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AHoTAaLA

Tema marictepcbkoi poOOTH «YIOCKOHAJIEHHS MPOLECY pi3aHHsS JIKAPChKOi
POCIMHHOI CUPOBHHU Ta MOJEPHI3allisl MIMHA HOXKOBOTO THUITY TPOAYKTHBHICTIO
35 xr/romy.

MeTtoro 11i€i poOOTH € YIOCKOHAJEHHS TPOIEeCy pi3aHHS CTEOEN Ta JIHCTS
JIKapChKOi POCIMHHOI CHUPOBHHH, BPaXOBYIOUU HOTO BIUIMB CTPYKTYPHO-
MEXaHIYHUX BIJIACTUBOCTEH HaA TMpolleC 3 IULII0 3MEHIICHHS BUTpAT €HEprii Ha
pi3aHHS 1 MOKPALIEHHS SIKOCTI MPOILIECY.

JocnimpkyBaHUM 00’ €KTOM € MPOIEC Pi3aHHA JIKAPChKOi POCIMHHOI CUPOBUHU
Ta BIOCKOHAJICHHS CY4YaCHOTO OOJaIHAHHS JUIsl pi3aHHS JIKAPCHKOI POCIUHHOI
CHUPOBHHH.

3anucka BKJIOYae B ceOe: BCTYII, aHAJITUYHUM OIS CTaHy NMUTaHHS, 3ajadi,
METOJMKa JOCIHIJKEHb, IOCIIKEHHSI Tporecy, OyJoBa Ta MPUHUHUI POOOTH,
pO3paxyHOK OOJIaJHAaHHSA, MOHTaX Ta eKCIUTyaTallisi, OXOpOHa IIpalli, OXOpOHa
JOBKULJISI, PO3PaxyHKH, a TAKOXK JOJATKHU: CXEMHU, MAJTIOHKH 1 TaOJIHII.

3aBASKN TOKPAIEHHIO POTOPHOTO MJIMHA IS Pi3aHHS JIKApChbKOI POCIMHHOI
CUPOBHMHHM, a caMe 3aMiHa By3Jia Mojadi pOCIMHHOI CUPOBMHM HAa HOKOBUM MIIMH ¢
NpUETHAHHI  KOHBEEPA  CTPIYKOBOTO Ha SKOMY 3HaXOISATbCS MEXaHi3M
HANPaBISIOUMN  POCIMHHY CHPOBUHY, JO3BOJWJIO TMPOAYKTY MIJECTIPSIMOBAHO
NOTPAIIATA Ha TMoApiOHEeHHA. MexaHlyHa T0oJlaya HE TUIBKA  30UIBIINATH
MPOJYKTUBHICTh ajie ¥ JOMOMOXE 3MEHIIUTH ab0 B3arajli He CHPUYMHSATU 3aCTiil

MPOIYKTY MPHU BEIUKIHN MUTEHOCTI TTOTOKY.

Knrouesi cnoesa: pizanss, pociMHHA CUPOBUHA, MJTUH, MTOAPIOHEHHS.



Abstract

The topic of the master's thesis "Improving the process of cutting
medicinal plant raw materials and modernizing the knife-type mill by
productivity.

35 kg/h".

The method of this work is to improve the process of cutting the stems
and leaves of medicinal plant raw materials, taking into account its
influence on the structural and mechanical properties of the process with
the aim of reducing energy costs for cutting and improving the quality of
the process.

The research object is the process of cutting medicinal plant raw
materials and improvement of modern equipment for cutting medicinal
plant raw materials.

The note includes: introduction, analytical overview of the issue,
problems, research methodology, process research, structure and principle
of operation, equipment calculation, installation and operation, labor
protection, environmental protection, calculations, as well as appendices:
diagrams, drawings and tables.

Thanks to the upgrade of the rotary mill for cutting medicinal plant raw
materials, namely, the replacement of the plant raw material supply unit
with a knife mill and the attached belt conveyor on which there is a
mechanism that directs the plant raw materials, allowed the product to be
purposefully obtained for grinding. Mechanical feeding will not only
increase productivity, but also help to reduce or eliminate product stability
at high flux densities.

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

PizaHHs — TEXHOJOTIYHHMI MpOlIeC HaJlaHHSI MaTepialy-3aroToBIll, HEOOX1THOI
dbopmu, KoHpIrypallii po3MipiB Ta SKOCTI MOBEPXHI, 3a JOMOMOTOI PI3HOMAaHITHOTO
pizanpHOro iHCTpyMeHTa. lle mommpeHa Ta KiI04OoBa TEXHOJIOTIYHA OIeEpaiis B
0araThOX rajy3siX Xap4oBoi, apMaleBTUIHOI Ta MEePEepOOIIOI0Y0i TMPOMHUCIOBOCTI.
Bin sKOCT1 1 IIBUAKOCTI ii BUKOHAHHS HA MPSIMY 3aJICKUTh MPOAYKTHBHICTb 1 SKICTh

30BHILITHBOTO, TOBAPHOTO BUTIISAY TOTOBOI MPOIYKIIIL.

Bun mnoapiOHeHHs o0UparTh 3riIHO 3  CTPYKTYPHO-MEXaHIYHUMU
BJIACTUBOCTSIMU CHPOBHHHM, BIIMOBIAHO: JISI POCIUHHOI CHPOBHHU — CTHUPAHHS,
yaap, pi3aHHS, TUCHEHHS; JJI KPUXKHUX TMPOAYKTIB — PO3JABIIOBAHHA, yHap.

TexHonoriyHe oO0JaJHAHHA Mg TOJAPIOHEHHS MOXKe OyTH TaKuUM, CTHpAIOUYoi Ta
PO3aBIIOBAJIBHOI 11 (BaJIKOBI Ta AUCKOBI MJIMHH), YAAPHOiI (MOJIOTKOBI IpoOapKu),
HIUTMHHOI (TOMOTEHI3aTOpH, T1IPOJIMHAMIYHI MEPETBOPIOBaYl) 1 pi3aibHOI (pi3alibHi
MAaIIIuHN) Jii.

CyuacHe xapuoBe BHUPOOHHUIITBO MOTpeOye B 3MEHILEHHI BUTpaT Ha Pecypc
€Heprii Ta 4acy Ha MEXaHI4Hi MPOIECH, 0COOIMBO pi3aHHsA. Bimomo, 110 3MEHIIUTH
3yCWJUISL Pi3aHHA MOXKHA TPH PALlOHATIbHO MPAaBHIBHOMY IMIJI00pI  PEKUMHHUX
napameTpiB MPOIECY.

B nmitepatypi He Mae AaHMX IWIOAO TOTO, SIK CTPYKTypa MPOAYKTY 1 IIBUAKICTH
pI3aJIbHOTO 1HCTPYMEHTY BIUIMBAIOTh Ha 3MIHY 3yCWJIb MiJ 4Yac pi3aHHA. Takox
BIJICYTHI METOAM, SIKI JO3BOJISIM O MPSMO BU3HAYMTH 3YCHIUIS I Yac pi3aHHS
Martepialy Mpyu 3HAYHUX 3MIHAX HIBUIKOCTI HOXKa (Jie3a). 3a3Buuail 3yCUIIsl pi3aHHs
BM3HAUAIOTh JIMIIE JUJIsl TEBHOI IIBUAKOCTI HOXa (Je3a), sKa HE 3aBXIU €
ONnTUMaIbHOI0. MaTemMaTuyHi MOJieNi He BPaxOBYIOTh JOCTaTHHO BIUIMBY Ha IMpPOLIEC

peXUMIB pi3aHHsA, TepTsd Ta aaresii. Takoxk He Oyja BpaxoBaHa 0araTolIapOBICThH

IIPOLYKTY.

VY chepi papmaneBTHUHOT TPOMHUCIOBOCTI JIKAPCHhKI TPAaBU BUKOPUCTOBYIOTHCS IS

BUTOTOBJICHHS €KCTPAKTIB, HACTOIB, eDipHUX OJiil Ta JiKapchkux mpemapartis. [lepen
4



IPOBEJCHHSIM TMPOIECIB MACOOOMIHY CHPOBHMHY MHOTPIOHO SIKICHO MOAPIOHUTH Ha
OJIHAKOBI, pIBHOMIpHI YacTUHKU. HaitgacTimie 11 Iboro BUKOPUCTOBYETHCS Pi3aHHSI.
3 1i€I0 METOI0 S BUKOPHCTOBYBAaB Cy4acHe oOJagHaHHS - HOXOBUH mimH PM 120.
JlocniokeHHsT Mpolecy pi3aHHA cTeOesl 1 JUCTA M'SITU MNPOBOAMIOCA 3 METOIO
3MEHIIIEHHS] €HEPrOBUTPAT Ha pi3aHHs Ta MOJIMIIECHHS SKOCTI mpouecy. Bimomo, 1o
JUIs 0araTboX Xap4yoBHX MPOAYKTIB 3yCUIUISI PI3aHHA MPH BEJIMKHUX IIBUIKOCTSIX HOXKA
3MEHIIYIOThCSI, a SIKICTh 3pi3y MOKPAILLy€e€ThCs, MPOAYKT MEHIe NehOpMY€eThCs il

qac pi3aHHS.

J171st mOMiMIIeHHs POLIeCy pi3aHHs 1 BUPIIIEHHS HOT0 HEJO0JIKIB 0yJI0 BHECEHO 3MIHU
JI0 By3Ja TOJa4l POCIMHHOI CUPOBUHU HAa KOHBEEP, JOJABIIN MpHXKUMHUN Bai. Lle
COpHATHME TOMY, MO0 POCAWHHA CHPOBMHA IIOCTadyajiacs Ha TMOAPIOHEHHS
PIBHOMIpHO 1 0€3 HaMOTYBaHHS Ha POTOp, IO JOMOMOXKE 3MEHIIUTH BIIXOIU [0

MIHIMYMY.



1. AHAJTITUHYHHUH OTJISA/] CTAHY MUTAHHSA

JIist BUBYEHHsI Tpoliecy Ta OOJaJHAaHHS PI3aHHS JIKAPChKOi POCIMHHOI
CHUPOBUHU MU MPOBEJN aHaAI3 HAYKOBO-TEXHIYHOI JIiTEpaTypH, GaxoBUX KypHAJIB Ta
HIINX CTIeIiali30BaHuX MEePIOINYHUX BUAHb.

VY 1upoMy po3aiial MPUBEIEHO HAYKOBI JOCTIIKEHHS, IO OMUCYIOTh METOJH,
TUNIU pi3aHHS Ta OONaIHAHHS A MOAPIOHEHHS POCIMHHOI CHUPOBHMHHU, a TaKOX
BI/IIIOBI/IHI ITATEHTH.

PizanHIO poCIMHHOT Ta IHIIMX Xap4OBUX IPOJYKTIB 1 OpraHIYHUX MaTepiasliB
npucBsueHO HaykoBl mpaui B.A. JKemiroscekoro [13], sikHil € OCHOBONOJIOKHUKOM
teopii pizanus; H.€. Pesnika [30], poOoTa sIKOro MmMpuCBSUYEHI PI3aHHIO POCIUHHOI
cupoBunu; H.B.Mopo3osa, [Tanina A.Jl. [22, 26] (pi3anHsa oBouiB Ta PppykTiB), A.H.
Haypcekoro, FO.A. Mauixina [10, 19] (pi3aHHS KOHIUTEPCHKUX Mac, CUCTeMaTU3aIlis
mpailb Mo Pi3aHHIO XapYOBUX MPOIYKTIB).

JlocnmipKeHHsT POLeCy pi3aHHS XapuyOBHX MPOAYKTIB HEPO3PUBHO MOB’S3aHO 3
BUBYCHHSM iX (PI3MKO-MEXaHIYHUX (CTPYKTYPHO-MEXaHIUYHUX) 1 TEXHOJOTIYHUX
BractuBocTed. I[luTanHs peosorii cucremMarn3oBaHl Ta BUCBITIEHI B mpausx HO.A.
Mauuxina, C.A. Mauuxina [19,20], .M. Azaposa [1], b.A.HikomnaeBa [24], B.C.
'y [9].

Takoxx Oyjlo0 mMpoaHadi30BaHO 3apyOXKHI POOOTHM 3 pi3aHHS CHUPOBUHU:
N.Chevanan [36]- IToBezinka HOXa MPH Hapi3aHHI Mpoca, COJIOMH 1 KyKypy3u; A.R.
Womac[43]- Pizanns kykypymsaux crebden; C.T. McCarthy[41]- TouHicTh pi3ku
NPSAMUX JIONATEN MpU M'SIKUX Ta TBEPIUX TLIL.

AHali3 HayKOBHX OCHOB Pi3aHHS POCIMHHOI CUPOBHMHU MOKa3aB, 110 1€ MUTaHHS
JOCIIIJIKEHO HEJAOCTaTHbO 1 TOTpedye TauOmIoro po3risay MpoLeciB, —SKi
B1JI0YBAIOTHCS MMiJ1 Yac pi3aHHS.

Jlesiki cioctepexeHHst Oynu 371CHEH] B raiy31 MeXaHiyHOT 0OpOOKH CUPOBHHH,
30KpeMa II0J0 METOJIB MOAPIOHEHHS TBEPAOr0 XapuyoBOro MPOAYKTY. s 1poro
BUKOPUCTOBYIOTBCS PI3HI MallMHU 3 PI3HUMU MeToAamMu TojapiOHeHHs. Jleske
o0JiaTHaHHS Ma€ MPOCTY KOHCTPYKIIIIO, ajle Ma€ 3HaYH1 HEJIOJIIKH, B TOM Yac sIK 1HIIIE,

OUIBIII CKJIAJHE, Ma€ OLIbIIE MepeBar, aje Mpu HbOMY € JOPOKUUM.



1.1 Ioopioutosau 3 enekmponpueooom.
[lepmie oOnamHaHHs, ske OyJ0 3rajgaHe, 3aCTOCOBYEThCS Uil TOJAPIOHEHHS
kopmiB. Hampukiazn, neski ¢epmepcbki rocrnoiapcTBa BUKOPUCTOBYIOTh HOTO s
noApiOHEHHSI COKOBUTUX KOPMIB, TaKUX K OypsK, KapTOIUIs, MOpPKBa, TOMHAMOYD,

rapOy3 1 Tpapa, 1 4acTo 111 MOIPiOHIOBAY1 BUTOTOBJISIOTHCS CAMOCTIIHO.

Puc 1.1 noopionrwsau 3 enekmponpugooom: 1 - HoOx1; 2 - OyHKep;
3 — 3aBaHTAXYBAJIBLHUH JIIOK; 4 - KpUIIKA; 5 - BiIOIHHUK;

6 — mycKkoBU# MyJIbT; 7 - €IEKTPOIBUTYH.



Puc 1.2 noopionrosau 3 enekmponpugooom: 1 - KpHIliKa 3aKpUTa; 2 - KpUILIKa

BIJIKpUTA; 3 - BTYJIKA; 4, 5 - HIXK; 6 - HIX B 310paHOMY CTaH1 3 BTYJIKOIO

TexHOJOrYH1 XapaKTePUCTHUKH :
[TpoxyxkruBHicTs: 10 100 kr/rox.;
[ToTtyxHicTh enexkrpoasuryHa: 500 Br;

YacroTa obepranHs: He Oibime 3a 65 00/XB.



1.2 Iloopionurweau I13K-1

[ToapiOHIOBAY 3aCTOCOBYETHCS JUTsI MOAPIOHEHHSI 3€pHA 1 KOPECHETIIOMIB.

Puc.1.3 3acanvnuii 6uensio noopionwoeaua 3epua i KOpeHeniooie
«II3K-1»: 1 - nycKkoBu#l MyJbT; 2 - aMIIEPMETP KOHTPOJIIO HABAHTAKEHHS; 3 -
CUTHAJIbHA JIaMI1a; 4 - eJIEKTPOJIBUTYH; 5 - KOPIYC JJIsl HOJIPIOHEHHS! CUPOBHUHH; 6 -
MaxoBUK; 7 - KpHIlKka OyHKkepa; 8 - 3aTuckay; 9 - 3miHHUI OyHKep; 10 -

Hampagsisitoua; 11 - emHicTh; 12 - HIXK.

TexHONOT1YH1 XapaKTePUCTHUKH :
[IpoIlyKTUBHICTB:

[Ipu noapidueni 3epHa 50-100 kr/rox.

[Ipu noapibueni Tpasu 30 kr/ros.
Monynb noipiOHeHHs 3epHa: He OuIbIl 2,6 MM.;
JoBxuHa TpaBu: 15 MMm.;
[ToryxHictio enexkrpoasuryHna: 0,6 kBr;
["aGaputHi po3mipu: 630%x592x1240 mwm;

Bara oOnaguanus: 35 Kr.



1.3/Ipobapka niosicna «/II11K-1»

MexaHi3M OpUBOAY aKTHBYEThCS BiJl Baja BiAOOpPY MOTYKHOCTI MOTOOJOKa
MBb-1 3a momomororo kiamHOMacoBoi mepenadi. [lompiOHIOBaY oOJagHAHUN IBOMA
3MIHHUMHM HacaJkaMH: OJiHa Ui JpiOJieHHs 3epHa, a IHImA JUIsS MOJApIOHEHHS
KopeHeruoniB. Y 1eHTpi kopnycy (11) posMileHnii KOpOTKHE Bajl i3 IIKIBOM Ha
HOTO0 KIHITI.

1- nuck;

2- OTBIp JUIsI KPIMJICHHS TUCKA
3- HIXK

4- BUIIKa,

5- OyHKEp CUpPOBHUHU;

6- 3MiHHA HACaJKH JJIsI 3€PHA;
7- TBUHT 3 MaXOBHKOM,;

8- peiika;

9- mroka;

10-BigKHIHUI TBHUHT 3 MAXOBHUKOM;

11- xopmyc;

14 13

12- omopa;
Puc. 1.4 J[pobapxa niosicua .
13- 5x01100 11715 1Mo1a4yi CHPOBUHU,
kopmosa «/IIK-1» . .
14- 3miHHA YacTUHA JISI TIOJIP1OHEHHS
TUIOJIIB;
TexHONOT1YH1 XapaKTePUCTUKH :
[Tpu noapidueni 3epHa 300 kr/rox.
[Tpu noapidbHeni kopenemwtoaiB 600 Kr/ro.
CepenHiii po3mip NoIpiOHEHOTO MPOAYKTY:
Comoma—10-15 mm.;
3epno—1,2-1,8 MMm.;
[ToTyxHicTiO enekTpoaBuryHa: 1,1 kBr;

["abaputHi po3mipu: 680*640%1220 mm;

Bara oOnagnanus: 38 Kr.
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1.4 Enekmpoopoéapka xapuoeux gioxodie EJ/[-T-1 no3Boise moapiOHIOBaTH Maike

BC1 B XapuyOBHUX Ta POCIMHHUX BIJIXO/IB.

]

Puc 1.5 Enexmpoopobapka EJ/[-T-1: (a)- 3aranbHuid BUTJIS 1 KOHCTPYKTUBHO-

TEXHOJIOT14HA cXeMa, (0) - enektpoapodapka: 1 - criiika; 2 - TBUHT KPIIJICHHS
CTIHKH; 3 - THUCK 3 JTonacTaMu; 4, 5 - HIOKHIN 1 BEPXHIN HIXK; 6 - 3aBaHTOXXYBaJIbHUN
OyHKkep creben; 7 - 3aBaHTaKyBaJIbHUN OYHKED; 8 - KOpIryc; 9 - O0NIT KpIIJIeHHS
pobounx opranis; 10 - mpoTuBopis; 11 - BuBanTaxxyBay; 12 - mnardopma; 13 - mumra;

14 - Gount KpinueHHs ABUTYHA; 15 - enekTpoaBUryH; 16 — mycKoBHUil MyJbT

EdexTuBHicTh poOOTH ApOOApKU 3HUKYETHCS HABITH MPHU JIETKOMY 3aTYIJICHHI
HOXIB (J1€3), TOMY PEKOMEHIYEThCS CUCTEMATHYHO X 3aTodyBat. [IpomayKTUBHICTH
IpoOapKu TpH pi3aHHI XapyoBHX BIAXOIIB ckiamae He MeHmie 80 Kr/roja, a mpH
pi3aHHI cTeOenpbuaTux OOpi3HUX TUIOK - He MeHmie 50 kr/ron. EnexkrpoaBuryHn mae
noTyxkHicTh 0,6 kBT, yactoTa o0epTanHs Baia cTaHOBUTH 2940 00epTiB 3a XBUIIUHY,
maca apobapku - 30 kr, Ta ii OOCIyroByBaHHS MOXJIUBE OIHIEIO JIOAMHOIO.

11



1.5 /lpoobapxa 3epna /3-T-1

HpobGapka 3epna JI3-T-1 (puc. 1.6) Mae 3MIHHI pEILIITKH, 3 OTBOpPaMU
niaMeTpoM 4, 6 1 8 MM.

3epHo 3acumaeTbcsi B OyHKep 1 1 MOTIM BHUCHIAETHCS 4Yepe3 IIUIUHY B
IpoOWiIbHY Kamepy, sKa pO3TalloBaHAa MK JeKaMH Ta O0epTOBUM B Kamepi
MOJIOTKOBUM poTOopoM. Ilicist moapiOHEHHS MPOAYKT HAMpPaBIAETHCA B HaIllpPHHMA
KaHan 6, kUil 3a0J0KOBaHMM Ha BHXOAlI pemieToM. J[piOHI YaCTUHKH MPOXOMASTH
yepe3 OTBOPU pelleTa, a YacTKU, PO3MIp SKUX IEpPEBUILYE J1IaMETp OTBOPIB,
3aXOILTIOIOTHCS MOJIOTKAMH 1 TMOBTOPHO HAACHIAIOTHCA B IPOOMIIbHY Kamepy AJis

JI0JIaTKOBOTO JIPIOHEHHS.

N

|
|
& 186

77

@365

o

a )
Puc 1.6 lpobapxa 3epna J[3-T-1. a- 3aranbauil BUTTIAL; | — 3aBaHTaXyBaTbHHM
OyHKep;

2 — maTpyOOK BUBAHTAXKEHHS;, 3 — KOPITYC; 4 — €IEKTOPJBUTYH; 5 — €JIEKTPOTIPOBII;
6 — HanpaBIsItOUMi KaHat; 7 — OJIOK KOHJIEHCATOPIB; O — MOJIOTKOBUI POTOD;

1 — MotoTOKH; 2 — majeIp; 3 — poTop;

TexHONOT1YH1 XapaKTePUCTUKH :
[TponyktuBHicTs 30 — 60 kr/roa.; CepenHiii po3Mip NOAPIOHEHOTO NPOAYKTY —

3epno: 0,8-1,2 mm; [oTyxkuicTio enekrpoasuryHna: 0,6 — 1,1 xBT;
12



1.6 Mikpoodpobapra MK/[-D-1

3epHo 3acumaethcs B OyHkep 4 (muB. puc. 1.7) 1 moTiM dYepe3 BCTaBKY 2
noAaeThes B Kopiryc 19, ne BinOyBaeThes moipiOHEHHS MK JieKoro 11 Ta ob6epToBUM
poTopoM 5, Ha SKOMY BCTaHOBJCHI ¢pe3u 16. YaCcTHHKH, pPO3MIp SIKHX MEHIIE
JiamMeTpa OTBOpIB y pemniTii 12, BUManaloTh y MIIIOK, IO 3aKpIIJICHUH Ha MIIIKO-
TpuMaui 17 (apoOapka Mae JIBl pEUIITKH - 3 OTBOpaMmH jiameTpoMm 3 1 4 mwm). s
3a0e3neyeHHs sIKICHOTO ToApiOHEHHs 3epHa ONTUMAajbHa BiACTaHb MIX (pezamu 16 1

JIEKOIO

W B 76K BRI
Puc 1.7 Mixpoopobapxa MK]/[-D-1

TexHOJOrYH1 XapaKTePUCTUKH :
[TponykruBHicTs 35-60 Kr/roxm;
noTyxHicTh 0,45 kBT;

["abaputHi po3mipu 420%x525 mm, maca 20,8 Kr.
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Takox JOCTyNHI MaTEHTHI 3as8BKH HA MPUCTPOI ISl MOAPIOHEHHS CHPOBUHH.

1.1 Iloopionrweau xopmis.

19 RU [112168296 13(C1

(51) MIIK 7 Ao01F29/00

Cratyc: no ganHbM Ha 27.04.2012 - npekpartui nericteue [lonuimHa:

(21), (22) 3aseka: 2000120281/13, 01.08.2000

(24) Jlara movaTKy Bi[UIIKy TEpMIiHY Jii IaTeHTa:
01.08.2000

(43) Jlara my6mikanii 3assku: 10.06.2001 (71) SastBHIK(1): Caonos

(45) Ony6uikosano: 10.06.2001 Adnecanup Cepreesu
(72) Asrtop(u): CadonoB A.C.,

(56) Criucox MOKYMEHTIB, IIUTOBAHUX B 3BITI MPO JursunB.H., Mave1os A.®.

nomyk: RU 2125363 C1, 27.01.1999.RU 1521367
Al, 15.11.1989. SU 1464960 A1, 15.03.1989. SU
1653626 A1, 07.06.1991. SU 2080770 C1,
10.06.1997. SU 1642551 A1, 15.04.1991. SU
23490, 31.10.1931. FR 2420912 A1, 26.10.1976.
KYJAKOBCKH W.B. u ap. Mammebel u
o0opynoBaHHe [Jisi NPHUTOTOBJEHHS KOPMOB.
CnpaBounuk. Y. 1. - M.: Pocceanxousnar, 1987,
¢.210-211, puc.63.

(73) IlatenroBnacuuk(u): CadonoB
Anexcanap CepreeBu4

(54) INoapiouoBau xopmis https://www.freepatent.ru/patents/2168297

Bunaxin npusHadeHuit A1 nopiOHEHHS POCIMHHUX KOPMIB 1 MOXe OyTH BUKOPUCTaHUN Ha
TBapUHHUIBKUX (epmax. IloapiOHIOBau MICTUTh BEpTHKalIbHY KaMmepy, ILIO0 IOJA€ Ta
BUBAaHTAKYBaJbHI MPHUCTPOi. Y KaMepi PO3MILIEHO HEPYXOMHUH IUCK 31 IITU(TAMH Ta
JUCKOBHH POTOP 3 pPSOaMH MajbIliB, PO3TAIOBAHUMH I10 KOHIEHTPUYHHX KOJaX MIX
mrupramu. Ha nuckoBomy poTopi BcTaHOBIEHI Jjonartku. I[IpuBiax aumckoBoro poropa
BUKOHAHWH Yy BUTJISAI PO3TAIIOBAHOTO BCEPEAMHI TOPIIEBOTO KaMepH eNEKTPOABHTYHA 3
HEPYXOMHUM CTaTopoM, 10 Mae (opMy Kigbls. POTOpoM elIeKTpoABHUIYHA € YacTHHA
JUCKOBOTO pOTOpa, sfKa 3BEPHEHA 10 CTaTopa, BUKOHAHA Yy BUIJISAL IJIOCKOTO KUIbLA 3
MarHiTONpPOBITHOIO MaTepialy 3 HOKPUTTSIM 3 €JIEeKTPOIpOBiHOro Marepiany. Bunaxin
3abe3rnevye MiIBUIIEHHS 3pYYHOCTI eKCIUTyaTallii moapiOHIoBa4a B OOMEXEHUX yMOBaxX 3a
PaxyHOK CIIPOIIEHHS HOro KOHCTPYKIIil, 3MEHILIEHHsI Baru Ta rabapuTHUX PO3MIpiB, a TAKOXK
HIJBUIIEHHS SIKOCTI MOJPIOHEHOro MNPOAYKTY Ta NPOAYKTHBHOCTI MOApiOHIOBaYa IpHU
3HWKEHHI €HeprOEMHOCTI MPOoIiecy MOAPiIOHEHHS KOPMIB.

BuHaxis BiIHOCUTBCS 10 CUTBCHKOTO TOCHOAAPCTBA, a caMe J0 MPHUCTPOIB A MOIpIOHEHHS
CTEOMMHHUX KOPMIB, HAllPUKIAl COJIOMH, 1 MOKe OyTH BUKOPHUCTAaHE Ha TBAPUHHMIIBKUX
depmax Ta KOMOIKOPMOBOT IPOMHUCIIOBOCTI.

Binomuii moapiGHIOBaY TpyOMX KOPMIB, IO MICTUTh BEpTUKaIbHY Kamepy, Nojae i
BHUBAHTAXyBaJIbHUN MIPUCTPIii, pO3MIIIEH] BCEPEIUHI KaMepH HEPYXOMUH JAUCK 31 IITHPTaAMH
1 JUCKOBHH pOTOp 3 psAaMy MaiblliB, PO3TAMIOBAHUMH IO KOHUEHTPHUYHUX KIUT MIXK
mTudTamy, 1 3 JJomaTkaMH, BCTAHOBJICHUMH Ha JTUCKOBOMY POTOpI, 1 MPHBiA, BUKOHAHUU y
BUTJISII €NIEKTPOABHUIYHA, PO3TAIIOBAHOTO HAa paMi, POTOp SKOTO 3'eAHaHUl My(drToro 3
JTUCKOBUM POTOPOM
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Heponiku 11p0ro BitoMoro noapiOHIOBava rpyOoux KOpMIB MOJIATAIOTh Y HE3PYYHOCTI HOro
BUKOPUCTAHHSI BHACIIJIOK BEIMKHUX Ta0apUTHUX PO3MIpPIB MOJAPiOHIOBaYa Ta 30BHINIHBOTO
po3TalryBaHHS €EKTPOJIBUTYHA, BUCOKOI BAPTOCTI OCTAHHBOTO Ta 3HAYHUX BTPAT €HEPril y
JIBUTYHI, @ TAKO’XK HU3bKOI CTINKOCT1 poOOTH MOApiOHIOBAYA.

Januii BimoMuii moapiOHIOBaY KOPMiB KOMIAKTHHM 1 3pyYHHMI B €KCIUTyaTallii, IpoTe Mae
JIOCUTBH CKJIQJIHy KOHCTPYKIIIFO 1 Ma€ BHCOKY MaTepiaJIOMICTKICTh, & TAKOK BUMAarae HU3bKOT
HIBUJIKOCTI 0OEpTaHHS JUCKOBOTO POTOPA, pPO3TAIIOBAHOTO 3 OOKYy IMOJABAIBHOTO Ta
BUBAaHTAXXYBAJBHOTO TMPHUCTPOIB, IO MPU3BOJUTH JO TMOTIPIICHHS SKOCTI MOAPIOHEHOTO
MPOIYKTY, 3HW)KCHHS TMPOJAYKTHBHOCTI TMOApiOHIOBAaYa Ta IMJABUIICHHS EHEPrOEMHOCTI
poLeCcy MOAPIOHEHHS KOPMiB

3aBIaHHsIM LHOTO BUHAXO/AY € MiABHILEHHS 3pYyYHOCTI eKCIUTyaTallil moapioHioBaya KOpMiB
3a PaxyHOK CHPOLICHHS HOro KOHCTPYKIii, 3MEHIIEHHS Bard Ta ra0apuUTHUX PO3MIpiB, a
TaKOXX MiJBUIIEHHS SKOCTI MOAPIOHEHOTO MPOIYKTY Ta MPOAYKTUBHOCTI MOIpiOHIOBaya
KOPMIB IPY 3HIKEHHI €HEPrOEMHOCTI MPOIIECY MOAPIOHEHHS KOPMIB.

PimenHs mocTaBiieHol 3a/1a4i JOCSATAEThCS TUM, L0 y MOAPIOHIOBaYa KOPMIB, IO MICTHTh
BEPTUKAJIBbHY Kamepy, MOAa€ 1 BUBAHTAXYBAIBHUN MPUCTPiii, pO3MIIIEHI BCEpEANHI KaMepu
HEPYXOMHUH TUCK 31 ITHU(TaMU 1 TUCKOBUN POTOP 31 BCTAHOBJIEHUMH Ha OJIHIM HOTr0 CTOPOHI
JIOTIATKaMH¥ 1 psiIaMU TANbLIB, PO3TAIOBAHUMH 10 KOHIEHTPHUYHUX KT MK mTH(TAMH, 1
3MOHTOBAHHI BCEPEIMHI KaMEPH C€JIEKTPOJABHUIYH, III0 Ma€ HEPYXOMHIA CTaTOp i pOTOp, IO €
YaCTUHOIO 3TaJIaHOTO JMCKOBOTO POTOpA, 3TiHO BHHAXOAY EJEKTPOJIBUTYH BHKOHAHHMA
TOPIEBHUM 3 pOTOPOM 1 CTaTOPOM Yy BUIJISAL IUIOCKUX KiIElb, IMPHUYOMY pPOTOP
CJIEKTPOJBUTYHA CKJIQJA€THCS 3 MAarHIiTONPOBIAHOTO Marepialy 3 MOKPUTTAM 3
€JIEKTPONPOBITHOTO MaTepialy 1 CMiBBICHO 3aKpIIJICHUI HAa CTOPOHI HE HECYYOi JIOMATKH Ta
nayblli, a CTaTop EJNeKTPOABHTYHA PO3MIMICHWH MK CTIHKOIO KamMepd Ta CTOPOHOIO
JIMCKOBOTO POTOPA, Ha SIKil 3aKPIIUICHO KIJIBIIE pOTOpA €IEKTPOJABUIYHA, TIPH IIbOMY pO3MipH
JIMICKOBOTO pOTOpA, CTaTopa Ta poTOpa eNeKTPOABUIYHa 00paHi i3 cmiBBinHOmMEeHb: Den/D.p
=0,40 - 0,6; Den/Da.p = 0,2 - 0,35,

ne Da.p - niametp nuckoBoro poropa, Den - 30BHILIHIN JiaMeTp KiJielb poTopa Ta cTaTopa
eJIeKTPO/IBUTYHa, dell - BHYTPIIIHINA JiaMeTp KUIelb poTopa Ta cTaTopa eJIeKTPOABUTYHA.

HeoOxiaHicTh miABHUILEHHS CTIHKOCTI poOOTH moApiOHIOBaua OOyMOBIJIEHA THUM, IO MpHU
MiJBUIICHIH BOJOTOCTI COJOMa BaXKKO MiAAA€ThCs MOAPIOHEHHIO, cTeOja 3aBHCAlOTh Ha
mTU@Tax 1 3arajJbMOBYIOTh JIUCK, B PE3YyJbTaTl YOrO JIBUTYH MOXXE€ BTPATUTH CTIMKICTh
CyTHICTh BMHAXOAy MOSICHIOEThCS KpecleHHsIMH, Jie Ha ¢ir. 1 300pakeHO moapiOHIOBay
KOpMIiB, MTO3JI0BKHIN po3pi3; Ha dir. 2 - Te came, NONEPeUHUid cTyniHYacTuil po3piz A-A Ha

¢ir. 1.

[TonpiGHIOBaY KOpPMIB MICTUTh BEpPTHUKaJIbHY HNOJAPIOHIOBANBbHY Kamepy 1, 1o mnopae
TPaHCIIOPTEPHUI NpUCTPil 2, BUBAaHTaXyBaJIbHUM NpUCTpiil 3, BUKOHAHE Yy BUIJIAAIL
narpyOKa, TaHI€HIIaJIbHO PO3TAllIOBAaHOTO Bropi kamepu 1 1 Mae mUpuHy, NPUOIU3HO PIBHY
MOJIOBUHI OChOBOI JOBXKMHU Kamepu 1. Ycepenuni kamepu 1 po3milieHi HepyxoMuil auck 4
JUCKOBUH pOTOpP 6 3 BCTAaHOBJIEHUMHM Ha OJHIA HOro CTOPOHI psAAaMu HalbLiB 7,
PO3TAIIOBAaHUMH MO KOHLIEHTPUYHUX KUJT MDK IITU(TaMHU 5, 1 pagiaibHUMU JonaTkaMu 8 1 9,
TOPILIEBHUI €JIEKTPOIBUTYH, 110 CKJIQAAEThCS 31 cTaropa y popmi kbl 10 1 potopa 11, sxuii
ABJIsIE COOOI0 YaCTHHY JHCKOBOTO poTopa 0, 3BepHeHy 1o ctaropa 10.

Potop 11 enexTpoaBUryHa BUKOHAHHWM Yy BHIVISIII IJIOCKOTO KIJBIS, IO CKJIAJA€THCS 3
MarHiTONpPOBITHOIO MaTepialy 3 MOKPUTTSM 3 €JEKTPONPOBIAHOTO MaTepialy Ta CIiBBICHO
3aKpITJICHOTO Ha CTOPOHI TUCKOBOTO poTopa 6, He Hece sonaTku 8 1 9 1 maneii 7. Ctatop 10
€JIEKTPOJBUTYHA BUKOHAHUN Y BUIJISAI IUIOCKOTO KIJBISL 1 PO3MILIEHHH MK CTIHKOIO
KaMepu | 1 CTOpPOHOIO AMCKOBOrO poropa 6, Ha SIKIM 3akpilmieHo Kuiblle poropa 11
€JIEKTPOJIBUTYHA.
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[ToapiGHIOBaY mpalioe B Takuii croci6. BuxigHuii marepiajn, Hampukial cojoma, 3 MojAae
TPAHCIIOPTEPHOTO MPHUCTPOIO 2 1 M JII€I0 MOBITPSTHOTO TOTOKY, CTBOPIOBAHOTO JIOTIATKAMH
9, BTATYyEThCA B MOAPiIOHIOBANBbHY Kamepy 1, ne minx giero mTH@TIB 5, po3TalmioBaHUX Ha
HEPYXOMOMY JIUCKY 4, 1 MaJblliB 7, pO3TAIIOBAHUX MK IITU(PTAMU 5 Ha 00EPTOBOMY POTOPI
6 BinOyBaeThCs MOAPIOHEHHS KOPMY 3a PaxyHOK HOTO 37amy, pO3pHUBY 1 MEpPETUPaHHS 0
notpiOHOi Qpakiii, TOTIM TOTOBUH TNOAPIOHCHUH NPOAYKT TOBITPSIHUM MOTOKOM 1
JonmaTkaMM 8, a TaKoX IIiJ] Ji€I0 BIJIEHTPOBUX CHJI BHKHJIAETbCA B MaTpyOOK
BHUBaHTa)KyBaJIbHOT'O TIPUCTPOIO 3.

Bukonanus cratopa 10 enekrpoaBuryHa y ¢Gopmi KiUIbId 1 PO3MIMIEHHS BEPTUKAIBHO
BCEpEAMHI KaMepH, KOIM pPOTOpP EJNEKTPOABHUIYHA € YacTUHOI po0odYoro opraHy
noApiOHIOBaYa KOPMIB, JI03BOJISIE 3HU3UTH rabapyuTH MPUBOY, MOJIMIIATHA HOTO EHEPTeTUYHI
MOKA3HUKH.

Januii monpiOHIOBaY KOPMIB Ma€ MPOCTYy KOHCTPYKIIiIO, TOMY € MPOCTUM Y BHTOTOBIICHHI,
3pyYHUM 1 HaJIMHUM B eKCIUTyaTallli, KpiM TOTrO, BiH Ma€ HEBEJIMKY Bary i 3MEHIICHI
rabapuTHi po3Mmipu, TOOTO. € KOMIIAKTHUM 1 3pY4YHHM JJIsi BUKOPUCTAHHS B CTHCHEHHX
yMOBax, a TaKOX 3JaTHUH 3a0€3MeYUTH BHCOKY SKICTh NOAPIOHEHOTO MPOAYKTY Ta
HEOOXiHY HPOIYyKTHBHICTh P 3HIKEHHI €HEPrOEMHOCTI MPOLIeCy MOAPiOHEHHS KOPMIB.

dbopmyna BUHAXOY

[TogpiOHIOBaY KOpMIB, IO MICTUTh BEPTHKAIBHY KaMepy, IOJa€ 1 BHBaHTaKyBaJIbHI
MPUCTPOT, PO3MIILIEHI BCepeInHI KaMepy HEPYXOMUI AUCK 31 ITU(TaMU 1 AUCKOBUN POTOP 3i
BCTAaHOBJICHUMH Ha OJIHiil OTO CTOPOHI JIOMATKAMH 1 PsiIaMU TMajblliB, PO3TAIIOBAHIUMHU IO
KOHIICHTPUYHHUX KOJaX MDK IITH(PTaMH, i 3SMOHTOBAHHI BCEPEIMHI KaMEpPH EICKTPOJBUIYH,
0 Ma€ HEPYXOMHUH CTaTop pOTOp, M0 € YACTHHOKI 3TaJaHoro JAWCKOBOTO pPOTOpA,
BIJIPI3HSIETHCS TUM, IO CJICKTPOJBUIYH BUKOHAHWI TOPIIEBHM 3 POTOPOM 1 CTATOPOM Y
BUTJISIAL TUIOCKMX KiJIeIb, IPU IIbOMY POTOp E€JIEKTPOJIBUTYHA CIIIBBICHO 3aKpiIlJICHUH Ha
CTOPOHI JIUCKOBOT'O POTOpPA, HE HECE JIONMATKH 1 Majblli, 1 BAKOHAHUN 3 MarHiTOMPOBIIHOTO
Mmarepiany 3 marepiaiy, a CTaTOp €JEKTPOJBHUTYHA PO3MIIIEHUI MK CTIHKOIO KaMepH Ta
CTOPOHOIO JIUCKOBOTO pPOTOpa, Ha SKIM 3aKpillJIeHO KiJIblle pOTOpa €JEKTPOABUTYHA,
OpUYOMYy PO3MIpH JHCKOBOTO POTOpa, CTaTopa Ta pPOTOpa eNeKTPOABHTYHAa BHOpaHi i3
CITiBB1/IHOIIICHb.
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1.2 Pixcyuii maun ona noOpioHeHHA CUHMEMUYHUX MAMEPIaTbHUX min
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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-
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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 parallel 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, 105, 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 (3X4=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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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
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rotor knives. To conserve energy, it would be desirable 20

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 30

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. 40

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 same 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.
* % * *x ¥
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2. 3agayi qocaixKkeHb

VY (dapmaneBTuuHiii cepi pocaHHA CUPOBHHA, TaKa SK TPaBH, KOpa, TUIOAH 1
KOPIHHS, BHUKOPHUCTOBYETHCS [IJI1 BUTOTOBJICHHS EKCTPAKTiB, HACTOSHOK, €(ipHUX
omiit 1 cupomiB. g OAHOPIAHOTO BUIUICHHS LIJIBOBOTO KOMIIOHEHTY CHUPOBHHY
MOIPiIOHIOIOTH HA OJTHAKOBO PO3MIPHI YaCTUHKH.

Haii6inp nomupeHuM METOA0M MOJPIOHEHHS TpaBH, JIUCTS 1 T1IJIOK € METOJ
pizanHsa.  Yacto  pizagpHe ~— OONAgHAHHS  XapaKTEPU3YEThCS  BUCOKOIO
€HEProCIOKMUBAHICTIO Ta BHCOKMM 3HOCOM MAaTepiajiB 1 He 3aBkAu 3abe3redye
HEOOX1/IHY SKICTh Pi13aHHS.

Axkmyanvnuicmo memu

BupoOHUIITBO JTiKapCchKUX 3ac00iB M0 PiYHO 3pocTae. IcHyrode oOmaaHaHHS HE
3a0e3neuye MIBUJIKOTO BHPOOHUIITBA, BUCOKOI MPOAYKTHBHOCTI Ta SKOCTI pi3aHHS.
YacTum BUITAJIKOM € HAMOTYBAaHHSIM CHPOBUHU Ha HIK TUM CaMUM 3MEHIICHHS HOTO
IIBUJIKOCTI, TPOIYKTUBHOCTI 1 BUBOJAUTH 00JIaIHAHHS 3 poOOYOro crany. Tomy st
3aMo0IraHHI0 [IbOMY Ha BUPOOHHUIITBI MPUIISAIOTH BEJIMKY YyBary mpu BHOOPI
IIBUJIKOCTI Ta 3aBAaHTAXKEHHIO, 1 MOCTIMHO KOHTPOJIOIOTH MOJady MPOAYKTY IS
TOrO, 11100 00JIaIHAHHS MOJAPIOHUIIO Ty CUPOBUHY sKa BXXE 3HAXOJUTHCS B OYHKeEpi, a
1€ 3MEHIIIY€ MPOAYKTHUBHICTb.

VY HaykoBii Ta JIOBIJKOBIH JliTepaTypl BIICYTHI JaHi OO0 BUOOpPY MapameTpiB
Mpollecy pi3aHHS POCIWHHOI CUPOBUHU. B HacTymHMiIl yac, 3aBIaHHS Hapi3aHHS
MPOJYKTY BHUPIIIYETHCS MUISXOM EMIIPUYHOTO MiA00PY YMOB Ta PEKUMIB Pi3aHHS.
[le MOSCHIOETHCS CKJIAAHICTIO YpaxyBaHHs (DakTopiB, K1 BIUIMBAIOTh Ha MpOLEC, A
TaKOXX  HEIOCTaTHICTIO  JaHUX TMPO  3HAYECHHS  CTPYKTYPHO-MEXaHIUHUX
XapaKTEPHUCTHK.

Jlo TOro 3k, HE ICHY€ IOCKOHAIHMX, MPOCTUX Yy 3aCTOCYBaHHI METOIB, 3a
JIOTIOMOTOI0 SIKMX MOYHA JOCTIIUTH TPOLeC pi3aHHS 1 MaTeMaTUYHO OMHUCATH HOTO
3aKOHOMIPHOCTI, @00 BCTAHOBUTH PaIllOHAJIbHI TTapaMeTPH MPOBEICHHSI MPOLIECY.

[lepcnieKTUBHUM € BHUKOPHCTAaHHS MAaTEMaTUYHOTO MOJCIIOBAHHS TIPOIECY
pi3aHHs, sIKE€ JOMOMAara€ IOCITiIKyBaTH WOTO 3 METOI YJIOCKOHAJCHHS, 3HAYHO
3MCHIIIYIOUH MPU [IBOMY BUTPATH Ha MPOBEACHHS (Pi3nyHUX ekcrepuMeHTiB. OTxke,
JUTSl YAOCKOHAJIGHHS TPOLIeCYy pi3aHHS HEOOXIHO TPOBECTH HOTO MOrIuOJeHe,

BceOlyHe AochimkeHHs. Lle miarBepKye akTyaabHICTh BUOPAHOT TEMH.
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Mema i 3a60anna 00CLONHCEHD

Ha ocHOBI mpoBemeHOro JiTepaTypHOTO OIJISAy OyJi0 BHU3HAYEHO METY 1
3aBJaHHS JOCHTIKeHb. MeTa JOCHIKeHb NOJSIrae B YIOCKOHAJIEHHI Mpolecy
pizaHHs cTe0es i JUCTS POCIMHHOI CHPOBHHHU, 3 YpaxyBaHHSIM HOro CTPYKTYpHO-
MEXaHIYHUX BIIACTUBOCTEW, 3 METOI0 3MEHIICHHS BHUTpAT €Heprii Ha pi3aHHA 1

MOKpAIIeHHS SKOCTI IIPOLECy.

VY BIAMOBITHOCTI 3 MOCTABJICHOK METOO OyJIM BU3HAYECHI TaKl 3aBJAaHHS:

1. Po3pobuTu METOAMKY AOCIIIKEHb, 1110 BKJIIOYAE YAOCKOHAIECHHS KOHCTPYKIIIH
EKCIIEPUMEHTAJIbHUX YCTAHOBOK Ta pPO3pOOKY BIAMOBIIHUX METOMIB IS
IPOBEJECHHS J10CIIIIKEHb.

2. BubOpatn matemMaTH4HYy MOJENb PYXy Jie3a B IIapi MPOAYKTY MpH pi3aHHi, 3a
JOTIOMOTOI0  IKOI MO’KHa BHU3HAYUTU 3aJIEKHICTh 3yCWJUIA pI3aHHSA BiA
IIBUIKOCTI Ji€3a JIJIsl POCJIMHHOI CHPOBHHH.

3. IIpoBectu excriepruMeHTaIbHI TOCITIHKEHHS Ta BU3HAYUTH 3AJICKHICTh 3y CHILIS
Ta SIKOCTI1 Pi3aHHS BiJ] MIBUIKOCTI.

4. Hamatu pexomeHpallii 1070 BHOOPY pPEKUMHHX TapaMmeTpiB pi3aHHS

POCIIMHHOI CUPDOBHHH.

00°ckm i npeomem 00cniorHceHb
06 ’exm 0ocniodicens - IPOIIEC PI3aHHS POCITHMHHOI CHPOBUHU, a CaMe M’ SITH.
Ilpeomem Oocnioxncenvp - M’ATa, a caMe JIMCTS 1 crebna, pyx Hoxka(iesa) B
MPOJYKTI MPHU Pi3aHHI, CTPYKTYPHO-MEXAHIUHI BJIACTUBOCTI CUPOBMHU, HANIPYKEHHS
TEPTS B 30HI KOHTAKTY MPOAYKTY 1 HOXa(Jie3a), 3yCHIUIA Ta MUTOMa poOoTa pi3aHHs,

SKICTh MIOBEPXHI 3pi3y, 00JIaIHAHHS AJ1sI TOIP1OHEHHS.
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3. Metoauka aoc/iiIKeHb

JocnimkeHHs: BUKOHAHI 3a JIOMOMOTOI METOJIB MAaTeMaTUYHOTO 1 (PI3MYHOrO
MoJIeIOBaHHs. MaTemaTHuHa MOJENb IPYHTYETbCA Ha AudepeHuIiHOMY pIBHSHHI
pyxy ne3a B mapi npoaykTy. CTpyKTypHO-MEXaHiuHI BJIACTHUBOCTI MPOAYKTY,
3YCUJUISL TEPTSA NP MEPEMIIICHH] MPOAYKTY B3J0BK O1YHUX MOBEPXOHD JIe3a, a TAKOK
PEXKHMMHI TIapaMeTpH MPOLIeCy pi3aHHSA BU3HAUYEHI 3a JOMOMOIOI0 CTBOPEHHUX abo
YAOCKOHAJIEHUX €KCIIEPUMEHTATBHUX YCTAHOBOK 1 BIIMOBITHUX METOUK.

3.10nuc excnepumenmanbHoi ycmanosKku

JI1st OCHiIKEHHS MPOIIECY Pi3aHHsSI CTBOPEHO €KCIIEPUMEHTAIbHY YCTAHOBKY -
MasiTHUK, Ha KIHLI KOPOMHCIHA SIKOTO 3aKpIiIUIEHO JIe30, SIKE po3pi3ae€ MPOAYKT IpU
pyci MasgTHUKA. Y CTaHOBKa 3pydYHa THUM, IO B IIMPOKHX MEXaxX MOXHa 3MIHIOBATH
MIBUJKICTH pi3aHHs. J{JIs IOTO 3MIHIOETBCS KYT, 3 SIKOTO BIJIYCKA€ThCS KOPOMMUCIIO,
ab0 3MIHIOETHCS MOMEHT I1HEPIIi NUISIXOM NpUEIHAHHS JOAATKOBUX Mac 1 3MIHHU iX
MOJIO’KEHHS Ha Kopomucii. CxeMma yCTaHOBKH MOKa3aHa Ha puc.3.1

Kopomucino 1 kpinutbes 10 CTIHU 3a TOIOMOIOI0 pyXoMoro By3ia 7. i 3MiHU
MOMEHTY 1HEpLIi KOpOMHUCHA MO0 HbOMY MEPEMIIYETHCS 1 (PIKCYEThCA B MOTPIOHOMY
MoJIOKEHH1 BaHTax 2. Ha kiHIll KopoMucna B TpuMadi 3 3HaXOIUTHCS J1e30 4.

Hocniguuii  3pa3ok 12 mpomaykty QikcyeTbess Ha crom 9 TPKUMHUMHA
mactuHamu 11, Jlnsg  BCTaHOBJIEHHS MOTPIOHOI TJIMOMHM  pi3aHHA CTiT 9
NEPEMILY€EThCS B BEPTUKAIBHOMY HANpsIMKY 3a JOTIOMOTOK0 TBUHTOBOTO MPHUCTPOIO
10.

BkasiBHa cTpiika 6 MOXe 3IIHCHIOBATH PyX TIJIbKM B OJHOMY HAIPSMKY.
Kopomuciio BimBoAMTHCS Ha MOTPIOHUN KYT 1 BIAMYCKAETHCS, MPU I[LOMY JIE30M
po3pizaeTbcs TpoayKT. llicms po3pizaHHsS MOPOAYKTY KOPOMHUCIIO MasiTHUKA
MITHIMAETHCA PA30M 3 BKA31BHOIO CTPUIKOIO HA TIEBHUM KYT, 1 B JIAHOMY TOJIO’KEHHI
OCTaHHs 3a(IKCOBYETHCS, BKa3ylOUM Ha WIKaNl 5 KyT miaiiomy kopomucna. Llina
noAinku Ha mkam — 0.5 rpagyca. [IIBugkocTi jge3a mpu pizaHH1 peryrOI0ThCS ABOMA
criocobamu:

1. 3MiHOIO MOMEHTY I1Heplli Kopomucia. B ngaHomy BUNAAKY 3MIHIOETHCS
MOJIOXKEHHSI BaHTaXYy 2.

2. 3MIHOIO KYTa, 3 SIKOTO 3aITyIlI€HO KOPOMHUCIIO.
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[Tix yac nmpoBeeHHS AOCIIKEHb MPOIIECY Pi3aHHSI MU BUKOPUCTOBYEMO HIXK,
Je30 SIKOTO Ma€ TJIAAKy pi3alibHy KPOMKY 1 3arodeHe 3 000X cropiH. Jleso
BCTAHOBJICHO TMapajielbHO 10 KOPOMHCIA MasTHHUKA 1 BPI3AETbCS B MPOAYKT IIiJI
kytoM ¢ = 0°. BignmoBigHo 10 kiacuikaiii pi3HOBUAIB pyXy Jie3a B mpoaykTi [30],

pizaHHsl BiIOyBa€Tbcd HOPMaJIbHUM (pyOaroumM) CHOCOOOM, KOJH JIe30 po3pi3ae

MaTepial y HanpsMKY, 110 TePIEeHANKYIIPHUI 10 CBOET pi3aIbHOT KPOMKH.

6

Puc. 3.1 CxeMa ycTaHOBKH JjIsl AOCIIIJIPKEHHS TIpolLiecy pizaHHs: 1 - KopoMucio
MasiTHUKA; 2 - 3SMIHHUN BaHTax; 3 - TpuUMad Jjie3a; 4 - j1e30; 5 - mKkana; 6 - BKka3iBHa
CTpiJIKa; 7 — pyXOMHUii By307; 8 - cTaHuHA; 9 - poOouwnii cronuk; 10 - rBUHTOBUI

npucTpiif; 11 - mnactunm A ikcauii npoaykry; 12 - qocaigHui 3pa3ok.

[Ipn HOpManbHOMY (pyOarouomy) pi3aHHI HE TPaHCHOPMYIOTHCA KYT 3aTOUYKH 1
kpomka nie3a [30], Ha BiAMiHY BiJ] pi3aHHS 1] KyTOM.
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[Tig yac anamizy HayKOBHUX Mpaip 3 JAaHOI Teopii OyJI0 BCTAHOBIICHO, IO MPH
BIJIOMHX 3HAYEHHSX 3yCHJIb Pi3aHHS IMPU HOpMaJIbHOMY (pyOaroduomy) Bpi3aHHI Jie3a
B npoaykT [10, 30], Mo)kHa BU3HAYWATH 3yCWJUIA pi3aHHS Tia JCIKHM KyTOM a0o
KOB3aI0UOT0 332 YMOBH 3JIMIIEHHS MTapaMeTpiB Pi3aJIbHOI KPOMKH Jie3a HE3MIHHUMH.
ToMmy pe3ynbTaT EKCIEPUMEHTAIBHUX 3yCHJIb pPi3aHHS, OTPUMAHHUX TpHU
HOpMaJIbHOMY (py0arodoMy) pi3aHHI, MOXHa 3aCTOCOBYBAaTH JUISI PO3PaXyHKY
napaMeTpiB pi3aHHS HOXKEM, 1 MIPaBWIBHICTh 3pOOJICHUX MPUITYIIEHb MEPEBIPSIETHCS
EKCIIEpUMEHTAILHO. BUBEeHHS HEOOXIMHMX 3alIe’KHOCTEH MMOJAHO B HACTYITHHX
po3iiax poOoTH.

["'eoMeTpuyHi mapaMeTpu jie3a, IKe BUKOPUCTAHO TIPH JTOCIII>KEHHSIX:

pizanmpHa KpOMKa IJIaJKa 13 TBOCTOPOHHBOIO 3aTOYKOIO;

KyT 3aT0uku — 30 rpazx; roctpora ne3a — 0.03 mm.

['ocTpora ne3a Bu3HaueHa onTHYHUM MeToaoM [30].

3.2Busnauenna pexcumnux napamempie pooomu ycmanoeKu
CxeMa U1l BU3HAYEHHS NapaMmeTpiB poOOTHM MasiTHUKA IMPEACTaBiIeHA HAa pUC.
3.2. Jlna BU3HA4YEHHS MIBUIKOCTI Jie3a HEOOXIHO MaTu 1H(POPMAII0 MPO MOMEHT
1HEepIIiT KOPpOMHKCIIa MAaTHUKA 1 KOOPAMHATH MOTO IEHTPY MACH.
MoMEeHT 1Hepllii KOpoMUCIa MasiTHUKA BU3HAYAETHCA SIK CyMa MOMEHTIB 1HEpIIii
BCIX MOr0 CKJIaJI0BUX YACTHH.
1. Kopommucino. Burortosnene 3 Tpyou aiamerpom D=15 mm, qoBxuHOW0O | =

2 m1macoro m = 0.3468 kr. Toxmi 1 MOMEHT 1HEpIIii BITHOCHO OCi 00epTaHHS:

2 2
Izl:ml 20.3468 2 04624k - nf?
3
2. Kpimniennst nnst Hoka(neza). Maca nmerami 0.21 kr. Mae cknaaHuit

npodiib (puc. 3.2).

32



330

75

25

Puc. 3.2 Kpinnenns ons nosca(nesa),

[Ticns moOymoBu TpuBUMiIpHOI Moaemi (puc. 3.2) OTPUMAHO pe3yJIbTaTH:
BijcTaHb 10 meHTpy Mac 1c=0.043 M, MOMEHT iHepIIil AeTalli BiIHOCHO LIEHTPY Mac

[,=0.0001 k2 - m>.

Puc. 3.3 Pospaxynxoea cxema masmuuxa,

MowMmeHT 1Hep1ii BIAHOCHO OC1 0OepTaHHS:
l,,=1.+ml*=0.0001+0.21-2* =0.8401 xr -m?,

ne m - maca jgetanm, | - BiACTaHb Big 11 IIEHTPY Mac J0 oci oOepTaHHS

KOpOMHUCIIA.
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CymapHuii MOMEHT 1Hep1ii KOpoMuca:

I, = |Zl + |ZZ =0.4624 +0.8401 =1.3025 kr -m?
Biacranp Bijg oci 06epTaHHSI KOPOMHUCIIA JI0 HOTO IIEHTPY Mac:

> mr 0.3468-0.6+0.21-2
.o _ =113
“~ Sm 0.3468+0.21 |

JIe M 1 1j - BIAMOBIAHO MacH KOXHOI A€Talll Ta BiJICTaHb Bif iX IIEHTPIB Baru 10
oci o0epTaHHs.
[IBuakicTh HOXa(J1e3a) BU3HAYMMO 3 JAH(EpeHIiaIbHOrO PIBHIHHSI HOr0 pyXy
KOPOMHMCIIA:
: P-r-sing
" __ _ . " _
l-¢"=M=P-r-sing, spizxku ¢ _|7,

z

ne | - MoOMeHT iHepIii KOpoMHCIIa BiTHOCHO OCi OOEpTaHHS, ¢ - KYT ITOBOPOTY
KOPOMHCIIa BiJi BEPXHBOrO TOJOXKeHHS (puc.3.3), ¢@"- KyTOBe NPUCKOPCHHS

KopoMucia (SIK Ipyra MmoxigHa BiJ KyTa IOBOpOTY), P - 3ycuuisi Baru KOpoMucia,
NpUKJIaJeHa 10 Horo HeHTpy Mac, M - MOMEHT CHJI iHepIIii KOpOMHCIA, I — BIACTaHb

B1JI OC1 KOpOMHCIIA JIO HOTO IIEHTPY Mac.

JInist po3B’si3aHHsT PiBHSHHS BUKOPUCTOBYEMO 3aMiHHY: @' = Z, TO.i:

2= = Prsing
JZ
Tak six @' =z, ToMy ¢”=E2; EZ :ﬂsingo, IZdZ:J'PrSingp do

dp = do J, J;
2
Z—Z—ﬂCOS(0+C, z? :—ZECOS¢+C
2 3, 3,

/I .

3riIHO MPUMHSTOL 3aMIHU  Z = @

¢’2=C—2§rc05(p, ¢)'=\/C—2‘]PrCOS¢

z z

. o . 2
Binpauii wien C BU3HAYMMO i3 TOYaTKOBUX YMOB ¢, =0; @ =¢,:
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CZZTCOSgDO

z

@’ :\ ercos% - 2?005(0 :\/ZT(COSQJ0 —C0SQ)

z z z

[IBuIKICTH BUMIPIOEMO B HIDKHBOMY IIOJIOKEHHI KOpOMHCIA, TOMY @ =TT,
cosz =—1. JIist 3pydHOCTI BHMIipIOBaHb IOJIOKEHHS KOPOMUCIIA BUKOPUCTOBYEMO
KyT o (puc.3.3); a=7z—¢.

Pr Pr Pr
¢ =w= \/ZJ(COSgo +1)= \/ZJ(cos(;r —a)+1)= \/ZJ(l— cosa)

Zz 4 z

(BUKOpHCTAHO TIpaBWIIO: COS(7 —a) =—C0S ).
Bupas3umo KyToBy MIBHIKICTB 4epe3 JiHidHy @ =V /R, oTpuMyem KiHIIEBY

dbopMyIy A BU3HAUSHHS MIBUAKOCTI HOXKA(J1e3a) TIPU pi3aHHi:

V= R\/er(l—COSa),

z

ne R — mneuye kopomucia. KopoMucio ckinagaeTbes 3 KUIbKOX JieTalel, ToMy:

Y =R\/22‘]Piri (1-cosa), (1)

z
ne P;i - Bara okpeMoi AeTani KOpOMHUCHA, Ii - BIACTaHb BIJl LEHTPY Baru L€l
JIeTal 10 0ci KOpoMuca.
PesynbraTti po3paxyHKy MIBHJIKOCTI Jie3a Ha TOpIll Kopomwucia o (opmymi 1

npeCcTaBieHi Ha puc. 3.4.
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Puc. 3.4 BB kyTa miiiioMy KOpoMUCa Ha MBUJIKICTH Jie3a B IPOJYKTI

Po6ora, BTpaueHa Ha pi3aHHS:
A=>"P(h-h,)=>P-r(cosa -cos j),
ne > P- Bara Bcix neraneili kopomucia, h; - BECOTa mimiiomy IEHTpa Baru
KOpPOMHUCIIa B BUX1IHOMY IOJIO’KEHHI1, hy — BUCOTa miiioMy IIeHTpa Baru KOpoMmuciia
Micasl BUKOHAHOT poOOTH, T - BIACTaHb B OCl KOpOMHUCHA 10 WOTr0 LEHTPY Baru, o -
KyT BHUXIJIHOTO TIOJIO)KEHHS KOpOMHCHa, B - KyT MIAAOMY KOpPOMHCIIA TIiCIs

BUKOHAHOI POOOTH.
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3.3 Ilopsaook nposedenns 00CioHceHb.

JlociipKeHHsT TPOBOMIOCS HACTYITHUM YMHOM: CIIOYATKY 30Mpaucs mnamneposi
TpyOOUKH (SIKI MalOTh BJIACTHBOCTI, MOMAIOHI JO cTEOEN POCIUH), a TAKOX JIHCT
namnepy (CX0Xuil 3a BIACTUBOCTSIMH Ha JIUCTS POCIUH), K1 MOTIM BCTaHOBIIOBAIUACS
B TpuMaud 9 (nuB. puc. 3.1). Ilicig mporo KOPOMHCIO MasTHHUKA 3 HOXEM (JIE30M)
migHiMamocs T meBHUMH kKyTtamu o (10, 20, 30° 1 Tak mami) 1 BiAImycKamocs,
PO3pi3ar0uu JIe30M JOCIITHUIBKHUI 3pa30K. 3anucyBaBcs KyT [3, Ha SIKUW M1THIMAIOCS
KOPOMHCIJIO MasiTHUKa MICHs 3aBeplieHHs pobdotu. Ha OCHOBI OTpUMaHWX 3HAYEHb
KYTIB IIJISIXOM BUKOpUCTaHHS (GopMynu 1 BU3Hauanmacsi MIBUIKICTH BXOay VBX, M/C
je3a B IPOAYKT.

Takox BUMIPIOBABCS KyT MiIMOMY KOpPOMHCIA Ha XOJOCTOMY XOAY 3a PI3HHX
3Ha4YeHb KyTa MiANMOMY Ui BpaxyBaHHS BTpaT, MOB'S3aHUX 13 MOJOJAHHSAM OINOPY

pPyXy KOpOMHUcIia B MIUIMITHUKOBUX By3J1aX 1 MOBITPS.

Toni, 3rigHO opmMynH 1, MIBUAKICTB Ji€3a B MOMEHT BUXO/Y 3 IIPOJYKTY:

V.= R\/szir‘(l— cos(f + (a — ﬂemp)), m/c. (2)

ITig yac MonedroBaHHS IPOLECY PYXYy Jje3a B IIapl NPOAYKTY MPHUITYCKAETHCS, IO
HIBUKICTD JI€3a MPU Bp13aHHI B MPOIYKT 3MIHIOE€ThC JiHIMHO. 100 miaTBepauTH 110
rinotesy, MU TPOBOAMMO JOCIIPKCHHS, BH3HAYalOUMd 3MIHY IIBUAKOCTI Jie3a B
OPOAYKTI 3aJ€KHO BlJ IMHMOMHM MOro Bpi3aHHS B MPOAYKT. 3a3BUYa
BUKOPUCTOBYIOTh METO/I BIICO3MOMKH IPOILIECY, ajie Yepe3 BEIHUKY HIBUAKICTD Jie3a B
OPOAYKTI LI METOJ HE € 3aCTOCOBHHM. 3allpOIIOHOBAHO BUKOPHUCTOBYBATH TaKUU
MIJIX1; MATOTOBIIOETHCS IIMATOK MPOJIYKTY MEBHOI TOBIIMHM. Ha ycTaHoBIi aJis
JOCIIJKEHHST TIporiecy pizaHHs (mauB. puc. 3.1) 1meld mMaToKk po3pizaeThes, 1
(bIKCYIOTBCS MIBHUAKOCTI BXOAY 1 BHUXOIY Jie3a 3 MPOAYKTY IIiJ Yac pPO3pi3aHHS
(BukopucTtoBytoun popmyiu 1, 2). Jlani 6epeTbcs mMaToK 3 OUTBLION TOBIIHUHOIO, 1
TOM ke Tpoiiec MOBTOproeThes. [IIBUAKICTE BXOTY Jie3a MpU PO3pi3aHHI 3aTUIIAETHCS
TaKOI0 %k, AK 1 B IIEPIIOMY BHIIAJIKy, a OTPUMaHa MIBUAKICTh BUXOAY (ikcyeThes. Lle

IPOBOAUTHCA JUIS ACKUIBKOX IIMATKIB MPOIYKTY pi3HOT ToBIIMHU. [1ig yac mocTiitHO1
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HIBUAKOCTI BXOAY B MPOAYKT (DIKCYIOThCS IIBHJKOCTI BUXOMY Ji€3a 3 MPOIYKTY, 1100
BU3HAYUTHU, K 3MIHIOETHCS IIBUJIKICTh Ji€3a HAa PI3HUX TIMOWHAX, 110 BIAMOBIIAIOTH
TOBITMHAM IIMATKIB TMPOIYKTY. JOCHIIKEHHS TPOBOAATHCS TIPU PI3HUX MOYATKOBUX
HIBHIKOCTSX JI€3a.

CepenHs MBUAKICTH Jie3a B MPOIYKTI:

V6X + V6 ux
Vo=

J7is BU3HAUEHHS 3yCHIIb Pi3aHHS B 3aJICKHOCTI B/l IBUAKOCTI Jie3a B MPOAYKTI Ta

, M/c. 3)

HOT0 CTPYKTYPHO-MEXaHIYHUX BIACTUBOCTEN, MU MMPOBOJTUMO MaTeMaTHUIHE
MOJIETIOBAaHHS IPOLIECY PYXY Ji€3a B IPOAYKTI. Pe3ynbTraTtu [bOro MOJEIIOBaHHS 1
OTpUMaHy MaTeMaTU4YHY MOAEeIb ((hopmyiia 3) MU IPEACTABISIEMO B OKPEMOMY
O3/l MaricTepchkoi poOoTu. IlicTapisiroun oTpuMaHi eKCIIepUMEHTaIbHI JJaHl B
I[}0 MaTEMaTUYHYy MOJI€NIb, MM BU3HAUYAa€MO 3YCUJUIS Pi3aHHs AJIs JIUCTSA 1 cTe0en
M'ATH, BPaXOBYIOUH IIBUJIKICTh Jie3a B IPOAYKTI Ta Oro CTPYKTYpHO-MEXaH14HI

BJIACTUBOCTI.
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4. TocaixxeHHs1 Mpoiecy

4.1 Mooenrosanus npoyecy pyxy nesa 8 wapi npooyKmy npu pisaHui

AHaJli3 HayKOBHX JOCIIDKEHb TWIPOIIECY pi3aHHSA IMIJKPECIUB BIJICYTHICTh
MOBHOITIHHOI Teopii, ska O BWYEpIHO BigoOpakana ¢i3umuHy CyTh mporecy. Lle
YCKJIQJIHIOE PO3POOKY SKICHMX MaTEMaTHUYHUX MOJCJCH 1 MOJabIly ONTHUMI3aIliio
nporiecy. IcHyro9i pe3ynbpTaté AOCTIIHKEHb, B OCHOBHOMY, TIPEICTABIICHI Y BUTJISI
EMIIIPUYHUX 3aJIEKHOCTEH, IO HE PO3KPUBAIOTH B IOBHOMY O00CS31 MEXaHi3M
nporecy pizaHHsA. OCOOJMBO HEBUPIIICHUM 3QJIMINAETHCS MMHUTAHHS TEPEMIMICHHS
je3a B IIapl MPOAYKTY B HOPMAJIbHOMY 1 TaHTEHI[IaJbHOMY HampsMKax IiJ Yac
pi3aHHS.

HeoOxigHicTh Takux JOCHIIPKEHb TMOJSAra€ HE JIMIIE B yCTAHOBJIEHHI
ONTUMAJIBHUX PEXHUMIB Ppi3aHHA JUIsl €KOHOMIi €Heprii, aje W y OTpUMaHHI
BUCOKOSIKICHUX TIPOJYKTIB 3 MPHUBAOJMBUM 30BHIIIHIM BUMIISIIOM. Tomy Oyiu
IPOBEICHI TEOPETHYHI Ta EKCIEPUMEHTaJIbHl JOCHIPKEHHS, M0 JI03BOJWIH
pPO3pOOUTH MaTeMaTUYHy MOJIEIIb, SIKa aJIeKBaTHO OIKCYE MPOLIEC MEePEMIIIEHHS Jie3a
B I1api MPOAYKTY, 1 BU3HAYUTH ONTUMAJIbHI MIBUAKOCTI pi3aHHs JJIsI PI3HUX YMOB.

OTxe, nas JOCHIKEHHSI MPOLIECY pi3aHHsS 1 BCTAHOBJEHHS HOro mHapameTpiB
HEOOXITHO PO3POOUTH MaTEeMaTUYHY MOJIeNb, IO OIMHUCYE 3aJICKHICTh 3YCHIUIS
pi3aHHs BIiJl IIBUIKOCTI TEPEMIIICHHS Jie3a B IIapl MPOAYKTY 1 BIACTUBOCTEH
MPOYKTY, 30KpeMa, HAMPY>KEHHsI TEPTS MIXK MPOAYKTOM 1 HOXKEM MO iX KOHTaKTHIH
MTOBEPXHI.

Takum yuHOM, OyJI0 TIPOBEICHO MOCIIOBAHHS PYXY Jie3a 3 BpaxyBaHHSIM BCiX

CHJI 1 MOJICJIIOBAaHHS pyXYy Jie3a 0e3 BpaXyBaHHS CHJIA TEPTH.

39



4.1.1 Mooemosanus pyxy ne3a 3 6paxy8aHHAM 6CIX CUL
JInst cTBOpeHHsI MOTPIOHOT MaTeMaTUYHOI MOJEINI PO3TJIsSAa€EMO PyX Je3a B mapi
MPOIYKTY.
[Ipu 3aHypeHHi Jie3a B MPOAYKT Ha HHOTO JIIIOTh 3yCHILISL OTIOPY PyXy

(muB. puc. 4.1).

eeonmlf—
PN

— -

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

Ha puc. 4.1 3a3HaueHi HACTyIHI NapaMeTpu:

o | - po3mip nmpoayKTy, M;

o h - mmpuHa npoaykTy 1 MOBKWHA TiHIT pi3aHHs, M;

o Fr - 3ycumns pizaHHs, iK€ BUTpA4aeThCsl HA PO3PUB CTPYKTYPHHX 3B’ S3KIB
IPOYKTY, 3aJIEKHE Bl (opMU Jie3a, KyTa MOT0 3arOCTPEHHS 1 KyTa pi3aHHS;

o G - 3ycwmns agresii (TepTs) Mk OOKOBOIO TIOBEPXHEIO Jie3a 1 MPOAYKTOM, SIKE
NEPELIKOKAE PYXY Jie3a Yepe3 KOHTAKT 3 MOBEPXHEI0 MPOAYKTY, 3aJIEKHE BiJ
IIBUJIKOCTI TIEPEMIIIIEHHS Jie3a B TPOAYKTI.

[Ipu Bu3HaueHHi 3ycwiursa aare3ii G mMik OOKOBOIO IOBEPXHEIO Jie3a 1 MPOIAYKTOM,

BPaxoBYIOYM Maiay MilHIicTh anresii [8, 9], koedimientn C i 1kl 3Haxommmo,

aHaNI3yl04YM TepTs [0 MOBEPXHI Jie3a:

ne Crp, H - nmoctiiinnii Koe(ilieHT, SIKUH 3aJ€KUTh B1Jl BIACTUBOCTEH NPOAYKTY
Ta TUTOMOTO HABAHTAKEHHSI MK TIPOJYKTOM 1 OOKOBOIO TIOBEPXHEIO HOXA; V, Mm/C -
MIBUKICTh KOB3aHHS MDK TPOJIYKTOM 1 OOKOBOIO TIOBEpXxHE HOXka; ki, xe/c -
Koe(DILIEHT MPONOPUIAHOCTI, IKHI BpaXOBY€E BIUIMB HIBUIKOCTI KOB3aHHS Ha 3yCHILIA
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TEPTS; Y, M - BEJIMUMHA TIEPEMILIECHHS Jie3a B MIPOAYKTI; t, ¢ - 4ac mepeMilleHHs Jie3a B

MPOJIYKTI.

G,
H
e G=C+k.V

v,

Puc. 4.2 Cxema BuzHaueHHs Koe(inieHTIB Cqp 1k,

[Ipu Bpi3zaHHi Jie3a B IPOJAYKT BUHUKAE 3yCHILIS 1HEpINi Pj, sika i€ Ha jie30 1 Mae

HaIpsAMOK, IPOTWJIC)KHUNM HANIPSIMKY IPUCKOPEHHS JI€3a.

=m—=, )

Jie m - IPUBEJCHA JI0 Jie3a Maca PyXxOMOi YacTHHHW ycTtaHoBkH (puc. 4.3); a -
PUCKOPEHHS (200 CHIOBUIbHEHHS) JIe3a MPHU MEePEMIIIEHH] 1Or0 B MPOIYKTI.
Ha pucynky 4.3 noka3zaHa cxema JijIsl BU3HAUE€HHS Macl KOpOMHCJIa, siKa Ji€ Ha

TOYKY S Je3a.

P 2. ﬂ
Pan i S1 1 S2
£ 7 l '
Gi1 G2 M
B 2
L

Puc. 4.3 CxeMa BU3HaUYECHHSI Macl KOPOMHMCIIA, IPUBEAECHOT 10 Je3a: 1 - miueye
KOpOMHMCIIa; 2 - JI€30 B TpUMaul.

[Toznauenns Ha puc. 4.3: Sy, L1 - ieHTp Mac KopomMuc:a i BiIcTaHb O HbOTO BiJ
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oci obeprtanHs; Sy, Ly - eHTp mMac ne3a 3 TpuMaveM 1 BiICTaHb J0 OCl 00epTaHHs, S -
TOYKa MPUBEACHHS Macu Kopomucia Ha nesi; Gi, Gy - 3ycuiis Barm KopoMmucna i
je3a B TpUMadi; M - Maca KOPOMHUCIIA, IPUBECHA 10 TOUKH S.
I3 piBHSIHHS piBHOBAru:
m:G1'|1+G2 -1,
g-l

, KT, 3)

ne g=9.81 m/c*
s BimoMoi popmu je3a 3rijgHo puc. 4.1 3anuiiemo:

Fo+ G+ Pi=0. (4)
Po3kpuBaroun 4jieHu pIBHSHHSA, OTPUMYEMO AW(EpeHIliaJbHe PIBHSHHSA HOro

pyXy IpH 3aHYpPEHHI B IPOJIYKT:

dy(t),  d?y(t)
F C ki —2)+m =0. 5
I’+( mp+ 1 dt )+ dt2 ()

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

OTPUMAEMO PO3B’SI30K PIBHAHHS (2) y 3araJbHOMY BUTJISII1

kot
Cl'm'e m _(Fr+Cmp)t
Ky Ky

y(t) = C,, (6)

ne Ci 1 C; - ButbHI Koeditientn [11].

BpaxoByroun modatkoBi yMOBH, KoJii nipyu 4Yaci t=0 rimOuHa 3aHypeHHs Jie3a B

npoaykt y=0, a mBuAKiCTh Horo pyxy dy/dt =V_ , maemo:

oy

Kt

g (B +Cop +Voy k) -mee ™ (F+C,p) t (R +Cpy +Voyks) - m
y()_ 2 o k + 2
ki 1 ki

(7)

3 piBHSIHHA (4) MOKHAa OTpPUMATH 3HAYCHHS 3yCWUIsA pizaHHs Fr mis pizHux
YMOB TMpoBeneHHs1 mpouecy. OfHak, Npu I[bOMY BHUHHUKAIOTh 3HAYHI TPYAHOLII,
NOB'A3aH1 3 MPOBEJIEHHAM eKcrepuMenTy. LI TpyaHoui nonsraioth y HeoOX1JHOCTI

¢dikcyBaTu B uyacl BIJCTaHb Yy 3aHyYpEHHs Jie3a, TOOTO, 3HAaTHU (PYHKIIOHAJIbHY
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sanexxHicTby=f(t). [CHyt0Th TeXHIYHI 3aCO0H, SKi JO3BOJISIOTH 3POOHTH II€, aJiec BOHU
CKJIaJIHI Y BUKOPHUCTaHHI. /{7151 11boro motpiOHa creriaibHa BUMipIOBaJIbHA CUCTEMA,
siKa 3/71aTHa (PIKCyBaTH KIHETUKY PyXYy Jie3a y TOBIII 3pa3ka. O4eBUIHO, 110 11€ 3HAYHO
YCKJIaIHUTh KOHCTPYKIIO EKCIIEPUMEHTAILHOI YCTAHOBKH.

JIiss CpOIIeHHST METOIMKH TPOBEICHHS TOCHTIKCHb 1 BU3HAYCHHS 3YCHIUIA
pizanuss  Fr wmm  moxemo  ckopuctarucs  piBHsHHAM  (4). IIpoBememo

nudepeHIlitoBaHHS [IbOTO PIBHSIHHS:

k, t
dy(t) (Fr +C,, +Voy k)6 ™ F+C,,

- 8
dt ki Ky ®)
3 piBHsHHS (5) 3HAIIEMO 3yCUIUIA PI3aHHS:
ky -t
dyt) .~ m
Ky gt e ™ (C,, +Vok)+C,p
F= Tkt 9)
e M -1
ne dy/dt e mBuakicTio pyXy Jie3a.
[i BU3HAuaeMo Ha MOYATKY i B KiHIIi pi3aHHS 3pa3Ka 3a JONOMOTOIO PiBHSHE:
Pr
Voy =V, = R\/ZZJ"(l—COSa), (10)
P.r.
YOy, =R 220 1 cosp (e ) )

SIKIIO MPUITYCTUTH, 110 MBUAKICTh PYXY Jie3a 3MIHIOETHCS MO JIHIAHINA 3a1€KHOCTI,
TO JIJI BU3HAUEHHS MIBUAKOCTI PYXy Jie3a B JEKUIBKOX IMPOMIKHUX TOYKaX, MOXKHA
CKOPHUCTATHUCS PO3PAaXyYHKOBUM METOJIOM.

3Hal0uM KyTU BIIXHWJICHHS KOPOMHCIA a 1 f, MOXKHA pO3paxyBaTH HIBUAKICTb PYXY

Je3a y MUX MPOMIKHHUX TOYKaX.
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Jlani, 3Hal0uM MIBUIKICTH Je3a 1 yac HOro pyxy B HPOAYKTi, MOKHa BHU3HAYUTH

BIJICTaHb, SIKY JIe30 MPOXOJUTH B MPOIYKTI 3a el yac.

t=J ¢ (12)

as
mlc AN

AN

N

y, MM
Puc. 4.4 JliniiiHa 3a0€XXHICTh IMIBUAKOCTI Jie3a B1J TTMOMHU BPi3aHHA B POAYKT.

s BusHauenHs koedimieHtiB C 1 k1 y piBHsHHI (6) HEOOXIIHO MPOBECTH
EKCIIEpUMEHTAJIbHI JIOCITIIPKEHHS 3 BU3HAUYCHHSI HAIIPY>KeHHS TepTs. Pe3ynpraTu mux
JOCTIKEeHDb J03BOJIATh oTpuMatu 3ajiexxHocTi C 1 K1 Bix BiactuBoCTe# Martepiany i
YMOB MIPOLECY pi3aHHS.

JIist  TOpIBHSIHHS  BJIACTHUBOCTEH TMPOIYKTY Ta PO3PaXyHKY pIi3aJIbHOTO

OONagHaHHS MOXHA CKOPMCTATUCS NHMTOMUM 3ycwulsm  pisanmsa F'™",  sxe

BU3HAYAETHCS K BIAHOIICHHS 3YCHIUIS Pi3aHHS 1O JOBXHHHU JiHIT pizaHHs h (quB.
puc. 4.1). BianmoBigHO 10 OTPUMAHOI MATEMAaTUYHOI MOJENi, MUTOME 3YCHUJUIS

pi3aHHS MOKHA OOYHUCIIUTH 32 POPMYJIOIO,

O S R

num _i_ dt 1
FI’ - h - _M H! (13)

e M -1

ne h - moBkuHa JiHi1 pi3aHHS, M.
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[le#t minxim AO3BOJSE BaM EKCIEPUMEHTAIBHO MIATBEPAUTH Ta MEPEBIPUTH
TEOPETUYHY MOJECIb, SKy BU po3poOwnn. [IpoBefeHHS €KCIEpUMEHTIB 3 pi3HUMHU
MOYATKOBUMH IIBUAKOCTSAMH Jie3a Ta aHajli3 OTPUMAHUX pPE3yJbTaTiB JIOTIOMOXE
BU3HAYUTH ONTUMAIIBbHI TTapaMETPH MPOIIECy pi3aHHS.

AHaI3YI0UN 3aJ€KHOCT1 3yCHUJUIS Pi3aHHS BIJ MOYATKOBOI IIBHIKOCTI Ji€3a, BH
3MOKET€ BU3HAYUTH Tl MIBUJIKOCTI, MPU IKUX 3YCHIUISA pi3aHHs € MiHIMaibHUMU. Lle
BaXXJIMBa 1H(oOpMAaIlis i1 BU3HAYCHHS ONTHUMAJIbHUX IMapaMeTpiB MPOIeCy pi3aHHS,
K1 JOMOMOXYTh 3a0e3neunTy €(PeKTUBHE BUKOPUCTAHHS PI3aJIbHOTO OOJaJHaHHSA 1

OTPUMAaHHS BUCOKOSIKICHOTO PE3yJIbTaTy pi3aHHS.
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4.1.2 Mooenrosanus pyxy ne3a 6e3 8paxy8anHs CUIU Mepnisl

[TouyaTtkoBe piBHSHHS 3MIHUTHCS, TOMY IO MU HE BPAXOBYEMO CHITY TEPTSL:
Fp+ Pi=0. (14)

[Tpu Bpi3aHHI Jie3a B MPOIYKT BUHHUKAE 3ycHIuTs iHepiii Pi, sika 1ie Ha 51e30 1 Mae

HaIpsM, IPOTUIICKHUM HAMPSAMKY MPUCKOPEHHS JIe3a.

d2y() )

Jie m - MPUBEJICHA JI0 Jie3a Maca PyXOMOi YaCTUHU YCTaHOBKU (puc. 4.3);
a - mpuckopeHHs (a00 COBUIBLHEHHS) Jie3a MPHU MEePEMIIIEHH] 1OT0 B TPOYKTI.
Po3kpuBaroun 4iieHUW pIiBHSHHA, OTPUMYEMO IudepeHIiagbHe PIBHSHHSA HOTO

pYyXy NpHU 3aHYpPEHHI B IPOIYKT:

d 2
m- (F y(t)J +F =0 (16)

BukopucraBmm MeTroau CHUMBOJBHOT Marematuku ,Maple” [8, 9, 17],

OTPUMAEMO PO3B’SI30K PIBHIHHS (2) y 3arajJbHOMY BUTJISII
2

1 Ft

2

BpaxoByroun modaTtkoBi yMOBH, KoJiu npy 4aci t=0 rimbuHa 3aHypeHHs Jie3a B

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

npoaykt y=0, a mBuaKicTh Horo pyxy dy/dt =V_ , maemo:

oy

1 Ft?
y(t):—E- m +V,,t (18)

3 piBHsHHS (14) MOKHA 3HAWTH 3yCWIIS pizaHHs F 11 pi3HUX yMOB MPOBEEHHS

npotecy. CipocTUMO METOAUKY MPOBEIEHHS JOCIHIIKEHHS - BUBHAUYECHHS 3y CUILIIS
pizanns F,. Buxopucraemo piBusinug (14). [IpoaudepenuitoBasim Horo, MaeMo:
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dy(t) F.t
=——+V
dt m oy (19)

3 piBusHHA (15) 3HaMIEMO 3yCcHIUIA pi3aHHS:

d
M| g YO Vo
t
Fr - t (20)

ne dy/dt e mBuakicTio pyXy Jie3a.

OTpI/IMaHy MOACIb BHKOPHCTOBYEMO MIJIs1 BHU3HAYCHHA 3YCHILIA piSaHHH 3a

JIOTIOMOT'OK0 CTBOPEHOT €KCIIEPUMEHTAIbHO1 YCTaHOBKH (puc. 4.1).

4.1.3 BucHosKku wo 00 pe3yibmamis MoOento8aHH::

OTpumaHa MaTeMaTU4YHa MOJIENb U BUBHAUEHHS 3YCUIUIA Pi3aHHS B 3aJI€KHOCTI
BIl IIBUJKOCTI Ji€3a Ta CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEH MPOAYKTY
BUSIBJIIETHCS B@XKJIMBUM I1HCTPYMEHTOM JJisi YJOCKOHAJICHHS TMPOLECY pi3aHHA
POCIMHHOI CUpOBUHU. LIs1 MOJenb 103BOJIsIE€ MPOBOANUTH BIpTyaibHI €KCIIEPUMEHTH Ta
BCTAHOBJIIOBaTH ONTHMMAJIbHI MapaMeTpH pi3aHHs 0e3 HeoOX1JHOCTI BUTPAayaTH 4vac 1
pecypcu Ha (13UYHI TOCHTIKEHHS.

3acTocyBaHHA MOZEINI J03BOJSE €PEKTUBHO IOCIIIKYBAaTH PI3SHOMAHITHI YMOBHU
pi3aHHS Ta IX BIUIMB Ha 3ycWUIsi pi3aHHA. lle 103BoJisie 3HANWTHM ONTUMAJIBHI
napameTpH Il MaKCUMi3allii MPOIyKTUBHOCTI Ta 3HIKEHHS BUTPAT.

Jlo1aTKOBO, 3aCTOCYBaHHSA MaTeMaTUYHOI MOIEJI MOYKE BUSIBUTUCS KOPUCHUM JIJIs
NPOrHO3YBaHHS 3yCWJIb PI3aHHS B PI3HUX CHUTYyallisiX, IO JO03BOJISIE MOMEPEAHBO
OIIIHUTH €(PEKTUBHICTH Ta OE3MEKY MPOIIECY.

TakuM YWHOM, MaTeMaTH4YHAa MOJIeJIb BU3HAUECHHS 3YCWUIA pi3aHHS BIJITpae
KJIIOYOBY pOJIb y BJIOCKOHAJEHHI MPOIECY pi3aHHS POCIUHHOI CHUPOBHUHU Ta

3a0e3neuye eeKTUBHE BUKOPUCTAHHS PECYPCIB Ta 3HU)KEHHS BUTPAT.
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4.2. Excnepumenmanvhi 00CHiONHCEHHS NPOYec)y Pi3aHHs
Pe3yabTaTn n0CaigKeHb
OTpuMaHi miJ Yac MOJENIOBAHHA pe3yJibTaTh OynaM BUKOPUCTAH1 IS
BCTAHOBJICHHSI ONTUMAIBHUX PEXKUMIB pI3aHHS XapyOBUX MPOAYKTIB. 3a (HopMyIor0
(13) Oyno pospaxoBaHO IUTOMY CHIIy pi3aHHs. Pe3yiapTaTd BCTaHOBJICHI TMIPH

MIBUAKOCTSAX HOXa 1- 10 M/ ¢ 1 mpencTaBiieHo Ha puc. 4.5

KH
Fr I} V
2,5
1
2

1,5
2
0,5 A‘"‘.\

0 2 4 6 8 V,¢

®

- —

Puc. 4.5 3anexcnicms 3ycunns pizanus aucms (2) i cmeben (1) m’amu 6i0 weuokocmi
PI3aHHA

Mpu 36inblIeHHI WBUAKOCTI PyXy HOXA CMNOCTEPIraeTbCA 3pPOCTaHHA CUAM
pi3aHHA y OiNbWOCTI NPOAYKTIB, NpoTe UA CMAa MNOTIM 3HUMKYETbCA. Llein edeKr
MNOACHIOETbCA TUM, WO MPU BUCOKUX LIBMAKOCTAX 3MeEHLWYETbca aedopmauin
NPOAYKTY NiA Ai€t0 pidKydyoro Hoxa. TakKuM niaxig xapakTepHuit ana 6aratbox
NPYKHO-NNACTUYHUX NPOAYKTIB.

AHaJIOT1YH1 3aJI€KHOCTI OyJM BHSBJICHI 1HIIMMH JOCIITHUKAMH JUIS PI3HUX
XapuoBUX MPOIYKTIB, TaKUX SK X710, TBepaud cuUp, HE 3aMOpPOKEHE M'SCO Ta
IyKpoBUM Oypsik (IuB. puc. 4.6). s nux NpoayKTiB 3yCUIUIS PI3aHHS 3HMXKYETHCS
npy MBUAKOCTSX moHan 4-6 m/c. Bcei 1mi mpoayktu mofiOHI 3a PEOJIOTIYHUMH
BJIACTUBOCTSAIMU 1 BUSBJISIOTH ceOe SK MpPYXKHO-B'S3KO-TUIacTH4HI Matepiamu. Lle

MO>K€E MOSCHUTU CXOXKICTh OTPUMAHUX PE3YJIbTaTIB.
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Puc. 4.6 3anexcnicmos numomoi cunu pizanus 8i0 w8uOKOCmi 1e3a 8 NPoOyKmi:

1 - m'skymn rapsigoro x:i6a, 2 - M'sIKyII X110a Mmiciis 0XOJO0KEHHS; 3 - CUp TBEPAU;
4 - cTebna m'siTH; S - cKOpHHKa XJ110a; 6, 7 - M'saco (cBuHMHA) ipu Temmnepatypi S °C i
-5 °C.

OTxe, Ha OCHOBI HAIlIUX JIOCJII)KEHb PEKOMEHIYEThCSI HAJIAIITYBAaTH MIBUIKICTb
HOXXIB y MAaIIWHI JJi1 Hapi3aHHS M ATU Ta 1HIIMX POCIMHHUX CHUPOBUH Ha PIBEHb
noHan 4 m/c. Ile 703BOIUTH 3MEHIITUTH €HEPTrOBUTPATH Ta MiHIMI3yBaTu JAehopmMarlito

MPOJYKTY, 3HUZHUBIIH MPU LOMY MO0 JAMKICTb.

Po3B’s130Kk nu(epeHniaibHOrO piBHAAHHS PYXY Jie3a (3 BpaXyBaHHS CHJIN TePTH)

3a J0MOMOT 010 NAKeTy NPOrpaM CMMBOJIbLHOI MaTeMaTUKH ,,Maple”

>restart;

>yrl:=massa[l]*diff (y(t),t$2)+K[1]*(diff(y(t),t))+F[r]+C[tr]=0;
2

0 0
yrl = massa, (atz y(t)] + K, (at y(t)) +F +C, =0

) Klt
massa,

_Clmassa, e B (F,+C)t

Ky Ky

>egl:=dsolve (yrl,y(t));

egl =y(t)=— + C2

>eg2:=dsolve ({yrl,y(0)=0,D(y) (0)=V[oyl}, {y(t)});
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eg2 :=y(t) =

) Kl t
massa,

B (F,+C, + VOy K,) massa, e B (F,+C)t N (F,+C, + VOy K,) massa,
2 K 2
K 1 K
1 1
>Diff (Y (t))=diff (eg2,t);
)
massa
1
_ o (F,+C,+V,K)e F.+C,
DIff(Y(1)) =| 5 V(1) = < e

>eg4:=diff (y(t),t)= ((F[r]+C[tr]+V[oy]l*K[1])/K[1l]*exp (-
K[l]/massa[l]*t))-(F[r]+C[tr])/K[1l];
>

Klt
[_massaJ
e4.=§ (t)_(Fr+Ctr+VOyKl)e _Fr+Ctr
9% =5 Y\ = K K

1 1

K, t Klt
5 [_ massa1] {_ massal]
i K, [aty(t)j—e C,—¢e VOy K, +C,

r K 1 t
massa1

Po3B’s130k au(epeHniajibHOIO piBHAHHSA PyXYy Jie3a (0e3 BpaXyBaHHs CHJIN

>F[r] :=solve(eg4,F[r]);
1

TEPTH) 32 J0MIOMOI0I0 IIAKETy NPOrpaM CUMBOJILHOI MaTeMaTUKH ,,Maple”

>restart;
> yrl:=massa[l]*diff (y(t),h t$2)+F[r]=0;

2
yrl :=massa, [d—zy(t)] +F =0
dr

> egl:=dsolve(yrl,y(t))

2
1 Fr t
egl =y(t) = -— + Clt+ _C2
2 massa,

> eg2:=dsolve({yrl,y(0)=0,D(y) (0)=V[oyl}, {y(t)}):

2
1 Frt

—_— — + V7
2 massa, oy

eg? =y(t)= -
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>Diff (Y (t))=diff (eg2,t);

Diff (Y(1)) = | 57 »(1) = ———— oy
1

> egd:=diff(y(t),t)= (F[r]/massa[l]*t)+V[oy];

d F.t
eg4 :=Ey(t) =—

|
+

> F[r] :=solve(eg4,F[r]);
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[IIBuaKICTB JI€3a B 3aJI€KHOCTI BiJl KyTa MiAHOMY KOPOMHKCIIAa MasiTHUKA

Bu3zHaueHHs1 LIBUAKOCTEH Jie3a

Tadomus 4.2.1

o, V. o, |V, . | V. L, V. ., V.
rpag | M'c rpam |M/c rpaxg | M/c rpan | M/c rpag | M'c
0 0.00 31 | 1.56 61 | 2.97 o1 | 417 121 | 5.09
1 0.05 32 | 161 62 | 3.01 92 | 421 122 | 5.11
2 0.10 33 | 1.66 63 | 3.06 93 | 424 123 | 5.14
3 0.15 34 | 1.71 64 | 3.10 94 | 428 124 | 5.16
4 0.20 35 | 176 65 | 3.14 95 | 431 125 | 5.19
5 0.26 36 | 1.81 66 | 3.18 96 | 435 126 | 5.21
6 031 37 | 1.86 67 | 3.23 97 | 438 127 | 523
7 0.36 38 | 1.90 68 | 327 98 | 441 128 | 5.26
8 0.41 39 | 195 69 | 331 99 | 445 129 | 5.28
9 0.46 40 | 2.00 70 | 3.35 100 | 448 130 | 530
10 | 0.51 41 | 2.05 71 | 340 101 | 451 131 | 532
11 | 0.56 42 1 2.10 72 344 102 | 454 132 | 534
12| 0.6l 43 | 2.14 73 | 348 103 | 458 135 | 536
13 | 0.66 44 | 2.19 74 | 352 104 | 461 134 | 538
14 | 0.71 45 | 2.24 73 | 3.56 105 | 4.64 135 | 540
15 | 0.76 46 | 2.28 76 | 3.60 106 | 4.67 136 | 542
16 | 0.81 47 | 233 7T | 3.64 107 | 4.70 137 | 544
17 | 0.86 48 | 238 78 | 3.68 108 | 4.73 138 | 546
18 | 091 49 | 242 79 | 372 109 | 476 139 | 548
19 | 0.97 50 | 247 80 | 3.76 110 | 4.79 140 | 5.50
20 | 1.02 51 | 252 g1 | 3.80 111 | 4.82 141 | 551
21 | 1.07 52 | 2.56 82 | 3.54 112 | 485 142 | 553
22 | 112 53 | 261 83 | 3.87 113 | 488 143 | 555
23 | 1.17 54 | 2.65 84 | 391 114 | 490 144 | 5.56
24 | 122 55 | 2.70 85 | 395 115 | 493 145 | 558
25 | 1.27 56 | 275 g6 | 3.99 116 | 496 146 | 5.59
26 | 132 57 | 2.79 87 | 4.03 117 | 499 147 | 561
27 | 1.36 58 | 2.83 88 | 4.06 118 | 5.01 148 | 5.62
28 | 141 59 | 2.88 89 | 4.10 119 | 5.04 149 | 5.64
29 | 146 60 | 2.92 S0 | 413 120 | 5.06 150 | 5.65
30 | 151 61 | 2.97 91 | 4.17 121 | 5.09 151 | 5.66
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BusHayeHHsi BTpaT po00TH B MAATHUKY

Brpartu poGoTH B MasiTHUKY

o, Tpang V.,M/c Barp.IpAL Agp, JTK
10 0,51 9.5 0,00113
20 1,02 19.5 0,0034
30 1,51 25 0,0226
40 2 35 0,0299
50 2,47 46 0,252
60 2,92 52 0,065
70 3,35 64 0,046
80 3,76 74 0,057
90 4,13 82 0,073
100 4,48 95 0,048
110 4,79 103 0,065

Tlo3uauenns 6 mabauyi 4.2.2

0 - KyT NIJAOMY KOPOMUCIIA, TPAJ;

V. - IOYATKOBA MIBUIKICTH Jie3a, M/C;

Berp- KyT MIHOMY KOPOMHUCIIA HA XOJIOCTOMY XOAY, Tpa.
Ay - BTpaTu poOOTH B MASITHUKY, [k

Taomur 4.2.2
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Pe3ynbpTaTi AOCHIIKEHD Pi3aHHS JIUCTS M SITH

Pe3yibTaTu JOCTIAAKEHDb IPOLECY PI3aHHSA JIUCTH M’ SATH

Taomurs 4.2.3

A-
a VBJ’L Bla E’ 2y B 3, B cp, YBE% A! {all-’-m :‘éLl'ETT}

rpax | M/c | rpan | rpax | rpan | rpax | Mm/c JIx JIx JIox/m?

10 | 0,51 0 0 0 0 0.03 | 0.048 | 0.0432 | 184.65

20 | 1,02 05| 0.5 | 05| 0.5 | 0.07 |0.190| 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 | 2.17 | 0.287| 0.2521 | 1077.44
rox | 20 12471410415 |42.0]41.5|2.88|0.335)|0.2720 | 1162.51
60 |292|51.5]505]| 51 51 | 3.51 |0.407]0.3132 | 1338.51

70 |3,35|61.5] 61 |60.5| 61 |4.17|0450|0.2965| 1266.93
80 |3,76|70.5|70.5]|705|705|4.76|0.505|0.2896 | 1237.49
90 | 4,13 80.0|79.5]179.0|79.5|5.27|0.574|0.3271 | 1397.78
100 | 4,48 | 89.0|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

A-

o FB& Bls B 24 B 3. B cp. T""‘YBHXJ A, {ELBI‘EE* {é"HHTL

rpan | m/c | rpax | rpax | rpax | rpax | m/c | JIx x| Jdw/m?

10 |0,51 | 3.5 | 3.5 | 3.5 | 3.5 | 027 ]0.042|0.0373|159.53

20 [ 1,02] 14 14 14 14 | 0.99 | 0.096 | 0.0871 | 372.33
30 [ 1,51 1245245245 [24.5]1.74[0.138|0.1113 | 475.84
Yac | 40 2 35 35 35 35 |1 2.43 |0.167 | 0.1323 | 565.59
rojx 50 [ 2,47 45 45 45 45 | 3.11 | 0.203 | 0.1402 | 599.02
60 [2,92]|545|54.0|55.0|54.5]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 | 72.5 | 73.5| 73 73 |1 4.90 | 0.374 | 0.1590 | 679.46

90 |[4,13| 82.5| 82 83 | 82.5]|542|0411]0.1641 | 701.31

100 | 4,481 92.5|91.5| 92 92 | 5.89 | 0.437 | 0.1647 | 703.95
110 14,791 99.5]199.5|99.5|99.5]| 6.31 |0.558|0.1889 | 807.07

Ilo3nauenns 6 mabauyi 4.2.3:
0 - KyT MiJAOMY KOPOMUCIIA, TPaJ;

V.x - IOYATKOBA MIBUIKICTH Jie3a, M/C;

B - KyT migiioMy MasiTHUKA Miclisi BAKOHAHOT poOOTH, Tpaj.

VBI/IX -

BUTPUMYBAHHS TIepe]] Hapi3aHHAM, M/C;
A - 3aranpHa poboTa pi3aHHA, BpaXxOBYIOUH BTpatH, JIK;
Ayr - muTOMa poboTa pizanus, [Hx/m2.

HIBUJKICTH Jie3a Ha BUXOl 13 MPOIYKTY B 3aJIeKHOCTI BiJ 4acy HOTo
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Tabmuus 4.2.4
Yac pizaHHs JOCHIITHOTO 3pa3Ka

+
Ne Vs 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

Iosznauennus 6 mabauyi 4.2.4
t - gac pi3aHHS JOCIIIHOTO 3pa3Ka, CeK; Vux - MOYaTKOBA IIBUJIKICTD Jie3a, M/C.

Tabmuus 4.2.5
Brums IIBHIAKOCTI J1€32 HA TUTOME 3YCHJLISL Pi3aHHS JIMCTS M’ SITH

Vs, Frrz_ss ’
Ne M/C KEL/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

iéo . . .
F, - 3ycwiuis pizanHs, KH/M; Vi, - modyaTkoBa MIBUAKICTH Jie3a, M/C.
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Pe3yabTaTu gocaigxeHsb npouecy pizaHus credesa M SITH

Tabmuis 4.2.6
Pe3yabTaTu gociaigxeHsb pizaHHs credesa M ATH

¥ Vs, t,CeK
M/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

{ - gac piSaHHﬂ I[OCJ'IiI[HOFO 3pa3Ka, CCK; Vix - MOYaTKOBA HIBI/IIIKiCTL JIC3a, M/C;

Tabmus 4.2.7
Bruims IIBUAKOCTI JI€32 § YACY HA 3VYCWLIA Pi3aHHs cTredes1 M’ ATH

Ne Vs F,. , 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

Fa, - 3ycumis pizanns, kH/M; V- HOYaTKOBA MIBUIKICTS Jie3a, M/C.
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Taomurg 4.2.8

BruiuB miBMAKOCTI Jie3a HA MATOMeE 3yCHLJISA Pi3aHHA cTedes1 M’ ITH

No Vas | 7, | xHm
M/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

F ieo . . .
5 - 3ycuiuis pizanHs, KH/M; Vi, - moyaTkoBa MIBUAKICTH Jie3a, M/C.
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5. CytHicTh ynockonajenns. [lod0ynoBa Ta npuHuun pod6oTu o0JIagHAHHS

Ilob6yoosa ma npunyun pobomu oonraonanua: «Hoocoeuti maun PM 120»

HoxoBuit mmun PM 120 npusnaueHuil myis moapiOHEHHA MOJTIMEPHUX 1
pociMHHMX MatepianiB. lls mammbHa npusHayeHa Uisi CEpPeIHBOrO0 M JIpiOHOrO
NoJpiOHEHHSA: pPO3Mip IIMAaTKIB BHXIAHOTO Martepiady CTaHoBUTH 50 MM, a
MIHIMaJbHUM PO3MIp MIMATKIB Micis MoApiOHEHHS Moxke 0yTH 110 0.5 MM.

HoxoBuilt MiuH Moxe OyTH KOPHCHHM B PI3HUX Taiy3siX MPOMHUCIOBOCTI, TaAKUX
AK XIMI4Ha, OJIMEpHa, Xap4yoBa, (papmarieBTU4YHa, nappymepHa 1 0arato 1HIKX. Bin
171eaJTbHO MIAXOIUTH JJISI TOHKOTO IOJAPIOHEHHS PI3HMX MarepiajliB, BKIIOYAIOUYU

JUCTS, cTe01a 1 KOPiHHS POCIHH, a TAKOXK BIJIXOM MOJIMEPHOTO BUPOOHUIITBA.

MO/IENb
[TapameTpu
PM 120 PM 250
3aBaHTaKyBaJIbHHI BIKHO, MM 80x60 270x250
Po3mMipu potopa, MM 80x120 250%250
KpymHICTE TPOAYKTY, MM 0,5-15 1,5-40
[ToTyXHICTE €JIeKTPOBUTYHA, 1.5/1.1 7.5
KBT
Hamnpyra xusnenns, 50 I'n, B 220/380 380
["abapuTHI po3MipH, MM 500x550x1210 1380x610x1510
Maca, Kr 45 450
JleroBaHa
MaTepial HOKIB KOHCTPYKTHBHA IHCTpyMeHTAbHa
crans 9XC
cranb 40X

HoxoBuit mMaun PM 120 igeanbHO MiAXOAUTH IS TOAPIOHEHHS HEBEIUKOL
KUTBKOCTI MaTepiaiy.
OCHOBHI XapaKTEPUCTUKHU BKIIFOYAIOTh:
o MoxHBICT TI0J1a41 B KAMEPY CUITKUX a00 BOJIOKHUCTUX MaTepiaiB.
o HasgBuicTe muIyHXepa Uisi TPOINITOBXYBaHHS Marepialy B KaMmepy
oApiOHEHHS.
o  MOXIHBICTB 3aKPITUICHHS MOTIETHICHOBUX TTAKETIB JIJIs1 300py MPOIYKTY.
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« Kommiexrartist my1pTOM yrpaBiIiHHSL.

o MoxmmuBicts octaBku PM 120 3 omopaEM CTOTIOM.

Konempyxyis.

O6Ha,ZlHaHH$I CKIaaa€TbCA 3 OCHOBH,

KOpIyCcy 1 €JIeKTPOJBUTYHA.

EnexTpoaBuryH po3milieHuii Ha OCHOBI, @ HWIIHAPUYHUA KOPITYC MPUKPITLTIOETHCS

70 QuaHIs eNeKTPOJABUTYHA. Y BEPXHIM YaCTHHI KOPIIyCY, HaJl 3aBaHTa)KyBaJIbHUM

BiKHOM, po3TalioBaHa KUBUJIbHA BOPOHKA, IO CKIAAA€THCA 3 BEPTHUKAJIIBHOT'O KaHAIy

3 TUTYH)KEPOM 1 TOPU30HTAIBHOI €MHOCTI y BEPXHIM YacTHHI. Y HWXKHINA 4YacTHHI

KOPITyCY BCTaHOBIIOETHCS PO3BAHTAKYBaJIbHA PEIIIITKA.

Kamepa mnoapiOHeHHs, yTBOpeHa BHYTPIIIHBOIO IMOBEPXHEIO KOPMIyCy 1

(1aHLIEM €JIEKTPOJBUTYHA, 3aKPUBAETbCS (POHTANIBHOKO KPHILKOK. Y CEepennHl

KaMmepu MOApiOHEHHS PO3TAIIOBAaHUN POTOP 1 CIM HOXIB: YOTHPU HEPYXOMUX, SIKI

3aKpIIUICH] B KOPITYCl, 1 TPU HA POTOPI.

_n

Puc. 5.1.1 Hoowcosuit maur PM 120

1- ocHoBa;

2- KOpIyc;

3- 3aBaHTa)XyBaJIbHE BIKHO;
4- eNeKTPOABUTYH;

5- MyJbT KEPYBAHHS;

6- po3BaHTaXXyBaJbHUI
naTpyOoK;

/- pyXxoMHil HiX;
8- HepyXxoMuil HikK;
9- curo;

10- mmyHxep;

11- mrroBxau;

12- xpurka.
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Ipunyun 0ii.

Mnuvn PM 120 npautoe B pexumi besnepepBHOi Aii, WO 03Hayae, WO
XapaKTEepPUCTMKOK MOro NPOAYKTUBHOCTI € KiNIbKiCTb MaTepiany, AKa BUXOAUTb Yepes
PO3BaHTaXKyBa/IbHY PELLiTKY NPOTArOM MEBHOrO Yacy.

[1ig yac po6oTH MaTepian, sIKUi MOJAETHCS Yepe3 KUBMIBHUK (4), MOTpaIuisie B
kamepy nojapioHeHHs. [loapioHeHHs (a0o pizaHHS) MaTepialy BiIOYBA€ThCS, KOJIH
YaCTMHKHM MaTepially MOTparuiaioTh MIX HOKaMU poTopa 1 kopnycy. Ha 1i yactunku
Marepialy Aif0Th 3CYBHI CHIM JedopMairii, aHaJIOTiYyHl THUM, 110 BHUHUKAIOTH IPHU
pi3aHHI 3a JOIMOMOT'0K0 HOXKHIIb a00 TUIBHOTHHM.

3a oauH 00epT poTopa BiIOYBAETHCS JBAHAALATH ILMKJIIB MOAPIOHEHHS.
IcHytoTh naBa 0a30BUX pEeXUMH pPOOOTH: 3aMKHyTa 1 HE3aMKHyTa Kamepa
NOAPIOHEHHSA. Y TepumoMy pexuMl Mareplan MNoApiOHIOEThCS (3a3BUYA 1€
JIOBrOBOJIOKHUCTHUH a00 00'eMHUI MaTepiall) 1 MPOIITOBXY€EThCS Y€pPE3 BEPTUKAIBHHIMA
KaHaJl >KUBWJIBHOI BOPOHKH IUTyH)KEPOM, TOpELb SKOIO B HUKHBOMY IIOJIOKEHHI
NEPEKPUBAE MEPETHH KaHATY. Y IPYrOMy PeXUMi IUTyHXKep 3aKpIIICHUI CTOITOPHUM
IBUHTOM Y BEPXHIM YacCTHUHI BEPTUKAIBHOTO KaHATy >KUBUJIBHOI BOPOHKH, a
3aBaHTQXXEHHS BIJOYBa€ThCS 3a JOMOMOTOI0 INTOBXaua dYepe3 TOpU30HTAIbHUN
KO0J100.

Marepian, Skuii He TOTpaNmWB y KaMepy TMOJApIOHEHHS, BIIKUAAETHCS B
3aBaHTaXyBaJIbHy BOPOHKY (ITpY HE3aMKHEHIM Kamepi NoJpiOHeHHs ). TakuM 4rMHOM,
y BEpTUKAJIBbHOMY KaHalll BOPOHKH, OOMEXKEHOMY 3BEpXY ITYHKEPOM, YTBOPIOETHCS

"KUIUISTYMA" 11ap mMaTtepiaiy.

HOX @ HOX

HenoABWXHbIN e NOABWXHbIN

pelueTka
pasrpysouHas
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Puc. 5.1.2 Cxema noopionenns mamepiany 6 kamepi noOpiOHeHHs

Jns 3MeHIIeHHS 1bOoro €QeKTy PEKOMEHIYEThCS TMEPIOJUYHO MPUITUHSITH
3aBaHTaXCHHS 1, HE BUMHUKAIOUYM MJIMH, MPOIITOBXYBATH IUIYHXKEPOM "KHUIIAUUi"
nrap MaTepiany BcepeAuHy kamepu noapionenns. [lonpibHenuit MaTepian noTparuise
yepe3 OTBOPU PO3BAHTAXKYBAIBHOI PEIIITKH, /1€ KPYIHICTh MOJAPIOHEHOTO MPOIYKTY
BU3HAYAETHCS pO3MIpPOM 1 (HOPMOIO OTBOPIB B PELIITIII.

3anponoHOBaHO 3aMIHUTU BY30JI 110Jlayl POCIMHHOI CUPOBUHH B MiMH. CyTh
[bOTO YJIOCKOHAJICHHSI TIOJISAra€ B TMOJIMIIEHHI Ta CHPOIICHHI (QYHKII Moaadi
CUPOBHHHM HA MOAPIOHEHHS Ta 30UTbLIEHH] PO yKTUBHOCTI.

Jlo By3na mojadi JOJAHO CTPIYKOBUM KOHBEEp, HA SIKOMY pO3TallOBaHUM
IPUCTPIA JJI1 HAIpPABJICHHSI POCIMHHOI cMpoBUHU. KpiMm Toro, y OyHKepi pOTOpHOi
HO>KOBOI MAIllMHM BMOHTOBAHO BaJMK, SKH MPHUTHCKAE POCIUHHY CUpOBHHY. Lle
3p00JIEHO 71t TOTO, 00 POCIMHHA CUPOBUHA (JIUCTS 1 cTebs1a POCIIMH) MOTpaIuisiia
Ha 00poOKy Oe3 mepenikoj 13 MEBHOK IMIBUIKICTIO Ta 0€3 0COOJMBHUX BTPY4YaHb

JIFOZIHH. )

Puc. 5.1.3 Yoockonanene 001a0HAHHA, 3MIHA 36UYAUHO20 HCUBUTbHUKA HA
3anpononosanutl: 1- pomopruii MauH, 2- Cmpiukosuil KOHBEEP, 3- 8Y30.]1 04

HanNpaeieHHs POCAUHHOL CUPOBUHU.
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Le yAaOCKOHaneHHA CnpAMOBaHE Ha MNOKpaLLeHHA Mpouecy 3aBaHTaXKEeHHA
NPOAYKTY ANA noapibHeHHA. PaHile NpoAyKT POCAMHHONO MOXOAXKEHHA (nucTs,
ctebna, KOpiHHA) 3aBaHTaXKyBaBcA B OyHKep, ae pyxasca BHM3. IHoAi, ocobanBo npu
BE/IMKIM LWiNbHOCTI, NPOAYKT 3acTpAras 8 OyHKepi, WO BUMarano A04aTKOBUX 3yCU/b
ANA  NOro npoWTOBXYBAaHHA, WO CTBOPIOBANO HE3PYy4yHOCTi. 3anponoHoBaHe
YOOCKOHANEHHA 3 BUKOPUCTAaHHAM CTPIYKOBOro KOHBEEPA A03BONAMIO MOKPALLUTU
uer npouec. MexaHiYHa nogaya He Anuvwe nNiABUWMAA NPOAYKTUBHICTb, ane W
AOMNOMOT/1a YHUKHYTU 3aCTPAraHHA NPOAYKTY NPU BEAUKIN LWiNbHOCTI.

Onnak, Take YJIOCKOHAJIGHHS Ma€ CBOI HEJOJIKHU, 30KpeMa, 301IbIICHHS
rabapuTHUX PO3MIPIB 3 BCTAHOBJICHHSIM KOHBEEpa Ta 3OUIBIICHHS BUTPaTH
enexkTpoeHeprii. Ilpore 111 HENOMIKM HE € KPUTUYHHUMH, OCOOIMBO SKIIIO METOI0 €

M1JIBUIICHHS MPOAYKTUBHOCTI Ta SIKOCTI MPOAYKIIIi.
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6. Ilindip KoHCTPYKUiHHUX MaTepiajiB
Bnbip matepianis Ans8 BUrOTOB/NIEHHA HOXXOBOro poTopHOro mauHa (PM120) y
Xap4yoBOMY MALLIMHODOYAYBaHHI 34IMCHIOETbCA, BPAXOBYHUM AEKi/IbKA KAHOYOBUX
aCnekKTiB:

1. BesneyHICTh KOHTaKTy 3 MPOIYyKTaMU XapyyBaHHA: Marepianu MOBHHHI
BIJINOBIJIATH CTaHAAapTaM O€3MeKH XapuoBUX NPOJYKTIB Ta HE BIUIUBATH
HETaTHBHO HA iX SKICTh.

2. ExoHomiuHa BUTiAHICTH: BubOuparooTbcs wmaTepiand, 1[I0 BiANOBIIAIOTH
noTpebaM KOHCTPYKI[li, a TakoX € EeKOHOMIYHO ONTUMAJIbHUMH JUIs
BUPOOHMIITBA MIIMHA.

3. Hapmiiinicts Ta TpuBamicTh ciayxO0u: OOuparoThcs Marepiai, M0 MaroTh
JIOCTaTHIO MIIHICTh Ta CTIMKICTh JIO 3HOIIyBaHHA, 000 3a0e3nmeduTH
HENEepepBHY Ta JOBTOTPUBATY POOOTY MITHHA.

4. CridikicTh a0 3HOmyBaHHs: OCKIIBKHM 3HOIIYBAaHHS JIeTajel MOXKE MPU3BECTU
70 TPOCTOI0 YCTAaTKyBaHHS, BAXKIWUBO BHUOUpPATH MaTepiaid 3 BHCOKOIO
CTIMKICTIO JO 3HOIIYBAaHHS I MIJABUIICHHS TEPMIHY CIYy>KOU MIIMHA Ta
3armoOiraHHs aBapisiM.

5. CriikicTh 10 KOpo3li: OCKUIbKY €Kl AeTalll MIMHA 3HAXOJAThCA Y MPSAMOMY
KOHTaKTI 3 XapyoBUMH MPOAYKTaMH, OOHMpAIOThCS Marepiaiau, 110
BIJIMOBIAAIOTh BUMOTaM CTIMKOCTI 0 KOPO3ii B pOO0OYOMY CEpEIOBHIIIL.

Otxe, BUOIp KOHCTPYKUIMHUX MaTepianmiB s PMI120 3nailicHioeTbest 3
ypaxyBaHHAM 1UX GakTopiB s 3a0e3nedeHHsT MaKCHUMaJlbHOI e(eKTHUBHOCTI,

0e3IeKH Ta JOBrOBIYHOCTI MJIMHA.
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7. Po3paxyHok o0JiafHAHHSA

7.1.Po3paxyHok napamempie pomopa.

YacToTta ob6epTanHs poTopa:

e T o % 188720 211002
Dcpp Hp 0’22;15\/£ CceK X8
11, - npomyxTuBHiCTE HOXKOBOI pobapku Bin 1 1o 50 kr/rox. (11, = 35K—20 );
20

MH . . )
o = 48— - I'PaHULA MIIIHOCTI Ha PO3TAT;
M

p =215 - rycTuHa;
M

D, . =0,2x- CepeaHiid po3Mip IIMATKIB, 1110 3aBAHTAXKYIOTh,

7
D —z/2e o] 3 _g174y
»“\'en \6-1100

[puiimaemo aiamerp poropa D, =0,12u

HiameTp poTopa:

JoBxunHa poTopa:

L,=(08..12)-D, =10-012=0,12m

7.2. Pospaxynok Hodica

JloB)KMHaA HOXA.

D
gl=(Q4m05y-§1:oAnQ%g:opz4M=24MM

[IpuitmaemoL,, = 25mm

Yac ogHOTO 00€pTYy pOTOpAa:

60 60

n_ 189-60

= 0,05cex



Yac nepeTrHaHHs MOTOKY MOAPiOHIOBAHOTO MaTepialy HOXKaMU:

0,05

T, = 3 - 0,016cex

=~ |-

Jle K- 11e KiabKicTh HOXIB = 3

HeoOxigHO A0CATTH ONTHMAaibHOI IIBUIKOCTI MOTOKY MaTepiamxy, 00 BiH

e(eKTUBHO MPOHHUKAB Y 30HYy 00EpTOBOTO POTOpA:

I Coin _ 006 _ 375 M
T, 0,016 cex
W = CmaX = 0’07 = 438i
T, 0,016 cex

HCO6XiI[HO BpaxOBYBA4TH OIITUMAJIbHY BHCOTY JJIsA BCPTHUKAJIBHOI'O

3aBaHTaXEHHS IPOOMIILHOTO MaTepiaity 3 BUIBHOTO MaJIHHS B IpOOapKy:

2 2
Ho = Opex _ 4.38 — 0,98
29 2-981
2 2
H - Drin _ 3.75 —0.72m
20 2-981

7.3 Tpackmopis ne3a nooca anapamy 0jisi NOOPIOHEHHs wapy mamepiany

AHanmiz cXxeMH ~ UWIIHAPUYHOIO  pDKYYOro  amapaTy B IUIOLIMHI,
MEPICHIUKYJISIPHIM 10 TUIONIMHUA pi3aHHSA, BKIOYAE B ceOe PO3MISA  TaKuX
napameTpiB:

1. Tosmmna (h) po3pizarodoro mapy Marepiary.
2. Bucora (a) po3ramryBanHs Bajia OapabaHa HaJ pIXKYdOIO MJIACTHHOIO.
3. Hiametp Gapabana (D) y B3a€MO3B'3Ky 31 LIBUAKOCTSAMHU MOJa4l MaTepiaigy Ta

oOepTaHHsM OapabaHa.
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TpaexTtopis HOXiB OapabaHa BITHOCHO MAaTEplAbHOTO IIApy BPAXOBYE
OJIHOYaCHE 00epTaHHs HOXKIB HaBKOJIO oci 6apadaHa 3 KyTOBOIO IIBUAKICTIO 1 IMOJa4y
Macu mapy Ha OapaOan. PiBHSHHS pyXy mMacu MaTtepially Moxe OyTH BHUpaXeHE Y

Hepyxomux ocsix koopauHat OX 1 OY':

X=V_t +%+ coswt y = %(1—coswt)

Jle t— uac, 3a sikuit 6apabaH MOBEPTAETHCS HA KYT WH.

[IpuitmaeThCs, IO HE MIap MAacU PYXA€ThCS MOCTYIAIbHO Ha OapabaH, a
OapabaH pyxaeThCsl HA HEPYXOMHUN Iap 31 MBUAKICTIO.

[Tpu noOyA0B1 MOCTIAOBHUX MOJIOKEHB HOXKA (UB. pUCYHOK 6.1), BBaXKa€eThCA,
110 CHIBBIAHOIICHHS MIBUJKOCTEHN V; 1 V., mpuiiMaeTbest OJU3bKUM A0 OJUHUIIL.
Bincrani Mixk Oyib-IKUMU OTHOPIAHUMH TOYKaMH CYMIKHUX BIAPI3KIB PiBHI MIXK

coboro.. V; 1V,

nwit

0.
=

Puc. 1.1 Tpaexmopis ne3 nooicie bapabana 8i0HOCHO nepepiszie wapy mamepianie
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L,,.. - € pO3paxyHKOBOO JOBXKHHO pizaHHs. L[f0 TOBXKHHY MOKHA BU3HAYUTH :

L., =X,—X

[{eHTpadbHHI KYT MK HOXKAMU:
27 2.314
Z

0 =2.09c’

Z— KIJIBKICTh HOXKIB Ha OapabaHHI.

3 piBHsaHHSA (1) BUBOAMMO:

sinWt:R—
R

ne R=D/2;

Tomi:

2
COSWt = Jl—(mj
R

[TincTaBuBIIM 3HAYEHHS] COSWLB PiBHSIHHS, OTPUMAEMO’

2
X=V_t+ R‘/l—(ﬂj
' R

Hix B mapi marepiany ynoBuIbHIOE pyX Ha yac At, ayis moBopoty 6apabana

Ha KyT 0 .
0
At =—
ch
W = Voot Wnin _ 3.75+4.38 _ 4.07 1] c

p
Jle 2
Tax sk yac 3MIHHUBCSI, TO:
R

R_ 2
X'=v_ (t+At)+R 1—( yj
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[TinctaBuBIIM 3Ha4YCHHS Al 11 BpaxoBYIOYH Y'=YTO:
L, =X —X=V, (t+—)+R/1 R y t—R/l R y

Tomi:

L=y 02029 10
wo o 4.07

po3

1.4 Texnono2iyHuii po3paxyHoK
[Ipumyckarouu, 1110 MOYaTKOBA MIBUJIKICTh PYyXY YACTUHKHU JOPIBHIOE HYJIIO, MU
BU3HAYA€MO KOJIOBY IIBUJIKICTh HOXA SIK IIBUAKICTH HOTO 00€pTaHHS HABKOJIO OC1

Oapabana:

-5
v = P r:300 1 1?5 /e
m 4.2-10

ne
M- maca yacTuHKU MaTepiany (m=4,2-107 kr);
- TpuBaicTh pizanns (t=1,0-107 ¢);

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

BusHnagaemo KyTOBY MIBHAKICTH HOXA:

welmn = 1651 90000c
R 0.043

R, =1+0.025=1.82-10"um;,
|- BigcTaHp Big KiHIS HOXa 10 OCI IOr0 KPIIMJICHHS
|=c+0,5b=5,66-103+0,5-0,025=1,82-102% m

_a’+b*  0.025+0.015
6a 6-0.025

a-moBxuHa Hoka (a=0,025m); b- mmpuna Hoxxa (b=0,015m);

=5.66-10" .

npuiiMeMo KyToBy mBUakicTb W=1800 pax/c.
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Maca HOa BUTOTOBJIEHOTO 31 CTall, TyCTHHA SKOro p=7850 kr/m>;
m, =a-b-6-p=0.25-0.15-0.01-7850 = 0.029«e
0- ToBIMMHA HOXKa (0 =10MM)

Paniyc koyia po3mMiIieHoro IeHTpiB Baja HOXIB:

R, =R+¢=0.25+0.00566 = 0.031.n

BiamnenTpona cuia iHepIiii HOXiB:

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

JliameTp oci MmiJBIiCY HOXA MPH JOIMYCTUMOMY HAIpPY>KEeH1 Ha 3THH

=100HH/m?:

d= 136‘/ 136\/29127 0.01 =0.019m

VY BIANOBIZHOCTI 3 PSIIOM HOPMAJIbHUX MIHIMAJIbHUX PO3MIPIB MPUHAMAEMO

d=0,02 m

JiameTp Bana B HeOe3MEeUHOMY TIepepi3i O MmIKiBa!

d, = 0.0052?‘/E = 1.3631/£ =0.0028m
W 100

BpaxoBytoun nociabieHHs Bajia 3a JI0IOMOTOI0 IIIIOHKOBOTO Ma3y, MPUIMaeMO
de=0,02 meTpa. 3 ypaxyBaHHSIM YOTUPHOX TOCIIIOBHHUX 301JIBIIICHD JiaMeTpa Baja,

3HaXOJMMO MOTO KIHIIEBUH AlaMeTp:
d_=12"-d =12%.0,02 =0.0415u

B pesyabrati npuiimaemo d= 0,045;
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[TpoayKTHBHICTH HOKOBOTO MJIMHA:

G =3600-k;-D,* L, -p-n

Je ki — xoed. 1m0 BpaxoBye (i3udHi BIACTHBOCTI MaTepiary

k = (1.3-1.4)10"*

Dgy- miameTp mucka

Dg=2n" Rg=2-3,14:0,0322=0,2 m

Rq- 30BHI. pajiyc

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

Nmin- MiHIMaJIBHUN PO3MIpP MEPEMUYKH

_05-P_ 05-29127
"™~ 5.0, 0.01-65-10°

03=65-10°% H/m?

h =2.2-10"m

L,- noBxkuHa potopa= 0,12 m

n=18,87 06/c - yacToTa oOepTaHHs pOTOpA.

G =3600-1.5-10"*-0.2%-0.12-7850 -18.87 = 3839«=/ c

[ToTy>XHICTh €EKTPOIBUTYHA TTPUBOIY HO’KOBOTO MJIMHA!

N =9-D,"-L,-n=9-0.2-0.12-18.87 = 0.85xBm
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7.5 Po3paxyHOK CTPIYKOBOr0 KOHBe€Epa

1. POBD&XVHOK IT[)OI[VKTI/IBHOCTi KOHBCE€pPA.

3abarmaxexHs

Puc.7.5.1 Cxema xonsecpa

Q

B=11 oot 0.05) 3 1i€i hopMyIi BUBOJUMO MPOAYKTHUBHICTE Q, Toi
vp

0.3?
1.21

2
Q= ((18—21) ~0.0025)-C-v- p = ((-->-) —0.0025) - 1605 - 27 = 1552.6 kr/c

Jle C — koediIieHT sSKUif 3aJIeK BiJl KOHCTPYKT. posmka: mpue =10°, C = 160;

P =27Kr/M — MIABHICTh NPOAYKTY; B - mupuHa ctpiuku 300mMm

2. TaroBuii po3paxvyHOK:

Mu Oynyemo rpadgidyHO Tpacy KOHBEEpa Ta KOHTYp TSATOBOTO OpTraHy,
po30uBaroun HWOro Ha mpsmi BiApi3ku (AuB. pucyHok 7.5.1). Harar y ctpiumi
BU3HAYAETHCS YHIBEPCAIIBHUM METOJIOM PO3PAXYHKY 32 KOHTYPOM.

Mu obupaemMo TpHUBiJI KOHBEEPA 3 OJHUM BeAyduM OapabaHOM, KyT 0OXBaTy
akoro a=240°. IloBepxHsa Oapabana ¢yTepoBana rymoro. Hatsar y HaODKHINA BITLI

CTpiuk# (Touka 4) BU3HA4YAEThCs 3a hopmyroro Eitnepa.:
S, <S,e™=5.34S,
zie €=2,71 - 0OCHOBa HATypaibHOro Jorapudma: €' =5.34 ;

f=0,4; f — xoedirmieHT TEpTS MiXK CTPIUKOIO 1 (yTepiBKOIO OapabaHa;
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VY piBasHHI € aB1 HeBimomi Benwmuman - S4 1 S1. Il[o6 ix 3HaiiTH, MOTPiOHO
CKJIACTH JApYyTe piBHAHHA. J[J1s1 IhOrO MU 00XOIMMO TSATOBHI KOHTYP Bil TOYKH 1 110
TOYKY 4, BU3HAYAIOYN HATAT Yy BCIX TOUKax 4yepe3 Hatsr S1y toui 1.

Jlns  mopanbIIMX — pO3paxyHKIB MU BH3HAYaeMO  JIiHIMHI  (TTOTOHHI)
HaBaHTa)KCHHSI.

1. Bix TpaHCTIOPTOBAHOTO BAaHTAXY:

~ Q, 15526-9.81
3.6v 3.6:5

=846 H/m

2. Bix Baru 06epTOBUX POJIMKIB BIAMOBIAHO poO0U0i 1 HEPOOOUOT BITOK:

G, 11.58
== 231.3

p

G, 19.22
R X

Jle G,i G)— Baru 06epTOBUX POJHUKIB IS MiATPMMAHHS BiINOBIIHO poGOYOT i

HEepoOOUOi BITOK CTPIYKHU:
!

G,=m; ;g=118-9.81=11.58H — nys %0510649acTOI POJIMKOONOPH HOPMATHLHOTO

"

Bukonanus; Gy =M, ¢ =1.96-9.81=19.22H — nna npsmoi ponukoonopu;
mp’ imp” — macu 00epTOBUX YaCTUH KOHBEEPHUX POJIMKIB O0JIOOYACTOI Ta MPSAMOI
posukoormop (1,18; 1,96)
I, |} — Bincrani mix ponukoornopamu BiTOK: BiamoBiaHo po6o4oi (6epemo
I, =0, 37 mm i nepobouoi 1;=2...2,51,=2...0,37 = 0,74 mm.
["'eomeTpuyHi po3mipu posimkoomnop (puc. 3.5.2): 1y poOo4oi BITKH
dp =100 mm, , a~0,03B=0,03-300 =~ 9 mm,Ixk=300 mm.
3.1 monepegHbOro BUOOPY KiJIbKOCTI MPOKIAIOK CTPIUKH, MU CIIOYATKY
npuOIM3HO BU3HAYAEMO MOTYXKHICTh IPUBOIY KOHBEEPA, TSATOBE 3yCUILIS

npuBiHOTO 6apabaHa, a TakoX 3yCHIUIs Yy HAODKHIN 1 301KHIM BiTKax

CTPIUKH.
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[ToTyXHICTh IBUTYHA IPUBOY KOHBEEPA HAOMMKEHO MOKe OyTH pO3paxoBaHa
TaKUM YHHOM:

 1.3-15526

p= X9 (lwiH)-
367-0.85

= 1-0.04+0)=0.26
36777M ( ) kBT

ekl — xoedimieHT, SKuii ypaxoBYe€ OIip pyXOBi cTpiuku Ha OapabaHax Ta
iHmm onopu: npuoausnokl =1,15...1,5, nns wamoro; W = 0,04 — koedilieHT omopy

PYXOBI1 CTPIUKH.

a ) b a TsiroBe 3ycHIIIIst B CTPIYLIi:
3
F_ Py _10°-0.26 0.85:44.2 -
— & L
3ycrinisa y 301KHIM BITII:
lk F 44.2
S.=8S = = — =10.18
@ 7t eR-1 534-1 H

Puc. 7.5.2 Cxema po3Mipy poiuka

3ycwitsi B HaO1XKHIM BITIII:

fa
S, =S, = I:e _442:534 o,
e?-1 5.34-1

KinbKicTh yiiijibHeHb (OCHOBHUX) CTPIUKH !

_SyN 54410

c,-B  196:10°-03

.009 npuriMaemo 1

ne Ne = 10 — 3amac minHocTi cTpiuku; 0, — 196-10%.

JlinifiHa Bara CTpIYKu:

d, = pcB(@di+h +h,)g =300-1(1.25-1+ 0+ 0)9.81 = 3678.75 H/mm
Jle Pc - MIBHICTH cTpiukH; 6 =1,25 MM — TOoBIIMHA npokiaaku; hl, h2-

TOBIIMHHM BiJIIOBITHO BEPXHBOI 1 HIDKHBOI OOKJIaIOK.
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HeoOxi1HO BU3HAYNTH HAMIPYKEHHS B KIIOYOBUX TOUKAX TATOBOTO KOHTYPY:
S, = Sgé;

S, =5, +W,, =S, +(q, +9")gwL ;

S, =5,k;

Sy =S;+W,, =S;+(q, +dc +q,)gwl ;

S;=S;+(dy +0c +q;)gW|—}
S,=S.e"

S, =10.18 H

S, =10.18+ (3.68+0.026)9.81-0.022-1.3=11.2 H
S,=11.2.1.05=11.76 H

S, =11.76 +(3.68+0.026 +0.031)9.81-0.022-1.3=12.8 H

Ha ocHOBI po3paxoBaHUX HATATIB B TOUYKAX MU MMOOYIyEMO Jiarpamy HaTsATy CTPIYKU
KOHBeepa (auB. puc. 7.5.3). MakcuMallbHUI IPOTHUH CTPIYKK MIXK POJIMKAMU MOBUHEH

BI/IMOBIJJaTH BCTAHOBJICHUM YMOBAM.

Puc. 7.5.3 Cxema HaTsITy CTpiuKH KOHBEEpa
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3. Bubip mapameTpiB OpUBOAY:

4
%I—(— ----- ——T 3
—1
Y
— /

Puc. 7.5.4. Cxema npuBoy CTpIYKOBOTO KOHBE€EpPA:

1 — enektponBuryH; 2 — my¢ra; 3 — penyKTop; 4 — MpHUBIAHMIA Ba,

Omnip pyXOBi CTPIYKH:

F. =Sy — S, =12.8-10.18=2.62 H
Fr =Sy —Se + K(Sis +S,) =12.8-10.18 + 0.04(12.8+10.18) =3.54 H

Po3paxyHkoBa NOTYKHICTh €JIEKTPOJBUTYHA MPUBOJY KOHBEEPA:

F-v 3.54.5
N,=—"—= =20.1
0 . 088 kBT

Po3paxyHkoBa MOTYKHICTh €JIEKTPOJBUTYHA MPUBOY KOHBEEPA!

N 2010

® p 088
n = 0.88 - KKJI npusony
VY cTaHOBIIOBaHA MOTYKHICTh JIBUTYHA!

N=n,N, =11.22.8=25 kB

n,=1.1..1.2 — koedimieHT yCTaHOBIIOBAHOI MOTYKHOCTI (3aI14C TIOTYXKHOCTI).

3a Karajgorom BUOUpAaEMO acMHXpPOHHMU NBUTYH Tuny 4AMP63A2 3 dazoBum

POTOPOM 1 TAKMMH JaHUMH: TOTY X HICTh P =25 kBT1, n = 2730 06/xB.
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1. Ipuiimaemo d - Gapabana = 100 MM
2. YacroTa obepTaHHs mpuBiqHOTO OapabaHa:

60v 60-5

“7 d  3.14.0.3
3. ITlepenaTouHe 4ncIIO peIyKTOpa MPUBOY KOHBEEPA:

N _ 2730 _g

n. 3185

a

10

[Tpuiimaemo no katanory 1{/12-100M-16-1.

=318.5 06/xs.
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8. IlpaBuiia MOHTaXKY, eKCILTyaTallil TAa PEMOHTY

1. Monmaxc
Mepen noyaTkom poboTM HeobXigHO peTesbHO BUBYWUTM IHCTPYKLiO 3
eKcnayaTauii HoXKoBoi ApobapKu.

MIH MOBHHEH MPAITIOBATH B CYXOMY, OMATIOBATHPHOMY Ta BEHTHJIHOBAHOMY
MIPUMIIIICHHI.

[cHyIOTP 1Ba OCHOBHI BapiaHTH TIIOCTaBKM MJIMHA: B TPAHCIOPTHOMY
MOJIOKEHHI 1 B 310paHOMY CTaHi. Y TPaHCHOPTHOMY MOJIOKEHHI MIIMH TOCTABJISIETHCS
po310paHUM Ha CKJIaJI0B1 YACTUHH.

[Ticnst noctaBku oOJagHAHHS B MPUMIIICHHS, HEOOX1AHO po3MaKyBaTH HOTO,
MEepPeBIPUTH KOMIUIEKTHICTh BIAMOBIAHO 110 JKCTa moctadaHHs. [Ipu po3makyBaHHI
CJJI JOTPUMYBATHUCS BCIX BKAa31BOK Ha YIAKOBI[l, OOEPEXHO BIAKPHBATH SIUIUK 1
3HSATH TUIATY OCHOBH. TaKOX BapTO BUJAIUTH TUTIBKY, OCKUIBKA BOHAa MOXKE
BUKJIMKATH T1BUIIEHHS BOJIOTOCTI.

[Tepen moyaTKOM MOHTaXKy CJiJ] IPOBECTH 30BHIIIHIN OTJIsAL 00JIaTHAHHS:

o TMEPEBIPUTHU KOPIIYC Ta 1HII METAJIEBl YACTHHH HA HASIBHICTh MOIIKOJKEHb;

e TIEPEKOHATHUCS, IO KJIEMa 3aXMCHOTO 3a3¢MJICHHS Ta BHJIKA MEPEKHOTO IITHypa
Oe31euHi 1 YnCTI;

o TEPEKOHATHUCS, 1[0 B JKUBWJIbHII BOPOHIIl Ta KaMmepi IpOOIeHHS BIACYTHI Oy/Ib-
K1 IOCTOPOHHI MPEIMETH.

Sxmo HoxxoBuit MauH PM 120 He Oyne Biapasy 3amyieHuid B poOOTy, BiH
MOBUHEH 30epiraTUcs B 3aXUIIEHOMY MICIIl, /i€ HE TTOCTIIHO 3MIHIOIOTHCS KIIIMaTHYHI
YMOBH.

MoHTax MalMHM TPOBOJUTHCS HA YHCTY MIIOTY 0e3 HEeoOXiAHOCTI y
dbynaamenTi. BuBipka 3/11HCHIOETHCS 32 IOMOMOTOI0 PETYJIIOI0YUX TBUHTOBUX HIKOK
1 MOHTQXKHUX PIBHEMIPIB BUCOKOI TOYHOCTI.

JIyist iepeBeIeHHs MaIlTiHU 3 TPAHCIIOPTHOTO TMOJIOXKEHHST B poboue (B 300pi)
HEOOX1JIHO 3aKpilUTH CTIMKYy Ha TMIJACTaBl, JJII 4YOr0 3aropHyTH JBa TBUHTHU

KPITJICHHS, 1 3aKPIMUTH YOTUPMA TBUHTAMHU €JIEKTPOJIBUTYH Ha CTIHUIIL.
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[Topsimok mATOTOBKK MJIMHA 10 POOOTH:

a) BCTAHOBITbH MJIMH Ha MiCIleé MOCTIMHOI eKcIuTyararlii, 3a0e3MeuYnBIIH
MOTIEPETHHO TOPU3OHTAIBHICTh TUIOMIAJAKH. MIMH TOBHWHHA CTOSTH Ha YOTHPHOX
aMOPTHU3aTOpax CTINKH 1 3HaAXOAUTHUCS B 30H1 A1 BEHTHIISIIIT;

0) 3'eIHaTH 3a3€MJICHHSI MJIMHA, OTOJICHUM MIJIHUM MPOBOJIOM TEPEPI3OM HE
MeHIe 1,5 mM;

B) 3aKpiMiTh MyJbT YNpaBIiHHSA a00 BUMUKAY YKUBJICHHS B MICI, 3pyUYHOMY
JUIS  KepyBaHHsA poOOTOI0 MIIMHA, 3IINCHUTH MOHTaX EJIEeKTPOOOIaJHAHHS Y
BIJIMOBITHOCTI 3 €JIEKTPUYHOIO CXEMOIO;

I) MOJaTH KOPOTKOYACHE EJEKTPOKUBICHHA HAa MIMH JUIsl TEPEBIPKU
MPaBUJILHOCTI HANpsIMy OOEpTaHHs IBHUTyHA. EJEKTpOMBUTYH TOBHHEH OOEpTATHUCS
3a TOJUHHUKOBOIO CTPLIKOIO;

1) nepeBipTe poOOTy OJOKYBaHHSA, JJI YOTrO 3alyCTiTh JBUTYH 1 IpHU-
BIIKpUIATE KPHUINKY A0 CIPAMIOBAHHSA KIHIIEBOTO BHMHKada. [Ipu mpoMy IBHUTYH
MOBUHEH 3yMUHUTHUCS. 3aKPUTTS KPUIIKH HE MOBUHHO BUKIIMKATH 3aIlyCK JBUTYHA.
Bin mnoBuMHEH 3amyckatucd TUIbKM mnpu HatuckanHi kHonku IIYCK mnynera
yIpaBIiHHSA 200 1HIIOTO MYCKOBOTO MPUCTPOIO.

[lepmmit myck 3piiicHioeTbes B pexumi  50% Big MakCUMajIbHOTO
HABAHTAXKEHHA 1 MICHS NEpPEeBIPKM pOOOTHM BCIX MEXAHI3MIB 1 CHUCTEM KEpyBaHHS
3alyCKaloTh OO0JIa/IHAHHSA Ha TIOBHY TOTYXHICTh, TpPH I[bOMY 3MIHIOIOTH
IPOIYKTUBHICTh aBTOMAaTa, TEXHIYHI PEKUMHU, a TAKOXK EKCIUTyaTalliHl mapameTpu
MIPUBO/IIB 1HIIIMX MEXaHI3MIB.

PemoHT 005aiHaHHS TPOBOIATH Y BIAMOBITHOCTI 3 TIIAHOM PEMOHTHUX POOIT,

SAKUN pO3pO0JICHUI HA KOXKHUM TTAaHOBHM PIK.
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2. Excnnyamauia

Jlo excrutyatarii oOJagHAHHS TOMYCKAIOTHCS JIUIIE OCOOH, SKI TMPOMIILIN
THCTPYKTaX 3 TEXHIKH O€3MEKHU.
MammHa TIOBMHHA OOCIYTOBYBATHCS IIEPCOHAIOM, SKUH Ma€ CIellialbHy

MiATOTOBKY 3 TEXHIYHOTO BUKOPHUCTAHHS Ta €KCILTyaTallii.

Yemanoeka oonaonanna i 3axucm 6io nenonaookx.

1. V Bumagky HEOOXIJTHOCTI TEXHIYHOTO OOCIYroByBaHHS a00 yCyHEHHs
HEMOJIaI0K Ha MPALIOI0Yiil MaIlluH1, TOMYCKA€THCS TPUBEICHHS MAIIMHU B 10
PY4YHHUM crtocobomM abo 3a 10MOMOT0I0 KJIaBIIITHOTO BUMHUKAYA.

2. Sxmo KnaBITHUM BUMHKA4 pO3TAIIOBAHUM 1032 PajilyCoM JIOCSKHOCTI
00CIIyrOBYHOYOTO NIEPCOHATY, TO OJIHA CHEI1alIbHO MpU3HaYeHa 0c00a MOBUHHA
0oOCIyroByBaTM MAaIlIMHY 3 OJIHOTO TMOCTIMHOTO MICIS, 3 SKOTO MOXKe
KOHTPOJIIOBaTH POOOTY 1 HeraiHo 3ynuHATH MaimuHy. Ll ocoba He moBUHHA
3aJIMIIATH CBOE MOCTIHHE MICLE 1] 4ac MPOBEACHHS POOiT.

3. 3a00pOHSEThCS 3aBAaHTAXKEHHSI Martepialy B BUMKHEHe oOnanHaHHs. [lpu
3aBaHTaXEHH1 HEOOX1THO YHMKATH MOTPAIUISHHS B OOJaJHAHHS HENOAPIOHUX
YaCTHMHOK, TaKMX SK IIMaTKH MeTaly, KameHl 1 T.m. lloTpamnsHHs 1ux
MaTtepialiB B Kamepy JpOOJICHHS MOKE MPHU3BECTH JO 3aTyIUIeHHS a0o
MIOJIOMKH HOXIB Ta BUBCJICHHSI MAIIIMHHA 3 JIATy.

4, Y BuUmaAky 3acTpsATaHHS HOXIB HEOOXIIHO HETallHO  BIIKIIOYUTH

CJIICKTPOIKHUBJIICHHS MJIMHA.

Ouuwennsn

[lepen BuKOHaHHSM OyIb-SIKMX POOIT 3 JOTJSAY Ta OUYHUIICHHS Tpeca HEOOXiTHO

BUMKHYTU HWOTO TOJOBHMM BHMHKA4eM 1 3a0€3MEUUTH 3aXUCT MAIIUHU BiJ

HEHABMHCHOI'O yBiMKHCHHfI.
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Bka3ziexku no 3anobizannio HewiacHUX 6UNAOKIG

MammHa OcHallleHa BCIMa CyYacCHHMH MPUCTPOSIMU OE3MEKH 1 3aXHCTy, IO
rapantye Oe3neyHy po6oTy Ha Hiil. [IpodeciitHe 00cTyroByBaHHSsI MalIMHH J03BOJISIE
BUKOHYBaTH Oe3neuHy 1 HaJiiHy poOoTy 3 oOnaaHaHHsM. OJHAK HENpaBUIbHE
00CIyroByBaHHS MallTUHU MOXKE IPU3BECTH JI0 HEOC3MEUYHUX CHTYAITIH.

Jlisg BIAKITIOUEHHS] MalIMHU Tepen0ayeHa KHOMKA aBapiiHOTO BIAKIIOYEHHS
Ha TIaHeNl yrpaBiiHHA. J[JI1 TMOBHOrO BIAKIIOYEHHS €JICKTPOIIABEACHHS CII
BIIKJIFOYATH BUMHKA4 a00 BHYTPINIHIA 3amoODKHUK 1 3a0€3MeYUTH 3aXUCT BIJ

HCHABMHCHOI'O BKIIIOUYCHH:I.

Texniune oocyzo8y8anns

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

1 | Tlepen mouarkom 3minu | [IPOBECTH 30BHINIHIN OIIIAT 00T THAHHS.
[lepeBipuTH KHOIIKY aBapiiHO1 3yIIUHKH.

[TepeBipuTH CTaH 3aTOYKH HOXIB; MPHU
HEO0OX1THOCTI BUKOHATH 3aTOYKY HOXKIB.
[TepeBipuTu 3a30p MikK HOKaMH, Yy pasi moTpedu
2 OnuH pa3 Ha THXKACHD .
- BIpETYJIIOBaTH 3a30p.

[TepeBipuTH CipaBHICTh CUCTEMHU OJIOKYBAHHS

oOnagHaHHS.
3 Yepes koxHi 120 rogun | [lepeBiputu 3aTaryBaHHs TBUHTIB KPITUICHHS, Y
poboTtu pa3i HEOOX1THOCTI MATATHYTH KPITJICHHS.
Hanectn mactmiio Jliton-24 Ha mMiAIMIHITHUKA
4 OnuH pa3 Ha mBpIdYs

€JIeKTPOJIBUTYHA, POBECTHU yC1 MYHKTH J10.
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Bka3ziexu no 3anobizannio HewacHUX 6UNAOKI6

Ilepen moyaTkoM poOOTH HEOOXITHO JACTATbHO BHUBUMUTH I1HCTPYKIIO 3
excrutyartamii. PM 120 mae xmac 3axmcry 01, Tomy mig gac poboTH 0OOB'SI3KOBE
3a3eMJICHHSI OOJlaHAHHS Ta MIJKIIOYEHHS KIHIEBOIO BHUMHKaya, 110 aBTOMATHUYHO
BIJIKJTIOUAE €JIEKTPOKUBIICHHSI TIPH BIIKPUTTI KPUIITKA KaMepH MOAP1OHEHHS.

Oco0u, sxi kepyroTh poboToro PM 120, moBuHHI MaTH KBamidikaliiHy Tpymy 3
enexTpooesneku He Hukue 1.

O6cnyroByBaHHs Ta peMOHT PM 120 MOXyTh MPOBOAUTH OCOOH, K1 IPOUIILIN
aTecTallilo 3 eJeKTpoOe3NMeKr Ta MaloTh BIANOBIIHE IOCBiIYeHHSA. Pobotu 3
0OCITyroByBaHHsI Ta PEMOHTY OOJaJHAHHS MOXXYTh BUKOHYBAaTH OCOOH, SIKI MarOTh
kBanmQikamiitny rpyny He Hukde III. J{ns yHUKHEHHS TpaBMaTUYHUX CUTYyalllil BiJ
YPOKEHHS EJNEKTPUYHUM CTPYMOM OIJISii Ta PEMOHT CIiJ TPOBOJUTH TPH
BIIKJTIOUEHHI 00JIaHAHHS B1J €JICKTPUUHOI MEPEXKI.

Mig yac poboTM MAMH PO3TALLIOBYETLCA B CMeELia/ibHO BiABEAEHOMY MiICLi Ha
YKOPCTKiN, MiUHIM Ta rOPU30OHTANbHIN NigN03i.

3ab60poHEHO:

o EkcmryatyBaTu MimH 0€3 3aXHCHOTO 3a3eMJICHHS.
o IIpoBoautu peMOHTHI poOOTH O€3 BIAKITIOUEHHS €IEKTPOKUBIICHHS.
o BukopucTtoByBaTH MJIMH NpyU BUMKHEHIH ab0 HECHpaBHINA CHUCTEMi BUTSAKHOI

BEHTWJIALI].

o 3amyckaTd MJIMH 3 HECHPaBHOI ab0 MITYYHO 3aMKHYTOIO CHCTEMOIO
0JIOKYBaHHS.

o Bigkpuaru kpuIIKy 10 TOBHOI 3yIUHKUA POTOPA.
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9. Oxopona npami

3axkon Ykpainu npo oxopouy npayi

14 xoBTHs 1992 poky BepxoBHoro Panoro Ykpainu OyB npuitHsaTHil 3akoH "IIpo
oxopony mpari". Lleii 3akoH Npu3HAUYEHUU AJs1 3a0€3MEUEHHS KUTTS Ta 370pOB'S
JIOIUHU TIepen Oyab-sIKUMH HACIIIKaMH BUPOOHWYOI MisUTBHOCTI, COINaIbHOTO

3aXHUCTY JIFOJIMHM Ta BIJIIKOYBaHHS IIIKOH, 3aI10IISTHOT 3JJOPOB'IO Ta 1HIIII.

Oxopona npaiii B YkpaiHi 3/1IHCHIOETHCS 1 PErYII0ETHCA Ha OCHOBI TOCTaHOB Paau
MinictpiB Ykpainu, 3aKOHOJaBYMX aKTiB, Takux sk Koncrutymis Ykpainu, Kogekc
3aKOHIB Mpo mnparro, noctaHoB Kabinety MinictpiB 1 BepxoBHoi Pagu Ykpainu, a

TaKOX CHEIliaJbHUX IIPaBUII 1 HOPM
Incmpyxkmaoic

[HCTpyKTaX1 3 OXOpPOHM Mpalll 3A1MCHIOIOTHCS BiAMOBIAHO A0 "TumyacoBoro
MOJIOKEHHS PO HABYAHHS, IHCTPYKTaX Ta MEPEBIPKY 3HAHb NPALIIBHUKIB 3 MUTaHb
OXOpOHHU Iparl" Ha BCIX MIANPUEMCTBAX, YCTAHOBAX Ta OPTaHi3allisax, HE3aJIeKHO Bijl
iXHBOT XapaKTEepPHUCTUKHU, NIANOPAIKYBaHHS Ta (opMU BiacHOCTl. MeTow 1ux
IHCTPYKT@)XIB € HABYUTU MpALIBHUKIB MPAaBUJIbHUM Ta O€3MEYHUM CIOCOOOM
BUKOHYBAaTH CBOi TPYJOBI OOOB'SI3KH, 3 ypaxXyBaHHSM BIIACHOI Oe3neku Ta Oe3mexu
HABKOJIMIIIHBEOTO cepeloBuIa. [HCTpyKTaXi MOAUISIOTECA 32 4acOM Ta XapaKTepoM
IPOBEJICHHS HAa HACTYIIHI BUJIU:

1. BCcTynmHUH - MPOBOAUTHCS MPU MPUKHATTI HA POOOTY;

2. TIEPBUHHHI - MPOBOAUTHCS MIEPE]] TOYaTKOM pOoOOTH Ha MiANPUEMCTBI;

3. meploAnyYHUi - TPOBOAUTKCS 1 pa3 Ha 6 micsiiB ado 1 pa3 Ha 3 MicsIli;

4. 1o3ariaHOBUM - TPOBOJUTHCA Y pa3l BUHUKHEHHS HEIIACHUX BUMA/IKIB, 3aM1HU

TEXHOJIOTIYHOTO 00N AHaHH 200 3MIHM TEXHOJIOTIYHOTO MPOIIECY;

5. LUIbOBUIA - TPOBOJUTHCS IPU BUKOHAHHI OJTHOPA30BUX POOIT.

3rilH0 3 YWHHUM 3aKOHOJABCTBOM, KEPIBHHKH TMIIIMPUEMCTB 3000B's13aHI
3a0€3MeUYnTH CBOEYACHE Ta SIKICHE MPOBEACHHS 1HCTPYKTAXy ISl MPALIBHUKIB, IO
CTOCYETBHCSI MIPUIOMIB 1 METOMIB pOOOTH, a TaKOX O3HAMOMIIEHHS iX 3 MpaBUJIAMU
MOBEIHKYA Ha TEPUTOPIi 11eX1B Ta JUISTHOK MiAMPUEMCTBA.
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3axoou oe3neku

[Tepen po3nouatkom poOOTH HEOOXITHO YBAXKHO O3HAWMOMUTHCS 3 IHCTPYKIIIEIO 3
excrutyatamii  oOmamHanHs. Och JesKl BaXJIMBI TMYHKTH, M0 CTOCYIOTHCS
excrutryarairii PM 120:

1.
2.

Knac 3axucty PM 120 - 01. IIpu po60Ti 060B'sI3K0BE 3236 MIJICHHSI MIIUHA.

OcoOu, siki kepyroTb PM 120, moBuHHI MaTu KBamidikaiiiiHy rpymy 3
enekTpoOesnexu He Hkue I1.

Oo6ciyroByBanHs Ta peMOHT PM 120 MOXyTh TIPOBOJIUTH JIHIIIE OCOOM, SKi
MPOUIIIM aTECTAIlI0 3 EJIEKTPOOE3MeKr Ta MArOTh BIAMOBIIHI TOCBIIYCHHS.
Po6oTtn 3 00cmyroByBaHHsS 1 PEMOHTY MIIMHA MOXYTh BHKOHYBAaTH OCOOH 3
kBastiikariitHoro rpymnoro e Huxue I11.

Orunsan 1 peMOHT CJIii BAKOHYBAaTH Ha MIIMHI, BIAKIIOYEHOMY BiJl €JICKTPUYHOT
Mepexi, 00 YHUKHYTU YPaKEHHS CTPYMOM.

[Tinkmouennss PM 120 no enexktpomepexi Mae MPOBOJUTHUCS 3a JOMOMOTOIO
CIPABHUX €JIEKTPOYCTAHOBOYHUX MPUCTPOIB (LIHYP, BUIKA 1 PO3ETKA).

MMH TNOBMHEH pO3TAIIOBYBAaTHUCA B CHEIIaJIbHO BIJABEACHOMY MICLI Ha
YKOPCTKIM, MIITHIHA 1 TOPU30HTAIBHIN MiACTaBI.

3a00pOHEHO EeKCIUTyaTyBaTH MJIMH 0€3 3aXHMCHOTO 3a3eMJICHHS, MPOBOIUTH
pEeMOHTHI poOOTH 0e3 BIAKIIOUEHHS HANpyrd, €KCIUTyaTyBaTH MIIMH TIpH
BUMKHEHIA a00 HECNpaBHIM BUTSKHIA BEHTWIALII, a TaKOX BIJKpUBATH
KPHUIIKY MJIMHA JI0 TIOBHOI 3yIMUHKH POTOPA.

Mikpokaimam

Jlns 3abe3nedeHHs 310pOBUX 1 O€3MEYHHMX YMOB MPAIre3MaTHOCTI JIFOJIUHU

BOXKJIMBO, N[00 OTOYYyIOUE TOBITPSHE CEPEOBHUINE BIAMOBIIAIO BCTAHOBJICHUM

CaHITapHO-TIrieHiYHUM HoOpMaMm. OcHOBHUMH (haKTOpaMu, SIKI BIUTUBAIOTh Ha

METEOPOJIOTIYHI YMOBH, € TEMIIEPATyPa, BOJOTICTh MOBITPA 1 LIBUAKICTH MOBITPA.

HopmyBanHS BUpOOHHMYOTO MIKPOKIIMATY MPOBOAUTHCS BiamosinHo 10 ['OCT

12.1.005-88 «IICBT: 3aranpHi caHITapHO-TITIEHIYHI BHUMOTH JO0 TOBITpS poOoUOi

30HW». LI craHgapTM BCTAHOBIIOIOTH BUMOTH JO MIKPOKIIMATY BUPOOHUYHUX

MPUMIIICHB, BKIIOYAIOUH Ti, A€ 3A1HMCHIOETHCS MOAPIOHEHHS POCIMHHOT CUPOBUHHU.

- Temneparypa — 15...26°C;

- BlgHOCHA BostoricTh —40...60%:;

- WBUAKICT pyXy nositps - 0,2...0,4 m/c.
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Jlns noCsITHEHHST BCTAHOBJIGHHWX CTAaHJAPTIB MIKPOKIIMAaTy mepeadadaeTbes
BCTAHOBJICHHSI  BEHTWIALIMHUX  CHUCTEM, TepMETH3aIlis 1  TeIIoi30Js1is
TpyOOIIPOBOIIB

Benmunauyin

[Ipu npoekTyBaHHI BEHTWISAIIMHUX CUCTEM JJII BUPOOHUYHMX Ta JOTOMIXKHHUX
IpUMILIEHb OCHOBHUMH HOpMaTUBHUMH AokyMeHTamu € CHill 1133-75 "Omnanenns,
BeHTW AL Ta KouauiitoBanHs" 1 CHill 245-84 "CanitapHi HOPMH NPOEKTYBaHHS
MIPOMUCIIOBUX MiITPHEMCTB" .

Metoro npoekTy BHUPOOHMYOI BEHTWJIALII € BIAMOBIAHICTH CaHITAPHUM Ta
TEXHOJIOTIYHUM BHMOTaM II0JI0 METEOPOJIOTIYHUX YMOB Ta YHMCTOTH TMOBITPS Y
MPUMIIIICHHSIX JIJI1 BATOTOBJICHHS MEIUIHUX 3aCO0IB.

BupobHude npuMilieHHs] Ma€ ONTUMAJIbHY CUCTEMY MPUILIMBHOI Ta BUTSHKHOI
BEHTWIAIII 3 KOHTPOJIHOBAHUM TOBITPSHUM TIOTOKOM, a TaKOX OOJaJHaHHSAM 1
NpWIaJaMH JJIsl BUMIPIOBaHHS TEMIIEpaTypH, BOJIOIOCTI Ta €PEKTUBHOCTI (PLIbTpALIii.
[IpOAYKTUBHICTE  CHUCTEMHU BUTSDKHOI  BeHTWIAIIl  ckimamae  80-90%  Bif
MPOIYKTUBHOCTI CHCTEMH TPHUILIUBHOI BEHTWIALII i1 3a0€3ME4YeHHST ITOTOKY

MOBITPS Y "UMCTOMY MPUMIIIICHHI".

Ocsimnennsn

VY npuminieHHsX, A€ MPOBOJUTHCS MOAPIOHEHHS POCIMHHOI CUPOBUHU ISt
BUTOTOBJICHHS JIIKAPCHKHUX TPernapariB, BUKOPUCTOBYETHCS KOMOIHOBaHE OCBITIICHHS
- OOKOBE MPUPOJIHE Ta IMITy4YHE. 3arajbHUN PiBEHb OCBITJICHHs ckiiagae 200 JIIOKCIB.
B nux npuminieHHsAx nepeadadyeHo 1Ba BUAU OCBITIEHHS: poOode Ta aBapiiine. s
aBapifHOTO OCBITJIICHHS BUKOPHUCTOBYETHCS YaCTHHA CBITHWJIHHHKIB, SIKI MPU3HAUYCHI
uist  pobouyoro ocBiTiieHHs. [Iporsrom cBiTioro mnepiogy Ao0W BHPOOHMUI
MPUMILIEHHS OCBITJIIOIOTHCS SIK MPUPOJHUM CBITJIIOM Yepe3 BIKHA, TaK 1 MITYYHUM
ocBiTiieHHs M. OCBITJIEHHSI BifnoBigae BuMoraMm, BuszHaueHum y CHilll1-4-79

"[IpupoHe Ta MTy4YHE OCBITICHHA".
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IlIym i Biopauyin

Mig yac pob60TM HOMKOBOrO MAMHA BiA3HAYAETLCA NiABULLEHA Bibpauia, AKy

MOXHa 3MEHLIMNTU, LOTPMMYHOUUCb HACTYMHUX 3aXOAiB 3aXMCTY:

1.

CBoeuyacHo ouynmaiaTn 1 6aJIaHCYBaTH BY3JIH1 O6JI3I[HaHHH, IO BHUKOHYIOTH

IIBUJIKI 00EPTOB1 PYyXH.

BcranosmtoBatn  mpuBoaM 1 oOmamHaHHS ~Ha  BiOpalliiHI  omopH

(amopTH3aTOpH, BIOPOI30JISATOPH) JJIsI TTOTAIlIeHHS B1OpaIrii.

JIs1 3aXyCTy mpalliBHUKIB B1JT MIKIJIMBUX ITYMiB 3aCTOCOBYBAaTH HaBYIITHUKHU
K 1HAMBIIyaldbHI 3ac00M 3aXxUCTy. Ha chOroJHINIHIN AEHb CIOCTEPIra€eThCs
TEeHJICHIIIS J0 MOCTIMHOTO 30UIBIICHHS PIBHS IIYMY Ha BHPOOHMIITBI Yepes
3pOCTaHHS MOTY>KHOCTEH TEXHOJIOTIYHOTO oOnagHaHHs. [lomycTumMi HOpMU
myMy Uil OIAOPUEMCTB BU3HaueHi BianoBinHo no I'OCT 12.1.003 — B
3.CCBT. Illym "3aranpHi BUMOru Oe3rneku" HaBeneHo B Tabmuill 8.1 gaHoro

CTaHJapTYy.

Taomurs 8.1.

Ipodecis

PiBenb 3ByKYy 1
€KBIBaJICHTHI
piBHi, 1b

PiBeHn 3BYKOBOI'O THCKY, Ib B aKTMBHUX cMyTrax 3
CEPCAHBO0 TCOMCTPUIHUMHU CMYT'aMH

Omneparop 105 93 | 89 86 | 83| 80 | 78 | 716 | 72 80

[ns 3meHwWweHHs BibpaLii nig Y4ac poboTH BUKOPUCTOBYIOTLCA HACTYMNHI MeToam:

1.

[lTocnabnenHss BiOparmii Ha 11 JoKepenl 3aBASIKA TEXHOJOTIYHUM  Ta

eKCIUTyaTallliHUM PILLICHHSIM.
CBoeuacHU# AOTIIA 32 00JaTHAHHSIM 1 HOTO PEMOHT.

Bukopucranas ryMOBUX NMPOKJIAJOK y 3'€THAHHSX sl 3MEHIIIEHHS Tepenayl

KOJIMBAHb BIJ OJHUX NETAJIEH JI0 1HIIUX.

KpinneHHss mnoOBITPONMPOBOAIB 1O ONOp 3a JOMOMOIOI TMPOKJIAJA0K 1

B10pO130JIATOPIB.
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5. BuxopucTtaHHs 3ByKONOTIHHAIOYUX MMOKPUTTIB Y LIEXY.
6. CBoeyacHe 3MallyBaHHs JeTalel, Kl TPYThCA.

7. BcTaHOBIIEHHS BEHTWIALIIWHUX MPUCTPOIiB Ta TYMOBHUX MOAYIIOK, IO

MOTJIMHAIOTH BiOpallii Ta KOJTMBaHHS.
8. 30inblLIeHHs BTpaT eHeprii B cucTeMi (BIOpOTIOTIIMHAHHS).
9. 3HIKEHHS IHTEHCUBHOCTI BiOpaIliii Ha IUIAXY X MOMIMPEHHs (BiOPOi30IIsIIIis).
10.3actocyBaHHs 3ac001B 1HAUBIIyaIbHOTO 3aXUCTY .

3axucm 6i0 wiym npu pooomi PM120:

BopoTeba 3 mrymom mijJ 4yac ekcruryaralii MOJIOTKOBOI JPOOapKU € CKIIaJAHOIO
3aJ1auero, OCKUIBKH JpKepesa IIyMy Pi3HOMaHITHI 1 BAMaraloTh KOMIUIEKCHUX 3aXO0/I1B
Ha BCIX eTanax MpOEeKTyBaHHsA, OyJIIBHUITBA Ta €KCIUTyaTallli o0gaaHaHHs. [CHYIOTb
TPHU OCHOBHI HaIPSIMKH J1J1s1 00POTHOU 3 IIIyMOM:

1. 3MeHIIeHHS TIyMy Ha JDKepeni HOro BUHUKHEHHS MUISIXOM BHUKOPUCTAHHS
palioHAIbBHUX KOHCTPYKIII, HOBUX MaTepialiB Ta TEXHOJIOTTYHUX MPOLIECIB.

2. 3ByKO130J1s11is 008 IHAHHS 32 JIONMOMOTOI0 TITYIITHUKIB, PE30HATOPIB, KOXKYXIB,
3aXMCHUX KOHCTPYKIIiil, 0OpOOKHU CTIH, CTENI, MiJIJIOTH TOLLIO.

3. BukopucrtanHs iHAMBIAyaJbHUX 3aCO0IB 3aXUCTy, TaKUX SK HABYIIHUKU Ta
1HIII.

Yacto BiOpallisi BUCTYNA€ SIK CYMyTHIA (akTop IymMy Ha poOOYMX MICLSX,
TOMYy cHUCTeMa TPODUIAKTUYHMX 3aXOMdIB JIJIi 3MEHIIEHHSA IIyMy Mae OyTH
KOMILJIEKCHOO. TEeXHONOTr1YH1 3aX0A1 OXOIUIIOIOTh XapaKTEPUCTHKY Ta PO3MIILEHHS
oOnaHaHHs, PO3PAXyHOK IMapaMeTpiB IIIyMy Ha €Tarll MPOEKTYBaHHS, BUKOPUCTAHHS
3BYKOI30JISIITHIX KOHCTPYKLIN Ta €KpaHiB, a TAKOXK 3aMIHY UTYMHHX TEXHOJOT1UHUX
NpoLECiB 1 MEXaHI3MIB MEHII IIYMHUMH albT€pHATUBAMH. TakoXX MOKIIUBE
oOnamHaHHS KaOiH UId omepaTopiB 31 3BYKOI30JIALIEI0, AMCTAHIINHE KepyBaHHS
oONaJiHaHHAM Ta aBTOMAaTH3allisi BUPOOHUYMX MPOILIECIB JJI1 3MEHIIEHHS KIJIbKOCTI

orepaTopiB Ha MICIIL.
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Canimapno-nooymoei npuminieHus

CaniTapHo-noOyTOBI TPHUMIIICHHS NPU3HAYEHI MJi1 3aJ0BOJIEHHS MOTped
IpaliBHUKIB M1 yac iX poOOTH Ta MOBHMHHI BIANOBIIaTH BUMOTaM, BCTAHOBJICHUM Y
CHAilI 11.92-81 "lonomixni 6yaisii" Ta 'MP. Taki npuminieHHs BKIIIOYaOTh y ce0e
pO3IATalbHI, TyIIOBl, YMUBAJIBHUKY Ta CaHITApHI BY3JIH.

[Ipu wHasBHOCcTI g0 50 mpamiBHUKIB HA  MIAIPUEMCTBI  MOXYTb
BUKOPUCTOBYBAaTUCh 3aralibHi pO3JSATralibHI JJId BCIX TPyl NpaiiBHUKIB. Y pasi
NEPEBUILEHHS [OTO YHCIA, OOJAIITOBYIOThCS OKpeMi po3fsaranbHi. Po3msramphi
MarTh ocobucti madu ang 30epiraHHs poOOYOro, JTOMAIIHBOIO Ta CHEIIaJbHOIO
OJIATY, 3 MPOXOJIaMH IMHUpUHOIO Bix 1,2 1o 1,5 Metpa.

KiJIbKICTh IyIIOBUX 1 YMUBAJIBHUKIB PO3PaX0OBYETHCS BIAMOBIIHO O KIJIBKOCTI
MpaIliBHUKIB, a caMe: OJIMH JIyIIOBHM Ha 8 YOJIOBIK, YMUBAJIILHUKH - TIO OJJHOMY Ha 20
4yoJIOBIK (Tpalorounx y HahOunemry 3midy). [llomo caHBy3mdiB, TO iX KUIBKICTb
NOBUHHA OYTH 1O OJHOMY Ha 15 mpaniBHUKIB 7151 )K1HOK Ta Ha 10 - 17151 4OIOBIKIB.

BOupanbHi, aaMmiHICTpaTHBHI, BUPOOHUYl Ta MOOYTOBI MPUMILIEHHS MAalOTh
pO3TAIlIOBYBATHCS HA KOXXHOMY TOBepci. Biactanb Bl poOouMxX MicCIlh 10
rapJIepoOHUX, MICIb IS TaJiHHS, AYIMIOBHX Ta I1HIIMX IPUMIIICHh, HE MOBHUHHA
MIepEBHIIYBaTH 75 METPiB, a Big poOOUYMX MICIlb HAa MPOMHCIOBIN Tutomasii - 150

METPIB.

Enexkmpoobeszneka

B nmanomy mnpuMimeHHi oOJagHAaHHS 3 CJICKTPOJABUTYHAMHU IIiJIIAJIA€ ITiJT
YKOPCTKI BUMOTH IIIOJI0 OXOPOHU TMpalli, BCTAHOBJICHI TMpaBUJIaMU OXOPOHH TIparll.
3rigno 3 IIpaBunamu YcerpoiictBa EnekrpoycranoBok (IIYE), Bci BupoOHUY1 yMOBU
3a CTyleHeM HeOe3NeKHu TMOAUIAIThCA Ha Tpu Kareropii. lle mnpumimeHHs
BiIHOCUTHKCS 10 11 kaTeropii 3 miaBuIeHOO HeOe3nekor. OHIE0 3 OCHOBHUX 3arpo3
y IIbOMY TPHUMIIICHHI € HAKOMWYCHHS CTaTHYHOI CJICKTPHKH Ha oOjamaHaHHI. e
MO3K€ IPU3BECTH JI0 MOXKEX, BUOYXiB Ta MOPYLIEHb Y POoOOTI enexTponpuiaaiB. Tomy

3aCTOCOBYIOTHCS HACTYITHI 3aXO0/IM 3aXUCTY:
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1. 3a3zemiieHHs BChOTO OOJIaHAHHS Y IPUMIILIEHH] 10 CHCTEMH 3a3€MJICHHS.
2. BuxopucTtaHHs 130JISI11 y €JIEKTPOYCTAaHOBKAX ISl 3aro0iraHHs YpaKEHHIO
CTPYMOM Ta MOXKEKAM.
3. BukopucTtanHs 3aXUCHUX METO/IIB, TAKHUX SIK:
o 3HmxeHHs Hanpyru (42 B 1 MeHe);
« 3axucHe 3a3eMJICHHS Ta 3aHYJICHHS,

o IloasiiiHa 130A1114.

IHooxcercna 6e3nexa

3axoau MoXKexKHOi 0€3MEKU BKIIOYAIOTh:

o 30epekeHHs peKUMIB pOOOTH amapary BIAMNOBIAHO O NACHOPTHUX JAHUX Ta
TEXHOJIOTTYHOTO PETIaMEHTY.

o CBo€uacHe Ta AKICHE 3MalllyBaHHS MIAIIUITHAKOBUX BY3JIIB Ta MEXaHI3MIB 3
TEMIIEpaTypolo, SKa HE TEPEBHUIIyE TEMIEpaTypy HaBKOJHUITHBOTO
cepenouia Ha 45°C.

o Hapmiiina repmeTH3atiis pyxoMux Ta HEpyXOMUX 3'€THAHb.

o HapiiiHa 13051811151 HarpiTUX MOBEPXOHH amapary.

o IIpoBenenns ornsaiB Ta MpodIAKTUYHUX PEMOHTIB.

Y nmaHoMy TpUMINIEHHI B SKOCTI TEPBUHHUX 3aC00iB IMOXKEKOTaCiHHS
BUKOPUCTOBYETHCS BOJIA, CyXUid Micok Ta BorHeracHuku mapok OXII-10, OBII-10 Ta
OV-8.

KoMmiekTyrounMu eneMeHTaMy BHYTPIIIHIX MMOXKEKHHX KpPaHIB € MOXKEXHI
ctBosiu PC-50 Ta HamipHi MOXEXHI pyKaBa JiamMeTpoM 77 MM, MpU3HAYEHI s
poOouoro tucky jo 1.5 MITa.

OOcsr BOaM I TaciHHS TOXKEXKI BU3HAYAETHCS B 3aJICKHOCTI Bif 00'eMy
MPUMIIICHHS Ta HOTO CTYIEHs BOTHECTIHKOCTI. JIJI IbOTO MiAMPUEMCTBA TPUITMAEMO
Butpary Boau 20 ji/c. Po3paxyHKoBuUiA 3amac BOJIU ISl TPUBAJIOTO TaCiHHS TMOMKEXKI
MPOTATOM TPbOX TOJAMH BU3HAYAETHCS HACTYITHUM YHHOM:

Q =(3-3600-n)/1000 =10,8-n=10,8-20 = 216.»°

€, N - CEKyHIHI BUTPaTH BOAM, IM°/C;

3600 i 1000- nepeBigni KoeilicHTH BiAIOBIAHO FOAUH B CEKYHIU i IM° B M.
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BucHoBKkH
3abe3neueHHsT O€3MeKH Ta 370pOB'S MpAIliBHUKIB mepeadadyae BUKOHAHHS
HACTYITHUX 3aXO0/1B:

1. Po3poOka Ta BIOPOBAIKEHHA TMpPaBWI, CTaHAAPTIB, HOPM, IOJOXEHb Ta
THCTPYKIIIHM 3 OXOPOHU TIparil.

2. IlpoBeneHHS! KOHTPOJIIO 32 BIAMOBIIHICTIO HOPMAaTUBHUM aKTaM 1010 O€3MeKH
MallIiH, MEXaH13MIB, TEXHOJIOTTYHUX MPOIECIB Ta YCTATKyBaHHS.

3. 3ale3meueHHs MpAaIiBHUKIB KOJEKTUBHUMH Ta 1HIWBITyalbHUMHU 3aco0amu
3aXHUCTy, a TaKOX JIKYBaJIbHO-IPOPUIAKTUYHUM XapuyBaHHSIM, MHUIOYUMHU
3aco0aMu Ta CaHITapHO-TTOOYTOBUMU MPUMIIIICHHSIMHU.

4. BuKOpUCTaHHS TPUHUUIIY MAaTepialbHOTO 3a0XOYEHHS NPALIBHUKIB, K1
BIJIMOBIAIbHO CTABIIATHCS JI0 BUKOHAHHS CBOiX OOOB'SI3KIB Ta aKTUBHO OEpyTh
y4acTh y IiJBUIIEHH] O€3MEKH Ta MOJINIIEHH] YMOB ITparil.

JloTpuMaHHS BCIX ITUX BHMOT CIPUATAME TOKPAIICHHIO YMOB pPOOOTH Ta

3a0e3MeUeHHIO O€3MeKH MPaIliBHUKIB.
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10. Oxopona noBKiJLIst

Jns 3a0e3nedyeHHs eKOJIOTTYHOI Oe3MeKH JIOBKUIIS Ba)KJIMBO BIIPOBAKYBATH
oprasizailiifHi, TpaBOBi, €KOHOMIYHI Ta comiaJbHi 3axofu. OTHUM 13 KIFOYOBHUX
aCIeKTIB OPraHi3allifHOTO yIpaBJIiHHS € HaJIMHUN NMPaBOBUM MEXaHI3M, SKUU Mae
rapaHTyBaTd BUKOHAHHA NPHUHIMIIB OXOPOHU TMPUPOJU Ta PaIlOHAIBHOIO
BUKOPHCTAHHS PECYPCIB.

[IpomuciioBl MIANPUEMCTBA € OJHUM 3 OCHOBHHMX JDKepen 3a0pyJHEHHS
atMocepu. 3abpyIHEHHS MOXE MaTd pPi3Hi (GOPMHU, BKIIOYAIOUM BUKHUIW MHIY Ta
rasiB, CTI4HI BOJH, III0 MICTSATh TOKCHUYHI PEYOBHHH, a TAKOXK 3a0pyJAHEHHS IPYHTY
BOKKMMH METaJIaMH Ta 1HIIMMHU IIKIITTMBUMHA PEYOBHUHAMU.

OpgHuM 13 OCHOBHMX (DaKTOpIB, IO MPU3BOAUTH 1O HE33JOBLIBHOTO CTAHY
JOBKULISL, € BIJICYTHICTh €(EKTUBHHX MPUPOJIOOXOPOHHUX TEXHOJOTIH Ta
BIIMOBIJHUX  MPABOBUX Ta EKOHOMIYHMX  MEXaHI3MIB, CIpPSMOBAHUX  Ha
BUKOPUCTaHHS €KOJIOTTYHO O0€3MEYHUX TEXHOJIOT1M.

Po3poOka TexHoyOrid BIAIIIEHHS Ta 3HEMIKO/KCHHS BIAXOJIB € BaXKJIMBUM
€JIEMEHTOM MOKPAUIEHHS €KOJIOTTYHOCTI MANPUEMCTB. Takok BaXXJIMBO MIHIMI3yBaTu
KUIBKICTB BIJIXO/IIB B MPOIIEC] BUPOOHUIITBA.

VY 3B'SI3Ky 3 BUKOPUCTAaHHSAM XIMIYHUX PEUOBHMH Yy BHUPOOHUYMX IPOIIECAX,
BOKJIMBAM € JOCHIDKEHHS iX BIUIMBY Ha HABKOJIMIIHE CEPEIAOBWINE Ta 370POB'S
JIFOJTUHHU.

MepLw HiXK HOBI XiMiYHi pe4oBMHM BBOAATLCA Y BUPOOHULITBO, BOHM NPOXoAATb
oboB'A3koBe  AOCAIAMKEHHA  iX  TOKCMYHOCTI. 3a3BMYaM  CUPOBMHA, WO
BMKOPUCTOBYETLCA Y BUPOOHULTBI, @ TAaKOXK roTOBa NPOAYKLfA, HE MalOTb BUPAXKEHOI
TOKCUYHOCTI i He BM/IMBAlOTb HEFaTUBHO HAa HABKOJIMLWIHE CePesOBULLLE 3 TOYKU 30pY
CaHITapHO-TIriEHIYHNX BnacTMeocTer. [na TOro wWo6 3aXMCTUTU HABKONULLHE
cepenosumlie Big TMMYACOBMX BMNAMBIB TEXHONONYHOro MpPOLECY, BXMBAKOTLCA
HACTYMNHi 3axo4um:

o TEXHIYHE 00JIaJHAHHS, apMaTypa, TPyOONpPOBOAM Ta TPAHCIOPTHI KOHTEHHEPH
MaKCHUMAaJIbHO T€PMETU3YIOTHCS;

¢ BHUKOPHUCTOBYIOTHCS 3aKpUTI EMHOCTI /I CHPOBUHHM Ta HamiB(haOpHUKaTIB;
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o 3a0pyAHEHI CTOKH OYHWIIYIOTHCS MICIS MPOMHUBKHM OOJIATHAHHS Ta CaHITApHOI
00pOOKHU MPUMIIIICHB;

e B IpOLIECI eKCIUTyaTalii o0JaHaHHs POOUTHCS BCE MOXIIMBE, 00 YHUKHYTH
YTBOPEHHSI MUY,

e B MICIX, JI€ MW HaW4yacTillle YTBOPIOETHCS, BCTAHOBIIOIOTHCS MICIICBI
BiJICMOKTYBaui;

e CHCTEMa BEHTWJIAILIl pOOUTH TaK, 0O BUKUIU B aTMOChepy, SAKi MICTATh apu
Je3pO34YnHiIB, Oyad MIHIMAIBHAMH 1 HE BIUIMBAIM Ha 3araJbHUN (OH
MOKA3HUKIB Ha MMATPUEMCTBI.

Y BHUPOOHHUOMY CEpEOBHUIIl 3aKOHOJABYO BCTAHOBIIOIOTHCS MaKCHMAaJbHO
JOMYCTUMI KOHIIEHTpalli IMIKIJAJUBUX PEYOBMH Yy TMOBITPI pPoOOOYOI 30HU, SKI
3a0e3reuyoTh ~ Oe3medyHi  yMoBH  mpami. JIIs  OIMIHKKM — SKOCTI  TOBITPSA
BUKOPHUCTOBYIOTHCSI METO/IU, 1110 BiJMOBIAIOTh cTaHAapTaM MIiHICTEPCTBA OXOPOHU
3JI0pPOB’S Ta BPaXOBYIOTh KOHKPETHI YMOBH BUPOOHUIITBA.

Bukuau y armocdepy MICTATh mapu MEIUYHHUX Ta JTOMOMDKHHX PEUOBHUH, SIKi
BUXOJSTH il 9ac 3aBaHTAXXCHHS Ta PO3BAHTAXEHHS CHPOBWUHU y peaktop. [lix gac
CaHITapHOI MiATOTOBKM BUPOOHUIITBA MOXKE TAKOK BUHUKATH BUKUIM MapiB Ta MUY
BiJl MUMHHUX Ta J1€31H(DIKYIOYNX 3aC001B.

BaxxnuBUM KpPOKOM y KOHTPOJI 3a CTAaHOM MOBITpsl € 301p mpoO MOBITPsS AJis
BU3HAYCHHS BMICTY MIKPOJOMIIIOK Ta TOKCUYHUX 3’€IHAaHb. Pe3ynbratu anamizy
BTPayalOTh JIOCTOBIPHICTh, SKIIO MIJATOTOBKA Ta BIAOIp MpoO MPOBOAATHCS
HernpaBuiIbHO. ToMy Belrka yBara MpUAUISE€TbCS TPABUIIBbHIN MIATOTOBIN Ta BiAOOPY
npo6. IlpoOu moBiTps cmixg 30upatm B MICHSX, A€ MPAIIBHUKKA TOCTIMHO abo
NeploIMYHO TNEepeOyBalOTh, 3 YpaxyBaHHSAM XapaKTepy TEXHOJOTIYHOTO MpPOIECY,
TEMIIEPATypPHOTO PEXUMY, KITBKOCTI BHUAUICHUX XIMIYHUX PEUYOBHUH, iX (I3UKO-
XIMIYHUX BJIACTUBOCTEH, JETKOCTI Ta 1HIIKUX napameTpiB. [Ipyu HasIBHOCTI B MOBITPi
JEKUTbKOX pPEYOBMH a00 O0araTOKOMIOHEHTHUX CIIOJYK HEBIJIOMOTO CKJIaTy
HEOOX1IHO nependayvanbHO 1AEHTU(IKYBATH CKJIaJ CyMIlll Ta 30CEpeAMTHUCS Ha

HAWOLIBII HEOE3IIEYHUX YU TUIIOBUX KOMIIOHEHTAX.
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KonTponp 3a mOTpUMaHHSM MaKCHUMAaJbHO JTOMYCTUMOI pa30BOi KOHIIEHTpAIlii
(MJZIPK) 3aiiicHIO€TBCSI TIUISIXOM BIA0OpPY MPOO MOBITPS TPUBATICTIO 15 XBUIMH Y
Oyab-sKiii TOYIll poOOYOi 30HU. Y BHIAAKy MOKJIHMBOCTI BiIOpaTH KiJibKa MPoO
MOBITPS, HEOOX1THO PO3paxXyBaTH CEPEIHE 3HAUCHHS PE3YJIbTATIB.

s exosorizaiii BUpOOHUIITBA MOTPIOHO BUPOOJATH EKOJIOTIYHO Oe3nedHy
IPOAYKIIIO, 3MEHIIYIOYH BUTPATH MPHUPOJHUX PECYPCIB 1 YTBOPIOIOYM MiHIMAIbHY
KUTBKICTh HEYTHII30BaHUX BIX0IB. L{e 103BOINTh YHUKHYTH MOPYIICHb TPUPOTHUX
exocucTeM Ta 6iochepu 3aramom.

Jns 3amobiraHHs TaKUM CHUTYyallisM CJiJ] BCTaHOBIIOBAaTH (UIBTPYBAJIbHI
YCTAaHOBKU Y MICIISIX BIJBEJICHHSA CTIYHMX BOJI Ta PO3pOOJSATH CXEMU 3aMKHEHOIO
IIUKITy PyXy BOJH, 00 BUKOPUCTOBYBATH il TOBTOPHO, & HE BIABOJIWUTH MOCTIHHO Y
BOJIOVMMH.

OcCHOBHUMHK  JDKEpellaMd IMyMy Ha MANpUEMCTBaX  (papMameBTUIHOI
IIPOMUCIIOBOCTI € TEXHOJIOTIYHE OOJaJHAHHS, EHEPTreTHYHE yCTAaTKyBaHHS, CUCTEMHU
BEHTWIAIT 1 KOHAMINIOBAHHS. [l 3MEHIIEHHS IIyMy IOTPIOHO MPOBECTH

PO3paxyHKH 1 BYKUTH 3aXO1B 3T1IHO 3 BUMOTaMU BIJAMOBITHUX CTaHIapPTIB.
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BucHoBxu

Y wMarictepchkiii po0oTi «YIOCKOHAJeHHS TMPOLECy pi3aHHS JIKapChbKOl
POCIIMHHOI CUPOBMHHU Ta MOJIEPHI3allisl MJIMHA HOKOBOT'O THUITY MPOAYKTUBHICTIO 35
KI/TO/» Oyno MOCHIKEHO TMpOILeC pi3aHHS POCIMHHOI JIIKAPCHKOI CHPOBUHH,
MIPOBEJICHO aHalli3 HayKOBUX poOiT, 00JlaHAHHS Ta MATEHTIB, a TAaKOX PO3POOJICHO
BJIOCKOHAJICHY €KCIICPUMEHTAJIbHY YCTAaHOBKY Ta BiJMOBIIHI METOAWKHU JOCIIKCHb.

Jlst aHammi3y mporiecy pi3aHHS JIKapChKOi POCIMHHOI CHPOBUHH OYJIO CTBOPEHO
JOCITIIHY YCTAHOBKY Ta pPO3pOOJIEHO BIJIMOBIAHY METOJWKY, SKI € HaIlMHUMHU Ta
OpPOCTUMH y BHUKOpucCTaHHI. KpiM Toro, OyJ0 NpOBEIEHO MaTEeMaTUYHE
MOJICJIIOBAHHSI PyXy HOXKa B MPOAYKTI MiJ Yac pi3aHHS, MO JO3BOJWIO OTPUMATH
MaTeMaTUYHy MOJIEJb /I BUBHAYEHHS 3YCWJIb PI3aHHS B 3aJICKHOCTI BiJ] IIBUKOCTI
HOXa.

[IponoHy€eThCsl YAOCKOHANIGHHS Y BUTJIA/I 3aMIHU JKUBWJIBHHKA HAa CTPIYKOBHIMA
KOHBEEP 3 HAIPABISIOYMMH, SIKI CIIPSIMOBYIOTh POCIHMHHY CHPOBHUHY 0€3MOCEPETHBO
Ha HiXK. Lle mpu3Beno 10 CyTTeBOTO MOKpAIICHHS MPOLIECy 3aBaHTAXKEHHS Ta Moaadi
CUPOBUHHM Ha pi3aHHA, 30UIBIICHHS NPOIYKTUBHOCTI OOJIaHAHHS Ta 3MEHIIEHHS
KUTBKOCTI BiIXOAIB. OJHAK HEIOJIKOM TaKOro YJIOCKOHAJEHHsS € 30UIbIICHHS
rabapuTiB Ta Macu OoOJIaHAHHS, a TAaKOX 30UIbIIEHHS BUTPAT eleKTpoeHeprii. Tum
HE MEHIII, 1€ YJIOCKOHAJICHHS JO3BOJISIE IOKPALTUTH POOOTY 00JIaTHAHHS JJIs P13aHHS

JKapChKOi POCIMHHOI CUPOBMHM, 3MEHIIUTH 3aCTiHI 30HUW Ta MOKPAIIUTH SIKICTh

MPOAYKTY.
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