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Annotation

The topic of the master's thesis is "Improvement of the process and equipment
for cutting medicinal plant raw materials".

The aim of the work is to improve the process of cutting stems and leaves of
medicinal plants, taking into account the influence of their structural and mechanical
properties on the process, to reduce energy consumption during cutting and improve
the quality of work.

The object of research is the process of cutting medicinal plants and
improvement of existing cutting equipment.

The note contains: introduction, analytical review of the state of the art,
objectives, research methodology, process research, design and principle of
operation, equipment calculation, economic calculations, installation, operation and
repair, labor protection, as well as illustrations: diagrams, figures and tables.

A rotary mill for grinding medicinal plant material was improved by replacing
the feeder for plant material with a knife mill and adding a belt conveyor with a guide
device. This made it possible to feed the product directly for grinding, increase

productivity and prevent product stagnation at high density.

Key words: vegetable raw materials, cutting, grinding, mill
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Beryn

PizaHHs - 1€ TEXHOJOTIYHWUN TIpoIleC, MNpPHU3HAUYEHUM 11 OOpOOJICHHS
MaTtepiany, KA BUKOHYETHCS 3a JIOTIOMOTOIO PI3IBHOTO 1HCTPYMEHTY, 3 METOIO
HaJaHHA BIAMOBIIHOT (hOpMHU, pO3Mipy Ta SIKOCTI MOBEpXHi. Lle BaXkiarBa TEXHONOTs,
sIKa BUKOPHUCTOBYETHCS B IIPOMHMCIIOBOCTI IO BUPOOHUIITBY 1K1 Ta pecypciB. SKIiCTh i
BUKOHAHHS BIUTMBAE Ha €(PEKTUBHICTH Ta 30BHIIITHIN BUTJISIT TOTOBOI MPOTYKITIi.

B 3ajie’)xHOCTI Bijl MEXaHIYHUX BJIACTUBOCTEH MPOIYKTY, BUOIP BIATOBIIHOTO
croco0y moapiOHEHHs: JJi1 POCIMHHOI CUPOBUHU BUKOPHUCTOBYIOTh CTHpAHHS, YAap
Ta pI3aHHs, a ISl KPUXKHUX MPOAYKTIB — PO3AaBIOBaHHs Ta yaap. OOnaaHaHHS IS
NOAPIOHEHHS MOXE BIAPI3HATUCA THUIIOM Jii: CTHUPArO4oi (JUCKOBI Ta BAaJIKOBI
MJIMHH), [UMHHOI (T1APOJUHAMIYHI TIEpETBOPIOBAYi, TOMOTCHI3aTOpH) YAapHOi
(mpoOapku MOJIOTKOBI) Ta pi3aibHOT (pi3aibHi MAIIUHH).

CydacHa xapuyoBa MPOMUCIIOBICTh BHMAara€ 3MEHIIEHHS BUTpAT €HEprii Ha
MEXaHI4YH1 MPOLIECH, BKIIIOYAOUM pi3aHHA. Bimomo, 0 MOKHA 3MEHIIUTH BUTPATH
pyu e(peKTUBHOMY BUOOpI MapaMeTpiB MPOLIECy pi3aHHS.

B nmiteparypi BiacyTHsA iHdopmalis NOpo BIUIMB CTPYKTYpU NPOAYKTY Ta
HIBUIKOCTI pi3aJIbHOTO 1HCTPYMEHTY Ha 3MiHYy 3yCcWJib pi3aHHs. Hemae Mertoauk, siki
JTO3BOJISIIOTH MPSIMO BU3HAUYATH Tl 3yCHILIS SIKI TIOTPIOH1 JIJIst pi3aHHS MaTepiainy Ipu
3MiHI IIBUJAKOCTI HOXa. 3YCWUIS [UIsl PI3aHHS BHU3HAYEHE JIMILIE [JIs MEBHOI
IMIBUAKOCTI HOXa, sKa HE 3aBXIW € ONTUMAJIbHOI. MareMaTH4yHl MOJIENl
HEJOCTAaTHbO YpPaxOBYIOTh BIUIUB PEXHUMIB PI3aHHs, Mpolecy TepTs Ta anaresii. He
BpPaXOBYEThCS OaraTomapoBicTb NPOAYKTY.

B dapmareBTuiii pocivHHI MaTepialii BHUKOPUCTOBYIOTHCS JIi BHUPOOHUIITBA
eKCTPaKTiB, HacToiB, edIipHUX Macel Ta Jikapckkux mnpenapartiB. Ilepen
MIPOBEICHHSIM MacOOOMIHHMX TIPOIIECIB CHPOBHHA MTOBMHHA OyTH SKICHO MOApiOHEHA
HAa YaCTUHU OJHAKOBOTO po3mipy. Yacto mpoBOAsSTH MOAPIOHEHHS JOTIOMOTOIO
pizanHs. B MeHe B3sTO cywacHe oOnanHaHHsS HoxoBuM wimH PM  120. Jlns
3MEHIIICHHSI BUTpAT €HEprii Ha pi3aHHS Ta MOJIMIIEHHS SIKOCTI MPOIIECY MPOBEIACHO
JTOCTIDKEHHsT pi3aHHs cTe0iB Ta JuCTS M'STH. Bigomo, 10 TpU  BEIMKUX

HIBUIKOCTSX HOXa, BUTPATH €HEPrii Ha pi3aHHSA JAESIKUX Xap4yOBUX IPOIYKTIB



3MEHIIYIOThCSI, a SKICTh Pi3y MiJABUIIYEThCSA. TOoBap MpU TaKOMy pi3aHHI MEHIIE
nehOpMYETHCA.

JIns BIOCKOHAJIGHHSI TIPOIECY pi3aHHS, YCYHEHHS HEIOJIKIB, OyJIO0 3MIHEHO
By30J TIOCTauyaHHS POCIMHHOI CHPOBHMHM Ha KOHBEEP, BUKOPHUCTOBYIOUU
npwkuMatounii Banuk. lle m03Bossie pOCHMHHIN CHUPOBUHI MPaBUIBHO MPOXOAUTH
yepes3 MoJipiOHeHHs, 3arnofirac HaMOTYBaHHIO Ha POTOP Ta 3MEHIIye Biaxoau. Take

BJIOCKOHAJICHHSI 301JIbIITY€ MPOAYKTUBHICTD Ta SIKICTh APiOTICHHS.



1. AHAJITUYHUI OTJIA/ CTAHY MUTAHHA

MexaHiuHI TPOLIECH € HEB1JI'€MHOI YaCTHHOIO 0a30BO1 IMporpaMu TEXHOJOTIi
BUPOOHUIITBA XapYOBHUX MPOAYKTIB. Y XapyoBHX TEXHOJOTISX TBEpIl Marepianu
MEXaHIYHO MOJIPIOHIOI0Th, TOTIM COPTYIOTH 32 PO3MIPOM 1 MOTIM TpecyroTh. I1ix gac
noApiOHEHHsT 30UIBIIYETHCS TOBEPXHS OOpOOJIIOBAHOTO Marepialy, CTBOPIOIYH
MEePEeYMOBU [IJIsl TOCHJICHHS TEIJIOBHUX, MAacOOOMIHHUX 1 Ol0XIMIYHUX TIPOIIECIB.
MexaHiuHI MpOIlECH BUMAararTh PO3POOKH BiAMOBiAHOrO o6gamHaHHA. I[Iporec
TpOOICHHS TBEPANX MaTepialliB MPUUHITO MOUIATH HA APOOICHHS 1 MOApiOHECHHS.
[TpuHLIMIIOBOT Pi3HUII Y (I3UYHIN NPUPOAL TIPOLECy MK HUMHU HeMae. [[pobieHns -
e Mpollec, IpU SKOMY TBEpAa PEYOBHHA PYHHYETHCS MiA JI€H0 30BHIMIHBOI CHIIH.
®parMeHTalis, sk MPaBUiIo0, IPU3BOAUTH JO YTBOPEHHS YACTUH MarTepiaiy po3MipoM
noHaq 5 mMm. ToHke moapiOHEHHs (MEHILIE 5 MM) TBEpJOro Marepiany Ha3UBA€ThCA
NOJAPIOHEHHSIM.

[ToapiOHEHHA - L€ MPOIEC MEXAHIYHOIO MOALTY TBEPAOro TLIA HA YAaCTUHU. 3a
pPaxyHOK TMOJpiOHEHHSI 30UIBIIYETHCS MOBEPXHsS OOPOOIIOBAHOTO Marepiaiy, IO
JIO3BOJIIE 3HAYHO TMPUCKOPUTH PO3UMHEHHS, XIMIYHY B3a€EMOJII0 Ta BUJUICHHS
O10JIOTIYHO  AaKTHUBHUX PEYOBMH 13 TmoapiOHeHoro Marepiany. OCHOBHOIO
XapaKTEPUCTUKOIO TIPOLIECY € CTYIIHb MOAPIOHEHHS 1, IKUI JTOPIBHIOE BIIHOIIEHHIO
CEepeHBOTO PO3Mipy OJIOKY MaTepiany a0 mojapiOHeHHs (dp) 1 micns moapiOHEHHs
(dk): 1 = dp/dk BuzHauae miHiltHUN po3mip maTtepianbauii 010k Chepruuna dhopma —
ue aiametp dp, dk , 11t YacTHHOK HeNpaBUIIBHOI (POPMU 11e MOKE OYTH iXHE CEepeHE
reomerpuyHe. HacnpaBai BiH BH3HAYae€ThCsl PO3MIPOM OTBOPY, Uepe3 SKUU
MPOCIIOIOTh yC1 MaTepiaid A0 1 Ticias mnoapiOHeHHs. BUKOPUCTOBYIOTH TaKOX
NOHATTS 00'eMHOro cryneHs nonapiOHeHHs: u = dn/dk IlogpiOHeHHS YMOBHO
MOUIAIOTH Ha KiJIbKa KaTEropii 3a KPyMHICTIO BUX1THOTO MaTepialy 1 moapiOHEHOTO
Marepiany (taba. 1). BiamoBigHO 3MiHIOETBCS 1 CTymiHb momeny. Ilpu rpyOomy
npoOJieHHi 1 = 2...6, cepenabomy — 1 = 5...10; npu ToHKOMY TIoApiOHEeHH] 1 > 100.
®i3uK0-MeXaHI4H1 BIACTUBOCTI MaTepiay, BUJ 1 CTYIIHb NOJPIOHEHHSI BU3HAYAIOTh
BUOIp crocoOy mnoapiOHeHHs. BianoBigHO 10 XapakTepy 30BHINIHBOI MEXaHIYHOI
CIJIM MaTepial Moke OyTH 37IaMaHWi IIISXOM PO3JAaBIIOBAHHS, PO3KOJIOBAHHSA,

TEpTs, YAApPHOTO PO3JABIIOBaHHS, PO3pPUBAHHA, 3rHHAHHS Tomio. s rpyboro i
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CEepEIHBbOrO MOAPIOHEHHS HAWUacCTIIIe BUKOPUCTOBYIOTh APOOJIEHHS, a Il TOHKOIO
— po3menoBaHHs. [ TBepaux MarepiasiiB Ciifi BAKOPUCTOBYBATH PO3KOJIIOBAHHS
Ta yJAAapHE HABAHTAXEHHs, I KPUXKUX MarTeplajiB CliJl 3aCcTOCOBYBAaTH
PO3/1aBIIOBAHHS Ta ynap, a Juisl B’SI3KWX MaTepiaiiB CliJ 3acTocOByBaTH TepTs. [lin
yac moJpiOHEHHs 4acTO KOMOIHYIOTh KUJIbKa METO[IB, TaKUX fK: MOJAPIOHEHHA Ta
NyJbBEpHU3allisl; CTUPAaHHSA Ta yJapHI HaBaHTakeHHA. [Ipoliec yTBOpeHHsS B Tijax
HOBHX MOBEPXOHB MiJ JII€I0 BHYTPIIHIX HANPY>XKeHb a00 30BHIIIHIX CHJI Ha3UBAaIOTh
pylinyBaHHAM. [Ipy yacTKOBOMY pyHHYBaHHI y TBEpJOMY TUIl BUHUKAIOTh TPILLMHH,
K1l MOXYTh 3MIHHTH CTPYKTypHO-MEXaHI4HI XapakTepuctuku Tina. [lonpioHenns
MaTepiay € MITYYHUM MOBHUM PYHHYBAHHSIM TilIa, IPU SKOMY BOHO PO3IISETHCS HA
YACTHUHHU.

PyiinyBaHHA miJ J11€10 30BHIIIHIX CUJI MOXE B1AOYBaTHUCS 3a HassBHOCTI OJHIET 3
YMOB:

1. JlokanpHe TiepeHANpPYXEHHS TOBEPXHEBUX MIKPOOO'€EMIB Yy  MICIISX
NPUKJIaJJaHHS HABAHTAXKEHb.

2. HasgBHICTh MOPOXHUH, HEOJHOPIHOCTEH Ta IHIUX JE(PEKTIB Y CTPYKTYpi
TiJa.

3. Po3BUTOK y MaTtepiaii 3HaYHUX MPYKHUX 1 MIIACTUYHUX AePOpMalliii.

MexaHi4H1 XapaKTepUCTUKH TMPYKHICTh, TEKYYiCTh, MIIHICTh, IUIACTHYHICTH
BU3HAYAIOTh T[OBEIIHKY TBEpPAOro Tila NpPH 30BHIMIHIA Ail. 3a yMOBH, UIO
HABAHTAKECHHSA TEPEBUIINYE MEXY TMPYKHOCTI, MaTepiall MiAMA€ThCA TUIACTUYHIN
nedopmMaiiii, a mpu AOCSITHEHHI MEX1 TEKydOCTi mounHae TekTu. [Ipu mocsrHeHH1
MeX1 MILHOCTI MaTepial pyWHYEThCS, TPUUOMY 31 3MEHIICHHSIM PO3MIpy TLIa Mexa
MIIIHOCTI 3pOCTa€, TOMY IO 3MEHIIYEThCS KUIBKICTh NedeKTiB y wmarepiam. Y
npoiieci ApoOJiIeHHs BiJOYBAaIOThCS B OCHOBHOMY KPHMXKE 1 MJIACTUYHE PYHHYBaHHS.
Jlst KpuxKOro pyHHYBaHHS XapaKTepHa HE3HauHa jJedopMallis MaTepiary, IpUuIoMy
micnsi  pydHyBaHHS Hemae 3anumkoBux nedopmariid. Ilpuxmamena eHepris
BUTPAUYAETHCS HA TOIOJAHHS CHJI B3aEMHOTO 3UCIUICHHS YaCTHHOK Tijla, TOOTO Ha
YTBOPEHHsI HOBOi MoBepxHi. [li yac pyliHyBaHHS IUIACTUYHUX MaTeplajiB €Hepris
BUTPAYAEThCS SK HA PO3PUB CTPYKTYPHUX 3B'A3KIB, TaK 1 HA 3HAYHI IUIACTHYHI

nedopmariiii. [Ipudomy eHepris, o0 BUTpavyaeThes Ha eopmalito, NepeTBOPIOETHCA
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B TemioTy. PyliHyBaHHS KpHUXKHX MarepiajiB MnoTpedye 3HaYHO MEHIIMX BUTpAT
eHeprii MOpIBHAHO 3 IUIACTUYHUMHU. OCKUTBKM KPHUXKICTh 1 IUIACTHYHICTH PSAY
MaTepiajliB BU3HAYAKOTHCA iXHIM (I3MYHUM CTaHOM, 3 CHEPreTUYHOTO IOTJISAY
JOLLUTBFHO MOAPIOHIOBATH MaTepian y KPUXKOMY CTaHi.

Humni He icHye eanHOi Teopii pyiiHyBaHHs. [ pi3HUX (I3MUHUX CTaHIB Tija Ta
YMOB PYHHYBaHHSI CTBOPEHI I BUKOPHUCTOBYIOTHCS BIJIMOBIIHI MO pyHHYBaHHS.
Hewmae Takox 3aragpbHOr0 TEOPETHYHOTO OIKCY MPOLECY MOAPIOHEHHS XapyOBHX
NpOAYKTiB. ICHYrOUl Teopii moapiOHEHHS OpIEHTOBaHI B OCHOBHOMY Ha BH3HA4YCHHS
BUTpAT €Heprii, OCKUIbKM Ha 3IHCHEHHs TMpolecy MOTpiOHI 3HauHI I BHUTpaTH.
[TonpiOHIOBaHHS MOXKe OyTH JONOMDKHMM MPOLECOM i MPOLECIB PO3UYMHEHHS,
eKCTpaKilii, CyIIIHHS, SKI MPOXOJASTh IIBUIIEC W TMOBHINIE MPU BEIUKIA MOBEPXHI
TBEpAUX Ted. Y 1bOMY BHUIAQJKU 3ApIOHEHUN Marepiall BIAITpae  pojb
HamiBpabpukaTy, HOTO MOKHA BHUKOPUCTATH JJII BHUPOOHMIITBA EKCTPAKTIB,
HacTOMOK, TabyeTok. 3apiOHIOBaHHS MOXKE€ OYTH OCHOBHHUM TIPOILIECOM IS
OJIep’KaHHS TOBAapPHOTO TPOAYKTY. Y I[bOMY BHIIaJKA TEXHOJOTIYHA CXeMma
oJIep>KaHHs 37p1OHEHOr0 MPOIYKTY CKIIAJAE:

1. TlonpiOHIOBaHHS MaTepiany.

2. CutoBa Kknmacudikaris.

3. 3minryBaHHS.

3asie’kHO BIJI PO3MIpPY IIMATKIB BUXIAHOTO MaTepially W KIHLEBOIO MPOAYKTY
PO3PI3HAIOTH JIBa THMH MOAPiOHIOBaHHS: 1) IpoOJIeHHS; 2) pO3METIOBaHHS.

Marepiai, 1110 noJpiOHIOETHCSI TOBUHEH MATH BIIHOCHY BOJIOTICTh, TOMY IO JJIS
NOIPIOHIOBaHHS BOJIOTOr0 MPOAYKTY BUTpAYaeThCsl OaraTto eHeprii i yacy.

Tun ¢parmenraiiii 3a CTyreHeMm IpoOICHHS:

* Benukuii (Benukuii) - 2-6 pasis;

* Cepenniii - 6-10 moBTOpEHB;

* Manuii - B mexxax 10-50 pas3is;

* Cxyanytu - 50-100 pas3is;

* VaprpaTonkuit (konoiguuit) - y 100-10 000 pa3iB CHIbHIIIHIA.

Benukuii, cepenniii 1 apiOHuUN ApoOJeHHS 3AIMCHIOITH B JIpodapill CyXum

Ccroco0OM, a TOHKMH JApOOJIEHHA 1 KOJOiIHE APOOJIEHHS - CyXUM ab00 MOKpUM
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cniocobom. Ilix yac mporecy MOKpOro nojApiOHEHHsI YTBOPEHHS MUY 3MEHIIYEThCA,
a po3Mip YACTHHOK € OUIbII OJHOPIAHUM, IO TMOJIETIIYE PO3BAHTAKECHHS.
[TonpiOHEHHs MaTepiaiiB 3IIMCHIOETHCS HUISXOM JIPOOJICHHS, YJapy, CTHpaHHI,
pi3aHHs, PO3KOJIOBAHHS Ta PO3MIIIOBaHHS, IpoOyieHHs Touo. Jljis AOCATHEHHS
ONTUMAJIBHOTO CTYIEHs 3piOHIOBAHHA WPOIEC 3AIMCHIOITh MO CTaAIdHO Ha
MOCJIIJIOBHO 3'€JTHAHUX JIPOOUIILHO-PO3MENICHUX MalllHaX.

Marmmnu a1 31piOHIOBaHHS MOXKYTh KJIacU(iKyBaTH MO PI3HUX MPUKMETaX:

I. mo cmoco6i 3apiOHIOBaHHS MaTepiany (piKydl, CTHparodi, Ti IO
PO3IaBIIOI0Th, YAAPHI, yIapHO- BIAIICHTPOBI).

2. MO CTYIEHIO MOApPIOHEHOTO Martepiany (ApoOapku BEIUKOr0, CEPEIHBOrO i
JpiOHOTO APOOIEHHS, MIMHH TOHKOTO W KOJOITHOTO MOApiOHIOBaHHS).

3. 1o xapaxkrepi poO04YOro IHCTPYMEHTY (IMCKOB1, POTOPHI).

Bubip mammnu a1 noApiOHIOBaHHS 3yMOBIIOEThCS:

1. po3mipamMu BUX1AHOTO MaTepially il KIHIIEBOTO MPOIYKTY;

2. KITBKICTIO MaTepiaiy, 10 MOIPiIOHIOETHCS;

3. pi13uKO-XIMIYHUMU BIACTUBOCTSIMU 3/IpIOHEHOTO MaTepiamy.

Pixky4yl MammMHM BUKOPUCTOBYIOThCS JJIA MOAPIOHIOBAaHHA JIIKAPCHKOTO
POCIMHHOTO MaTtepiany, 10 Ma€ CTPYKTYpY BOJOKHA. BOHM BHKOPUCTArOTBHCS AJIS
MOTEPETHHOTO MOAPIOHIOBaHHS Y (PITOXIMIYHOMY BUPOOHUIITBI.

J1o HUX BIAHOCSATHCS:

TpaBopi3ku, cCidKapHi - CKIAAalOThCA 31 CTAaHWHH, IO MICTUTH TPAHCIOPTEP
(mepemaua) 1 cuctemy HOXiB (OapabaHi 1 TUCKOBI).

KopHepi3ku 3 TUIbETUHHUMH HOXaMu — JJIs TMOAPIOHIOBaHHS KOpPIHb 1
kopeHeBuIl. CKJIalaloThCsl 3 HOXKA, TPAHCIIOPTEPA M JBOX JIOTOYKIB, KyJIU MOJAIOThH
CHUPOBHHY 1 BUBAaHTAXKYIOTb.

bapabanni ciukapHi — CKJIQIalOThCS 3 BUTHYTUX HOXIB 3 Ji€3aMH, SKi
PO3MIMIAIOTHCS 110 TBUHTOBUM JTIHISX 3 KyToM majiiaHas 30 rpamycis.

HosxoBuil MiuH - 11 oIpiOHIOBaHHS 00'€MHHX 1 M'IKMX MaTepiajiiB cepeHbO1

TBEPJIOCTI, & TAKOXK BOJIOKHUCTOI CHPOBUHU. BOHA MICTUTH pixKydi IJIACTHUHHU.
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TpaBopi3kmu.
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Puc. 1.Tpasopizku. a) ouckosa, 6) bapabarHa.

Jlpobapka knacudikyerbes 3a cryneHeM apooisienns: 1. IllokoBa apobapka Ta
KOHYCHa JpoOapka BUKOPUCTOBYIOTHCS ISl BETMKOTO JAPOOJICHHS, TOJOBHUM YHHOM
npoOsieHHsT MatepianiB Hmwkde 1500 MM mia Ji€r0 cuiaM APOOJCHHS Ta CHIIU
posmemnenns. 300-100 MM® cepeaHbOro Ta APIGHOTO APOOGICHHS BHKOPHCTOBYE
BAJIKOBHI MJIMH Ta yJapHUM BIAUEHTPOBHA MJIMH, a pO3MIp APOOJICHHS CTaHOBUTH
iz 100 mMm g0 10-12 mm.®. Torkuit moapiGHenns Big ApibHMX mMaTtoukis 10-2 MM
10 yactTuHoK 2-0,0075 MM, BUKOPUCTOBYIOYM BaJIKOBUN MJIMH 1 KIJIBIIEBUN MJIUH. Y
HUX MaTepiasii MOAPIOHIOIOTRLCS il OJTHOYACHOIO JTIEI0 CHJI PO3JABIIOBAHHS, YIapy
Ta abpasuBy. 4. BiOpamiiiHMii MIHH, CTPyMEHEBUW MIMH 1 KOJOIAHMM MIIUH
BUKOPHUCTOBYIOTBCS  JII1  HAATOHKOTO JpPOOJICHHS, a YacTUHKH Marepiary
noapioHoTEC npudau3zno Big 10-0,1 mm go 75 * 10-5-1 * 10-4 mm. bynwm

IpoaHaTi3oBaHi 3apyOikHi poOoTH 3 pizanHs cupoBuHu: X. Liu, J. Ni, and L. Xing
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[36]- IligBuineHHs e(pEKTUBHOCTI pi3aHHS OlOMacH 3a JOIMOMOrO aJalTHBHOTO
kepyBanus; M. Alimoradi, H. J. Kim, and B. S. Lee [43]- Po3po0Oka
BHCOKOIIBH/IKICHOI CHCTEMH pi3aHHs pucoBoi cojomu; M. R. Mohamed, A. H.
Ismail, and M. A. Yusof [41]- OnTtumi3amisi mapaMeTpiB pi3aHHS )KOMY ITyKPOBOi
TPOCTHHHM 3 BUKOPUCTAHHSIM METOIY TTOBEPXHI BIITYKY .

AHaji3 OCHOB pi3aHHS POCIWHHOI CHPOBHHM IIOKa3aB, IO II¢ ITMTAHHS
HEJOCTaTHBO BifioMe 1 MOTpedye rMOIIoro TOCHiHKeHHs Mpoliecy pizaHHsA. B ramysi
MEXaHI4HOi 0OpOOKH CUPOBUHHM OYJIU 31MCHEHI JesIKi JOCIIIKEHHS, 30KpeMa, METO/T
No/IpiOHEHHS TBEPIOTO XapuOBOTO MPOIYKTY.

JUis  1pOro BUKOPHCTOBYIOTH Pi3HI MAIIMHU 3 PI3HUMU CHOcoO0amu
noapiOHeHHs. Jleske oOnagHaHHS MPOCTE 3a KOHCTPYKINEIO, ajie Mae 3HauHl
HEJIOJIIKHU, 1HIIIE, OLTIBII CKJIaJIHE, Ma€ OLIbIIE MepeBar, ajie € J0POKUIHM.

1.1  Hoopionroeau 3 enekmponpueooom

Tak, nepiue 3rajgane o0aHaHHS BUKOPUCTOBYETHCA JIJISl PO3APIOHEHHS KOPMIB,
CHELIAIbHO Y JESKUX XO3sIMCTBax i po3APIOHEHHS COKOBUTHUX KOPMIB, TaKUX fIK:
Oypsik, KapToIuls, MOpKBa, TomiHaMOyp rapOy3, TpaBa. BHKOpPUCTOBYIOThHCA

CaMOCTIIH1 po31piOHIOBAYI:

Puc 1.1 noopioursauy 3 enekmponpueooom: 1 — Hoxi, 2 — OyHKED,
3 - 3aBaHTaXXyBaJIbHE BIKHO, 4 — KpHUIIIKa, D — BIJIOIAHUK,

6 - mynbT KepyBaHHS, / - €IEKTPOJABUTYH.
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Puc 1.2 noopioursau 3 enekmponpugooom: 1 - KpHIka 3akpura, 2 - KpUIIKa

B1IKpUTA, 3 — BTYJIKA, 4, 5 — HIXK, 6 - HIX B 310paHOMY CTaH1 3 BTYJIKOIO
XapakTepuCTUKH TEXHIYHI !
[ToTyxHicTh enexkrpoasuryHa: 500 Br;
[TpoxykrusHicTs: 10 100 kr/rox.;
Yacrora obepTanHs: He OubIIe 65 00/XB.

1.2 II3K-1

[TonpiOHIOBaY, 110 BUKOPUCTOBYETHCS JJISI TOAPIOHEHHS KOPEHEIUIONIB 1

3epHa.
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Puc.1.3 3acanvnuii 6uensio noopionwosaua 3epua i KOpeHenniooie
«II3K-1»: 1 - myckoBHii IPUCTPiii, 2 - aMIIEpPMETP KOHTPOJIIO 3arpy3ku, 3 -
CUTHAaJbHA KHOIIKA, 4 — €JIEKTPOJIBUTYH, S - KOPITYC JIJIs MOPiOHEHHS CHPOBUHH, 6 —
MaxoBHUK, / - Kpulllka OyHKepa, 8 — nputuckady, 9 - 3minHuit oynkep, 10 — Hanpsimaa,
11 — emxkicTh, 12 - HIXK.

TexXHOJOrYH1 XapaKTEePUCTHUKH :
[TpoTyKTUBHICTB:

[Tpu noapidbueni Tpasu 30 Kr/ro.

[Tpu noapi6ueni 3epHa 50-100 kr/rog.
Monynb nonpiOHEeHHS 3epHa: He OUTbII 2,6 MM.;
[ToTyxHicTio enekTpoaBuryHa: 0,6 kBt;
JoBxuHa TpaBu: 15 MMm.;
["aGaputHi po3mipu: 630x592x1240 mm;

Bara oOnagnanss: 35 Kr.
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1.3 Hoscosuit maun

HoxxoBi MiMHM — 1€ MAallMHHM, CEPEeIHBOTO Ta MIJIKOTO MOAPIOHEHHS.
[Ipu3HadeHi s 3ApiOHEHHS MaTepialdiB CepeIHbOI MIIHOCTI, MOJIMEPHHUX Ta
POCIMHHHMX MatepialiiB 3 po3mipoM yactok a0 50 mM. MiHiManbHUIL pO3Mip
YaCTOK mics moaApiOHeHHs cTaHOBUTH 0,5 MM. HoskoBHiA MiuH, KU HaBEJACHUI
Ha puc. .45, cknanaerses 3 Kopnycy 1, B SKOMYy BCTaHOBJIEHI HEPYXOM1 HOX1 3 Ta
JUCKY poTopa 4 3 pyXOMUMHU HOXaMH 5, sIKI BUTOTOBJISIIOTH 3 1HCTPYMEHTAIBHOT
ctani. BuximHuii Marepian depe3 3aBaHTAKYBAIbHUHN MAaTpyOOK 2 MOTpAIUISE Mif
IO PpyXOMHX Ta HEPYXOMHUX HOXIB, MOJPIOHIOETbCS Ta MICHS JOCSITHEHHS
MIEBHOTO PO3MIPY YacCTOK BHUJAISEThCA uepe3 peunTky 6. Po3mip dvacTok
KIHIIEBOTO TMPOJAYKTY 3aJIeKUTh BiJ po3Mipy OTBOpiB B pemitii. OCHOBHI
nepeBaru HOXOBUX MIJIMHIB: MOXJIMBICTH 3piOHEHHS MareplajiB, SIKI MarOTh
BOJIOKHUCTY CTPYKTypy. HU3bKka MNpOAYKTHBHICT Ta HE3Ha4yHa CTYIMiHb

noApiOHEHHS € OCHOBHUMHM HEJOJIKaMU MJIMHIB JaHOT KOHCTPYKIIIi.

Buxionuii
mamepian

IIpooykm

Puc. 1.45. HoxxoBuii MiuH:

| — kopnyc; 2 — 3aeanmadicysanvruil
nampyook, 3 — Hepyxomuil Hixc, 4 —
ouck pomopa; 5 — pyxomuil Hixc; 6 —
peuiimka.

1.4 Iloopionieau nikapcokux mpae«Kopcap» P-190

noApiOHIOE MMPAKTUYHO BC1 BUJIA XapUYOBUX Ta POCIMHHUX BIJIXO/IB.
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XapaKTEpUCTUKHU:

Bpena: Biiacae BUpoOHUIITBO
IMoapioHIOI0UA cUcTeMa: pi3aJIbHI HOXKI
Marepiaa kopmycy: craib

HiameTp nmoapioHOBaHoro marepiany: 40 mm
Cdepa 3acTocyBaHHsI: IPOMUCIIOBI
/KuBj1eHHS . eeKTpUKa

Tun: noapiOHIOBaY

Kpaina BupoOHuk: YkpaiHa
MoTtyxkHicTb, KBT: 4

Pixyua 31aTHicTb, MM: 1

Cdepa 3acTocyBaHHSA: IPOMUCIIOBE BUKOPUCTAHHSI.
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1.5 /lpoobapxa 3epna /13-T-1

Hpobapka 3epHa [I3-T-1 (puc. 1.6) mae 3MiHHI pelieTa, 3 OTBOPAMHU J11aMETPOM
4,618 MMm.

3epHo 3acumaeTscsi y OyHKep 1, MOTIM BHCHIAETHCS B JIPOOMIIBHY Kamepy
yepe3 MIUIMHY MDK JIeKaMH Ta OOE€pTOBUM pPOTOPOM B Kamepl. PozmpoOieHuii
MPOIYKT BHUKUIAETHCS B HAMIPHUA KaHal 6, M0 TEPEKPUTO pemieToM. MeHrri
JACTUHKH MIPOXOJIATH Yepe3 OTBOPH peEIIeTa, a Ti, 0 3aHaITO BEIUKI, 3aXOILTIOI0THCS

MOJIOTKaMH Ta MOBEPTAIOTHCA JUISI TOJIATKOBOTO MOAPIOHEHHS Y JPOOHIbHY Kamepy.

65
| r’ ,
| 2
L
o +H-—F &
= 77 N
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3
a g

- — - .

Puc 1.6 /lpobapka 3epna J[3-T-1: a- 3aranbHuii BUrisi, 1 — 3arpy304nuii OyHKep,
2 — maTpyOOK BUBAaHTaKEHHS, 3 — KOPITyC, 4 — €JIEKTOPJIBUTYH, S — MPOBIJ,
6 — HanpaBsirOUMil KaHai, / — OJOK KOHAeHcaTopa; O — MOJIOTKOBHM pOTOP;

1 — MoJI0TOK; 2 — majiens; 3 — poTop;

TexXHOJOrYH1 XapaKTePUCTUKH :
[TponykruBHicTs 30 — 60 kr/roa.; [ToTyx)HicTio enekTpoasuryna: 0,6 — 1,1 kBT;

CepenHniit po3mip noapiOHEHOro MpoaykTy — 3epHo: 0,8-1,2 MM;
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1.6 Monomkosa opoobapka
VY uux apobapkax 3a OIUH UK AOCATAETbCA BUCOKHM CTYIIHD 3Ap1OHIOBaHHS
TaKMX MaTepialliB, K KOPiHb 1 CTeOJia POCIAMHHOI CHUPOBHHH, IIyKOp, CUIb. Y
MOJIOTKOBIH Ipo0apiii moApiOHIOETHCS MaTepiall, 0 HATXOIUTh 3BEPXY U IPOOUTHCS
Ha JHOTY yJapamMH MOJIOTKIB 2, IIAPHIPHO MiJBIIIEHUX 3a JOTIOMOTOI0 CTEPKHIB , 10

IIBUJIKO 00epTOBOTO poTopa 1.

Puc 1.7 Monomxkosa opobapka
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Takox npeacTaBieHH1 A€sKi MATEHTH [0 MPoLecaM Pi3aHHS:
1.7 CenexTuBHa ApodapKa - HaTeHT

Bunaxin BITHOCUTBCS 10 Xap4oBOi Ta mepepoOHOI MPOMMCIOBOCTI, BIH MOXE
OyTH BHKOPHCTaHHMM JJII TOHKOTO CEJICKTHBHOTO (BUOIPKOBOTO) MOAPIOHEHHS MpHU
XOJIOTHOMY CIIOCOO01 MEPBUHHOI IEpPepOOKU POCIMHHOI CUPOBUHU ISl BUTOTOBJICHHS
pociiMHHOTO HamiBpaOpukary, KOTpUH BUKOPUCTOBYETHCS IMPU BUTOTOBJICHHI
KOHIICHTPOBAaHUX TOMATOINPOIYKTIB, TKEMIB, MPOIYKTIB TUTIYOTrO, TIETHYHOTO Ta
(GYHKITIOHATIBLHOTO XapuyBaHHS.

Binomi npobapku s rpy0oro moApiOHEHHsI POCIMHHOI CHPOBUHU: BAJIKOBI,
HOXKOB1, JBOX-OapabaHHI, ogHOOapabanHHli Ta 1HON [AuB. ‘‘TexHonormueckoe
obopyioBaHME KOHCEPBHBIX 3aBoJI0B" aBTOpbl AnmHOB M.C., Mansckuii A.H.,
Hukuc M.A., TI'magymnsk A.K. Arpompomusaar 1986r. ctp. 54-56]. Bimowmi
NE31HTerpaToOpu, KOTP1 BUKOPUCTOBYIOTHCS JJII TOHKOIO MOJPIOHEHHS POCIMHHOI
CUPOBHHHM B OCHOBHOMY 3 OJIHOPIJIHOIO CTPYKTYpOIO IUJIOMIB - Kabauku, MOpPKBA,
nacTepHaK Ta IHIIE, i1 HACIHEBUX - A0JIyKa, rpyIll, aiiBa Ta 1HIIE BOHU HE MPUJIATHI
[muB. “TexHonorndyeckoe 000pyI0BaHNE KOHCEPBHBIX 3aBOAOB" aBTOpi Jukuc M.A.,
Manbckuit A.H. [Tumesas npominuieHHOCTH 1969r. crp. 174-177].

Ipobapka nis rpy0oro moApiOHEHHS 1 JE3IHTErpaTopu MOJAPIOHIOIOTH BCi
TKAaHUHU POCIMHHOI CHUPOBUHHU 3amacaroul 1 0OajacTHi J0 OJHAKOBOTO CTYIICHS
NoJApIOHEHHS 1 TOMY B HamiB(}aOpuKar, a TaKoX B KIHIEBUI NPOAYKT MOTPAIUISIOThH
HE TIJIbKM 3amacaroul TKaHUHHU (M'SKyIn), HO 1 OanacTHi (HaciHHS, HACIHEBAa KaMmepa,
IUIOJIOHDKKA, CYLBITTS, paHeBa NepiepMa, HIKypKa), YAM 3HUXKYETbCA XapyoBa
[IHHICTh KIHI[EBOT'O Xap4yOBOTO MPOAYKTY.

Ha#iGinpmr OIM3bKUM  aHAJIOTOM CENIEKTUBHOI JpO0apKu IO 3asiBISETHCS,
BUOpaHa sIK MPOTOTHUN € ““YCTPOMCTBO JIsi APOOJICHUS TUIOJOB U AroAd" [aBTOPCHKE
cBimonTBO 659131], mo MicTuth OyHKEp, KOpITyC, BCEpPEAMHI KOTPOro Ha
BEPTUKAIILHOMY Bajly 3aKpIIUICHI JUCKHU, KOTpl 00€pTalOThCs 3 BajlioM, Ha MOBEPXHI
JIMCKIB 3aKpilieHi 3yOuaTi HOXI, HaJ JUCKAMU 3MOHTOBaHI HEPYXOMI IUIAHKHU IS
yTPUMaHHS TUIO/IB BiJ] 00€pTaHHS pa3oM 3 JUCKaMH, JIJIsl TPAHCTIOPTYBAHHS TUIOIB 3
OJIHOTO JWCKAa Ha CHIAyHOYWd, Ha Kpasx JIUCKIB BCTAaHOBJIEHI JiomaTku. Jlucku 3

3yOUaTUMH HOXaMU TPHUBOJATHCS B PyX Bl JABUTYHA-PYIIIS 4Y€pe3 KIMHOMACOBY
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nepeaady, a cam Bajl 3aKpIIJICHUH B MIIITUITHUKOBOMY BY3:1. [[s momadi miioaiB Ha
MoAPIOHEHHS Ha KOPITyCl MPUCTPOIO 3MOHTOBAaHO OyHKep. [IpoToTur, 110 3'1BIs€ThCA
MalTh TaKl CIIUJIbHI O3HAKH: - KOPIyC, - OYHKep, - JUCK 3 3yOUaTMMHU HOXKaMH, -
JOTIaTKU Ha KOJIOBIA TMOBEpPXHI AWUCKY, - MPUBIA B pyX AuckiB. Hemomik 1mporo
IPOTOTHUITY € T€, 10 MpU 0araToAUCKOBOMY MOJAPIOHEHH] 3 KPOKOM 3YyOIliB HOXIB III0
3MEHIIYEThCS, BCl TKAHMHM 1 3amacarodl 1 0ajacTHI MOJAPIOHIOIOTHCS TOHKO 1
HaniB(aOpukaT HaCUIY€eTHCS OANTaCTHUMH TKAHUHAMHU.

[IpoiyKTUBHICTh HAaWOIMXKUOTO aHAJNOTy HHU3bKA, TaK K MPUCTPIA HE Mae
YKUBWJIbHUKA, KOTPU TPUMYCOBO T10/1aBaB OW CUPOBUHY Ha MOAPIOHCHHS.

B mporotuni cupoBuHA Ha MOJPIOHEHHS IMOCTYIMA€E€ CaMOIUIMBOM. B oCHOBY
BUHAXOJy TOCTaBJCHO 3a/auyy po3poOUTH JpoOapKy HAJjisi TOHKOTO MOAPIOHEHHS
POCJIMHHOT CHUPOBHUHHU, B KOTPIA Mpolec MOAPIOHEHHS 3A1HMCHIOETHCS CEJIEKTHUBHO,
TOOTO TKAaHMHHM 3 MEHIIOI MIIHICTIO MOJPIOHIOIOTHCS OUIBII TOHKO, & TKAHUHU 3
O1TBIIIO0 MIIHICTIO TOAPIOHIOIOTHECS OLIBII IPy00, a00 30BCIM HE MOJAPIOHIOIOTHCS.
Kpim nporo apobapka mnoBUHHA MaTH IPUCTPIN ISl IPUMYCOBOI OJ1ayl CHPOBHHH Ha
poliec MoApiOHEHHS.

[TocTaBneHna 3ajada BUPILIYETHCS THM, IO CEJIEKTUBHA JApoOapKa, 0 MICTUTh
npuiiManbHUil OyHKEp 1 KOpIYC BCEpeIuHI KOTPOro Ha Baly 3aKpilUIEHO 3
MOJKJIUBICTIO OOEpTaHHS JUCK 3 3yOUaTHUMM HOKaMH 1 PO3MIIICHUMH Ha KOJIOBIN
MOBEpXHI JTUCKa JIOMATKaMH, 3TiTHO BHUHAXOAY BaJll 3 PO3TAlIOBAHUM Ha HBOMY
JIMCKOM PO3MIIIEHO B KOPITYCl TOPU3OHTAIIBHO, JIONIATKKA BCTAHOBJICHI M1 KyToM 20°
1o oci aucky. Ilepen auckom 3 3yO0UaTMMU HOKaMHU yYCTAaHOBJIEHO MPOMDKHHU JIUCK,
KWW € YaCTUHOIO KOPIyCy ApoOapku 1 Mae OTBip, IO CKJIaJa€ ¥4 TJIOMNII JUCKA 1
JIPYrUil OTBIP PO3MIIIEHUA B LEHTP1 AJsl MPOXOAY Bally APOOApKH, MpUAMAIbHUAN
OyHKep BUKOHAHHM B (POPMi 3aBUTYIIKH, IKUH CBOIM BHUXOJOM IMPUJISITAE O OTBOPY
MPOMIXKHOTO JUCKY Ha ¥4 Horo twioni. Ha 3BOpOTHIN CTOpOHI Aucka 3 3yO0uaTuMu
HOKaMH 3aKpIIUIeH1 JIONaTI JyIsi BUBAHTAXXEHHsI MOJIPIOHEHOI CUPOBUHM 3 JPOOAPKH.
Take moemHaHHS OyHKEpa-3aBUTYIIKH TMPOMDKHOTO JIHUCKa Ta AWCKa 3 3yOUaTuMu
HOKaMH JIa€ MOJKJIMBICTh JUCK 3 3yOUaTUMHU HOXKAMH 3aTATYBAaTH POCIUHHY
CHUPOBUHY B CEJIEKTUBHY APOOApKY, TOOTO OyHKEp-3aBUTYILKA Ta MPOMIKHUMN JUCK €

JKUBUJIIBHUKOM CEJIEKTHBHOI JpoOapku. BiacTtaHp MiX NPOMDKHMM JIUCKOM Ta
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3yOIIIMH HOXKIB JUCKa ApOOapKu CKiIaaae He OUTbil 1MM.

HoBum y BuHaxonl M0 3asBISETbCS € OTBIP B MPOMDKHOMY JHCKY,
YKUBWJIbHUK, 1110 CKIJIAJAETHCS 3 OYHKEPA3aBUTYIIKU Ta MPOMIXKHOTO JUCKA 3 OTBOPOM
JUTSI TIOJIa4l CUPOBUHHU Ha JUCK 3 3y0UaTUMU HOXKAMH.

BiamoBimHO 10 BUHAXOMy 3ampOIIOHOBAaHA KOHCTPYKITiS ApoOapku, 3ade3mnedye
BUOIpKOBE MOAPIOHEHHS POCIIMHHOI CUPOBUHHU Ta BUCOKY MPOIYKTUBHICTD.

CyTb 3alpolOHOBAHOTO BHMHAXOJy TMOSACHIOETHCA KpeciaeHHsMu: Ha ¢ir.l -
3o00pakeHa celleKTUBHA JIpoOapKa, 3arajibHui BU 3 po3pi3oM. Ha (ir.2 - 300paxeHo
CEJICKTUBHA NpobOapka po3pi3 A-A 10 MOBEpPXHI MPOMDKHOTO IUCKa. Ha ¢ir.3 -
300paXkeHO CeNeKTUBHA JpobOapka, JUCK 3 3yOuatumu Hokamu. CeleKTUBHA
npobapka wmictuth (¢ir.l; dir.2; ¢ir.3) emekrpoaBuryH - pymii - 1; ¢uanens
JIBUTYHA 2; Kopiyc 3; OyHKep-3aBUTyLIKa 4; MPOMIKHUN JUCK 5; jonaTku 6 aucka
npobapku 8§; 3y0uari HOXi 7, JUCK §; JOMATKU-BUBaHTaKyBaul 9; 301pHUK POCITUHHOI
nynenu 10; matpyook amns monayi napu 11; ctanuna 12, nepemuuka auckis 13; Bain
po3TaioBanuii ropuszoHTanbHo 14. Kopryc ckiagaerbest 3 AucKa 3, MPOMIKHOTO
mucka 5 Ta nepemuuok 13. CenekTuBHa ApoOapka Mpaioe HACTYITHUM YHUHOM.
PocnunHa cupoBuHa Oe3nepepBHO MOJAETHCA B OYHKEP-3aBUTYIIKY 4, yepe3 OTBIp B
IPOMIXKHOMY JUCKY 5 CHpOBMHA IMonajgae Ha 3y0uari HOxi 7 pamcka 8 1
noApIOHIOEThCS. 3aBUTYIIKA OyHKepa 4 MPUKUMAE CUPOBUHY 70 3yOUaTUX HOXKIB 7
nvcka 8 apobapku, a TOHKE MOJPpIOHEHHS 3a0€3MeuyeThCsS MaJIOK BiJCTAHHIO 3yOIliB
HOXIB 7, gaucka 8 npoOapku BiJl MPOMIKHOTO JUCKa S5 He Ouibime 1MM.
BianeHTpoBoo CUIOI0 POCIMHHA MyJblla pyXaeTrhcss A0 mepudepii aucka 8 i
jonarkamu 6 IUcKa 8 BUBaHTaXKYeThCS B 301pHUK 10, monaTkaMu-BUBaHTaXyBayaMHU
O mpUKPITUICHUMH JI0 JTUCKA § MyJiblla BUBOJAUTHCS 3 ApoOapku. Uum Oubiuii OTBIp
B MPOMDKHOMY JIHCKY S5, TUM Ouibllla poboya MOBEPXHsS ApoOapku 1 TUM Oliblla
MPOIYKTUBHICTh APOOApKH, ane Mjsi 30€peeHHs MIIHOCTI MPOMIXKHOTO AWMCKa 1
HAJIHHOCTI OT0 B pOoOOTI OTBIp MOBHUHEH OYTH HE OUIBIIIE IOl TPOMIKHOTO TUCKA.
ToHke MoapiOHEHHS] CUPOBUHU 3a0€3IeUy€eThCsl MAJO0 BIJACTaHHIO 3yOLliB HOXIB 7
nucka 8 npobOapku Bit0 MPOMDKHOTO aucka 5. UuMm MeHIa BiJCTaHb Jie3a 3yOIliB
HOXIB 7 nucka 8 npoOapku BiJg HMPOMIKHOTO JMCKa5, TUM TOHIIE MOJPIOHEHHS

POCIIMHHOI cUpOBUHU. OTO IUCIIEPCHICTh BU3HAYAETHCS KPOKOM Ta BUCOTOIO 3yOLIiB
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7, ane HEOOX1MHO MO0 Jie3a 3yOIlIB HOXKIB 7 JHMCKa 8 ApoOapKu HE TOPKAJIUCH
MOBEPXHI MPOMIKHOTO JHCKa 5 1 30epirajiu CBO pOOOTOCTIPOMOKHICTh. JIe3za 3y011iB
MOBUHHI OyTH He Ounbin 1 MM. B 30HY mojpiOHEHHS CHPOBHUHHM uepe3 maTpyOok 11
MOJIA€ThCSl Tapa Juid TOro MO0 OTpUMaHa CHpPOBHMHA HE MiHsia Koimip. Llim
3a0e3rnevye 1HaKTUBAIliI0 (PepMEHTIB.

BianeHTpoBo10 CHIIOI0 pOCIMHHA IMyJblia PyXaeThesl 10 nepudepli aucka § i
JonaTtkaMu 6 BUBaHTaxyeThcs B 30ipHUK 10. JlonaTku 6 Ha KOJOBIiH MOBEPXHI JAMCKA
8 MOBUHHI OyTH yCTaHOBJIEHI ITiI KyTOM HaxWJy JI0 KOJIOBOi IMOBEPXHI JUCKA, SKUN
3a0e3revyye CHHXPOHHUIN BUBIJ IOIpiOHEHOT MacH 3 30HU MoipiOHeHHs B 30ipHUK 10.
OnTtumansHa BennuuHa Kyta 20 rpaayciB. TakuM 4YMHOM ceneKTHBHA Jpodapka
POCIIMHHI TKaHWUHU MOJPiOHIOE BUOIPKOBO, 3aracaroyd TKAaHUHU OUIBII TOHKO, HiX
OanactHi. CenexkTuBHA ApoOapKa Ma€ BEJIMKY MPOAYKTUBHICTh IPU MaJIUX PO3Mipax,
npocta 1o OyAoBi Ta 3abe3nedye HOpMAaTUBHUM Buxia HamiBdabpukary. [lpu
BUKOPHCTAHHI CEJIEKTUBHOI JApoOapku i XOJOJHOTO Ccrnoco0y NEepBHHHOI
nepepoOku 1 TOHHM TOMATIB JJa€ €KOHOMIIO 70 4 TpUBEHb, a MpU nepepoOLl SOIyK,

rpylil, alBH €KOHOMIsI Oyjie 111e OubIIIa.
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[57] ABSTRACT

The invention relates to a cutting mill for the comminu-
tion of runners, injection moulding parts, blown mould-
ing parts and so forth in operation of a synthetic mate-
rial processing machine. Waste or reject parts becoming
available should, if possible, be led back again to the
process cycle of the machine after comminution to
granulated size for use as a regenerate. For this purpose
one makes use of a cutting mill having a cylindrical
driven rotor mounted in a housing, over the periphery
of which rotor a plurality of adjacently positioned cut-
ting element groups are arranged, which cooperate
with at least one stationary blade provided in the hous-
ing, wherein a sieve for filtering of the comminuted
material extends over a part of the boundary of the
rotor. The cutting mill provides an additional means for
gripping and precomminution in front of the stationary
blade, considered in the input direction, and is charac-
terized in that the rotor rotates with a relatively low
rotational speed of below 500 Rpm, preferably approxi-
mately 100 Rpm. The additional means is preferably
constructed from a cylindrical carrier with guide sur-
faces and a plurality of guide plates preferably equally
spaced along the length of the housing, wherein these
guide plates preferably lie in planes at right angles to the
axis of the rotor.

14 Claims, 6 Drawing Figures
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1

CUTTING MILL FOR THE COMMINUTION OF
SYNTHETIC MATERIAL BODIES SUCH AS
RUNNERS, INJECTION MOULDING PARTS,
BLOWN MOULDING PARTS AND THE LIKE

This is a continuation of application Ser. No. 372,811
filed Apr. 28, 1982, now abandoned.

The invention relates to a cutting mill for the commi-
nution of synthetic material bodies as runners, injection
moulding parts, blown moulding parts and the like. A
known cutting mill comprises: a cylindrical driven rotor
positioned in a housing, over the periphery of which
rotor a plurality of cutting element groups are arranged
in mutually staggered relationship, which cutting ele-
ment groups cooperate with at least one stationary
blade provided in the housing; and a sieve extending
over a part of the periphery of the rotor for the filtering
of milled material.

Cutting mills of such a construction are known, for
example from German Offenlegungsschrift No. 22 16
640. This publication describes a cutting mill rotor in
the form of a rotating roller for the comminution of
large compact pieces of synthetic material. In this case,
the rotor carries groups of knives having blades with
parallel axes, wherein these knives are distributed along
the length of the rotor in a plurality of groups and the
axially adjacent groups are mutually staggered in the
peripheral direction, in order in operation of the cutting
mill to allow individual cutting knives on the cutting
mill rotor to come into engagement with the stationary
blade in each case sequentially.

The known cutting mill operates usually with a rota-
tional speed between approximately 1000 and 1500 rev-
olutions per minute. For the comminution of large com-
pact pieces of synthetic material, such cutting speeds
are acceptable. For the comminution of runners and
injection moulding parts such high cutting speeds are
unfavorable, since the less compact variously shaped
material of off-cuts from injection moulding machines
springs back, holds back from the cutting entrance, and
jumps out again from the cutting aperture, so that pro-
tective covers must be provided above the cutting mill
in order to catch the material, for noise suppression, and
also for the avoidance of an undesired formation of dust.

Therefore, one must provide the cutting mills of the
prior art for comminution of runners additionally with
the said protective devices, as a result of which their
constructional height becomes greater. With the pro-
gressive development of synthetic material extrusion
technology, and in the setting of automation of the
operation of injection moulding machines, it was de-
sired as far as possible to convey runners accumulating
during each cycle without manual intervention for re-
use in the inject moulding machine after corresponding
comminution.

In the area of automation of the injection moulding
machine for quantity production of mass produced
components, there is therefore the requirement to re-
process accumulating runners immediately. This repro-
cessing then takes place in such manner that the runners
are so comminuted, that is so reduced in size, that they
approximately correspond in their grain size with the
general granulate and are mixed together with the gran-
ulate as a regenerated material as required. With certain
injection moulding parts, the regenerated portion can
form a high percentage of the total amount of synthetic
material fed to the injection moulding machine.
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With the known cutting mills for the treatment of
runners, one proceeded earlier in such a way that the
runners were conveyed from the place of their produc-
tion laterally to the cutting mill by means of a large
screw conveyor or by means of a type of sloping eleva-
tor, which picked up the runner and transported it up-
wards, where it could be fed into the laterally arranged
cutting mill. There are also already known pneumatic
arrangements for the conveyance of the runners into the
region of the cutting mill. The use of compressed air
leads, however, in undesirable manner, to dust produc-
tion which, as already mentioned, is unavoidable during
the processing of runners with fast-running cutting
mills.

The described devices for the comminution or run-
ners of injection moulding machines for their re-use as a
regenerated substance in the injection cycles, produce
the described disadvantages of a relatively large noise
and dust production. It is possible to counter these dis-
advantages simply by means of corresponding isolation
of the housing, dust covers and the like. The construc-
tional height of the known cutting mills is as a result so
large that sometimes their desired accommodation be-
neath an injection moulding machine cannot be
achieved, since the space available there (approx. 500 to
600 mm) is in most cases insufficient to place the cutting
mills in this position.

It is therefore the aim of the invention to avoid the
described disadvantages and, starting from a cutting
mill of the type described in the introduction, to provide
an arrangement which displays a relatively small noise
and dust production in operation, which can be ar-
ranged beneath a normal injection moulding machine,
and serves efficiently for the comminution of runners
injection moulding parts, and also blown moulding
parts which should be conveyed for reprocessing as
regenerated substance.

According to the invention, there are provided means
for gripping and precomminution before the stationary
blade in the entry direction and drive means for driving
the rotor with a rotational speed of below 500 Rpm.
Owing to the fact that one allows the cylindrical cutting
blade rotor to rotate with a relatively low rotational
speed, the problem of undesired noise and dust produc-
tion is overcome in a simple manner. The essential im-
provement according to the invention of the already
known cutting mills for the stated purpose consists,
however, in the additional means for gripping and pre-
comminution before drawing in the runners and injec-
tion moulding parts to the stationary blade. The grip-
ping and precomminution means extend peripherally
over a portion of the rotor from a region in the proxim-
ity of the edge of the stationary blade. Preferably, this
means consists of laminar elements (sometimes referred
to as lamellas or plates) which are arranged orthogonal
to the axis of the cutting blade rotor in the housing. The
plates have generally curved lower input or entry edges
or surfaces which extend peripherally over a portion of
the rotor and lie slightly outside the path of the cutting
edges of the rotor. The generally curved lower input
edges may have various configurations, e.g., smooth or
toothed, depending upon the material to comminuted.
and extend from the proximity of the edge of the sta-
tionary blade a substantial distance over the rotor. The
lower input edges are generally arcuately disposed with .
respect to the path of the cutting edges of the rotor, but
need not lie exactly concentrically with the axis of the
rotor. For example, the lower input edges may con-

28



4,545,539

3

verge towards the rotor up to the cutting edge of the
stationary blade, or may initially diverge away from the
rotor and then converge towards the rotor up to the
stationary blade. These plates provide by means of their
arrangement for an even effective drawing-in of the
runners and injection moulding parts in the region of
the stationary blade. The lamellas are preferably mutu-
ally equidistant and provided in a number which corre-
sponds approximately to the number of adjacent cutting
blade arrangements lying on the cylindrical rotor. The
number of lamellas of the drawing-in arrangement can,
however, also be somewhat less. The angular position
of the lamellas, which for example lie orthogonal to the
axis of the rotor, can also be arranged obliquely thereto
in order better to prevent the comminuted parts from
being fed backwards.

For the comminution of injection moulding parts
which are particularly difficult to grasp, such as sub-
standed blown moulding parts and the like, the input
device can be provided with particular holding plates,
for example having the form of a serration on the lower
input edge of the plates. Such a serration can be re-
placed or supplemented by ribs, which are formed on a
cylindrical rotor with the cutting blades themselves, in
that for example the outer surface on the rotor is re-
moved and replaced by ribs paralle] to the axis. These
ribs can of themselves or together with the serration on
the leading edges of the lamellas work together with the
input device and so ensure a particularly efficient com-
minution and/or conveyance of the hollow bodies into
the region of the stationary blade of the cutting mill.

In dependence upon the material which is preferably
to be comminuted, the curved shape of the lamellas of
the input device can be differently shaped: in general
one tries to provide a tapering gap against rotor up to
the stationary blade, so that the guide-in lamellas from
beginning of the input region gently spring back and
move back against the housing. One can, however, so
arrange these input elements that in the region of the
first interaction between the material to be comminuted
and the tool a more or less sharp-edged configuration of
the lamellas is provided, through which is produced
already here a preliminary comminution. In this way,
by means of the sharp-edges, the gap in front of the
stationary blade can converge. It can, however, also, to
begin with, widen a little in order then to converge first
in the region of the stationary blade.

Because of the relatively low rate of rotation of the
driven rotor, it is possible from the rotor itself to take
off the drive for a conveyor belt by means of which the
injection moulding parts to be comminuted are trans-
ported from the place of their production to the housing
inlet of the cutting mill. For this purpose, the axle of the
rotor can have one of its ends extended along the rotor
axis via the front side of the housing which is not shown
at the front in FIG. 1, and can there carry a V-belt
wheel for the direct drive of the said conveyor belt.

One obtains particularly dust free material to be
milled with a cutting mill in which the sieve for separa-
tion of the material to be ground is provided with open-
ings which open both towards the inner region, i.e.
towards the cutting rotor, and to the outer region, i.e.
towards the scrap holder in the housing.

Further details of the invention appear from the fol-
lowing description of the drawing. In the drawing, four
exemplary embodiments of the invention are schemati-
cally illustrated.

In the drawings:
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FIG. 1 shows a perspective representation of the new
cutting mill, wherein for better understanding of the
construction the front cover of the housing is cut away;

FIG. 2 shows a side view of the cutting mill accord-
ing to FIG. 1 at the cut-away housing cover;

FIG. 3 shows the same representation as FIG. 2,
however, with an intake plate modified from that
shown in FIGS. 1 and 2;

FIG. 4 shows the same view as FIGS. 2 and 3 of an
exemplary embodiment of the cutting mill with toothed
intake plates;

FIG. 5 shows the same view as FIGS. 2, 3 and 4,
wherein the cutting rotor is provided with additional
ribs and the intake plates have the same configuration as
shown in the embodiment of FIGS. 1 and 2; and

FIG. 6 shows a section through the sieve of the cut-
ting mill according to the invention.

As one can recognize from the prespective view of
the cutting mill shown in FIG. 1, the same consists of a
cylindrical, driven rotor 1 which is mounted in the
housing 2 in known manner. The housing, rectangular
in cross section, consists of a front wall 3, a rearwall 4,
a rear left side 5, a corresonding further front side,
which for improved clarity is cut away, a flat sloping
floor 6 with sloping side walls 7 and 8 as well as a cover
which is in the form of a hopper or the like for guiding-
in of the material to be comminuted, and which is not
illustrated in the drawing. The cylindrical rotor is
driven by a drive motor, also not illustrated in the draw-
ing, for example beneath the gear change of a corre-
sponding transmission, in order to achieve the desired
low rate of rotation of about 100 Rpm. Also the mount-
ing of the rotor is not shown. The rotor rotates about
the axis 9 and is mounted in a corresponding mounting
by the axle stubs shown in the drawing.

The rotor represented in FIG. 1 provides four cutting
element groups 10, 11, 12 and 13. Each group consists of
three cutting blades 10a, 106, 10¢, 11a, 115, 11c, 12a,
12b, 12¢ and/or 13a, 13b, 13c which are equally distrib-
uted around the periphery of the rotor. As a result of
the equidistant arrangement of cutting blades of a cut-
ting element group and of the even angular spacing
between neighboring groups there is produced, with the
exemplary embodiment shown in FIGS. 1 and 2 of the
cutting mill according to the invention, an angle dis-
placement of 30° between the successive knife blades at
their engagement with the stationary blade, as can be
seen from FIG. 2. This angular displacement follows
from the number of blades in a cutting element group
multiplied by the number of element groups (3 X4=12,
360°:12=30"). Should one increases the number of
blades of the several cutting element groups to four and
the cutting element groups from four to five, the angu-
lar distance between successive blades arriving at the
stationary blade 14 in the cutting sequence, would be
reduced from 30° to 18°.

The housing 2 is divided into two housing parts by
means of the stationary blade 14 and the oppositely
lying sieve carrying bar 16; a lower collection space 37,
which is located beneath the sieve 15, is bounded by
parts of the side walls 3, 4, 5, by the sloping floor 6. and
by the also sloping side walls of the floor 7 and 8. In this
collection space 37 is collected the material which has
been comminuted and filtered through the openings 32
of the sieve 15 and which is carried out through an
outlet which is not shown in the drawing. This outlet
can be linked up with a mechanical, pneumatic or other
suitable conveying device which carries the commi-
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[57) ABSTRACT

A granulator for comminuting scrap material has an
improved rotor blade assembly. The granulator is of the
type having a pair of spaced-apart, parallel bed knives
mounted stationarily in the granulator. An arcuate per-
forated screen is mounted below the bed knives for the
passage of comminuted material through apertures in
the screen. A rotor axle is mounted between and paral-
lel with the bed knives. At least one blade is mounted on
the axle for rotation with the axle. The blade has a
peripheral contour with a plurality of spaced-apart cut-
ting tongues extending outward. The cutting tongues
define a circular path closely spaced to the bed knives
and screen for shearing scrap.

2 Claims, 3 Drawing Figures
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1

GRANULATOR WITH CUTTING TONGUE ROTOR
KNIFE

BACKGROUND OF THE INVENTION 5

This invention relates in general to devices for com-
minuting scrap material, and in particular to the rotor
knives for such a device.

In U.S. Pat. No. 4,161,296 a granulator for comminut-
ing scrap materials is shown. The scrap material is cut
into particles by a set of rotor knives that rotate past
stationary bed knives. The rotor knives are parallel flat
blades secured together in a cylindrical array. A perfo-
rated screen below the rotor knives allows the scrap
material to pass through for collection after it has been
cut to a desired size.

One difficulty with this type of granulator is that the
granulator requires a large electric motor to rotate the
rotor knives. To conserve energy, it would be desirable
to reduce the power requirement. Another problem
occurs when the blades are resharpened. As the for-
ward edge is ground back, the space between the rotor
blades and bed knives, and the rotor blades and perfo-
rated screen increase. This reduces the efficiency of the
device.

In U.S. Pat. No. 3,845,907, a device for comminuting
trash is shown. This device differs from granulators in
that it uses two rotating axles spaced-apart from each
other. Disk-shaped blades, mounted to each axle, inter-
mesh with each other to shred the trash. Two types of
disks are shown in FIG. 7 and 9. In the type shown in
FIG. 9, three cutting tongues are spaced at the periph-
ery of the disks for shredding the trash. The device of 35
U.S. Pat. No. 3,845,907 does not have provisions for
passing particles through apertures in a perforated
screen to assure a minimum size for collection and fur-
ther use. Also, the device of this patent does not have
stationary bed knives.

SUMMARY OF THE INVENTION

This invention utilizes a perforated screen, a single
axle rotor knife assembly, and a pair of bed knives for
granulating plastic scrap. Instead of using a plurality of 45
rotor knives mounted in a cylindrical array, a rotor
knife is used that has a plurality of cutting tongues. The
cutting tongues extend from the periphery of the blade
and are rotated in close proximity to the stationary
knives and the perforated screen for cutting the plastic
scrap.

In the preferred embodiment, the rotor knife com-
prises a plurality of disk-shaped blades mounted to the
rotor shaft. Each blade has a plurality of cutting tongues
on its periphery. The blades are mounted so that no
more than one cutting tongue passes a bed knife at the
same time. Each cutting tongue in the preferred em-
bodiment has an insert of hard metal. For drawing the
scrap material into the cutting chamber, the periphery
of each blade has a partially cylindrical region begin-
ning at the forward end of the tip portion, a curved
region immediately following the cylindrical region
that is a continuous, smooth, inward spiral curvature,
and a step region that curves smoothly outward in a ¢
continuous curve to the top of the tip portion. The hard
metal insert is resharpened on its forward face so that
clearances are unaffected.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a simplified vertical cross-sectional view of
a granulator constructed in accordance with this inven-
tion.

FIG. 2 is a perspective, partially exploded view of the
rotor cutting blades of the granulator of FIG. 1.

FIG. 3 is a vertical cross-sectional view of one of the
cutting blades of the granulator of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, granulator 11 includes a housing
13 with a chute 15 located at the top. At the bottom of
chute 15, a pair of stationary bed knives 17 and 19 are
mounted stationarily to the housing 13. Bed knives 17
and 19 are conventional bed knives as used with con-
ventional granulators, each comprising an elongated
flat blade, sharpened on its inner end. A semicylindrical
perforated screen 21 is mounted below the bed knives
17 and 19. Screen 21 has a plurality of apertures 23 for
allowing the passage of scrap particles. A collection
chamber 25 is located near the bottom of housing 13.
Collection chamber 25 may have a conduit 27 that leads
to a vacuum source for drawing the collected particles
from the collection chamber. A rotor knife axle 29 is
mounted parallel with and between bed knives 17 and
19. A plurality of blades 31 are mounted to axle 29 for
rotation therewith.

Referring to FIG. 3 each blade 31 has a central aper-
ture 33 that fits closely over axle 29. Either key slots 35
in aperture 33 will mate with a key (not shown) located
on axle 29 to assure that the blade 31 rotates with the
axle 29. Each blade 31 has a peripheral contour that
includes a plurality of cutting tongues 37, of which
there are three in the preferred embodiment. The cut-
ting tongues are equally spaced 120 degrees apart and
are identical with each other. On the forward side of
each cutting tongue 37, considering the direction of
rotation as indicated by arrow 39, a shoulder or recess
41 is provided. Recess 41 extends in a radial direction
about one-half the radial length of each cutting tongue
37. Recess 41 extends rearwardly about one-half the
circumferential length of each cutting tongue 37. A
hard metal tip 43 is inserted into each recess 41. The
body of the blade 31 is of mild steel, while the tip 43 is
of a much harder tool steel.

When blade 31 is rotated, the tops of tips 43 define a
common circular path 45. Cutting tongue 37 has a por-
tion of a cylindrical region 47 located immediately rear-
ward of recess 41, considering the direction of rotation.
Cylindrical region 47 is a curved portion with a circum-
ferential length about one-half the total circumferential
length of the cutting tongue 37, including tip 43. The
cylindrical region 47 is formed at the sanie radius as the
radius of path 45.

The rearward side of cutting tongue 37 comprises a
curved region 49 immediately following cylindrical
region 47. Curved region 49 is a continuous, smooth,
inward spiral curvature. Curved region 49 extends radi-
ally inward to about one-half the radial length of the
cutting tongue 37. The innermost radius of curved re-
gion 49 is located at the termination of the curved re-
gion and defines the minimum radius of the entire pe-
ripheral contour of blade 31. A step region 51 that de-
fines the forward side of cutting tongue 37 immediately
follows the curved region 49. Step region 51 curves
smoothly outward in a continuous curve from the
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3
curved region 49 and includes the forward face of cut-
ting tip 41, which curves at the same rate of curvature.
Tip 41 is removably held in place by a screw 53 inserted
. through a hole formed in the curved region 49.

The radius R of the step region 51 is located between
the innermost portion of curved region 49 and path 45.
The sharp forward edge of tip 41 protrudes into the
direction of rotation and lies in a straight line that is
parallel with the axis of axle 29. Also, any straight line
passed along the entire peripheral contour of blade 31
will be parallel with the axis of axle 29. The circumfer-
ential length of the curved region 49 is considerably
greater than the circumferential length of the cutting
tongue 37. In the preferred embodiment the rear edge of
cylindrical region 47 lags the forward edge of tip 43 by
about 18 degrees. The rear and innermost point of the
curved region 49 lags the forward edge of tip 43 by
about 110 degrees.

In the preferred embodiment, as shown in FIG. 2,

* each blade 31 is disk shaped. The axial thickness of each
blade 31 is less than the radius of each blade. This results
in about five different blades 31 being mounted on axle
29. The slots 35 in each blade 31 are preferably formed
so that each blade 31 will be staggered. When stag-
gered, no two tips 43 will pass a bed knife 17 or 19 at the
same time. In the preferred embodiment, each blade,
from right to left, as shown in FIG. 2, follows the pre-
ceding blade by a few rotational degrees. Blades 31 are
placed in contact with each other, with circular disks 55
being located on the outer sides of the blades 31, when
assembled. Disks 55 are slightly larger in diameter than
circular path 45. Bearings 57 support the assembly dur-
ing rotation.

In operation, scrap material will be placed into chute
15. The scrap falls into the cutting area, where the cut-
ting tongues 37 will grab the material and force it down
between bed knives 17 and 19. When rotated, the path
45 defined by the cutting tongues 37 will place the tips
43 only a few thousandths of an inch from the bed
knives 17 and 19 and the perforated screen 21. This
assures good shearing action. Once the scrap material
has been cut into particles smaller than the diameter of
the apertures 23, they will fall through apertures 23 into
the collection chamber 25 to be drawn outward through
conduit 27. When the cutting tips 43 become dull, it is
not necessary to remove the blades 31 for resharpening.
A small hand drill can be held to the forward face of
each cutting tip 43, sharpening the tip on its forward
side. The tip should not be sharpened on its upper cylin-
drical side, since the clearances between the bed knives
17 and 19, and the cutting tongue cylindrical regions 47
should remain the same. During resharpening, a grind-
ing wheel of radius less than the radius R may be used
to avoid removing metal from step region 51. While
cutting, the disks 55 prevent scrap from falling and
wedging between the sides of the blades 31 and the
granulator housing 13.

The invention has significant advantages. The periph-
eral contour and staggering of the blades provide more
effficient cutting action, requiring less power. Since the
forward face of each cutting tip can be resharpened, the
clearances between the blades, the bed knives, and the
perforated screen remain very close, allowing good
shearing action. The cutting tips can be removed with-
out removing the blades, for replacement with new tips.
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While the invention has been shown in only one of its
forms, it should be apparent that it is not so limited, but
is susceptible to various changes and modifications
without departing from the spirit of the invention.
We claim:
1. An improved granulator for comminuting scrap
material, comprising in combination:
at least one bed knife mounted stationarily in the
granulator;
a rotatably driven rotor axle mounted parallel with
the bed knife;

a plurality of disk-shaped blades mounted in side-by-
side contact with each other on the axle for rota-
tion therewith, each blade having a peripheral con-
tour with a plurality of spaced-apart cutting
tongues extending therefrom;

each of the cutting tongues being of metal and having
a tip portion in the forward portion of the tongue;
and

an arcuate perforated screen mounted below the
blades for the passage of comminuted material; the
cutting tongues, when the axle is rotated, defining
a circular path closely spaced from the bed knife
and screen;

the blades being staggered so that not all of the tip
portions pass the bed knife at the same time;

each blade having a peripheral contour comprising:

a partially cylindrical region on the top of each cut-
ting tongue that includes the tip portion and pro-
ceeds opposite the direction of rotation a selected
circumferential distance, the cylindrical region
having a radius equal to the radius of the circular
path;

a curved region on the rear side of each cutting
tongue immediately following the cylindrical re-
gion and comprising a continuous, smooth, inward,
spiral curvature to a point of minimum radial thick-
ness; and

a step region beginning at the point of minimum ra-
dial thickness and curving smoothly outward in a
continuous curve to the top of tip portion, defining
the forward side of each cutting tongue.

2. An improved granulator for comminuting scrap

material, comprising in combination:

at least one bed knife mounted stationarily in the
granulator;

a rotatably driven rotor axle mounted parallel with
the bed knife;

a plurality of disk-shaped blades mounted in side-by-
side contact with each other on the axle for rota-
tion therewith;

each blade having a plurality of space-apart cutting
tongues extending therefrom; each cutting tongue
being of metal and having a tip portion in the for-
ward portion of the tongue, each tip portion having -
an arcuate forward face terminating in a cutting
edge;

each tongue having a curved region on the outer edge
of each tongue that includes the tip portion and
proceeds opposite the direction of rotation, the
curved region having a radius equal to the radius of
the circular path;

the blades being staggered so that not all of the cut-
ting edges pass the bed knife at the same time; and

an arcuate perforated screen mounted below the

blades for the passage of comminuted material.
* * * * *
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2. 3agauvi gocJaiKeHb

Y dapM mpoMHCIOBOCTI POCIUHHY CHpOBHHY (KOpa, TpaBa, KOPiHHS, TUIO/IH)
BUKOPHUCTOBYIOTh JIi BHPOOHMIITBA HACTOSHOK, €KCTPakTiB, edipHux oii. s
PIBHOMIPHOTO BHUJQJICHHS IUIbOBOTO KOMIIOHEHTY CHPOBHMHY TOJAPIOHIOIOTH Ha
YaCTHHKH OJHAKOBUX PO3MIpIB.

Haii01s1b111 momuypeHimyuM BU0M TOAPIOHEHHS JIUCTS, TPABU Ta TUIOK € METOJ
pizanHs. YacTo oOnafgHaHHs /Ui pi3aHHS Ma€ BUCOKY €HEpro- Ta METaJIOEMHICTD 1 He
3abe3reuye HeoOX1IHY SKICTh pi3aHHS.

Axmyanvnicmos memu

BupoOHUIITBO JIKapCHKUX MpenapaTiB  KOXXHOIO POKYy 3pocrtae. IcHyroue
oOnagHaHHS He 3a0e3rneuye MOTOKOBOTO BUPOOHHUITBA, BUCOKOI MPOJYKTHUBHOCTI, a
TaKOX SIKOCTI pi3aHHsA. [HKOJIM CHPOBMHA HAMOTYETHCS Ha HIK 1 LIUM 3MEHIIY€E HOro
HIBUIKICTh, MPOAYKTUBHICTh, BUBOJUTH OOJIaqHaHHA 3 poOotu. [Ins 3amoOiraHHs
[bOMY Ha BHUPOOHMIITBI MNPUAUISIIOTH BEJMKY YyBary 3aBaHTAKEHHIO 1 BHOOpPY
IIBUIKOCTI, 1 IHKOJM MOJA4y MNPOAYKTY 3yHUHSIOTH UIsl TOro, 100 0OnaJHaHHS
NOJIpIOHUIIO CUPOBUHY SIKA B)KE 3HAXOAMTHCA B OyHKEpl, TUM CaMUM 3MEHBIIYIOUU
MPOTyKTUBHICTb.

B HaykoBiii Ta JOBIAKOBIM JiTepaTypi BIACYTHI JaHl CTOCOBHO BHOOpY
napameTpiB MpoIlecy pi3aHHs cupoBUHHU. Ha 1iei yac 3aBaaHHs Hapi3aHHS MPOIYKTY
BUPILIYETHCS HMUIAXOM EMITIPUYHOTO MII00pY PEXKUMIB pi3aHHS Ta MEBHUX yMOB. lle
MOSICHIOETHCS CKIIQIHICTIO YpaxyBaHHs (DaKTOpIB BIUTMBAIOYMX HA TPOIEC, a TaKOX
HEJIOCTATHICTIO 1H(hOpMAIIiT TPO 3HAUCHHS CTPYKTYPHO-MEXAHIYHUX XapaKTEPUCTHUK.

He icHye npocTHx, TOCKOHAIMX METOAUK, JIJISl JOCIIKEHHSI MPOLECy pi3aHHA i
MaTEeMaTUYHOTO OMHCY HOTO 3aKOHOMIPHOCTI, @ TaKOX MOXJIMBOCTI BCTAHOBHUTHU
pallioHaJIbHI TapaMeTpu MPOBEACHHS MPOIIECY.

HailinepcrekTUBHIIINM € MaTeMaTHYHE MOJETIOBAHHS MPOIECY pi3aHHS, IO
JorioMarae JOCIKyBaTH TPOIEC 3 METO MOro yJIOCKOHAJNEHHS, 3MEHIIMBIIN
BUTPATH Ha MPOBEJEHHS (PI3UYHUX €KCIIEPUMEHTIB.

OTxe, Ui YIOCKOHAJEHHs TpOIECY pi3aHHSA, HEOOXIJHO TPOBECTH HOro

noriuOseHe, Bcediune gocaipkeHHs. Lle miaTBepaxye akTyalbHICTh BUOPaHOT TEMHU.
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Mema i 3a60anns 00cnioxicens

Ha ocHOBI orsiny iTepaTypu BU3HAYEHO METY Ta 3aBJAHHS JOCIIIKEHHS.

Meta nocmiipKeHHs — YJIOCKOHAJEHHsS MpoIecy pi3aHHs crebia Ta JHCTS
POCIMHHOT CHPOBMHM 3 YypaxyBaHHSM BIUIMBY Ha TPOIEC HOTO CTPYKTYpH Ta
MEXaHIYHUX BJIACTUBOCTEH 3 METOIO 3MEHITICHHSI EHEPTeTUYHUX BUTPAT HA Pi3aHHS Ta
M1JIBUIIICHHS SKOCTI IIPOIIECY.

BiamoBimHO 10 MOCTaBICHUX ITiIeH Oynu copMyTbOBaH1 HACTYITHI 3aBIaHHS:

- PozBuTok METO/I1B JOCIIIKEHHS (BIOCKOHAIEHHS JU3aiiHy
EKCIIEPUMEHTAJILHUX YCTAHOBOK Ta PO3pOOKa BiMTOBITHUX METOIIB JOCIIIKEHHS);

- BUOIp MaTeMaTHUYHOI MOJIEJIl PyXy Ji€3a B MIapl OIPOAYKTY B MPOLECI Pi3aHHS,
3a JIOTIOMOTOI0 SIKOi MOKHA BHU3HAUMUTH 3aJICKHICTh CHJIM Pi3aHHS BiJl IIBUIAKOCTI
pyXy Je3a I pOCIUHHOT CHPOBHHH,

- TlpoBecTr eKCHepUMEHTANIbHI JTOCHIJKEHHS T4 BU3HAYUTH 3AJICKHICTh CHIIU
pi3aHHA Ta SKOCTI pi3aHHS BiJl IIBUIKOCTI;

- KoHcynbranii mo10 BuOopy yCTaHOBUMX MMApaMETPIB AJIsl 3pi3aHHS POCIMHHOI
CUPOBHHH.

006°ckm i npeomem 00Ci0IHCeHb

06 ’exmom docniodcenHs OYB IPOILIEC Pi3aHHS POCTUHHOI CUPOBUHU M’SITH.

O06'exTaMu TOCTIIHKEHHS € M'siTa, TOOTO JHUCTS 1 cTebia, pyx Jie3a y BUpOOi1 mia
yac pi3aHHs, CTPYKTypa 1 MEXaHIYHI BJIACTUBOCTI CHPOBMHHU, HAINpyra TEpTsS B 30HI
KOHTaKTy BUPOOY 3 JIe30M, 3yCHILIS 1 TUTOMa poOOTa pi3aHHs, SIKICTh TOBEPXHI Pi3y,

nutidyBaibHe 00Ja HAHHS.
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3. MeToauKa 10CaiIKeHb

JlocnikeHHsT MPOBOJUIUCH 3 BUKOPUCTAHHSAM METOJIIB MAaTEMaTUYHOTO Ta
G13UYHOTO MOJeoBaHHA. MareMaTnyHa MOJENbh 0a3yeThCsl Ha JUQEPEHITIATBHIX
PIBHSHHSX pyXy JionmaTedl y mapi mpoiaykTy. CTpyKTypHO-MEXaHiuHI BIACTHUBOCTI
BUPOOY, CHUJIM TePTS BUPOOY MpH HOro pyci B3AOBXK OOPTY Jie3a, peKUMHI IMapaMeTpu
MpoIecy  pi3aHHS  BH3HAYAIOTBCA  HA  CTBOpPeHIM  abo  mMoaudiKoBaHIM
eKCTIIEPUMEHTAJIbHIN YCTaHOBIIl Ta BIAMOBIIHUX METOAUKAX.

3.10nuc excnepumenmanvHoi ycmanoeku

JI1st OCIiJKEHHS TIPOLIeCY pi3aHHS CTBOPEHO €KCIEPUMEHTAIbHY YCTAaHOBKY —
MasITHUK 13 3aKpIIUICHUM Ha KiHI[I KOPOMHUCJIA JIE30M, SIKMM TiJ] 4ac pyxy MasTHHUKa
po3pizae Bupi6. Moro 1erko BCTAHOBUTH, OCKLIBKH IIBHIKICTh Pi3aHHS MOXHA
3MIHIOBAaTH B MIUPOKOMY Jiiana3oHi. J[JIs 1[bOro 3MiHITh KyT BUITYCKY KOPOMHCIIa abo
3MIHITh MOMEHT 1HEpIIi, TOJABIIM JOJATKOBI Macu Ta 3MIHUBILIM iX IOJIOKEHHS Ha
Kopomuciii. Cxema yCTaHOBKH TOKa3aHa Ha pUCYHKY 3.1. [loBopoTHu# kpoHIITEHH 1
KPIMUTHCS IO CTIHU 32 JIONMOMOTOI0 pyXoMoro Bysna 7 . Jljig 3MiHM MOMEHTY 1HEpIIii
KOPOMHMCIIa BaHTaX 2 MEPEMILIYIOTh Y3J0BX HbOro 1 (PIKCYyIOTh y MOTPIOHOMY
MOJIOKCHHI. Y KpOHINTEHHI 3 Ha KIHII KOpPOMHCJIA 3HAaXOJUThCSA JIONarka 4
Hocniaauit 3pa3ok 12 BUpoOy 3aKkpiIlIOeThCcsl Ha BepeTaky 9 uepes mimiHT 11 . Jls
BCTAHOBJICHHSI HEOOX1HOI TVIMOMHM pi3aHHA CTOJMK 9 TBUHTOBUM mpucCTpoeM 10
MEPEMINIYIOTh Y BEPTUKAIILHOMY HAMPIMKY.

BxkaziBHa cTpiika 6 MOXe pyXxaTucs Juilie B ogHOMY HampsiMky. Kopomwucio
MEePEeMINIY€EThCS Ha MOTPIOHMM KYT 1 BIAMMYCKAETHCS, a JIe30 po3pizae mpoaykT. [licms
po3pi3aHHsl BUPOOY KOPOMHCIIO MasTHHKA MiJHIMAETHCS HAa MEBHUU KyT pa3oM 13
BKa31BHOIO CTPUIKOIO, Y IIbOMY MOJIO)KEHH1 OCTaHHS (DIKCYeThCsI, BKa3ylOUU Ha IIKaJl
5 KyT, Ha SIKMH MiJHATO KOPOMHUCIIO.

[{ina oHi€l MO3HAYKK HA MKl cTaHOBUTH 0,5 Tpajyca.

IcHye nBa cmocoOu peryroBaHHS MIBUAKOCTI Jie3a IMiJ1 4ac pi3aHHS:

1. 3MiHOIO MOMEHTY iHepuii KopoMuciaa. Y I[bOMY BHUNAAKY MOJIOKEHHS
BAHTAXYy 2 3MIHUJIOCH.

2. 3MIHOIO KyTa IMyCKY KOPOMHUCIIA.
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Jlocmimpkyroun mpoliiec pizaHHs, MU BUKOPHCTOBYEMO Jie3a, SIKi MalOTh TJIAIKUH
Kpail 1 3ato4eHi 3 JOBOX CTOpiH. JlomaTka BCTAHOBJIEHA IMAPaJICIbHO KOPOMUCITY
MasTHHUKA 1 BPI3a€ThCs B MPOAYKT mig KyToMm ¢ = 0°. OTxe, 3riiHO 3 KIacuiKaIli€ero
TUNy pyXy Jieza y BupoOi [30], pi3 Oyae 3BuuaitHuM (pyOaHHSIM), KOJH JI€30 pike

MaTepian y HanpsSMKy, IepIeHIUKYIIPHOMY 10 OT0 Kparo.

Puc. 3.1 CxeMa ycTaHOBKH JUIs JOCIIIKEHHSI Mpoliecy pizaHHs: 1 - KOpOMHUCIIO
MasTHUKA, 2 - 3MIHHUH BaHTaX, 3 - TpuMad Jie3a, 4 — j1e30, 5 — 1mkasa, 6 - Bka3iBHa
CTpiJika, 7 — pyxomui By301, 8 — ctanuHa, 9 - podounii cronmk, 10 - rBUHTOBUI

npucTpiid, 11 - mmactuam 17 dikcarii npoaykty, 12 - qocmigHuit 3pa3ok.

[Ipu 3BuuaitHoMy (py0OarodoMmy) pi3aHHI KyT 3aTOYyBaHHS 1 KpPOMKa Jie3a HE
3MiHIOOTHCS [30], Ha BiAMIHY BiJl pi3aHHS M1 KYTOM.

AHaJti3 HayKOBHUX TIpallb 3 Ii€l Teopii MoKasye, 110 MNPy HOPMATbHOMY (pi3aJIbHOMY)
Bpi3aHHI Jie3a y BHUpPIO, 3amaHoMy 3HaudeHHIO cunu pizanHs [10, 30], Bimoma

3QJICKHICTh CHJIM PI3aHHA BiJ MEBHOTO KyTa a00 KOB3aHHS MOXXHA BU3HAYUTH, SIKIIO
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napamMeTpu pi3adbHOI KPOMKHM IUIACTMHU 3aJUIIAIOTBCA TocTiiHUMU. Tomy Mu
BUKOPHUCTATN PE3YIbTaTH €KCIIEPUMEHTAIBHUX Pi3aIbHUX 3YCHIIb, OTPUMAHI ITiJT 9ac
3BUYAHHOTO (Hapi3HOT0) pi3aHHs, I PO3PaXyHKY MapaMeTpiB HOKOBOTO pi3aHHS Ta
EKCIIEPUMEHTAJILHO TEPEBIPUIIN TPABIIBHICTh 3pOOJICHUX MPUIYIICHb. BuBeaeHHs
HEOOX1THUX 3aJIeKHOCTEN MPEICTABICHO B HACTYITHUX PO3JLJIaX POOOTH.

[TapameTpu reoMeTpii JomnaTi, BAKOPUCTaH1 B TOCTIKCHHI:

['magka pixkyda KpoMKa, JBOCTOPOHHS 3aTOYKA,;

Kyt 3aTouyBanns - 30 rpaayciB, roctpoTa Jjie3a - 0,03 mm.

["ocTpoty Jie3a BU3HAYaOTh ONTUYHUMU MeToaamHu [30].

3.2. BuzHaYeHHsI pe;KMMHHMX MapaMeTpiB po00TH YCTAHOBKH

CxeMa BHU3HaueHHs poOOYMX MapaMeTpiB MasTHUKA HaBeJleHa Ha puc. 3.2. Jlusa
BU3HAUCHHs IIBUIKOCTI JIONATi HEOOXIJIHO 3HATH MOMEHT IHEpIi IMOBOPOTHOTO
myieda Ta KOOPJAWHATH HOTO IMEeHTpa Mac. MOMEHT iHepIlii MasTHUKOBOTO KOPOMHUCIIA
BU3HAYAETHCS SIK CyMa MOMEHTIB 1HEPIIil HOro YacTuH.
1. Kopomucno. Burorosnenuii 13 Tpyou niamerpom D=15 MM, nosxuHo0 1=2 M
1 macoro m=0,3468 xr. Toal WOro MOMEHT IHEpLIi BIJHOCHO OCi OOepTaHHs

JIOPIBHIOE:

, _ml’ _03468-2°

=" = 0.4624 xr - M°

2. Kpimnenns mmst Hoxka. Maca aerani 0.21 xr. Mae ckinagauii mpodiias (puc.
3.2). MomeHT iHepLli BITHOCHO BJACHOTO LIEHTPY Mac 1 KOOPJAMHATH LEHTpa

Mac AeTalll BU3HAYACIOTHCSA 32 JOIMOMOT 00 cucteMu 3D mMoenroBaHHs.
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Puc. 3.2 Kpinnenuns o1 nooica

[Ticns moGymoBu 3D mopem (puc. 3.2) OoTpUMaHO pe3yibTaT: BIACTaHB [0
nentpy mac 1:=0.043 M, MoMeHT iHepIii jxerani BiAHOCHO IeHTpY Mac [,=0.0001

K2 - M.

Puc. 3.3 Pospaxynxoea cxema masmHuka

MoMeHT iHepiIii BIIHOCHO OCi 00epTaHHS:

l,, =l +ml? =0.0001+0.21- 22 =0.8401 kr v

1
m - maca nperami, | - BijcTaHb Bif ii MEHTPY Mac OO0 Oci oOepTaHHS

KOpOMHUCIIA.
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CyMapHHII MOMEHT 1HEpIIIi KOpOMHCIIA:

I, =1, +1,,= 0.4624 +0.8401 =1.3025 «r -Mm?
BiacTtanp Bijg oci 00epTaHHS KOPOMHUCIIA JI0 [ICHTPY Mac:

> mr  0.3468-0.6+0.21-2
o= ~ -1.13
oy m 0.3468+0.21 -

M; 1 1j - BIATIOBITHO MacH KOXKHOT JIeTajli Ta BiJCTaHb BiJ iX IIEHTPIB Bard JI0 OCl
oOepTaHHS.
[IBuakiCT, J€3a BU3HAYUMO 3 JUQPEPEHIIATBHOTO PIBHSAHHSA HOrO0 pyXy
KOPOMHMCIIA:
P-r-sing
U4 H . /4
|Z Q= M=P-r-sin @, 3BIAKM @ =|7,

z

ne |,- MoMeHT iHepLii KopoMmHucia BIIHOCHO OCl 00epTaHHsA, ¢ - KyT IOBOPOTY

BiJl KpallHROrO BEPXHBOTO TOJOXKEHHS (puc.3.3), ¢@"- KyTOBe NPUCKOPEHHS
KOpOMHMCIIa (SIK Jpyra MoXiJHa Bl KyTa MOBOPOTY), P - 3ycHiuis Baru KOpoMucIa,
NpUKJIaJeHa J0 Horo HeHTpy Mac, M - MOMEHT CHJI iHepIIii KOPOMUCIIA, I' — BIICTaHb

B1JI OC1 KOpOMHCJIIA JIO HOT0 IIEHTPY Mac.

JIst po3B’si3aHHs PiBHSHHS BUKOPHCTOBYEMO 3aMiHy: @' =Z, TO.i:

2= = Prsin ¢
JZ
Tax sk @' = Z, TOMy gp”:gzz; jzz:jrsin ?, jzdz=j§rsingodgo
® ® z z

2

Z Pr 2 Pr
——=———cosp+C, 2°=-2_-cosp+cC
2~ 3, 3, 7

z z

3rigHo npuiiHATOl 3aMiHn  Z =@’ :

Pr
@'?=C-2_cosg, @ = C—acow

JZ \ JZ

. o . 2
Binbauii wien C BU3HAYMMO i3 TOYaTKOBUX YyMOB ¢, =0; @=¢,:

C=2§rCOS¢O

z
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¢ = \/Zz)rcos% - 25)rc05gp :\ 2?(005(00 —Cosg)

z z z

BumiproemMmo MIBUAKICTH B HUKHBOMY IOJIOKE€HHI KOPOMHCIIA, TOMY @ =7 ;
cosz =-1. JIns 3pydHOCT] BUMIPIOBaHb MOJOKEHHS KOPOMHCIIA BUKOPUCTOBYEMO

KyT o (puc.3.3); a=7—¢@.

—w= 2FT _ oPr _ _ P
go—a)—\/zj (cosgp+1) \/23 (cos(z — a) +1) \/23 (1-cosa)

z z z
(BUKOPHCTAHO MpaBmIo: COS(7 —a) =—CoSa ).
Bupaszumo KyToBY MIBUAKICT Yepe3 JMiHIMHY @ =V /R, OTpUMy€eMO KiHIIEBY

dbopmyy JUIsl BUBHAUEHHS IBUJIKOCTI Jie3a MPH Pi3aHHI:

V=R /2?(1—cosa),

z

IS R — neue KOpOMHCJIaA. KOpOMHCHO CKJIaAa€ThCA 3 ,Z[eKiJ'II)KOX IIGT&JIGIZ, TOMY:

V=R /2ZPiIri (L-cosa), (1)
Y,
ne P;j - Bara okpemoi getam KOpOMHUCHA, T; - BIACTaHb BiJl IEHTPY Baru Ii€i
JIeTal 10 0ci KOpOMHUca.
Pe3ynpTaT po3paxyHKy MIBHIKOCTI Ji€3a Ha TOpLl KopoMmucia mno ¢opmyim 1

npe/cTaBlieHi Ha puc. 3.4.
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Puc. 3.4 BruuB KyTa migiioMy KOpoMuUcia Ha IIBUJIKICT Jie3a B IPOAYKTI

Pobora, BUuTpaueHa Ha pi3aHHS:
A=>P{(nh—h,)=>P-r(cosa—cosj),
ne > P- Bara Bcix meraneil kopommucia, h; - BHCOTa MifiioMy LEHTpa Baru
KOpPOMHUCIIa B BUX1IHOMY TOJIO’KEHHI, hy — BUCOTa miiiioMy IIEHTpa Baru KOpoMuciia
Micys BUKOHAHOT poOOTH, T - BIICTaHb BiJI OCI KOPOMUCIIA 10 WOTO IIEHTPY Baru, o -

KyT BHUXIJIHOTO TIOJIO)KCHHSI KOpOMHCHIA, 3 - KyT NIIAOMY KOPOMHCIA TICIs

BUKOHAHHX POOIT.
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3.3 Ilopsaook nposedenns 00cioiiceHs.

JlochipkeHHsT TPOBOJATh y HACTYMHOMY MOPSAKY. 30€piTh 1 MOMICTITH Yy
TpuMau 9 (puc. 3.1) mamepoBy TpyOOuKy (3a BJIACTUBOCTAMM CXO0Ka Ha CTeO0JI0
pPOCIMHM) 1 IIMATOK Tamepy (3a BIACTUBOCTSAMH CXOXXHM Ha JIUCT POCIUHH).
[ToBOpoTHHUI Bakiib MasiTHUKA 3 JIE30M IMIIHIMAIOTh Ha TieBHUH KyT a (10, 20, 30°...)
1 BIAMYCKaOTh, pO3pi3al0uu JOCHITHUHN 3pa3ok je3oM. KyT b, Ha skuil migHIMa€eThCs
KOPOMHUCIJIO MasiTHUKa micis (ikcarii podoTu. 3a OTpUMaHUM 3HAYEHHSIM KyTa 3a
dbopmyioro 1 BU3HAYaOTh IMIBUJIKICTh BXOy Vin, M/c JIomati B IPOIYKT.

BumiproBanu KyT MiaioMy KOpPOMHCIIAa HAa XOJOCTOMY XOAYy MpU PI3HUX
3HAUEHHAX KyTa MiAMOMYy Ui BpaxyBaHHS BTpaTH TIOJIOJIAHHS OMOPY pyXy
KOPOMHMCJIa B MiIITUITHUKOBOMY BY3J1 1 11O MOBITPIO.

Toni, 3ri;HO 3 PIBHSHHIM |, MBUAKICTH JIOMATi, KOJU BOHA 3aJUIIAE TPOIYKT,

JIOPIBHIOE:

vV, = R\/sziri(l— COS(B + (& = Bymy)): W, )

[Tpu MonenroBaHHI pyXy Jje3a Kpi3b MAp NPOAYKTY MU MPUITYCKAEMO, IIIO
MIBUJKICTh JI€3a, KOJIM BOHO BpI3A€ThCS B MPOAYKT, 3MIHIOEThCS JiHiMHO. 11[06
IPOJAEMOHCTPYBATH 1€, MU €KCIIEPUMEHTAIbHO BU3HAUMIIM 3MiHY HIBHUAKOCTI Jie3a B
MPOJIYKTI 3aJIEKHO BIJI TOTO, HACKUIBKM TJIMOOKO JIe30 Bpi3a€ MPOAYKT. [cHyroui
METOAM Tepen0avyaroTh BHKOPUCTAHHS BIJEO3aMMCy Tpolecy, Wi dYac SKOro
(bIKCyeThCA pyX JIONATI Yepe3 MEeBHI MPOMIKKHU Yacy. Y HallloOMy BUIAJKY LIEd METOJ
HE Mir OyTH 3aCTOCOBaHUI Yepe3 BUCOKY IIBUJIKICTD Jie3a B IPOAYKTi. [IponoHyeThCs
MPOBOJUTH JIOCHI/PKEHHS TakUM YUHOM. BuHKpoiTH BUpiO MMEBHOI TOBIIMHHU. B
YCTAHOBIII, III0 BUKOPUCTOBYETHCS MJIsA JOCHIKEHHS mpoliecy pizanHHs (puc. 3.1),
BUPIO po3pi3ajdu Ta PEECTPyBalW IBHUIKICTH Jie3a, M0 BXOAWJIA Ta BUXOIWJIA 3
BUpOOYy mia yac mpouecy pizaHHs (piBHsSHHA 1, 2). ToBUIMHA HACTYMHOTO IIMaTKa
ToBII momnepeanboro. IlIBuakicTh mogadi mpu pi3zaHHI Taka X, K 1 B MEPIIOMY
BUIAJIKY, OTpHMaHa WIBUIKICTh BUXOMy (ikcoBaHa. ToBmmHA BHUPOOY, IO
po3pizaeTbes, 30UIbIIYEThCS B Kulbka pa3iB. IInsxoM BUMIpIOBaHHS MIBHIKOCTI, 3

SAKOIO JIe30, IO BXOJUTh Yy MPOIYKT 13 TOCTIMHOIO MIBHJKICTIO, BUXOIUTH 13
45



MPOAYKTY, OyJIO BU3BHAUYEHO 3MIHY IIIBUJIKOCTI Jie€3a Ha TIEBHIM TJIMOWHI, sIKa IOPIBHIOE
TOBITUHI 070Ky mpoaykTy. L1 mocmimkeHHs TPOBOAMINACS TIPH PI3HUX MOYATKOBUX
MIBUIKOCTSIX JIOTIATEH.

CepenHs MBUAKICTH Ji€3a B MIPOTYKTI:

VGX +V6ux
ch = -, m/c. (3)

[Ilo6 BM3HAUMTH CHJIM Pi3aHHS Ha OCHOBI IIBHJKOCTI Jie3a y BUpPOOi1 Ta HOTo
CTPYKTYPHHUX 1 MEXaHIYHUX BJIIACTUBOCTEW, MU MATEMAaTUYHO 3MOJIENIIOBAIIN PyX J€3a
y BHUpoOi. BuBeaeHHs MareMaTH4YHOI MOJENl Ta pe3ylbTaTd MOJEIIOBAHHS
NpEACTaBICHI B OKPEMHUX poO3JuUiax wmarictepcbkoi pobotu. IliacraBistoun
pe3ysibTaTu EKCHEPUMEHTY B OTpPUMaHy MaTeMaTU4Hy Mojenb (piBHSAHHA 3),
BU3HAYAJIM BIJMOBIJHO 3yCHJUIS pi13aHHS JIMCTKIB 1 CT€OEN M SITH, IIBHAKICTH PYXY

Je3 y BUpOO1 Ta X CTPYKTYpHO-MEXaHI4H1 BIIACTUBOCTI.
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4. Pe3yJbTAaTH JA0CJIIKEHb Ta iX MOSACHEHHS

4.1 Mooenrosanus npoyecy pyxy ne3a 6 wapi npooyKmy npu pi3aHi

HaykoBuii anaii3 npoiecy pizaHHs Mokasye, 10 He 1CHye€ 3pijIoi Teopii pi3aHHs,
ska 0 BimoOpaxkana (pi3uyHy MpUPOIY TPOIECY, IO 3HAYHO YCKIAJHIOE OTPUMAHHS
BHUCOKOSKICHUX MATeMAaTHMYHHUX MOJEJe 1 NOAaJblly ONTUMI3AIiI0 IpPOIECy.
[IpoBenmeHi aHaMITAYHI JOCHIKEHHS IIOKa3ylTh, IO pPe3yJbTaTH 1CHYHOUHUX
JOCTIPKeHb Tpoliecy Hapi3aHHS 1K1 TPEICTaBICHI B OCHOBHOMY B EMIIIPUYHO
3aJICKHIN PopMi, ONTUCYIOUN TIPOIIEC 32 KOHKPETHUX YMOB, Y SIKMX BiH peaji3yeThCsl.
EMmipuuHi 3aJIe)KHOCTI HE MOXKYTh TIOBHICTIO PO3KPUTH MEXaHI3M MPOIECY.
3aMIIAEThCA  HEBUPINICHO mpodiema pyxy Je3a B  HOPMaJIbHOMY Ta
TaHTEHIIIAJIbHOMY HampsIMKax Yy IIapi NOpoAyKTy mij yac pizanHs. He ichye
1I€aJIbHOT0, MTPOCTOr0 y BUKOPHUCTAHHI METOMY JIsi BUBYEHHS JaHOI MpoOJieMH Ta
MaTeMaTUYHUX OIUCIB 11 3akoHOMIpHOcTe. HeoOXimHICTh TakuX JIOCHIIKEHb
NoJiirae He TUIBKM Yy BHU3HAUEHHI HaWKpaIloi CXEeMU pi3aHHA 3 HaWMEHIIUMU
€HEeproBUTpaTaMu B IIPOLIECI pi3aHHSA, @ U y OTPUMAHHI SKICHOTO HPOIAYKTY 3
NPUBAOJIMBUM 30BHIIIHIM BHUIJISAOM. Tomy Oyid TPOBENEHI TEOPETHYHI Ta
EKCTIIEPUMEHTAJIbHI JOCIIJKEHHSI, SIK1 JJO3BOJUIN PO3POOUTH MaTeMaTUYHY MOJECIb,
3MaTHY TOBHICTIO OMHCATH TPOIEC PyXy Je3a B Iapi NPOAYKTY Ta BH3HAUYHUTHU
MPUIHATHY BUJIKICTH Pi3aHHS B PI3HUX yMOBaXx.

OTxe, s TOCHIKEHHSI MPOIECY pi3aHHS Ta BCTAHOBJIEHHS HOTO MapameTpiB
HEOOXITHO CTBOPUTH MAaTEMAaTHUYHY MOJENb TMPOLECY pi3aHHS, fAKa OIHUCYE
3aJIEKHICTh CUJIM PpI3aHHSA BiJ IIBHJIKOCTI pyXy Jiesa B 1Iapi BUpOOy Ta
MPOYKTUBHOCTI BUPOOY. , TOOTO MOBEPXHSI KOHTAKTY MK BUPOOOM 1 IHCTPYMEHTOM
Hanpyra teprs.

TakuM YMHOM MOJENIOBaHHS PyXY JIOMAaTI BUKOHYBAJIOCSA 3 YpaxyBaHHSM YCiX

CHJI, @ MOZICJIIOBaHHSI pyXy JIONaTi BUKOHYBaJIOCS 0€3 ypaxyBaHHSI TE€PTSL.

4.1.1 Mooenrwosanus pyxy ne3a 3 8paxy8aHHIM 6CIX CUJL
Jlnst cTBOopeHHs MOTPiOHOT HAM MaTEMaTUYHOI MOJIENI PO3TIISIIaEMO PyX Jie3a B
miapi Npoaykry.
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Ha ne30, 1110 3aHyprOETHCS B IPOYKT, A1FOTh 3yCUILIS onopy pyxy (puc. 4.1).

Vv,
/ - 2
//
y 4 F G P
> > >
= %

4

3 o

Puc. 4.1 Cxema cui, siki Ai10Th Ha Jie30: 1 - mpoaykT; 2 - 1e30.

Ha puc. 4.1: | — po3mip BupoOy, M; h — mmpuHa BUpOOy Ta OBXKMHA JIIHIL
pizaHHs, M; Fr — cuiia pi3aHHs, sika BUKOPUCTOBYETHCS JUIsl PO3PUBY CTPYKTYPHOTO
3B’S13Ky BUPOOY, SIKa 3aJ€XKUTh B (OPMU , KyT KPOMKH Ta KyT pi3aHHs Je3a; G -
aare3is (cwia TEpTs) MDK CTOPOHOIO Jie3a Ta MPOAYKTOM, sKa 3amodirae
NEPEMILEHHIO J€3a Yepe3 KOHTAKT 13 TIOBEPXHEI MPOAYKTY, 3aJ€XKHUTh BiJ
HIBUKOCTI, 3 SIKOIO JIE30 PYXA€ThCS Yepe3 NPOAYKT.

[Ipn Bu3HaueHH! cuiaM 3ueryieHHs G MK CTOPOHOIO Jie3a Ta BHUPOOOM,
BpPaxOBYIOUM HEBEJIMKE 3HAYEHHS MOro MIIHOCTI 3ueruieHHs [8, 9], koedimientu C i

k1 oTprMyIOTh LIJIIXOM aHAIII3y CUJIM TEPTS 110 MOBEPXHI Jie3a:

ne C,p, H - e mocTiifH1 Koe(ilieHTH, 10 3aJIeXKaTh Bl XapaKTEpPUCTUK BUPOOY
Ta TMUATOMOI'O0 HAaBaHTAXXEHHsSI MK BUPOOOM 1 CTOPOHOI IHCTPYMEHTY; V, M/C —
IIBUJIKICTh KOB3aHHSI MIDXX BHpPOOOM 1 CTOpPOHOK I1HCTpyMeHty; kl, kr/c. ——
MPOMOPIIHHUN  KOe(IlieHT, 10 BpPaxOBY€ BIUIMB IMBHUJKOCTI KOB3aHHA Ha

TEPTS;Y, M

NIepEMIILICHHS JIONaTi Y BUPOOi;t,s

qac pyxy JIonati y BUpoOi.
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g
Nm_G)

G=C+kiVV

a=arktg(ky)

V, =

Puc. 4.2 Cxema BuszHaueHHs koedimieHTIB Cop, 1 k.

Konu ne3o BpizaeTbcs B MPOIYKT, iCHye cuia iHepuii Pj, sika gie Ha 1e30 B

HaIPsIMKY, IPOTUJIEXKHOMY HaIpsMKY HPUCKOPEHHS Jie3a.

=m—=, ()

e m - Maca pyXxoMoOi YacTUHHU MpHUCTporo Oe3 somati (pucyHok 4.3), a -
NPUCKOPEHHs (200 YIOBUILHEHHS ) JIOMATI MPH ii PyCl 10 BUPOOY.
Cxema BU3HAa4YEHHS Macu KOPOMHCIHA, MPHUKIAJEHOr0 10 TOYKH S JomaTi,

nokasaHa Ha puc.4.3

P 2
Pan? - S1 —f SE' >
Ao ”
Gi1 G2 M
. 2
L

Puc. 4.3 CxeMa BU3HAUCHHSI Macl KOPOMMCIIA, IPUBEACHOI 110 je3a: 1 - mieye
KOpOMHUCIIA; 2 - JIe30 B TpUMaYi.
[To3nauenns Ha puc. 4.3: Sy, L; - IEeHTp Mac KOpoMHucJa 1 BiICTaHb 0 HbOTO BiJI
oci obeptanHs; Sy, L, - IeHTp Mac Jjie3a 3 TpuMadeM 1 BiJICTaHb J10 OCl 00epTaHHs, S -
TOYKa MPUBEICHHS Macu Kopomwucia Ha ne3i; Gy, G, - 3ycwuisa Baru KopoMucia i

Je3a B TpUMadi; M - Maca KOpOMUCIIA, IPUBEIEHA 10 TOUYKH S.
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I3 piBHSIHHS pIBHOBAru:

, KT, 3)

ne g=9.81 m/c
Jlst Bimomoi popmu siesa 3rigHo puc. 4.1 3anurmiemo:

Fo+ G+ P;=0. (4)
Po3kpuBaroun ujeHu pPiBHSHHS, OTpUMYyeMO nuepeHIialibHe pPIBHSAHHA HOTO

pyXy IpH 3aHYPEHHI B IPOIYKT:

dy(t) d®y(t)
F +(C.__+k +m =0. 5
r ( mp 1 dt ) dt2 ( )

BukopucraBmm MeTroau CHUMBOJBHOI MaremaTuku ,Maple” [8, 9, 17],

OTPUMAEMO PO3B’SI30K PIBHAHHS (2) Y 3arajdbHOMY BUTJISIIL
gt
C1°m'e m (Fr+Cmp)t+
_ ,,
Ky Ky

y(t) = (6)

ne C; 1 C, - BubHI Koedimientu [11].

BpaxoByroun modaTtkoBi yMOBH, Koiu npu 4yaci t=0 rmubuHa 3aHypeHHS Jie3a B
npoaykt y=0, a mBHIKICTH Woro pyxy dy/dt =V _, maemo:

oy ?

kat
(F +C,p +Voy -Kg)-m-e M ~ (F +C,) -t s (Fr +C,,p +Voyk) -m
ki ky ki

y(t) =

(7)

3 piBHsIHHS (4) MOXKHA 3HAWTU CUITY pi3aHHs Fr 3a pi3HUX yMOB nporiecy. Y Tou

K€ Yac, ICHYIOTh TaKOX BEJIMKI TPYIHOIII MPU MPOBEACHHI €KCIIEPUMEHTIB, B TOMY

YKCIJIl HEOOX1THICTh BUBHAUUTHU BIJCTaHb 3aHYPEHHS JIOMATI B 4aci, TOOTO 3p0O3yMITH

byHKIIOHATBHY 3aJIeKHICTh y=f(t), 110 MOXHa 3pOOWTH 3a HASBHUMH TEXHIYHUMU

O3Hauae, aje 1e JAyxe Baxko. HeoOXilHO BHKOPUCTOBYBAaTH CIELIaTIbHY

BUMIPIOBAJIbHY CHUCTEMY, fIKa MOKe (PIKCYBaTH KIHEMATUKY pyXy Jie3a B HaINpPSMKY

TOBIIMHU 3pa3ka. lle 3HauHO YCKIaJAHUTHh KOHCTPYKIIIO €KCIIEPUMEHTaIbHOI
YCTaHOBKH.
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CrpocTMO METO AOCTIKEHHSI - BA3HaYUMO cuity pizanHs Fr. Ckopucraemocs

piBHsHHAM (4). Po3pi3Hsitoun 1ie, MU MaeMo:

kot
dy(t) _ (Fr +C,p +Voy k)€ ~ F+C,,

8
dt ki Ky ®)
3 piBHsAHHS (5) 3HAIIEMO 3yCUILIA PI3aHHS:
dy(t)
Ky T e M (C,,+Vok)+C,,
Fo= o ©)
e M -1
ne dy/dt e mBuaKicTIO pyXYy Jie3a.
[i BU3HaYaeMoO Ha MOYATKY i B KiHIII pi3aHHS 3pa3Ka 3a JOIOMOTOIO PiBHSAHB!
P.r.
Voy =V, :R\/ZZJ' '(1-cosa), (10)
dy(t Pir;
Oy, =R 2200 cos(p s (@ ) Gh

[Tpuitmaemo, 10 MIBUIKICTH PyXy J€3a 3MIHIOETHCS IO JIHIAHIA 3aJ€KHOCTI

(puc. 4.4).

3Ha0uM KyTH BIIXHIICHHS KOpOMHCHA a 1 f, PO3PaxXyHKOBUM HUISIXOM BH3HAYMMO
HIBUKICTh PYXY Jie3a Y AEKUTbKOX MPOMIKHUX TOYKAX.

3Har04y NIBUAKICTS Jie3a 1 yac HOro pyxy B MPOAYKTI, 3HAHAEMO:

y
t=—7 ¢ (12)
dy
Vi
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a;
mlc AN

AN

AN

y, MM
Puc. 4.4 JliniiiHa 3aJIe)KHICTb IIIBUJIKOCTI Jie3a BiJl ITTMOMHU BpI3aHHS B IIPOJIYKT.

N

N

JIn1s BU3HAUEHHS CHJIM pi3aHHs B piBHsAHHI (6) BiacyTHi koedimientu C i k1. Ix
MOKHa 3HalWTH 3a jgomnomoror wmeroxy [8]. Jins 1mporo HEOOXITHO MPOBECTH
eKCIIEPUMEHTAJIbHI TOCIIHKEHHS TSl BU3HAYCHHS HANPY)KCHb TEPTSI, 3 AKX MOXKHA
oTpuMatu 3ayiexHicTh koedimienTiB C 1 k1 Bim BiacTuBocTei maTepially Ta YMOB
MIPOIIECY pi3aHHS.

JI71st TOpIBHSIHHS XapaKTEpPUCTUK BUPOOIB 1 PO3PAaXyHKY PIKY4Oro oOaJHaHHS
BUKOPHCTOBYEMO IUTOMY CHUJIy pi3aHHs, SIKa NIOKAa3ye BIJHOIIECHHS CHJIM Pi3aHHS 10
JTIOBXWHU piXy4oro apoty h (puc. 4.1). BianoBigHO 10 OTpUMaHOT MaTeMaTUYHOI

MO/IeJIi MUTOMA CHJIA PI3aHHS CTAHOBUT!
kgt
dy(t)
kl—t—e ™ (Cp +Voyk1) +C,p 1

Fr"“m:';r: d . = (13)
e m -1

ne h - moBkuHa JiHIT pi3aHHS, M.

OTpuMany MOZIeNTb BUKOPHCTOBYEMO JJIsi BUSHAUEHHS CHJI Pi3aHHS HAa CTBOPEHIN
eKCIIepUMEHTAIbHIN yCTaHOBIN (pucC. 4.1). 3MIHIOIOYH MTOYATKOBY MIBHKICTH Jie3a HA
BXO/JI1 B MPOAYKT 1 IMiICTABJITFOYH BC1 HEOOX1H1 3HAYEHHS B OTpuMaHe piBHIHHS (13),
OTPUMYEMO 3aJIEKHICTh PSIIy CHJI pi3aHHS BIJ MOYATKOBOI IIBUAKOCTI VoOy Je3a,
KOHCTPYKIIi 1 MEXaHIYHUX BJIACTUBOCTI MaTepially Ta MPOJIYKTY HPOTH IMOBEPXHIi
je3a TepTs MK HUMH. AHAII3YIOUM OTpPUMaHl pe3yJibTaTd, BU3HAYMMO HIBUIKICTb

IUTACTUHM, sIKa 3a0e31euye MiHIMadbHe 3yCUILIA PI3aHHS.
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4.1.2 Mooentosanns pyxy neza 6e3 8paxy8anHs CUuiu mepmsi

[TouaTkoBe piBHSIHHS 3MIHUTHCS, TOMY IO MU HE BPaXOBYEMO CHITY TEPTS:

Fy+ Pi=0. (14)

[Ipu Bpi3aHHI Jie3a B MPOAYKT BUHUKAE 3yCUIUIS 1HepIli P;, sika aie Ha €30 1 Mae

HaIpsiM, IPOTUJIEKHUN HAIIPSMKY IIPUCKOPEHHS JIe3a.

d2y(t)
dt?

P,=ma=m : (15)

Jie m - IPUBEJICHA JI0 JIe3a Maca PyXOMOi YaCTHHHU YCTaHOBKH (puc. 4.3);
a - mpuckopeHHs (a00 COBUIBHEHHS) Jie3a MPHU MEePEMILIEHH] 100 B IPOAYKTI.
Po3kpuBatoun ujaeHH pPIBHSHHS, OTPUMYyeMO Iu(epeHIialibHe PIBHAHHS HOTO

PyXy IpH 3aHYpPEHHI B MPOIYKT:

d 2
m '(W Y(t)j +F =0 (16)

BukopucraBmm MeTroau CHMBOJIBHOI MaremaTuku ,Maple” [8, 9, 17],

OTPUMAEMO PO3B’SI30K PIBHAHHS (2) y 3arajbHOMY BUTJISIL

1 FRY
2

y(t) =- +C, +C, (17)

BpaxoByroun modaTtkoBi yMOBH, Koiu npu 4yaci t=0 rmubuHa 3aHypeHHS Jie3a B

npoaykt y=0, a mBuaKicTs ioro pyxy dy/dt=V_, maemo:

oy ?

1 F t?
2

y(t) == —'_Voy.t (18)

3 piBHsHHS (14) MOKHA 3HAWTH 3yCWIIIs pizaHHs F, 11 pi3HUX yMOB MPOBEIEHHS

npoiiecy. CIipocTUMO METOAMKY MPOBEIEHHS JOCIIKEHHS - BUSHAUYCHHS 3y CUJIIS

pizanns F,. Buxopucraemo piBusinuA (14). IIpoaudepenuitoBasim iforo, MaeMo:
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dy(t) Kt

at m +Voy (19)
3 piBHsHHSA (15) 3HaNEMO 3yCHILIS Pi3aHHS:
d
M| g YO Vo,
F. = (20)

t

ne dy/dt e mBuaKicTIO pyxXy Je3a.

OTpumaHy MOJ€Ib BHUKOPHUCTOBYEMO Jii BU3HAYEHHS 3yCHUIS pI3aHHS 3a

JIOTIOMOTO0 CTBOPEHOI €KCIIEpUMEHTAIBHOT yCTaHOBKH (puc. 4.1).

4.1.3 BucHosKku wo 00 pe3yibmamis MoOento8aHH::

Bbyno mpoBeaeHo MareMaTuyHE MOJEIIOBAHHS PyXy Jie3a B MIapi MPOAYKTY Iijl
yac pizaHHsA. B pesynbraTi OTpEMaHO MaTeMaTWYHy MOJIEb, SIKa BU3HAYAE CHIIH
pi3aHHS B 3aJI€KHOCTI BiJl IIBUJKOCTI PyXy Jie3a B 1Iapi BUpoOy Mij Yac pi3aHHS Ta
CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEN BUPOOY.

MarematnyHa MOZENb J03BOJHMJIA BUBYUTH Ta 3aJaTH TMapaMeTpH MpoLecy
pi3aHHS 3 METOI MOro BJIOCKOHAJIEHHS, IPU 1IbOMY ICTOTHO 3HU3MBILIM BUTpAaTHU Ha
BUKOHAHHS (PI3MYHUX €KCTIEPUMEHTIB.

BukopucTtoBytoun CTBOpEeHYy B pPOOOTI €KCIEpUMEHTAIbHY YCTAaHOBKY Ta
BIJIMIOBIJIHY N0 HET METOIUKY JOCIIHKEHHS, 3aCTOCOBAHO MOJEINb JUIsl BU3HAYCHHS

CHUJI pO3pi3aHHS POCIUHHOI CHPOBUHH.
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4.2. EkcniepuMeHTAIbHI J0CTiI)KEHHS MPolecy pi3aHHs

Pe3yabTaTn gociaigxeHn
PesynpTaT MOACIIOBaHHS BUKOPHCTOBYIOTHCS JISi BU3HAUCHHS BipOTiTHUX
Mojenel HapizaHHS MpoayKTiB. [TuToma cuia pi3aHHS BHU3HAYAETHCA 3a (POpPMYIIOIO

(13). PesynbpTaTu Oyau BCTAHOBIICHI MPH MIBUAKOCTI HOXka 1-10 M/c, ik TOKa3aHO Ha

puc. 4.5
KH
Fr P V
2,5
1
2

1,5

2
0,5 xL-\,‘

0 2 4 6 8 V, ¢

Puc. 4.5 3anexcnicms 3ycunns pizanns nucms (2) i cmeben (1) m’amu 6i0 wmseuoxocmi
PI3aHHA

31 30UIbIIEHHSAM MIBUAKOCTI HOXa CUJia pI3aHHS I OLIBIIOCTI MPOIYKTIB
30UIBIIYETHCS, @ MOTIM 3MEHIIYEThCS. 3HM)KEHHS CUJIM B1IOYBA€THCS 3a PaxyHOK
3MEHIIeHHs Jaedopmarlii BUpoOy M1 piKYydor0 KPOMKOIO Ha BHCOKHX IIBHUIKOCTSIX.
[le xapakTepHO AJiA BCiX MPY>KHOIIACTUYHUX BUPOOIB.

[Hum  gocmigHuky HaOynW TOMIOHWUX 3aJIGKHOCTEH BiA PSAAYy TPOIYKTIB
XapuyBaHHA: Xyi0a, TBEPAOTO CUPY, HEMOpPOKEHOro M'sca, Oypsika (puc. 4.6). s
MX BUPOOIB CUJIM Pi3aHHS 3MEHIIYIOThCS MPHU MIBUIKOCTAX MoHad 4-6 m/c. Yci mi
MPOJYKTH MAIOTh CXOXI1 PEOJIOTIYHI BIACTUBOCTI Ta € MPY>KHO-B’ I3KOTJIACTUYHUMH.
Bigomo Takoxk, mo cTebso 1 JKMCTKOBA Maca pOCIUH BHSBISIOTH MPYKHO-
B’A3KOIUIACTUYHI BIACTUBOCTI. I{e Morio 6 mosiCHUTH MOJI0HICTh OTPUMAHUX HAMHU

pe3yJbTaTIB.
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Puc. 4.6 3anescnicmo numomoi cunu pizanus 8i0 wWeUOKOCMI 1e3a 8 NPOOYKMI.:

1 - M'skym rapsigoro xmioa, 2 - M'sIKyI x110a miciisg 0XO0JIO0JKEHHS; 3 - CUp TBEPAMIA;
4 - crebmna M'saTH; 5 - CKOpHHKA XJ110a; 6, 7 - M'sico (cBUHMHA) ITpH Temneparypi 5 °C 1
-5 °C.

ToMy MH pEKOMEHIYEMO MEPEKOHATHCS, 110 IIBUAKICTh HOXKA B MAIIMHAX IS
Hapi3aHHs M’ATH Ta IHIIOI POCIMHHOI CUpOBUHU mepeBuirye 4 m/c. Ilpu npomy
3MEHIIYIOTbCSI EHEProBUTPATH, Aedopmarlisi BUpOOiB, KPUXKICTb.

Pe3ysabTaTn A0C/IiIKeHb IPOLECY Pi3aHHA JTUCTHA M ATH

A-
a VBX! Bll B 2 B 3, B cp, VBI/IXI A; ABTpl AHI/IT!
rpaja | M/c | rpaxd | rpan | rpan | rpax | m/c | JIk JIx Tx/m?
10 1051 O 0 0 0 |0,03/0,048|0,0432| 184,65
20 {102 05,0505 ] 050,070,190 |0,1806 | 771,75
30 [1,51| 18 18 18 18 | 1,30 | 0,268 | 0,2408 | 1029,14
Yac 40 2 31 31 31 | 31 | 2,170,287 |0,2521 | 1077,44
rog | 20 12471410]415/42,0/415|2,880,335/0,2720 | 1162,51
60 292|515 505 51 | 51 |3,51/0,407|0,3132|1338,51
70 13,35|615| 61 [605| 61 |4,17 |0,450|0,2965 | 1266,93
80 [3,76|705|705|705(705|4,76 |0,505|0,2896 |1237,49
90 (4,13|80,0|795|79,0|795|5,27 0,574 |0,3271|1397,78
100 | 4,48 | 89,0 1 90,0 | 89,5|89,5| 5,78 | 0,575| 0,3022 | 1291,62
110 | 4,79 | 97 97 96 97 |6,20 | 0,694 |0,3250 | 1388,77
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a VBX! Bl: B 2y B 3, B cp, VBI/IXI A: ABTpl AHI/IT;
rpaja | M/c | rpaxa | rpafd | rpax | rpanx | m/c | JIx x| x/m?
10 {05135 | 35| 35| 35 |0,27 {0,042 |0,0373 | 159,53
20 (1,02 14 14 14 14 | 0,99 | 0,096 | 0,0871 | 372,33
30 (151|245 |245(245(245|1,74|0,138|0,1113|475,84
Yac | 40 2 35 | 35 | 3 | 35 |243 /0,167 |0,1323 | 565,59
rog | 20 [2,47] 45 | 45 | 45 | 45 | 3,11 |0,203|0,1402 | 599,02
60 (292|545 |54,0 (550|545 3,72 {0,254 |0,1600 | 683,85
70 [3,35| 64 | 64 | 64 | 64 | 4,34 0,304 |0,1501 | 641,56
80 |3,76| 725|735 73 | 73 | 4,90 0,374|0,1590 | 679,46
90 |4,13|825| 82 | 83 | 825|542 0,411|0,1641 | 701,31
100 4,481 925({915| 92 | 92 |5,89 0,437 |0,1647 | 703,95
110 [ 4,791995(19951995|99,5]| 6,31 | 0,558 |0,1889 | 807,07

Io3uauenns 6 mabnuyi 4.2.3:

V. - MOYaTKOBA MIBUIKICTH Jie3a, M/C;

0 - KyT O1JA0MY KOPOMUCIIA, TPAJ;

Viux - IIBHIKICTH Ji€3a Ha BUXOJI 13 MPOAYKTY B 3aJI€KHOCTI BIJ 4acy iHoro
BUTPUMYBAHHS [I€pe] Hap13aHHAM, M/C;

B - KyT migiioMy MasiTHUKA MiC/iE BUKOHAHO1 poOOTH, Tpaj.

A, - TuTOMa podoTa pizanus, [[x/m?;

A - 3aranbpHa poOOTa pi3aHHA, BpaXxOBYIOUH BTpatH, JIK;

Tabmuus 4.2.4
UYac pizaHHs JOCTITHOTO 3pa3ka
No V., t,cex
M/C

1 0,51 0,0722
2 1,02 0,0233
3 1,51 0,0140
4 2 0,0103
5 2,47 0,0082
6 2,92 0,0069
7 3,35 0,0059
8 3,76 0,0052
9 4,13 0,0047
10 4,48 0,0044
11 4,79 0,0041

Ilo3nauenns 6 mabauyi 4.2.4
t - yac pi3aHHs AOCIITHOTO 3pa3Ka, CeK; V,y - MoYaTKoBa IMIBUJIKICTH Jie3a, M/C.
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Tabomur 4.2.5
BruiuB mBHIKOCTI Jie3a HA MATOMeE 3yCHWJLJIA PI3AHHSA JIUCTS M’ STH

VBX’ Fr'l‘é(‘) ’
Ne M/c <H/m
1 0,51 0,27
2 1,02 0,65
3 1,51 0,78
4 2 0,92
5 2,47 1,05
6 2,92 1,17
7 3,35 1,10
8 3,76 1,18
9 4,13 1,12
10 4,48 1,08
11 4,79 1,16

Ilo3uauenns 6 maonuyi E.4.2.5

€0 . . .
F - 3ycuiuis pizanHs, KH/M; Vi, - moyaTkoBa NIBUIKICTH Ji€3a, M/C.
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Pe3yabTaTu gocaigxeHs npouecy pi3aHus credes M SITH

Tabmuis 4.2.6
Pe3yabTaru gocaigxeHnb pizaHHs credes M’ ATH

Ne Vi, t,ceK
Mm/c
1 0,51 0,00323
2 1,02 0,00185
3 1,51 0,00110
4 2 0,00080
5 2,47 0,00063
6 2,92 0,00053
7 3,35 0,00046
8 3,76 0,00041
9 4,13 0,00037
10 4,48 0,00034
11 4,79 0,00032

Vx - TIOYATKOBA IIBUIKICTH Jie3a, M/C; t - yac pi3aHHS JOCTIIHOTO 3pa3Ka, CeK;

Tabmuns 4.2.7
BB IIBHAKOCTI JIe3a i Yacy Ha 3yCHJLJIs pi3aHHsA cTedes M’ ATH

Ne Vi, Fa, KH/M
M/C
1 0,51 2,42
2 1,02 5,82
3 1,51 7,02
4 2 8,29
5 2,47 9,46
6 2,92 10,50
7 3,35 9,91
8 3,76 10,66
9 4,13 10,10
10 4,48 9,75
11 4,79 10,44

V,x - [I0YaTKOBA MIBUAKICTB Je3a, M/c; Fa. - 3ycmms pisanns, kH/m.

Taomurg 4.2.8
BB mIBMAKOCTI J1e3a HA MMTOMeE 3yCHJLIS Pi3aHHsA cTedes1 M’ ATH
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Ne Vs, F,“ , xH/m
Mm/c
1 0,51 1,29
2 1,02 9,31
3 1,51 11,81
4 2 14,40
5 2,47 14,97
6 2,92 16,61
7 3,35 18,25
8 3,76 21,59
9 4,13 20,43
10 4,48 23,95
11 4,79 23,26

ied . . .
Fs - 3ycuiuis pizanHs, KH/M; V;, - moyaTkoBa MIBUAKICTH Jie3a, M/C.
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5. CyTHicTH ya10CKOHAJeHHsA. ONHUC KOHCTPYKIII TAa MPUHIMII POOOTH
00J1a/IHAHHS

5.1. IloOyaoBa Ta npuHuMn po6oTu odaaaHanHs: «HoxoBuii Maun PM 120»

HosxoBuit Mmiaua PM 120 po3pobiienuit cnieriaibHo AJis MOAPIOHEHHS MOJIIMEPIB
1 pocnuHHUX MarepiamiB. Lli MalmuHU BUKOPHUCTOBYIOTBHCS IS IPOMDKHOTO Ta
TOHKOTO TOJPIOHEHHs: CHPOBMHA Ma€ po3Mip cTpykku S50 MM, a moapiOHeHa
CTpY>KKa Moxke Oyt mutie 0,5 M.

Touuna st HOXIB BUKOPUCTOBYIOTHCS B PI3HHUX Taly3siX MPOMHUCIOBOCTI:
XIMIYHIM, MOJIMEpHIM, Xap4yoBii, ¢apmaneBTUuHid, nappymepHiil Tta 1H. Hoxesi
no/piOHIOBaYl 171ealbHO MIAXOJATh JJII TOHKOTO MOJPIOHEHHS TaKWX MarepiajiB:

JUCTS, cTe0J1a 1 KOPIHHS POCIMH, a TAKOXK B1IXOIW BUPOOHUIITBA MOJIMEPIB.

MOJIENb
[TapameTpu
PM 120 PM 250
3aBaHTaXyBaJIbHUI BIKHO, MM 80x60 270%250
Po3mipu poropa, Mm 80x120 250%250
KpynHicts mpoaykTy, MM 0,5-15 1,5-40
[ToTyXHICTh €EKTPOBUTYHA, 1.5/1.1 75
kBT
Hanpyra xusnenns, 50 ', B 220/380 380
["aGaputHi po3mipu, MM 500%550x1210 1380%610x1510
Maca, kr 45 450
JleroBana
MaTepiana HOXIB KOHCTPYKTHBHA Inctpymentanbia
ctanb 9XC
ctasb 40X

Hoxosuit mina PM 120 wailikparie miaxoauTh JJIs TOAPIOHEHHS HEBEIMKOT
KUTBKOCTI MaTepiaiy.

* V kamepy MO>KHa MMOJJaBaTy CUITy4Hi a00 BOJIOKHUCTUM MaTepia,

» OcHalleHH TYHKEPOM JIJIs ITTOBXAaHHS MaTepially B KaMepy MoApiOHEeHHS;

* MOXJIMBICTb 3aKPINMUTH MOJIIETUICHOB] MTAKETH 111 300py TOBapYy;

* OcHalIeHH MyJIbTOM YIIPaBIIIHHS;
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e MoxnuBicTh ocTtaBku PM 120 3 omopHUM CTOJIOM.

Konempyxyis.

Jlo ckimamy TPUCTPOIO BXOASTH: OCHOBA, KOpPIMyc 1 JABUTYH. JIBuUTyH
BCTAHOBJICHUHM Ha IMIJICTABI, a IWIIHIAP 3aKpirUICHUH Ha (JaHIll ABUTYHA. Y BEPXHIM
YaCTUHI KOXKyXa, HaJl 3aBaHTAXyBaJbHUM BIKHOM, pO3TallOBYBaJacs >KHBUJIbHA
mivika. BiH ckiagaeTbest 3 BEPTUKAIBLHOTO KaHAIy 3 IUTYHXKEPOM 1 TOPU30HTAIbHOI
€MHOCTI, PO3TAIlllOBaHOI Yy BEpXHiIM dYacTuHi Jiku. HwkHS yacthHa KOpoOa
oOJaiHaHa PO3BAHTAKYBAJIBLHOIO PEIIIITKOFO.

Kamepa mnoapiOHeHHs, yTBOpEeHa BHYTPIIIHbOIO TOBEPXHEI KOpIyCy 1
(dbnaHIeM ABUTYHA, 3aKpUTa EPEAHBOIO KPUIIIKOIO. Y CepeliHI KaMepHu MOApIOHEHHS

3HaXOAUTHCS POTOP 1 CIM HOXKIB: YHOTUPH 3aKPITUICHI B KOPITYCl 1 TPU HA POTOPI.

_n

: 1- ocHOBA;
/:; \\\“’.\T—: - 0 9
{ Jd 2- KOpIyc;

o 3- 3aBaHTa)XyBaJIbHE BIKHO;

4- eNneKTPOIBUTYH;
5- mMyNbT KepyBaHHS,

B 6- po3BaHTaXyBaJIbHHI
naTpyoox,

7- pyXOMHil HIK;

8- Hepyxomwuil HiX;

9- curo;

10- muryHxep;

B I—— !

11- mrroBxau,

12- kpuika.

Puc. 5.1.1 Hoowcosuit maurn PM 120

Tpunyun 0ii.
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Mnun PM 120 mpairoe B 0e3nepepBHOMY pPexXHMi, TOOTO MPOAYKTUBHICTIO €
KUTBKICTh MaTepiaiy, 1110 IPOXOAUTh Yepe3 PO3BAHTAKYBAIbHY PELIITKY 33 OJUHULIO
qacy.

B mpomeci pobotn mMu moapiOHIOEMO MaTepial, MO HAAXOAUTh B KaMepy
noapiOHeHHs 4epe3 KUBWIbHUK (4). CtupaHHs (pi3aHHS) MaTepialy BiaOyBaeThcs,
KOJM YaCTUHKM TMOTPAIUIIOTh MIDK JIONATsIMH pOTOpa Ta KOpIycoM. YacTUHKH
MaTepiany MiIgalTbes AePOPMYIOYUM 3YCHIUISIM 3CYBY, MOAIOHMM J0 TOTO, IO
B1I0YBa€THCS TIPHU Pi3aHHI HOXKHIIMH 200 TUIBHOTHHUM HOXKEM.

Onuna 00epT poTopa 3abe3nedye MBaHAAUATH IUKIIB nuTipyBanHs. IcHye nBa
OCHOBHHMX PEXUMHU pOOOTHU: 3aKpUTa 1 BIIKpHUTA KaMmepa MOJPIOHEHHS. Y mepuomy
pexuMi moApiOHEHNH MaTepiai (3a3BU4ail 10Br1 BOJIOKHA 200 MIMATKH) IITOBXAETHCS
MOPIITHEM Yepe3 BEPTUKAIbHHM KaHal XUBUJIHLHOI BOPOHKH, TPHU IHOMY HIDKHIN
KiHeI[b TUTYH)Kepa MepeKpuBae MonepevyHnii nepepisz kanany. Jpyruii cnoci0 nossrae
B TOMY, IO TUIYHXEpP 3aKpIIUIIOIOTh CTOMOPHUM T'BMHTOM Ha BEPXHIM YacTHHI
BEPTUKAJIBLHOIO KaHally JKUBWJIBHOI JIMKM 1 3aBaHTaAXYIOTh Marepiajl uepes
TOPU3OHTAJIBHUN K0J00 3a JOMOMOro INTOBXaya. Martepiall MOTpamviie B
MOPOKHUHY JpoOJIeHHs poTopa. Marepian, sKuii HE TMOTparisie B KaMmepy
NOJAPIOHEHHS, BUKHUJAETHCA B KpamneiabHy JiMKy (SKIIO KaMmepa MOJApIOHEHHS He
3akpuTa). TakuM YMHOM, y BEPTUKAIBHOMY KaHaIl JIHKHA, OOMEXKEHOMY 3BEpXY

TUTYHXKE€POM, YTBOPIOETHCS «KUTUISTUHID 1Iap Marepiany.

HOX & HOX

HENOABWKHBIN L MOABVKHBIN

peleTka
pasrpy3ouHas

303

Puc. 5.1.2 Cxema noopibnenns mamepiany 8 kamepi noOpiOHeHHs.

JUiss  3MEHIIEHHsS UbOro e(eKTy HeoOXIAHO TMEpIOANYHO NPUIUHATH

3aBaHTAXCHHS 1, HE BUMUKAIOYH JAPOOAPKY, MITOBXATH TUTYHKEPOM «KHUIUISTUUN» I1ap
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Marepialy B Kamepy noapioHenHs. [loapiOHeHnit Matepial NpoOXoaUTh 4€pe3 OTBOPH
PO3BaHTAXYBAJIBHUX PEIITOK, a TOBIIMHA MOJPIOHEHOTO MPOIYKTY BU3HAYAETHCS
po3MmipoM 1 (OpMOIO OTBOPIB PO3BAaHTAXYBAJBHUX PEIIITOK. Arperar mojadi
POCIMHHOI CHUPOBHHHM HAa HOXOBHH II€X PEKOMEHIYETbcs 3aMiHUTU. g1 3amiHa €
MOKpameHAas M MpucTporo. CyTh IIbOTO BIOCKOHAJICHHS IOJIATAE B TMOKPAIICHHI Ta
CrpoiieHHl GYHKIT Tojadl  CHUPOBUHU ISl TMOJPIOHEHHS Ta MiJABUILCHHI
e(eKTUBHOCTI BUPOOHUIITBA.

Jlo By3na mojadi MiAKIIOUYEeHUH CTPIYKOBUN KOHBEEP, HA SIKOMY 3HAXOJUTHCS
MPUCTPIN I HAPABJISIHHS POCIMHHOTO Matepiany. KpiMm Toro, B OyHKepi poTOpHO-
HO’KOBOi MallTMHU BCTAHOBJICHUH BaJIUK, SIKHH MPUTHCKAE CHPOBUHY JI0 POCIIHH.

Ile poOutbes nist TOro, MO0 POCIMHHUN MaTepiayi (JTUCTS Ta cTebiia POCIUH)
Oe3nepenkoIHO Ta 0€3 CHeliaIbHOr0 BTPYYaHHsI JIIOJAUHU (Y4epe3 M’ SI30BY CUITY, IO
IITOBXa€ POCIMHHUNA MaTepiall y Mpolec pi3aHHs) HAAXOAMB y MPOIEC 3 MEBHOIO

MIBUIKICTIO ITOAYl.

.ﬂ;.ﬂ.%ﬁ
L]

Z

Puc. 5.1.3 Yoockonanene 001a0HAHHA, 3MIHA 36UYAUHO20 HCUBUTbHUKA HA

3anpononosanutl: 1- pomopruii MauH, 2- CmMpiukosuil KOHBEEP, 3- 8Y30.]1 Os
HaNpaeleHHs POCAUHHOL CUPOBUHU.
[le BmOCKOHATICHHS T03BOJISIE IIJIECTIPSIMOBAHO MTOAPIOHIOBATH MPOAYKT.
Jlo BIOCKOHAJIEHHSI MPOJYKTU POCIMHHOTO IOXOJDKEHHS (JIUCTS, CTebua,
KOpPIHHSI) 3aBaHTAXXyBaJIUCA B OyHKEp 1 pyXaJucs BHM3, a 1HOAl IIIJIbHI MPOAYKTH
3acTpsArainv B OyHKepl 1 iX JOBOAMJIOCS MPOIITOBXYBATH, CTBOPIOIOYM HE3PYUHOCTI.

[[lo6 ycynytu He3pyuyHOCTi, bylo 3amponmoHOBaHO BHKOPUCTOBYBAaTH II€
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BIOCKOHAJIEHHSI CTPIYKOBOrO0 KOHBeepa. MexaHiyHa Mojaya HE TUIBKM IiBHILY€E
NPOAYKTUBHICTb, aje i 3a1obirae 3acTor0 MPOIYKIlli IPU BUCOKIN HIUTBHOCTI.

Ane y Takoro yJOCKOHAJIEHHS € CBOi HEIOJIKH, a came 30UIbIICHHS
rabapuTHUX PO3MIpIB 3 KOHBEEPOM Ta BUTpaTH ejekTpoeHeprii. Ta Hemomiku He

CYTTEBI SIKIIO JIsI BAPOOHUIITBA MOTPIOHO MPOAYKTUBHICTD Ta SKICTh MPOIYKIII.

5.2. Ilindip koHCTPYKUiIHHUX MaTepiaiB

Bubip marepianiB, 110 BUKOPHUCTOBYIOTHCS TIPH BHUTOTOBJICHHI POTOPHUX
HO)koBUX MiMHIB (PM120) B XapyoBOoMy MalIMHOOY/yBaHHI, BU3HAYAETHCA
HACTYITHUMHU OCHOBHHMH (paKTOPaMHU:

- TOTTYCKA€EThCSI KOHTAKT 3 1KEI0;

- eKOHOMIYHA BUT0/1a 3aCTOCYBaHHSI,

— BumMoru 10 HaJaIMHOCTI Ta JOBIOBIYHOCTI OOJIaJHAHHS,

[Ipu nmpoexTyBaHHI MalIUH 1 00Ja HAHHS JIJISl Xap4YOBOi 1HXEHEPIi PIIICHHSIM
[UX 3aBAaHb € BHUKOPUCTAHHA KOHCTPYKIIMHMX MaTepiaiiB, JAO3BOJICHUX JIA
KOHTaKTy 3 Xap4OBUMH MPOJYKTaMHU, BUKOPUCTAHHS HAWJICIIEBITUX MaTepialliB, sIK1
BIJIOBIJIAIOTh BUMOTaM KOHCTPYKILIi, a TaKoX KOMOIHYBaHHSI KOHCTPYKLIMHHX
MaTepianxiB MOMapHO IS 3a0€3MEeUeHHsT SKOMOTa MEHIIOTO TEPTS. MO MOMJIMBOCTI
3HOIIICHOI ITOBEPXHI.

JIOBroBiYHICTh OOJIAJIHAHHST B OCHOBHOMY 3aJICKHUTh BIJ 3HOCOCTIMKOCTI
JeTaneil, ToMy OIHHM 13 OCHOBHMX NUISIXIB MIJABUIICHHS PECypcy Ta HaAIHMHOCTI
oOnaJHaHHS € IMIJIBHUILEHHS 3HOCOCTIMKOCTI TMOBEPXOHb TEPTSA AeTalleid. Y MIpy
3HOUIYBaHHS JeTaliedl 30UIbIIYEThCS 3a30p MK MapaMu TepTsd, HOPYUIYEThCS
HOpMaJibHa poOoTa 00JIaTHAHHS, BUHUKAIOTH BIOpaIliiiHi Ta yaapHi Jii Ha TTOBEPXHI
JeTajei.

BigmoBu neraneii dWepe3 3HOC NPHU3BOMAATH 1O IIPOCTOIO OOJIaHAHHS,
MOPYIIYIOUYd PUTMU BUPOOHUIITBA.

[Ipu 1mpoMy 0coOJIMBE 3HAYEHHSI Ma€ HAIIAHICTh OOJagHAHHS, OCKUIBKU BiJ

po6otu [IM 3anexxutb NMpoIyKTUBHICTh BCl€T TeXHOIOTIYHOI JiHii. KpiM Toro, SIKIT0
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3HOCOCTIWKICTh OOJaJHAHHS HEJOCTaTHRO BHCOKA, YAaCTKH 3HOIICHOTO MeETaly
MOJKYTh IMOTPANUTH B KIHLIEBUN MPOIYKT.

IleBHi dvacTMHH mOMApIOHIOBaYa HOXIB (HANPHUKIIAT, HOXI, POTOPH, IO
YTPUMYIOTh HOXI1, CITKH) MMOCTIHO KOHTAKTYIOTh 3 TXKEIO.

[TinGip KOHCTPYKUIMHUX MaTtepiamiB s BUTOTOBJIEHHS mpuctpois [IM
0a3yeTbCsd Ha BUKOPHUCTaHHI MaTepialliB, IO 3a0e3Medyl0oTh MaKCHMAJIbHY
JIOBTOBIYHICTb, 3 ypaxXyBaHHSM KOPO3IMHOIO BIUTUBY pOOOYOro cepeloBUIa Ta

€KOHOMIYHOI JIOIIIJILHOCTI iX 3aCTOCYBaHHS.

5.3. Po3paxyHok 00/1aITHAHHS

1.1.Po3paxyHok napamempie pomopa.

YacroTa obepTaHHs poTopa:

n-— 9 % 188790 111002
D,,p, /Hp 0,2-215-4/35 cek X6
17 » - IPOTYKTUBHICTh HOXOBOI ipobapkw Bix 1 10 50 kr/rox, (11, = 35K—2() )i
20
MH : . _
o = 48— - TPaHUILIA MILHOCT1 Ha PO3TAT,
M

p= 2,15K—i - T'YCTHUHA,
M

D._ . =0,2u- CepeHiid po3Mip IMIMATKIB, 1110 3aBAHTAXKYIOTh,

cp.K.

HiameTtp poTopa:

o}
D —3|2e sl 3 _g174s
»“\'en  \6-1100

Ipuiimaemo niametp poropa D, =0,12u

JloBxuHa poropa:

L, =(08..12)-D, =10-012=012u
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1.2. Po3paxyHok Hodca

JloB)KMHA HOXa.!

D
Ly =(04..08) —" = 0,4-% = 0,024 m = 24 nm

[Tpuiimaemo L,, = 25um

Yac ogHOTO 00€pTYy pOTOpa:

;_60__ 60
n 189-60

= 0,05cex

Yac nepeTuHaHHS OTOKY MOJIPIOHIOBAHOTO MaTepialy HOXKAMH:

0,05

T, = —— =0,016cex
3

=~ |-

Je K- 11e KinbKicTh HOXKIB = 3

HeoOxigHa MmBHAKICTH IOTOKY IOJPIOHIOBAHOTO MaTepiainy Iepes 30HOI0

00epTOBOro poTOpa AJIA MPOHUKHEHHS B 30HY POTOpA:

Coin _ 006 _ o

min

Omin = T An1e YT
T, 0,016 cex
Omax = Cmax = 0.07 = 438i
T, 0,016 ceK

Bucora, 3 sKkOi MOBUHEH TMOJAaBaTUCA JAPOOWIBHMM Marepian Mpu

BEPTUKAIILHOMY 3aBaHTKEHH1 JPOOAPKH BITLHUM TAJ{IHHSIM

2 2
H = Opnax _ 438" 0,98
29 2-981
2 2
H o - Dpnin _ 3.75 —0.72m
2g 2-981

1.3 Tpackmopis ne3a nodxca anapamy 0 NOOPIOHEHHs wapy mamepiay
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AHal3  cXeMH  IWJIIHAPUYHOTO  PDKYyYoro  amapary B IUIOIIMHI,
NEPHEHANKYJIAPHIA 0 TUIONIMHHU pi3aHHS, 3BOJUTHCA 10 PO3TISAY TaKUX HOTO

napamMeTpiB, SK TOBIIMHA N po3pizarodoro Iapy, BUCOTa @& pO3TAlllyBaHHS Baja

OapabaHa HaJ pPDKYYOI IUIACTHHON, HiameTp Oapabama D; y B3aemo3B's3ky 3i

IMIBUJIKOCTSAMHU V., TIoAavl Mapy Matepiany 1 MBHUAKOCTI V; oOepTaHHsa OapabaHa.

TpaexTopis HOXIB OapadaHa BiTHOCHO MIApy MaTepiaay 3 ypaxXyBaHHIM OJTHOYACHOTO
oOepTaHHs HOXKIB HABKOJIO 0ci 6apabaHa 3 KyTOBOIO IMIBHJIKICTIO 1 Moavi Ha 6apabaH

1Iapy Macu, piBHSIHHS K01 B HepyXxoMux ocsix koopaunat OX 1 OY Oyne:

X=v_t +%+coswt y= %(1—cosvvt)

Jle t— yac, 3a sikuii 6apabaH MoBepTaETHCS HA KyT WL.

[IpuitHsATO BBa)KaTH, 1110 HE IIap MACU PYXAEThCS MOCTyNaIbHO Ha OapabaH, a
OapabaH Ha HEPYXOMHUI MIAp 31 MIBUIKICTIO.

[Tpu moOyA0B1 MOCTITOBHUX MOJIOKEHb HOXa (puc. 6,1) criBBIIHOIICHHS
MIBUJKOCTEHN V; 1 V., TpUHHATO OJIM3BKUM JI0 OAMHMIN. BigcTaHi MK Oyab-IKUMU

OJTHOP1THUMH TOYKaMHU CYMIXHUX BIAPI3KIB PIBHI MK CO0O0IO.

A}/

snwl

g
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Puc. 7,1 Tpaexmopis ne3 nooicie bapabana 8i0HOCHO nepepizie uiapy mamepiany

L, - € PO3PaXyHKOBOIO JOBXHHOIO pisaHHs. L{f0 JOBKUHY MOKHA BU3HAYHTH
L, =X,—X
[lenTpanbHUl KYT MiXK HOXKAMH:
2r  2-3.14 .
0=—-= =2.09c
z

Z— KUIBKICTh HOXIB Ha OapabaHHi.

3 piBHsHHS (1) BUBOIUMO:

sinwt:R—
R

ne R=D/2;

Tomi:

2
COSWt = ‘/1_(Mj
R

[lincraBuBIM 3HAYEHHS COSWLB piBHSHHS, OTPUMAEMO:

2
X=V_t+ R‘/l—(mj
' R

Hix B mapi marepiany ynoBuUIbHIOE pyX Ha yac At, 1y moBopoty OapabaHa

Ha KyT 0 .
0
Al =—-
cp
W, = Winax + Winin _ 3.75+4.38 407wl e
Jle 2

Tak sik yac 3MIHHUBCSI, TO:

R— 2
X'=v_(t+At)+R 1—(Tyj

[TincTaBuBIIM 3HA4YCHHS Al 11 BpaxoBYHOYH Y'=YTO:

69



Tomi:

1.4 Texnono2iuHuii po3paxyHoK
[TpuiiMarouy MOYaTKOBY MIBUAKICTh PyXy YaCTUHKU PiBHY HYJIO, BU3HAYAEMO

KOJIOBY I_HBI/II[KiCTB HOXKa:

-5
y P 3001 1?5 e
m 4210

ne
M- Maca JacTHHKA MaTepiaxy (m=4,2-10" kr);
T- TpuBamicTh pisanns (t=1,0-107 ¢);

P- cuna onopy pyinyBanus (P= 300 H);

Buznauaemo KYTOBY HIBH,Z[KiCTL HOXKa:

W= Jmin _ /1 =1651.2paol ¢
R 0.043

m

R =1+0.025=1.82-10"u:

|- BigcTaHp Bia KiHIS HOXA 10 OCI HOrO KPIIJICHHS

I=c+0,5b=5,66-10"°+0,5-0,025=1,82-10" m;

& +b’ 0025 +0015
6a 6-0.025

a-nopxuHa Hoka (a=0,025m); b- mmpuna Hoxa (b=0,015m);

=5.66-10"m.

npuiiMeMo KyToBy mBuakicTb W=1800 pax/c.

Maca HOa BHTOTOBJICHOTO 3i CTlIi, I'yCTHHA SKOro p=7850 Kr/m°:
m,, =a-b-6-p=0.25-0.15-0.01-7850 = 0.029xe

0- ToBIMHA HOXKa (0 =10MM)

Paniyc koJsia po3MilieHoro IeHTPIB Bajla HOXKIB:
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R. =R+¢=0.25+0.00566 = 0.031m

BiamnenTpoa cuia iHepIiii HOXiB:

P=m, -w R =0.029-1800-0.031=2912.7H

JiameTp ocl MiJIBICY HOXKA MPHU JIOMTYCTUMOMY HaIlpy>KeH1 Ha 3TUH

=100HH/™m*:
d=1 36,/ =1. 36\/ 2912.7- 0501 =0.019n
100-10

VY BIANOBIZHOCTI 3 PSIIOM HOPMAJIbHUX MIHIMAJIbHUX PO3MIPIB MPUHAMAEMO

d=0,02 m

HiameTp Bana B HEOE3MEUHOMY Tepepi3i OIS 1MIKiBa:

d = 0.0052?i/E =1.363 /E =0.0028m
W 100

BpaxoByroun nmocinabaeHHs Bajia MIOHKOBUM Ia3oM npuiimeMo d,=0,02 m.
BpaxoByroun HacTymHe YOTUPHOX pa30oBe 30UIBIIICHHS AlaMeTpa Bajia 3HAXOAMMO

HOro KiHIEeBUH AlaMeTp:
d_=12"-d =12'-0,02=0.0415x

B pesynbrati npuiimaemo d= 0,045;

[TpolyKTUBHICTH HO’KOBOTO MJIMHA:

G =3600-k,-D,"-L,-p-n

Je k; — xoed. mo BpaxoBye (i3ruHi BIACTUBOCTI MaTepiany

k, =(1.3-1.4)10"*
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Dg- niametp nucka
Dy=2'n Ry=2-3,14:0,0322=0,2 m
Rg- 30BHI. pajiyc

R, =R+0.55+h_. =0.025+0.5-0.01+0.0022 = 0.0322 x

Nmin- MiHIMAJIBHHIA PO3MIP IIEPEMHUYKH
_05:R_ 0.5.2912.76 C2210%4
o0-0, 0.01.65-10

63=65-10° H/™m?

h

L,- noBxkuna poropa= 0,12 m

n=18,87 00/c - yacToTa oOepTaHHs pOTOpA.

G =3600-1.5-10*-0.2*-0.12-7850-18.87 = 383%2/ c

[ToTy>HICTb €1EKTPOABUTYHA IPUBOJIY HO’KOBOTO MJIMHA:
N =9-D,"-L,-n=9-0.2°-0.12-18.87 = 0.85xBm

5.5. IIpaBujia MOHTAa:KY, eKCILIyaTALlil TA PEMOHTY

1. Monmaorc

[Tepen moyaTkoM poOOTH CIiJ] YBAXKHO BUBUUTU OCOOJIMBOCTI pOOOTH HOXKOBOT
JTpoOapKH.

MiuH MOBUHEH MPAIIOBATH B CYyXOMY, ONATIOBAIbHOMY, BEHTHJILOBAHOMY
MPUMIIICHHI.

IcHye ABa OCHOBHMX BaplaHTH JOCTABKM MJIMHA: MIClI€ JOCTaBKH Ta 30ipka. Y
TPaHCTIOPTHOMY TOJIOKEHHI MJIMH PO310paHuii Ha CKIIAJIOBl YaCTUHH.

[Ticnst Toro, sik 00agHaHHS IPUOYI€ HA Miclle, HOro HEOOX1HO pO3MaKyBaTH
Ta MEePEeBIPUTH KOMILUICKTHICTh 3a HAKJIAJIHOKW. PO3KkpuBaroun yrnakoBKy, HEOOX1THO
BpaxoBYBaTH BC1 IHCTPYKIIIT Ha yMaKOBII. SIKII0 MaIllMHA 3HAXOIUTHCS B KOPOOII],
OyapTe 00epexHi, BIAKPUBAIOUH i1, 3HIMAIOUM HUKHIO MJIACTUHY. Takox moTpiOHO
3HSITH IUTIBKY, TaK sIK BOHA MOKE€ BUKJIMKATH BOTKICTb.
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[lepen moyaTkoM MOHTaKy BUKOHAWTE 30BHIIIHIN OTJISIT TPUCTPOIO:
- Ky30B Ta 1HIIII METaJIeBl YaCTUHHU HE TOBUHHI MaTHU CIiJIIB yAapiB, BIIKOMIIB, 1pXi,
Opyny, 3aAUpoK abo TPIIIUH;
- KJIeMa 3aXMCHOT0 3a3eMJICHHS 1 BUJIKA IIHYpa >KUBJICHHS TOBUHHI OyTH
JTOCTYITHUMH 1 YUCTUMU;;
- B IIaXT1 )KUBUJILHOT BOPOHKHU 1 KaMepi IpoOJICHHs] HE TOBUHHO OYTH MOCTOPOHHIX
pEIMETIB.

Axmo toumno RM 120 He Oyne BUKOPHUCTOBYBATHCS BiJpasy, HOro CIij
30epiraTi B 3aXWIIEHOMY MICIIl, ajieé B TOW K€ Yac HE MOKHa 30epiraTe Tam, 1
3MIHIOIOTBCS KJIIIMAaTU4YH1 YMOBH.

MaimHa BCTaHOBIIOETHCS HA «UHUCTY» MIJJIOTY, (GYHIAMEHT HE MOTPiOEH.
KanibpyBanHs 3/1HCHIOETHCS 3a JOMOMOIOK0 TBUHTOBUX HI’KOK Ha PEryJIIOBaJIbHOMY
PiBHI 32 JJOTIOMOT'OF0 BUCOKOTOYHOTO MOHTaXHOI'O P1BHSI.

Jlns iepeBeieHHST BepcTaTa 3 TPaHCIIOPTHOTO TOJIOKEHHS B poboue (310paHe)
MOJIO’KEHHSI HEOOX1THO MPUKPYTUTH KPOHIITEHH 10 OCHOBH, AJIS I[LOTO 3aKPYUyIOTh
JIBa KPIMWJIbHUX TBUHTH, a IBUTYH KPIIUISATH J10 KPOHIIITEHHA YOTUPMA I'BUHTAMMU.

[Topsmox MiArOTOBKH MIMHOBOI POOOTH:

a) BcTraHoBUTM MJIMH Yy MiCIll TMOCTIMHOI e€KCIUTyaTallii, MOMepeaHbO
3a0e3MeUnBIIM PIBHICTh MaaHYMKa. MIIMH TOBUHEH CTOSITH Ha YOTUPHOX PaMHUX
amopTu3aTopax 1 nepedyBaTH y BEHTUJISLIAHIN 30Hi;

0) 3a3eMJIUTH MJIMH OTOJICHUM MIJIHUM JPOTOM 3 MOTMEPEYHUM TEePEPI30M HE
MeHe 1,5 mM;

B) 3aKpINITh MMaHElb KepyBaHHsS a00 BUMHMKAY *XKUBJEHHS B MICIli, 3py4HOMY
JUTsl KepyBaHHSI POOOTOI0 MIIMHA, T4 BCTAHOBITH €JIEKTPOOOIaHAHHS BIIOBIIHO 10
€JIEKTPUYHO1 CXEMU;

d) IlomaiiTe XuBIEHHS Ha MJIMH Ha KOPOTKMHA dYac 1 TEpeBipTe, 4H
MpaBUIBHUN HAMpPSMOK OOEpTaHHS NBUTYHA. JIBUTYH TMOBHHEH oOepTaTHCs 3a
T'OJIMHHUKOBOIO CTPIJIKOIO;

n) IlepeBipre pobOOTy OJIOKYBaHHS, 3alyCTUBIIM JBUTYH 1 BIJKPUBIIU
KpUIIKY, TTOKM HE CIpallo€ KIHLIEBUI BuMHKad. [lpu 1pboMy IBUTYH HEOOXITHO

3YNUHUTU. 3aKPUTTS KPUILKK HE MOBMHHO BUKJIMKATH 3allyCK JBUTYHAa. BiH mae
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3aIllyCKaTUCs JIUILE Mics HATUCKAHHS KHOIKM 3aIlyCKy Ha IaHesli KepyBaHHS YU
1HIIIOMY 3aBaHTaXyBaJbHOMY MPUCTPOI.

[lepmmii  myck  mpoBoauTbess B pexumi  50%  MakcHMaiabHOIO
HaBaHTaxeHHA.Ilicns mepeBipku poOOTH BCIX MEXaHI3MIB 1 CHUCTEM YIPABIIIHHS
3allyCKaloTh OOJIaJHAHHA Ha TMOBHY IMOTYXXHICTb, OJHOYACHO 3MIHIOIOYHM poOoUl
napaMeTpu MPOIYKTUBHOCTI aBTOMAaTa. , TEXHOJOTIUHUI PEXUM 1 MPUBOIU 1HIIUX
MEXaHi3MiB.

Texniune oOcayroByBaHHs OOJIaTHAHHS 3JIMCHIOETHCS 3TIIHO 3 TUIAHOM

TEXHIYHOTO 0OCIIyTOBYBaHHSI, CKJIaJICHUM Ha KOKHUU TIJIAHOBUH PIK.

2. Excnnyamayis
Jlo3BOIbTE TEpCOHANy, HABUYCHOMY TEXHIII O€3MeKH, MpaioBaT 3

00J1aTHAHHSIM.
MamuHy nOBHUHEH OOCIyroByBaTH IEpPCOHAN, SIKAWA MPOMIIOB CHELlalbHY

MIJTOTOBKY 3 TEXHIYHOTO BUKOPUCTAHHS Ta €KCIUTyaTallii.

Yemanoska obnaonanms i 3axucm i0 HeNnoiaook.

1) Komu pobGoua wmammHa mOTpeOye TEXHIYHOTO OOCIyroByBaHHs a0o
YCYHEHHSI HECIIPaBHOCTEH, JO3BOJISIETHCS 3aIyCKATH MAlIUHy BPY4YHY a00 3aIlycKaTu
MaIlIuHYy 3a JIOMTOMOT0I0 BUMHKAYa 3 KIFOUEM.

2) Sxmo KIHOY-TIEpEMUKAd  3HAXOJWUTHCS 1032 30HOK  JIOCSXKHOCTI
00CITyTOBYIOYOTO TEPCOHANTy, HEOOXIAHO NPHU3HAYMTH CICHialbHy 0Cco0y s
00CIyroByBaHHSI MallIMHU y (D)IKCOBAHOMY MICLI, 3BIJIKM BiH 3MOK€ KOHTPOJIIOBATU
poboTy Ta HeraiHo 3ynuHUTH MamuHy. Oco0a He Mae mpaBa 3aJIUIIATH CBOE
MOCTIiTHE MiCIe TPOKUBAHHSI 1111 4ac pOOOTH.

3) 3aBaHTaxyBaTu Marepiajl y BUKIIOYeHEe oOJsiagHaHHs 3a0opoHeHo. [lpu
3aBaHTAKCHHI HEOOXIMHO CTEXKHUTH 3a THUM, W00 BCepenuHy OOJaJHAHHS HE
MOTPAIISIM HETOTPIOHI YaCTUHKHU: METaJeBl JYCOYKH, KaMiHHs TOIIO. BHeceHHs
IUX MarepiaiiB y JpoOUJIbHY KaMmepy MOXe 3aTynuTh abo 37amMaTH HOXI Ta
CIIPUYMHUTH HECIIPaBHICTh MAIIIWHHU.

4) V pa3i 3aKJIMHIOBaHHA HOXa HEOOXIJHO HEralHO BHUMKHYTH >KUBJICHHS
MJIMHA.
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Ouuwyenns
[lepen mpoBeacHHSM OYyIb-SKMX POOIT 3 TEXHIYHOIO OOCIYrOBYBaHHS Ta
YUIICHHS Tpeca WOro HEOOXiTHO BUMKHYTH TOJIOBHUM BHMHKA4eM, 1100 3amo0irtu

BUIAJKOBOMY 3aITyCKy MaIlIWHHU.
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Brasisku no 3anobicannio HewjacHux 6unaokxie

MammHa ocHaleHa BCiMa MOXJIMBHMH CYYacHHMH 3aco0aMu Oe3IeKkd Ta
3axucty. Llg ymoBa 3abesmedye Oe3meyHy poOoty Ha Bepcrati. IIpodeciitne
0oOCIIyTOBYBaHHS MaIllMHU POOUTH poOOTYy oOJagHaHHS O€3MEeYHOI0 Ta HaJIMHOIO.
Henanexxae 0O0CIyroByBaHHsS MAIlMHM MOXKE TPHU3BECTH JO HeOe3meyHoi
eKCIUTyaTarii.

BinkmtouenHss mamuau. KHomka aBapiifHOTO BiTKITIOYCHHSI 3HAXOAMUTHCS Ha
naHesni ynpaniiHHs. 100 MOBHICTIO BUMKHYTH JKHBJICHHS, BUMKHITH BUMHUKa4d a0o

BHYTPIIIHIN 3a1T001KHUK 1 3aXHUCTITh BiJl BUITaJKOBOT'O BBIMKHCHHS.

Texniune 06cny208y6anns

No [lepionuuHicTh . .
[lepenik poOiT
n/m MIPOBEJCHHS
1 2 3

1 | Ilepex moyaTkoM 3MIHM | [Tpopecty 30BHiMHIi OMILL.

[lepeBipuTH 3aTOUKY HOXKIB, TP HEOOXIAHOCTI -
2 OnuH pa3 Ha THXK]ICHb '
3aTOYUTH HOXKI.

[TepeBipuTH 3a30p MiXK HOKaMH, TIPU

HEOOX1THOCTI - BIIPETYJIIOBATH 3a30D.

[lepeBipuTH CipaBHICTH OJIOKYBaHHS

oOnaHaHHS.
3 Uepes xkoxHi 100 ronun | [lepeBipuTy 3aTryBaHHsS TBUHTIB KPITUICHHS,
pobotu Py HEOOX1THOCTI MIATITTH KPITIJICHHS.
3MaCTUTH MIAMIAITHAKY €JICKTPOBUTYHA
4 OpuH pa3 Ha 6 MICSIIIB

mactwiom Jliton-24

Braszisku no 3anobicannio HewacHux sunaoxie
Ilepenq mouyaTkoM poOOTH YBa)XKHO BHBYITH 3MicT oneparii. PM 120 wmae

cryninb 3axucty 01. Ilig yac pobotu oOnamHaHHS MOBUHHO OyTH 3a3emileHe, a
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KIHIIEBUM BHUMHMKau TIOBUHEH OYTH BKIIOUCHUU.BigkpuiiTe KpHIIKY Kamepu
NMOAPIOHEHHS, 00 BITKIIOUUTH KUBJICHHS.

[Tepconan, skuii kepye podoramu Ha PM 120, moBuHeH MaTu KBajidikaiiiny
rpyny 3 enekTpodesnexku He Huxkue I1.

Texuiune oOcmyroByBanHa Ta peMoHT PM 120 moxyTh mpoBoautu ocoOwu,
aTeCTOBaHI Ta MaloTh cepTudikatu 3 elekTpobdesneku. PoGoTH 3 TEXHIYHOTO
oOcyroByBaHHs OOJaJHAHHSI MOXXYTh BUKOHYBaTHCSA TepcoHaioMm He Hmxkde III
kinacy kBamidikaiii. [1[o6 yHUKHYTH ypa)KeHHS €JEeKTPUYHHM CTPYMOM, OTJISAI 1
TEXHIYHE OOCITYrOoBYBaHHS CIiJ TPOBOIWTH, KOJH OOJIATHAHHS BIAKIIOYEHO BIiJ
EJIEKTPOMEPEXKI.

ITix gac poOOTH MIIMH PO3TAIIOBYETHCS y CIEIIANIBHO BIBEACHOMY MICIll Ha
TBEpAiH, MIHIN 1 PIBHIN M1II031.

3ABOPOHAECTHCA:

- ExcrutyaTyBaTi MuIMH 0€3 3aXMCHOTO 3a3€MJICHHS;

- [IpoBoauTH pEMOHTHI poOOTH O€3 3HATTS HAIPYTH;

- ExcrutyaTyBaTu MJIMH NpY BUMKHEH1M a00 HECIIpaBHIM BUTSKHINA BEHTUJIAIIIT;
- Bxirouaty MIMH 3 HECITPaBHOKO 200 MITYYHO 3aMKHYTUM OJIOKYBaHHSIM;

- BigkpuBatu KpuIIKy A0 MOBHOT 3yUHKHA POTOpA.
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9. Oxopona nmpami
3axon Ykpainu npo oxopony npayi

14 xoBtHsa 1992 poxy BepxoBHa Pana VYkpainu npuiinsna 3akoH «lIpo
oxopoHy mparii». lleli 3akoH chpsiMOBaHWN Ha 3a0€3MEYCHHS XUTTSA 1 370pOB'S
JIOJIEH, COIIAIbHAN 3aXWCT JIFOACH, BIAIIKOMYyBAaHHS IIKOAM, 3arOJIISTHOI 3I0POB'IO,
TOIIO JIO TOTO, SIK MPOMMCIIOBA JISUTBHICTD JACTh OY/b-sKl PE3yIbTaTH.

OxopoHa mpartli B Hallii JepKaBi 3MIMCHIOETLCS Ta PETYIIOETHCS MTOCTAHOBAMU
Panu MinictpiB Ykpainu, 3akoHomaBuMMHU akTtamu: KoHcTuTyliero Ykpainw,
Konexkcom 3akoniB mpo mpaito, nocranoBamu KabGinety MinicTpiB Ykpainu Ta
BepxoBnoi Paaun Ykpainu, a Takox crierialbHUMU TPaBUiiaMU Ta MOJ0KEHHSIMH.

Incmpykmaosic

VYci nianpueMcTBa, YCTAaHOBU Ta OpraHizailii He3aJIe)KHO BiJl XapakTepy 1 Tpy10BOi
JISITBHOCTI, HAJIEKHOCTI Ta JOPMHU BIACHOCTI.

MeTa 1bOTO I1HCTPYKT@Xy — HABUUTU TMPAIIBHUKIB MPaBUIBLHO 1 O€3MeYHO
BUKOHYBATH CBOi I10CaJJ0B1 000B’A3KHU 3 yBaroo J0 cede Ta CBOro OTOYEHHS.

bpudinru knacudikyroTbcs 3a 4aCOM 1 XapaKTEPOM:

1) Beryn - mpu nipuiiomi Ha poOoTY;

2) IlepBuHHI - TPOBOAATHCS 0 MOYATKY pOOOTH Ha MIJIPHUEMCTBI;

3) PerynsipHo - MpOBOIUTHCS KOXKHI 6 MICAIIB a00 KOXHI 3 Micslli;

4) Tlo3zarmaHnoBuii - mpu aBapli, 3aMiHl TEXHIYHOTO OOJaJHAaHHS a00 3MiHI
TEXHOJIOTIYHOTO MPOIIECY;

5) HinboBuii - mpu BUKOHAHHI OJTHOPA30BOT pOOOTH.

BianoBigHO 10 YMHHOTO 3aKOHOJABCTBA KEPIBHUKHU MIAMPUEMCTB TMOBUHHI

3a0€3MeUYnTH CBO€YACHE Ta SKICHE O3HAMOMJIEHHS MpaliBHUKIB 3 MpUiOMaMu 1
METO/IaMH TIpalli, O3HAHOMIICHHS iX 3 TIpaBWJIAMH MOBEIIHKH B II€XaX 1 HA TEPUTOPIi

H1IPUEMCTBA.

78



3axoou beszneku

[lepen moyaTkoM poOOTH YBaXKHO BUBYITH 3MICT poOOTH 00JIa HAHHS. .

1.

Kmac 3axucty RM 120 - 01. Ilim yac poOGOTHM MalMHa MOBUHHA OyTH
BignutioBaHa.

[Tepconan, sikuit kepye podotamu Ha PM 120, moBuHeH MaTu KBamidiKaIiiHy
rpyny 3 enekTpoobesneku He Hikue 1.

Texuiune oOciayroByBanHs Ta peMOHT PM 120 M0OXyTh MpOBOINUTH OCOOH, SIKi
aTEeCTOBaHI 3 E€JEKTPOOe3NeKu Ta MaroTh cepTudikar. PoboTu 3 TeXHIYHOTO
00CITyroByBaHHsI Ta PEMOHTY MIIMHIB MOXYThb MEPEBIPATA OCOOM, K1 MArOTh
kBanmQikamito He Hkue [ rpymnu.

[IIo6 yHUKHYTH YypaKeHHS €JIEKTPUYHUM CTPYMOM, OTJISi[] 1 TEXHIUHE
OoOCITyrOBYBaHHSI ~ CIiJT TPOBOJAWTH HA  MJMHI, BIIAKIIOYEHOMY  BiJ
CJIIEKTPOMEPEKI.

[Tinkmouenus [IM 120 mo Mepexi 3M1MCHIOETHCS 32 JOMOMOTOIO CIIPABHOTO
€JIEKTPOMOHTAKHOTO 00J1aIHaHHS (ITPOBO/IIB, BUJIOK 1 PO3ETOK)

MnuH mpu poOOTI PO3TAIIOBYETHCA B CIEHIATBHO BIIBEJCHOMY MICIl Ha
YKOPCTKOMY, MIIIHOMY TOPU30HTAILHOMY T1JICTaBI.

3ABOPOHAECTHCA:

- ExcrimyatyBaTt MituH 0€3 3aXHCHOTO 3a3€MJICHHS;

- [IpoBoAUTH PEMOHTHI poOOTH O€3 3HATTS HANPYTH;

- ExcrutyaTyBaTi MuIMH Npu BUMKHEH1M a00 HECIIpaBHINM BUTSDKHIN BEHTUIISIIIT

- BiagkpuBaTu KpuIIKy MIMHM JI0 HOBHOI 3yIIMHKH pOTOpA.

Mikpoxnimam

Jlnst 3a0e3reueHHs 3I0pPOB'sl JIIOJAMHU Ta O€3MEYHUX YMOB Ipalll HABKOJUIITHE

MOBITPSIHE CEPEAOBUIIE TTOBUHHO BIJIITOBIIATH BCTAHOBJIICHUM CaHITAPHO-TIT1€EHIYHUM

HOpMaM.

OcHoBHUMH (pakTOpaMu, 110 BU3HAYAIOTH MTOTOJIHI YMOBH, €:

- TEeMIIepaTypa;

- BosoricTh noBiTp4;
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- IIBuAKICTH MOBITPS.

HopmyBaHHST BUpOOHMUYOTO MIKpOKIIMaTy 3aiHcHIOeThCs 3rigHo 3 ['OCT
12.1.005-88 «CCBT: OO6mue caHUTapHO-TUTUEHUYECKHUE TPeOOBaHUS K BO3AYXY
pabounx momernieHuit». MiKpokIiMaT Micllb BUPOOHHUIITBA MOAPIOHEHOT POCTUHHOI
CHUPOBUHHU.

- Temneparypa - 15...26°C;
- BigHOCHA BosoricTh — 40...60%;
- IIBuakicth moBiTps - 0,2...0,4 m/c.
Jlns 3a0e3neyeHHs] BCTAHOBICHUX IMOKA3HUKIB MIKPOKIIMATY TepeadayeHo

BCTAHOBJICHHSI CUCTEM BEHTUJIALIL, TepMETH3aLlls Ta 1305115 TOBITPOBOIIB.

Beumunayis

OCHOBHMMH HOPMATHUBHMMH JOKYMEHTaMH IIOAO MPOCKTYBAHHS BEHTHIIALI
BUPOOHNYHUX 1 JonomMikHUX npumitieHb € CHull 1133-75 «Onanenus, BEHTHIALISA 1
koHauuitoBaHHs noBiTps» 1 CHull 245-84 «CaHiTapHi HOpMH HpPOEKTYBaHHS
IPOMUCIIOBUX MiAIPUEMCTBY.

3aBIaHHSIM IPOCKTY IPOMMCIIOBOI BEHTHJIALII € 3a0e3MeyYeHHs Tiri€HIYHUX 1
TEXHIYHUX BUMOT JI0 METEOPOJIOTIYHHUX YMOB 1 YHCTOTH MOBITPS B MPUMILICHHIX
BUPOOHUIITBA (hapMarleBTUIHOT MPOTYKIII].

BupoObHuunii 1iex mae eQeKTHBHI CHUCTEMH MOJayl Ta BUTSDKKM MOBITPS,
oOnajHaHHSA Ta TMpUIAAW Ui KOHTPOJIO TOTOKY TIOBITPS, BUMIPIOBAHHS
TeMIiepaTypu, BoJorocTi Ta edextuBHOCTI (inbrparii. [IpoaykTUBHICTE cUCTEMH
BUTSKHOI BEHTWIALIT cTaHOBUTH 80-90% Bim MpOIyKTUBHOCTI IPUILUIUBHOI CUCTEMU
JUTs1 3a0€3MeUeHHS TTOBITPOMIATPUMKH B «YUCTOMY MPUMIIIEHH1DY.

Illym i Bibpayia

[Tin yac poOOTH HOKOBOrO MJMHA OyJ€e MOCHJIIOBATUCS BiOpallis, TOMY s
3MEHIIIEHHS BIUIMBY IbOTO (DaKkTopa HEOOXITHO MOTPUMYBATHCH TAaKUX 3aXOJIiB
3aXMCTy: CBO€YACHE OUHUILECHHS Ta OalaHCyBaHHsA BY3JIIB OONaJAHAHHSA, SKi

31MCHIOIOTH IIBUIKI 00EPTOBI PyXH.

MonTaxx mnpuBoAiB 1 oOjagHaHHS Ha BiOpoomopax (aMOpTHU3ATOPH,
B1OpO130JIATOPHU ) JJIsl TACIHHSI B1OpaIIiid.
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Jns  3axucTy  OpaliBHMKIB — BiJ  IWIKIJJABOTO  IIYMY  HEOOXiTHO

BUKOPHUCTOBYBATH HABYIIHUKH AK 3acoou iH,Z[I/IBi,IIyaHBHOFO 3aXUCTy.

OcTaHHIM YacoM CHOCTEpITa€ThCA TEHJACHINS [0 3pOCTaHHSA IIyMy Ha

BUPOOHUIITBI y 3B'SI3KY 3 ITiIBUIIICHHSAM MOKJIUBOCTEH TEXHIYHOTO O0JIa HAHHS.

Honyctumi HOpMu wmymy mis nianpuemcts 3rigno 'OCT 12.1.003 — B

3.CCBT. lllym «3aranbpHi BUMOTH O€3IeKU» 1mojaaHo B Tabmaui 8.1.

Tabmus 8.1.
. PiBenb 3ByKYy 1
owgei | P menors e s s G
pea p yr piBHi, 1b
Omneparop 105| 93 | 89 86 83 | 80 78 | 76 72 80

3MeHIUTH BIOpauii miJ yac poOOTH HUIAXOM: MOcialiaeHHsd BiOpauiid y ix
JOKEpenl 3a  JOTOMOTOI0  TEXHIKO-€KCIUTyaTallifHUX  pIllIeHb; CBOE€YACHOIO
TEXHIYHOTO 0OCIyroBYBaHHsS 0OJIalHAHHS, HOTO PEMOHTY; BUKOPUCTAHHS T'yMOBUX
MPOKJIAJIOK y 3’ €IHAHHAX, [0 3MEHIIYIOTh Iepeaady BiOpaliil BiJ OJIHIET YaCTUHU
710 1HIIO1; 32 JOMOMOTOI0 MPOKJIAJ0K 3aKpIMUTH MOBITPONPOBIA 10 KPOHIITEHHA,
3BUYAafHO 3a JIOMOMOTOK  BiOpoizosisitopa. [ 3HUXKEHHS IIyMy IexXy
BUKOPHUCTOBYIOTH 3BYKOINOIIMHAIBHY (papOy; cBo€YacHe 3MalllyBaHHS TEPThOBUX
YaCTHH, YCTaHOBKY BCHTWIAIIMHUX TMPUCTPOIB 1 TYMOBHX MPOKIATOK IS
NOTJIMHAHHA BiOpalii Ta rOMJaHH; IITYYHO 30UIbIIYIOTh BTPATH €HEPrii B CUCTEMI
(BiOpoTOTNIMHAHHS); 3MEHINYIOTh I1HTEHCHBHICTH BiOpallii Ha HUIAXY IMepenadl.

(B1Opoi3071s11is); 3aCTOCYBaHHS 3aC001B 1HAMBIAYaJIbHOTO 3aXUCTY.

Canimapno-nobymosi npumiujeHus
Bigmosimno mo CHull 11.92-81 «byniBmi monmomixkHi» CaHITApHO-TIOOYTOBI
NPUMIIIEHHS BUKOPUCTOBYIOTHCA IJIsl 3a/JI0BOJICHHSI MOTpeO MpaliBHUKIB i 4ac
pobotu. Kpim TOro, HasiBHICTb *HUTJIOBHX 1 MPOMHUCIOBHX MHiANPUEMCTB MOBHHHA
BianoBigaty Bumoram GMR.
JlomarrHi MicIgd BKIIOYAIOTh:

- BOMpamnbHs, TapAepoOHa;
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- IPUUHATH Tyl

- YMUBAJIbHUK;

- 3aKJaid OXOPOHHU 3/10POB's.

Komm kinbKicTh 3apeecTpoBaHMX TMpamiBHUKIB gocsrHe 50 oci6. Ycim
BUPOOHMYMM TEXHOJIOTIYHHM TpyHaM JO3BOJISETHCS KOPUCTYBATHCS 3arajJbHUMU
pO3IATaIbHIMHU. SIKIO KUIBKICTh MpaIliBHUKIB mepeBuirye 50 ocib, opraHi3yiTe
OKpeMi po3JsraibHl. Y pO3ASTalNbHAX € IHAUBIAyadbHI Mmadu Uit 30epiraHHs
pob0oYoro, rocrnoapchLKoro Ta cnemiaibHoro oxaary. llupuHa kanany Mk madamu
1,2-1,5m.

Po3paxyHkoBa KUIbKICTh AymIoBUX — 1 Ha 8 0ci0, ymuBasibHuKIB — 1 Ha 20 0ci0
(MakcMMalnbHa TO3MIHHICTB), caHBY31iB — 1 Ha 15 oci® (xinku), 1 Ha 10 oci0
(donoBikm). JlymoBy 00JagHYIOTh BIIKPHUTOIO TYIIOBOIO, MPU IIBOMY JOMYCKAETHCS
He Outbie 20% 3akpuToi aymoBoi: Bigkpura 0,9%0,9, 3akpura 1,8%0,9.

Ha xoxHOMy mOBepcCi po3TalloBaHi CaHBY3JIM, aIMIHICTPATHBHI, BUPOOHUY1 Ta
noOyTOB1 MPUMILIEHHS. YHCENbHICTh NPALIIBHUKIB HA 2-X TOCIIJOBHUX MOBEPXaxX —
30 oci6. A TyaseTiB Ha MOBepXax 3 HAMOUIBIIOK KUTBKICTIO MPAI[iBHUKIB MEHIIIE.

BiacTanp Biji po6040Oro MicIisl 10 pO3AsTalieHb, MICIb JJIs TaTiHHS, AYIIOBUX,
YCTAaHOBOK MHUTHOTO BOJONOCTayaHHS He Ouibmie 75 M; Big poOOYOro Mmicus Ha
BUPOOHMUOMY MaIaHuuKYy - He Outbie 150 m.

Enexmpobesnexa

VY 11poMy NpUMIIIEHHI 3HaXOAUThCS 00daaHaHHsA 3 ABuryHamu (10 Hboro OII
BHUCYBa€ KOPCTKI BUMOTH), TOMY CJiJi BHKOPHUCTOBYBATH 3acoOM 1 METOIU
3axucty, nepenodoaueni [IYE.

Bignosigno no IIYE Bci BHpoOHHYI YMOBHM TOIUISIOTBCS Ha TPU Kareropii 3a
CTyNeHEM HeOe3MeKu:

[TpumimenHs BigHOCUTHCS 10 11 Kitacy miBUIIEHOT HEOE3MEKHU.

OcobOnmuBy HeOe3meKy, TOB’si3aHy 3 HAKOMWYEHHSM CTaTHYHOI EJIEKTPUKH,
CTAaHOBUThH 00saHaHHA. EleKTpuuH1 3apsau HAKONMUYYIOThCA Ha OO0JIalHAaHHI Ta
Marepianax, a CylmyTHI PO3psIIM MOXKYTh BUKIIMKATH MOXKEXK1, BUOYXU, TOPYIIEHHS
TOYHOCTI ~ TEXHOJIOTIYHHMX  TMPOIIECIB,  €JIEKTPOOOSaJHaHHA Ta  3aco0iB
aBTOMAaTH3allli.

Croci6 3axucry:

1. Bce oGnanHanHs B KIMHATI 3a3€MJIEHO Ha KOHTYP 3a3€MJICHHS.

2. EnexTpudHHUi MPUCTPIi 130Jb0BAHO JIJISl 3aMI00ITaHHS YPAKEHHS €EKTPUYHUM
CTPYMOM 1 TIOKEXKI.
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3. Bxxutn 3ax0iB 3aXUCTY:

- Husbka nHanpyra (42 B 1 Huxye);
- 3aXMCHE 3a3eMJICHHS 1 3aHYJICHHS;
ITOB1iHA 1301115,

BucHoBkmu

3abe3neuyBaTd  NpaIliBHUKIB  MpaBWIaMH,  CTaHJapTaMHU, HOpPMaMH,
MOJIOKEHHAMHM, THCTPYKIIAMU. KOHTPOJIb 32 TOTPUMAHHAM MpaBUI OXOPOHM Mpalii
MAIIMH 1 MeXaH13MiB, MPOIIECiB, 00T THAHHS.

3a0e3neunTy MpaIiBHUKIB 3aco0aMHM KOJICKTUBHOTO Ta 1HAWBIIYaJbHOTO
3aXMCTy BIJl WIKIJJIUMBUX 1 HeOe3neyHux (akTopiB BUPOOHUITBA, JIKYBaJIbHO-
npodUIaKTUYHUM XapyyBaHHSIM, 3ac00aMu JUIsl TPUOUpPaHHS, TIF€HU Ta MOOYTOBUX
IPUMIIICHB.

[TpyHUIMIT MaTepiaIbHOTO CTUMYJIIOBAHHS PEKOMEHIOBAHMM ISl MTPALlIBHUKIB,
K1 CyMJIIHHO BUKOHYIOTH CBOI BUPOOHHWYI OOOB'SI3KM Ta OEpYyTh aKTUBHY Y4acThb Y
MOKpAIlleHH1 Oe3MeKH Ta YMOB TIpalll.

OTxe, A4 MOKpAIIEHHs] YMOB Ipalll MpaliBHUKIB HEOOX1AHO JTOTPUMYBATUCH

yCiX BUMOT OXOpPOHHU TIpalli, 3a3Ha4eHUX BUIIIE.
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BucHoBku

B wmaricrepcekiii poboTi "YaockoHalieHHs Tpoliecy 1 oOJagHaHHS pi3aHHS
JKAPChKOi POCIMHHOI CUPOBHHH" OyJIO MOCHIIKEHO MPOIEC PI3aHHS POCIUHHOL
JIKApChKOi CUPOBHHM, OYJIO MPOBENCHO JITEpaTypHUN OIJISIT HAYKOBUX IIpallb,
oOJaJiHaHHS Ta MATEHTIB, ONMCAHO YJAOCKOHAJIEHY €KCIEPUMEHTAIbHY YCTAaHOBKY Ta
BIJIMTOBITHI METOMKH TIPOBEICHHS JTOCIIKEHb.

JI1st mocIiIKEHHsT POLEeCy Pi3aHHs JIKApChKOi POCIMHHOT CHPOBUHU CTBOPEHO
JOCIIITHY yCTaHOBKY Ta PO3pOOJCHO BIAMOBIAHY METOJIWKY JOCHIKCHb, SIKI €
HAAIMHUMH Ta TPOCTHUMH Y 3aCTOCYBaHHI.

Bysno mpoBeneHo maTemMaTHYHE MOJCIIOBAHHS PYXY Jie3a B 1Iapl NPOAYKTY IpH
pizanHi. B pe3ynprari Oyna oTpuMaHa MaTeMaTH4HA MOJENb [Jis BU3HAYEHHSA
3yCWJUIA Pi3aHHS B 3aJIe)KHOCTI BiJI MIBUAKOCTI Jie3a B IIapl MPOAYKTY MpPHU Pi3aHHI
JKapChKOi POCIMHHOT CUPOBUHM.

B nmaniii marictepcbkiii poOOTI OyJi0 3alpONOHOBAHO 3IIMCHUTH HACTYIHE
YIOCKOHAJICHHS - 3aMIHUTH >KUBWJIBHUK, a caM€ BCTAaHOBUTH TOPYY CTPIUYKOBHIA
KOHBEEP Ta MPHUETHATH 10 HHOTO HAIIPABIISIFOYI sIKi O HAMPaBISUIH POCIUHY CUPOBUHY
Oe3nocepelHbO Ha HIXK. 3aBISKU JTAHOMY YAOCKOHAJIEHHIO MU OTPUMAJU CYTT€BE
MOKPAIICHHS TMPU 3aBAHTAKEHHI POCIWHHOI JIIKAPChKOT CHPOBMHHU, Tojayi i1 Ha
pi3aHHs, 30UIbIIANIACH MPOAYKTHBHICTH OOJIafHAHHSA Ta 3MEHUIWIOCH KIJIBKICTh
BIJIXO/IIB.

HenonikoM [OaHOro yAOCKOHAJNIEHHA € 30UIbIIEHHS Tra0apUTHUX pPO3MIpPIB
oOJalHaHHS Ta MaCH, a TAKOXK BUTPATH EJIEKTPOCHEPTTi.

Ane naHe yJIO0CKOHAJIEHHS JIO3BOJIHUTH MOKPANTUTH pOOOTY OONaHAHHS pi3aHHS
JKapChKOi POCIMHHOT CUPOBUHHU, CUpOBHHA OyJe 0e3 YCKJIaJHEHb MOTPAIUIsITH Ha

NoJIpiOHEHHS, @ B CAMOMY POTOP1 3MEHILIYIOTHCS 3aCTIHHI 30HH.
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