V]IK 62-93

B. M. I'ypcbkuii, 1. B. Ky3bo, B. 1. Jlo3auncbkuii*
Harionansaumii yHiBepcurer “JIbBiBCbKa MOJITEXHIKA”

BU3HAYEHHS ITAPAMETPIB
BIBPOYJAPHUX MAIIHUH I3 YPAXYBAHHSAM
IXHIX BUBHAYAJBHUX XAPAKTEPUCTHUK

© I'ypevkuii B. M., Kysvo 1. B., Jlo3uncokuii B. 1., 2019
https://doi.org/10.23939/istcipa2019.53.005

Meta. DopMyBaHHS y3araJbHEHOrO MOKa3HMKAa €()EeKTHBHOCTI (YHKI[IOHYBaHHS Ta aHali3 pPE30HAHCHUX
BiOpaIliifHUX MallMH 13 ypaxyBaHHSAM IXHIX BU3HAYAJbHUX EHEPreTUYHHX, JUHAMIYHUX 1 TEXHOJOTTYHHX
xapakrepuctuk. Meroguka. /s omiHiOBaHHST e(heKTHBHOCTI (DYHKIIIOHYBaHHSI BiOpallifHUX CHCTEM BHUKOPHCTaHO
Tpu 0a30BHX HapaMeTpH — BiJHOLIEHHS MaKCUMYMY IPULIBHIIICHHS POOOYOi Macu JI0 CIOXKHMBAHOI MOTYXKHOCTI,
Koe(illieHT acuMeTpii NPUINBUALICHHS Ta MIMPUHA PE30HAHCHOI 30HM. Ha HacTymHOMy eTami IIi MMOKa3HUKH
TIpUBEJIEH] 10 6E3pO3MipHOrO BUNY, A€ BU3HAYAINbHUM BHOpaHo nepiuii. CpopMoBaHO y3araibHEHUH ITOKa3HHK, 110
Ma€ BHTJIS PI3HUII MPEJCTAaBICHNX MTOKAa3HUKIB Ta € (DYHKIII€I0 METH onTuMi3aniiiHoi 3a1a4i. OTpuMaHuii MOKa3HUK
NnoAaHo y (yHKUIOHAIFHOMY BHWIJISZI, L0 BPaxoBye KOe(iI[iEHTH J>XOPCTKOCTI Uil CHUHTE3y pI3HOro Kiacy
PE30HAHCHHUX CHUCTEM — TapMOHIMHUX 1 BiOpoymapuux. OnTHMizaliiiHuil cUHTE3 3MIHCHIOETHCS Ha 0a3i cucTeMu
HENHIHHUX Ju(epeHialbHIX pPIBHSHB, IO ONHMCYE AMHAMIYHI TpolecH y BiOpalliiHiii cucremi 3 BpaxyBaHHSIM
PIBHSIHHS CTaHy E€JIEKTPOMAarHiTHOro npuBoay. Pe3ysibTaTu. BukopucToByloum He3ajexHi KoeillieHTH CHHTE3Y
MPY)KHUX TapaMeTpiB OTPUMaHO (DYHKIIOHANIBHY 3aJIEKHICTh KPUTEPIIO SKOCTI, [0 BU3HAYAETHCS €KCTPEMAJIBHOO
XapakTepucTukow. [Ipu [bOMY OTPHUMaHO XapaKTEPUCTHKY, IO OIMCYE TPU CTaHH BiOpaumiiHUX CHCTEM.
BcranoBieHo, 1o 3a IMM KpHUTEpieEM KIacuuHi BiOpOyIapHi CHCTEMH HOCTYNAalOThcs 32 €()EeKTHBHICTIO (YHKIIiO-
HYBaHHS TPaJULIHHUM TapMOHIHHMM cucTeMaM. OTpUMaHO HOBI IapaMeTpH, IO OIUCYIOTh HOBI BiOpoymapHi
CHCTEMH, IO CYTTEBO IIEPEBaXKAIOTh ICHYIOUI METOAM IXHIX po3paxyHKiB. OTpHMaHi 3aleXHOCTI Jar0Th 3MOTY
OLIIHUTH BIUIMB [TApaMETPiB CUHTE3y Ha e()eKTUBHICTH (DYHKIIOHYBaHHS 3 BPaXyBaHHSIM BiJIIOBIIHIX TEXHOJIOTTYHUX
i quHaMiyanx BuMor. HaykoBa HoBM3HA. Briepiie otpuMmaHo KpuTepiii epeKTHBHOCTI PI3HOIO KIJIACY PE30HAHCHUX
BiOpaIliifHUX cUCTeM, IO BPaxOBye iXHI BU3HAYAJIbHI €HEPreTHUYHI, TEXHOJIOTIYHI Ta JUHAMIYHI XapaKTEPHCTHUKH.
Bnepuie minrBepmkeno, mo (GopMyBaHHS BiOpOyIapHHX CHCTEM 3a KJIACHYHUM TPHHIMIIOM € HepalliOHAbHHM,
OCKIJIbKH TaKi MOCTYNAIOThCS TPAAULIHUM TapMOHIHHUM cucTeMaM. BcTaHOBIEHO IPUYMHY TaKkoi Hee(eKTUBHOCTI,
0 KPHETHCS Y HEOOXIAHOCTI KOPHUTYBAaTH JBa KOC(DIIIEHTH >KOPCTKOCTI UIS peaiizaiii 3aJaHuX pPEe30HAHCHUX
pexxumiB podoru. [IpakTudna 3HaYymicThb. Po3risiHyTa 3a1aua 1a€ 3MOT'y peaiti3oByBaTH Ha pPO3PaxyHKOBOMY piBHI
BiOpalliifHi CHCTEMH 13 3aK/IaICHUMHU TEXHOJOTIYHUMH 1 TUHAMIYHUMHU XapaKTepucTHKaMu. [Ipu oMy, eHepreTHyHi
XapaKTepUCTUKH (OPMYIOTBCS 32 YMOBH JOCATHEHHsS iXHIX MAaKCUMaJlbHUX 3HaueHb. MeToanka J03BOJISIE
peai3oByBaTH sK TpaIMIiiHI BiOpOyZapHi Ta TapMOHIMHI CHCTEMH, TaK 1 HOBi, III0 € CYTTEBO CHEPrEeTUIHO
epeKTUBHINIMMHU. 3a pe3ylnbTaTaMd CHHTE3Y pPO3PAaxOBYIOThCS 3HAUCHHS KOE(IlliEHTIB JKOPCTKOCTI, a TaKOX
BH3HAYAJIbHI KIHEMATHYHI Ta JMHAMIYHI TAPAMETPH.

Knwouosi cnosa: ebpextuBHICTh (QYHKIIOHYBAHHS, KpUTEpild e(eKTHBHOCTI, pe30HaHC, BiOpaliiiHa cucrema,
BiOpoymap.

Beryn. V cyyacHiit mpaKTHIII METOAWKH MPOCKTYBAHHs BiOpallifHUX TEXHOJOTIYHUX MAlIWH HE €
JOCTaTHBO JOCKOHAIUMH. [IpHYMHOIO IBOMY € Te, IO MPUHIIMIM, SIKi 3aKJIaJaloThCs IMiJ] 9aC CTBOPEHHS
MallliH HE MOBHOK MIpOI0 BPaxOBYIOTh YCHOTO KOMIUIEKCY BHUMOT, TEXHOJOTIYHUX 1 EKCILTyaTaI[iiHUX
¢dakropiB. Meromosorii po3paxyHKy BiOpOyTapHHUX MalllMH, 10 HAa PO3PaxXyHKOBIA CTamii J03BOJIsIE
3aKJIaCTH OCHOBHI CGHEPreTHYHI Ta TEXHOJOriuHi mepeBarn He icHye. lle moB’s3aHO 3 CBOEPiTHUMH
JMHAMIYHAME OCOOJIMBOCTSIMH, III0 NMPHUTaMaHHI BiOpaliiHUX CHUCTEM, SKAX TOMEPEAHBO JIY)KE BaXKKO
CIIPOTHO3YBATH Ta SIKi BUSBISIOTHCS HA HACTYIHIN Tporenypi anamizy. Halinepiie HeoOXiqHO BpaxyBaTH
BHMOT'M TEXHOJIOTTYHOTO XapakTepy, [0 He MPHB’s3aHi O CHEPreTHYHUX XapaKTEPUCTHK 1 rmapaMmeTpiB
MaIlMHA. 3Ba)Kal0YM Ha Te, 0 Mpoiec 00poOieHHs MOKe OyTH HE ONMHCAHHMH SK TaKW, BIAMOBIAHO BH-
HUKA€E MUATaHHS II0/I0 ICHYBaHHS MEX PalliOHaJbHUX TapaMeTpiB, SKi 3aJJ0BOJBHSIIOTH MEBHI TEXHOIOTI4HI
MOKJIMBOCTI Il peajizailii BiAmoBigHUX MamuH. Jlo ocoONMMBOCTEM mMiIXoAy, SKANH PO3MIISIAETHCS



6 Asmomamu3sauiss 8UpobHUYUX rpoyecie y MawuHobydysaHHi ma rpunadobydyeaHHi. Bun. 53. 2019

MOTPIOHO BHECTH Te, 110 aHAaJ3 3/IHCHIOEThCS Ha MOJIENi 3 BpaxXyBaHHSIM PIBHSIHHS npuBoay. Llum moxe
Oy/u TATBEp/KEHO, 0 BUKOPHUCTAHI MapaMeTpH IPUBOJY 371aTHI pealli3yBaTh MOTPiOHI XapaKTePUCTHKH.

Ananiz nimepamypuux 0xcepen. Peaiizailis BUCOKOS(PEKTHBHIUX MAIIUH 3yMOBJIIOE HEOOXIIHICTh
PO3IIISAY 3aBllaHb KOMIUIEKCHOTO OaraTOKpUTepiaibHOTO cHHTE3Y [1, 2], 110 1al0Th 3MOT'y KOPHCTYBA4EBi
BCTAHOBJIIOBATH HAOIp MOTPIOHMX MOKA3HMKIB BIAMOBIIHO 10 BUMOT, 110 BUCYBaloThCsA. [Ipu boMy Bax-
JUBUM € TPaBUILHUN BUOIp BU3HAYAIBLHOTO MOKAa3HHKA, IO MOXKe OyTH TOAaHUN TaKOXK B IHTErpasibHii
¢dopmi. 3rimHO 3 pe3yabTaTaMH OJHUX JOCTIIKEHb, BH3HAYAJIBHMMHU I OI[IHKA e(pEeKTUBHOCTI
(YHKIIOHYBaHHS € CHEPreTHYHI NMOKAa3HWKA poOOTH MammHHu [3], IHIMX — MOKa3HHKH eHeproedek-
TUBHOCTI TIiporiecy o0OpoOnieHHs [4]. Bu3HavanbHUMH XapaKTEPUCTUKAMH, IO BHKOPHUCTOBYIOThH JUIS
OI[IHKK BIOpOyJapHUX pPEXUMIB POOOTH IUHAMIYHMX CHCTEM, 3TigHO 3 [5] € XapaKkTepHCTUKH
MPHUINBH/IICHHS: HOro MakcMMallbHe 3HA4eHHs, Koe(illieHT acuMerpii, rapMoHiiHuN ckmaa. Takox
JOITFHO BU3HAYATH CWIIY Ta TPHUBANICTh YAapy JJs OIIHKH HAJiHHOCTI Ta MIIIHOCTI KOHCTPYKTHBHHUX
CJIEMEHTIB, 1110 3a3HAIOTh Oe3MmocepeHbOro yaapy [6, 7]. Joayuutu 10 CHHTE3Y yCi XapaKTepHi SBHUIIA Ta
eeKTH, IO CYNPOBOKYIOTH BiOpoymap, J0BOJI mpoOieMaTuuHO. CKIAIHICTh 3aaad  IOPOIKYE
napaMeTpUYHICTh HETIHIMHUX CHUCTEM, MOXJIMBICTh ICHYBaHHS JEKUTbKOX PEKUMIB Ta IXHS JWHAMIYHA
criikicte [8]. Ilim wac aHamily HEOOXiZHO BCTAHOBUTH MPIOPUTETH Yy (QOPMYBaHHI KIIOYOBOTO Ta
JONIOMDKHUX KPHUTEPIiB JJIs SKICHOTO aHalli3y Ta CHHTE3y HEIIHIMHMX BiOpoymapHuX cucteM. Y [9]
MPEJCTABJICHO MPHHIIMIIA 0araTOKPUTEPIiaIbHOTO aHai3y Ta CHHTE3y PE3OHAHCHHUX, 30KpeMa BiOpo-
YIApHUX MAIllUH TEXHOJOTIYHOTO TPU3HAYCHHSA. Y PO3BHTOK BCTAHOBJICHHX IOJOXKEHB MPOMOHYETHCS
(dbopmyBaTH OUIBIN y3araJlbHEHUH MiIXiJ, IO Tependayae 3aayv4eHHs B OTHOMY KOMIUIEKCHOMY MTOKa3HHUKY
MPUAHATHX TONEPENTHBO YACTKOBUX KpuTepiiB. [Ipu 1bOMy, NOUUIBHUM € PO3IIISIHYTH MOXIIMBICTH iX
3BECHHS J0 OE3pO3MIpHOro BHUAY JJI1 BHUKOHAHHS IIOAAJBIIONO ONTHUMI3aliHHOTO CHUHTE3y 0e3
BHUKOPHUCTaHHS JIOJIATKOBUX OOMexeHb. OTKe, MPOMOHYEThesi chOpMYBATH TEBHUH MOKA3HHK, IO A€
MOXIIUBICTh OIEPATUBHO HE TIUTBKH OILIHIOBATH OTpPHMaHe pIlleHHS, a ¥ 3akjlaJaTH KOMIUICKCHY
eeKTUBHICTh Ha CTail CHHTE3Yy MapaMeTpiB. 3a TaKMX YMOB MifiOpaHi mapamMeTpu peani3yloTh OCHOBHI
KIHEMaTUYHI Ta JIWHAMIYHI, @ TAKOK TEXHOJIOTIYHI IMepeBary.

Mema. ®opmyBaHHSI y3araJbHEHOTO TOKa3HUKA, IO BPAaxOBYE BAXKIMBI (PYHKIIOHANBHI Xapak-
TEPUCTUKU BiOpOYAapHOI CHCTEMH, BU3HAYCHHS HA HOro OCHOBI palliOHATBHUX MapaMeTpiB, MPOBEICHHS
MOPIBHSUTBHOT OIIHKHA eeKTUBHOCTI (PYHKI[IOHYBaHHS 3a IIMM TOKAa3HWKOM PI3HOT'0 KJIAcy BiOpamiiHuX
CHUCTEM.

Memoouxa npoeedennsn dociiodcens. llepiioueproro copMoBaHO Taki BU3HAYAIbHI BUMOTH JI0
KOHCTPYKIIi1 BiOpaIliifHOro mpucTporo:

1) eneproomaaHicTh (Brcoka eheKTHBHICTh (PYHKI[IOHYBaHHS);

2) 3abe3rieveHa TexXHoIoriuHa e()eKTHBHICTB;

3) 3a0BUIbHA CTIHKICTh 10 3MIHU HaBaHTAYKCHHSI.

ba3oBi 4acTkoBI MOKa3HHWKH, 10 BUKOPUCTOBYIOTH JUIS OIIIHKH TEXHOJOTIYHUX 1 €HEpreTHYHUX
XapaKTePUCTUKU PE30HAHCHUX BiOpaliiHUX cucTeM BU3HaueHi y [9]. 3okpema, 06a30BHIl eHepreTHYHHHA
MOKa3HHUK e(peKTHBHOCTI (PYHKI[IOHYBaHHS 32 MAKCHMYMOM TPUIIBUAIICHHS pOOOY0i MacH:

a
_ “pmax
Sa="p (1
ne a,., — MaKCHMAalbHE 3HAYEHHS MNPHUIIBMALICHHA PO00YO0i macu; P — CHOKHBaHA IOTYKHICTh
MaIlHY.

3ragaHuii MOKa3HUK JOIUIBHO MPUBECTH J0 O€3PO3MIPHOIO BUAY TaK:

m a maxU max
g, =%’ )

ne m, — poboya Maca (IHCTPyMEHTY, PyXOMOi IUIMTH TOWIO); VL, . — MAaKCUMaIbHE 3HAYEHHs UIBHUAKOCTI

pobouoi MacH.
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Hactynmaum 1o yBaru O0epyTh TEXHOJNOTIYHHN TOKA3HUK, IO BH3HAYA€ HASBHICTH BIOPOYIApHOTO
PEXKUMY SIK KOe(iI[iEHT acuMeTpii MpUIIBHUIIICHHS pPoO6ou0i MacH [5]

a
_ pmax
k, = 3)
|apmin
ae a, ., — MiHiManbHe (y Bil’€éMHIiN 001acTi) 3HAUCHHS MPHUIIBHIIICHHSA poOodoi Macu. Bimomo, mo mis

0araTboX TEXHOJIOTTYHUX BiIOPOYAApHUX MAIIMH (CTOJIB, TPOXOTIB) mpuiiMaeThes k, =3 —6.

[MpuBectn nokasHuk (3) 10 6€3p0O3MIpPHOTO BUTIISLY 38 HOTO BEPXHBOIO TPAHUIICIO MOXKHA TaK:
_ max (ka )
Q= 4
Y TakoMy BWNAJKy [OLLUIbHI MEXKi IOKa3HHUKAa CTAaHOBUTUMYTh [UIS BiOpOYyJapHHX CHCTEM
¢, =0,5—-1, a nus DiHIHKUX CHCTEM OYeBHIHO, O ¢, =1/6=10,167.
BinnosiaHo, mpolieaypa HOpMali3allii Mae Miciie i MOKa3HHWKa CTIMKOCTI, 30KpeMa JUlsl IHPHHU
PE30HAHCHOI 30HHU:
Ao=0,-0, 5)
Je M, 1 ® — YacTOTU BUIBHMX I BUMYIIEHHX KOJIMBaHb BiOpAIiHOI CHCTEMH.
Toni kpuTepidd CTIHKOCTI y 6€3p03MIPHOMY BUTIISIIL
=22, ©)
®
OueBuaHO, 1100 CHCTEMa HE 3aBalOBajiacsl y PE30HAHC Ta 3ape30HAHCHY 00JIaCTh, HEOOXIIHO
¢, >0.

YacTtkoBi KpuTepil Aal0Th 3MOTY 3BOPOTHHM YMHOM OTpUMATH Oe3rmocepenHi 3HA4YeHHS AIHCHHX
KiHEMaTUYHUX 1 IUHAMIYHHX ITapaMeTpiB.

3a BH3HAYCHUMH O€3pO3MIPHHUMH IIOKa3HHUKAMH € MOXIIUBICTh C(OpPMYBaTH Yy3arajibHEHHI
KOMIUJICKCHUH TTOKa3HUK e(peKTUBHOCTI BiOpamiiHOI CHUCTeMH, 3a SKHM KIIOYOBUH EHEepPreTHYHHH
noka3Huk (1) KopekToBaHWI TexHoioriyHuMU moka3zHukamu (3) i (5). Tomi kpurepiii sKOCTi, IO
BHCYBA€ThCS, MOXKE OyTH TPEICTABIICHUH TaK:

K=¢-¢,—g;. (7

VYmoBa (7) mOBWHHA TapaHTyBaTH Takuii HaOip mapamerpiB, IO CYMICHO 3a0e3NedyeThesi edek-
TUBHICTh ()YHKIIOHYBaHHS i3 BIAMIOBIIHICTIO 0 MOTPIOHWX KIHEMATHYHUX 1 AUHAMIYHMX XapaKTEPUCTHK
BiOpaniitnoi cucremu. [lpum mpomy K >0 rapaHTye Taky (BHCOKY) e(EeKTHBHICTH (DYyHKIIIOHYBaHHS
CYMICHO 13 3a0e3le4eHHSIM TEXHOJOTIYHOI JOIIBHOCTI, KONU OCTaHHS HE TOPYIIYE EHEepreTHYHUX
mepesar.

Jnst BUpIMIEHHS ONTHMI3alifHOTO 3aBJaHHs, [0 Ma€ CEHC Mij Yac CHHTE3y HOBHX BiOpOYIapHUX
MaIIHMH, TOTPIOHO PO3IIISIATH 3aBIaHHS

K — max. (8)

Y 3araJibHOMY BHINAAKY IOKa3HUK (8) € (QyHKIiE mHapaMeTpiB, IO BXOASATH 10 YaCTKOBHX
nokas3HuKIB (2), (4) i (6). Ix MOXKHA OTpPHMATH BiAMOBINHO i3 KOMIIIIEKCHOT IMHAMIYHOI MOJIEI, [0 MiCHTh
SK OCHOBHI KiHEMaTH4Hi (IPUIIBH/IICHHS, IIBUAKICTH), TaK 1 CGHEPreTHYHI MOKAa3HWUKH (CHOKHBaHA
MOTYXHICTB). SIK BiIOMO, 3HaYCHHS IIUPUHU PE30HAHCHOI 30HK A® A JNHIMHHUX 1 JSSIKUX HETIHIMHUX
cucreM (i3 0€33a30pHUMH KYCKOBO-JIHIHHUMH TPYXHHMH XapaKTePUCTUKAMH) HAIpsIMy MOB’S3aHO 13
MPYXHO-IHEPIIHHUME TIapamMeTpaMl CHCTeMH, IO € Oe3nmocepenHiM IHCTPYMEHTOM CHHTe3y. Tomy
ONTUMI3alliiHy 3aa4y JOLUIBHO Oa3yBaTH HA MOJAENISAX, L0 ONUCYIOTh KOJMBAJIBHUH PyX CHCTEMH
CYMDKHO 13 JpKepenoM 30ypeHHs. 30KpeMa, MOJIElNb, 10 OMUCYE KOJNWBajbHI MPOIECH y BiOpaliiHOMY
MPHCTPOI 13 IBOMA KOJTHBAIILHUMH MacaMH, IO MPUBOAATHCS B PYX Bill €IEKTPOMArHiTy 3MiHHOT'O CTPYMY,
HaOJIMKEHO MOXKHA rojaTu y Burismi [10]:
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o Sw?
2(8, (3 (£)-»,

re[ (1= @(i(0) -+ |
(t))).i(t)+ X oS- (3, (1) = 3 (1)) (1) =u();

& (1 (1) =y, (1)) 3 (1) =2, (1) <0 ©)
e (1)=b-(3(1) (1) - C"(yl(t)_h(t;)f?(<?>f(<?>i(;=-f )

_nHOSwz i(t)
H = 8 = )= )

3HayeHHs napaMeTpiB y Mozeni: w=1020 — KilbKicTh BUTKIB KOTymky; S =2,25-10°4° — mioma

MOBEPXHI MOMIOCIB MarHiTy; =2 Om — aktuBHHA omip korymku;, r~ =0,001 O — omip mioga B
npsmomy Ta 7=~ =10° Om 3BOopoTHOMY Hampsmkax; 8, =0,004x — HOMiHAIbHE 3HAYEHHS MOBITPSIHOTO

MPOMIXKKY; 7 =2 — K-CTh HapaJIeIbHO MPAIIOI0YHX CIEKTPOMAarHiTiB; ® =314 pad/c — dactora 30ypeHHS;

. mm

U, =150 B — HoMiHaNbHE 3HAYCHHS HApyru; m, =22ke, m, =1lke — 3HaueHHS Mac; b =2———m¢c —
m, +m,

eKBiBaJCHTHHH Koe(illieHT mpomopiiitHocTi B’si3koro tepts; €=0,15 — koedilieHT BHYTPINIHBOTO

HEMpPYXKHOTO OIOpY.

Bianosigno 1o mozneni (9) 3a HeBigoMi MPUHHATO KOedili€HTH KOPCTKOCTI ¢, 1 ¢, . 1 cpoieHHs
MPOIIEypH TMOIIYKY HEBIOMUX, a TAaKOX JUIsl peajizallii YHIBEpCAIbHOTO AITOPUTMY, IO MPUIATHHN IS
CHICTEM PI3HOT0 KIIaCy, MPYKHI MapaMeTpH BU3HAYATHMYTHCSI 38 HOBHMH CITiBBITHOIICHHSIMU [8]:

2 2

cl(®)=M(®9j : c2(®,A)=M(®A9j : (10)
m+m,\ z m, +m, z

ne ©, A — HesanexHi 6e3po3MipHi KoedillieHTH Y (OpMyNIax 4acTOT BUTBHUX KOJMBaHb, 0 BU3HAYAIOTh

CyTHICTh BiOparmiiiHOi cuctemu (32 ® = A =1 cucrema BUPOMXKYEThCs Yy JiHIMHY, a 38 @=1 1 A>1y

TpaaulilHy BiOpoyaapHy); z =0,96 — pe30oHaHCHE HAJIArOKCHHSI.

Po3pobiieno anroputm, mo 0a3yeTbcs Ha (QYHKI[IOHAIBHOMY MPEACTABICHHI CHCTEMHU HETIHIMHHX
mrdepeHialbHUX PiBHAHL (9) Ta MOJANbBIIOMY pO3B’sS3YBaHHI oONTUMI3amiiHOi 3amadi (8) 3 BUKO-
pUCTaHHSIM BOYIOBaHHMX 4YHCEIbHUX MeromiB. s cucrem audepeHIialbHUX PIBHSAHB NPHIATHUM
BUsBUBCS MeToJ Radau, a onTumizamiiiHy 3a7jauy MOXHA PO3B’SI3yBaTH TPalicHTHUM MeToaoM. [louaTkoBi
HAONIDKEHHS 3pYYHO MPUKAMATH 3a TpadiqHuM MpeacTaBIeHHsM QyHKIT MeTH (8).

Pe3yabTatun npociimkenb Ta ix o0roBopenHsi. [loueproBuM € aHami3 3aleKHOCTI KPUTEPIIO
edexruBHOCTI (8) 5K QYHKIIT He3aneKHUX KOeIllieHTIB cuHTe3y © 1 A (pHc. 2). AHANI3YIOUH OTPUMaHY
3aJIeXHICTh, MOXKHA KOHCTaTyBaTH HacTymHe. s pi3HOro Kiacy BiOpaI[ifHMX CHUCTEM iCHYIOThH JTOBOII
INIUPOKI MEXK1 pallioHabHUX MapaMmeTpiB, OOMEeXeHHX 3HadeHHsSMH K =0, [0 TapaHTYIOThb JEIKY
eexTuBHICTh (QDYHKIIOHYBAaHHS O€3 MOPYIICHHS BUXITHUX KIHEMATHYHUX 1 JTUHAMIYHUX XapaKTEPUCTHUK.
B o0nacth parioHajdbHMX MapaMeTpiB MOTPAIUIAIOTh caMe JIIHIHHI Ta CHHTE30BaHi 32 HOBUM IIPHHIIUIIOM
BiOpoymapHi cuctemu, ais sSkux O =1. HaromicTh, kimacwuHi BiOpOymapHi CHCTEMH, IO BHU3HaYeHi
0a30BUM 3Ha4YeHHAM MNapamerpa © =1, He 3aJOBOJIBHSIOTH NPHHIUIN KOMIUIEKCHOI e(eKTUBHOCTI, a
MaIOTh TUTBKH BIJMOBIJHI TEXHONOTIUHI mepeBarn. EHepreTuHa e(eKTHBHICTh TAKUX CHUCTEM € 3HAYHO
ripiioro, aHbk y miHiHHEX. OCOOJMBHMH BJIACTHBOCTSAMH HaJAUIcHI HOBI BiOpoymapHi cucTeMH 3
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YTOYHEHHMH ONTHMAaJIbHUMH MapaMeTpaMu, IO B CYKYITHOCTI IMMOEJHYIOTh MepEeBar JTiHIHHUX 1 KITACHYHUX
BIOpOy/IapHHX CHCTEM, UM CaMHM HaJalo4d IM MakcHUMalibHOI sikocTi. lle 3acBimuye HasBHICTBH
ONTHMAJBLHUX MapaMeTpiB, IO BH3HAYAIOTH 3HAYEHHs NoOKa3HWKa edekrtuBHOcTi K =0,5 1 BUIIE
(tabmuis). Lle € cyTTeBOIO IIepeBaroro peaaizoBaHUX CUCTEM.

10 Vo o A T
l | \
g ]\ MEX1 ONTHMAJIbHUX MapaMeTpiB
8- A
k3]
7= C 2
05 0 05 N
B - \ - \ . \
A JIH1A TIapaMeTpIB KIACHYHHUX
5 BIOpOYJaHUX CHCTEM

; N

MEXI JONYCTHMHUX T1apa

1 | | I | I | I
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Puc. 1. 3anexcnicmo kpumepiio egpexmuernocmi 6i0 napamempie CUHmMe3y

Fig. 1. Dependence of efficiency criterion on synthesis parameters

Pe3yabTaTu CMHTE3Y pe30HAHCHUX BiOpamiiiHuX cucTemM

Results of synthesis of resonant vibratory systems

3HaquH;.1 Kpurepii OcHOBHI KiHEMaTUYHI Ta JUHAMIYHI
mapameTpiB T cHeTeMH XapaKTEePUCTUKU
Ne 0 A 4 a3 e K A max P, Aw/2n Ka,
3/ ? [m/c?] [B1] [Tu] [-]
1 1 1 JIHiAHA 0,395 10,137 (0,042 |0,216 | 45,23 24798 | 2,08 0,84
2 1 3 BiOpoymIapHa 0,274 10,522 (0,563 |-0,81 | 56,27 223,96 | 28,13 3,1
KJIaCHYHA
3 | 0,67 5 BiOpoymIapHa 1,247 10,545 (0,163 (0,539 | 110,14 | 225,03 8,2 3,3
ONTHMIi30BaHa

BusHavanbHi 3aJeKHOCTI MPUIIBUIMIECHHST pyXy poOo4oi MacH, IO BiAMOBIAIOTh BCTAHOBJICHHM
BHMoOTaM, HaBe/IeHi Ha puc. 3. BTiM, 3anpornoHoBaHa METOJMKa HE BPaxoBye GOPMYBaHHS TapMOHIHHOTO
CKJIaJly TIPHIIBUIIICHHS POoOOYOro opraHa BiOpalliiHOI CHCTEMH, IO MOXE OyTH JIMIIEC BU3HAYCHHM 3a
pe3ynbraTamu nieperBopeHs Oyp’e.

OTpuMaHi pe3yJbTaTH OKPECIIOIOTh HACTYITHI 3aKOHOMIPHOCTI peatizallii pe30HaHCHUX BiOpaIliiHuX
CUCTEeM. 30Kpema:
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1) MamMHU TapMOHIHHOTO THIY € e()EeKTHBHHUMH 3 TOTJISAAY YITKOTO HAaJaro/pKeHHS Yy ONM3bKHiMA
PE30HAHCHUN PSKHUM POOOTH;

2) TpaauuiiHi BIOpOyAapHi CHCTEMH HE BOJIOMIOTH ©(PEKTHUBHICTIO 3 MOIJISAY CHEPreTHYHHMX
XapaKTEPUCTUK, OCKLTBKHA 3HAYHO HE TOXOJSTh JI0 BiIOBIIHAX PE30HAHCHHUX 30H. [[pHYMHOIO IIBOTO € Te,
110 iXHiM po3paxyHOK 0a3yBaBCs Ha JIHIMHUX CHCTEMax, TOOTO MPUIMAETHCS 3HAYCHHS mapamerpa © =1,
a mapaMerp A pPO3paxOBYEThCS 3a YMOBH 3a0€3MEUEHHS BIIIOBIIHHUX TEXHOJIOTTYHUX ITOKa3HHUKIB.
30uIbiIeHHsT TTapaMeTpa A 0Oe3locepeHbO MOB’SI3aHO 13 3POCTAHHSM YacTOTH BUIBHUX KOJIHMBaHb, IIIO,
CBOEIO UEProl0, CYTTEBO TIOHIIKYE CHEPreTUYHI XapaKTePUCTHKH MalllHHU;

3) 3MeHIIECHHSI TMOKa3HMKa © MiBHIOIYE EHEPreTHYHI XapaKTepUCTUKH MAaIIMHU BHACIIIOK
JoKaizamii pe3oHaHCHOI 007acTi, a sl TOCATHEHHS BIAMOBIIHUX TEXHOJOTTYHHX TapaMeTpiB MoTpidHO

30LIBIIYBATH MTOKa3HUK A .
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Puc. 2. Yacosi sanexcrnocmi nput8uOUIeHHs KOJUBANbHUX MAC OJSL CUCEM.:
a — HIIHOL, 6 — 8I0POYOapHOI K1acu4Hol, 8 — 8i6POYOapHOi ONMUMI3068aHOT

Fig. 2. Time dependencies of acceleration of oscillation’s masses for systems.
a — linear; b — classic vibro-impact,; ¢ — vibro-impact optimized
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BucnoBku. [IpencraBneni pe3ynbTaTi BKa3ylOTh Ha JONUIBHICTD pealti3allii BiOpoyIapHUX MaIlvH i
CHICTEM 32 HOBUM PO3PaxyHKOBHM MPHHIUIOM. [IpH 1IboMy, TIpeICTaBlicHa MOXKIIMBICTh iX ONTHMI3aIlii 3a
OJTHUM KOMIUIEKCHUM TIOKa3HHKOM, IO YOCOOJIOE €HEepreTHUHy eeKTHBHICTHh iX (PYHKI[IOHYBaHHS 3
MOIPABKOIO HA TEXHONOTT4HI BUMOTH. OTKe, OTpPUMAHO O0JIACTI IOMYCTUMHX 1 ONTUMAIILHUX MapaMeTpiB,
110 JIal0Th 3MOTY peati3allii CHCTeM Y JJOBOJIi IIMPOKOMY Jiala3oHi, ¢ BUTPUMYIOThCSI BU3HAYEHI BUMOTH
JI0 MaIlHH.
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DETERMINATION OF PARAMETERS OF VIBRO-IMPACT MACHINES TAKING INTO ACCOUNT
THEIR MAIN CHARACTERISTICS

© Gursky V. M., Kuzio I V., LozynskyV. I, 2019

Aim. The purpose is to form a generalized performance indicator and analysis of resonant vibration machines,
taking into account their main energy, dynamic and technological characteristics. Method. Three basic parameters the
ratio of the maximum acceleration of the working mass to the power consumption, the coefficient of asymmetry of
acceleration and the width of the resonance zone were used to evaluate the efficiency of vibration systems. These
indicators are reduced to a dimensionless form in the next step. Next, a generalized metric is formed that looks like
the difference in the presented metrics and is a function of the goal of the optimization problem. The obtained
indicator is presented in functional form, it takes into account the coefficients of rigidity for the synthesis of harmonic
and vibro-impact resonance systems. Optimization and synthesis is carried out on the basis of a system of nonlinear
differential equations, which describes the dynamic processes in a vibration system, taking into account the equation
of state of the electromagnetic drive. Results. The functional dependence of the quality criterion was obtained using
independent coefficients of elastic synthesis, which is determined by the extreme characteristic. The dependencies
describing the three states of the vibration systems were obtained. Classical vibration systems are found to be inferior
in performance to traditional harmonic systems by this criterion. The main parameters describing new vibration
systems that significantly outweigh the existing methods of their calculations have been obtained. The dependencies
obtained allow us to evaluate the influence of synthesis parameters on the efficiency of operation taking into account
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the relevant technological and dynamic requirements. Scientific novelty. Performance criterion for different classes
of resonant vibration systems, taking into account their determining energy, technological and dynamic
characteristics, was obtained for the first time. The formation of vibration shock systems according to the classical
principle is irrational, since such systems are inferior to traditional harmonic systems confirmed. The reason for such
inefficiency is found that it is necessary to correct two coefficients of rigidity for realization of the given resonant
modes of operation. Practical significance. The considered problem makes it possible to implement at the design
level vibration systems with laid technological and dynamic characteristics. Energy characteristics are formed if their
maximum values are reached at the same time. The method allows implementing of both traditional vibration and
harmonic systems and new ones, which are significantly as more energy efficient. The values of the stiffness
coefficients, the kinematic and dynamic parameters, are calculated according to the results of the synthesis.

Key words: efficiency of functioning, performance criterion, resonance, vibratory system, vibro-impact.
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