VK 621.01

Tnimoxo C.M., k.m.H., Ooyenm
UInunvxa A.M., cmapwuii euxiaoau
Tlonmascvkuii HayionanbHuti mexHiynuil yHigepcumem imeni FOpisi Konopamioxa

3ACTOCYBAHHSA TEOPII HOJAIBHOCTI AJIs1 AHAJII3Y
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Bioomo, wo meopiro nodibnocmi 0oyinbHo GUKOpUCOBY8AmMU O Y3A2ANbHEHHS OAHUX
MAmMemMamuyHo20 MOOEN08AHHS PYXY 6IOpayiunoi cucmemu npoyecy winighy8anus npu
CMBOPEHHI Ma OO0CNIONCEHHI napamempié NeeHo20 psldy AHANOSIYHUX BIOPAYIIHUX CUCTIEM.
Hasgeodeno suxopucmanns meopii nodibnocmi 015t AHANi3y Mma CMEOPeHHsl BIOPAYItiHUX cucmem
i eubopy ix napamempié HaA OCHO8I Y3A2ANIbHEHHA NONEPEeOHIX MeopemuyHux ma
eKCNePUMEHMANbHUX O0CTIONCEHb AHANOIYHUX cucmeM. 3 c08aHO, WO BUKOPUCTIAHHS Meopii
no0ibHOCMI 00360J15€ PO3POOUMU Kpumepii OJisi CMBOPeHHsL paody cucmem npeyusiinoi oopooKu
i3 3a0aHUMU NApamMempamu, a maKodC GUSHAYUMU G3AEMHUL 6NIUE 3MIHU OKpPeMUX
napamempis pyxy cucmemu 8 npoyeci winighyysanvhoi 0opobKu i makum YuHoM YCMAHOBUMU
HatOinbw epexmusHi pexrcumu wAig)y8anHs 3aleNHCHO B8i0 OCHOBHUX NaApamMempis pyxy
cucmemu.

Knrouoei cnosa: meopisi nooionocmi, winighysants, OUHAMIKA, GIOPAYILHI cUCeMU.

T'numoxo C.M., x.m.n., douenm
UlInunvka A.H., cmapwuii npenooasamens
Tlonmasckuti HayuoHanbhslll mexnuyeckull ynueepcumem umenu FOpus Konopamioka

IMPUMEHEHME TEOPUH ITIOJOBUA JJIAA AHAJIN3A
ITAPAMETPOB BUBPAHTHOHHbIX CUCTEM
B MTPOLHECCAX IIVIM®OBAJIBHOU OBPABOTKH

Uszeecmno, umo meopuro noodobus yenecoooOpasHo UCNOIbL308amb 01 0000ueHUs
OQHHBIX MAMEMAMUYECKO20 MOOCTUPOBAHUS OBUNCEHUS BUOPAYUOHHOU CUCTEMbl Npoyecca
waughoeanuss npu co30anul U UCCIe008AHUU NAPAMEMPOE ONPEOEIeHHO20 PA0A AHANOSUYHBIX
suopayuonnsix cucmem. Ilpusedeno ucnonvzosanue meopuu noo0oOUs OJisi AHAIU3A U CO30AHUS
BUOPAYUOHHBIX CUCMEM U 8b100OPA UX NAPAMEMPO8 HA OCHO8e 000OUeHUs NPed8apumenbHbIX
MeopemuyecKux U IKCNePUMEHMATbHbIX UCCIe008AHUL AHATIO2UYHBIX cucmeM. Buisicheno, umo
UCNONb308aHUE Meopul No0obUs no3eoisem paspabomams Kpumepuu OJsl CO30AHUS pPAOA
cucmem NpeyusUOHHOU 00pabomKu ¢ 3A0AHHBIMU NAPAMEMPAMU, d MAKdKHCe ONpeodeums
83aUMHOE GNUAHUE USMEHEHUsI OMOENbHBIX NAPAMEMPO8 HA OBUICEHUE CUCMeEMbl 8 npoyecce
wughosanvHol 0bpabomku U Makum 00pazom ycmanosums Hauboree 3d¢hghexmuenvie
pedrcuMbl WAUPOBAHUA 8 3ABUCUMOCU O OCHOBHBIX NAPAMEMPO8 OBUIHCEHUSI CUCTIEMB.

Knroueswie cnosa: meopus nooobus, winugosanue, OUHAMUKA, UOPAYUOHHBLE CUCTIEMbI.
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SIMILARITY THEORY APPLICATION FOR PARAMETERS
ANALYSIS OF THE OSCILLATION SYSTEMS IN POLISHING
TREATMENT PROCESSES

As the decision of precision treatment tasks (in a that number the research of polishing
process) a mathematical design is often used the oscillation systems parameters theoretical
research and it’s influence on the processes of treatment. For verification of theoretical
calculations and mathematical design of various machines and processes there is a
requirement in the construction of experimental test benches for an experimental background
and conformities to regularity, got as a result of theoretical check.

The science of the conditions under which physical phenomena are similar. It is related
to dimensional analysis and provides the basis for physical modeling. Similarity theory
establishes similarity criteria for different physical phenomena and studies the properties of the
phenomena by means of these criteria.

Two physical phenomena, processes, or systems are similar if, at corresponding moments
of time at corresponding points in space, the values of the variable quantities that characterize
the state of one system are proportional to the corresponding quantities of the second system.
The proportionality factor for each of the quantities is called the similarity factor.

The development of research on complex physical and physicochemical processes,
including mechanical, thermal, and chemical phenomena, has been accompanied by the
development of methods of similarity theory that can be applied to these processes.
For example, similarity conditions have been established for such phenomena as the friction
and abrasion processes undergone by machine parts and the kinetics of physicochemical
transformations. Since the parameters characterizing similar phenomena are in proportion,
any dimensionless combination of the parameters will have the same numerical value for
similar phenomena. Dimensionless combinations formed from the parameters of the
phenomena under consideration are called similarity criteria. Any combination of similarity
criteria is also a similarity criterion of these physical phenomena.

The theory of similarity is widely used in various engineering industries.
During the leadthrough of experimental researches of vibrations of the system of bench-device-
instrument-detail with the certain process rate, the theory of similarity can be used for the
analysis of change influence of separate system motion parameters in the process of polishing
treatment.

The use of similarity theory is expediently for generalization of information, got at the
mathematical design of the oscillation system motion at research the analogical oscillation
systems parameters subset.

The purpose of the article is the similarity theory using for the polishing treatment
systems oscillation analysis and choice of their parameters on the basis of previous theoretical
and experimental researches of the analogical systems generalization. Using the similarity
theory allows to develop the criteria for creation the subset of the polishing treatment systems
with preset parameter, and also to define the cross-coupling of separate parameters change on
the system motion in the treatment. It’s make the prerequisite to define the most effective
polishing modes depending on the basic parameters of system motion.

Keywords: similarity theory, polishing, dynamic, vibration systems.
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Beryn. Teopist moaiOHOCTI CIUPAETHCS HA BUCHHS TIPO PO3MIPHICTH (Pi3MUHUX BEJIIMYUH 1
CIIY’)XHTh HAYKOBOIO OCHOBOIO MOJICTIOBAHHS SIK METONY IMi3HAHHSA 1 JOCIIDKEHHS PI3HUX
00’ €KTIB; OCHOBHY POJIb Y Hill Biirpae MeTO ] aHaJIOTii, TOOTO CXOXKOCTI 00’ €KTIB 3a IEBHUMH
o3Hakamu. Di3MYHI SBUINA, MPOLIECH a00 CUCTEMH MOiOHI, SKIIO Y MOAIOHI MOMEHTH Yacy B
MOAIOHMX TOYKaxX MPOCTOPY 3HAYEHHS 3MIHHMX BEJMYMH, IO XapaKTEPU3YIOTh CTaH OHI€l
CUCTEMH, TIPOTOPIIifHI BIAMOBITHIM BeTUYMHAM 1HINIOI cucTeMu. KoedilieHT mpomopiiiHOCTi
JUTSL KOYKHOT 3 BEJTMYMH Ha3UBAETHCS KOS(IIIEHTOM T0110HOCTI.

Teopis moaiOHOCTI BCTaHOBIIOE KpUTepii MOMIOHOCTI Pi3HOMAHITHUX ()I3UYHHMX SBUII,
[0 [JO3BOJIAE 3a IX JOIOMOIOI0 BHBYATH BJIACTUBOCTI CcaMHUX SBHIN. JSIBHI Ta HEsABHI
(GYyHKLIOHATBHI 3B A3KH MIX KPUTEPisIMHU MOIIOHOCTI, KOTP1 OTPUMYIOTh 3a JOIOMOTOI0 TEOPii
MoAIOHOCTI (TaK 3BaHI KPUTEPiaJibHI 3aJIEKHOCT1) CIPUSIIOTh PO3YMIHHIO CKJIAMHUX (PI3MUHUX
MPOIIECIB Ta JOMOMAralTh IHTEPIIPETYBATH PE3yJIbTATH SK EKCIEPUMEHTAIBHUX JOCTIIKEHb,
TaK 1 pO3paxyHKiB.

3acTtocyBaHHA Teopil momiOHOCTI TpW aHami3l BiOpaliiiHMX cucTeM Yy Mpolecax
nuripyBaHHS JacTh 3MOTY Ha OCHOBI aHalli3y MaTeMaTHMYHOI MOJEN BH3HAYUTH HEOOXimgH1
3aJIeKHOCTI Mi’K OCHOBHUMH MapaMeTpaMu TEXHOJIOTIYHOI CHCTEMU /ISl 3a0€3IeUCHHSI 3aT1aHUX
KpUTEpiiB 0OpOOKM 3aroTOBKH Ta TMPHU3HAYCHHS BIAMOBIAHUX PEXUMIB poOOTH BepcraTa i
IHCTpYMEHTY.

AHAJ3 ocTaHHIX [Kepesa J0CTHilKeHb Ta myOjikauniid. Teopis momiOHOCTI
3aCTOCOBYETBCS JUISI PO3B’s3aHHS 0araThbOX CY4acCHHUX TEXHIUYHUX 3a]a4, Y TOMY YMCH H s
aHalli3y iCHYIOYMX MalIUH i MEXaHi3MiB Ta CHHTE3y HOBHX. li BUKOPUCTAHHS JOLLIbHE B THX
BUIAJKaX, KOJMM JJsi TIOBHOTO OIMKCY SIBUIA HEJOCTaTHRO naHuX. Ha miacraBi Teopii
MOAIOHOCTI BUHHMKAE MOMKIIMBICTh TEPEXOAY BiJl HAsBHOI MaTeMaTHYHOI MOACNI 10 cepii
noaioHuX (Pi3uuHuX Mojenei. s Hboro 4acTo BUKOPUCTOBYIOTh METO] KPUTEPIiB MOA10HOCTI
Ta aHajii3 po3MipHocTeit [1 — 3].

BrnmB BiOparii Ha mnapamMeTpu TEXHOJOTIYHMX IpOLECiB OOpPOOKM 3aroTOBOK Ha
MeTajopi3aibHUX Bepcrarax (muridyBanbHUX, ¢pe3epyBaIbHUX, TOKAPHUX Ta 1H.) JOCHTH
CKJIaTHUH 1 BUKJIMKAE yBary HayKOBIIB [4 — 7] Ik IpH CTBOPEHHI HOBUX BEPCTATIB 13 3aJJaHUMHU
XapaKTePUCTUKAMH, TaK 1 MPU BUOOPI Pi3aIbHOTO IHCTPYMEHTY Ta NMpPH3HAYEHHI MapameTpiB
TEXHOJIOTIYHUX MPOLIECiB 0OPOOKHU pi3aHHAM Ta Mpenu3iiHoi 00poOKu.

BunijienHsi He po3B’si3aHUX paHillle YACTHH 3arajbHOI MpoodJeMu. J[oCiiPKeHHS BIUTUBY
BiOparii Ha mapamMeTpu pyxy TEXHOJIOTIYHOI CHCTEMH «BEPCTaT — pI3abHUN IHCTPYMEHT —
3aroTOBKa» B IpoIlecax Mperu3iiHoi 0OpoOky nutiyBaHHIM JAaCTh 3MOTY BH3HA4YaTH HEOOXITHI
napaMeTpu pyxy CHUCTEeMHU Juisi 3a0e3reueHHs e(heKTHBHOI OOpOOKM 3aroTOBKHM 3 HEOOX1IHOIO
akicTio. Iy y3arajibHeHHsI JJaHUX, OTPUMAHHUX 3a JOTIOMOTOK0 MaTeMaTUYHOTO MOJIEIIIOBAHHS
pyxy BiOpamiifHOi cucTemMu nLTIGYyBaHHSA, MPU TOCTIDKCHHI TapaMmeTpiB TEBHOTO PSAy
no1i0HUX BiOpaIiifHUX CUCTEM JOULUTEHUM € BUKOPUCTAHHS T€OPii MOAIOHOCTI.

IlocTanoBka 3aBaaHHs. s TEpeBIpKM JaHMX Ta 3aKOHOMIPHOCTEH, OTPUMAHUX Y
pe3yibTaTi TEOPETHMYHUX JOCIILKEHb IMporecy HUTiyBaHHS MaTepianiB, BUHUKAae NOTpeda B
noOy/Z0Bl HAaTYpHUX MOJENel Ha eKCHepHUMEHTATbHUX CTeHAax. [Ipy BUKOpHCTaHHI 3HAYHOI
KUTBKOCTI IOCHIHUX 3pa3KiB 13 PI3HUMHU KUTbKICHUMH XapaKTePUCTUKaMHU (ILTi(hyBaIbHUX KPYTiB
Ta 00pOOJIIOBAaHUX JETalel PI3HUX PO3MIpIB) JOIIBHO 3aCTOCOBYBATH Teopiro mojioHocTi. [lei
METOJ] MOJEIIOBAaHHS 3aCHOBAaHMH Ha TepexoAl BiA 3BUYAHHMX (DI3UYHUX BEIUYUH [0
y3aralbHeHUX BEIWYMH KOMIUIEKCHOTO THITy. MeToro MOCHIPKEHHSI € BUKOPHCTaHHS Teopil
NOAIOHOCTI /IS aHA3y Ta CTBOPEHHS BiOpauiiiHMX cucTteM 1 BUOOpY iX mapamerpiB Ha OCHOBI
y3arajJibHeHHS! TOMEpPEelHIX TEOPETUYHUX Ta EKCHEPUMEHTAbHUX JOCHIKEHb aHAJIOTIYHUX
CHCTEM.

OcHoBHUIT MaTepiaJ i pe3yabTaTu gocaigxenHsi. Ha mizcrasi Teopii moaiOHOCTI JIETKO
nepeiTH Bix HasABHOI Mojeni BiOpamiiiHoi cucremMu a0 cepii momionux. CkopHucTaemMocs
METOJIOM KpUTEPIiB MOIOHOCTI, BUKOPUCTOBYIOUH MPHU ITboMY mmiaxoau [1 — 3].
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Hampukian, BiOpamiiiHy cucteMy, MaTeMaTHYHa MOJECINb K01 Mae BUTIAA Gopmyi (1) —
(4), npuiimemo K Gi3UYHY MOJETb:
2

(m+2m0)j§—T+f(m+2m0)(g—Z)z —mdeﬁsingo ; (1)
2
(m+2m,)i+cz+az—cz—az'=—m,e Fcosq); 2)
t
MZ+c¢ 7+ =0, 3)
IUX¢—moe(}c'cos(0—'z'sin(p)+mog esinp=M ,;—-M_ , 4)

ne y, Z, z1 Ta @ — y3arajllbHEHI KOOpPAWHATHU, IO BIAMOBIJAIOTH CTEMEHSIM BUILHOCTI
CUCTEMHU;

M); — obepTanbHUil MOMEHT ABUIYHA, IPUBEACHU 10 IIITUHJIEINS BEPCTATa;

m — maca BIOpaIiifHOT CUCTEMH;

ny — HEBPIBHOBAXKEHI MaCH;

T — cuna nuis 3a6e3meyeHHs epeMiIeHHs 0 OcCl Y;

M ¢ — MOMEHT CHJI OTIOpY Ha MPUBIAHOMY Bally;

1,, — MOMEHT iHepIii mJTihyBaIbHOTO KPyTa;

C — xoedilieHT )KOPCTKOCTI;

O — KOoeIIIE€HT, IKUI XapaKTepru3ye PO3CIIOBaHHS €HEPTii.

PosrasHeMo MexaHiuHy CHCTEMY, TWHAMIYHO MOAIOHY MOJEIN, mapaMeTpu pyxy KOTpoi
HEOOXiJJTHO BU3HAUUTH NPU CTBOPEHHI HaTypHOTro 00’ €kTa. LI cucrema sBisie co6010 HAaTYpHUI
00’€KT, SKUH MPOEKTYEThCA (HAmall — HaTypa). BiamoBimHI y3araJbHEHI KOOpPAWHATH 1
napamMeTpu 000X CUCTEM IPOMOPLilHi, a M)XK TOUKaMH CUCTEM ICHY€e MaTepiajibHa MoAi0HICTh

m,/m,; = M, = CONSt.

Tyt 1 gam BeNIWYMHHU, TTO3HAYEH] THAECKCAMH M 1 H, BITHOCSTHLCS BIMOBITHO 10 MOJENI 1
HATypH, a BEJIMYMHH, TMO3HAYEHI IHIECKCOM C, € KoedillieHTaMH NPONOPILIHHOCTI. Y Takomy
BUIMAJIKy MIX BIATOBIAHUMH pO3MipaMH HATypu W MOJENl TOBHHHI BHUKOHYBAaTHCS Taki
CIiBB1IHOIICHHS:

(m+2myg), = (m+2mg).(m+2my),; C, = C.C,;
(mge)n = (mge)c(mge)m; O = Qu QPc 5 Xu = XcXny

Yu=YeYw Zu=Z2c2w Wu=1I1y.

OCKUTbKH y3arajJbHEeHUMHU KOOPAWHATaMHU € JIEKapTOBi, TO KOe(illieHTH MOAIOHOCTI JyIs
BCIX KOOpJMHAT TOBUHHI OyTH OJHAKOBI 3 METOI JOTPUMAHHS IUHAMIYHOI MOIOHOCTI MiX
MOJEJUIIO 1 HATYPOIO:

Xy = leM; Yu = lcyM; in = lc VT

3BIJICH OJIEPKIMO
dc, ldx, I . . dx, [ .

p— H —__C

X = =Cx ¥=
H M2 2 Fm
dt, tdt, t, dt, t
1 QHAJIOTTYHUM YUHOM

) ) ) )

P T L S TR
Zy.u’yu_?y.u’zn_t_z,w’ Zu_t_zz.w’

c c c c

}‘]ll:
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_ . _do, _edp, o . . _dp, o
¢ll - ¢L‘¢M’ ¢H - dtH - tcdt/u - tC ¢.M’ ¢M - dt - Z’LZ

M

¢.M

[TimcTaBUBIIM OTpUMaHi BHpa3u B piBHIHHSA (1), oTpuMaeMo AudepeHIiiaabHe PIBHIHHSI
JUI HaTypHu

(m+2mg)c(m+2mg)tl—%jé+ ﬁncm( —f—;'z'j—T =

c

= (mge)cmge(%(b]Sin¢L¢+ 0— (mge)c (mge{%(oj .

c

(&)

c
Jns moTpumaHHS AWHAMIYHOI TMOMIOHOCTI MDK MOJCIUII0 W HATypow HeoOXiaHe
BUKOHaHHS YMOBH @, = 1.
[lincraBuBIIM BKa3aHy YMOBY B DPiBHSHHA (5), 0€pKUMO HEOOXiJTHE CITiBBiTHOLICHHS
MIDXK MaciitadaMu
(m+ 2mg) [,

C p—

(mge)c _ mclc
£’ o

L : 2 (6)

3 piBHsHB (1) — (4) MOXHA OTpUMATH B TaKUW CaMUU CIOCIO 1HII CIIBBIIHOIICHHS
MacimTaoiB:

o

(mgl)c

2
¢

2 L
(m+ tlzfﬂg)c ¢ _ Z?ZC _cl = :

c c

(7

Ta iH.
PosnimuBmin mowienno piBHsaHHSA (7) Ha C.l., OOEPKUMO CYKYIHICTh KOEQIIIEHTIB
NOIOHOCTI, SIKI YyTBOPATH OAMHUII0. BOHM HAa3MBaIOTHCS 1HAMKATOPAMHU MTOIIOHOCTI:

(m+2mg )Clc _a a, (mge)C . C

C.t ct Ctl Clt: C. ©
3 piBHSHHSA (8) BU3HAYAEMO KpHUTEPIi MOAIOHOCTI:
_m+2m

. a . m_,e .
| =————=idem ; II, =— =idem; II; =—*= =idem.
Ct Ct C

V Takuil caMuil ciocid MOKEMO 3HANTH

M .
11, =—— =idem.
Ct
Bumenaseaeni Tpu kputepii mogiOHOCTI MArOTh T€ caMe 3HAUSHHS JJII MOJIETIi Ta HATypH
(idem). Cxnamemo 3 HUX KOMOIHAIIIO i 0JIEpKUMO y3araabHEHUN KpUTepiid MoaiOHOCTI
I, m+2m, ol .
I, =—=2= £— =< =idem , 9)
11, me Ct
8
SIKUH TIOB’SI3y€ Macy, CTATHYHUN MOMEHT HEBPIBHOB)XKEHUX YACTHH NUTi(pyBaIbHOTO BepcTaTa
Ta THCTPYMEHTY, SIKI 00€pTalOThCS, KOOPJAWHATH, Yac, MapaMeTpH MPYKHHUX 1 JUCHUIATHBHUX
CHIL.
VY takuii camuii crocid MOKeMO OTpUMATH ¥ 1HII y3arajbHEHI KpuTepii moaiOHOCTI, a
came:

I, =—F— < =idem. (10)

me C t
Jlani onep>kMMO HOBHIA YaCTKOBHI KpUTepiil mogiOHOCTI, po3ainuBmu /1; Ha 11y,
7, m+2m, C,

I, =—=——%—=jdem. 11
O AR T (1)
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MosxHa oxaepxaTu W 1HII KpuTepii MOMIOHOCTI, IO OB’ SA3YIOTh PI3HI BEJIWYWHH,
HATIPUKJIA;

c, .
11, == = idem. (12)

3 piBHsHB (1) — (4) Nerko MOXHA 3HANTH TaKi IHIUKATOPU MOAIOHOCTI:
(n+2m, )1 (me)s.

e Mae )
1 BIAMOBIAHI KpUTepii moaiOHOCTI:
17, = (m+2mg) [,  idem: a4
imge;
1, = ) tom (15)

06
PozninuBim 11y Ha 1159, OTpUMaEMO TakKUW KpUTepid MoAiOHOCTI 3 ypaxyBaHHSIM TOTO,
mo N,, =M, w:
3 (m +2m . )N o8

11, = . =idem .
1 Wc (16)

bepyuu no ysaru (8) 1 (9), onepxxumo
MN,,

11, = l =idem .
12 Wc (17)

[Tpu anamnizi BiOpalmiiiHuX cucTeM y mpouecax HutigyBaHHs OyaemMo 30epiraTéd 3HaYeHHs
aMIUTITYU i 4aCTOTH KOJIMBaHb. Buxoasiuu 3 uporo,
3 (m+2mg)ng 3

Il = =idem .
13 W (18)

PosrisiHeMo 111e pa3 cHiBBIAHOLIEHHS Mix MaciuTabamu (7) 3 OISy Ha Te, L0 Mg=S,
(m+2mg )c I~ S,
2 2
tC tC

Pozainmmmo #oro Ha Sc/tc2 i OTpUMaEMO THAMKATOP MOAIOHOCTI
(m +2m ) )lC _1

S
BiamoBigauii kpuTepiit moaioHOCTI OyIe MaTh TaKUK BUTIIS:
(m +2m . ).lc ]
11, :S—‘zzdem. (19)

.
Ockinbku Oy7a0 NOPUHHATO, IO TEpPEeMIlIeHHA I MoJelni W HaTypd HE3MiHHI,
BpaxoByroun criBBigHomeHHs (11) 1 (8), ogepxumo

11, = % =idem. (20)

AHaJIOTIYHUM YMHOM MOYKHA OTPUMATH H 1HII KpUTEpli MOa1I0HOCTI 1 BU3HAUYEHHS a00
3aaHHs [TapaMeTpiB Ipelu3iiHoi 00POOKH JUIsi IEBHOT'O TEXHOJIOTTYHOTO MPOIIECY.

BucnoBku. BuxopucranHs Teopii momiOHOCTI 03BOJsIE PO3POOUTH KPHUTEPIl IS
CTBOPEHHSI PSIIy CHCTEM MPENU3iiHOT 00pOOKH 13 3aJaHUMU TTapaMeTpaMHu, a TAKOXK BU3HAYUTH
B3aEMHUH BIUIMB 3MIHH OKPEMHX ITapaMeTPiB PyXy CHUCTEMH B MPOIIECi MPEnu3iiHOI 00poOKH 1
TaKUM YMHOM BU3HAYUTH HaHOUIbIN e(EeKTUBHI PEKUMHU LUTIQYBaHHS 3aJISKHO BiJI OCHOBHHX
napaMeTpiB PyXy CUCTEMH.
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