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AOCNIAXEHHA NAPAMETPIB TA PEXUMIB POBOTU BIBPOPOBAPKU

AHOTALIA. O0HUM i3 OCHOBHUX HarnpsiMKie O0CiOXeHHsT MawuH 05151 aupobHuymea bydigenibHUX
Mamepiarnie € 3HUXeHHS1 eHepao3ampam. BupiweHHs1 npobnemu, nog'a3aHoi 3 U3HaYEHHSIM 3ampam eHe-
peaii, nppedcmaernsie doesorsi cknadHy 3adadvy, mak K 3ampamu eHepeii 3anexame 8i0 yinozo psdy hakmopis,
SIKI 3MIHIOIOMBCS1 8 MIPOoYeCci pobomu MawuHU i 8aXKo niddarmbcsi MoOYHOMY onucaHHr. OOHUM i3 HanpsiMKie
po38umKy mMawuH 05151 supobHuUymea bydigenbHUX Mamepiasie € CmeopPEeHHs PE30HaHCHUX 8ibpauyiliHux ma-
WUH. Ha ocHoei aHanisy ocmaHHix A0oCnideHUX 8CmaHOo8/1eHO NMepCcrekmusHicms 8ibpayiliHuX W0KO8UX
Opobapok. lNpasunbHul nidbip napamempis, ski 3abesnedyysamumyms pobomy Opobapku 8 cmasnomy pe3o-
HaHCHOMY pexumi, 0acmb MOX/USICMb 3MEHWUMU eHepao3ampamu Ha nodpibHeHHs. 3 uieo memoro 8
pobomi npedcmasreHi docnidxeHHsa QuHaMiYHUX napamempig sibpauiliHoi woko8oi dpobapku. Ecpekmus-
Hicmb pobomu docnidxysaHoi gibpauitiHoi Opobapku 080cmopoHHbLOI Oii 3abe3sneyyembcs 8 pe30HaHCHOMY
PexXuMI pu CUHXPOHHOMY HarawmyeaHHI pyxy nepuwoi i mpembsoi Macu i npomugba3HomMy pyci Opyaoi macu.
Ans uyboe2o xopcmkicmb NPYXHUX 38’A3Ki6 C1 ma C, po3pPaxos8yembCs 3 yMOBU Pe30HaHCY npusedeHux mac
M3 ma mi> 8i0N08IOHO, a XopCmKicmb ONOPHUX MPYXXUH 3 yMosu 8ibpoizonsuii. lpedcmasneHa izudHa
modernb Opobapku ma HageOeHi PiBHSIHHSI PyXy KosueasnbHUX Mac 3 Mamepiasiom ma 6e3 mamepiarny 8 Ka-
mepi OpobrieHHs1. OmpumaHo 2pacbiku enugy Ha amnnimydy KoegiuieHmy peayrito8aHHs X0PCMKoCcmi rno
yacmomi. Ha ocHosi pigHsiHb pyxy nobydoeaHi ammnnimydo-4yacmomHi xapakmepucmuku Onsi 8i0nogidHux
8/1aCHUX Kymoegux Yacmom (pe3oHaHCHUX Yacmom). Benukut ennue Ha amnnimyQdy KonugaHb Matome Macu
KonueasbHUX YacmuH Opobapku. PauyjioHanbHo nidibpaHi criiegidHOWEHHS KofluganbHUX Mac 3abesneyyroms
nompibHul pexxum pobomu (cuHgbasHul, npomucghasHull) ma 3abesnedyroms MOMpPI6HI amnnimydu Konu-
8aHb Yux mac. [ns 3adaHux exiOHUX yMO8 8U3HAYeHO pauioHarnbHi MexXi crigeiOHOWeEeHb KonueaabHUX Mac
Ons 3abeanedyeHHsi 8i0MOGIOHUX 4aCMoOmHUX pexumis. [pyHmyrouuck Ha aHanisi amnnimydo-4acmomHux
xapakmepucmuk 6ynu rnobydosaHi epagpiku amrnimyd rnepemiuleHHsi KonueasnbHuUx mac dpobapku. [aHo
pexkomeHdauii no subopy ehekKmugHUX HaCMOMHUX PeXUMIs.

Knroyoei cnoea: [ipobapka, eHepaoegpekmusHicmb, 4acmoma, Xopcmkicms, amnimyoda.
RESEARCH OF PARAMETERS AND MODES OF THE VIBRATION CRUSHER

ABSTRACT. One of the main directions of research on machines for the production of building ma-
terials is the reduction of energy consumption. Solving the problem related to the determination of energy
consumption is a rather difficult task, since energy consumption depends on a number of factors that change
during the operation of the machine and are difficult to accurately describe. One of the areas of development
of machines for the production of construction materials is the creation of resonant vibration machines. Based
on the analysis of the latest researches, the prospects of vibrating jaw crushers have been established. The
correct selection of parameters that will ensure the operation of the crusher in a stable resonance mode will
make it possible to reduce energy costs for crushing. For this purpose, the study of the dynamic parameters
of the vibrating jaw crusher is presented in the paper. The efficiency of the double-acting vibratory crusher
under study is ensured in the resonance mode with the synchronous adjustment of the movement of the first
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and third masses and the counterphase movement of the second mass. For this, the stiffness of the elastic
connections c1 and c; is calculated from the condition of resonance of the reduced masses my; and miy,
respectively, and the stiffness of the support springs from the condition of vibration isolation. The physical
model of the crusher is presented and the equations of motion of oscillating masses with and without material
in the crushing chamber are given. Graphs of the effect on the amplitude of the stiffness adjustment coeffi-
cient by frequency were obtained. Based on the equations of motion, the amplitude-frequency characteristics
for the corresponding natural angular frequencies (resonance frequencies) are constructed. The mass of the
oscillating parts of the crusher has a great influence on the amplitude of oscillations. Rationally selected
ratios of oscillating masses provide the required operating mode (in-phase, anti-phase) and provide the re-
quired amplitudes of oscillations of these masses. For the given input conditions, the rational limits of the
ratios of the oscillating masses are determined to ensure the corresponding frequency regimes. Based on
the analysis of the amplitude-frequency characteristics, graphs of the amplitudes of the movement of the
oscillating masses of the crusher were constructed. Recommendations for choosing effective frequency
modes are given.

Keywords: Crusher, energy efficiency, frequency, rigidity, amplitude.

1. MocTanoBka nmpo6aeMu. OHUM 13 OCHOBHUX HAIPSMKIB JIOCITIDKCHHS MAIlIMH JIJIs1 BH-
pOOHHUIITBA Oy/IiBEIBHUX MaTepiaiB € 3HIWKECHHS eHepro3atpat [1]. Bupimenns npobiemu, nos's-
3aHO1 3 BU3HAUECHHSAM 3aTpaT €Heprii, MpeCcTaBise JA0BOJI CKIAAHY 33/1a4y, TaK sIK 3aTpaTH eHeprii
3aJIeXkaTh BiJ] IIJIOTO Py (aKTOpPIB, sIKi 3MIHIOIOTHCS B TIPOIIECi pOOOTH MAIIMHU 1 BaXKKO ITiI/a-
I0ThCsI TOYHOMY onucantio [2],[3].

B cBoto uepry OyniBenbHa MPOMHUCIOBICTD 3 KOXKHAM JTHEM MOTPeOye HOBUX METOIB Ta CIO-
co0iB BUpOOHUIITBA OyaiBenbHUX MaTepiaiiB [5]. Po3risaaroun qpobunisHe 06aaaHaHHA AJs MOApi-
OHEHHS TIPCBKHX IMOPiJ, CTa€ 3pO3yMUINM, IO IS Taly3b BUPOOHUIITBA MOTPEOYE BIPOBAKEHHS
HOBUX €HEproeeKTUBHUX METO/IB MoApiOHEeHHS [6]. OHUM 13 TaKUX HAIPSIMKIB € PE30HAHCHI Bi-
Opartiiini ApoOubHI MamuHu [7].

J1o OCHOBHHX IapaMeTpiB MEXaHIYHOTO PEeKUMY BiOPOIpOOApKH BIIHOCATHCS Maca, IIBU-
KIiCTb Ta XKOPCTKICTH [8], [9]. [IpaBriibHU min0ip TapaMeTpiB, SKi 3a0e31MeTyBaTHMYTh poOOTY JIpo-
O0apku B ONTUMAJIBLHOMY PEKUMI, JACTh MOXKIIMBICTh 3MEHILIUTH €HEpro3arparu Ha MOAPIOHEHHS
[10], [11].

2. AHaJji3 ocTaHHiX J10caixKeHb i myOaikauniil. Ha ocHOBI aHammizy ocTaHHIX AOCITIIKEHUX
BCTAaHOBJICHO IMEPCICKTUBHICTh BiOpaIiiHUX mokoBux japodapok [1], [2], [12]. KoHcTpykTHBHI
CXeMH BiOpalliifHUX IIOKOBHX JIpOOApOK YMOBHO MOXHa po3aiauTd Ha 5 rpym [4]: 1) Inepuiiini
IIOKOBI AP00OapKH 3 OJJHOIO PYXOMOIO IIOKOI0; 2) BiOpalliiiH1 IIOKOBI Apo0apKu 3 1BOMa PyXOMHUMHU
mokamu; 3)BiOpalliiiHi IOKOBI ApoOapKH 3 BaXKKUM KOPITYCOM 1 MassTHUKOM; 4) IIOKOB1 IpoOapKu
3 BiOpaTopoM Ha Kopryci; 5) BiOpariiiHi IOKOB1 IpoOapku 3 xBuieBoaaMu. Haitbunein gocnimke-
HOIO TpPYMoro BiOpoapoOapok € BiOpariifHi HIOKOBI ApoOapku 3 JBOMAa PYXOMHUMHU IIIOKaMHU
[51,[7],[11]. Ao He nmepcHeKTUBHUX TPYM BIAHOCUTHCS MEpIla — iHEpIiiHI II0KOBI IpodapKu 3 oA-
HOIO PYXOMOIO IIOKOI0. L{e MOosICHIOEThCS THM, 1110 BUKOPUCTaHHS IHEPLIHHOIO IPUBOJIA B Ipobap-
Kax 3 KIHEeMaTUYHHUM MPUBOJIOM 3HUXKYE HAAIWHICTh OCTaHHBOTO. OJIHOIO 3 MEPCIEKTUBHUX aje
MaJIoI0CITI/DKEHUX TPYII € BiOparliiiHi MOKOBi [podapKu 3 BaKKUM KopirycoM i MasitHukom [2],[5].

3. Meta po6otu. [Jocniauti epeKTUBHICT pOOOTH BIOpAlLIHHOT PE30HAHCHOI IIOKOBOL
JIpoOapKu IBOXCTOPOHHBOI Jii Ha PI3HUX YACTOTHHUX PEXHMMax Ta BCTAHOBUTH palliOHAJIbHI 3Ha-
YeHHs i1 OCHOBHUX MapaMeTpiB.

4. Matepiaau ta metoau. EdekTuBHICTE poOOTH TOCHTIIKYBaHO1 BiOpoIpoOapku 3abe3me-
YY€ThCS B PE30HAHCHOMY PEKUMI1 IIPU CHHXPOHHOMY HaJallITyBaHHI PyXy HepuIoi 1 TPeThOi MacH i
npotudazHomy pyci apyroi macu. Cxema BiOpaliiiHO1 IIOKOBOI ApoOapku MpeAcTaBieHa Ha puc. 1.
BiOpoapobapka ckiagaeTbest 3 TpbOX Mac, K1 MOMapHO 3’€HaHl NPYy>XKHUMHU eJeMeHTaMu 4 1 9.
[Tepmra maca pobapku BKIIOUYAE B cebe pyXOoMy ILTUTY 3 710 sIKOT )KOPCTKO MPUKPITUIEHHUH BiOpaTop
2. JIpyra maca BKJIO4ae 30ipHY paMmy 5 10 SIKOi )KOPCTKO ab0 HIapHIPHO KPIMJIATHCS HEPYXOMi
npoOuibHi muTy 8. Pama 5 npobapku onupaeThesi Ha CTaHUHY | uepe3 ryMOBi IPY>KHI €J1eMEHTH
10. Tpetst maca (yaapHUK) BKIIIOUA€E B ceb€ pyxoMy IUIATY 7 10 SKOi 3 000X OOKIB KOPCTKO KpiN-
JSAThCA IpOOUIBbHI IIIUTH 6. MOHTYETBCS TPETS Maca B CepeIuH1 paMu ApoOapKH 1 OMUPAETHCS Ha
crienianbHi poJMKoBi omopu 11.
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Puc. 1. Mogens pe3oHaHCHOT BiOpaIiifHOI IIIOKOBOT IpoOapKu ABOCTOPOHHBOT it
Fig. 1. Model of a resonant vibrating jaw crusher with two-way action

Jiama3oH 4yacToT npH sKux poOoTa MammHu Oyzne HaOuIbn eQeKkTUBHOW OyB 3alaHui 3
BpaxXyBaHHSM CHCTEMU PiBHSHb:

PIBHSIHHSA pyXy Mac 6e3 marepially B Kamepi ApOoOIeHHS:
m,X, + 2X,C; —X,C, = F,sinot;
m,X, + X,C, — X,C, +2C,X, —
2C,X; +X,C,. =0;
m,X, +2¢,X, — 2C,X, =0; (1)
Fp SCX,

X, >0; X, >0; x, <0;

X, + X3 =E*D, -

PIBHSHHS pyXy Mac 3a HasBHOCTI Marepiajly B Kamepi MOoApiOHEHHS:

m X, +2X,C, —X,C, = F;sinot;

(m,+km,_ )X, +X,¢, —X,C, +

+2C,X, —2C,X; +X,C, =0;

(my+km, )%, +2¢,X, — @)
-2¢,X, =0,

Fp SCX,5

X, >0; x,>0; x, <0;

X, + X3 =E*D, o

[Tpu pyci npobapku 3 MaTepiajaoM B Kamepi NoApiOHEHHS, poOoye cepeoBHUIIE BPaXOBYEMO
3a paxyHOK MPUEIHAHOT MAacH JI0 APYTOi 1 TPEThOT MaCH MAIIMHH, SIKi 6€310CePEaHbO B3aEMO/IIIOTh
3 MaTepiagoM

JKopeTkicTs NpyKHUX 3B’SI3KIB €2 Ta ¢1 Oyna po3paxoBaHa 3 YMOBU PE30HAHCY MPUBEIECHUX
Mac mp3 Ta mi2 BIJIMOBIAHO, a KOPCTKICTh OMOPHUX MPYKUH 3 YMOBH BIOPO130JIALLIi.

B 3arasibHOMY BUIVISIIL KOPCTKICTH KOJMBAJIBHOI CUCTEMU MOKHA BU3HAYUTH 3 PIBHSIHHS:
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Cij = (0)01’1)2 M, (3)

m+m,

JIe (0~ BJJaCHA KyTOBA YaCcTOTa KOJUBaHb (PE30HAHCHA YaCTOTa); N — KOSMII[IEHT PEryIIOBaHHS KO-
PCTKOCTI MO YaCTOTi.

5. Pesyabraru. [liacraBisiroun BiAMOBIIHI 3HAYCHHS YKOPCTKOCTEH B PIBHSHHS aMILTITYI
nepeMillieHb Mac ApodapKu, OTpUMaEMO Tpadiku 3aJIe)KHOCTI aMILTITYAH Bl KoedillieHTa n puc.2,
JUTSL BIITTOBITHUX YaCTOTHUX PEKHUMIB.

XoMu
20 KoM

10

N ﬂ/ oI

a 0
Puc.2. I'padik 3anexHOCTI aMIUTITyiX Bifl Koe(ilieHTa n, MPH HACTYITHUX YACTOTHUX PEKIMaX:
a) mo =75,36 pan/c; 6) mo = 104,667 pan/c
Fig. 2. Graph of the dependence of the amplitude on the coefficient n, at the following frequency modes:
a) wo =75,36 rad/s; b) wo = 104,667 rad/s

wn

[——

Benukuit BIUTMB Ha aMIUTITY/ly KOJIMBaHb MAalOTh MacH KOJMBAJIBHUX YaCTHH IpoOapku. Pa-
[[IOHAJTBHO MTi10paHi CITIBBITHOIICHHS KOJIMBAJLHUX Mac 3a0€31eUyr0Th TOTPIOHHN PeKUM pOOOTH
(cundaznuii, nporudaszuuii) Ta 3a0e3medyroTh MOTPiIOHI aMILUTITYIU KOJIMBaHb IUX Mac. ['padiku
JUISl BUBHAYEHHS PaIliOHAIBHOTO CITIBBITHOIICHHS MIXK JPYTOI0 Ta TPETHOK MAaco0 JpoOapKu 30-
OpaxkeH1 Ha pHc. 3, a MIX MEPIIOO Ta IPYToko Ha puc. 4.

Xo.MMm Xo. MM

10

\ 2 Thnede 6 8 10 =
st \ f//
T 5
a §)

Puc.3. I'padiku 3anexHOCTEl 3MiHH aMILTITY 11 BiJ KoedillieHTa criBBiHOmEHHS Mac K,; ,
IIPH Pi3HUX YaCTOTHHX Jlalla30Hax: a) Wy =75,36 pau/c; 6) wo = 104,667 pan/c
Fig. 3. Graphs of dependences of the amplitude change on the mass ratio coefficient Kk,
at different frequency ranges: a) mo =75,36 rad/s; b) wo = 104,667 rad/s
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. Xo.Mm
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-20 / -20

a o

Puc.4. 'padiku 3anexHOCTEl 3MiHH aMILTITY 1 Bi KoedilienTa criBigHomeHHs mac K,, ,
MY Pi3HUX YaCTOTHHX Jliana3oHax: a) wo =75,36 pan/c; 6) wo = 104,667 pan/c.
Fig. 4. Graphs of dependences of the amplitude change on the mass ratio coefficient k,,,
at different frequency ranges: a) wo =75,36 rad/s; b) wo = 104,667 rad/s

— Xn o o
20 - X 20 — Xn
X3
= — Xos
10 10
= — we! ot
0 0 150 200 230 0 150 r_zoo 250
-10 -10
-20 -20

a 0
Puc.5. AMITiTyTHO-4aCTOTHA XapaKTepUCTHKA BiOpaIliifHOT IOKOBOI Ipodapku ipu wo =75,36 pan/c:
a) pobota apodapku 6e3 Marepiary; 6) podoTa qpoOAPKH 3 MaTEPiaIoM.
Fig. 5. Amplitude-frequency characteristics of the vibrating jaw crusher at o =75,36 rad/s:
a) crusher operation without material; b) operation of the crusher with the material.

X, v
— Xn X
20 e B
20
— X
10
10
wc!
100 150 250 i
-10 _10
-20 -20
a 0

Puc.6. AMIUTITYTHO-4aCTOTHA XapaKTeprcTHKa BiOpaliiiHoT mokoBoi Apobapku nipu o = 104,667 pan/c:
a) pobota mpobapku 6e3 MaTepiany; 6) poboTa 1pobdapku 3 MaTepiaioMm
Fig. 6. Amplitude-frequency characteristics of the vibrating jaw crusher at oo =75,36 rad/s:
a) crusher operation without material; b) operation of the crusher with the material

Jis moOGynoBu rpadikiB Oyi1y BUKOPUCTAHI HACTYIIHI JOT1UHI mepeTBopeHHs [3]:

N N

_ c .

pm,=—r 4
P 1+Vk Y 1+Kk, )
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ne N_— cyma npyroi Ta TpeThoi Macu cucteMu; K, — koedimieHT criBBiIHOMIEHHS Mac. 3HAIOUH BC1

HEBiZIOMi MapaMeTpu PiBHIHb pyXy Oyno moOymoBaHO rpadiku 3ajeKHOCTI aMIUTITYIU IepeMmi-
IIEHHS APOOMJIBHUX IUIUT B1Jl YACTOTH 3MIHU 30ypIOBaJIbHOIO 3yCHILIA pUC.2.

[Tpu noOynoBi rpagikis puc. 5, 6 3HaueHHs KoeQilieHTIB n, ko3 Ta ko1 mpuitmanuce B gorry-
CTUMHUX MEXax, BU3HAYEHUX PaHILIE.

XoMn

LY
- Xn
- X
- Xz

a §)

Puc.7. I'padix ammutityn nepemimieHss mac (mo =75,36 pa/C):
a) pobora mpobapku 6e3 Marepiany; 0) podoTa ApodapKu 3 MaTepiaaoM.
Fig. 7. The graph of amplitudes of mass movement (wo =75,36 rad/s):
a) crusher operation without material; b) operation of the crusher with the material

[pyHTYIOUHMCH Ha aHajli3i aMILITY0-4aCTOTHUX XapaKTEPUCTUK Oyiu 1mo0ymoBaHi rpadiku
aMILTITY/1 IepeMillleHHs KOJIMBaJIbHUX Mac Apodapku puc.7, 8.

Xo.Mu X, Mu
6 6

= Ko — Xn
4 - Xo 4 —
2 - Xo — Xo

=)

a 0
Puc.8. I'padix ammutityn nepeminiensst mac (wo = 104,667 pan/c):
a) pobora mpobapku 6e3 marepiany; 0) podota Apodapku 3 MaTepiaaoM.
Fig. 8. The graph of amplitudes of mass movement (wo = 104,667 rad/s):
a) crusher operation without material; b) operation of the crusher with the material

6. BucnoBku. PamionanbHe 3HaueHHS KoedilieHTa n 3HaXoauThes B Mexkax 0,6 < n < 1.
I[Tpu 361nb11eHH] 3HaYeHHs koediuieHTy (1 <n<2,5) epexTuBHMI Niana3oH poOOTH IpOOAPKU 3BY-
JKY€EThCS Ta 3MILIYETHCSA B CTOPOHY BUCOKUX 4acTOT. I'padiku puc. 2 3acBiIUyI0Th, 10 KOPCTKICTh
NpPY’KHUX 3B S3KIB JIpoOapku 3abe3neuye ii epeKTUBHY poOOTy B 3ap€30HaHCHOMY Ta B OKOJIOPE30-
HAaCHOMY peXHMi, a caMe MK JIpYTHM Ta TpeTiM pe3oHaHcamu. [Ipu 3HauenH1 koedimienta 0,6 < n
<1, ammutiTyau Mac MarOTh HAMOLIBIIN 3HAYEHHS, 1 3MEHIIYIOThCS 3 HaOmmKkeHHsIM n 70 1.4. AMmI-
JTy/Aa MEepIIoi MacH I0CATaE HYThOBOTO 3HAYEHHS B OKOJII TOYKH n= 2.52.

3 rpadikiB puc. 3, 6ynu 3pobieHi HacTynHi BUCHOBKH. [Ipu yactoTi konuBane wo =75,36
paz/c, 3HaYeHHS aMIUTITY/Id TPEThOI Macu J0CIra€ MaKCUMyMY B OKOJIi TOUKH K23=2, a aMIutiTy
HEepIIoi Ta IPYrol Macu JOCATal0Th MAaKCUMyMY B 0KOJIi TOUKH K23=0,8. I3 301/IbIIICHHSAM 3HAYCHHS
PE30HaHCHOI YaCTOTH JIaHi /1ana30Hu 3MILYIOThCs 1Mo oci abcuuc B ctopony 0. Tax npu pe3oHaH-
CHif yacToTi ®o = 104,667 pan/c, MakcCUMaibHE 3HAYECHHS aMILTITY I TPETbOT MAaCH JI0CSTAEThCS B
okouti ToukH K3=1.3. A MakcUMasbHI 3HAYCHHS aMILTITY]l MEPIIOT Ta IPYroi MacH 3HAXOISTHCS B
okouti Toukn K23=0,75.

Haii0inp111 3Ha4eHHS aMILTITYIH TPEThOi MacH JIJIs BIJIMOBITHUX PE30HAHCHUX YaCTOT 3HA-
XOJSThCS B OKOJII HACTYITHUX TOYOK pHC.4: wo =75,36 par/c — 0,1< k23 <4; wo = 104,667 pan/c - 0<
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K21 <4. AmrutiTyma Qpyroi Mac € OLIbII ITOJOTO0 HisK aMILTITY 1M TPeThol Ta mepinoi mac. CTpiMke
3pOCTaHHs aMILTITYH JIPYroi MacH CIIOCTEPIra€Thes MPHU MPOXOKEHHI CUCTEMHU Yepe3 PEe30HAHC.
MakcuMaabHHX 3HA4Y€Hb aMILTITY/Ia TIePIIol Macu JA0CSATae B TOMY K Jiara3oHi, 1o 1 TpeTs Maca.
[Mpu 36inbiIeHH] KoedinienTa k21> 4,5, aMIuTiTy 11 KOJIMBaHHSI IIEPIIOI Ta APYTol MacH 3MiHIOIOThCS
HE3HAYHO.

EdexruBauii pexxum podotu qpodapku peanizyeTbcs B 30HI JPYroro pe3oHaHCy Ta B Jlia-
Ma30HI MK IPYTHUM Ta TPETIM PE30HAHCOM, PHC. 5-6.

[Tpu miABHIEHHI PO3PaXyHKOBOTO 3HAYEHHS PE30HAHCHOI YaCTOTH KOJIOBUX KOJHMBAaHB (o
(3) miamazon edekTuBHOI PoOOTH BIOpAIiitHOT MIOKOBOI IPOOAPKH 3MIIIYETHCS Y OiK 301JIbIICHHS
YacTOTH;

EdextuBHi aiamazoHu podOTH ApoOApKH MPH 3HAYCHHIX KOPCTKOCTEH CHCTEMH, sIKi Oyiu
pO3paxoBaHi 3a BiATIOBIAHUX PE30HAHCHHUX YACTOTAX BIACHUX KOJIMBAaHb wo (3) € HACTYITHUMU:

- w0 =75,36 pan/c: 1) 70 pan/c < ® <91 pan/c, 2) 100 pan/c < < 180 pan/c;

- w0 = 104,667 pan/c: 1) 97 pan/c < ® < 121 pan/c, 2) 129 pan/c < ® <200 pax/c.

Jiist 3a0e3nedeHHs1 epeKTUBHOT poOOTH ApOOApKH MPU 3HAYCHHSAX KOPCTKOCTEH CUCTEMH,
K1 Oy po3paxoBaHi 3a yMoBU wo = 104,667 pan/c (3), B qiama3oHax HIKYMAX YaCTOT  MOTPIOHO
HiIBUIIyBaTH MaCH KOJMBaJbHUX YAaCTHH MAalIMHU. 30UIbIIEHI MacH HE TOBUHHI TIEPEBUIIYBATH
JIOITyCTUM1 MEXi, IEPEBUIICHHS SIKUX MPU3BEAE 10 €KOHOMIUYHOI HEOIUTBHOCTI TaHOT KOHCTPYKIIi1
MaIluHH.

[TpoBeneHi gociiKeHHs 3aCBIIYIIN €PEeKTHBHICTH POOOYOTO0 Mpolecy NoApiOHEHHS B Ka-
Mepi BiOpariiiHoi 1podapku.

Haiibinpmmx nepeMinieHs qpyra Ta TpeTs Macu HaOyBaroTh B AiamazoHi 104,667 pan/c < @
<157 pan/c, puc. 9-10. [Ipu HaOIMKEHHI YaCTOTH JI0 TPETHOTO PE30HAHCY aMILIITy/a NEepIIoi Macu
CTPIMKO 3pOCTaE, IO MiATBEPIKYeThCs rpadikoM. [Ipu pobdoti apodapku Ha yactotax 69,08 pan/c
<o < 91,06 pag/c (puc. 9 -10), nepia Ta Apyra Macu pyxaroTbcs B (asi, a TpeTs Maca HaBIAKU B
npotudaszi. Pobora npodapku B 1aHOMY pexuMi He € e()eKTUBHOIO.

[TpoBeneHi ekcrepUMEeHTaIbHI TOCIIIKEHHSI 3aCBIAUMIHN €(DEeKTUBHICTH pOOOYOro MpoIECy
BIOpOpOOApKH Ta HE3HAYHY BIJMIHHICTh B/l TECOPETUIHUX A0CIimKeHb (15-16%).
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