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BU3HAUYEHHS JJMHAMIYHUX CKJIAIOBUX PEAKIIN B MIIIIATTHUKAX
JUCKOBOI'O BAJIY POTOPHUX IINJI (ITOBIJOMJIEHHA 2)

s cyuacrnozo npokamnozo GUpOOHUYMEA AKMYATbHUM € RUMAHHSL MIYHOCMI ma Haoil-
HOCMI KOHCIMPYKYill POMOPHUX NUILOK, SKI NPpUsHadeni 015 pizanis 2apsuoeo npoxamy. O0-
HUM 13 hakmopis, wo 3HUNCYe HAOTUHICMb POMOPHOL NUIU, € HEOOCMAMHIL 00820BIYHICb
RIOWUNHUKIB 8ATTY UBUOKOXIOHO20 OUCKA, AKUL cnputimac 3ycunis pizanus. Ilpaxmuxa no-
KA3Ye, Wo 3aCmoCcO8ani Memoou po3paxyHKy Ha MiyHiCMb ONOPHUX NIOWUNHUKIG He 00380~
JISIIOMb 8PAXY8amu 6Ci MOJICIUBL (haKMOpuU, o GNIUBAIOMb HA HAOIUHICb NIOWUNHUKIE )
npoyeci pizanns. Ilo-nepue, ax 3'acysanocs, 6 npoyeci ekcniayamayii NUIbHUU OUCK MA€E
paodianvrie GUMMSsl, MOJICIUBO Uepe3 ROMUTKY NPU HAPI3aHHT 3Y0i6 OUCKA | eKCYEHMPUYHY
ROCAOKY OUCKA HA NOCAOOYHe Micye npu tioeo 3amini. Taxkooc y 36'a3Ky 3 mum, wo npoyec
PI3aHHA POMOPHOI0 NUIKOIO OYdHce KOPOMKOYACHUL, CUTLY DI3AHHA NPULHAMO 88AXCATNU CU-
z010 yoapy. Memoro danoi pobomu € GusHAYeHHs 0082068IUHOCMI NIOWUNHUKIE OUCKOBO2O
841y POMOPHOI NUAU, 8PAX0BYIOYU MAKT (hakmopu, K padiaibHe bumms OUCKy ma yoapHe
HasanmasicenHs 6 npoyeci pizauts. Ak 6i0omo, npu mpusanii excniyamayii 00 ’exmy mi-
cye 071 NoCaoKu Piscyyo20 OUCKY HA NAAHWAUOI 3HOULYEMBCA, THKOIU BUHUKAE NOXUOKA 8
0mMeEopi NpuU 8ULOMOBIEHHI HO8020 OUCKY. ToMY Mae Micye eKcyeHmpucumem yeHmpy eacu
oucky. Hassnicme ybo2o excyenmpucumemy 8paxogyemspcs 8 poo6omi npu 6USHAYEHHT ULy-
KaHUX cui 3a 00nomozoio npunyuny /I ’Anambepa ymosnozo 3pisnogasicenus cui. Bpaxo-
8yl0uU me, Wo Mpusaiicms pizants ye kopomrkouacnuu npoyec (mpusac 0,105 c), mo npu
BUBHAYEHHT peaKyill 8 ONOpax OUCKOB020 BALY, WO SUHUKATOMb Ni0 JI€io CUN PI3AHHS, MO-
HCUBO pO32NA0AMU Npoyec pizanus AK yoapHe asuuje. Yepes me, wo npoyec pizanusa ou-
CKOBO0I0 NUNOIO OYdHce KOPOMKOYACHUL, CUTY PI3AHHI 88AHCAEMO CUNOI0 YOapy. Benuuunu
Cun peakyiil 8 NIOWUNHUKAX BUSHAYAIOMbCS N0 YAC PI3AHHS 3 BUKOPUCAHHAM Meopem
OUHAMIKU npu yOapi: meopemu iMnYIbCi8 Ma NPo 3MIHY KiHemuuHo2o Mmomenmy. /[isa mo-
HCIUBOCMI MEOPEMUUHO20 BUSHAYEHHS GNAUSY ODUMMSA OUCKY HA peaKyii 6 onopax niowiu-
NHUKOBO20 84Ty NPOBEOEHT eKCHePUMEHMANbHI OOCTIONCeHHs Oumms OUCKA ma GU3HAYEH]
3YCUNLIA PI3AHHA.

Kniouosi cnosa: peaxyii niowunnuxie, excyenmpucumem, yOapHUull IMAYAbC, pidcyqull
OUCK.

A.O. Ishchenko, T.M. Karpenko, S.V. Kapustin. Determination of dynamic component
reactions in support bearings of rotor saws for cutting hot rolled (message 2). For modern
rolling production, the issue of strength and reliability of rotary saw designs, which are
designed for cutting hot rolled products, is relevant. One of the factors that reduces the
reliability of a rotary saw is the insufficient durability of the bearings of the shaft of the
high-speed disk, which perceives the cutting forces. Practice shows that the applied meth-
ods of calculating the strength of support bearings do not allow taking into account all
possible factors that affect the reliability of bearings in the cutting process. First, as it
turned out, during operation, the saw blade has a radial beat, possibly due to an error
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when cutting the teeth of the blade and the eccentric landing of the blade on the seat when
replacing it. Also, due to the fact that the process of cutting with a rotary saw is very short-
term, the cutting force is considered to be the impact force. The purpose of this work is to
determine the durability of the bearings of the disc shaft of a rotary saw, considering such
factors as the radial beating of the disc and the shock load during the cutting process. As
you know, during long-term operation of the object, the place for landing the cutting disc
on the faceplate wears out, sometimes there is an error in the hole when making a new disc.
Therefore, there is an eccentricity of the center of gravity of the disc. The presence of this
eccentricity is considered in the work when determining the required forces using D'Alem-
bert's principle of conditional balancing of forces. Given that the duration of cutting is a
short-term process (lasts 0.105 sec.), when determining the reactions in the supports of the
disk shaft that occur under the action of cutting forces, it is possible to consider the cutting
process as an impact phenomenon. Due to the fact that the process of cutting with a circular
saw is very short-term, the cutting force is considered the impact force. The magnitudes of
the reaction forces in the bearings are determined during cutting using the theorems of
impact dynamics: the theorem of impulses and the change of kinetic moment. For the pos-
sibility of theoretical determination of the effect of disk beating on the reaction in the bear-
ings of the bearing shaft, experimental studies of disk beating and determined cutting forces
were carried out.

Key words: reactions of bearings, eccentricity, impact impulse, cutting disc.

IHocTtanoBka npooiaemu. PileHHsa 3aqadi TEOPETUYHOTO BU3HAYEHHS BIUIMBY OWTTS TUCKY Ha
peakiii B onopax MHiJIIUITHUKOBOTO Bally, BU3BHAYEHUX B MOBIJOMIJICHHI |, BIIKPUIO MOJKIJIMBICTH BU-
3HAYEHHS SIK HABAHTAXKEHb Ha MIIIIUIHUKHU, TaK 1 IX JOBrOBIYHICTb. AJle IepelyBaTH LIbOMY BH3HA-
YEHHIO TTOBUHHI K €KCTICPUMEHTAbHI JOCTIHKSHHSI OUTTS AUCKA, TaK 1 BUSHAYCHHS 3YCHIIb Pi3aHHS.

AHaJIi3 0CTaHHIX J0cTiKeHb i myduaikaniii. B nosigomnenni 1 manoi crarri [1] npuBenenmii
TEOPETUYHUH MiJIX1/I K BA3HAUCHHIO BIUIMBY Ha PEakxilii B OMOpax MiIIUITHUKIB JUCKOBOTO BaJly POTO-
PHOI TTIITH TakuX (PaKTOPIB K pajianbHe OUTTS TUCKA Ta KOPOTKOYACHICTH MPOIIECY Pi3aHHS, SKa MOXKE
OyTH TIpeJICTaBlIeHa K YAapHe HaBaHTaXXCHHs. | TOMy 3TiIHO 3 iICHYIOUMMH METOJMKaMU BU3HAUCHHS
CWJI pi3aHHS NPOKaTy [2-6] BUHUKAE MOXKIIMBICTh OIIHKH HE TUIBKHU PEAKIIiH B ITIIITUITHUKOBUX OIOPaX,
ajie i JOBrOBIYHOCTI CAaMUX ITiINTHITHUKIB, SIKa TPAIUIIIHHO BU3HAYAETHCS IO BiJIOMil METOINIII, BUKJIA-
neHoi B [7].

Merta qocaizkeHHsI — BU3HAYEHHS JOBTOBIYHOCTI MIAIIUITHUKIB TUCKOBOTO BAJTy POTOPHOT MUJIN
3 ypaxyBaHHSM TakuX (haKTOpiB, SK pamialibHe OWUTTS NHUCKY Ta yJIapHEe HaBaHTKEHHS B IPOIECi pi-
3aHHSI.

Bukaan ocHoBHOro marepiany. BuxinHi nani Juist HACTYITHUX PO3PaxyHKIB SIK 3yCHIIb Pi3aHHA,
TaK 1 HABaHTAXKEHb, SIKi JIFOTh B IMiIIMITHUKOBUX OIMOpaX JUCKOBOTO Baiy poTtopHoi mwim 2500 mwm 3
napameTpamMu:

niametp pixkyudoro qucky 2500 mm 3 kpokom 3y611iB 100 mwm;

IBUJIKICTE 00epTanHs aucka 100 m/c; mBUAKICTE Horo mojaavi 2 m/c;

KYT 3yCTpidi AMCKa 3 3aroToBKoI0 W=45°, sk 11e BumHO 3 Puc. 1.

Puc. 1 — Cxewma pi3aHHs IPOKATy POTOPHOIO MUIIOIO
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J1st BU3HAYCHHS IMHAMIYHUAX CKJIQJI0OBUX PEAKIliil B MAMUMHUKAX A Ta B , AKi BUHUKAIOTH TpU
HAsIBHOCTI €KCIEHTPUCHUTETY LICHTPY Baru piKy4doro AUCKY, (0€3 BpaxyBaHHs CHII Pi3aHHS) MAEMO PO3-
pPaxyHKOBY CXeMy, 300pakeHy Ha PUCYHKY 2.

BuximHi gani ais puc. 2 HACTYITHI:

G1=2350 H, G,= 16300 H, G3= 11200 H, G4= 4100 H, I1= 30 mm, =250 mm, I3= 700 mm,
=750 mm, Is= 300 mm.
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Puc. 2 — Cxema HaBaHTa)XEHHS JUCKOBOTO BaITy ITiJl 4aC XOJIOCTOTO pyXy: (1 — Bara pixy-
— E— . —_—
4oro Aucka, G, — Bara ruiaHmaiiou, G; — Bara mkisa, (G, — Bara MaxoBHKa

Jlns mopaneIoro anami3y BIUIMBY pajlialbHOTO OMTTS AWCKY (SKE€ BUHHUKAE MPU HASBHOCTI €KC-
LHEHTPUCUTETY) Ha JIOBTOBIUHICTb MiAIIMITHUKOBHUX BY3JIiB came Ha poTopHid muii 2500, sika BCTaHOB-
JIeHa y TIPOKATHOMY II€XY OJIHOTO 3 METaIypriiHUX KOMOiHaTiB YKpainu, Oyu BUKOHAHI 3aMipH paJii-
QJIBLHOTO Ta TOPIIEBOTO OUTTSI HOBOTO JIHCKY.

Ha puc. 3 300pakeHa cxema BUKOHAHHS 3aMipiB pajialbHOTO OUTTS 3a JOMOMOTOIO iHMKAaTOpa
roaunaukoBoro tumy Dial 3 minoto minenust 0,01 MM Ta niamazonom 0-10 mMm. 3amipu paxiaibHOTO
OWTTS BUKOHYBAJHCH depe3 KoxkHi 10 3y0riB.

Puc. 3 — Cxema BUKOHAHHSI 3aMipiB pagialbHOrO OUTTS
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Pesynpratu 3aMipiB nmokaszasi Ha puc. 4 Ta puc. 5. Sk BUIHO 3 PUCYHKIB, pajaiajdbHe OUTTS AUCKY
JOCSITa€ BEMYUHU 2,6 MM, a TOpLeBe OUTTS nocsrae 1,6 MM MpH TOBLIMHI AUCKY 12 MM.

3
2,5
o
s 2 /
=3
al
I
Q
s 1
x
s
“ 05
0
1 3 5 7 9 111315171921232527293133353739
-0,5
Puc. 4 — I'padix pagiaabHOT0 OUTTS MIBHOTO JUCKY
1,8
1,6
1,4 -

AR A
s |
os |3
¢
/

0,4

0,2
OLWW
02 1 7 11 13 1517 19 21 23 25 27 29 31 7

Puc. 5 — I'padix TopueBoro OUTTS THUIBHOTO TUCKY

Sk mokazanu BiAMOBIIHI €KCIIEPUMEHTH, TOPIIEBE OUTTS IMCKa IIPH HOro 0O0epTaHHI 31 MIBUJIKI-
ctio 900 00/XB 3a paxyHOK 1HEPIIIHUX CHJI 3HAYHO 3MEHIITY€ETHCS /10 AECATUX YaCTOK MiJIiIMeTpa, 1 TOMy
MOYJIMBUM 301TBLICHHSM CHJI Pi3aHHS Y HACTYITHOMY BHKJIaJi MOKJIMBO 3HEXTYBATH.

Po3paxyHOk TaHTeHHmiaIbHUX 3yCHJb pizaHHs T 1 pamianmbHUX R BUKOHYETHCS 3a HACTYITHHMH
hopmymamu:

T=q-m-b-tis-k3-kt-kw (1)
R=k-T, (2)

ne q — muToMumi omip pizanHio, H/MM?;

M — TOBIIMHA METAIY, IO 3Pi3YETHCSI KOKHUM 3y0O0OM JHCKa, MM;

b — roBmMHa nHCcKa, MM;

| — nyra pi3anHs, MM;

s — Kpox 3yOI1iB AMCKA, MM;

K, — koedirieHT, sikuii BpaXxoBYe€ 3aTyIUICHHS 3yO1IiB;

k: — koediLieHT, IKUiT BpaXOBY€e TEMIEpaTypy MpoKary, 10 PO3Pi3aeThCs;

Ky — KoeditieHT, sKuit BpaxoBy€e MapKy CTalli MPOKATY, 10 PO3Pi3aeThCs;
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K — xoedimi€eHT, sKUil BpaXxOBY€ CIIBBiTHOIICHHSI MiXK TAHTCHIIIAJbHUM Ta PajialbHUM 3YCHII-
JSIMM Pi3aHHS.
B cBoto wepry, BenmunHa M BU3HAYAETHCS 32 POPMYIIOIO
U-ts

m=-—"=-cosQ, 3)
ne U — mBuaKicTh mogayi, M/c;
ts — KpOK 3yOIliB JUCKA, MM;
V — MIBUAKICTH pi3aHHS JIUCKOM, M/C;
Y — KyT 3yCTpidi TUCKa 3 IPOKATOM.
[Ipu mpoMy, oTprMaHa 3 1iei GopMyTu BeTUIHHA € PO3PaXyHKOBOIO. 3 BpaxXyBaHHSM €KCIICHT-

PHUCHUTETY TUCKA CEPEHE 3HAUCHHS TOBIUHHU 3pi3y MOXHA 3HAXOIUTH 3a (HOpMyII0I0
m+l

- (4)

BukoHaHi po3paxyHKH, 3TiHO 3 PEKOMEHIAIIIMY, IPUBEAECHUMH B [2], T03BOIMIN OTPUMATH
HACTYTTHI 3HAUCHHSI,

T=42120 H;

R =29480 H.

Jlns HacTymMHHUX po3paxyHKIiB HEOOXITHO 3HATH TPUBAJICThH MPOIECY pi3aHHS, SIKHA B HACTYII-
HOMY PO3IJISAA€ThCS, Yepe3 HOTO KOPOTKOUACHICTh, SIK TPUBAIICTh Yapy.

Maewmo:

mcp =

pisa = “22% - cos W = 20,7 = 0,105 c. (5)

JI1s HacTymHUX PO3paxyHKiB HEOOXiTHO BHOpATH BEITMYUHU 3HIKCHHS (TIPOCATKN) MIBHIKOCTI
JIMCKA TTiJT 9ac pizaHHs; npuitMaemo i Benuauan 20%, 1mo 0yIiio miATBepIKEHO YUCICHHUMH eKCTIepH-

. . 1 1
meHTamu [2]. TakuM YMHOM, KYyTOBA MIBU/KICTh 3MEHIITUTHCS 3a Yac 0JHOTO piza 3 90 — 1o 72-
(o} (o}

Kpim Toro, B HaCTymHUX po3paxyHKax HEOOXiZHO BUKOPUCTOBYBATH BEIUIMHU

GD?
i1 = 55 = 638k M?; (6)
Lois = Loy + %ez = 638 kr- M2, (7)

ne l,01 — ocboBHII MOMEHT iHepIii Baiy y 300pi BifHOCHO oci oOepranns OZ;
l2c1— OChOBHIT MOMEHT iHEPIIil TMCKY BiJIHOCHO IIEHTPAIBLHOI OC1 TUCKY.

PosrisHemo criodatky Bmiue JlamambepoBoi cumu ineprii F™, ska Mae Micle Tpu HasBHOCTI
EKLEHTPUCUTETY, Ha PeaKLii B Olopax JUCKOBOIO BaJIy IIPU HOro 0OepTaHHi 10 NOYaTKy pi3aHHs, TOOTO
Ha «XOJIOCTOMY XOJIi».

Busnavaemo cuity iHepuii:

Fin = % X w? o, X e = 4660 H; (8)

Il ®noy — HOMIHATBHA MIBUAKICTH OOCPTAHHS THUCKY;

€ — eKCLIEHTPHUCHUTET JIUCKY;
g — IPUCKOPEHHS BUILHOTO A IiHHS.

YV BIAMOBIMHOCTI 3 3aJICKHOCTSIMHU, SIKI OTpUMaHI B TIOBIIOMJICHHI 1, BU3HAYAEMO peaKilii B OTO-

pax A i B 3 BpaxyBaHHSM CHJIM iHEpLi:
1

Rey =13 [(Gy + F™) (L + Ly + Ly + Ly) + Go(Lp + L3 + Ly) + G3Ly — GuLs]; )
RAy = Gl + GZ + G3 + G4 + FiH - RBy' (10)

RBy = 32418,8 H;

RAy = 6191,2 H.

Peaxkii B omopax_A i B 6e3 BpaxyBaHHS CHIIH iHEPIIii JOPIBHIOIOTH!
Rgy = 26858,96 H;
. Ray =.7091 H. . . .
SIK BUIHO 3 OTPUMaHUX pe3yIbTaTiB, B HAHOIBIT HaBaHTaKCHIH omIopi B BHACIITOK OUTTS TUCKY
HaBaHTa)KeHHs 301nbryeThest Ha 20%.

43



BICHUK ITPUA30OBCBKOI'O JEP)KABHOT'O TEXHIYHOI'O YHIBEPCUTETY
2023p. Cepisi: Texniuni naykn Bun. 47
p-1SSN: 2225-6733; e-ISSN: 2519-271X

BpaxoByroun Te, 1110 TpUBANICTh pi3aHHs — KOpoTKodacHU# npouec (Tpusae 0,105 ¢), Bu3HAYUMO
peakuii B oropax JUCKOBOTO Baly, 10 BAHUKAIOT 1]l JI€I0 CHJI pi3aHHsl, pO3TIISAal0uH IPOLIEC Pi3aHHs
SK yAapHE SBHIIE.

Ha pmuc. 6 300pakeHa cxema JijIsl BU3HAYCHHS IMITYJIbCIB peaKIliii Omop MpH BiOMHX 3HAYCHHSIX
YIapHUX IMITYJIECIB CHJI pi3aHHS.
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Puc. 6 — Cxema HaBaHTaKEHHs BaTy I/ 9ac Pi3aHHs, 1e Sy, S, Ay Spx S, By — CKJIQJIOBI M-

S

MyJIbCIB peakwiil onop, S, vy

_yz:lx' — CKJIQJIOB1 yIapHOTO IMITYJIbCY CHIJI Pi3aHHs

3 BpaxyBaHHSM TOT'0, III0 TPUBAJICTD yaapy AopisHioe 0,105 c, maemo
Synx = T-1=42120H - 0,105¢ = 4422,6 H - ¢; (112)
Syny = R - 7 = 29480 H-0,105¢ = 3095,4H - ¢; (12)
o« = 72 pa/c; ox = 90 pan/c; Ducia = 2,5 M; GD%ana = 25000 Hu?;
Busnauaemo iMmysbcu peaxiiiii B oropax 3riHo 3 ¢popMyiiamMu, IKi OTpUMaHi B TTOBITOMIICHHI |
[1]:

Spx = 222 = 5276,6 H; (13)

Sax = Syxx — Spx + my * e(w, - w,) =~ 865 H; (14)
AO

Sy = Syny 75 = 369313 H; (15)

Say = Syuy — Sey = — 597,73 H. (16)

Takum unHOM, CKJIaJIOBI peakiliii HaiOIbII B omopi B.

Be3 BpaxyBaHHS EKCIICHTPUCHUTETY Ta YJapHHUX IMITYJIbCIB CHII Pi3aHHS PEaKIlis B i JIINITHUKOBIH
omopi Re = 13600 H, 3 BpaxyBanusMm gopiBHioe 19600 H.

[TopiBHIOIOUM OTpHMaHi pe3yabTaTH 3 BEIMYMHOIO PEaKIiid B OTIOpax Ha XOJOCTOMY XOAY, CIiJl
BiZI3HAYMTH, 1110 HACTYITHI PO3PaXyHKH JIOBFOBIYHOCTI MiAIIMITHUKA BAPTO BECTH 32 BETMUYMHAMH peaK-
1iil X0JIOCTOro X0y, BPaxOBYIOUH, 1110, B OCHOBHOMY, TPUBAJICTh Ipolecy pizaHus ckianae 0,5% Big
3arajJibHOI0 LUKy poOOTH MUJIH.

Posrnsinemo rpagik HaBaHTa)KEHHS OMOPHUX MIAIMIMITHUKIB 3 YacoM. BpaxoBytoun, 1o mnepios
Mk pizamu ckianae Bin 10 mo 30 cexkynn, MaemMo rpadix HaBaHTaKeHHs omopu B, 300paxeHuii Ha
puc. 7.
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Puc. 7 — I'padik nHaBanTaxkenus onopu B

BpaxoByrouu 11i BeIMYMHH, BU3HAYAEMO CKBIBaJICHTHE HABAHTAYKCHHsI HA I IIMITHUKOBY OIOPY
B 715t ux 1BOX BUMAJKIB 1O Bigomiit ¢popmyi [7, 8]

P=WV-x"FE+Y y-F) ks k,, 17)
ne Fr, Fa— pamianpHa Ta OCHOBA CHIIH;
V — koedilieHT 00epTaHHs BHYTPIIIHBOTO KibLs BiIHOCHO BEKTOPY HaBaHTaxkeHHs, V = 1,0;
X, Y — KoeQiIlieHTH pajialibHOTO Ta OCHOBOTO HABAHTAKEHB B 3AJIC)KHOCTI B1JI THITY ITiIIIATTHUKA;
K: — KoedilieHT, IKUiT BpaXOBY€E BILUTHB TEMIICPATYPHOTO pexuMy podotu, K, = 1,05;
Ko — nunamivamii koedimient: Ks = 1-1,2 11st JerKuX MOMITOBXIB i gac pobotn, Ks = 3,0 — st

3HAYHUX MOLITOBXIB Ta BiOpaLii.
[Ipu IbOMY JOBrOBIYHICTb ITiIIMITHUKA B TOJMHAX BU3HAYAETHCA 32 (POPMYIIOF0:
L= (18)

ne C — quaamivHa BaHTakonigiomuicts, C = 49600 H;
N — CTETICHEeBUH MOKA3HUK TSI POJIMKOITI IITUITHUKIB, IO TOpiBHIOE 3,33.
BukonaHi po3paxyHKH MOKa3alu, 10 JOBIOBIYHICTh MiJIIUITHAKIB CKIIaJIa€:
VY BUNaJIKy BCTAHOBJICHHS OJIHOTO ITiIIAITHUKA cepii 32240:
- 3 BpaxyBaHHsAM CHIH iHepIii 0,5 poky;
- Oe3 BpaxyBaHHS cuid iHepiii 18 pokis.
[Tpu BcTaHOBIICHHI IBOX MiANIUITHUKIB!
- 3 ypaxyBaHHSM CHJIU 1HEPIii 4 POKH;
- 0e3 ypaxyBaHHs cuin iHepii 20 pokiB.

BucHoBkn

Takum 9rHOM, K TTOKA3aJIM BIAMOBIIHI €KCIICPUMEHTH, TIABOISIYHN IiICYMOK ITPOBEIACHUM €KC-
NEPUMCHTAIBHUM JOCIIPKEHHSIM Ta OILIHIOIOYH Pe3yJIbTaTH PO3PaxyHKIB, MOYKHA 3pOOMTH HACTYITHI
BHUCHOBKHU:

1. Po3paxyHKy TOBTOBIYHOCTI MiIIAITHUKIB HEOOX1THO BUKOHYBATH 3 BpaXyBaHHAM MOIJINBOTO
MaKCHMaJIBHOTO PajiallbHOTO OMTTS IMCKA, Yepe3 Te IO PI3HMI JOBIOBIYHOCTI MOXE JAOPIBHIOBATH
BiJ 5 10 36 pasis.

2. HeoOximHa po3po0OKa 3axo0iB, sIKi 3a0e3rnevyars MiHIMi3allilo palialbHOTO OUTTS TUCKA.
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