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Meta. ®opMyBaHHs y3araJbHEHOrO MOKa3HMKAa €()EeKTHBHOCTI (YHKI[IOHYBaHHS Ta aHali3 pPE30HAHCHUX
BiOpallifHUX MallMH 13 ypaxyBaHHSAM IXHIX BU3HAYaJbHUX EHEPreTUYHHUX, JUHAMIYHUX 1 TEXHOJOTTYHUX
xapakrepuctuk. Meroguka. /[y omiHIOBaHHST e(heKTHBHOCTI (DYHKIIOHYBaHHSI 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 BUY, A€ BU3HAYAIbHUM BHOpaHo nepiuii. ChpopMoBaHO y3araiabHEHUH TOKa3HUK, 110
Ma€ BHTJIS PI3HUII MPEJCTaBICHNX MTOKa3HUKIB Ta € (DYHKIII€I0 MeTH onTuMi3aniiiHoi 3a1a4i. OTpuMaHuid MOKa3HUK
NMoAaHo y (yHKUIOHAIFHOMY BHWIJISZI, L0 BPaxoBye KOe(iI[iEHTH >KOPCTKOCTI Uil CHUHTE3y pPI3HOro Kiacy
PE30HAHCHHUX CHUCTEM — TapMOHIMHUX 1 BiOpoymapHux. OnTuMizaliiiHuil cUHTE3 3MIHCHIOETHCS Ha 0a3i cucTeMu
HENHIHHUX Ju(epeHianbHIX pPIBHSHB, IO ONHMCYE AMHAMIYHI TpolecH y BiOpalliiHiii cucremi 3 BpaxyBaHHSIM
PIBHSIHHS CTaHy €JIEKTPOMAarHiTHOro mpuBoay. Pe3yibTaTu. BukopucToByloum He3ajexHi KoeillieHTH CHHTE3Y
MPY)KHUX TapaMeTpiB OTPUMaHO (DYHKIIOHANIBHY 3aJIEKHICTh KPUTEPIIO SKOCTI, [0 BU3HAYAETHCS €KCTPEMAJIBHOO
XapakTepucTukow. [Ipy [bOMY OTPHUMaHO XapaKTEPUCTHKY, IO OIMCYE TPU CTaHH BiOpaliiHUX CHCTEM.
BcranoBieHo, 1o 3a IMM KpHUTEpieEM KIacuuHi BiOpOyIapHi CHCTEMH HOCTYNAlOThCs 32 €()EeKTHBHICTIO (YHKIIiO-
HYBaHHS TPAJULIHHUM TapMOHIMHMM cucTeMaM. OTpUMaHO HOBI IapaMeTpH, IO OIUCYIOTh HOBI BiOpoymapHi
CHCTEMH, IO CYTTEBO IIEPEBaXKAIOTh ICHYIOUI METOAM IXHIX po3paxyHKiB. OTpuMaHi 3al€XHOCTI Jar0Th 3MOTY
OLIIHUTH BIUIMB [TApaMETPiB CUHTE3y Ha e(heKTUBHICTH (DYHKIIOHYBAHHS 3 BPaXyBaHHSIM BiJIIOBIIHMX TEXHOJIOTTYHUX
i quHaMivyanx BuUMor. HaykoBa HoBM3HA. Briepiie otpuMmaHo KpuTepiii eeKTUBHOCTI Pi3HOIO KIJIACY PE30HAHCHUX
BiOpaIliifHUX cUCTEM, IO BPaxOBye iXHI BU3HAYAJIbHI €HEPreTUYHi, TEXHOJIOTIYHI Ta JUHAMIYHI XapaKTEPHCTHUKH.
Bnepuie minrBepmkeHo, mo (GopMyBaHHsS BiOpOyIapHHX CHCTEM 3a KJIACHYHUM TPHHIMIIOM € HepalliOHAIbHHM,
OCKIJIbKH TaKi MOCTYINAIOThCS TPAAULIHHAM TapMOHIHHNM cucTeMaM. BcTaHOBIEHO IPUYMHY TaKoi HeeeKTUBHOCTI,
0 KPHETHCS Y HEOOXIAHOCTI KOPHUTYBAaTH JBa KOC(DIIIEHTH >XOPCTKOCTI UIS peaiizaiii 3aJaHuX PE30HAHCHUX
pexxumiB podoru. [IpakTudna 3HaYymicTh. Po3risiHyTa 3aqaua 1a€ 3MOT'y peaiti3oByBaTH Ha PO3PaxyHKOBOMY piBHI
BiOpalliifHi cCHCTEMH 13 3aK/IaICHUMHU TEXHOJIOTIYHUMH 1 TUHAMIYHUMHU XapaKTepucTHKaMu. [Ipu oMy, eHepreTHyHi
XapaKTepUCTUKH (OPMYIOTBCS 32 YMOBH JOCATHEHHsS iXHIX MAaKCUMaJbHUX 3HaueHb. MeToanka J03BOJISIE
peai3oByBaTH sK TpaIMIiiHI BiOpOyZapHi Ta TapMOHIMHI CHCTEMH, TaK 1 HOBi, IO € CYTTEBO CHEPreTUIHO
epeKTUBHINIMMHU. 3a pe3ylnbTaTaMd CHHTE3Y pPO3PAaxOBYIOThCS 3HAUCHHS KOE(DILliEHTIB JKOPCTKOCTI, a TaKOX
BU3HAYAIbHI KIHEMATUYHI Ta TUHAMIYHI TapaMeTpH.

Knwouosi cnosa: epextuBHICTh (QYHKIIOHYBAaHHS, KpUTEpil e()eKTHBHOCTI, pe30HaHC, BiOpaliiiHa cucrema,
BiOpoymap.

Beryn. V cywacHiit mpaKTHIII METOAWKH MPOCKTYBAHHS BiOpallifHUX TEXHOJOTIYHUX MAIIWH HE €
JOCTaTHBO JOCKOHAIUMH. [IpHYMHOIO IBOMY € Te, IO MPUHIMIM, SIKi 3aKJIaJal0ThCs IMiJ] 9aC CTBOPEHHS
MallliH HE MOBHOI MIpOI0 BPaxOBYIOTh YCHOTO KOMIUIEKCY BHMOT, TEXHOJOTTYHUX 1 EKCILTyaTaI[ifHUX
¢dakropiB. Merogonorii po3paxyHKy BiOpOyJapHMX MalllMH, IO HA PO3PaxXyHKOBIH CTamii JO3BOIISE
3aKJIaCTH OCHOBHI CGHEPreTMYHI Ta TEXHOJOriuHi mepeBarn He icHye. lle moB's3aHO 3 CBOEPiTHUMH
JUHAMIYHAMH OCOOJMBOCTSAMH, IO IpUTAMaHHI BIOpAIIMHUX CHUCTEM, SKHX IONEPEIHBO JIY)KE BaKKO
CIIPOTHO3YBATH Ta SIKi BUSBISIOTHCS HA HACTYIHIN Tporenypi anamizy. Halinepiie HeoOXiqHO BpaxyBaTH
BHMOT'H TEXHOJIOTTYHOTO XapakTepy, [0 He MPHB's3aHi O CHEPreTHYHUX XapaKTEPUCTHK 1 MmapaMmeTpiB
MallMHA. 3Ba)Kal0YM Ha Te, IO Mpoiec 00poOieHHsS MOKe OyTH HE ONMMCAHMK K TaKWM, BIAMOBIAHO BH-
HUKA€E MUATaHHS II0/I0 ICHYBaHHS MEX PallioHaJbHUX TapaMeTpiB, sSKi 3aJJ0BOJBHSIIOTH MEBHI TEXHONIOTI4HI
MOKJIMBOCTI JJIsi peajizailii BiANoOBiZHUX MamuH. J[o ocoOnMMBOCTEM mMimXody, SKAH PO3MIISIAETHCS
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MOTPiOHO BHECTH Te, 110 aHAaJ3 3/IHCHIOETHCS Ha MOJIENi 3 BpaxXyBaHHSIM PiBHSHHS mpuBoay. LluMm moxe
Oy/u TATBEp/XKEHO, 0 BUKOPHUCTAHI MapaMeTpy MIPUBOY 3J1aTHI pealli3yBaTh NOTPIOHI XapaKTePHCTHKH.

Ananiz nimepamypuux 0xcepen. Peaiizailis BUCOKOS(PEKTHBHUX MAIIUH 3yMOBJIIOE HEOOXIIHICTh
PO3IJISIy 3aBJaHb KOMIUIEKCHOTO OaraTokpuTepiaabHOro cuHTe3y [1, 2], 1m0 aaTh 3MOry KOPUCTYBa4eBi
BCTAHOBJIIOBATH HaOIp MOTPIOHMX MOKA3HMKIB BiIMOBIAHO 10 BUMOT, 110 BUCYBalOThCs. [Ipu IbOMy Bax-
JIUBUM € MPaBUIbHUN BUOIp BU3HAYAIBHOIO MOKA3HUKA, 10 MOXE OYyTH IMOJaHUN TaKOXK B IHTErpasibHIN
¢dopmi. 3rimHo 3 pe3yabTaTaMH OJHUX JOCTIKEHb, BH3HAYAJIBHMMHU JJI OI[IHKA e(pEeKTHBHOCTI
(GYHKIIIOHYBaHHS € CHEPreTHYHI TMOKa3HUKH poOoTH MamuHu [3], iHIIMX — MOKa3HHKH eHeproedek-
TUBHOCTI mporiecy oOpoOsieHHs [4]. Bu3HavanbHUMH XapaKTEPUCTUKAMHU, IO BUKOPHUCTOBYIOTH IS
OI[IHKKA BIOpOyJZapHUX pPESKUMIB pPOOOTH IUHAMIYHMX CHUCTeM, 3rigHO 3 [5] € XapakTepucTuku
MPUINBUIIICHHS: HOro MaKCHMMallbHE 3HA4eHHsS, KOe(illi€eHT acuMeTpii, rapMoHIHHUN ckian. Takox
JOITFHO BU3HAYATH CHIIY Ta TPHUBANICTh YAapy JJs OIHKH HAJiHHOCTI Ta MIIIHOCTI KOHCTPYKTHBHHUX
eJICMEHTIB, 1110 3a3HAI0Th Oe3mocepeHboro yaapy [6, 7]. JomydnTu 10 CHHTE3y yCi XapaKTepHi SBUIIA Ta
eeKTH, IO CYNPOBOIKYIOTh BiOpoymap, J0BOJI mpoOiseMaTuuHO. CKIAIHICTh 3aJad  IOPOIKYE
MapaMeTPUYHICTh HETIHIMHMX CHUCTEM, MOMKJIMBICTh ICHYBaHHS ICKIIbKOX PEXKHUMIB Ta IXHS JMHAMIYHA
crificictes [8]. Ilix dWac aHamizy HEOOXiAHO BCTAaHOBUTH TPIOPUTETH y (OPMYBaHHI KIHOUOBOIO Ta
JOTIOMDKHHX KPHUTEPiiB IS AKICHOrO aHalidy Ta CHHTE3y HEIiHIMHMX BiOpoymapHux cucrem. Y [9]
MPEJACTABJICHO MPHHIMIIM 0araTOKPUTEPIaIbHOrO aHaji3y Ta CHUHTE3y PE30HAHCHHUX, 30KpeMa BiOpo-
yIApHUX MAIlUH TEXHOJOTIYHOrO TMPU3HAYCHHSA. Y PO3BHTOK BCTAHOBJICHHX IOJOXKEHB MPOMOHYETHCS
(dbopmyBaTH OLIBIN y3araJlbHEHUH MiXiJ, IO Tependayae 3aayv4eHHs B OTHOMY KOMIUIEKCHOMY MTOKa3HHUKY
MPUHHATHX TIONEPENTHBO YACTKOBUX KpuTepiiB. [Ipu 1bOMy, NOUUIBHUM € PO3IIISIHYTH MOXIIMBICTH iX
3BECHHS J0 OE3pO3MIpPHOro BHUAY JJI1 BHUKOHAHHS IIOAAJBIIONO ONTHMI3alliiHOTO CHUHTE3y 0e3
BHUKOPHUCTaHHS JIOJIATKOBUX OOMexeHb. OTke, MPOMOHYEThesi chOpMYBaTH TIEBHUH MOKAa3HHK, IO JA€
MOKJIMBICTh OINEPATHBHO HE TUIBKM OI[IHIOBATH OTPMMaHE pIIICHHS, a ¥ 3aKiajaTH KOMIUICKCHY
eeKTUBHICTh Ha CTajil CHHTE3Yy MapaMeTpiB. 3a TaKMX YMOB MifiOpaHi mapamMeTpu peati3yloTh OCHOBHI
KIHEMaTUYHI Ta JUHAMIYHI, @ TAKOK TEXHOJIOTIYHI IIEPEBarH.

Mema. ®opmyBaHHSI y3arajdbHEHOTO TOKa3HWKA, IO BPaxOBYE BaXXJIMBI (YHKIIOHAJBHI Xapak-
TEPUCTUKU BiOpOYAapHOI CUCTEMH, BU3HAYCHHS HA HOro OCHOBI palliOHATBHUX MapaMeTpiB, MPOBEICHHS
MOPIBHSUTBHOI OIIHKH eeKTUBHOCTI (PYHKI[IOHYBaHHS 3a IIMM TOKAa3HWKOM PI3HOT'0 KJIACy BiOpamiiHuX
CHCTEM.

Memoouxa npoeedennsn 0ocriodcens. Ilepiioueproro copMoBaHO Taki BU3HAYAIbHI BUMOTH JI0
KOHCTPYKIIi1 BiOpaIliifHOro mpucTporo:

1) eneproomraaHicTh (Bucoka eeKTUBHICTh (PYHKIIIOHYBaHHS);

2) 3abe3meueHa TeXHOIOTYHa e()eKTHBHICTH,

3) 3a/10BiTbHA CTIMKICTH 10 3MiHW HaBaHTA)KEHHS.

Ba3oBi 4acTkoBI MOKa3HHWKH, IO BUKOPUCTOBYIOThH IUIS OIIIHKH TEXHOIOTIYHUX 1 €HEpreTHYHUX
XapaKTEePUCTHKH PE30HAHCHHUX BiOpamiiiHuX cucteMm Bu3HaueHi y [9]. 3okpema, 0a30BUil eHEPreTHUHHIA
MOKa3HHUK e(peKTHBHOCTI (PYHKI[IOHYBaHHS 32 MAKCHMYMOM TIPUIIBUAIICHHS] pOOOY0i MacH:

a

_ “pmax
GQ - P ’ (l)
A€ @, — MaKCHMAIbHE 3HAYCHHS NPHUIUBHALICHHS pobouoi Macu; P — chnoxuBaHa NOTYXHICT

MAILIUHHA.
3ragaHuii MOKa3HUK JOIUIBHO MPUBECTU J0 O€3PO3MIPHOIO BUAY TaK:
m.a 1Y)
_ p%pmax ¥ pmax

Q=5 ()

Jie M, — poboua mMaca (IHCTPyMEHTY, PYXOMOI IUTUTH TOWIO); U, ., — MAKCUMaJIbHE 3HAYEHHS MIBUIKOCTI

po6oyoi MacH.



Asmomamu3saujisi 8UpobHUYUX rpoyecie y MawuHobyOysaHHi ma rnpunadobydysaHHi. Burn. 53. 2019 7

Hactynmaum 1o yBaru O0epyTh TEXHONOTIYHHN TMOKA3HUK, IO BH3HAYA€ HASBHICTH BIOPOYIApHOTO
pexuUMY SIK KoedillieHT acuMeTpil MpUIIBUALICHHS poOo4oi Macu [5]

K, == ©
a

pmin

ae &, — MiHiMaapHe (y Bif' €MHii 00acTi) 3HaYEHHS MPUIIBHANIEHHS pododoi Macu. Bimomo, 1o mist
0araThoX TEXHOJOTIYHUX BIOPOYJApHHUX MAIIHH (CTONIB, IPOXOTiB) MpuiiMaeThest K, =3—6.
[MpuBecTr nokasHuk (3) 10 6E3p0O3MIPHOTr0 BUTIISIY 3a HOTO BEPXHBOK MPAHMICI0 MOXKHA TaK:
mex (k, )
-, @
6

Y TakoMy BWNAJKy [OLUIbHI MEXKi IOKa3HHUKAa CTaHOBUTUMYTh [UIS BiOpOYyJapHHX CHCTEM

So

¢, =0,5-1, a a5 NiHIAHKUX CUCTEM OYEBUAHO, 10 G, =1/6=0,167.
BinnosiaHo, mporeaypa HOpMali3alii Mae Miciie Ui MOKa3HHWKa CTIMKOCTI, 30KpeMa JUlsl IHPHHU
PE30HAHCHOI 30HHU:
Ao=0,—-, (5)
1€ M, 1 ® —YacTOTU BUIbHHUX i BUMYIIEHHX KOJIMBaHb BiOpalliiiHOI CHCTEMH.
Toni kpuTepidd CTIHKOCTI y 6€3p03MIPHOMY BUTIISII
=22 ©)
®
OueBuaHO, 1100 CHCTEMa HE 3aBalOBajiacsl y PE30HAHC Ta 3ape30HAHCHY 00JIaCTh, HEOOXIIHO
c;>0.

YacTkoBI KpuTEpii Jal0Th 3MOI'y 3BOPOTHHM YHMHOM OTPHUMATH O€3MOCEpeaHI 3HAYCHHS MiHCHUX
KiHEMaTUYHHX 1 AUHAMIYHHUX TTapaMeTpiB.

3a BH3HAYCHUMH O€3pO3MIPHUMH IIOKa3HHKAMH € MOXIIUBICTh C(OpPMYBaTH Yy3arajibHEHHUI
KOMITJICKCHUH TTOKa3HUK e(peKTUBHOCTI BiOpamiiHOI cHUCTeMH, 3a SKHUM KIIOYOBUH EHEepreTHYHHH
nokazHuK (1) kopekToBaHuii TexHonoriuHuMu TmokazHukamu (3) i (5). Tomi kputepiit sKOCTi, IO
BHCYBA€ThCS, MOXKE OyTH TPEICTaBIICHUH TaK:

K=6-6-¢:- )

VmoBa (7) MOBMHHA TapaHTyBaTH TakKHi HaOip mapaMerpiB, IO CyMICHO 3a0e3reuyeTbesi edek-
TUBHICTh ()YHKIIOHYBaHHS i3 BIAMIOBIAHICTIO 0 MOTPIOHWX KIHEMATHYHUX 1 AUHAMIYHMX XapaKTEPUCTHK
BiOpamiitnoi cuctremu. Ilpu mpomy K >0 rapantrye Taky (BHCOKY) e(pEKTHBHICTh (DYHKIIOHYBaHHS
CYMICHO 13 3a0e3le4eHHSIM TEXHOJOTIYHOI JOIIBHOCT], KONU OCTaHHS HE TOPYIIYE EHEepreTHYHHX
repeBar.

Jnst BUpIMIEHHS ONTHMI3alifHOTO 3aBJaHHs, IO Ma€ CEHC MiJ Yac CHHTE3y HOBHX BiOpOYIapHUX
MaIIHH, TOTPIOHO PO3IIISIATH 3aBIaHHS

K — max. (8)

VY 3zarajgpHoMy BuMaaKy mokasHuK (8) € (yHKIi€0 mapaMerpiB, IO BXOISTh J0 YaCTKOBHX
nokasHukis (2), (4) i (6). Ix MoxkHa OTpHMAaTH BiAMOBINHO i3 KOMIIIIEKCHOT IMHAMIYHOI MOJIEI, IO MiCHTh
SIK OCHOBHI KiHeMaTHuHi (MPHIIBH/IIICHHS, MIBHIKICTb), TAK 1 CHEPreTHYHI MOKAa3HUKU (CIIOKMBaHA
MOTYXHICTB). SIK BiIOMO, 3HAYEHHS IMHUPHUHU PE30HAHCHOT 30HM A® IS JHIMHHUX 1 AeIKMX HETIHIMHUX
cucteM (i3 0e33a30pHUMHU KYCKOBO-JIIHIHHUMH TPY)KHHUMH XapaKTEPHCTHKAMH) HANpsSMy MOB s3aHO i3
MPYXHO-IHEPIIHHUMH TIapamMeTpaMl CHCTeMH, 10 € Oe3nmocepenHiM IHCTPYMEHTOM CHUHTe3y. Tomy
ONTUMI3alliiHy 3aa4y JOLUIBHO Oa3yBaTH HA MOJENSX, L0 ONUCYIOTh KOJMBAJIBHUH PyX CHCTEMH
CYMDKHO 13 JpKepenoM 30ypeHHs. 30KpeMa, MOJIElNb, 10 OMUCYE KOJWBajbHI MPOIECH y BiOpaliiHOMY
MPHCTPOI 13 IBOMA KOJTHBAILHUMH MacaMH, IO MPUBOAATHCS B PYX Bill €EKTPOMArHiTy 3MiHHOT'O CTPYMY,
HaOMMKEeHO MOKHA ToaTh y Burisii [10]:
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M, (1) +b-(3,(1) - % (1)) + Zl((y((tt))__);/((tt))))):/((tt))__s:/((tt))icc))+C ARARRIC RN

_ Mo SW i(t)
=" 8o —(¥2(t) - ¥2(1))

3HaveHHs napamerpiB y moaeni: W=21020 — KiIbKiCTh BUTKIB KOTYIIKH; S= 2,25-10°%?% — momna

MOBEPXHI MOMIOCIB MarHiTy; =2 Om — aktuBHHA omip korymku; =~ =0,0010Om — omip mioga B
npsMomy Ta <~ =10° Om 3BopoTHOMY Hampsmkax; 8, =0,004x — HOMiHA/IbHE 3HAYEHHS MOBITPSIHOTO

MPOMDKKY; N=2 —K-CTh HapaJieibHO MPAIIOI0YHX eIeKTpoMardiTis; o =314 pad/c —dactora 30ypeHus;

U, =150 B —HOMiHaIbHE 3Ha4YeHHS HAaNpyry, M =22ke, M, =1lke —3Ha4eHHs Mac; b= Z&mg -
m+m,
eKBiBaJeHTHHH Koe(illieHT mpomopiiitHocTi B'sizkoro tepts; €=0,15 — koedilieHT BHYTPINIHBOTO
HEMPY>KHOT'O OIOpY.
Bixnosinuo no mozeni (9) 3a HeBioMi NpUHHATO KoedillieHTH KOPCTKOCTI C 1 C,. [i1s cripomeHHs
MPOLEAYPH TMOIIYKY HEBIIOMHUX, a TAKOXK JJIs pealtizallii yHIBepCalbHOTO aJIrOPUTMY, 110 NMPUAATHUAN IS
CHCTEM PIi3HOr0 KJIacy, MPYKHi MapaMeTpy BU3HAYATUMYTHCS 32 HOBUMH CITiBBiHOIICHHAMH [8]:

2 2

¢ (0) zﬂ(@ej ¢ (6,A) zﬂ(@,\ﬁj | 10)
m+m\ Z m+m z

ne ©®, A — He3anexkHi 6e3po3MipHi KoedilieHTH y popMysiaX 4acTOT BUIBHUX KOJIMBaHb, 1[0 BU3HAYAIOTh

CYTHICTh BiOparriiiHoi cucremu (32 ® = A =1 cucremMa BUPOIUKYEThCs Y JiHIiHY, a 32 @=11 A>1y

Tpaauiiiiny BiOpoyaapay); z=0,96 —pe3oHaHCHE HAJIaroHKECHHS.

Po3pobiieno anroputm, mo 0a3yeTbcs Ha (QYHKI[IOHAIBHOMY MPEACTABICHHI CHCTEMHU HEIIHIMHHX
mudepeniianbHux piBHAHb (9) Ta TMoOAanbIIOMYy pO3B’s3yBaHHI onTHMI3alliiHoi 3amadi (8) 3 BHKO-
pUCTaHH;IM BOYIOBaHHMX 4YHCEIbHUX MeromiB. s cucrem audepeHIialbHUX PIBHSAHB NPHIATHUM
BUsBHBCS MeTo Radau, a ontumizaiiiiHy 3a1auy MO)KHA pO3B’ I3yBaTH TPaIiEHTHUM MeTo0M. [oyaTkoBi
HAOJIMKEHHS 3py4YHO MPUAMATH 3a TpadiyHUM MpeacTaBieHHsIM QyHKIT meTH (8).

Pe3yabTaTu npociimkens Ta ix o0roBopenHsi. [loueproBuM € aHami3 3aleKHOCTI KpPHUTEPiIO
edexruBHOCTI (8) sik hyHKIIT He3aneKHUX KoedilieHTiB cuHTe3y @ 1 A (puc. 2). AHaI3YI0UH OTPHMaHY
3aJIeXHICTh, MOXKHA KOHCTaTyBaTH HacTymHe. s pi3HOro Kiacy BiOpaI[ifHMX CHUCTEM iCHYIOThH JTOBOII
INIMPOKI MEXK1 pallioHabHUX MapaMmeTpiB, oOMexeHux 3HadeHHsMH K =0, MO TapaHTYIOThb JEIKy
edexTuBHICTh QyHKIIOHYBAaHHS O€3 MOPYIICHHS BUXiTHUX KIHEMATHYHUX 1 TUHAMIYHHX XapaKTEPHCTHUK.
B o0nacth parioHajdbHUX NapaMeTpiB MOTPAIUIAIOTh caMe JIIHINHI Ta CHHTE30BaHi 32 HOBUM IIPHHIIUIIOM
BiOpoymapHi cucremu, misi skux O =1. HaromicTs, kiacu4Hi BiOpoymapHi CHCTEMH, IO BH3HAYEHI
0a30BUM 3Ha4YeHHAM Mnapamerpa © =1, He 3aJOBOJBHSIOTH NPHHIUIN KOMIUIEKCHOI e(eKTUBHOCTI, a
MalOTh TUTBKW BIJIMOBIJHI TEXHONOTIUHI mepeBard. EHepreTnuHa e(eKTHBHICTh TAKUX CHCTEM € 3HAYHO
ripiioro, aHbk y miHiHHEX. OCOOJMBHMH BJIACTUBOCTSAMH HaJAUIcHI HOBI BiOpoymapHi cucTeMH 3
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YTOYHEHHMH ONTHMAaJIbHUMH MapaMeTPaMu, IO B CYKYITHOCTI IMMOEJHYIOTh MepeBard JTiHIHHUX 1 KIIACHYHIX
BIOpOyIapHMX CHCTEM, I[IMM CaMHUM HaJgal4M iM MaKCHMajbHOI skocTi. lle 3acBimuye HasBHICTBH
ONTUMAJBHUX [apaMeTpiB, IO BH3HAYAIOTh 3HAYCHHS mOKa3Huka cdekTuBHocTi K =0,5 1 Buie
(tabmums). e € CyTTEBOIO MTEPEBATO0 PEaTi30OBaAHUX CHCTEM.

Puc. 1. 3anesxcnicmo kpumepiio egpexmuernocmi 6i0 napamempie CUHmMe3y

Fig. 1. Dependence of efficiency criterion on synthesis parameters

Pe3yabTaTu CMHTE3Yy pe30HAHCHUX BiOpamiiiHuX cucTemM

Results of synthesis of resonant vibratory systems

3HaveHHs OcHOBHI KiHEMaTUYHI Ta TUHAMIYHI
. Kpurepii
mapameTpiB T cHeTeMH XapaKTEePUCTUKU
Ne 0 A ¢ e e K A maxs P, Aw/2n Ka
3/ ! 2 3 [m/c?] [B1] [Ty [-]
1 1 1 | mimitina 0,395 |0,137 |0,042 |0,216 | 45,23 24798 | 2,08 0,84
2 1 3 | BiOpoymapHa 0,274 (0,522 0,563 |-0,81 | 56,27 22396 | 28,13 31
KJIaCHYHA
3 | 0,67 5 | BibpoymapHa 1,247 |0,545 |0,163 |0,539 | 110,14 | 225,03 | 8,2 3,3
ONTHMIi30BaHa

BusHavanpHi 3aJ€KHOCTI MPUIIBUIMICHHST pyXy poOo4oi MacH, IO BiANMOBINAIOTh BCTAHOBJICHHM
BHMOTaM, HaBe/eHI Ha puc. 3. BTiM, 3ampornoHoBaHa METOMKA HE BPaxoBye (popMyBaHHS TapMOHIHHOIO
CKJIaJly TIPHIIBUIIICHHS POOOYOro opraHa BiOpalliiHOI CHCTEMH, IO MOXe OyTH JIMIIE BU3HAYCHHM 32
pe3ynbraTamu nepersoperns Oyp’e.

OTpuMaHi pe3yJbTaTH OKPECIIOIOTh HACTYITHI 3aKOHOMIPHOCTI peatizallii pe30HaHCHUX BiOpaIliiHuX
cucreM. 30Kpema:
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1) MamMHMA TapMOHIHOTO THIY € e(pEKTHBHUMH 3 MOIJISLY YITKOrO HaJaro/KCHHsS Yy OMU3bKH
PE30HAHCHUHN PEKUM pOOOTH;

2) Tpamuiiiiini BiOpOymapHi CHCTEMH HE BOJOMIIOTE E(PEKTHBHICTIO 3 MOINISIAY EHePreTHYHHX
XapaKTEPUCTUK, OCKLTBKH 3HAYHO HE TOXOJSTh JI0 BIIOBIAHAX PE30HAHCHHUX 30H. [[pHUMHOIO IIBOTO € Te,
110 iXHii po3paxyHOK 0a3yBaBCs Ha JIHIMHUX CHCTEMax, TOOTO MPUMMAETLCS 3HAYCHHS mapamerpa © =1,
a mapaMerp A pO3paxOBYEThCS 3a YMOBHU 3a0€3IEUEHHS BiIMOBIIHUX TEXHOJOTIYHUX ITOKA3HUKIB.
30uIbiIeHHsT TTapaMeTpa A 0Oe3locepeHbO MOB S3aHO 13 3POCTAHHSIM YacTOTH BUIBHUX KOJIHMBaHb, IIIO,
CBOEIO UEProl0, CYTTEBO TIOHIIKYE CHEPIeTUYHI XapaKTepPUCTHKHA MAIIUHH;

3) 3MeHIICHHS TIOKa3HMKa © TMiABUINYE EHEePreTUYHi XapaKTePUCTHKH MAIIMHH BHACIIIOK
JoKaizamii pe3oHaHCHOI 00acTi, a sl TOCATHEHHS BIAMOBIIHUX TEXHOJOTTYHHX TapaMeTpiB MoTpidHO

30UTBIIYBaTH MOKAa3HUK A .
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Puc. 2. Yacosi sanescrnocmi npuui8uouteHHs KOIUGANbHUX MAC OJsL CUCEM.
a — HIHOT, 6 — 8I0POYOapHOI K1acuuHol, 8 — 6i6POYOapHoi onmMuMizo8anol

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. [Ipencrapneni pe3ynbTaTi BKa3ylOTh Ha JONUIBHICTD peari3allii BiOpoyIapHUX MAaIlvH i
CHICTEM 32 HOBUM PO3PaxyHKOBHM MPHHIUIOM. [IpH 1IboMY, TIpeICTaBlicHa MOXKIIMBICTh iX ONTHMI3aIlii 3a
OJJTHUM KOMIUIEKCHUM TIOKa3HHUKOM, IO YOCOOJIOE €HEepreTHUHy epeKTHBHICTh iX (YHKI[IOHYBaHHS 3
MOIPABKOIO HA TEXHONOTT4HI BUMOTH. OTXKe, OTpUMAaHO O0JIACTi IOMYCTUMHX 1 ONTUMAIILHUX MapaMeTpiB,
110 JIal0Th 3MOTY peati3allii CHCTeM Yy JJOBOJIi IIMPOKOMY Jiala3oHi, ¢ BUTPUMYIOThCS BU3HAYEHI BUMOTH
JI0 MAIlIVH.
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DETERMINATION OF PARAMETERS OF VIBRO-IMPACT MACHINES TAKING INTO ACCOUNT
THEIR MAIN CHARACTERISTICS

© Gursky V. M., Kuzio 1. V., LozynskyV. I., 2019

Aim. The purposeisto form a generalized performance indicator and analysis of resonant vibration machines,
taking into account their main energy, dynamic and technological characterigtics. M ethod. Three basic parametersthe
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 dimensonless form in the next step. Next, a generalized metric is formed that 1ooks 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 egquations, 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 eastic 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
principleisirrationa, 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 reaization 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 characterigtics 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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