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IIpakTuyeckasi padbora Nel

TEXHOJIOI'MYECKUI PACUET OJHOKOBILIOBOI'O SKCKABATOPA

1.1. Oo0mue cBeneHus

OaHOKOBIIOBbIE IKCKABaToOpbl. BckpbiliHbie paboThl U pa3pabOTKy
MOJIE3HBIX HMCKOMAEMbIX OTKPBITBIM CHOCOOOM, a TakKe 3eMJsHble paboThl Ha
CTpOIKaxX BBIMOJHIIOT B OCHOBHOM 3KCKaBaTOpaMU. DKCKAaBaTOPHI MOAPA3CIIIOT Ha
OJIHOKOBILIOBbIE ~ —  MAaIIMHBl  MPEPHIBUCTOrO  [HUKIMYHOIO  JCUCTBUS U
MHOTOKOBIIIOBBIE — MAIlIMHBI HETIPEPHIBHOTO JICHCTBUSI.

OIHOKOBIIOBBIM 3KCKABATOP — J3TO 3eMJICPOiiHAsi MAlINHA, KOTOpasi B
TeyeHHe HMKJIA OJHUM KOBIIOM peKeT IPYHT, 3aMO0JIHAET UM KOBII, EPEHOCHT
€ro Ha He0OJbIlIOe PACCTOSIHHE M TPY3UT B TPAHCHOPTHBIE CPeACTBA WJIH
copacbiBaer B oTBaj. LUk paboThl OJHOKOBIIOBOTO 3KCKAaBaTOpa COCTOUT U3
HECKOJIbKUX TIOCTIEIOBATENbHBIX omepanuii. HamomHeHne KoBIIa MPOUCXOIUT BO
BpEMSI €ro MPHUHYAUTEIBLHOTO IMEPEMEILEHHUs, KOr/la peXyllas KpoMKa WM 3yObs
KOBIIIA CPE3al0T YacTh IPYHTA, PACIOJIOKEHHOTO Ha MOBEPXHOCTH 3a00s. ['pyHT B
Pa3pBIXJICHHOM COCTOSIHUM TIOCTYMaeT B KOBII M TIOCTETIEHHO €ro 3arojHseT.
[lepemerienue rpyHTa K MECTY pasrpy3KH OCYILECTBISIETCS B KOBLIE NMPU OBOPOTE
mw1atGopmMbl, UYTO SIBISETCA HamOoJee SKOHOMHYHBIM CIIOCOOOM IepeMeleHusI.
OmHOBpEMEHHO KOBII MEPEMENIAeTCs W IO BEPTUKAIM [0 YPOBHS Pa3Tpy3KH.
Pasrpy3ka KoBIIa MPOUCXOOUT BCIEACTBUE MAJEHUS TPYHTA MOJ ACHCTBUEM CHIIbI
TSOKECTH MPU OTKPHIBAHUH JTHUII a WJIM CTBOPOK KOBII a UJTU TpHU €ro HakioHe. L{ukmn
3aBepuIaeTcss BO3BPAaTOM KOBIA B HMCXOJHOE IMOJIOKEHHWE M €ro MOATOTOBKOW K
HOBOMY pabouemy JBUWKEHHIO U HamosiHeHuto. [lo mepe pa3paborku 3a00s, mocie
BBITIOJTHEHMsI  OOJIBIIIOTO  KOJHMYECTBA IMKJIOB  JKCKAaBaTOp CBOMM  XOJIOM
nepemeniaeTcs 6Juxe K 3a0010.

B omeparmuu peszaHusi TpyHTa M HAIlOJIHEHHUS KOBIIA yYAaCTBYIOT MEXaHU3MBI
noJbeMa M Haropa; B Olepaliy MepeMetieHus] U pa3rpy3Ku — MEXaHU3M MTOBOPOTa
maThoOpMbl U1 MEXaHU3M OTKPBIBAHUS JHHINA KOBIIA. MeXaHW3M MOJabeMa KOBIA

o0ecreynBaeT pe3aHue TPyHTAa PEeXYUIEH KPOMKOM WM 3yObsSMHM KOBILA MPU €ro
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JBYDKEHUHW BJIOJb MOBEpXHOCTH 3a0051. Ha 310 nBmkeHne TpeOyeTcs OCHOBHAS YacTh
DHEPrUM JBHUIraTelsd, KOTOpas pPACXOLyETCs Ha NIPEONOJEHUE CLEIUICHUS MEXIY
YacTUI[aMHU, Ha pa3pylleHHe MOpoJbl. MeXaHu3M COCTOMT u3 JieOeIKH, KaHara,
HETOABMKHBIX OJIOKOB Ha KOHIIE CTPEJIBI M MOJBIKHOTO OJIOKA Ha KOBIIIC.

OIHOKOBIIOBBIE IKCKABATOPbl MMEIOT JIBE€ PAa3sHOBUAHOCTU pabouell 4acTu ¢
npsAMoid W 0OpaTHOM MexaHudeckod Jjomartoi. Hambosiee mHMpPOKO NPUMEHSIOT
o0opyoBaHuE C MPSAMON MEXaHUYECKOW JIOMaToil, KOTOPOE XapaKTepU3yeTcs
KECTKOM CBS3bI0 KOBILIA U CTPENBL. DKCKABATOPHI C MPSAMON MEXaHUYECKOU JIOMaTON
00JIaJal0T 3HAYUTEIBLHBIM OMPOKHUIBIBAIOIIMM MOMEHTOM, BO3HHUKAIOIIUM TIPU
KOMAHWH, YTO CYIIECTBEHHO OTPAHUYMBACT JUIMHY CTPEIBI SKCKaBaTopa.

1.2. 3apanue

Kaxnaplii  CcTyA€HT Ha  OCHOBAaHMM  HCXOJHBIX  JAHHBIX  BBINOJHSET
TEXHOJIOTMYECKUN pacdyeT OJHOKOBIIIOBOIO 3KCKaBaTopa.

1.3. MeToauka BbINIOJHEHUS PA0OTHI

JlnnHy cTpensl (B M) OJHOKOBIIOBOTO 3KCKAaBaTOpa, 00OPYIOBAHHOIO MPSIMOM
MEXaHHYECKOM JIOMATON, PAaCCUYMTHIBAIOT TI0 SMITUPUIECKON hopmyiie:

I, = kG, (1.1)
rie G — wMacca dKckaBatopa, T, K — koaddumuenr, paBubii 1,9-2,1 mis
YHUBEpPCAIbHBIX U 1,85 1151 KapbepHBIX SKCKaBATOPOB.

Teopetndeckass TPOU3BOAUTEIBHOCTh OJHOKOBIIOBOI'O JKCKABATOpPA SBISAETCS
YCIIOBHOW M paBHa 00bEMY TpYHTa, KOTOPBIA JKCKAaBaTOp CMOT JOOBITH 3a 1 4
HETPEPHIBHON pabOThI MPU PACYETHON MPOJOKUTEILHOCTH ITUKIIA U COOTBETCTBUU
o0beMa KaxKJ0¥ MOPIUU TPYyHTA, TOOBITOM 32 OJUH UK, TEOMETPUIECKON EMKOCTH
KOBIIIA.

TeopeTnuecKast IPOM3BOUTEILHOCTD (B M°/MHUH) ONPEEIISeTCs 10 hopMyIie:

1, = 60gn,, (1.2)
I7ie § — FeOMETPUYECKasi eMKOCTh KOBIIA, M, 1y — TEOPETHUECKOE YHCIO LHKIOB B

MHHYTY [P yIJIaX IOBOPOTa miaThopMbl HA Pasrpy3Ky W B 3aboif, paBHbIX 90°,



BbICOTE 320051, paBHOI BBICOTE PACIIONIOKEHHS HAOPHOTO Bajla IKCKABaTOpa W MPHU

PACHCTHBIX CKOPOCTAX U YCUIIUAX,

ny = = (1.3)

tur
tyr — TEOpEeTUYECKas TPOAOKUTEINBHOCTD LIUKIIA, C.
9KCI‘[J’IyaTaHI/IOHHaH IMPONU3BOAUTCIIBHOCTh YUHUTBIBACT OCO6€HHOCTI/I pa6OTBI 3a
KaKOﬁ-HH6O nepnon B KOHerTHBIX yCJ’IOBI/ISIX, B TOM YHCIIC U I[OHYCTI/IMBIG I10
IPOEKTY MPOCTOM. DKCIUTyaTallMOHHAs WK (haKTHuecKash MPOU3BOJUTEIBHOCTH (B

3
M /LI) OIHOKOBIIOBBIX 3KCKABATOPOB:

60gnkyky

I = S, (1.4)

IJIe § — FeOMETPHYECKAs eMKOCTb KOBIIA, M, N — (PaKTHYECKOE KOINIECTBO LHKIOB B
1 MuHYTY (VI CTPOUTENBHBIX M KapbepHBIX O3KCKaBaTopoB N=2-4); k, -
ko3 dunmenT HarmomHenus kosma (k,=0,55-1,5); k, — ko3 dunueHT ncrnoapzoBaHus
HKCKaBaTOpa BO BPEMEHM, DPABHBIA OTHOIICHUIO YHCIA YacOB YUCTOW pPaOOTHI
IKCKaBaTOpa K MPOJIOJDKUTEIBHOCTH pabounx cMeH otderHoro nepuona (k,=0,7-0,8);

k, - koadduineHt paspoixiaenus rpyHta (cm. tadbmuiry 1.1).

p

Tabmuua 1.1 — Cpenuue 3nauenus koddpuiunenra paspeixjieHus K,

Kareropus
MOPO/IbI TIO PazHOBUIHOCTH TOPHON OPOIBI Kp
TPYAOEMKOCTH
I ITecok, cynech, pacCTUTEIbHBIN TPYHT, TOPP 0,05-1,12
Jlerkuii ¥ IECOBUAHBIN CYTIIMHOK, BIAXHBIN PBIXJIBIN Jecc, Msarkuii | 1,12-1,20
I COJIOHYAK, TpaBUH MEJIKUA W CPEIHHUM, TIIECOK, CYIECOK H
pacTUTENbHBIN TPYHT, CMEIIAHHBIM CcO TWIEOHEM U TaJbKOH,
HACBHIITHOM CIIEKABIIMNCS TPYHT C IPUMECHIO IEOHS WU TaIbKH.
XKupHast msrkas TIUHA, TSDKENbIM CYIJIMHOK, rpaBui KpynHsid, | 1,20-1,25
Il rajibka MeJkasi, ime6eHb KpymHoCcThIo OT 15 10 40 MM, CYyTJIIMHOK CO
1meOHeM WM TaIbKOU
; JKupHas TiowHA W TSOKENBIA CYINIMHOK ¢ TpuMechio mieOHs, | 1,25-1,29
CJIaHIIeBasl INIMHA, KPYIHas Tajbka
[InoTHBI OTBepAEBIIMI Jiecc, MeTaLTyprudeckne umiaku, ©e | 1,29-1,33
\ BBIBETPUBILUICS Mepreib MATKAN, MATKHE MEJIOBBIE IOPOJIBI,
TBepJasi KapOOHATHAS TIIMHA, CIIAHI[Bl HE KPETKHE, THUTIC
VI PaKymequHK, U3BECTHIK MSTKHUH HOEI/ICTLIﬁ, MeJI IIOTHBIN, cnanns! | 1,33-1,45
CpeIHEH KPEToCTH, MEPTeib CPEeTHEH KPETOCTH
VII-VII PaznpoOrieHHble CKaTbHBIE TOPOIBI 1,45-1,5




Kosddummentsr HamomHEeHUS KOBIIA W Pa3phIXJIEHUS TPyHTa 3aBUCAT B
OCHOBHOM OT CBOWCTB TpPyHTa, a IMOTOMY HX OTHOIICHWE OOBEAMHSIOT OIHUM
MoHsATHEM — Kod(durmentom skckasanuu rpyHra (K,= Ky K,), n3menstonmmcst ot 0,6
JUTSL CKJIBHBIX TTOPoJL 0 0,87 i chlmydnX nopoj (IMeCoK, CyTrIuHOK, TOpd).

YucIo UKIOB B MUHYTY:

60

- t ! (15)

i

t, — bakTHuecKas MPOAOHKUTEIHLHOCTD IIUKIIA, C.
T[IpOM3BOAUTEIBHOCTD (M /1)
3600qnk,k,
[ =" (1.6)
tukp

['eoMeTprdecKast eMKOCTb KOBIIA (B M°)

q = cBHIL, (1.7)

rae ¢ — Ko3(PUIMEHT, yUUTHIBAIOIINKA (JOPMY JTHMINA U 3aKPYTJIEHUS CTEHOK KOBIIA
(c =0,9 — mns xoBma c¢ 3yobsmu, €=0,75 — g KOBIIA C TONXYKPYTJIOW PEKYIIEH
KpoMmKkoit); B, H, L — COOTBETCTBEHHO IIMPHHA, BBICOTA U JJIMHA KOBIIA, U3MEPEHHbIE
[0 PAcCTOSIHUSAM MEX]y BHYTPEHHUMH MOBEPXHOCTSMHU COOTBETCTBYIOIIHMX CTEHOK
KOBIIIA, a TAKXKE THUIIIEM U BEpXHEH KPOMKOW CTEHKH KOBIIA, M.
[IponomKUTENbHOCTD HUKIIA (B C):
ty = te + by + ty + ty (1.8)

rie t; — MpoIOKUTENBHOCTh KOTIaHus, C; I; — MOJIHOE BPEeMsI TOBOPOTA Ha BHITPY3KY,
¢; t, — IPOJOKUTENEHOCTE BBITPY3KH KOBIIA, C; t,; — IOJTHOE BPEMs MOBOPOTA IS
BO3BpAILIEHUS KOBIIIA B 3a00M, C.

Bpewmst konanus (B c):
te = — (1.9)

rae l, — myTh, IPOXOAMMBIA MOJHUMAIOUIMMCS KOBIIOM NpPU KOMAHUHU, M; U —
CKOPOCTbH MOJbEMA KOBIIIA MPU KOMTaHUH, M/C.
CkopocTh moabeMa KOBIIA MpU (B M/C) MpAMONW MEXaHUYECKOH JIOMaThl,

HMMEIOIIEro OJIMH MOABMKHBIN OJI0K ompeaeseTcs mo hopmylie:



U = =, (1.10)
i€ Ug — OKPY)KHAsI CKOPOCTh OapabaHa edeaKku, m/c.
Vg = mDgng, (1.11)
rae Dg — muametp O6apabana eOenku, M; Ng — 9acTOTa BparieHus Obapadana jgedenk,

-1
Cc .

]_IJ'ISI 9KCKaBaTopa, BCC MCXAaHNU3MbI KOTOPOI'O pa60Ta10T OT OAHOI'O OABHUI'aTCJIA,

yacToTa BpaleHus (B 00/c) 6bapabana ebeIku pacCUUThIBAaETCS 1Mo popMmyrie:

ng = 2% (1.12)

ipe,uZZZ6
rac nﬂB — 4aCTOTa BpallCHUA BaJla IBHUI'aTCIIA, 00/c.

Bpewms (B ¢) moBopoTa miiatopMbl Ha 3a1aHHBINA YTOJI ONIPEACIISAETCS:

= Lo (1.13)

t
a 360

I7I€ @ — yroy noBopoTa miatdopmsl, Tpaj; t,, — BpeMs MOBOPOTa IIAT(GOPMbI Ha

OJINH 000POT, ¢

b = — (1.14)

r7ie Ny, — YacToTa BpaileHus miatdopmsl, 00/c.

[Ipu moBopore mmiIaTHOpMbl TUIAHETAPHBIM MEXAaHU3MOM C  BHEIIHUM
3alEIUICHUEM, T.€. KAYaHHEM MaJloi IMOJIBEHIIOBOM MIECTEPHU MEXaHU3Ma MOBOPOTA
[0 HEIMOJBWXHOM BEHIIOBOM IIECTEPHE, 3aBUCUMOCTh MEXKAY YaCTOTOM BpaIlCHUS

(00/c) u uncnom 3yObeB omnpenensiercs no popmye:

Ny = 70> (1.15)

Z
10497
Z9

r7ie N, — 4acToTa BpallleHUs Bajla MEXaHHW3Ma MOBOPOTa, 00/C; Zg — YUCIO 3yObeB
MO/JBEHIIOBOM IIECTEPHU; Z;, — YUCIO 3yObEB BEHIIOBOM ILIECTEPHHU, & MO CXEMeE

(pucynok 1.1) wactora BpaiieHus Baia (B 00/c).
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PI/ICYHOK 1.1 — Kunematndeckas cxema MOJACIIM OJHOKOBIIOBOI'O 3KCKaBaTOpPA.

n, = Nas?173%7 (1.16)

lpe,aZZZ4ZS

IIpakTuyeckas padora Ne2

TEXHOJIOT MYECKUI PACYUET MAIIINMH HEITPEPEIBHOI'O TPAHCIIOPTA

2.1. Oo1me cBexeHnst

OCHOBHOE Ha3HAYEHUE TPAHCIOPTHBIX MAIIWH HEMPEPBIBHOTO JEHCTBUS —
IIEpEMEIIICHUE TPY30B IO 3aJaHHOM Tpacce, IMOATOMY OHM TAKXKE SBISIOTCS
TPAHCTIIOPTUPYIOIUMH MamruHaMud. OJIHOBPEMEHHO C TPAaHCHOPTHUPOBAHUEM TIpy3a
MAIIMHBl MOTYT aBTOMATHYECKH PACHPENENsITh MX [0 3aJaHHBIM IIyHKTaMm,
CKJIaIUpOBaTh, HaKaljMBas B OOYCJIOBJICHHBIX MeCTax, M 00ecreYuBaTh
HEOOXOJMMBIA PUTM MPOU3BOACTBEHHOTO Tipoiiecca. [lo mnpuHnumy aeicTBUs
MOABEMHO-TPAHCIIOPTHBIC MAITUHBI OBIBAIOT TMEPUOAUYECKOTO U HEMPEPHIBHOTO
nevicteusl. K MalimHaM HENpephIBHOTO JEUCTBUS (MX TAKXKE HA3bIBAIOT MAlIMHAMHU
HETPEPBIBHOTO TPAHCIOPTA) OTHOCATCS KOHBEWEPHI Pa3MYHOTO THIA, YCTPOWUCTBA
MMHEBMAaTUYECKOTO W  THAPABJIMYECKOTO  TpaHCIIOpTa M  TOMY  IOJ00HBIC
TPAaHCIIOPTUPYIOLINE MAIINHBI.

MamuHbl  HENpPEephIBHOTO  JAEWUCTBUS ~ XApaKTEPU3YIOTCA  HENPEPHIBHBIM
MEPEMEIIICHHUEM HACBIMHBIX WJM IITYYHBIX TPY30B IO 3aJlaHHOM Tpacce 0e3

OCTaHOBOK JUIA 3arpy3kd W pasrpy3ku. llepemeniaemsblii  HACBIIHOW  TpPYy3



pacroJiaraeTcsi Ha HECYIIeM dJIEMEHTE MAITUHBI CTUIONTHOW MaCcCOM WM OTACIbHBIMU
MOPIMSIMH B HEMPEPBIBHO JIBIDKYIIUXCS TIOCIEAOBATEIIBHO PACIOJIOKECHHBIX Ha
HEOOJIBIIIOM PACCTOSHUM APYT OT Apyra padouuX COCyaax-KOBIIAaX, KOpoOax | T.II.
[IItyanple TPy3sl NEPEMEMIAIOTCS TaK)KE€ HEMPEPHIBHBIM TIOTOKOM B 3aJIaHHOMN
MIOCTIEIOBATEIPHOCTH OJIMH 3a ApyruM. [Ipu sTom pabouee m xosoctoe (0OpaTHOE)
JBVOKCHHS DJIEMEHTA MAIIMHBI, HECYIIETO TPy3, MPOUCXOIAT OJHOBPEMEHHO. Takue
Ba)KHBIE CBOMCTBA, KaK HEMPEPHIBHOCTH MEPEMEIICHUS TPy3a, OTCYTCTBUE OCTAHOBOK
JUTS 3aTPy3KH U Pa3rpy3Kd, COBMEIICHHE Pab0dero M X0JI0CTOro ABMKCHUN pabodnx
AJIEMEHTOB, OOYCIOBWJIM  MaIllMHAM  HETMPEPHIBHOTO  TPAHCIIOPTA  BBICOKYIO
MIPOU3BOAUTEIILHOCTD. JlenmouHnvle Kousellepbl OOIIETO HAa3HAYCHHSI OTHOCATCS K
TPAHCHIOPTUPYIOIIMM MAaIlIMHAM C THOKUM TSTOBBIM 3JIEMEHTOM, IE€pPEMEIAI0IIUM
CBIITY4YHE, KyCKOBBIC M (paCOBAaHHBIC TPY3bl HEMTPEPHIBHBIM ITOTOKOM.

2.2. 3aianue

Kaxnprii  cTyneHT Ha  OCHOBaHMM  HMCXOJIHBIX  JIAHHBIX  BBITIOJIHSET
TEXHOJIOTHYECKHI pacyeT MaIllMH HeTPEPHIBHOTO TPAHCIIOPTA.

2.3. MeToauKa BbINOJIHEHUS PAGOTHI

[Tpon3BOANTEIPHOCTS MAIIIMH U YCTAHOBOK HETIPEPBHIBHOTO TPAHCIIOPTA 3aBUCHT
OT MOTOHHOM Harpy3ku ( (B KI/M) U CKOPOCTH JIBWXKEHHUS 0 (B M/C) M HE 3aBUCHUT OT

MyTH TPAHCIIOPTUPOBaHUA. B 00111eM Buie mpon3BOIUTEIHHOCTD (B T/4)

=3 qv (2.1)

"~ 1000

[Tpon3BOAUTENBHOCTh MOXET OBITh BBIpaXK€Ha TaKK€ B OOBEMHBIX €IMHHUIIAX
(M/9) um B mTykax (uwr./d). [IpH JHHEHHOM TNepeMelieHHH pabodero opraxa
TPAHCTIOPTUPYIOIIEH MAaIIMHBl TEPEMENIAeMblii TPy3 MOXKET pacrojiaratbes
paBHOMEpPHO IO [UIMHE B BHJE CIIOS, pa3MellaThCsl Ha JIGHTE TIOMITYYHO,
nepeMeniaThCsl B KOBINAX WM JPYTUX EMKOCTAX. B mepBoM ciydae MOTOHHAS
Harpy3ska (B Kr/m)

q=FXl1p (2.3)
rae F — IUIOMAb TONMEPEYHOro CEUeHHS CIOS MaTephana, M>, p — HACHITHAs

3
IJIOTHOCTh MaTepuaa, Kr/M' .



[Ipu pazMenieHNH MOIITYYHO MOTOHHAS HArpy3Ka (B KI/m)

G
== 2.4
q=- (2.4)
rac G — macca CAWMHUIIBI I'Ppy3a, KI';, a — mar pasMCuiCHusA Ipy3oB, T. €. CPpCAHCC
pacCTOAHNC MCIKAY OCAMH WJIINM OJHOMMCHHBIMU TOYKAMH CMCIKHBIX I'PY30B, M.

HpH IICpEMECIICHNHN B KOBIIAX.

q = oLk (2.5)

a

e i; — reOMETpUYEcKasi eMKOCTh KOBINA, M°, p — HACBHITHAS Macca MaTephaa,
Kr/M; k., — xo3pdunMeHT HaMOJHEHUS KOBIIEH, MPUHUMaeMblii paBHbIM 0,6 115
TIIyOOKUX U OCTPOYTOJIbHBIX KOBIeH U 0,4 — 17151 MEJIKUX.

[Tpu ABMKEHUU JICHTHI YTOJI () YMEHBIIIACTCS O] ICUCTBHEM TOTYKOB TaK, YTO B
pacderax MPUHUMAIOT:

¢HB:(O!5'O’6)X¢ (26)

[IpousBoauTENbHOCTE (B T/4) JIGHTOYHBIX KOHBEWEPOB NpPH MEPEMEIICHUN
HACBINHBIX IPY30B OIpPENEAIOT 1o 001Ieit popmyre:

[I=3600XF XvXp (2.7)
rae F — miomanb TOMEPeYHOro CedeHHs CJI0s MaTepuana, M°, U — CKOPOCTh
JIBIDKCHHMS JISHTBI, M/C; p — HACBITTHAS Macca MaTepuaa, T/M .

CuuTaroT, 4TO CHITYYUH MaTepual Ha IUIOCKOM JIEHTE PACIOJIaraeTcs B BHIE CIOS,
MOMEPEYHOE CEUEHHUE KOTOPOTo MPEICTaBIsIeT OO0 paBHOOEIPEHHBIN TPEYTOIbHUK
¢ ocxoBanuem b=0,8B u BreicoToir h=0,5btgep,,, rae B — mupuHa TpaHCIOPTHON
JICHTBI, M; (), — YTOJI TIPU OCHOBAHUM TPEYTOJIbHUKA, PABHBIA YTy €CTECTBEHHOTO
OTKOCa MaTepuasa Mpu JBUKEHUU.
C yuerom (hopmbl TIEHTHI U HaKJIOHA KOHBeHepa Gpopmyra TpOu3BOAUTEILHOCTH
KOHBEMEpa IPUMET BUJ:
I = 576B%vp tan @, kyk. (2.8)
rae kg — koophument GopMbl JIEHTHI (IS TIOCKON JIEHTHI ky=1, 1 JIOTKOBOM
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Pacyer JieHTBhI Ha pacTsHKEHUE BBIMOIHSIOT, ONMPEACIISAS YUCIIO0 MPOKIAJIOK B HEH
(B 1mIT.) IOCTIEMYFOIIICH (hopMyITe:

; — Smax
" Bl (2.9)

1€ Spax — MaKCHMajJbHOE HaTshKeHHe JieHThI, H; B — mmpuHa eHThl, cM; [p] —

JOIyCTUMAas Harpy3Kka Ha | cM MUpUHBI OAHOU MTPOoKiIanku, H/cwm;
K,

[p] =2 (2.10)
rae K, — npenen NpoYHOCTH NPH paspbiBe OJHOM mpoknanku, H/cm; n - 3amac

IIPOYHOCTH.

[Toronnast Macca JieHTHI (B KI/M):

qo = pB Si+s1+s; (2.11)

1000

rJ€ p — INIOTHOCTh MaTE€pralia JEHTHI, KI/M° (p=1100 kr/md); B — IIMPUHA JICHTBI, M;
0 — TOJIIMHA OJIHOM MPOKJAIKA B TOTOBOHM JIEHTE, MM; S; — TOJIIMHA BEpXHEH
(Tpy30BOif) PE3UHOBOM OOKJIAJIKH, MM; S, - TOJIIMHA HUXKHEW PE3UHOBOU OOKJIAIKH,
MM; | — YUCJIO MPOKJIAJIOK.

HauOonpiias crtpena mpoBeca JIeHTHI (B M), BO3HHUKAIONIAs IOJ JEHCTBUEM

COOCTBEHHOT'0 BECa M TPAHCIIOPTUPYEMOTO Ipy3a, ONpeAesieTcs mo Gopmyre:

( )12
fmax = RALIAN (2.12)

8Smin
r7le ¢ —Macca Marepuaia, npuxosauuiics Ha 1 mor. m aenTsl, H/M; q, — macca 1 nor.
M TpaHCHOpTHOM JneHThl, H/M; | — paccTosiHHMEe MEXIy CMEXHBIMU POJIUKOBBIMU
onopamu, M; Sy,in — MUHUMAJIbHOE HaTsHDKEHUE JICHTHI, H.
[IpakTHyecku cTpesa mpoBeca He N0 KHA PEBBIIATH!
fmax = 0,025, (2.13)
OTKyJa MUHUMaJIbHOE HaTsKeHue JIeHThl (B H)
Smin = 5(q + qo)L. (2.14)
IIpn 3arpy3ke Marepuasia Ha IBHXKYILYIOCS JIEHTY OH YCKOPSIETCS CHIIAMHU

TpPEHUs, IEUCTBYIOIMMH Ha YYaCTKE CKOJIbKEHUSI MaTepHalia 1o JICHTE.
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Yckopenne Martepuaga (B M/c?) Ul TOPH3OHTATBHOTO ydacTKa KOHBeifepa
omnpeaensercs: GopMyIIoi:
a=dgf (2.15)
U /111 HAKJIOHHOTO y4acTKa
a=g(fcosp —sinp) gf (2.16)
IJie g — YCKOPEHHE CHIIBI TSDKeCTH, M/c”; f — ko9 HIMeHT TpeHus; 8 — yroa HAKIOHA
KOHBelepa, rpaa (mpu moabeMe MaTepuayia +f, NpU JABMKCHHM MaTepuana Mo/
YKJIOH — [5.

[TyTh (B M) CKOJIBKEHUSI MaTepUalia 1o JEHTE:

2

5= gf (2.17)

2a

rac v - CKOpOCTb ABHUXKCHUA JICHTHI, M/ C; Uy - HadvajJibHasgd CKOPOCTb MaTepuaa npu

3arpy3kC B HaAIIPABJICHHUU JIBHWKCHHUSA JICHTEHI, M/C; d — YCKOpCHHEC Marepuala,
o 2

BO3HHMKAIOIICC 1OA ACUCTBUCM CHJI TPCHUA, C YICTOM YI'JIa HAKJIOHA JICHTEI, m/c”.

MomnocTs (B kBT) Ha npuBoHOM OapabaHe IEHTOYHOTO KOHBeMepa:

No =k (cLv + 0,00015ML, + =), gf (2.18)
rae k - koadunuenT, 3aBUCAIUN OT JJIMHBI KOHBeHepa L ;
L, m <15 16-30 30-45 >45
K 1,25 1,10 1,05 1,00

¢ — k03hdUIMEHT, 3HAYEHUsI KOTOPOr0o MPUHUMAIOT 10 Tabmnwuie 2.1, eciiu poiauku
KOHBelepa yCTaHOBJICHBI Ha MIAPUKOMOAIIUITHUKAX; L, - TOpU30HTAIbHAS TIPOSKIIUS
uHBI L KoHBelepa, 3aBuCsIIas OT yria HakJIOHa KOHBeWepa Tak, 4to L. = L cos 3,
U - CKOPOCTb JICHTBI KOHBe#epa, M/c; 11 — mpousBoauTensHOCTh KOHBEMepa, T/4; H —
BbICOTa nojbema matepuana H = L sin 5, m.

Ta6numa 2.1 — 3nauenue kordduimenta C
lupuHa 1eHTHI, MM 500 650 800 1000 1200
Koaddumuent C 0,018 0,023 0,028 0,038 0,048

MourHocTs (B KBT) nBUraresns 1€HTOYHOTO KOHBEHepa:

N = —"ﬂ(”j;’“ﬁp) 9f (2.19)
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k, - xoopdunment nunamuunoctu (k,=1,1-1,2); n, — x.0.a. Mexanusma npusoza; Ny
- MOIIIHOCTh Ha MPUBOJHOM Oapabane, mpuHuMaemas 1o Gopmyie; Neg, - MOIIHOCTD

(B kBT) 151 ckpeOKOBBIX cOpachiBaTesnei, 3aTpaurBaeMasi Ha pa3rpysKys;

Nc6p = ¢,11B gf (220)
— 1 IByXx0apabaHoit cOpachIBaIOIICH TEIICKKHU
N, = 0,275N, + 0,00511 + 0,4 gf (2.21)

c¢; = 0,0075; B — mmpuna nentsl, M; I1 - mpon3BoANTEIPHOCTD KOHBEHEpa, T/4.

Oxpyxnoe ycwme (B H) Ha 6apabane onpenensiem no hopmyie:

P = kﬂ(N0+I\:)c6p)1000 af (2.22)
repeaeTes Ha JIGHTE TPEHUEM Tak, YTO CHJIA TSITH MPUBOA
Wy =P = Syas + Ses = Ses(e/* — 1) gf (2.23)
oTKyzAa HaTspkenue (B H) cOeraroneii BeTBu
Sha P
Sep =8 = T gf (2.24)

IJIe U - CKOPOCTh JICHTBI KOHBEWepa M/C; € — OCHOBaHHWE HATypabHBIX JIOrapru(MoB
(e=2,71); f — ko3 GUIMEHT TPEHUS MEXIY JICHTOW M MPUBOIHBIM OapabaHOM; o —

yroJji 00xBaTa mpuBOJHOTO OapabaHa JIEHTOU, pa.

IIpakTuyeckas padora Ne3
TEXHOJIOTMYECKU PACYET ITOI'PY30YHO-PA3I'PY30YHBIX MAIIIVH

3.1. O6mue cBexeHus

JUiss MexaHu3auuy TOTrpy3KH, pa3rpy3kd M TA0EIUpPOBaHUS  ChINYYHX,
MEJIKOKYCKOBBIX M IITY4YHBIX TIPYy30B Ha 3aBOJAaX CTPOMUTENIBHBIX MATEPHUAIIOB
MIPUMEHSIOT Pa3JIMYHbIE IOrPY30YHO-PA3rpy304YHbIE MAIIMHBI — IEPEIBUKHBIE H
CTAallMOHAPHBIE, MEPUOAUYECKOIO M HENPEPBIBHOIO NEUCTBUA, C DIIEKTPUYECKUMU
JIBUTaTEIIIMU M JABUTATEISIMU BHYTPEHHEro cropanus. Ilorpy3unkn HempepbIBHOTO
NEUCTBUS HMMEIOT TPAHCIOPTUPYIOLIEE YCTPOWCTBO, OT MJIMHBI KOTOPOTO 3aBUCHT
JAJIbHOCTh NOAAYM Marepuasia. Ilorpy3uMky IEpUOAMYECKOrO IEHUCTBUSA TpPAaHC-

MOPTUPYIOT Marepuan Onaromapss COOCTBEHHOMY MEpPEABUIKEHHUIO, TMO3TOMY
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JANbHOCTh  TPAHCIOPTUPOBAaHUS  OrPAaHUYMBAETCA  JIMIIb  SKOHOMUYECKUMH
cooOpaxkeHus MU (00bIYHO He mpeBbimaetT 50 M). Ilorpy34yumku nepuoanMvecKoro
JAedcTBUSA TOAPA3JEISIIOT HAa YHUBEpCAJIbHBbIE, MMEIOIIME CMEHHOE pabouee
o0opynoBaHue (BUJIKH M 3aXBaTbl JJIs1 IITYYHBIX I'PYy30B, KOBII U JJISl CHINYYHX), U
CHELMAJIbHbIE C KOBIIOM JJIsi CBIIYYUX UM  MEJIKOKYCKOBBIX MAaTe€pHaJOB.
ABTONOrpYy34YMKU KOHCTPYUPYIO T Ha 0a3e rpy30BbIX aBTOMOOWJIEH, 1 OHU SIBJISIIOTCS
YHUBEPCAIbHBIM M MAIlMHAM U CO CMEHHBIM O00OpyJOBaHHWEM. ABTOMOIPY3UHK
(pucynok 3.1) rpy30M0IbEMHOCTHIO 5 T COCTOUT M3 XOJ0BOM TENEKKH H MEXaHU3Ma

oJAbeMa rpysa.

Pucynok 3.1 — Apromorpy3umk: | — omopHas pama; 2 — THIpPONOJBEMHHK; 3 —
TeJeCKONMYecKasi pama; 4 — BUIOYHBIN 3aXBarT; 5 — MonepeynHa; 6 — 3Be3/104Ka; 7 —

KapeTka; 8 — rpy30Bble Lieny; 9 — myHxkep; 10 — koneca; 11 — caBoeHHbIE KoJeca.

3.2. 3aganue
Kaxaplli  CTyIeHT Ha  OCHOBAaHHM  HMCXOJHBIX  JAHHBIX  BBIMOJHSICT

TEXHOJOTMYECKUM pacyuceT nNOorpy3049HO-pa3rpy304HbIX MAIllvH.

3.3. MeToauka BbINOJTHEHUS PA0OTHI

Ycunue (B H) Ha miyHkepe norpy3umka

i(G+Gyp)
n

rae G — macca moJgHuMaemMoro rpysa, H; Gy — macca BIWIOK (WIH JpyTHX 3aXBaTHBIX

YCTPOUCTB), KapeTku u miyHxepa (G, = 0,2 G), H; i — kpatHOCTh Tosncnacta (i =
14



2); N — K.ILJ. TOJUCIIACTa ¥ MEXaHMW3Ma KapeTKH, 3aBUCAIICH OT CTCIEHU M3HOCA U
KayecTBa CMa3Ku TpyInuxcs nosepxuocteit (n = 0,8 — 0,9).
Yceumue (B H) Ha mutyHkepe MOrpy3yuka 3aBUCUT OT YAEJIBHOTO AaBieHUs p (B

H/m%) [mpaktuuaecku 5-7-10° H/m®] u ot auamerpa mymxepa D (B M), T. €.

D2

P=p=——gf (3.2)

OTKYOa JHaMCTpP ILNIYHXKCPpa THAPOIIOAbCMHHKA

D= [=gf (3.3)

CKOpOCTB nmoabCMa TIpy3a 3aBUCHUT OT JHAMCTpaA IIIYHXKCpaA, KpPAaTHOCTHU
Imojauciiacra u IMPOU3BOAUTCIBHOCTH Hacoca. HpI/I 3aJJaHHOM CKOpPOCTH

MIPOU3BOIUTEIILHOCTH Hacoca (B MY/c)

m="22gf (3.4)

4i

rne D — nquaMmerp TUTyHXKepa, M; U — CKOPOCTh MOAbeMa Tpy3a, M/C; | — KpaTHOCTh
IIOJICIIACTA.

MomHocTh ABUTaTeNs Hacoca (B KBT):

P gf (3.5)

"~ 10007

3
rae 1 — mpou3BOAUTENHEHOCTE HACOCA, M/C; P — yIEIbHOE JaBJICHHUE, Pa3BUBAEMOE
2.
Hacocom, H/M*; n — k..a. Hacoca (n = 0,5).
Koaddunment 3amaca mnpoaoibHON CTaTUYECKOW YCTOWYMBOCTH BHJIOYHBIX

MOTPY3UMKOB ONPEAEISAIOT 0 PopMyJIe:

k== G2 Gl (3.6)

Monp  Grpl  Grpl
rae My, — ynepxuBatomuit MOMeHT, H-M; M, — OMpOKubIBaOIINNA MOMEHT, H'M;
G — macca orpy3dnka (06e3 rpy3a), IpuXosaIIuiics Ha 3aaHuil MocT, H (MoeT OBbITh
ONpPENENEH B3BEIIMBAHUEM HA aBTOMOOWIBHBIX Becax), Gp, — Macca Tpysa,
pa3MelIeHHOro Ha BWJIOYHOM 3axBare, H; a — paccrosHMe OT MNPOEKIUU Ha
TOPU30HTAIBHYIO IIOCKOCTh LIEHTPA TSHKECTHU Ipy3a 10 TOYKU ONPOKHUAbIBaHUS, M; A

- MPOJI0JIbHAs 0a3a MOrpy34uKa, M.
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[Ipu BepTHKanbHON pame NOJBEMHHKA Ipy3a M TOPHU3OHTAIBHOW paboueit
mIomake Ko3pGUIMeHT 3anaca NpoAoJbHOU CTaTUYECKON yCTOMUUBOCTH k = 1,5 —
JUTSI TIOTPY3YMKOB Ha MMHEBMOIMMHAX U kK = 1,4 — /I OTPY3YUKOB Ha TPY30IIMHAX
pu paboTe HAa TBEPIOM TIOKPHITHH.

MakcumanbHas — Tpy3onoabeMHocTh (B H) morpy3umka w3 ycioBus
YCTOMYMBOCTH OMIpeaeIIsieTCs 1o hopmyIie:

G,A
Grp == (3.7)
DKCITyaTallMOHHAsT TTPOU3BOJUTEILHOCTh (B T/4) IMOTrpy3uMKa mpu pabore co

IITYYHBIMH IPY3aMH:

M= 3600Gk, (3.8)

tl—l

rae G — cpemHsis Macca IOJJHUMAaeMOoro Tpy3a, T; k, — Kod(pPUIMeHT nCrmomp30BaHus
MOTPY34YMKa, 3aBUCAIIMN OT KBATM(PUKAIMK BOIWTEIS W OpraHu3anud padboT
(k, = 0,4 — 0,8); t,, — Bpems 1uKIa, C;

ty =ty + by + b3+ tyq (3.9)
t; — BpeMsl HAaKJIOHA paMbl TPy30IMO0JIbEMHUKA BOEPEN HA 3-5° I 3aBOAKH BUJI MO
rpy3, AJs moabema rpy3a Ha Bujax Ha 300 MM OT 3eMJIM M HaKJIOHA pPaMbl
IPY30MOIbEMHUKA Ha3aJl 10 OTKaza (M1 cpeaHux ycimoBui t; = 10 — 15 ¢, s
3acTpomnoBKH rpy3a t; =8 —12c¢); t, — BpemMs pa3BopoTa NOrpy3duka (MpH
pa3zBopoTte Ha 90° - 6-8 ¢ u Ha 180° - 10-15 ¢); t3 — BpeMs ABMKEHUS TIOTPY3UHKA C
Ipy30M, C; t, — BpeMsl YCTAaHOBKH paMbl C TPY30M B BEPTUKAIbHOE IOJIOKECHHE
(t, = 2 —8c); tg — Bpems moabeMa rpysa Ha HEOOXOIMMYIO BBICOTY, C; tg - BpeMs
YKJIaJIKU Tpy3a B 1mrabens (tg =5 —8c¢); t; — BpeMs OTKIOHEHHs paMbl Ha3aj ¢
KapeTkoi 0e3 rpys3a (t; = 2 — 8¢); tg — BpeMs CIycKa IyCTOH KapeTKH, C; tg —

BpeMs pa3BopoTa morpys3umka 6e3 rpysa (tg = t,),C; t1p — BpeMs XOJIOCTOTO X0J]a

HOprSIH/IKa, C, tll — CYMMapHoe BpeMSI HepeKJ_H'OquI/IH pBIanOB praBJ]eHI/ISI
(tll = 6 - 8 C)
L L H H
t; =—; tig=—; te =—; tg =— 3.10
3 v, » 10 Uy » U5 v, )y 8 Von ( )
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rae L v H — myTh TPaHCIOPTUPOBAHHS W MOABEMA TPY30B, M; Up, Uy — CKOPOCTH

COOTBETCTBEHHO pab0Yero M XOJOCTOTO TMEPEMEIIEHHs MOTPy3dYrKa, M/C; Uy, Ugy —

CKOPOCTH COOTBCTCTBCHHO IMOAbEMA U OITYCKAHHA KAPCTKH, Mm/c.

IIpakTuyeckas padora Ned
TEXHOJIOTMYECKUN PACYET JIPOBMJIBHOI'O OBOPY JOBAHU S

4.1. O01mue cBeIeHUs

IlexoBbie Apoduaku LlexoBbie TpoOUITKH CITyKaT JUIsl KPYITHOTO U CPEIHETO
IpoOJIeHHs] KyCKOBOTO MaTepHayia (CpeIHENpPOYHbIX, MPOYHBIX U OYEHb MPOYHBIX
nopona). B NPOMBIIIJIEHHOCTH CTPOUTENBHBIX MAaTEPHUAJIOB IEKOBBIE JAPOOUIIKU
WCTIONB3YIOT M1 ApOOJeHUsS KaMHS TpPU MNPOU3BOJACTBE IIEOHS, JJISI JPOOJIEHUS
M3BECTHSIKA, UJIM MEprelisd Ha [IEMEHTHBIX 3aBOJIax, MEpiuTa U 00CHIMaHa Ha 3aBOJaxX
TETJIOU3O0JISIIIMOHHBIX MaTEpHANIOB, JPOOJCHUS HEKOHJIUIMOHHBIX OETOHHBIX U
&KEJIe300€TOHHBIX W3JEIUH TpH HMX YTWIM3alUMU Ha 3aBOAaX CTPOMMHIYCTPHH.
[IlexoBble IPOOMIIKH MOTYT OBITh C BEpXHUM M HM>KHUM MOABECOM ILIEKHU, C TPOCTHIM
U CJIOXHBIM JBW)KEHUEM IIEKH, C SKCUEHTPUKOBBIM M KYJIAYKOBBIM IPUBOJOM.
Hanbonee mupoko pacmnpocCTpaHEHbl APOOUIKA C TPOCTHIM JIBUKEHUEM IIEKU U
HKCLEHTPUKOBBIM TPUBOAOM. BBhIycKalOT IIEKOBbIE APOOUIIKA C pa3MepaMu
3arpy304Horo otepctusi ot 160250 mo 1500%2100 mm. CTeneHb U3METBYCHUS Y

IIIEKOBBIX IPOOUIOK — 6 ... 8.

4.2. 3ananue

Kaxnaplii  CTymeHT Ha  OCHOBAaHMM  HMCXOJHBIX  JAHHBIX  BBITMOJHSET
TEXHOJIOTMYECKHUI pacyeT APOOUIBHOTO 000PYI0BaHUS.

4.3. MeToanka BbINOJHEHUS PA0OTHI

OcHosHble pacuemul wekogvlx Opoounox. OnpeneneHue yrina 3axsara. llpu
pa3aBiIMBaHUM MaTepuaia MEXIy IIEKaMHU JPOOMIIKH CTENeHb MU3MEJIbUYEHHUS TEeM
0o0JbI1Ie, YeM OOJIbIIe YIoJ o MEKIY HIEKaMU; OJIHAKO IIPU MPEBBIILIEHUN HEKOTOPOTO

npeaACIbHOr0 3HAYCHHA OTOro Yyriia, Ha3blBa€CMOI'O YIJIOM 3axXxBaTad, CHIILI TPCHUA,
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BO3HUKAIOIINE MEXKIY IEKaMU H MaTepualioM, YK€ He YIAep>KUBAIOT MaTepua, U OH
BBICKaJIb3bIBAET U3 IPOCTPAHCTBA MEXy IekaMu. Jlis omnpeneneHus yria 3axsarta
OpeanojaraeéM, 4Yro KyCcOoK wmarepuana umeer ¢opMmy mapa. Cuioi TshkecTH
npeHeOperaeM B CBsI3U ¢ MAJIOH ee BeMInHOMN. YTou o (pucyHok 4.1, a) Oynet yriaom
3axBaTa MPH PaBHOBECHH IApOOOPa3HOT0 KycKa MOA JEHCTBUEM CHIIbI CxKaTus P u
cwl TpeHust Pf, o0pa3yromux Miockyto cucteMy cui. COpoeKTHPOBAB CHJIbI HA J1BE
B3aMMHO MEPIEHANKYISPHBIE OCH, OJJHA U3 KOTOPBIX COBMAIAET C OChI0 CUMMETPUU

CUCTCMBI, U3 YCJIOBUA PABHOBCCHUA ITOJIYUHUM
,}} /_. - —_—
Z L
<477/
I
ft
7
oL

4

') 5
]

Pucynox 4.1 — Cxembl IjIs ONpeeiCHUs Yy IIECKOBBIX APOOWIIOK: a) — yria

3axBara; 0) — MPOU3BOUTEIBHOCTH.
2P sin% = 2Pf cos % (4.1)
Paznenus 06e yactu paBeHncTBa Ha 2P cos %, IOJIYYUM
tan% = f =tang,. (4.2)
rne f — xoadduumenT TpeHHs CKONBXKEHUS APOOMMOrO Marepuaia H IPOOSIIIX
IUTUT; ¢ — YTOJI TPEHHUS, TPAL.
a = 2arctgf,unu a = 2¢. (4.3)
He3aBucuMo OT pacronoxeHusi IEK Yrojl 3axBaTa pPaBeH JIBOMHOMY YLy
TpeHus. YToua TpeHus ¢ u kodpdumment tpenus f Haxoxst no cnpaBounukam. [Ipu
ApoOJICHNN KaMEHHBIX MAaTEPUAJIOB CTAIBHBIMU IEKaMU KOA(PQHUIHMEHT TpeHus f =

0,3, orkyma o = 33°20°. IIpakTHdeckd yroa Mexay IIeKaMu o HTPUHUMAIOT

HECKOJIbKO MCHBIIINM, yTOOBI 00ECIIEYUTH YACPKAHHUC MaTCpuajia CUJIaMHU TPCHUA:

tp= (0,45..0,7) a
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Yroa Mexay ImeKaMu KOHKPETHOW ApPOOWIIKH H3MEPSIOT YIIOMEpPOM WM
OIIPEJIENISIIOT OTHUM U3 KOCBEHHBIX CIIOCOOOB:

METOJIOM JIMHEHHOTO U3MEPEHUS U pacueT o GpopMmyiie:

b—d
tana = —, (4.1)

rne b — mmpuHa 3arpy304HOi menu ApOOMIIKH, U3MEPEHHAs 10 MEPICHIUKYISPY K
HETIO/IBYDKHOW I1ieke, M; 0 — IMpHHA pa3rpy304yHOW Ieiau (HaumMeHblnas), M; H —
BBICOTA HEMOABUKHOM IIEKH, M;

WJIM U3MEPEHUEM TI0 METOY IBYX IIAPOB (PUC) M pacyeToM 1o GhopmyIie:

sin% = 2=4_ (4.2)

2 2l+D+d’

rne D — muamerp Gosbrrero mrapa, M; d — quaMeTp MEHbIIero mapa, m; | —
pacCTOsIHUE MEXIY IIapaMu, M.

VYrioBasi CKOpOCTb SKCIIEHTPUKOBOTO Bajia IIEKOBOM IpoOmiku (paja/c)

_ gtana
w =k, v (4.3)

Onpedenenue npouszsooumenviocmu. llpu 3aBepiieHnd pabodero Xxoja
MOJIBIDKHOM IIIEKH 3a30p MEXJy IEKaMH sBIISCTCS HaMMEHbIIMM O, a Mpu OTXOje
MOJABM)XKHOM IIEKHM OT HEMOJBI)KHOW Ha BEJIMYHMHY S 3a30p YBEJIMUYMUBACTCS 10
BennuuHbl 0; + S (pucyHok 4.1, 6). 3a BpeMs 0TxXo/Ja IIEKH Ha BEJIMYUHY S 4epes

pasrpy30uHYIO IIejIb MaTeprall BhINIaJaeT B BUC MPU3MbI, 00beM KOTOPO
d{+s)+d
V=Gt (4.4)

rie | — nnvHa pa3rpy304HOro OTBEPCTHS, paBHAS IIUPHHE KU, M;
h = s/tana. (4.5)
Hucmo  ABOMHBIX KayaHUM IIEKM COOTBETCTBYET YacTOTE  BpaLICHHUS
SKCI[CHTPUKOBOTO Bama N (c), CleJOBaTeNbHO, MPOU3BOXMTEIBHOCTH (M>/t)
IIEKOBOW APOOUIIKU ompezensercs no popmye:
[T =3600Vnk,. (4.6)

wiu (T/4)

N

(di+s)+d
[T = 3600Vnk,p = 3600-= ; 1 nk,p. (4.7)

tan a
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rze ky, - koapuument paspoixienus marepuana (k, = 0,3 ...0,65);
p - TNIOTHOCTh MaTepHana, T/Mm".

[TpunsB cpeaHmil pazMep Kycka, BHIIAAAIONIET0 U3 JPOOHIIKH,

(di+s)+d
d =, (4.8)
[OJIy4YUM
T =3600d.,slkyp/tana, (4.9)

r7ie BCe JIMHEHHbIe BemnunHbl d,,, S U | BeIpakaroTcs B MeTpax.

Koaddumment paspeixiieHuss maTepuajna MNPUHUMAIOT TEM MEHbIIE, YeM
KpynHee npoOunka. Yacmomy epawjenusi dKCYeHmpuxkogo2o 6aia ONPENesioT U3
YCJIOBHSI PABEHCTBA BPEMEHU OTXOJIa MOABHXKHOM IIEKH HA BEJIUYHMHY S U BPEMEHHU
CBOOO/IHOTO MAJ[CHHS MATEPHAIa C BBICOTHI N ¢ ydeToOM TpeHHs ero o mekH (1, ¢ S,

M):

n =,/tana/s. (4.10)

[Tpon3BOAUTENBHOCTh IIEKOBBIX JPOOMIIOK 3aBUCUT B OCHOBHOM OT pa3Mmepa
JTPOOUIIKH; BBIMYCKAIOT JPOOMIIKK C MPOU3BOAUTEIHLHOCTRIO OT 1 10 700 T/4, HO Y
KaXJI0H IPOOHITKY €€ MOXKHO PETyJIMPOBaTh MOCPEACTBOM H3MCHEHUS BEIMYHMHEI 0 C
MOMOUIBIO PETYJTUPOBOYHBIX KIIMHBEB U CMEHHBIX PACIIOPHBIX TUIUT.

Jlnis obnerdyeHus M3BMEHEHHUsT TPOU3BOIUTENIEHOCTH PETYTMPOBOYHBIC KIIUHbBS B
HOBBIX KOHCTPYKUHUAX JPOOMJIOK pacroiaraloT B IUIOCKOCTH, COBIAJAOLIEH C
IUIOCKOCTBIO PAcCHOpPHOW IUIUTHI, W MEPEIBUraloT IMOCPEICTBOM TOPU30HTAIBHOIO
BUHTA, HWMEIOIIEr0 TMpaByld U JeByo pe3p0y. s apoOuiok ¢ maioi
MIPOU3BOJUTENILHOCTBIO YJIEIbHBIA PacxXxo/ SHEPruu cocrasisieT — 2,2 kBT-u/T, ans
KpynHbix — 1,1 kBT-4/T.

KonycHble 1pooniku

B koHyCHBIX IpoOmiIKax Matepral U3MeIbUaloT MOCPEICTBOM pa3IaBIMBaHUS U
u3ruba Mpu Ka4eHWH BHYTPEHHETO KOHYyCa MO MaTepHaly, 3alleMJICHHOMY MEXIy

MOBEPXHOCTSIMU BHYTPCHHEr0 2 M Hapy»HOro konyca 1 (pucyHok 4.2, 6). Bax ¢
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BHYTPCHHUM KOHYCOM JIBUTACTCA TaK, 4YTO C€ro OCb OIIMChIBACT KOHHYCCKYIO

ITOBEPXHOCTH C BEPIIMHON B TOUYKE A.

Pucynok 4.2 — KonycHble JpoOMIKU: @) — ¢ BEpXHEN onopol Bana; 6) — cxema

NENUCTBUS; 8) — C TPUOOBUIHOM TOJTOBKOM.

[Ipu »TOM aUaMeTpasibHO NPOTHUBOMOJIOXKHBIE OO0pa3ylolIue BHYTPEHHETO
KOHyCa C OJHOM CTOPOHBI MPUOIMKAIOTCS K MOBEPXHOCTH HAPYKHOTO KOHYyca U
IpoOAT MaTepuai, a C MPOTUBOMOJIONKHON — YAQISIIOTCS OT HEro, odecredyuBas
pasrpy3Ky M OIyCKaHHe MaTepuaia. 3a oJuH 000pOT Bajia TOT MPOIECC MTPOUCXOIUT
M0 BCEH OKPYKXHOCTH WM HEMPEPBHIBHO TMOBTOPSETCS, YTO OOCCIEUYMBACT IIABHYIO
paboTy U BBICOKYIO TPOU3BOIUTEIIBHOCTh APOOMIIKU. 3arpyKatoT KyCKH pa3MepoM OT
300 no 1500 MM, a BeIXOAST U3 ApoOUIKH Kycku pazmepom oT 50 mo 220 mm
(crenens u3menpueHust — 6... 7). [I[pou3BOAUTENBHOCT IPHU APOOJIECHNUN U3BECTHSKA Y
KOHYCHBIX JIPOOMIIOK pa3IMYHON MOIIHOCTH Kojeosercs oT 45 mo 1500 1/4, npwu
YACIBHOM pacxojie dHepruu — cooTBeTcTBEHHO OT 0,75 1o 0,25 kB1-u/T.

KoHycHBIC ApOOWIIKM TPUMEHSIOT JJIs KPYITHOTO, CPEAHETO W  MEJKOTO
npooOsnenns. Ha 3aBojiax TMPOMBIIINICGHHOCTH CTPOUTEIBHBIX MaTepUajioB KOHYCHBIC
JIPOOMIIKK HCIIONB3YIOT Il JPOOJICHUS M3BECTHSAKA Ha IIEMCHTHBIX 3aBOJAX W
Pa3UYHBIX CKAJBHBIX TMOPOJ] HAa KPYMHBIX 3aBOJAX, MPOHU3BOISAIINX MICOCHB IS

MPUTOTOBJICHUSI OCTOHHOM CMECH W JUIA JIOPOKHOTO CTpOUTEIhCTBA. KOHYyCHBIC

21



ApoOUIKKA OBIBAIOT C BEPXHUM IOJBECOM Bajla, SKCIIEHTPUKOBBIE C HETOABUKHBIM
BAJIOM M KOHCOJIBHBIE C HHKHEN OITOPOM Bajia
CreneHp W3MENbYEHHS] U [POU3BOJUTENIBHOCTh KOHYCHBIX  JIpOOMIIOK
PErYIUPYIOT MOABEMOM M OIIYCKAHHEM KOHYCAa MYTEM HABUHYMBAHUS Pa3pe3HOU
raiiku Ha pe3p0y BEpPXHEro KOHILA Bajla y JIPOOMJIOK KPYHMHOro ApOOJEHMs WU
[OBOPOTOM  PETYJIMPOBOYHOTO KOJbI[a OTHOCUTENBHO OINOPHOTO Yy JApOOUIIOK
CpEIHETO W MeNKOro ApobiieHusi. MIMeroTcsl Takke KOHYCHBIE APOOUIIKHA KPYITHOTO
ApoOJIeHUS C TUAPABINYECKUM PETYIMPOBAHUEM pa3Mepa ILEH.
VYron 3axBara KOHYCHBIX APOOMJIOK pAacCUMTHIBAIOT TaK e, KaK M Yroj
3aXBarTa IEKOBBIX IPOOUIIOK U OMPEAENISIOT U3 COOTHOLIEHUI
a = 2arctgf, um a = 2¢; a,, = 0,7a. (4.11)
rie f — koadduimenT TpeHns MaTtepuana 1o CTaiy; ¢ — yroJ TpeHHs MaTepHana;

a,, — HpaKTI/ILIeCKI/If/'I yroia MCXKIAYy 06p33y10HlI/IMI/I HCIIOABHM)XHOI'O M ITOABHKHOIO

p
KOHYCOB, Tpas;

a,, = 0 + ay; (4.12)

np
01 — YroJ MeXJIy BEepTHKaJbl0 M 00pa3yroleil HeMOABM)KHOTO KOHYCa, Ipaj; dp —
YroJI MEXAY BEPTUKAJIBbIO U 00pa3yroliei MoABMKHOTO KOHYCa, rpajl.

VYTri0Basi CKOpPOCTh AKCIEHTPUKA @ (B paj/c) KOHYCHBIX APOOMIIOK CPEIHEro U

MEJIKOTO APOOJICHUS, UMEIOIIUX TOJIOTHE KOHYCHI C MapaJuieIbHOM 30HOM,

w =138 /wl =0,08D, (4.13)

riae | — nmHa napamiensHoi 30HbI, M; f — KOs GuMeHT TpeHus 1PoOUMOTo
matepuaina o kouyc (f=0,35);
Y — YroJl HakJIoHa oOpasyrolieit moapmwkHoro konyca (y = 40°); D, — HapyXHBIN
JTUAMETP MTOJBHKHOTO KOHYCa, M.

[IpousBoxuTenbHOCTS 11 (B M°/4) KOHYCHBIX APOOHIOK C ONOTHMH KOHYCAMH
onpenensiercs mo hopmyiie:

11 = 3600 x 0,5D,,lbywk,, (4.14)
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rae D, — HapyXHBIA AWaMeTp MOABMKHOTO KOHYCa, M; b; — IIUpHUHA Pa3Tpy30YHOM
IIeJTM HAaMEHbIIasl WIN HIUPYHA TapauieIbHON 30HbI TP COMMKEHUN KOHYCOB, M;
[ — nmuaa mapamwensHOM 30HBL, M (I = 0,08D,); w — yriaoBas CKOpPOCTh
OKCLEHTPUKA, Paji/c; K, — KOXQOUIMEHT pa3phIXJIEHHUs U3MENBYEHHOTO MaTepuasa
(k, = 0,25 - 0,6).

[To smmupuyeckum dopmynam MortHOCcTh ABuratens N (B kBT) xoHyCHBIX
JIPOOHIIOK C MOJIOTMMH KOHYCAMH OTIPEJICIISIOT 10 hopMyJie:

N = 50D?, (4.15)

rac D — amxaun AUaMCTp IIOABHMIKHOI'O KOHYCa, M.

IIpakTuyeckas padora Ned
TEXHOJIOTMYECKUI PACUYET CYIINJIbHBIX FAPABAHOB

5.1. O0mme cBegeHus

CymmibHble 0apabaHbl TpeIHA3HAYEHBl JJIi CYHIKM CBHITYYUX MaTepHasioB
TOMOYHBIMU razamMu. OHU NPUMEHSIOTCS B MPOMBIIUIEHHOCTH CTPOUTEIbHBIX
MaTepUaJIOB B PA3JIMUHBIX TEXHOJOTMYECKUX JMHUAX ISl TEIUIOBOM CYIIKH
W3BECTHSKA, TJIMHBI, MECKa, MeJla W JAPYIHX ChIIYyYUX MaTEpPUaAIOB KPYHMHOCTHIO
gactuir 70 60 MM.

Bri0op mapameTpoB CymmibHBIX OapabaHOB U PEXXUMOB UX PaOOTHI 3aBUCUT OT
(U3UYECKUX CBOWMCTB MOPOJIbI, TJIABHBIM 00pa3oM, OT €€ HaYaJIbHOW BIAXHOCTH U
pa3sMepoB KycKoB. UYem BbIllIe HauyalbHas BJIQKHOCTh M MEJIbUY€ KYCKH, TEM
WHTEHCUBHEE HCIapseTCs Biara. TeXHOJIOTHYECKUN pacd€T CyIIMIIBHOTO Oapabana

BBINOJIHSIOT B TAKOM ITOCJICEAOBATCIBHOCTH.

5.2. 3aganmne
Kaxnprii  cTynmeHT Ha  OCHOBAaHMM  HWCXOJHBIX  JIAHHBIX  BBITIOJIHSET
TEXHOJOTUYECKUH pacyeT CyIMIbHOro OapadaHa.

5.3. MeToauka BbINOJIHEHUS PA0OTHI

23



IIo SaHaHHOﬁ MMPOU3BOAUTCIBHOCTH  OIPCACIIAIOT  IIPOU3BOJUTCIBHOCTD

Oapabana mo Beixomy matepuana I11, kr/c:

_ Qx1000
1™ 3600

) (5'1)
rae Q — 3amaHHas MPOM3BOAMTEIHLHOCTh OapabaHa MO BRIXOAY Matepuana, 1/4. [lo

BBIXO/Iy BJIard BBIUYUCISIOT MPOU3BOJUTENBHOCTD Oapabana [12, kr/c:

;= o |(02,) ~ (o) 52)

rae II; — mpousBoaMTENBHOCTH OapabaHa 1O BBIXOAY Marepuana, kr/c; W; —
HavajbHas BIQXHOCTh MaTepuana, %; W, — KoHeuHas BIaXXHOCTh MaTtepuaia, %.

PaGounii 066EM CymmIbHOTo Gapabana V, M°, onpenersior mo hopmyie:

360011,

V= ,
A

(5.3)

rae Il — mpousBoauTenbHOCTH OapabaHa MO BBIXOAY BIIArH, Kr/c; A — MapocheM,
Kr/M>xd (mpuHEMaeTcs mast rmHel 50...60 Kr/Mxw; mms usBectHika — 45...65
kr/mM°xu). Ha ocHoBaHmH pacuéra V 10 CHPaBOYHMKAM BBIOMPAIOT CYIIMIBHbIH
0apabaH ¢ 00bEMOM, HECKOJIBKO IIPEBBILIAIOIINM PAaCUE€THOE 3HAUYEHUE.

Bpemsi mpoxoxxaeHust maTtepuana uepe3 OapabaH T, MHUH, OIpPEAEISIOT IO
dhopmyiie:

_ 120><ﬁ><p(W1—W2)
T AX[200—-(Wy—-W,)]

(5.4)

rae [ — xkoadduiment 3anoaHenus 6apadana B 10Jsx eauHuiibl, pasex 0,10...0,25; p
— CpeAHsisl HAachlHAA MJIOTHOCTh MaTepuaa, Kkr/M>; A — MapOCHEM, Kr/M3><q; Wy, —
HavaJlbHAsg M KOHEYHAs BIIAXKHOCTh MaTepuaia, %o.

Jlanee pacCUMTHIBAIOT YToJl HAKJIOHA CYIIMJIBHOTO OapabaHa:
tana = ———, (5.5)

rjae tan ¢ — TaHreHc yria HakjoHa cylwibHOro Oapabana; m, K — k03 (ULHEHTHI,
YUYUTBHIBAIOIINE YCIOBHS TEIJI000MeHa B OapabaHe, MpuUHUMAIOTCS 1Mo Tabiuie 5.1; L,
D — nnuna u nuametp OGapabaHa, BEIOMPAIOTCS TIO CIIPABOYHUKAM B COOTBETCTBHUHU C

BBIOpaHHON MPOM3BOJUTEIBHOCTRIO OapabaHa; N — yacToTa BpalieHus OapabaHa,
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MpPUHUMAETCS TI0 TabiuIe 5.2; 7 — BpeMs MPOXOXKIACHUS MaTepuaia dyepe3 OapabdaH,

MHH.

Tabnuma 5.1 — 3nauenus kosdpunmentos m, K u o

Bun K mpu
m K npu npsiMoToke 0
TETI00OMEHHUKA IPOTHBOTOKE
Jlomactroit it 05 02...0,7 0.5...0,7 0,04...0,07
HaBECKa Iene
Auaeiikoso- 1 0,7...1,2 1,2..2,0 0,01...0,02
CerapaTopHbIi
Tabnuma 5.2 — Tumopa3Mepsl 1 4aCTOTa BpaIllEHUs CYIIMIBHBIX 0apabaHoB
PaGounit | Juamerp | Jnuua | Yacrtora | PabGouwmit | Juamerp | Jiuna Yacrora
o0beM Oapabana | OGapaba | BpalIeHHS obbeM | Oapabana | OapabaHa | BpaleHUs
Oapabana, D, M Hal,m | Oapabana | Gapabana D, M L, m Oapabana
M n, 00/MUH , M n, 00/MUH
20 1,6 10 32...6,4 177 3,2 22 2,0...6,0
38 2,0 12 3,2...6,4 259 3,5 27 2,0...6,0
53 2,2 14 3,2...6,4 352 4,0 28 2,0...6,0
88 2,5 18 2,0...6,0 556 4,5 35 2,0...6,0
123 2,8 20 2,0...6,0 686 5,0 35 2,0...6,0
141 3,0 20 2,0...6,0

MomHoCTb NIpuBOAa cymimiibHOro 60apadbana N, kBT, Beruucistor nmo ¢popmyiie

N =0,0013XD3XLXnxXéXp,

(5.6)

rae L — nnuna Oapabana, m; D — nuamerp OapabaHa, M; o — CpelHsIsl HacChITHAS

IUIOTHOCTh MaTepHata, Kr/M°, N — dYacToTa BpalleHHsi OapabaHa, 00/MHH; O —

KO2(DPUITMEHT, YIUTHIBAIOIINI YCIOBHS TEIIOOOMEHA B OapabaHe, MPUHUMAETCS 110

JTaHHBIM Ta0uIE 5.1.

IIpakTuyeckas padora Ne6

TEXHOJIOTMYECKUI PACUET ITOMOJIBHOI'O OBOPYJIOBAHU A

6.1. O0uIMe cBegeHud

H_[apOBBIMI/I HAa3bIBAIOT MCJIBHHIIBI, Y KOTOPBIX MATCpHal Pa3MalibIBACTCsA

BHYTpPH Bpalarmierocs: 6apadbana CBOOOHO MaTAIOIMIMMHK MIapaMu WIIH METIOIUMU

TenaMu Apyroil Gopmel. Menroniue Tena mpu BpalieHuu OapadaHa MOJHUMAIOTCS

MoJ JEHUCTBUEM LEHTPOOEKHBIX CHUJ HA HEKOTOPYIO BBICOTY, a NpH MaJIeHUU
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NpUOOPETaAIOT KHHETUYECKYIO SHEPTUIO, KOTOpasi U MCIIONb3yeTCs MPU U3MEIbYEHUH.
Kpome ynapoB 1mapel Oka3pIBatOT Ha MaTeprall U HEKOTOPOE UCTUPAIOLIEE IEUCTBHE.

[IlapoBbie MENBHULIBI OOECIEYMBAIOT BBICOKYIO CTENEHb HW3MEJbUCHUS,
OO0JIBIIYI0 TOHKOCTh KOHEYHOTO MPOAYKTa MPHU 3HAYUTEIHHON MPOU3BOAUTEIHHOCTH,
YTO MO3BOJISIET IIUPOKO MPUMEHATh UX Ha 3aBOJIaX MPOMBIIUIEHHOCTH CTPOUTENBHBIX
MaTepHaJIOB JJII TOHKOTO U3METbYEHUSI U3BECTHSIKA, MEpreds, aMoTa, IEMEHTHOTO
KJIMHKEPA, MTOJIEBOTO 1II1aTa, KBapLa, YIisl U IPYTUX MaTEpPHAIIOB.

bapaGanbl m1apoBbIX MENbHUI] CBAPUBAIOT U3 CTAIbHBIX JIMCTOB TOJIIMHON OT
10 no 60 mm. Tonmuuy aucta npuHuMaroT ooeaHo 0,01 oT quamerpa 6apabana s
kopoTkux MenpHUIl U 0,02 nns TpyOHbIX. JlHMIIAa KpensT OodTaMu K KOJbLaM
(¢pmanmam), mpuBapeHHBIM K Oapabany. s 3arpy3ku MENIOMIMX T, CMEHbI
(yTepoBKH, YCTAHOBKHU MEPETOPOJIOK Kaxaasi kKamepa cHa0XaeTcsl JTIOKOM, KOTOPBIH
NEPEKPHIBAETCS KPBIIIKOW, UMEOIIEN 3alMuTHY0 OpoHeruTy. bapaban MeabHHIIbI
GyTepyloT UyrYHHBIMH WM CTaJbHBIMH OpOHEIUIMTaMHU, KOTOpbIE OBIBAIOT
IJIOCKUMH, CTYNEHYaTbIMH, BOJHUCTBIMH W C BbICTyHamu (KaOIykamH),
oOJjeryaronyMiu MOAbEM KpynHbIX InapoB. HauOonee crolikumMu Ha uCTUpaHUE
SIBJISIFOTCS TTMTHI U3 MapTraHIOBUCTOM CTANIM C cojJiep:kaHueM mapranna 12...14%. Ha
CKOpPOCTb M3HOCA IUIUT BJIMSET U UX Qopma.

Marepuasl HU3MENIbYAIOT MENIOUMMHA TelaMu — IIapaMd U KOPOTKHUMH
uunuHApukamu  (umiaenedcom). Ilapel  mTaMmyror, KylOT WIM OTJIMBAIOT U3
YIJIEPOAUCTOM, MApTraHIIOBUCTON MM XpomucTol cranu. Juamerp mapos 30. ..100
MM, HUJIUHAPUKOB — 16...25 MM, AyIMHA HWJIMHAPUKOB COOTBETCTBYET 1,5 nuameTtpa.

YacrtoTa Bpamienus 6apadana. I[lpu Bpamienun 6apabaHa mapoBOl MEJIbHUIIHI,
3arpy’kKeHHbIE B HETO MEJIOIINE Tejla U MaTepual, MoJ JCHCTBUEM LEHTPOOEKHBIX
CWJI MHEPLUU MPUKUMAIOTCS K (PyTEepoBKE, MOJHUMAIOTCS Ha HEKOTOPYIO BBICOTY U
Opy TaJeHUU TPUOOPETAIOT KUHETHUYECKYI0 DSHEPIUi0, HCIONb3yeMyIo Ul
U3MEJIbYCHHUS.

[Ipy mnpou3BOACTBE IIEMEHTa, W3BECTH, THUIICA, KEPAMUYECKUX HU3JACNUl

Marcpuajabl HU3MCIABYAKOTCA O 4YaCTULl PpPasMCpOM MCHCC  ACCATBIX noneﬁ
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muaMerpa.  Ilpomecc momona oriauyaercss OONBLION HHEPrOEMKOCTBIO U
CTOMMOCTBIO. J[7I1 TOMOJIa MaTepuaoB HCIOJB3YIOT OapaOaHHBIE, CpPEeIHEXOIHbIC,
ylapHble, BUOpPALMOHHBIE W CTPYWHbIE MEJBHUIBI. B  MNpOMBINIIEHHOCTH
CTPOUTEIBHBIX MATEPUATIOB MNPEUMYLIECTBEHHOE NPUMEHEHUE HMEIOT MEIbHUIIBI
HEMPEPBIBHOTO JEHCTBUS, CYXOT0 U MOKPOT0 TIOMOJIa, padoTaloIie B OTKPHITOM WU
3aKPBITOM IUKJIEe. MenbHUIBI TEPUOANYECKOTO JIEUCTBUS UCIONIB3YIOT NI TOHKOTO
IIOMOJIa TJIMH U TJIa3ypy B IPOU3BOACTBE TOHKOW KEPAMHKHU.

6.2. 3aganue

Kaxnpriii  cTyneHT Ha  OCHOBaHMM  HMCXOJHBIX  JIAHHBIX  BBIIOJIHSAET
TEXHOJIOTHYECKUI pacyeT MOMOJIBHOr0 000pYAOBaHMUS.

6.3. MeToauka BbINOJTHEHUS PA0OTHI

Yacmoma epawenus 6apabana. Ilpu BpaiieHuun ciosi mapoB ¢ OapabaHoM
[IapOBOM MEJBHUIBI Ha KaXAbIA Iap NEeUCTBYyeT cuia Tsbkectu G, HampaBlieHHAs
BEPTUKAJILHO BHU3, U IIEHTPOOEKHAsl CHJIa MHEpLHUK P, HampaBlieHHAs M0 pajnycCy U

omnpenensemas 1o hopmyie:
_ Gam®n*R _ Gv?

) gR

P = mw?R

, (6.1)

rjae M — Macca mapa, Kr; G — cujia TsShKeCcTd Iapa, paBHas Mg, H; g — yckopenue
CHIIBI TSDKECTH, M/c; R — paamyc OKPY)KHOCTH, OIHCHIBAEMOI LEHTPOM TSKECTH
mapa, M; @ — yrJoBas CKOpPOCTb IIapa, Paj/c; N — 4acTOTa BPAIICHHS 1Iapa, ¢ v —
OKpYXHasi CKOPOCTb 111apa, M/C.
OTtpsiB mapa (pucyHok 6.1) mpou3oiaeT npu ycaoBUu, €CIH
G, = P; Gcosa =mw?R; mgcosa = mw?R, (6.1)

P=me*h

GyB0ns0l

Pucynok 6.1 — Cxema k pacueTy 4acTOThl BpalieHus: OapadaHa M1apoBOi METbHUIIbI
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OTKyJa mofrydyaeM (opMyJibl JJi pacuera YriioBOM CKOPOCTH w (B paj/c), OKpYKHOU

-1 o
CKOpOCTH V (B M/C) W 4YacTOThI BpaileHus n (B ¢) g J0ObIX 3HAYEHUM yriia

orpeiBa @ 0T 90 10 0° (MpUHUMas YUCIIEHHOE 3HAYCHUE /g = TT):

w = 3,14 /CO;a; v =3,14vRcosa; n=0,5 /m;a., (6.2)

[Ipu a = 0 monmyyaeM KpUTUYECKHE 3HAYECHHSI CKOPOCTEH, MpU JOCTUKEHUU

KOTOPBIX IHIApbl BpallarOTCA BMCECTC C 6apa6aHOM, HC OTpPBIBasJChb OT HCTO M HC

BBITIOJTHSISI TIOJIE3HON PaOOTHI:

3,14 4,43 )

rae D — BHyTpeHHU quaMeTp pyTepoBaHHOTO OapabaHa MEIbHULBL, M.
Teopernyeckn HamOOJBIIYI0O BEPTUKAIBHYIO MPOEKIUIO TPACKTOPUU MaJCHUS
mapsl uMeroT npu @ = 54°40°. [TogcTaBuB 3TO 3HaYCHUE YIIIa OTPHIBA & B (HOPMYIIBI

(6.2), ToNyYnM oNTHMAaJbHBIE 3HAUEHHS CKOpocTel (cos 54°40" = 0,5784):
_ 336
a)Kp = ﬁ,

4dTO OTBCYACT YCIIOBUAM CYXOr'o IoMoJia.

Ve = 1,69VD; nyg, = 0% (6.4)

JI;1s1 MOKpOTo MoMoJia ¢ YY4ETOM MPOCKAIb3bIBaHUs Memtomux Tel (Ha 9% npu
nuametrpe 6apabana 6omnee 1,25 m u 10 25% mist 6apabanoB auameTpom menee 1,25

M) TIOJIyYMM YacTOTY BpalIEHUSI COOTBETCTBEHHO:

0,534 0,582 0,534 0,668
’ VD VD ’ VD VD’

[Ipu  ¢dyrepoBke  OpoHeIMUTaMH C  TOPOAOJIBHBIMH  pebpamMu WU

(6.5)

UUWJIMHAPUYECKUMHU BBICTYIaMU, O0JIEr4aloluMHU MOABEM II1aPOB,
0,467
===

B TexHuueckoil XapaKTEepUCTHKE OOBIYHO YyKa3aHbl BHYTPEHHHE pa3MEphI

(6.6)

(nnametp u anvHa) He GyTepoBaHHOTO OapabaHa, TOITOMY pacueTHbIN auamerp D
OTIPEIEIISIOT TI0 PopMyIie:

D = Dg — 28; D = 0,94D, (6.7)
rne Dg — BHyTpeHHMI nuameTp He ¢yTepoBaHHOTo Oapabana, M; § — TONIIUHA

¢byTtepoBku, paBHas 2,9-3,1 % ot auamerpa OapabaHna, M.
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Macca mentowux men. Ih(PEKTUBHOCTD MAPOBBIX MEJIBHUIT 3aBUCUT OT CTETICHU
3amojgHeHuss ~ OapabaHa  MENIOMMMH  TeJaMH, KOTOpas  XapaKTepU3yeTcs
K03 dunmenTom 3arpy3ku K,, TPEACTABIAIONIMM COOOH OTHOIICHHWE ILIOIAIN
MONEPEYHOr0 CEUEHUsI CJOsI 3arpy3ku F B CIIOKOMHOM COCTOSIHUM K IUIOIIAAH

IMOTICPCYHOI'O CCUCHUA 6apa6aHa, T.C.

ky = — (6.8)

TR?’
HJIX OTHOIICHUC MACCHI 3aI'PY3KH K MACCC €C B 06’BeMe 6apa6aHa, T.C.

=—"—; L=1L,—Lyz L, ~ (0,1-0,2)Ds (6.9)

3 TTR2Lkpp

e m — macca MENIIOIMX Tel, Kr; R — BHYTpeHHUU paauyc (yTepoBaHHOTO
Oapabana, M; L — BHyTpeHHSss1 1yiiHa OapabaHa 3a BBIUYETOM TOJIIUHBI IEPErOPOJIOK,
M; L, — pabovas anuHa 6apabana (IIMHA NMIMHAPUYECKOM YacTu), M; Ly — TOJIIHMHA
MEXKaMEpHOH  TEPEeropojIKM,  pa3rpy30dyHoil  nuadparMbl,  MEPETOPOIKU
CenapupyIoLIero yCTporucTBa, M; Z — YUCJIO Neperopoiok; Ds — BHyTpeHHUM AuameTp
HedyTepoBanHoro 6apabana, M; Kk, — KOO(QOUIMEHT PasphIXJIEHHUs 3arpy3K (I
CTaJIbHBIX IIAPOB U TaJbKH kp = 0,575, mi1s cTanbHBIX MIJIMHAPOB kp = 0,55); p —
IUIOTHOCTh MaTepHana METIOUmX Ten (wms crama p=7850 kr/mM°, Wi KpeMHEBOi
ranpkd p = 2600 kr/md).

[Ipu manoM koiaudecTBe MEMoImuX Tesl 3((OEKTUBHBIN MOMOJ BO3MOXEH, TaK
KaK IIapbl, HE UMesl JOCTATOYHOTO TOJIOpa, OyAyT CKAThIBATHCS M HE TOJIHUMYTCS
Ha HEOOXOIMMYIO BBICOTY Jake MPHU CKOPOCTAX BpalmieHus OapabaHa, B HECKOJIBKO
pa3 mpeBbImaImux Kputudeckue. [Ipu upesmepHoil meperpyske OapabaHa IIapsl
Takke He OyayT u3Menb4yarh Mmarepuas. [IpakTHueckun HawIydIne pe3yJbTaThl
MOJTyJaroTcs mpu ko3¢ dunuente 3arpysku k,=0,26-0,32.

[IpunsB 3HaueHuss KOAd(PPUIMEHTOB B COOTBETCTBHHM C YCIOBUSMH pPabOTHI,
Macca (B KI') MEJTIOIIMUX TeN:

m = nR?Lk,k,p., (6.10)

[Tpon3BOANTEIBHOCTS IIIAPOBBIX MEJBHHI] 3aBUCHUT OT MHOTHX (aKTOPOB,

Y4eCTh KOTOpbIE TEOPETHUECKH 0OOCHOBAaHHOW (POPMYJION OYEHb CII0KHO, TIO3TOMY
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IIPAKTUYECKA NPOU3BOAUTEIBLHOCTh IIAPOBBIX MEJIBHHUI PACCUUTHIBAIOT IO
SMIOUPUYECKUM TPUOTIKEHHBIM (OpMYyJiaM, YYUTBHIBAIOIIMM JIMIIb HEKOTOPHIC
OCHOBHBIE (dakTopsl. ITpu IIPOCKTUPOBAHUU LIEMEHTHBIX 3aBOJIOB

MIPOU3BOAUTEIILHOCTD (B T/4) MAPOBBIX MEIIHHHMII

0,8
m=645vvD () qk, (6.11)

rae V' — monesHelii 00beM OapabaHa MEJIBHUIIBI, M3; D — BHYTpEHHUH AUaAMETP
dyrepoBanHoro Oapabana, M; M — Macca MENIOUMX Tel, T; q — YAelbHas
IPOU3BOAUTEILHOCTh MEIbHHMIIBI, T/KBT u (mpuHuMaem ajs kiauHkepa — 36-40); k —
MOMPABOYHBIN KOA(OUIIMEHT, YIUTHIBAIOIINI TOHKOCTh TTOMOJIa MaTepuaia (0CTaToK
Ha cute Ne008 s riemenTa He Oonee 15% — k =1,13).

[Ipu acrmmpanun MHOTOKAMEPHBIX  MENBHHI] WX  MPOW3BOAUTEIBHOCTH
Bo3pactaeT Ha 15-20%, 4TO YYUTHIBAIOT JOMOJHHUTEIBHBIM KO3(duumeHToM Kooy
=1,15-1,2.

MomHOCTh JBUTaTENs MIAPOBBIX MEIBHUI] OMPEEISIOT UCXOMAsl U3 TOTO, YTO
MpHU BpallleHnu OapabaHa IIApOBOM MEJBHUIIBI DHEPTUS PACXOJYETCs] Ha MOIBEM
IIapoB M MaTepuajna, COOOIIEHHEe UM HEOOXOJAMMON OKPY>KHOW CKOPOCTH U Ha
MPEOJIOJICHUE CUJI TPEHHS B MEXaHW3Max MpUBOJa M omopax Oapabana. OmHa u3
dbopmyn mia  ompeneneHus MOITHOCTH (B KBT) ABUTATeNsIMENBbHHIIBI HMEET

CIEIYIOIINN BUA:

N = 2,83GRnkA’ (6.12)
10007

rae G — cuna Tsbkectd memomux e, H; R — BHyTpeHHU paauyc O6apabaHa, M; n —

1. .
JacToTa BpaileHus O0apabaHa MEIBHUIIBI, €, kK, — JMHAMHUYHOCTH, YUYWUTHIBAIOIINUN

ht
HEKOTOPBIN pe3epB MOIIHOCTH JIBUTATEIIsI, HEOOXOAUMBIHN JJIsl IPEOI0JICHUSI MHEPLIUU
Macc Opu mycke (IJ1s MEJbHUI], HE UMEIOIIUX CIEIHANbHBIX IMyCKOBBIX JIBUTATENEH
k,=1,18-1,25; npu HamMUUK IIyCKOBOTO JJIEKTPOJBUIATENIS kﬂ:1,02—1,11); N — K. IL

7. MEXaHU3MOB MPUBO/Ia MEJIBHHMIIBI U orop Oapabana (1=0,9-0,94).
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IIpakTnyeckas padora Ne/

[IPUTOTOBJIEH S BETOHHOM CMECH. PACUET ITPOU3BOICTBEHHOI
MOIIHOCTHU BETOHOCMECHTEJIbHOI'O HEXA.

7.1. O01IMe cBeaeHus

[IpurotoBnenue OeTOHHBIX cMmeceld Ha 3aBogax JKBUW mnpousBogsir B
crenualbHbIX OeroHocMecutenbHbIX y3iax (BCY), 6eToHOCMeCUTENbHBIX IeXax
uin OeTOHOCMECHUTENbHbIX oOTAeleHusx. B coctaB BCY BXomsT: cCkIajbl
3aMOJIHUTENICH, BSDKYIIMX, J00aBOK, YCTpOMiCTBa Uil HMX  IOATOTOBKH,
HaJOyHKEpHOE, OYHKEpHOE, J103aTOPHOE, CMECUTENIbHOE OTIECJCHHUS, OTJCJICHUE
BbIJJaYd TOTOBOM CMECH, CHUCTEMa aBTOMATHKH M HEOOXOJMMbIC TPAHCIIOPTHHIC
CpeacTBa.

Jlo3upoBaHUE COCTaBISIOMIUX OETOHHON CMECH JIOJDKHO TMPOU3BOJUTHCS B
COOTBETCTBHH C NPUHATHIMU COCTABAMHU CMECH.

Jlo3upoBanue 1eMEHTa, BOJbI M 3alOJHUTEICH JOJKHO MPOU3BOJIUTHCS IO
Becy. Ilpu mamoil mpoOM3BOIUTEILHOCTH OETOHHOTO 3aBOjla JIOMyCKaeTcs
JIO3UPOBAHKE BOJIBI U 3AMIOJIHUTENICH MO0 00bEMY.

Jlo3upoBaHne LIEMEHTAa JOJKHO TMPOBOJAUTHCS € TOYHOCTBIO +1%, BOIBI U
100aBOK ¢ TOYHOCTHIO £1%, 3amonHUTENel — ¢ TOYHOCTHIO £2% (110 00BeMy +3%).

Jlo3aTtopsl OBIBAIOT:

— IUKIUYHOTO — IEPHOTUYECKOTO (OJTHO-, TBYX- U MHOTO(PAKIIMOHHEIE);
— HENPEPBIBHOTO JIEUCTBHUS.

[IpoAOMKUTENPHOCTD LIMKJIA B3BEIIMBAHUS MATEpPHANIA COCTABISET 35-45 cek.

[Ipy mepeMemmMBaHUM CMECH  HEOOXOJAMMO  OOECIEUUTh  CIUJIOIIHOE
0oOBOJIaKMBaHWE IIEMEHTHBIM TECTOM TIOBEPXHOCTH 3€pPEH 3aloJHUTENS U
pPaBHOMEPHOE pacHpeesieHMe pacTBOpa B Macce KPYIHOIO 3aroJIHUTENS |
PAaBHOMEPHOE pacIpeie]ieHue pacTBOpa B Macce KpYMHOro 3anoyHuTens. B
pe3yabTaTe CMECh JOJIKHA MOJYYUTh TaKyl OJHOPOJHOCTb, TP KOTOPOM MO BCel

ee Macce OyneT OIMHAKOBBIH COCTaB M paBHOMEPHOE pa3MEIIeHHE BCeX
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KOMITOHEHTOB. J[JIs1 TOCTMXKEHHSI 3TOTO YaCTHUIIBI COCTABIISIIONTUX CMECh MAaTEPHAIIOB
Ipy €€ TMepPEeMENIMBAHUN JIOJDKHBI COBEPIIATh MHOTOKPATHBIE TIEPEMEIICHUS I10
CJIOHBIM U MEPECEKAIOIINMCS MEXIY COO0N TPACKTOPHUSM.

['paBUTAIMOHHOE TIEPEMENTUBAHUE TPUMEHSETCS NJIsi TMOJBIKHBIX CMEced ¢
KPYIHO3EPHUCTHIM 3aIOJIHUTEIEM IUJIOTHBIX TOpoA. ['paBUTAIMOHHBIE CMECHUTENN
OBIBAIOT LMKIMYHOTO U HEMPEPBIBHOTO JEeUCTBUs. [JTaBHBIM MapaMeTpoM IMepBbIX
SBJIIETCSI 00BEM TOTOBOTO 3aMeca B J, @ BTOPBIX — UX MPOU3BOJIUTEILHOCTD B MYy
rOTOBOM MPOAYKITUH.

[TepemernmmBanye B CMECUTENSIX MPUHYIUTEIHLHOTO TEHCTBHS OCYIIECCTBIIACTCS
C TTOMOIIBIO BPAMIAIONINXCS JIOTIACTEH, JIOMATOK WJIM KYyJa4yKOB, HACAKCHHBIX Ha
NPUBOJHBIC TOPU3OHTAIbHBICE WJIM BEpTUKAIbHbIE Baibl. [lepememnivBanue
MaTepHaioB MO 0oJee CIOXHBIM TPACKTOPHUSIM TOBBIIIACT MPOYHOCTH OCTOHA U
MO3BOJISIET YKOHOMUTH 1IEMEHT. Ero mpuMeHsIoT NIt MajONOABUKHBIX, YKECTKHUX,
MEJIKO3EPHUCTHIX U C JISTKUMH MOPUCTHIMH 3aIIOJIHUTEIISIMUA CMECEH.

CMecutenu OBIBAIOT IUKJIAYHOTO W HEMPEphIBHOTO AciicTBhA. K mepBbiM
OTHOCATCSA TPOTHUBOTOYHBIE JIOMACTHBIE W THUIMA OETYHKOB, KO BTOPHIM - OJHO H
JBYXBaJIbHBIC CMECHUTEITH.

7.2. 3apanmne

Kaxnpiii cTyZeHT Ha OCHOBAaHWM HCXOJHBIX JAaHHBIX BBHITIOJNHSAET pacyer
MIPOU3BOJICTBEHHOM MOIIHOCTH OETOHOCMECHTENIBHOTO II€Xa, a TAKXKE BBITIOJHSICT
noa00p 000pyIOBaHUS [IJISl IPUTOTOBJICHUSI OETOHHOM CMECH.

7.3. MeToauka BbIIIOJTHEHUS] PadOThI

Heob6xonuma dacoBasi ToTpeOHOCTh OETOHOCMECHUTENIBHOTO 11eXa U YCTaHOBKHU

ompenensieTcs no Gopmyie:

Q
P, =57 x KK, M/, (7.1)

rae: Q — pacueTHas rojoBas MPOU3BOAUTENHHOCTH 1exa; K; — xoadduiment

4acoBOW HEpaBHOMEPHOCTH TmoTpebnenust Oetonnoir cmecu (K; =1,4); Kz —
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ko3¢ uimeHT 3amaca MomHocth (K3 =1,2); D — konuuecTBO pabovnx CyTOK B TOIY
(D =253); T — komu4ecTBO pabodyero BpeMeHH B CyTkH (8 u; 12 u; 16 9).
[TpoAOIDKUTEILHOCTS  IIMKJIA  MEPEMEIIMBAHUS ~ CMECH  OINpPEHCIsIeTCs

IMPOJOJIKUTCIIBHOCTBIO COCTABJIAIOIINX IMUKJIIA:

t, =t, +t, +1, 72

rae: 1, —Bpems 3arpysku, (10-15 c.); t, t, — IpOAOIKUTENBHOCTD NTEPEMENTNBAHUS U
BBITPY3KH ONpeEeNsieTcsl B 3aBUCUMOCTH OT BHJa OeToHa M yJ0O0OYKIabIBA€MOCTH
OEeTOHHOU cMecH, MpUHUMAaeTcs 1o Tadiumam 7.1, 7.2.

KoandgecTBo 3aMecoB OSTOHOCMECHUTEIIS B UaC:

n—29 (7.3)

Ty

rae: N — KOJMYECTBO 3aMECOB; 7, — IPOJOJDKUTEIBHOCTh OJHOIO LHUKIA PadOThI
OCTOHOCMECUTEIIS, MHH.

PacdeTHO€ KOJIMYECTBO 3aMECOB B Yac MPU HU3TOTOBJICHUM TSIKEIBIX CMeEcei
JUISL CMECUTEeNIed €MKOCTBhIO M0 3arpy3ke 325 1 u OoJjiee U IpU aBTOMATUYECKOM
JO3UPOBAHUH COCTABJISAIONMINX MTPUHUMACTCS 110 Taduie 7.3.
Ta6nuna 7.1 — [Tpo1omKUTENBFHOCTE NIepeMeInBaHusl OETOHHBIX cMecel Ha

IUIOTHBIX 3aIIOJIHUTCIIIX B CTALHMOHAPHBIX CMCCUTCIIAX

JMTeIbHOCTh NepEeMELINBaHHUS, C
O6bem B rpaBUTalMOHHBIX CMECHUTEIAX
N B cMecuTensx mpuHyIUTEIEHOTO
CMECHTEIIS 10 JUIsL CMecel MapoK 110 . "
JENCTBUS ISl cMecel BceX MapoK 110
3arpyske, J yI000YKIIaIbIBAEMOCTH
K11 e 13-115 y1000YKIJIaIbIBAEMOCTH

750 u meHee 90 75 60 50
ot 750 o 1500 120 105 90 50

6oxnee 1500 135 135 120 50

Tabmuua 7.2 — IlpomomKUTENbHOCTh NEpEeMEIIMBaHUS OETOHHBIX CMeced Ha

IMOPHUCTLIX 3AIMOJHUTCIIAX B CMCCUTCIIAX IIPUHYAUTCIILHOT'O ﬂCﬁCTBHH

JTUTensHOCTh MepeMEINBaHuUs, ¢, IPU CpeAHEN TNIOTHOCTH
O6beM cmecuTens 1o 3arpyske, J OEeTOHHOM cMecH, Ko/M
6omnee 1600 | 1400-1600 | 1000-1400 menee 1000
750 u meHee 105 120 150 180
ot 750 1o 1500 120 150 180 210
6onee 1500 135 180 210 240
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Jlis yMEpEeHHO JKEeCTKUX U OCOOEHHO >KECTKHMX CMecel B T'paBUTALMOHHBIX
CMECHTEIISIX OTU BEJIMYHMHBI HY’KHO YBEIMYMBATh B 1,5-2 pa3sa.

B CMECHUTEIISIX ~ NPUHYAUTEIBHOTO INENUCTBUS IPOJIOKUTENBHOCTD
MEPEMEIIMBAHNS KPYIHO3EPHUCTBIX CMECEH COCTaBJSIET OT 2 A0 3 MHUH U
MEJIKO3EPHUCTHIX — OT 3 10 5 MuH. [IpogomKuTEILHOCT IEpeMeIIMBaHUsI OETOHHOU
CMECH 3UMOM JOJKHA OBITh Ha 25 % OoJiblIe, YEM JIETOM.

Taomuna 7.3 — PacueTHoe KoJImuecTBO 3aMeCcoB 3a 1 yac

Buo bemonocmecumeneii | n
Ha nJjoTHBIX 3aH0JHUTEIAX
* 111 OETOHOCMECHUTEIIEN IPUHYAUTEILHOTO NENCTBHUS IPU U3TOTOBICHNIH YKECTKHUX 20
cMmecen
* g OETOHOCMECHUTEIIEN CBOOOIHOTO NAIEHUS IPU M3rOTOBICHUHU NIACTUYHBIX CMECEH 30
* Uit OETOHOCMECHUTEIIEN CBOOOIHOTO NAIEHHS IPU M3TOTOBICHUHU JKECTKUX cMecei 15
* JUISL PACTBOPOB 30
Ha nopHCTHIX 3AI0IHATEISX /115l ETOHOB CPe/IHell MIIOTHOCTH, KI/M®
e Oouee 1700 20
e 1400-1700 17
e 1000-1400 15
e MeHeel000 13

KonnuectBo OeToHOCMecuTene B LEXe pPACCUUTHIBAETCS UCXOIs U3
TEXHUYECKON XapaKTepUCTUKHN OJTHOM MamuHbl Pt 1 k03¢ duiinenTa uenoab30BaHus
obopynosanus K.

TexHuyeckasi MPOU3BOAUTEIBHOCT OETOHOCMECUTENIS IIUKINYECKOTO IeUCTBUS
3aBUCUT OT EMKOCTHM CMECHUTENIbHOM MallMHbl 10 3arpy3ke U HOPMATUBHOIO

KOJIM4YCCTBaA 3aMCCOB B 4ac.

V6c n(o

P =—te ¥ 3
T ="loo0 M/ (7.4)

rae, ¢ — Kod(puimeHT BbIxoa 6€TOHHON cMecH, TpUHUMAaETCs 1o Tabdnuie 7.4 mubo
paccuuthiBaetrcs; V;. — €eMKOCTh OeToHocMmecuTenss (OapabaHa WM —Yalln)
MpUHUMaeTcs 1o Tadiauue 7.5.

Tabmuna 7.4 — KoaddunueHnt BoIxo1a OETOHHBIX CMecei

Buo 6emona ®
JUTSL TSDKEJTBIX O€TOHOB M JISTKOT'O0 KOHCTPYKIIMOHHOTO Ha TIOPUCTHIX 3AIIOTHUTEIISNX 0,67
JUTSL pAaCTBOPOB 0,8
JUISL TeTUTOM30JISIIIMOHHBIX OETOHOB HAa TOPUCTBIX 3aTOTHUTEISX 0,75
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Ta6muua 7.5 — THIT CMECHTENST K eMKOCTb 10 3arPy3Ke B M-

I'paBUTAlIMOHHBIN | IIpuHyIUTEIBHOTO NENCTBUS
Cb-101 | Ch-30b | Ch-16b | Cb-10B | Ch-103 | Cbh-80 CBb-35 CBb-79 Cb-138
100 250 500 1200 1000 250 550 750 1500

OCHOBHBIM ~ TEXHOJOTMYECKUM IapaMETPOM CMECHUTEIBHOIO  OTICJICHHUS
ABJIIeTCS HeoOXxoaumasi ajsi oOecnedyeHus 3alaHHOM NPOU3BOAUTEIBHOCTH II€Xa
CyMMapHasi eMKOCTh Oapa0aHOB (4Yalll) BCEX YCTAHOBJICHHBIX CMECUTENICH:

_ P, xz,

V. =
mp 60@ ’

(7.5)

Ucxons, u3 3TOM BEeTWYMHBI MOAOUPAIOT THUIBI M KOHCTPYKIIMHM CEPUMHBIX
CMECHUTEJIEH C y4ETOM CBOMCTB M OCOOCHHOCTEM U3rOTOBJIICHHBIX CMECEi.

OrnpeneneHue KOIUYECTBA OETOHOCMECUTENIbHBIX MalluH (A) MpOU3BOAST MO

dhopmyie:

<. (7.6)
3
dakTHvecKas MPOU3BOJAUTEIBHOCTD II€Xa, M /4, 10 BBHIOPAHHOMY KOJHUYECTBY
CMECHUTEJIEN U NX EMKOCTH:

sV, A0k,

= 1.7
! 1000 (7.7)

rae: V', — reOMeTpuYeCKuid 00bEM OETOHOCMECHTEI, JI; ¢ — KOO (OUIIMEHT BBIXOA
O0eToHHON cMecH; A — KOJUYECTBO 3aMECOB; Z — KOJUYECTBO IMKIOB pPabOTHI
cMecutesis B Yac; Ky, — KOB(POHUIMEHT WCIOJb30BaHUS TEXHOJIOTMYECKOTO

000py10BaHUs C YYE€TOM BPEMEHHU HA IJIAHOBO-TEXHUUECKUE PEMOHTHI.

[IpakTyeckas pa6ora Ne8
PACYETHI PEXKXUMOB YKJ/IAJIKW U YIIJIOTHEHUA BETOHHOW CMECH. BLIEOP
OBOPY/ZIOBAHMHI.

8.1. O0mme cBeaeHus
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dopMoOBaHUE SBIAETCS OJHUM U3 BAXKHEUIIMX MPOLECCOB TEXHOJIOTUU
XKEIe300€TOHHBIX M3JENHA, OT KA4eCTBA BBITIOJIHCHUS, KOTOPOTO 3aBUCSAT CBOWCTBA,
TOYHOCTbH Pa3MEPOB U BHEIIHUMN BU U3ACIIUN.

Ha cramuu (opmoBaHus peanm3yrOTCs OCHOBHBIC TEXHOJOTHYCCKUC 3aadM:
o0ecreyuTh 3aJaHHyl0 CTPYKTYpy H3ACIUA 1O CeYeHHIO (OJIHOCIONHBIE,
MHOTOCJIOMHBIE, TyCTOTENbIC) MOJIYYUTh PABHOMEPHYIO CTPYKTYpY O€TOHA; TOCTHYb
3aJIaHHOM TIJIOTHOCTH OETOHA; 00ECIEeYUTh MPOCKTHBIC pa3Mephl U KOH(PUTYPAIUIO
U3JICIUN.

[Ipornecc hopmMoBaHUs COCTOUT U3 CIEAYIONIMUX ONEpalnil: YKIaJIKu OCTOHHOM
CMECH, PaBHOMEPHOTO €€ pacmpeneneHuss no ¢dopme, YIIOTHEHHS, 00paOOTKU
OTKPBITOM MTOBEPXHOCTH 153 (115078 U3bATUA, npu HE0OXOAMMOCTHU
dhopmooOpaszyronux 351eMeHTOB. [IpogoIKUTETBHOCTD BBITIOJIHEHUSI BCEX OTNEpaIIHii
npoiiecca (opMoBaHus, WIK LUK (POpMOBaAHUS, ONPEAEISIET MPOU3BOIUTEIHHOCTD
BCET0 TEXHOJOTHYECKOTO MPOCKTUPOBAHUS MPEANPHUATUN COOPHOTO Kee300eTOoHA
u o0bryHO cocTaBisieT 12...40 MUH., B 3aBUCUMOCTH OT TabapUTHBIX pPa3MEpOB,
KOH(UTYpaIvy ¥ CTPYKTYPbI U3EITHMA.

Tpynoemkocts ¢dopmoBanus coctaBisieT 40% oOmMX TPYHOBBIX 3aTpar
TEXHOJIOTUYECKOTO0  Tpollecca  MPOM3BOACTBA  COOPHBIX  JKEJIE300€TOHHBIX
KOHCTpYKUMHU. Jlonsi pydHBIX oOmNepanrii B 3TOM IIPOLECCE 3HAYMUTEIbHA, U
cocTasisieT 36..38%.

8.2. 3ananue

Kaxaplii CTYJIEHT pacCUMTHIBACT TMapaMeTpPbl PEXKUMOB  YKIAAKU, U
YIUIOTHEHUSI OETOHHON CMECH U MOoJI0MpaeT HeoOX0IMMOe 000py0BaHHUE.

8.3. MeToauka BbINOJTHEHUSI PadOThI

Vrnaoxa u pacnpedenenue bemouuwix cmecell.
TexHonornyeckue pacueTbl OCTOHOPA3JATYMKOB U OCTOHOYKIATUYUKOB JAIOT
BO3MOKHOCTh OMNPEAECIUTh HMX OCHOBHBIE MapaMeTpbl C YYE€TOM BHUJA H3ICIHIA,

XapaKTepUCTUK OETOHHOM cMecH, criocoba hopMOBaHUS U JP.
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Tone3nblit 06beM GyHKEpoB Vg, M°, IPH MEPHOINIECKOM HX 3aMONHEHHH GepyT

Cc yueToM o0bema GpopmyeMoro uzaenus V;, ¥ myCTOTHOCTH OeToHHO# cMmecu [1:
Ve=1,2-V, /I (8.1)

[Ipu HempepbIBHOM 3aloJIHEHUU OyHKepa ero o0beM JTOJKEH ObITh HE MEHee
gem 1.

JIist yKIIaKky MOABUKHBIX M JIMTHIX OETOHHBIX CMECEH PEeKOMEHAYIOT OyHKEPbI
C HaKJIOHOM CTEHOK 55...65° u ceduenuneM BbixojHOro otBepctus 200400 MM, a nist
MaJIOTIOABUKHBIX U HKECTKUX CMecel — OyHKepbl C HAaKJIOHOM CTeHOK 70° U ceueHuem
BBIXOAHOTO OoTBepCTUA 400%500 MM.

CkopocTh BhITEKaHUSI OETOHHON cMecH U3 OyHKepa, M/C, 3aBUCUT OT pa3MepOB

OTBCPCTHA U ITIOABUKHOCTH OCTOHHOH CMecCH:

v=A-,328R, (8.2)
rae: /=0,4...0,8 M — ko3(phULIUEHT BBITEKAHUS;, € — YCKOPEHHE CBOOOHOTO MaJICHMUS,

M/c’; R, - THAPABIMYECKUI PAHYC, M:
b-l
Ry = 2(b+1)

(8.3)
rae: b, | — pasMepsl BEIXOAHOIO OTBEPCTHS, M.
Ucnonb3yst OETOHOYKJIAQTYUKH, CJEIYyeT Y4YUTHIBaTh IPOU3BOJUTEILHOCTD
YCTaHOBJICHHBIX IHTATENICH, M°/C:
— JIEHMOYHO020:
Q, = lhv, (8.4)
rae: | — mmHa BBIXOAHOTO OTBepcTHs OyHKepa, M; h — pabouas BbIcOTa IIEIH

OyHKepa, M; V. — CKOPOCTb JBMYKEHUS JICHTBI, M/C;

— WIHEK06020:

m(D?-d?)-SfK,
4

Qu =

rae: D — BHemHuii nuamerp mHeka, M O — guamMeTp Baja IIHEKa, M; S — miar

(8.5)

BUHTOBOW JsuHWH, M; f — wdyacrora Bpamenus mmHeka, l/c; K, = 0,3..06 —
KO3 PUIIMEHT 3aM0JIHEHUSI IITHEKA.

Ynnomunenue bemonnvix cmecell.
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Buopayuonnoe ynnomnenue.

OcHoBHbIE TTapaMeTpbl BUOPALIMOHHOTO BO3JCUCTBUS HAa OETOHHYIO CMECh IpHU
MEePUOANICCKAX CHHYCOUIABHBIX KOJICOAHUSX - aMIUIMTY/Ia M YacToTa Koiebanuii f.
Jlis KpyroBbIX KOJeOaHUN XapaKTEpUCTUKON YaCTOTHI SIBISIETCS YIIOBask CKOPOCTh
®. YacTOTHbIE XapaKTEPUCTUKHU BHUOPALIMOHHOTO BO3JEUCTBUS CBA3aHBI MEXKIY
co00ii:

w=2"nf (8.6)

[Ipon3BogHBIMU ITapaMeTpaMH, KOTOPbIE OTPaXKat0T UHTEHCUBHOCTh KOJIeOaHUil

JBWKCHUS YaCTHUL, SBIIIFOTCSA:

— aMIUIMTYJHAsi CKOPOCTh KOJIEOaHUM:

v=A-w=2Anf (8.7)
— aMIUTUTYJHOE YCKOPEHUE KOJeOaHUM:
a=A4A-w? (8.8)
— HMHTEHCUBHOCTh HE CHHYCOUJAIBbHBIX KOJICOAHUN:
a-R
U= Py (8.9)

— HWHTEHCHBHOCTb CUHYCOHJAJIbHBIX KOJICOaHMI:
U=A?%-f3 (8.10)
Jlns pacdeTa TPOIOKUTEIBHOCTH YIUIOTHCHHUS KECTKUX OETOHHBIX CMECEH,
MUH., HA Pa3HBIX BHOPOIUIOINIAIKAX MOYHO MOJIb30BAThCSI TAKUMU AMIIUPUUECKUMU
3aBHCHUMOCTSIMU:
— 014 GUOPONIOWA0OK €  GEPMUKAIbHLIMU U YUITURMUYECKUMU

Koneoanuamu:

(8.11)

rae: K; — koadUuimenT, yIuThIBarOil KOHQUTYpAIIUIO U XapaKTep apMUPOBAHUS
(m1s m3menuii mpocToi KoH(UTypaluu C HOpMajdbHBIM apMupoBaHueM Ki=1, mis
TOHKOCTEHHBIX M3JEIHi CI0KHON PopMbl K1=3, 1Ji1 TYCTO-apMUPOBAHHBIX W3JIEITHIMA

K;=5); K — nokasartenb >XecTKocTu OeToHHOM cMmecu, ¢; K, - koadduimeHt
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reomerpun; K, — koo PpUIMEeHT TUHAMHUYHOCTH; A — aMILTUTY/a KoueOaHuil, cM; @ —
YTJI0Basi CKOPOCTh, paji/c; Ny — ToymuHa cost 6ETOHHOM CMecH, CM;
— 0714 NIOWAOOK C 20PUZOHMATbHBIMU KOJICOAHUAMU:
t = 24K (8.12)
— 0714 NIOWAOO0K YOapHO20 0elCmeus:
t =32X(1—4-10"%XKa,); (8.13)
rie a,= (4...6) — yckopeHre ABM)KCHUS BHH3, em/c?,
— 0714 YOapHO-6UOPAUUOHHBIX NIOUIAOOK:
t =32X(1—4-10"%XKa?) (8.14)
e a=4-w” — ycKopeHue Konebanwuii, cm/c’.

Buewnee sudpoynnomunenue. 10T cioco0 UCTIONB3YIOT MIPH U3TOTOBJICHUU U3

MOJBUKHBIX M MaJIONOJIBUKHBIX OCTOHHBIX CMECEH B CTallMOHAPHBIX (PopMax TaKux
KOHCTPYKIIMM, KaK BEHTWISIMOHHBIE OJIOKM, CAaHUTAPHO-TEXHUYECKHE KaOWHBI,
00OBEMHBIE D3JIEMEHTHI, JIECCTHHUYHBIE Mapiiu, OajKkd TaBpPOBOIO U JIBYTaBPOBOTO
CEUYCHHUS U JIp.

CrammoHapHbie OAMHApHBIE BUOPO(OPMBI OCHAIAIOT HABECHBIMU CEPUMHBIMU
BHEIIHUMHU BUOpaTOpaMy MasiTHUKOBOTO THUIIA, KOTOpPbIE, Ojaromaps MIapHUPHOMY
KPEIUICHUIO K CTeHKaM (hOpMBbI CO3Aal0T KoJieOaHusl, IEPIEHIUKYIISIPHBIE K CTCHKE.

[ITar ycTaHOBKH BUOPATOPOB, cM 1O JNIMHE OOPTOB OMPEICISIOT 110 (hopMyJIe:

Lyaxe < 30 JEI/(m6_¢w2) (8.14)

rae: E — Mmogynes ynpyroctu marepuana dopmbl, MIla; | — momeHT uHepumnu 6opra
dbopmsr, cm™; Mg ¢ — Macca OopTa (OPMBI, KI; @ — yIJIoBas CKOPOCTb KoyeOaHUH
BUOpPOBO30OYIUTENIS, paj/c.

Lenumpoobeyxcnoe _ghopmosanue. CyThb TEHTPOOSKHOTO (POPMUPOBAHUS U

VIUIOTHEHUS 3aKJO4YaeTcss B TOM, 4YTO NpH BpaleHuu GOpMbl C PABHOMEPHO
pacnpeneneHHOi B HeW OETOHHOM CMEChl0 BOKpPYT HEMOJBMXKHOM ocH ¢
OIIPENIETIEHHOW CKOPOCTBIO B CHUCTEME BO3HMKAET LEHTPOOEKHOE ONPECCOBOYHOE

AAaBJICHUC, IO BJIIMSAHUCM KOTOPOI0 M3 HEMCHTHOI'O TECTAa OTTCCHACTCA KHUAKOCTDH C
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TOHKOJIUCTIEPCHBIMU  (ppakuusamu.  [loBbIlIeHHE  OJHOPOJHOCTH  CTPYKTYPHI
HEeHTpU(YrupoBaHHOTO OETOHA 3aBUCIT OT BOAO-IIEMEHTHOT'O OTHOIIIECHUSI OETOHHOU
cMecu. MakcumalbHas poYHOCTh OeToHa qocturaercs rnpu B/ g,=H:.

HavanbHoe BOJ0-11eMEHTHOE OTHOIICHUE OTPEAEIISAETCS 3aBUCUMOCTHIO:

B/unoq = 114Hr + Bs/]—l (815)
rine H, — HopMmanbHas TrycToTa IEMEHTHOro TecTa; B, — KOIWYEeCTBO BOJBI,
abcopbupyeMoe IOpaMH 3amoJHHTENS M MOBEPXHOCTBIO €ro 3epeH, Kr/m>; 1 —
COIepXaHHE IeMeHTa B OcrToHe, Kr/M. JUIS IeHTpH(YTHPOBAHHOTO OETOHA
pekomeHaytoT pacxonoBath 350...400 kr nemenra Ha 1 M.

Jl7is paBHOMEpPHOTO pachpeleeHus] U YIUIOTHEHUS] OETOHHOW CMECH CIeIyeT
co0II0AaTh peXUM (POPMOBAHUS, KOTOPBIN COCTOUT U3 TPEX HTAIOB.
Yacrora BpamieHusi, 00/MUH., HA MEPBOM 3Tale MPeIOTBpAIlAET OOpYyIIECHHE
OETOHHOW CMECH MpH €€ 3arpy3Ku U ONpeneseTCs] 3aBUCUMOCTBIO:
n, = 300//n, (8.16)
— BTOPOH 3Tall XapaKTEpHU3yeTCs CKOPOCTHIO pacHpeesieHuss OCTOHHOW CMECH,

JUISL HETO YacToTa BpallleHHs, 00/MHH. :

Npac = 600/./2r, (8.17)
— TpETHU# ATall - 3TO YIUIOTHEHHE OETOHHOW CMECH; YacTOoTa BpallleHHs, 00/MUH.,

omnpenesieTcs mo ¢hopmyiie:

Ny, = 32400 |25 (8.18)

r3y—r3
rae I, u Iy — COOTBETCTBEHHO BHEIIHWN M BHYTPEHHUI paguyChl U3AENUSA, CM; P —
paauaibHOE JaBjieHue Ha OeToHHYIo cMech, MIla (aya pemennbix uentpudyr p=0,14
MllIa, nns ponukoBbix — 0,065 MITa).
HentpudyrupoBanue 3¢ (peKTUBHO UCMOJIB3YIOT JJI U3TOTOBJICHUS HATIOPHBIX U
Oe3HamopHBIX TpPyO, OMOp JUHUM »JJIeKTporepenady, KOJOHH, CTO€K U APYTUx

KOHCprKI_II/Iﬁ KOJBbOCBOI'O CCUCHUA.
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