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O. S. MANOVITSKY, S. A. KLIMENKO, A. S. MANOKHIN

REPAIR OF THE WEAR OF THE MILLS WITH PNTM WHEN PROCESSING THE ABRASIVE POLYMERIC COM  POUND

In the article, the results of the analysis of wear and tear of face milling cutters, equipped with an abrasive polymedcermhjah are
composed of quartz fingrained sand and epoxiyane resin, are shown. It has been established that the prevailing mechanism of tool wear during the
processing of such a composite is abrasive wear. The reliability of the characteristics of wear and tear resistantgngfttied suthe form of a
sharpness of cutting was assessed.

Key words: end milling, PNTMpolymer compound, wear intensity, cutting tool durability, cutting speed.
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NEZHEBOVSKY V. V., BEREZHNYI R.A., PERMYAKOQOV O.A., KLOCHKO 0O.0., RYABCHENKO S.V., USTINENKO O.V.

SYSTEMS OF THE PARAMETERS OF THE CONDITION OF THE WORKING SURFACES AND DIMENSIONS ACCURACY

OF THE CYLINDRICAL HARDENED GEAR WHEELS OF THE CLEANING COMBINED UKD200 -500 OF THE NEW

GENERATION

¢ nnotation. The issues of efficiency improvement in hydrodynamic (liquid) or limit (dé&mid) modes of friction of gears with an
asymmetric profile and the effect of the liquid on tooth damage, power loss and temperature in contact, as well a$ #meelaktic medium that
dampens shocks and changes contact lines, are considered. In many gears, the tooth load per tooth is much higherfardrapmiipériods of
time. The asymmetrical shape of the tooth reflects this functional difference. In the case of asymmetric gears, theystanelsichl toothed tool
rail is modified by changing the pressure angle of one of the side surfaces. However, this simplistic approach to tbf atesiggmmetric
transmission significantly limits the ability to maximize the performance of a wide range of possible applications catisesssions. As the
frequency of impact interactions increases, the lubricating layer ofspiglad gears with an asymmetric profile ceases to respond to pressure changes,
and the load value, which determines the smallest layer thickness over time, approaches the minimum stationary contiygospettoirh of
dynamic loads. At the same time, noise and vibration levels are slightly reduced. Therefore, in the calculations @fttheattact endurance and
seizure of higkspeed gears with an asymmetric profile, the complex influence of the criterion parameters of the lubricant must be aakenrito
not only when determining the allowable stresses, but also when determining the amount of dynamic load amplificatiba dopétct interaction
of the teeth.

Keywords. gears, asymmetric profile, power, lubricating layer, load, layer thickness, noise and vibration levels, . complex iofluenc
criterion parameters.
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MAIBORODA V. S, DZHULII D. Yu.,BESARABETS Yu. Jo., SLOBODIANIUK 1.V.,ZASTAVSKYI K.O.
INVESTIGATION OF THE DRAG FORCES ARISING IN THE MAGNETO -ABRASIVE TOOL DURING THE FINISHING OF
CYLINDRICAL PARTS IN THE ANNULAR BATH

The method has been developed and systematic studies have been carried out to measure the drag forces, that exereeddiyrasiveagn
tool on machined cylindrical parts with a diameter of 16 mm and the height of 30 mm, made,deparand diamagnetic materials, in an annular
working zone with the diameter of 200 mm with the working height of 30 mm at machining speeds in the rangevof &, magnetic induction in
the working areas varying in the range of 0®25 T. It is shown that the drag forces significantly depend on the magnetic and rheological properties
of the magnet@brasive tool. During magnetibrasive finishing (MAF), the drag force for noragnetic parts is almost the same and does not
depend on the machining speed, and with an increase in magnetic induction in the working areas, its linear growth takes gacicient of
magni fication of drag force determined by the magnetforasizédaf 200000 f or p
Om it is 720 N/T. It is shown that the drag forces ahdiareilistimese MAF o
higher than for nomagnetic parts, which is due to the action of forces of magnetic origin, the features of the interaction of structutal agflemen
MAT with machined surfaces and the formation of blocking up zones between the surface of the part and the pole pieseuilzrthath. The
periodic change in the drag forces of the MAT of the workpiece was established near their average value, and at elespgti®dafFmore than
2i 2.5 m/s, instabilities were recorded associated with a periodic decrease in the oscillation amplitudes of the drag fesidsafsearrangement,
changes in the dimensions and volumes of the structural elements of the redmasice tool and the conditiowd their interaction with the
machined surfaces.
Keywords: magneteabrasive finishing, magnetbrasive tool, drag force, magnetic induction, annular working area
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KLOCHKO O. 0., KAMCHATNA -STEPANOVA K. V., OHRIMENKO O. ¢., MANOKHIN A. S., ERMYAKOV E. O.

INFLUENC E OF LUBRICANT ON THE TECHNICAL LEVEL OF HIGH -SPEED GEARBOXES WITH ASYMMETRICAL PROFILE

¢ nnotation. The issues of efficiency improvement in hydrodynamic (liquid) or limit (dequid) modes of friction of gears with an asymmetric profile
and the effect ofhe liquid on tooth damage, power loss and temperature in contact, as well as the role of an elastic medium that ddmpensdiages
contact lines, are considered. In many gears, the tooth load per tooth is much higher and applied for longer periods®fsgrametrical shape of the
tooth reflects this functional difference. In the case of asymmetric gears, the standard symmetrical toothed tool ife@tidyncithnging the pressure angle
of one of the side surfaces. However, this simplistic approach to the design of an asymmetric transmission signifitzaritlg himility to maximize the
performance of a wide range of possible applications of these transmissions. As the frequency of impact interactiosistirctebsgeating layer of high
speed gears with an asymmetric profile ceases to respond to pressure changes, and the load value, which determingtsldfierdiniakaess over time,
approaches the minimum stationary component of the spectrum of dynamic loads. At the same time, noise and vibrateslighéisr@duced. Therefore,
in the calculations of the strength, contact endurance and seizure efpeigth gears with an asymmetric profile, the complex influence of the criterion
parameters of the lubricant must be taken into account not only when determining the allowable stresses, but also vitieg tieteaimount of dynamic
load amplification due to the impact interaction of the teeth.

Keywords: gears, asymmetric profile, power, lubricating layer, load, layer thgsneoise and vibration levels, complex influence of criterion
parameters.

I MsEPcOsStedlsjte’ Od dz2@ O ©B' ‘ Cls
W' @REHSMWEO' 5! v ddh j ftd odS¢
SCOLd&IC' & wetMls', s Wstdk: 4w
fdzatse dzd 8 € ts d3Y ts dzjodzls" CASUERISE gz Ed@EA s © o
sCOLddSd v"ECsMmis', hts o' Hftso ' HOBIS! o
kdzd o sfls' , kdkyuOmse s’ M ckdtss @BmB Y G
jHOs ' v, ' MlkOB' & LOY' < OL dg 1]’q’lstsd3t3 BOMd H dw

dgdz' dgdrn ®BOIjte' Odz' @ L O 1sfr]dz1sadchd3cf sjte' wddd ftcOyYyjLHOIs
qodzdh dzZOftv ' ® 5 §SHOME.h et IsjRds ydzsets o HBMS 5dz0dzj ¢
O HEedd BRghedisds] sdaso Odglz ' Hj ¢ L &jltss odtw' hjdedg L O
Hd O ydesdsle (o' Hqdedes dsz) OBt ¢ 6 Oded ydes Bk | dzOftf § dsjsls & df dz
B & § &z @lzOtc 'L §dzdfi Y o Odz' Mls! LEB' o, olotc QlsdzlsPE sl y datOigdy
SEts MjtejHBsoadh O, hits HjBFWE' EHOtd ' L& d' vOSsL f Hsde?
sdr Jotdz o] dals dzd-& d3'tf 1 dzji deespd te] dylatfists m dzpacts B S 58 L 2B O3 dz
" G O dzdg¥ Cdzdeddzdzeddz (f ' Hh Otetso d &) EhCHYj dzdzv o3, L zdstso

Odz' dzd 5 5COL dgf S sy sWCk B¥6]ts *° HEGBERIESS CHjW' y' * dls' o
OH j dzdz¥ s f) dzis o ldaise Y 3OS sl D@alzdz L O ¢ @ B ©a O dzd d36 ' [ E3EzB A3 |,
OOy’ = ftod &Oddr O (Mglc@2sds ) 6 Sz dzdFdzd ® de Casjidsw A6 t
Yded 3 dzO oL@ dztizO olp'jddeE g o dzts i ls "WFONSs | © U @ dajlztzdzy s BWFEO dzd dz
J

9O BY' & O Isjrndz ydetsets
tc,q’fr]lsOdzdz dz] ezl B tc B3@ets d o ds
Co'detg)' t¢ dijdisizly dad @F(H Olg' Is 5dzt©

¢
q
L
¢
¢

d
ts

qmssazaosqmw we Qo
GO dzgj L Odzj  detsfyls® 1
0}
d

s to
BB
£ D g dodsd OmzsHisho d 1 j o
o]
1o

[ N = Y=}
FOO8& -~
HhoOoOrOO =S INMNEF IS
GAE T

g5

fiukz' s mMw fjodedds ' HdzOdzdz" i3 § Ot OB Istc’ o Istsydzatsls
dz’ L' & Hdzw HBMWceds dedzy to' o desd3’ todesets totsL f sH' dzz
z'9 O Isjrdatsdztse’ 2 W' dg hdets' BBteBSd LEZB" 9 j&f"' tod y
JSEMfzzOOy" ° §jtj HOUC].

ftotsi Clskzo Odadz lsOQo[" L 2B d@mid@lszf joc j w @w j todfjdEdz’ dsiZan
slsj i3 j tOls iz tcdzj L O H Odzdzv (Olsj ted3" ydaj fmn tstf dz¥ o Odzdz” )
J' cO' Is! Mw, o hddtodtsdkkz, o Idrtr Hddr, 903¢Ct danOdzL
FPlsostej dzgdz? h Otz RBOMIsddzO, hs dzifmi. | d2OMdz HisS dedL ! € 5°
ot dz20 o jtendg"n Isjtelsw Mmftse ' dz' dgs s Ils! v OBt o' HMEkzIsdz .
sCtse’ WL Cdn dB3Odzts sl §'dgadzdfn’ HoQid2dj" dgdse Sqts dB3QIERIdSta{@vplzd =¥ tdfj tuptsjotafc

E [.[. &sdzsyS ;v lsy.110.dztso@deq @S @eOuts. [ [ Ocdztsn ' dz, [ . . 1§
23

IgSs -

= *—HN'Q—-Q— og-qn.fﬁﬁﬁx EFe— On
7]

W”Q&aﬁ’maﬁ-nf*—-wn.g.

_o,ﬁ:g;;f FOG OV N

o= T I3

2079004 | ' Mdzd € | wv 2@M} we. 202



U BOGOI! sn LEBYOMIsdr §ittjHOYOR LEBdzi dzO0 OdzlsOy j dzdz? dzO
stedo Odzdm Hjte' BH" ®8 yYyoOmkz. oé¢Mdd3i stedydzO WstedZO LEZBO 9 HBdO® O

| fd COY' " fts LEBYOMmis' §iLidoOyunijL G@ﬁ(ﬂBBJSlEth’udZdZ(BCQ i
sBEOdddBd §OLOdK)scOdd LEeyOmss’ t©j26d OfdE)stdudses ¢ j dz
ktcOHdy' 2dz 2 SodfstezCy' " hjfMbjtejd LoduO2ddr N jMmisjtejds

flsOdzr Otels dzO M lstedudz® L ke yOmkso ' dhbtlzdj disOd' &0 ©j2¢0 L

ftse jton sdz . [HdZOEC OCd2 MmMtsh jdd2 ' HAR'H HB Ctdhstkzty'
BOSCMdd3" Lo OIsd ftesHESCIsdo dz' st hdesStsets M jClsteO® iy dzdea dr L
ddz sjtcdzOlsdoded?2 dBjlssH Direct Gear Design is dz tsBdj YJ dz
SO LOBjLYjykz' OMdBiltedudlkz citdjlste" s LkB' o9 hjiMmbjtd' , il
[ 3 4] . sy W'y " dzgs OmMddzd Iste’ ' L EBYyOMmlss’ §jtjHOY' K HEsSte' o dg®
K = S0
oSz, )

H jcosawni € ZIls o d R * H dztcdstand if Iz tsW 'Odgd d3j Iste '
widzgz ¢ s+ ' L dzg' l]'tsq’gdzOHq’ Codemstez € y' 2 fiteiHOYy L OMmMddd sted
sB tSA dZOUtGWd3§ , Odzy o' L dzOydetss 9 j dzd yd detss sted o Odz" Mlss
tej HOY' K d3ts>14 Blzlsd odL dOyjded?2 odtc' oadzs 9 Ocdzdlzv o5 i tslsj dzy’ ©
dz 4 d Is¢ ' H tBBYSB’ Csdzls OC Is dzts’ &ZOofteked O yYydmdzdO yd¢< dz
i S dgy Baetts ydesets L dash z o Odzdav .

L kB

O H

&'_h':t.(‘.')

odMsCshodH ¢’ fded Yyomisdnr fJ @) 2 CNESS 25 @) dnds] Isdpthiudded
dCdz; dzdz" ftosyd Mk L O dzdzv , w-j n©falsaaizE s W Hasdd o Odsiay,
99" Hdztsh j dedz" &3 yOfplz, dzjsBR ' HdesEéts Hdzw jWjiSlkdedes™ "' i3 U
Hdz sets yYyomkz CtdsOCIskzeo Odzdzy wtsBtsyYydrn YBo jterntsdy LEZB' 9.

BOMIsddz® dsyd HsMWeOld 1%, te@sCB lasup)j dzdfily te-§ et tdfidi p* dacodits
Lded ¥ j dedzv € ts5dzls OC Is dzts’ SO Lc6ddzOodz! dats’ odIsted ¢
', "t klottssls: Mw ftod tsLodlClk oltsdkddr k' h dd.
OBtstcOlsstodzdn bkdisceo On o MlsOdatse dzj dets, N ts ' dalsj defpd o dz' Mlss L
P NSk o dH S sflsVe ' C tisg LAY Gplp® s I tascflz’ S tdEsOCklz. [HdZOC HE
P desfted2dzvIsd? Stdlkjte' 2, hts GSHdSLZOYds ~O08OClkjtdL iz
SO kZdiisceo OR L BOMEZo Odzedz?y o dMmtsSCtshodHC Mdedr L kB yYyOfMmilsdrn
sfdtsoz MkEyoOfmdedrs KBjlstsH' 89 wBLEOREZdE ¢ &ZOHjds KOS dz
dasjdedodzj L O HOdzde 202 dgtse ' tedz ", haHCtd tsi) jotd Jhmcde MyjCdRd@H to
nddzj dzdzy e dftslsd ' Stotsdei o' o detsMmis j4dp i dzgh j HIWEBSEts GteOdzad Y
LOHcftra 9" HBkZoO' Is: ¥ E ©OL', wChts &Rkl 90 Isj B jtclsktcO
fjodetsets ft5° HdgOdgdz" RO jte' OZsd@BPso jternsde! , s Istekzls! fmw,
L0’ HOdzdz" dOMISO°, WwWChis ' dalsj ded o dPNgthj tof 5§ bz b thats ) |5 6jdzin  alzj bz,
5y j, GhdsEdh od udSsso 7' & yd' fO0LOCkjttdMisdsd &GOMNdY dats
j di3j dels' ® L Oyj f dzj dzdaw , O onOdsite d 5 Uplz@BO distd MW | ECBERjINE @O T kizls  Is
o0y dzde hddsd SCtdsf dzj SMdeddzd Ctedlsjte’ Odzt ded zd Hf € OL dzd € O g
HOdzdz" odMmMsEshodHC' Mdedrs LEBYOMIsdr fjteiHOY L OMdd3d sted y
dzlz Istc ' " dz HddzOd3' ydz dz0 9 Odzls Oy j dadzv 9 LkzBYyomlstsdzlz LOYJ {
d3d Isted ydzd a3[1,43le s WdzjdzjodOy O yd dzO L Ofmlssmse o Odz' Ctodemistelz € Is
) 4§ dadzv LOdzdh O Is! fqw 1Ilslslz>1dzq’d3 HYjtojdzsds o  BteOY' ’ sO
C
fn

S o IO
00 FFF-SQ FO-
g/
J:lmo.')
T
",
73
T
7]

—. r O 9.
5 ©

5§

I [ L
58
'UQ—HOXEOXI axA—HF QAW cO0OITF
now
R

I—&Q—

FEgS O0O0F

bioj delstsmf esdssy dz' Mis: s @ ' a1 fiste ¢ tu "dfaficfts OF DmfpdiBdz’ fsts o' o dzv dzdz’ L
ktekCy " ftedotsHE, LBSt) O, jdjSkteduddd, ¢ HLOs & ydz

nnr- Qo

tdmi¢oflddsd sted ydz'” L kByOmls®™ ¢§itejHOY’
24 2079004m | ' Mdzd & | w2v 2@m) we . 2 (



AL Edse dzpatzty dzfnd o dats s Hd dz0d3' ydzts s oL O BsH"' '8 ftetsW ' dz' o L
Mlssr OMisdydzd?2 OB HJjlsjteds deso Odzgd?2 R OLOSISjte (LOdzjxdls! o' H
odcetslstse dzj dadgv ) . 1 Of ted & dzOH , z UJtGJHOuf@@ddZJLUz@cBuﬁﬁediﬁM"Lc@m1
B' dz' MO, &2y bk Jjotdr oajdzlsdedr fjtejHOYOR, ts LOBJLI]’JQIZ B
" delsj demdoe dzi fj ik @HzQK stsg MY cL BB 5 @BB GEH Qtsdldz,w" fMls' dss¢ ¢t
f ' Hodh jdedg? te' odgv OCEMIdyudes’ Jd&3' M twjHEZSktste' a9 L LOyJ f dzj

Il jJSMfdzEOlsOoy® 2dzdr Ediseo On s tSY' ftse jtern dzg Lz 9 Hdd&v o

ftosW ' dzjdf B zHtsydetsls® odcetslstsodzj dzdzw Ctc' &3 hodHSE M tkrlkz,
BOs Is lsOCts>| hodHC' M, Mftw ke Odeslz L O dzste 3O dzdzs (6" SHJY
Yy s ~O0wOCIsjte HJdOB yddes wodh k& L Oyd f dzj dzdz LOdzj 3 dlIs: 9
tej Odz' LOYy' " t' Ldedmr WOL L Oyt dzj dadaw .
cS¢ fto aq’dzls, H dzw lsq’:ts:'Hdz.q’: SO MjtejHde BhadHC" Mdedr  j
dz.1s L ssmdz Hnseodzdms WOL T Pigi 6 Jdlz.dz.VeBlsml;'B 1o tcj®dh bz
dz', f eﬁq’FdzliDﬁ]lslzfﬁVBQng,tsa‘tGdz fls cfdzq’Cdszzde kO ' dz
M z Ol Oy"' ' GEEHEEEAD | b5 i3 W bz oH Y dzO@ 3" ydz dz0 9 C
Bdz' fls dB@fl}?lS'lCH@ﬁBU,dzhtSB*“dztSmO“fnLdﬁan " dzlsj dzfpde dz’ M j o
J tesLBtedL SE° s qw ¢ L BOh 2° ;WJClsdadz'hJ " HbD
d
J dzdz®  f j o dzts ' HEts' BOMIsd dzO BBy te€lz' Isdzi dg@ds dinpdelzs d
dZdZWd3 9' wL CMmls fsCtcON ks st mMw Ekdsed Mmlso stej dadzg? ¢
fnw ' LOf B 6O oA BjLYtMjtej Hdz" 2 dB3j IsOdzj 9 d 2 CBdz

Cyfo'ldzla CKIsiyiske® dEPO' OdzOdsc' yded?2 ofdzdok NodHS Ml

"k st MY s deZhia @0 b Ols i Hidsts U @RS LB dz M kel MY Mg
y'‘dzs lsjtelw f Ldkjdh k' st MW dgjL dzOudes. [ HdzO L
hzo Odzdg" IswyCts 200 Odzs Oy j dzd R L kB YOMlsdr o dMmss s

Vso= (100...200) M %, (2

d dzO Qtscflsducaise” Hisfj tdglf* jHEE@D Is Hstgidd3yTj tc Olsztc® o lsteOlsd tste' * dzls C
S'ddz0o " Hf s " Hdes HEB 6" ftslsjLd | . 1zt iz, LOdzdh O° Is! Mmw
| dada'd L ROy O Is* Mw  JCMY jtedd3j dels Odz! dets bk dzOBGictOdsUsde@at],~ Hzdfts
j da 3 dd§ deathylis Qidgtsmo ddiCEs H T 101 5s.dz . L 10803 0jF0R [6]] 6 ] .
L d3j dgh j dzdz' h stemisC sMmis® etsB Y’ f sozj=tern @z 6 3MIls@BUaE o B s
.0, 3) &S ds difdigfoikl 16 &30 M isdN@ dzalz IsdgOfg dzd X § dedzy M tej Hdz 57 Is ]
dz; dzOo Odzls Oy j dzdzy 85 L O HOdzdz® L B' dz' hqdzOMwWL @D A PGB L OdH
Misie®fgls WPdAdA | ge ar 632, s o' Hto' L dgv' Is' fpw  dzOW o dz' flss
dey 2dzedr ftedmMOHESS, O IOCtY Yydtodedr S dMmdztsls tetsfydzd dzdats
dL owtffffs@ € d Flsotstes s Is! dz0@ o jterndzn Isjtelsw IsejtH ™
o tsdzw Zdzd Cdzzlsd L O HOdzdz? dzOo ' Is! ftod odMmtsCdrm Isj i3 J
do detsfls Jdzij Clstesn’® 3" ydese s L detsh zo Odzdz?y 2O s j ton dgv -
s 9 LOUYjYdzjdeder 1O ' Hh JidzdStsodnmn obkzL dz' o.
‘s diidddEsdadzed 9 S tstef zfyt tojHEZSISSKLO ftsoaddsj dz Blzlsd HEBsMSOIS
Hdzw o' Hfflss®d HesHESIS & L desh zo Odzdgy ', dzO2cetsdzso dz’ h §,
tesetslsd fjtej HOY . 1 Ik d3OendsidaizOf 6 dd o §B8 z° Rdz® Oldafl dgifiafs tc @ It
dezstc' ¢ O L OrkdSsal o' WL C" Mis! od¢ Bdzlz fipocy” W |
& fgagdipls Odets 0 dzj dzts H ' T GL Hdd OL. dz0WQJ5de' Ay, O ftd odCstedm
B ¢ O Is+ mw  § ° Houw} j @2l O O.di@W])dzdzX | . 1 Odzj 3 dzs  © ' H
s z@W ¢ @GEOfkdo O s v, teJ Ssdgd dgH 2z’ Is? v & 3i ¥ O~ 3,
&z &0 1 CllIs fslskydtsmls’', s fitcjHO Isd@® (dgdaAff@< d)
E sBMmwL ' COtelsjtc® HdzY oMlsOdeso dzj dgdg? Isj f dzse sG55 B
SO yjtes' wydedrm t6jHESCISBtE" 8 L OMlssmse zt Is! tesL o d dg
sdztsH Y j dzdzv o Odzdzd OB ts Y@ th Tz dzY d2dZY dzla O dy®BifstsadiiCighs dtchs g
f '  Hodhk' hoduHC' Mis! CByjddew SO CtsoL Odzdzy o € tsdzls
bsd{dp'CBEED , 3O o ddzd COs Is! L O twWOrRkzdsE 6" HiesH J dZO 3’
d asog®et dz0 sCtejdi3des H' vV dzf On oo jtentsdy , s Istekzls! fMmw
sOdzdzv hoduH&kBRHtHY S sygsfedsy j dzdze SCiW' y' ' delsO Isjtwlsw Is
asaE” o Cd. 1lted Yy sgEJdjdPEeOlditstsq BQf) s LB d "kzo O
ol ERdDddy CEJW Yyt degls Isjtelsw, fHtoslsy L OcOdz dzj Isj f oz
fn
h

b~ &
Q—Q—&
G’Q.
%x

G -~ = o= a—
“F0 0" ~20]—
T g2 N T2 e
-o—g_mmss,_gmg
R = (/Tﬁ'oed

5 N
Teg RRU §FSO 2/0

=
CSgIDQOIQQGE G D

e g3 g
G O-I-0Or T Qw -

0 =

‘W ST ONGS 020 g g%

"Fer@gossg

IFN®-
ang gox:;

iy

@

k' fw, Istseh ddd EOMUEs, o @’ ddddsjaddh dzdds' My dH S
dd2: LB ' dhjdadz? NodHCBMIS' Csyj dede? Mitdw' LB d

25

®& @ o
7 oo
ngT
Q—N'S‘

thag
=@

& gm
x = oS

2079004 | ' Mdzd € | wv 2@M} we. 202



CBoL Odzgdzy o dSC dzd € O T L d3d dgh j dzdzv .

wdzls j ¢t Odz' dzd 2 R\VB=O@)s o H 'CBE OISt dz sCtekyddn hodHSsMIs 2 A
' fjteBtsd YO OB bzy’ L OCsdksd ttdsmls' odCttdhs@®@00s ' € B}
MlsOdzH Otcls® Af1 dO tetsL tcORkzdetsC dzOo Odzls Oy o Odz! dets’ L H OF,dztsMytis
" delsj et Odz des 9 tcOR tsSolied dA® ff Uz dzls © ¢ 8 [dzIB]s @zG § tc H3O I

A =0__91+&

1.2
k"-m] 3)
ltets dgj sBm ' Hd' Mls? sBdz' Sk © ttLteORkzdS Or & ydetsfyls® adMmts
ftosW ' dj o j%jClsk s ks Gk hkckOfigdds OBt Hjlk,jtd dse Oddn b
10ftotsf sdeso Odes HdMCtejlsdzs L Bj dzh o Olsd MjtejHdz 5C 0 OHteOlsd ydzz
LdzOyj dzdzy St ¥ y' ' dzZsO HddzOd3" ydese s dzQo Odzls Oy j dzdz? 9 L Ouj § dz
ojdzdyddez 10 /2 fted 10 <10 BSCdHKB A tjlitdkjdioOoy’ ™ dj slstedc
9 HBBtO OsIs! HdAZOB yd weodho o LOthjdszde', LsCtej &3O, daj
CodElsOCIsdzd R dz' dz 2 o dzOMcdz' HEES ' Ldzgs’ ' dzlsjcteOdz des’ Y stefmlsS s
o' H YyOofmksld ffjtejmMftsdzzyj dedzv L kB o
l dftesB zo Odz LB Yyomlis" Cdzj MO danBHWlstr]W ) tsB j to kB dzdzv

0o dSCsdzOdzd 3 & o Pedw b H dzthsb g o 9 Odedz? S W' y' ' dgsO Isjtclsw odt
ltcORsalzs yd vye tBMisOs ddzlz, Bkzdzd ftetse jH ] dg c1f+‘fr]1]"4t13q’d3c1dzlsq’
dzdr heodHSECBMIWE Isjtelsw SO dzOo OdzlsOy j dzgdgv 7. [ sfpdz' H Y j dzdzv
Odzls Oy j dzdz? § Oted L EBYOMIsdrn Sz’ i ° L O HEftBses® BOGCOIST
defr]lstsfnls SO d@OCttss ' HRddzj dzdz? 20O fetsyjm Isjtelsw.
4 ndzs’ ydz HOdz d S j tod d3j dzls Odz! dzts”’ EmMsOdzso € d OC " : H' O3
StslsO 5B j 2 Qded s8O&b ; 4 @D Odzls Oy j dzdzv , -LOO008 G 5. dzO L 2B YyOfls
Codsf dzj €Is o dd3 tos o Odz' dals’ Of OtcOlszted orRtHWIS! : Jdzi Slstetsc
sddzt degsets h OQtelkz; BdzsS Yy dodzj dzdz? " tsHB dz' sets; HO O [Otlzo Odz
¢

.
dzO

yo s

BOMmlis d

dzw LzByomlisd-~Om§ tggzls iy d y dzdiaits B 15 tgids WH dozfpisly H dzw fsejten 5dz f
LOftesf sdeso Odzd 2 3 stsH  j S J tod d3d dzls Odz! detfdg B 12hp d L dzOyJ dede? Istso h o
Els? o&BjbsHE fsdzve O 9 b3z, s josd o jdzsdz (o] tends
9 sfls’ H' Jdzj CSlstedC O fofddg@vWE imMmMCdOn®Y B! Y H  dzd),z B3RO o k2«
JW 't odhdn dzj zOfpdyj dedr C OB dsodrs SCdMmdasls O dzd f 56 O
Me @302y daj ¢ sdzvtcds ' dzf HdMtsy' v sls: . [ M’ 5B J tolsOdzde” L zB-
" HCdzg ydidz HBs odd3 o 9 Odz! . @sects ftodd&zOHE * @BdesMmls® 5 (tedf

L
)
o d
U
fn
v
fn
[
g
b

EB/US/EUI |

tdmieRjy Od dzO dsOh-HezOo thif tots® &z & O adz™
yddz' dzntedydzedr L EByOMmlsdres Sdz' i L OMddij Isted ydz

[ JIstss odd3' etz Hwosftsdso Odsets fftoddzOHk BiLYjtojtcods Mls
josdz o jdzlsdedr o jton Sdz .

26 2079004m | ' Mdzd § | w2v 2@m) we . 2 (



g T

O]

ﬁl—
Lo g Tao

g oM

c

Of O @
7 X x O
TR g

_u:o.—aoﬁ_;_m.—n—;un—ﬁm-u

[
T
=0,

Rl 7

&

H'EOJJQ_'UT s&gj_-sm-q_.as
R &

= 0

H dzw ts

CLORBO R 15 H

(M3

Macmuno

t dBi} edMmiste’ 2

2 & Misdls: ftets
jCltetsH 2 totsL sOh ts9 Odzd 2
ofMlsOdzso dzj dz' 4dz0 [ wZj £ Erjc Gl deelzy | telf stef B8 d 3’ tc8 9 Odz! dats ¢
d o[daplils’ o

2 fteOys

Is te d d30 dzdzv

BOMmd .
f6d &ZOH Iz

v OB dAfiw Otclz 9 Odzdz ff o d dzO

fdz' ¢ (d

9 "' Hdzj L

C dgdzts M ls
B ) s 5§ gat t5 O dedztis@B 8 ddfpiz’ figBtho ¢ d
W MmO tc OF ¢f gzidfdztss’ 1S fdts HY' izlzL Iz:tsOEirF
BSdztsy j dedg? 7 L Ouj f dzj dzdzv ,
© Ctsdan | dOLSEO
BOMIsd dz! dzts’

LOdZJ>|CflSJ 9" H
odL dzOy0o' Is! fr]W

&~

odds ©¥oOd dzgscts f tod dZOH

EByOMmisj Stdjms o wiskkz 6t
o ' HYttewHC 5o O dsedsrdzd b8 QU

Csd
wet Lo mwssimw
" Hfls Odg

L d3' dz¥

Is ! fl’]W

odL dzOyo"‘ Is! Mw

fedmistets® o3
(R

Jjoatsdz

Cydes hdzZvw Atsd3 L C

Lo' wLCE o3 Y Otedzdz fffridssde@in ls[tigis» ¢ I dak s d c

LH' 2fdzs 8 Is
wigts w9 B3O fisdz's M iJ datie® ) ld3te t5 ¢ Sl digs

HE (s

Cdi3dzsmis ' € s dzis §f dzf) GA®EGER O

ZOMmiskzf dzd o5 Yy d dzts ds:

fn
o}
s’ o' H W' Chte OddTS O d2OyJs tzd s st dutePuid ) 10RO bf 5 ez O 1y 1§  dz
h
iz ssoh ddzO &' ¥

9

vtse h ddzO

BOfMls d 2 dz@¢ tsd

| dgdz’ fls

g, W

C sdzh j dzmOF

vdfd Myt
¢ sdz

0.05

35

0.08

84

0.1

95

0.15

140

0.20

230

0.25

310

g1, g2,
g5

1 O

9 L tsdz

Hstf SBsSE s
(dz 8 s PHul tesB Y’
Ctsdzls OC Is iz 9 O dadaw

' HEesSdN j dz

[ dzw

dzj f oW BBSC
ktsoh ddzd BOMIsddz dztsc s
d3as. 1 OdzOh sz 9 O dzdz™

od o o Odzdz" O,

L d&3' ded

2079 004w

1" mded €

fted ZOH
o' Hdded)

C ts dzls tc ts5 dz®
h Ot lz
ko h d dzg

di3ts ) dzO
sO¢

dz0 Mmlisj dgH '’
oditsdz' dits L O HBY SBSETt

wdf.

dz0

L Odzj

ftoso sHdIsdw Co dulsdzte d L dsdsq ® Y diad
© Hdizf) s 1Oz @30 fiplis 6 As B jlstdsis O us diz
s B 5 yd@dj fids cHfyfiitEOD dff jtdasirtiswitf Is ¥ tc o1 didae(lz 3 dats

stso h dded BOFiHsleOdz'detste s B Qic'z W ‘towf  di
odEdzlz’ Is+ Mw
LOL stelz

2 L

1. 1dd& ey s WO -dsdz v fipls ‘v d3'ey diOdp@d) s g dOf | 2 dets® t5 dy

1 WL 2@m] we .

hodHC sMisT {, to =pO®HO(ES @y dsitgtt towCogzdzw

202

27

ko h dded &OMsddidsEc s



H
H

M,

KiHuesi mipu doexunu

{ Mk disE j450 fsebkHtsed fodhsesy kjhmssoses odd k Is

[Mdzso dzd 3 § OO®Rj seOdd, s ROLOSkjtedLzéls! L Ouj f dzj dadgw
Bjdz * sedZ PP R s desB sy’ to' Hddd, OH Ojztzj IS ushiandp@zh O bzt b b -
LdzOyj dzdzv 5 ¢ Bdzsflsj2 dzj 3 Ob! fededzdLdts o &BjNOR o' H 1 A +

[sfkMsdBO fsRdeSCO odd 8 o Odedzy L Odggesffls i 2 o ¢ © ts gt jj defgfO Is's7e
CCdzH | ZMOSE' o9&, his oRBHWIS! HE*MYEZOH I SCEdEsOd dedse 1 fls j

V Coydesdslz ¢cSdnj dzmOlststs’ &, oCdw yjdesdse o jdzj Sltedyded?2
csksodd s yddzsds o &Ojt' Ok H' jdzjSlkiedSO, O IOSY o dzOfd |
plstcOl jCo' 00dzj dalscgz MEj Bz cCsdzHj ZMOSteOe dissy dz2d®, kov®dfdsyfj dat
fsid Hoo dzs LR GESHEA ,0 QB0 L o & e Hr Y s s © sREETHS S8 )z.

I, R
aic !? ?_é“—iyr)rc S)II;:
— n !
=T ) W
U Un ¢ oty Uo
- U v I, %y
t dATiz8%r S0 9 0dzj dalsdz Majdsd (O, B) ' 9jClktted® H' OcG
lted fjtejatsH' ©®' ' H BHd ‘' jSCo' 90dzjdasdzs’ MRjdsd HEB ' dzh 5
¥ stc Bz dzts ¥
Re= 1/ ( CAR, Af AC) (4)

HFiyomlsslsO Mistekzddz o dOdzys L' CodeH | dzZM Ot O.

1 9 jSCIlsstedsts’  H5 9Qc tdfdix(O odgH dixfdpfiis® Hdzv tBSn 90t Odzls' 9 jCo' o
CtsdzH j dzMOlststetsds yYjtejL dzOWE dg s ‘M bz @] WDcOmo iy e j 90A.
CtsdeH j dzMOlstste’ L OL 9 dy0?2 TCO@HNs | toddiLiazGsy j degdints g5 L It @Rk jdegts dzO

tgli= UdUn= IzIf) = AkRh= 1 TACRA (5)

IstcOlsd o StdHj dzZMOlststs’ * dzsH ' o dcopE@ B & ks & I ESislds Web il szl oy o
flsOdzH Otels dzd B Edse OR . | dzv B ' dzf h tstiyds ' U G )s,ddhl§ G szt dz0 o dsae@yis@ls o

tgtid U sinti=sin( 9 0@ = cosd. (6)
) QOB Isted C tadzHnj RgMPOB B0, { Ols! o ' H Lo dzihlsy BY jlsBbdz 6 56 B &

OBy jedscts IsdMSk, 105 sdCtsst odz@  mwe{d.zOH j dzts
StShiH | &z Otst, Gf @WRopdsoEOBdfIcksted GOl IStede Odd?2 yOn B

dzdd3 LOtwH; yYj HLobd' fwshMisddd LOMsBO®R] Gy ddlsd w¢' fls:
SOCtsets CtsdeH j dzMOlststelz tSdiBRj Iste® Miste’ dZC O o d i s 9 OYO MisOdede ts
(fted ojdzdSBsBz st odlsClkz) fmojtodzils! Mw & odr ' Hdey OB
' HGCdzs yjdgdg? HEts CtsdeH j dzOlssteclz SBij stcO®, fsolststes 9 Odz’ L dals |t
flste” dz¢d odd3 s 9 OYO. 1ted ®ROsKBEz fstt’ odbtsSk Hdi lsdj o
' HCdzs Y dedz SBBjsLO. dv fitje 6fd dO odl' ¢ CtdzHj dzlOlsts
sjdzj Wisded, L' HdzOdz' (tsfdz Hisodets L dedL ' Csotsdz sdes’ B OOty ‘ 8
CtsdzH § dzMOlsstelz o9 S dzd S O ¢ d&zOYyOdadzr o Isj dzj WsdzOR, IstsH' w¢ ftsd
fted fjtwhtsdiklz ' HCds yj dds . Il dd3' o6 9 Odzdz? L dzOyg dzdzv stz o
" deH Iz YflsigsHGEz | dzj € Istots dzdiffliz o3 ¢ s 3 Istots o3

N
o

2079004m | ' Mdzd § | w2v 2@m) we . 2 (



[ dzj Sbtetsdz’ sdyde StdzHj dehMOltsted Moz H fted  Hdzzo Olsd HEs odf
0 Cdzs Yyjdgdg? HYjte] dzO X do dzj dadzw . 1" H YyoOfp odd ts 9 Odedzg? i tstel
LH' 2 fmdagjot@jlsif edfdzfaozy ' 7 o Cdz¥ yj dede? §°H d&Oftkzek, Ctdd fttyf

[ d&zv o dd3 tos 9 Odzdz?  OtcORj Istc’ 9 € tsdzH j dzi OIO=RY " jotc A3y B fipl©ts i o) s l4s!
oddi 68 9 Odzdz? L O HBH 55 CE s tod3' o Wy S tc QL DS 8 j dzdzv ) , BtekC' 9¢Cd

1 0ftckzc O, ftod S dzOH j d20 Hts -WCtsdda | &is@ Ists tedzcptf tofsB@ Bz W ZzdzjO |
HiY & fidefsltes y s’ O telzc d . cS¢hs o fHtetsyj ' odftetse zo Odadzy ¢ f5dzt
dzj sBR' ' Hdes L H' 2fndgs 9 0OIsd 2Bets tetsLteWH ' fpdzv L OC" deyj dede?y o dt
f OteOdzj dz! dets € t dfrelz] defy @ [©Oslzeldr) . dsdets Mis j 2 LH" 2 deo ez dzts filgy b axighh.ilsdmdas
odd tos 9 Odz' dets’ M &B8d L H' 2MfMdes * Ist v B =+60...409Qj | toyj. dzOu ~frj Il dzdz d diglac
ftcjHMIsOodzj 2O ©® Hotsn 90Ot OdzsOR dzOd Bvckfigzs yBO.' Isg H)zH jo demiBDistimyte ,¢ N
9" He®RB FyOfMmistsjseMmisOlstsd3 ( RpHlsPHisH dzy ® tsez] IBZ4gtSEBR " Hdzf L O EZdtso O
Hdzv o' Hdz' Sk LIGOE] dz@ ol 6 2 Bl

R Cz;‘

{ dAzsSu B &3 o d &B3' tos o Odzdgw * 3zt P2 teddgjldstirOs 5 o sz Is
10 5C0L dzd C OB 1 ted dZOm Ptosts L Liedd R dsdztized tO ddnfls W sz 2 5§ ' 6 ¢ § sdzH

Z= (R+X3)%5=U/l , (7)
HR'X=1/ &ENio Hfise' Hdzs 256t OCIkdodzO ' tj OCIdo dz0 S &zOHBo

CShts ot BsGR<EO dz'ls,5 WBAP fiplal s’ otaf L' dEO P Is* Mw ¥ 5t dBlz dzts &

Cx= |/ (2A AFAU) (8)

4o j RO dZO tdMm.6, O, HO fr]q’ stsyde toj L bk dzXls @S v dztf tc dsj ez
PR ' Hidzse s Gf stk azsmaaeggjz@m@sqmo fntsalz‘lslfr]w Hazv o d B t8¥ o O dac
HijfwlsCd * B' dhj ®OL'  ® ﬁmNth@ddﬁhtﬁdBdmﬁ'S',tGh@ df" tsOsdef” jBtaids) lotg@B" te
1S A &0 yQiys sttt 5@Otddsimsd sdg©@ L ' dzdaBiE s ®BLz s @' B yc
X=3200...32000 &3  BOCOlts ©OFCHcm' dsh izd sG] jaddsiddts O s o d o'
ftesosHdlsd L O @A pBEsY tedzO da® Ul IAX =pd D@RBdE®&?2 004 10
dnj O dBEO takgtdfy.j BElsd L OfMlssmtse OdzO HdzWw o dd3' to¥ o Odada? * d3c
ke O ¥ dodj dedz¥2]) dzj Istfsj o jdeds] Mol ‘H 54 Efils d i3t s o wlHed ISt dftioj dizdfpt

pjdzdCdR L& dezdR dzOftekzc O sy ddej fitsh CtHYj ddzy € tsdzH
L jCO Ekfkze O Is'lfipvinls Odfshots s j ] dfdsdesy j dzdz® 2. 1 ted 1y sc&k
. RoeffesiyP’ s Mw HYjtejds §shis' 2dscts Mok, § JdeQ fotaflh et
bk L &g dedets’ dz@ftelzcd.  uSuHERZO ot bk dz@cykmiz L Qg tizcian) j dafif OMsldsde Of
& dzs’ B dvdsfls 256t U BEOGEBEREO & 0HEY dkislstsd dads §l § b
jdzdz o odds 5o Od dzz M7 BV ' dsHdD. O dph i dsfgid Wedsd o P S B o &
e ZOH o ' d&Ofteked ' Mstkdk, Hd&Y yscs otdd odCsdeks k
dztsasfmtsOdzsadszzts hts ftod HBORIE YOMsslsOR HJ&OK yYdsd s

9' H MjtejHdy Bt twcLtcORkzd sosds L zOWj detizlr © |5 B fiyeiz: B Het
[ WiChkkzH jzi®lERyYSE s &GO
& ek LB dhjddg" yOMmlstskd EHOLdIZ oL O dSH' 2 BOMlsdd
btedudedds oW’ djdk §jteijMsO tojOckoOlsd dzO@ L & dzz sdMmS iz
dzz h Otek, dOBd&dY O ! Mw HE & d BOd ds’ MsOY' ts5dzOtedats’
Ld34dzhEBBJmW ' oadz "Bz IsO o  BttOY' 2.
i, k L tOR ik Rt ddsid Cds daizdz offfldsted o Odz' Mils! °  dzO@ L O H O dadz”
Bjteduddd et djd CodfdjChdd2 of ks Ctdljt' Od dad o
Y
SH

0,0 g
L3 &
Q0O
7]
Q—

&0ax

Jdadz HsfEmlsdddn dOftkze, Odj ' fd sMmisOdiss dzj dadz’ o]
8 LEkB' 9.
Cfdmtse dz' sj eObkzted
A. L. Kapel evich, fGeometry and design of involute spure3fyppalls witf
130.

2. F.W. Brown, S.R. Davidson, D.B. Hamand D.J. Weires, A. L. Kapelevich, Analysis and Testing of Gears with Asymmetric Involute Tooth Form
and Optimized Fillet Form for Potential Application in Helicopter Main Dri¥&sar Technology, June/July 2011,1485.

3. A.S. Novikov, A.G. Paikin, V.L. Dorofeyev, V.M. Ananiev, A.L. Kapelevich, Application of Gears with Asymmetric Teeth inpFapb&ngine
29
2079004 1 " fnded € 1 W 2@M) we. 202



Gearbox, Gear Technology, January/February 2008660
4. Gutyrya S. System Modeling of Gears Design QuadliGutyrya S., Zablonsky K., Yaglinsky VI VDI- Berichte.d Dusseldorf: VDI Verlag
GmbH, 20058 = 1 9@ PR.4170 434.
BresLHutses 5. 1. uvtejdadj d dLdetsf) o 1 Cflstej di30dz dz 8 [ Iz i) dztf O W Zzts /i Is @ t2A5AcRe t5hp. 4 9
6.1 OB izsdzlC 2 s. R. sso jteh jdhsotse Odzdj d MlsOdzH OtelsdL Oydw tOMyjlsses dzO@
Anddzdftsoedy . RrR. [/ @ [JJHDHMOO PR k0] & .4 P338.dz
7. Castro J.D. Power dissipatidemperature scuffing criterion for FZGCastro J.D., Seabra JIHVDI- Berichte.d Dusseldorf: VDI Verlag GmbH,
20056 © 19d® R.1165 1184.

8. DIN 3990:Tragfahigkeitsberechnung von StirmradeéinBerlin: Beuth Verlag GmbH, 1983. 120 s.
9.1 k" tev w.uw. Jdadvdd] shMdsed 7 §O0LOdR] tess MBOL S d&O Isjrddyiméd?2 Ekt
Isfjd (.. [/ uv#s@ [HiMMO) sz 8 JAdzd PRI

10 1 klrtew w.4., [GBHjdJeseoOdd) HJBOBIYI MSBEE dOC tisly e ve & i) 1j.o, Yy teet
I] uste. [ W] firls Of [gditst] G izl 2 Qs B (42 3322B.

11, sasysts J. ., 1 OMOdtse [ . w., 10Ctotlsdd2 [.5., [0O02BBttSHO | . 4.,
HjWBtedOy' °~ ° tkhjddz Lt Lk Bsets h Otk ftod hodnC' Mdsdk L be tilusicst o dad Hi

1" MdePQ ' 5 dzOlsly Hzis' clpdzts 8 Fteqyd Bupl§ s G ¥ R dzs elas@ M d dets B 2 B BulleBropdizhe National Technical University "KhPI".
Series: Techniques in a machine indyps. BdzO i §o/1 O.p j ~lzddscm O to Cff ' tsodz' IS i dan Ot € wugm ) @u, 22102 15) 202.71 &. 100
20.7 ISSN 2079004w, DOI: 10.20998/207904X.2022.1(5).02.

12. Kamchatna Stepanov&. Influence of waviness parameters on the operational grep®f cylindrical largemodular gears / KKamchatna

Stepanovag .Klochko, ¢ .Naydenko,p .Manokhin // International journal of engineering and advanced technology studiesdon United Kingdom,
2021.i Vol. 9,Issuel.i =~ 9.-P. 3071 37.

Referenceqtransliterated):

1. A.L. Kapelevich, fGeometry and destilgih, oMe d mamil sumh ea nscp uMa cgheiarres Twh e o
130.

2. F.W. Brown, S.R. Davidson, D.B. Hanes and D.J. Weires, A. L. Kapelevich, Analysis and Testing of Gears with AsymmetgcTlioetiiu-orm
and Optimized Fillet Form for Potential Application in Helicopter Main Drives, Gear Technology, June/July 2055, 46

3. A.S. Novikov, A.G. Paikin, V.L. Dorofeyev, V.M. Ananiev, A.L. Kapelevich, Application of Gears with Asymmetric Teeth inprapbBngine
Gearbox, Gear Technology, January/February 2008660

4. Gutyrya S. System Modeling of Gears Design Quality / Gutyrya S., Zablonsky K., Yaglinsky V.-/Bébthte.d0 Dusseldorf: VDI Verlag
GmbH, 20050 # 19048 P.41756 434.

5. Drozdov Yu.N. Trenie i iznos v e kstremal ny kh usloviyakh / Drozdov Yu.N., Pavlov V.G., PuchikbvNl: Mashinostroenie, 198@. 223 s.

6. Zablonskij K.l. Sovershenstvovanie i standartizacziya raschetov nagruzochnoj sposobnosti zubchaty'kh peredach / Zableitigkiyich S.1. //
Tr. Odes. politekhi. wta.d Odessa, 1999 Vy'p. 1(7).6 S.338 37.

7. Castro J.D. Power dissipatitemperature scuffing criterion for FZG / Castro J.D., Seabra J.H #B@ichte.d Dusseldorf: VDI Verlag GmbH,
2005.0 #1904.6 P.11650 1184.

8. DIN 3990: Tragfahigkeitsberechnung von StirnradérnBerlin: Beuth Verlag GmbH, 1988. 120 s.

9. Guty'rya S.S. Vliyanie osnovny'kh parametrov smazki na tekhnicheskij uroven™ vy sokonagruzhennogo globoidnogo redultoya SGit
Popel” O.E. // Tr. Odes. politekhn.-tmd Odessa, 199@ Vy'p.1(4).0 S. 840 87.

10. Guty'rya S.S., Modelirovanie dinamicheskogo nagruzheniya zub'ev peredach zaczepleniem / Guty'rya ., Motul’ko B.MsKijresbh // Tr.
Odes. politekhn. wa.d Odessa, 2008 Vy'p. 1(23).0 S. 250 28.

11. Klochko O.0., Gasanov M.I'., Zakovorotnij O.Yu., Majboroda V.S., Okhrimenko O.O., Fedorenko V.S. Tekhnlogi'chni® peredumovi
deformaczi‘yi i" rushennya zri'zuyemogo sharu pri shvidki'snomu zubofrezuvanni® zagartovanikh czili'ndicheksikh zubdhatiké &snovi® atommnogo
pi "dkhi >du // Vi > snik Naczi onal "nogo tekhni > chnogo tnoftheWNationaliTacnicai ¢ Kh
University "KhPI". Series: Techniques in a machine industry: zb. nauk.pr. / Nacz. tekhn. ynKh ar ki ~ vt @ Kdlair ktie khn. NTUn ¢ Kh |
i #1(5)2022i S.1020.7 ISSN 2079004Kh, DOI: 10.20998/207004X.2022.1(5).02.

12. Kamchatna Stepanova K. Influence of waviness parameters on the operational propertiesdifaafliargemodular gears / K. Kamchatra
Stepanova, A. Klochko, A. Naydenko, A. Manokhin // International journal of engineering and advanced technology studiem. Ureted Kingdom,

2021 Vol. 9, Issue 1i #9. P.30 37.
1 s ls k fresfeiwd) 19.04.2022
I " Hsdismis ' §Abmitth@Authdds ™ o /

sdzsySts [ dzj € MOdzH to Kigchky Olekentizh @deksaddpvyoh i H s5C Istste Isj ndz2 yded s  dzO
CoOWintd Isj - detsdztsc ' Z3Oh ddzgtsB ZH 29 Odadzg™ SO d3j sOdziste’ L Odz' dzd -
cmOE " oafp! €2 Ud Is§g mds ydzed?2 ' dzls d sz s emaitizukrstanio@i9aiule.netORCHz. S C
0000:00032841-9455

SsOBYUOBEEPT Odzso O s Olsj tod dzO | EBdrjet' a noodea ( KKaat medr Ry@tan g\VHaG Ise rls ' Avd
d&zokz ¢ , fMlsOth d 2 9SS d&zOH Oy COWjHted Isj - detsdztse ' BON dztsB 2 H Iz
sjrde ydesets bkdz 9 jtefmdlsilsk ¢mOwLe oafp! €d2 Ysdz' Isjrdzg ydeh@il: ' dzfn
katernaks@i.ua ORCID: 00060001-78251238

Jrte' 3 dzg€ s [ dzj € M O dzHOriméndp@IeksaadrAnateligoyychi @ sCIstste Isj n dz2' yded = dzO
LO9 " HEzo Oy COW,jHtd ' dalsjctetse Odzd n Isjrdetscztsg ' 2 BON ddetsB ZHEZO O
¢csd oM €d2 fsdz' Is§ ndzg' yded 2 CdzmisdIskzls C 34 dz' Wwe stew #é& C stef
mail: alexhob37@ymail.com_ ORCID: 0000000254466987

J Odesn " dz ddzHtc' 2 wjte' Atsoady (Ma@dekdhw @ls Als g% dzi ydzd S e rdgQ olv, y
My ostetsB Isded ¢ wdzmMlsdlskzlskz dOHIseo jtcHdr ®&EOjtt' Odz' @ " 5. 1. [ . 1
J-mail: The.manokhin@gmail.con®RCID: 0006000314798482

ljtod3v C tso | ¢ tste J dzpeinfiyéxdzH Bgds o @laksandrovych 1 d30c ' BIO® j H s d Is j ~ dzt
BOh JdesBzZHEZO Odzdz? IsO Bj IsOdztstc’ L Odz! degdrmn 9 jteMlsOls' 8 | Oy’ sdzOdz' dz
"demisdlskzIlse o kdgz. a5 Qe dotg®&-@ad p&m_a@i.uaORCID: 000000032843 6108.

30 2079004m | ' Mdzd § | w2v 2@m) we . 2 (


https://www.eajournals.org/journals/international-journal-of-engineering-and-advanced-technology-studies-ijeats/vol-9-issue-1-2021/
mailto:ukrstanko21@ukr.net
mailto:alexhobs77@gmail.com, 
mailto:The.manokhin@gmail.com
mailto:perm_a@i.ua

c

rs 621 DOI: 10.20998/207904X.2022.2(6).05

R [ o1 oeor L) 2 foswd Lt fvraue] ¢yl o, Jorddduw
1 .

zr]J
AT Ss 1.1

s
Mt
fLrel? aAftfovlorrve rdyffwrirmyfgnrRyT Mt L] JLwyrrm L1t 0AL

VM OEEL ¢ dd@s GO B0 disHj & YLz Odd f tefzdrdad o dety fflsiss dzs o s L teds ) & J

odesB' 9 dZO B lsOdzste’ L Odz' dzgdr 94 efMisOBOR L odStstedMlsOdadzy i3 tolz ydztH 5 ozt @ylzdzy Ve
"B Oy 2dz dBsHj Az edtsBddus’ Mdflsjdd. tLedvdkzls' &fi)dasete ydidne s jzdsEm ds o
sfjteOy 2 (faA r1ftuvl). W stz dz s9 Odz dZzOkz ¢ tso sMdeseo d dBsH| dz In rftul.
Wstediz o Odzdzy Sz’ Hiso detsyls' o dCt5dzOdadzy HBY BB ydedn §jtejntsH' 0. v ffdefl€jd®n M
L tcOrlzdl " 9. l o sdzso OdzO B H § dz Bsy 4 BEIsd 9dSsttdmMbsOdO ftod W thbsdiss O dzdz
o dCtstedmMlsOdadzy tekzydets’ fteOy' . 10 ftedS dzOH, o Isktcp' degsBkzHEZzZo Odzd® ," dReo " OBkZzHIEZ9 O

s dzs Yo' diPdriseilzts 20 S GiR@YH BEESHEEY ddE fjtjosH o,. ' & Oy 2dzj BsHj ds e Od

SHELKOVOI O.M. zN.,GASANOV M.l.,ZAKOVOROTNIY O.YU.,HLAVCHEVA YU.M. LETYUK V.l.,FEDENYUK D.V.

MODEL OF FORMING AUXILIARY MACHINE -HAND TECHNOLOGICAL OPERATIONS

In the article the mathematical model of forming of sequentauxiliary machinénand technological operations is considered at treatment of wares
on metaicutting machine tools with the use of hand labour, built on semantic networks and intended for building in the simulat®afrie productive
system. Basic preonditions of creation of model of forming of auxiliary machiend technological operations (MF FAMTO) are considered in the article.
Scientific bases of model of MF FAMTO are set forth. Resulted chart of calculation of indexes of FAMTO aittnalgd forming of sequence of
implementation of auxiliary transitions. In the system Matth 15 presented model of forming of FAMTO and test example. The offered model can be used
for forming and calculation of elements technological process with the faake of the use of hand labour. On an example, in building of turbines, aircraft
building, at making of heavy metaltting machine tools and other

s dzt ytseo ' dipdrtsfatgdzts dzO S FREYHBEgRsBsEyddr fittintH o,. " & Oy 2dzj dBsHJ dzs 9 Od

Il mMisklf . zdisse OR Hitc' BdesMmj tc' 2 detsets o dtetse dzd ylse O, Hts wCtgets
sBdzd sz ftesyd M’ ojdzdSkz yofmbsekz L O2 KOs Is! s jtcOy’ = & -
f sd3' ) dz-tc zdg@d' d disdgth des dzts ¢ ' ydz' s jtcOy’ ™ ([ A 1rftuvf). ) dzOydal
sBSCd ' LOdd"d3 (BddL! €5 40 %) LO2 BOE s Hst sd3' 3 dz' s Jte
ZCIsdo detsfiplir'y datf@ M dsgpdetss dzs e * ydedn s jtwwOy 2 (ftuvf), v¢ 0O
we' fJtedfkzmEOslss Mw L dgOydes’ odi3ddzéd tBYdmdzj dz H' 2 fpd
dnr tetsstsucfz MdkskzOy' 2, w¢ zj cBEO&ESD @Y 1s?2 ddi' B @Gtsdn 5§ it
wsc ydzs' sfjteoOy’ .
ghjdedzv ftesyjmikz o Ctosj dzj d3j dalsdzsc s dztstedslz 9 Odedzy  d3tsy dzd
lslzaOdzde ftuvf. 10Ltsadd jdzj di3j delstsdz dBtsS H jidedzlkly o ©dz@etlz detisff s
ey dzr 7 Ijmdsdzse’ yddr tfjttOy’ 2.
SOdztso €O L O9 HOdpdwh HS O emtglalstly . sBtesBSCd o [tu ] * daj BHC
et BB YSEts tlstsyj dadzw , sM¢ dzr ¢d 286t odStsdzOo yj o3
W'l sdzse ' ydzg uyddzdzd € d.
ftodC dzOH, Hdzw tgtsstsqiscts eR' jfieyi o tso jdidshyli@flodddnS @ Qtad dofmizls * 1)  teg]
h' Mils:  to' fi elEcab, o @ty MO & . o :
sj B3O B Ctotsj dzj di3j dzls* o tesBsydn tokzrn* o Hsf sd3' y detse s Is
tcOLdld s ddetsmls’ (Jwse jHjdadew s jteOy' "™ * LH' 2Mdedisd
s¢ tw'sBfslsfodh jdadzw jWJiSClsdodesMmils® fjteOy’ 2 dd - O0d ydes' C
OlsdL s9 Odzd = a;tr;fr]lsOls q’: CsBf dzj €M' & Hic' BdesMjto' 2degsEe BB 9 cC
Wste sz 9 Odzdzy  tc O sy RBAEE dasdse  ysie(an O ditisilic@rdidsZzdets fFOdzt dizgals’ y dzd
"wiClkE L o yddz, MdMmisi BO Isjrdsdse ydktsets ftosj Clskzo Odedzy ¢
o' 2dzj odtetsBdzd yls HOYf Isd o dzts® ldsjjrnddis dls * ' 2d3ts owdC. O Aojt
q
d

e g cﬁw;quG

S8 OF
[3073%1"7

©

0

o-FE go

=

&

C

O]
odai dzdh i Mmets s BSY' dzdlsd olsteOlsd YyoOfmkz ©dzj * f
@B toLodlClkz folsitotsets o dtetsB dac
sdo dzsets tsfdzOh j dedzv ' tstec Odz' L Oy’
J
(0:{0]
us

RErige P T

d3
s
o]
Is
d

OFTGT
=3 s;coq_

Is f
n Edise, s MY te d
Odzdz" dzO2B " dz! ¢
f otsdndej &g . dzO2 8" dz! b
2 dlsostcj dz Oolsts
a P

TRE®
&

o
fsh o] dedzgy  tslsted 3Oz 283 [6-te'ts j Vg 1
IsdL e Odz" MdMmisj d3d 3" S-Mekaj dzj d3j C

— 7
N o
o
=

ts [12, 247, , TaskMaster 2000 [25] ° " dg

N— 00 g N 11X
&
0}
Sy

]

p

H, ® Mmdmlsj & & Ctotsildiglik dab s dgls dzOuzts s @Btz H P dzetzn s * 1
BjdZsO odL dzOYO' 5! W kOSdd yddesd (1)

So—
7 =

&

= K 12070 05D o BBy By By B , @)

Hi-dBohOlde zOW L @dsj ¥ fipls!j daj d ddls O;

Ki-L dz2Oyj dzdz? o j Clststelz Ckzlktsoadr StsjW' y' ‘ dals’ o;

al,a2,a3,a4,a5,a6,a7-L d&zOyj dedzv §fsCOL dd¢" 89 & td, ¢ dz €' Mmdedr yYd dadac
al,a2,a3,a4,a5,a6,a7-L d&zOyj dedzv §fsCOL ddC" 89 & td, ¢ dz €' Mmdedr yYd dadac
Kor f SftcQotsyded? SjW' y " des, wWCd2 ottOntok’ & tk daiBJiLfJC

31
2079004 | ' Mdzd € | wv 2@M} we. 202



E [.[]. zj&SBad2, [.w |OMOdss, [.5. 10CtopORXSISd 2,
Ki-f sfteOotsyded?2 Stj¥%' y' ‘dels, wed2 otORtSobk’ & tk ¢ tsdastetsds
Kop-f s teOQotsydzd?2 Stj% ' y' “dals, wed2 otwOotolz’ & tokz ' * dsOy
Ky-f sftcQatsyded?2 StiW¥W' ' y' ‘dels, w¢d2 otOntsok’ & tk Ltkzydshls®
Ki-f sftcOotsyded?2 Stsj¥W' y' ‘dels, wed?2 otO@otobk’ & tk h' d datsfls’
Knef SftcOosyded2 Ctj¥%' y' ‘dels, wCd2 otOntSok‘ & tk tBABj Y ds
Ks-f s tcOo sydzed?2 CtsjWw'™ y' ' dzls dzO Isdf o dtetss ded ylse O.

1 BdzO
9 s O dzts & ddgv disck

",*mﬁ}'}‘ T
S w0 Aliig
LBJjt' G
1 5dz20 LB
HiSC 2 @y dhls ok o)
i h D s
s 0.l Hi e £ O
m@.
(HQ__) = = | Oh tfils
{ dMiAtdOc dsj dals ¢ Otedzts’ 5§ jtwOY' = ¢l MlsOdaso dzj dzdz o 1 Obstets

vas o1 [ 1 s

T o0k OdEs' 9 ©j Ok LOY' ' IksCOowk
sdz L §' HIsdMCOdzadz" a5 L OHdz & Y

t dfmi | kW tej o s By dzd
"ufMmMlsOdsoa CO 9 O

v MdmMbji B & St dzj didi dzls dzlf = B Hzts tc F@IE flAOHg DM Mg BEW " L ' dzs
" dels j defpd o detsiyls' twtsBlsd, IsjBflkz twsetlsd, ftwd wCtsdkz Mistsdd ddw

vkls Mmdz'H L OLdOydlsd, hts, hts dzj 3 Ols! o Mdse' odlktctOls yOMml
O L dOydls: "h LOMstsmMize Odzdzy tsB d3d ¥ 4 dzad E ttOk¢ On, 9C0OL Odzed R
I " Hftseo ' Hdzs *© o8 6O fYwscte’ hdesfmls' tsByYydfmdzj dedzy L tesMlsO’ £ &3 tckz
otOR B OdzsG s HdzW dgt S65 H' Of OL tsozlz.

32 2079004m | ' Mdzd § | w2v 2@m) we . 2 (



vV JHlf L BB S adH' & WL Ldwels! 41 & Ctetsj dzj d3j dals. | ¢
Yy dzr s 0 MmMtew diteo Odz' Msid Buy@mise O dzf BE 6 S IsjstEdmisd € O, wWCO 9' HBC
9di BdOddzy o' H dzOBBEZ yYyddedzd ¢ 9, hts oafdzdo Ot s+ (Edise Htesls' ¢

CS LOftftsdzseo Odes ® HY jtej &zOR [2, 18, 19, 26], Ekf' & et
v OB Wiy jtoj dz2 € tfdsedzdn ' HBYtd yddn tkr' o
[ fmMdzse dz bk d r sf sdz' 3 dz'
Erwisd (1) ; ftotslswedzlsd Sk ()
ofisOdse dlsd (v) ; fdtyd Msdisd (1)
L' ' HAOd () ; fdwd Msdisd (X);
ftsojtodszlsd (1 () ; ftso jtodgzlsd Iskzdzze (3
5B jtelsOld (1t); o' HfkMmisdisd (fuv);
ZOIsdmdzzlsd k¢ 8 (1| dZ20cdzzlsdmw Ht f° H dzt
@Ol d Mgz Isd dese 55 (7
oMsOd@Eo db5q &0 oL @2 dieradlsdny (111)

[ Mmdeso dzd s B S tetsj dzj d3j dels Odsd  ° Is w g acftf,;o>|O*5lsJ ts ) dats o dak
odL dzOyOdzt dzgd dzd 4§ dzj d3j dzls ©Odzd o lstsIZHBaisd3lz ftesyj M’ dzOo € sdzts W
0 dCsdOdedz? * Lo' wLC &' 3 dad d&3d .

ldSstedmls Odedzy Mk yOMmdzd n mqm&;% @i Qms;&;@;@b&sgs dzts tc d3lz © ¢
odBOGO o' H desteddzo Odz dzd ¢ odL dzOyy dedzv kM’ C' dz ¢ 9Mm3eMdr  yd
15, 29, 35, 3p

l dSstedmls Odedzy Mz yOMmdzd n mqm&;% @i Qms;&;@;@b&sgs dzts tc d3lz © ¢
9 BOGO' o' H destedzlzo Odz dzd € odL dzOyd dzdzv kM’ ¢ fded = yd
27, 32, 34].

v MEyYyOmdedr MdMmksj BOR OoltsBOdL s Odetsets ftotsj Clskzo Odedza® o
fMlso stej dadzg? isH jdzj 2 MdllkzOy' 2 tj Odz' desets oadtetsBdzdylsoa © L HJdzO
21, 30, 31, 33, 377 . O Oz L L3 dzd tetsB dzv¥ st SOCBY BJL
OOz sduydzgd di3d OB ts Odze stedlsdz’ yded 3 s MO, s HBsLetdY' ftfs
ftesydifmd, w¢' o' HBEOOBI! Mw, * ftod yYy!' sk dzj LOf jtcj ykz' Is* mw

[dzv  ftsBkHtseod fH Bddh ' dWstedBOy' 2dzdn MdMmlsj Bk btjsO RO
sBtetsB ¢ d. L oL ftesyimM' @ HEGYtA ) dt’ B SIsd, sO¢C s ' de¥ s
Slstsyd dedgw-v Czd 2B BHOH Odzd 2 BB dzs yomkz, ' ftoets Isj, dZOH WG ddd
odCtsdzzo Olkd Is' OBt "dh' H' ', O kOCKYy MOKR "OLOSCIjt ydo H' 3

1 jdzjeam: Cddkl ] ( es BsB dzj dz' ftoeddeydtd M 99"  Hdatsh j dgdg? tstod
sfdmMsdy ttsBYdn ftesyjm' o. U 06 5 sB tkzdzlstso OdzO sy dzd e * Mls!
"B IOyt 2detse s BBSH | dz¥ 9 Odzdzt fesYyjMm e twsBtSlsd. I dz H' 2h B9 od

BEHIW ' COY' s woBBYSEs Slsyjdd® o Odkdstdlsd ' & Oy 2 dsc
EfMC &zOH dzdls’ ' kdzj sy dzdodls! §sHOM hj sLh ke, dede? ™MC &ZOHE 14
sz Oolttesd OCKY L e dj 20 kg Ji QoD dz0k Afs iz S s & E©ls s o
1 jHes [19], bkkHsod?2 fsyjfh fesfosdz k' MY BEHEZe Okd L dt

M " 99 HdsMwWIs! MW L O HYfsBsess Lo' WL EC 9 3 Y GLAEZOSOR], o dzOf
[ Ol j B3OIsd ydz® dagmf Rdz/( §f jteh d2) te' o jdz ECtekzf dzj dedz? ksl stgs 8 Is!
[teEed?2 ' ojdd EStkzfdaj dgdzv ( f sL d2OYyoO*' Ist v BEGCO®E " 0" ) o,

H'wWd3 L BHdddB ftejrHdBjltsdtd. v thdse' ' n fsBlkzHtsed dzjydls! o' HC
vtejls' 2 ' o j dz ECtolzf dzgj dzdzv (ftsL dzOyo' s+ v BEZCosH ")

‘ l]'tse)‘HO'fLsJ scEHsodd3 fed2 3Oz, s oadSdkzels! mMw L odSstdf
Cdzt O s BSH,jdzj?2 Hickzesets to' adev bkZCtokfdzjdedzy L o9adCBstedmlsO
OHO“ISJ ftesyimd Isdflz "o HSC dOMmIsd ' defplstelzdzj dals ' ELwlisd * dgh
ilsajtelsd?2 t' 9 j dz ECtelzf dzj dzedzv (5L dzgOYyoO' Is! iqw B EC o tsH "s"
fdzj SMOZ fted2tsd3' 9, twBeBlsd kOCtets B' ‘' BB, "t oadCBtcdMmlist
w fjodedr o jtemlsOls' 8, HjLOdj?2 ' oxdoOddr ' demlstclzdsj dals' o) .
gH' d&zv ‘" s v 4 ctkfd fsH '  Bddr BsHj dzj 2:

33
2079004 | ' Mdzd € | wv 2@M} we. 202



fjtehk ctokflkz MCEZOHOs 5! &sHj d , - oisipds il S delisSlzj 5 Jotddzd Isistizte d
dz02 d3j dalz © O dz BOL sodr BBHjdZ]2 L HBHO9 Odzdzw d3 dzO2 3 dzz @ Oz 3" 6
wCO H

s tso dz . d20fted S ZOH (1)
B1={i B - Bl}
P1={P1- BI- P1} , (2)

AG.el= {6 - b1 BI- D}

Hy -l wlsd SHd ‘¥ kS
l2FLwIlsd HoBRO k¢ OHR];

t ttesL ' ' Hd2Old L O HBftdBksetsy BHAd 7 tk6d;

t 2tetsL ' * HdzOIsd, ortfdohdMm! HotsdBBO tekC OBd;

m-ntsHdIsd.

-rtekzeclz ctwkzflkz MCAZOHO®Is! BOLte ' WdBsHjdz bkdfk "l]’cjtsjo?s’fr]lsq’Lscf‘ '
B Ctetsjdzj dB3j delsd " "ssHdIsd" (X)), "o jtedsklsd Ikkzdzkzes" (1 u) ' da.

O1={i1-01-10)
goi1= {i1- o 1- 10} , ©)
AT0OI 1= {i0- T1-0 + 10}
LbhlsOdzse dlIsd dzO f dztsh ddzgz BHdz ' ¥ kSt (HoaBRO kS ORd) ;
jtj B Misdlsd LO Hofsd@sess SHd ' t©kECd (HetA tkz$) ;

f

ltofmMlsOdzso diIsd o Blseo ' to tsHdz ‘'8 twkC s
o' HfkMmilsdIlsd.
d
c

H

d
11
v {
J u-
UjlsY GO &SHj dj? HEbkele(y ot s i i O i ts? v doL wisd) It w’
B St df gl dsd (4):

iTA1= {ip1- BI- 117 -10} @

, 4

iTA2= {ip2- A2- 11A2- 10}

GjHBjl o ctedLbdkod d 2 fdshdd
jndsib b ejelsdcod & 2 f dztsh d dz'

s l]’tsa;ts dz' .
E MSdzOH 08 Is! dOmskzy d2 & Swisj dzj fB5j delsd dzO s des

ipt= {ip1- iDL 10}
. (5)
ip2= {ip2- ip2- 10}

vOCdds yddesds, G§ofd Hsod Mis! Wstdkkzo Odedzy [t u[ sy dzO §ioj Hi

34 2079004m | ' Mdzd § | w2v 2@m) we . 2 (



tdMmi) Baj tcjots sz Hse desfils® Wstedizeo Odadz [t U J

vsO0Cdds yddesdz, " deW stedzOy' 2dzd?2 LB Mls Isjrdasdzse’ ° d3j - Odg' ydats
Wistcd3sz o Odedzg? Isj mdesdzts@ " ydets'™ Y jteOy' ™ , By dzO tsLeBdlsd dzO:

1 sfyls' 2 dz' : yt flzday ¢ oy jlet©jydzts ' deW stedzOy " : COtlsO ' defplstezC y' ~’
HY jtoj dzts ' deWW stedgOy " : Sjrdsdzsd’ yded?2 f(tetsyj M, § dzO-dazejQaiiddrts
ol st dBOYT T kjnd ydzO HsCkE®R] dZsoy v (fOofmfstls, |jChYfdzzOkoy"

Vdise dets f sls! 2 telf d fig d tzfilpde® of dats e sy jff tojd dptis s'Mdzb Odai®y ' ° :  Isj n dz' yd
JSMf Zz OOy 2d20 ' deflstezSy' W ftedMmisshmkze Odzdzy (0 j s O Y) 6@
CdW st dzOYy " ; ISy mndz’ YydzO dz' Isj eOlslkztcOn ) jHdyCdaxizj dapldtc BOY 'S¢ M
' sjtcOkzte®, HBCEBj dsoOy v, tdih. 4, B.

1 &3 dzdz' oy oiofddofis dsB ' -HS IS s | tzsd tdA St B3Oy T S| hdesdztse "t ydad 2 At

HilsOdz'; BfdMm f§odsyjd' thdseddnr ' dzilis-teilzdjtedplstitse * odaW HsdpEHPdES * S B
s jteOy' v, tesBBYO ftescOBO, tedfm. 5.

UBH' Y d soa 0O MdlizoOy' w sy L 69 'daf thtOds'didets daj s fHsjovds tlss g ¢ d2¢
Ld&ZOyddddr LORBSH &8 E ttQRCOR s jttOy 2 ' Hjtj-tsH o

<H'Bof jejE<GI>] 6Oy v > (6)

UV ©BOdS O Isd{ dzts'dsts 3O sq dis dzts ¢ ' Y dats ' s j Oy B3O (W zdE) y ' Usaisf
LOdzjydg Mis: (7)
eA(m, A 0),0664(N,, Ea»),i, (O,Eid),

T =f
8 A (RO, i B, AE, BE,NE),1 65084l i, Ei 4,1 E)

1 BOl

(7)

HiAMAO)-f OttO®Bj sted, "t tfdhkzsls! +HjGGN @ EHONREOGPBBEI ST ®
ISjrdsdzse ' Yydzz btekzHtsd Mis¢' Mis! etseSd : €' dz ¢' Mls! BB dz
fsojterndd (Co Oz (BEiD)-dg@Hjlsdksds ONls: toj Oz’ LOY' ~ [tuf, L Odiydo

WL dudes® 0 dalt s te BONT (RO, AE, BEONEE Eff QB b ed, 5 sfdfhlzs s i
sMdzOh j dedzv : o jtMisOls, Htedmissmize Odedzy , , s baOLE]EIATE- L Od

uddzedzd €, odL dzOykoe Odz GkcOd LOY-MEkOwhEs 8uEcsnd gl jugss ,: It
f zOdzgz © Odadz? H' dzv dz$ d BB S d.

35
2079004 | ' Mdzd € | wv 2@M} we. 202



s
A) IocTiiiHi YHHHHKH (0 0
TATT = 1 1 "TIoBepHyTE Koproyc”
W 123 4 5 6 2 TTog0¥TE K Ip e AMETY (11D e AMETAR)
wogo4 7 1010 12 3 [ogofTy K mpeapaeTy (I e AMETAN) IO CTYTIEHBEAN
Tpacca=| "Y' 002 2 -1 -2 4 HAKTOHMTE 0 K I & AMETY (T & AMETN)
" [
IR 5 CecTE ¥ IIpeApdeTa (TP 6 ETOE)
WNe D03 0 0 0 & TIpOTARYTE TRARYH PYEY K e MeTy
7 "TIpOTAMYTE PYEIH K TP eZMeTY (TP eapieTang)"
"TEI" 3 wTa 3 g " BrATE I e AMeT (T e AneTED) "
TI3¥ MY MImEVe 1 9 Berare ¢ mpeanaeTon (Ip e AMeTANE)
Firpaz 15 "Firpaz" 15 10 BEIpANGATE 0 ¢ TP e AMETOM (IT0e LIS TAME)
"CEY (o) wpry 1 11 "TToEepHYTE KOPITYC © TIpeARieTOM () eAmeTang) "
= W 1 - " "
I = Y MY M = T 1 Tlepexog = | 12 Haret ¢ opegpaeTon (Tp e ABETARE) B YA
"MITzr" T WM 1 13 "Mz c npegpaeTon (Ip e JU4eTane) B PYRAY IO CTYTIEHBEAn"
" n i n i
T¥II g YT 5 14 CecTe ¢ [IpeAnIeTOM (TIp EAMIETANES
Fil,rpaz, i "Eil rpaa' 10 15 H 4510 pTE 0 © T e TOM (TR eAMeTANH) E pyEay
MM¥I"  TIMYTI MY 1 16 TlepexsaTrTs OpeAMET 8B OH PYEROH
17 "TTp OTAHYTE P aEyH PYEY KIeE0i"
"Nt- mHostep Towme" 1 " N . . .
Hi- momep towar 1 13 "Bz AT mpepeT mpakoft pyrod ms nesoi"
"Firpag" 0 " "
Firpag. a0 18 "TTepenecTHTE M e AMET B 3 0HY VITagH"
upn
P P " 1 20 "W cTanoBeTE (B aTHp 0B ATE) Ip e et
g q
Tl = e 1 21 " OTITy e TETE TpeAneT (ITp e naeTel)
"YEIT" V3Tl Mu = R
VI 1 22 " CVTIT CTRTE TIp e 40T (TP 6ARIETRI) © Iep e cueToM"
"V ¥V
"FYII 1 23 "Brmpanrreca Ges mpempaera”
[ 7
Knp "Kop" 2 24 "Berate Doz mpempaera
Wit
Ip i3 iy .
T s
B) VMoBHo mocTiiiHi 9ToHANKA
"0.To" 123443666677 7F72 80910111213 1415151515 16 16 16 16 16 16 16 16 16 16 16 16 17 17 17 1€ 18 18 19 20 21 22 23 24
"oy gooooooOoOQOQUOQOUOOQOOOOQDCOCODOODOOOOD YL 2T 312312310231 231 23000000
‘aomE¥yt ooo0124340000000000O0O0CO0CO0CO0CO0CO0OO0OCCO0OO0ODO0O0ODO0OO0CO0O0OO0OO0OO0OO0O0OO0OCDOO0OCDODOODOOD0O0O0D
"3y 433222225622 56006 5 9% 8 8 2 2 2 I010Z 2 2 01001 11111212120 0 00 0 0000 0 1314
"4pr goooooooOQoOQOGOQOUOOQOOOOQDCOCODOODCOOOODCOQOODODODOODCOOOCODODOODODOOO0OO0OO0O0OD0O00D
MC = "5 TP" gtzo000000000000O000 011 200O0O0CO0CCODOOODO0DO0OO0CO0O0CO0DO0O0OO0OOD0O0O0O0O0O0O0OD0O0T0D0
“4¥3q1" o0o0O0O!l120000000O0OCCO0CO0OCODCOODCOODOOOCODODODOODOODOODOODOOOOOOO0O0OD0O0OO0OD
"“F¥pyx" OOOOO0OO1T111112221200000000O00CCO0O0CO0CO0CD0O0CO0O0O0CO0CO0CO0COD0O0CD0O0CO0DO0OODCO0O0O0OO0
"8 Ip" t-t-g-t-1-t-f-2-g-4-1-4-1-2.2-3-3--3--3-.3--3--3--3..3--3-.3-32--3-3-3--3--3-3--3-3--3-3--3-4- 44555 -3--3--0--0-- 1.1
"wyynmt oooooooOoQQOQGOQOOOOOOOOOCOO 2T T !CODOODOODODCOOOCODODOODOO0OO0OD0OO0O0OD0DO00D
"lOnMymM* oooooo0Oo0O0O0O0OODOOOOOO O OO0 21 2ZCOCODOODODODODODODOOODOOOODOO0OGOTOOCDODODOODOODODDOD
- t ] [ ] t > t
{ dfmiwdl StegOy' 2dzed2 L & fls Isj = des s @ BjnOds ydzs'® GeESBESd 6
PR > H oo, € € v
bjodsdse yds' sfjtoy'  : f§shls' 2d (O) b ists o dz
] t . ‘ H H H
] ydr §frdy' 2, -CHatGk@OBOV[{ o EfteOo dzvw ' | Hdzw j dzj d3d dzls O
H t . H t >
Yyomsotss MwObjc' ‘s odSsdOdd 6fjwOoy’ . ltd Y' skz HEEOcOs
Toero = MIiN. (7)

v B ek ROSCSfdyjdd? HtsMe ' HE tBslsd, LO CoYydtss ctlkzftss H'
Hd3dztsy  dalz  j dzj d3j dzls' & ©MdzOh j dzdzv, MistsmizdzC ' & tesBtsyYytsets Myt +
B dzj €' . [tuf MSEOHO ' MW L HjWSE' Cwde' dOyYy' = bOSIL ¢t
rdzv L H" 2Mdzj dzdzy I f-tiskOg dia] ddzdzo d eO8 didlagasds ftetsyj sds o Mw Cd2
Hdlsdets d dz0@  j dzj a3 dzls Oteded n fMdMmlsj ds, wC' -botfste®aydffs Issitclzlffip v 82 . d3c
d

j 3J dzls Otedzd d3d Odze BtedIsBOBRBI EZ§f tcOo dz' dedz? Isj -~ detsdzse ' ydzd d3d ¢ ts d3f
l dimdzsp ©Od smdztso OdzOdz'" L. 9L 0" di3sL o' WL Clz o dkOMIsdotsMmisy 2- Isj A
Zydzd disd Isj mdesdzse " yded 3 Y j 6OyY' v d3d-Isj R tz? deg 820 - s @ BLO jzic d By o
JeMisOldzd O LO bjrdtdkse ydddd L dOSOHBd k2 sdedwH' dzj U IS
JIdmMOodzO0 Mtesh j 20 BsH] &z tBLOREdSE yOfmMkz odC tdzOdzdzy 3" €
tesptsysets a3 mMyw.
ltedeo jH] dzs d3OIsj &3O dydaj o dL dzOyg dedzy fsdgvIslsw * sifidm Mistelz ¢ I
1 O tesf sSdzso OdzO B H § dz! Bs)yd BRI o9disttdMlsOdzO Htod * d3' ISC
MdMmlsj &3 sBtesBSd dBjIsOdz' @ ' L Odzgdz" d3 L oS BedMisOdzdzy d3 telz ydets™

36 2079004m | ' Mdzd § | w2v 2@m) we . 2 (



¥ = MY =
Ha LTI HA CTAHHMEY HM{#E KONEH
Ha KphYeA Ha KoREefiep EbILIE KONEH
E WTabenk
& cTomy Ha [OIETAHT ﬂ
E pAg E Tapy
[IMYII = 1
C¥=1 MY =1
WaIl = VI =
HWE KOEH =
EblLLE KOMEH CHOA Ha cTYne CHOA HA CTYNe
Ha cTone j ﬂ

Vill=1 V¥l =1

CTOMT BOSNE NPEAMETS [30HE! YKAZAKK] N0 HANPAENSHWID K NPEAMETY [C MPELMETOR K 30HE YKNALKM)]

CTOMT BEPTHESEHD N0 HINPAEASHMD AEMAEHMA [K NPEAMETY, SOHE YrARMEH]

CTOMT BEPTHEA/EHD MO YT A0k K HANPAENEHWUHD GELAEHMA (K MPEAMETY, SOHE YrIA0EH)]

CTOMT H3KNOHMBLUMCE K, NMPEarETY [MpeameT at]

CHOMT BOZNE NPEMET [NpeareToE]

CTOMT BEPTHEAEHD © NPEAMETOM [MPEAMET atiu] ﬂ

P = TF = TP

yK.a [pykH] cEoBoaHE!
B SAUMHTHE Ne HaK.NOHHAA CO CTYNEHEKAH Puk.a [pukM] Ha NpeamMeTe
MPEAMET [NPEAMETEI B NpaBoi pyke [B pukax)]

ﬂ j NpeareT B NEE0H pyYke ﬂ

P=1 TP =1 IP=1
- W € t H m € : H m € > t
{ dfMiwdW stegOy’ 2dzd2 L B Mls Isj 7 desdes@ BjROd yds' ©GBEsBSd o
H m € » H € > . € t
Isjn dtsdztse ' ydats sfj Oy DL g dadz ud dedzd € d
= [re0 1 1 23
te0 je1 if =1
MY < N, while § < TVII +1 U4 if |Fi| >0
Hp(—l'['{? . for kel,2. cols(MC) -1 .[{(—.3 otherwise
’ F(U=13vH=1AMS,  =UaTlp=1a]< T jei-t
I{np(—l‘lqﬁ’l break
tetr+1 .
Koy« 1 "r|]<_MC[|k 1fq=4f\MCE,k=TI/\Hp=1
Fpyr« 2 if MIn,. , » 25w Fmp» 1 : ’
. 3.1 oy <—HepequMC 1 rer+l
Kpyr <0 1f1'1n5’11<_np>20v1'1r15,11<np<0.1 t’ 0.k Lr,UEMCD,k
=1
2
Y l'[n13:1 t tr,l — HepexnﬂMCU -
et . '
CY ¢ Tn | jei-t b2
TIIEY <= my Treak Fie 0
Fi ITu if T=1 e 2
1.1 ]
_ Qed if |Fil =0 if §= T3
—
'-12,1 U e 3 otherwise 3
MY« Mmy | jej-1 TR« 2 ipracc33:J¢Tpacca3’j+ll
Leo bredk TP + | otherwise
TYH(—Hnﬁl ifq=4AMC3,k=TIAHp=1 jei-t
T.Bl'[%l'[r[o1 tetr+1 break
ygnenq;l Lo MGy FU=3nAME,  =TaMC,  >0nllp=l
VI T, b epesomye 1 rertl
for je1,2. T3 -1 b 31 Lr,UeMCD,k
el - T 2. Ue 1 by Mepexomye
e TSI gl iy ) !
2 151 b
+|Tpaccaj,]+1 - TpaccaE,J| hreal 34 B
1

37
2079004 | ' Mdzd € | wv 2@M} we. 202



]

1234

i< T3 1

2 2
Ll e \Tpaccal 41T Tpaccalilq + \Tpaccaz,JH - Tpaccazyjl
2
+ \Tpaccal]_*l - Tpaccajljw
180
Fie ataanpaccal 2T Tpaccal 417 Tpaccal ,j‘TP“caE,JH - TFECCEZ,J'H - T]Jaccaz:J \-T

L«<L-L

otherwise
LeL-075 ff L>075

U« 2 otherwise

Fie o, |
G4 [Fi| >0

break

U=2AMC, s UAMC, | = VAIAMC) | =3V A V3l=1nllp=l
ter+1

tr,D — Mcn,k

tr,l “« HEFEXDAMCU‘%I
tr,Z «

Ged

iei-t

break

ti-r+1

« MC

b o= Me

123345

121

f

=5

1. [ BLKOREZdsS
W tste 3z o O dadav

t dMmif ©H j dz

Mpz3aMC, =MpaMC, =Un(M=zfvlz]

ik 1k

re14]

Lr,D = MCD,k

tf,l &« HEPEXDAMCU,k,I
Lr,2 ]

el

2 2
L+ |Tpaccal,j+1-Tpacca1,j| +\Tpacca2’j+1-Tpacca2’j\ .
2

+\Tpacca3’j+1 - Tpaccalj\
Fil & atanl| T T T T T T o i
i sl Tpaes, - paccalij - Theoss, b paccaj,J+1 - paccalJ - paccalj_lx - +
Ue O f [Fi| >0
Ued f LI>0T5 otherwise
ij-1
bredk
1I=9f\l\/IC3,k=TiAHp:EnMCg,fﬂp

1e1+]

tr,D “ MCD,k

th = HepEXDWCUIk,l
Ld =]

fiel

Yed

if < TV

123§

38

'-I:2f\MClk:l{f\MCé,k=V3ﬂf\(HH3\J=1vl'Il'IEV:Z)AMCZ’k=Hl'I3YAY3II=2AHp=1AMCE_k L

HEBIstseo € O

on Hdzedms ' BOLBodnA

1233

12

1235

=5

=5

1237

S

3

tT:anEpEXDAMCDIkyl

tﬂ(—j

G 6

jeji-1

break
M03:k=qf\[|'{=2AMCZYk=HH3VAHH3Y>Z|v'{=5vq=ﬁ]nM07,k=prxAHp=lnMcg,k=EE|
rer+l

— MC

Lo MOy

tI,l (_HEPEXDHMCUIk,l

LI,Z&]

Mp&12

jei-1

break
l'[p:lf\Mngk=pr\MC?‘k:prxf\prx>U
reer+l

tr,D “ Mcﬂ,k

LT,I - HEFEXWMCUJ« 1

t1',2

i
Mpe3
jei-t
break

& e flsd ydzed A

Ted
if j=TVII-1

2 2
L« \Tpacca1 I Tpacca1 ,j‘ + |Tpaccalj+1 - Tpaccalj\ .
2
+|Tpaccalj+1 - Tpaccag,J\
Yel f L1207
TPel

TPelff Tpelccet3 J # Tpelcca3 4l

e otherwise

jej-!

e

ik

TI:8/\M03,k=1{f\1\f105,k>Uf\ﬂp:BAMCX’fﬂp

tet+1]

tr,D
tr,l

tr,2

Fi & atartd| Tpaces,

“ MCD,k

= Hepexu@MC |
Tk

=]

Li

Fi(—l'[nT | otherwise

Ted f B >0
T2 otherwise

e

ik

TI:Z/\MCE,kﬂ{AMCg,k:Wl'lf\Wl'l:Zf\MCg,k:ﬂpf\l'lp=3

tet+]

tr,D

“ MCD,k

2079004 | ' fdzd S

f OOk ste' o
Histf tsdgd 3 ddd F -~ dg®dzl eZdasdzd -

(LI
rh Tpaccal - Tpaccal j ,TpaccaljJr2 - Tpaccaz,jJrl - Tpact:aljpT fi<T¥-1

HOdzd =

1 W20 2@m] we .

¢4
s j to

2 (



1. 1 stcdBzo Odzdzy [ u ]

1237 1 238
S O fy 1 TPy
bt el
Te10 Mped
jei-1 jei-1
break bragk
if1{=2!’\MC3,k=qAMCID,k=HMynA(HMyH=1VHMVH=2)AM08,k=pr\Hp=3 1fMCSk:l'[pf\l'lp::lf\[l(np}lA(CYEIACYSB’)AMCI k=cy]
11+l tert]
0 M bt My
tr,l eHepexunMCU‘kll tr,l(_nepeXDAMCglk,l
1r’2<—J tr,2(_j
Ye 12 Mpe5
iei-1 jei-1
bteak break
if1{=1DAMCBJk=qAMCID’k=HMYHI\(HMYH=1VHMYH=2)AMCg’k=pr\Hp=3 ifMCSk:l'[pf\]'lp=5f\[l{np>1A(CVElACYSﬁAMCI k=cy]
11+ téet+]
t o MC
NI B 1 M0
tr,l eHepexunMCU‘kll tr,l(_nepexDAMCUlk,l
Lo 4o
Te11 Mps6
iei-1 jei-1
bredk break
ifKnp}lA(CYE1ACYS3)f\MCl,k=CYAl\;’ICg,k=ﬂpf\Hp=3n(l{=2vq=IDuq=llvq=12)f\M03,k=‘{ jeil
1141 t
b Moy
1238

I. (I BLEOREdSS &Oh ksl §jtjd hjdd jdjdjds o [iuv]
1 O¢ " dayd dzdz tedfy. 6.

a 1 2
a a a a
1 1 "ToEEpHYTE Kopryc" 1
2 2 "ToA0MTH K NpEAMETY (TIpEsMETaM)" 1
3 1 "ToEEpHYTE Kopryc" 2
4 2 "o A0HTH K NpEAMETY (TIPEsMETaM)" 2
5 1 "ToEEpHYTE Kopryc" 3
6 4 "HaKNOHUTECA K NpEAMETY (TIpegMaTaM)" 3
7 7 "MpOTAHYTE PYKM K MpEAMaTy (TpeAmeTam)" 3
8 ] "BIATE NpEAMET (NpeAMETE)" 3
9 10 "BEINPAMMTECA C MPEAMETOM (MPEAMETaMIAY" 3
p= 10 11 "MoEEPHYTE KOPMYC C MPEMETOM (MPegMeTamiA)" 3
11 12 "IA8TI C NPEAMETOM (MPEAMETAMM) B pykan" 3
12 11 "MoEEPHYTE KOPMYC C MPEMETOM (MPegMeTamiA)" 4
13 12 "I8TI C NPEAMETOM (MPEAMETAMM) B pyKax" 4
14 11 "MIOERPHYTE KOPMYC C MPEAMETOM (TREgMETaMIA)" 5
15 12 "I8TI C NPEAMETOM (MPEAMETAMM) B pyKax" 5
16 11 "MIOERPHYTE KOPMYC C MPEAMETOM (TREgMETaMIA)" g
17 15| "HaknoHWTECA C NPESMETOM (MPESMETAMA) B pykax" 6
18 16 "MEpEXEATHTE MPEAMET NB0M PykoR" 3]
19 17 "MpOTAHYTE NPAEYHD piky K Neeoi” 3]
20 13 "B3AT NpeAMET NPRBOR PyKEH M3 Nesol” 3]
21
22

{ dmit j7L Edz 5O d V¥ stz o O dzdzite b AyEA 18 d3'lsy &diZls das@ " quatimptE s j Oy ' 2

39
2079004 1 ' fdzd § 1 w0 2@M} we. 202



40

Cidmss & Isjwolkzted

1. dtetsdz [ . R. [ dStetst dzj 3j delscdesj detstedigdtotso Odedd d 1ot S lsud jtehsos OS], i) UsAeBz3H.
(£0 fjtjHBotset SfrkO. 1} jtejHtar | ftojHftedwisdd) .

2. 1 0L B9 0O% fdflsj 3O &Bq S tetst dzj d3 dzlsldy .- | diEsdadgtdsffoodis®  fotdds) ofdgj odisfH fryIstouj fitzdzts §
St MEH2: CCdd s (id.j ssHdujMSd) o dst®kOlsdods j ROLjtedOd )

3.1 dtsefm €d2 s.[. OkOdE L o' HEddjd ftod MYtsh jdd fHstkSkkt i
1 dzsef €d2 s.r. I 1" Mded 9 sl Riabty dzts a. y e Bzl Haife QeBAR.| sz

4, 1" dzt 5o it Codd2Odgd.L. fdMmilsj &3 destcdzdtetso Odzedw d Istcj B tslo Oddzdtye fif' Cofisp §stizdezts tigd |
feOoys:. , &OEKE[[ 809! dd. v j-E ddsEzdeidgiatf2dzdyz S 2 ¢ I 1§D (18085 © OB 9.

5, 1" dz2 sefr €d2 s. [ 1ldLdOyjdedz?y o' HRddzj dz@ Istedo Odzsfls' ftesyjifm' o ol
fteiHdils"oa. [/ 1' d sef! €d2 s. .0V tH' ddud S dls |0k asaiAs dzopudls @A dz' o j tefd |

6. 1 ' dz oMl €2 s.[ [ GMd HYjddzw MitekS ke ktkzHtssdh Ct®fdjCh o H
dste iz o Odgdzy ./ 1 ' dz sef! €d2 s. .0 VtEH'Idzdydzd C3.Is jOR Agstp=tzE 2 SR kZdz' o j tefcC

7.0 dz seam €2 s.( ) OMissmizo Odzdzy ' dzlsj cOCIsdodzse s ' o uls'Ody' R edhtE ¢S 2d3tss
1 Offlssfkzeo Odzdz? dzso 7 ' dai steBOY' 2cdzd R kjodesdese’ 2 Hd&zv OdzgOdz' L bz, *{fats]jSs iz
Isj rdzsdzs e ' ydzts gos) kw2 dedevte,fn d dg. IO QP2 ~ d2d ud . 61 D781

8. 1 ' d sofm €d2 s. [/ [ StdsdidCloft cisBM)RE. BIHEIL T SO fwLOClsdSd.

9. 1 ' & Sosn! Yue? OW fMstekSlkktcO® Oolkt®OdL Joso Odzdzts? T d figds sz /(& @/ /H | L) §
Isj rdzsdzs @ ' ydzs gos) tkwlZ' dedevte, i d dg. IO 2P0z ~ d3d ud . 1 D443.

104 " dz sofp! €2 s.[1. uwbtkzClkzttd MdMmlsj i3d ' dzlsj cOE s dezs O ts s H Y dzv a @ g
LHBBEIIY dzOkC, j Chydsdeetic dapdzd & O dga@kz € A S detyds’ S &8 . BBIs OBOIs f Ydzj ' drktise jfipzsCod@dz
Mmd3j dz' dzf2Gg038 ¢ 3 fy.

11.10 ' a2 sefy! €d2 5.[., 1 OoestetsHdzY u. 1. dlstczCIsktc® OolstsBOIsSdL 5o Odzts”’
1"z sefp €d2 s. . /1 " dzg 9 slsj oy dzts aff. y dutlsg) telz1 Bz 4 Qi s sz

12.) jHjtedzd S s [ . . rtsfrja'H oL tesBSCd RZSCtwhkf dzj dzdrm dested3Olsdo ' @ yoOmkz d
fosj Slszo Odzdzy JweOyY' (f 1 ¢ }Iumdpe j('\1ezsEisd Codf@Hs B dffmylsd®Odes / | jHjtedd Cs0 [
ftcOCIsdSC d.0 206R§ 531528 fy.

13.]OsGIStGISHde [SH J BHj dz¥t 9 Odgdz? ftesYyifMm' o YOy ZzO0 ' 9 dz tsB Y
sjndesdzse ' Yydetse s kdz' o jtemdlisj Is& 19988H76&&D0, 3. md3j dzr dzdy! €d2 -~ 2

141y O e stetsHdv W  u. ). ltetsj Sbdetso Odedy Isjrmdzsdzsedd IstelzHO. / 1 0ocBtotst
feOCIsdyud MS Ow & wisigligiz tegddg§ &'@30 2179 %R

15.f OL Oteykz¢ ¢ . 5. [tHjdz® 9 Odedzdv ftesyjfm' @ Oy . OoltstejW. wHdM. deO L
fir ¢ cdsiRisqsiol dydsd ®&BsHj dz¢ o Oz d dzy doff 9L ORBHEZ ML $98 .

1610Cfr]cfd342 R.J. RBBdOYydtdedetsj hBsH | deftetsg Odedffs dz® BBIRL M,/ 1POBMd di3j 2

17fjdadrntse ¢.1 . qilslz yddedz § Mo jlsldf ] ddrdmip) i, M1 japhul bd fz2 [ dzse g

H
1 0k¢ 0. 4@1301&411qu§qu2 ofp. 0
18.f jlssHdUud MSdj BGMmdtser destedidictse Odzd v /isiciej OF jot® B tis Ol S Is © dzi i dzts. diafs U0O - IS¢

19.f jIssHdUud MEdy ©jCd3idiOydd 6 t©OfMujlsk do ¢l dshkdf oijdgj dd ud
Steise MEsets, /. s BOFuhdataso SHMise j dzfets ]  § € i GategBebt40,M. 1989

20.f sh jdzmSCd2 . 1. JdCtest dzj d3j delsdz” § dztstedsOIsdor d dBilssHT dr EStk{
l]’tsisu;/ﬁjm;s@sg.dzfr]QqQ . 1. /0 30740 9d4twlign . 1975

211 OL OtejIstso 1. [ . vdrnddyd MSOW /ddid.IsSfO.yd YV OLdQitdsj] lsitstn) ,C s . 1s.dz. s bds; 1 SH
{ sBlsslsjrndzdc O d cdBCdi OolstBORJI di.toits o Wwlgds .j WHuffpsa dl s Hirfhdswodds. 4,. §lb9 8 6 .

22. [ Mmdeser ddzyj dzgj tedets? Y Mmdrsdsdd:. :/ I[r fiihsHd MRA.8,. M19.86. [ sditse O. ]

23.[ Wy 220 Mt 2¢O doMmsy’ Oy' [ u[Thew@M Askpsi@ionion Standartsang Résearth H ts ) dz
[[dZJClststsdzdzdﬁﬁp Iviany. ENGdng

24 [ W' y" 2dz20 Mmbstste’ dzS O A " 3 dzOte s inEsational MPBAPTSD Associatiof). J[ 1 [ pdkJ uSuldts s fzdzd 2 tcJ
http://www. modaptsorg/

25. [ W'y 2 dz0 Mls tsTaskMSstO20@Pd fp Islzjj & ds to ts dzdzoftp://wtsv. Bykhtarfickconmtaskmastehtm

26.1 jojosh dSCse 5. &. UtclzHso-59Q s ditiedsduy JiifS d 2( RYdss q ol tcjdgistis™ d Sl iz b XP. pdn. C
AuoHdBBztelsdd A 861 M7 4

27. ) tod d3j dzj dzgdj BOL SO ts?2 MdMmisj &3 RBICtost dzj Bj dzlsdz’ = destcdZOIsdotseo otcj d3j C
JibsHdyimSdy ®BjS sdj @RrROBEEHO, 1985.

281 ted dBj dzj dedj S1f Hd&v ©OMYjlsO dsteds btz O: [ jbtsrndyuimMSd) t6j ¢y dz
Jdemeéseots?2 [/ [jlssHr ©OMUJIsO detstedP ptcyj o3y Hzel KBz BIstsydzr §. dzd dedv 7 MB St6§

20.t j miteisme jtoj )y jdadd o IswWyjddisidd datf & diatzts fif ldatdrtdf jdetadedO B Oted Isdz" = L HJ dzd 2 :
ljtedwCtse, ¢.istQlasueis:. iB0L¢ M. 2015.

30.t slshsj2 dztetpj T Isdtetso Odedd B J L-B3PY §f Szidztizh 7 sy J detsazs€ 65 2 . / (s Ej2dz ¢
vl ndzd § @,1 8109 Ofip.

luOdzsBOSd dzZrR B IsOydsdedztsj BsHj dzdteseo Odzedy o S JjOsdOdasBORY tzOo gz Hed d
}ibtesyd def s, [ .8lf. . :1 teftsO hdzf cdztisfig 1OB 2 jOBd jf,. 1984 .

324 Cter § dzd € 1 - dolssBOIsdL dtetse Odzdz § fd milsj d3r BdCtetst dzj d3j delsdetse s ff
COfdlOddmisd uidSYry ddsdc OdzOn . | Sty dzs & 148 1128 lultgy.f.vtekzH, 1986

B.usdsdBidyjo S.[. vdkzOldodts] HtsjClsdtesoOdedj bjrndtszsedudi MSdrmr
Mdimsjudsjdzs Bj dzyj o S. [ ., | Ofpdidgd fpls ded & SOJd3ked) sicd Adad>Q .98 4

M. skztcl ts AL S [ilsHdC O tcOL tcOBsIsC 9 dzj Hicj dad W Bd Ctots1 dzj 3§ dzls dz" n
toj ¢ sd3j de@gefefs) A . ., 1 Odkkh OB st..:f . ,19/9RR @ dzso . 1.

35.zj K s0t52 ., skzsysts ¢. , 1 0B8CO [ . RBIISOyYydtsdedztsj d3tsH | dzd tetso Ode
Zjdz¢so2 ¢., s dtsfdamsgcken Germpn@ILARBIAMBERTAcademicPublishing2015.- 52 8 ).

36.2j &S sots2 .., ztetsd [ . 1., RAjdEB | .R., tELBIBBE 6.1 ., -uj dBBUd
ttyder 7 birdtsdzsedud MSdr fjttOoyd?2 o HENBHEBORIS B kO&ssT d o3 BOkddzss by
I df ,imM@es " &9 : 1uvuoiCGIRAia®, 2015.

7. CtkedtsBICO. lsBdi &3 ftodmfsmsedi ddy idgesgd2 Helsoz IfCdEgizsb gtk
421 fy.

2079004m | ' Mdzd § | w2v 2@m) we . 2 (



Referenceqtransliterated)

1. Aron E.I. Mikroe'lementnoe normirovanie i proektirovanie truda / Aron E. |., Kalitich &. K. :Tekhni’ka, 19838 89 s.8 (B-ka
peredovogo opy ta. Peredovye predpriyatii).

2. Bazovaya sistema mikroe’lementny'kh normativov vremeni (B$MNormativno proizvodstvennoe izdanie / golov. red. S.A.
Yurovskijd M.:E’konomi‘katc1989 r.d (Metodicheskie i normativny’e materialy®)

3. Bi'l'ovs'kij K.E. Anali*z vi*dkhilen™ pri sproshhenni” struktur rukhi’v v avtomatizovani'j sistemi’ normuvannya ta oplati.pr&z
I"ovs’kij K.E. /I Vi'snik tekhnologi*chnogo uni‘versitefu Podi‘llya, m. Khmel'nicz'kip 2001 #2 ch.® S. 1283 13.

4. Bi'l'ovs’kij K.E Analiz sistem normirovaniya i trebovaniya k modelirovaniyu proczessov truda / Bi'l'ovs'kij K.E //Ekonqrada :

[Zb., nauk., pracz".§ MO Ukrayini. Tekhnologi'chnij ust Podi'llya.d Khmel " ni cz ki g ViN¥® 19 $.50 9% a o

5. Bi'l'ovs'kij K.E Viznachennya vi'dkhilen® trivalosti® proczesi'v praczi® v zalezhnosti® vi'd rozmi'ri'v ta roztashuvannya zon
rozmi'shhennya prdmeti‘v. / Bi'l'ovs’kij K. E. // Vi'snik tekhnologi'chnogo uni‘versiteiu Podi'llya, m. Khmel'nicz'kip 2003 #2 T.20 S.

1610 164.

6. Bi'l'ovs'kij K.E Dosli'dzhennya struktur trudovikh kompleksi'v dlya pobudovi avtomatizovanikh sistem rozrobki normativi'v ta
normuvannya. / Bi'l'ovs’kij K. E. // Vi'snik tekhnologi'chnogo uni’versii@tWPodi‘llya, m. Khmel'nicz'kip 2000 #25 S. 695 72.

7. Bi'l'ovs'kij K.E Zastosuvannya i nteraktivnogo i'mi‘taczi'jnogo modelyuvannya dlya anali*zu trudovikh proczesi'v / Biijll§us k
Za-stosuvannya novikh i'nformaczi‘jnikh tekhnologi’j dlya anali‘zu, proektuvannya ta normuvannya trudovikh proczesi'v /I8ji Radks //
Vi'snik tekhnologi'chnogo uni‘versitetd Podi‘llya, m. Khmel'nicz'kip 20028 #2ch.16 S. 740 81.

8. Bi'l'ovs'kij K.E // Ekonomi'ka problemi teori‘yi ta praktild. Vip 124.0 2002ré S. 165/ 173.

9. Bil'ovs'kij K. E. Obshhaya struktura avtomatizirovannoj sistemy" opredeleniya norm vremeni / Bi'l'ovs’kij K. E. // \eldmilo t
logi*chnogo uni‘versitetd Podi‘llya, m. Khmel'nicz'kip 20000 #3ch.16 S.400 43.

10. Bi'l'ovskij K.E. Struktura sistemi i'nteraktivnogo modelyuvannya metodi'v ruchnoyi i’ mashimmoyi praczi: avtoref. dis. na
zdobuttya nauk, stupenya kand. ekonomi “chni kh nauk: specz. 08. 03
Khmel'nicz'ki;20038 18 s..

11. Bi'l'ovs’kij K.E., Zavgorodnya T.P. Struktura avtomatizovanoyi sistemi proektuvannya ta normuvannya trudovikh proczésw / Bi
s'kij K.E. // Vi'snik tekhnologi‘chnogo universitefu Podi'llya, m. Khmel'nicz'kip 2001 #48 S. 1126 116.

12. Vedernikov M.D. Dosvi'd rozrobki ukrupnenikh normativi'v chasu na osnovi® modul noyi sistemi mi‘kroelementnogo normuvannya ta
proektuvannya praczi- (MODAPTS) (Na prikladi® potocHmmveyernogo virobnicztva) / Vedernikov M.D. // Ekonomi’ka problemi teori'yi ta
praktiki. Vip. 1285 20023 53i 59 s.

13. Zavgorodnya T.P. Modelyuvannya proczesi'v praczi® na ri'vni® robochikh mi*scz’. / Zavgorodnya T.P., Mazarchuk A.Yu. //Vi'snik
tekhnologichnogo uni‘versitetu Podi’llya, m. Khmel'nicz kij3t219986 7606 80 s.

14. Zavgorodnyayar .P. Proektirovanietekhnologii truda / Zavgorodnyayarl.P. // Problemy e'konomiki truda Ukrainskayanauchne
prakticheskay&onferencziyad Khmel niczkij, 19936 238 27s.

15. MazarchukA.Yu. Modelyuvannyaproczesiv praczi. avtoref dis. na zdobuttyanauk stupenyakand ekonomichnikh nauk specz
08.03.02. -m&Etkeomatmi c kroe model yuva Khmelaioz'ki, 19988 A%st chuk A. Yu.

16. Maksimej I.V. Imitaczionnoe modelirovanie na E'VM. / Maksimej li\M.:Radio i svyaz", 1988 232 s.

17. Melikhov A.N. Situaczionny'e sovetuyushhie sistemy” s nechetkoj logikoj. / Melikhov A.N., Bershtejn L.S., KorovindSMa.
Nauka.Gl. red. fiz-mat.lit., 19900 272 s.

18. Metodicheskie osnovy™ normirovaniya truda rabochikh v narodnom khozyajstve. fdzuer@rabotanna® M.: E'konomika 1987.

19. Metodicheskie rekomendaczii po raschetu na E'VM norm vremeni na baze mikroe’lementny'kh normativov / pod red., S.A- Yurovsko
go, V.Kh. Pedro //Normativrproizvodstvennoe izdanié. M.: E'konomika, 1989 54 s.

20. Moshenskij M.G. Mikroe'lementny'e normativy™ i metody" ikh ukrupneniya dlya issledovaniya i normirovaniya trudovy kh-proczes
sov. / Moshenskij M.G. // Socz. Trud. 1985#30 780 94 s.

21. Nazaretov V.M. Tekhnicheskaya imitacziya intellekta Kn. 6. / V.M. Nazaretov, D.P. Kim; Pod red. I.M. Makarova. // Robistekhn
gibkie avtomatizirovanny e proizvodstva. Mikn.: Ucheb. posobie dlya vtuzod. M.: Vy'ssh. shk., 1986 144 s.

22. Osnovy' inzhenernoj psikhologi: / [ Pod red. B.F. Lomo@a.M.: Vy'ssh. shk., 1986 448 s.

23.0fi "czi “jna stori nka fAAsoczi aczi yi MTM dlya standamh).i zacz
[Elektrornij resurs]: http://www. MTM.org/
24.0fi "czi “jna stori nka AMi " zhnarodnoyi asoczi aczi yi MODAPT

http://www. modapts.org/

25. Ofi'czi’jna stori'nka sistemi TaskMaster 2000. [Elektronnij resurs]: http://www. Drshinnick.com/taskmaster.htm

26. Perevoshhikov Yu.S. Trudovoj proczess. (Inzhenark@nomicheskij poisk mery™ truda). / Perevoshhikov Y&.Sl z h e v s k- fi Ud mi
tiyaog 18697 4

27. Primenenie bazovoj sistemy™ mikroe'lementny'kh normativov vremeni (BSM) v organizaczii i normirovanii truda rabochikh:
Metodicheskie rekomendaczd. M.: NIl truda, 1985.

28. Primenenie E'VM dlya rascheta norm truda: Metodicheskie rekomendaczii. Vy'p. 4. / pod red. A.S.Dovby’, V.M. Ry'ssai R.P. Mi
uskovoj // Metody" rascheta norm vremeni na potochnykh liniyakh skébrkil.: NI truda, 1979.

29. Resursosberezhenie v tyazhelom mashinostroenii. Reinzhiniring krupnogabaritny'kh izdelij: monografiya /V.T. Lebed’, A.A.
Permyakov, A.N. Shelkovaj. Kramatorsk: DGMA, 2015 301 s.

30. Rotshtejn A.P. Proektirovanie bezdefektny'kh chelowelashinny kh tekhnologij. / Rotshtejn A.P., Kuzneczov RDK.: Te khnika,
19920 180s.

31. Salomatin N.A. Imitaczionnoe modelirovanie v operativnom upravlenii proizvodstvom. / N.A. Salomatin, G.V. Belyaev, V.F.
Petrochenko, E.V. Proshlyakov. M.: Mashinostroenie, 1984. 208 s.

32. Skry’pnik N. Avtomatizirovanny e sistemy" mikroe'lementnogo proektirovaniya i normirovaniya truda v razvity kh {stigi@skikh
stranakh. / Skry pnik N., Goryunov V. // Sodzud, 19865 #406 1126 117 s.

33. Solomenczev Yu.M. Situativhoe proektirovanie tekhnologicheskikh proczessov v gibkoj avtomatizirovannoj proizvodstvemeoj/siste
Solomenczev Yu.M., Vasin A.M., Klimov S.\8. Vestnik mashinostroeniya, 1984 # 38 473 50 s.

34. Turko F.M. Metodika razrabotki vnedreniya mikroe'lementny kh normativov trudovy kh proczessov. (Metodicheskie rekomendaczii).
Turko F.M., Balushhak R.G., Mikhajlov Z.\3. K. 1992 r.

35. Shelkovoj A., Klochko A., Naboka E. Imitaczionnoe modelirovanie v zadachakh mekhanosborochnogo proizvodstva /Avtory™: Shelko
voj A., Klochko A., NabokaE.lSaar br cken, Ger many: LAPLAMBERTAcademi cPublishing,

36. Shelkovoj A.N., Shron L.B., Ishhkn G.l., Ruzmetov A.R., Semchenko M.S. K voprosu o imitaczionnom modelirovanii mashinno
ruchny'kh tekhnologicheskikh operaczij v sistemakh obrabotki metallov rezaniem //Suchasni® tekhnologi'yi v mashinobudbvamnik.
pracz’i Vip.10,iKhar ki v : NTWUC.dKihlBl e, 2015.

37. E'rgonomika. Problemy" prisposobleniya uslovij truda k cheloveku: Sbornik statej. / Perev. spdiskMir, 1971 r.6 421 s.

1 sfis iz frefeiz@) 15.02.2022

41
2079004 | ' Mdzd € | wv 2@M} we. 202



]  Hsd&shls' fAb®ittheAuthGss' o /

ZJdzEtso 52 ldzJCfQGdzHﬁweII@\@)ﬁAtexizﬂébﬁm(isﬁ st Isjnrndz ydednrs dzOEZ ¢, ftosW
‘'dzZls i ctetse Odz sjndtsdzse "’ ’ BOh JdesBzH zZ9o Odadzr ' . [ . A. 8] BEO
fsdz sjrnde yded?2 Edz 9o j emdIls | 12893; edgil almil@hel@gmail.corls plaﬁIDOOOQCIO)(BM)M 945

4854,

1] OMOdzse [ Oc tsd3j H J o3 HisanoviMagiBediesiy i HidosS toy C(stste -ff JsH OR@EE typdis 2 tetsB
Isj nds ydzdms dz2OE€<, fosWi Mt COWjiHted Isjrdzsdzseg’ v dBBOh JdetsBlzH Z 9 (
dz ajtemMdlsjlsk ¢cmOe oy €Cd2  sdz' Isj ~-82088%8fmMailkidzajvikg@grimpd[dens Is € , 3.

1 OCtsostetsisdz’ 2 [ dzj ZékOvdzetry AlexamteRYargedich 1 A sCIstste Isj ndz ydzd s dzOL €, ]
COWjHied tsBYdMdzt 8 Odz! dzO0 ,I§ OYdz'sULD dzs @es f B s 6 F D dglz | @etledzts kZdz' o j ed s
Fdz 9 jtemdlsjlse, 3. MBELGeEmalacad@ideg : (097) 967

1 &ZO09 y4j 9 © 5 dz' WHldvafidvavdia) i Pl d to J ¢ Is stels 20zt gdzts ' ;| D'ys &k'da®lz] dzf e s
sjrds ydesets kdz o jtemMdlsilslkz ¢mOLs ™ oM &£lf. ssdAcfcd § tdzei@pedd 2 , & dzL § jote
yuliia.hlavchev@khpi.eduug https://orcid.org/0000:0001:-7991:5411

Jd IO dzj @ QRdztshedivg Valeri) 1 OMY " Gc@®OWzlsHted " dzlsj cteso Odg Isjmndesdzse’ ~ B3O
1 0y’ BdzOdz' desets Isjmdz ydesets kdz' 9 jtemdlsilslk ¢mOts afms Cd2- f sdz' [
mail: Valerii.Letiuk@mit.khpi.edu.ua

AdJHJdzsE & 1 &3] Is te 5 (FedersuloRiziytto)S ® 1 ' ©COWzlsHtcd * dzlsj cteso Odz' s n dzsdzs G’
I . A.8jdBBC0O0 10y sdz0dz dztsets Isjnmdz ydesets kdz' o jtemdlsjlsez ¢cmOtes ' of
mail: fedeniuk@gmail.comtel: +38(066)72039-28,

6

42 2079004m | ' Mdzd § | w2v 2@m) we . 2 (


mailto:alnikshelk@gmail.com
mailto:arcade@i.ua
mailto:yuliia.hlavcheva@khpi.edu.ua
mailto:fedeniuk@gmail.com
tel:+380667203928

urs 621.923 DOI: 10.20998/207904X.2022.2(6).06
s/RrRIfC1sd 41-Y., sflof2y1 1.r., JTouwr[?2vyr1rslf Cc-1., z2¢61 [

JYTuoRrRfuy ¢oAwe trrrRfwl tuwuydyrc 19 Jorsrm Jrtevduodm

[idd LOY' v fsyjmkz t' L Odedzr BO' o) dzdCj L g0y dadzw Hdzw B SOdstB B
J

CodeS toj dzlstsf totsdZtsy datsfls * . [W Cldodz Mls! dzjLtsots’ GBtesBSd i3J IO 9 (oW | O dadz

sfkddi LOY' ¥ od®EOECO odMmsSts’ wWCsms' of' 5 jlOftholpde sty dd] sk iz - © i ot

pdSBtedMlsOdgdzy MEyOMdzdr fesyjHEl kg LOY' . ' Hodh jdedgy W j %HS cho dats fiy S dzdat

ldL dOyj des, s o wewMmls' Ctdbjt' s ®wflsdBOod dshis' odmiskzf O | Etdes ditsfotd dzd o Yf

' L Odzdz" &zO 903Cd2 ojtMsOOR, MYtttdss Odats y' d sod2 W ikdS y' 1sdzOmE ' te d o) jHtg fighsf

5O ' dhlstlzdj dsO, &Oljtk' Odd ekted: o Odd2 kO '&mbmh%;@h@ml dzd 2 MY 2 @ By f
B o tof L OdpcdfMs HION ' J 2 dgs ‘ds® fwe

Cdeistez g delskz. [l L Oy W EJXd
6’ L Odzdz” f tso ( dadz’ LOBJLIIJLLIZS sd BOSHMdBEzdR MjtjHd ° (s Isd o dgdifsls j OB ®
sfldBOd dshls' sflkdd L0y v fesesHdl MY §t Sty dsdz L , o dideR] 2 atz® s Jv dz't
HjtjHd 2 WOSkduded?2 §jte' sH Mmis' sMls' ©' LOd dscts ' dflst 4@5&:“mmmﬂm¢wm
2O 9290%¢dn o9jteMisOlsOr tBLYBH dveofmw L O LOCtdsE | j2BLEzddezO. | fisOEas dzj gakzd 7 b
Uddzdzd S o, WC' eofdzdoOrlst WwC dzO fuesisOLS OdafiZYH o dSMOLdzd B deCq dgsjcL ki ISHPISO B taks Wptigk
HilsOdzj?2 fted odL dzOYj dede’ 1©OY' t5dz0cd ded R iy g o ' L Oded owORBok’ ! MW KOSt
szt Yo ' Gffdstfa®:l Oy v, teixdBd o' L Oddzv, 903¢d2 o jthlsoOl, Stdlkjt' 2 tfldds

OsrHSdZ s ) dats'  LL Gortzdla
¢

N'
T &z

KLYMENKO G.P., KOVALOV V.D.,VASYLCHENKO YA.V.,SHAPOVALOV M.V.,SHERBAKOVA A.YU.

OPTIM IZATION OF CUTTING MODES ON HEAVY MACHINES

The optimization of the cutting process is of great importance for metalworking in ensuring the high quality of produntseasthg its
competitiveness. Increasing the efficiency of metalworking is based on the designation of optimal cutting parametetsrritined that the economic
criterion is the criterion of optimality: discounted costs, prime cost and productivity. The objective functional ofdbetdiscosts and productivity which
considers feature of cutting on heavy machines is generated. The limitations of the design of the machine and toolrialcaakdrtatd material, tool life, as
well as the limitations caused by the quality of the tool operation is taken into ad®©ptintization of cutting modes is carried out simultaneously by two
variables- feed S and cutting speed V. Optimal cutting modes should provide the maximum average productivity and minimum avetdage\cerst.
optimality criteria are used, optimization is performed for each of them. The final decision is made by comparing tlievaliamerhe average actual tool
life is a random value. It was accepted that the durability period of carbide tools on heavy machine tools was distididiegl tacthe Weibull law. It is
established that the cutting process is characterized by a large number of interrelated factors influencing both the toeinssat of the procesalith
increased requirements to the stability of the technological process of machining ahgetermining the rational cutting parameters, the tool reliability is
also taken into account

Keywords: cutting parameters, heavy machine, optimality criterion, discounted costs, productivity.
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STEPANOV M.S,, LITOVCHENKO P .I., IVANOVA L .P., IVANOVA M .S.
STUDY OF THE INFLUENCE OF THE WORKING LIQUID TEMPERATURE IN THE SPINDLE BEARINGS OF A CYLINDRICAL
GRINDING MACHINE ON THE ERRORS OF ITS POSITION RELATIVE TO THE PART BEING MACHINED

The article presents the results of measurements of the ambient temperature around the working cylindrical grindinglonaghthesworking day.
The analysis of the behavior of the grinding head spindle of different cylindrical grinding machines during the workesfidtrieed, namely the results of
experimental studies of the displacement of the front and rear ends of the grinding head spindle of cylindrical grintieg anagresented. The analysis of
influence of temperature of working fluids in spindle bearings on its displacement is carried out. Possible changesnietitie gfeape, namely, conicity, of
parts machined on cylindrical grinding machines have been established.

Keywords: cylindrical grinding machine, front and rear grinder bearings, workind femperature, spindle displacement.
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KOVALOV V.D., KLYMENKO G.P., VASYLCHENKO YA.V., SHAPOVALOV M.V., KOVALENKO A.V.

OPTIMIZATION OF CUTTING MODES ON HEAVY MACHINES

The work is devoted to improvement of the design themd development on this basis of adaptive hydrostatic supports of new generation, as well as
development of methods for optimal design of spindle assemblies and guides with such supports. It is established tfdiuiteftsiEon modes in heavily
loaded nodes is very relevant for heavy numerically controlled precision machine tools. Hydrostatic spindle bearingénahneaigeththes, in which the
required accuracy of rotation is not provided by rolling bearings. An adaptive system for controlling the pressure kethefdoarostatic supports and the
tensioning force of the positioning drive has been developed. The system makes it possible to adjust the transfer duexthmerhe possibility of
oscillations by rather simple means. By means of the system the accuracy and productivity of machiningauttimgtalachines of different technological
purposes is significantly increased. The reliability of the supports is increased, since the throttle elements aredaringtaperation, which prevents the
throttle gap from becoming overgrown. Stiffness and Joearing capacity of the lubricant layer are increased. Debugging work on setting the working
pressure in the support pockets is eliminated. The mechatronic system of adaptive control of pressure in the pocketsitaf bymhdie assembly with
increased accuracy is developed. Adaptive regulators of support power supply systems with spindle position feedbacldeaempednA new design of
hydrostatic bearing sleeve withiili-in capacitive clearance sensors is developed

Keywords: adaptive control, heavy machine tool, spindle assembly, hydrostatic supports.
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TECHNOLOGICAL REGULARITIES OF IMPROVING ACCURACY AND PRODUCTIVITY OF MECHANICAL PROCESSING

An updated mathematical model for determining the elastic displacements that occur in the technological system during, nvhatfirsummarizes
the analytical description of the elastic displacement during grinding and blade machining. This allowed us to estabissnthtést elastic displacements
can be ensured during grinding by significantly exceeding the speed of the cutting speed during blade machining. Hoeeergy thensumption of
processing is much higher (up to 10 times) than with blade processing, which limits the technological capabilities gf hedafore, in finishing
operations to effectively use the technology of blade processing. This is especially truesgdadtcutting technologies, which from a kinematic point of
view are not inferior to grinding and provide a reduction in elastic displacements, energy consumption and increaseadfieandcproductivity of
processing. It is established that processing of openings in several passes is expedient to carry out drills withmatienss idiereasing diameter on passes.
It is shown that it is easier to ensure the required accuracy when boring than when machining with axial tools. By ledljiag buen greater increase in
machining accuracy and productivity can be achieved.

Keywords: elastic displacements, technological system, grinding, energy consumption of processiagebihutting
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SEVIDOVA [ K., SHELKOVOY A.N.,RUDNEV A.V., GUTSALENKO YU.G.
EXPERIMENTAL STUDIES OF TEMPERATURE OF DIAMOND GRINDING OF HEAVYLY PROCESSED MATERIALS WITH SOLID
LUBRICATION

The influence of hard lubrication on the processes of diamond grind®pgnd diamond spark grindin®$G) of hardworking materials hard alloy
VKB, titanium alloy VT22 and heaesistant stainless steel 10H11N23T3MP was studibé. conditions of the performed experimental researches are
describedThe evaluation was performed according to the parameters of the surface roughness parameter Ra of the postcontactTigknitenstsieund
that the wuse of solid lubricants (SL) based on st ear i-contagd teinmratfrsemdo) a
roughness 1.3é 1.6 times with diamond grinding of all ognR¥dnd Ppkdoesdotst ee
change, but their absolute values increase in 1,1é 1,5 times.

Key words: solid lubricant, diamond grinding, diamosgark grinding, roughness, difficttth-process materials, pesbntact temperature.
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fruolroefr.
] MOk’ fso jHjdd?2 OdOd L & lsjOlbtedds HYyjtejd wed2 ftAeQelgr djt® don tff
h2C o90d & o' Hyjdsttseodr d&OMsM' o. |tdd thdseOd &0 odSstediyQds dzf © 5t
ZzOdzj j dedz? C B ' deso Odzdrn s5Ctedls) , L f B8 Yt ld2CiBNAE ®BH Hstsdal B if jodzlr j ] dey 4§ stc' o d
Ldzsfsils' 26" Mls: o20%Ct o' HHOLY fjtejoOck bksdkk, yd '&'"sBz &jssHE.
r sfndz’ vy j dedew 3 dzO 2800 o fipls O tep tetlzy detw f AN 5 9 OEtso d2 L detsfy Stekegdzdm LEOLE ' ® L ° h
skzteB ' dzded 32 BOMdzBR®BS Isso ddsd o C ZOHdh Odsd  * H M dof SlEf@H ph &€, ts oL Oldzda¥5 (@ BL) d fas' dgrhjd
o' Hitseo ' Hdzs ®» 2,50 ' 4,41 t©OLd dz % )MisOd] L4OBM O Jipda0 iy jdkjsdelodm 9 Iz’ tso3 jOls ¥ H teizh h
+ JUAf. ] Mfety yYjkelk d d2 2dzd2 Ldesh) Stkeddf LLOLS' o hd WiRgBlts” fMHlsBE o4k
fMlsOdz® 40 mt+ g dpdzv A rwf (fs+S) + 1onf. Yted Yy sz Blze odL dzOded?2 dzO2 d3j dz" d 2
[ 885 Mitttdico Odedd3, o HfiBeo Hdes dz2O LtOLCOR L' MO 30m13 ° 40m ' GBtetsedzj
b O L FOLOSkjtelz L& dd o df 2desets Ldasikz CtkeddR L©BOLS o oM" EME@@L C4 6 mint
9' HBEZOO' Ist qw B' dzr W ' dzlsj dzfd wdesp  dalzth sz dc@diatiz, MY Ssp ' 2 fdalzt s2 v, MO B dz
iSMitd dgy' Ozt dgz L Oczj 3 dz' Mls! . 1 02C©ON 58 L dzgsMismls' 2C° Mlss o sdzsH ¢ HydvL B8O LK
"Mfdls* e MEEZOHO® 0,9 * 1,1 BB, o HYtse Hdzs L' MlsOd 30m13 ° 40m.
l Oesod?2 ' d2 dz 2dzd? Ldesfp L©OLS 9 L MbOd 40m BJL LB ydaif detlztss iz b ozt H2 &
Codelstels' dztsds L lso jtoHtsets Mf zOoak 1 s8 o Edktso ORF twmdasets L d3ON j deliew dads dzHLiz fstisO LOH
Ok 40m L fStedislswd3, dz0dgdB) dad d3cz@kf) s st dzts [ W A IS ZOHIEY AT Hdets dz@ 77,8 °
sBtesBC 58 -CBpwf+ (QAIAN], o' HYiBSeo ' Hdes dzO 98,0 * 71,8 %.
sdzs yseo ' offdatpjQ@ilstetse d2 dzOftsf, hd2¢d o90d o, " HhdfddS CtoL Odedgv, JjdzjSlstets’
Ldetsfy, dBOM Jdz@ Isjtelsw.

TARELNYK V.B., PIROGOV V.O.

INCREASING THE DURABILITY OF CENTRIFUGAL PUMP SHAFTS BY COMBINED METHODS.

The article analyzes the literature, which showed that in recent years there have been new technological methodsrohgtteagthdace layers of
the centrifugal pumps shafts necks. They are based on the use of environmentally friendly method of electrospark apyasgn@tation, application of
combined coatings with molybdenum disulfide (Mp$oatings of AIC-B) and without comparative tests for wear resistance is difficult to prefer one method
or another. Studies -@foundthatthefweightwear of rounthspechmens ef palishefl steel 40X, in contact with lubrication of turbine
oil T-22 with babbitt inserts of the sliding bearing according to the schemeifidisit", 1.15 times greater than steel 30X13 and, respectively, 2.50 and 4.41
times than 40X steel after cementation by ESA (CESA) +aiwasive ultrasonic finishing (NAUF) and ESA (Mo + S) + NAUF. In turn, the linear wear of
polished steel 40X round samples is greater than steel 30X13 1.09 times and, respectively, 2.83 and 5.85 times thaaftste€EEX+ NAUF and ESA
(Mo + S) + NAUF. The lowest coefficient of friction was recognized as 0.025 and 0.030, which belongs to the coating &frMe8, respectively, on
samples of steel 30X13 and 40X and treated with NAUF.

Analysis of the linear wear change nature of steel 40X and 30X13 round samples, both hardened and not hardened, shoaepldmfist have
more intense wear, which after 2 hours of abrasion slows down, becomes more stable and at first glance resembles @ependetie. Samples
reinforced in the sequence ESA (Mo + S) + NAUF have the best wear resistance, the wear of which after 8 h of testslis 019 arsdm, respectiv
30X13 and 40X.

Weight and linear wear of 40X steel specimens without hardening is higher comparedemfmned 30X13 steel specimens tested in pair with BK8
counterbody under conditions of abundant lubrication with 140A industrial oil, by 21.7 and 14.2%, respectively; in comwgtarsamples of 40X steel with
a coating applied by the method of ESA compositior@M) followed by NAUF, respectively, 77.8 and 84.7%; and 30X13 steel with similar treatment of
ESA (AI-C-B) + NAUF, 98.0 and 71.8%, respectively.

Key words: centrifugal pump, shaft necks, plain bearing, electrospark alloyingali@sive ultrasonic finishing, wear, friction machine.
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1 MisOls! § fJteso jHjdz OdzOdzdL zdlsj tOlskztedsr 1 dMmlssydzd ¢ 9, fc5¢OLOahd2, Yls
ECtej fdzj dedv (o jtrndesfisder » Mmdzsjo hjji¢ o0dse yjddstesBiyder n dOMmMsmse . J da
Ldzj CbtetsdMCtesotsets dzj edteso Odzdw (CR[) (yj Bjdsoydw, dOdzj f)pded jf £istatilafdizd tefisofigl
CB) d BJjL ftsojHjddw McOodedlsj dzt dz 7 dMfr lsOdzed?2 dz0 dL dzsmsMmiss2 CsMmis! IstclkzH dz

RfMfdzi Hiso Oded ¥ 3 dzO -ROW &) e dzbs & jlzgedzts, v Y5 o j Mo dLdetsf) Ctkedzr 7 BBKOL Yt
Efezse dw s MKOL S J s ®e didzde’ B B afGfisdzts ds s o § dzOH -9 ©a@H r1hse | f o M, jlds tgGLddnSe tsdz h j
fetslse jIsfjlse j dzdets, © 2,50 d 4,41 ©OLO yYjdB MisOdd 40m §tshdi yd Bisds®sdds $Bj
(svnaf) d SR (fB+S) + 1unf. 1 fMmets ByjtejH! dzddsj2der 2 dL detsfy Ctc@c tzOE OtsH Ie
fstslko jlsMiso jdzdes ®» 2,83 d 5,85 ©OLO yYjo& MsOdd 40m (Mo ASR[f+suvaf d €
stej dzdw 0, 025 d 0,030, {tcdsz0mizisE@st o Prztizsdilsd st j kRBo j dadats, dz0 BELOL Y
1 UAJ .

O dzOdzdL R O®LOCIjtO dL d3j dzgj dedw dzddzj 2 dese s dL desMO Ctwelzegdzr 7 BKOL yo Ofz, Mls
ybsts E ofjn ©BKOLYss MdzOYUOEO ftetsdhntsHqls yDidspj MdsdtlsOddy § o dzrOB] di it fis W § s ktiste
fjteotsd ftdeddyjddd &OfsdddOjls 1 ShMftdj dydOd dzs L OsdhndEsmls: . 1 0ddkzr
fsmdj Hise Olsj dz desflsd SR (f&+S) + J1uAf, dJLdGESH Csktter 7 Mo 18  40mMOi] d

l jmMsets?2 d dddzj 2de"r 2 dL dzsfp tsBtcOLyYyse dL MlsOdzd 40m BJjL bESCtjfdjddw BfsC
Cltster j dMmyfrlsr 90dkzdfm? o O] f Ctdbstlsjdsd L ks jteHiset M zOs @ jlisdnds o g danAg

@O 21,7 d 14,2; 5 MwOody ded® f sBLOLYOKR] dL MlsOddc-BIOM fif g szl j
fsslse jsMise j dzdgs dz®@ 77,8 d 84,7 % d dL-CBBOdd 1ML IsislsO zBdgsd § Yalias? 8 cOB

sdzs yjor j yfjdisac®s j 3 dz' 2 &OMtsh, " j2¢d oOdtse, f§sHhdfddS MSsd yjddy, L dj
Wqdzdh &zO" BEOBBISS O, dLdsh, &EOhddO Istej dzd v .
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Il MsBAfsMisOdztso C Of. f EB®fdedz? tsLodlstsS Isjrds ¢d MkzftesotsHyk' s
BOhNddz SO BjrOde L3 ©, WwWC' dzgjte’' HECts fteOyesils: fted odMmtsCdn
Ed@iso CtsttsL ' 2dtses, OBwOLdodtses IsO " dhdr odH & ofdzdek tiBHt
tsLodlktsS Isjrdz € HBM' 2H] o hMdsodsdkkz hdveatd, L EZdgse dj
Y! sz hdzv Rk twlststeds BOhN ddad 0 Bj R Ode LB, H' OfOLtsdz § OtcOds k
YOMsslsO tBjtelsOdedzy toslststc’ 9 Lkdz stcOyj delstedW z¢6, B Ctoslskztes
fslsky dz Mmis: btmasuomstQQBWGwycwa dg' dpodf@dz'dalzchr ted®QB BGted Is* o
BOMd twolsste' 9 fOseadn O ¢ memwzhwmys$¢mmBM@UWWEMM$¢m$d
Isojtendz hdfO tsksttd® &GO ojdzdCkE Ctkydkz hodHC' Mis: 9
Hsf Emisddsdr di3i olkteOls (slsky dsils® ZO Isjtlsw L OLBt d Yy dchd3<
GOLBots’ ROMIsddkzO. [ Ombdd dzd?2 hOte ftsoddzgjdz dzaj Is' d&z €d Ldedykz
dzO o Odzls Oy j dzdzv , iWjiSldodss HjBIfWEZOOd CtddeOddzr hdfoO. 1 0
dzj 8B~ ' Hdzts® dzgj Mzyts® IsO HjBYWEZE ysr L HOLA Mise, HBoGete  ydz' Mk

dbdzOdz' L BfMlsOdzdz’ 7 HEMdZ HYjd@ ' fGked SOy 2

[MmMdeso dad i3 j dzj d3j delsOdsd o Odz' @ tetslstste’ @ o' HYyj destesadnr dzOft
sktsykzs ysets MjtejHsadh O ° hd2¢d ' v " HhdfdedSd CtsoL Odzdzy (
Cls' dedg", BBy StdzjMO, hC' oad, LOZdMde olskdsSd, @oq o dglz W k

{ sLicsBC O IsO oftetso OHY jdadzw jWjiClsdoe dedr Isj A desdz 2 ftso j
dzj SBR' Hdz Miss jStdsd @ Hotwsedl § tfd iy tgdkl &3] dggs @tmg@@omoq
My smse' © odte' " jdedg" y' 865 L OoHOddY ' L OMlssmizoe Odzdz? s j A ¢
Cdzyj delstotso Odz' fslstsCd jdzjtec” (slr): §&zOL ke dzOf d dzj dzdg™
dzj o' o dzgso Oy dzgd m Lk dBse OR dZOGtG ok SO BrRtdtHYjddY fttd tBtetsBY'
ftod IteOHdyYy' 2ded” d3j IstsH OR Jtod3' ydesegts IsO d3j mn Odg' ydetsets o ff dzd o &

r s mMzyomdeds o3 IstsH ' o q’sa;tra:dz;ats’ sBtesBCd BilsOdzioadrn ftso
s HBL9tdY' Gsltedd@dlzeo Old o jten daiz ~ Oftds g 3] tc 6 OL sl dzs & @rtkze dzd]
ZO dZOdetstc” o dz' [ 8] .

I st adgvdets L SeOHdyY 2 dedd3d Isjrmrdegsdzse’ W dzd o jtemdzj o8G5 L O
sy d OHGEjL' ", odddCdaj dedz? dzjoj zdSset Isjf dzcosets W sdk
KO cdzysSd?2 kjodsdzse ydzd?2 ftesyjf, JjCtdse ydzd BjLfjCO kO

2d26¢d 90dk & 1s f§soddd &Od Ldshshmks' 20k tsstsykz §sejt.n
h Otk Glseddzy 5! idyjlatgriEs® uha}f. [J10shlsOdds t©s5¢d oj Sk §s{
LO2 RO Is! fw L ds' ydzgj dzdz" 5 §tso jtendzjodn hNOL' @ HjlOdj2 L &jlts
aqgsmzssJ jdzj Sltets’ MCtetse d d3 dzj-& bzl 1© tizbzeg iRASORIAY ( btso d o5 j dzj S stetsk

10k 6l5] 13tshd HYykzoQeifiOdf BT fif 56 j entsde , wCd2 KO dag
seOHdyY' 2dedd3, L H' 2fde 8 Odzgd BB RBJ IsH W mbEw d dgpazdetzd B3 0 % J iz o C
fsojtendsd ; § Hodhjdadzw lsojtntsmls' e taraEduwses OdEE §Hgjssd "
S Odzr dzs’ tBtetsBSd (dzj Glzo Odgdpy (Bsy dz® L H' 2fder 9 Olsd o flstsa
fsojtendd HjlQdS g tstO] fleas o 2 ‘el v jidej BT Y 6OL §©6ER ESHH6z Ml

1 ' H YoM [wf CcwOW ksodd jdzjShktesHd L & ydzj dede" -cfQely’ teonddg -
fesyjMm o, wWC' (sdvecOsls: o d&sCOod dskdkz &Ondyj dd d) abkd
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STRELCHUK R.M., SHELKOVYI O. M.
SIMULATION OF THE INTERELECTRODE GAP IN ELECTRICAL DISCHARGE GRINDING WITH CHANGING ELECTRODE
POLARITY

In this paper, an experimental study and simulation in the Simulink graphical environment of the interelectrode gapduwEmsle grinding with
changing polarity of electrodes of diffictt--machine materials was carried out. Based on the experimentally obtained oscillograms of currents and voltages
in the cutting zone, a simulation model of the interelectrode gap has been developed. The model implements a nonlireae aépleeadctive resistance of
the interelectrode gap on its value, which makes it possible to take into account the influence of the interelectrodemtadiyparameters of electric
discharge pulses. As a result of the analysis of the experimental oscillograms of the currents of the working pul$esnd thas the electrical processes
occurring in the interelectrode gap during electroerosive grinding are oscillatory. The environment in which these fakegises can be represented with
sufficient accuracy in the form of ashaped equivalent circuit, which includes active resistances, inductances and capacitance. It has been established that th
active resistance of the interelectrode gap depends nonlinearly on its value. Timeaastjuare deviation between the calculated and experimental current
and voltage pulses, referred to its steathte value, does not exceed1B2o. The found valuesf the equivalent circuit parameters made it possible to obtain
a Simulink model of the interelectrode gap in electroerosive grinding. A good agreement between the calculated osditagradhsdhe Simulink model
and the experimental ones showed that the developed model of the interelectrode gap during electroerosive grindingaielieraflects the real electrical
processes occurring in the interelectrode gap.

Keywords: interelectrode gap, current and voltage waveform, equivalent circuit, electrical processes, simulation model.
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NOVIKOV F . V., POLYANSKY V. I.
DEVELOPMENT OF THEORETICAL APPROACH TO DETERMINATION OF CUTTING TEMPERATURE DURING GRINDING AND
CONDITIONS OF ITS REDUCTION

The paper develops a theoretical approach to determining the cutting temperature during grinding and the conditieasdaséstaking into account
the balance of heat leaving the chips and the workpiece. It has been established that with an increase in the corttaetiimeelafith the material being
processed, the cutting temperature continuously increases, asymptotically approaching the maximum cutting temperaidetetniched by the ratio of
the conditional cutting stress to the specific heat capacity and density of the material being processed. Basedsoprdipisséd to consider the maximum
cutting temperature as a new universal technological processing parameter that determines its potential and allowsvesiopsningchining methods
according to the temperature criterion and choosing the most effective of them. On this basis, the main direction oftredudtingy temperature and
improving the quality and productivity of processing is substantiated, which consists in reducing the maximum cuttinutertpéra level and below the
melting temperature of the material being processed. This makes it possible to carry out grinding with a significanigneagiaicity with virtually no
increase in cutting temperature. It is shown that the main condition for reducing the maximum cutting temperature éstte reghditional cutting stress.

Keywords: heat balance, temperature criterion, quality and productivity of processing, conditional cutting stregsednigbrocessing, part speed
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TIMOFEEVA L.A.,VOLOSHYNA L.V, TIMOFEEV SS,VOLOSHYN D.I.,,KOLESNYK M.A.
SURFACE MODIFICATION OF MACHINE PARTS AND MECHANISMS IN THE CONDITIONS OF FRICTION AND WEAR

The issues of surface modification of machine parts and mechanisms in conditions of friction and wear with and withtbet die¥elops that work.
The dependence of antifriction and friction on the special state of only the surface layers of friction parts is cdhsideneshled that the structural changes
that occur in the surface microlayer of conjugate materials, the formation and destruction of secondary structuressie fespgba nature of the friction
node. The authors propose to create on the friction surface such protective coatings that have properties and mectianisarreponding to secondary
structures in order to be able to control the phenomena of antifriction and fractionality in the friction zone of coajtmyafbgaim of the study is achieved
by processing irorcarbon alloys in the environment of superheated steam of aqueous solutions of salts. The optimal parameters of thealguiuoeisg iof
forming coatings during vapor oxidation are selected. Laboratory tests of different chemical composition of the forngedncthetitribotechnical properties
of friction steam were carried out. During the study, the authors concluded that by establishing a qualitative andvegu=fdiiatship between the
composition of oxide coatings and their tribotechnical properties, it is possible to change the conditions of the ftiét@n antifriction to friction, using
the same structural materialsferrocarbon alloys. Thus, complex oxides, which differ in chemical composition and structure, which are coatings on
ferrocarbon alloys, can significantly affect the thermomechanophysical processes that occur during operation and aiooviiein in the presence of
lubricant and without it. Coatings formed on the surface of ferrocarbon alloys in accordance with the operating conditians tath friction and
antifriction properties.

Keywords: antifriction, friction pairs, friction surface structure, protective coatings, saturating medium, aqueous salt solytion eddiments, oxide
coatings, wear, tribotechnical properties
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YURKOVETS V.., VISLOUKH S.P., ANTONYUK V.S.

THE ASSEMBLY SEQUENCE OF AXISYMMETRIC DETAILS SIMULATION

To ensure the reliability and accuracy of products, an automated construction method for the as=mmeblye of higprecision axisymmetric
products is presented. The work purpose is to verify the acceptabilisingf an oriented assembly graph, which includes adjacency and incidence matrices,
for structuring and planning ththeoretical schematization of the assembly technological process. The considered method coincides with a possible
mathematical implementation of the problem. The specifics of structural modeling and the assembly procesghesimgtical methods were assessed. The
technique of creating graphs reflecting the relationship between detdilthe assembly process is considered. Solving the tasks of the automated assembly
process is performed usimggorithms and computer software based on graphs constructed in matrix form. The achieved resulisosgikkeito adjust the
sequence of products assembly in téak mode, based on which it becomes possibleaaitor parameters and control decisioaking when planning
assembly processes.

Keywords: mathematical modeling, axisymmetric parts, automation of assembly, schematizatiorasgehwbly process, adjacency and incidence
matrices.
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