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O6yxoBchki untanHs. XIII MikHapogHa HayKOBO-TIpaKTHYHA KOH(EpEeHIis,
M. KuiB, 6 Oepesns 2018 poky: te3u koHbepeHuii. HaiioHanbHMil yHIBEpCUTET
61iopecypciB 1 npupogokopuctyBanus Ykpainu. K., 2018. 87 c.

B 36ipHuKy npeacTaBieHi Te€3u A0MOBIeH HAYKOBO-TIEIarOT1YHUX MTPAIliBHUKIB,
HAyKOBHUX CITIBPOOITHUKIB, acmipaHTiB 1 goktopaHTiB ydacHukiB XIII MixuapogHoi
HayKOBO- MPaKTUYHOI KOoH(PepeHinii «O0yXOBChbKI YUTAHHM», B SIKUX PO3TIISIAIOTHCS
HUHIIIHIA CTaH Ta NUISIXU PO3BUTKY MPUKIATHOT TEOMETPIi Ta 1HKEHEepHOi rpadikw,
JM3aliHy, MUTAHHS BUKJIaJIaHHS TpaQiuyHUX AUCIUTLIIH.

OPTAHIBALIMHUA KOMITET:

Boimwx B.J]. — n.t.H., npod., nupexkrop HJII TexHiku, eHepreTMku Ta
iH(popmaTu3zauii AITK HYBill Ykpainu, — rosioBa oprasizaiiiiHoro KoMiTery;

Iununaka C.@. — n.1.H., npod., 3aBiayBady KadeIpud HAPHUCHOI TreoMETpii,
KoMI1 toTepHoi rpadiku ta auzaiiny HYBill Ykpainu — cniBrosioBa opraHizamiifHoro
KOMITETY;

Hecgioomin B.M. — n.1.H., npod., mpodecop kadeapu HaApUCHOI reoMeTpii,
KoMI1 totepHoi rpadiku Ta nuzaitny HYBill Ykpainu;

Banin B.B. — n.t.H., npod., AekaH (i3UKO-MaTeMaTUYHOTO (GaKyJIbTETy
HarionanpHOTro TEXHIYHOTO YHIBepcuTeTy YkpaiHu «KuiBCbkuil MOMITEXHIYHUIMA
THCTUTYT» (32 3r0/I010);

Koganvoe C.M. — n.17.1., npod., 3aBiayBad Kapeapu apXiTeKTypHUX KOHCTPYKIIIH
KuiBCBbKOTO HAIIOHAILHOTO YHIBEPCUTETY Oy MIBHUIITBA 1 apXITEKTYpH (3a 3T0/I010);

Kyuenko JI.M. — n.1.H., ipod., mpodecop kadeapu iHXEHEPHOI Ta aBapiiHO-
pATYBalbHOI TeXHIKM HalioHanbHOTO YHIBEPCUTETY IIUBUIHHOTO 3aXUCTy Y KpaiHu (3a
3r0/J1010);

Haiiouw A.B. — n.17.1., npod., 3aBinyBad kadeapy NPUKIATHOI MATEMAaTUKH Ta
iH(OpMaLIHHUX  TEXHOJOTI MeNITOMoNbChKOrO — JAEPKABHOTO — MEAAroriyHOro
YHIBEPCHUTETY (3a 3ro/1010);

ITiozopnun O.JI. — 0.1.1., ipod., mpodecop kadenpu apXiTeKTYpPHUX KOHCTPYKIIIN
KuiBCchbKOT0 HAIIOHAILHOTO YHIBEPCUTETY Oy IIBHUIITBA 1 apXITEKTYPH (32 3r0JI010);

Tyayuenko I'’Al. — n.1.H., npod., nmpodecop kadeapu BUIIOI MAaTEMATUKH 1
MaTEMaTUYHOTO  MOJICTIOBAHHS ~ XEPCOHCHKOTO  HAI[IOHAJIBHOTO  TEXHIYHOTO
YHIBEPCUTETY (32 3r0/1010);

Pomaceeuu 10.0. — 1.1.1., nou., npodecop kadeapu KOHCTPYIOBAHHS MAIIUH 1
ob6nannands HYBill Ykpainu.

© HVYBill Ykpainu, 2018
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O0yxoBa BioJsierra CepriiBaa
(1926-2005)
AOKTOP TeXHIYHHMX HayK, mpogecop,
akaaemik AH BIII Ykpaiun

Hapomunacst B 23 mortoro 1926 p. B M. Tomceky (Pociiicbkka ®enepartis).
B 1949 poui 3akinumia YpalbChkuil mojiTexHidHui iHCTHTYT (mami — YIII) 3a
CHEIaJbHICTIO ,,ENeKTpo-ycTaTKyBaHHs NpoMUCTOBUX mianpueMcTs”. Jlo 1952 poky
npairoBanga acucteHToM Kadeapu HapucHoi reometpii YIII. B 1955 pomi 3akinuunmna
acmipaHTypy npu KuiBcbkomy 1HXEHEPHO-0Y/11BEIbBHOMY IHCTUTYTI.
3 1955 nmo 2005 poky mparmroBama Ha Kadeapi HApUCHOI TeoMeTpii Ta
MaIMHOOYIIBHOTO KpecieHHs HarioHansHoro arpapHoro yHiBepcuteTy. B 1955 pomi
3aXUCTHJIA KaHIUAATChKY AucepTallito, B 1991 porri — JOKTOPCHKY.

byna wunenom penkonerii pecnmyONiKaHCHKOI HAyKOBO-TEXHIYHOI 301pKH
“IIpuknagHa reoMeTpis Ta iHKeHepHa Tpadika”, MpeIMEeTHOT HAyKOBO-METOIUYHOI
Kowmicii mpu MiHOCBITH YKpaiHu, Cieliaii3oBaHoi JOKTOpCchKoi Paau 13 criemiaabsHOCTI
05.01.01 “IIpuknamna reometpisi, iHXeHepHa Tpadika”, BcecBiTHROI opranizaiiii
reomeTpiB 1 rpadikiB (ISGG), ceminapy 3aranpHOTeXHIYHOTO BimainenHs AH BIIY,
[Ipe3unii Ykpaincekoi acoriaiii 3 mpukiaaaHoi reometpii. [ligrorysana 9 kanaunaris
Ta 2 JOKTOPIB TeXHIYHWX HayK. ABTOp moHan 150 HaykoBuX Tpallb, Cepen SIKUX
2 moHorpadii Ta HaBYaIbHUI MOCIOHUK (B CIiBaBTOPCTBI) 1 13 aBTOPCHKUX CBIZOITB
Ha BuHaxoau. Haropomkena mepansmu “Berepan mpami”, “B mam’ste 1500-pivus
Kuepa”, narpyanum 3sakom MBO CPCP “3a BinMiHHI ycrniixu B poOOTI”, IOYECHOIO
rpamMoTor0 MIHOCBITH YKpaiHH.

[Tomepia 26 mororo 2005 poky.
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YK 632.938.1
OBYXOBA BIOJIETTA CEPT'IiBHA - BIOTPA®IYHA JOBIJKA

OJI. Iliozopnuii
Kuiscokuii hayionanvHutl ynisepcumem 6y0i6HUYMBA ma apximexkmypu

Bionerra CepriiBua O6yxoBa Hapoauinacs 23.02.1926 poky B M. TomcbKy B ciM’1
nikapiB. B 1944 poui B M CBepIOBCHKY 3aKiHYMIIA CEPETHIO MIKOJY 3 BIIMIHHUMHU
pesynbTaTamu, a B 1949 pomi - Ypanbcekuii nosiTeXHiuHUN 1HCTUTYT. BpaxoByroun ii
CXUJIBHICTB JI0 JOCHITHUIIBKOT poOOTH 1 TpOMaJChbKy akTuBHICTh, B.C.O0yxoBa Oyna
sanmumieHa B YIII Buknagauem kadenpu HapuCHOT TeOMETPii.

VY BicimHaanstupiuaomy Bii  B.C.O0yxoBoi 3axomwiach CIOPTHBHOIO
riMHacTukor. Ha mepmocTi By3iB micta my Buctymax mo 1 pospsay B.C.O06yxoBa
3aliMae MPHU30Bi MICIIs, Ha MEPIIOCTI By3iB Kpainu - 4 1 6 micia. Cyans 2-1 kateropii 3i
cropTuBHOI riMHacTukH. BiiTky 1952 poky mijn yac mepmiocTi By3iB kpaiau B M.KueBi
BOHA M0JIa€ JOKYMEHTH, a 3r0JI0M 1 TOCTyNae B acmipanTypy KuiBchbKoro iHxeHepHe-
OyI1BEJIbHOTO IHCTUTYTY Ha Kadeapy HapUCHOI reoMeTpii 1 KpeciaeHHs A0 npodecopa
Cremana Mutpodanosuida Komorosa. 3 HemeHInoo enepriero B3sirack B.C.O0yxoBa
3a HayKOBI cnpaBH [i kanguparceka aucepranist ,,ONBIT IPOEKTHPOBAHKS MyYKAMU
IUIOCKOCTEH" MOoKjaia Mo CyTi MOYaTOK HOBOIO HAampsiMy B Teopil 300paxeHb -
y3araJibHEHHS IPOEKIIIITHOTO anapaTy Ha OCHOBI 3aCTOCYBAaHHS KOHT'PYEHIIIH MPSMUX.
Ile Oyno Bim3HavyeHO 1 raaBor0 MockoBchbkoi mikoiu mpod. YUerBepyxinum M.OD.
Yemimuui 3axuct kanaunarcbkoi aucepraiiii B.C.O0yxoBoi BinOyBcs B cTpok - 11
naucronana 1955 poky.

[Tpuxing OOyxoBoi B.C. Ha xadeapy HapuCHOI reoMeTpii 1 KpecleHHS, AKY
ouosoBaB 1pod. Po3os C.B. crpusiB ii HE TIIPKM HAYKOBOMY, a W MeNarorivHoMy
pocTty. 3a akTuBHOI yuyacTi Ta kepiBHUIITBA B.C.O0yx0B0i Ha kadeapi Oyyio CTBOPEHO
HaBYaJIbHO-METOJUYHHI KOMILJIEKC, 1110 CTaB OCHOBOIO CAMOPETyJIbOBaHOI HABYATIBHOL
CHUCTEMH, BIIPOBAHKEHOT Ha Kadeapi.

TBopunit nopodok npod.06yxopo'i B.C. mae 203 HaiimenyBansb. Lle nucepraiiii,
2 MoHorpadii B CHiBaBTOPCTBI, HAYKOBI CTaTTi, OMyOJiKOBaHI T€3U JOINOBijeH, 6
HAyKOBHUX 3BITIB, 13 aBTOpCHKUX CBIJONTB Ha BUHaxoAu Ta 21 poOoTa HaBYaIbHO-
METOJAMYHOTO Xapakrtepy. Lle minamii cnajok, 1o Oy/e Npo0BKyBaTH MPAIIOBATH Bl
il IMEH1 B CIIpaBl PO3BUTKY YKPaiHChKOI HAyKH.

Camosinnana npars npod. O6yxooi B.C. Oyna Bif3HaueHa TphOMa MeAJISIMHU,
HarpyJHUM 3HaKoOM ,,3a oTiau4Hble ycnexu B padore MB 1 CCO CPCP, nodecHoro
rpamoTtoro MiHocBiTH 1 Hayku Ykpainu, [louecHoro Binznakoro HAK Ykparpomisinr,
MIOYECHOIO TPAMOTOI0, TOJMHHUKOM Ta 3HAKOM KueBa Bij MiCBKOTO TOJIOBHU. J[Bidi K
BUJIaTHOMY BueHOMY Tipod. OOyxoBiit B.C. npusHavanack Ha J1Ba POKU CTHUIICHIIS
IIpesunenray» Yxpainu.
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YK 632.938.1
PE3YJIbTATH HAYKOBOI POBOTU KA®EJPU HI'KI' ]

C.®. ITununaxa
Hayionanvnuti ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

Bunosuunocs 92 poku BiJ IHS HapokeHHs npodecopa OO0yxoBoi BionerTu
CepriiBau 1 13 pokiB, sik i He ctasno. [IpuitmoBmu Ha kadgeapy B 1955 poiii Mogoaum
KaHIUAaTOM HayK, BOHA BiJpa3y XK 3alouyaTKyBaja i po3ropHyja HayKOBY POOOTY.
3aBigyBauem kadenapu Ha Toit uyac OyB C.B. Po30B, skuii akTUBHO 3aiiMaBcCs
METOIMYHOI0 JIisUIbHICTIO. Moro miapydyHmky i mociGHuKM Gyinu BimoMi Ha Beck
Pansucekuii Coro3 1 3a Horo mexxamu. Take Blaje moeqHaHHsS IBOX HAYKOBIIIB JaJIO
XOpOIII pe3yJbTaTh: Ha Kadepi po3BUBAIACs 1 METOIMYHA, 1 HAyKoBa poboTa. 3rojom
OyJi0 BIZKPUTO acmipaHTypy 13 HaykoBoi cmeriaibHOCTi «lIpukiamHa reometpis,
1HxKeHepHa rpadikay, 3’ IBHINCS aCIIPaHTH.

Bionerroro CepriiBHoo OyB c(HOPMOBAHHMI KOJIEKTHUB, Y SIKOMY IMIpaIlfOBaIN
BUKJIaJladyaMu ii koiuiHi acripantd. Y 2000 poiii 3axumiae JOKTOPChKY TUCEPTAIiIO
I1JT HayKOBUM KOHCY/IbTyBaHHIM OO0yxoBoi B.C. 11 xonumHii acnipanTt [lunumaka
C.®., a B 2008 pomi (yxe micas cMmepti Bionerru CepriiBHM) TeX i1 KOJMIIHIN
acriipant HecBimomin B.M. Ha xadenpi Bmepiie 3a Bech mepiona ii iCHyBaHHS
3’SIBUJIOCSL JIBA JIOKTOPHM HayK 13 mpoduipHOI crerianbHOcTi. lle cramo HoBuM
MOIITOBXOM JIJIT HaAyKOBOi poOoTu. 3a 13 ocranHix pokiB Ha kadenpi 3axuiieHo 14
KaHIUAATChbKUX JucepTaliif, oaHa poOoTa MpoWIuIa BHYTPIIIHIA 3aXUCT, Ha
3aBepUIAIbHOMY eTarl 3HaXOAUThCSI po00Ta HaJl TOKTOPCHKOIO JUCEPTALETO.

Cepen 3axuieHuX poOIT € poboTa i3 TexHIYHOi ecTeTuku. Ha xanb, micis
BBEJICHHS HOBUX BUMOI [0 MIATOTOBKM HAYKOBHUX KaJpiB BHIOi KBamigikarii,
cunemianbHicTh  05.01.03 «TexHiuHa ecTeTHka» Oyna 3akpuTa (BIACYTHICTH B
VHIBEPCUTETI JIBOX JOKTOpIB 13 IIi€l cremiaabHOCTi). TemaTuka KaHIUAATChKHUX
JTUCEPTAL OXOIUTIOE JTOCUThH IIUPOKE KoJio 3aj1ay. Lle 3amayl 3ruHaHHs JTUCTOBOTO
Marepiaity 1 moOy0Ba BUKPIMOK, 3TMHAHHS MaTepialy 13 BpaXyBaHHSIM MPYKUHECHHS.
OxpeMuii HanmpsM — 3aCTOCYBAaHHS CYIPOBIAHOTO TpuUrpaHHuka dpeHe B 3ajadax
KOHCTPYIOBAaHHSI TIOBEPXOHb Ta KIHEMATUKH 1 IMHAMIKYA MaTepiaibHOi TOUKH. B Ibomy
TIJIaH1 PO3TJIIHYTO KOHCTPYIOBAHHS MTOBEPXOHB CEPEIHBOI CTaN0i KpUBUHU, OOBITHUX
MMOBEPXOHb  OJHOTAPAMETPUYHOI MHOXHHHU IUIOIIMH, JIIHIKYaTUX ITOBEPXOHb
MOJIUIIEBOTO THIY JUIsl MPOEKTYBAHHS IPYHTOOOPOOHUX 3HApsAL TOIO. B moii 30py
HAyKOBIIIB KadeIpu HACTYIHI HAMPSIMKHU JOCIIHKEHB: allpOKCUMAIlisl HEPO3TrOPTHUX
MOBEPXOHb BIJICIKAMH PO3TOPTHUX, 3aCTOCYBAHHS 130METPUYHUX KOOPAMHAT,
reoJIe3UYHl JIiHIi TOBEPXOHb, KOMII'FOTEPHI MOJENl CHUHTETHYHOI reomeTpii. 3a
pe3ynbTaTaMu JOCIIKEHh B MHUHYJIOMY HaBYaJIbHOMY pOIll OIYOJIKOBAaHO TpH
MoHorpadii, B TOMy YHCJl OJHAa aHTJIIKMCHKOI MOBOI. He Bijcrae 1 cTyaeHTChKa
HayKOBa po0OTa — JiBa POKHU TOCIIJIb HAIlll CTYJEHTH € MPU3epaMu BCEYKPATHCHKOTO
KOHKYPCY CTYAEHTChKHX HAyKOBUX pOOIT (Iepuie Micle).
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YIK 514.18

KIHEMATHYHI BJACTUBOCTI KOB3AHHA YACTHHKH 110
IMOPCTKIUA IVIOIUHI, AKA 3JIMCHIOE ITIOCTYITAJIBHUU PYX I1O
JIEMHICKATI BEPHYJLJII

B.M. Heceioomin, B.M. baoka, A.B. Heceéioomin
Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeants Ykpainu

B Oaratbox TEXHONOTIYHUX TpoIecax C.-T. BHPOOHUIITBA BiIOYBAETHCS
KOB3aHHSI YaCTMHOK CHITy4OT0 Marepialy Mo MIOPCTKIM MJIOLIUHI, sIKa B CBOIO YEpry
3MIIMCHIOE MTOCTYTMAIbHI IEPEMIIIICHHS B TPOCTOPi. OCKIUIBKY MPU MOCTYMAIIBHOMY PYCi
IJIOIIMHY BijicyTHE KopiomicoBe MpUCKOPEHHS, TO BUBEJCHHS 3aKOHY PYXYy YaCTUHKH
JUTSI TAKOTO BUTIAJIKY 3HAYHO CIIPOIIYETHCS.

IcHye HeoOMekeHa KUTbKICTh NOCTYNaIbHUX MEPEMIIIEHB MUIOMIMHY B IPOCTOP1
Oxyz, SIKI MOXHa 3aJaTd PIBHSHHIM TPA€EKTOPli JOBUIBHOI TOYKU TUIONIMHU —
PIBHSIHHSIM IEPEHOCHOT'0 PYXY IUIOIMHH.

CyTTeBUI BIUIMB Ha KIHEMATUYHI BJACTHBOCT1 KOB3aHHS YACTUHKH I10 MIOPCTKIM
TJIOIIMHI Ma€ B3aEMHE TTOJI0KEHHS TPAEKTOPIT IEPEHOCHOTO PYXY MO BiHOIIEHHIO JI0
PYXOMOI IIJIOIUHH.

Hexait MaeMO IOPCTKY NOXWITY IIJIOIIUHY:

R(u,v) = R[u cos(B), v, —u sin(B)], (1)
ne: B — KyT MOBOPOTYy TOPHM3OHTANBbHOI IuionmHu R[u,v,0] HaBKONO OCi Oy
JIEKapTOBOI CUCTEMU KOOpAUHAT Oxyz;

U, V — apryMEHTH KOOPAMHATHUX JiH1{ ruiommuu R (u, v).

Hexaif HampsIMHOIO KPHBOIO TEPEHOCHOTO pyxy IommHu R(u, v) € miocka
av2-sin(t) av2-cos(t)sin(t)
cos(t)2+1’ cos(t)2+1
PIBHSIHHS IEPEHOCHOTO PYXYy MaTUM€ BUTJISI:

. av2-sin(wt) (cos(wt) sin(8)—cos(0)) cos(B) ,'|

kpuBa bepaymm r[— , IKa JIeKUTH B 1111 mrommHi (1). Tomi
p pHY.

cos(wt)?2+1
. _ av2- sin(wt) (cos(wt) cos(8)+sin())
M(t) =M e | (2)
. av2-sin(wt) (cos(wt) sin(8)—cos(0)) sin(B)
cos(t)2+1

ne. t,c—uyac;

w, c”! — mapameTp mepeHOCHOro PyXYy;

6 — NOJI0’KEHHS IEPEHOCHOI TPAEKTOPIT B IUIOIINHI;

a, M — napametp GopMu KPUBOI.

Ha puc.1 nmoOynoBano mnepeHocHy TpaekTtopito M(t) miuommHu (MOYaTKy
koopauHat 0), Tpadiku MBHUIKOCTI Ta MprcKopeHHs Touku 0. [lepeHocHa TpaekTopis

M(t) MIOIMMHN € 3aMKHYTOIO KPUBOIO, a 1i IMBUIKICTh 3UT'3aroMoAi0OHO 3MIHIOETHCS

Bi/l HyJIS 10 BEJIMYMHU a2 — MAKCHMAaJIbHA IIBHAKICTH B KPaifHiX TOUKAX TPAEKTOPII.
3BepTaeMo yBary, o B MOMEHT pyXy t = 0 HanmpsiM MBUAKOCTI I, IEPEHOCHOTO PyXy

6
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3MIACHIOETBCS 3 TOYKM O B 3-TIO YETBEPTh CHCTEMH KOOPAMHAT 1 KpaiHI TOYKH
TPAEKTOPIl MEPEHOCHOTO PYXY 3HAXOAAThCS Ha oci Ox. 3Ur3aronoJi0OHUI XapakTep
Mae MpUCKOpeHHs ToukH 0. Sk Oyze moka3aHo HUXK4Ye, caMe 111 CKJIaJ0B1 IEPEHOCHOTO
PYXY LIOPCTKOT IUIOMIMHYU CYTTEBO BIIMBAIOTh HA KIHEMATHU4HI BIIACTUBOCTI KOB3aHHS
YACTUHKH I10 Hiil.

—
-t
(5]

1.0 0
T inmam 21 RS Eﬂiﬁ_ﬂi 2m
e e
¢ ¢
6) B)

Puc. 1. TpaekTopii mepeHOCHOT0 PyXy IUIOMMWHY Ta Tpadik ii mepeHOCHOT MBUAKOCTI

AOGCOIOTHA TPAEKTOPIA TJIOUIMHM MPH 11 MOCTYNAJIbHOMY PYCl € CyMOIO JIBOX
BekTop-pyHnkmiii (1)1 (2):

[ av2-sin(wt) (cos(wt) sin(0)—cos(B)) cos(pB) ]
cos(wt)2+1 tu COS(B)'

_ av2: sin(wt) (cos(wt) cos(8)+sin(8)) +p, ] (3)

cos(t)?+1
- av2-sin(wt) (cos(c(;)zzts)gn:f) cos(0)) sin(B) —u sin(,B) |

Kunyra B mopcTkiii mnomuHi (1) yacTuHKa Oy/e 31HCHIOBATH TIEBHE KOB3aHHS
o JesKid TpaekTopii. byino po3pobiieHo BIANOBIIHE MpOorpaMHe 3a0e3MeUeHHs IS
cepeloBUIlla CUMBOJIBbHOI anreOpu Maple, sike aBTOMATHYHO BUBOAUTH CHCTEMY
nudepeHIiaTbHUX PIBHSIHB 3aKOHY PYyXY YaCTUHKHU B IIPOEKIIISIX HA OC1 CYIPOBITHOTO
TpurpanHuka OuvN, nBi oci Ou 1 Ov SKOro mapaljiesibHi U, V - KOOPAUHATHUM JI1HISIM
mwionwan R(u, v), a Bick ON — mapanenbHa BEKTOPY HOpMaJli TUTOIIHHH.

HaBenemo pe3ynbTaTé €KCIIEPUMEHTAIBHUX JTOCHTIIKEHb KOB3aHHS YaCTHHKU
M0 MIOPCTKIA PYXOMiil TUIOMIMHI B 3aJ€KHOCTI Bl TaKMX 3MIHHUX MapaMeTpiB, SK
koedirienTa TepTs f Ta MOYATKOBOI MIBHAKOCTI V, KWIaHHS, IPH 3aJaHUX KYTY Q,
KUJIAHHS YACTUHKU, KYTYy [ MOJIOXKEHHS TUIOLIMHH, TapaMeTpa a GopMu HApsIMHOI.

Ha puc.2 nob6ynoaHo abcomoTHy r(t), BimHOCHY p(t) Tpa€eKTOpii YaCTUHKH,
rpadiku ii abcomoTHOi V (t) Ta BitHOCHOI V,(t) IBUAKOCTEN I PyXOMOI IUIOIMHH
o =1 ¢! B 3anexnoCTi Bix KyTa , = 0°,45°90° 135° 180° KugaHHsA YACTUHKH, a
TakoX J71st Koedirienta TepTs f = 0.3, mo9aTKOBOi MBUAKOCTI YacTUHKH V, = 2 M/c,
napamerpa ¢popmu a = 1 m. [{71s Takux BUXIIHUX TapaMeTpiB BC1 YACTUHKU KHHYTI B
Pi3HI CTOPOHHU IMiJ KyTaMH ¢, 13 MOYAaTKOBOIO MIBUAKICTIO V, = 2 3ynuUHATHCA 4yepe3
pi3H1 NpoMDKKU Yacy t (puc.3,a-T). HaitOinemy aGcomoTHy mBHUAKICTE V = 3 B
MOMEHT KujiaHHs t = 0 Mae yacTUHKA, sika OyJia KMHYyTa M KyToM &, = 180° — mis
SIKO1 KyT MK BekTopamu V, 1V, € HalimeHITUM. AJie HalijjoBIe 0u3bKo t = 2.5¢ Oyne
pyXaTHucsi Ta YacTUHKA, sKa Oyya KUHYTa Mg KyToM ¢, = 135° xoua 1i abcoroTHa
IIBUJIKICTh B MOMEHT KuaaHHs t = 0 gopiBHIOEe V = 2.2. Bie 1€ rOBOPUTH PO

H(u,v,t) = R(u,v) + M(t) = H
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CKJIaJIHy B3a€EMOOOYMOBJICHICTh LHX MapaMeTpiB, PO3YMIHHSA SKHX MOKJIHMBO
3M1MCHUTHU B MPOIIECI BUKOHAHHS PI3HOMAHITHUX OOYHCIIOBATLHUX €KCIIEPUMEHTIB.
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Puc. 2. Tpaexropii r(t), p(t) Ta rpadiku meuakocrei V(t), V,(t) yactunku
B 3QJICXKHOCTI BiJ] KyTa @, il KHAaHHS

JlocmiauMo BIUIMB Ha TPaeKTOPHO-KIHEMATHUHI

BJIACTUBOCTI

KOB3aHH:

JacTUHKH ii koedimienTa Tepts f = 0.01, 0.2, 0.3, 0.4, 0.5 B 3a1€XHOCTI1 BiJl HAMPIMKY
6 IepeHOCHOTO PYXY IUIOMMHU B MOMEHT t = 0 c. (puc.3).
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Puc. 3. Tpaexropii r(t), p(t) Ta rpadiku msuakocrei V(t), V,(t) yacTuHKu
B 3QJICKHOCTI BIJl KyTa f 11 KMJIaHHS
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3p03yMifio, O YUM OLTBINNA KOS(DIMIEHT f TePTS YaCTHHKHU, TUM IIBUIIIEC BOHA
3ynuHUTLCA. 3 rpadika (puc.3,r) BITHOCHOT BUAKOCTI V, (t) MaeMo, 110 JUIs YaCTUHOK
3 xoedimieaTom teptsa f = 0.4, 0.5 1e BimOymeTbest yepe3 mpomikok vacy t = 0.8¢c
MIPU MOJIOKEHH] HAMPSIMHOT TPaeKTOpii mepeHocHoro pyxy 8 = 0°. Skuio nmonoxeHHs
HAMPSIMHOI KPUBOI1 y BUTJISAIL JIEMHICKaTH bepHyIuli IepeHOCHOT0 pyXy (2) MOBEpHYTH
HaBKOJIO moyaTKy koopauHat O Ha kyT 6 = 90° (puc.3,1-3) abo x Ha kyT 8 = 180°
(puc.3,x-H), Ak O0auMMo, XapakTep MOBeAIHKH abcomroTHOI 7(t), BigHOCHOI P(t)
TPAEKTOPIA YacTUHKH, Tpadiku abcomornoi V(t) ta BimHocHoi V,(t) mBuaKocTei
3MIHHMBCS Ha MMOYATKY PyXY.

Ha puc.4 no6ynoBano abcomotHi 7 (t), BigHOCHI P(t) TpaeKTOPii YACTHHKH,
rpadiku abcomotnoi V(t) Ta BimHocHOI V,(t) WBUIKOCTEH B 3aNEXKHOCTI Bif
nmoyatkoBoi mBuakocTi V, =0.1,2,4,6,8 npu 3amaHux KyTa KuaaHHsi o, = 0°,
koeodiuienta tepts f = 0.3, monoxeHHs miomuHu B = 0°, mapaMeTpa MepeHOCHOTO
pyXy mionmHu w = 1.

30UTBIIMMO TapaMeTP MEPEHOCHOTO PyXy IUIONIMHU JO0 3HA4YeHHS w = 2. 3a
TaKOi YMOBHM TIJIbKM YacCTHMHKA 3 MOYATKOBOK MBUAKICTIO V, = 0.1 3amumuTthes
HEPYXOMOIO B ILIONIMHI, BC1 1HIII YaCTUHKH OyAyTh KOB3aTH B IUIOMIMHU. 3 4acOM, iX
TpPaeKTOpii OyIyTh KOHTPYCHTHUMH, ajie HEe 30iraTucs MiK coOO0 BIIIAISYUCH BIJ
no4atrky koopauHar 0.
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Puc. 4. Tpaexropii r(t), p(t) Ta rpadiku mBuakocrei V(t), V,(t) yacTuHKu
B 3QJIC)KHOCTI BiJT ITOYATKOBOI MIBUAKOCTI V,

HaBeneni okpemi pe3yibTaTH MPOBEACHUX OOYMCIIOBATHHUX EKCIEPHUMEHTIB
MOKa3yIOTh CKJIAJHY B3a€EMOOOYMOBIICHICTh MMapaMeTPIB pyXy YaCTUHKH, BUZHAUCHHS
AKMX MOXJIMBE TUIBKM 3a JIOMOMOIOI0 CTBOPEHHS MOAIOHUX KOMII IOTEPHUX
IMITAIIHHUX MOJEIEH.
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VJIK 515.2
TEOMETPAYHE MOJIEJIOBAHHSA IJIOCKUX ®OKYCATOPIB

C.M. Illeguenko
Hayionanvnuii ynisepcumem yusinonoeo saxucmy Yxpainu

Beryn. CyyacHi TEXHOJIOTiM BCE YacCTilIe 3BEPTAIOTHCS N0 3aCTOCYBaHHS
KOHIIEHTPATOPIB COHSYHOTO BUNpOMiHIOBaHHS [1]. @paniy3pkuii Buenuit broddon y
cepeauHi 18 cToMITTS BHeplle MepeBIpyB HA MPAKTHII 1/1e(0 KOHIIEHTpAIli COHAYHOT
e”eprii. Jlo ocTaHHBOTO 4Yacy A3€pKaibHI CHCTEMH, SIKI KOHIIEHTPYIOTb COHSYHY
€HEPriio, Majo YUM TPHUHITUTIOBO BIIPI3HAIOTHCS BiJ KOHCTPYKIli broddona. Bonu
CKIIQZaloThes 3 HAOOpYy OKpeMux m3epkan (abo OFHOTO BEIMKOTO J3epKaia), 1o
MePEHANPABIISIIOTH «COHSYHUN 3aiYMK» B OJIHY CITUIBHY TOUKY.

3HauHy MOMYJIAPHICTh OCTAHHIM YacOM OJIEpXkalu KOHUEHTPATOpPU Yy BUTJIISII
niH3 @penens, sKi MalOTh BUIIISA KBAa3UIUIOCKOI pelbeHOI CTPYKTYPH 13 MPO30PUX
JIETKUX TIJIACTUKOBUX MaTepiaiiB. OyHKIIOHAILHO JiiH3a DpeHens po3B’sa3ye 3a1aqy
(oKyCyBaHHS - aHAJOTIYHO TPAJULIMHUM CKISSHUM JiH3aM. KBa3uriocki penbedHi
CTPYKTYpH KOHIIEHTPATOpIB MalOTh IIOCKY MPOCTOpOBY (opmy, sika y OaraThox
BUIAJIKaxX € Ha0araTo TEXHOJIOTTYHOIO MOPIBHSAHO 3 napadoniuHoro (opmoro. Bigomi
JIBa PI3HOBUJIM TUTOCKUX KOHIIEHTPATOPiB coHIlA - PlanarSun 1 Sun Simba [2, 3]. Ane
iX peaizallis Ha MPaKTHIIl OB’ sI3aHA 31 3HAYHUMH BUTPATaMU, K1 HE JO3BOJISIOTH iX
IIUPOKE BUKOPHUCTaHHS y MOOyTi. ToMy IOIIIBHUMHU OYIyTh PO3POOKH TIIOCKUX
KOHIIEHTPATOP1B, OPIEHTOBAHI HA MOBCIKJICHHE BUKOPUCTAHHS.

AHaJi3 BigoMux gociaiakeHb. BioMi 1Ba THIIA «COHSYHMX KPUCTAIIBY IS
BHUCOKOE(DEKTUBHOTO MEPETBOPEHHS CBITIOBOI eHeprii B enekrpuyny (3 KII Oibie
15%). A came: MOHOKpHUCTAIIYHUN KpeMH1H (mono-Si) Ta TeTepOCTPYKTYPH Ha OCHOBI
apceniny ranito (GaAs). [Ipu 1b0My €eKOHOMIKA MUTaHHS TICHO MOB'sI3aHa 3 MUTOMOIO
BApTICTIO OCEPEAKIB «COHSYHUX KpHUCTaliBy. [luToMa BapTICTh OCEpeaKy apceHiny
rajiito nepedyBae Ha piBHI 3-15 $/cm2, a kpucramiyHoro kpemuito 0,01-0,02 $/cm2.
ToOGTo muTOMa BapTICTh apPCEHIAY rajito Ha OJUHUIIO IUTomIi mpubau3Ho B 1000 pasis
Oinp1ie. 3BiICH CIAYE, IO 7S JOCATHEHHS [IHU COHSYHOI IMaHe 1 Ha OCHOBI apCeH1Ty
rajito, TOPIBHAHHOIO 31 3BHUAWHOIO COHSYHOIO OaTapeero, MOXKHA 3MEHIIUTH HOTO
KopucHy 1oy y 500 pa3sis.

CTBOpEHHSI «COHSYHUX KPHUCTATIB»  JO3BOJIMJIO  PO3POOUTH  TJIOCKUH
KOHLIEHTPATOp MIHIMAJIbHOI TOBIIMHM, 200 IJIaHApHUI KOHIeHTparop. [Ipu mpomy
CTYIMiHb KOHIIEHTpallli Jocsirajiacs JOCTaTHBbOIO JUIsl CEPHO3HOTO E€KOHOMIYHOIO
ebexty. Enemenrtapumii ocepenok consiuHoi Oartapei PlanarSun 13 mumanapuum
KOHIICHTPATOpOM SIBJISE CO0OI0 IIJIACTUHY Oprckia (ckima) 31 creliaibHOK
MOBEPXHEBOIO I BHYTPIIMIHBOIO CTPYKTYpOIO 3 TNPUKPIIUICHUMH JO TOPLIB
boToeNeKTpUIHUMH TIepeTBOpIOBauamu (puc. 1).
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CONHEYHEIE AYYH |

Caod c noxasatrenemn=1.40
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npenomneHad n=1.455
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Puc. 1. Cxema xonuentparopa PlanarSun (3anmo3uuene 3 po6otu [2]).

[Tamaroui mo6gM3y HOpMal COHSYHI MPOMEHI 3 YCI€ TUIOCKOT TMOBEPXHI
IUIAHAPHOTO KOHIIEHTPATOpa HAIPABIISIOTHCA Y JIBa MPOTHIICKHHUX TOPLII, 38 PAXyHOK
OJTHOKPATHOTO BIIOMTTS BiJ] 3aJHBOI MOBEPXHI i 6araTopa3oBUX MOBHUX BHYTPILIHIX
B1IOWTTIB BiJl 30BHINIHBOI i BHYTPINTHBOT MOBEPXHI. Y Oe3mocepeaniil OJU3bKOCTI B
BUBIJIHOTO BHIIPOMIHIOBAaHHS TOPI[B IUIAHAPHOTO KOHIIEHTpATOpa pO3TalIOBaHi
doToeneKTpUYHI MepeTBOPIOBayl, SKi MalOTh T€OMETPUUYHHUIA PO3MIp, IO BIAMOBIAAE
Toputo. JlaHa KOHCTPYKIIs IUIAHAPHOTO KOHIIEHTpATopa JI03BOJISIE CTBOPIOBATH
npucTpoi 3 TOBIMHOK B 10-20 pa3iB MeHIIe HOTO IMIMPUHUA TOBEPXHI, 3 SKOI
30UpaAETHCS COHSTYHA CHEPTIs.

binbll 1iKaBUM 1 NEPCIEKTUBHUM BBAXKAIOTh MPOEKT IUIOCKOTO COHSYHOTO
KOHIIeHTpaTopa Sun Simba (y SKuii, 10 pedl, BKIAJIEHO JACCATKH MUJIBHOHIB J1071apiB
[3]) 3anpononoBanuii kommaniero Morgan Solar. Po3po0iieHO Jekijibka BapiaHTIB
(OKyCyBaHHSI COHSYHOI'O BHUIIPOMIHIOBAHHS 3 BHUKOPUCTAHHSIM 1-3 achepuyHux
nmoBepxoHb. HalimpocrTimia 3 HUX HA0YHO TPECTaBICHA Ha PUC. 2, AKa CKIAJa€ThCS 3
achepuyHUX OOPO3/0K, pO3TAIIOBAHUX MO Kojy. [IpuHiumn aii koHIeHTparopa Sun
Simba moisrae y HacCTyITHOMY.

Puc. 2. Cxema xoHueHtparopa Sun Simba (3ano3udexe 3 podotu [3]).

Bopo3ku (QokycyroTh mnapanenpbHO Tajaroyde BUIPOMIHIOBAHHS Y HEBEIUKI
«IpOMDKKKH» (puc. 2). [ani BUIPOMIHIOBAHHS MOMAaAa€e B KJIMH, 3 SKOIO HE MOXKE
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BUOpPATHUCS, 1 TOUIMPIOETHCS IO «COHSYHOTO KpucTamy». Y mopiBHsAHHI 3 PlanarSun
cucteMa Sun Simba 3a0e3nedye OUIBITY KOHIICHTPAIIO BHUIPOMIHIOBAHHS -
MPaKTUYHO B TOYKY, a HE y JIBl MPOTUICKHI IUIOMIMHU. 3 1HIIOro 00Ky, B PlanarSun
O17IbIIIE KYTOBE IT0JIE 32 OJTHIET KOOPAMHATH, IO MOJIETTIIYE CII1IKYBAaHHS 32 HAITPSIMKOM
coHIls. ['os10BHA iX MepeBara rnoJjsrae y miockii reoMmeTpudHii popmi, sika y 0ararbox
BUIMAJKaX BIPOBA/KCHHS € TEXHOJOTIYHO 3PYYHIIION MOPIBHAHO 3 MapaOoIiqHOI0
dhopmotro.

Mera poboru. Po3pobutu koM 'ioTepHy TrpadiuHy MOJENIb PO3PAXYHKY
MJIOCKOTO KOHIIEHTpAaToOpa y BUTIIAAI TapaboiiyHoro Qokycaropa, HOpPMaIbHHMA
nepepi3 SKOro CKIAA€Thes 3 PparMeHTiB ¢iM’1 crmiBQOKYCHUX mapadoll.

OcHoBHa yacTuHA. Po3ristHeMo popMyBaHHS CKJIaI0BOT TOBEPXHI ONMTUYHOTO
eJIeMeHTa, Mo (POoKycye BUMPOMIHIOBAHHS 3 IMJIOCKUM (PpoHTOM y TOuky. Hexaii Ha
BIIOMBAJIbHY TOBEPXHIO TaJa€ My4yOK NapajiebHUX IPOMEHIB, HAMpaBICHUX B
3BOPOTHOMY HampsMKy BimHOCHO oci Oz [4]. HeoOxigHO Ii¢ BHUIPOMIHIOBaHHS
chokycyBatu y Touky 3 koopaunHatamu (0,0,f), mpuuomy, GpoHT BiAOHUTOI XBUII
NOBUHHUK OyTH chepuyHuM. B 1IbOMy BHUMAAKy €MKOHaN BiAOMTOrO MOJS MOXXHA
BUPA3UTH GopMyIioro [5]:

2 2 2
D, (x,y,2) = —\/x +y +(z- 1)
[To3HaunMo depe3 A AOBXKMHY XBWJI1 BUIPOMIHIOBAHHSA 1 3alUIIEMO PIBHSHHS
€KBIBAJICHTHUX (POKYCYIOUHX MTOBEPXOHL OOCPTAHHS Y BUTJISII

2-x2+y? +(z—f)? =C+MA m=o0zx122,.. (1)
Po3B’spxemo piBHsHHS (1) BITHOCHO Z K QYHKITIT X, Y; TOM1 OACPKYEMO
X* +y? f +C+ma
P TCir s . @
2(f —C-mA) 2

Bci nmoBepxHi, 110 onuCyrOThCS BUpazamu (2), SABISIOTH COO0I0 mapadosoiau
ob6epranns 3 poxycamu B Toutll (0,0,f). Jlami Hac OyAyTh LIKABUTH JuIle pparMeHTH
MOBEPXHI, sIKi po3TamoBaHi moosm3y mionuu z = 0. Tomy nokmagemo C = - f 1
MPOBEIEMO JOCIIKEHHS CIM 1 ITOBEPXOHb

x* +y?

1
2, (X% y) =< (
2 Z(f —"‘Z’IJ

KoxkHa 3 1MX MOBEepXOHb (Ha puc. 3 MOKa3aHO ix ueHTpanLHHﬁ MEPETHH)
CTBOPIOE 1ICHTUYHE XBUIIBOBE I10JIE, 10 (bOKycyeTLc;I B Toutii (0,0,f). 3a3naunmo, 110
Take K XBUJIbOBE MOJie OyJe CTBOPIOBAaTH 1 KyCKOBa - HEIMEpEepBHA J3epKajibHa
MOBEPXHA, IO CKJIaJeHa 3 (parMeHTiB IMOBEPXOHb, SIKI PO3TAIIOBaHI MOOJIU3Y
mwomuHU z = (0 (Ha puc. 3 mepeTuH I1i€l MOBEPXHI MOKa3aHO TOBCTOIO JIHIE). Ajie

+ mA)

. . ) mA
BHCOTa rpeOCHIB CKIIAJI0BOI OBEPXHI € HeoaHaKoBa. Ko - << f , TO BUpA3u s

x? +y°

2f

5 +m/1] I Tonmi piBHSHHS CKJIaI0BO1

1
IIOBEPXOHb CIPOIIYIOTBCS Z, (X,Y) = —{

12



«ObYX08CHKE HumanHs»

. . Al X2 +y°
IIOBEPXHI MOKHA 3aIIMCaTH Y BUIJIAAL z(x,y) = 21 284 | B 1npoMy BHMaIKy

BUCOTa rpedeHs penbedy Oye ogHaKoBa 1 CKIIaJaTUME MOJIOBUHY JOBKHWHU XBHIIL A.
z
T (0,0,1‘)

v

Puc. 3. Cxema cim’1 ciiBpokycHux mapabou.

Ha mpaktumi ¢da3oBuil ONTHYHUN €IEMEHT, SKHM Jl€ Ha BIIOWUTTA,
KOHCTPYKTUBHO BHUTOTOBJISIFOTh Yy BUIJISAI TUIOCKOTO TapaboiidHoro Qokycaropa.
[lepepi3 cidHOIO IIEHTPATHHOIO TUIOIIIMHOIO HOTO aKTUBHOI OBEPXHIi MMOKA3aHO Ha PUC.
4. KoHCTpyKTUBHO (POKycaTopy MOKHA HaJaTH MOpsMOKYyTHY dopmy, abo dopmy
nmoBepxHi o0epTaHHsA. Taki ¢opMH JIETKO BUTOTOBUTH Ha ()pE3epHUX UM TOKAPHUX
CTaHKaXx.

Onepkani pe3yJabTaTH TEOMETPUYHOTO PO3paxyHKy (oKycatopa MOKHA
BUKOPHCTATH JJIs1 BU3HAUCHHS TTapaMeTPiB ONTUYHO €KBIBAJIGHTHOI Mapaboiu - TOOTO
napaloiiv, y SKOi eJIEeMEHTH CIM’1 KaTaKayCTUK € OJIM3bKUMU 3a (OPMOIO elleMEHTaM
ciM’1 KaTakayCTHK IUJIOCKOTO MapabomiuyHoro (okKycarop A BCIX JOIMYCTHUMHX
HampsIMKiB X ocBiTieHHs. CTBOpeHa mporpama, JAe TMoOyJoBa KaTaKayCTHUKH
3IACHIOETHCS Y BUTIISAI MYJIBTUILTIKAIT B 3aJIEKHOCTI BiJl KyTa MaJiHHSI Ha KPUBY
dokycaropa myuyka mapaienbHUX TMpoMmeHiB. Ha puc. 4 HaBeneHO MNpUKIaAU

300paKeHb.
= . - . 4,

4 = 0N 2 4 -4 =23~ 0 2 4
Puc. 5. [lpukiianu 300pakeHb KaTakayCTHUK QoKycaTopa.
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Bapiant o0unciroBaBcs 3 mapamerpamu f=1;A =1
Karakayctuka B mporpaMi o0uuciroBanacs 3a GopMyIaMu:

2
df(«/l—m2 —mglfj +(«/1—m2 —mglfj(glf«/l—mz +m)
x )\ dx

N dx X
2 2
dx
2
1-m? —mﬂ _df 1-m? —mﬂ ﬂ«/1—m2 +m
dx dx dx A dx
Yiar = f + 2
d°f
2 2
dx
Jlis  eHepreTMYHOro pPO3paxyHKy ILIOCKOro mnapadosiyHoro (okKycaropa

X p

HEOoOXiZIHO BM3HAYUTH TmapameTp p napabomu J'= f+ 5_5, HOMYy ONTHUYHO

ekBiBasieHTHOi (TyT f - QokycHa Biactans) [6]. B pobOOTI CTBOpEHO MporpamHe
3a0€3IeUeHHs B CepEeOBUII MaTeMaTUHIHOTO TIpoiiecopa Maple.

BucHoBok. OnepxaHi pe3ylibTaTd T€OMETPUYHOTO PO3PaxXyHKY (QokycaTtopa
IIpU3HAYCHI I BU3HAUYCHHS MapaMeTpiB ONTUYHO €KBIBAJICHTHOI mapaboiu - TOOTO
napaloJid, y SIKOi eJIEeMEHTH CIM’1 KaTaKayCTUK € OJIM3bKUMU 3a (POPMOIO elleMEHTaM
ciM’1 KaTakayCTHK MapadoiyHoro (okycaropa Jjisl BCiX JOMYCTUMHUX HAIMPSMKIB iX
ocBiTieHHS. Po3pobnena rpadivyHa MOJENb PO3PAXYHKY IIJIOCKOTO KOHIIEHTPATOpa
JI03BOJISIE OMMCATH MapadoTiuHul POKycaTop 3 Mepepi3oM y BUTIISA1 (pparMeHTiB cim’1
chiBpoKycHUX mapabon. Ix pearmisallis Ha NpPaKkTHI[ He MOB’S3aHA 31 3HAYHHMHU
BUTpaTaMH.
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KOJIMBAHHS MMOJABIHHOTI'O COEPUYHOI'O MASITHUKA B
YMOBAX HEBAI'OMOCTI

JI.M. Kyyenxo', JLJI. 3anonscokuir®
Hayionanonuii ynisepcumem yusinonozo 3axucmy Yrpainu
2 Hayko60-00CIiOHUL IHCIMUMYM YUBIILHO20 3AXUCTY

PO3BUTOK KOCMIYHUX TEXHOJIOTIM MOTpeOye CIOPYKEHHS CHUJIOBHUX KapKaciB
KOCMIYHHMX aHTEH, J3epKall Ta 1HIIMX OpOiTadbHUX 1HQPACTPYKTYp. 3a ICHYIOUHMH
TEXHOJIOTISIMU CTEPYKHEBI KOHCTPYKIII MIC/Is JOCTaBKM Ha OpOITY MOBUHHI HUIIXOM
MEXaHIYHOI omepailii pO3KpUTTS HaO0yTH 3aIUIaHOBAHOT KOHCTPYKTOpoM ¢opmu [1].
[TopiBHSIHO TpOCTO 1€ peai3yeTbcs s CTEP)KHEBOT KOHCTPYKLII Yy BHIJISIII
JIBOXJIAaHKOBOTO C(PepuyHOTO MasTHHKA. Ha mpakTuil AOCHiHKYBaTH JTUHAMIKY
PO3KPUTTS JOIIBHO MUIIXOM CKJIaJaHHs Ta PO3B’si3aHHA PIBHAHB Jlarpanka qpyroro
POy PyXy MEXaHIYHOi CHCTEMH BiJHOCHO y3araJlbHEHHWX KOOPJWHAT MasTHHKA Ta
rpadiyHOro TPAKTYyBaHHS OJIEP>KAHUX PO3B’s3KiB. B pe3ynbTaTi BAHMKA€E MUTaHHS PO
aJlanTyBaHHS 70 HEBAaroMOCTI MpPOLIECY KOJIMBAHHA CQEPUYHOTO MAaSTHHUKA SK
r€OMETPUYHOI MOJIEIl PO3KPUTTS Kapkacy opOitasibHoro o6’ekrta [2]. Ilpu npomy
PO3paxyHKH Yy HEBAaroMOCTI MOXHa BHUKOHYBAaTH, KOPHUCTYIOUHCH JUIIE MOHATTSIMH
KIHETUYHOI €Heprii MeXaHIYHOI cucTeMu. B sKocTi pyuriss Mmpouecy pO3KpUTTS
CTEP>KHEBOI KOHCTPYKIIi Yy HEBAaroMoCTl MPOMOHYEThCA OOpaTH MiPOTEXHIYHUN
IMITYJIbCHUIM PEaKTUBHUN JMBUTYH. Taki MPUCTPOi € JIETIIUMHU Ta JCHIEBUMHU CEpe
MOXJIUBUX 3acOOIB 1HIIIIOBaHHS PO3KPUTTS CTEP>KHEBHX KOHCTPYKIK. ['oroBHa
mepeBara 3aCTOCYBaHHS IMIPOTEXHIYHUX  IMITYJIbCHUX PEAKTUBHHUX JIBUTYHIB
BUSBIISIETHCS. TOJIl, KOJM HEOOXIJHO 3AIMCHUTH Pa30BE PO3KPUTTS KOHCTPYKINi (SK
HaWOlIbII WMOBIPHE HA TpakTuill). JIBUryHM MarOTh BCTAaHOBIIIOBATUCA Ha
MPUKIHIIEBUX TOYKaX JIAHOK TOJBIMHUX cdepuyHux MasTHUKIB. [Ipu 1upomy
BBaXKA€THCS, IO MICHS J1i IMIYJIBCHOTO JBUTYHA J1ajll CHCTEMa Ma€ pO3KpHUBATHUCS 3a
iHepiieo. ToOTo y pa3l IMIYJIBCHOTO 1HIIIIOBaHHS KOJIMBAHb KIHETUYHA €HEPTIs JJIs
MaJuX NPOMDKKIB yacy OyZe HE3MIHHOIO, IO XapaKTEepHO MJisi KOHCEPBATHBHUX
CHCTEM.

AHaJi3 giTepaTypHux Aanux. Y poborax [3, 4] HaBegeHI MaTeMaTHIHI MOJIENI
PO3KPHUTTS 0araTolaHKOBOI KapKacHOi KOHCTPYKINI COHSYHOI Oatapei i3 TpOCOBOIO
CUCTEMOIO0 CHMHXpOHI3aIlli. [ 1ociiKeHHs Npolecy pO3KPUTTS COHSYHOI OaTapei
BUKOpHUCTaHe piBHSIHHS Jlarpanxka npyroro poay [4]. 3acTocyBaHHs TPOCOBOT CUCTEMU
PO3KPHUTTS Ha TMPaKTUIl OOMEKEHO pPO3MiIpaMH KOHCTPYKINI Ta HEOOXIIHICTIO
CHHXPOHI3YBAaTH JiI0 €JIEKTPOJIBUTYHIB, III0 € CAMOCTIHHOIO 3aJa4yeio MpH BEIUKIN
KUTBKOCTI ii JJaHOK. [HIIN BapiaHTH CHCTEM PO3KPUTTS HaBEJEHI y OISl JIITepaTypu
[5]. Ane Tam BigcytHs iHdopmalis PO  IHEPIIHHUN Crocid  PO3KPUTTS
0araTtoJIaHKOBUX MAasTHUKIB 1 MepeBara BiJIJA€ThCS TPOCOBUM cucTteMaM. B poboTax
[6, 7] 3amouarkoBaHO CMOCIO PO3KPHUTTS y HEBAaroMOCTi KOHCTPYKIIi Yy BHIJISII
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0araToJIaHKOBOTO MAasTHUKA 3 PEAKTHBHUMHU IMITYJIbCHUMH JIBUTYHAMHU Yy SIKOCTI
PYIIIiB PO3KPUTTS.

Meta pocaimxennb. Po3pobutu cnocid po3paxyHKy KOJHMBaHb Y HEBAaroMOCTI
MOJIBIHHOTO CPepUIHOTO MAsITHUKA, KOJIM KOJMBaHHS BUHUKAIOTH 3aB/ISIKH IMITYJIbCaM
PCaKTUBHUX JIBUTYHIB, BCTAHOBJICHUX HA MPHUKIHI[EBUX TOYKAX JJAHOK MasTHUKA.

Puc. 1. Cxema cepuyHOro MasiTHUKA.

OcHoBHa yacTuHa. HaBeneMo nOsICHEHHsI IPUHIMUITY PO3KPUTTS CTEPKHEBUX
KOHCTPYKI[I y HEBAroMOCT1 Ha MPUKJIAIl OJHOJAHKOBOrO C(EpUUYHOro MasiTHUKA 3
HEPYXOMOIO TOYKOIO KpimieHHS O. MasaTHUK CKJIaJaeTbcs 3 HEBAaromMoro
HEPO3TSKHOTO CTEPXHS JOBXKHUHU I, O MPHUKIHIIEBOI TOYKU A SIKOTO MPHUETHAHO
BaHTax Macoro M (puc. 1). HepyxomicTb TOUKH KPITJICHHS MasTHUKA 3a0€3MeYy€eThCs
3aBJSIKU 11 IPUETHAHHIO 10 KOCMIYHOIO arnapary, Maca SIKoro Ha HOps iK1 O1JbIl1a MacH
BaHTaXy MasTHUKA.

[HiIIFOBaHHS KOJIMBaHb C(HEPUUHOTO MASITHHUKA 3MIMCHIOETHCS MIJITXOM BUOOPY
HampsIMKy [ii Ta BETWYWMHU IMITYJIbCy, HAJAHWX MPUKIHIEBIA TOYIll CTEPXKHS 3a
JIOTIOMOTOI0 PEaKTUBHOTO JBUTYHA IMIyJabcHOro tumy. [lo3Hauumo BipTyanbHHI
BeKTOp Ry i1 iMITy/IbCy 3a HAIPSIMKOM PO3KPUTTS KyTa V 1 BipTyalibHui BekTop Ry aii
IMIyJIBCY 3a HampsMKOM pO3KpuTTs Kyta U. lllykanuii HampsMmok il peajbHOTo
IMIyJIbCY PEaKTUBHOTO [BUTYHAa BH3Hayae cymapHuii Bektop R = Ry + Ry.
Po3ramryBaHHS peakTUBHOIO JBUTYHAa YMOBHO TIOB’SDKEMO 3 TOYKOK A, TOMY
BBAKATUMEMO 1I€H JBUTYH BAaHTAKEM MAcOI0 M.

[ToyaTkoBe MOJOKEHHSI MasiTHUKA OyJeMO BU3HAYaTH KOOPJMHATAMU BEKTOpa
Uo={u(0), v(0)}. Bupazom Uy'={u’(0), v'(0)} no3naurmo pe3ysbTaT iHILIFOBAHHS]
KOJIMBaHb. BiH 03Hauae, 110 BaHTaXKy Macor0 M HaIaHo iMITyJIbe BermanHoro mu’(0) 3a
HAIPSMKOM PO3KPUTTS KyTa U, a TAKOK OJTHOYACHO 3 UM IMITYJIbC BemunHoro Mv'(0)
3a HAmpsAMKOM PO3KpHUTTS KyTa V. ToO6to kyram poskpurts U(0) i V(0) HamaHo
noyaTkoBi mBuaKoCTi U'(0) 1V'(0), BianoBiaHO. 3 BpaXyBaHHSIM HaJaHOI P€aKTUBHUMHU
JBUTYHaMH MUTTeBUX IBUakocted U'(0) 1 V'(0), MasTHMKOBA cuUCTeMa Jajll Mae
pO3KpUBaTHCS 3a I1Hepimiero. HaBejeHe mMOSCHIOE TEpMIH «iHEpIliHHA CHUCTEMa
PO3KPUTTS». Y SKOCTI MIPOTEXHIYHOTO IMIYJIBCHOT'O PEAKTHMBHOIO ABUTYHA MOXKHA
BUKOPUCTATH JIOBUIBHUMA TPUCTPIA, 3MaTHUN 3a0€3MEUUTH Hamepea Po3paxoBaHy
BEJIMYUHY IMITYJIbCY.

JlarpanxiaH KOJIMBaHHS CPEPUYHOTO MAsSTHUKA MA€ BUTJISA!
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L=0,5rm(x} + vy} +27)

, 1)

X, (t) =rcos(u(t))sin(v(t)).

ya(t) =rsin(u(t))sin(v(t)) ; (2)
z,(t) =rcos(v(t))
CxitaaeMo cucTemy piBHSIHB Jlarpanka qpyroro pomy:

0.5mr?(2u” —2u”cos*v+2u'v'sin 2v) =0 (3)

mriv" —0.5mr2u’?sin2v=0,

3 BpaxyBanusMm mouatkoBux ymoB Up={u(0), v(0)} i Uy'={u’(0), v'(0)}
0JIEP)KYyEMO HAOMKEHUI PO3B 30K CUCTEMU PiBHAHB Jlarpamka mpyroro poay (3).
[Tpu BUKOHAHHI IpOTpaMu B cepeoBulili maple ogepskanuii po3B’s130K MOKHA YMOBHO
no3Hauntu cumBosamu U(t), V(t). Toai y mpoctopoBiii cuctemi koopauHat OxyZ 3a
normomMoror Gopmyin (2) MOXKHA BU3HAYUTH KOOPAUHATH TOYKU (XA, YA, Za) APYIOi
JaHKU MasTHHUKA. 1t iboro y Bupaszax ¢yHkKIii (2) HeoOXiaHO (opMaabHO 3aMIHUTH
MaJi jitepu U 1V Ha Benuki U 1 V. JI71g yHaOUHEHHST TpaeKTopli mepeMillieHHs] TOUKU
A HeoOXiHO OOYUCIUTH OJM3bKI TOYKHA TPAEKTOPIL 1 CIIOJIYYUTH 1X BIIPI3KAMH.

Mpukman 1. r=1; m=1; Up={0, ©/2}, Uy'={1.56, 2}. Yac interpyBanns 7' =5. Ha
pUC. 2 @ HABEICHO TPAEKTOPIIO PyXy TOUKH A B HEBaroMOCTi, a TAKOX B TIOJII 36MHOTO
TSOKIHHS (pUC. 2 6) 3 TUMHM K IOYaTKOBUMU YMOBaMH.

Jc

[
0
M) .

1

i

AN

[
"
4

g

Puc. 2. Tpaektopist pyXy TOUKHU A:
a - B HEBaroMOCTI; 6 - B I10JI1 36MHOI'O TSDKIHHSL.

Jlaii po3riasHEMO KOJHMBAaHHS Y HEBAaroMOCTl JIBOXJIAHKOBOTO C(EpUYHOTO
MasTHUKA. Y3araJbHCHUMH KOOpJauHaTamMu BBakatuMemo KyTH Ui(t) 1 vi(t), a Takoxk
Uz(t) 1 v2(t), yrBOpeHi BiINOBITHUIMHA TOPU30OHTATLHUMH TIPOESKIISIMH JJAHOK MasiTHHKA
3 ocsmu OXx 10z (puc. 3).

[HimitOBaHHS KOJMBaHb MOJBIHHOTO C(HEPUUYHOTO MasTHUKA Y HEBaroMocTi
3MIIHCHIOETHCS aHAJIOTIYHO OTHOJIAHKOBOMY C(epHUUHOMY MasATHUKY. A caMe - IUIIXOM
BUOOPY HANPSIMKY il Ta BEIUYUHU IMITYJIbCIB, HAJAHUX MPUKIHIIEBUM TOYKaM JIAHOK
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MasTHHUKA 32 JIOMMOMOTOI0 PEAKTUBHUX JIBUTYHIB IMIYJLCHOTO THIMY. BipTyanbHwmii
BeKTOp Ry1 ozepkyemMo BHACTIAOK il iIMITyJIbCY 32 HAPSIMKOM KOJMBaHHS KyTa Vi, a
BIpTyaJIbHUM BEKTOp Ry 0oJep)KyeMO BHACHIIOK /il IMITYJbCY 3a HANpPsSMKOM
konuBaHHs KyTa U;. Cymapumii Bektop Ri = Ryi + Ry1  BuU3Hauae HeoOXiaHUI
peaIbHUI HaMPSMOK i1 iMITyJIbCY TIEPIIIOTO PEaKTUBHOTO ABUTYHA.

z

o[\ y

X 4y

[

&
A
"o
Puc. 3. Cxema noBitHOro c)epruyHOTO MasITHUKA.

AHanoriuHo, BipTyalbHUN BEKTOpP Ry, 0fepKyeMo BHACHIIOK [Iii IMIYJIBCY 3a
HAIPSIMKOM KOJIMBAHHS KyTa Vo, a BIpTyalbHHI BEeKTOp Ruz ogepxyeMo BHACI1IOK ii
IMIyJIBCY 3a HANpSAMKOM KoJuBaHHS KyTa Up. Cymapuuit Bektop R = Ruz + Ry
BH3HAUA€ HEOOXITHUI peanbHUI HANpPSIMOK [ii IMIYJIbCYy IPYroro peakTHBHOTO
asuryHa. Lli Bumoru no oprasizamiii Aii pyuiiB KOJMBaHHS JIAHOK CTEPIKHEBOTO
chepuyHOrO0 MasiTHUKAa BHCYBA€ >KOPCTKI YMOBHU JI0 KOHCTPYKIIi MEXaHIYHOTO
IapHIpy, PO3TAIIOBAHOTO M1 JJaHKaMHU MasTHUKA.

JlarpanxiaH moABIMHOTO chepUUHO MAITHHKA MA€ BUTJISI:

L= 0,5r1ml(x1'2 +yP+ zf)+ 0,5r,m, (x;2 + Y7+ 2;2), (4)

ae
X, (t) = r,cos(u,(t))sin(v, (1)) .
y,(t) = rsin(u,(t))sin(v,(t)).
z,(t) = r,cos(vy(t)). (5)
X, (t) = r,cos(uy(t))sin(v,(t))+r,cos(u,(t))sin(v,(t));
ya(t) =rsin(u,(t))sin(v,(t))+ r,sin(u,(t))sin(v,(t));
Z,(t) = cos(v,(t))+r,cos(v,(t)).

3 NOpuYMHM TPOMI3AKOCTI cuUcTeMa piBHSIHBb Jlarpanxka apyroro poay B
PO3rOPHYTOMY BHIJISI[II B LIbOMY BHUMNAaAKy HE HaBoAUTbCS. OepikaHi PoO3B’SI3KU
yMoBHO no3HaueHo cumBojiamu Ui(t), Vi(t), Ua(t), Vo(t). Toai y mpocTopoBiii cuctemi
koopauHat Oxyz 3a gonomoror ¢opmya (5) MokKHA BU3HAUYUTH KOOPAMHATH
NPUKIHIIEBOT TOYKH (XA, Ya, Za) JIPYTOi JIAHKM MasTHUKAa B MOMeEHT uacy t. J[ns
O0OYHCIICHHS ITUX KOOPJMHAT y BUpa3zax PyHKIii (5) HeoOX1HO hopMaTbHO 3aMIHUTH

MaJti Jtitepu U 1V Ha Beauki U 1 V. I yHaouHEeHHST TIepeMillieHHS TOUKU 4 He0OX1THO
00YUCIIUTH OJIU3BKI TOUKH TPAEKTOPIT 1 CIIOJIYUUTH iX BiJIpI3KaMHU.
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KpiMm TpaekTopii mepemilieHHs] 3a3Ha4€HOl MPUKIHIEBOI TOYKM A MOXKHA
BU3HAYMUTH 11 MIBUIKICTH, 110 J03BOJIIE OymyBaTh (Ha30By TPAEKTOPIIO BIAMOBITHOTO
By3Ja MasTHUKA. Da30Bi TPAEKTOpPIi NaI0OTh MOKJIMBICTH MPOAaHANI3yBaTH AUHAMIKY
BY3JIOBUX TOYOK JIBOXJIAHKOBHX MAasTHHUKIB B Hamepe] Ha3HAUCHUH MOMEHT dacy.
OnHOYaCHO MOKHA OOYHMCIIUTH HAOJMKEeHI 3HAUYCHHS MOTOYHHMX BEJIMUYMH KyTiB Uy (t),
vi(t), uz(t), vo(t), mo Hamae MOXKIMBICTH 300pa)kyBaTH IMPOCTOPOBI KOHCTPYKIIII,
CKJIaJICHI 3 €JIEMEHTIB JBOXJIAHKOBHX c¢epuyHux MasaTHUKIB. Kpim Toro, e
MOXJIMBICTh OJiepKaTh MocaioBHICTE N KaapiB aHIMaIIMHUX 300pa)KeHb MPOIECy
KOJIMBaHHS MasgTHUKA 3aJIe’KHO BiJ yacy. ToOTO crocTepiratu 3a mpoIecoM po3KpUTTS
y 4aci eJIEMEHTIB JIBOXJIAHKOBUX CTEPKHEBUX KOHCTPYKI[IH CHEpUUHUX MASTHHUKIB.

HaBenemo mnpukimagy KoNMBaHb MOJABIHHOTO C(HEPUYHOTO MasiTHUKA B
HeBaromocTi. [IUKIIYHI HEXaOTWYHI TPAEeKTOpli TOYKM A BHU3HAYAIKMCS CHOCOOOM
«hoxycyBaHHsI» CciM’1 KpHBHX, omucaHoMmy B po0OoTti [8]. Takoxx HaBemeHo (a3oBi
TpaekTopii (GYHKIINA y3araJbHEHUX KOOPJWHAT, Kl OyIyTh KOPHUCHI MPH aHami3i
NUHAMIKHA KOJWBAaHb.

Mpuknazg 2. r1=2; r, =1; m=1;, my=1; Uo={0, n/2, -%, n/2}, Uo'={1, -1.024, 1.9,
0.5}. Yac iuTerpyBanns T = 6,7. Ha puc. 4 HaBeleHO LUKIIYHY TPAEKTOPIIO PYXY
TOYKH MPUKIHIIEBOI TOYKU A, a Ha pUC. 5 300paKeHO MOJOKEHHS TPbOX MAasITHUKIB B
MOMEHT 4acy t=5,8. ¥ mouyaTKoBOMY IOJIOKEHHI MAasTHUKU 31 CILUIBHOI TOYKOIO
KpiIIeHHs OyJid po3TalloBaHl Ha TOPU3OHTANIbHIN MIomuHI i KyToM 120 rpamycis.
Ha puc. 6 306paxkeno ¢a3oBi TpaekTopii GyHKININ y3araTbHEHU KOOPAUHAT.

Puc. 4. Tpaexropis pyxy Touku A niusi ~ Puc. 5. [lonoxenHs Tppox chepuaHmx

npukiany 1. MasITHUKIB B MOMEHT 4acy t=5,8.
1.54 14 0.8-
1] ] ]
E 0.5+ .
0.5- ] 04
dul 07 dvli 0 dv2 0]
0 0.5 0.4-
_1'55\""|'”‘|'H'\”'w"'w"‘w” '15‘-\‘-‘ww‘-w-w-\-w-w-w -0'8_:‘"l“-w--‘w-”-w-‘w
0123456 051 1.5 2 25 12141618 2
ul vl v2
a o 8

Puc. 6. ®a30Bi TpaekTopii y3araabHEHUX KOOPAUHAT [Tl MPUKIIAAy 2:
a—us(t); 6 —va(t); 6 — va(t).
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BucHoBku. Po3pobieHo cmoci®0 po3paxyHKy KOJMBaHb Yy HEBaromMocTi
MOJIBITHOTO c(pepUYHOTO MasITHUKA, KOJIM KOJMBAHHS BUHUKAIOTh 3aB/ISIKU IMITYJIbCaM
PEaKTUBHUX JIBUTYHIB, BCTAHOBJICHUX Ha MPUKIHIIEBUX TOYKAX JIAHOK MasiTHUKA. Onuc
JTUHAMIKH OJIEP>KaHOr0 1HEPLIMHOrO PO3KPUTTS MasiTHUKA BUKOHAHO 32 JOIMIOMOTIOIO
piBHsIHHS JlarpaHka Ipyroro pomy.

Buknanene Mo)kHa BBaXKaTW SK aJalTyBaHHS JO HEBAroMoOCTI MPOLECy
KOJIUBaHHS CQEPUYHOrO MOABIMHOTO MAasSTHHKA, 0 € TeOMETPUYHOIO MOJIEIUIIO
PO3KpUTTS Kapkacy opOiTampHOTO 00’c¢kTa. PeamizyBaTu iHIIIIOBaHHS KOJIMBAaHb
MIPOTIOHYETHCS 32 JIOTIOMOT OO PSATY IMITYJIbCHUX PEaKTUBHUX JBUTYHIB, BCTAHOBJICHUX
Ha MPUKIHIEBUX TOYKax JJaHOK. OTpUMaHi pe3yIbTaTH MOKHA MOSICHUTH MOKITUBICTIO
3aCTOCYBaHHS BapiamiiiHoro npuHnumy Jlarpamxka 10 po3paxyHKY MEXaHIYHUX
CTEP>KHEBUX KOHCTPYKIiH. Lle 103B0onmII0 BUKOpUCTaTH piBHsAHHA Jlarpanxka apyroro
POy JJIst OTUCY PYXY MasiTHUKOBOI CUCTEMH Yy HeBaroMocTi. Pe3ynbratu nmpusHaueHo
JUTSI BUKOPUCTAHHS TP MPOCKTYBaHHI1 PO3KPUTTS BEIMKOTA0APUTHUX KOHCTPYKIIIH B
yMOBaxX HEBAroMoCTi, HANpPWKIAJd, CHJIOBHX KapKaciB JJIs COHSYHUX A3EpKal YU
KOCMIYHUX aHTEH.
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3ACTOCYBAHHSA KOMITIO3UIIIMHOI O METOJIY ITPU
MOJAEJIOBAHHI CTAJIOT'O EHEPTETUYHOI'O PO3BUTKY MICT

€.0. Aoonves', LT. banwéa, B.M. Bepewyaza, A.B. Haiiouui®
L3anopizekuii nayionanvnuii ynieepcumem
2Menimononbcokuti 0epacasHuli nedazo2iuHuil ynisepcumemn
imeni boeoana Xmenvnuywvkoco
Menimononbcoka wKoia NPUKIAOHOL 2eomempii

Y MopenioBaHHI TPOLIECIB, 30KpeMa, B cdepi eHeproeeKTUBHOCTI SK
HAJBaXKJIMBOT CKJIAJIOBOI CTAJIOTO EHEPreTUYHOTO PO3BUTKY, YACTO BUHHUKAE MTpodieMa
MOETHAHHSI BEJIMKOT KIJTLKOCTI (DI3UYHO PI3HOPIAHUX (DAKTOPIB.

Ha namry mymky, po3B’si3aHHs mpoOiieMu iHTerpaiii pisHOpiAHUX (aKTOpiB Ta
30UTBIIIEHHSI MOKJIMBO1 BUX1JIHOI 1H(GOpMAIIT Yy MOJETIOBaHHI KPUETHCA Y pO3pooiIr
KOMITO3UIIIITHUX MOJENied, ¥ AKUX HEe ICHy€ B3a€EMHO OOYMOBIIEHOTO 3B’SI3KY MIXK ii
eneMeHTamu. [lum BUMoOTaMm BiAMOBiga€ MaTeMaTHYHUHN anapaT TOYKOBOTO YUCIICHHS
bamoou-Haiinuma [ 1], axuii cTaB miAIPpyHTAM AJ1s pO3pOOKH KOMITO3UILIIITHOTO METO1Y
re€OMETPUYHOTO MOJICITFOBAHHS.

Bkazanuii MeToa BIJHOCUTBHCS 10 METOAIB MPHUKIAIHOI F€OMETpIi, 30KpeMa,
reOMETPUYHOTO MOJICTIOBAaHHS OararomapaMeTpuuHuX TporeciB Ta sBuml. OTxe,
METOIO 3alPOTIOHOBAHUX JOCIIKEHb € po3poOKa HOBOTO CIOCOOY MOJIEITIOBAHHS
okpemoro (akTopy, sikuii O BUKOHYBAB MOCIIJOBHO JCKIJIbKA MPOCTUX PO3PAXYHKIB
3aMICTh OJHOTO CKJIagHOTO. HeoOXimHO CTBOPUTH y3araibHeHy (opMaii3oBaHy
T€OMETPUYHY MOJIeJIb €KOHOMIYHOTO Tpolecy, sika O go3BoimiIa, 0e3 3MIHM il
CTPYKTYpH, BapiloBaTH KIJIbKICHO Ta SKICHO (akTopamMu 31 3MIHHOK KUIBKICTIO
BJIACTUBOCTEH (IapaMeTpiB CTAJIOr0 €HEPreTUYHOI0 PO3BUTKY MicTa) (puc. 1).

A B

—

Puc. 1. Buznauenns iHaukaTopiB ((hakTopiB) CTAIOr0 €HEPrETUYHOTO PO3BUTKY
Mmicta, ae: B — ingukatop (pakTop) cTajgoro eHepreTHYHOro po3BUTKY MICTa;
aj — mapaMeTpH, Kl BU3HAYAIOTh (PaKTOp, HAPUKJIIA, TUIoIIa Oy 11BeNb, BTPATH TeIia
B MEpEKax, TOIIO.
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Takuit migXin [O03BOJIUTH CHPOCTUTH MPOLEC MOJETIOBAHHS CTajoro
E€HEePreTUYHOTO PO3BUTKY OKPEMHUX TEPHUTOPIM, MICT, OyJIb-IKUX aAMIHICTPATUBHUX
OJIMHULIb, TOLIO. [le J03BOIUTh YHUKHYTH OMUJIOK MPU MOJIEIIOBAHHI Ta 3MEHIIUTH
yac BUKOHAHHS PO3paxyHKiB [2].

OcHoBHa 1Jiesl, sAKa TMOKJIaJeHa B OCHOBY ONTHUMI3allIfHOI MOJEIi CTajoro
PO3BUTKY MICTa, MOJSITae y HacTynmHoMmy (puc.2). @opmyeThcsi BUXijgHa 0a3a JaHUX
OCHOBHMX NOKa3HMKIB MICTa, B TIEPIIY YEPTY, B c(hepi EHEepPreTUKu, a TakoXk JIaHl o
KUTIOBO-KOMYHAJIbLHOMY  TOCHOJApCTBY,  MYHIIUOAIbHIA  1HQPACTPYKTYDI,
MIPOMHMCIIOBOCTI, TPAHCTIOPTY, €KOJIOTii, aemorpadii, Tomo. BuzHadaroTees miIbOBI
MOKa3HUKH ((haKTOPH) CTAIOTO PO3BUTKY.

— T . ba3oBa nosepxHs
o .-
) o
s Inukatopu (dhaxropn)
CTaJoro PO3BUTKY
. .
k_r R ° B //
AV—min
time—min
$ = const
ﬁ
/ ’—.’ o \\
— :
o ° 4 \ [{11p0Ba TOBEPXHS
/ ° é,_/ °

Gl Sy R

Puc. 2. Ontumizaiist iHauKaTopiB (PakTOpiB) CTAIOTO EHEPTETUIHOTO PO3BUTKY
MicTa 3acobamu BH-uucienns.

[inpoB1 mMOKa3HUKU ((PAaKTOpPU) CTANOrO0 PO3BUTKY BHU3HAYAIOTH LIJIBOBY
MOBEpXHIO BIATYKy. IloTouHuii cTan naHux QakTopiB BU3HAUa€e 0Aa30BY MOBEPXHIO.
KoxHa Touyka IIUX NOBEPXOHb ICHYE€ Yy OaraTOBUMIPHOMY IIPOCTOpPi, MPUUOMY,
KUTBKICTh BUMIPIB BIJNOBIJIa€ KUIBKOCTI TapaMeTpiB (XapaKTEPUCTHUK) KOKHOTO
dakTopy. 'eoMmeTpruuHa 3a7a4a nojsrae B MiHiMizallli 00’ eMy MixX [IUMU TTOBEPXHSIMHU
3a yMOBH (hiKCOBaHOi CymH i1HBecTUIli. OnTUMaIbHUN HaOlp 1HBECTIPOEKTIB A€
MaKCUMaJbHEe HAOJMKEHHS J0 [ITHOBUX 3HAYCHb.

Peanizariiss KOXXHOTO 1HBECTIIPOEKTY TSTHE 3a COOOI0 3MIHEHHS 3HAa4Y€Hb
napameTpiB (ToOTO, 3MIHEHHS KOOPAMHAT) TEBHUX TIOKA3HHMKIB (TOOTO, TOYOK
MOBEPXHI y 6araroBUMipHOMY MpocTopi). B cBoto uepry, 1ie cipudyuHsie 3MiHy GopMu
0a30B01 MOBEPXHI BIICYKY Ta ii pyX J0 HUILOBOT MOBEPXHI.

B skocti  0ocoOiuMBOCTEl  3aCTOCYBaHHS ~ METOAY  KOMIIO3HUIIIIHOTO
reOMETPUYHOTO MOICTIOBAHHS JJIs1 BU3HAYEHHS ONTUMAIBHOTO MOPTQEITI0 IPOEKTIB 3
€HEepro30epeKeHHSI MOKEMO 3a3HAYUTH TaKI:
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®MIPAKTUYHO, 3 CAMOTO IMOYaTKy pOOOTH, MOJEIh OIMEpPyeE TEOMETPUIHUMHU
oOpazaMu BUX1THUX JIaHHX;

®MO/JIeJIb, PO3p0o0JIeHa JIJIsi OAHO1 OY/IBII, MOXKE OyTH 3acTOCOBaHa JJIsI 1HIIO1
OyniBil 3 MIHIMAJIBHUMHM 3aTpaTaMu Ipalll Ha ajanTaiir. YacTkoBa 3MiHa HaOboOpy
BUXIHUX (PAKTOPIB, YA BUKOPUCTAHHS HEMOBHUX BUXIJTHUX JAHUX HE MPU3BOIUTH 0
3MIHH MOJEI;

eMOJIeTTi, PO3pOOJICHI 3a TaHUM METOJIOM, MOXKYTh 3pYYHO 00’€THYBaTHUCS Ha
BUIIII PiBHI — YHIBEPCHUTET, MyHIIUTIATITET, 007acTh, TOMIO [3];

e MOJIelb nepeadavae MocTiiHe, BiJl MPOEKTY 0 MPOEKTY, MOMOBHEHHS BUX1AHOT
0a3W JaHUX HOBUMHM €HEpPro30epiralouyuMu TEXHOJOTISIMU, OOJaJHAHHAM Ta
MaTepiajaMu, a Takox 30epiranus indopMmariii y popmaiizoBanomy Burisii [4].

OTxe, BKa3zaHUW METOJ JO3BOJISIE MOJIETIOBATH CHUCTEMHU 31 CKJIAJHOIO
lepapxi€ro, pyXxaluuch BiJ OKpPEMOro mpoliecy Ha HaWHKYOMY PIBHI (HaApUKIIA,
CHUCTEMa OMaJICHHS OKPeMOro OYyAMHKY) /[0 BHILUX PIBHIB — KOMIUIEKC OYyZiBEb,
MIKpOpaioH, MiCTO, 00J1aCTh, TOILIO.
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YAK 514.18
I3OMETPUYHI CITKH HA ITIOBEPXHI KYJII TA IX 3ACTOCYBAHHSI

O.B. Hecgioomina
Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysanus Ykpainu

XapakTepHOIO 03HAKOK 130METPUYHUX CITOK € T€, M0 iX HECKIHYEHHO Malia
JapyHKa € KBaJpaToM. B HaykoBill JiTepaTypl 3ycTpiUaeThes 1€ Ha3Ba «130TepMidHi
CITKM» 1 3B’s3aHa BOHA 3 THUM, IO TakKi CITKM OyJHM 3aCTOCOBaHI MPHU JOCIIKECHHI
TETJIONPOBITHOCTI MOBEPXOHb. L1 CITKM HE Tak JaBHO CTadu 00’ €KTOM JOCIIHKCHHS
HAyKOBIIIB MPUKJIATHOT TEOMETPIi.

Ha moBepxHi Kyl MOXHa KOHCTPYIOBaTH Pi3HI 130METpUYHI CITKH 3a
JIOTIOMOTOI0 aHAMITHYHOT (DYHKINT KOMITJIEKCHOT 3MIHHOI 1 X dopma Oyze 3anexaru
B BUny pyHnkiii (puc.l,a). [likapuMm Bumnaakom € kKoHGOpMHE BiJ0OpaKEHHS IIIOCKUX
130METPUYHMX CITOK Ha cdepy 3a nonomororo iHBepcii (puc.1,0). B Takomy Bunaaky
ciTka Ha cdepi Tex Oyje 130MEeTPUYHOIO 1 30epiraTuMe MoA10HICTh 13 CBOIM IJIOCKUM
aHaigorom. CaMuM MPOCTHM BHIAJKOM TaKOro BIJOOpa)X€HHS € 1HBepCld IUIOCKOi

(puc.1,B).

1

-05 05 1 1
6) B)

Puc. 1. [3oMeTpuyHI CITKH Ha MOBEPXHI KYJII.

OCKITBKM  TIOBEPXHS KyJI € TIOINIMPEHOI B JU3aHEPCHKIN MPaKTHIIL,
apXiTeKTypi, CIOPTi, TO y OaraTboX BHUMAAKax il MPUXOJUTHCS AaNMPOKCHUMYBAaTH
IJIOCKUMHU  BiJciKamMHu. JlocUTh BIJOMHM cMOCOOOM ampokcuManii Kyl € ii
anpoKcUMaIlisl MOETHAHHIM MPABWIbHUX T’ ITHKYTHHUKIB 1 HIECTUKYTHUKIB (pHUC.2).

0)
Puc. 2. Anpokcumartisi moBepxHi KyJii 6araTOKyTHUKaMH.
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B inTepneri omyOmikoBaHa CTaTTs, B fKii cpepa anmpokcHMOBaHA IMIOCKHUMHU
BIJICIKAMU TakK, IO Ha KyJi BOHHM YTBOPIOIOThH CHIPAICTOAIOHY JaMaHy CMYTY.
ABTOpOM MoOy/I0BaHA PO3TOPTKA 1i€i CMyTrd MOCTYHNOBUM MPUEIHAHHIM OKPEMUX
€JIEMEHTIB, PO3MIPH KX BU3HAYAIOTHCS Ha cdepi.

Puc. 3. Po3ropTka moBepxHi KyJii HENEPEPBHOIO CMYTOI0 METOJIOM TPiaHTyJISII].

3a J0MOMOroI0 130METPUYHUX CITOK MOXXKHA POOUTH ampoKcuMalliio chepu
pi3HUMH crioco6amMu. OCcoOIUBO 3pyUHO MPH [ILOMY BUKOPUCTOBYBATH 130METPUUHY
CITKY, OTPUMaHy 1HBEPCIEIO TUIOCKOI JIeKapTOBOi. SIKIO Ha TJIOMIMHI 3aJaTH TEBHY
KpUBY MapaMETPUYHUMH PIBHSHHSAMHU, TO KOHGOpPMHE BiOOpaXKeHHS 11i€1 KpUBOI HA
chepy MH OTPUMAEMO TIPH MIACTAHOBIII IIMX K€ CAMUX PIBHSIHB Y PIBHSIHHS cepH.
Jlnst ampokcumariii KyJii CMYror Topca Ha ii MOBEpPXHI MOTPIOHO 3amatu
criipayienoioHy KpUBY, sika OyJie JIiHI€0 TOTUKY cMyTH 10 cdepu. Cripanb Apximena
BIJIOOpaKAETHCA HA KYJIIO KPUBOK, Y SKOi BIACTaHb MIXK BHUTKAMHU IIJIABHO
3MEHIIYEThCS. 3HAMIeHe PIBHSIHHS CIipaJll Ma€ BUTIISIA:
V=tg(t) cos(at+g,),
u=tg(t) sin(at+g,),
Je:  a - crala, Bij SIKOi 3aJIeKHUTh IIUTHbHICTh BUTKIB CITIpalli;
@o - TIOYATKOBE 3HAYEHHS KyTa MTOBOPOTY.
Ii B1JIOOpa)XKEHHS Ha IUIOIIUHY € CIipajb, BIACTaHb MIX CYCIIHIMU BUTKaAMH SIKO1
PIBHOMIPHO 301IBIITY€THCS.

1t

0.5f

fﬁji‘illllllllllﬂi’i*
1] i

e l'llllllll..._z -'

At

Puc. 4. Anpokcumaitisi moBepxH1 KyJi TOPCOM.
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JloTuuHui TOPC B3JOBXK KPHUBOI 3HAXOAWTHCH, SK OOBIHA TIOBEPXHS
OJTHOTIApAMETPUYHOI MHOKMHHU JOTUYHUX TUIONIMH. [3 prc.4 BUIHO, IO HIITMHA MIX
CMYTOI0 Topca € ctanoi mupuad. Lle mo3Boisie migiOpaT y piBHSIHHIX TOpca TaKy
JOBXUHY W MPSMOJIIHINHOT TBIPHOI, 11100 MIIJIMHA 3HUKIIA (pHUC.S).

- 0.8]

0'8" 061

0.64 0.4,

0.24

05

Puc. 5. Annpokcumaliisi HOBEpXH1 KyJl TOPCOBUMHU MTOBEPXHIMH.

Po3pobniennii  minxiy AO03BOJIIE ANMPOKCMMYBATH KYJIIO OfHIED abo X
aekiapbkomMa cmyramu (puc. 6). IlpsaMoniHiiiHI TBIpHI NEPIEHIUKYIAPHI 10 JiHIi
noTuKy (puc. 6,a,0), sika 300paxkxeHa Ha pO3ropTIIi MITPUXOBOIO.

0) B)
Puc. 6. Po3ropTku noBepxHi KyJjii OJIHI€I0 Ta YOTHPMA HETIEPEPBHUMU CMYTaMH.

Jy1s o0y 0B PO3TOPTKH YOTHPMA CMyTaMU IIbOTO POBOAUTHCS YOTUPH JIiHii
TOTUKY 1 OyAy€ThCSI YOTUPU CMYTH (pHC.6,B).
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VJIK 004.9
TEXHOJIOTTYHHUIA MAPIIPYT BIZIHOBJIEHHS KOJTHYATHX BAJIIB

C.C. Kapaounvow, B.A. Kynuk
Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysanus Yxpainu

[IInidyBaHHS KOPIHHUX 1 MIATYHHUX MIUHAOK KOJIHYACTUX BaJiB MPOBOIATH Ha
nutidpyBagbHUX BepcTaTax-aBTroMarax. Ha mundyBaapHUX BepcTaTax 3 JEKUIbKOMa
KOJIaMH TIOTEePEHbO 1 OCTAaTOYHO HUTI(QYIOTh KOPIHHI IIMHKH, SKIIO KOHCTPYKIIisS
KOJIHYAaCTOro Baja II€ JO03BOJisA€ (TajuTell Bajda HE 3arapToBaHl TOMY Ha HHUX
JOIYCKAIOThCS MePEX0IH AK CIAM MpodiIro Kpyra npu nutidyBaHHI Ha pI3HUX eTanax
abo Ha ranrensx. lIBuakicte nutigpyBanus (V = 45 M / C) perymioeTscsi y Mipy
3HomnryBaHHs kpyra. [Ipu npomy 3'im abpasuBy - 0,06 mm. [iameTpansHi po3mipu i
KOHYCOMO/IIOHICTh KOHTPOJIIOIOTHCS 32 IOTIOMOTOI0 TIPUJIAiB aKTUBHOTO KOHTPOJTIO.

3aneXHO BiJ MPHU3HAUYCHHS JABUTYHA TEXHIYHUMHU YMOBAMH Iepen0avyaeThes
TOYHICTh JlaMeTpaJibHI PO3MIPiB KOPIHHUX 1 MATYHHUX IIMHOK KOJIHYACTHUX BajiB B
Mexax 1-2-ro kmaciB 3 uyucTtoTor0 moBepxHi 8-10-ro kiaciB 1 Buiie. Jlomyctumi
BIIXUJICHHSI Ha OBAJIbHICTh 1 KOHYCHICTbh, HANPUKIIAI, IS aBTOMOOUIHLHUX JIBUTYHIB,
nexathb B Mexkax 0,010-0,005 Mm, a He mapaneabHICTh OCEH KOPIHHUX 1 MATYHHUX Ocei
KOPIHHMX 1 IIATyHHUX MUHOK — He Outbine 0,01 Ha Bl TOBKMHI KOKHOI MATyHHOT
muiiku. Jlomycku Ha paaiycu KpuBowumiB ckianaoth 0,05-0,15 mm. Haamiphi
BIIXWJICGHHS pajlyCiB KPHUBOLIMMIB 1 KYTOBUX pO3Bally MPHU3BOJATH JO
HEPIBHOMIPHOCTI CTYIIE€HI CTUCHEHHSI B PI3HUX LMIIHIpaX 1 A0 3cyBYy (a3 po3mnominy,
1[0 HETATUBHO TIO3HAYAETHCS HA pOOOTI IBUTYHIB.

[Tpu BuOOP1 cuctemu MOCAAOK CIiJ] MaTH Ha yBasi, IO JIs po3MipiB MeHIe 1
MM BUTOTOBJICHHS TOYHUX BaJTIB OLIBII TPYIOMICTKE, HI’)K BHUTOTOBJICHHS TOYHHUX
OTBOPIB, BHACIHIJIOK YOrO 3aCTOCYBaHHS CHUCTEMM Bajla TyT Mae€ IepeBaru Inepen
CHUCTEMOIO OTBOPH UY€pe3 3MEHIIICHHS PI3HOMAHITHOCTI PO3MIpIB BaJliB, 3MEHIIICHHS
YyCia AUISHKY Ha OHOMY 1 TOMY K Bajly, 3aCTOCYBAHHS BaJIbLIbOBAHOI'O MaTepiaiy i
KayliOpOBaHOTO JAPOTY Ta iH.

KoninyacTi Banu, o 00epTaroThCs B MIAIMIMITHUKAX KOB3aHHS, 00YMOBIIIOIOTH 1
M1JIBUIICH] BUMOTH JI0 TTIOBEPXHI MUHUOK 1100 1X 3HOCOCTIMKOCTI 1 BTOMHOI MIIIHOCTI.
ToMmy mnoBepxHEBa TBEPIICTh KOPIHHUX 1 MIATYHHUX ILIMHOK, OTPUMAaHUX MICIs
TepMigHOi 00p00KH, JIexkuTh B Meskax HRC 52-62. TexHiuH1 yMOBY Ha KOJIIHYATI BaJld
B 3QJIEKHOCTI BiJ mpu3HadeHHs /[BUuryHa BU3Ha4aroThCs cTanmapToMm. KomiHuacTuii
BaJl KOHTPOMIOIOTh 3a 80-90 mapamerpamu. Kpim po3mipiB i hopmMH, KOHTPOJIIOIOTH 1
BIJIHOCHE TIOJIO)KEHHsSI OOpOOJIIOBAHMX MOBEPXOHb Baily. [0 HaWOUIbII Ba)KJIMBUM
3HAUEHHS PO3MIPY JEIKUX MapajiebHICTh OCl IMUHOK, MOJO0KEHHS MAaTyHHUX HMIMHOK
0 BIJTHOIIIEHHIO 0 KOPIHHUX (Pa/ilyCH KPUBOIIUIIIB), KyTOBE MOJIOKEHHS MAaTyHHUX
IIUHOK MO BIJHOLIEHHIO OJHA J0 OJHOI, KyTOBE MOJOKEHHS IIMOHKOBOI KAHABKU IO
BIJTHOIICHHIO 0 KPUBOLIUIIA, TOJIOKEHHS TOPIls DaHIiist 10 0C1 KOPIHHUX IIMHOK.
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CkJIagHICTh KOHCTPYKTHUBHOI ()OpPMHU KOJIHYACTOTO Baja, HOro HEIOCTATHS
KOPCTKICTh, BUCOKI BUMOTH JO TOYHOCTI OOpOOJIOBaHMX MOBEPXOHb BUKIMKAIOThH
0COOJIMBI BUMOTH J0 BHOOpPY METOAY METOJIB O0a3yBaHHS, 3aKpIIUICHHS 1 00pOOKH
Bajla, a TaKOX IIOCTIIOBHOCTI, TO€JHAHHS oOmepaiii Ta BHOOpPY 00JIaHAHHS.
OcHoBHUMH 0a3aMU KOJIIHYACTOTO BaJjia € OTIOPHI MOBEPXHI1 KOPIHHUX MHUHOK. OTHAK
JaJeKo HE Ha BCIX omepaiisx oOpoOKM MOXKHAa BHUKOPHCTOBYBAaTH iX B SKOCTI
TEXHOJIOTIYHUX. TOMy B JESKMX BHUMAJKaX TEXHOJOTITYHUMHU OazaMH BUOHPAIOTH
MOBEPXHI LIEGHTPOBHUX OTBOPIB. Y 3B'SI3KY 3 MOPIBHSHO HEBEIUKOIO )KOPCTKICTIO Baja
Ha psJIi oneparliii mpu o6poOIri Horo B IEHTPax B SAKOCTI JOJATKOBUX TEXHOJIOTTUHHUX
0a3 BUKOPUCTOBYIOThH 30BHIIIIHI IOBEPXHI MOMEPETHHO 0OPOOICHUX TUIOK.

[Tpu 0OpoO1l MATyHHUX MIUHOK, SIK1 BIAMOBIIHO OO BUMOI TE€XHIYHUX YMOB
MMOBHMHHI MaTH HEOOXIJHY KyTOBY KOOPJMHAIIII0, OTIOPHOT TEXHOJIOTTYHOI 0a3010 €
creriagbHO ppe3epoBaHi MaIaHUYMKH Ha MIOKAX.

TexHonmoriyHuit  MapmipyT oOOpOOKH KOJIHYACTHMX BajiB MoOXe OyTu
MpEeCTAaBICHUI B TaKiil TOCHiJOBHOCTI:

e (hpesepyBaHHS TOPIIIB;

® CBEp/UIIHHS IIEHTPOBUX OTBOPIB;
dbpe3epyBaHHS TEXHOJOTIYHUX OMOPHHUX 0a3 Ha IOKaX;
00TOUyBaHHS KIHIIB Bajia 1 KOPIHHUX IIUHOK;
nonepeaHe NUTipyBaHHSI KOPIHHUX IIUHOK;
00TOUyBaHHS MPOTUBAT 1 IIIIK;
00TOYYBaHHS MIATYHHUX IIHHOK;
00poOKa MOBEpXOHb KaMep Opya0301pHUKIB, MACTUIILHUX KaHATIB 1 Ta3iB;
TepMiyHa 0OpoOKa - rapTyBaHHS KOPIHHUX 1 IIATYHHUX IIHHOK;
¢inimHe nurigpyBaHHS Baly, KOPIHHUX IIUAOK 1 (IiaHIIs;
¢biHiIIHE MONIpyBaHHS IATYHHUX IIUHOK;
o0poOka OTBOPIB y (uIaHIll 1 Ha KIHISAX Baja;
pPO3TOUYBaHHS MOBEPXHI MOCAJAKOBOTO OTBOPY MiJ MiJIIUIHUK 3 OOKY

dbnaHIIs;

e 00poOHa ormepartis MOBEPXHI KOPIHHKX 1 MATYHHUX MIHHOK.

[Iporiec KOHTpOIIO MapaMeTpiB KOJIIHYACTOrO Bajia JOCUTh TPYIOMICTKHN 1
ckmagHuii. ToMmy [  KOHTPOJIIO  OUIBIIOCTI  MEpepaxoOBaHMX IapaMeTpiB
3aCTOCOBYIOTh crienianbHI OaraToBUMIpHI 1HMKATOPHI, THEBMATHYHI,
"MHEBMOENEKTPUYHUM" 1 €JIEKTPOHHI OOMIpHI PUCTPor0. OHE 3 TAKUX THANKATOPHUX
MPUCTPOIB MPU3HAYEHE JIJISl IEPEBIPKU OUTTS TOpUs (iIaHIsl KOPIHHUX IIUHOK LI0JI0
KOPIHHUX 1 MOJIO’KEHHS IITTOHKOBOI KAHABKHU.

Jlitreparypa

Kapabunvomr C.C., Conoeit P.A. OcobauBOCTI XapakTepHUX CIOCO0IB
e(heKTUBHOTO BITHOBICHHS KomiHuatux BaiiB. KuiB. HVYBIll VYkpaiau. 2017.
IV Mixnap. nHaykoBo-TexHiuHa kKoHpepeniiis «Kpamaposcrki untanns. C. 31-33.
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VJIK 004.9

TECTYBAHHS POBACTHUX MOKJIUBOCTEM OJTHOI'O BU1Y
CILIAMHIB

M. A. Hlynvocenxo, I'.A. Tynyuenko
XepCOHCHKUM HAIIOHATBHUN TEXHIYHUM YHIBEPCUTET

VY pobortax [1-3] oOrpyHTOBYEThCS ICHYBaHHS Ta 301’KHICTh HaIl1BJIOKAJIHHOTO
3rJ1a/KYI0UOTO CIUIaiiHa TPEThOTro CTENEHs Ta PI3HUX MOPSAKIB IIaJKOCTI Y TOYKaX
CTUKYBaHHS JIaHOK. OcoONMBICTIO MOOYAOBU LIBOTO CIUIAaiHA € ITepalliifiHuii mpoiiec
o04HCcIIeHHS KOe(ILI€HTIB IPU MOHOMAX HIKYUX CTETICHIB MOJIIHOMA MOTOYHO1 JIAHKU
CIulailHa 4Yepe3 3HAYeHHS TaKuX JK€ KOE(]III€EHTIB /JJii MOHOMIB TOJIIHOMA 3
MOTIEPE/IHBOI  JIAaHKW CIUTaiiHA. AMPOKCHUMAIIIMHI BJIACTUBOCTI  JOCIIIKYBaHOTO
CIUTaiiHa BHU3HAYAIOTHCS, 30KpeMa, CITIIBBIJHOIICHHSIM TmapameTpiB M Ta m, sKi
JOPIBHIOIOTh ~ KUIBKOCTI TOYOK €KCIIEPUMEHTaIbHOI 3ayiexHocTi (M+1), 1o
MPUIMAaIOTh y4acTh B OOYMCIIEHH] KOE(IIIEHTIB MPU CTApIIUX CTENEHSX, Ta KIIBKOCTI
TOYOK (m+1), K1 OCTATOYHO BU3HAYAIOThH JIOBKUHY JaHKH CIUIaiiHa.

PexomennoBani B [1-3] nmfis NpakTUYHOTO BUKOPUCTAHHS CITiBBIHOILICHHS
napameTpiB M Ta m BU3HAYAIOTHCSA HA MIACTaBl aHAI3y MOJYJIB BJIACHUX YHUCEN
MaTpHIll CTIMKOCTI, sIKa BIJIIrpa€e KIOUOBY POJIb y 3rajlyBaHOMY BHIIE iTEpaIliiHOMY
nporiect. [Ipu anpokcumariii ekcnepuMeHTaTbHUX JaHUX, [0 MICTSITh 3HAYHI TOXUOKHU
BUMIPIOBaHb, 32 JOTIOMOTOI0 JIOCIIKYBAHOTO CIutaifHa (riagkocti Ci) MOIIIBHUM €
3’sicyBaHHS pOOACTHUX MOXIIMBOCTEH TaKOro CIOCO0Y anmpoKCUMAIli.

Teer 1. Ha mpomixky |-11] sremepyemo mnocmizosmicts i3 N =100

EKCIIEPUMEHTAITLHUX IaHUX 13 3HAYEHHSIMHA napameTpiB
A=1 m=-0,25; s=0,25; w=0,25 JUIS FayCCONOI0HOT (yHKITIi:
2
X—m
f(x)=A-exp| — ( ) (1)

2(s + w(x — m))?
Jo suauens ¢ynkuii f(X;) nomamo moxubOky, mo Mae HOpMaIbHHI 3aKOH
PO3MOJIUTY 13 TapaMeTpaMH a =0; o = 0,05.

[IpoBeneMo OIiHKY BIIXUJIEHb JOCIIPKYBAHOTO CIUIaiiHa BiJ BIOMOT (pyHKIIIT
3a IBOMa HOPMaMHu:

1

[s00- 100l =100~ f o)) dx 2)
-1

[500 =100l = max 60~ 3)

ne S(X) — ky6iunnii crunaits i3 po6it [1-3] rmamkocti Ci.
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Ta0mung 1 Taomung 2
[Ipukiaz 3a1€XHOCTI 3HAYEHb HOPM [Ipukinaz 3a1€XHOCTI 3HAYEHb HOPM
(2) i (3) Big mapametpa T, koau M=10 (2) 1 (3) Big mapamerpa M, komu T =2

T Hopwma (2) | Hopma (3) M | Hopma (2) | Hopwma (3)

1 0,0191 0,0409 5 10,0384 0,0638

2 0,0190 0,0363 7 10,0294 0,0591

3 0,0187 0,0399 9 10,0226 0,0496

4 0,0223 0,0425 10 ] 0,0190 0,0363

d) 0,0261 0,0549 11 10,0194 0,0423

6 0,0215 0,0444 13 10,0201 0,0460

15 10,0239 0,0511

a) . 0)

Puc. 1. fxicth anpokcumairii TecToBOi 3anexHoCTi st M=10: a) m=3; 6) m=6.

AHami3 OTpUMAaHMX Yy TECTOBOMY MPHUKIAIl PE3yNbTaTiB IMOKa3ye, 10 TMpHU
HAsBHOCTI 3HAYHMX TMOXUOOK BHUMIPIOBaHb B EKCHEPUMEHTAIBHHUX JaHUX
CITIBBIJIHOIIIEHHS MapaMeTpiB M Ta m, K1 3a0e3MeuyloTh HaillKkpally poOacTHICTh
arpoKcUMaIli, BIIPI3HAIOTHCSA BIJ THUX, [0 3a0e3Me4yrTh HaWKpally CTiHKICTh
AIrOpUTMY MOOYJOBU HAMIBIOKAJIBHOTO CIUIaiiHa Ha TOYHUX OaHuX. llepcnexTuBu
MOJABIINX JTOCIIKEHb MMOB’s13aHi 13 3’SICYBaHHIM yMOB y3arajlbHEHHS aJlTOPUTMY 13
poOit [1-3] Ha HEPIBHOMIPHI CITKH.

Jlitreparypa

1. Cunaes JI.A. [lonynokanbHble criaxuBaromue S-crjiaiiiel. KommnberotepHbie
uccinenoanus u moaenuposanue. 2010. T. 2. Ne 4. C. 349-357.

2. Cumae N.A., Amwmmomenko A.B., JlykesnoB, A.M. Koportaer [1.0.
[TomyoKanbHbIE CIIAKHMBarOIMe cruiaiiuel kmacca Cl. Tpyasl ceMuHapa UMeHH
N.T". Ilerposckoro. 2007. Beim. 26. C. 347-367.

3. CumaeB JI.A., Sxymmna .M. Ilpubmmxkenue S-crtaitHaMu TIaaKux
¢yukumit. Tpyast cemunapa umenu W.I'. [lerposckoro. 1984. Bein. 10. C. 197-205.
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VIK 514.18

BU3HAYEHHSA POTOPA IUCKPETHOI'O HEBITOPAAKOBAHOI'O
BEKTOPHOI'O ITIOJIA B TPUBUMIPHOMY ITPOCTOPI

B.I. Yepnuak
Kpemeneywvxuii nicomexuiunuti koneonc

Hexaii HeoOX1/IHO 3HAWUTHU pOTOp MOJIA B JesdKii Touli. [IpoBeaemo depes 1o
TOYKY TEPHEHIUKYISIPHO O OCEM KOOpJIMHAT TPU KOMIPKH OAMHOYHOI o, Jlo
KOXHOI KOMIPKM BU3HAYMMO HOPMAJIbHUN BEKTOP &, SIKHH YHCEIbHO PIBHUMN MIIOIII
koMmipku (puc. 1). Tomi KoopaWHAaTH IUX BEKTOPIB OyIyTh HACTYITHUMH:

ox=(1,0,0) oy =(0,1,0) o;=(0,0,1).

Z Z Z
- O
f/ Z "r/
2 /3 \ 7{/ 1
/ o,
.f'f J/ — J/ ;/ / . .y
/
¥ ) ') L/__/
y 9 / %
O, /
,"/ //
X X

Puc. 1. Komipku, opToHOPMOBaHI1 10 OCEH KOOPIUHAT.

3a teopemoro Crokca [1] yupxynsayis eexmopa a no 3amxuymit xpusii L
OOPIBHIOE NOMOKY POMOopa uepe3 N08epXHIo S, KA NeHCUMsb 8 BeKMOPHOMY NOJL [ Ma€e
c80€10 Mmedicero NiHito L.

B namomy BumnaKy moBepxHero € KBajapar 3 miomeo S=1 1 Mexero L y Burismi
YOTUPHOX CTOPIH KoMipku. OTKe, HUPKYJIALIS BEKTOpa @ 10 3aMKHYTIH KpuBiii L Oyne
PIBHOIO CyM1 LIMPKYJISIIN BEKTOpa @ Mo YOTUPHOX CTOpOHaxX KBajparta. st 6uibmioi
TOYHOCTI BU3HAYEHHS POTOPA YMOBHO MPHUIMEMO, 1110 BEKTOPHE IOJIE € TIOBEPXHEIO
apyroro mopsiaky. Tomi mupkyisiis Cip BeKTOopa @ 1Mo CTOpoHi (F1, F2) KOMIpKH,
nepneHauKyIsapHoi 10 oci QX BU3HAYAETHCS SIK CKATSIPHUN TOOYTOK BEKTOPa CTOPOHU
(r2-r1) 1 cepeqHBOrO apU(PMETHIHOIO BEKTOPA .

a, +a, 1)
2

OOGIHIIOBIIM MOYEPrOBO BCl CTOPOHU KOMIPKH, 3Haiaemo mupkymsmiro C

BEKTOpA & 10 KBaJpaTy I3l

C1,2 =ra= (rz - rl)
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[Totik BekTOpa a uepe3 MOBEPXHIO S y BEKTOPHIM (opMi BH3HAYAETHCS

inTerpanom [1]
Q= ” a-do (2)
s

ne do — BeKTOp, HANPaBICHUN 110 HOPMaJi JIO TIOBEPXHI B KOXKHINM TOYIIl 1 YUCEIILHO
PIBHUH TUIOIII TOBEPXHI S.

B Hamomy Bumanky, SKIIO TOBEpXHEIO € KBajapaT OJMHHUYHOL IUIOL,
BU3HAUEHHS KOOPAMHATH POTOpA MO BU3HAYEHIHN OCI NOJISATAE Y BU3HAUCHI LUPKYJIALIT
BEKTOPHOI'O MOJISl IO KBaJApaTHIM KOMIPI OJUHUYHOI IUIOIII, TePIEeHINKYISIPHOL 0
naHoi oci. @opmyna Ctokca Jyis IepIIoi KOMIPKHU MpUiMe BUTJIST

Q=rota -o =(rota,,rota ,rota,)-(1,0,0) =
=rota, =C,, +C,, +C,;, +C,,

(3)

AHaNOTIYHO JIJIsl APYTOi 1 TPETHOI KOMIPKHU
rota, =Cy s +Cq, +C; 5 +Cy5 (4)

IfoJ[az = C9,10 + C10,11 + C11,12 + C12,9

ANTOPUTM BU3HAYEHHS POTOpa TOYKH JTUCKPETHOTO HEBIOPSAKOBAHOTO
BEKTOPHOTI'O MOJISi B TPUBUMIPHOMY ITPOCTOP1 Oyze CKIagaTHCs 3 TaKUX i,

ATIPOKCUMYEMO KOXXHY KOOPJMHATY BEKTOPHOTO TMOJIi MOBEPXHEIO IPYroro
PIBHSIL.

[IpoBoMMO 4Yepe3 3afaHy TOYKY TPU KBaApPaTHI KOMIPKH OJWHUYHOI TUIOMI
MEePHEHANKYISIPHO A0 OCEH KOOpIUHAT.

Buznauaemo 3HaueHHsI KOOpAUHAT BEKTOPHOTO MMOJIs B BepinHax 1-12 KoMipok.

JI71s1 KO’KHOI CTOPOHU KOMIPKHM BH3HAYAEMO LUPKYISALIIO MO 32 GopMyIaMu
(1).

Bu3HauaeMo koopauHaTH poTopa o rot a popmymnamu (3), (4).

[IporectyeMo naHuil METOJ BU3HAYEHHSA POTOPA 3 METOIOM, pO3poOJEHUM B
mparti [2] Ta i3 3HaUeHHSIMH, OJIepKAHUMU 3 JoroMororo 3aco0iB MATLAB. TouHicTh
oJiepKaHUX Pe3ybTaTiB Oy/1IeMO MOPIBHIOBATH 13 3HAYEHHSIMH POTOPA, OJICPKAHUX 32
QHATITUYHUMH  PIBHAHHSAMHU. JIJIsT KOXXHOTO  TOJIS
BHUXI1JIHI JaHl OyJaeMo 3ajaBaTH B JBOX BapiaHTaX: Ha
pPIBHOMIpHIN CITIIl (BepXHI 3HAYCHHS MOXUOKW) 1 Ha
HEPIBHOMIpHIN CITIl (HWKHI 3HA4YEHHS MOXHOOK).
[Toxubky o00OpaxyHKiB OyAeMO BH3HaYaTh K
BIJIHOIIICHHS JIOBXKMHHU PI3HUIII BEKTOPIB poTOpa
(oOumceHoro rotay i aHaIITHYHOTO F0taa) 10 TOBKUHU
aHAJIITHYHOTO BeKTopa (puc. 2).

AT0t a

Puc. 2. BuzHayeHHsS TOXUOKH.
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Busznauena pobora:

A | Arota | _ |rota, —rota, |

| rota, |

| rota, |

()

3aranbpHe 3HaYEHHS MOXUOKH BU3HAYAETHCS SIK CEPEAHE apru(PMETUUHE MOXHOOK

BCIX TOYOK CITKH.

Tabmuus 1. [loxuOku BU3HAYEHHS POTOPA.

PiBHsIHHSA 110151 Ta HOTO poTOpa 3acodu Hepuraid |- Jlpyrui
MATLAB METO/I METO/I
1 | a=(-2y-z; x; 3x+4y) 0 0 0
rota=(4; -4; 3) 7,2 0 0
2 | a=(z% x% + yz; Xy+x2) 12 16 0
rot a = (x-y; z-y; 2x) 36 31 0
3 | a=(y-z3 %% 2) 21 23 10
rot a = (0; -3z%; 2x-1) 30 47 28
4 | a=(23; x*+y?; xyz) 23 23 10
rot a = (xz; 3z2-yz; 2x) 18 52 17
5 | a =(x*cos(y); In(z); sin(x)*sin(y)) 4,7 5,7 3,7
rot a = (sin(x)*cos(y)-1/z; 11 13 10
-sin(y)*cos(x);
x*sin(y))
BucHoBku. 3amporoHOBaHO CHoci0 BU3HAYEHHS pPOTOpa  JIUCKPETHO

MIPEICTABICHOTO HEBMOPSIKOBAHOTO BEKTOPHOTO TOJII B TPUBHUMIPHOMY IMPOCTOPI.
[Tonmanein gociipkeHHs OyIyTh COPSMOBaHI Ha PO3POOKY aJIrOpUTMIB BU3HAUCHHS
napaMeTpiB Ta XapaKTEPUCTUK JUCKPETHUX HEBMOPSAKOBAHUX BEKTOPHUX TOJIB.

Jlitreparypa

1. I'onvoghaiin M.A. Bextopuslii aHanu3 u teopus noiyia. Mocksa. TMOMIL.

1962. 132 c.

2. Yepusx B.l. BusHaueHHs poTOpa B TOYKAX ITUCKPETHO MPEICTABICHOTO
HEBIOPSAKOBAHOTO BEKTOpHOTrO moJisi. CydacHi mpoOieMu MOJETIOBaHHS: 30. HayK.
[Mpare. MITY imeni bormana XwmenbHuIlbKOTO; ToJ. pen. koi. A.B.Haiimwm.
Memitonons: Bumasaunreo MJITY imeni bormana Xmenpaunpkoro. 2017. Bum. 9.

C.167-172.
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VJIK 631.331.85
TO3ATOP HACIHHSI HATIPABJIEHOI JIi

I1.C. Ilonux
Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysanus Ykpainu
C.1. Tonuiu
Hixxcuncoxuii acpomexuiunutl Koneorc

Binomuii BuciBHUI anapart, IKiii BAKOPUCTOBYETHCS Y CiBAJIKaX TOYHOTO BUCIBY
CTBT-12/8M (tuny CYIIH), 1o ckianaeThesi 3 KOPIYCy B SKUH BXOAATHh HACIHHEBA
Ta BaKyyMHa KaMepH, OyHKep JIsl HACIHHS, BUCIBHUN AMCK 1 BOPYLIMIIKA.

Henonikom aHanory € MOpPYyIIEHHS TEXHOJOTIYHOIO TMPOLECy A03YBaHHS
HACIHHS CTOCOBHO TPOITYCKIB a00 OJHOYACHOTO 3aXOIUICHHS JEKIJIbKOX HACIHUH.
B cepiitHOMy BHCIBHOMY amapaTtoBi OCHOBHHMM JO3YIOUHMM €JIEMEHTOM 3aJIUIIA€ThCS
BUCIBHMI JIMCK 3 OTBOPaMH, B SIKUX BEKTOpP CHUJIU MPHCMOKTYBAaHHS HE CIIIBMAJa€ 3
BEKTOPOM 00€pTaHHS BUCIBHOT'O AUCKY. Y PE3yJIbTATI CIOCTEPITAETHCS HE 3aII0BHEHHS
MPUCMOKTYIOUMX OTBOPIB HACIHHEBUM MarepiajioM (MpPOMYyCKH), IO OI[IHIOETHCS SIK
TEXHOJIOT1YHA BiAMOBAa BUCIBHOIO amapara.

HaykxoBo-TIpakTHYHOIO 33aJa4€0 € MiJBUIICHHS TOYHOCTI BUKOHAHHS TIPOIECY
BUCIBY IIUIIXOM 3aMIHUA KOHCTPYKIIIT BUCIBHOTO JHMCKA. 3aIIPOIIOHOBAHA KOHCTPYKIIiS
7103aTopa HaCiHHS MpejcTaBieHa Ha puc. 1.(a, 0).

A-1
b7}
2 -
' '
=7
5 4
A =
=

a) 0)

Puc. 1. Jlo3aTtop HaciHHS HaMpaBJICHOI Aii.
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[ToctaBnena 3amaya BUPIIIYETHCS 32 PaXyHOK TOTO, 110 J03aTop 1 BUKOHAHO Y
BUTJISA/II IUTACTHHH, TOBILIMHA SIKOi HE MEHILIE [IaMeTPy BUKOPUCTOBYBAHOTO ITOCIBHOTO
Mmatepiany. B mmommui A ngucka mo giamerpy D BHKOHAHO HE HAacCKpi3HI
cBepaieHHs b.

[To noTuyHi 10 Kojaa aiametpoM D B mtomuHl B qucka BUKOHAHI CBEPAJICHHS
I, xiHIl SKMX CHIBOaAalOTh 3 OChOBUMHM HE HACKpPI3HUMH CBEpIJICHHsIMHU b.
CepayieHHsI MatOTh KOHIYHI KOMIPKH 2.

Hanpsim BexTopa V TiHiifHOT IIBHIKOCTI 06epTaHHS BUCIBHOTO MCKA CITiBIAIa€
3 HanpsiMoM cBepaiieHb ['. Bekrop V nexutrh B OHINA IUIOMIMHI 3 BEKTOPOM
IPUCMOKTYBAJIbHOI CHIIH Fp, TOOTO € KONIHEapHUMH.

Taxum yMHOM HampaslicHa Al MPUCMOKTYBaIbHOI cuin Fp 1 HANpsaM JiHIAHOI
IMIBUIKOCTI V' 0O0epTaHHS BUCIBHOTO NWCKA, CHPHUSIOTH KpallUM YMOBaM 3axBaTy
HACIHMH 13 HACIHHEBOI KaMmepH, a KoHycomojioHa (Gopma coria 3abe3neuye Kpare
yTPUMAaHHS OJIHI€T HACIHMHH 1 MOTIPIIIY€E 3aXBaT 3alBHX.

JloonpartoBanHsl nepeadavaroTh JIMIIE BCTAaHOBJIEHHS B KOHCTPYKIIIO
BuciBHOrO amapara ciBaiku CTBT-12/8M nosatopa Hampasienoi maii. Jlms 1poro
JOCTaTHbO 3aMIHUTH CEpPIMHUNA BHUCIBHUN OHUCK 3 MNEpUPEPIMHUMHU KOMIpKaAMHU Y
BUTJISAJII OTBOPIB HEOOXIAHOro JiameTpa 1 (OpMH, HaA J103aTOp 3 KOMIpKaMu
HampapyieHoi [ii. 3aMiHa CEpIHOTO BUCIBHOTO JMCKa Ha EKCIIEpUMEHTAIbHUNA HE
noTpeOye 3MiH B KOHCTPYKIIi BUCIBHOTO anapara.

JlocniKeHHSIMH BCTAHOBJICHO, 1110 MHEBMOMEXAHIYHUN BHUCIBHUH amapar 3
703aTOPOM HAmpaBJIeHOI /il 3a0e3meuye Kpaili YMOBHU IJIsl 3aXBary, YTPUMaHHS Ta
BUHOCY 3 MacH HaCiHHS OJIHI€i HACIHMHM 1 TPAHCIOPTYBaHHS ii 10 HACIHHEMPOBONY,
HaBITh NPU HE3HAYHOMY pO3PLIKEHHI Yy BaKyyMHIM Kamepi. Y pe3yibTari
MIJBUIYETHCS TOYHICTh TEXHOJIOTIYHOTO TIPOILIECY BHUCIBY Ta 3MEHIIYIOTHCS
€HEepro3aTpaTy BUCIBHOTO arperary mpu ciBO1 TEXHIYHUX KYJIbTYD.
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YK 631.331.85

ITPUBOJ AKTUBHOI'O POBOYOI'O OPTAHY
CIVIbCBKOI'OCITOJAPCBKOI MAIIIMHHU

I1.C. Ilonux
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu
C.1. Tonuiu
Hixcuncoxuii acpomexuiunutl Koneorc

CyuacHl CUIbCHKOTOCMOIAPChKI MAIIUHU JJI1 CYLIIBHOIO OOpOOITKY I'pYHTY
oOnagHaH1 poOOYMMH OpraHaAMU KOPCTKO 3aKPITUICHUMHU Ha TTIOBOIKaX MPUETHAHUX J0
pamu mamuHU. Taki pobo4l OpraHu B MPOIEC PyXy MOXKYTh TUIBKH KOIMIIOBATH
MOBEPXHIO ITPYHTY Y BEPTUKAIBHIN TUIONIMHI 1 HE BUKOHYIOTh aKTHBHUX PYXIB IS
pYWHYBaHHS TPYHTY 3 METOI0 3MEHIICHHsSI TSATOBOTO OMNOPY MAaIIUH-TPAKTOPHUX
arperariB 1 30UIbIIICHHS TPOIYKTUBHOCTI iX poOoTH. Lle € He01iKOM JaHUX MAIlIKH.

JlJis CTBOpPEHHSI aKTUBHOTO TPUBOAY POOOUYOTO OpPraHy CiIbChbKOTOCTIOAAPCHKOT
MaIllMHA MOXXHa BUKOPHCTATH HAasBHY TIAPOCHCTEMY TpakTopa oOJaaHaHy
JI0JJaTKOBUMHU TPUCTPOSMHU.

Ha puc. 1 mnpencraBieHo 3ampormoOHOBaHUN MPHBOJ pPOOOUOTO OpraHy
CLIbCHKOTOCTIOAAPCHKOT MAIIUHU.

1212¢34 ﬁ\
]

Rz

-— N

\o

1

%]

Puc. 1. Cxema npuBoay aKkTUBHOTO poO0OYOro OPraHy ClIbCbKOIOCIOAAPCHKOT
MaII1HH.
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[IpuBoa ckiagaeTbcs 3 PO3MOAUIbHHKA, 11O Mae KOpmyc 1 1 30J0THHK 2.
30JI0THUK pyXaeTbcs B Kopmycl | mijg jgi€ro enexkTpoMarHity 4 1 npyxuau 5. B
PO3MOIUIBHUK OJINBA HAJIXOJUTh 3 TIAPOCUCTEMH TPAKTOpa uepe3 TpyOorposia 3.
Komu 30710THUK 3HAXOIUTHCS B HEUTpPAJIbHOMY IIOJOXKEHHI1 (JIIBOMY) T J1€RO
MPY>KUHU, OJIUBA BUJIAJISIETHCS 3 PO3IOAIILHUKA Ha 3JIUB yepe3 Tpyoomnporia 11.

Jo rigpomwniHapy 9 ojivBa HaJIXOAUThH MO TPYOONpPOBOAY 8 depe3 MPOTOUYKY
30JI0THMKA MPU HOTO MepeMillleHH] B poOoue (TIpaBe) MOJOKEHHS €IeKTPOMATrHITOM.
Po6oTo10 eekTpoMarHiTy Kepye eJIeKTpOHHUM OJIOK KepyBaHHS 6.

3 TiApoLMIIIHAPA OJIMBa BUAAIISETHCS uepe3 paaianbHuii 7, ocboBuil 10 kaHamu
30JI0THUKA PO3MOIJIbBHUKA 1 3BOPOTHUH KJlanaH 12.

[ITok TiapolMIIHAPY MPUETHAHO 10 BEPXHBOI YaCTHMHH poOoUYoro oprany 13
MamuHu. Cam poOounii opraH 3’€IHaHO MIAPHIPHO 3 MOBOAKOM 14 KUl OTUpAETHCS
Ha monepeuHuii opyc 15 pamu marmuHu.

B nepenne nonoxkeHHs poOOYMII OpraH MepeMIlIaeThes 3a PaXyHOK MPYKUHU
16. Jly1st KomiroBaHHS IMTOBEPXHI OIS B BEPTUKAIBHIN TUIOMIKHI TTOBOJOK HABAaHTAKEHO
MpyXUHOIO 17.

[lpuBona mpamroe HacTymHUM dYHHOM. [Ipu poOOTI MamIMHO-TPAKTOPHOTO
arperaTy OJiMBa 3 T1IPOCHUCTEMH TpakTOpa 4vepe3 TpyOompoBil 3 HAAXOAHUTH 0
PO3MOAUIBHHKA. SIKIIO 30JIOTHUK 2 3HAXOJUTHCA B HEUTPAIbHOMY IOJOKEHHI, OJIMBa
3 MOPOKHUHU Kopnycy | 3nuBaeThes yepes Tpyoomnposin 11.

[Tpu nepeminieHH1 30JI0THUKA B poOOY€ MOJOKEHHS €JIEKTPOMAarHiTom 4 onnBa
3 KaHaTy 3 yepe3 NPOTOYKY 30JI0OTHUKA 2 1 TpyOOIpoBi 8 MOTpaIlisie B HAAIOPUIHEBY
nopokHUHY 1umiHapa 9. 1ITok muniHapy nepeMillialouuch B 3aJHE MOJOKEHHS 10
yrnopy noseprae jamy 13 npoTu rOAMHHUKOBOI CTPUIKUA BIJHOCHO LIAPHIPY MOBOJKA
14, po3tarytouu npyxuny 16.

B HeliTpanbHe MONOXKEHHS 30JI0THUK IMEPEMIIIAETHCS IMPYKUHOKO S5 KOJIU
3HMKA€ CUTHAJ Ha €JIEKTPOMArHIT 4 3 050Ky kKepyBaHHsA 6. OnuBa 3 TIAPOIMITIHAPY
yepe3 TpyOornposia 8, pamianbHuil 7, ockoBui 10 kaHamM 1 3BOPOTHUM KiamaH 12
BUJIAISIETHCS Ha 31uB. [Ipu boMy npyxkuHa 16 moBepTae jamy B epeIHE MOT0KEHHS.
Jlasi UK TOBTOPIOETHCA.

Yacrora 3 KO0 CIpaIrbOBYE EICKTPOMATHIT 33/Ia€THCS OJIOKOM KEpyBaHHS.

TakuM ynHOM, KOJIMBAaHHSA JIaly 3a0e3Meuye akTUBHE PyHHYBaHHS IPYHTY, L0
3MEHIIY€ TATOBUM OMip MAIIMHO-TPAKTOPHOTO arperary.
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VJIK 621. 43

CUCTEMA 3AITAJIIOBAHHSA KOHBEPTOBAHOTI'O UIAA POBOTH
HA T'A3Y JU3EJIA

A.B. boycenko, C.I. Tonuin
Hixxcuncoxuii acpomexniunuti koneonc

B ocranH1 1ecATHINITTS aKTUBHO MPOBOATHCS JOCI1IHO-KOHCTPYKTUBHI pOOOTH
COpSMOBaHI Ha MOJIMBICTh BUKOPHCTAHHS Ta30BOrO TMajvBa JAJs SKUBJICHHS
au3enbHUX JBUTYHIB. KoHBepraiis au3eniB Ajii poOOTH Ha rasy MOB’si3aHa 3
HEOOXI1THICTIO 3MEHITIICHHS X CTYIEHI CTUCHEHHS 10 9...11 oauHUIL 1| BUKOPUCTAHHS
JUTst 3a0€3MeYeHHsT PoO0YO0ro MPOIIeCy CUCTEM KUBJICHHS 1 3amamtoBanus [1, 2, 3, 4].

Ha ykpaiHCbKOMY pPHHKY €JIEKTPOHHUX MPHUCTPOIB JOCTYIHI TOTOB1 [0
BUKOPUCTAHHS CHUCTEMM 3alallOBaHHA BITUM3HSHUX 1 3apyODKHUX BUPOOHUKIB.
OpHak, BOPOBAKEHHS MPHUI0AaHUX HA PUHKY CHUCTEM, BHMAara€ 3aJlydeHHs MOCIYT
CTOPOHHIX OpraHizailiif, 110 He 3aBXIU MO3UTHUBHO IO3HAYAETHCS HA OpraHizailii
BUPOOHHYOTO MPOLIECY 1 eKCILTyaTallii KOHBEPTOBAHUX CUJIOBUX YCTAaHOBOK.

TexHIKO-€eKOHOMIYHMI aHali3 PUHKY AOCTYIHUX B YKpaiHi €JIEKTPOHHUX
KOMITOHEHTIB 13ac001B pO3p00KH €1EeKTPOHHUX MPUCTPOIB MOKA3aB, 1110 BAKOPUCTAHHS
HEJIOPOTHX, CyYaCHHUX IMPOTrpaMOBAHUX JIOTTYHHUX 1HTErpaibHux Mikpocxem (CPLD
cimerictrea MAX 11 ¢ipmu Altera) 1 O€3KOMITOBHUX CHUCTEM aBTOMATH30BAHOTO
MPOEKTyBaHHs eleKTpoHHUX MpuctpoiB (Quartus II Web Edition), miei x ¢ipmu,
JI03BOJIUTH MOOYAyBaTU HAIHHY CUCTEMY 3allajlOBaHHS 3 MIHIMAJIBHUMH BUTPaTaMH,
SK Ha eTari MPOEKTYBaHHS CXEMOTEXHIKHU, TaK 1 HA €Tarll BUTOTOBJICHHS MIPUCTPOIO.

Po3zpobnena  cuctema  3amanioBaHHA — IpU3HA4Y€Ha I 3alajeHHA
MaJUBOMOBITPSIHOI CYMIIlll B IMJTIHJIPAX JABUTYHA BHYTPIIIHbOTO 3ropsinus ([B3), mo
Mpaloe OpH TMOCTIMHIA YacTOTi OOEpTaHHsS KOJIHYACTOro Baja (HANpUKIad B
reHEepaTOPHUX YCTaHOBKAX). BoK-cxeMa cucteMu mpeacTaBieHa Ha puc. 1.

Puc. 1. biok-cxeMa cucteMu 3anajitoBaHHs: 1 — By30J CUHXpPOHI3aLlii;
2 — KOHTpOJEp; 3 — KOTYIIKH 3alaiioBaHHs; 4 — MaHeIb KOMYyTalli Halpyru
xuBlieHHs +12 V; 5 — akymynstopHa Oatapes.

By3on cunxponizamii 1 mnpuszHaueHudd mais QopMyBaHHS cepii IMITYJIbCIB
IPSAMOKYTHOI (POPMH 1 OCTIHHOT aMILIITYH, IO MEePI0IAYHO TTOBTOPIOIOTHCH.
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KonTponep 2 orpumyroun CUTHAI 3 BUXOAY By3Jla CHHXPOHI3allii 1 iHTepdeicy
KOPEKIIii KyTa BUNIEPEHKEHHS 3aMaIFOBAHHS, KEPY€E CHIIOBUMHU KITFOUaMH.

Korymiku 3ananoBanHs 3, KEPYIOThCS CHTHAJIAMU CHJIOBUX KITFOUiB KOHTpOJIepa
1 TICPETBOPIOIOTH MOCTIHHY HANpyry +12 V B IMITyJIbCH BUCOKOT HAIIPYTH.

Bysnu 4 1 5 npusHadeHi )11 YIIpaBJIiHHS €JIEKTPOKUBICHHSIM.

By3on cuHxpoHizailii siBjis€ cOO0K CHUHXPOJWCK BIAMOBIIHOI KOHCTPYKINI 1
natyuka XoJia, BIICTAaHb MK SKUMH ITOBUHHA CTAHOBUTH 2 MM (puc. 2).

Hanpsam obepTaHHs

Mepwmii yuniHap
BCTaHoBneHo y BMT

[Haruuk Xona

Puc. 2. B3aemHe po3MillleHHsI CHHXPOJIMCKA 1 JaT4yuKa XoJa.

KoHceTpykIiss CMHXpOJIMCKa 3alieKUTh BiJI KOHCTPYKIII ABUTYHA (HAIPUKIIAL
KUIbKOCT1 1uiiHApiB). Ha erami 6e3MOTOpHHMX 1 MOTOpPHMX BHUIPOOYBaHb MOKHa
BHOCHUTH 3MIHU y 30BHILIHINA PO3MIp AUCKA, y GOPMY 1 pO3MIpHU MATOYMHH, & TAKOXK Y
KUIBKICTh JIETEKTYEMHUX Ia3iB 1 KyTOBI MPOMDKKM MIX HUMH. B amanroBaHomy st
KOHKPETHOTO JIBUTYHA CHHXPOJMCKY HE MO>KHA 3MIHIOBATH: 3arajibHy QOpMy AMCKa,
TOBIIMHY MaTOYMHH JUCKA, IIUPUHY 1 TOBIIUHY KUJIbLA 3 MTa3aMH.

Takum 4UHOM B PE3yJIbTATI JOCHIIHO-KOHCTPYKTOPCHKHUX POOIT PO3pOOIICHO 1
BUIIPOOYBAHO CHUCTEMY 3allallOBaHHS Il JU3EIbHUX JIBUTYHIB MpPH 1X KOHBEpTaLii
JUIsl pOOOTH Ha Ta30BOMY MajuBi. B anropuTmi cucTeMH 3amajitoBaHHS peajli3oBaHi
Taki QyHKIIli 6e3mepepBHOTO KOHTPOJIIO:

®HASIBHOCTI Ha BXOJIl KOHTpOJepa 0e3MepepBHOTO CUTHATY CHHXPOH13aIlil;

® MiHIMAJIbHO 1 MAKCUMAJIBHO JTonycTUMUX 00epTiB JIB3;

® yCTAaHOBKH KyTa BUIEPEKEHHS 3alafoBaHHA 31 3M1HO0 00epTiB JB3;

® MaKCHUMAaJIbHO CTPYMY B JIQHI[F031 IEPBUHHOT OOMOTKH KOTYIIIKH 3aI1ajJlOBaHHS.

BunpoOyBannss migTBepawiv  €DEKTUBHICTH 1  HAAIMHICTH  CHUCTEMU
3anajifoBaHHs, 1[0 POOUTS ii MPUBAOIMBOIO JJISI BIPOBAKEHHS Y BUPOOHUIITBO.

Jlitreparypa

1. IHununenxo O.M., Ilwwonuax 1A. Po3poOka cHUCTEMHU KHUBJICHHS

NEePCHEKTUBHOIO au3ens st podoTu Ha Oioraszi. Becuuk XHALY. 2016. Bein. 72.
C. 88-93.
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2. Cocnun JI.A., Axoenee B.®. Hoseilline aBTOMOOHIIbHBIE 3JEKTPOHHBIC
cuctembl. MockBa. COJIOH-IIpecc. 2005. 240 c.

3. [lepeBon mu3ens Ha ra3, MA3 6430 Ha meraH. [Enexrponnuii pecypc]. Pexxum
nocrymy: http://elitegas.ru/maz-6430-conversion-to-ngv-cng.

4. Tlat. 2176737 Poccuiicbkass @eneparus MITK FO2B69/04. I"a3oBuii 1BUTyH
BHYTPIIIHBOTO 3TOPSIHHS 3 ICKPOBHM 3alajllOBaHHSIM, KOHBEPTOBAHUM 3 Ju3es /
bacoacapos U.I'., baxupos IO.A., bpacun A.B., Casenves I'.C. [EnexTponHuit pecypc].
Pexum noctymy: http://findpatent.com.ua/patent/217/ 2176737.html.
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VJIK 378.147:631.3

CIHEIU®PIKA HIAI'OTOBKU BAKAJIABPIB 3A CIIEHIAJIBHICTIO
«TPAHCIHIOPTHI TEXHOJIOI'1I» 3 KOMIT'IOTEPHOI TPA®IKH

O.A. /Tvomin

Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysanus Yxpainu

[Ticns 3m00yTTs YKpaiHOI HE3aJIeKHOCTI 1 TOYaTKOM MPOIIeCiB nepeOyaoBH ii
€KOHOMIKH Yy BIIMOBIAHOCTI /10 PUHKOBHUX BHUMOT, B 3akijajax BuIoi ocBity (3BO)
BIIYYTHO TIOCTAJI0 MUTAaHHS HEOOXITHOCTI BIIKPUTTS HOBUX CIEIIabHOCTEH, SK
3ax0/JlIB 3 aJlanTalii 40 KapAUHAIBHUX HAPOIHOTOCIOJapChKIUX 3MiH. B mepiry yepry
111 HEOOX1THICTh TOpPKHYJAcsi arpapHoi ocBith. 3okpema, 30 nmumas 2007 poky, y
HamionansHoMy arpapHomy yHiBepcuteTi (HuHI HamioHnanpHui  yHIBEPCUTET
OlopecypciB 1 TPUPOJOKOPUCTYBaHHS YKpaiHu), Oyna cTBopeHa Kadeapa
TPaHCIOPTHUX TexHOoJoriH Ta 3aco0iB y AIIK. Bona yBiiinuia 1o ckiaay MexaHiko-
TEXHOJIOTIYHOTO  (akynbTeTy 1 nOpo@uUIbHI KapeApu YHIBEPCUTETY aKTHUBHO
BKJIIOUMJIMCh Yy MiAroToBKy, HOBUX s 3BO arpapHoro mpodiato (axiBiiB:
OakalaBpiB 3a CHEHIAJBHICTIO «TpaHCOpPTHI  TexHOJOrii  (aBTOMOOUIbHMI
TPAHCIIOPT)» 1 MaricTPiB 3a CHEIATbHICTIO « TpaHCIIOPTHI TEXHOJIOT11», CrieIiiai3alis
«ABTOMOOITEHUM TPAHCTIOPT.

3a pe3ynbTaTamMu HaIIUMX [JOCHIJKEHb HE Bcl Kadeapu B IMOBHIA Mipi
MepeNamTyBaINCh Ha chenu@iky MIArOTOBKM OakajlaBpiB 3  TPAHCHOPTHUX
TEeXHOJIOTIN. Jleski 3 HuX, 3a 3BUYHOIO MPOTrPaMoio, Jal0Th HaBUAJbHY 1H(OpMAaIlito,
MpU3HAaYeHy I MIATOTOBKM OakanaBpiB 13 arpoimkeHepii. 30Kkpema, BUKIIAJadi
Kadeapu HaprUCHOI reoOMeTpii KOMIT IOTEpHOI Tpadiku Ta Iu3aitHy, 1 GopMyBaHHS y
CTYJICHTIB — TPAHCHOPTHUKIB YMIHb 3 KOMIT'IOT€pHOI rpadiku, OepyTh 3a OCHOBY
nporpamy «Kommac». [l Toro, mo0 OIHUTH MPABWIBHICTH TAKOTO PIIICHHS,
MPOAHAII3YEMO TEMATUKY JAUIUIOMHUX POOIT MaltOyTHIX OakaslaBpiB 3 TPAHCIIOPTHUX
TEXHOJIOT1H 1 TUIIOBI rpadiyHi 300paXkK€HHs, IO MPUTAMaHH1 HANIPsMY LI1€1 TEMaTHKH.

Ha xadenpi TpancmoptHux TexHosoriii Ta 3aco0iB y AIIK, crynentam
MPOMOHYIOTHCA TaKl OCHOBHI HANPSAMH TEMATHKU OaKajgaBPChbKUX POOIT:

e Oprasizaiis 1 peryJroBaHHs TOPOKHBOTO PyXY;

® po3poOKa paIioHaJIbHOTO JIaHy aBTOMOOTBHUX NIepEBE3EHb
CIJIBCBKOTOCIIOIAPCHKUX BAaHTAXKIB (JJIs MIAMPUEMCTBA ... );

e po3po0OKa 1 pallioOHAIbHE BHKOPUCTAHHS TPAHCIOPTHO-BUPOOHUYOTO
KOMIUIEKCY B TEXHOJIOTIYHUX Mpoliecax (BHECEHHs J00pUB, CiBOa, 30MpaHHs BPOKAI0);

® pO3po0OKa palioHAIBHOI OpraHizailii epeBe3eHb AaBTOTPAHCIIOPTOM;

® YJOCKOHAJIEHHS OpraHi3alli Mi>KHapOJIHUX BaHTAXXHUX I1€PEBE3ECHb.

Bukonyroun OGakanaBpcbKy poOOTy 3a BHIIE MPUBEICHOI TEMaTHKOIO,
CTYJICHTH, MPOBOJSAYU KOMILIEKC IOETAHUX JOCTIIKEHb, OOOB’SI3KOBO IOBHUHHI
BUKOHATH JIeKUIbKa TpadiuHux 300pakeHb, W0 JEMOHCTPYIOTH pPE3yJbTaTH
BUKOHAHHS 1X JMIUIOMHUX PO3pOOOK. 30KpeMa [JIsi TEeMaTUKH «OpraHizamis i
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pETyNIIOBaHHS JOPOKHBOTO PyXy», Ha €Tari MIATOTOBKHU 0 TpadiyHOTO 300paKeHHS
CBO€1 pO3pOOKH, TUIIIOMHUKY HEOOX1HO 31HCHUTH TaKi 3aX0/IU:

® OOIpPYHTYBAaTH HEOOX1IHICTh 3aCTOCYBaHHS TEXHIYHHUX 3aCO01B PETyTIOBAaHHS
JTOPOKHBOTO PYXY;

® TIPOBECTH PO3pPOOKY OOIAMITYBaHHS JOJATKOBUX CMYT PYXY;

® HaAMITUTH 3aXOJW 3 TOJIMIICHHS YMOB PYXy Ha TMepexpecTsX (BBEICHHS
CBITIIOOPHOTO  PEryJIOBaHHS, BCTAHOBJCHHS JOPOXKHIX 3HAKiB, HaHECCHHS
JIOPOXKHBOI PO3MITKH);

® IPOBECTH PO3IMIMPEHHS MPOI3HOI YACTHHHU 1 TPOTYyapiB (y pas3i HeOOX1AHOCTI);

® 3IIHCHUTH BUAUICHHS OKPEMHUX CMYT ISl pyXy TPAaHCTIOPTHHX 3ac00iB;

® IPOBECTH OOJAIITYBAaHHS 3YMWHOK MapIIPYTHUX TPAHCIOPTHUX 3aco0iB 1
3ax0/iB JOTPUMAaHHA O€3MeKM Ha HUX (3ai3H1 KHILEHI, MIIOX1JHA OTOpOXKa, TOPOXKHI
3HAKM Ta PO3MITKA);

[Ticyst mpoBeaeHHS BUIIE NEPETIYeHUX 3aX0/11B, HEOOX1THO CTBOPUTH TpadiuHe
300pakKeHHsI YJIOCKOHAJICHOI IITHKU Joporu (puc. 1).

Jursawnii
Byn. Byaapina cagok

,»3EPHATKO”
é aaaa 3yMUHKA
2.2

Byn. Tapaca LleByeHka

5.35.1
i I .
2.3 \\ / — —_—
A A A4 22
5.35.2 3YyIIMHKa @ 5.35.2

Byn. C. PasiHa
Puc. 1. IlpobreMHa AifiiHKA JOPOTH 3 3alIPONIOHOBAHUMH yIOCKOHAICHHSIMU.

My3uyHa mkona Nel

A Temep pO3IJISIHEMO, B SIKOMY TpadiyHOMY peJaKkTopi 3pydHINIe BCHOTO
CTBOPUTH MOJIOHE 300paKeHH?

Ha cpborogni B pobounx HaBYANBbHUX MpOrpaMax iH)KEHEpPHHX (aKyJIbTETiB
3BO, HaiinmonyaspHIIIKUMH 1 6araToyHKI[IOHATLHUMHU IMPOrpaMaMu sl KPECICHHS €:
KOMITIAC-3D Tta AutoCAD. 1li mnporpamu MarwTh BEIUYE3HY KIJIBKICTh
CIIeliali30BaHUX 1HCTPYMEHTIB 1 3pa3KiB, IO J03BOJISIIOTh BHUKOHYBATH MPOEKTH
IpPaKTUYHO B HamiBaBTOMaTtuyHoMy pexumi. [Ipore, mo cTocyeThcs HaAIIOro
300paxeHHs (puc. 1), To 1oro BUKOHAHHSI, 3 BUKopucTaHHsaM nporpam KOMITAC-3D
i AutoCAD, moxiuBe, ajie, 3riJHO pe3ybTaTiB HAIIUX JOCTIIKECHb, IEpEeBaKHA
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OUIBLIICTh CTYIEHTIB BBAXKAIOTH Il MPOTPaMH 3aHAATO CKIATHUMH JJIsl BUKOHAHHS
no/IiI0HUX cXeM (MepexXpecTb, MapUIPYTIB, TEXHOJIOTTYHUX MTEPEBE3CHB ).

Maiixe Bcl cxeMaTH4HI 300pakeHHs AJ1s1 0aKalaBPChKUX 1 MariCTepChbKUX pooiIT
31 chemiaJbHOCTI «TpaHCIOPTHI TEXHOJIOTI», CTYJIEHTH BUKOHYIOTh y Mporpami
Microsoft Visio. Ile BekTopHHil TpadidHKil peJakTop, a TaKOXK PEAaKTOp Jiarpam i
osok-cxem 1t Windows. BumnyckaeTbes B TphoX penakinisx: Standard, Professional i
Pro for Office. SIk moka3ye m0CBiJ, HaW3PYYHINIUH 3 HHUX JUIA CTYIACHTIB —
TPAaHCHOPTHUKIB, 1e rpadiunuii penaktop Microsoft Office Visio. L{s mporpama
J03BOJISIE IIBHJIKO 1 SKICHO 300pa)kaTH CXEMHU TepexXpecTb Ta MaplIpyTiB,
BUKOPUCTOBYIOUM B)KE€ FOTOBI 300pakK€HHS JIOPOKHIX 3HAKIB, aBTOMOOLIIB Ta 1HIIUX
00’€KTIB, 110 BXOJATh y chepy AISIIBHOCTI TPAHCIIOPTHUX TEXHOJIOTIH.
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VJIK 631.173

PEAJIIBANIA IHZKEHEPHO-IICUXOJIOTTYHUX BUMOT
A0 CUIbCbKOTI'OCIIOJAPCBKOI TEXHIKH - PE3EPB Y HIJIBULIIEHHI
PIBHS 11 HAAJIMHOCTI

A.B. Hoeuuwvkuii, 10.A. Hosuuwvkuii
Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeants Ykpainu

[mxeneprno-nicuxosoriuni Bumoru (II1B) 1o cinbebkorocmogapchbkoi TEXHIKA —
116 KOMIUICKC BUMOT, sIK1 XapaKTepHi JJIs CKJIAJHUX TEXHIYHUX cucteMm «JltonuHa -
Mammnay (CTC «JIM»), BU3HA4arOTbCSl XapaKTEPUCTUKAMHU CKJIAJ0BO1 JIFOAWHA-
omeparop 1 BCTAHOBIIOIOTHCS IS ONTUMI3AIii 1i JisibHOCTI. [HXXeHepHo-
TICUXOJIOTIYHI BUMOTH BPAaxOBYIOThCS B TMPOIECI MPOCKTYBaHHS, BUPOOHHUIITBA 1
excrutyataiiii CTC «JIMy, npen’siBISIFOTBCS A0 iX €IE€MEHTIB, MIJICUCTEM 1 CUCTEM B
LJIOMY.

[x peamizauis 3aneXuTh Bifl yMOB eKCILTyaTallii CKIaJOBUX «MAIIHHA,
KBamiQikaiii omnepaTtopa, NPUUHATOI CHUCTEMH TEXHIYHOTO OOCIYrOBYBaHHS Ta
peMoHTy [1, 2].

Peamizamis I[1B HanpaBieHa Ha 3a0e3MeueHHs] MaKCUMAaJIbHOI €(PEeKTUBHOCTI
CTC «JIM» mpu 30epekeHHI HOPM [ISUTBHOCTI <JIFOJMHHU-ONIEPATOpay CHOKUBUYUM
SIKOCTSAMHM Ta HAAIHHOCTI TEXHIYHOI CKJIAJ0BOI — «MAIlIMHA).

BaxnuBrumu € 10CIIKEHHS ClIIbCHKOTOCIIONAPCHKOI TEXHIKHA Ha BIJIMOBIIHICTD
1HKEHEPHO-TICUXOJIOTIYHUM BHUMOTaM: JI0 3aco0iB BiJoOpaskeHHs 1H(opmarlii; 10
eKCIUTyaTal[ifHOI Ta PEMOHTHOI JOKYMEHTAIIll; 10 OPTaHiB KepyBaHHS; 10 MOOYA0BH
CUCTEMHU B11I00pa’KE€HHA 1 BUBENIEHHA 1HOpMaIlii; 10 podoyoro micis onepaTopa ado
K 00CIIYrOBYHOYOI0 MEPCOHAITY; 10 XYIA0KHBOI'O KOHCTPYIOBAHHS MAIllMH 1 poO0OUYUX
MICIIb AJIs iX 0OCITyTOBYBaHHS; 10 OOCIyTOBYBaHHS Ta PEMOHTONPUIATHOCTI [3].

PosrisHeMo 3MiCT BUMOT 10 OOCIIYyTOBYBAaHHS Ta PEMOHTONPHUAATHOCTI Ta JI0
eKCIUTyaTaIiifHol Ta pEMOHTHOI JOKyMEHTAIT1.

[lix peMOHTONPUAATHICTIO BAPTO PO3YMITH MPUCTOCOBAHICTH C.-T. MAIIMHU SIK
CTC «JIM» 1o 3HaxOIKEHHS BIIIMOB.

PeMoOHTONPUIATHICTE XapaKTepU3y€e HE TUIbKH KOHCTPYKTHBHI BJIIACTHUBOCTI 1
MAallliHU, ajié i BPaxOBY€ BUMOTHU J0 MPOQECiiHO BaXIJIMBUX SIKOCTEH OINepaTopiB
MaligH Ta O0OCIyroBylOUOro mnepcoHany. [IpucTocoBaHicTh 10 0OCITYyrOBYBaHHS
BpaxoBy€ 3pYYHICTh BHUKOHAHHS OMEpaliii 3 TEXHIYHOro 0OCITyroByBaHHS
CLITBCBKOTOCIIOIAPCHKOI MAITMHU 1 IPOCTOTY B OBOJIOAIHHI MEPCOHAIOM TEXHOJIOTIEI0
BUKOHAHHSI BKa3aHUX Omepariiil.

BaxxsinBo 1J1s1 KO’KHOTO KOHKPETHOTO 00’ €KTa JTOCIIJKEHHS BpaXyBaTH BUMOTH
710 PEMOHTOINPUIATHOCTI Ta IPUCTOCOBAHOCTI JJO 0OCIYyTOBYBAaHHS.

Bupuatoun II1B nmo ekcruryarariiiHoi Ta pPEMOHTHOI JOKYMEHTAIlii, CIIiJT
3BEpHYTH YyBary Ha HEOOXIHOCTI BHBYEHHS OINEpPAaTOPOM: IHCTPYKLIA Ha
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eKCIUTyaTallil0, TEXHIYHOTO ONHCY MAIIMHM;, JOKYMEHTAllll0 Ha  MOIIYK
HECIPABHOCTEH; rpadiyHy JOKyMEHTAIIIIO.

Jlirepatypa

1. Kapadbunew C.C. Jedextol. IloBpexnaenuss aertaneil. MeTtonbl ux
onpenenenus. I'epmanus, bepnin, Caabproken. 2013. 89 c.

2. Hosuywvruii A.B. Ouinka HaaiiHOCT1 3aCO01B JIJIs1 MPUTOTYBaHHS 1 PO3aBaHHS
KOPMIB B 3aJIe)KHOCTI BiJl YMOB 1 pexuMiB ix ekcruryaTauii. Haykosuii Bichuk HYbill
VYkpainu. Cepis: Texnika ta eHepretuka AIIK. Kuis. 2015. Ne212, 4. 1. C. 141-147.

3. CripaBouHMK 110 MHXeHepHOU nicuxoioruu. [Tog pen. b. ®. JlomoBa. Mockaa.
Mammnoctpoenue. 1982, 368 c.
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YK 621.43

JOCJIIXKEHHS HAJJIMHOCTI TEXHIKH ITIPU POBOTI HA
AJIBTEPHATHUBHMUX ITAJIMBAX

B.1. 3axapuyk, O.B. 3axapuyk, H.O. Toacmyuwiko
Jlyybkuii HayioHanbHUt MeXHIYHUL YHI8epcumem

VY nmanuil yac mepen JIOJACTBOM CTOATH JIB1 INI0OajbHI MpOOJIEeMU: CBITOBHIA
nedinut HadTH Ta 3a0pyTHEHHS] HABKOJIHUIIIHHOTO CEPEIOBHIINA BUKUAMU IITKIITTUBUX
pedoBuUH 3 BianpaiboBanuMmu razamu (BI') pizHux BuaiB TexHiku. CyTTEBO BUPILIUTH
111 TPOOJIEMHU MOKHA BUKOPUCTAHHSIM aJIbTEPHATUBHUX MOTOpHUX mayuB (AMII).

CTOCOBHO TEXHOJIOTIYHUX TPAHCIIOPTHUX 3aCO0IB, TO HA JAHWUU Yac MPIOPUTET
no AMII HanmexuTs OiomanuBaM Ha OCHOBI POCIMHHHUX OJIiM Ta Ta30BOMY MaJIUBY.
IlepeBeneHHs TpPaHCHOPTHUX 3aco0iB, SKI 3HAXOMAThCA B EKCIUTyaTalii, Ha
albTEpPHATUBHI MajliBa MPU3BOAUTH 1O 3MIHM PSAYy iX eKCIUTyaTaliitHuX
BJIACTUBOCTEH, B TOMY YMCII1 10 3HUKEHHS POOOTO31aTHOCTI Ta JIOBTOBIYHOCTI.

BpaxoBytoun HeomHo3HauHui BIiMB AMII Ha HagilHICTh TEXHIKM MOXHA
CTBEp/KYBaTH, IO JOCITIDKEHHS, CHpsMOBaHI Ha BHUBYCHHS BIUIMBY AMII Ha
HaJIIMHICTh Ta JOBrOBIYHICTh TEXHIKHU € aKTyaJIbHUMHU.

JlocniKeHHIO0 HaTIMHOCTI aBTOTPAKTOPHOI TEXHIKH MPUJIITIETHCS MaJIO yBaru,
OCKITBKM 111 TIpo0jieMa BHUMAara€ MPOBEACHHS EKCIEPUMEHTAIBHUX PECYPCHUX
BUNPOOYBaHb. A X peanizailisi BUMarae BUTpaT K MareplajbHUX, TaK 1 YaCOBUX
pecypciB.

B poGori [1] Bu3HaueH1 3aKOHU TapaMETPUYHUX B1JIMOB MaJTUBHOI CUCTEMU MPHU
po0OOTI Ha PI3HOMY CyMIIIIEBOMY CKJIa/Ii 610IM3€IbHOTO MAJIMBA y BUTJISAII METUIIOBUX
e(dipiB POCIMHHHUX OJIIM. 3HUKEHHS PECypCy MaJMBHOTO HAcOCa TMOSICHIOETHCS
arpeCUBHOIO JIi€l0 MeTaHoy B Oiloauseni. Posrmsmaroum Toit (akTt, 1o SKOCTi
010/IM3€IbHOr0 MajauBa MPH HOro BUPOOHUITBI HE NPHUIAUIAETHCA HaJeXHa yBara,
MOKHa MPUITYCTUTH, IO BUIPOOYBaHHA B JaHii poOOTI MPOBOAMINCH HA MAJIMBI 3
M1JIBUIIICHUM BMICTOM 3QJIMIIIKOBOTO METaHOJIY.

B po6oTi [2] Ha OCHOBI CTATUCTHYHUX JTAHUX OO BiIMOB €JIEMEHTIB MaJTUBHOT
CUCTEMHU TIPH eKCIUTyaTaIlli Ha PI3HUX BUAAX MaJUB (IU3EJIbHE IMAaUBO 1 METHIIOBI
edipu pinmakoBoi 0Jiii) BCTAHOBJICHO, IO TMPH EKCIUTyaTallli Ha METHJIOBHX edipax
PIMaKoBOi 0OJI1i HAIIHHICTh MAJTMBHOI CUCTEMHU 3HIKYEThCs 3 BenuuuHu 0,85 1o 0,76.
Ha ocHOBI moenemMeHTHOro aHajizy BIPOTIAHOCTI BiMOB BCTAHOBJICHO, IO Ha
3HUKEHHS HAIAIHHOCTI CHUCTEMH BIUIMBAIOTh TEPMIHHM 3aMiHU (QIIbTpIB B 2-3 pasu,
CKOPOYEHHSI TEpPMIHIB OYMINECHHS po3nmioBayiB ¢opcyHok Ha 30% Tta 3aMiHH
IYMOTEXHIYHUX BUPOOiB Ha 52%.

B po6oti [3] ekcnepuMeHTaJIbHO BHM3HAY€HO TOTIK BIJIMOB aBTOMOOUIIB 3
IU3CIIMH Ta ra3ogu3elisiMH. BCTaHOBIIEHO, IO KUIBKICTH BIAMOB TIa30aU3CIbLHHX
aBTOMOOLUTIB OUTBII HIXK B JIBa Pa3d MEPEBHILYE KIIbKICTh BIAMOB Au3enbHuX. [lpu
bOMY IIpH HarpaitoBanHi 10 200 TUC. KM KIJIbKICTh BIIMOB MPAKTUYHO OJIMHAKOBA.
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B poGoti [4] HaBOASATHCS BUITAKK BHUXOAY 3 JIaqy IBUTYHIB 3 ICKPOBUM
3aMajlOBaHHAM y BUMNAAKYy poOOTH 3 jaeToHariero. TpuBama poOoTa JIBUTYHA 3
JETOHAIIEI0 HE JOomycTuMa. AJie B psAl CUTyalld ii HEMOXXJIUBO YHUKHYTH, TOMY
MOTPIOHO MependavynTH 3aX0/I1 MO0 MiABUIICHHS HAIIMHOCTI IBUTYHIB.

BpaxoByroun BuIIEBUKIaJCHE, MOKHA BIIMITUTH HEJOCTAaTHICTh POOIT 11010
BUBYCHHS HAJIIMHOCTI TEXHIKH, Mpairorouoi Ha AMII.

Jlitreparypa

1. Kwopues C.B., FOoosuncokuii B.b., Konomoeyv B.A. HanaiiHiCTh NaJIUBHOI
cuctemu [IB3, mpamorounx Ha pi3HUX BUAax nNaiuBa. BicHUK XapKiBCBKOIO
HAI[IOHAJIBHOTO TEXHIYHOTO YHIBEPCUTETY CUIbCHKOIO rocmojapcTBa iMmeHi llerpa
Bacunenka. 2014. Bumn.148. C. 314-321.

2. Kapnayx H.B. TeopeTudeckue HCCICIOBAHUS HAACKHOCTH TOIUIMBHOMN
CUCTEMBI Ju3eNiel CpEeACTB TPAHCIOpTAa MPU PACHIMPEHUH TOIUIMBHOW Oa3bl.
TexHiuHMii cepBic arpONPOMUCIOBOTO, JIICOBOTO Ta TPAHCIOPTHOTO KOMIUIEKCIB. —
2016. Ne4. C. 252-257.

3. 3axapoB H.C., Pakutun B.A. CpaBHuTenbHas OIlCHKAa HaJACKHOCTU
aBTOMOOWJIEH C JU3CIBHUMU W  Ta30JU3eJIbHBIMU  JABUTATEIsIMU. BecTHHK
Opendbyprckoro rocynapctBeHHoro yausepcuteta. 2015. Ne4. C. 50-52.
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BHyTpeHHero cropanus. 2014. Nel. C. 48-53.
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VJIK 631.173

3ABE3IEYEHHS HAIMHOCTI IPO®ECIMHOI JISIJIBHOCTI BOAIS
B CUCTEMI BAJIC

1.0. Konocok
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

Merta po6otu. [locmiautu BracTUBOCTI 1 (hakTOpH, 10 MaKOTh Oe3mocepeHe
BIJTHOIICHHS 10 3a0€3MeUYeHHs HaIMHOCTI TPOQeCiitHOT AISUTBHOCTI BOIIS.

Pesynbratu pobotn. Ha noporax QyHKIIOHY€e CKJIaJHa COLIaIbHO-€KOHOMIYHA
CUCTEeMa, fKa SIBJIsi€ COOOI0 CYKYNMHICTh MPUHMAIOYUX Y4acTh Y pyci MIMIOXOMIB 1
PI3HHX THUIIB TPAHCHOPTHUX 3acO0iB, MO YMPaBISIOTHCS JIIOJAUHOIO, 1 HA3UBAETHCS
nopoxkHiM  pyxoMm. CnemnudiyHi 0cOOIMBOCTI 1 TPOOIEMH JOPOKHBOTO PYXy
00yMOBJIEH1 CUCTEMOIO “‘BOJI1-aBTOMOO1Ib-10pora-cepenonuiie” (BAC).

[{ro cucTeMy MOKHA TIPEACTABUTH Y BUTJISIII B3a€MOTIOB’ SI3aHUX KOMITOHCHTIB
BAJI, mo ¢pyHkuionyooTts y cepeaouiii (puc. 1). ¥ crpykrypi cuctemu BAJIC moxHa
BUJIJIUTU MeXaHIyHy niacuctemy AJl — “aBToMo0iins — gopora” Ta OGloMeXaHiuHI
nigcuctemu BA — “Bomiit — aBroMoOuns” 1 BJl — “Boxiit — popora”, a Takox
miacuctemu CB, CA, C/I.

CToCcoBHO BOiSi MOBa e PO CTaH MOrO 370pOB’S, CTYMHiHb BTOMJICHOCTI,
piBEHb IMIJATOTOBKH, YMIHHA TpUIMaTH pIIIEHHS B YMOBax JAe(iluTy dYacy Ta
MPaBUJILHO BUOMPATH MIBUIKICTD Y BIMOBITHOCTI 3 YMOBAMH PYXY.

Bogiii 3afimae oco6nuse Micue B cuctemi BAJIC. Momy npuramanHi Taki
BJIACTMBOCTI 1 (hakTOpH, IO MaIOTh O€3MOCepPeaHE BITHOIICHHS 10 3a0e3MeUYCHHS
HaJIIWHOCTI MpoeciifHOI TISITLHOCTI, a caMe:

- npuAOaHHS HABUYOK Y TIpollecax CaMOHAaBYAaHHS (MOPIBHSHO TMOBUIbHE
HAKOIWYEHHS J0CBiY) 1 HaBYaHHs (OUThII IIBHJIKE 1 €()EKTUBHE (POPMYBAHHS 3HAHb
Ta yMIiHb);

- 3aTHICTb JO aHali3y CBO€I JISJIBHOCTI, y3arajdbHEHHS 3HaHb, JOCBIY Ta
CIIOCTEPEIKEHbB, 0 HAKOITUIYIOTHCS;

- IaM'siTh — 3JIaTHICTH 3amam’ ATOBYBaTH, 30€piratu 1 BIATBOPIOBATH HE TiIbKU
iHbOpMaIlito, ane i HaBUIKH;

- YMHCHI Aii, 110 301IbIIYIOTh He0e3neKy 3arydeHHs y TshKki BiaMmoru (I TTI);

- IOBTOPEHHS OJTHUX 1 TUX K€ MOMUJIIOK;

- ajanTallisi 0 pi3HUX YMOB JiSILHOCTI, CTaHOM enemMeHTiB cuctemu BAJIC;
3BUKAHHS J10 HEOE3IeKH;

- HasIBHICTB 300iB Y JisJIBHOCTI,

- ICHyBaHHSI IHCTUHKTUBHHUX J1H, pedIIeKciB, MiACBIIOMOT AisabHOCTI [1].
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BA

Cepeposuie

Puc. 1. Cuctema BAJIC (3B’5130K B3a€MOIIOB’I3aHUX KOMIIOHEHTIB).

BucHoBok. be3rneka T0poKHBOTO PyXy 3aJICKUTh Bl HAIIHTHOCTI KOMIIOHEHTIB,
mo BxoJsaTh y cuctemy BAJIC. ns 3a0e3nedyeHHs Oe3Me4YHOro (PyHKIIOHYBaHHS
CHUCTEMHM HEOOXiJHI JIOCTaTHhO BEJWKI BUTpATH, MPOTE 3a IIMX YMOB CTBOPCHHS
a0CoMOTHO 0€3MEeYHOI CHCTEMU HEMOXKIIMBE, OCKUIIBKH JI0 HEel BXOAWTH JIIOJIMHA, il Ta
MTOMUJIKH SIKOi CYTTEBO BIUIMBAIOTH HA MPAIe3aTHICTh CUCTEMU B IIJIOMY.

Jliteparypa

1. Pomenbepe P.B. OCHOBBI HAJEKHOCTH CHCTEMBI BOJIUTE]Ib — aBTOMOOMIIb —

nopora — cpena. MockBa. Mammuoctpoenue. 1986. 216 c.
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YK 621.873.01

BUKOPUCTAHHA Y3AI'AJIBHEHOT'O EHEPI'OCHJIOBOI'O KPUTEPIIO
B YHIBEPCAJIBHOMY METO/I AHAJII3Y TA OHTUMI3ALI PEXXUMIB
ITYCKY ITIOBOPOTHUX CUCTEM BAHTAXOIIIJUOMHUX KPAHIB

B.C. Jlogeiuikin, I0.B. Yoenmwk, 1.0. Kaoukano
Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyearts Ykpainu

BanTaxxomigiioMHl Ta TPaHCMOPTYIOUl MAIIUHA € HEBITE€MHOI YaCTHHOIO
Cy4aCHOTO BHPOOHMIITBA, OCKIUIBKH 3a iX JOMOMOTH 3IIHCHIOETHCS MeEXaHi3allis
OCHOBHHMX TEXHOJIOTIYHHUX TIPOIECIB Ta JTOMOMDKHHX pOOIT. Y TOTOYHUX Ta
MEXaH130BaHMX JIIHISX POJIb MIHOMHO-TPAHCIIOPTHUX MAIIMH SKICHO 3pOcia W BOHH
CTaJIM OPTaHIYHOI YACTHMHOIO TEXHOJIOTTYHOTO 00JIaHAHHS, a BIUIMB iX Ha TEXHIKO-
€KOHOMIYHI MOKa3HUKH MiAMPUEMCTBA CTaB JOBOJII CYTTEBHUM.

30UIbIIEHHST  MPOAYKTUBHOCTI ¥ TMOKpAIIEHHS  TEXHIKO-€KOHOMIYHUX
MOKa3HUKIB M1IHOMHO-TPAHCIIOPTHUX MAIIMH, 1JBULIEHHS IX MILIHOCTI, HAJIIMHOCTI i
JIOBFOBIYHOCTI HEPO3PHUBHO TMOB'i3aHa 13 3aCTOCYBAHHSIM HOBITHIX METOJIB
pPO3paxyHKy Ta KOHCTPYIOBaHHS. 30Kpema, s pO3PaxyHKy HaBaHTAXKEHb Y
MeXaHI3Max IepecyBaHHs, NOBOPOTY W 3MIHM BUJIBOTY CTPUIM BaHTAXOMITAOMHUX
KpaHiB, Ha JYMKY aBTOPIB JIAaHOT'O JOCIIIPKEHHS, CJI1]] BIOCKOHAIIOBATH 1 YTOUHIOBATH
ICHYIOUYy TMHaAMIYHY PO3PaxyHKOBY cXeMy (MOJI€Jb), OCOOJIMBO JIJIsi BUIMAJIKY J1i Ha
MEXaH13MH MIBUAKOIUIMHHUX Y Yacl CHJI Ta MOMEHTIB Y IIPOLIecax IXHbOTO ITYCKY.

Y  poGoTi 3ampornoHOBAaHWN  y3araJilbHEHU E€HEeprocHJIOBUNA  KpUTepid
ONTHUMI3allli PEXKUMIB TYCKYy IMOBOPOTHUX CHCTEM BAaHTAXKOIIIAOMHUX KpaHIiB,
npu pi3HUX pexumax (GYHKIIOHYBaHHS. BukopucTanHs (QYHKIIH KOMIUIEKCHOT
3MIHHOI B aHaJI131 BKa3aHUX PEXKUMIB pOOOTH MOBOPOTHUX CUCTEM BAHTAXKOIITHOMHUX
KpaHiB J03BOJISIE€ peani3yBaTH €JUHUI MIX1A [0 aHali3y KOJWBaHb, 0 BUHUKAIOTH
TTiJT AI€F0 30BHIMIHIX MBUAKO3MIHHHUX y Yaci CUJI Ta MOMEHTIB.

BusHaueHi 3akoHu 3MiHU y 4aci (t) GyHKIIIH, 1110 OMMCYIOThH BIUIUB HA KPAHOBY
cucreMy 30BHIMHIX MoMeHTIB M(t), 3a sKHX SKiCTh PyXy CHCTEMH CYTTEBO
MIIBUIIYETHCS, a caM OOepTaJbHUN pPyX 3 TaKUMH 3HAYCHHSMH KIHETUYHHX Ta
JTUHAMIYHUX IMapaMeTpiB ICHYE Yy IIPOCTOPI BHCOKOI SIKOCTi, 30KpeMa: BHCOKOI1
IJIaJIKOCTI pyXY, K Ha MOYaTKy MPOIIECY PO3TOHY MOBOPOTHOI CUCTEMH, TaK 1y HOro
KIHII1, KOJIA CUCTEMA MEPEXOUTh B YCTAICHUHN PEXKUM PYXY, a CaMe JI0 pIBHOMIPHOTO
00epTaHHS MOBOPOTHOI CUCTEMH HABKOJIO BiCl KpaHa. 3a yMOB peaizailii moaioHoro
3aKOHY JUIA pyIniHHuX MoMeHTIB M(t) BUMYyIlIeHI KpyTHI KOJIMBAaHHS, 110 BUHUKAIOTh
B IIPOIIECI MYCKY CUCTEMH, MIHIMI3YIOThCS Ha AUISTHII YCTAJICHOTO PYyXy TOBOPOTHOTO
MEXaH13My BaHTaXOITIMOMHOTO KpaHa.
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VJIK 514.18

KOMIP'IOTEPHE JOCJIIZKEHHA PYXY IBOX TIJI 3’€EJHAHHUX
TPOCOM

B.M. Heceioomin, b.0O. Deouenxo
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

CyyacHi KOMIT FOT€pH1 TEXHOJIOT11, 30KpeMa CUCTeMa CUMBOJIbHUX ITEPETBOPEHb
Maple, mo3BoJsie TPOBECTH IMITAIIMHI JOCTIDKCHHS 3 BpaxyBaHHSAM 3HAYHOI
KUIBKOCT1 BUXITHUX yMoOBa. [lokaxkemo 11e Ha IPUKIIaAl TOCTIKEHHS PYXY JABOX T
3’€JHAHUX TPOCOM, SIKHM TIEPEKUHYTHH dYepe3 HEPYXOMHM IWIIHAPUYHUN OI0K
(puc.1,a). ITpu upboMy OysemMo BpaxOBYBaTH HACTYIHI BUX1AHI YMOBH, a caMe, TepTH
MIIITUITHAKA, MOMEHT 1HEpIlii, OmMip CepeJOBHINA 1 TpaBiTAIIHE TSKIHHSA 3EMIIL.
Po3TsirHEeHHSIM TPOCY 3HEXTYEMO.

Ha puc.1,06 HaBeaeHO cxeMy y sIKiil IPUMHSTO:

Maca MepIioro Tijia OiIklna 3a Macy JIPyroro Tiia mi=>moy;

TiJIa MarOTh popMy cep 3 paaiycamu 1>ry;

6110k Mae hopMy JUCKY pajiyca I3 1 Macoro >Ms;

Koe(DIMieHT TepTs U1 mAmunHuKa B 6ot Fs;

koeditieHt Tepta npuiimemo 0.25;

CEpEIOBUIIEM € TIOBITPSA 3 AMHAMIYHOIO B’ s13KicTiO 18.6 MKIla-c.

Fa Lt
m . / /
w 20

10
(AFE[ VFz /
M s
mi

UF 0 20 40 60 80 100

a) 0) B)

Puc. 1. MonentoBaHHs pyXy ABOX TiJ, 3’€THAHUX TPOCOM uepe3 OJI0K.

Byno po3pobneHo mporpamue 3abesneueHHs B cepenosuini Maple (puc.2),
MaTeMaTU4YHY OCHOBY SIKOTO CKJIAJIAIOTh (OPMYJIHM KIACUYHOI MEXaHIKA — APYTHid
3akoH HrploToHa, 3axkoH CTOKca BpaxyBaHHSI OIOpPY MOBITPS AN PyXOMHUX TiJ,
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BU3HAYCHHS CHWJI TEPTS MIAIMIUITHUKA, IMBUAKOCTI Ta MPUCKOPEHHS TiJ, iIX MOMEHTH
1HepIIii Ta 1HIII BETUYUHHU.

Jlis mpoBeneHHST OOUYMCITIOBAJIBHUX EKCIEPUMEHTIB, 30KpeMa, 3HaXO[KCHHS
IIBUJIKOCTI pyxy T (puc.1,B) Oynu B34T1 HACTYIHI YUCIIOBI JaHi:

1
my, = 100:m,= 80 :m =507, =10:7r,:==8:r ==8:g:= 981 : M= 0

W= 18.6-107:7:=

Amnani3 rpadika 3ajexHOCTI MBHAKOCTI V Tinm 3a mpomixkok yacy T=100c
nokKasye, 10 TIIbKM Ha moyaTky pyxy 40C BiaOyBaeTbcs CTpiMKE 30UIBIICHHS
mBuakocTi Bix 0 1o 25.3 m/C. B moganeoMy mBHIKICTh MOBITBHO HAOIMKAETHCS JI0
3HaueHHs 29,15 wm/c 1 cTae MoCTiiHOIO.

Cuna Toxineg and Tina

Fre=mg:

Cuna TExIHEA 104 Tina 2

F,=m,g:

Cuna TepTa ona Tima 3

F . =mygM:

Crna Crokca oA Tina |

F_,[0] = 6-mryp-7[0]:

Cuna Ctokca oA tina 2
F_,[0]=6-mrypn¥[0]:

3HaX0TKEHHA KYTOBOT0 MPHCKOP EHHA Tina 3
(Fyry = Fyry = Fppry = F [0 13 = F [ 0] 13)

{E!

E[1] = :

—Gmpr V= Ompryr Vy — Mgmyr, + gmyry — gm,ry

i
Mowment inepuil Tina 3
bl

}F!:_‘-'F'F .

i =
2

KyToBa menpkicTs Tina 2
w[1] = w[0]+ E[1]1:
JToE#HHA 30BHIIHEOL CTOPOHH 3
[=121PRr,:
Ulepmce Tin 112
Pl =1 w[1]-180

m-360

2t(-6mpryry ¥y — 6mpryry Vo — Mgmyry + gmyry — ginyry) )

Iy : - — - — - —— +wu,
i myry

/

Puc. 2. ®parmMeHT JICTUHTY pO3pOOIECHOTO TPOTPAMHOTO 3a0€3MeYCHHHI.
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VIK 514.18

KOHCTPYIOBAHHSI TOPCIB JOJABAHHSAM OBEPTAJIBHOI'O PYXY
MJIOLMHU TA PYXY OCI OBEPTAHHS B310BK OJIHICT 3 OCEM
KOOPJIMHAT

T.A. Kpecan
BII HYBill Yxpainu « Hisxcuncokuti azpomexHiuHutl iHCmumymy»

JloiaBaHHsIM 00EPTAILHOTO PYXy 00’€KTa HAaBKOJIO OCI 1 MOCTYMAJIBbHOTO PyXY
camoi 0Cl MOKHA OJIEp>KaTH 3aKOH MEPEMIIIEHHS I[bOTo 00’ €KTa y mpocTopi. SAKiio 3a
00’ €KT MepeMIIlIeHHs B3ATH TUIOMIMHY, TO 1i OKpeMI MOJI0KEHHS Y TPOCTOP1 yTBOPSTH
OJIHOTIapaMETPUUHY MHOXKHUHY TUI0MKH. OOBITHOIO TOBEPXHEIO TAKOT MHOKHUHH Oy/1e
PO3TOpTHA OBEPXHS — TOPC.

B3JIOBX OJIHI€T 3 oceil koopauHat (Hampukian oci OX) 3a JiHIKHUM 3aKOHOM x=Dt.
PiBHSHHS OHONIapaMEeTPUYHOT MHOKMHU TUIOIIMH 3HAWEMO, SIK PIBHSIHHSA IJIOLIUHH,

110 TPOXO0IUTh uepe3 Tpu Touku O, L, E , KoopAHHATH SKHX 3aIHUIITYThCS:
O(bt; 0; 0), L(cost+bt; sint; 0), E(—sintcoswt +bt; costcoswt; 0). (1)

[TincraBuBmm (1) y ¢opmyny piBHSHHS IUIOIIMHHU, IO MPOXOAUTH Y€pe3 TpU
TOYKH, WICJISI CHPOIICHb OTPUMAEMO PIBHSHHS OFHOMAPAMETPUYHOT MHOXKHHH
TUJTOLIHH:

Xsintsinwt —Y costsin ot + Z costwt —btsintsinot =0

(2)
3 (2) 3HaX0UMO:
A=sintsin wt; B = —costsin wt; C =coswt; D = —btsintsin wt;
A’ =costsin wt + wsintcos wt; B’ =sintsin wt — wcost cos wt;
C' = -wsinot; D' =-b(sintsin wt +tcostsin wt + wsintcos wt). 3)

[TapameTpuuHi piBHSHHS TOpCa MATUMYTh BUTJISI;
@COSt —sintsinwtcoswt

JJ@® +sin? wt

®sint +costsin wtcoswt

A w® +sin? ot ’
sin? wt
2 a2 '
A @O +SIN° ot
(4)

Jlnst  3HaxomkeHHS pebpa 3BOpPOTY MpoaudepeHIiroeEMO KoeirienTn
A B ,C' D"

Toni piBHsAHHS TUIomKHM 113 3anumeTbest

X =bsintcost +bt +u

Y =bsint+u

Z=U
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X (=sintsin ot(l+ o? )+ 20costcoswt )Y (costsin wt(l+ w? )+ 2wsintcos wt )+
+Z(- 0’ costot )+ ba(2sin ot + wtcoswt) =0,

()
[TincraBuBmm 3HaueHHs X, Y, Z 3 (4) B (5), 1 po3B’s3aBIIN PIBHSIHHS BITHOCHO
U, MaTUMEMO PiBHSIHHS TBIPHOI TOpCa:

. 2bcostsin a)t\/a)z +sin? ot

~ coswt(sin? wt +2w? )+ w* cos? t(sin wtcos® wt —sin? wtcos wt)

. (8)

Puc. 1. IIpoexkuii Topca Ta itoro pedpa 3BOpOTY, KOJIU BiCh 00EPTaHHS PYXAEThCS
B3210BX oci OX 3a NiHIHHUM 3aKOHOM:

a) BEpTUKAJIbHA MPOEKIIis; 0) ropu3OHTaILHA TTPOCKITIS.

[Ilo6 oxepskatu piBHSAHHS pedpa 3BOPOTY Topca, MiAcTaBUMO (6) y (4):
X, =bsintcost +bt +

2bcostsin mt(wcost —sintsin wtcos wt) _
coswt(sin® wt + 2w? )+ w? cos? t(sin wtcos® wt —sin® wtcos wt )’
y, =bsin®t+

+

2bcostsin mt(wsint + costsin wt cos mt) _
coswt(sin® wt + 2w° )+ w? cos? t(sin wtcos® wt —sin? wtcos wt )’
~ 2bcostsin® wt
~ coswt(sin? ot +20? )+ »® cos? t(sin wtcos? wt —sin? mtcosmt )

Zp

(7)
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0 2

Puc. 2. AkocoHoMeTpuuHe 300pakeHHs Topca Ta ioro pedpa 3BopoTy 1, KoiH BiCh
o0epTaHHs pyXa€eThes B310BXK ocl OX 3a TPUTOHOMETPUYHUM 3aKOHOM.

[Tpopo6uBIIM aHajoOrivyHi [ii AJI1 BUMAAKY, KOJH BICh OOEpTaHHS PyXaeThCs
B3710BXK oci OX 3a TpuroHoMeTpruHNM 3aKoHOM X = aSinbt, mapamerpuuni pinsHEs
TOpCa 3alulIeMo:

@COoSt —sintsin wtcoswt |

w/a)2+sin2a)t

®sint +costsin mtcoswt

\Jo? +sin’ ot ’
sin® wt
2 ain2 '
@ +SIn° ot
(8)

X =asinbt +absintcostcosbt +u

Y =absin?tcosbt +u

Z=u

Puc. 3. 300paxeHnHst Topca Ta Horo pedpa 3BOPOTY , KOJIU BiCh OOEPTAHHS PyXa€ThCS
B3/10BK Ooci OY 3a TPUTOHOMETPUYHUM 3aKOHOM.
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AHaNOTIYHUM YWHOM 3HAXOJIWMO TNPSMOJIIHIWHY TBIpHY Topca Ta pedpo
3BOPOTY:

(absin wt(2cost - cosbt)+ abe? sin? tcost cosbt(sin at — cos wt ) +sin? t
coswt(sin? ot + 20° )+ w* cos? t(sin wtcos® wt —sin® wtcos wt) (9)

X, =asinbt +absintcostcosbt + (wcost —sintsin wtcoswt)x

y (absin wt(2cost — cosbt)+ aba? sin? tcost cosht(sin wt — cos wt)).
cos wt(sin® wt + 207 ]+ w* cos t(sin wtcos? wt —sin® etcoswt ) °

y, =absin®tcosbt + (wsint - costsin wtcoswt)x

y (absin wt(2cost — cosbt)+ aba? sin? tcost cosbt(sin mt — cos ). (10)

cos wt(sin® wt + 20° )+ w* cos? t(sin wtcos® ot —sin? wtcoswt )’

, _ sin? wt(absin mt(2cost — cosbt)+ abw? sin” tcost cosbt(sin wt — cos et )
g cos wt(sin? wt + 207 J+ w* cos? t(sin wt cos? wt —sin® etcos wt)
Byno ou4ikyBaHO IO 3aCTOCYBaHHS JO OIHCaHA PYyXYy IUIONIMHH TIIbKH
TPUTOHOMETPUYHUX (HOPMYJT MPHU3BEJC IO CHPOIeHHS BupasziB. OmHaK LBOI0 HE
CTaJIOCA.
Jlirepatypa
1. Kosanyos M.l. ludepenuianbua reomerpis. Kuis. Buma mkona. 1973.

276 c.

2. Mununckuti B.A. [luddepennmansaas reomerpus. Jlenunrpan. Kyoyu. 1934.
332 c.

3. bponwmeiin U.H., Cemenoses K.A. CrnpaBOYyHUK TIO MaTeMmMaTHKe s
MHXEHEpOB U ydaiuxcs BTy30B. Mocksa. Hayka. 1967. 608 c.

4. Iununaxka C.®D., Kpecan T.A. YTBOpEHHs OJHONAPAMETPUUYHOI MHOXKHHHU

MOJIOXKEHB TJIOLIMHYU MPU JI01aBaHHI ii o0epTanbHux pyxiB. [Ipukianna reomeTpis Ta
imkenepHa rpadika. Kuis. KHYBA. 2009. Bun. 82. C. 32-41.

56



«ObYX08CHKE HumanHs»

UDK 631.3:360.172.21

RESTORATION OF WORN GEAR WHEELS WITH INTEGRATED
ELIMINATION OF THEIR DEFECTS.

S. Karabinesh, V. Menshov
National University of Life and Environmental Sciences of Ukrain

It is known that the repairing enterprises have accumulated considerable
experience in the repair of worn gear wheels with a comprehensive elimination of their
defects.

Reinforcement of toothpicks in the front of the fork carriers and tracers is
evidenced by the use of the following parts:

- changing the crochet of the knot or the separate parts of the little one;

- with the help of a newly honoured tooth;

- plastic defloration in the open in stamps;

- plastic defloration with one-sided accent

The analysis carried out makes it possible to distinguish four main schemes of
technological processes:

- surfacing under a layer of flux followed by plastic deformation of the weld
metal;

- the design of the supplemental spheres of the material on the working of the
tooth by means of electric arc welding in the environment of protective gases;

- the change in the geometric dimensions of the material by thermal processing
with different methods of treatment and deformation;

The possibility of using one or several methods for the restoration of each of the
defective surfaces of the toothed wheels in dependence on their technical wall is
established. The basis of the technological criterion is the list of possible methods for
the restoration of a surface, and, obviously, inaccessible.

The method of restoration by surfacing under a layer of flux with the subsequent
plastic deformation of the welded metal is proposed.

The essence of the method lies in the fact that in the arch of the arc there is a
loose flux. Under the influence of high temperatures, the flux is formed, forming
around the arc of the shell, which is accompanied by the expansion of the meta from
the harmful effects of oxygen and nitrogen. This method is widely used for the
restoration of cylindrical chisels with a diameter of 50 and more than mm, with a
thickness of at least 2 mm thick. Each tooth of worn gears is mounted separately with
the help of a special device for steering the child at a certain angle. Deep penetration
of the baby does not wake up when it is brought into contact, as it increases the
deformation of the baby and influences the structure of the baby, the scrubbing of the
outer surface and the application of the metal.

Reinforcement of the toothed surface of the gear:

1) purification;
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2) defect;

3) the application of metal on each tooth (stepping surfacing);

4) heating in the inductor;

5) plastic deformation

6) milling;

7) tooth-rounding;

8) hammering;

9) cementing;

10) polishing;

11) controls.

Rehabilitation by plasticization is based on the redeployment of the metal from
the rim of the dentin wheel to the spraying zone. The known method, which precedes
the squeezing of children in an enclosed unit with a predetermined charge to a
temperament of 1200...1250. In the absence of compensation for wear, in the non-
working areas of the teeth, a metal is applied. This method allows you to restore all
surfaces in the tear of a length up to 12 mm.

In this thread, the attached metal will be displayed equitably in the correct
direction, deciphering the non-exposed areas of the teeth in the form of infiltration. The
expansion of the effect of plasticization makes it possible to obtain a highly dispersed
structure of the metal with the absence of anisotropic tensile. At the same time, the
children who have been restored do not actually know defects.

General for methods of restoration by plastic stratification is a one-time
displacement of a small diameter of a child into a spraining zone, where the formation
of the teeth forms is ensured.

The method of restoration of the toothed wheels with the application of the
plastic deformation effect before the installation of worn out children in an isothermal
unit is made of a bright base, the temperature of which is maintained in the intervals
650...670°C. After that, the effort comes upon him. As a result, the effect of
plasticization, which manifests itself in the transient period of time from the application
to the formation of a child with a small velocity and a small effort x, since several
cycles of "treatment-oxidation™ provide a high-precision filling of a profile shaft with
a metal. After that, the baby is pulled out of the shaft, is disassembled, mechanical and
thermal processing is carried out.
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UDK 631.3:360.172.21
TECHNOLOGY OF RESTORATION OF CRANKSHAFT BY CHROMING

S. Karabinesh, V. Kulik
National University of Life and Environmental Sciences of Ukraine

Chrome plating is used to protect metals from corrosion and for decorative
surface of products. Chemically resistant chromium coatings have significant porosity
and without the underplayed does not provide reliable protection against corrosion of
iron, as the galvanic iron-chromium iron is an anode. Therefore, usually chromium
coating is deposited on the previously deposited layer of copper 20-40 microns 10-15
microns and nickel.

The precipitated onto the surface shiny copper and nickel chromium coatings,
despite the small thickness of the layer significantly improves their corrosion resistance
and gives the product surface beautiful appearance.

High hardness, low coefficient of friction, heat resistance and good chemical
resistance provide parts, chrome-plated, high durability in severe service conditions.
Chrome plating is widely used to improve the hardness and wear resistance of various
tonnage and cutting tools, friction parts of devices and machines. Depending on the
destination of products thickness chrome plating ranges from 5 micrometers to a few
hundred.

Electrolytic chromium differs significantly from other electroplating processes.
Allocation is made of chromium from solutions of chromic acid instead of salts of
chromium. In this case the solution must be present in a small amount of active additive
anions, without which the chromium is not released from the chromic acid. Electrolytes
based on chromium salts, have been widely studied, but so far not been of industrial
application.

An important feature of the chromium plating is easier release of hydrogen at the
cathode than chromium; hydrogen begins to stand at a more positive potential than
chromium, and chromium plating current efficiency at much (three - five times) than
when the deposition of other metals. Chromium on the current efficiency and current
density of the electrolyte temperature is significantly influenced.

The process characteristics and quality of the coating with chromium to a greater
extent depend on the mode of electrolysis (electrolytic current density and temperature)
than in other electrochemical processes.

The scattering and opacity chromium electrolytes in contrast to other processes
are low, which makes use special techniques to improve the uniformity of the coating
with chromium. Low opacity associated with a relatively high minimum current
density at which begins the selection of chromium.

The baths are used only chromium insoluble anodes, which requires periodic
replenishment loss chromic acid by introducing it directly into the electrolyte in the
required quantities.
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Chromic acid solution is toxic, they are fond of electrolytic gases. This creates
the need to take precautionary measures for the improvement of working conditions at
work on chromium baths.

Driving electrolytic reduction of chrome parts shown in Fig.

If the item is a plating cathode, and insoluble lead plates (half rings) are used as
anodes. In auto production for chromium plating baths are used with the universal
electrolyte.

The electrolyte composition for a universal chromium plating include Cr,O3
chromic anhydride (250 g/l) and sulfuric acid H,SO,4 (2,5 g/l).

P — {D—
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Fig. 1. Scheme of the electrolytic reduction of chrome parts: 1 — cathode bus bar;
2 — the outer wall of the bath; 3 — water for heating the electrolyte bath; 4 — the inner
wall of the bath; 5 — cathode [item (-)]; 6 — an electrolyte; 7 — electric heater;
8 — anode [lead plate (+)]; 9 — suspension parts; 10 — electric bus anode (+); 11 — bath
cover.

The technological process of restoration of chrome parts consists of a series of
operations that must be performed in the following sequence: 1 — machining, 2 — wash,
3 — control, 4 —isolation of places not subject to chromium plating, 5 — mounting parts
on suspension, 6 — degreasing, 7 — etching, 8 — activation, 9 — washing, 10 — pickling,
11 — chromium plating, 12 — washing, 13 — drying, 14 - quality control coating.

Chrome plating of parts produced according to the selected mode. Hardness
chromium precipitation depends on the current density and the electrolyte temperature.
To determine the current density and the electrolyte temperature graph are shown in
Fig. 1. In accordance with the schedule specified hardness, sediment view (gray, shiny
or milk) and determine the current density and the electrolyte temperature.
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UDK 621.87.36
MODERN TECHNOLOGY OF SURFACING SHAFTS

S. Karabinesh, D. Gordina
National University of Life and Environmental Sciences of Ukraine

To solve the problems of increasing performance and prolonging the service life
of machine parts, various methods of surface hardening are used, in particular
surfacing, which has found wide application in the production of a variety of products
- from large-size products such as rolls of rolling mills (metallurgy), pressure vessels,
saddles and valves of internal combustion engines.

Gas surfacing is one of the methods of welding by melting, proceeding under
conditions of partial reflow of the parent metal when a high-temperature flame obtained
by burning a mixture of combustible gas with oxygen is used as a heating source.
Combustible gas used in gas surfacing should meet the following requirements:

- high flame temperature during combustion;

- high burning rate;

- high heat of combustion.

Arc-surfacing (Flux-cored wires for arc welding and surfacing)

The name of this method is due to the fact that the arc when surfaced with
electrode materials (wire, tape) is hidden under a layer of granular flux preliminarily
poured onto the surface of the base metal. The possibility of surfacing with high current
strength and high running energy provides this method with high productivity with
good quality of the deposited metal, and due to this, this method occupies a dominant
position in the field of automatic surfacing.

Arc surfacing under a flux has the following advantages:

- high productivity of the process when surfacing products of simple shape with
a large area of the surfaced surface;

- ease of implementation of the process, which does not require high
qualification of the welder;

- the possibility of obtaining a good appearance of the roller;

- good working conditions due to the absence of spattering of the electrode metal
(since the arc is hidden under the flux layer).

At the same time, this method of surfacing has the following drawbacks:

- higher cost of equipment than for manual arc surfacing with coated electrodes;

- unsuitable for surfacing small pieces of complex shapes.

Surfacing in carbon dioxide (mig / mag)

Surfacing with a consumable electrode in a shielding gas environment takes
place under conditions of a gas flow from the side of the electrode wire (surfacing
material), which protects the arc zone from the surrounding air.

CO, is used as the shielding gas, although the practice of surfacing in a mixture
of carbon dioxide with argon and other inert gases has recently become common.
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All these options are collectively referred to as surfacing by a consumable electrode in
a shielding gas environment.

When carrying out wear-resistant surfacing in CO,, a solid wire or a flux-cored
wire is used. The main advantage of surfacing in CO, consists in the possibility of
increasing the productivity of the process due to its implementation in automatic or
semi-automatic mode. The drawback of this method, inherent in other methods with
the use of protective gases, is associated with the inability to work in the open air due
to the influence of wind on the surfacing process.

Surfacing in an inert gas environment

The method consists in arc welding on protection of the arc zone by argon,
helium or other inert gas. Surfacing in an inert gas environment is carried out in two
versions: a melting and tungsten electrode.

Surfacing with a consumable electrode in a shielding gas environment is
characterized in that an arc arises between the base metal and the electrode surfacing
material. Surfacing takes place in conditions of automatic feeding of electrode wire.
As a protective gas, argon is most often used, although when working in pure argon
medium, the arc loses stability when surfacing any metal other than aluminum alloys.
To stabilize the arc, when welding steel to argon, up to 20% of oxygen or carbon
dioxide is added to the argon, which significantly affects the surfacing process.
Therefore, the problem of obtaining welded metal with predetermined properties
requires a careful choice of the protective gas composition.

Surfacing with a non-consumable tungsten electrode in an inert gas environment
Is characterized by the fact that the arc, due to the heat at which the melting filler metal
melts, occurs between the base metal and the tungsten electrode. The process of argon-
arc surfacing, similar to gas deposition, proceeds under the conditions of feeding the
surfacing rod and melting it with an arc. The use of mechanized means for depositing
surfacing material at a constant speed allows for surfacing in automatic or semi-
automatic modes.

The use of inert gas eliminates the need to use flux, so this method is particularly
effective for the deposition of non-ferrous metals, high-alloy steels and other materials
sensitive to oxidation and nitriding. High quality of welded metal is provided by a wide
choice of surfacing materials.
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YK 621.436: 534.833

E®EKTUBHA TEXHIKA KYH JUISI BUPOLILYBAHHS IIIEHUII],
PITIAKY, COI

O.B. Haomouiu, JI.JI. Timoea
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Yxpainu

Crporoani B YkpaiHi CUIBIOCIBUPOOHHMKU 3aCTOCOBYIOTh HU3KY TEXHOJIOT1H
00pOOITKY I'PYHTY, SIKI MalOTh SIK TIO3WTHUBHI, TaK 1 HETaTUBHI CTOPOHU. Tak, mopsy 13
BIIOMUM JUIsl OLIBINOCTI TpaAWIiiHUM OOpOOITKOM TIPYHTY YKpaiHChKiI arpapii
BUKOPUCTOBYIOTh ¥ 1HIII TEXHOJIOTI{, TaKl K MiHI-TULI, HOY-TiLI, cTpun-Tuut. [Ipote
11e He TIOBHU iXH1H nepenik. ChoroaHi Bce OUTbIIe arpapiiB TOBOPSTH MPO TEXHOJIOTIIO
TaK 3BaHOTO BEpTUKAIBHOTO 00po0iTKy TpyHTY (Vertical-tillage). Tox TexHomorii He
cTOATh Ha Micil. | o A 3abe3neueHns noTped BUPOOHUIITBA Ja€ HA ChOTOAHI PUHOK
TEeXHIKH?

3aXBAary 1IIyra v | Master 123
[ITupuHa 3axBary wiyra Multi Master 123

(8]
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2 B ) B -:_
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Puc. 1. 3MiHa mupuHM 3aXBaTy BiJ MApKH Ta LIUPUHU KOPITYCY ILTyTA.

OnHe 3 YUIBHHUX MICIb cepell BUPOOHUKIB 1 MOCTavyaIbHHUKIB HaWCy4acHIIIO!
arpapHoi TexHiku 3aiimae kommnanis KUHN. Ha ceorogui KUHN — € HaiiGinbmmm
BUPOOHMKOM TEXHIKH B CBITi: HaBiCHOI 1 mpuyinHoi. Kommnanist Bupo6isie 6inbiie 3050
pI3HUX HaliMeHyBaHb. Bumyckae monam 65 Tuc. omuuuilb Ha pik. [lepeBara el
KOMITaHii B po3MaiTTi TexHiku. O HAK 31 CTOPOHU arpOBUPOOHHKIB TaKe PI3HOMAHITTS
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€ 1 ToIoBHUM OosieM. Ake po3iOpaTUCs B CydacHI TEXHIIl JOCUTh CKJIATHO, HABITh
(haxiBIsIM.

[Mpuxnan: O6eprosuii mayr Multi-Master 123 cepii (puc. 1).

Jlana cepis tuyriB Mae Bia 3 1o 6 kopmyciB. [llupuna xopmycy 35 - 40 145 cwm.
BianoBigHO BapiaHTH WIMPUHU 3aXBaTy MaIlMHU KoJMBawThcsa Big 1,05 mo 2,7 m
(puc.1.) IIpu upbomy poboua MBUAKICTH KOJUBAETHCA Big 6 10 12 km/roa. Bara miyra
Bix 0,94 no 1,83 .

MiHiManbHa MTOTYXKHICTh JUIS arperaTyBaHHsS CTaHOBUTH BIJ — 3 KOPIYCIB
(35 cMm kopmyc) 105 k.c/77xBt, 1o 6 kopmycis (40 cm kopryc) 175 k.c/129xBr. Llina
tyra ckianae Big 10460 $ USA mo 26900 $ USA.

Enepzozacoou (tabn. 1) micTUTh HAcTymHI JaHl: Mapka TpakTopa; THI
(1 — rycennunuit, 2 — konicuuit 4K4); tsarose 3ycuist, KH; moTyxHicTh eHeprosaco0y,
kBT; muToMa BuTpaTa nanusa, r/kBT; Maca TpakTopa, T; miHa, $.

Tabmuusg 1. TexHiKo-eKOHOMIYHA XapaKTePUCTHUKA TPAKTOPIB
Mapka Tun P,xH N,kBm g,2/kBm G, m Ilina, §

2 25 79 230 429 35000
2 70 244 205 12 552110
1 37 110 220 7,33 52160
2 35 157 215 7,74 80000

Texnixa KYH (tabi. 2) B CBOIO 4epry MiCTUTh HACTyIHY 1H(pOpMaIlilo: Mapka
MamuHu; TaN (1 — TAroBi 3BUYaiiHi, 3 — TATOBO-NPUBOJIHI, 4 — 6€3 POOOYMX OpTaHiB
JUIsL TPYHTY); IIMpUHA 3axBary, M; MakcumaiabHa poOoya MIBUIKICTh, KM/TOJ;
[Motykuicts Ha mpuBix Bim BOM, kBt; maca mamuau, T, IiHa, $; ximemarndna
TOBXXHHA, M.
AHani3 TEeXHOJOT BUPOIIYBAHHS O3MMOI MIIEHUIl, PilaKky O3UMOro Ta COi
II0JI0 iX BIAMIHHOCTEH Ta 0COOIUBOCTEH.
Kinacrnuna (BimBasibHA) TEXHOJIOT15I BHPOIIYBaHHS
CUIbCHKOTOCTIOAAPCHKUX  KYJBTYp  Iependadae  HIOPIYHY YU
MepioUYHy OpaHKy TIPYHTY 3 OOEpTaHHSM IuIacTa, Oararopa3oBi
MPOXOJHU CLIBCHKOTOCIIOAAPCHKUX arperariB mo moio. Lle Bukiukae
{ VIIIIBHEHHS TPYHTy, DYWHYBaHHS HOT0 MEXaHIYHOI CTPYKTYpH,
3MEHIIEHHS POJIOYOro Iapy B pPe3ysibTaTl BOAHOI Ta MOBITPSHOI
KnacuqHa €po31€10, HAPOCTaHHS BiA'€MHOTO OanaHcy rymycy, dhocdopy 1 Kamiro
(BimBalmbHA) B rpyHTi, Hee(EKTHBHE BHKOPUCTAHHS MIHEpAIbHHX IOODHB,
MEeCTUITMAIB 1 010JIOTIYHMX IMpETapariB, aje HAUTOJIOBHIIIIE - MOPYIITYE
MPUPOJIHI E€KOCUCTEMH 1 3a0pyAHIOE CEepeAOBUIIE MPOKHUBAHHS

mroauHH, Giopu 1 GpayHH.
MiniManeHU  OOpOOITOK  J03BOJIAE  3a0€3MEUUTH  3MEHIICHHS
MEXaHIYHOTO BIUIUBY IPYHTOOOPOOHMX MAIIMH Ha TIPYHT 1
MiHiMaiibHa YIIUTBHIOOYOi i1 iX XOJOBHX CHCTEM, CKOPOYEHHS KIJIBKOCTI
MPOXO/IIB arperarisB Mo MoJr0. TeXHOJOTIuHI i €KOHOMIYHI IepeBaru
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MIHIMaJIBHOTO OOPOOITKY IPYHTY HIATBEPDKEHI JOCBIIOM POOOTH
CLIBTOCTIIIMIPUEMCTB B PI3HUX 001acTsAX Kpainu. B ymoBax nediuury
n00puB 1 3aco0iB 3aXHCTy POCIWH, MEJIIOPAHTIB, IHIIUX 3acC00iB
MIJIBUIIICHHS POAIOYOCTI IPYHTY 0COOJIMBA yBara Mae OyTH MpHU/IijeHa
BIOCKOHAJICHHIO CTPYKTYPH TOCIBHUX TUIOII, OCBO€HHS HAyKOBO-
OOTPYHTOBAHMX CIBO3MiH, MOCIBY. JlJIsi 3HM)KEHHS MepeyIIUIbHEHHS
IPYHTIB €HEePrOHACHUYECHOI0 TEXHIKOIO npu 00pOOITKY
CLTBCHKOTOCTIONAPCHKHUX KYJIBTYP MPOMHUCIOBICTIO PO3pOOJICHO HOBE
CIMEMCTBO KOMOIHOBaHMX arperatiB. Ha OCHOBI HaKOMHWYEHOIO
JOCJIITHOTO 1 BAPOOHUYOTO JOCBIY B PI3HUX arpOKJIIMaTHYHUX 30HAX
VYkpaiHu TMOKa3aHO, IO MiHIMaJIbHUNA OOpOOITOK TIPYHTY Y
BIIMOBIAHUX YMOBax 3a0e3leuye NpPaKTHUYHO PIBHUN ypoxkai
36pHOBUX B 3ICTaBJICHHI 3 TPAAMIINHOK OpaHkoro Ha 20-22 cm, B 2
pa3u MeHIIe eHeproemua i Ha 10-15 kr 3HKMXKYy€e BUTpaTy MajabHOrO Ha
1 ra 06po6IFOBAHOT TUIOMII.

£ Hynwosa (No Till) Texnosnoris - nepeadadae npsMuii MOCiB HaCiHHS B
0 IPYHT, MIOTIEPEIHHO 0OPOOIEHUI repoiuIaMu.
No Till Heo0xinHo 3a3HaunTH, M0 BUPIIATLHUM (AKTOPOM, SIKUH BU3HAUYAE

ycmix 1 3acTOCyBaHHS, € HEOOXIJIHICTh BpaxoBYyBaTH OCHOBHI
O0COOJIMBOCTI 1 BJIACTMBOCTI TIPYHTIB (CTIMKICTh 1O YIIUIBHEHHS,
ApeHyBaHHS, BMICT TyMYCy Ta PyXOMHX ()OpM TMOKUBHHUX PEUOBHH).
be3 HaykoBO OOIpYHTOBaHO1 OIIIHKM MPUIATHOCTI TIPYHTIB IS
HYJIbOBOTO OOpOOITKY MOT0 3aCTOCYBAaHHS MOJKE CKJIQJaTH TEBHUN
pPU3UK 1 JaTH HEraTMBHI arpoOHOMIYHI, €KOHOMIYHI Ta €KOJOT1YHI
pe3yNbTaTH.

3rigHo TaOJMIIl BMILJIMBAE, III0 OCHOBHI BIJIMIHHOCTI, SIKIIIO HE BJABaTHCS B
0Cc00JIMBOCTI 010J10TIT POCIMHHU, MOJIATAIOTH B OCHOBHOMY 00po0iTKy. Kiacuuna —
OpaHKka Ha MMOMHY A0 22 cM, MiHIMallbHa 1€ OOpOOITOK IPYHTY JYIIEHHSM YU
auckyBaHHsIM Ha riuouny g0 10 cm, a NO Till — npsamuii mociB 6e3 0OpoOITKY 1
nepepoOKH POCIMHHUX PEIITOK.

baza nanux TeXHOJOT1H MICTUTh HACTYTIHI NTOJIS: Ha3BY onepallii; No (mocunaHHs
Ha TaOJIMLIIO arperaTyBaHHs, KOMIUIEKTYBaHHS); TIOYaTOK omepalii (1aTa); KIIbKICTb
arpoOTEXHIYHO JOIMYCTUMHUX JHIB HA BUKOHAHHS Olepallli; KIJIbKICTh TOJUH POOOTH 32
n00y; KpaTHICTh BUKOHAHHS onepailii; GoH poOoTH; crocid pyxy arperaTty mo moJito;
MPOJTYKIIis; HOpMa MPOIYKIIii; TTMOrHA 00pOOITKY.

Bci MoxnHBI BapiaHTH KOMIUIEKTYBaHHS arperaTiB 3aHOCWINCS B 0a3y JaHHX.
[Ipu 11bOMY BHUKOPHCTOBYBAJIHMCS HACTYIMHI OOMEXKYBallbHI (pakTopu: MiHIMaIbHA
HE0OXiIHA MOTYKHICTh JJI1 pOOOTH arperary, Mpu3HauYeHHs MalInHU (OpaHKa, ciBoOa,
KyJIbTHBALlISl, OOMPUCKYBaHHS TOIIO) Ta CLILCHKOTOCIOAAPChKa KyJIbTypa JJIS SKOI
CIPOEKTOBaHa JJaHa MallliHa.
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Tabmuis 2. TexHomorii BUpOIyBaHHS 03UMO1 MIIEHUIII, PIMaKy 1 COi.

Tn To
i

HasBa onmepanii  Ne ITouarok
H

Buecennss MJ|, 03.08.2016 3 2 4 60 0
OpaHka 000poT. 16 14.08.2016 20 14 100 3 2 0 0 25
Ilepenn. KyJbT. 31 15.09.2016 7 14 50 5 2 0 0 4
CiBoa 3 Ba. M/J] 40 23.09.2016 5 14 50 5 2 8 40 4
L yoan:e 132 30.07.2017 15 14 100 3 1 2 90 0
Cisoa+ MJI 23  15.09.2017 8 14 75 3 2 8 100 4
IIpec..co1. TIOKH 30.07.2017 15 14 40 3 1 2 90 0
Pinak (MiniMaabHAa)
Buecennsi. M ][ 10.07.2016 10 14 100 3 1 4 85 0
JlucKkyBaHHS 3 20.07.2016 10 14 100 3 2 0 0 10
Ilepenmoc. 31 05.08.2016 8 14 100 5 2 0 0 4
KYJbT
Cisoa + MJ| 40 15.08.2016 5 14 100 5 2 8 15 4
BueceH. rep6. 66 05.05.2017 5 6 100 3 1 5 100 0
132 18.07.2017 15 14 100 3 1 2 80 0
Cisoa + MJ| 23 01.05.2017 10 14 40 3 1 0 100 4
Cisoa + MJ| 23 01.05.2017 10 14 60 3 1 8 100 4
BHeceH. repoi. 66 15.05.2017 5 6 100 3 1 5 100 0
IIpecyB B TIOKH 132 24.08.2017 15 14 50 3 1 2 85 0
Iig6ip B pya 133 24.08.2017 15 14 50 3 1 2 85 0

KNnacunyHa MiHiManbHa No Till

Puc. 2. Cepenni BUTpaTH najamBa 3a KyJIbTypaMu Ta TEXHOJIOT1IMH, JI/Ta.

3i0paHi maHi B MOJAIBIIOMY OYJIM BHKOPHUCTaHI JUII BU3HAYEHHS OCHOBHUX
(mocTaBieHMX B 3aBJlaHHI) EKCIUTyaTallliHUX TOKA3HUKIB BHUKOPUCTAHHS ITUX
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arperatiB 1 B MOJAJbIIOMY BHUKOPUCTOBYBAJIMCS IJsi ONTHUMI3Alii Ta Mia00py
BUKOPUCTAaHHS ONTHMAJIBHUX arperatiB y TEXHOJIOTii. 3aralioM >X€ BHUTpaTH IO
HIATPUMII TEXHIKU HAIPSIMY 3aJ1€KaTh BiJl CKJIAAy TEXHIKH Ta i TOYaTKOBOI BAPTOCTI.
CepenHi 3HaueHHsI BUTpaT majauBa (puc.2) TOBOISATH B OCHOBHOMY 3arajibHy
TEHICHIIIFO 3HWKEHHA Big kiacuyHoi Texnosorii 1o No Till maiixke BaBivi. JIuie mist
KyJbTYPH pillak HAlBUIIY BUTPATy Ma€ MiHIMajabHa TeXHOJOT1 1 csirae 15,45 n/ra.
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YK 621.436: 534.833

EPEKTUBHA TEXHIKA KYH /UIA BUPOIIIYBAHHSA
INPOITAIIHUX KYJIBTYP

JLJI. Timoea, O.B. Haomouin
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Yxpainu

O3HallOMJIGHHA 3  pO3pOOJICHUMH  METOJMKaMU  arperatyBaHHsS  Ta
KOMIUIEKTYBaHHs cy4yacHol TexHiku KYH g nponamnux KynasTyp mpu BUKOHAHHI
KOHKYpPCHUX 3aBnianb kommanii KYH.

Jlnis mpuKiaay MpUBOIMMO JaHi xapaktepuctuku ciBanku PDM PG Maxima,
K1 BAKOPHUCTOBYBAJIUCS B OJAIBILIOMY:

CiBaJika TOYHOTO BHCIBY MpOCANHUX KyJIbTyp. Jletani: uijbHa paMa, TATOBUN
Opyc 3 TypOiHOIO, MOJIIETHJICHOBI OyHKepa [Jisi HaciHHs, OyHKepa s H0OpuB 3i
CKJIOBOJIOKHA, TpaHCMICIs 3 AU(DEpPEHIIHOI0 Tepeaadyero, XWTHA BiCh, BHUCIBarO4Yl
MOJAYJl BCTAHOBJIEHI Ha Mapajenorpamax, MHEBMAaTUYHUN pO3MOIIT HACIHHSA 3
JOTIOMOT 010 1ep(OPOBAHUX AUCKIB, PO3MOILT JOOPUB 3 JOTMOMOT OO IITHEKA, COLTHUKH
3 MOJBIMHMMHU BHUCIBHUMHU JIMCKaMH BCTAHOBJIEHI Ha MapajenorpaM, oOMexyBaul
rIMOWHY 1 TpuKouyroul KOTkM MAXIMA 11 IpucKOpeHHs! CXOMKOCTI.

JlaHa cepis ciBaJlok Mae 8 Mojeneu, 3 KiIbKICTIO psaakiB Big 7 1o 19. llupuna
3axBaTy IIi€i cepii ciBaok KonmBaeTbes Big 3,15 mo 8,55 m. (puc.l). Ilpu mpomy
poboua MBUIIKICTh CTAHOBUTH BiJ 4 10 8 KM/To/1. Bara ciBanku konuBaeThes Big 3950
10 9430 xr. J{nst poboTu 3 ciBaKko HEOOX1HO MaTH €HEePreTUYHUM 3aci0 (TpakTop)
3 noTyxHicTio 70-190 kB1/87-237 k.c.

[ina ciBaJIKM 3HaX0aUThECA B Mexkax Bix 26500 $ USA o 71900 $ USA.

[ToniOni mani mo Bcid TexHiml KYH Oyno 3rpynoBaHo 3a TUmamu MamviH 1
3arMoBHEH] B 0a3y JaHuXx (puc. 2).

68



«ObyX08cvKi uumans»

3rifHO 3aBIaHHS AaHAMI3YBAJUCA TPU THUIM TEXHOJIOTIM BUPOIIYBaHHS
KYKYpPYA3H 1 COHALIHUKA MO0 iX BIAMIHHOCTEH Ta 0COOJIMBOCTEH.

Byno BusiBieHO, 1110 OCHOBHI BIIMIHHOCTI, SIKIIIO HE BJIABaTHCSI B OCOOJIMBOCTI
010JI0T1i POCIMHU, MOJATAIOTh B OCHOBHOMY 00po0iTKy. Kinacmuna — opanka Ha
rMOUHY 110 25-27 cM, MiHIMaJIbHA 11e 00pOOITOK IPYHTY JIYIICHHSM YH TUCKYBaHHSIM
Ha rmouny g0 12 cm, a NO Till — npsmuii mociB 6e3 00poOITKy 1 mepepoOKH

POCIMHHUX pemToK. JloMmyCcKalTh OCIHHE MYJbUYBAHHS TIOKHUBHHUX 3aJIUIIKIB
MOINEepEIHUKA.

I . j
ID_Kuit
Mane KLt KeyOh_OFF Mame_energo rormatzot
Key KeY OM_OFF2 el tip_energo cenakzot
Plosga MarneQper e2 Csn_tehnal_pararr nermaFosfor
Urog_osn_prod KEY_ e3 Potugn_Dvigun cenaFosfor
Urog_pob_prod begined ed Pit_vitr_PMm nor makaliy
| |Koef_perev_OwP days eg Massa cenakaly
norma_ol) Time_ af Cena normaGerbic
norma_tu Kram e7 Norm_Zagruzka cenaGerbic vikParku
norma_otr Fon 28 SIS_TOR normalnsectic Oplataiex
1orma_semyan SposCvig 29 K_per_LET cenalnsectic Oplatavoditel
|Morma_vada vidPraduct 10 K_nadegn normaFungic CenaDP
cena_oU || MarmaProduct mil cenaFungic Cenabenz
cena_Mu Glubina miz normaProtruy Cenabollar
cena_Otr IC_oper mi3 cenaProtruy SolveMD
cena_semyan Momer_operac mi4 SolveTimeZmin
cena_voda D_Kult mis ' | kriterhyOPTIM
Zakupka_prod KeyPoperedn mié . GodovZagruzka
L_vnutri_hoz Mamekult mi7 Id_kuithPK YES_MG_OPTIMA
;l_Z;JDC; edel | mis D_kuit | Matrica
ot _Cisn_prow ml13 UROGPrirodFon CenaCrendi_zeml
plotr_Pob_prod mzo 1] Sohranenie
cena_bonitet W Moshrost
| mz1 P doplkl
: Netto lopiklash
Winos_k mzz K daoplSta
Yincs_F mz3 cena e
o God_zagruz doplyakist
| m24 ToR doplProdukt
M GAZ
orma m25 WPensFond
n_rabach enskan
m ;i kiner_L ¥3ocstrah v
m - koef_nadegn = - =
m Pimech
mzg v

Puc. 1. 3aranbauii BUrIsg cXeMu JaHUX CTBOpeHOo1 b/ TexHosorii 1 MaiuH.

Buxonsumn 3 3aaHuX TEXHOJIOTIYHUX OMNEpalii MO KOXHIM 3 KyJabTyp Oyio
CKJIaZIeHO 0a3y JaHUX TEXHOJIOTTYHHUX OTIEpPaIliii.

Bci moxnuBi BapianTu arperatyBaHHs TexHiku KYH 3 enepretnynumu
3acobamu 3aHocwiucs B 0a3y manux (puc. 1). Ilpu 1mpomMy BHUKOPHCTOBYBAITUCS
HACTYIHI OOMEXyBajibH1 (paKTOpH: MiHIMalbHA HEOOXIJHA MOTYXHICTb AJIi pOOOTH
arperarty, IpU3HAYeHHs MaIIMHU (OpaHKa, C1BOA, KyJIbTHBALIs1, OOMPUCKYBAaHHS TOILIO)
Ta CUIbCHKOTOCIOIApChKa KyJIbTypa, I sIKOi CIIPOEKTOBaHa JaHa MallluHa. 310paHi
JaH1 B TIOJATBIIOMY BUKOPUCTOBYBAIHCS /Il BU3HAYEHHSI OCHOBHUX (ITOCTABIICHUX B
3aBJlaHHI) eKCIUTyaTal[liHUX [IOKa3HWKIB BUKOPUCTAHHS IIMX arperatiB 1 B

MOJAIBIIOMY  JOCIIDKYBAJIMCS Il ONTUMI3AIil 1 TMia00py BUKOPUCTAHHS
ONTHUMAaJIbHUX arperaTiB y TEXHOJOTII.
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JIy1st IbOTO BUKOPHUCTOBYBAJIACh (hopmya:
Hopma BuciBy uncio Hacinun/ra = (Hopma BuciBy, kr/ra IMTC, r) x 1000
HACIHHS

ne MTC - e Maca THCSYl HaCIHUH, ITOJbOBA CXOXKICTh SIKUX BBaXKaeTbcsa 80 —
85%.

ari QM for Windows - C:\Temp\OpaHka2. lin - [Data Table]

Filz Edit View Module Format Tools Help
OeEHES 2R R 5 v 88 0% -8 HaAa%x @ 2step » 5
Avial - 73- B Z U === 0000~ fx 00 5 @A
Ohjective Instruction

(™ Maximize Enter the value fo
(® kdinimize

#1 #2 #3 #4 RH= Equation form

Ylinimize 1024 893 1534 533 bin 1024%1 + BOFx2
=1 1 1 1 1= 2000 X1 +x2+X3+¥d=
o2 A405 o a 0f== aE0 A4053%1 <= 560
=3 a 9434 a 0f== aE0 943452 <= 560
=4 a o 1.0526 0f== a6 1.0526x%3 <= 5E0
-5 a o a 1.6949 | <= aE0 169494 <= 560

Puc. 2. Burnsaa Matpuili CpoIeHoi 3a1a4di OnTuMizarlii.

[TpoAyKTUBHICTh TEXHOJOTIYHMX (2 — THUI MAIIMHHA) MAaIIMHO-TPAKTOPHUX

arperaTiB BU3HAYaJld 3a BiJOMOIO (POPMYIIOLO:

W, ,=01-B-V, -rra/rox,
ne B — KOHCTpyKTHBHA IMPUHA 3aXBaTy arperaty, V, — poboya MIBHUJIKICTh arperary,
M/C; T — Koedili€HT BUKOPUCTAHHS Yacy 3MIHH.

KoHncTpykTBHA mMpwHA 3axBary BuOWpanacs 3 TaOIUIll TEXHIYHOI
XapaKTepUCTUKU TexHIKU. KoedilieHT BUKOPUCTaHHS Yacy 3MIiHH OOYMOBJICHHIA
OamaHcOM wyacy 1 3aJie)KHTh BiJ opraHizauii poOOTH, 3MIHHOCTI, BHAY MOBOPOTY,
croco0y pyxy arperary, Butpar yacy Ha TO, nepeizau tomo. ['0J0BHUM MOKa3HUKOM
BiJl SKOTO 3aJ&KUTh BeJIUYMHA MpoAykTUBHOCTI MTA € pobouya HIBUAKICTB.
HIBuAKICTD € PYHKIIEI0 TUTOMOTO OIIOPY arperary, TArOBOTO 3yCUIUISA TPAKTOPa, TUITY
IPYHTY, KJIacy IPyHTY, penbedy 1o, notyxkHocti Ha BOM (a7 TSroBo-nprUBOAHUX
arperariB). 3aTpaTi poO0OYOro 4acy 1ie o0epHeHa BEIMYMHA KUTBKOCTI IEPCOHANy, 110
Mpallloe Ha arperati 0 TOAUHHOI MTPOTYKTUBHOCTI.

[Tpsimi 3aTpatu ipu poOOTI arperaTy BU3HAYAIKCS 32 3aJIEAKHICTIO:

C=C; +C, +C3+Cy,
ne C, — orutara npartii o0CIyroBylOUYOro arperar rnepcosaity, rpu/ra; C, — BigpaxyBaHHs
Ha aMOPTHU3aLiI0 TPAKTOPA 1 CLIIBCHKOTOCIIOAAPCHKUX MAIIHMH y ckiafi arperaty; C; —
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BapTICTh BHUTPAUYECHUX MMATUBO-MACTWIBHUX MaTepianiB; C, — BigpaxyBaHHS Ha
MMOTOYHHUI PEMOHT 1 TEXHIYHE 0OCIyrOBYBaHHS Ta 3allacHl YaCTHHHU.

25,79

7,53 N
4 — 4,36

KJIaCUYHA MiHIMaJIbHA No Till

e =COHAIIHUK == =KyKypya3a

Puc. 3. Cepenni BUTpaTH najuBa 3a KyJbTypaMu Ta TEXHOJIOT1IMH, JI/Ta.

Ha 3akmounoMy eTami BUKOHAaHHS JIaHOTO 3aBIaHHA Oyna po3poOka
TEXHOJOTIYHUX KapT MO BCIX KyJbTypaxX Ta TEXHOJOTISX 1 MOJAJbLIMKM aHai3
OTPUMAaHUX PE3yJIbTaTIB.

BucHoBok.

3a ocTaHHI JAecCATUpIUYS, HE3BAKAIOUM HA JOCATHEHHS HAayKOBO-TEXHIYHOTO
MpoTpecy, CIOCTEPIraeThCsl BTpaTa POIOUOCTI IPYHTIB, 3pOCTAHHS IIKOJIOYMHHOCTI
Oyp’siHiB, XBOPOO 1 HIKITHUKIB, IKi 3yMOBIIIOIOTh MOTPEOY PO3pOOKH HOBUX MOJAEINEH
0oOpoOITKY TIpPyHTY TMTpH  3aCTOCYBaHHI  PI3HUX TMOMNEPEIHUKIB  OCHOBHUX
CLIBCBKOTOCTIOAPCHKUX KYJIBTYp, CIBOM iX y MOBTOPHUX IOCIBaX Ta HOPMYBaHHS
IHTEHCHMBHOCTI 3aCTOCYBaHHs XIMIYHUX 3ac00iB. [IpuuoMy nmoTpeda ya0CKOHAIECHHS
00poOITKYy I'PYHTY Ha3pija B 0ararbox rpyHTOBO-KJIIIMATUYHUX 30HaX YKpaiHH.
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UDK 631.004.01

FIXED STATION TECHNICAL MAINTENANCE OF COMBINE
HARVESTERS

D.Yu. Kalinichenko, I.L. Rogovskii
National University of Life and Environmental Sciences of Ukraine

The proposed station includes a travel path with a base and fixedly installed on
the platforms for the wheels, sensors, dispenser switch signals from the sensors to the
computer [1]. The distinctive features lies in the fact that the travel path is located
indoors, the sensors are installed along the platform travel path, between them, on
either side of them, between the surface of the roller and the bottom of the car and over
him, and the dispenser switch fiber-optic cable is connected to the input of the computer
[2]. The station allows the control units of the vehicle while driving. At the same time
diagnostics is provided in a very short time determined by the speed of computer, speed
of the vehicle speed sensors.

The proposed station Express diagnostics of vehicles intended for the diagnosis
of vehicles during their movements and ensure that they are correct, evidence-based
operation.

The invention relates to transport machinery and can be used to determine the
tire pressure of the wheels, tires, camber and toe-steered wheels, exhaust, detection of
faults in the engines, machines and other objects that characterize the current condition
of the vehicle.

Well-known enterprises for diagnosing vehicles, but they are prototypes of the
proposed station can not be, because they are designed to work in stationary conditions.
Their shortcomings are well known.

Known stands for diagnosis while driving vehicles (cars): the pneumatic tires of
the car, toe and camber of the steered wheels and the other containing platform fixedly
mounted on the base, a variety of sensors made in the form located on different levels
of lights and photocells, microphones, analyzers diagram of the processing of the
sensor signals and the block check treatment results.

A disadvantage of the known stands is the impossibility of identifying with them
other characteristics of vehicles other than those for which they were intended, which
reduces their functionality.

The goal is a significant increase in the diagnosed vehicles, improving the
accuracy and objectivity of control, enhancing the functionality of the known stands,
that is, at the same time as all of the above characteristics.

To ensure that the goals created a travel path on which the car passes. It is a
covered outdoor space on both sides of which there are gates of entry and exit of the
vehicle. The path of travel of the vehicle along between the guide platforms for right
and left wheels on all the platforms on either side of them, between the surface of the
roller and a bottom set of different physical nature and purpose, sensors (photoelectric,
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sound, gasanalyzers, camcorders, etc.), signals from which at certain moments of time
using special logic circuits are transferred to the computer, which the corresponding
algorithms and programs to process the received information.

The drawing shows the General scheme of the stand, in which the sensor 1 uses
the above sensors. Signals (Fig) from sensors 1 and camera 2 are input to the switch -
dispenser 3, from which they can come to the input of the computer 5 via the optical
fiber cable 4 depending on the logic switch operation: different length, different
sequence, posted and unposted time. Processing the received information, the computer
forms the corresponding dimensions of the model car. The results of the processing are
stored in the database formed in the computer.

Fig. 1.

First drive diagnosed car usually should be the calibration, which provides the
possibility of comparison on the principle of what was, what became, and the
determination of the current vehicle status compared to benchmark this car, located in
the computer database. According to the obtained results the car owner can be issued
expert recommendations for the further operation of the vehicle. In addition, based on
the current data State is assigned the car number of the car that can be used to find him
if he be stolen.

As you might guess, we get the dimension (number of diagnostic procedures) of
a car is determined by the amount of information necessary for processing, ways of
coding and presentation and, as a consequence, the number, type, and spatial
arrangement of the sensors, which are used to create the database in the computer. The
results of diagnostics are determined designed for every occasion algorithms and
information processing programs, stored in databases. It follows that to increase the
number of diagnostic procedures offered by the station required the addition of new
sensors of varying physical nature, etc., the algorithms of processing of the information
taken from sensors, has been developed in the form of a program recorded in a
computer database.
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For example, in the near future will develop algorithms and programs of
processing of information, allowing to diagnose while driving: the braking system of
the vehicle exterior lights.

Use in the car installed radio transmission equipment (cellular) and specially
installed sensors to the diagnosis (1A) will further expand the present service station.
In this case, you will have the opportunity to serve the owners, not only during
movement in the travel path, but at a distance, with a maximum range determined by
cellular communication. In addition, almost solved the problem of security of vehicle
from theft.

1. Station Express-diagnostics of vehicles containing a travel path with a base
and fixedly installed on the platforms for the wheels, gauges with electrical output
signals, the dispenser switch is included with the ability to receipt at its input of signals
from sensors, a computer designed for processing by appropriate algorithms and
programs stored in its database, the received information, characterized in that the
travel path is located indoors, with the two sides of which there are gates of entry and
exit of the vehicle, sensors are installed along the platforms of the travel path between
them, on either side of them, between the surface of the roller and the bottom of the car
and over him, and the dispenser switch fiber-optic cable is connected to the input of
the computer.

2. Station according to claim 1, characterized in that it is provided with an
antenna and receiver mounted with the possibility of receiving signals from a vehicle
equipped with cellular communication.

Literatures

1. Kalinichenko Dmytro, Rogovskii Ivan. Decision for technical maintenance of
combine harvesters in system of RCM. MOTROL. An International Quarterly Journal
on Motorization and Energetics in Agriculture. Lublin. 2017. Vol. 19. No 3. P. 179-
184.

2. Kalinichenko Dmytro, Rogovskii lvan. Modeling technology in centralized
technical maintenance of combine harvesters. TEKA. An International Quarterly
Journal on Motorization, Vehicle Operation, Energy Efficiency and Mechanical
Engineering. 2017. Lublin—-Rzeszéw. Vol. 17. No 3. P. 103-114.
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UDK 656.1.004

TRANSPORT TECHNOLOGY OF TRANSPORTATION OF GRAIN
HARVEST IN AGRICULTURAL SECTOR OF UKRAINE

0.A4. Voronkov, I.L. Rogovskii
National University of Life and Environmental Sciences of Ukraine

Most of the grain produced in Ukraine is exported. But farmers do not always
receive the expected profit for their harvest. To improve the efficiency of grain farming
it is not enough to optimize production costs. A significant impact on the reduction of
purchasing prices for grain have the costs of refining, storage and transportation of
products. Therefore, to increase the income of farmers is necessary for the qualitative
development of the domestic grain logistics.

Grain logistics is the process of planning, organizing, monitoring and managing
business operations associated with bringing the grain from the producer to the
consumer, as well as resources for its production. Based logistics systems is
transportation and warehousing.

The volume of grain production in Ukraine far exceed the needs of the domestic
market. Now the majority of domestic grain is exported. However, the state's strategic
goals are identified to further increase grain production to 80 million tonnes. However,
the infrastructure of the grain market are not completely meets the needs of traders
grows.

First, the lack of facilities for the storage of grain. For abolishing mandatory
certification in Ukraine there were about 790 silos with a capacity of about 33.5 million
tons of Other stores and elevators or do not provide quality service or do not have a
proper technical equipment. That is, even when the grain harvest to 60 million tonnes
and oilseeds at the level of 15 million tonnes there is a deficit of quality storage tanks.

Secondly, the limited capacities for grain transshipment in ports. Domestic ports
may, within one month of overloading on the export of 3.0-3.2 million tonnes of grain.
Therefore, with the increase of production is necessary to increase the capacity of port
elevators.

Thirdly, a mismatch between the needs of the domestic market and transport
infrastructure. It is affected by the deterioration of rail transport, the poor state of some
road segments of the message of the regions with the ports of the Black sea, the
underdevelopment of river transport. Overall, therefore, these factors hamper the
development of grain farming, namely increasing production and exports. In addition,
there are high freight costs and inadequate transport services. For example, the cost of
inland transportation of grain in Ukraine is large in comparison with Germany about
40%, as compared to the United States by 30%. In the future, with increased production
and export of grain will be a shortage of available transport for the carriage of goods.

Road transport is an important tool for grain logistics. However, development of
this type of transport are the technical characteristics and condition of the roads.
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One of the main problems in this segment of grain logistics is the excess weight
standards for vehicles. For Ukraine it is common practice to overload the grain. Thus,
use fewer trucks, making the grain supply more mobile and less expensive. According
to the standards of the grain weight must not exceed 38 T. However, the actual overload
of grain reaches one third of the permitted amount of transportation. Therefore, the
Government has banned the carriage on highways, leaving loads weighing more than
40 tons of relevant services and recover the dimensional and weight control of vehicles
on public roads. Overall, these measures will help to reduce the wear and tear of
vehicles and improvement of road pavement condition in the future.

According to the carriers, such measures will lead to an increasing demand for
vehicles at least in half. Besides, they negatively affect the delivery rate of grain
productivity and grain terminals. Even the manufacturers of grain will feel such
regulation as will increase the cost of transportation of products, which will result in
lower grain prices.

Conclusions

The grain logistics system as a necessary element for the functioning of the grain
market requires modernization of existing and commissioning of new capacities. This
requires balanced investment policy, stakeholder management and government
support. Since the development of the grain logistics infrastructure ensures job
creation, value added production, which leads to an increase in revenues to the state
and local budgets. Thus, the joint efforts of the logistics infrastructure in the near future
to meet the needs of the market.
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VJIK 631.004.1

JIEPEBO IIJIEM CACTEMMU BIJHOBJIEHHSA IMPAIIE3JJATHOCTI
CIVIBCBKOI'OCITOJAPCBKUX MAIINH

1JI. Pozoecovkuii
Hayionanvnuti ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

EdexTuBHE BUKOPUCTAHHS CLILCHKOTOCIOAAPCHKOI  TEXHIKH, OCOOJIMBO
€HEepProHaCU4YeHO1, MOKe OYTH JOCATHYTO MPHU BIJMOBIIHINA OpraHizaiiii KOMILIEKCHOI
CUCTEMH TEXHIYHOTO CEepBICY, sIKa TOBHHHA OXOIUTIOBATH BCl €TaNN KUTTEBOTO LUKITY
Bi1 IpuAOaHHS MAIIMHY, TIEPSANIPOIAKHOI IMATOTOBKH, e(EeKTUBHOT BUPOOHUYOI Ta
TEXHIYHOI eKCIUTyaTallli, TeXHIYHOTO OOCIYroBYBaHHS 1 PEMOHTY JI0 CIHCAHHS Ta
yTHJII3a1ii.

3riHO 3 pe3yJibTaTaMH JIOCIIKEHb Ta y3araJibHeHb [1] TepMiH “TexHIYHUI
cepBic”’ chopMyJIbOBaHUN y HACTYIIHIM peAakiiii: TEeXHIYHUU CEepBIC — 1€ CUCTeMa
3a0e3ne4yeHHs]  BUPOOHMKIB  CUIbCHKOTOCIMOAAPCHKOI  MPOAYKIIi  TEXHIKOIO,
€(EeKTUBHOTO BUKOPUCTAHHS, MIATPUMAHHS Yy CIPaBHOMY CTaHI Ha MPOTS31 BCHOTO
nepiojy eKcIuTyaTarii.

3 HAyKOBUX MO3UIlKA [2] cucTeMa BU3HAYAETHCA SK CYKYIHICTH (KOMILJIEKC)
B3a€MOJIIFOUMX, B3a€EMOIIOB’ SI3aHUX KOMITOHEHTIB 1 CKJIQJIOBUX, 1110 YTBOPIOIOTH €JIMHE
uine. Kommiekc KOMIOHEHTIB 3a0e3neuye TOCATHEHHS OCHOBHOI METH, XapaKTepHOi
JUISL BCI€l CYKYIHOCTI, a He JyIs sIKOi-HeOyap KoMOiHaiii 3 Hux. s cuctemu
XapaKTepHA B3a€MO/Iisi KOMIIOHEHTIB, HasABHICTh BXoAy 1 Buxoay [3]. Cucrema Moxe
OyTH mpejcTaBiIeHa 3aJJaHUM YUCJIOM ITiJICUCTEM, KOJKHA 13 IKUX MOKE€ PO3TIIAIaTUCS
SK CUCTEMA OUIBIII HU3BKOTO PIBHS.

Metoro cucteMu TEXHIYHOTO CEpBICY € CBO€4acHe 3a0e3leueHHs
CLIIBCBKOTOCTIOAPCHKUX TOBAPOBUPOOHHUKIB TEXHIYHUMH 3aCO0aMU, MIATPUMAHHS 1X
y CIpaBHOMY CTaHI Ha MPOTA31 KUTTEBOTO LUKy, €(PEKTUBHE BUKOPHCTAHHS MPH
MIHIMQJIbHUX TPYJOBUX 1 MaTepialibHUX BUTpaTax.

[le 3aranbHa MeTa CUCTEMHM, ajie IS il HOCATHEHHS HeoOX1THO chopMyBaTH
HU3KY JTIOKQIBHUX I[1JI€ OKPEMUX MiICUCTEM, TOCATHEHHS SIKUX TIOBUHHO 3a0€3MEYNTH
3aragpHUM  ycmix. Jlns  BUKOHaHHS 1i€i  poOOTH B CHCTEMHOMY aHaji3i
BUKOPUCTOBYETBCSI METOJ JepeBa uuied. JlepeBo miyielr OyayeTbCs y BHUIIISIIL
1€papXxi4HOi CTPYKTYpH, BEPIIIMHA BEPXHBOTO PIBHA SIKO1 BIJIMOBIJIa€ 3arajbHIA METi
CUCTEMHU, a 1HII BEPIIMHU BU3HAYAIOTH JIOKAIBHI I, peali3allis KX 3ade3neuye
JOCATHEHHS 3arajibHo1 MeTH. [Ipu 11boMy MOBUHHA 3a0e3I1euyBaTUCs IOBHOTA JIEPEBA
11J7IeH 1 HEMPOTUPEUUBICTh, TOOTO Mepea0ava€eThCsl PI3HOCTOPOHHIM PO3TJIs 3aralbHO1
MeTH (YHKIIOHYBaHHS CHCTEMH 1 BIJICYTHICTh TaKUX, IO TOBTOPIOIOTHCS abo
130JIbOBAaHUX, HE MOB’SI3aHHUX 3 IHIIUMU IUIe. 3 BpaxXyBaHHSM LHMX IOJIO)KEHb, HA
pUCYHKY | moKa3aHO AEpeBo IijIel CUCTeMH TeXHIYHOTO cepBicy. L{imi, o mo3HayeH1
1M(ppOBUMH 1HIEKCAMH, MAIOTh HACTYITHHUI 3MICT.
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Puc. 1. Cxema nepeBa 11iieli CHCTEMH TEXHIYHOTO CEPBICY B arponpOMUCIOBOMY
KOMILIEKCI.

0. CBoeyacHO 3a0€3MEYUTH CUIBCHKOTOCIOAAPCHKUX TOBAPOBHUPOOHUKIB
TEeXHIYHUMHU 3aco0amu, MATPUMAHHS iX y CHOPaBHOMY CTaHI Ha MPOTS31 )KUTTEBOTO
UKy, €(DEeKTHBHE BUKOPHUCTAHHS MpPH MIHIMAIBHUX TPYAOBUX 1 MaTepialbHUX
BUTpAaTax.

1. BusHaunTy HanpsMU PO3BUTKY TEXHIYHHUX MTOCIIYT:

1.1. Po3poOuTu mporHo3 po3BUTKY MEPEKI TEXCEPBICHUX MiITPUEMCTB.

1.2. Po3poOuTH METOAMKU 1 PEKOMEH Il 3 OLIIHKKA PI3HUX (POPM TEXHIYHOTO
CepBICY Ta BU3HAUCHHS 00CATIB TEXCEPBICHUX MOCIYT 1 paIlloHAILHOTO PO3MOILTY MiXK
p13HUMHU (POPMYBAHHSIMH.

1.3. Po3pobutu pexkoMmeHaarii 3 BHUPIIICHHS OpraHizaifHO-eKOHOMIYHHUX
NUTaHb TEXHIYHOTO CEPBICY.

1.4. CpopmyBaTu peKilaMHy MEPEXKY.

2. CdopmyBati MeEpeKy TOPTrOBEIHHO-TIOCTAYAIBHHUIIBKAX 00’ €HAHb 1
MIITPUEMCTB.
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2.1. ChopmyBatu Mepexy MaliJaHUMKIB BUCTABKU-TIPOAAKY MaIuH (y Ji3UHT
Ta B po3api0), y TOMYy YHCII Ha MpaBax AWiepa, 3 IEeXaMu MepPeanpOoIaxKHOTO
00CITyrOBYyBaHHSI.

2.2. ChopmyBaTu MEpeKy TOProBeJIbLHUX IIEHTPIB, IOMIB, Mara3uHiB 3 MPOAaxKi
arperariB, 3alacHUX 4YacTWH, TEXHIYHUX PIJWH, MaTepialiB 3 JabopaTopisaMu
KOHTPOJTIO SIKOCTI.

2.3. CopMyBatu MmiIpO3aLIKA IIOJ0 JOCTABKM KYIUJICHOT TEXHIKU, arperarib
3aMacHUX YaCTHH CUThCHKOTOCIOIAPCHKUM TOBAPOBUPOOHUKAM.

2.4. CTBOpPUTH MEPEKY TOPrOBEIbHUX (POPMYBaHb BTOPUHHOTO PUHKY TEXHIKH,
arperariB 1 3alIaCHUX YaCTHH, TEXHIK OOMIHHUX MYHKTIB.

3. CopmyBaTu Mepexy IiaIPUEMCTB MaiCTEpEHb, IIEXIB 1 IEPECYBHUX 3aC001B
TEXHIYHOTO  OOCIYrOoBYBaHHS,  YCYHEHHS  HECIPaBHOCTEH 1  PEMOHTY
CLIIbCHKOTOCTIONAPCHKOT TEXHIKU B TAPAHTIMHUM 1 MICIATapaHTINHUN TIEpio/.

3.1. Buznauutu 06csru peMOHTHO-00CIyTOBYIOUUX POOIT.

3.2. CxiacTtv IpOrHO3 PO3MOILTY OOCATIB PEMOHTHO-00CTYTOBYHOUHX POOIT M1k
PI3HUMHU JIAHKAMU PEMOHTHO-00CTYyTOBYIOYOi MEPEKI.

3.3. Ckyactd TpPOrHO3 PO3BUTKY MEPEXKI PEMOHTHO-OOCIYTOBYIOUUX
(opMyBaHb PI3HUX PIBHIB 1 (POPM BIIACHOCTI.

4. llpoBecTH  TEXHOJOTIYHY  MIATOTOBKY  PEMOHTHO-OOCIYTOBYIOUUX
H1JIPUEMCTB, MaiiCTEpEHb, LIEXIB.

4.1. IlpoBectn HayKOBl JOCJIJDKCHHS  HAJIMHOCTI, PEMOHTHOI Ta
eKCIUTyaTaliiHOlT TEXHOJIOTIYHOCTI MalllMH, 3aKOHOMIPHOCTEM BTpath poOOTO
3JIaTHOCTI TEXHIKH.

4.2. Po3pobut HOPMATUBHO-TEXHIUYHY Ta TEXHOJOTIYHY JIOKYMEHTAllll0 Ha
TEXHIYHE 00CIYrOBYBaHHS Ta PEMOHT CUTHCHKOTOCTIOIAPCHKOT TEXHIKU, OpTraHi3yBaTH
il TUpa)XyBaHHS 3T1JHO 13 3alIUTUMHU CIIOKUBAYIB.

4.3. Po3poOuTH KOHCTPYKTOPCHKY IOKYMEHTAIlII0 HA JIarHOCTUYHE 1 POMOHTHO-
TEXHOJIOTIYHE OO0JaJHaHHSA, MPWIAIWA, MPUCTPOI 1 IHCTPYMEHT ISl TEXHIYHOTO
00CIIyTOBYBaHHSI 1 PEMOHTY ClJIbCHKOTOCIIOAAPCHKOI TEXHIKH, OpraHi3yBaTH ix
CepifHUI BUITYCK 3T1HO 13 3aIMTAMH CIIOKHUBAYIB.

4.4. Po3poOuUTH NOKyMEHTalil0 3 OpraHizaiii BUPOOHHUITB Ta E€KOHOMIYHUX
B3a€MOBITHOCHH M1 MapTHEPAMHU.

5. 3a0e3neynTH TEXHIYHE OOCIYTOBYBaHHS 1 PEMOHT CLIbCHKOTOCIOAAPCHKOT
TEXHIKM B TapaHTIMHHUIA Ta MICIArapaHTIMHUN TMEpioaM eKCIuTyaTaimii Ha MpoTs3i
KUTTEBOTO ITUKITY.

5.1. 3abesneuntr TEXHIYHE OOCIYrOBYBaHHS 1 YCYHEHHS HECIPAaBHOCTEH
TEXHIKU B TapaHTIMHUM MEPIO/I.

5.2. 3abe3neuynTH A1arHOCTYBAaHHS, TEXHIYHE OOCIYrOBYBaHHS 1 YCYHEHHS
HECIIPaBHOCTEM TEXHIKH 32 3aMOBJICHHSM CIIOKHUBAY1B MOCTYT.

5.3. 3ab6e3meun Ty TeXHIYHE 0OCITYTrOBYBaHHS 1 PEMOHT TEXHIKH B CTAI[lOHAPHUX
yMOBax 3a 3aMOBJICHHSIM CIIOKMBaYiB.

5.4. 3a0e3neunT peMOHT BY3JiB, arperariB MOBHO KOMIUICKTHMX MAIIMH Ta
BIJTHOBJICHHS JIeTaJIell B yMOBaX CIICIiali30BaHUX ITIAMPUEMCTB.
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5.5. 3abe3neunTy TeXHIYHE 0OCIYrOBYBaHHS 1 PEMOHT TEXHIKM TapaHTIMHMIA Ta
niciasrapaHTIMHUM nepioan B yMOBaxX (pipMOBUX TEXHIYHUX IIEHTPIB.

5.6. 3abe3neunTy TeXHIYHE OOCIYrOBYBaHHS 1 PEMOHT TEXHIKM B yMOBax
MAaIIUHHO-TEXHOJOTTYHUX CTAHIIIH.

5.7. 3abe3neynTd peMOHT MOTPUMAHOI TEXHIKU, OOMIHHUX BY3JiB, arperaris,
B1IHOBJICHHSI JieTajiel /sl opraHizallii BTOpUHHOTO PUHKY TEXHIKH.

6. 3ab6e3neunTu €(heKTUBHY EKCIUTyaTallll0 TEXHIKU MalTHHHO-TEXHOJIOTTYHUX
CTaHIl Ta MEXaHI30BaHUX 3ar'OHIB.

6.1. 3a0e3neunTu BUKOHAHHS TPY/O- 1 EHEPTOMICTKUX ClIIBCHKOTOCTIONAPCHKUX
pOOIT 3a 3aMOBJICHHSIM CIIO>)KHUBAaYiB.

6.2. 3a0e3neunTy OpeH Ty 1 MPOKAT CIITLCHKOTOCTIONAPCHKOT TEXHIKH.

6.3. 3a0e3neunTy BUKOHAHHSI MOHTAXXHHX 1 ITyCKOHAJIAroKyBaJIbHUX POOIT 3a
3aMOBJICHHSIM CTIO)KHUBAaYiB.

7. 3a0e3neunTy MiArOTOBKY Ta MEePEniroTOBKY Ta MePEniAroTOBKY 1H)XKEHEPHO-
TEXHIYHUX MPAI[iBHUKIB Ta MEXaH13aTOPCHKUX KaJpiB 3 HanpsAMY “TexHiuHui cepBic B
ATIK”.

7.1. 3abe3neunTy MiAroTOBKY OakanaBpiB, CHELIATICTIB Ta MArICTPIB 3 HANIPSAMY
“Texniunnii cepsic B AITK”.

7.2. 3a0e3neunTy MiArOTOBKY Ta MEPENiAroTOBKY MEXaH13aTOPChKUX KaJlpiB 3
MUTAHb TEXHIYHOTO CEPBICY.

HynboBoMy piBHIO BiJINOBI/Ia€ OCHOBHA METa TEXHIYHOTO cepBicy. Jlo mepiroro
piBHS BigHOCsATHe 1 1, 2, 3, 4, 5, 6, 7; 10 Apyroro - Imo3Ha4eH1 JBO3HAYHUM
1HJEKCOM.

HeoOximHicTh 1 TOCTaTHICTH IIJIEH MEPIIOTrO JOCUTh MOBHO OOTpyHTOBaHa B
omyOiikoBaHUX HaykoBux mpargsix [1, 3, 4, 5]. BoHu oxomioOTh BCl HanpsMu
TISTIBHOCTI PUHKY TEXCEPBICHUX IOCIYT, MOYMHAKOYM BiJ BHUBYEHHS KOH €KTYpH
PUHKY, HAyKOBOTI'0 3a0e31eueHHs1, JopMyBaHHA 1HYPACTPYKTYPH TEXCEPBICHUX CIYKO
1 3aBEPIIYIOYH MiJTOTOBKOIO KaPiB.

[lim apyroro piBHS BH3HAYalOTh CKJIaJ] poOIT, 1m0 3a0€3IMeuyoTh JOCSITHEHHS
IIIJICH MEepIIoTo PiBHS.

Bxonom cuctemu € puHOK TEXHIYHUX TTOCIIYT:

- HasIBHICTB TOCIIOJIAPCTB Pi3HUX (OPM BIACHOCTI;

- HAsBHICTh MAIlIMHHO-TPAKTOPHOTO IMapKy, HOTr0 BIKOBHM CTaH, peajbHa
MOKJIMBICTH (IMIPOTHO3) HOTO OHOBJICHHS,

- HasIBHICTh PEMOHTHO-00CIYTOBYIOYOi 0a3u 1 ii cTaH.

Buxonom cucremu €:

- MepeXa perioHajdbHHX, OOJACHUX, paHOHHMX, (DIPMOBHUX, TOCHOAAPYUX,
KOOTIEpAaTUBHUX 1 MNpUBATHUX (POpPMYyBaHb TEXHIYHOTO CEpBICy, 3abe3meueHux
TEXHIYHOIO JIOKYMEHTAIII€l0 1 3ac00aMU TEXHOJOTIYHOTO OCHAIICHHS (00JagHaHHS,
OpUIaau, TPUCTPOTL, IHCTPYMEHT) 31aTHUX 3a0€3MEUNTH PUHOK TEXHIYHUX TOCIYT;

- MATOTOBJICHI KaJIpH, 37aTHI KBaTi(hiKOBaHO 1 3 BUCOKOIO SIKICTIO BUKOHYBATH
BECh KOMILIEKC TEXHIYHUX TOCIYT;
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- JII€EBH €KOHOMIYHWN MEXaHI3M, Mo 0a3yeThCcs Ha JOTOBIPHUX 3acajax i
BpPaxoOBY€ B3a€EMO BUTIIHICTD 1 3a111KaBJICHICTh MAPTHEPIB.

3BOpOTHUH 3B 30K 3a0€3MEUYETHCS IUIIXOM OIIHKH SKOCTI, OTMEPAaTUBHOCTI,
BapTOCTI TEXCEPBICHUX MOCIYT, K1 POPMYIOTH MOMHUT.

HaykoBo-ocaiiHi yCTaHOBM, BHIIlI HaBYaJbHI 3aKJaad, MiAMNPUEMCTBA-
BUTOTOBJIIOBAYl TEXHIKH, IO BXOJATH B CUCTEMY, 3a0€3ME€UYIOTh MMPOTHO3 PO3BUTKY
MepexXl MIANPUEMCTB TEXHIYHOTO CEPBICY, pPO3pOOKY HOPMATHUBHO-TEXHIYHOI
JIOKYMEHTAIll1, METOAUK 1 peKOMEHAAII/, TEXHOJIOT1 TEXHIYHOTO OOCIYyroBYBaHHS 1
PEMOHTY TE€XHIKU, CTBOPEHHIO YHIBEPCAJIHHOTO 1 OJIOYHO-MOYJIBHOTO OO0JaJHAHHS,
NpWIAIB 1 HPUCTPOIB ISl TEXHIYHOTO OOCIYyTOBYBAaHHS, PEMOHTY TEXHIKHM Ta
BIJIHOBJICHHS JETaJIel, MPOTHO3YBAaHHSA HAJIWHOCTI Ta BU3HAYEHHS MEPIOJUYHOCTI
OHOBJICHHS T€XHIKH, PO3POOKH HOBUX OpraHizamiiHuX (opM BUKOPUCTAHHS MaIUH.
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AUTOMATED ANALYSIS OF CLINICAL PARAMETERS IN SYSTEM
SYNTHESIS TECHNICAL SUPPORT FOR EARLY DIAGNOSIS
OF INTERNAL DISEASES OF CATTLE

V.D. Voytjuk, I.L. Rogovskii
National University of Life and Environmental Sciences of Ukraine

The collection, processing and automated analysis of clinical parameters of the
animal is an important component of many diagnostic methods of modern veterinary
medicine [1]. Diagnosis and prognosis of disease, the choice of methods of treatment
of a sick animal are largely based on objective analysis of bioelectrical signals recorded
in the monitoring process [2]. In some cases, the possibility of signal processing by a
doctor, however, the automatic calculation of informative parameters with the use of
computer has advantages and lower costs [3]. Automatic data processing has a number
of advantages, namely: 1) data processing is carried out according to the same scheme,
2) the results are presented in a standardized form, 3) it is possible to use only standard
terminology. A computer system for gathering and mathematical processing of
electrophysiological signals are complex hardware — software complexes, which
consist of many software components that perform the functions of registration for
biomedical information, its processing and system analysis, diagnostic and service
operations.

Rapid development and introduction of information systems into clinical
practice has led to the need for their standardization. Standardization in medical
Informatics in General, biomedical devices and systems, in particular, has a number of
difficulties, primarily due to the difficulty in formalization of objectives and the
construction of unified models of such systems. However, despite the fact that the
development of biomedical systems is characterized by contradictory and inconsistent
standards for health information exchange successfully developed and implemented at
the level of large and medium information systems. The task of developing information
standards is to build on the basis of modeling a variety of biomedical data of a single
item, universal methods of representing and coding data, and a messaging system that
allows you to integrate subsystems from different manufacturers within a single
information environment.

The creation of a huge number of similar functions, but completely incompatible
with other systems, became a serious obstacle to the development of the industry as a
whole. The most difficult task facing the developers of any software biomedical system
Is to provide a high level of interoperability between biomedical applications
developed by different manufacturers and running on different platforms. This concept
has a broad meaning: to have access to the various systems common information
resources, the ability of systems to communicate effectively between themselves for
the solution of applied problems in real-time.
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Among the clinical indicators that determine during the mass studies of cattle is
thermometry and determine the heart rate. The thermometry is typically carried out
using mercury or electronic thermometers rectally. The heart rate is determined using
ponendo or phonendoscope.

The disadvantages of these methods is the high complexity of the process, a large
role of subjective factors in the diagnosis, the need for reliable fixation of the animal.

Systematic monitoring is called monitoring. It monitoring helps identify trends
in the development of the state, presented in the form of statistical trends. For them
perform a retrospective analysis using a computer and telemetry technologies is an
actual problem.

Therefore, the determination of clinical parameters in farm animals using a
computer and telemetry technologies is an important issue.
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