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IIpakTnyeckas padora Ne 1

TEXHOJIOTMYECKU PACYET
OZIHOKOBIIIOBOI'O 9KCKABATOPA

1.1. OcHOBHBIC TeOpPEeTHYECKHUE CBEICHUS

Oonoxosuiossie Ikckasamopsvi. BCKppliHbIe paboThl U pa3paboOTKy Mo-
JIC3HBIX MCKOITAeMBIX OTKPBITBIM CIIOCOOOM, a TaK)Ke 3eMIISTHbIE pabOThI Ha
CTpOHKaX BBITTOJTHSIIOT B OCHOBHOM 3KCKaBaTOpaMH. DKCKaBaTOPHI MOApa3ic-
JISTFOT Ha OJHOKOBIIIOBBIE — MAIITMHBI IPEPHIBUCTOTO IIUKIMYHOTO TEUCTBUS U
MHOTOKOBIIIOBBIC — MAIIIMHBI HEITPEPBIBHOTO JICHCTBUS.

OIHOKOBIIOBBIM SKCKABATOP — ATO 3eMJICpOiHAs MaIlliHA, KOTOPasi B TE-
YeHHUE IIUKJIa OJJHUM KOBIIIOM PEXET TPYHT, 3alOTHSAET UM KOBII, IEPEHOCUT
ero Ha HeOOJIBIIIOE PACCTOSIHUE U TPY3UT B TPAHCIIOPTHHIE CPENICTBA WK cOpa-
ChIBaeT B O0TBaJ. LIk paboThl OTHOKOBIIOBOTO 9KCKABATOPA COCTOUT U3 HE-
CKOJIBKUX TIOCIIEIOBATEIbHBIX omepanuii. HamogHeHue KoBIla MpOUCXOAUT
BO BpPEMSI €r0 MPUHYAUTEIHHOTO MePEMEIEHNUs, KOT/a PExXyIasi KpOMKa WK
3yObsl KOBIIIA CPE3ArOT YaCTh TPYHTA, PACTIONOKEHHOTO Ha TTIOBEPXHOCTH 320051
['pyHT B pa3pbIXJICHHOM COCTOSIHUAU MOCTYMAET B KOBII U MIOCTETIEHHO €ro 3a-
nostHsieT. [lepemernienue rpyHTa K MeCTy pasrpy3KH OCYIIECTBIISICTCS B KOBIIIE
IIPY TTIOBOPOTE IJIAT(HOPMBI, UTO SBJISIETCS HAaN00JIee SKOHOMUYHBIM CIIOCOO0M
nepemernieHuss. OTHOBPEMEHHO KOBII TMEpPEMENIAeTCs W 10 BEPTHKAIH [0
YPOBHS pa3rpy3ku. Pasrpy3ka KoOBIIa TPOUCXOAHWT BCIEACTBUE MaJCHUS
TpyHTa MO JEHCTBUEM CHUJIBI TSDKECTH MPU OTKPHIBAHUU JHUIIA UITU CTBOPOK
KOBIIIA WJIM MPpH ero HakJoHe. [{uK 3aBepiaeTcsi BO3BpaToM KOBIIIA B UCXO/I-
HOE TTOJIOXKEHHUE U €0 TIOJIT0TOBKOM K HOBOMY paboyeMy ABMKEHHUIO U HAMOJI-
Henuto. [Ipu pa3zpaboTke 32005 BBIMOTHSAETCS OOBIIOE KOJIUYECTBO IIUKIIOB.

B omnepanwu pe3aHus rpyHTa W HAOJHEHHsI KOBIIA yY9acTBYIOT MeXa-
HU3MBI TIOTbEMA U HATIOPa; B ONEpaIliy MEPEMENICHUS U Pa3rpy3Kd — Mexa-
HU3M MOBOPOTA TIaTGOPMBI U MEXAHNU3M OTKPBIBAaHUS JHUIIA KOoBIIa. Mexa-
HU3M ITObeMa KOBIIIa 00€CTIeUnBaET PE3aHNEe TPYHTA PEKYIIEH KPOMKOU HITH
3yObsSIMH KOBIIIA IIPY €T0 ABWKEHUU BAOJIb MOBEPXHOCTH 3a00s1. Ha 31O nBU-
KeHHue TpeOyeTCss OCHOBHAS YaCTh SHEPTHH JIBUTATENIS, KOTOPAst PaCX0OIyeTcCs
Ha TIPEOJIOJICHUE CIEIJICHUS MEXIy YacTHIIaMH, Ha Pa3pyIIeHUE MOPOJIbI.
MexaHu3M COCTOUT W3 JieOeaKH, KaHaTa, HEMOABMKHBIX OJIOKOB HAa KOHIIE
CTpEJIbl U MOJIBHXKHOTO 0JI0KA HA KOBIIIE.



OIHOKOBIIOBBIE IKCKABATOPHI UMEIOT JIBE PA3HOBUAHOCTU paboueit ya-
CTH: C TIPSIMOM U 00paTHON MexaHW4decKo yomaroi. Hanbosnee mmpoko npu-
MEHSIIOT 000pYA0BaHUE C IPSIMON MEXaHWYECKOM JIOMAaTOM, KOTOPOE XapaKTe-
pHU3YETCS )KECTKOW CBSI3bI0 KOBIIA U CTPEJbI. DKCKABaTOPBI C MPSIMOM Mexa-
HUYECKOM JIONATON 00J1alaloT 3HAYUTEIbHBIM OMPOKUIBIBAIOIIUM MOMEH-
TOM, BO3HUKAIOIIMM IIPU KOMAHUHU, YTO CYIIECTBEHHO OrPAHUYMBACT JJIUHY
CTpenbl 3KcKaBaropa [ 1, 2].

3amanue. Ha ocHOBaHMYM MCXOJHBIX JAHHBIX BBINOJHUTH TEXHOJIOTHYE-

CKUH pacucT OAHOKOBIIOBOI'O OKCKABATOpPaA.

1.2. MeToauka BbINOJTHEHNsI pa0OThI

JlnuHy cTpenbl OAHOKOBIIIOBOTO IKCKaBaTOpa, 000PYA0BAHHOTO MPSIMOM
MEXaHUYECKOM JIOMAaTON, PACCUUTHIBAIOT IO SMIIUPUUYECKOU (hopMmyie, M:

l. = kG, (1.1)
rae k — koadduiment, paBubiid 1,9-2,1 — ana yauBepcanbubix u 1,85 — mist
KapbepPHBIX IKCKaBATOPOB; G — Macca 3KCKaBaTopa, T.

Teopernueckass NPOU3BOAUTEIBHOCTh OJJHOKOBIIIOBOI'O SKCKABATOPA SIB-
JISI€TCsI yCIIOBHOM U paBHA 00bEMY TPYHTA, KOTOPBIM IKCKABATOP CMOT JOOBITh
3a 1 4 HenmpepbIBHOW pabOThI MPU PACUETHON MPOJOIKUTEIBHOCTH 1UKJIA U
COOTBETCTBUHU 00beMa KaXJI0U MOPIUU TPYyHTA, TOOBITON 32 OJIMH LUKJI, T€O0-
METPUYECKON BMECTUMOCTH KOBIIIA.

Teopernueckass TPOU3BOAUTEIBHOCTh oOmpeAensercs 1o Qopmye,
M’/MHuH:

1ly= 60qgn,, (1.2)
€ ¢ — T€OMETPUYECKAs BMECTUMOCTE KOBILA, M°; 1y — TEOPETHIECKOE YUCIIO
IIMKJIOB B MUHYTY MPH yTJIaXx MOBOPOTA MIaTdOPMBI Ha pa3rpy3Ky U B 32001,
paBHbIX 90°, ipu BbICOTE 32005, PAaBHOW BBICOTE PACIIOI0KEHUS HAMIOPHOTO

BaJla 9KCKaBaTOpa, U IpU PACUCTHLIX CKOPOCTAX U YCHIIUAX,
60
Ny = P (13)
LT
fur — TEOPETHYECKAS IIPOAOIKUTENLHOCTD IIUKIIA, C.
SKCHHyaTaHI/IOHHaﬂ IMPON3BOAUTCIIBHOCTE YUUTHLIBACT 0COOEHHOCTH pa-

OOTHI 32 KAKOU-T100 neprnoa B KOHKPCTHLIX YCJIOBUAX, B TOM YUCJIC U JOITYC-



THUMBIE 110 MPOEKTY MPOCTOU. DKCIUTyaTallMOHHAS WM (PAKTUYECKAsi TPOU3BO-
JIUTENBHOCT OJHOKOBIIOBBIX SKCKABATOPOB, M>/4:

7= “Lkﬁkwl (1.4)

kp
rae n — (pakTu4ecKoe KOJUYECTBO IUKIOB B | MUH, JUIsl CTPOUTEIBHBIX U Ka-
PBEPHBIX 3KCKaBaTopoB n = 2—4; k, — k03hPUIIMEHT HANOJHEHUS KOBIIIA,
ka=0,55-1,5; k, — ko3P dunneHT UCTIOIB30BaHUS SKCKaBaTOPa BO BPEMEHH,
PaBHBIN OTHOIIEHHUIO YUCJIa YaCOB YHCTOM PabOThI 9KCKaBaTOpa K MPOI0JIKU-
TEIBLHOCTH PAOOYMX CMEH OTYETHOTO TIEpHOa, kw = 0,7-0,8; k,, — koapPuru-
€HT pa3pbIxJieHus: rpyHTa (Tadm. 1.1).

Tabnuna 1.1
Cpennue 3HaueHus1 KO3(QPUIMEHTA pa3pbIXJICHUS
Kareropus
IIOPOJIbI .
Pa3HOBHIHOCTH FOPHOM NIOPOIBI kp
10 TPYyZIO-
€MKOCTH
I ITecok, cynech, paCTUTEIbHBIN FPYHT, TOPG 0,05-1,12
Jlerkuii ¥ NECOBUAHBIA CYIVIMHOK, BJIAKHBIM PBIXJIBIN JIECC,
MATKHMM COJIOHYAK, TPaBUM MEIKHUU U CPEIHUH, IIECOK, CyIle-
II COK M pacTUTENbHbII TPYHT, CMELIaHHBIN co mebHeM u rans- | 1,12-1,20
KOM, HACBIITHON CIIEKABIINUNCS TPYHT C MPUMECHIO IIEOHS Win
TaJIbKH
Kupnast msArkas riiMHa, TSDKEIBIA CYINIMHOK, TPaBUN KpyII-
111 HBIH, Tajgbka Melkasi, 1me0eHb KPYMHOCThI0 oT 15 mo 40 mm, | 1,20-1,25
CYIJIMHOK €O I1eOHEM MJIM TraJIbKOi
v KupHast rmuHa U TSDKEIBIA CYIJIMHOK C NMPUMECHIO IIEOHS, 1.25-1,29
CJIaHLIEBas IVIMHA, KPYIIHAs TajbKa
[110THBIN OTBEPAECBIINI JIECC, METAJUTYPTHUYECKHE [IJIAKH, HE
A% BBIBETPUBILIUINCA MEpresib MATKANA, MATKUE MEJNOBbIE TOpoAsl, | 1,29-1,33
TBep/ast KapOOHaTHAas TJIMHA, CJIAHI[bl HEKPENKUE, TUTIC
VI Pakyiieynuk, M3BECTHAK MSATKHI HOpI/ICTLII\/'Iu, MeJ IUIOTHBIM, 1.33-1.45
CJIaHIIbI CpEHEN KPEroCTH, Mepresib CpeiHel KpenocTu
VII-VIII Pa3nipobieHHbIE CKATTbHBIE TIOPOIbI 1,45-1,5

KosddunnenTsl HanmonHeHNs KOBILIA U Pa3phIXJICHUS TPYHTA 3aBUCST B
OCHOBHOM OT CBOMCTB I'pyHTa, IOATOMY MX OTHOLIEHHE OOBEAUHSIIOT OJJHUM
MOHATHEM — KO3(PPUIIMEHTOM SKCKABALIMU TPYHTA k> = ki : kp, IBMEHSIOLIMCS OT
0,6 — aist ckanbHBIX 1Opo1 U A0 0,87 — 115 ChIITy4YuX (TECOK, CYTIIMHOK, TOp().

Uucio HuMKIOB MUHYTY:

n=2 (1.5)

t
I
ty— (baKTI/I‘ICCKaH MMPpOAJOJKUTCIbHOCTDb IUKIIA, C.



[Tpou3BOAMTENBLHOCTD, M>/4:
__3600qnkyky

1= T (1.6)
['eoMeTpUyecKas BMECTUMOCTh KOBIIIA, M":

q = cBHL, (1.7)
rae ¢ — K03 (UIHUEHT, YIUThIBAOIUK (hOpMY THUILA U 3aKPYTIECHUS CTEHOK
KoB1a, ¢ = 0,9 — 17151 koB1Ia ¢ 3y0bsimu, ¢ = 0,75 — 1151 KOBITIA C MOTYKPYTIION
pexyuen kpomkout; B, H,L — COOTBETCTBEHHO WIMpPHUHA, BHICOTA W JJIMHA
KOBIIIA, U3MEPEHHBIE 110 PACCTOSIHUAM MEKy BHYTPEHHUMH IOBEPXHOCTAMHU
COOTBETCTBYIOIIMX CTEHOK KOBINA, & TAKXE JHUIIEM U BEPXHEH KPOMKOM
CTEHKH KOBIIIA, M.

[1po0mKUTENBHOCTD LIUKIIA, C:
ty =t + bty + ty + ty, (1.8)
e fx — OpOJOJKHUTCIbHOCTh KONAHMS, C; fn — IIOJJHOC BpeM: MOBOPOTA HA
BEITPY3KY, C; f5 — IIPOOIIKUTENBHOCTD BBITPY3KH KOBIIIA, C; t,— MOTHOE BPEMSI
IOBOPOTA JJIsl BO3BpAILEHUs KOBIIA B 32001, C.

Bpewms komnanus, c:

t, == (1.9)

Uk
rae l, — myTh, NPOXOJUMBIA MOJAHUMAIOIIMMCS KOBIIOM MPU KOMAHUH, M;
U, — CKOPOCTb MOAbeMa KOBIIIA NP KOaHUU, M/C.
CkopocTh mojbeMa KOBIIA C MPSIMOM MEXaHMYECKOM JIOMATOM, UMERO-
IIEr0 OJIMH MOJIBYXXHBIN OJIOK, onpeensercs no ¢popmylie, M/c:

U = 2, (1.10)
IZI€ Ug — OKPY’KHasl CKOpPOCTh Oapabana nebdeaku, M/c,
Vg = T[D6n6, (111)

3nech Dg — quamerp OapabaHa jiebeIKu, M; g — 4acTOTa BpalleHus 0apabdaHa
nebenxu, ¢ .

Jlns sKcKaBaTtopa, BCE MEXaHM3Mbl KOTOPOTO padoTaloT OT OJHOTO
JBUTATEIIsI, YaCTOTAa BpalleHus OapabaHa ieOeqKU PacCUYUTHIBACTCS IO

dopmye, ¢!
NppZ1Zs

ng = (1.12)

ipeAZZZ6,
IIC Ny — 9aCTOTa BpAICHUA Bajla ABUIATCIs, C_l; Z1, 22, Z5, Z6 — YUCIIO 3Y6BCB;

[ — IEpENATOYHOE YUCIIO.



Bpewms moBopoTa maTdhopMbl Ha 3aJaHHBIN yrod, C:

tl'[.)'[
t, = % (1.13)

I7Ie O — yroJl MOBOpOTa Im1aTGopMel, Tpam; t,,, — BpeMs OBOPOTa TIATPOPMBI
Ha OJUH 000pOT, C:

b = —, (1.14)

3JIECH Ny, — 9aCTOTA BPAIIEHUS IIaTGOPMBI, C .

[Ipu noBopote miargpopmbl MIAHETAPHBIM MEXaHU3MOM C BHEIIHUM 3a-
LEIUICHUEM, T. €. KAaYaHUEM MaJjiOi MOJBEHLIOBOW IECTEPHU MEXAaHU3Ma I10-
BOPOTA IO HEMOJABMKHOM BEHIIOBOM LIECTEPHE, 3aBUCHMOCTb MEXIY 4acTO-

TOM BpallleHHs M YHCIIOM 3yObeB onpeensercs mo GopMyie, ¢ '

Ny = mg (1.15)
Z9

I€ Zg — YUCIIO0 3yObeB MOABEHIIOBOM IIECTEPHU; Z;y — YUCIO 3yObEB BEH-
noBoil mecrepHu (puc. 1.1); n, — yacrtora BpailleHUs Bajla MEXaHH3Ma
IIOBOPOTA, C '

TlABZ1Z3Z7
n, = —. 1.16
B lpenZ2Z42g ( )
_|
_ ' T—2.=727
=T Ly L7 = 7.=35
=136 B 5

gz 2o
==

L 1 x_1 i |
1 -n-@ J 1% 1
R 25:54 x| L ///;’I

boer Ty 2,=M) a7
@_Eq b
S v§'®

Puc. 1.1. Kunematndeckas cxema MOZJCIIM OJHOKOBIIOBOT'O 3KCKaBaTopa




IIpakTuyeckas padora Ne 2

TEXHOJIOTMYECKU PACYET
MAIIVH HEITPEPBIBHOI'O TPAHCITIOPTA

2.1. OcHOBHBIE TeOpeTHYECKHE CBEACHUSA

OCHOBHOE Ha3HAYEHUE TPAHCIIOPTHBIX MAIIIMH HENPEPHIBHOTO JICUCTBUS —
IIEPEMEILICHUE TPY30B MO 3aJaHHOU Tpacce, MO3TOMY OHM TaKXKeE SIBISIOTCS
TPAHCIOPTUPYIOMUMH MamnHaMu. OJHOBPEMEHHO C TPAHCIIOPTUPOBAHUEM
rpy3a MalluHbl MOTYT aBTOMATUYECKU PACOPEAEIATh UX MO 3aJaHHBIM ITyHK-
TaM, CKJIaJJupOBaTh, HAKAIIMBAas B 00YCJIOBJICHHBIX MECTax, U 00ECIeUnBaTh
HEOOXOAMMBIN PUTM TPOU3BOACTBEHHOTO Tpotiecca. [1o mpuHIuMy neicTBus
MObEMHO-TPAHCIIOPTHHIE MAIIIMHBI OBIBAIOT MEPUOJUIECKOTO U HETPEPHIB-
Horo AeicTBus. K MammHaM HENpepbIBHOTO JEUCTBUS (MX TAK)KE HA3bIBAIOT
MalllMHAMU HEMPEPBIBHOIO TPAHCIOPTA) OTHOCATCS KOHBEHEPHI PAa3TUYHOTO
THIA, YCTPOUCTBA MTHEBMATUYECKOTO U TUPABINYECKOTO TPAHCIIOPTA U TOMY
M0I00HBIE TPAHCTIOPTUPYIOIINE MAIIIUHBI.

MamuHbl HENPEPHIBHOTO JIEUCTBUS XAPAKTEPUZYIOTCS HENPEPHIBHBIM
nepeMeIIeHUEM HACBIITHBIX WJIM MITYYHBIX TPY30B 1O 3aJaHHOW Tpacce 0e3
OCTaHOBOK IS 3arpy3KH U pasrpy3ku. [lepemeniaeMbiii HaCBITHOM IPy3 pac-
MIOJIAraeTCsl Ha HECYILEM DJIEMEHTE MAIIUHbI CIUIOIIHOW MacCOM WU OTAENb-
HBIMH MOPILUSMHU B HENPEPHIBHO ABMKYIIUXCS MOCIEAOBATEIBLHO PAaCIOO-
YKEHHBIX Ha HEOOJBIIIOM PACCTOSHUU APYT OT JApyra pabodux CoCyJax-KOoB-
max, kopo0ax u T. 1. lIITyuHble rpy3bl IEpeMeniatoTcsl TAKKe HEMPEPhIBHBIM
MOTOKOM B 33JJaHHOM MOCJIe10BaTeIbHOCTU OJIMH 3a IpyruM. [Tpu aTrom pabo-
gyee U XoJiocToe (00paTHOE) MBHXKEHUS DJIEMEHTa MAaIllMHbI, HECYIIETro Ipy3,
MPOUCXOJAT OJJHOBPEMEHHO. Takue Ba)KHbIE CBOMCTBA, KAK HEMPEPHIBHOCTH
MepEeMENICHUS TPY3a, OTCYTCTBUE OCTAaHOBOK JIsl 3arPy3KH U pa3rpy3Ku, COB-
MelleHue paboyero M XOJIOCTOrO JABMKEHUN padoduX 3JIEeMEHTOB, 00ycio-
BWJIM MAIlIMHAM HENPEPBIBHOTO TPAHCIIOPTA BBICOKYIO MMPOU3BOIUTEIBHOCTD.
Jlenmounvie kougetiepvl 00IIET0 HA3HAYEHUSI OTHOCATCS K TPAHCIIOPTUPYIO-
UM MalllMHaM C TMOKHUM TSTOBBIM 3JIEMEHTOM, MEPEMEIIAOIIUM CHIITYYHE,
KYCKOBBIC U (DaCOBaHHBIC TPY3bI HEMPEPHIBHBIM TTOTOKOM [ 1, 2].

3aganue. Ha oCHOBaHMM MCXOJHBIX NAHHBIX BBIIIOJHUTH TEXHOJIOTHYE-
CKMU pacyeT MallvH HEMPEPBIBHOTO TPAHCIIOPTA.



2.2. MeToauka BbINOJIHEHUS PA0OTHI

[Ipon3BOAUTENBRHOCTh MAIIMH U YCTAHOBOK HEMPEPBIBHOTO TPAHCIIOPTA
3aBUCHUT OT MMOTOHHOM HArpy3KH ¢, KI/M, 1 CKOPOCTH JABMXKEHUS 0, M/C, U HE 3a-

BUCHUT OT ITyTH TPAHCIIOPTHUPOBaHUs. B o011eM BUje MpOU3BOIUTENBHOCTD, T/4,
3600

[Tpon3BOIUTENHHOCT MOXKET OBITh BBIp@)KEHA TAK)KE€ B OOBEMHBIX €IIH-
HHIAX, M>/4, ¥ B INTyKax, WT./d. [Ipy TUuHENHOM NepeMenieHrn padouero op-
raHa TPaHCIOPTHUPYIOIIEH MaIlMHBI MEPEMEIIaeMblii TPy3 MOXET pacroa-
raTbCsi paBHOMEPHO MO JJIMHE B BHUJAE CJIOS, pa3MelIaThCs Ha JICHTE IIO-
MITYYHO, TIEPEMEIIAThCS B KOBIIIAX WJIU JPYTUX €MKOCTsIX. B mepBoMm ciiydae
MOTOHHAs Harpy3Kka, Kr/m,

q = Fpy, (2.2)
rae F — miomaas MonepeyHoro ceYeH s o MaTepuana, M2, py — HaChIIHas
IUIOTHOCTH MaTepuana, Kr/m>.

[Tpu pa3MeneHuy MOMTYYHO MOTOHHAS HArpy3Ka, KI/M,
G
q=-, (2.3)
a
rae G — macca rpysa, KI; @ — IIar pa3MeIIeHHs Ipy30B, T. €. CPEIHEE pacCTo-
STHHE MEX]Ty OCSIMH WJIM OJJHOMMEHHBIMU TOYKAMHU CMEXHBIX TPY30B, M.

IIpu nepemMelieHun B KOBIIAX

a
7€ iy — FeOMETPHIECKAst BMECTUMOCTD KOBIIA, M°; K, — KOO PUILHMEHT HAIOI-
HEHHMS KOBIIIA, TPUHUMAEMbIN paBHBIM 0,6 — 17151 TITYOOKHUX U OCTPOYTOJIBHBIX
koB1el u 0,4 — 1j1s1 MEJIKUX.

[Tpu nBY>KEHHWH JISHTHI YTOJ (@ TIPH OCHOBAHWU TPEYTOJIbHMKA B Hadale
JBIKCHUS YMEHBIIAETCS MO ISUCTBUEM TOJTYKOB TaK, YTO B pacueTax IpH-
HHUMAIOT:

O = (0,5-0,6)0, (2.5)
IJIe Pz — YTOJI TIPH OCHOBAHHMH TPEYTOJIbHNKA, PABHBINA YTy €CTECTBEHHOTO
OTKOCa MaTepHalia MpH JIBUKECHUH.

[Tpon3BOANTEILHOCTD JICHTOYHBIX KOHBEHEPOB TIPH IEPEMEIICHUN
HACBIMTHBIX TPY30B OMPEEIAIOT Mo 0011ei popmyiie, T/4:

11 =3600Fvp,, (2.6)
rae F — miomanb mornepevyHoro ce4eHus ciaos Marepuana, M2, U — CKOPOCTh
JIIBHKEHHUS JICHTHI, M/C.



[IpuHATO cUMTATh, UTO CHIITYYHH MaTepuall Ha TJIOCKOM JIEHTE pacmosia-
raercs B BUJE CJI0sl, OTIEPEUHOE CEYEHUE KOTOPOTO MPEJCTaBIsAET CO00i paB-
HOOCAPEHHBIN TPEYroJibHUK ¢ ocHoBaHueM b = 0,8B u BBICOTOU
h = 0,5btgQs, TIe B — lIMpUHA TPAHCTIOPTHOM JICHTHI, M.

C ydyerom ¢hopMbI JIEHTHI U HAKJIOHA KOHBelepa Gopmyina (2.6) mpumeT BUA:

I = 576Bvp, tg @, kpk,, (2.7)
rJIe kq, — k03¢ durmeHT GopMbI JICHTHI, AT TIIIOCKON JICHTHI k(b: 1, s JI0T-
KOBOM kg = 2; ke — KOO PUIMEHT CONPOTUBIICHUS IBUKEHHIO.

PacueT neHThI Ha pacTsKEHUE BBITTOTHSIOT, ONPELIISIS YUCII0 TIPOKIIAIOK
B HEM Mo cienytonieit hopmyiie, IT:

Smax
= B’ (2.8)

r1e Spyax — MAKCHMAJIBHOE HaTsDKeHUe IeHThl, H; [p] — momycrumast Harpyska
Ha | cM mIUpUHBI OJTHOM TIpokIanku, H/cwm,

[pl =2 (2.9)

n
3nech K, — mpenen MpOYHOCTH TPH pa3pbiBE OAHOW Tpokiaaku, H/cwm;
N — 3anac NpOYHOCTH.

IToronnas macca J€HTBI, KI/M:
6i+51+52

= 2.10
o = Pb 500 (2.10)
— /M, p = 1100 xr/m*; & —

rje p — INIOTHOCTh MaTepuasia JICHTbI, KI/M°, p KI/M”; TOJIIIMHA

OJIHOM MPOKJIAJKHU B TOTOBOM JIECHTE, MM; S; — TOJIIMHA BEPXHEHN (Ipy30BOH)

PE3UHOBOM OOKJIAJIKH, MM; S, — TOJIIIMHA HIKHEH PE3NHOBOM OOKIIAJKN, MM.

Haubonpias ctpena mpoBeca JICHTHI, BOSHUKAIOIIAS MO JeUCTBUEM

COOCTBEHHOTO B€Ca M TPAHCIOPTUPYEMOIo rpysa, onpenaensercs no Qop-
MYyJIE, M:

2
fonax = Ledoll @2.11)

85min
rac g — BEC Marcpuala, HpHXO)ISIH.[PIﬁCH HAa 1l M JICHTBI, H/M, (o — BEC I m
TpaHCHOpTHOfI JICHTHI, H/ M; [ - PACCTOAHUC MCIKAY CMC)KHBIMH POJIMKOBBIMHA
o1opamMu, M; Smin — MUHHUMAJIBHOC HATAKCHUC JICHTHI, H.
HpaKTI/IquKH CTpciia IIpOBCCa HC NOJIKHA IIPCBLIIIATD

fmax = 0,025L. (2.12)
TOP,Z[a MWHHUMAJIBHOC HATAXCHUC JICHTHI, H:
Smin = 5(6[ + Clo)l- (2.13)

[Ipu 3arpy3ke MaTepuraia Ha JBUXKYIIYIOCS JIEHTY OH MOJYy4YaeT yCKOPEHHUE
OT CHJI TPEHUS, IEHCTBYIOIIMX Ha yYaCTKE CKOJIBKEHUS MaTepuasa 1o JEHTE.
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YckopeHne Marepuaa Juisi TOpU30HTaIBHOTO y9acTKa KOHBEHepa onpe-
nensgercs GopMyInoi, m/c’:
a=gf (2.14)
U /1151 HAKJIOHHOT'O y4acTKa
a = g(f cos B — sin ), (2.15)
rIe g — YCKOPEHHE CBOOOIHOrO majaeHus, M/c’; f — K03 (UIUEHT TpeHus;
B — yros HakJI0Ha KOHBeWepa, rpaja (IIpu mogbeMe MaTepuana +[3, mpu 1Bu-
KEHUW MaTepuaa moJ yKiIoH —3.
[TyTh CKOJIBXKEHUS MaTepraa 1o JICHTE, M:

UZ—UZ
§=2%, (2.16)
I7ie U — CKOPOCTb JABUKEHHS JIEHTBI, M/C; U, — HauaJlbHas CKOPOCTh MaTepuasa
TpH 3arpy3Ke B HANPaBJICHUH ABUKEHHS JIEHTHI, M/C; @ — yCKOPEHHE MaTepH-
ana, BO3HMKAIOLIee MO JAEHCTBUEM CHJ TPEHHs, C YU4ETOM yIJla HAaKJIOHA
JIEHTBI, M/c>.

MomHOCTh Ha IPUBOHOM OapabaHe JEHTOYHOTO KOHBelepa, KBT:

IH
No = k (cLyv + 0,00015/1L, + ). (2.17)
riae k — koapdunreHT, 3aBUCAIIUN OT JJIUHBI KOHBeWepa L;
L M <15 16-30 30-45 >45
k 1,25 1,10 1,05 1,00

¢ — K03 uIMEHT, 3HaYeHUsT KOTOPOTO MPUHUMAIOT 1Mo Tabia. 2.1, ecnu po-
JIMKHA KOHBeWepa yCTaHOBJICHBI Ha IIAPUKOTIOIITUITHAKAX;, L, — TOPH30HTAb-
Hasl MPOEKIMSA JUIMHBI L KOHBEHEPa, 3aBUCAIIASA OT yIJIa HAKJIOHA KOHBEWEPA TAK,
uyto L. = L cos 3; H— BeicoTa mogbema marepuana, H = L sin 3, m.
Tabnuua 2.1
3Hauenue ko3¢ duimenra c

[npwuna nentsr, MM | 500 650 800 1000 | 1200
Koadpduuuent c 0,018 |0,023 |0,028 | 0,038 | 0,048

MOoIIHOCTh ABUTATEIS JEHTOYHOIO KOHBEHEpa, KBT:
Ky (N0+Nc6p)

N = 2o (2.18)

rae k; — xoodpuuuent tuHaMu4IHOCTH, Kkx = 1,1-1,2; nu — KIIJI Mexanu3ma

npuBoa; Ng, — MOIHOCTB JUIA CKPEOKOBBIX COpachIBATEINIEN, 3aTpaunBaeMas

Ha pa3rpys3Ky, KBT:
Neop = c111B, (2.19)
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— i IByX0apabaHHOU cOpACHIBAIOIIECH TEIECKKU:

Nesp = 0,275N, + 0,005/7 + 0,4, (2.20)
c; = 0,0075.
Oxpy:xHOe ycuiaue Ha 6apabane, onpenensieMoe o ¢popmyne, H:
p— kA(NO+1xjjc6p)1ooo’ 2.21)
nepeaaeTcs Ha JIGHTE€ TPEHUEM TakK, YTO CHJIAa TATH MPUBOA
Wy =P =S5+ Ses = Ses(e/% — 1). (2.22)
OTtkyna HaTsoKeHue coeraronieit Betsu, H:
Sep = 2288 = 7 (2.23)

efa  efa_y’
rae f — Kod(phUIMEHT TPEeHUS MEXKAY JCHTONM M MPUBOJIHBIM OapabaHOM;
o — yroa o0xBaTa mpuBOJAHOTO OapabaHa JEHTOU, paj.
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IIpakTu4yeckas padora Ne 3

TEXHOJIOTMYECKU PACYET
[TOI'PY304YHO-PA3I'PY304YHbBIX MAIIINH

3.1. OcHOBHBIE TeOpeTHYECKHE CBEICHUS

JIns MexaHu3aluu MOTPY3KU, PA3TPy3KU U IITAOCTUPOBAHUS CHITy4HX,
MEJIKOKYCKOBBIX M IITYYHBIX TPY30B Ha 3aBOJIaX CTPOUTEIIbHBIX MaTEPUAIOB
MPUMEHSIOT Pa3JIMYHbIC MOrPY304YHO-PA3TPY30UHbIC MAIIUHBI — MEPEIBUK-
HbIE U CTAllMOHAPHBIC, IEPUOANUYECKOTO U HEMPEPHIBHOTO JECHCTBUS, C DJICK-
TPUUYECKUMU JBUTATEIISIMU U JIBUTATEJISIMA BHYTPEHHETO cropanus. [lorpys-
YUKA HEMPEPBHIBHOTO JEUCTBUS CHAOXKEHBI TPAHCHOPTUPYIOUIUM YCTPOU-
CTBOM, OT JJIMHBI KOTOPOT'O 3aBUCHUT AAIBHOCTh Mojiaun matepuana. [lorpys-
YUKH IEPUOIUYECKOTO IEUCTBUS TPAHCIIOPTUPYIOT MaTE€pHal 3a CYET COOCTBEH-
HOIO MEPEIBUKEHUS, TO3TOMY JaJbHOCTh TPAHCIOPTHUPOBAHUS OTPAHHYMBA-
eTCs JIMIIh YKOHOMUYECKUMHU COOOpaxXeHUsIMH (0OBIYHO HE TpeBbImaeT 50 m).
[Torpy34unky MepuogUYECKOro AEUCTBUS MOIPA3ACIAIOT HA YHUBEPCAIbHBIE,
UMEIOIINE CMEHHOE pabouee 000pynoBaHue (BUIKHA U 3aXBaThl — JJIs IITYY-
HBIX TPY30B, KOBIIIU — JIJIsl CHIMYYHX ), U CIEI[UATIbHBIE C KOBILIOM JJISI ChIITY-
YUX U MEJIKOKYCKOBBIX MaTepHajoB. ABTONOTPY3UYUKHA KOHCTPYUPYIOT Ha
0a3ze Tpy30BbIX aBTOMOOWJIEH, U OHU SIBJSIOTCS YHUBEPCAIbHBIMU MAIlIK-
HaMHU CO CMEHHBIM 00OpyJ0BaHuEeM. ABTOIIO-
IPY34YUK IPy30MOJIbEMHOCTHIO 5 T COCTOUT U3
XOJIOBOM TEJIEXKHM W MEXaHU3Ma IoJIbeMa

rpy3sa (puc. 3.1) [2].

Puc. 3.1. ABronorpy3uuk: / — onopHas pama,
2 — TUIPONIOABEMHUK; 3 — TEJIIECKONTUYECKas paMa;
4 — BUJIOYHBIN 3aXBaT; 5 — MONEPEUNHA; 6 — 3BE3/I0UKA;
7 —KapeTka; § — rpy30BbI€ LIeTH; 9 — IUTYHXKED;
10 — xoneca; 11 — cIBOCHHBIC KoJIeca

3amanue. Ha ocCHOBaHMM UCXOJHBIX JAHHBIX BBIITOTHUTH TEXHOJOTHYE-
CKHI1 pacdeT Norpy304HO-Pa3rpy30YHbIX MAIlIUH.
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3.2. MeToauka BbINOJHEHUS PadOThI

Yceunue Ha IryHxxepe norpysuuka, H:

p =12 (3.1)

rae G —Bec NoJIHUMaeMoro rpysa, H; Gy — Bec BHIIOK (WJIM APYTUX 3aXBATHBIX
YCTPOMCTB), KapeTKu U miyHxepa, G, = 0,2G, H; i — kpaTHOCTh NOJIMCIIACTA,
[ = 2; n — KIIJI nonucnacta 1 MExaHU3Ma KapeTKH, 3aBUCSIIUN OT CTEIIEHU
M3HOCA ¥ KauyeCTBAa CMa3KM TPyLIUXCS MOBEepXHocTen, N = 0,8 — 0,9.

VYcunue, H, Ha muIyH)Kepe MOrpy3yuKa 3aBUCUT OT YIEIbHOrO JaBJe-
nus p, H/M* (npaktuuecku (5-7)-10° H/m?), u ot muamerpa murymkepa D, M, T. €.

2
P=p (3.2)
OTKYyJla JUaMeTp ILTYHKEpa TUIPONOAbEMHUKA
4p
D= | (3.3)

CkopocTh mogbeMa rpy3a 3aBUCHUT OT JUaMETpa IUTyH)KEepa, KPaTHOCTH
TMOJIMCITACTA U TTPOU3BOJAUTEIIBHOCTH aBTOINOIpy34rKa. [Ipu 3amanHoun ckopo-

CTH €TO IPOM3BOIUTEIBHOCTE M°/C:

nD?v
11 = ) 3.4
" 3.4)
IJIe U — CKOPOCTh MO IbeMa Irpy3a, M/C.
MoImHOCT ABUTATENS aBTONOIPY34YnKa, KBT:
1
=2 (3.5)
1000n

riae 1 — KIIJ] aBronorpy3uuka, 1 = 0,5.
KoaddumuenT 3amaca npoaoIbHON CTaTHYECKONM YCTOMUYMBOCTH BUJIOY-
HBIX TIOTPY3YHUKOB ONPEIIEISAIOT 10 (hopmyIie:

k — Myﬂ _ Ga _ GzA (3.6)

Monp  Grpl  Grpl’

IPIS Myﬂ — VAP KUBAKOIINNA MOMEHT, H-M; Monp — ONPOKUABIBAIOLIMI MOMEHT, H"M;
G — Bec norpy3uuka (0e3 rpysa), npuxoAsuiuics Ha 3aaauil Mmoct, H (Moxer
OBITH OTIpe/ICTICH B3BEIIMBAHUEM Ha aBTOMOOMIIBHBIX BeCax); d — PacCTOSTHUE
OT TMPOEKIMA HAa TOPHU30HTAIBHYIO IUIOCKOCTh IIEHTpa TSKECTH Tpy3a 10
TOYKH OTPOKUBIBAHUSA, M; G, — BEC TPy3a, Pa3MCIICHHOTO HA BUIIOYHOM 3a-
xBate, H; / — nynHa BusioyHoro 3axBata, M; (G2 — BeC Iorpy34uka ¢ rpyzom, H;
A — ipoiosibHas 6a3za MOrpy3yrKa, M.
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[Ipu BepTUKAIBHOM pame MobeMHUKA I'Py3a U TOPU30HTAILHOU pabouei
riomaake ko3 duImenT 3amaca Mpoa0JbHON CTaTUYECKOW YCTOMYUBOCTH
k = 1,5 — a5 morpy34MKOB Ha THEBMOIIMHAX U kK = 1,4 — 11 MOTPy3YHKOB
Ha Ipy30II1HaX Ipu paboTe Ha TBEPJAOM MOKPBITUH.

MakcumalibHasi Tpy3010,IbeMHOCTh MOTPY3YrKa U3 YCIOBUS YCTOMUUBO-
cTu onpexaensercs no popmyne, H:

Go A

Grp = 2 (3.7)

OKCIuTyaTalluOHHAs MPOU3BOAUTENILHOCTh MOrPy34HKa Mpu padbore co

MITYYHBIMU TPy3aMH, T/4:
_ 3600Gpky

11 = — (3.8)
e Gep, — CpejiHsis Macca MoJHUMAEMOTr 0 TPy3a, T; Ky — KO3QHOHUIMEHT UCTIOIb-
30BaHUs MOTPYy34YMKa, 3aBUCAIIUN OT KBaJTM(PUKAIIUKU BOJIUTEIISI U OpraHu3a-
uuu pador, k,; = 0,4 — 0,8; t, — BpeMs 1uKia, C,
ty =ty +t; +tg+.. by, (3.9)
t; — BpeMs HaKJIOHA paMbl IPY30M0AbeMHUKA Briepe ] Ha 3-5° 17151 3aBOJIKY BT
noJ Tpy3, [ NmoabeMa rpy3a Ha Bujax Ha 300 MM OT 3€MJIM U HaKJIOHA pambl
IPYy30M0/beMHUKA HA3a]l 10 OTKa3a (UIsl CpeqHuX ycioBuid t; = 10 — 15 ¢, mis
CTpPONOBKHM rpy3a t; = 8 — 12 ¢); t, — BpeMs pa3BopoTa norpysuuka (mpu
pazBopote Ha 90° — 6-8 ¢ u Ha 180° — 10-15 c); t3 — BpeMst IBHIKEHUS TTOTPY3-
YUKa C TPy30M, C; t, — BpEMsI yCTAaHOBKHU PaMbl C TPY30M B BEPTHKAIBHOE MO-
noxenue (t, = 2- 8 ¢); tg — Bpemsi oIbeMa Ipy3a Ha HE0OXOIMMYIO BBICOTY, C;
te — BpeMs YKJIAJKU Ipy3a B mtadenb (tg = 5- 8 ¢); t; — BpeMsi OTKJIIOHCHUS
paMbl Ha3aJ ¢ KapeTkoi 0e3 rpysa (t; = 2- 8 c); tg — BpeMs CIlycKa MyCTOu
KapeTKu, C; tg — BpeMs pa3BOpoTa MOrpysuuka 0e3 rpysa (to =t,),C;
t1o — BpeMs XOJIOCTOTO XOJia MOrpy34ukKa, ¢; t;; — CyMMapHOE BpeMms Tepe-

KJIFOUEHHUSI pbIYaroB ynpasieHus (t;; = 6-8 c).
L H H L
tly3=—5tg=—; tg=—; t1p=— 3.10
3 v, » &5 vy’ 8 Vor | 10 vy’ ( )
rne L u H — anvHa TpaHCIIOPTUPOBAHMS W BBICOTA MOAbEMA TPY30B, M;

Up, Ux — CKOPOCTH pabOYETO U XOJIOCTOrO NMEPEMELIEHHUS OTPY34HUKA COOTBET-
CTBEHHO, M/C; Uy, Uy, — CKOPOCTU MOAbEMA U OIMYCKaHUsI KapeTKU COOTBET-

CTBEHHO, M/C.
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IIpakTnyeckas padora Ne 4

TEXHOJIOTMYECKUI PACUET JIPOBUJIBHOI'O OBOPY JOBAHU
4.1. OCHOBHBbIE TeOpeTHUYECKHE CBEACHUS

Ll]exosvie Opobunku. CiyaT i1t KPYITHOTO U CPEAHETO APOOJIEHUS KyC-
KOBOr0 Mmarepuajia (CpeAHENPOYHBIX, MPOYHBIX W OYEHb MPOYHBIX IMOPOJ).
B crpouTenbHOM MPOMBIILIEHHOCTH IIEKOBBIE JAPOOMIKU UCIOJIB3YIOT IS
IpoOJIeHUsT KaMHsS TP MPOU3BOJICTBE IIECOHS, APOOJICHUS] M3BECTHSIKA WITU
Mepresisa Ha IIEMEHTHBIX 3aBOJlaX, MepianTa U 00CHAraHa Ha 3aBOJaxX TEIIo-
U30JISIIMOHHBIX MaTepHUaIOB, APOOICHUS HEKOHIUIIMOHHBIX OCTOHHBIX U Ke-
J€300€TOHHBIX W3JCIUN MPU MX YTUIU3AINHM Ha 3aBOJAX CTPONMUHIYCTPHHU.
[IlexoBbIe ITPOOHUIKH MOTYT OBITh C BEPXHHUM W HHXKHUM ITOJBECOM IICKH,
C TIPOCTHIM H CJIOXKHBIM JBKEHHUEM IIEKH, C SKCIIEHTPUKOBBIM U KYJIaYKOBBIM
npuBoaoM. Hanbosee mmpoko pacnpocTpaHeHbl APOOMIKU C TPOCTHIM JIBU-
KEHUEM IIEKU M JKCIEHTPUKOBBIM MPHUBOJAOM. BBINMYyCKarOT IMIEKOBBIE IPO-
OWJIKH C pazMepaMu 3arpy3049Horo otBepctusi ot 160x250 mo 1500%2100 mm.
Cremnenp U3MENbYEHUS Y MEKOBBIX IPOOUIIOK — 6—8.

Konycuvie opobunku. B Takux apoOuikax maTepuall U3MENbYaroT I0-
CPEIICTBOM pa3/iaBIIMBaHUs W U3TrM0a NP KadyeHUU BHYTPEHHETO KOHYycCa MO
MaTepuaty, 3aleMICHHOMY MEX Ty TOBEPXHOCTSIMU BHYTPEHHETO 2 ¥ HAPY K-
Horo konyca / (puc. 4.1). Ban ¢ BHyTpeHHUM KOHYCOM JBHUTa€TCsl TaK, 4TO
€r0 OCh OMKCHIBACT KOHUYECKYIO MMOBEPXHOCTH C BEPIINHON B TOUKE A.

IIpu >TOM AMaMeTpaIbHO MPOTUBOIOJIOMKHBIC
oOpa3yroliie BHyTPEHHEr0 KOHyca C OJHOM CTO-
POHBI TIPUOIMKAIOTCS K TMTOBEPXHOCTH HAPY>KHOTO
KOHYCa U JPOOST MaTepua, a ¢ MPOTHBOITOJIOKHOM —
YAQISIOTCS OT Hero, oOecmeuyuBas pasrpy3Ky
W ONyCKaHWE Marepuayia. 3a OAWH OOOpOT Baja
ATOT TPOIECC MPOUCXOAUT IO BCEH OKPYKHOCTU
U HEMPEPBHIBHO IMOBTOPSIETCS, UYTO OOECIeuYrBaecT
MJIABHYIO Pa0OTYy U BBICOKYIO MMPOU3BOAUTEILHOCTh
JIpOOMIIKHU. 3arpykarmT Kycku pasmepom oT 300 10

Puc. 4.1. Cxema geiicteus 1500 MM, a BBIXOAST U3 APOOUIIKU KYCKH Pa3MEPOM
KOHYCHO# JPOOHIKH oT 50 mo 220 mMm (cTeneHs u3MeIbueHUsI — 6—7).
[Ipou3BOANTEIBLHOCTh MPU APOOJICHUU W3BECTHSIKA y KOHYCHBIX JPOOUIIOK
Pa3IMYHON MOIITHOCTH Kosiebsiercs oT 45 o 1500 1/4, ipu yaeasHOM pacxoie
sHEpruu — coorBeTcTBeHHO oT 0,75 10 0,25 kBT 4/T.
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KoHycHble IpOoOHIIKM TPUMEHSIOT JIJIsl KPYITHOTO, CPEIHETO M MEJIKOTO
npoOJsieHusi. B cTpouTenbHON MPOMBINIIIEHHOCTH KOHYCHBIE JPOOWIIKK HC-
MOJIB3YIOT ISl POOJICHUSI U3BECTHIKA HA LIEMEHTHBIX 3aBOJaX U Pa3IMUHbIX
CKJIbHBIX TTOPOJT HA KPYIHBIX 3aBOJIaX, MPOU3BOJAIINUX ICOCHD JJIsI IPUTO-
TOBJICHHS] OETOHHOW CMECH U JIJI JJOPOKHOTO CTpOUTENbCcTBA. KOHYCHBIE JIpo-
OWJIKK OBIBAIOT C BEPXHUM MOJIBECOM BaJia, SKCIEHTPUKOBBIE C HETIOIBUKHBIM
BAJIOM M KOHCOJIbHBIE C HUYKHEW ONIOPOM BaJia.

CrerneHb U3MEIbYCHUS U MPOU3BOAUTEIBHOCTh KOHYCHBIX TPOOUIIOK pe-
T'YJIUPYIOT HOJAbEMOM U ONYyCKaHWEM KOHYyCa IyTeM HAaBUHYMBAHUS pa3pes-
HOU raiiku Ha pe3b0y BepXHEro KOHI[a Bajia y IPOOUIOK KPYIHOTO APOOIeHUs
WM IOBOPOTOM PErYJIMPOBOYHOIO KOJIbIIA OTHOCUTEIBHO OIOPHOTO Y APOOH-
JIOK CPEJHEro U MenKoro ApooneHusi. UMeroTcs Takxke KOHYCHbIE IPOOUIIKI
KPYITHOTO APOOJICHHS C TUPABINYECKUM PETYIUPOBAHUEM pa3Mepa M.

3amanue. Ha ocHOBaHMY MCXOJHBIX JAHHBIX BBINOJHHUTH TEXHOJIOTHYE-

CKUM pacyeT IpOoOHIIBHOIO 000pyAOBaHUS.

4.2. MeToanKa BbINOJHEHUS Pa00ThI

OcHognvie pacuembsl uieKo6bIX OPOOUIOK

Onpedenenue yena 3axeama. llpu pazgaBamBanuy MaTepuaia Mexay Lie-
KaMH JPOOWIIKM CTENEHb W3MEIbYeHUs TeM Oouibllie, YeM OOJIbILlE yroi o
MEXy IIeKaMU; OJTHAKO MPH MPEBHIIIICHHH HEKOTOPOTO MPEAETHLHOTO 3HAYE-
HUS 3TOTO YIJIa, Ha3bIBAEMOI'0 yIJOM 3aXBaTa, CUJIbl TPEHUS, BO3HUKAIOIINE
MEXy LIEKaMHd M MaTepHalioM, YK€ HE YJEep>KUBAIOT MaTepuai, U OH BbI-
CKaJIb3bIBAET M3 MPOCTPAHCTBA MEXIY LekaMmu. JlJig ompeneneHus yria 3a-
XBaTa MPEIoaraeM, 4To Kycok Marepuaia umeer ¢popmy mapa. Cuiou Ts-
KECTU IpeHeOperaeM B CBsI3U € Majoi ee BeluunHOM. Yrona o (puc. 4.2, a)
OyIeT yrjioM 3aXBaTa [Py PaBHOBECHH IIApOOOPA3HOTO KyCKa MO AeHCTBUEM
CUJIBI CKaTust P u cull TpeHus Pf, o0pa3yromnux miockyo CUCTEMY CHII.

/
e M ]
B~ I 'i'
7))
M Y
N4 -‘5_
L}
0)

Puc. 4.2. Cxembl a5 onpeieneHust MapaMeTpoB MEKOBBIX IPOOUIIOK:
a — yria 3axBaTa; 6 — IPOU3BOIUTEIHLHOCTH
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CnpoenrpoBaB CHIIBI Ha JIBE B3aUMHO NEPHEHIUKYJISIPHBIE OCH, OJTHA U3
KOTOPBIX COBIAJAET C OCbI0O CUMMETPHUM CUCTEMBI, U3 YCIOBUS PABHOBECHS
MTOJTYYUM:

2P sin% = 2Pf cos % 4.1)
PaznenuB 06e wactu paBencTBa (4.1) Ha 2Pcos %, MOJTYYUM:
tgg =f=tgo. 4.2)
3nech a = 2arctgf wian a = 2@, (4.3)

rjae f— KodhPUIUEHT TPEHUs CKOIBKEHHUS IPOOMMOTO MaTepuaia u apoos-
IIMX IUIUT; () — YTOJI TPEHHUSI, TPal.

He3aBucruMo OT pacnosiokeHust HIEK yroJl 3aXBaTa paBeH IBOMHOMY YTy
TpEeHUA. YTOJI TpEeHUs ¢ U KOIPPUIMEHT TPEHUS f BHIOMPAIOT [0 CIIPAaBOYHUKAM.
[Ipu 1poOneHnr KaMEHHBIX MAaT€pUaIOB CTAJbHBIMU II€KaMU KO3 DUIIMEHT
tpenus f= 0,3, orkyna o= 33°20". [IpakTu4ecKu yro o MeX]1y IEeKaMu MpHU-
HUMAIOT HECKOJIbKO MEHBIINM, YTOOBI 00€CTIEUUTh yIep KaHHE MaTepuaia CH-
JaMu TpeHus: omp = (0,45-0,7)a.

VYroa Mexay meKkaMu KOHKPETHOM ApOOHIIKY U3MEPSIOT YTIIOMEPOM WU
ONPEIEISAIOT OAHUM U3 KOCBEHHBIX CIIOCOOOB:

METOJOM JIMHEWHOTO U3MEPEHUS U pacueToM 1o (hopmyJie:

b—-d
tqa = & (44)

r71e b — mmpuHa 3arpy309HOM MIEIH IPOOUIKHA, U3MEPEHHAS 110 MEPICHINKY-
JSIpY K HETMOJBMXKHOM IeKe, M; d — HIMPUHA Pa3rpy304HON 1ieiau (HauMeHb-
mas), M; H — BbICOTa HETOIBMYKHOM IICKH, M;

WJIY U3MEPEHUEM M0 METOY JIBYX IIApOB U pacyeToM 1o ¢popmyiie:

sin% =22 (4.5)

2 2l4D+d’
rae D — nuamertp OO0JIBIIIETO miapa, M, d — JUaMEeTp MEHBIIEro Iapa, M;

[ — paccTosiHUE MEXK]ly IIapamu, M.

YTrnoBasi CKOPOCTh IKCHEHTPUKOBOTO BaJla IIEKOBOW JPOOMIIKH, pajy/c:

w =30 [£E% (4.6)
2s

Onpeoenenue npoussooumenvrocmu. 1lpu 3aBepuieHUN pabouero xoja
MOJABMKHOM IIEKW 3a30p MEXAY IIEKaMU SIBJISETCS HAMMEHBIUM d1, a TIPU
OTXO/I€ TTOABUKHOM IIEKHA OT HETTOABMYKHOM Ha BETUYNHY § 3a30p yBEIHMYHUBa-
eTcs 10 pazmepa di + s (puc. 4.2, 6). 3a Bpemst 0TX0/a IIEKH Ha BEJTUYUHY S
gepe3 pasrpy30vHYIo MIeih MaTepHall BBINAAacT B BHJIEC MIPU3MBI, 00BEM KO-
TOpOU

v=thy, (4.7)
rae [ — IJMHa pasrpy304HOro OTBEPCTHS, PaBHAS IMPHUHE MIEKH, M;
h =s/tga. (4.8)
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Yuciio ABOMHBIX KaYaHUM IIEKH COOTBETCTBYET YaCTOTE BPAICHUS JKC-
LIEHTPUKOBOTO Baja 71, C |, CIIEIOBATEILHO, MIPOU3BOAUTENLHOCTD IEKOBOMI
IPOOUIIKH OIpeensIeTcs mo GopMmyIe, M>/d:

I1=3600Vnk,, 4.9)
WJIH, T/9:
— . (d1+s)+dq s
I1=3600Vnk,p = 3600— . 1tgalnkpp, (4.10)
rne k, — xoobduuuent paspeixiaeHus wmarepuana, k, = 0,25-0,65;

p — IJIOTHOCTh Marepuana, T/Mm°.
[IpunsiB cpequuii pa3Mep Kycka, BbIIAIA0IIero U3 JpOOUITKH:

dg, = S0 (4.11)
MOJTYYUM
I1=3600d,slk,p/tga, (4.12)

I'7I€ BCE JIMHEWHbIE Pa3Mephl dcp, S U [ BBIpAXKAIOTCA B METPAX.

Koadduuuent paspoixiiennss Marepuaia NIPUHUMAIOT TEM MEHbIIE, YeM
KpynHee apoOuika. YacToTy BpallleHusl SKCLIEHTPUKOBOTO Baja ONPEAEISAIOT
U3 YCIJIOBHS PaBEHCTBA BPEMEHH OTXOJa MOJABMKHOM IEKH HA BEIUYMHY § U
BpEMEHHU CBOOOIHOTO Ma/IeHUsl MaTepuaa ¢ BbICOTHI /1 C yYETOM TPEHUS €ro

O IIEKH, C '
n =,/tga/s. (4.13)

[Tpou3BOAUTENBHOCTD MIEKOBBIX IPOOMIIOK 3aBUCUT B OCHOBHOM OT pas-
Mepa IPOOMIIKH; BBIITYCKAIOT IPOOMIIKY IPOM3BOAUTENBHOCTHIO OT 1 10 700 1/4,
HO Y K&XJI0M APOOHITKY €€ MOXKHO PEryJIMpoBaTh MOCPEACTBOM U3MEHEHHUS BEIU-
YHHBI d| C TOMOIIBIO PETYJIUPOBOYHBIX KIIMHBEB U CMEHHBIX PACIIOPHBIX ILJIUT.

s oOneryeHuss U3MEHEHUS MPOU3BOAUTEILHOCTH PETYJIUPOBOUYHBIE
KJIMHBSL B HOBBIX KOHCTPYKIUSAX IPOOMIIOK pacrnojararT B MJIOCKOCTH, COB-
NaJaroIIel C MIOCKOCThIO PACIIOPHOM IUIUTHI, U NEPEIBUTAIOT MOCPEACTBOM
TOPU30HTAJILHOIO BUHTA, UMEIOLIETO NPABYIO U JIEBYIO pe3b0y. it qpoOuiiok
MaJIOi MPOU3BOAUTENBHOCTH YAETBHBIN pacxo1 3Hepruu coctanisier 2,2 kKBr-u/t,
Uit KpynHbix — 1,1 kBT u/T.

OcHognbie pacuemuvl KOHYCHBIX OPOOUTIOK
VYroun 3axBaTa KOHYCHBIX APOOUIIOK PACCUMTHIBAIOT TaK K€, KAK U yroJl
3aXBaTa IEKOBBIX APOOUIIOK, U ONPEIEISIIOT U3 COOTHOIICHUA:

o = 2arctgf wim a= 2@, o, =07a, (4.14)
rje f— ko3 PUIHEHT TpeHUsI MaTepuala Mo CTallN; (P — yroJl TPEHUsI MaTepu-
ana; Oy, — MPAKTUYECKUA YroJl MEKy 00pasyIolUMHU HEMOABIKHOTO U T10-
JBUKHOTO KOHYCOB, Tpa/I.
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[IpakTHyeCKui yroa onpenesieTcs Kak
Opp = 0 + 0y, (4.15)
TJIE 0] — YTOJI MEXAY BEPTUKAIIbIO U 00pa3yroIIeil HEMOABMKHOTO KOHYCa, TPai;
02 — YTOJI MKy BEPTHKAJIBIO U 00pa3yroneil OIBU>)KHOTO KOHYCa, TPa/l.
VYTrioBast CKOPOCTh 3KCUEHTPUKA KOHYCHBIX IPOOMIOK CPEAHETO U ME-
KOT'0 ApOOJICHMSI, UMEIOIIHX MOJIOTHE KOHYCHI C TapaJlIeIbHON 30HOM, BBIUKC-
asiercs o gpopmyrie, paj/c:

w = 13,8 /w 1 =0,08D,, (4.16)
l

rae [ — AMHa napasieabHON 30HbI, M; f— KO3DPUIIMEHT TpeHus ApoOrUMOro
MaTtepuana o KoHyc, f = 0,35; y — yroa HakjoHa 00pa3yromieil moABHXHOTO
KOHyca, Y = 40°; Dy — Hapy>XHBII AUAMETP MOABUKHOTO KOHYCA, M.

[Tpou3BOUTENHLHOCTh KOHYCHBIX JPOOUIIOK C TMOJOTHMH KOHyCaMu
onpeensercs no popmyse, M>/4:

I1=3600'0,5D,lb;wk,, (4.17)
r7ie b; — MUpUHA Pa3rpy304HON 1€ HAUMEHbIIIAs WU IIUPUHA TTapajliesb-
HOW 30HBI IIPU CONMKEHUH KOHYCOB, M; K, — KOO(QUIHMEHT paspbIXJIeHUs 13-
MEJIbYEHHOI0 MaTepuaa, kp = 0,25-0,65.

[To sMmupudeckum GopmysiaMm MOITHOCTh ABUTATENST KOHYCHBIX JpOOH-
JIOK C TIOJIOTUMH KOHYCaMHM OMPEIEIISIoT 1o hopmyiie, KBT:
N = 50D?, (4.18)
rae D — HKHUNA AUaMeTp MOABUKHOTO KOHYCA, M.
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IIpakTnyeckas padora Ne 5

TEXHOJIOTMYECKUI PACUET CYILIMJIbHBIX BAPAFAHOB
5.1. OcHOBHBIE TeOpeTHYECKHE CBEACHUS

CymibHble 6apabaHbl PEJHA3HAYEHBI U1l CYLIKH CBhIIYYHUX MaTepua-
JIOB TONMOYHBIMU razamu. OHU NPUMEHSIOTCS B CTPOUTEIBHON MPOMBIIIICH-
HOCTH B Pa3JIMYHBIX TEXHOJIOTMYECKUX JIMHUAX JJIS1 TEIUIOBOM CYIIKH U3BECT-
HsIKa, TJIMHBI, IECKA, MEJIa U IPYTHUX CBIIYYUX MAaTE€pPUaAIOB KPYMHOCTHIO Ya-
ctur 10 60 MM.

Bb160p napameTpoB CyIIMJIbHBIX 0apadaHOB U PEKUMOB UX pabOTHI 3a-
BUCHUT OT (PU3HUECKHUX CBOMCTB MOPO/IbL, TITABHBIM 00pa30M, OT €€ Ha4aJIbHOM
BJIQYKHOCTH M Pa3MepOB KyCKOB. UeM BBIIlIE HaYaJIbHasl BJIAXXHOCTh U MEJIbYE
KYCKHM, TEM MHTCHCUBHEE HMCHapseTcs Bjlara. Te€XHOJIOIMYECKUN pacyér cy-
IMIBHOTO O0apabaHa BBITIOJHSAIOT B OMPEIeTICHHOM OCIeI0BaTeIbHOCTH [3].

3apanme. Ha ocHOBaHMM MCXOJHBIX JAHHBIX BBIIIOJIHUTH TEXHOJIOTHUYE-
CKU pacyeT CymuiIbLHOTO OapadaHa.

5.2. Meroauka BbINOJIHEHUSI PA0OTHI

ITo 3a1aHHON MPOU3BOAUTEIBHOCTH OIPEACIAIOT IPOU3BOAUTEIBHOCTD

Oapabana no BeIX0o1y Marepuana /1, Kr/c:

_Q-1000
Ih = 3600 ’ .1

rie O — 3aJlaHHas MPOU3BOAUTEIILHOCTH OapabaHa 1o BeIXOy MaTepuana, T/4.
1o BbIXOy BJIary BHIYUCIISIIOT TPOU3BOAUTENBHOCTH Oapabana /12, Kr/c:

wy w5
=1 (o) = ()|, (5.2)
100-W; 100-W,
rae Wi u W>— HayanbHas 1 KOHEYHas BIIAXKHOCTh MaTepuaina, %o.

Pabouyio BMECTUMOCTH CyHIMUIBHOTO Oapa®aHa ompeneistoT mo ¢op-
MyJIIe, M>:

V= _36‘2’”2, (5.3)

rae A — napocbém, Kr/(m>-u), mpuauMaercs it Tauael 50-60 kr/(v*-9), s
M3BECTHSAKA — 45-65 Kr/(M>-u).

Ha ocHoBanuu pacuéra V' o cnpaBOYHMKaM BbIOUPAIOT CYIIMIIbHBIN Oa-
pabaH BMECTUMOCTBIO, HECKOJIBKO IIPEBBIIIAIONICH pacu€THOE 3HaYEHUE.

21



Bpems npoxoskneHus Matepuana yepe3 0apabaH ompeaesitoT mo ¢op-

MyJie, MUH:
120Bp (W1 —W3)

~ A[200-(Wy-W5)] (5-4)
rie B — xodpdunmeHT 3anmonHeHUs OapabaHa B JONAX SIUHMIIBI,
B =0,10-0,25; p — cpeaHss HACHIIHAS ILIOTHOCTH MAaTePHAIa, KI/M".

Jlanee pacCUMTHIBAIOT Yyrojl HAKJIOHA CYHIMILHOrO OapabaHa:
mKL
tga =—, (5.5

r7ie tgq — TAaHTEeHC yTia HaKJIOHA CYIIWIbHOTO Oapabana; m, K — koadduru-
€HThI, YUUTHIBAIOIINE YCIOBUS TEIII00OMEHa B OapabaHe, MPUHUMAIOTCS 11O
tabn. 5.1; L u D — nnvHa u nuametp O0apabaHa, BHIOMPAOTCA MO CIPABOYHU-
KaM B COOTBETCTBHH C €0 IPOU3BOIUTENBHOCTBIO; # — 4YaCTOTa BpalieHus Oa-
pabana, mpuHUMaeTcs 1o Tabi. 5.2; T — BpeMs MPOXOXKIECHUSI MaTepHaa ye-
pe3 Oapaban, MUH.

Tabnwuua 5.1
3nauenus kodpduimentoB m, K u o
Bun m K d
TEII000MEHHUKA IIpU IPSIMOTOKE | P MPOTUBOTOKE
Jlomactreii 0.5 0.2-0.7 0.5-0.7 0,04-0,07
HNJIN HABCCKa IICIICU
sluerikoBo- 1 0.7-1.2 1.2-2.0 0,01-0,02
CerapaTopHbINA
Tabmnura 5.2

Tunopasmepsl U YacTOTa BpAIllEHUsI CYIIMIbHBIX OapabaHoB

Paboyas Yacrora Paboyas Yacrora
BMECTH- Huavetp | Jlinna BpAIICHUS 71 BMECTHU- Huanerp | Jlmana BpAIlICHUS 7
3 D, Mm L,m N 3 D, m L,m o
MOCTB, M MUH MOCTB, M MUH
20 1,6 10 3,2-6,4 177 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
141 3.0 20 2.0.6.0 686 5,0 35 2,0-6,0
MommHOoCTh MPHBOIA CYMIMIBHOTO Oapabana, BRIYUCIAIOT 10 Gopmyre, KBT:
N = 0,0013D3Lnép, (5.6)

Ijie p — CPEeaHsAs HACBIHAs [UIOTHOCTh MaTepraa, Kr/M>; & — ko3 puiment,
YUHUTBIBAIOIIUH YCIOBUS TEINIOOOMEHA B OapabaHe, TPMHUMAETCA IO JaHHBIM
Taou. 5.1,
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IIpakTn4yeckas padora Ne 6

TEXHOJIOTMYECKUI PACUET ITOMOJIBHOI'O OBOPYJJOBAHU
6.1. OcHOBHBIE TeOpeTHUYECKHE CBEACHUS

[IlapoBbIMU Ha3bIBAIOT MENBHUIIBI, Y KOTOPBIX MaTepuai pa3MaibiBaeTCs
BHYTpPH Bpallaromierocs 6apadana cBoOOOAHO MaJalOIIUMH [IapaMy UJIH Me-
JIOLUMMU TeJlaMH Apyroi ¢popmbl. Menromiye Tena npu BpauieHuu O0apadaHa
MOJIHUMAIOTCSI TIOJ] ACUCTBHEM IIEHTPOOEIKHBIX CHUJI Ha HEKOTOPYIO BBICOTY,
a MpH MaJIeHUU MPUOOPETAIOT KHHETUUYECKYIO SHEPTUI0, KOTOPAsi ¥ UCIIOJIb3Y-
eTcst pu u3MenbueHuu. Kpome ynapos, mapbl Oka3bpIBatOT Ha MaTepuai U He-
KOTOpOE UCTHUpAIOIee ACHCTBHUE.

[ITapoBble MENBHUIBI 00ECIIEYMBAIOT BHICOKYIO CTEIICHb HU3MEIbUYCHHUS,

OOJBIIYI0 TOHKOCTh [TIOMOJIA KOHEUYHOT'O IPOIYKTa IIPU 3HAUUTEIILHOW TPOU3-
BOJUTENBHOCTH, YTO MO3BOJSET IIUPOKO NPUMEHATh UX HAa 3aBOAAX CTPOM-
TEJIbHBIX MaTEPUAJIOB JUIsl TOHKOI'O U3MEJIBUYCHHS N3BECTHSKA, Mepres, ma-
MOTa, IEMEHTHOT'O KJIIMHKEPa, MOJEBOTo 1Inara, KBapia, yris U Ipyrux Mare-
pHUasoB.

bapaGaHnbl mapoBbIX MEIBHUI] CBAPUBAIOT U3 CTAIBHBIX JTUCTOB TOJIIIH-
HO#1 oT 10 70 60 MM. TommuHy ucta npuHuMaroT o0bryHo 0,01 oT TMameTpa
Oapabana — st KopoTkux MenbHuIl U 0,02 — nast TpyOHbIX. JIHUIA KpensT
OoonTamMu K KoJibliaMm ((uaHiiam), mpuBapeHHbIM K Oapabany. s 3arpy3ku
MEJIOIIMX TeJ, CMEHBI (PyTEPOBKU, YCTAHOBKHU MEPETOPOJOK KaKaas Kamepa
CHa0XKaeTCs TIOKOM, KOTOPBIN MEePEKPHIBACTCS KPBIIIKON, UMEIOIIEH 3aIuT-
Hyt0 OpoHernuTy. bapaban MenbHUIIBI QYTEPYIOT YyT'YHHBIMU WJIM CTallb-
HBIMU OpPOHEIIUTaMH, KOTOPbIE ObIBAIOT TUIOCKUMHU, CTYNEHYAThIMH, BOJTHU-
CTBIMU W C BBICTyNaMu (KaOJdykamu), OOJIETYAIOIIMMU TMOIABEM KPYITHBIX
mapoB. Hanbonee cToMKMMHU Ha HCTUPAHUE SIBISIIOTCS TUIMTHI U3 MapraHI{OBU-
CTOU cTanu ¢ coaepxkanuem Mapranua 12—14 %. Ha ckopocTs u3HOCa MIUT
BIIUSIET U UX (popma.

Marepuan u3Menb4aroT METIOINIMMHU TeJIaMHu — IIIapaMHi U KOPOTKHUMHU 11U~
auHapukamMu (muibnedcom). [lapel mTaMmyroT, KyIOT WM OTJIUBAIOT U3 yT-
JIEPOJIUCTOM, MAPTAHLOBUCTOM WJIA XPOMHUCTOW cranu. Jluamerp mapos
30-100 MM, THIMHAPUKOB — 16—25 MM, JJIMHA [IWJIMHIPUKOB COOTBETCTBYET
1,5 nnamerpa.
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[Tpu Bpamenun 6apadaHa 11apoBON METbHUIIBI 3arPYKEHHbIE B HETO Me-
JIOIIME Tela U MaTepuall Mo JEHCTBUEM LEHTPOOESKHBIX CUJI MHEPLIUU TpU-
KUMaOTCA K (PyTEpOBKE, IOJHUMAIOTCS] HA HEKOTOPYIO BHICOTY U IIPU MAJICHUU
IpUOOPETAIOT KUHETUYECKYIO SHEPTHUIO0, UCTIONB3YEMYIO ISl U3MEIbUYEHMUSL.

IIpn mpou3BoaCTBE LEMEHTA, U3BECTH, THUIICA, KEPAMUUYECKUX W3JEIINN
MaTepHuabl U3MENIBYAOTCS A0 YACTHUL PA3MEPOM MEHEE JIECATHIX A0JIEH MUJI-
auMmetpa. [Iponecc momosna oTiIMYaeTcsi OOJIBIIONW SHEPrOEMKOCTBIO U CTOU-
MOCTBI0. J{J1s1 IOMOJ1a MaTeprasoB UCTIOIb3YIOT OapabaHHbIE, CPEIHEXOIHBIE,
yJAapHble, BUOPALIMOHHBIE U CTPYiTHbIE MeIbHULIBL. [Ipu nmpou3BocTBE CTPO-
UTEIBbHBIX MAaTEPHUATIOB MPEUMYIIECTBEHHO NPUMEHSIOT MEJIbHHIIBI HEIpe-
PBIBHOTO JIEMCTBHSI, CYyXOr0 U MOKpPOTO IOMOJa, padoTallne B OTKPHITOM
WM 3aKPBITOM IUKJIE. METbHULIBI IEPUOIUYECKOTO AEUCTBUSA UCHIOIB3YIOT IS
TOHKOT'O IIOMOJIa IJIMH U TJIa3ypH B IPOU3BOJCTBE TOHKOW KEpaMuKH [ 1, 2].

3amanue. Ha ocHOBaHMYM MCXOMHBIX JAHHBIX BBINOJHUTH TEXHOJOTHYE-
CKUM pacyeT MOMOJIBLHOTO 000PY/I0BaHHUS.

6.2. MeToauka BbINOJIHEHUSI PA0OTHI

Yacmoma epawenus 6apabana. Ilpu BpamieHuu cios mapoB ¢ 0apada-
HOM IIApOBOM MEJIbHUIBI HA KaXKAbId IIap JEUCTBYET cuiia Tskectu G,
HalpaBJi€HHAs BEPTUKAIBHO BHU3, W IIEHTPOOEXKHas cuia wuHepuuu P,
HaIpaBJI€HHAas [0 PaInyCy U orpezaensemas no popmyse:

Gam?n?R _ Gv?

P = mw?R = P (6.1)

r7ie m — Macca mapa, Kr, @ — YIJoBas CKOpPOCTh Iapa, paj/c; R — paauyc

OKPY>KHOCTH, OIMCHIBAEMON IIEHTPOM TSKECTH Imapa, M; G — cuja TSHKECTH
mapa, paBHas mg, H; n — gacTora Bpamenus niapa, ¢ '; g¢ — yCKOpEHHUE CBO-
0OHOTO HafeHus, M/c%; U — OKpyKHas CKOPOCTh L1apa, M/c.
OTtpsIB mapa (puc. 6.1) Tpou3oHIET MpU yCIOBUH, €CITU
G, =P, Gcosa =mw?R, mg cosa = mw?R, (6.2)
OTKY/1a moJrydaeM (OpMYJIbI ISl pacdeTa YIiIoBOM CKOPOCTH W, Paji/C, OKPYK-
HOM CKOPOCTH VU, M/C, M YaCTOTHI BPALIECHHS 1, C |, ISl JIFOOBIX 3HAYEHHH yria

otpbiBa & oT 90 10 0° (MpUHKUMAs YUCTIEHHOE 3HAYEHUE /g = TT):

w = 3,14 /% v =3,14VRcosa, n=0,5 /C";“. (6.3)
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Puc. 6.1. Cxema pacuera
4acTOTHI BpaleHus: bapadbana
IaPOBOM MEJIbHUIbI

[Ipn o = 0 mosryyaeM KpUTHYECKUE 3HAYCHUS CKOPOCTEN, TIPU TOCTHXKE-
HUU KOTOPBIX IIaphl BPAILLIAIOTCS BMECTE ¢ OapabaHOM, HE OTPBIBASICh OT HETO
Y HE BBINOJIHAS NOJIE3HOU pa6OTBI'

3,14 _ 4443 __ 0,707
Wp =T ==, V o = 3,14VR = 2,22VD, n,, = r 5 (64

rae D — BHyTpeHHU# AuameTp QpyTepoBaHHOTO OapabaHa MEIbHUIIBI, M.
Teopernueckn HaMOOIBIIYIO BEPTUKAIBHYIO IPOEKLIUIO TPACKTOPUH T1a-

JeHus mapbl umMeroT npu o = 54°40°. [loacTaBuB 3TO 3HaYEHHUE YTJIa OTPHIBA

a B ¢opmynsl (6.2), TOIy4MM ONTUMalbHBIE 3HAYEHUS CKOPOCTEH

(cos 54°40" = 0,5784):

3,36 0,534
Wep = = = 1,69VD, n,, = ~ (6.5)

YTO OTBEYAET YCIOBUSIM CYXOT0 TOMOJIA.
J1J1st MOKpOT0 TOMOJIa ¢ Y4ETOM ITPOCKAIb3bIBaHUS MeouX Te (Ha 9 %
npu quametpe 6apadbana 6onee 1,25 mu 10 25 % — 1151 6apabaHoB AUAMETPOM

MeHee 1,25 M) moJlydyuM 4acToTy BpalleHUs] COOTBETCTBEHHO:

0,534 0,582 _ 0,534 0,668
n=109"= === = 1252 = 2= (6.6)

[Tpu dyTepoBke 6p0HeHJII/ITaMH c HpOI[OJ'II)HI)IMI/I pebpaMu WM THIIMH-

APUUYCCKHMMH BBICTYIIAMU, O6J'I€F‘-I&IOHII/IMI/I IIOABEM IIAPOB, 4aCTOTAa BPALICHUA
0,467

n = ’W (67)

B TexHMYecKo# XapaKTepUCTHKE OOBITHO YKa3aHbl BHYTPEHHHE pa3MephI
(nnameTp u qrHA) HedyTepoBaHHOTO OapabaHa, TO3TOMY pacUeTHBIN Jua-
METp ONPEACISIOT 1Mo popmyrie:

D = Dy — 26, D = 0,94D, (6.8)
rae Dg — BHyTpeHHUl AuameTp HeyTepoBaHHOro Oapabana, M; § — TOJIIMHA
dbyTepoBkH, paBHas 2,9-3,1 % ot auamerpa 6apabana, M.

Macca mentowyux men. IPPEKTUBHOCTH MAPOBBIX METHHUI] 3aBUCHT OT
CTETICHU 3aloJHEHHUs OapabaHa MEIOIMMMH TeJIaMH, KOTOpasi XapaKTepu3y-
eTcs KO UIIMEHTOM 3arpy3Ku ks, MPEACTABIISIONIMM COOOM OTHOIIIECHUE
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TUIOMIA U TIOTICPEYHOTO CEUCHUS CJI0S 3arpy3Ku F B CIIOKOHOM COCTOSIHHH K
TJIOIIIA/IM TIOTIEPEYHOTr0 ceueHus O0apabaHa, T. €.:

F
ks = e (6.9)
WJIM OTHOUIEHUE MACChI 3arpy3KHU K Macce ee B Oapadane, T. €.
m
s = TR2Lkyp’ L=L,—Lyz L, =~ (01-0,2)Dg, (6.10)

r7ie m — Macca MEJIONIUX Tell, KT; R — BHYTpeHHUI paanyc GyTepOBaHHOTO
OapabaHa, M; L — BHyTpeHHs4 JJIMHA OapadaHa 3a BBIYETOM TOJIIIUHBI IIEpe-
FOPOJIOK, M; Kk, — KO3 PUIMEHT pasphIXJICHUS 3arpy3Ku (IJIsL CTAIBHBIX Ila-
poB U ranbku k, = 0,575, 11st cTabHBIX IMIMHIAPOB kj, = 0,55); p — mw10T-
HOCTh MaTEpUaja MEIIOMIMX TeJ, IS cTamy P = 7850 Kr/M>, 11 KpeMHEBOI
ransku p = 2600 xr/m>; L, — pabouas nyvHa 6apabaHa (JUIMHa IHIHHPUYC-

CKOW 4YacTH), M; L, — TONIINHA MEKKAMEPHOW MEPErOPOJIKU, Pa3rpy304YHON
nuadparMbl, IEPEropoIKH CENapUPYIOIIET0 YCTPOMCTBA, M; Z — YUCIIO Mepe-
ropojioK; Ds — BHYTpeHHUH AuamMeTp HeQyTepoBaHHOTO OapabaHa, M.

[Ipu Manom KoJinuecTBe MEMIOIMMX TeA 3P(HEKTUBHBINA TOMOJI HE BO3MO-

KE€H, TaK KaK Maphl, HE ©UMes JOCTaTOYHOTO MOANOopa, OyAyT CKaThIBAThCS U
HE MOJTHUMYTCS Ha HEOOXOAMMYIO BBICOTY JIaXKe MPU CKOPOCTH BpalieHust 0a-
pabaHa, B HECKOJIBKO pa3 MpeBBIMIAONIEeH Kputuueckyro. [Ipu upesmepHoii
neperpyske 60apabana mapsl Takke He OyayT u3Menb4yaTh MaTepuall. [Ipaktu-
YECKM HAWJIy4llIue pe3yJbTaThl MOIY4YaroT Nmpu KOdhPUIIMEHTE 3arpy3Ku
k,=0,26-0,32.

[TpunsB 3Ha4YeHUS KOA(D(HUIIMESHTOB B COOTBETCTBUHU C YCIOBHSAMHU pa-
OOTBI, Macca MEJTIOIINX TeJI, KT

m = mR*Lk,k,p. (6.11)

IIpouszsooumenvHocms WaApPOBbLIX MebHUY 3aBUCUT OT MHOTHX (PakTo-
pPOB, y4YeCcTh KOTOpPBIC TCOPETHYCCKH OOOCHOBAHHOM (OPMYyJIOM OYEHB
CJIOKHO, TOATOMY MPAKTHYECKH MPOU3BOJUTEIBHOCTh IIAPOBBIX MEIIbHHII
PACCUUTHIBAIOT MO AMIMPUUYECKUM TPHUOIMIKEHHBIM (HOpMYyJiaM, YIUTHIBAIO-
UM JIMITE HEKOTOPBIE OCHOBHBIE (paKkTOpHI. [Ipu mpoexkTrupoBaHWU IIEMEHT-
HBIX 3aBOJIOB MPOU3BOIUTEIHLHOCTD IIAPOBBIX METHHUIL, T/,

0,8
1= 6,45V/D (%) gk (6.12)

rae V — nonesHas BMECTHMOCTB Gapabana MeIBHHUIBL, M°; § — yAeIbHAs IPO-
M3BOJIUTEIBLHOCTh MEJIbHUIIBI, T/KBT 4, mpuHuMaeM 1y KiauHkepa — 36—40;
k — monpaBoYHBIN KO3 (HUITUEHT, YIUTHIBAIOIINN TOHKOCTH ITIOMOJIa MaTEPH-
ana (ocrarok Ha cute Ne 008 s niementa He 6onee 15 % — k = 1,13).
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[Ipu acnupaiuu MHOTOKaMEPHBIX MEJbHHI] X MPOU3BOAUTEILHOCTH
Bo3pactaeT Ha 15-20 %, 4TO yYUTHIBAIOT JOMOJHUTEIbHBIM KOA(DPUITEHTOM
kacn =1 ,15—1,2.

Mownocms 0sueamens waposvix meivbHuy ONPEACIISIIOT UCXOS U3 TOTO,
YTO MpH BpallleHuu OapabaHa MapoBO MEIbHUIILI SHEPTUST PACXOAyeTcs Ha
MOJABEM IIAPOB U MaTepuala, COOOIIeHHEe UM HEOOXOAUMOM OKPY>KHOU CKO-
POCTH U Ha TIPEOO0JICHUE CUJI TPEHUS B MEXaHU3Max MPUBO/Ia U onopax 0apa-
0ana. OgHa u3 Gopmys /Ui onpenesieHUs MOIITHOCTU JIBUTATElsl MEJIbHUIIBI

MMEET CIEAYIOIINUN BUI, KBT:
_ 2,83GRnk,

N = ~ooon (6.13)

rae G — cuia TshKecTH Mmenmomux Ted, H; n — dactora Bpamienus OapabaHa
MENBHULEL, €' K, — KOO(QGUIMEHT THHAMUYHOCTH, y4UTHIBAIOMINI HEKOTO-
pBIA pe3epB MOIIHOCTH JBUTATENs, HEOOXOMUMBIN ISl TIPEOTOJICHUS HUHEP-
IIU Macc TPH MycKe ()11 MEIbHHUII, He UMEIOIINX CTEIUATbHBIX ITyCKOBBIX
apurarenen k,;=1,18-1,25;, npu Hanu4uu IIyCKOBOIO 3JIEKTPOIBUIATEINs
k,=1,02—1,11); n — KILJI Mmexanu3MoB IpUBOJa MENLHUIILI ¥ 01O Oapabana,
n=10,9-0,94.
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IIpakTuyeckas padora Ne 7

IIPUT'OTOBJIEHUE BETOHHOI CMECH.
PACYET ITPOM3BOJICTBEHHON MOIITHOCTH
BETOHOCMECHUTEJIBHOI'O LIEXA

7.1. OcHOBHBIE TeOpeTHYECCKHE CBEACHUSA

beronunie cmecu Ha 3aBoax JKBU roroBsT B cienmaibHbIX OETOHOCME-
cutenbHbIX y31ax (bBCY), 0eToOHOCMECUTENbHBIX IIeXaX WM O€TOHOCMECH-
TeJIbHBIX OTAeNeHusX. B coctaB bCY BXOAAT: CKiaabl 3aNIOJTHUTEINICH, BAKY-
IMX, 100aBOK, YCTPOMCTBA ISl X MOATOTOBKH, HaAOYHKEpHOE, OyHKEPHOE,
JI03aTOPHOE, CMECUTEIIBHOE OTJEJIECHUSI, OT/ICICHUE BbIIAYl TOTOBOM CMECH,
CHUCTE€Ma aBTOMATUKU U HEOOXOAMMBIE TPAHCIIOPTHBIE CPEACTBRA.

Cocrapnstonue OCTOHHON CMECH JIOJKHBI JI03UPOBATHCS B COOTBET-
CTBHUHM C MPHUHSATHIMUA COCTAaBaMU CMECH.

[lemeHT, BOJIa U 3alOJHUATEIN JTOJKHBI JO3UPOBAThCA MO Becy. [Ipu ma-
JIOM TPOU3BOJUTEIIBHOCTH OETOHHOTO 3aBOJa JIOMYCKAETCA JTO03UPOBAHUE
BO/IbI U 3aMOJIHUTEIICH 110 00BhEMY.

Jlo3upoBaHue LIEMEHTa JOJHKHO MPOBOJUTHCA C MOTPEIIHOCTBHIO +1%,
BOJIbI ¥ TOOABOK — € TOTPEITHOCTHIO 1 %, 3amoaHuTENel — C MOrpenHoCThIo 2 %
(o o6vemy +3 %).

Jlo3aTopbl OBIBAIOT:

— HUKJIUYHOTO (TEPUOJMYECKOro) AEHCTBUSL (OIHO-, JBYX- U MHO-
roppakmoHHBIE);

— HENPEPBIBHOTO ACHUCTBUS.
[Tpo10KUTENBHOCTD LKA B3BEIMBAHUS MaTepraia cocTaBiisieT 35-45 c.

[Ipu nepememmBaHy cMeCH HEOOXOIUMO 00ECIIEUUTh CILJIONIHOE 00BO-
JJAKUBAaHWE IIEMEHTHBIM TECTOM IMOBEPXHOCTH 3€PCH 3arOJHUTEINS U PaBHO-
MEPHOE pacIpeie]IiCHHEe pacTBOpa B Macce KPYITHOTO 3anojHUTENs. B pe3yiib-
TaTe CMECh JOJDKHA MOJIYYMTh TaKyl0 OJHOPOIHOCTb, IPU KOTOPOM IO BCE
ee Macce Oy/IeT OIMHAKOBBIN COCTAaB U PABHOMEPHOE pa3MeEIICHNE BCEX KOM-
MOHEHTOB. )11 TOCTHKEHHS 3TOTO YaCTHUIIbI, COCTABJISIONINE CMECh MaTePH-
aJIoB, TIPH €€ TIePEMEITMBAaHUH JOJDKHBI COBEPIIIATh MHOTOKpPATHBIE IepeMe-
IICHUS TI0 CIIOXKHBIM M ITEPECEKAIIUMCS MEXKTy COO0H TPaCKTOPHSIM.
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['paBUTaAIIMOHHOE TIEpEMEITUBAHNE MPUMEHSICTCS IS MTOABUKHBIX CMe-
Ceil ¢ KPYIMHO3EPHUCTHIM 3aIMlOTHUTENEM IUIOTHBIX TOpo. [ paBUTAIMOHHBIC
CMECHUTEH OBIBAIOT UKJIMYHOTO U HEMIPEPBIBHOTO JeHCTBUS. [ TaBHBIM Napa-
METPOM TEPBBIX SIBISIETCS 00bEM TOTOBOIO 3aMeca, Ji, & BTOPBIX — UX MPOU3-
BOJUTEIHHOCTh B TOTOBOM MPOAYKITUHU, M>/4.

[lepemernmmBanue B CMECUTENSIX IPUHYAUTEIBHOTO IEUCTBUS OCYIIECTB-
JISIETCS C TIOMOIIBIO BPAIIAIOIIMXCSI JIOMACTEHN, JIOMATOK MM KyJIauKoB, Haca-
’KEHHBIX Ha IPUBOJHBIC TOPU3OHTAIIbHBIC WM BEPTUKAIbHBIE Bajbl. [lepeme-
IIMBaHWE MAaTEpPHAJIOB MO 00Jiee CIOKHBIM TPACKTOPHSIM TIOBBIMIACT MPOY-
HOCTh 0€TOHA 1 TI03BOJISIET SKOHOMHUTH IIEMEHT. Ero mMpuMeHsItoT IJ1s Maioro-
JBIKHBIX, )KECTKUX, MEITKO3EPHUCTHIX U C JICTKUMH MTOPUCTBIMH 3aIIOJTHUTE-
JIIMUA CMECEU.

K cMecurensM NUKIMYIHOTO JIEHCTBHS OTHOCSATCS MPOTHBOTOYHBIC JIO-
MACTHBIC CMECUTENIN U THUITA OETYHKOB, a HEPEPHIBHOTO JICHCTBHS — OJTHO- U
JIBYXBaJbHbIE cMecuTeNu [4, 5.

3apanue. Ha ocHOBaHMM MCXOIHBIX TaHHBIX BBITTOJHUTH PacdeT MpOou3-
BOJICTBEHHOW MOIIIHOCTH OCTOHOCMECHTEIIBHOTO II€Xa, a TaKXe IMoao0paTh
o0opya0BaHueE ISl IPUTOTOBJICHUSI OETOHHOW CMECH.

7.2. MeToauka BbINOJIHEHUS PA0OTHI

HeobOxonumast dacoBasi MOTpeOHOCTh OETOHOCMECHUTEIBHOTO IieXa H
YCTaHOBKH onpejensercs no gopmyie, M>/4:

P =2 KK, (7.1)
rae O — pacdeTHas roJ0Bas NPOU3BOAUTENLHOCT LiEXa, M>/4; D — KOIMYECTBO
pabouux cyTok B rogy, D = 253; T — konnuecTBO pabo4yero BpeMEeHH B CyTKHU
(8, 12, 16 1); Ks — k03 PUIIUEHT 4aCOBOM HEPABHOMEPHOCTH MOTPEOJICHUS
oetonHoit cmecu, Ks =1,4; K; — koapdunmeHT 3anaca momntHoctu, K; =1,2.

[IponomKUTENbHOCTD IIUKJIA IEPEMEIIMBAHUS CMECH OTPEIETSETCS TPO-

JOJDKUTEIBHOCTRIO COCTABJISIOIINX ITUKJIIA:
L, =0, +t +1, (7.2)
r€ t; — Bpems 3arpy3ku, t; = 10—15 ¢; tn, s — IPOAOIKUTENBHOCTD TIEpEME-

IIIMBAHUS ¥ BBITPY3KH, OMPEACIIICTCS B 3aBUCUMOCTH OT BHAAa OCTOHA M yI0-
OoyKaibIBaEMOCTH OeTOHHOU cMmecH (Taoun. 7.1, 7.2).
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Tabnuma 7.1
[TpoaomKUTENTBHOCTh TIEPEMENTUBAHUS OCTOHHBIX CMECE
HA MJIOTHBIX 3aMIOJTHUTENSAX B CTALIMOHAPHBIX CMECUTENSAX

I[HI/ITCHLHOCTB HepeMeI_HI/IBaHI/ISI, C
BMmectumMocThb B I'PaBUTAIMOHHBIX CMECHUTEIISX
CMECHTCIIS JU15 CMeceii MapoK B (iMeCI/ITeJ'ISIX HpI/IHXI[I/ITeJ'IBHOFO
10 3arpysKe, Ji 10 Y1000YKJIaIbIBAEMOCTH AAICMCTRILA JUTA CMECTH BCEX Mapok
KL Il o 3.115 0 Y1000 YKJIaIbIBACMOCTH
750 u MeHee 90 75 60 50
ot 750 no 1500 120 105 90 50
ooxee 1500 135 135 120 50

Ta0muna 7.2
[IpoAoKUTENBHOCTh IEPEMENTNBAHUS OETOHHBIX CMECE
HA MOPHUCTHIX 3AMOJHUTENAX B CMECUTEIAX MPUHYAUTEIIBHOTO JCUCTBUS

JMTeIpHOCTh TIEpEeMEeTNBaHUS, C, IPH CPEIHEH TUIOTHOCTH
OETOHHOI cMecH, Kr/M>

BmecTuMocThs cMecuTens

11O 3arpysKe, Gonee 1600 | 1400-1600 | 1000-1400 menee 1000
750 u MmeHee 105 120 150 180
ot 750 10 1500 120 150 180 210
6oee 1500 135 180 210 240
KOJ’II/I‘ICCTBO 3aMCCOB 6CTOHOCM€CI/ITCJISI B 4ac.
n=29 (7.3)

TU.

/1€ Ty — IPOJAOJIKUTEIBHOCTh OJTHOTO IUKJIA Pa0OTHl OETOHOCMECUTEIISI, MUH.

PacdeTHO€ KOJIMYECTBO 3aMECOB B YaC MPU U3TOTOBJICHHUU TSAKEIBIX CME-

cell J1sl cMecuTeseld BMECTUMOCTBIO 10 3arpy3ke 325 11 u 0ojiee v npu aBTo-
MaTHUYE€CKOM JO3UPOBAHUU COCTABJISIONIMX TPUHUMAETCS 10 Tad. 7.3.

Tabmnuia 7.3

PacueTrHoe KoMUecTBO 3aMecoB 3a | yac

Bun 0etoHOCMecuTenei ’ n
Ha noTHBIX 3alIOIHUTENIX

anHyimTem)Horo JICACTBUSL TIPM W3TOTOBJIEHHH KECTKHUX 20
. | cmeceit
Aot beronocmecuteneit CBOOOTHOTO MTaJICHHS IPH W3TOTOBJICHUH IJIACTUIHBIX cMeceit | 30
CBOOOJTHOTO TIJICHUS TTPH U3TOTOBJICHUN KECTKUX CMecei 15
Jlnst pacTBOpOB 30
Ha nopucTsix 3anonHUTENAX A7 6€TOHOB CpelHEel TUIOTHOCTH, Kr/m>
bonee 1700 20
1400-1700 17
1000-1400 15
Meneel000 13
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JIns yMepeHHO KECTKUX M OCOOCHHO JKECTKHMX CMECEH B IpaBUTAIMOH-
HBIX CMECUTEIIAX 3HAUCHUS MmapaMeTpoB (cM. Tabu. 7.1, 7.2) Hy>KHO yBEJIUYHU-
BaTh B 1,5-2 paza.

B cMmecuTensix npuHyAUTENBHOTO JEUCTBUS MPOAOJIKATEIBHOCTD MEpPe-
MEIIUBAHUS KPYIMHO3EPHUCTBIX CMECEN COCTABJSET OT 2 10 3 MHUH U MEJKO-
3€pHHUCTHIX — OT 3 710 5 MuH. [IpoA0IKUTETLHOCTD IEpEMEIIMBAHUS OCTOHHOM
CMECH 3UMOH JTOJKHA OBITh Ha 25 % OoJIbIlle, YeM JICTOM.

KonnuecTBo O€TOHOCMECUTENEH B 1IEXE PACCUUTHIBAECTCS UCXOMS U3 TEX-
HUYECKON XapaKTEPUCTUKUA OJHOW MaluHbI Pr 1 KO3 ULIUEHTA HUCTIOIb30-
BaHUsI 000PYIOBAHUSA K.

Texnuueckass MPOU3BOJUTEILHOCTh OETOHOCMECHUTENS LHMKIMYECKOTO
JEUCTBUS 3aBUCUT OT BMECTUMOCTH CMECUTEIBbHON MAalIMHBI MO 3arpy3Ke U
HOPMATUBHOTO KOJIMYECTBA 3aMECOB B Yac, M>/4:

_Veeno A

" 1000 ° (7.4)

rae Vs. — BMECTUMOCTh OeToHOcMecuTens (0apabaHa WM 4Yallivd) TpUHUMA-

eTcs o Tadu. 7.5; ¢ — koadpuieHT Bpixoaa OETOHHON cMecH, TPUHUMAETCS
1o Ta6s. 7.4 mub0 paccUUTHIBACTCS.

Tabnuua 7.4
Koadduuument Boixona 6ETOHHBIX cMecen
Bun 6erona 0]
JUiist TsDKENbIX OETOHOB ¥ JIETKOTO KOHCTPYKIIMOHHOTO Ha TOPUCTHIX 3aTOTHUTENSIX 0,67
Jl1st pacTBOpOB 0,8
JU1st TeMI0M30IALMOHHBIX O€TOHOB Ha MOPUCTHIX 3aIOJIHUTENAX 0,75
Ta0muma 7.5
Tun cMecuTeNs ¥ BMECTUMOCTD IO 3arpy3Ke, AM
I'paBuTanmoHHBIN ‘ [IpuHynuTENTBHOTO NENCTBUS
Cb-101 | Cb-30b | Cb-16b | Cb-10B | Cb-103 | Cb-80 | CB-35 | Cb-79 | Cb-138
100 250 500 1200 1000 250 550 750 1500

OCHOBHBIM TEXHOJIOTUYECKUM MaPAMETPOM CMECUTEILHOTO OT/ACICHUS
aBisieTcss TpeOyemasi i oOecreueHHsl 3aJaHHOW MPOU3BOIUTEIBLHOCTH
1exa cyMmapHas BMECTUMOCTh Oapa0aHOB (dalll) BCEX YCTAHOBJICHHBIX
CMECHUTEIICH:

,
"= 500 (7.5)
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Hcxons U3 3T0r0 napamerpa noa0uparoT TUIIBI U KOHCTPYKIIMHU CepUii-
HBIX CMECHUTEJICH C y9€TOM CBOMCTB M 0COOCHHOCTEN M3TOTOBJICHHBIX CMECEH.
KonnuecTBo 0€TOHOCMECUTEIBHBIX MAIIIUH OMPEACIISIOT IO opMyIe:
P
A=—"n. 7.6
; (7.6)

0.c.

dakTU4eckas MPOU3BOAUTEIBLHOCTD 1I€Xa MO BHIOPAHHOMY KOJUYECTBY
cMecuTeNe U UX BMECTUMOCTH, M>/u:

Pt _ V,,Azok,
! 1000

rae V'yp — reoMeTpudeckas BMECTUMOCTb O€TOHOCMECHUTENS, JI; Z — KOJIMYe-
CTBO LIMKJIOB pa0OTHI CMECUTENS B YaC; ku — KOA(D(PUIIMEHT UCIIONB30BAHUS
TEXHOJOTUYECKOT0 000PYAOBaHUSI C YUETOM BPEMEHU Ha IJIAHOBO-TEXHUYE-
CKHE PEMOHTHI.

: (7.7)
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IIpakTnyeckas padora Ne 8

PACYETBI PEXKMMOB YKIIAZIKA
1 YIUIOTHEHUS BETOHHOM CMECH.
BbIBOP OBOPYJIOBAHIM A

8.1. OcHOBHBIE TeOpeTHYECKHE CBEACHUSA

dopmoBaHHe SABISETCS OJHUM U3 BAXHEHIIUX MPOILIECCOB TEXHOJIOTUU
KEJIE300€TOHHBIX M3JIEINA, OT KadyeCTBa BBIMOJIHEHHS KOTOPOTO 3aBUCST
CBOMCTBA, TOUHOCTh Pa3MEPOB Y BHEIIHUU BU U3ICIIHUM.

Ha craguu popMoBaHus peann3yroTcsi OCHOBHBIE TEXHOJIOTHYECKUE 3a-
nadu: o0ecneunTh 3aJaHHYI0 CTPYKTYpPY U3JAEIUil M0 CeYeHUIO (OJHOCIIOM-
HbIE, MHOTOCJIOMHBIE, MTYyCTOTENbIC), TOTYUYUTh PABHOMEPHYIO CTPYKTYpYy Oe-
TOHA, OCTUYh 33JaHHYIO IUIOTHOCTh O€TOHA, 00ECIEeYUTh MPOEKTHBIE Pa3-
MephI U KOHPUTYPAIUIO U3EITHIA.

[Ipotiecc hopmMoBaHUs COCTOUT U3 CIASAYIONINX OMEpPalUii: YKIAIKu Oe-
TOHHOW CMECH, paBHOMEPHOT'O €€ pacmpeneieHus no gopme, yrmioTHEHUS,
00pabOTKU OTKPBHITON MOBEPXHOCTH U3ICTUHN, U3BITHS, IPU HEOOXOAUMOCTH
dbopmooOpazyronmx 3MeMeHTOB. [IpogOmKUTENBHOCTh BCEX OMEpalui mpo-
riecca popMoBaHus, WK UK (OPMOBAHUS, ONIPEACISACTCS MPONU3BOIUTEIh-
HOCTBIO BCETO TEXHOJIOTUYECKOTO MPOEKTUPOBAHUS MPEANPUATUNA COOPHOTO
xesne300eToHa U 00bIuHO cocTaisieT 12—40 MuH, B 3aBUCUMOCTH OT rabapuT-
HBIX pPa3MepoB, KOHDHUTYpAITMU U CTPYKTYPBI H3ACITHA.

Tpynoemkocts popmoBanus cocrapiisget 40 % oOuUX TPyAOBBIX 3aTpat
TEXHOJIOTMYECKOTO MpOoIecca MPOr3BOACTBA COOPHBIX KEI€300€TOHHBIX KOH-
CTpyKLUH. [[ons1 pydHBIX oniepanuii B 3TOM mpoiecce coctapisieT 36—38 %.

3aganue. Ha ocHOBaHWYM MCXOIHBIX JAHHBIX PACCUUTATH MTAPAMETPHI pe-
KUMOB YKJIAJIKU U YIUIOTHEHUs OETOHHON CMECH M TI0J100paTh HE0OX0AUMOe
o0opyoBaHUE.

8.2. MeToauka BbINOJIHEHUS PA0OTHI

Yknaoka u pacnpeoenenue 6emonnvix cmeceii
TexHosornyeckue pacdyeTbl OETOHOPA3AATYMKOB U OETOHOYKJIQTUUKOB
JTAI0T BO3MOXHOCTb OMPEACIUTH UX OCHOBHbBIE TTAPAMETPHI C YIETOM BUJIA U3-
Jeui, XapaKTepUCTUK OETOHHOW CMecH, criocoba (popMOBaHUS U JIp.
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[ToJIe3HYI0 BMECTUMOCTL OYHKEPOB Vs, M°, TIpH MEPHOJUIECKOM HX 3a-
MOJTHEHUH, OepyT C yueToM o0beMa hopMyeMOro U3eus Vs U MMyCTOTHOCTU
oetonHou cmecu I1:

Vs=1,2V, /11 (8.1)

[Ipn HempephIBHOM 3aIllOTHEHHH OYHKEpa €ro BMECTUMOCTBH JIOJDKHA
OBITE He MeHee 1 M.

JImst yKJTaaKu TIOABMDKHBIX W JIMTBIX OCTOHHBIX CMECeH PEKOMEHIYIOT

OYHKEpBhI C HAKJIOHOM CTEHOK 55—65° U cedeHUEeM BBIXOJHOTO OTBEPCTHS
200%x400 MM, a 171 MAJIOTOABMKHBIX U KECTKUX CMecel — OyHKEpHI C HaKJIO-
HOM cTeHOK 70° u ceyenueM BbixoiHOro orBepcTus 400500 mm.
CKopocTh BBITEKaHMS OETOHHOM CMeCH U3 OyHKEpa 3aBUCUT OT pa3MepOB
OTBEPCTHUS U MOJIBUKHOCTH OETOHHON CMECH, M/C:
v=A-,32gR,, (8.2)
rae A — ko3 dunmeHT Beitekanusd, 4 = 0,4-0,8 M; g — ycKopeHre cBOOOHOTO

magenus, M/c%; Ry — ruapaBIM9ecKuil paguyc, M,
bl
T 2(b+1)
31ech b, [ — pa3Mepsl BBIXOJHOTO OTBEPCTHS, M.

(8.3)

Hcnonb3yss OETOHOYKIAIYUKH, CIEAYyeT YUYUTHIBATh MPOU3BOIUTEIb-
HOCTh YCTaHOBJICHHBIX MUTATENEH, M>/C:
— JIGHTOYHOTO
Q, = lhv,, (8.4)
rae [ — nyvHa BBIXOAHOTO OTBEPCTHUS OyHKEpa, M; /1 — paboyasi BbICOTa LIEIH
OyHKepa, M; V,, — CKOPOCTb ABUKEHUS JICHTHI, M/C;

— IIHEKOBOI'O
n(D2-d?)SfKs,

Qu = 1= (8.5)
rae D — BHEIIHUHN TUaMeTp ITHeKa, M; d — AuaMeTp Baja IHeKa, M; S — 1miar
BUHTOBOM JIMHUY, M; f — 9acTOTa BpalleHus mHeka, ¢ ' Ks = 0,3-0,6 — kod-

(bl/II_[I/IeHT 3aIllI0JIHEHUA ITHCKA.

Ynnomnenue 6emonnvix cmeceii
Bubpayuonnoe ynnommuenue. OCHOBHBIE MapaMmeTpbl BUOPAIMOHHOTO

BO3JIEUCTBUS HAa OETOHHYIO CMECh MPU NMEPUOINUECKUX CUHYCOUAAIbHBIX KO-
nedaHugIX — aMIUTUTy1a A 1 yacToTa Kojiebanuii f. J[Jist KpyroBbIx KoJieOaHUi
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XapaKTEPUCTUKON YACTOTHI SIBIIIETCS YIJIOBAas CKOPOCTh . HaCcTOTHBIE Xapak-
TEPUCTUKH BUOPALIMOHHOTO BO3JEHUCTBUS CBSI3aHBI MEXKIY COOOW 3aBUCHMO-
CTBIO:
w = 2nf. (8.6)
[Ipon3BOaHBIMY ITapaMeTpamMu, KOTOPbIE OTPaKarOT NHTEHCUBHOCTD KO-
JIe0aHui IBUKEHUS YaCTHUL, IBIISIOTCS:
— aMIUIUTYIHAs CKOPOCTh KOJICOAHMIA:

v, = Aw = 2Anf; (8.7)
— aMIUIUTYJTHOE YCKOPEHHUE KOJICOaHUI:
a = Aw?; (8.8)
— MHTEHCHUBHOCTH HECHHYCOUJANBHBIX KOJICOaHMI:
ar
= (8.9)

rae R — paguyc yactuilbl; 1 — nepuoja KojieOaHui;
— MHTEHCUBHOCTb CUHYCOUJAIbHBIX KOJICOAHMI:
U= A%f3, (8.10)
Jl71st pacdeTa mpo0KUTEILHOCTH YIUIOTHEHHS )KECTKUX OETOHHBIX CMe-
ceil Ha pa3HBIX BUOPOIUIONIAAKAX MOXKHO TMOJIb30BATHCS TAKUMHU AIMITHPUYEC-
CKUMH 3aBUCHUMOCTSIMH, MUH:
— JUIsl BUOPOIUIONIA/IOK C BEPTUKAIBHBIMU U AJUTUIITUUECKUMU KOJieOa-

HHUAMU

15K, K?

Aw? "’
KFKA—103 hg

t = (8.11)
rae K1 — koaphuMeHT, yYuThIBaIOIINN KOHPUTYPALIUIO U XapaKTep apMHUPO-
BaHWUSI, JIJIS1 M3JICTUH POCTON KOH(MUTYPAIIMH ¢ HOPMATBHBIM apMUPOBAHUEM
Ki=1, nj1s1 TOHKOCTEHHBIX H3JEIHN CII0HOU popmbl K1=3, 17151 TyCTOapMH-
poBaHHBIX mW3Aenuil Ki=5; JK — mokazareib )KeCTKOCTH O€TOHHOW CMECH, C;
K: — xoaddurment reomerpun; K, — Ko3pOUITUEHT TUHAMUIHOCTH; /g — TOJI-
I[MHA CJI0s1 OETOHHON CMECH, CM;
— JUISI TUIOILAJIOK C TOPU3OHTANIBHBIMU KOJIEOaHUSIMU

t = 24K; (8.12)
— JUTS TUTIOIIAJIOK YJAPHOTO JACHCTBUS
t =32X(1 —4-10"%XKa,); (8.13)

rae an= 4—6 — yCKOpeHHe NBU)XEHUS BHU3, cM/c?;
— JUIA yApHO-BUOPALIMOHHBIX [LIOIMIAI0K
t = 320K(1 — 4 - 10-5)Ka?), (8.14)
rae a = A®® — ycKopeHHe Kojae0anuii, cm/c?,
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Buewnee subpoyniommuernue. ITOT CIIOCOO UCMONIB3YIOT MPU U3TOTOBJIE-
HUUW U3 MTOJABIKHBIX M MaJIOTIOJIBM)KHBIX OCTOHHBIX CMECEH B CTAIlMOHAPHBIX
dbopMax TakKuX KOHCTPYKIMH, KaK BEHTHJISAIIMOHHBIC OJIOKH, CAHUTapHO-TEX-
HUYECKHEe KaOMHBI, 00bEMHBIC 3JIEMEHTBI, ICCTHUYHBIC MapIITH, OAJKH TaBPO-
BOT'O U JIBYTaBPOBOTO CCUCHUS U JIP.

CrammoHapHble OJMHApHBICE BUOPOMOPMBI OCHAIAIOT HABECHBIMHU Ce-
pUIHBIMU BHEIITHUMH BUOpaTOpaMK MasiTHUKOBOTO THIIA, KOTOPBIE OJ1aromaps
IIIAPHUPHOMY KPETUICHUIO K CTeHKaM (DOpMBI CO371at0T KOeOaHus, TepIieH1-
KYJISIpHBIC K CTCHKE.

[ITar ycTaHOBKM BUOPATOPOB MO JJIMHE OOPTOB OMpPEAEsOT Mo ¢op-
MYJIE, CM:

Lysaxe < 30 JEI/(m6_¢w2), (8.15)

rae E — monyns ynpyroctu marepuana ¢gopmel, MIla; / — MOMEHT uHepiuu
oopra opmsl, cM*; msp — Macca Gopra GOPMEIL, KT} ® — yIIOBas CKOPOCTh
KoJieOaHui BUOPOBO3OYIUTES, Pajl/C.

Llenmpobesicnoe gopmosanue. CyTb HEHTPOOESKHOr0 (HOPMOBAHUS U
YIUIOTHEHUS 3aKJII0YAETCS B TOM, YTO MIPHU BpalieHuu GOpMbI C paBHOMEPHO
pacrpe/ieIeHHOW B HEW 0ETOHHOM CMEChIO BOKPYT HEIIOIBMYKHOM OCH C OTIpe-
JIETICHHOM CKOPOCTBHIO B CHUCTEME BO3HUKAET LIEHTPOOESIKHOE OMPECCOBOYHOE
JABJICHUE, IO/ BIUSHUEM KOTOPOI'O U3 LIEMEHTHOI'O TECTA OTTECHSIETCS KU1~
KOCTb C TOHKOJIUCTIEPCHBIMU (PpakiiusaMu. [loBbIlIeHNE OTHOPOIHOCTH CTPYK-
Typbl HEHTPUPYTUPOBAHHOTO OETOHA 3aBUCUT OT BOJOIIEMEHTHOTO OTHOIIIE-
HUsI 0€TOHHOUM cMecu. MakcuMmasbHas MPOYHOCTh OETOHA TOCTUTAETCS MPHU
B/ = H:.

HauanbHO€ BOJIOLIEMEHTHOE OTHOIIEHUE OMPEAEISAETCS 3aBUCUMOCTHIO:

B/Unoy = 1,4H, + B, /11, (8.16)
rne Hy — HopManbpHas rycroTa 1ieMeHTHOTO TecTa; B; — KomndecTBo BOJIbI, a0-
copOMpyeMoe TIOpaMH 3alloJIHUTENS M TIOBEPXHOCTBIO €ro 3epeH, KI/M’;
11— comepkanue nemenTa B 6eToHe, Kr/M>. J{j1s1 meHTprud)yrupoBaHHOTO OETOHA
PEKOMEHYIOT pacxonoBaTh 350400 kr nemenra Ha 1 M°.

J171st paBHOMEPHOTO pacipeesiCHHs U YITIOTHEHUSI OETOHHOM CMECH Clie-
JyeT COOIoAaTh PeXKUM (POPMOBAHUS, KOTOPBIN COCTOUT U3 TPEX ITAIOB.

YacToTa BpalieHus Ha MEPBOM dTare MpeaoTBpaiiacT oOpylieHue Oe-
TOHHOM CMECH IIPH €€ 3arpy3Ke M OIPEIEIIeTCs 3aBUCHMOCTBIO, MUH ';

n, = 300/\"ur; (8.17)
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— BTOPOM 3Tam XapaKTepU3yeTcsi CKOPOCTHIO pacipeneacHus 0eTOHHON
CMECH; JIISl HETO YaCTOTa BPALIECHUS, MUH |,

Npae = 600/ 20y ; (8.18)

— TPETHi Tan — 3TO YIUIOTHEHUE OETOHHOM CMECH; YacToTa BpalleHUs

onpezensercs o Gopmyiie, MUH '
Ny, = 32400 |2t (8.19)
TBHI.LI_rBHT

TJI€ Vs Y Veur — COOTBETCTBEHHO BHEITHUN M BHYTPEHHUH PaInyChl U3/IENHS, CM;
P — paauaibHOE J1aBlieHHe Ha 0eTOHHYI0 cMech, MIla (st peMeHHBIX IeH-
tpudyr p = 0,14 Mlla, ans ponukoBsix — 0,065 MIla).

Hentpudyrupopanue >HPEKTUBHO UCIMOIB3YIOT JJISI HU3TOTOBJICHUS
HAMoOPHBIX M O€3HANMOPHBIX TPyO, OMOp JMHUN BJIEKTpoIepead, KOJOHH,
CTOCK U JIPYTUX KOHCTPYKIHMN KOJIBIIEBOTO CEYEHUS.
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IIpakTnyeckas padora Ne 9

PACYETBI TOHHOCTHU PA3SMEPOB,
MACCBI ®OPM, KOJIMYECTBA ®OPM

9.1. OcHOBHBIE TeOpeTHYECKHE CBEACHUSA

DopMBI ABISIFOTCA (POPMOBOYHBIM 000PYAOBAHUEM JIJIs1 U3TOTOBJIEHUS U3
OETOHHBIX CMECEH U3JIEIUI U KOHCTPYKIUI 3a/IaHHBIX pa3MepOB U KOH(pUTY-
pauuu. K Texnonornueckoit GopMOBOYHON OCHACTKE OTHOCST OOPTOBYIO Me-
XaHU3UPOBAHHYIO OCHACTKY (DOPMOBOYHBIX aBTOMATU3UPOBAHHBIX MOCTOB C
HEMEJJICHHOW pacnaiyOKol npu (popMOBaHUM U3JENUM (BKJIAIBIIIU-TYCTO-
TOOOpa30BaTeNu, pa3AeUTEIbHbIE CTCHKU, (PUKCATOPHI 3aKIaHBIX JAeTalIeH).

dopMbI HEOOXOAMMO H3TOTABIMBATH C TOYHOCTHIO Ha 1-2 Kitacca BBIIIE,
4eM TOYHOCTh camux m3aenuil. Jlomyck Ha pazmepsl GOpM YCTaHABIUBAIOT
KaK CyMMY JIOITyCKOB ISl U3/IeNus, pasMepoB nedopmariuu GopM OT JaBie-
HUs OCTOHHOW CMECH, MOJATIMBOCTH IMAPHUPHBIX coequHeHuu. Jlomycku
Ha3HAYaroTCsl TOJIBKO C OTPUIATEIbHBIMHM 3HAYCHUSIMH, TaK KaK B MPOLIECCE
IKCIUTyaTalluu KperieHus GopM ocinabeBaloT U BHYTPEHHHUE UX Pa3Mephl He-
MHOI0 YBEIUYHBarOTCA. KpoMe IOMmycKOB Ha JTMHEWHBIE pa3Mephl, YCTaHaB-
JIMBAIOT JOMYCKH Ha OOIIYI0 U MECTHYIO KPUBHU3HY, IIOTHOCTH MPUMBIKAHUS
3JIEMEHTOB (POPMBI IPU COOPKE, Y3IIbI MEXKYy TPaHSIMU, a TAKKE KAYECTBO 00-
pabOTKH BHYTPEHHUX MMOBEPXHOCTEN POopM.

@DopMBbI TOTKHBI 0071aAaTh MPOYHOCTHIO M dKECTKOCTHIO, /11 TOTO YTOOBI
BBIZIEPKATh, HE eHOPMUPYSICh, YCUIIHS, BOSHUKAIOIIHNE MTPU (POPMOBAHUH U3-
JeNusi, €ro TPAaHCHMOPTUPOBKE M MPHU HATSKEHUU apMaTypbl. Bo n3bexanue
epeKocoB GopM NpH TPAHCHOPTUPOBAHUU OT(POPMOBAHHBIX W3JACIUNA Kpa-
HaMU MPEAYCMOTPEHBI TPABEPCHI C YETHIpbMA Kprokamu. TpeOyemas mpou-
HOCTb U )KE€CTKOCTh (pOpM 00€ecreunBaeT MOCTOSHCTBO Pa3MEPOB U TNIOCKOCT-
HOCTbh (POPMYEMBIX U3JIETUH.

[IponomKUTEeNbHOCTD AKCILTYaTaluu (OpM ONPEACIISIOT YUCIOM BbIAEP-
KUBAaEMbBIX MU 000pOTOB npu (popmoBanuu nzaenuii. HanbGomnpmiee xommye-
CTBO HCIIOJIb30BaHus MeTamndeckux ¢popm — 1o 1000 (mpu TBO) [4-7].

Jlnst obGecrieueHns MPOEKTHOTO CpoKa CIyKObl opM HE0OX0arMa CBOE-
BpEMEHHasl U THIaTeIbHasi OUYMCTKa, CMa3Ka, MOKpackKa, a Takke yao0Has pac-
dbopmoBka uznienuid. s 3TOoro mpuaaroT OOKOBBIM IMOBEPXHOCTSIM (hopm
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ykiioH 1:10-1:20 B cropony chema. Cieayer uz0deratb OCTPhIX YIJOB B CO-
MPSHKEHUSAX, BBICTYNOB M BKJIAJIBIIICH, MEIIAIONAX W3BICYCHUIO H3SIHS.
C oToi 11eNbI0 B (pOpMaxX yCTaHABIMBAIOT MEPEXOAHBIC AJIEMEHTHI, 00pa3yo-
e packu Ha TpaHIX U3JEINi; CO3Aal0T CKOCHI, TIJIaBHbBIE 3aKPYTJICHHbIC TIe-
pexonbl. MeraminoeMkocTh (GOpM Ha 3aBOAaX COOPHOIO >Kele300€TOHAa U UX
CTOMMOCTb O4Y€Hb BeIUKU. OHU COCTaBISAIOT 00bIYHO HE MeHee 50 % oT Me-
TaJUIOEMKOCTH U 00IIIe CTOMMOCTH BCETO TEXHOJIOTMYECKOTO 000y A0BaHUSI.

W cxoIHBIMU TaHHBIMH JJI pacueTa TOYHOCTH Pa3MEPOB CTAIBHBIX (POopM
SBJISIFOTCS JOIYCTUMBIE OTKJIOHEHHUSI 10 JJIMHE, IIUPUHE U TOJILIMHE (BBICOTE)
U3JIeTUH, 1J11 KOTOPBIX MIPOEKTUPYIOT WM MPUMEHSIOT (popMbl [8].

3apanmne. Ha ocHOBaHMM MCXOJHBIX JAHHBIX (TOAOBOW MPOU3BOJAUTEIb-
HOCTH) U anbOoMa pabouux uyepTekeil 3aJaHHOTO M3eausl (KOHCTPYKIIUH)
BBITIOJIHUTH PacyeT TOYHOCTH Pa3MEPOB CTAIBHBIX (OpM.

9.2. MeToauka BbINOJHEHUS PA0OTHI

1. [IpoexTHbI pazMep HOPMBI 1O ITUPUHE U JITTUHE:

b, =b,—c, l, =1 —c,

b
+ B =
c=—6;+6¢+6K+n+6ﬂ—606+28H+6p+2[y], 9.1)
c:B*—S(;—Sﬂ—S 6+28H+8 ,
u o u P
raed, , O, — MOJIOKUTEILHBIE U OTPUIATEIBHEIE JOMYCTUMBIE OTKIOHEHHMS

+ —
pasMepa usaenus (tadn. 9.1); 9,, 0, — NOJOKUTENLHLIE U OTPULATENLHBIE

JOMYCTUMbIE OTKJIOHEHUS pazmepa GOpMbl; Ox — OTKIIOHEHUE OT Pa3MEPOB 10
HIUPUHE WIK JIMHE (POPMBI BCIEJACTBHE 3a30pPOB B IIAPHUPHBIX 3aMKax
(0,5-0,7 mm); | — yBeIMYEHHUE 3a30POB B MIAPHUPHBIX U 3aMKOBBIX COEIUHE-
HUSX B MPOIECCE IKCIUTyaTanuu (GOpMbI, TPUHUMAETCS B TIpeaenax 2-3 MuM;

S,> O, — M3MEHEHHE pa3Mepa Ha YPOBHE BepXa U HU3a U3JEIUS COOTBET-
CTBCHHO; 0., — COKpAILCHUE W3/ICIUSI ITPY TIepeiade MpeaBapuTeIIbHOTO HaIpsi-
JKEHUS apMaTypbl Ha OETOH; O, — OTKJIOHEHHE pa3Mepa U3ZeNus B CBS3H C Jie-
dbopMaTUBHOCTHIO O€TOHA, MPUHUMAETCS C y4eToM KodddunmerTa K, KOTo-
pBIi orpenensieTcs o JaHHBIM Tadu. 9.2; &, — OTKIIOHEHHE pa3Mepa U31emHsl
M0 IIUPUHE U JJIMHE OT pacTeKkaHus (0caj ki) OeToHa MPU HEMEIJIEHHOW pac-
naixyOke; [y] — JIOIYCTUMBII Iporud 6opTta GOpMBI.
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Tabnwuia 9.1

JlommycTuMble OTKIIOHEHUS Pa3MEpPOB KeJIe300€TOHHBIX U3EIHM

[IpenenpHBIC OTKIIOHSHHSI, MM
B w3 aemit I[ﬂﬂfla 10 BBICOTE
nu3acinu, MM 110 JJIMHE 110 IIUPUHE CCUCHUA UJIU
TOJIIITUHE
[Tanenu cTeHOBBIC, MITUTHI ZLo 4000 =8
MEePEKPBITUI U HOI’(pBITI/Iﬁ Jlo 8000 £6-8 -8 £33
Bbomee 8000 +8-13
o 4000 +5-8
banku, purenu, KOJOHHBI, Jo 8000 +6-10
(bepmbl Tlo 16000 813 -8 £5-8
Jo 25000 +10-16
JlecTHUYHBIE MapIIIX o 4000 +5 45 135
Y TUTOIIAAKH bonee 4000 +6-10
Crynenu o 4000 +5 +3 +2
[1uThl GanKOHHBIE, o 2500 +6-10
KapHU3HbIE, MOJOKOHHBIE, | JIo 4000 +8-13 435 7.5
MIEPEMBIYKH, SJICMCHTHI Eoxee 4000 110
BXOJI0B
o 4000 +13-20
Onopsl, CTOUKY U JIp. o 8000 +16-25 +5 +5
o 16000 +20-32
Bbnoxu cTeH noaBaioB o 4000 +8-20 158 153
Y MOA3EMHBIX KOHCTpYKUM | Bomnee 4000 +10-25
OyHaaMeHTHbIE OJTOKU TTo 8000 113220 113220 110
U TUTUTBI
Jlo 8000 +25
[Inansl, WITYHTHI ¥ Ap. Bonee 8000 ) +5 +5
2. Homyck Ha pazmep (HOopMBbI B O0IIIEM CiTydae:
8,=39,-8,-n-28,-2[y], (9.2)

rae 0p — JOMYCK Ha JUHEHHBIN pazMep (PopMbl; Ou — JOMYCK HA JIMHEHHBIN
pasmep u3zenus; On — U3MEHEHUE pa3Mepa U3/ENus 10 BCEil ero BHICOTE MPH
BHEIICHTPEHHOM MIPHJIOKEHUU CHUITBl HATSKCHHSI apMaTypPhI.

Tabnwuia 9.2

YCpeI[HCHHOC 3HAQ4YCHHUC KH JJIsL TAXKCEIIOTO OeToHa

Keneszoberon

K, ipu TBepieHnu 6etona, Ky 10°

B HOPMAJIbHBIX YCIIOBUAX

C TenoBoil 00paboTKOH

C "HeHnamnpsaraemoi
apmarypoiu

20

15

C npenBapuTeabHO
HaIpsAracMou apMaTypou

50
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3. lomyck Ha pa3Mep (OpMBbI IO BBICOTE:
Ay=A, A, -[7]. 93)
r1e A, — AOMYCK Ha TMHEHHBIN pa3Mep 1O BBICOTE; A, — JIOIMYCTUMAs HEIIOC-
KOCTHOCTb TMOJJIOHA; [ Y | — MOmyCTUMBINA TIPOTUO (HOPMBL.
OOBIYHO MTPUHUMAIOT:
A, +[¥]=0,54, . (9.4)
4. JonmycTUMbIiA IPOTUO MM U3rud MOJI0HA:
[V]=A4,-4A,-A,.

9.5)
5. IlpoexTHBI# pazmep GOpMBI IO BHICOTE:
h, =h, —c. (9.6)
[Ipu nporube:
A
=—|3 S, ~+9,, .
c [ HJ+[ ¢]+ SE3, (9.7)
rae 0, — JOIMyCTUMBIE OTKIIOHEHHS pa3Mepa (pOPMBI 10 BBICOTE.
[Tpu uzrubde:
+ + AH
c=[8,]-8; |- S0, (9.8)

Ilpumep. Paccuntarh TOYHOCTH pa3MepoB (HOPMBI AJiE W3TOTOBJICHUS
Hapy>KHBIX TPEXCIONHBIX CTEHOBBIX cOHABUY-TTanener HC 12.

JI71st U3rOTOBIIEHUSI HAPYKHBIX TPEXCIOMHBIX CTEHOBBIX COHIABUY-TIAHE-
aeil npunuMaem Qopmy-BaroHeTky ¢ nogaonomM CMXK-3010A u npoeMoo0-
pazoBaTeb.

Buenrnue pazmepsl opMbI-BaroHeTKH, MM: anuHa — 4045, mupuna — 3260,
BbIcOTAa — 680, mmpuHa kosen — 3340.

HoMunanbHbie pazmepsl mpoeMooOpazoBarenisi, MMm: aiauHa — 2110, mm-
puna — 1425, Beicora — 300.

Hannas ¢popma COCTOUT U3 MO/AJI0OHA, KOTOPBIM BHITIOJHEH B BUJIE PAMBI
U3 IIBEJJIEPOB, XKECTKO CBApPEHHBIX MEXy coOoi. Pama, onmparomascs Ha
YeThIpe KoJieca, C MPUBAPEHHBIM CBEPXY HA HEE JIMCTOM TOJIIMHON 12 MM 00-
pasyeT QopMmyomIyo pabouyro MOBEpXHOCTh. Takke K JAHHOMY MOJAOHY
IPUKPEIUISIOTCS Ha IAPHUPAX OTKUIHBIE IPOJOJIBHBIE U MTONIEPEUHbIE OOPTA.
Jns puxcanym 60pTOB MEXAY COO0M UCTIONB3YIOTCS BUHTOBBIE 3aMKH, KOTO-
pBI€ 3aKpPBIBAIOTCS M OTKPBIBAIOTCA MEXAHU3UPOBAHHBIM CIIOCOOOM.

41



1. lommyck Ha pazmep (Gopmbl B 0011I€EM BHUJIE:
6(1): 51/1_ 6}(_ ﬂ—25n— 2[37] >

7€ Oy — OMYCK Ha JIMHEHHBIN pazMep U3Aeus; Ox — OTKIIOHEHHE OT pa3MEPOB
0 IIIMPUHE WJIH JUTUHE BCJICACTBHUE 3a30POB B IIAPHUPHBIX 3aMKax, Ok = 0,5 MM;
1 — YBEIUYEHHUE 3a30POB B IIAPHUPHBIX 1 3aMKOBBIX COCTMHEHUSX B MPOIECCE
dKCIUTyaTaruu (OpMBbI, IPHHUMAEM 1 = 2 MM; On — U3MEHEHUE Pa3MEPOB H3-
JIENHS TI0 BCEH €T0 BBICOTE MPH BHEIEHTPEHHOM MPUIIOKCHUHN HAMPSATAeMOMN
apMaTyphl.

2. IIpoekTHble pa3Mepbl GOpMBI IO AJIUHE /¢ U IHUPUHE Dy:

ld):lH—C, bq):bH—C,
— MUHHUMAaJILHOE
c= =067+ 68§+ 8+ n+6,— 85—263+ 6+ 2[¥];
— MaKCHMaJIbHOE
c= 06, — 05 — 0, Op5+ 26, + 6,

CrteHoBasl MaHeNlb UMEET CIEAYIONIUE Pa3Mephl U UX JOMYCKH:

— juHa [y = 3575 MM, 1omycKaeMble OTKJIIOHEHUS £5 MM;

— BbIcOTa (1mupuHa) by = 2760 MM, HOMMyCKaeMble OTKJIOHEHUS +5 MM;

— TtoauurHa hy = 300 MM, J0mycKaeMble OTKJIIOHEHUS +4 MM.
3nech 6,7, 6, — NOJNOKHUTENLHBIE U OTPULATENLHBIE IOMYCKAEMbIE OTKIOHE-
HUS U3/ICITHS:

— 1o mmHe 8, = +5 MM, §,; = —5 mm;

— wupure 8,7 = +5 MM, §; = —5 mm;
65)’ , 04 — HNOJIO)KHUTEIbHBIE U OTPULATEIILHBIE I0IYCKAEMbIE OTKIOHEHHUS pa3-
MepoB GhopMbI (11 5-TO Ki1acca TOYHOCTH):

— no jumHe 8y = +1 MM, 8 = —3 Mm;

— TI0 IIUPUHE 54*)' = +1mmM, 04 = —3 MM;
6y , 0,, — U3MEHEHHE pa3MepOB Ha YPOBHE BepXa M HU3A M3JEIUS COOTBET-
ctBeHHO: 0, = 0 u §;] = 0; §,5 — COKpaleHne U3ACIUs IPH Tepeaade mpea-
BAPUTEIBHOIO HAIPSIKEHUS apMaTyphl Ha 0eToH, 8,6 = 0; §,; — OTKIOHEHHE

pasMepa M3eNus B CBA3H ¢ Ae()OPMATUBHOCTBIO OETOHA ¢ y4eToM Kod(hQu-
muenta K, =15 - 1073,
6, =1, -15 - 107> =357515 - 107> = 0,536 MMm;

8, — OTKIIOHEHHE Pa3MEPOB M3JeNHs 110 IUPUHE U JUTHHE OT PAcCTOAHHS (0ce-
Nanus) OETOHA IPU HEMEUIEHHOU pacnianyOke, 6, = 0;
[ V] - momyckaemsrii mporu6 6opra dopmsL, [ ¥ ] = 1,5 mm.
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Beraucnum:
— MHUHHUMAaJILHOE
c=-5+414+054+24+0536—-0—-2-04+ 04+ 2-1,5=2,036 mm;
— MaKCHUMaJIbHOE:
c=5—-—3-0536—-0+2-0+ 0= 1,464 vwm.
JlnvHa popmbl
— MHMHHMMaJbHas
ly = 3575 — 2,036 = 3572,964 Mm;
— MakcuMaJjbHas
ly = 3575 — 1,464 = 3573,536 MM,
3. Jomyck Ha pa3Mepbl (hOPMBI IO BBICOTE:
Ay = Ay — Ay —[7],
rae A, — JIONyCK Ha JIMHEWMHBIM pa3mep U3JAeNHs 1o BbICOTE, A, = 8 MM;
A, — pomycTthmasi HEIUIOCKOCTHOCTh MoaAoHa, A, = 2,62 M, npuHHMaeM
Ay + [¥] =054,

[ ] — nomyctumerit mporu6 dpopmer, [¥] < 1/1500 Ly:

v < 1/1 g, Y] = —— - 2,964 = 2, )
[¥] < 1/1500 - Iy, [¥] 1500 3572,96 38 MM

4. TonmyckaeMblii pOrud WK BHITMO MOJIOHA!
[¥]= A, —Ap — A,
Orcrona:
Ay = Ay — Dy — [V], A, =8-3-2,38=2,62wmm.
5. IIpoexTHBIi pazmep GOpMBI TTO BHICOTE (TOJIIUHE):
hy = h, —c,
rae sy — BeIcOTA (TOIMHA) u3aenus, Ay = 300 MMm.
[Tpu nporu6de 3HayeHue ¢ ONpPeaEHsIeTCs KaK

_ 1., A
c= —[6;1+ [6¢]+7 + 6y,

r1e Oy — NPUPAIICHUE U YMEHBIIICHUE BHICOTHI U3/ICTUS OT BIUSHUS ITPOU3-
BOJICTBEHHBIX (haKTOpOB +0, = 2 MM (mpu OCTOHUPOBAHUU «BEPXOM);
[6,] — oTpunareibHbIE IOIyCKAaEMbIE OTKJIOHEHMS H3CIUS IO TOJIIKHE,

(6] =4 wmm; [5(1;] = 0,0lhq), [5(1;] = 0,01 -300 =3 mMM; [¥]- mporub
OopTa OT pacyeTHOM Harpy3Kku, npuaumaeM [y ]| = 0,257, < 2- 3 MM, 31¢Ch
A, =5 MM,

[¥]=0254,, [»] =025 -5=125mm.
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6. JomycTtumplii mporud 6opra GopMsI:

A, — Ay — 6. — 10—4—-1-2
[y] = = <1>2 - n,[)7 = = 1,5 MM;

2
— MHUHUMAaJIbHOE 3HAYECHUE C:
c=-5+1+05+2+0414-0-2-0+ 0+ 2-1,5=1914 mm;

— MaKCHUMaJIbHO€ 3HaYeHHE C:
c=5-3-0414-0+2-0+ 0=1,586 mm.

Hupuna chopmol
— MaKCHMaJbHasl:
by = 2760 — 1,586 = 2758,414 Mum;
— MUHUMAaJbHaA:

by = 2760 — 1,914 = 2758,086 mMM.

IIpoeu6 gpopmul
— MaKCHUMAaJIbHBIM:
c= —4+ 3+—+2=231MMm
— MUHUMAIbHBIN:
c= -4+ 3+——-2=-169Mm.

lIpoexmuvbiii pazmep gpopmsl no évicome (moawjue)
— MAaKCHUMAaJIbHBIM:
hy = 300 — 2,31 = 297,69 mm;
— MUHUMAQIbHBIN:
hy = 300 — (—1,69) = 301,69 mMmM.

[TpoemooOpa3zoBarenu, oOpas3yroIe BEIEMKH Ha BEPXHEH IMTOBEPXHOCTH
W3JICNINI, HE TI0JKHBI BRICTYIIATh HAJl BEPXHUMHU KPOMKaMHU MPOI0TBHBIX O0p-
TOB M OBITh HIDKE UX OoJiee yeM Ha 2 MM B cootBeTcTBHM ¢ 'OCT 25781-83.
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IHpakTnuyeckas padora Ne 10

PACYET [TAPAMETPOB
I[MTPEJABAPUTEJIbHOI'O HATSDKEHU A APMATYPbBI
SJIEKTPOTEPMHNYECKUM CITOCOEOM

10.1. OcHOBHbBIE TeOpeTHYECKHE CBEICHUS

DNEKTPOTEPMHUUECKUI CIOCOO HATSHKEHUS apMaTypbl IPUMEHSIOT B IIPO-
U3BOJCTBE COOPHOTO XKeJIe300eTOHA 10cTaTouHO mupoko. [Toutu 80 % npen-
BApUTEIHHO HAMPSIKEHHBIX KOHCTPYKIUMU W3TOTaBIMBAIOT, UCTOIB3YS STOT
CIOCO0 HATSHKEHUS apMaTypBhl.

DIEKTPOTEPMUUECKOE HATSHKEHUE apMaTypbl OCHOBAHO Ha WCIOJIb30Ba-
HUY JIMHENHOTO pACIIMPEHUS apMaTyPhI IIPU €€ HArPEBE AIEKTPUUECKUM TOKOM.
[Ipn HampspkKeHUM apmaTypbl 3JIEKTPOTEPMUYECKHM CIOCOOOM Harperhie
NEKTPUUYECKUM TOKOM J0 YKAa3aHHOTO YIJIMHEHUSI apMaTypHBIE 3JIEMEHTHI
(UKCUPYIOT B )KECTKHUX YIIOpax (popM WIH MOJJOHOB, KOTOPbIE TPENSTCTBYIOT
COKpAILICHUIO apMAaTypbl IPU OXJIAXKIAECHUH, B PE3YJIbTATE YEro Y HUX BO3HU-
KAeT 3aJJ]aHHOE HAIPsIKEHUE.

[IpogomxkurensHOCTh HarpeBa B peaenax 0,5-10 MUH CylIeCTBEHHO HE
BJIMSIET HA CBOMCTBA KAaK TOPSYEKATAHOW, TaK U TEPMUYECKU YIPOUYHEHHOU
CTEp>KHEBOM apMarypHou cranu. OJHAKO JJIsi TOBBIIICHUS TPOU3BOAUTENb-
HOCTH TpYyJa U YMEHBILIEHUS 3aTPaT 3JIEKTPOIHEPI MU PEKOMEHIYETCS MPUHU-
MaTh MPOJIOJKUTENIbHOCTh HarpeBa 1-3 muH. B TO ke Bpemsi anuTenbHOE
HarpeBaHUe BBICOKOMIPOUYHOM MPOBOJIOKH BIMSET HA MEXaHUYECKHE XapaKTe-
pUCTUKH 3TOM cTtanu [9, 10].

3aganume. /11 BEIOpaHHOTO OA30BOTO M3MIENHS U3 TPAKTHUECKOM paboThl Ne 9
paccuMTaTh apaMeTpbl U3rOTOBJICHUS MPEIBAPUTEILHOIO HATSHKEHUS apMa-
TYPbI ANEKTPOTEPMUUECKUM CIIOCOOOM U IT0100paTh HEOOXO0AMMOE 000PYH0-
BaHUE.

10.2. MeToauka BbINOJHEHUS PAadOThI

[Ipy HATSHKEHUU CTEPKHEBOM apMaTyphl SJIEKTPOTEPMHUUYECKUM CIIOCO-
OoM 3HadYeHHE Gp + AC) HE AOHKHO IMPHHHMMATHCS OOJbIle, yeM R, , T. €.
0,956, rie R, — HOpPMAaTUBHOE COMPOTHUBIICHHE CTaIN (G — IPAHUIIA TEKyUe-

ctu), Mlla; Aco — nomyctumoe npeaearHoe OTKIOHEHUE 3HaueHus Go, Mlla,
KOTOPOE 3aBUCHUT OT JJIUHBI U31eus Ly, M (Tada. 10.1).
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Tabmuua 10.1
JlommycTrMBle TIpeie/IbHbIC OTKJIOHCHUS

JlnvHa u3AeIus, M 5 6,5 9,5 13 16 19 6oinee 25
I1

penenbHbIe OTKIOHEHUS 100 30 70 160 155 50 45
Aco, MIla

[Ipu 251eKTPOTEPMUUYECKOM CIIOCOOE HATSHKEHUSI apMaTyphbl U3 BBICOKO-
MPOYHOMN TIPOBOJIOKK Kjacca Bp-IlI 3nauenune co + Aco HE JOKHO NPUHM-

Marbcs Oombire 0,7R) .

[IpeaBapuTenpbHOE HANPSDKEHUE Go MPU DJIEKTPOTEPMHUIECKOM CITOco0e
HATSDKEHUS JOCTUraeTcs 00ECIeueHHEeM 3aJaHHOTO YUIMHEHUS apMaTyphbl
Alo, xoTOpOE ompenensercs no popmyiie:

Al :(’“’o;ﬂ)% (10.1)

Hay

re k— ko3P UIHUEHT, yYUTHIBAIOIINA yIPYTOIMIaCTUYECKUE CBOMCTBA CTalH,
OTIPEICNISICTCS B COOTBETCTBHUM C JaHHBIMU Ta0J. 10.2; Eyay — HaYaTBHBIA MO-
IyJib YIIPYTOCTH apMarypHou ctaiu, MIla; Ly —paccrosiHie Mex 1y BHEILIHUMU
rpaHsMH yIIopoB Ha (opme, MOIOHE WK CTeHNE, MM, Ly = [y+2ly, [y — nnuHa
m3aenus, MM, [y=150-200.

Tabnuua 10.2

Omnpenenenue ko3P puIIUCHTA,
YYHUTBIBAIOIIETO YIPYTOTUIACTUYECKUE CBONCTBA CTAU

3HaueHue k U1st apMaTyphl
Kiacc
co, MIla A600
Mapka A800 m At800 | AT1000 Bp-1I &5 mm
80C 200211, 20I'CII
300 1 1 1 1 1
400 1 0,5 1 1 1
500 1,05 1,1 1,05 1 1
600 1,15 1,2 1,05 1,05 1
700 — — 1,1 1,05 1
800 — — 1,15 1,1 1,05
900 — — — 1,2 1,1

OpuEHTUPOBOYHOE YJUIMHEHHE CTEPKHEBOW apmaTypbl Alo, MM, MpHU
NEKTPOTEPMUYECKOM HATSDKEHUH MPUHUMAIOT 1o Tabi. 10.3.
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Tabnuma 10.3
Ornpenenenre yIIMnHEHHUS CTEPKHEBOM apMaTyphl

PacueTtHoe yyIMHEHHE, MM, CTaJIH KJIACCOB
A600 mapku 80C u A800, AT800 | A600 mapku 20I'T112 u A400 (351'C)
oo, MIla Paccrosinue Mexay ynopamu, M

6 12 18 24 6 12 18 24

390 14 27 40 53 15 29 44 58
400 15 29 43 57 16 31 46 61
440 16 31 46 62 18 35 52 69
480 17 34 50 66 20 39 59 78
500 18 35 52 69 21 42 62 83
540 19 38 56 75 — — — —
580 20 40 60 80 — — — —
600 21 42 62 82 — — — —

[TonHOE yaJIMHEHWE apMaTyphl IPU €€ AIICKTPOHATPEBE ONPEACIISIOT M0
dbopmyie:

Al = Alo+ AL+ Alp+ Al + C, (10.2)
rae Al; — cmenieHue ryooKk MHBEHTApPHBIX 3aKMMOB OTHOCUTEIBHO KOpITyCa,
nedopmarius 1maiod moj1 BICAXKEHHBIMU F'OJIOBKAMU, CMSITUE BBICA)KEHHBIX TO-
JIOBOK, OIPECCOBAHHBIMHM IMaiiO0aMu, YIOpOB W T. 1., MM, AL=2maGo,
m = 0,02-0,03 MM’/KIC COOTBETCTBEHHO /i aHKEPOB THUIIA «0OKaras
000liMay U «BBICAKEHHAs TOJIOBKa»; Aly — mpoonbHas aedopmariust GopMsl,
MOJI0HA WX cTeHAa, MM, Al = 1-3 MM — U1 TOAAOHOB JIUHOM 6—12 M ¢
KECTKUMHU yropamu, Al = 3—4 MM — m1i1st GopM € TTIOBOPOTHBIMU YIIOPaMU;
Alw — octatounas aedopmaliysi, BOZHUKAOIIAs BCICACTBUE HarPEBaHUS BbI-
COKOIPOYHOM MPOBONOKH, Alu= 5-107%(£,~300)ly, £, = 350400 °C — pexoMeH-
JIOBaHHAsi TeMIieparypa HarpeBa; C; — IOMOJHUTEIBHOE YIJIMHEHHUE, KOTOPOE
obecrieynBaeT CBOOOAHYIO YKIIQJKY apMAaTYPHOT'O CTEPKHS B YIIOPHI C yUETOM
OXJIAXKJEHUS MpH mepeHoce (mpuHuMaeTcss He MeHee 0,5 MM Ha 1 M JJTUHBI
CTEPIKHS).

TeMmeparypy HarpeBa apMaryphl I 0OSCIICUCHHS 3aJaHHOTO Hamps-
YKEHHSI OTIPEICIIIOT 110 (hopMyIe:

t—A“+t
" al

H

0 (10.3)

rae o — K03 QUIIMEeHT IMHEHHOTO PacIIMPeHus apMaTypHoi ctanu (tabmn. 10.4);
[x — paccTosiHUE MEXJYy TOKOMPOBOASIIMMHU KOHTaKTaMu (JJIMHA y4acTKa
HarpeBaemoi apmatypsl), MM, [y= L;— 1000 mm; fo— TemIiepaTypa oKkpyxatro-
e cpensl, °C.
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JlmmHa apMaTypHOU 3aroTOBKHU onpeeseTcs mo Gpopmyre:

Ly=Ly+ 2l,— Al; — Alp— Alu— Alo, (10.4)
rae [, — yiHa KOHIIA CTeP>KHS, KOTOPBIN UCIIONIb3YEeTCs 11l 00pa30BaHus Bpe-
MEHHOTO KOHEYHOT0 aHkepa, MM. JJis «o0xkaThix maio» [, > H+5 MM, 31ech
H — BeIcOTa mIaii0BI TIOCJIE OMPECCOBKH; JJISl «BBICAYKECHHBIX TOJIOBOK)
[,=2,5d +5 MM, 311eCh d — TUaMEeTp apMaTyphl.

Tabnuna 10.4

Omnpenenenne ko3P ULMeHTa JTMHEWHOTO PACUIMPEHUSI apMaTypHOM CTaIH

KoadduimenT nuHeiiHoro pacmmpenus apMarypsl, o-10°, 1/°C
TemnepaTypHbIi ropsiY€KaTaHon TEPMUYECKH YIIPOYHEHHON
uHTepBa, °C ximaccoB A600, A800 kimaccoB AT600, AT800 HPOBOJIOKH
u A400 u At1000 eracea Bp-I

20-300 13,2 12,5 13

20-350 13,5 13 13,4
20400 13,8 13,5 13,8
20450 14,2 14 14,1
20-500 14,5 — 14,5

Jlnst obecnieueHus: TpeOyeMoOl TOYHOCTH MPEABAPUTEIBLHOTO Hampsike-
HUS apMaTypbl HEOOXO0AUMO, YTOOBI MpeIeTbHbIE OTKIOHEHUS (PAaKTUYECKOTO
YJIMHEHUS HAaTSIHYTOM apMaTypbl OT PAaCYETHOTO HE MPEBBIIIANIN: 4 MM — PU
paccTosTHUM MEKy ynopamu 5—6,5 M; 6 MM — 9,5 Mm; 7 Mm — 13 M; 8 MM — 16 M;
9 MM — 19 m; 10 MM — OoJtee 25 Mm.

¥Ycunue nmpukaTrs Ha OAWH KOHTAKT T0KHO ObITh He MeHee 1000 H mrs
ctanm auametpoM 10—14 mm, He mensbine 2000 H — ans cTepxHei 60abIHX
nrameTpoB U He MeHee 200 H mis mpoBookK 1uaMeTpom 10 8 MM.

[Ipu BEIOOpE THIIOB M KOJIMYECTBA TpeoOpa3oBarTesiell TOKa B yCTaAHOBKAX
JUTS1 3JIEKTPUYECKOTO HArpeBa apMaTyphbl ONPEEISIOTCS CrJla TOKA, HaIpsiKe-

HHUEC U MOIITHOCTD.
700K
= ,
«/ - (10.5)

rae Q — oOllllee KOJIMYEeCTBO TeIla, pacXoyeMOoe Ha HarpeB 1 M CTepxHS 10
pacdetHoi Temneparypsl (Tabdma. 10.5), kkam; K — ko3¢ GUIUeHT, 3aBUCSIIANA OT
CXEMBbI MOJIKJIFOYEHUS CTEPKHEN B AIEKTPUUYECKYIO 1emb, K=1 npu nocnenosa-
TEJILHOM BKJIIOUEHUU U K = 71 IpU MapaJyIeIbHOM BKIIFOUEHUH, # — KOJIMYECTBO
OJHOBPEMEHHO HArpeBacMbIX CTEpKHEH; R — aKTHMBHOE COMPOTUBICHUE | M
crepxus, Om- 10, mpu pacdeTHOM TeMmepaType Harpesa; T — BPEMs HArPEBa, MUH.
OOmiee KOMMYECTBO TeIIa:
Q = Owt0nr,
rzie On— KOJMYECTBO TEILIA, PACXOIYEMOE Ha HArPEB | M CTEPIKHS IO paCUETHOM

Temreparypsl (0e3 yuera norepb); OQn — pacxoji Temia Ha HarpeB 1 M CTEpKHS
TETUTOU3ITyYSeHHEM M KOHBEKITUEH B TeueHne | MuH.
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(414

Tabmuua 10.5
Omnpenenenre 00IIero KOJMYECTBA TEILIa, PACX0yeMOro Ha HarpeB 1 M CTEprKHS JI0 paCUETHOU TEMIIEpaTyphl

%’ KonnyecTBo TeIIoTHI, Heo6x0ﬂ11;111<\4acj)16 JUIsl HarpeBaHus 1 M CTEpKHS, Conpotupsenne 1 M crepxnus, 10 Ou
s )

=
i =2 = = = =
3 = S| S | |
e 2 = = = = =
s 5 © S S In 3 QE)T S Q':)T 3 S In aKTUBHOE R MMoJIHOE /.
s o7 e e S S
| g2 = = = =

— o o, a. a,

o | 2 . = = = =
5 | 8
= 2 pu Temneparype, °C
EN

M

% 300 350 400 450 300 | 350 | 400 | 450 | 300 350 | 400 | 450
10 | 16,7 21,9 3,33 26,8 | 4,26 30,8 5,33 35,8 5,52 | 51,4 | 58,5 | 61,2 | 65,7 | 58,0 | 63,6 | 68,8 | 74,2
12 | 11,5 31,4 3,98 37,71 5,09 44,2 6,37 51,5 7,78 | 40,0 | 49,8 | 47,6 | 51,2 | 47,0 | 51,3 | 54,8 | 60,2
14 | 8,45 42,7 4,77 51,3 | 6,02 60,0 7,54 70,0 9,22 | 33,2 | 36,7 | 39,5 | 42,5 | 38,4 | 41,8 | 45,6 | 49,2
16 |645 55,8 5,28 67,0 | 6,75 78,5 8,45 91,1 | 10,33 | 28,5 | 31,2 | 34,0 | 36,5 | 33,2 | 36,2 | 394 | 425
18 |5,12 70,6 5,92 84,8 | 7,58 99,4 9,50 | 115,6 | 11,61 | 25,2 | 27,6 | 30,0 | 32,3 | 29,4 | 32,1 | 34,9 | 37,6
20 | 4,15 87,2 6,66 | 104,7 | 8,52 | 122,8 | 10,66 | 143,0 | 13,05 | 22,6 | 24,8 | 26,9 | 29,0 | 26,4 | 28,8 | 31,3 | 33,8
22 | 3,42 104,3 7,47 | 126,3 | 9,56 | 148,0 | 11,95 | 172,0 | 14,65 | 20,7 | 22,7 | 24,6 | 26,5 | 24,4 | 26,6 | 29,0 | 31,2
25 | 2,65 136,0 837 | 163,0 | 10,70 | 191,2 | 13,40 | 225,5 | 16,40 | 18,0 | 19,7 | 21,4 | 23,1 | 21,2 | 23,1 | 25,2 | 27,1
28 | 2,11 170,5 9,25 | 204,2 | 11,80 | 240,0 | 14,82 | 279,0 | 18,75 | 16,2 | 17,7 | 19,3 | 20,7 | 18,9 | 27,0 | 22,5 | 24,3
32 | 1,62 2230 10,60 | 268,0 | 13,60 | 314,0 | 17,05 | 365,0 | 20,80 | 14,2 | 15,5 | 16,8 | 182 | 16,7 | 18,2 | 19,8 | 21,3
36 | 1,28 282,0 11,80 | 332,0 | 15,25 | 397,0 | 19,10 | 462,0 | 28,40 | 12,6 | 13,8 | 151 | 16,2 | 14,9 | 16,2 | 17,7 | 19,1




[Ipu HarpeBe MpOBOJIOYHON apMaTyphl CHIIy TOKa OMPEAEIoT no ¢op-
MyJI€:

T0mnct

ly= |—F/—, (10.6)
P R 7

rae m —macca 1 M IpoOBOJIOKH WUJTW TPSIAM, KT'; 7 — KOJIMYECTBO MTPOBOJIOK MITU
npsiAeil, HarpeBaroLUXCs OJHOBPEMEHHO; ¢ — yJIeTbHas TEIJI0EMKOCTh CTajH,
c¢=0,5-10° IIxx/(xr-c); t — pacyeTHas Temneparypa Harpesa, °C; Rep — cpennee
3HAYEHUE AJIEKTPUUECKOTO COMPOTUBIIECHUSA | M apMaTyphl IpU HArPEBAHUH,
omnpenesieMoe mo Gopmyiie:
_p(2+ay)
v = 25 (10.7)
371ECh P — YEIBHOE HIEKTPUHYECKOE COMPOTHUBIICHHE apMaTypsl, p = 12107 Om-m;
oo — KO3GUIIMEHT TeMIepaTypHOTO COMPOTHUBJICHHUS apMaTypbl, PaBHBIMI
0,0048 K.
Hanpsoxenue Toka, B:
Izlm
U X (10.8)
7€ z — TOJHOE compoTupiaenne 1 M crepxkus, 10~ OM npu HarpeBaHuu 10
pacueTHOM Temmepatypsl (cM. Tabia. 10.5); [ — qyrHa HarpeBaeMoro y4dacTka
CTEPKHS, M; m — KO3(P(ULIMEHT, 3aBUCSIIUN OT CXEMbI BKIIOUEHHUS, TIPH MO~
CJIEIOBATEILHOM BKJIIOUEHUH M = 1 U MPU NMapauiebHoM m = 1.
[Ipu snekTpoHarpeBe MPOBOJIOYHOM apMaTypbl HANpsSKEHUE TOKA BbI-

YUCIISIIOT 110 hopmyTe, B:
U=I,R.[, (10.9)
rnae [« — JyIMHa KOHTaKTa HarpeBa, M.

Heobxoaumyo MOIIHOCTh TpaHchopmaTOopa MpHU DIIEKTPOHArpeBe
CTEp>KHEU apMaTypbl BHIYUCIISIOT 110 hopmylie, KB-A:

U
= 1000’ (10.10)
a MpU HarpeBaHUU MPOBOJIOYHOMN — 1O hopmyie:
Nzlchcp : (10.11)
1000

[To nmonyyenHbiM 3HaueHusM [, U u N moaOuparoT COOTBETCTBYIOIIUE
TpaHcpopMaTophl.
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Ilpumep. TTpou3BOACTBO MHOTOIYCTOTHBIX KEI€300€TOHHBIX TUIUT Tie-
pexpoituid mapku ITK 8-60-15 pazmepamu 5980%1490%220 MM BBITIOITHSAETCS
[0 arperaTHO-MOTOYHOM TexHojoruu. M3aenust GopMupyroTcsi Ha CUIIOBBIX
MOJI0HAX C HEMEIJICHHOM pacnanyokoii. HaTsbkenune apmarypsl kitacca A600
10 MM (5 IT.) MPOBOAUTCS AICKTPOTEPMHUUECKUM crtocoboM. TIpoexTHoe
HanpsbkeHue apMarypsbl cocrasisieT 270 MlIla. Onpenenuts quHy Hampsra-
€MOro 3JIEMEHTa, TEMIEPATypy 3JIEKTPOHArpeBa, a TAKXKE MapaMeTpbl TOKA
JUTSL 3JIEKTPOHArpeBa.

1. Beruucnsiem ynnunenue apmatypsl Alp mo popmyne (10.1), mpenapu-
TEJIBHO OIPEEIINB:

— HayaJbHBIM MOJYJb YIPYTOCTH apMarypHou cramu kiacca A600 —
Euae=2-10° MIla;

— PacCTOSHHE MEXKAY BHEIIHUMHU TpaHAMH YIOPOB Ha TOJIOHE:
Ly=1li+2ly, Ly =5980 + 2-200 = 6380 mm;

— ko3 durment k=1 (cm. Tabm. 10.2);

— TPEIeNbHO JIOMyCTUMOE OTKIIOHEHHE TIPEIBAPUTEILHOTO HAIPSKEHUS
apmatypbl Aco= 190 MlIa (cm. Tabn. 10.1);

— BBINOJIHEHHE YCIIOBUSA Gy + Aco < R, < 0,950,

270 +90 =360 <0,95-600 = 570,

T. €. YCJIOBUE BBHITIOJHSETCSI.

Taxum 06pazom,

Al = (1-270+590
2-10
2. OnpenenseM NOJHOE yIJIMHEHUE apMaTyphbl IIPU €€ JIEKTPOHATPEBE:
Aln= Alo+ AL+ Alp+ Al + C,
Alo=11,5 mm;
Al =2maco, Al; =2-0,03 27 = 1,62 mm. [IpuHuMaem TUIl aHKEpa — «BBbI-
CaKE€HHAs! TOJIOBKaY;

)6380:11,5 MM.

Aly = 2 MM (MHOTOITYCTOTHBIE TIJIUTHI MEPEKPHITUS (OPMYIOTCS HA TIOJ-
JOHAX JJIMHOW 6—12 M C )KECTKHUMU yHOpaMHu);
Aly = 0, Tak KaKk B KaueCTBE HAIPATraeMoro 3JIE€MEHTa UCMOJIb3yeTCs HE
IIPOBOJIOYHAS, a CTEPKHEBASA apMaTypa;
Ci=6,38:0,5=3,19 mm.
Torna Al=11,5+1,62+2,0+3,19=18,31 mm.
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3. TemniepaTtypa, HeoOXoaUMas JJisl HarpeBa U YJJIMHEHUS apMaTyphl B
Hessix ooecreyeHus 3aJJaHHOr0 HaPSIAKEHUST:

—AZ“+t
) %

rae oo = 13,8:107° (em. Tabmn. 10.4); to=20 °C; k= Ls— 1000 mwm.
JlmuHa 3aroToBKU: Ls=Ly + 2la— Alc— Aly— Alu— Alo,
L;=6380+2(2,5-10+5)— 18,31 = 6421,7 mm,
I =6421,7—1000 = 5421,7 mm.

tp

Takum oOpazom,
;o 18,31
* 13,8-107°-5421,7
4. OmnpenensieM HEOOXOIUMYIO CHIy TOKa JJisi HarpeBa apMaTypHOU
CTaJIA JIO PacuETHOM TeMIIepaTyphl:

S [70 oK
Rt
0= 0u+ Out; Ou=219 xxai; On= 3,33 xkai1, ipu T= 1 muH (cm. Tadm. 10.5),
0=21,9+3,33 =25,23 kxai;
K =1 (npu nocneaoBaTebHOM BKJIHOUEHUU HATPEBAIOIINXCS CTEPKHEN );

R=51,4-10"* Om (cMm. Tabm. 10.5).

Torna
70-25,23-1
I = —’_4:586A.
51,4-10 -1

5. HanpsixeHue TOKa IpHU 3JIEKTPOHATPEBE CTEP)KHEBOU apMaTyphl:

+20=265°C.

- Izim ’
K
z=58,0-10"* OM (cm. Tabm. 10.5);

m=n=5-— IIPpHU TOCIACIOBATCIIBHOM BKIIFOUCHUHN HAI'PCBAOIIUXCSI CTep)KHCI\/’I;

.58-107*-5421,7-
U:586 58 o1 5421,7 5:92’13

6. MomHocTh Tpancopmaropa Mpu JIEKTPOHArpeBe CTEPIKHEN apMaTyphbl:
v = LoYs N:586-92,1
1000 1000

7. BboiOupaeM TUIl yCTAaHOBKU JJIA AJIEKTpOHArpeBa crepxkHen — [[M-2 ¢
YCTaHOBJIEHHOU MoITHOCTBIO 170 kKB-A [9].

=54 kB-A.
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IHpakTnyeckas padora Ne 11

PACYET [TAPAMETPOB
I[MPEJABAPUTEJIbHOI'O HATSKEHU A APMATYPbBI
MEXAHUYECKHUM CIIOCOBOM

11.1. OcHOBHbBIE TeOpeTHYECKHE CBEICHUS

MexaHnueckoe HaTsHKEHUE apMaTypbl OCYIIECTBIISIETCS HATSHKHBIMH Ma-
IMHAMU U TUAPOJOMKpPATAMHU, a TAKKE Pa3IMYHBIMU BUHTOBBIMU U PhIUaXK-
HBIMU YCTPOMCTBAMHU.

MexaHnueckoe HaTsKEHUE apMaTypbl PEKOMEHAYETCS BBITIOIHATH B Ba
JTana.

Ha nepsom 3tane apmatypy HaTIruBaroT ¢ ycunuem, paBHbIM 40-50 %
OT 3aJaHHOro 3HauyeHus. [locae 3Toro NpoBepsArOT NPABUIBHOCTH pa3MeNie-
HUS U KPEIUICHUE HAMNPSITraeMON apMaryphbl, yCTAaHABIMBAIOT 3aKJIaHbIE Je-
TaJIl, KAPKAChI, CETKH U OKOHYATEJIbHO COOMPaIOT (popmy.

Ha émopom 3Tane apmaTypy HaTATMBAOT O NPOEKTHOTO 3HAYEHUS yCH-
musi ¢ nepersbkkoil Ha 10 %, BbIAEPKUBAIOT Ha OpOoTshkeHUU 8—10 MUH.
Ha 3ToM 3Tare mpoBepstoT HaJeKHOCTh AHKEPOBKH (KpOME TOr0, KpaTKOBpe-
MEHHas NEPETSHKKA YMEHBIIAET MOTEPU HAIIPSKEHUS OT PENAKCalliN), ITOCIE
Yero yCHJINE€ YMEHBILIAIOT /10 TPOESKTHOTO 3HAYECHUS.

3ananme. /s BbIOpaHHOTO 0a30BOr0 M3JEIUSl PACCUUTATh MapamMeTphbl
IPEeABAPUTENILHOTO HATSHKEHUS apMaTypbl MEXaHUYECKUM CITOCOOOM U 1010~
Opath HEOOXOIMMOE 000PYIOBAHUE.

11.2. MeToauka BbINOJHEHUS PAadOThI

JInuHa 3aroTOBOK CTEpXKHEW, MakeTa MPOBOJOK IMPHU HATSHKCHUU Ha
ynopbl (GopM JTOJDKHA OBITH OOJIBIIIE PACCTOSHHS MEXIYy Hapy>KHBIMHU Tpa-
HsAMU yniopoB Ly (puc. 11.1, a):

L,=L+2L+5, (11.1)

[Ipu HATSH>KEHUU HA YIIOPHI ITTMHHOTO WK KOPOTKOTO CTEHA, B KOTOPOM
UCIIOJB3YIOTCS MHBEHTAPHBIE TATH C 3aXBaTaMH, JJIMHA 3arOTOBKHU JIOJKHA
OBITh MEHBIIIE, YEM PACCTOSHUE MEXKY YIIOPAMH.

JlmrHa 3aroToBKM IS KOPOTKOTO cteHaa (puc. 11.1, 6) coctaBiser:

L. =1 +2I +(800—-1000) (11.2)
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JlmmHa 3aroToBKY JIs JUIMHHOTO cTeHaa (puc. 11.1, 8):
e = 0L+ =Dk, + 2k + 2k, +2k,. (11.3)
JInvHa My4YKOB P HATSHKEHUHU HA 3aTBEP/IEBIINM OETOH € 3aKpeIyIeHuEM
KOHMYECKUMHU KJIMHOBBIMHM aHKepamu (puc. 11.1, 2) momxkHa ObITh OOJbIIIE
JUTUHBI U3/1CIINA:

L. =1 +1 +300. (11.4)
[Ipu HaTsHKEHUM Ha OETOH MYYKOB C THJIb30BbIMH aHkepami (puc. 11.1, 0):
. =0,992] —50, (11.5)
4 /2 F
v o,
L 1 -+ 1.1
| | [ 1ty Iy
. -
- L:ar
4 { /7/ // / R,
Q% GIIII TSI I I RTIIIIA %3‘
Tz 1500] Iy 1500) | 1g
i Laar i
]
2 54 3 i [“' 5 7
f //// A2/
R . j//:r;/j i 155 T N — .
= [#;: 1 &, !gl aly +{(n-1k, | Kz !K;vl'

% 22222722 ////////

130 N

]Hj_‘_

Laar

L/"//Azy/ L /ZZ/
25 Laar

i 05,9521,
Uy
g - |
Puc. 11.1. Cxemsl 11 pacueTa JUIMHBI 3arOTOBKH ITPY MEXAHUYECKOM HAaTSDKEHUU apMaTyphl:
@ — Ha ynopsl (JopMbl; 6 — Ha YOpbI KOPOTKOT'O CT€H/Ia; 6 — Ha YIOPHI JUTMHHOTO CTEH/1a;
2 — Ha OCTOH NP UCIOJIb30BAaHUU KOHUYECKOTO aHKepa; 0 — Ha OETOH MPH UCTIOIH30BaHUH
TUJIB30BOTO aHKepa; [ — u3zenue; 2 — yrnopsel; 3 — Hanpsiraemas apMarypa; 4 — 3aKuMm;
5 —3axBat ¢ TAroii; 6 — pacnpeaenuTenbHas Auadparma; 7 — Harpasisonas uadpparma;
8 — noMkpart; 9 — puKcupyromas raiika 3axumMa

54




TsroBoe ycuiue qomkpata JUuisi HATSHKEHUS apMaTyphl ONPEIEIISIIOT 10
dbopmyne, H:
knS o,
Q=——, (11.6)
n
rae k =1,1 — ko3hpuImeHT, yIuThIBAIOIINNH BO3MOXKHYIO TEXHOJIOTHYECKYO
MEPETSHKKY; 7 — KOJMYECTBO OJHOBPEMEHHO HANPSITAEMBIX CTEP)KHEH WIIH
IPOBOJIOK; Sa — IUIOMIAAL IOINEPEYHOrO CEYEHHs OMHOTO CTEPHKHS, MM
Go — mpoekTHoe Hanpspkenue, MlIla; n = 0,9-0,96 — KII/] rugponomkpara.
Y4YuThIBasi TATOBOE YCHJIME W BO3MOYKHOE Y/UTMHEHHE apMaTyphl, OIpe/ie-

JIAIOT X0 INOPIIHA, MM:

S=c,L /E, +A4, (11.7)

0 H.c
/1€ Ly.c— JJIMHA HAMIPSITAEMOTO CTEPKHS, MM; A — XO/JT MOPIIHS, HEOOXOUMbIN
JUIsL  CBOOOJIHOTO TMPOBUCAHMSI ~ apMaTypbl, MM, MOXHO TMPHUHSITH
A =(0,007-0,01)Ls.c.
[Ipu HaTS>KEHUU apMaTyphl JOMKPATOM C IEPEXBATOM:

1 (o,L, k'n
S=— 0"3ar LI ,
—| (11.8)

o a
TJI€ Ny — KOJTMYECTBO MepexBaroB; k' = 0,95 — koaPuimenT, yuuThIBarOIIHi
POCKaIb3bIBAHUE apMATYpPhl B 3aKHMaX.

Ilpumep. Paccunrtath napamMeTpbl MEXaHUUYECKOTO HATSYKEHUS apMaTyphbl
IIPU U3TOTOBJICHUH KeJIe300€TOHHBIX MPEIBAPUTENILHO HAMIPSKEHHBIX PeOpH-
CTBIX IJTUT NOKPBITUM pazMepoM B ane 3x12 m (quna uznenus 11980 mm).
3HaYeHue MPOEKTHOTO HaIpsDKEeHHs apMmaTypsl coctaBisieT 620 MIla. B ka-
YeCTBE HAMPATraeMoro 3JIEMEHTa MCIOIb3YyeTCs CTEp)KHEBask apMarypa Jaua-
MeTpoMm 22 MM, kinacca A800 (2 crepkHs).

1. JlninHa apMaTypHOM 3arOTOBKH:

L,=L+2[+5,

st 3akperieHust apmarypsl kiacca A800 B ymopax dopmsel (cTeHaa)
NPUHUMAEM THUIl AHKEPHOTO YCTPOMCTBA «BbICAXKE€HHAs TOJoBKa». Jiia naH-
Horo Tuna l, = 2,5d +5 MM, rae d — nuameTp apmaTyphl.
Lsar= 11980 + 2-:200 + 2(2,5-:22+5) + 5 = 12505 mm.
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2. Tarosoe ycuinue ruipoIOMKpaTa i HaTsKEHUS. apMaTypBbl:
0~ knS. o,
M

2
1,1-2-M-620

0- 4 = 545 xH.
0,95-1000

3. Xoa nopuIHs:
S=(,L,  /E)+A,
1€ Luc— IJIMHA HAIPSTAEMOTO CTEPKHSI, MM:
Luc= 12505 —2(2,5:22 +5) = 12385 mm,
S=(620-12385/1,96-10°) + 0,007-12385 = 125 mm.

4. BeiOupaem TUN TUIPOJAOMKpATA CO CIAEAYIOIUMHU TEXHUUYECKUMU Xa-
PaKTEPUCTUKAMU:

— 1aroBoe ycuiue — 1000 xH;

— X0 nopuHs — 125 mm;

— JAuaMeTp Hampsraemou apmatypsl — 16—40 mm;

— KOJIMYECTBO OJHOBPEMEHHO HampsiraeMbix crepkHeil — 1 (cimepona-
TEJIbHO, HATSHKEHHUE CTEPKHEN CIeAyeT OCYIIECTBIIATh 10 OUEPEIn).
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IpakTnyeckas: padora Ne 12
PACYET [TAPAMETPOB
I[MPEIBAPUTEJIbHOI'O HATSKEHU A APMATYPbI
SJIEKTPOTEPMOMEXAHNYECKUM CIIOCOBOM

12.1. OcHOBHBIE TeOpeTHYECKHE CBeICHUS

INeKMmpomepMoOMeXaHUUeCKUltl cCnocoO HAMANCEHUST apMamypbl SBIIS-
€TCS COBOKYIMHOCTBIO 3JIEKTPOTEPMHUYECKOTO M MEXaHHYECKOTO CIOCOOOB.
[IpuMeHSIOT ero MPenMYIIIECTBEHHO MPH M3TOTOBJICHUU M3 BHICOKOTIPOYHOM
IIPOBOJIOKH MPOCTPAHCTBEHHBIX KAPKACOB KOJIBIICOOPA3HOTO CEUCHHSI HEeTpe-
pBIBHOM HaBUBKOU. CyIITHOCTB 3TOTO CITOCO0a 3aKIII0YACTCS B TOM, UTO HAIIPS-
YKEHHE TTPOBOJIOKH, HATATUBAEMOM IPy30M HIIH TOPMO3HBIM YCTPOKWCTBOM, JI0-
BojuTcs 10 30—-50 % OT 3aAaHHOTO HANPSIKEHUS, IPU 3TOM OJHOBPEMEHHO B
IpoIlecce HaMOTKH HarpeBaeTcs JIEKTpHIeCKuM TOKoM. IIpoBosioka, Hamo-
TaHHAs B TOPSYEM COCTOSHMHM Ha IITHIPH WM YIOPHI CTCHJIOB C HEMOJIHBIM
HATSOKCHUEM, TIPY OCTHIBAHMH HAIIPSATASTCS JI0 3aIaHHOTO 3HAYCHUS.

KoMOnHMpOBaHHOE HaNpPsDKEHUE apMaTyphl JaeT BO3MOXKHOCTH 3a CUET
€¢ HarpeBaHUsl YCTPAHUTH MEPECHANPSIKCHUE B MECTax CTHOaHUS MTPOBOJIOKH
YIOPOB W IITHIPEH BO BPEeMs apMHUPOBAHHUS W YMEHBIITUTH MEXaHUYCCKYIO
Harpy3ky. MakcumaibHasi TeMIepaTypa HarpeBaHus JOJDKHA OBITh HE Oojiee
gem 350 °C.

3apanme. /s BeIOpaHHOTrO 0a30BOr0 M3JIEIUSl PACCUUTATh MapamMeTphbl
W3TOTOBJICHHUS TPEABAPUTEILHOIO HATSKEHUS apMaTyphbl 3JIEKTPOTEPMOME-
XaHWIYECKUM CITOCOO0M U MO00paTh HEOOX0IUMOE 000PYI0BaHHUE.

12.2. MeToauka BbINOJHEHHUS Pa00ThHI

[Ipu 37eKTPOTEPMOMEXAHUYECKOM CHOCOO€ HATSIKEHUS TPEABAPUTEIb-
HOE HaINpsHKEHHUE B apMatype oo, MIla, COCTOUT U3 HaNPsIKEHUST MEeXaHWUYe-
CKOM CHJIOW Gom Y HAMIPSHKEHUSI, KOTOPOE BO3ZHUKAET MPU OXJIAKIACHAN apMa-
TYpBbl, 3aKPEIUICHHON B HArPETOM COCTOSIHUU Gy, T. €.:

G, =0,, + 0, (12.1)
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CooTHoIIEHNE MEXKTY IBYMS BUJIAMH HANPSHKEHUN pEKOMEHAYETCS MPH-

HHUMATh B CIEAYIOIINX IIpeeiax:

IT IT
Huametp, MM 3 pOB:HOKa 5 45 PAAH 3
P1=G0/00 0,5 0,5 0,75 0,5 0,65
P2= Gom/GCo 0,5 0,5 0,25 0,5 0,35

Ycunme HaTsHKeHUS, CO3/1aBaeMOT0 IPy30BBIMU MEXaHU3MaMH, OTIpe/ie-
as1t0T 1o popmyiie, H:
p= Sl
n
rJ€e f— IIoIaab MONEPEYHOr0o CEYEHUs OJHOM apMaTyPHOM IPOBOJIOKH, MM
N — YUCIIO OJHOBPEMEHHO Hampsaraemsix npoBoisiok; n = 0,85-0,95 — KIIJI
YCTPOMCTBA JIJII MEXAaHUYECKOTO HATSYKECHHSI.
PacuetrHast TeMnepaTypa HarpeBa apMaTypbl ONpPEIETSETCS 3aBUCHUMO-

(12.2)

cTh10,°C:
c, +E
f, =—————, 12.3
p Ea(l ( )
rae E. — HauanpHBIN MOAYTh ynpyroctu ctanu, Mlla; o — koaddutment mu-
HelHoro pacmmpenus cranu, 10°%/°C; ty — nauanpHas Temneparypa, °C.
[IpomomKUTENbHOCTD HarpeBa MPOBOJIOKU OMPEACIISIOT IO PopMyIIe, C:
/
T=—, (12.4)
60v
rae [y — JJIMHA HarpeBaeMoro OTpe3Ka, MM; V — CPEIHsISl TUHEWHAs] CKOPOCTh

JBIDKEHUS apMaTyphbl TP HAMOTKE, MM/C.

JIst pa3HBIX cTaneu 3HaueHHe T JOHKHO HaxoauThes B npeaenax 10-30 c.
Cuiy TOKa ONpeaensoT 3aBUCUMOCTBIO, A
Ge

1 = >
? " 0,86TR,, (12.5)

rne G — macca 1 M TpPOBOJIOKH, KI; ¢ — YyAE€IbHAs TEIUIOEMKOCTb
cramu, K/ [x/(kr-K); Rep —cpemannii pazmep conpoTuBieHus 1 M mpoBosioku, O,

KOTOpOE ompeensercs mo hopmyiie:
B R (2+At)

cp 2 >
rjae Ris — conpotuBieHue 1 M nmpoBoJioku mipu Temmeparype 15 °C, Om (s
BBICOKOIIPOYHOM MTPOBOJIOKU ITpuHUMaeTcs Ris =0,23 Om); £ — niepenana Tem-

nepatyp, °C; A — koappuureHT TeMnepaTypHOro CONPOTUBIICHUS CTAJIH, PaB-
Hb1it 0,0048 K.

R (12.6)
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Cuna Toka, Kak ImpaBujio, HaxoauTes B npenenax 250400 A.
Hanpsxkenue Toka He 10KHO npeBbimaTth 60 B:

Ucp = Ichcp‘ (12.7)
MOIIHOCTh UCTOUYHUKA TUTAHUSA JIJI1 HarpeBa, KB-A:
IZ(]Cp];p
W=——, (12.8)
1000

/1€ 7 — KOJIMYECTBO HArPEBAEMBIX MPOBOJIOK.

1o paccuntranubiM 3HaueHusM [, U u W noaduparoT TpanchopmaTop wiu
MIPOBEPSIIOT COOTBETCTBUE BBHIOPAHHON MAIIMHBI HEOOXOAUMOMY PEKUMY
HATSIKCHHUS.

Ilpumep. BoIONMHUTH TEXHOJOTUYECKUE PACUETHI IAPAMETPOB IIEKTPO-
TEPMOMEXAHUYECKOr0 Croco0a HAMpsKEHUS apMaTypbl MPU U3TOTOBICHUU
KeJe300€TOHHBIX HAMIOPHBIX TPYO CO CTaTbHBIM HUIUHAPOM (IuameTp 250 M,
mrHa 10000 MM), paccunTaHHbIX Ha BHyTpeHHee AaBieHue 1,5 Mlla. Ilpen-
BapUTEIbHOE HAMPsHKEHUE OETOHA OCYIIIECTBIISIETCS HAMOTKON Ha CEPJICUHUK
TpyObl HarpeTol cmnupamu U3 TpoBoJioku Kkiacca B-II muamerpom
5 MM B Tako# nociegoBaTenbHoCcTH. [IpoBOIOKa cMaThIBaeTCA U3 OYXT U Me-
XaHU3MOM MOJA4Yu MPOTATUBAETCA CKBO3b TOPMO3HOE YCTPOWCTBO, a 3aTEM
IPOXOAUT Yepe3 CUCTEMY OJIOKOB C TPY30M, IJI€ OCYIIECTBIISIETCS MEXaHUYe-
CKO€ HaTsHKEHUE. DIIEKTPOKOHTAKTOM JIII HArpeBa MPOBOJIOKH SIBISETCS TOP-
MO3HO€ YCTPOMCTBO M HAMOTOYHAS KApETKa, KOTOpas MEpPEIBUTAECTCS BIIOJIb
u3aenus. Y Cuiane HaTshKeHUs MPOBOJIOKU Go cocTariseT 120 MlTa.

1. OnpenensieM COOTHOIIEHUE MEXIY ABYMsI BUJIaMU HANPsKEHUM (Me-

XaHUYECKUM OCon U DJIEKTPOTEPMUUYECKUM OCo;), KOTOPOE JJIsi MPOBOJIOKU
kiacca B-II nuametpom 5 MM cOCTaBIISIET:
p1=00/c0=0,75; p>= com/co=0,25.
CootsercTBeHHO, Go:= 0,75-120 = 90 MIla; con= 0,25-120 = 30 MIIa.
2. Ycunue HaTSHKEHUsI, CO3/1aBaeMOT0 TPYy30BbIM MEXAHU3MOM:

3,14-5°
o fn 30.’7.1
p="w/t p__ 4  _¢s54H.
n 0,9

3. Pacuernas TemriepaTtypa HarpeBa apmMaryphl:
_ Syt Bl _90+2-10°-20-13,4-10"°
P Eoa ° 2-10°-13,4-10°°
4. ITpoaomKUTENHHOCTh HArpeBa MPOBOJIOKH — IpuHKUMaeM 10 c.
5. Cuna TokKa:

=54 °C.

=9
* 0,86TR
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OnpenensieM:
3,14-0,005"
— yIeIbHyI0 Maccy 1 M TIPOBOJIOKH: T-1-7800 =0,153 «xr,
rae 7800 Kr/mM>® — INIOTHOCTB CTAJIM;

— CpeIHUH pa3mep conpoTUBiIeHUs | M npoBosioku, Om:
_R@+h) 0 0,23-(2+0,0048-34)

ch = 2 o 5 = 0,249 Om,
153-0,5-10°
r=—2¢ o 223000 _gs 050
0,86‘5ch 0,86-10-0,249
6. Hanpsoxenue Toka:
U,=1,R,, U, =3572:0,249=89B.
7. MOIITHOCTh UCTOYHUKA ITUTAHUS:
Uu I . .
W:m’ W:M:OJI?EKB-A.
1000 1000
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