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Jlexkuusa 3.2
KOBIIOBGBIE DJIEBATOPHBI

1. PacueT 00€3B0O:KMBAIOIIEr0 YJIeBATOPA

1.1. OnpeneneHue eMKOCTH KOBIIA

[Io 3agaHHOM pacyeTHOW NPOU3BOAUTEIBHOCTH OINPEAECHAIOT IOTOHHYIO

€MKOCTh KOBIIIEN

iL:Q—p /M
a, 36V-yy'’

raie V - CKOpOCTh IBIDKEHHWS KOBIIEH, M/c, B cooTBercTBuu ¢ "Hopmamu
TEXHOJIOTUYECKOTO TMPOCKTUPOBAHUS  yriieoOoraTuTeNnbHBIX (abpuk", CKOpOCTh
JIBMKEHUS KOBIIEH O0E3BOKHUBAIOIIMX HJIeBaTOpoB mpuHUMarT 0,25M/c s
npenBapuTeabHoro ooe3Boxxkuanus u 0,17m/c 111 OKOHUATETHHOTO;

v’ - K03 UIMEHT 3aroJIHEeHUsS KOBIICH, U1 00E3BOKMBAIOIIUX 3JICBATOPOB

npuaumarot i'=0,5 - 0,8
. i
[To Tabm. 1 mnonmbuparoT Onmxkaiinee Ooibllee 3HAYCHHUE o HaXOIST
0
IIUPUHY, EMKOCTb U IIIar KOBIIEH

Tabnuua 1.ITapamerpsl KOBIIEH 00€3BOKMBAIOIINX AJIEBATOPOB

EmMxocTth [upuna IIar xosreit | Ilar Tun
Iloronnas .
KOBIIIA g, J1 [KOBIIA B, MM g, MM LEITH aJeBaTropa
€MKOCTb, JI/M t,, MM

25,0 16 400 640 320 204
50,0 16 400 320 320 204C
62,5 50 650 800 400 206
125,0 50 650 400 400 206C
156,25 125 1000 800 400 5010
312,5 125 1000 400 400 2010C

[TapameTpsl 271€BaTOPOB MPUBENCHBI B Ta0M. 2
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Tabnuua 2 XapaktepucTuka 00e3B0OKUBAIOIIUX 3JIEBATOPOB

HaumeHnoBaHWEe OCHOBHBIX Tumnopa3mepsl

11apaMeTpoB 204 206 2010 304C 206C 2010C
Pacuernas nmponsBoauTenbHOCTE Q,,
T/4 TIPA CKOPOCTH:
V=0,17m/c ipu CKOpOCTH: 17 34 86,5 275 55 173 254
V=0,25m/c 25 50,5 127 40,5 81
[[Tupuna koBma B, MM 400 650 1000 400 650 1000
EMKoCTE KOBIIIa, i, JI 16 50 125 16 50 125
[Iar xoBmIEeH ag, MM 640 800 800 320 400 400
[ar nenu t, Mmm 320 400 400 320 400 400
[Toronnast Macca 1eneu ¢ KOBIIaMu 86 122 143 188 222 -300
g, Kr/™Mm
JlonmycTtuMasi KpynmHOCTb 100 150 150 100 150 150
TPAHCIIOPTUPYEMOTO MaTepHaa
A'max, MM
Yucno rpaHeil NpUBOAHBIX 4 4 4 4 4 4
3BE3/I0YCK Z
MaxkcuMmanbHast 1auHa 3ieBaTopa L, 30 30 25 30 30 25
M
PaspeiBHOE yeumnue 1-it mernm Spas, 70000 (123000 123000 170000 123000 123000
H

IIo BLI6paHHI>IM 3HA4YCHHUAM io " ag OoIpCaACIA0T paC4YCTHOC 3HAUCHHUC

kod(puLIMeHTa 3aMOTHEHNS KOBIISH

1.2. Onpeaenenue JIMHBI 3JIeBaTOpPa

74

_Q,a
36V iy

O06e3BOXKUBAIOIIHIA 3JIEBATOP BKIIOYAET B C€0S TTOJIBOJHYIO U HAJABOIHYIO YaCTU

Jlimaa moxBogHoW dactu (l,) paBHa paccTOSHUIO MEXIy KOHIICBBIMH OJIOKaMU

AJeBaTOpa U YPOBHEM BOJIbI B OTCaJ0UHOM MaiuHe (00b1yHO 4,5-6M). MuHuManbHas

JJINHA H&I[BOI[HOﬁ JaCTH 3aBUCHUT OT CKOPOCTH JABHKCHHA KOBILICH U HOPMHPOBAHHOT'O

BpPEMEHU JIPEHUPOBAHUS BOJIBI U3 TPAHCIIOPTUPYEMOTO MPOAYKTA
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l[,=V-t, m.

HopmatuBHOE Bpemsi ApeHHpPOBaHUS BOJLI Ha OOE3BOXKMBAIOIIMX 3JIEBATOPAX

pUBEICHO B Ta0.3.

Tabnuna 3HopmaTuBHOE BpeMs JPEHUPOBAHUS BOJIbI HA 00€3BOKUBAOIIHNX AJIEBATOPAX

KpynHaocTts mpomykTa, MM [IpomyxT MunrMansHOE BpeMs JPEHUPOBAHMSI, C

Bonee 13 (25) IIpomnpoaykT 17
OTx01b1 15
0,5-13(25) Konmerpar 31
IIpomnpoaykT 29

Otxos! 27(40)
0,5 - 100(150) TTpoMIIpoIyKT 24

OT1x0/61 22 (35)

HpHMeanHe B cxo0Okax NPUBCACHBI 3HAUCHHUS BPEMCHN APCHUPOBAHUA OTXOJ0B IIPU HAJTMIUHN B HUX
TJIMHUCTBIX YaCTHUI]

MunuManpHas JUTHHA 00€3BOKUBAIOIIETO 3JIEBATOPA

L, =1+, ™M
VuurhiBas KOHKPETHLIE YCJIOBUS, Ha (paOpuke NPUHUMAIOT IJIUHY 3JeBaropa

L>L

MUH *

1.3. Onpenesienne NOrOHHBIX Macc

[Ipu ompeneneHud TOTOHHOM Macchl TPAHCIOPTHUPYEMOrO TMPOAYKTa U
KOBIIIOBOM II€MH B IMOJBOJAHON YacTH 00E€3BOKHMBAIOIIETO AJIEBATOpa JOJKHO OBITH
Y4TEHO UX YMEHBIIICHHUE 3a CUeT JEeHCTBUS 3aKOHA ApXuMea.

IToronnas Macca TpaHCIIOPTUPYEMOTO NMPOAYKTa B MOABOIHOM YaCTH djeBaTopa

rae G =1,y -y - Macca IpoJyKTa B KOBIIIE, KT,
3
¥, - TWIOTHOCTh BOJIBI B 3jieBaTope (10 TaHHBIM MPaKTHKH ¥, = 1,2Kkr/am°),

Y, - TWIOTHOCTb TPAHCIIOPTHPYEMOI'O IPy3a B IICIHKE, K/’

7y =7 K,y
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K, - k0o (OUIMEHT pa3phIXJIEHNs, JAJIs IPOMIIPOAYKTa M OTXOI0B IIPHHUMACTCS
or 1,3 1101,6
[ToroHHas macca KOBIIOBOM IIEMU B IMOJIBOAHOM YaCTH 3JIEBATOpPa
q'O =0o '(1_76/7/0)’ KI‘/M,
Y. - IIOTHOCTD CTajy,
(o - MOrOHHAs Macca KOBIIOBOM LIENH, KI/M
09=085-0¢,kr/m

ITonarasi, 4TO yMEHbIIIEHUE MOTOHHOW MAacChl TPAHCIIOPTUPYEMOTO MPOJYKTa B

HAJIBOJIHOM YaCTH 3JI€BATOpA MPOUCXOAUT MO JUHEMHOMY 3aKOHY, a 4acTh BOJBI HE

APCHUPYCT U OCTACTCA B KOBIIC, IMPUBCACHHAA IMOIOHHAA Macca H&I[BOI[HOfI qacTu

aJeBaTOpa MOXKET ObITH OIpesesieHa mo popmyre

_ G +08(io —v)-L )7

¢ Kr/™M

np

rae V' - 00beM TBEPIOTO B KOBIIIE,
V'=G/y, 1,

W, - KOOG(QUIHMEHT, YUYUTHIBAIOIINN YacTh BOJbI, OCTAIOIIEHCS B KOBIIAX (Tadi

4).
Tabnuua 4.3nauenne korppuuueHTa

HaumeHoBaHHEe TTPOIYKTOB 00€3BOKUBAHHUS 3naueHue kodpdurrenta

Konnentpar ki 0,5 - 13mm 0,18-0,22

[TpommpoaykT k. 13 - 150mMMm 0,09-0,14

[Tpommpoaykr i 0,5 - 13mMm 0,19-0,23

Otxonwl ki1 13 - 150mm 0.1-0,15

Otxonsl k1 0,5 - 13MMm 0.2-0,24

bonbmee 3HaueHHE |, KOHLEHTPAaTa U MPOMIPOAYKTA CIEAyeT NPUHUMATh
IUI yriaed MEeHbIIEH CTeleHn MeTaMopdu3ma. bosbiiee 3HaueHue , 1 OTXOJ0B

HGO6XOI[I/IMO IIPUHUMATDB IIPU HAJIMYHNH B HUX I''IMHUCTBIX YaCTHII.
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1.4. Onpene.ﬂeﬂne CONMPOTUBJICHUS IBUKCHUTO

ConpoTHBIICHHE HA yYacTKe TPYy30BOM BETBU dJIeBaTOpa
W, = g[ln (9, +9o)-(@-cos B+sin B)+1,,-(d,, + 0o )-(f-cos B +sin B)|H,
rae @ =0,6-0,7 - ko3pduireHT COnpOTUBIICHUS JBUKECHHUIO.

ConpoTHBIICHHE HAa YYaCcTKe TIOPOXKHEH BETBH
W,,, =d|l -0'o(cd-cos B—sin B)+1,-d - («-cos B—sin B)|H.
ConpoTHuBIICHHE HA TPUBOTHOM OJIOKE

Wl’lp :W4—l = 0,05 . (84 + Sl),H,

rjae S4 ¥ S - HATSOKCHUS B TOYKAxX HaOeraHus U cOeraHus Ierneil Ha IPUBOTHOM
oJ0Ke.
ConpoTuBieHre Ha HUKHEM OJIOKe

W, =W, 3=01-S, H.

ConpoTtuBiieHre, BI3BAHHOE 3aUepIbIBAHUEM MaTepuaia MpH 3arpy3Ke KOBIIEH
AJIEBATOPOB C PACCTaBICHHBIMH KOBIIIAMH, MPUOIMKEHHO MOKHO OIPEACIUTH IO
bopmyie

W3aq ~ K3aw ) q' H,

rae K,,, - xodpPUIMEeHT 3aueprnblBaHUs, BBIPAKAIOUIUN YyIEIbHYIO padoTy,
3aTpayuBaeMylo Ha 3aueprbiBaHuE Tpy3a, HM/KT.

[Ipu crkopoctu aBmxeHus 1-1,25M/c mpuHUMAIOT JJ1s1 TOPOIIKOOOPA3HBIX U
MEJIKOKYCKOBBIX HACBITTHBIX IPy30B K,,=12,5-25HM/Kr, n7st cpeTHeKyCKOBBIX

Ipy30B Mpu ckopoctH apmwxenus 0,5-2m/c K,,,=20-50Hm/kr.
q=q- p/100,kr/m
rre p - % maTtepuana, 3arpy>kaeMoro 3a4eprbIBaHUEM.

1.5. Onpenenenne HATSKEeHUH 1enell B XapaKTePHbIX TOYKAX

I[J'ISI OAHOLCITHBIX KOBIIOBBIX 3JICBATOPOB MUHUMAJIbHOC HATSAXKCHHUC HCHCf’I

npuaumaroT 2000...3000H, ans aeyxuenssix - 4000...6000H.



JITst KOBIIOBOTO 37€BaTopa Sy, =Sy, (puc. 1)

3Has MCTOAOM 06XOI[a KOHTYpPa I10 TOYKAM HAXOJAT HATAKCHHA ueneﬁ BO

BCEX XapakKTepHBIX TOUKax (Si; Sy; S3; Sa).
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S;=S5,-W,_, H,

S3 =5, +Wp 3 +W,,, . H,

Sy =S3+W3 4, =S, +W, 3 +W__, +W,_, H.
1.6. Onpenesnenne 3anaca NPOYHOCTH
PacueTnas Harpy3ka Ha OJHY IIEb

S, =K, -Smax H

rae K, - koo puuueHT, yuyuThIBalOIUNA HEPAaBHOMEPHOCTh HArPy3KH MEXIY
LeMsMU: ISl OHOLENHBIX 3neBaTopos K,=1, misa npyxuenssix - K,=0,6- 0,7.

3amnac nNpoYHOCTH LENHU

M=S,,/S, 26,

rae Sy, - pacueTHoe pa3pelBHOE ycuiue menu, H.

1.7. Onpene.ﬂenne OKPYsKHOI'0 TATOBOI'0 YCWJINA HA IPUBOJIHOM 0JI0Ke
Wy =S,; —S.; +0,05-(S,; +S,5)=S4 —S; +005-(S, +S; ), H.

1.8. BbiGop peaykropa

[TorpebHast MOIIHOCTH HA Baly MIPUBOJHOTO OJIOKa

rjae V - CKOpOCTh ABMKEHUS KOBITOBOM IETH, M/C

YacroTa BpalieHHs IPUBOJHBIX 3BE3/I04EK 3JIeBATOPA

n, =60-V/z-t,vum"

Z - YUCJIO TPaHEeW MPUBOAHBIX 3BE3/104€K, (0OBIYHO /JIsI TPAHCTIOPTHBIX
3JI€BaTOPOB 6),
t - mar nenu, M.

IlepenaTouHoe 4ynCIO peyKTOpa

Up :nde/n%’
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€ Ny - 4aCTOTA BpaALICHUS DJICKTPOABUTATEIIA.

Hns yrIe000TaTUTEIbHBIX babpux PEKOMEHIYIOT MPUHUMATD

. -1
anekrponaBuratenu cepur B u BP ¢ actoroit BpameHus N,=750MuH

[Io momHOCTM Ha Baly NPUBOJHOrO OapabaHa, MEepeaTOYHOMY UYHCIY

pPEAYKTOpa M 4acTOTE BPAILICHUS ABUTATENS TOAOUPAIOT PEAYKTOP.

1.9. Bbi0op dj1eKTpoaABHTraTE ISl

[ToTpeOHasT MOIITHOCTH AJICKTPOIBUTATENS
W, -V

N()e —Rog * : K
1000-7
rae Ky=1,1... 1,2 - ko3 duiueHt 3amaca MOIHOCTH JBUTATEIS;

n =0,9 - 0,95 - KIIJ] penykropa, (0,97 Ha OHY CTYyNEHB).
1.10. Bb16op cTONOpHOrO ycTpOiicTBa

TopMO3HOE  yCHJIME  CTONIOPHOIO  YCTPOWCTBA,  HpeHebperas
COIIPOTHUBJICHUAMHU Ha KOHICBBIX 6HOKaX JJIsL 0663B0>I(I/IBaIOIHeFO 9JICBATOpAa,
ONPEETIIOT 10 (POPMYyJIE

Wy =2-9-(I,-q, +1, -0, )-sin S-W, H.
[Tpu nonoxutensHOM 3HaYeHun W, TPOM3BOASAT BBIOOP CTOMOPHOIO

YCTPOWCTBA [0 TOPMO3HOMY MOMEHTY.
TopMO3HON MOMEHT
. W, -D Har
— M,
" 2.U 0
I'me D - quamerp HayaabHOM OKPY>KHOCTH MPUBOJHON 3BE3J0UKH,
K,y=1,2 - 1,3 - ko3 puLMeHT 3anaca cuil TOPMOKEHHUS.

2. Oco0eHHOCTH pacyeTa KOBIIOBOIO 3J1eBaTOpa

2.1. Bei0op THIIA 3J1eBATOPA U ONpeie/ieHHe pa3MepoB KoBLIel
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Tun »sneBatopa, ¢opMy KOBIIEH BBIOMpPAIOT B  3aBUCUMOCTH  OT
XapaKTePUCTUK TPAHCIIOPTUPYEMOTO MaTepHajia 1O COOTBETCTBYIOLIUM TaOJIMLIAM.
EMKOCTB KOBIIIEH 1 UX pa3Mep BHIOMPAIOT C y4ETOM HEOOXOIMMOM MTOTOHHOW €MKOCTHU
KOBIIIEH,  paccyuThiBaeMol 1o  ¢opMyle, aHAJIOTUYHOU  dopmyrne s
00€3BOKHUBAIOIITUX JIEBATOPOB.

2.2. OnpeaesieHHe NOrOHHBIX MacC

IloronHass Macca KOBILIOBOH eI  OIIPCACIACTCA II0 JAaHHBIM 3adBadjia

HU3TOTOBHTEIIA.
[Toronnas macca marepuana
q=Qp/36-V ,kr/m.
2.3. OnpenesieHue CONPOTUBJICHUSA IBHKCHUIO
ConpoTuBIieHHE HA yY4aCTKE IPy30BOM BETBU 3JIeBATOPA
W,, =L-g-(«-cos B+sin B)-(q+0p ). H,
rae @ - Ko3(pQGUUUEHT CONPOTUBIECHUS TBUKEHUIO,
@ =010-0]12 s KaTKOBBIX LIEIIEH;
@ =0,20—0,25 11t cKONMB3SAMIHX Tenei
ConpoTuBIICHHE HA yYaCTKE TOPOKHEH BETBU
W,,, =L-g-0q - («-cos f—sin B),H.

JlanpHEWIMKA  pacdeT  BBHINIOMHSAETCS  AHAJOTUYHO  00E€3BOKUBAIOIINM
ayeBaTopaM, 3a HCKIIOUYCHHEM OMNPENeNieHHs BEIWYUHBI TOPMO3HOTO YCHIIUS
CTOIOPHOTO YCTPOUCTBA, KOTOPYIO OMPENENSIOT Mo hopmyIe:

W,=2-L-g-q-sin g -W,,H.

3. Oco0eHHOCTH pacyeTa 3J1eBaTOPa € JIECHTOYHBIM TATOBBIM OPraHOM

Tax >xe, Kak ¥ JJIs IETHBIX AJIEBATOPOB, THII dJIeBaTOpa, (HOpMy KOBIIEH, UX
€MKOCTh H  pa3Mephl  BBHIOMPAIOT B  3aBUCUMOCTH  OT  XapaKTEePUCTHKHU
TPAaHCTIOPTUPYEMOT'0 MaTepuaia v MPOU3BOAUTEIHHOCTH.

[IpenBapuTeIbHO MPUHUMAIOT YHCIO IPOKIAAOK JIEHThI (00buHO 1=3-4) u
OTIPEEINSIIOT JUaMETP MPUBOAHOIO OapabaHa

D, =0125-i,m
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[Tony4yeHHbId MO TPEIbIAYIIEMY BBIPAKEHUIO JUAMETP MPUBOJHOro OapabaHa
OKPYIJISIFOT O OJvKaumiero OONbIIEro WM MEHBIIEro pa3Mepa W3 HOPMaJIbHOTO
psana pasmeposB no cranaapry ( 250, 315, 400, 500, 630, 800, 1000 Mm).

Bre16op ckopocTu ABUKEHHUS TATOBOTO OpraHa MPOHW3BOAST B 3aBUCHUMOCTH OT
croco0a pasrpys3KH.

JI7151 OBICTPOXOJIHBIX JIEBATOPOB € IIEHTPOOSKHOMN pas3rpy3Kou

Ds
0,204

V > M/c;

JUTs1 OBICTPOXO/THBIX 3JIE€BATOPOB C IIEHTPOOSKHON U CAMOTEYHON Pa3rpy3Koi

D
M
0,205-0,286

C,

V>

JUISl CPETHECKOPOCTHBIX 3JIEBATOPOB C LEHTPOOESKHOU U CAMOTEUHON pa3rpy3Koit

KOBIIEH C BHYTPEHHEN CTEHKHU

D6
M
0,306-0,612

C,

V>

JJI THXOXO/IHBIX 3JIEBATOPOB C CAMOTEYHOU pa3rpy3Kou
D6

V > |— ,m/c.
0,6

OnpeneneHHe IIOI'OHHBIX MAcCC, COHpOTI/IBJIeHI/II;'I ABHIKCHHUIO IIPOU3BOJAT TAK XKC,

KaK IIpHu pacucTC TPAHCIIOPTHLBIX 3JICBATOPOB C OCIIHBIM TAT'OBBIM OPI'aHOM.

OHpGI[GJ'ICHI/IG HATSKCHUU AJIs1 JICHTOYHBIX 3JICBATOPOB IMPOU3BOAAT, YUHUTBIBAA

yCIIOBHE OTCYTCTBHSI MPOOYKCOBKH JICHTHI HA IPUBOJIHOM OapabaHe.

]_—[JIH YAOBJICTBOPCHUSA 3TOr0 YCJIOBHUA OTHOIICHUC HATIKCHUA Ha6CFaIOIHCﬁ

Ha MPUBOJHOM OapabaH BETBU JICHTHI S,; K cOeraroniet S 5 JOIKHO ObITH

S,; et

Sc6 Km

Harspkenue naberaroieid Ha MpUBOHON O0apa0aH BETBU JICHTHI

SH6 = S2 +W2—3 +W3at¢ +W3—4 = kl 'SZ +9 '[k3at¢ 'ql+(q+q0)' H]’H
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rie ki - koapdunuenT, yantsiBatonuii conporusieane W, 3 Ha HIKHEM
Oapabamne, k;=1,05-1,07;
K - k03¢ dutineHT 3amaca cuil CIEIJICHHS JICHTHI Ha IPUBOIHOM OapabaHe,
K,=1,2-1,3.
Hatspkenue coeraromieii ¢ mpuBoaHOT0 0apabaHa BETBU JICHTHI
Seg =S =Wy =S, +9-0p-H.H,
Torma

k1'82+g'[k3au 'q'+(q+q0)'H]:eﬂa
S2'+'g'qO'H Km

N

S, = g'{Km[kaaq -g+q+9,)-H]-q,-H ,eﬂa}
2 e#a_kl‘Km

H

B cmydae ecnmu S, oxaxercs orpunareiabHbiM wim  MeHbine 1000H,
MPUHUMAIOT JJI1 OOCCIEYCHMs] IIJIAaBHOTO XOJAa JIGHTBI M YCTOWYMBOCTH KOBIIIEH
S,=2000H.

3Has BEJIMUMHY HAXOJAT HATSKEHUS B XapaKTEPHBIX TOUKAX, ONMPEICIISIIOT YHUCIIO
MPOKJIAJI0OK JICHThI, YCUJIME HA HATSHXKHOM YCTPOWMCTBE, OKPYKHOE TATOBOE YCHUIIHE,
IIPOU3BOJIAT BHIOOP CTOIMOPHOTO YCTPOUCTBA, ABUTATENS U PEAYKTOPA.

[Ipu pacuere JEHTHI Ha MPOYHOCTH CIEAYyeT YYUTHIBAThH oOclaljcHue ee

OTBCPCTUAMU OJIA 6OJ'ITOB, KPCIIIUX K JICHTC KOBIIIH.



