-
cmee 0000WeHHOU MOOelU KIacca CRUPOUOHBIX PeOYKMOpo8, NOCMPOEHHOU pAPdOB8bIM MemoooM,
cocmoawum 8 0606uerHul 2paghosvix Mooeneti OMOenbHbIX KOHCMPYKMUBHBIX peueHull. A8mopom
paccmompen epagoswviti memoo Ilonosunkuna, 060CHOBAHA HEOOXOOUMOCMb €20 MOOUPUKAYUU,
npeonodicer 2pagoswviti Memoo, 00ecnevusanuuil BbICOKYI0 Cmenelb asmomMamusayuy npoyecca
0000WeHUs1 KOHCMPYKIMOPCKO20 ONbIMA U CO30aHUsl Klaccuguramopa.

Development of intelligent systems of computer-aided design requires establishment of the problem
for accumulation and generalization of the designer’s experience. Development of the model of the de-
signer’s activity meets the absence of the end-to-end algorithm, allowing for synthesis of a layout with
the consumer qualities of the product as the initial data. This explains the functional set of advanced
CAD systems which are capable of automating the processes of graphical works, developing 3D mod-
els, performing individual engineering analysis, preparing the design and manufacturing documenta-
tion, however, they do not allow for performing the structural synthesis of the future product. The ex-
perience of the designing engineer and his intuition become here the decisive factors in implementing
the process of the structural synthesis. By developing the methodology of automation of the process of
structural synthesis the author of the paper states the question of accumulating the “designer’s experi-
ence” for its further application as informational support of the system of computer-aided design capa-
ble for maximally automate the process of structural synthesis of future layouts. Generalization of the
experience is considered by the author as generation of the model of the class of objects allowing for
fixation of maximum number of features of layout performances of the product and its components. An-
other problem to be solved when developing the model of the class of objects is to provide the possibility
of its computer-aided implementation. The author proposes to apply the classifier as the model of the
class of objects, the classifier representing the set of classification features (questions) and the set of
values of features (alternative answers on each of the stated question). The object of design was taken to
be a spiroid gearbox representing the object of the mean level of complexity. Graph representation of
the object layout allowing for demonstration of all the layout units and possessing definite properties
interesting for the designer is demonstrative and convenient for mathematical and, therefore, algo-
rithmic description. The paper substantiates the necessity and possibility of developing the classifier as
the generalized model of the class of spiroid gearboxes plotted by the graph method implying the gener-
alization of graph models of individual designing solutions. The author considered the graph method by
Polovinkin, grounded the necessity of its modification, proposed the graph method providing the high
degree of automation of the process of generalizing the designer’s experience and development of the
classifier.

KawueBble ¢JI0Ba: CIIOXKHBIA 00BEKT, dTAIbl TOCTPOCHHUS TpadOBOM MOJIEITN, MOJIEh OMTUCAHUS
KOHCTPYKIIMU PEIYKTOPa, CTPYKTYPOOOPa3yIOIIKe MOIYJIH, XapaKTePUCTUKH, TPadOBBIN METO/ TO0-
CTpOCHHsI 00O0OIIEHHON MOJIETH.

Keywords: Complex objects, steps of developing the graph model, model of gearbox layout de-
scription, structure generating modules, characteristics, graph method for developing the general-
ized model.
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HcciienoBanue HanpsizkeHHO-1e(OPMHUPOBAHHOIO COCTOAHUS MJIUTHI B MecTe ee 3agenku
B ocHoBaHMe (Investigation of the Stress-Strain State of the Plate in the Place of Its Fixing on
the Basis)

B mexanuueckux cucmemax, cmpoumenbHblX KOHCMPYKYUSAX U COOPYHCEHUAX UYACmo ecmpeua-
1omcs coeOuHenus demainei 6 guoe Naumbvl Ul MoJICMOU NIACMUHbL, HCECMKO 3A0eNAHHOU 8 OCHO-
sanue. [looamaueocms conpseaemvix 21eMeHMO8 KOHCMPYKYUU UTU COOPYICEHUS NPUBOOUM K He-
PABHOMEPHOMY pAcnpedesieHul0 NO2OHHOU HA2PY3KU 8 30He UX KOHMAKmMA, Ymo oKasvleaem cyuje-
Cm@eHHoe GNUSAHUE HA NOKA3AMenU NPOYHOCMU U HCECMKOCIU OMOENbHbIX Oemanell U COOpyice-
HUA 8 yenom. B ceasu c smum asxicHoil agnaemcs 3a0ava onpeoenienus 3aKoHa UsMeHeHUsi NO2OHHOU
Ha2py3KU U HANPANICEHUL 8 Mecme 3a0eKU NAUmMbl 8 OCHOBAHUE.

B npusedennom 6 cmamve memooe onpeoeneHus YKA3aHHblX CUNO8bIX (aKmopos nauma npeo-
cmasnena 6 8ude OAIKU Ha YRpyeomM OCHO8aHUU, OISl KOMOPOU CNpasedaueo ypasrenue TumouleHKo
— ypasHeHnue C85a3U CUNOBbIX akmopos u degopmayuil uzeuba u cosuea. ughghepenyuanvroe
VpasHeHue HAnps#CeHHO-0epOpPMUPOBAHHO2O COCMOAHUS PEULdNOCh AHATUMUYECKU MemoOoM Dii-
Jlepa c yuemom moeo, umo 0anKa UCnblmvléaem CmeCcHeHHblll U32ub U 3aKOH USMEHEHUsI NO2OHHOU
Haecpy3Ku HOCUM Xapakmep anepuoouyeckux 3amyxarouux Koieoanul.

Ionyuennvie ananrumudeckue 3a8UCUMOCMU U NOCMPOEHHble HA UX Oaze epaguku ceude-
MenbCmeyiom, Ymo HA epauuye pazoend NIACMUHbL U HCeCMKO20 OCHOBAHUS UMeem Mechno
Oonbulas KOHYeHmpayus NO2OHHOU HA2PY3KU, KOMopas npesvluiaem cpeoHee ee 3Havenue 8 de-
camku pas. Pezynbmamul ucciedosanuss no3eonsom ¢ 00CMAmo4HoO 8blCOKOU CMENEeHbio moy-
HOCMU OCYyWecmeums paciem HAUMbL UIU MOJCMOL NIACMUHbBI, 3A0eIaHHOU 8 OCHO8AHUe, HA
NPOYHOCMb U IHCECKOCMb, YMO BANCHO NPU NPOEKMUPOBAHUU V31068 MEXAHUZMO8 U CIMPOU-
MeNbHbIX KOHCMPYKYULL.

In mechanical systems and building structures, the joint of parts as a sheet or a thick plate
rigidly fixed on the basis are rather common. Compliance of contacting elements of the structure
leads to non-uniform distribution of the unit load in their contact zone, thus essentially affecting the
strength and rigidity parameters of individual parts and structures as a whole. In this connection,
the problem of determining the law of variation of the unit load and stresses in the place of the plate
fixing on the basis becomes relevant.

This paper considers the method for determining the pointed power factors, implying the
representation of the plate as the beam on the elastic basis, for which the Timoshenko equation is
valid, that is, the equation of relation of power factors and bending and shearing strains. The
differential equation of the stress-strain state is solved analytically by the Euler method, accounting
for the fact that the beam is subjected to constraint bending and the law of variation of the unit load
is of aperiodic attenuating oscillations.

The obtained analytical relations and plotted on their basis diagrams indicate that the unit
load is highly concentrated at the boundary of the plate and the rigid basis, the value of this
load exceeding its average value dozens of times. Investigation results allow for performing the
strength and rigidity calculation of the sheet or the thick plate fixed on the basis with a high
degree of accuracy, which is urgent when designing the units of mechanisms and building
structures.

KaroueBble cji0Ba: IJIMTa, YIPyroe OCHOBaHHE, IOTOHHAs HAarpys3Ka.

Keywords: plate, elastic basis, unit load
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IIpouenypuasi Mogesb npoektupoBanus texuuyeckux cucrem (The Procedural Model for
Designing Technical Systems)

Heobxooumocms  nogvicumv  3¢pghexmusHocms  npoeKmupo8aHuss MexHU4ecKux OOCMUNCEHUT
npeononazaem blpabomKy HOBbIX NPUEMO8 U MemOo008, NO3BONAIUUX DOlee PAYUOHATLHO OP2aAHU-
306amb MbluiieHue yenoseka. llepexo0 Kk HO8bIM opmam npoeKmuposaHusi CMaHo8UmMcs. 0COOeHHO
AKMYANbHbIM 8 YCII0BUSAX NOCMOSAHHO20 VCIONCHEHUS MEXHUYeCKUX KOMNIEKCO8, He0OX00UMOCMbIO
yeenuueHus nepuooa IKCIYamayuu 00pasyos 600pPYrHceHUs 00 HACMYNIEHUs UX MOPAIbHO20 U3HOCA,
a makoice COKpaujeHuto cpoxkos npoexkmuposanusi. llogviuenue npouzsooumenbHoCmu mpyoa npu
NPOEKMUPOBAHUU CIMBOTLHO20 B00PYHCEHUS NPEOnoaazaem CUCMeMamu3ayuio cnocob608 noGulueHUs
e2o ahpexmusHocmu, pazpabomky CneyuaruzupO8AHHbIX Memoo08 NPOEKMUPOBAHUs, BKIIOYAsL I6-
pucmuiecKkue u npocpamMMHvle NPUeMbl AHAIU3A U CUHME3d, POHO08 MEXHUUECKUX peuleHUll U Qu3u-
yeckux agpghexmos, coz0anus ompacnesol npoyedypHOU MOOeIU NOUCKA MEXHUUeCKUX PeueHull ¢
oyenKoll dggexmusHocmu ux npumeneHus. B cmamoe npeonazaemcs nocuveckas cxema npoeKmupo-
8aHUsL, KOMOPAsi MOdcem Oblmb NpedcmasieHa npoyeoyPHoL MOOeiblo, peanusyouell CUCHeMHbLI
n00X00 K NPOEKMUpPOBAHUIO, U A1Aemcs 0000weHuem pada uzeecmuvix pabom. Ilpoyedypnas mo-
dellb daem Haznsa0Hoe npedcmasierue 00 OCHOBHLIX NPoYedypax u onepayusx npoeKmuposanus, me-
Mooax ux nposeoeHusl, yKazvléaem Ha HeoOX0OuUMble UCTOYHUKU UHGOPpMAyUlL.

The necessity to increase the design efficiency for technical achievements implies development of
new ways and methods that allow for organizing the human thinking more reasonably. Transition to
new types of design becomes relevant within constantly complicating technical complexes, necessity
to increase the operation period of armory up to their moral wear and reduce the design time. In-
crease in labor intensity when designing barrel arms implies systematization of methods for increas-
ing its efficiency, development of specific design methods including heuristic and program ap-
proaches for analysis and synthesis, funds of technical solutions and physical effects, creation of in-
dustrial procedural model for the search of technical solutions with assessment of their application
efficiency. In the paper the author proposes a logical design scheme, which can be represented by a
procedural model implementing a system approach to design and generalizing a number of known
works. The procedural model provides a visual representation of the main procedures and operations
of design, methods of conducting them, and it points to the necessary sources of information.

KawueBble cjIoBa: MPOCKTUPOBAHUE, TEXHUYECKUE CUCTEMBI, CTBOJIBHOE BOOPYKEHHE, MPOIie-
JypHAast MOJIEJb.

Keywords: design, technical systems, barrel arms, procedural model
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Pa3zButHe TepMHHOJIOTHH B 00/1acTH 3y04aThIX nepeaay u tpancmuccuii. Yacrs 2. Cocrabiie-
HHe cJI0Bapsi-CIpaBoYHMKa 1o 3y0uarbiM nepegadam (Development of Terminology in Gearing
and Power Transmissions. Part 2. Compilation of Reference-Dictionary Book on Gearing)

B nepsoii cmamve, onyoauxosanHol 6 jxcypuane « MumeniekmyanbHvle cucmemyl 8 NPOU3800CH-
6e» , bl PACCMOMPEHbL IMANbL CIAHOBIEHUS U PA3EUMUS MEPMUHOIOUU RO 3Y0UAMbIM nepedd-
yam, 8 mom uucie 8 pamkax oesmenvrocmu Iocmosnnou komuccuu IFToMM « Cmanoapmu3zayus
mepmunonozuu no TMMy. B oannotl cmamve paccmampusaomcsi 60NPOCsl NOO20MOBKU Mamepud-
JI08 O/l COCMABNIeHUs CI08APA-CAPABOYHUKA NO 3YOUAMbIM nepedaiam U coO0epHCcanue OCHOBHLIX
pazoenos cnpasounuka. Ilokazanvl smanvl pazeumus uoeu 0 CO30aHUU U3OAHUSL CNPABOYHO20 XAa-
pakmepa no mepmuHoso2uu 3y04amulx nepeoad, HauuHas ¢ 00k1aoa Ha TexHuueckom Komumeme
ISO TC (1998 e., e. Tyn, llseiiyapus) 0o sevixooa 6 ceem 6 2011 2. namozo uzoanus cioeapsi-
cnpagounuxa [1]. Iloocomoexka mamepuanog ona nepsozo uzdanus (2] ovina npooondxcena 6 2000
200y nyonuxayuei cooowenusi [3] o naanupyemom uzoanuu 8 coOopuure 00KIA008 HAYYHO20 CeMU-
Hapa 19-20 pabouezo 3acedanus [locmosunou komuccuu IFToMM «Cmanoapmu3ayus mepmuno-
noeuu no TMMy, 6 komopom bvln npogedeH ananu3 COCMOSIHUSL MEePMUHONIO2UU 8 obaacmu 3yoya-
muix nepeday. B chepy ananuza ovinu eosneuenvt cmanoapmol: Meocoynapoousie 1SO (4 ucmou-
nuxa), IEC (1); IFToMM (1), anepuxanckue ANSI-AGMA (2), opumancxue BS (2), nemeykue DIN
(4), weetiyapckue VSM (1), ¢ppanyysckue NF (5), poccutickue I'OCT (5) u 6oreapckue BDS (2). Ilo
Pe3yIbmamam aHaIu3a HameyeH NiaH Cloéaps u npeonoiazaemviii 00vem pabomol no NPUBLEHeHUIO
U CIMpYKmMypupo8anuro UHGOpmMayuorusix mamepuanos. Ilokazana 83aumocesnzs no02omosKu mame-
puanos 015 crosaps u enasvl 12 «3youamote nepedauu mepmunonocuu IFToMMy [4], npeocmasneno
cooepacanue cloeapst 8 Yeiom U OMOEIbHbIX e20 OCHOBHLIX pazoenos. B uwacmnocmu, ommeuena cne-
yughuxa pazoenos «CnupoudHvle nepedauu» (86edeHue MepPMUHO8 HA HEMEYKOM U (DPamyy3cKom
A3v1Kkax); « TouHocms u KOHMPOIL (KOMNULAYUS MEPMUHOE U 0OO3HAUEHUN U3 PA3HBIX UCTNOYHUKOG C
O0ONONIHeHUeM MePMUHAMU, UOSHMUDUYUPOBAHHBIX asmopamu), «Pacuemvl Ha npouHocms u 3aeda-
HUey (BbINOJIHEHHAsL ABMOPAMU UOCHMUDUKAYUSL PYCCKOAZBIYHOU MEPMUHOL02UU N0 PACHemam Ha
3aedanue ¢ ameno-, PPaHKo- U HemeyKoaA3bluHOU mepmunonoaueti); «Knaccupurkayus 3youamoix 3a-
yenneHul, Koiec u nepeoayy (OupgpepeHyuposannas no pasHvlM NPUHAKAM — 63AUMHOMY PACHOJIO-
Jrcenuro ocell, popme UCXOOHBIX NOBEPXHOCIEL CONPANCEHHBIX 36€HbES U OP.).

In the first paper of this series, published in No 1(15), 2017 of “Intellectual Systems in Produc-
tion” Journal, the stages of becoming and development of terminology on gearing have been con-
sidered in the frame of IFToMM Permanent Commission “Standardization of Terminology on
TMM” activity. In present publication the procedure of materials preparation for compilation of
Reference-Dictionary Book on gearing and contents of its basic sections are considered and stages
of development of idea about creation of reference source issue on gearing terminology, starting
from the report the ISO TC meeting (1998, Thune, Switzerland) till publication in 2011 of the fifth
issue of Reference-Dictionary Book (further Dictionary) [1], are shown. Preparation of the first
issue [2] were continued in 2000 by publication of message [3] concerning planned issue in the
proceedings of scientific seminar of IFToMM PCA 1 g Working Meeting “Standardization Termi-
nology on TMM”, where the analysis of terminology on gearing has been carried out.

The following normative sources have been used: International standards ISO (4 sources), IEC
(1); IFToMM (1); American ANSI-AGMA (2); British BS (2); German DIN (4); Switzerland VSM
(1); French NF (5); Russian GOST (5) and Bulgarian BDS (2). According to results of analysis the
draft of the Dictionary and prospective volume of work on revelation of informative, normative and
reference sources has been traced. Interconnection of preparation of the materials for the Diction-
ary and Chapter 12 Gearing of IFToMM Terminology [4] is shown, content of the Dictionary in the
whole and the same in separate basic sections are presented. In particular, the following features
are mentioned including section “Spiroid gear drives” (introduction of German and French terms);
“Accuracy and control” (compilation terms and designations from different sources with additional
terms accordance to authors identification); “Strength and scuffing design” (identification of ter-
minology in Russian on scuffing design with terminology on English, French and German, fulfilled



by authors); “Classification of gearing, gear drives and gears” (differenced by various features,
namely, common arrangement of axes, form of initial surfaces of conjugate linkages and others).

KawueBble ciaoBa: 3yOuaras mepenaya, ClOBapb-CIIPABOYHUK, HIeHTH(UKALUs, Kiaccupuka-
Us1, TPU3HAKK KJIacCH(pHUKAIINK.

Keywords: gear drive, reference-dictionary book, identification, classification, classification
features.
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JKCNepuMeHTAbHOE NCCJIeOBAHUE TPOoIecca MUPOOOPAOOTKH XOJCTOB U3 CYNMePTOHKOIO
0azaabToBOrO BosiokHa (Experimental Research of Pyro Treatment of Canvases Made of Su-
per Thin Basalt Fiber)

OcHo6HOU Yenblo 8bINOIHEHHO20 IKCHEPUMEHMATLHO20 UCCAe008AHUsL Npoyecca nUpoobpabom-
KU 00paszyoe Xoacmos u3 CynepmoHKo20 0a3aibmogo20 60J0KHA, NOLYYEHHLIX HA Oelicmeyrowel
NPOMBIULEHHOU YCMAHOBKe, peanuszyiouell OYNiIeKCHYI0 MexXHOI02UI0 UX NPou3eo0Cmed, A61sAencs
noomeepacoenue d¢hghexma ymMeHbUleHUsT NbLIeBblOeNIeHUs. NPpU pabome ¢ MaxKumu XOJICMamMu U
Gopmuposanue pekomenoayuili 0 HAZHAYEHUS NAPAMempo8 npoyecca nupooobpadbomxu. Axmy-
anvHa npoobrema no MAaKCUMAIbHOMY YMEHbUEHUIO 8bl0eNIeHUs NbLIU OM MAmepuanos, UCnoab3ye-
MbIX 8 npou3soocmeax. Menkooucnepcras noiib, COOEPHCAUAAC 68 XOJICMAX U3 0A3aNbIMOBO20 60-
JIOKHQA, 8PEOHA OJisl KOJHCU, CIUBUCTIOU 0DONI0UKU U 8 0CODeHHOCIU O/l 1ecKUX yenosexa. Jlace npu
VCI08UU, YMO COOEPHCAHUE NbLIU 8 NPOUBOOCTNEEHHOM NOMeUeHUU HaAXOOUMCcs 6 npeodenax HopM,
VCMAHOBIEHHBIX MEXHUYEeCKUMU MPeDOBAHUAMU, AKKYMYIUpyemoe 3a 200bl pabomsl 8030elicmeue
Ha Ovixamenvhvle Nymu umeem nazyonvie nocie0Ccmsus 0Jis OPeaHUsMa 4ei08eKd.

Ilepeo nauanom uccinedoganuti npoyecca nupooopadbomku 6viia NocmasieHa 3a0ava — npeoio-
AHCUMb MEMOOUKY KOTUYECTNBEHHOU OYEHKU COOEPICAHUSL 8 XOICMAX U3 CYNEPMOHKO20 0a3a1bmo-
8020 BOJIOKHA NbLICGUOHBIX BKIIOHeHull. Takue 6KIIOYEHUsE MO2YM 3A2PA3HAMb OKpYicaloujee npo-
CMPAHCMB0 NPOU3BOOCMEEHHO20 NOMeWweHUs npyu pabome ¢ XOACMAMU, NPU UX PYUHOU MPAHCHOD-
MuposKe, CKIA0UpPOBarUull, PY4YHOU YNAKOBKe Ul NPU U320MOBNIEeHUU U3 HUX U30eUll 3a0aHHOU 2eo-
Mempuueckou gopmovl. Ouesuono maxaice, umo 3¢ppexmusHocmes npoyecca nUPOoOPAOOMKU XOJ1-
cmos u3 6a3anbmo8o2o 8010KHA OYOem CyuwecmeeHHbIM 00pa3oM 3a8ucems Om naApamempos men-
JI08020 NOJISL, CO30ABAEMO20 UCMOYHUKOM niameru. [losmomy credyrowas 3a0aua cocmosiia 8 uzy-
YeHUUu pacnpeoenenus 8 NPOCMPAHCmee 8blCOKOMEMNEPAmMypPHO20 NoJis naamenu copenxu. Ha oc-
HOBHOM 2mane UCCie008aHUUl niameHem 00pabamvleaniucs, oopazysbl X0JACMO8 U3 CYNePMOHKO20
0a3anbmoBo20 60JI0KHA NPU PA3IUYHOU OIUMENbHOCMU 8030€UCmBUsl, U NPOBOOULCS CPABHUMEb-
HbL aHaaus ¢ HeobpabomauHviMu obpasyamu. Pezyiemamul ceudemenscmayrom o enusHuu oopa-
OOMKU XONCMO8 NAAMEeHeM HA YMEeHbUleHUe KOIUYeCmea MeiKOOUCNEPCHOU NblIU, 8bIX00AWel U3
00pazyo8 6 86030yx Npu Mpscke u Opyeux 8UOAxX MexaHu4ecko2o 6030eUcCmausl.

The main purpose of the performed experimental research of heat treatment of samples of can-
vases made of super thin basalt fiber obtained at the operating industrial plant that implements the
duplex technology of their production is to confirm the effect of decreasing the dust emission when
working with such canvases and forming recommendations for assigning the parameters of the pyro
treatment process. The relevant problem is the maximum reduction in the release of dust from ma-
terials used in production. Fine dust, contained in canvas made of basalt fiber, is very harmful to
the skin, mucous membrane and especially to the lungs. Even with the condition that the dust con-
tent in the production room is within the limits set by the technical requirements, the impact on the
respiratory tract accumulated over the years has harmful consequences for the human body.

Before the beginning of the research of the pyro treatment process, the task was set to propose a
technique for quantifying the content of dust-like inclusions in canvas made from super thin basalt



fiber. Such inclusions can pollute the surrounding area of the production premises when working
with canvases, when hand-transporting, storing, hand-packaging or manufacturing products of a
given geometric shape. It is also obvious, that the efficiency of the process of pyro processing of
canvases from basalt fiber will depend substantially on the parameters of the thermal field created
by the flame source. Therefore, the next task was to study the regularity of the temperature distribu-
tion in the high-temperature field of the burner flame. At the main stage of flame studies, samples of
canvases from super thin basaltic fiber were treated at different exposure times, and a comparative
analysis was carried out with untreated samples. The obtained data testify to the positive results of
such treatment of canvases, which substantially reduces the amount of fine dust emerging from the
samples into the air during shaking and other types of mechanical impact.

KiioueBblie ciioBa: cyneproHkoe 0a3aabTOBOE BOJIOKHO, MUPOOOPAOOTKA, MBIIEBHIJCICHHE, 3a-
TPSA3HEHUE OKPYKAIOIIECH CPEIIbL.

Keywords: super thin basalt fiber, pyro treatment, dust extraction, environmental pollution.
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MaremaTu4yeckasi MojieJib TENJIOBOT0 COCTOSIHMSI OCHOBBI B TNpolecce BAKYYMHOI0 XpOMHU-
poBanus moJbix aerajeid (Mathematical Model of the Thermal State of the Basis in the
Course of Vacuum Chromium Plating of Hollow Details)

ObocHosana axmyanbHOCMb NPOBeOeHUsl UCCIeO08AHULI MENTI08020 COCMOSHUS NOAOU 0emaau npu
HAHeCeHUuu MemaiiudyecKux NOKpulmuil Ha NOBEPXHOCHb OMBEPCMULL MEMOOOM MEPMULECKO20 UCNA-
PEHUSL Mamepuana 8 6axKyyme ¢ COOCHO PACNONONCEHHO20 CIMEPIHCHEB020 PE3UCUBHO20 UCTAPUMEAL.

Ilpoananuszuposansvl mennogvie npoyeccwl, npomexawujue npu 6axKyyMHOM XPOMUPOSAHUU NO-
JbIX Oemadneti, npuedeHa cxema menjiooOMeHa u COCMasieHo ypasHenue, ONUchl8aouee meniogoe
cocmosHue ¢(t) demanu 60 8pems 0CANCOEHUs NOKPLIMUSL:

4O = Guas + Guonn ™ Dacrsap ~ Gpos ™ Giop -

Ha nokpuvisaemyro nosepxnocme oemanu Oelicmeyiom meniogvle NOMOKU, 00paA308aHHble 3d
cuem u3Iy4eHus UCNApumens — NJIOMHOCMbIO (ys; U BbIOEIEHUS MENIombl KOHOeHCayuu mamepua-
JIa ROKPLIMUsL — NAOMHOCMBIO (xonn. 1 ENI00OMEH MeAHCOY HAPYIHCHOU YUTUHOPUUECKOU NOBEPXHO-
CMbl0 0emanu U 6HYMPEeHHUMU YCMPOUCEAMU BAKYYMHOU KAMePbl XapaKxmepusyemcs nomoKom
NIOMHOCIBIO (oem naps NEPEOAHA MeENA OM MOPYOBbIX NOBEPXHOCMEN 0eman K dJleMeHmam mex-
HOJI02U4eCKOl OCHACMKU — NOMOKOM NJIOMHOCHbIO Grop. Ha s3HOOMepmuueckyto peakyuro ¢azo6020
npeepawenus 6 mamepuaie 0emai pacxooyemcs meniogou NOMoK NIOMHOCbIO §as.

Bcreocmeue 6auskoeo pacnonosicenuss ucnapumensi K HOKpbl8aemol N08epXHOCMU 00CMAMOYHO
UHMEHCUBHBIX PENCUMOB HAHECEHUSL NOKPLIMULL U XOpoulel Meniou3onayuu 0eman om 31eMeHmo8
MEeXHON02UYECKOU OCHACMKU NPUHAMO, YO Menio pacnpoCmpansiemcs mojibKo 8 paouaibHOM Ha-
npasieHuU; UCnapeHue Mamepuaia npoucxooum pagHOMepHO No 6celi OluHe UcCnapumens, nepe-
pacnpeoeneHuem menia 6001b 0eman U MmeniosblMy NOmepsamu ee mopyoe G, npeHebpezaem.
Bnusnue mennomor sn0omepmuyeckou peakyuu (hazo8020 nepexooa (g PEUEHO He YYUmvléams,
NOCKOIbKY (hopmuposaniue noKpulmus npou3eoosm 00bIYHO Npu MmeMnepamypax, He npevluiaro-
wux memnepamypy azosvix npespaweruli 8 mamepuaie 0emaii.

C yyemom onucauHbvlx ocobeHHoCmell YCl08Ull POpMUPOBAHUs NOKPLIMUSL COCMABIEHO YPAGHe-
HUe MmenjionposoOHOCMU, Onpedeiebl HAYdlbHble U SPAHUYHbIE YCI08US, pa3pabomana mamema-
MU4ecKas Mooeib menio8o2o COCMOSIHUSL OCHOBbL (NOBEPXHOCMU KOHOEHCAYUU).

Pezynomamer meopemuueckux uccie0o8anuti noIyYeHvl MemoOOM KOHEUHbIX pPA3HOCmel npu
UCNONIL30BAHUU MEeMO0a NPO2OHKU. BwiuucieHus 8bInoIHeHbl 8 COOMBemMcmaul ¢ pazpabomanHvim
Qn2OpUMMOM NO NPOSPAMME pPAcyema UBMEHEeHUs. memMnepamypsvl O0emanu npu GopmuposaHuu
XPOMOBO2O NOKPLIMUSL HA NOBEPXHOCIU OMBEPCIMUIL.



Omauyue pacuemuvlx OAHHLIX MAMEMAMUYECKOU MOOeIU OM pe3yibmamos IKCHePUMeHMAlb-
HbIX UCCIe008aHull He npesviuiaem 5 %, umo noomeepaicoaem 00CmMo8ePHOCMb NOLYYEHHOU Mame-
MAmMuyecKkol Mooeiu meniogo2o COCMOSHUSA OCHOBbL 8 NPOYeCcce 8aKYYMHO20 XPOMUPOBAHUS NOIbIX
oemareti ¢ UCNONb30BAHUEM PEIUCNUBHO20 CINEPHCHEBO20 UCHAPUMEIA.

Relevance of carrying out researches of the thermal state of a hollow detail when plating the
surface of holes is proved by the method of thermal evaporation of material in vacuum from the co-
axially located rod resistive evaporator.

The thermal processes proceeding at vacuum chrome plating of hollow details are analysed, the
scheme of heat exchange is provided and the equation describing the thermal state of q(t) of a detail
during deposition of the plating is made:

9() = g + Geona = Dactont ~ Dpnas ~ e

The covered surface of a detail is affected by the heat fluxes formed at the expense of radiation
of an evaporator with the density q,,q and emission of condensation heat of the plating material
with the density q.ona. The heat exchange between the external cylindrical surface of the detail and
internal devices of the vacuum chamber is characterized by a stream with the density qget.ouw, the
heat transfer from face surfaces of the detail to elements of the industrial equipment is featured by a
stream with the density qg.. The heat flux with the density gy is spent for heat-absorbing reaction
of a phase change in the material of the detail.

Owing to the close arrangement of the evaporator to the covered surface, rather intensive modes
of plating, and good thermal insulation of the detail from elements of the industrial equipment, it is
accepted that heat is transmitted only in the radial direction; evaporation of material is uniform
along the whole length of the evaporator, while redistribution of heat along the detail and thermal
losses of its end faces qy. are neglected. Influence of heat within the heat-absorbing reaction of the
phase change of qunas is decided not to be considered, since formation of the plating is made usually
at temperatures which are not exceeding the temperature of phase changes in the detail material.

Taking into account the described features of conditions of formation of the plating, the heat
conduction equation is worked out, starting and boundary conditions are defined, the mathematical
model of the thermal state of the basis (condensing surface) is developed.

Results of theoretical researches are received by the method of finite differences when using a sweep
method. Calculations are executed according to the developed algorithm by means of the program of cal-
culation of the detail temperature change when forming the chromium plating on the surface of holes.

The difference of calculation data of the mathematical model from results of the pilot studies does not
exceed 5% that confirms the reliability of the received mathematical model of the thermal state of the basis
in the course of vacuum chrome plating of hollow details with use of a resistive rod evaporator.

KawueBble c10Ba: MoJbIC ACTAIH, BAKYYMHOE XPOMHPOBAHHUE, TEIUIOBBIE MPOIECCHI, TEMITepa-
Typa OCHOBBI, MaTE€MaTHUECKasi MOZICITb.

Keywords: hollow details, vacuum chromium plating, thermal processes, basis temperature,
mathematical model
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IIpo0sembl cTaHAAPTH3ALMHE B 00J1aCTH 3y04aThIX Mepeiad H HEKOTOpble pe3y/bTAaThl pa3pa-
00TKH HOpPMATUBHOM JokyMeHTauuu. Yactp 2. CtanaapTusanms B 00JaCTH MCNBITAHUIA, HOP-
MHPOBaHMs HAECKHOCTH M BHOPOAUATHOCTHKH 3y04aThix nepenad (Problems in Gearing Stan-
dardization and Some Results in Normative Documentation Development. Part 2. Standardiza-
tion in the Field of Testing, Rationing Reliability and Vibration Diagnostics of Gearing)

B nepeoti cmamwe, onyonuxosannoii 6 scyprane «Becmuux Howcl TY umenu M. T. Kanawnuko-
eay (2017, m. 20, Ne 2), 6v110 paccmompeHo cospemerHoe cocmostue u oowue meHoeHyuu 8 pas-
8UMUU cUCeMbl cmaHdapmu3ayuu 8 oonacmu 3youamsix nepeday. Oocyscoanucsy npobiemvl 2ap-
monuzayuu cmanoapmos I'OCT, CTE ¢ mexrcOyHapoOHbIMU U HAYUOHATLHBIMU CIMAHOAPMAamu Opy-
2UX CMpaw, 8 YacmHOCmu, CMAHOAPMos, pe2laMeHmupyIowux mpebosanus no 2eomMempuu Ucxoo-
HbIX KOHMYPOB, NOKA3AMENAM MOYHOCMU, O0eMePMUHUPOBAHHbIM U BEPOAMHOCMHbIM Memooam
pacuema Ha NPoYHOCMb. B Ooannou cmamve paccmampueaiomcsi ONPOCyl 2apMOHUSAYUU CIAH-
oapmos 6 obaacmu paciema Hecyweli cnocobHocmu 3y04ameix nepeoay u NPOSHOSUPOBAHUS UX
pecypca. Ilokazano, umo npocmozo mexanuueckoz2o nepegooa cmanoapmos ISO nedocmamouno,
Mak KaK 6 psioe OmedecmeeHHblX CIMAanoapmos umeomecs memoouku, ¢ cmanoapmax 1SO omcym-
cmeytowue. Omunocumensrno cmanoapmos 1SO no pacuemy Hazpy304noli cnocobHocmu 3y04amolx
nepeoau ommeuaemcs maxdce, Ymo ux dgghexmusnoe ucnonbzosanue OOCMynHO MoabKO 8blCOKO-
K8ANUpUYUpOoBaHHbIM cCneyuaiucmam. B konmexcme onpedeneHusi payuoHanibHbIX HOPM HAOEHCHO-
CMu nPOeKmupyemoll MmexHuKu 6 Cmamve paccmMampueaemcs CLyuat OYeHKU Ha0edCHOCMU NPOeK-
Mupyemoz20 00beKma ¢ yuemom 63auUMHOl KOPPenupO8aHHOCIU MeXCOy OMKA3AMU IIeMEHmMO8 Ha
npumepe npomedCymouHo20 6ana peoykmopa 6edyue20 Mocma 2py306uKa ¢ 060UHOU YEHMPATbHOU
2nasHol nepedaueti. Paccmampueaemcsa makdce yenecooopazHoCmsv paseumus HAYUOHANbHOU
cucmemsvl cmanoapmog 6 obaracmu «Haoedcnocmov 6 mexuuke» ¢ MOUKU 3DEHUS COBPEMEHHBIX
00CMUICEHUL MUPOBOL U OMe4eCmBeHHOU HAYKU 8 001ACMU OYeHKU MeXHUYeCKo20 COCMOAHUL U
OUACHOCMUKU MAWUH U Ux Haubosee omeemcmeeHnvix y3108. OmoenvbHbie pazoeivl NOCEAueHbl
KOHKDPEMHOMY ORUCAHUIO CIAHOAPMO8, KACAIOWUXCS Memo008 COBMEUJeHHbIX UCNbIMAHUL HA U3-
2UOHYI0 U KOHMAKMHYIO YCMANoCmb 00pa3yo8 Mamepuanos O u32omoeieHus 3y0uamulx Kozec;
HOPMUPOBAHUS HAOEICHOCMU MEXAHUYECKO20 NPUB0Od U HEKOMOPbIX 8ONPOCO8 PA38UMUS HOPMA-
MUBHOU 6A3bl BUOPOOUASHOCMUKU.

In the first paper of this series, published in No 2, 2017 of “Bulletin of Kalashnikov ISTU " the
current state and general trends in the development of the standardization system in the field of
gears were considered. The problems of harmonization of GOST and STB standards with interna-
tional and national standards of other countries, in particular, standards, regulatory requirements
to the geometry of the basic rack tooth profiles, accuracy rate, deterministic and probabilistic



methods of strength calculation were discussed. This paper discusses the issues of harmonization of
standards calculation of load capacity of gears and their life-time forecasting. It is shown that sim-
ple mechanical translation of corresponding ISO standards is not enough, since there are methods
in a number of national standards, that are missing in 1SO standards. Regarding the ISO standards
for the calculation of load capacity of gears it is also noted that their effective use is only available
for highly qualified specialists. In the context of defining appropriate standards of reliability design
technique the paper describes the case of assessment of reliability of the designed object, based on
the mutual correlation between failures of elements on the example of the intermediate shaft of
gearbox drive axle truck with dual CPU and main gear. The feasibility of development of national
system of standards "Reliability in engineering" from the point of view of modern achievements of
world and domestic science in the field of evaluation of technical condition and diagnostics of ma-
chines and their most critical components is considered too. Separate sections are devoted to spe-
cific description of the standards for methods of test for combined bending and contact fatigue
samples of materials for the manufacture of gear wheels, the normalization of the reliability of me-
chanical drive and some questions of the normative basis of vibration diagnostics.

KawueBble cioBa: 3yOuaThie nepeaadn, CTaHIapTU3aIUs, TApMOHU3AIUSA, KOMOWHHPOBAHHBIC
UCIIBITAHUS, HaJIS)KHOCTh, BUOPOMArHOCTHKA.

Keywords: gear drives, standardization, harmonization, combined tests, durability, vibration di-
agnostics.
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HccienoBanue ruipoAMHAMHYECKHX MAPAMeTPOB B CIIPHMHKJIEPHBIX YCTAHOBKAX MOKapO-
TymieHus (Study of Hydrodynamic Parameters in Sprinkler Fire Extinguishing Systems)

Obocnosvieaemcs akmyanbHOCmb NOCMPOEHUSI MAMeMamuieckou Mooenu, Onuculearowel u3-
MeHeHue 2UOPOOUHAMUYECKUX NaApamempo8 NOMOKA HCUOKOCMU 6 mpyOOnpo8OOHOU cucmeme
CNPUHKIIEPHOU A8MOMAMUYECKOU YCMAaHo8Ku noxcapomyuienus. Ilpu mamemamuyeckom onucanuu
OBUDICEHUSL ICUOKOCMU HA YUacmKe mpyOOnpo8oOHOU CUCEMbl A8MOMAMUYECKOU YCMAHO8KU NO-
AHcapomyuieHusi NPUMEHAEeMcs 3aniucb YPasHeHuss 08UNCEHUs 8 UOe 0ObIKHOBEHHO20 Oughghepenyu-
AIbHO20 YPABHEHUS, ONUCHIBAIOWe20 USMEHEeHUEe CKOPOCMU JcUOKocmu no epemenu. Ha mecmosom
npumepe nposeoenHa OYeHKa a0eK8amHOCmU paciemHbIX 3HAYeHUl CKOPOCMU OBUINCEHUS HCUOKO-
cmu, NOJYYEHHbIX NO NPEONa2aemMoli MOOenu ¢ pe3yibmamamu AHATUMUYEeCKO20 peuleHus, 6blOpan
Haubonee ONMUMANTbHBIN Waz unmezpuposanus. Pazpabomannas mamemamuieckas Mooenb anpo-
buposana na npumepe aKCOHOMEMPUYECKOU CXeMbl CHPUHKIEPHOU A8MOMAMU4ecKkoll yCmanosKu
noxcapomywienus. 1lpusoosamces pe3ynbmamol YUCIEHHbIX pacyema U3MeHeHUs N0 8peMeHU CKOpo-
CMU U MACCOB020 pacxo0d JHCUOKOCMU 8 3A8UCUMOCTU OM YCII08ULL 6CKPbIMUL MENI08020 3AMKA
CNPUHKIIEPHO20 OPOCUMENS C YUemOM USMEHeHUsl 0asileHus 6 2ubponneemobake, 6 3a8UCUMOCTIU
OMm NPOMAICEHHOCMU YUACMKO8 pacnpeoenumenvHou mpyouvl. IIpouzeooumcs yuciennoe uccneoo-
ganue 6IUAHUE USMEHEHUs NIOWAOU NPOXOOHO20 Ce4eHUsl CHPUHKIIEPHO20 OPOCUMENs U OABNeHUs 8
2ubponnesmobake no 8pemMeHU Ha CKOPOCMb U MACCOBbLU pacxoo dcuokocmu. I[Ipedcmasnenvl gui-
8000l 0I5l CIYYAes, ecu OPOCUMenb UmMeen 3a0epHcKy no 8pemeHu 00 OOCMUINCEHUSL NOTHO20 NPO-
XOOHO020 CeueHus u eciu 8 cucmeme nPUCymcmeyem HenoCmosHHoe Oa6eHuUe.

The actuality of constructing a mathematical model describing the change in the hydrodynamic
parameters of the liquid flow in the pipeline system of a sprinkler automatic fire extinguishing in-
stallation is substantiated. In the mathematical description of fluid motion in the section of the pipe-
line system of an automatic fire extinguishing system, a motion equation is written in the form of an
ordinary differential equation describing the change in the fluid velocity with respect to time. In the



test example, the adequacy of the calculated values of the fluid velocity obtained by the proposed
model with the results of the analytical solution was estimated, the most optimal integration step
was chosen. The developed mathematical model is approved by an example of an axonometric
scheme of a sprinkler automatic fire extinguishing installation. The results of numerical
calculations of the time variation of the velocity and mass flow rate of the liquid are presented,
depending on the conditions for opening the sprinkler thermal lock, taking into account the pressure
change in the gyro-pneumatic tank, depending on the length of the distribution pipe sections. A
numerical study is made for the effect of the change in the area of the cross-sectional area of the
sprinkler irrigation system and the pressure in the hydropneumatic tank in time on the speed and
mass flow of the liquid. Conclusions are given for cases where the sprinkler has a time delay before
reaching the full flow cross-section, and if there is a non-constant pressure in the system.

KawueBble cj10Ba: CIIPUHKIEPHBIC CUCTEMBI, TPYyOOIPOBO, MaTeMaTH4YeCKasi MOJIEIb, THAPO-
JTUHAMHYECKHE TTapaMEeTPhI.

Keywords: sprinkler systems, pipelines, mathematical model, hydrodynamic parameters.
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IBOTIOLHUSA YIEKTPOHHBIX aKYCTHYECKHX MHILIEHel: uccjeJoOBaHue CBePX3BYKOBBIX MaTe-
matuyeckux mopeseid (Evolution of Electronic Acoustic Targets: Research of Supersonic
Mathematical Models)

Ilpusedena ucmopusi cosepuieHCmMeo8aHUs MamemMamuieckux Mooenell C6epx38yKo8bIX aKycmuye-
CKUX MuUlleHell 01 CmpenKo8o2o opyicus Ha kagheope «Bwviuuciumenvras mexuukay Mol TY umenu
M. T. Kanawnukosa u ¢ Hncmumyme mexanuxu YpO PAH 3a 25 nem. DnexmponHvle akycmuueckue
MUUEHU WUPOKO UCNOIL3VIOMCSL Ol UCNLIMAHUA U OUACHOCTMUKU CMPEIKO8020 U APMUNIEPULICKO20
OpYIHCUSL HA NPOU3BOOCMBAX U BOEHHLIX NPUEMKAX U OJis nosvlulenus ux mounocmu. Hccneooeanvt mo-
oenu MuuleHell ¢ pasiudHbLM pasmeueHuem aKyCmuueckux 0amuuKos, MUuleHy, UH8apuanmHsle K no-
3uyuu cmpenvobl, U MuweHy, pabomarowue Ha OMKpbIMoM 6030yXe npu eempeHol oocmanogke. B
Kasicoot Mooenu NnpoaHaiu3suposansl 000CHOBAHHbIE YNpoujeHus ghuzuyeckux npoyeccos. Ilokazanvl
OCHOBHble (hakmopul, euusAOWUe HaA MOYHOCMb ONpedesieHUss MoyKu nonadanus. Ilpusedenvt mame-
Mamuyeckue U KOHCMPYKMOPCKUe Memoobl N0 CHUNCEHUI0 NnozpewHocmell pabomul aKyCmuyeckou
MUWeHY, maxKue KaKk HeCUMMEMpPUYHOe PACHONONCEHUe aKYCMUYeCKUX OamiyuKos Ha pAMHOU KOHCHI-
PYKYUU OJisl HeB8bIPONCOCHUS CUCTNEeMbl YPABHEHUL, UCNONb308AHUE 836CULCHHBIX MOMEHMO8 8PeMeHU
npu 06pabomKe CUSHANI08 ¢ 0AMYUKO8 OISl UHBAPUAHIMHOCIU OPUEHMAYUU OAMYUKOS, YYem YMepeH-
HO20 JIAMUHAPHO20 8empa NpuU UCNBIMAHUAX HA OMKPLIMOM 8030yXe nymem 000CHOBAHHO20 YCIIOJCHe-
HUSL MamemMamu4ecKou Mooenu U yeeauyeHus Koruiecmea 0amuukos, yiem yena Kypca u yena naoeHusl
mpaexmopuu 06veKma 8 NpoCMpaHcmee MuteHy 0Jisk OnpeoeneHus. MoyYKU 8vliema nymem npeoopazo-



8aHUsL KOOPOUHAM 8 MAMEMAMUYECKOU MO0, UCNOb308AHUE 8IMOPUYHOLL PeSPeCcCUOHHOU Mamema-
MU4ecKol Mooenu Ol YMeHbUleHUs HeyuymeHHbIX nozpeuwinocmel. Coenan 6bl800 0 NePCHeKMUEHOCMU
OANbHEUUUX UCCTEO08AHULL U YCOBEPUUEHCTNBOBAHULL MAMEMAMUYECKUX MOOeell C8EPX38YKOBbIX IEK-
TMPOHHBIX AKYCMUYECKUX MULUEHELL C Yelblo NOBbIUUEHUEe UX MOYHOCIU U CHUNCEHUSL Ce0eCmOUMOCTU.

The paper considers the history of improvement of mathematical models of supersonic acoustic
targets for small arms at the Computer facilities department of ISTU of M. T. Kalashnikov and at
Institute of mechanics of the Ural Branch of RAS in 25 years. Electronic acoustic targets are widely
used for test and diagnostics of small and artillery arms on productions and military acceptance
and increase in their accuracy. Models of targets with various placement of acoustic sensors are
investigated, targets firing practice, invariant to a position, and the targets working in the open air
at a windy situation are analysed with reasonable simplifications of physical processes in each
model. The major factors influencing the accuracy of definition of a point of hit are shown. Mathe-
matical and design methods on decrease in errors of work of an acoustic target are given, such as:
the asymmetrical arrangement of acoustic sensors in a frame design for non-degeneration of system
of the equations, the use of the weighed timepoints when processing signals from sensors for in-
variancy of orientation of sensors, the accounting of moderate laminar wind at tests by reasonable
complication of mathematical model and increase in number of sensors, the accounting of an angle
of a course and hade of a trajectory of an object in target space for definition of the departure point
by transformation of coordinates in mathematical model, and the use of secondary regression
mathematical model for reduction of unaccounted errors in the open air. The conclusion is drawn
on prospects of further researches and improvements of mathematical models of supersonic elec-
tronic acoustic targets to increase their accuracy and decrease their prime cost.

KiroueBble cj10Ba: aKyCcTHYECKas MHIICHb, aKyCTHUYSCKHW JATYMK, MOTPEITHOCTh, CHCTEMa
ypaBHEHHI, M3MEPHUTEIbHAS CUCTEMa, MaTeMaTUYeCKas MOJICIb.

Keywords: acoustic target, acoustic transducer, error, system of equations, measuring system,
mathematical model.
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Pa3pa6oTka cxeMbl yNpaBJeHHs 3apsi/IoM MOIYJIsl CYEPKOHIEHCATOPOB M OIpe/eieHue ee
paborocnocodHocTu nmyrem moneauposanus (Development of the Scheme of Controlling the
Charge of the Ultracapacitor Module and Definition of Its Workability by Modeling)

B oannoii cmamee paccmampusaemcs npodiema co30anus 2UOPUOHOL AKKYMYIAMOPHOU bama-
peu Ha OCHose Tumuesblx bamapeti U CynepKoHOeHCamopos, Komopas bl COXPAaHAd c8010 pabo-
MoCnocoOHOCMb NPU HUZKUX memnepamypax. /lanuas npodiema 0CHO8bI8AENCsl HA PEUeHUU 3A0d-
Yy 3apsa0a mMooyis cynepkoHoencamopos. Heobxooumo cozoanue ycmpoiicmea, kKomopoe 0bl MO0
ocyuecmesams npedsapumenvhbvill 3apsaod Mooy CYnepKoOHOeHCAmopos, a maKice no00epI’CUBAMb
HanpsjiceHue Ha Hem Ha ONPeoeleHHOM YPOGHe.

st pewenusi Oannotl 3a0auu ObLT NPOBedeH AHAU3 XAPAKMEPUCTIUK AKKYMYISIMOPHLIX bamapetl u
cynepkoHoencamopos. bvino noomeepoicoeno mHeHue, umo CynepKoHOEHcamopbl UMEIOMm 20paz00
Jyuuiue memMnepanypHole Xapakmepucmuku U XapaKmepucmuky KOIu4ecmsd Yukios 3apsaoa-paspsod.

Paspabomana cmpykmyphas cxema 2uOpuOH020 aKKymMynamopd, u OnucCa NPUHYUn ee pabomul.
B cmamuve packpwisatomes npoyeccol co30anusi HEKOMOPLIX Y3108 OAHHOU CXeMbl, MAKUX KAK yCh-
POUCME0 Nped8apumenbHo20 3apsaoa MOOYIs CYNEPKOHOEHCAMOpOs8 U YCMPOUCME0 YAPAGIeHUs.
npeobpazosamenem NOCMOSHHO20 HANPAICEHUS, KOMOPbBIIL C8A3bl6Aem AKKYMYIAMOPHYI0 bamapero
U MOOynb cynepkoHoencamopos. Cmamvs codepicum pacuem OCHOBHLIX NAPAMEMPO8 cXeMbl U
onucanue 8vl60pPa UCHOIL3YEMbBIX YCIPOLCMS.



Cmambs maxaice cooepicum Onucanue maxko2o 6CNOMO2AmenrbH020 YCmpoucmed, Kak adanmep
npeobpazoeamens HANPA}CEHUsL, KOMOPLU CLYHCUM 05 €20 OUCMAHYUOHHO20 YNPABTIeHUS.

Pabomocnocobnocme 6cex paspabomanuvix cxem, ONUCAHHBIX Bblie, NPOBEPLEMCsl C NOMOUWDBIO
MoOenuposanusi 8 KomnviomepHou cpede Multisim. Ha ocnoge 0aHmbiX, NOIYUEHHbIX NPU MOOEnU-
POBAHUU, NPOBEOCH AHANU3 PAOOMOCNOCOOHOCMU NOJYYEHHbIX cXeM. [l noOKpenieHus noiyyeH-
HbIX pe3yibmamos coopana oowas cxema OJisl 3apsoa MoOyis CynepKkoHoeHcamopos. Jlantvie Mo-
0eUPOBanUsL NOOMBEPHCOAIOM PAOOMOCNOCOOHOCMb 0OWell CXeMbl, 8Cle0CmaUe 4e2o COeNaHo 3a-
KAIOYEeHUe O 803MONCHOCU UCNIONb308AHUS OAHHOU CXeMbl HA NPAKMUKE.

HUcnonvzosanue cynepkoHOeHCamopos 6 SUOPUOHBIX AKKYMYIAMOPHLIX bamapesx umeem psio
npobiem, HO OHU peulaembl C HOMOWDBIO CXeM YNPAGIeHUs, K Npumepy, KaKk npueeoenHdas cxema 6
OaHHOU cmambve.

The paper considers the problem of development of a hybrid battery based on lithium batteries
and ultracapacitors that would keep its serviceability at low temperatures. This issue is based on
solving the problem of the module charge of ultracapacitors. The device is to be developed, that
could perform the preliminary charging the module of ultracapacitors and keep the voltage in it at
a definite level. In order to solve this problem, characteristics of accumulator batteries and ultra-
capacitors were analyzed. The opinion was proved that ultracapacitors have much better tempera-
ture characteristics and the characteristics of the number of “‘charge-recharge” cycles. The struc-
tural scheme of a hybrid battery was developed and its operation was described. The paper consid-
ers the processes of development of specific units of this scheme such as the device for preliminary
charging of the ultracapacitor module and the device for controlling the direct voltage transducer
that connects the accumulator battery and the module of ultracapacitors. The paper contains the
calculation of main parameters of the scheme and description of choosing the applied devices. The
paper also comprises the description of such an auxiliary device as the adaptor of voltage trans-
formation which serves for its distant control. The workability of all the described above developed
schemes is checked by means of modeling in the software media Multisim. Based on the data ob-
tained at modeling, the workability of the obtained schemes is analyzed. To substantiate the ob-
tained results, a general scheme for charging the ultracapacitor module is assembled. Results of
modeling prove the workability of the general scheme, therefore, the conclusion is made on possi-
bility to apply this scheme in practice. Application of ultracapacitors in hybrid accumulator batter-
ies has a number of problems, but they can be solved by control schemes, for example, similar to
the scheme that is considered in the paper.

KaroueBble cji0Ba: CyNepKOHIEHCATOP, THOPUIHBINA aKKyMYJISITOp, MOZenTupoBanue, Multisim.

Keywords: ultracapacitor, hybrid battery, modeling, Multisim.
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ABTOMATH3HPOBAHHASI CUCTEMA OLEHKH KOMIO3UIHOHHBIX XapaKTepUucTHK 2D-u300paxkenus:
MaremMarndeckas wmozaeab (Automated System for Evaluating 2D-Image Compositional
Characteristics: Mathematical Model)

Onucwvisaemcsi KOHMEKCH NOCMPOEHUS MAMEMAMUYECKOU MOOenu, npedCmasienHblll 8 npeodvloyuel
nyonuKayuu  agmopos — KOHYenyus aemoMamusupo8aHHOU CUCEMbl OYEHKU KOMNOZUYUOHHBIX
xapaxkmepucmux 2D-uzo0paicenuil. Ixkcnepumernm Pyoonsgha ApHxeiima 0nst onpedenenus 8u3y-aibHO20
geca 00bEKMO8 ¢ UCHONL308AHUEM CIPYKIYPHO20 NIAHA K8AOpama u memHo20 OUCKA NOBMOPSEMCs C
UCNONBL308AHUEM MAMEMAMUYECKO20 NpeoCmAagieHus NOHAMuUL, OaHHblX 6 KHuce «HMckyccmeo u



suzyaibHoe eocnpusimuey. CmpyKmypHblil NIaH UCHONb3Yemcsl KaK CUCmemMa Omc4ema, Komopas umeent
KJt0uesble MouKU, JUHUY U KoopouHamul. Onucul8aromes napamempsbl 00beKmos u gopmyivl paciema
senuUUUHbL GIUAHUA nepyenmusHvix cul. llpednaeaemcs memoo OyeHKU pasHoBecust BU3YAIbHOU CYeHbl,
CO2NACHO — NPUHYUNAM,  UNOJCEHHLIM 8 KHuece «Hckyccmeéo u  8usyaibHoe — BOCHpUsMUE).
Mamemamuueckasi mooenv dKchepumenma ApHxenima npedCmasnaemcs 8 PpasHbIX CMaousx, Npu PaHOM
NONOdCEHUU 00bEeKMA 6 BU3YAbHOU CYeHe OMHOCUMENbHO UCCe0yeMO20 UCHOYHUKA NepYenmueHoll
CUTbL; OOBACHAIOMCS (PaAKMopbl, GusAIOWUe HA BOCHPUAMUe 00bEKMA GHYMPU CMPYKMYPHO2O NIAAHA,
0COOEHHOCU KTIOYesbIX no3uyull 00vekmos. Ilpednazaemcs SKCnepUMEHmManbHo NOCMPOEHHAs! (hYHKYUS
011 onpedelleHus BU3YAIbHO20 6eca O00beKma 6 3A6UCUMOCMU Om OUCMAHYUU 00 UCMOYHUKA
nepyenmushvix cui. OOOCHOBLIBAEMCA UCNONL306AHUE MEMOOAd UHMEPRONAYUY CRIAUHOM AKUMbL O
NOMYYeHUsl KA4eCMBEeHHO20 2papuKa (YHKYUU, TUUEHHO2O «OCYUWLIAYUILY OKOLO SKCMPEeMYMO8 U npu
pe3kux cmenax 3sHadenui. Ilpeonaeaiomcs anbmepHamusuvle 2paguku @yHKyuil O pAzIUYHbIX
UCIMOYHUKOB GIUSHUSL NEePYENTUBHBIX CUT, OObACHAEMCS PA3HUYA 6 NPUHYUNAX OeUCMBUS DA3HbLIX
UCMOYHUKO8. Beoosimces koaghghuyuenmol 0 pazHvix nepyenmueHuIX akmopos u UCHOYHUKOS GIUAHUS,
Komopbvle — obecneuam — MOYHYIO — HACMPOUKY — cucmemvl. Ilpednazaemcs memoOo — HACMPOUKU
Koagpuyuenmos cucmemvl. Ilonyuennas mame-wamuyeckas Mooenb NOOMBEPHCOAEN. B0IMOHNCHOCTIDL
NPOSPAMMHOU PEAnU3aYUYU MeMOoO08, NPEONOHNCEHHBIX APHXelMoM 8 cBoell KHU2e.

Mathematical model creation was presented in a previous publication of the authors. It is the concept
of an automated system for estimating the compositional characteristics of 2D images. Rudolf Arnheim's
experiment to determine the visual weight of objects using the structural plan of a square and a dark disk
is repeated using a mathematical representation of the concepts given in the book "Art and Visual
Perception”. The structural plan is used as a frame of reference, which has key points, lines and
coordinates. The parameters of objects and formulas for calculating the magnitude of the perceptual
forces influence are described. A method for estimating the balance of a visual scene is proposed. The
mathematical model of Arnheim s experiment is represented in different stages, with a different position of
the object in the visual scene relative to the source of perceptual force being investigated. The factors that
affect object’s perception within the structural plan, and the features of the key positions of the objects are
explained. An experimentally constructed function to determine the visual weight of an object is proposed
depending on the distance to source of the perceptual forces. Akima spline interpolation method was used
for obtaining a qualitative graph of the function, devoid of "oscillations" near extremes and with sharp
changes in values. The alternative graphs of functions for various sources of influence of perceptive forces
are offered, and the difference in the principles of the action of different sources is explained. The
coefficients for different perceptive factors and sources of influence are introduced, which will ensure
accurate tuning of the system. A method for adjusting the coefficients of the system is proposed. The
obtained mathematical model confirms the possibility of program realization of the methods proposed by
Arnheim.

KaioueBblie cioBa: P. Apuaxeiim, X. Akuma, aHaIu3 U300pakeHUH, KOMITO3ULIMOHHBIE XapaKTepH-
CTHKH, PAaBHOBECHE, MAaTEMAaTHYECKast MOJIE)b, HHTESPIIOJISIIHSL.

Keywords: R. Arnheim, H. Akima, image analysis, compositional characteristics, balance,
mathematical model, interpolation.
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IIpumenenne meroga cratuctudeckoi auddepeHunanum AJsi KOOPAUHATHOM NPUBAKHU
aspodorou3odpakeHuss Kk kocMuueckomy cHUMKY (Application of the Method of Statistical
Differentiation for the Gridding of Aerophoto Image to a Satellite Image)

B pabome paccmampugaromcs 6onpocsi co30aHUs A6MOHOMHOU CUCMeMbl Hagueayuu 015 Oecnu-
JIOMHBIX IeMAMENbHbIX ANNApamos nymem KOOPOUHAMHOU NPUBA3KU OOPMOBbIX U300PANHCEHULL K KOC-
MUYECKOMY CHUMKY MeCmHOCMU. J{anHas cucmema modxcem npuUMeHAmvCs npu Hasueayuu 8 YCio6usx
nomex CHymuuxko8oeo cueHana enodanvrozo nosuyuoruposanus (GPS, ITIOHACC) npu coxpanenuu
pexcuma paouomondanus. Ilo uzobpadcenusam 60pmo6020 CHUMKA IemamenbHo20 annapama u coom-
BEMCMBYIOUE20 YUACHKA KOCMUYECKO20 CHUMKA BbIMUCTAIOMCS 0COOble MOYKU, 00beOuHsieMble 8 mpe-
yeonvHuKu. Kascovii mpey2onvHux onucvléaemcs 0ecKpunmopom, 6 KOmopbli 6X00um ungopmayus o
MUNAx ocoowblx Mouex, 00pazyowUx Mon Mmpey2oabHUK, NOpsoKe ux 00xo0a u 0 NOIOHCEHUU BePull-
Hbl mMpeyeosibHUKa OmHocumenvHo ocHosanus. Conocmasnenue 08X CHUMKO8 NO NOJYYEHHbIM Mpe-
VeONbHUKAM OCYUIeCMBIIAeMCsl ¢ NOMOUWbIO Memood CMamucmu4eckoi ouggepenyuayuu, Komopbiil
N0360J1Aem CYWeCm8eHHO CHU3UMb 00beM nepebopa 3a cuem conoCMAaseHus MoabKo IKEUBALEHIMHbIX
MPEY2OLHUKOB C 0OUHAKOBbIMU OecKpunmopamu. Pezynemamom conocmaenenusi mpey2onbHukos 08yx
U300padCeHUll ABNACMCA MHONCECTBO NAP COOMBEMCMBEHHBIX OMPE3K08, Cpeou KOMOPbIX 8blOUpaem-
CsL napa ¢ Hautywwum nokazamenem koppenayuu. I1o evibpantol nape ompeskog onpeoensiromcs na-
pamempul coguea, N0OPOmMa U KOIGHuyuenma macuimabupo8anus, KOmopble no3eoJsaom npussi3ams
KOOPOUHAMbL CHUMKA OOPMOBOTL Kamepbl 1emameibHo20 annapama K KOCMU4ecKomy CHUMKY MeCmHO-
cmu. B 3akmouenue cmamou npuseden npumep y4acmka noCMpOeHHOU mMpaeKmopuu 6ecnuiomuo2o
JIeMamenbHO20 annapama ¢ NPUBA3KOL K KOCMULECKOM) CHUMK).

The work deals with the creation of an autonomous navigation system for unmanned aerial vehicles
by way of gridding airborne images to a satellite image of the terrain. This system can be used for navi-
gation in conditions of global positioning signal (GPS, GLOBASS) interference while maintaining the
radio silence mode. Special points combined into triangles are calculated according to the images of the
airborne image of the aircraft and the corresponding part of the satellite image. Each triangle is de-
scribed by a descriptor, which includes information about the types of special points forming this trian-
gle, the order of their visiting, and the position of the vertex of the triangle relative to the base. Using
the method of statistical differentiation can significantly reduce the amount of enumeration by compar-
ing only equivalent triangles with the same descriptors. The result of comparing the triangles of the two
images is the set of pairs of corresponding segments, among which the pair with the best result of corre-
lation criteria is selected. The chosen pair of segments gives the parameters of the shift, rotation and the
scaling factor, which allow you to tie the coordinates of the picture of the onboard camera of the air-
craft to the space image of the terrain. In the conclusion of the paper, an example is given of the con-
structed trajectory of an unmanned aerial vehicle with reference to a satellite image.

KuarwueBble ciioBa: HaBuraius, JieratenbHblil anmnapat, BIIJIA, mamuHHOE 3peHue, KocMuye-
CKUHI CHUMOK.

Keywords: navigation, aerial vehicle, UAV, computer vision, satellite image.
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MeToauka HeiipoceTeBOil KiacCHPUKANUM CUTYyallMid HA (PMHAHCOBBLIX PBIHKAX M ee pea-
Juzauust B UCIIIIP (Method of Neuronet Classification of Situations in Financial Markets
and Its Implementation in IDSS)

3aoaua pazpabomku uHCMpPYMeHmMO8 AHAIU3A PUHAHCOBLIX PbIHKOB, OCHOBAHHLIX HA COBPEMEH-
HBIX MemoO0ax UCKYCCHBEHHO020 UHMEeNLIeKMa, UMUMUPYIOWUX pabomy mpetioepos pulHKA, KOMOo-
PbIM 051 NPUHAMUSL pelleHUsl He0OX00UMO NPOAHATUUPOBAMb DOIbULOE KOAUYECMBO PAZHOPOOHOU
uHgopmayuu o pvinKe, CMaHo8UMcs 6ce bojlee aKmyaibHol 6 Hacmoswee 8pems. B cmamve pac-
CMampueaemcs. NpuMeHeHue Helpocemeso2o Kiaccupukamopa 8 kawecmee s0pa UHmMeIeKmyaib-
HOU cucmembl NOOOEPHCKU NPUHAMUA peuleHull mpetioepa PuHaHcosvix puinkos. Qbo3Hauenvl oc-



HOBHble XaApaAKMepUCmuKy CUcmem muna UHmMe1eKmyaibHas CUcmema no00epiICKU NPUHAMUS pe-
wenu. Ilpueedena memoouxa Helpocemesou KiacCupurayu polHOYHbIX CUMYAyUutl, NOCMPOEHHAS
C NpUMeHeHUueM PAa3IUYHbIX N00X0008 K AHAIU3Y (DUHAHCOBLIX DLIHKO8, MAKUX KAK MEeXHUYeCKUll,
@yHOaMeHMANbHBI AHAU3 U IKOHOMempuyecKoe mooenuposarue. OCHO8Y MEemMOOUKU COCMagiaem
UHMEZPUPOBAHHDILL AHAU3 UHDOPMAYUU HA OCHOBE HEUPOHHOU Cemu MONOL0UU MHOSOCIOUHbLIL
nepyenmpon. Ilpedcmagnenvl pe3yiomamol NPOEKMUpOBAHUs: CUCEMbI, UCNONb3VIOWUE AN2OPUNMM
MEMOOUKU HeUpocemesoll Kiaccupukayuu polHOYHbIX CUMYayuil, apxXumexmypa CUCmembl, uccie-
0os8anust pabomocnocobHocmu u d¢hghekmusHocmu pabomsl UHMELIEKMYAIbHOU CUCHEMbl NOO-
0epIHCKU NPUHAMUSL peuleHULl mpetioepo8 HA UHAHCOBBIX PLIHKAX, OCHOBAHHOU HA ONUCAHHOU Me-
moouke Kiaccugukayuii peiHounsvlx cumyayui. I1o pe3yrbmamam 9KCnepUMEHMAaIbHO20 UCCAe00-
8aHUSl HA HOPMUPOBAHHOU NO NAPAMEMPAM IKCHEPUMEHmMA 8blO0pKe 0003HaueHa dPPeKkmusHoCmb
pabomwi cucmemwl 8 83 %.

The task of developing tools for analyzing financial markets based on modern methods of artifi-
cial intelligence, imitating the work of market traders, who need to analyze a large amount of het-
erogeneous information about the market for decision-making, is becoming increasingly relevant at
the moment. The paper deals with the application of a neural network classifier as the core of an
intellectual decision support system for a trader in financial markets. The main characteristics of
systems such as an intelligent decision support system are identified. The technique of neuronet
classification of market situations, using various approaches to the analysis of financial markets,
such as technical, fundamental analysis and econometric modeling, is presented. The basis of the
methodology is the integrated information analysis based on the neural network topology
multilayer perceptron. The results of system design using the algorithm of neural network
classification of market situations, the architecture of the system, the study of efficiency and
efficiency of the intellectual decision support system for traders in the financial markets based on
the described methodology of classifications of market situations are presented. According to the
results of the experimental study, the efficiency of the system in 83% is indicated on the sample,
which is normalized by the parameters of the experiment.

KawueBble cjioBa: HEHPOHHAS CETh, KJIaCCH(DHUKAINS, pRIHOYHBIC CUTYAIlUH, HHTEJUICKTYaTbHasI
cUCTeMa MOAJIECPKKHU IIPUHATUS PELICHUN, MHOTOCJIONHBIN IEPLENTPOH.

Keywords: neural network, classification, market situations, intelligent decision support system,
multilayer perceptron.
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Pa3paGoTrka aBTOMATH3HPOBAHHOH MH(OPMANMOHHON CHCTeMbl MOHHTOPHHIA COCTOSIHUS
310pPOBbS MALMEHTA ¢ MpuMeHeHrneM 001auHbIX TexHoJ0Tuil (The Development of Automated
Information System of Monitoring the State of Health of the Patient with Application of
Cloud Technologies)

B pamkax Ooanmoti cmamvu paccmompenvl cywecmsayrouue Ha ce200HAWMNUN OeHb Nnpobiembl,
B03HUKAIOWUe NPU OKA3AHUU CREeYUATUIUPOBAHHOU MEOUYUHCKOU NOMOWU OObHbIM 1100saM. [lanee
ovL1a pazpabomana KOHYenmyaibHas MOOelb CUCEMbl AGMOMAMUUPOBAHHO20 MOHUMOPUHEA CO-
CMOSIHUSAL 300p06bs nayuenma. Ha ocHose opucumanbHOl KOHYEenmyanbHol mooenu oviia paspabo-
mana mamemamuieckas Mooeib, no3eoausuias npoussecmu nocmpoerue ER- u UML-ouazpamm,
HeobXooumbvlx 015l Oojlee 0emaibHO20 AHAIU3A NPOMEKAIOWUX 6HYMPEeHHUX npoyeccos. Hccnedosa-
Hue npoyecca agmomamusayuy MOHUMOPUH2a ONACHBIX OISl 300P0Bbsl COYEMAHULL CUMNIMOMO8 U YC-



MAHOBNIEHHBIX HAOOPOB ONACHBIX COCMOSHULU 300P06bS NO360AUNO COOPAMb PENAYUOHHYIO 6a3y OaH-
HbIX (Ha ocHoge cpedbl paspabomxu SQLite 3), Heobxooumyto 015 2pamomuo u 6e30mKa3HoU QYHK-
YUoHanbHOCMU cucmembl. JIOKanu3ayus 803MONCHbIX CUMNIMOMOS8 CYUWecmseylouux Oonesnell u no-
padceHull yacmetl meia 8 eOUHblll epaguyieckuil unHmepgerc, céA3aHHAs ¢ pa3pabOmManHbIMU MOOe-
JIAIMU KIACCO8 NPEOMEMHOU 00IACmU U CIPYKMYPOU OAHHBIX UHGOPMAYUOHHOU CUCHEMb, NO360.1U-
JI0 peanu3o08amsv OpyiceioOHblil epaguueckuti unmepgetic noavzoeamens. /s 0osedeHus: papadbo-
MAKHOU UHDOPMAYUOHHOU CUCmeMbl 00 00Ue00CMYNHO20 YPOBHS DbLIO NPUHAMO peuleHue 0 Npu-
MeHeHUU 8 OCHOGe pazpabomiKu 00aauHbIX 6eb-mexHono2ul. Pazmewenue asmomamuzupo8anHol
cucmembl MOHUMOPUH2A COCMOSHUSL 300P08bsL NAYUEHMA NIAHUPYEeMCs NPou38ecmu Ha OOIAUHbIX
cepgepax, umo, 8 C8010 ouepedb, OKANHCEM NOIOHCUMENbHBIN IPGeKm KaK ¢ MOYKU 3peHuUst O0CMYN-
HOCMU, MAK U 803MONCHOCTU MCHOBEHHO20 PACHPOCMPAHEHUs. BbINYUWEHHBIX OOHOBTIEHULL.

The paper considers the existing nowadays problems appearing when giving a specialized medi-
cal aid to the diseased. The conceptual model of the automated system of monitoring the state of
health of the patient has been further developed. Based on the original conceptual model, the
mathematical model has been developed that allowed for plotting the ER- and UML-diagrams nec-
essary for more detailed analysis of the current inside processes. Investigation of the process of
automation of monitoring the combinations of symptoms dangerous for health and established sets
of dangerous states of health allowed for collecting the relation database (based on the SQLite 3
design media), necessary for valid and non-fail operation of the system. Localization of possible
symptoms of existing illnesses and damages of body parts into a single graphic interface related to
the developed models of classes of the subject area and structure of data of the information system
allowed for implementing the friendly graphic user’s interface. To further develop the created in-
formation system up to the commonly available level, the decision was made on application of
cloud web technologies as its basis. It is planned to locate the automated system of monitoring the
state of health of the patient on cloud servers which, in turn, will have a positive effect both from
points of view of availability and instant distribution of released upgrades.

KawueBble cJj0Ba: MOHUTOPHUHT COCTOSHHS 30POBbs, MAaTEMaTHUECKOE MOJICIUPOBAHHKE,
OTIACHBIC COCTOSHHS, JIOKATU3aIUs CHMIITOMOB, 0a3bl JaHHBIX, HHTEepdeiic monp3oBaTens, UML.

Keywords: health monitoring, mathematical modeling, dangerous states, localization of symp-
toms, databases, user interface, UML.
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AHaJIM3 NpeuMylIecTB U HEI0CTATKOB MOOMJIbHOM HAaBUTranuoHHoM cucteMbl KHUDWAY»
U ee KOHKYpeHTOB (Analysis of Advantages and Drawbacks of the Mobile Navigation System
«Hudway» and Its Competitors)

Cmamus noceaujena anaiuzy 00OCMOUHCME U HeOOCMAmKO8 Hauboiee NONYIapHuIX 6 HACMOSs-
Wee 8pems Ha pblHKe NPOCPAMMHO20 0OecnedeHus MOOUIbHBIX NPULOXCeHUll 01 Hagueayuu. Tlony-
JIIPHOCIb MAK020 poO0ad NPULONCEHUL 8 YelOM OYeHb B8blCOKA, YMO ONpeoensemcs 8biCOKUM YPOG-
HeM MOOUTbHOCU COBPEMEHHO20 00Uecmaa 1 HeoOX00UMOCTbIO ONEPAMUBHOU HABULAYUU, 8 nep-
8y10 0yepeds, 8 20pOOCKOM npocmpancmee. HacviuenHocms pviHka npoepammHsim obecnederuem
PAaszHbIX npouzgooumereti 00801bHO 8elUKA, B8bICOKAS KOHKYPEHYUs OUKmyem mpeboeanus K (yHK-
YUOHATY U Cep8UCAM, NPedOCMABIAeMblM NOIb308AMENI0, 8 C85A3U C YeM NPou3eooumenu Oas no-
8blULEHUS KOHKYPEHMOCNOCOOHOCMU BLIHYHCOEHbI pACUUpsAms 0onoaHumenvtvle cepgucvl. Ocoboe
BHUMAHUE YOeaemcs paccCMOmMpeHUu0 NpeuMyuecms u HedoCmamKo8 HasueayuoOHHOU NPocpammbl
«Hudway», paspabamvisaemoii komnanueti « Pycckue ungopmayuonuvie mexHoiocuuy», u cpasHe-
HUIO ee Xapakmepucmuk ¢ napamempamu Cywecmeayiouux npoepamm Hagueayuu, npeocmasieHHblX



Ha pvikKe. BajicHotl ocobeHHoCmbio OaHHOU NPO2PAMMbL A6IeMCsl NPedOCMABIeHUe cepauca, obecne-
yusarowe2o OmpadiceHue Mapupyma Ha i100080M cmeKie agmoMoOuis, Ymo no380.aen 800UmeNnio
KOM@OPMHO U Oe30NnaACHO NOIb308AMbCsL HABU2AYUel, He ompbleas 632110a om 0opoeu. Aemopamu
npo6edeHo NpaKmuiecKoe Uccie008anue paccCMOmMpPeHHbIX 8 cmamve MoOUNbHbIX npunodxicerui. Oco-
boe eHuManue yoensiemcs npooemam obecneueHus 6e30NACHOCMU NPU NPUMEHEHUU NPOSPAMM 6 Npo-
yecce ynpagneHus mpaHCnOPMHbIM CPeOCHEOM U NOBLIUEHUIO IKOHOMUYHOCTU CIUTIA B0HCOCHUS.

The paper is devoted to the analysis of advantages and drawbacks of the currently popular sofit-
ware on the market of mobile navigation applications. The popularity of such applications in gen-
eral is very high, which is determined by the high level of mobility of modern society and the need
for operational navigation, primarily in the urban space. Market saturation with software from dif-
ferent manufacturers is quite high, high competition dictates the requirements for the functionality
and services provided to the user, so manufacturers have to expand additional services to increase
their competitiveness. Particular attention is paid to the advantages and drawbacks of the naviga-
tion program "Hudway", developed by the company "Russian Information Technologies", and com-
parison of its characteristics with the parameters of existing navigation programs on the market. An
important feature of this program is the provision of a service that reflects the route on the wind-
shield of the car, which allows the driver to navigate comfortably and safely, without taking his
eyes off the road. The authors conducted a practical study of the mobile applications discussed in
the paper. Particular attention is paid to the problems of ensuring safety in the application of pro-
grams in the process of driving a vehicle and improving the economy of driving style.

KawueBble c1oBa: MOOMIbHAS HABUTAIWS, YIIPABICHUE TPAHCIIOPTHBIM CPEACTBOM, oOecrede-
HUe 0e30MacHOCTH, Oe30MacHOe YIIPaBIICHHE.

Keywords: mobile navigation, vehicle management, security, safe management.
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ABTOMATH3aIMsl YCTPAHEHUs] ABAPUIHBIX COPOCOB B CHCTeMAaX OYHMCTKHM CTOYHBIX BOJ
(Automation of Removal of Emergency Discharges in Sewage Treatment Systems)

Paccmampusaemces 00un u3z nooxo006 K opeanu3ayuu 6 CUCMeMax CMOYHbIX 600 NPOMbILULEH-
HbIX NPeOnpuUAmuLl npoyecca YCmpaHeHus 3a2pA3HAIOWUX 8eujecms, Gbl36aHHbIX 3aNPOeKMHbIMU
asapuamu. Paccmampuearomces cnyuau, xoeoa asapuiinvliii copoc npeocmasisiem c2yCmox O0OHO-
POOHOIUL dHCUOKOCMU, 0OPA308AHHDI 8 CIOYHBIX 800AX NPU ABAPUU HA KAKOM-TUOO dlieMeHme npo-
U3600cmeenHo020 npoyecca (000pyooeanue, eMKOCmU, mMpyoonpooobl ¢ Geuwjecmedami, He NONA-
0arWUMU 8 CMOYHbBLE 800bL NPU HOPMATLHOM MeXnpoyecce npou3so0Ccmea,).

Ilpeonazaemcs obnapyscenHvle c2ycmKu A8APUIIHBIX COPOCO8 HANPABIAMb 8 OMCMOUHUKY. J]15
KOHMPOJISL A8APULHBIX COPOCO8 NPEONONCEHO UCHONLI08AMb ONMUYECKUE MemOoObl 0OHAPYIHCEHUs
C2YCMKO8 C UsMepeHuem UsMeHeHUull ONMu4ecKou NIOMHOCMU HCUOKOCMU 8 CMOYHOU mpyoe.

Paccmompena cxema agmomamu3zuposannoi 1a00pamopHo yCmaHo8Ku 01 UCCIe008AHUSL U3-
MeHeHUll Onmu4eckol RI0OMHOCMU B00HBIX Cpeod, NO360JIAIOWel CO30A6AMb PA3NIUYHbIE GAPUAHNbL
3aepsazneHuli. B omauuue om pamnee ucnonwb3yemou yCmanosKu cxema cooepicum 010K usnyuamerneti
(c6emoouo0bl, noIYNPOBOOHUKOSbIE N1a3epbl), COCMOAWUL U3 HECKOIbKUX UCTOYHUKOS U3TYYeHUs C
PA3HOU ONUHOU 80IHbL U3IYUeHUs. DMO no360a5iem npu 0OHOU KOHYEHMPAYUuU 3a2psa3HAIoue2o ee-



wecmea usmepsams ONMUYEcKyo NIOMHOCMb B00HOU CPedbl OOHOBPEMEHHO HA HECKONbKUX ONUHAX
80JIH, YMO YCKOpsiem npoyedypy npoeedetus Onblmog u nogviuiaem y0oocmeo ux npogedeHusl.

Paccmompena makoice cxema agmomamu3uposanHol cucmemvl O YCMPAHEHUs ABAPUTIHBIX
cOpOCo6 Ha OUUCHBIX cOOpyHceHUusaX. Hcnonv3osanue OaHHOU CUCTNEMbl CHUNCAEM 8ePOSMHOCTb
NOCMYNIEHUsL 3A2PAZHEHUL 8 8UOe CZYCIMKO8 OM PA3TUYHBIX A8APULL HA OYUCTNUMENbHbIE UMDY,
Haxo0sauwuecs 8 OCHOBHOM KAHANe OBUNCEHUSl 80OHOU Cpedbl, UMmo Y8eauyusdem CpoK CayrHcoObl
@urbmpos ouucmru.

The paper considers one of the approaches to the organization of systems of sewage at indus-
trial enterprises in the process of removing contaminants caused by beyond design basis accidents.
The cases are discussed when an emergency discharge is a clot of a homogeneous fluid, formed in
the wastewater during an accident on any part of the production process (equipment, capacity, pip-
ing with substances that do not fall into the wastewater in the normal process of production).

1t is proposed to direct the discovered clots of accidental discharges to sumps. In order to con-
trol the emergency dumping discharges it is suggested to use optical methods for detection of clots
by measuring changes in the optical density of the fluid in the sewage pipe.

The diagram of the automated laboratory installation for investigating the changes of the optical
density of water environments allowing to create different options of pollution is considered. Unlike
the earlier used installation, the diagram contains the unit of radiators (LEDs, junction lasers) con-
sisting of several sources of radiation with different wavelength of radiation. It allows to measure
the optical density of water environment in case of one concentration of the pollutant simultane-
ously on several lengths of waves that accelerates the procedure of carrying out the experiments
and increases their convenience.

Also the diagram of automated system for elimination of abnormal discharges on treatment fa-
cilities is considered. Application of this system reduces the probability of arrival of pollution in
the form of clots from different accidents on cleaning filters, which are in the main channel of
movement of water environment that increases the service life of cleaning filters.

KawueBble cjioBa: aBapuitHbIi cOpOC, ONTHYECKAs TUIOTHOCTh, aBTOMATH3UPOBAHHAS CHCTEMA.

Keywords: emergency discharge, optical density, automated system
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Metoa yTuauM3anuM NMOMYTHOTO He()TAHOr0 raza ¢ BHICOKMM CO/ep:KaHHEM a30Ta Ha Me-
cropoxaenusx Yamyprcekoii Pecnyosiuku (The Method of Utilization of Associated Petroleum
Gas with High Nitrogen Content in the Fields of the Udmurt Republic)

B cmamve uznacaromes pesynrsmamuol uccie008aHus no aKmyaibHou npodieme Yymuiusayuu no-
nymnozo Hegpmsanozo eaza (IIHI) na mecmopooicoenusx negpmu Yomypmcekou Pecnyonuxu (VP),
20e ITHI" cooepacum 6 ceoem cocmase 0o 90 % azoma u nosmomy umeem menjiomy C2OpaHus 8
4...5 paz meHnvwe, yem y npupooHo20 2a3a. 3a0auu Uccieo008anus. 6blOOP Memooa YMmuau3ayuu
ITHI" npumenumenvHo K ycroguam YP; aunanus nymei u cnocobo8 mexHuueckou peanu3ayuu Gvl-
opannozo memooa ymuauzayuu ITHI'; mexuuxo-skoHomuueckoe 000CHO8AHUE NPUHAMO20 CNOCODA
unu ycmanosku ons ymunuzayuu [ITHI. Ha ocnosanuu npouzeedeHHo20 awnaiusza npumeHumMocmu
cywecmayrouwux memooog ymuauzayuu ITHI k mecmopocoenusm YP evlopan memoo corcueanus 8
KO2eHepaAYUOHHbIX YCMAHOBKAX C NPeUMyWeCm8eHHbIM NoydeHuem snexmposHepauu. IIpogseden
CPABHUMENbHBLU AHANU3 XAPAKMEPUCUK 08YX MUNO8  KO2EHepaYUOHHbIX YCMAHOBOK (I1eKmpo-
cmanyuti), nozeonsiowux cocueams IIHI" ¢ mennomoii ccopanus menee 8,0 MIDoic/ar’: 2azomypoum-
nole yemanosku (I'TY) amepuxanckoi gupmer «Capstoney u eazonopuinegvie ycmanosku (I'11Y)
poccutickou hupmol «GazEcosy. Ommeuaromes 2naguvie mexuuyeckue 00CMOUHCmMEa paccmampu-



saemoni I'TIY: omcymcmeue 00HCUMHO20 KOMNpeccopa, MeHbUuids CHMOUMOCHb YCMAHOBKU NpU
0O0UHAKOBOU MOWHOCMU, BO3MONICHOCIb UCNONIB308AHUSA 2A3000PA3HO20 MONAUBA C MENI0mOou
ceopanus om 4,19 MIlowe/n’; umnopmosamewenue. Ilposoosamces pe3yrbmamsl pacuema OUCKOH-
MUPOBAHHO20 CPOKA OKynaemocmu, evlopannoti I'T1Y, noomeepowcoarowue ee npeumyujecmaso.

The paper presents the results of a study on the topical problem of utilization of associated pe-
troleum gas (APG) in the oil fields of the Udmurt Republic (UR), where APG contains up to 90% of
nitrogen and therefore has a calorific value of 4...5 times less than that of natural gas. Objectives of
the study are: selection of APG utilization method in relation to conditions of UR; analysis of ways
and means of technical implementation of the selected method of APG utilization, feasibility study
of the adopted method or installation for utilization of APG. Based on the analysis of the applicabil-
ity of existing APG utilization methods to the UR fields, a combustion method in cogeneration
plants with the production of electricity is chosen. The comparative analysis is performed for the
characteristics of two types of cogeneration plants (power stations) allowing the combustion of
APG with a combustion heat of less than 8.0 MJ/m’: gas turbine units (GTU) of the American firm
"Capstone" and gas piston units (GPU) of the Russian company "GazEcos". The main technical
advantages of the GPU under consideration are: no booster compressor; a lower cost of installa-
tion at the same power; the possibility of using gaseous fuel with a heat of combustion from 4.19
MJ / m3; import substitution. The results of calculating the discounted payback period chosen by
the GPU, supporting its advantage, are presented.

KawueBble c10Ba: MONyTHBIA HEPTIHOHN a3, yTUIN3AIUs, KOTEHEepaIys, ra30TypOuHHAs yCTa-
HOBKa, Ta30IOPIIHEBasi YCTAaHOBKA, TEXHUKO-DKOHOMHYECKOE 00OCHOBAHUE.

Keywords: associated petroleum gas, utilization, cogeneration, gas turbine unit, gas piston in-
stallation, feasibility study.
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