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30Ha KOHTAaKTy SBIIE€ COOOI OOJACTh B3a€EMHOTO TPOHHKHEHHS pi3albHUX KpaloK B
00poOIIOBaHMI MaTepial i BUCTYIIB MaTepialiB B MPOMDKKH MK 3epHamMu. Jlo mapameTpiB cTaHy
30HH BITHOCATHCS i1 po3mipu 1 (opma, CHIBBIAHOIIEHHS 3pi3aHOi 1 HE3piaHOT YaCTHH METaly B
KOXKHIA oOnacTi 30HHM, (i3uMuHI mpouecu (OPMOYTBOPEHHS B TOMY YHCII: CTPY>KKOYTBOPEHHS,
TEIJIOBUAUICHHS, IUIACTU4YHI Aedopmaiiii oOpoOIIOBaHOTO Marepiaay, 3HOC 1 pPyWHYBaHHS
IHCTpYMEHTAJIbHOTO Marepiany, ¢Ii3uyHMiA 1 XIMIYHMH BIUIMB Ha Marepiald MacCTHIIBHO-
OXOJIOJKYBAJIBHOI P1TUHHU.

JIo BUXiIHUX 3MIHHMM 30HHU BIJHOCSTBHCS CHJIM Pi3aHHS, NapaMETpH TEIJIOBOTO MOTOKY,
MOJIsl PIKYUYUX MTOBEPXOHB 1 MOJIIB BTOPUHHUX MPOIIECIB, MIBUAKICTh 3HOCY a0pa3MBHOTO MaTepiay
1 psiT IHIIMX 3MiHHUX.

Posmomin TemoBux TOTOKIB, (I3MKO-MEXaHIYHI BJIACTHBOCTI OOPOOIIOBAHOTO  Ta
IHCTPYMEHTAJILHOT'O MaTepialliB B 30HI KOHTAKTY.

Y crarti poO3INIAHYTO aHajli3 3aKOHOMIPHOCTEHW BHIAJCHHS Marepiany, poOoTH 1
pyWHYBaHHS, OMUHUYHUX abpa3iBHUX 3epeH. BUpIlIeHHs HUX NMUTaHb B KOMIUIEKCI 3 BIIOMHUMH 3
JITEpaTypH 3aJCKHOCTSIMH JTIO3BOJUIIO PO3TIISIHYTH OajlaHC TIEPEMIIIeHb Y TEXHOJIOTIYHIN CUCTEMI,
pPO3pOOUTH IMHAMIYHI MOJENI BUAAJICHHS Marepialy 1 3HOCY IHCTPYMEHTY, YTOYHHMTH ICHYIOYi
METOJMKH aHATITUIHOTO PO3PaXyHKY MapaMeTpiB MOPCTKOCTI MOBEPXHI 1 TOUHOCTI (hopMH.

Bun orpumanHux cHiBBiIHOIIEHb O€3MOCEpEHbO MOKA3ye, IO 3HAYHA YACTHHA CTPYIKOK
OCBIYEHUX PLKYYUMH KpaWKaMH, IO KOHTaKTYIOThb 3 MIOPCTKOIO ITOBEPXHEIO 3aroTOBKH, €
KOPOTKHMH 1 HE CTUKAIOTHCS 31 3B'3KOI0 JI0 BiAPUBY BiJ Tijla 3aTOTOBKM HaBITh 0€3 ypaxyBaHHA iX
YCaKH.

OTpumaHi CHiBBiAHOIIEHHS MOXYTh OyTH BHKOPHCTaHI 1 NPH BUPIMIEHHI BiAMOBIIHUX
3aBaaHb NUTIGyBaHHS TIepuQeEpiero Kpyra, HaMPHUKIaa, Kpyrioro nutidysanas. [Ipu Giabn giTkoMy
ONHUCI Tpolecy HeoOXigHO Oe3rnocepelHb0 3aCTOCOBYBATHM  HECTAIllOHApHE YSBJICHHSA 3
ypaxyBaHHSIM JOJAaTKOBHX HECTAalliOHAPHUX, BHECEHHX TPAEKTOPISIMH pI3aJbHUX KpaHoK K
¢yHKUI{ KyTa MOBOPOTY KpyTa 1 AeTail B mpoIieci iX B3aeMOIii.

Knrwuoei cnosa: mponec CTpyKKOYTBOPEHHS, MaTeMaTH4YHA MOJIENb, aJMa3HHH KpYT,
JeTanib.

Strelchuk R. «Modeling the interaction of a tool with a part during EDM grinding with
variable polarity of electrodes in the cutting zone»

The contact area is the area of mutual penetration of the cutting edges into the workpiece
material and the protrusions of the materials into the gaps between the grains. The parameters of the
state of the zone include its size and shape, the ratio of the removed and not removed parts of the
metal in each area of the zone, physical processes of shaping, including chip formation, heat
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release, plastic deformation of the processed material, wear and destruction of tool material,
physical and chemical effects of lubricating and cooling liquid on materials.

The output variables of the zone include cutting forces, heat flow parameters, fields of
cutting surfaces and fields of secondary processes, wear rate of abrasive material, and a number of
other variables.

Distribution of heat fluxes, physical and mechanical properties of the processed and tool
materials in the contact zone.

The article examines the analysis of the patterns of material removal, work and destruction,
single abrasive grains. The solution of these issues in combination with the dependencies known
from the literature made it possible to consider the balance of displacements in the technological
system, develop dynamic models of material removal and tool wear, and clarify the existing
methods for the analytical calculation of surface roughness and shape accuracy.

The form of the obtained ratios directly shows that a significant part of the chips formed by
the cutting edges in contact with the rough surface of the workpiece are short and do not collide
with the binder to tear off from the workpiece body even without taking into account their
shrinkage.

The obtained ratios can also be used in solving the corresponding problems of grinding with
the periphery of a wheel, for example, circular grinding. With a clearer description of the process, it
is necessary to directly apply the non-stationary representation, taking into account the additional
non-stationary ones introduced by the trajectories of the cutting edges as a function of the angle of
rotation of the circle and the part in the process of their interaction.

Keywords: chip formation process, mathematical model, diamond wheel, detail.

Beryn

Jl11s po3kpuTTs (Pi3UYHOI CYTHOCTI TPOIIECY eNeKTPOePO3iitHOro anMa3Horo nutidyBaHHs, B
SKOMY 3arajbHHUN e()eKT BIUIMBY CKIIQAAETHCS 3 OKPEMHUX SIBUII, IO BiIOYBAIOTHCS B MiKp00O'eMax
32 YaCTKU CEeKyHIU (anmasHe nuTidyBaHHS, €JIeKTpOepo3iiiHa MmpaBKa), HEOOXIAHO MOCHIKYBaTU
came IIi MikporpouecH. Y pasi anmmMa3zHoro nutidyBaHHs JIsl BABUECHHS MPOIIECY pi3aHHS HEOOXiTHO
JOCIIIJKYBAaTH MIKpOPI3aHHS OKpeMUM 3epHoM. [lepeHocsun noTiM pe3yabTaTi, OTpPUMaHi Ipu IUX
JOCIIJKCHHSAX Ha PEeaTbHUH MPOIeC MacOBOTO MIKPOPi3aHHS, MOKHA OTPHMATH 3arajibHy KapTUHY
SBUIL, $IKI BiAOYyBalOTbCA TMPHU alMa3HOMY IUTi(yBaHHI. AHAJIOTIYHI METOIM ICHYIOTh 1 TpH
JOCITIJKCHHSAX €JIEKTPOEPO3iHUX MporeciB. BuBuaroun sBUIIA, sIKi CYyMpPOBOUKYIOTH TTOOJUHOKI
€JIEKTPUYHI PO3PSAIH, MOXKHA OMUCATH IHTETPabHUMA MpPOIEC eIEKPOEePO310HHOM MPaBKU 3a YMOBU
30epeXeHHs aJJUTUBHOCTU Tporecy. JlOCHi/PKEHHIO SBHII, SKi CYMPOBOUKYIOTH ITOOJUHOKI
EJNeKTPUYHI po3psiau, IpUcBsiueH1 6arato poOit [1-3].

AHaJi3 JiTepaTypHUX JaHUX i IOCTAHOBKA NpodieMu

[Ipu peamizamii cxemMH eJNEKTPOEPO3IMHOTO aIMa3HOTO HUTIQYyBaHHS 3 MiJBEACHHSIM
JOJJATKOBOI €NeKTPUYHOI eHeprii (komOiHOBaHe muTiyBaHHs) Oe3MOcCepeHbO B 30HY pi3aHHA,
BiIOYBaIOTHCS SIK TPOLIECH MEXAHIYHOTO, TaK 1 €JIEKTPOEPO3IWHOTO BUJAJICHHS Marepiaiy, MO0
BUKJIMKA€ETHCS €()eKTOM pO3pPSAIiB BHACTIIOK KOHTAKTYBaHHS I€Talli, CTPY>KKH, 1110 3apOJIKYETHCS 3
MOBEPXHEIO NITi(yBaTbHOTO KpyTa [4- 5].

[Ipu enexTpoeposiiiHoMy anMa3sHOMYy NUTi(QyBaHHI HEOOXITHO BPaxOBYBaTH creUU(DiKy
MpoIieCcy CTPYKKOYTBOpeHHs (puc.l), ska monsrae B TOMY, II0 3HAYHY YacTUHY TPacu PyXy
alMa3HUX 3€peH MpHU iX Bpi3aHHA B TIIO 3aroTOBKH BiI0OYBAa€ThCA B IIapi MIOPCTKOCTI [6], 110
BUMAarae BpaxyBaHHS OCOOJIMBOCTEH CTPY)KKOYTBOPEHHS IMpPH MOJETIOBAHHI €JIEKTPOepO3idHHIX
MIPOLIECIB B 30HI KOHTAKTy KpyTa 1 3arOTOBKH.
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Jlnst  BUPINIEHHST TAaKOTO 3aBIaHHS HEOOXITHO
YTOYHEHHS MOJIeNli B3a€MOJil alMa3HUX 3€peH 3
MOBEPXHEBUM IIIAPOM 3aroTOBKU. J[ms nocsrHeHHS
MOCTABJICHUX WLiJe B poOOTI BUPILIYBAJIHCS TaKi

npooIemMu:
- Ha MIACTaBi OMHCY IMIOPCTKOIO TOBEpPXHI JeTaii
HOpMaJIbHUM MapKOBCKUM IPOLIECOM i3

3aCTOCYBaHHAM Teopii BUKUAIB [7,8] moOynoBaHi
OLIHKA  HECTAlllOHAPHOI  yYMOBHOi  MIUIBHOCTI
po3moairy HMOBIPHOCTEH JIOBXKHH CTPYXKOK IIPH
MIPOXO/DKEHHI 3epHA TPACH B MIOPCTKOIO MIApPi IeTalli.

Puc. 1 — IIpouec cTpyKKOyTBOpPEHHS
IIPU €JIEKTPOEPO3IHHOMY aJIMa3HOMY
nutiyBaHHI

IHoOynoBa MaTeMaTH4YHOI MO/eJIi IHCTPYMEHTY i aeTaJi

Jlist moOy1oBKM MaTEMaTUYHOT MOJIENI, 110 JO3BOJISIE OI[IHIOBATH IO BiAOYBAIOTHCS SIBIIC-HS
HeoOX1AHO MaTeMaTUYHui onuc GopMu AeTai.

Haii0inpim npoctuM € ysiBieHHs GOpMH KpyTJoi JeTaii B MOJSApHiN cucTeMi KOOpAWHAT 3
LEHTPOM, PO3TAIIOBAHUM B IIEHTPI J€Tajl 1 KyTOM ¢, IO BiPaXxOBY€EThCS Bij Jesikoi (hikcoBaHOI

TOYKH, PO3KJIaaHHAM B psig Dyp'e:
R(p)=R,+ D R, -cos(@p+ 1) (1

[IpencraBnenns ¢opmu aetani B BUTISAAL (puc.2) CpaBeAIMBO BHACIHIIOK MEPIOAMYHOTO
xapakrepy ii popmu sk GyHKuiT ¢ . KoHKpeTHI 3Ha4eHHs BIINOBIOHUX KoediieHTiB R, i< {0...n}
MOXYTh OyTH BH3Hau€HI B Pe3yJIbTaTi BUMIPIB BiJMOBIIHUX BiJICTaHIi, KOTPiI YTBOPIOIOTH JCTaJIb
BiJl ii IEHTpY.

st ycrameHoro pexkuMmy NUTiyBaHHS MOKHAa BBaXKaTH, IO JETalb OOEpPTAEThC 3
MOCTIHOIO KyTOBOIO IIBUAKICTIO @ 1KYT ¢ MOXe OyTH BU3HAUCHHH 5K

p=w-t+u, (2)

Jns BHCOKOUYAcTOTHOI CKJIaoBoi piBHsSHHS (1) -
KOMIIOHEHTIB 3  BEJIMKUMHU  3HAUYCHHSMHU 1
BU3HAYCHHS BIAMOBIAHOT  (a3u B CHIY
oOMexxeHoi TOYHOCTI (hikcalii TOYaTKOBOI TOYKH
MPOBOJIUTHCST 31 3HAYHOKO TMOXUOKOIO, IO MAae
BUIIAJKOBUI XapakTep. JominbHo
BUKOPUCTOBYBaTH  YSBJICHHS  CHEPreTHYHHX
CHEKTpiB (CIEKTPIB MOTYXKHOCTi) MPOILECIB, SKi
MOXYTh OyTH MOOy/JOBaHI Ha OCHOBI DPIBHSHB
Binepa - XununHa,

Puc. 1 — Jletanp B monsipHii
CHCTEMi KOOpJUHAT
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S(@) == [K(pos@pdy
4 0

K(p) = [S(@)sin(wp)do 3)

OJIHO3HAYHO 3B'S3YIOTh KOPEJALIiHI (B3aeMokopensmiiai) ¢yHkiii K(¢) 1 eHepreTH4Hi CIeKTpU
S(w).
Bu3HayeHHs KOHKPETHOTO BUAY Kopessiuiinoi ¢pyHkuii K (@) s BupimeHHs piBHAHHSA (3)

MOXe OyTH BUPOOJICHO TIO KPYTJIOTPaMMe JIeTalll.

BeneMu mnponykTtuBHUM € ysBiIeHHs 3aBiciMocTcTi (1) y Burmsaai (3) Sk BUIAAKOBOTO
nporiecy 3MiHM pajiyca gk (QyHKIT KyTa MOBOPOTY, a, 3 ypaxyBaHH:M (2), 1 sk ¢yHKuii yacy. Lo
3aJISKHICTh MOYKHA MOJICITIOBATH OJHOBHMIPHHM MapKOBCKHM IIPOLIECOM, BBaXKAIOUH, 1[0 YMOBHA
winbHICTs WMOBIpHOCTI (@, R, ;0,,R;) f(9,R,;¢;,R,), ¢ <@, KpIM 3araibHuX yMOB, KM

3a/I0BOJIBHSIE OY/Ib-sIKa MUTbHICTh MMOBIPHOCTEH:

f(wl’Rl;wj’Rj) >0’
S (@R, ¢p;,20)=0,

[ f@. R0, R )R, =1
3a/10BOJIBHSE 1 criBBigHOMIEHHSM Yenmena-Kommoroposa.
f@uR:0,R) = [ £, R0, 2)f (9,730, R, )z

Jist Oyib-AKOro @, < @, <@, BiiOMBae (PakT «IIAAKOCTI» - GE3NEPEPBHOCTI 3MIHHU - BIICYTHICTH

po3puBiB (yHKIIT 1 audepeHIiaTbHIX pIBHAHH B MNpHBAaTHUX mnoxigHux Pokkepa-Ilnanka-
Konmoroposa

9,9 -
St o a0 R)- /)

J

1
20R;

[6(9;,R;)- f1=0. 4

Oynkuii a(g,R;) u b(p;,R;) XapakTepusyroTh MIHIHMBICTh MaTEMaTHYHOTO OYIKyBaHHS i

mucnepcii paaiyca, BiAmoBigHO. TyT A7 KOMIAKTHOCTI 3amlKCy OMYyIICHI BIAMOBIIHI apryMEeHTH
IIUTBHOCTI HIMOBIPHOCTI.

Y npunymieHHi CTaliOHApHOCTI BUMAAKOBOI (YHKIII, IO XapakTepu3ye paiiyc meTam 3a
nepiof KoHTakry, a(g,R)u b(¢,,R;) He 3anexarh B uyacy, npuiomy a(@,,R;) € niHifiHOWO

¢byHkuiero R, a b — MOCTiIHOIO BEIMYMHOW. Y 3a3HAYEHOMY BUIIAJKY PILIEHHSM cuctemu (4) €

LIJIBHICTh HOPMAJIBHOTO 3aKOHY PO3MOAUTY pealtizaiii BUMAJKOBOTO CTOXAaCTHMYHOIO MpOIecy, a
peamizaniss R(¢) 3amoBoisibHsE TU(eEpeHIiaTbHIX PIBHAHD BUY:

ARD) \ . Rp)= £, 5)
do
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o oo . . oL .
e S(p) u f= % — HOpMaJIbHUN OIMUI IIyM OJUHUYHOI IHTEHCUBHOCTI 1 IHTEHCUBHICTh

BXIJTHOTO BILJIUBY.
PimeHHsIM cTOXaCTUYHOTrO PiBHAHHS (5) mpu novaTkosii ymoBi R(0) =R, €

R(p) = R, exp(—ap) + B exp(—ap) [ expla(x)ldx (6)

VY BignoBigHICTI 3 popmyioro (3), CriBBiTHOMIEHHIO (5) BIANOBIIae CIEKTpabHA MIUTBHICTS 1
KopensuiiHa QyHKIS BUTY:

a-o
O )
Ky (9) = oy -exp(—a-|g)) . (7)

CrpaBeuBo i 3BopoTHe [5]. HopManbHi cTamioHapHi MponecH 3 KOpeNsiitHuMy (yHKIISIMA
Buny (7) abo cnekTpadbHUMHU IUIOTHOCTSAMHU (6) € MapkoBckuMH. [0 Takux mporeciB abo 10 n-
MIpHUM MapKOBCKHM TMpollecaM 3 OUIbII CKIAQAHUM OIKMCOM CIiJi BIJHECTH OCHOBHI KJacH
HOPMAJIPHUX BHIIAJKOBHX MpOIECiB Npu nutiyBaHHI, sKIi MOXYyTb OyTH mHpeacTaBieHi
€HEPreTUYHUMHU CIIEKTPAMU 3 IPiIOHO-pamioHAIEHIM MTOIaHHIM, PO3TIISIHYTI B [92].

IMOBipHICTH TOTO, IO OpAWHATa MAPKOBCKOTO Tporecy R(¢p) Npu NMpOXOIKEHHI pi3aibHOT

KPOMKH aJIMa3HOTO 3€pHa LUISAXY ¢ HI pa3dy He BHiifie 3a Mexi iHTepBany (R,,R,) BH3HAuuUTbCA

3aJIEKHICTIO!

W (p)= [ wig,y)dy, ®)

R
ne w(e, R) 3a10BOJIbHSIE APYTOMY piBHSHHIO cucTemH (3):

ow 0 1 0’
—+—(aw)——
O0¢ OR 2 0R

7 (bw) =0, )

3 TPAaHUYHUMH 1 IOYaTKOBUMH yMOBaMu, w(@, R) =w(p,R,)=0 npu R >0,
w((o,R)Lp: ,=O(R—Xx), ecinum 3ajaH0 HAYalbHOC 3HAYCHHC OPIMHATBL X  IIpOLECCa,
w(o, R)|(/)=0 =W, (R), KO 3a7aHa IUIBHICTE HIMOBIPHOCTI OpAMHATH mpouecy npu ¢ =0+ 0.

Jns obuucnenns koedimieHtiB a(@, R) ta b(¢, R) Moxe OyTH BUKOPUCTAHO CIiBBITHOLICHHS
(6) 3 ypaxyBanHsM BuMmor (9) , HaOmkeHoro poskiagaHHs exp(—a-A@)=l-a-A@p nus
a-Ap <<1 Ta 061iKy cTpOOUPYIOLINX BIACTUBOCTEH AenbTa PyHKII:

atp.R) = fim (R +9)~ R R(9) =

= lim L[exp(oz ‘Ap)—1]=—-aR =a(R), (10)
Ag

Ap—0

>4 © Crpenpuyk P.M., 2021
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bip. R) = lim (IR +00) = Rip)R(9) =

= hm—{R [exp(a-Ap)—1]* + B exp[—2a(p + Ap)]x

Ap—0 A
o+Ap p+Ap
x [ expla(e+y)EEW)) drdy} =
4 4
= Ahmo—ﬂ exp[—2a(p+ Agp)]—x
p—>
o+Ap p+Ap
x j j expla(x +1)]6(y — x)dxdy =
4 4
:,Bzﬂ:const, (11)
2
ne <‘P(q) — MaTeMaTh4yHe OYIKyBaHHs BIJIMOBIIHOTO apryMeHTy ((QyHKIi), a mapaMmeTrpu

o, [, EZ BIANOBIOAIOTH 3aJeXKHOCTI (6) .
3 ypaxysanssm (10), (11) 3BopotHe piBasiHHSI KonmoropoBa (9) nHaOyBae BUTIISIAY:

2W(R Q)= a—(Rw) ﬂ4 aizw

(12)

sKe Moke OyTH Bupimeno meroaoM ["aycca moganusam GyHkmii w(R, @) y BUrIsAL:

W(R,p) = A(R)-Q(p) . (13)

Posmnoain niBoi i mpaBoi yactuH (12) Ha (13) npu3BOAUTH MiCs BiANOBIIHUX MEPETBOPEHbB-
TaHHS JI0 CUCTEMH 3BUYAaHUX AU(DepeHLIaTbHUX PIBHIHb:

10Q_ >
Q 8gp ’
; d ~[b(R)A(R)] ——[a(R)A(R)] +7*A(R)=0 (14)
piH.IeHHHM Hepmoro 3 JKHUX €.
Q(p) =exp(—7’p). (15)

Hpyre piBasiHHA cuctemu (14) Moxxe OyTH BU3HAYEHO BiJIOMUMH METOJAMHU DIlICHHS
3BUYAHUX JU(dEpeHIiaIbHUX PIBHAHb 31 3MIHHUMH Koe(illieHTaMu Ta Il PO3TJISTHYTOTO
BUIIAJIKOBOTO MTPOIIECY:

W(R, @) = w, (R){Q + i A, (R)Q, exp[-7," (9~ @)]} » (16)

n=1
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ne Q. — nocriiizi koediuieHTu, A, (R) — OpTOHOPMHPOBAHHOM BJIACHI (PYHKII{ IPyroro piBHIHHS
cuctemu (14), BiANOBiIHI BIACHMM 3HAYEHHAM )~ , T.4.
in(R).A‘f(R) s Il npu i=j
w, (R) ’

ITpu 3aganiif mouyaTkoBill MmIABHOCTI WMOBIpHOCTI W(R,9)=w,(R), koedimientn Q

0 npu i#j

BHU3HAYAKObCA SK:

0, - [LalRAR),
w, (R)
a B pa3i 3a7]aHOi NOYAaTKOBOI OpAUHATH Ipouecy w,(R)=0(R—R,) Ta
A, (ROA, (R
wRg)= D exply o) AR =, (). 7, =0 (17)
Wy (R)
BucHoBkHu

OTtpumaHi CHiBBIAHOIIEHHS JO3BOJISIIOTH OE3MOCEPEIHHO BU3HAYUTH HMOBIPHICTH KOHTaK-
BaHHS HI3pI3aHOM BIiJ Tila 3arOTOBKH CTPYXKKHU, YTBOPEHOK pI3alibHOM KpaWKoW 3epHa, 3
MoBepXHEI0 3B'I3kM  nuridyBasbHOro Kpyra. Ilpm BupimeHHi 3agadi mpo HMOBIpHICTBH
KOHTaKTYBaHHS CYKYIHOCTI CTPYXOK, YTBOPEHHMX CYKYIHICTIO KpalHOK 3€peH, IO JieKaTb B
pobGodomy miapi IHCTPyMEHTY, HEOOXiJJHO TaK0X BHUKOPHUCTOBYBATH WMOBIPHICTh IIUTBHOCTI
posmnoauty mo TIMOuHI 1 OyAyBaTH CHUIBHY MIIIBHICTh HMOBIPHOCTI 3 BUKOPUCTAHHIM OCTAHHbBOI B
SAKOCTI siipa inTerpana tumy ¢popmynu 11.

Bun orpumanmx croiBBiHOIIEHb O€3MOCEPEIHBO IMOKa3ye, MO0 3HaYHA YaCTUHA CTPYIKOK
YTBOPEHUX PI3aJIbBHUMH KpalKaMH, IO KOHTaKTYIOTh 3 IIOPCTKOI IOBEPXHEI0 3aroTOBKH, €
KOPOTKHMH 1 HE CTUKAIOTHCS 31 3B'3KOI0 JI0 BiAPUBY BiJ Tijla 3aTOTOBKM HaBiTh 0€3 ypaxyBaHHS 1X
YCaJIKH.

OTpumaHi CHiBBiIHOIIEHHS MOXYTh OyTH BHKOPHCTaHI 1 NMPH BUPIMIEHHI BiIMOBIIHUX
3aBaaHpb nUTihyBaHHS niepudepiero Kpyra, HaMpUKIaA, KPyriaoro 30BHIIIHboro mnutidysaHHs. [lpu
ORI YITKOMY OMHMCI Ipoliecy HeoOXiaHO Oe3mocepeIHhO 3aCTOCOBYBAaTH HECTAIIOHAPHE YSABICHHS
3 YpaxyBaHHSAM JIOJaTKOBHX HECTAI[ilOHApPHMX, BHECEHHX TPAEKTOPIAMHU pI3aJbHUX KpaloK SK
(GyHKILIH KyTa TOBOPOTY Kpyra i AeTali B IpoIieci iX B3aeMOIii.
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