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BBI/IIIIIIK.

B Hame BpeMa c6opHbift ^ene306eT0H aBnaeTca ochobhmm cTpoHTentHbiM Ma- 

TepnanoB npn Bo3BegeHHH 3gaHHH h coopy^eHHH.

^ene3o6eTOHHbie H3genna b ycnoBHax ^h3hh coBpeMeHHoro ropoga mm 

Ha6nrogaeM a6conroTHo noBcwgy, HanHHaa ot 6opgropHbix KaMHeft 3aKaHHHBaa $yry- 

Phcthhhmmh He6ocKpe6aMH.

^ n tro  npoeKTa aBnaeTca pa3pa6oTKa TexHonorHH npoH3BogcTBa ®:ene3o6eToH- 

hmx nnHT noKpMTHH TpaMBaHHtix nyTeft.

HcTopHnecKH b cTpaHax CCCP TpaMBan 6bm caMbiM pacnpocTpaHeHHMM h go- 

CTynHMM BHgoM o6rn,ecTBeHHoro TpaHcnopTa. MHoro roBopHT o 3HanHMocTH TpaMBaa 

$pa3a BceHapogHoro cTapocTbi «Bcecow3HbiM cTapocTon» M. H. KanHHHHbiM: «Echh b 

ropoge pa6oTaeT TpaMBan - 3HanHT, b ropoge gencTByeT CoBeTcKaa BnacTt.» EyM co- 

3gaHHa TpaMBaftHbix cncTeM Hananoct ern,e c Hanana 20-ro BeKa h npogon^anca go 

MHpoBtix bohh. B to BpeMa TpaMBan 6bm ochobhmim BHgoM TpaHcnopTa, aBTo6ycHbift 

TpaHcnopT ern,e pa3BHBanca, a aBToMoSnnn 6bmn pocKomtw. B 1990 hhcho ropogoB c 

TpaMBaaMH paBHanoct b CCCP 70, 6bmo nepeBe3eHo 6 Mnpg. nacca^upoB, a o6^aa 

npoTa^eHHocTt TpaMBaftHbix nyTefi cocTaBnana 3 Tbicann KHnoMeTpoB.

Ceftnac b Pocchh TpaMBan y^e noTepan cbow 3HanHMocTt. OgHaKo h b Hame 

BpeMa mo^ho HafiTH ropoga c pa3BHBarorn,HMca TpaMBaftHbiM TpaHcnopToM, KaK Bon- 

rorpag c ero MeTpoTpaMoM hhh MarHHToropcK b kotopom go chx nop cTpoaT HoBbie 

hhhhh. KpoMe MarHHToropcKa, b T̂OM cnncKe YntaHoBcK, KonoMHa, Ka3aHt, Ha6e- 

pe^Hbie ^enHbi, EKaTepHH6ypr h HeKoTopbix gpyrnx ropogax. B 2010 rogy ropogoB c 

TpaMBaaMH HacwrbiBanoct 61, a o6rn,aa npoTa®eHHocTt TpaMBaftHbix nyTefi 2,5 Tbica- 

hh KHnoMeTpoB, ^Ta cTaTHcTHKa roBopHT o tom, hto TpaMBaHHbH TpaHcnopT 6ygeT aK- 

TyaneH ern,e gonroe BpeMa, cnegoBaTentHo, 6ygeT aKTyantHo npoH3BogcTBo nnHT no- 

KpbTHa TpaMBaHHbx nyreft.

TpaMBaHHbe nnHTbi nocToaHHo nogBeprawTca bmcokoh gHHaMHnecKoft Harpy3- 

kh, a b 3HMHee BpeMa Bo3geficTBHW conefi h nepenagoB TeMnepaTypbi, hto6m Bbigep- 

^HBaTt TaKHe Harpy3KH nnHTaM Heo6xogHMbi TaKHe KanecTBa KaK BbicoKoe KanecTBo h
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gonroBeHHocTt. OgHaKo no gaHHbiM 3aBoga ^ E H  N° 15 HnO «MocnpoMcTpoHMaTe- 

pnanbi», Ha kotopom b TeHeHHe paga neT H3 Ta^enoro 6eToHa M400 H3roTaBnHBanncb 

®:ene3o6eTOHHbie nnHTbi gna noKpbrraft TpaMBaftHbix nyTeH no noTOHHo-arperaTHoft 

TexHonorHH, HecMoTpa Ha pag MeponpnaTHH no o6ecneneHHW KanecTBa, npoBegeHHbix 

3aBogoM, nnHTbi b 6onbmHHCTBe cnynaeB He cooTBeTCTBoBann Tpe6oBaHHaM no gonro- 

BeHHocTH. H3genna, cpoK cny^6b  KoTopbix onpegeneH b 20 neT, Bbixognnn H3 CTpoa 

nocne 2-3 neT ^KC^^yaTa^HH: pa3pymanca BepxHHH cnofi 6eToHa, o6Ha^anact h Kop- 

pognpoBana apMaTypa.

Hcxoga H3 ^THx gaHHbix mo^ho cgenaTb BbiBog o tom, hto cym,ecTByrom,aa Tex- 

Honorna H3roTOBneHHa TpaMBaHHbx nnHT He o6ecneHHBaeT gonroBeHHocra h Hy^ga- 

eTca b gopa6oTKe.

K ochobhmm 3agaHaM, KoTopbie Heo6xogHMo pemHTb npn BbmonHeHHH npoeKTa, 

mo^ho oTHecTH: aHanH3 BbmycKaeMoft npogy^HH h cbipteBbix MaTepnanoB; TexHHKo- 

^K0H0MHHecK0e o6ocHoBaHHe TexHonorHH h cnoco6a npoH3BogcTBa, Bbi6op o6opygo- 

BaHHa h npoeKTHpoBaHHe TexHonorHHecKoft hhhhh no nporoBogcTBy H3genna; pa3pa- 

6oTKy Mep no Kornponro KaHecTBa h oxpaHe Tpyga.



PA3^E^ 1 OnHCAHHE BWnYCKAEMOH nPO^yKTmW

1.1 OnncaHHe BtmycKaeMoH npogy^HH h ee npHMeHeHHe.

n^HTM TpaMBaHHMe ®;ene306eT0HHMe - T̂O BMCOKOnpOHHMe KoHCTpy^HH, ko- 

Toptie npHMeHaroTca b gopo^HoM cTpoHTentcTBe b KanecTBe noKptrran TpaMBaHHtix 

nyTen. TpaMBaHHtie nnHTti o6ecneHHBaroT 6e3onacHocTt nepegBH^eHHa no TpaMBan- 

hmm nyraM, npegoTBparn,aa hx cMern,eHHe h npocegaHHe. ^ene3o6eTOHHbie nnHTti hc- 

nont3yroTca Ha npaMtix h KpHBtix ynacraax TpaMBaHHtix nyren, b Konee, Ha o6onHHax 

hx Me^nyrtax pa3nHHHon mnpHHti. Ot KanecTBa nnHTti bo MHoroM 3aBHcHT 6e3onac- 

hoctb nepegBH^eHHa no hhm nacca^HpcKHx BaroHoB h aBTOMoSnnbHoro TpaHcnopTa. 

n^TOMy K ®;ene3o6eToHHMM nnHTaM TpaMBaHHtix nyTen npHMeHaroTca He MeHee 

CTporne Tpe6oBaHHa, neM K hw6mm gpyrHM gopo^HtiM noKptrraaM, HopMti h CTaH- 

gapTt hx npoH3BogcTBa 3aKpenneHti B rOCT 19231.0(1)-83.^ene3o6eTOHHaa nnHTa 

oTBenaeT oco6tiM Tpe6oBaHHaM npoHHocra, TaK KaK ^KC^^yarapyeTca nog Bo3gen- 

CTBHeM gHHaMHHecKon Harpy3KH TpaMBaeB h aBToMo6nneH, npoxoganrnx no ee no-

KptlTHW.

BtcoKHe ^KC^^yaTa^HOHHMe KanecTBa h npocToTa KoHcTpy^HH no3BonaroT 

npHMeH^Tt TpaMBaHHtie nnHTti TaK^e npn o6ycTponcTBe aBTocToaHoK, 6eH3o3anpa- 

bohhmx cTaH^HH, ocTaHoBoK o6rn,ecTBeHHoro TpaHcnopTa, b MecTax 3ae3ga TpaHc- 

nopTHtx cpegcTB Ha cTpoHTentHbix nnorn,agKax, npoMtimneHHtix nonnroHax h T.g.

^ene3o6eTOHHbie TpaMBaHHtie nnHTti npHMeHaroTca gna noKptrraa TpaMBan- 

H tx nyTen mnpHHon Konen (paccToaHHe Me^gy BHyTpeHHHMH rpaHaMH tohobok 

pentcoB) 1520 mm. ^aHHaa mupuHa. Konen cTaHgapTH3HpoBaHa gna Bcex ®:ene3Hogo- 

po^Htix nyren Pocchh. PaHee mupuHa. Konen Ha pocchhckhx goporax cocTaB^ana 

1524 mm. C 1970 roga ®:ene3Hbie goporn CCCP Hanann H3MeHeHHe mupuHt Konen c 

1524 mm Ha 1520 mm, ogHaKo no npaBHnaM TexHHnecKon ^KC^^yaTa^HH gonycKaeTca 

Hcnont3oBaHHe cym,ecTByrorn,eH Konen 1524 mm go ee KanHTantHoro peMoHTa hhh pe- 

KoHcrpy^HH, TaK KaK pa3HH^ B 4 mm He Tpe6yeT nepeo6opygoBaHHa nogBH^Horo 

cocTaBa.
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TpaMBaHHbie nnHTbi npegHa3HaHawTca gna yKnagKH Ha npaMbix h KpHBbix 

yHacTKax nyra, a TaK^e b Konee, Ha o6oHHHax h b Me^gynyrbax.

npHMeHeHHe ®:ene306eT0Ha b KaHecTBe MaTepnana gna H3r0T0BneHHa TpaMBaH- 

hmx nnHT 06ycn0BneH0 bmcokoh npoHHocrbw 6eToHa h ero cnoco6HocTbro Bbigep^H- 

BaTb 3HaHHTenbHbe Harpy3KH, KoTopbie B03HHKaroT KaK ot K^HMaTHHecKHx ycnoBHH b 

pafioHe ^KC^^yaTa^HH, TaK h ot npoe3^;aw^ero no nyraM TpaHcnopTa. Hh3khh m3$- 

$H^HeHT HcrapaeMocTH H3genHH H3 ®:ene306eT0Ha no3BonaeT 3HaHHTenbH0 yBenn- 

HHTb ^KC^^yaTa^H0HHMH cpoK TpaMBaftHbix nyTeft. npn ^T0M ®:ene306eT0H, no cpaB- 

HeHHW c gpyrHMH crpoHTenbHbiMH MaTepnanaMH, cpaBHHTenbHo gemeB b npoH3Bog- 

cTBe, Tpe6yeT MeHbme ^Hep^eTHHecKHx 3aTpaT. Bbigarornueca $H3HHecKHe xapaKTepn- 

cthkh h ^K0H0MHHecKaa Bbroga npHBenn k T0My, hto ®;ene306eT0H cran caMbiM no- 

nynapHMM MaTepnanoM b 6onbmHHcTBe c^ep cTpoHTenbcTBa.

KoHcTpyKTHBHo ®:ene306eT0HHbie TpaMBaftHbie nnHTbi npegcTaBnawT co6oft 

npaMoyronbHyw ^nrypy cnnomHoro ceHeHHa He6onbmoft Tonrn,HHbi (bmcotm). Ha 

hh^hhx HacTax 6okobmx rpaHeft npegycMoTpeHbi TexHonorHHecKHe ckocm, npegHa- 

3HaHeHHbe gna ynyHmeHHa $HKca^HH h npegoTBparn,eHHa cMern,eHHa nnHT b rpyHTe.



PA3^E^ 2 TEXHO^OrHHECKAH HACTb.

2.1 Tnnbi, ocHoBHtie napaMeTpti h pa3Mepti.

B npoeKTe paccMaTpHBaeTca H3roTOBneHHe nnHT 2n 14.19.12

n^HTM genaTca Ha ranti b 3aBHCHMOCTH ot BHga mnan gna yKnagKH, Ha koto- 

ptie ohh npegHa3HaneHM:

-  2n  yKnagtmaroT c ®;ene306eT0HHMMH mnanaMH;

OcHOBHte pa3Mept h $opMa yKa3aHH Ha pnc. 1 h b Ta6n.1.
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ABT0M06nnbHaa Harpy3Ka, Ha KoTopyw paccHHTaHa nnura 3aBucuT ot ee Ton- 

muHbT, npu 120 mm -  go 30t., npu 100 mm -  go 10 t.

ApMupoBaHue nnHT ocyrn,ecTBnaeTca ceTKaMu H3 cTep^HeBofi apMaTypbi Knacca 

A400 unu A t400 h npoBonoHHofi apMaTypbi Knacca Bp-1.

nnHTbi peKoMeHgyeTca npou3BoguTb 6e3 nogteMHbix TexHonoruHecKux neTenb. 

Bo3mo^ho HanuHue TexHonoruHecKux neTenb, pacnono^eHue KoTopbix gon^Ho coot- 

BeTcTBoBaTb yKa3aHH0My Ha puc. 1.

KoHCTpy^ua apMaTypHbix ceT0K ^HKcaTopoB u neTenb npuBegeHbi b rOCT 

19231.1-83.

3am,HTHbiH cnofi 6eT0Ha b rogenuu paBeH 25 mm.

n^HTM o6o3HaHawT MapKaMu u b cooTBeTcTBuu c rO CT 23009-78.

MapKa nnurbi coctoht h3 6yKB u ^H$p yKa3biBarom,ux Ha Tun nnuTbi u ee pa3- 

Mepbi: gnuHy u mupuHy b ge^HMeTpax (oKpyraawrca go ^noro  Hucna) u Tonm,HHy b 

caHTHMeTpax.

MapKa 1n mupuH0H 1400 mm, gnuHoft 2070 mm, TomnuHoH 120 mm, npegHa- 

3HaHeHH0H gna yKnagKH b Konee u Me^gynyrbe Ha npaMbix yHacTKax nyTu:

-  1n14.21.12

2.2 TexHHHecKue Tpe6oBaHua.

n^HTM npou3BogaTca b cooTBeTcTBuu c Tpe6oBaHuaMH rO CT 19231.0-83 u ero 

TexHonorHHecKofi goKyMern^uu, yTBep^geHHoft b ycraH0BneHH0M nopagKe, b tom 

Hucne no HepTe^aM.

CranbHbie ^opMbi gon^Hbi o6ecneHHBaTb co6nwgeHue Tpe6oBaHHH, ycTaH0B- 

neHHbx rO CT 19231.0-83 k KaHecTBy u tohhocth H3r0T0BneHua nnur.

n^HTa gon^Ha Bbigep^HBaTb KornponbHbie Harpy3KH, yKa3aHHbie b Ta6n.2.
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Ta6n^a 2 -  KOHTpontHbie Harpy3KH

MapKa KoHTpontHaa Harpy3Ka (6e3 yneTa co6cTBeHHoro Be- 
ca), kH (Krc), npn npoBepKe nnHT

Ha npOHHOcTt (P pa3rp) Ha Tpe^HHOcTOH-
KOcTt (PKOHT)

2n14.19.12 133,31 (13594) 80,79 (8238)

2.3 EeTOH.

npn npoH3BogcTBe nnHT Hcnont3yeTca Ta^entH 6eToH KnaccoM npoHHocra Ha 

c^arae B30

^na nnHT Bbicmeft KareropHH KanecTBa K0^$$H^HeHT BapHa^HH 6eTOHa gon^eH 

6bTt He 6onee 8%

Mopo3ocTofiKocTt h BogoHenpoHH^eMocTt 6eTOHa npn HH^e MHHyc 15°C- 

F200, W4.

MapKH 6eTOHa no mopo3octohkocth h BogoHenpoHH^eMocra yKa3biBaeTca b 

3aKa3e Ha H3r0T0BneHHe nnHT.

Bogonoraorn,eHHe gon^HO 6biTt He 6onee 5 % no Macce.

2.3.1 Boga.

CoraacHO rO CT 23732-2011 «Boga gna 6eTOHOB h cTpoHTentHbix pacTBopoB. 

TexHHnecKHe ycnoBHa» gna 3areopeHHa 6eTOHHOH cMecn npn roroTOBneHHH 6eTOH- 

H tx h ®;ene306eT0HHMx KOHcTpy^HH c HeHanparaeMOH apMarypoft Hcnont3yeTca bo- 

ga co cnegyw^HMH xapaKTepncTHKaMH:

-  cogep^aHHe pacTBopHMbix coneft, He 6onee -5000 Mr/n;

-  cogep^caH ne hohob K IM . He 6 o jie e  -  2 7 0 0  m iYj i ;

-  cogep^caHHe h o h o b  C7_ , He 6 o jie e  -  1 2 0 0  Mr/n;

-  cogep^aHHe B3BemeHHbix nacra^ He 6onee -  200 Mr/n;
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-  o6rn.ee cogep^aHue b Boge hohob Na+ u K+ b cocraBe pacTBopuMbix coneft, 

He 6onee -  1500 Mr/n;

Boga, npu3HaeTca npurogHoft, ecnu no cpaBHeHuro c pe3ynbTaTaMH ucnbiTaHHH, 

npoBegeHHbx Ha nuTbeBofi Boge, cpoKH cxBaTbmaHua ^M em a H3MeHawTca He 6onee 

HeM Ha 25 %, npoHHocTb 6eT0Ha Hepe3 7 u 28 cyT0K HopManbHoro TBepgeHua, a TaK®;e 

Mopo3ocTofiKocTb u BogoHenpoHH^eMocTb 6eT0Ha He cHH^aeTca, a apMaTypHaa cranb 

b 6eT0He HaxoguTca b ycT0HHHB0M naccuBH0M cocToaHuu.

BogopogHbH noKa3aTenb Bogbi pH -  4... 12,5.

2.3.2 necoK

B KaHecTBe MenKoro 3anonHHTena Mo^eT 6biTb npuMeHeH npupogHbift necoK no 

rO CT 8736-93 «necoK gna cTpourenbHbix pa6oT. TexHHHecKue ycnoBua», a TaK«:e 

cMemaHHbH necoK H3 MenKoro unu oHeHb MenKoro npupogHoro necKa u gpo6neHoro 

necKa H3 0TceB0B gpo6neHua H3Bep^eHHbx ropHbix nopog. He gonycKaeTca npuMe- 

HaTb b KaHecTBe MenKoro 3anonHHTena necoK H3 0TceB0B gpo6neHua 6e3 cMemeHua 

ero c npupogHbiM necK0M. necoK gon^eH HMeTb cpegHWW nnoTHocTb ot 2000 go 

2800 Kr/M3.

3epH0B0H cocTaB MenKoro 3anonHHTena gon^eH cooTBeTcTBoBaTb rpa^HKy, 

npuBegeHH0My Ha pucyHKe 1. YHHTbmaroT TonbKo 3epHa, npoxogarn,ue Hepe3 chto c 

KpyrabiMH oTBepcTuaMH guaMeTpoM 5 mm.

CoraacHo rO CT 8736-93 «necoK gna cTpourenbHbix pa6oT. TexHHHecKue 

ycnoBua»[], MenKHH 3anonHHTenb gna BH0Bb cTpoarn,uxca ^Hnbix h o6rn,ecTBeHHbix 

3gaHHH gon^eH HMeTb ygenbHyro ^$$eKTHBHyro aKTHBHocTb ecTecTBeHHbix paguo- 

HyKnugoB go 370 EK/Kr.

2.3.3 ^ e 6eHb

B KaHecTBe KpynHoro 3anonHHTena gon^eH npuMeHaTbca $pa^uoHupoBaHHbiH 

rn,e6eHb H3 ecTecTBeHHoro KaMHa unu rpaBua no rO CT 8267-93 «^ ,e 6eHb u rpaBHH
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H3 nnoTHtx ropHtx nopog gna cTpoHTentHbix pa6oT». CornacHO rO CT 19231-83 

Han6ontmaa KpynHocTt rn,e6Ha npHHHMaeTca 20 mm.

nacnopTHbie xapaKTepncTHKH rn,e6Ha ^pa^HH 5.. .20 mm npHBegeHbi B Ta6n n ^  

3anonHHTenn nocTaBnawTca Ha 3aBog aBT0M06nntHbiM TpaHcnopTOM. nogana 3anon- 

HHTenefi b 6eT0H0cMecHTentHbift ^ x  ocyrn,ecTBnaeTca neHTOHHbiM TpaHcnopTepoM.

2.3.4 ^oSaBKH

no CHnn 3.06.04-91[] BBegeHHe B 6eTOHHyw cMect KOMnneKcHbix go6aBOK gna 

o6ecneneHHa mopo3octohkocth 06a3aTentH0 gna 6eTOHOB c npoeKTHofi MapKOH F 200 

h Btme. ^na perynnpoBaHHa h ynynmeHHa cbohctb 6eTOHHOH cMecn h 6eTOHa, chh- 

®:eHHa pacxoga ^M em a h ^Hep^eTHHecKHx 3aTpaT cnegyeT npHMeHaTt xHMHnecKHe 

go6aBKH, ygoBneTBopawrn,He Tpe6oBaHHaM rO CT 24211-2008 «^ o 6aBKH gna 6eTO-

HOB.

2.4 ApMHpoBaHHe

OopMa h pa3Mept apMaTypHbix ceTOK, ^HKcaTopoB h TexHonornnecKHx neTent 

yKa3aHt b rO CT 19231.1-83.

ApMHpoBaHHe nnHT Heo6xogHMO npoH3BogHTt KaK yKa3aHO Ha pnc.3.

PncyHOK 3 -  cxeMa apMHpoBaHHa.



Ta6n^a 5. TexHHnecKHe noKa3aTenn nnHTti

M a p K a  n n u rb i H opM aTH BH aa n ogB H ^H aa  

aBToM oGu^bHaa H arpy3Ka

K n a c c  GeToHa n o  

nponH ocTH  Ha 

c ^ a r a e

P a c x o g  M aTepuanoB  Ha nnH Ty

E eToH , M3 C Tanb, Kr

2 n 1 4 .1 9 .1 2 H -3 0 B 3 0 0,28 19 ,46

nogteMHtie TexHonornnecKHe neTHH cnegyeT roroTOBnaTt H3 apMaTypti Knacca 

A-II MapKH 10FT. ^onycKaeTca npHMeHeHHe gna neTent raagKon apMaTypti Knacca A I 

MapoK BCT3cn2 h BCT3nc2.

2.5 nocTaBKa nnuT

nocTaBKa nnuT noKynaTenro nporoBogurca tohbko nocne gocra«:eHHa 6eToHoM 

oTnycKHon nponHocra.

OTnycKHaa nponHocTt b 3aBHcHMocth ot TeMnepaTypti

-  100 - gna nnHT, npegHa3HaneHHtix k yKnagKe b nyTt npH TeMnepaType Hapy^;-

Horo Bo3gyxa MHHyc 5°C h HH^e;

-  70 - to ®;e, Btime MHHyc 5°C.

E chh 3aBog rapaHTHpyeT gocra«:eHHe nponHocra cooTBeTCTByrorn,eH Knaccy b 

Bo3pacTe 28 cyToK nocTaBKa Mo^eT 6htb  ocyrn,ecTBneHa c oraycKHon nponHocTtro 

HH^e Knacca 6eToHa no nponHocra.

2.6 T ohhoctb roroTOBneHHa nnHT

OTKnoHeHHa ^aKTHnecKHx pa3MepoB nnuT h Tonrn,HHti 3arn,HTHoro cnoa 6eTOHa 

go apMaTypti ot HoMHHantHtix He gon^Hti npeBtimaTt, m m :

no gnHHe..........  ±5

no mupuHe.......  ±3

no Tonrn,HHe.....  ±5

no Tonrn,HHe 3arn,HTHoro cnoa 6eTOHa .... ±3

nucm
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^na nnHT Bbicmeft KaTeropHH KanecTBa npegenbHbie oTKnoHeHHa no Tonrn,HHe 

nnHT h Tonrn,HHe 3arn,HTHoro cnoa 6eTOHa He gon^Hbi npeBbimaTb +3 mm.

Pa3Mepbi paKOBHH, MecTHbix HannMBOB h BnagHH Ha noBepxHocTax nnHT h oko- 

noB pe6ep 6eToHa He gon^Hbi npeBbimaTb yKa3aHHbix b Ta6n.5.

Tpern,HHbi Ha noBepxHocTax nnHT He gonycKawrca. MecTHbie noBepxHocTHbie 

ycagonHbie h TexHonornnecKHe Tpern,HHbi mnpuHon He 6onee 0,1 mm h gnHHoft He 6o- 

nee 50 mm He aBnawTca ocHoBaHHeM gna hx 6paKoBKH. npn ^T0M KonnnecTBo Tpem.HH 

He gon^Ho 6biTb 6onee naTH Ha 1,5 M2 noBepxHocTH nnHTbi.

Ta6n n ^  5 -  npegenbHbie pa3Mepbi.

n oB epxH ocTb E pegen bH w e pa3M epw, m m

paKoBHH MecTHbix Hannw- oKonoB 6eToHa

bob  (B b icoTa ) H

BnaguH (rny6H H a)

^H aM eTp Tny6H H a rn y 6 u H a ^nH H a Ha 1 m  

p e6 p a

P a6on aa 6 3 3 5 50

H ep a6 on aa 15 5 5 10 100

2.7 npneMKa nnHT.

npneMKy nnHT no noKa3aTenaM npoHHocra 6eToHa (Knaccy 6eToHa no nponHo- 

cth Ha c^arae, omycKHoft npoHHocra), cooTBeTcTBHa apMaTypHbix rogennft Tpe6oBa- 

HHaM rO CT 19231.1-83, npoHHocra cBapHbix coegHHeHHH, TonmuHM 3arn,HTHoro cnoa 

6eToHa go apMaTypbi, tohhocth reoMeipHnecKHx napaMeTpoB, KanecTBa noBepxHocreft 

cnegyeT npoBogHTb no pe3ynbTaTaM npneMo-cgaTOHHbix HcnbrraHHH h Kornpona.

npneMKy nnHT no noKa3aTenaM hx nponHocra h Tpem,HHocToftKocTH, a TaK«:e 

no mopo3octohkocth, BogoHenpoHH^eMocra, Bogonorno^eHHW 6eTOHa cnegyeT 

npoBogHTb no pe3ynbTaTaM nepnognnecKHx HcnbrraHHH.
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2.8 HcnbrraHue nnuT no npoHHocTH u Tpem,uH0cT0HK0cTu

HcnbrraHue no npoHHocTH u Tpe^HHoctohkocth npoBogHTbca Harpy^eHueM.

no gocTH^eHuw 6eT0H0M nnuT npoHHocTH cooTBeTCTByrorn,eH Knaccy npoBogaT 

ucnbTaHue.

CxeMbi ucnbTaHua yKa3aHa Ha puc.4 u Ta6n.6, a 3HaHeHua KomponbHbix Harpy- 

30K - no Ta6n.7.

Ta6n u ^  6 -  tohkh npuno^eHua Hapry3KH

^nuHa nnuTbi mm. PaccToaHue (2a) Me^gy ToHKaMH npuno^eHua Harpy3- 

kh gna nnuT TunoB mm.

2n

1860 690(730)

1 - ucnbTyeMaa nnuTa; 2 - gepeBaHHbie 6pycba ceHeHueM 10x10 cm; 3 - Harpy3- 

Ka Ha bcw mupuHy nnuTbi, L-gnuHa nnuTbi (cm. Ta6n.1)

PucyHoK 4 -cxeMa ucnbrraHua nnuT



Ta6n u ^  7 -  KoHrponbHbie 3HaHeHua.

MapKa nnuTbi KomponbHaa Harpy3Ka (6e3 yHeTa co6cTBeHHoro Beca), kH 

(Krc), npu npoBepKe nnuT

Ha npoHHocTb (Ppa3rp) Ha Tpe^HH0cT0HK0cTb (PK0HT)

2n14.19.12 133,31 (13594) 80,79 (8238)

npuMeHaHua:

-  B pe3ynbTaTe ucnbrraHHH mupuHa Tpern,HH gon^Ha 6biTb He 6onee 0,2 mm

-  KoHTponbHaa Harpy3Ka yKa3aHa 6e3 yHeTa K0^$$H^HeHTa Hage^HocTu

npoHHocTb 6eT0Ha Ha c^arae cnegyeT onpegenaTb no rO CT 10180-78 Ha cepuu 

o6pa3^B, H3r0T0BneHHbx H3 6eT0HH0H cMecu pa6oHero cocTaBa u xpaHHBmHxca b 

ycnoBuax no rOCT 18105.1-80.

^onycKaeTca onpegenaTb ^aKTHHecKyw npoHHocTb 6eT0Ha nnuT ynbTpa3ByK0- 

bmm MeTogoM no rOCT 17624-2012 unu npu6opaMH MexaHHHecKoro geHcTBua no 

rO CT 22690-88, a TaK^e gpyruMH MeTogaMH, npegycMoTpeHHbiMH geficTByw^HMH 

cTaHgapTaMu Ha MeTogbi ucnbrraHuft 6eT0Ha.

Mopo3ocTofiKocTb onpegenaeTca Ha o6pa3^ax H3 6eT0HH0H cMecu, npegHa3Ha- 

HeHH0H gna npou3BogcTBa, npou3BoguTca nyTeM ^HK^HHecK0^0 oTTauBaHua -  3aM0- 

pa^HBaHua b 5%-hom pacTBope NaCl

MeTogbi KoHTpona u ucnbiTaHHH cBapHbix apMaTypHbix rogenuft cnegyeT npu- 

HHMaTb no rO CT 10922-75.

fflupuHy pacKpbTua Tpern,HH cnegyeT H3MepaTb npu noMorn,u oTcHeTHoro mhk- 

pocKona Tuna Ml IE-2 c ^hoh  geneHua mKanbi 0,05 mm h Ha6opa rnynoB no T Y  2

034-225-87.
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2.9 MapKupoeKa xpaueuue u mpaucnopmupoeauue.

MapKHpoBKa HaHocHTca Ha 6oKoByro rpaHt nnuTti.

OHa gon^Ha yKa3tiBaTb MapKy 6eToHa,Mopo3ocTOHKocTb u gaTy npou3BogcTBa.

MapKHpoBonHHe Hagnucu u 3HaKu cnegyeT HaHocuTt Ha 6okoboh rpaHu Ka^- 

gon nnHTH.

XpaHeHHe u TpaHcnopTupoBaHue nnuT gon^Ho npou3BoguTbca b pa6oneM (ro- 

pH3oHTantHoM) nono^eHHH.

nnHTH cnegyeT xpaHHTt Ha cKnagax rpy3ooTnpaBHTenen u rpy3ononynaTeneH b 

mTa6enax paccopTupoBaHHtiMH no MapKaM u napTuaM.

BticoTa mTa6ena gon^Ha 6htb He 6onee 1,5 M.

He gonycKaeTca:

-  pa3rpy3Ka nnuT c6pactiBaHueM;

-  3axBaT nnHT 3a nogteMHtie TexHonorunecKue nerau npH norpy3Ke, pa3rpy3- 

Ke u MoHTa^e.

nnuTt TpaHcnopTupywTca aBToMo6unbHtiM unu ^ene3Hogopo^HMM TpaHcnop- 

tom pa6oneH noBepxHocTtro BBepx c Hage^HtiM Kpene^oM.

2.10 npegno^eHua no ycoBepmeHcTBoBaHuro TexHonoruu npou3BogcTBa.

2 .10.1 Hcnont3oBaHue bhcoko mopo3octohkhx 6eToHoB Ha fflnu,

^na yBenuneHua gonroBenHocTH H3genua npegnaraeTca Hcnont3oBaHue Ta^e- 

noro 6eToHa Ha mnaKonopTnaHg^MeHTax.

CKopocTt pa3pymeHua 6eToHa npu ^HK^HHecKOM 3aMopa^HBaHuu cBa3aHa co 

cTpyKTypon rugpaTHtix $a3 ^Meffraoro KaMHa.

fflnaKonopTnaHg^MeHTti npu noBtimeHHtix TeMnepaType u Bna^HocTH o6pa- 

3ywT 6onee ycTOHHHBtix npogyKToB KonnnougHon cTeneHH gucnepcHocTH neM nopT- 

naHg^MeHTti.
Tjucm
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nponapeHHbift 6eToH Ha fflnu, cnoco6eH penaKcnpoBarb B03HHKarorn,He Hanpa- 

®:eHHa, ^T0 o6ecneHHBaeTca cTa6nnbHocTbw reneo6pa3Hbix $a3 h cnoco6cTByeT no- 

BHmeHHM mopo3octohkocth 6eT0Ha, cnegoBaTenbHo ero gonroBeHHocra.

CocTaB Mopo3ocTofiKoro 6eT0Ha Ha mnaKonopTnagH^MeHTax pa3pa6oTaH Ka- 

^egpoft CTpoHTenbHbx MarepnanoB M Y p rY

CocTaB 6eT0Ha:

KonnnecTBo,Kr Ha 1 m3 6eT0HH0H cMecn:

-  ^MeHTa 483

-  necKa 487

-  ^ e 6Ha 1253

-  Bogbi 181

-  ^ 06aB0K 3,4776 

B/q = 0,375

^ o 6aBKH, % ot Maccb ^M erna

-  Cynepnnacra^HKaTop C4 0,7

-  CMona HefiTpanH30BaHHaa B03gyx0B0BneKarorn,aa (CHB) 0,02 

XapaKTepncTHKH Hcnonb3yeMoro ^MeHTa fflnu, 400

npo^ffraoe cogep^aHHe mnaKa - 45%

YgenbHaa noBepxHocTb cM2/r -  3280

HopManbHaa rycT0Ta % - 25,4

MapoHHaa npoHHocTb, Mna

-  npn H3rn6e - 5,56

-  npn c^arnH - 39,4

^MeHT ygoBneTBopaeT TexHHHecKHM Tpe6oBaHHaM H3genna.



npn nponapHBaHHH Heo6xogHM MarKHH pe^HM TBO co cKopocTb nogteMa 

TeMneparypbi He 6onee 10°C

2.10.2 Hcn0nb30BaHHe rpynnoBbix $opM c MarHHTHofi 6opTocHacTKoH.

npn THnoBofi TexHonorHH Hcnonb3ywTca ogHHoHHbie cTanbHbie ^opMbi, hto 

npHBogHT k hh3koh npoH3BogHTenbHocTH, gna ee noBbimeHHa cnegyeT ncnonb30Barb 

rpynnoBbe cTanbHbie ^opMbi, TaK KaK ra6apHTbi H3genna ^T0 no3BonawT.

^na yBennneHHa npoH3BogHTenbHocTH npegnaraeTca ncnonb30Barb rpynnoBbie 

^opMbi c MarHHTHofi 6opTocHacTKoH, no3Bonawrn,efi H3roTaBnHBarb H3genna nw6oH 

^opMbi h cno^HocTH, ^T0 o6ecneHHT np0H3B0gcTB0 mupoKoH HoMeHKnarypbi npoH3- 

BogcTBa Ha ogHoH $opMe, cocroa^efi H3 noggoHa h MarHHTHbix pa3genHTenefi.

2.10.3. BegeHHe ^neMeHT0B KoHBeepa.

npHMeHeHHe rpynnoBbix $opM c MarHHTHofi 6opT ocHacTKoH no3BonHT ocHa- 

CTHTb nHHHW gBH^y^HMH onopaMH. 3t0 n03B0nHT yMeHbmHTb K0nHHecTB0 KpaH0Bbix 

o^epa^Hfi, onTHMH3HpoBarb noTpe6neHHe TpygoBbix pecypcoB, h bmcoko aBT0Mara3H- 

poBaTb TexHonornnecKyw nHHHW c noMorn,bw pa3H0o6pa3Horo o6opygoBaHHa.

2.10.4. OTKa3 ot npHMeHeHHa TexHonoranecKHx neTenb H3-3a hx ManoH $yHK- 
^H0HanbH0CTH h nepexog Ha apMarypHyw cTanb A500.

Hannnne TexHonornnecKHx neTenb ManoH $yH^H 0HanbH0cTH.

B cooTBeTcTBHH c rO CT 19231.0-83 nnHTbi cnegyeT roroTaBnHBarb 6e3 TexHo- 

nornnecKHx neTenb, ogHaKo THnoBaa TexHonorna nogpa3yMeBaeT hx Hannnne gna 

pacnany6KH moctobmm KpaH0M, gna norpy3KH, 3arpy3KH h MoHTa^a neran Hcn0nb30- 

BaTb Henb3a.

CnegoBaTenbHo, Heo6xogHM0 y6paTb TexHonoranecKHe neran, ^T0 no3BonHT 

cHH3HTb MeTannoeMKocTb h ynpocTHTb H3genne. A  pacnany6Ky h norpy3Ky Tene^Ky 

ocy^ecTBnaTb npn^HMHbiMH rpy303axBarnbiMH ycrpoficTBaMH.
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3aMeHa apMaTypHofi cTanu HeceT KaK KaHecTBeHHbiH, TaK u ^K0H0MHHecKHH ^$-

$eKT.

2.11. Pa3pa6oTKa crpyKTypbi npou3BogcTBeHHoro npo^cca

TexHonoruHecKue npo^ccbi npou3BogcTBa nnuT: pacnany6Ka, HucTKa u cMa3Ka 

noggoHoB u onany6KH, pa3MeTKa u ycTaH0BKa MarHHTHoH onany6KH, apMupoBaHue, 

$ 0pM0BaHue, TennoBaa o6pa6oTKa, npueMKa u KoMnneK^ua, cKnagupoBaHue, oTnycK 

noTpe6uTenaM.

n po^cc  pacnany6KH coctoht H3 cnegyw^ux o^epa^HH: YcTaHoBKa noggoHa 

Ha nocT pacnany6KH, cHaTue MarHHTHoH onany6KH c noMorn,bw KpaHa u 3a^HM0B u 

nepeHoc ee Ha ponbraHr, nepeMern,eHue rogenua Ha nocT Bbigep^KH, norpy3Ka Bbigep- 

®;aHHoro rogenua Ha Tene^Ky, nepeMern,eHue noggoHa Ha HucTKy u cMa3Ky.

Ha nocTy hhctkh h cMa3KH noggoH npoxoga Hepe3 MamuHy hhctkh h cMa3KH 

0Hum,aeTca noBepxHocTHo pefiKofi u Bray6b rn,eTKaMH, paBH0MepH0 cMa3biBaeTca Bpa- 

m,awrn,HMHca connaMH, onany6Ka no ponbraHry npoxoguT Hepe3 MamuHy hhctkh h 

cMa3KH rge 0Hum,aeTca rn,eTKaMH u paBH0MepH0 cMa3biBaeTca connaMH, noggoH ot- 

npaBnaeTca Ha pa3MeTKy u ycTaH0BKy MarHHTHoH onany6KH.

^na npur0T0BneHua ^My^bCHH npegycMaTpuBaeM aBT0MaTH3up0BaHH0e oTgene- 

Hue no npur0T0BneHuw ^ugKux xuMHHecKux go6aB0K 6eT0Ha u pacTBopa.

noggoH npue3^;aa Ha nocT pa3MeTKH u ycTaH0BKH ocTaHaBnuBaeTca. Pa3MeTKa u 

ycTaH0BKa MarHHTHoH onany6KH npou3BoguTca nnorrepoM u po6otom, nnorrep HaHo- 

cht pa3MeTKy BogHofi ^My^bCHeH nog gaBneHueM u oTxoguT Ha KpaH nogKpaHoBoro 

KapKaca hto 6m gaTb MecTo po6oTy, ycTaHaBnuBawrn,eMy no pa3MeTKe MarHHTHyw 

onany6Ky nHeBMaTHHecKofi ronoBKofi. nocne ycTaH0BKH onany6KH noggoH egeT Ha 

nocT apMupoBaHua.

Ha nocTy apMupoBaHua BpyHHyw yKnagbmawTca ^HKcaTopbi u apMaTypHbie 

ceTKH, nocne apMupoBaHua noggoH ompaBnaeTca Ha nocT ^opMoBaHHa. ^na nogHa- 

Tua
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Hag nocTaMH ^opMoBaHua pacnono^eH 6eTOHoyKnagHHK nopTantHoro Tuna, 

nepeMem,arom,HHca no nyTaM nopTana. EeTOHHaa cMect nocTaBnaeTca b 6yHKep 6eTo- 

HoyKnagnuKa H3 6eToHocMecuTentHoro ^ x a  c noMorn,tro aBToMaranecKoro 6yHKepa, 

nepeMem,arorn,eroca no nogBecHtiM pentcaM b npocTpaHcTBe ^xa . nocne 3anonHeHua 

^opMti 6eToHHoft cMectw npou3BoguTca ee ynnoTHeHue Bu6ponnom,agKoH. 3araa^u- 

BaHue noBepxHocTH npoucxoguT c noMorn,tro Bu6poHacag,KH 6eTOHoyKnagHHKa.

nepeMern,eHue Ha nocT TBO npou3BoguTca c noMorn,tro MocToBoro KpaHa.

Ha nocTy TBO TaKena^HHK 3aBoguT H3genue b aMHyw KaMepy, nocne nero 

HanuHaeTca aBToMaranecKaa Tenno-Bna^HocTHaa o6pa6oTKa H3genua b 3agaHHoM pe- 

^HMe.



PA3AE.H 3. TEraOTEXHOTECKAa ^ACTB.

OgHofi H3 ochobhhx cocTaBHtx nacTefi TexHonoruu cTpouTentHofi HHgycTpuu 

aBnaeTca TennoBaa o6pa6oTKa, Ha K0T0pyw 3aTpanuBaeTca oKono 20% ctohmocth 

npou3BogcTBa cTpouTentHtix MaTepuanoB u rogenufi. KpoMe Toro, TennoBaa o6pa6oT- 

Ka noTpe6naeT oKono 80% ot pacxogyeMtix Ha Bect npou3BogcTBeHHtifi ^HKn Ton- 

nuBHo^HepreTHHecKux pecypcoB. TaKHM o6pa3oM, co3gaHue ^K0H0MHHHtIx TennoBtix 

npo^ccoB, no3Bonarorn,ux nonynaTt H3genua oTnHHHoro KanecTBa c MHHHMantHtiMH 

3aTpaTaMH TonnuBa u ^Hep^HH, gaeT B03M0^H0cTt cyrn,ecTBeHH0 yMeHtmuTt KanuTa- 

noBno^eHua b c^epy cTpouTentcTBa.

npocTefimufi u Hau6onee pacnpocTpaHeHHtifi cnoco6 TennoBofi o6pa6oTKH ®:e- 

ne306eT0HHtx u3genufi aBnaeTca nponapuBaHue b KaMepax aMHoro Tuna. 3th KaMepti 

npuMeHawT KaK Ha 3aBogax, TaK u Ha nonuroHax. ^MHaa KaMepa pa6oTaeT no ^HKny 

nopagKa 12-18 nacoB. Oh BKnwnaeT BpeMa Ha pa3rpy3Ky, pa3orpeB, H30TepMunecKyw 

Btigep^Ky, oxna^geHue, a TaK^e Ha Btirpy3Ky H3genufi. ^MHtie KaMepti npuMeHawT- 

ca b ochobhom npu arperaTH0-n0T0HH0M cnoco6e npou3BogcTBa. B KanecTBe Tenno- 

HocuTena MoryT npuMeHaTca npupogHtifi ra3, nap, unu ®;e HarpeB ocyrn,ecTBnaeTca 

HHgy^H0HHtIM MeTogoM.

3.1. Bti6op pe^HMa TBO

Bti6op Buga u pe^HMa TennoBofi o6pa6oTKH npu H3r0T0BneHuu c6opHoro ^e- 

ne306eT0Ha ocyrn,ecTBnaeTca c yneTOM Tpe6oBaHufi CHun 3.09.01-85.

napaMeTpaMH pe^HMa TBO aBnawTca gnuTentHocTt u TeMnepaTypa oTgentHtx 

ero ^Ta^0B: npegBapuTentHofi Btigep^KH, nogteMa TeMnepaTypti, H30TepMunecK0r0 

nporpeBa u ocTtmaHua.

CKopocTt nogteMa TeMnepaTypti cnegyeT Ha3HanaTt c yneT0M MaccuBHocTH u 

HanantHofi npoHHocTH 6eT0Ha b npegenax 10-60°C/h. ^onycKaeTca nogteM TeMnepa

Typti cpegti c nocToaHHo B03pacTawrn,efi cKopocTtw unu cTyneHnaTtifi nogteM.
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TeMnepaTypy u gnuTenbHocTb H30TepMHHecK0r0 nporpeBa cnegyeT Ha3HaHaTb c 

yHeT0M Buga 6eT0Ha, aKTHBHocTH u ^$$eKTHBH0CTH npu nponapuBaHuu ^Mema, ero 

^K30TepMHH u MaccHBHocTH rogenua. MaKCHManbHaa TeMnepaTypa H30TepMHHecK0r0 

nporpeBa rogenuft H3 Ta^enoro, MenK03epHHCT0r0 u neraoro K0HCTpy^uoHHoro 6e- 

T0Ha He gon^Ha npeBbimaTb 80-85°C npu npuMeHeHuu nopraaHg^MeHTa u ETU,. 

CKopocTb oxna^geHua KaMep nocne H30TepMHHecK0r0 nporpeBa He gon^Ha npeBbi- 

maTb 30°C/h.

OTHocuTenbHaa Bna^HocTb B03gyxa b KaMepax TennoBoft o6pa6oTKH b nepuog 

H30TepMHHecK0r0 nporpeBa rogenuft gon^Ha 6biTb He MeHee 98%.

TennoBaa o6pa6oTKa gon^Ha npoBogHTca no cnegywrn,eMy pe^HMy:

-  nogteM TeMnepaTypbi go 80° 6 Haca

-  H30TepMHHecKHH nporpeB npu TeMnepaType 80° 8 HacoB

-  oxna^geHue 2 Haca

3.2 OnucaHue aMH0H nponapoHHofi KaMepbi

H3roTaBnuBaeMaa H3 ^ene306eT0Ha nponapoHHaa aMHaa KaMepa HMeeT npaMo- 

yronbHyw $opMy. CTeHbi KaMepbi genawT K0M6uHup0BaHHbiMH; no 6okobmm CTeHaM 

KaMepbi ycTaHaBnuBawTca ctohkh c KpoHmTeHHaMH. B ogHofi H3 6okobmx CTeH gena- 

eTca oTBepcTue gna 3a6opa B03gyxa H3 aTMoc^epbi npu oxna^geHuu, CHa6^;eHHoe bo- 

gaHMM 3aTBopoM. Conpa^eHue KpbimKH co CTeHaMH KaMep CHa6^eH0 TaK^e BogaHbiM 

3aTBopoM. ^na 0T6opa nap0B03gymH0H cMecu ycTpoeH KaHan coo6^aw^uftca Hepe3 

BogaHofi 3aTBop c cucTeM0H BeHTH^a^HH. B gHurn,e npegycMoTpeHa cucTeMa 0T6opa 

KoHgeHcaTa, nponycKaw^aa ero u He nponycKara^aa nap. ^na HarpeBa rogenuft He- 

pe3 naponpoBog b KaMepy nogaeTca nap. KaMepbi pa3Mern,awTca b TexHonoruHecKux 

nuHuax u coeguHawTca b 6hokh. r  a6apuTbi KaMepbi b nnaHe cooTBeTCTBywT ra6apu- 

TaM o6pa6aTbiBaeMbix rogenuft. ^na ygo6cTBa o6cny^HBaHua HacTb KaMepbi 3aray6- 

naeTca b 3eMnw.

^pHH^H^ pa6oTM KaMepbi 3aKnwHaeTca b cnegywrn,eM. C KaMepbi CHHMaeTca 

KpbimKa, H3genue b $opMe onycKaeTca KpaH0M b KaMepy u ycTaHaBnuBaeTca Ha hh^;-

nucm
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HHe KpoHmTeftHbi cToeK. Harpy^aeMbie KpoHmTeftHbi 3acTaBnawT pacKpbiTbca cnegy- 

wrnuft pag h TaK ganee. nocne 3arpy3KH KaMepbi 3aKpbiBaeTca KpbimKa, 3anonHawTca 

BogaHbe 3aTBopbi h HaHHHaeT nogaBaTbca nap. H3genne HarpeBaeTca h Bbigep^HBaeT- 

ca npn gocTHrayToft TeMnepaType. no 0K0HHaHHW Bbigep^KH nogana napa npeKparn,a- 

eTca, h nap0B03gymHaa cMecb yganaeTca H3 KaMepbi. nocne oxna^geHHa H3gennfi Ka- 

Mepa pacKpbBaeTca, a H3genna, Ha6paBmne 70-80% MapoHHoft npoHHocra Bbirpy^a- 

WTca H3 KaMepbi KpaH0M.

Cy^ecTBywT pa3nHHHbie cxeMbi cHa6 ;̂eHHa napoM aMHbix KaMep. B HameM 

cnyHae npHMeHaeTca cxeMa napopacnpegeneHHa c BHemHHM ^^eKTopoM. npHMeHeHHe 

conen .HaBana no3BonaeT 3HaHHTenbH0 HHTeHCH$H^HpoBaTb Tennoo6MeH Me^gy na- 

p0B03gymH0H cpegoH h noBepxHocTaMH $opM c yno^eHHbiM 6eT0H0M 6narogapa co- 

3gaHHW HanpaBneHHoro gBH^eHHa TennoHocHTena. 3$$eKTHBHocTb cncTeMbi napo

pacnpegeneHHa c Hcnonb30BaHHeM conen .HaBana Mo^eT 6biTb noBbimeHa 3a cHeT 

npHMeHeHHa BHemHero ^^eKTopa. Tennoo6MeH b KaMepe b ^T0M cnyHae ynyHmaeTca 

3a cHeT nogcoca nap0B03gymH0H cMecn H3 HH^Hefi 30hm KaMepbi Hepe3 nep^opnpo- 

BaHHbe Tpy6b.

3.3. TexHonorHHecKHH pacHeT aMH0H KaMepbi

PacHeT 3aKnwHaeTca b onpegeneHHH ochobhwx pa3MepoB KaMep h KonHHecTBa 

hx, a TaK®;e gnHTenbHocra ^HK^a pa6oTbi KaMep.

^nHHy KaMepbi onpegenawT no $opMyne:

rge 1$ -  gnHHa $opMbi c H3genneM, m; n -  KonHHecTBo $opM no gnHHe KaMepbi; 

11 -  paccroaHHe Me^gy $opMofi h creHKoft KaMepbi h Me^gy mTa6enaMH $opM, M.

Lk = 1$ ■ n + ( n + 1) ■ l1 , M ( 1)

l$ = 3- (1u3g +2 ■ 0.1)=3 ■ ( 1,86+2 ■ 0,1) = 6,2 M (2)

Lk = 6,2 ■ 1 + 3 ■ 0,2 = 6,8 M

fflnpHHa KaMepbi:
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Bk -  b$ ■ ni + ( ni + 1) ■ li , M (3)

rge -  mupuHa ^opMti c H3genueM, m; ni -  KonunecTBo $opM no mupuHe Ka-

Mepti.

B^ -  bu3g + 2 ■ ( 0,01 + 0.1 ) -  bu3g + 2 ■ 0,11 -  1,62 M (4)

Bk -  1,62 ■ 1 + 2 ■ 0,3 -  2,22 M

BtcoTa KaMepti:

Hk -  n2 h$ + ( n2 -  1) ■ hi + h2 + h3 , M (5)

rge n2 -  KonunecTBo $opM no BticoTe KaMepti; h1s h2, h3 -  cooTBeTcTBeHHo, pac- 

cToaHue Me^gy ^opMaMH c H3genuaMu no BticoTe KaMepti, Me^gy HH^Hefi ^opMofi u 

nonoM KaMepti u Me^gy BepxHHM H3genueM u noTonKoM KaMepti.

H  — hH3g + 0,23 -  0,12 + 0,23 -  0,35 M (6)

Hk - 7 ■ 0,35 + ( 7 - 1) ■ 0,05 + 0,15 + 0,1 -  3 M

O6teM KaMepti:

Vk -  L k ■ Bk ' Hk (7)

Vk -  6,8 ■ 2,22 ■ 3 -  45,3 M3

Ko^$$H^HeHT 3anonHeHua o6teMa KaMepti:

q nT0 ■ VH / VK (8)

rge Vh -  o6teM 6eT0Ha b ogHoM H3genuu, M3; nT0 -  KonunecTBo H3genufi b KaMe-

pe.

q -  7 ■ 3 ■ 0,28 / 45,3 -  0,129

^nuTentHocTt ^HKna pa6oTti KaMepti:

T ̂  -  T3 + Tp + Tb + Tto , H (9)

08.07.2017.051.0 0 M .m
TMC/8
28



rge T3, Tp -  gnuTenbHocTb 3arpy3KH u Bbirpy3KH KaMepbi, h; Tb -  to ®;e, npegBa- 

puTenbHoro Bbigep^HBaHua H3genufi b KaMepe nepeg TennoBofi o6pa6oTKoH , h; t T0 -  

pe^HM TennoBofi o6pa6oTKH rogenuft, h.

T3 = (t* ■ nTO) / (m* ■ n* ) , h ( 10)

rge t* -  gnuTenbHocTb ^HK^a * 0pM0BaHua rogenuft, h; m* -  hhcho * 0pM0B0H-

hmx ycTaH0B0K; n* -  KonuHecTBo H3genufi, *opMyeMbix Ha ogHofi ycTaH0BKe 3a oguH 

^HK .̂

M* = (Gr ■ T*) / (Tc ■ C ■ Vh) , (11)

rge Gr -  rogoBaa np0H3B0guTenbH0CTb hhhhh, M3/rog; Tc -  hhcho pa6oHux Ha- 

cob b cyTKH, c -  HHcno pa6oHux gHefi b rogy.

M* = (22400 ■ 0,25) / (24 ■ 253 ■ 1,63) = 1,75 

T3 = (0,25 ■ 21) / (1 ■ 3 ) = 1,75 h 

t  ̂  = 1,75 + 2,8 + 2 + 11 = 17,6 h

Ko^**H^HeHT o6opaHHBaeMoCTH KaMep b cyTKu:

K = 24 / t ̂  = 24 / 17,6 = 1,36 (12)

Heo6xoguMoe gna BbmonHeHua nporpaMMbi KonuHecTBo KaMep onpegenawT, 

ucxoga H3 cpegHefi npogon^HTenbHocTu ux o6opoTa TK b Hac.

npu naTugHeBH0H pa6oHeH Hegene h TpexcMeHHoM pe^HMe pa6oTbi *opmoboh- 

Horo ^ x a  TK onpegenawT no rpa*HKaM.

TK = 23

KonuHecTBo KaMep gna BbmonHeHua 3agaHH0H nporpaMMbi npu TpexcMeHHoM 

pe^HMe * 0pM0BaHua onpegenaeTca no *opMyne:

M k = (Tcyr ■ Tk) / ( 24 ■ T* ■ nro ) (13)

M k = (24  ̂20) / ( 24 ■ 0,2 ■ 21 ) = 7 mT



3.4. TennoTexHHHecKHH pacHeT aMH0H KaMepbi

1) Pacxog Tenna Ha HarpeB cyxoH HacTH H3gennfi:

Qc1 = ^  + n  + ^ )  ■ cc ■ (t61 -  t60) / 1000, M^h/m3 (13)

rge ^  n, ^  -  cogepnaHHe ^MeHTa, necKa, ^ e 6Ha b 6eT0He, Kr/M3; cc -  Tenno- 

eMKocTb cyxoH HacTH 6eT0Ha, k^h  / Kr °C; t61 -  cpegHaa k k oh ^  nepnoga TeMnepary- 

pa 6eT0Ha b H3genHH, °C; t60 -  HaHanbHaa TeMnepaTypa 6eT0HH0H Maccbi, °C.

Qc1 = (483 + 487 + 1253) ■ 0,84 ■ (80 -  20) / 1000 = 113,85 M£h/m3

Qc2 = (483 + 487 + 1253) ■ 0,84 ■ 5 / 1000 = 10,48 M^h/m3

2) Pacxog Tenna Ha ncnapeHHe HacTH

Qucn = W  ■ (2493 + 1,97 ■ V )  / 1000 , M^h/m3 (14)

rge W  -  gna Tanenoro 6eT0Ha oKono 1% Maccbi 1 M3 6eT0Ha; 

tcp1 -  cpegHaa 3a nepnog TeMnepaTypa cpegbi b KaMepe, °C.

Tcp1 = (t0 + tH) / 2 = (20 + 80) / 2 = 50 °C

rge t0 -  TeMnepaTypa cpegbi b KaMepe go HaHana TennoBofi o6pa6oTKH, °C; 

tH -  TeMnepaTypa H30TepMHHecK0ft BbigepnKH, °C.

Qucn = 24 ■ (2493 + 1,97 ■ 50) / 1000 = 62,2 M^h/m3

3) Pacxog Tenna Ha HarpeB Bogbi, ocTaBmeftca b rogennax k K0H^y nepnoga

Qb1 =(B -  W ) ■ Cb ■ (t61 -  t6c) / 1000 , M^h/m3 (15)

rge B -  cogepnaHHe Bogbi b 6eT0HH0H Macce, Kr/M3 ; CB -  TennoeMKocTb Bogbi, 

K^H/Kr°C.

Qb1 = (136 -  24) ■ 4,19 ■ (80 -  20) / 1000 = 28,16 M^h/m3 

Qb2 = (136 -  24) ■ 4,19 ■ 5 / 1000 = 2,35 M^h/m3

4) Pacxog Tenna Ha HarpeB apMarypbi h 3aKnagHbix geTanefi:

nucm
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Qa1 -  A  ■ Ca ■ (ta1 -  fe ) / 1000 , M^^/m3 ( i 6)

rge A  -  cogep^aHue apMaTypti u 3aKnagHtx geTanefi b H3genuax, Kr/M3 ;

Ca u ta1 -  TennoeMKocTt, K^^/Kr °C, u TeMnepaTypa apMaTypti k K0H^y nepuo- 

ga, °C (mo^ho npuHaTt ta1 -  tH).

Qa1 -  113,9 ■ 0,48 ■ (80 -  20) / 1000 -  3,28 M ^ / m 3

5) Pacxog Tenna Ha HarpeB $opM:

Q$1 -  O ■ C$ ■ (t 1̂ -  t 0̂) / 1000 , M ^ / m 3 (i7 )

rge O -  G$/Vh -  ygentHaa MeTannoeMKocTt $opM, Kr/M3 (G^ -  Macca $opMti, 

Kr); C$ -  TennoeMKocTt $opM, K^^/Kr °C; t$0, %  -  TeMnepaTypa $opM b Hanane u 

koh^  nepuoga, °C (%  -  tn ).

O -  3200 / 1,98 -  1616 Kr/M3 

Q$1 -  1616 ■ 0,48 ■ (80 -  20) / 1000 -  46,54 M ^ / m 3

6) Pacxog Tenna Ha HarpeB orpa^garom,ux K0HcTpy^ufi:

( 1 8 )

rge A4 u ai -  TennonpoBogHocTt, Bt/m°C h TeMnepaTyponpoBogHocTt, m2/h, Ma- 

TepuanoB orpa^geHufi; Fi -  nnorn,agt orpa^garorn,ux K0HcTpy^ufi no BHyTpeHHeMy 

o6Mepy, M2; tnio u tnii -  cpegHaa TeMnepaTypa BHyTpeHHux noBepxHocTefi oipa^geHufi 

b Hanane u koh^ nepuoga, °C; ii -  gnuTentHocTt nepuoga nogorpeBa.

^na MHorocnofiHtx orpa^garorn,ux K0HcTpy^ufi HeoSxogHMo npegBapuTentHo 

BtHucnuTb ^KBHBaneHTHHe 3HaneHua ux Tenno^rounecKux xapaKTepucTHK npu $aK- 

THHecKux TeMnepaTypax MaTepuanoB. 3KBHBaneHTHtifi K0^$$H^HeHT TennonpoBog- 

hocth nnocKofi MHorocnofiHofi K0HcTpy^uu, cocToarn,efi H3 Ta^enoro 6eT0Ha, KepaM- 

3HT06eT0Ha u MHHepantHofi BaTti

^  -  ZSi / S(Si/^i) ( i 8)



3KBHBaneHTHbIH K0^**H^HeHT TennoeMKoCTH

C3 = Z (Pi ■ Si ■ Ci) / Z (Pi ■ Si) (19)

C3 = (2400 0,05 0,84+300 -0,15- 0,75+1700-0,1- 0,56)/

(2400 0,05+300 0,15+1700 0,1) = 0,68 k ^ / k ^ C  

3KBHBaneHTHaa o6teMHaa Macca unu nnoTHocTb

Pb=Z(prS0/2 Si (20)

p3 =(2400 0,05+300 0,15+1700 0,1)/(0,05 + 0,15 + 0,1)=1586 Kr/M3 

3KBHBaneHTHaa TeMnepaTyponpoBogHocTb

a3 = (3,6 ■ k )  / (Ca ■ p3) (21)

a3 = (3,6 ■ 0,11)/ ( 0,68 ■ 1586) = 0,00036 m2/h 

F1=2 LkHk + 2 HkBk

F1= 2 ■ 8,4 ■ 3,35 +2 3̂,35 ■ 3,95 =82,75 M2 (22)

^na MHorocnoHHofi KpbimKH, cocToam,eft H3 MeTannuHecKux hhctob h MHHe-

panbHofi BaTM

A* =(0,15+0,01 )/(0,15/0,63 + 0,01/56) =0,07 Bt/m °C

C3 = (300 0,15 0,75+7800 0,01 0,46)/(300 0,15+7800 0,01) = 0,56 K ^/K r°C  

p3=(300 0,15+7800 ■ 0,01 )/(0,15+0,01) = 768,75 Kr/M3 

a3 =(3,6 0,07)/(0,56 768,75) = 0,00059 m2/h

^  = (0,05 + 0,15 + 0,1) / (0,05/1,45 + 0,15/0,063 + 0,1/0,41) = 0,11 Bt/m °C



7) noTepn Tenna b oKpyHawrnyw cpegy orpaHgeHHaMH KaMepbi cKnagbiBawTca 

H3 noTepb Tenna Hepe3 oTgenbHbie ^neMeHTw orpaHgeHHH

rge toc -  TeMnepaTypa oKpynaw^ero B03gyxa, °C; Fi -  nno^agb no HapyHHoMy 

o6Mepy oTgenbHbx ^neMeHT0B oipaHgeHHa, m2; Ki -  K0^$$H^HeHT TennonepegaHH 

Hepe3 cooTBeTcTByw^ne ^neMeHTw orpaHgeHHH, Bt/m°C.

FHa31 = 2̂  (LK+0,62>Hm3 + 2̂  ^ ( ^ + 0 , 6 2 )  (23)

FHa31= 2̂  9,02 ^2,35 + 2-2,35 -4,57 = 63,9 M2

FHa32 = (Lk+0,62)^ (Bk+0,62) (24)

FHa32 = 9,02 4,57 = 41,22 M2 

Fnog = 2̂  (Lk+0,62)■ Hnog + 2Hnog(BK+0,62) + (Bk+0,62)(Lk+0,62) (25)

Fnog = 2 ■ 9,02 ■ 1 + 2 ■ 1  4,57 + 4,57 ■ 9,02 = 68,76 M2

Ko^$$H^HeHT TennonepegaHH Hepe3 Ha3eMHbie HacTH orpaHgeHHH KaMepbi 

a nepes nogseMHbie

rge a 1 h a2 -  K0^$$H^HeHTw TennooTgaHH, cooTBeTcTBeHHo, ot ipewrn,eH cpe

gbi k BHyrpeHHHM noBepxHocTaM orpaHgeHHH h ot HapyHHbix noBepxHocTefi orpaH- 

geHHa b 0KpyHawrn,yw cpegy, Bt/m°C.

a 2 = (9,28+0,07 tH1)(1+0,2V) = (9,28+0,07 40)(1+0,2 0) = 12,08 Bt/m°C.

rge tH1 -TeMnepaTypa HapyHHoft noBepxHocTH orpaHgeHHH, °C; V  -  cKopocTb 

gBHHeHHa B03gyxa, m/c.

Qoc2 = 3,12 M^h/m3 

npnxogHbe cTaTbH TennoBoro 6anaHca BKnwHawT TennoBbigeneHHe 6eT0Ha



0,1 = 2,3 ■ 10-7 ■ q3KB ■ (B/U,)0,44 ■ ^  ■ t6cp1 ■ H = 2,3 ■ 10-7 ■ 500 ■ (136/340)0,44 ■ 

340 ■ 50 ■ 3 = 3,92 M£^/m3

Qs2 = 12,54 M^^/m3

Tenno, nocTynarorn.ee b KaMepy c TennoHocuTeneM, onpegenaeTca H3 TennoBoro 

6anaHca KaK cyMMa none3Horo pacxoga Tenna Qn1 Ha pa3orpeB rogenuft h MeTanna 

^opM h Henpou3BoguTenbHoro pacxoga Tenna Qn0T1

Qto1 = Qn1 + Qhot1 (27)

rge Qn1 = Qc1 + Qncn1 + Qb1 + Qa1 + Q$1 -  Qs1 (27)

QnoT1 = Qorp1 + Qoc1 (27)

Qn1 =113,85 + 62,2 + 28,16 + 3,28 + 46,57 -  3,92 = 250,14 M^^/m3 

QnoT1 = 12,3 + 0,78 = 13,08 M ^ / m 3 

Qto1 = 250,14 + 13,08 = 263,22 M ^ / m 3 

Qn2 = 10,48 + 2,35 - 12,54 = 0,29 M ^ / m 3

Qhot2 = Qorp2 + Qoc2 = 1,03 + 3,12 = 4,15 M ^ / m 3 

Qto2 = 0,29 + 4,15 = 4,44 M ^ / m 3

B 3aBepmeHue TennoTexHHHecKoro pacHeTa HeoSxogHMo onpegenuTb ygenbHbift 

pacxog napa

gn1 = 1000 ■ Qto1 / (in - Ik), Kr/M3 (27)

rge in -  ^HTa^b^Ha Hacbi^eHHoro napa, K^^Kr; iK -  ̂ HTa^b^Ha KoHgeHcaTa,

K̂ >K/Kr

iK = Cb ■ tK1 = 4,19 ■ 80 = 335,2 K^^/Kr 

rge tK1 -  TeMnepaTypa KoHgeHcaTa, °C; 

gn1 = 1000 ■ 263,22 / (2642 -  335,2) = 114,2 Kr/M3



gn2 -  1000 ■ 4,44 / (2642 -  335,2) -  2,35 Kr/M3

Gn1 nT0 ' Vh ' gn1 / Ti (28)

Gni- 14 ■ 1,63 ■ 114,2 / 3 -  876,3 Kr/H

Gn2 nT0 ' Vh ' gn2 / T2 (29)

Gn2 -  14 ■ 1,63 ■ 2,35 / 6 -  9,1 Kr/H

Ko^$$H^HeHT none3Horo geficTBua Tenna

H -  (Qn1 + Qn2) / (Qto1 + Qto2) (29)

H -  (250,i4 + 0,29) / (263,22 + 4,44) -  0,9 

CyMMapHtifi ygentHtifi pacxog napa

gn gn1 + gn2 (30)

gn -  114,2 + 2,35 -  116,5 Kr/M3

Btreog: CyMMapHtfi ygentHtifi pacxog napa He npeBtimaeT 170 Kr/M3, cnegoBa- 

TentHo, KoHcTpyKTHBHoe pemeHue orpa^geHua TennoBofi ycTaH0BKH u pe^HM Tenno- 

B0fi 06pa60TKH BepHt.



PA3AE.H 4 MEXAHH^ECKOE OBOPY^OBAHHE.

3agaHa TexHonoruHecKoro KoMnneKca o^epa^HH $ 0pM0BaHua Hene306eT0HHbix 

rogenuft —  ^T0 nonyHeHHe nnoTHbix rogenuft 3agaHH0H ^opMbi u pa3MepoB. BbicoKaa 

nnoTHocTb 6eT0Ha gocTuraeTca ynnoTHeHueM 6eT0HH0H cMecu npn $0pM0BaHuu, a 

nonyHeHHe rogenuft npoeKTHbix pa3MepoB u K0H$H^ypa^HH o6ecneHHBaeTca npuMe- 

HeHHeM cooTBeTcTByw^nx $opM. TaKHM 06pa30M, KoMnneKc TexHonoruHecKux one- 

pa^HH npo^cca $ 0pM0BaHua M0HeT 6biTb ycnoBHo pa3geneH Ha gBe rpynnbi: nepBaa 

BKnwHaeT onepauuu no H3r0T0BneHuw u nogroToBKe $opM, BTopaa - ynnoTHeHHe 6e- 

tohhoh cMecu, t. e. HenocpegcTBeHHo $ 0pM0BaHue.

YnnoTHeHHe 6eT0HH0H cMecn - gocTHHeHue Hau6onee KoMnaKTHoro pacnono- 

HeHua TBepgbx HacTH  ̂ 6eT0HH0H cMecn u oTHarue H3 Hee ny3bipbK0B B03gyxa, 3a- 

gepHHBawrnuxca MeHgy TBepgbiMH HacTH^MH (“B03gymHbie KapMaHbi” ) u Bogbi, 

cKannuBawm,eftca b KpynHbix nycT0Tax unu Ha ipaHH^ MeHgy KpynHbiM 3anonHHTe- 

neM u ^MeHTHo-necHaHbiM pacTBopoM, MeHgy 6eT0HH0H cMecbw u apMarypoH u T.g.

TpygoeMKocTb $0pM0BaHua c6opHbix Hene306eT0HHbix KoHcTpy^uft cocTaBna- 

eT oKono 40 % o6rn,ux TpygoBbix 3aTpaT. npou3BoguTenbHocTb ^HK^a $0pM0BaHua 

onpegenaeT npou3BoguTenbHocTb TexHonorHHecKoft nuHuu, a npuHaTbift cnoco6 $op- 

MoBaHHa bo MHoroM npegonpegenaeT ^$$eKTHBH0CTb pa6oTbi npegnpuaTua b ^noM.

B 3aB0gcK0M npou3BogcTBe c6opHbix 6eT0HHbix u Hene306eT0HHbix rogenuft 

npHMeHawTca pa3Hbie no noKa3aTenaM nogBHHHocth h HecTKocTH 6eT0HHbie cMecn: 

ot nHTbix (OK >16 cm) go cBepxHecTKux (^>200 c). B cBa3u c T̂HM pa3H006pa3Hbi 

MeTogb ^opMoBaHHa rogenuft u ucnonb3yeMbie cpegcTBa u peHHMbi ynnoTHeHua 6e- 

tohhwx cMecefi.

O6teMHoe ynnoTHeHHe Ha Bu6ponnorn,agKax u gpyrux ycTpoftcTBax Hau6onee 

yHHBepcanbHo, TaK KaK no3BonaeT $0pM0Barb Ha ogHoft u toh He MamuHe ogHocnoft- 

Hbie u MHorocnoHHbe nnocKue rogenua, naHenu c nycT0TaMH u gpyrue KoHcTpy^uu, 

H3r0T0BnaeMbe b ^opMax.
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B gaHH0M npoeKTe ucnont3yeTca ygapH0-BH6pa^H0HHaa nnorn,agKa Ha ocHoBe 

CM^-538A. Bu6ponno^agKa coctoht H3 mecTH Bu6pocTonoB, gByx npHBogoB, gByx 

onopHtix paM, KapgaHHtx coeguHHTentHtix BanoB u ^neKTpomKa$a (nucT 9).

Ka^gtifi Bu6pocTon npegcTaBnaeT co6ofi 6arny, Ha K0H^ax KoTopofi cHH3y npu- 

BapeHt gBa MexaHHHecKux Bu6p0B036yguTena u HanpaBnarom,ue npy^HHti. Bant 

Bu6p0B036yguTenefi (ge6anaHcoB) Bu6pocTona Bparn,aroTca b npoTHBonono^Htix 

HanpaBneHuax u 3a cHeT ux caM0CHHxp0HH3a^HH co3garoTca HanpaBneHHte Kone6a- 

Hua (ygapti) b BepTHKantHofi nnocKocTH.

Ka^gtifi npuBog pacnono^eH Ha paMe u coctoht H3 gBuraTena, npoMe^yToH- 

Hofi onopti u coeguHHTentHofi My^Tti. OopMa k Bu6ponnom,agKe He KpenuTca.

4.i Hcnont3yeMoe o6opygoBaHue u ero onucaHue. 

Ta6n u ^  14 -  ucnont3yeMoe o6opygoBaHue.

HauMeHoBaHue 060- 

pygoBaHua

Tun,

MapKa

Macca,

T

np0H3-

Bogu-

Tent-

HocTt

Kon-Bo,

mT

CTouMocTt, py6

MocToBofi ^neKTpH- 

HecKufi KpaH

KM i 7,5 80

m/mhh

i 800000

BeToHoyKnagHHK CM ®-

69E

i 5,0 6,2 M3 i 600000

Bu6ponno^agKa 

rpy3onogteM-ro 10 t.

CM ®-

538A

6,5 10 T i 350000

Tene^Ka caMoxogHaa CM ®-

151A

3,7 20 t i 24i0

Po6ot MaHunynaTop Olmet 5.2 1 T i 500000

MamuHa gna ohhct- 

KH H cMa3KH 60pT0- 

cHacTKH

Olmet 0.8 i i 00000
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npogon^eHHe Ta6.nHUbi 14
HaHMeHoBaHHe o6o- 

pygoBaHHa

Tnn,MapK

a

Macca,

T.

npoH3-

Bogn-

Tent-

HocTt

Koh-bo,

mT.

Ctohmoctb, p.

MamHHa gna ohhct- 

kh h cMa3KH noggo- 

Hob

Olmet 0.3 1 50000

nnorrep gna pa3MeT-

KH

Olmet 0.5 1 180000

^BHraTenbHte ono- 

pti noggoHoB

Olmet 0.08 30 360000

nogteMHMH ctoh Atlantis 0.5 60 kH 1 100000

KpaHoBtiH 3a^HM 

gna 6opTocHacTKH

Olmet 0.005 1 5000

^BHraTentHaa onopa noggoHoB npegcTaBnaroT co6on ManeHtKHH ^^eKTpogBH- 

raTent, cToarn,HH Ha aMopTH3HpoBaHHon onope noggoHa, coegHHeHHtin c KonecoM. 

Onopti coegHHeHti b egHHyro ceTt h pa6oTaroT aBTOMaTH3npoBaHo. YnpaBnaroTca KaK 

gHCTaĤ HOHHO.

1 -  ^^eKTpogBH^aTe^b,2-KO^eco,3-o^opa noggoHa,4-6onToBoe coegHHeHHe,5-

aMopTH3aTop

PncyHoK 8 -  cxeMa gBHraTentHon onopti.

me
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^na cHaTua MarHHTHofi 6opTocHacTKH ucnont3yeTca KpaHoBtifi 3a^HM nogco- 

eguHaeMtfi k rpy303axBaTH0My ycTpoficTBy KpaHa.

nnoTTep ycTaH0BneH Ha nerayro nogKpaHoByro ^CTaKagy, nepeMern,aact no Hefi c 

noMorn,tro bhcokotohhhx gBuraTenefi Bruschles c 6tiCTptiM mecTepeHHaTtiM pegyK- 

TopoM BtnpaMneHHoro npo^una h cnupantHtiM M0MeHT0M rnucoHa. nnorrep Heo6- 

xoguM gna CHHTtiBaHua CAD-HH$opMa^HH h HaHeceHua pa3MeTKH, ucnont3ya pac- 

TBop Ha BogHofi ocHoBe.

Po6ot ycTaH0BneH Ha Ty ®;e nogKpaHoByro ^CTaKagy h nepeMern,aeTca no Hefi 

ucnont3ya TaKue ®;e Btic0K0T0HHtie gBuraTenu hto h nnorrep. Po6ot 0CHarn,eH Mexa- 

HHHecKofi ronoBKofi c nHeBM03axBaT0M c opToroHantHtiMH gBH^eHuaMH X-Y-W - 

Z.Oh Heo6xoguM gna ToHHofi ycTaH0BKH MarHHToB no pa3MeTKe nnorrepa.

MamuHa gna ohhctkh h CMa3KH 6opT0CHacTKH onupaeTca Ha pontraHr c y3KHMH 

6opTaMH, Ha KoToptifi nogaroTca ^neMeHTH MarHHTHofi 6opT0CHacTKH nocne pacna- 

ny6KH. MarHHTHte pa3genuTenu npoxoga Me^gy gByMa rn,eTKaMH 0Hurn,aroTca, a 3a- 

TeM nogBepraroTca CMa3Ke H3 pacntmuTenefi.

MamuHa gna ohhctkh h CMa3KH noggoHoB ycTaH0BneHa Ha nerKyro ^CTaKagy 

npaMo no nyTH gBH^eHua noggoHoB. noggoH CHaHana noBepxHocTHo 0Hurn,aeTca pefi- 

Kofi, 3aTeM Brny6t  rn,eTKaMH. CMa3Ka npoucxoguT c noMorn,tro Bpam,arorn,Hxca perynu- 

pyeMtix conen, pacnpegenaro^ux Macno Ha nucTe 3anuBKH h 6opTax.

nogteMHtifi CTon HaxoguTca HH^e ypoBHa nona, npegcTaBnaeT co6ofi rugpaB- 

nuHecKyro Ho^HH^BugHyro nogteMHyro nnaT^opMy. MogyntHaa K0H^e^^Ha nogt- 

eMHoro CTona rapaHTupyeT mupoKufi guana30H pa3MepoB h rpy30n0gteMH0CTefi, hto 

no3BonaeT ucnont30BaTt nnaT^opMy b nro6ofi CHTya^HH. HMeeT Hecno^Hoe ynpaBne- 

Hue npu noMorn,u nyntTa pyHHoro ynpaBneHua c gByMa KHonKaMH h KnroH- 

BtKnroHaTeneM. Hcnont3yeTca gna nogHaTua noggoHa Ha ypoBeHt BH6ponnorn,agKH.
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4.2 PacneT BH6ponnorn,agKH.

HcxogHtie gaHHtie rpy30n0gteMH0CTb -  15 t, pa3Mep H3genna 6,18 x 1,62 m,

1. OnpegenaeM BH6pa^HOHHyro Maccy pa6onero opraHa

ms = + m6.cM. (32)

m2 = 840 + 2400 =32400

2. OnpegenaeM ^ecTKOCTt nocToaHHtix ynpyrnx CBa3en

c  =  X  . m  • G (1 +  v ) 2 =  1>5 •3 2 4 0 . 1 5 0 2 ( l 1  7 )2 =  6 5 6 7 9 . , 03 H / ̂

1 4 • v 2(1 +  x) 4• 7 2 • ( ,  + 1 ,5 )

(33)

3. HaxogHM ^ecTKOCTt ynpyrnx orpaHHwrenen

c2 = c1* (  V2 -  1) (34)

02= 65679*103 *(49 -1 ) =3152*106 H/m

4. OnpegenaeM ge$opMa^HW ynpyrnx orpaHHwrenen

X  = X2max*mr/(c1 + €2) (35)

X =  147*3900/(65679*103 + 3152*106)  = 0,67*10-3 m

5. HaxogHM CTaTHnecKHH MOMeHT Maccti ge6anaHca

C _  m l  _  0 -2  • X3max ' h  ' m .

M0 m ° ® V ( c1 +  c2 )  / [x  • m r ( 1+ X) J (36)

h -  KO^$$H^HeHT 3aTyxaHHa

h=0,8* co=0,8*150=120

SffQ = 9,73 K2*M

6 . OnpegenaeM M0rn,H0CTb Heo6xogHMyro gna noggep^KH Kone6aHHH b cncTeMe

V  - N cP +  N mp
N  de

V

_  m  • h  •& •  X22max ( m 0 • I  •G)3 • v  d

( c 1+ c 2 X / ( c + c 2 M 1 + x )/ ( x  • m )  2  • v

(37)
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N d= 36685 + 7275=43960 KBm

nog6npaeM gBa ̂ ^eKTpogBH^aTe^a A180S2 Morn,HocTtro 22 kBt

7. OnpegenaeM cyMMapHyro ®:ecTKocTt onopHbix ynpyrnx ^^eMeHTOB

C = w02 * mB (38)

rge m0 = m/10 = 150/10 = 15 c-1;

me = mK + m$ + m6XM. + K2* mn (39)

mK = k* (m$ + me.cu), k=0,3; (40)

mK = 0,3*(5500+9400)=4470 kb 

me = 4470 + 5500 + 9400 + 0 =19370 kb 

c = 152 * 19370 =4358250 H/m

8. HaxogHM Maccy ^yHgaMerna, npn kotopom Btigep^HBaroTca caHHTapHbie 

HopMbI BH6paU,HH

m$yH = c*Xa/(m2 * XcaH)  =4358250*0,7*10-3 /(1502*9*10-6)  = 1525,4 kb



PA 3^E ^  5 .AB TO M ATH 3A^H fl nPOH3BO^CTBA.

B gaHH0M pa3gene gunnoMHoro npoeKTa npegcTaBneHa aBT0MaTH3a^Ha npo^c- 

ca TennoBofi o6pa6oTKH 6eT0HHtix H3genufi b HanontHofi KaMepe.

ABT0MaTH3a^Ha gaHHoro TennoBoro npo^cca no3BonaeT nonyHHTt cnegyro- 

rn,ee: o6ecneHeHue Tpe6yeMoro pe^HMa TepMoo6pa6oTKH, BcnegcTBue Hero nonyHa- 

roTca H3genua BticoKoro KaHecTBa, ^K0H0MHa ^Hep^eTHHecKHx pecypcoB, coKparn,eHue 

o6cny^HBarom,ero nepcoHana, CHH^eHue ce6ecT0HM0CTH npogy^uu  h ynyHmeHue 

ycnoBufi Tpyga.

5.i AHanu3 TexHHHecKoro npo^cca h ero annapaTypHoe o^opMneHue c tohkh 
3peHua 3agaH aBT0MaTH3a^HH.

TennoBaa o6pa6oTKa CBe^e0T$0pM0BaHHtx H3genufi b nponapoHHofi KaMepe 

ocyrn,ecTBnaeTca napoM. CaMa KaMepa 0CHarn,eHa mTopaMH, perucTpaMH h nuHuaMH 

nogaHH napa.

H3genue 3arpy^;aeTca b KaMepy, Bxog 3aKptiBaeTca mTopaMH Ha nunyHKe h no- 

gaeTca nap c gaBneHueM Ha Bxoge p= 3 kH/cm3 = 3 aTM. B KaMepe o6pa3yeTca napo- 

B03gymHaa CMect. TennoBaa o6pa6oTKa ocyrn,ecTBnaeTca nogaHefi napa h o6ecneHe- 

HueM H3MeHeHua TeMnepaTypti nap0B03gymH0fi CMecu, b KaMepe BcnegcTBue Tpe6ye- 

Moro pe^HMa TepMoo6pa6oTKH.

Pe^HM TepM006pa60TKH BKnroHaeT b ce6a yHacTKH nogteMa TeMnepaTypti c 3a- 

gaHHofi CKopocTtro, H30TepMHHecK0fi Btigep^KH b TeHeHue 3agaHHoro BpeMeHH h 

oxna^geHHH c Tpe6yeMofi CKopocTtro. CnegoBaTentHo, KonuHecTBa napa, nocTynaro- 

rn,ero b KaMepy, gon^Ho o6ecneHHBaTt H3MeHeHue TeMnepaTypti b cooTBeTCTBuu c 

nporpaMMofi TepM006pa60TKH H3genufi.

^na Toro, hto6h  peanu30BaTt npo^cc TennoBofi o6pa6oTKH H3genufi, Heo6xo- 

guMo ucnont30BaTt nporpaMMHyro cucTeMy perynupoBKH. AHanu3 ^KC^epHMeHTant- 

Htix guHaMHHecKux xapaKTepucTHK HanontHtix KaMep KaK o6teKT perynupoBaHua no- 

Ka3an, hto ohh HMeroT ogHoranHtie BpeMeHHtie xapaKTepucTHKu KaK nocToaHHofi 

BpeMeHH T, T.e. t/T ne^a^efi b npegenax go 0,2 ( t/T <  0,2). CnegoBaTentHo, gna pe-
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rynnpoBaHHa TeMnepaTypti B KaMepax mo^ ho ncnont3OBaTt nporpaMMHtie no3wuw- 

oHHte pe3yntTaTt.

OopMynnpoBKa 3agan aBTOMaTH3â HH:

npn aBTOMaTH3a^HH TennoBna^HocTHon o6pa6oTKH b HanontHtix KaMepax 

Heo6xogHMo pemaTt cnegywrnue 3agann: nporpaMMHoe perynnpoBaHne TeMnepaTypt 

napoBO3gymHOH cMecu nyreM cooTBeTCTBywm,ero H3MeHeHna pacxoga napa bo Bpe- 

MeHH npn nogteMe TeMnepaTypt h H3OTepMHnecKOH Btigep^KH; ynpaBneHne Benra- 

naTopoM B nepnog oxna^geHna; H3MeHeHne h perynnpoBaHne gaBneHna napa B napo- 

boh MarncTpann; npegycMoTpeTt Kornpont TeMnepaTypt; npegycMoTpeTt ynpaBne- 

HHe cncTeMofi, KaK b pynHOM, TaK h b aBTOMaTnnecKOM pe^HMe.

5.2 OnncaHHe ^yH^noHantHon cxeMti.

nporpaMMHoe perynnpoBaHne TeMnepaTypoH napoBO3gymHOH cMecu B Hanont- 

hoh KaMepe ocyrn,ecTBnaeTca npn6opaMH ^O3H^HH 1. H3MeHeHne TeMnepaTypt BM3M- 

BaeT H3MeHeHHe conpoTHBneHna TeMnepaTypti ^O3H^HH 1-1. CnegoBaTentHO, BtfigeT 

H3 paBHOBecna MocTOBaa H3MepnTentHaa perynaTopa no3HUHH 1-2. Ha Btxoge H3Me- 

pHTentHofi cxeMt noaBHTca Hanpa^eHHe, KOTopaa nocne H3MeHeHna no Hanpa^eHHW 

^opMHpyeTca B cooTBeTCTBHH c 3agaHHtM 3aKOHOM perynnpoBaHna h ycnneHHoe no 

mo^hocth nocTynaeT Ha HcnonHHTentHtiH MexaHH3M ^O3H^HH 1-6. Oh nepeMern,aeT 

perynnpyw^Hfi opraH, H3MeHaeT pacxog napa, BcnegcTBne nero TeMnepaTypa napo- 

BO3gymHOH cpegt TaK^e H3MeHaeTca. KaK TOHtKO TeMnepaTypa cTaHeT paBHOH 3a- 

gaHHOH, MocTOBaa H3MepnTentHaa cxeMa perynaTopa npnxognT B paBHOBecne. KranaH 

nogann napa 6ygeT 3aKptT go Tex nop, noKa TeMnepaTypa 6ontme 3agaHHOH, a ecnn 

MeHtme- to KnanaH OTKpoeTca. TaK pa6oTaeT perynaTop B pe^HMe nogteMa TeMnepa- 

Typt h H3OTepMHnecKOH Btigep^KH. no OKOHnaHHH nepnoga rooTepMHnecKoft Bt- 

gep^KH nporpaMMHtH perynaTop no3^HH 1-2 nepecTaeT geHcTBOBaTt Ha ncnonHH- 

TentHtH MexaHH3M ^O3H^HH 1-6 h HanHHaeT noctmaTt HMnyntcti Ha ncnonHHTent- 

hhh MexaHH3M ^O3H^HH 1 -7 gna nogann napa h ^^eKTopaM 3aTBopoB. 3aTBopt ^®;eK- 

TopoB oTKptBawTca. BHyTpeHHee npocTpaHcTBo KaMep coo6rn,aeTca c aTMoc^epon,



HaHHHaeT pa6oTaTt BeHTunaTop, 3a CHeT Hero TeMnepaTypa H3genufi noHH^aeTca. H 3- 

MeHeHue h pe^HCTpa^Ha gaBneHua napa b napoBofi MarucTpanu ocyrn,ecTBnaeTca npu- 

6opaMH n03HUHH 4, 5, h 6.

n p u  H3MeHeHHH gaBneHua napa b MarucTpanu nepeMern,aeTca ®;ecTKHfi ^ m p  

MeM6paHti perynaTopa ^03H^HH 5, hto  npuBoguT k  nepeMern,eHuro KnanaHa nogaHH 

napa 5-2. CnegoBaTentHo, H3MeHaeTca npoxogH oe ceHeHue KnanaHa, h  gaBneHue b na

poBofi MarucTpanu BoccTaHaBnuBaeTca. (  H3MeHeHue TeMnepaTypti Bti3tiBaeT H3MeHe- 

Hue conpoTHBneHua TepMoMeTpa, h , cnegoBaTentHo, T0Ka Hepe3 ^Ty paMKy. CucTeMa 

paM0K BMecTe co CTpenKofi noBopaHHBaeTca 0TH0CHTentH0 m Kanti TeM nepaTypti).

YnpaBneHue BeHTunaTopoM ocyrn,ecTBnaeTca npu6opaMH no^HiiHH 3 - i ,  3-2. n o -  

cne 0K0HHaHua H30TepMHHecK0fi B tigep^KH  nocTynaeT curaan ot BeHTunaTopa no3H- 

^HH 1-2. ^epe3  KnroH B ti6opa pe^HM a ynpaBneHua no^HiiHH 3-3, KoToptifi KoMMyTH- 

pyeT ^ n u  nuTaHua gBuraTena BeHTunaTopa M l  h  BKnroHaeT b pa6oTy. n o  HCTeHeHuu 

BpeMeHH H eo6xoguM oro gna oxna^geH ua, gBuraTent oTKnroHaeTca.

KoH Tpont TeMnepaTypti nap0B03gymH0fi CMecu b H anontH tix KaMepax ocy- 

^ecTBnaeTca K0MnneKT0M npu6opoB ^03H^HH 2. ^ th h k h  TeM nepaTypti ^03H^HH 2 - i  

ycTaHaBnuBaroTca b cooTBeTCTByrorn,ux KaMepax h  Hepe3 nepeKnroHaTent ^03H^HH 2-2 

KoMMyTupyroTca c H3MepuTentHofi cxeM ofi noroM eTpa ^03H^HH 2-3. PaMKH noroM eTpa 

c yKpenneHHofi Ha ux ocu  CTpenKofi nepeMern,aeTca 0TH0CHTentH0 mKanti, no KoTopofi 

m o^ ho  CHaTt noKa3aHua. K oH Tpont gaBneHua napa b napoBofi MarucTpanu ocyrn,ecTB- 

naeTca npu6opaMH ^03H^HH 4 h  6. K oH Tpont h  pe^HCTpa^Ha pacxoga  napa ocyrn,ecTB- 

naeTca K0MnneKT0M npu6opoB no^HiiHH 7. Cy^arornee ycTpoficTBo no^HiiHH 7-1 npe- 

o6pa3yeT pacxog  b n epu og  gaBneHufi H3MepaeMtifi, perynupyeM tifi h  HHTerpupyeMtifi 

npu6opaMH ^03H^HH 7-2 h  7-3.

5.3 OnucaHue ^pHH^H^HantHofi ^neKTpHHecKofi cxeM ti

nporpaM M ti perynupoBaHua TeMnepaTypti nap0B03gymH0fi

CMecu b KaMepe.

T T U C f f l
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CxeMa MO^eT pa6oTarb KaK b pynHoM, TaK h b aBTOMaranecKoM pe^HMe ynpaB

neHHa.

PyHHOH pe^HM ynpaBneHHa ocyrn,ecTBnaeTca KnanaHaMH nogann napa b KaMepy 

^®;eKTopaMH 3aTBopa KaMepm.

nepeKnronarent ynpaBneHHa SA1 ycTaHaBnHBaeTca b nono^eHHH “P” . Ecnn Te- 

Kyrnue 3HaneHHa TeMnepaTypm 3agaHm, to Heo6xogHMo npn6aBHTb nogany napa. ^na 

^T0^0 Ha^HMaeM KHonKy SB1, B pe3ynbTare nero o6pa3yeTca ^ n t:

0 1

$a3a A  - SA1 (pynHoft) -  SB1 -  TonKa 2 -  SQ1 2N.

C -  02

06e o6motkh nonynaroT nHTaHHe, h gBHrarent HgeT Ha oTKptreaHHe KnanaHa 

nogann napa. B pe3ynbTare nero Bo3pacTaeT TeMnepaTypa napoBo3gymHoft cpegm B 

KaMepe. Ecnn TeKyrn.ee 3HaneHHe TeMnepaTypm Btime 3agaHHoH, to Hago y6aBHTt 

TeMneparypy nogann napa. ^na ^T0^0 Heo6xogHMo Ha^arb KHonKy SB2. B pe3ynbTare 

nero o6pa3yeTca ^ n t:

0 2

$a3a A  -  SA1(pynHoH) -  SB2 -  TonKa 2' - SQ2 2N.

C -  01

06e o6motkh nonynawT nHTaHHe h gBHraTeneM HgeT Ha 3aKptiBaHHe KnanaHa 

nogann napa. B pe3ynbTare nero napoBo3gymHoft CMecn yMeHtmaeTca, gocTHraa 3a- 

gaHHon.

PaccMoTpHM ynpaBneHHe KnanaHaMH nogann napa k ^^eKTopaM 3aTBopoB KaMe- 

pm. no oKoHnaHHH BpeMeHH, oTBegeHHoro Ha nogteM TeMnepaTypm h rooTepMHne- 

ckoh Bmgep^KH H3genHH, Hago nepeftTH k pe^HMy oxna^geHHa H3gennft. ^na ^T0^0 

Ha^HMaeM Ha KHonKy SB3, B pe3ynbTare nero o6pa3yeTca ^ n t:
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03

$a3a A  -  SA1(pynHoH) -  SB3 -  KOHTaKT K2 -  C1 TonKa 5 -  2N.

C -  04

06e o6motkh nonynawT nHTaHHe, h gBHraTeneM HgeT Ha OTKptmaHHe Knanarn 

nogann napa. KoHTaKT K2 B T̂OT MOMeHT 6ygeT 3aMKHyT, t.k. KnanaH T̂OT MO^eT 

6tT t  OTKptT h KOHTaKT KOH^Boro BtiKnwnaTena, ycTaHOBneHHoro B ^ n n  nHTaHHa 

o6motkh pene K2 6tm 3aMKHyT, pene K2 cpa6oTano h ero KOHTaKT K2 3aMKHynca. no 

OKOHnaHHH BpeMeHH, OTBegeHHoro Ha oxna^geHHe rogennft, Ha^HMaeM Ha KHonKy 

SB4, B pe3yntTaTe nero o6pa3yeTca ^ n t:

06e o6motkh nonynawT nHTaHHe, h gBHraTent HgeT Ha 3aKptTHe KnanaHa no- 

gann napa. KoHTaKT K3 B ^T0T MOMeHT 6ygeT 3aMKHyr, t.k. KnanaH 6tm OTKptiT h 

KOHTaKT koh^boto BtKnwnaTena ycTaHOBneHHtift B ^ n n  nHTaHHa o6motkh pene K3 

6tm 3aMKHyT. Pene cpa6aTMBaeT, h KOHTaKT K3 3aMtKaeTca.

PaccMOTpHM ynpaBneHHe B aBTOMaTHnecKOM pe^HMe. nepeKnwnaTent SA1 

ycTaHaBHHBaeM b nono^eHHH “A ” h nonynaeM nHTaHHe perynaTopa TeMnepaTypt. 

Echh TeMnepaTypa HH^e 3aMKHyT0H, conpoTHBneHHe TepMOMeTpa yMeHtmaeTca. Mo- 

cTOBaa H3MepHTentHaa cxeMa perynaTopa BtixogHT H3 cocToaHHa paBHOBecna, T.e. no- 

aBnaeTca BtxogHoe Hanpa®eHHe ogHofi nonapHocTH, KOTopoe ycnnHBaeTca, $opMH- 

pyeTca B cooTBeTcTBHH c 3agaHHtM 3aK0H0M perynnpoBaHHa, B BHge ynpaBnawrn,ero 

cnraana Hanpa^eHHe nogaeTca Ha KneMMy 7 hhh 8

O4

$a3a A  -  SA1 (pynHOH) -  SB4 -  K3 K5 -  N.

C -  O3

O1

TOnKH 7 N

C -  02
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06e o6motkh nonynawT nHTaHHe h gBHrarent HgeT Ha oTKpmTHe KnanaHa no- 

gann napa. B pe3ynbTare nero Bo3pacTaeT TeMnepaTypa nap0B03gymH0H CMecn B Ka

Mepe go 3agaHHoro 3HaneHHa. Ecnn TeMnepaTypa Bmme 3agaHH0H, to conpoTHBneHHe 

TepMoMeTpa yBennnHBaeTca; MocToBaa H3MepHTentHaa cxeMa BmxogHT H3 cocToaHHa 

paBHoBecna, T.e. noaBHTca BmxogHoe Hanpa^eHHe gpyroH nonapHocTH, KoTopoe ycn- 

nHBaeTca, ^opMHpyeTca B cooTBeTcTBHH c 3agaHHmM 3aKoHoM perynnpoBaHHa, B BHge 

ynpaBnarorn,ero cnraana Hanpa^eHHa nogaeTca Ha KneMMy 8. 06pa3yeTca ^ n t:

0 2

TonKa 21 -  SQ2 Kn.2 -  N.

C -  01

06e o6motkh nonynawT nHTaHHe, h gBHrarent HgeT Ha 3aKpmTHe KnanaHa no- 

gann napa. B pe3ynbTare nero TeMnepaTypa nap0B03gymH0H cMecn yMeHtmaeTca, go- 

cTHraa 3agaHH0H. YnpaBneHHe nHTaHHeM nogann napa h ^^eKTopaMH 3aTBopoB KaMe- 

pm no oKoHnaHHH BpeMeHH, oTBegeHHoro Ha nogteM TeMneparypm h H30TepMHnecK0H 

Btigep^KH H3genHH Ha KneMMe perynaTopa 10 noaBHTca cnraan, cpa6armBaeT pene 

1Pny. 3aMmKaa KoHTaKT B ^ n n  nHTaHHa o6motkh pene BpeMeHH KT, h 3aMKHeT cboh 

KoHTaKT RT. KoHTaKT K2 6ygeT B ^T0T MoMeHT 3aMKHyT, t.k. KnanaH B ^T0T MoMeHT 

6mn 3aKpmT h koh^boto BmKnronarena, ycnnHBaeMaa B ^ n n  nHTaHHa o6motkh pene 

K2, 6mn 3aMKHyT. Pene 1P0 cpa6oTano h ero KoHTaKT K2 3aMKHynca.

03

no ^ n n  HgeT nHTaHHe KT -  K2 -  K1 Kn.5 -  N.

C -  01

06e o6motkh nonynawT nHTaHHe, h gBHrarent HgeT Ha oTKpmTHe KnanaHa no- 

gann napa. no 0K0HnaHHH BpeMeHH, oTBegeHHoro Ha oxna^geHHe rogennft, KneMMa

10 o6ecTonHBaeTca, pene 1R19 o6ecTonHTca, nHTaHHe K2 B ^T0T MoMeHT pa3MmKaeTca 

h KoHTaKT K1 3aMKHeT KoHTaKT K3 6ygeT 3aMKHyT, t.k. KnanaHm B ^T0T MoMeHT 6mnn
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oTKptrrti h nuTaHue koh^boto BtKnroHaTena ocTaHaBnuBaeTca b ^ n u  nuTaHua 06- 

motkh pene K3 cpa6oTano h ero KoHTaKT K3 3aMKHynca.

O4

no ^ n u  ugeT nuTaHue KP1 -  T0HKa K5 -  K21 K15 -  N.

C -  O3

O6e o6motkh nonyHaroT nuTaHue, h gBuraTent ugeT Ha 3aKptrrue KnanaHa no- 

gaHH napa, cpa6aTtreaeT KoHTaKT K3, 3a^uraeTca curaantHaa naMna HL3.



PA3AE.H 6. O P^AH H 3A^H £ nPOH3BO^CTBA.

6.1 Bti6op cnoco6a npou3BogcTBa

npegnpuaTua no BtmycKy c6opHoro ®;ene306eT0Ha ucnont3yroT gBa cnoco6a 

H3r0T0BneHua H3genufi -  CTeHgoBtifi h noToHHtifi.

CTeHgoBtifi cnoco6 b ochobhhm ucnont3yeTca npu npou3BogcTBe MaccuBHtitix 

h KpynHora6apuTHtix H3genufi. ^HHua npegcTaBnaeT H3 ce6a gnuHHtifi CTeHg. HaTa- 

^eHuenpMaTypti npou3BoguTca ynopaMH Haxogarn,HMuca BHe $opMti,HaTaruBaeTca 

cpa3y HecKontKo H3genufi pacnono^eHHtix b ogHy nuHuro.

npu n0T0HH0M cnoco6e npou3BogcTBa ucnont3yroTca nocnegoBaTentHo nepe- 

Mern,aeMtie ^opMti, KoToptie no3BonaroT BtmonHaTt pa3nuHHtie TexHonoruHecKue 

o^epa^HH Ha pa3nuHHtix c^e^HantHHx nocTax. noTOHHtie hhhhh genaTca:

-  Ha noTOHHo-arperaTHtie;

-  Ha noToHHo KoHBefiepHte.

B KaHecTBe TpaHcnopTHoro o6opygoBaHua Ha noToHHo-arperaTHofi hhhhh b oc- 

hobhom ucnont3yroT M0CT0Btie KpaHt. B KaHecTBe TennoBtix arperaT0B, ucnont3ye- 

Mtix gna ycKopeHua cpoKoB TBepgeHua 6eT0Ha, Harn,e Bcero ucnont3yroT KaMepti ne- 

puoguHecKoro cnoco6a.

Ecnu roBopHTt o n0T0HH0-K0HBefiepH0M cnoco6e npou3BogcTBa, Bce ^opMti 

Me^gy nocTaMH gBuraroTca ogHoBpeMeHHo, nocpegcTBoM gBH^eHua pontraHroB unu 

maroBtix KoHBefiepoB. 3 th nepeMern,eHua npoucxogaT c 3agaHHtiM phtmom TaK^e 

npuMeHaroT npoKaTHtie CTaHti, no3Bonarom,ue BtmonHaTt o^epa^HH Ha HenpeptiBHo 

gBH^y^efica $0pM0B0HH0fi neHTe.

^ene306eT0HHtie nnuTti noKptrrua TpaMBafiHtix nyTefi cnegyeT H3roTaBnuBaTt 

n0T0HH0-arperaTHtM c ^neMeHTaMH KoHBefiepa.

3neMeHTaMH KoHBefiepa 6ygyT aBnaTtca noggoHti Ha gBH^ymux onopax, caMo- 

CToaTentHo nepeMem,arorn,Hxca ot nocTa pacnany6KH go nocTa $0pM0BaHua.
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6.2 OnncaHHe TexHonornnecKoro npo^cca

nonyKOHBeepHaa noTonHaa nHHHa coctoht H3 6 nocTOB:

1. nocT pacnany6KH

Pacnany6Ka HanHHaeTca c ycTaHOBKH noggoHa c rogenneM Ha gBu^ynrne onopti 

nocTa,ycTaHOBKy ocyrn,ecTBnaeT 1 TaKena^HHK 3ro pa3paga c noMorn,tro KpaHa h aB- 

TOMaTHnecKoro rpy3O3axBaTHoro ycTpoftcTBa,ganee ^opmob^hk 3ro pa3paga cHHMaeT 

MarHHTHyw 6opTocHacTKy c Hcnont3OBaHHeM M0cT0B0r0 KpaHa h noMern,aeT ee Ha 

pontraHr.nocne ^T0^0 TaKena^HHK 3p pa3paga nepeMe^aeT pacnany6neHHoe H3genne 

Ha Btgep^Ky,a y^e Btigep^aHHoe H3genne c nocTa 3arpy^;aeTca Ha caMoxogHyro Te- 

ne^Ky.

2 . ^ncTKa h cMa3Ka.

Ha nocTy nncTKH h cMa3KH noggoH c noMorn,tro gBu^ynrnx onop npoxogHT ne- 

pe3 MamuHKy onncTKH h cMa3KH n0gg0H0B, K0T0paa onnm,aeT ero B gBa ^Ta^a, nep- 

bmm aBnaeTca peHKa ocym,ecTBnarorn,aa noBepxHocTHyro onncTKy, nocne pefiKH ycTa- 

HOBneHti ®;ecTKHe rn,eTKH, ray60K0 onHm,arorn,He noBepxHocTt ,cMa3Ka ocyrn,ecTBnaeT- 

ca Bpam,arorn,HMHca connaMH,B to ®;e BpeMa no pontraHry B MamHHy gna nncTKH ona- 

ny6KH nonagaroT MarHHTHtie pa3genHTenn, nncTarnueca rn,eTKaMH, cMa3Ka ocyrn,ecTB- 

naeTca Bpam,arorn,HMHca connaMH, npoHga cKBO3t hhx noggoH h MarHHTHaa onany6Ka 

nonagaroT Ha nocT pa3MeTKH h ycTaHOBKH onany6KH.

3. nocT pa3MeTKH h ycTaHOBKH onany6KH.

3 to t nocT aBT0MaTH3Hp0BaH, h Tpe6yeT T0ntK0 onepaTopa gga Ha6nrogeHHa 3a 

pa6oTofi. Pa6oTa Ha nocTy HanHHaeTca c pa3MeTKH noggoHa nnorrepoM c noMorn,tro 

BogHOOMyntcnoHHoft KpacKH nog gaBneHHeM, nocne ^T0^0 HanHHaeT pa6oTy po6oT 

MaHHnynaTop c nHeBMaTHnecKOH ronoBKoft, oh 3a6npaeT onnrn,eHHyro MarHHTHyro 

6opTocHacTKy c pontraHra h ycTaHaBHHBaeT no pa3MeTKe nnorrepa. nocne OKOHnaHHa 

pa6oTti onepaTop OTnpaBnaeT noggoH Ha nocT apMHpoBaHHa.

4. ApMHpoBaHHe.

nucm
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3gecb 2 ^opMoB^HKa 4 pa3paga ycTaHaBnHBaroT co6nparoT nerKHH apMarypHmft 

KapKac cocToarn,HH H3 2x ceT0K h 3x ^HKcaropoB, h noMern,aroT ero b noggoH. nocne 

^T0^0 1 $ 0pM0Brn,HK 4ro pa3paga c noMorn,bro nogteMHoro cTona nogHHMaeT noggoH 

go ypoBHa BH6ponnorn,agKH h oTnpaBnaeT ero Ha nocT ^opMoBaHHa.

5. nocT $0pM0BaHHa

no npn6mTHH noggoHa 2 6eT0Hrn,HKa roToBaT k pa6oTe 6eT0H0yKnagnHK, nocne 

HanHHaeTca yKnagKa h ynnoTHeHHe 6eT0HH0H cMecn, 3arna^HBaHHe noBepxHocra 

ocy^ecTBnaeTca 3arna^HBarorn,HM ycrpoftcTBoM 6eT0H0yKnagnHKa

6 . nocT TB0

nepeMern,eHHe noggoHa. b KaMepy TB0 ocyrn,ecTBnaeTca TaKena»HHK0M 3ro 

pa3paga, oTKpmTHe KpmmKH KaMepm aBTOMaranecKoe.

0nncaHHe TexHonornnecKoro npo^cca(Tn) HanHHaeTca c pa3pa6oTKH cxeM 

Tn,a HMeHHo c pa3pa6oTKH ^00^epa^H0HH0^0 rpa^HKa Tn

^na nocTpoeHHa ^00^epa^H0HH0^0 rpa^HKa Tn  HeoSxogHMo pacnneHHTb Tn  

Ha cocTaBnaro^ne h onpegenHTb ynacTHHK0B (pa6onnx) hx npo^eccHH ,pa3pagm, gnn- 

TentHocTb o^epa^HH ,hx TpygoeMKocTb, h npegcTaBHTb Bce B BHge rpa^HKa. C ^nbro 

o6ecneneHHa ^$$eKTHBH0CTH npoH3BogcTBa Heo6xogHM0 npoBecTH o^THMH3a^Hro 

pacnpegeneHHa TpygoBmx pecypcoB npn 3agaHH0M pHTMe npoH3BogcTBa

^na o^THMH3a^HH npn 3agaHH0M pHTMe Heo6xogHM0 nocTpoHTb ^00^epa^H0H- 

HmH rpa^HK HafiTH Ha HeM nocnegoBaTenbHyro HenpepmBHyro(KpHTHnecKyro) ^nonKy 

o^epa^HH,cyMMapHaa gnHTenbHocTb kotopoh onpegenaeT BpeMa BmnonHeHHa Bcero 

KoMnneKca 0^epa^Hfi(gnHTenbH0CTb ^HK^a).

^pyrHMH cnoBaMH Heo6xogHM0 HafiTH caMyro gnHTenbHyro ^nonKy onepa- 

^Hfi,H He Bmxoga 3a paMKH ee gnHTenbHocTH paBH0MepH0 pacnpegenHTb pecypcm no 

BceH gnHTenbHocTH ^HK^a.

^ 00^epa^H0HHmH rpa^HK npegcTaBneHa Ha nncTe H0Mep 1.

0nTHMH3HpoBaHHbift rpa^HK noTpe6neHHa TpygoBmx pecypcoB Ha nncTe 6.
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nocne npoBegeHHofi o^THMH3a^HH Heo6xogHMo o^HHTb ee ^$$eKTHBH0CTb,

paccnHTaB cpegHroro HHTeHcHBHocTb noTpe6neHHa pecypcoB, noTepn Tpyga H3 3a He-

paBHoMepHoro h HenonHoro Hcnonb30BaHHa pecypcoB h Han6onbmyro HHTeHcHBHocTb

TeKyrn,ero noTpe6neHHa pecypcoB.

CpegHaa HHTeHcHBHocTb noTpe6neHHa pecypcoB:
IP ( i ; j ) x T ( i J )  (42)

P  =
Tc

rge  P ( i ]  j )  - noTpe6jieHHe pecypcoB Ha onepaiiHH,Heji.

T (i;j) -  gnHTenbHocTb o^epa^HH ,mhh .

Tc -  TaKT BmnycKa,MHH.

2 + 2 + 2 + 2 + 4 + 2 + 1 8 + 2 + 4 + 2 + 6 + 4 + 2 + 2 + 2 + 4 + 4 + 1
P  =

15

(43)

P = 3,85 nen-MHH.

noTepn Tpyga H3-3a HepaBHoMepHoro h HenonHoro noTpe6neHHa TpygoBmx pe

cypcoB:

rge  Hcf) -  (jjaKT. 3aTpaTm Tpyga Ha CTag. npouecce neji-MHH.

-  TpygoeMKocTb o^epa^HH,MHH.

7:',MHH.

Pmax -  Han6. HHTeHcHBHocTb TeKyrn,ero noTpe6neHHa pec-0B

^ 0  0^THMH3a^HH

(44)

nocne o^THMH3a^HH

BTopoH cnoco6 o^THMH3a^HH ^T0 o^THMH3a^Ha c orpaHHneHHofi BennnHHofi 

pecypcoBa.

1.Heo6xogHM0 HafiTH Han6onee gnHHHyro ^nonKy o^epa^Hfi h onpegenHTb 

gnHTenbHocTb ^neMeHTH0^0 ^HK^a B HcxogHoM rpa^HKe.



2.npaBuno nepeMern,eHua o^epa^Hfi

PaccMoTpeTt o^epa^HH pacnono^eHHtie b nepuog (01,2 - O2,2) h npucBouTt 

hm 6annt b 3aBHCHM0CTu ot pe3epB0B BpeMeHH, ^noHKaM c ogHHaKoBtiMH pe3epBaMH 

npucBauBaroT 6annt b nopagKe y6tiBaHua HHTeHCUBH0CTefi noTpe6neHua pecypcoB. 

CyMMupoBaTt b nopagKe B03pacTaHua 6annoB pecypcti onepau,ufi noKa cyMMa b npo- 

Me^yTKe He npeBticuT Pmax, nocne cgBuraeM HaHano ^Tofi onepau,uu BnpaBo k mo- 

MeHTy onpegenaro^eMy npaByro ^paHH^y yHacTKa t1.

3.TaKHM ^e 06pa30M paccMaTpuBaeM o^epa^HH b npoMe^yTKe t2.

Ecnu nepeptiB o^epa^HH HeB03M0^eH Torga b nepByro oHepegt npucBauBaeM 

6annt o^epa^HaM HaHaTtiM b t1 ocTantHtiM -  b o6tiHHofi nocnegoBaTentHocTH. Ecnu 

nepeptiB B03M0^eH ucnont3yeM o6tiHHtifi nopagoK a onepau,uu HaHaBmueca b t1 ux 

HacTH b t2 paccMaTpuBaeM KaK caMocToaTentHtie onepau,uu

TaKHM 06pa30M nonyHaeM rpa^HK c MHHUMantHofi gnuTentHocTtro npu 3agaH- 

Hofi BenuHHHe pecypcoB

B pe3yntTaTe BtmonHeHHofi pa6oTti no onTUMU3au,HH 6tmo npuHaTo pemeHue 

npuHaTt o^THMH3a^Hro npu 3agaHH0M puTMe, hto 6ontme nogxoguT nony- 

K0HBefiepH0My cnoco6y.

6.3. nocTpofiKa ^HKno^paM

yuKnorpaMMa gaeT HarnagHoe npegcTaBneHue o cornacoBaHHocTH BpeMeHH bh- 

nonHeHua oTgentHtix o^epa^Hfi. Ha ^HKno^paMMe no ocu opguHaT oTKnagtmaroT 

BpeMa,no ocu a6^ucc KoopguHaTti.

no ^HKno^paMMe BugHo hto nepBaa MamuHa Mo^eT HaHaTt pa6oTy TontKo no- 

cne Toro KaK gpyraa nogroToBHna gna Hee $poHT pa6oT,HanpuMep yKnagKy 6eT0HH0fi 

CMecu mo^ho HaHHHaTt TontKo nocne Toro KaK ycTaH0BneHa nogroToBneHHaa $opMa.

U,HKnorpaMMa CTpouTca Ha gnuTentHocTt ogHoro ^HKna. Ha ^HKno^paMMe npo- 

e^u a  nro6ofi hhhhh Ha oct t ecTt npogon^HTentHocTt BtmonHeHua o^epa^HH,Ha oct

S nepeMern,eHue MamuHti npu BtmonHeHHH o^epa^Hfi.

TTMCffl
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npn pa6oTe gByx napannentHtix $0pM0B0nHtix nocTOB gna H36e ;̂aHHa ctohk- 

HOBeHHa MamnH Heo6xognM HeKOToptin cgBnr bo BpeMeHH Hanana o^epa^HH ogHoro 

KpaHa 0TH0cHTentH0 gpyroro.

^KnorpaMMa no BpeMeHH gon^Ha coBnagaTt c noonepaunoHHtiM rpa^HKOM

^KnorpaMMti H3o6pa ;̂eHM Ha nacre 6

6.4. PacneT ypoBHa MexaHH3au,HH u aBT0MaTH3â HH.

YpoBeHt MexaHH3a^HH -  gona B o6rn,eM TexH0n0ranecK0M npo^cce onepa-

u,HH,BbinojiHaeMbix npn noMonpi m ex aH H3 m ob ,o n pege ji a K)TCfl no (J)opMyjie:

rge  Z -  xapaKTepncTHKa Buga MexaHH3a^HH onepaunn:

• Z=0 0^epa^Ha He MexaHH3HpoBaHa

• Z=1 0^epa^Ha BtmonHaeTca npn noMornn MamHHti pynHoro geftcTBHa 

(6e3 npuBoga)

• Z=2 0^epa^Ha BtmonHaeTca npn noMornn Mex-oH MamHHH(HMeroqei 

npHB0g,H0 Tpe6yro^efi pynHoro Tpyga).

• Z=3 0^epa^Ha BtmonHaeTca npn noMornn Mex-oH MamuHt(uMeromuH 

npHBog,He Tpe6yrorn,eft pynHoro Tpyga)nnH aBTOMaTOM.

K-m3$^neHT creneHH MexaHH3a^HH o^epa^HH

• K=1 o^epa^Ha nonHocrtro MexaHH3HpoBarn

• K=0.5 Onepauua nacrunHO MexaHH3HpoBaHa 

Ni-KOHHnecTBO o^epa^HH

YpoBeHt aBT0MaTH3a^HH -  gona B o6rn,eM TexHonornnecKOM npo^cce onepa-

^HH,BM^o^HaeMMx npu noMornn aBTOMaranecKHx u nonyaBTOMaTHnecKHx ycrpoftcTB,

arperaTOB h jiHHHH,onpegejiaK)Tca no (J)opMyjie:
Z Z ' i  * K i  *N i

Y a  =  -  1 . S  W i ( 4 6 )

r g e  Z -  xapaKTepncTHKa Bnga MexaHH3an,nn onepan,nn:

• Z=0 0^epa^na He aBT0MaTU3np0BaHa



• Z=1 0^epa^Ha BtmonHaeTca npu noMorn,u nonyaBToMaTHHecKHx 

ycTpoficTB,Korga ^yH^uu pa6oHero CBogaTca k BKnroHeHuro,BHKnroHeHuro arperaTa h 

Ha6nrogeHuro

• Z=1.5 0^epa^Ha BtmonHaeTca aBT0MaTHHecKu,6e3 yHacTua HenoBeKa, 

$yH^ua pa6oHero - Ha6nrogeHue

K-K0^$H^HeHT cTeneHH MexaHH3a^HH o^epa^Hfi

• K=1 0^epa^Ha nonHocTtro aBT0MaTH3up0BaHa

• K=0.5 0nepau.ua HacTHHHo aBT0MaTH3up0BaHa

Ni-KonuHecTBo o^epa^Hfi

^na pacHeTa ucnont3yeTca CBogHaa Ta6n u ^

Ta6n u ^  18 -  cBogHaa Ta6n u ^  o^epa^Hfi

m Onepau,Mfl
MexaHM3au,MA ABToMaTM3aU,Mfl

Zi ki ni Zikini Zi ki ni Zikini

1 . Onepau,MM Ha $opM. ™ hmm

1.1 HMCTKa ^OpMbl 1 - 1 0 0 1 1 1

1.2 CMa3Ka ^opMb 1 0.5 1 0.5 0 1 1 1

1.3 3aKpbTMe 6optob 0 - 1 0 0 1 1 1
1.4 3aKpblTMe 3aMKOB 0 - 1 0 0 1 1 1
1.5 ycTaHOBKa CeTOK 3 1 1 3 1 0.5 1 0.5
1.6 ycTaHOBKa neTe^b 0 - 1 0 0 1 1 0
1.7 y ^ a g K a  B.C. 3 1 1 3 1 1 1 1
1.8 yn^OTHeHMe B.C. 3 1 1 3 1 1 1 1

1.9
nepegaMa $-bi b Ka
Mepy mM3 KaMepb

3 1 1 3 1.5 1 1 1.5

1.10 TBO 3 1 1 3 1.5 1 1 1.5
1.11 flOBOflKa M3fle^Mfl
2. TpaHcnopTMpoBKa M3ge.™fl
2.1 CTpOnOBKa M3fle^MM 0 - 1 0 0 1 1 0
2.2 PaccTponoBKa 0 - 1 0 0 1 1 0

2.3
CbeM M3fle^MA c

^OpMbl
3 1 1 3 1 0.5 1 0.5

2.4
TpaHcnopTMpoBKa 
M3fle^Mfl KpaHOM

3 1 1 3 1 0.5 1 0.5

2.5
ycT.M3fle^MA Ha ca- 

MOxog.Te^e^Ky
3 1 1 3 1 0.5 1 0.5

2.6
nogaMa 6eTOHa k n. 

^OpMOBaHMfl
3 1 1 3 1.5 1 1 1.5

2.7
3arpy3Ka 6eToHo- 

yK^agMMKa
3 1 1 3 1.5 1 1 1.5

MToro 18 30.5 18 8.5



PacHeT ypoBHefi MexaHH3a^HH h aBT0MaTH3a^HH:

Y z i * K i * N i  3 0.5
YpoBeHb MexaHH3au,HH Ym 

YpoBeHb aBTOMaTH3au,HH Ya =

3Y.N1 

Y .ZH  *K i * N i

3X18

16

56.5%

=  62.5%
l .s S J V i 1.5X13

TaKHM 06pa30M ypoBHH MexaHH3au,uu h aBT0MaTH3a^HH ygoBneTBoparoT Tpe6o- 

BaHnaM OHTn 07-85 (Ym >  50% ; Ya >  30%)



TexHHK0^K0H0MHnecKHe pacneTm gna o^hkh ^$$eKTHBH0CTH npHHaTmx pe- 

meHHH BmnonHawTca B ^Hax 1985 roga.

noTonHo-arperaTHmfi cnoco6 npoH3BogcTBa npHMeHaeTca gna npoH3BogcTBa 

®;ene306eT0HHmx H3gennft gnHHoft go 12 M, mupuHoH go 3 M. H3genna ^opMywT c 

noMorn,bro c^e^HanbHmx arperaT0B (pagnanbHoe npeccoBaHHe), TexHonoranecKHe 

o^epa^HH ocyrn,ecTBnaroTca Ha c^e^Ha^H3HpoBaHHmx nocTax B nepeHocHmx ^opMax, 

KoTopme nocnegoBaTenbHo nepegarorca c nocTa Ha nocT c noMorn,bro TpaHcnopTHoro 

Hnn rpy3onogteMHoro o6opygoBaHHa. Ha noTonHo-arperaTHmx nHHHax c ^opMoBon- 

hhmh nocTaMH $opMa Ha BH6ponno^agKy Mo^eT nogaBaTbca $ 0pM0yKnagnHK0M.

rogoBaa npoH3BogHTenbHocTb n0T0nH0-arperaTH0H TexHonornnecKofi nHHHH, 

BmnycKaw^efi HecKonbKo THnopa3MepoB rogennft,

P=60 KHcn*Bp*h*£ diVi/ti (46)

rge Kucn -  K0^$$H^HeHT Hcnonb30BaHHa o6opygoBaHHa; KUcn=0,92... 0,94;di -  

gona ^opmobok B nac i-Toro H3genna;Vi -  o6teM 6eT0Ha B TBepgoM Tene i-Toro H3ge- 

nna, M3;ti -  npogon^HTenbHocTb ^HK^a ^opMoBaHHa i-Toro rogenna, MHH,;h- nncno 

pa6onnx nacoB B cyTKH, h=24;Bp -  nncno pa6onnx cyT0K B rogy;

npogon®HTenbHocTb ^HK^a ^opMoBaHHa i-ro H3genna (mh) H3gennfi Ha arpe- 

raTHo-noTonHofi TexHonornnecKofi nHHHH Bm6npaeTca H3 OHTn 07-85:

ti=15MHH.

P=60*0,93*260*24*3*0,28/15=21588 m3.

npH ^K0H0MHnecK0H o^HKe npoeKTHmx pemeHHH onpegenaeTca 3aBogcKaa ce- 

6ecT0HM0cTb npogy^HH, KoTopaa cKnagmBaeTca H3 ctohmocth MarepnanoB h ce6e- 

ctohmocth hx nepepa6oTKH c yneT0M 3aTpaT Ha aMopTH3a^HW 3gaHHa, cne^oopy^e- 

hhh h o6opygoBaHHa. Ce6ecT0HM0cTb H3r0T0BneHHa 1 m3 ^ene306eT0HHmx H3gennfi:

PA3^En 7. TexHHK00K0H0MHnecKHe noKa3arenn.



Ch = C6 + ^ c t  + XCa + £Ch + Cg + Cy + CHa + C$ + Co + Cn + C3r + C^ +

Co6 + Z + ^  + O, (47)

rge C6 -  ce6ecTouMocTt 1 m3 6eTOHHOH cMecu Knacca B30 30 py6 3a m3; X ^ t  -

cyMMapHaa ^H a Bcex BugoB apMaTypHOH cTanu, pacxogyeMofi Ha 1 m3 u3genuft =60,1 

py6.;^Ca -  cyMMapHtie 3aTpaTti Ha u3r0T0BneHue HeHanparaeMOH apMaTypti Ha 1 m3 

rogenuft =60,1 py6.;^CH = 0, HanparaeMaa apMaTypa OTcyrcTByeT.;Cg -  2,74 py6 .;Cy 

-0,25 py6 .;CHa = 0, HanparaeMaa apMaTypa OTcyTCTByeT.;C$ -  ce6ecTouMocTt $op- 

MOBaHua 1 m3 rogenuft, = 17,86 py6/M3.;Co -  3aTpaTti Ha cogep^aHue u ^KC^nyaTa^uro 

$opM, Ha 1 m3 6eTOHa KOHcTpy^uft= 4,7 py6 .;Cn -  ce6ecTouMocTt napa gna TBO 1 

m3 rogenuft, py6 . =5,5 py6.;C3r -  ce6ecTouMocTt (py6) noBtimeHua 3aB0gcK0H r0T0B- 

hoctu 1 m3 u3genufi, 3aTpaTti Ha OTgenKy u goBogKy u3genuft= 2,86 py6 . ̂  -  ce6e- 

cTouMocTt ^neKTpo^Hep^uu, pacxogyeMofi Ha 1 m3 rogenuft, py6,

C^ = (3  + 3 i+ 3 2 )*^ . (47)

YgentHtift pacxog cunoBoH ^neKTpo^Hep^uu 3  (KBT*n/M3) onpegenaroT ucxoga 

u3 cyMMapHOH mo^hoctu T0K0npueMHuK0B, uMerorn,uxca Ha TexHonorunecKoH nuHuu, 

u KonunecTBa nacoB pa6oTti nuHuu B rog

3 = 0,3*F* h*Bp/P, (48)

rge F -  cyMMapHaa Morn,HocTt T0K0npueMHuK0B (KBT),h -  nucno pa6onux na- 

cob B cyTKu; Bp -  nucno pa6onux cyTOK B rogy; P -  rogoBaa npou3BoguTentHocTt 

npegnpuaTua, m3.

3  = 0,3*250*24*260/7196= 65.00 KBT*n/M3 (49)

YgentHtift pacxog ^neKTpo^Hep^uu gna HarpeBa apMaTypti npu ^neKTpoTepMu- 

necKOM Hanpa^eHuu (KBT*n/M3) 3 1=0.

YgentHtift pacxog ^neKTpo^Hep^uu (32) Ha ̂ neKTp0TepM006pa60TKy rogenuft u3 

Ta^enoro 6eTOHa He npeBtimaeT 80 KBT*n/M3.

CTouMocTt ^neKTpo^Hep^nn = 0,025 py6 3a 1 KBT*n



C^ = (65,00+80)*0,025 = 3,62 py6.

Co6 -pacxogti Ha cogep^aHue h ^KC^nyaTa^Hro o6opygoBaHua, py6.

Co6 = 3,2*^Ao6/P,

rge ^ A o 6 -  cyMMa oTHucneHufi Ha aMopTH3a^Hro TexHonoruHecKoro h TpaHC- 

nopTHoro o6opygoBaHua. PacHeT aM0pTH3a^H0HHHx oTHucneHufi npoBogHTca b Ta6- 

nuHHofi ^opMe:

Co6 = 3,2*12500/24598=12,2 py6

U, -  ygentHte ^xoBtie pacxogti Ha 1 M3.

^  = (flfl + 3,5 A 3g + 1,25£Acc)/P + 0,2Z,

rge ^  -  rogoBofi $ 0Hg 3apa6oTHofi nnaTti ^xoBoro nepcoHana, = 6000 py6 .

A3g -  cyMMa oTHucneHufi Ha aMopTH3a^Hro CKnaga roToBofi npogy^uu, =

py6.

670

Acc -  cyMMa oTHucneHufi Ha aMopTH3a^Hro cne^oopy^eHufi, =4500 py6 .

Z -  nonHaa 3apnnaTa pa6oHux Ha 1 M3 H3genufi, = 5 py6

^  = (6000 + 3,5*670 + 1,25*4500)/ 7196+ 0,2*5 = 1,94 py6 .

O -  o6^ e 3aBogcKue pacxogti Ha 1 m3 npogy^uu:

O = 80/(50+Pi) +0,3Z,

rge P1 -  rogoBaa np0H3B0guTentH0CTt b thc.m3

O = 80/(50+7196)+0,3*5=1,51 py6 .

Torga Ch = 30 +160,7 +60,1 +2,74 + 0,25 + 17,86 + 4,7 + 5,5 + 3,62 + 2,4 + 5 + 

1,94+ 1,51 = 296,32 py6 .

noMHMo ce6ecT0HM0CTH H3r0T0BneHua H3genufi ogHHM H3 ochobhhx KpuTepueB 

o^hkh npoeKTHtix pemeHufi aBnaroTca npuBegeHHtie 3aTpaTti:
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rge ^K  -  ygentHtie KanuTanoBno^eHua, py6, BKnronaroT cTouMocTt 3gaHua, 

cKnaga r0T0B0H npogy^uu, cne^oopy^eHuft, TexHonorunecKoro u TpaHcnopTHoro 

o6opygoBaHua, $opM, OTHeceHHyro k 1 m3 u3genuft.

£K=3121,66 py6

n  = 296,32+0,15*121,66 = 764,569 py6/M3 

r  ogoBaa npu6tint npegnpuaTua: 

np=(^-CH )*P,

rge ^  -^ H a  1 m3 ®:ene306eT0HHtix KOHCTpy^uft, py6 

np = (400-296,32)* 21589=746081,28 py6 

CpoK OKynaeMOCTn:

T=P*^K/np = 21588*121,66/746081,28 =2,47 roga

TaK KaK gna peHTa6entHtix npegnpnaTnft cpoK OKynaeMOCTn gon^eH 6tiTt He 

6onee 6,5 neT u B gaHHOH pa6oTe oh cocTaBnaeT 2,47 roga. C00TBeTCTBeHH0 gaHHoe 

npegnpuaTue mo^ho OTHecTu k peHTa6entHOMy.

Ta6n u ^  16 TexHnKO^KOHOMnnecKne noKa3aTenu

n  = Ch + 0,15£K,

HanMeHOBaHne

noKa3aTenefi

Eg.u3M. ^unnoM

r  ogoBofi BtmycK 

npogy^uu

M3 21588

r  ogoBaa Btipa6oT- 

Ka Ha ogHoro pa6onero

M3/nen 1800,29

npogon^eHue Ta6nti 16



HauMeHoBaHue

noKa3aTenefi

Eg.u3M. ^unnoM

Ce6ecT0nM0CTt 

1m3 rogenuft

py6/M3 296,32

npnBegeHHtie

3aTpaTt

py6/M3 31214,569

npu6tint py6 746081,28

CpoK OKynaeMO- 

ctu

neT 2,47
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PA3^E.n 8. Ee30nacH0CTt ^u3HegeaTentH0CTu

B ycnoBnax HaynHO-TexHunecKoro nporpecca, BHegpeHua hobmx TexHonornft, 

pocTa npoMMmneHHOCTu u npou3BogcTBa 3HannMOCTt 6e3onacHMx u 6e3BpegHMx 

ycnoBufi Tpyga npuo6peTaeT oco6yro aKTyantHOCTt.

Ha cerogHa B ycnoBnax, HecooTBeTCTByrornux Tpe6oBaHuaM HopM 3aK0H0ga- 

TentCTBa no 3anMneHHOCTu, 3ara3OBaHHOCTu, myMy, Bu6pa^uu, 0CBern,eHuro u gpyrnM 

npou3BogcTBeHHMM ^aKTopaM, pa6oTaroT MunnuoHM nrogeH. HopMaTuBHO-npaBOBMe 

aKTM, npuHaTMe B Hamefi CTpaHe, HanpaBneHM Ha o6ecneneHue ycnoBufi Tpyga, OTBe- 

narornux Tpe6oBaHuaM coxpaHeHna ^u3Hu u 3gopoBta pa60THuK0B B npo^cce Tpygo- 

boh geaTentHOCTu. Ohu cogep^aT pag Ba^Htix nono^eHufi, o6ecnennBarorn,nx gna 

pa6oTarorn,ux rapaHTuu npaB Ha pa6oTy B 6e3onacHMx ycnoBnax.

CornacHO Tpyg0B0My KogeKcy PO, Tpe6oBaHua oxpaHM Tpyga o6a3aTentHM 

gna ucnonHeHua ropngnnecKnMn u $u3unecKuMu nu^aMu npu npoeKTnpoBaHnn, 

CTpouTentCTBe (peKOHCTpy^uu) u ^KC^nyaTa^uu 06teKT0B, KOHCTpyupoBaHuu Ma- 

muH, MexaHu3MOB u gpyroro o6opygoBaHua, pa3pa6oTKe TexHonorunecKux npo^c- 

cob. YcTaHaBnuBaroTca npaBuna, npo^gypti u Kpnrepnn, HanpaBneHHMe Ha coxpaHe- 

Hne ^u3Hu u 3gopoBta pa60THuK0B B npo^cce TpygoBoH geaTentHOCTu.

Heco6nrogeHue pa6oTogaTenaMn Tpe6oBaHufi oxpaHM Tpyga cnoco6cTByeT 

yxygmeHnro ycnoBufi Tpyga, noBMmeHuro ypoBHa npou3BogcTBeHHoro TpaBMaTu3Ma u 

npo^eccuoHantHMx 3a6oneBaHufi, nTO yxygmaeT geMorpa^unecKyro u ^K0H0Mune- 

CKyro cuTya^uro B Poccuu. HeygoBneTBopuTentHaa op^aHU3a^ua npou3BogcTBa pa6oT 

pa6oTogaTenaMu u pyK0B0gnTenaMn nogpa3geneHufi npegnpuaTufi aBnaeTca ochob- 

hoh npunuHOH HecnacTHMx cnynaeB Ha npon3BogcTBe.

8.1.Ah m u3 onacHbix u epednux npomeodcmeeHHbix fyaKmopoe

On3nnecKne onacHMe u BpegHMe npou3BogcTBeHHMe ^aKTopti:

-  gBu^yrnueca MamnHM u MexaHu3MM; nogBu^HMe nacTu npon3BogcTBeH- 

Horo o6opygoBaHua; nepegBurarornueca u3genua, 3ar0T0BKn, MaTepuanti;

nucm
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-  noBbimeHHbiH ypoBeHb myMa Ha pa6oneM MecTe;

-  noBMmeHHMH ypoBeHb bh6p^hh.

XHMHnecKHe onacHbie h BpegHbie npoH3BogcTBeHHbie ^aKTopbi npegcTaBneHbi:

-  TexHHnecKaa conaHaa KHcnoTa;

cMa3Ka gna $opM «nopoHeT».

8.1.1 ^BH^y^neca MamuHb h MexaHH3Mbi

OopMM, nepegBHraw^neca no ponHKoBoMy KoHBeftepy, gBH^yrn,Heca 6eT0H0- 

yKnagnHKH, KaHToBonHaa ycTaH0BKa, nogteMHHK gna nanneT, BbiB03Haa Tene^Ka gna 

r0T0Bbx H3gennfi. ^na 3arn,HTHHK0B npHMeHawrca HHgHBHgyanbHbie (KacKH, cne^ 

oge^ga) h KonneKTHBHbie (3arn,HTHbie orpa^geHHa, 6noKHpoBKH, T0pM03Hbie ycTpoH- 

cTBa h cpegcTBa npegynpegHTenbHoft CH^Ha^H3a^HH)[5].

8.1.2 noBbmeHHbH ypoBeHb myMa Ha pa6oneM MecTe

OCH0BHbIM HCT0nHHK0M myMa, B C00TBeTCTBHH C K^aCCH$HKa^HeH, npHBegeH- 

hoh B [6] aBnaeTca ygapHaa BH6ponnorn,agKa.

^onycTHMbe ypoBHH 3ByK0B0r0 gaBneHHa B oKTaBHbix nonocax nacT0T, ypoBHH 

3ByKa h ^KBHBa êHTHbIe ypoBHH 3ByKa Ha pa6onnx MecTax cnegyeT npHHHMarb gna 

mnpoKononocHoro HenocToaHHoro myMa -  no Ta6nH^ 9 [5].

Ta6n ^ a  9 -  ^onycTHMbie ypoBHH 3ByK0B0r0 gaBneHHa

B u g  T p y g 0 B0 H 

geaTenbH ocTH , 

paGonHe M ecTa

YpoB H H  3ByK0B0r0 gaBneHHa, gE , b cocraB H b ix  n o n o ca x  

c o  cpegH ereoM eTpH necKH M H  nacroTaM H , ^

YpoB H H  3ByKa H 3K- 

BHBaneHTHbie y p o B 

HH 3Byxa, g E A

31,5 63 125 250 500 1000 2000 4000 8000

PaG onH e M ecTa 107 95 87 82 78 75 73 71 69 80

^na 3arn,HTbi ot myMa npHMeHawrca cpegcTBa HHgHBHgyanbHofi 3arn,HTbi (npo- 

THBomyMHbe HaymHHKH, npoTHBomyMHbie BKnagbimH), cpegcTBa h MeTogbi KonneK-
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THBHofi 3arn,HTti (cpegcTBa, CHH^aro^ue myM b HCT0HHHKe ero B03HHKH0BeHua h 

cpegcTBa, CHH^aro^ue myM Ha nyTH ero pacnpocTpaHeHua ot HCT0HHHKa go 3am,Hrn,a- 

eMoro o6teKTa). 0p^aHH3a^H0HH0-TexHHHecKHe MeTogti 3arn,HTti ot myMa BKnroHaroT 

b ce6a npuMeHeHue ManomyMHtix TexHonoruHecKux npou,eccoB (u3MeHeHue TexHono- 

ruu npou3BogcTBa), npuMeHeHue ManomyMHtix MamuH, H3MeHeHue KoHCTpyKTHBHtix 

^neMeHT0B MamuH, ux c6opoHHtix eguHuu,; coBepmeHCTBoBaHHe TexHonoruu peM0HTa 

h o6cny^HBaHua MamuH [7].

8.1.3 noBtimeHHtifi ypoBeHt Bu6pau,HH

Hctohhhkom Bu6pau,HH b u,exe aBnaeTca Bu6p0ycTaH0BKa, Bu6popefiKa, 6eT0H0- 

yKnagHHK, ocHarn,eHHtifi 3araa^HBarorn,HM Bu6po6pycoM, HaBecHtie Bu6paTopti Ha 

6yHKepax 6eT0H0yKnagHHK0B.

Ha onepaTopa 6eT0H0yKnagHHKa geficTByeT o6rn,aa Bu6pau,ua II KaTeropuu. Ha 

onepaTopa BH6ponnorn,agKH geficTByeT o6rn,aa Bu6pau,ua IIIA  KaTeropuu[8].

3HaHeHua Bu6pau,HH gna gaHHtix pa6oHux MecT He gon^Hti npeBtimaTt 3HaHe- 

Hufi, yKa3aHHtx b Ta6nuu,e 10 h 11 [8].

Ta6nuu,a 10 -  npegentHo gonycTHMtie 3HaHeHua Bu6pau,HH pa6oHux MecT KaTeropuu

II -  TpaHcnopTHo-TexHonorHHecKofi

CpegHereoMeTpuHecKue 

HacToTH nonoc, r  u

npegentHo gonycTHMtie 3HaHeHua no ocaM X 0, Y 0, Z0

Bu6poycKopeHua BH6p0CK0p0CTH

M̂ C-2 gE M̂ C-1̂ 10-2 gE

KoppeKTupoBaHHtie h 

K̂BHBaneHTHHe Kop- 

peKTupoBaHHte 3HaHe- 

HHa H Hx ypoBHH

0,28 109 0,56 101

Ta6nuu,a 11 -  npegentHo gonycTHMtie 3HaHeHua Bu6pau,HH pa6oHux MecT KaTeropuu 

III -  TexHonoruHecKofi Tuna «A »
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CpegHereoMeTpHHecKHe 

HacToTi nonoc, r  ̂

npegenbHo gonycTHMiie 3HaHeHHa no ocaM Xo, Yo, Z0

BH6poycKopeHHa BH6p0CK0p0CTH

M̂ C-2 gE MX-140 -2 gE

KoppeKTHpoBaHHie h 

^KBHBaneHTHMe Kop- 

peKTHpoBaHHie 3HaHe- 

HHa H HX ypoBHH

0,10 100 0,20 92

3arn,HTa ot BH6pa^HH o6ecneHHBaeTca CHCTeMoft TexHHHecKHx, TexHonorHHe- 

ckhx h 0p^aHH3a^H0HHMx pemeHHH h MeponpnaTHH no C03gaHHW mb.iiihh h o6opygo- 

BaHHa C HH3K0H BH6pa^H0HH0H aKTHBH0CTbM; CHCTeM0H npoeKTHMX H TeXHonorHHe-

ckhx pemeHHH npoH3BogcTBeHHix npo^ccoB h ^neMeHT0B nporoBogcTBeHHoft cpegi, 

CHH^arornux BH6pa^H0HHyro Harpy3Ky Ha pa6oTHHKa; CHCTeMoft op^aHH3a^HH Tpyga h 

npo^nnaKTHHecKHx MeponpnaTHH, ocna6narorn,Hx He6naronpnaTHoe B03geftcTBHe 

BH6pa^HH Ha HenoBeKa.

Han6onee geftcTBeHHtiM cpegcTBoM 3arn,HTbi HenoBeKa ot BH6pa^HH aBnaeTca 

ycTpaHeHHe HenocpegcTBeHHoro KoHTaKTa c BH6pHpyrorn,HM o6opygoBaHHeM. Ocy- 

rn,ecTBnaeTca ^T0 nyTeM npHMeHeHHa gHCTaH^H0HH0^0 ynpaBneHHa, npoMimneHHix 

Po6otob, aBT0MaTH3a^HH h 3aMeHM TexHonorHHecKHx o^epa^HH.

^na 3arn,HTbi pa60THHK0B npHMeHaroT cpegcTBa HHgHBHgyanbHoft 3arn,HTbi: CH3 

pyK onepaTopa (pyKaBH^i, nepHaTKH, BKnagimn, npoKnagKH), CH3 Hor onepaTopa 

(o6yBb, nogMeTKH)[9].

8.1.4 XHMHHecKHe onacHie h BpegHie nporoBogcTBeHHtie ^aKTopn

Meponpnaraa no o6ecneHeHHro 6e30nacH0CTH Tpyga npn KoHTaKTe c BpegHiMH 

Bern,ecTBaMH npegycMarpHBaroT 3aMeHy BpegHix Bern,ecTB b nporoBogcTBe HaHMeHee 

BpegHiMH; npHMeHeHHe nporpeccHBHoft TexHonorHH nporoBogcTBa, HCKnwHawrn,efi 

KoHTaKT HenoBeKa c BpegHiMH Bern,ecTBaMH; pa^H0Ha^bHyro nnaHHpoBKy npoMim - 

neHHix nnorn,agoK, 3gaHHH h noMern,eHHft; npHMeHeHHe c^e^Ha^bHbIx CHCTeM no

nucm
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ynaBnnBaHnro u yTunu3a^uu a6ra3OB, peKy^epa^uro BpegHMx Bern,ecTB u onucTKy ot 

hux TexHonorunecKux BM6pocoB, HeHTpanu3a^uro OTxogoB npon3BogcTBa, npoMMB- 

hmx u CTonHMx Bog; KOHTpont 3a cogep^aHueM BpegHMx Bern,ecTB B BO3gyxe pa6onefi 

30hm; c^e^uantHyro nogroTOBKy u uHCTpyKTa^ o6cny^uBaro^ero nepcoHana; npoBe- 

geHue npegBapuTentHMx u nepnognnecKnx Megu^uHCKux ocmotpob nu^ uMeromux 

KOHTaKT c BpegHMMu Be^ecTBaMu; pa3pa6oTKy Megu^uHCKux npoTuBonoKa3aHufi gna 

pa6oTM c KOHKpeTHMMn BpegHMMu Be^ecTBaMu, uHCTpy^uft no OKa3aHnro goBpa- 

ne6Hofi u Heorao^Hofi Megu^uHCK0H noMornu nocTpagaBmuM npu OTpaBneHuu.

^na CMa3Ku $opM npuMeHaeTca CMa3Ka «nopoHeT» npegcTaBnarorn,aa co6ofi 

^Myntcuro MuHepantHMx Macen B Boge.

8.1.5 Bo3gyx pa6oneft 3OHM

Bo3gyx pa6onefi 3OHM o^HnBaeTca no MeTeoponorunecKuM u aTMOC^epHMM 

ycnoBnaM Ha pa6onux MecTax, a nMeHHO napaMeTpaMu MuKpoKnuMaTa (TeMnepaTypM 

BO3gyxa, othocuTentHOH Bna^HOCTu, CKopocTu gBu^eHua BO3gyxa, TennoBoro o6ny- 

neHua) u cocTaBOM BO3gyxa, K0T0pMe onpegenaroTca c^e^u$uK0H npon3BogcTBeHHoft 

cpegM.

Ha gaHHOM npegnpuaTuu BMnonHaeMMe B xoge TexHonorunecKoro npo^cca 

pa6oTM OTHOcaTca ko II KaTeropuu -  $u3unecKue pa6oTM cpegHeft Ta^ecTu -  BngM 

geaTentHOCTu c pacxogoM ^Hep^uu B npegenax 151... 250 KKan/n (175.. .290 Bt).

npu o6ecneneHuu gonycTuMMx BennnnH MuKpoKnuMaTa Ha pa6onux MecTax 

nepenag TeMnepaTypM BO3gyxa no BMCOTe gon^eH 6MTt He 6onee 3° C; nepenag TeM

nepaTypM BO3gyxa no ropu3OHTanu, a TaK®;e ee n3MeHeHna B TeneHue CMeHM He 

gon^HM npeBMmaTt npu KaTeropuax pa6oT Ila u II6 -  5° C.

npegentHO gonycTuMaa K0H^eHTpa^ua ^M em a B BO3gyxe pa6onefi 3OHM 

gon^Ha cocTaBnaTt He 6onee 5 Mr/M3 [12].

-  onpegennTt MeponpuaTua u cpegcTBa no ynynmeHuro ycnoBufi Tpyga no 

BO3gyxy pa6onefi 3OHM.

nucm
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^na HeHTpa^H3a^HH BpegHoro Bo3geHCTBHa ^THX Bern,ecTB b ^ x e  npegycMaTpH- 

BaWT CHCTeMbI BeHTH^a^HH.

Ta6n ^ a  13 -  gonycTHMtie BenHHHHbi noKa3aTeneft MHKpoKHHMaTa Ha pa6onnx Me- 

CTax npoH3BogcTBeHHHx noMern,eHHH [13]

ai
W
O
U
«
o
s
ZP

e
e

K a T e ro p u a  

p a6 oT  n o  

ypoBH ro 3Hep- 

ro3aTpaT, B t

T eM n ep a T yp a  B o3gyxa ,

oc

T eM n ep a 

T yp a  n o - 

B epxH o- 

CTeH, o c

O t h o c h -

TenbHaa

B n a * -

HoCTb

B o3gyxa,

%

C x o p o c T b  gB H *eH H a  B o3gy- 

xa , m /c

guana3oH  

H H *e  on - 

THManbHbix 

BenHHHH

guana3oH  

Bbim e on - 

THManbHbix 

BenHHHH

g n a  gu a n a 3oHa 

TeM nepaTyp  

B o3 gyxa  H H *e  

onTHM anbHbix 

BenHHHH, He 

6 on ee

g n a  gu a n a - 

3oHa TeM ne- 

p aTyp  Bo3- 

g y x a  Bbim e 

onTHM anb

Hbix BenH- 

HHH, He 6 o - 

n ee

w
o
r
o
X

I la  (1 7 5 -2 3 2 ) 1 7 ,0 -1 8 ,9 2 1 ,1 -2 3 ,0 1 6 ,0 -2 4 ,0 1 5 -7 5 0,1 0,3

I I 6 (2 3 3 -2 9 0 ) 1 5 ,0 -1 6 ,9 1 9 ,1 -2 2 ,0 1 4 ,0 -2 3 ,0 1 5 -7 5 0,2 0,4

«
3
r
c
<D
H

I la  (1 7 5 -2 3 2 ) 1 8 ,0 -1 9 ,9 2 2 ,1 -2 7 ,0 1 7 ,0 -2 8 ,0 1 5 -7 5 * 0,1 0,4

I I 6 (2 3 3 -2 9 0 ) 1 6 ,0 -1 8 ,9 2 1 ,1 -2 7 ,0 1 5 ,0 -2 8 ,0 1 5 -7 5 * 0,2 0,5

8.1.6 OcBe^eHHe

npaBHntHo cnpoeKTHpoBaHHoe h pa^H0Ha^bH0 BHnonHeHHoe ocBern,eHHe npo- 

H3BogcTBeHHbix noMern,eHHH OKa3HBaeT nono^HTenbHoe ncnxo^rononorHHecKoe bo3- 

geficTBHe Ha pa6oTarorn,Hx, cnoco6cTByeT noBbimeHHro ^$$eKTHBHOCTH h 6e3onacHo- 

cth Tpyga, CHH*aeT yroMneHHe h TpaBMaTH3M, coxpaHaeT BbicoKyro pa6oTocnoco6- 

HocTb.

Pa3pag 3pHTenbHofi pa6oTbi b ^ x e  ^opMoBaHHa naHeneft oTHocurca k V I KaTe- 

ropHH 3pHTenbHbix pa6oT -  rpy6aa (oneHb Manoft tohhocth), HaHMeHbmHH hhh ^KBH- 

BaneHTHbift pa3Mep o6teKTa pasnnneHHa 5 mm.
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EcrecTBeHHoe ocBern,eHue b ^ x e  -  60K0B0e gByxcropoHHee. HcKyccTBeHHoe -  

o6rn.ee paBHOMepHoe. npn op^aHH3a^HH npou3BogcTBeHHoro ocBern,eHua Heo6xoguMo 

o6ecnenuTb paBHoMepHoe pacnpegeneHue apKocTu Ha pa6oneft noBepxHocTu u oKpy- 

^arom,ux npegMeTax. ^na noBbimeHua paBHOMepHocru ocBern,eHua 6ontmux ^xob  

ocyrn,ecTBnaeTca KOM6uHupoBaHHoe ocBern,eHue. CBeTnaa oKpacKa noTonKa, CTeH u 

o6opygoBaHua cnoco6cTByeT paBHoMepHoMy pacnpegeneHuro apKocTeH b none 3peHua 

pa6oTaro^ero.

8.2 Ee3onacHocTt npou3BogcTBeHHbix npo^ccoB u o6opygoBaHua

B gaHHoM pa3gene 6ygyT onucaHM Tpe6oBaHua no ^neKTpo6e3O âcHOCTH u no- 

®;apo6e3onacHocTu, a TaK^e no oxpeHa OKpy^aro^eft cpegti u 6e3onacHocTu npou3- 

BogcTBeHHtx npo^ccoB u o6opygoBaHua.

8.2.1 3neKTpo6e3onacHocTt

CornacHo n 3 Y  noMern,eHue ^opMOBOHHoro ^ x a  no ^neKTpoo^acHOCTH otho- 

cuTca ko 2 Knaccy ^neKTpoo^acHOCTH -  noMern,eHua c noBbimeHHoft onacHocTtro 

(bo3mo^hoctb ogHOBpeMeHHoro npuKocHOBeHua k ^neKTpoo6opygoBaHHro u MeTan- 

nunecKHM KOHcTpy^uaM 3gaHua, uMerornuM coeguHeHue c 3eMneH).

Hanpa^eHua npuKocHOBeHua u tokh, npoTeKarorn,ue nepe3 Teno nenoBeKa npu 

HopMantHOM (HeaBapuHHOM) pe^HMe ^neKTpoycTaHOBKH, He gon^Hbi npeBbimaTt 3Ha- 

neHHH, yKa3aHHtx b Ta6n u ^  15.

Ta6n u ^  15 -  npegentHO gonycTHMbie 3HaneHua Hanpa^eHuft npuKocHOBeHua u to- 

KoB

P o g  TOKa U , B I ,  m A

He 6 on ee

n epeM eH H H H , 50 ^ 2 ,0 0,3

nepeM eH H biH , 400  ^ 3,0 0,4

nocTO aH H H H 8,0 1,0

npegentHO gonycTHMbie 3HaneHua Hanpa®:eHHH npuKocHOBeHua u tokob ycTa- 

HOBneHM gna nyTeH TOKa ot ogHofi pyKH k gpyroH u ot pyKH k HoraM [14].
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^na o6ecneHeHHa 3affl,HTii ot cnyHaHHoro npHK0CH0BeHHa k T0K0Begyrn,HM Ha- 

CTaM HeoSxogHMo npHMeHaTb cnegyrornue cnoco6ii h cpegcTBa: 3affl,HTHiie o6onoHKH; 

3a^HTHie orpa^geHHa (BpeMeHHie nnn CTa^H0HapHbIe); 6e3onacHoe pacnono^eHHe 

T0K0Begyrn,Hx HacTefi; H3ona^HW T0K0Begym,nx HacTefi (pa6oHyw, gononHHTenbHyro, 

ycnneHHyw, gB0HHyw); H3ona^HW pa6oHero MecTa; Manoe Hanpa^eHHe; 3arn,HTHoe 

oTKnwHeHHe; npegynpegHTenbHaa CH^Ha^H3a^Ha, 6noKHpoBKa, 3HaKH 6e30nacH0CTH.

8.2.2 n0®;ap0B3pMB06e30nacH0CTb

Ka^guM o6teKT 3arn,HTbi gon^eH HMeTb CHCTeMy o6ecneHeHHa no^apHoft 6e3- 

onacHocTH. ^ n b ro  C03gaHHa CHCTeMii o6ecneHeHHa no^apHofi 6e30nacH0CTH o6teKTa 

3arn,HTbi aBnaeTca npegoTBparn,eHHe no^apa, o6ecneHeHHe 6e30nacH0CTH nwgeH h 3a- 

m.HTa. HMyrn,ecTBa npn no^ape ( ct. 5 0 3  «TexHHHecKHH pernaMeHT o Tpe6oBaHHax 

no^apHoft 6e30nacH0CTH» ot 22.07.2008 N° 123-03) [16].

CornacHo [17] ^ x  ^ opmobkh naHeneft oTHocHTca k KareropHH ^  (Bern,ecTBa h 

MaTepnani, Haxogarnuxca (o6parn,arom,Hxca) b noMern,eHHH -  HeropwHHe Bern,ecTBa h 

MaTepnani b xonogHoM cocToaHHH).

KonHHecTBo h HoMeHKnaTypy ochobhmx BHgoB no^apHofi TexHHKH ycTaHaBnn- 

BawT b cooTBeTCTByrorn,Hx o6rn,ecow3HMx h (nnn) BegoMCTBeHHix HopMax (npaBH- 

nax), yTBep^geHHix b ycTaH0 BneHH0 M nopagKe. Ha 3am,Hrn,aeM0M o6teKTe gon^H ii 

6 iT b  B iB em eH i nnaHii no rO C T  12.1.114 c yKa3aHHeM MecT pacnono^eHHa no^ap-

H0H TexHHKH.

8.3.3 OxpaHa oKpy^aro^eft c p e g i

PacHeT ^HK^0Ha

Pacxog oHH^eHHoro B03gyxa:

v= Gi • G  i 00p/o 

' G
100/
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rge 77 - CTeneHb ohhctkh Bo3gyxa unu Kn^, %

V1,V2 - o6teMHbiH pacxog ucxogHoro u onum,eHHoro ra3a npu HopManbHbix 

ycnoBuax, M3/r,

x1,x2 - KOH^eHTpa^ua B3BemeHHbix HacTu  ̂b 3anbineHHoM u onum,eHHoM ra3e 

npu HopManbHbx ycnoBuax, m/m3,

G1,G2 - Macca B3BemaHHbix HacTu  ̂b ucxogHoM u onurneHHoM ra3e, Kr/M3,

V1 x 1(1 0 0  - 7 )
V2 =

100x 2

v  _  3 5 0 0 0 - 6 ,4 (1 0 0 - 9 0 )  _ ?y|66^

2 100  • 0,3 m 3

nno^agb ceneHua BxogHoro naTpy6Ka

* j V  2
f  =  b  • h = ---------------, M2

3 6 0 0 R

rge b - mupuHa BxogHoro naTpy6Ka, h - BbicoTa BxogHoro naTpy6Ka, mRx- cko- 

pocTb ra3a bo BxogHoM naTpy6Ke.

_ 3 5 0 0 0  2
f  = -------------- =  0,11m

3 6 0 0 -8 5

BHyrpeHHun guaMeTp ^uKnoHa

„  V4V
D  = --------  , M

3600m

rge m - cpegHaa cKopocTb ra3a b naTpy6Ke.

y [2 A p  4 2 -150 /
m = -------— = ------------ =  2 ,7 , m/c

p 80

^  V  4  • 3 5 0 0 0
D  = ------------------------ =  0 ,1 2 , M

3 6 0 0 - 3 , 1 4  • 2 , 7



BHyTpeHHHH guaMeTp OTBepcTua

d = K * D , m

rge K  - KO^$$H^HeHT rugpaBnunecKoro conpoTHBneHua ^HKnoHa, 3aBucam,HH 

ot cKopocTH BO3gyxa bo BxogHOM naTpy6Ke.

XapaKTepucTHKOH ^Hep^eTHHecKHx noTept cny^HT KO^$$H^HeHT MecTHoro co- 

npoTHBneHua: E = P^d,

rge P  ̂- noTepu gaBneHua b ^HKnoHe, H/m2

P 10 9 72
P H =  ^ . _ -------=  7 4 ,4 . =  3 2 5 ,4 2 H / m 2

L 2

OnpegeneHue mo^ hocth ^HKnoHa:

V P h  „  3 5 0 0 0 -3 2 5 ,4 2  „  „
N  = ----- , KBm  N  = --------------------------------------- =  0 ,9 2 kB m

3 6 0 0 -1 0 0 0  3 6 0 0 -1 0 0 0

no Morn,HocTH ^HKnoHa Bb6upaeM ^HKnoH MapKH UH-24. npoBepaeM ^HKnoH 

Ha MHHHMantHMH guaMeTp ynaBnuBaeMbix nacra^

, 3/3,6 v  R
d min = ̂ ---- ------ 2 , M

(P  ~ P ) - P - -

rge u - KO^$$H^HeHT guHaMunecKOH Ba3KocTH, na, R - BHyTpeHHHH paguyc 

Kopnyca ^HKnoHa, m, p  - nnoTHocTt oca^gaeMbix nacTH^ Kr/M3, -  - OKpy^Haa cko- 

pocTt ra3a b ^HKnoHe, p - nnoTHocTt ra3a, Kr/M3.

T  +  e  T . 3/ -1 j-r

u  =  u 0 [ j 0—  )  ] , na  
T  +  e  T0

rge e - cnpaBOHHbift KO^$$H^HeHT (e=124), T- geftcTBHTentHaa TeMnepaTypa,

0K,

U = (273+124 (293)3/2) -1= 1,5*10-6na.



3J 3 ,6  • (1,5 •10-6) 2 • 0 ,34  ,
d min =  : Y _ i _ ( J ------------ ) ------ 1_ _  =  5 ,4 6 -1 0 6

min (2 2 4 0  - 1 ,2 )  1,2 • 2 ,7 2

OcHoBHie napaMeTpi ^HK^0Ha UH-24:

BHyTpeHHHH guaMeTp ^HK^0Ha D= 1m, BicoTa BixogHoro naTpy6Ka HB= 

1,11m, BicoTa BixogHofi Tpy6i i  hT=2,11M, BicoTa ^HnHHgpHHecK0H HacTH Hy=2,11M, 

BicoTa KoHHHecKofi HacTH Hk=1,75m, BHyTpeHHHH gnaMeTp BixnonHofi Tpy6ii 

d=0,59, BHyTpeHHHH gnaMeTp nineBinycKHoro oTBepcTHa di=0,35, mnpHHa BixogHo- 

ro naTpy6Ka a=0,25M, gnHHa BixogHoro naTpy6Ka - 0,6m, M0rn,H0CTb ^HKnoHa - 1,23 

kBt.

npoBegeHHiH pacHeT napaMeTpoB ^HK^0Ha, kotopmh npegHa3HaHeH gna 

ohhctkh B03gyxa ot nunn, gaeT MaKCHManbHo onTHManbHyw ^$$eKTHBH0CTb ohhctkh 

aTMoc^epi.

8.2.4 Ee30nacH0CTb npoH3BogcTBeHHiix npo^ccoB h o6opygoBaHHa

K pa6oTe gonycKawTca nu^, gocTHrmne 18 neT, o6yHeHHiie, aTTecT0BaHHie h 

nonyHHBmne cooTBeTCTBywrn,ue ygocToBepeHHa, npomegmne MegKoMuccuw u npu- 

3HaHHie rogHiMH k BimonHeHuw gaHHix pa6oT. nepeg gonycKoM k BimonHeHuw 

pa6oT Bce pa6oTawrn,ue gon^Hii npoHTu uHCTpyKTa® no TexHHKe 6e30nacH0CTH Ha 

pa6oHeM MecTe.

rpy3onogteMHie MexaHH3Mi He npomegmue TexHHHecKoro 0CBugeTenbCTB0- 

BaHua, k pa6oTe He gonycKawTca. CTponanbm,HKu gon^Hii npou3BoguTb ocmotp mo- 

CToBoro KpaHa nepeg HaHanoM pa6oTii h genaTb cooTBeTCTBywrn,ue oTMeTKH b Bax- 

TeHH0M ^ypHane. Crponanbm,HKH gon^Hii npou3BoguTb ocmotp cteMHiix rpy303a- 

xBaTHix npucnoco6neHHH h Tapi nepeg HaHanoM pa6oTii.

Ha MecTe npou3BogcTBa pa6oT no nogteMy h nepeMern,eHuw rpy30B He gon^Ho 

gonycKaTbca npucyTCTBue nu^ He uMewmux npaMoro oTHomeHHa k npou3BogcTBeH-



h h m  pa6oTaM. MecTo npou3BogcTBa pa6oT no nogteMy u nepeMern,eHuro rpy3oB 

gon^Ho 6bTb xopomo ocBern,eHo.

CTponoBKy rpy3oB gon^Hbi npou3BoguTb TonbKo arrecToBaHHbie cTponanb^u-

KH.

^na cTponoBKu, npegHa3HaneHHoro k nogteMy rpy3a, gon^Hbi npuMeHaTbca 

rpy3o3axBaTHbie npucnoco6neHua, cooTBeTCTByrornue Becy nogHUMaeMoro rpy3a. npu  

nogteMe rpy3a, oh gon^eH 6biTb npegBapuTenbHo npunogHaT Ha BbicoTy He 6onee 

200-300 mm  gna npoBepKu npaBunbHocTu cTponoBKu u Hage^Hocru gencTBua TopMo- 

3a. npu  nepeMern,eHHH rpy3a b ropu3oHTanbHoM HanpaBneHuu oh gon^eH 6biTb npeg

BapuTenbHo nogHaT Ha 0,5 m Bbime BcTpenaromuxca Ha nyTu npegMeToB.

CKnagupoBaHue totoboh n p ogy^u u  gon^Ho npou3BoguTbca b c^e^uanbHO ot- 

BegeHHbx gna ^T0^0 MecTax.

TaKena^Hoe o6opygoBaHue MocToBoro KpaHa u c^e^uanbHHe TpaBepcti gon^;- 

h h  6biTb ucnpaBHb u ucnbiTaHbi. npu  o6Hapy^;eHuu HeucnpaBHocTen $opMoBrn,uK 

gon^eH coo6rn,uTb o hhx pyKoBoguTenw pa6oT u go ux ycTpaHeHua k pa6oTe He npu- 

cTynaTb.

B  cnynae noTepu ycTonnuBocTu onany6Ku unu o6Hapy^;eHua HeucnpaBHocTen 

$opMoBffl,HKH o6a3aHH npeKpaTUTb pa6oTy u npuHaTb Mepti k ycTpaHeHuw HeucnpaB

HocTen cbohmh cunaMu. npu  HeBo3Mo^HocTu cgenaTb ^T0 co6cTBeHHHMu cunaMu 

$opMoBffl,HKH o6a3aHH coo6rn,uTb 6puragupy unu pyKoBoguTenw pa6oT.

Pa3rpy3Ky 6agbu agpecHon noganu 6eToHa npou3BoguTb TonbKo b ucnpaBHbin 

npoBepeHHHn 6eTOHoyKnagHUK c 3aKpbiTbiM pa3ipy3oHHbiM oTBepcTueM ^HTpanbHbiM 

Bu6paTopoM.

npou3BoguTb nogany 6eToHHon cMecu b onany6Ky KoHcTpy^uu gonycKaeTca 

TonbKo nocne npueMKu onany6Ku u KapKacoB OTK. npu  nogane 6eToHHon cMecu 

^ opmob^ uk gon^eH cneguTb 3a ucnpaBHocTbw 6eToHoyKnagHUKa u o6o Bcex Hapy- 

meHuax coo6rn,aTb MacTepy.
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npu nepeptiBax b pa6oTe cBtme 30 mhh., 6agtu agpecHOH noganu 6eTOHa u 6e- 

TOHoyKnagnuKH cnegyeT OHurn,aTt ot Hanunmero 6eTOHa u npoMMBaTt BogoH.

Bo BpeMa pa3rpy3KH 6eTOHHOH cMecu unu noganu ee Ha yKnagKy $opMOBm,HKu 

gon^HM HaxoguTtca 3a npegenaMH 3OHM BO3MO^Horo nageHua 6eTOHa.

nepeg HananoM gBu^eHua u HananoM 3arpy3KH 6eTOHoyKnagnuKa onepaTop 

gon^eH nogaTt 3ByKOBOH curaan.

Bo BpeMa yKnagKH 6eTOHHOH cMecu 3anpern,aeTca HaxoguTca Ha pentcax 6eTO- 

HoyKnagnuKa u Ha paccToaHuu MeHee 1,5 m ot pa3gaTOHHoro OTBepcTua ôpMOBOHHOH 

Tene^KH. 3anpern,aeTca HaxoguTca Ha noggoHe bo BpeMa ynnoTHeHua 6eTOHHOH cMecu 

Ha rugpaBnunecKOH Bu6poycTaHOBKe. nepeg HananoM ynnoTHeHua 6eTOHHOH cMecu 

^neKTpoBH6paTopaMH unu BH6popeftKoft Heo6xoguMO Hapy^HMM ocmotpom npoBe-

puTt:

a) ^nocraocTt H3ona^HH TOKOBegyrn,ux mnaHroB u Hage^HocTt ux KpenneHua;

6) ucnpaBHocTt nycKOBtx npu6opoB;

b) nnoTHocTt 6onTOBbix coeguHeHHH;

r) ucnpaBHocTt 3a3eMnarorn,ero KOHTaKTa Bu6paTopa.

npucoeguHeHue ^neKTpoBH6paTopa unu Bu6popeHKu k ^neKTpoceTH cnegyeT 

npou3BoguTt TontKO nocpegcTBOM cTaHgapTHtx My^T u BunoK, KaKue-nu6o gpyrue 

Bugt npucoeguHeHHH 3anpern,aroTca. ToKOBegyrn,ue mnaHru, npucoeguHeHHte k bh6- 

paTopy, cnegyeT nogBemuBaTt, a He npoKnagtBaTt no yno^eHHOMy 6eTOHy.

Bo BpeMa nepeptiBOB b pa6oTe u npu nepexoge c ogHoro MecTa Ha gpyroe ^neK- 

TpoBu6paTop cnegyeT BbiKnronaTt.

npu pa6oTe c ^neKTpoBH6paTopaMH 6eTOHrn,HK gon^eH nont3OBaTtca groneK- 

TpuHecKHMH nepnaraaMH.

npu nepegBu^eHuu noggoHa c nocTa Ha nocT Ha nyTH cnegoBaHua He gon^HM 

HaxoguTca nrogu u Memarorn,ue nepegBu^eHuro npegMeTM.

Tjucm
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npu noBopoTe noggoHa. KaHToBaTeneM 3anpern,aeTca HaxoguTca Ha noggoHe u Ha 

paccToaHuu MeHee 4 m nepeg HenogBH^Hoft ctopohoh KaHToBaTena [21].



3AKHTO^EHHE.

B cooTBeTCTBuu c 3agaHueM pa3pa6oTaH npoeKT npou3BogcTBa nnuT noKpiiTua 

TpaMBaftHiix nyTefi.

Ha 0CH0Be aHanroa TexHUHecKoft nHTeparypii cgenaH Bii6op coBpeMeHHix ne- 

pegoBix TexHonoruH, K0T0pie no3BonaT npou3BoguTb H3genua KaHecTBeHHie u 

Hage^Hie b ^KC^nyaTa^HH gnuTenbHoe BpeMa. H3 Hucna cym,ecTBywm,ux cnoco6oB 

$0pM0BaHua nnuTHix rogenuft Bii6paHa arperaTHo-noToHHaa u arperaTHo-noToHHaa 

TexHonorua c ^neMeHTaMH KoHBeHepa Ha CTaguu pacnany6KH u nogroToBKH $opM, hto 

ynyHmaeT op^aHH3a^HW Tpyga, no3BonaeT pa3rpy3HTb M0CT0Bie KpaHi u yBenuHHBa- 

eT np0H3B0guTenbH0CTb KoHBeftepHiix nuHHH

C ^nbw  ®;e noBimeHua nnoTHocTH 6eT0Ha rogenuft u ux ^KC^nyaTa^H0HHMx 

xapaKTepucTHK - M0p030CT0ftK0CTH u B0g0Henp0Hu^eM0CTu npoeKToM npegycM0T- 

peH cocTaB 6eT0Ha Ha mnaKonopTnaHg^Menrax bmcokoH M0p030CT0ftK0CTH.

^na coKparn,eHua pacxoga Tenna b npoeKTe npuHaTi aMHie KaMepi c ynyH- 

meHHoft TennoBoft H3ona^HeH CTeH0K, KpimeK u uHTeHCUBHoft ^epKyna^HeH rpew- 

rn,eft cpegi. n po^cc  TennoBna^HoCTHoft o6pa6oTKu -  aBT0MaTH3Hp0BaH. KpoMe Toro 

TennoBaa o6pa6oTKa rogenuft ocyrn,ecTBnaeTca b KaMepax TyHHenbHoro Tuna.

H3r0T0BneHue apMarypHiix rogenuft 3anp0eKTup0BaH0 no n0T0HH0H cxeMe c 

ucnonb30BaHueM coBpeMeHHoro BiicoKonpoH3BogHTenbHoro o6opygoBaHua.

EeToHocMecuTenbHiift y3en 3anpoeKTupoBaH no BepTUKanbHoH cxeMe c pa3pa- 

6oTKoft MeponpuaTHH no oSecninuBaHuw MecT 3arpy3KH pacxogHix 6yHKepoB u 6e- 

T0H0CMecuTeneft, c ycTaHoBKoft go3aTopoB, nporoBoga^ux CHaHana rpy6oe go3upoBa- 

Hue, 3aTeM 6onee ToHHoe go3upoBaHue, hto HecoMHeHHo 0Tpa3HTca Ha KaHecTBe 6eT0- 

Ha.

CKnagii ucxogHix MarepuanoB npuHaTi no TunoBiiM npoeKTaM nocnegHux 

neT, MexaHroupoBaHil H HaCTHHH0 aBToMaTroupoBaHil.

npuHaTie b npoeKTe coBpeMeHHie TexHonoruu no3Bonunu 3anpoeKTupoBaTb 

3aBog c xopomuMH TexHUK0 0 K0H0MUHecKHMH noKa3aTenaMH
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